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�X.�B. �G�_�j�h�g�h�\  «�F�Z�]�g�b�l�g�u�c �j�_�a�h�g�Z�g�k �\ �l�h�f�h�]�j�Z�n�b�b �b �\  �k�i�_�d�l�j�Z�e�v�g�u�o 
�b�k�k�e�_�^�h�\�Z�g�b�y�o  �l�d�Z�g�_�c  �`�b�\�h�]�h �h�j�]�Z�g�b�a�f�Z». �M�q�_�[�g�h�_ �i�h�k�h�[�b�_ – �K�I�[: 
�K�I�[�=�M �B�L�F�H, 2007. – 104 �k. 

 �I�h�k�h�[�b�_ �k�h�^�_�j�`�b�l �n�b�a�b�q�_�k�d�b�_ �h�k�g�h�\�u �y�\�e�_�g�b�y �y�^�_�j�g�h�]�h �f�Z�]�g�b�l�g�h�]�h 
�j�_�a�h�g�Z�g�k�Z, �h�i�b�k�Z�g�b�_ �f�_�l�h�^�Z �i�h�e�m�q�_�g�b�y �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y 
�g�Z �h�k�g�h�\�_ �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y, �h�i�b�k�Z�g�b�_ �e�Z�[�h�j�Z�l�h�j�g�h�]�h 
�f�b�g�b �Y�F�J �l�h�f�h�]�j�Z�n�Z �b �f�Z�l�_�j�b�Z�e �h�j�b�]�b�g�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �Z�\�l�h�j�Z 
�k�l�j�m�d�l�m�j�u �`�b�\�u�o �l�d�Z�g�_�c. �:�\�l�h�j�h�f �g�Z�k�l�h�y�s�_�]�h �m�q�_�[�g�h�]�h �i�h�k�h�[�b�y 
�y�\�e�y�_�l�k�y �^�h�d�l�h�j �n�b�a�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �g�Z�m�d, �i�j�h�n�_�k�k�h�j �G�_�j�h�g�h�\ �X.�B.,  
�q�b�l�Z�x�s�b�c �\ �l�_�q�_�g�b�_ 15 �e�_�l �d�m�j�k �e�_�d�p�b�c �i�h �n�b�a�b�q�_�k�d�b�f �h�k�g�h�\�Z�f 
�f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c �l�h�f�h�]�j�Z�n�b�b �g�Z �d�Z�n�_�^�j�_ �b�a�f�_�j�b�l�_�e�v�g�u�o 
�l�_�o�g�h�e�h�]�b�c �b �d�h�f�i�v�x�l�_�j�g�h�c �l�h�f�h�]�j�Z�n�b�b �K�I�[�=�M �B�L�F�H. �F�Z�l�_�j�b�Z�e 
�i�h�k�h�[�b�y �i�h�^�]�h�l�h�\�e�_�g �i�j�b �i�h�^�^�_�j�`�d�_ �i�_�j�\�h�h�l�d�j�u�\�Z�l�_�e�y �f�_�l�h�^�Z 
�f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�]�h �\�g�m�l�j�b�\�b�^�_�g�v�y �i�j�h�n�_�k�k�h�j�Z �B�\�Z�g�h�\�Z �<.�: ., 
�d�h�l�h�j�u�c �f�g�h�]�b�_ �]�h�^�u �j�m�d�h�\�h�^�b�e �d�Z�n�_�^�j�h�c �B�L �b �D�L. 

�G�Z�k�l�h�y�s�_�_ �m�q�_�[�g�h�_ �i�h�k�h�[�b�_ �i�j�_�^�g�Z�a�g�Z�q�_�g�h �^�e�y �k�l�m�^�_�g�l�h�\ �^�g�_�\�g�h�]�h �b 
�\�_�q�_�j�g�_�]�h �h�[�m�q�_�g�b�y, �Z�k�i�b�j�Z�g�l�Z�f �b �f�Z�]�b�k�l�j�Z�f �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �i�j�b 
�b�a�m�q�_�g�b�b �f�Z�l�_�j�b�Z�e�Z �d�m�j�k�h�\: «�N�b�a�b�q�_�k�d�b�_ �h�k�g�h�\�u �F�J-�l�h�f�h�]�j�Z�n�b�b», 
«�D�h�g�k�l�j�m�d�p�b�y �f�_�^�b�p�b�g�k�d�b�o �l�h�f�h�]�j�Z�n�h�\» �b «�K�i�_�p�b�Z�e�v�g�u�_ �f�_�l�h�^�u 
�h�i�j�_�^�_�e�_�g�b�y �n�b�a�b�q�_�k�d�b�o �\�_�e�b�q�b�g» �i�h �k�i�_�p�b�Z�e�b�a�Z�p�b�b «�D�h�f�i�v�x�l�_�j�g�Z�y 
�l�h�f�h�]�j�Z�n�b�y».  

�I�_�q�Z�l�Z�_�l�k�y �i�h �j�_�d�h�f�_�g�^�Z�p�b�b �m�q�_�[�g�h-�f�_�l�h�^�b�q�_�k�d�h�c �d�h�f�b�k�k�b�b 
�n�Z�d�m�e�v�l�_�l�Z �L�F�b�L �K�I�[�=�M �B�L�F�H �h�l 26 �b�x�g�y 2007 �]�h�^�Z (�i�j�h�l�h�d�h�e 5).  

�< 2007 �]�h�^�m �K�I�[�=�M �B�L�F�H �k�l�Z�e �i�h�[�_�^�b�l�_�e�_�f �d�h�g�d�m�j�k�Z 
�b�g�g�h�\�Z�p�b�h�g�g�u�o �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �i�j�h�]�j�Z�f�f �\�m�a�h�\ �J�h�k�k�b�b �g�Z 2007–2008 
�]�h�^�u. �J�_�Z�e�b�a�Z�p�b�y �b�g�g�h�\�Z�p�b�h�g�g�h�c �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �i�j�h�]�j�Z�f�f�u 
«�B�g�g�h�\�Z�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �k�i�_�p�b�Z�e�b�k�l�h�\ �g�h�\�h�]�h �i�h�d�h�e�_�g�b�y �\ 
�h�[�e�Z�k�l�b �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �b �h�i�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�c» �i�h�a�\�h�e�b�l �\�u�c�l�b �g�Z 
�d�Z�q�_�k�l�\�_�g�g�h �g�h�\�u�c �m�j�h�\�_�g�v �i�h�^�]�h�l�h�\�d�b �\�u�i�m�k�d�g�b�d�h�\ �b �m�^�h�\�e�_�l�\�h�j�b�l�v 
�\�h�a�j�Z�k�l�Z�x�s�b�c �k�i�j�h�k �g�Z �k�i�_�p�b�Z�e�b�k�l�h�\ �\ �b�g�n�h�j�f�Z�p�b�h�g�g�h�c, �h�i�l�b�q�_�k�d�h�c �b 
�^�j�m�]�b�o �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�o �h�l�j�Z�k�e�y�o �w�d�h�g�h�f�b�d�b. 

 
  
 
 
 
 
 
 

�”  �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l 
�b�g�n�h�j�f�Z�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�c, �f�_�o�Z�g�b�d�b �b �h�i�l�b�d�b, 2007 

�”   �X.�B. �G�_�j�h�g�h�\, 2007 
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  �N�b�a�b�q�_�k�d�h�c �h�k�g�h�\�h�c �F�J-�L�h�f�h�]�j�Z�n�b�b �y�\�e�y�_�l�k�y �y�\�e�_�g�b�_ �y�^�_�j�g�h�c 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\�_�s�_�k�l�\�Z �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_. �Y�^�_�j�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v 
�\�_�s�_�k�l�\�Z �\�h�a�g�b�d�Z�_�l �b�a-�a�Z �g�Z�e�b�q�b�y �m �[�h�e�v�r�b�g�k�l�\�Z �y�^�_�j �f�Z�]�g�b�l�g�u�o 
�f�h�f�_�g�l�h�\, �d�h�l�h�j�u�_ �q�Z�k�l�b�q�g�h �h�j�b�_�g�l�b�j�m�x�l�k�y �i�h �g�Z�i�j�Z�\�e�_�g�b�x �\�g�_�r�g�_�]�h 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �I�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �y�^�_�j�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �k 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�f �i�h�e�_�f �h�i�j�_�^�_�e�_�g�g�h�c �q�Z�k�l�h�l�u �g�Z�[�e�x�^�Z�_�l�k�y �y�\�e�_�g�b�_ 
�f�Z�]�g�b�l�g�h�]�h �j�_�a�h�g�Z�g�k�Z. 

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

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

 
Sp = h �u Ip                                                   (1) 

 
�]�^�_ Ip = 1/2 - �k�i�b�g�h�\�h�_ �q�b�k�e�h �i�j�h�l�h�g�Z; 

    h/2�S = 1.054572�u10-34 Js – �n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y �i�h�k�l�h�y�g�g�Z�y �I�e�Z�g�d�Z. 
 

    �Y�^�j�Z �Z�l�h�f�h�\  �^�j�m�]�b�o  �w�e�_�f�_�g�l�h�\ �k�h�^�_�j�`�Z�l,  �d�j�h�f�_ �i�j�h�l�h�g�h�\, 
�g�_�c�l�j�Z�e�v�g�u�_ �q�Z�k�l�b�p�u - �g�_�c�l�j�h�g�u,  �d�h�l�h�j�u�_ �l�Z�d�`�_ �b�f�_�x�l �k�i�b�g (In = 1/2),  
�g�h �g�_ �b�f�_�x�l �\ �h�l�e�b�q�b�_ �h�l �i�j�h�l�h�g�h�\ �w�e�_�d�l�j�b�q�_�k�d�b�o �a�Z�j�y�^�h�\.  �I�j�h�l�h�g �b 
�g�_�c�l�j�h�g �b�f�_�x�l �k�e�h�`�g�h�_ �\�g�m�l�j�_�g�g�_�_ �k�l�j�h�_�g�b�_ �b�a �d�\�Z�j�d�h�\.  �K�e�_�^�k�l�\�b�_�f 
�g�Z�e�b�q�b�y �k�i�b�g�Z �b �a�Z�j�y�`�_�g�g�h�k�l�b �k�Z�f�b�o �d�\�Z�j�d�h�\  �y�\�e�y�_�l�k�y �l�h, �q�l�h �d�Z�d 
�i�j�h�l�h�g,  �l�Z�d �b �g�_�c�l�j�h�g  �l�Z�d�`�_ �h�d�Z�a�u�\�Z�x�l�k�y �g�h�k�b�l�_�e�y�f�b �g�_ �l�h�e�v�d�h �k�i�b�g�Z, 
�g�h �b �f�Z�]�g�b�l�g�u�o �^�b�i�h�e�v�g�u�o �f�h�f�_�g�l�h�\:  �Pp �b �Pn. �W�l�b �\�_�e�b�q�b�g�u �y�\�e�y�x�l�k�y  
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�f�b �n�b�a�b�q�_�k�d�b�f�b �d�h�g�k�l�Z�g�l�Z�f�b.  

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

�w�d�k�i�_�j�b�f�_�g�l�u. �D �g�Z�k�l�h�y�s�_�f�m �\�j�_�f�_�g�b �w�l�b �f�Z�]�g�b�l�g�u�_ �f�h�f�_�g�l�u �b�a�\�_�k�l�g�u 
�k �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x:  
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���������������������������������������������������� �������Pp  =  + 1, 410 571 38(47)×10-26   J/�L 
                              �Pn  =  – 0, 966 237 07(40)×10-26    J/T           
          
      �H�l�j�b�p�Z�l�_�e�v�g�u�c �f�Z�]�g�b�l�g�u�c �f�h�f�_�g�l �h�a�g�Z�q�Z�_�l, �q�l�h �\ �h�l�e�b�q�b�_ �h�l 

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

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

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

 

 
 

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

      �I�j�h�k�l�_�c�r�b�f �i�j�b�f�_�j�h�f �g�_�q�_�l�g�h-�g�_�q�_�l�g�h�]�h �y�^�j�Z �y�\�e�y�_�l�k�y  �y�^�j�h 
�^�_�c�l�_�j�b�y,  �k�i�b�g�h�\�h�_  �q�b�k�e�h  �d�h�l�h�j�h�]�h Id = 1 �b�a-�a�Z �i�Z�j�Z�e�e�_�e�v�g�h�c 
�h�j�b�_�g�l�Z�p�b�b �b �k�e�h�`�_�g�b�y �k�i�b�g�h�\ �i�j�h�l�h�g�Z (Ip = 1/2) �b �g�_�c�l�j�h�g�Z (In = 1/2). 

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

       �L�Z�d �f�Z�]�g�b�l�g�u�c �f�h�f�_�g�l �y�^�j�Z �l�j�b�l�b�y �e�b�r�v �g�Z 6,7 %  �h�l�e�b�q�Z�_�l�k�y �h�l 
�f�Z�]�g�b�l�g�h�]�h �f�h�f�_�g�l�Z �i�j�h�l�h�g�Z, �Z �f�Z�]�g�b�l�g�u�c �f�h�f�_�g�l �y�^�j�Z �]�_�e�b�y-3 �[�e�b�a�h�d �d 
�\�_�e�b�q�b�g�_ �f�Z�]�g�b�l�g�h�]�h �f�h�f�_�g�l�Z �g�_�c�l�j�h�g�Z. �W�l�h �\�b�^�g�h �b�a �l�Z�[�e�b�p�u 1, �]�^�_  
�i�j�_�^�k�l�Z�\�e�_�g�u �\�_�e�b�q�b�g�u �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ �e�_�]�q�Z�c�r�b�o �y�^�_�j �\  
�_�^�b�g�b�p�Z�o  �f�Z�]�g�b�l�g�h�]�h �f�h�f�_�g�l�Z �i�j�h�l�h�g�Z �b �\ �_�^�b�g�b�p�Z�o �k�b�k�l�_�f�u  �K�B. 

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

�?�k�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �i�j�h�k�l�_�c�r�_�_ �y�^�j�h �i�j�h�l�h�g (�b�e�b �^�j�m�]�b�_  �y�^�j�Z,  
�b�f�_�x�s�b�_  �k�i�b�g�h�\�h�_ �q�b�k�e�h I = ½),  �l�h�]�^�Z �k�i�b�g �y�^�j�Z (�b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, 
�f�Z�]�g�b�l�g�u�c �f�h�f�_�g�l) �f�h�`�_�l �b�f�_�l�v �h�i�j�_�^�_�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �\ �n�b�a�b�q�_�k�d�b�o 
�w�d�k�i�_�j�b�f�_�g�l�Z�o �l�h�e�v�d�h �^�\�_ �h�j�b�_�g�l�Z�p�b�c �k�\�h�_�c �i�j�h�_�d�p�b�b �h�l�g�h�k�b�l�_�e�v�g�h 
�\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �<z. �:  �b�f�_�g�g�h: �e�b�[�h +I z, �e�b�[�h -Iz. �L�Z�d�h�\�Z 
�k�i�_�p�b�n�b�d�Z �i�j�h�y�\�e�_�g�b�y �^�b�k�d�j�_�l�g�h�k�l�b �w�g�_�j�]�b�b �^�e�y �h�[�t�_�d�l�h�\ �f�b�d�j�h�f�b�j�Z. 
�I�j�b�q�_�f, �^�\�_ �i�j�h�_�d�p�b�b �k�i�b�g�Z �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�_ �i�h�e�x Ix �b Iy �g�_ �f�h�]�m�l �i�h 
�m�k�l�Z�g�h�\�e�_�g�g�u�f �a�Z�d�h�g�Z�f �d�\�Z�g�l�h�\�h�c �f�_�o�Z�g�b�d�b �i�j�h�y�\�e�y�l�v �h�i�j�_�^�_�e�_�g�g�h�]�h 
�a�g�Z�q�_�g�b�y �\ �n�b�a�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �g�_�e�v�a�y �k�i�b�g 
�y�^�j�Z �i�j�_�^�k�l�Z�\�e�y�l�v �d�Z�d �h�[�u�q�g�u�c �\�_�d�l�h�j �l�j�_�o�f�_�j�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z. 

     �< �b�k�k�e�_�^�m�_�f�h�f �\�_�s�_�k�l�\�_ �h�[�h�a�g�Z�q�b�f �q�b�k�e�h�f N(+) �l�_ �y�^�j�Z, �d�h�l�h�j�u�_ 
�b�f�_�x�l �i�j�h�_�d�p�b�x �k�i�b�g�Z �k �h�j�b�_�g�l�Z�p�b�_�c �i�j�h�l�b�\  �g�Z�i�j�Z�\�e�_�g�b�y �f�Z�]�g�b�l�g�h�]�h  
�i�h�e�y  +I z.  E(+) =�PB   �w�g�_�j�]�b�y �d�Z�`�^�h�]�h �b�a N(+) �y�^�_�j �\�h �\�g�_�r�g�_�f 
�f�Z�]�g�b�l�g�h�f �i�h�e�_ �<. �Q�b�k�e�h�f N(-) �h�[�h�a�g�Z�q�b�f �y�^�j�Z �k�h �k�i�b�g�h�f -Iz. �W�g�_�j�]�b�y 
�w�l�b�o �y�^�_�j E(-) = - �PB. �I�Z�j�Z�e�e�_�e�v�g�Z�y �h�j�b�_�g�l�Z�p�b�y �f�Z�]�g�b�l�g�h�]�h �f�h�f�_�g�l�Z �b 
�i�h�e�y �h�[�e�Z�^�Z�_�l  �f�_�g�v�r�_�c  �w�g�_�j�]�b�_�c  (�[�h�e�_�_ �m�k�l�h�c�q�b�\�h�_ �k�h�k�l�h�y�g�b�_),  �q�_�f 
�h�j�b�_�g�l�Z�p�b�y �i�j�h�l�b�\�h-�i�Z�j�Z�e�e�_�e�v�g�Z�y. �J�Z�a�g�b�p�Z �w�g�_�j�]�b�b �^�\�m�o �m�j�h�\�g�_�c dE 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �f�Z�]�g�b�l�g�h�f�m �f�h�f�_�g�l�m �b �\�_�e�b�q�b�g�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �<:  

 
dE = E(+) - E(-) = (�P/I)�u B                                       (2) 

�]�^�_ I=1/2 �k�i�b�g�h�\�h�_ �q�b�k�e�h �y�^�j�Z, �Z  �P  -  �w�l�h  �l�Z �\�_�e�b�q�b�g�Z �f�Z�]�g�b�l�g�h�]�h 
�f�h�f�_�g�l�Z,  �d�h�l�h�j�Z�y �n�Z�d�l�b�q�_�k�d�b  �i�j�h�y�\�e�y�_�l�k�y �i�j�b �f�Z�]�g�b�l�g�u�o �i�_�j�_�o�h�^�Z�o  �\  
�n�b�a�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o. �B�f�_�g�g�h �w�l�Z �d�h�g�k�l�Z�g�l�Z �P �i�j�b�\�h�^�b�l�k�y �\ 
�k�i�j�Z�\�h�q�g�h�c �e�b�l�_�j�Z�l�m�j�_, �Z �g�_ �Z�[�k�h�e�x�l�g�Z�y �\�_�e�b�q�b�g�Z �f�Z�]�g�b�l�g�h�]�h �f�h�f�_�g�l�Z 
�y�^�j�Z. 

�I�j�b �k�\�_�j�o�g�b�a�d�b�o  �l�_�f�i�_�j�Z�l�m�j�Z�o �\�[�e�b�a�b �Z�[�k�h�e�x�l�g�h�]�h �g�m�e�y T = -273,15 
�hC �\�k�_ �y�^�_�j�g�u�_ �k�i�b�g�u �[�m�^�m�l �h�j�b�_�g�l�Z�p�b�y �i�h  �g�Z�i�j�Z�\�e�_�g�b�x �\�g�_�r�g�_�]�h 
�f�Z�]�g�b�l�g�h�]�h  �i�h�e�y  �<z (�i�Z�j�Z�e�e�_�e�v�g�h).  �I�j�b �i�h�\�u�r�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u 
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�w�g�_�j�]�b�y �i�_�j�_�^�Z�_�l�k�y �g�Z �k�i�b�g�h�\�u�_ �h�j�b�_�g�l�Z�p�b�b: �m�\�_�e�b�q�b�\�Z�_�l�k�y �q�b�k�e�h 
�k�i�b�g�h�\ �k  �h�j�b�_�g�l�Z�p�b�_�c  �i�j�h�l�b�\  �i�h�e�y.   

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

 
2. �Y�^�_�j�g�Z�y  �f�Z�]�g�b�l�g�Z�y  �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �\�_�s�_�k�l�\�Z 

 
      �< �F�J-�l�h�f�h�]�j�Z�n�b�b �f�u �b�f�_�_�f �^�_�e�h �k �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�f�b  

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

    �W�l�b�f �w�e�_�f�_�g�l�Z�j�g�u�f  �h�[�t�z�f�Z�f  Vei �i�j�b �b�l�h�]�h�\�h�c �\�b�a�m�Z�e�b�a�Z�p�b�b �k�e�h�y 
�g�Z �w�d�j�Z�g�_ �^�b�k�i�e�_�y  �k�l�Z�\�y�l�k�y  �\  �h�^�g�h�a�g�Z�q�g�h�_  �k�h�h�l�\�_�l�k�l�\�b�_ �w�e�_�f�_�g�l�Z�j�g�u�_ 
�i�e�h�s�Z�^�b Pei,  �b�f�_�x�s�b�_ �y�j�d�h�k�l�v, �d�h�l�h�j�Z�y �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z 
�b�g�l�_�g�k�b�\�g�h�k�l�b i-�l�h�]�h �k�b�]�g�Z�e�Z, �j�_�]�b�k�l�j�b�j�m�_�f�h�]�h �h�l �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h 
�w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�z�f�Z.  

     �J�Z�a�j�_�r�_�g�b�_ �b  �d�h�g�l�j�Z�k�l�g�h�k�l�v  �l�h�f�h�]�j�Z�n�Z �[�m�^�m�l �h�i�j�_�^�_�e�y�l�v�k�y 
�\�_�e�b�q�b�g�h�c �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�z�f�Z - Vei, �d�h�l�h�j�Z�y, �[�m�^�_�l �\ �i�_�j�\�m�x 
�h�q�_�j�_�^�v �h�i�j�_�^�_�e�y�l�v  �b�g�l�_�g�k�b�\�g�h�k�l�v �Y�F�J �k�b�]�g�Z�e�Z,  �j�_�]�b�k�l�j�b�j�m�_�f�h�]�h �h�l 
�w�l�h�]�h �h�[�t�z�f�Z.   �<�_�e�b�q�b�g�Z �w�l�h�]�h �h�[�t�z�f�Z Vei (�j�_�Z�e�v�g�h �h�l 3-�o �^�h 10 �f�f 3) 
�i�j�Z�d�l�b�q�_�k�d�b  �d�Z�`�^�u�c  �j�Z�a �^�h�e�`�g�Z �h�i�j�_�^�_�e�y�l�v�k�y �h�i�_�j�Z�l�h�j�h�f �F�J-
�l�h�f�h�]�j�Z�n�Z �a�Z�g�h�\�h, �b�k�o�h�^�y �b�a �k�e�_�^�m�x�s�b�o �^�\�m�o �l�j�_�[�h�\�Z�g�b�c: 1). 
�G�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f�u �l�Z�d�h�]�h �d�Z�q�_�k�l�\�Z, �d�h�l�h�j�h�_ �f�h�`�_�l �h�[�_�k�i�_�q�b�l�v 
�i�h�e�m�q�_�g�b�_ �h�^�g�h�a�g�Z�q�g�h�]�h �f�_�^�b�p�b�g�k�d�h�]�h �^�b�Z�]�g�h�a�Z. 2). �G�_�h�[�o�h�^�b�f�h�k�l�b 
�h�[�_�k�i�_�q�b�l�v �f�b�g�b�f�Z�e�v�g�h�_ �\�j�_�f�y �i�j�_�[�u�\�Z�g�b�y �i�Z�p�b�_�g�l�Z �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ 
�l�h�f�h�]�j�Z�n�Z. �?�k�e�b �j�Z�k�k�f�h�l�j�_�l�v �k�i�b�g�h�\�m�x �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �^�e�y 
�w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�z�f�Z,  �l�h �q�b�k�e�h �k�h�k�l�Z�\�e�y�x�s�b�o �w�l�h�l �h�[�t�z�f �y�^�_�j�g�u�o 
�f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ �h�d�Z�a�u�\�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�f. �I�j�_�^�k�l�Z�\�b�f 
�g�_�d�h�l�h�j�u�_ �h�p�_�g�d�b, �m�q�b�l�u�\�Z�y, �q�l�h �a�Z�k�_�e�_�g�g�h�k�l�v �m�i�h�f�y�g�m�l�u�o �\�u�r�_ �^�\�m�o 
�w�g�_�j�]�_�l�b�q�_�k�d�b�o �k�h�k�l�h�y�g�b�c �[�m�^�_�l �h�i�j�_�^�_�e�y�l�v�k�y �b�a�\�_�k�l�g�u�f 
�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�f �n�Z�d�l�h�j�h�f �;�h�e�v�p�f�Z�g�Z.  

 
�' N = N(-) - N(+) = No×[1-exp(-dE/kT)] = No×2�PBBo/kT                    (3) 

 
�]�^�_ k  = 1,3806 �u 10-23 J/K - �d�h�g�k�l�Z�g�l�Z �;�h�e�v�p�f�Z�g�Z, No = N(+) + N(-) 

 
 

�I�j�b �k�l�Z�g�^�Z�j�l�g�u�o �\�g�_�r�g�b�o �m�k�e�h�\�b�y�o �b�f�_�_�l �f�_�k�l�h �g�_�j�Z�\�_�g�k�l�\�h:  kT >> 
dE.  �I�h �k�h�h�l�g�h�r�_�g�b�x (3) �f�h�`�g�h �h�p�_�g�b�l�v, �q�l�h �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ B�h = 1 
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T�e,   �i�j�b  �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_  (T  =  300 �hK) �b �i�j�b �l�_�i�e�h�\�h�f  
�j�Z�\�g�h�\�_�k�b�b �d�Z�`�^�h�f�m �f�b�e�e�b�h�g�m �i�j�h�l�h�g�h�\,  �g�Z�o�h�^�y�s�_�f�m�k�y �g�Z  �m�j�h�\�g�_  �k  
�[�h�e�_�_  �\�u�k�h�d�h�c �w�g�_�j�]�b�_�c, �\ �k�j�_�^�g�_�f �[�m�^�_�l �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �f�b�e�e�b�h�g �b 
�r�_�k�l�v �i�j�h�l�h�g�h�\,  �j�Z�k�i�h�e�h�`�_�g�g�u�o �g�Z �\�l�h�j�h�f �[�h�e�_�_ �g�b�a�d�h�f �w�g�_�j�]�_�l�b�q�_�k�d�b 
�\�u�]�h�^�g�h�f �m�j�h�\�g�_. 

     �B�k�i�h�e�v�a�m�y (3) �f�h�`�g�h �\�u�q�b�k�e�b�l�v, �q�l�h  �\ 1 �f�f 3 �\�h�^�u  �k�h�^�_�j�`�b�l�k�y 
�h�d�h�e�h No = 7�u1019 �y�^�_�j �\�h�^�h�j�h�^�Z – �i�j�h�l�h�g�h�\. �B�a �g�b�o �i�j�b�f�_�j�g�h 4�u1014 
�i�j�h�l�h�g�g�u�o �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\  �[�m�^�m�l �h�j�b�_�g�l�b�j�h�\�Z�g�u �i�h �i�h�e�x. �K�m�f�f�Z 
�w�l�b�o �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o �i�h �i�h�e�x �y�^�_�j�g�u�o �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ �[�m�^�_�l 
�h�[�_�k�i�_�q�b�\�Z�l�v M - �h�[�t�_�f�g�m�x �i�j�h�l�h�g�g�m�x �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v 1 �f�f 3  �\�h�^�u. 

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

 
�Po�F =���F�<,                                                            (4) 

 
�]�^�_ �\�l�h�j�Z�y �[�_�a�j�Z�a�f�_�j�g�Z�y �d�h�g�k�l�Z�g�l�Z: �Po = 4�S��10-7 - �f�Z�]�g�b�l�g�Z�y 

�i�j�h�g�b�p�Z�_�f�h�k�l�v �\�Z�d�m�m�f�Z - �i�j�b�k�m�l�k�l�\�m�_�l �\ �k�h�h�l�\�_�l�k�l�\�b�b  �k 
�b�k�i�h�e�v�a�h�\�Z�g�g�h�c  �k�b�k�l�_�f�h�c �_�^�b�g�b�p �K�B. �<�_�e�b�q�b�g�Z �i�h�k�l�h�y�g�g�h�c �F  
�h�i�j�_�^�_�e�y�_�l�k�y  �k�i�b�g�h�\�h�c  �i�e�h�l�g�h�k�l�v�x  �k�j�_�^�u �b �l�_�f�i�_�j�Z�l�m�j�h�c �b �f�h�`�_�l 
�[�u�l�v �\�u�q�b�k�e�_�g�Z  �^�e�y  �j�Z�a�e�b�q�g�u�o  �\�_�s�_�k�l�\. �>�e�y  �w�l�h�]�h  �j�Z�k�k�f�h�l�j�b�f  �k�\�y�a�v 
�f�_�`�^�m �d�h�g�k�l�Z�g�l�h�c �F�• �b �f�Z�]�g�b�l�g�u�f�b �f�h�f�_�g�l�Z�f�b �y�^�_�j. �?�k�e�b �h�^�b�g �b�a 
�k�i�b�g�h�\ �b�k�i�u�l�u�\�Z�_�l �i�_�j�_�h�j�b�_�g�l�Z�p�b�x,  �l�h �h�[�t�z�f�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v 
�i�j�b�h�[�j�_�l�Z�_�l �g�_�[�h�e�v�r�h�_ �b�a�f�_�g�_�g�b�_, �Z �b�f�_�g�g�h: d�F = + �P/I.  �< �h�[�s�_�f 
�k�e�m�q�Z�_, �d�h�]�^�Z �y�^�j�h �b�f�_�_�l �^�j�m�]�h�c �k�i�b�g (I = 1/2, 1, 3/2, 5/2,…) �g�_�h�[�o�h�^�b�f�h 
�j�Z�k�k�f�h�l�j�_�l�v f(m) - �n�m�g�d�p�b�x �j�Z�k�i�j�_�^�_�e�_�g�b�y  �k�i�b�g�h�\  �i�h  �\�h�a�f�h�`�g�u�f 
�h�j�b�_�g�l�Z�p�b�y�f:  m = I,(I-1),...,-I; �l�h�]�^�Z:������ 

 
�Po�u�F = �Po �u No �u (�P /I) �u f(m) = �F�u�<                                   (5) 

 
�]�^�_ No- �q�b�k�e�h �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �k�i�b�g�h�\ �\ �_�^�b�g�b�p�_ �h�[�t�z�f�Z. 
       �K �m�q�_�l�h�f  �n�Z�d�l�h�j�Z  �;�h�e�v�p�f�Z�g�Z �b �k �m�q�_�l�h�f �l�j�_�[�h�\�Z�g�b�y �g�h�j�f�b�j�h�\�d�b 

�^�e�y �n�m�g�d�p�b�b �j�Z�k�i�j�_�^�_�e�_�g�b�y f(m) �f�h�`�g�h �g�Z�i�b�k�Z�l�v: 
                             I                                    I 

f(m)=[ �6  m�uexp(-�PBm/IkT)]/[�6 exp(-�PBm/IkT)]                        (6) 
                       m=-I                                m=-I 
�W�l�h �\�u�j�Z�`�_�g�b�_ �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �m�j�h�\�g�b �a�Z�k�_�e�_�g�u �\ 

�k�h�h�l�\�_�l�k�l�\�b�b �k �w�g�_�j�]�b�_�c �m�j�h�\�g�y �b �k �m�q�_�l�h�f �w�g�_�j�]�b�b �l�_�i�e�h�\�h�]�h �^�\�b�`�_�g�b�y.      
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�<�u�j�Z�`�_�g�b�_ �^�e�y f(m) �f�h�`�g�h �m�i�j�h�k�l�b�l�v,  �_�k�e�b  �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y 
�j�Z�a�e�h�`�_�g�b�_�f �w�d�k�i�h�g�_�g�l�u �\ �j�y�:̂ exp(x) = 1 + x + x2/2 + ... 

       �I�h�k�d�h�e�v�d�m �PB << kT,  �l�h �^�h�k�l�Z�l�h�q�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �e�b�g�_�c�g�h�_ 
�i�j�b�[�e�b�`�_�g�b�_.  �>�Z�e�_�_ �k�e�_�^�m�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �\�u�j�Z�`�_�g�b�y,  �d�h�l�h�j�u�_ �e�_�]�d�h 
�i�j�h�\�_�j�b�l�v: 

�¦
��� 

� ����������������� 
I

Im

IIIIm 0)1(.....)1()(                                 (7) 

�¦
��� 

����� 
I

Im

IIIm 3/)12)(1(2                                                         (8) 

�¦
��� 

��� ��
I

Im

Im 12)1(                                                                               (9)                 

   �M�q�b�l�u�\�Z�y �w�l�b �\�u�j�Z�`�_�g�b�y �f�h�`�g�h �\�u�i�h�e�g�b�l�v  �k�m�f�f�b�j�h�\�Z�g�b�_  (6) �i�h  
�\�k�_�f �\�h�a�f�h�`�g�u�f �h�j�b�_�g�l�Z�p�b�y�f �b �i�h�e�m�q�b�l�v �k�j�_�^�g�x�x �\�_�e�b�q�b�g�m �^�e�y  
<f(m)>,  �o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�_ �^�h�e�x  �j�Z�a�g�h�k�l�b  �k�j�_�^�g�_�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h  �q�b�k�e�Z 
�k�i�b�g�h�\ �k �h�j�b�_�g�l�Z�p�b�_�c �i�h �i�h�e�x �i�j�b �j�Z�\�g�h�\�_�k�g�h�f �k�h�k�l�h�y�g�b�b �k  
�l�_�f�i�_�j�Z�l�m�j�h�c - �L: 

<f(m)> =  �PB(I+1)/3k�L                                             (10) 
�L�h�]�^�Z �b�a �k�h�h�l�g�h�r�_�g�b�y (5) �i�h�e�m�q�Z�_�f �\�u�j�Z�`�_�g�b�_ �^�e�y �f�Z�]�g�b�l�g�h�c 

�\�h�k�i�j�b�b�f�q�b�\�h�k�l�b: 
�F =  �Po�uNo�u�P2 �u (I+1)/3IkT                                       (11) 

 
�<�_�e�b�q�b�g�Z No = (Ne/Ve),  �]�^�_ Ne - �q�b�k�e�h  �y�^�_�j  �\  �w�e�_�f�_�g�l�_ �h�[�t�z�f�Z,  Ve - 

�\�_�e�b�q�b�g�Z �w�e�_�f�_�g�l�Z �h�[�t�z�f�Z.  No - �y�\�e�y�_�l�k�y, �i�h �k�m�l�b, �k�i�b�g�h�\�h�c 
�i�e�h�l�g�h�k�l�v�x,  �d�h�l�h�j�m�x �^�e�y �k�e�m�q�Z�y �i�j�h�l�h�g�h�\ �j�y�^�Z �i�j�h�k�l�u�o �`�b�^�d�b�o 
�\�_�s�_�k�l�\ �f�h�`�g�h �\�u�q�b�k�e�b�l�v �i�h �k�h�h�l�g�h�r�_�g�b�x: 

 
(Ne/Ve) =  Nmol �u �U /(Uamu �u �Jmol)                                 (12) 

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

�]�j�m�i�i�_, �U  - �i�e�h�l�g�h�k�l�v �\�_�s�_�k�l�\�Z,  �Jmol - �Z�l�h�f�g�u�c �\�_�k �f�h�e�_�d�m�e�y�j�g�h�]�h 
�k�h�_�^�b�g�_�g�b�y  �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h  �\�_�s�_�k�l�\�Z,   Uamu =1,66054 × 10-27 �d�] - 
�Z�l�h�f�g�Z�y �_�^�b�g�b�p�Z �f�Z�k�k�u. 

        �< �l�Z�[�e�b�p�_  �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z�r�b  �j�Z�k�q�_�l�u  �F �i�h �w�l�b�f �n�h�j�f�m�e�Z�f �^�e�y 
�j�y�^�Z �i�j�h�k�l�u�o �`�b�^�d�b�o �\�_�s�_�k�l�\ �i�j�b �d�h�f�g�Z�l�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o. �H�l�f�_�l�b�f,  
�q�l�h  �^�e�y �p�b�d�e�h�]�_�d�k�Z�g�Z (�K6�G12),  �f�h�e�_�d�m�e�u �d�h�l�h�j�h�]�h �k�h�^�_�j�`�Z�l 12 
�o�b�f�b�q�_�k�d�b �w�d�\�b�\�Z�e�_�g�l�g�u�o �i�j�h�l�h�g�h�\,  �i�j�h�l�h�g�g�Z�y �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v  
�h�d�Z�a�u�\�Z�_�l�k�y  �\�k�_ �`�_ �g�b�`�_,  �q�_�f �^�e�y �G2�H.  

  �W�l�h �y�\�e�y�_�l�k�y �k�e�_�^�k�l�\�b�_�f �[�h�e�_�_ �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b �`�b�^�d�h�c �\�h�^�u. 
�G�Z�b�[�h�e�_�_ �\�u�k�h�d�Z�y  �i�j�h�l�h�g�g�Z�y �i�e�h�l�g�h�k�l�v �\�h�^�u �k�\�y�a�Z�g�Z �k �h�k�h�[�_�g�g�h�k�l�y�f�b 
�_�z �k�l�j�m�d�l�m�j�u -  �f�h�e�_�d�m�e�u  �\�h�^�u  �k�\�y�a�Z�g�u  �\�h�^�h�j�h�^�g�u�f�b �k�\�y�a�y�f�b �b �b�f�_�x�l 
�[�h�e�_�_ �i�e�h�l�g�m�x �f�h�e�_�d�m�e�y�j�g�m�x �m�i�Z�d�h�\�d�m �i�h �k�j�Z�\�g�_�g�b�x �k �m�i�Z�d�h�\�d�h�c 
�f�h�e�_�d�m�e �G2�H �m �e�v�^�Z �b �f�g�h�]�b�o �^�j�m�]�b�o �\�_�s�_�k�l�\.  
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�I�h �w�l�h�c �i�j�b�q�b�g�_ �\�h�^�Z �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�l�k�y �d�Z�d �j�Z�[�h�q�_�_  �\�_�s�_�k�l�\�h 

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

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

 
�< �Y�F�J �w�d�k�i�_�j�b�f�_�g�l�Z�o, �d�Z�d �b �i�j�b �^�j�m�]�b�o �k�i�_�d�l�j�Z�e�v�g�u�o 

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

�< �^�Z�g�g�h�f  �k�e�m�q�Z�_,  �i�j�b  �i�_�j�_�o�h�^�_  �k �b�a�f�_�g�_�g�b�_�f �h�j�b�_�g�l�Z�p�b�b �k�i�b�g�Z �i�h 
�i�h�e�x �g�Z �h�j�b�_�g�l�Z�p�b�x �i�j�h�l�b�\ �i�h�e�y �i�h�]�e�h�s�Z�l�v�k�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ 
�b�a�e�m�q�_�g�b�_ �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �^�b�Z�i�Z�a�h�g�Z. �I�j�b �h�[�j�Z�l�g�u�o �i�_�j�_�o�h�^�Z�o 
�j�Z�^�b�h�q�Z�k�l�h�l�Z �[�m�^�_�l �b�a�e�m�q�Z�l�v�k�y. �G�Z �j�b�k. 1 �m�k�e�h�\�g�h �i�h�d�Z�a�Z�g�h, �q�l�h �y�^�_�j�g�u�c 
�f�Z�]�g�b�l�g�u�c �f�h�f�_�g�l���P, �g�Z�o�h�^�y�s�b�c�k�y �\�h �\�g�_�r�g�_�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ �<, 
�i�h�]�e�h�s�Z�_�l �q�Z�k�l�v �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c �w�g�_�j�]�b�b �k �b�a�f�_�g�_�g�b�_�f �k�\�h�_�c 
�h�j�b�_�g�l�Z�p�b�b �b, �^�Z�e�_�_, �f�h�`�_�l �q�_�j�_�a �g�_�d�h�l�h�j�u�c �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b t �| T2 
�b�a�e�m�q�Z�l�v �w�l�m �w�g�_�j�]�b�x �k �\�h�a�\�j�Z�s�_�g�b�_�f �d �[�h�e�_�_ �m�k�l�h�c�q�b�\�h�c �h�j�b�_�g�l�Z�p�b�b 
�i�h �i�h�e�x. �I�j�b�q�_�f, �o�Z�j�Z�d�l�_�j�g�Z�y �i�h�k�l�h�y�g�g�Z�y �L2 – �h�i�j�_�^�_�e�y�_�l�k�y �m�j�Z�\�g�_�g�b�_�f 
�;�e�h�o�Z. 

�W�g�_�j�]�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �?(�Q) �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y  �q�Z�k�l�h�l�h�c - �Q �b 
�b�g�l�_�g�k�b�\�g�h�k�l�v�x.  �H�^�g�Z�d�h �i�j�b �^�b�k�d�j�_�l�g�u�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�o �k �h�[�t�_�d�l�Z�f�b 
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�f�b�d�j�h�f�b�j�Z �w�g�_�j�]�b�x �i�h�e�y �k�e�_�^�m�_�l �i�j�_�^�k�l�Z�\�e�y�l�v  �i�Z�j�p�b�Z�e�v�g�u�f�b 
�g�h�k�b�l�_�e�y�f�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y [�l. �_. �d�\�Z�g�l�Z�f�b �i�h�e�y d�?(�Q) = h�Q] �b 
�q�b�k�e�h�f �l�Z�d�b�o �g�h�k�b�l�_�e�_�c: �q�b�k�e�h�f �d�\�Z�g�l�h�\. 

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

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

 

 
�J�b�k. 1. �J�_�a�h�g�Z�g�k�g�h�_ �i�h�]�e�h�s�_�g�b�_ (�b�a�e�m�q�_�g�b�_) �i�Z�j�p�b�Z�e�v�g�u�o �g�h�k�b�l�_�e�_�c 

�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �b �i�_�j�_�h�j�b�_�g�l�Z�p�b�y �y�^�_�j�g�u�o �f�Z�]�g�b�l�g�u�o 
�f�h�f�_�g�l�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 

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

�j�Z�\�_�g�k�l�\�_ �w�g�_�j�]�b�b �' E, �l�j�_�[�m�_�f�h�c �^�e�y �i�_�j�_�h�j�b�_�g�l�Z�p�b�b �f�Z�]�g�b�l�g�h�]�h 
�f�h�f�_�g�l�Z,  �b �d�\�Z�g�l�h�\ �w�g�_�j�]�b�b d�?(�Q) = h �u �Q�R - �g�h�k�b�l�_�e�_�c 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y. 

�B�a �l�j�_�[�h�\�Z�g�b�y �j�Z�\�_�g�k�l�\�Z �w�l�b�o �w�g�_�j�]�b�c �' E = d�?(�Q) �k�e�_�^�m�_�l: 
 

h �u �Q�R��� �����P/I) �u B�h                                                    (13) 
 
�G�Z �h�k�g�h�\�Z�g�b�b �w�l�h�]�h �j�Z�\�_�g�k�l�\�Z, �a�Z�d�h�g�Z �k�h�o�j�Z�g�_�g�b�y �w�g�_�j�]�b�b �\ 

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

 
 
 

�Q�R��� �����P��hI)�u �<�h                                                   (14) 
 
�A�^�_�k�v �\ �k�d�h�[�d�Z�o �f�u �b�f�_�_�f �h�l�g�h�r�_�g�b�_ �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �d�h�g�k�l�Z�g�l: 

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

 
                                        ���J��� ���P��Ih.                                                               (15) 

 
�K�h�h�l�\�_�l�k�l�\�_�g�g�h �b �h�k�g�h�\�g�h�_ �\�u�j�Z�`�_�g�b�_ (14) �q�Z�k�l�h  �i�j�_�^�k�l�Z�\�e�y�x�l �\ �\�b�^�_ 

 
 

                                  �����������Qoi��� ���Ji �<�h                                                              (16) 
 

�=�b�j�h�f�Z�]�g�b�l�g�h�_ �h�l�g�h�r�_�g�b�_ �Ji �y�\�e�y�_�l�k�y �\�_�e�b�q�b�g�h�c, �h�i�j�_�^�_�e�y�x�s�_�c  
�j�_�a�h�g�Z�g�k�g�m�x  �q�Z�k�l�h�l�m �Q�R �^�e�y �d�h�g�d�j�_�l�g�h�]�h i-�h�]�h �b�a�h�l�h�i�Z �\ �^�Z�g�g�h�f 
�f�Z�]�g�b�l�g�h�f �i�h�e�_ �<�h. �D �i�j�b�f�_�j�m, �^�e�y �i�j�h�l�h�g�h�\ �\�h�^�u �\ �k�n�_�j�b�q�_�k�d�h�c �Z�f�i�m�e�_  
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h: 

 
                         �J�j = 42, 576 375 (13)  �F�=�p/�L�e                                           (17) 
 
�K�h�h�l�\�_�l�k�l�\�_�g�g�h �b �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z,  �k�i�h�k�h�[�g�Z�y �\�u�a�u�\�Z�l�v 

�b�g�l�_�g�k�b�\�g�u�_ �i�_�j�_�o�h�^�u �k �b�a�f�_�g�_�g�b�_�f �h�j�b�_�g�l�Z�p�b�b �k�i�b�g�h�\ �^�e�y  �y�^�_�j 
�\�h�^�h�j�h�^�Z �\�h�^�u �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ �k �b�g�^�m�d�p�b�_�c �<o = 1 �L�e, �k�h�k�l�Z�\�e�y�_�l 
�\�_�e�b�q�b�g�m: 

 
�Q�R = 42 576 375 �=�p. 

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

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

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

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

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

 
-dMs(t)/dt = �•�J �u [ Ms(t) �u �<]                                 (18) 

 
�A�^�_�k�v �^�Z�g�h �\�_�d�l�h�j�g�h�_ �i�j�h�b�a�\�_�^�_�g�b�_. �B�a�f�_�g�_�g�b�_ �\�_�d�l�h�j�Z dMs(t)/dt �\ 

�i�j�h�k�l�j�Z�g�k�l�\�_, �h�i�j�_�^�_�e�y�x�s�_�_ �^�\�b�`�_�g�b�_, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �d�Z�d 
�g�Z�i�j�Z�\�e�_�g�b�x �f�Z�]�g�b�l�g�h�]�h �i�h�e�y,  �l�Z�d �b �g�Z�i�j�Z�\�e�_�g�b�x �\�_�d�l�h�j�Z 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �k�i�b�g�h�\�h�c  �k�b�k�l�_�f�u, �l.�_. �m�j�Z�\�g�_�g�b�_ (18) �h�i�b�k�u�\�Z�_�l 
�^�\�b�`�_�g�b�_ �i�h �d�j�m�]�m.  �>�Z�g�g�h�_ �m�j�Z�\�g�_�g�b�_ �g�Z�i�h�f�b�g�Z�_�l �m�j�Z�\�g�_�g�b�_,  
�b�a�\�_�k�l�g�h�_ �b�a  �f�_�o�Z�g�b�d�b,  �d�h�l�h�j�h�_ �h�i�b�k�u�\�Z�_�l �\�j�Z�s�Z�l�_�e�v�g�m�x  �d�j�m�]�h�\�m�x  
�i�j�_�p�_�k�k�b�x  �f�_�o�Z�g�b�q�_�k�d�h�]�h �\�h�e�q�d�Z �[�_�a �m�q�_�l�Z �l�j�_�g�b�y. 

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

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

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

 
B(t) = Bo +  B1(t) + Bloc ,                                  (19) 

 
�]�^�_  Bo - �h�k�g�h�\�g�h�_ �\�g�_�r�g�_�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_, 
B1(t) - �i�_�j�_�f�_�g�g�h�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ 
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BBloc -  �e�h�d�Z�e�v�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_,  �\�u�a�\�Z�g�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f 
�f�Z�]�g�b�l�g�u�o �^�b�i�h�e�_�c. �;�e�h�o �i�j�_�^�e�h�`�b�e  �b�k�i�h�e�v�a�h�\�Z�l�v  �\  �m�j�Z�\�g�_�g�b�b (19) 
�k�e�_�^�m�x�s�_�_ �\�u�j�Z�`�_�g�b�_ �^�e�y B(t): 

 
B(t) = Bo +  B1(t).                                         (20) 

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

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

�I�h�k�e�_ �^�_�c�k�l�\�b�y �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �j�_�a�h�g�Z�g�k�g�h�]�h �b�f�i�m�e�v�k�Z  �g�Z 
�k�i�b�g�h�\�m�x �k�b�k�l�_�f�m �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�d�Z�a�u�\�Z�_�l�k�y �h�l�d�e�h�g�_�g�g�u�f 
�g�Z �g�_�d�h�l�h�j�u�c �D - �m�]�h�e, �a�Z�l�_�f �\�_�d�l�h�j �F �g�Z�q�b�g�Z�_�l �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v�k�y �b 
�k�l�j�_�f�b�l�v�k�y �d �k�\�h�_�f�m �m�k�l�h�c�q�b�\�h�f�m �j�Z�\�g�h�\�_�k�g�h�f�m �a�g�Z�q�_�g�b�x �F�h. 

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

 
Mz(t) = Mo - [M   - Mz(0)] �u exp [- t/T1]                        (21) 

 
�]�^�_ Mz(0) - �i�j�h�^�h�e�v�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �k�j�Z�a�m �i�h�k�e�_ �\�u�d�e�x�q�_�g�b�y  

�j�_�a�h�g�Z�g�k�g�h�]�h �j�Z�^�b�h�b�f�i�m�e�v�k�Z, �L1 – �o�Z�j�Z�d�l�_�j�g�Z�y �d�h�g�k�l�Z�g�l�Z �^�Z�g�g�h�]�h 
�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�]�h �i�j�h�p�_�k�k�Z. �I�j�b �w�l�h�f �i�j�_�^�i�h�e�Z�]�Z�x�l, �q�l�h 
�^�e�b�l�_�e�v�g�h�k�l�v �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z �y�\�e�y�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �d�h�j�h�l�d�h�c: 
trf << T1.  

�B�a-�a�Z �]�b�j�h�k�d�h�i�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �e�h�d�Z�e�v�g�h�]�h  
�h�[�t�z�f�Z M (�i�h�^�h�[�g�h �h�l�d�e�h�g�_�g�g�h�c �h�l �j�Z�\�g�h�\�_�k�g�h�c �h�j�b�_�g�l�Z�p�b�b 
�g�Z�f�Z�]�g�b�q�_�g�g�h�c �k�l�j�_�e�d�b �k �\�j�Z�s�Z�l�_�e�v�g�u�f �f�h�f�_�g�l�h�f �\�h�d�j�m�] �k�h�[�k�l�\�_�g�g�h�c 
�h�k�b) �[�m�^�_�l �k�h�\�_�j�r�Z�l�v �\�j�Z�s�_�g�b�_ �\ �i�e�h�k�d�h�k�l�b XY �k  �q�Z�k�l�h�l�h�c �i�j�_�p�_�k�k�b�b 
�Z��� �����S�Q�R. 

�?�k�e�b �m�]�h�e �i�h�\�h�j�h�l�Z �\�_�d�l�h�j�Z �F �j�Z�\�_�g 90-�]�j�Z�^�m�k�Z�f,  �D��� ���S��2, �l�h Mz(0) = 
0 �b �m�j�Z�\�g�_�g�b�_ (21) �f�h�`�g�h �m�i�j�h�k�l�b�l�v: 

 
Mz(t) = Mo{1 - exp [-t/T1]}                                      (22) 

 
�Q�Z�k�l�h �b�k�i�h�e�v�a�m�x�l �b �i�h�\�h�j�h�l�u  �\�_�d�l�h�j�Z  �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b  �g�Z 180-

�]�j�Z�^�m�k�h�\  �D����� ���S��  �l�h�]�^�Z �i�h�k�e�_ �h�d�h�g�q�Z�g�b�y �^�_�c�k�l�\�b�y �b�f�i�m�e�v�k�Z Mz(t) = - Mo 
�b �w�\�h�e�x�p�b�y �\�_�d�l�h�j�Z �i�h �h�k�b Z �[�m�^�_�l �h�i�b�k�u�\�Z�l�v�k�y �k�h�h�l�g�h�r�_�g�b�_�f: 

 
Mz(t) = Mo{1 - 2 �u exp [-t/T1]}                                (23) 
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�I�h�k�l�h�y�g�g�Z�y �\�j�_�f�_�g�b  �L1 �g�Z�a�u�\�Z�_�l�k�y �\�j�_�f�_�g�_�f �i�j�h�^�h�e�v�g�h�c �b�e�b �k�i�b�g-
�j�_�r�_�l�h�q�g�h�c �j�_�e�Z�d�k�Z�p�b�b.  �I�h�e�g�Z�y �w�g�_�j�]�b�y �a�Z�f�d�g�m�l�h�c  �k�b�k�l�_�f�u �g�_  
�b�a�f�_�g�y�_�l�k�y �i�j�b �e�x�[�h�f �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �\�g�m�l�j�b �k�b�k�l�_�f�u.   

�D�h�g�k�l�Z�g�l�Z �L1 �h�i�b�k�u�\�Z�_�l �^�b�g�Z�f�b�d�m �l�_�i�e�h�\�h�]�h �h�[�f�_�g�Z �f�_�`�^�m  
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �y�^�_�j�g�h�c �k�i�b�g�h�\�h�c �k�b�k�l�_�f�h�c �b �j�_�r�_�l�d�h�c. �I�h�  ̂
�j�_�r�_�l�d�h�c �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �l�_�i�e�h�\�h�c �d�h�g�l�b�g�m�m�f �h�d�j�m�`�Z�x�s�b�c �k�i�b�g�h�\�m�x 
�k�b�k�l�_�f�m, �d�h�l�h�j�u�c, �\ �q�Z�k�l�g�h�k�l�b, �k�h�^�_�j�`�Z�s�b�l �k�m�f�f�m �w�g�_�j�]�b�c 
�d�h�e�_�[�Z�l�_�e�v�g�u�o, �\�j�Z�s�Z�l�_�e�v�g�u�o �b �l�j�Z�g�k�e�y�p�b�h�g�g�u�o �Z�l�h�f�g�u�o �b 
�f�h�e�_�d�m�e�y�j�g�u�o �^�\�b�`�_�g�b�c. 

�I�j�b �i�h�^�[�h�j�_ �^�e�b�l�_�e�v�g�h�k�l�b �b �b�g�l�_�g�k�b�\�g�h�k�l�b �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h 
�b�f�i�m�e�v�k�Z �f�h�`�g�h �h�[�_�k�i�_�q�b�l�v �i�h�\�h�j�h�l �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �F �g�Z  90  
�]�j�Z�^�m�k�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �\�g�_�r�g�_�]�h �i�h�e�y. �I�h�k�e�_ �^�_�c�k�l�\�b�y �w�l�h�]�h �b�f�i�m�e�v�k�Z 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �\ �g�Z�i�j�Z�\�e�_�g�b�b Z �g�_ �k�m�s�_�k�l�\�m�_�l  (�w�g�_�j�]�_�l�b�q�_�k�d�b�_  
�m�j�h�\�g�b  �a�Z�g�y�l�u �j�Z�\�g�u�f �q�b�k�e�h�f �y�^�_�j),  �h�^�g�Z�d�h �\�_�d�l�h�j �k�i�b�g�h�\�h�c 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�_ �b�k�q�_�a�Z�_�l, �Z �k�h�o�j�Z�g�y�_�l �k�\�h�x �\�_�e�b�q�b�g�m �b �i�_�j�_�o�h�^�b�l �\ 
�i�e�h�k�d�h�k�l�v XY. �B�f�i�m�e�v�k�u, �d�h�l�h�j�u�_ �i�h�\�h�j�Z�q�b�\�Z�x�l �\�_�d�l�h�j 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b  �g�Z 90 �]�j�Z�^�m�k�h�\,  �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �g�Z �i�j�Z�d�l�b�d�_ �b 
�g�Z�a�u�\�Z�x�l�k�y �^�_�\�y�g�h�k�l�h�]�j�Z�^�m�k�g�u�f�b �b�f�i�m�e�v�k�Z�f�b (�S/2 - �b�f�i�m�e�v�k�h�f).   

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

�I�h �f�_�j�_  �\�h�k�k�l�Z�g�h�\�e�_�g�b�y  �\�_�d�l�h�j�Z �Fz �i�h �h�k�b Z �[�m�^�_�l �m�f�_�g�v�r�Z�l�v�k�y 
�k�h�k�l�Z�\�e�y�x�s�Z�y �\�_�d�l�h�j�Z �F �\ �i�e�h�k�d�h�k�l�b XY.  �I�j�b�q�_�f, �k�m�s�_�k�l�\�_�g�g�u�f  
�y�\�e�y�_�l�k�y  �l�h,  �q�l�h �k�d�h�j�h�k�l�v �m�f�_�g�v�r�_�g�b�y �\�_�d�l�h�j�Z �Fxy  �i�j�h�o�h�^�b�l �[�u�k�l�j�_�_,  
�q�_�f �k�d�h�j�h�k�l�v �\�h�k�k�l�Z�g�h�\�e�_�g�b�y  �Fz,  �b �i�h�w�l�h�f�m �^�e�y �h�i�b�k�Z�g�b�y �k�d�h�j�h�k�l�b 
�m�f�_�g�v�r�_�g�b�y �\�_�d�l�h�j�Z �Fxy �b�k�i�h�e�v�a�m�x�l �^�j�m�]�m�x �d�h�g�k�l�Z�g�l�m. 

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

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

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

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

 
�Fxy(t) = Mxy(0)�uexp[-t/T2*]                                     (24) 

 
�]�^�_ T2* - �w�n�n�_�d�l�b�\�g�Z�y �d�h�g�k�l�Z�g�l�Z, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�Z�y �k�d�h�j�h�k�l�v 

�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�]�h   �m�f�_�g�v�r�_�g�b�y   �i�h�i�_�j�_�q�g�h�c   �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b; 
�Fxy(0) – �i�h�i�_�j�_�q�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �k�j�Z�a�m �i�h�k�e�_ �\�u�d�e�x�q�_�g�b�y 

�b�f�i�m�e�v�k�Z 90-�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z. 
�I�j�b �h�i�j�_�^�_�e�_�g�b�b �w�n�n�_�d�l�b�\�g�h�]�h �a�g�Z�q�_�g�b�y �i�h�i�_�j�_�q�g�h�c �j�_�e�Z�d�k�Z�p�b�b T2* 

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

 
                              1/T2* = 1/T2 + �J�'�<o

                              1/T2* = 1/T2 + �J�'�<o/2                                                 (25) 
                              1/T2* = 1/T2 + �J�'�<o/�S 
 
�L�Z�d�Z�y �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v �k�\�y�a�Z�g�Z �k �j�Z�a�g�h�c �h�p�_�g�d�h�c �j�Z�k�i�j�_�^�_�e�_�g�b�y  

�g�_�h�^�g�h�j�h�^�g�h�k�l�b �h�k�g�h�\�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �' �<o �\ �i�j�_�^�_�e�Z�o 
�b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�z�f�Z. �I�j�Z�d�l�b�q�_�k�d�b  �\�_�e�b�q�b�g�Z �' �<o – �a�Z�\�b�k�b�l  �d�Z�d  �h�l  
�e�h�d�Z�e�v�g�u�o  �i�j�h�b�a�\�h�^�g�u�o  �' B/dl, �l�Z�d �b �h�l �j�Z�a�f�_�j�Z �w�n�n�_�d�l�b�\�g�h�]�h  �h�[�t�z�f�Z 
�b�k�k�e�_�^�h�\�Z�g�b�y.  

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

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

�H�^�g�Z�d�h �_�k�e�b �i�h�^�Z�l�v �\�l�h�j�h�c �b�f�i�m�e�v�k, �l�h �f�h�`�g�h �\�h�k�k�l�Z�g�h�\�b�l�v �g�Z 
�g�_�d�h�l�h�j�h�_ �\�j�_�f�y �n�Z�a�h�\�m�x �d�h�]�_�j�_�g�l�g�h�k�l�v �\�j�Z�s�_�g�b�y �k�h�k�l�Z�\�e�y�x�s�b�o 
�\�_�d�l�h�j�Z �Fxy �b �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�l�v �Y�F�J �k�b�]�g�Z�e �k�i�b�g�h�\�h�]�h �w�o�Z.  

  �F�Z�d�k�b�f�Z�e�v�g�m�x �Z�f�i�e�b�l�m�^�m �W�o�h-�k�b�]�g�Z�e�Z �i�h�e�m�q�Z�x�l �\ �l�h�f �k�e�m�q�Z�_, 
�d�h�]�^�Z �i�_�j�\�u�c �b�f�i�m�e�v�k �i�h�\�h�j�Z�q�b�\�Z�_�l �k�m�f�f�Z�j�g�u�c �\�_�d�l�h�j �y�^�_�j�g�h�c 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z 90 �]�j�Z�^�m�k�h�\, �Z �\�l�h�j�h�c �g�Z 180 �]�j�Z�^�m�k�h�\ (�j�b�k. 2). 
�I�j�b�q�_�f,  �i�h�k�d�h�e�v�d�m �b�f�i�m�e�v�k �i�h�\�h�j�Z�q�b�\�Z�_�l �g�Z 180 �]�j�Z�^�m�k�h�\ �\�k�x �]�j�m�i�i�m 
�\�_�d�l�h�j�h�\, �l�h �i�h�k�e�_ �h�d�h�g�q�Z�g�b�y �_�]�h �^�_�c�k�l�\�b�y �k�h�k�l�Z�\�e�y�x�s�b�_ �\�_�d�l�h�j�Z, 
�b�f�_�x�s�b�_ �\�u�k�h�d�m�x �k�d�h�j�h�k�l�v �\�j�Z�s�_�g�b�y, �h�d�Z�a�u�\�Z�x�l�k�y �h�l�k�l�Z�x�s�b�f�b �h�l 
�\�_�d�l�h�j�h�\ �k�h �k�j�_�^�g�_�c �k�d�h�j�h�k�l�v�x �\�j�Z�s�_�g�b�y, �Z �h�l�k�l�Z�x�s�b�_ – �h�d�Z�a�u�\�Z�x�l�k�y 
�\�i�_�j�_�^�b �\�_�d�l�h�j�g�h�]�h �Z�g�k�Z�f�[�e�y.   
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�J�b�k. 2. �M�f�_�g�v�r�_�g�b�_ �k�m�f�f�Z�j�g�h�]�h �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �Fxy �i�j�b 

�j�Z�a�h�j�b�_�g�l�Z�p�b�b �_�]�h �d�h�f�i�h�g�_�g�l �b�a-�a�Z  �g�_�h�^�g�h�j�h�^�g�h�k�l�b �i�h�e�y �b �q�Z�k�l�b�q�g�h�_ 
�_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �i�h�k�e�_ �^�_�c�k�l�\�b�y �\�l�h�j�h�]�h 180-�]�j�Z�^�m�k�g�h�]�h 
�j�_�a�h�g�Z�g�k�g�h�]�h �b�f�i�m�e�v�k�Z 

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

�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �k�m�f�f�Z�j�g�u�c �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �b, 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �g�Z�\�h�^�b�l�k�y �f�Z�d�k�b�f�Z�e�v�g�Z�y �Z�f�i�e�b�l�m�^�Z �Y�F�J-�k�b�]�g�Z�e�Z. �?�k�e�b 
�m�^�Z�_�l�k�y �h�[�_�k�i�_�q�b�l�v �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �k �\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�v�x, �l�h 
�q�e�_�g�h�f �J�'�<o �\ �\�u�j�Z�`�_�g�b�b (25) �f�h�`�g�h �i�j�_�g�_�[�j�_�q�v. �L�h�]�^�Z �a�Z�l�m�o�Z�g�b�_ 
�\�_�d�l�h�j�Z �Fxy �[�m�^�_�l �h�i�j�_�^�_�e�y�l�v�k�y �e�b�r�v �d�h�g�k�l�Z�g�l�h�c �L2, �y�\�e�y�x�s�_�c�k�y 
�\�g�m�l�j�_�g�g�_�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �f�h�e�_�d�m�e�y�j�g�h�c �k�j�_�^�u.  

       �< �l�Z�d�h�f �k�e�m�q�Z�_ �g�_�l �g�_�h�[�o�h�^�b�f�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�l�v �\�l�h�j�h�c 180-
�]�j�Z�^�m�k�g�u�c �b�f�i�m�e�v�k, �b �_�]�h �^�_�c�k�l�\�b�l�_�e�v�g�h �g�_ �b�k�i�h�e�v�a�m�x�l �i�j�b �g�Z�d�h�i�e�_�g�b�b 
�k�i�_�d�l�j�h�\ �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o in vitro �g�Z �k�i�_�p�b�Z�e�v�g�h 
�j�Z�a�j�Z�[�h�l�Z�g�g�u�o �Y�F�J �k�i�_�d�l�j�h�f�_�l�j�Z�o, �]�^�_ �h�[�_�k�i�_�q�b�\�Z�x�l �\�u�k�h�d�m�x 
�h�^�g�h�j�h�^�g�h�k�l�v �i�h�e�y: dB/B < 10-8.     

      �K �m�q�_�l�h�f �j�_�e�Z�d�k�Z�p�b�h�g�g�u�o �q�e�_�g�h�\ �m�j�Z�\�g�_�g�b�_ �^�\�b�`�_�g�b�y �\�_�d�l�h�j�Z 
�y�^�_�j�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �Fs(t) �\�h �\�g�_�r�g�_�f �f�Z�]�g�b�l�g�h�f �i�h�e�_  �<s(t) �\  
�g�_�i�h�^�\�b�`�g�h�c  (�e�Z�[�h�j�Z�l�h�j�g�h�c)  �k�b�k�l�_�f�_  �d�h�h�j�^�b�g�Z�l �h�i�b�k�u�\�Z�_�l�k�y 
�m�j�Z�\�g�_�g�b�_�f �;�e�h�o�Z,  �d�h�l�h�j�h�_ �\ �\�_�d�l�h�j�g�h�c �n�h�j�f�_  �b�f�_�_�l  �k�e�_�^�m�x�s�b�c �\�b�:̂ 
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dMs(t)/dt = �J[Ms(t)�uBs(t)] – R�u[Ms(t) – Mo]                            (26) 
 

�]�^�_ R – �f�Z�l�j�b�p�Z �k�d�h�j�h�k�l�_�c �j�_�e�Z�d�k�Z�p�b�b:      
            

¦1/T2  0    0  ¦ 
                      R  =     ¦ 0   1/T2  0  ¦                                            (27) 

¦ 0    0   1/T1¦ 
     �M�j�Z�\�g�_�g�b�_ �;�e�h�o�Z  �^�e�y �k�h�k�l�Z�\�e�y�x�s�b�o �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �Fs 

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

 
                                 dMsx/dt = �J(MsyBBsz – MszBsyB ) – Msx/T2

          dMsy/dt = �J(MszBBsx – MsxBszB ) – Msy/T2                      (28) 
             dMsx/dt = �• �J(MsxBBsy – MsyBsxB ) – (Msz-Mo)/T1

 
�J�_�a�m�e�v�l�b�j�m�x�s�_�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �<s(t) �\ �e�Z�[�h�j�Z�l�h�j�g�h�c �k�b�k�l�_�f�_ 

�d�h�h�j�^�b�g�Z�l �\�d�e�x�q�Z�_�l �\ �k�_�[�y �k�l�Z�l�b�q�_�k�d�h�_ �i�h�e�_ �<o �b  �j�Z�^�b�h�q�Z�k�l�h�l�g�h�_ �i�h�e�_ 
�<1(t):  Bs(t) = Bo + B1(t) 

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

�B�a-�a�Z �i�j�h�k�l�h�l�u �]�_�g�_�j�Z�p�b�b �j�Z�^�b�h�q�Z�k�l�h�l�g�h�_ �i�h�e�_ �q�Z�s�_ �k�h�a�^�Z�x�l 
�e�b�g�_�c�g�h �i�h�e�y�j�b�a�h�\�Z�g�g�u�f: 

 
                    B1(t) = 2�uBBp cos (�Zpt + f)ex                                         (29) 

 
�]�^�_ �Zp – �q�Z�k�l�h�l�Z �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z;   Bp – �Z�f�i�e�b�l�m�^�Z 

�b�f�i�m�e�v�k�Z;   
ex – �_�^�b�g�b�q�g�u�c �\�_�d�l�h�j �i�h �h�k�b �j�Z�^�b�h�q�Z�k�l�h�l�g�h�c �d�Z�l�m�r�d�b �O. 
�E�b�g�_�c�g�Z�y �i�h�e�y�j�b�a�Z�p�b�y �f�h�`�_�l �[�u�l�v �j�Z�a�e�h�`�_�g�Z �g�Z �^�\�_ �k�h�k�l�Z�\�e�y�x�s�b�_:  

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

 
             B1(t) =  Bp[cos(�Zpt + f)ex + sin(�Zpt + f)ey]                            (30) 

 
�<�l�h�j�Z�y �i�h�e�h�\�b�g�Z �f�h�s�g�h�k�l�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �k 

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�f �g�Z�i�j�Z�\�e�_�g�b�_�f �p�b�j�d�m�e�y�p�b�b (�k�h �a�g�Z�d�h�f �f�b�g�m�k �i�j�b 
�n�m�g�d�p�b�b sin�D): 

 
      B1(t) =  Bp[cos(�Zpt + f)ex – sin(�Zpt + f)ey]                           (31) 
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�h�d�Z�a�u�\�Z�_�l�k�y �g�_ �l�h�e�v�d�h �e�b�r�g�_�c,  �g�h �b �g�_ �`�_�e�Z�l�_�e�v�g�h�c, �_�k�e�b �l�j�_�[�m�_�l�k�y  
�f�b�g�b�f�b�a�b�j�h�\�Z�l�v  �j�Z�^�b�h�q�Z�k�l�h�l�g�h�_  �h�[�e�m�q�_�g�b�_  �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y. �I�h 
�w�l�h�c �i�j�b�q�b�g�_,  �\ �f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c �l�h�f�h�]�j�Z�n�b�b �f�_�^�b�p�b�g�k�d�h�]�h 
�g�Z�a�g�Z�q�_�g�b�y  �i�h�e�m�q�b�e�h  �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �b�a�]�h�l�h�\�e�_�g�b�_ �l�Z�d�b�o 
�j�_�a�h�g�Z�g�k�g�u�o �b�g�^�m�d�l�b�\�g�u�o �m�k�l�j�h�c�k�l�\, �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b�\�Z�x�l �k�h�a�^�Z�g�b�_ 
�p�b�j�d�m�e�y�j�g�h-�i�h�e�y�j�b�a�h�\�Z�g�g�u�o �i�_�j�_�f�_�g�g�u�o �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o �i�h�e�_�c. 

