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�K�I�B�K�H�D �B�K�I�H�E�V�A�H�<�:�G�G�U�O �K�H�D�J�:�S�?�G�B�C �B �H�;�H�A�G�:�Q�?�G�B�C 
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ROS – �Z�d�l�b�\�g�u�_ �n�h�j�f�u �d�b�k�e�h�j�h�^�Z 
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�W�I – �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d 
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�W�I�I – �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �i�e�Z�a�f�Z 
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Amax - �f�Z�d�k�b�f�Z�e�v�g�Z�y �\�_�e�b�q�b�g�Z �i�Z�^�_�g�b�y �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b 

�i�e�Z�a�f�u �i�h�k�e�_ �h�d�h�g�q�Z�g�b�y �j�_�Z�d�p�b�b (�Z�]�j�_�]�Z�p�b�y �l�j�h�f�[�h�p�b�l�h�\) 

B�O - �b�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

�K – �d�h�g�p�_�g�l�j�Z�p�b�y �\�_�s�_�k�l�\�Z �\ �i�j�h�[�_ 

d - �l�h�e�s�b�g�Z �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u 

dd – �o�Z�j�Z�d�l�_�j�g�u�c �j�Z�a�f�_�j �q�Z�k�l�b�p�u �i�h�j�h�r�d�Z 

Eb – �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �b�g�`�_�d�l�b�j�m�_�f�h�]�h �i�m�q�d�Z 

Eb0 – �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �b�g�`�_�d�l�b�j�m�_�f�h�]�h �i�m�q�d�Z 

Ib – �l�h�d �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z  

jb – �i�e�h�l�g�h�k�l�v �l�h�d�Z �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 

Mn – �k�j�_�^�g�_�q�b�k�e�h�\�Z�y �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z 

Mw – �k�j�_�^�g�_�\�_�k�h�\�Z�y �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z 

M�� – �k�j�_�^�g�_�\�y�a�d�h�k�l�g�Z�y �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z 

Mw/Mn – �b�g�^�_�d�k �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 

nd - �d�h�e�b�q�_�k�l�\�h �q�Z�k�l�b�p �i�h�j�h�r�d�Z �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u 

ne, ni, nex – �d�h�g�p�_�g�l�j�Z�p�b�b �\�l�h�j�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\, �b�h�g�h�\, �\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p �\ �i�e�Z�a�f�_ 

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

�Jm – �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u 

Q - �f�h�s�g�h�k�l�v �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y 

qj - �i�h�l�h�d �q�Z�k�l�b�p �h�i�j�_�^�_�e�_�g�g�h�]�h �k�h�j�l�Z 

r0 – �g�Z�q�Z�e�v�g�u�c �j�Z�^�b�m�k �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 

Tm – �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u 

Ts – �l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z (�k�_�g�k�h�j�Z) 

Tw – �l�_�f�i�_�j�Z�l�m�j�Z �k�l�_�g�d�b �l�b�l�Z�g�h�\�h�c �l�j�m�[�u 

Ub – �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ 

Up - �i�h�l�_�g�p�b�Z�e �f�b�d�j�h�a�h�g�^�Z 

�D – �d�h�w�n�n�b�p�b�_�g�l �i�h�]�e�h�s�_�g�b�y 

�Ug – �i�e�h�l�g�h�k�l�v �]�Z�a�Z 

�/�� - �m�]�e�h�\�h�_ �j�Z�k�k�_�y�g�b�_ �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ 
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�<�<�?�>�?�G�B�? 

 

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

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

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

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

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

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

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

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

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

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

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

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

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

�g�_�\�h�a�f�h�`�g�u�f �n�h�j�f�b�j�h�\�Z�g�b�_ �[�h�e�v�r�b�o �j�_�Z�d�p�b�h�g�g�u�o �h�[�t�_�f�h�\. �J�_�Z�d�p�b�h�g�g�u�_ �h�[�t�_�f�u, �d�Z�d 

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

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

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

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

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

�k�Z�f�b�o �w�e�_�d�l�j�h�^�h�\. 

�J�Z�k�r�b�j�_�g�b�_ �k�i�_�d�l�j�Z �i�j�b�d�e�Z�^�g�u�o �i�j�h�[�e�_�f, �^�e�y �j�_�r�_�g�b�y �d�h�l�h�j�u�o 

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

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

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

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

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

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

�\�h�a�^�_�c�k�l�\�b�_�f �g�Z �\�_�s�_�k�l�\�Z (�[�b�h)�h�j�]�Z�g�b�q�_�k�d�h�c �b �g�_�h�j�]�Z�g�b�q�_�k�d�h�c �i�j�b�j�h�^�u �w�e�_�d�l�j�h�g�g�h-

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

�y�\�e�y�_�l�k�y �i�j�b�g�p�b�i �_�_ �]�_�g�_�j�Z�p�b�b: �W�I�I �\�h�a�[�m�`�^�Z�_�l�k�y �b�g�`�_�d�p�b�_�c �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (�W�I) �\ 

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

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

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

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

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

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

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

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

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

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

�j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. 

�x �I�j�b �i�h�\�u�r�_�g�b�b �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �g�_ 

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

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

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

�l�_�f�i�_�j�Z�l�m�j�Z �k�j�_�^�u  �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �i�h�\�u�r�Z�l�v�k�y. 

�x �W�I�I �f�h�`�_�l �]�_�g�_�j�b�j�h�\�Z�l�v�k�y �d�Z�d �\ �k�\�h�[�h�^�g�h�f �]�Z�a�h�\�h�f �h�[�t�_�f�_, �l�Z�d �b �\�g�m�l�j�b 

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

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

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

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

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

�^�b�Z�i�Z�a�h�g�_ (�h�l �d�h�f�g�Z�l�g�h�c �^�h 1000 �D �b �\�u�r�_). �>�Z�`�_ �i�j�b �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o 

�W�I�I �h�[�e�Z�^�Z�_�l �\�u�k�h�d�h�c �o�b�f�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x, �q�l�h �h�k�h�[�_�g�g�h �\�Z�`�g�h �^�e�y 

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

(�g�Z�i�j�b�f�_�j, �h�j�]�Z�g�b�q�_�k�d�b�o �b�e�b �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �i�h�e�b�f�_�j�h�\).  

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

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

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

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

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

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

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

�i�j�h�p�_�k�k�_ �b�o �h�[�j�Z�[�h�l�d�b.  

�x �W�I �f�h�`�_�l �[�u�l�v �b�g�`�_�d�l�b�j�h�\�Z�g �g�_ �l�h�e�v�d�h �\ �g�_�i�h�^�\�b�`�g�u�c �]�Z�a, �g�h �b �\ �]�Z�a�h�\�u�c 

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

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

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

�]�b�[�j�b�^�g�Z�y �i�e�Z�a�f�Z (�=�I). �G�Z�b�[�h�e�_�_ �b�g�l�_�j�_�k�g�h�c �k �l�h�q�d�b �a�j�_�g�b�y �i�j�b�e�h�`�_�g�b�c 

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

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

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

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

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

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

�]�_�g�_�j�b�j�m�_�f�h�]�h �i�j�b �b�o �l�h�j�f�h�`�_�g�b�b �\ �i�e�h�l�g�h�c �k�j�_�^�_. 

�K�h�\�h�d�m�i�g�h�k�l�v �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o �\ �W�I�I, �^�_�e�Z�x�l �_�_ 

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

�< �k�l�h�e�d�g�h�\�_�g�b�y�o �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �k �f�h�e�_�d�m�e�Z�f�b �]�Z�a�Z �W�I �j�Z�k�k�_�b�\�Z�_�l�k�y, �Z �b�o �w�g�_�j�]�b�y 

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

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

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

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

�l�_�f�i�_�j�Z�l�m�j�h�c �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u. 

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

�k�h�k�l�Z�\ �l�y�`�_�e�u�o �q�Z�k�l�b�p �W�I�I �k�e�h�`�_�g: �\ �g�_�c �i�j�b�k�m�l�k�l�\�m�x�l �g�_�c�l�j�Z�e�v�g�u�_, �a�Z�j�y�`�_�g�g�u�_ �b 

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

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

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

�i�j�b�k�m�l�k�l�\�m�x�l �\ �g�_�c �\ �k�\�_�j�o�g�_�j�Z�\�g�h�\�_�k�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o, �Z �j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �i�h 

�w�g�_�j�]�b�y�f �g�_ �y�\�e�y�_�l�k�y �f�Z�d�k�\�_�e�e�h�\�k�d�b�f. �I�j�_�\�u�r�_�g�b�_ �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ �g�Z�^ �w�g�_�j�]�b�_�c 

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

�o�b�f�b�q�_�k�d�b�o �i�j�_�\�j�Z�s�_�g�b�c �b �n�b�a�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �i�e�Z�a�f�_.  

�?�k�e�b �W�I �b�g�`�_�d�l�b�j�m�_�l�k�y �\ �]�Z�a, �k�h�^�_�j�`�Z�s�b�c �^�b�k�i�_�j�]�b�j�h�\�Z�g�g�u�c �i�h�j�h�r�h�d �b�e�b �d�h�]�^�Z 

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

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

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

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

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

�h�l �k�\�h�c�k�l�\ �W�I�I, �]�_�g�_�j�b�j�m�_�f�h�c �\ �k�\�h�[�h�^�g�h�f �]�Z�a�h�\�h�f �h�[�t�_�f�_. �F�g�h�]�h�h�[�j�Z�a�b�_ �Z�d�l�b�\�g�u�o 

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

�d�Z�g�Z�e�h�\ �f�h�]�m�l �[�u�l�v �g�_�Z�^�^�b�l�b�\�g�u. 

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

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

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

�q�Z�k�l�g�h�k�l�b �g�Z �i�e�h�l�g�h�k�l�v �]�Z�a�Z. �=�_�g�_�j�Z�p�b�y �h�i�l�b�q�_�k�d�h�]�h �b �l�h�j�f�h�a�g�h�]�h �b�a�e�m�q�_�g�b�y �\ �W�I�I 

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

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

�i�h�\�_�j�o�g�h�k�l�b �l�\�_�j�^�h�]�h �l�_�e�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �W�I�I �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�e�h�`�g�u�c �h�[�t�_�d�l 

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

�W�I�I, �l�j�_�[�m�_�l �k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�]�h �j�_�r�_�g�b�y �p�_�e�h�]�h �j�y�^�Z �a�Z�^�Z�q: �w�e�_�d�l�j�h�g�g�h- �b 

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

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

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

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

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

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

�n�Z�d�l�h�j�h�\ (�\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �w�e�_�d�l�j�h�g�u �W�I, �l�h�j�f�h�a�g�h�_ �j�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m�q�_�g�b�_, 

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

�j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f) �\ �f�h�^�b�n�b�d�Z�p�b�x �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o �f�Z�l�_�j�b�Z�e�h�\. �;�h�e�v�r�h�_ �\�g�b�f�Z�g�b�_ 

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

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

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

�G�Z�m�q�g�Z�y �g�h�\�b�a�g�Z �b�k�k�e�_�^�h�\�Z�g�b�y: �<�k�_ �i�_�j�_�q�b�k�e�_�g�g�u�_ �i�j�_�b�f�m�s�_�k�l�\�Z �i�m�q�d�h�\�h-

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

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

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

�[�b�h�i�h�e�b�f�_�j�h�\ �\�h�a�f�h�`�g�h �j�_�Z�e�b�a�h�\�Z�l�v �\�k�x �k�h�\�h�d�m�i�g�h�k�l�v �i�j�h�l�_�d�Z�x�s�b�o �\ �g�_�c �n�b�a�b�d�h-

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

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

(�f�_�l�Z�e�e�u, �m�]�e�_�j�h�^), �h�j�]�Z�g�b�q�_�k�d�b�_ �b �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�_ (�k�b�g�l�_�l�b�q�_�k�d�b�_ �b �i�j�b�j�h�^�g�u�_ 

�[�b�h�i�h�e�b�f�_�j�u, �Z�f�b�g�h�d�b�k�e�h�l�u �b �l.� .̂) �d�h�f�i�h�g�_�g�l�u. �I�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �i�h� ̂�^�_�c�k�l�\�b�_�f 

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

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

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

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

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

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

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

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

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

�j�Z�a�^�_�e «�H�[�a�h�j �e�b�l�_�j�Z�l�m�j�u»). 

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

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

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

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

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

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

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

�b �i�h�d�j�u�l�b�c �k �m�e�m�q�r�_�g�g�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x,  �Z �l�Z�d�`�_ �d�h�f�i�e�_�d�k�h�\ «�[�b�h�i�h�e�b�f�_�j-

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

�<�i�_�j�\�u�_ �f�_�l�h�^�Z�f�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �i�h�e�m�q�_�g�u �Z�d�l�b�\�g�u�_ �Z�]�_�g�l�u 

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

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

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

�k�\�h�c�k�l�\�Z�f�b. 

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

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

�<�i�_�j�\�u�_ �i�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z �[�b�h�Z�d�l�b�\�g�u�o 

�h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �f�_�l�Z�e�e�b�q�_�k�d�b�o (�b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\) �f�Z�l�_�j�b�Z�e�Z�o. 

�<�i�_�j�\�u�_ �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_, �]�_�g�_�j�b�j�h�\�Z�g�g�h�c �i�m�l�_�f �b�g�`�_�d�p�b�b �W�I �\ �h�[�e�Z�k�l�v �<�Q-

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

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

�l�Z�d�`�_ �d�h�f�i�e�_�d�k�u «�[�b�h�i�h�e�b�f�_�j-�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�h�_ �e�_�d�Z�j�k�l�\�_�g�g�h�_ �\�_�s�_�k�l�\�h», �d�h�l�h�j�u�_ 

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

�h�j�]�Z�g�b�a�f�Z �q�_�e�h�\�_�d�Z.  



 14

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

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

�k�_�g�k�h�j�h�\. 

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

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

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

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

�b �l�_�o�g�b�q�_�k�d�b�_ �j�_�r�_�g�b�y �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b�\�Z�x�l: 

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

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x �n�Z�a�m; 

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

�k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �i�j�h�p�_�k�k�h�f �i�h �l�j�_�f �i�Z�j�Z�f�_�l�j�Z�f (�k�b�e�Z �l�h�d�Z 

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

�i�m�q�d�Z); 

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

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

�]�Z�a�u, �d�b�k�e�h�j�h�^, �Z�a�h�l, �Z�f�f�b�Z�d, �i�Z�j�u �\�h�^�u, �l�\�_�j�^�u�_ �Z�w�j�h�a�h�e�b) �i�j�b �h�[�j�Z�[�h�l�d�_ 

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

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

�]�m�[�q�Z�l�u�_ �k�l�j�m�d�l�m�j�u �b �^�j.). 

 

�I�j�Z�d�l�b�q�_�k�d�Z�y �a�g�Z�q�b�f�h�k�l�v: �K�j�Z�\�g�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d �W�I�I, �i�h�e�m�q�Z�_�f�h�c �\ 

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

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

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

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

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

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

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

�[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �\�u�k�h�d�b�f �\�u�o�h�^�h�f (�^�h 90%) �i�h�e�_�a�g�u�o 

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

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

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

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

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

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

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

�j�Z�a�e�b�q�g�u�o �f�_�^�b�p�b�g�k�d�b�o �i�j�_�i�Z�j�Z�l�h�\, �l�Z�d�b�o �d�Z�d �]�_�e�b, �f�Z�a�b �b �i�j�b�k�u�i�d�b. �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a TiO2 �y�\�e�y�_�l�k�y �f�g�h�]�h�h�[�_�s�Z�x�s�b�f �k�i�h�k�h�[�h�f �i�h�e�m�q�_�g�b�y 

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

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

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

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

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

�Z�d�l�b�\�g�h�]�h �\�_�s�_�k�l�\�Z �\ �d�j�h�\�v �b �f�_�`�d�e�_�l�h�q�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h, �Z �l�Z�d�`�_ �d�h�f�i�e�_�d�k�u, 

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

�n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�h�c �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�h�k�l�b.  

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

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

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

�x �o�b�f�b�q�_�k�d�b�_ �l�_�o�g�h�e�h�]�b�b �b �d�Z�l�Z�e�b�a (�i�j�h�b�a�\�h�^�k�l�\�h �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �b 

�]�Z�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�u�o �f�_�f�[�j�Z�g, �k�h�j�[�_�g�l�h�\); 

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

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

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

�k�h�j�[�_�g�l�h�\ �^�e�y �Z�d�\�Z�d�m�e�v�l�m�j�u);  

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

�i�j�h�^�m�d�l�h�\); 

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

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

�i�j�b�f�_�g�y�_�f�u�_ �\ �Z�w�j�h�d�h�k�f�b�q�_�k�d�h�c �l�_�o�g�b�d�_ �b �\ �k�b�k�l�_�f�Z�o �h�[�_�k�i�_�q�_�g�b�y 

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

�m�k�e�h�\�b�y�o �g�_�[�e�Z�]�h�i�j�b�y�l�g�h�]�h �\�g�_�r�g�_�]�h �\�h�a�^�_�c�k�l�\�b�y �b �^�j.); 

�x �g�Z�g�h�l�_�o�g�h�e�h�]�b�b (�k�h�a�^�Z�g�b�y �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v�g�u�o �]�Z�a�h�\�u�o, �n�h�l�h-, �o�_�f�h- �b 

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

�^�_�l�_�d�p�b�b �l�h�d�k�b�q�_�k�d�b�o �\�_�s�_�k�l�\). 

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

�j�_�Z�d�l�h�j�Z �\ �b�g�l�_�j�_�k�Z�o �H�:�H «�D�h�j�i�h�j�Z�p�b�y �J�h�k�o�b�f�a�Z�s�b�l�Z» �\�_�^�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�b 

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

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

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

�^�u�o�Z�g�b�y. 

�G�Z �j�Z�a�g�u�o �w�l�Z�i�Z�o �\�u�i�h�e�g�_�g�b�y �j�Z�[�h�l�Z �[�u�e�Z �i�h�^�^�_�j�`�Z�g�Z: 

�x �]�j�Z�g�l�h�f �F�b�g�b�k�l�_�j�k�l�\�Z �h�[�j�Z�a�h�\�Z�g�b�y �b �g�Z�m�d�b �J�N �b �:�f�_�j�b�d�Z�g�k�d�h�]�h �n�h�g�^�Z 

�]�j�Z�`�^�Z�g�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �b �j�Z�a�\�b�l�b�y (CRDF) "�W�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �i�e�Z�a�f�Z – 

�f�_�l�h�^ �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c �f�h�^�b�n�b�d�Z�p�b�b �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �f�h�e�_�d�m�e" (�]�j�Z�g�l �‹  Y5-P-

11-03); 

�x �]�j�Z�g�l�h�f �I�j�_�a�b�^�_�g�l�Z �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �\ �i�h�^�^�_�j�`�d�m �f�h�e�h�^�u�o �d�Z�g�^�b�^�Z�l�h�\ �g�Z�m�d 

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

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

�f�h�e�_�d�m�e�Z�f" (�]�j�Z�g�l �F�D-2635.2008.2); 

�x �k�l�b�i�_�g�^�b�_�c �J�_�]�b�h�g�Z�e�v�g�h�]�h �h�[�s�_�k�l�\�_�g�g�h�]�h �n�h�g�^�Z �k�h�^�_�c�k�l�\�b�y �h�l�_�q�_�k�l�\�_�g�g�h�c 

�f�_�^�b�p�b�g�_; 

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

�‹ 12-08-31246-�f�h�e_�Z «�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �f�h�^�b�n�b�d�Z�p�b�b 

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

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

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

 

�P�_�e�b �b�k�k�e�_�^�h�\�Z�g�b�y 

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

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

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

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

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

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

�i�j�b �w�l�h�f �i�j�h�^�m�d�l�h�\. 

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

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

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

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

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

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

1. �H�[�h�k�g�h�\�Z�l�v �b �h�l�j�Z�[�h�l�Z�l�v �d�h�g�k�l�j�m�d�l�h�j�k�d�b�_ �b �k�o�_�f�g�u�_ �j�_�r�_�g�b�y �i�m�q�d�h�\�h-

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

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

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

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

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

�]�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�f�b �k�\�h�c�k�l�\�Z�f�b �b �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x; 

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

�f�_�l�Z�e�e�b�q�_�k�d�b�o �b�a�^�_�e�b�c; 

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

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

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

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

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

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

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

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

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

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

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

�\�_�s�_�k�l�\�h �i�j�b �_�]�h �h�[�j�Z�[�h�l�d�_ �\ �W�I�I (�h�[�e�m�q�_�g�b�_ �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b, 

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

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

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

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

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �w�g�_�j�]�b�b, �Z �l�Z�d�`�_ �i�Z�j�Z�f�_�l�j�h�\ �W�I, �g�Z �k�l�j�m�d�l�m�j�m �b 

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

�f�_�l�Z�e�e�b�q�_�k�d�b�o �b�a�^�_�e�b�c �\ �W�I�I �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\; �i�j�h�\�_�k�l�b �Z�g�Z�e�b�a �]�b�^�j�h�n�b�e�v�g�h-

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

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

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

�x �b�a�f�_�g�_�g�b�y �j�_�`�b�f�h�\ �j�Z�[�h�l�u �]�_�g�_�j�Z�l�h�j�Z �i�e�Z�a�f�u; 

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

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

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

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

�j�_�Z�d�p�b�h�g�g�u�f�b �a�h�g�Z�f�b. 

 

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

�k�e�_�^�m�x�s�b�o �d�h�g�n�_�j�_�g�p�b�y�o, �k�b�f�i�h�a�b�m�f�Z�o �b �g�Z�m�q�g�u�o �k�_�f�b�g�Z�j�Z�o: 

1) �F�_�`�^�m�g�Z�j�h�^�g�u�c �k�b�f�i�h�a�b�m�f �i�h �l�_�h�j�_�l�b�q�_�k�d�h�c �b �i�j�b�d�e�Z�^�g�h�c �i�e�Z�a�f�h�o�b�f�b�b (�B�\�Z�g�h�\�h, 

2005, 2008, 2011; �I�e�_�k 2014), 2) Chemical Nanotechnology Talks VI. Processing and 

Fictionalization: Materials Properties, Devices, and Applications (Frankfurt am Main, Germany, 

2005), 3) Workshop & Summer School on Plasma Physics (Kiten, Bulgaria, 2005, 2006), 4) 

International Symposium on Plasma Chemistry  (Bochum, Germany, 2009; Antwerp, Belgium, 

2015), 5) 43th Japanese peptide symposium/4th Peptide Engineering Meeting (Yokohama, Japan, 

2006), 6) European Bioperspectives (Cologne, Germany, 2007), 7) 44th Japanese peptide 

symposium (Toyama, Japan, 2007), 8) 5th IEEE International Conference on Plasma Science 

(Karlsruhe, Germany, 2008), 9) 24th Summer School and International Symposium on the 

Physics of Ionized Gases (Novi Sad, Serbia, 2008), 10) International Conference on Materials 

for Advanced Technologies 2009 (Singapore, 2009), 11) IV �<�k�_�j�h�k�k�b�c�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y (�k 

�f�_�`�^�m�g�Z�j�h�^�g�u�f �m�q�Z�k�l�b�_�f) "�O�b�f�b�y �i�h�\�_�j�o�g�h�k�l�b �b �g�Z�g�h�l�_�o�g�h�e�h�]�b�y" (�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]-

�O�b�e�h�\�h, �J�h�k�k�b�y, 2009), 12) 20th European Conference on the Atomic and Molecular Physics of 

Ionized Gases (ESCAMPIG XX) (Novi Sad, Serbia, 2010), 13) 3rd International Conference on 

Plasma Medicine (ICPM-3) (Greifswald, Germany, 2010), 14) XXXVIII �F�_�`�^�m�g�Z�j�h�^�g�Z�y 

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

(�A�\�_�g�b�]�h�j�h�^, �J�h�k�k�b�y, 2011), 15) Latin American Workshop on plasma physics (Mar del Plata, 

Argentina, 2011; San-Jose, Costa Rika, 2014), 16) �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y 

«�K�h�\�j�_�f�_�g�g�u�_ �i�_�j�k�i�_�d�l�b�\�u �\ �b�k�k�e�_�^�h�\�Z�g�b�b �o�b�l�b�g�Z �b �o�b�l�h�a�Z�g�Z» (�F�m�j�f�Z�g�k�d, 2012, �I�_�j�f�v, 

2014), 17) International Conference “Plasma Physics and Plasma Technology” (Minsk, Belarus, 

2012, 2015), 18) 6th International Conference on Advanced Materials and Nanotechnology 

(Auckland, New Zealand, 2013), 19) 12th International Conference of the European Chitin 

Society and the 13th International Conference on Chitin and Chitosan, Munster, Germany, 2015, 

20) �K�_�f�b�g�Z�j "�I�h�e�m�q�_�g�b�_, �b�k�k�e�_�^�h�\�Z�g�b�_ �b �i�j�b�f�_�g�_�g�b�_ �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �i�e�Z�a�f�u" 

�b�f�_�g�b �i�j�h�n�_�k�k�h�j�Z �E.�K. �I�h�e�Z�d�Z (�B�g�k�l�b�l�m�l �g�_�n�l�_�o�b�f�b�q�_�k�d�h�]�h �k�b�g�l�_�a�Z �b�f. �: .�<. �L�h�i�q�b�_�\�Z 

�J�:�G, �F�h�k�d�\�Z, 2011, 2014), 21) �K�_�f�b�g�Z�j �=�M �G�B�B �w�i�b�^�_�f�b�h�e�h�]�b�b �b �f�b�d�j�h�[�b�h�e�h�]�b�b �b�f. 

�G.�N.�=�Z�f�Z�e�_�b �J�:�F�G, �H�[�t�_�^�b�g�_�g�g�h�]�h �B�g�k�l�b�l�m�l�Z �<�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j �J�:�G, �F�h�k�d�h�\�k�d�h�]�h 
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�n�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l�Z «�W�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �i�e�Z�a�f�Z �\ �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�o 

�i�j�b�e�h�`�_�g�b�y�o» (�F�h�k�d�\�Z, 2010), 22) �K�_�f�b�g�Z�j �H�B�<�L �J�:�G �i�h� ̂�j�m�d�h�\�h�^�k�l�\�h�f �Z�d�Z�^�_�f�b�d�Z �<.�?. 

�N�h�j�l�h�\�Z (�H�B�<�L �J�:�G, �F�h�k�d�\�Z, 2015). 

 

�K�l�j�m�d�l�m�j�Z �b �h�[�t�_�f �^�b�k�k�_�j�l�Z�p�b�b: �>�b�k�k�_�j�l�Z�p�b�h�g�g�Z�y �j�Z�[�h�l�Z �h�[�t�_�f�h�f 349 �k�l�j�Z�g�b�p 

�k�h�k�l�h�b�l �b�a �\�\�_�^�_�g�b�y, �h�[�a�h�j�Z �e�b�l�_�j�Z�l�m�j�u, �h�i�b�k�Z�g�b�y �f�Z�l�_�j�b�Z�e�h�\ �b �f�_�l�h�^�h�\, 4 �]�e�Z�\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �q�Z�k�l�b, �h�[�k�m�`�^�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\, �\�u�\�h�^�h�\. �J�Z�[�h�l�Z �k�h�^�_�j�`�b�l 57 �l�Z�[�e�b�p 

�b 120 �j�b�k�m�g�d�h�\. �K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u �\�d�e�x�q�Z�_�l 122 �h�l�_�q�_�k�l�\�_�g�g�u�o �b 321 �b�g�h�k�l�j�Z�g�g�u�o 

�j�Z�[�h�l. 

 

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

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

�j�Z�[�h�l, �b�a �d�h�l�h�j�u�o 26 �k�l�Z�l�v�_�c �\ �j�h�k�k�b�c�k�d�b�o �b �a�Z�j�m�[�_�`�g�u�o �`�m�j�g�Z�e�Z�o �b �i�_�j�b�h�^�b�q�_�k�d�b 

�b�a�^�Z�x�s�b�o�k�y �k�[�h�j�g�b�d�Z�o, �\ �l�h�f �q�b�k�e�_ 17 �j�Z�[�h�l �h�i�m�[�e�b�d�h�\�Z�g�h �\ �`�m�j�g�Z�e�Z�o �b�a �i�_�j�_�q�g�y �<�:�D 

�J�N. 

�J�_�a�m�e�v�l�Z�l�u �j�Z�[�h�l�u �[�u�e�b �\�d�e�x�q�_�g�u �\ �]�e�Z�\�m �f�h�g�h�]�j�Z�n�b�b Practical Applications in 

Biomedical Engineering (Eds. A.O. Andrade, A.A. Pereira, E.L M. Naves, A.B. Soares, InTech, 

2012, �J. 285-310) �b �\ �j�Z�a�^�_�e Materials production with Beam Plasmas �\ Encyclopedia of 

Plasma Technology (Ed. J.L. Shohet, Taylor & Francis, 2016). 

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

«�I�e�Z�a�f�h�o�b�f�b�y» �\ �k�h�k�l�Z�\�_ �m�q�_�[�g�h�c �^�b�k�p�b�i�e�b�g�u «�I�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b». �< 

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

�m�g�b�\�_�j�k�b�l�_�l�h�\ �J�N (�I�j�h�]�j�Z�f�f�Z 5-100) �Z�g�]�e�h�y�a�u�q�g�Z�y �\�_�j�k�b�y �w�l�h�]�h �j�Z�a�^�_�e�Z �[�u�e�Z �\�u�^�_�e�_�g�Z �\ 

�k�Z�f�h�k�l�h�y�l�_�e�v�g�m�x �^�b�k�p�b�i�e�b�g�m. 

 

�I�h�e�h�`�_�g�b�y, �\�u�g�h�k�b�f�u�_ �g�Z �a�Z�s�b�l�m: �G�Z �a�Z�s�b�l�m �\�u�g�h�k�y�l�k�y: 

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

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

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

2. �F�_�l�h�^�u �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�p�_�k�k�h�\ �i�h�e�m�q�_�g�b�y �f�Z�l�_�j�b�Z�e�h�\ 

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

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

�i�e�Z�a�f�u. 
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3. �K�i�h�k�h�[�u �m�i�j�Z�\�e�_�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f�b �j�_�Z�d�l�h�j�Z�f�b �j�Z�a�e�b�q�g�u�o 

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

�a�Z�^�Z�g�g�u�f�b �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b. 

4. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b,  �k�\�y�a�u�\�Z�x�s�b�_ �i�Z�j�Z�f�_�l�j�u 

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

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

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

5. �N�b�a�b�q�_�k�d�b�_ �b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �f�h�^�_�e�b �g�_�j�Z�\�g�h�\�_�k�g�u�o �i�j�h�p�_�k�k�h�\ 

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

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

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

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

�k�q�_�l �^�_�k�l�j�m�d�p�b�b �k�e�h�`�g�u�o �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �i�h�e�b�f�_�j�h�\ (�[�_�e�d�h�\) �\ �w�e�_�d�l�j�h�g�g�h-

�i�m�q�d�h�\�h�c �i�e�Z�a�f�_. 

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

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �h�[�e�Z�^�Z�x�s�b�o �Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�u�f, �n�m�g�]�b�p�b�^�g�u�f �b 

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

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

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

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

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

�h�d�k�b�^�h�\. 

9. �K�i�h�k�h�[�u �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �]�b�[�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\ �i�j�h�p�_�k�k�Z�o 

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

�e�_�d�Z�j�k�l�\�_�g�g�u�o �k�h�_�^�b�g�_�g�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\. 

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

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

�f�Z�l�_�j�b�Z�e�h�\ �^�e�y �[�b�h�k�_�g�k�h�j�h�\.  

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�o�b�f�b�q�_�k�d�b�o �b �l�_�i�e�h�\�u�o �i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�Z�o �k 

�]�Z�a�h�n�Z�a�g�u�f�b �b �]�_�l�_�j�h�]�_�g�g�u�f�b �j�_�Z�d�p�b�h�g�g�u�f�b �a�h�g�Z�f�b, �b �d�h�l�h�j�u�_ �f�h�]�m�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y 

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

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

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �\�_�j�b�n�b�d�Z�p�b�y �i�j�_�^�e�h�`�_�g�g�u�o �G.�E. �:�e�_�d�k�Z�g�^�j�h�\�u�f 

�d�b�g�_�l�b�q�_�k�d�b�o �k�o�_�f �i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o �\ �W�I�I �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\, �b �j�Z�a�j�Z�[�h�l�Z�g�g�u�o 

�K.�E. �E�u�k�_�g�d�h �f�_�l�h�^�h�\ �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �W�I�I �\�u�i�h�e�g�_�g�Z �Z�\�l�h�j�h�f �e�b�q�g�h. 

�O�b�f�b�q�_�k�d�b�_ �b �k�l�j�m�d�l�m�j�g�u�_ �Z�g�Z�e�b�a�u �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �f�Z�l�_�j�b�Z�e�h�\ �[�u�e�b 

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

�d�h�k�f�b�q�_�k�d�b�o �k�b�k�l�_�f �=�G�P �N�=�M�I «�B�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �p�_�g�l�j �b�f. �F.�<. �D�_�e�^�u�r�Z», �N�b�a�b�d�h-

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

�h�[�h�j�m�^�h�\�Z�g�b�_�f «�:�j�d�l�b�d�Z» �K�:�N�M, �b�k�i�u�l�Z�l�_�e�v�g�h�f �p�_�g�l�j�_ �=�G�M �<�k�_�j�h�k�k�b�c�k�d�h�]�h �g�Z�m�q�g�h-

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h �b �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �b�g�k�l�b�l�m�l�Z �i�l�b�p�_�\�h�^�k�l�\�Z, �=�M �G�B�B �w�i�b�^�_�f�b�h�e�h�]�b�b 

�b �f�b�d�j�h�[�b�h�e�h�]�b�b �b�f. �G.�N.�=�Z�f�Z�e�_�b �J�:�F�G,  �N�=�;�M «�=�_�f�Z�l�h�e�h�]�b�q�_�k�d�b�c �g�Z�m�q�g�u�c �p�_�g�l�j» 

�F�A �J�N, �N�=�M�;�G �B�g�k�l�b�l�m�l �h�[�s�_�c �n�b�a�b�d�b �b�f. �: .�F. �I�j�h�o�h�j�h�\�Z �J�:�G �i�h� ̂ �g�Z�m�q�g�u�f 

�j�m�d�h�\�h�^�k�l�\�h�f �Z�\�l�h�j�Z.  

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

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

�b�g�l�_�j�i�j�_�l�Z�p�b�x �b�o �j�_�a�m�e�v�l�Z�l�h�\, �Z �l�Z�d�`�_ �i�h�^�]�h�l�h�\�d�m �l�_�d�k�l�h�\ �i�m�[�e�b�d�Z�p�b�c. 9 �i�m�[�e�b�d�Z�p�b�c 

�\�u�i�h�e�g�_�g�u �b �i�h�^�]�h�l�h�\�e�_�g�u �[�_�a �k�h�Z�\�l�h�j�h�\. 
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�=�E�:�<�: I. �I�J�B�F�?�G�?�G�B�? �G�B�A�D�H�L�?�F�I�?�J�:�L�M�J�G�H�C �G�?�J�:�<�G�H�<�?�K�G�H�C 

�I�E�:�A�F�U �< �;�B�H�E�H�=�B�B �B �F�?�>�B�P�B�G�?. �:�G�:�E�B�A �I�J�?�>�F�?�L�G�H�C �H�;�E�:�K�L�B  

 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �g�_�j�Z�\�g�h�\�_�k�g�Z�y �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y �i�e�Z�a�f�Z �g�Z�r�e�Z �r�b�j�h�d�h�_ 

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

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

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

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

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

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

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

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

�w�g�_�j�]�b�b �b �q�Z�k�l�v �_�_ �j�Z�k�o�h�^�m�_�l�k�y �g�Z �h�k�m�s�_�k�l�\�e�_�g�b�_ (�b�g�b�p�b�b�j�h�\�Z�g�b�_) �o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ 

[1.1.0]. 

�I�j�b �b�g�b�p�b�b�j�h�\�Z�g�b�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c �\ �f�h�`�g�h �\�u�^�_�e�b�l�v �l�j�b �w�l�Z�i�Z: 

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

�i�e�Z�a�f�u; 

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

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

�^�b�k�k�h�p�b�Z�p�b�b. �I�j�b �w�l�h�f �i�j�h�b�k�o�h�^�b�l �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�g�_�j�]�b�b �\�g�_�r�g�_�]�h 

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

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

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

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

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

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

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

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

�n�m�g�d�p�b�b �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �i�h �w�g�_�j�]�b�y�f (�N�J�W�W) �b �b�o �d�h�g�p�_�g�l�j�Z�p�b�b. �W�l�b 

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

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

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

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

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

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

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

�q�b�k�e�h �d�h�l�h�j�u�o �\�d�e�x�q�_�g�u �b �o�b�f�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b) �\�_�^�_�l �d �b�a�f�_�g�_�g�b�x �h�k�l�Z�e�v�g�u�o 

[1.1.0]. 

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

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

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

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

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

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

1) �K�l�_�j�b�e�b�a�Z�p�b�y �b �^�_�d�h�g�l�Z�f�b�g�Z�p�b�y �f�_�^�b�p�b�g�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�o�b�j�m�j�]�b�q�_�k�d�b�o 

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

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

2) �I�h�\�u�r�_�g�b�_ �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �b�f�i�e�Z�g�l�Z�l�h�\ �b �f�Z�l�_�j�b�Z�e�h�\, �i�j�b�f�_�g�y�_�f�u�o �\ 

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

3) �K�h�a�^�Z�g�b�_ �g�h�\�u�o �d�h�f�i�h�a�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �h�[�e�Z�^�Z�x�s�b�o �g�h�\�u�f�b 

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

�[�b�h�e�h�]�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c. 

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

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

�i�j�b�f�_�g�y�l�v�k�y �i�j�b �h�[�j�Z�[�h�l�d�_ �j�Z�g �b �h�k�l�Z�g�h�\�d�_ �d�j�h�\�h�l�_�q�_�g�b�y �\�h �\�j�_�f�y �o�b�j�m�j�]�b�q�_�k�d�h�]�h 

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

5) �B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �^�e�y �i�h�e�m�q�_�g�b�y �g�Z�g�h�f�Z�l�_�j�b�Z�e�h�\ �b 

�g�Z�g�h�[�b�h�k�_�g�k�h�j�h�\. 

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

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

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

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

�o�b�f�b�q�_�k�d�b�f�b �b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b �w�n�n�_�d�l�Z�f�b. 

 

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

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

�[�b�h�f�Z�d�j�h�f�h�e�_�d�m�e�u �b �`�b�\�u�_ �k�b�k�l�_�f�u 

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

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



 24

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

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

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

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

�b�e�b �f�b�d�j�h�j�Z�a�j�y�^�h�\.  

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

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

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

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

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

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

[1.1.1]. 

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

�d�Z�l�h�^�g�h�_ �i�Z�^�_�g�b�_ �i�h�l�_�g�p�b�Z�e�Z �b�f�_�_�l �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�m�x �\�_�e�b�q�b�g�m (~10 �w�<). �I�j�b�q�b�g�h�c 

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

�j�_�a�m�e�v�l�Z�l�_ �l�_�j�f�h�w�e�_�d�l�j�h�g�g�h�c, �Z�\�l�h�w�e�_�d�l�j�h�g�g�h�c �b�e�b �l�_�j�f�h�Z�\�l�h�w�e�_�d�l�j�h�g�g�h�c �w�f�b�k�k�b�b. 

�>�m�]�h�\�u�f �j�Z�a�j�y�^�Z�f �k�\�h�c�k�l�\�_�g�g�u �[�h�e�v�r�b�_ �l�h�d�b (~1-106 �: ) �b �i�e�h�l�g�h�k�l�b �l�h�d�Z �g�Z �d�Z�l�h�^�_ 

(~102-107 �: /�k�f2) �b �g�b�a�d�b�_ �g�Z�i�j�y�`�_�g�b�y �]�h�j�_�g�b�y �^�m�] (�^�_�k�y�l�d�b �\�h�e�v�l) [1.1.2]. 

 
 

�Z) �[) 

�J�b�k. 1.1.1. �D�h�g�n�b�]�m�j�Z�p�b�y �]�_�g�_�j�Z�p�b�b �h�l�j�b�p�Z�l�_�e�v�g�h�]�h �d�h�j�h�g�g�h�]�h �j�Z�a�j�y�^�Z �i�h�k�l�h�y�g�g�h�]�h �l�h�d�Z: 

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

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

�i�h�l�h�d�_ �Z�j�]�h�g�Z [1.1.1]. 

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

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

�l�d�Z�g�v�x (�k�f. �j�Z�a�^�_�e 1.2.1). �B�k�i�h�e�v�a�h�\�Z�g�b�_ �^�m�]�h�\�h�]�h �j�Z�a�j�y�^�Z �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �f�_�^�b�p�b�g�_ �b 

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

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

�o�b�j�m�j�]�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�c (�k�f. �j�Z�a�^�_�e 1.1.3). 

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

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

�d�j�Z�y, �d�h�g�p�u �b�e�b �l�h�g�d�b�_ �i�j�h�\�h�^�Z), �]�^�_ �g�Z�i�j�y�`�_�g�g�h�k�l�v �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �^�h�k�l�Z�l�h�q�g�h 

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

�i�h�l�_�g�p�b�Z�e�m �b�h�g�b�a�Z�p�b�b �Z�l�h�f�h�\ �b�e�b �f�h�e�_�d�m�e �h�d�j�m�`�Z�x�s�_�]�h �]�Z�a�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �b�h�g�b�a�Z�p�b�y 

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

�w�e�_�d�l�j�h�^�Z. 

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

�w�e�_�d�l�j�h�^, �j�Z�k�i�h�e�h�`�_�g�g�u�c �g�Z�i�j�h�l�b�\ �i�e�h�k�d�h�]�h �w�e�_�d�l�j�h�^�Z (�J�b�k. 1.1.1). �L�Z�d�`�_ �\�h�a�f�h�`�g�Z 

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

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

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

�b�k�i�h�e�v�a�m�x�l �h�l�j�b�p�Z�l�_�e�v�g�u�_ �d�h�j�h�g�g�u�_ �j�Z�a�j�y�^�u �i�h�k�l�h�y�g�g�h�]�h �l�h�d�Z [1.1.1, 1.1.2]. 

 R. Bussiahn �b �k�h�Z�\�l�h�j�u (2010) �j�Z�a�j�Z�[�h�l�Z�e�b �m�k�l�Z�g�h�\�d�m, �]�_�g�_�j�b�j�m�x�s�m�x �k 

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

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

�i�h�^�Z�\�Z�e�h�k�v �g�Z�i�j�y�`�_�g�b�_ 1-14 �d�< �h�l�j�b�p�Z�l�_�e�v�g�h�c �i�h�e�y�j�g�h�k�l�b, �i�j�h�^�m�\�Z�e�k�y �Z�j�]�h�g �k�h 

�k�d�h�j�h�k�l�v�x 0,5 �k�l�Z�g�^�Z�j�l�g�u�o �k�f3×�f�b�g-1. �< �j�_�a�m�e�v�l�Z�l�_ �f�_�`�^�m �d�Z�l�h�^�h�f �b �Z�g�h�^�h�f, �\ �d�Z�q�_�k�l�\�_ 

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

�l�_�f�i�_�j�Z�l�m�j�h�c �]�Z�a�Z ~300 �D. �>�Z�g�g�u�c �j�Z�a�j�y�^ �k�h�a�^�Z�\�Z�e �g�Z�g�h�k�_�d�m�g�^�g�u�_ �b�f�i�m�e�v�k�u �k �q�Z�k�l�h�l�h�c  

~1,8 �d�=�p �b �Z�f�i�e�b�l�m�^�h�c �g�_�k�d�h�e�v�d�h �k�h�l�_�g �f�: . �J�Z�^�b�m�k �b �^�e�b�g�Z �d�h�j�h�g�g�h�]�h �j�Z�a�j�y�^�Z �k�h�k�l�Z�\�e�y�e�b 

30 �f�d�f �b 1,5 �k�f �k�h�h�l�\�_�l�k�l�\�_�g�g�h [1.1.3]. 

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

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

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

�d�h�j�h�g�g�h�]�h �j�Z�a�j�y�^�Z �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �i�h�j�y�^�d�Z 1011 �b�h�g�h�\/�k�f3 [1.1.4]. 

  �L�e�_�x�s�b�c �j�Z�a�j�y�^ – �k�Z�f�h�i�h�^�^�_�j�`�b�\�Z�x�s�b�c�k�y �j�Z�a�j�y�^ �k �o�h�e�h�^�g�u�f �d�Z�l�h�^�h�f, 

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

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

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

�i�j�b�k�m�s�b �h�l�e�b�q�b�l�_�e�v�g�u�_ �h�k�h�[�_�g�g�h�k�l�b: �g�_�[�h�e�v�r�Z�y �k�b�e�Z �l�h�d�Z (10-6-10-1 �:  �\ �l�j�m�[�d�Z�o �k 

�k�_�q�_�g�b�_�f �i�h�j�y�^�d�Z 1 �k�f2), �^�h�\�h�e�v�g�h �\�u�k�h�d�h�_ �g�Z�i�j�y�`�_�g�b�_ (�k�h�l�g�b �b �l�u�k�y�q�b �\�h�e�v�l) 
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�o�Z�j�Z�d�l�_�j�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�l�y�s�b�o�k�y �b �l�_�f�g�u�o 

�h�[�e�Z�k�l�_�c. 

�J�b�k. 1.1.2. �J�Z�k�i�h�e�h�`�_�g�b�_ 

�w�e�_�d�l�j�h�^�h�\ �\ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f 

�[�Z�j�v�_�j�g�h�f �j�Z�a�j�y�^�_: �Z) 

�i�e�Z�g�Z�j�g�h�_ �k �^�b�w�e�_�d�l�j�b�d�h�f �g�Z 

�h�[�h�b�o �w�e�_�d�l�j�h�^�Z�o; �[) �i�e�Z�g�Z�j�g�h�_ 

�k �^�b�_�e�d�l�j�b�d�h�f �g�Z �h�^�g�h�f 

�w�e�_�d�l�j�h�^�_; �\) �i�e�Z�g�Z�j�g�h�_ �k 

�^�b�w�e�_�d�l�j�b�d�h�f �\ �j�Z�a�j�y�^�g�h�f 

�i�j�h�f�_�`�m�l�d�_; �]) �d�h�i�e�Z�g�Z�j�g�h�_ �k 

�w�e�_�d�l�j�h�^�Z�f�b, �i�h�f�_�s�_�g�g�u�f�b �\ 

�k�e�h�c �^�b�w�e�_�d�l�j�b�d�Z; � )̂ 

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

�h�^�b�g �b�a �w�e�_�d�l�j�h�^�h�\ �i�h�f�_�s�_�g �\ 

�^�b�w�e�_�d�l�j�b�d [1.1.1]. 

 

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

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

�f�_�j�_ �g�Z �h�^�g�h�f �w�e�_�d�l�j�h�^�_ �b�e�b �\ �f�_�`�w�e�_�d�l�j�h�^�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_. �D�e�Z�k�k�b�q�_�k�d�h�c 

�d�h�g�n�b�]�m�j�Z�p�b�_�c �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z (DBD) (�J�b�k. 1.1.2.�Z) �y�\�e�y�_�l�k�y 

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

�b�a�h�e�b�j�m�x�s�b�c �f�Z�l�_�j�b�Z�e, �h�]�j�Z�g�b�q�b�\�Z�x�s�b�c �l�h�d �j�Z�a�j�y�^�Z. �< �d�Z�q�_�k�l�\�_ �h�^�g�h�]�h �b�a �w�e�_�d�l�j�h�^�h�\ 

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

�J�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �w�e�_�d�l�j�h�^�Z�f�b �f�h�`�_�l �\�Z�j�v�b�j�h�\�Z�l�v�k�y �h�l �f�b�d�j�h�f�_�l�j�h�\ �^�h �g�_�k�d�h�e�v�d�b�o 

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

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

�q�Z�k�l�h�l�Z �\ �g�_�k�d�h�e�v�d�h �F�=�p �b �w�g�_�j�]�h�\�d�e�Z�^ �i�h�j�y�^�d�Z �g�_�k�d�h�e�v�d�b�o �<�l/�^�f2 �i�e�h�s�Z�^�b �w�e�_�d�l�j�h�^�h�\. 

�I�j�b �\�u�k�h�d�b�o �\�o�h�^�g�u�o �f�h�s�g�h�k�l�y�o �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�Z �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 150 º�K. 

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

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

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

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

�[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z �h�[�Z �w�e�_�d�l�j�h�^�Z �\�f�h�g�l�b�j�h�\�Z�g�u �\ �k�e�h�c �^�b�w�e�_�d�l�j�b�d�Z (�J�b�k. 1.1.2.�]). 
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�H�^�g�h�c �b�a �l�j�m�^�g�h�k�l�_�c, �\�h�a�g�b�d�Z�x�s�b�o �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z, 

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

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

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

�i�h�j�y�^�d�Z �h�^�g�h�c �Z�l�f�h�k�n�_�j�u [1.1.5]. �I�j�b�f�_�j�h�f �l�Z�d�h�]�h �m�k�l�j�h�c�k�l�\�Z �k�e�m�`�b�l �k�h�a�^�Z�g�g�u�c T.C. 

Montie �b �k�h�Z�\�l�h�j�Z�f�b (2000) �j�_�Z�d�l�h�j �^�e�y �]�_�g�_�j�Z�p�b�b �h�^�g�h�j�h�^�g�h�]�h �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z �i�j�b 

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

�j�Z�[�h�q�_�c �d�Z�f�_�j�u �k �j�Z�a�f�_�j�Z�f�b 40�u35�u35 �k�f, �\ �d�h�l�h�j�h�c �g�Z�o�h�^�b�e�b�k�v �w�e�_�d�l�j�h�^�u, �i�h�d�j�u�l�u�_ 

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

�l�h�d �k �q�Z�k�l�h�l�h�c 1-20 �d�=�p. �D�e�Z�k�k�b�q�_�k�d�b�f �\�Z�j�b�Z�g�l�h�f �y�\�e�y�e�h�k�v �m�k�l�j�h�c�k�l�\�h, �\ �d�h�l�h�j�h�f 

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

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

�j�Z�a�j�y�^ [1.1.6]. 

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

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

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

�f�b�d�j�h�i�e�Z�a�f�Z, �b�f�_�x�s�Z�y �h�[�t�_�f �f�_�g�_�_ 1 �f�f 3. �< �^�Z�g�g�h�c �k�b�k�l�_�f�_ �i�e�Z�a�f�_�g�g�u�_ �i�h�l�h�d�b, 

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

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

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

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

�Z�a�h�l �b �]�_�e�b�c-�\�h�a�^�m�o [1.1.7]. 

C. Cheng �k �k�h�Z�\�l�h�j�Z�f�b (2006) �j�Z�a�j�Z�[�h�l�Z�e �]�_�g�_�j�Z�l�h�j �i�e�Z�a�f�u �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y, 

�k�g�Z�[�`�_�g�g�u�c �g�b�a�d�h�q�Z�k�l�h�l�g�u�f (6-20 �d�=�p) �b�k�l�h�q�g�b�d�h�f �i�_�j�_�f�_�g�g�h�]�h �l�h�d�Z. �L�_�f�i�_�j�Z�l�m�j�Z 

�i�e�Z�a�f�u �\ �l�Z�d�h�f �]�_�g�_�j�Z�l�h�j�_ �k�h�k�l�Z�\�e�y�_�l 25-30 �q�K, �q�l�h �y�\�e�y�_�l�k�y �[�h�e�_�_ �i�j�b�_�f�e�_�f�u�f �i�j�b 

�h�[�j�Z�[�h�l�d�_ �h�[�t�_�d�l�h�\, �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �g�Z�]�j�_�\�m [1.1.8]. 

�M�k�l�j�h�c�k�l�\�h �^�e�y �]�_�g�_�j�Z�p�b�b �j�_�a�b�k�l�b�\�g�h�]�h �[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z �h�k�g�h�\�Z�g�h �g�Z 

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

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

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

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

�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z �b �i�j�_�^�h�l�\�j�Z�s�Z�_�l �_�]�h �l�j�Z�g�k�n�h�j�f�Z�p�b�x �\ �^�m�]�m [1.1.9, 1.1.10]. 

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

�\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �b�k�l�h�q�g�b�d�Z �i�h�k�l�h�y�g�g�h�]�h �b�e�b �g�b�a�d�h�q�Z�k�l�h�l�g�h�]�h (60 �=�p) �l�h�d�Z �^�e�y 
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�i�h�^�^�_�j�`�Z�g�b�y �j�Z�a�j�y�^�Z �b �\�h�a�f�h�`�g�h�k�l�v �]�_�g�_�j�b�j�h�\�Z�l�v �[�h�e�v�r�b�_ �h�[�t�_�f�u �o�h�e�h�^�g�h�c �i�e�Z�a�f�u �i�j�b 

�Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b [1.1.9, 1.1.10]. 

�>�e�y �m�^�h�[�k�l�\�Z �h�[�j�Z�[�h�l�d�b �j�Z�a�e�b�q�g�u�o �h�[�t�_�d�l�h�\ (�i�j�h�^�m�d�l�h�\ �i�b�l�Z�g�b�y �b �h�[�h�j�m�^�h�\�Z�g�b�y, 

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

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

�j�Z�a�j�y�^. �G�Z�i�j�b�f�_�j, �F. Polak �b �k�h�Z�\�l�h�j�u (2010) �k�h�a�^�Z�e�b �m�k�l�j�h�c�k�l�\�h, �d�h�l�h�j�h�_ �k�h�a�^�Z�_�l 

�^�b�w�e�_�d�l�j�b�q�_�k�d�b�c �[�Z�j�v�_�j�g�u�c �j�Z�a�j�y�^ �\ �^�e�b�g�g�h�c (5 �f ) �l�h�g�d�h�c (�\�g�m�l�j�_�g�g�b�c �^�b�Z�f�_�l�j 2 �f�f ) 

�]�b�[�d�h�c �l�j�m�[�d�_ [1.1.11] (�J�b�k. 1.1.3). 

  

�Z) �[) 

�J�b�k. 1.1.3. �Z) �k�o�_�f�Z �[�b�i�h�e�y�j�g�h�]�h �k�i�b�j�Z�e�v�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �^�e�y �]�_�g�_�j�Z�p�b�b �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h 

�[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z �\�g�m�l�j�b �^�e�b�g�g�h�c �l�j�m�[�u: 1 – �<�Q-�w�e�_�d�l�j�h�^, 2 – �a�Z�a�_�f�e�_�g�g�u�c �w�e�_�d�l�j�h�^, 3 

– �\�g�_�r�g�y�y �l�j�m�[�d�Z, 4 – �\�g�m�l�j�_�g�g�y�y �l�j�m�[�d�Z, 5 – �]�Z�a�h�\�u�c �j�Z�a�j�y�^, 6 – �<�Q-�]�_�g�_�j�Z�l�h�j; �[) 

�n�h�l�h�]�j�Z�n�b�y �m�k�l�j�h�c�k�l�\�Z �k �i�e�h�k�d�b�f�b �i�j�h�\�h�e�h�q�g�u�f�b �w�e�_�d�l�j�h�^�Z�f�b [1.1.11] 

 

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

�i�e�Z�a�f�m, �y�\�e�y�_�l�k�y �i�e�Z�a�f�_�g�g�Z�y �k�l�j�m�y �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y (APPJ) – �o�h�e�h�^�g�Z�y �i�e�Z�a�f�Z 

�_�f�d�h�k�l�g�h�]�h �<�Q-�j�Z�a�j�y�^�Z �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p �b�e�b 27,12 �F�=�p.  

 �M�k�l�j�h�c�k�l�\�h �^�e�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u [1.1.12, 1.1.13] (�J�b�k. 1.1.4.�]) �k�h�k�l�h�b�l �b�a �^�\�m�o 

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

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

�w�e�_�d�l�j�h�^�Z�f�b �i�j�b�e�Z�]�Z�_�f�h�_ �g�Z�i�j�y�`�_�g�b�_ �\�Z�j�v�b�j�m�_�l�k�y �h�l 100 �< �^�h 1 �d�<, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l 

�i�h�l�j�_�[�e�y�_�f�h�c �f�h�s�g�h�k�l�b �^�h 50 �<�l.  

�F�_�`�^�m �w�e�_�d�l�j�h�^�Z�f�b �k �\�u�k�h�d�h�c �k�d�h�j�h�k�l�v�x (~43 �f /�k) �i�j�h�l�_�d�Z�_�l �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c 

�]�Z�a  [1.1.14]. �K�\�h�[�h�^�g�u�_ �w�e�_�d�l�j�h�g�u �m�k�d�h�j�y�x�l�k�y �i�h�e�_�f �b �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l �k �f�h�e�_�d�m�e�Z�f�b 

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

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

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

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

�h�[�j�Z�[�h�l�d�b �h�i�j�_�^�_�e�y�_�l�k�y �\�u�k�h�d�h�c �k�d�h�j�h�k�l�v�x �i�h�l�h�d�Z �]�Z�a�Z �b �g�b�a�d�b�f �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_�f �b 
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�h�[�u�q�g�h �k�h�k�l�Z�\�e�y�_�l ~350 �D, �h�^�g�Z�d�h �\ �g�_�d�h�l�h�j�u�o �m�k�l�j�h�c�k�l�\�Z�o �l�Z�d�h�]�h �j�h�^�Z �h�g�Z �f�h�`�_�l �[�u�l�v �b 

�k�m�s�_�k�l�\�_�g�g�h �\�u�r�_  [1.1.12]. 

�J�b�k. 1.1.4. �D�h�g�k�l�j�m�d�p�b�b �m�k�l�j�h�c�k�l�\, �]�_�g�_�j�b�j�m�x�s�b�o �i�e�Z�a�f�_�g�g�m�x �k�l�j�m�x: �Z) �k �d�h�e�v�p�_�\�u�f 

�a�Z�a�_�f�e�_�g�g�u�f �w�e�_�d�l�j�h�^�h�f; �[) �[�_�a �d�h�e�v�p�_�\�h�]�h �a�Z�a�_�f�e�_�g�g�h�]�h �w�e�_�d�l�j�h�^�Z; �\) �d�h�f�[�b�g�Z�p�b�y �^�\�m�o 

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

�\�g�_�r�g�_�c – �]�Z�a-�i�j�_�d�m�j�k�h�j; �]) �k �^�\�m�f�y �d�h�Z�d�k�b�Z�e�v�g�u�f�b �w�e�_�d�l�j�h�^�Z�f�b �b �k�e�h�_�f �^�b�w�e�_�d�l�j�b�d�Z 

�f�_�`�^�m �g�b�f�b; � )̂ �k �\�g�m�l�j�_�g�g�b�f �<�Q-�m�i�j�Z�\�e�y�_�f�u�f �b�]�h�e�v�q�Z�l�u�f �w�e�_�d�l�j�h�^�h�f �b �d�h�e�v�p�_�\�u�f 

�a�Z�a�_�f�e�_�g�g�u�f �w�e�_�d�l�j�h�^�h�f; �_) �k �\�g�m�l�j�_�g�g�b�f �<�Q-�m�i�j�Z�\�e�y�_�f�u�f �b�]�h�e�v�q�Z�l�u�f �w�e�_�d�l�j�h�^�h�f �b �[�_�a 

�d�h�e�v�p�_�\�h�]�h �a�Z�a�_�f�e�_�g�g�h�]�h �w�e�_�d�l�j�h�^�Z [1.1.1]. 

 

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

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

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

�^�h�[�Z�\�e�y�x�l �g�_�[�h�e�v�r�b�_ �d�h�e�b�q�_�k�l�\�Z (�h�d�h�e�h 3%) �^�j�m�]�b�o �]�Z�a�h�\, �g�Z�i�j�b�f�_�j, �d�b�k�e�h�j�h�^�Z. �>�e�y 

�w�n�n�_�d�l�b�\�g�h�c �k�l�_�j�b�e�b�a�Z�p�b�b �g�Z�b�[�h�e�_�_ �\�Z�`�g�h �h�[�j�Z�a�h�\�Z�g�b�_ �f�_�l�Z�k�l�Z�[�b�e�v�g�u�o �q�Z�k�l�b�p 

(�g�Z�i�j�b�f�_�j, �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �H2(
1�' g)), �\�j�_�f�y �k�m�s�_�k�l�\�h�\�Z�g�b�y �d�h�l�h�j�u�o �^�h�k�l�b�]�Z�_�l �a10-

100 �f�k (�\ �l�h �\�j�_�f�y �d�Z�d �b�h�g�u �b �w�e�_�d�l�j�h�g�u �[�u�k�l�j�h �j�_�d�h�f�[�b�g�b�j�m�x�l). �L�Z�d�b�f �h�[�j�Z�a�h�f, 

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

�g�_�k�d�h�e�v�d�b�o �k�Z�g�l�b�f�_�l�j�h�\ �h�l �\�u�o�h�^�g�h�]�h �h�l�\�_�j�k�l�b�y [1.1.12]. 

J.P. Lim �b �k�h�Z�\�l�h�j�u (2007) �j�Z�a�j�Z�[�h�l�Z�e�b �m�k�l�j�h�c�k�l�\�h �^�e�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�_�g�g�h�c 

�k�l�j�m�b �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y �k �d�h�Z�d�k�b�Z�e�v�g�h�c �d�h�g�n�b�]�m�j�Z�p�b�_�c �w�e�_�d�l�j�h�^�h�\. �<�g�m�l�j�_�g�g�b�c 

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

�\�_�j�o�g�_�c �q�Z�k�l�b. �>�e�b�g�Z �w�e�_�d�l�j�h�^�h�\ �k�h�k�l�Z�\�e�y�e�Z 12 �k�f, �Z �^�b�Z�f�_�l�j �\�Z�j�v�b�j�h�\�Z�e�k�y �h�l 1,2 �k�f (�[�_�a 

�^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�d�j�u�l�b�y) �^�h 1,41 �k�f (�k�h �k�e�h�_�f �^�b�w�e�_�d�l�j�b�d�Z). �M�k�l�j�h�c�k�l�\�h �m�i�j�Z�\�e�y�e�h�k�v 

�<�Q-�]�_�g�_�j�Z�l�h�j�h�f �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p �b �\�o�h�^�y�s�_�c �f�h�s�g�h�k�l�v�x 130 �<�l. �< �d�Z�q�_�k�l�\�_ 
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�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �]�Z�a�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �]�_�e�b�c �b�e�b �Z�j�]�h�g �k 0,25% �i�j�b�f�_�k�v�x �d�b�k�e�h�j�h�^�Z, 

�d�h�l�h�j�u�_ �i�j�h�^�m�\�Z�e�b�k�v �k�h �k�d�h�j�h�k�l�v�x 10 �k�l�Z�g�^�Z�j�l�g�u�o �k�f3×�f�b�g-1 [1.1.15]. 

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

�j�Z�g�_�\�h�c �i�h�\�_�j�o�g�h�k�l�b �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z G. Daeschlein �b �k�h�Z�\�l�h�j�Z�f�b (2010) [1.1.16]. �< 

�^�Z�g�g�h�f �m�k�l�j�h�c�k�l�\�_ �w�e�_�d�l�j�h�^ �[�m�e�Z�\�h�q�g�h�]�h �l�b�i�Z �k �^�b�Z�f�_�l�j�h�f 1 �f�f  �i�h�f�_�s�Z�e�k�y �\ �d�\�Z�j�p�_�\�m�x 

�l�j�m�[�d�m �k �\�g�m�l�j�_�g�g�b�f �^�b�Z�f�_�l�j�h�f 1,6 �f�f . �I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�f �]�Z�a�h�f �y�\�e�y�e�k�y �Z�j�]�h�g, 

�d�h�l�h�j�u�c �i�j�h�^�m�\�Z�e�k�y �q�_�j�_�a �m�k�l�j�h�c�k�l�\�h �k�h �k�d�h�j�h�k�l�v�x �^�h 8 �e/�f�b�g. �Q�Z�k�l�h�l�Z �b �g�Z�i�j�y�`�_�g�b�_ 

�b�k�i�h�e�v�a�m�_�f�h�]�h �<�Q-�]�_�g�_�j�Z�l�h�j�Z �k�h�k�l�Z�\�e�y�e�b 1,5 �F�=�p �b 1-5 �d�<, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �< 

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

�^�e�b�g�m �^�h 12 �f�f  �b �l�_�f�i�_�j�Z�l�m�j�m �\ �p�_�g�l�j�_ �j�Z�a�j�y�^�Z �h�d�h�e�h 50 º�K. �< �^�j�m�]�h�c �j�Z�[�h�l�_ �^�Z�g�g�h�_ 

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

�d�Z�l�_�l�_�j�h�\ [1.1.1]: �d�h�g�_�p �d�\�Z�j�p�_�\�h�c �l�j�m�[�d�b �b�f�_�e �L-�h�[�j�Z�a�g�m�x �n�h�j�f�m, �q�l�h �^�Z�\�Z�e�h 

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

�\ �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y: �q�Z�k�l�h�l�Z 27,12 �F�=�p, �f�h�s�g�h�k�l�v 20 �<�l, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – 

�Z�j�]�h�g �k 0,25% �i�j�b�f�_�k�v�x �\�h�a�^�m�o�Z, �i�j�h�^�m�\�Z�_�f�u�c �k�h �k�d�h�j�h�k�l�v�x 20 �k�l�Z�g�^�Z�j�l�g�u�o �k�f3×�f�b�g-1. 

�< �L�j�h�b�p�d�h�f �b�g�k�l�b�l�m�l�_ �b�g�g�h�\�Z�p�b�h�g�g�u�o �b �l�_�j�f�h�y�^�_�j�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c (�=�G�P �J�N 

�L�J�B�G�B�L�B) �j�Z�a�j�Z�[�h�l�Z�g�Z �m�k�l�Z�g�h�\�d�Z �i�e�Z�a�f�_�g�g�Z�y �k�l�j�m�y, �i�h�a�\�h�e�y�x�s�Z�y �i�j�h�\�h�^�b�l�v �h�[�j�Z�[�h�l�d�m 

�f�Z�l�_�j�b�Z�e�h�\ �\ �o�h�e�h�^�g�h�c (�k �l�_�f�i�_�j�Z�l�m�j�h�c �[�e�b�a�d�h�c �d �d�h�f�g�Z�l�g�h�c) �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ �\ 

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

�i�h�l�h�d�Z �\�h�a�^�m�o�Z �k�h �k�d�h�j�h�k�l�v�x 30-70 �f /�k �q�_�j�_�a �a�h�g�m �k�l�Z�p�b�h�g�Z�j�g�h�]�h �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z, 

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

�f�_�`�w�e�_�d�l�j�h�^�g�u�o �i�j�h�f�_�`�m�l�d�Z�o. �G�Z �w�e�_�d�l�j�h�^�u �i�h�^�Z�\�Z�e�h�k�v �g�Z�i�j�y�`�_�g�b�_ 15-35 �d�<, �Z 

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

�k�d�h�j�h�k�l�v �\�u�\�_�^�_�g�b�y �i�e�Z�a�f�u �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z �b�a �]�Z�a�h�j�Z�a�j�y�^�g�h�c �d�Z�f�_�j�u [1.1.17]. 