 
5. �H�p�_�g�d�Z �\�_�e�b�q�b�g�u �Y�F�J-�k�b�]�g�Z�e�Z 

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

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

�>�e�y �h�p�_�g�d�b �\�h�a�g�b�d�Z�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �k�e�_�^�m�_�l  �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y 
�a�Z�d�h�g�h�f �N�Z�j�Z�^�_�y.  

��
��

��
�J�b�k. 3. �H�l�d�e�h�g�_�g�b�_ �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �b�a-�a�Z �^�_�c�k�l�\�b�y 90-

�]�j�Z�^�m�k�g�h�]�h �j�_�a�h�g�Z�g�k�g�h�]�h �b�f�i�m�e�v�k�Z: �Fz �o  Mxy �b �g�Z�\�h�^�d�Z �g�Z�i�j�y�`�_�g�b�y �g�Z 
�j�_�a�h�g�Z�g�k�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b �\�j�Z�s�_�g�b�_�f �\�_�d�l�h�j�Z Mxy 

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

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

 
u(t) = - S �u dB/dt = �ZB �u S �u cos(�Zt)                               (32) 

 
�]�^�_ S  - �i�e�h�s�Z�^�v �j�Z�f�d�b,  �Z - �m�]�e�h�\�Z�y �k�d�h�j�h�k�l�v �\�j�Z�s�Z�x�s�_�c�k�y �j�Z�f�d�b.   
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�< �g�Z�r�_�f �k�e�m�q�Z�_ �Z�g�Z�e�h�]�h�f �j�Z�f�d�b �y�\�e�y�_�l�k�y �i�j�b�_�f�g�Z�y �b�g�^�m�d�l�b�\�g�h�k�l�v 
�d�Z�l�m�r�d�b. �?�k�e�b �i�j�b�_�f�g�Z�y �b�g�^�m�d�l�b�\�g�h�k�l�v �b�f�_�_�l �n�h�j�f�m �k�h�e�_�g�h�b�^�Z�e�v�g�h�c 
�d�Z�l�m�r�d�b, �l�h �_�z �i�j�b�z�f�g�m�x �i�e�h�s�Z�^�v �f�h�`�g�h �h�p�_�g�b�l�v �i�h �k�h�h�l�g�h�r�_�g�b�x: 

 
                         S = K �u (�SR2)                                                 (33) 

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

�w�n�n�_�d�l�b�\�g�h�]�h �i�h�e�y B �y�\�e�y�_�l�k�y �f�Z�]�g�b�l�g�h�_ �i�h�e�_,  �k�h�a�^�Z�\�Z�_�f�h�_ �\�_�d�l�h�j�h�f 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b: �P�R�u�F = �F�u�<,  �d�h�l�h�j�h�_ �\�j�Z�s�Z�_�l�k�y �\�g�m�l�j�b �i�j�b�_�f�g�h�c 
�b�g�^�m�d�l�b�\�g�h�k�l�b �k �q�Z�k�l�h�l�h�c  �E�Z�j�f�h�j�h�\�h�c  �i�j�_�p�_�k�k�b�b:   �Z��� ���J�%����

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

 
                   u =  �Z�P�R�FK(�SR2���]��� ���Z���F�<K(�SR2)�]��                                 (34)  

 
�]�^�_ �] - �n�Z�d�l�h�j �a�Z�i�h�e�g�_�g�b�y �j�_�a�h�g�Z�g�k�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b.  
�W�l�h�l �n�Z�d�l�h�j �f�h�`�g�h �h�p�_�g�b�l�v �d�Z�d  �h�l�g�h�r�_�g�b�_  �w�e�_�f�_�g�l�Z�j�g�h�]�h  �h�[�t�z�f�Z 

�h�[�j�Z�a�p�Z Ve, �n�h�j�f�b�j�m�x�s�_�]�h  �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �F,  �d 
�w�n�n�_�d�l�b�\�g�h�f�m �h�[�t�z�f�m �i�j�b�_�f�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b Vl: 

 
�] = Ve/Vl =  Ve/(�SR

2L k)                                               (35) 
 
�]�^�_ �h�[�t�_�f �i�j�b�_�f�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b �\�u�j�Z�`�_�g �q�_�j�_�a: Lk – �^�e�b�g�m 

�d�Z�l�m�r�d�b �b R – �j�Z�^�b�m�k �d�Z�l�m�r�d�b. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k �m�q�_�l�h�f �j�Z�\�_�g�k�l�\�Z 
�Z��� ���JB  �f�h�`�_�f  �g�Z�i�b�k�Z�l�v: 

 
u = �Z�F�<KVe/Lk = �JB2�FKVe/Lk                                      (36) 

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

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

 
Us = Q�uu = Q�JB2�FKve/Lk                                           (37) 

 
�L�_�i�_�j�v �i�j�_�^�k�l�Z�\�b�f �h�p�_�g�d�b.  �?�k�e�b  �b�k�i�h�e�v�a�h�\�Z�l�v  �i�Z�j�Z�f�_�l�j�u:  Q  =  

100,  �J�j =42.576 �F�=�p/�L�e,  B = 0.5 T�e, �F(H2O) = 4.039�u10-9, K = 5, Ve = 5 
�f�f 3, L k  = 0,2 �f , �l�h �i�h�e�m�q�b�f:  

Us = 5.37�u10-7 �<�h�e�v�l�Z 
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 �D�Z�d �\�b�^�b�f, �\�_�e�b�q�b�g�Z �w�l�h�]�h �k�b�]�g�Z�e�Z �^�h�k�l�Z�l�h�q�g�h �f�Z�e�Z. �K�h�i�h�k�l�Z�\�b�f  Us 
�k�h �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�u�f �m�j�h�\�g�_�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o �r�m�f�h�\, �d�h�l�h�j�u�c 
�g�Z�\�h�^�b�l�k�y �g�Z �i�j�b�_�f�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b.  �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�_ �r�m�f�u  
(�r�m�f�u �>�`�h�g�k�h�g�Z) �h�p�_�g�b�\�Z�x�l�k�y �k �i�h�f�h�s�v�x �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�]�h 
�m�j�Z�\�g�_�g�b�y �G�Z�c�d�\�b�k�l�Z.  �K �m�q�_�l�h�f �^�h�[�j�h�l�g�h�k�l�b �d�h�g�l�m�j�Z �w�l�h �m�j�Z�\�g�_�g�b�_ 
�b�f�_�_�l �\�b�:̂  

 
                                    [<U2>]1/2 = Q[4kT�u�'�Q�[]1/2                                  (38) 
 
�]�^�_ k – �i�h�k�l�h�y�g�g�Z�y �;�h�e�v�p�f�Z�g�Z, T – �Z�[�k�h�e�x�l�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z, 
�[ - �\�_�e�b�q�b�g�Z �Z�d�l�b�\�g�h�]�h �k�h�i�j�h�l�b�\�e�_�g�b�y �j�_�a�h�g�Z�g�k�g�h�]�h �d�h�g�l�m�j�Z, 
�'�Q�•- �r�b�j�b�g�Z �q�Z�k�l�h�l�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �n�b�e�v�l�j�Z �Z�g�Z�e�b�a�Z�l�h�j�Z.  
   �>�e�y �j�_�a�h�g�Z�g�k�g�h�]�h �d�h�g�l�m�j�Z �Z�d�l�b�\�g�h�_ �k�h�i�j�h�l�b�\�e�_�g�b�_ �f�h�`�g�h �\�u�j�Z�a�b�l�v 

�q�_�j�_�a �^�h�[�j�h�l�g�h�k�l�v Q �b �b�g�^�m�d�l�b�\�g�h�k�l�v �d�h�g�l�m�j�Z L. �I�h�k�d�h�e�v�d�m Q = L�Z���[, 
�l�h �[ = L�Z�¡Q. �L�h�]�^�Z �m�j�Z�\�g�_�g�b�_ (38) �f�h�`�g�h �i�_�j�_�i�b�k�Z�l�v:   

 
[<U2>]1/2 = [4kT�'�QQL�Z]1/2 = [4kT�'�QQ/(�K�Z)]1/2                     (39) 

 
�A�^�_�k�v �b�k�i�h�e�v�a�h�\�Z�g�h �j�Z�\�_�g�k�l�\�h L�Z = 1/(�K�Z),  �d�h�l�h�j�h�_ �\�u�i�h�e�g�y�_�l�k�y �\ 

�m�k�e�h�\�b�y�o �j�_�a�h�g�Z�g�k�Z, �K – �_�f�d�h�k�l�v �j�_�a�h�g�Z�g�k�g�h�]�h �d�h�g�l�m�j�Z. 
�?�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v  �l�b�i�b�q�g�u�_  �i�Z�j�Z�f�_�l�j�u:  Q  =  100,  �]�^�_  k  =1.38�u10-

23 J/K, �L = 310 �h�D, �'�Q = 100 �=�p, �K = 10-10 F, �Z��� �����S�Q�����Q = 21 �F�=�p, �l�h 
�i�h�e�m�q�b�f �h�p�_�g�d�m:  

[<U2>]1/2 = 1.1�u10-7 �<�h�e�v�l�Z 
 

�B�k�i�h�e�v�a�m�y �w�l�b �k�h�h�l�g�h�r�_�g�b�y �f�h�`�g�h  �i�h�e�m�q�b�l�v  �\�u�j�Z�`�_�g�b�_  �^�e�y �Y�F�J-
�k�b�]�g�Z�e�Z:  Ao  =  Us/[<U2>]1/2,  �g�h�j�f�b�j�h�\�Z�g�g�h�]�h  �d  �\�_�e�b�q�b�g�_ �w�e�_�d�l�j�h- 
�f�Z�]�g�b�l�g�h�]�h �r�m�f�Z:  

 
  Ao =���J�%���F  [1/(4kT)]1/2 Ve K/L k  [Q�K�Z/�•�'�Q )]1/2                      (40)  

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

�i�h�k�l�h�y�g�g�u�_, �\�h �\�l�h�j�h�c �q�Z�k�l�b – �i�Z�j�Z�f�_�l�j�u �i�j�b�_�f�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b �b 
�i�h�e�h�k�Z �q�Z�k�l�h�l �m�k�b�e�b�l�_�e�y.  �<�u�j�Z�`�_�g�b�_ �^�e�y �: �h  �q�Z�k�l�h  �^�h�i�h�e�g�y�x�l 
�k�h�f�g�h�`�b�l�_�e�_�f k (k < 1), �d�h�l�h�j�u�f �m�q�b�l�u�\�Z�x�l �^�h�i�h�e�g�b�l�_�e�v�g�u�_ 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�_ �r�m�f�u �k�Z�f�h�]�h �m�k�b�e�b�l�_�e�v�g�h�]�h �m�k�l�j�h�c�k�l�\�Z.  

�K�e�_�^�h�\�Z�l�_�e�v�g�h,  Ao  �a�Z�\�b�k�b�l  �h�l �g�_�k�d�h�e�v�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �i�j�b�_�f�g�h�c 
�b�g�^�m�d�l�b�\�g�h�k�l�b, �i�j�b�q�_�f �w�l�b �i�Z�j�Z�f�_�l�j�u �\�a�Z�b�f�h�a�Z�\�b�k�b�f�u �b �h�i�j�_�^�_�e�y�x�l�k�y  
�q�Z�k�l�h�l�h�c �j�_�a�h�g�Z�g�k�Z.  �G�Z�i�j�b�f�_�j,  �\�_�e�b�q�b�g�Z �b�g�^�m�d�l�b�\�g�h�k�l�b L �a�Z�\�b�k�b�l �d�Z�d 
�h�l �q�b�k�e�Z �\�b�l�d�h�\ K, �l�Z�d �b �h�l �^�e�b�g�u �g�Z�f�h�l�d�b Lk. 
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�< �\�u�j�Z�`�_�g�b�b �i�j�_�^�k�l�Z�\�e�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v Ao �h�l �h�k�g�h�\�g�h�]�h �f�Z�]�g�b�l�g�h�]�h  
�i�h�e�y �d�Z�d B2.  �H�^�g�Z�d�h �k �i�h�g�b�`�_�g�b�_�f �i�h�e�y �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�Z 
�m�f�_�g�v�r�Z�_�l�k�y �g�_ �k�l�h�e�v �[�u�k�l�j�h �d�Z�d B2,  �i�h�k�d�h�e�v�d�m, �g�Z�i�j�b�f�_�j,  �b�a-�a�Z 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �i�h�g�b�`�_�g�b�y �q�Z�k�l�h�l�u �j�_�a�h�g�Z�g�k�Z �[�m�^�_�l (�d�Z�d �i�j�Z�\�b�e�h) 
�m�\�_�e�b�q�b�\�Z�l�v�k�y �q�b�k�e�h �\�b�l�d�h�\ �D.  �I�h�w�l�h�f�m,  �\ �p�_�e�h�f �a�Z�\�b�k�b�f�h�k�l�v 
�b�g�l�_�g�k�b�\�g�h�k�l�b �Y�F�J-�k�b�]�g�Z�e�Z �h�l �h�k�g�h�\�g�h�]�h �i�h�e�y �h�d�Z�a�u�\�Z�_�l�k�y �[�h�e�_�_ 
�k�e�h�`�g�h�c �b �i�Z�^�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �[�h�e�_�_ �g�b�a�d�b�o 
�i�h�e�_�c �i�j�Z�d�l�b�q�_�k�d�b �g�_ �k�l�h�e�v �j�_�a�d�h�_ �d�Z�d �<2. 

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

�I�h�e�m�q�_�g�g�m�x �h�p�_�g�d�m �Z�f�i�e�b�l�m�^�u  �F�J-�k�b�]�g�Z�e�Z  Us  =  5.37�u10-7 �<�h�e�v�l�Z 
�k�h�i�h�k�l�Z�\�b�f �k �\�_�e�b�q�b�g�h�c �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �r�m�f�Z [<U2>]1/2 = 1.1�u10-7 
�<�h�e�v�l�Z. 

 �?�k�e�b �f�u �i�h�i�u�l�Z�_�f�k�y �m�\�_�e�b�q�b�l�v �j�Z�a�j�_�r�_�g�b�_ �g�Z �l�h�f�h�]�j�Z�f�f�_ �b 
�m�f�_�g�v�r�b�f �\�_�e�b�q�b�g�m �w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�z�f�Z �^�h Ve = 1 �f�f 3,  �l�h �Z�f�i�e�b�l�m�^�Z 
�Y�F�J �k�b�]�g�Z�e�Z �i�j�b �j�Z�a�h�\�h�f �\�h�a�[�m�`�^�_�g�b�b �h�d�Z�`�_�l�k�y �g�Z �m�j�h�\�g�_ �r�m�f�h�\�h�]�h 
�n�h�g�Z �k�e�m�q�Z�c�g�u�o �i�h�f�_�o. �I�j�b�q�_�f, �\ �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �j�Z�k�q�_�l�Z�o �[�u�e�Z 
�b�k�i�h�e�v�a�h�\�Z�g�Z  �h�i�l�b�f�Z�e�v�g�Z�y �]�_�h�f�_�l�j�b�y �i�j�b�_�f�g�h�c �j�_�a�h�g�Z�g�k�g�h�c 
�b�g�^�m�d�l�b�\�g�h�k�l�b (�\ �\�b�^�_ �k�h�e�_�g�h�b�^�Z) �b �g�_ �m�q�b�l�u�\�Z�e�b�k�v �k�h�[�k�l�\�_�g�g�u�_ �r�m�f�u 
�\�o�h�^�g�u�o �p�_�i�_�c �i�j�_�^�m�k�b�e�b�l�_�e�y.  �I�h �w�l�h�c �i�j�b�q�b�g�_, �i�h�e�m�q�b�e�b 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �F�J-�l�h�f�h�]�j�Z�n�u, �d�h�l�h�j�u�_ �b�k�i�h�e�v�a�m�x�l �\�u�k�h�d�b�_ 
�f�Z�]�g�b�l�g�u�_ �i�h�e�y �< = 1.5 �L�e, �k�h�a�^�Z�\�Z�_�f�u�_ �k�\�_�j�o�i�j�h�\�h�^�y�s�b�f�b �f�Z�]�g�b�l�Z�f�b. 

   
6.   �K�m�f�f�b�j�h�\�Z�g�b�_ �Y�F�J-�k�b�]�g�Z�e�h�\ 

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

�j�Z�a�j�_�r�_�g�b�_�f �l�j�_�[�m�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�z�f�Z 
�i�h�j�y�^�d�Z �g�_�k�d�h�e�v�d�b�o �f�f 3, �g�h �Z�f�i�e�b�l�m�^�Z �Y�F�J-�k�b�]�g�Z�e�Z �h�l �l�Z�d�h�]�h �h�[�t�z�f�Z 
�h�d�Z�a�u�\�Z�_�l�k�y �f�Z�e�h�c �b �g�Z�o�h�^�b�l�k�y �g�Z �m�j�h�\�g�_ �n�h�g�Z �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o 
�i�h�f�_�o. 

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

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

�I�h�\�l�h�j�g�h�_ �\�h�a�[�m�`�^�_�g�b�_ �i�e�h�k�d�h�k�l�b �b �j�_�]�b�k�l�j�Z�p�b�x �k�m�f�f�Z�j�g�h�]�h 
�k�b�]�g�Z�e�Z �h�l �w�e�_�f�_�g�l�h�\ �\�k�_�c �i�e�h�k�d�h�k�l�b �k�h�\�f�_�s�Z�x�l �k  �i�j�h�p�_�^�m�j�h�c  
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �f�Z�j�d�b�j�h�\�d�b (�d�h�^�b�j�h�\�Z�g�b�y) �w�e�_�f�_�g�l�Z�j�g�u�o �h�[�t�_�f�h�\ Vei. 
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�I�j�b �i�h�\�l�h�j�g�h�f �\�h�a�[�m�`�^�_�g�b�b �b �k�e�h�`�_�g�b�b N-�k�b�]�g�Z�e�h�\ �Z�f�i�e�b�l�m�^�Z 
�i�h�e�_�a�g�h�]�h  �k�b�]�g�Z�e�Z  �^�e�y  �d�Z�`�^�h�]�h  Vei �m�\�_�e�b�q�b�l�k�y �\ N �j�Z�a �b�a-�a�Z 
�k�b�g�o�j�h�g�g�h�k�l�b �d�h�f�i�h�g�_�g�l�h�\ �k�b�]�g�Z�e�Z �Y�F�J �i�h �h�l�g�h�r�_�g�b�x �d  �b�f�i�m�e�v�k�Z�f  
�j�_�a�h�g�Z�g�k�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y. �H�^�g�Z�d�h �r�m�f �l�Z�d�`�_ �[�m�^�_�l �\�h�a�j�Z�k�l�Z�l�v  �i�j�b  
�k�m�f�f�b�j�h�\�Z�g�b�b,  �g�h �w�l�h �\�h�a�j�Z�k�l�Z�g�b�_ �b�a-�a�Z �k�e�m�q�Z�c�g�h�]�h �j�Z�a�[�j�h�k�Z 
�Z�f�i�e�b�l�m�^�g�u�o �d�h�f�i�h�g�_�g�l �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �n�h�g�Z �[�m�^�_�l 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h [N]1/2.  

�I�h�w�l�h�f�m �\ �p�_�e�h�f �g�Z�d�h�i�e�_�g�b�_ �k�b�]�g�Z�e�h�\,  �g�h�j�f�b�j�h�\�Z�g�g�u�o �d �\�_�e�b�q�b�g�_ 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �r�m�f�Z, �i�j�h�b�k�o�h�^�b�l �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �k�h�h�l�g�h�r�_�g�b�_�f:  

 
                      A(N) = Ao[N] 1/2                                                    (41) 

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

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

ta = N �u tr = N �u (t�_ + t�\)                                          (42) 
 

�]�^�_ tr - �\�j�_�f�y �h�^�g�h�]�h �b�a�f�_�j�b�l�_�e�v�g�h�]�h �p�b�d�e�Z, t�_ – �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b  �^�e�y  
�\�h�a�[�m�`�^�_�g�b�y,  �d�h�^�b�j�h�\�Z�g�b�y  �k�e�h�y  �b   �j�_�]�b�k�l�j�Z�p�b�b �Y�F�J-�k�b�]�g�Z�e�Z, t�\ - 
�b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b �^�e�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �k�i�b�g�h�\�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\ 
�b�k�k�e�_�^�m�_�f�h�c �i�e�h�k�d�h�k�l�b. 

�B�g�l�_�j�\�Z�e t�\ >> t�_ �b �_�]�h �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �\�h�a�[�m�`�^�_�g�b�y �b 
�j�_�]�b�k�l�j�Z�p�b�b  �Y�F�J-�k�b�]�g�Z�e�h�\  �\  �k�h�k�_�^�g�b�o  �i�e�h�k�d�h�k�l�y�o,  �b�k�i�h�e�v�a�m�y 
�f�m�e�v�l�b�i�e�Z�g�Z�j�g�u�c �f�_�l�h�^ �k�[�h�j�Z �b�g�n�h�j�f�Z�p�b�b. �< �k�h�\�j�_�f�_�g�g�u�o �F�J- 
�l�h�f�h�]�j�Z�n�Z�o �k �i�h�e�_�f �<=1.5 �L�e �h�^�g�h�\�j�_�f�_�g�g�h �g�Z�d�Z�i�e�b�\�Z�x�l �Y�F�J �k�b�]�g�Z�e�u 
�k 25 �k�e�h�_�\, �i�j�b�q�_�f �d�Z�`�^�u�c �k�e�h�c �b�f�_�_�l �l�h�e�s�b�g�m �i�h�j�y�^�d�Z  3 
�f�b�e�e�b�f�_�l�j�h�\. 

 
7. �<�e�b�y�g�b�_ �k�d�h�j�h�k�l�b �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z �\�j�_�f�y 

�g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f�u 
 
�>�b�Z�]�g�h�k�l�b�q�_�k�d�Z�y   �j�_�a�m�e�v�l�Z�l�b�\�g�h�k�l�v  �F�J-�L�h�f�h�]�j�Z�n�b�b  �h�[�m�k�e�h�\�e�_�g�Z 

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

 �D�Z�q�_�k�l�\�h �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �h�i�j�_�^�_�e�y�_�l�k�y �l�Z�d�b�f�b 
�i�Z�j�Z�f�_�l�j�Z�f�b  �d�Z�d  �j�Z�a�j�_�r�Z�x�s�Z�y  �k�i�h�k�h�[�g�h�k�l�v �b �d�h�g�l�j�Z�k�l�g�h�k�l�v.  �< 
�i�j�Z�d�l�b�q�_�k�d�h�c  �j�Z�[�h�l�_  �w�l�b  �i�Z�j�Z�f�_�l�j�u  �i�j�b�o�h�^�b�l�k�y  �h�]�j�Z�g�b�q�b�\�Z�l�v �b�a-�a�Z 
�g�_�h�[�o�h�^�b�f�h�k�l�b �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �\�j�_�f�y  �i�j�h�\�_�^�_�g�b�y  
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y. 
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�I�j�_�^�e�h�`�_�g�g�u�_ �;�e�h�o�h�f �j�_�e�Z�d�k�Z�p�b�h�g�g�u�_ �d�h�g�k�l�Z�g�l�u �L1 �b �L2  �h�l�g�h�k�y�l�k�y  
�d  �o�b�f�b�q�_�k�d�b �w�d�\�b�\�Z�e�_�g�l�g�u�f �i�j�h�l�h�g�Z�f,  �w�l�b �i�h�k�l�h�y�g�g�u�_ �o�h�j�h�r�h 
�h�i�b�k�u�\�Z�x�l �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �h�l �\�j�_�f�_�g�b  �b 
�o�Z�j�Z�d�l�_�j�b�a�m�x�l �^�b�g�Z�f�b�d�m  �\�h�k�k�l�Z�g�h�\�e�_�g�b�y  �\�_�d�l�h�j�Z  �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b  
�^�e�y �i�j�h�k�l�u�o �`�b�^�d�h�k�l�_�c. 

�I�h�k�d�h�e�v�d�m �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b  �h�i�j�_�^�_�e�y�_�l�k�y  
�\�j�_�f�_�g�_�f �j�_�e�Z�d�k�Z�p�b�b �L1 �Z �k�b�]�g�Z�e�u �Y�F�J �a�Z�l�m�o�Z�x�l �k �o�Z�j�Z�d�l�_�j�g�u�f 
�\�j�_�f�_�g�_�f �j�_�e�Z�d�k�Z�p�b�b �L2, �l�h �^�e�y �g�Z�]�e�y�^�g�h�k�l�b �j�Z�k�k�f�h�l�j�_�g�b�y �\�j�_�f�y, 
�l�j�_�[�m�_�f�h�_ �^�e�y �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f,  �f�h�`�g�h  �\�u�j�Z�a�b�l�v  �q�_�j�_�a 
�i�h�k�l�h�y�g�g�u�_ �L1 �b �L2. 

�J�Z�k�k�f�h�l�j�b�f �\�Z�j�b�Z�g�l  �k  �h�^�g�h�\�j�_�f�_�g�g�u�f  �g�Z�d�h�i�e�_�g�b�_�f  �k�b�]�g�Z�e�h�\  �k m-
�i�e�h�k�d�h�k�l�_�c:  

 
tr = t�_ + t�\  = n�uT2 + m�uT1                                         (43) 

 
�]�^�_ tr – �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b, �g�_�h�[�o�h�^�b�f�u�c �^�e�y �j�Z�a�h�\�h�]�h �a�Z�i�h�e�g�_�g�b�y 

�h�^�g�h�c �b�a �k�l�j�h�d �f�Z�l�j�b�p�u �b�a�h�[�j�Z�`�_�g�b�y; t�_ – �\�j�_�f�y, �l�j�_�[�m�_�f�h�_ �^�e�y 
�n�h�j�f�b�j�h�\�Z�g�b�y �Y�F�J �w�o�h �k�b�]�g�Z�e�Z �h�l �\�u�[�j�Z�g�g�h�c �i�e�h�k�d�h�k�l�b �k �g�Z�e�h�`�_�g�b�_�f 
�d�h�^�b�j�h�\�Z�g�b�y �i�h �l�j�_�f �g�Z�i�j�Z�\�e�_�g�b�y�f; t�\ – �\�j�_�f�y �l�j�_�[�m�_�f�h�_ �^�e�y 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�l �^�Z�g�g�h�c �i�e�h�k�d�h�k�l�b. 
�G�Z�i�j�b�f�_�j, �_�k�e�b  �\�u�[�b�j�Z�_�f n=0,2 �b m=5,  �l�h �i�j�b �l�Z�d�b�o �i�Z�j�Z�f�_�l�j�Z�o �\�_�d�l�h�j  
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �^�h �i�h�\�l�h�j�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �k�e�h�y 
�m�k�i�_�_�l �\�h�k�k�l�Z�g�h�\�b�l�k�y  �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�h�k�l�v�x. 

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

 
Np = (m�uT1 ) /(n�uT2)  �| 25�u(T1/T2) 

 
�B�a�\�_�k�l�g�h, �q�l�h T1   �t  T2 . �>�Z�`�_ �i�j�b �j�Z�\�_�g�k�l�\�_ �w�l�b�o �i�Z�j�Z�f�_�l�j�h�\ �f�h�`�g�h 

�g�Z�d�Z�i�e�b�\�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �k 25 �k�e�h�_�\. 
�Q�b�k�e�h �i�h�\�l�h�j�g�u�o �\�h�a�[�m�`�^�_�g�b�c �\�u�^�_�e�_�g�g�h�c �i�e�h�k�d�h�k�l�b N �f�h�`�g�h 

�\�u�j�Z�a�b�l�v �q�_�j�_�a ta - �\�j�_�f�y �w�d�k�i�_�j�b�f�_�g�l�Z, �i�j�b �d�h�l�h�j�h�f �[�m�^�m�l �g�Z�d�h�i�e�_�g�u 
�q�b�k�e�h�\�u�_ �f�Z�l�j�b�p�u �k Np �i�e�h�k�d�h�k�l�_�c: 

 
N = ta/tr = ta/(n�uT2 + m�uT1)                                        (44) 

 
�I�j�b�q�_�f, �f�b�g�b�f�Z�e�v�g�h�_ N �^�h�e�`�g�h �[�u�l�v �g�_ �f�_�g�_�_ �j�Z�g�]�Z �f�Z�l�j�b�p�u 

�b�a�h�[�j�Z�`�_�g�b�y. 
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�< �b�l�h�]�_, �Z�f�i�e�b�l�m�^�m �Y�F�J-�k�b�]�g�Z�e�Z, �g�Z�d�h�i�e�_�g�g�m�x �a�Z ta �h�l �w�e�_�f�_�g�l�Z�j�g�h�]�h 
�h�[�t�z�f�Z, �f�h�`�g�h �\�u�j�Z�a�b�l�v �m�j�Z�\�g�_�g�b�_�f, �d�h�l�h�j�h�_ �^�Z�e�_�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v 
�^�e�y �h�p�_�g�h�d: 

 
A(N)=�J�%���F[1/(4kT)]1/2�uVeK/L k�u[Q�u�K�Z���'�Q)]1/2[ta/(n�uT2+m�uT1)]

1/2     (45) 
 
�I�j�b �l�Z�d�h�c �a�Z�i�b�k�b �k�l�Z�g�h�\�b�l�k�y �h�q�_�\�b�^�g�u�f, �q�l�h �k�d�h�j�h�k�l�v �i�h�e�m�q�_�g�b�y 

�l�h�f�h�]�j�Z�n�b�q�_�k�d�h�c �b�g�n�h�j�f�Z�p�b�b �a�Z�\�b�k�b�l �b �h�l �i�h�k�l�h�y�g�g�u�o �L1 �b �L2. 
�;�b�h�e�h�]�b�q�_�k�d�b�_ �l�d�Z�g�b  �y�\�e�y�x�l�k�y �k�e�h�`�g�u�f�b �f�h�e�_�d�m�e�y�j�g�u�f�b �k�b�k�l�_�f�Z�f�b. 

�N�h�j�f�b�j�m�x�s�b�_ �Y�F�J-�k�b�]�g�Z�e �i�j�h�l�h�g�u �\ �i�h�^�Z�\�e�y�x�s�_�f  �[�h�e�v�r�b�g�k�l�\�_ 
�i�j�b�g�Z�^�e�_�`�Z�l �d �i�j�h�l�h�g�Z�f �f�h�e�_�d�m�e �\�h�^�u �b �i�j�h�l�h�g�Z�f �]�j�m�i�i -�K�G2-...-�K�G2- 
�`�b�j�Z �b �j�Z�a�e�b�q�g�u�o �e�b�i�b�^�g�u�o �k�l�j�m�d�l�m�j.  
    �F�g�h�]�h�q�b�k�e�_�g�g�u�_ �^�j�m�]�b�_ �i�j�h�l�h�g�u,  �\�o�h�^�y�s�b�_ �\ �k�h�k�l�Z�\ �k�e�h�`�g�u�o 
�[�b�h�i�h�e�b�f�_�j�g�u�o �d�h�f�i�e�_�d�k�h�\,  �g�Z�o�h�^�y�l�k�y �\ �d�\�Z�a�b�l�\�_�j�^�h�l�_�e�v�g�h�f �k�h�k�l�h�y�g�b�b �b 
�b�a-�a�Z �\�u�k�h�d�h�c �k�d�h�j�h�k�l�b �k�i�b�g�h�\�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �g�_ �m�q�Z�k�l�\�m�x�l �\ 
�n�h�j�f�b�j�h�\�Z�g�b�b �Y�F�J-�k�b�]�g�Z�e�h�\ �l�b�i�b�q�g�h�]�h �l�h�f�h�]�j�Z�n�Z.    

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

�< �b�k�k�e�_�^�m�_�f�h�f �w�e�_�f�_�g�l�Z�j�g�h�f �h�[�t�z�f�_ (Ve = 1 �f�f 3) �f�h�]�m�l �g�Z�o�h�^�y�l�k�y  
�d�e�_�l�h�q�g�u�_  �k�l�j�m�d�l�m�j�u �j�Z�a�g�u�o �l�b�i�h�\.  �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �d�Z�`�^�h�_ 
�i�h�^�f�g�h�`�_�k�l�\�h �i�j�h�l�h�g�h�\ �\�g�m�l�j�b�d�e�_�l�h�q�g�h�c �\�h�^�u  �Z�g�Z�e�h�]�b�q�g�u�o   �d�e�_�l�h�q�g�u�o 
�k�l�j�m�d�l�m�j �[�m�^�_�l �b�f�_�l�v �k�\�h�b �o�Z�j�Z�d�l�_�j�g�u�_ �j�_�e�Z�d�k�Z�p�b�h�g�g�u�_ �i�h�k�l�h�y�g�g�u�_ �L1 �b 
�L2. �B, �l�_�f �g�_ �f�_�g�_�_, �d�Z�d �i�j�Z�\�b�e�h,  �l�d�Z�g�b �j�Z�a�g�u�o �h�j�]�Z�g�h�\ �b�f�_�x�l �k�\�h�b 
�h�l�e�b�q�Z�x�s�b�_�k�y �i�h�k�l�h�y�g�g�u�_, �q�l�h �b �h�[�_�k�i�_�q�b�\�Z�_�l �d�h�g�l�j�Z�k�l�g�h�_ �j�Z�a�e�b�q�b�_ �\ 
�k�j�_�^�_ �f�y�]�d�b�o �l�d�Z�g�_�c. 
     �<�\�_�^�_�g�b�_ �\�j�_�f�_�g�b �j�_�e�Z�d�k�Z�p�b�b �\ �\�u�j�Z�`�_�g�b�_ �^�e�y An  �i�j�_�^�k�l�Z�\�e�y�_�l 
�b�g�l�_�j�_�k �b�a-�a�Z �k�e�_�^�m�x�s�_�]�h.  �<�j�_�f�_�g�Z �i�j�h�l�h�g�g�h�c �j�_�e�Z�d�k�Z�p�b�b �[�b�h�e�h�]�b�q�_�k�d�b�o 
�l�d�Z�g�_�c  �a�Z�\�b�k�y�l �h�l �\�_�e�b�q�b�g�u �h�k�g�h�\�g�h�]�h  �f�Z�]�g�b�l�g�h�]�h  �i�h�e�y:  �k �m�\�_�e�b�q�_�g�b�_�f 
�i�h�e�y �b�f�_�_�l �f�_�k�l�h �b �m�\�_�e�b�q�_�g�b�_ T1, T2. 
    �<�j�_�f�_�g�Z �j�_�e�Z�d�k�Z�p�b�b  �\�o�h�^�y�l  �\ �a�g�Z�f�_�g�Z�l�_�e�v �\�u�j�Z�`�_�g�b�y (45). �I�h �w�l�h�c 
�i�j�b�q�b�g�_, �_�k�e�b �\ �F�J �l�h�f�h�]�j�Z�n�_ �b�k�i�h�e�v�a�h�\�Z�g�h �[�h�e�_�_ �g�b�a�d�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_, 
�l�h �b�a-�a�Z �f�_�g�v�r�_�c �i�h�e�y�j�b�a�Z�p�b�b �k�i�b�g�h�\ �k�h�h�l�\�_�l�k�l�\�_�g�g�h �m�f�_�g�v�r�Z�_�l�k�y 
�Z�f�i�e�b�l�m�^�Z �Y�F�J-�k�b�]�g�Z�e�Z. �H�^�g�Z�d�h, �d�Z�d �k�e�_�^�m�_�l �b�a (45), �i�j�b �g�Z�d�h�i�e�_�g�b�b 
�k�_�j�b�b  �l�h�f�h�]�j�Z�f�f �l�Z�d�h�_ �m�f�_�g�v�r�_�g�b�_ �q�Z�k�l�b�q�g�h  �d�h�f�i�_�g�k�b�j�m�_�l�k�y  
�m�f�_�g�v�r�_�g�b�_�f �\�j�_�f�_�g�b �j�_�e�Z�d�k�Z�p�b�b.  
     �I�h�k�d�h�e�v�d�m �i�j�b �g�b�a�d�h�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ �\�j�_�f�y �j�_�e�Z�d�k�Z�p�b�b �f�_�g�v�r�_, �l�h �b 
�\�_�d�l�h�j �i�j�h�l�h�g�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �[�u�k�l�j�_�_ �b �f�h�`�g�h 
�q�Z�s�_ �i�h�\�l�h�j�y�l�v �i�j�h�p�_�^�m�j�m �i�h�\�l�h�j�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y �Y�F�J �w�o�h �k�b�]�g�Z�e�Z. 
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     �< �j�_�a�m�e�v�l�Z�l�_, �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �[�h�e�_�_ �g�b�a�d�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c �\ �F�J-
�l�h�f�h�]�j�Z�n�b�b �k�m�f�f�Z�j�g�h�_ �i�Z�^�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �Y�F�J-�k�b�]�g�Z�e�h�\ �h�d�Z�a�u�\�Z�_�l�k�y 
�g�_ �k�l�h�e�v �[�h�e�v�r�b�f, �d�Z�d �w�l�h �k�e�_�^�m�_�l �b�a �i�j�h�k�l�_�c�r�b�o �\�u�r�_ �i�j�_�^�k�l�Z�\�e�_�g�g�u�o 
�h�p�_�g�h�d: A �| �%��. 

�< �l�Z�[�e�b�p�_ 3 �i�j�_�^�k�l�Z�\�e�_�g�u �^�Z�g�g�u�_ �^�e�y �i�Z�j�Z�f�_�l�j�h�\ �L1 �b �L2, �d�h�l�h�j�u�_ 
�\�a�y�l�u �Z�\�l�h�j�h�f �b�a �e�b�l�_�j�Z�l�m�j�g�u�o �b�k�l�h�q�g�b�d�h�\. �D�Z�d �\�b�^�b�f, �i�j�b �g�b�a�d�b�o 
�f�Z�]�g�b�l�g�u�o �i�h�e�y�o (0.2 �L�e) �\�j�_�f�_�g�Z �k�i�b�g-�j�_�r�_�l�h�q�g�h�c �j�_�e�Z�d�k�Z�p�b�b �i�j�b�f�_�j�g�h 
�\�^�\�h�_ �f�_�g�v�r�_, �q�_�f �i�j�b �i�h�e�y�o 1.5 �L�e.  
     �G�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, �q�l�h �i�h�k�l�h�y�g�g�u�_ �L1 �b �L2 �^�e�y �`�b�\�u�o �l�d�Z�g�_�c 
�i�Z�p�b�_�g�l�Z �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 �d�Z�d �\�h�a�f�h�`�g�h�_ �k�j�_�^�k�l�\�h 
�^�b�Z�]�g�h�k�l�b�d�b �l�d�Z�g�_�c �\ �g�h�j�f�_ �b �i�Z�l�h�e�h�]�b�b. �I�j�b�q�_�f, �h�l�g�h�r�_�g�b�y �w�l�b�o 
�d�h�g�k�l�Z�g�l �l�Z�d�`�_, �i�h �\�k�_�c �\�b�^�b�f�h�k�l�b,  �y�\�e�y�_�l�k�y �\�Z�`�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c.  

 
�L�:�;�E�B�P�: 3. �A�Z�\�b�k�b�f�h�k�l�v  �\�j�_�f�_�g�b  �j�_�e�Z�d�k�Z�p�b�b �`�b�\�u�o 

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

 
 

      �< �q�Z�k�l�g�h�k�l�b, �^�e�y �i�h�e�y �< = 1 �L�e �b�a �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �l�Z�[�e�b�p�u �k�e�_�^�m�_�l: 
 

�L1/�L2(�`�b�j) = 240/85 �| 2.8 
 

�L1/�L2(�f�u�r�p�u) = 730/45 �| 16.2 
 

�D�Z�d �\�b�^�b�f, �w�l�b �h�l�g�h�r�_�g�b�y �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y. �B�a�\�_�k�l�g�h, �q�l�h 
�k�m�s�_�k�l�\�m�x�l �l�Z�d�b�_ �a�Z�[�h�e�_�\�Z�g�b�y �f�u�r�_�q�g�h�c �l�d�Z�g�b, �d�h�l�h�j�h�_ �k�h�i�j�h�\�h�`�^�Z�x�l�k�y 
�^�_�]�j�Z�^�Z�p�b�_�c �h�k�g�h�\�g�u�o �d�e�_�l�h�d �b �a�Z�f�_�s�_�g�b�_�f �b�o �`�b�j�h�\�h�c �l�d�Z�g�v�x.  
�H�i�j�_�^�_�e�_�g�b�_ �h�l�g�h�r�_�g�b�c �L1/�L2 �\ �w�l�b�o �b �i�h�^�h�[�g�u�o �k�e�m�q�Z�y�o �f�h�`�_�l �h�l�j�Z�`�Z�l�v 
�k�l�_�i�_�g�v �j�Z�a�\�b�l�h�k�l�b �`�b�j�h�\�h�c �^�_�k�l�j�m�d�p�b�b �b �^�j�m�]�b�o �i�Z�l�h�e�h�]�b�q�_�k�d�b�o 
�h�l�d�e�h�g�_�g�b�c. 
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8.   �I�j�b�f�_�g�_�g�b�_ �]�j�Z�^�b�_�g�l�Z �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �^�e�y  �Y�F�J �d�Z�d �j�_�r�Z�x�s�Z�y 

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

�i�j�_�^�e�h�`�_�g �\ 1960 �]�h�^�m �\ �a�Z�y�\�d�_ �g�Z �b�a�h�[�j�_�l�_�g�b�_ �<.�: . �B�\�Z�g�h�\�u�f �b  
�a�Z�d�e�x�q�Z�_�l�k�y �\ �i�h�^�Z�q�_ �\ �h�[�e�Z�k�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �d�j�h�f�_ �h�k�g�h�\�g�h�]�h 
�i�h�e�y�j�b�a�m�x�s�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �_�s�_ �b �_�]�h �b�a�f�_�g�_�g�b�y – �e�b�g�_�c�g�h�]�h 
�]�j�Z�^�b�_�g�l�Z �f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  

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

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

  
�Qo (L)= �J �u(�<�h + L×dB/dL)                                         (46) 

 
       �D�h�g�k�l�j�m�d�p�b�y �l�h�d�h�\�u�o �i�j�h�\�h�^�g�b�d�h�\, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �i�h�^�Z�q�m 

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

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

 
dB/dL  = C1dB/dx + C2dB/dy + C3dB/dz                         (47) 

 
�]�^�_ �i�h�k�l�h�y�g�g�u�_ �K1, �K2, �K3, �d�h�l�h�j�u�_ �i�j�b �g�_�h�[�o�h�^�b�f�h�k�l�b �h�i�j�_�^�_�e�y�x�l�k�y 

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

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

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

 
            �Z (Z)= ���S�Q(Z)= �J(�<�h + Z dB/dz)                                      (48) 

 
 �D�Z�d �i�j�Z�\�b�e�h, �F�J �l�h�f�h�]�j�Z�f�f�m �i�h�e�m�q�Z�x�l �i�j�b �j�_�]�b�k�l�j�Z�p�b�b �k�i�b�g �w�o�h 

�k�b�]�g�Z�e�h�\, �d�h�l�h�j�u�_ �n�h�j�f�b�j�m�x�l�k�y �i�h�k�e�_ �\�l�h�j�h�]�h (180-�]�j�Z�^�m�k�g�h�]�h) 
�\�h�a�[�m�`�^�Z�x�s�_�]�h �b�f�i�m�e�v�k�Z �b�a-�a�Z �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �n�Z�a�h�\�h�c �d�h�]�_�j�_�g�l�g�h�k�l�b 
�e�h�d�Z�e�v�g�u�o �\�_�d�l�h�j�g�u�o. �H�p�b�n�j�h�\�d�Z �W�o�h-�k�b�]�g�Z�e�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�j�b 
�\�d�e�x�q�_�g�b�b �]�j�Z�^�b�_�g�l�Z �i�h �h�^�g�h�f�m �b�a �g�Z�i�j�Z�\�e�_�g�b�c (�q�Z�k�l�h�l�g�h�_ 
�d�h�^�b�j�h�\�Z�g�b�_) �b �\ �i�Z�f�y�l�v �d�h�f�i�v�x�l�_�j�Z �a�Z�k�u�e�Z�_�l�k�y �q�b�k�e�h�\�h�c �\�_�d�l�h�j (�Z1 – 
�ZN), �k�h�^�_�j�`�Z�s�b�c �b�g�n�h�j�f�Z�p�b�x �h �i�h�e�h�`�_�g�b�b �h�[�t�_�d�l�Z �\ �g�Z�i�j�Z�\�e�_�g�b�b 
�i�j�b�e�h�`�_�g�g�h�]�h �]�j�Z�^�b�_�g�l�Z. �A�Z�l�_�f �i�h�\�l�h�j�y�x�l �b�f�i�m�e�v�k�u �\�h�a�[�m�`�^�_�g�b�y �b 
�j�_�]�b�k�l�j�b�j�m�x�l �i�Z�j�Z�f�_�l�j�u �k�e�_�^�m�x�s�_�]�h �w�o�h �k�b�]�g�Z�e�Z �k �^�j�m�]�b�f �n�Z�a�h�\�u�f 
�d�h�^�b�j�h�\�Z�g�b�_�f, �d�h�l�h�j�h�_ �h�[�_�k�i�_�q�b�\�Z�_�l �d�h�^�b�j�h�\�Z�g�b�_ �i�h �\�l�h�j�h�f�m 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x.  

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

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

 �I�h�k�d�h�e�v�d�m �q�Z�k�l�h�l�Z �i�h�]�e�h�s�_�g�b�y �<�Q �w�g�_�j�]�b�b �k�l�j�h�]�h �a�Z�\�b�k�b�l �h�l 
�q�Z�k�l�h�l�u �i�j�_�p�_�k�k�b�b, �^�e�y �e�h�d�Z�e�b�a�Z�p�b�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\ �g�_�d�h�l�h�j�h�c 
�i�e�h�k�d�h�k�l�b, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c �\�_�d�l�h�j�m �k �g�Z�i�j�Z�\�e�_�g�b�_�f L, �b�k�i�h�e�v�a�m�x�l�k�y 
�f�Z�]�g�b�l�g�u�_ �]�j�Z�^�b�_�g�l�u dB/dL �f�Z�e�h�c �g�Z�i�j�y�`�_�g�g�h�k�l�b (�i�h �k�j�Z�\�g�_�g�b�x �k 
�h�k�g�h�\�g�u�f �i�h�e�y�j�b�a�m�x�s�b�f �i�h�e�_�f) - �h�l �_�^�b�g�b�p �^�h �^�_�k�y�l�d�Z �f�b�e�b �L�_�k�e�Z �g�Z 
�f�_�l�j (�f�L/�f ).  
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�I�j�b �w�l�h�f �j�_�a�h�g�Z�g�k�g�h�_ �f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �[�m�^�_�l �e�h�d�Z�e�b�a�h�\�Z�g�h 
�\ �k�e�h�_ �r�b�j�b�g�h�c �' L i�}�•, �]�^�_ �[�m�^�m�l �\�u�i�h�e�g�y�l�v�k�y �m�k�e�h�\�b�y �^�e�y �j�_�a�h�g�Z�g�k�g�h�]�h 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y: 

 
���S�'�Q�hi �|�� �J���'BBi  �| �J�����' Li dB/dL                                       (49) 

 
�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h �\�u�j�Z�`�_�g�b�y �\�b�^�g�h, �q�l�h �e�b�g�_�c�g�u�_ �j�Z�a�f�_�j�u �' L i  

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

 
       dB/dL - �Z�f�i�e�b�l�m�^�Z �]�j�Z�^�b�_�g�l�Z �f�Z�]�g�b�l�g�h�]�h �i�h�e�y;  
       �'�Q�hi - �i�h�e�h�k�Z �q�Z�k�l�h�l �\�h�a�[�m�`�^�Z�x�s�_�]�h �j�Z�^�b�h�b�f�i�m�e�v�k�Z. 
 
 �< �q�Z�k�l�g�h�k�l�b, �m �l�h�f�h�]�j�Z�n�Z Magnetom Impact (�<�h = 1 �L�e) �i�j�b �h�k�g�h�\�g�h�f 

�j�_�`�b�f�_, �d�Z�d �i�j�Z�\�b�e�h, �b�k�i�h�e�v�a�m�_�l�k�y dB/dL = 10 �f�L/�f . �J�Z�^�b�m�k �r�Z�j�h�\�h�c 
�h�[�e�Z�k�l�b �m�k�l�h�c�q�b�\�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �k�h�k�l�Z�\�e�y�_�l �i�j�b�f�_�j�g�h 230 �f�f . �I�j�b 
�w�l�h�f: 

 
�'�Q�hi � ���J�����S�����' Li (dB/dL)=(42576375×0,23×0,01)�=�p = 97 925 �=�p, 

  
  �K�e�_�^�h�\�Z�l�_�e�v�g�h, �^�\�_ �k�h�k�_�^�g�b�_ �l�h�q�d�b �k �j�Z�k�k�l�h�y�g�b�_�f �' Lij  = 1 �f�f  �[�m�^�m�l 

�h�l�e�b�q�Z�l�v�k�y �i�h �q�Z�k�l�h�l�_ �g�Z 426 �=�p. �< �l�_�o �j�_�`�b�f�Z�o, �]�^�_ �b�k�i�h�e�v�a�m�x�l 
�f�_�g�v�r�b�c �]�j�Z�^�b�_�g�l �i�h�e�y, �^�b�Z�i�Z�a�h�g �j�_�]�b�k�l�j�b�j�m�_�f�u�o �q�Z�k�l�h�l �[�m�^�_�l 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h �f�_�g�v�r�_ (�g�Z�i�j�b�f�_�j, �i�j�b dB/dL = 1 �f�L/�f  ���[�m�^�_�f 
�b�f�_�l�v�������'�Q�hi  = 9,7  �d�=�p). 

  �< �w�l�h�f �k�e�m�q�Z�_, (�k �m�q�_�l�h�f �l�h�]�h, �q�l�h �•�•�'�Q�hi  �\�o�h�^�b�l �\ �\�u�j�Z�`�_�g�b�_ (45), 
�h�i�j�_�^�_�e�y�x�s�_�_ �h�l�g�h�r�_�g�b�_ �k�b�]�g�Z�e/�r�m�f �\ �k�l�_�i�_�g�b -1/2) �i�j�b �m�f�_�g�v�r�_�g�b�b 
�]�j�Z�^�b�_�g�l�Z �Z�\�l�h�f�Z�l�b�q�_�k�d�b �m�f�_�g�v�r�Z�x�l �b �i�h�e�h�k�m �m�k�b�e�b�\�Z�_�f�u�o �q�Z�k�l�h�l, �q�l�h  
�m�e�m�q�r�Z�_�l �h�l�g�h�r�_�g�b�_ �k�b�]�g�Z�e/�r�m�f. �H�^�g�Z�d�h �_�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v 
�b�f�i�m�e�v�k�g�u�_ �]�j�Z�^�b�_�g�l�u �f�_�g�v�r�_�c �\�_�e�b�q�b�g�u, �l�h �g�Z �l�h�f�h�]�j�Z�f�f�Z�o �[�m�^�m�l 
�i�j�h�y�\�e�y�l�v�k�y �Z�j�l�_�n�Z�d�l�u �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z.  

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

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

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

 
    
 

�J�b�k. 4. �L�b�i�b�q�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �i�h�^�Z�q�b �<�Q �b�f�i�m�e�v�k�h�\ �b 
�]�j�Z�^�b�_�g�l�g�u�o �l�h�d�h�\ �^�e�y �g�Z�d�h�i�e�_�g�b�y �F�J �l�h�f�h�]�j�Z�f�f�u 

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

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

 
�J�b�k. 5  �I�j�b�g�p�b�i �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y �Y�F�J �k�b�]�g�Z�e�h�\ 

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

�i�h�^�Z�x�l �h�^�g�h�\�j�_�f�_�g�g�h �k �b�f�i�m�e�v�k�g�u�f �]�j�Z�^�b�_�g�l�h�f dB/dz.  �< �j�_�a�m�e�v�l�Z�l�_ 
�e�b�r�v �\ �i�e�h�k�d�h�f �h�[�t�_�f�_ �m�k�e�h�\�b�y �j�_�a�h�g�Z�g�k�Z �\�u�i�h�e�g�_�g�u �b �g�Z�o�h�^�y�s�b�_�k�y �\ 
�g�_�f �i�j�h�l�h�g�u �b�f�_�_�l �k�i�h�k�h�[�g�h�k�l�v �i�h�k�e�_ �\�h�a�[�m�`�^�_�g�b�y �b�a�e�m�q�Z�l�v �Y�F�J-
�k�b�]�g�Z�e.   �>�Z�e�_�_ �m�`�_ �\ �i�j�_�^�_�e�Z�o �\�u�^�_�e�_�g�g�h�]�h �k�e�h�y  �]�j�Z�^�b�_�g�l�Z�f�b dB/dx �b 
dB/dy �j�_�Z�e�b�a�m�x�l �d�h�^�b�j�h�\�Z�g�b�_ �i�h �^�\�m�f �g�Z�i�j�Z�\�e�_�g�b�y�f.   
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  �>�e�y �b�e�e�x�k�l�j�Z�p�b�b �g�Z �j�b�k. 5 �b�k�k�e�_�^�m�_�f�u�c �k�e�h�c �m�k�e�h�\�g�h �j�Z�a�[�b�l �g�Z 
�h�l�^�_�e�v�g�u�_ �h�[�t�_�f�g�u�_ �k�_�d�p�b�b, �q�Z�k�l�h�l�u �b�a�e�m�q�_�g�b�y �h�l �d�h�l�h�j�u�o �e�b�[�h �g�b�`�_, 
�e�b�[�h �\�u�r�_ �q�Z�k�l�h�l�u �b�a�e�m�q�_�g�b�y �p�_�g�l�j�Z�e�v�g�h�]�h �h�[�t�_�f�Z. 

�D�h�^�b�j�h�\�Z�g�b�_ �\�u�^�_�e�_�g�g�h�]�h �k�e�h�y �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �i�h �]�h�j�b�a�h�g�l�Z�e�b �k 
�i�h�f�h�s�v�x �]�j�Z�^�b�_�g�l�g�h�]�h �b�f�i�m�e�v�k�Z, �d�h�l�h�j�u�c �g�Z�d�e�Z�^�u�\�Z�x�l �g�Z �h�[�e�Z�k�l�v 
�b�k�k�e�_�^�h�\�Z�g�b�y �\ �i�_�j�b�h�^ �b�a�e�m�q�_�g�b�y �Y�F�J �w�o�h �k�b�]�g�Z�e�Z (�q�Z�k�l�h�l�g�h�_ 
�d�h�^�b�j�h�\�Z�g�b�_). �I�h �\�_�j�l�b�d�Z�e�v�g�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x �h�[�_�k�i�_�q�b�\�Z�x�l �n�Z�a�h�\�h�_ 
�d�h�^�b�j�h�\�Z�g�b�_ �k �i�h�f�h�s�v�x �i�_�j�b�h�^�b�q�_�k�d�h�]�h �b�a�f�_�g�_�g�b�y �i�h �Z�f�i�e�b�l�m�^�_ 
�b�f�i�m�e�v�k�g�h�]�h �]�j�Z�^�b�_�g�l�Z. �W�l�h�l �]�j�Z�^�b�_�g�l �g�Z�d�e�Z�^�u�\�Z�x�l �g�Z �h�[�j�Z�a�_�p �f�_�`�^�m 
�i�h�^�Z�q�_�c 90-�]�j�Z�^�m�k�g�h�]�h �b 180-�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z �j�_�a�h�g�Z�g�k�g�h�]�h 
�\�h�a�[�m�`�^�_�g�b�y. 

   �G�Z �j�b�k�m�g�d�_ �i�h �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �h�k�b �h�[�_�k�i�_�q�b�\�Z�x�l �q�Z�k�l�h�l�g�h�_ 
�d�h�^�b�j�h�\�Z�g�b�_ �k �i�h�f�h�s�v�x �b�f�i�m�e�v�k�g�h�]�h �]�j�Z�^�b�_�g�l�Z dB/dx, �\�d�e�x�q�Z�_�f�h�]�h �\ 
�i�_�j�b�h�^ �j�_�]�b�k�l�j�Z�p�b�b �Y�F�J �w�o�h-�k�b�]�g�Z�e�Z. �I�j�b �w�l�h�f �b�a�e�m�q�Z�_�f�u�_ 
�d�h�f�i�h�g�_�g�l�u �k�b�]�g�Z�e�h�\ �[�m�^�m�l �b�f�_�l�v �j�Z�a�g�u�_ �q�Z�k�l�h�l�u. �I�j�b�q�_�f �j�Z�a�g�h�k�l�b 
�q�Z�k�l�h�l �b�a�e�m�q�_�g�b�y �[�m�^�m�l �l�_�f �[�h�e�v�r�_, �q�_�f �[�h�e�v�r�_ �d�h�h�j�^�b�g�Z�l�Z �Oi �h�[�e�Z�k�l�b 
�b�a�e�m�q�_�g�b�y. 

     �I�h �\�l�h�j�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x Y-�h�k�b �h�[�_�k�i�_�q�b�\�Z�x�l �n�Z�a�h�\�h�_ 
�d�h�^�b�j�h�\�Z�g�b�_. �=�j�Z�^�b�_�g�l�g�u�_ �b�f�i�m�e�v�k�u �n�Z�a�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y �p�b�d�e�b�q�_�k�d�b 
(1<i<N) �b�a�f�_�g�y�x�l �i�h �Z�f�i�e�b�l�m�^�_ AidB/dy �^�e�y �d�Z�`�^�h�]�h �b�a �i�h�k�e�_�^�m�x�s�_�]�h 
�p�b�d�e�Z �\�h�a�[�m�`�^�_�g�b�_ - �j�_�]�b�k�l�j�Z�p�b�y �b �i�j�b�d�e�Z�^�u�\�Z�x�l �^�h �j�_�]�b�k�l�j�Z�p�b�b 
�b�a�e�m�q�_�g�b�y �Y�F�J-�k�b�]�g�Z�e�h�\.  

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

       �>�e�y �h�[�_�k�i�_�q�_�g�b�y �l�j�_�[�m�_�f�h�c  �l�h�q�g�h�k�l�b �i�_�j�_�^�Z�q�b 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �d�h�h�j�^�b�g�Z�l �\ �F�J-�l�h�f�h�]�j�Z�n�b�b (�g�Z�i�j�b�f�_�j, �k 
�b�k�d�Z�`�_�g�b�y�f�b �g�_ �[�h�e�_�_  1 %)  �l�j�_�[�m�_�l�k�y �h�[�_�k�i�_�q�b�l�v �e�b�g�_�c�g�h�k�l�v �g�Z 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f �m�j�h�\�g�_ �b�k�i�h�e�v�a�m�_�f�u�o �f�Z�]�g�b�l�g�u�o �]�j�Z�^�b�_�g�l�h�\. �W�l�h 
�^�h�k�l�b�]�Z�_�l�k�y �k �i�h�f�h�s�v�x �l�s�Z�l�_�e�v�g�h�]�h �\�u�q�b�k�e�_�g�b�y �n�h�j�f�u �l�h�d�h�\�u�o �j�Z�f�h�d 
(�b�e�b �i�_�l�_�e�v), �b�o �b�a�]�h�l�h�\�e�_�g�b�y �b �b�o �`�_�k�l�d�h�]�h �a�Z�d�j�_�i�e�_�g�b�y �\�h�d�j�m�]  �p�_�g�l�j�Z 
�f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �l�h�f�h�]�j�Z�n�Z. 

 �D�h�g�k�l�j�m�d�p�b�y �]�j�Z�^�b�_�g�l�g�u�o �h�[�f�h�l�h�d �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �\ 
�b�k�k�e�_�^�m�_�f�h�c �h�[�e�Z�k�l�b �h�l�k�m�l�k�l�\�b�_ �g�Z �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f �m�j�h�\�g�_ 
�k�h�k�l�Z�\�e�y�x�s�b�o �d�Z�d �d�\�Z�^�j�Z�l�b�q�g�u�o d2B/dL2, �l�Z�d �b �[�h�e�_�_ �\�u�k�h�d�b�o �i�h 
�i�h�j�y�^�d�m �a�Z�\�b�k�b�f�h�k�l�_�c �i�h�e�y �h�l �j�Z�k�k�l�h�y�g�b�y. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �\ 
�k�h�h�l�\�_�l�k�l�\�b�b �k �a�Z�d�h�g�h�f �N�Z�j�Z�^�_�y, �_�k�e�b �q�_�j�_�a �i�j�h�\�h�^�g�b�d �\ �f�Z�]�g�b�l�g�h�f 
�i�h�e�_ �i�j�h�i�m�k�d�Z�x�l �b�f�i�m�e�v�k �l�h�d�Z, �l�h �i�j�h�\�h�^�g�b�d �\�u�l�Z�e�d�b�\�Z�_�l�k�y �b�a �i�h�e�y.  

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

 
9. �J�Z�^�b�h�q�Z�k�l�h�l�g�u�_ �k�o�_�f�u �F�J �l�h�f�h�]�j�Z�n�Z 

 

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

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

 �G�Z �j�b�k. 6 �i�j�_�^�k�l�Z�\�e�_�g�Z �[�e�h�d-�k�o�_�f�Z  �F�J-�l�h�f�h�]�j�Z�n�Z, �d�h�l�h�j�Z�y �y�\�e�y�_�l�k�y 
�l�b�i�b�q�g�h�c �^�e�y �l�h�f�h�]�j�Z�n�h�\ �e�x�[�h�]�h �d�e�Z�k�k�Z. �< �^�Z�g�g�h�f �k�e�m�q�Z�_ �^�e�y 
�f�Z�]�g�b�l�g�h�c �i�h�e�y�j�b�a�Z�p�b�b �b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�_�d�l�Z �b�k�i�h�e�v�a�h�\�Z�g �i�h�k�l�h�y�g�g�u�c 
�f�Z�]�g�b�l �k �i�h�e�_�f �<o = 0.1278 �L�e. �< �w�l�h�f �i�h�e�_ �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z �y�^�_�j 
�Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z: f0 = �Jp×Bo �| 5.44 �F�=�p. �F�_�`�^�m �i�h�e�x�k�g�u�f�b 
�g�Z�d�h�g�_�q�g�b�d�Z�f�b �w�l�h�]�h �f�Z�]�g�b�l�Z �h�^�g�h�j�h�^�g�h�k�l�v �i�h�e�y �\ �r�Z�j�h�\�h�f �h�[�t�_�f�_ �k 
�^�b�Z�f�_�l�j�h�f 20 �f�f  �i�j�b�f�_�j�g�h �j�Z�\�g�Z dB/dL �| 10-5.  

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

     �J�_�a�h�g�Z�g�k�g�Z�y �b�g�^�m�d�l�b�\�g�h�k�l�v �b�a�]�h�l�h�\�e�_�g�Z �b�a �f�_�^�g�h�]�h �i�j�h�\�h�^�Z, 
�k�h�^�_�j�`�b�l 12 �\�b�l�d�h�\ �i�j�h�\�h�^�Z, �d�h�l�h�j�u�_ �g�Z�f�h�l�Z�g�u �\ �\�b�^�_ �k�h�e�_�g�h�b�^�Z �k 
�\�g�m�l�j�_�g�g�b�f �^�b�Z�f�_�l�j�h�f: D �| 23 �f�f .   

�H�k�g�h�\�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �k�h�]�e�Z�k�m�x�s�_�]�h �m�k�l�j�h�c�k�l�\�Z �y�\�e�y�x�l�k�y �p�_�i�h�q�d�b 
�b�a �\�k�l�j�_�q�g�h �\�d�e�x�q�_�g�g�u�o �^�b�h�^�g�u�o �i�Z�j. �>�b�h�^�g�u�_ �i�Z�j�u �h�l�d�j�u�\�Z�x�l�k�y �i�j�b 
�i�h�^�Z�q�_ �b�g�l�_�g�k�b�\�g�h�]�h �q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y. �I�_�j�\�Z�y �b�a �w�l�b�o 
�i�Z�j �h�[�_�k�i�_�q�b�\�Z�_�l �i�h�^�d�e�x�q�_�g�b�_ �b �h�l�d�e�x�q�_�g�b�_ �m�k�b�e�b�l�_�e�y �f�h�s�g�h�k�l�b 
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�j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z (�J�b�k. 7), �\�l�h�j�Z�y �i�Z�j�Z �h�[�_�k�i�_�q�b�\�Z�_�l 
�r�m�g�l�b�j�h�\�Z�g�b�_ �m�k�b�e�b�l�_�e�y �Y�F�J-�k�b�]�g�Z�e�h�\ �g�Z �\�j�_�f�y �i�h�^�Z�q�b �b�f�i�m�e�v�k�Z.  

     
 �< �j�_�`�b�f�_ �i�j�b�_�f�Z �b �m�k�b�e�_�g�b�y �Y�F�J �k�b�]�g�Z�e�Z �^�b�h�^�g�u�_ �i�Z�j�u �g�_ 

�i�j�h�y�\�e�y�x�l �k�_�[�y, �i�h�k�d�h�e�v�d�m �\ �p�_�i�b �i�j�b�k�m�l�k�l�\�m�x�l �h�q�_�g�v �k�e�Z�[�u�_ �k�b�]�g�Z�e�u. 
�H�[�j�Z�a�_�p, �i�h�f�_�s�_�g�g�u�c �\ �\�g�m�l�j�v �j�_�a�h�g�Z�g�k�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b, �b�a�e�m�q�Z�_�l 
�Y�F�J �k�b�]�g�Z�e�u �k �Z�f�i�e�b�l�m�^�h�c �f�_�g�_�_ 0.001 �<�h�e�v�l�Z �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, 
�^�b�h�^�g�u�_ �i�Z�j�u �h�d�Z�a�u�\�Z�x�l�k�y �a�Z�i�_�j�l�u�f�b �b �b�f�_�x�l �h�q�_�g�v �[�h�e�v�r�h�_ 
�k�h�i�j�h�l�b�\�e�_�g�b�_. 

 

 
 
    �J�b�k. 6. �;�e�h�d-�k�o�_�f�Z �Y�F�J �l�h�f�h�]�j�Z�n�Z. �H�[�h�a�g�Z�q�_�g�b�y: �M�F1, �M�F2 – 

�m�k�b�e�b�l�_�e�b �f�h�s�g�h�k�l�b �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z, �K�M – �k�h�]�e�Z�k�m�x�s�_�_ 
�m�k�l�j�h�c�k�l�\�h, �M1, �M2 �m�k�b�e�b�l�_�e�b �Y�F�J-�k�b�]�g�Z�e�Z, �N�> – �n�Z�a�h�\�u�_ �^�_�l�_�d�l�h�j�u 
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�I�j�b�q�_�f, �j�_�a�h�g�Z�g�k�g�Z�y �b�g�^�m�d�l�b�\�g�h�k�l�v �h�k�l�Z�_�l�k�y �g�Z�k�l�j�h�_�g�g�h�c �\ �j�_�a�h�g�Z�g�k 
LC-�d�h�g�l�m�j�Z  �d�Z�d �i�j�b �i�h�^�Z�q�_ �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y, �l�Z�d �b �i�j�b �m�k�b�e�_�g�b�b 
�k�e�Z�[�u�o �Y�F�J �k�b�]�g�Z�e�h�\. �< �i�_�j�\�h�f �k�e�m�q�Z�_ �^�\�_ �_�f�d�h�k�l�b �i�h 100 �i�N  �b �^�\�_ 
�b�g�^�m�d�l�b�\�g�h�k�l�b L1 �b Lp �k�h�_�^�b�g�y�x�l�k�y �i�Z�j�Z�e�e�_�e�v�g�h. �<�h �\�l�h�j�h�f �k�e�m�q�Z�_ L1 
�h�l�d�e�x�q�Z�_�l�k�y, �Z �j�_�a�h�g�Z�g�k�g�u�_ �m�k�e�h�\�b�y �^�e�y Lp �h�[�_�k�i�_�q�b�\�Z�x�l�k�y �k �m�q�Z�k�l�b�_�f 
�h�^�g�h�c �_�f�d�h�k�l�b 100 �i�N. �>�\�_ �i�_�j�_�f�_�g�g�u�_ �i�h�^�k�l�j�h�_�q�g�u�_ �_�f�d�h�k�l�b 
�b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �l�h�g�d�h�c �g�Z�k�l�j�h�c�d�b �\ �j�_�a�h�g�Z�g�k �^�e�y �j�_�`�b�f�Z �\�h�a�[�m�`�^�_�g�b�y 
�b �j�_�`�b�f�Z �j�_�]�b�k�l�j�Z�p�b�b �Y�F�J �k�b�]�g�Z�e�h�\. 

�I�j�_�^�m�k�b�e�b�l�_�e�v �k�h�[�j�Z�g �g�Z �^�\�m�o �g�b�a�d�h�r�m�f�y�s�b�o �i�h�e�_�\�u�o �l�j�Z�g�a�b�k�l�h�j�Z�o 
�D�I303�?. �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �w�l�b�o �l�j�Z�g�a�b�k�l�h�j�h�\ �i�j�_�^�m�k�b�e�b�l�_�e�v �f�h�`�_�l 
�h�[�_�k�i�_�q�b�\�Z�l�v �m�k�b�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �k �q�Z�k�l�h�l�h�c �^�h 200 �F�=�p.  

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

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

�I�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �Y�F�J-�k�b�]�g�Z�e�h�\ �\ �h�[�e�Z�k�l�b �g�b�a�d�b�o �q�Z�k�l�h�l 
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y (�J�b�k. 6) �k �i�h�f�h�s�v�x �^�\�m�o �N�> – �n�Z�a�h�\�u�o �^�_�l�_�d�l�h�j�h�\. 
�H�i�h�j�g�u�_ �q�Z�k�l�h�l�u �w�l�b�o �^�_�l�_�d�l�h�j�h�\ �b�f�_�x�l �n�Z�a�h�\�u�c �k�^�\�b�] �g�Z 90-�]�j�Z�^�m�k�h�\ 
�b �i�h�w�l�h�f�m �g�Z �j�_�]�b�k�l�j�Z�p�b�x �k �^�\�m�f�y �:�P�I  �i�h�^�Z�x�l�k�y �d�Z�d 
�d�h�k�b�g�m�k�h�h�[�j�Z�a�g�u�_ (�q�_�l�g�u�_), �l�Z�d �b �k�b�g�m�k�h�h�[�j�Z�a�g�u�_ (�g�_ �q�_�l�g�u�_) 
�k�h�k�l�Z�\�e�y�x�s�b�_ �Y�F�J-�k�b�]�g�Z�e�Z.  

�H�l�f�_�l�b�f, �q�l�h �_�k�e�b �\�u�d�e�x�q�Z�_�l�k�y �h�^�b�g �b�a �^�_�l�_�d�l�h�j�h�\, �l�h �g�_ �m�^�Z�_�l�k�y 
�h�l�e�b�q�b�l�v: �y�\�e�y�_�l�k�y �e�b �j�_�]�b�k�l�j�b�j�m�_�f�Z�y �q�Z�k�l�h�l�Z �\�u�r�_ �b�e�b �g�b�`�_ �h�i�h�j�g�h�c 
�q�Z�k�l�h�l�u. �B�f�_�g�g�h �[�e�Z�]�h�^�Z�j�y �b�k�i�h�e�v�a�h�\�Z�g�b�x (�J�b�k. 6) �^�\�m�o �n�Z�a�h�\�u�o 
�^�_�l�_�d�l�h�j�h�\ �b �g�_�a�Z�\�b�k�b�f�h�c �h�p�b�n�j�h�\�d�h�c �^�\�m�o �k�h�k�l�Z�\�e�y�x�s�b�o �Y�F�J �k�b�]�g�Z�e�Z 
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y �k�e�_�`�_�g�b�_ �a�Z �^�\�m�f�y �Z�j�]�m�f�_�g�l�Z�f�b �j�_�]�b�k�l�j�b�j�m�_�f�u�o 
�j�Z�^�b�h�\�h�e�g: �a�Z �q�Z�k�l�h�l�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �k�m�f�f�Z�j�g�h�]�h �Y�F�J �k�b�]�g�Z�e�Z �b 
�a�Z �_�]�h �n�Z�a�h�\�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b. �< �j�_�a�m�e�v�l�Z�l�_, �m�^�Z�_�l�k�y �j�_�Z�e�b�a�h�\�Z�l�v 
�q�Z�k�l�h�l�g�h-�n�Z�a�h�\�h�_ �d�h�^�b�j�h�\�Z�g�b�_ �b�k�k�e�_�^�m�_�f�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�h, �i�j�b �d�h�l�h�j�h�f 
�h�^�g�h �g�Z�i�j�Z�\�e�_�g�b�_ �d�h�^�b�j�m�_�l�k�y �q�Z�k�l�h�l�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b, �Z �\�l�h�j�h�_ 
�g�Z�i�j�Z�\�e�_�g�b�_ �d�h�^�b�j�m�_�l�k�y �n�Z�a�h�\�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �Z�g�k�Z�f�[�e�y 
�j�Z�^�b�h�q�Z�k�l�h�l�g�u�o �Y�F�J �k�b�]�g�Z�e�h�\. �G�Z �j�b�k. 8 �i�j�_�^�k�l�Z�\�e�_�g�Z �k�o�_�f�Z �n�Z�a�h�\�h�]�h 
�^�_�l�_�d�l�h�j�Z.  

�H�i�h�j�g�Z�y �q�Z�k�l�h�l�Z �Q�R���•=10 �F�=�p �i�h�^�Z�_�l�k�y �k�i�j�Z�\�Z, �Y�F�J �k�b�]�g�Z�e�u �Qp  
�i�h�^�Z�x�l�k�y �k�e�_�\�Z. �I�j�b�q�_�f, �^�e�y �e�m�q�r�_�]�h �k�h�]�e�Z�k�h�\�Z�g�b�y �h�[�Z �\�o�h�^�Z �y�\�e�y�x�l�k�y 
�\�u�k�h�d�h�h�f�g�u�f�b, �i�h�k�d�h�e�v�d�m �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �^�\�Z �i�h�e�_�\�u�o �l�j�Z�g�a�b�k�l�h�j�Z 
�D�I305. �H�k�g�h�\�m �^�_�l�_�d�l�h�j�Z �k�h�k�l�Z�\�e�y�x�l �^�\�Z �n�_�j�j�b�l�h�\�u�o �d�h�e�v�p�Z �b �^�\�_ 
�p�_�i�h�q�d�b �b�a �q�_�l�u�j�_�o �^�b�h�^�h�\. 

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

�N�Z�a�h�\�u�c �^�_�l�_�d�l�h�j �i�j�_�h�[�j�Z�a�m�_�l �^�\�_ �\�o�h�^�g�u�_ �q�Z�k�l�h�l�u �k�e�_�^�m�x�s�b�f 
�h�[�j�Z�a�h�f. �?�k�e�b �k�b�]�g�Z�e�u, �i�h�^�Z�\�Z�_�f�u�_ �g�Z �\�o�h�^�u �n�Z�a�h�\�h�]�h �^�_�l�_�d�l�h�j�Z, 
�k�h�\�i�Z�^�Z�x�l �i�h �q�Z�k�l�h�l�_ �b �i�h �n�Z�a�_, �l�h �g�Z �\�u�o�h�^�_ �^�_�l�_�d�l�h�j�Z (�i�h�k�e�_ 
�\�u�k�h�d�h�q�Z�k�l�h�l�g�h�c �n�b�e�v�l�j�Z�p�b�b) �[�m�^�_�l �i�h�e�h�`�b�l�_�e�v�g�u�c �i�h�l�_�g�p�b�Z�e +U, 
�d�h�l�h�j�u�c �i�h �\�_�e�b�q�b�g�_ �[�m�^�_�l �i�j�y�f�h �i�j�h�i�h�j�p�b�h�g�Z�e�_�g �\�_�e�b�q�b�g�_ 
�b�k�k�e�_�^�m�_�f�h�]�h �Y�F�J �k�b�]�g�Z�e�Z. �W�l�h �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �l�_�f, �q�l�h �Z�f�i�e�b�l�m�^�Z 
�h�i�h�j�g�h�c �q�Z�k�l�h�l�u �i�j�_�\�u�r�Z�_�l �Z�f�i�e�b�l�m�^�m �b�k�k�e�_�^�m�_�f�h�]�h �k�b�]�g�Z�e�Z.  

 
�I�h�w�l�h�f�m, �^�b�h�^�g�u�_ �p�_�i�h�q�d�b �h�l�d�j�u�\�Z�x�l�k�y (�a�Z�d�j�u�\�Z�x�l�k�y) �i�j�b 

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

 

 
 
  �J�b�k. 7. �K�h�]�e�Z�k�h�\�Z�g�b�_ �j�_�a�h�g�Z�g�k�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b �k �f�h�^�m�e�_�f 

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

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

�< �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�Z �Y�F�J �k�b�]�g�Z�e�h�\ �g�_ 
�k�h�\�i�Z�^�Z�_�l �k �q�Z�k�l�h�l�h�c �h�i�h�j�g�h�]�h �g�Z�i�j�y�`�_�g�b�y. �H�^�g�Z�d�h �q�Z�k�l�h�l�Z �Y�F�J 
�k�b�]�g�Z�e�h�\ �h�l�e�b�q�Z�_�l�k�y �i�h �q�Z�k�l�h�l�_ �h�l �h�i�h�j�g�h�c �q�Z�k�l�h�l�u �g�_ �[�h�e�_�_ �q�_�f �g�Z 10 
�d�=�p.   
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�I�h�k�d�h�e�v�d�m �b�k�k�e�_�^�m�_�f�u�_ �Y�F�J �k�b�]�g�Z�e�u �b�f�_�_�l �q�Z�k�l�h�l�m �[�e�b�a�d�m�x �d 
�q�Z�k�l�h�l�_ �h�i�h�j�g�h�]�h �g�Z�i�j�y�`�_�g�b�y, �l�h �i�_�j�b�h�^�b�q�_�k�d�b �[�m�^�m�l �i�h�\�l�h�j�y�l�v�k�y �^�\�Z 
�\�u�r�_ �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �\�Z�j�b�Z�g�l�Z. �:  �b�f�_�g�g�h, �\ �g�_�d�h�l�h�j�u�_ �f�h�f�_�g�l�u 
�\�j�_�f�_�g�b �^�\�_ �k�b�g�m�k�h�b�^�u �[�m�^�m�l �i�j�b�f�_�j�g�h �k�h�\�i�Z�^�Z�l�v �i�h �n�Z�a�_ (�b �g�Z �\�u�o�h�^�_ 
�[�m�^�_�l �j�_�]�b�k�l�j�b�j�h�\�Z�l�v�k�y �i�h�e�h�`�b�l�_�e�v�g�u�c �k�b�]�g�Z�e), �Z �\ �k�e�_�^�m�x�s�b�_ 
�f�h�f�_�g�l�u �\�j�_�f�_�g�b �^�\�_ �k�b�g�m�k�h�b�^�u �[�m�^�m�l �b�f�_�l�v �i�j�h�l�b�\�h�i�h�e�h�`�g�u�_ �n�Z�a�u (�b 
�g�Z �\�u�o�h�^�_ �[�m�^�_�l �j�_�]�b�k�l�j�b�j�h�\�Z�l�v�k�y �h�l�j�b�p�Z�l�_�e�v�g�u�c �k�b�]�g�Z�e).  

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

   
 
  �J�Z�^�b�h�q�Z�k�l�h�l�g�Z�y �k�b�k�l�_�f�Z �l�h�f�h�]�j�Z�n�Z (�J�b�k. 6) �b�f�_�_�l �^�\�Z �h�i�h�j�g�u�o 

�]�_�g�_�j�Z�l�h�j�Z �q�Z�k�l�h�l. �Q�Z�k�l�h�l�u �]�_�g�_�j�Z�p�b�b �w�l�b�o �]�_�g�_�j�Z�l�h�j�h�\ �i�h�^�h�[�j�Z�g�u �l�Z�d, 
�q�l�h �i�j�b �b�o �k�e�h�`�_�g�b�b �n�h�j�f�b�j�m�_�l�k�y �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z 5.44 �F�=�p. �H�^�b�g 
�b�a �w�l�b�o �]�_�g�_�j�Z�l�h�j�h�\ �y�\�e�y�_�l�k�y �d�\�Z�j�p�_�\�u�f �b �]�_�g�_�j�b�j�m�_�l �k�l�Z�[�b�e�v�g�m�x 
�q�Z�k�l�h�l�m 10 �F�=�p.  

 

 
�J�b�k. 8.  �K�o�_�f�Z �n�Z�a�h�\�h�]�h �^�_�l�_�d�l�h�j�Z 

 
    �<�l�h�j�h�c �]�_�g�_�j�Z�l�h�j (�j�b�k. 9) �k�h�^�_�j�`�b�l �\ �a�Z�^�Z�x�s�b�f LC-�d�h�g�l�m�j�_ 

�m�i�j�Z�\�e�y�_�f�m�x �w�e�_�d�l�j�b�q�_�k�d�b�f �g�Z�i�j�y�`�_�g�b�_�f �_�f�d�h�k�l�v (�\�Z�j�b�d�Z�i �>901�: ) �b 
�]�_�g�_�j�b�j�m�_�l �j�_�]�m�e�b�j�m�_�f�m�x �q�Z�k�l�h�l�m: F2 = (15.44 +/- 0.01) �F�=�p.  �W�l�h �^�Z�_�l 
�\�h�a�f�h�`�g�h�k�l�v �h�i�_�j�Z�l�h�j�m �h�k�m�s�_�k�l�\�e�y�l�v �l�h�g�d�m�x �i�h�^�k�l�j�h�c�d�m �q�Z�k�l�h�l�u �i�h� ̂
�m�k�e�h�\�b�y �f�Z�]�g�b�l�g�h�]�h �j�_�a�h�g�Z�g�k�Z. �I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �]�_�g�_�j�Z�l�h�j�Z �[�u�e�b 
�b�k�i�h�e�v�a�h�\�Z�g�u �k�l�Z�[�b�e�v�g�u�_ �d �l�_�f�i�_�j�Z�l�m�j�g�u�f �b�a�f�_�g�_�g�b�y�f 
�j�Z�^�b�h�w�e�_�d�l�j�h�g�g�u�_ �d�h�f�i�h�g�_�g�l�u, �q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �k�l�Z�[�b�e�v�g�h�k�l�v �_�]�h 
�q�Z�k�l�h�l�u �g�Z �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�f �m�j�h�\�g�_: dF/F2 <  10-6. 

    �W�e�_�d�l�j�b�q�_�k�d�Z�y �k�o�_�f�Z �f�h�^�m�e�y �^�e�y �m�k�b�e�_�g�b�y �f�h�s�g�h�k�l�b 
�\�h�a�[�m�`�^�Z�x�s�b�o �j�Z�^�b�h�q�Z�k�l�h�l�g�u�o �b�f�i�m�e�v�k�h�\, �b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �i�h�\�h�j�h�l�Z 
�\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �i�j�h�l�h�g�h�\ �h�[�j�Z�a�p�Z �g�Z 90 �b�e�b 180 �]�j�Z�^�m�k�h�\, 
�i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z  �k�e�_�^�m�x�s�_�f �j�b�k�m�g�d�_.    
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    �L�b�i�b�q�g�u�c �m�k�b�e�b�l�_�e�v�g�u�c �f�h�^�m�e�v �k�h�[�j�Z�g �g�Z �i�h�e�_�\�h�f �l�j�Z�g�a�b�k�l�h�j�_ �k 
�^�\�m�f�y �a�Z�l�\�h�j�Z�f�b �D�I306 (�e�_�\�Z�y �q�Z�k�l�v �j�b�k. 10). �<�o�h�^�g�h�c �k�b�]�g�Z�e �i�h�^�Z�_�l�k�y 
�g�Z �i�_�j�\�u�c �a�Z�l�\�h�j. �G�Z �\�l�h�j�h�c �a�Z�l�\�h�j �i�h�^�Z�_�l�k�y �j�_�]�m�e�b�j�m�_�f�h�_ 
�i�h�e�h�`�b�l�_�e�v�g�h�_ �g�Z�i�j�y�`�_�g�b�_, �i�h�a�\�h�e�y�x�s�_�_ �b�a�f�_�g�y�l�v �\�_�e�b�q�b�g�m �m�k�b�e�_�g�b�y. 
�< �p�_�i�b �k�l�h�d�Z �m�k�l�Z�g�h�\�e�_�g �j�_�a�h�g�Z�g�k�g�u�c LC-�d�h�g�l�m�j, �h�[�_�k�i�_�q�b�\�Z�x�s�b�c 
�m�k�b�e�_�g�b�_ �\ �i�j�_�^�_�e�Z�o �i�h�e�h�k�u �q�Z�k�l�h�l �j�_�a�h�g�Z�g�k�Z �w�l�h�]�h �d�h�g�l�m�j�Z.  �<�k�_�]�h �\ 
�l�h�f�h�]�j�Z�n�_ �g�Z�o�h�^�b�l�k�y �\�h�k�_�f�v  �m�k�b�e�b�l�_�e�_�c, �d�h�l�h�j�u�_ �b�f�_�x�l �l�Z�d�h�_ �`�_ 
�k�o�h�`�_�_ �k�l�j�h�_�g�b�_. 

        �I�_�j�_�^ �i�h�^�Z�q�_�c �b�f�i�m�e�v�k�Z �g�Z �d�h�g�l�m�j �j�_�a�h�g�Z�g�k�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y 
�h�[�j�Z�a�p�Z �l�j�_�[�m�_�l�k�y �m�k�b�e�b�l�v �_�]�h �f�h�s�g�h�k�l�v �b �k�h�]�e�Z�k�h�\�Z�l�v �\�u�o�h�^ �m�k�b�e�b�l�_�e�y 
�f�h�s�g�h�k�l�b �k �k�h�i�j�h�l�b�\�e�_�g�b�_�f �d�Z�[�_�e�y 50 �H�f.  

�M�k�b�e�b�l�_�e�v �f�h�s�g�h�k�l�b �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o �b�f�i�m�e�v�k�h�\ �k�h�[�j�Z�g �g�Z �^�\�m�o 
�l�j�Z�g�a�b�k�l�h�j�Z�o: �D�I306 �b �D�L610 (�i�j�Z�\�Z�y �q�Z�k�l�v �j�b�k. 10). �J�_�a�b�k�l�h�j�u �f�h�^�m�e�y 
�i�h�^�h�[�j�Z�g�u �l�Z�d, �q�l�h�[�u �[�u�e�h �h�[�_�k�i�_�q�_�g�h �k�h�]�e�Z�k�h�\�Z�g�b�_ �k �g�b�a�d�h�h�f�g�u�f 
�\�o�h�^�g�u�f �k�h�i�j�h�l�b�\�e�_�g�b�_�f �l�j�Z�g�a�b�k�l�h�j�Z �D�L610.   

 
 

 
 

�J�b�k. 9.  �K�o�_�f�Z  �]�_�g�_�j�Z�l�h�j�Z  �q�Z�k�l�h�l�u 15.44 �F�=�p 
 

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

�b�f�_�_�l �q�Z�k�l�b�q�g�h�_ �i�h�^�d�e�x�q�_�g�b�_ �d �d�h�e�e�_�d�l�h�j�m �l�j�Z�g�a�b�k�l�h�j�Z �D�L610. �K �w�l�h�]�h 
�d�h�g�l�m�j�Z �q�_�j�_�a �^�\�Z �\�b�l�d�Z �k�\�y�a�b �b�f�i�m�e�v�k �i�h�^�Z�_�l�k�y �g�Z �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�c 
�d�Z�[�_�e�v �b �^�Z�e�_�_ �g�Z �k�h�]�e�Z�k�m�x�s�_�_ �m�k�l�j�h�c�k�l�\�h �^�Z�l�q�b�d�Z �Y�F�J �k�b�]�g�Z�e�h�\. 
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�D�h�g�k�l�j�m�d�l�b�\�g�h �j�Z�^�b�h�q�Z�k�l�h�l�g�Z�y �k�b�k�l�_�f�Z �k�h�[�j�Z�g�Z �\ �q�_�l�u�j�_�o �d�h�j�i�m�k�Z�o, 
�d�Z�`�^�u�c �b�a �d�h�l�h�j�u�o �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �f�h�^�m�e�v,  �k�h�^�_�j�`�Z�s�b�c �^�_�k�y�l�v 
�k�_�d�p�b�c. 

�H�^�b�g �b�a �w�l�b�o �f�h�^�m�e�_�c �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 11. �D�h�j�i�m�k �f�h�^�m�e�y �\�u�l�h�q�_�g 
�b�a �^�x�j�Z�e�x�f�b�g�b�_�\�h�]�h �e�b�k�l�Z �l�h�e�s�b�g�h�c 34 �f�f . �<�u�k�h�l�Z �f�h�^�m�e�y 200 �f�f , 
�^�e�b�g�g�Z - 290 �f�f . �D�Z�`�^�u�c �f�h�^�m�e�v �k�h�^�_�j�`�b�l �^�_�k�y�l�v �h�l�^�_�e�h�\ (�k�_�d�p�b�c), 
�d�h�l�h�j�u�_ �i�j�_�^�g�Z�a�g�Z�q�_�g�u �^�e�y �j�Z�a�f�_�s�_�g�b�y �^�_�k�y�l�b �i�_�q�Z�l�g�u�o 
�j�Z�^�b�h�q�Z�k�l�h�l�g�u�o �i�e�Z�l �k �j�Z�a�f�_�j�Z�f�b 46 �f�f  �g�Z 80 �f�f .  

 
 

 
 
�J�b�k. 10. �M�k�b�e�b�l�_�e�b �f�h�s�g�h�k�l�b �j�Z�^�b�h�b�f�i�m�e�v�k�h�\ �g�Z �q�Z�k�l�h�l�_ 5.44 �F�=�p 

 
�K�_�d�p�b�b, �i�h�k�e�_ �g�Z�k�l�j�h�c�d�b,  �a�Z�d�j�u�\�Z�l�v�k�y �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�u�o 

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

�I�h�j�y�^�h�d �j�Z�a�f�_�s�_�g�b�y �i�_�q�Z�l�g�u�o �i�e�Z�l �^�e�y �h�^�g�h�]�h �b�a �f�h�^�m�e�y �m�k�e�h�\�g�h 
�i�h�d�Z�a�Z�g �g�Z �j�b�k. 11. �< �i�_�j�\�h�c �k�_�d�p�b�b �i�h�f�_�s�_�g �]�_�g�_�j�Z�l�h�j �q�Z�k�l�h�l�u 10 
�F�=�p. �D�\�Z�j�p �i�h�f�_�s�_�g �\ �i�Z�k�k�b�\�g�u�c �l�_�j�f�h�k�l�Z�l �b �j�Z�k�i�h�e�h�`�_�g �\�h �\�l�h�j�h�c 
�k�_�d�p�b�b �f�h�^�m�e�y. �F�_�`�^�m �k�_�d�p�b�y�f�b �f�h�^�m�e�y �b�f�_�x�l�k�y �k�i�_�p�b�Z�e�v�g�u�_ �i�j�h�j�_�a�b, 
�q�_�j�_�a �d�h�l�h�j�u�_ �i�j�h�d�e�Z�^�u�\�Z�x�l�k�y �k�h�_�^�b�g�_�g�b�y. 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_ �\�u�r�_ �g�Z �j�b�k�m�g�d�Z�o 8 - 10 �m�k�b�e�b�l�_�e�v�g�u�_ �b 
�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�_ �k�o�_�f�u  �b�a�]�h�l�h�\�e�_�g�u �g�Z �i�_�q�Z�l�g�u�o �i�e�Z�l�Z�o �b 
�j�Z�a�f�_�s�_�g�u �\ �k�_�d�p�b�y�o �q�_�l�u�j�_�o �f�h�^�m�e�_�c �l�b�i�Z �J�b�k. 11.  
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�J�b�k. 11. �K�o�_�f�Z �j�Z�a�f�_�s�_�g�b�y �j�Z�^�b�h�q�Z�k�l�h�l�g�u�o �i�e�Z�l �\ �i�j�_�^�_�e�Z�o �h�^�g�h�]�h �b�a 
�f�h�^�m�e�_�c 

 
 

10.  �=�j�Z�^�b�_�g�l�g�Z�y �k�b�k�l�_�f�Z �F�J �l�h�f�h�]�j�Z�n�Z. 
 
       �>�e�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �d�h�^�b�j�h�\�Z�g�b�y �b�k�k�e�_�^�m�_�f�h�c �h�[�e�Z�k�l�b �[�u�e�Z 

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

      �I�j�b �j�Z�a�j�Z�[�h�l�d�_ �]�j�Z�^�b�_�g�l�g�h�]�h �f�h�^�m�e�y �k�l�Z�\�b�e�Z�k�v �p�_�e�v 
�f�b�g�b�f�b�a�b�j�h�\�Z�l�v �\�_�e�b�q�b�g�m �b�f�i�m�e�v�k�g�u�o �l�h�d�h�\ �i�j�b �\�d�e�x�q�_�g�b�b �]�j�Z�^�b�_�g�l�Z 
�^�e�y �m�f�_�g�v�r�_�g�b�y �g�Z�]�j�m�a�d�b �g�Z �m�k�b�e�b�l�_�e�b �l�h�d�Z. �W�l�h �f�h�`�g�h �h�[�_�k�i�_�q�b�l�v 
�m�\�_�e�b�q�_�g�b�_�f �q�b�k�e�Z �\�b�l�d�h�\ �\ �]�j�Z�^�b�_�g�l�g�h�c �g�Z�f�h�l�d�_.  �H�^�g�Z�d�h �[�h�e�v�r�h�_ 
�q�b�k�e�h �\�b�l�d�h�\ �l�Z�d�`�_ �y�\�e�y�_�l�k�y �g�_ �i�j�b�_�f�e�_�f�u�f, �i�h�k�d�h�e�v�d�m �b�a-�a�Z 
�\�h�a�j�Z�k�l�Z�x�s�_�c �i�j�b �w�l�h�f �b�g�^�m�d�l�b�\�g�h�k�l�b �\�d�e�x�q�_�g�b�_ �l�h�d�Z �[�m�^�_�l 
�k�h�i�j�h�\�h�`�^�Z�l�v�k�y �g�_�`�_�e�Z�l�_�e�v�g�u�f �i�_�j�_�o�h�^�g�u�f �d�h�e�_�[�Z�l�_�e�v�g�u�f �i�j�h�p�_�k�k�h�f, 
�q�l�h �f�h�`�_�l �h�l�j�Z�`�Z�l�v�k�y �g�Z �d�Z�q�_�k�l�\�_ �b�a�h�[�j�Z�`�_�g�b�y. �H�p�_�g�d�b �i�h�d�Z�a�u�\�Z�x�l, 
�q�l�h �d�h�f�i�j�h�f�b�k�k�g�u�f �\�Z�j�b�Z�g�l�h�f �f�h�`�_�l �[�u�l�v �]�j�Z�^�b�_�g�l�g�Z�y �g�Z�f�h�l�d�Z, 
�k�h�k�l�Z�\�e�_�g�g�Z�y  �b�a 10 – 15 �i�j�h�\�h�^�g�b�d�h�\. 

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

 
dB(x,y,z) = ���P�R�����S�� I dL Sin(�M�� /R2 �L�e                               (50) 

 
�]�^�_ �Po = 4�S�����������f�Z�]�g�b�l�g�Z�y �i�j�h�g�b�p�Z�_�f�h�k�l�v �\�Z�d�m�m�f�Z,  I dL – �w�e�_�f�_�g�l 

�l�h�d�Z, R – �j�Z�k�k�l�h�y�g�b�_ �h�l �l�h�q�d�b x,y,z  �^�h �w�e�_�f�_�g�l�Z IdL, �M��- �m�]�h�e �f�_�`�^�m 
�g�Z�i�j�Z�\�e�_�g�b�_�f �l�h�d�Z L �b �j�Z�^�b�m�k-�\�_�d�l�h�j�h�f R. 
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      �>�e�y �k�h�k�l�Z�\�e�_�g�b�y �\�u�q�b�k�e�b�l�_�e�v�g�h�c �i�j�h�]�j�Z�f�f�u �b�k�i�h�e�v�a�h�\�Z�e�h�k�v 
�\�u�j�Z�`�_�g�b�_, �d�h�l�h�j�h�_  �\�u�\�h�^�b�l�k�y �b�a �a�Z�d�h�g�Z �;�b�h – �K�Z�\�Z�j�Z – �E�Z�i�e�Z�k�Z. 
�B�g�^�m�d�p�b�y �f�Z�]�g�b�l�g�h�]�h �i�h�e�y B(x,y,z) �\ �i�j�h�b�a�\�h�e�v�g�h�c �l�h�q�d�_ x,y,z �h�l 
�i�j�h�\�h�^�g�b�d�Z �k �l�h�d�h�f �d�h�g�_�q�g�h�c �^�e�b�g�u �f�h�`�g�h �\�u�q�b�k�e�b�l�v, �b�k�i�h�e�v�a�m�y 
�b�g�l�_�]�j�b�j�h�\�Z�g�b�_ �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �\�u�r�_ �n�h�j�f�m�e�u �i�h �i�j�y�f�h�f�m 
�i�j�h�\�h�^�g�b�d�m: 

 
�<(x,y,z) = �Po H(x,y,z) = (�Po I/(4�S Ro))(COS(�M1) – COS(�M2)) T�e           (51) 
 
�=�^�_  Ro – �j�Z�k�k�l�h�y�g�b�_ �i�h �i�_�j�i�_�g�^�b�d�m�e�y�j�m �^�h �i�j�y�f�h�c �e�b�g�b�b, 

�i�j�h�o�h�^�y�s�_�c �i�h �i�j�h�\�h�^�g�b�d�m,   �M1 �b �M2 – �m�]�e�u �f�_�`�^�m �i�j�y�f�h�c, �i�j�h�o�h�^�y�s�_�c 
�q�_�j�_�a �i�j�h�\�h�^�g�b�d, �b �i�j�y�f�u�f�b, �k�h�_�^�b�g�y�x�s�b�f�b �l�h�q�d�m x,y,z  �b �d�h�g�p�u 
�i�j�h�\�h�^�g�b�d�Z. 

 
 

�J�b�k. 12.   �W�e�_�f�_�g�l �\�_�d�l�h�j�g�h�]�h �l�h�d�Z dI �b �n�h�j�f�b�j�h�\�Z�g�b�_ �w�l�b�f �l�h�d�h�f 
�f�Z�]�g�b�l�g�h�c �b�g�^�m�d�p�b�b Bz �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �l�h�q�d�_ �i�j�h�k�l�j�Z�g�k�l�\�Z 

 
�G�Z �j�b�k. 12 �g�Z�i�j�Z�\�e�_�g�b�_ �\�_�d�l�h�j�Z �<(x,y,z) �m�d�Z�a�Z�g�h �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 

�i�j�Z�\�b�e�h�f �[�m�j�Z�\�q�b�d�Z. �< �i�h�k�e�_�^�g�_�c �n�h�j�f�m�e�_ �g�_ �l�j�m�^�g�h �i�_�j�_�c�l�b �h�l �m�]�e�h�\ �d 
�d�h�h�j�^�b�g�Z�l�Z�f �h�l�j�_�a�d�Z �i�j�h�\�h�^�g�b�d�Z (x1,y1,z1) �b (x2,y2,z2), �a�Z�f�_�g�y�y 
�d�h�k�b�g�m�k�u �h�l�g�h�r�_�g�b�_�f �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �h�l�j�_�a�d�h�\ 

      �:�g�^�_�j�k�h�g�h�f �^�e�y �k�h�a�^�Z�g�b�y �]�j�Z�^�b�_�g�l�h�\ �i�h�e�y �[�u�e�h �i�j�_�^�e�h�`�_�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �i�j�h�\�h�^�g�b�d�b �\ �\�b�^�_ �g�Z�[�h�j�Z �j�Z�f�h�d �i�j�y�f�h�m�]�h�e�v�g�h�c �n�h�j�f�u. 
�I�j�b�q�_�f, �i�e�h�k�d�h�k�l�v �j�Z�f�h�d �h�j�b�_�g�l�b�j�h�\�Z�g�Z �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �f�Z�]�g�b�l�g�u�f 
�k�b�e�h�\�u�f �e�b�g�b�y�f �h�k�g�h�\�g�h�]�h �f�Z�]�g�b�l�Z, �i�h�k�d�h�e�v�d�m �h�j�b�_�g�l�Z�p�b�y 
�i�j�h�\�h�^�g�b�d�h�\ �i�h �g�Z�i�j�Z�\�e�_�g�b�x �e�b�g�b�c �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �y�\�e�y�_�l�k�y �g�_ 
�w�n�n�_�d�l�b�\�g�h�c �b�a-�a�Z �k�e�_�^�m�x�s�_�]�h. �< �j�Z�k�q�_�l�Z�o �k�e�_�^�m�_�l �m�q�b�l�u�\�Z�l�v �g�_ �\�_�k�v 
�f�h�^�m�e�v �f�Z�]�g�b�l�g�h�c �b�g�^�m�d�p�b�b, �Z �e�b�r�v �_�_ �k�h�k�l�Z�\�e�y�x�s�m�x �i�h �g�Z�i�j�Z�\�e�_�g�b�x 
�h�k�g�h�\�g�h�]�h �i�h�e�y: �<z = B(x,y,z) COS(�M).  �W�l�h �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �h�k�g�h�\�g�h�_ 
�i�h�e�_ �g�Z �l�j�b �i�h�j�y�^�d�Z (�b�e�b �[�h�e�_�_) �i�j�_�\�u�r�Z�_�l �i�h�e�y �h�l �l�h�d�h�\  �]�j�Z�^�b�_�g�l�g�h�]�h 
�f�h�^�m�e�y. �I�j�b �w�l�h�f �g�Z �q�Z�k�l�h�l�u �Y�F�J �\�e�b�y�x�l �e�b�r�v z-�k�h�k�l�Z�\�e�y�x�s�b�_: dBz/dL 
(�k�f. �j�b�k. 12). 

     �< �b�l�h�]�_, �n�h�j�f�m�e�m �;�b�h – �K�Z�\�Z�j�Z – �E�Z�i�e�Z�k�Z �k�e�_�^�m�_�l �i�j�_�^�k�l�Z�\�b�l�v �\ 
�\�b�^�_, �m�^�h�[�g�h�f �^�e�y �k�h�k�l�Z�\�e�_�g�b�y �\�u�q�b�k�e�b�l�_�e�v�g�h�c �i�j�h�]�j�Z�f�f�u: 
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�<(x,y,z)  = Const I Bk(x,y,z) T�e                                                            (52�Z) 
Const = ���P�R /(4�S)) �u 10-7                                                                                                               (52�[) 
 Bk(x,y,z) = (1/Ro) COS���M (COS(�M1) – COS(�M2))                                 (52�\) 
 Ro =  ((x – x j) 2 + (z – z j)2)1/2                                                                                               (52�]) 

 COS �M����� ��(x – x j)/((x – x j) 2 + (z – z j)2)1/2                                                                  (52� )̂ 
 COS �M������� ��(ynj – y)/((x – xnj) 2 + (y - ynj) 2 + (z – znj)2)1/2                             (52�_) 
 COS �M������� ��(ykj - y)/((x – xkj) 2 + (y - ykj) 2 + (z – zkj)2)1/2                            (52�` ) 

 
      �=�^�_ �d�h�h�j�^�b�g�Z�l�u xnj, ynj, znj xkj, ykj, zkj �k�h�h�l�\�_�l�k�l�\�m�_�l �g�Z�q�Z�e�m �b �d�h�g�p�m  

j-�h�]�h �i�j�h�\�h�^�g�b�d�Z, �i�Z�j�Z�e�e�_�e�v�g�h�]�h �h�k�b Y. Bk(x,y,z) – �d�h�h�j�^�b�g�Z�l�g�Z�y �q�Z�k�l�v 
�b�k�d�h�f�h�c �n�m�g�d�p�b�b.  

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

 

 
 

�J�b�k. 13. �J�Z�k�i�h�e�h�`�_�g�b�_ �i�j�h�\�h�^�g�b�d�h�\ �g�Z �h�^�g�h�c �b�a �^�\�m�o �i�e�Z�k�l�b�g, 
�h�[�_�k�i�_�q�b�\�Z�x�s�b�o �i�h�^�Z�q�m �f�Z�]�g�b�l�g�u�o �]�j�Z�^�b�_�g�l�h�\  

 
�H�q�_�\�b�^�g�h, �q�l�h �\�u�j�Z�`�_�g�b�_ �^�e�y Bz �h�l �i�j�h�\�h�^�g�b�d�Z �i�Z�j�Z�e�e�_�e�v�g�h�]�h �h�k�b �O 

�[�m�^�_�l �b�f�_�l�v �Z�g�Z�e�h�]�b�q�g�u�c �\�b�,̂ �i�h�k�d�h�e�v�d�m �h�k�b X, Y �j�Z�\�g�h�a�g�Z�q�g�u 
�h�l�g�h�k�b�l�_�e�v�g�h �h�^�g�h�]�h �\�u�^�_�e�_�g�g�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y �h�k�b Z – �g�Z�i�j�Z�\�e�_�g�b�y 
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�h�k�g�h�\�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �<z. �<�u�j�Z�`�_�g�b�_ �^�e�y �d�h�h�j�^�b�g�Z�l �i�j�h�\�h�^�g�b�d�h�\, 
�i�Z�j�Z�e�e�_�e�v�g�u�o �h�k�b �O, �f�h�`�g�h �i�h�e�m�q�b�l�v �i�j�h�k�l�h�c �i�_�j�_�k�l�Z�g�h�\�d�h�c Y �g�Z �O.  

      �>�Z�e�_�_, �b�a �i�j�h�\�h�^�g�b�d�h�\, �i�Z�j�Z�e�e�_�e�v�g�u�o �h�k�b �O �b �h�k�b Y �f�h�`�g�h 
�k�h�k�l�Z�\�b�l�v �q�_�l�u�j�_ �i�j�y�f�h�m�]�h�e�v�g�u�_ �j�Z�f�d�b �b �j�Z�a�f�_�k�l�b�l�v �b�o �k�b�f�f�_�l�j�b�q�g�h, 
�h�l�g�h�k�b�l�_�e�v�g�h �p�_�g�l�j�Z �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u.  �B�f�_�g�g�h �^�e�y �l�Z�d�b�o 
�i�j�y�f�h�m�]�h�e�v�g�u�o �j�Z�f�h�d �\�u�q�b�k�e�b�l�_�e�v�g�Z�y �i�j�h�]�j�Z�f�f�Z �^�e�y �j�Z�k�q�_�l�Z 
�e�b�g�_�c�g�h�]�h �]�j�Z�^�b�_�g�l�Z �\�u�]�e�y�^�y�l �g�Z�b�[�h�e�_�_ �d�h�f�i�Z�d�l�g�h. �>�e�y �w�l�h�]�h, �i�j�b 
�k�h�k�l�Z�\�e�_�g�b�b �i�j�h�]�j�Z�f�f�u �g�Z Fortran(�_) �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �l�j�_�[�m�_�l�k�y 
�h�i�j�_�^�_�e�b�l�v F1 (�n�m�g�d�p�b�x �^�e�y �i�j�h�\�h�^�g�b�d�Z �d�h�g�_�q�g�h�c �^�e�b�g�u 
�i�Z�j�Z�e�e�_�e�v�g�h�]�h �h�k�b Y) �b F2 (�n�m�g�d�p�b�x �^�e�y �i�j�h�\�h�^�g�b�d�Z �d�h�g�_�q�g�h�c �^�e�b�g�u 
�i�Z�j�Z�e�e�_�e�v�g�h�]�h �h�k�b �O).  

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

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

      �J�_�a�m�e�v�l�Z�l�u �\�u�q�b�k�e�_�g�b�c �d�h�h�j�^�b�g�Z�l �j�Z�k�i�h�e�h�`�_�g�b�y �i�j�h�\�h�^�g�b�d�h�\, 
�b�k�i�h�e�v�a�h�\�Z�g�g�u�o �^�e�y �k�h�a�^�Z�g�b�y �e�b�g�_�c�g�u�o �f�Z�]�g�b�l�g�u�o �]�j�Z�^�b�_�g�l�h�\ �i�h �h�k�y�f 
X, Y, Z  �b �h�[�f�h�l�d�b S (�i�h�^�Z�q�b �i�h�k�l�h�y�g�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y), 
�i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 13, �]�^�_ �^�Z�g�u �d�h�h�j�^�b�g�Z�l�u �j�Z�k�i�h�e�h�`�_�g�b�y 
�i�j�h�\�h�^�g�b�d�h�\ �g�Z �h�^�g�h�c �b�a �i�e�h�k�d�h�k�l�_�c (�i�e�Z�k�l�b�g�u �b�a �h�j�]�k�l�_�d�e�Z), 
�j�Z�k�i�h�e�h�`�_�g�g�h�c �i�Z�j�Z�e�e�_�e�v�g�h �i�h�e�x�k�g�u�f �g�Z�d�h�g�_�q�g�b�d�Z�f �f�Z�]�g�b�l�Z.  �<�l�h�j�Z�y 
�i�e�h�k�d�h�k�l�v �Z�g�Z�e�h�]�b�q�g�Z �i�_�j�\�h�c �b �j�Z�k�i�h�e�h�`�_�g�Z �a�_�j�d�Z�e�v�g�h-�k�b�f�f�_�l�j�b�q�g�h �k 
�^�j�m�]�h�c �k�l�h�j�h�g�u �h�l �p�_�g�l�j�Z �f�Z�]�g�b�l�Z.  

      �>�e�y  �h�[�_�k�i�_�q�_�g�b�y �g�_�h�[�o�h�^�b�f�h�c �l�h�q�g�h�k�l�b �j�Z�k�i�h�e�h�`�_�g�b�y �\�b�l�d�h�\, 
�i�j�h�\�h�^�g�b�d�b �[�u�e�b �g�Z�f�h�l�Z�g�u �i�j�h�\�h�^�h�f �k �^�b�Z�f�_�l�j�h�f 0.5 �f�f  �\ �i�j�h�j�_�a�y�o, 
�d�h�l�h�j�u�_ �[�u�e�b �i�j�h�i�b�e�_�g�u �\ �i�e�Z�k�l�b�g�Z�o �b�a �h�j�]�k�l�_�d�e�Z �l�h�e�s�b�g�h�c 10 �f�f . 
�I�j�h�j�_�a�b �b�f�_�x�l �r�b�j�b�g�m 1 �f�f  �b �]�e�m�[�b�g�m 5 �f�f  �b �j�Z�k�i�h�e�h�`�_�g�u �k �h�[�_�b�o 
�k�l�h�j�h�g �i�e�Z�k�l�b�g: �g�Z �h�^�g�h�c �k�l�h�j�h�g�_ �k�e�_�\�Z �g�Z �i�j�Z�\�h (�i�h �h�k�b �O), �Z �k �^�j�m�]�h�c 
�k�l�h�j�h�g�u:  �k�g�b�a�m – �g�Z�\�_�j�o (�i�h �h�k�b Y). �< �f�_�k�l�Z�o �b�a�f�_�g�_�g�b�y �g�Z�i�j�Z�\�e�_�g�b�y 
�i�j�h�\�h�^�g�b�d�Z �i�j�h�k�\�_�j�e�_�g�u  �h�l�\�_�j�k�l�b�y, �q�_�j�_�a �d�h�l�h�j�u�_ �i�j�h�\�h�^�g�b�d�b 
�i�j�h�o�h�^�y�l �g�Z �i�j�h�l�b�\�h�i�h�e�h�`�g�m�x �k�l�h�j�h�g�m �i�e�Z�k�l�b�g�u, �]�^�_  �m�d�e�Z�^�u�\�Z�x�l�k�y �\ 
�i�j�h�j�_�a�b �i�h �^�j�m�]�h�c �k�l�h�j�h�g�_. �I�j�h�\�h�^�g�b�d�b �m�e�h�`�_�g�u �i�h �^�\�Z �i�j�h�\�h�^�Z �\ 
�i�e�h�k�d�h�k�l�b XY �b �\ �r�_�k�l�v �j�y�^�h�\ �i�h �g�Z�i�j�Z�\�e�_�g�b�x Z �^�e�y �]�j�Z�^�b�_�g�l�h�\ Gx, Gz  
�b �\ �k�_�f�v �j�y�^�h�\ �^�e�y �]�j�Z�^�b�_�g�l�Z Gy. �G�Z�f�h�l�d�Z S �^�e�y �b�a�f�_�g�_�g�b�y �i�h�k�l�h�y�g�g�h�]�h 
�i�h�e�y �k �j�Z�a�f�_�j�Z�f�b 70 �g�Z 70 �f�f  �k�h�^�_�j�`�b�l 30 �i�j�h�\�h�^�g�b�d�h�\. 

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

 �L�Z�d�Z�y �k�b�k�l�_�f�Z �i�j�h�\�h�^�g�b�d�h�\  �i�j�b �l�h�d�_ �\ 1 �:�f�i�_�j �k�h�a�^�Z�z�l �\ �p�_�g�l�j�_ 
�f�Z�]�g�b�l�Z �]�j�Z�^�b�_�g�l�u �i�h�e�y dB/dx, dB/dy, dB/dz �\�_�e�b�q�b�g�h�c 9 �f�L�e/�f  �\ 
�r�Z�j�h�\�h�c �h�[�e�Z�k�l�b �k �^�b�Z�f�_�l�j�h�f �g�_ �f�_�g�_�_ 20 �f�f . 
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11.   �F�h�^�m�e�v �m�i�j�Z�\�e�_�g�b�y �f�b�g�b �Y�F�J �l�h�f�h�j�Z�n�h�f �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�r�b�g�u ISA  �i�_�j�k�h�g�Z�e�v�g�h�]�h �d�h�f�i�v�x�l�_�j�Z 
 
         �I�j�h�\�_�^�_�g�b�_ �k�h�\�j�_�f�_�g�g�u�o �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

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

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

    �F�b�g�b �Y�F�J �l�h�f�h�]�j�Z�n �m�i�j�Z�\�e�y�_�l�k�y �i�_�j�k�h�g�Z�e�v�g�u�f �d�h�f�i�v�x�l�_�j�h�f 
PENTIUM II (�i�j�h�p�_�k�k�h�j INTEL CELERON SL5WX, �q�Z�k�l�h�l�Z 800 �F�=�p), 
�d�h�l�h�j�u�c �[�u�e �\�u�[�j�Z�g �b�a-�a�Z �g�Z�e�b�q�b�y �r�b�g�u ISA. �D�Z�d �b�a�\�_�k�l�g�h, �I�D 
�i�h�k�e�_�^�g�b�o �\�u�i�m�k�d�h�\ �g�_ �k�h�^�_�j�`�Z�l �r�b�g�u ISA, �Z �b�f�_�x�s�b�_�k�y �\ �g�b�o �r�b�g�u 
PSI �l�j�_�[�m�x�l �b�k�i�h�e�v�a�h�\�Z�g�b�y �k�i�_�p�b�Z�e�v�g�u�o �i�j�h�p�_�k�k�h�j�g�u�o �m�k�l�j�h�c�k�l�\ �b 
�h�l�^�_�e�v�g�h�]�h �^�e�y �b�o �j�Z�[�h�l�u �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y, 
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h �i�h� ̂�\�u�[�j�Z�g�g�u�c �i�j�h�p�_�k�k�h�j. �I�h �w�l�h�c �i�j�b�q�b�g�_, �_�k�e�b 
�b�k�i�h�e�v�a�m�_�l�k�y �r�b�g�Z PSI, �l�h �l�_�j�y�_�l�k�y �l�Z �]�b�[�d�h�k�l�v, �d�h�l�h�j�Z�y �^�h�k�l�m�i�g�Z 
�i�j�h�]�j�Z�f�f�b�k�l�m �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �r�b�g�u ISA.  

    �G�Z�m�q�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �g�Z �h�k�g�h�\�_ �Y�F�J �l�h�f�h�]�j�Z�n�b�b �i�j�_�^�i�h�e�Z�]�Z�x�l 
�i�j�b�f�_�g�_�g�b�_ �f�g�h�`�_�k�l�\�Z �\�Z�j�b�Z�g�l�h�\ �b�f�i�m�e�v�k�g�u�o �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �^�e�y 
�g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�n�b�q�_�k�d�b�o �b�a�h�[�j�Z�`�_�g�b�c �k �j�Z�a�g�u�f �d�h�g�l�j�Z�k�l�h�f �`�b�\�u�o 
�l�d�Z�g�_�c. �R�b�g�Z ISA �i�h�a�\�h�e�y�_�l �j�_�Z�e�b�a�h�\�Z�l�v �l�Z�d�h�_ �b�a�f�_�g�_�g�b�_ �k�i�h�k�h�[�Z 
�g�Z�d�h�i�e�_�g�b�y �^�Z�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z �k �e�x�[�u�f �\�Z�j�b�Z�g�l�h�f �b�f�i�m�e�v�k�g�u�o 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c. �I�j�b �w�l�h�f �g�Z �y�a�u�d�_ �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �K++ 
�^�h�k�l�m�i�g�Z �[�u�k�l�j�Z�y �d�h�j�j�_�d�l�b�j�h�\�d�Z �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y.        

       �>�e�y �j�_�]�b�k�l�j�Z�p�b�b �\�g�_�r�g�b�o �k�b�]�g�Z�e�h�\ �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z 
�k�l�Z�g�^�Z�j�l�g�Z�y �a�\�m�d�h�\�Z�y �d�Z�j�l�Z Sound Blaster Creative Labs VIBRA 16C, 
�\�_�j�k�b�y DSP 4.13. 

�W�l�Z �d�Z�j�l�Z �b�f�_�_�l �^�\�Z �g�_�a�Z�\�b�k�b�f�u�o �e�b�g�_�c�g�u�o �\�o�h�^�Z �b �m�k�b�e�b�l�_�e�v �k 
�j�_�]�m�e�b�j�m�_�f�u�f �d�h�w�n�n�b�p�b�_�g�l�h�f �m�k�b�e�_�g�b�y. �I�j�b �_�_ �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y �h�p�b�n�j�h�\�d�Z �^�\�m�o �\�o�h�^�g�u�o �k�b�]�g�Z�e�h�\ �k �q�Z�k�l�h�l�Z�f�b �\�u�[�h�j�h�d 
44 �d�=�p �i�j�b �j�Z�a�j�y�^�g�h�k�l�b 16 �[�b�l �g�Z �\�u�[�h�j�d�m. �F�Z�l�_�j�b�g�k�d�Z�y �i�e�Z�l�Z �I�D 
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�b�f�_�_�l �f�h�k�l VIA Tech VT82C686 PCI-ISA �k �h�^�g�h�c �r�b�g�h�c ISA, �\ �d�h�l�h�j�h�c 
�j�Z�a�f�_�s�_�g�Z �a�\�m�d�h�\�Z�y �d�Z�j�l�Z. �I�_�j�_�^�Z�q�Z �^�Z�g�g�u�o �b�a �[�m�n�_�j�Z �i�e�Z�l�u �\ 
�h�i�_�j�Z�l�b�\�g�m�x �i�Z�f�y�l�v �h�k�m�s�_�k�l�\�e�y�_�l�k�y �d�Z�d �i�j�y�f�u�f �q�l�_�g�b�_�f �b�a �j�_�]�b�k�l�j�h�\, 
�l�Z�d �b �\ �j�_�`�b�f�_ �i�j�y�f�h�]�h �^�h�k�l�m�i�Z �\ �i�Z�f�y�l�v. 

 

�J�b�k. 14. �>�_�r�b�n�j�Z�l�h�j �Z�^�j�_�k�Z �i�e�Z�l�u �m�i�j�Z�\�e�_�g�b�y. 

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

�\�d�e�x�q�Z�_�l �^�_�r�b�n�j�Z�l�h�j �Z�^�j�_�k�Z, �i�j�h�]�j�Z�f�f�b�j�m�_�f�u�_ �i�h�j�l�u �\�\�h�^�Z-�\�u�\�h�^�Z, 
�p�b�n�j�h-�Z�g�Z�e�h�]�h�\�u�_ �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b, �h�i�_�j�Z�p�b�h�g�g�u�_ �m�k�b�e�b�l�_�e�b �b 
�m�k�b�e�b�l�_�e�b �l�h�d�Z. �I�j�b�q�_�f, �b�g�l�_�]�j�Z�e�v�g�u�_ �f�b�d�j�h�k�o�_�f�u �w�l�h�c �i�e�Z�l�u 
�i�b�l�Z�x�l�k�y �h�l ISA �r�b�g�u. �K�Z�f�Z �w�l�Z �i�e�Z�l�Z �j�Z�k�i�h�e�h�`�_�g�Z �\  �d�h�j�i�m�k�_ 
�i�_�j�k�h�g�Z�e�v�g�h�]�h �d�h�f�i�v�x�l�_�j�Z Pentium II �b �a�Z�d�j�_�i�e�_�g�Z �k �i�h�f�h�s�v�x �q�_�l�u�j�_�o 
�k�l�h�_�d �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z �a�\�m�d�h�\�h�c �d�Z�j�l�_ Sound Blaster VIBRA 16C. �< 
�b�l�h�]�_, �^�e�y �i�h�^�d�e�x�q�_�g�b�y �^�Z�g�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �\�\�h�^�Z-�\�u�\�h�^�Z �d �I�D 
�i�h�l�j�_�[�h�\�Z�e�Z�k�v �e�b�r�v �h�^�g�Z ISA �r�b�g�Z.  

  �K�o�_�f�Z �^�_�r�b�n�j�Z�l�h�j�Z �Z�^�j�_�k�Z (�j�b�k. 14) �k�h�[�j�Z�g�Z �g�Z �h�k�g�h�\�_ 
�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y �^�\�h�b�q�g�h�]�h �d�h�^�Z �\ �^�_�k�y�l�b�q�g�u�c (�^�\�h�b�q�g�u�o 3 �g�Z 8 
�^�_�k�y�l�b�q�g�u�o) �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�b�d�j�h�k�o�_�f�u �D�J1533�B�>7. �W�l�Z 
�f�b�d�j�h�k�o�_�f�Z �k�h�^�_�j�`�b�l �\�o�h�^�g�m�x �e�h�]�b�d�m. �I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y �^�_�r�b�n�j�h�\�d�Z 
�Z�^�j�_�k�Z �j�_�Z�e�b�a�h�\�Z�g�Z �g�Z �h�k�g�h�\�_ �^�\�m�o �k�o�_�f 3�B-�G�? �f�b�d�j�h�k�o�_�f�u 
�D�J1533�E�:4. �L�j�_�l�v�y �k�o�_�f�Z 3�B-�G�? �w�l�h�c �f�b�d�j�h�k�o�_�f�u �b�k�i�h�e�v�a�h�\�Z�g�Z �^�e�y 
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�k�[�j�h�k�Z �\ �b�k�o�h�^�g�h�_ �k�h�k�l�h�y�g�b�_ �b�g�l�_�j�n�_�c�k�h�\ �D�F1821�<�<55 �i�j�b �\�d�e�x�q�_�g�b�b 
�d�h�f�i�v�x�l�_�j�Z. 

     �H�[�f�_�g �^�Z�g�g�u�f�b �i�j�h�b�a�\�h�^�b�l�k�y �i�h 8-�f�b �j�Z�a�j�y�^�g�h�c �[�m�n�_�j�b�j�h�\�Z�g�g�h�c 
�r�b�g�_. �>�e�y �m�k�b�e�_�g�b�y �i�h �f�h�s�g�h�k�l�b �k�b�]�g�Z�e�h�\ �r�b�g�u �^�Z�g�g�u�o �i�j�b �q�l�_�g�b�b �b 
�a�Z�i�b�k�b �b�k�i�h�e�v�a�h�\�Z�g 8-�j�Z�a�j�y�^�g�u�c �^�\�m�g�Z�i�j�Z�\�e�_�g�g�u�c �^�j�Z�c�\�_�j �k 3 
�k�h�k�l�h�y�g�b�y�f�b: KP1533�:�I 6. 

 

 
�J�b�k. 15. �I�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v �p�b�n�j�h�\�u�o �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �\ �b�f�i�m�e�v�k�u 

�l�h�d�Z. 
 

�D �\�u�o�h�^�m �f�b�d�j�h�k�o�_�f�u �D�J1533�B�>7 �f�h�`�g�h �i�h�^�d�e�x�q�b�l�v �^�h 8 
�b�g�l�_�j�n�_�c�k�h�\ �D�F1821�<�<55 (�i�j�h�]�j�Z�f�f�b�j�m�_�f�u�c 3-�o �j�_�]�b�k�l�j�h�\�u�c 8-�f�b 
�j�Z�a�j�y�^�g�u�c �p�b�n�j�h�\�h�c �i�h�j�l �\�\�h�^�Z-�\�u�\�h�^�Z �^�Z�g�g�u�o). �>�e�y �m�i�j�h�s�_�g�b�y 
�j�b�k�m�g�d�Z (�j�b�k. 14) �i�h�d�Z�a�Z�g�h �k�h�_�^�b�g�_�g�b�_ �e�b�r�v �^�e�y �h�^�g�h�c �l�Z�d�h�c 
�f�b�d�j�h�k�o�_�f�u (�D�F1821�<�<55) �^�e�y �k�e�m�q�Z�y, �d�h�]�^�Z �\ �d�Z�q�_�k�l�\�_ �Z�^�j�_�k�h�\ �[�m�^�m�l 
�b�k�i�h�e�v�a�h�\�Z�g�u: 31�Kh – 31Fh .  
   �H�[�j�Z�s�_�g�b�_ �d �g�_�h�[�o�h�^�b�f�h�f�m �m�k�l�j�h�c�k�l�\�m �g�Z �i�e�Z�l�_ �b �j�_�Z�e�b�a�Z�p�b�y �_�]�h 

�n�m�g�d�p�b�c �h�k�m�s�_�k�l�\�e�y�_�l�k�y �l�Z�d�`�_ �i�j�b �m�q�Z�k�l�b�b �k�b�]�g�Z�e�h�\ �m�i�j�Z�\�e�_�g�b�y �r�b�g�u: 
IOR (�d�h�f�Z�g�^�Z �q�l�_�g�b�y �b�a �m�k�l�j�h�c�k�l�\�Z), IOW (�d�h�f�Z�g�^�Z �a�Z�i�b�k�b �\ �m�k�l�j�h�c�k�l�\�h) 
�b AEN. �K�b�]�g�Z�e AEN �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �h�l�d�e�x�q�_�g�b�y �i�j�h�p�_�k�k�h�j�Z �b �^�j�m�]�b�o 
�m�k�l�j�h�c�k�l�\ �h�l �d�Z�g�Z�e�Z �^�e�y �i�j�h�\�_�^�_�g�b�y �p�b�d�e�Z �I�>�I  (�i�j�y�f�h�c �^�h�k�l�m�i �d 
�i�Z�f�y�l�b):  �d�h�]�^�Z �w�l�h�l �k�b�]�g�Z�e �Z�d�l�b�\�_�g (�\�u�k�h�d�b�c), �d�h�g�l�j�h�e�e�_�j �I�>�I  �i�h�e�m�q�Z�_�l 
�r�b�g�m �Z�^�j�_�k�Z, �r�b�g�m �^�Z�g�g�u�o, �Z �l�Z�d�`�_ �e�b�g�b�b �q�l�_�g�b�y �b �a�Z�i�b�k�b. 
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    �H�k�g�h�\�g�h�_ �m�i�j�Z�\�e�_�g�b�_, �l�j�_�[�m�_�f�h�_ �^�e�y �Y�F�J �l�h�f�h�]�j�Z�n�Z, �w�l�h 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�Z�y �i�h�^�Z�q�Z �b�f�i�m�e�v�k�h�\ �l�h�d�Z �^�e�y �k�h�a�^�Z�g�b�y �i�h �l�j�_�f 
�g�Z�i�j�Z�\�e�_�g�b�y�f �d�h�^�b�j�m�x�s�b�o �]�j�Z�^�b�_�g�l�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y Gx, Gy, Gz. �>�e�y 
�w�l�h�]�h �i�j�b�f�_�g�_�g�Z �k�o�_�f�Z �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�j�h�]�j�Z�f�f�g�u�o �p�b�n�j�h�\�u�o 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �\ �b�f�i�m�e�v�k�u �l�h�d�Z.  

     �H�^�g�Z �b�a �q�_�l�u�j�_�o �l�Z�d�b�o �k�o�_�f (�^�e�y �m�i�j�h�s�_�g�b�y �j�b�k�m�g�d�Z) 
�i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 15. �I�j�b�q�_�f, �j�b�k. 15 �y�\�e�y�_�l�k�y �i�j�h�^�h�e�`�_�g�b�_�f �j�b�k. 
14. �< �d�Z�q�_�k�l�\�_ �p�b�n�j�h-�Z�g�Z�e�h�]�h�\�u�o �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_�c �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z 
10 �j�Z�a�j�y�^�g�Z�y �f�b�d�j�h�k�o�_�f�Z: �P�:�I �D572�I�: 1, �^�\�Z �f�e�Z�^�r�b�o �j�Z�a�j�y�^�Z �g�_ 
�b�k�i�h�e�v�a�h�\�Z�g�u.  

        �>�\�Z �h�i�_�j�Z�p�b�h�g�g�u�o �m�k�b�e�b�l�_�e�y �f�b�d�j�h�k�o�_�f�u �D�J574�M�>2�; 
�b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �h�^�g�h�i�h�e�y�j�g�h�]�h �\�u�o�h�^�g�h�]�h 
�Z�g�Z�e�h�]�h�\�h�]�h �k�b�]�g�Z�e�Z �k �P�:�I  �\ �^�\�m�o�i�h�e�y�j�g�u�c �\�u�o�h�^�g�h�c �k�b�]�g�Z�e 
�m�i�j�Z�\�e�_�g�b�y �f�Z�]�g�b�l�g�u�f �]�j�Z�^�b�_�g�l�h�f (�j�b�k. 15). �< �d�Z�q�_�k�l�\�_ �m�k�b�e�b�l�_�e�y �l�h�d�Z 
�b�k�i�h�e�v�a�h�\�Z�g�Z �f�b�d�j�h�k�o�_�f�Z  L2724, �d�h�l�h�j�Z�y �f�h�`�_�l �h�[�_�k�i�_�q�b�\�Z�l�v �g�Z 
�\�u�o�h�^�_ �l�h�d �\ �r 1 �:  �i�j�b �g�_�i�j�_�j�u�\�g�h�f �j�_�`�b�f�_. �>�e�y �k�h�a�^�Z�g�b�y  �b�f�i�m�e�v�k�g�u�o 
�]�j�Z�^�b�_�g�l�h�\ �i�h �^�j�m�]�b�f �g�Z�i�j�Z�\�e�_�g�b�y�f �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �Z�g�Z�e�h�]�b�q�g�u�_ 
�P�:�I , �i�h�^�d�e�x�q�_�g�g�u�_ �d �^�j�m�]�b�f �\�u�o�h�^�Z�f �D�F1821�<�<55.    

    �M�k�b�e�b�l�_�e�v �f�h�s�g�h�k�l�b �b�f�i�m�e�v�k�h�\ �]�j�Z�^�b�_�g�l�h�\ �i�h�e�y �i�b�l�Z�_�l�k�y �h�l 
�^�\�m�o�i�h�e�y�j�g�h�]�h �b�k�l�h�q�g�b�d�Z �k �g�Z�i�j�y�`�_�g�b�_�f ±12 �<�h�e�v�l. �<�u�o�h�^�g�h�c �l�h�d 
�i�h�^�Z�z�l�k�y �g�Z �]�j�Z�^�b�_�g�l�g�u�_ �d�Z�l�m�r�d�b �q�_�j�_�a �q�Z�k�l�h�l�g�u�_ �n�b�e�v�l�j�u. �<�o�h�^�g�h�c 
�k�b�]�g�Z�e �m�i�j�Z�\�e�_�g�b�y �m�k�b�e�b�l�_�e�y �b �g�Z�i�j�y�`�_�g�b�_ �_�]�h �i�b�l�Z�g�b�y �l�Z�d�`�_ 
�n�b�e�v�l�j�m�x�l�k�y. �H�k�g�h�\�h�c �l�Z�d�b�o �n�b�e�v�l�j�h�\ �y�\�e�y�x�l�k�y �n�_�j�j�b�l�h�\�u�_ �d�h�e�v�p�Z, �g�Z 
�d�h�l�h�j�u�_ �g�Z�f�Z�l�u�\�Z�_�l�k�y �i�h�j�y�^�d�Z 10 �\�b�l�d�h�\ �f�_�^�g�h�]�h �i�j�h�\�h�^�Z. 

     �I�_�j�_�f�_�g�g�h�_ �k�h�i�j�h�l�b�\�e�_�g�b�_ R1 �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �\�u�[�h�j�Z 
�h�i�l�b�f�Z�e�v�g�h�]�h �f�Z�k�r�l�Z�[�Z �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �\ �h�^�g�h�f �b�a �l�j�_�o 
�g�Z�i�j�Z�\�e�_�g�b�c �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y. �K�h�i�j�h�l�b�\�e�_�g�b�_ R2 �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y 
�d�h�f�i�_�g�k�Z�p�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �e�b�g�_�c�g�h�]�h �k�l�Z�l�b�q�_�k�d�h�]�h �]�j�Z�^�b�_�g�l�Z 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �d�h�l�h�j�h�_ �h�[�u�q�g�h �i�j�b�k�m�l�k�l�\�m�_�l �\ �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�_ 
�l�h�f�h�]�j�Z�n�Z.  

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

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

    �I�j�b �h�[�j�Z�s�_�g�b�b �I�D �d �F�J �l�h�f�h�]�j�Z�n�m �g�Z �r�b�g�m �Z�^�j�_�k�Z 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �\�u�k�l�Z�\�e�y�_�l�k�y �h�^�b�g �b�a �Z�^�j�_�k�h�\ �m�k�l�j�h�c�k�l�\�Z, �i�h�k�e�_ �q�_�]�h 
�g�Z �r�b�g�m �^�Z�g�g�u�o �\�u�\�h�^�b�l�k�y �a�g�Z�q�_�g�b�_, �i�_�j�_�^�Z�\�Z�_�f�h�_ �\ �i�h�j�l �i�j�b �h�i�_�j�Z�p�b�b 
�a�Z�i�b�k�b. �I�j�b �w�l�h�f �m�k�l�j�h�c�k�l�\�h �^�h�e�`�g�h �j�Z�k�i�h�a�g�Z�\�Z�l�v �k�\�h�c �Z�^�j�_�k �k 
�i�h�f�h�s�v�x �^�_�r�b�n�j�Z�l�h�j�Z �b �\�u�^�Z�\�Z�l�v �k �r�b�g�u �^�Z�g�g�u�o �a�g�Z�q�_�g�b�_.  
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      �>�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �\�\�h�^�Z-�\�u�\�h�^�Z �b�a �i�h�j�l�Z �i�j�b �k�h�\�i�Z�^�_�g�b�b 
�Z�^�j�_�k�Z �\�h �\�j�_�f�y �i�j�h�\�_�^�_�g�b�y �h�i�_�j�Z�p�b�b �i�j�y�f�h�]�h �^�h�k�l�m�i�Z �\ �i�Z�f�y�l�v 
(�g�Z�i�j�b�f�_�j, �i�j�b �h�[�j�Z�s�_�g�b�b �d �^�b�k�d�Z�f), �d�h�l�h�j�u�_ �f�h�]�m�l �g�Z�j�m�r�Z�l�v 
�i�j�Z�\�b�e�v�g�h�k�l�v �j�Z�[�h�l�u �l�h�f�h�]�j�Z�n�Z, �i�j�h�\�_�j�y�_�l�k�y �k�h�k�l�h�y�g�b�_ �k�b�]�g�Z�e�Z AEN. 
�I�j�b �h�[�j�Z�s�_�g�b�b �d �l�h�f�h�]�j�Z�n�m �w�l�h�l �k�b�]�g�Z�e �b�f�_�_�l (�j�b�k. 14) �g�b�a�d�b�c 
�e�h�]�b�q�_�k�d�b�c �m�j�h�\�_�g�v. 

      �I�h�k�d�h�e�v�d�m �m�k�l�j�h�c�k�l�\�h �i�b�l�Z�_�l�k�y �h�l ISA �r�b�g�u, �l�h �g�Z �i�e�Z�l�_ 
�m�k�l�Z�g�h�\�e�_�g�u �g�_�k�d�h�e�v�d�h �h�d�k�b�^�g�u�o �d�h�g�^�_�g�k�Z�l�h�j�h�\ �k�m�f�f�Z�j�g�h�c �_�f�d�h�k�l�v�x 
�h�d�h�e�h 40 �f�d�N �b �g�_�k�d�h�e�v�d�h �[�e�h�d�b�j�h�\�h�q�g�u�o �d�_�j�Z�f�b�q�_�k�d�b�o �d�h�g�^�_�g�k�Z�l�h�j�h�\ 
�_�f�d�h�k�l�v�x 0,033 �f�d�N �d�Z�`�^�u�c. �H�l�f�_�l�b�f, �q�l�h �\ �m�k�l�j�h�c�k�l�\�_ �f�h�`�g�h 
�i�j�b�f�_�g�y�l�v �f�b�d�j�h�k�o�_�f�u �L�L�E �b �L�L�E�R �k�_�j�b�c  555, 1533, 1556 �b 556. 
�<�h�a�f�h�`�g�h, �l�Z�d�`�_ �b�k�i�h�e�v�a�h�\�Z�l�v �f�b�d�j�h�k�o�_�f�u �k�_�j�b�b 580, �g�Z�i�j�b�f�_�j 
�D�J580�<�<55. �B�a �b�f�i�h�j�l�g�u�o �f�b�d�j�h�k�o�_�f �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v 74ALS �b 
74LS. 

        �<�u�o�h�^�u ISA �r�b�g�u �b�f�_�x�l �g�Z�]�j�m�a�h�q�g�m�x �k�i�h�k�h�[�g�h�k�l�v �^�e�y 
�i�h�^�d�e�x�q�_�g�b�y 2-3 �\�o�h�^�h�\ �f�b�d�j�h�k�o�_�f �k�_�j�b�b 555, �i�j�b �[�h�e�v�r�_�f �b�o 
�d�h�e�b�q�_�k�l�\�_ �g�_�h�[�o�h�^�b�f�h �i�j�b�f�_�g�y�l�v �[�m�n�_�j�g�u�_ �w�e�_�f�_�g�l�u (�l�b�i�Z 580�<�:86, 
580�<�:87, 555�:�I 6 �b �^�j�m�]�b�_). �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �m�k�l�j�h�c�k�l�\�_ 
�]�_�g�_�j�Z�l�h�j�h�\ �b�e�b �i�j�b �i�h�k�l�j�h�_�g�b�b �m�k�l�j�h�c�k�l�\, �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �i�h�f�_�o�Z�f, 
�g�_�h�[�o�h�^�b�f�h �i�h�a�Z�[�h�l�b�l�v�k�y �h�[ �w�d�j�Z�g�b�j�h�\�Z�g�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �q�Z�k�l�b 
�m�k�l�j�h�c�k�l�\�Z �b �m�k�l�Z�g�h�\�d�_ �n�b�e�v�l�j�h�\ �\ �p�_�i�y�o �i�b�l�Z�g�b�y. 

  �H�l�f�_�l�b�f, �q�l�h �^�_�r�b�n�j�Z�l�h�j �Z�^�j�_�k�Z (�j�b�k. 14) �i�h�a�\�h�e�y�_�l �i�j�b�f�_�g�y�l�v �^�h 8-
�b �f�b�d�j�h�k�o�_�f �l�b�i�Z �D�F1821�<�<55. �L�Z�d�b�f �h�[�j�Z�a�h�f, �m�q�b�l�u�\�Z�y, �q�l�h �d 
�d�Z�`�^�h�f�m �b�g�l�_�j�n�_�c�k�m �D�F1821�<�<55 �f�h�`�g�h �i�h�^�d�e�x�q�b�l�v �l�j�b �:�P�I , �l�h 
�h�i�b�k�u�\�Z�_�f�u�c �f�h�^�m�e�v �\�\�h�^�Z-�\�u�\�h�^�Z �i�h�a�\�h�e�y�_�l �m�i�j�Z�\�e�y�l�v �l�h�d�h�f �g�Z 24 
�\�u�o�h�^�Z�o.   

 

12.  �I�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ �b �j�_�`�b�f �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f 

 

      �J�Z�[�h�l�Z �l�h�f�h�]�j�Z�n�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h� ̂ �m�i�j�Z�\�e�_�g�b�_�f �i�j�h�]�j�Z�f�f�u, 
�d�h�l�h�j�Z�y �i�_�j�\�h�g�Z�q�Z�e�v�g�h �[�u�e�Z �g�Z�i�b�k�Z�g�Z �\�u�i�m�k�d�g�b�d�h�f �K�I�[�=�M�B�L�F�H   
�<.�D. �B�\�Z�g�h�\�u�f �g�Z �h�k�g�h�\�_ �h�i�_�j�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �F�K DOS �\�_�j�k�b�y 6.22.  