 �M�k�l�j�h�c�k�l�\�h, �i�h�e�m�q�b�\�r�_�_ �g�Z�a�\�Z�g�b�_ �i�e�Z�a�f�_�g�g�Z�y �b�]�e�Z, �[�u�e�h �j�Z�a�j�Z�[�h�l�Z�g�h E. Stoffels �b 

�k�h�Z�\�l�h�j�Z�f�b [1.1.18]. �I�e�Z�a�f�_�g�g�Z�y �b�]�e�Z �k�h�k�l�h�b�l �b�a �a�Z�h�k�l�j�_�g�g�h�]�h �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �k�l�_�j�`�g�y 

(�^�b�Z�f�_�l�j 0,3 �f�f ), �g�Z�o�h�^�y�s�_�]�h�k�y �\ �i�e�Z�k�l�b�d�h�\�h�c �l�j�m�[�d�_. �G�Z �d�h�g�_�p �k�l�_�j�`�g�y �i�h�^�Z�x�l 

�g�Z�i�j�y�`�_�g�b�_ �k �q�Z�k�l�h�l�h�c 13,05 �F�=�p [1.1.19, 1.1.20]. �>�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �\�h�a�g�b�d�g�h�\�_�g�b�y 

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

�i�e�Z�k�l�b�d�h�\�m�x �l�j�m�[�d�m �i�j�h�o�h�^�b�l �i�h�l�h�d �]�_�e�b�y �k�h �k�d�h�j�h�k�l�v�x 2 �e/�f�b�g. �< �j�y�^�_ �j�Z�[�h�l �\ �d�Z�q�_�k�l�\�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �Z�j�]�h�g [1.1.1]. �K�d�h�j�h�k�l�v �]�Z�a�h�\�h�]�h �i�h�l�h�d�Z 

�j�_�]�m�e�b�j�m�_�l�k�y �d�h�g�l�j�h�e�_�j�h�f (�J�b�k. 1.1.4.�_). 

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

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

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

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

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

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

�j�Z�k�i�h�e�Z�]�Z�_�l�k�y �\�h�d�j�m�] �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �l�j�m�[�d�b. 

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

�i�j�h�^�m�p�b�j�m�_�l �d�h�j�h�l�d�h �`�b�\�m�s�b�_ (�\�j�_�f�y �`�b�a�g�b <0,5 �f�k) �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u (OH�x, 

O�x �b HOO�x, O3, H2O2, NO, NOx, N2
+, ONOO-, N2 �b �f�_�l�Z�k�l�Z�[�b�e�v�g�u�c He), �d�h�l�h�j�u�_ 

�^�h�k�l�Z�\�e�y�x�l�k�y �d �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b �i�h�l�h�d�h�f �]�Z�a�Z [1.1.21], �Z �l�Z�d�`�_ �M�N-�b�a�e�m�q�_�g�b�_ 

�k �^�e�b�g�h�c �\�h�e�g�u 300-400 �g�f [1.1.19]. �I�e�h�l�g�h�k�l�v �j�Z�^�b�d�Z�e�h�\ �\ �i�e�Z�a�f�_ �k�h�k�l�Z�\�e�y�_�l 1019 �f -3 

[1.1.20]. 

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

�j�Z�[�h�l�Z�o [1.1.21, 1.1.22, 1.1.23, 1.1.24].  �H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �g�Z�i�j�Z�\�e�_�g�b�c 

�b�k�i�h�e�v�a�h�\�Z�g�b�y �i�e�Z�a�f�_�g�g�h�c �b�]�e�u �y�\�e�y�_�l�k�y �h�[�j�Z�[�h�l�d�Z �a�m�[�h�\, �i�h�j�Z�`�_�g�g�u�o �d�Z�j�b�_�k�h�f [1.1.21, 

1.1.24]. 

�< �h�l�e�b�q�b�_ �h�l �[�Z�j�v�_�j�g�u�o �j�Z�a�j�y�^�h�\ �i�e�Z�a�f�Z �K�<�Q-�j�Z�a�j�y�^�h�\ �y�\�e�y�_�l�k�y �[�_�a�w�e�_�d�l�j�h�^�g�h�c. 

�=�_�g�_�j�Z�p�b�y �l�Z�d�h�c �i�e�Z�a�f�u �[�Z�a�b�j�m�_�l�k�y �g�Z �i�h�]�e�h�s�_�g�b�b �K�<�Q �w�e�_�d�l�j�h�g�Z�f�b, �d�h�l�h�j�u�_ �\ 

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

�i�j�b �g�_�m�i�j�m�]�b�o �k�l�h�e�d�g�h�\�_�g�b�y�o. �L�_�f�i�_�j�Z�l�m�j�Z �w�e�_�d�l�j�h�g�h�\ �\ �p�_�g�l�j�_ �k�n�h�j�f�b�j�h�\�Z�\�r�_�]�h�k�y 

�j�Z�a�j�y�^�Z �^�h�k�l�b�]�Z�_�l 2×104 �D,  �b �i�e�h�l�g�h�k�l�v �w�e�_�d�l�j�h�g�h�\ - 3×1021 �f -3 [1.1.25].  

�K�<�Q-�b�a�e�m�q�_�g�b�_ �]�_�g�_�j�b�j�m�_�l�k�y �f�Z�]�g�_�l�j�h�g�h�f �b �g�Z�i�j�Z�\�e�y�_�l�k�y �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m 

�i�h �\�h�e�g�h�\�h�^�Z�f �b�e�b �d�h�Z�d�k�b�Z�e�v�g�u�f �d�Z�[�_�e�y�f. �L�b�i�b�q�g�Z�y �q�Z�k�l�h�l�Z �K�<�Q-�]�_�g�_�j�Z�l�h�j�h�\ �k�h�k�l�Z�\�e�y�_�l 

2,45 �=�=�p, �Z �i�h�l�j�_�[�e�y�_�f�Z�y �f�h�s�g�h�k�l�v �g�Z�o�h�^�b�l�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l �g�_�k�d�h�e�v�d�b�o �\�Z�l�l �^�h 

�d�b�e�h�\�Z�l�l. �<�h�e�g�h�\�h�^ �k�h�_�^�b�g�_�g �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �k �j�_�a�h�g�Z�l�h�j�h�f �b�e�b �k�i�_�p�b�Z�e�v�g�h�c �g�Z�k�Z�^�d�h�c. 

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

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

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

�d�h�f�g�Z�l�g�h�c �^�h �g�_�k�d�h�e�v�d�b�o �l�u�k�y�q �D [1.1.14]. �I�j�b �k�g�b�`�_�g�b�b �f�h�s�g�h�k�l�b �^�h 85 �<�l �b �f�_�g�_�_ �]�Z�a 

�b�f�_�_�l �d�h�f�g�Z�l�g�m�x �l�_�f�i�_�j�Z�l�m�j�m (300 �D) �b �l�Z�d�h�_ �m�k�l�j�h�c�k�l�\�h �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�h �^�e�y 

�h�[�j�Z�[�h�l�d�b �[�b�h�h�[�t�_�d�l�h�\. 

 �G�Z �j�b�k. 1.1.5. �i�j�_�^�k�l�Z�\�e�_�g�u �m�k�l�j�h�c�k�l�\�Z �^�e�y �]�_�g�_�j�Z�p�b�b �K�<�Q-�j�Z�a�j�y�^�h�\.  

�I�e�Z�a�f�_�g�g�u�c �n�Z�d�_�e (�j�b�k. 1.1.5�Z), �q�Z�k�l�h �i�j�b�f�_�g�y�x�s�b�c�k�y �^�e�y �^�_�d�h�g�l�Z�f�b�g�Z�p�b�b, 

�h�i�b�k�Z�g �\ �j�Z�[�h�l�Z�o [1.1.26-1.1.28]. �L. Sato et. al. (2005) �b�k�i�h�e�v�a�h�\�Z�e�b �i�h�^�h�[�g�m�x 

�d�h�g�k�l�j�m�d�p�b�x, �\ �d�h�l�h�j�h�c �K�<�Q-�j�Z�a�j�y�^ �b�g�^�m�p�b�j�h�\�Z�e�b �]�_�g�_�j�Z�l�h�j�h�f �k �q�Z�k�l�h�l�h�c 2,45 �=�=�p �b 

�f�h�s�g�h�k�l�v�x 400 �<�l. �< �d�Z�q�_�k�l�\�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �i�j�b�f�_�g�y�e�b �Z�j�]�h�g, �i�j�h�^�m�\�Z�_�f�u�c �k 
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�j�Z�a�e�b�q�g�u�f�b �k�d�h�j�h�k�l�y�f�b �q�_�j�_�a �d�\�Z�j�p�_�\�m�x �l�j�m�[�d�m, �d�h�l�h�j�Z�y �b�f�_�e�Z �\�g�m�l�j�_�g�g�b�c �^�b�Z�f�_�l�j 10 

�f�f  �b �^�e�b�g�m 150 �f�f . �<�Z�j�v�b�j�m�y �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �\�u�o�h�^�g�u�f �h�l�\�_�j�k�l�b�_�f �j�Z�a�j�y�^�Z (30-200 

�f�f ), �\�h�a�f�h�`�g�h �[�u�e�h �d�h�g�l�j�h�e�b�j�h�\�Z�l�v �l�_�f�i�_�j�Z�l�m�j�m �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b (323-383 

�D) [1.1.28]. 

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

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

�h�[�^�m�\�Z�\�r�b�o�k�y �Z�j�]�h�g�h�f. �M�k�l�j�h�c�k�l�\�h �m�i�j�Z�\�e�y�e�h�k�v �K�<�Q-�]�_�g�_�j�Z�l�h�j�h�f �k �q�Z�k�l�h�l�h�c 2,45 �=�=�p �b 

�f�h�s�g�h�k�l�v�x 85 �<�l. �I�h�e�m�q�_�g�g�u�c �i�e�Z�a�f�_�g�g�u�c �n�Z�d�_�e �h�o�e�Z�`�^�Z�e�k�y �^�h �l�_�f�i�_�j�Z�l�m�j�u 320 �D. 

�I�h�d�Z�a�Z�g�h, �q�l�h �n�Z�d�_�e �y�\�e�y�e�k�y �f�h�s�g�u�f �b�k�l�h�q�g�b�d�h�f �M�N �b�a�e�m�q�_�g�b�y �\ �<-�^�b�Z�i�Z�a�h�g�_ (�^�h�a�Z �M�N 

�h�[�e�m�q�_�g�b�y �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�t�_�d�l�Z �k�h�k�l�Z�\�b�e�Z �\ �^�Z�g�g�h�f �b�k�k�e�_�^�h�\�Z�g�b�b 80 �<�l/�k�f2), 

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

�[�Z�d�l�_�j�b�c �b �b�g�n�b�p�b�j�h�\�Z�g�g�u�o �j�Z�g [1.1.29].  �>�Z�g�g�h�_ �m�k�l�j�h�c�k�l�\�h �j�_�Z�e�b�a�h�\�Z�g�h �\ 

�d�h�f�f�_�j�q�_�k�d�h�c �m�k�l�Z�g�h�\�d�_ MicroPlaSter, �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �\ �B�g�k�l�b�l�m�l�_ �\�g�_�a�_�f�g�h�c �n�b�a�b�d�b 

�b�f�_�g�b �F�Z�d�k�Z �I�e�Z�g�d�Z (�=�Z�j�o�b�g�], �=�_�j�f�Z�g�b�y) [1.1.30-1.1.33], �d�h�l�h�j�Z�y �i�j�h�b�a�\�h�^�b�l�k�y 

�d�h�f�i�Z�g�b�_�c ADTEC Plasma Technology Co. Ltd. (�Y�i�h�g�b�y). �< �J�h�k�k�b�b �g�Z �^�Z�g�g�h�c �m�k�l�Z�g�h�\�d�_ 

�w�d�k�i�_�j�b�f�_�g�l�u �[�u�e�b �i�j�h�\�_�^�_�g�u �\ �H�B�<�L �J�:�G �i�h� ̂ �j�m�d�h�\�h�^�k�l�\�h�f �H.�N. �I�_�l�j�h�\�Z [1.1.34-

1.1.37]. 

�Z) 

 

�[) 

 

�\) 

 

�J�b�k. 1.1.5. �D�h�g�k�l�j�m�d�p�b�b �m�k�l�j�h�c�k�l�\, 

�]�_�g�_�j�b�j�m�x�s�b�o �i�e�Z�a�f�m �K�<�Q-�j�Z�a�j�y�^�Z: 

�Z) �k �j�Z�a�e�b�q�g�u�f�b �l�b�i�Z�f�b �j�_�a�h�g�Z�l�h�j�h�\ 

(�g�Z�i�j�b�f�_�j, �d�h�e�v�p�_�\�u�f); �[) �k�\�h�[�h�^�g�h 

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

�K�<�Q-�j�Z�a�j�y�^�Z �k�h �k�i�_�p�b�Z�e�v�g�h�c 

�g�Z�g�k�Z�^�d�h�c; �\) �K�<�Q-�j�Z�a�j�y�^, 

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

[1.1.1]. 

 

�< �^�j�m�]�h�c �d�h�g�k�l�j�m�d�p�b�b (�j�b�k. 1.1.5�[) �K�<�Q-�b�a�e�m�q�_�g�b�_ (2,45 �=�=�p, 700 �<�l) �i�_�j�_�^�Z�_�l�k�y 

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

�K�<�Q-�i�h�e�_ �g�_�^�h�k�l�Z�l�h�q�g�h �f�h�s�g�h�_ �^�e�y �]�_�g�_�j�Z�p�b�b �j�Z�a�j�y�^�Z, �^�e�y �b�g�^�m�d�p�b�b �i�b�d�Z 
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�b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�^�Z�_�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �g�Z�i�j�y�`�_�g�b�_. T. Shimizu et. al. (2008) �g�Z �h�k�g�h�\�_ 

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

�i�h�f�_�s�_�g�g�u�o �\ �Z�e�x�f�b�g�b�_�\�u�c �p�b�e�b�g�^�j [1.1.30]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �]�_�g�_�j�Z�p�b�y �i�e�Z�a�f�u 

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

�l�h�d�k�b�q�_�k�d�b�c �w�n�n�_�d�l NO �b �^�j�m�]�b�o �Z�d�l�b�\�g�u�o �n�h�j�f �Z�a�h�l�Z, �\ �m�k�l�j�h�c�k�l�\�_ �b�k�i�h�e�v�a�h�\�Z�e�b �Z�j�]�h�g. 

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

�j�Z�k�k�l�h�y�g�b�y �h�l �h�[�t�_�d�l�Z �^�h �n�Z�d�_�e�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �j�Z�k�k�l�h�y�g�b�b, �j�Z�\�g�h�f 17 �f�f , 

�l�_�f�i�_�j�Z�l�m�j�Z �k�h�k�l�Z�\�e�y�e�Z 300 �D, �Z �\ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c �[�e�b�a�h�k�l�b �h�l �n�Z�d�_�e�Z – 500 �D [1.1.30]. 

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

�f�_�^�b�p�b�g�k�d�b�o �d�h�g�l�_�c�g�_�j�h�\ �b �[�m�l�u�e�_�c. �B�k�i�h�e�v�a�m�_�f�u�c �]�_�g�_�j�Z�l�h�j �b�f�_�e �q�Z�k�l�h�l�m 2,45 �=�=�p �b 

�i�h�l�j�_�[�e�y�_�f�m�x �f�h�s�g�h�k�l�v 1,2 �d�<�l, �q�l�h �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h �l�_�f�i�_�j�Z�l�m�j�_ �]�Z�a�Z 4000 �D (�i�j�b 

�k�d�h�j�h�k�l�b �i�h�l�h�d�Z �\�h�a�^�m�o�Z 13 �k�l�Z�g�^�Z�j�l�g�u�o �k�f3×�f�b�g-1). �G�Z �j�Z�k�k�l�h�y�g�b�b 25 �k�f �h�l �\�u�o�h�^�g�h�]�h 

�h�l�\�_�j�k�l�b�y �l�_�f�i�_�j�Z�l�m�j�Z �k�h�k�l�Z�\�e�y�e�Z 150 º�K [1.1.38]. 

�I�e�Z�a�f�_�g�g�u�c �d�Z�j�Z�g�^�Z�r �j�Z�a�j�Z�[�h�l�Z�g M. Laroussi �b �k�h�Z�\�l�h�j�Z�f�b (2006). �< �l�j�m�[�d�m, 

�b�a�]�h�l�h�\�e�_�g�g�m�x �b�a �^�b�w�e�_�d�l�j�b�d�Z �^�b�Z�f�_�l�j�h�f 2,5 �k�f �b �^�e�b�g�h�c 12 �k�f, �g�Z �j�Z�k�k�l�h�y�g�b�b 0,5-1 �k�f 

�^�j�m�] �h�l �^�j�m�]�Z �[�u�e�b �i�h�f�_�s�_�g�u �f�_�^�g�u�_ �w�e�_�d�l�j�h�^�u. �=�_�g�_�j�Z�p�b�x �i�e�Z�a�f�u �j�Z�a�j�y�^�Z �i�j�b�\�h�^�b�e�b �\ 

�k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: �g�Z�i�j�y�`�_�g�b�_ 5 �d�<, �b�f�i�m�e�v�k�g�u�c �j�_�`�b�f �k �q�Z�k�l�h�l�h�c 1-10 �d�=�p, �h�[�s�_�_ 

�w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_ �i�j�b �w�l�h�f �k�h�k�l�Z�\�b�e�h 15 �<�l. �< �d�Z�q�_�k�l�\�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �[�u�e 

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

�^�b�Z�i�Z�a�h�g�_ 1-10 �e/�f�b�g [1.1.39].  

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

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

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

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

«�i�h�k�e�_�k�\�_�q�_�g�b�y» �i�h�d�Z�a�Z�g�h �\ �k�e�m�q�Z�_ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z  [1.1.40], 

�j�Z�^�b�h�q�Z�k�l�h�l�g�h�]�h �i�e�Z�a�f�_�g�g�h�]�h �n�Z�d�_�e�Z [1.1.41], �i�e�Z�a�f�_�g�g�h�c �b�]�e�u �b �\ �h�k�g�h�\�g�h�f �k�\�y�a�Z�g�h �k 

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

�d�Z�d �H, NO2, OH [1.1.42]. 

  

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

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

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

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

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

�i�j�_�\�u�r�Z�_�l 50 �q�K), �h�l�k�m�l�k�l�\�b�_ �h�[�j�Z�a�h�\�Z�g�b�y �i�h�[�h�q�g�u�o �o�b�f�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c, �h�i�Z�k�g�u�o 

�^�e�y �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u �b �a�^�h�j�h�\�v�y �q�_�e�h�\�_�d�Z [1.1.7, 1.1.42] �b �m�d�h�j�h�q�_�g�b�_ �\�j�_�f�_�g�b 

�h�[�j�Z�[�h�l�d�b [1.1.43]. �Q�j�_�a�\�u�q�Z�c�g�h �\�Z�`�g�u�f �y�\�e�y�_�l�k�y �b �l�h, �q�l�h �i�h�k�e�_ �i�e�Z�a�f�_�g�g�h�c 

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

�k�\�h�c�k�l�\ �b �i�h�^�^�_�j�`�b�\�Z�_�l �[�u�k�l�j�m�x �i�j�h�e�b�n�_�j�Z�p�b�x �b �^�b�n�n�_�j�_�g�p�b�j�h�\�d�m �d�e�_�l�h�d [1.1.44]. 

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

�a�Z�]�j�y�a�g�_�g�b�c �\ 1857 �]. W. Siemens �b �k�h�Z�\�l�h�j�Z�f�b [1.1.45]. �I�h�a�`�_ �w�n�n�_�d�l�b�\�g�h�k�l�v �d�h�j�h�g�g�h�]�h 

�j�Z�a�j�y�^�Z �[�u�e�Z �i�h�^�l�\�_�j�`�^�_�g�Z �d�Z�d �\ �k�e�m�q�Z�_ �\�h�^�g�u�o �k�m�k�i�_�g�a�b�c �[�Z�d�l�_�j�b�c [1.1.46], �l�Z�d �b �i�j�b 

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

�k�i�h�j�Z�f�b [1.1.9, 1.1.47]. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �^�e�y �i�h�e�g�h�c �w�e�b�f�b�g�Z�p�b�b �\ �d�h�j�h�g�g�h�f �j�Z�a�j�y�^�_ 

�j�Z�a�e�b�q�g�u�o �]�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�o �b �]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�o �[�Z�d�l�_�j�b�c �g�_�h�[�o�h�^�b�f�h  �h�l 5 �^�h15 

�f�b�g �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �f�h�s�g�h�k�l�b �j�Z�a�j�y�^�Z [1.1.46-1.1.48]. �I�j�b �w�l�h�f �w�n�n�_�d�l�b�\�g�h�k�l�v 

�i�e�Z�a�f�_�g�g�h�c �k�l�_�j�b�e�b�a�Z�p�b�b �k�h�k�l�Z�\�b�e�Z 99,9% [1.1.48]. 

�D�h�j�h�g�g�u�c �j�Z�a�j�y�^ �m�k�i�_�r�g�h �i�j�b�f�_�g�y�e�b �^�e�y �j�Z�a�j�m�r�_�g�b�y �[�b�h�l�h�d�k�b�g�h�\, �l�Z�d�b�o �d�Z�d �L-2 

�f�b�d�h�l�h�d�k�b�g [1.1.48] �b �^�_�]�j�Z�^�Z�p�b�b �l�h�d�k�b�q�_�k�d�b�o �n�h�k�n�Z�l�g�u�o �k�h�_�^�b�g�_�g�b�c [1.1.49, 1.1.50]. 

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

�w�n�n�_�d�l�b�\�g�m�x �k�l�_�j�b�e�b�a�Z�p�b�x �d�j�m�i�g�u�o �i�j�_�^�f�_�l�h�\. �L�Z�d, �j�Z�a�j�Z�[�h�l�Z�g�h «�i�e�Z�a�f�_�g�g�h�_ �h�^�_�y�e�h» - 

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

�h�[�_�j�g�m�l�h �\�h�d�j�m�] �k�l�_�j�b�e�b�a�m�_�f�h�]�h �h�[�t�_�d�l�Z [1.1.51]. 

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

�k�l�_�j�b�e�b�a�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�_�c �[�u�e�h �k�^�_�e�Z�g�h �_�s�_ �\ 60-�o �]�h�^�Z�o [1.1.6]. �K �g�Z�q�Z�e�Z 90-�o �]�h�^�h�\ XX 

�\�_�d�Z �\ �K�R�: �r�b�j�h�d�h �i�j�b�f�_�g�y�x�l�k�y �d�h�f�f�_�j�q�_�k�d�b�_ �k�b�k�l�_�f�u �k�l�_�j�b�e�b�a�Z�p�b�b �g�Z �h�k�g�h�\�_ 

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

�i�j�h�f�u�r�e�_�g�g�h�k�l�b �b �e�_�d�Z�j�k�l�\�_�g�g�u�o �i�j�h�^�m�d�l�h�\ (Food and Drug Association) �K�R�: �b 

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

�d�h�f�[�b�g�Z�p�b�x �i�Z�j�h�\ �w�l�b�o �k�h�_�^�b�g�_�g�b�c [1.1.52, 1.1.53]. �K�e�_�^�m�x�s�b�f �r�Z�]�h�f �\ �j�Z�a�\�b�l�b�b 

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

�Z�j�]�h�g, �]�_�e�b�c, �Z�a�h�l, �d�b�k�e�h�j�h�^, �\�h�a�^�m�o, �i�Z�j�u �\�h�^�u �b �b�o �k�f�_�k�b  [1.1.9, 1.1.43, 1.1.54, 1.1.55].  

�<�u�k�h�d�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �i�e�Z�a�f�u �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z �k �q�Z�k�l�h�l�h�c �h�l 2,45 �=�=�p �^�h 17 

�d�=�p �^�e�y �b�g�Z�d�l�b�\�Z�p�b�b �j�Z�a�e�b�q�g�u�o �[�Z�d�l�_�j�b�c �b �]�j�b�[�d�h�\ �i�h�d�Z�a�Z�g�Z �\�h �f�g�h�]�b�o �j�Z�[�h�l�Z�o [1.1.54-

1.1.61] �b �a�Z�\�b�k�b�l �d�Z�d �h�l �i�Z�j�Z�f�_�l�j�h�\ �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u (�d�h�g�n�b�]�m�j�Z�p�b�b �j�_�Z�d�p�b�h�g�g�h�]�h 

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

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

�d�h�l�h�j�h�c �g�Z�o�h�^�y�l�k�y �[�Z�d�l�_�j�b�b [1.1.6, 1.1.9, 1.1.54, 1.1.61]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b �\�u�[�h�j�_ 

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

�i�h�e�g�h�c �]�b�[�_�e�b �[�Z�d�l�_�j�b�c (�\�i�e�h�l�v �^�h 99,99%) �a�Z �d�h�j�h�l�d�b�_ �i�j�h�f�_�`�m�l�d�b �\�j�_�f�_�g�b [1.1.6].  

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

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

�\�h�^�u [1.1.55], �q�l�h �k�\�y�a�Z�g�h �k �^�_�c�k�l�\�b�_�f �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �d�b�k�e�h�j�h�^�Z: �h�a�h�g�Z, 

�Z�l�h�f�Z�j�g�h�]�h �d�b�k�e�h�j�h�^�Z, �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z, �k�m�i�_�j�h�d�k�b�^ �Z�g�b�h�g �j�Z�^�b�d�Z�e�Z (�H2
�x-), 

�i�_�j�h�d�k�b�^�h�\ �b �]�b�^�j�h�d�b�k�e�v�g�u�o �j�Z�^�b�d�Z�e�h�\ [1.1.42, 1.1.62, 1.1.63].  

�W�n�n�_�d�l�b�\�g�h�k�l�v �b �k�d�h�j�h�k�l�v �b�g�Z�d�l�b�\�Z�p�b�b �[�Z�d�l�_�j�b�c �a�Z�\�b�k�_�e�Z �l�Z�d�`�_ �h�l �f�Z�l�_�j�b�Z�e�Z, �g�Z 

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

Escherichia coli K12 �\�u�y�\�b�e�h, �q�l�h �g�Z�b�[�h�e�_�_ �[�u�k�l�j�h �b�g�Z�d�l�b�\�Z�p�b�y �i�j�h�b�k�o�h�^�b�e�Z �g�Z 

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

�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ �i�j�b �k�g�b�`�_�g�b�b �j�G �b �l�_�f�i�_�j�Z�l�m�j�u �k�j�_�^�u [1.1.64]. 

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

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

�w�l�b�o �[�Z�d�l�_�j�b�c [1.1.61]. 

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

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

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

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

�[�Z�d�l�_�j�b�c Rhizobium gallicum �b Chromobacterium violaceum, �n�h�j�f�b�j�h�\�Z�\�r�b�_�k�y �\ �l�_�q�_�g�b�_ 4-

�o �b 7-�f�b �^�g�_�c, �\�u�a�u�\�Z�y �]�b�[�_�e�v 100% �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ [1.1.65, 1.1.66]. �H�k�h�[�_�g�g�h �\�Z�`�g�h, 

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

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

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

�k�l�j�m�d�l�m�j�u �b �h�[�j�Z�a�h�\�Z�g�b�y �l�h�d�k�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\ [1.1.66]. 

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

�m�k�l�j�h�c�k�l�\�_, �j�Z�a�j�Z�[�h�l�Z�g�g�h�f T.C. Montie �b �k�h�Z�\�l�h�j�Z�f�b (2000), �]�_�g�_�j�b�j�h�\�Z�e �Z�d�l�b�\�g�u�_ 

�q�Z�k�l�b�p�u �d�b�k�e�h�j�h�^�Z �b �b�g�Z�d�l�b�\�b�j�h�\�Z�e �d�Z�d �]�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�_ (Staphylococcus aureus, 

Bacullus subtilis, Deinococcus radiodurans), �l�Z�d �b �]�j�Z�f�h�l�j�b�p�Z�l�_�e�v�g�u�_ �f�b�d�j�h�h�j�]�Z�g�b�a�f�u 

(Escherichia coli, Pseudomonas aeroginosa), �w�g�^�h�k�i�h�j�u Bacillus pumilus �b Bacillus subtilis, 

�d�e�_�l�d�b �^�j�h�`�`�_�c �b �\�b�j�m�k�u [1.1.6, 1.1.67-1.1.69]. 
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�K�h�a�^�Z�g�g�u�c T.C. Montie �b �k�h�Z�\�l�h�j�Z�f�b (2000) �j�_�Z�d�l�h�j �b�k�i�h�e�v�a�m�_�l�k�y �\ �d�h�f�f�_�j�q�_�k�d�b�o 

�k�b�k�l�_�f�Z�o �n�b�e�v�l�j�Z�p�b�b �\�h�a�^�m�o�Z (�k�b�k�l�_�f�Z «Volfilter») �^�e�y �_�]�h �k�l�_�j�b�e�b�a�Z�p�b�b �b 

�^�_�d�h�g�l�Z�f�b�g�Z�p�b�b [1.1.6, 1.1.70, 1.1.71]. �M�k�l�Z�g�h�\�d�Z �l�Z�d�`�_ �i�j�b�f�_�g�y�e�Z�k�v �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b 

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

[1.1.71, 1.1.72].  

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

�j�Z�a�e�b�q�g�u�o �[�Z�d�l�_�j�b�c �b �b�o �k�i�h�j, �^�j�h�`�`�_�c, �`�]�m�l�b�d�h�\�u�o �b �^�j�m�]�b�o �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ [1.1.9, 

1.1.70, 1.1.66, 1.1.73].  

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

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

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

�^�h�a�Z�o, �g�_ �\�e�b�y�x�s�b�o �g�Z �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �b �f�_�l�Z�[�h�e�b�a�f �f�Z�d�j�h�n�Z�]�h�\ �q�_�e�h�\�_�d�Z [1.1.74]. 

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

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

�l�d�Z�g�b �h�j�]�Z�g�b�a�f�Z. 

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

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

�f�_�f�[�j�Z�g, �i�j�h�b�k�o�h�^�b�e�Z �m�`�_ �q�_�j�_�a 10 �f�b�g �h�[�j�Z�[�h�l�d�b [1.1.75, 1.1.76]. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h 

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

�n�_�j�f�_�g�l�h�\ �b �i�h�^�Z�\�e�_�g�b�y �j�_�Z�d�p�b�c �f�_�l�Z�[�h�e�b�a�f�Z [1.1.9, 1.1.57, 1.1.76].  

M. Thiyagarajan �b �k�h�Z�\�l�h�j�u (2005) �j�Z�a�j�Z�[�h�l�Z�e�b �i�e�Z�a�f�_�g�g�u�c �j�_�Z�d�l�h�j, 

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

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

�i�_�j�_�f�_�g�g�u�c �l�h�d �g�b�a�d�h�c �q�Z�k�l�h�l�u (60 �=�p), �e�b�[�h �i�h�k�l�h�y�g�g�u�c �l�h�d (30 �d�<, 10 �f�: ).  �G�Z �i�j�b�f�_�j�_ 

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

�^�_�d�h�g�l�Z�f�b�g�Z�p�b�b �[�_�a �i�h�\�j�_�`�^�_�g�b�y �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �i�j�_�^�f�_�l�Z [1.1.77]. 

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

�^�e�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u (�l�Z�d�b�_ �d�Z�d �i�e�Z�a�f�_�g�g�Z�y �k�l�j�m�y, �i�e�Z�a�f�_�g�g�u�c �n�Z�d�_�e, �i�e�Z�a�f�_�g�g�Z�y �b�]�e�Z), 

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

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

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

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

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

100% �]�b�[�_�e�v �[�Z�d�l�_�j�b�c �f�h�g�h�k�e�h�c�g�h�c �[�b�h�i�e�_�g�d�b Chromobacterium violaceum, 

�n�h�j�f�b�j�h�\�Z�\�r�_�c�k�y �\ �l�_�q�_�g�b�_ 4-�o �k�m�l�h�d, �^�h�k�l�b�]�Z�e�Z�k�v �^�_�k�y�l�b�f�b�g�m�l�g�h�c �h�[�j�Z�[�h�l�d�h�c [1.1.78]. 
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�I�e�Z�a�f�_�g�g�Z�y �k�l�j�m�y, �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y �\ �=�G�P �J�N �L�J�B�G�B�L�B, �w�n�n�_�d�l�b�\�g�h �b�g�Z�d�l�b�\�b�j�h�\�Z�e�Z 

�r�l�Z�f�f�u �[�Z�d�l�_�j�b�c, �m�k�l�h�c�q�b�\�u�o �d �Z�g�l�b�[�b�h�l�b�d�Z�f [1.1.79]. 

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

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

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

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

�i�j�h�b�k�o�h�`�^�_�g�b�y �b �i�h�\�j�_�`�^�_�g�b�b �f�y�]�d�b�o �l�d�Z�g�_�c �b �k�e�b�a�b�k�l�u�o �h�[�h�e�h�q�_�d [1.1.80-1.1.82]. Y.C. 

Hong �b �k�h�Z�\�l�h�j�Z�f�b (2006) �[�u�e�h �k�h�a�^�Z�g�h �m�k�l�j�h�c�k�l�\�h, �]�_�g�_�j�b�j�m�x�s�_�_ �k�l�j�m�x �f�b�d�j�h�i�e�Z�a�f�u, 

�b�f�_�x�s�m�x �^�e�b�g�m �h�d�h�e�h 6,5 �k�f �b �l�_�f�i�_�j�Z�l�m�j�m �h�d�h�e�h 300 �D, �q�l�h �i�h�a�\�h�e�b�e�h �h�[�j�Z�[�Z�l�u�\�Z�l�v 

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

�]�Z�a�h�\ �Z�\�l�h�j�u �b�k�i�h�e�v�a�h�\�Z�e�b �Z�a�h�l �b�e�b �]�_�e�b�c [1.1.83, 1.1.84].  

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

[1.1.12, 1.1.85]. �I�e�Z�a�f�_�g�g�u�c �n�Z�d�_�e �f�h�`�_�l �i�j�h�g�b�d�Z�l�v �\ �\�h�^�g�m�x �k�j�_�^�m �b �b�g�Z�d�l�b�\�b�j�h�\�Z�l�v 

�g�Z�o�h�^�y�s�b�_�k�y �\ �g�_�c �[�Z�d�l�_�j�b�b �b �b�o �k�i�h�j�u [1.1.27, 1.1.86]. �H�i�b�k�Z�g�h �m�k�i�_�r�g�h�_ �i�j�b�f�_�g�_�g�b�_ 

�k�b�k�l�_�f�u �f�b�d�j�h�\�h�e�g�h�\�u�o �i�e�Z�a�f�_�g�g�u�o �n�Z�d�_�e�h�\ �^�e�y �h�[�_�a�a�Z�j�Z�`�b�\�Z�g�b�y �\�h�^�u [1.1.27, 1.1.87]. 

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

�k�h�Z�\�l�h�j�Z�f�b (2006). �>�Z�g�g�h�_ �m�k�l�j�h�c�k�l�\�h �k�h�k�l�h�b�l �b�a �d�h�Z�d�k�b�Z�e�v�g�h�]�h �d�Z�l�h�^�Z �b �Z�g�h�^�Z, 

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

�i�h�^�Z�_�l�k�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a (�\�h�a�^�m�o �b�e�b �d�k�_�g�h�g �i�j�b �^�Z�\�e�_�g�b�b 0,2-0,5 �Z�l�f.). 

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

�Z�l�f�h�k�n�_�j�g�h�_. �H�[�j�Z�a�m�x�s�b�c�k�y �j�Z�a�j�y�^ �b�f�_�_�l �n�h�j�f�m �k�n�_�j�u �k �^�b�Z�f�_�l�j�h�f �|4 �f�f , �q�l�h �^�_�e�Z�_�l 

�_�]�h �m�^�h�[�g�u�f �^�e�y �l�h�q�_�q�g�h�c �i�j�b�p�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�b �i�h�j�Z�`�_�g�g�u�o �m�q�Z�k�l�d�h�\ �l�d�Z�g�b [1.1.80-

1.1.82]. 

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

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

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

�l�_�o�g�h�e�h�]�b�c. H. Nojima �b �k�h�Z�\�l�h�j�u (2007) �j�Z�a�j�Z�[�h�l�Z�e�b �m�k�l�Z�g�h�\�d�m, �h�[�j�Z�a�m�x�s�m�x �i�e�Z�a�f�m 

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

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

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

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

�w�e�_�d�l�j�h�^ �d�_�j�Z�f�b�q�_�k�d�h�c �i�e�Z�k�l�b�g�u �g�Z�i�j�y�`�_�g�b�y (3 �d�<, 230 �=�p) �i�j�h�b�k�o�h�^�b�e�h �h�[�j�Z�a�h�\�Z�g�b�_ �G+, 

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

�a�Z�j�y�`�_�g�g�u�_ �q�Z�k�l�b�p�u �G+(�G2�H)m. �A�Z�l�_�f �G+(�G2�H)m �j�_�d�h�f�[�b�g�b�j�h�\�Z�e�b �k �w�e�_�d�l�j�h�g�Z�f�b, 

�w�f�b�l�b�j�m�_�f�u�f�b �w�e�_�d�l�j�h�^�h�f �\ �n�h�j�f�_ �b�]�e�u. �I�h�e�h�`�b�l�_�e�v�g�u�_ �b�h�g�u �G+(�G2�H)m 
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�g�_�c�l�j�Z�e�b�a�m�x�l�k�y, �b �h�[�j�Z�a�m�_�l�k�y �Z�l�h�f�Z�j�g�u�c �\�h�^�h�j�h�^, �h�d�j�m�`�_�g�g�u�c �f�h�e�_�d�m�e�Z�f�b �\�h�^�u 

�G(�G2�H)m. �K �i�h�f�h�s�v�x �^�Z�g�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �i�h�f�_�s�_�g�b�y, �\ �\�h�a�^�m�o�_ 

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

�i�h�d�Z�a�Z�g�h, �q�l�h 80% �b�g�Z�d�l�b�\�Z�p�b�y �\�b�j�m�k�Z �]�j�b�i�i�Z �:  �\ �d�h�f�g�Z�l�_ �h�[�t�_�f�h�f 130 �f3 �i�j�h�b�k�o�h�^�b�e�Z 

�a�Z �q�_�j�_�a 30 �f�b�g �h�[�j�Z�[�h�l�d�b. �M�k�l�Z�g�h�\�d�Z �l�Z�d�`�_ �i�j�b�f�_�g�y�e�Z�k�v �^�e�y �b�g�Z�d�l�b�\�Z�p�b�b �m�k�l�h�c�q�b�\�h�]�h �d 

�Z�g�l�b�[�b�h�l�b�d�Z�f Staphylococcus aureus �r�l�Z�f�f�Z �:�L�K�K 33591, �y�\�e�y�x�s�_�]�h�k�y �]�e�Z�\�g�h�c 

�i�j�b�q�b�g�h�c �\�g�m�l�j�b�[�h�e�v�g�b�q�g�u�o �b�g�n�_�d�p�b�c. �H�[�j�Z�[�h�l�d�Z �i�h�f�_�s�_�g�b�y �\ �l�_�q�_�g�b�_ 60 �f�b�g 

�i�j�b�\�h�^�b�e�Z �d �b�g�Z�d�l�b�\�Z�p�b�b 99% �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\. �L�Z�d�`�_ �[�u�e�Z �^�h�k�l�b�]�g�m�l�Z �a�g�Z�q�b�l�_�e�v�g�Z�y 

�k�l�_�i�_�g�v �b�g�Z�d�l�b�\�Z�p�b�b (�\�i�e�h�l�v �^�h 99,6-99,9%) �]�j�b�[�d�h�\ Aspergillus niger �b Penicillun cintrium 

[1.1.88]. 

�K�o�_�f�u �h�[�j�Z�[�h�l�d�b �[�b�h�h�[�t�_�d�l�h�\ �\ �g�_�d�h�l�h�j�u�o �j�Z�a�j�y�^�Z�o �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 1.1.6 [1.1.89, 

1.1.90]. 

 

�J�b�k. 1.1.6. �K�o�_�f�u 

�h�[�j�Z�[�h�l�d�b �[�b�h�h�[�t�_�d�l�h�\ �\ 

�g�_�d�h�l�h�j�u�o �j�Z�a�j�y�^�Z�o 

[1.1.89, 1.1.90]. 

 

 

1.1.2. �L�d�Z�g�_�\�h�c �b�g�`�b�g�b�j�b�g�] 

 �L�d�Z�g�_�\�h�c �b�g�`�b�g�b�j�b�g�] (�j�_�]�_�g�_�j�Z�l�b�\�g�Z�y �f�_�^�b�p�b�g�Z) - �h�^�g�h �b�a �g�Z�b�[�h�e�_�_ �g�h�\�u�o �b 

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

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

�l�_�o�g�h�e�h�]�b�c, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l �d�m�e�v�l�b�\�b�j�h�\�Z�l�v �\ �m�k�e�h�\�b�y�o in vitro �d�e�_�l�d�b �b �l�d�Z�g�b 

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

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

�h�[�_�k�i�_�q�b�\�Z�x�s�b�o �[�u�k�l�j�m�x �b �w�n�n�_�d�l�b�\�g�m�x �i�j�h�e�b�n�_�j�Z�p�b�x �b �^�b�n�n�_�j�_�g�p�b�j�h�\�d�m �d�e�_�l�h�d (�k�f. 
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�j�Z�a�^�_�e 1.1.2.), �g�h �b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �^�e�y �\�u�i�h�e�g�_�g�b�y �d�m�e�v�l�m�j�Z�e�v�g�u�o �j�Z�[�h�l. �>�e�y �a�Z�^�Z�q 

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

�G�Z�b�[�h�e�_�_ �q�Z�k�l�h �^�e�y �w�l�b�o �p�_�e�_�c �i�j�b�f�_�g�y�x�l «�i�e�Z�a�f�_�g�g�m�x �b�]�e�m» �\�k�e�_�^�k�l�\�b�_ �_�_ �k�i�h�k�h�[�g�h�k�l�b 

�h�d�Z�a�u�\�Z�l�v �l�h�q�_�q�g�h�_ �i�j�b�p�_�e�v�g�h�_ �\�h�a�^�_�c�k�l�\�b�_ (�m�^�Z�_�l�k�y �h�]�j�Z�g�b�q�b�l�v �a�h�g�m �h�[�j�Z�[�h�l�d�b �^�h 0,1 

�f�f  �\ �^�b�Z�f�_�l�j�_).  

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

�g�Z�o�h�^�y�s�b�o�k�y �\ �n�h�k�n�Z�l�g�h�f �[�m�n�_�j�_, �b �d�e�_�l�h�d �y�b�q�g�b�d�Z �d�b�l�Z�c�k�d�h�]�h �o�h�f�y�q�d�Z �K�G�H-�D1 �[�u�e�h 

�i�h�d�Z�a�Z�g�h, �q�l�h �i�e�Z�a�f�_�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �\ �\�u�k�h�d�b�o �^�h�a�Z�o (�f�h�s�g�h�k�l�v �[�h�e�_�_ 0,2 �<�l �b 

�^�e�b�l�_�e�v�g�h�k�l�v �h�[�j�Z�[�h�l�d�b 10 �k) �\�u�a�u�\�Z�e�Z �g�_�d�j�h�a �d�e�_�l�h�d [1.1.91]. �:�\�l�h�j�Z�f�b �[�u�e �k�^�_�e�Z�g 

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

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

�d�e�_�l�h�d. 

�I�j�b �h�[�j�Z�[�h�l�d�_ �d�e�_�l�h�q�g�u�o �d�m�e�v�l�m�j �\ �[�h�e�_�_ �g�b�a�d�b�o �^�h�a�Z�o (�f�h�s�g�h�k�l�v 50 �f�<�l �b 

�^�e�b�l�_�e�v�g�h�k�l�v �h�[�j�Z�[�h�l�d�b 1 �k)  �y�\�e�_�g�b�c �g�_�d�j�h�a�Z �g�_ �g�Z�[�e�x�^�Z�e�h�k�v. �<�h�a�^�_�c�k�l�\�b�_ �i�e�Z�a�f�u 

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

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

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

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

�b�f�f�m�g�g�u�o �j�_�Z�d�p�b�c [1.1.92, 1.1.93]. 

 S. Yonson �b �k�h�Z�\�l�h�j�u (2006) �h�[�j�Z�[�Z�l�u�\�Z�e�b �d�m�e�v�l�m�j�m �d�e�_�l�h�d �q�_�e�h�\�_�q�_�k�d�b�o 

�]�_�i�Z�l�h�p�b�l�h�\ HepG2 �k �i�h�f�h�s�v�x �i�e�Z�a�f�_�g�g�h�]�h �n�Z�d�_�e�Z, �]�_�g�_�j�b�j�m�x�s�_�]�h �l�e�_�x�s�b�c �j�Z�a�j�y�^ �\ 

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

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

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

�\ �^�j�m�]�m�x �d�m�e�v�l�m�j�Z�e�v�g�m�x �y�q�_�c�d�m [1.1.94, 1.1.95]. 

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

�q�Z�k�l�b�p �d�b�k�e�h�j�h�^�Z �b �Z�a�h�l�Z (�Z�l�h�f�Z�j�g�u�c �d�b�k�e�h�j�h�^, �b�h�g�u O2
-, OH, NO, H2O2), �]�_�g�_�j�b�j�m�_�f�u�o �\ 

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

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

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

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

�d�e�_�l�d�_, �Z �l�Z�d�`�_ �^�e�y �]�_�g�g�h�c �l�_�j�Z�i�b�b [1.1.95, 1.1.96]. 

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

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

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

�h�[�j�Z�[�h�l�d�_ �d�e�_�l�h�d �j�Z�d�Z �i�_�q�_�g�b �b �d�e�_�l�h�d �f�_�e�Z�g�h�f�u. �I�j�b �w�l�h�f �i�e�Z�a�f�Z �\�u�a�u�\�Z�e�Z �Z�i�h�i�l�h�a 

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

�g�h�j�f�Z�e�v�g�u�o �d�e�_�l�h�d �h�j�]�Z�g�b�a�f�Z [1.1.97, 1.1.98]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k �i�h�f�h�s�v�x �i�e�Z�a�f�_�g�g�h�]�h 

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

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

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

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

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

[1.1.99]. 

 

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

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

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

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

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

�<�k�_�f �w�l�b�f �m�k�e�h�\�b�y�f �k�h�h�l�\�_�l�k�l�\�m�x�l �j�Z�a�e�b�q�g�u�_ �m�k�l�j�h�c�k�l�\�Z, �]�_�g�_�j�b�j�m�x�s�b�_ �i�e�Z�a�f�m. 

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

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

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

�i�e�Z�a�f�h�l�j�h�g�Z�f�b, �b�k�i�h�e�v�a�m�x�l�k�y �\ �f�_�^�b�p�b�g�k�d�h�c �i�j�Z�d�l�b�d�_ �k �d�h�g�p�Z 80-�o �]�h�^�h�\ [1.1.100-

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

(«�N�Z�d�_�e-01», �K�M�I�J-�F, �K�M�I�J-2�F �b �^�j.), �i�h�e�m�q�b�\�r�b�_ �g�Z�a�\�Z�g�b�_ «�i�e�Z�a�f�_�g�g�u�c �k�d�Z�e�v�i�_�e�v». 

�K�b�e�Z �l�h�d�Z �^�m�]�b �\ «�N�Z�d�_�e-01» �k�h�k�l�Z�\�e�y�_�l 25 �: , �^�j�m�]�b�_ �Z�g�Z�e�h�]�b�q�g�u�_ �m�k�l�j�h�c�k�l�\�Z �h�i�_�j�b�j�m�x�l 

�k�b�e�h�c �l�h�d�Z �\ �^�b�Z�i�Z�a�h�g�_ 4-12 �:  �b �g�Z�i�j�y�`�_�g�b�_�f 16-18 �<. �B�a�\�_�k�l�g�h �m�k�l�j�h�c�k�l�\�h �^�e�y 

�i�e�Z�a�f�_�g�g�h-�^�m�]�h�\�h�c �j�_�a�d�b �[�b�h�l�d�Z�g�_�c, �d�h�l�h�j�h�_ �i�h�a�\�h�e�y�_�l �i�j�b�f�_�g�y�l�v �k�b�e�m �l�h�d�Z �^�m�]�b 30 �b 60 

�:  �\ �]�_�e�b�_�\�h�c �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�_ [1.1.103].  

�I�e�Z�a�f�_�g�g�h-�^�m�]�h�\�Z�y �m�k�l�Z�g�h�\�d�Z «�K�d�Z�e�v�i�_�e�v �i�e�Z�a�f�_�g�g�u�c �K�I-�P�I�L» (�A�:�H 

«�I�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b», �K�f�h�e�_�g�k�d) �m�k�i�_�r�g�h �i�j�b�f�_�g�y�_�l�k�y �\ �d�e�b�g�b�d�_ �n�Z�d�m�e�v�l�_�l�k�d�h�c 

�o�b�j�m�j�]�b�b �‹ 2 �I�_�j�\�h�]�h �F�=�F�M �b�f. �B.�F. �K�_�q�_�g�h�\�Z �g�Z �[�Z�a�_ �=�D�; �‹ 61 �]. �F�h�k�d�\�u [1.1.104]. 

�>�b�Z�f�_�l�j  �\�u�o�h�^�g�h�]�h �h�l�\�_�j�k�l�b�y �d�Z�g�Z�e�Z �i�e�Z�a�f�Z�l�j�h�g�Z �k�h�k�l�Z�\�e�y�_�l 1,5 �f�f , �l�_�f�i�_�j�Z�l�m�j�Z 

�]�Z�a�h�\�h�c �k�l�j�m�b �i�h �h�k�b �i�h�l�h�d�Z �g�Z �k�j�_�a�_ �k�h�i�e�Z �i�e�Z�a�f�Z�l�j�h�g�Z �^�h�k�l�b�]�Z�_�l 15000 º�K, �\ �j�Z�[�h�q�_�c 

�h�[�e�Z�k�l�b – 3000 º�K.  

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

�o�b�j�m�j�]�b�q�_�k�d�b�o �\�f�_�r�Z�l�_�e�v�k�l�\�Z�o, �b�k�k�_�q�_�g�b�b �]�g�h�c�g�h-�g�_�d�j�h�l�b�q�_�k�d�b�o �l�d�Z�g�_�c, �m�j�h�e�h�]�b�q�_�k�d�b�o 
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�h�i�_�j�Z�p�b�y�o [1.1.105-1.1.107]. �I�h�f�b�f�h �[�u�k�l�j�h�]�h �j�Z�k�k�_�q�_�g�b�y �f�y�]�d�b�o �l�d�Z�g�_�c �i�e�Z�a�f�_�g�g�u�c 

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

�h�k�m�s�_�k�l�\�e�y�l�v �]�_�f�h�k�l�Z�a �j�Z�g�u (�^�b�Z�l�_�j�f�h�d�h�Z�]�m�e�y�p�b�y) �b �_�_ �k�l�_�j�b�e�b�a�Z�p�b�x. 

�H�^�g�Z�d�h �l�Z�d�b�_ �i�e�Z�a�f�_�g�g�u�_ �]�_�g�_�j�Z�l�h�j�u �i�h�a�\�h�e�y�x�l �h�k�m�s�_�k�l�\�e�y�l�v �l�h�e�v�d�h «�`�_�k�l�d�h�_» 

�\�h�a�^�_�c�k�l�\�b�_, �j�Z�a�j�m�r�Z�x�s�_�_ �`�b�\�u�_ �l�d�Z�g�b (�]�e�m�[�b�g�Z �i�h�j�Z�`�_�g�b�y �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 7 �f�f ), �q�l�h 

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

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

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

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

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

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

(�f�h�s�g�h�k�l�b �j�Z�a�j�y�^�Z �b �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b), �g�h �b �h�l �n�h�j�f�u �g�Z�i�j�y�`�_�g�b�y, �i�j�b�e�h�`�_�g�g�h�]�h �d 

�j�Z�a�j�y�^�m.  

 �< 1995 �]. �d�h�f�i�Z�g�b�_�c ArthroCare (�K�R�:) �[�u�e �k�h�a�^�Z�g �i�_�j�\�u�c �Z�i�i�Z�j�Z�l �^�e�y �o�h�e�h�^�g�h-

�i�e�Z�a�f�_�g�g�h�c �o�b�j�m�j�]�b�b (�d�h�[�e�Z�p�b�b, �h�l cold ablation – �o�h�e�h�^�g�h�_ �j�Z�a�j�m�r�_�g�b�_), �d�h�l�h�j�u�c 

�k�h�a�^�Z�\�Z�e �l�h�g�d�m�x �i�e�Z�a�f�_�g�g�m�x �k�l�j�m�x �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�t�_�d�l�Z 40-70 º�K.   

�D�h�f�i�Z�g�b�_�c PEAK Surgical Inc. �[�u�e �k�h�a�^�Z�g �b�f�i�m�e�v�k�g�u�c �w�e�_�d�l�j�h�g�g�u�c �k�d�Z�e�v�i�_�e�v, 

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

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

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

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

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

[1.1.108, 1.1.109]. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z �\ �b�f�i�m�e�v�k�g�h�f �j�_�`�b�f�_ �f�h�`�_�l 

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

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

�i�h�\�j�_�`�^�_�g�b�_ �`�b�\�h�c �l�d�Z�g�b �i�j�b �i�j�y�f�h�f �d�h�g�l�Z�d�l�_ �k �i�e�Z�a�f�h�c [1.1.97]. 

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

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

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

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

�w�e�_�d�l�j�h�^ [1.1.110].  

 �I�h�k�l�h�y�g�g�h �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �g�h�\�u�_ �d�h�g�k�l�j�m�d�p�b�b �m�k�l�j�h�c�k�l�\, �]�_�g�_�j�b�j�m�x�s�b�o 

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

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

�o�b�j�m�j�]�b�b [1.1.110]. �G�Z�b�[�h�e�_�_ �q�Z�k�l�h �i�j�b�f�_�g�y�x�l�k�y �m�k�l�j�h�c�k�l�\�Z �k �Z) �g�_�k�d�h�e�v�d�b�f�b 
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�w�e�_�d�l�j�h�^�Z�f�b, �[) �h�^�g�b�f �i�e�h�k�d�b�f �w�e�_�d�l�j�h�^�h�f, �\) �w�e�_�d�l�j�h�^�h�f, �b�f�_�x�s�b�f �n�h�j�f�m �a�h�g�^�Z, �]) 

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

�i�j�b �i�j�h�\�_�^�_�g�b�b �Z�j�l�j�h�k�d�h�i�b�q�_�k�d�b�o �b �h�l�h�e�Z�j�b�g�]�h�e�h�]�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�c. �>�e�y �b�k�k�_�q�_�g�b�y 

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

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

�m�k�l�j�h�c�k�l�\�Z �k �w�e�_�d�l�j�h�^�Z�f�b �\ �n�h�j�f�_ �a�h�g�^�Z.  

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

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

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

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

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

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

�w�g�^�h�l�_�e�b�y D. Borg �b �k�h�Z�\�l�h�j�Z�f�b �g�Z �h�k�g�h�\�_ �i�e�Z�a�f�_�g�g�h�c �b�]�e�u �[�u�e �j�Z�a�j�Z�[�h�l�Z�g �i�e�Z�a�f�_�g�g�u�c 

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

�h�[�r�b�j�g�h�c �o�b�j�m�j�]�b�q�_�k�d�h�c �h�i�_�j�Z�p�b�b [1.1.111]. 

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

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

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

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

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

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

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

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

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

�i�e�Z�\�Z�x�s�b�f �i�h�l�_�g�p�b�Z�e�h�f» (FE-DBD). �F�_�l�h�^ �h�k�g�h�\�Z�g �g�Z �l�h�f, �q�l�h �[�b�h�e�h�]�b�q�_�k�d�Z�y �l�d�Z�g�v 

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

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

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

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

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

�i�h�^�\�_�j�]�Z�_�l�k�y �\�h�a�^�_�c�k�l�\�b�x �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p, �j�Z�^�b�d�Z�e�h�\ �b �M�N-�b�a�e�m�q�_�g�b�y [1.1.97].  

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

�d�h�Z�]�m�e�y�p�b�y in vitro: �h�[�j�Z�[�h�l�d�Z �d�Z�i�e�b �d�j�h�\�b �\ �l�_�q�_�g�b�_ 15 �k �i�j�b�\�h�^�b�e�Z �d �h�[�j�Z�a�h�\�Z�g�b�x 

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

15 �f�b�g [1.1.97, 1.1.112].  
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  �<�Z�`�g�u�f �Z�k�i�_�d�l�h�f �\ �f�_�^�b�p�b�g�_ �y�\�e�y�_�l�k�y �k�l�b�f�m�e�b�j�h�\�Z�g�b�_ �i�j�h�p�_�k�k�h�\ �a�Z�`�b�\�e�_�g�b�y �j�Z�g 

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

�j�Z�[�h�l�Z�o �i�h�d�Z�a�Z�g�h, �q�l�h �h�d�k�b�^ �Z�a�h�l�Z (II) (NO) �m�e�m�q�r�Z�_�l �f�b�d�j�h�p�b�j�d�m�e�y�p�b�x, �f�h�^�m�e�b�j�m�_�l 

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

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

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

�d�e�_�l�h�d �b �l�d�Z�g�_�c. 

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

�l�b�i�h�\, �l�Z�d�b�o �d�Z�d �f�b�d�j�h�\�h�e�g�h�\�u�_, �d�h�j�h�g�g�u�_, �[�Z�j�v�_�j�g�u�_, �^�m�]�h�\�u�_ [1.1.113, 1.1.114]. �>�e�y 

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

�i�j�Z�d�l�b�d�_ �g�Z�b�[�h�e�_�_ �q�Z�k�l�h �i�j�b�f�_�g�y�x�l�k�y �f�h�^�b�n�b�d�Z�p�b�b «�i�e�Z�a�f�_�g�g�h�]�h �k�d�Z�e�v�i�_�e�y», �d�h�l�h�j�u�_ 

�f�h�]�m�l �h�o�e�Z�`�^�Z�l�v �h�[�j�Z�a�h�\�Z�g�g�u�c NO-�k�h�^�_�j�`�Z�s�b�c �]�Z�a �^�h �l�_�f�i�_�j�Z�l�m�j�u 20-40 �q�K. �I�j�b�f�_�j�h�f 

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

�d�h�f�f�_�j�q�_�k�d�b�c �i�e�Z�a�f�h�l�j�h�g «�=�_�f�h�i�e�Z�a» [1.1.115-1.1.117]. 

Food and Drug Association �[�u�e�h �j�_�d�h�f�_�g�^�h�\�Z�g�h �d �i�j�Z�d�l�b�q�_�k�d�h�f�m �b�k�i�h�e�v�a�h�\�Z�g�b�x 

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

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

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

�\�u�a�u�\�Z�e�Z �m�i�e�h�l�g�_�g�b�_ �b �m�e�m�q�r�_�g�b�_ �l�_�d�k�l�m�j�u �d�h�`�b [1.1.118]. 

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

�g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �Z�j�]�h�g�h�\�h�c �i�e�Z�a�f�u, �\�h�a�[�m�`�^�Z�_�f�h�c �K�<�Q-�]�_�g�_�j�Z�l�h�j�h�f �g�Z �m�k�l�Z�g�h�\�d�_ 

MicroPlaSter (ADTEC Plasma Technology Co. Ltd., �Y�i�h�g�b�y). �I�j�b �i�j�h�\�_�^�_�g�b�b �j�y�^�Z 

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

5-�f�b�g�m�l�g�h�_ �h�[�e�m�q�_�g�b�_ �j�_�]�_�g�_�j�b�j�m�x�s�b�o �i�e�Z�g�Z�j�b�c �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �Z�j�]�h�g�h�\�h�c 

�i�e�Z�a�f�h�c �i�j�b�\�h�^�b�l �d �k�l�b�f�m�e�y�p�b�b �j�h�k�l�Z �]�h�e�h�\�g�h�c �[�e�Z�k�l�_�f�u [1.1.36, 1.1.37]. 

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

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

�]�_�g�_�j�b�j�m�_�l�k�y �e�b�r�v �g�_�k�d�h�e�v�d�h �i�j�h�p�_�g�l�h�\ NO, �Z �h�k�l�Z�e�v�g�m�x �q�Z�k�l�v �k�h�k�l�Z�\�e�y�x�l �i�j�h�^�m�d�l�u �k 

�f�h�e�_�d�m�e�y�j�g�h�c �n�h�j�f�m�e�h�c NOx (NO2, N2O5 �b �l.� .̂). �F�Z�d�k�b�f�Z�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �h�d�k�b�^�Z �Z�a�h�l�Z 

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

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

�l�h�d�k�b�q�_�k�d�b�_ �i�j�h�^�m�d�l�u �b �i�h�e�m�q�Z�l�v NO, �i�j�Z�d�l�b�q�_�k�d�b �g�_ �k�h�^�_�j�`�Z�s�b�c �i�j�b�f�_�k�_�c [1.1.119, 

1.1.120]. 
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1.1.4 �N�Z�d�l�h�j�u �i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y, �\�e�b�y�x�s�b�_ �g�Z �[�Z�d�l�_�j�b�Z�e�v�g�u�_ �b �w�m�d�Z�j�b�h�l�b�q�_�k�d�b�_ 

�d�e�_�l�d�b 

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

�\�h�a�^�_�c�k�l�\�b�_ �g�Z �d�e�_�l�d�b �b �l�d�Z�g�b �M�N-�b�a�e�m�q�_�g�b�y, �b�h�g�h�\ �b �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p 

[1.1.120-1.1.121]. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�b�^�Z �i�e�Z�a�f�u �a�g�Z�q�b�f�h�k�l�v �d�Z�`�^�h�]�h �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o 

�f�_�o�Z�g�b�a�f�h�\ �^�e�y �w�n�n�_�d�l�b�\�g�h�k�l�b �k�l�_�j�b�e�b�a�Z�p�b�b �f�h�`�_�l �b�a�f�_�g�y�l�v�k�y [1.3.1]. �L�_�f �g�_ �f�_�g�_�_, �\�k�_ 

�w�l�b �f�_�o�Z�g�b�a�f�u �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l �f�_�`�^�m �k�h�[�h�c �b �h�d�Z�a�u�\�Z�x�l �k�b�g�_�j�]�b�q�g�u�c �w�n�n�_�d�l [1.1.8, 

1.1.43, 1.1.54, 1.1.122].  

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

�[�u�e �j�_�Z�e�b�a�h�\�Z�g �\ �m�k�l�Z�g�h�\�d�_ «�d�Z�k�d�Z�^�g�h�]�h �[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z», �]�^�_ �k�h�q�_�l�Z�_�l�k�y �\�e�b�y�g�b�_ �M�N-

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

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

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

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

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

�g�_�k�d�h�e�v�d�b�o �k�_�d�m�g�^ [1.1.123].  

 

1.1.4.1. �O�b�f�b�q�_�k�d�b-�Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �i�e�Z�a�f�u.  �:�d�l�b�\�g�u�_ �n�h�j�f�u �d�b�k�e�h�j�h�^�Z �b �Z�a�h�l�Z 

�D �Z�d�l�b�\�g�u�f �q�Z�k�l�b�p�Z�f �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�u, �b�g�b�p�b�b�j�m�x�s�b�f �]�_�l�_�j�h�]�_�g�g�u�_ 

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

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

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

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

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

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

�\�h�a�[�m�`�^�_�g�b�_�f. �< �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ �j�y�^�Z �f�h�e�_�d�m�e�y�j�g�u�o �]�Z�a�h�\ (N2, CO, CO2 �b �^�j.) �^�h 

95% �w�g�_�j�]�h�\�d�e�Z�^�Z �\ �i�e�Z�a�f�m �f�h�`�_�l �[�u�l�v �k�h�k�j�_�^�h�l�h�q�_�g�h �\ �d�h�e�_�[�Z�l�_�e�v�g�u�o �k�l�_�i�_�g�y�o �k�\�h�[�h�^�u 

�f�h�e�_�d�m�e �\ �h�k�g�h�\�g�h�f �w�e�_�d�l�j�h�g�h�f �k�h�k�l�h�y�g�b�b [1.1.0]. 

�< �h�[�s�_�f �\�b�^�_ �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�b�b �\ 

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

1.1.7): 
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�J�b�k. 1.1.7. �K�o�_�f�Z �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�b�b �\ �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ �]�Z�a�h�\�h�]�h �j�Z�a�j�y�^�Z 

[1.1.124]. 

 

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

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

�q�Z�k�l�b�p�u. 

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

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

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

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

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

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

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

�\�_�j�o�g�b�_ �k�e�h�b, �i�e�Z�a�f�_�g�g�h-�b�g�^�m�p�b�j�h�\�Z�g�g�Z�y �w�j�h�a�b�y �m�f�_�g�v�r�Z�_�l �w�d�j�Z�g�b�j�h�\�Z�g�b�_ �h�l �M�N-

�b�a�e�m�q�_�g�b�y.  

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

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

�]�b�[�_�e�b �d�e�_�l�d�b. �I�j�b �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f �\�h�a�^�_�c�k�l�\�b�b �b�h�g�h�\ �Z�j�]�h�g�Z �b �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ 

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

�b�g�Z�d�l�b�\�Z�p�b�_�c �[�Z�d�l�_�j�b�c [1.1.79]. �<�_�j�h�y�l�g�h, �q�l�h �h�[�j�Z�a�h�\�Z�g�b�_ �w�j�h�a�b�b �b �i�h�j �i�j�h�b�k�o�h�^�b�e�h 
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�\�k�e�_�^�k�l�\�b�_ �j�Z�a�j�u�\�Z �k�\�y�a�_�c �\ �k�i�h�j�h�\�h�c �h�[�h�e�h�q�d�_ �i�h� ̂�^�_�c�k�l�\�b�_�f �b�h�g�h�\ Ar+ �b �i�h�k�e�_�^�m�x�s�_�c 

�b�o �i�Z�k�k�b�\�Z�p�b�_�c �Z�l�h�f�Z�f�b �\�h�^�h�j�h�^�Z [1.1.43]. �I�j�b �f�_�^�e�_�g�g�h�f �g�Z�d�h�i�e�_�g�b�b �w�e�_�d�l�j�b�q�_�k�d�h�]�h 

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

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

[1.1.79]. 

�G�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�c �[�b�h�e�h�]�b�q�_�k�d�b�c �w�n�n�_�d�l �g�Z �[�Z�d�l�_�j�b�Z�e�v�g�u�_ �d�e�_�l�d�b �b �`�b�\�u�_ 

�l�d�Z�g�b �i�j�b �^�_�c�k�l�\�b�b �g�Z �g�b�o �i�e�Z�a�f�u �h�d�Z�a�u�\�Z�x�l �Z�d�l�b�\�g�u�_ �n�h�j�f�u �d�b�k�e�h�j�h�^�Z (�h�a�h�g, 

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

�j�Z�^�b�d�Z�e�u) �b �Z�a�h�l�Z (�g�Z�i�j�b�f�_�j, �j�Z�^�b�d�Z�e NO). �< �i�e�Z�a�f�_ �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y �i�j�h�b�k�o�h�^�b�l 

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

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

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

�l�Z�[�e�b�p�_ 1.1.1.  