�I�h�k�e�_ �g�_�d�h�l�h�j�u�o �b�a�f�_�g�_�g�b�c �b �^�h�i�h�e�g�_�g�b�c �w�l�Z �i�j�h�]�j�Z�f�f�Z �m�k�i�_�r�g�h 
�b�k�i�h�e�v�a�m�_�l�k�y �Z�\�l�h�j�h�f �^�h �g�Z�k�l�h�y�s�_�]�h �\�j�_�f�_�g�b. �?�_ �j�Z�[�h�l�Z �j�_�Z�e�b�a�m�_�l�k�y �\ 
�j�_�`�b�f�_  DOS  �k�_�k�k�b�b Windows. �>�e�y �d�h�f�i�b�e�y�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�k�y 
�d�h�f�i�b�e�y�l�h�j �k �y�a�u�d�Z �K�b �n�b�j�f�u Borland �\�_�j�k�b�b 3.1. �>�e�y �j�Z�[�h�l�u �k 
�]�j�Z�n�b�d�h�c �b�k�i�h�e�v�a�h�\�Z�e�k�y BGI �^�j�Z�c�\�_�j, �\�o�h�^�y�s�b�c �\ �k�h�k�l�Z�\ �k�j�_�^�u 
�j�Z�a�j�Z�[�h�l�d�b Borland C 3.1. 

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

      �< �w�l�h�f �n�Z�c�e�_ �a�Z�i�h�f�b�g�Z�x�l�k�y �b�k�i�h�e�v�a�m�_�f�u�_ �i�h �m�f�h�e�q�Z�g�b�x 
�d�h�g�k�l�Z�g�l�u, �h�i�j�_�^�_�e�y�x�s�b�_ �^�e�b�l�_�e�v�g�h�k�l�v 90 �b 180 �]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\, 
�^�e�b�l�_�e�v�g�h�k�l�b �^�_�c�k�l�\�b�y �]�j�Z�^�b�_�g�l�h�\, �j�Z�k�k�l�h�y�g�b�y �f�_�`�^�m 90 �b 180 
�]�j�Z�^�m�k�g�u�f�b �b�f�i�m�e�v�k�Z�f�b �b �i�_�j�b�h�^�u �i�h�\�l�h�j�_�g�b�y �a�Z�i�m�k�d�Z 90 �]�j�Z�^�m�k�g�h�]�h 
�b�f�i�m�e�v�k�Z.  

    �L�b�i�b�q�g�u�c �j�_�`�b�f �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�n�b�q�_�k�d�b�o �b�a�h�[�j�Z�`�_�g�b�c 
�i�j�_�^�k�l�Z�\�e�_�g �g�Z �d�h�i�b�b �w�d�j�Z�g�Z �f�h�g�b�l�h�j�Z �g�Z �J�b�k. 16. �G�Z �w�d�j�Z�g�_ �f�h�g�b�l�h�j�Z 
�I�D �b�f�_�x�l�k�y �i�Z�j�Z�f�_�l�j�u, �b�a�f�_�g�y�y �d�h�l�h�j�u�_ �h�i�_�j�Z�l�h�j �f�h�`�_�l �a�Z�i�m�k�d�Z�l�v �b 
�d�h�g�l�j�h�e�b�j�h�\�Z�l�v �i�j�h�p�_�k�k �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�n�b�q�_�k�d�b�o �b�a�h�[�j�Z�`�_�g�b�c. 

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

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

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

     �G�Z �w�d�j�Z�g�_ �f�h�g�b�l�h�j�Z �h�l�h�[�j�Z�`�Z�x�l�k�y �^�\�_ �k�h�k�l�Z�\�e�y�x�s�b�o �Y�F�J �k�b�]�g�Z�e�Z 
(�^�_�c�k�l�\�b�l�_�e�v�g�u�_ �b �f�g�b�f�u�_ �q�Z�k�l�b). �G�Z �j�b�k. 17 �f�h�`�g�h �\�b�^�_�l�v �k�e�_�^�u �h�l 90 
�]�j�Z�^�m�k�g�h�]�h �b 180 �]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�h�\ �\�h�a�[�m�`�^�_�g�b�y, �Z �l�Z�d�`�_ �b �Y�F�J 
�k�b�]�g�Z�e�u, �d�h�l�h�j�u�_ �k�\�h�_�h�[�j�Z�a�g�h �i�_�j�_�^�Z�x�l �\�h �\�j�_�f�_�g�g�h�c �r�d�Z�e�_ �h�^�b�g �b�a 
�i�j�h�n�b�e�_�c �b�k�k�e�_�^�m�_�f�h�c �^�_�l�Z�e�b. 

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

  �I�h�k�e�_ �d�Z�`�^�h�c �i�Z�j�u �\�h�a�[�m�`�^�Z�x�s�b�o 90 �b 180 �]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\ 
�a�Z�i�m�k�d�Z�_�l�k�y �i�j�h�]�j�Z�f�f�Z �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y, �d�h�l�h�j�Z�y �i�j�_�h�[�j�Z�a�m�_�l 
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�k�b�]�g�Z�e �k�i�b�g�h�\�h�]�h �w�o�Z �\ �k�i�_�d�l�j �f�h�s�g�h�k�l�b �b �\�u�k�\�_�q�b�\�Z�_�l �_�]�h �\ �i�j�Z�\�h�c 
�g�b�`�g�_�c �q�Z�k�l�b �f�h�g�b�l�h�j�Z. 

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

 

   
�J�b�k. 16. �=�j�Z�n�b�q�_�k�d�b�c �j�_�`�b�f �f�h�g�b�l�h�j�Z �I�D,  �b�k�i�h�e�v�a�m�_�f�u�c �^�e�y 

�m�i�j�Z�\�e�_�g�b�y �i�j�h�p�_�^�m�j�h�c �g�Z�d�h�i�e�_�g�b�y �F�J �l�h�f�h�]�j�Z�f�f 
  
     �I�j�b �i�h�\�l�h�j�g�h�f �\�h�a�[�m�`�^�_�g�b�b �Y�F�J �k�b�]�g�Z�e�u �\�h�a�g�b�d�Z�x�l �\�g�h�\�v, �b 

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

�I�h�k�e�_ �g�Z�d�h�i�e�_�g�b�y �f�Z�l�j�b�p N�uN, �d �q�b�k�e�h�\�h�f�m �f�Z�k�k�b�\�m, �k�h�^�_�j�`�Z�s�_�f�m 
�b�g�n�h�j�f�Z�p�b�x �\�h �\�j�_�f�_�g�g�h�c �r�d�Z�e�_, �i�j�b�f�_�g�y�x�l �^�\�h�c�g�h�_ �N�m�j�v�_-
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_: �i�_�j�\�u�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f �i�h �k�l�j�h�d�Z�f �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�l 
�b�a�h�[�j�Z�`�_�g�b�_ �i�h �q�Z�k�l�h�l�g�h�c �r�d�Z�e�_; �\�l�h�j�u�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f �i�h �k�l�h�e�[�p�Z�f 
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�l �b�a�h�[�j�Z�`�_�g�b�_ �i�h �n�Z�a�h�\�h�f�m �d�h�^�b�j�h�\�Z�g�b�x.  
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      �>�Z�e�_�_, �b�a �^�\�m�o �f�Z�l�j�b�p (Aij - �f�Z�l�j�b�p�u �k �^�_�c�k�l�\�b�l�_�e�v�g�u�f�b �q�b�k�e�Z�f�b, 
�b �f�Z�l�j�b�p�u Bij �k �f�g�b�f�u�f�b �q�b�k�e�Z�f�b) �n�h�j�f�b�j�m�x�l �h�^�g�m �f�Z�l�j�b�p�m: Cij =  
((Aij)2 + (Bij)2)0.5. �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�_�j�_�o�h�^�y�l �d �f�h�^�m�e�x �q�b�k�_�e, �i�h�k�d�h�e�v�d�m 
�b�f�_�g�g�h �f�h�^�m�e�b �d�h�f�i�e�_�d�k�g�u�o �q�b�k�_�e �b �o�Z�j�Z�d�l�_�j�b�a�m�_�l �e�h�d�Z�e�v�g�m�x 
�b�g�l�_�g�k�b�\�g�h�k�l�v �Y�F�J �k�b�]�g�Z�e�Z �\ �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y.     

 

 

 
  
�J�b�k. 17. �<�b� ̂�f�h�g�b�l�h�j�Z �i�j�b �j�Z�[�h�l�_ �l�h�f�h�]�j�Z�n�Z �k �j�_�`�b�f�h�f �g�Z�d�h�i�e�_�g�b�y 

�^�\�m�o �l�h�f�h�]�j�Z�f�f �b �\�h�a�[�m�`�^�_�g�b�b �l�j�_�o �Y�F�J �w�o�h-�k�b�]�g�Z�e�h�\ 
 

     �< �i�j�Z�\�h�c �q�Z�k�l�b �w�d�j�Z�g�Z, �k�g�b�a�m �h�l�h�[�j�Z�`�Z�_�l�k�y �k�i�_�d�l�j �f�h�s�g�h�k�l�b �w�o�h-
�k�b�]�g�Z�e�Z. �I�h�  ̂ �k�i�_�d�l�j�h�f �f�h�s�g�h�k�l�b �h�l�h�[�j�Z�`�Z�x�l�k�y �j�_�`�b�f�u �j�Z�[�h�l�u 
�l�h�f�h�]�j�Z�n�Z �b �l�_�d�m�s�b�_ �a�g�Z�q�_�g�b�y �j�_�`�b�f�Z �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�h�\. �< �g�b�`�g�_�c 
�k�l�j�h�d�_ �w�d�j�Z�g�Z �h�l�h�[�j�Z�`�Z�x�l�k�y �i�Z�j�Z�f�_�l�j�u �b�f�i�m�e�v�k�h�\ �Y�F�J - �w�d�k�i�_�j�b�f�_�g�l�Z: 
�^�e�b�l�_�e�v�g�h�k�l�b 90 �b 180 �]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\, �^�e�b�l�_�e�v�g�h�k�l�b �b�g�l�_�j�\�Z�e�h�\: 
TE, TR  �b �l.� .̂ 
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   �I�h�k�e�_ �g�Z�d�h�i�e�_�g�b�y �k�l�j�h�d �\�k�_�c �f�Z�l�j�b�p�u �i�h�y�\�e�y�_�l�k�y �l�h�f�h�]�j�Z�f�f�Z 
�b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�_�d�l�Z. �D�Z�d �i�j�Z�\�b�e�h, �b�k�i�h�e�v�a�m�_�l�k�y �f�Z�l�j�b�p�Z �k �j�Z�a�f�_�j�Z�f�b 
64�o64. �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z, �g�Z �j�b�k. 16 �i�j�_�^�k�l�Z�\�e�_�g�Z �l�h�f�h�]�j�Z�f�f�Z, �d�h�l�h�j�Z�y 
�g�Z�d�h�i�e�_�g�Z �i�j�b �j�Z�a�f�_�s�_�g�b�b �\ �p�_�g�l�j�_ �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �r�Z�c�[�u �b�a 
�d�Z�i�j�Z�e�h�g�Z �k �^�_�k�y�l�v�x �h�l�\�_�j�k�l�b�y�f�b. �R�Z�c�[�Z �i�h�f�_�s�_�g�Z �\ �p�b�e�b�g�^�j�b�q�_�k�d�b�c 
�k�h�k�m�^, �a�Z�i�h�e�g�_�g�g�u�c �\�h�^�h�c. �G�Z �l�h�f�h�]�j�Z�f�f�_ �[�_�e�u�f�b �l�h�g�Z�f�b �i�_�j�_�^�Z�z�l�k�y 
�g�Z�e�b�q�b�_ �\ �a�h�g�_ �j�_�]�b�k�l�j�Z�p�b�b �b�k�l�h�q�g�b�d�h�\ �Y�F�J �k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u. 
�<�h�^�Z �h�d�j�m�`�Z�_�l �^�_�l�Z�e�v �b �a�Z�i�h�e�g�y�_�l �^�_�k�y�l�v �h�l�\�_�j�k�l�b�c �r�Z�c�[�u.    

     �G�Z �j�b�k. 17 �i�j�_�^�k�l�Z�\�e�_�g �^�j�m�]�h�c �\�Z�j�b�Z�g�l �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f �i�j�b 
�\�h�a�[�m�`�^�_�g�b�b �l�j�_�o �Y�F�J �w�o�h-�k�b�]�g�Z�e�h�\.  

 
 
 �I�h�e�h�`�_�g�b�_ �k�b�]�g�Z�e�h�\ �g�Z �r�d�Z�e�_ �\�j�_�f�_�g�b �h�l�f�_�q�_�g�u �k�e�_�^�m�x�s�b�f�b 

�p�b�n�j�Z�f�b: 1- �i�h�e�h�`�_�g�b�_ 90 �]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z, 2, 4, 6 – �i�h�e�h�`�_�g�b�_ 180 
�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z, 3, 5, 7 – �k�b�]�g�Z�e�u �^�e�y �i�_�j�\�h�]�h, �\�l�h�j�h�]�h �b �l�j�_�l�v�_�]�h 
�Y�F�J �k�i�b�g�h�\�h�]�h �w�o�h, �h�p�b�n�j�h�\�Z�g�g�u�_ �\ �d�Z�g�Z�e�_ �j�_�Z�e�v�g�h�c �q�Z�k�l�b �k�b�]�g�Z�e�Z. �L�_ 
�`�_ �k�b�]�g�Z�e�u �^�e�y �f�g�b�f�h�c �q�Z�k�l�b �k�b�]�g�Z�e�Z �^�Z�g�u �g�b�`�_ (�j�b�k. 17).     

  �G�Z �j�b�k. 17 �i�j�_�^�k�l�Z�\�e�_�g�u �^�\�_ �l�h�f�h�]�j�Z�f�f�u, �d�h�l�h�j�u�_ �[�u�e�b �g�Z�d�h�i�e�_�g�u 
�h�l �n�Z�g�l�h�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z,  �k�h�k�l�Z�\�e�_�g�g�h�]�h �b�a �g�Z�[�h�j�Z �p�b�e�b�g�^�j�b�q�_�k�d�b�o 
�Z�f�i�m�e. �:�f�i�m�e�u �a�Z�i�h�e�g�_�g�u �\�h�^�g�u�f�b �j�Z�k�l�\�h�j�Z�f�b �k �j�Z�a�g�u�f �k�h�^�_�j�`�Z�g�b�_�f 
�i�Z�j�Z�f�Z�]�g�b�l�g�h�c �k�h�e�b CuSO4: 0.5 �]/�e�b�l�j �^�e�y �l�j�_�o �m�a�d�b�o �Z�f�i�m�e �b 1 �]/�e�b�l�j 
�^�e�y �^�\�m�o �r�b�j�h�d�b�o �Z�f�i�m�e.  

�G�b�`�g�y�y �l�h�f�h�]�j�Z�f�f�Z (�j�b�k. 17, W-PD) �^�Z�_�l �b�a�h�[�j�Z�`�_�g�b�_, �d�h�l�h�j�h�_ 
�k�n�h�j�f�b�j�h�\�Z�g�h �k�b�]�g�Z�e�h�\ �i�_�j�\�h�]�h �w�o�h �b �y�\�e�y�_�l�k�y �\�a�\�_�r�_�g�g�u�f �i�h 
�i�j�h�l�h�g�g�h�c �i�e�h�l�g�h�k�l�b. �Y�j�d�h�k�l�v �b�a�h�[�j�Z�`�_�g�b�y �\�h�^�u, �g�Z�i�h�e�g�y�x�s�_�c �\�k�_ 
�d�Z�i�b�e�e�y�j�u, �b�f�_�_�l �\ �w�l�h�f �k�e�m�q�Z�_ �h�^�b�g�Z�d�h�\�m�x �b�g�l�_�g�k�b�\�g�h�k�l�v.  �<�_�j�o�g�y�y 
�l�h�f�h�]�j�Z�f�f�Z �[�u�e�Z �k�n�h�j�f�b�j�h�\�Z�g�Z �h�l �l�j�_�l�v�_�]�h �Y�F�J �w�o�h �k�b�]�g�Z�e�Z.  

�I�h�k�d�h�e�v�d�m �l�j�_�l�b�c �Y�F�J �w�o�h �k�b�]�g�Z�e �j�Z�k�i�h�e�h�`�_�g �i�h �\�j�_�f�_�g�b �^�Z�e�_�_ �h�l 
�i�_�j�\�h�]�h 90 �]�j�Z�^�m�k�g�h�]�h �\�h�a�[�m�`�^�Z�x�s�_�]�h �b�f�i�m�e�v�k�Z, �l�h �Z�f�i�e�b�l�m�^�Z �_�]�h 
�m�f�_�g�v�r�_�g�Z �b�a-�a�Z �i�j�h�p�_�k�k�h�\ �k�i�b�g-�k�i�b�g�h�\�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y. �I�j�b�q�_�f, 
�m�f�_�g�v�r�_�g�b�_ �h�d�Z�a�u�\�Z�_�l�k�y �[�h�e�v�r�_ �^�e�y �l�_�o �j�Z�k�l�\�h�j�h�\, �\ �d�h�l�h�j�h�f �[�h�e�v�r�_ 
�d�h�g�p�_�g�l�j�Z�p�b�y �i�Z�j�Z�f�Z�]�g�b�l�g�h�c �k�h�e�b �k�_�j�g�h�d�b�k�e�h�c �f�_�^�b CuSO4. 
�K�e�_�^�h�\�Z�l�_�e�v�g�h, �\�_�j�o�g�y�y �l�h�f�h�]�j�Z�f�f�Z �^�Z�_�l �b�a�h�[�j�Z�`�_�g�b�_, �\�a�\�_�r�_�g�g�h�_ �i�h 
�L2: W-T2.  

�D�Z�d �\�b�^�b�f, �\ �w�l�h�f �k�e�m�q�Z�_ (�J�b�k. 17, W-T2) �b�a�h�[�j�Z�`�_�g�b�_ �j�Z�k�l�\�h�j�h�\ �\�h�^�u 
�\ �d�Z�i�b�e�e�y�j�Z�o �k �\�g�_�r�g�b�f �^�b�Z�f�_�l�j�h�f 8 �f�f  �i�_�j�_�^�Z�_�l�k�y �l�_�f�g�u�f �n�h�g�h�f, 
�i�h�k�d�h�e�v�d�m �\ �w�l�b �d�Z�i�b�e�e�y�j�u �[�u�e �a�Z�e�b�l �j�Z�k�l�\�h�j, �b�f�_�x�s�b�c �f�Z�e�h�_ �a�g�Z�q�_�g�b�_ 
�i�h�k�l�h�y�g�g�h�c �L2 �b�a-�a�Z �[�h�e�v�r�_�c �d�h�g�p�_�g�l�j�Z�p�b�b �i�Z�j�Z�f�Z�]�g�b�l�g�h�c �k�h�e�b CuSO4. 

 
13. �G�Z�d�h�i�e�_�g�b�_ �F�J �l�h�f�h�]�j�Z�f�f �b �h�p�_�g�d�Z �\�j�_�f�_�g �k�i�b�g�h�\�h�c �j�_�e�Z�d�k�Z�p�b�b 

�`�b�\�u�o �l�d�Z�g�_�c 
 

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

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

    �M�q�Z�k�l�g�b�d �w�d�k�i�_�j�b�f�_�g�l�Z �f�h�`�_�l �j�Z�a�f�_�s�Z�l�v �e�Z�^�h�g�v �f�_�`�^�m �i�h�e�x�k�g�u�f�b 
�g�Z�d�h�g�_�q�g�b�d�Z�f�b �f�Z�]�g�b�l�Z, �Z �^�b�Z�f�_�l�j �j�_�a�h�g�Z�g�k�g�h�c �b�g�^�m�d�l�b�\�g�h�k�l�b (D = 20 
�f�f ) �i�h�a�\�h�e�y�_�l �j�Z�a�f�_�s�Z�l�v �\ �a�h�g�_ �j�_�]�b�k�l�j�Z�p�b�b �l�d�Z�g�b �m�d�Z�a�Z�l�_�e�v�g�h�]�h �b�e�b 
�[�h�e�v�r�h�]�h �i�Z�e�v�p�Z �i�j�Z�\�h�c �b�e�b �e�_�\�h�c �j�m�d�b. 

 

 
 

�J�b�k. 18.  �L�b�i�b�q�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �f�y�]�d�b�o �b �d�h�k�l�g�u�o �l�d�Z�g�_�c �j�m�d�b: 
�i�j�_�^�k�l�Z�\�e�_�g�u �k�_�q�_�g�b�y �m�d�Z�a�Z�l�_�e�v�g�h�]�h �b �[�h�e�v�r�h�]�h �i�Z�e�v�p�Z 

 
    �G�Z �j�b�k. 18 �^�Z�g�u �F�J �l�h�f�h�]�j�Z�f�f�u �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �m�d�Z�a�Z�l�_�e�v�g�h�]�h 

�b�e�b �[�h�e�v�r�h�]�h �i�Z�e�v�p�Z �i�j�Z�\�h�c �j�m�d�b �m�q�Z�k�l�g�b�d�h�\ �w�d�k�i�_�j�b�f�_�g�l�Z. �F�h�`�g�h 
�h�l�f�_�l�b�l�v, �q�l�h �j�_�]�b�k�l�j�b�j�m�_�f�u�_ �l�d�Z�g�b �k�h�^�_�j�`�Z�l �g�Z�b�[�h�e�_�_ �y�j�d�b�_ �m�q�Z�k�l�d�b, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �j�Z�k�i�h�e�h�`�_�g�b�x �d�h�k�l�g�h�]�h �f�h�a�]�Z (�\�g�m�l�j�b �l�j�m�[�q�Z�l�h�c �d�h�k�l�b). 
�F�_�g�_�_ �y�j�d�b�_ �m�q�Z�k�l�d�b �k�h�h�l�\�_�l�k�l�\�m�x�l �j�Z�k�i�h�e�h�`�_�g�b�x �f�y�]�d�b�o �l�d�Z�g�_�c �\�h�d�j�m�] 
�d�h�k�l�g�h�c �l�d�Z�g�b. �D�h�k�l�g�Z�y �l�d�Z�g�v �b �k�m�o�h�`�b�e�b�y �i�_�j�_�^�Z�x�l�k�y �g�Z �l�h�f�h�]�j�Z�f�f�Z�o 
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�l�_�f�g�u�f�b �m�q�Z�k�l�d�Z�f�b. �J�Z�a�j�_�r�_�g�b�_ �\ �i�e�h�k�d�h�k�l�b �l�h�f�h�]�j�Z�f�f�u �k�h�k�l�Z�\�e�y�_�l 0.3 
�g�Z 0.3 �d�\. �f�f .  

     �H�l�f�_�l�b�f �l�Z�d�`�_ (�j�b�k. 18), �q�l�h �k�m�o�h�`�b�e�b�y, �h�[�_�k�i�_�q�b�\�Z�x�s�b�_ �^�\�b�`�_�g�b�y, 
�g�Z �l�h�f�h�]�j�Z�f�f�Z�o �\�b�^�g�u �e�b�[�h �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �k�h�_�^�b�g�_�g�b�b �k �d�h�k�l�g�h�c 
�l�d�Z�g�v�x, �e�b�[�h �h�l�o�h�^�y�l �h�l �d�h�k�l�g�h�c �l�d�Z�g�b �g�_ �g�_�k�d�h�e�v�d�h �f�b�e�e�b�f�_�l�j�h�\ �\ 
�a�Z�\�b�k�b�f�h�k�l�b �h�l �\�u�[�j�Z�g�g�h�]�h �k�_�q�_�g�b�y �^�e�y �i�h�e�m�q�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�y. 
    �I�j�b �i�h�i�u�l�d�Z�o �b�k�i�h�e�v�a�h�\�Z�l�v �l�h�f�h�]�j�Z�f�f�u �^�e�y �i�h�e�m�q�_�g�b�y �q�b�k�e�_�g�g�u�o �h�p�_�g�h�d 
(�i�j�b�]�h�^�g�u�o, �g�Z�i�j�b�f�_�j, �^�e�y �\�u�y�\�e�_�g�b�y �\�h�a�j�Z�k�l�g�h�c �^�b�g�Z�f�b�d�b �k�h�k�l�h�y�g�b�y 
�`�b�\�u�o �l�d�Z�g�_�c) �\�h�a�g�b�d�Z�x�l �g�_ �f�Z�e�u�_ �l�j�m�^�g�h�k�l�b.   
     �< �l�h �`�_ �\�j�_�f�y, �^�e�y �h�^�g�h�a�g�Z�q�g�h�c �^�b�Z�]�g�h�k�l�b�d�b �h�q�_�\�b�^�g�Z �i�h�l�j�_�[�g�h�k�l�v �\ 
�i�h�b�k�d�_ �l�Z�d�b�o �i�_�j�k�i�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\, �d�h�l�h�j�u�_ �f�h�]�m�l �i�j�b�\�_�k�l�b �d �g�Z�^�_�`�g�u�f 
�q�b�k�e�_�g�g�u�f �h�p�_�g�d�Z�f �k�h�k�l�h�y�g�b�y �`�b�\�u�o �l�d�Z�g�_�c.   
     �W�e�_�d�l�j�b�q�_�k�d�b�_ �k�o�_�f�u �f�b�g�b �Y�F�J �l�h�f�h�]�j�Z�n�Z, �i�h�^�h�[�g�h�]�h �h�i�b�k�Z�g�g�h�f�m �g�Z�f�b 
�\�u�r�_, �f�h�`�g�h �b�a�]�h�l�h�\�b�l�v �\ �\�b�^�_ �g�_�[�h�e�v�r�h�c �i�j�b�k�l�Z�\�d�b �d �l�b�i�b�q�g�h�f�m 
�i�_�j�k�h�g�Z�e�v�g�h�f�m �d�h�f�i�v�x�l�_�j�m.  
 
 

 
 

�J�b�k. 19. �D�h�i�b�y �\�b�^�Z �w�d�j�Z�g�Z �f�h�g�b�l�h�j�Z �I�D �i�j�b �j�_�]�b�k�l�j�Z�p�b�b �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 
�\�_�d�l�h�j�Z �i�j�h�l�h�g�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�l �`�b�\�u�o �l�d�Z�g�_�c �j�m�d�b �m�q�Z�k�l�g�b�d�Z 

�w�d�k�i�_�j�b�f�_�g�l�Z 
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    �L�j�_�[�m�_�l�k�y �l�Z�d�`�_ �f�Z�]�g�b�l, �d�h�l�h�j�u�c �i�h� ̂�g�_�[�h�e�v�r�h�c �h�[�t�z�f �b�k�k�e�_�^�h�\�Z�g�b�y (�^�e�y 
�h�[�j�Z�a�p�h�\ �k �e�b�g�_�c�g�u�f �j�Z�a�f�_�j�h�f �i�h�j�y�^�d�Z 22 �f�f ) �f�h�`�g�h �b�a�]�h�l�h�\�b�l�v �^�h�k�l�Z�l�h�q�g�h 
�d�h�f�i�Z�d�l�g�u�f. �I�j�Z�d�l�b�q�_�k�d�h�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �i�h�^�h�[�g�u�o �g�_�[�h�e�v�r�b�o 
�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o �d�h�f�i�e�_�d�k�h�\, �i�h �\�k�_�c �\�_�j�h�y�l�g�h�k�l�b,  �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y 
�\�h�k�l�j�_�[�h�\�Z�g�g�u�f �g�_ �k�l�h�e�v�d�h �^�e�y �i�h�e�m�q�_�g�b�y �g�_�[�h�e�v�r�b�o �Z�g�Z�l�h�f�b�q�_�k�d�b�o 
�b�a�h�[�j�Z�`�_�g�b�c, �Z �^�e�y �q�b�k�e�_�g�g�u�o �h�p�_�g�d�Z�o �\�j�_�f�_�g �j�_�e�Z�d�k�Z�p�b�c �L1 �b �L2  �Y�F�J 
�k�b�]�g�Z�e�h�\, �j�_�]�b�k�l�j�b�j�m�_�f�u�o �h�l �m�q�Z�k�l�d�h�\ �`�b�\�u�o �l�d�Z�g�_�c.  
    �J�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �l�Z�d�b�o �j�_�e�Z�d�k�h�f�_�l�j�h�\ �f�h�`�_�l �[�u�l�v �h�i�j�Z�\�^�Z�g�g�u�f �\ �l�h�f 
�k�e�m�q�Z�_, �_�k�e�b �h�d�Z�`�_�l�k�y, �q�l�h �i�Z�j�Z�f�_�l�j�u �L1 �b �L2 �k�i�h�k�h�[�g�u �q�b�k�e�_�g�g�h �h�l�j�Z�`�Z�l�v 
�l�Z�d�b�_ �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�_ �n�Z�d�l�h�j�u �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u, �d�h�l�h�j�u�_ �k�i�h�k�h�[�g�u�_, 
�g�Z�i�j�b�f�_�j, �\�u�a�u�\�Z�l�v �a�Z�r�e�Z�d�h�\�Z�g�g�h�k�l�v �h�j�]�Z�g�b�a�f�Z �b�e�b �`�b�j�h�\�m�x �^�_�k�l�j�m�d�p�b�x 
�f�u�r�_�q�g�h�c �l�d�Z�g�b.   
   �;�b�h�e�h�]�b�q�_�k�d�Z�y �l�d�Z�g�v �y�\�e�y�_�l�k�y �\�_�k�v�f�Z �k�e�h�`�g�h�c �f�h�e�_�d�m�e�y�j�g�h�c �k�b�k�l�_�f�h�c, �g�h  
�L1, �L2, �d�h�l�h�j�u�_ �^�h�k�l�m�i�g�u �^�e�y �h�i�j�_�^�_�e�_�g�b�y �k �i�h�f�h�s�v�x �k�l�Z�g�^�Z�j�l�g�u�o 
�j�_�e�Z�d�k�Z�p�b�h�g�g�u�o �Y�F�J �f�_�l�h�^�b�d �i�j�b �g�b�a�d�b�o �i�h�e�y�o, �^�h�k�l�Z�l�h�q�g�h �\�h�k�i�j�b�g�b�f�Z�l�v 
�d�Z�d �o�Z�j�Z�d�l�_�j�g�u�_ �i�Z�j�Z�f�_�l�j�u, �h�l�j�Z�`�Z�x�s�b�_ �k�h�k�l�h�y�g�b�_ �`�b�\�h�c �l�d�Z�g�b.  
   �>�e�y �i�j�b�f�_�j�Z, �g�Z �j�b�k.19 �\ �e�_�\�h�c �q�Z�k�l�b �i�j�_�^�k�l�Z�\�e�_�g�u Re �b Im �k�b�]�g�Z�e�u 
�k�\�h�[�h�^�g�h�c �i�j�_�p�_�k�k�b�b, �j�_�]�b�k�l�j�b�j�m�_�f�u�_ �h�l �`�b�\�u�o �l�d�Z�g�_�c �i�h�k�e�_ �\�l�h�j�h�]�h 90-
�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z. �I�_�j�\�u�c �l�Z�d�h�c �j�Z�^�b�h�b�f�i�m�e�v�k �b �b�f�i�m�e�v�k �]�j�Z�^�b�_�g�l�Z 
�i�h�e�y �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �j�Z�a�j�m�r�_�g�b�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b. �B�a �w�l�b�o �k�b�]�g�Z�e�h�\ 
�n�h�j�f�b�j�m�_�l�k�y �Y�F�J �k�i�_�d�l�j, �d�h�l�h�j�u�c �\�u�k�\�_�q�b�\�Z�_�l�k�y �\ �i�j�Z�\�h�c �g�b�`�g�_�c �q�Z�k�l�b 
�w�d�j�Z�g�Z �f�h�g�b�l�h�j�Z. �I�j�b �w�l�h�f �Z�f�i�e�b�l�m�^�Z �Y�F�J �k�b�]�g�Z�e�Z �a�Z�i�h�f�b�g�Z�_�l�k�y �^�e�y 
�i�h�k�e�_�^�m�x�s�_�]�h �Z�g�Z�e�b�a�Z. �B�g�l�_�j�\�Z�e �\�j�_�f�_�g�b �f�_�`�^�m �i�h�^�Z�q�_�c �i�Z�j�u 90-
�]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\ �[�u�e �j�Z�\�_�g:  TR = 4 �k�_�d. 
  

�L�Z�[�e�b�p�Z 4. �J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �i�j�h�l�h�g�g�h�c 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �^�e�y �h�^�b�g�g�Z�^�p�Z�l�b �m�q�Z�k�l�g�b�d�h�\ �w�d�k�i�_�j�b�f�_�g�l�Z 

 

 
 
      �B�a�f�_�j�b�l�_�e�v�g�u�c �p�b�d�e �h�i�j�_�^�_�e�_�g�b�y �L1 �k�h�k�l�Z�\�e�y�_�l  4×40 = 160 �k�_�d�m�g�^. �I�j�b 
�w�l�h�f �m�\�_�e�b�q�b�\�Z�_�l�k�y �b�g�l�_�j�\�Z�e �f�_�`�^�m  �b�f�i�m�e�v�k�Z�f�b �\�h�a�[�m�`�^�_�g�b�y, �b 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �j�_�]�b�k�l�j�b�j�m�_�l�k�y 39 �Y�F�J �k�b�]�g�Z�e�h�\. �I�j�b 39-�h�f �b�g�l�_�j�\�Z�e�_ 
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�i�_�j�\�u�c 90-�]�j�Z�^�m�k�g�u�c �b�f�i�m�e�v�k (�j�Z�a�j�m�r�Z�x�s�b�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v) �g�_ �i�h�^�Z�_�l�k�y 
�b �j�_�]�b�k�l�j�b�j�m�_�l�k�y �f�Z�d�k�b�f�Z�e�v�g�Z�y �Z�f�i�e�b�l�m�^�Z �Y�F�J �k�b�]�g�Z�e�Z. �I�j�b 40-�h�f 
�b�g�l�_�j�\�Z�e�_ �h�[�Z �\�h�a�[�m�`�^�Z�x�s�_�]�h �b�f�i�m�e�v�k�Z �g�Z �h�[�j�Z�a�_�p �g�_ �i�h�^�Z�x�l�k�y, �b 
�j�_�]�b�k�l�j�b�j�m�_�l�k�y �m�j�h�\�_�g�v �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o �r�m�f�h�\.           
   �< �i�j�Z�\�h�c �\�_�j�o�g�_�c �q�Z�k�l�b �f�h�g�b�l�h�j�Z �\�u�k�\�_�q�b�\�Z�_�l�k�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �Y�F�J 
�k�b�]�g�Z�e�h�\, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�Z�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �i�j�h�l�h�g�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �i�j�b 
�m�\�_�e�b�q�_�g�b�b �j�Z�k�k�l�h�y�g�b�y �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b 90 – 90 (�\�_�j�l�b�d�Z�e�v�g�u�_ �e�b�g�b�b).  
    �>�Z�e�_�_ �I�D �\�u�q�b�k�e�y�_�l  �i�h�k�l�h�y�g�g�m�x �L1 �b �h�p�_�g�b�\�Z�_�l �k�j�_�^�g�x�x �d�\�Z�^�j�Z�l�b�q�g�m�x 
�i�h�]�j�_�r�g�h�k�l�v (�K�D�H) �h�l�d�e�h�g�_�g�b�c �Z�f�i�e�b�l�m�^ �k�i�_�d�l�j�Z �Y�F�J �h�l �h�i�l�b�f�Z�e�v�g�h�c 
�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�c �a�Z�\�b�k�b�f�h�k�l�b (�^�\�_ �\�_�j�l�b�d�Z�e�v�g�u�_ �e�b�g�b�b, �j�b�k. 19). 
      �D�Z�d �\�b�^�b�f (�j�b�k. 19 �b �l�Z�[�e�b�p�Z 4), �g�_�k�f�h�l�j�y �g�Z �\�k�x �k�e�h�`�g�h�k�l�v �b�k�k�e�_�^�m�_�f�h�c 
�k�b�k�l�_�f�u, �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �i�j�h�l�h�g�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h�`�g�h �\ �i�_�j�\�h�f 
�i�j�b�[�e�b�`�_�g�b�b �h�i�b�k�u�\�Z�l�v �h�^�g�b�f �i�Z�j�Z�f�_�l�j�h�f (�L1�h �| 360 ms) �k �i�h�]�j�_�r�g�h�k�l�v�x 
�K�D�H(Ai – As) �| 3 %.  
       �I�j�b�q�_�f, �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �m �j�Z�a�g�u�o �m�q�Z�k�l�g�b�d�h�\ �w�d�k�i�_�j�b�f�_�g�l�Z �^�e�y �L1 
�g�Z�[�e�x�^�Z�_�l�k�y �j�Z�a�[�j�h�k �h�l 334 �^�h 370 ms, �q�l�h �k�h�k�l�Z�\�e�y�_�l �f�Z�d�k�b�f�Z�e�v�g�h�_ 
�h�l�d�e�h�g�_�g�b�_ �^�h 10 %. 
 

 
�J�b�k. 20. �I�Z�^�_�g�b�_ �Z�f�i�e�b�l�m�^ �Y�F�J �w�o�h �k�b�]�g�Z�e�h�\ �i�j�b �m�\�_�e�b�q�_�g�b�b �b�g�l�_�j�\�Z�e�Z 

�f�_�`�^�m  �^�\�m�f�y �b�f�i�m�e�v�k�Z�f�b �\�h�a�[�m�`�^�_�g�b�y 
 
   �H�q�_�\�b�^�g�h, �q�l�h �^�Z�g�g�u�c �j�Z�a�[�j�h�k �k�\�y�a�Z�g �k �d�h�g�p�_�g�l�j�Z�p�b�_�c �i�Z�j�Z�f�Z�]�g�b�l�g�u�o 
�p�_�g�l�j�h�\. �;�h�e�_�_ �d�h�j�h�l�d�b�_ �\�j�_�f�_�g�Z �f�h�]�m�l �m�d�Z�a�u�\�Z�l�v �e�b�[�h �g�Z �i�h�\�u�r�_�g�g�h�_ 
�k�h�^�_�j�`�Z�g�b�_ �\ �l�d�Z�g�y�o �i�Z�j�Z�f�Z�]�g�b�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �g�Z �f�h�f�_�g�l �j�_�]�b�k�l�j�Z�p�b�b, �e�b�[�h  
�g�Z �a�Z�r�e�Z�d�h�\�Z�g�g�h�k�l�v �l�d�Z�g�_�c �^�j�m�]�b�f�b �i�Z�j�Z�f�Z�]�g�b�l�g�u�f�b �i�j�b�f�_�k�y�f�b. 
   �?�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �h�i�b�k�Z�g�b�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �Z�f�i�e�b�l�m�^ �Y�F�J �k�b�]�g�Z�e�h�\ �g�_ 
�h�^�g�m, �Z �^�\�_ �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �k �i�h�d�Z�a�Z�l�_�e�y�f�b �w�d�k�i�h�g�_�g�l �L1a �b 
�L1b, �l�h�]�^�Z �j�Z�k�q�_�l�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �[�h�e�_�_ �l�h�q�g�h �[�m�^�_�l �h�i�b�k�u�\�Z�l�v 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �k�m�f�f�Z�j�g�h�]�h �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b. �< �w�l�h�f �k�e�m�q�Z�_ 
�k�b�k�l�_�f�Z�l�b�q�_�k�d�b�_ �h�l�d�e�h�g�_�g�b�y �f�b�g�b�f�b�a�b�j�m�_�l�k�y �b �k�m�s�_�k�l�\�_�g�g�h �m�f�_�g�v�r�Z�_�l�k�y 
�k�j�_�^�g�_ �d�\�Z�^�j�Z�l�b�q�g�h�_ �h�l�d�e�h�g�_�g�b�_ �^�e�y �d�Z�`�^�h�]�h �b�a �j�_�a�m�e�v�l�Z�l�h�\:  �K�D�H(Ai – As) �| 
1 %.  
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   �H�^�g�Z�d�h �i�j�b �w�l�h�f  �i�Z�j�Z�f�_�l�j�u �L1a(�k�j) �| 230 ms �b �L1b(�k�j) �| 920 ms �[�m�^�m�l 
�b�f�_�l�v �\�a�Z�b�f�g�m�x �d�h�j�j�_�e�y�p�b�h�g�g�m�x �a�Z�\�b�k�b�f�h�k�l�v. �>�e�y �h�^�g�h�a�g�Z�q�g�h�]�h �b�o 
�j�Z�a�^�_�e�_�g�b�y �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�g�h�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ (�< = 0.127 �L�e) �`�_�e�Z�l�_�e�v�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �g�_�a�Z�\�b�k�b�f�u�_ �^�h�i�h�e�g�b�l�_�e�v�g�u�_ �^�Z�g�g�u�_. 
     �?�k�e�b �j�_�]�b�k�l�j�b�j�h�\�Z�l�v �i�Z�^�_�g�b�_ �Z�f�i�e�b�l�m�^ �Y�F�J �w�o�h �k�b�]�g�Z�e�h�\ �i�h�k�e�_ �i�Z�j�u 90-
180-�]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\, �l�h �g�_�h�[�o�h�^�b�f�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �^�\�m�o �w�d�k�i�h�g�_�g�l 
�y�\�e�y�_�l�k�y �_�s�_ �[�h�e�_�_ �h�i�j�Z�\�^�Z�g�g�u�f. �W�l�h �\�b�^�g�h �g�Z �i�j�b�f�_�j�_, �j�b�k. 20, �]�^�_ 
�i�j�_�^�k�l�Z�\�e�_�g�u �Z�f�i�e�b�l�m�^�u �Y�F�J �k�b�]�g�Z�e�h�\ �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �L�? – �b�g�l�_�j�\�Z�e�Z 
�\�j�_�f�_�g�b �h�l �i�_�j�\�h�]�h �b�f�i�m�e�v�k�Z �^�h �\�_�j�r�b�g�u �k�b�]�g�Z�e�Z.  
     �< �e�_�\�h�c �q�Z�k�l�b ���j�b�k�m�g�d�Z (�j�b�k. 20�Z) �i�j�_�^�k�l�Z�\�e�_�g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �Z�f�i�e�b�l�m�^ �Y�F�J �w�o�h �k�b�]�g�Z�e�h�\ �h�l �`�b�\�u�o �l�d�Z�g�_�c 
(�\�_�j�l�b�d�Z�e�v�g�Z�y �e�b�g�b�y) �b �i�h�i�u�l�d�Z �h�i�b�k�Z�l�v �w�l�b �^�Z�g�g�u�_ �k �i�h�f�h�s�v�x 
�n�m�g�d�p�b�h�g�Z�e�v�g�h�c �a�Z�\�b�k�b�f�h�k�l�b �k �h�^�g�h�c �w�d�k�i�h�g�_�g�l�h�c: �L2 �| 48 �f�k.  
      �G�Z �j�b�k�m�g�d�Z�o (�j�b�k. 20)  �j�Z�k�q�_�l�g�u�_ �^�Z�g�g�u�_ �i�j�_�^�k�l�Z�\�e�_�g�u �^�\�h�c�g�u�f�b 
�\�_�j�l�b�d�Z�e�v�g�u�f�b �e�b�g�b�y�f�b. �D�Z�d �\�b�^�b�f, �i�h�i�u�l�d�Z �g�_�m�^�Z�q�g�Z�y: �a�Z�f�_�l�g�u 
�k�b�k�l�_�f�Z�l�b�q�_�k�d�b�_ �h�l�d�e�h�g�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �h�l �j�Z�k�q�_�l�g�u�o 
�^�Z�g�g�u�o �d�Z�d �i�j�b �f�Z�e�u�o �b�g�l�_�j�\�Z�e�Z�o: �L�? �| 40 ms, �l�Z�d �b �i�j�b �[�h�e�v�r�b�o 
�b�g�l�_�j�\�Z�e�Z�o: �L�? �| 120 ms (�L�? �b�g�l�_�j�\�Z�e �h�l 90-�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z �^�h �\�_�j�r�b�g�u 
�Y�F�J �w�o�h �k�b�]�g�Z�e�Z). 

 

�L�Z�[�e�b�p�Z 5. �J�_�a�m�e�v�l�Z�l�u �h�i�j�_�^�_�e�_�g�b�y �L2 �^�e�y �^�_�\�y�l�b �m�q�Z�k�l�g�b�d�h�\ 
�w�d�k�i�_�j�b�f�_�g�l�Z 

 

 
 

     �< �^�Z�g�g�h�f �k�e�m�q�Z�_ �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�u�_ �h�l�d�e�h�g�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o 
�^�Z�g�g�u�o �h�l �j�Z�k�q�_�l�g�u�o �h�d�Z�a�u�\�Z�x�l�k�y �[�h�e�v�r�b�f�b: �K�D�H �| 6 %.  �?�e�b �`�_ �h�i�b�k�u�\�Z�l�v 
�i�Z�^�_�g�b�_ �Z�f�i�e�b�l�m�^ �w�o�h �k�b�]�g�Z�e�h�\ �k �i�h�f�h�s�v�x �^�\�m�o �w�d�k�i�h�g�_�g�l, �l�h �h�l�d�e�h�g�_�g�b�_ 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �h�l �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�o �j�Z�k�q�_�l�g�u�o �^�Z�g�g�u�o (�j�b�k. 
20�[) �k�m�s�_�k�l�\�_�g�g�h �m�f�_�g�v�r�Z�_�l�k�y: �K�D�H �|  1 %. �>�e�y �h�p�_�g�d�b �i�h�\�l�h�j�y�_�f�h�k�l�b 
�j�_�a�m�e�v�l�Z�l�h�\ �g�Z �j�b�k.20�[ �b �j�b�k. 20�k �i�j�_�^�k�l�Z�\�e�_�g�u �^�Z�g�g�u�_, �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�_ 
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�h�l �j�m�d�b �Z�\�l�h�j�Z. �D�Z�d �\�b�^�b�f (�l�Z�[�e�b�p�Z 5), �i�Z�^�_�g�b�_ �Y�F�J �k�b�]�g�Z�e�h�\  �h�i�b�k�u�\�Z�_�l�k�y 
�^�\�m�f�y �i�Z�j�Z�f�_�l�j�Z�f�b T2a(�k�j) = 29.8(+/- 3.5) ms  T2b(�k�j) = 168(+/- 16) ms.   
    �I�h�k�d�h�e�v�d�m �\ �a�h�g�_ �j�_�]�b�k�l�j�Z�p�b�b �Y�F�J �k�b�]�g�Z�e�u �\�h�a�[�m�`�^�Z�x�l�k�y 
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �h�l �^�\�m�o �l�d�Z�g�_�c (�l�d�Z�g�v �d�h�k�l�g�h�]�h �f�h�a�]�Z �b �f�u�r�_�q�g�Z�y �l�d�Z�g�v), 
�l�h �i�_�j�\�h�g�Z�q�Z�e�v�g�h �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �^�\�Z �i�Z�j�Z�f�_�l�j�Z T2a  �b T2b �\�_�j�h�y�l�g�h 
�f�h�`�g�h �h�l�g�h�k�b�l�v �d �w�l�b�f �^�\�m�f �j�Z�a�g�u�f �l�d�Z�g�y�f. �H�^�g�Z�d�h �l�Z�d�h�_ �i�j�b�f�b�l�b�\�g�h�_ 
�i�j�_�^�i�h�e�h�`�_�g�b�_ �g�_ �i�h�^�l�\�_�j�`�^�Z�_�l�k�y �i�h�k�e�_�^�m�x�s�b�f �l�h�f�h�]�j�Z�n�b�q�_�k�d�b�f 
�h�[�k�e�_�^�h�\�Z�g�b�_�f.   
    �G�Z �j�b�k. 21 �i�j�_�^�k�l�Z�\�e�_�g�u �l�h�f�h�]�j�Z�f�f�u, �i�h�e�m�q�_�g�g�u�_ �i�j�b �j�Z�a�f�_�s�_�g�b�b �j�m�d�b 
�Z�\�l�h�j�Z �j�Z�[�h�l�u �\ �p�_�g�l�j�_ �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �f�b�g�b �Y�F�J �l�h�f�h�]�j�Z�n�Z.  
�L�h�f�h�]�j�Z�f�f�u �g�Z�d�h�i�e�_�g�u �h�l �Y�F�J �w�o�h-�k�b�]�g�Z�e�h�\ �i�j�b �j�Z�a�g�u�o �b�g�l�_�j�\�Z�e�Z�o �L�? 
�f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b �\�h�a�[�m�`�^�_�g�b�y �k �i�h�\�h�j�h�l�h�f �g�Z 90 �b 180 �]�j�Z�^�m�k�h�\. �D�Z�d 
�\�b�^�b�f, �l�h�f�h�]�j�Z�f�f�u �h�l �l�d�Z�g�_�c �j�m�d�b (�k�_�q�_�g�b�y �m�d�Z�a�Z�l�_�e�v�g�h�]�h �i�Z�e�v�p�Z �i�j�Z�\�h�c 
�j�m�d�b) �k�h�^�_�j�`�Z�l �y�j�d�b�_ �m�q�Z�k�l�d�b, �d�h�l�h�j�u�_ �k�h�h�l�\�_�l�k�l�\�m�x�l �j�Z�k�i�h�e�h�`�_�g�b�x 
�g�Z�b�[�h�e�_�_ �i�h�^�\�b�`�g�u�o �i�j�h�l�h�g�h�\ �\ �f�y�]�d�b�o (�f�u�r�_�q�g�u�o) �l�d�Z�g�y�o �b �l�d�Z�g�y�o 
�d�h�k�l�g�h�]�h �f�h�a�]�Z.  
    �I�j�b�q�_�f, �l�d�Z�g�b �d�h�k�l�g�h�]�h �f�h�a�]�Z �^�Z�x�l �[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�c �k�b�]�g�Z�e �i�j�b 
�d�h�j�h�l�d�b�o �b�g�l�_�j�\�Z�e�Z�o, �b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �g�Z�d�h�i�e�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�y (TE=8 ms, 
TR=60 ms). �K�e�_�^�h�\�Z�l�_�e�v�g�h, �\ �w�l�b�o �m�q�Z�k�l�d�Z�o �k�j�_�^�b �d�h�k�l�g�h�]�h �f�h�a�]�Z �g�Z�o�h�^�b�l�k�y 
�g�Z�b�[�h�e�v�r�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �i�j�h�l�h�g�h�\ �k �g�Z�b�[�h�e�_�_ �d�h�j�h�l�d�b�f �\�j�_�f�_�g�_�f �k�i�b�g-
�j�_�r�_�l�h�q�g�h�c �j�_�e�Z�d�k�Z�p�b�b �L1. 
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�J�b�k. 21. �L�h�f�h�]�j�Z�n�b�q�_�k�d�b�_ �b�a�h�[�j�Z�`�_�g�b�y �`�b�\�u�o �l�d�Z�g�_�c, 
�i�h�e�m�q�_�g�g�u�_ �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �j�Z�a�g�u�o �b�g�l�_�j�\�Z�e�h�\ �f�_�`�^�m 
�b�f�i�m�e�v�k�Z�f�b �\�h�a�[�m�`�^�_�g�b�y 

 
  �D�h�k�l�g�Z�y �l�d�Z�g�v �b �k�m�o�h�`�b�e�b�y �k�h�^�_�j�`�Z�l �f�Z�e�h �\�h�^�u, �b �b�o �j�Z�k�i�h�e�h�`�_�g�b�_ 
�i�_�j�_�^�Z�_�l�k�y �g�Z �l�h�f�h�]�j�Z�f�f�Z�o �l�_�f�g�u�f�b �l�h�g�Z�f�b. �H�^�g�Z�d�h �l�d�Z�g�b �d�h�k�l�g�h�]�h �f�h�a�]�Z 
�i�_�j�_�^�Z�x�l�k�y �b�g�l�_�g�k�b�\�g�u�f�b �Y�F�J �k�b�]�g�Z�e�Z�f�b, �g�_ �l�h�e�v�d�h �i�j�b �f�Z�e�u�o, �g�h �b �i�j�b 
�[�h�e�v�r�b�o �b�g�l�_�j�\�Z�e�Z�o �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b �\�h�a�[�m�`�^�_�g�b�y. �G�Z �i�h�k�e�_�^�g�_�f �r�_�k�l�h�f 
�b�a�h�[�j�Z�`�_�g�b�b �i�j�_�^�k�l�Z�\�e�_�g�Z �l�h�f�h�]�j�Z�f�f�Z, �d�h�l�h�j�Z�y �i�h�e�m�q�_�g�Z �\ �j�_�`�b�f�_ �k 
�f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�\�_�r�_�g�g�h�k�l�v�x �i�h �L2.  
   �B �\ �w�l�h�f �j�_�`�b�f�_ �[�h�e�_�_ �y�j�d�b�f�b �m�q�Z�k�l�d�Z�f�b �l�Z�d�`�_ �h�k�l�Z�_�l�k�y �d�Z�d �l�d�Z�g�v �d�h�k�l�g�h�]�h 
�f�h�a�]�Z, �l�Z�d �b �g�Z�b�[�h�e�_�_ �w�e�Z�k�l�b�q�g�Z�y �q�Z�k�l�v �f�u�r�_�q�g�h�c �l�d�Z�g�b. 
  �B�a �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �l�h�f�h�]�j�Z�f�f �k�e�_�^�m�_�l: �h�[�Z �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �\�u�r�_ 
�i�Z�j�Z�f�_�l�j�Z T2a �b T2b �h�l�g�h�k�y�l�k�y �d�Z�d �d �l�d�Z�g�y�f �d�h�k�l�g�h�]�h �f�h�a�]�Z, �l�Z�d �b �d �f�y�]�d�b�f 
�f�u�r�_�q�g�u�f �l�d�Z�g�y�f. �<�_�j�h�y�l�g�h, �h�l�e�b�q�b�_ �i�Z�j�Z�f�_�l�j�h�\ �L2a �b T2b �k�\�y�a�Z�g�h �k �l�_�f, 
�q�l�h �h�g�b �h�l�j�Z�`�Z�x�l �j�_�e�Z�d�k�Z�p�b�h�g�g�u�c �f�_�o�Z�g�b�a�f, �d�Z�d �^�e�y �i�j�h�l�h�g�h�\ �\�h�^�u, �l�Z�d �b 
�^�e�y �i�j�h�l�h�g�h�\ �`�b�j�h�\�u�o �d�e�_�l�h�d, �\ �d�h�l�h�j�u�o �i�j�_�h�[�e�Z�^�Z�x�l �i�j�h�l�h�g�u �e�b�i�b�^�g�u�o 
�p�_�i�_�c -�K�G2-�K�G2-. �< �w�l�h�f �k�e�m�q�Z�_ �^�Z�g�g�u�c �f�_�l�h�^, �\�_�j�h�y�l�g�h, �f�h�`�_�l 
�d�h�g�l�j�h�e�b�j�h�\�Z�l�v �k�l�_�i�_�g�v �\�h�a�j�Z�k�l�g�h�c �`�b�j�h�\�h�c �^�_�k�l�j�m�d�p�b�b �d�h�k�l�g�h�]�h �f�h�a�]�Z.   
    �H�^�g�Z�d�h, �\�h�a�f�h�`�g�u �b �^�j�m�]�b�_ �\�Z�j�b�Z�g�l�u �h�[�t�y�k�g�_�g�b�y �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\. 
�>�e�y �h�^�g�h�a�g�Z�q�g�h�]�h �\�u�y�k�g�_�g�b�y �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o �\�h�a�f�h�`�g�h�k�l�_�c �^�Z�g�g�h�c 
�f�_�l�h�^�b�d�b �g�_�h�[�o�h�^�b�f�h �i�j�h�^�h�e�`�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y. �I�j�b�q�_�f �b�a-�a�Z �a�Z�\�b�k�b�f�h�k�l�b 
�\�j�_�f�_�g �j�_�e�Z�d�k�Z�p�b�c �h�l �\�_�e�b�q�b�g�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k 
�i�j�h�^�h�e�`�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�Z�d �g�b�a�d�b�o, �l�Z�d �b �[�h�e�_�_ �\�u�k�h�d�b�o 
�f�Z�]�g�b�l�g�u�o �i�h�e�_�c. �?�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v �f�Z�]�g�b�l�g�u�_ �i�h�e�y �< = 1�L �b �\�u�r�_, �l�h �Y�F�J 
�k�b�]�g�Z�e�u �h�l �G2�H �b �]�j�m�i�i -�K�G2-�K�G2- �j�_�]�b�k�l�j�b�j�m�x�l�k�y �h�l�^�_�e�v�g�h �b �\�h�a�f�h�`�g�h 
�g�_�a�Z�\�b�k�b�f�h�_ �h�i�j�_�^�_�e�_�g�b�_ �j�_�e�Z�d�k�Z�p�b�h�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �^�e�y �o�b�f�b�q�_�k�d�b 
�g�_�w�d�\�b�\�Z�e�_�g�l�g�u�o �i�j�h�l�h�g�h�\. 
     �D�Z�d �h�l�f�_�q�Z�e�h�k�v, �f�h�`�g�h �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �\�u�i�h�e�g�y�l�v �h�i�j�_�^�_�e�_�g�b�_ 
�i�Z�j�Z�f�_�l�j�h�\ �L2 �b�e�b �L1 �b �j�_�]�b�k�l�j�b�j�h�\�Z�l�v �i�h�\�l�h�j�y�_�f�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\ �g�Z �m�j�h�\�g�_ 1 
% (�j�b�k. 20). �G�h �_�k�e�b �i�j�h�\�h�^�b�l�v �i�h�\�l�h�j�g�u�_ �b�a�f�_�j�_�g�b�y �\ �j�Z�a�g�h�_ �\�j�_�f�y, �l�h 
�j�_�a�m�e�v�l�Z�l�u �f�h�]�m�l �h�l�e�b�q�Z�l�v�k�y �g�Z 10 % �b �[�h�e�_�_. �< �q�Z�k�l�g�h�k�l�b, �[�u�e�h �h�l�f�_�q�_�g�h, 
�q�l�h �i�h�k�e�_ �n�b�a�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�b �b �^�u�o�Z�l�_�e�v�g�u�o �m�i�j�Z�`�g�_�g�b�c �L2�Z �b �L2b �f�h�]�m�l 
�m�f�_�g�v�r�b�l�v�k�y �g�Z �\�_�e�b�q�b�g�m �^�h 30 %. �I�h�k�d�h�e�v�d�m �f�h�e�_�d�m�e�u �d�b�k�e�h�j�h�^�Z �\�h�a�^�m�o�Z 
�h�[�e�Z�^�Z�x�l �i�Z�j�Z�f�Z�]�g�b�l�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �l�h �i�h�^�h�[�g�u�_ �m�f�_�g�v�r�_�g�b�y �\�j�_�f�_�g 
�j�_�e�Z�d�k�Z�p�b�c �f�h�`�g�h �k�q�b�l�Z�l�v �k�e�_�^�k�l�\�b�_�f �g�Z�k�u�s�_�g�b�y �l�d�Z�g�_�c �d�b�k�e�h�j�h�^�h�f. 

 
14.    �B�k�i�h�e�v�a�h�\�Z�g�b�_ �F�J �l�h�f�h�]�j�Z�n�Z �^�e�y �Z�g�Z�e�b�a�Z �k�l�Z�l�b�q�_�k�d�b�o 

�g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 

 
      �I�j�b �j�Z�a�j�Z�[�h�l�d�_ �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �f�_�^�b�p�b�g�k�d�h�]�h �g�Z�a�g�Z�q�_�g�b�y �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �n�_�j�j�h�f�Z�]�g�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �i�j�b�o�h�^�b�l�k�y �i�j�_�h�^�h�e�_�\�Z�l�v 
�a�g�Z�q�b�l�_�e�v�g�u�_ �l�j�m�^�g�h�k�l�b �^�e�y �^�h�k�l�b�`�_�g�b�y �h�^�g�h�j�h�^�g�h�k�l�b dB/B = 10-6 �\ 
�r�Z�j�h�\�h�c �h�[�e�Z�k�l�b �k �^�b�Z�f�_�l�j�h�f �i�h�j�y�^�d�Z 0.25 �f .   
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  �B�a-�a�Z �g�_�j�Z�\�g�h�f�_�j�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�Z�l�_�j�b�Z�e�h�\ �k�m�s�_�k�l�\�_�g�g�u�c 
�h�[�t�_�f �g�Z�e�Z�^�h�q�g�u�o �j�Z�[�h�l �k�\�y�a�Z�g �k �d�h�j�j�_�d�l�b�j�h�\�d�h�c �i�h�e�y �f�Z�]�g�b�l�Z. �I�j�b�q�_�f, 
�_�k�e�b �b�k�i�h�e�v�a�m�x�l�k�y �l�h�d�h�\�u�_ �r�b�g�u, �l�h �l�h�d�b �a�Z�q�Z�k�l�m�x �h�d�Z�a�u�\�Z�x�l�k�y �[�h�e�v�r�b�f�b 
�b �k�e�m�`�Z�l �b�k�l�h�q�g�b�d�Z�f�b �l�_�i�e�h�\�u�^�_�e�_�g�b�y �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �l�_�i�e�h�\�h�]�h �^�j�_�c�n�Z 
�\�_�e�b�q�b�g�u �i�h�e�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�Z. 
      �< �w�l�h�c �k�\�y�a�b, �i�_�j�k�i�_�d�l�b�\�g�u�f �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �g�Z�[�h�j�Z 
�n�_�j�j�h�f�Z�]�g�b�l�g�u�o �\�d�e�Z�^�u�r�_�c (�g�Z�[�h�j�Z �n�_�j�j�h�f�Z�]�g�b�l�g�u�o �d�h�e�_�p, �\ �q�Z�k�l�g�h�k�l�b) 
�^�e�y �m�\�_�e�b�q�_�g�b�y �h�[�e�Z�k�l�b �k �\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�v�x �i�h�e�y. �I�j�b�q�_�f, �h�d�Z�a�Z�e�h�k�v, 
�q�l�h �\�_�k�v�f�Z �j�_�a�m�e�v�l�Z�l�b�\�g�u�f �k�i�h�k�h�[�h�f �d�h�g�l�j�h�e�y �h�^�g�h�j�h�^�g�h�k�l�b �i�h�e�y �y�\�e�y�_�l�k�y 
�k�Z�f�h �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�_ �b�a�h�[�j�Z�`�_�g�b�_, �_�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v �n�Z�g�l�h�f�g�u�_ 
�m�k�l�j�h�c�k�l�\�Z – �h�[�j�Z�a�p�u �k �r�Z�j�h�\�h�c �b�e�b �p�b�e�b�g�^�j�b�q�_�k�d�h�c �k�b�f�f�_�l�j�b�_�c.  
     �G�Z �j�b�k. 22 �i�j�_�^�k�l�Z�\�e�_�g�u �l�h�f�h�]�j�Z�f�f�u, �d�h�l�h�j�u�_ �[�u�e�b �i�h�e�m�q�_�g�u �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�b�g�b �l�h�f�h�]�j�Z�n�Z �\ �f�h�^�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o, �d�h�]�^�Z �\�h�d�j�m�] 
�p�_�g�l�j�Z �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �n�_�j�j�b�l�h�\�u�_ �d�h�e�v�p�Z. 
   �N�_�j�j�b�l�h�\�u�_ �d�h�e�v�p�Z �k �j�Z�a�f�_�j�Z�f�b �h�l 5 �^�h 20 �f�f  �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �\ 
�j�Z�^�b�h�w�e�_�d�l�j�h�g�g�h�c �l�_�o�g�b�d�_ �^�e�y �n�b�e�v�l�j�Z�p�b�b �j�Z�^�b�h�q�Z�k�l�h�l�g�u�o �k�b�]�g�Z�e�h�\.  
�I�h�w�l�h�f�m �h�g�b �^�h�k�l�m�i�g�u �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y. 
     �>�e�y �k�j�Z�\�g�_�g�b�y �j�_�]�b�k�l�j�b�j�h�\�Z�e�k�y �d�Z�d �Y�F�J �w�o�h �k�b�]�g�Z�e, �k�i�_�d�l�j �Y�F�J �k�b�]�g�Z�e�Z 
�b �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �^�_�l�Z�e�b �k �p�b�e�b�g�^�j�b�q�_�k�d�h�c �k�b�f�f�_�l�j�b�_�c. �D�Z�d 
�\�b�^�b�f (�j�b�k. 22), �\ �h�l�e�b�q�b�_ �h�l �k�i�_�d�l�j�h�\ �l�h�f�h�]�j�Z�n�b�q�_�k�d�b�_ �b�a�h�[�j�Z�`�_�g�b�y �\�_�k�v�f�Z 
�b�g�n�h�j�f�Z�l�b�\�g�u �b �i�h�a�\�h�e�y�x�l �h�i�j�_�^�_�e�b�l�v – �k �d�Z�d�h�c �k�l�h�j�h�g�u �m�k�l�Z�g�h�\�e�_�g�h 
�n�_�j�j�b�l�h�\�h�_ �d�h�e�v�p�h.  
     �H�p�_�g�d�b �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �l�h�f�h�]�j�Z�f�f�u �i�h�a�\�h�e�y�x�l �h�i�j�_�^�_�e�b�l�v �g�Z�e�b�q�b�_ 
�b�k�l�h�q�g�b�d�Z �g�_�h�^�g�h�j�h�^�g�h�]�h �i�h�e�y �b �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �_�]�h �\�e�b�y�g�b�_ �f�_�l�h�^�h�f 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �i�j�b�[�e�b�`�_�g�b�y. �G�Z �j�b�k. 22 �i�j�_�^�k�l�Z�\�e�_�g�Z �l�h�f�h�]�j�Z�f�f�Z, 
�g�Z�d�h�i�e�_�g�g�Z�y �i�j�b  �b�k�i�h�e�v�a�h�\�Z�g�b�b �b�f�i�m�e�v�k�g�h�]�h �]�j�Z�^�b�_�g�l�Z dB/dx = 10-5 �L�e/�f  = 
10 �f�d�L/�f�f . �I�h �h�l�d�e�h�g�_�g�b�y�f �b�a�h�[�j�Z�`�_�g�b�c �h�l �d�j�m�]�Z �f�h�`�g�h �h�p�_�g�b�l�v, �q�l�h 
�k�l�Z�l�b�q�_�k�d�b�_ �]�j�Z�^�b�_�g�l�u �g�Z�o�h�^�y�l�k�y �g�Z �m�j�h�\�g�_ dB/Bdx �| 10-7 mm-1 �g�Z �j�b�k. 22-�Z  �b   
dB/Bdx �| (2 - 5)�u10-6 mm-1  �g�Z �j�b�k. 22-�[ �b �j�b�k. 22-�\ �\ �f�_�k�l�Z�o �b�k�d�Z�`�_�g�b�c.  
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�J�b�k. 22. �Y�F�J �k�b�]�g�Z�e�u, �k�i�_�d�l�j�u �b �l�h�f�h�]�j�Z�f�f�u �i�j�b  �h�l�k�m�l�k�l�\�b�b �b 
�g�Z�e�b�q�b�b �k�l�Z�l�b�q�_�k�d�b�o �]�j�Z�^�b�_�g�l�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 

 
 
            �I�j�b�q�_�f, �g�Z �l�j�_�l�v�_�f �b�a�h�[�j�Z�`�_�g�b�b (�j�b�k. 22-�\) �b�f�_�g�g�h �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�_ 
�b�a�h�[�j�Z�`�_�g�b�_ �i�h�a�\�h�e�y�_�l �h�^�g�h�a�g�Z�q�g�h �m�k�l�Z�g�h�\�b�l�v, �q�l�h �b�k�l�h�q�g�b�d�h�f 
�g�_�h�^�g�h�j�h�^�g�h�]�h �i�h�e�y �y�\�e�y�_�l�k�y �n�_�j�j�h�f�Z�]�g�b�l�g�u�c �f�Z�l�_�j�b�Z�e, �d�h�l�h�j�u�c 
�j�Z�k�i�h�e�h�`�_�g �k �i�j�Z�\�h�c �k�l�h�j�h�g�u �h�l �p�_�g�l�j�Z �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u.  
    �K�e�_�^�h�\�Z�l�_�e�v�g�h, �b�k�i�h�e�v�a�h�\�Z�g�b�_ �F�J �l�h�f�h�]�j�Z�f�f �i�h�a�\�h�e�y�_�l �j�Z�a�j�Z�[�h�l�Z�l�v 
�f�_�l�h�^�b�d�m �i�h�e�m�q�_�g�b�y �\�u�k�h�d�h�h�^�g�h�j�h�^�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c �^�e�y �f�Z�d�k�b�f�Z�e�v�g�h 
�^�h�k�l�b�`�b�f�h�c �h�[�e�Z�k�l�b �f�_�`�^�m �i�h�e�x�k�g�u�f�b �g�Z�d�h�g�_�q�g�b�d�Z�f�b, �_�k�e�b, �g�Z�i�j�b�f�_�j, 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �j�Z�a�f�_�s�Z�l�v (�m�^�Z�e�y�l�v) �\�h�d�j�m�] �p�_�g�l�j�Z �f�Z�]�g�b�l�Z 
�n�_�j�j�h�f�Z�]�g�b�l�g�u�_ �\�d�e�Z�^�u�r�b (�n�_�j�j�h�f�Z�]�g�b�l�g�u�_ �d�h�e�v�p�Z) �j�Z�a�g�h�]�h �j�Z�a�f�_�j�Z. 
 
 
 

15.   �L�h�f�h�]�j�Z�n�u �f�_�^�b�p�b�g�k�d�h�]�h �g�Z�a�g�Z�q�_�g�b�y 
 
�Y�F�J �lo�fo�]pa�n�u �y�\�e�y�x�l�k�y �k�j�Z�\�g�b�l�_�e�v�g�h �^�h�j�h�]�b�f�b �k�j�_�^�b �i�j�b�[�h�j�h�\ 

�^�e�y �f�_�^�b�p�b�g�k�d�h�c �^�b�Z�]�g�h�k�l�b�d�b. �E�m�q�r�b�_ �b�a �g�b�o �m�d�h�f�i�e�_�d�l�h�\�Z�g�u 
�k�\�_�j�o�i�j�h�\�h�^�y�s�b�f�b �f�Z�]�g�b�l�Z�f�b �b �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �l�Z�d�b�f�b �[�h�e�v�r�b�f�b 
�n�b�j�f�Z�f�b �d�Z�d Generel Electric, Siemens �b �^�j. �B�a-�a�Z �\�u�k�h�d�h�c �k�l�h�b�f�h�k�l�b �b�o 
�q�b�k�e�h �\ �J�h�k�k�b�b �a�g�Z�q�b�l�_�e�v�g�h �m�k�l�m�i�Z�_�l �l�j�_�[�h�\�Z�g�b�y�f �k�h�\�j�_�f�_�g�g�h�]�h 
�a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y �b �k�l�h�b�l �a�Z�^�Z�q�Z �h �a�Z�i�h�e�g�_�g�b�b �w�l�h�]�h �j�u�g�d�Z 
�h�l�_�q�_�k�l�\�_�g�g�u�f�b �i�j�b�[�h�j�Z�f�b. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �f�_�^�b�p�b�g�k�d�h�c 
�i�j�Z�d�l�b�d�_ �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�u�_ �l�h�f�h�]�j�Z�n�u 
�j�Z�a�g�u�o �d�e�Z�k�k�h�\. �<�h�a�f�h�`�g�h�k�l�b �Y�F�J �L�h�f�h�]�j�Z�n�Z �h�i�j�_�^�_�e�y�x�l�k�y �i�j�_�`�^�_ 
�\�k�_�]�h �\�_�e�b�q�b�g�h�c �i�h�e�y�j�b�a�m�x�s�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �B�g�^�m�d�p�b�y 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �k�m�s�_�k�l�\�m�x�s�b�o �l�h�f�h�]�j�Z�n�h�\ �g�Z�o�h�^�b�l�k�y �\ �i�j�_�^�_�e�Z�o �h�l 
�m�e�v�l�j�Z �g�b�a�d�b�o �i�h�e�_�c 0.04 �L�e �^�h �\�u�k�h�d�b�o 2.0 �L�e.  

�K�h�k�l�Z�\�g�u�_ �q�Z�k�l�b �Y�F�J �L�h�f�h�]�j�Z�n�h�\ �k�e�_�^�m�x�s�b�_. 
  1. �F�Z�]�g�b�l�g�Z�y �k�b�k�l�_�f�Z. �>�e�y �\�u�k�h�d�h�i�h�e�v�g�h�]�h �\�Z�j�b�Z�g�l�Z �w�l�h 

�d�j�b�h�f�Z�]�g�b�l�g�Z�y �k�b�k�l�_�f�Z �k�h �k�\�_�j�o�i�j�h�\�h�^�y�s�_�c �h�[�f�h�l�d�h�c  �^�e�y �k�h�a�^�Z�g�b�y 
�k�l�Z�l�b�q�_�k�d�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�l 0.5 �^�h 2.0 �L�e. �>�e�y �g�b�a�d�h�i�h�e�v�g�h�]�h 
�\�Z�j�b�Z�g�l�Z �w�l�h �j�_�a�b�k�l�b�\�g�u�c �k�h�e�_�g�h�b�^ �b�e�b �f�Z�]�g�b�l �b�a �n�_�j�j�h�f�Z�]�g�b�l�g�u�o 
�f�Z�l�_�j�b�Z�e�h�\. 

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

  3. �I�j�b�_�f�h-�i�_�j�_�^�Z�x�s�Z�y �<�Q �b�g�^�m�d�l�b�\�g�h�k�l�v �^�e�y �j�_�a�h�g�Z�g�k�g�h�]�h 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �i�j�h�l�h�g�Z�f�b �b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�_�d�l�Z. 

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

  6. �D�h�g�k�h�e�v �h�i�_�j�Z�l�h�j�Z �k �h�^�g�b�f �b�e�b �^�\�m�f�y �f�h�g�b�l�h�j�Z�f�b. 
  7. �K�b�k�l�_�f�Z �Z�j�o�b�\�Z�p�b�b �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y. 
  8. �K�b�k�l�_�f�Z �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b �f�Z�]�g�b�l�g�h�]�h �w�d�j�Z�g�b�j�h�\�Z�g�b�y. 
  9. �K�l�h�e �i�Z�p�b�_�g�l�Z. 
�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x �e�h�d�Z�e�b�a�Z�p�b�x �\�h�a�[�m�`�^�_�g�b�y �Y�F�J-�k�b�]�g�Z�e�h�\ 

�h�[�_�k�i�_�q�b�\�Z�_�l �h�^�b�g �b�a �h�k�g�h�\�g�u�o �[�e�h�d�h�\ �F�J-�l�h�f�h�]�j�Z�n�Z - �k�b�k�l�_�f�Z 
�n�h�j�f�b�j�h�\�Z�g�b�y �e�b�g�_�c�g�u�o �]�j�Z�^�b�_�g�l�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�h �l�j�_�f 
�g�Z�i�j�Z�\�e�_�g�b�y�f (X,Y,Z).  

�H�l �l�_�o�g�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �w�l�h�]�h �[�e�h�d�Z �a�Z�\�b�k�b�l �l�h�q�g�h�k�l�v �i�_�j�_�^�Z�q�b 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �d�h�h�j�^�b�g�Z�l. �D�Z�d �\�b�^�b�f, �f�h�^�m�e�v �k�h�a�^�Z�g�b�y �]�j�Z�^�b�_�g�l�h�\ 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �y�\�e�y�_�l�k�y  �\�Z�`�g�_�c�r�_�c �b �g�_�h�l�t�_�f�e�_�f�h�c �q�Z�k�l�v�x �Y�F�J 
�l�h�f�h�]�j�Z�n�Z, �d�Z�d �w�l�h �[�u�e�h �i�j�_�^�k�d�Z�a�Z�g�h �\ �Z�\�l�h�j�k�d�h�c �a�Z�y�\�d�_ �<.�: . �B�\�Z�g�h�\�Z  
1960 �]�h�^�Z.  

 
 

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

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

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f. �B, �\ �q�Z�k�l�g�h�k�l�b, �^�e�y 
�^�b�Z�]�g�h�k�l�b�d�b �b�k�i�h�e�v�a�m�x�l �g�Z�d�h�i�e�_�g�b�_ �l�Z�d�b�o �l�h�f�h�]�j�Z�f�f, �\ �d�h�l�h�j�u�o �Y�F�J 
�k�b�]�g�Z�e �h�l �i�j�h�l�h�g�h�\ �`�b�j�Z �i�h�^�Z�\�e�_�g. �M�k�i�_�r�g�h�_ (�j�_�a�m�e�v�l�Z�l�b�\�g�h�_ �^�e�y  
�^�b�Z�]�g�h�k�l�b�d�b) �b�k�i�h�e�v�a�h�\�Z�g�b�_ �j�_�`�b�f�Z �k �i�h�^�Z�\�e�_�g�b�_�f �k�b�]�g�Z�e�h�\ �`�b�j�Z 
�\�h�a�f�h�`�g�h �e�b�r�v �i�j�b �^�h�k�l�Z�l�h�q�g�h �w�n�n�_�d�l�b�\�g�h�f �j�_�a�h�g�Z�g�k�g�h�f �i�h�^�Z�\�e�_�g�b�b 
�Y�F�J-�k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ -�K�G2-�]�j�m�i�i.  

     �D�Z�`�^�u�c �j�Z�a �i�_�j�_�^ �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �w�l�h�]�h �j�_�`�b�f�Z 
�i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�k�y �j�_�`�b�f �i�h�^�k�l�j�h�c�d�b �\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�b 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  �?�k�e�b �f�Z�]�g�b�l�g�Z�y �k�b�k�l�_�f�Z �i�h�a�\�h�e�y�_�l �h�[�_�k�i�_�q�b�l�v �\ 
�i�j�_�^�_�e�Z�o �h�[�e�Z�k�l�b �b�g�l�_�j�_�k�Z �h�^�g�h�j�h�^�g�h�k�l�v �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �g�Z �m�j�h�\�g�_ 
�' B/B  < 10-6 �l�h �Z�i�i�Z�j�Z�l �i�h�a�\�h�e�y�_�l �^�h�k�l�Z�l�h�q�g�h �h�^�g�h�a�g�Z�q�g�h �g�Z�k�l�j�h�b�l�v 
�q�Z�k�l�h�l�m �b�f�i�m�e�v�k�Z �i�h�^�Z�\�e�_�g�b�y �g�Z �q�Z�k�l�h�l�m �j�_�a�h�g�Z�g�k�Z �i�j�h�l�h�g�h�\ -�K�G2-
�]�j�m�i�i�u �`�b�j�h�\�h�c �l�d�Z�g�b. 

        �L�j�m�^�g�h�k�l�v �a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f, �q�l�h �q�Z�k�l�h �h�[�e�Z�k�l�v �b�g�l�_�j�_�k�Z �i�j�b 
�f�_�^�b�p�b�g�k�d�h�c �^�b�Z�]�g�h�k�l�b�d�_ �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �e�b�g�_�c�g�u�o �j�Z�a�f�_�j�h�\ �^�h 0,4 
�f�_�l�j�Z. �I�j�b �l�Z�d�b�o �j�Z�a�f�_�j�Z�o �l�j�_�[�h�\�Z�g�b�_ �d �h�^�g�h�j�h�^�g�h�k�l�b �i�h�e�y �' B/B  < 10-6 
�h�d�Z�a�u�\�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �`�_�k�l�d�b�f �l�j�_�[�h�\�Z�g�b�_�f.  �>�e�y �i�h�^�^�_�j�`�Z�g�b�y �l�Z�d�h�c 
�\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�b �i�j�b �h�[�k�e�m�`�b�\�Z�g�b�b �F�J �l�h�f�h�]�j�Z�n�Z  �g�_�h�[�o�h�^�b�f�h, 
�d�Z�d �f�b�g�b�f�m�f, �h�[�_�k�i�_�q�b�l�v �j�_�]�m�e�y�j�g�u�c �l�_�o�g�b�q�_�k�d�b�c �g�Z�^�a�h�j �a�Z �f�Z�]�g�b�l�g�h�c 
�k�b�k�l�_�f�h�c, �i�h�k�d�h�e�v�d�m �k�h �\�j�_�f�_�g�_�f �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b �[�m�^�m�l, �g�Z�i�j�b�f�_�j,  
�\�l�y�]�b�\�Z�l�v�k�y �\ �f�Z�]�g�b�l  �j�Z�a�e�b�q�g�u�_ �f�_�e�d�b�_ �n�_�j�j�h�f�Z�]�g�b�l�g�u�_ �i�j�_�^�f�_�l�u 
(�k�d�j�_�i�d�b, �a�Z�d�h�e�d�b). �W�l�h �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �m�o�m�^�r�b�l�v �k�l�Z�l�b�q�_�k�d�m�x 
�h�^�g�h�j�h�^�g�h�k�l�v �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �a�h�g�_ �b�k�k�e�_�^�h�\�Z�g�b�c.  
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     �>�e�y �i�h�e�m�q�_�g�b�y �l�h�f�h�]�j�Z�f�f�u �k �i�h�^�Z�\�e�_�g�b�_�f �k�b�]�g�Z�e�h�\ �h�l �i�j�h�l�h�g�h�\ 
�`�b�j�Z �b�k�i�h�e�v�a�m�_�l�k�y �b�f�i�m�e�v�k�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v, �d�h�l�h�j�Z�y �h�l�e�b�q�Z�_�l�k�y 
�h�l �l�b�i�b�q�g�h�]�h �k�e�m�q�Z�y �i�h�e�m�q�_�g�b�y �h�[�u�q�g�u�o �l�h�f�h�]�j�Z�f�f�u �l�_�f, �q�l�h �i�_�j�_�^ 
�i�h�^�Z�q�_�c �g�Z �b�k�k�e�_�^�m�_�f�u�c �h�[�j�Z�a�_�p �\�h�a�[�m�`�^�Z�x�s�_�]�h �r�b�j�h�d�h�i�h�e�h�k�g�h�]�h 90-
�]�j�Z�^�m�k�g�h�]�h �b�f�i�m�e�v�k�Z �i�h�^�Z�_�l�k�y �b�f�i�m�e�v�k �b�a�[�b�j�Z�l�_�e�v�g�h�]�h �q�Z�k�l�h�l�g�h�]�h 
�i�h�^�Z�\�e�_�g�b�y  �k�b�]�g�Z�e�Z �i�j�h�l�h�g�h�\ �`�b�j�Z. �H�l�f�_�l�b�f, �q�l�h �i�j�b �b�g�^�m�d�p�b�b 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �< = 1 �L�e �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z �i�j�h�l�h�g�h�\ �`�b�j�Z �i�j�b�f�_�j�g�h 
�g�Z 140 �=�p �g�b�`�_ �j�_�a�h�g�Z�g�k�g�h�c �q�Z�k�l�h�l�u �i�j�h�l�h�g�h�\ �\�h�^�u. �Q�Z�k�l�h�l�Z 
�a�Z�i�h�e�g�_�g�b�y �b�f�i�m�e�v�k�Z �i�h�^�Z�\�e�_�g�b�y �`�b�j�Z �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �k�e�_�^�m�x�s�b�f 
�h�[�j�Z�a�h�f.    

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

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

 
 
�Q�Z�k�l�h�l�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �\�_�j�r�b�g�_ �w�l�h�]�h �k�b�]�g�Z�e�Z �Q(H2O) 

�a�Z�i�h�f�b�g�Z�_�l�k�y �b �b�k�i�h�e�v�a�m�_�l�k�y, �\�h-�i�_�j�\�u�o, �^�e�y �a�Z�i�h�e�g�_�g�b�y �h�k�g�h�\�g�u�o 90 �b 
180-�]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\ �\�h�a�[�m�`�^�_�g�b�y �b, �\�h-�\�l�h�j�u�o, �n�h�j�f�b�j�m�_�l�k�y 
�j�Z�a�g�h�k�l�v �q�Z�k�l�h�l: 

 
�Q(-CH2-) = �Q(H2O) - 140 �=�p                                          (53) 

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

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

 �M�\�_�e�b�q�b�\�Z�y �^�e�b�l�_�e�v�g�h�k�l�v �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �b�f�i�m�e�v�k�Z �f�h�`�g�h 
�h�[�_�k�i�_�q�b�l�v  �i�h�^�Z�\�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �`�b�j�Z �\ �^�h�k�l�Z�l�h�q�g�h �m�a�d�h�f �^�b�Z�i�Z�a�h�g�_ 
�q�Z�k�l�h�l:  �i�j�b�f�_�j�g�h 30 �=�p. �< �w�l�h�f �k�e�m�q�Z�_ �w�l�h�l �b�f�i�m�e�v�k �g�_ �[�m�^�_�l �h�k�e�Z�[�e�y�l�v 
�h�k�g�h�\�g�h�c �Y�F�J-�k�b�]�g�Z�e �h�l  �i�j�h�l�h�g�h�\ �\�h�^�u.   
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�J�b�k. 23. �<�b�a�m�Z�e�b�a�Z�p�b�y �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �F�J-

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

 
    �H�k�g�h�\�g�u�_  90 �b 180-�]�j�Z�^�m�k�g�u�c �b�f�i�m�e�v�k�u �\�h�a�[�m�`�^�_�g�b�y �b�f�_�x�l 
�k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�m�x �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z, �[�h�e�v�r�m�x �Z�f�i�e�b�l�m�^�m �b 
�i�h�e�h�k�Z �q�Z�k�l�h�l�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y  �b�o  �b�f�_�_�l �\�_�e�b�q�b�g�m �^�h 10000 �=�p.  
�I�j�b�q�_�f, �m�i�j�Z�\�e�_�g�b�_ �l�h�f�h�]�j�Z�n�h�f �m�k�l�j�h�_�g�h �l�Z�d, �q�l�h �i�h�k�e�_ �l�h�]�h �d�Z�d 
�h�i�l�b�f�b�a�Z�p�b�y �\�u�i�h�e�g�_�g�Z �b �q�Z�k�l�h�l�Z �Q(H2O) �\�u�q�b�k�e�_�g�Z, �h�i�_�j�Z�l�h�j �i�h 
�`�_�e�Z�g�b�x �f�h�`�_�l �b�a�f�_�g�b�l�v �w�l�m �q�Z�k�l�h�l�m. �B, �\ �q�Z�k�l�g�h�k�l�b, �_�k�e�b �h�i�_�j�Z�l�h�j 
�j�m�q�g�u�f �k�i�h�k�h�[�h�f �k �i�m�e�v�l�Z �k�Z�f �m�k�l�Z�g�h�\�b�l �q�Z�k�l�h�l�m: 
 

�Qo   = �������Q(-CH2-) + 140 �=�p                                             (54) 
 

�l�h �l�h�]�^�Z �[�m�^�_�l �g�Z�d�Z�i�e�b�\�Z�l�v�k�y �F�J �l�h�f�h�]�j�Z�f�f�Z �k �i�h�^�Z�\�e�_�g�b�_�f �k�b�]�g�Z�e�Z 
�\�h�^�u �\ �b�g�l�_�j�\�Z�e�_ �q�Z�k�l�h�l �i�h�j�y�^�d�Z 30 �=�p �k �\�h�a�[�m�`�^�_�g�b�_�f �Y�F�J �k�b�]�g�Z�e�h�\  �\ 
�i�h�e�h�k�_ 10000 �=�p. 
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�B�k�i�h�e�v�a�h�\�Z�g�b�_ �l�Z�d�h�]�h �j�_�`�b�f�Z �i�h�a�\�h�e�y�_�l, �\ �q�Z�k�l�g�h�k�l�b, �i�h�e�m�q�Z�l�v 

�b�a�h�[�j�Z�`�_�g�b�_  �h�l �i�j�h�l�h�g�h�\ �G2�H, �\�h�a�[�m�`�^�Z�_�f�u�o �\ �i�h�e�h�k�_ �q�Z�k�l�h�l  +/- 5000 
�=�p,  �a�Z �b�k�d�e�x�q�_�g�b�_�f �b�g�l�_�j�\�Z�e�Z �i�h�^�Z�\�e�_�g�b�y: 

 
�'�Qo   = �•[�Q(-CH2-) + 140 �=�p] +/-  15 �=�p                                      (55) 

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

�p�_�e�v�x �h�p�_�g�d�b �j�Z�k�i�j�_�^�_�e�_�g�b�y �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ 
�i�j�_�^�_�e�Z�o �h�[�e�Z�k�l�b �b�g�l�_�j�_�k�Z (�j�b�k. 23, 24).  

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

�• 
B(xyz) = Bo + dB/dx X + dB/dy Y + dB/dz Z + [d2B/dx2X2 + 
+  d2B/dy2Y2 + d2B/dz2 Z2+ d2B/dxdy XY + d2B/dxdz XZ + d2B/dydz YZ ]/2   
+ . .  

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

�b�k�i�h�e�v�a�m�x�l �Z�f�i�e�b�l�m�^�g�m�x �f�h�^�m�e�y�p�b�x, �l�h �i�h�^�Z�\�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �h�l �w�l�h�]�h 
�b�f�i�m�e�v�k�Z �[�m�^�_�l �g�Z�[�e�x�^�Z�l�v�k�y �g�_ �l�h�e�v�d�h �g�Z �h�k�g�h�\�g�h�c �q�Z�k�l�h�l�_, �g�h �b �g�Z 
�[�h�d�h�\�u�o �q�Z�k�l�h�l�Z�o. �< �l�Z�d�h�f �k�e�m�q�Z�_, �f�h�`�g�h �g�Z�[�e�x�^�Z�l�v �i�h�e�h�k�u �i�h�^�Z�\�e�_�g�b�y 
�b�g�l�_�g�k�b�\�g�h�k�l�_�c �k�b�]�g�Z�e�h�\ �g�_ �g�Z �h�^�g�h�c, �Z �g�Z �g�_�k�d�h�e�v�d�b�o �i�h�e�h�k�Z�o (�J�b�k. 
23).  

�:�g�Z�e�b�a �j�_�`�b�f�Z �i�h�^�Z�\�e�_�g�b�y �f�u �i�j�h�\�h�^�b�e�b �k �i�h�f�h�s�v�x �i�h�\�_�j�h�q�g�h�]�h 
�m�k�l�j�h�c�k�l�\�Z, �d�h�l�h�j�u�c �[�u�e �k�h�[�j�Z�g �b�a 32 �Z�f�i�m�e (�^�b�Z�f�_�l�j �Z�f�i�m�e 30 �f�f ), 
�i�h�k�l�Z�\�e�_�g�g�u�o �\�i�e�h�l�g�m�x �^�j�m�] �k �^�j�m�]�h�f. �M�k�l�j�h�c�k�l�\�h �k�h�^�_�j�`�Z�e�h �q�_�l�u�j�_ 
�j�y�^�Z �i�h �i�y�l�v �Z�f�i�m�e, �a�Z�i�h�e�g�_�g�g�u�o �\�h�^�h�c, �j�Z�a�^�_�e�_�g�g�u�o �l�j�_�f�y �j�y�^�Z�f�b �i�h 
�q�_�l�u�j�_ �Z�f�i�m�e�u, �a�Z�i�h�e�g�_�g�g�u�o  �j�Z�k�l�b�l�_�e�v�g�u�f �f�Z�k�e�h�f. �>�Z�g�g�h�_ �m�k�l�j�h�c�k�l�\�h 
�b�k�i�h�e�v�a�h�\�Z�g�h �^�e�y �i�h�e�m�q�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�c �d�Z�d �k �i�h�^�Z�\�e�_�g�b�_�f �k�b�]�g�Z�e�Z �h�l 
�K�G2-�]�j�m�i�i, �l�Z�d �b �k �i�_�j�_�g�h�k�h�f �q�Z�k�l�h�l�u �i�h�^�Z�\�e�_�g�b�y �g�Z �p�_�g�l�j �k�b�]�g�Z�e�Z 
�\�h�^�u (�j�b�k. 24). 

    �<�_�e�b�q�b�g�Z �j�_�]�b�k�l�j�b�j�m�_�f�u�o �b�a�f�_�g�_�g�b�c �i�h�e�y �' B/B �g�Z�o�h�^�b�l�k�y �\ 
�b�g�l�_�j�\�Z�e�_ �h�l 10-6 �^�h 10-7. �?�_ �f�h�`�g�h �h�p�_�g�b�l�v �i�j�b �b�a�f�_�g�_�g�b�b �j�Z�k�k�l�h�y�g�b�y 
�f�_�`�^�m �Z�f�i�m�e�Z�f�b �i�h �^�b�g�Z�f�b�d�_ �l�_�f�g�u�o �i�h�e�m�h�d�j�m�`�g�h�k�l�_�c �\�g�m�l�j�b �Z�f�i�m�e. 
�F�Z�l�_�j�b�Z�e �k�l�_�d�e�Z, �j�Z�k�l�b�l�_�e�v�g�h�_ �f�Z�k�e�h �b �\�h�^�Z �h�[�e�Z�^�Z�x�l �[�e�b�a�d�b�f�b 
�^�b�Z�f�Z�]�g�b�l�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �g�h �g�Z �]�j�Z�g�b�p�_ �k �\�h�a�^�m�o�h�f �b�f�_�_�l �f�_�k�l�h 
�j�_�a�d�h�_ �b�a�f�_�g�_�g�b�_ �^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\. 

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

 

 

�D�Z�d �\�b�^�b�f (�j�b�k. 24), �i�h�^�Z�\�e�_�g�b�_ �i�j�h�y�\�e�y�_�l�k�y �g�Z �l�h�f�h�]�j�Z�f�f�Z�o 
�g�Z�e�b�q�b�_�f �l�_�f�g�u�o �h�[�e�Z�k�l�_�c �\ �\�b�^�_ �i�h�e�h�k. �L�_�f�g�u�_ �i�h�e�h�k�u �i�h�d�Z�a�u�\�Z�x�l 
�j�Z�k�i�h�e�h�`�_�g�b�_ �w�d�\�b�\�Z�e�_�g�l�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c - �f�g�h�`�_�k�l�\�Z �l�h�q�_�d, �^�e�y 
�d�h�l�h�j�u�o �\�u�i�h�e�g�y�x�l�k�y �j�_�a�h�g�Z�g�k�g�u�_ �m�k�e�h�\�b�y �m�a�d�h�i�h�e�h�k�g�h�]�h  �i�h�^�Z�\�e�_�g�b�y 
�k�b�]�g�Z�e�h�\.  

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

 

 

 
 

�J�b�k. 24.  �B�a�h�[�j�Z�`�_�g�b�y �n�Z�g�l�h�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z, �k�h�k�l�Z�\�e�_�g�g�h�_ �b�a 
�g�Z�[�h�j�Z �Z�f�i�m�e, �a�Z�i�h�e�g�_�g�g�u�o �i�h �j�y�^�g�h �\�h�^�h�c �b �j�Z�k�l�b�l�_�e�v�g�u�f �f�Z�k�e�h�f 
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�>�\�_ �\�_�j�o�g�b�_ �l�h�f�h�]�j�Z�f�f�u �i�h�e�m�q�_�g�u �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �j�Z�a�g�h�c 
�\�_�e�b�q�b�g�u �b�f�i�m�e�v�k�g�u�o �]�j�Z�^�b�_�g�l�h�\, �g�b�`�g�b�_ �l�h�f�h�]�j�Z�f�f�u �g�Z�d�h�i�e�_�g�u �k 
�b�a�[�b�j�Z�l�_�e�v�g�u�f �q�Z�k�l�h�l�g�h�f �i�h�^�Z�\�e�_�g�b�b.  
    �B�k�d�Z�`�_�g�b�_ �i�h�e�y �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �\ �Z�f�i�m�e�_ �h�l �]�j�Z�g�b�p�u �g�Z �]�e�m�[�b�g�m �^�h 10 
�f�f  �k �b�a�f�_�g�_�g�b�_�f �b�g�l�_�g�k�b�\�g�h�k�l�b �Y�F�J-�k�b�]�g�Z�e�h�\. 

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

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

  

 
 

�J�b�k. 25. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�l�g�h�k�b�l�_�e�v�g�h �p�_�g�l�j�Z �h�^�g�h�c 
�b�a �Z�f�i�m�e, �i�j�b �m�q�_�l�_ �\�e�b�y�g�b�y �^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �r�_�k�l�b �[�e�b�`�Z�c�r�b�o 

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

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

   �D�j�Z�_�\�u�_ �w�n�n�_�d�l�u, �d�h�l�h�j�u�_ �\�u�a�u�\�Z�x�l �i�h�y�\�e�_�g�b�_ �o�Z�j�Z�d�l�_�j�g�u�o 
�r�_�k�l�b�d�h�g�_�q�g�u�o �a�\�_�a�^, �f�h�`�g�h �h�i�b�k�Z�l�v �k �i�h�f�h�s�v�x �g�Z�[�h�j�Z 
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�i�j�h�\�h�^�g�b�d�h�\�u�o �j�Z�f�h�d �k �l�h�d�h�f. �I�j�b �w�l�h�f, �j�Z�f�d�b �k �l�h�d�h�f �g�_�h�[�o�h�^�b�f�h 
�j�Z�k�i�h�e�h�`�b�l�v �l�Z�d, �q�l�h�[�u �h�i�b�k�Z�l�v �k�d�Z�q�_�d �h�[�t�z�f�g�h�c �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b �g�Z 
�]�j�Z�g�b�p�Z�o �Z�f�i�m�e. �K�h�h�l�\�_�l�k�l�\�m�x�s�b�c �j�Z�k�q�_�l �[�u�e �\�u�i�h�e�g�_�g �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b  �l�_�o �`�_ �\�u�j�Z�`�_�g�b�c, �d�h�l�h�j�u�_ �j�Z�g�_�_ �[�u�e�b �i�j�_�^�k�l�Z�\�e�_�g�u 
�^�e�y �j�Z�k�q�_�l�Z �j�Z�k�i�h�e�h�`�_�g�b�y �i�j�h�\�h�^�g�b�d�h�\ �]�j�Z�^�b�_�g�l�g�h�]�h �f�h�^�m�e�y (�j�b�k. 13).  

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

 
�A�g�Z�d�b  �<j(x,y) �\�d�e�Z�^�h�\ �\ �b�l�h�]�h�\�h�_ �i�h�e�_ �[�u�e�b �h�i�j�_�^�_�e�_�g�u �\ �k�h�h�l�\�_�l�k�l�\�b�b 

�k �i�j�Z�\�b�e�h�f �[�m�j�Z�\�q�b�d�Z �^�e�y �d�Z�`�^�h�]�h �b�a �i�j�h�\�h�^�g�b�d�Z, �b�k�i�h�e�v�a�m�_�f�h�]�h �i�j�b 
�k�m�f�f�b�j�h�\�Z�g�b�b �\�d�e�Z�^�h�\.   
     �J�Z�k�i�j�_�^�_�e�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �<(x,z) �[�u�e�h �\�u�q�b�k�e�_�g�h �^�e�y 
�p�_�g�l�j�Z�e�v�g�h�c �h�[�e�Z�k�l�b �h�^�g�h�c �b�a �Z�f�i�m�e, �h�d�j�m�`�_�g�g�h�c �r�_�k�l�v�x �k�h�k�_�^�g�b�f�b 
�Z�f�i�m�e�Z�f�b. �>�e�y �m�q�_�l�Z �\�e�b�y�g�b�y �k�h�k�_�^�g�b�o �Z�f�i�m�e �[�u�e�h �^�h�k�l�Z�l�h�q�g�h 
�j�Z�k�k�f�h�l�j�_�l�v �^�_�k�y�l�v �j�Z�f�h�d �k �l�h�d�h�f, �d�h�l�h�j�u�f�b �f�u �h�i�b�k�u�\�Z�e�b �b�a�f�_�g�_�g�b�_ 
�^�b�Z�f�Z�]�g�_�l�b�a�f�Z �k�j�_�^�u �g�Z �]�j�Z�g�b�p�Z�o �Z�f�i�m�e �b �\�h�a�^�m�r�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z 
�f�_�`�^�m �Z�f�i�m�e�Z�f�b.  
     �J�_�a�m�e�v�l�Z�l �\�u�q�b�k�e�_�g�b�c �i�j�_�^�k�l�Z�\�e�_�g �\ �\�b�^�_ �i�h�\�_�j�o�g�h�k�l�b (�J�b�k. 25), �i�h 
�d�h�l�h�j�h�c �g�_ �l�j�m�^�g�h �a�Z�f�_�l�b�l�v, �q�l�h �i�j�b �b�a�[�b�j�Z�l�_�e�v�g�h�f �q�Z�k�l�h�l�g�h�f 
�i�h�^�Z�\�e�_�g�b�b �Y�F�J �k�b�]�g�Z�e�Z �\ �p�_�g�l�j�_ �Z�f�i�m�e�u �b�a�h�[�j�Z�`�_�g�b�_ �g�Z �l�h�f�h�]�j�Z�f�f�u 
�^�_�c�k�l�\�b�l�_�e�v�g�h �[�m�^�_�l �b�f�_�l�v �l�_�g�v �\ �\�b�^�_ �\�h�k�v�f�b�d�h�g�_�q�g�h�c �a�\�_�a�^�u.  
   �K �^�j�m�]�h�c �k�l�h�j�h�g�u, �^�\�_ �\�_�j�o�g�b�_ �l�h�f�h�]�j�Z�f�f�u (�j�b�k. 24), �d�h�l�h�j�u�_ �[�u�e�b 
�i�h�e�m�q�_�g�u �[�_�a �b�k�i�h�e�v�a�h�\�Z�g�b�y �b�a�[�b�j�Z�l�_�e�v�g�h�]�h �q�Z�k�l�h�l�g�h�]�h �i�h�^�Z�\�e�_�g�b�y, �l�Z�d 
�`�_ �y�\�e�y�x�l�k�y �^�h�k�l�Z�l�h�q�g�h �b�g�l�_�j�_�k�g�u�f�b. �I�_�j�\�Z�y �l�h�f�h�]�j�Z�f�f�Z �g�Z�d�h�i�e�_�g�Z �i�j  
�b�k�i�h�e�v�a�h�\�Z�g�b�b �b�f�i�m�e�v�k�g�h�]�h �]�j�Z�^�b�_�g�l�Z dB/B = 10 mT/m, �Z �\�l�h�j�Z�y �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �b�f�i�m�e�v�k�g�h�]�h �]�j�Z�^�b�_�g�l�Z dB/B = 2 mT/m. �D�Z�d �\�b�^�b�f, �\�l�h�j�Z�y 
�l�h�f�h�]�j�Z�f�f�Z �b�f�_�_�l �k�m�s�_�k�l�\�_�g�g�u�_ �b�k�d�Z�`�_�g�b�y �i�j�b �i�_�j�_�^�Z�q�b �\�g�_�r�g�_�]�h 
�d�h�g�l�m�j�Z �Z�f�i�m�e. �H�q�_�\�b�^�g�h, �q�l�h �w�l�h �y�\�e�y�_�l�k�y �k�e�_�^�k�l�\�b�_�f �i�h�\�u�r�_�g�b�y 
�\�_�e�b�q�b�g�u �b�g�^�m�d�p�b�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �\�h�a�^�m�r�g�u�o �i�j�h�f�_�`�m�l�d�Z�o �f�_�`�^�m 
�Z�f�i�m�e�Z�f�b. �B�a �k�h�i�h�k�l�Z�\�e�_�g�b�y �w�l�b�o �i�_�j�\�u�o �l�h�f�h�]�j�Z�f�f �k�e�_�^�m�_�l, �q�l�h �^�e�y 
�[�h�e�_�_ �l�h�q�g�h�c �i�_�j�_�^�Z�q�b �Z�g�Z�l�h�f�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j �l�j�_�[�m�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ 
�^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�o �]�j�Z�^�b�_�g�l�h�\. �:  �b�f�_�g�g�h, �_�k�e�b �l�j�_�[�m�_�l�k�y �l�h�q�g�h�k�l�v 
�i�_6�j�_�^�Z�q�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �d�h�h�j�^�b�g�Z�l �g�Z �m�j�h�\�g�_ 1 %, �l�h �g�_�h�[�o�h�^�b�f�h 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �i�j�_�\�u�r�_�g�b�_ �d�h�^�b�j�m�x�s�b�o �]�j�Z�^�b�_�g�l�h�\ dB/B �g�Z�^ �l�_�f�b 
�]�j�Z�^�b�_�g�l�Z�f�b, �d�h�l�h�j�u�_ �\�h�a�g�b�d�Z�x�l �g�Z �]�j�Z�g�b�p�Z�o.  
       �<�g�_�r�g�_�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �\�u�a�u�\�Z�_�l �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �\�_�s�_�k�l�\�Z, �d�h�l�h�j�h�_ 
�k�\�y�a�Z�g�h �k �\�e�b�y�g�b�_�f �i�h�e�y �g�Z �w�e�_�d�l�j�h�g�u: �GB =�FvBBo. �<�_�s�_�k�l�\�Z �k 
�h�l�j�b�p�Z�l�_�e�v�g�h�c �f�Z�]�g�b�l�g�h�c �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v�x �g�Z�a�u�\�Z�x�l �^�b�Z�f�Z�]�g�b�l�g�u�f�b (�Fv 

< 0), �Z �k �i�h�e�h�`�b�l�_�e�v�g�h�c – �i�Z�j�Z�f�Z�]�g�b�l�g�u�f�b (�Fv > 0). �?�k�e�b �b�a�\�_�k�l�g�Z �Fv 
�f�Z�]�g�b�l�g�Z�y �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �_�^�b�g�b�p�u �h�[�t�_�f�Z, �l�h �b�g�^�m�d�p�b�y �f�Z�]�g�b�l�g�h�]�h 
�i�h�e�y �\ �w�l�h�c �k�j�_�^�u �h�i�j�_�^�_�e�b�l�k�y �\�u�j�Z�`�_�g�b�_�f: 
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                                                      B = Bo (1 + �Fv) 
       �< �k�i�j�Z�\�h�q�g�b�d�Z�o �h�[�u�q�g�h �i�j�b�\�h�^�y�l �^�Z�g�g�u�_ �h�[ �m�^�_�e�v�g�h�c �f�Z�]�g�b�l�g�h�c 
�\�h�k�i�j�b�b�f�q�b�\�h�k�l�b �\�_�s�_�k�l�\. �>�e�y �\�h�^�u �i�j�b �g�h�j�f�Z�e�v�g�u�o �\�g�_�r�g�b�o �m�k�e�h�\�b�y�o 
�Fv(�G2�H) = -0.72 10-6. �I�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �n�Z�g�l�h�f�g�u�o �m�k�l�j�h�c�k�l�\ �[�m�^�m�l 
�i�j�_�^�k�l�Z�\�e�y�l�v �b�g�l�_�j�_�k �^�Z�g�g�u�_ �h �f�Z�]�g�b�l�g�h�c �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b  �\�h�a�^�m�r�g�h�c 
�k�j�_�^�u, �d�h�l�h�j�m�x �f�h�`�g�h �h�p�_�g�b�l�v �i�h �k�e�_�^�m�x�s�_�f�m �k�h�h�l�g�h�r�_�g�b�x: 

 
�Fv  = [p(N2)���F��N2�� �U��N2������������p(O2)���F��O2�� �U��O2���@ 

 
 �]�^�_ p(N2), p(O2) – �k�h�^�_�j�`�Z�g�b�_ �Z�a�h�l�Z �b �d�b�k�e�h�j�h�^�Z �\ �\�h�a�^�m�r�g�h�c �k�j�_�^�_; 
 
 �U��N2�� = 1.25 �d�]/�f3,   �U���H2�� = 1.43 �d�]/�f3 �i�e�h�l�g�h�k�l�v �Z�a�h�l�Z �b �d�b�k�e�h�j�h�^�Z; 
���F��N2�� = - 0.426 10-9 �f3/�d�], ���F���H2�� = 106.0 10-9 �f3/�d�] – �m�^�_�e�v�g�Z�y �f�Z�]�g�b�l�g�Z�y 
�\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �Z�a�h�l�Z �b �d�b�k�e�h�j�h�^�Z, �h�[�e�Z�^�Z�x�s�_�]�h �i�Z�j�Z�f�Z�]�g�b�l�g�u�f�b 
�k�\�h�c�k�l�\�Z�f�b. �I�h �i�j�_�^�k�l�Z�\�e�_�g�g�h�f�m �k�h�h�l�g�h�r�_�g�b�x �f�h�`�g�h �h�p�_�g�b�l�v, �q�l�h 
�f�Z�]�g�b�l�g�Z�y �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �_�^�b�g�b�p�u �h�[�t�_�f�Z �\�h�a�^�m�r�g�h�c �k�j�_�^�u �j�Z�\�g�Z: 
 
                                 �Fv(�\�h�a�^�m�o)  = 0.03 10-6.  
 
        �L�Z�d�b�f �h�[�j�Z�a�h�f, �b�g�^�m�d�p�b�y �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �[�m�^�_�l 
�m�f�_�g�v�r�Z�l�v�k�y �\ �\�h�^�_ �b�a-�a�Z �^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �f�h�e�_�d�m�e �\�h�^�u, �b 
�m�k�b�e�b�\�Z�l�v�k�y �\ �\�h�a�^�m�r�g�h�c �k�j�_�^�_ �b�a-�a�Z �i�Z�j�Z�f�Z�]�g�_�l�b�a�f�Z �f�h�e�_�d�m�e �d�b�k�e�h�j�h�^�Z: 
 
                            �<(�\�h�^�Z)     = �<�h(1 – 0.72 10-6) 
                            �<(�\�h�a�^�m�o) = �<�h(1 + 0.03 10-6) 
  
�I�j�b �i�_�j�_�o�h�^�_ �q�_�j�_�a �i�h�\�_�j�o�g�h�k�l�v �\�h�^�u �d �\�h�a�^�m�r�g�h�c �k�j�_�^�_ �f�Z�]�g�b�l�g�Z�y 
�\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �[�m�^�_�l �b�a�f�_�g�y�l�v�k�y �g�Z �\�_�e�b�q�b�g�m: 
 

�'�Fv  = [B(�\�h�a�^�m�o)-B(�\�h�^�Z)]/Bo = 0.75 10-6

 
       �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�j�b �w�l�h�f �i�_�j�_�o�h�^�_ �b�g�^�m�d�p�b�y �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 
�b�k�i�u�l�u�\�Z�_�l �b�a�f�_�g�_�g�b�_ �g�Z �\�_�e�b�q�b�g�m 0.75 10-6, �q�l�h �k�e�_�^�m�_�l �k�h�i�h�k�l�Z�\�b�l�v �k �l�_�f 
�]�j�Z�^�b�_�g�l�h�f �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �d�h�l�h�j�u�c �b�k�i�h�e�v�a�m�x�l �i�j�b �j�_�]�b�k�l�j�Z�p�b�b 
�l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y. 
         �K�h�\�_�j�r�_�g�g�h �h�q�_�\�b�^�g�h, �q�l�h �i�h�^�h�[�g�u�_ �d�j�Z�_�\�u�_ �w�n�n�_�d�l�u �^�h�e�`�g�u �b�f�_�l�v 
�f�_�k�l�h �b �g�Z �l�h�f�h�]�j�Z�f�f�Z�o �k �Z�g�Z�l�h�f�b�q�_�k�d�b�f�b �k�l�j�m�d�l�m�j�Z�f�b. �L�Z�d �i�j�b 
�b�a�h�[�j�Z�`�_�g�b�y�o �]�h�e�h�\�u �l�Z�d�`�_ �b�f�_�x�l�k�y �\�g�m�l�j�_�g�g�b�_ �i�h�e�h�k�l�b (�g�Z�i�j�b�f�_�j, 
�e�h�[�g�u�_ �i�Z�a�m�o�b, �j�b�k. 2). �G�Z �]�j�Z�g�b�p�Z�o �l�Z�d�b�o �i�h�e�h�k�l�_�c �l�h�`�_ �b�f�_�_�l�k�y �j�_�a�d�h�_ 
�d�j�Z�_�\�h�_ �b�a�f�_�g�_�g�b�_ �h�[�t�z�f�g�h�c �f�Z�]�g�b�l�g�h�c �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b.  

         �D�Z�d �b�a�\�_�k�l�g�h, �i�j�b �j�_�]�b�k�l�j�Z�p�b�b �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y 
�b�k�i�h�e�v�a�m�x�l �i�j�b�g�p�b�i �q�Z�k�l�h�l�g�h-�n�Z�a�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y. �I�j�b �w�l�h�f �d�h�^�b�j�m�x�l 
�i�j�h�k�l�j�Z�g�k�l�\�h �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y �k �i�h�f�h�s�v�x �p�b�d�e�b�q�_�k�d�h�]�h �\�d�e�x�q�_�g�b�y 
�b�f�i�m�e�v�k�g�u�o �]�j�Z�^�b�_�g�l�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. 
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       �<�_�e�b�q�b�g�Z �b�f�i�m�e�v�k�g�u�o �]�j�Z�^�b�_�g�l�h�\ �^�e�y �j�Z�a�g�u�o �\�Z�j�b�Z�g�l�h�\ �j�_�`�b�f�Z 
�g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f �b�f�_�_�l �\�_�e�b�q�b�g�m �h�l 1 �f�L/�f  �^�h 10 �f�L/�f . �E�m�q�r�b�f 
�h�l�g�h�r�_�g�b�_�f �k�b�]�g�Z�e/�r�m�f �h�[�e�Z�^�Z�x�l �j�_�`�b�f�u �g�Z�d�h�i�e�_�g�b�y �k �g�b�a�d�b�f�b 
�]�j�Z�^�b�_�g�l�Z�f�b �i�h�e�y, �i�h�k�d�h�e�v�d�m �i�j�b �w�l�h�f �q�Z�k�l�h�l�g�u�c �^�b�Z�i�Z�a�h�g �m�k�b�e�_�g�b�y 
�i�j�b�_�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �f�_�g�v�r�_ �b �k�h�h�l�\�_�l�k�l�\�_�g�g�h �f�_�g�v�r�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�c 
�r�m�f. 
       �?�k�e�b �i�h�l�j�_�[�h�\�Z�l�v, �q�l�h�[�u �j�Z�a�j�_�r�_�g�b�_ �g�Z �l�h�f�h�]�j�Z�f�f�_ �[�u�e�h �g�_ �f�_�g�_�_ 0.5 
�f�f , �l�h  �w�e�_�f�_�g�l�Z�j�g�u�_ �h�[�t�_�f�u �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y  �^�h�e�`�g�u 
�b�f�_�l�v �k�h�b�a�f�_�j�b�f�u�c �k �w�l�b�f �e�b�g�_�c�g�u�c �j�Z�a�f�_�j – 0.5 �f�f .   
 
 
�?�k�e�b �b�k�i�h�e�v�a�h�\�Z�g �d�h�^�b�j�m�x�s�b�c �]�j�Z�^�b�_�g�l 1 �f�L/�f , �l�h �b�a�f�_�g�_�g�b�_ �b�g�^�m�d�p�b�b 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �g�Z �e�b�g�_�c�g�h�f �j�Z�a�f�_�j�_ 0.3 �f�f   �^�e�y �l�h�f�h�]�j�Z�n�Z �k �i�h�e�_�f 1 �L 
�k�h�k�l�Z�\�b�l �\�_�e�b�q�b�g�m: 
 

�' B/�< = (dB/dL L1)/�< = [(10-3 T/�f ) 5 10-4 �f ]/(1 T) = 0.5 10-6 

   
       �D�Z�d �\�b�^�b�f, �w�l�h �h�l�g�h�r�_�g�b�_ �f�_�g�v�r�_, �q�l�h �h�l�g�h�k�b�l�_�e�v�g�h�_ �b�a�f�_�g�_�g�b�_ 
�b�g�^�m�d�p�b�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�j�b �i�_�j�_�o�h�^�_ �q�_�j�_�a �i�h�\�_�j�o�g�h�k�l�v �\�h�^�u �d 
�\�h�a�^�m�r�g�h�c �k�j�_�^�_: �'�Fv  = 0.75 10-6. 
      �?�k�e�b �b�k�k�e�_�^�m�_�f�u�f �h�[�j�Z�a�p�h�f �y�\�e�y�_�l�k�y �\�h�^�Z �\ �_�^�b�g�b�q�g�h�f  �b�a�h�e�b�j�h�\�Z�g�g�h�f 
�k�h�k�m�^�_ �k�n�_�j�b�q�_�k�d�h�c �b�e�b �p�b�e�b�g�^�j�b�q�_�k�d�h�c �n�h�j�f�u, �l�h �^�b�Z�f�Z�]�g�b�l�g�u�_ �k�\�h�c�k�l�\�Z 
�\�h�^�u �g�_ �[�m�^�m�l �i�j�h�y�\�e�y�l�v�k�y �g�Z �l�h�f�h�]�j�Z�f�f�_. �H�^�g�Z�d�h �_�k�e�b �b�k�k�e�_�^�m�_�l�k�y 
�n�Z�g�l�h�f�g�h�_ �m�k�l�j�h�c�k�l�\�h, �k�h�k�l�Z�\�e�_�g�g�h�_ �b�a �g�_�k�d�h�e�v�d�b�o �Z�f�i�m�e, �l�h �\�a�Z�b�f�g�h�_ 
�\�e�b�y�g�b�_ �Z�f�i�m�e �[�m�^�_�l �i�j�h�y�\�e�y�l�v�k�y �b�a-�a�Z �]�j�Z�g�b�q�g�u�o �b�k�d�Z�`�_�g�b�c �h�^�g�h�j�h�^�g�h�k�l�b 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y.   
      �N�Z�d�l�b�q�_�k�d�b �h�d�Z�a�u�\�Z�_�l�k�y, �q�l�h �\�f�_�k�l�h �i�j�b�d�e�Z�^�u�\�Z�_�f�h�]�h �e�b�g�_�c�g�h�]�h 
�]�j�Z�^�b�_�g�l�Z �i�j�b �k�e�h�`�g�h�f �h�[�t�_�d�l�_ �b�k�k�e�_�^�h�\�Z�g�b�y �^�_�c�k�l�\�m�_�l �[�h�e�_�_ �k�e�h�`�g�h�_ 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �K �h�^�g�h�c �k�l�h�j�h�g�u �\�g�m�l�j�_�g�g�_�c 
�Z�f�i�m�e�u �k �\�h�^�h�c �d�h�^�b�j�m�x�s�b�c �]�j�Z�^�b�_�g�l �f�h�`�_�l �[�u�l�v �m�k�b�e�_�g �b�a-�a�Z �\�e�b�y�g�b�y 
�k�h�k�_�^�g�_�c �Z�f�i�m�e�u, �l�h�]�^�Z �k�h �\�l�h�j�h�c �i�j�h�l�b�\�h�i�h�e�h�`�g�h�c �k�l�h�j�h�g�u �d�h�^�b�j�m�x�s�b�c 
�]�j�Z�^�b�_�g�l �k�h�h�l�\�_�l�k�l�\�_�g�g�h �[�m�^�_�l �m�f�_�g�v�r�_�g. 
         �I�j�b �w�l�h�f �\�h�a�g�b�d�Z�x�l �i�h�]�j�_�r�g�h�k�l�b �i�_�j�_�^�Z�q�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o 
�d�h�h�j�^�b�g�Z�l �l�h�f�h�]�j�Z�n�b�q�_�k�d�h�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y. �<�f�_�k�l�h �d�j�m�]�e�h�]�h �k�_�q�_�g�b�y (24�;) 
�h�l �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �h�[�j�Z�a�p�Z �f�h�`�g�h �g�Z�[�e�x�^�Z�l�v �i�j�b�i�e�x�k�g�m�l�h�k�l�v �d�j�m�]�Z �k 
�i�j�Z�\�h�]�h �d�j�Z�y �b �_�]�h �\�u�l�y�g�m�l�h�k�l�v �k �i�j�h�l�b�\�h�i�h�e�h�`�g�h�]�h �e�_�\�h�]�h �d�j�Z�y �Z�f�i�m�e�u.  
        �K�h�\�j�_�f�_�g�g�u�_ �l�h�f�h�]�j�Z�n�u �d�h�f�i�e�_�d�l�m�x�l �k�\�_�j�o�i�j�h�\�h�^�y�s�b�f�b �f�Z�]�g�b�l�Z�f�b, 
�d�h�l�h�j�u�_ �b�f�_�x�l �l�_�i�e�h�_ �\�g�m�l�j�_�g�g�_�_ �h�l�\�_�j�k�l�b�_ �i�h�j�y�^�d�Z �h�^�g�h�]�h �f�_�l�j�Z �\ 
�^�b�Z�f�_�l�j�_. �K�Z�f�b �j�Z�a�f�_�j�u �k�\�_�j�o�i�j�h�\�h�^�y�s�b�o �h�[�f�h�l�h�d �l�Z�d�h�]�h �[�h�e�v�r�h�]�h 
�f�Z�]�g�b�l�Z �h�[�_�k�i�_�q�b�\�Z�x�l  �\  �p�_�g�l�j�_ �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �\�u�k�h�d�m�x 
�h�^�g�h�j�h�^�g�h�k�l�v:  �' B/B = 10-9.  
      �I�h�w�l�h�f�m �f�h�`�_�l �\�h�a�g�b�d�g�m�l�v �i�j�_�^�i�h�e�h�`�_�g�b�_, �q�l�h �l�Z�d�Z�y �\�u�k�h�d�Z�y 
�h�^�g�h�j�h�^�g�h�k�l�v �^�h�k�l�Z�l�h�q�g�Z �^�e�y �i�h�e�m�q�_�g�b�y �k�i�_�d�l�j�h�\ �Y�F�J �\�u�k�h�d�h�]�h 
�j�Z�a�j�_�r�_�g�b�y �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �[�b�h�e�h�]�b�q�_�k�d�b�o �h�[�t�_�d�l�h�\. �H�^�g�Z�d�h �w�l�h �g�_ 
�h�i�j�Z�\�^�u�\�Z�_�l�k�y �i�h �l�h�c �i�j�b�q�b�g�_, �q�l�h �\�u�k�h�d�h�h�^�g�h�j�h�^�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ 
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�b�k�i�u�l�u�\�Z�_�l �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �b�k�d�Z�`�_�g�b�_ �b�a-�a�Z �\�e�b�y�g�b�y �i�h�e�y �g�Z �^�\�b�`�_�g�b�_ 
�w�e�_�d�l�j�h�g�h�\ �\ �h�[�t�_�d�l�Z�o �b�k�k�e�_�^�h�\�Z�g�b�y, �l.�_. �b�a-�a�Z �b�o �^�b�Z�f�Z�]�g�b�l�g�h�c �b�e�b 
�i�Z�j�Z�f�Z�]�g�b�l�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b. �E�b�r�v �\ �k�e�m�q�Z�_ �b�^�_�Z�e�v�g�h�c �n�h�j�f�u �h�[�j�Z�a�p�Z 
(�r�Z�j, �p�b�e�b�g�^�j) �b�k�d�Z�`�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �[�m�^�_�l �h�l�k�m�l�k�l�\�h�\�Z�l�v. �H�q�_�\�b�^�g�h, 
�q�l�h �j�_�Z�e�v�g�u�_ �[�b�h�e�h�]�b�q�_�k�d�b�_ �h�[�t�_�d�l�u �b�f�_�x�l �n�h�j�f�m, �d�h�l�h�j�Z�y �g�_ 
�k�h�h�l�\�_�l�k�l�\�m�_�l �b�^�_�Z�e�v�g�h�c �n�h�j�f�_. 
 
 

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

�f�_�l�h�^ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �\ �h�[�e�Z�k�l�b �f�h�e�_�d�m�e�y�j�g�h�c �n�b�a�b�d�b �b �o�b�f�b�b, 
�i�h�k�d�h�e�v�d�m �i�e�h�l�g�h�k�l�v �w�e�_�d�l�j�h�g�g�h�]�h �h�[�e�Z�d�Z �y�\�e�y�_�l�k�y �j�Z�a�g�h�c �^�e�y 
�o�b�f�b�q�_�k�d�b �g�_ �w�d�\�b�\�Z�e�_�g�l�g�u�o �Z�l�h�f�h�\.  
     �W�e�_�d�l�j�h�g�g�h�_ �h�d�j�m�`�_�g�b�_ �y�^�j�Z �\  �f�h�e�_�d�m�e�_   �i�h�g�b�`�Z�_�l �\�g�_�r�g�_�_ �i�h�e�_ �<0 
�g�Z �\�_�e�b�q�b�g�m �Vi�<, �]�^�_ �Vi  - �d�h�g�k�l�Z�g�l�Z �w�d�j�Z�g�b�j�h�\�Z�g�b�y �^�e�y �^�Z�g�g�h�c �]�j�m�i�i�u 
�o�b�f�b�q�_�k�d�b �w�d�\�b�\�Z�e�_�g�l�g�u�o �y�^�_�j. �E�h�d�Z�e�v�g�h�_ �i�h�e�_ �g�Z i-�l�h�f �y�^�j�_ �<i 
�h�d�Z�a�u�\�Z�_�l�k�y �f�_�g�v�r�_ �i�j�b�e�h�`�_�g�g�h�]�h: 

 
�<i = �<0(1 - �Vi),                                                       (51) 

 
�b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h,  �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z �l�Z�d �`�_ �a�Z�g�b�`�_�g�Z: 
 

�Zi = ���S�Q�hi = �Ji Bi = �J�<0(1 - �Vi).                                  (52) 
     
�K�f�_�s�_�g�b�_ �j�_�a�h�g�Z�g�k�g�h�c �q�Z�k�l�h�l�u �Y�F�J �i�h� ̂ �\�e�b�y�g�b�_�f �w�e�_�d�l�j�h�g�g�h�]�h 

�h�d�j�m�`�_�g�b�y �g�Z�a�u�\�Z�_�l�k�y �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f (�Gi). �:�[�k�h�e�x�l�g�h�_ �a�g�Z�q�_�g�b�_ 
�k�f�_�s�_�g�b�y �j�_�a�h�g�Z�g�k�g�h�c �q�Z�k�l�h�l�u �a�Z�\�b�k�b�l �h�l �\�_�e�b�q�b�g�u �i�h�e�y �<0, �i�h�w�l�h�f�m 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �b�a�f�_�j�y�x�l �\ �[�_�a�j�Z�a�f�_�j�g�u�o �f�b�e�e�b�h�g�g�u�o �^�h�e�y�o (�f .� .̂) 
�h�l�g�h�k�b�l�_�e�v�g�h �k�l�Z�g�^�Z�j�l�Z, �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �y�^�j�Z �d�h�l�h�j�h�]�h �i�j�b�g�y�l 
�j�Z�\�g�u�f �g�m�e�x:  �Gi = (�Zi - �Z�k�l)/�Z0, �]�^�_ �Z0 = �J�<0. �< �i�j�h�l�h�g�g�h�c �F�J�K in vivo 
�g�Z�q�Z�e�h �r�d�Z�e�u �^�e�y �o�b�f�b�q�_�k�d�b�o �k�^�\�b�]�h�\ �b�k�i�h�e�v�a�m�x�l �l�h �`�_, �q�l�h �b �\ M�J�K 
in vitro, �\ �d�Z�q�_�k�l�\�_ �k�l�Z�g�^�Z�j�l�Z �Z�k�l �i�j�b�g�y�l�h  �b�k�i�h�e�v�a�h�\�Z�l�v �i�h�e�h�`�_�g�b�_ 
�k�b�]�g�Z�e�Z �h�l �^�\�_�g�Z�^�p�Z�l�b �i�j�h�l�h�g�h�\ �f�h�e�_�d�m�e �l�_�l�j�Z�f�_�l�b�e�k�b�e�Z�g�Z (�K�G3)4Si.  

�W�l�h �k�h�_�^�b�g�_�g�b�_ �o�b�f�b�q�_�k�d�b �y�\�e�y�_�l�k�y  �^�h�k�l�Z�l�h�q�g�h �b�g�_�j�l�g�u�f, �f�h�e�_�d�m�e�Z 
�l�_�l�j�Z�f�_�l�b�e�k�b�e�Z�g�Z �k�h�^�_�j�`�b�l 12 �o�b�f�b�q�_�k�d�b �w�d�\�b�\�Z�e�_�g�l�g�u�o �i�j�h�l�h�g�h�\ �k 
�\�u�k�h�d�b�f �w�e�_�d�l�j�h�g�g�u�f �w�d�j�Z�g�b�j�h�\�Z�g�b�_�f �b �f�Z�e�Z�y �^�h�[�Z�\�d�Z �l�Z�d�h�]�h �\�_�s�_�k�l�\�Z 
�d �b�k�k�e�_�^�m�_�f�h�c �k�f�_�k�b �i�h�a�\�h�e�y�_�l �b�f�_�l�v �\ �e�_�\�h�c (�\�u�k�h�d�h�i�h�e�v�g�h�c) �q�Z�k�l�b 
�k�i�_�d�l�j�_ in vitro �m�a�d�b�c �h�^�b�g�h�q�g�u�c �k�b�]�g�Z�e (�h�i�h�j�g�u�c �k�b�]�g�Z�e) �g�Z�q�Z�e�Z 
�r�d�Z�e�u �o�b�f�b�q�_�k�d�b�o �k�^�\�b�]�h�\. 

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

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

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

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

 
�J�b�k. 26. �I�j�b�f�_�j �k�i�_�d�l�j�Z, �k�h�^�_�j�`�Z�s�_�]�h �k�b�]�g�Z�e�u �k �j�Z�k�s�_�i�e�_�g�b�_�f 

�e�b�g�b�c �b�a-�a�Z  �k�i�b�g-�k�i�b�g�h�\�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y 
 
�L�Z�d�b�f �h�[�j�Z�a�h�f, �d�Z�`�^�u�c �k�b�]�g�Z�e �\ �k�i�_�d�l�j�_ �Y�F�J �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �^�\�m�f�y 

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

�K�i�_�d�l�j�h�k�d�h�i�b�y �y�^�_�j 1�G �b�f�_�_�l �h�i�j�_�^�_�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b. �I�j�_�`�^�_ 
�\�k�_�]�h,  �g�Z�[�e�x�^�Z�_�l�k�y  �k�j�Z�\�g�b�l�_�e�v�g�h �f�Z�e�Z�y �\�Z�j�b�Z�p�b�y �w�e�_�d�l�j�h�g�g�h�]�h 
�w�d�j�Z�g�b�j�h�\�Z�g�b�y �i�j�h�l�h�g�h�\ �j�Z�a�g�u�o �o�b�f�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�y�o. �O�b�f�b�q�_�k�d�b�_ 
�k�^�\�b�]�b �i�j�h�l�h�g�h�\ �j�Z�a�e�b�q�g�u�o �f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c �j�Z�k�i�h�e�h�`�_�g�u �\ 
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�^�b�Z�i�Z�a�h�g�_ 10 �f .� .̂   �L.�_. �j�Z�a�[�j�h�k �q�Z�k�l�h�l �i�j�h�l�h�g�g�h�]�h �j�_�a�h�g�Z�g�k�Z �g�Z�o�h�^�b�l�k�y �\ 
�^�b�Z�i�Z�a�h�g�_ 10-5.  �L�Z�d�h�c �m�a�d�b�c �^�b�Z�i�Z�a�h�g �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z �y�^�_�j 1�G 
(�k�j�Z�\�g�b�l�v �k 30 �f .� .̂ �^�e�y 31�J �b 200 �f .� .̂ �^�e�y 19F) �l�j�_�[�m�_�l �k�h�a�^�Z�g�b�y 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�k�h�[�h �\�u�k�h�d�h�c �h�^�g�h�j�h�^�g�h�k�l�b �^�e�y �^�h�k�l�b�`�_�g�b�y 
�i�j�b�_�f�e�_�f�h�c �k�i�_�d�l�j�Z�e�v�g�h�c �j�Z�a�j�_�r�Z�x�s�_�c �k�i�h�k�h�[�g�h�k�l�b.  

�>�e�y �i�j�b�f�_�j�Z �g�Z �j�b�k. 26 �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �k �k�b�]�g�Z�e�Z�f�b, �b�f�_�x�s�b�f�b 
�k�i�b�g-�k�i�b�g�h�\�h�_ �j�Z�k�s�_�i�e�_�g�b�_. �K�i�_�d�l�j �i�h�e�m�q�_�g �^�e�y �k�f�_�k�b �]�Z�a�h�h�[�j�Z�a�g�h�]�h 
�\�h�^�h�j�h�^�Z �G2 �b �^�_�c�l�_�j�h�\�h�^�h�j�h�^�Z HD �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ �< = 7 �L.   

 �M �f�h�e�_�d�m�e�u �\�h�^�h�j�h�^�Z �^�\�Z �i�j�h�l�h�g�Z �o�b�f�b�q�_�k�d�b �w�d�\�b�\�Z�e�_�g�l�g�u �b �k�i�_�d�l�j 
�w�l�b�o �i�j�h�l�h�g�h�\ �b�f�_�_�l �\�b� ̂ �k�b�g�]�e�_�l�Z. �I�j�h�l�h�g�u �f�h�e�_�d�m�e HD �b�f�_�x�l 
�k�h�k�_�^�g�_�_ �y�^�j�h �^�_�c�l�_�j�b�y, �d�h�l�h�j�h�_ �h�[�e�Z�^�Z�_�l �k�i�b�g�h�f Id = 1 �b �f�h�`�_�l �b�f�_�l�v 
�l�j�b �h�j�b�_�g�l�Z�p�b�b �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_. �K�h�h�l�\�_�l�k�l�\�_�g�g�h �i�j�h�l�h�g�g�u�c �k�i�_�d�l�j �h�l 
�f�h�e�_�d�m�e HD �i�j�h�y�\�e�y�_�l�k�y �d�Z�d �l�j�b�i�e�_�l.  �W�g�_�j�]�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�i�b�g�h�\ �\ 
�f�h�e�_�d�m�e�_ HD �j�Z�\�g�Z E(HD)=h�u(42.6 Hz)                                 

      �>�e�y �h�[�_�k�i�_�q�_�g�b�y  �i�h�]�j�_�r�g�h�k�l�b �j�_�]�b�k�l�j�Z�p�b�b �j�Z�a�g�h�k�l�b 
�w�d�j�Z�g�b�j�h�\�Z�g�b�y �i�j�h�l�h�g�h�\ �l�b�i�b�q�g�u�o �f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c �g�Z �m�j�h�\�g�_ 
1% �h�l �^�b�Z�i�Z�a�h�g�Z 10 �f .� .̂ �l�j�_�[�m�_�l�k�y �h�^�g�h�j�h�^�g�h�k�l�v �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �d�Z�d 
�f�b�g�b�f�m�f �G�</B < 10-7. �W�l�h �^�h�k�l�b�]�Z�_�l�k�y �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�h�c 
�d�h�g�k�l�j�m�d�p�b�b �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u, �d�h�l�h�j�Z�y �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �d�Z�d 
�f�b�g�b�f�b�a�Z�p�b�x �G�</B, �l�Z�d �b �\�u�k�h�d�h�_ �a�g�Z�q�_�g�b�_ �i�h�e�y �<. �D�j�h�f�_ �w�l�h�]�h, �Y�F�J 
�k�i�_�d�l�j�h�f�_�l�j�u �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �k�g�Z�[�`�_�g�u �k�b�k�l�_�f�h�c �[�u�k�l�j�h�]�h 
�\�j�Z�s�_�g�b�y �h�[�j�Z�a�p�Z �^�e�y �m�k�j�_�^�g�_�g�b�y �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �i�h�e�y �\ �i�e�h�k�d�h�k�l�b 
�\�j�Z�s�_�g�b�y.  

 
18.    �I�j�b�f�_�j�u �k�i�_�d�l�j�h�\ in vivo 

 
       �D�Z�d �h�l�f�_�q�Z�e�h�k�v, �^�e�y �y�^�_�j 1H �b 13C �F�J�K in vivo �b in vitro �^�e�y 

�h�i�j�_�^�_�e�_�g�b�y �g�Z�q�Z�e�Z �r�d�Z�e�u �o�b�f�b�q�_�k�d�b�o �k�^�\�b�]�h�\ �b�k�i�h�e�v�a�m�x�l 
�l�_�l�j�Z�f�_�l�b�e�k�b�e�Z�g (tetramethylsilane (TMS)), (CH3)4Si. �I�j�b �w�l�h�f �\ 
�q�Z�k�l�g�h�k�l�b, �h�d�Z�a�u�\�Z�_�l�k�y, �q�l�h �]�j�m�i�i�Z �i�j�h�l�h�g�h�\, �b�f�_�x�s�Z�y, �g�Z�i�j�b�f�_�j, 
�o�b�f�b�q�_�k�d�h�c �k�^�\�b�] 1.00 ppm, �i�h�d�Z�a�Z�e�Z �[�u �i�b�d �Y�F�J �k�b�]�g�Z�e�Z �k �q�Z�k�l�h�l�h�c �g�Z 
63 Hz �k�^�\�b�g�m�l�h�c �h�l�g�h�k�b�l�_�e�v�g�h �i�b�d�Z �k�b�]�g�Z�e�Z TMS, �_�k�e�b �k�i�_�d�l�j 
�a�Z�i�b�k�u�\�Z�_�l�k�y �i�j�b 63 MHz �g�Z �k�i�_�d�l�j�h�f�_�l�j�_ �k �i�h�e�_�f 1.5 �L�e, �b�e�b 400 Hz 
�h�l�g�h�k�b�l�_�e�v�g�h TMS �g�Z �k�i�_�d�l�j�h�f�_�l�j�_ �k �q�Z�k�l�h�l�h�c �j�_�a�h�g�Z�g�k�Z 400 MHz.  

�G�Z �j�b�k. 27 �i�j�_�^�k�l�Z�\�e�_�g �n�h�k�n�h�j�g�u�c �F�J �k�i�_�d�l�j, �i�h�e�m�q�_�g�g�u�c �h�l �f�y�]�d�b�o 
�l�d�Z�g�_�c �q�_�e�h�\�_�q�_�k�d�h�c �g�h�]�b. �K�b�]�g�Z�e�u �\ �k�i�_�d�l�j�_ �i�j�b�i�b�k�Z�g�u 
�g�_�h�j�]�Z�g�b�q�_�k�d�h�f�m �n�h�k�n�Z�l�m (Pi), �n�h�k�n�h�j�d�j�_�Z�l�b�g�m (PCr), �b �D�������E�������J  
�n�h�k�n�h�j�g�h�d�b�k�e�u�f �]�j�m�i�i�Z�f �Z�^�_�g�h�a�b�g�l�j�b�n�h�k�n�Z�l�Z (AT�N). �G�m�e�v �\ �f�Z�k�r�l�Z�[�_ 
�i�j�b�k�\�h�_�g �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h�f�m �k�b�]�g�Z�e�m �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z,  
�o�b�f�b�q�_�k�d�b�_ �b�a�f�_�g�_�g�b�y �i�j�_�^�k�l�Z�\�e�_�g�u �\ �f�b�e�e�b�h�g�g�h�c �^�h�e�_ (ppm) 

�< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �a�^�_�k�v �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j (�j�b�k. 27), �i�h�e�m�q�_�g�g�u�c 
�g�Z �j�_�a�h�g�Z�g�k�_ �y�^�_�j �n�h�k�n�h�j�Z, �g�Z�d�h�i�e�_�g�g�u�c �h�l �f�y�]�d�b�o �l�d�Z�g�_�c �g�h�]�b 
�i�Z�p�b�_�g�l�Z. �G�Z �k�h�\�j�_�f�_�g�g�u�o �i�j�b�[�h�j�Z�o �l�Z�d�b�_ �k�i�_�d�l�j�u �i�h�e�m�q�Z�x�l �k 
�i�h�f�h�s�v�x �b�f�i�m�e�v�k�g�h�c �f�_�l�h�^�b�d�b. �I�j�b �w�l�h�f �b�k�o�h�^�g�u�c �q�b�k�e�h�\�h�c �f�Z�l�_�j�b�Z�e 
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�i�_�j�\�h�g�Z�q�Z�e�v�g�h �g�Z�d�Z�i�e�b�\�Z�x�l �\�h �\�j�_�f�_�g�g�h�c �r�d�Z�e�_, �a�Z�l�_�f 
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�l �k�i�_�d�l�j �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f. 

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

�>�e�y 1H �k�i�_�d�l�j�h�\ �[�h�e�v�r�b�g�k�l�\�Z �h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c  �o�b�f�b�q�_�k�d�b�_ 
�b�a�f�_�g�_�g�b�y �f�h�]�m�l �j�Z�k�i�h�e�Z�]�Z�l�v�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 0 �^�h 12 ppm. �K�i�_�d�l�j 
�j�Z�a�^�_�e�_�g �g�Z �g�_�k�d�h�e�v�d�h �h�[�s�b�o �h�[�e�Z�k�l�_�c (�j�_�]�b�h�g�h�\), �o�h�l�y �b�f�_�_�l�k�y 
�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �i�_�j�_�d�j�u�l�b�c. 