 
�L�Z�[�e�b�p�Z 1.1.1. �I�e�h�l�g�h�k�l�b �b�h�g�h�\ �d�b�k�e�h�j�h�^�Z, �Z�l�h�f�Z�j�g�h�]�h �d�b�k�e�h�j�h�^�Z, �h�a�h�g�Z �b 
�a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p �\ �j�Z�a�j�y�^�Z�o [1.1.6, 1.1.12, 1.1.51,  1.3.84] 
 

�I�e�h�l�g�h�k�l�v, �k�f-3 �B�k�l�h�q�g�b�d 
�H+; �H2

�x-; �H�x- �H �H3 �A�Z�j�y�`�_�g�g�u�_ 
�q�Z�k�l�b�p�u 
�i�e�Z�a�f�u 

�I�e�Z�a�f�Z �g�b�a�d�h�]�h 
�^�Z�\�e�_�g�b�y 

1010 1014 ��1010 108-1013 

�>�m�]�h�\�h�c �j�Z�a�j�y�^ 1015 1018 ��1010 1016-1019 
�D�h�j�h�g�g�u�c �j�Z�a�j�y�^ 1010 1012 1018 109-1013 
�>�b�w�e�_�d�l�j�b�q�_�k�d�b�c 
�[�Z�j�v�_�j�g�u�c �j�Z�a�j�y�^ 

1010 1012 1018 1012-1015 

�I�e�Z�a�f�_�g�g�Z�y �k�l�j�m�y  1012 1016 1016 1011-1012 
 

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

[1.1.6, 1.1.12, 1.1.51,  1.1.125, 1.1.126]. �:�d�l�b�\�g�u�_ �n�h�j�f�u �d�b�k�e�h�j�h�^�Z �b �Z�a�h�l�Z �i�j�h�g�b�d�Z�x�l �\ 

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

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

�i�h�e�b�k�Z�o�Z�j�b�^�u, �[�_�e�d�b �b �f�h�e�_�d�m�e�u �>�G�D. �I�j�b �w�l�h�f �j�_�Z�d�p�b�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �Z�d�l�b�\�g�u�o �n�h�j�f 

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

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

�\�Z�`�g�u�f �f�_�f�[�j�Z�g�g�u�f �n�h�k�n�h�e�b�i�b�^�h�f – �e�_�p�b�l�b�g�h�f - �k�h�k�l�Z�\�e�y�_�l 5,0�u108 �k-1 [1.1.5]. 

�;�Z�d�l�_�j�b�p�b�^�g�u�c �w�n�n�_�d�l �h�a�h�g�Z �k�\�y�a�Z�g �k �_�]�h �k�i�h�k�h�[�g�h�k�l�v�x �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v �k 

�^�b�_�g�Z�f�b, �Z�f�b�g�Z�f�b, �l�b�h�e�Z�f�b, �Z �l�Z�d�`�_ �b�g�b�p�b�b�j�h�\�Z�l�v �h�[�j�Z�a�h�\�Z�g�b�_ �^�b�f�_�j�h�\ �l�b�j�h�a�b�g�Z, 

�h�d�b�k�e�y�y �_�]�h –�H�G �]�j�m�i�i�u [1.1.5]. �K�m�i�_�j�h�d�k�b�^ �Z�g�b�h�g �j�Z�^�b�d�Z�e �y�\�e�y�_�l�k�y �d�h�j�h�l�d�h�`�b�\�m�s�_�c 
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�q�Z�k�l�b�p�_�c �b �h�[�j�Z�a�m�_�l�k�y �i�m�l�_�f �d�h�f�[�b�g�Z�p�b�b �w�e�_�d�l�j�h�g�Z �k �f�h�e�_�d�m�e�h�c �d�b�k�e�h�j�h�^�Z. 

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

�h�l�j�u�\�m �w�e�_�d�l�j�h�g�h�\ �h�l �h�d�j�m�`�Z�x�s�b�o �f�h�e�_�d�m�e �b �h�[�j�Z�a�h�\�Z�g�b�x �b�a �g�b�o �j�Z�^�b�d�Z�e�h�\. 

�I�j�b �h�[�j�Z�[�h�l�d�_ �d�m�e�v�l�m�j �w�m�d�Z�j�b�h�l�b�q�_�k�d�b�o �d�e�_�l�h�d �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �d�b�k�e�h�j�h�^�Z �b 

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

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

�m�l�j�Z�l�_ �k�i�h�k�h�[�g�h�k�l�b �d�e�_�l�h�d �d �Z�^�]�_�a�b�b �b �^�_�a�b�g�l�_�]�j�Z�p�b�b �d�e�_�l�h�q�g�h�]�h �k�e�h�y  [1.1.95, 1.1.96, 

1.1.125]. 

 

1.1.4.2. �W�e�_�d�l�j�h�g�u �i�e�Z�a�f�u 

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

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

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

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

�f�_�f�[�j�Z�g�Z �d�h�l�h�j�u�o �b�f�_�_�l �f�_�g�v�r�m�x �l�h�e�s�b�g�m, �q�_�f �m �]�j�Z�f�i�h�e�h�`�b�l�_�e�v�g�u�o 

�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\, �b �g�_�m�i�h�j�y�^�h�q�_�g�g�h�_ �k�l�j�h�_�g�b�_ [1.1.58, 1.1.127]. 

 

1.1.4.3. �M�N-�b�a�e�m�q�_�g�b�_ 

�I�h �f�g�_�g�b�x �f�g�h�]�b�o �Z�\�l�h�j�h�\, �b�f�_�g�g�h �M�N-�b�a�e�m�q�_�g�b�_ �y�\�e�y�_�l�k�y �^�h�f�b�g�b�j�m�x�s�b�f 

�f�_�o�Z�g�b�a�f�h�f �[�Z�d�l�_�j�b�p�b�^�g�h�]�h �^�_�c�k�l�\�b�y �i�e�Z�a�f�u �g�b�a�d�h�]�h �^�Z�\�e�_�g�b�y [1.1.54, 1.1.63]. �M�N-

�b�a�e�m�q�_�g�b�_ �k �^�e�b�g�Z�f�b �\�h�e�g �f�_�g�_�_ 300 �g�f (220-280 �g�f) �i�j�h�g�b�d�Z�_�l �]�e�m�[�h�d�h �\ �d�e�_�l�d�m �b 

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

�b�g�]�b�[�b�j�h�\�Z�g�b�x �b�o �j�Z�a�f�g�h�`�_�g�b�y [1.1.120]. �D�j�h�f�_ �j�Z�a�j�u�\�h�\ �M�N-�b�a�e�m�q�_�g�b�_ �k�i�h�k�h�[�k�l�\�m�_�l 

�h�[�j�Z�a�h�\�Z�g�b�x �\ �f�h�e�_�d�m�e�Z�o �>�G�D �l�b�f�b�g�h�\�u�o �^�b�f�_�j�h�\, �q�l�h �e�b�r�Z�_�l �[�Z�d�l�_�j�b�Z�e�v�g�m�x �d�e�_�l�d�m 

�\�h�a�f�h�`�g�h�k�l�b  �j�_�i�e�b�p�b�j�h�\�Z�l�v �]�_�g�_�l�b�q�_�k�d�b�c �f�Z�l�_�j�b�Z�e [1.1.29].  �M�N-�b�a�e�m�q�_�g�b�_ �k�i�h�k�h�[�g�h 

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

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

�[�Z�d�l�_�j�b�Z�e�v�g�u�o �d�e�_�l�d�Z�o [1.1.120]. 

 

1.1.4.4. �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ 

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

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

�d�Z�d �l�_�j�f�b�q�_�k�d�b�o, �l�Z�d �b �g�_�l�_�j�f�b�q�_�k�d�b�o. �L�Z�d �d�Z�d �`�b�\�u�_ �d�e�_�l�d�b �b �l�d�Z�g�b �y�\�e�y�x�l�k�y 

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

�w�g�_�j�]�b�b �b �g�Z�]�j�_�\�m �h�[�j�Z�a�p�Z [1.1.128]. 

 �D �g�_�l�_�j�f�b�q�_�k�d�b�f �f�_�o�Z�g�b�a�f�Z�f �h�l�g�h�k�y�l: 

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

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

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

�� �]�_�g�_�j�Z�p�b�x �k�\�h�[�h�^�g�u�o �j�Z�^�b�d�Z�e�h�\. 

 

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

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

�j�_�Z�e�b�a�h�\�Z�l�v �i�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �g�Z �i�j�Z�d�l�b�d�_ [1.1.89, 1.1.1, 1.1.74, 1.1.101]. �M�j�h�\�_�g�v 

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

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

�\�f�_�r�Z�l�_�e�v�k�l�\ �b �\ �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o �d�m�j�k�Z�o. �I�j�b�f�_�j�Z�f�b �l�Z�d�b�o �m�k�l�Z�g�h�\�h�d �k�e�m�`�Z�l: 

�� �k�_�j�b�y �m�k�l�Z�g�h�\�h�d �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b HMTS-80,  HMTS-80�? �b �^�j. (Humanmeditek, 

�J�_�k�i�m�[�e�b�d�Z �D�h�j�_�y) – �l�e�_�x�s�b�c �j�Z�a�j�y�^ �\ �i�Z�j�Z�o �i�_�j�h�d�k�b�^�Z �\�h�^�h�j�h�^�Z; 

�� �^�b�w�e�_�d�l�j�b�q�_�k�d�b�c �[�Z�j�v�_�j�g�u�c �j�Z�a�j�y�^ �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y TipCharger® (IonField 

Systems Inc., �K�R�:), �b�k�i�h�e�v�a�m�_�f�Z�y �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b �g�Z�d�h�g�_�q�g�b�d�h�\ �Z�\�l�h�f�Z�l�b�q�_�k�d�b�o 

�^�h�a�Z�l�h�j�h�\; 

�� MicroPlaSter (ADTEC Plasma Technology Co. Ltd., �Y�i�h�g�b�y), �]�_�g�_�j�b�j�m�x�s�b�c �i�e�Z�a�f�m 

�K�<�Q-�j�Z�a�j�y�^�Z �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y, �d�h�l�h�j�u�c �i�j�h�o�h�^�b�l �d�e�b�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y �\ 

�d�Z�q�_�k�l�\�_ �^�e�y �e�_�q�_�g�b�y �b�g�n�b�p�b�j�h�\�Z�g�g�u�o �b �o�j�h�g�b�q�_�k�d�b�o �j�Z�g; 

�� Portrait�“  PSR (Rhytec, Inc., �K�R�:), �]�_�g�_�j�b�j�m�x�s�b�c �k�l�j�m�x �i�e�Z�a�f�u �Z�a�h�l�Z �\ 

�b�f�i�m�e�v�k�g�h�f �j�_�`�b�f�_ �i�j�b �Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b; 

�� PEAK�“  Surgery Systems (Medtronic, �K�R�:) – �k�_�j�b�y �Z�i�i�Z�j�Z�l�h�\, �]�_�g�_�j�b�j�m�x�s�b�o 

�i�e�Z�a�f�m �<�Q-�j�Z�a�j�y�^�Z �\ �\�b�^�_ �i�e�Z�a�f�_�g�g�h�c �k�l�j�m�b �k �l�_�f�i�_�j�Z�l�m�j�h�c 40-170 º�K, �^�e�y 

�h�j�l�h�i�_�^�b�q�_�k�d�h�c, �k�i�b�g�Z�e�v�g�h�c, �j�_�d�h�g�k�l�j�m�d�l�b�\�g�h�c �i�e�Z�k�l�b�q�_�k�d�h�c, �E�H�J �b �h�[�s�_�c 

�o�b�j�m�j�]�b�b; 

�� �F�h�g�h�i�h�e�y�j�g�Z�y �m�k�l�Z�g�h�\�d�Z �^�e�y �Z�j�]�h�g�i�e�Z�a�f�_�g�g�h�c �d�h�Z�]�m�e�y�p�b�b (�:�J�K) (Erbe 

Elelktromedizin, GmbH., �=�_�j�f�Z�g�b�y) – �j�Z�a�j�y�^ �\ �Z�j�]�h�g�_ �i�j�b �Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b; 

�� �;�b�i�h�e�y�j�g�Z�y �d�h�Z�]�m�e�b�j�m�x�s�Z�y �k�b�k�l�_�f�Z Coblation�“  (ArthroCare Corp., �K�R�:), �\ �d�h�l�h�j�h�c 

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

(�n�b�a�b�h�e�h�]�b�q�_�k�d�b�c �j�Z�k�l�\�h�j �b�e�b �k�j�_�^�m �h�j�]�Z�g�b�a�f�Z); 
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�� Plazon�“  (Onkoset, Ltd., �K�e�h�\�Z�d�b�y) – �Z�i�i�Z�j�Z�l �^�e�y �^�b�g�Z�f�b�q�_�k�d�h�c �l�_�j�Z�i�b�b �j�Z�g 

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

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

�Z�d�l�b�\�g�u�o �n�h�j�f �Z�a�h�l�Z; 

�� �I�e�Z�a�f�_�g�g�h-�^�m�]�h�\�Z�y �m�k�l�Z�g�h�\�d�Z «�K�d�Z�e�v�i�_�e�v �i�e�Z�a�f�_�g�g�u�c �K�I-�P�I�L», �Z �l�Z�d�`�_ 

�m�k�l�Z�g�h�\�d�Z �K�M�I�J-�F �b �_�_ �f�h�^�b�n�b�d�Z�p�b�b (�A�:�H «�I�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b», 

�K�f�h�e�_�g�k�d); 

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

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

�� �:�i�i�Z�j�Z�l�u «�N�Z�d�_�e-01» �b  «�I�e�Z�a�h�g» (�N�=�M�I �H�D�; «�N�Z�d�_�e», �J�h�k�k�b�y) - �i�e�Z�a�f�_�g�g�u�c 

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

�Z�i�i�Z�j�Z�l�_ «�I�e�Z�a�h�g» �]�_�g�_�j�b�j�m�_�l�k�y �\�h�a�^�m�r�g�Z�y �i�e�Z�a�f�Z, �h�[�h�]�Z�s�_�g�g�Z�y NO. 

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

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

�� �M�k�l�j�h�c�k�l�\�h, �]�_�g�_�j�b�j�m�x�s�_�_ �^�b�w�e�_�d�l�j�b�q�_�k�d�b�c �[�Z�j�v�_�j�g�u�c CINOGY GmbH, �=�_�j�f�Z�g�b�y 

(�e�_�q�_�g�b�_ �^�_�j�f�Z�l�h�e�h�]�b�q�_�k�d�b�o �a�Z�[�h�e�_�\�Z�g�b�c); 

�� �:�i�i�Z�j�Z�l, �]�_�g�_�j�b�j�m�x�s�b�c �i�e�Z�a�f�_�g�g�m�x �k�l�j�m�x �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y kIN-Pen (INP 

Greifswald, GmbH Greifswald, �=�_�j�f�Z�g�b�y). 

 

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

�\�u�k�h�d�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x 

�< �i�h�k�e�_�^�g�b�_ �]�h�^�u �i�h�e�b�f�_�j�g�u�_ �f�Z�l�_�j�b�Z�e�u �g�Z�o�h�^�y�l �\�k�z �[�h�e�v�r�_�_ �i�j�b�f�_�g�_�g�b�_ �\ 

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

�[�b�h�f�Z�l�_�j�b�Z�e�Z�f �y�\�e�y�_�l�k�y �k�h�q�_�l�Z�g�b�_ �b�o �p�_�e�_�\�u�o �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �b �n�b�a�b�d�h-

�f�_�o�Z�g�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �k �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x.  

 �I�h�  ̂ �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x �i�h�g�b�f�Z�x�l �h�l�k�m�l�k�l�\�b�_ �l�h�d�k�b�q�g�h�k�l�b, �\�u�k�h�d�m�x 

�k�l�Z�[�b�e�v�g�h�k�l�v �b�f�f�m�g�h�e�h�]�b�q�_�k�d�m�x �b�g�_�j�l�g�h�k�l�v �f�Z�l�_�j�b�Z�e�Z. �B�f�_�g�g�h �w�l�b �l�j�_�[�h�\�Z�g�b�y�f�b 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�i�m�l�_�f �f�h�^�b�n�b�d�Z�p�b�b �b�o �i�h�\�_�j�o�g�h�k�l�b.  

�G�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b �f�_�l�h�^�Z�f�b �f�h�^�b�n�b�d�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �[�b�h�f�Z�l�_�j�b�Z�e�h�\ 

�b �k�h�a�^�Z�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �y�\�e�y�x�l�k�y [1.2.1]: 

1) �b�f�f�_�j�k�b�h�g�g�Z�y �b�h�g�g�Z�y �b�f�i�e�Z�g�l�Z�p�b�y �i�h� ̂�^�_�c�k�l�\�b�_�f �i�e�Z�a�f�u �g�b�a�d�h�]�h �^�Z�\�e�_�g�b�y (PIII) 

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

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

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

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

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

�k�h�k�m�^�b�k�l�u�o �k�l�_�g�l�h�\. 

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

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

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

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

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

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

�D�j�h�f�_ �l�h�]�h, �k �i�h�f�h�s�v�x �i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �\�h�a�f�h�`�g�h �k�h�a�^�Z�g�b�_  �g�h�\�u�o 

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

 

1.2.1. �G�Z�i�u�e�_�g�b�_ �i�h�d�j�u�l�b�c �i�h� ̂�^�_�c�k�l�\�b�_�f �i�e�Z�a�f�u �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y 

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

�h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c [1.2.1]. �W�l�b �f�Z�l�_�j�b�Z�e�u �g�Z�o�h�^�y�l �r�b�j�h�d�h�_ �i�j�b�f�_�g�_�g�b�_ �\ 

�Z�w�j�h�d�h�k�f�b�q�_�k�d�b�o, �g�_�n�l�_�o�b�f�b�q�_�k�d�b�o, �f�_�^�b�p�b�g�k�d�b�o �l�_�o�g�h�e�h�]�b�y�o, �Z �l�Z�d�`�_ �\ �w�e�_�d�l�j�h�g�b�d�_. �< 

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

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

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

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

�g�Z�i�u�e�_�g�b�_ �i�h�d�j�u�l�b�c �k�l�Z�e�h �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f �k�i�h�k�h�[�h�f �l�_�j�f�b�q�_�k�d�h�]�h 

�g�Z�i�u�e�_�g�b�y [1.2.2]. �I�j�Z�d�l�b�q�_�k�d�b �\�k�_ �f�Z�l�_�j�b�Z�e�u �f�h�]�m�l �[�u�l�v �j�Z�k�i�e�Z�\�e�_�g�u �\ �i�e�Z�a�f�_�g�g�h�c 

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

�g�Z�i�u�e�_�g�b�y �l�Z�d�`�_ �y�\�e�y�x�l�k�y �\�u�k�h�d�Z�y �k�d�h�j�h�k�l�v �g�Z�g�_�k�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �g�Z �i�h�\�_�j�o�g�h�k�l�v (80 

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

�g�_�k�d�h�e�v�d�b�o �f�b�e�e�b�f�_�l�j�h�\) �b �g�b�a�d�Z�y �k�l�h�b�f�h�k�l�v. �D�j�h�f�_ �l�h�]�h, �i�e�Z�a�f�_�g�g�h-�g�Z�g�_�k�_�g�g�u�_ 

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

�d�h�k�l�b (�h�k�l�_�h�[�e�Z�k�l�h�\ �b �h�k�l�_�h�d�e�Z�k�l�h�\), �q�l�h �h�q�_�g�v �\�Z�`�g�h �i�j�b �h�j�l�h�i�_�^�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�y�o 

[1.2.1, 1.2.2].  

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

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

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

�l�h�g�d�b�c �k�e�h�c �h�d�k�b�^�Z �l�b�l�Z�g�Z (IV) (TiO2) �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b, �d�h�l�h�j�u�c �k�h�a�^�Z�_�l �[�Z�j�v�_�j �f�_�`�^�m 

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

�m�k�e�h�\�b�y�o �k�e�h�c TiO2 �y�\�e�y�_�l�k�y �k�e�b�r�d�h�f �l�h�g�d�b�f, �b �b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�b�l�Z�g�h�\�u�o �b�f�i�e�Z�g�l�Z�l�h�\ 

�a�Z�l�j�m�^�g�y�_�l�k�y �b�a-�a�Z �g�b�a�d�h�c �i�j�h�q�g�h�k�l�b TiO2 �i�h�\�_�j�o�g�h�k�l�b �b �b�g�l�_�g�k�b�\�g�h�]�h �\�u�k�\�h�[�h�`�^�_�g�b�y 

�b�h�g�h�\ �f�_�l�Z�e�e�Z �\ �h�d�j�m�`�Z�x�s�b�_ �l�d�Z�g�b [1.2.3-1.2.7].  

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

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

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

�Z�e�e�_�j�]�b�q�_�k�d�b�o �j�_�Z�d�p�b�c �b �l�h�d�k�b�q�_�k�d�b�o �h�k�e�h�`�g�_�g�b�c [1.2.7]. �W�n�n�_�d�l�b�\�g�Z�y �i�j�h�e�b�n�_�j�Z�p�b�y 

�h�k�l�_�h�[�e�Z�k�l�h�\ �g�Z�[�e�x�^�Z�e�Z�k�v �g�Z �i�h�^�e�h�`�d�Z�o, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\, �g�Z 

�d�h�l�h�j�u�_ �i�h�k�j�_�^�k�l�\�h�f �i�e�Z�a�f�_�g�g�h�]�h �g�Z�i�u�e�_�g�b�y �[�u�e�h �g�Z�g�_�k�_�g�h TiO2 �i�h�d�j�u�l�b�_. �L�Z�d�`�_ �[�u�e�Z 

�h�l�f�_�q�_�g�Z �\�u�k�h�d�Z�y �k�d�h�j�h�k�l�v �f�_�l�Z�[�h�e�b�a�f�Z �\ �d�e�_�l�d�Z�o �d�h�k�l�g�h�c �l�d�Z�g�b [1.2.8]. 

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

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

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

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

�q�_�f �g�Z �d�_�j�Z�f�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�Z�o, �h�[�u�q�g�h �b�k�i�h�e�v�a�m�_�f�u�o �\ �f�_�^�b�p�b�g�_ [1.2.1, 1.2.9]. 

�M�e�m�q�r�b�l�v �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v �b �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �l�b�l�Z�g�h�\�u�o �b�f�i�e�Z�g�l�Z�l�h�\ 

�f�h�`�g�h �b �k �i�h�f�h�s�v�x �k�h�a�^�Z�g�b�y �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b �i�h�d�j�u�l�b�c �b�a �d�h�f�i�h�a�b�l�h�\ CaO-SiO2 �b Ca-

P2O5-SiO2 �i�h�k�j�_�^�k�l�\�h�f �i�e�Z�a�f�_�g�g�h�]�h �g�Z�i�u�e�_�g�b�y [1.2.10]. �L�Z�d�`�_ �i�h�d�Z�a�Z�g�h, �q�l�h �\�u�k�h�d�h�c 

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

�i�e�Z�a�f�_�g�g�h�]�h �g�Z�i�u�e�_�g�b�y [1.2.1, 1.2.9]. 

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

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

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

�i�j�h�l�_�d�Z�_�l �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�h�k�e�_ �g�Z�i�u�e�_�g�b�y �g�Z �k�b�e�b�d�h�g�h�\�u�_ 

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

�a�g�Z�q�b�l�_�e�v�g�h �i�h�g�b�`�Z�_�l�k�y [1.2.11]. 

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

�i�e�h�l�g�u�_ �i�e�_�g�d�b �b�a �h�d�k�b�^�Z �Z�e�x�f�b�g�b�y (Al2O3), �d�h�l�h�j�u�_ �f�h�]�m�l �[�u�l�v �k�h�a�^�Z�g�u �k �i�h�f�h�s�v�x 

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

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

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

�k�l�Z�[�b�e�v�g�u�_ �i�e�_�g�d�b �h�d�k�b�^�Z �f�Z�]�g�b�y [1.2.13]. 

 

1.2.2. �B�f�f�_�j�k�b�h�g�g�Z�y �b�h�g�g�Z�y �b�f�i�e�Z�g�l�Z�p�b�y 

�G�b�d�_�e�v-�l�b�l�Z�g�h�\�u�_ �b�f�i�e�Z�g�l�Z�l�u �y�\�e�y�x�l�k�y �\�_�k�v�f�Z �i�_�j�k�i�_�d�l�b�\�g�u�f�b �b �m�^�h�[�g�u�f�b 

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

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

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

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

�Z�e�e�_�j�]�b�q�_�k�d�b�f �j�_�Z�d�p�b�y�f. 

 �B�f�f�_�j�k�b�h�g�g�m�x �b�h�g�g�m�x �b�f�i�e�Z�g�l�Z�p�b�x �i�j�b�f�_�g�y�x�l �b �^�e�y �i�h�\�u�r�_�g�b�y 

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

�Z�l�h�f�u �d�Z�e�v�p�b�y, �g�Z�l�j�b�y, �n�h�k�n�h�j�Z [1.2.14-1.4.16]. �<�g�_�^�j�_�g�b�_ �\ �k�l�j�m�d�l�m�j�m �l�b�l�Z�g�h�\�u�o 

�k�i�e�Z�\�h�\ �[�b�h�]�_�g�g�u�o �w�e�_�f�_�g�l�h�\ �k�]�e�Z�`�b�\�Z�_�l �i�h�\�_�j�o�g�h�k�l�v �f�Z�l�_�j�b�Z�e�h�\, �k�m�s�_�k�l�\�_�g�g�h 

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

�w�n�n�_�d�l�b�\�g�h�f�m �n�h�j�f�b�j�h�\�Z�g�b�x �d�h�k�l�g�h�c �l�d�Z�g�b [1.2.17]. 

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

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

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

�< �j�y�^�_ �j�Z�[�h�l in vitro �b in vivo �i�h�d�Z�a�Z�g�h, �q�l�h �l�h�g�d�b�_ �i�e�_�g�d�b �h�d�k�b�^�h�\ �l�b�l�Z�g�Z �b 

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

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

�Z�d�l�b�\�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ [1.2.18-1.2.20].  

�H�^�g�b�f �b�a �k�i�h�k�h�[�h�\ �i�h�\�u�r�_�g�b�y �l�j�h�f�[�h�j�_�a�b�k�l�_�g�l�g�h�k�l�b �k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o 

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

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

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

�k�h�a�^�Z�l�v �m�k�e�h�\�b�y �^�e�y �b�o �w�n�n�_�d�l�b�\�g�h�]�h �j�h�k�l�Z �b �i�j�h�e�b�n�_�j�Z�p�b�b [1.2.21]. 

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

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

�d�j�_�f�g�b�y. �W�l�b �f�Z�l�_�j�b�Z�e�u �r�b�j�h�d�h �i�j�b�f�_�g�y�x�l�k�y �\ �f�b�d�j�h- �b �h�i�l�h�w�e�_�d�l�j�h�g�b�d�_, �l.�d. �h�g�b 

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

�d�Z�q�_�k�l�\�_ �l�h�g�d�b�o �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o �f�_�f�[�j�Z�g, �b�a�h�e�b�j�m�x�s�b�o �[�Z�j�v�_�j�h�\ �b �l.�  ̂ [1.2.22]. �< 

�i�h�k�e�_�^�g�_�_ �\�j�_�f�y �d�j�_�f�g�b�_�\�h-�h�d�k�b�g�b�l�j�b�^�g�u�_ �i�e�_�g�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�h 

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

�f�_�o�Z�g�b�q�_�k�d�b�o �k�b�k�l�_�f, �[�b�h�f�Z�l�_�j�b�Z�e�h�\ �^�e�y �k�l�h�f�Z�l�h�e�h�]�b�b [1.2.22-1.2.25]. �I�h�d�Z�a�Z�g�Z �l�Z�d�`�_ 

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

�g�b�a�d�h�c �Z�^�]�_�a�b�_�c �d �g�b�f �l�j�h�f�[�h�p�b�l�h�\ �b �n�b�[�j�b�g�h�]�_�g�Z [1.2.22]. 

 �M�]�e�_�j�h�^�g�u�_ �Z�f�h�j�n�g�u�_ �b �m�]�e�_�j�h�^�g�u�_ �Z�e�f�Z�a�h�i�h�^�h�[�g�u�_ �i�e�_�g�d�b �b�f�_�x�l �\�u�k�h�d�m�x 

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

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

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

�b�f�f�_�j�k�b�h�g�g�h�c �b�h�g�g�h�c �b�f�i�e�Z�g�l�Z�p�b�b �\ �Z�p�_�l�b�e�_�g�_ �b�e�b �]�Z�a�h�\�u�o �k�f�_�k�y�o Ar/C2H2 �b N2/C2H2 

[1.2.26-1.2.29]. 

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

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

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

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

�b �g�_�h�[�o�h�^�b�f�h�k�l�v �i�h�\�l�h�j�g�h�c �h�i�_�j�Z�p�b�b [1.2.30, 1.2.31].  

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

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

�Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�h�c �Z�d�l�b�\�g�h�k�l�v�x [1.2.32]. 

 �B�k�k�e�_�^�h�\�Z�e�b�k�v �Z�g�l�b�k�_�i�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�e�Z�a�f�_�g�g�h-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �i�h�e�b�w�l�b�e�_�g�Z. 

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

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

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

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

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

�[�Z�d�l�_�j�b�c. �I�j�b �w�l�h�f �g�_ �i�j�h�b�k�o�h�^�b�e�h �^�b�n�n�m�a�b�b �Z�g�l�b�k�_�i�l�b�d�Z �\ �h�d�j�m�`�Z�x�s�b�_ �l�d�Z�g�b  [1.2.33, 

1.2.34].  

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

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

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

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

[1.2.1, 1.2.35]. 

 

1.2.3. �I�e�Z�a�f�_�g�g�Z�y �e�b�l�h�]�j�Z�n�b�y 

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

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

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

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

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

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

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

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

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

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

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

�d�h�g�l�Z�d�l�h�\ [1.2.36].  

 

1.3. �N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �i�j�h�l�_�d�Z�x�s�b�_ �i�j�b �f�h�^�b�n�b�d�Z�p�b�b �i�h�e�b�f�_�j�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �\ �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ 

�I�h�\�u�r�_�g�b�_ �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\�h�a�f�h�`�g�h �e�b�[�h �k �i�h�f�h�s�v�x 

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

�f�h�^�b�n�b�d�Z�p�b�b �k�Z�f�b�o �i�h�e�b�f�_�j�h�\.  

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

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

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

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

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

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

100 Å �^�h �g�_�k�d�h�e�v�d�b�o �f�b�d�j�h�f�_�l�j�h�\ [1.3.1, 1.3.2]. 

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

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

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

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

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

�l.�i.), �g�_ �\�e�b�y�y �i�j�b �w�l�h�f �g�Z �k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z �_�]�h �\�g�m�l�j�_�g�g�b�o �k�e�h�_�\. 

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

�b�h�g�u, �\�h�a�[�m�`�^�_�g�g�u�_ �Z�l�h�f�u �b �f�h�e�_�d�m�e�u, �Z �l�Z�d�`�_ �\�Z�d�m�m�f�g�h�_ �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�_ (�<�M�N) 

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

�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�l�j�m�d�l�m�j�u �f�h�^�b�n�b�p�b�j�m�_�f�h�]�h �i�h�e�b�f�_�j�Z [1.3.3.]. 

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

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

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

�x �l�j�Z�\�e�_�g�b�_ �i�h�\�_�j�o�g�h�k�l�b; 

�x �h�d�b�k�e�_�g�b�_ �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y; 

�x �k�r�b�\�d�Z �b �^�_�k�l�j�m�d�p�b�y �i�h�e�b�f�_�j�h�\; 

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

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

�i�h�e�b�f�_�j�h�\, �y�\�e�y�_�l�k�y �j�Z�a�j�y�^ �\�h �n�l�h�j�k�h�^�_�j�`�Z�s�b�o �]�Z�a�Z�o, �g�Z�i�j�b�f�_�j, CF4 �b�e�b �\ �k�f�_�k�b O2 + 

CF4. �:�d�l�b�\�g�u�f�b �q�Z�k�l�b�p�Z�f�b, �\�u�a�u�\�Z�x�s�b�f�b �l�j�Z�\�e�_�g�b�_ �i�h�e�b�f�_�j�Z, �y�\�e�y�x�l�k�y �Z�l�h�f�u F, 

�j�Z�^�b�d�Z�e�u CF3 [1.3.4]. �W�n�n�_�d�l �l�j�Z�\�e�_�g�b�y �b �k�]�e�Z�`�b�\�Z�g�b�y �i�h�\�_�j�o�g�h�k�l�b �g�Z�[�e�x�^�Z�_�l�k�y �l�Z�d�`�_ 

�i�j�b �[�h�e�v�r�b�o �^�h�a�Z�o �h�[�e�m�q�_�g�b�y �\ �i�j�h�p�_�k�k�_ �<�M�N-�b�g�b�p�b�b�j�h�\�Z�g�g�h�c �n�h�l�h�^�_�k�l�j�m�d�p�b�b 

�i�h�e�b�w�l�b�e�_�g�Z �b �i�h�e�b�^�b�f�_�l�b�e�k�b�e�h�d�k�Z�g�Z [1.3.5, 1.3.6].  

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

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

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

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

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

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

�]�Z�a�h�\�h�c �n�Z�a�u �i�e�Z�a�f�u (�g�Z�i�j�b�f�_�j, �\�o�h�`�^�_�g�b�_ �Z�l�h�f�h�\ N �b F �\ �k�l�j�m�d�l�m�j�m �i�h�e�b�f�_�j�Z).  

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

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

�j�Z�^�b�d�Z�e�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �^�_�c�k�l�\�b�b �i�e�Z�a�f�u, �k �d�b�k�e�h�j�h�^�h�f �\�h�a�^�m�o�Z [1.3.4]. 

�J�Z�a�j�y�^ �\ �Z�l�f�h�k�n�_�j�_ �b�g�_�j�l�g�u�o �]�Z�a�h�\ �b �\�h�a�^�m�o�Z �f�h�`�_�l �i�j�b�\�h�^�b�l�v �d �k�r�b�\�Z�g�b�x 

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

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

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

�m�k�e�h�\�b�c �h�[�j�Z�[�h�l�d�b �l�Z�d �b, �\ �[�h�e�v�r�_�c �k�l�_�i�_�g�b, �h�l �k�l�j�m�d�l�m�j�u �i�h�e�b�f�_�j�Z [1.3.7]. �K�r�b�\�Z�g�b�_ 

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

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

�f�b�d�j�h�l�\�z�j�^�h�k�l�v �b �i�h�\�_�j�o�g�h�k�l�g�m�x �b�a�g�h�k�h�k�l�h�c�d�h�k�l�v �i�h�e�b�f�_�j�Z [1.3.5] �f�_�g�y�_�l �f�h�[�b�e�v�g�h�k�l�v 

�i�h�e�b�f�_�j�g�u�o �p�_�i�_�c, �q�l�h �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k�u �Z�^�]�_�a�b�b �b �j�h�k�l�Z �d�e�_�l�h�d �g�Z 

�i�h�\�_�j�o�g�h�k�l�b [1.3.8-1.3.13]. 

�I�j�b�\�b�\�d�Z �h�q�_�g�v �l�h�g�d�b�o �k�e�h�_�\ �i�h�e�b�f�_�j�h�\ �j�Z�a�e�b�q�g�h�c �o�b�f�b�q�_�k�d�h�c �i�j�b�j�h�^�u 

�i�h�a�\�h�e�y�_�l �i�h�e�g�h�k�l�v�x �b�a�f�_�g�b�l�v �i�h�\�_�j�o�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�Z�l�_�j�b�Z�e�Z-�i�h�^�e�h�`�d�b 

[1.3.14-1.3.19] �b �i�h�e�m�q�b�l�v �d�h�f�i�h�a�b�l�u �k �g�h�\�u�f�b �k�\�h�c�k�l�\�Z�f�b. �L�Z�d, �g�Z �i�h�\�_�j�o�g�h�k�l�v 

�i�h�e�b�i�j�h�i�b�e�_�g�h�\�u�o �\�h�e�h�d�h�g �[�u�e�Z �i�j�b�\�b�l�Z �Z�d�j�b�e�h�\�Z�y �d�b�k�e�h�l�Z. �I�h�e�m�q�_�g�g�u�c �f�Z�l�_�j�b�Z�e 

�h�[�e�Z�^�Z�e �i�h�\�u�r�_�g�g�h�c �k�f�Z�q�b�\�Z�_�f�h�k�l�v�x �b �[�u�k�l�j�u�f �b�k�i�Z�j�_�g�b�_�f �\�h�^�u �k �i�h�\�_�j�o�g�h�k�l�b 

[1.3.20]. 

�G�Z�b�[�h�e�_�_ �q�Z�k�l�h �^�e�y �h�[�j�Z�[�h�l�d�b �i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �i�j�b�f�_�g�y�_�l�k�y �i�e�Z�a�f�Z 

�Z�f�f�b�Z�d�Z, �d�b�k�e�h�j�h�^�Z, �\�h�a�^�m�o�Z �b �\�h�^�y�g�h�]�h �i�Z�j�Z, �q�l�h �i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�f�_�j�Z �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i, �l�Z�d�b�o �d�Z�d –NH2, -OH, -COOH, �K=�H, -OH, 

�i�j�h�k�l�u�o �b �k�e�h�`�g�u�o �w�n�b�j�g�u�o, �e�Z�d�l�h�g�g�u�o �b �^�j. [1.3.3, 1.3.9,  1.3.21-1.3.23]. �<�h�a�^�_�c�k�l�\�b�_ 

�j�Z�a�j�y�^�Z �\ �Z�l�f�h�k�n�_�j�_ �b�g�_�j�l�g�u�o �]�Z�a�h�\ �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �Z�d�l�b�\�g�u�o �k�\�h�[�h�^�g�u�o 

�j�Z�^�b�d�Z�e�h�\, �d�h�l�h�j�u�_ �g�Z �\�h�a�^�m�o�_ �i�j�_�\�j�Z�s�Z�x�l�k�y �\ �]�b�^�j�h�i�_�j�_�d�b�k�g�u�_ �b �i�_�j�_�d�b�k�g�u�_, �Z �a�Z�l�_�f – 

�\ �k�l�Z�[�b�e�v�g�u�_ �d�b�k�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�_ �i�h�e�y�j�g�u�_ �]�j�m�i�i�u [1.3.3]. 

�I�h�e�h�`�b�l�_�e�v�g�h �a�Z�j�y�`�_�g�g�u�_ �Z�f�b�g�h�]�j�m�i�i�u, �h�[�j�Z�a�m�x�s�b�_�k�y �\ �j�_�a�m�e�v�l�Z�l�_ 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z, �i�h�\�u�r�Z�x�l �Z�^�]�_�a�b�x �d 

�i�h�e�b�f�_�j�g�h�c �i�h�\�_�j�o�g�h�k�l�b �h�l�j�b�p�Z�l�_�e�v�g�h �a�Z�j�y�`�_�g�g�u�o �d�e�_�l�h�d, �Z �g�Z �j�Z�a�e�b�q�g�u�o �Z�d�l�b�\�g�u�o 

�n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i�Z�o �f�h�]�m�l �[�u�l�v �b�f�f�h�[�b�e�b�a�b�j�h�\�Z�g�u �[�_�e�d�b �b �i�_�i�l�b�^�u, �k�i�_�p�b�n�b�q�_�k�d�b 

�k�\�y�a�u�\�Z�x�s�b�_�k�y �k �d�e�_�l�h�q�g�u�f�b �j�_�p�_�i�l�h�j�Z�f�b [1.3.24 – 1.3.26]. �L�Z�d, �\ �j�y�^�_ �b�k�k�e�_�^�h�\�Z�g�b�c 

�[�u�e�Z �\�u�i�h�e�g�_�g�Z �h�[�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z, �]�_�e�b�y, �m�]�e�_�d�b�k�e�h�]�h �]�Z�a�Z �b�e�b �Z�f�f�b�Z�d�Z 

�i�h�e�b�f�_�j�h�\ (�i�h�e�b�l�_�l�j�Z�n�l�h�j�h�w�l�b�e�_�g, �i�h�e�b�k�l�_�j�_�g�Z, �i�h�e�b�w�l�b�e�_�g�l�_�j�_�n�l�Z�e�Z�l�Z, �i�h�e�b�m�j�_�l�Z�g�Z) �b 

�Z�^�k�h�j�[�p�b�y �j�Z�a�e�b�q�g�u�o �[�_�e�d�h�\, �l�Z�d�b�o �d�Z�d �Z�e�v�[�m�f�b�g, �e�Z�f�b�g�b�g, �d�h�e�e�Z�]�_�g I �l�b�i�Z, �\�b�l�j�h�g�_�d�l�b�g, 

�n�b�[�j�h�g�_�d�l�b�g, �n�b�[�j�b�g�h�]�_�g �b �l�j�h�f�[�h�f�h�^�m�e�b�g [1.3.9-1.3.11, 1.3.27, 1.3.28]. �I�h�^�h�[�g�Z�y 

�f�h�^�b�n�b�d�Z�p�b�y �m�k�b�e�b�\�Z�e�Z �Z�^�]�_�a�b�x �w�g�^�h�l�_�e�b�h�p�b�l�h�\ �d �i�h�e�m�q�_�g�g�u�f  �f�Z�l�_�j�b�Z�e�Z�f, �Z �\ �k�e�m�q�Z�_ 
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�l�j�h�f�[�h�f�h�^�m�e�b�g�Z �i�j�b�^�Z�\�Z�e�Z �i�j�h�l�b�\�h�l�j�h�f�[�h�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z. �I�h�k�e�_�^�m�x�s�Z�y 

�b�f�f�h�[�b�e�b�a�Z�p�b�y �g�Z �d�h�e�e�Z�]�_�g�_ �b �e�Z�f�b�g�b�g�_ �[�b�h�Z�d�l�b�\�g�u�o �f�h�e�_�d�m�e �i�j�h�k�l�Z�]�e�Z�g�^�b�g�Z �?1, 

�]�_�i�Z�j�b�g�Z �b �n�h�k�n�Z�l�b�^�b�e�o�h�e�b�g�Z �l�Z�d�`�_ �i�h�\�u�r�Z�e�Z �k�h�\�f�_�k�l�b�f�h�k�l�v �i�h�e�m�q�_�g�g�u�o �d�h�f�i�h�a�b�l�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �k �d�j�h�\�v�x. 

�I�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �f�h�^�b�n�b�d�Z�p�b�y �i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �i�h�k�e�_�^�m�x�s�b�f 

�\�g�_�^�j�_�g�b�_�f �\ �b�o �k�l�j�m�d�l�m�j�m �h�d�k�Z�e�Z�l�h�d�k�b�^�Z�a�u (�n�_�j�f�_�g�l�Z, �^�_�]�j�Z�^�b�j�m�x�s�_�]�h �k�h�e�b �s�Z�\�_�e�_�\�h�c 

�d�b�k�e�h�l�u) �i�j�_�^�h�l�\�j�Z�s�Z�e�Z �n�h�j�f�b�j�h�\�Z�g�b�_ �h�l�e�h�`�_�g�b�c �h�d�k�Z�e�Z�l�Z �d�Z�e�v�p�b�y �g�Z �k�l�_�g�d�Z�o �f�h�q�_�\�u�o 

�d�Z�l�_�l�_�j�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �l�Z�d�b�o �d�h�f�i�h�a�b�l�h�\ [1.3.29]. 

 �I�h�d�Z�a�Z�g�h, �q�l�h �h�[�j�Z�[�h�l�d�Z �i�h�e�b-(�H-�d�Z�i�j�h�e�Z�d�l�h�g�Z) �^�b�w�e�_�d�l�j�b�q�_�k�d�b�f �[�Z�j�v�_�j�g�u�f 

�j�Z�a�j�y�^�h�f �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �i�j�b�\�h�^�b�l �d �i�h�\�u�r�_�g�b�x �]�b�^�j�h�n�b�e�v�g�h�k�l�b �w�l�h�]�h �f�Z�l�_�j�b�Z�e�Z �b 

�m�e�m�q�r�Z�_�l �Z�^�]�_�a�b�x, �i�j�h�e�b�n�_�j�Z�p�b�x �b �f�b�]�j�Z�p�b�x �h�k�l�_�h�[�e�Z�k�l�h�\. �:�^�]�_�a�b�\�g�Z�y �k�i�h�k�h�[�g�h�k�l�v 

�i�h�e�b-(�H-�d�Z�i�j�h�e�Z�d�l�h�g�Z) �a�Z�\�b�k�_�e�Z �h�l �\�j�_�f�_�g�b �i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �b �\�h�a�j�Z�k�l�Z�e�Z �k 

�m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �f�h�^�b�n�b�d�Z�p�b�b [1.3.12, 1.3.13].  

 �I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y �h�[�j�Z�[�h�l�d�Z �i�e�_�g�h�d �i�h�e�b(D,L-�e�Z�d�l�b�^�Z) �\ �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z �k 

�i�h�k�e�_�^�m�x�s�b�f �\�g�_�^�j�_�g�b�_�f �\ �k�l�j�m�d�l�m�j�m �i�h�e�b�f�_�j�Z �d�h�e�e�Z�]�_�g�Z �i�h�a�\�h�e�b�e�Z �i�h�e�m�q�b�l�v �f�Z�l�_�j�b�Z�e 

�k �\�u�k�h�d�b�f�b �Z�^�]�_�a�b�\�g�u�f�b �k�\�h�c�k�l�\�Z�f�b �^�e�y �d�e�_�l�h�d �k�h�_�^�b�g�b�l�_�e�v�g�h�c �l�d�Z�g�b. �M�k�b�e�_�g�b�_ �Z�^�]�_�a�b�b 

�b �j�h�k�l�Z �d�e�_�l�h�d �h�l�f�_�q�Z�e�h�k�v �l�Z�d�`�_ �b �g�Z �h�[�j�Z�[�h�l�Z�g�g�h�f �k�h�i�h�e�b�f�_�j�_ �f�h�e�h�q�g�h�c �b �]�e�b�d�h�e�_�\�h�c 

�d�b�k�e�h�l [1.3.30]. �I�e�Z�a�f�_�g�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �\ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f �[�Z�j�v�_�j�g�h�f �j�Z�a�j�y�^�_ 

�i�h�e�b�w�n�b�j�w�n�b�j�d�_�l�h�g�Z, �y�\�e�y�x�s�_�]�h�k�y �b�g�_�j�l�g�u�f �f�Z�l�_�j�b�Z�e�h�f, �i�j�b�^�Z�\�Z�e�Z �_�f�m �g�h�\�u�_ 

�[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z. �I�h�\�_�j�o�g�h�k�l�v �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �i�h�e�b�w�n�b�j�w�n�b�j�d�_�l�h�g�Z 

�i�h�^�\�_�j�]�Z�e�Z�k�v �b�g�l�_�g�k�b�\�g�h�c �f�b�g�_�j�Z�e�b�a�Z�p�b�b �b �Z�^�]�_�a�b�b �h�k�l�_�h�d�e�Z�k�l�h�\ �b �n�b�[�j�h�[�e�Z�k�l�h�\. �I�j�b 

�w�l�h�f �d�e�_�l�d�b �i�h�^�\�_�j�]�Z�e�b�k�v �Z�d�l�b�\�g�h�c �^�b�n�n�_�j�_�g�p�b�j�h�\�d�_, �q�l�h �k�h�i�j�h�\�h�`�^�Z�e�h�k�v �i�h�\�u�r�_�g�b�_�f 

�Z�d�l�b�\�g�h�k�l�b �Z�e�d�Z�e�b�g�n�h�k�n�Z�l�Z�a�u [1.3.31].  

�>�h �g�_�^�Z�\�g�_�]�h �\�j�_�f�_�g�b �\�h�a�^�_�c�k�l�\�b�_ �i�e�Z�a�f�u �g�Z �i�h�e�b�f�_�j�u �j�Z�k�k�f�Z�l�j�b�\�Z�e�b �d�Z�d 

�i�j�h�p�_�k�k, �k�\�y�a�Z�g�g�u�c �k �b�a�f�_�g�_�g�b�_�f �l�h�e�v�d�h �b�o �i�h�\�_�j�o�g�h�k�l�g�u�o �k�\�h�c�k�l�\. �H�^�g�Z�d�h �b�a�\�_�k�l�g�h, �q�l�h 

�<�M�N-�b�a�e�m�q�_�g�b�_ �i�e�Z�a�f�u �f�h�`�_�l �i�j�h�g�b�d�Z�l�v �\�]�e�m�[�v �i�h�e�b�f�_�j�Z, �i�j�b�q�_�f �]�e�m�[�b�g�Z �_�]�h 

�i�j�h�g�b�d�g�h�\�_�g�b�y �b �i�h�]�e�h�s�_�g�b�_ �\ �a�g�Z�q�b�l�_�e�v�g�h�c �k�l�_�i�_�g�b �a�Z�\�b�k�y�l �h�l �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ 

�f�Z�l�_�j�b�Z�e�Z [1.3.6, 1.3.32].  

�F�_�l�h�^�h�f �i�j�b�\�b�\�h�q�g�h�c �i�h�e�b�f�_�j�b�a�Z�p�b�b �f�h�g�h�Z�d�j�b�e�Z�l�Z �i�h�e�b(�w�l�b�e�_�g �h�d�k�b�^�Z), 

�b�g�b�p�b�b�j�h�\�Z�g�g�h�c �<�M�N-�b�a�e�m�q�_�g�b�_�f, �f�h�^�b�n�b�p�b�j�h�\�Z�e�b �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z 

�i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�w�l�b�e�_�g�h�\ �g�b�a�d�h�c �b �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b. �I�j�b �w�l�h�f �g�Z �<�M�N-�h�[�e�m�q�_�g�g�h�c 

�i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�f�_�j�Z �g�Z�[�e�x�^�Z�e�h�k�v �h�[�j�Z�a�h�\�Z�g�b�_ �d�Z�j�[�h�g�b�e�v�g�u�o �]�j�m�i�i �í�K=�H �b �l�j�Z�g�k-

�\�b�g�b�e�_�g�h�\�u�o �^�\�h�c�g�u�o �k�\�y�a�_�c �b �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i �í�K�í�H�í�K�í �b �í�K�í�G, �\�o�h�^�y�s�b�o �\ 

�k�h�k�l�Z�\ �f�h�e�_�d�m�e �i�h�e�b(�w�l�b�e�_�g �h�d�k�b�^�Z). �<�M�N-�b�g�b�p�b�b�j�h�\�Z�g�g�Z�y �i�j�b�\�b�\�h�q�g�Z�y �i�h�e�b�f�_�j�b�a�Z�p�b�y 

�f�h�g�h�Z�d�j�b�e�Z�l�Z �i�h�e�b(�w�l�b�e�_�g �h�d�k�b�^�Z) �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�w�l�b�e�_�g�h�\ �i�j�b�\�h�^�b�e�Z �d 
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�m�f�_�g�v�r�_�g�b�x �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �i�h�\�_�j�o�g�h�k�l�b, �k�g�b�`�_�g�b�x �d�h�e�b�q�_�k�l�\�Z �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�]�h 

�Z�e�v�[�m�f�b�g�Z [1.3.33] �b �b�g�]�b�[�b�j�h�\�Z�g�b�x �i�j�h�p�_�k�k�h�\ �Z�^�]�_�a�b�b �b �Z�d�l�b�\�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\ �g�Z 

�i�h�\�_�j�o�g�h�k�l�b [1.3.34]. 

�H�[�j�Z�[�h�l�d�Z �\ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f �[�Z�j�v�_�j�g�h�f �j�Z�a�j�y�^�_ �i�h�e�b�k�l�_�j�_�g�h�\�u�o �q�Z�r�_�d �I�_�l�j�b 

�m�\�_�e�b�q�b�\�Z�e�Z �]�b�^�j�h�n�b�e�v�g�h�k�l�v �i�h�\�_�j�o�g�h�k�l�b �b �m�k�b�e�b�\�Z�e�Z �i�j�h�e�b�n�_�j�Z�p�b�x �g�Z �g�_�c �d�m�e�v�l�m�j�u 

�w�g�^�h�l�_�e�b�Z�e�v�g�u�o �d�e�_�l�h�d �Z�h�j�l�u [1.3.5]. �=�b�^�j�h�n�b�e�v�g�u�_ �k�\�h�c�k�l�\�Z �d�m�e�v�l�m�j�Z�e�v�g�h�]�h �i�e�Z�k�l�b�d�Z 

�l�Z�d�`�_ �m�e�m�q�r�Z�e�b�k�v �i�j�b �_�]�h �h�[�j�Z�[�h�l�d�_ �<�M�N [1.3.35]. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �d�h�f�f�_�j�q�_�k�d�b 

�i�j�h�b�a�\�h�^�b�l�k�y �d�m�e�v�l�m�j�Z�e�v�g�u�c �i�e�Z�k�l�b�d “Primaria”TM (�K�R�:), �i�j�_�^�k�l�Z�\�e�y�x�s�b�c �k�h�[�h�c 

�g�b�l�j�b�^�b�j�h�\�Z�g�g�u�c �\ �i�e�Z�a�f�_ �i�h�e�b�k�l�b�j�h�e �b �h�[�e�Z�^�Z�x�s�b�c �m�e�m�q�r�_�g�g�u�f�b �Z�^�]�_�a�b�h�g�g�u�f�b 

�k�\�h�c�k�l�\�Z�f�b.  

 �L�j�Z�^�b�p�b�h�g�g�h �b�k�i�h�e�v�a�m�_�f�Z�y �\ �d�m�e�v�l�m�j�Z�e�v�g�u�o �j�Z�[�h�l�Z�o �i�e�Z�k�l�b�d�h�\�Z�y �i�h�k�m�^�Z �g�_ 

�h�[�_�k�i�_�q�b�\�Z�_�l �k�l�j�h�]�h�c �h�j�b�_�g�l�Z�p�b�b �b �e�h�d�Z�e�b�a�Z�p�b�b �d�e�_�l�h�d �g�Z �k�\�h�_�c �i�h�\�_�j�o�g�h�k�l�b. �< �l�h �`�_ 

�\�j�_�f�y �q�_�l�d�Z�y �h�j�b�_�g�l�Z�p�b�y �d�m�e�v�l�b�\�b�j�m�_�f�u�o �d�e�_�l�h�d �q�Z�k�l�h �g�_�h�[�o�h�^�b�f�Z �^�e�y �b�o �Z�^�_�d�\�Z�l�g�h�]�h 

�j�h�k�l�Z �b �^�b�n�n�_�j�_�g�p�b�j�h�\�d�b. �I�h�^�e�h�`�d�b, �i�h�^�^�_�j�`�b�\�Z�x�s�b�_ �k�l�h�]�m�x �l�h�i�h�e�h�]�b�x, �[�u�e�b 

�k�h�a�^�Z�g�u �l�Z�d�`�_ �g�Z �h�k�g�h�\�_ �i�h�e�b�w�l�b�e�_�g�h�\�h�c �i�e�_�g�d�b, �i�h�e�m�q�_�g�g�h�c �\ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f 

�[�Z�j�v�_�j�g�h�f �j�Z�a�j�y�^�_. �>�Z�g�g�u�_ �i�h�^�e�h�`�d�b �h�[�_�k�i�_�q�b�\�Z�e�b �^�b�n�n�_�j�_�g�p�b�j�h�\�d�m �Z�^�]�_�a�b�j�h�\�Z�g�g�u�o �g�Z 

�g�_�c �o�j�y�s�_�\�u�o �d�e�_�l�h�d �b �f�Z�d�j�h�n�Z�]�h�\ �q�_�e�h�\�_�d�Z U937. �I�j�b �w�l�h�f �d�e�_�l�d�b �j�Z�k�i�h�e�Z�]�Z�e�b�k�v �g�Z 

�i�h�^�e�h�`�d�_ �\ �k�l�j�h�]�h �h�i�j�_�^�_�e�_�g�g�h�f �i�h�j�y�^�d�_ [1.3.35]. 

 �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �f�_�l�h�^�u �h�[�j�Z�[�h�l�d�b �b �f�h�^�b�n�b�d�Z�p�b�b �j�Z�a�e�b�q�g�u�o 

�i�h�\�_�j�o�g�h�k�l�_�c �i�h�a�\�h�e�y�x�l �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h �b �\ �r�b�j�h�d�b�o �i�j�_�^�_�e�Z�o �f�_�g�y�l�v �b�o �n�b�a�b�q�_�k�d�b�_ 

�k�\�h�c�k�l�\�Z, �o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\, �k�l�j�m�d�l�m�j�m �b �f�h�j�n�h�e�h�]�b�x. �K �i�h�f�h�s�v�x �i�e�Z�a�f�_�g�g�u�o 

�l�_�o�g�h�e�h�]�b�c �\�h�a�f�h�`�g�h �k�h�a�^�Z�\�Z�l�v �g�h�\�u�_ �d�h�f�i�h�a�b�l�g�u�_ �f�Z�l�_�j�b�Z�e�u, �h�[�e�Z�^�Z�x�s�b�_ �p�_�g�g�u�f�b 

�[�b�h�e�h�]�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f�b �b �\�u�k�h�d�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x �k �l�d�Z�g�y�f�b �q�_�e�h�\�_�q�_�k�d�h�]�h 

�h�j�]�Z�g�b�a�f�Z �b �i�j�_�^�k�l�Z�\�e�y�x�s�b�f�b �h�]�j�h�f�g�u�c �b�g�l�_�j�_�k �^�e�y �k�h�\�j�_�f�_�g�g�h�c �f�_�^�b�p�b�g�u �b 

�[�b�h�b�g�`�_�g�_�j�b�b.  

 

1.4. �G�_�j�Z�\�g�h�\�_�k�g�Z�y  �i�e�Z�a�f�Z  �[�b�h�g�Z�g�h�l�_�o�g�h�e�h�]�b�y�o 

�M�]�e�_�j�h�^�g�u�_ �g�Z�g�h�\�e�h�d�h�g�Z, �g�Z�g�h�d�h�g�m�k�u �b �g�Z�g�h�l�j�m�[�d�b �g�Z�r�e�b �k�\�h�_ �i�j�b�f�_�g�_�g�b�_ �\�h 

�f�g�h�]�b�o �h�[�e�Z�k�l�y�o �g�Z�m�d�b �b �l�_�o�g�b�d�b: �\ �d�Z�q�_�k�l�\�_ �h�q�_�g�v �i�j�h�q�g�u�o �f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�o �k�l�_�j�`�g�_�c 

�b �g�b�l�_�c, �^�Z�l�q�b�d�h�\ �k�d�Z�g�b�j�m�x�s�b�o �l�m�g�g�_�e�v�g�u�o �b �Z�l�h�f�g�u�o �k�b�e�h�\�u�o �f�b�d�j�h�k�d�h�i�h�\, �k�h�a�^�Z�g�b�y 

�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o �]�_�l�_�j�h�k�l�j�m�d�l�m�j, �j�Z�a�j�Z�[�h�l�d�b �g�h�\�u�o �d�h�f�i�h�a�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\, 

�j�_�r�_�g�b�y �[�b�h�e�h�]�b�q�_�k�d�b�o �b �f�_�^�b�p�b�g�k�d�b�o �a�Z�^�Z�q. �M�^�h�[�k�l�\�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �g�Z�g�h�l�j�m�[�h�d �\ 

�[�b�h�f�_�^�b�p�b�g�k�d�b�o �p�_�e�y�o �h�i�j�_�^�_�e�y�_�l�k�y �b�o �g�b�a�d�h�c �l�h�d�k�b�q�g�h�k�l�v�x, �b�f�f�m�g�h�e�h�]�b�q�_�k�d�h�c 

�b�g�_�j�l�g�h�k�l�v�x �b �\�h�a�f�h�`�g�h�k�l�v�x �b�o �i�j�h�k�l�h�c �\�b�a�m�Z�e�b�a�Z�p�b�b �k �i�h�f�h�s�v�x �n�e�m�h�j�_�k�p�_�g�l�g�h�c 

�f�b�d�j�h�k�d�h�i�b�b [1.4.1].  
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�H�i�b�k�Z�g �k�b�g�l�_�a �m�]�e�_�j�h�^�g�u�o �g�Z�g�h�q�Z�k�l�b�p, �g�Z�g�h�l�j�m�[�h�d, �g�Z�g�h�i�h�j�h�r�d�h�\ �b 

�g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �l�h�g�d�b�o �Z�e�f�Z�a�g�u�o �i�e�_�g�h�d �k �i�h�f�h�s�v�x �i�e�Z�a�f�u �^�m�]�h�\�h�]�h �j�Z�a�j�y�^�Z 

[1.4.2-1.4.5], �g�Z�i�j�b�f�_�j, �i�h�k�j�_�^�k�l�\�h�f �j�_�Z�d�p�b�b �f�_�l�Z�e�e�h�\ �\ �\�h�^�h�j�h�^�g�h�c �i�e�Z�a�f�_, �b 

�f�b�d�j�h�\�h�e�g�h�\�h�c �i�e�Z�a�f�u �Z�l�f�h�k�n�_�j�g�h�]�h �^�Z�\�e�_�g�b�y [1.4.6], �Z �l�Z�d�`�_ �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ 

[1.4.7].  

 �H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �k�b�g�l�_�a�Z �m�]�e�_�j�h�^�g�u�o �g�Z�g�h�l�j�m�[�h�d 

�y�\�e�y�_�l�k�y �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�_ �o�b�f�b�q�_�k�d�h�_ �i�Z�j�h�n�Z�a�g�h�_ �h�k�Z�`�^�_�g�b�_ (PECVD). 

PECVD �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �m�]�e�_�j�h�^�g�u�o �g�Z�g�h�l�j�m�[�h�d �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �| 500 �q�K, 

�i�j�b �w�l�h�f �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �b�o �\�_�j�l�b�d�Z�e�v�g�Z�y �h�j�b�_�g�l�Z�p�b�y �b �[�h�e�v�r�Z�y �i�h�\�_�j�o�g�h�k�l�v �j�h�k�l�Z. 

�I�e�Z�a�f�_�g�g�h�_ �l�j�Z�\�e�_�g�b�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �k�e�h�y �\ �k�b�k�l�_�f�_ PECVD �i�h�a�\�h�e�y�_�l �d�h�g�l�j�h�e�b�j�h�\�Z�l�v 

�i�e�h�l�g�h�k�l�v �g�Z�g�h�l�j�m�[�h�d �b �b�o �^�b�Z�f�_�l�j �i�h�k�j�_�^�k�l�\�h�f �m�i�j�Z�\�e�_�g�b�y �i�Z�j�Z�f�_�l�j�Z�f�b �i�e�Z�a�f�u �b 

�i�e�h�l�g�h�k�l�v�x �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �q�Z�k�l�b�p [1.4.8-1.4.11]. 

 �< �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ �l�e�_�x�s�_�]�h �j�Z�a�j�y�^�Z (�f�h�s�g�h�k�l�v 100 �<�l, 

�q�Z�k�l�h�l�Z 13,56 �F�=�p, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a - �]�_�e�b�c) �[�u�e�b �i�h�e�m�q�_�g�u �g�Z�g�h�q�Z�k�l�b�p�u 

�Z�f�h�j�n�g�h�]�h �m�]�e�_�j�h�^�Z �b �`�_�e�_�a�Z, �b�f�_�x�s�b�_ �^�b�Z�f�_�l�j 30-35 �g�f �b 20-25 �g�f, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �b 

�g�_ �Z�]�]�e�x�l�b�g�b�j�m�x�s�b�_ �f�_�`�^�m �k�h�[�h�c. �<�u�k�h�d�b�_ �k�d�h�j�h�k�l�b �]�_�g�_�j�Z�p�b�b �g�Z�g�h�q�Z�k�l�b�p �[�u�e�b 

�^�h�k�l�b�]�g�m�l�u �m�`�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 40-80 �q�K, �i�j�b �w�l�h�f �k�d�h�j�h�k�l�v �h�[�j�Z�a�h�\�Z�g�b�y �g�Z�g�h�q�Z�k�l�b�p 

�\�h�a�j�Z�k�l�Z�e�Z �k �m�\�_�e�b�q�_�g�b�_�f �f�h�s�g�h�k�l�b �b �d�h�g�p�_�g�l�j�Z�p�b�b �f�Z�l�_�j�b�Z�e�Z-�i�j�_�d�m�j�k�h�j�Z (�Z�p�_�l�b�e�_�g�Z 

�b�e�b �n�_�j�j�h�p�_�g�Z/�G2) [1.4.12]. 

 �<�h�a�f�h�`�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �g�Z�g�h�l�j�m�[�h�d �\�h�a�j�Z�k�l�Z�x�l �i�j�b �i�_�j�_�o�h�^�_ �h�l �q�b�k�l�h 

�m�]�e�_�j�h�^�g�u�o �g�Z�g�h�l�j�m�[�h�d �d �o�b�f�b�q�_�k�d�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f, �i�h�w�l�h�f�m �Z�d�l�b�\�g�h 

�j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �f�_�l�h�^�u �f�h�^�b�n�b�d�Z�p�b�b �k�e�h�`�g�u�o �i�h�\�_�j�o�g�h�k�l�_�c (�g�Z�g�h�\�h�e�h�d�h�g, �m�]�e�_�j�h�^�g�u�o 

�g�Z�g�h�l�j�m�[�h�d, �f�b�d�j�h�y�q�_�_�d �b �l.� .̂) �k �i�h�f�h�s�v�x �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �[�Z�j�v�_�j�g�h�]�h �j�Z�a�j�y�^�Z. �L�Z�d, �g�Z 

�i�h�\�_�j�o�g�h�k�l�v �m�]�e�_�j�h�^�g�u�o �g�Z�g�h�l�j�m�[�h�d �[�u�e�b �b�f�f�h�[�b�e�b�a�b�j�h�\�Z�g�u �f�Z�e�_�b�g�h�\�u�c �Z�g�]�b�^�j�b�^ 

[1.4.13], �d�h�f�i�e�_�d�k�u �i�h�e�b(2-�]�b�^�j�h�d�k�b�w�l�b�e �f�_�l�Z�d�j�b�e�Z�l)-Ag [1.4.14] �b �f�h�e�_�d�m�e�u �Z�f�b�g�h-

�^�_�d�k�l�j�Z�g�Z [1.4.15]. 

 �< �h�^�g�h�c �b�a �j�Z�[�h�l �[�u�e �j�Z�a�j�Z�[�h�l�Z�g �f�_�l�h�^, �i�h�a�\�h�e�y�x�s�b�c �b�f�f�h�[�b�e�b�a�b�j�h�\�Z�l�v 

�[�b�h�f�h�e�_�d�m�e�u (�>�G�D, �[�_�e�d�b, �n�_�j�f�_�g�l�u) �g�Z �k�m�[�k�l�j�Z�l�u, �b�f�_�x�s�b�_ �k�e�h�`�g�u�c �j�_�e�v�_�n. 

�;�b�h�f�h�e�_�d�m�e�u �i�h�f�_�s�Z�e�b�k�v �\�g�m�l�j�v �d�Z�i�_�e�v �[�m�n�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �k �^�b�Z�f�_�l�j�h�f 30-50 �g�f, 

�d�h�l�h�j�u�_ �i�h�k�e�_ �i�j�h�o�h�`�^�_�g�b�y �q�_�j�_�a �i�e�Z�a�f�m �i�j�b�h�[�j�_�l�Z�e�b �a�Z�j�y�^ �b �a�Z�l�_�f �n�b�d�k�b�j�h�\�Z�e�b�k�v �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�f�_�j�Z [1.4.16].  

�< �i�h�k�e�_�^�g�_�_ �\�j�_�f�y �\�u�a�u�\�Z�_�l �[�h�e�v�r�h�c �b�g�l�_�j�_�k �j�Z�a�j�Z�[�h�l�d�Z �b �i�j�b�f�_�g�_�g�b�_ 

�f�b�d�j�h�q�b�i�h�\, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o �^�e�y �\�u�i�h�e�g�_�g�b�y �l�h�q�g�u�o �b �[�u�k�l�j�u�o �b�a�f�_�j�_�g�b�c, �^�e�y 

�j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�_�c �f�_�^�b�p�b�g�u, �n�Z�j�f�Z�d�h�e�h�]�b�b �b �[�b�h�l�_�o�g�h�e�h�]�b�b.  
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�I�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �\�k�_ �q�Z�s�_ �b�k�i�h�e�v�a�m�x�l�k�y �\ �i�j�h�b�a�\�h�^�k�l�\�_ �f�b�d�j�h�q�b�i�h�\ �b 

�[�b�h�k�_�g�k�h�j�h�\, �l.�d. �i�e�Z�a�f�_�g�g�Z�y �e�b�l�h�]�j�Z�n�b�y, �i�e�Z�a�f�_�g�g�h�_ �l�j�Z�\�e�_�g�b�_ �b �^�j. �i�h�a�\�h�e�y�x�l 

�h�k�m�s�_�k�l�\�e�y�l�v �f�b�d�j�h�h�[�j�Z�[�h�l�d�m �k�Z�f�u�o �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �\�u�k�h�d�h�c �k�l�_�i�_�g�v�x 

�i�j�_�p�b�a�b�h�g�g�h�k�l�b �b �k �\�u�k�h�d�h�c �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�x �j�_�a�m�e�v�l�Z�l�h�\. �H�i�b�k�Z�g�h �i�j�b�f�_�g�_�g�b�_ 

�i�e�Z�a�f�u (�b�k�i�h�e�v�a�h�\�Z�e�k�y �]�_�g�_�j�Z�l�h�j �k �q�Z�k�l�h�l�h�c 13,5 �F�=�p �b �f�h�s�g�h�k�l�v�x 500 �<�l, 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – �]�_�d�k�Z�n�l�h�j�b�^ �k�_�j�u) �^�e�y �]�e�m�[�h�d�h�]�h �f�b�d�j�h�l�j�Z�\�e�_�g�b�y �d�\�Z�j�p�_�\�h�]�h 

�k�l�_�d�e�Z. �I�h�e�m�q�_�g�g�u�_ �\ �j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�_�g�g�h�]�h �l�j�Z�\�e�_�g�b�y �k�l�j�m�d�l�m�j�u �h�[�e�Z�^�Z�e�b �]�e�Z�^�d�h�c 

�i�h�\�_�j�o�g�h�k�l�v�x. �L�h�l �`�_ �i�e�Z�a�f�_�g�g�u�c �]�_�g�_�j�Z�l�h�j �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �\ �d�h�f�i�e�_�d�k�g�h�c �l�_�o�g�h�e�h�]�b�b 

�^�e�y �k�h�a�^�Z�g�b�y �f�b�d�j�h�d�Z�i�b�e�e�y�j�g�u�o �k�l�j�m�d�l�m�j �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �f�b�d�j�h�k�l�j�m�c�g�u�o �q�b�i�h�\ 

[1.4.17].  

 �>�e�y �[�u�k�l�j�h�c �b �\�u�k�h�d�h�i�j�_�p�b�a�b�h�g�g�h�c �f�b�d�j�h�h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\ �[�u�e �k�i�_�p�b�Z�e�v�g�h 

�j�Z�a�j�Z�[�h�l�Z�g �]�_�g�_�j�Z�l�h�j �f�b�d�j�h�i�e�Z�a�f�u �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b, �i�h�a�\�h�e�y�x�s�b�c �i�j�h�\�h�^�b�l�v 

�f�b�d�j�h�l�j�Z�\�e�_�g�b�_ �d�j�_�f�g�b�y �b �d�\�Z�j�p�Z �k�h �k�d�h�j�h�k�l�v�x 4 �f�f /�f�b�g �b 10 �f�d�f/�f�b�g. �I�j�b �w�l�h�f 

�k�m�s�_�k�l�\�h�\�Z�e�Z �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �m�]�e�m�[�e�_�g�b�c �k �f�b�g�b�f�Z�e�v�g�u�f �^�b�Z�f�_�l�j�h�f 400 �f�d�f 

[1.4.18].  

 �H�[�j�Z�[�h�l�d�Z �i�h�e�b(�^�b�f�_�l�b�e�k�b�e�h�d�k�Z�g�Z) �\ �j�Z�^�b�h�q�Z�k�l�h�l�g�h�c �i�e�Z�a�f�_ �Z�l�f�h�k�n�_�j�g�h�]�h 

�^�Z�\�e�_�g�b�y �m�f�_�g�v�r�Z�_�l �g�_�`�_�e�Z�l�_�e�v�g�m�x �Z�^�k�h�[�p�b�x �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b �[�b�h�f�h�e�_�d�m�e, �q�l�h 

�i�h�\�u�r�Z�_�l �w�n�n�_�d�l�b�\�g�h�k�l�v �Z�g�Z�e�b�a�Z [1.4.19]. �< �^�j�m�]�h�c �j�Z�[�h�l�u �i�h�k�j�_�^�k�l�\�h�f �i�e�Z�a�f�_�g�g�h-

�b�g�^�m�p�b�j�h�\�Z�g�g�h�c �i�h�e�b�f�_�j�b�a�Z�p�b�b �[�u�e�b �k�h�a�^�Z�g�u �i�h�e�b�f�_�j�g�u�_ �i�e�_�g�d�b �b�a �f�h�g�h�f�_�j�h�\ 

�i�_�g�l�Z�n�l�h�j�h�n�_�g�b�e �f�_�l�Z�d�j�b�e�Z�l�Z. �I�h�e�m�q�_�g�g�u�c �i�h�e�b�f�_�j �b�f�_�e �g�Z �k�\�h�_�c �i�h�\�_�j�o�g�h�k�l�b 

�e�Z�[�b�e�v�g�u�_ �i�_�g�l�Z�n�l�h�j�h�n�_�g�b�e�h�\�u�_ �]�j�m�i�i�u, �d�h�l�h�j�u�_ �\�k�l�m�i�Z�e�b �\ �j�_�Z�d�p�b�x �k �[�b�h�e�h�]�b�q�_�k�d�b 

�Z�d�l�b�\�g�h�c �f�h�e�_�d�m�e�h�c �[�b�h�l�b�g�Z [1.4.20]. �G�Z �h�k�g�h�\�_ �i�e�Z�a�f�_�g�g�h-�i�h�e�b�f�_�j�b�a�h�\�Z�g�g�u�o 

�m�]�e�_�j�h�^�g�u�o �l�h�g�d�b�o �i�e�_�g�h�d �b �g�Z�g�h�l�j�m�[�h�d �[�u�e �k�d�h�g�k�l�j�m�b�j�h�\�Z�g �n�_�j�f�_�g�l�g�u�c �[�b�h�k�_�g�k�h�j 

(�n�_�j�f�_�g�l – �]�e�x�d�h�h�d�k�b�^�Z�a�Z), �^�_�l�_�d�l�b�j�m�x�s�b�c �]�e�x�d�h�a�m. �H�[�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �[�u�e�Z 

�b�k�i�h�e�v�a�h�\�Z�g�Z �b �^�e�y �m�e�m�q�r�_�g�b�y �w�e�_�d�l�j�h�o�b�f�b�q�_�k�d�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �k�e�h�_�f 

�g�Z�g�h�l�j�m�[�h�d �b �i�h�e�b�f�_�j�g�h�c �i�e�_�g�d�b [1.4.21]. 

�=�j�Z�n�_�g – �^�\�m�f�_�j�g�Z�y �Z�e�e�h�l�j�h�i�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �m�]�e�_�j�h�^�Z, �k�h�k�l�h�y�s�Z�y �b�a �h�^�b�g�h�q�g�h�]�h 

�k�e�h�y �m�]�e�_�j�h�^�g�u�o �Z�l�h�f�h�\, �k�h�[�j�Z�g�g�u�o �\ �]�_�d�k�Z�]�h�g�Z�e�v�g�m�x �j�_�r�_�l�d�m. �=�j�Z�n�_�g �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a 

�g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �r�b�j�h�d�h�]�h �d�j�m�]�Z �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c: 

�g�Z�g�h�w�e�_�d�l�j�h�g�b�d�b, �k�h�a�^�Z�g�b�y �]�Z�a�h�\�u�o �k�_�g�k�h�j�h�\, �k�l�j�m�d�l�m�j�g�u�o �w�e�_�f�_�g�l�h�\ �i�j�h�q�g�h�k�l�b, 

�w�g�_�j�]�h�g�Z�d�h�i�b�l�_�e�_�c, �[�b�h�k�h�\�f�_�k�l�b�f�u�o �f�Z�l�_�j�b�Z�e�h�\. �H�^�g�Z�d�h �\ �j�y�^�_ �k�e�m�q�Z�_�\ �^�e�y �m�k�i�_�r�g�h�]�h 

�i�j�b�f�_�g�_�g�b�y �]�j�Z�n�_�g�Z �g�_�h�[�o�h�^�b�f�Z �_�]�h �n�m�d�p�b�h�g�Z�e�b�a�Z�p�b�y, �g�Z�i�j�b�f�_�j, �^�h�i�b�j�h�\�Z�g�b�_ �Z�l�h�f�Z�f�b 

�Z�a�h�l�Z, �d�b�k�e�h�j�h�^�Z, �\�h�^�h�j�h�^�Z, �n�l�h�j�Z [1.4.22-1.4.26]. �I�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h 

�\�g�_�^�j�_�g�b�y �\ �k�l�j�m�d�l�m�j�m �]�j�Z�n�_�g�Z �w�l�b�o �w�e�_�f�_�g�l�h�\ �k �i�h�f�h�s�v�x �_�]�h �h�[�j�Z�[�h�l�d�b �\ �i�e�Z�a�f�_ �<�Q-
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�j�Z�a�j�y�^�Z �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �]�Z�a�h�\ (�Z�f�f�b�Z�d�Z, �d�b�k�e�h�j�h�^�Z, �\�h�^�h�j�h�^�Z, �l�_�l�j�Z�n�l�h�j�f�_�l�Z�g�Z) [1.4.22-

1.4.26]. 

 

1.5. �L�_�o�g�h�e�h�]�b�q�_�k�d�h�_ �i�j�b�f�_�g�_�g�b�_ �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �b �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

 

1.5.1. �I�j�b�f�_�g�_�g�b�_ �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ 

�B�k�k�e�_�^�h�\�Z�g�b�y�f �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �i�e�Z�a�f�_, �\�h�a�[�m�`�^�Z�_�f�h�c �b�g�`�_�d�p�b�_�c 

�w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ (�W�I) �\ �i�e�h�l�g�u�_ �]�Z�a�h�h�[�j�Z�a�g�u�_ �k�j�_�^�u, �i�h�k�\�y�s�_�g�h �f�g�h�`�_�k�l�\�h �j�Z�[�h�l, 

�\�u�i�h�e�g�_�g�g�u�o �g�Z �i�j�h�l�y�`�_�g�b�b �g�_�k�d�h�e�v�d�b�o �i�h�k�e�_�^�g�b�o �^�_�k�y�l�b�e�_�l�b�c. �M�k�l�h�c�q�b�\�u�c �b�g�l�_�j�_�k �d 

�^�Z�g�g�h�c �i�j�h�[�e�_�f�_ �h�[�t�y�k�g�y�_�l�k�y �h�[�b�e�b�_�f �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �b �i�j�b�d�e�Z�^�g�u�o �a�Z�^�Z�q, �\ �d�h�l�h�j�u�o 

�w�l�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �W�I �k �i�e�h�l�g�h�c �k�j�_�^�h�c �b�]�j�Z�_�l �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v. �H�l�f�_�l�b�f �e�b�r�v 

�g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�_ �j�Z�[�h�l�u, �\ �d�h�l�h�j�u�o �k�b�k�l�_�f�Z�l�b�a�b�j�h�\�Z�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c, 

�h�l�g�h�k�y�s�b�o�k�y �d �i�j�h�p�_�k�k�Z�f �\ �b�h�g�h�k�n�_�j�_ �A�_�f�e�b [1.5.1, 1.5.2], �Z�w�j�h�n�b�a�b�q�_�k�d�h�f�m 

�w�d�k�i�_�j�b�f�_�g�l�m [1.5.3, 1.5.4] �b �h�[�j�Z�[�h�l�d�_ �f�Z�l�_�j�b�Z�e�Z�o, �i�j�b�f�_�g�y�_�f�u�o �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b. 

�L�_�i�e�h�\�h�_ �\�h�a�^�_�c�k�l�\�b�_ �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ �g�Z �l�\�_�j�^�h�_ �l�_�e�h �y�\�e�y�_�l�k�y 

�h�k�g�h�\�h�c �l�_�o�g�h�e�h�]�b�b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�h�\ �b �k�\�Z�j�d�b �f�_�l�Z�e�e�h�\. �G�Z�]�j�_�\ 

�b �n�Z�a�h�\�u�_ �i�j�_�\�j�Z�s�_�g�b�y �\ �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�Z�o �i�h� ̂ �\�h�a�^�_�c�k�l�\�b�_�f �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o 

�i�h�l�h�d�h�\ �w�g�_�j�]�b�b �i�h�^�j�h�[�g�h �j�Z�k�k�f�h�l�j�_�g�u �\ �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �j�Z�[�h�l�Z�o, �\�u�i�h�e�g�_�g�g�u�o �i�h� ̂

�j�m�d�h�\�h�^�k�l�\�h�f �G.�G. �J�u�d�Z�e�b�g�Z �b �: .�: . �M�]�e�h�\�Z (�k�f., �g�Z�i�j�b�f�_�j [1.5.5, 1.5.6]), �b 

�f�g�h�]�h�q�b�k�e�_�g�g�u�o �[�h�e�_�_ �i�h�a�^�g�b�o �i�m�[�e�b�d�Z�p�b�y�o (�g�Z�i�j�b�f�_�j, [1.5.7-1.5.9]). �I�h�^�j�h�[�g�u�c �h�[�a�h�j 

�j�Z�[�h�l, �i�h�k�\�y�s�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�x �g�_�k�l�Z�p�b�h�g�Z�j�g�u�o �i�j�h�p�_�k�k�h�\ �j�Z�a�j�m�r�_�g�b�y �f�Z�l�_�j�b�Z�e�h�\ �k 

�h�[�j�Z�a�h�\�Z�g�b�_�f �d�Z�g�Z�e�Z �d�b�g�`�Z�e�v�g�h�]�h �j�Z�a�j�m�r�_�g�b�y, �b�f�_�_�l�k�y �\ [1.5.10]. 

�J�Z�a�j�Z�[�h�l�Z�g�Z �l�_�o�g�h�e�h�]�b�y �^�e�y �m�i�j�h�q�g�_�g�b�y �i�h�\�_�j�o�g�h�k�l�_�c �f�_�l�Z�e�e�b�q�_�k�d�b�o �b�a�^�_�e�b�c 

�i�m�l�_�f �h�[�j�Z�[�h�l�d�b �w�e�_�d�l�j�h�g�g�u�f �e�m�q�h�f �k �w�g�_�j�]�b�_�c �w�e�_�d�l�j�h�g�h�\ �^�h 100 �d�w�< �b �f�h�s�g�h�k�l�v�x �^�h 

15 �d�<�l �\ �\�h�a�^�m�r�g�h�c �Z�l�f�h�k�n�_�j�_. �F�_�l�h�^ �a�Z�d�e�x�q�Z�_�l�k�y �\ �q�j�_�a�\�u�q�Z�c�g�h �[�u�k�l�j�h�f �g�Z�]�j�_�\�_ 

�i�h�\�_�j�o�g�h�k�l�b �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �^�h �l�_�f�i�_�j�Z�l�m�j, �[�e�b�a�d�b�o �d �l�h�q�d�_ �i�e�Z�\�e�_�g�b�y (1000-1300) 

�q�K, �k �i�h�k�e�_�^�m�x�s�b�f �[�u�k�l�j�u�f �h�o�e�Z�`�^�_�g�b�_�f �i�h�k�e�_ �h�l�d�e�x�q�_�g�b�y �i�m�q�d�Z �\�k�e�_�^�k�l�\�b�_ �h�l�\�h�^�Z 

�l�_�i�e�Z �b�a �g�Z�]�j�_�l�h�]�h �k�e�h�y �\ �f�Z�k�k�m �f�_�l�Z�e�e�Z. �I�j�b �f�Z�e�u�o �\�j�_�f�_�g�Z�o �h�[�j�Z�[�h�l�d�b (0,001-0,1 �k), 

�d�h�]�^�Z �l�_�f�i�_�j�Z�l�m�j�Z �g�_ �^�h�k�l�b�]�Z�_�l �l�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y, �g�h �i�j�_�\�u�r�Z�_�l �l�h�q�d�m 

�Z�m�k�l�_�g�b�l�g�h�]�h �i�_�j�_�o�h�^�Z, �\�h�a�f�h�`�g�h �l�Z�d�h�_ �`�_ �[�u�k�l�j�h�_ �h�o�e�Z�`�^�_�g�b�_ �l�h�g�d�h�]�h �k�e�h�y �a�Z �k�q�_�l 

�l�_�i�e�h�h�l�^�Z�q�b �\ �_�s�_ �o�h�e�h�^�g�m�x �h�k�g�h�\�m �f�Z�l�_�j�b�Z�e�Z, �\�k�e�_�^�k�l�\�b�_ �q�_�]�h �b �i�j�h�b�k�o�h�^�b�l �a�Z�d�Z�e�d�Z.  

�>�Z�g�g�Z�y �l�_�o�g�h�e�h�]�b�y �h�[�_�k�i�_�q�b�\�Z�e�Z �i�h�\�u�r�_�g�b�_ �l�\�_�j�^�h�k�l�b �\ 2-2,5 �j�Z�a �\ �k�j�Z�\�g�_�g�b�b �k 

�b�k�o�h�^�g�u�f �f�Z�l�_�j�b�Z�e�h�f �i�j�b �]�e�m�[�b�g�_ �m�i�j�h�q�g�_�g�b�y 0,01-1 �f�f  [1.5.11]. 

�< �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�u�o �l�_�o�g�h�e�h�]�b�y�o �g�Z�g�_�k�_�g�b�y �i�h�d�j�u�l�b�c �W�I �b�k�i�h�e�v�a�m�_�l�k�y �l�h�e�v�d�h 

�^�e�y �b�k�i�Z�j�_�g�b�y �h�k�Z�`�^�Z�_�f�h�]�h �\�_�s�_�k�l�\�Z. �H�i�b�k�Z�g�h �i�h�e�m�q�_�g�b�_ �j�Z�a�e�b�q�g�u�o �f�_�l�Z�e�e�b�q�_�k�d�b�o (�b�a 
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�o�j�h�f�Z, �f�h�e�b�[�^�_�g�Z, �p�b�j�d�h�g�b�y, �b�l�l�j�b�y, �d�Z�j�[�b�^�Z �b �[�h�j�b�^�Z �l�b�l�Z�g�Z) �b �d�_�j�Z�f�b�q�_�k�d�b�o �i�h�d�j�u�l�b�c 

�k �i�h�f�h�s�v�x �W�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �i�Z�j�h�n�Z�a�g�h�]�h �h�k�Z�`�^�_�g�b�y (EB-PVD) �g�Z �i�b�e�h�l�g�h�f 

�h�[�j�Z�a�p�_ �i�j�h�f�u�r�e�_�g�g�h�c �m�k�l�Z�g�h�\�d�b, Sciaky EB-PVD, �k�h�k�l�h�y�s�_�c �b�a �r�_�k�l�b �w�e�_�d�l�j�h�g�g�u�o 

�i�m�r�_�d, �b�k�i�h�e�v�a�m�_�f�u�o �d�Z�d �^�e�y �b�k�i�Z�j�_�g�b�y �f�b�r�_�g�b, �l�Z�d �b �^�e�y �Z�d�l�b�\�Z�p�b�b �b �g�Z�]�j�_�\�Z �i�h�^�e�h�`�d�b 

[1.5.12]. �W�l�Z �`�_ �m�k�l�Z�g�h�\�d�Z �i�j�b�f�_�g�y�e�Z�k�v �b �^�e�y �i�h�e�m�q�_�g�b�y �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o Mg-Y-Ti 

�d�h�f�i�h�a�b�l�h�\ [1.5.12]. 

�W�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �h�q�b�k�l�d�Z (�W�E�H) �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �Z�e�v�l�_�j�g�Z�l�b�\�Z 

�l�j�Z�^�b�p�b�h�g�g�u�f (�o�b�f�b�q�_�k�d�b�f, �k�h�j�[�p�b�h�g�g�u�f, �n�e�h�l�Z�p�b�h�g�g�u�f �b �^�j.) �f�_�l�h�^�Z�f �h�q�b�k�l�d�b 

�]�Z�a�h�h�[�j�Z�a�g�u�o �b �Z�w�j�h�a�h�e�v�g�u�o �\�u�[�j�h�k�h�\ �j�Z�a�e�b�q�g�u�o �i�j�h�b�a�\�h�^�k�l�\. �G�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h 

�j�Z�a�\�b�\�Z�x�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�h �W�E�H �^�e�y �l�h�i�h�q�g�u�o �b �^�u�f�h�\�u�o �]�Z�a�h�\ �L�W�K, �j�Z�[�h�l�Z�x�s�b�o �g�Z 

�m�]�e�_ �b �g�_�n�l�b, �h�l �h�d�k�b�^�h�\ �Z�a�h�l�Z NOx �b �^�b�h�d�k�b�^�Z �k�_�j�u SO2. �G�Z�b�[�h�e�_�_ �b�a�\�_�k�l�g�u�c �\�Z�j�b�Z�g�l 

�W�E�H, Ebara-process, [1.5.11, 1.5.13, 1.5.14] �k �i�h�e�m�q�_�g�b�_�f �\ �d�Z�q�_�k�l�\�_ �d�h�g�_�q�g�u�o �i�j�h�^�m�d�l�h�\ 

�m�e�Z�\�e�b�\�Z�g�b�y �k�h�e�_�c �Z�f�f�h�g�b�y, �]�^�_ �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�h�_ �h�[�e�m�q�_�g�b�_ �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y 

�n�h�j�f�b�j�h�\�Z�g�b�y �i�j�h�^�m�d�l�h�\ �j�Z�^�b�h�e�b�a�Z �\�h�^�u. 

�B�k�k�e�_�^�h�\�Z�g�b�x Ebara-�i�j�h�p�_�k�k�Z �i�h�k�\�y�s�_�g �j�y� ̂ �i�m�[�e�b�d�Z�p�b�c �d�Z�d �j�h�k�k�b�c�k�d�b�o, �l�Z�d �b 

�a�Z�j�m�[�_�`�g�u�o �Z�\�l�h�j�h�\  [1.5.15 - 1.5.19] �b �^�h�d�e�Z�^�h�\ [1.5.20,  1.5.21], �k�^�_�e�Z�g�g�u�o �g�Z �k�_�f�b�g�Z�j�_ �\ 

�B�<�L �J�:�G �\ �g�h�y�[�j�_ 1992 �].). �< �j�Z�[�h�l�Z�o [1.5.21, 1.5.22] �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �i�j�_�b�f�m�s�_�k�l�\�Z 

�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�]�h �\�u�i�m�k�d�Z �w�e�_�d�l�j�h�g�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �n�h�e�v�]�h�\�u�f�b �h�d�g�Z�f�b, 

�n�m�g�d�p�b�h�g�b�j�m�x�s�b�c �i�j�h�l�h�l�b�i �f�h�s�g�h�c �m�k�l�Z�g�h�\�d�b �^�e�y �W�E�H �h�i�b�k�Z�g �\ [1.5.23]. �<  [1.5.24] 

�i�j�b�\�h�^�b�l�k�y �h�i�b�k�Z�g�b�_ �e�Z�[�h�j�Z�l�h�j�g�h�c �m�k�l�Z�g�h�\�d�b �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ �W�E�H �i�j�b 

�m�f�_�j�_�g�g�u�o �w�g�_�j�]�b�y�o �w�e�_�d�l�j�h�g�h�\ (Eb < 100 �d�w�<).  �I�_�j�\�Z�y �h�l�_�q�_�k�l�\�_�g�g�Z�y �i�h�e�g�h�f�Z�k�r�l�Z�[�g�Z�y 

�h�i�u�l�g�h-�i�j�h�f�u�r�e�_�g�g�Z�y �m�k�l�Z�g�h�\�d�Z �W�E�H �k �m�k�d�h�j�y�x�s�b�f �g�Z�i�j�y�`�_�g�b�_�f �^�h 200  �d�< �[�u�e�Z 

�k�h�a�^�Z�g�Z �g�Z �Q�_�j�_�i�_�l�k�d�h�c �=�J�W�K �b �h�k�g�Z�s�_�g�Z �m�k�d�h�j�b�l�_�e�_�f �k �f�h�s�g�h�k�l�v�x 80 �d�<�l. �< �^�Z�g�g�h�c 

�m�k�l�Z�g�h�\�d�_ �\�u�\�h�^ �i�m�q�d�Z �^�b�Z�f�_�l�j�h�f 1,0 �y 1.5 �f�f  �h�k�m�s�_�k�l�\�e�y�_�l�k�y �q�_�j�_�a �r�e�x�a�h�\�m�x �k�b�k�l�_�f�m  

[1.5.25]. 

�O�h�l�y �f�_�l�h�^�u �W�E�H �g�Z�q�Z�e�b �j�Z�a�\�b�\�Z�l�v�k�y �\ �k�\�y�a�b �k �h�q�b�k�l�d�h�c �l�h�i�h�q�g�u�o �]�Z�a�h�\, 

�\�i�h�k�e�_�^�k�l�\�b�b �k�l�Z�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y �b �^�j�m�]�b�_ �b�o �i�j�b�e�h�`�_�g�b�y: �h�q�b�k�l�d�Z �]�Z�a�h�h�[�j�Z�a�g�u�o 

�\�u�[�j�h�k�h�\ �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�o �i�j�h�b�a�\�h�^�k�l�\ �h�l �h�d�k�b�^�h�\ �k�_�j�u �b �Z�a�h�l�Z, �Z �l�Z�d�`�_ �h�l 

�d�Z�g�p�_�j�h�]�_�g�g�u�o �k�f�h�e�b�k�l�u�o �\�_�s�_�k�l�\ (�\ �q�Z�k�l�g�h�k�l�b, �h�l 3,4-�[�_�g�a�Z�i�b�j�_�g�Z), �h�q�b�k�l�d�Z �h�l�o�h�^�y�s�b�o 

�]�Z�a�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �i�_�j�_�j�Z�[�h�l�d�_ �^�j�_�\�_�k�b�g�u, �b �h�l�j�Z�\�e�y�x�s�b�o �\�_�s�_�k�l�\. �G�Z�i�j�b�f�_�j, �^�e�y 

�h�q�b�k�l�d�Z �h�l�o�h�^�y�s�b�o �]�Z�a�h�\ �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�o �i�j�h�b�a�\�h�^�k�l�\ �h�l 3,4-�[�_�g�a�Z�i�b�j�_�g�Z �[�u�e�Z 

�b�k�i�h�e�v�a�h�\�Z�g�Z  �w�e�_�d�l�j�h�g�g�Z�y �i�m�r�d�Z, �j�Z�[�h�l�Z�\�r�Z�y �i�j�b �m�k�d�h�j�y�x�s�_�f �g�Z�i�j�y�`�_�g�b�b 100 �y 120 �d�< 

�k �l�h�d�h�f 5 �y 7 �f�: . �I�j�b �w�l�h�f �^�h�k�l�b�]�g�m�l�Z�y �k�l�_�i�_�g�v �h�q�b�k�l�d�b �k�h�k�l�Z�\�b�e�Z 92 �y 98 % [1.5.26]. 
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�K �i�h�f�h�s�v�x �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �k�b�k�l�_�f�u, �b�k�i�h�e�v�a�m�x�s�_�c �W�I �f�h�s�g�h�k�l�v�x 20 �d�<�l �b 

�m�k�d�h�j�y�x�s�b�f �g�Z�i�j�y�`�_�g�b�_�f 80-100 �d�<, �[�u�e�Z �h�k�m�s�_�k�l�\�e�_�g�Z �j�_�Z�d�p�b�y �i�j�_�\�j�Z�s�_�g�b�y 

�l�_�l�j�Z�o�e�h�j�b�^�Z �d�j�_�f�g�b�y SiCl4 �\ �l�j�b�o�e�h�j�k�b�e�Z�g SiHCl3 [1.5.11].  

�H�l�^�_�e�v�g�h�]�h �\�g�b�f�Z�g�b�y �a�Z�k�e�m�`�b�\�Z�_�l �i�j�b�f�_�g�_�g�b�_ �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �^�e�y �j�_�r�_�g�b�y 

�[�b�h�f�_�^�b�p�b�g�k�d�b�o �a�Z�^�Z�q, �\ �q�Z�k�l�g�h�k�l�b �k�l�_�j�b�e�b�a�Z�p�b�b �b �^�_�d�h�g�l�Z�f�b�g�Z�p�b�b �j�Z�a�e�b�q�g�u�o �h�[�t�_�d�l�h�\ 

(�f�_�^�b�p�b�g�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y, �m�i�Z�d�h�\�h�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �i�b�s�_�\�u�o �i�j�h�^�m�d�l�h�\ �b �^�j.). 

�I�h�d�Z�a�Z�g�h, �q�l�h �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �b�g�Z�d�l�b�\�b�j�m�x�l �f�b�d�j�h�h�j�]�Z�g�b�a�f�u �d�Z�d �a�Z �k�q�_�l �i�j�y�f�h�]�h 

�\�h�a�^�_�c�k�l�\�b�y �g�Z �`�b�a�g�_�g�g�h �\�Z�`�g�u�_ �d�e�_�l�h�q�g�u�_ �k�l�j�m�d�l�m�j�u �b �f�h�e�_�d�m�e�u (�g�Z�i�j�b�f�_�j, �>�G�D), �l�Z�d 

�b �a�Z �k�q�_�l �h�i�h�k�j�_�^�h�\�Z�g�g�u�o �w�n�n�_�d�l�h�\.  

�I�_�j�\�Z�y �d�h�f�f�_�j�q�_�k�d�Z�y �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �m�k�l�Z�g�h�\�d�Z �[�u�e�Z �k�h�a�^�Z�g�Z �d�h�f�i�Z�g�b�_�c 

Johnson & Johnson (�K�R�:) �\ 1956 �]�h�^�m. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �k�m�s�_�k�l�\�m�_�l �f�g�h�`�_�k�l�\�h 

�d�h�f�f�_�j�q�_�k�d�b�o �m�k�l�j�h�c�k�l�\ �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b, �h�k�g�h�\�Z�g�g�u�o �g�Z �^�_�c�k�l�\�b�b �g�_�i�j�_�j�u�\�g�u�o �b 

�b�f�i�m�e�v�k�g�u�o �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �k �\�u�k�h�d�h�c �w�g�_�j�]�b�_�c (3-10 �F�w�<) �b �f�h�s�g�h�k�l�v�x 1-50 �d�<�l 

[1.5.27]. �< 1995 �]�h�^�m �D�h�f�i�Z�g�b�_�c Titan Corporation (�K�R�:) �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �m�k�l�Z�g�h�\�d�Z �^�e�y 

�k�l�_�j�b�e�b�a�Z�p�b�b �o�b�j�m�j�]�b�q�_�k�d�h�]�h �b�g�k�l�j�m�f�_�g�l�Z�j�b�y, �\ �d�h�l�h�j�h�c �b�k�i�h�e�v�a�h�\�Z�e�k�y 10 �F�w�< 

�w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d �k �f�h�s�g�h�k�l�v�x 10 �d�<�l. �<�i�h�k�e�_�^�k�l�\�b�b �g�Z �h�k�g�h�\�_ �^�Z�g�g�h�c �f�h�^�_�e�b �[�u�e 

�k�h�a�^�Z�g �p�_�e�u�c �j�y� ̂ �k�l�_�j�b�e�b�a�Z�p�b�h�g�g�u�o �m�k�l�Z�g�h�\�h�d �k �j�Z�a�e�b�q�g�h�c �f�h�s�g�h�k�l�v�x [1.5.28]. �K 1996 

�]�h�^�Z �d�h�f�i�Z�g�b�_�c  Mitsubishi Heavy Industries, Ltd. (�Y�i�h�g�b�y) �l�Z�d�`�_ �i�j�h�b�a�\�h�^�b�l�k�y �g�_�k�d�h�e�v�d�h 

�f�h�^�_�e�_�c �k�l�_�j�b�e�b�a�Z�p�b�h�g�g�u�o �m�k�l�Z�g�h�\�h�d �k �f�h�s�g�h�k�l�v�x �h�l 2 �^�h 31 �d�<�l �b �w�g�_�j�]�b�_�c 

�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �^�h 10 �d�w�< [1.5.29].  �< �e�b�l�_�j�Z�l�m�j�_ �h�i�b�k�Z�g�h �m�k�i�_�r�g�h�_ �i�j�b�f�_�g�_�g�b�_ �^�e�y 

�^�_�d�h�g�l�Z�f�b�g�Z�p�b�b �f�_�^�b�p�b�g�k�d�h�]�h �b�g�k�l�j�m�f�_�g�l�Z�j�b�y 10 �F�w�< �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �k 

�f�h�s�g�h�k�l�v�x 30-50 �d�<�l, 3 �F�w�< �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �k �f�h�s�g�h�k�l�v�x 20 �d�<�l [1.5.30, 1.5.31] �b 

2,5-5 �F�w�< �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �k �f�h�s�g�h�k�l�v�x 2,5 �d�<�l [1.5.32, 1.5.33]. �I�h�k�e�_�^�g�y�y �m�k�l�Z�g�h�\�d�Z 

�l�Z�d�`�_ �\�u�i�m�k�d�Z�_�l�k�y �d�h�f�f�_�j�q�_�k�d�b �\ �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b. 5 �F�w�< �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d 

�b�g�Z�d�l�b�\�b�j�h�\�Z�e �f�b�d�j�h�h�j�]�Z�g�b�a�f�u, �g�Z�o�h�^�y�s�b�_�k�y �\ �f�Z�k�e�_ �n�_�g�o�_�e�y, �d�h�l�h�j�h�_ �b�k�i�h�e�v�a�m�_�l�k�y �\ 

�n�Z�j�f�Z�p�_�\�l�b�d�_. �I�j�b �w�l�h�f �k�h�k�l�Z�\ �f�Z�k�e�Z �g�_ �b�a�f�_�g�y�e�k�y [1.5.34]. �W�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �k 

�w�g�_�j�]�b�_�c 5-10 �F�w�< �b�g�Z�d�l�b�\�b�j�h�\�Z�e�b �k�i�h�j�u Bacillus atrophaeus �b �\�u�k�h�d�h �i�Z�l�h�]�_�g�g�h�c 

Bacillus anthracis, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�f�_�s�_�g�g�u�_ �\ �[�m�f�Z�`�g�u�c �d�h�g�\�_�j�l [1.5.35]. 

�I�h�d�Z�a�Z�g�h, �q�l�h �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �k �f�_�g�v�r�_�c �w�g�_�j�]�b�_�c �l�Z�d�`�_ �f�h�]�m�l �[�u�l�v 

�w�n�n�_�d�l�b�\�g�u �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b �b �^�_�d�h�g�l�Z�f�b�g�Z�p�b�b �j�Z�a�e�b�q�g�u�o �h�[�t�_�d�l�h�\. �< �j�Z�[�h�l�_ [1.5.36] 

�^�e�y �b�g�Z�d�l�b�\�Z�p�b�b �[�Z�d�l�_�j�b�c Escherichia coli �i�j�b�f�_�g�y�e�b �g�b�a�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�c (<100 �d�w�<) 

�w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d [1.5.36]. R.D. Curry �b �k�h�Z�\�l�h�j�Z�f�b (2000) �j�Z�a�j�Z�[�h�l�Z�g�h �m�k�l�j�h�c�k�l�\�h �^�e�y 

�k�l�_�j�b�e�b�a�Z�p�b�b �i�b�s�_�\�u�o �i�j�h�^�m�d�l�h�\, �\ �d�h�l�h�j�h�f �[�u�e �b�k�i�h�e�v�a�h�\�Z�g 40-�g�k �b�f�i�m�e�v�k�g�u�c 200 �d�w�< 

�w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d. �>�Z�g�g�Z�y �m�k�l�Z�g�h�\�d�Z �i�h�d�Z�a�Z�e�Z �k�\�h�x �w�n�n�_�d�l�b�\�g�h�k�l�v �i�j�b �j�Z�a�j�m�r�_�g�b�b 

�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ (�\ �q�Z�k�l�g�h�k�l�b, Escherichia coli) [1.5.37]. 
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�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �^�e�y �k�l�_�j�b�e�b�a�Z�p�b�b �f�h�`�_�l 

�i�j�b�\�_�k�l�b �d �h�[�j�Z�a�h�\�Z�g�b�x �j�Z�^�b�d�Z�e�h�\ �\ �k�b�g�l�_�l�b�q�_�k�d�b�o �i�h�e�b�f�_�j�Z�o �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �d 

�j�Z�a�j�m�r�_�g�b�x �g�_�d�h�l�h�j�u�o �f�Z�l�_�j�b�Z�e�h�\ (�l�Z�d�b�o �d�Z�d �Z�e�b�n�Z�l�b�q�_�k�d�b�_ �i�h�e�b�f�_�j�u), �i�h�w�l�h�f�m �d�j�Z�c�g�_ 

�\�Z�`�g�u�f �y�\�e�y�_�l�k�y �d�h�g�l�j�h�e�v �i�h�]�e�h�s�_�g�g�h�c �^�h�a�u �h�[�e�m�q�_�g�b�y [1.5.38]. 

�?�s�_ �h�^�g�h�c �h�[�e�Z�k�l�v�x �i�j�b�f�_�g�_�g�b�y �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �y�\�e�y�_�l�k�y 

�g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c �o�b�f�b�q�_�k�d�b�c �k�b�g�l�_�a, �i�j�h�l�_�d�Z�x�s�b�c �a�Z �k�q�_�l �j�_�Z�d�p�b�c �k�\�h�[�h�^�g�u�o 

�j�Z�^�b�d�Z�e�h�\, �Z �l�Z�d�`�_ �\�h�a�[�m�`�^�_�g�g�u�o �b �b�h�g�b�a�h�\�Z�g�g�u�o �f�h�e�_�d�m�e. �G�Z�i�j�b�f�_�j, �i�j�b �h�[�j�Z�[�h�l�d�_ 

�i�e�Z�k�l�f�Z�k�k �i�j�h�b�k�o�h�^�b�l �i�h�e�b�f�_�j�b�a�Z�p�b�y �f�h�g�h�f�_�j�g�u�o �n�j�Z�]�f�_�g�l�h�\ �b �n�h�j�f�b�j�h�\�Z�g�b�_ 

�\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�h�]�h �i�h�e�b�f�_�j�Z �k �i�h�k�e�_�^�m�x�s�_�c �i�_�j�_�d�j�_�k�l�g�h�c �k�r�b�\�d�h�c �_�]�h �k�e�h�_�\.  

�< �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �\�h�^�g�u�_ �j�Z�k�l�\�h�j�u �i�h�e�b�w�l�b�e�_�g�h�d�k�b�^�Z 

�i�j�b�h�[�j�_�l�Z�x�l �]�_�e�_�h�[�j�Z�a�g�m�x �k�l�j�m�d�l�m�j�m. �=�_�e�b �i�h�e�b�w�l�b�e�_�g�h�d�k�b�^�Z �g�Z�r�e�b �r�b�j�h�d�h�_ 

�i�j�b�f�_�g�_�g�b�_ �d�Z�d �h�k�g�h�\�Z �d�h�k�f�_�l�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\ �b �a�m�[�g�u�o �i�Z�k�l, �k�h�j�[�_�g�l�h�\ �b 

�i�_�j�_�g�h�k�q�b�d�h�\ �\ �f�_�^�b�p�b�g�_, �Z �l�Z�d�`�_ �\ �d�Z�q�_�k�l�\�_ �d�h�g�l�Z�d�l�g�h�c �k�j�_�^�u �^�e�y �m�e�v�l�j�Z�a�\�m�d�h�\�u�o 

�b�k�k�e�_�^�h�\�Z�g�b�c [1.5.33].  

�< �g�_�d�h�l�h�j�u�o �k�e�m�q�Z�y�o �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �i�j�b�f�_�g�y�e�b �^�e�y �b�a�f�_�g�_�g�b�y �k�\�h�c�k�l�\ 

�[�b�h�f�h�e�_�d�m�e [1.5.39]. �L�Z�d, �[�u�e�Z �i�j�h�\�_�^�_�g�Z �h�[�j�Z�[�h�l�d�Z �d�Z�j�l�h�n�_�e�v�g�h�]�h �d�j�Z�o�f�Z�e�Z 

�w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �k �w�g�_�j�]�b�_�c 6-7 �F�w�< �\ �^�h�a�Z�o 110-440 �d�=�j. �< �j�_�a�m�e�v�l�Z�l�_ 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h �a�g�Z�q�b�l�_�e�v�g�h�_ �m�\�_�e�b�q�_�g�b�_ �Z�f�h�j�n�b�a�Z�p�b�b �d�j�Z�o�f�Z�e�Z �k �j�h�k�l�h�f 

�^�h�a�u �h�[�e�m�q�_�g�b�y �b �k�g�b�`�_�g�b�_ �k�l�_�i�_�g�b �i�h�e�b�f�_�j�b�a�Z�p�b�b �Z�f�b�e�h�i�_�d�l�b�g�Z �b �Z�f�b�e�h�a�u, �\�o�h�^�y�s�b�o �\ 

�_�]�h �k�h�k�l�Z�\. �L�Z�d, �k�l�_�i�_�g�v �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b �d�j�Z�o�f�Z�e�Z, �h�[�e�m�q�_�g�g�h�]�h �^�h�a�h�c �\ 440 �d�=�j 

�k�g�b�`�Z�e�Z�k�v �\ 1,5 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �\�_�s�_�k�l�\�h�f. �L�_�f �g�_ �f�_�g�_�_, 

�f�h�j�n�h�e�h�]�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �a�_�j�_�g �d�j�Z�o�f�Z�e�Z �\ �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b �g�_ 

�b�a�f�_�g�y�e�Z�k�v. �H�[�e�m�q�_�g�b�_ �d�j�Z�o�f�Z�e�Z �l�Z�d�`�_ �i�j�b�\�h�^�b�e�h �d �i�h�y�\�e�_�g�b�x �\ �g�_�f �g�_�a�g�Z�q�b�l�_�e�v�g�h�]�h 

�q�b�k�e�Z �d�Z�j�[�h�d�k�b�e�v�g�u�o �b �d�Z�j�[�h�g�b�e�v�g�u�o �]�j�m�i�i, �i�j�b�q�_�f �^�h�e�y �d�Z�j�[�h�d�k�b�e�v�g�u�o �]�j�m�i�i 

�i�j�_�\�u�r�Z�e�Z �^�h�e�x �d�Z�j�[�h�g�b�e�v�g�u�o. �K�h�q�_�l�Z�g�b�_ �b�a�f�_�g�_�g�b�c �n�Z�a�h�\�h�c �b �f�h�e�_�d�m�e�y�j�g�h�c 

�k�l�j�m�d�l�m�j�u �d�j�Z�o�f�Z�e�Z �a�Z�d�h�g�h�f�_�j�g�h �h�[�m�k�e�Z�\�e�b�\�Z�e�h �i�h�\�u�r�_�g�b�_ �_�]�h �j�Z�k�l�\�h�j�b�f�h�k�l�b �\ 

�o�h�e�h�^�g�h�c �\�h�^�_ �k 5% �^�h 70% [1.5.39].  

�B�f�i�m�e�v�k�g�u�_ �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �b�k�i�h�e�v�a�m�x�l �^�e�y �k�h�a�^�Z�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�u�o 

�i�h�\�_�j�o�g�h�k�l�_�c [1.2.18, 1.5.40], �q�l�h �i�h�a�\�h�e�y�_�l �g�Z�g�h�k�b�l�v �i�h�d�j�u�l�b�y �g�Z �l�_�j�f�h�e�Z�[�b�e�v�g�u�_ 

�i�h�e�b�f�_�j�u. �G�Z�i�j�b�f�_�j, �k �i�h�f�h�s�v�x �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �[�u�e�b �k�h�a�^�Z�g�u �l�h�g�d�b�_ TiN �b SiO2 

�i�h�d�j�u�l�b�y �g�Z �d�j�_�f�g�b�_�\�h�c �i�h�^�e�h�`�d�_ [1.5.41]. �K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�h�f�i�e�_�d�k�g�h�c �l�_�o�g�h�e�h�]�b�b 

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�]�h �b�k�i�Z�j�_�g�b�y �b �f�b�d�j�h-�^�m�]�h�\�h�]�h �h�d�b�k�e�_�g�b�y �g�Z �l�b�l�Z�g�h�\�u�o �i�h�^�e�h�`�d�Z�o 

�[�u�e�h �k�h�a�^�Z�g�h �]�b�^�j�h�d�b�k�b�Z�i�Z�l�b�l�g�h�_  �i�h�d�j�u�l�b�_ �l�h�e�s�b�g�h�c 1 �f�d�f, �d�h�l�h�j�h�_ �h�[�e�Z�^�Z�e�h �\�u�k�h�d�h�c 

�[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x. �I�h�d�Z�a�Z�g�h, �q�l�h �g�Z �k�h�a�^�Z�g�g�h�f �i�h�d�j�u�l�b�b �i�j�h�b�k�o�h�^�b�e�Z 

�b�g�l�_�g�k�b�\�g�Z�y �i�j�h�e�b�n�_�j�Z�p�b�y �d�e�_�l�h�d �d�h�k�l�g�h�c �l�d�Z�g�b [1.5.42]. 
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�K �i�h�f�h�s�v�x �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �\�h�a�f�h�`�g�h �l�Z�d�`�_ �k�h�a�^�Z�g�b�_ �f�_�^�b�p�b�g�k�d�b�o 

�i�h�e�b�f�_�j�h�\, �h�[�e�Z�^�Z�x�s�b�o �m�e�m�q�r�_�g�g�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x. �L�Z�d, �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b 

�w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �Z�p�_�l�Z�e�v�g�h�]�h �d�h�i�h�e�b�f�_�j�Z, �i�h�e�b�d�Z�j�[�h�g�Z�l�Z �b �i�h�e�b�w�l�b�e�_�g�l�_�j�_�n�l�Z�e�Z�l�Z 

�g�Z�[�e�x�^�Z�e�h�k�v �i�h�\�u�r�_�g�b�_ �Z�^�]�_�a�b�\�g�u�o �k�\�h�c�k�l�\ �w�l�b�o �f�Z�l�_�j�b�Z�e�h�\ [1.5.43]. �D�j�h�f�_ �l�h�]�h, �k 

�i�j�b�f�_�g�_�g�b�_�f �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �f�h�`�g�h �b�f�f�h�[�b�e�b�a�b�j�h�\�Z�l�v �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�e�b�f�_�j�h�\ 

�j�Z�a�e�b�q�g�u�_ �n�_�j�f�_�g�l�u. �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �l�Z�d�h�f �k�i�h�k�h�[�_ �b�f�f�h�[�b�e�b�a�Z�p�b�b �^�h 60% �f�h�e�_�d�m�e 

�n�_�j�f�_�g�l�Z �k�h�o�j�Z�g�y�_�l �k�\�h�x �k�i�_�p�b�n�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v. �L�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�h� ̂

�^�_�c�k�l�\�b�_�f �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �g�Z�o�h�^�y�s�b�_�k�y �\ �\�h�^�g�h�f �j�Z�k�l�\�h�j�_ �[�Z�d�l�_�j�b�Z�e�v�g�u�_ �i�j�h�l�_�Z�a�u 

�n�h�j�f�b�j�m�x�l �f�b�p�_�e�e�y�j�g�h-�i�h�^�h�[�g�u�_ �k�l�j�m�d�l�m�j�u, �n�_�j�f�_�g�l�Z�l�b�\�g�Z�y �Z�d�l�b�\�g�h�k�l�v �d�h�l�h�j�u�o 

�m�\�_�e�b�q�b�\�Z�_�l�k�y �\ �g�_�k�d�h�e�v�d�h �j�Z�a �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �w�g�a�b�f�h�f �b �k�h�o�j�Z�g�y�_�l�k�y �\ 

�r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �j�G. �I�h�e�m�q�_�g�g�u�_ �l�Z�d�b�f �h�[�j�Z�a�h�f �d�h�f�i�h�a�b�l�u �b �n�_�j�f�_�g�l�Z�l�b�\�g�u�_ 

�d�h�f�i�e�_�d�k�u �f�h�]�m�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �\ �Z�g�Z�e�b�l�b�q�_�k�d�h�c �o�b�f�b�b, �[�b�h�l�_�o�g�h�e�h�]�b�b, �w�d�h�e�h�]�b�b, 

�f�_�^�b�p�b�g�_ �b �\�_�l�_�j�b�g�Z�j�b�b, �d�h�`�_�\�_�g�g�h�f �i�j�h�b�a�\�h�^�k�l�\�_ [1.5.33].   

�>�e�y �k�h�a�^�Z�g�b�y �g�Z�g�h�k�_�g�k�h�j�h�\ �r�b�j�h�d�h �i�j�b�f�_�g�y�_�l�k�y �f�_�l�h�^ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c 

�e�b�l�h�]�j�Z�n�b�b, �k �i�h�f�h�s�v�x �d�h�l�h�j�h�]�h �\�h�a�f�h�`�g�h �i�h�e�m�q�Z�l�v �g�Z�g�h�k�l�j�m�d�l�m�j�u �k �\�u�k�h�d�h�c �k�l�_�i�_�g�v�x 

�j�Z�a�j�_�r�_�g�b�y �b �i�j�_�p�b�a�b�h�g�g�h�k�l�b. �I�h�^�h�[�g�u�_ �g�Z�g�h�k�l�j�m�d�l�m�j�u �g�Z�o�h�^�y�l �l�Z�d�`�_ �i�j�b�f�_�g�_�g�b�_ �\  

�d�h�f�[�b�g�Z�l�h�j�g�h�c �o�b�f�b�b, �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�f �k�l�m�i�_�g�q�Z�l�h�f �k�b�g�l�_�a�_ �[�_�e�d�h�\, �k�h�\�j�_�f�_�g�g�u�o 

�f�_�l�h�^�Z�o �k�i�_�d�l�j�h�k�d�h�i�b�b �[�b�h�e�h�]�b�q�_�k�d�b�o �Z�]�_�g�l�h�\.  

�K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �g�b�a�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�o �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ (1 �d�w�<, 5 �d�w�< �b 10 

�d�w�<) �[�u�e�b �k�h�a�^�Z�g�u �m�e�v�l�j�Z�l�h�g�d�b�_ (1-2 �g�f) �f�h�g�h�k�e�h�b 2-�Z�f�b�g�h�i�j�h�i�b�e�_�j�b�w�l�h�d�k�b�k�b�e�Z�g�Z �b 

(�Z�f�b�g�h�w�l�b�e�Z�f�b�g�h�f�_�l�b�e)�n�_�g�w�l�b�e�l�j�b�f�_�l�h�d�k�b�k�b�e�Z�g�Z  �g�Z �d�j�_�f�g�b�_�\�u�o �i�h�^�e�h�`�d�Z�o [1.5.44]. 

�W�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �e�b�l�h�]�j�Z�n�b�y �i�j�b�f�_�g�y�e�Z�k�v �^�e�y �\�u�k�h�d�h�l�h�q�g�h�]�h �l�j�Z�\�e�_�g�b�y �o�j�h�f�h�\�h�]�h 

�f�b�d�j�h�i�h�d�j�u�l�b�y �\ �d�h�f�i�e�_�d�k�g�h�c �l�_�o�g�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�b�y �f�b�d�j�h�`�b�^�d�h�k�l�g�u�o �m�k�l�j�h�c�k�l�\ �k 

�b�g�l�_�]�j�b�j�h�\�Z�g�g�u�f�b �f�b�d�j�h�w�e�_�d�l�j�h�^�Z�f�b [1.4.17]. �G�Z �i�h�e�b�f�_�l�b�e�f�_�l�b�e�Z�d�j�b�e�Z�l�_ �f�_�l�h�^�h�f  

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �e�b�l�h�]�j�Z�n�b�b �[�u�e�b �i�h�e�m�q�_�g�u �k�l�j�m�d�l�m�j�u �n�e�m�h�j�_�k�p�b�j�m�x�s�_�]�h �[�_�e�d�Z 

�Z�\�b�^�b�g�Z �k �j�Z�a�j�_�r�_�g�b�_�f 100 �g�f [1.5.45]. �W�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �e�b�l�h�]�j�Z�n�b�y �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v 

�^�e�y �g�Z�g�_�k�_�g�b�y �i�_�i�l�b�-̂�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �i�h�e�b�Z�g�b�e�b�g�h�\ �i�j�b �k�h�a�^�Z�g�b�b �g�Z�g�h�k�_�g�k�h�j�Z, 

�k�i�h�k�h�[�g�h�]�h �h�i�j�_�^�_�e�y�l�v �k�e�_�^�h�\�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�\ �l�y�`�_�e�u�o �f�_�l�Z�e�e�h�\ �\ �i�b�l�v�_�\�h�c �\�h�^�_ 

[1.5.46] �b Au-�g�Z�g�h�k�l�j�m�d�l�m�j �^�e�y �i�h�\�_�j�o�g�h�k�l�g�h�c �j�_�a�h�g�Z�g�k�g�h�c �d�h�f�[�b�g�Z�p�b�h�g�g�h�c �j�Z�f�Z�g�h�\�k�d�h�c 

�k�i�_�d�l�j�h�k�d�h�i�b�b [1.5.47]. 

�H�^�g�h�c �b�a �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o �Z�g�Z�e�b�l�b�q�_�k�d�b�o �f�_�l�h�^�b�d, �i�h�e�m�q�b�\�r�Z�y 

�r�b�j�h�d�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\�h �f�g�h�]�b�o �h�[�e�Z�k�l�y�o �g�Z�m�d�b, �y�\�e�y�_�l�k�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y 

(�l�j�Z�g�k�f�b�k�k�b�h�g�g�Z�y �b �k�d�Z�g�b�j�m�x�s�Z�y), �b�k�i�h�e�v�a�m�x�s�Z�y �i�m�q�d�b �m�k�d�h�j�_�g�g�u�o �w�e�_�d�l�j�h�g�h�\ �k 

�w�g�_�j�]�b�_�c 50-200 �d�w�< �b �i�h�a�\�h�e�y�x�s�Z�y �b�k�k�e�_�^�h�\�Z�l�v �f�b�d�j�h�k�l�j�m�d�l�m�j�m �l�\�_�j�^�u�o �l�_�e, �l�h�g�d�b�o 
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�i�e�_�g�h�d �b �i�h�e�m�q�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �i�j�h�d�Z�j�b�h�l�b�q�_�k�d�b�o �b �w�m�d�Z�j�b�h�l�b�q�_�k�d�b�o �d�e�_�l�h�d, �\�b�j�m�k�h�\, 

�[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �b �l.� .̂,   

�W�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �g�Z�o�h�^�y�l �k�\�h�_ �i�j�b�f�_�g�_�g�b�_ �g�_ �l�h�e�v�d�h �\ �h�[�e�Z�k�l�b �o�b�f�b�q�_�k�d�h�]�h 

�k�b�g�l�_�a�Z, �k�h�a�^�Z�g�b�y �i�h�d�j�u�l�b�c, �g�Z�g�h�l�_�o�g�h�e�h�]�b�b �b �Z�g�Z�e�b�l�b�d�b, �g�h �b �\ �i�j�Z�d�l�b�q�_�k�d�h�c �f�_�^�b�p�b�g�_. 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �j�Z�a�j�Z�[�h�l�Z�g �g�h�\�u�c �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�c �f�_�l�h�^, �i�h�e�m�q�b�\�r�b�c �g�Z�a�\�Z�g�b�_ 

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �d�h�f�i�v�x�l�_�j�g�Z�y �l�h�f�h�]�j�Z�n�b�y (�?�<�K�L) �b �i�h�a�\�h�e�y�x�s�b�c �\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v 

�b�a�f�_�g�_�g�b�_ �^�b�Z�f�_�l�j�Z �k�h�k�m�^�h�\, �]�_�f�h�^�b�g�Z�f�b�d�m, �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �d�Z�e�v�p�b�n�b�d�Z�p�b�b �b 

�l�j�h�f�[�h�l�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �Z �l�Z�d�`�_ �h�i�j�_�^�_�e�y�l�v �b�o �j�Z�a�f�_�j�u [1.5.48-1.5.51]. 

 

1.5.2. �L�_�o�g�b�d�Z �]�_�g�_�j�Z�p�b�b �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

�=�_�g�_�j�Z�l�h�j �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u (�W�I�I) �h�[�u�q�g�h �k�h�k�l�h�b�l �b�a �k�e�_�^�m�x�s�b�o 

�h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\: 

�x �b�g�`�_�d�l�h�j�Z, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y �i�h�e�m�q�_�g�b�y �b �n�h�j�f�b�j�h�\�Z�g�b�y �\ �\�Z�d�m�m�f�_ �W�I �k 

�a�Z�^�Z�g�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b; 

�x �[�e�h�d�Z �i�b�l�Z�g�b�y �b�g�`�_�d�l�h�j�Z; 

�x �\�u�\�h�^�g�h�]�h �m�k�l�j�h�c�k�l�\�Z;  

�x �\�Z�d�m�m�f�g�h�c �k�b�k�l�_�f�u, �i�h�^�^�_�j�`�b�\�Z�x�s�_�c �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �m�k�l�h�c�q�b�\�h�c �j�Z�[�h�l�u 

�b�g�`�_�d�l�h�j�Z �j�Z�a�j�_�`�_�g�b�_; 

�x �j�Z�[�h�q�_�c �d�Z�f�_�j�u �k �k�b�k�l�_�f�Z�f�b �i�h�^�Z�q�b  �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c 

�n�Z�a�u. 

 �< �d�Z�q�_�k�l�\�_ �b�g�`�_�d�l�h�j�h�\ �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �]�_�g�_�j�Z�l�h�j�Z�o �W�I�I �h�[�u�q�g�h 

�i�j�b�f�_�g�y�x�l�k�y �m�k�d�h�j�b�l�_�e�b �i�j�y�f�h�]�h �^�_�c�k�l�\�b�y, �\ �d�h�l�h�j�u�o �m�k�d�h�j�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �i�j�h�b�k�o�h�^�b�l 

�\ �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�f �i�h�e�_. �?�k�e�b �\�u�k�h�d�b�_ �m�k�d�h�j�y�x�s�b�_ �g�Z�i�j�y�`�_�g�b�y �g�_ �l�j�_�[�m�x�l�k�y, �l�h �\ 

�d�Z�q�_�k�l�\�_ �b�g�`�_�d�l�h�j�Z �W�I �f�h�]�m�l �k�e�m�`�b�l�v �w�e�_�d�l�j�h�g�g�u�_ �i�m�r�d�b �k �l�_�j�f�h�w�f�b�k�k�b�h�g�g�u�f, 

�i�e�Z�a�f�_�g�g�u�f �b�e�b �Z�\�l�h�w�f�b�k�k�b�h�g�g�u�f �d�Z�l�h�^�h�f. �G�Z�b�[�h�e�_�_ �q�Z�k�l�h �^�e�y �]�_�g�_�j�Z�p�b�b �W�I�I 

�b�k�i�h�e�v�a�m�x�l �i�m�r�d�b, �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �^�e�y �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�h�c �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\ �b 

�k�\�Z�j�d�b [1.5.52 - 1.5.61]. �L�Z�d�b�_ �i�m�r�d�b �n�h�j�f�b�j�m�x�l �h�k�l�j�h�k�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �i�m�q�h�d, �b�o 

�f�h�s�g�h�k�l�v �b�a�f�_�g�y�_�l�k�y �\ �r�b�j�h�d�b�o  �i�j�_�^�_�e�Z�o  �h�l  �k�h�l�_�g �<�l  �^�h  �^�_�k�y�l�d�h�\  �d�<�l, �Z �m�k�d�h�j�y�x�s�b�_ 

�g�Z�i�j�y�`�_�g�b�y �e�_�`�Z�l �\ �h�i�l�b�f�Z�e�v�g�h�f �^�e�y �]�_�g�_�j�Z�l�h�j�h�\ �W�I�I �^�b�Z�i�Z�a�h�g�_ 20 - 120 �d�<. �< �l�Z�d�b�o 

�i�m�r�d�Z�o, �d�Z�d �i�j�Z�\�b�e�h, �i�j�b�f�_�g�y�x�l �l�_�j�f�h�d�Z�l�h�^�u �b�a LaB6, �g�Z�]�j�_�\�Z�_�f�u�_ �e�b�[�h �w�e�_�d�l�j�h�g�g�h�c 

�[�h�f�[�Z�j�^�b�j�h�\�d�h�c [1.5.53] �e�b�[�h �h�f�b�q�_�k�d�b [1.5.54, 1.5.55].  

�I�_�j�k�i�_�d�l�b�\�g�u �l�Z�d�`�_ �i�e�Z�a�f�_�g�g�u�_ �b�k�l�h�q�g�b�d�b �w�e�_�d�l�j�h�g�h�\ [1.5.62, 1.5.63], �\ �d�h�l�h�j�u�o 

�^�e�y �i�h�e�m�q�_�g�b�y �w�e�_�d�l�j�h�g�g�h�]�h �i�h�l�h�d�Z �b�k�i�h�e�v�a�m�_�l�k�y �k�i�_�p�b�Z�e�v�g�u�f �h�[�j�Z�a�h�f �k�h�a�^�Z�g�g�h�_ 

�i�e�Z�a�f�_�g�g�h�_ �h�[�j�Z�a�h�\�Z�g�b�_. �H�[�u�q�g�h �k �w�l�h�c �p�_�e�v�x �b�k�i�h�e�v�a�m�x�l�k�y �l�e�_�x�s�b�c �b�e�b �^�m�]�h�\�h�c 

�]�Z�a�h�\�u�_ �j�Z�a�j�y�^�u, �b�a �d�h�l�h�j�u�o �b�a�\�e�_�d�Z�x�l�k�y �w�e�_�d�l�j�h�g�u. 
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�J�b�k. 1.5.1. �D�h�g�k�l�j�m�d�p�b�b �\�u�\�h�^�g�u�o �m�k�l�j�h�c�k�l�\: �Z) �n�h�e�v�]�h�\�h�_ �h�d�g�h, �[) �r�e�x�a�h�\�Z�y �k�b�k�l�_�f�Z �k 

�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �h�l�d�Z�q�d�h�c, �\) �]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�h�_ �h�d�g�h 

1 – �b�g�`�_�d�l�h�j �w�e�_�d�l�j�h�g�h�\, 2 – �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d, 3 – �\�u�k�h�d�h�\�Z�d�m�m�f�g�Z�y �d�Z�f�_�j�Z, 4 – 

�n�h�e�v�]�Z, 5 – �i�h�^�^�_�j�`�b�\�Z�x�s�Z�y �k�l�j�m�d�l�m�j�Z, 6 – �k�b�k�l�_�f�Z �h�o�e�Z�`�^�_�g�b�y, 7 – �j�Z�[�h�q�Z�y �d�Z�f�_�j�Z, 8 – 

�h�[�e�Z�d�h �W�I�I, 9 – �^�b�Z�n�j�Z�]�f�u, 10 – �r�e�x�a�h�\�u�_ �d�Z�f�_�j�u, 11 – �k�m�[�e�b�f�b�j�m�x�s�Z�y �\�k�l�Z�\�d�Z, 12 – 

�d�h�j�i�m�k (�i�_�j�_�]�h�j�h�^�d�Z), 13 – �k�h�e�_�g�h�b�^, 14 - �d�Z�g�Z�e  
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�G�Z�a�g�Z�q�_�g�b�_ �\�u�k�h�d�h�\�h�e�v�l�g�u�o �b�k�l�h�q�g�b�d�h�\ �i�b�l�Z�g�b�y �m�k�d�h�j�b�l�_�e�_�c �w�e�_�d�l�j�h�g�h�\ 

�g�_�i�j�_�j�u�\�g�h�]�h �^�_�c�k�l�\�b�y – �f�g�h�]�h�d�j�Z�l�g�h�_ �i�h�\�u�r�_�g�b�_ �k�_�l�_�\�h�]�h �g�Z�i�j�y�`�_�g�b�y �^�h �a�Z�^�Z�g�g�h�]�h 

�m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �k �i�h�k�e�_�^�m�x�s�b�f �_�]�h �\�u�i�j�y�f�e�_�g�b�_�f. �B�a�\�_�k�l�g�h �g�_�k�d�h�e�v�d�h �k�o�_�f 

�i�h�k�l�j�h�_�g�b�y �b�k�l�h�q�g�b�d�h�\ �i�b�l�Z�g�b�y, �l�Z�d�b�o �d�Z�d �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�_ �]�_�g�_�j�Z�l�h�j�u, �d�Z�k�d�Z�^�g�u�_ 

�]�_�g�_�j�Z�l�h�j�u �b �l�j�Z�g�k�n�h�j�f�Z�l�h�j�g�h-�\�u�i�j�y�f�b�l�_�e�v�g�u�_ �k�o�_�f�u �g�Z �h�k�g�h�\�_ �\�u�k�h�d�h�\�h�e�v�l�g�u�o 

�l�j�Z�g�k�n�h�j�f�Z�l�h�j�h�\ [1.5.64-1.5.66]. �L�j�Z�g�k�n�h�j�f�Z�l�h�j�g�u�_ �k�o�_�f�u �g�Z�b�[�h�e�_�_ �m�^�h�[�g�u �^�e�y �i�b�l�Z�g�b�y 

�w�e�_�d�l�j�h�g�g�u�o �i�m�r�_�d, �j�Z�k�k�q�b�l�Z�g�g�u�o �g�Z �g�_�\�u�k�h�d�b�_ (�^�h �a 500 �d�<) �m�k�d�h�j�y�x�s�b�_ �g�Z�i�j�y�`�_�g�b�y. 