 
 

 
�J�b�k. 27. �K�i�_�d�l�j �f�Z�]�g�b�l�g�h�]�h �j�_�a�h�g�Z�g�k�Z �y�^�_�j �n�h�k�n�h�j�Z �J-31 �l�d�Z�g�_�c �g�h�]�b 

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

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

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

�D�h�g�k�l�Z�g�l�Z �k�i�b�g-�k�i�b�g�h�\�h�c �k�\�y�a�b J �o�Z�j�Z�d�l�_�j�b�a�m�_�l �\�_�e�b�q�b�g�m �m�d�Z�a�Z�g�g�h�]�h 
�j�Z�k�s�_�i�e�_�g�b�y. �K�i�b�g-�k�i�b�g�h�\�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ (�b�e�b J -�k�i�Z�j�b�\�Z�g�b�_) �g�_ 
�l�j�_�[�m�_�l �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �i�h�w�l�h�f�m �w�l�h�l �w�n�n�_�d�l �g�_ �a�Z�\�b�k�b�l �h�l 
�i�j�b�e�h�`�_�g�g�h�]�h �\�g�_�r�g�_�]�h �i�h�e�y. �I�h�k�l�h�y�g�g�Z�y �k�\�y�a�b J �\�u�j�Z�`�Z�_�l�k�y �\ �]�_�j�p�Z�o. 
�< �i�j�_�^�k�l�Z�\�e�_�g�g�h�f �\�u�r�_ �i�j�b�f�_�j�_ (�j�b�k. 26) �w�g�_�j�]�b�y �k�i�b�g-�k�i�b�g�h�\�h�]�h 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�j�h�l�h�g�Z �b �^�_�c�l�j�h�g�Z �\ �f�h�e�_�d�m�e�Z�o HD �j�Z�\�g�Z J(HD) = 42.6 
Hz.  

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

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

 
�J�b�k. 28. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �i�h�e�m�q�_�g�b�y �F�J�K: (�: ) – �\�b� ̂�g�Z�d�h�i�e�_�g�g�h�]�h 

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

 �R�b�j�b�g�Z �j�_�a�h�g�Z�g�k�g�h�c �e�b�g�b�b �k�b�g�]�e�_�l�Z �h�[�j�Z�l�g�h �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z 
�\�j�_�f�_�g�b �j�_�e�Z�d�k�Z�p�b�b T2* , �Z T2*- �w�n�n�_�d�l�b�\�g�h�_ �\�j�_�f�y �j�_�e�Z�d�k�Z�p�b�b, 
�\�d�e�x�q�Z�x�s�_�_ �\ �k�_�[�y �k�h�[�k�l�\�_�g�g�h �\�j�_�f�y �L2 �b �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �m�r�b�j�_�g�b�_ 
�k�b�]�g�Z�e�Z, �h�[�m�k�e�h�\�e�_�g�g�h�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�y�f�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  

�H�[�u�q�g�h �w�n�n�_�d�l�u �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �^�e�y �g�_�[�h�e�v�r�b�o 
�h�[�j�Z�a�p�h�\ �m�^�Z�_�l�k�y �k�\�_�k�l�b �d �f�b�g�b�f�m�f�m, �_�k�e�b �b�k�i�h�e�v�a�h�\�Z�l�v �\�j�Z�s�_�g�b�_ 
�h�[�j�Z�a�p�Z.  �L�h�]�^�Z �\ �\�u�j�Z�`�_�g�b�b �^�e�y �i�h�e�h�k�u �q�Z�k�l�h�l �h�k�g�h�\�g�h�c �\�d�e�Z�^ �^�Z�k�l 
�k�h�[�k�l�\�_�g�g�h�_ �\�j�_�f�y �j�_�e�Z�d�k�Z�p�b�b �L2 �f�h�e�_�d�m�e�u. �< �h�[�j�Z�a�p�Z�o �[�h�e�v�r�h�]�h 
�j�Z�a�f�_�j�Z, �g�Z�i�j�b�f�_�j �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �[�b�h�e�h�]�b�q�_�k�d�b�o �l�d�Z�g�_�c in vivo, 
�^�h�f�b�g�b�j�m�x�s�b�f �q�Z�k�l�h �h�d�Z�a�u�\�Z�x�l�k�y �w�n�n�_�d�l�u �e�h�d�Z�e�v�g�h�c �f�Z�]�g�b�l�g�h�c 
�\�h�k�i�j�b�b�f�q�b�\�h�k�l�b. �W�l�h �h�i�j�_�^�_�e�y�_�l �\�Z�`�g�h�k�l�v �m�q�_�l�Z �]�_�h�f�_�l�j�b�b 
�j�Z�k�i�h�e�h�`�_�g�b�y �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y, �k�\�y�a�Z�g�g�h�c �k �e�h�d�Z�e�v�g�h�c 
�g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  

 �>�e�y �f�b�g�b�f�b�a�Z�p�b�b �i�h�]�j�_�r�g�h�k�l�_�c �\ �Y�F�J �k�i�_�d�l�j�h�k�d�h�i�b�b �`�_�e�Z�l�_�e�v�g�h 
�j�Z�[�h�l�Z�l�v �i�j�b �f�Z�d�k�b�f�Z�e�v�g�h�c �g�Z�i�j�y�`�_�g�g�h�k�l�b �i�h�e�y B, �q�l�h�[�u �m�\�_�e�b�q�b�l�v 
�h�l�g�h�r�_�g�b�_ dB/B �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �j�Z�a�j�_�r�_�g�b�_ �i�h �q�Z�k�l�h�l�_ �j�Z�a�e�b�q�g�u�o 
�k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c d�Q���Q, �Z �l�Z�d�`�_, �q�l�h�[�u �m�\�_�e�b�q�b�l�v �h�l�g�h�r�_�g�b�_ 
�k�b�]�g�Z�e/�r�m�f. �O�h�l�y �i�j�b �j�Z�[�h�l�_ �k �g�_�[�h�e�v�r�b�f�b �h�[�j�Z�a�p�Z�f�b �w�l�h �b 
�p�_�e�_�k�h�h�[�j�Z�a�g�h, �h�^�g�Z�d�h �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c in vivo �e�h�d�Z�e�v�g�u�_ �\�Z�j�b�Z�p�b�b 
�f�Z�]�g�b�l�g�h�c �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b �f�h�]�m�l �i�j�_�i�y�l�k�l�\�h�\�Z�l�v �m�e�m�q�r�_�g�b�x 
�j�Z�a�j�_�r�_�g�b�y �b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c. 

�B�a-�a�Z �\�e�b�y�g�b�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �g�Z �r�b�j�b�g�m 
�k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c �g�_�h�[�o�h�^�b�f�h �k�l�j�_�f�b�l�v�k�y �d �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c 
�_�_ �h�^�g�h�j�h�^�g�h�k�l�b. �H�^�g�h�j�h�^�g�h�k�l�v �i�h�e�y �<0 �h�[�u�q�g�h �^�h�k�l�b�]�Z�x�l �i�m�l�_�f 
�i�h�^�[�h�j�Z �l�h�d�h�\ �\ �j�y�^�_ �d�h�f�i�_�g�k�b�j�m�x�s�b�o �d�Z�l�m�r�_�d �k �g�Z�e�h�`�_�g�b�_�f �g�Z 
�e�h�d�Z�e�v�g�m�x �h�[�e�Z�k�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �k�e�Z�[�u�o �i�h�e�_�c �\�u�k�h�d�b�o �i�h�j�y�^�d�h�\ �i�h �<0, 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�o  x, y, z. �W�l�m �g�Z�k�l�j�h�c�d�m �k�e�_�^�m�_�l �i�j�h�\�h�^�b�l�v �i�_�j�_�^ 
�d�Z�`�^�u�f �b�a�f�_�j�_�g�b�_�f �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �e�h�d�Z�e�b�a�Z�p�b�b �b�k�k�e�_�^�m�_�f�u�o 
�h�[�e�Z�k�l�_�c �b �\�e�b�y�g�b�y �n�h�j�f�u �h�[�t�_�d�l�Z �g�Z �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�h�e�y.  

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

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

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

 
 

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

 
   �E�b�r�v �g�_�d�h�l�h�j�u�_ �b�a �g�Z�b�[�h�e�_�_ �k�l�Z�[�b�e�v�g�u�o �\�h �\�j�_�f�_�g�b  �f�_�l�Z�[�h�e�b�l�h�\ 

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

                
19.1.  N-�:�p�_�l�b�e�Z�k�i�Z�j�l�Z�l (NAA)  

 
 N-�:�p�_�l�b�e�Z�k�i�Z�j�l�Z�l (NAA), �d�Z�d �k�q�b�l�Z�x�l, �y�\�e�y�_�l�k�y �g�_�c�j�h�g�g�u�f 

�f�Z�j�d�_�j�g�u�f �]�_�g�h�f.  �Y�F�J �k�b�]�g�Z�e �h�l NAA, �d�Z�d �i�j�Z�\�b�e�h, �g�Z�b�[�h�e�_�_ 
�b�g�l�_�g�k�b�\�_�g, �h�g  �f�h�`�_�l �l�Z�d�`�_ �h�l�j�Z�`�Z�l�v �\�d�e�Z�^�u �h�l �^�j�m�]�b�o �k�h�k�l�Z�\�h�\, 
�k�h�^�_�j�`�Z�s�b�o �h�k�l�Z�l�d�b N-�Z�p�_�l�b�e�Z. 

 

 
�J�b�k 29. �K�i�_�d�l�j NAA �b �_�]�h �o�b�f�b�q�_�k�d�Z�y �n�h�j�f�m�e�Z 
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�J�h�e�v N-�Z�p�_�l�b�e�Z�k�i�Z�j�l�Z�l�Z �\ �f�_�l�Z�[�h�e�b�a�f�_ �g�_�j�\�g�h�c �l�d�Z�g�b �^�h �k�b�o �i�h�j 
�h�d�h�g�q�Z�l�_�e�v�g�h �g�_ �m�k�l�Z�g�h�\�e�_�g�Z. �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y, �q�l�h �\ �[�h�e�v�r�b�o �h�i�m�o�h�e�y�o 
�j�Z�a�\�b�\�Z�_�l�k�y �g�_�^�h�k�l�Z�l�h�q�g�h�k�l�v �n�_�j�f�_�g�l�g�h�c �k�b�k�l�_�f�u, �m�q�Z�k�l�\�m�x�s�_�c �\ 
�Z�p�_�l�b�e�b�j�h�\�Z�g�b�b �Z�k�i�Z�j�l�Z�l�Z. �I�j�b �f�_�g�b�g�]�b�h�f�_ �\ �i�j�h�l�h�g�g�u�o �k�i�_�d�l�j�Z�o 
�\�u�y�\�e�_�g�h �a�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ �m�j�h�\�g�y N-�Z�p�_�l�b�e�Z�k�i�Z�j�l�Z�l�Z.  

 
 
�H�i�l�b�f�b�k�l�b�q�g�h �h�p�_�g�b�\�Z�x�l�k�y �\�h�a�f�h�`�g�h�k�l�b �i�j�h�l�h�g�g�h�c �F�J�K �\ 

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

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

 
                             19.2.   �D�j�_�Z�l�b�g/�n�h�k�n�h�j�d�j�_�Z�l�b�g (�Kr/PCr) 
 
�K�h�^�_�j�`�b�l�k�y �\ �g�_�j�\�g�h�c �l�d�Z�g�b �g�_ �l�h�e�v�d�h �\ �k�\�h�[�h�^�g�h�f �\�b�^�_, �g�h �b �\ �\�b�^�_ 

�[�h�]�Z�l�h�]�h �w�g�_�j�]�b�_�c �g�_�k�l�h�c�d�h�]�h �k�h�_�^�b�g�_�g�b�y – �d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z. �H�l�f�_�l�b�f, 
�q�l�h �h�l �w�l�h�]�h �k�h�_�^�b�g�_�g�b�y �j�_�]�b�k�l�j�b�j�m�_�l�k�y �^�\�Z �Y�F�J �k�b�]�g�Z�e (�^�\�Z �k�b�g�]�e�_�l�Z) 
�h�l �]�j�m�i�i�u �K�G3 �b �K�G2. �I�j�b�q�_�f, �_�k�e�b �]�j�m�i�i�Z �K�G3 �b�f�_�_�l �l�h�l �`�_ 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �^�e�y PCr �b Cr, �l�h �^�e�y �]�j�m�i�i�u �K�G2 �k�b�]�g�Z�e�Z �h�l�e�b�q�Z�x�l�k�y 
�i�j�b�f�_�j�g�h �g�Z 0.02 ppm.  

 
 

�J�b�k 30. �K�i�_�d�l�j �d�j�_�Z�l�b�g�Z Cre �b �_�]�h �o�b�f�b�q�_�k�d�Z�y �n�h�j�f�m�e�Z 
 
�B�g�l�_�g�k�b�\�g�h�k�l�v �h�[�g�h�\�e�_�g�b�y �[�h�]�Z�l�u�o �w�g�_�j�]�b�_�c �n�h�k�n�h�j�g�u�o �k�h�_�^�b�g�_�g�b�c 

�\ �]�h�e�h�\�g�h�f  �f�h�a�]�_  �h�q�_�g�v �\�_�e�b�d�Z.  �I�h�w�l�h�f�m  �k�h�^�_�j�`�Z�g�b�_  �:�L�N  �b 
�d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z �\ �f�h�a�]�h�\�h�c �l�d�Z�g�b �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�u�f 
�i�h�k�l�h�y�g�k�l�\�h�f. 
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�G�Z �h�[�f�_�g�_ �f�Z�d�j�h�w�j�]�h�\ �k�b�e�v�g�h �k�d�Z�a�u�\�Z�x�l�k�y �\�h�a�[�m�`�^�_�g�b�_ �b �g�Z�j�d�h�a. �< 
�k�h�k�l�h�y�g�b�b �g�Z�j�d�h�a�Z �g�Z�[�e�x�^�Z�_�l�k�y �m�]�g�_�l�_�g�b�_ �^�u�o�Z�g�b�y; �k�h�^�_�j�`�Z�g�b�_ 
�Z�^�_�g�h�a�b�g�l�j�b�n�h�k�n�Z�l�Z (�:�L�N) �b �d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z �i�h�\�u�r�_�g�h, �Z �m�j�h�\�_�g�v 
�g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h �n�h�k�n�Z�l�Z �k�g�b�`�_�g. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �k�h�d�j�Z�s�Z�_�l�k�y 
�i�h�l�j�_�[�e�_�g�b�_ �f�h�a�]�h�f �k�h�_�^�b�g�_�g�b�c �[�h�]�Z�l�u�o �w�g�_�j�]�b�_�c. �I�j�b �j�Z�a�^�j�Z�`�_�g�b�b 
�b�g�l�_�g�k�b�\�g�h�k�l�v �^�u�o�Z�g�b�y �m�k�b�e�b�\�Z�_�l�k�y �\ 2 - 4 �j�Z�a�Z; �m�j�h�\�_�g�v �:�L�N �b 
�d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z �k�g�b�`�Z�_�l�k�y, �Z �d�h�e�b�q�_�k�l�\�h �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h �n�h�k�n�Z�l�Z 
�m�\�_�e�b�q�b�\�Z�_�l�k�y. 

�J�Z�k�i�Z�^ �Z�^�_�g�h�a�b�g�l�j�b�n�h�k�n�Z�l�Z (�:�L�N) �k �h�[�j�Z�a�h�\�Z�g�b�_�f 
�Z�^�_�g�h�a�b�g�^�b�n�h�k�n�Z�l�Z (�:�>�N) �b �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h �n�h�k�n�Z�l�Z �w�l�h �h�k�g�h�\�g�h�c   
�b�k�l�h�q�g�b�d   �w�g�_�j�]�b�b.      �L�j�Z�g�k�n�h�j�b�e�b�j�h�\�Z�g�b�_   �:�>�N   �k �d�j�_�Z�l�b�g�n�h�k�n�Z�l�h�f 
�h�[�_�k�i�_�q�b�\�Z�_�l �i�h�k�l�h�y�g�g�u�c �j�_�k�b�g�l�_�a �:�L�N.  

�< �w�l�h�f �b �a�Z�d�e�x�q�Z�_�l�k�y �n�m�g�d�p�b�y �d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z, �h�l�f�_�l�b�f, �q�l�h �i�j�b 
�\�u�k�h�d�b�o �i�h�e�y�o (9 �L�e �b �\�u�r�_) �g�Z �k�i�_�d�l�j�Z�o �m�^�Z�_�l�k�y �h�l�e�b�q�b�l�v �d�j�_�Z�l�b�g �h�l 
�d�j�_�Z�l�b�g�n�h�k�n�Z�l�Z.                              

                                           19..3. �O�h�e�b�g (Cho) 
 
�W�l�h�l �k�b�]�g�Z�e �g�Z�b�[�h�e�_�_ �\�_�j�h�y�l�g�h �i�j�_�^�k�l�Z�\�e�y�_�l �h�[�s�_�_ �d�h�e�b�q�_�k�l�\�h �a�Z�i�Z�k�Z 

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

�I�h �k�l�j�m�d�l�m�j�_ �o�h�e�b�g �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �Z�f�b�g�h�w�l�b�e�h�\�u�c �k�i�b�j�l, 
�k�h�^�_�j�`�Z�s�b�c �m �Z�l�h�f�Z �Z�a�h�l�Z �l�j�b �f�_�l�b�e�v�g�u�_ �]�j�m�i�i�u �b �y�\�e�y�_�l�k�y 
�k�l�j�m�d�l�m�j�g�u�f �w�e�_�f�_�g�l�h�f �k�e�h�`�g�u�o �e�b�i�b�^�h�\. �O�h�e�b�g, �\�o�h�^�y�s�b�c �\ �k�h�k�l�Z�\ 
�e�_�p�b�l�b�g�Z (�n�h�k�n�h�l�b�^�b�e�o�h�e�b�g�Z), �b�f�_�_�l �[�h�e�v�r�h�_ �a�g�Z�q�_�g�b�_ �d�Z�d 
�\�b�l�Z�f�b�g�h�i�h�^�h�[�g�h�_ �\�_�s�_�k�l�\�h, �j�_�]�m�e�b�j�m�x�s�_�_ �`�b�j�h�\�h�c �h�[�f�_�g. 
�A�Z�f�_�s�_�g�g�u�_ �n�h�k�n�Z�l�u �o�h�e�b�g�Z �y�\�e�y�x�l�k�y �k�l�j�m�d�l�m�j�g�h�c �h�k�g�h�\�h�c 
�n�h�k�n�h�e�b�i�b�^�h�\ - �\�Z�`�g�_�c�r�_�]�h �k�l�j�h�b�l�_�e�v�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �d�e�_�l�h�q�g�u�o 
�f�_�f�[�j�Z�g. 
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�J�b�k 31. �K�i�_�d�l�j �o�h�e�b�g�Z Cho �b �_�]�h �o�b�f�b�q�_�k�d�Z�y �n�h�j�f�m�e�Z 
 
�K�e�h�`�g�u�c �w�n�b�j �o�h�e�b�g�Z �b �m�d�k�m�k�g�h�c �d�b�k�e�h�l�u – �Z�p�_�l�b�e�o�h�e�b�g �b�]�j�Z�_�l 

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

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

�H�k�\�h�[�h�^�b�\�r�b�c�k�y �Z�p�_�l�b�e�o�h�e�b�g �i�h�k�e�_ �\�u�i�h�e�g�_�g�b�y �n�m�g�d�p�b�b �f�_�^�b�Z�l�h�j�Z 
�g�_�j�\�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y �l�h�l�q�Z�k �`�_ �j�Z�k�i�Z�^�Z�_�l�k�y �k �j�Z�a�j�u�\�h�f �w�n�b�j�g�h�c �k�\�y�a�b 
�g�Z �o�h�e�b�g �b �Z�p�_�l�Z�l. �K�b�]�g�Z�e   �o�h�e�b�g�Z   �g�Z   �Y�F�J �k�i�_�d�l�j�_ �l�d�Z�g�_�c �f�h�a�]�Z �i�j�b 
1.5 �L�e �k�h�h�l�\�_�l�k�l�\�m�_�l �\�k�_�f �o�h�e�b�g�h�k�h�^�_�j�`�Z�s�b�f �k�h�_�^�b�g�_�g�b�y�f. 

 
                                    19.4.   M�bo-�b�g�h�a�b�l�h�e (mlns)  
 
   �F�h�`�_�l �[�u�l�v, �y�\�e�y�_�l�k�y �n�h�j�f�h�c �o�j�Z�g�_�g�b�y �]�h�j�f�h�g�Z�e�v�g�h�]�h �^�b�n�h�k�n�Z�l�Z 

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

 
 

�J�b�k. 32.  �K�i�_�d�l�j �h�l �i�j�h�l�h�g�h�\ �f�b�h-�b�g�h�a�b�l�h�e�Z, �i�j�b�k�h�_�^�b�g�_�g�g�h�]�h �d 
�n�h�k�n�h�j�m 

 
�N�b�a�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �k�\�h�[�h�^�g�h�]�h �b�g�h�a�b�l�Z �b �_�]�h �w�n�b�j�Z 

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

�K�h�^�_�j�`�Z�g�b�_ �n�h�k�n�h�l�b�^�b�e�b�g�h�a�b�l�h�\, �g�Z�i�j�b�f�_�j, �\ �k�_�j�h�f �b �[�_�e�h�f 
�\�_�s�_�k�l�\�_ �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �i�j�b�f�_�j�g�h �h�^�b�g�Z�d�h�\�h �b �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 
0,15% �b�o �h�[�s�_�c �f�Z�k�k�u (�e�b�i�b�^�u �k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 50% �k�m�o�h�c �f�Z�k�k�u 
�]�h�e�h�\�g�h�]�h �f�h�a�]�Z.). �N�h�k�n�h�l�b�^�b�e�b�g�h�a�b�l�u �y�\�e�y�x�l�k�y �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h 
�h�[�g�h�\�e�y�x�s�b�f�b�k�y �n�h�k�n�h�e�b�i�b�^�Z�f�b �k�_�j�h�]�h �\�_�s�_�k�l�\�Z �f�h�a�]�Z. 

�K�b�]�g�Z�e �b�g�h�a�b�l�Z �g�Z �Y�F�J �k�i�_�d�l�j�h�]�j�Z�f�f�_ �h�l�g�h�k�b�l�k�y  �b�f�_�g�g�h �d 
�n�h�k�n�h�l�b�^�b�e�b�g�h�a�b�l�Z�f. �M�f�_�g�v�r�_�g�b�y   �b�g�l�_�g�k�b�\�g�h�k�l�b   �w�l�h�]�h �i�b�d�Z 
�k�e�_�^�m�_�l, �i�h-�\�b�^�b�f�h�f�m, �h�`�b�^�Z�l�v �i�j�b �a�Z�[�h�e�_�\�Z�g�b�y�o �g�_�j�\�g�h�c �k�b�k�l�_�f�u, 
�k�\�y�a�Z�g�g�u�o �k �g�_�^�h�k�l�Z�l�d�h�f �n�h�k�n�h�j�Z. 

 
�K�j�Z�\�g�b�\�Z�y �k�h�^�_�j�`�Z�g�b�y �n�h�k�n�h�e�b�i�b�^�h�\ �\ �h�i�m�o�h�e�y�o �f�h�a�]�Z �b �\ 

�g�h�j�f�Z�e�v�g�h�f �f�h�a�]�_, �f�g�h�]�b�_ �b�k�k�e�_�^�h�\�Z�l�_�e�b �i�h�d�Z�a�Z�e�b, �q�l�h �h�i�m�o�h�e�b 
�k�h�^�_�j�`�Z�l �h�l 1/3 �^�h 1/2 �g�h�j�f�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �n�h�k�n�h�e�b�i�b�^�h�\. 

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

 
19..5.   �=�e�x�l�Z�f�Z�l (Glu) 

 
�<�h�a�[�m�`�^�Z�x�s�b�c �g�_�c�j�h�f�_�^�b�Z�l�h�j. �G�Z �l�j�b�i�_�i�l�b�^ �]�e�m�l�Z�l�b�h�g �i�j�b�o�h�^�b�l�k�y 

�[�h�e�_�_ 50% �Z-�Z�f�b�g�h�Z�a�h�l�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z. �D�j�h�f�_ �g�_�h�[�u�q�g�h�]�h �d�h�e�b�q�_�k�l�\�Z 
�]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �\ �f�h�a�]�_ �k�h�^�_�j�`�b�l�k�y �j�y� ̂�k�\�h�[�h�^�g�u�o �Z�f�b�g�h�d�b�k�e�h�l, 
�d�h�l�h�j�u�_ �e�b�r�v �\ �g�_�a�g�Z�q�b�l�_�e�v�g�u�o �d�h�e�b�q�_�k�l�\�Z�o �h�[�g�Z�j�m�`�b�\�Z�x�l�k�y �\ �^�j�m�]�b�o 
�l�d�Z�g�y�o. �W�l�h �J-�Z�f�b�g�h�f�Z�k�e�y�g�Z�y �d�b�k�e�h�l�Z, �Z�p�_�l�b�e�Z�k�i�Z�j�Z�]�b�g�h�\�Z�y �d�b�k�e�h�l�Z �b 
�p�b�k�l�Z�l�b�h�g�b�g. 

 

 
 

�J�b�k 33. �K�i�_�d�l�j �]�e�x�l�Z�f�Z�l�Z �i�j�b �i�h�e�y�o 1.5 �L�e 
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�=�e�m�l�Z�f�b�g�h�\�Z�y �k�b�k�l�_�f�Z �a�Z�g�b�f�Z�_�l �d�e�x�q�_�\�m�x �i�h�a�b�p�b�x �\ �h�[�f�_�g�g�u�o 

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

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

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

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

 
                                           19.6.  �=�e�x�l�Z�f�b�g  (Gln)   
 
   �=�e�x�l�Z�f�b�g �w�l�h �i�j�h�^�m�d�l �j�_�Z�d�p�b�b Glu  �k  �Z�f�f�b�Z�d�h�f. �W�l�h �f�h�`�_�l �[�u�l�v 

�\�Z�`�g�h �^�e�y �j�_�]�m�e�b�j�h�\�Z�g�b�y Glu  �b  �^�e�y �^�_�l�h�d�k�b�d�Z�p�b�b. �Y�F�J �k�b�]�g�Z�e�u �h�l Glu 
�b Gln  �b�f�_�x�l �i�j�b 1.5 �L�e �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�c �k�h�k�l�Z�\ �k�i�_�d�l�j�Z. �W�l�b 
�k�b�]�g�Z�e�u �i�_�j�_�d�j�u�\�Z�x�l�k�y �\ �i�h�e�y�o �< = 1.5 �L  �b �b�o �l�j�m�^�g�h �h�l�^�_�e�b�l�v, 
�i�h�w�l�h�f�m �b�o �q�Z�k�l�h �h�[�h�a�g�Z�q�Z�x�l Glx. 
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�J�b�k 34. �K�i�_�d�l�j �]�e�m�l�Z�f�b�g�Z �i�j�b �i�h�e�y�o 1.5 �L�e 
 
�G�Z�d�h�g�_�p,   �]�e�x�l�Z�f�b�g�h�\�Z�y   �d�b�k�e�h�l�Z  �\  �g�_�j�\�g�h�c  �l�d�Z�g�b   �f�h�`�_�l 

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

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

 �D�h�e�b�q�_�k�l�\�h �J-�Z�f�b�g�h�f�Z�k�e�y�g�h�c �d�b�k�e�h�l�u �\ �]�h�e�h�\�g�h�f �f�h�a�]�_ �\�h �f�g�h�]�h �j�Z�a 
�\�u�r�_, �q�_�f �\ �^�j�m�]�b�o �g�_�c�j�h�f�_�^�b�Z�l�h�j�Z�o. �L�Z�d, �\ �]�b�i�h�l�Z�e�Z�f�m�k�_ �k�m�f�f�Z�j�g�h�_ 
�k�h�^�_�j�`�Z�g�b�_ �Z�p�_�l�b�e�o�h�e�b�g�Z, �g�h�j�Z�^�j�_�g�Z�e�b�g�Z, �^�h�n�Z�f�b�g�Z �b �k�_�j�h�l�h�g�b�g�Z �g�_ 
�i�j�_�\�u�r�Z�_�l 10 �f�d�]/�]., �\ �l�h �\�j�_�f�y �d�Z�d �J-�Z�f�b�g�h�f�Z�k�e�y�g�h�c �d�b�k�e�h�l�u �\ �w�l�h�f 
�h�l�^�_�e�_ �f�h�a�]�Z �[�h�e�_�_ 600 �f�d�]/�]. 

 
 
�G�Z �j�b�k.33 �b �j�b�k. 34 �i�j�_�^�k�l�Z�\�e�_�g�u �k�i�_�d�l�j�u, �d�h�l�h�j�u�_ �i�h�e�m�q�_�g�u �\ �i�h�e�_ 

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

�H�^�g�Z�d�h �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �[�h�e�_�_ �\�u�k�h�d�b�o �i�h�e�_�c, �h�l �< = 4 �L�e �b �\�u�r�_, 
�Y�F�J �k�i�_�d�l�j �h�l �]�e�x�l�Z�f�b�g�Z �b �]�e�x�l�Z�f�Z�l�Z �m�i�j�h�s�Z�_�l�k�y �b �h�d�Z�a�u�\�Z�_�l�k�y 
�m�^�h�[�g�u�f �^�e�y �k�i�_�d�l�j�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z. 

 
 

19.7.  �=�e�x�d�h�a�Z �d�Z�d �b�k�l�h�q�g�b�d �w�g�_�j�]�b�b 
 
 

 
 

�J�b�k. 35. �=�e�x�d�h�a�Z 
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�F�h�e�_�d�m�e�y�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ – �]�e�x�d�h�a�Z �l�Z�d�`�_ �^�h�k�l�m�i�g�Z �i�j�b �Y�F�J 

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

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �h�k�g�h�\�g�u�_ �Y�F�J �k�b�]�g�Z�e�u �w�l�h�]�h �k�h�_�^�b�g�_�g�b�y 
�j�Z�k�i�h�e�h�`�_�g�u �k�j�Z�\�g�b�l�_�e�v�g�h �[�e�b�a�d�h �d �h�q�_�g�v �[�h�e�v�r�h�f�m �i�h �b�g�l�_�g�k�b�\�g�h�k�l�b 
�k�b�]�g�Z�e�m �h�l �i�j�h�l�h�g�h�\ �\�h�^�u. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �^�e�y �g�Z�^�_�`�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y 
�d�h�g�p�_�g�l�j�Z�p�b�b �w�l�h�]�h �k�h�_�^�b�g�_�g�b�y �`�_�e�Z�l�_�e�v�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �f�Z�]�g�b�l�g�h�_ 
�i�h�e�_ �g�_ 1.5 �L�e, �Z �[�h�e�_�_ �\�u�k�h�d�b�_ �i�h�e�y.   

 
 
 

19.8. �E�Z�d�l�Z�l 
 

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

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

 �I�h�\�u�r�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �f�h�e�h�q�g�h�c �d�b�k�e�h�l�u �g�Z�[�e�x�^�Z�_�l�k�y �\ 
�Y�F�J �k�i�_�d�l�j�Z�o �i�j�b �]�b�i�h�d�k�b�b �b �b�r�_�f�b�b. �H�^�g�Z�d�h, �i�j�b �\�h�a�h�[�g�h�\�e�_�g�b�b 
�a�Z�i�Z�k�h�\ �d�b�k�e�h�j�h�^�Z �f�h�e�h�q�g�Z�y �d�b�k�e�h�l�Z  �h�d�b�k�e�y�_�l�k�y �\ 
�i�b�j�h�\�b�g�h�]�j�Z�^�g�m�x �d�b�k�e�h�l�m.        
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�J�b�k 36.   �E�Z�d�l�Z�l. 
 
  �H�i�m�o�h�e�_�\�u�_ �l�d�Z�g�b �h�l�e�b�q�Z�x�l�k�y �h�q�_�g�v �\�u�k�h�d�h�c �b�g�l�_�g�k�b�\�g�h�k�l�v�x  

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

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

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

 
 
 

20.   �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y �e�h�d�Z�e�b�a�Z�p�b�y �Y�F�J �k�i�_�d�l�j�Z�e�v�g�u�o  �b�k�k�e�_�^�h�\�Z�g�b�c 
 
�E�h�d�Z�e�b�a�Z�p�b�y �l�j�_�[�m�_�l�k�y �^�e�y �l�h�]�h, �q�l�h�[�u �[�u�l�v �m�\�_�j�_�g�g�u�f �\ �l�h�f, �q�l�h 

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

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

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

�F�_�l�h�^�u �Y�F�J �e�h�d�Z�e�b�a�Z�p�b�b �f�h�`�g�h �j�Z�a�[�b�l�v �g�Z �^�\�_ �]�j�m�i�i�u, �i�_�j�\�Z�y  �b�a 
�d�h�l�h�j�u�o �h�k�g�h�\�Z�g�Z �g�Z �b�a�f�_�g�_�g�b�b �i�h�e�y �<1, �Z �\�l�h�j�Z�y – �g�Z �b�a�f�_�g�_�g�b�b �i�h�e�y 
�<0. �D�j�h�f�_ �l�h�]�h, �k�m�s�_�k�l�\�m�x�l �f�_�l�h�^�u, �y�\�e�y�x�s�b�_�k�y �d�h�f�[�b�g�Z�p�b�_�c �^�\�m�o 
�\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o. �G�Z�b�[�h�e�_�_ �i�j�h�k�l�u�f �^�e�y �e�h�d�Z�e�b�a�Z�p�b�b �g�_�d�h�l�h�j�u�o 
�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o �[�b�h�e�h�]�b�q�_�k�d�b�o �l�d�Z�g�_�c  �y�\�e�y�_�l�k�y �i�j�b�f�_�g�_�g�b�_ 
�i�h�\�_�j�o�g�h�k�l�g�h�c �d�Z�l�m�r�d�b. �I�h�\�_�j�o�g�h�k�l�g�Z�y �d�Z�l�m�r�d�Z �\ �i�j�h�k�l�_�c�r�_�c �k�\�h�_�c 
�n�h�j�f�_ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�^�b�g �b�e�b �g�_�k�d�h�e�v�d�h �\�b�l�d�h�\ �i�j�h�\�h�^�Z �b 
�i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �j�_�]�b�k�l�j�Z�p�b�b �k�b�]�g�Z�e�Z �e�b�r�v �b�a �h�[�e�Z�k�l�b �h�[�j�Z�a�p�Z, 
�i�j�b�e�_�]�Z�x�s�_�c �d �\�b�l�d�Z�f �d�Z�l�m�r�d�b. 

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

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

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

�B�a�h�[�j�Z�`�_�g�b�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �y�^�_�j �\�h�^�h�j�h�^�Z �[�u�e�h �i�h�e�m�q�_�g�h, �k 
�i�h�f�h�s�v�x �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �f�_�l�h�^�Z «�[�u�k�l�j�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b, �\ 
�d�h�l�h�j�h�f �b�k�i�h�e�v�a�h�\�Z�e�k�y �g�_�k�_�e�_�d�l�b�\�g�u�c �b�f�i�m�e�v�k �b �l�Z�d�b�f �h�[�j�Z�a�h�f 
�i�h�e�m�q�Z�e�h�k�v �i�j�h�_�d�p�b�h�g�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_. �O�h�l�y �i�h�k�e�_�^�g�b�c �f�_�l�h�^ �b �y�\-
�e�y�_�l�k�y �i�j�h�k�l�u�f �f�_�l�h�^�h�f �e�h�d�Z�e�b�a�Z�p�b�b, �h�^�g�Z�d�h �h�l�f�_�l�b�f, �q�l�h �\�u�k�h�d�Z�y 
�k�l�_�i�_�g�v �g�_�h�^�g�h�j�h�^�g�h�k�l�b �i�h�e�y �<1, �i�j�b�\�h�^�b�l �d �k�e�h�`�g�h�f�m �q�Z�r�_�h�[�j�Z�a�g�h�f�m 
�b�a�h�[�j�Z�`�_�g�b�x �h�[�e�Z�k�l�b, �\�h�a�[�m�`�^�Z�_�f�h�c �b�f�i�m�e�v�k�Z�f�b �k �i�_�j�_�f�_�g�g�h�c �n�Z�a�h�c. 
�H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �_�k�e�b �i�_�j�b�h�^ �i�h�\�l�h�j�_�g�b�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �g�_ 
�[�h�e�_�_ �q�_�f �\ 5 �j�Z�a �i�j�_�\�u�r�Z�_�l �g�Z�b�[�h�e�v�r�_�_ �b�a �\�j�_�f�_�g �L1 �^�e�y �b�k�k�e�_�^�m�_�f�u�o 
�f�_�l�Z�[�h�e�b�l�h�\, �l�h �k�i�_�d�l�j�u �g�_�d�h�l�h�j�u�o �f�_�l�Z�[�h�e�b�l�h�\ �q�Z�k�l�b�q�g�h �i�h�^�Z�\�e�y�x�l�k�y 
(�b�a�f�_�g�y�_�l�k�y �b�g�l�_�g�k�b�\�g�h�k�l�v �k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c �i�h �k�j�Z�\�g�_�g�b�x �k 
�b�g�l�_�g�k�b�\�g�h�k�l�y�f�b, �j�_�]�b�k�l�j�b�j�m�_�f�u�f�b �i�j�b �f�_�g�v�r�b�o  �\�j�_�f�_�g�Z�o �L1). 
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�K�l�_�i�_�g�v �m�d�Z�a�Z�g�g�h�]�h �i�h�^�Z�\�e�_�g�b�y �a�Z�\�b�k�b�l �h�l �i�h�e�h�`�_�g�b�y �h�[�j�Z�a�p�Z �\ 
�i�j�h�k�l�j�Z�g�k�l�\�_ �b �e�h�d�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �n�Z�a�u, �k�h�a�^�Z�\�Z�_�f�h�]�h  �i�h�e�_�f �<1, �b 
�h�[�s�b�c �k�i�_�d�l�j �[�m�^�_�l �j�_�a�m�e�v�l�Z�l�h�f �b�g�l�_�]�j�b�j�h�\�Z�g�b�y �i�h �k�l�_�i�_�g�b �i�h�^�Z�\�e�_�g�b�y 
�b �e�h�d�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�[�h�e�b�l�h�\ �\ �d�Z�`�^�h�c �l�h�q�d�_. �I�h�k�d�h�e�v�d�m �^�e�y 
�f�_�l�Z�[�h�e�b�l�h�\ �o�Z�j�Z�d�l�_�j�_�g �r�b�j�h�d�b�c �^�b�Z�i�Z�a�h�g �\�j�_�f�_�g �j�_�e�Z�d�k�Z�p�b�b �L1, �w�l�h, 
�h�q�_�\�b�^�g�h, �y�\�e�y�_�l�k�y �\�Z�`�g�u�f �i�j�b �b�g�l�_�j�i�j�_�l�Z�p�b�b �k�i�_�d�l�j�h�\, �i�h�e�m�q�Z�_�f�u�o �\ 
�k�b�k�l�_�f�_ �k �i�h�\�_�j�o�g�h�k�l�g�h�c �d�Z�l�m�r�d�h�c. 

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

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

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

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

 �H�^�g�Z�d�h �f�_�l�h�^ �i�h�a�\�h�e�y�_�l �j�_�]�b�k�l�j�b�j�h�\�Z�l�v �k�b�]�g�Z�e�u �h�l �g�_�k�d�h�e�v�d�b�o 
�i�e�h�k�d�h�k�l�_�c �h�^�g�h�\�j�_�f�_�g�g�h. �O�h�m�e�l �i�j�_�^�e�h�`�b�e �f�_�l�h�^ �k�_�e�_�d�l�b�\�g�h�]�h 
�\�h�a�[�m�`�^�_�g�b�y �\�h �\�j�Z�s�Z�x�s�_�c�k�y �k�b�k�l�_�f�_ �d�h�h�j�^�b�g�Z�l (RFSE — 
�Z�[�[�j�_�\�b�Z�l�m�j�Z �Z�g�]�e�b�c�k�d�b�o �k�e�h�\: rotating frame selective excitation), �\ 
�d�h�l�h�j�h�f �i�j�b�f�_�g�y�_�l�k�y �k�i�_�p�b�Z�e�v�g�h �k�d�h�g�k�l�j�m�b�j�h�\�Z�g�g�Z�y �d�Z�l�m�r�d�Z, 
�k�h�a�^�Z�x�s�Z�y �]�j�Z�^�b�_�g�l �i�h�e�y �<1, �d�h�l�h�j�u�c �y�\�e�y�_�l�k�y �Z�g�Z�e�h�]�h�f �e�b�g�_�c�g�h�]�h 
�]�j�Z�^�b�_�g�l�Z �i�h�e�y �<0, �b�k�i�h�e�v�a�m�_�f�h�]�h �h�[�u�q�g�h �\ �e�Z�[�h�j�Z�l�h�j�g�h�c �k�b�k�l�_�f�_ 
�d�h�h�j�^�b�g�Z�l. �I�h�e�_ �<1 , �f�h�^�m�e�b�j�m�_�l�k�y �i�h �n�Z�a�_, �q�l�h�[�u �k�h�a�^�Z�l�v �w�n�n�_�d�l�b�\�g�h�_ 
�i�h�e�_ �<2, �i�j�_�p�_�k�k�b�j�m�x�s�_�_ �h�l�g�h�k�b�l�_�e�v�g�h �<1  �\�h �\�j�Z�s�Z�x�s�_�c�k�y �k�b�k�l�_�f�_ 
�d�h�h�j�^�b�g�Z�l. 

�;�h�e�v�r�Z�y �]�j�m�i�i�Z �f�_�l�h�^�h�\ �h�k�g�h�\�Z�g�Z �g�Z �b�a�f�_�g�_�g�b�b �i�h�e�y �<0 �^�h�[�Z�\�e�_�g�b�_�f 
�]�j�Z�^�b�_�g�l�h�\. �G�Z�[�h�j �g�_�e�b�g�_�c�g�u�o �]�j�Z�^�b�_�g�l�h�\ �k�l�Z�l�b�q�_�k�d�h�]�h �f�Z�]�g�b�l�g�h�]�h 
�i�h�e�y �h�i�j�_�^�_�e�y�_�l �d�h�g�n�b�]�m�j�Z�p�b�x �i�h�e�y �<0, �h�]�j�Z�g�b�q�b�\�Z�y �_�]�h �h�i�j�_�^�_�e�_�g�g�u�f 
�h�[�t�_�f�h�f. �I�j�b �w�l�h�f �j�_�]�b�k�l�j�b�j�m�_�f�u�c �k�i�_�d�l�j �y�\�e�y�_�l�k�y �k�m�f�f�h�c �o�h�j�h�r�h 
�j�Z�a�j�_�r�Z�_�f�u�o �k�i�_�d�l�j�h�\ �\�_�k�v�f�Z �h�^�g�h�j�h�^�g�u�o �m�q�Z�k�l�d�h�\ �h�[�j�Z�a�p�Z �b �\�_�k�v�f�Z 
�j�Z�a�f�u�l�u�o �k�i�_�d�l�j�h�\ �h�l �g�_�h�^�g�h�j�h�^�g�u�o �h�[�e�Z�k�l�_�c  �\ �h�k�l�Z�e�v�g�h�c �q�Z�k�l�b 
�h�[�j�Z�a�p�Z. �W�l�m �r�b�j�h�d�m�x �d�h�f�i�h�g�_�g�l�m �f�h�`�g�h �b�k�d�e�x�q�b�l�v �b�a 
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�j�_�a�m�e�v�l�b�j�m�x�s�_�]�h �k�i�_�d�l�j�Z �k �i�h�f�h�s�v�x �k�\�_�j�l�d�b �b �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y. 
�G�_�k�f�h�l�j�y �g�Z �m�k�i�_�r�g�h�_ �i�j�b�f�_�g�_�g�b�_ �w�l�h�]�h �f�_�l�h�^�Z, �i�h�k�e�_�^�g�b�c �g�_ �e�b�r�_�g �b 
�h�]�j�Z�g�b�q�_�g�b�c, �k�\�y�a�Z�g�g�u�o �k �h�]�j�Z�g�b�q�_�g�g�h�k�l�v�x �h�[�e�Z�k�l�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o 
�k�f�_�s�_�g�b�c �q�m�\�k�l�\�b�l�_�e�v�g�u�o �m�q�Z�k�l�d�h�\ �b �g�_�\�h�a�f�h�`�g�h�k�l�v�x �b�a�f�_�j�_�g�b�y �g�Z 
�d�j�Z�y�o �b�k�k�e�_�^�m�_�f�h�c �h�[�e�Z�k�l�b.                

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

     �< �Y�F�J �k�i�_�d�l�j�h�k�d�h�i�b�b  �k �\�u�k�h�d�b�f �j�Z�a�j�_�r�_�g�b�_�f �i�h �]�e�m�[�b�g�_ �f�_�l�h�^ 
DRESS — (depth-resolved surface-coil spectroscopy)  �k�_�e�_�d�l�b�\�g�h�_ 
�\�h�a�[�m�`�^�_�g�b�_ �i�j�h�b�a�\�h�^�b�l�k�y �k �i�h�f�h�s�v�x �i�h�\�_�j�o�g�h�k�l�g�h�c �d�Z�l�m�r�d�b �i�j�b 
�g�Z�e�b�q�b�b �]�j�Z�^�b�_�g�l�Z, �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h �\�^�h�e�v �h�k�b �d�Z�l�m�r�d�b. �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �_�k�e�b �k�_�q�_�g�b�_ �\�h�a�[�m�`�^�Z�_�l�k�y �\ �i�e�h�k�d�h�k�l�b, �i�Z�j�Z�e�e�_�e�v�g�h�c 
�i�e�h�k�d�h�k�l�b �d�Z�l�m�r�d�b, �l�h �n�h�j�f�Z  �k�_�q�_�g�b�y �[�m�^�_�l �a�Z�\�b�k�_�l�v �h�l 
�i�j�b�d�e�Z�^�u�\�Z�_�f�h�c �d �d�Z�l�m�r�d�_ �f�h�s�g�h�k�l�b �b �h�l  �j�Z�a�f�_�j�h�\ �d�Z�l�m�r�d�b. �< �^�Z�g�g�h�f 
�k�e�m�q�Z�_, �g�_�k�f�h�l�j�y �g�Z �o�h�j�h�r�m�x �k�l�_�i�_�g�v �\�u�^�_�e�_�g�b�y �b�k�k�e�_�^�m�_�f�h�c 
�i�e�h�k�d�h�k�l�b, �i�h�i�_�j�_�q�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �\�h�a�[�m�`�^�_�g�b�y �i�j�h�b�k�o�h�^�b�l �g�_ 
�\�i�h�e�g�_ �q�_�l�d�h, �i�h�w�l�h�f�m �[�m�^�_�l �k�m�s�_�k�l�\�h�\�Z�l�v �h�i�j�_�^�_�e�_�g�g�u�c �j�Z�a�[�j�h�k �n�Z�a�u 
�i�j�b�d�e�Z�^�u�\�Z�_�f�h�]�h �b�f�i�m�e�v�k�Z �b �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �\ �^�Z�g�g�h�c �h�[�e�Z�k�l�b. 

�I�h�k�d�h�e�v�d�m �j�_�]�b�k�l�j�Z�p�b�y �k�i�_�d�l�j�Z �i�j�h�b�a�\�h�^�b�l�k�y �i�h�q�l�b �k�j�Z�a�m �i�h�k�e�_ 
�i�h�^�Z�q�b �k�_�e�_�d�l�b�\�g�h�]�h  �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y, �\ �w�l�h�f �f�_�l�h�^�_ �f�h�]�m�l 
�\�h�a�g�b�d�Z�l�v �\�b�o�j�_�\�u�_ �l�h�d�b. �>�e�y �m�f�_�g�v�r�_�g�b�y �\�e�b�y�g�b�y �\�b�o�j�_�\�u�o �l�h�d�h�\ 
�k�b�]�g�Z�e �j�_�]�b�k�l�j�b�j�m�x�l �k �g�_�d�h�l�h�j�h�c �a�Z�^�_�j�`�d�h�c, �Z �a�Z�l�_�f �m�f�g�h�`�Z�x�l �g�Z 
�g�_�d�h�l�h�j�m�x �n�m�g�d�p�b�x �i�Z�j�Z�f�_�l�j�Z �L2. 

 �J�Z�k�k�f�h�l�j�_�g�g�u�c �f�_�l�h�^ �[�u�e �h�[�h�[�s�_�g �^�e�y �j�_�]�b�k�l�j�Z�p�b�b 
�i�_�j�_�f�_�`�Z�x�s�b�o�k�y �k�_�q�_�g�b�c. �F�_�l�h�^ �g�Z�a�u�\�Z�_�l�k�y SLIT - DRESS  (SLIT — 
�Z�[�[�j�_�\�b�Z�l�m�j�Z �Z�g�]�e�b�c�k�d�b�o �k�e�h�\ slice-interleaved) �b �h�[�_�k�i�_�q�b�\�Z�_�l  
�\�u�^�_�e�_�g�b�_ �f�g�h�]�b�o �k�_�q�_�g�b�c �\ �l�_�q�_�g�b�_ �i�_�j�b�h�^�Z �i�h�\�l�h�j�_�g�b�y 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�h�\. �D�Z�d �b �^�j�m�]�b�_ �f�_�l�h�^�u �k�_�e�_�d�l�b�\�g�h�]�h 
�\�h�a�[�m�`�^�_�g�b�y, �^�Z�g�g�u�c �f�_�l�h�^ �l�Z�d�`�_ �k�l�j�Z�^�Z�_�l �h�l �j�Z�k�i�h�e�h�`�_�g�b�y 
�Z�j�l�_�n�Z�d�l�h�\, �h�[�m�k�e�h�\�e�_�g�g�u�o �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f, �\ �k�i�_�d�l�j�_ �j�Z�a�e�b�q�g�u�o 
�f�_�l�Z�[�h�e�b�l�h�\, �i�j�b�q�_�f  �\�_�e�b�q�b�g�Z �w�l�h�]�h �Z�j�l�_�n�Z�d�l�Z �a�Z�\�b�k�b�l �h�l �Z�f�i�e�b�l�m�^�u 
�i�j�b�e�h�`�_�g�g�h�]�h �]�j�Z�^�b�_�g�l�Z �b �j�Z�a�e�b�q�b�c �\ �j�_�a�h�g�Z�g�k�g�h�c �q�Z�k�l�h�l�_ �^�e�y 
�b�k�k�e�_�^�m�_�f�u�o �f�_�l�Z�[�h�e�b�l�h�\.                                                            

�F�_�l�h�^ �k�i�_�d�l�j�h�k�d�h�i�b�b �k �[�u�k�l�j�h �\�j�Z�s�Z�x�s�b�f�k�y �]�j�Z�^�b�_�g�l�h�f �i�h�e�y 
FROGS  (fast-rotating-gradient spectroscopy) �[�u�e �i�j�_�^�e�h�`�_�g �^�e�y 
�i�h�^�Z�\�e�_�g�b�y �g�_�`�_�e�Z�l�_�e�v�g�u�o �k�b�]�g�Z�e�h�\, �h�k�h�[�_�g�g�h �b�k�o�h�^�y�s�b�o �h�l 
�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o �h�[�e�Z�k�l�_�c �\�[�e�b�a�b �i�h�\�_�j�o�g�h�k�l�g�h�c �d�Z�l�m�r�d�b. �< �w�l�h�f 
�f�_�l�h�^�_ �g�_�k�d�h�e�v�d�h �k�_�e�_�d�l�b�\�g�u�o  �<�Q �b�f�i�m�e�v�k�h�\ �i�j�b�d�e�Z�^�u�\�Z�x�l �i�j�b 
�g�Z�e�b�q�b�b x-�b�e�b y -�]�j�Z�^�b�_�g�l�h�\ �i�h�e�y �k �p�_�e�v�x �g�Z�k�u�s�_�g�b�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b 
�\  �\�u�[�j�Z�g�g�h�f �k�_�q�_�g�b�b. �B�a-�a�Z �g�_�h�^�g�h�j�h�^�g�h�k�l�b �<1  �^�e�y �^�h�k�l�b�`�_�g�b�y 
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�g�_�h�[�o�h�^�b�f�h�c �k�l�_�i�_�g�b �g�Z�k�u�s�_�g�b�y �k�e�_�^�m�_�l �i�_�j�b�h�^�b�q�_�k�d�b �i�h�\�l�h�j�y�l�v �j�y� ̂
�b�f�i�m�e�v�k�h�\. 

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

   �>�e�y �i�h�\�u�r�_�g�b�y �\�h�a�f�h�`�g�h�k�l�_�c �^�Z�g�g�h�]�h �f�_�l�h�^�Z �h�g �[�u�e 
�^�h�i�h�e�g�b�l�_�e�v�g�h �f�h�^�b�n�b�p�b�j�h�\�Z�g �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �f�h�`�g�h �[�u�e�h 
�i�h�^�Z�\�e�y�l�v �k�b�]�g�Z�e�u, �b�k�o�h�^�y�s�b�_ �h�l �g�_�d�h�l�h�j�u�o �k�_�q�_�g�b�c �k �j�Z�a�e�b�q�g�h�c 
�h�j�b�_�g�l�Z�p�b�_�c �\ �l�_�q�_�g�b�_ �l�h�c �`�_ �k�Z�f�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�h�\, 
�d�h�l�h�j�Z�y �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �b �^�e�y �i�h�e�m�q�_�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�y �y�^�_�j. �>�Z�g�g�u�c 
�f�_�l�h�^ �h�d�Z�a�Z�e�k�y �f�_�g�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�f �d �^�_�c�k�l�\�b�x �\�b�o�j�_�\�u�o �l�h�d�h�\, 
�g�_�`�_�e�b �f�_�l�h�^ DRESS, �i�h�k�d�h�e�v�d�m �b�f�i�m�e�v�k, �i�h�j�h�`�^�Z�x�s�b�c �k�b�]�g�Z�e, 
�y�\�e�y�_�l�k�y �g�_�k�_�e�_�d�l�b�\�g�u�f. �K�l�_�i�_�g�v �^�h�k�l�b�]�Z�_�f�h�]�h �i�j�b �w�l�h�f �i�h�^�Z�\�e�_�g�b�y 
�a�Z�\�b�k�b�l �h�l �\�j�_�f�_�g�b �a�Z�^�_�j�`�d�b �k�q�b�l�u�\�Z�x�s�_�]�h �b�f�i�m�e�v�k�Z, �i�h�k�d�h�e�v�d�m 
�l�j�_�[�m�_�l�k�y �\�j�_�f�y �^�e�y �j�_�e�Z�d�k�Z�p�b�b �L1.  

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

   �B�k�i�h�e�v�a�m�x�l �l�Z�d�`�_ �f�_�l�h�^ �h�[�t�_�f�g�h-�k�_�e�_�d�l�b�\�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y VSE 
— (volume-selective excitation)  �b�k�i�h�e�v�a�m�_�l �d�h�f�[�b�g�Z�p�b�x �k�^�\�b�g�m�l�h�]�h �g�Z 
45° �k�_�e�_�d�l�b�\�g�h�]�h �b �k�^�\�b�g�m�l�h�]�h �g�Z 90° �g�_�k�_�e�_�d�l�b�\�g�u�c �b�f�i�m�e�v�k�h�\, 
�i�j�b�d�e�Z�^�u�\�Z�_�f�u�o �\�^�h�e�v �d�Z�`�^�h�c �b�a �h�k�_�c �\ �^�_�d�Z�j�l�h�\�h�c �k�b�k�l�_�f�_ �d�h�h�j�^�b�g�Z�l 
�k �p�_�e�v�x �\�h�a�[�m�`�^�_�g�b�y �b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�_�f�Z. �;�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �f�_�l�h�^ 
�i�h�a�\�h�e�y�_�l �j�Z�[�h�l�Z�l�v �\ �f�Z�]�g�b�l�g�u�o �k�b�k�l�_�f�Z�o �k �g�_�[�h�e�v�r�b�f �a�Z�a�h�j�h�f, �h�^�g�Z�d�h 
�b�a-�a�Z �l�_�o�g�b�q�_�k�d�b�o �l�j�m�^�g�h�k�l�_�c �i�h�d�Z �l�j�m�^�g�h �h�k�m�s�_�k�l�\�b�l�v �_�]�h �i�j�b�f�_�g�_�g�b�_ 
�\ �d�e�b�g�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o.   

�>�j�m�]�h�c �f�_�l�h�^ �j�_�]�b�k�l�j�Z�p�b�b �k�h�k�l�h�b�l �\ �k�h�a�^�Z�g�b�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�m�l�_�f 
�i�j�b�e�h�`�_�g�b�y �k�_�j�b�b �k�_�e�_�d�l�b�\�g�u�o, �k�^�\�b�g�m�l�u�o �g�Z 180° �b�f�i�m�e�v�k�h�\ 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�_�j�_�^ �b�a�f�_�j�_�g�b�y�f�b �k�b�]�g�Z�e�Z �b �b�f�i�m�e�v�k�Z �k�q�b�l�u�\�Z�g�b�y. 
�F�_�l�h�^ �i�h�e�m�q�b�e �g�Z�a�\�Z�g�b�_ ''�f�_�l�h�^�Z �i�j�b�`�b�a�g�_�g�g�h�c �Y�F�J �k�i�_�d�l�j�h�k�d�h�i�b�b �i�h 
�k�_�e�_�d�l�b�\�g�h�f�m �b�a�h�[�j�Z�`�_�g�b�x ISIS (image-selected in vivo spectroscopy)”. 
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�G�Z�[�h�j �k�i�_�d�l�j�h�\ �i�h�e�m�q�Z�x�l �^�h, �b �i�h�k�e�_ �j�_�]�b�k�l�j�Z�p�b�b �h�^�g�h�]�h �b�e�b 
�g�_�k�d�h�e�v�d�b�o �k�_�e�_�d�l�b�\�g�u�o �b�f�i�m�e�v�k�h�\ �b�g�\�_�j�k�b�b, �i�j�b�d�e�Z�^�u�\�Z�_�f�u�o �\ 
�j�Z�a�e�b�q�g�u�o �h�j�l�h�]�h�g�Z�e�v�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o �i�_�j�_�^ �b�f�i�m�e�v�k�h�f �k�q�b�l�u�\�Z�g�b�y.  

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

 �< �h�[�h�b�o �b�a �j�Z�k�k�f�h�l�j�_�g�g�u�o �\�u�r�_ �f�_�l�h�^�h�\ �k�_�e�_�d�l�b�\�g�h�_ �\�h�a�[�m�`�^�_�g�b�_  
�f�h�`�_�l �i�j�b�\�h�^�b�l�v �d �m�\�_�e�b�q�_�g�b�x �Z�j�l�_�n�Z�d�l�h�\, �h�[�m�k�e�h�\�e�_�g�g�u�o �o�b�f�b�q�_�k�d�b�f 
�k�^�\�b�]�h�f. �?�k�e�b �^�e�y �m�f�_�g�v�r�_�g�b�y �Z�j�l�_�n�Z�d�l�h�\ �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z 
�m�\�_�e�b�q�b�\�Z�x�l �]�j�Z�^�b�_�g�l�u, �l�h �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v �[�h�e�_�_ �d�h�j�h�l�d�b�_  
�<�Q �b�f�i�m�e�v�k�u, �q�l�h�[�u �m�\�_�e�b�q�b�l�v �r�b�j�b�g�m �i�h�e�h�k�u �q�Z�k�l�h�l, �b �i�h�w�l�h�f�m �^�e�y 
�\�h�a�[�m�`�^�_�g�b�y �l�h�]�h �`�_ �h�[�t�_�f�Z �<�Q �b�f�i�m�e�v�k�u �^�h�e�`�g�u �b�f�_�l�v �[�h�e�v�r�b�_ 
�Z�f�i�e�b�l�m�^�u. �W�l�h �f�h�`�_�l �\�u�a�\�Z�l�v �h�i�j�_�^�_�e�_�g�g�u�_ �l�j�m�^�g�h�k�l�b �\ �h�[�_�k�i�_�q�_�g�b�b 
�^�h�k�l�Z�l�h�q�g�h�c �f�h�s�g�h�k�l�b �<�Q �b�f�i�m�e�v�k�h�\. �K �g�_�[�h�e�v�r�b�f�b �b�a�f�_�g�_�g�b�y�f�b 
�f�_�l�h�^ ISIS �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �b �^�e�y �h�^�g�h�\�j�_�f�_�g�g�h�]�h �k�_�e�_�d�l�b�\�g�h�]�h 
�\�u�^�_�e�_�g�b�y �g�_�k�d�h�e�v�d�b�o �h�[�t�_�f�h�\. �I�h�k�d�h�e�v�d�m �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �h�[�j�Z�a�p�Z 
�k�h�a�^�Z�_�l�k�y �i�_�j�_�^ �i�h�^�Z�q�_�c �b�f�i�m�e�v�k�Z �\�u�[�h�j�d�b �b �k�q�b�l�u�\�Z�g�b�y, �f�u �g�_ �b�f�_�_�f 
�a�Z�\�b�k�b�f�h�k�l�b �h�l �i�Z�j�Z�f�_�l�j�Z �L2 �b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�h�\ 
�k�l�Z�g�h�\�b�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h �m�k�l�h�c�q�b�\�h�c �d �^�_�c�k�l�\�b�x �\�b�o�j�_�\�u�o �l�h�d�h�\.  

�>�h�e�_�_ �[�u�e �i�j�_�^�e�h�`�_�g �j�y� ̂ �f�_�l�h�^�h�\ �e�h�d�Z�e�b�a�Z�p�b�b �_�^�b�g�k�l�\�_�g�g�h�]�h 
�w�e�_�f�_�g�l�Z �h�[�t�_�f�Z, �\ �l�h�f �q�b�k�e�_ �f�_�l�h�^�u SPARS �b STEVE. �E�h�d�Z�e�b�a�Z�p�b�b �k 
�i�h�f�h�s�v�x �f�_�l�h�^�Z SPARS �i�j�b�k�m�s�b �i�e�h�o�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �\ �h�[�e�Z�k�l�b �\�g�_ 
�h�k�b �k�b�k�l�_�f�u, �q�l�h �h�[�m�k�e�h�\�e�_�g�h �j�Z�a�e�b�q�g�u�f�b �g�_�k�_�e�_�d�l�b�\�g�u�f�b �k�\�h�c�k�l�\�Z�f�b 
�k�i�b�g�h�\. �I�h�e�m�q�Z�_�f�u�_ �j�_�a�m�e�v�l�Z�l�u �h�d�Z�a�u�\�Z�x�l�k�y �\�a�\�_�r�_�g�g�u�f�b �i�h 
�i�Z�j�Z�f�_�l�j�m �L2.   

  �F�_�l�h�^ STEVE �b�k�i�h�e�v�a�m�_�l �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�_ �w�o�h, �i�h�w�l�h�f�m 
�i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �g�Z�^�h �d�h�j�j�_�d�l�b�j�h�\�Z�l�v �d�Z�d �i�h �L1, �l�Z�d �i�h �L2. 
�;�h�l�l�h�f�e�b �b �^�j.  �i�j�_�^�e�h�`�b�e�b �^�j�m�]�h�c �i�h�^�o�h�^ �d �i�j�h�[�e�_�f�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h 
�k�_�e�_�d�l�b�\�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y. �< �w�l�h�f �k�e�m�q�Z�_ �i�j�b�d�e�Z�^�u�\�Z�_�l�k�y �^�\�m�f�_�j�g�u�c 
�k�_�e�_�d�l�b�\�g�u�c �Y�F�J �b�f�i�m�e�v�k �i�j�b �g�Z�e�b�q�b�b �^�\�m�o �h�j�l�h�]�h�g�Z�e�v�g�u�o, 
�a�Z�\�b�k�y�s�b�o �h�l �\�j�_�f�_�g�b �]�j�Z�^�b�_�g�l�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  

 
21.   �B�f�i�m�e�v�k�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v STEAM  �b  PRESS 

 
 �G�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�Z�y �b �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�f�Z�y �\ �F�J�K 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�h�\ �w�l�h STEAM �b  PRESS. �>�b�Z�]�j�Z�f�f�u �^�e�y 
�w�l�b�o �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �i�j�_�^�k�l�Z�\�e�_�g�u  �g�Z �J�b�k 38, 39. �I�h�^�h�[�g�h 
�[�h�e�v�r�b�g�k�l�\�m �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c  �\�u�[�h�j �k�_�q�_�g�b�y �a�^�_�k�v �\�u�i�h�e�g�_�g 
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�q�Z�k�l�h�l�g�h – �k�_�e�_�d�l�b�\�g�u�f �J�Q �b�f�i�m�e�v�k�h�f.     �Q�l�h�[�u �\�u�[�b�j�Z�l�v �h�[�e�Z�k�l�v 
�k�i�_�d�l�j�Z�e�v�g�h�]�h �b�g�l�_�j�_�k�Z �\ �i�j�_�^�_�e�Z�o �g�_�d�h�l�h�j�h�]�h �h�[�t�_�f�Z, �w�l�b 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �\�h�a�[�m�`�^�Z�x�l �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �l�j�b 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o �k�_�q�_�g�b�y �b �j�_�]�b�k�l�j�b�j�m�x�l �k�b�]�g�Z�e �l�h�e�v�d�h �h�l �h�[�t�_�f�Z, 
�k�n�h�j�f�b�j�h�\�Z�g�g�h�]�h �i�_�j�_�k�_�q�_�g�b�_�f �b�a �w�l�b�o �l�j�_�o �k�_�q�_�g�b�c. �J�b�k 37 - 
�k�o�_�f�Z�l�b�q�_�k�d�Z�y �^�b�Z�]�j�Z�f�f�Z �i�j�h�p�_�k�k�Z �\�h�a�[�m�`�^�_�g�b�y �w�l�h�]�h �h�[�t�_�f�Z. 

 

 
�J�b�k. 37. �L�j�b �k�e�h�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �\�h�a�[�m�`�^�Z�x�l�k�y �l�j�_�f�y �b�f�i�m�e�v�k�Z�f�b, 

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

 
 �B STEAM, �b PRESS �b�k�i�h�e�v�a�m�x�l �l�j�b �b�f�i�m�e�v�k�Z �J�Q, �q�l�h�[�u �\�u�[�j�Z�l�v 

�h�[�t�_�f �\�h�a�[�m�`�^�_�g�b�y. �B�f�i�m�e�v�k�u �]�j�Z�^�b�_�g�l�Z �k �^�_�n�Z�a�b�j�h�\�Z�g�b�_�f 
�g�_�`�_�e�Z�l�_�e�v�g�u�o �k�b�]�g�Z�e�h�\, �i�j�h�b�a�\�_�^�_�g�g�u�o �h�l �j�Z�a�e�b�q�g�u�o �i�h�^�d�h�f�[�b�g�Z�p�b�c 
�h�^�g�h�]�h �b�e�b �^�\�m�o �b�f�i�m�e�v�k�g�u�o �\�h�a�[�m�`�^�_�g�b�c.  �W�l�b �^�\�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b 
�h�l�e�b�q�Z�x�l�k�y �l�_�f, �q�l�h STEAM �b�k�i�h�e�v�a�m�_�l  �l�j�b �J�Q  �b�f�i�m�e�v�k�Z �k 90 
�]�j�Z�^�m�k�h�\, �q�l�h�[�u �i�j�h�b�a�\�_�k�l�b �\�u�g�m�`�^�_�g�g�h�_ �w�o�h, �\ �l�h �\�j�_�f�y �d�Z�d PRESS  
�b�k�i�h�e�v�a�m�_�l �b�f�i�m�e�v�k �k 90 �]�j�Z�^�m�k�h�\, �k�h�i�j�h�\�h�`�^�Z�_�f�u�c �^�\�m�f�y �b�f�i�m�e�v�k�Z�f�b 
�k�h 180 �]�j�Z�^�m�k�h�\, �q�l�h�[�u �i�j�h�b�a�\�_�k�l�b �k�i�b�g�h�\�h�_ �w�o�h. 

�J�Z�a�e�b�q�b�y �\ �k�o�_�f�Z�o �\�h�a�[�m�`�^�_�g�b�y �i�j�b�\�h�^�y�l �d �j�Z�a�e�b�q�b�y�f �\ 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �d  �j�_�e�Z�d�k�Z�p�b�b �L2, �d�Z�d �i�h�d�Z�a�Z�g�h 
�a�Z�r�l�j�b�o�h�\�Z�g�g�u�f�b �i�e�h�s�Z�^�y�f�b  �g�Z �J�b�k. 28.  

 STEAM �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �f�_�g�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�Z �d T2. �F�_�l�h�^ PRESS 
�^�Z�_�l �o�h�j�h�r�m�x �e�h�d�Z�e�b�a�Z�p�b�x, �g�h �l�Z�d�`�_ �l�j�_�[�m�_�l �\�a�\�_�r�b�\�Z�g�b�y �i�h 
�i�Z�j�Z�f�_�l�j�m �L2.  

�W�n�n�_�d�l�u �j�_�e�Z�d�k�Z�p�b�b, �g�Z�q�b�g�Z�y �k �g�_�d�h�l�h�j�h�c  �L2 �j�_�e�Z�d�k�Z�p�b�b, 
�k�f�_�r�b�\�Z�x�l�k�y �i�h �\�j�_�f�_�g�b (TM) �f�_�`�^�m �\�l�h�j�u�f �b �l�j�_�l�v�b�f �b�f�i�m�e�v�k�h�f �J�Q. 
PRESS �q�m�\�k�l�\�b�l�_�e�_�g �d �L2 �j�_�e�Z�d�k�Z�p�b�b �\ �l�_�q�_�g�b�_ �\�h�a�[�m�`�^�_�g�b�y. �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �g�Z�b�[�h�e�_�_ �d�h�j�h�l�d�h�_ �\�j�_�f�y  TE �f�h�`�_�l �[�u�l�v �^�h�k�l�b�]�g�m�l�h �\ 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b STEAM. �B�k�o�h�^�y �b�a �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �d �L2, �d�Z�`�_�l�k�y  
�q�l�h STEAM �[�h�e�_�_  �i�j�b�\�b�e�_�]�b�j�h�\�Z�g�g�u�c �f�_�l�h�^. �H�^�g�Z�d�h, �i�j�b �[�h�e�v�r�_�f �LE  
PRESS  �\ �^�\�Z �j�Z�a�Z �q�m�\�k�l�\�b�l�_�e�v�g�_�_, �q�_�f STEAM. �L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �h�[�Z �f�_�l�h�^�Z �^�e�y �j�Z�a�g�u�o �p�_�e�_�c. 
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�J�b�k. 38. �H�k�g�h�\�u STEAM �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�h�\ 

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

�f�_�l�h�^ STEAM (�j�b�k. 39), �i�h�k�d�h�e�v�d�m �\ �w�l�h�f �k�e�m�q�Z�_ �b�k�i�h�e�v�a�m�_�f�u�c �g�Z�f�b 
�i�j�b�[�h�j (Magnetom Vision) �i�h�a�\�h�e�y�_�l �\�u�k�l�Z�\�b�l�v �f�b�g�b�f�Z�e�v�g�h�_ �\�j�_�f�y �L�? 
= 10 �f�k. �A�Z �w�l�h�l �^�h�k�l�Z�l�h�q�g�h �g�_�[�h�e�v�r�h�c �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b �b�f�_�_�l�k�y 
�\�h�a�f�h�`�g�h�k�l�v �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�l�v �j�y� ̂ �f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c, �d�h�l�h�j�u�_ 
�b�f�_�x�l �h�]�j�Z�g�b�q�_�g�g�h�_ �\�j�_�f�y �`�b�a�g�b �b�a-�a�Z �b�o �m�q�Z�k�l�b�y �\ �i�j�h�p�_�k�k�Z�o 
�[�b�h�o�b�f�b�q�_�k�d�h�]�h �h�[�_�k�i�_�q�_�g�b�y �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �`�b�\�h�c �l�d�Z�g�b. 