�I�j�b �m�k�d�h�j�y�x�s�b�o �g�Z�i�j�y�`�_�g�b�y�o �f�_�g�_�_ 150 �d�w�< �i�m�r�d�Z �b �l�j�Z�g�k�n�h�j�f�Z�l�h�j�g�h-�\�u�i�j�y�f�b�l�_�e�v�g�u�c 

�[�e�h�d �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �h�l�^�_�e�v�g�u�_ �m�a�e�u, �k�h�_�^�b�g�_�g�g�u�_ �f�_�`�^�m �k�h�[�h�c �d�Z�[�_�e�_�f. �< 

�\�u�k�h�d�h�\�h�e�v�l�g�u�o �m�k�d�h�j�b�l�_�e�y�o �w�e�_�d�l�j�h�g�h�\ �l�j�Z�g�k�n�h�j�f�Z�l�h�j�g�h-�\�u�i�j�y�f�b�l�_�e�v�g�u�c �[�e�h�d �b 

�m�k�d�h�j�b�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z �d�h�f�i�h�g�m�x�l�k�y �\ �_�^�b�g�u�c �f�h�g�h�[�e�h�d, �\�g�m�l�j�_�g�g�b�c �h�[�t�_�f �d�h�l�h�j�h�]�h 

�a�Z�i�h�e�g�_�g �]�Z�a�h�\�h�c �b�e�b �f�Z�k�e�y�g�h�c �b�a�h�e�y�p�b�_�c. 

�I�j�b�g�p�b�i�b�Z�e�v�g�u�f �\�h�i�j�h�k�h�f �i�j�b �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�b �]�_�g�_�j�Z�l�h�j�h�\ �w�e�_�d�l�j�h�g�g�h-

�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �y�\�e�y�_�l�k�y �k�h�\�f�_�k�l�g�u�c �\�u�[�h�j �\�u�\�h�^�g�h�]�h �m�k�l�j�h�c�k�l�\�Z, �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h  

�l�j�Z�g�k�i�h�j�l�b�j�h�\�d�m �f�h�s�g�u�o �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �i�m�q�d�h�\ �\ �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f. 

 �>�e�y �\�u�i�m�k�d�Z �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �b�a �\�Z�d�m�m�f�Z �\ �i�e�h�l�g�u�c �]�Z�a �h�[�u�q�g�h �b�k�i�h�e�v�a�m�x�l 

�\�u�\�h�^�g�u�_ �m�k�l�j�h�c�k�l�\�Z (�<�M) �^�\�m�o �l�b�i�h�\: �n�h�e�v�]�h�\�u�_ �h�d�g�Z �b �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�_ �r�e�x�a�h�\�u�_ 

�k�b�k�l�_�f�u �k �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �h�l�d�Z�q�d�h�c. �D�h�g�k�l�j�m�d�p�b�b �\�u�\�h�^�g�u�o �m�k�l�j�h�c�k�l�\ �i�h�d�Z�a�Z�g�u �g�Z 

�j�b�k. 1.5.1.  

�N�h�e�v�]�h�\�u�_ �h�d�g�Z �i�j�b�f�_�g�y�x�l�k�y �^�e�y �\�u�\�h�^�Z �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �W�I �k �^�h�k�l�Z�l�h�q�g�h 

�\�u�k�h�d�b�f�b �w�g�_�j�]�b�y�f�b (Eb > 150 �d�w�<). �J�Z�a�e�b�q�g�u�_ �\�Z�j�b�Z�g�l�u �d�h�g�k�l�j�m�d�p�b�c �b �f�_�l�h�^�u �j�Z�k�q�_�l�Z 

�n�h�e�v�]�h�\�u�o �<�M �i�h�^�j�h�[�g�h �j�Z�k�k�f�h�l�j�_�g�u �\ [1.5.64] �b [1.5.66]. �< �n�h�e�v�]�h�\�u�o �\�u�\�h�^�g�u�o 

�m�k�l�j�h�c�k�l�\�Z�o �b�k�i�h�e�v�a�m�_�l�k�y �n�h�e�v�]�Z, �b�a�]�h�l�h�\�e�_�g�g�Z�y �b�a �e�_�]�d�b�o �b �i�j�h�q�g�u�o �l�_�j�f�h�m�k�l�h�c�q�b�\�u�o 

�f�Z�l�_�j�b�Z�e�h�\. �H�k�g�h�\�g�u�f�b �l�j�_�[�h�\�Z�g�b�y�f�b, �i�j�_�^�t�y�\�e�y�_�f�u�f�b �d �n�h�e�v�]�_, �y�\�e�y�_�l�k�y �_�_ 

�k�i�h�k�h�[�g�h�k�l�v �k �f�b�g�b�f�Z�e�v�g�u�f�b �i�h�l�_�j�y�f�b �i�j�h�i�m�k�d�Z�l�v �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d �b �^�h�k�l�Z�l�h�q�g�Z�y 

�f�_�o�Z�g�b�q�_�k�d�Z�y �i�j�h�q�g�h�k�l�v, �q�l�h�[�u �\�u�^�_�j�`�b�\�Z�l�v �i�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�c �f�_�`�^�m �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 

�b �j�Z�[�h�q�_�c �d�Z�f�_�j�Z�f�b. �H�[�u�q�g�h �b�k�i�h�e�v�a�m�x�l �n�h�e�v�]�m �b�a �l�b�l�Z�g�Z �b�e�b �l�Z�g�l�Z�e�Z [1.5.67] (�j�_�`�_ �b�a 

�Z�e�x�f�b�g�b�y �b�e�b �[�_�j�b�e�e�b�y [1.5.64]) �l�h�e�s�b�g�h�c 15 �y 100 �f�d�f. �>�e�y �\�u�i�m�k�d�Z �k�e�Z�[�h�l�h�q�g�u�o 

�i�m�q�d�h�\ �k �i�e�h�l�g�h�k�l�v�x �l�h�d�Z  �a 10��6 �y 10��7 �: /�k�f2 �i�j�b�f�_�g�y�x�l �i�h�e�b�f�_�j�g�u�_ �b �g�Z�i�u�e�_�g�g�u�_ 

�i�e�_�g�d�b [1.5.68]. �?�k�e�b �i�e�h�s�Z�^�v �k�_�q�_�g�b�y �\�u�i�m�k�d�Z�_�f�h�]�h �i�m�q�d�Z �^�h�k�l�Z�l�h�q�g�h �\�_�e�b�d�Z, �l�h 

�i�j�h�q�g�h�k�l�v �h�d�g�Z �m�\�_�e�b�q�b�\�Z�x�l �k�i�_�p�b�Z�e�v�g�u�f�b �j�_�[�j�Z�f�b, �i�h�^�^�_�j�`�b�\�Z�x�s�b�f�b �n�h�e�v�]�m [1.5.69]. 

�I�j�b �\�u�\�h�^�_ �W�I �k �i�e�h�l�g�h�k�l�v�x �l�h�d�Z �a 10��3 �y 10��4 �: /�k�f2 �n�h�e�v�]�m �h�o�e�Z�`�^�Z�x�l �h�[�^�m�\�h�f �\�h�a�^�m�o�Z 

�b�e�b �^�j�m�]�b�o �]�Z�a�h�\; �i�j�b �_�s�_ �[�h�e�v�r�b�o �i�e�h�l�g�h�k�l�y�o �l�h�d�Z �i�j�b�f�_�g�y�_�l�k�y �i�j�h�l�h�q�g�h�_ �\�h�^�y�g�h�_ 

�h�o�e�Z�`�^�_�g�b�_ 
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�>�e�y �\�u�\�h�^�Z �^�h�j�_�e�y�l�b�\�b�k�l�k�d�b�o �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �g�_�i�j�_�j�u�\�g�u�o �w�e�_�d�l�j�h�g�g�u�o 

�i�m�q�d�h�\ �i�j�b�f�_�g�y�x�l�k�y �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�_ �r�e�x�a�h�\�u�_ �k�b�k�l�_�f�u �k �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c 

�h�l�d�Z�q�d�h�c, �i�h�k�d�h�e�v�d�m �n�h�e�v�]�h�\�u�_ �h�d�g�Z: 

�x �g�_ �\�u�^�_�j�`�b�\�Z�x�l �\�u�k�h�d�b�o �l�_�i�e�h�\�u�o �g�Z�]�j�m�a�h�d, �\�h�a�g�b�d�Z�x�s�b�o  �i�j�b 

�l�j�Z�g�k�i�h�j�l�b�j�h�\�d�_ �i�m�q�d�h�\ �k �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�v�x �w�g�_�j�]�b�b; 

�x �^�e�y �w�n�n�_�d�l�b�\�g�h�]�h �\�u�i�m�k�d�Z �W�I �k �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�_�c �f�_�g�_�_ 300-400 �d�w�< 

�g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v �k�e�b�r�d�h�f �l�h�g�d�b�_ �n�h�e�v�]�b, �g�_ �\�u�^�_�j�`�b�\�Z�x�s�b�_ 

�f�_�o�Z�g�b�q�_�k�d�b�o �g�Z�]�j�m�a�h�d, �h�[�m�k�e�h�\�e�_�g�g�u�o �i�_�j�_�i�Z�^�h�f �^�Z�\�e�_�g�b�y �g�Z �n�h�e�v�]�_; 

�x �n�h�e�v�]�b �b�f�_�x�l �h�]�j�Z�g�b�q�_�g�g�u�c �j�_�k�m�j�k �j�Z�[�h�l�u �i�j�b �d�h�g�l�Z�d�l�_ �k �W�I�I �o�b�f�b�q�_�k�d�b 

�Z�]�j�_�k�k�b�\�g�u�o �k�j�_�^. 

�<�i�_�j�\�u�_ �^�\�m�o�k�l�m�i�_�g�q�Z�l�Z�y �r�e�x�a�h�\�Z�y �k�b�k�l�_�f�Z �[�u�e�Z �i�j�b�f�_�g�_�g�Z �_�s�_ �\ 1920 �]�h�^�m �^�e�y 

�\�u�i�m�k�d�Z �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y [1.5.70]. �F�g�h�]�h�k�l�m�i�_�g�q�Z�l�h�_ �h�d�g�h �^�e�y �\�u�\�h�^�Z 

�w�e�_�d�l�j�h�g�h�\ �[�u�e�h �k�h�a�^�Z�g�h �\ �g�Z�q�Z�e�_ 30-�o �]�h�^�h�\ [1.5.71]. �< 70-�o �]�h�^�Z�o �h�i�m�[�e�b�d�h�\�Z�g�Z �j�Z�[�h�l�Z 

[1.5.72], �\ �d�h�l�h�j�h�c �h�i�b�k�Z�g�u �w�d�k�i�_�j�b�f�_�g�l�u �i�h �\�u�i�m�k�d�m �\ �Z�l�f�h�k�n�_�j�m �W�I �k �w�g�_�j�]�b�_�c 175 

�d�w�<, �g�_�i�j�_�j�u�\�g�h�c �f�h�s�g�h�k�l�v�x 60 �d�<�l, �^�b�Z�f�_�l�j�h�f �h�d�h�e�h 1 �f�f  �k �i�h�f�h�s�v�x 

�q�_�l�u�j�_�o�k�l�m�i�_�g�q�Z�l�h�c �r�e�x�a�h�\�h�c �k�b�k�l�_�f�u. �I�j�b�f�_�j�g�h �i�h �l�Z�d�h�c �`�_ �k�o�_�f�_ �h�j�]�Z�g�b�a�h�\�Z�g 

�\�u�i�m�k�d �i�m�q�d�Z �\ �m�k�d�h�j�b�l�_�e�y�o �W�E�L-1,5 �b �k�_�j�b�b �W�E�<, �\ �l�_�q�_�g�b�_ �j�y�^�Z �e�_�l �b�a�]�h�l�Z�\�e�b�\�Z�\�r�b�o�k�y 

�B�g�k�l�b�l�m�l�h�f �y�^�_�j�g�h�c �n�b�a�b�d�b �K�H �:�G �K�K�K�J [1.5.73]. 

�< �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�o �r�e�x�a�h�\�u�o �k�b�k�l�_�f�Z�o �k�b�k�l�_�f�Z �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �h�l�d�Z�q�d�b 

�k�h�k�l�h�b�l �b�a �g�_�k�d�h�e�v�d�b�o �Z�\�l�h�g�h�f�g�h �h�l�d�Z�q�b�\�Z�_�f�u�o �d�Z�f�_�j, �j�Z�a�^�_�e�_�g�g�u�o �^�b�Z�n�j�Z�]�f�Z�f�b �k 

�h�l�\�_�j�k�l�b�y�f�b, �q�_�j�_�a �d�h�l�h�j�u�_ �l�j�Z�g�k�i�h�j�l�b�j�m�_�l�k�y �i�m�q�h�d. �D�h�e�b�q�_�k�l�\�h �k�l�m�i�_�g�_�c �h�i�j�_�^�_�e�y�_�l�k�y 

�i�_�j�_�i�Z�^�h�f �^�Z�\�e�_�g�b�y �f�_�`�^�m �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �b �j�Z�[�h�q�_�c �d�Z�f�_�j�Z�f�b, �^�b�Z�f�_�l�j�Z�f�b �h�l�\�_�j�k�l�b�c 

�\ �^�b�Z�n�j�Z�]�f�Z�o �b �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x �h�l�d�Z�q�g�u�o �k�j�_�^�k�l�\. �M�k�l�j�h�c�k�l�\�h �l�Z�d�h�]�h �l�b�i�Z 

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v �^�e�y �\�u�\�_�^�_�g�b�y �\ �Z�l�f�h�k�n�_�j�m �W�I �f�h�s�g�h�k�l�v�x �^�h 1 �F�<�l �b �w�g�_�j�]�b�_�c 

�w�e�_�d�l�j�h�g�h�\ 200 �y 500 �d�w�<  [1.5.74]. 

�A�g�Z�q�b�l�_�e�v�g�h �i�h�\�u�k�b�l�v �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v �k�b�k�l�_�f�u �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �h�l�d�Z�q�d�b 

�m�^�Z�_�l�k�y �i�j�b �i�_�j�_�o�h�^�_ �d �f�_�l�h�^�m �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�]�h �W�I �k�d�\�h�a�v �j�y� ̂

�^�b�Z�n�j�Z�]�f, �i�j�h�`�b�]�Z�_�f�u�o �k�Z�f�b�f �i�m�q�d�h�f. �M�`�_ �\ �h�^�g�h�c �b�a �i�_�j�\�u�o �j�Z�[�h�l [1.5.75], �\ �d�h�l�h�j�h�c 

�i�j�b�f�_�g�y�e�b�k�v �i�j�h�`�b�]�Z�_�f�u�_ �^�b�Z�n�j�Z�]�f�u, �[�u�e�b �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�u �^�h�k�l�h�b�g�k�l�\�Z �^�Z�g�g�h�]�h 

�k�i�h�k�h�[�Z: �h�l�i�Z�^�Z�_�l �l�j�m�^�h�_�f�d�b�c �i�j�h�p�_�k�k �x�k�l�b�j�h�\�d�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u 

�k�h�i�j�h�\�h�`�^�_�g�b�y �W�I, �k�g�b�`�Z�x�l�k�y �l�j�_�[�h�\�Z�g�b�y, �i�j�_�^�t�y�\�e�y�_�f�u�_ �d �h�l�d�Z�q�g�u�f �k�j�_�^�k�l�\�Z�f. �?�k�e�b 

�^�Z�\�e�_�g�b�_ �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_ �]�_�g�_�j�Z�l�h�j�Z �W�I�I �g�_ �i�j�_�\�u�r�Z�_�l �g�_�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ �L�h�j�j, �l�h 

�\�f�_�k�l�h �g�Z�[�h�j�Z �l�h�g�d�b�o �^�b�Z�n�j�Z�]�f �f�h�`�g�h �m�k�l�Z�g�h�\�b�l�v �h�^�g�m �l�h�e�k�l�m�x �i�_�j�_�]�h�j�h�^�d�m �b�a 

�k�i�_�p�b�Z�e�v�g�h �i�h�^�h�[�j�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z (�g�Z�i�j�b�f�_�j, �d�\�Z�j�p�Z [1.5.76]), �\ �d�h�l�h�j�h�c �i�m�q�h�d �[�m�^�_�l 

�i�j�h�`�b�]�Z�l�v �d�Z�g�Z�e �f�Z�e�h�]�h �^�b�Z�f�_�l�j�Z. 
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�?�k�e�b �^�Z�\�e�_�g�b�_ �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_ �f�_�g�_�_ 100 �L�h�j�j, �l�h �^�e�y �\�u�i�m�k�d�Z �W�I �f�h�`�g�h 

�b�k�i�h�e�v�a�h�\�Z�l�v �]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�b�_ �h�d�g�Z (�j�b�k. 7.1.1), �y�\�e�y�x�s�b�_�k�y �j�Z�a�g�h�\�b�^�g�h�k�l�v�x �r�e�x�a�h�\�u�o 

�k�b�k�l�_�f. �D�h�g�k�l�j�m�d�l�b�\�g�h �l�Z�d�h�_ �<�M �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�_�j�_�]�h�j�h�^�d�m, �j�Z�a�^�_�e�y�x�s�m�x 

�\�Z�d�m�m�f�g�m�x �b �j�Z�[�h�q�m�x �d�Z�f�_�j�u �]�_�g�_�j�Z�l�h�j�Z �W�I�I, �k�h �\�k�l�Z�\�d�h�c, �b�a�]�h�l�h�\�e�_�g�g�h�c �b�a 

�k�m�[�e�b�f�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z (�h�[�u�q�g�h �]�j�Z�n�b�l�Z) [1.5.77]. 

 

1.5.3. �I�j�b�f�_�g�_�g�b�_ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

�B�a�\�_�k�l�g�u�_ �i�j�b�f�_�g�_�g�b�y �W�I�I �h�k�g�h�\�Z�g�u �g�Z �_�_ �l�_�i�e�h�\�h�f, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�f �b 

�j�Z�^�b�Z�p�b�h�g�g�h-�o�b�f�b�q�_�k�d�h�f �\�h�a�^�_�c�k�l�\�b�b �g�Z �\�_�s�_�k�l�\�h, �d�h�l�h�j�u�_ �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �m�k�e�h�\�b�c 

�]�_�g�_�j�Z�p�b�b, �d�Z�d �i�j�Z�\�b�e�h, �i�j�h�y�\�e�y�x�l�k�y �\ �j�Z�a�e�b�q�g�u�o �k�h�q�_�l�Z�g�b�y�o (�k�f., �g�Z�i�j�b�f�_�j, [1.5.78]. 

�L�_�j�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �k�h�i�j�h�\�h�`�^�Z�x�s�b�_�k�y �g�Z�]�j�_�\�h�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, 

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u �b �l�\�_�j�^�u�o �l�_�e, �i�h�f�_�s�_�g�g�u�o �\ �W�I�I, �h�[�m�k�e�h�\�e�_�g�u 

�w�g�_�j�]�h�\�u�^�_�e�_�g�b�_�f �i�j�b �l�h�j�f�h�`�_�g�b�b �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �\ �l�\�_�j�^�h�c �k�j�_�^�_. �J�Z�^�b�Z�p�b�h�g�g�h-

�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u �l�h�`�_ �k�\�y�a�Z�g�u �k �\�h�a�^�_�c�k�l�\�b�_�f �g�Z �\�_�s�_�k�l�\�h �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\, 

�l�j�_�[�m�x�l �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�o �w�g�_�j�]�b�c �w�e�_�d�l�j�h�g�h�\ (�h�[�u�q�g�h �[�h�e�_�_ 150 �d�w�<) �b �f�h�]�m�l 

�k�h�i�j�h�\�h�`�^�Z�l�v�k�y �g�Z�]�j�_�\�h�f �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�t�_�d�l�Z. �I�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �\ 

�d�h�l�h�j�u�o �\ �h�l�e�b�q�b�_ �h�l �j�Z�^�b�Z�p�b�h�g�g�h-�o�b�f�b�q�_�k�d�b�o �m�q�Z�k�l�\�m�x�l �g�_ �l�h�e�v�d�h �b �g�_ �k�l�h�e�v�d�h 

�[�u�k�l�j�u�_ �w�e�_�d�l�j�h�g�u, �g�h �b �b�h�g�u, �j�Z�^�b�d�Z�e�u �b �i�e�Z�a�f�_�g�g�u�_ �w�e�_�d�l�j�h�g�u. 

�L�_�j�f�b�q�_�k�d�h�_ �\�h�a�^�_�c�k�l�\�b�_ �W�I�I �g�Z �f�Z�l�_�j�b�Z�e �b�k�i�h�e�v�a�m�_�l�k�y, �g�Z�i�j�b�f�_�j, �^�e�y 

�m�i�j�h�q�g�_�g�b�y �i�h�\�_�j�o�g�h�k�l�_�c �f�_�l�Z�e�e�b�q�_�k�d�b�o �b�a�^�_�e�b�c �i�m�l�_�f �h�[�j�Z�[�h�l�d�b �w�e�_�d�l�j�h�g�g�u�f �e�m�q�h�f �\ 

�\�h�a�^�m�r�g�h�c �Z�l�f�h�k�n�_�j�_. �F�_�l�h�^ �a�Z�d�e�x�q�Z�_�l�k�y �\ �q�j�_�a�\�u�q�Z�c�g�h �[�u�k�l�j�h�f �g�Z�]�j�_�\�_ �i�h�\�_�j�o�g�h�k�l�b 

�w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �^�h �l�_�f�i�_�j�Z�l�m�j, �[�e�b�a�d�b�o �d �l�h�q�d�_ �i�e�Z�\�e�_�g�b�y (1000-1300) �q�K, �k 

�i�h�k�e�_�^�m�x�s�b�f �[�u�k�l�j�u�f �h�o�e�Z�`�^�_�g�b�_�f �i�h�k�e�_ �h�l�d�e�x�q�_�g�b�y �i�m�q�d�Z �\�k�e�_�^�k�l�\�b�_ �h�l�\�h�^�Z �l�_�i�e�Z �b�a 

�g�Z�]�j�_�l�h�]�h �k�e�h�y �\ �f�Z�k�k�m �f�_�l�Z�e�e�Z [1.5.11].  

�H�k�Z�`�^�_�g�b�_ �i�h�d�j�u�l�b�c �g�Z �j�Z�a�e�b�q�g�u�_ �i�h�^�e�h�`�d�b �y�\�e�y�_�l�k�y �_�s�_ �h�^�g�b�f �i�j�b�f�_�j�h�f 

�r�b�j�h�d�h �i�j�b�f�_�g�y�_�f�h�c �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�h�c �l�_�o�g�h�e�h�]�b�b. �I�j�b �w�l�h�f �\ �[�h�e�v�r�b�g�k�l�\�_ �j�Z�[�h�l 

�w�l�h�c �l�_�f�Z�l�b�q�_�k�d�h�c �g�Z�i�j�Z�\�e�_�g�g�h�k�l�b �b�k�k�e�_�^�m�_�l�k�y �n�b�a�b�q�_�k�d�h�_ �h�k�Z�`�^�_�g�b�_ �i�h�d�j�u�l�b�c �\ 

�]�e�m�[�h�d�h�f �\�Z�d�m�m�f�_. �H�[�a�h�j�m �^�h�k�l�b�`�_�g�b�c  �\ �h�[�e�Z�k�l�b EB-PVD-�i�j�h�p�_�k�k�h�\ �i�h�k�\�y�s�_�g�Z �j�Z�[�h�l�Z 

[1.5.79]. 

�< �e�b�l�_�j�Z�l�m�j�g�u�o �b�k�l�h�q�g�b�d�Z�o �b�f�_�x�l�k�y �e�b�r�v �_�^�b�g�b�q�g�u�_ �m�d�Z�a�Z�g�b�y �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�_ 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�_�\�j�Z�s�_�g�b�c �\ �W�I�I �l�_�o�g�b�d�_ �b �l�_�o�g�h�e�h�]�b�y�o. �<�h�a�f�h�`�g�h�k�l�v �i�j�b�f�_�g�_�g�b�y 

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �^�e�y �b�a�f�_�g�_�g�b�y �k�l�j�h�_�g�b�y �b �k�h�k�l�Z�\�Z �[�b�l�m�f�h�\ �b �]�m�f�b�g�h�\�u�o 

�\�_�s�_�k�l�\ �[�m�j�u�o �m�]�e�_�c, �q�b�k�l�h�c �p�_�e�e�x�e�h�a�u �p�_�e�e�x�e�h�a�g�u�o �f�Z�l�_�j�b�Z�e�h�\ (�n�b�e�v�l�j�h�\�Z�e�v�g�h�c �b 

�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c �p�_�e�e�x�e�h�a�u, �e�b�k�l�h�\ �^�_�e�h�\�h�c �p�_�e�e�x�e�h�a�u), �Z �l�Z�d�`�_ �[�m�f�Z�]�b, �^�j�_�\�_�k�b�g�u, 

�l�h�j�n�Z �b �e�v�g�y�g�u�o �l�d�Z�g�_�c �b�k�k�e�_�^�h�\�Z�e�Z�k�v �\ �j�Z�[�h�l�Z�o [1.5.80-1.5.83].  
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�< �[�h�e�v�r�b�g�k�l�\�_ �j�Z�[�h�l �W�I�I �i�j�b�f�_�g�y�_�l�k�y �^�e�y �j�_�r�_�g�b�y �j�Z�a�e�b�q�g�u�o �i�j�h�[�e�_�f �b �a�Z�^�Z�q �\ 

�h�[�e�Z�k�l�b  �Z�w�j�h�d�h�k�f�h�g�Z�\�l�b�d�b, �^�e�y �k�h�a�^�Z�g�b�y �g�h�\�u�o �\�u�k�h�d�h �l�_�o�g�h�e�h�]�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\, 

�h�k�Z�`�^�_�g�b�y �i�h�d�j�u�l�b�c �b �l�h�g�d�b�o �i�e�_�g�h�d �\ �h�k�g�h�\�g�h�f �^�e�y �f�b�d�j�h�w�e�_�d�l�j�h�g�b�d�b [1.5.84]. �K�i�h�k�h�[ 

�h�k�Z�`�^�_�g�b�y �i�h�d�j�u�l�b�c �b �l�j�Z�\�e�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b �\ �W�I�I �i�j�b�g�p�b�i�b�Z�e�v�g�h �g�_ �h�l�e�b�q�Z�_�l�k�y �h�l 

�b�a�\�_�k�l�g�u�o �f�_�l�h�^�h�\ �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �o�b�f�b�q�_�k�d�h�]�h �i�Z�j�h�n�Z�a�g�h�]�h �h�k�Z�`�^�_�g�b�y, 

�h�k�g�h�\�Z�g�g�u�o �g�Z �^�j�m�]�b�o �b�k�l�h�q�g�b�d�Z�o �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�u. �I�h�^�e�h�`�d�Z, �g�Z �d�h�l�h�j�m�x �^�h�e�`�g�h 

�[�u�l�v �g�Z�g�_�k�_�g�h �i�h�d�j�u�l�b�_, �i�h�f�_�s�Z�_�l�k�y �\ �h�[�e�Z�d�h �i�e�Z�a�f�u �\�_�s�_�k�l�\�Z, �m�q�Z�k�l�\�m�x�s�_�]�h �\ 

�n�h�j�f�b�j�h�\�Z�g�b�b �i�h�d�j�u�l�b�y. �B�a �f�h�e�_�d�m�e �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\ �j�_�a�m�e�v�l�Z�l�_ 

�g�_�j�Z�\�g�h�\�_�k�g�u�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c  �\ �j�Z�a�j�y�^�_   �i�j�h�b�k�o�h�^�b�l �g�Z�j�Z�[�h�l�d�Z �q�Z�k�l�b�p, 

�d�h�l�h�j�u�_ �a�Z�l�_�f �h�k�Z�`�^�Z�x�l�k�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�^�e�h�`�d�b, �\�k�l�m�i�Z�y �b�e�b �g�_ �\�k�l�m�i�Z�y �\ 

�o�b�f�b�q�_�k�d�m�x �j�_�Z�d�p�b�x �k �i�h�k�e�_�^�g�_�c. 

�< �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_ �g�Z �h�k�g�h�\�_ �]�Z�a�h�\�h�]�h �j�Z�a�j�y�^�Z, �i�h�^�^�_�j�`�b�\�Z�_�f�h�]�h �W�I, 

�f�_�l�h�^�h�f PECVD �[�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u �h�j�]�Z�g�h�f�_�l�Z�e�e�b�q�_�k�d�b�_ �d�h�f�i�Z�m�g�^�u [1.5.85]. �< �j�Z�[�h�l�_ 

[1.5.86] �W�I �b�k�i�h�e�v�a�m�_�l�k�y �l�h�e�v�d�h �^�e�y �b�k�i�Z�j�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �q�Z�s�_ �\�k�_�]�h �f�_�l�Z�e�e�b�q�_�k�d�b�o, �Z �g�_ 

�d�Z�d �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �n�Z�d�l�h�j. �:�\�l�h�j�Z�f�b �h�i�b�k�Z�g�h �m�k�l�j�h�c�k�l�\�h, �\ �d�h�l�h�j�h�f �i�h�l�h�d �i�Z�j�Z 

�i�h�k�l�m�i�Z�_�l �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m, �]�^�_ �f�_�`�^�m �^�\�m�f�y �k�i�_�p�b�Z�e�v�g�u�f�b �w�e�_�d�l�j�h�^�Z�f�b 

�i�h�^�`�b�]�Z�_�l�k�y �j�Z�a�j�y�^. �Q�_�j�_�a �h�^�b�g �b�a �w�e�_�d�l�j�h�^�h�\ �\ �j�Z�a�j�y�^ �i�h�^�^�m�\�Z�_�l�k�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c 

�]�Z�a, �d�h�l�h�j�u�c �f�h�`�_�l �\�k�l�m�i�Z�l�v �\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �k �f�_�l�Z�e�e�b�q�_�k�d�b�f �i�Z�j�h�f. �I�h�l�h�d 

�h�[�j�Z�a�m�x�s�b�o�k�y �i�j�h�^�m�d�l�h�\ �i�h�k�l�m�i�Z�_�l �g�Z �i�h�^�e�h�`�d�m, �g�Z�o�h�^�y�s�m�x�k�y �\�g�_ �a�h�g�u �j�Z�a�j�y�^�Z. 

 �:�d�l�b�\�Z�p�b�y �]�Z�a�Z �k �i�h�f�h�s�v�x �W�I �e�_�`�b�l �\ �h�k�g�h�\�_ �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �\ �B�g�k�l�b�l�m�l�_ 

�l�_�i�e�h�n�b�a�b�d�b CO �J�:�G �k�i�h�k�h�[�Z �h�k�Z�`�^�_�g�b�y �i�e�_�g�h�d �Z�f�h�j�n�g�h�]�h �d�j�_�f�g�b�y �b SiO2 �\ �W�I�I 

�k�f�_�k�_�c �f�h�g�h�k�b�e�Z�g�Z �k �j�Z�a�e�b�q�g�u�f�b �]�Z�a�Z�f�b-�g�h�k�b�l�_�e�y�f�b.  �K�m�l�v �f�_�l�h�^�Z �k�h�k�l�h�b�l �\ �k�e�_�^�m�x�s�_�f 

[1.5.87]. �< �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_ �n�h�j�f�b�j�m�_�l�k�y �k�\�_�j�o�a�\�m�d�h�\�Z�y �k�l�j�m�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. 

�< �k�l�j�m�_ �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �_�_ �h�k�b �j�Z�a�f�_�s�Z�_�l�k�y �i�h�^�h�]�j�_�\�Z�_�f�Z�y �i�h�^�e�h�`�d�Z. �< �g�_�d�h�l�h�j�h�f 

�k�_�q�_�g�b�b �k�l�j�m�b �f�_�`�^�m �k�h�i�e�h�f �b �i�h�^�e�h�`�d�h�c �k�l�j�m�x �i�_�j�_�k�_�d�Z�_�l �W�I, �i�j�h�b�a�\�h�^�y �\�h�a�[�m�`�^�_�g�b�_ 

�]�Z�a�Z �b �h�[�j�Z�a�h�\�Z�g�b�_ �j�Z�^�b�d�Z�e�h�\, �d�h�l�h�j�u�_ �i�h�l�h�d�h�f �]�Z�a�Z �i�_�j�_�g�h�k�y�l�k�y �g�Z �i�h�^�e�h�`�d�m. �L�Z�d�b�f 

�h�[�j�Z�a�h�f �^�h�k�l�b�]�Z�x�l�k�y �\�u�k�h�d�b�_ �k�d�h�j�h�k�l�b �i�_�j�_�g�h�k�Z �Z�d�l�b�\�b�j�h�\�Z�g�g�u�o �i�m�q�d�h�f �f�h�e�_�d�m�e 

�j�Z�[�h�q�_�]�h �]�Z�a�Z �d �i�h�^�e�h�`�d�_, �q�l�h �^�_�e�Z�_�l �i�j�h�p�_�k�k �w�n�n�_�d�l�b�\�g�u�f �b �w�d�h�g�h�f�b�q�g�u�f. �J�Z�a�e�b�q�g�u�f 

�Z�k�i�_�d�l�Z�f �j�Z�k�q�_�l�Z �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �i�j�h�p�_�k�k�Z �h�k�Z�`�^�_�g�b�y �i�e�_�g�h�d �Z�f�h�j�n�g�h�]�h Si �b SiO2  �Z 

�l�Z�d�`�_ �h�k�h�[�_�g�g�h�k�l�y�f �i�j�Z�d�l�b�q�_�k�d�h�c �j�_�Z�e�b�a�Z�p�b�b �f�_�l�h�^�Z �i�h�k�\�y�s�_�g�u �j�Z�[�h�l�u [1.5.88 - 1.5.94]. 

�?�s�_ �h�^�g�h�c �i�_�j�k�i�_�d�l�b�\�g�h�c �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �l�_�o�g�h�e�h�]�b�_�c, �h�k�g�h�\�Z�g�g�h�c �g�Z �]�Z�a�h�n�Z�a�g�u�o 

�i�j�h�p�_�k�k�Z�o �\ �W�I�I, �y�\�e�y�_�l�k�y �l�_�o�g�h�e�h�]�b�y �i�h�e�m�q�_�g�b�y �\�h�^�h�j�h�^�Z �b�a �f�_�l�Z�g�Z, �d�h�l�h�j�Z�y 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �\ �i�j�b�\�y�a�d�_ �d �a�Z�^�Z�q�Z�f �\�h�^�h�j�h�^�g�h�c �w�g�_�j�]�_�l�b�d�b [1.5.95] 

�< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �]�_�l�_�j�h�n�Z�a�g�u�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �k �m�q�Z�k�l�b�_�f �W�I�I 

�f�h�`�g�h �i�j�b�\�_�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�_ �W�I�I �Z�a�h�l�Z �^�e�y �k�b�g�l�_�a�Z �i�h�d�j�u�l�b�c �b�a �g�b�l�j�b�^�Z �l�b�l�Z�g�Z, 



 72

�h�[�e�Z�^�Z�x�s�b�o �\�u�k�h�d�h�c �Z�^�]�_�a�b�h�g�g�h�c �k�i�h�k�h�[�g�h�k�l�v�x �d �i�h�^�e�h�`�d�Z�f: �i�j�h�q�g�h�k�l�v �k�p�_�i�e�_�g�b�y 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �k�e�h�y �k �i�h�^�k�l�b�e�Z�x�s�b�f �k�e�h�_�f �k�h�\�i�Z�^�Z�x�l �k �i�j�h�q�g�h�k�l�v�x 

�i�h�^�k�l�b�e�Z�x�s�_�]�h �k�e�h�y  [1.5.41]. �K �i�h�f�h�s�v�x �W�I�I �d�b�k�e�h�j�h�^�Z �g�Z �i�h�e�b�f�_�j�g�u�o �k�m�[�k�l�j�Z�l�Z�o 

�[�u�e�b �i�h�e�m�q�_�g�u �f�_�^�g�u�_ �b �Z�e�x�f�b�g�b�_�\�u�_ �i�h�d�j�u�l�b�y, �h�[�e�Z�^�Z�x�s�b�_ �\�u�k�h�d�h�c �Z�^�]�_�a�b�_�c, �Z 

�h�[�j�Z�[�h�l�d�Z �i�h�e�b�w�l�b�e�_�g�Z �\ �W�I�I �k�f�_�k�b Ar/SF6 �i�j�b�\�h�^�b�e�Z �d �h�[�j�Z�a�h�\�Z�g�b�x �i�h�e�b�f�_�j�Z �k 

�\�u�k�h�d�h�c �k�l�_�i�_�g�v�x �n�l�h�j�b�j�h�\�Z�g�b�y [1.5.41]. 

�H�k�h�[�h �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v �j�Z�[�h�l�u, �\ �d�h�l�h�j�u�o �^�e�y �f�h�^�b�n�b�d�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �b 

�h�k�Z�`�^�_�g�b�y �i�h�d�j�u�l�b�c �b�k�i�h�e�v�a�m�x�l�k�y �l�_�o�g�h�e�h�]�b�b �g�Z �h�k�g�h�\�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z 

[1.5.96]. �L�Z�d�b�_ �j�_�Z�d�l�h�j�u �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\ �k�\�y�a�b �p�_�e�u�f �j�y�^�h�f �i�j�b�e�h�`�_�g�b�c �d 

�g�Z�g�h�l�_�o�g�h�e�h�]�b�y�f, �\ �q�Z�k�l�g�h�k�l�b – �d �a�Z�^�Z�q�Z�f �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�b �]�j�Z�n�_�g�Z �b �^�j�m�]�b�o 

�m�]�e�_�j�h�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\. 

�< �i�j�b�e�h�`�_�g�b�b �d �[�b�h�e�h�]�b�q�_�k�d�b�f �b �f�_�^�b�p�b�g�k�d�b�f �a�Z�^�Z�q�Z�f �^�h �i�h�k�e�_�^�g�_�]�h �\�j�_�f�_�g�b 

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �i�e�Z�a�f�Z �g�_ �b�k�i�h�e�v�a�m�_�l�k�y. �?�^�b�g�k�l�\�_�g�g�h�_ �b�a�\�_�k�l�g�h�_ �Z�\�l�h�j�m �^�Z�g�g�h�c 

�^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�u �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�b�f�_�g�_�g�b�y �W�I�I �\ �h�[�e�Z�k�l�b �[�b�h�f�_�^�b�p�b�g�u -  

�i�h�i�u�l�d�Z �n�m�g�d�p�b�h�g�Z�e�b�a�b�j�h�\�Z�g�b�y �i�e�Z�k�l�b�d�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ �b�a �i�h�e�b�k�l�_�j�_�g�Z �b 

�i�h�e�b�i�j�h�i�b�e�_�g�Z �^�e�y �d�m�e�v�l�m�j�Z�e�v�g�u�o �j�Z�[�h�l – �[�u�e�h �\�u�i�h�e�g�_�g�h �\ 2011 �] [1.5.97].  

 

�<�u�\�h�^ 

�:�g�Z�e�b�a �e�b�l�_�j�Z�l�m�j�g�u�o �^�Z�g�g�u�o, �i�j�h�\�_�^�_�g�g�u�c �i�h �k�h�\�j�_�f�_�g�g�u�f �e�b�l�_�j�Z�l�m�j�g�u�f 

�b�k�l�h�q�g�b�d�Z�f, �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �h�k�g�h�\�g�u�f�b �\�b�^�Z�f�b �i�e�Z�a�f�u, �i�j�b�f�_�g�y�_�f�u�f�b �\ �f�_�^�b�p�b�g�_, 

�[�b�h�e�h�]�b�b, �[�b�h�l�_�o�g�h�e�h�]�b�b �b �i�j�b �k�h�a�^�Z�g�b�b �g�h�\�u�o �[�b�h�Z�d�l�b�\�g�u�o �b �[�b�h�k�h�\�f�_�k�l�b�f�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �y�\�e�y�_�l�k�y �i�e�Z�a�f�Z �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\ �j�Z�a�e�b�q�g�u�o �q�Z�k�l�h�l�g�u�o �^�b�Z�i�Z�a�h�g�h�\. �>�e�y 

�m�^�h�[�k�l�\�Z �i�j�Z�d�l�b�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �j�Z�a�j�Z�[�h�l�Z�g�u �k�i�_�p�b�Z�e�v�g�u�_ �m�k�l�j�h�c�k�l�\�Z �b �Z�i�i�Z�j�Z�l�u, 

�f�g�h�]�b�_ �b�a �d�h�l�h�j�u�o �e�b�[�h �i�j�h�r�e�b �g�_�h�[�o�h�^�b�f�u�_ �d�e�b�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y �b �d�h�f�f�_�j�q�_�k�d�b 

�^�h�k�l�m�i�g�u, �e�b�[�h �g�Z�o�h�^�y�l�k�y �\ �k�l�Z�^�b�b �^�h�d�e�b�g�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c.  

�B�k�k�e�_�^�h�\�Z�g�u �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �e�_�`�Z�s�b�_ �\ �h�k�g�h�\�_ �i�h�e�m�q�_�g�b�y 

�[�b�h�e�h�]�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �k�l�_�j�b�e�b�a�Z�p�b�b �\ �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �i�e�Z�a�f�_ �]�Z�a�h�\�u�o 

�j�Z�a�j�y�^�h�\ �b �i�j�h�l�_�d�Z�x�s�b�_ �d�Z�d �\ �k�Z�f�h�c �i�e�Z�a�f�_ (�i�_�j�_�^�Z�q�Z �w�g�_�j�]�b�b �h�l �\�g�_�r�g�_�]�h �b�k�l�h�q�g�b�d�Z �\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a, �\�h�a�[�m�`�^�_�g�b�_ �\�g�m�l�j�_�g�g�b�o �k�l�_�i�_�g�_�c �k�\�h�[�h�^�u �Z�l�h�f�h�\ �b �f�h�e�_�d�m�e, 

�b�h�g�b�a�Z�p�b�y, �^�b�k�k�h�p�b�Z�p�b�y, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b), �l�Z�d �b �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�t�_�d�l�Z (�l�j�Z�\�e�_�g�b�_ �i�h�\�_�j�o�g�h�k�l�b, �h�d�b�k�e�_�g�b�_, �k�r�b�\�d�Z �b �^�_�k�l�j�m�d�p�b�y 

�f�h�e�_�d�m�e, �i�j�b�\�b�\�d�Z �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i, �^�h�i�b�j�h�\�Z�g�b�_  �f�Z�l�_�j�b�Z�e�Z �j�Z�a�e�b�q�g�u�f�b 

�Z�l�h�f�Z�f�b). 

�I�j�b�e�h�`�_�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �^�h �g�Z�k�l�h�y�s�_�]�h �\�j�_�f�_�g�b �b�a�m�q�Z�x�l�k�y 

�i�h �h�]�j�Z�g�b�q�_�g�g�h�f�m �q�b�k�e�m �g�Z�i�j�Z�\�e�_�g�b�c: �b�k�k�e�_�^�m�x�l�k�y �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �l�_�j�f�b�q�_�k�d�Z�y 
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�f�h�^�b�n�b�d�Z�p�b�y �f�Z�l�_�j�b�Z�e�h�\ �i�h� ̂ �^�_�c�k�l�\�b�_�f �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\, �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y 

�h�q�b�k�l�d�Z �]�Z�a�h�\. �< �b�a�\�_�k�l�g�u�o �k�i�h�k�h�[�Z�o �g�Z�g�_�k�_�g�b�y �i�h�d�j�u�l�b�c �k �i�h�f�h�s�v�x �w�e�_�d�l�j�h�g�g�h-

�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b �b�k�i�h�e�v�a�m�x�l�k�y �l�h�e�v�d�h �^�e�y �Z�d�l�b�\�Z�p�b�b �q�Z�k�l�b�p 

�h�k�Z�`�^�Z�_�f�h�]�h �\�_�s�_�k�l�\�Z.  

�Q�b�k�e�h �j�Z�[�h�l, �\ �d�h�l�h�j�u�o �b�k�k�e�_�^�m�_�l�k�y �i�j�b�f�_�g�_�g�b�_ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �\ 

�h�[�e�Z�k�l�b �[�b�h�f�_�^�b�p�b�g�u �d�j�Z�c�g�_ �h�]�j�Z�g�b�q�_�g�h, �b �h�g�b �g�h�k�y�l �h�l�j�u�\�h�q�g�u�c, �n�j�Z�]�f�_�g�l�Z�j�g�u�c 

�o�Z�j�Z�d�l�_�j. �B�k�k�e�_�^�h�\�Z�g�b�y, �\ �d�h�l�h�j�u�o �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h �b�a�m�q�Z�e�b�k�v �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ 

�i�j�h�p�_�k�k�u �i�j�b�f�_�g�b�l�_�e�v�g�h �d �j�Z�a�j�Z�[�h�l�d�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �i�h�e�m�q�_�g�b�y 

�f�Z�l�_�j�b�Z�e�h�\ �b �i�j�h�b�a�\�h�^�k�l�\�Z �b�a�^�_�e�b�c �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�h�]�h �g�Z�a�g�Z�q�_�g�b�y, �g�_ �i�j�h�\�h�^�b�e�b�k�v.   

�I�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �k�b�k�l�_�f�u �b, �\ �q�Z�k�l�g�h�k�l�b, �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �k�b�k�l�_�f�u, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �[�h�e�v�r�h�c �i�e�h�l�g�h�k�l�v�x �w�g�_�j�]�b�b, �Z �i�j�b�k�m�l�k�l�\�b�_ �h�]�j�h�f�g�h�]�h �q�b�k�e�Z 

�j�Z�a�g�h�h�[�j�Z�a�g�u�o �j�_�Z�d�p�b�h�g�g�h-�k�i�h�k�h�[�g�u�o �q�Z�k�l�b�p �\�_�^�_�l �d �f�g�h�]�h�d�Z�g�Z�e�v�g�h�k�l�b 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\. �W�l�h �h�a�g�Z�q�Z�_�l, �q�l�h �h�^�b�g �b �l�h�l �`�_ �k�m�f�f�Z�j�g�u�c �i�j�h�p�_�k�k  �f�h�`�_�l 

�i�j�h�l�_�d�Z�l�v �i�j�b�g�p�b�i�b�Z�e�v�g�h �j�Z�a�g�u�f�b �i�m�l�y�f�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�Z�j�Z�f�_�l�j�h�\ �i�e�Z�a�f�u 

(�^�Z�\�e�_�g�b�_, �m�^�_�e�v�g�u�c �w�g�_�j�]�h�\�d�e�Z�^ �b �l.� .̂). �I�j�b�f�_�g�b�l�_�e�v�g�h �d �a�Z�^�Z�q�Z�f �i�e�Z�a�f�h�o�b�f�b�b �w�l�h 

�i�j�b�\�h�^�b�l �d �g�_�h�[�o�h�^�b�f�h�k�l�b �i�h�b�k�d�Z �f�_�o�Z�g�b�a�f�h�\, �b�^�m�s�b�o �k �[�h�e�v�r�_�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x, �Z 

�l�Z�d�`�_ �d �g�_�h�[�o�h�^�b�f�h�k�l�b �h�i�l�b�f�b�a�Z�p�b�b �m�k�e�h�\�b�c �^�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o 

�j�_�Z�d�p�b�c. �N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �k  

�f�Z�l�_�j�b�Z�e�Z�f�b �j�Z�a�e�b�q�g�h�c �i�j�b�j�h�^�u (�h�k�h�[�_�g�g�h �k �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�f�b �k�h�_�^�b�g�_�g�b�y�f�b), 

�i�j�b�\�h�^�y�s�b�_ �d �i�h�e�m�q�_�g�b�x �[�b�h�Z�d�l�b�\�g�u�o �i�j�h�^�m�d�l�h�\ �b �[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �l�Z�d�`�_ �g�_ 

�b�a�m�q�Z�e�b�k�v. 

�K�^�_�e�Z�g�g�u�_ �\�u�\�h�^�u �i�h�^�l�\�_�j�`�^�Z�x�l �Z�d�l�m�Z�e�v�g�h�k�l�v �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�o �p�_�e�_�c �b �a�Z�^�Z�q, 

�Z �l�Z�d�`�_ �g�h�\�b�a�g�m �g�Z�k�l�h�y�s�_�c �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�u. 
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�=�E�:�<�: II. �F�:�L�?�J�B�:�E�U �B �F�?�L�H�>�U 

 

2.1. �B�k�i�h�e�v�a�h�\�Z�g�g�u�_ �k�h�_�^�b�g�_�g�b�y 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ �\ �W�I�I 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ �b �i�h�e�m�q�_�g�b�y 

�[�b�h�Z�d�l�b�\�g�u�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �j�_�Z�d�p�b�y�o, �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�o �w�e�_�d�l�j�h�g�g�h-

�i�m�q�d�h�\�h�c �i�e�Z�a�f�h�c, �[�u�e�h �\�u�i�h�e�g�_�g�h �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�e�_�^�m�x�s�b�_ �k�h�_�^�b�g�_�g�b�c: 

1) �;�_�e�d�b:  

�Z) �[�u�q�b�c �k�u�\�h�j�h�l�h�q�g�u�c �Z�e�v�[�m�f�b�g (�;�K�:), �n�j�Z�d�p�b�y V  (�;�K�:, �F�h�e. �f�Z�k�k�Z 66 �d�>�Z); 

�[) �e�b�a�h�p�b�f �[�_�e�d�Z �d�m�j�b�g�u�o �y�b�p (�F�h�e. �f�Z�k�k�Z 14,7 �d�>�Z); 

�\) �d�h�e�e�Z�]�_�g I �l�b�i�Z �b�a �[�u�q�v�_�]�h �i�y�l�h�q�g�h�]�h �k�m�o�h�`�b�e�b�y (�F�h�e. �f�Z�k�k�Z �a 285 �d�>�Z); 

�]) �n�b�[�j�b�g-�f�h�g�h�f�_�j, �\�u�^�_�e�_�g�g�u�c �b�a �i�e�Z�a�f�u �d�j�h�\�b �q�_�e�h�\�_�d�Z (�N�F, �F�h�e. �f�Z�k�k�Z �a340 

�d�>�Z). 

�B�k�i�h�e�v�a�h�\�Z�e�b �e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�u�_ �i�h�j�h�r�d�b �;�K�:, �e�b�a�h�p�b�f�Z �b �d�h�e�e�Z�]�_�g�Z 

�i�j�h�b�a�\�h�^�k�l�\�Z �n�b�j�f�u «Sigma» (�=�_�j�f�Z�g�b�y) �b �d�h�f�f�_�j�q�_�k�d�b�c �i�j�_�i�Z�j�Z�l �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�i�j�h�b�a�\�h�^�k�l�\�Z �n�b�j�f�u «�L�_�o�g�h�e�h�]�b�y-�k�l�Z�g�^�Z�j�l» (�J�h�k�k�b�y), �k�h�^�_�j�`�Z�\�r�b�c (�i�h�f�b�f�h �k�h�[�k�l�\�_�g�g�h 

�e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�h�]�h �i�h�j�h�r�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z) �d�h�f�i�h�g�_�g�l�u �Z�p�_�l�Z�l�g�h�]�h �[�m�n�_�j�Z, 

�l�j�b�k�Z�f�b�g�h�f�_�l�Z�g�]�b�^�j�h�o�e�h�j�b�^ �b �f�h�q�_�\�b�g�m. 

�<�u�[�h�j �^�Z�g�g�u�o �[�_�e�d�h�\ �[�u�e �h�[�m�k�e�h�\�e�_�g �l�_�f, �q�l�h �b�o �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z, �k�l�j�m�d�l�m�j�Z, 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�c �k�h�k�l�Z�\ �b �^�j�m�]�b�_ �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �b �[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �o�h�j�h�r�h 

�b�a�\�_�k�l�g�u, �b �i�h�w�l�h�f�m �^�h�k�l�Z�l�h�q�g�h �e�_�]�d�h �f�h�`�g�h �i�j�h�\�_�k�l�b �k�j�Z�\�g�_�g�b�_ �i�j�h�^�m�d�l�h�\ 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b  �k �b�k�o�h�^�g�u�f�b �\�_�s�_�k�l�\�Z�f�b. �;�K�: �b �e�b�a�h�p�b�f �l�Z�d�`�_ �g�_ 

�k�h�^�_�j�`�Z�l �\ �k�\�h�_�c �k�l�j�m�d�l�m�j�_ �i�j�h�k�l�_�l�b�q�_�k�d�b�o �]�j�m�i�i, �q�l�h �k�m�s�_�k�l�\�_�g�g�h �h�[�e�_�]�q�Z�_�l 

�i�h�k�e�_�^�m�x�s�b�c �Z�g�Z�e�b�a �i�j�h�^�m�d�l�h�\ �b�o �W�I�I-�h�[�j�Z�[�h�l�d�b. �D�j�h�f�_ �l�h�]�h, �e�b�a�h�p�b�f �g�_ �y�\�e�y�_�l�k�y 

�[�_�e�d�h�f �i�e�Z�a�f�u �d�j�h�\�b, �q�l�h �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �k�j�Z�\�g�b�l�v �W�I�I-�f�h�^�b�n�b�d�Z�p�b�x �[�_�e�d�h�\, 

�\�o�h�^�y�s�b�o �b �g�_ �\�o�h�^�y�s�b�o �\ �k�h�k�l�Z�\ �i�e�Z�a�f�u �d�j�h�\�b, �Z �l�Z�d�`�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�h�\ �b�o 

�h�[�j�Z�[�h�l�d�b. 

�<�u�[�h�j �\ �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�h�]�h �[�_�e�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �[�u�e �h�[�m�k�e�h�\�e�_�g �b �l�_�f, �q�l�h 

�i�j�h�^�m�d�l�u �_�]�h �i�j�h�l�_�h�e�b�l�b�q�_�k�d�h�c �^�_�]�j�Z�^�Z�p�b�b �h�[�e�Z�^�Z�x�l �\�u�j�Z�`�_�g�g�u�f �Z�g�l�b�]�j�_�]�Z�p�b�h�g�g�u�f 

�^�_�c�k�l�\�b�_�f. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�j�h�^�m�d�l�u �^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�y�\�e�y�x�l�k�y �i�h�l�_�g�p�b�Z�e�v�g�h �b�g�l�_�j�_�k�g�u�f�b �k�h�_�^�b�g�_�g�b�y�f�b �k �l�h�q�d�b �a�j�_�g�b�y �b�g�]�b�[�b�j�h�\�Z�g�b�y 

�l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b. �D �k�h�`�Z�e�_�g�b�x, �i�j�h�f�u�r�e�_�g�g�h �i�j�h�b�a�\�h�^�b�f�u�c �n�b�[�j�b�g-�f�h�g�h�f�_�j 

�i�j�Z�d�l�b�q�_�k�d�b �g�_ �i�h�^�^�Z�_�l�k�y �m�i�j�Z�\�e�y�_�f�h�c �n�_�j�f�_�g�l�Z�l�b�\�g�h�c �^�_�]�j�Z�^�Z�p�b�b (�k �i�h�f�h�s�v�x �l�j�b�i�k�b�g�Z 

�b �^�j. �i�j�h�l�_�h�e�b�l�b�q�_�k�d�b�o �n�_�j�f�_�g�l�h�\) �\�k�e�_�^�k�l�\�b�_ �k�\�h�_�c �\�u�k�h�d�h�c �k�d�e�h�g�g�h�k�l�b �d 
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�i�h�e�b�f�_�j�b�a�Z�p�b�b. �I�h�w�l�h�f�m �k�l�Z�g�h�\�b�l�v�k�y �Z�d�l�m�Z�e�v�g�u�f �i�h�b�k�d �g�_�l�j�Z�^�b�p�b�h�g�g�u�o �f�_�l�h�^�h�\ 

�\�h�a�^�_�c�k�l�\�b�y �g�Z �k�l�j�m�d�l�m�j�m �f�h�e�_�d�m�e�u �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �k �p�_�e�v�x �_�_ �m�i�j�Z�\�e�y�_�f�h�c 

�^�_�k�l�j�m�d�p�b�b �b �i�h�e�m�q�_�g�b�y �g�h�\�u�o �i�j�h�^�m�d�l�h�\, �h�[�e�Z�^�Z�x�s�b�o �\�u�k�h�d�h�c �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c 

�k�i�h�k�h�[�g�h�k�l�v�x �b �g�_ �k�d�e�h�g�g�u�o �d �i�h�e�b�f�_�j�b�a�Z�p�b�b. 

 

2) �I�h�e�b�k�Z�o�Z�j�b�^�u: 

 �Z) �g�_�j�Z�k�l�\�h�j�b�f�u�c �\ �\�h�^�_ �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�c �d�j�Z�[�h�\�u�c �o�b�l�b�g (�A�:�H «�;�b�h�i�j�h�]�j�_�k�k», 

�J�h�k�k�b�y)  �k�h �k�j�_�^�g�_�\�y�a�d�h�k�l�g�h�c �f�Z�k�k�h�c (M��) = 1000 �d�>�Z; 

  �[) �g�_�j�Z�k�l�\�h�j�b�f�u�_ �\ �\�h�^�_ �d�j�Z�[�h�\�u�_ �o�b�l�h�a�Z�g�u �k�h �k�j�_�^�g�_�\�y�a�d�h�k�l�g�h�c �f�h�e�_�d�m�e�y�j�g�h�c 

�f�Z�k�k�h�c 200-500 �d�>�Z �b �k�j�_�^�g�_�\�_�k�h�\�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c (Mw) 17,7-25,0 �d�>�Z, �k�l�_�i�_�g�v�x 

�^�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y (�K�>) 0,85 �b �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�v�x 1,5-5,0. �<�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�_ 

�o�b�l�h�a�Z�g�u �[�u�e�b �i�h�e�m�q�_�g�u �b�a �d�j�Z�[�h�\�h�]�h �o�b�l�h�a�Z�g�Z �k �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 700 �d�>�Z �b 

�k�l�_�i�_�g�v�x �^�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y 0,85±0,03 (�A�:�H «�;�b�h�i�j�h�]�j�_�k�k», �J�h�k�k�b�y) �k �i�h�f�h�s�v�x 

�n�_�j�f�_�g�l�Z�l�b�\�g�h�]�h �]�b�^�j�h�e�b�a�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f  �d�h�f�f�_�j�q�_�k�d�h�]�h �i�j�_�i�Z�j�Z�l�Z �P�_�e�e�h�\�b�j�b�^�b�g 

�=20�o. �H�[�j�Z�a�p�u �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�h�]�h �o�b�l�h�a�Z�g�Z (Mw = 17,7-25,0 �d�>�Z) �k�h �k�l�_�i�_�g�v�x 

�^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y 98% �b �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�v�x 1,3-1,5 �[�u�e�b �i�h�e�m�q�_�g�u �f�_�l�h�^�h�f �d�b�k�e�h�l�g�h�]�h 

�]�b�^�j�h�e�b�a�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�h�e�y�g�h�c �d�b�k�e�h�l�u. 

�K�l�_�i�_�g�v �^�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y �o�b�l�h�a�Z�g�Z �h�i�j�_�^�_�e�y�e�b �f�_�l�h�^�h�f �d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�h�]�h 

�l�b�l�j�h�\�Z�g�b�y �b �k �i�h�f�h�s�v�x �I�F�J. �K�j�_�^�g�_�\�y�a�d�h�k�l�g�Z�y �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z �h�i�j�_�^�_�e�y�e�Z�k�v �\ 

�\�b�k�d�h�a�b�f�_�l�j�_ �M�[�[�_�e�h�^�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �m�j�Z�\�g�_�g�b�y �F�Z�j�d�Z-�O�Z�m�\�b�g�d�Z, �Z�g�Z�e�b�a 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �o�b�l�h�a�Z�g�h�\ �i�j�h�\�h�^�b�e�k�y �l�Z�d�`�_ �b �k �i�h�f�h�s�v�x �]�_�e�v-�i�j�h�g�b�d�Z�x�s�_�c �<�W�@�O. 

�<�k�_ �h�[�j�Z�a�p�u �o�b�l�h�a�Z�g�h�\ �l�_�k�l�b�j�h�\�Z�e�b�k�v �l�Z�d�`�_ �k �i�h�f�h�s�v�x �I�F�J. 

�\) �]�m�[�d�b, �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a �j�Z�a�e�b�q�g�u�o �i�h�e�b�k�Z�o�Z�j�b�^�h�\, �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�e�b�h�n�b�e�b�a�Z�p�b�h�g�g�h�c �l�_�o�g�h�e�h�]�b�b. �<�k�_ �h�[�j�Z�a�p�u �]�m�[�h�d �[�u�e�b �i�j�_�^�h�k�l�Z�\�e�_�g�u �k�h�l�j�m�^�g�b�d�Z�f�b 

�N�=�;�M «�=�_�f�Z�l�h�e�h�]�b�q�_�k�d�b�c �g�Z�m�q�g�u�c �p�_�g�l�j» �F�A �J�N. �;�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �]�m�[�d�b, 

�b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a �k�e�_�^�m�x�s�b�o �k�h�k�l�Z�\�h�\: 

�x 5%, 3% �b 1% �j�Z�k�l�\�h�j�u �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_; 

�x  0,5% �j�Z�k�l�\�h�j �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �b 0,5% �j�Z�k�l�\�h�j �o�b�l�h�a�Z�g�Z �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_, �k 

�k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1; 

�x 0,5% �j�Z�k�l�\�h�j �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �b 0,25% �j�Z�k�l�\�h�j �Z�]�Z�j�Z �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_, �k 

�k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1; 

�x 4% �b 10% �j�Z�k�l�\�h�j�h�\ �f�b�d�j�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �p�_�e�e�x�e�h�a�u (�F�D�P). 

 

3) �K�b�g�l�_�l�b�q�_�k�d�b�_ �i�j�h�b�a�\�h�^�g�u�_ �.-�Z�f�b�g�h�d�b�k�e�h�l, �k�h�^�_�j�`�Z�s�b�_ �i�b�j�Z�a�h�e�b�^�b�g�h�\�u�c �p�b�d�e: 

�Z) �w�l�b�e N-(1-�Z�p�_�l�b�e-3-�f�_�l�b�e-2-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-5-�b�e)-(L)-�l�j�b�i�l�h�n�Z�g�Z�l; 
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�[) �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-�f�_�l�h�d�k�b�d�Z�j�[�h�g�b�e-(D,L)-�n�_�g�b�e�Z�e�Z�g�b�g�Z; 

�\) �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-�l�j�_�l -�[�m�l�b�e�h�d�k�b�d�Z�j�[�h�g�b�e�]�e�b�p�b�g�Z; 

�]) �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-�l�j�_�l -�[�m�l�b�e�h�d�k�b�d�Z�j�[�h�g�b�e�Z�e�Z�g�b�g�Z. 

�>�Z�g�g�u�_ �k�h�_�^�b�g�_�g�b�y �[�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u �g�Z �d�Z�n�_�^�j�_ �h�j�]�Z�g�b�q�_�k�d�h�c �o�b�f�b�b 

�o�b�f�b�q�_�k�d�h�]�h �n�Z�d�m�e�v�l�_�l�Z �F�h�k�d�h�\�k�d�h�]�h �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �M�g�b�\�_�j�k�b�l�_�l�Z �b�f. �F.�<. 

�E�h�f�h�g�h�k�h�\�Z. 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �h�k�Z�`�^�_�g�b�y  

�W�d�k�i�_�j�b�f�_�g�l�u �i�h �i�h�e�m�q�_�g�b�x �m�k�l�h�c�q�b�\�u�o �i�e�Z�a�f�_�g�g�h-�i�u�e�_�\�u�o �k�l�j�m�d�l�m�j �b 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�f�m �h�k�Z�`�^�_�g�b�x �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �h�j�]�Z�g�b�q�_�k�d�b�o �\�_�s�_�k�l�\ �g�Z 

�i�h�j�h�r�d�b, �e�_�\�b�l�b�j�m�x�s�b�_ �\ �i�e�Z�a�f�_�g�g�h�c �e�h�\�m�r�d�_, �i�j�h�\�h�^�b�e�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�e�_�^�m�x�s�b�o 

�k�h�_�^�b�g�_�g�b�c: 

�Z) �:�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y (2-�Z�p�_�l�h�d�k�b�[�_�g�a�h�_�\�Z�y) �d�b�k�e�h�l�Z («Sigma», �=�_�j�f�Z�g�b�y)  

�:�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y �d�b�k�e�h�l�Z �h�d�Z�a�Z�e�Z�k�v �\�_�k�v�f�Z �m�^�h�[�g�h�c �^�e�y �w�d�k�i�_�j�b�f�_�g�l�h�\  

�\�k�e�_�^�k�l�\�b�_ �k�\�h�_�c �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�Z�j�_�g�b�y �b �i�e�Z�\�e�_�g�b�y (140 º�K �b 136-140 º�K, 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h) �b �h�l�g�h�k�b�l�_�e�v�g�h �f�Z�e�u�o �w�g�l�Z�e�v�i�b�c �n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\. �L�Z�d �d�Z�d 

�l�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y �b �d�b�i�_�g�b�y �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �j�Z�a�e�b�q�Z�x�l�k�y �\�k�_�]�h �g�Z 4 

�]�j�Z�^�m�k�Z, �l�h �i�h� ̂�\�h�a�^�_�c�k�l�\�b�_�f �W�I �h�g�Z �\�_�^�_�l �k�_�[�y �d�Z�d �k�m�[�e�b�f�b�j�m�x�s�_�_ �\�_�s�_�k�l�\�h, �b�k�i�Z�j�_�g�b�_ 

�d�h�l�h�j�h�]�h �g�_ �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �n�h�j�f�b�j�h�\�Z�g�b�_�f �`�b�^�d�h�c �n�Z�a�u.  �W�l�h �h�[�k�l�h�y�l�_�e�v�k�l�\�h 

�k�m�s�_�k�l�\�_�g�g�h �h�[�e�_�]�q�Z�_�l �a�Z�^�Z�q�m �n�h�j�f�b�j�h�\�Z�g�b�y �i�h�l�h�d�Z �i�Z�j�Z �a�Z�^�Z�g�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b. �G�_ 

�f�_�g�_�_ �\�Z�`�g�u�f �^�h�k�l�h�b�g�k�l�\�h�f �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �^�e�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �y�\�e�y�_�l�k�y 

�f�Z�e�h�_ �^�Z�\�e�_�g�b�_ �g�Z�k�u�s�_�g�g�h�]�h �i�Z�j�Z (0,004 �I�Z �i�j�b 25 °C), �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �b�k�i�Z�j�_�g�b�_ 

�g�Z�\�_�k�d�b �g�_ �i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�x �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_. �D�j�h�f�_ 

�l�h�]�h, �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y �d�b�k�e�h�l�Z �r�b�j�h�d�h �i�j�b�f�_�g�y�_�l�k�y �\ �f�_�^�b�p�b�g�k�d�h�c �i�j�Z�d�l�b�d�_ �\ �d�Z�q�_�k�l�\�_ 

�e�_�d�Z�j�k�l�\�_�g�g�h�]�h �Z�]�_�g�l�Z. 

�[) �:�f�h�j�n�g�u�c �m�]�e�_�j�h�^ (�j�Z�a�f�_�j �q�Z�k�l�b�p 20-30 �f�d�f)  

�\) �H�d�k�b�^ �Z�e�x�f�b�g�b�y (III) Al 2O3  («Sigma», �=�_�j�f�Z�g�b�y) 

�]) �K�_�j�Z («Sigma», �=�_�j�f�Z�g�b�y) 

� )̂ �;�K�:, �e�b�a�h�p�b�f, �o�b�l�h�a�Z�g �k M�� = 500 �d�>�Z 

�_) �L�j�h�f�[�b�g, �\�u�^�_�e�_�g�g�u�c �b�a �i�e�Z�a�f�u �d�j�h�\�b �q�_�e�h�\�_�d�Z (�F�h�e. �f�Z�k�k�Z �a40 �d�>�Z). 

�D�h�f�f�_�j�q�_�k�d�b�c �i�j�_�i�Z�j�Z�l �e�b�h�n�b�e�v�g�h �\�u�k�m�r�_�g�g�h�]�h �l�j�h�f�[�b�g�Z �i�j�h�b�a�\�h�^�k�l�\�Z �n�b�j�f�u 

«�L�_�o�g�h�e�h�]�b�y-�k�l�Z�g�^�Z�j�l» (�J�h�k�k�b�y) �k �Z�d�l�b�\�g�h�k�l�v�x 500 NIH �b�k�i�h�e�v�a�h�\�Z�e�b �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h 

�b�k�k�e�_�^�h�\�Z�g�b�x �\�h�a�f�h�`�g�h�k�l�b �i�h�e�m�q�_�g�b�y �i�e�Z�a�f�_�g�g�u�f�b �f�_�l�h�^�Z�f�b �d�h�f�i�h�a�b�p�b�h�g�g�u�o 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, �k�h�^�_�j�`�Z�s�b�o �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �i�h�e�b�k�Z�o�Z�j�b�^ �b �[�_�e�h�d, 
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�Z�d�l�b�\�b�j�m�x�s�b�c �k�\�_�j�l�u�\�Z�g�b�_ �d�j�h�\�b. �< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �j�Z�k�l�\�h�j 

�l�j�h�f�[�b�g�Z, �i�j�b�]�h�l�h�\�e�_�g�g�u�c �k�h�]�e�Z�k�g�h �b�g�k�l�j�m�d�p�b�b �d �i�j�_�i�Z�j�Z�l�m. 

 

�I�h�j�h�r�d�b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u, �Z�f�h�j�n�g�h�]�h �m�]�e�_�j�h�^�Z �b Al2O3 �l�Z�d�`�_ 

�b�k�i�h�e�v�a�h�\�Z�e�b �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �m�k�l�h�c�q�b�\�h�k�l�b �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z, �k�h�^�_�j�`�Z�s�_�]�h 

�q�Z�k�l�b�p�u �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u. 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �k�b�g�l�_�a�Z �[�b�h�Z�d�l�b�\�g�u�o �i�h�d�j�u�l�b�c �\ �W�I�I  

�B�k�k�e�_�^�h�\�Z�g�b�_ �\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �^�e�y 

�k�b�g�l�_�a�Z �h�d�k�b�^�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�j�l�h�i�_�^�b�q�_�k�d�b�o �b �^�_�g�l�Z�e�v�g�u�o �b�f�i�e�Z�g�l�Z�l�h�\, �h�[�e�Z�^�Z�x�s�b�o 

�m�e�m�q�r�_�g�g�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x, �i�j�h�\�h�^�b�e�b �g�Z �k�i�e�Z�\�Z�o �l�b�l�Z�g�Z �<�L1-0 �b �<�L1-00 

(�k�h�^�_�j�`�Z�g�b�_ �l�b�l�Z�g�Z 99,6%). �>�j�m�]�b�f�b �w�e�_�f�_�g�l�Z�f�b, �\�o�h�^�y�s�b�f�b �\ �k�h�k�l�Z�\ �k�i�e�Z�\�Z �[�u�e�b 

�`�_�e�_�a�h (~0,15%), �m�]�e�_�j�h�^ (~0,05%), �Z�a�h�l (~0,04%) �b �d�b�k�e�h�j�h�^ (~0,08%). 

�K�b�g�l�_�a �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �[�u�e �b�k�k�e�_�^�h�\�Z�g �g�Z �k�e�_�^�m�x�s�b�o �h�[�j�Z�a�p�Z�o: 

�Z) �i�e�Z�k�l�b�g�u �l�h�e�s�b�g�h�c 2 �f�f  �b �i�e�h�s�Z�^�v�x 4 �k�f2, 

�[) �h�l�j�_�a�d�b �l�j�m�[ �k �l�h�e�s�b�g�h�c �k�l�_�g�d�b 1,5 �f�f  �b �^�e�b�g�h�c 100 �f�f .  

�\) �f�_�e�d�h�^�b�k�i�_�j�k�g�u�_ �l�b�l�Z�g�h�\�u�_ �i�h�j�h�r�d�b, �^�b�Z�f�_�l�j �q�Z�k�l�b�p 10-150 �f�d�f. 

 

2.2. �I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�h�\ �^�e�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b 

�I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�h�\ �[�b�h�i�h�e�b�f�_�j�h�\ 

�I�h�^�e�_�`�Z�s�b�_ �h�[�j�Z�[�h�l�d�_ �h�[�j�Z�a�p�u �[�b�h�i�h�e�b�f�_�j�h�\ �i�j�_�^�k�l�Z�\�e�y�e�b �k�h�[�h�c: 

�Z) �f�h�g�h�k�e�h�c �i�h�j�h�r�d�h�h�[�j�Z�a�g�h�]�h �\�_�s�_�k�l�\�Z, �g�Z�k�u�i�Z�g�g�u�c �g�Z �^�g�h �k�i�_�p�b�Z�e�v�g�h�]�h 

�k�l�_�d�e�y�g�g�h�]�h �d�h�g�l�_�c�g�_�j�Z (�k�f. �l�Z�d�`�_ �j�Z�a�^�_�e 4.2, �\ �d�h�l�h�j�h�f �h�i�b�k�Z�g �k�i�h�k�h�[ �n�h�j�f�b�j�h�\�Z�g�b�y 

�j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �\ �\�b�^�_ �d�b�i�y�s�_�]�h �k�e�h�y);  

�[) �l�h�g�d�b�_ �i�e�_�g�d�b �[�_�e�d�h�\, �i�h�e�m�q�_�g�g�u�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�h�c �k�l�_�d�e�y�g�g�h�c 

�i�h�^�e�h�`�d�b; �i�e�_�g�d�b �i�h�e�m�q�Z�e�b�k�v �\ �j�_�a�m�e�v�l�Z�l�_ �\�Z�d�m�m�f�g�h�c �k�m�r�d�b �l�h�g�d�h�]�h �k�e�h�y �j�Z�k�l�\�h�j�Z 

�[�b�h�i�h�e�b�f�_�j�Z, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�Z�g�_�k�_�g�g�h�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�^�e�h�`�d�b.  

�L�_�o�g�h�e�h�]�b�b �i�h�^�]�h�l�h�\�d�b �h�[�j�Z�a�p�h�\ �[�u�e�b �k�i�_�p�b�Z�e�v�g�h �h�l�j�Z�[�h�l�Z�g�u �k �p�_�e�v�x 

�]�Z�j�Z�g�l�b�j�h�\�Z�g�g�h�]�h �\�h�k�i�j�h�b�a�\�_�^�_�g�b�y �b�k�o�h�^�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[�j�Z�a�p�h�\. �G�_�h�[�j�Z�[�h�l�Z�g�g�u�_ 

�[�_�e�d�b �b �o�b�l�h�a�Z�g�u �i�j�_�^�k�l�Z�\�e�y�e�b �k�h�[�h�c �i�h�e�b�^�b�k�i�_�j�k�g�u�_ �i�h�j�h�r�d�b, �i�h�w�l�h�f�m �i�_�j�_�^ �a�Z�k�u�i�d�h�c 

�i�h�j�h�r�d�h�\ �\ �d�h�g�l�_�c�g�_�j �h�g�b �i�j�h�k�_�b�\�Z�e�b�k�v �q�_�j�_�a �d�Z�e�b�[�j�h�\�Z�g�g�u�_ �k�b�l�Z. �W�l�h �i�h�a�\�h�e�b�e�h 

�h�l�^�_�e�b�l�v �d�j�m�i�g�u�_ �n�j�Z�d�p�b�b �i�h�j�h�r�d�Z: �q�Z�k�l�b�p�u �k �j�Z�a�f�_�j�Z�f�b �[�h�e�_�_ 200 �f�d�f �a�Z�\�_�^�h�f�h �g�_ 

�f�h�]�m�l �[�u�l�v �i�j�h�j�Z�[�h�l�Z�g�u �g�Z�k�d�\�h�a�v �\ �i�j�h�p�_�k�k�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �f�h�^�b�n�b�d�Z�p�b�b. �L�h �`�_ 

�h�l�g�h�k�b�l�k�y �b �d �l�h�e�s�b�g�_ �i�e�_�g�h�q�g�u�o �[�_�e�d�h�\�u�o �h�[�j�Z�a�p�h�\. �D�h�g�p�_�g�l�j�Z�p�b�b �j�Z�k�l�\�h�j�h�\ �[�_�e�d�h�\ 

�d�h�e�b�q�_�k�l�\�h �j�Z�k�l�\�h�j�Z, �g�Z�g�h�k�b�f�h�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�^�e�h�`�d�b �i�_�j�_�^ �\�Z�d�m�m�f�g�h�c �k�m�r�d�h�c, 
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�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �i�h�^�[�b�j�Z�e�b�k�v �l�Z�d, �q�l�h�[�u �l�h�e�s�b�g�Z �i�e�_�g�d�b �i�h�k�e�_ �\�u�k�m�r�b�\�Z�g�b�y �g�_ 

�i�j�_�\�u�r�Z�e�Z 0,02 �f�f . 

�< �j�y�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �g�Z�\�_�k�d�b �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ �f�Z�k�k�h�c �^�h 10 �] 

�h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v �\ �k�i�_�p�b�Z�e�v�g�h�f �m�k�l�j�h�c�k�l�\�_, �d�h�l�h�j�h�_ �i�h�f�_�s�Z�e�h�k�v �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z �b �i�j�_�^�k�l�Z�\�e�y�e�h �k�h�[�h�c �p�b�e�b�g�^�j, �k�g�Z�[�`�_�g�g�u�c �\�g�m�l�j�_�g�g�b�f�b 

�j�_�[�j�Z�f�b. �M�k�l�j�h�c�k�l�\�h �[�u�e�h �k�g�Z�[�`�_�g�h �r�Z�]�h�\�u�f �^�\�b�]�Z�l�_�e�_�f, �\�j�Z�s�Z�x�s�b�f �p�b�e�b�g�^�j �k 

�d�h�g�l�j�h�e�b�j�m�_�f�h�c �m�]�e�h�\�h�c �k�d�h�j�h�k�l�v�x, �q�l�h �i�h�a�\�h�e�y�e�h �i�_�j�_�f�_�r�b�\�Z�l�v �b �j�Z�\�g�h�f�_�j�g�h 

�h�[�j�Z�[�Z�l�u�\�Z�l�v �i�h�j�h�r�h�d �[�b�i�h�e�b�f�_�j�Z �\ �W�I�I. 

�\) �l�h�g�d�b�_ �i�e�_�g�d�b �o�b�l�h�a�Z�g�h�\ �j�Z�a�e�b�q�g�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u. �>�e�y �i�j�b�]�h�l�h�\�e�_�g�b�y 

�i�e�_�g�h�d �b�k�i�h�e�v�a�h�\�Z�e�b 2% �j�Z�k�l�\�h�j�u �o�b�l�h�a�Z�g�h�\ �\ 1% �\�h�^�g�h�f �j�Z�k�l�\�h�j�_ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 2 

�f�e �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z �j�Z�\�g�h�f�_�j�g�h �g�Z�g�h�k�b�e�b �g�Z �q�Z�r�d�m �I�_�l�j�b �b�a �i�h�e�b�k�l�b�j�h�e�Z �^�b�Z�f�_�l�j�h�f 35 

�f�f  �b �k�m�r�b�e�b �\ �l�_�j�f�h�k�l�Z�l�_ �\ �l�_�q�_�g�b�_ �k�m�l�h�d �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 60 º�K. �A�Z�l�_�f �\�u�k�m�r�_�g�g�u�_ 

�i�e�_�g�d�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �h�l�f�u�\�Z�e�b �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_, 1% �j�Z�k�l�\�h�j�_ NaOH �b �\�g�h�\�v 

�\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ (�^�h �g�_�c�l�j�Z�e�v�g�h�]�h �j�G). �H�l�f�u�l�u�_ �i�e�_�g�d�b �k�m�r�b�e�b �\ �l�_�j�f�h�k�l�Z�l�_ �\ 

�l�_�q�_�g�b�_ �k�m�l�h�d �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 60 º�K. �I�h�e�m�q�_�g�g�u�_ �i�e�_�g�d�b �b�f�_�e�b �l�h�e�s�b�g�m 8,0±0,5 �f�d�f. 

�I�h�\�_�j�o�g�h�k�l�v �b �r�_�j�h�o�h�\�Z�l�h�k�l�v �i�h�e�m�q�_�g�g�u�o �i�e�_�g�h�d �[�u�e�Z �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�Z 

�f�_�l�h�^�Z�f�b �k�d�Z�g�b�j�m�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �k �i�h�f�h�s�v�x �f�b�d�j�h�k�d�h�i�Z FEI Quanta 200 

(FEI Company, �K�R�:). �J�Z�a�f�_�j �i�h�e�y �k�d�Z�g�b�j�h�\�Z�g�b�y 4×4 �f�d�f. 

 

�I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�h�\ �b�a �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �h�[�j�Z�a�p�u �\ �\�b�^�_ �i�e�h�k�d�b�o �i�e�Z�k�l�b�g, �b�a�]�h�l�h�\�e�_�g�g�u�o 

�b�a �k�i�e�Z�\�Z �<�L1-0 �b �h�l�j�_�a�d�b �l�j�m�[ �b�a �k�i�e�Z�\�Z �<�L1-00. �I�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\, �g�Z �d�h�l�h�j�u�o �i�j�b 

�W�I�I-�h�[�j�Z�[�h�l�d�_ �^�h�e�`�g�u �k�b�g�l�_�a�b�j�h�\�Z�l�v�k�y �h�d�k�b�^�g�u�_ �k�e�h�b, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�\�_�j�]�Z�e�b�k�v 

�f�g�h�]�h�k�l�Z�^�b�c�g�h�c �f�_�o�Z�g�b�q�_�k�d�h�c �i�h�e�b�j�h�\�d�_ �k �i�h�f�h�s�v�x �Z�[�j�Z�a�b�\�g�h�c �i�Z�k�l�u �=�H�B, �h�q�b�k�l�d�_, 

�h�[�_�a�`�b�j�b�\�Z�g�b�x �b �o�b�f�b�q�_�k�d�h�f�m �l�j�Z�\�e�_�g�b�x �k �p�_�e�v�x �n�h�j�f�b�j�h�\�Z�g�b�y �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b 

�k�i�_�p�b�Z�e�v�g�h�]�h �f�b�d�j�h�j�_�e�v�_�n�Z. �>�e�y �w�l�h�]�h �h�[�j�Z�a�p�u �h�l�f�u�\�Z�e�b �\ �m�e�v�l�j�Z�a�\�m�d�h�\�h�c �\�Z�g�g�_ �\ 

�k�e�_�^�m�x�s�_�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b: �Z�p�_�l�h�g, �b�a�h�i�j�h�i�b�e�h�\�u�c �k�i�b�j�l (�\�k�_ �j�_�Z�]�_�g�l�u «Sigma», 

�=�_�j�f�Z�g�b�y, �o�b�f�b�q�_�k�d�b �q�b�k�l�u�_) �b �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�Z�y �\�h�^�Z. �I�j�h�f�u�\�d�Z �\ �d�Z�`�^�h�f 

�j�Z�k�l�\�h�j�b�l�_�e�_ �i�j�h�\�h�^�b�e�Z�k�v �l�j�_�o�d�j�Z�l�g�h �b �^�e�b�e�Z�k�v �i�h 20 �f�b�g.   

�H�l�f�u�l�u�_ �h�[�j�Z�a�p�u �i�j�h�l�j�Z�\�e�b�\�Z�e�b �\ �k�f�_�k�b �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �k�h�e�y�g�h�c �b �k�_�j�g�h�c 

�d�b�k�e�h�l (�\ �k�h�h�l�g�h�r�_�g�b�b 3:1) �\ �l�_�q�_�g�b�_ 30 �f�b�g �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_) �b �i�h�^�\�_�j�]�Z�e�b 

�h�d�h�g�q�Z�l�_�e�v�g�h�c �l�j�_�o�d�j�Z�l�g�h�c �i�j�h�f�u�\�d�_ �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �I�h�^�]�h�l�h�\�e�_�g�g�u�_ �l�Z�d�b�f 

�h�[�j�Z�a�h�f �h�[�j�Z�a�p�u �k�j�Z�a�m �`�_ �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v �\ �W�I�I (�k�f. �]�e�Z�\�m VI, �j�Z�a�^�_�e 6.1).  

�I�j�b �b�k�k�e�_�^�h�\�Z�g�b�y�o �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ �i�h�e�m�q�_�g�g�u�o �\ �W�I�I �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �\ 

�d�Z�q�_�k�l�\�_ �d�h�g�l�j�h�e�v�g�u�o �b�k�i�h�e�v�a�h�\�Z�e�b:  
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�Z) �b�k�o�h�^�g�u�c �l�b�l�Z�g�h�\�u�c �h�[�j�Z�a�_�p, �i�h�e�b�j�h�\�Z�g�g�u�c �b �h�l�f�u�l�u�c �i�h �h�i�b�k�Z�g�g�h�c �\�u�r�_ 

�i�j�h�p�_�^�m�j�_; 

 �[) �h�[�j�Z�a�_�p �i�h�e�b�j�h�\�Z�g�g�u�c, �h�l�f�u�l�u�c �b �i�j�h�l�j�Z�\�e�_�g�g�u�c �\ �k�f�_�k�b �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o 

�d�b�k�e�h�l. 

�D�h�g�l�j�h�e�v�g�u�_ �h�[�j�Z�a�p�u �o�j�Z�g�b�e�b �\ �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �k�l�_�d�e�y�g�g�u�o �d�h�g�l�_�c�g�_�j�Z�o �k 

�i�j�b�l�_�j�l�u�f�b �d�j�u�r�d�Z�f�b �\�h �b�a�[�_�`�Z�g�b�_ �a�Z�]�j�y�a�g�_�g�b�y �b�o �i�h�\�_�j�o�g�h�k�l�b. 

 

2.3. �F�_�l�h�^�u �Z�g�Z�e�b�a�Z �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c 

�^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ 

 

�H�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �[�_�e�d�Z 

�D�h�g�p�_�g�l�j�Z�p�b�x �[�_�e�d�Z �\ �d�h�g�l�j�h�e�v�g�u�o �b �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �h�i�j�_�^�_�e�y�e�b �g�Z 

�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_ �K�N-101 (“�:�d�\�b�e�h�g”, �J�h�k�k�b�y) �i�h �f�_�l�h�^�m O.H. Lowry [2.3.1, 2.3.2]. 

 �>�e�y �h�i�j�_�^�_�e�_�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�b �k�e�_�^�m�x�s�b�_ �j�_�Z�]�_�g�l�u: 

�x �J�Z�k�l�\�h�j �: . 2% �j�Z�k�l�\�h�j Na2CO3 �\ 0,1 �F NaOH; 

�x �J�Z�k�l�\�h�j �;. 0,5%-�g�u�c CuSO4•5H2O �\ 1%-�g�h�f �l�j�b�g�Z�l�j�b�c�p�b�l�j�Z�l�_; 

�x �J�Z�k�l�\�h�j �<. �K�f�_�k�v 50 �f�e �j�Z�k�l�\�h�j�Z �:  �k 1 �f�e �j�Z�k�l�\�h�j�Z �;. �?�`�_�^�g�_�\�g�h �]�h�l�h�\�y�l �a�Z�g�h�\�h; 

�x �J�Z�k�l�\�h�j �=. �D�h�f�f�_�j�q�_�k�d�b�c �j�_�Z�]�_�g�l �N�h�e�b�g�Z-�Q�h�d�Z�e�v�l�_�m (“Sigma”, �=�_�j�f�Z�g�b�y), 

�j�Z�a�[�Z�\�e�_�g�g�u�c �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �^�h �d�h�g�p�_�g�l�j�Z�p�b�b �i�h �d�b�k�e�h�l�_ 1 �f�h�e�v/�e. 

 �F�_�l�h�^�b�d�Z �b�a�f�_�j�_�g�b�y. �D �h�[�j�Z�a�p�m �[�_�e�d�Z �^�h�[�Z�\�e�y�x�l 5,0 �f�e �j�Z�k�l�\�h�j�Z �<, �o�h�j�h�r�h 

�i�_�j�_�f�_�r�b�\�Z�x�l �b �\�u�^�_�j�`�b�\�Z�x�l �\ �l�_�q�_�g�b�_ 10 �f�b�g �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �;�u�k�l�j�h �i�j�b 

�i�h�k�l�h�y�g�g�h�f �i�_�j�_�f�_�r�b�\�Z�g�b�b �^�h�[�Z�\�e�y�x�l 0,5 �f�e �j�Z�k�l�\�h�j�Z �=. �<�u�^�_�j�`�b�\�Z�x�l 30 �f�b�g �i�j�b 

�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b �h�i�j�_�^�_�e�y�x�l �h�i�l�b�q�_�k�d�m�x �i�e�h�l�g�h�k�l�v �i�j�b �^�e�b�g�_ �\�h�e�g�u 750 �g�f. 

�D�h�g�p�_�g�l�j�Z�p�b�x �[�_�e�d�Z �h�i�j�_�^�_�e�y�x�l �i�h �]�j�Z�^�b�j�h�\�h�q�g�h�f�m �]�j�Z�n�b�d�m, �i�h�k�l�j�h�_�g�g�h�f�m �k �i�h�f�h�s�v�x 

�k�l�Z�g�^�Z�j�l�g�u�o �j�Z�a�\�_�^�_�g�b�c (25-500 �f�d�] �[�_�e�d�Z �\ 1 �f�e) �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �[�_�e�d�Z. 

 

 �H�i�j�_�^�_�e�_�g�b�_ �j�Z�k�l�\�h�j�b�f�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�h�\ 

�J�Z�k�l�\�h�j�b�f�h�k�l�v �o�b�l�h�a�Z�g�Z �b �i�j�h�^�m�d�l�h�\ �_�]�h �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z 

�h�i�j�_�^�_�e�y�e�b �i�h �k�e�_�^�m�x�s�_�c �f�_�l�h�^�b�d�_: �g�Z�\�_�k�d�m �f�Z�k�k�h�c 0,1000 �] �a�Z�e�b�\�Z�e�b 50 �f�e 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�u, �k�h�^�_�j�`�Z�s�_�c 0,05% �Z�a�b�^�Z �g�Z�l�j�b�y �\ �d�Z�q�_�k�l�\�_ �[�Z�d�l�_�j�b�p�b�^�g�h�]�h 

�Z�]�_�g�l�Z. �K�f�_�k�v �\�u�^�_�j�`�b�\�Z�e�b 48 �q�Z�k�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 25 �q�K. �>�Z�e�_�_ �k�f�_�k�v �n�b�e�v�l�j�h�\�Z�e�b 

�q�_�j�_�a �k�l�_�d�e�y�g�g�u�c �n�b�e�v�l�j �b �i�j�h�f�u�\�Z�e�b �h�k�Z�^�h�d �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c. �N�b�e�v�l�j �k 

�h�k�Z�^�d�h�f �^�h�\�h�^�b�e�b �^�h �i�h�k�l�h�y�g�g�h�c �f�Z�k�k�u �\ �l�_�j�f�h�k�l�Z�l�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 105 �q�K �b �b�a�f�_�j�y�e�b 

�f�Z�k�k�m �h�k�Z�^�d�Z. �F�Z�k�k�m �j�Z�k�l�\�h�j�b�\�r�_�]�h�k�y �\�_�s�_�k�l�\�Z �\�u�q�b�k�e�y�e�b �d�Z�d �j�Z�a�g�h�k�l�v �f�_�`�^�m �f�Z�k�k�h�c 

�g�Z�\�_�k�d�b �b �f�Z�k�k�h�c �h�k�Z�^�d�Z. 
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�B�f�f�m�g�h�w�e�_�d�l�j�h�n�h�j�_�a 

 �B�f�f�m�g�h�w�e�_�d�l�j�h�n�h�j�_�a �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �i�j�h�^�m�d�l�h�\ �_�]�h �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�i�j�h�\�h�^�b�e�b �g�Z �Z�i�i�Z�j�Z�l�m�j�_ “Multiphor System for Electrophoresis” (LKB, �R�\�_�p�b�y) �i�h �f�_�l�h�^�m 

C.-B. Laurell [2.3.3, 2.3.4] �\ 1,4% �Z�]�Z�j�h�\�h�f �]�_�e�_, �\ �d�Z�q�_�k�l�\�_ �w�e�_�d�l�j�h�^�g�h�]�h �[�m�n�_�j�g�h�]�h 

�j�Z�k�l�\�h�j�Z �b�k�i�h�e�v�a�h�\�Z�e�b 0,03 �F �\�_�j�h�g�Z�e-�f�_�^�b�g�Z�e�h�\�u�c �[�m�n�_�j �k �j�G=8,6.  �W�e�_�d�l�j�h�n�h�j�_�a 

�b�k�k�e�_�^�m�_�f�h�]�h �Z�g�l�b�]�_�g�Z (�b�k�o�h�^�g�u�c �n�b�[�j�b�g-�f�h�g�h�f�_�j �b�e�b �i�j�h�^�m�d�l�u �_�]�h �W�I�I-�^�_�k�l�j�m�d�p�b�b) 

�i�j�h�\�h�^�b�e�b �\ �l�_�q�_�g�b�_ 1,5 �q�Z�k�h�\ �i�j�b �k�b�e�_ �l�h�d�Z 40 �f�:  �b �g�Z�i�j�y�`�_�g�b�b 200 �< �k �h�o�e�Z�`�^�_�g�b�_�f, �\ 

�g�Z�i�j�Z�\�e�_�g�b�b, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�f �i�h�e�h�k�_ �Z�]�Z�j�h�\�h�]�h �]�_�e�y, �\ �d�h�l�h�j�m�x �a�Z�l�_�f �\�g�h�k�b�e�b 

�k�i�_�p�b�n�b�q�_�k�d�m�x �Z�g�l�b�k�u�\�h�j�h�l�d�m. �>�e�y �Z�g�Z�e�b�a�Z �b�k�i�h�e�v�a�h�\�Z�e�b �k�u�\�h�j�h�l�d�m �^�e�y 

�b�f�f�m�g�h�w�e�_�d�l�j�h�n�h�j�_�a�Z �i�j�h�l�b�\ �k�u�\�h�j�h�l�h�q�g�u�o �[�_�e�d�h�\ �d�j�h�\�b �q�_�e�h�\�_�d�Z (�G�b�`�_�]�h�j�h�^�k�d�h�_ 

�i�j�_�^�i�j�b�y�l�b�_ �i�h �i�j�h�b�a�\�h�^�k�l�\�m �[�Z�d�l�_�j�b�c�g�u�o �i�j�_�i�Z�j�Z�l�h�\ “�B�f�;�b�h”, �J�h�k�k�b�y) �b 

�k�i�_�p�b�n�b�q�_�k�d�m�x �d�j�h�e�b�q�v�x �Z�g�l�b�k�u�\�h�j�l�d�m �d �n�b�[�j�b�g�h�]�_�g�m �q�_�e�h�\�_�d�Z (�H�H�H «�B�f�l�_�d», �J�h�k�k�b�y). 

�>�e�y �h�d�j�Z�k�d�b �[�_�e�d�h�\ �i�j�b�f�_�g�y�e�b 0,1% �j�Z�k�l�\�h�j �Z�f�b�^�h�q�_�j�g�h�]�h 10�< �\ 7% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 

 

�=�h�j�b�a�h�g�l�Z�e�v�g�u�c �w�e�_�d�l�j�h�n�h�j�_�a �\ �Z�]�Z�j�h�\�h�f �]�_�e�_ 

�=�h�j�b�a�h�g�l�Z�e�v�g�u�c �w�e�_�d�l�j�h�n�h�j�_�a �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �i�j�h�^�m�d�l�h�\ �_�]�h �W�I�I-

�f�h�^�b�n�b�d�Z�p�b�b �i�j�h�\�h�^�b�e�b �g�Z �Z�i�i�Z�j�Z�l�m�j�_ “Multiphor System for Electrophoresis” (LKB, 

�R�\�_�p�b�y) �\ 1,4% �Z�]�Z�j�h�\�h�f �]�_�e�_ �i�j�b �k�b�e�_ �l�h�d�Z 40 �f�:  �b �g�Z�i�j�y�`�_�g�b�b 200 �< �k �h�o�e�Z�`�^�_�g�b�_�f. �< 

�d�Z�q�_�k�l�\�_ �w�e�_�d�l�j�h�^�g�h�]�h �[�m�n�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �b�k�i�h�e�v�a�h�\�Z�e�b 0,03 �F �\�_�j�h�g�Z�e-�f�_�^�b�g�Z�e�h�\�u�c 

�[�m�n�_�j �k �j�G=8,6. �H�[�j�Z�a�p�u �[�_�e�d�Z �j�Z�k�l�\�h�j�y�e�b �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ �b �g�Z�g�h�k�b�e�b �\ �e�m�g�d�b, 

�i�j�h�j�_�a�Z�g�g�u�_ �\ �]�_�e�_. �I�_�j�_�^ �i�j�h�\�_�^�_�g�b�_�f �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ �e�m�g�d�m �k �h�[�j�Z�a�p�h�f �[�_�e�d�Z 

�^�h�[�Z�\�e�y�e�b 1% �j�Z�k�l�\�h�j �[�j�h�f�n�_�g�h�e�h�\�h�]�h �k�b�g�_�]�h. �I�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �w�e�_�d�l�j�h�n�h�j�_�a�Z �]�_�e�v 

�h�d�j�Z�r�b�\�Z�e�b �\ �l�_�q�_�g�b�_ 20 �f�b�g 0,1% �j�Z�k�l�\�h�j�h�f �Z�f�b�^�h�q�_�j�g�h�]�h 10�< �\ 7% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_ �b 

�a�Z�l�_�f �h�l�f�u�\�Z�e�b �\ 10% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. �I�_�j�_�^ �h�d�j�Z�r�b�\�Z�g�b�_�f �[�_�e�d�b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h 

�n�b�d�k�b�j�h�\�Z�e�b �j�Z�k�l�\�h�j�h�f �i�b�d�j�b�g�h�\�h�c �d�b�k�e�h�l�u �\ �l�_�q�_�g�b�_ 10 �f�b�g [2.3.4]. 

 

�>�_�g�Z�l�m�j�b�j�m�x�s�b�c �w�e�_�d�l�j�h�n�h�j�_�a �\ �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f �]�_�e�_ 

�>�_�g�Z�l�m�j�b�j�m�x�s�b�c �w�e�_�d�l�j�h�n�h�j�_�a �\ �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f �]�_�e�_ �i�j�h�\�h�^�b�e�b �g�Z 

�Z�i�i�Z�j�Z�l�m�j�_ �n�b�j�f�u “Bio-Rad Laboratories, Inc.” (�K�R�:), �b�k�i�h�e�v�a�h�\�Z�e�b �d�Z�f�_�j�m �^�e�y 

�\�_�j�l�b�d�Z�e�v�g�h�]�h �w�e�_�d�l�j�h�n�h�j�_�a�Z Mini-PROTEAN�“  3 Electrophoresis Cell �b �b�k�l�h�q�g�b�d 

�g�Z�i�j�y�`�_�g�b�y PowerPac�•  Basic Power Supply. 

�W�e�_�d�l�j�h�n�h�j�_�a �[�_�e�d�h�\ �i�j�h�\�h�^�b�e�b �\ �i�e�Z�k�l�b�g�Z�o �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�]�h �]�_�e�y (PAGE) �\ 

�i�j�b�k�m�l�k�l�\�b�b �^�h�^�_�p�b�e�k�m�e�v�n�Z�l�Z �g�Z�l�j�b�y (SDS) �b 2-�f�_�j�d�Z�i�l�h�w�l�Z�g�h�e�Z �i�h �f�_�l�h�^�m U.K. Laemmli 

[2.3.5]. �B�k�i�h�e�v�a�h�\�Z�e�b 4% �d�h�g�p�_�g�l�j�b�j�m�x�s�b�c �]�_�e�v �b 7,5% �b�e�b 10% �j�Z�a�^�_�e�y�x�s�b�c �]�_�e�v �k�h 
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�k�l�Z�g�^�Z�j�l�g�h�c �k�r�b�\�d�h�c. �:�d�l�b�\�Z�p�b�x �i�h�e�b�f�_�j�b�a�Z�p�b�b �]�_�e�y �h�k�m�s�_�k�l�\�e�y�e�b �^�h�[�Z�\�e�_�g�b�_�f 

�i�_�j�k�m�e�v�n�Z�l�Z �Z�f�f�h�g�b�y, �\ �d�Z�q�_�k�l�\�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z �i�h�e�b�f�_�j�b�a�Z�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�b 20% 

�l�_�l�j�Z�f�_�l�b�e�w�l�b�e�_�g�^�b�Z�f�b�g (TEMED).  

�H�[�j�Z�a�p�u �[�_�e�d�h�\ �^�e�y �w�e�_�d�l�j�h�n�h�j�_�a�Z �j�Z�k�l�\�h�j�y�e�b �\ 0,01 �F �l�j�b�k-HCl �[�m�n�_�j�_ (�j�G=8,0), 

�k�h�^�_�j�`�Z�s�_�f 0,001 �F �w�l�b�e�_�g�^�b�Z�f�b�g�l�_�l�j�Z�Z�p�_�l�Z�l�Z (�W�>�L�:). �< �i�j�h�[�m �[�_�e�d�Z �\�g�h�k�b�e�b SDS �b �E-

�f�_�j�d�Z�i�l�h�w�l�Z�g�h�e (�d�h�g�p�_�g�l�j�Z�p�b�b �\ �i�j�h�[�_ 1% �b 5%, �k�h�h�l�\�_�l�k�l�\�_�g�g�h) �b �g�Z�]�j�_�\�Z�e�b �i�j�h�[�m �^�h 

100 �q�K �\ �l�_�q�_�g�b�_ 5 �f�b�g. �>�Z�e�_�_ �\ �i�j�h�[�m �^�h�[�Z�\�e�y�e�b �]�e�b�p�_�j�b�g �b 1% �j�Z�k�l�\�h�j �[�j�h�f�n�_�g�h�e�h�\�h�]�h 

�k�b�g�_�]�h.  

�W�e�_�d�l�j�h�n�h�j�_�a �i�j�h�\�h�^�b�e�b �l�j�b�k-�]�e�b�p�b�g�h�\�h�f �[�m�n�_�j�_ (�j�G=8,3), �d�h�l�h�j�u�c �k�h�^�_�j�`�Z�e 

0,1% SDS, �i�j�b �g�Z�i�j�y�`�_�g�b�b 100 �<. �I�h�k�e�_ �w�e�_�d�l�j�h�n�h�j�_�a�Z �]�_�e�b �h�d�j�Z�r�b�\�Z�e�b 0,1% �D�m�f�Z�k�k�b-

R-250 �\ �l�_�q�_�g�b�_ 20 �f�b�g �b �h�l�f�u�\�Z�e�b �\ 5 �k�f�_�g�Z�o �i�h 10 �f�b�g �\ �j�Z�k�l�\�h�j�_, �k�h�^�_�j�`�Z�s�_�f 10% 

�m�d�k�m�k�g�h�c �d�b�k�e�h�l�_ �b 15% �b�a�h�i�j�h�i�Z�g�h�e�Z. 

 

�H�i�j�_�^�_�e�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ 

 �>�e�y �h�i�j�_�^�_�e�_�g�b�y �f�Z�k�k�h�\�h�c �^�h�e�b �Z�f�b�g�h�d�b�k�e�h�l �\ �g�Z�l�b�\�g�u�o �[�_�e�d�Z�o �b �i�j�h�^�m�d�l�Z�o �b�o 

�W�I�I-�f�h�^�b�n�b�d�Z�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�b �Z�g�Z�e�b�a�Z�l�h�j �L 339�F («Mikrotechha-N.P.», �Q�_�o�h�k�e�h�\�Z�d�b�y; 

�i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�c �r10%). �H�i�j�_�^�_�e�y�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ 17 �h�k�g�h�\�g�u�o �Z�f�b�g�h�d�b�k�e�h�l. 

 �K�m�s�g�h�k�l�v �f�_�l�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �j�Z�k�s�_�i�e�_�g�b�b �i�_�i�l�b�^�g�u�o �k�\�y�a�_�c �[�_�e�d�Z �k�h�e�y�g�h�c 

�d�b�k�e�h�l�h�c �b�e�b �s�_�e�h�q�v�x �i�j�b �g�Z�]�j�_�\�Z�g�b�b �b �b�a�[�b�j�Z�l�_�e�v�g�h�c �k�h�j�[�p�b�b �Z�f�b�g�h�d�b�k�e�h�l �g�Z 

�b�h�g�h�h�[�f�_�g�g�b�d�_ �`�b�^�d�h�k�l�g�h�c �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c �d�h�e�h�g�d�b. �I�j�b �b�h�g�h�h�[�f�_�g�g�h�c 

�o�j�h�f�Z�l�h�]�j�Z�n�b�b �b�k�i�h�e�v�a�m�x�l�k�y, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �k�b�e�v�g�u�_ �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�_ �k�b�e�u �f�_�`�^�m 

�b�h�g�b�a�b�j�h�\�Z�g�g�u�f�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b �]�j�m�i�i�Z�f�b �b�h�g�b�l�Z (�b�h�g�h�h�[�f�_�g�g�h�]�h �k�h�j�[�_�g�l�Z) �b 

�b�h�g�Z�f�b �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u �\ �j�Z�k�l�\�h�j�_. �< �\�h�^�g�u�o �j�Z�k�l�\�h�j�Z�o �h�[�_ �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �]�j�m�i�i�u 

�Z�f�b�g�h�d�b�k�e�h�l (�Z�f�b�g�h- �b �d�Z�j�[�h�d�k�b�e�v�g�Z�y �]�j�m�i�i�u) �b�f�_�x�l �a�Z�j�y�^, �l.�_. �Z�f�b�g�h�d�b�k�e�h�l�u �y�\�e�y�x�l�k�y 

�Z�f�n�h�l�_�j�g�u�f�b �k�h�_�^�b�g�_�g�b�y�f�b �b �f�h�]�m�l �[�u�l�v �j�Z�a�^�_�e�_�g�u �k �i�h�f�h�s�v�x �k�h�j�[�_�g�l�h�\, 

�h�[�_�k�i�_�q�b�\�Z�x�s�b�o �h�[�f�_�g �Z�g�b�h�g�h�\ �b�e�b �d�Z�l�b�h�g�h�\. �I�h�k�e�_ �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c �d�h�e�h�g�d�b 

�Z�f�b�g�h�d�b�k�e�h�l�u �i�h�h�q�_�j�_�^�g�h �i�h�k�l�m�i�Z�x�l �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m, �]�^�_ �i�j�b �g�Z�]�j�_�\�Z�g�b�b �k 

�g�b�g�]�b�^�j�b�g�h�\�u�f �j�_�Z�d�l�b�\�h�f �h�[�j�Z�a�m�_�l�k�y �h�d�j�Z�r�_�g�g�u�c �d�h�f�i�e�_�d�k, �b�g�l�_�g�k�b�\�g�h�k�l�v �d�h�l�h�j�h�]�h 

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �k�h�^�_�j�`�Z�g�b�x �Z�f�b�g�h�d�b�k�e�h�l�u �\ �j�Z�k�l�\�h�j�_. 

 

�=�b�^�j�h�e�b�a �[�_�e�d�h�\ 

 �>�e�y �i�j�h�\�_�^�_�g�b�y �o�j�h�f�Z�l�h�]�j�Z�n�b�b �g�Z�l�b�\�g�u�_ �[�_�e�d�b �b �i�j�h�^�m�d�l�u �b�o �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b 

�i�h�^�\�_�j�]�Z�e�b �d�b�k�e�h�l�g�h�f�m �]�b�^�j�h�e�b�a�m �\ 6 �g. �G�Kl (�j�Z�k�l�\�h�j �k�h�^�_�j�`�b�l 20,0 �f�Z�k% �G�Kl �b �b�f�_�_�l 

�m�^�_�e�v�g�u�c �\�_�k 1,100 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 15 �q�K) �i�h �k�l�Z�g�^�Z�j�l�g�h�c �i�j�h�p�_�^�m�j�_. �>�e�y �i�j�h�\�_�^�_�g�b�y 

�d�b�k�e�h�l�g�h�]�h �]�b�^�j�h�e�b�a�Z �g�Z�\�_�k�d�m �f�Z�l�_�j�b�Z�e�Z �f�Z�k�k�h�c 20-30 �f�] �i�h�f�_�s�Z�e�b �\ �k�i�_�p�b�Z�e�v�g�u�_ 
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�]�_�j�f�_�l�b�q�g�h �a�Z�d�j�u�\�Z�x�s�b�_�k�y �i�j�h�[�b�j�d�b �b�a �l�_�j�f�h�k�l�h�c�d�h�]�h �k�l�_�d�e�Z, �k�f�Z�q�b�\�Z�e�b �_�_ 1 �f�e 

�w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z �b �a�Z�e�b�\�Z�e�b 10 �f�e 6 �g. �G�Kl. �I�j�h�[�b�j�d�b �i�h�f�_�s�Z�e�b �\ �l�_�j�f�h�k�l�Z�l, �i�j�h�]�j�_�l�u�c 

�^�h 110 �q�K. �=�b�^�j�h�e�b�a �i�j�h�\�h�^�b�e�b �\ �l�_�q�_�g�b�_ 24 �q�Z�k�h�\. �I�h�^�]�h�l�h�\�e�_�g�g�u�_ �l�Z�d�b�f �h�[�j�Z�a�h�f �i�j�h�[�u 

�Z�g�Z�e�b�a�b�j�h�\�Z�e�b �g�Z �o�j�h�f�Z�l�h�]�j�Z�n�_. 

 �>�e�y �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �k�_�j�h�k�h�^�_�j�`�Z�s�b�o �Z�f�b�g�h�d�b�k�e�h�l (�p�b�k�l�b�g�Z, 

�p�b�k�l�_�b�g�Z, �f�_�l�b�h�g�b�g�Z) �f�Z�l�_�j�b�Z�e �i�_�j�_�^ �d�b�k�e�h�l�g�u�f �]�b�^�j�h�e�b�a�h�f �h�[�j�Z�[�Z�l�u�\�Z�e�b 

�g�Z�^�f�m�j�Z�\�v�b�g�h�c �d�b�k�e�h�l�h�c �b �l�Z�d�b�f �h�[�j�Z�a�h�f �i�_�j�_�\�h�^�b�e�b �b�o �\ �m�k�l�h�c�q�b�\�u�_ �h�d�b�k�e�_�g�g�u�_ 

�i�j�h�b�a�\�h�^�g�u�_. �H�[�j�Z�[�h�l�d�Z �g�Z�^�m�j�Z�\�v�b�g�h�c �d�b�k�e�h�l�h�c �i�j�_�^�h�l�\�j�Z�s�Z�_�l �g�_�k�i�_�p�b�n�b�q�_�k�d�b�_ 

�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�_ �j�_�Z�d�p�b�b �k�_�j�h�k�h�^�_�j�`�Z�s�b�o �Z�f�b�g�h�d�b�k�e�h�l �i�j�b �b�o �]�b�^�j�h�e�b�a�_ �\ 

�i�j�b�k�m�l�k�l�\�b�b �k�h�e�y�g�h�c �d�b�k�e�h�l�u. �>�Z�g�g�u�c �f�_�l�h�^ �i�h�^�]�h�l�h�\�d�b �i�j�h�[�u �d �Z�g�Z�e�b�a�m �h�k�g�h�\�Z�g �g�Z 

�h�d�b�k�e�_�g�b�b �p�b�k�l�b�g�Z �b �f�_�l�b�h�g�b�g�Z �k�f�_�k�v�x �i�_�j�_�d�b�k�b �\�h�^�h�j�h�^�Z �k �f�m�j�Z�\�v�b�g�h�c �d�b�k�e�h�l�h�c �^�h 

�p�b�k�l�_�b�g�h�\�h�c �d�b�k�e�h�l�u �b �f�_�l�b�h�g�b�g�k�m�e�v�n�h�g�Z, �a�Z�l�_�f �l�Z�d�`�_ �i�j�h�\�h�^�b�l�k�y �]�b�^�j�h�e�b�a �k�h�e�y�g�h�c 

�d�b�k�e�h�l�h�c (�K = 6 �f�h�e�v/�^�f3). 

 �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �g�Z�^�f�m�j�Z�\�v�b�g�h�c �d�b�k�e�h�l�u �^�e�y �i�h�e�m�q�_�g�b�y 

�d�h�e�b�q�_�k�l�\�_�g�g�u�o �^�Z�g�g�u�o �i�h �k�h�^�_�j�`�Z�g�b�x �f�_�l�b�h�g�b�g�Z, �p�b�k�l�b�g�Z �b �p�b�k�l�_�b�g�Z �\ �h�[�j�Z�a�p�_ 

�i�j�b�\�h�^�b�l �d �q�Z�k�l�b�q�g�h�f�m �j�Z�a�j�m�r�_�g�b�x �\�k�_�o �^�j�m�]�b�o �Z�f�b�g�h�d�b�k�e�h�l. �I�h �w�l�h�c �i�j�b�q�b�g�_ �^�e�y 

�Z�g�Z�e�b�a�Z �]�h�l�h�\�b�e�b �^�\�Z �]�b�^�j�h�e�b�a�Z�l�Z �^�e�y �d�Z�`�^�h�]�h �h�[�j�Z�a�p�Z: �h�^�b�g �b�k�i�h�e�v�a�h�\�Z�e�b �^�e�y 

�h�i�j�_�^�_�e�_�g�b�y �f�_�l�b�h�g�b�g�Z, �p�b�k�l�b�g�Z �b �p�b�k�l�_�b�g�Z, �\�l�h�j�h�c – �^�e�y �\�k�_�o �h�k�l�Z�e�v�g�u�o �Z�f�b�g�h�d�b�k�e�h�l. 

 

�=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y 

�K�j�_�^�g�_�\�_�k�h�\�m�x �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m (Mw), �k�j�_�^�g�_�q�b�k�e�h�\�m�x �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m 

(Mn) �b �a�g�Z�q�_�g�b�y �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b Mw/Mn, �i�h�e�m�q�_�g�g�u�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �o�b�l�h�a�Z�g�h�\,  

�h�i�j�_�^�_�e�y�e�b �g�Z �o�j�h�f�Z�l�h�]�j�Z�n�_ S 2100 («Sykam», �=�_�j�f�Z�g�b�y) �i�j�b �l�_�f�i�_�j�Z�l�m�j�_  30° �K �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�h�e�h�g�d�b «Ultrahydrogel 500» (7,8×300 �f�f ) («Waters», �K�R�:) �k 

�i�j�_�^�d�h�e�h�g�d�h�c (4×3 �f�f ) GFC-4000 («Phenomenex», �K�R�:) �\ �k�b�k�l�_�f�_ 0,05 �F �m�d�k�m�k�g�h�c 

�d�b�k�e�h�l�u �b 0,15 M �Z�p�_�l�Z�l�Z �Z�f�f�h�g�b�y, �i�j�b �a�g�Z�q�_�g�b�b pH 5,2 �b �k�d�h�j�h�k�l�b �w�e�x�p�b�b 0,5 �f�e/�f�b�g. 

�D�h�g�l�j�h�e�b�j�h�\�Z�e�b �i�j�h�p�_�k�k �j�Z�a�^�_�e�_�g�b�y �k �i�h�f�h�s�v�x �j�_�n�j�Z�d�l�h�f�_�l�j�b�q�_�k�d�h�]�h �^�_�l�_�d�l�h�j�Z �D-2301 

(«Knauer», �=�_�j�f�Z�g�b�y). �D�h�g�l�j�h�e�v �b �Z�g�Z�e�b�a �o�j�h�f�Z�l�h�]�j�Z�f�f �h�k�m�s�_�k�l�\�e�y�e�b �k �i�h�f�h�s�v�x 

�i�j�h�]�j�Z�f�f�u «�F�m�e�v�l�b�o�j�h�f»  (�A�:�H «�:�f�i�_�j�k�_�g�^», �F�h�k�d�\�Z). �>�e�y �d�Z�e�b�[�j�h�\�d�b �d�h�e�h�g�d�b 

�b�k�i�h�e�v�a�h�\�Z�e�b �^�_�d�k�l�j�Z�g�h�\�u�_ �k�l�Z�g�^�Z�j�l�u �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k (1080, 4440, 9890, 43500, 

66700, 123600 �b 196300 �d�>�Z, «Sigma», �K�R�:). 

�=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �[�_�e�d�h�\ �i�j�h�\�h�^�b�e�Z�k�v �\ 

�k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: �o�j�h�f�Z�l�h�]�j�Z�n «�K�l�Z�c�_�j» (�J�h�k�k�b�y), �d�h�e�h�g�d�Z “Phenomenex” BioSep-Sec-

S-3000 (�K�R�:), �d�Z�e�b�[�j�h�\�Z�g�g�Z�y �i�h �]�e�h�[�m�e�y�j�g�u�f �[�_�e�d�Z�f �k �b�a�\�_�k�l�g�u�f�b �f�h�e�_�d�m�e�y�j�g�u�f�b 

�f�Z�k�k�Z�f�b (�w�n�n�_�d�l�b�\�g�h�k�l�v 30000 �l�_�h�j�_�l�b�q�_�k�d�b�o �l�Z�j�_�e�h�d), �w�e�x�_�g�l – 0,1 �F �n�h�k�n�Z�l�g�u�c �[�m�n�_�j, 
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�k�h�^�_�j�`�Z�s�b�c 0,025 �f�h�e�v/�d�] �D�G2�J�H4 �b 0,025 �f�h�e�v/�d�] Na2HPO4 (�j�G=6,86)) �b 0,05 % NaN3, 

�k�d�h�j�h�k�l�v �w�e�x�b�j�h�\�Z�g�b�y 1 �f�e/�f�b�g,  �l�_�f�i�_�j�Z�l�m�j�Z 30�h�K, �^�_�l�_�d�l�h�j - �M�N 280 �g�f. 

 

�M�N-�k�i�_�d�l�j�h�k�d�h�i�b�y �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e 

 �K�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �g�Z �k�i�_�d�l�j�h�f�_�l�j�_ UV-2501(PC) CE (Shimadzu 

Corporation, �Y�i�h�g�b�y). �J�_�]�b�k�l�j�Z�p�b�x �k�i�_�d�l�j�h�\ �h�k�m�s�_�k�l�\�e�y�e�b �\ �^�b�Z�i�Z�a�h�g�_ �^�e�b�g �\�h�e�g 220-400 

�g�f. �>�e�y �i�h�e�m�q�_�g�b�y �k�i�_�d�l�j�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �j�Z�k�l�\�h�j�u �b�k�o�h�^�g�u�o �[�_�e�d�h�\ �b �i�j�h�^�m�d�l�h�\ �b�o 

�W�I�I-�h�[�j�Z�[�h�l�d�b �\ �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c �\�h�^�_. �< �d�Z�q�_�k�l�\�_ �h�i�l�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y �b�k�i�h�e�v�a�h�\�Z�e�b 

�^�_�b�h�g�b�a�b�j�h�\�Z�g�g�m�x �\�h�^�m. 

 

�B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�k�d�h�i�b�y �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y �[�_�e�d�h�\ 

�K�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �g�Z �B�D-�k�i�_�d�l�j�h�f�_�l�j�_ “Portman Instruments” 

(Portman Instruments AG, �R�\�_�c�p�Z�j�b�y), �h�k�g�Z�s�_�g�g�h�f �j�Z�[�h�q�_�c �k�_�d�p�b�_�c, �d�h�l�h�j�Z�y �[�u�e�Z 

�b�a�]�h�l�h�\�e�_�g�Z �g�Z �h�k�g�h�\�_ 12-�i�j�h�o�h�^�g�h�]�h �d�j�b�k�l�Z�e�e�Z ZnSe. �>�e�y �i�h�e�m�q�_�g�b�y �k�i�_�d�l�j�h�\ 

�i�h�]�e�h�s�_�g�b�y �i�h�j�h�r�h�d �b�k�k�e�_�^�m�_�f�h�]�h �\�_�s�_�k�l�\�Z �g�Z�k�u�i�Z�e�b �l�h�g�d�b�f �k�e�h�_�f �g�Z �i�h�\�_�j�o�g�h�k�l�v 

�j�Z�[�h�q�_�c �k�_�d�p�b�b. �J�_�]�b�k�l�j�Z�p�b�x �i�_�j�\�b�q�g�u�o �k�i�_�d�l�j�h�\ �h�k�m�s�_�k�l�\�e�y�e�b �\ �^�b�Z�i�Z�a�h�g�_ �\�h�e�g�h�\�u�o 

�q�b�k�_�e 500-3600 �k�f-1. �K �p�_�e�v�x �m�\�_�e�b�q�_�g�b�y �j�Z�a�j�_�r�_�g�b�y �b �i�h�\�u�r�_�g�b�y �b�g�n�h�j�f�Z�l�b�\�g�h�k�l�b 

�k�i�_�d�l�j�u �i�h�^�\�_�j�]�Z�e�b �N�m�j�v�_-�Z�g�Z�e�b�a�m �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �i�j�h�]�j�Z�f�f�g�h�]�h 

�h�[�_�k�i�_�q�_�g�b�y. 

 

�Y�F�J-�k�i�_�d�l�j�h�k�d�h�i�b�y �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y 

�Y�^�_�j�g�u�c �f�Z�]�g�b�l�g�u�c �j�_�a�h�g�Z�g�k (�Y�F�J) �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �i�j�h�\�h�^�b�e�b �g�Z 

�k�i�_�d�l�j�h�f�_�l�j�_ Bruker Avance DRX-300 (�=�_�j�f�Z�g�b�y) �k�h �k�\�_�j�o�i�j�h�\�h�^�y�s�b�f �f�Z�]�g�b�l�h�f �g�Z 

�q�Z�k�l�h�l�_ 300 �F�=�p �^�e�y �y�^�_�j �i�j�h�l�h�g�h�\. �>�e�y �Z�g�Z�e�b�a�Z �[�u�e�b �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �k�i�_�d�l�j�u �g�Z 

�y�^�j�Z�o �i�j�h�l�h�g�h�\ – 1�G �b �k�i�_�d�l�j�u �g�Z �y�^�j�Z�o �m�]�e�_�j�h�^�Z �k �j�Z�a�\�y�a�d�h�c �h�l �i�j�h�l�h�g�h�\ 13�K{ 1�G}. �<�k�_ 

�b�a�f�_�j�_�g�b�y �i�j�h�\�_�^�_�g�u �i�j�b �i�h�k�l�h�y�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �K�i�_�d�l�j�Z�e�v�g�u�_ �i�Z�j�Z�f�_�l�j�u �g�Z�l�b�\�g�h�]�h 

�\�_�s�_�k�l�\�Z �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �\ �d�Z�q�_�k�l�\�_ �d�h�g�l�j�h�e�y. �< �d�Z�q�_�k�l�\�_ �j�Z�k�l�\�h�j�b�l�_�e�y �^�e�y �h�[�j�Z�a�p�h�\ 

�b�k�i�h�e�v�a�h�\�Z�e�b �k�f�_�k�v D2O �b DCl. 

 

�=�Z�a�h�\�Z�y �o�j�h�f�Z�l�h�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�y 

�>�e�y �Z�g�Z�e�b�a�Z �[�j�Z�e�Z�k�v �g�Z�\�_�k�d�Z �b�k�k�e�_�^�m�_�f�h�]�h �h�[�j�Z�a�p�Z (�b�k�o�h�^�g�u�c  �[�b�h�i�h�e�b�f�_�j �b�e�b 

�[�b�h�i�h�e�b�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I) �f�Z�k�k�h�c 0,1 �f�]. �G�Z�\�_�k�d�Z �i�h�^�\�_�j�]�Z�e�Z�k�v �i�b�j�h�e�b�l�b�q�_�k�d�h�f�m 

�j�Z�a�e�h�`�_�g�b�x �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�b�j�h�e�b�a�_�j�Z EGA/PY-3030D (Frontier Lab, �Y�i�h�g�b�y) �k 

�d�j�b�h�e�h�\�m�r�d�h�c. �:�g�Z�e�b�a �i�j�h�^�m�d�l�h�\ �i�b�j�h�e�b�a�Z �i�j�h�\�h�^�b�e�k�y �f�_�l�h�^�h�f �]�Z�a�h�\�h�c �o�j�h�f�Z�l�h�f�Z�k�k-

�k�i�_�d�l�j�h�f�_�l�j�b�b �g�Z �i�j�b�[�h�j�_ GCMS-QP2010Plus (Shimadzu Corporation, �Y�i�h�g�b�y). 
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�I�b�j�h�e�b�a �i�j�h�\�h�^�b�e�b �\ �l�_�q�_�g�b�_ 30 �k �i�j�b 250 º�K �\ �k�j�_�^�_ �]�_�e�b�y, �l�_�f�i�_�j�Z�l�m�j�Z 

�d�j�b�h�e�h�\�m�r�d�b �k�h�k�l�Z�\�e�y�e�Z �í197 º�K. �>�e�y �o�j�h�f�Z�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�b �d�Z�i�b�e�e�y�j�g�m�x 

�d�h�e�h�g�d�m Ultra Alloy-5MS (Frontier Lab, �Y�i�h�g�b�y) �k �^�b�Z�f�_�l�j�h�f 0,25 �f�f , �l�h�e�s�b�g�h�c 

�g�_�i�h�^�\�b�`�g�h�c �n�Z�a�u 0,25 �f�d�f �b �^�e�b�g�h�c 30 �f . �M�k�e�h�\�b�y �o�j�h�f�Z�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �[�u�e�b 

�k�e�_�^�m�x�s�b�_: �\�\�h� ̂ �i�j�h�[�u �k �^�_�e�_�g�b�_�f �i�h�l�h�d�Z 1:50; �l�_�f�i�_�j�Z�l�m�j�Z �m�k�l�j�h�c�k�l�\�Z �\�\�h�^�Z 250 º�K; 

�]�Z�a-�g�h�k�b�l�_�e�v – �]�_�e�b�c; �m�i�j�Z�\�e�_�g�b�_ �i�h�l�h�d�h�f �]�Z�a�Z – �i�h�k�l�h�y�g�g�h�_ �^�Z�\�e�_�g�b�_; �i�h�l�h�d �q�_�j�_�a 

�d�h�e�h�g�d�m 1 �f�e/�f�b�g; �g�Z�q�Z�e�v�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �l�_�j�f�h�k�l�Z�l�Z 40 º�K, �b�a�h�l�_�j�f�Z 5 �f�b�g; �i�h�^�t�_�f 

�l�_�f�i�_�j�Z�l�m�j�u �k�h �k�d�h�j�h�k�l�v�x 5 º�K/�f�b�g; �d�h�g�_�q�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �l�_�j�f�h�k�l�Z�l�Z 300 º�K, �b�a�h�l�_�j�f�Z 

10 �f�b�g; �l�_�f�i�_�j�Z�l�m�j�Z �m�k�l�j�h�c�k�l�\�Z �k�h�i�j�y�`�_�g�b�y 250 º�K; �l�_�f�i�_�j�Z�l�m�j�Z �b�h�g�g�h�]�h �b�k�l�h�q�g�b�d�Z 230 

º�K; �w�g�_�j�]�b�y �b�h�g�b�a�Z�p�b�b 70 �w�<; �g�Z�i�j�y�`�_�g�b�_ �g�Z �^�_�l�_�d�l�h�j�_ 0,8 �d�<; �j�_�`�b�f �j�Z�[�h�l�u �f�Z�k�k-

�^�_�l�_�d�l�h�j�Z: TIC (�k�d�Z�g�b�j�h�\�Z�g�b�_ �f�Z�k�k-�k�i�_�d�l�j�Z); �^�b�Z�i�Z�a�h�g �k�d�Z�g�b�j�h�\�Z�g�b�y �f�Z�k�k, m/z: 30-600. 

 

MALDI �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�y 

MALDI �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�x �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b 

�o�b�l�h�a�Z�g�Z �\�u�i�h�e�g�y�e�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �]�b�[�j�b�^�g�h�]�h �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z AximaResonance 

(ShimadzuBiotech, �<�_�e�b�d�h�[�j�b�l�Z�g�b�y). �I�Z�j�Z�f�_�l�j�u �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z: �i�h�e�h�`�b�l�_�e�v�g�u�c 

�j�_�`�b�f �b�h�g�b�a�Z�p�b�b, �w�g�_�j�]�b�y �e�Z�a�_�j�Z 100, �m�k�j�_�^�g�_�g�b�_ 200 �k�i�_�d�l�j�h�\. �< �d�Z�q�_�k�l�\�_ �f�Z�l�j�b�p�u 

�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �^�b�]�b�^�j�h�d�k�b�[�_�g�a�h�c�g�Z�y �d�b�k�e�h�l�Z (DHB) �k �d�h�g�p�_�g�l�j�Z�p�b�_�c 10 �f�]/�f�e. �F�Z�l�j�b�p�Z 

�j�Z�k�l�\�h�j�y�e�Z�k�v �\ �k�f�_�k�b 50% �Z�p�_�l�h�g�b�l�j�b�e�Z �b 50% 0,1%-�\�h�^�g�h�]�h �j�Z�k�l�\�h�j�Z �l�j�b�n�l�h�j�m�d�k�m�k�g�h�c 

�d�b�k�e�h�l�u. 

�I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�Z �[�_�e�d�Z: �g�Z�\�_�k�d�Z �f�Z�k�k�h�c 10 �f�] �j�Z�k�l�\�h�j�y�e�Z�k�v �\ 1 �f�e 0,1%-�\�h�^�g�h�]�h 

�j�Z�k�l�\�h�j�Z �l�j�b�n�l�h�j�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u. �H�[�j�Z�a�_�p �h�[�t�_�f�h�f 0,5 �f�d�e �k�f�_�r�b�\�Z�e�k�y �g�Z �k�l�Z�e�v�g�h�c 

�f�b�r�_�g�b MALDI �k 0,5 �f�d�e �f�Z�l�j�b�p�u. �I�h�^�]�h�l�h�\�e�_�g�g�Z�y �i�j�h�[�Z �\�u�k�m�r�b�\�Z�e�Z�k�v �\ �\�Z�d�m�m�f�_. 

 

2.4. �F�_�l�h�^�u �Z�g�Z�e�b�a�Z �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c 

�^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ 

�>�e�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�]�j�Z�^�Z�p�b�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b�k�i�h�e�v�a�h�\�Z�g�u �f�_�l�h�^�b�d�b �b�k�k�e�_�^�h�\�Z�g�b�y �Z�]�j�_�]�Z�p�b�h�g�g�h�c �k�i�h�k�h�[�g�h�k�l�b 

�l�j�h�f�[�h�p�b�l�h�\ �b �h�p�_�g�d�b �k�h�k�l�h�y�g�b�y �]�_�f�h�k�l�Z�a�Z �i�e�Z�a�f�u �d�j�h�\�b. 

 

�I�j�b�]�h�l�h�\�e�_�g�b�_ �[�b�h�e�h�]�b�q�_�k�d�b�o �i�j�h�[ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y 

�B�a�m�q�_�g�b�_ �\�e�b�y�g�b�y �g�Z �Z�]�j�_�]�Z�p�b�h�g�g�m�x �Z�d�l�b�\�g�h�k�l�v �l�j�h�f�[�h�p�b�l�h�\ in vitro �i�j�h�^�m�d�l�h�\ 

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �[�u�e�h �\�u�i�h�e�g�_�g�h �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�\�_�g�h�a�g�h�c �d�j�h�\�b �a�^�h�j�h�\�u�o �^�h�g�h�j�h�\ (n=200), �d�h�l�h�j�m�x �i�h�e�m�q�Z�e�b �i�m�l�_�f �i�m�g�d�p�b�b 

�d�m�[�b�l�Z�e�v�g�h�c �\�_�g�u �b �k�l�Z�[�b�e�b�a�b�j�h�\�Z�e�b 3,8% �j�Z�k�l�\�h�j�h�f �p�b�l�j�Z�l�Z �g�Z�l�j�b�y �\ �k�h�h�l�g�h�r�_�g�b�b 9:1. 
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�H�[�t�_�d�l�h�f �b�k�k�e�_�^�h�\�Z�g�b�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �y�\�e�y�e�Z�k�v �[�h�]�Z�l�Z�y �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�Z, 

�i�h�e�m�q�_�g�g�Z�y �b�a �d�j�h�\�b �^�h�g�h�j�h�\ �i�h �k�l�Z�g�^�Z�j�l�g�h�c �f�_�l�h�^�b�d�_.  

�>�e�y �i�j�b�]�h�l�h�\�e�_�g�b�y �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u �d�j�h�\�v �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b �\ 

�i�e�Z�k�l�b�d�h�\�u�o �i�j�h�[�b�j�d�Z�o �\ �l�_�q�_�g�b�_ 10 �f�b�g �i�j�b 1000 �h�[/�f�b�g, �i�h�k�e�_ �q�_�]�h �\�_�j�o�g�b�c �k�e�h�c 

�i�e�Z�a�f�u �i�_�j�_�g�h�k�b�e�b �\ �^�j�m�]�m�x �i�j�h�[�b�j�d�m, �Z �h�k�l�Z�l�h�d �i�h�\�l�h�j�g�h �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b �i�j�b 3000 

�h�[/�f�b�g �\ �l�_�q�_�g�b�_ 20 �f�b�g �^�e�y �i�h�e�m�q�_�g�b�y �i�e�Z�a�f�u, �[�_�^�g�h�c �l�j�h�f�[�h�p�b�l�Z�f�b. 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �b�k�k�e�_�^�h�\�Z�g�b�x �\�e�b�y�g�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ ex vivo �b �g�Z �k�h�k�l�h�y�g�b�_ �i�e�Z�a�f�_�g�g�h�]�h �]�_�f�h�k�l�Z�a�Z 

�b�k�i�h�e�v�a�h�\�Z�e�b �d�j�h�e�b�d�h�\ �h�[�h�_�]�h �i�h�e�Z �f�Z�k�k�h�c 3,0-4,0 �d�] (n=20), �d�h�l�h�j�u�f �[�h�e�x�k�g�h 

�\�g�m�l�j�b�\�_�g�g�h �\�\�h�^�b�e�b �i�j�h�^�m�d�l�u �W�I�I-�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ �]�_�e�b�y �\ 

�^�h�a�Z�o 0,5 �f�]/�d�] �b 1 �f�]/�d�]. �< �d�Z�q�_�k�l�\�_ �j�Z�k�l�\�h�j�b�l�_�e�y �b�k�i�h�e�v�a�h�\�Z�e�b �k�l�_�j�b�e�v�g�u�c 

�n�b�a�b�h�e�h�]�b�q�_�k�d�b�c �j�Z�k�l�\�h�j.  