 
 �I�h�d�Z�a�Z�g�u �l�j�b �J�Q �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y �k �i�h�\�h�j�h�l�Z�f�b �\�_�d�l�h�j�Z �g�Z 90 

�]�j�Z�^�m�k�h�\ �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�f �i�h �\�j�_�f�_�g�b �]�j�Z�^�b�_�g�l�u �^�e�y �\�u�^�_�e�_�g�b�y �l�j�_�o 
�k�e�h�_�\.  
    �D�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�u �\ �l�d�Z�g�b �q�_�e�h�\�_�q�_�k�d�h�]�h �l�_�e�Z �g�Z�f�g�h�]�h  �i�j�_�\�u�r�Z�_�l  
�k�h�^�_�j�`�Z�g�b�_ �i�j�h�l�h�g�h�\  �\ �b�g�l�_�j�_�k�m�x�s�b�o  �g�Z�k �f�_�l�Z�[�h�e�b�l�Z�o. �L�Z�d �d�Z�d �i�b�d�h�\�u�_ 
�b�g�l�_�g�k�b�\�g�h�k�l�b  �F�J �\ �k�i�_�d�l�j�Z�o �k�\�y�a�Z�g�u �k �d�h�g�p�_�g�l�j�Z�p�b�_�c, �\�h�^�g�u�c �i�b�d 
�i�h�e�g�h�k�l�v�x �^�h�f�b�g�b�j�m�_�l �g�Z�^ �i�j�h�l�h�g�g�u�f �k�i�_�d�l�j�h�f, �_�k�e�b �\�h�^�g�h�_ �i�h�^�Z�\�e�_�g�b�_ 
�g�_ �b�k�i�h�e�v�a�m�_�l�k�y.  
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�J�b�k. 39. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�h�\ �^�e�y �i�h�^�Z�\�e�_�g�b�y 
�b�g�l�_�g�k�b�\�g�h�k�l�b �k�b�]�g�Z�e�Z �\�h�^�u (�: ) �b �\�h�a�[�m�`�^�_�g�b�y �e�h�d�Z�e�v�g�h�]�h �i�j�h�l�h�g�g�h�]�h 

�k�i�_�d�l�j�Z 
 (�< – LPS) 

 
�G�Z �j�b�k. 38 �i�h�d�Z�a�Z�g�u �l�j�b �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y �J�Q, �b�a �d�h�l�h�j�u�o 

�i�_�j�\�u�c 90 �Z �^�\�Z �\�l�h�j�u�o 180 �]�j�Z�^�m�k�g�u�o �b�f�i�m�e�v�k�h�\. �L�j�_�f �<�Q �b�f�i�m�e�v�k�Z�f 
�l�Z�d�`�_ �i�h �\�j�_�f�_�g�b �k�h�h�l�\�_�l�k�l�\�m�x�l �]�j�Z�^�b�_�g�l�u �^�e�y �\�u�^�_�e�_�g�b�y �l�j�_�o �\�a�Z�b�f�g�h 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o �i�e�h�k�d�h�k�l�_�c. 

�>�e�y �i�h�^�Z�\�e�_�g�b�y �k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u �b�k�i�h�e�v�a�m�_�l �b�f�i�m�e�v�k�u �J�Q, 
�d�h�l�h�j�u�_ �i�j�_�^�g�Z�a�g�Z�q�_�g�u, �q�l�h�[�u �\�h�a�[�m�^�b�l�v �l�h�e�v�d�h 50 Hz �^�b�Z�i�Z�a�h�g �q�Z�k�l�h�l, 
�k�h�k�j�_�^�h�l�h�q�_�g�g�u�c �g�Z �b �\ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c �[�e�b�a�h�k�l�b �\�h�^�g�h�c �i�b�d�h�\�h�c 
�q�Z�k�l�h�l�u.  �J�Q �b�f�i�m�e�v�k  �i�h�\�h�j�Z�q�b�\�Z�_�l �\�_�d�l�h�j �i�j�h�l�h�g�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b 
�h�l �i�j�h�l�h�g�h�\ �\�h�^�u  �\ �i�h�i�_�j�_�q�g�m�x �i�e�h�k�d�h�k�l�v, �g�Z �d�h�l�h�j�h�c �\�i�h�k�e�_�^�k�l�\�b�b  
�^�_�c�k�l�\�m�_�l �^�_�n�Z�a�b�j�m�x�s�b�c �]�j�Z�^�b�_�g�l. 

          �I�h�k�e�_ �^�_�c�k�l�\�b�y �l�Z�d�h�]�h �]�j�Z�^�b�_�g�l�Z �m�`�_ �g�_�l �h�k�g�h�\�g�h�c �q�Z�k�l�b 
�b�k�o�h�^�g�h�]�h �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�l �i�j�h�l�h�g�h�\ �\�h�^�u, �b �\�h�^�g�u�c �k�b�]�g�Z�e 
�h�d�Z�a�u�\�Z�_�l�k�y �k�m�s�_�k�l�\�_�g�g�h �i�h�^�Z�\�e�_�g�g�u�f. �H�^�g�Z�d�h, �g�_�d�h�l�h�j�Z�y T1 
�j�_�e�Z�d�k�Z�p�b�y �i�j�h�b�k�o�h�^�b�l �f�_�`�^�m �d�h�g�p�h�f �b�f�i�m�e�v�k�g�h�c �b �]�j�Z�^�b�_�g�l�g�h�c 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b �g�Z�q�Z�e�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �i�h�e�m�q�_�g�b�y �^�Z�g�g�u�o.  

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

    �Q�l�h�[�u �d�h�f�i�_�g�k�b�j�h�\�Z�l�v  �\�e�b�y�g�b�_ �j�_�e�Z�d�k�Z�p�b�h�g�g�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 
�\�h�^�g�h�]�h �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y - �b�a�g�Z�q�Z�e�v�g�u�c  �i�h�\�h�j�h�l �^�_�e�Z�x�l �g�_�f�g�h�]�h  
�[�h�e�v�r�_, �q�_�f �g�Z 90 �]�j�Z�^�m�k�h�\ �l�Z�d, �q�l�h�[�u �g�_ �b�f�_�e�h�k�v �g�b�d�Z�d�h�c 
�j�_�a�m�e�v�l�b�j�m�x�s�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�l �\�h�^�u �\�h �\�j�_�f�_�g�b, �l�h�]�^�Z  
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �\�h�a�[�m�`�^�_�g�b�y �g�Z�q�Z�l�Z. �I�j�Z�d�l�b�q�_�k�d�b, �i�h�k�e�_ �l�j�_�o  
�g�Z�[�h�j�h�\ �b�f�i�m�e�v�k�h�\ �J�Q �b �]�j�Z�^�b�_�g�l�h�\ �i�h�e�m�q�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h 
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�w�n�n�_�d�l�b�\�g�h�_ �i�h�^�Z�\�e�_�g�b�_ �k  �d�h�f�i�_�g�k�Z�p�b�_�c �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\�h�^�u �i�h 
�f�_�o�Z�g�b�a�f�m T1. 

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

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

     �I�j�_�^�k�l�Z�\�e�_�g�Z �h�^�g�Z �i�Z�j�Z �b�f�i�m�e�v�k�h�\ (�j�b�k. 39): �j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h RF �b 
�]�j�Z�^�b�_�g�l�g�h�]�h (crusher gradient). �K�l�j�_�e�d�b �m�d�Z�a�u�\�Z�x�l �i�h�\�_�^�_�g�b�_ �\�_�d�l�h�j�Z 
�g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y: �j�Z�^�b�h�q�Z�k�l�h�l�g�u�c �b�f�i�m�e�v�k �\�h�a�[�m�`�^�_�g�b�y  �b�f�_�_�l 
�k�j�Z�\�g�b�l�_�e�v�g�h �[�h�e�v�r�m�x �r�b�j�b�g�m �b �h�[�_�k�i�_�q�b�\�Z�_�l �b�a�[�b�j�Z�l�_�e�v�g�h�_ �q�Z�k�l�h�l�g�h�_ 
�\�h�a�^�_�c�k�l�\�b�_ �g�Z �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �b�f�_�g�g�h �i�j�h�l�h�g�h�\ �\�h�^�u, 
�]�j�Z�^�b�_�g�l�g�u�c �b�f�i�m�e�v�k �h�[�_�k�i�_�q�b�\�Z�_�l �j�Z�a�n�Z�a�b�j�h�\�d�m �k�h�k�l�Z�\�e�y�x�s�b�o 
�\�_�d�l�h�j�Z �^�e�y �f�b�g�b�f�b�a�Z�p�b�b �_�]�h �\�e�b�y�g�b�y.            

  �B�f�i�m�e�v�k �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y  �i�h�\�h�j�Z�q�b�\�Z�_�l�k�y �i�j�b�[�e�b�a�b�l�_�e�v�g�h �g�Z 90-
�]�j�Z�^�m�k�h�\  �b�f�i�m�e�v�k�h�f RF. �?�k�e�b �i�_�j�\�h�g�Z�q�Z�e�v�g�u�c �m�]�h�e �i�h�\�h�j�h�l�Z  90, �l�h 
�g�_�d�h�l�h�j�Z�y �j�_�a�m�e�v�l�b�j�m�x�s�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �m�k�i�_�\�Z�_�l �\�h�k�k�l�Z�g�h�\�b�l�v�k�y �d 
�d�h�g�p�m �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b (�]�^�_ �g�_�h�[�o�h�^�b�f�h �h�[�_�k�i�_�q�b�l�v �f�b�g�b�f�Z�e�v�g�u�c 
�k�b�]�g�Z�e �h�l �i�j�h�l�h�g�h�\ �\�h�^�u), �d�Z�d �i�h�d�Z�a�Z�g�h �f�Z�e�_�g�v�d�h�c  �\�_�j�l�b�d�Z�e�v�g�h�c 
�k�l�j�_�e�d�h�c. �?�k�e�b �i�_�j�\�h�g�Z�q�Z�e�v�g�u�c �m�]�h�e �i�h�\�h�j�h�l�Z �i�h�^�h�[�j�Z�l�v �g�_�f�g�h�]�h 
�[�h�e�v�r�_, �q�_�f 90-�]�j�Z�^�m�k�h�\, �l�h �f�h�`�g�h �^�h�[�b�l�v�k�y (�j�b�k. 39), �q�l�h  
�j�_�a�m�e�v�l�b�j�m�x�s�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �h�l �i�j�h�l�h�g�h�\ �\�h�^�u �d �f�h�f�_�g�l�m 
�j�_�]�b�k�l�j�Z�p�b�b �f�_�l�Z�[�h�e�b�l�h�\  �[�m�^�_�l �f�b�g�b�f�b�a�b�j�h�\�Z�g�Z. 

 
22.  �I�j�h�l�h�g�g�Z�y  �k�i�_�d�l�j�h�k�d�h�i�b�y �i�j�_�^�k�l�Z�l�_�e�v�g�h�c �`�_�e�_�a�u 

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

�\�u�i�h�e�g�_�g�u �i�h �b�g�b�p�b�Z�l�b�\�_ �k �m�q�Z�k�l�b�_�f �Z�\�l�h�j�Z �k �i�h�f�h�s�v�x  �F�J �l�h�f�h�]�j�Z�n�Z  
Magneton Vision (Siemens) �\ �f�Z�]�g�b�l�h�f �i�h�e�_ 1.5 �L. �L�h�f�h�]�j�Z�n �m�k�l�Z�g�h�\�e�_�g �\ 
�B�g�k�l�b�l�m�l�_ �J�_�g�l�]�_�g�h�e�h�]�b�b (�P�G�B�J�J�B, �K�I�[, �i�h�k. �I�_�k�h�q�g�u�c). �Y�F�J �k�b�]�g�Z�e�u 
�j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v �k �i�h�f�h�s�v�x �j�Z�^�b�h�q�Z�k�l�h�l�g�h�c �d�Z�l�m�r�d�b �l�b�i�Z �=�_�f�]�h�e�v�p�Z, 
�k�h�k�l�Z�\�e�_�g�g�h�c �b�a �^�\�m�o �b�g�^�m�d�l�b�\�g�h�k�l�_�c. 
  �I�j�b�q�_�f, �h�^�g�Z �b�a �b�g�^�m�d�l�b�\�g�h�k�l�_�c �j�Z�k�i�h�e�Z�]�Z�e�b�k�v �k�g�b�a�m �l�_�e�Z �i�Z�p�b�_�g�l�Z, �Z 

�\�l�h�j�Z�y �k�\�_�j�o�m �g�Z�^ �i�j�_�^�k�l�Z�l�_�e�v�g�h�c �`�_�e�_�a�h�c. �;�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z 
�k�l�Z�g�^�Z�j�l�g�Z�y �i�j�h�]�j�Z�f�f�Z �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�h�\ in vivo �k �i�h�^�Z�\�e�_�g�b�_�f 
�k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u. �H�[�e�Z�k�l�v �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\ �i�j�_�^�_�e�Z�o 
�i�j�_�^�k�l�Z�l�_�e�v�g�h�c �`�_�e�_�a�u �\�u�^�_�e�y�e�Z�k�v �k �i�h�f�h�s�v�x �b�f�i�m�e�v�k�g�h�c 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b PRESS, �\ �d�h�l�h�j�h�c �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �l�j�b �b�f�i�m�e�v�k�Z 
�j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y (�k �i�h�\�h�j�h�l�h�f �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z 
90, 180, 180 �]�j�Z�^�m�k�h�\), �k�h�\�f�_�s�_�g�g�u�o �i�h �\�j�_�f�_�g�b �k �i�h�^�Z�q�_�c �l�j�_�o 
�]�j�Z�^�b�_�g�l�h�\ Gx, Gy, Gz �^�e�y �\�u�^�_�e�_�g�b�y �l�j�_�o �\�a�Z�b�f�g�h �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o 
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�i�e�h�k�d�h�k�l�_�c. �;�u�e�b �i�j�b�f�_�g�_�g�u �k�e�_�^�m�x�s�b�_ �i�Z�j�Z�f�_�l�j�u: �b�g�l�_�j�\�Z�e 
�\�h�a�[�m�`�^�_�g�b�_ – �j�_�]�b�k�l�j�Z�p�b�y TE = 20 ms; �i�h�\�l�h�j�_�g�b�_ �b�f�i�m�e�v�k�h�\ 
�\�h�a�[�m�`�^�_�g�b�y TR = 1.5 s; �\�j�_�f�y �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z TA = 8 min. 

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

1. �k�b�]�g�Z�e�u �k �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f �h�l �V���  0.95 �^�h �V���  1.4 ppm  �h�l 
�f�_�l�b�e�_�g�h�\�u�o �]�j�m�i�i �i�j�h�l�h�g�h�\, �g�Z�o�h�^�y�s�b�o�k�y, �d�Z�d �i�j�Z�\�b�e�h, �\ �p�_�i�y�o …-
�K�G2-�K�G2-�K�G2-… �j�y�^�Z �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c; 

2. �k�b�]�g�Z�e�u �\ �\�b�^�_ �i�h�e�h�k�u �h�l �i�j�h�l�h�g�h�\ �k�i�_�j�f�b�g�Z �k �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f 
�i�h�j�y�^�d�Z �V���  1.6 ppm, �b�g�l�_�g�k�b�\�g�h�k�l�v �w�l�b�o �k�b�]�g�Z�e�h�\ �[�u�e�Z �i�j�b�f�_�j�g�h �\�^�\�h�_ 
�g�b�`�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �k�b�]�g�Z�e�h�\ �h�l �e�b�i�b�^�g�u�o �p�_�i�_�c; 

3. �k�b�]�g�Z�e�u �h�l �i�j�h�l�h�g�h�\ �e�b�f�h�g�g�h�c �d�b�k�e�h�l�u (�p�b�l�j�Z�l�h�\) �k �o�b�f�b�q�_�k�d�b�f 
�k�^�\�b�]�h�f �i�h�j�y�^�d�Z �V���  2.65 ppm. �I�j�b�q�_�f, �i�h�k�e�_�^�g�b�c �k�b�]�g�Z�e �i�h 
�b�g�l�_�g�k�b�\�g�h�k�l�b �[�u�e �j�Z�\�_�g �b�e�b �i�j�_�\�u�r�Z�e �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �h�l 
�e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c. 

       �H�l�f�_�l�b�f, �q�l�h �k�b�]�g�Z�e�u �h�l �i�j�h�l�h�g�h�\ �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c, 
�g�Z�o�h�^�y�s�b�o�k�y �\ �p�_�i�y�o …-�K�G2-�K�G2-�K�G2-… �`�b�j�g�u�o �d�b�k�e�h�l �i�j�b�j�h�^�g�u�o 
�]�e�b�p�_�j�b�^�g�u�o �f�Z�k�_�e, �o�h�j�h�r�h �b�a�\�_�k�l�g�u �\ �Y�F�J �k�i�_�d�l�j�h�k�d�h�i�b�b in vivo �b 
�h�[�u�q�g�h �j�_�]�b�k�l�j�b�j�m�_�l�k�y �k �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f �i�j�b�f�_�j�g�h �V���  1.25 ppm. 
�I�h�e�h�`�_�g�b�_ �q�_�l�u�j�_�o �i�j�h�l�h�g�h�\ �\ �f�h�e�_�d�m�e�Z�o �e�b�f�h�g�g�h�c �d�b�k�e�h�l�u: 

 
�K�H�H- 

I 
-OOC – CH2 – C – CH2 – COO- 

I 
OH 

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

�i�h�^�l�\�_�j�`�^�Z�_�l�k�y �o�Z�j�Z�d�l�_�j�g�u�f �h�^�b�g�h�q�g�u�f �k�b�]�g�Z�e�h�f (�V��� ������������ppm).  
�< �^�h�i�h�e�g�b�l�_�e�v�g�h�f �d�h�g�l�j�h�e�v�g�h�f �w�d�k�i�_�j�b�f�_�g�l�Z �\ �p�_�g�l�j�_ �f�Z�]�g�b�l�Z 

�l�h�f�h�]�j�Z�n�Z �[�u�e �m�k�l�Z�g�h�\�e�_�g �e�b�f�h�g. �?�]�h �k�i�_�d�l�j�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ 
�i�h�d�Z�a�Z�e�h, �q�l�h  �Y�F�J �k�b�]�g�Z�e �k �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f �V��� ������������ppm 
�^�_�c�k�l�\�b�l�_�e�v�g�h �y�\�e�y�_�l�k�y �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�f �k�b�]�g�Z�e�h�f �^�e�y �e�b�f�h�g�Z. 

�;�e�Z�]�h�i�j�b�y�l�g�u�f �h�[�k�l�h�y�l�_�e�v�k�l�\�h�f �^�e�y �^�b�Z�]�g�h�k�l�b�d�b �y�\�e�y�_�l�k�y 
�k�m�s�_�k�l�\�_�g�g�h�_ �h�l�e�b�q�b�_ �q�Z�k�l�h�l �j�_�a�h�g�Z�g�k�Z �i�j�h�l�h�g�h�\ �e�b�f�h�g�g�h�c �d�b�k�e�h�l�u �b 
�i�j�h�l�h�g�h�\ �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c. �< �f�Z�]�g�b�l�g�h�f �i�h�e�_ 1.5 �L �h�[�_�k�i�_�q�b�\�Z�_�l 
�o�h�j�h�r�_�_ �k�i�_�d�l�j�Z�e�v�g�h�_ �j�Z�a�j�_�r�_�g�b�_ �k�b�]�g�Z�e�h�\ �w�l�b�o �f�h�e�_�d�m�e. 
      �>�Z�e�_�_ �[�u�e�b �h�[�k�e�_�^�h�\�Z�g�u �[�h�e�v�g�u�_ �k �^�b�Z�]�g�h�a�h�f «�j�Z�d �i�j�_�^�k�l�Z�l�_�e�v�g�h�c 
�`�_�e�_�a�u». �< �w�l�h�f �k�e�m�q�Z�_ �k�b�]�g�Z�e �h�l �e�b�f�h�g�g�h�c �d�b�k�e�h�l�u (�V��� ������������ppm) 
�h�l�k�m�l�k�l�\�h�\�Z�e, �i�j�h�l�h�g�g�u�c �k�i�_�d�l�j �k�h�^�_�j�`�Z�e �e�b�r�v �k�b�]�g�Z�e�u �h�l �f�_�l�b�e�_�g�h�\�u�o 
�i�j�h�l�h�g�h�\, �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �g�_�d�h�l�h�j�u�o �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c �k 
�o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f �i�h�j�y�^�d�Z �V���  1.4 ppm. 
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�J�b�k. 40. �K�h�i�h�k�l�Z�\�e�_�g�b�_ �k�i�_�d�l�j�h�\ �i�j�_�^�k�l�Z�l�_�e�v�g�h�c �`�_�e�_�a�u �a�^�h�j�h�\�h�]�h 
�f�m�`�q�b�g�u 59 �e�_�l �b �i�Z�p�b�_�g�l�Z 51 �e�_�l�g�_�]�h �\�h�a�j�Z�k�l�Z �k �i�Z�l�h�e�h�]�b�_�c �l�d�Z�g�_�c 

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

23.  �B�k�k�e�_�^�h�\�Z�g�b�_ �l�d�Z�g�_�c �]�h�e�h�\�g�h�]�h �f�h�a�]�Z 
 
�J�_�d�h�j�^�g�h�_ �j�Z�a�j�_�r�_�g�b�_ in vitro �^�h�k�l�b�]�Z�_�l�k�y �\ �l�_�o �k�e�m�q�Z�y�o, �d�h�]�^�Z 

�b�k�i�h�e�v�a�m�x�l �j�_�d�h�j�^�g�h �\�u�k�h�d�b�_ �f�Z�]�g�b�l�g�u�_ �i�h�e�y (�< > 10 �L�e)  �b �m�k�j�_�^�g�y�x�l 
�g�_�h�^�g�h�j�h�^�g�h�k�l�b �i�h�e�y �k �i�h�f�h�s�v�x �\�j�Z�s�_�g�b�y �Z�f�i�m�e�u. �B �l�h �b �^�j�m�]�h�_  �g�_ 
�i�j�b�f�_�g�b�f�h �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �q�_�e�h�\�_�d�Z. �>�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�_ �l�j�_�[�h�\�Z�g�b�y 
�d �h�^�g�h�j�h�^�g�h�k�l�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\�h�a�g�b�d�Z�x�l, �_�k�e�b �f�u �i�u�l�Z�_�f�k�y 
�i�h�e�m�q�b�l�v �Y�F�J �k�i�_�d�l�j�h�\ �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y in vivo. 
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�I�j�b �w�l�h�f �f�u �k�l�Z�e�d�b�\�Z�_�f�k�y, �\ �q�Z�k�l�g�h�k�l�b, �k �i�j�h�y�\�e�_�g�b�_�f 
�g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �d�h�l�h�j�h�_ �h�[�m�k�e�h�\�e�_�g�h �b�a�f�_�g�_�g�b�_�f 
�k�\�h�c�k�l�\ �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z �]�j�Z�g�b�p�Z�o �k�e�h�`�g�h�]�h �h�[�t�_�d�l�Z. 

  

 
 

�J�b�k. 41. �K�i�_�d�l�j �i�j�h�l�h�g�g�u�o �k�b�]�g�Z�e�h�\, �g�Z�d�h�i�e�_�g�g�u�c �a�Z 6 �f�b�g�m�l �h�l 
�l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �\ �l�_�f�_�g�g�h�c �^�h�e�_ 

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

�k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �l�h�f�h�]�j�Z�n�h�\ Magnetom Vision (�P�G�B�J�J�B, �K�I�[)  �b 
Magnetom Impact (�=�F�I�; �‹  2, �K�I�[). �>�h�k�l�b�`�_�g�b�_ �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y 
in vivo  �h�]�j�Z�g�b�q�b�\�Z�x�l �e�h�d�Z�e�v�g�u�_ �f�Z�]�g�b�l�g�u�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b, 
�h�[�m�k�e�h�\�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�y�f�b �k�l�j�h�_�g�b�y �`�b�\�h�]�h �h�j�]�Z�g�b�a�f�Z. �F�u �f�h�`�_�f 
�i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�l�v �i�h�k�e�_�^�g�_�_ �m�l�\�_�j�`�^�_�g�b�_ �k�e�_�^�m�x�s�b�f �i�j�b�f�_�j�h�f.        

 
�G�Z �j�b�k. 41 �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �h�l �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h 

�f�h�a�]�Z �\ �l�_�f�_�g�g�h�c �^�h�e�_, �]�^�_ �r�b�j�b�g�Z �k�b�]�g�Z�e�Z NAA �j�Z�\�g�Z 3,4 �=�p; 
�k�i�_�d�l�j�Z�e�v�g�h�_ �j�Z�a�j�_�r�_�g�b�_ �' B/B = 5 10-8  (�P�G�B�J�J�B, Magnetom Vision, 
B=1,5 �L�e). �I�j�b �w�l�b�o �`�_ �i�Z�j�Z�f�_�l�j�Z�o �i�j�b�[�h�j�Z �[�u�e �g�Z�d�h�i�e�_�g �b �\�l�h�j�h�c 
�k�i�_�d�l�j. �>�e�y �k�j�Z�\�g�_�g�b�y �g�Z �j�b�k. 41 �b �j�b�k. 42 �i�j�_�^�k�l�Z�\�e�_�g�h �k�h�i�h�k�l�Z�\�e�_�g�b�_ 
�k�i�_�d�l�j�Z�e�v�g�h�]�h �j�Z�a�j�_�r�_�g�b�y, �d�h�l�h�j�h�_ �[�u�e�h �^�h�k�l�m�i�g�h �\ �g�Z�r�b�o 
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�w�d�k�i�_�j�b�f�_�g�l�Z�o �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �\ �l�_�f�_�g�g�h�c �b �e�h�[�g�h�c 
�^�h�e�y�o �]�h�e�h�\�g�h�]�h �f�h�a�]�Z.  �H�[�Z �w�l�b �k�i�_�d�l�j�Z �[�u�e�b �g�Z�d�h�i�e�_�g�u �h�l �h�^�g�h�]�h �b 
�l�h�]�h �`�_ �^�h�[�j�h�\�h�e�v�p�Z - �k�l�m�^�_�g�l�Z �L�_�o�g�b�q�_�k�d�h�]�h �M�g�b�\�_�j�k�b�l�_�l�Z �B�L�F�H.   

 

 
�J�b�k. 42. �K�i�_�d�l�j �i�j�h�l�h�g�g�u�o �k�b�]�g�Z�e�h�\, �g�Z�d�h�i�e�_�g�g�u�c �a�Z 6 �f�b�g�m�l �h�l 

�l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �\ �e�h�[�g�h�c �^�h�e�_ 
 

�>�e�y �\�l�h�j�h�]�h �k�i�_�d�l�j�Z (�j�b�k. 42) �r�b�j�b�g�Z �k�b�]�g�Z�e�Z �G2�H �j�Z�\�g�Z 14 �=�p; 
�k�i�_�d�l�j�Z�e�v�g�h�_ �j�Z�a�j�_�r�_�g�b�_ �' B/B = 2 10-7. �I�j�b �k�h�i�h�k�l�Z�\�e�_�g�b�b �w�l�b�o �^�\�m�o 
�k�i�_�d�l�j�h�\ �\�h�a�g�b�d�Z�x�l �\�h�i�j�h�k�u, �d�h�l�h�j�u�_ �b �i�h�k�e�m�`�b�e�b �h�^�g�b�f �b�a �h�k�g�h�\�Z�g�b�c 
�b�k�k�e�_�^�h�\�Z�l�v �n�Z�g�l�h�f�g�u�_ �h�[�j�Z�a�p�u, �i�h�k�d�h�e�v�d�m �h�[�Z �w�l�b �k�i�_�d�l�j�Z �[�u�e�b 
�g�Z�d�h�i�e�_�g�u �h�l �^�h�k�l�Z�l�h�q�g�h �h�^�g�h�j�h�^�g�h�]�h �i�h �k�l�j�m�d�l�m�j�_ �[�_�e�h�]�h �\�_�s�_�k�l�\�Z 
�]�h�e�h�\�g�h�]�h �f�h�a�]�Z. 

 �< �h�[�h�b�o �k�e�m�q�Z�y�o �j�Z�a�f�_�j �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e �j�Z�\�_�g: 20�o20�o20 
�f�f 3. �D�Z�d �\�b�^�b�f, �g�Z �i�_�j�\�h�f �k�i�_�d�l�j�_, �i�h�e�m�q�_�g�g�h�f �h�l �l�_�f�_�g�g�h�c �^�h�e�b, 
�j�Z�a�j�_�r�_�g�b�_ �k�h�k�l�Z�\�e�y�_�l 5 10-8. �< �w�l�h�f �k�e�m�q�Z�_ �k�b�]�g�Z�e�u �h�l �j�y�^�Z 
�f�_�l�Z�[�h�e�b�l�h�\ (NAA, PCr, Cho, Ins, Glx) �^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�h �j�Z�a�j�_�r�_�g�u �b 
�k�i�_�d�l�j �\�i�h�e�g�_ �i�j�b�]�h�^�_�g �^�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �j�_�]�b�k�l�j�b�j�m�_�f�u�o 
�k�h�_�^�b�g�_�g�b�c.   
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      �L�Z�d�h�_ �^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�_�_ �j�Z�a�j�_�r�_�g�b�_ �k�Z�f�h �i�h �k�_�[�_ �\�u�a�u�\�Z�_�l 
�b�g�l�_�j�_�k. �F�h�`�g�h �i�h�e�Z�]�Z�l�v, �q�l�h �\ �^�Z�g�g�h�f �k�e�m�q�Z�_ �b�f�_�_�l �f�_�k�l�h 
�k�j�Z�\�g�b�l�_�e�v�g�h �h�^�g�h�j�h�^�g�h�_, �^�h�k�l�Z�l�h�q�g�h �[�e�b�a�d�h�_ �d �k�n�_�j�b�q�_�k�d�b 
�k�b�f�f�_�l�j�b�q�g�h�f�m �[�e�b�`�Z�c�r�_�f�m �h�d�j�m�`�_�g�b�x �h�[�e�Z�k�l�b, �b�a �d�h�l�h�j�h�c �[�u�e 
�g�Z�d�h�i�e�_�g �k�i�_�d�l�j. �H�[�e�Z�k�l�v �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�Z �h�l�f�_�q�_�g�Z �[�_�e�u�f 
�d�\�Z�^�j�Z�l�h�f  (�^�Z�e�_�_, �f�u �h�]�j�Z�g�b�q�b�e�b�k�v �b�k�k�e�_�^�h�\�Z�g�b�_�f �b�f�_�g�g�h �w�l�h�c 
�l�_�f�_�g�g�h�c �h�[�e�Z�k�l�b �l�d�Z�g�_�c �]�h�e�h�\�g�h�]�h �f�h�a�]�Z). 

 

 
 

�J�b�k. 43. �L�h�f�h�]�j�Z�f�f�Z �n�Z�g�l�h�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z, �k�h�k�l�Z�\�e�_�g�g�h�]�h �b�a 
�q�_�l�u�j�_�o �j�y�^�h�\ �Z�f�i�m�e, �j�Z�a�f�_�s�_�g�g�u�o �\ �h�[�s�_�f �k�h�k�m�^�_ 

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

�[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �g�_ �h�d�Z�a�Z�e�b�k�v �m�k�i�_�r�g�u�f�b. �M�`�_ �i�h 
�h�p�_�g�d�b �r�b�j�b�g�_ �k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u �j�Z�a�j�_�r�_�g�b�_ �h�d�Z�a�u�\�Z�_�l�k�y 
�j�Z�\�g�u�f: dB/B = 2�u10-7, �i�j�b �w�l�h�f  �b�g�n�h�j�f�Z�l�b�\�g�h�k�l�v �k�i�_�d�l�j�Z �f�_�l�Z�[�h�e�b�l�h�\ 
�g�Z�k�l�h�e�v�d�h �g�b�a�d�Z�y, �q�l�h �h�[�j�Z�[�Z�l�u�\�Z�l�v �_�]�h �g�_ �b�f�_�_�l �k�f�u�k�e�Z. �< �w�l�h�c �k�\�y�a�b, 
�_�k�l�_�k�l�\�_�g�g�h, �i�j�_�^�k�l�Z�\�e�y�_�l �[�h�e�v�r�h�c �b�g�l�_�j�_�k �h�i�j�_�^�_�e�b�l�v  �i�j�b�q�b�g�m 
�o�m�^�r�_�]�h �j�Z�a�j�_�r�_�g�b�y �\ �e�h�[�g�h�c �^�h�e�b �b, �i�h �\�h�a�f�h�`�g�h�k�l�b, �b�k�d�Z�l�v 
�l�_�o�g�b�q�_�k�d�h�_ �j�_�r�_�g�b�_ �^�e�y �i�h�\�u�r�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�]�h �j�Z�a�j�_�r�_�g�b�y 
�i�h�^�h�[�g�u�o �h�[�e�Z�k�l�_�c. 

�Q�l�h�[�u �\�u�y�k�g�b�l�v �\�e�b�y�g�b�_ �\�Z�j�b�Z�p�b�c �^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\, 
�i�j�h�\�h�^�b�e�b�k�v �d�h�g�l�j�h�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �g�Z �[�h�e�_�_ �^�h�k�l�m�i�g�h�f �i�h �\�j�_�f�_�g�b 
�l�h�f�h�]�j�Z�n�_. �>�e�y �d�h�g�l�j�h�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �f�u �b�k�i�h�e�v�a�h�\�Z�e�b �l�h�f�h�]�j�Z�n 
Magnetom Impact, �d�h�l�h�j�u�c �b�f�_�_�l �k�\�_�j�o�i�j�h�\�h�^�y�s�b�c �f�Z�]�g�b�l �k �i�h�e�_�f 1 �L�e. 
�< �w�l�h�f �i�h�e�_ �j�_�a�h�g�Z�g�k�g�Z�y �q�Z�k�l�h�l�Z �e�b�i�b�^�g�u�o �i�j�h�l�h�g�h�\ -�K�G2-�K�G2- 
�i�j�b�f�_�j�g�h �g�Z 140 �=�p �g�b�`�_ �j�_�a�h�g�Z�g�k�g�h�c �q�Z�k�l�h�l�u �h�k�g�h�\�g�h�]�h �^�e�y �`�b�\�h�]�h 
�h�j�]�Z�g�b�a�f�Z �k�b�]�g�Z�e�Z – �k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u. �>�e�y �\�u�y�\�e�_�g�b�y �b�a�h�e�b�g�b�c 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �f�u �\�h�k�i�h�e�v�a�h�\�Z�e�b�k�v �j�_�`�b�f�h�f �g�Z�d�h�i�e�_�g�b�y �l�h�f�h�]�j�Z�f�f �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �b�f�i�m�e�v�k�Z �b�a�[�b�j�Z�l�_�e�v�g�h�]�h �q�Z�k�l�h�l�g�h�]�h �i�h�^�Z�\�e�_�g�b�y. 

�:�g�Z�e�b�a �j�_�`�b�f�Z �i�h�^�Z�\�e�_�g�b�y �f�u �i�j�h�\�h�^�b�e�b �k �i�h�f�h�s�v�x �i�h�\�_�j�h�q�g�h�]�h 
�m�k�l�j�h�c�k�l�\�Z, �d�h�l�h�j�u�c �[�u�e �k�h�[�j�Z�g �b�a 32 �Z�f�i�m�e (�^�b�Z�f�_�l�j �Z�f�i�m�e 30 �f�f ), 
�i�h�k�l�Z�\�e�_�g�g�u�o �\�i�e�h�l�g�m�x �^�j�m�] �k �^�j�m�]�h�f. �M�k�l�j�h�c�k�l�\�h �k�h�^�_�j�`�Z�e�h �q�_�l�u�j�_ 
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�j�y�^�Z �i�h �i�y�l�v �Z�f�i�m�e, �a�Z�i�h�e�g�_�g�g�u�o �\�h�^�h�c, �j�Z�a�^�_�e�_�g�g�u�o  �l�j�_�f�y  �j�y�^�Z�f�b  �i�h  
�q�_�l�u�j�_  �Z�f�i�m�e�u,  �a�Z�i�h�e�g�_�g�g�u�o  �j�Z�k�l�b�l�_�e�v�g�u�f �f�Z�k�e�h�f, �]�^�_ �h�k�g�h�\�g�u�f�b 
�i�j�h�l�h�g�u �\�o�h�^�y�l �\ �e�b�i�b�^�g�u�_ �k�h�_�^�b�g�_�g�b�y -�K�G2-�K�G2-. 

�<�_�j�o�g�b�c �b �g�b�`�g�b�c �j�y�^�u �Z�f�i�m�e �a�Z�i�h�e�g�_�g�u �j�Z�k�l�b�l�_�e�v�g�u�f �f�Z�k�e�h�f. 
�<�l�h�j�h�c �b �l�j�_�l�b�c �j�y�^�u �Z�f�i�m�e �a�Z�i�h�e�g�_�g�u �\�h�^�h�c. �I�j�h�k�l�j�Z�g�k�l�\�h �f�_�`�^�m 
�Z�f�i�m�e�Z�f�b �a�Z�i�h�e�g�_�g�h �\�h�^�h�c. �L�h�f�h�]�j�Z�f�f�Z �[�u�e�Z �g�Z�d�h�i�e�_�g�Z �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �b�f�i�m�e�v�k�Z �q�Z�k�l�h�l�g�h�]�h �i�h�^�Z�\�e�_�g�b�y, �g�Z�k�l�j�h�_�g�g�h�]�h �g�Z 
�j�_�a�h�g�Z�g�k �i�j�h�l�h�g�h�\ �\�h�^�u.       
     �H�d�Z�a�Z�e�h�k�v, �q�l�h �Y�F�J-�k�b�]�g�Z�e�u �h�l �i�j�h�l�h�g�h�\ �\�h�^�u �g�_ �i�h�^�Z�\�e�_�g�u 
�j�Z�\�g�h�f�_�j�g�h �i�h �\�k�_�f�m �k�_�q�_�g�b�x �Z�f�i�m�e �k �G2�H, �d�Z�d �f�h�`�g�h �[�u�e�h �h�`�b�^�Z�l�v 
�i�j�b �b�^�_�Z�e�v�g�h �h�^�g�h�j�h�^�g�h�f �i�h�e�_. �L�_�g�v �h�l �i�h�^�Z�\�e�_�g�b�y �\�g�m�l�j�b �h�[�s�_�]�h 
�k�h�k�m�^�Z �b �j�y�^�h�\ �Z�f�i�m�e �b�f�_�_�l �k�e�h�`�g�u�c �d�h�g�l�m�j.  �W�l�h�l �d�h�g�l�m�j �h�i�j�_�^�_�e�y�_�l�k�y 
�d�Z�d �g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �h�k�g�h�\�g�h�]�h �i�h�e�y, �l�Z�d �b �\�g�m�l�j�_�g�g�b�f�b �\�Z�j�b�Z�p�b�y�f�b 
�^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\. �G�Z �j�b�k. 43  �i�j�h�y�\�e�y�x�l�k�y �h�l�e�b�q�b�y �o�b�f�b�q�_�k�d�h�]�h 
�k�^�\�b�]�Z �i�j�h�l�h�g�h�\ �\�h�^�u �b �`�b�j�Z: �l�h�e�s�b�g�Z �k�l�_�g�h�d �^�e�y �Z�f�i�m�e �k 
�j�Z�k�l�b�l�_�e�v�g�u�f �f�Z�k�e�h�f �b�f�_�_�l �^�\�h�c�g�m�x �l�h�e�s�b�g�m �m �e�_�\�h�]�h �d�j�Z�y �b �g�_ 
�i�j�h�y�\�e�y�_�l�k�y �k�i�j�Z�\�Z (�g�Z �w�l�h�c �l�h�f�h�]�j�Z�f�f�_ �q�Z�k�l�h�l�g�h�_ �d�h�^�b�j�h�\�Z�g�b�_ 
�h�k�m�s�_�k�l�\�e�y�e�h�k�v �i�h �g�Z�i�j�Z�\�e�_�g�b�x �k �e�_�\�Z �g�Z �i�j�Z�\�h). 

  �J�Z�k�i�h�e�h�`�_�g�b�_ �l�_�g�_�c �g�Z �l�h�f�h�]�j�Z�f�f�_ (�j�b�k. 43) �i�h�a�\�h�e�y�x�l �h�[�t�y�k�g�b�l�v 
�l�j�m�^�g�h�k�l�b �^�h�k�l�b�`�_�g�b�y �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �g�Z �k�i�_�d�l�j�Z�o �l�d�Z�g�_�c �f�h�a�]�Z 
�\�[�e�b�a�b �e�h�[�g�h�c �i�Z�a�m�o�b (�j�b�k. 42). �>�e�y �w�l�h�]�h �k�e�_�^�m�_�f �j�Z�k�k�f�h�l�j�_�l�v �l�_�f�g�u�_ 
�h�[�e�Z�k�l�b, �h�l�f�_�q�_�g�g�u�_ �g�Z �l�h�f�h�]�j�Z�f�f�_ �d�Z�d �h�[�e�Z�k�l�v "�: " �b �h�[�e�Z�k�l�v "�<". 

  �I�j�b �j�Z�a�f�_�s�_�g�b�b �Z�f�i�m�e �\ �h�[�s�_�f �k�h�k�m�^�_  �^�e�y �m�i�e�h�l�g�_�g�b�y �j�y�^�h�\ �Z�f�i�m�e 
�[�u�e �b�k�i�h�e�v�a�h�\�Z�g �i�h�j�b�k�l�u�c �i�h�e�b�w�l�b�e�_�g, �d�h�l�h�j�u�c �k�h�^�_�j�`�b�l �\�h�a�^�m�o �b 
�i�j�h�y�\�e�y�_�l�k�y �g�Z �l�h�f�h�]�j�Z�f�f�_ �\ �\�b�^�_ �l�_�f�g�h�c �h�[�e�Z�k�l�b "�: " (�j�b�k. 43). 

 �J�_�]�b�k�l�j�b�j�m�_�f�u�_ �b�a�f�_�g�_�g�b�y �i�h�e�y �' B/B �b�f�_�_�l �\�_�e�b�q�b�g�m   �h�l 10-6 �^�h 10-7. 
�H�p�_�g�d�Z �i�h�e�m�q�_�g�Z �i�j�b �b�a�f�_�g�_�g�b�b �q�Z�k�l�h�l�u �i�h�^�Z�\�e�_�g�b�y �i�h �i�_�j�_�f�_�s�_�g�b�x 
�l�_�f�g�u�o �b�a�h�e�b�g�b�c �\�g�m�l�j�b �k�h�k�m�^�Z. �F�Z�l�_�j�b�Z�e �k�l�_�d�e�Z, �j�Z�k�l�b�l�_�e�v�g�h�_ �f�Z�k�e�h �b 
�\�h�^�Z �h�[�e�Z�^�Z�x�l �[�e�b�a�d�b�f�b �^�b�Z�f�Z�]�g�b�l�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �g�h �g�Z �]�j�Z�g�b�p�_ �k 
�\�h�a�^�m�o�h�f �b�f�_�_�l �f�_�k�l�h �j�_�a�d�h�_ �b�a�f�_�g�_�g�b�_ �^�b�Z�f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\.  

     �<�h�a�^�m�o �h�[�e�Z�^�Z�_�l �i�Z�j�Z�f�Z�]�g�_�l�b�a�f�h�f �b�a-�a�Z �g�Z�e�b�q�b�y �d�b�k�e�h�j�h�^�Z, 
�i�h�w�l�h�f�m �h�[�e�Z�k�l�v "�: " �\�g�h�k�b�l �m�i�e�h�l�g�_�g�b�y �\ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �e�b�g�b�c 
�\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �I�j�b�q�_�f, �\�k�e�_�^�k�l�\�b�_ �w�l�h�]�h �g�Z�[�e�x�^�Z�_�l�k�y 
�b�k�d�Z�`�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �h�d�j�m�`�Z�x�s�_�c �h�[�e�Z�k�l�b, �d�h�l�h�j�h�_ 
�i�j�h�y�\�e�y�_�l�k�y �\ �\�b�^�_ �d�h�e�v�p�_�\�h�c �l�_�g�b "�<" (�j�b�k. 44) �g�Z �b�a�h�[�j�Z�`�_�g�b�b 
�k�h�k�_�^�g�_�c �Z�f�i�m�e�u. �:�g�Z�e�h�]�b�q�g�h�_ �b�k�d�Z�`�_�g�b�_ �i�h�e�y �^�h�e�`�g�h �i�j�b�k�m�l�k�l�\�h�\�Z�l�v 
�b �g�Z �l�d�Z�g�y�o �f�h�a�]�Z �\�[�e�b�a�b �e�h�[�g�h�c �i�Z�a�m�o�b (�j�b�k. 43), �q�l�h �b �y�\�e�y�_�l�k�y 
�i�j�b�q�b�g�h�c �i�e�h�o�h�]�h �j�Z�a�j�_�r�_�g�b�y �g�Z �k�i�_�d�l�j�_, �i�h�e�m�q�_�g�g�h�]�h �h�l �w�l�h�c �h�[�e�Z�k�l�b. 

�K �p�_�e�v�x �h�i�j�_�^�_�e�_�g�b�y  �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�[�h�e�b�l�h�\ �\ �l�d�Z�g�y�o �]�h�e�h�\�g�h�]�h 
�f�h�a�]�Z  �[�u�e�Z �i�j�h�\�_�^�_�g�Z �j�Z�[�h�l�Z �i�h �j�_�]�b�k�l�j�Z�p�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �Y�F�J 
�k�i�_�d�l�j�h�\. �B�k�o�h�^�g�u�_ �q�b�k�e�h�\�u�_ �f�Z�k�k�b�\�u (�d�h�f�i�e�_�d�k�g�u�_ �\�_�d�l�h�j�Z �i�h 1024 
�q�b�k�e�Z �\�h �\�j�_�f�_�g�g�h�c �r�d�Z�e�_) �[�u�e�b �g�Z�d�h�i�e�_�g�u �g�Z �l�h�f�h�]�j�Z�n�_ Magnetom 
Vision (�P�G�B�J�J�B) �^�e�y 16 �^�h�[�j�h�\�h�e�v�p�_�\.  
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�I�j�_�^�\�Z�j�b�l�_�e�v�g�h,  �i�j�b �d�h�g�l�j�h�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �[�u�e�Z �h�l�j�Z�[�h�l�Z�g�Z 
�f�_�l�h�^�b�d�Z �i�h�e�m�q�_�g�b�y �l�Z�d�b�o �b�k�o�h�^�g�u�o �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\, �d�h�l�h�j�u�_ 
�i�h�a�\�h�e�y�x�l �i�h�k�e�_ �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �b�f�_�l�v  �k�i�_�d�l�j�Z�e�v�g�h�_ 
�j�Z�a�j�_�r�_�g�b�_   d�Q���Q < 5 10-8. �I�j�b �w�l�h�f �^�e�y �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�h�\ �[�u�e�Z 
�b�k�i�h�e�v�a�h�\�Z�g�Z �h�[�e�Z�k�l�v �g�Z�b�[�h�e�_�_ �h�^�g�h�j�h�^�g�Z�y  �i�h �k�l�j�m�d�l�m�j�_ �[�_�e�h�]�h 
�\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �^�h�[�j�h�\�h�e�v�p�Z �b �b�f�_�x�s�Z�y �f�b�g�b�f�Z�e�v�g�h�_ 
�b�k�d�Z�`�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �b�a-�a�Z �\�Z�j�b�Z�p�b�c �^�b�Z�f�Z�]�g�_�l�b�a�f�Z �k�j�_�^�u. 

 
�J�b�k. 44. �Y�F�J �k�i�_�d�l�j �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �f�m�`�q�b�g�u 20 

�e�_�l 
 
�G�Z �j�b�k. 44 – 49 �i�j�_�^�k�l�Z�\�e�_�g �j�y� ̂�l�b�i�b�q�g�u�o �k�i�_�d�l�j�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b 

�\�u�i�h�e�g�_�g�b�b �g�Z�k�l�h�y�s�_�c �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u. �B�k�k�e�_�^�h�\�Z�g�u 
�[�u�e�b �a�^�h�j�h�\�u�_ �^�h�[�j�h�\�h�e�v�p�u �a�Z �b�k�d�e�x�q�_�g�b�_�f �h�^�g�h�]�h �f�m�`�q�b�g�u 32 �e�_�l, 
�d�h�l�h�j�u�c �b�f�_�e �`�Z�e�h�[�u �g�Z �]�h�e�h�\�g�u�_ �[�h�e�b (�j�b�k. 49).  

�<�k�_ �k�i�_�d�l�j�u �[�u�e�b �g�Z�d�h�i�e�_�g�u �i�j�b �L�?=10 �f�k. �I�h �\�_�j�l�b�d�Z�e�b �j�b�k�m�g�d�h�\ 
�m�d�Z�a�Z�g�u �h�l�g�h�k�b�l�_�e�v�g�u�_ �_�^�b�g�b�p�u; �i�h �]�h�j�b�a�h�g�l�Z�e�b – �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o (ppm) �l�j�Z�^�b�p�b�h�g�g�h�c �^�e�y �Y�F�J �r�d�Z�e�u �h�l�g�h�k�b�l�_�e�v�g�h 
�l�_�l�j�Z�f�_�l�b�e�k�b�e�Z�g�Z.  

 
 
�D�Z�d �\�b�^�g�h �b�a �k�i�_�d�l�j�h�\ (�j�b�k. 44 - 49), �b�g�l�_�g�k�b�\�g�u�_ �k�b�]�g�Z�e�u 

�j�_�]�b�k�l�j�b�j�m�x�l�k�y �h�l �k�e�_�^�m�x�s�b�o �f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c: N-
�Z�p�_�l�b�e�Z�k�i�Z�j�l�Z�l�Z – NAA (2.01, 2.48, 2.60, 2.64 ppm), �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z – 
PCr (3.03, 3.94 ppm), �o�h�e�b�g�Z – Cho (3.22 ppm), �f�b�h�b�g�h�a�b�l�h�e�Z mI (3.56 
ppm); �[�h�e�_�_ �k�e�Z�[�u�_ �k�b�]�g�Z�e�u �j�_�]�b�k�l�j�b�j�m�x�l�k�y �h�l  �l�Z�m�j�b�g�Z (3.36 ppm), 
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�]�e�x�l�Z�f�Z�l�Z (2.11, 2.18, 2.28, 2.36, 3.77 ppm) �b �h�l �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c. 
�>�e�y  �k�j�Z�\�g�_�g�b�y  �g�Z �k�i�_�d�l�j�_ �i�j�_�^�k�l�Z�\�e�_�g �l�Z�d�`�_ �k�b�]�g�Z�e �h�l �i�j�h�l�h�g�h�\ �\�h�^�u, 
�m�f�_�g�v�r�_�g�g�u�c �i�h �Z�f�i�e�b�l�m�^�_ �\ 1000 �j�Z�a. �<�j�_�f�y �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z: �L�: = 
5 min 6 sec.   
      

 
�J�b�k. 45. �:�g�Z�e�h�]�b�q�g�u�c �Y�F�J �k�i�_�d�l�j �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z 

�f�m�`�q�b�g�u 60 �e�_�l 
 

�:�\�l�h�j �^�Z�g�g�h�c �j�Z�[�h�l�u �l�Z�d �`�_ �m�q�Z�k�l�\�h�\�Z�e �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h 
�g�Z�d�h�i�e�_�g�b�x �b�k�o�h�^�g�u�o �^�Z�g�g�u�o,  �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �k�i�_�d�l�j �i�j�_�^�k�l�Z�\�e�_�g 
�g�Z �j�b�k. 45.  
   �K�i�_�d�l�j, �i�j�_�^�k�l�Z�\�e�_�g�g�u�c �g�Z �j�b�k. 49, �h�l�e�b�q�Z�_�l�k�y �h�l �^�j�m�]�b�o �k�i�_�d�l�j�h�\ 
�a�^�h�j�h�\�u�o �^�h�[�j�h�\�h�e�v�p�_�\ �l�_�f, �q�l�h �m�\�_�e�b�q�_�g �k�b�]�g�Z�e  �i�j�b 1.3 ppm (�\ �w�l�h�c 
�h�[�e�Z�k�l�b �j�Z�k�i�h�e�h�`�_�g�u �k�b�]�g�Z�e�u �h�l �j�y�^�Z �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c �b �e�Z�d�l�Z�l�Z).  
�W�l�h�l �^�h�[�j�h�\�h�e�_�p �h�l�e�b�q�Z�e�k�y �h�l �^�j�m�]�b�o �l�_�f, �q�l�h �b�f�_�e �`�Z�e�h�[�u �g�Z �]�h�e�h�\�g�u�_ 
�[�h�e�b, �h�^�g�Z�d�h �h�l�f�_�q�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �k�i�_�d�l�j�Z, �\�h�a�f�h�`�g�h, �b �g�_ �b�f�_�x�l 
�h�l�g�h�r�_�g�b�y �d �w�l�b�f �`�Z�e�h�[�Z�f. 
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�J�b�k. 46. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 

�f�g�b�f�h�c �q�Z�k�l�b 
 
 
 �K�i�_�d�l�j �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z (�j�b�k. 46), 

�i�h�e�m�q�_�g�g�u�c �h�l �a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �k�l�m�^�_�g�l�d�b 19 �e�_�l. �I�h �\�_�j�l�b�d�Z�e�b 
- �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ �f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u 
�m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< �\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ 
�b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h �f�Z�k�k�b�\�Z (file-ZM-19), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u 
�b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b �_�_ �\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c 
�b�g�n�h�j�f�Z�p�b�b. 
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�J�b�k. 47. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b 

 
 
 
 �K�i�_�d�l�j �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z (�j�b�k. 47), 

�i�h�e�m�q�_�g�g�u�c �h�l �a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �k�l�m�^�_�g�l�Z 23 �]�h�^�Z.  �I�h �\�_�j�l�b�d�Z�e�b 
- �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ �f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u 
�m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< �\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ 
�b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h �f�Z�k�k�b�\�Z (file-NM-23), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u 
�b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b �_�]�h �\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c 
�b�g�n�h�j�f�Z�p�b�b. 
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�J�b�k. 48.  �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b 

 
�K�i�_�d�l�j �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z (�j�b�k. 48), �i�h�e�m�q�_�g�g�u�c 

�h�l �a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �f�m�`�q�b�g�u 24 �]�h�^�Z. �I�h �\�_�j�l�b�d�Z�e�b - 
�b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ �f�b�e�e�b�h�g�g�u�o �^�h�e�y�o.  

�:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< �\�_�j�o�g�_�c �q�Z�k�l�b 
�j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h �f�Z�k�k�b�\�Z (file-AL-
24), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b �_�]�h �\�h�a�j�Z�k�l �\ 
�f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b. 
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�J�b�k. 49. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b 

 
 �K�i�_�d�l�j �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z (�j�b�k. 49), 

�i�h�e�m�q�_�g�g�u�c �h�l �^�h�[�j�h�\�h�e�v�p�Z - �f�m�`�q�b�g�u 32 �]�h�^�Z, �d�h�l�h�j�u�c �b�f�_�e �`�Z�e�h�[�u 
�g�Z �]�h�e�h�\�g�u�_ �[�h�e�b. �I�h �\�_�j�l�b�d�Z�e�b - �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ 
�h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< 
�\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h 
�f�Z�k�k�b�\�Z (file-AR-32), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b 
�_�]�h �\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b.  

  �H�l�e�b�q�b�l�_�e�v�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �k�i�_�d�l�j�Z �y�\�e�y�_�l�k�y �g�Z�e�b�q�b�_ 
�k�j�Z�\�g�b�l�_�e�v�g�h �b�g�l�_�g�k�b�\�g�h�]�h �k�b�]�g�Z�e�Z �e�b�i�b�^�h�\ c �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f 1.3 
ppm. �H�l�f�_�l�b�f, �q�l�h �m �[�h�e�v�g�u�o �j�Z�k�k�_�y�g�g�u�f �k�d�e�_�j�h�a�h�f �j�_�]�b�k�l�j�b�j�m�x�l�k�y 
�k�b�]�g�Z�e�u �h�l �e�b�i�b�^�h�\ �k �b�g�l�_�g�k�b�\�g�h�k�l�v�x, �d�h�l�h�j�Z�y �\ �j�y�^�_ �k�e�m�q�Z�_�\ 
�i�j�_�\�u�r�Z�_�l �i�h �b�g�l�_�g�k�b�\�g�h�k�l�b �k�b�]�g�Z�e �h�l NAA. 

 
 

�K �p�_�e�v�x �h�i�j�_�^�_�e�_�g�b�y  �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�[�h�e�b�l�h�\ �\ �l�d�Z�g�y�o �]�h�e�h�\�g�h�]�h 
�f�h�a�]�Z  �[�u�e�Z �i�j�h�\�_�^�_�g�Z �j�Z�[�h�l�Z �i�h �j�_�]�b�k�l�j�Z�p�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �Y�F�J 
�k�i�_�d�l�j�h�\. �B�k�o�h�^�g�u�_ �q�b�k�e�h�\�u�_ �f�Z�k�k�b�\�u (�d�h�f�i�e�_�d�k�g�u�_ �\�_�d�l�h�j�Z �i�h 1024 
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�q�b�k�e�Z �\�h �\�j�_�f�_�g�g�h�c �r�d�Z�e�_) �[�u�e�b �g�Z�d�h�i�e�_�g�u �g�Z �l�h�f�h�]�j�Z�n�_ Magnetom 
Vision (�P�G�B�J�J�B) �^�e�y 16 �^�h�[�j�h�\�h�e�v�p�_�\.  

�I�j�_�^�\�Z�j�b�l�_�e�v�g�h,  �i�j�b �d�h�g�l�j�h�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �[�u�e�Z �h�l�j�Z�[�h�l�Z�g�Z 
�f�_�l�h�^�b�d�Z �i�h�e�m�q�_�g�b�y �l�Z�d�b�o �b�k�o�h�^�g�u�o �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\, �d�h�l�h�j�u�_ 
�i�h�a�\�h�e�y�x�l �i�h�k�e�_ �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �b�f�_�l�v  �k�i�_�d�l�j�Z�e�v�g�h�_ �j�Z�a�j�_�r�_�g�b�_   
d�Q���Q < 5 10-8. �I�j�b �w�l�h�f �^�e�y �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�h�\ �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z 
�h�[�e�Z�k�l�v �g�Z�b�[�h�e�_�_ �h�^�g�h�j�h�^�g�Z�y  �i�h �k�l�j�m�d�l�m�j�_ �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h 
�f�h�a�]�Z �^�h�[�j�h�\�h�e�v�p�Z �b �b�f�_�x�s�Z�y �f�b�g�b�f�Z�e�v�g�h�_ �b�k�d�Z�`�_�g�b�_ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 
�b�a-�a�Z �\�Z�j�b�Z�p�b�c �^�b�Z�f�Z�]�g�_�l�b�a�f�Z �k�j�_�^�u. 

 

 
�J�b�k. 44. �>�_�c�k�l�\�b�l�_�e�v�g�Z�y �q�Z�k�l�v �Y�F�J �k�i�_�d�l�j�Z �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h 

�f�h�a�]�Z �k�l�m�^�_�g�l�Z �K�I�[�=�M �B�L�F�H 20 �e�_�l 
 
�G�Z �j�b�k. 44 – 49 �i�j�_�^�k�l�Z�\�e�_�g �j�y� ̂ �l�b�i�b�q�g�u�o �k�i�_�d�l�j�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b 

�\�u�i�h�e�g�_�g�b�b �g�Z�k�l�h�y�s�_�c �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u. �B�k�k�e�_�^�h�\�Z�g�u 
�[�u�e�b �a�^�h�j�h�\�u�_ �^�h�[�j�h�\�h�e�v�p�u �a�Z �b�k�d�e�x�q�_�g�b�_�f �h�^�g�h�]�h �f�m�`�q�b�g�u 32 �e�_�l, 
�d�h�l�h�j�u�c �b�f�_�e �`�Z�e�h�[�u �g�Z �]�h�e�h�\�g�u�_ �[�h�e�b (�j�b�k. 49).  

�<�k�_ �k�i�_�d�l�j�u �[�u�e�b �g�Z�d�h�i�e�_�g�u �i�j�b �L�?=10 �f�k. �I�h �\�_�j�l�b�d�Z�e�b �j�b�k�m�g�d�h�\ 
�m�d�Z�a�Z�g�u �h�l�g�h�k�b�l�_�e�v�g�u�_ �_�^�b�g�b�p�u; �i�h �]�h�j�b�a�h�g�l�Z�e�b – �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o (ppm) �l�j�Z�^�b�p�b�h�g�g�h�c �^�e�y �Y�F�J �r�d�Z�e�u �h�l�g�h�k�b�l�_�e�v�g�h 
�l�_�l�j�Z�f�_�l�b�e�k�b�e�Z�g�Z.  

 
 
�D�Z�d �\�b�^�g�h �b�a �k�i�_�d�l�j�h�\ (�j�b�k. 44 - 49), �b�g�l�_�g�k�b�\�g�u�_ �k�b�]�g�Z�e�u 

�j�_�]�b�k�l�j�b�j�m�x�l�k�y �h�l �k�e�_�^�m�x�s�b�o �f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c: N-

  



 - 107 -

�Z�p�_�l�b�e�Z�k�i�Z�j�l�Z�l�Z – NAA (2.01, 2.48, 2.60, 2.64 ppm), �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z – PCr 
(3.03, 3.94 ppm), �o�h�e�b�g�Z – Cho (3.22 ppm), �f�b�h�b�g�h�a�b�l�h�e�Z mI (3.56 ppm); 
�[�h�e�_�_ �k�e�Z�[�u�_ �k�b�]�g�Z�e�u �j�_�]�b�k�l�j�b�j�m�x�l�k�y �h�l  �l�Z�m�j�b�g�Z (3.36 ppm), �]�e�x�l�Z�f�Z�l�Z 
(2.11, 2.18, 2.28, 2.36, 3.77 ppm) �b �h�l �e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c. �>�e�y  �k�j�Z�\�g�_�g�b�y  
�g�Z �k�i�_�d�l�j�_ �i�j�_�^�k�l�Z�\�e�_�g �l�Z�d�`�_ �k�b�]�g�Z�e �h�l �i�j�h�l�h�g�h�\ �\�h�^�u, �m�f�_�g�v�r�_�g�g�u�c �i�h 
�Z�f�i�e�b�l�m�^�_ �\ 1000 �j�Z�a. �<�j�_�f�y �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z: �L�: = 5 min 6 sec.   
      

 
�J�b�k. 45. �>�_�c�k�l�\�b�l�_�e�v�g�Z�y �q�Z�k�l�v �Y�F�J �k�i�_�d�l�j�Z �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h 

�f�h�a�]�Z �i�j�_�i�h�^�Z�\�Z�l�_�e�y �K�I�[�=�M �B�L�F�H �\ �\�h�a�j�Z�k�l�_ 60 �e�_�l 
 

�:�\�l�h�j �^�Z�g�g�h�c �j�Z�[�h�l�u �l�Z�d �`�_ �m�q�Z�k�l�\�h�\�Z�e �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �g�Z�d�h�i�e�_�g�b�x 
�b�k�o�h�^�g�u�o �^�Z�g�g�u�o,  �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �k�i�_�d�l�j �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 45.  

    �I�j�b �i�h�b�k�d�_ �k�i�h�k�h�[�Z �\�u�q�b�k�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�[�h�e�b�l�h�\ 
�h�d�Z�a�Z�e�h�k�v, �q�l�h �[�h�e�_�_ �^�h�k�l�h�\�_�j�g�h�_ �h�i�b�k�Z�g�b�_ �k�i�_�d�l�j�h�\ �f�h�`�g�h �h�[�_�k�i�_�q�b�l�v �\ 
�l�h�f �k�e�m�q�Z�_, �d�h�]�^�Z �\ �h�k�g�h�\�g�u�o �j�Z�k�q�_�l�Z�o �k �f�b�g�b�f�b�a�Z�p�b�_�c �d�\�Z�^�j�Z�l�b�q�g�u�o 
�h�l�d�e�h�g�_�g�b�c �[�m�^�m�l �b�k�i�h�e�v�a�h�\�Z�g�u �d�Z�d �^�_�c�k�l�\�b�l�_�e�v�g�u�_, �l�Z�d �b �f�g�b�f�u�_ �q�Z�k�l�b 
�k�i�_�d�l�j�Z�e�v�g�u�o �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\. �I�h�w�l�h�f�m, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �[�u�e�b 
�g�Z�c�^�_�g�u �i�Z�j�Z�f�_�l�j�u �n�Z�a�h�\�h�c �d�h�j�j�_�d�p�b�b, �d�h�l�h�j�u�_ �i�h�a�\�h�e�b�e�b �h�i�l�b�f�Z�e�v�g�h 
�j�Z�a�^�_�e�b�l�v �d�Z�`�^�u�c �k�i�_�d�l�j �g�Z �q�_�l�g�u�_ �b �g�_�q�_�l�g�u�_ �k�h�k�l�Z�\�e�y�x�s�b�_. �B �^�Z�e�_�_, 
�i�j�b �\�u�q�b�k�e�_�g�b�b �i�e�h�s�Z�^�_�c �Y�F�J �k�b�]�g�Z�e�h�\, �i�Z�j�Z�f�_�l�j�u �n�Z�a�h�\�h�c �d�h�j�j�_�d�p�b�b 
�l�Z�d�`�_ �i�h�^�\�_�j�]�Z�e�b�k�v �^�h�i�h�e�g�b�l�_�e�v�g�h�c �h�i�l�b�f�b�a�Z�p�b�b �\ �p�b�d�e�b�q�_�k�d�h�c 
�i�j�h�p�_�^�m�j�_ �f�b�g�b�f�b�a�Z�p�b�b �d�\�Z�^�j�Z�l�b�q�g�u�o �h�l�d�e�h�g�_�g�b�c. 
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 �G�b�`�_ �i�j�_�^�k�l�Z�\�e�_�g�u �k�i�_�d�l�j�u (�j�b�k. 46-49), �g�Z �d�h�l�h�j�u�o �j�Z�k�i�_�q�Z�l�Z�g�u �^�\�_ 
�k�h�k�l�Z�\�e�y�x�s�b�o �k�i�_�d�l�j�Z. �<�b� ̂�w�l�b�o �k�i�_�d�l�j�h�\ �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �^�h�k�l�b�]�g�m�l�h�_ 
�i�j�_�\�u�r�_�g�b�_ �j�y�^�Z �Y�F�J �k�b�]�g�Z�e�h�\ �g�Z�^ �m�j�h�\�g�_�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �n�h�g�Z. 

 
 

 
 
 

�J�b�k. 46. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b, �b�k�o�h�^�g�u�c �q�b�k�e�h�\�h�c �f�Z�k�k�b�\ �[�u�e �g�Z�d�h�i�e�_�g �k �m�q�Z�k�l�b�_�f 

�k�l�m�^�_�g�l�d�b �K�I�[�=�M �B�L�F�H 19 �e�_�l 
 

�G�Z �j�b�k. 46 �i�j�_�^�k�l�Z�\�e�_�g�u �^�_�c�k�l�\�b�l�_�e�v�g�u�_ �b �f�g�b�f�u�_ �k�h�k�l�Z�\�e�y�x�s�b�_ 
�k�i�_�d�l�j�Z �^�e�y �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z, �i�h�e�m�q�_�g�g�u�c �h�l 
�a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �`�_�g�s�b�g�u 19 �e�_�l. �I�h �\�_�j�l�b�d�Z�e�b - �b�g�l�_�g�k�b�\�g�h�k�l�v 
�k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a.  

�< �\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h 
�f�Z�k�k�b�\�Z (file-ZM-19), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b �_�_ 
�\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b. 

�G�Z �j�b�k. 47 �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z, 
�i�h�e�m�q�_�g�g�u�c �h�l �a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �f�m�`�q�b�g�u 23 �]�h�^�Z.   

�I�h �\�_�j�l�b�d�Z�e�b (�j�b�k. 47) �i�j�_�^�k�l�Z�\�e�_�g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ 
�h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
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�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< 
�\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h 
�f�Z�k�k�b�\�Z (file-NM-23), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b 
�_�]�h �\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b. 

 

 
 

�J�b�k. 47. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b, �b�k�o�h�^�g�u�c �q�b�k�e�h�\�h�c �f�Z�k�k�b�\ �[�u�e �g�Z�d�h�i�e�_�g �k �m�q�Z�k�l�b�_�f 

�k�l�m�^�_�g�l�Z �K�I�[�=�M �B�L�F�H 23 �e�_�l 
 

�I�j�b �k�h�i�h�k�l�Z�\�e�_�g�b�b �^�\�m�o �k�i�_�d�l�j�h�\ �j�b�k. 46 �b �j�b�k. 47 �f�h�`�g�h �h�l�f�_�l�b�l�v, �q�l�h 
�k�b�]�g�Z�e �h�l �f�h�e�_�d�m�e �f�b�h�b�g�h�a�b�l�h�e�Z mIs �b�f�_�_�l �[�h�e�v�r�m�x �b�g�l�_�g�k�b�\�g�h�k�l�v �^�e�y 
�n�Z�c�e�Z ZM-19, �q�_�f �^�e�y �n�Z�c�e�Z NM-23, �q�l�h �k�\�y�a�Z�g�h �k �j�Z�a�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c 
�w�l�h�]�h �k�h�_�^�b�g�_�g�b�y �m �m�q�Z�k�l�g�b�d�h�\ �w�d�k�i�_�j�b�f�_�g�l�Z. 

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

 
 

 
 

�J�b�k. 48.  �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b, �b�k�o�h�^�g�u�c �q�b�k�e�h�\�h�c �f�Z�k�k�b�\ �[�u�e �g�Z�d�h�i�e�_�g �k �m�q�Z�k�l�b�_�f 

�Z�k�i�b�j�Z�g�l�Z �K�I�[�=�M �B�L�F�H 24 �e�_�l 
 
�G�Z �j�b�k. 48 �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �k �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b �f�g�b�f�h�c �q�Z�k�l�y�f�b, 

�d�h�l�h�j�u�c �[�u�e �g�Z�d�h�i�e�_�g �h�l �l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z 
�a�^�h�j�h�\�h�]�h �^�h�[�j�h�\�h�e�v�p�Z - �f�m�`�q�b�g�u 24 �]�h�^�Z. �I�h �\�_�j�l�b�d�Z�e�b - �b�g�l�_�g�k�b�\�g�h�k�l�v 
�k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a.  