�M �d�j�h�e�b�d�h�\ �h�[�j�Z�a�p�u �d�j�h�\�b �^�e�y �h�p�_�g�d�b �d�h�Z�]�m�e�h�e�h�]�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �a�Z�[�b�j�Z�e�b �b�a 

�d�j�Z�_�\�h�c �\�_�g�u �m�o�Z �f�_�l�h�^�h�f �k�\�h�[�h�^�g�h�]�h �i�Z�^�_�g�b�y �d�Z�i�_�e�v. �>�e�y �w�l�h�]�h  �^�_�e�Z�e�b �g�Z�^�j�_�a �d�j�Z�_�\�h�c 

�\�_�g�u �m�o�Z �b �i�h�^�g�h�k�b�e�b �i�e�Z�k�l�b�d�h�\�m�x �i�j�h�[�b�j�d�m �k 3,8% �j�Z�k�l�\�h�j�h�f �p�b�l�j�Z�l�Z �g�Z�l�j�b�y �l�Z�d, �q�l�h�[�u 

�d�j�h�\�v �k�\�h�[�h�^�g�h �d�Z�i�Z�e�Z �\ �g�_�_. �A�Z�[�h�j �d�j�h�\�b �i�j�h�\�h�^�b�e�b �^�h �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-

�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z (�d�h�g�l�j�h�e�v�g�u�c �h�i�u�l),  �q�_�j�_�a 10 �f�b�g, 1 �q�Z�k,  2 �q�Z�k�Z,  24 �q�Z�k�Z �b 

�q�_�j�_�a 5 �k�m�l�h�d �i�h�k�e�_ �b�g�t�_�d�p�b�b. �;�h�]�Z�l�m�x (�^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y  �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\ ex vivo) 

�b �[�_�^�g�m�x (�^�e�y �h�p�_�g�d�b �i�Z�j�Z�f�_�l�j�h�\ �]�_�f�h�k�l�Z�a�Z �i�e�Z�a�f�u �d�j�h�\�b) �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m 

�]�h�l�h�\�b�e�b �i�h �h�i�b�k�Z�g�g�h�c �\�u�r�_ �f�_�l�h�^�b�d�_. 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\  

�:�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �b�a�m�q�Z�e�b �d�e�Z�k�k�b�q�_�k�d�b�f �b �g�Z�b�[�h�e�_�_ �r�b�j�h�d�h �i�j�b�f�_�g�y�_�f�u�f 

�f�_�l�h�^�h�f �k�\�_�l�h�j�Z�k�k�_�y�g�b�y, �i�j�_�^�e�h�`�_�g�g�u�f J. Born [2.4.1, 2.4.2], �g�Z �Z�]�j�_�]�h�f�_�l�j�_ �n�b�j�f�u 

“Chrono-Log Corporation” (�K�R�:). �K �w�l�h�c �p�_�e�v�x �\ �d�x�\�_�l�m �i�j�b�[�h�j�Z �i�h�f�_�s�Z�e�b 450 �f�d�e 

�[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u, �b�k�i�h�e�v�a�m�y �\ �d�Z�q�_�k�l�\�_ �h�i�l�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y �l�Z�d�h�c �`�_ 

�h�[�t�_�f �i�e�Z�a�f�u, �[�_�^�g�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u. �Q�b�k�e�h �l�j�h�f�[�h�p�b�l�h�\ �\ �[�h�]�Z�l�h�c �i�e�Z�a�f�_ 

�^�h�\�h�^�b�e�b �^�h 250-300×103/�f�d�e �i�m�l�_�f �^�h�[�Z�\�e�_�g�b�y �d �b�k�o�h�^�g�h�f�m �h�[�j�Z�a�p�m �[�_�^�g�h�c �i�e�Z�a�f�u. 

�Y�\�e�_�g�b�_ �Z�]�j�_�]�Z�p�b�b  �\�u�a�\�Z�e�b �^�h�[�Z�\�e�_�g�b�_�f �i�j�h�Z�]�j�_�]�Z�g�l�Z �\ �d�x�\�_�l�m, �k�h�^�_�j�`�Z�s�m�x �[�h�]�Z�l�m�x 

�l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m. �< �d�Z�q�_�k�l�\�_ �i�j�h�Z�]�j�_�]�Z�g�l�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �Z�^�_�g�h�a�b�g�^�b�n�h�k�n�h�j�g�m�x 

�d�b�k�e�h�l�m (�:�>�N; «Boehringer Mannheim» (�=�_�j�f�Z�g�b�y)) �\ �d�h�g�_�q�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 1�u10-5 �F. �b 

�Z�^�j�_�g�Z�e�b�g («Reanal», �<�_�g�]�j�b�y) �\ �d�h�g�_�q�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 2,5�u10-6 �F. �H �k�l�_�i�_�g�b �Z�]�j�_�]�Z�p�b�b 

�k�m�^�b�e�b �i�h �f�Z�d�k�b�f�Z�e�v�g�h�c �\�_�e�b�q�b�g�_ �i�Z�^�_�g�b�y �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �i�h�k�e�_ �h�d�h�g�q�Z�g�b�y 

�j�_�Z�d�p�b�b (Amax) �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�h�c �\�_�e�b�q�b�g�h�c. �D�j�h�f�_ �l�h�]�h, �\ �j�y�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ 
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�h�i�j�_�^�_�e�y�e�b �k�d�h�j�h�k�l�v �Z�]�j�_�]�Z�p�b�b (V) �d�Z�d �h�l�g�h�r�_�g�b�_ �\�_�e�b�q�b�g�u �f�Z�d�k�b�f�Z�e�v�g�h�]�h �b�a�f�_�g�_�g�b�y 

�k�\�_�l�h�i�j�h�i�m�k�d�Z�g�b�y �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u (�' �L) �d�h �\�j�_�f�_�g�b �Z�]�j�_�]�Z�p�b�b (�' ta). 

�W�d�k�i�_�j�b�f�_�g�l�u �i�h �b�a�m�q�_�g�b�x �\�e�b�y�g�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ in vitro �i�j�h�\�h�^�b�e�b �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f: �\ �d�x�\�_�l�m, 

�k�h�^�_�j�`�Z�s�m�x �[�h�]�Z�l�m�x �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m, �^�h�[�Z�\�e�y�e�b 50 �f�d�e �b�a�m�q�Z�_�f�h�]�h �i�j�_�i�Z�j�Z�l�Z �b 

�b�g�d�m�[�b�j�h�\�Z�e�b �i�h�e�m�q�_�g�g�m�x �k�f�_�k�v �\ �l�_�q�_�g�b�_ 5 �f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 37�q �K. �A�Z�l�_�f �d�x�\�_�l�m �k 

�[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�h�c �i�_�j�_�g�h�k�b�e�b �\ �b�a�f�_�j�b�l�_�e�v�g�m�x �y�q�_�c�d�m, �^�h�[�Z�\�e�y�e�b 

�i�j�h�Z�]�j�_�]�Z�g�l  �b �a�Z�i�b�k�u�\�Z�e�b �d�j�b�\�m�x �Z�]�j�_�]�Z�p�b�b �\ �l�_�q�_�g�b�_ 5 �f�b�g. �< �d�h�g�l�j�h�e�v�g�h�f �h�i�u�l�_ �d 

�[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�_ �^�h�[�Z�\�e�y�e�b �l�h�e�v�d�h �b�g�^�m�d�l�h�j �Z�]�j�_�]�Z�p�b�b. �W�d�k�i�_�j�b�f�_�g�l�u �i�h 

�b�a�m�q�_�g�b�x �\�e�b�y�g�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x 

�l�j�h�f�[�h�p�b�l�h�\ ex vivo �i�j�h�\�h�^�b�e�b �i�h �k�e�_�^�m�x�s�_�c �i�j�h�p�_�^�m�j�_: �\ �b�a�f�_�j�b�l�_�e�v�g�m�x �y�q�_�c�d�m 

�Z�]�j�_�]�h�f�_�l�j�Z �i�h�f�_�s�Z�e�b �d�x�\�_�l�m �k �h�[�j�Z�a�p�h�f �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u, �\ �d�h�l�h�j�m�x 

�a�Z�l�_�f �^�h�[�Z�\�e�y�e�b �i�j�h�Z�]�j�_�]�Z�g�l, �b �a�Z�i�b�k�u�\�Z�e�b �Z�]�j�_�]�Z�p�b�h�g�g�m�x �d�j�b�\�m�x �\ �l�_�q�_�g�b�_ 5 �f�b�g. 

 

�H�i�j�_�^�_�e�_�g�b�_ �q�b�k�e�Z �l�j�h�f�[�h�p�b�l�h�\ 

�L�_�k�l �i�j�h�\�h�^�b�e�b �g�Z �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�_ �K�N-101 (“�:�d�\�b�e�h�g”, �J�h�k�k�b�y). 

�Q�b�k�e�h �l�j�h�f�[�h�p�b�l�h�\ �h�i�j�_�^�_�e�y�e�b �h�i�l�b�q�_�k�d�b�f �f�_�l�h�^�h�f, �i�j�_�^�e�h�`�_�g�g�u�f B.Walkowiak 

�b �k�h�Z�\�l�h�j�Z�f�b [2.4.3]. �>�e�y �w�l�h�]�h �h�[�j�Z�a�_�p �d�j�h�\�b, �k�l�Z�[�b�e�b�a�b�j�h�\�Z�g�g�u�c 3,8%-�u�f �j�Z�k�l�\�h�j�h�f 

�p�b�l�j�Z�l�Z �g�Z�l�j�b�y, �k�j�Z�a�m �`�_ �i�h�k�e�_ �i�h�e�m�q�_�g�b�y �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b �i�j�b 1000 �h�[/�f�b�g �\ �l�_�q�_�g�b�_ 

10 �f�b�g (�l�h�q�g�h!). �;�h�]�Z�l�m�x �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m �i�_�j�_�g�h�k�b�e�b �\ �i�e�Z�k�l�b�d�h�\�m�x �i�j�h�[�b�j�d�m, �Z 

�h�k�l�Z�\�r�m�x�k�y �d�j�h�\�v �i�h�\�l�h�j�g�h �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b �i�j�b 3000 �h�[/�f�b�g �^�e�y �i�h�e�m�q�_�g�b�y �[�_�^�g�h�c 

�l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u. �H�[�j�Z�a�_�p �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u �j�Z�a�\�h�^�b�e�b �\ 10 �j�Z�a 0,01 �F 

�n�h�k�n�Z�l�g�u�f �[�m�n�_�j�h�f (Na2HPO4•12H2O �b NaH2PO4•2H2O), �k�h�^�_�j�`�Z�s�b�f 0,14 �F NaCl 

(pH=7,3) �b �b�a�f�_�j�y�e�b �h�i�l�b�q�_�k�d�m�x �i�e�h�l�g�h�k�l�v �\ �i�e�Z�k�l�b�d�h�\�u�o �d�x�\�_�l�Z�o �i�j�b �^�e�b�g�_ �\�h�e�g�u 800 

�g�f �i�j�h�l�b�\ �j�Z�a�\�_�^�_�g�g�h�c �l�Z�d�b�f �`�_ �h�[�j�Z�a�h�f �[�_�^�g�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�u. �B�k�o�h�^�g�h�_ �q�b�k�e�h 

�l�j�h�f�[�h�p�b�l�h�\ (�d�h�g�l�j�h�e�v�g�u�c �h�i�u�l) �[�u�e�h �i�j�b�g�y�l�h �a�Z 100%. 

 

�H�i�j�_�^�_�e�_�g�b�_ �Z�d�l�b�\�b�j�h�\�Z�g�g�h�]�h �q�Z�k�l�b�q�g�h�]�h �l�j�h�f�[�h�i�e�Z�k�l�b�g�h�\�h�]�h �\�j�_�f�_�g�b (�:�Q�L�<) 

�:�g�Z�e�b�a �i�j�h�\�h�^�b�e�b �g�Z �d�h�Z�]�m�e�h�f�_�l�j�_ “Fibrintimer” («Behring», �=�_�j�f�Z�g�b�y). �< �h�k�g�h�\�_ 

�f�_�l�h�^�Z �e�_�`�b�l �Z�d�l�b�\�Z�p�b�y �\�g�m�l�j�_�g�g�_�]�h �i�m�l�b �]�_�f�h�k�l�Z�a�Z �i�m�l�_�f �^�h�[�Z�\�e�_�g�b�y �d �i�e�Z�a�f�_ 

�n�h�k�n�h�e�b�i�b�^�h�\. �I�j�b �^�h�[�Z�\�e�_�g�b�b �d �i�e�Z�a�f�_ �Z�d�l�b�\�Z�l�h�j�Z (�w�e�e�Z�]�h�\�Z�y �d�b�k�e�h�l�Z) �b �n�h�k�n�h�e�b�i�b�^�h�\ 

(�k�h�b) �\�j�_�f�y �h�[�j�Z�a�h�\�Z�g�b�y �k�]�m�k�l�d�Z �n�b�[�j�b�g�Z �a�Z�\�b�k�b�l �h�l �Z�d�l�b�\�g�h�k�l�b I, II, VIII, IX, X, XI �b XII 

�n�Z�d�l�h�j�h�\. �>�e�y �h�p�_�g�d�b �:�Q�L�< �\ �i�e�Z�k�l�b�d�h�\�m�x �d�x�\�_�l�m �\�g�h�k�b�e�b 0,1 �f�e �j�Z�k�l�\�h�j�Z �:�Q�L�<-

�j�_�Z�]�_�g�l�K�N�W (�G�I�H «�J�_�g�Z�f», �J�h�k�k�b�y) �b 0,1 �f�e �b�k�k�e�_�^�m�_�f�h�c �p�b�l�j�Z�l�g�h�c �i�e�Z�a�f�u. �K�m�k�i�_�g�a�b�x 

�b�g�d�m�[�b�j�h�\�Z�e�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 37�q �K �\ �l�_�q�_�g�b�_ 3 �f�b�g. �I�h�k�e�_ �b�g�d�m�[�Z�p�b�b �d �i�e�Z�a�f�_�g�g�h-



 87

�n�h�k�n�h�e�b�i�b�^�g�h�c �k�f�_�k�b �^�e�y �b�g�b�p�b�Z�p�b�b �i�j�h�p�_�k�k�Z �k�\�_�j�l�u�\�Z�g�b�y �^�h�[�Z�\�e�y�e�b 0,1 �f�e �i�j�h�]�j�_�l�h�]�h 

�i�j�b 37�q �K 0,025 �F �j�Z�k�l�\�h�j�Z �o�e�h�j�b�^�Z �d�Z�e�v�p�b�y (“Behring”, �=�_�j�f�Z�g�b�y) �b �i�j�h�\�h�^�b�e�b �h�p�_�g�d�m 

�\�j�_�f�_�g�b �h�[�j�Z�a�h�\�Z�g�b�y �n�b�[�j�b�g�h�\�h�]�h �k�]�m�k�l�d�Z. 

 

�H�i�j�_�^�_�e�_�g�b�_ �i�j�h�l�j�h�f�[�b�g�h�\�h�]�h �\�j�_�f�_�g�b 

�I�j�h�l�j�h�f�[�b�g�h�\�h�_ �\�j�_�f�y �b�a�f�_�j�y�e�b �i�h �f�_�l�h�^�m J. Quick [2.4.4, 2.4.5] �\ �f�h�^�b�n�b�d�Z�p�b�b �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�_�Z�d�l�b�\�Z “Calcium Tromboplastin” (“Behring”, �=�_�j�f�Z�g�b�y) �g�Z �d�h�Z�]�m�e�h�f�_�l�j�_ 

“Fibrintimer” («Behring», �=�_�j�f�Z�g�b�y). 

�I�j�b�g�p�b�i �f�_�l�h�^�Z �k�h�k�l�h�b�l �\ �k�e�_�^�m�x�s�_�f: �b�g�d�m�[�Z�p�b�y �i�e�Z�a�f�u �k �l�d�Z�g�_�\�u�f 

�l�j�h�f�[�h�i�e�Z�k�l�b�g�h�f �\ �i�j�b�k�m�l�k�l�\�b�b �b�h�g�h�\ �d�Z�e�v�p�b�y �\�_�^�_�l �d �Z�d�l�b�\�Z�p�b�b �n�Z�d�l�h�j�h�\ �\�g�_�r�g�_�]�h 

�i�m�l�b �k�\�_�j�l�u�\�Z�g�b�y (�]�e�Z�\�g�u�f �h�[�j�Z�a�h�f, �n�Z�d�l�h�j�Z VII) �b �i�j�_�\�j�Z�s�Z�_�l �i�j�h�l�j�h�f�[�b�g �\ �Z�d�l�b�\�g�u�c 

�n�_�j�f�_�g�l �l�j�h�f�[�b�g, �i�j�_�\�j�Z�s�Z�x�s�b�c �n�b�[�j�b�g�h�]�_�g �\ �g�_�j�Z�k�l�\�h�j�b�f�u�c �n�b�[�j�b�g. �I�h�k�e�_ 

�^�h�[�Z�\�e�_�g�b�y �j�_�Z�]�_�g�l�Z “Calcium Tromboplastin”, �k�h�^�_�j�`�Z�s�_�]�h �l�j�h�f�[�h�i�e�Z�k�l�b�g �b �b�h�g�u 

�d�Z�e�v�p�b�y,  �d �h�[�j�Z�a�p�m �i�e�Z�a�f�u �g�Z�q�b�g�Z�_�l�k�y �h�[�j�Z�a�h�\�Z�g�b�_ �n�b�[�j�b�g�h�\�h�]�h �k�]�m�k�l�d�Z. �<�j�_�f�y 

�n�h�j�f�b�j�h�\�Z�g�b�y �k�]�m�k�l�d�Z �n�b�[�j�b�g�Z �k�e�m�`�b�l �f�_�j�h�c �Z�d�l�b�\�g�h�k�l�b �\�g�m�l�j�_�g�g�_�]�h �i�m�l�b �k�\�_�j�l�u�\�Z�g�b�y. 

�>�e�y �h�p�_�g�d�b �i�j�h�l�j�h�f�[�b�g�h�\�h�]�h �\�j�_�f�_�g�b �\ �i�e�Z�k�l�b�d�h�\�m�x �d�x�\�_�l�m �\�g�h�k�b�e�b 0,1 �f�e 

�b�k�k�e�_�^�m�_�f�h�c �p�b�l�j�Z�l�g�h�c �i�e�Z�a�f�u. �I�e�Z�a�f�m �b�g�d�m�[�b�j�h�\�Z�e�b �\ �l�_�q�_�g�b�_ 1 �f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 

37�q �K. �A�Z�l�_�f �d �i�e�Z�a�f�_ �^�h�[�Z�\�e�y�e�b 0,2 �f�e “Calcium Tromboplastin”  �b �i�j�h�\�h�^�b�e�b �h�p�_�g�d�m 

�\�j�_�f�_�g�b �h�[�j�Z�a�h�\�Z�g�b�y �k�]�m�k�l�d�Z �n�b�[�j�b�g�Z. 

 

�H�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �n�b�[�j�b�g�h�]�_�g�Z 

�D�h�e�b�q�_�k�l�\�h �n�b�[�j�b�g�h�]�_�g�Z �\ �i�e�Z�a�f�_ �b�a�f�_�j�y�e�b �i�h �f�_�l�h�^�m A. Clauss [2.4.6] �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �g�Z�[�h�j�Z �j�_�Z�]�_�g�l�h�\ “�L�_�o-�N�b�[�j�b�g�h�]�_�g �l�_�k�l” (“ �L�_�o�g�h�e�h�]�b�y-�k�l�Z�g�^�Z�j�l”, 

�J�h�k�k�b�y) �g�Z �d�h�Z�]�m�e�h�f�_�l�j�_ “Fibrintimer” («Behring», �=�_�j�f�Z�g�b�y).  

�I�j�b�g�p�b�i �f�_�l�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �h�i�j�_�^�_�e�_�g�b�b �\�j�_�f�_�g�b �k�\�_�j�l�u�\�Z�g�b�y �j�Z�a�[�Z�\�e�_�g�g�h�c 

�p�b�l�j�Z�l�g�h�c �i�e�Z�a�f�u �b�a�[�u�l�d�h�f �l�j�h�f�[�b�g�Z. �<�j�_�f�y �k�\�_�j�l�u�\�Z�g�b�y �i�j�b �w�l�h�f �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h 

�d�h�g�p�_�g�l�j�Z�p�b�b �n�b�[�j�b�g�h�]�_�g�Z, �d�h�l�h�j�m�x �h�i�j�_�^�_�e�y�x�l �i�h �d�Z�e�b�[�j�h�\�h�q�g�h�f�m �]�j�Z�n�b�d�m. 

�D�Z�e�b�[�j�h�\�h�q�g�u�c �]�j�Z�n�b�d �k�l�j�h�b�e�b, �b�a�f�_�j�y�y �\�j�_�f�y �k�\�_�j�l�u�\�Z�g�b�y �k�l�Z�g�^�Z�j�l�g�h�c �i�e�Z�a�f�u, 

�k�h�^�_�j�`�Z�s�_�c �b�a�\�_�k�l�g�h�_ �d�h�e�b�q�_�k�l�\�h �n�b�[�j�b�g�h�]�_�g�Z (2,6 �]/�e). 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �n�b�[�j�b�g�h�]�_�g�Z �\ �i�e�Z�k�l�b�d�h�\�m�x �d�x�\�_�l�m �\�g�h�k�b�e�b 0,05 

�f�e �b�k�k�e�_�^�m�_�f�h�c �p�b�l�j�Z�l�g�h�c �i�e�Z�a�f�u, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �j�Z�a�\�_�^�_�g�g�h�c 0,05 �F �l�j�b�k-HCl 

�[�m�n�_�j�h�f �\ 10 �j�Z�a, �b�g�d�m�[�b�j�h�\�Z�e�b �\ �l�_�q�_�g�b�_ 1 �f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 37�q �K. �A�Z�l�_�f �d �i�e�Z�a�f�_ 

�^�h�[�Z�\�e�y�e�b 0,1 �f�e �j�Z�k�l�\�h�j�Z �l�j�h�f�[�b�g�Z �b �i�j�h�\�h�^�b�e�b �h�p�_�g�d�m �\�j�_�f�_�g�b �h�[�j�Z�a�h�\�Z�g�b�y 

�n�b�[�j�b�g�h�\�h�]�h �k�]�m�k�l�d�Z. �K�h�^�_�j�`�Z�g�b�_ �n�b�[�j�b�g�h�]�_�g�Z �\ �b�k�k�e�_�^�m�_�f�h�f �h�[�j�Z�a�p�_ �h�i�j�_�^�_�e�y�e�b �i�h 

�d�Z�e�b�[�j�h�\�h�q�g�h�f�m �]�j�Z�n�b�d�m. 
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�H�i�j�_�^�_�e�_�g�b�_ �i�j�h�^�m�d�l�h�\ �^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g�h�]�_�g�Z (�I�>�N) 

�K�h�^�_�j�`�Z�g�b�_ �\ �i�e�Z�a�f�_ �d�j�h�\�b �I�>�N �h�i�j�_�^�_�e�y�e�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h 

�g�Z�[�h�j�Z FDP Plasma (Diagnostica Stago, �N�j�Z�g�p�b�y). �I�j�b�g�p�b�i �f�_�l�h�^�Z �k�h�k�l�h�b�l �\ �Z�]�]�e�x�l�b�g�Z�p�b�b 

�k �h�[�j�Z�a�h�\�Z�g�b�_�f �\�b�^�b�f�u�o �Z�]�j�_�]�Z�l�h�\ �q�Z�k�l�b�p �e�Z�l�_�d�k�Z, �i�h�d�j�u�l�u�o �Z�g�l�b�l�_�e�Z�f�b �d �i�j�h�^�m�d�l�Z�f 

�^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g�h�]�_�g�Z, �i�j�b �^�h�[�Z�\�e�_�g�b�b �d �g�b�f �p�b�l�j�Z�l�g�h�c �i�e�Z�a�f�u �d�j�h�\�b, �k�h�^�_�j�`�Z�s�_�c 

�I�>�N. �D�h�g�p�_�g�l�j�Z�p�b�x �I�>�N �\ �i�e�Z�a�f�_ �d�j�h�\�b �h�p�_�g�b�\�Z�e�b �f�_�l�h�^�h�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o 

�j�Z�a�\�_�^�_�g�b�c �k�m�k�i�_�g�a�b�b �e�Z�l�_�d�k�g�u�o �q�Z�k�l�b�p �]�e�b�p�b�g�h�\�u�f �[�m�n�_�j�h�f (�j�G = 8,35) �i�h �l�Z�[�e�b�p�_, 

�i�j�b�e�Z�]�Z�_�f�h�c �d �^�b�Z�]�g�h�k�l�b�d�m�f�m. 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �l�h�g�d�b�o �i�e�_�g�h�d �b �]�m�[�h�d �i�h�e�b�k�Z�o�Z�j�b�^�h�\, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ 

�H�i�j�_�^�_�e�_�g�b�_ �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �b �]�m�[�h�d, �b�a�]�h�l�h�\�e�_�g�g�u�o 

�b�a �j�Z�a�e�b�q�g�u�o �i�h�e�b�k�Z�o�Z�j�b�^�h�\ (�k�f. �j�Z�a�^�_�e 2.1), �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �W�I�I �b �]�b�[�j�b�^�g�h�c 

�i�e�Z�a�f�u �i�j�h�\�h�^�b�e�b �i�h �f�_�l�h�^�m, �h�i�b�k�Z�g�g�h�f�m �\ «�J�m�d�h�\�h�^�k�l�\�_ �i�h �^�h�d�e�b�g�b�q�_�k�d�h�f�m �b�a�m�q�_�g�b�x 

�g�h�\�u�o �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�o �\�_�s�_�k�l�\», �F. 2012, �j�_�d�h�f�_�g�^�h�\�Z�g�g�h�f�m �N�Z�j�f�d�h�f�b�l�_�l�h�f �^�e�y 

�^�h�d�e�b�g�b�q�_�k�d�h�c �h�p�_�g�d�b �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�]�h �^�_�c�k�l�\�b�y �i�h�l�_�g�p�b�Z�e�v�g�u�o �e�_�d�Z�j�k�l�\�_�g�g�u�o �k�j�_�^�k�l�\ 

[2.4.8]. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �b�k�i�h�e�v�a�h�\�Z�e�b �d�j�h�e�b�d�h�\ �i�h�j�h�^�u «�R�b�g�r�b�e�e�Z» �h�[�h�_�]�h �i�h�e�Z �f�Z�k�k�h�c 

3,0-4,0 �d�] (n=50).  

�H�k�g�h�\�g�u�f�b �d�j�b�l�_�j�b�y�f�b �w�n�n�_�d�l�b�\�g�h�k�l�b �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�]�h �f�Z�l�_�j�b�Z�e�Z �[�u�e�h �i�j�b�g�y�l�h 

�\�j�_�f�y �h�k�l�Z�g�h�\�d�b �d�j�h�\�h�l�_�q�_�g�b�y (�k), �f�Z�k�k�m �d�j�h�\�h�i�h�l�_�j�b (�]) �b �]�_�f�h�k�l�Z�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v 

(�=�:), �\�u�j�Z�`�_�g�g�m�x �\ �i�j�h�p�_�g�l�Z�o �h�l�g�h�k�b�l�_�e�v�g�h �k�l�Z�g�^�Z�j�l�Z (%). �Q�_�f �\�u�r�_ �=�: �h�[�j�Z�a�p�Z, �l�_�f 

�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�f �]�_�f�h�k�l�Z�l�b�d�h�f �h�g �y�\�e�y�_�l�k�y. �A�Z �k�l�Z�g�^�Z�j�l (�=�: = 0,00%) �i�j�b�g�b�f�Z�e�b 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v  �d�h�g�l�j�h�e�v�g�u�o �l�Z�f�i�h�g�h�\ �b�a �f�Z�j�e�_�\�u�o �k�Z�e�n�_�l�h�d, �i�h�k�d�h�e�v�d�m  

�h�g�b �y�\�e�y�x�l�k�y �g�Z�b�[�h�e�_�_ �^�h�k�l�m�i�g�u�f �k�j�_�^�k�l�\�h�f �h�k�l�Z�g�h�\�d�b �d�j�h�\�h�l�_�q�_�g�b�y �b �g�Z�b�[�h�e�_�_ �q�Z�k�l�h 

�b�k�i�h�e�v�a�m�x�l�k�y �\ �o�b�j�m�j�]�b�q�_�k�d�h�c �i�j�Z�d�l�b�d�_ �b �w�d�k�l�j�_�f�Z�e�v�g�h�c �f�_�^�b�p�b�g�_. 

�<�j�_�f�y �h�k�l�Z�g�h�\�d�b �d�j�h�\�h�l�_�q�_�g�b�y �b�a�f�_�j�y�e�b �i�j�b �i�h�f�h�s�b �f�_�o�Z�g�b�q�_�k�d�h�]�h �k�_�d�m�g�^�h�f�_�j�Z, 

�Z �f�Z�k�k�m �d�j�h�\�h�i�h�l�_�j�b - �Z�g�Z�e�b�l�b�q�_�k�d�b�o �\�_�k�h�\ �k �i�h�]�j�_�r�g�h�k�l�y�f�b �b�a�f�_�j�_�g�b�y �g�_ �[�h�e�_�_ 0,5×10-

3 �]. �D�j�b�l�_�j�b�_�f �h�p�_�g�d�b �f�h�f�_�g�l�Z �h�k�l�Z�g�h�\�d�b �d�j�h�\�h�l�_�q�_�g�b�y �y�\�b�e�h�k�v �i�h�e�g�h�_ �h�l�k�m�l�k�l�\�b�_ 

�i�j�h�g�b�d�g�h�\�_�g�b�y �d�j�h�\�b �q�_�j�_�a �i�h�\�_�j�o�g�h�k�l�v �n�b�d�k�b�j�h�\�Z�g�g�h�]�h �g�Z �j�Z�g�_ �f�Z�l�_�j�b�Z�e�Z. 

�=�_�f�h�k�l�Z�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �h�[�j�Z�a�p�Z �j�Z�k�k�q�b�l�u�\�Z�e�b �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f: �=�: = ½ 

(t�d�j�h�\�h�l�_�q�_�g�b�y + m�d�j�h�\�h�i�h�l�_�j�b), �i�j�b�q�_�f t�d�j�h�\�h�l�_�q�_�g�b�y �b m�d�j�h�\�h�i�h�l�_�j�b �[�u�e�b �\�u�j�Z�`�_�g�u �\ �i�j�h�p�_�g�l�Z�o 

�h�l�g�h�k�b�l�_�e�v�g�h �d�h�g�l�j�h�e�y (�f�Z�j�e�b). �>�Z�g�g�u�c �i�Z�j�Z�f�_�l�j �i�h�a�\�h�e�b�e �b�g�l�_�]�j�Z�e�v�g�h �m�q�b�l�u�\�Z�l�v 

�b�a�f�_�g�_�g�b�y �d�Z�d �\�j�_�f�_�g�b �d�j�h�\�h�l�_�q�_�g�b�y, �l�Z�d �b �f�Z�k�k�u �d�j�h�\�h�i�h�l�_�j�b, �i�h�k�d�h�e�v�d�m �w�l�b �^�\�Z 

�\�Z�`�g�_�c�r�b�o �^�e�y �o�b�j�m�j�]�b�q�_�k�d�h�c �i�j�Z�d�l�b�d�b �i�h�d�Z�a�Z�l�_�e�y �g�_ �b�f�_�x�l �i�j�y�f�h�c �a�Z�\�b�k�b�f�h�k�l�b. 
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�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�u�o �b �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�j�h�^�m�d�l�h�\ �W�I�I-

�^�_�k�l�j�m�d�p�b�b  �o�b�l�h�a�Z�g�h�\ in vitro 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �f�b�g�b�f�Z�e�v�g�h�c �b�g�]�b�[�b�j�m�x�s�_�c (�F�B�D) �b �f�b�g�b�f�Z�e�v�g�h�c �[�b�h�p�b�^�g�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�c �Z�d�l�b�\�g�h�k�l�b �h�[�j�Z�a�p�Z �\ �h�l�g�h�r�_�g�b�b �[�Z�d�l�_�j�b�c �b �^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\ 

�b�k�i�h�e�v�a�h�\�Z�e�k�y �f�_�l�h�^ �^�\�h�c�g�u�o �j�Z�a�\�_�^�_�g�b�c �\�_�s�_�k�l�\ �\ �`�b�^�d�h�c �i�b�l�Z�l�_�e�v�g�h�c �k�j�_�^�_ �\ 12 �b�e�b 

96-�e�m�g�h�q�g�u�o �i�e�Z�g�r�_�l�Z�o. �H�i�j�_�^�_�e�y�e�b �f�b�g�b�f�Z�e�v�g�u�_ �b�g�]�b�[�b�j�m�x�s�b�_ (�F�B�D) �h�[�j�Z�a�p�Z �i�h 

�h�l�k�m�l�k�l�\�b�x �\�b�a�m�Z�e�v�g�h�]�h �j�h�k�l�Z �d�m�e�v�l�m�j�u �\ �e�m�g�d�Z�o �k �f�b�g�b�f�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c 

�\�_�s�_�k�l�\�Z. �A�Z �f�b�g�b�f�Z�e�v�g�m�x �[�b�h�p�b�^�g�m�x �d�h�g�p�_�g�l�j�Z�p�b�x (�F�;�D) �i�j�b�g�b�f�Z�e�b �l�h �j�Z�a�\�_�^�_�g�b�_ 

�\�_�s�_�k�l�\�Z, �i�j�b �d�h�l�h�j�h�f �d�h�e�b�q�_�k�l�\�h �[�Z�d�l�_�j�b�c �b�e�b �^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k 

�b�g�h�d�m�e�y�l�h�f �m�f�_�g�v�r�Z�e�h�k�v �g�Z 99,9% �b �[�h�e�_�_ (�\ 1000 �b �[�h�e�_�_ �j�Z�a).  

�:�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�m�x �Z�d�l�b�\�g�h�k�l�v �h�p�_�g�b�\�Z�e�b �\ �h�l�g�h�r�_�g�b�b �d�b�r�_�q�g�h�c �i�Z�e�h�q�d�b (E. 

coli �:�L�K�K 25922), �a�h�e�h�l�b�k�l�h�]�h �k�l�Z�n�b�e�h�d�h�d�d�Z (S. aureus �:�L�K�K 6538 �J) �b �k�b�g�_�]�g�h�c�g�h�c 

�i�Z�e�h�q�d�b (Ps. aeruginosa �:�L�K�K  275348). �>�Z�g�g�u�_ �r�l�Z�f�f�u �j�_�d�h�f�_�g�^�h�\�Z�g�u �^�e�y 

�i�j�h�\�_�^�_�g�b�y �i�h�^�h�[�g�h�]�h �j�h�^�Z �b�k�k�e�_�^�h�\�Z�g�b�c �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�c �N�Z�j�f�Z�d�h�i�_�_�c [2.4.7]. �<�k�_  

�l�_�k�l-�r�l�Z�f�f�u �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ �i�h�e�m�q�_�g�u �b�a �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h  �b�g�k�l�b�l�m�l�Z 

�k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b  �b �d�h�g�l�j�h�e�y  (�=�B�K�D) �b�f. �E.�: . �L�Z�j�Z�k�_�\�b�q�Z. 

�< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �j�Z�[�h�q�b�c �j�Z�k�l�\�h�j �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�Z �\ 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ �k �d�h�g�p�_�g�l�j�Z�p�b�_�c 2000 �f�d�]/�f�e. �H�i�j�_�^�_�e�_�g�b�_ �Z�g�l�b�f�b�d�j�h�[�g�h�c 

�Z�d�l�b�\�g�h�k�l�b �h�[�j�Z�a�p�Z �i�j�h�\�h�^�b�e�b �f�_�l�h�^�h�f �^�\�m�d�j�Z�l�g�u�o �k�_�j�b�c�g�u�o �j�Z�a�\�_�^�_�g�b�c �\ 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ �i�h �k�e�_�^�m�x�s�_�c �k�o�_�f�_. �< 4 �j�y�^�Z, �\�d�e�x�q�Z�x�s�b�o �i�h 11 �i�j�h�[�b�j�h�d �\ 

�d�Z�`�^�h�f �j�y�^�m (�i�h �q�b�k�e�m �l�_�k�l-�f�b�d�j�h�[�h�\, �\ �h�l�g�h�r�_�g�b�b �d�h�l�h�j�u�o �b�a�m�q�Z�e�Z�k�v �Z�g�l�b�f�b�d�j�h�[�g�Z�y 

�Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z), �j�Z�a�e�b�\�Z�e�b �i�h 1 �f�e �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c 

�\�h�^�u �b�e�b �f�y�k�h-�i�_�i�l�h�g�g�h�]�h �[�m�e�v�h�g�Z, 11-�y �i�j�h�[�b�j�d�Z �\ �d�Z�`�^�h�f �j�y�^�m - �d�h�g�l�j�h�e�v�g�Z�y. �< 

�d�Z�`�^�m�x �i�_�j�\�m�x �i�j�h�[�b�j�d�m �\�k�_�o 4-�o �j�y�^�h�\ �i�j�h�[�b�j�h�d �^�h�[�Z�\�e�y�e�b �i�h 1 �f�e �b�k�o�h�^�g�h�]�h 

�j�Z�k�l�\�h�j�Z �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�Z (2000 �f�d�]/�f�e), �k�h�^�_�j�`�b�f�h�_ �i�j�h�[�b�j�d�b 

�l�s�Z�l�_�e�v�g�h �i�_�j�_�f�_�r�b�\�Z�e�b �b �i�_�j�_�g�h�k�b�e�b �\�h �\�l�h�j�m�x �i�j�h�[�b�j�d�m �j�y�^�Z. �W�l�Z �i�j�h�p�_�^�m�j�Z 

�i�h�\�l�h�j�y�e�Z�k�v �^�h 10-�c �i�j�h�[�b�j�d�b �\ �d�Z�`�^�h�f �b�a 4-�o �j�y�^�h�\; �b�a �i�h�k�e�_�^�g�_�c �i�j�h�[�b�j�d�b 1�f�e 

�h�l�[�j�Z�k�u�\�Z�e�b. 

�>�Z�e�_�_ �b�a �k�m�l�h�q�g�u�o �Z�]�Z�j�h�\�u�o �d�m�e�v�l�m�j �l�_�k�l-�r�l�Z�f�f�h�\ �]�h�l�h�\�b�e�b �f�b�d�j�h�[�g�u�_ 

�k�m�k�i�_�g�a�b�b �b�a �j�Z�k�q�_�l�Z 5�u108 �D�H�?/�f�e (�i�h �k�l�Z�g�^�Z�j�l�m �‹ 5 �=�B�K�D �b�f. �E.�: . �L�Z�j�Z�k�_�\�b�q�Z), 

�j�Z�a�\�h�^�b�e�b �b�o �\ 10 �j�Z�a, �i�h�e�m�q�Z�y �k�m�k�i�_�g�a�b�b �k �d�h�g�p�_�g�l�j�Z�p�b�_�c �f�b�d�j�h�[�g�u�o �d�e�_�l�h�d 5�u10 7 

�D�H�?/�f�e. �< �d�Z�`�^�m�x �i�j�h�[�b�j�d�m �j�y�^�Z �\�g�h�k�b�e�b �i�h 0,1 �f�e �i�h�e�m�q�_�g�g�h�c  �k�m�k�i�_�g�a�b�b. �< �d�Z�q�_�k�l�\�_ 

�d�h�g�l�j�h�e�y �b�k�i�h�e�v�a�h�\�Z�e�b �\�a�\�_�k�v 0,1 �f�e �k�m�k�i�_�g�a�b�b �l�_�k�l-�r�l�Z�f�f�h�\ �\ 1 �f�e �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c 

�\�h�^�u. �I�j�b�]�h�l�h�\�e�_�g�g�u�_  �k�f�_�k�b �\ �i�j�h�[�b�j�d�Z�o �b�g�d�m�[�b�j�h�\�Z�e�b �\ �l�_�j�f�h�k�l�Z�l�_  �i�j�b 37 �h�K. 
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�B�a�f�_�g�_�g�b�y  �j�G  �k�j�_�^�u �\ �i�j�h�[�b�j�d�Z�o  �g�_  �g�Z�[�e�x�^�Z�e�b. �Q�_�j�_�a 3 �b 24 �q�Z�k�Z  �b�g�d�m�[�Z�p�b�b  �\ 

�l�_�j�f�h�k�l�Z�l�_ �i�j�h�[�b�j�h�d �k �i�h�k�_�\�Z�f�b �i�j�h�\�h�^�b�e�b  �\�u�k�_�\�u,  �\  �l.�q. �b �b�a �d�h�g�l�j�h�e�v�g�u�o �i�j�h�[�b�j�h�d. 

�>�e�y �w�l�h�]�h �b�a �d�Z�`�^�h�c �i�j�h�[�b�j�d�b �h�l�[�b�j�Z�e�b �i�j�h�[�m �i�h 1 �[�Z�d�l�_�j�b�Z�e�v�g�h�c �i�_�l�e�_ �b �\�u�k�_�\�Z�e�b �g�Z 

�k�_�d�l�h�j�Z �\ �q�Z�r�d�Z�o �I�_�l�j�b �k �Z�]�Z�j�h�f �F�x�e�e�_�j-�O�b�g�l�h�g�Z. �M�q�_�l �j�_�a�m�e�v�l�Z�l�h�\ �i�j�h�b�a�\�h�^�b�e�b 

�\�b�a�m�Z�e�v�g�h �i�m�l�_�f �k�j�Z�\�g�_�g�b�y �k�l�_�i�_�g�b �j�h�k�l�Z �l�_�k�l-�r�l�Z�f�f�h�\  �\ �d�h�g�l�j�h�e�v�g�u�o �b �h�i�u�l�g�u�o 

�k�_�d�l�h�j�Z�o �q�Z�r�_�d �I�_�l�j�b. 

�>�e�y �h�p�_�g�d�b �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �a�g�Z�q�_�g�b�c �j�G (5,50-

8,00) �[�u�e�Z �i�h�^�h�[�j�Z�g�Z �[�m�n�_�j�g�Z�y �k�b�k�l�_�f�Z �g�Z �h�k�g�h�\�_ �k�f�_�k�b �h�j�]�Z�g�b�q�_�k�d�b�o �d�b�k�e�h�l: 

�f�h�j�n�h�e�b�g�w�l�Z�g�k�m�e�v�n�h�g�h�\�h�c, N-(2-�Z�p�_�l�Z�f�b�^�h)-2-�Z�f�b�g�h�w�l�Z�g�k�m�e�v�n�h�g�h�\�h�c, 2-

[�l�j�b�k(�]�b�^�j�h�d�k�b�f�_�l�b�e)�f�_�l�b�e�Z�f�b�g�h]-1-�w�l�Z�g�k�m�e�v�n�h�g�h�\�h�c, �k�i�h�k�h�[�g�Z�y �i�h�^�^�_�j�`�b�\�Z�l�v �a�Z�^�Z�g�g�h�_ 

�a�g�Z�q�_�g�b�_ �j�G �k�j�_�^�u �\ �^�b�Z�i�Z�a�h�g�_ �h�l 5,5 �^�h 8,0. �B�k�k�e�_�^�h�\�Z�e�Z�k�v �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v 

�o�b�l�h�a�Z�g�h�\ �\ �h�l�g�h�r�_�g�b�b �f�b�p�_�e�b�Z�e�v�g�u�o �]�j�b�[�h�\ - Penicillium tardum, Penicillium 

chrizogenum, Penicillium crustozum, Aspergillus fumigatus, Aspergillus flavus, Phoma betae, 

Cladosporium herbarum, Mucor pusillus, Trichoderma harzianum �b �^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\ 

- Candida albicans, Candida krusei, Candida parapsilosis, Candida tropicalis, Candida scotti, 

Torulopsis candida, Saccharomyces cerevisia, Rhodotorula rubra. 

 

�B�k�k�e�_�^�h�\�Z�g�b�_ �n�b�l�h�k�l�b�f�m�e�b�j�m�x�s�_�c �Z�d�l�b�\�g�h�k�l�b �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b 

�W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z 

 �B�k�k�e�_�^�h�\�Z�g�b�_ �n�b�l�h�k�l�b�f�m�e�b�j�m�x�s�_�c �Z�d�l�b�\�g�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�]�b�^�j�h�e�b�a�Z 

�o�b�l�h�a�Z�g�Z (M��=500 �d�>�Z) �i�j�h�\�h�^�b�e�b �g�Z �j�Z�k�l�_�g�b�y�o �k�_�f�_�c�k�l�\�Z �d�Z�i�m�k�l�g�u�_ Arabidopsis thaliana 

(�j�_�a�m�o�h�\�b�^�d�Z �L�Z�e�y), �d�h�l�h�j�u�_ �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �\ �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�h�]�h �h�j�]�Z�g�b�a�f�Z �^�e�y 

�b�a�m�q�_�g�b�y �[�b�h�e�h�]�b�b �j�Z�a�\�b�l�b�y �j�Z�k�l�_�g�b�c [2.4.9-2.4.11].  

�J�Z�k�l�_�g�b�y �[�u�e�b �j�Z�a�^�_�e�_�g�u �g�Z �d�h�g�l�j�h�e�v�g�u�_ �b �h�i�u�l�g�u�_ �]�j�m�i�i�u, �\ �d�Z�`�^�m�x �b�a �d�h�l�h�j�u�o 

�\�o�h�^�b�e�h �i�h 10 �h�[�t�_�d�l�h�\. �W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �i�h �k�e�_�^�m�x�s�_�c �k�o�_�f�_: �k�_�f�_�g�Z �j�Z�k�l�_�g�b�c 

�i�h�f�_�s�Z�e�b �\ 96-�e�m�g�h�q�g�u�_ �i�e�Z�g�r�_�l�u, �a�Z�i�h�e�g�_�g�g�u�_ �i�b�l�Z�l�_�e�v�g�u�f �n�b�l�Z�]�_�e�_�f (PhytagelTM 

BioReagent, “Sigma-Aldrich”, �=�_�j�f�Z�g�b�y), �b �\�u�^�_�j�`�b�\�Z�e�b �\ �l�_�q�_�g�b�_ 12 �q�Z�k�h�\ �i�j�b 4  �h�K, �Z 

�a�Z�l�_�f - �\ �k�i�_�p�b�Z�e�v�g�h�f �b�g�d�m�[�Z�l�h�j�_ �i�j�b 20  �h�K �\ �l�_�q�_�g�b�_ 3-�o �k�m�l�h�d �\ �j�_�`�b�f�_ 16/8 (�^�_�g�v/�g�h�q�v) 

�q�Z�k�h�\. �G�Z �q�_�l�\�_�j�l�u�_ �k�m�l�d�b �d �i�b�l�Z�l�_�e�v�g�h�c �k�j�_�^�_ �h�i�u�l�g�u�o �]�j�m�i�i �j�Z�k�l�_�g�b�c �^�h�[�Z�\�e�y�e�b �i�h150 

�f�d�e 0,025% �b 0,1% �\�h�^�g�u�o �j�Z�k�l�\�h�j�h�\ �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-

�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z; �d �d�h�g�l�j�h�e�v�g�u�f �]�j�m�i�i�Z�f �^�h�[�Z�\�e�y�e�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �d�h�e�b�q�_�k�l�\�h 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�u.  �Q�_�j�_�a 7 �^�g�_�c �m �d�h�g�l�j�h�e�v�g�u�o �b �h�i�u�l�g�u�o �j�Z�k�l�_�g�b�c �h�p�_�g�b�\�Z�e�b 

�^�e�b�g�m �k�n�h�j�f�b�j�h�\�Z�\�r�b�o�k�y �d�h�j�g�_�c. 

 

�K�l�Z�l�b�k�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a 
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�K�l�Z�l�b�k�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a �^�Z�g�g�u�o �d�h�Z�]�m�e�h�e�h�]�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�h�\�h�^�b�e�b �\ 

�k�h�h�l�\�_�l�k�l�\�b�b �k �h�[�s�_�i�j�b�g�y�l�u�f�b �f�_�l�h�^�Z�f�b �\�Z�j�b�Z�p�b�h�g�g�h�c �k�l�Z�l�b�k�l�b�d�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f t-

�d�j�b�l�_�j�b�y �K�l�t�x�^�_�g�l�Z �b�e�b �d�j�b�l�_�j�b�x �$2 [2.4.12]. �K�l�Z�l�b�k�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a �^�Z�g�g�u�o, 

�i�h�e�m�q�_�g�g�u�o �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �n�b�l�h�k�l�b�f�m�e�b�j�m�x�s�_�c �Z�d�l�b�\�g�h�k�l�b �o�b�l�h�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ 

�i�j�h�\�h�^�b�e�b, �b�k�i�h�e�v�a�m�y �f�_�l�h�^ �R�b�^�Z�d�Z-�O�h�e�f�Z [2.4.12]. �J�Z�a�e�b�q�b�y �f�_�`�^�m �k�j�Z�\�g�b�\�Z�_�f�u�f�b 

�\�_�e�b�q�b�g�Z�f�b �k�q�b�l�Z�e�b�k�v �^�h�k�l�h�\�_�j�g�u�f�b �i�j�b �m�j�h�\�g�y�o �a�g�Z�q�b�f�h�k�l�b �g�_ �f�_�g�_�_ 95%. 

 

2.5. �F�_�l�h�^�u �Z�g�Z�e�b�a�Z �k�l�j�m�d�l�m�j�u �i�h�d�j�u�l�b�c, �i�h�e�m�q�_�g�g�u�o �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f 

�k�b�g�l�_�a�h�f 

 

�K�d�Z�g�b�j�m�x�s�Z�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y �b �w�g�_�j�]�h�^�b�k�i�_�j�k�b�h�g�g�Z�y �j�_�g�l�]�_�g�h�\�k�d�Z�y 

�k�i�_�d�l�j�h�k�d�h�i�b�y (EDS) 

 �K�d�Z�g�b�j�m�x�s�Z�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y �\�u�i�h�e�g�y�e�Z�k�v �k �i�h�f�h�s�v�x �f�b�d�j�h�k�d�h�i�Z FEI 

Quanta 200 �k �k�b�k�l�_�f�h�c �f�b�d�j�h�Z�g�Z�e�b�a�Z EDAX Trident XM4 (FEI Company, �K�R�:). 

�B�k�k�e�_�^�m�_�f�u�_ �h�[�j�Z�a�p�u �i�h�f�_�s�Z�e�b�k�v �\ �d�Z�f�_�j�m Quanta 200 �[�_�a �d�Z�d�h�c-�e�b�[�h �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c 

�i�h�^�]�h�l�h�\�d�b. �G�Z �h�[�j�Z�a�p�Z�o �k�e�m�q�Z�c�g�u�f �h�[�j�Z�a�h�f �\�u�[�b�j�Z�e�b �l�j�b �i�h�e�y, �d�h�l�h�j�u�_ 

�n�h�l�h�]�j�Z�n�b�j�h�\�Z�e�b �i�j�b �m�\�_�e�b�q�_�g�b�y�o ×300, 600, 2000, 3000, 6000 �b 30 000. �<�k�_ �b�k�k�e�_�^�h�\�Z�g�b�y 

�i�j�h�\�h�^�b�e�b �i�j�b �m�k�d�h�j�y�x�s�_�f �g�Z�i�j�y�`�_�g�b�b 5 �d�<. 

 �H�^�g�h�\�j�_�f�_�g�g�h �i�j�h�\�h�^�b�e�b �w�g�_�j�]�h�^�b�k�i�_�j�k�b�h�g�g�m�x �j�_�g�l�]�_�g�h�\�k�d�m�x �k�i�_�d�l�j�h�k�d�h�i�b�x 

�^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �d�h�g�l�j�h�e�v�g�u�o �h�[�j�Z�a�p�h�\ �b �h�[�j�Z�a�p�h�\, �i�h�e�m�q�_�g�g�u�o �\ 

�j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b. 

 

�B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�k�d�h�i�b�y �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y �i�e�h�k�d�b�o �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ 

 �B�D-�k�i�_�d�l�j�u �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y �j�_�]�b�k�l�j�b�j�h�\�Z�e�b �g�Z �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�_ 

Perkin-Elmer Spectrum 100 FT-IR spectrometer (PerkinElmer, �K�R�:), �h�k�g�Z�s�_�g�g�h�f �j�Z�[�h�q�_�c 

�k�_�d�p�b�_�c PIKE Technologies specular VeeMAXTM �\ �^�b�Z�i�Z�a�h�g�_ �\�h�e�g�h�\�u�o �q�b�k�_�e 450-4000 �k�f-1 

�b �j�Z�a�j�_�r�_�g�b�_�f 4 �k�f-1. 

 �B�k�i�h�e�v�a�h�\�Z�e�b �f�_�l�h�^ �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y [2.5.1, 2.5.2] �i�j�b �i�Z�^�_�g�b�b �j-

�i�h�e�y�j�b�a�h�\�Z�g�g�h�]�h �B�D-�b�a�e�m�q�_�g�b�y �i�h� ̂ �m�]�e�h�f 70º �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�Z. �K�i�_�d�l�j�u �[�u�e�b 

�b�a�f�_�j�_�g�u �i�h �h�l�g�h�r�_�g�b�x �d �h�l�j�Z�`�Z�l�_�e�v�g�h�c �k�i�h�k�h�[�g�h�k�l�b �j�_�n�_�j�_�g�l�g�h�]�h  �b�k�o�h�^�g�h�]�h 

�l�b�l�Z�g�h�\�h�]�h �h�[�j�Z�a�p�Z, �g�_ �i�h�^�\�_�j�]�g�m�l�h�]�h �d�b�k�e�h�l�g�h�f�m �l�j�Z�\�e�_�g�b�x �b�e�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�f�m 

�\�h�a�^�_�c�k�l�\�b�x. �I�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �h�d�k�b�^�g�u�o �i�e�_�g�h�d �g�Z �f�_�l�Z�e�e�b�q�_�k�d�b�o 

�i�h�^�e�h�`�d�Z�o �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�e�b �d�Z�d �k�_�e�_�d�l�b�\�g�u�_ �m�f�_�g�v�r�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y. 

�B�^�_�g�l�b�n�b�d�Z�p�b�y �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �i�j�h�\�h�^�b�e�Z�k�v �g�Z �h�k�g�h�\�Z�g�b�b �k�i�j�Z�\�h�q�g�h�c �e�b�l�_�j�Z�l�m�j�u 

[2.5.3-2.5.8]. 
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�J�_�g�l�]�_�g�h�\�k�d�Z�y �^�b�n�j�Z�d�l�h�f�_�l�j�b�y �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �g�Z �\�g�m�l�j�_�g�g�_�c 

�i�h�\�_�j�o�g�h�k�l�b �l�b�l�Z�g�h�\�h�c �l�j�m�[�u 

 �>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b�a �j�Z�a�e�b�q�g�u�o �a�h�g �h�[�j�Z�a�p�Z �\�u�j�_�a�Z�e�b�k�v �n�j�Z�]�f�_�g�l�u �k �j�Z�a�f�_�j�Z�f�b 

10×10 �f�f 2.  

�J�_�g�l�]�_�g�h�\�k�d�Z�y �k�t�_�f�d�Z �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �g�Z �^�b�n�j�Z�d�l�h�f�_�l�j�_ �>�J�H�G-3 (�J�h�k�k�b�y). 

�I�h�k�d�h�e�v�d�m �l�h�e�s�b�g�u �Z�g�Z�e�b�a�b�j�m�_�f�u�o �k�e�h�_�\ �f�Z�e�u, �b�k�i�h�e�v�a�h�\�Z�e�k�y �f�_�l�h�^ �k�t�_�f�d�b �i�h� ̂�f�Z�e�u�f 

�m�]�e�h�f (�f�_�l�h�^ �k�d�h�e�v�a�y�s�_�]�h �i�m�q�d�Z). �I�j�b �w�l�h�f �m�]�h�e �i�Z�^�_�g�b�y �i�_�j�\�b�q�g�h�]�h �j�_�g�l�]�_�g�h�\�k�d�h�]�h 

�i�m�q�d�Z �k�h�k�l�Z�\�e�y�e 5�q. �A�Z�i�b�k�v �^�b�n�j�Z�d�p�b�h�g�g�u�o �e�b�g�b�c �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �\ �j�_�`�b�f�_ 

�k�d�Z�g�b�j�h�\�Z�g�b�y: �r�Z�] �k�d�Z�g�b�j�h�\�Z�g�b�y �� 0,1�q, �\�j�_�f�y �g�Z�[�h�j�Z �b�f�i�m�e�v�k�h�\ �\ �d�Z�`�^�h�c �l�h�q�d�_ �a�Z�\�b�k�_�e�h 

�h�l �l�h�e�s�b�g�u �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y �b �h�[�u�q�g�h �k�h�k�l�Z�\�e�y�e�h �|15 �k�_�d. �J�_�g�l�]�_�g�h�\�k�d�m�x �k�t�_�f�d�m 

�\�u�i�h�e�g�y�e�b �\ �f�h�g�h�o�j�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�f �KoK�D �b�a�e�m�q�_�g�b�b �i�j�b �m�k�d�h�j�y�x�s�_�f �g�Z�i�j�y�`�_�g�b�b 

30 �d�< �b �Z�g�h�^�g�h�f �l�h�d�_ 10 �f�: . �D�j�b�k�l�Z�e�e-�f�h�g�h�o�j�h�f�Z�l�h�j, �\ �d�Z�q�_�k�l�\�_ �d�h�l�h�j�h�]�h �b�k�i�h�e�v�a�h�\�Z�e�k�y 

�i�b�j�h�e�b�l�b�q�_�k�d�b�c �]�j�Z�n�b�l, �m�k�l�Z�g�Z�\�e�b�\�Z�e�k�y �g�Z �i�m�l�b �\�l�h�j�b�q�g�h�]�h (�^�b�n�j�Z�]�b�j�h�\�Z�g�g�h�]�h) �i�m�q�d�Z 

�e�m�q�_�c. �>�b�n�j�Z�d�p�b�h�g�g�m�x �d�Z�j�l�b�g�m �j�_�]�b�k�l�j�b�j�h�\�Z�e�b �\ �^�b�Z�i�Z�a�h�g�_ �m�]�e�h�\ �j�Z�k�k�_�y�g�b�y (2�T = 

10��130º).  �L�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�y �f�_�`�i�e�h�k�d�h�k�l�g�u�o �j�Z�k�k�l�h�y�g�b�c �k�h�k�l�Z�\�e�y�_�l �r0,0001 �g�f. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �b�a�f�_�j�_�g�g�u�_ �a�g�Z�q�_�g�b�y �f�_�`�i�e�h�k�d�h�k�l�g�u�o �j�Z�k�k�l�h�y�g�b�c �b �b�g�l�_�g�k�b�\�g�h�k�l�b 

�^�b�n�j�Z�d�p�b�h�g�g�u�o �e�b�g�b�c �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y, �j�Z�k�k�_�y�g�g�h�]�h �h�l �b�a�m�q�Z�_�f�h�]�h �h�[�t�_�d�l�Z, 

�k�j�Z�\�g�b�\�Z�e�b�k�v �k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b �a�g�Z�q�_�g�b�y�f�b �k�i�j�Z�\�h�q�g�u�o �k�l�Z�g�^�Z�j�l�h�\ �d�Z�j�l�h�l�_�d�b [2.5.9]. 

 

�H�`�_-�k�i�_�d�l�j�h�f�_�l�j�b�y �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b 

�l�b�l�Z�g�h�\�h�c �l�j�m�[�u 

�B�k�k�e�_�^�h�\�Z�e�b �n�j�Z�]�f�_�g�l�u �l�b�l�Z�g�h�\�h�c �l�j�m�[�u �k �j�Z�a�f�_�j�Z�f�b 10×10 �f�f 2, �\�u�j�_�a�Z�g�g�u�_ �b�a 

�j�Z�a�e�b�q�g�u�o �a�h�g �h�[�j�Z�a�p�Z. �H�`�_-�k�i�_�d�l�j�u �k�g�b�f�Z�e�b�k�v �k �i�h�f�h�s�v�x �k�d�Z�g�b�j�m�x�s�_�]�h �H�`�_-

�g�Z�g�h�a�h�g�^�Z PHI-700 (PHI, �K�R�:). �I�_�j�_�^ �k�g�y�l�b�_�f �k�i�_�d�l�j�h�\ �b�k�k�e�_�^�m�_�f�u�_ �n�j�Z�]�f�_�g�l�u 

�i�h�^�\�_�j�]�Z�e�b�k�v �h�q�b�k�l�d�_ �i�h�l�h�d�h�f �b�h�g�h�\ �Z�j�]�h�g�Z �\ �l�_�q�_�g�b�_ 2 �f�b�g�m�l. 

 

�K�i�_�d�l�j�h�f�_�l�j�b�y �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �j�Z�k�k�_�b�\�Z�g�b�y �k�\�_�l�Z 

�J�Z�f�Z�g�h�\�k�d�b�_ �k�i�_�d�l�j�u �[�u�e�b �a�Z�i�b�k�Z�g�u �g�Z �k�i�_�d�l�j�h�f�_�l�j�_ �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h 

�j�Z�k�k�_�b�\�Z�g�b�y �k�\�_�l�Z Horiba Jobin Yvon T64000 (Horiba Jobin Yvon IBH Ltd., �Y�i�h�g�b�y) �k CCD-

�^�_�l�_�d�l�h�j�h�f, �h�o�e�Z�`�^�Z�_�f�u�f �`�b�^�d�b�f �Z�a�h�l�h�f. �< �d�Z�q�_�k�l�\�_ �f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�]�h �b�k�l�h�q�g�b�d�Z 

�k�\�_�l�Z �b�k�i�h�e�v�a�h�\�Z�e�b �Z�j�]�h�g�h�\�u�c �e�Z�a�_�j �k �^�e�b�g�h�c �\�h�e�g�u �\�h�a�[�m�`�^�_�g�b�y 488 �g�f. �F�h�s�g�h�k�l�v 

�e�Z�a�_�j�Z, �i�Z�^�Z�x�s�_�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�k�k�e�_�^�m�_�f�h�]�h �h�[�j�Z�a�p�Z, �k�h�k�l�Z�\�e�y�e�Z 50 �f�<�l. 

�N�h�d�m�k�b�j�h�\�d�Z �e�Z�a�_�j�Z �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �h�[�t�_�d�l�b�\�h�f �O100. �L�b�i�b�q�g�Z�y �r�b�j�b�g�Z �k�i�_�d�l�j�Z�e�v�g�h�c 

�e�b�g�b�b 0,5 �k�f-1. �>�e�y �d�Z�`�^�h�]�h �b�a�f�_�j�_�g�b�y �\�u�i�h�e�g�y�e�h�k�v �l�j�_�o�d�j�Z�l�g�h�_ �k�d�Z�g�b�j�h�\�Z�g�b�_, 
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�j�_�a�m�e�v�l�Z�l�u �d�h�l�h�j�h�]�h �m�k�j�_�^�g�y�e�b�k�v. �>�e�y �b�^�_�g�l�b�n�b�d�Z�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �[�Z�a�Z �^�Z�g�g�u�o, 

�k�h�^�_�j�`�Z�s�Z�y �k�l�Z�g�^�Z�j�l�g�u�_ �k�i�_�d�l�j�u �j�Z�a�e�b�q�g�u�o �k�h�_�^�b�g�_�g�b�c. 

 

2.6. �F�_�l�h�^�u �Z�g�Z�e�b�a�Z �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�h�d�j�u�l�b�c �b �f�Z�l�_�j�b�Z�e�h�\, 

�i�h�e�m�q�_�g�g�u�o �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f �k�b�g�l�_�a�h�f 

 

�B�a�f�_�j�_�g�b�y �d�h�g�l�Z�d�l�g�h�]�h �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y 

 �=�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�_ �k�\�h�c�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �y�\�e�y�x�l�k�y �\�Z�`�g�_�c�r�b�f 

�n�Z�d�l�h�j�h�f, �h�i�j�_�^�_�e�y�x�s�b�f �[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �f�Z�l�_�j�b�Z�e�Z (�i�h �d�j�Z�c�g�_�c �f�_�j�_, 

�i�j�b�f�_�g�b�l�_�e�v�g�h �d �a�Z�^�Z�q�Z�f �i�h�\�u�r�_�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �d�h�k�l�g�u�o �b �^�_�g�l�Z�e�v�g�u�o 

�b�f�i�e�Z�g�l�Z�l�h�\), �i�h�k�d�h�e�v�d�m �b�f�_�g�g�h �h�g�b �\�e�b�y�x�l �g�Z �k�l�_�i�_�g�v �d�h�g�l�Z�d�l�Z �k �f�_�`�d�e�_�l�h�q�g�h�c 

�`�b�^�d�h�k�l�v�x, �d�j�h�\�v�x �b �l�d�Z�g�y�f�b �h�j�]�Z�g�b�a�f�Z, �n�h�j�f�b�j�h�\�Z�g�b�_ �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �k�l�_�i�_�g�v 

�Z�^�]�_�a�b�b �b �i�j�h�e�b�n�_�j�Z�p�b�b �d�h�k�l�g�u�o �d�e�_�l�h�d, �d�e�_�l�h�d �d�j�h�\�b �b �[�_�e�d�h�\, �Z�d�l�b�\�b�j�m�x�s�b�o �_�_ 

�k�\�_�j�l�u�\�Z�g�b�_. 

 �=�b�^�j�h�n�b�e�v�g�h�k�l�v �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c, �Z �l�Z�d�`�_ �i�e�_�g�h�d �b �]�m�[�h�d 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �W�I�I, �[�u�e�Z �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�Z �i�m�l�_�f �b�a�f�_�j�_�g�b�y 

�k�l�Z�l�b�q�_�k�d�h�]�h �d�j�Z�_�\�h�]�h �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �^�e�y �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�u �f�_�l�h�^�h�f �i�Z�^�Z�x�s�_�c 

�d�Z�i�e�b. �B�k�i�h�e�v�a�h�\�Z�e�b �h�i�l�b�q�_�k�d�b�c �i�j�b�[�h�j CAM101 �n�b�j�f�u �DSV Instruments LTD 

(�N�b�g�e�y�g�^�b�y). 

 �B�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b �h�l�g�h�k�b�l�_�e�v�g�h�c �\�e�Z�`�g�h�k�l�b 

45%. �D�Z�i�e�x �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c �\�h�^�u �h�[�t�_�f�h�f �i�j�b�[�e�b�a�b�l�_�e�v�g�h 3 �f�d�e �i�h�f�_�s�Z�e�b �g�Z 

�l�b�l�Z�g�h�\�u�c �h�[�j�Z�a�_�p �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�_�a�v�[�h�\�h�]�h �i�e�m�g�`�_�j�Z �f�b�d�j�h�r�i�j�b�p�Z (Hamilton, 

�K�R�:). �D�j�Z�_�\�h�c �m�]�h�e �d�Z�i�_�e�v �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �h�i�j�_�^�_�e�y�e�b �g�Z �i�j�Z�\�h�c �b �e�_�\�h�c 

�k�l�h�j�h�g�_ �d�Z�i�e�b �k �i�h�f�h�s�v�x �i�j�h�]�j�Z�f�f�u �Z�g�Z�e�b�a�Z �b�a�h�[�j�Z�`�_�g�b�c �k �l�h�q�g�h�k�l�v�x ±0,1º. 

�G�_�a�Z�\�b�k�b�f�u�_ �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b�k�v �^�e�y 3 �d�Z�i�_�e�v �g�Z �d�Z�`�^�h�c �i�e�h�k�d�h�c �i�h�^�e�h�`�d�_, �Z �a�Z�l�_�f 

�\�u�q�b�k�e�y�e�h�k�v �k�j�_�^�g�_�_ �a�g�Z�q�_�g�b�y �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y. 

 �B�a�f�_�j�_�g�b�y �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �i�j�h�\�h�^�b�e�b �k�j�Z�a�m �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �b �q�_�j�_�a 24, 48 

�q�Z�k�h�\ �b 1, 2 �b 3 �g�_�^�_�e�b, �q�l�h�[�u �b�k�k�e�_�^�h�\�Z�l�v �^�_�]�j�Z�^�Z�p�b�x �]�b�^�j�h�n�b�e�v�g�h�k�l�b �h�[�j�Z�a�p�h�\ �k 

�l�_�q�_�g�b�_�f �\�j�_�f�_�g�b. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �k�l�Z�l�b�k�l�b�q�_�k�d�b �Z�g�Z�e�b�a�b�j�h�\�Z�e�b �k �i�h�f�h�s�v�x 

�d�j�b�l�_�j�b�y �K�l�v�x�^�_�g�l�Z; p-�a�g�Z�q�_�g�b�y �f�_�g�v�r�_, �q�_�f 0,05 �k�q�b�l�Z�e�b�k�v �^�h�k�l�h�\�_�j�g�u�f�b. 

 

�I�j�_�p�b�i�b�l�Z�p�b�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�b�o �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ 

 �;�b�h�e�h�]�b�q�_�k�d�m�x �k�h�\�f�_�k�l�b�f�h�k�l�v �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �k �\�g�m�l�j�_�g�g�_�c �k�j�_�^�h�c �`�b�\�h�]�h 

�h�j�]�Z�g�b�a�f�Z �f�h�`�g�h �d�h�k�\�_�g�g�h �h�p�_�g�b�l�v in vitro �k �i�h�f�h�s�v�x �b�o �k�i�h�k�h�[�g�h�k�l�b �i�j�_�p�b�i�b�l�b�j�h�\�Z�l�v 
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�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l Ca5(PO4)3(OH) (�h�k�g�h�\�g�h�c �g�_�h�j�]�Z�g�b�q�_�k�d�b�c �d�h�f�i�h�g�_�g�l �d�h�k�l�g�h�c �l�d�Z�g�b, 

�a�m�[�g�h�c �w�f�Z�e�b �b �^�_�g�l�b�g�Z) [2.6.1, 2.62]. 

 �>�e�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�b�h�k�\�f�_�k�l�b�f�h�k�l�b �i�e�h�k�d�b�_ �l�b�l�Z�g�h�\�u�_ �h�[�j�Z�a�p�u (�d�h�g�l�j�h�e�v�g�u�_ -

�b�k�o�h�^�g�u�c, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �k�f�_�k�b �d�b�k�e�h�l, �b �h�i�u�l�g�u�_ - �i�h�k�e�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c 

�h�[�j�Z�[�h�l�d�b) �b�g�d�m�[�b�j�h�\�Z�e�b �\ �j�Z�k�l�\�h�j�_, �f�h�^�_�e�b�j�m�x�s�_�f �k�h�k�l�Z�\ �f�_�`�d�e�_�l�h�q�g�h�c �`�b�^�d�h�k�l�b 

�h�j�]�Z�g�b�a�f�Z (SBF) [2.6.1, 2.62]. 

�L�Z�[�e�b�p�Z 2.6.1. �D�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�\ �\ �j�Z�k�l�\�h�j�_, �f�h�^�_�e�b�j�m�x�s�_�f �k�h�k�l�Z�\ �f�_�`�d�e�_�l�h�q�g�h�c 
�`�b�^�d�h�k�l�b �h�j�]�Z�g�b�a�f�Z (SBF) �b �i�e�Z�a�f�_ �d�j�h�\�b �q�_�e�h�\�_�d�Z [2.6.1, 2.62] 
 

�D�h�g�p�_�g�l�j�Z�p�b�y, �f�f�h�e�v/�^�f3 
�B�h�g 

SBF �I�e�Z�a�f�Z �d�j�h�\�b �q�_�e�h�\�_�d�Z 

Na+ 142,0 142,0 

K+ 5,0 5,0 

Mg2+ 1,5 1,5 

Ca2+ 2,5 2,5 

Cl�í 147,8 103,0 

HCO3
�í 4,2 27,0 

HPO4
2�í 1,0 1,0 

SO4
2�í 0,5 0,5 

 

 �B�h�g�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b SBF �i�j�Z�d�l�b�q�_�k�d�b �j�Z�\�g�u �l�Z�d�h�\�u�f �\ �i�e�Z�a�f�_ �d�j�h�\�b �q�_�e�h�\�_�d�Z 

[�k�k�u�e�d�Z �k�l�Z�l�v�y �\�_�g�]�j�b�y]. SBF �]�h�l�h�\�b�e�b �i�m�l�_�f �j�Z�k�l�\�h�j�_�g�b�y �o�b�f�b�q�_�k�d�b �q�b�k�l�u�o NaCl, 

NaHCO3, K2HPO4•3H2O, MgCl2•6H2O, CaCl2•3H2O �b Na2SO4 (�\�k�_ �j�_�Z�]�_�g�l�u «Sigma», 

�=�_�j�f�Z�g�b�y) �\ �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c �\�h�^�_ �b �^�h�\�h�^�b�e�b �j�G �j�Z�k�l�\�h�j�Z �^�h 7,40 �i�j�b 37 º�K �l�j�b�k-

�]�b�^�j�h�d�k�b�f�_�l�b�e�Z�f�b�g�h�f�_�l�Z�g�h�f [(CH2OH)3CNH2] �b 1 �F HCl. �K�j�Z�\�g�_�g�b�_ �k�h�k�l�Z�\�h�\ SBF �b 

�i�e�Z�a�f�u �d�j�h�\�b �q�_�e�h�\�_�d�Z �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 2.6.1. 

�I�h�k�e�_ �b�g�d�m�[�b�j�h�\�Z�g�b�y �\ SBF �\ �l�_�q�_�g�b�_ �^�\�m�o �g�_�^�_�e�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 37 º�K �h�[�j�Z�a�p�u 

�b�a�\�e�_�d�Z�e�b, �i�j�h�f�u�\�Z�e�b �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �b �k�m�r�b�e�b �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. 

�H�[�j�Z�a�h�\�Z�\�r�b�c�k�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l �Z�g�Z�e�b�a�b�j�h�\�Z�e�b �k �i�h�f�h�s�v�x �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�k�d�h�i�b�b 

�h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y (�k�f. �j�Z�a�^�_�e 2.5). 



 95

�=�E�:�<�: III. �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�C �D�H�F�I�E�?�D�K �>�E�Y �B�K�K�E�?�>�H�<�:�G�B�Y 

�N�B�A�B�D�H-�O�B�F�B�Q�?�K�D�B�O �I�J�H�P�?�K�K�H�< �I�H�E�M�Q�?�G�B�Y �;�B�H�:�D�L�B�<�G�U�O 

�K�H�?�>�B�G�?�G�B�C �B �F�:�L�?�J�B�:�E�H�< �< �W�E�?�D�L�J�H�G�G�H-�I�M�Q�D�H�<�H�C �I�E�:�A�F�?. 

�H�;�S�:�Y  �O�:�J�:�D�L�?�J�B�K�L�B�D�: �I�E�:�A�F�U �< �M�K�E�H�<�B�Y�O �I�J�H�<�H�>�B�<�R�B�O�K�Y 

�W�D�K�I�?�J�B�F�?�G�L�H�<  

�< �g�Z�k�l�h�y�s�_�c �]�e�Z�\�_ �h�i�b�k�Z�g�u �d�h�g�k�l�j�m�d�p�b�y �b �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_ �[�Z�a�h�\�h�c 

�f�h�^�b�n�b�d�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z (�W�I�I�J), �^�e�y 

�b�k�k�e�_�^�h�\�Z�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �b 

�f�Z�l�_�j�b�Z�e�h�\ �\ �W�I�I, �j�Z�[�h�l�Z �_�]�h �h�l�^�_�e�v�g�u�o �i�h�^�k�b�k�l�_�f �b �b�o �b�g�l�_�]�j�Z�p�b�y �\ �_�^�b�g�m�x �k�b�k�l�_�f�m. 

�>�e�y �m�k�e�h�\�b�c, �j�_�Z�e�b�a�m�x�s�b�o�k�y �\ �^�Z�g�g�h�f �j�_�Z�d�l�h�j�_, �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�u �h�[�s�b�_ �k�\�h�c�k�l�\�Z �W�I�I 

�b �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�_ �w�e�_�f�_�g�l�Z�j�g�u�_ �i�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �\ �W�I�I �j�Z�a�e�b�q�g�h�]�h 

�o�b�f�b�q�_�k�d�h�]�h �b �n�Z�a�h�\�h�]�h �k�h�k�l�Z�\�Z. �H�k�h�[�_�g�g�h�k�l�b �d�h�g�k�l�j�m�d�l�b�\�g�u�o �b �k�o�_�f�g�u�o �j�_�r�_�g�b�c 

�d�h�f�i�e�_�d�k�Z, �h�[�m�k�e�h�\�e�_�g�g�u�_ �k�i�_�p�b�n�b�d�h�c �j�_�r�Z�\�r�b�o�k�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �a�Z�^�Z�q, �Z �l�Z�d�`�_ 

�d�h�g�d�j�_�l�g�u�_ �m�k�e�h�\�b�y, �\ �d�h�l�h�j�u�o �i�j�h�\�h�^�b�e�b�k�v �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �w�d�k�i�_�j�b�f�_�g�l�u, 

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\ �^�j�m�]�b�o �j�Z�a�^�_�e�Z�o �^�b�k�k�_�j�l�Z�p�b�b.  

 

3.1. �K�h�k�l�Z�\ �b �h�[�s�Z�y �d�h�f�i�h�g�h�\�d�Z �d�h�f�i�e�_�d�k�Z 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �d�h�f�i�e�_�d�k �h�[�t�_�^�b�g�y�_�l �\ �_�^�b�g�m�x �k�b�k�l�_�f�m �]�_�g�_�j�Z�l�h�j �W�I�I, 

�j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m, �k�b�k�l�_�f�u �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �W�I �b �n�h�j�f�b�j�h�\�Z�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 

�k�j�_�^�u, �^�b�Z�]�g�h�k�l�b�q�_�k�d�m�x �Z�i�i�Z�j�Z�l�m�j�m, �\�Z�d�m�m�f�g�m�x �k�l�Z�g�p�b�x, �Z �l�Z�d�`�_ �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_ 

�k�b�k�l�_�f�u (�h�o�e�Z�`�^�_�g�b�y, �j�Z�^�b�Z�p�b�h�g�g�h�c �a�Z�s�b�l�u, �\�_�g�l�b�e�y�p�b�b �b �g�_�d�h�l�h�j�u�_ �^�j�m�]�b�_). �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �d�h�f�i�e�_�d�k �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�e�h�`�g�m�x �i�e�Z�a�f�h�l�_�o�g�b�q�_�k�d�m�x �k�b�k�l�_�f�m, �d�h�l�h�j�Z�y 

�i�h�a�\�h�e�y�_�l �d�h�g�l�j�h�e�b�j�h�\�Z�l�v �i�j�h�p�_�k�k�u �b �m�i�j�Z�\�e�y�l�v �m�k�e�h�\�b�y�f�b �h�k�m�s�_�k�l�\�e�_�g�b�y 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c �d�Z�d �\ �h�[�t�_�f�_ �W�I�I, �l�Z�d �b �\ �]�_�l�_�j�h�]�_�g�g�h�c �h�[�e�Z�k�l�b (�g�Z 

�i�h�\�_�j�o�g�h�k�l�b �l�\�_�j�^�h�]�h �l�_�e�Z �b/�b�e�b �i�h�j�h�r�d�Z, �\�g�_�k�_�g�g�h�]�h �\ �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f). �K �p�_�e�v�x 

�Z�g�Z�e�b�a�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �d�h�f�i�e�_�d�k �f�h�`�_�l �[�u�l�v �^�_�d�h�f�i�h�a�b�j�h�\�Z�g �g�Z �k�e�_�^�m�x�s�b�_ 

�i�h�^�k�b�k�l�_�f�u (�k�f. �j�b�k. 3.1.1): 

�x �=�_�g�_�j�Z�l�h�j �W�I�I, �k�h�k�l�h�y�s�b�c �b�a �k�e�_�^�m�x�s�b�o �w�e�_�f�_�g�l�h�\: 

�¾ �W�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�m�r�d�Z; 

�¾ �<�u�k�h�d�h�\�h�e�v�l�g�u�c �b�k�l�h�q�g�b�d �i�b�l�Z�g�b�y; 

�¾ �<�u�\�h�^�g�h�_ �h�d�g�h; 

�¾ �<�u�k�h�d�h�\�Z�d�m�m�f�g�Z�y �d�Z�f�_�j�Z. 

�x �<�Z�d�m�m�f�g�Z�y �k�l�Z�g�p�b�y, �\ �k�h�k�l�Z�\ �d�h�l�h�j�h�c �\�o�h�^�y�l: 

�¾ �K�m�o�b�_ �f�_�o�Z�g�b�q�_�k�d�b�_ �g�Z�k�h�k�u �g�b�a�d�h�]�h �\�Z�d�m�m�f�Z; 

�¾ �I�Z�j�h�f�Z�k�e�y�g�u�_ �g�Z�k�h�k�u �\�u�k�h�d�h�]�h (�i�j�h�f�_�`�m�l�h�q�g�h�]�h) �\�Z�d�m�m�f�Z; 
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�¾ �<�Z�d�m�m�f�g�u�_ �f�Z�]�b�k�l�j�Z�e�b �b �a�Z�i�h�j�g�Z�y �\�Z�d�m�m�f�g�Z�y �Z�j�f�Z�l�m�j�Z; 

�¾ �<�Z�d�m�m�f�f�_�l�j�u �j�Z�a�e�b�q�g�u�o �^�b�Z�i�Z�a�h�g�h�\. 

�x �J�_�Z�d�p�b�h�g�g�Z�y �d�Z�f�_�j�Z �k �w�e�_�f�_�g�l�Z�f�b �_�_ �k�h�i�j�y�`�_�g�b�y �k �^�j�m�]�b�f�b �k�b�k�l�_�f�Z�f�b 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�b, �h�k�g�Z�s�_�g�g�Z�y �e�x�d�Z�f�b, �h�d�g�Z�f�b �j�Z�a�e�b�q�g�h�]�h 

�g�Z�a�g�Z�q�_�g�b�y, �Z �l�Z�d�`�_  �j�Z�[�h�q�b�f�b �h�j�]�Z�g�Z�f�b �b �^�h�i�h�e�g�b�l�_�e�v�g�u�f�b �w�e�_�f�_�g�l�Z�f�b 

�\�g�m�l�j�_�g�g�_�c �b �g�Z�j�m�`�g�h�c �h�k�g�Z�k�l�d�b. 

�x �K�b�k�l�_�f�Z �n�h�j�f�b�j�h�\�Z�g�b�y �]�Z�a�h�n�Z�a�g�h�]�h �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z (�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 

�k�j�_�^�u), �b�g�l�_�]�j�b�j�h�\�Z�g�g�Z�y �b�a �k�e�_�^�m�x�s�b�o �w�e�_�f�_�g�l�h�\: 

�¾ �=�_�g�_�j�Z�l�h�j�u �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z (�i�Z�j�Z) �b/�b�e�b �[�Z�e�e�h�g�u �k 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�f �]�Z�a�h�f; 

�¾ �K�b�k�l�_�f�Z �j�_�]�m�e�b�j�h�\�Z�g�b�y �b �i�h�^�^�_�j�`�Z�g�b�y �i�h�e�g�h�]�h �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_; 

�¾ �K�b�k�l�_�f�Z �j�_�]�m�e�b�j�h�\�Z�g�b�y �b �i�h�^�^�_�j�`�Z�g�b�y �d�h�f�i�h�g�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u; 

�¾ �W�e�_�f�_�g�l�u �k�h�i�j�y�`�_�g�b�y �k�b�k�l�_�f�u �n�h�j�f�b�j�h�\�Z�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �k 

�^�j�m�]�b�f�b �k�b�k�l�_�f�Z�f�b �m�k�l�Z�g�h�\�d�b. 

�x �>�b�Z�]�g�h�k�l�b�q�_�k�d�b�c �d�h�f�i�e�_�d�k: 

�¾ �K�b�k�l�_�f�Z �b�a�f�_�j�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�a�p�h�\; 

�¾ �K�b�k�l�_�f�Z �d�h�g�l�j�h�e�y �k�h�k�l�Z�\�Z �]�Z�a�h�n�Z�a�g�h�]�h �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z; 

�¾ �K�b�k�l�_�f�Z �w�f�b�k�k�b�h�g�g�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b. 

�x �K�b�k�l�_�f�Z �m�i�j�Z�\�e�_�g�b�y: 

�¾ �;�e�h�d �m�i�j�Z�\�e�_�g�b�y �]�_�g�_�j�Z�l�h�j�h�f �W�I�I; 

�¾ �;�e�h�d �m�i�j�Z�\�e�_�g�b�y �k�b�k�l�_�f�h�c �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z; 

�¾ �;�e�h�d �m�i�j�Z�\�e�_�g�b�y �k�b�k�l�_�f�h�c �n�h�j�f�b�j�h�\�Z�g�b�y �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z; 

�¾ �;�e�h�d �m�i�j�Z�\�e�_�g�b�y �j�Z�[�h�q�b�f�b �h�j�]�Z�g�Z�f�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. 

�D�j�h�f�_ �i�_�j�_�q�b�k�e�_�g�g�u�o, �\ �k�h�k�l�Z�\ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�b �\�o�h�^�b�l �j�y� ̂

�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o �k�b�k�l�_�f:  

�¾ �K�b�k�l�_�f�Z �h�o�e�Z�`�^�_�g�b�y; 

�¾ �J�Z�^�b�Z�p�b�h�g�g�Z�y �a�Z�s�b�l�Z; 

�¾ �K�b�k�l�_�f�Z �\�_�g�l�b�e�y�p�b�b; 

�¾ �K�b�k�l�_�f�Z �[�e�h�d�b�j�h�\�h�d. 

�<�k�i�h�f�h�]�Z�l�_�e�v�g�u�_ �k�b�k�l�_�f�u �h�[�_�k�i�_�q�b�\�Z�x�l �^�e�b�l�_�e�v�g�m�x �g�_�i�j�_�j�u�\�g�m�x �j�Z�[�h�l�m 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �d�h�f�i�e�_�d�k�Z, �[�_�a�h�i�Z�k�g�h�k�l�v �h�[�k�e�m�`�b�\�Z�x�s�_�]�h �i�_�j�k�h�g�Z�e�Z �b �Z�\�Z�j�b�c�g�u�_ 

�[�e�h�d�b�j�h�\�d�b �i�j�b �\�h�a�g�b�d�g�h�\�_�g�b�b �g�_�r�l�Z�l�g�u�o �k�b�l�m�Z�p�b�c. 
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�K�h�k�l�Z�\ �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �d�Z�`�^�h�c �b�a �k�b�k�l�_�f, �\�o�h�^�y�s�b�o �\ �k�h�k�l�Z�\ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h 

�d�h�f�i�e�_�d�k�Z, �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�Z�o 3.1.1 �b 3.1.2; �h�g�b �l�Z�d�`�_ �b�e�e�x�k�l�j�b�j�m�x�l�k�y �k�o�_�f�Z�f�b �b 

�j�b�k�m�g�d�Z�f�b �g�Z�k�l�h�y�s�_�c �]�e�Z�\�u. 

�D�h�f�i�e�_�d�k �m�i�j�Z�\�e�y�_�l�k�y �d�h�f�i�v�x�l�_�j�Z�f�b, �h�[�t�_�^�b�g�_�g�g�u�f�b �\ �e�h�d�Z�e�v�g�m�x �k�_�l�v, �d�h�l�h�j�u�_ 

�i�h�e�m�q�Z�x�l �b�g�n�h�j�f�Z�p�b�x �k �^�Z�l�q�b�d�h�\, �j�_�]�b�k�l�j�b�j�m�x�s�b�o �i�Z�j�Z�f�_�l�j�u �j�Z�[�h�l�u �\�k�_�o �i�h�^�k�b�k�l�_�f 

�m�k�l�Z�g�h�\�d�b, �b �\�u�^�Z�x�l �m�i�j�Z�\�e�y�x�s�b�_ �d�h�f�Z�g�^�u �b�k�i�h�e�g�b�l�_�e�v�g�u�f �w�e�_�f�_�g�l�Z�f �w�l�b�o �i�h�^�k�b�k�l�_�f. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �d�h�f�i�e�_�d�k �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �n�b�a�b�q�_�k�d�b�_ �b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ 

�w�d�k�i�_�j�b�f�_�g�l�u �\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �b�e�b �i�h�e�m�Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_.  

�H�[�s�b�c �\�b� ̂ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �d�h�f�i�e�_�d�k�Z �b �_�]�h �h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\ �i�h�d�Z�a�Z�g �g�Z 

�j�b�k. 3.1.2 �b 3.1.3, �Z �_�]�h �n�m�g�d�p�b�h�g�Z�e�v�g�Z�y �k�o�_�f�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 3.1.4. 

 

 

�J�b�k. 3.1.1. �;�e�h�d-�k�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �d�h�f�i�e�_�d�k�Z 

�<�Z�d�m�m�f�g�Z�y �k�b�k�l�_�f�Z 

�K�b�k�l�_�f�Z �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �K�b�k�l�_�f�Z �g�b�a�d�h�]�h �\�Z�d�m�m�f�Z

�=�_�g�_�j�Z�l�h�j 
�w�e�_�d�l�j�h�g�g�h-

�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

�<�u�\�h�^�g�h�_ �h�d�g�h 

�W�e�_�d�l�j�h�g�g�h-
�e�m�q�_�\�Z�y �i�m�r�d�Z 

�<�u�k�h�d�h�\�h�e�v�l�g�u�c 
�b�k�l�h�q�g�b�d �i�b�l�Z�g�b�y 

�J�_�Z�d�p�b�h�g�g�Z�y 
�d�Z�f�_�j�Z 

�K�b�k�l�_�f�Z 
�n�h�j�f�b�j�h�\�Z�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 
�k�f�_�k�b �K�b�k�l�_�f�Z �n�h�j�f�b�j�h�\�Z�g�b�y 

�j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z 

�K�_�g�k�h�j�u

�K�b�k�l�_�f�Z 
�m�i �j �Z�\�e�_�g�b�y 

�>�b�Z�]�g�h�k�l�b�q�_�k�d�b�c 
�d�h�f�i�e�_�d�k 

�K�b�k�l�_�f�Z 
�i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y 
�i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z 

�<�k�i�h�f�h�]�Z�l�_�e�v�g�u�_ 
�k�b�k�l�_�f�u

�K�b�k�l�_�f�Z �h�o�e�Z�`�^�_�g�b�y 

�K�b�k�l�_�f�Z  �j�Z�^�b�Z�p�b�h�g�g�h�c 
�a�Z�s�b�l�u 

�K�b�k�l�_�f�Z �[�e�h�d�b�j�h�\�h�d 

�<�u�k�h�d�h�\�Z�d�m�m�f�g�Z�y 
�d�Z�f�_�j�Z 
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�J�Z�[�h�q�Z�y 
�d�Z�f�_�j�Z

�<�u�\�h�^�g�h�_ 
�h�d�g�h

�<�u�k�h�d�h-
�\�Z�d�m�m�f�g�Z�y 
�d�Z�f�_�j�Z

�W�e�_�d�l�j�h�g-
�g�Z�y �i�m�r�d�Z

�<�u�k�h�d�h-
�\�Z�d�m�m�f�g�u�c 
�g�Z�k�h�k

�<�u�k�h�d�h-
�\�h�e�v�l�g�u�c 
�d�Z�[�_�e�v

�J�b�k. 3.1.2. �H�[�s�b�c �\�b� ̂�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z 

 

�[) 

  
�Z) �\) 

�J�b�k. 3.1.3. �H�[�s�b�c �\�b� ̂ �g�_�d�h�l�h�j�u�o �w�e�_�f�_�g�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h 

�j�_�Z�d�l�h�j�Z: 

�Z) – �i�j�b�[�h�j�g�Z�y �k�l�h�c�d�Z �k �[�e�h�d�h�f �m�i�j�Z�\�e�_�g�b�y �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �;�M�W�I-1, 

�\�u�k�h�d�h�\�h�e�v�l�g�u�f �b�k�l�h�q�g�b�d�h�f �i�b�l�Z�g�b�y �b �d�h�f�i�v�x�l�_�j�h�f, �m�i�j�Z�\�e�y�x�s�b�f �]�_�g�_�j�Z�l�h�j�h�f 

�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z; �[) – �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�m�r�d�Z, �\) – �k�_�g�k�h�j�g�Z�y �i�Z�g�_�e�v �m�i�j�Z�\�e�_�g�b�y 

�]�_�g�_�j�Z�l�h�j�h�f �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 
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�J�b�k. 3.1.4. �N�m�g�d�p�b�h�g�Z�e�v�g�Z�y �k�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �d�h�f�i�e�_�d�k�Z: �h�[�h�a�g�Z�q�_�g�b�y �g�Z �k�o�_�f�_ 

�i�h�y�k�g�y�x�l�k�y �\ �l�_�d�k�l�_ �b �k�h�h�l�\�_�l�k�l�\�m�x�l �h�[�h�a�g�Z�q�_�g�b�y�f �\ �l�Z�[�e�b�p�_ 3.1.1. 

 

3.2.  �=�_�g�_�j�Z�l�h�j �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u 

�=�e�Z�\�g�u�f �w�e�_�f�_�g�l�h�f �d�h�f�i�e�_�d�k�Z �y�\�e�y�_�l�k�y �]�_�g�_�j�Z�l�h�j �W�I�I, �n�h�j�f�b�j�m�x�s�b�c 

�j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �b�g�`�_�d�p�b�_�c �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (�W�I) �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a �b�e�b �\ 

�]�Z�a�h�h�[�j�Z�a�g�m�x �k�j�_�^�m, �k�h�^�_�j�`�Z�s�m�x �^�b�k�i�_�j�]�b�j�h�\�Z�g�g�u�_ �i�h�j�h�r�d�b �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\ �\ �\�b�^�_ 

�e�b�[�h �i�u�e�_�\�h�]�h �h�[�e�Z�d�Z, �e�b�[�h �m�i�h�j�y�^�h�q�_�g�g�u�o �i�e�Z�a�f�_�g�g�h-�i�u�e�_�\�u�o �k�l�j�m�d�l�m�j. �=�_�g�_�j�Z�l�h�j 

�W�I�I �h�[�t�_�^�b�g�y�_�l �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�m�x �i�m�r�d�m, �\�u�k�h�d�h�\�h�e�v�l�g�u�c �b�k�l�h�q�g�b�d �i�b�l�Z�g�b�y �b 

�\�u�\�h�^�g�h�_ �m�k�l�j�h�c�k�l�\�h (�<�M).  

�W�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�m�r�d�Z �D�W�I-2�F-1 1.1 (�j�b�k. 3.1.4) �l�j�b�h�^�g�h�]�h �l�b�i�Z �k 

�l�_�j�f�h�w�f�b�k�k�b�h�g�g�u�f �d�Z�l�h�^�h�f, �b�a�]�h�l�h�\�e�_�g�g�u�f �b�a  LaB6, �m�k�l�Z�g�h�\�e�_�g�Z �\ �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 

�d�Z�f�_�j�_ 1.5 �b �q�_�j�_�a �\�u�k�h�d�h�\�h�e�v�l�g�u�c �d�Z�[�_�e�v  �i�b�l�Z�_�l�k�y �h�l �b�k�l�h�q�g�b�d�Z SR6/60 (Spellman, 

�K�R�:), �d�h�l�h�j�u�c �\�u�j�Z�[�Z�l�u�\�Z�_�l �k�l�Z�[�b�e�b�a�b�j�h�\�Z�g�g�h�_ �\�u�k�h�d�h�_ �g�Z�i�j�y�`�_�g�b�_ �h�l�j�b�p�Z�l�_�e�v�g�h�c 

�i�h�e�y�j�g�h�k�l�b; �f�Z�d�k�b�f�Z�e�v�g�Z�y �f�h�s�g�h�k�l�v �b�k�l�h�q�g�b�d�Z �í 6 �d�<�l. 

�<�_�e�b�q�b�g�Z �m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �i�m�r�d�b �b �k�b�e�Z �l�h�d�Z �i�m�q�d�Z �j�_�]�m�e�b�j�m�_�l�k�y 

�k�i�_�p�b�Z�e�v�g�u�f �[�e�h�d�h�f �m�i�j�Z�\�e�_�g�b�y �W�I, �h�[�h�a�g�Z�q�_�g�g�u�f �g�Z �k�o�_�f�_ �;�M�W�I-1, �d�h�l�h�j�u�c 

�i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �d�h�g�l�j�h�e�y �j�_�`�b�f�h�\ �j�Z�[�h�l�u �i�m�r�d�b �b �\�u�k�h�d�h�\�h�e�v�l�g�h�]�h �b�k�l�h�q�g�b�d�Z 

�i�b�l�Z�g�b�y, �Z �l�Z�d�`�_ �^�e�y �i�h�^�^�_�j�`�Z�g�b�y �k�i�_�p�b�Z�e�v�g�u�o �j�_�`�b�f�h�\ �j�Z�[�h�l�u �]�_�g�_�j�Z�l�h�j�Z �W�I�I, 

1.5 

1.4

3.2 

3.3 3.1 3.4 

�B�<�I 

�;�
M

�W
�I-1

 

�>�b�Z�]�g�h�k�l�b�q�_�k�d�b�c 
�d�h�f�i�e�_�d�k 

�=�= 

�;�= 

1.1 

1.2 

2.1

2.2 

5.4 

5.25.6 

5.8 

1.3 

5.3 

4.1 

4.2 

3.5 

6.1 

3.6 

3.7 

5.7

4.3 4.4. 

�;�
M

�W
�I-2

 

5.15.5 
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�g�Z�i�j�b�f�_�j, �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�b�o �j�_�`�b�f�h�\, �j�_�`�b�f�h�\ �k �f�h�^�m�e�y�p�b�_�c �b�e�b 

�k�d�Z�g�b�j�h�\�Z�g�b�_�f �W�I. �>�b�Z�i�Z�a�h�g �j�_�]�m�e�b�j�h�\�h�d �m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y U �e�_�`�b�l �\ �i�j�_�^�_�e�Z�o 

20�í60 �d�<, �Z �l�h�d �W�I Ib �f�h�`�_�l �\�Z�j�v�b�j�h�\�Z�l�v�k�y �h�l �g�m�e�y �^�h 200 �f�: .  

�J�Z�[�h�l�Z �;�M�W�I-1 �i�h�^�^�_�j�`�b�\�Z�_�l�k�y �k�i�_�p�b�Z�e�v�g�u�f �d�h�f�i�v�x�l�_�j�h�f, �d�h�l�h�j�u�c �q�_�j�_�a 

�f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�u�_ �f�h�^�m�e�b �\�u�j�Z�[�Z�l�u�\�Z�_�l �m�i�j�Z�\�e�y�x�s�b�_ �k�b�]�g�Z�e�u �^�e�y �\�u�k�h�d�h�\�h�e�v�l�g�h�]�h 

�b�k�l�h�q�g�b�d�Z �i�b�l�Z�g�b�y �b �n�h�j�f�b�j�m�_�l �i�h�k�l�h�y�g�g�h�_ �b�e�b �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�h�_ �g�Z�i�j�y�`�_�g�b�_ 

�k�f�_�s�_�g�b�y, �i�h�^�Z�\�Z�_�f�h�_ �g�Z �k�_�l�h�q�g�u�c �w�e�_�d�l�j�h�^ �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b. �Q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y 

�b�f�i�m�e�v�k�h�\ �\ �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�h�f �j�_�`�b�f�_ �j�Z�[�h�l�u �]�_�g�_�j�Z�l�h�j�Z �W�I�I �j�_�]�m�e�b�j�m�_�l�k�y �\ 

�^�b�Z�i�Z�a�h�g�_ 1�í1000 �=�p, �Z �^�e�b�l�_�e�v�g�h�k�l�v �i�Z�m�a�u �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b – 1�í10-3 �k. �O�Z�j�Z�d�l�_�j�g�h�_ 

�\�j�_�f�y �k�i�Z�^�Z �l�h�d�Z �i�m�q�d�Z �i�j�b �_�]�h �h�l�d�e�x�q�_�g�b�b (�d�j�m�l�b�a�g�Z �a�Z�^�g�_�]�h �n�j�h�g�l�Z �b�f�i�m�e�v�k�Z �W�I) �g�_ 

�i�j�_�\�u�r�Z�_�l 20 �f�d�k, �q�l�h �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �w�d�k�i�_�j�b�f�_�g�l�u �\ �m�k�e�h�\�b�y�o �j�Z�k�i�Z�^�Z�x�s�_�c�k�y 

�i�e�Z�a�f�u [3.2.1]. 

�J�b�k. 3.1.4 �b�e�e�x�k�l�j�b�j�m�_�l �l�Z�d�`�_ �i�j�b�g�p�b�i �^�_�c�k�l�\�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z. 

�W�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d �n�h�j�f�b�j�m�_�l�k�y �\�g�m�l�j�b �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�u 1.5 (�^�Z�\�e�_�g�b�_ �\�g�m�l�j�b 

�d�Z�f�_�j�u �i�h�j�y�^�d�Z 10��5 �L�h�j�j) �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�h�c 1.1 �b �n�h�d�m�k�b�j�m�_�l�k�y �\�h �\�o�h�^�g�h�f �k�_�q�_�g�b�b 

�d�Z�g�Z�e�Z �]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�h�]�h �\�u�\�h�^�g�h�]�h �h�d�g�Z 1.4. �K �i�h�f�h�s�v�x �w�l�h�]�h �h�d�g�Z �W�I �b�g�`�_�d�l�b�j�m�_�l�k�y 

�\ �j�Z�[�h�q�m�x (�j�_�Z�d�p�b�h�g�g�m�x) �d�Z�f�_�j�m 4.1, �\ �d�h�l�h�j�m�x �i�h�^�Z�x�l�k�y �d�h�f�i�h�g�_�g�l�u 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u.  

�< �j�_�a�m�e�v�l�Z�l�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �W�I �k �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�h�c �\ �d�Z�f�_�j�_ 4.1 

�n�h�j�f�b�j�m�_�l�k�y �h�[�e�Z�d�h �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u, �n�h�j�f�Z �b �j�Z�a�f�_�j�u �d�h�l�h�j�h�]�h 

�h�i�j�_�^�_�e�y�x�l�k�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (�k�b�e�h�c �l�h�d�Z �i�m�q�d�Z �b �m�k�d�h�j�y�x�s�b�f 

�g�Z�i�j�y�`�_�g�b�_�f �i�m�r�d�b), �^�Z�\�e�_�g�b�_�f �b �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u, �Z 

�l�Z�d�`�_ �h�k�h�[�_�g�g�h�k�l�y�f�b �d�h�g�k�l�j�m�d�p�b�b �\�u�\�h�^�g�h�]�h �h�d�g�Z. 

�>�e�y �m�i�j�Z�\�e�_�g�b�y �i�h�e�h�`�_�g�b�_�f �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z �b�k�i�h�e�v�a�m�_�l�k�y �m�k�l�Z�g�Z�\�e�b�\�Z�_�f�Z�y �g�Z 

�\�u�o�h�^�_ �\�u�\�h�^�g�h�]�h �h�d�g�Z �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�y �k�b�k�l�_�f�Z 2.2, �k�i�h�k�h�[�g�Z�y �h�l�d�e�h�g�y�l�v �h�k�v �b�g�`�_�d�p�b�b 

�i�m�q�d�Z �i�h �h�k�y�f x �b y,  �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�f �h�k�b �b�g�`�_�d�p�b�b z. �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�y �k�b�k�l�_�f�Z 

�m�i�j�Z�\�e�y�_�l�k�y �d�h�g�l�j�h�e�e�_�j�h�f �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z, �h�[�h�a�g�Z�q�_�g�g�u�f �g�Z �k�o�_�f�_ �;�M�W�I-2, �d�h�l�h�j�u�c 

�f�h�`�_�l �n�h�j�f�b�j�h�\�Z�l�v �j�Z�k�l�j�u �j�Z�a�e�b�q�g�h�c �n�h�j�f�u (�e�b�g�_�c�g�Z�y �j�Z�a�\�_�j�l�d�Z, �i�j�y�f�h�m�]�h�e�v�g�b�d, �d�j�m�] �b 

�^�j.) �\ �i�e�h�k�d�h�k�l�b (xy). 

�D�h�g�k�l�j�m�d�p�b�y �b �i�j�b�g�p�b�i �^�_�c�k�l�\�b�y �<�M, �q�_�j�_�a �d�h�l�h�j�h�_ �h�k�m�s�_�k�l�\�e�y�_�l�k�y �b�g�`�_�d�p�b�y �W�I 

�\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m, �b�e�e�x�k�l�j�b�j�m�x�l�k�y �j�b�k�m�g�d�h�f 3.2.1. �<�M �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 

�]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�h�_ �h�d�g�h �k �^�\�m�f�y �]�j�Z�n�b�l�h�\�u�f�b �\�k�l�Z�\�d�Z�f�b 6 �b 7, �a�Z�i�j�_�k�k�h�\�Z�g�g�u�f�b �\�h 

�\�o�h�^�g�m�x �b �\�u�o�h�^�g�m�x �k�_�d�p�b�b �d�h�j�i�m�k�Z �b �h�[�j�Z�s�_�g�g�u�f�b �k�h�h�l�\�_�l�k�l�\�_�g�g�h �d �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 

�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�Z�f �m�k�l�Z�g�h�\�d�b. �=�j�Z�n�b�l�h�\�u�_ �\�k�l�Z�\�d�b �b�f�_�x�l �i�j�h�^�h�e�v�g�u�_ 

�i�j�h�n�b�e�b�j�h�\�Z�g�g�u�_ �d�Z�g�Z�e�u �k �^�b�Z�f�_�l�j�h�f �f�b�g�b�f�Z�e�v�g�h�]�h �k�_�q�_�g�b�y �| 1 �f�f . �B�f�_�g�g�h �w�l�b �d�Z�g�Z�e�u 
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�h�[�_�k�i�_�q�b�\�Z�x�l �i�h�\�u�r�_�g�b�_ �^�Z�\�e�_�g�b�y �\�^�h�e�v �l�j�Z�d�l�Z �i�j�h�\�h�^�d�b �i�m�q�d�Z �k �a10-5 �L�h�j�j �\ 

�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_ �^�h �j�Z�[�h�q�_�]�h �^�Z�\�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ (10-2-102 �L�h�j�j). 

�G�Z�d�e�h�g�g�Z�y �i�_�j�_�]�h�j�h�^�d�Z 2  �j�Z�a�^�_�e�y�_�l �i�j�h�k�l�j�Z�g�k�l�\�h �f�_�`�^�m �\�k�l�Z�\�d�Z�f�b �g�Z �^�\�Z �h�[�t�_�f�Z, 

�d�h�l�h�j�u�_ �g�_�a�Z�\�b�k�b�f�h �h�l�d�Z�q�b�\�Z�x�l�k�y �n�h�j�\�Z�d�m�m�f�g�u�f�b �g�Z�k�h�k�Z�f�b �q�_�j�_�a �i�Z�l�j�m�[�d�b 3 �b 5. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �<�M �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �^�\�m�o�k�l�m�i�_�g�q�Z�l�m�x �r�e�x�a�h�\�m�x �k�b�k�l�_�f�m �k 

�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c �h�l�d�Z�q�d�h�c. �K�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �W�I �i�j�h�o�h�^�b�l �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �q�_�j�_�a 

�d�Z�g�Z�e �\�o�h�^�g�h�c �\�k�l�Z�\�d�b 6, �h�l�\�_�j�k�l�b�_ �\ �g�Z�d�e�h�g�g�h�c �i�_�j�_�]�h�j�h�^�d�_ 2, �d�Z�g�Z�e �\�u�o�h�^�g�h�c �\�k�l�Z�\�d�b 7 

�b �i�h�i�Z�^�Z�_�l �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m. 

�< �h�[�j�Z�l�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �i�h �l�j�Z�d�l�m �<�M �l�_�q�_�l �i�h�l�h�d �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �q�Z�k�l�v 

�d�h�l�h�j�h�]�h �^�h�k�l�b�]�Z�_�l �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�u. �H�i�l�b�f�b�a�Z�p�b�y �d�h�g�k�l�j�m�d�p�b�b �<�M �i�h�a�\�h�e�b�e�Z 

�^�h�[�b�l�v�k�y �\�u�k�h�d�h�]�h �i�j�h�o�h�`�^�_�g�b�y �W�I (�| 75% �f�h�s�g�h�k�l�b �g�Z �\�o�h�^�_ �\ �<�M), �i�j�b �w�l�h�f �g�Z�l�_�d�Z�g�b�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\ �\�u�k�h�d�h�\�Z�d�m�m�f�g�m�x �d�Z�f�_�j�m �d�h�f�i�_�g�k�b�j�m�_�l�k�y �h�l�d�Z�q�d�h�c �]�Z�a�Z �k 

�i�h�f�h�s�v�x �i�Z�j�h�f�Z�k�e�y�g�h�]�h �g�Z�k�h�k�Z (�i�h�a. 3.2 �g�Z �j�b�k. 3.1.4). 

 

�J�b�k. 3.2.1. �D�h�g�k�l�j�m�d�p�b�y �\�u�\�h�^�g�h�]�h �m�k�l�j�h�c�k�l�\�Z: 1, 4 – �d�h�g�b�q�_�k�d�b�_ �d�j�u�r�d�b; 2 – �d�h�j�i�m�k �k 

�g�Z�d�e�h�g�g�h�c �i�_�j�_�]�h�j�h�^�d�h�c; 3,  5 – �i�Z�l�j�m�[�d�b �k �n�e�Z�g�p�Z�f�b; 6, 7 – �]�j�Z�n�b�l�h�\�u�_ �\�k�l�Z�\�d�b 

 

3.3.  �J�_�Z�d�p�b�h�g�g�Z�y �d�Z�f�_�j�Z 

�< �e�Z�[�h�j�Z�l�h�j�g�u�o �h�[�j�Z�a�p�Z�o �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 

�p�b�e�b�g�^�j�b�q�_�k�d�b�_ �b�e�b �i�j�y�f�h�m�]�h�e�v�g�u�_ �j�Z�[�h�q�b�_  �d�Z�f�_�j�u �k �h�[�t�_�f�h�f �a 0,1-0,5 �f3,  �k�\�Z�j�_�g�g�u�_ 

�b�a �k�l�Z�e�b �O18�G12�L. �G�Z �j�b�k. 3.3.1 �i�h�d�Z�a�Z�g�Z �d�h�g�k�l�j�m�d�p�b�y �m�g�b�\�_�j�k�Z�e�v�g�h�c �j�_�Z�d�p�b�h�g�g�h�c 

�d�Z�f�_�j�u, �g�Z �d�h�l�h�j�h�c �i�j�h�\�_�^�_�g�Z �a�g�Z�q�b�l�_�e�v�g�Z�y �q�Z�k�l�v �h�i�b�k�u�\�Z�_�f�u�o �g�b�`�_ �w�d�k�i�_�j�b�f�_�g�l�h�\. 

�P�b�e�b�g�^�j�b�q�_�k�d�b�c �d�h�j�i�m�k 10 �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �k�g�Z�[�`�_�g �i�e�h�k�d�b�f�b �h�l�d�Z�l�g�u�f�b 

�d�j�u�r�d�Z�f�b 5 �b 13. �G�Z �d�j�u�r�d�_ 13 �k �i�h�f�h�s�v�x �k�b�e�v�n�h�g�g�h�]�h �m�a�e�Z 1 �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �<�M �b 
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�w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�m�r�d�Z (�g�Z �j�b�k�m�g�d�_ �g�_ �i�h�d�Z�a�Z�g�u). �< �k�e�m�q�Z�_ �g�_�h�[�o�h�^�b�f�h�k�l�b �w�l�Z �d�j�u�r�d�Z 

�f�h�`�_�l �[�u�l�v �h�l�h�^�\�b�g�m�l�Z �k �i�h�f�h�s�v�x �h�l�d�Z�l�g�h�]�h �m�k�l�j�h�c�k�l�\�Z. �G�Z �w�l�h�c �`�_ �d�j�u�r�d�_ �b�f�_�_�l�k�y 

�j�Z�^�b�Z�p�b�h�g�g�h-�a�Z�s�b�s�_�g�g�h�_ �k�f�h�l�j�h�\�h�_ �h�d�g�h 15, �b�a�]�h�l�h�\�e�_�g�g�h�_ �b�a �k�l�_�d�e�Z �L�N-5, �d�h�l�h�j�h�_ 

�k�e�m�`�b�l �^�e�y �\�b�a�m�Z�e�v�g�h�]�h �g�Z�[�e�x�^�_�g�b�y �b �\�b�^�_�h�a�Z�i�b�k�b �w�d�k�i�_�j�b�f�_�g�l�h�\. 

 

�J�b�k. 3.3.1. �D�h�g�k�l�j�m�d�p�b�y �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u: 

1 – �k�b�e�v�n�h�g�g�u�c �m�a�_�e �\ �k�[�h�j�_; 2 – �]�_�j�f�_�l�b�q�g�u�c �g�b�a�d�h�\�h�e�v�l�g�u�c �j�Z�a�t�_�f; 3 – �h�d�g�h �^�e�y 

�h�i�l�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�c; 4 – �i�Z�l�j�m�[�h�d �i�h�^�Z�q�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z; 5, 13 – �d�j�u�r�d�b 

�j�Z�[�h�q�_�c �d�Z�f�_�j�u; 6 – �K�<�Q-�\�\�h�^�u; 7 – �h�o�e�Z�`�^�Z�_�f�u�c �i�h�]�e�h�l�b�l�_�e�v �w�e�_�d�l�j�h�g�h�\; 8 – 

�\�Z�d�m�m�f�g�u�c �l�j�m�[�h�i�j�h�\�h�^; 9 – �]�_�j�f�_�l�b�q�g�u�c �<�Q-�j�Z�a�t�_�f; 10 – �d�h�j�i�m�k �j�Z�[�h�q�_�c �d�Z�f�_�j�u; 11 – 

�h�i�l�h�\�h�e�h�d�h�g�g�Z�y �r�Z�c�[�Z; 12 – �\�Z�d�m�m�f�f�_�l�j�b�q�_�k�d�b�c �^�Z�l�q�b�d; 14 – �h�l�d�e�h�g�y�x�s�Z�y �k�b�k�l�_�f�Z; 15 – 

�j�Z�^�b�Z�p�b�h�g�g�h-�a�Z�s�b�s�_�g�g�h�_ �h�d�g�h. 

�G�Z �i�j�h�l�b�\�h�i�h�e�h�`�g�h�c �d�j�u�r�d�_ 5 �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �k�f�h�g�l�b�j�h�\�Z�g �m�a�_�e 8, 

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y �k�h�_�^�b�g�_�g�b�y �d�Z�f�_�j�u �k �\�Z�d�m�m�f�g�h�c �f�Z�]�b�k�l�j�Z�e�v�x �b �d�h�g�k�l�j�m�d�l�b�\�g�h 

�h�[�t�_�^�b�g�_�g�g�u�c �k �h�o�e�Z�`�^�Z�_�f�u�f �i�h�]�e�h�l�b�l�_�e�_�f �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ 7. �G�Z �\�g�m�l�j�_�g�g�_�c 

�i�e�h�k�d�h�k�l�b �i�h�]�e�h�l�b�l�_�e�y �f�h�`�_�l �[�u�l�v �m�k�l�Z�g�h�\�e�_�g �p�b�e�b�g�^�j �N�Z�j�Z�^�_�y, �b�k�i�h�e�v�a�m�_�f�u�c �i�j�b 

�x�k�l�b�j�h�\�d�_ �w�e�_�d�l�j�h�g�g�h-�h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �m�k�l�Z�g�h�\�d�b, �Z �l�Z�d�`�_ �^�e�y �b�a�f�_�j�_�g�b�y �l�h�d�Z �i�m�q�d�Z, 

�b�g�`�_�d�l�b�j�m�_�f�h�]�h �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m. �D�h�]�^�Z �d�Z�f�_�j�Z �j�Z�a�]�_�j�f�_�l�b�a�b�j�h�\�Z�g�Z, �d�j�u�r�d�Z 5 

�f�h�`�_�l �[�u�l�v �h�l�h�^�\�b�g�m�l�Z �h�l �d�h�j�i�m�k�Z, �i�j�b �w�l�h�f �h�l�d�j�u�\�Z�_�l�k�y �^�h�k�l�m�i �d �w�e�_�f�_�g�l�Z�f �\�g�m�l�j�_�g�g�_�c 

�h�k�g�Z�k�l�d�b �d�Z�f�_�j�u. �I�h�^�\�b�`�g�h�k�l�v �d�j�u�r�d�b 5 �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �]�b�[�d�b�f �k�b�e�v�n�h�g�g�u�f �r�e�Z�g�]�h�f 
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(�g�Z �j�b�k. 3.3.1 �g�_ �i�h�d�Z�a�Z�g), �k�h�_�^�b�g�y�x�s�b�f �n�e�Z�g�_�p �i�j�b�k�h�_�^�b�g�b�l�_�e�v�g�h�]�h �m�a�e�Z 8 �k �\�Z�d�m�m�f�g�h�c 

�k�b�k�l�_�f�h�c. 

�>�e�y �i�h�^�d�e�x�q�_�g�b�y �d �\�g�_�r�g�b�f �k�b�k�l�_�f�Z�f �d�Z�f�_�j�Z �k�g�Z�[�`�_�g�Z:  

�x �G�_�k�d�h�e�v�d�b�f�b �i�Z�l�j�m�[�d�Z�f�b �^�e�y �i�h�^�Z�q�b �]�Z�a�h�h�[�j�Z�a�g�u�o �d�h�f�i�h�g�_�g�l�h�\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�f�_�k�b 4. 

�x �=�_�j�f�_�l�b�q�g�u�f �f�g�h�]�h�r�l�u�j�v�d�h�\�u�f �g�b�a�d�h�\�h�e�v�l�g�u�f �j�Z�a�t�_�f�h�f 2 �^�e�y �i�h�^�Z�q�b 

�i�b�l�Z�g�b�y �g�Z �w�e�_�f�_�g�l�u �\�g�m�l�j�_�g�g�_�c �h�k�g�Z�k�l�d�b �d�Z�f�_�j�u �b �^�e�y �i�_�j�_�^�Z�q�b �k�b�]�g�Z�e�h�\ �h�l 

�j�Z�a�f�_�s�_�g�g�u�o �\�g�m�l�j�b �g�_�_ �k�_�g�k�h�j�h�\ �g�Z �\�g�_�r�g�b�_ �i�j�b�[�h�j�u.  

�x �F�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b �]�_�j�f�h�\�\�h�^�Z�f�b �q�_�j�_�a �d�h�l�h�j�u�_ �h�k�m�s�_�k�l�\�e�y�e�k�y 

�\�\�h�/̂�\�u�\�h�^ �h�i�l�b�q�_�k�d�b�o �b �w�e�_�d�l�j�b�q�_�k�d�b�o (�\�u�k�h�d�h�\�h�e�v�l�g�u�o, �g�b�a�d�h�\�h�e�v�l�g�u�o, 

�\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o) �k�b�]�g�Z�e�h�\; �q�_�j�_�a �]�b�^�j�Z�\�e�b�q�_�k�d�b�_ �b �f�_�o�Z�g�b�q�_�k�d�b�_ �\�\�h�^�u 

�i�j�h�b�a�\�h�^�b�e�Z�k�v �i�h�^�Z�q�Z �`�b�^�d�h�k�l�_�c �b �f�_�o�Z�g�b�q�_�k�d�h�]�h �^�\�b�`�_�g�b�y �\�g�m�l�j�v �d�Z�f�_�j�u. 

�x �H�i�l�h�\�h�e�h�d�h�g�g�u�f�b �r�Z�c�[�Z�f�b 11, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�f�b �^�e�y �\�\�h�^�Z �\�g�m�l�j�v �d�Z�f�_�j�u 

�k�\�_�l�h�\�h�^�h�\, �d�h�l�h�j�u�_ �i�j�b�f�_�g�y�e�b�k�v �i�j�b �h�i�l�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�y�o. 

�<�g�m�l�j�b �d�Z�f�_�j�u �f�h�]�m�l �[�u�l�v �k�f�h�g�l�b�j�h�\�Z�g�u �j�Z�a�e�b�q�g�u�_ �w�e�_�f�_�g�l�u �\�g�m�l�j�_�g�g�_�c 

�h�k�g�Z�k�l�d�b, �k�j�_�^�b �d�h�l�h�j�u�o �k�e�_�^�m�_�l �h�k�h�[�h �h�l�f�_�l�b�l�v �k�e�_�^�m�x�s�b�_: 

�x �W�e�_�d�l�j�h�^�g�u�_ �k�b�k�l�_�f�u, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_ �^�e�y �i�h�^�^�_�j�`�Z�g�b�y �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\ 

�j�Z�a�e�b�q�g�u�o �q�Z�k�l�h�l�g�u�o �^�b�Z�i�Z�a�h�g�h�\ �b �n�h�j�f�b�j�h�\�Z�g�b�y �\�g�m�l�j�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u 

�l�Z�d �g�Z�a�u�\�Z�_�f�u�o �i�e�Z�a�f�_�g�g�u�o �e�h�\�m�r�_�d – �a�h�g �k�h �k�i�_�p�b�Z�e�v�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f 

�g�Z�i�j�y�`�_�g�g�h�k�l�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y. 

�x �I�_�j�\�b�q�g�u�_ �k�_�g�k�h�j�u �k�b�k�l�_�f�u �^�b�Z�]�g�h�k�l�b�d�b �i�e�Z�a�f�u, �\ �l�h�f �q�b�k�e�_ – �K�<�Q-

�j�_�a�h�g�Z�l�h�j �^�e�y �b�a�f�_�j�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �w�e�_�d�l�j�h�g�h�\ �\ �W�I�I. 

�x �>�b�k�i�_�j�]�b�j�m�x�s�b�_ �m�k�l�j�h�c�k�l�\�Z, �b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y �k�h�a�^�Z�g�b�y �Z�w�j�h�a�h�e�v�g�u�o 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^. 

�x �K�h�i�e�h�\�u�_ �m�k�l�j�h�c�k�l�\�Z �b �^�_�n�e�_�d�l�h�j�u, �n�h�j�f�b�j�m�x�s�b�_ �e�h�d�Z�e�v�g�u�_ �i�h�l�h�d�b �]�Z�a�Z �b�e�b 

�i�Z�j�Z �\�g�m�l�j�b �j�Z�[�h�q�_�c �d�Z�f�_�j�u. 

�x �W�e�_�d�l�j�h�f�_�o�Z�g�b�q�_�k�d�b�_ �b/�b�e�b �i�g�_�\�f�Z�l�b�q�_�k�d�b�_ �f�Z�g�b�i�m�e�y�l�h�j�u �^�e�y �i�_�j�_�f�_�s�_�g�b�y 

�w�e�_�f�_�g�l�h�\ �\�g�m�l�j�_�g�g�_�c �h�k�g�Z�k�l�d�b �d�Z�f�_�j�u. 

 

3.4. �K�b�k�l�_�f�Z �n�h�j�f�b�j�h�\�Z�g�b�y �]�Z�a�h�n�Z�a�g�h�]�h �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z 

�D �i�g�_�\�f�Z�l�b�q�_�k�d�b�f �\�\�h�^�Z�f �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �l�Z�d�`�_ �i�h�^�d�e�x�q�Z�e�Z�k�v �k�b�k�l�_�f�Z 

�i�h�^�Z�q�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �]�Z�a�h�\ (�j�b�k. 3.1.4, �l�Z�[�e�b�p�Z 3.1.1). �=�e�Z�\�g�u�f �w�e�_�f�_�g�l�h�f �w�l�h�c 

�k�b�k�l�_�f�u �y�\�e�y�_�l�k�y �d�h�g�l�j�h�e�e�_�j �i�h�^�Z�q�b �]�Z�a�h�\ (�D�I�=) – �Z�\�l�h�f�Z�l�b�q�_�k�d�h�_ �m�k�l�j�h�c�k�l�\�h, 

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�_ �^�e�y  �\�^�m�\�Z �\ �d�Z�f�_�j�m �]�Z�a�h�h�[�j�Z�a�g�u�o �b�e�b �i�Z�j�h�\�u�o �d�h�f�i�h�g�_�g�l�h�\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�f�_�k�b �h�l �]�Z�a�h�\�h�]�h �[�Z�e�e�h�g�Z (�;�=) �b/�b�e�b �i�Z�j�h-�]�Z�a�h�]�_�g�_�j�Z�l�h�j�Z (�=�=). �W�l�h 
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�`�_ �m�k�l�j�h�c�k�l�\�h �m�i�j�Z�\�e�y�_�l �f�h�l�u�e�v�d�h�\�u�f �d�e�Z�i�Z�g�h�f (�i�h�a�b�p�b�y 5.8 �g�Z �j�b�k. 3.1.4), 

�j�_�]�m�e�b�j�m�x�s�b�f �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �h�l�d�Z�q�d�b �]�Z�a�h�\ �b�a �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �\�g�m�l�j�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_ �\ �l�_�q�_�g�b�_ �^�e�b�l�_�e�v�g�h�]�h 

�\�j�_�f�_�g�b (1 �q�Z�k �b �[�h�e�_�_) �i�h�^�^�_�j�`�b�\�Z�_�l�k�y �i�h�k�l�h�y�g�g�h�_ �i�h �\�_�e�b�q�b�g�_ (�k �l�h�q�g�h�k�l�v�x �r5%) 

�i�h�e�g�h�_ �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �k �a�Z�^�Z�g�g�u�f �k�h�h�l�g�h�r�_�g�b�_�f �i�Z�j�p�b�Z�e�v�g�u�o 

�^�Z�\�e�_�g�b�c �_�_ �d�h�f�i�h�g�_�g�l. �W�l�h �y�\�e�y�_�l�k�y �q�j�_�a�\�u�q�Z�c�g�h �\�Z�`�g�u�f �^�e�y �i�h�^�^�_�j�`�Z�g�b�y �i�h�k�l�h�y�g�k�l�\�Z 

�m�k�e�h�\�b�c �h�k�m�s�_�k�l�\�e�_�g�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c, �i�j�h�l�_�d�Z�x�s�b�o �\ �]�Z�a�h�n�Z�a�g�h�f 

�j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �b �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o �f�Z�k�k�b�\�g�u�o �h�[�j�Z�a�p�h�\ �b�e�b �q�Z�k�l�b�p 

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u. 

�<�Z�d�m�m�f�f�_�l�j�b�q�_�k�d�b�_ �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b 5.6, �\ �d�Z�q�_�k�l�\�_ �d�h�l�h�j�u�o �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 

�[�Z�j�Z�l�j�h�g�u �Z�[�k�h�e�x�l�g�h�]�h �^�Z�\�e�_�g�b�y �k�_�j�b�c 626 �b 627 (MKS Instruments, �=�_�j�f�Z�g�b�y), �k�i�h�k�h�[�g�u 

�j�Z�[�h�l�Z�l�v �d�Z�d �k�Z�f�h�k�l�h�y�l�_�e�v�g�h, �l�Z�d �b �\ �k�h�k�l�Z�\�_ �k�b�k�l�_�f�u �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h �j�_�]�m�e�b�j�h�\�Z�g�b�y �b 

�i�h�^�^�_�j�`�Z�g�b�y �^�Z�\�e�_�g�b�y �b �i�_�j�_�d�j�u�\�Z�x�l �r�b�j�h�d�b�c �^�b�Z�i�Z�a�h�g �^�Z�\�e�_�g�b�c �í Pm = 0,01�í100 �L�h�j�j. 

�G�_�i�j�_�j�u�\�g�Z�y �h�l�d�Z�q�d�Z �]�Z�a�h�\ �b�a �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k�m�o�b�f 

�f�_�o�Z�g�b�q�_�k�d�b�f �n�h�j�\�Z�d�m�m�f�g�u�f �g�Z�k�h�k�h�f 3.4. �N�h�j�\�Z�d�m�m�f�g�u�_ �g�Z�k�h�k�u 3.3 (2 �r�l .) 

�h�[�_�k�i�_�q�b�\�Z�x�l �j�Z�[�h�l�m �r�e�x�a�h�\�h�c �k�b�k�l�_�f�u �\�u�\�h�^�g�h�]�h �h�d�g�Z, �Z �g�Z�k�h�k 3.1 �y�\�e�y�_�l�k�y �g�Z�k�h�k�h�f 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �j�Z�a�j�y�`�_�g�b�y �^�e�y �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�]�h �g�Z�k�h�k�Z 3.2, �^�b�n�n�m�a�b�h�g�g�h�]�h �b�e�b 

�l�m�j�[�h�f�h�e�_�d�m�e�y�j�g�h�]�h, �d�h�l�h�j�u�c �i�h�^�^�_�j�`�b�\�Z�_�l �^�Z�\�e�_�g�b�_ �\ �d�Z�f�_�j�_ 1.5, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y 

�m�k�l�h�c�q�b�\�h�c �j�Z�[�h�l�u �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b 1.1.  

 

3.5. �>�b�Z�]�g�h�k�l�b�q�_�k�d�b�c �d�h�f�i�e�_�d�k 

�<�g�m�l�j�b �b �k�g�Z�j�m�`�b �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j �g�Z�o�h�^�y�l�k�y �j�Z�a�e�b�q�g�u�_ 

�k�_�g�k�h�j�u (�\�Z�d�m�m�f�f�_�l�j�u, �^�Z�l�q�b�d�b �l�_�f�i�_�j�Z�l�m�j�u, �b�a�f�_�j�b�l�_�e�b �l�h�d�Z �i�m�q�d�Z �b �^�j.), �d�h�l�h�j�u�_  

�d�h�g�l�j�h�e�b�j�m�x�l �j�Z�[�h�l�m �j�_�Z�d�l�h�j�Z �b �k�g�b�f�Z�x�l �b�g�n�h�j�f�Z�p�b�x �h �i�j�h�p�_�k�k�Z�o, �i�j�h�l�_�d�Z�x�s�b�o �\ 

�j�Z�[�h�q�_�c �d�Z�f�_�j�_. �W�l�Z �b�g�n�h�j�f�Z�p�b�y �i�_�j�_�^�Z�_�l�k�y �g�Z �d�h�f�i�v�x�l�_�j�u �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h �d�h�f�i�e�_�d�k�Z, 

�]�^�_ �h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y �b �o�j�Z�g�b�l�k�y. �< �k�h�k�l�Z�\ �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h �d�h�f�i�e�_�d�k�Z �l�Z�d�`�_ �\�o�h�^�y�l 

�h�i�l�b�q�_�k�d�b�_ �k�i�_�d�l�j�h�f�_�l�j�u �M�N-, �\�b�^�b�f�h�]�h �b �B�D-�^�b�Z�i�Z�a�h�g�h�\, �f�Z�k�k-�k�i�_�d�l�j�h�f�_�j, �h�i�l�b�q�_�k�d�b�c 

�i�b�j�h�f�_�l�j �b �j�y� ̂�^�j�m�]�b�o �i�j�b�[�h�j�h�\. 

�I�j�b �\�u�i�h�e�g�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �g�_�i�j�_�j�u�\�g�h �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v �b �a�Z�i�b�k�u�\�Z�e�b�k�v �\ 

�i�Z�f�y�l�v �]�e�Z�\�g�h�]�h �d�h�f�i�v�x�l�_�j�Z �a�g�Z�q�_�g�b�y �m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y U, �l�h�d�Z �W�I �g�Z �\�o�h�^�_ �\ 

�<�M, Ib0, �i�h�e�g�h�]�h �^�Z�\�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_, Pm, �Z �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �i�e�Z�a�f�h�c 

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o �]�Z�a�h�\�u�o �k�f�_�k�_�c – �b �h�[�t�_�f�g�u�_ �j�Z�k�o�h�^�u �_�_ �d�h�f�i�h�g�_�g�l�h�\. 

�<�_�e�b�q�b�g�Z �l�h�d�Z �W�I, �i�j�h�r�_�^�r�_�]�h �<�M, Ib, �b�a�f�_�j�y�e�Z�k�v �p�b�e�b�g�^�j�h�f �N�Z�j�Z�^�_�y, 

�k�f�h�g�l�b�j�h�\�Z�g�g�u�f �g�Z �a�Z�^�g�_�c �d�j�u�r�d�_ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. �B�a�f�_�j�_�g�b�y Ib �i�j�h�\�h�^�b�e�b�k�v �i�j�b 
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�^�h�k�l�Z�l�h�q�g�h �]�e�m�[�h�d�h�c �h�l�d�Z�q�d�_ �d�Z�f�_�j�u (Pm < 0,1 �L�h�j�j), �d�h�]�^�Z �i�e�Z�a�f�Z �h�k�l�Z�l�h�q�g�h�]�h �]�Z�a�Z �g�_ 

�b�k�d�Z�`�Z�_�l �i�h�d�Z�a�Z�g�b�y �p�b�e�b�g�^�j�Z �N�Z�j�Z�^�_�y. 

�;�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �k�b�k�l�_�f�Z �b�a�f�_�j�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�j�Z�a�p�Z. �< 

�w�d�k�i�_�j�b�f�_�g�l�Z�o �k �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�f�b �h�[�j�Z�a�p�Z�f�b �q�m�\�k�l�\�b�l�_�e