�< �\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z (�j�b�k. 48) �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h 
�q�b�k�e�h�\�h�]�h �f�Z�k�k�b�\�Z (file-AL-24), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u 
�^�h�[�j�h�\�h�e�v�p�Z �b �_�]�h �\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c 
�b�g�n�h�j�f�Z�p�b�b. 

�G�Z �j�b�k. 49. �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j�Z �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b �f�g�b�f�h�c �q�Z�k�l�b. �K�i�_�d�l�j 
�l�d�Z�g�_�c �[�_�e�h�]�h �\�_�s�_�k�l�\�Z �]�h�e�h�\�g�h�]�h �f�h�a�]�Z, �i�h�e�m�q�_�g�g�u�c �h�l �^�h�[�j�h�\�h�e�v�p�Z - 
�f�m�`�q�b�g�u 32 �]�h�^�Z �k �`�Z�e�h�[�Z�f�b �g�Z �]�h�e�h�\�g�u�_ �[�h�e�b.  
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�I�h �\�_�j�l�b�d�Z�e�b (�j�b�k. 49) �i�j�_�^�k�l�Z�\�e�_�g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ 
�h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o; �i�h �]�h�j�b�a�h�g�l�Z�e�b - �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\ 
�f�b�e�e�b�h�g�g�u�o �^�h�e�y�o. �:�f�i�e�b�l�m�^�Z �k�b�]�g�Z�e�Z �\�h�^�u �m�f�_�g�v�r�_�g�Z �\ 1000 �j�Z�a. �< 
�\�_�j�o�g�_�c �q�Z�k�l�b �j�b�k�m�g�d�Z �m�d�Z�a�Z�g�h �g�Z�b�f�_�g�h�\�Z�g�b�_ �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h 
�f�Z�k�k�b�\�Z (file-AR-32), �\ �d�h�l�h�j�h�f �a�Z�r�b�n�j�h�\�Z�g�u �b�g�b�p�b�Z�e�u �^�h�[�j�h�\�h�e�v�p�Z �b �_�]�h 
�\�h�a�j�Z�k�l �\ �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b.  

 

 
 

�J�b�k. 49. �I�j�b�f�_�j �i�j�h�l�h�g�g�h�]�h �k�i�_�d�l�j�Z in vivo �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b 
�f�g�b�f�h�c �q�Z�k�l�b, �b�k�o�h�^�g�u�c �q�b�k�e�h�\�h�c �f�Z�k�k�b�\ �[�u�e �g�Z�d�h�i�e�_�g �k �m�q�Z�k�l�b�_�f 

�f�m�`�q�b�g�u 32 �e�_�l �k �`�Z�e�h�[�Z�f�b �g�Z �]�h�e�h�\�g�m�x �[�h�e�v 
 
�H�l�e�b�q�b�l�_�e�v�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �k�i�_�d�l�j�Z (�j�b�k. 49) �y�\�e�y�_�l�k�y �g�Z�e�b�q�b�_ 

�k�j�Z�\�g�b�l�_�e�v�g�h �b�g�l�_�g�k�b�\�g�h�]�h �k�b�]�g�Z�e�Z �e�b�i�b�^�h�\ c �o�b�f�b�q�_�k�d�b�f �k�^�\�b�]�h�f 
�i�j�b�f�_�j�g�h 1.3 ppm. �< �w�l�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �j�Z�k�i�h�e�h�`�_�g�u �k�b�]�g�Z�e�u �h�l �j�y�^�Z 
�e�b�i�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c �b �e�Z�d�l�Z�l�Z. �H�l�f�_�l�b�f, �q�l�h �m �[�h�e�v�g�u�o �j�Z�k�k�_�y�g�g�u�f 
�k�d�e�_�j�h�a�h�f �j�_�]�b�k�l�j�b�j�m�x�l�k�y �b�g�l�_�g�k�b�\�g�u�_ �k�b�]�g�Z�e�u �h�l �e�b�i�b�^�h�\ �k 
�Z�f�i�e�b�l�m�^�h�c, �d�h�l�h�j�Z�y �\ �Z�d�l�b�\�g�h�c �n�Z�a�_ �a�Z�[�h�e�_�\�Z�g�b�y �i�j�_�\�u�r�Z�_�l �k�b�]�g�Z�e �h�l 
NAA. �L�Z�d�h�c �\�b� ̂ �k�i�_�d�l�j�Z �f�h�`�_�l �m�d�Z�a�u�\�Z�l�v �g�Z �j�Z�a�j�m�r�_�g�b�_ �f�_�f�[�j�Z�g 
(�j�Z�a�j�m�r�_�g�b�_ �d�e�_�l�h�d) �b �i�_�j�_�o�h�^ �k�h�k�l�Z�\�e�y�x�s�b�o �b�o �e�b�i�b�^�h�\ �\ �\�h�^�g�u�c 
�j�Z�k�l�\�h�j. �< �\�h�^�g�h�f �j�Z�k�l�\�h�j�_ �e�b�i�b�^�u �^�h�k�l�m�i�g�u �^�e�y �j�_�]�b�k�l�j�Z�p�b�b �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�g�h�c �f�_�l�h�^�b�d�_ �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�h�\. 
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24.  �H�k�g�h�\�g�u�_ �k�h�h�l�g�h�r�_�g�b�y �^�e�y �k�h�k�l�Z�\�e�_�g�b�y �i�j�h�]�j�Z�f�f�u �h�[�j�Z�[�h�l�d�b 
�k�i�_�d�l�j�h�\ �]�h�e�h�\�g�h�]�h �f�h�a�]�Z 

        
 �?�k�e�b �h�[�_�k�i�_�q�_�g�h �i�h�k�l�h�y�g�k�l�\�h �d�h�w�n�n�b�p�b�_�g�l�Z �m�k�b�e�_�g�b�y �Z�i�i�Z�j�Z�l�Z �\ 

�j�_�`�b�f�Z�o �g�Z�d�h�i�e�_�g�b�y �k�i�_�d�l�j�Z �b �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�Z �\�h�^�u,  �l�h  
�i�h�k�e�_�^�m�x�s�Z�y �k�h�\�f�_�k�l�g�Z�y �h�[�j�Z�[�h�l�d�Z �g�Z�d�h�i�e�_�g�g�u�o �Y�F�J-�k�b�]�g�Z�e�h�\ �o-
�f�_�l�Z�[�h�e�b�l�h�\ �b �G2�H �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�y�l�v �Z�[�k�h�e�x�l�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b 
�f�_�l�Z�[�h�e�b�l�h�\ (�f�_�l�h�^, �d�h�l�h�j�u�c �b�k�i�h�e�v�a�m�_�l�k�y �\ �B�g�k�l�b�l�m�l�_ 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �F�_�^�b�p�b�g�u, �]. �I�j�Z�]�Z, M.Hajek(�h�f) �b �^�j.). �H�^�g�Z�d�h 
�k�h�i�h�k�l�Z�\�e�_�g�b�_ �e�b�l�_�j�Z�l�m�j�g�u�o �^�Z�g�g�u�o �b �g�Z�r�Z �i�j�Z�d�l�b�d�Z �i�h�d�Z�a�u�\�Z�_�l, �q�l�h 
�j�_�a�m�e�v�l�Z�l�u �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b, �d�Z�d �i�j�Z�\�b�e�h, �f�h�]�m�l �k�h�^�_�j�`�Z�l 
�k�b�k�l�_�f�Z�l�b�q�_�k�d�b�_ �i�h�]�j�_�r�g�h�k�l�b, �d�h�l�h�j�u�_ �a�Z�\�b�k�y�l �d�Z�d �h�l  �f�_�l�h�^�b�d�b 
�i�h�e�m�q�_�g�b�y �b�k�o�h�^�g�u�o �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\, �l�Z�d �b �h�l �k�i�h�k�h�[�Z �h�[�j�Z�[�h�l�d�b 
�^�Z�g�g�u�o. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �e�b�r�v �i�j�b �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b �^�Z�g�g�u�o �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �j�Z�a�g�u�o �f�_�l�h�^�h�\ �f�h�`�g�h �[�m�^�_�l �^�h�\�_�j�y�l�v �j�_�a�m�e�v�l�Z�l�Z�f. 

  �<�u�r�_ �[�u�e�b �i�j�_�^�k�l�Z�\�e�_�g�u �k�i�_�d�l�j�u (�j�b�k. 44-49), �g�Z�d�h�i�e�_�g�g�u�_ �h�l 
�l�d�Z�g�_�c �]�h�e�h�\�g�h�]�h �f�h�a�]�Z. �I�j�b�q�_�f �k�i�_�d�l�j�u �b�f�_�x�l �j�Z�a�j�_�r�_�g�b�_ dB/B < 5 
10-8. �< �q�Z�k�l�g�h�k�l�b, �h�l�f�_�l�b�f, �q�l�h �^�e�y �^�\�m�o �k�b�]�g�Z�e�h�\, �h�l�f�_�q�_�g�g�u�o �g�Z 
�k�i�_�d�l�j�_ �d�Z�d �n�h�k�n�h�j�h�d�j�_�Z�l�b�g (PCr) �b�f�_�_�l�k�y �]�j�m�i�i�Z �K�G3 (3.03 ppm) �b 
�]�j�m�i�i�Z �K�G2 (3.94 ppm). �I�j�b�q�_�f, �k�b�]�g�Z�e �]�j�m�i�i�u �K�G3 �b�f�_�_�l �l�h�l �`�_ �k�Z�f�u�c 
�o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �^�e�y �d�j�_�Z�l�b�g�Z �b �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z.  

  �I�j�h�l�h�g�g�u�c �k�b�]�g�Z�e �]�j�m�i�i�u �K�G2 �i�j�h�y�\�e�y�_�l�k�y �d�Z�d �^�m�[�e�_�l: �^�e�y PCr - 
3.95 ppm, �^�e�y  Cr - 3.93 ppm, �q�l�h �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �g�Z �l�d�Z�g�y�o �]�h�e�h�\�g�h�]�h 
�f�h�a�]�Z �d�j�u�k�u �\ �i�h�e�_ 9.4 �L�e. �H�^�g�Z�d�h �\ �i�h�e�_ 1.5 �L�e �w�l�b �k�b�]�g�Z�e�u �i�e�h�o�h 
�j�Z�a�j�_�r�_�g�u, �g�h �b�o �\�u�k�h�l�Z �b�a-�a�Z �j�Z�a�g�h�k�l�b �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z 0.02 ppm �g�_ 
�k�m�f�f�b�j�m�_�l�k�y. �O�h�j�h�r�h �\�b�^�g�h, �q�l�h �r�b�j�b�g�Z �k�b�]�g�Z�e�Z �h�l �]�j�m�i�i�u �K�G3 
�f�_�g�v�r�_, �q�_�f �r�b�j�b�g�Z �k�b�]�g�Z�e�Z �^�e�y �]�j�m�i�i�u �K�G2. �W�l�h �k�e�_�^�m�_�l �m�q�b�l�u�\�Z�l�v 
�i�j�b �h�i�j�_�^�_�e�_�g�b�b �i�e�h�s�Z�^�b �k�b�]�g�Z�e�h�\ �w�l�b�o �f�h�e�_�d�m�e.      

    �>�e�y �j�Z�k�q�_�l�Z �d�h�g�p�_�g�l�j�Z�p�b�b �o-�f�_�l�Z�[�h�e�b�l�Z �i�j�b�f�_�g�y�x�l �k�e�_�^�m�x�s�_�_ 
�k�h�h�l�g�h�r�_�g�b�_: 
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�]�^�_ �K(�G2�H) = 40 �F�h�e�v/�e�b�l�j - �q�b�k�e�h �f�h�e�_�c �f�h�e�_�d�m�e �\�h�^�u �\ 

�b�k�k�e�_�^�m�_�f�h�c �l�d�Z�g�b (�\�g�m�l�j�b�d�e�_�l�h�q�g�Z�y �\�h�^�Z; �Y�F�J-�k�b�]�g�Z�e�u �h�l �f�h�e�_�d�m�e 
�\�h�^�u, �\�o�h�^�y�s�b�o �\ �k�h�k�l�Z�\ �[�b�h�i�h�e�b�f�_�j�h�\, �g�_ �j�_�]�b�k�l�j�b�j�m�x�l�k�y �^�Z�g�g�h�c 
�f�_�l�h�^�b�d�h�c); 

     S(x) - �b�g�l�_�g�k�b�\�g�h�k�l�v (�i�e�h�s�Z�^�v) �i�j�h�l�h�g�g�h�]�h �k�b�]�g�Z�e�Z �o-�f�_�l�Z�[�h�e�b�l�Z; 
     S(�G2�H) - �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�Z �h�l �i�j�h�l�h�g�h�\ �\�h�^�u �[�_�a �i�h�^�Z�\�e�_�g�b�y; 
     Np(H2O) = 2 -  �q�b�k�e�h �i�j�h�l�h�g�h�\ �\ �f�h�e�_�d�m�e�_ �\�h�^�u; 
     Np(x) - �q�b�k�e�h �w�d�\�b�\�Z�e�_�g�l�g�u�o �i�j�h�l�h�g�h�\ �\ �f�h�e�_�d�m�e�y�j�g�h�c �]�j�m�i�i�_  
�o-�f�_�l�Z�[�h�e�b�l�Z (Np(NAA) = 3 �^�e�y �h�k�g�h�\�g�h�]�h �k�b�]�g�Z�e�Z –�K�G3 �]�j�m�i�i�u 

NAA); 
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     T2(x) -  �\�j�_�f�y �k�i�b�g-�k�i�b�g�h�\�h�c �j�_�e�Z�d�k�Z�p�b�b �i�j�h�l�h�g�h�\; 
     T2(H2O) -  �\�j�_�f�y �k�i�b�g-�k�i�b�g�h�\�h�c �j�_�e�Z�d�k�Z�p�b�b �i�j�h�l�h�g�h�\ �\�h�^�u.  
    �K�h�f�g�h�`�b�l�_�e�v, �k�h�^�_�j�`�Z�s�b�c �h�l�g�h�r�_�g�b�_ �w�d�k�i�h�g�_�g�l, �o�Z�j�Z�d�l�_�j�b�a�m�_�l 

�i�h�i�j�Z�\�d�m �g�Z �m�f�_�g�v�r�_�g�b�_ �Y�F�J-�k�b�]�g�Z�e�h�\ �a�Z �\�j�_�f�y �L�? �b�a-�a�Z �k�i�b�g-
�k�i�b�g�h�\�h�c �j�_�e�Z�d�k�Z�p�b�b (�L2). �H�^�g�Z�d�h, �i�h�k�l�h�y�g�g�Z�y �L2 �f�h�`�_�l �[�u�l�v �j�Z�a�g�h�c �m 
�j�Z�a�g�u�o �i�Z�p�b�_�g�l�h�\ �b �q�l�h�[�u �m�f�_�g�v�r�b�l�v �\�e�b�y�g�b�_ �g�Z �l�h�q�g�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\ 
�w�l�h�]�h �k�h�f�g�h�`�b�l�_�e�y �k�e�_�^�m�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �f�b�g�b�f�Z�e�v�g�u�c �i�Z�j�Z�f�_�l�j �L�?, 
�d�h�l�h�j�u�c �^�h�i�m�k�l�b�f �\ �j�_�`�b�f�_ �e�h�d�Z�e�v�g�h�]�h �k�i�_�d�l�j�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z:  �L�?=10 
�f�k. �I�j�b �l�Z�d�h�f �i�Z�j�Z�f�_�l�j�_ �k�h�f�g�h�`�b�l�_�e�v �k �h�l�g�h�r�_�g�b�_�f �w�d�k�i�h�g�_�g�l (53) 
�f�h�`�_�l �b�a�f�_�g�b�l�v  �j�_�a�m�e�v�l�Z�l �g�_ �[�h�e�_�_ �q�_�f �g�Z �g�_�k�d�h�e�v�d�h �i�j�h�p�_�g�l�h�\.          

    �K �^�j�m�]�h�c �k�l�h�j�h�g�u, �i�j�b �L�?=10 �f�k �g�Z�q�b�g�Z�x�l �i�j�h�y�\�e�y�l�v�k�y �[�h�e�_�_ 
�d�h�j�h�l�d�h�`�b�\�m�s�b�_ �f�h�e�_�d�m�e�y�j�g�u�_ �k�h�_�^�b�g�_�g�b�y. �K�b�]�g�Z�e�u �g�_�d�h�l�h�j�u�o �b�a �g�b�o 
(�g�Z�i�j�b�f�_�j, �]�e�x�l�Z�f�Z�l �b �]�e�x�l�Z�f�b�g) �j�Z�k�i�h�e�h�`�_�g�u �\ �l�h�c �`�_ �q�Z�k�l�h�l�g�h�c 
�h�[�e�Z�k�l�b, �q�l�h �b �k�b�]�g�Z�e NAA (�j�b�k. 44 - 49). �I�j�b�q�_�f, �d�h�g�p�_�g�l�j�Z�p�b�y �w�l�b�o 
�\�_�s�_�k�l�\ �\ �l�d�Z�g�y�o �f�h�`�_�l �[�u�l�v �g�_ �i�h�k�l�h�y�g�g�h�c. �I�h �w�l�h�c �i�j�b�q�b�g�_ 
�\�h�a�g�b�d�Z�x�l �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�_ �i�h�]�j�_�r�g�h�k�l�b �i�j�b �h�i�j�_�^�_�e�_�g�b�b �i�e�h�s�Z�^�b 
�k�b�]�g�Z�e�Z NAA. �D�j�h�f�_ �w�l�h�]�h, �i�j�b �L�?=10 �f�k �Y�F�J-�k�b�]�g�Z�e �h�l �G2�H �b�f�_�_�l 
�k�m�s�_�k�l�\�_�g�g�h �[�h�e�_�_ �k�e�h�`�g�m�x �n�h�j�f�m. �:  �b�f�_�g�g�h, �f�h�`�g�h �a�Z�f�_�l�b�l�v, �q�l�h 
�d�j�h�f�_ �h�k�g�h�\�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �h�l �G2�H �i�j�b�k�m�l�k�l�\�m�x�l �d�h�f�i�h�g�_�g�l�u �h�l 
�i�j�h�l�h�g�h�\ �\�h�^�u  �k �r�b�j�h�d�b�f �k�i�_�d�l�j�h�f. 

 

�J�b�k. 51. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �k�i�_�d�l�j�h�\ �\�h�^�u, �i�h�e�m�q�_�g�g�Z�y �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �^�e�y �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\ �k 

�h�l�[�j�h�k�h�f �i�_�j�\�u�o �q�b�k�_�e �h�l 0 �^�h 140 
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 �I�h �h�k�y�f (�j�b�k. 51) �i�h �\�_�j�l�b�d�Z�e�b – �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ 
�h�l�g�h�k�b�l�_�e�v�g�u�o �_�^�b�g�b�p�Z�o, �i�h �]�h�j�b�a�h�g�l�Z�e�b – �g�h�f�_�j�Z �q�b�k�_�e �^�e�y 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �j�y�^�Z �k�b�]�g�Z�e�h�\. �G�Z�^ �d�Z�`�^�u�f �b�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o 
�k�b�]�g�Z�e�h�\ �m�d�Z�a�Z�g�h �q�b�k�e�h �h�l�[�j�h�r�_�g�g�u�o �^�h �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�_�j�\�u�o 
�q�b�k�_�e: �h�l 0 �^�h 140 �q�b�k�_�e.   

       �< �r�b�j�h�d�h�c �q�Z�k�l�b �Y�F�J-�k�i�_�d�l�j�Z �G2�H �q�Z�k�l�b�q�g�h �i�j�h�y�\�e�y�x�l�k�y �i�j�b 
�L�?=10 ms �l�_ �f�h�e�_�d�m�e�u �\�h�^�u, �d�h�l�h�j�u�_ �\�k�l�m�i�Z�x�l �\�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �k 
�[�b�h�i�h�e�b�f�_�j�Z�f�b.  

�D�j�h�f�_ �w�l�h�]�h, �\ �r�b�j�h�d�h�c �q�Z�k�l�b �Y�F�J �k�b�]�g�Z�e�Z �\�h�^�u �f�h�]�m�l �q�Z�k�l�b�q�g�h 
�i�j�h�y�\�e�y�x�l�k�y �i�j�h�p�_�k�k�u �h�[�f�_�g�Z �i�j�h�l�h�g�Z�f�b �f�_�`�^�m �f�h�e�_�d�m�e�Z�f�b �G2�H �b 
�]�j�m�i�i�Z�f�b R-OH,  R-NH  �j�Z�a�e�b�q�g�u�o �k�h�_�^�b�g�_�g�b�c.  
  �H�l�g�h�r�_�g�b�_ �i�e�h�s�Z�^�_�c �k�b�]�g�Z�e�h�\ S(NAA)/S(H2O) �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �d�Z�d 
�h�l�g�h�r�_�g�b�_ A(NAA)�'�Q(NAA)/A(H2O)�'�Q(H2O), �]�^�_ �:(�o) – �Z�f�i�e�b�l�m�^�Z 
�k�b�]�g�Z�e�Z �i�h�k�e�_ �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y, �'�Q(�o) - �r�b�j�b�g�Z �k�b�]�g�Z�e�Z. �K �p�_�e�v�x 
�f�b�g�b�f�b�a�Z�p�b�b �i�h�]�j�_�r�g�h�k�l�b �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �l�Z�d�Z�y �f�_�l�h�^�b�d�Z 
�h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b NAA, �d�h�l�h�j�Z�y �g�_ �l�j�_�[�m�_�l �\�u�q�b�k�e�_�g�b�y 
�r�b�j�b�g�u �k�b�]�g�Z�e�Z. �R�b�j�b�g�Z �k�b�]�g�Z�e�Z �h�i�j�_�^�_�e�y�_�l�k�y �w�n�n�_�d�l�b�\�g�u�f �\�j�_�f�_�g�_�f 
�k�i�b�g-�k�i�b�g�h�\�h�c �j�_�e�Z�d�k�Z�p�b�b �d�Z�d:   �'�Q(�o) = 1/(���S T2*(x)). �K�e�_�^�h�\�Z�l�_�e�v�g�h, 
�\�f�_�k�l�h �k�h�h�l�g�h�r�_�g�b�y (53) �^�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b NAA �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �k�e�_�^�m�x�s�_�_ �k�h�h�l�g�h�r�_�g�b�_:  
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(54) 
 
�• �I�h�k�d�h�e�v�d�m �g�Z�d�h�i�e�_�g�b�_ �k�i�_�d�l�j�Z �b �g�Z�d�h�i�e�_�g�b�_ �k�b�]�g�Z�e�Z �\�h�^�u �[�u�e�h 

�\�u�i�h�e�g�_�g�h �i�j�b �h�^�b�g�Z�d�h�\�h�c �g�Z�k�l�j�h�c�d�b �k�i�_�d�l�j�h�f�_�l�j�Z, �l�h �\�u�j�Z�`�_�g�b�_ �^�e�y 
�L2*( �o), �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �[�m�^�_�l �b�f�_�l�v �h�[�s�_�_ �k�e�Z�]�Z�_�f�h�_ �}�•�J�'�%  
�h�i�b�k�u�\�Z�x�s�_�_  �m�r�b�j�_�g�b�_ �k�b�]�g�Z�e�h�\ �b�a-�a�Z �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�]�g�b�l�g�h�]�h 
�i�h�e�y: 

 
 
                       1/T2*(H2O) = 1/T2(H2O) + �J�'�% 

1/T2*(NAA) = 1/T2(NAA) + �J�'�%��������                                 �������������������� 
 

�H�[�s�_�_ �k�e�Z�]�Z�_�f�h�_ �• �f�h�`�g�h �b�k�d�e�x�q�b�l�v �b�a �^�\�m�o �\�u�j�Z�`�_�g�b�c 
(55).  �B�k�i�h�e�v�a�m�y �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_, �f�h�`�g�h �i�h�d�Z�a�Z�l�v, �q�l�h �\  
�n�h�j�f�m�e�_ (54) �\�f�_�k�l�h �i�h�k�l�h�y�g�g�h�c �L2 �^�h�i�m�k�l�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v 
�i�h�k�l�h�y�g�g�m�x �L2*.  

�I�j�b�q�_�f �i�j�b �L�?=10 ms �\�g�h�k�b�f�Z�y �i�h�]�j�_�r�g�h�k�l�v �b�a-�a�Z 
�i�j�b�[�e�b�`�_�g�g�h�k�l�b �\�u�j�Z�`�_�g�b�c (54) �g�_ �[�m�^�_�l �i�j�_�\�u�r�Z�l�v 1 %.  

�I�h �h�k�y�f: �i�h �\�_�j�l�b�d�Z�e�b – �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�h�\ �\ �h�l�g�h�k�b�l�_�e�v�g�u�o 
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�_�^�b�g�b�p�Z�o, �i�h �]�h�j�b�a�h�g�l�Z�e�b – �g�h�f�_�j�Z �q�b�k�_�e �^�e�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �j�y�^�Z 
�k�b�]�g�Z�e�h�\. �G�Z�^ �d�Z�`�^�u�f �b�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �k�b�]�g�Z�e�h�\ �m�d�Z�a�Z�g�h �q�b�k�e�h 
�h�l�[�j�h�r�_�g�g�u�o �^�h �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�_�j�\�u�o �q�b�k�_�e: �h�l 0 �^�h 70 �q�b�k�_�e. 

�B�a �d�Z�`�^�h�]�h �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h �f�Z�k�k�b�\�Z (1024 �q�b�k�e�Z) �^�e�y �N�m�j�v�_ 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �f�u �b�k�i�h�e�v�a�h�\�Z�e�b 500 �q�b�k�_�e. �W�l�h�]�h �[�u�e�h �^�h�k�l�Z�l�h�q�g�h, 
�i�h�k�d�h�e�v�d�m �a�Z �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b 0.5 �k�_�d �Y�F�J-�k�b�]�g�Z�e�u �m�f�_�g�v�r�Z�x�l�k�y �^�h 
�r�m�f�h�\�h�]�h �n�h�g�Z.  

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

�d�Z�`�^�h�]�h �f�Z�k�k�b�\�Z (1024 �q�b�k�e�Z) �g�_�k�d�h�e�v�d�h �j�Z�a. �I�j�b�q�_�f, �i�_�j�\�u�c �k�i�_�d�l�j 
�i�h�e�m�q�Z�e�b �k �m�q�_�l�h�f �g�Z�q�Z�e�v�g�u�o �q�b�k�_�e �b�k�o�h�^�g�h�]�h �f�Z�k�k�b�\�Z, �Z �d�Z�`�^�u�c 
�k�e�_�^�m�x�s�b�c �g�Z�q�b�g�Z�e�k�y �k �h�l�[�j�h�k�h�f �g�Z�q�Z�e�v�g�u�o 10 �q�b�k�_�e �b �m�q�_�l�h�f �^�e�y 
�N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �k�e�_�^�m�x�s�b�o 500 �q�b�k�_�e �b�k�o�h�^�g�h�]�h �q�b�k�e�h�\�h�]�h 
�f�Z�k�k�b�\�Z. �I�h�k�d�h�e�v�d�m �h�p�b�n�j�h�\�d�Z �g�Z �l�h�f�h�]�j�Z�n�_ �i�j�h�\�h�^�b�e�Z�k�v �k �b�g�l�_�j�\�Z�e�h�f 
�\�d�e�x�q�_�g�b�y �:�P�I  - 1 �f�k, �l�h �d�Z�`�^�h�f�m �h�l�[�j�h�k�m �g�Z�q�Z�e�v�g�u�o 10 �q�b�k�_�e 
�k�h�h�l�\�_�l�k�l�\�m�_�l �^�h�i�h�e�g�b�l�_�e�v�g�Z�y «�a�Z�^�_�j�`�d�Z» �\ �j�_�]�b�k�l�j�Z�p�b�b �Y�F�J-�k�b�]�g�Z�e�Z 
�g�Z 0.01 �k�_�d�m�g�^�u.  

 
�J�b�k. 52. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �k�i�_�d�l�j�h�\ NAA, �i�h�e�m�q�_�g�g�Z�y �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�^�e�y �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\ �k �h�l�[�j�h�k�h�f �i�_�j�\�u�o �q�b�k�_�e  �^�h 

70  
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                 �I�h�e�m�q�_�g�g�Z�y �l�Z�d�b�f �h�[�j�Z�a�h�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �Y�F�J-

�k�b�]�g�Z�e�h�\ �i�h�k�e�_ �i�y�l�g�Z�^�p�Z�l�b �N�m�j�v�_  �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 
51. �D�Z�d �\�b�^�b�f, �m�f�_�g�v�r�_�g�b�_ �Z�f�i�e�b�l�m�^�u �k�b�]�g�Z�e�h�\ �\�h�^�u �^�h�k�l�Z�l�h�q�g�h 
�o�h�j�h�r�h �k�h�h�l�\�_�l�k�l�\�m�_�l �m�f�_�g�v�r�_�g�b�x �i�h �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�f�m �a�Z�d�h�g�m �: (t) = 
Aoexp(t/T2*). �>�e�y �h�i�j�_�^�_�e�_�g�b�y �:�h(�o) �b �L2*( �o)  �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �i�j�h�p�_�^�m�j�Z 
�f�b�g�b�f�b�a�Z�p�b�b �d�\�Z�^�j�Z�l�b�q�g�u�o �h�l�d�e�h�g�_�g�b�c �^�e�y �k�_�j�b�b �Y�F�J-�k�b�]�g�Z�e�h�\. 
�G�Z�c�^�_�g�g�u�_ �i�h�k�l�h�y�g�g�u�_ �:�h(�o) �b �L2*( �o)  �^�Z�e�_�_  �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�e�y 
�\�u�q�b�k�e�_�g�b�y �K(�o). 

 

 
�J�b�k. 52. �K�h�i�h�k�l�Z�\�e�_�g�b�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �Y�F�J �k�b�]�g�Z�e�h�\  �h�l �i�j�h�l�h�g�h�\ 

H2O �b NAA, �i�h�e�m�q�_�g�g�u�o �i�j�b �b�k�d�e�x�q�_�g�b�b �^�h �N�m�j�v�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y 
�g�Z�q�Z�e�v�g�u�o �q�b�k�_�e �h�l 0, �i�_�j�\�Z�y �i�Z�j�Z �k�b�]�g�Z�e�h�\, �^�h 90 �q�b�k�_�e, 

 �i�h�k�e�_�^�g�y�y �i�Z�j�Z �k�b�]�g�Z�e�h�\ 

 
  �H�k�g�h�\�g�Z�y �q�Z�k�l�v �i�j�h�]�j�Z�f�f�u �[�u�e�Z �k�h�k�l�Z�\�e�_�g�Z �g�Z �y�a�u�d�_ �N�h�j�l�j�Z�g. �G�Z 

�y�a�u�d�_ �K�b++ �[�u�e�Z �k�h�k�l�Z�\�e�_�g�Z �i�j�h�]�j�Z�f�f�Z �\�b�a�m�Z�e�v�g�h�]�h �d�h�g�l�j�h�e�y �k�i�_�d�l�j�Z 
Re �b Im �q�Z�k�l�_�c, �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�e�Z �b�a�f�_�g�y�l�v �i�Z�j�Z�f�_�l�j�u, �d�h�g�l�j�h�e�b�j�h�\�Z�l�v 
�\�b� ̂ �k�i�_�d�l�j�Z �b �h�[�j�Z�s�Z�l�v�k�y �d �h�k�g�h�\�g�h�c �i�j�h�]�j�Z�f�f�_ �^�e�y �\�u�q�b�k�e�_�g�b�c. 
�<�u�q�b�k�e�_�g�b�y �\�u�i�h�e�g�y�e�b�k�v �g�Z �i�_�j�k�h�g�Z�e�v�g�h�f �d�h�f�i�v�x�l�_�j�_ Pentium 4, 
�j�Z�[�h�q�Z�y �q�Z�k�l�h�l�Z �i�j�h�p�_�k�k�h�j�Z 800 �F�=�p.    

  �I�j�b �b�k�d�e�x�q�_�g�b�b �b�a �\�u�q�b�k�e�b�l�_�e�v�g�h�c �i�j�h�p�_�^�m�j�u �g�Z�q�Z�e�v�g�u�o �q�b�k�_�e 
�b�k�o�h�^�g�h�]�h �f�Z�k�k�b�\�Z �m�f�_�g�v�r�Z�x�l�k�y �Y�F�J �k�b�]�g�Z�e�u �h�l �i�j�h�l�h�g�h�\ �l�Z�d�b�o 
�k�h�_�^�b�g�_�g�b�c �d�Z�d �]�e�x�l�Z�f�Z�l, �]�e�x�l�Z�f�b�g (�b�a-�a�Z �b�o �[�h�e�_�_ �d�h�j�h�l�d�b�o  �d�h�g�k�l�Z�g�l 
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�L2), �k�h�h�l�\�_�l�k�l�\�_�g�g�h �m�f�_�g�v�r�Z�_�l�k�y �b�o �\�e�b�y�g�b�_ �g�Z �i�h�]�j�_�r�g�h�k�l�v 
�h�i�j�_�^�_�e�_�g�b�y �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�o �f�_�l�Z�[�h�e�b�l�h�\ �K(�o). 

�B�k�i�h�e�v�a�m�y �\�f�_�k�l�h �k�h�h�l�g�h�r�_�g�b�y (53), �k�h�h�l�g�h�r�_�g�b�_ (54) �f�u �q�Z�k�l�b�q�g�h 
�b�k�d�e�x�q�Z�_�f �i�h�]�j�_�r�g�h�k�l�b, �k�\�y�a�Z�g�g�u�_ �k �i�h�]�j�_�r�g�h�k�l�y�f�b �h�i�j�_�^�_�e�_�g�b�y 
�i�e�h�s�Z�^�_�c �k�b�]�g�Z�e�h�\ NAA �b �\�h�^�u �b�a-�a�Z �g�Z�e�b�q�b�y �Z�k�b�f�f�_�l�j�b�b  
�k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c, �h�[�m�k�e�h�\�e�_�g�g�h�c �g�Z�e�b�q�b�_�f �k�e�Z�[�u�o �k�b�]�g�Z�e�h�\ �h�l 
�^�j�m�]�b�o �f�_�l�Z�[�h�e�b�l�h�\.  
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�J�b�k. 53.  �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �\�u�q�b�k�e�b�l�_�e�v�g�u�o �h�i�_�j�Z�p�b�c �i�j�b �j�Z�k�q�_�l�_ 

�d�h�g�p�_�g�l�j�Z�p�b�c �f�_�l�Z�[�h�e�b�l�h�\ �]�h�e�h�\�g�h�]�h �f�h�a�]�Z  
     
  �G�Z �j�b�k. 53 �i�j�_�^�k�l�Z�\�e�_�g�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �i�h�^�d�e�x�q�_�g�b�y 

�i�h�^�i�j�h�]�j�Z�f�f, �d�h�l�h�j�u�_ �i�j�b�g�b�f�Z�x�l �m�q�Z�k�l�b�_ �\ �h�[�j�Z�[�h�l�d�_ �b�k�o�h�^�g�u�o 
�q�b�k�e�h�\�u�o �f�Z�k�k�b�\�h�\. 
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 �<�u�q�b�k�e�b�l�_�e�v�g�Z�y �i�j�h�p�_�^�m�j�Z �\�d�e�x�q�Z�_�l �\ �k�_�[�y �p�b�d�e�u �i�h �h�i�l�b�f�b�a�Z�p�b�b 
�i�Z�j�Z�f�_�l�j�h�\ �k�b�]�g�Z�e�h�\ �G2�H �b �k�b�]�g�Z�e�h�\ �f�_�l�Z�[�h�e�b�l�Z. �< �w�l�b�o �p�b�d�e�Z�o 
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y �h�i�l�b�f�Z�e�v�g�h�_ �j�Z�a�^�_�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �g�Z �^�_�c�k�l�\�b�l�_�e�v�g�u�_ �b 
�f�g�b�f�u�_ �q�Z�k�l�b �b �h�i�j�_�^�_�e�_�g�b�_ �Z�f�i�e�b�l�m�^�u �k�b�]�g�Z�e�Z, �r�b�j�b�g�u �k�b�]�g�Z�e�Z �g�Z 
�i�h�e�h�\�b�g�_ �\�u�k�h�l�u �b �i�h�e�h�`�_�g�b�_ �k�b�]�g�Z�e�Z �g�Z �r�d�Z�e�_ �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z. 
�I�j�b �w�l�h�f �\ �f�_�l�h�^�_ �g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ �f�b�g�b�f�b�a�b�j�m�x�l�k�y �h�l�d�e�h�g�_�g�b�y 
�h�l �j�Z�k�q�_�l�g�u�o �d�j�b�\�u�o, �d�Z�d �^�e�y �k�b�]�g�Z�e�Z �i�h�]�e�h�s�_�g�b�y, �l�Z�d �b �^�e�y �k�b�]�g�Z�e�Z 
�^�b�k�i�_�j�k�b�b. 

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

 

)5.1/(}])([{)/1(100
2

1 �����u�u� �' �¦ NAtAA ij                                        (56) 

 
   �=�^�_: Aj  -  �Z�f�i�e�b�l�m�^�Z j-�h�]�h �k�b�]�g�Z�e�Z, �:(tj) –�j�Z�k�q�_�l�g�Z�y �Z�f�i�e�b�l�m�^�Z j-�h�]�h 

�k�b�]�g�Z�e�Z, �\�u�q�b�k�e�_�g�g�Z�y �i�h �k�h�h�l�g�h�r�_�g�b�x �:(tj) = Aoexp(-tj/T2*), 
�k�m�f�f�b�j�h�\�Z�g�b�_ �d�\�Z�^�j�Z�l�b�q�g�u�o �h�l�d�e�h�g�_�g�b�c �i�h� ̂ �d�h�j�g�_�f �\�u�i�h�e�g�y�e�b N-�j�Z�a, 
N – �q�b�k�e�h �b�k�i�h�e�v�a�h�\�Z�g�g�u�o �Y�F�J �k�b�]�g�Z�e�h�\ (�j�b�k. 52). �H�k�g�h�\�g�Z�y 
�i�h�]�j�_�r�g�h�k�l�v �[�u�e�Z �k�\�y�a�Z�g�Z �k  �h�[�j�Z�[�h�l�d�h�c �k�b�]�g�Z�e�h�\ NAA, �i�h�k�d�h�e�v�d�m  
�' �"(NAA��)����>�������' �"(�G2�H) 

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

 
  �J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�h�\ �i�h �k�h�h�l�g�h�r�_�g�b�x (54) �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 6, 

�d�h�g�p�_�g�l�j�Z�p�b�b �^�Z�g�u �\ �_�^�b�g�b�p�Z�o: �f�f�h�e�v/�e�b�l�j. �I�j�b�q�_�f, �j�Z�a�j�Z�[�h�l�Z�g�g�u�c 
�g�Z�f�b �k�i�h�k�h�[ �i�h�a�\�h�e�b�e �h�[�j�Z�[�Z�l�u�\�Z�l�v �m�q�Z�k�l�d�b �k�i�_�d�l�j�Z �k �k�b�]�g�Z�e�h�f NAA 
�d�Z�d �k �i�h�^�Z�\�e�_�g�b�_�f �K(NAA)**, �l�Z�d �b �[�_�a �i�h�^�Z�\�e�_�g�b�y �k�b�]�g�Z�e�Z �\�h�^�u 
�K(NAA)*. �B�a �k�h�i�h�k�l�Z�\�e�_�g�b�y �^�Z�g�g�u�o �k�e�_�^�m�_�l, �q�l�h  �b�k�d�h�f�u�_ 
�d�h�g�p�_�g�l�j�Z�p�b�b �K(NAA) �f�h�`�g�h �h�i�j�_�^�_�e�y�l�v �d�Z�d �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�j�_�`�b�f�Z �i�h�^�Z�\�e�_�g�b�y �b�g�l�_�g�k�b�\�g�h�]�h �k�b�]�g�Z�e�Z �\�h�^�u, �l�Z�d �b �[�_�a �i�h�^�Z�\�e�_�g�b�y, 
�i�h�k�d�h�e�v�d�m �m�k�j�_�^�g�_�g�g�u�_ �a�g�Z�q�_�g�b�y �k�h�\�i�Z�^�Z�x�l (�k�f. �l�Z�[�e.). �W�l�h �h�[�t�y�k�g�y�_�l�k�y 
�l�_�f, �q�l�h �k�b�]�g�Z�e �h�l NAA �^�h�k�l�Z�l�h�q�g�h �^�Z�e�_�d�h �h�l�k�l�h�b�l �h�l �k�b�]�g�Z�e�Z �\�h�^�u 
(�q�Z�k�l�h�l�Z �Y�F�J-�k�b�]�g�Z�e �h�l NAA �i�j�b�f�_�j�g�h �g�Z 170 �=�p �f�_�g�v�r�_ �q�Z�k�l�h�l�u 
�Y�F�J-�k�b�]�g�Z�e�Z �\�h�^�u �i�j�b 1.5 �L�e). �I�h�e�m�q�_�g�g�u�_ �g�Z�f�b �^�Z�g�g�u�_ 
�k�h�i�h�k�l�Z�\�e�y�x�l�k�y �k �^�Z�g�g�u�f�b �j�Z�[�h�l�u �=�Z�_�d�Z �b �>�h�a�h�j�l�h�\�h�c, �]�^�_ �[�u�e�Z 
�b�k�i�h�e�v�a�h�\�Z�g�Z LC-�f�h�^�_�e�v �h�i�j�_�^�_�e�_�g�b�y �K(NAA) �^�e�y �]�j�m�i�i�u �k�l�m�^�_�g�l�h�\ 
(�g�b�`�g�y�y �k�l�j�h�d�Z �l�Z�[�e�b�p�u �^�Z�g�g�u�_). �D�Z�d �\�b�^�b�f, �j�_�a�m�e�v�l�Z�l�u �g�_ �l�h�e�v�d�h �g�_ 
�i�j�h�l�b�\�h�j�_�q�Z�l �^�j�m�] �^�j�m�]�m, �g�h �b �h�d�Z�a�Z�e�b�k�v �\ �o�h�j�h�r�_�f �k�h�]�e�Z�k�b�b. 

  �K�j�Z�\�g�b�f �g�Z�r�b �^�Z�g�g�u�_, �g�Z�i�j�b�f�_�j, �k �^�Z�g�g�u�f�b, �d�h�l�h�j�u�_ �[�u�e�b 
�i�h�e�m�q�_�g�u �g�Z �Z�i�i�Z�j�Z�l�_ Bruker Medsp S200  �k �i�h�e�_�f 2 �L�e �^�e�y �f�m�`�q�b�g�u 62 
�e�_�l: �K(NAA) = 11.12 mM/L  (�i�h�]�j�_�r�g�h�k�l�v �j�_�a�m�e�v�l�Z�l�Z �g�_ �i�j�_�^�k�l�Z�\�e�_�g�Z). 

 �I�h�]�j�_�r�g�h�k�l�v �g�Z�r�b�o �^�Z�g�g�u�o �^�e�y �K(NAA) �d�Z�`�^�h�]�h �k�i�_�d�l�j�Z �g�Z�o�h�^�b�l�k�y 
�\ �i�j�_�^�_�e�Z�o �h�l 2 �^�h 9 % . �W�l�h�l �j�Z�a�[�j�h�k �^�Z�g�g�u�o �h�l�j�Z�`�Z�_�l �k�e�_�^�m�x�s�_�_: 

 1. �b�g�^�b�\�b�^�m�Z�e�v�g�u�_ �h�l�e�b�q�b�y �\ �g�h�j�f�_, �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y �^�h�[�j�h�\�h�e�v�p�_�\ 
�g�Z �f�h�f�_�g�l �h�[�k�e�_�^�h�\�Z�g�b�y (�h�^�b�g �b�a �g�b�o �h�[�k�e�_�^�h�\�Z�e�k�y �^�\�Z�`�^�u �\ 19 �b 20 
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�e�_�l), �\ �q�Z�k�l�g�h�k�l�b, �b�a-�a�Z �i�j�b�k�m�l�k�l�\�b�y �g�Z �f�h�f�_�g�l �g�Z�d�h�i�e�_�g�b�y �d�j�h�f�_ 
�h�k�g�h�\�g�h�]�h �k�b�]�g�Z�e�Z - �^�j�m�]�b�o �f�Z�e�u�o �i�h �\�_�e�b�q�b�g�_ �k�b�]�g�Z�e�h�\, �[�e�b�a�d�b�o �i�h 
�o�b�f�b�q�_�k�d�h�f�m �k�^�\�b�]�m; 

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

 
�L�Z�[�e�b�p�Z 6. �D�h�g�p�_�g�l�j�Z�p�b�y NAA �b �o�b�f�b�q�_�k�d�h�]�h �k�^�\�b�]�Z �\�h�^�u 

 

 
 

  �< �l�Z�[�e�b�p�_ �i�j�_�^�k�l�Z�\�e�_�g �l�Z�d�`�_ �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �^�e�y �Y�F�J-�k�b�]�g�Z�e�Z 
�\�h�^�u �V(�G2�H)*, �d�h�l�h�j�u�c �[�u�e �\�u�q�b�k�e�_�g �i�h �k�i�_�d�l�j�Z�f �[�_�a �i�h�^�Z�\�e�_�g�b�y �\�h�^�u 
�i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�b�]�g�Z�e�Z �h�l �K�G3 �]�j�m�i�i�u NAA �d�Z�d �h�i�h�j�g�h�]�h �k�b�]�g�Z�e�Z 
�V(NAA) = 2.010 ppm. �D�Z�d �\�b�^�b�f, �o�b�f�b�q�_�k�d�b�c �k�^�\�b�] �\�h�^�u �h�i�j�_�^�_�e�y�_�l�k�y �k 
�\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x. �H�g �h�l�j�Z�`�Z�_�l �b�g�^�b�\�b�^�m�Z�e�v�g�u�_ �h�l�e�b�q�b�y 
�h�[�k�e�_�^�h�\�Z�g�g�u�o �^�h�[�j�h�\�h�e�v�p�_�\ (�k�\�y�a�Z�g�g�u�_, �\�_�j�h�y�l�g�h, �i�j�_�`�^�_ �\�k�_�]�h, �k 
�h�l�e�b�q�b�_�f �h�l�g�h�r�_�g�b�y �d�h�e�b�q�_�k�l�\�Z �\�g�m�l�j�b�d�e�_�l�h�q�g�h�c �b �\�g�_�d�e�_�l�h�q�g�h�c 
�\�h�^�u). �>�Z�g�g�u�_ �h �V(H2O) �f�h�]�m�l �k�e�m�`�b�l�v, �i�h-�\�b�^�b�f�h�f�m,  �^�h�i�h�e�g�b�l�_�e�v�g�u�f 
�i�Z�j�Z�f�_�l�j�h�f �h�p�_�g�d�b �k�h�k�l�h�y�g�b�y �l�d�Z�g�_�c �]�h�e�h�\�g�h�]�h �f�h�a�]�Z �\ �g�h�j�f�_ �b 
�i�Z�l�h�e�h�]�b�b.  

   �<�_�s�_�k�l�\�h N-�Z�p�_�l�b�e�Z�k�i�Z�j�l�Z�l �y�\�e�y�_�l�k�y �f�h�e�_�d�m�e�y�j�g�u�f �k�h�_�^�b�g�_�g�b�_�f, 
�d�h�l�h�j�h�_ �l�j�_�[�m�_�l�k�y �\ �^�Z�g�g�h�c �k�j�_�^�_ �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�_�j�_�^�Z�q�b �b�f�i�m�e�v�k�h�\ 
�i�h �g�_�j�\�g�u�f �l�d�Z�g�y�f. �?�]�h �d�h�g�p�_�g�l�j�Z�p�b�y, �d�Z�d �k�q�b�l�Z�x�l, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z 
�k�j�_�^�g�_�c �i�e�h�l�g�h�k�l�b �Z�d�k�h�g�h�\, �^�_�g�^�j�b�l�h�\ �b �g�_�j�\�g�u�o �d�e�_�l�h�d �\ �[�_�e�h�f 
�\�_�s�_�k�l�\�_ �f�h�a�]�Z.    
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�J�b�k. 54. �<�u�[�h�j �k�i�_�d�l�j�Z�e�v�g�h�]�h �h�d�g�Z, �b�k�i�h�e�v�a�h�\�Z�g�g�h�]�h �^�e�y �\�u�q�b�k�e�_�g�b�y 

�i�Z�j�Z�f�_�l�j�h�\ �F�J �k�b�]�g�Z�e�h�\ �h�l �o�h�e�b�g�Z �b �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z 
 
 �<�_�j�o�g�y�y �q�Z�k�l�v �k�i�_�d�l�j�Z �k�h�^�_�j�`�b�l �^�_�c�k�l�\�b�l�_�e�v�g�m�x �q�Z�k�l�v; �g�b�`�g�y�y - 

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

  �G�Z �j�b�k. 54. �i�h�d�Z�a�Z�g �h�^�b�g �b�a �\�Z�j�b�Z�g�l�h�\ �h�[�j�Z�[�h�l�d�b �k�b�]�g�Z�e�h�\ �h�l 
�d�j�_�Z�l�b�g�Z �b �o�h�e�b�g�Z. �I�h�d�Z�a�Z�g�h �k�h�h�l�\�_�l�k�l�\�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z �b �j�Z�k�q�_�l�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c �b �f�g�b�f�h�c �q�Z�k�l�_�c 
�k�i�_�d�l�j�Z.   

  �Y�F�J �k�b�]�g�Z�e�u �f�_�l�Z�[�h�e�b�l�h�\ PCr, Cho �b Ins �j�Z�k�i�h�e�h�`�_�g�u �[�e�b�`�_ �d 
�b�g�l�_�g�k�b�\�g�h�f�m �k�b�]�g�Z�e�m �\�h�^�u, �i�h�w�l�h�f�m �d�h�g�p�_�g�l�j�Z�p�b�x �w�l�b�o �\�_�s�_�k�l�\ �f�u 
�h�i�j�_�^�_�e�y�e�b �l�h�e�v�d�h �i�h �k�i�_�d�l�j�Z�f, �g�Z�d�h�i�e�_�g�g�u�f �\ �j�_�`�b�f�_ �k �i�h�^�Z�\�e�_�g�b�_�f 
�\�h�^�u. 

 �< �p�_�e�h�f, �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y �g�Z�f�b �i�j�h�]�j�Z�f�f�Z �k �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x 
�h�i�_�j�Z�p�b�c (�j�b�k. 53) �i�h�a�\�h�e�b�e�Z �\�u�i�h�e�g�b�l�v �q�b�k�e�_�g�g�m�x �h�[�j�Z�[�h�l�d�m  16 
�b�k�o�h�^�g�u�o �k�i�_�d�l�j�Z�e�v�g�u�o �f�Z�k�k�b�\�h�\. �I�j�b�q�_�f, �\ �h�l�e�b�q�b�b �h�l �^�j�m�]�b�o 
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c �i�j�b �h�i�j�_�^�_�e�_�g�b�b �i�Z�j�Z�f�_�l�j�h�\ �d�h�f�i�h�g�_�g�l�h�\ �k�i�_�d�l�j�Z �f�u 
�k�q�b�l�Z�e�b �g�_�h�[�o�h�^�b�f�u�f �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �d�\�Z�^�j�Z�l�b�q�g�u�_ �h�l�d�e�h�g�_�g�b�y, �d�Z�d 
�^�e�y �^�_�c�k�l�\�b�l�_�e�v�g�h�c, �l�Z�d �b �^�e�y �f�g�b�f�h�c �q�Z�k�l�b �d�Z�`�^�h�]�h �k�b�]�g�Z�e�Z.  �I�j�b �w�l�h�f 
�\�u�i�h�e�g�y�e�Z�k�v �h�i�l�b�f�b�a�Z�p�b�y �i�Z�j�Z�f�_�l�j�h�\ �i�h �j�Z�a�^�_�e�_�g�b�x �q�b�k�e�h�\�u�o 
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�\�_�d�l�h�j�h�\ �g�Z �q�_�l�g�u�_ �b �g�_�q�_�l�g�u�_ �k�h�k�l�Z�\�e�y�x�s�b�_ �k�i�_�d�l�j�Z.  
�< �l�Z�[�e�b�p�_ 7 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c �^�e�y 

�n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z, �o�h�e�b�g�Z �b �f�b�h�b�g�h�a�b�l�h�e�Z. �D�Z�d �\�b�^�b�f, �g�Z�r�b 
�m�k�j�_�^�g�_�g�g�u�_ �^�Z�g�g�u�_ �^�e�y �o�h�e�b�g�Z, �d�Z�d �b �\ �k�e�m�q�Z�_ NAA,  �^�h�k�l�Z�l�h�q�g�h 
�o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �k �^�Z�g�g�u�f�b �j�Z�[�h�l�u �=�Z�_�d�Z �b �>�h�a�h�j�l�h�\�h�c. �H�l�f�_�l�b�f, 
�q�l�h �^�e�y �n�h�k�n�h�j�h�d�j�_�Z�l�b�g�Z �j�Z�a�[�j�h�k �g�Z�r�b�o �^�Z�g�g�u�o �\�^�\�h�_ �f�_�g�v�r�_. �>�e�y 
�f�b�h�b�g�h�a�b�l�h�e�Z �g�Z�r�b �k�j�_�^�g�b�_ �^�Z�g�g�u�_ �\�u�r�_ �b �\�_�e�b�q�b�g�Z �j�Z�a�[�j�h�k�Z �^�Z�g�g�u�o 
C(Ins) �l�Z�d �`�_ �\�u�r�_.  

 
�L�Z�[�e�b�p�Z 7. �D�h�g�p�_�g�l�j�Z�p�b�y �d�j�_�Z�l�b�g�Z, �o�h�e�b�g�Z �b �f�b�h�b�g�h�a�b�l�h�e�Z 

 

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

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

  �>�e�y �[�h�e�_�_ �i�h�^�j�h�[�g�h�]�h  �h�[�k�m�`�^�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\ �i�h�l�j�_�[�m�_�l�k�y 
�g�Z�d�h�i�e�_�g�b�_ �Z�g�Z�e�h�]�b�q�g�u�o �^�Z�g�g�u�o �^�e�y �j�Z�a�g�u�o �\�h�a�j�Z�k�l�g�u�o �]�j�m�i�i 
�^�h�[�j�h�\�h�e�v�p�_�\. �I�j�b�q�_�f, �k�h�\�_�j�r�_�g�g�h �h�q�_�\�b�^�g�h �q�l�h, �i�j�b �h�i�j�_�^�_�e�_�g�b�b 
�d�h�g�p�_�g�l�j�Z�p�b�c �f�_�l�Z�[�h�e�b�l�h�\ �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v �l�Z�d�b�_ �f�_�l�h�^�b�d�b, 
�d�h�l�h�j�u�_, �d�Z�d �b �\ �i�j�_�^�k�l�Z�\�e�_�g�g�h�f �a�^�_�k�v �\�Z�j�b�Z�g�l�_, �i�h�a�\�h�e�y�x�l 
�f�b�g�b�f�b�a�b�j�h�\�Z�l�v �\�e�b�y�g�b�_ �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�o �i�h�]�j�_�r�g�h�k�l�_�c. 
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�< 2007 �]�h�^�m �K�I�[�=�M �B�L�F�H �k�l�Z�e �i�h�[�_�^�b�l�_�e�_�f �d�h�g�d�m�j�k�Z �b�g�g�h�\�Z�p�b�h�g�g�u�o 

�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �i�j�h�]�j�Z�f�f �\�m�a�h�\ �J�h�k�k�b�b �g�Z 2007–2008 �]�h�^�u. �J�_�Z�e�b�a�Z�p�b�y 
�b�g�g�h�\�Z�p�b�h�g�g�h�c �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �i�j�h�]�j�Z�f�f�u «�B�g�g�h�\�Z�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z 
�i�h�^�]�h�l�h�\�d�b �k�i�_�p�b�Z�e�b�k�l�h�\ �g�h�\�h�]�h �i�h�d�h�e�_�g�b�y �\ �h�[�e�Z�k�l�b �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �b 
�h�i�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�c» �i�h�a�\�h�e�b�l �\�u�c�l�b �g�Z �d�Z�q�_�k�l�\�_�g�g�h �g�h�\�u�c �m�j�h�\�_�g�v 
�i�h�^�]�h�l�h�\�d�b �\�u�i�m�k�d�g�b�d�h�\ �b �m�^�h�\�e�_�l�\�h�j�b�l�v �\�h�a�j�Z�k�l�Z�x�s�b�c �k�i�j�h�k �g�Z 
�k�i�_�p�b�Z�e�b�k�l�h�\ �\ �b�g�n�h�j�f�Z�p�b�h�g�g�h�c, �h�i�l�b�q�_�k�d�h�c �b �^�j�m�]�b�o 
�\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�o �h�l�j�Z�k�e�y�o �w�d�h�g�h�f�b�d�b. 

 

 
�D�:�N�?�>�J�: �B�A�F�?�J�B�L�?�E�V�G�U�O �L�?�O�G�H�E�H�=�B�C  

�B �D�H�F�I�V�X�L�?�J�G�H�C �L�H�F�H�=�J�:�N�B�B 
 

�D�Z�n�_�^�j�Z �b�a�f�_�j�b�l�_�e�v�g�u�o �l�_�o�g�h�e�h�]�b�c �b �d�h�f�i�v�x�l�_�j�g�h�c �l�h�f�h�]�j�Z�n�b�b, �\ 
�i�j�h�r�e�h�f �d�Z�n�_�^�j�Z �q�Z�k�h�\�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z �b �i�j�b�[�h�j�h�\ �l�h�q�g�h�c �f�_�o�Z�g�b�d�b, �[�u�e�Z 
�k�h�a�^�Z�g�Z �h�^�g�h�\�j�_�f�_�g�g�h �k �h�k�g�h�\�Z�g�b�_�f �m�g�b�\�_�j�k�b�l�_�l�Z, �d�h�l�h�j�u�c �\�_�^�z�l �k�\�h�x 
�b�k�l�h�j�b�x �h�l �h�[�j�Z�a�h�\�Z�g�b�y �\ 1900 �]. �j�_�f�_�k�e�_�g�g�h�]�h �m�q�b�e�b�s�Z �p�_�k�Z�j�_�\�b�q�Z 
�G�b�d�h�e�Z�y. �H�k�g�h�\�Z�l�_�e�_�f �d�Z�n�_�^�j�u �y�\�e�y�_�l�k�y �G�h�j�[�_�j�l �;�h�e�_�k�e�Z�\�h�\�b�q �A�Z�\�Z�^�k�d�b�c – 
�i�_�j�\�u�c �a�Z�\�_�^�m�x�s�b�c �f�_�o�Z�g�b�d�h-�h�i�l�b�q�_�k�d�h�]�h �h�l�^�_�e�_�g�b�y �w�l�h�]�h �m�q�b�e�b�s�Z. 

�< 1920 �]. �i�h�k�e�_ �j�_�\�h�e�x�p�b�b �f�_�o�Z�g�b�d�h-�h�i�l�b�q�_�k�d�h�_ �h�l�^�_�e�_�g�b�_ �[�u�e�h 
�j�_�h�j�]�Z�g�b�a�h�\�Z�g�h �\ �l�_�o�g�b�d�m�f �l�h�q�g�h�c �f�_�o�Z�g�b�d�b �b �h�i�l�b�d�b, �d�h�l�h�j�u�c  
�k 1925 �]. �g�Z�q�Z�e �i�h�^�]�h�l�h�\�d�m �b�g�`�_�g�_�j�h�\-�i�j�b�[�h�j�h�k�l�j�h�b�l�_�e�_�c. �B�o �i�_�j�\�u�c 
�\�u�i�m�k�d �k�h�k�l�h�y�e�k�y �\ 1931 �]. �< �^�Z�e�v�g�_�c�r�_�f �l�_�o�g�b�d�m�f �[�u�e �i�j�_�h�[�j�Z�a�h�\�Z�g �\ 
�m�q�_�[�g�u�c �d�h�f�[�b�g�Z�l, �N�A�M, �:  �\ 1933 �]. �k�l�Z�e �b�g�k�l�b�l�m�l�h�f �l�h�q�g�h�c �f�_�o�Z�g�b�d�b �b 
�h�i�l�b�d�b. �<�k�z �w�l�h �\�j�_�f�y �^�h �k�\�h�_�c �k�f�_�j�l�b �a�Z�\�_�^�h�\�Z�e �d�Z�n�_�^�j�h�c �b �i�j�_�i�h�^�Z�\�Z�e 
�^�b�k�p�b�i�e�b�g�u, �k�\�y�a�Z�g�g�u�_ �k �l�h�q�g�h�c �f�_�o�Z�g�b�d�h�c, �i�j�h�n�_�k�k�h�j  
�G.�;. �A�Z�\�Z�^�k�d�b�c. �< 1930 �]. �d�Z�n�_�^�j�m �\�h�a�]�e�Z�\�b�e �E�Z�\�j�_�g�l�b�c �I�Z�\�e�h�\�b�q �R�b�r�_�e�h�\. 
�G�Z �d�Z�n�_�^�j�_ �q�b�l�Z�e�b�k�v �^�b�k�p�b�i�e�b�g�u «�L�_�h�j�b�y �q�Z�k�h�\�u�o �f�_�o�Z�g�b�a�f�h�\», 
«�W�e�_�d�l�j�h�b�a�f�_�j�b�l�_�e�v�g�u�_ �i�j�b�[�h�j�u», «�F�_�o�Z�g�b�q�_�k�d�b�_ �i�j�b�[�h�j�u», �\ �d�h�l�h�j�u�_ 
�\�o�h�^�b�e�h �b�a�m�q�_�g�b�_ �l�Z�o�h�f�_�l�j�h�\, �l�Z�d�k�h�f�_�l�j�h�\, �k�q�z�l�q�b�d�h�\, �Z�j�b�n�f�h�f�_�l�j�h�\, 
�q�Z�k�h�\�u�o �b �]�b�j�h�k�d�h�i�b�q�_�k�d�b�o �i�j�b�[�h�j�h�\, �w�e�_�d�l�j�h�l�_�o�g�b�d�b. 
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�< 1935 �]. �b�a �k�h�k�l�Z�\�Z �d�Z�n�_�^�j�u �\�u�^�_�e�b�e�h�k�v �g�Z�i�j�Z�\�e�_�g�b�_ 
�]�b�j�h�k�d�h�i�b�q�_�k�d�b�o �m�k�l�j�h�c�k�l�\. �;�u�e�Z �h�[�j�Z�a�h�\�Z�g�Z �h�l�^�_�e�v�g�Z�y �d�Z�n�_�^�j�Z 
�g�Z�\�b�]�Z�p�b�h�g�g�u�o �i�j�b�[�h�j�h�\. �< 1940 �]. �g�Z �d�Z�n�_�^�j�_ �a�Z�s�b�l�b�e �d�Z�g�^�b�^�Z�l�k�d�m�x 
�^�b�k�k�_�j�l�Z�p�b�x �A�Z�o�Z�j �F�Z�j�d�h�\�b�q �:�d�k�_�e�v�j�h�^, �\ �i�h�k�e�_�^�k�l�\�b�b �^�h�d�l�h�j �l�_�o�g�b�q�_�k�d�b�o 
�g�Z�m�d, �\�h�a�]�e�Z�\�b�\�r�b�c �d�Z�n�_�^�j�m �\�h �\�j�_�f�y �\�h�c�g�u. �< �f�Z�j�l�_ 1942 �]. �b�g�k�l�b�l�m�l �[�u�e 
�w�\�Z�d�m�b�j�h�\�Z�g �i�h �>�h�j�h�]�_ �`�b�a�g�b �b�a �h�k�Z�`�^�_�g�g�h�]�h �[�e�h�d�Z�^�g�h�]�h �E�_�g�b�g�]�j�Z�^�Z. 
�F�_�k�l�h�f �j�Z�a�f�_�s�_�g�b�y �b�g�k�l�b�l�m�l�Z �g�Z �\�j�_�f�y �k�l�Z�e �]. �D�b�k�e�h�\�h�^�k�d. �< �d�h�g�p�_ �b�x�e�y 
1942 �]. �b�g�k�l�b�l�m�l �[�u�e �i�_�j�_�\�_�^�_�g �\ �]. �Q�_�j�_�i�Z�g�h�\�h �G�h�\�h�k�b�[�b�j�k�d�h�c �h�[�e�Z�k�l�b, �Z �\ 
1944 �]. �E�B�L�F�H �\�h�a�\�j�Z�l�b�e�k�y �\ �E�_�g�b�g�]�j�Z�^. 

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

�< 1976 �]. �d�Z�n�_�^�j�m �\�h�a�]�e�Z�\�b�e �;�h�j�b�k �:�e�_�d�k�Z�g�^�j�h�\�b�q �:�j�_�n�v�_�\, �b�a�\�_�k�l�g�u�c 
�k�i�_�p�b�Z�e�b�k�l �\ �h�[�e�Z�k�l�b �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h �m�i�j�Z�\�e�_�g�b�y �b �]�Z�a�h�\�u�o �h�i�h�j. �< �w�l�h 
�\�j�_�f�y �g�Z �d�Z�n�_�^�j�_ �i�j�h�b�a�\�h�^�b�e�Z�k�v �i�h�^�]�h�l�h�\�d�Z �k�i�_�p�b�Z�e�b�k�l�h�\ �i�h �k�i�_�p�b�Z�e�v�g�h�k�l�b 
«�I�j�b�[�h�j�u �l�h�q�g�h�c �f�_�o�Z�g�b�d�b», �k�h �k�i�_�p�b�Z�e�b�a�Z�p�b�y�f�b «�I�j�b�[�h�j�u �\�j�_�f�_�g�b», 
«�I�j�b�[�h�j�u �^�e�y �b�a�f�_�j�_�g�b�y �^�e�b�g �b �m�]�e�h�\» �b «�I�j�b�[�h�j�u �d�h�g�l�j�h�e�y �j�Z�a�f�_�j�h�\». �< 
�q�b�k�e�_ �^�h�p�_�g�l�h�\ �d�Z�n�_�^�j�u �[�u�e�b �F�Z�j�q�_�g�d�h �;.�F., �;�_�e�y�\�k�d�b�c �<.�B., �X�g�b�p�b�g 
�X.�G. 

�K 1985 �]�h�^�Z �d�Z�n�_�^�j�m �\�h�a�]�e�Z�\�e�y�e �h�k�g�h�\�Z�l�_�e�v �f�Z�]�g�b�l�h�j�_�a�h�g�Z�g�k�g�h�]�h �d�e�Z�k�k�Z 
�b�a�h�[�j�Z�`�_�g�b�c �i�j�h�n�_�k�k�h�j �<�e�Z�^�b�k�e�Z�\ �:�e�_�d�k�Z�g�^�j�h�\�b�q �B�\�Z�g�h�\. �< �k�\�y�a�b �k 
�j�Z�a�\�b�l�b�_�f �l�_�o�g�b�d�b �b �i�h�l�j�_�[�g�h�k�l�v�x �\ �\�u�i�m�k�d�_ �b�g�`�_�g�_�j�g�u�o �d�Z�^�j�h�\ �i�h 
�j�Z�a�j�Z�[�h�l�d�_ �b �w�d�k�i�e�m�Z�l�Z�p�b�b �f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�u�o �l�h�f�h�]�j�Z�n�h�\ �k 1992 �]. 
�d�Z�n�_�^�j�Z �g�Z�q�Z�e�Z �i�h�^�]�h�l�h�\�d�m �b�g�`�_�g�_�j�h�\ �i�h �k�i�_�p�b�Z�e�b�a�Z�p�b�b «�D�h�f�i�v�x�l�_�j�g�Z�y  
�l�h�f�h�]�j�Z�n�b�y». �G�Z �d�Z�n�_�^�j�_ �b�a�]�h�l�h�\�e�_�g �f�b�g�b-�Y�F�J-�l�h�f�h�]�j�Z�n, �d�h�l�h�j�u�c �k  2000 
�]�h�^�Z   �b�k�i�h�e�v�a�m�_�l�k�y  �^�e�y   �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o �p�_�e�_�c �b  �h�[�m�q�_�g�b�y 
�k�l�m�^�_�g�l�h�\. 

�K 2007 �]�h�^�Z �d�Z�n�_�^�j�h�c �j�m�d�h�\�h�^�b�l �^�h�d�l�h�j �l�_�o�g�b�q�_�k�d�b�o �g�Z�m�d, �i�j�h�n�_�k�k�h�j 
�F�Z�j�b�y �Y�d�h�\�e�_�\�g�Z �F�Z�j�m�k�b�g�Z. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �d�Z�n�_�^�j�Z �i�j�h�\�h�^�b�l 
�i�h�^�]�h�l�h�\�d�m �b�g�`�_�g�_�j�h�\, �[�Z�d�Z�e�Z�\�j�h�\ �b �f�Z�]�b�k�l�j�h�\ �i�h �k�i�_�p�b�Z�e�v�g�h�k�l�b 
«�I�j�b�[�h�j�h�k�l�j�h�_�g�b�_» �k �k�i�_�p�b�Z�e�b�a�Z�p�b�y�f�b «�D�h�f�i�v�x�l�_�j�g�Z�y �l�h�f�h�]�j�Z�n�b�y»; 
«�F�_�l�h�^�u �b �k�j�_�^�k�l�\�Z �b�a�f�_�j�_�g�b�y �f�_�o�Z�g�b�q�_�k�d�b�o �\�_�e�b�q�b�g»; «�B�a�f�_�j�b�l�_�e�v�g�h-
�\�u�q�b�k�e�b�l�_�e�v�g�u�_ �d�h�f�i�e�_�d�k�u �\ �f�_�o�Z�g�b�d�_». 
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� X � j � b � c � B � e � v � b � q � G � _ � j � h � g � h � \ 
�F�:�=�G�B�L�G�U�C �J�?�A�H�G�:�G�K �< �L�H�F�H�=�J�:�N�B�B 

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

�M�q�_�[�g�h�_ �i�h�k�h�[�b�_ 
 
�J�_�^�Z�d�p�b�h�g�g�h - �b�a�^�Z�l�_�e�v�k�d�b�c �h�l�^�_�e �K�I�[�=�M �B�L�F�H 
�E�b�p�_�g�a�b�y  �B�> �‹  00408  �h�l  05.11.99 
�D�h�f�i�v�x�l�_�j�g�Z�y �\�_�j�k�l�d�Z                                    �X.�B. �G�_�j�h�g�h�\ 
�>�b�a�Z�c�g �h�[�e�h�`�d�b                                               �X.�B. �G�_�j�h�g�h�\ 
�I�h�^�i�b�k�Z�g�h �d �i�_�q�Z�l�b  19.12.07    �L�b�j�Z�` 100 �w�d�a.  �A�Z�d�Z�a �‹  1114. 
�H�l�i�_�q�Z�l�Z�g�h �g�Z �j�b�a�h�]�j�Z�n�_  

 

  


	 

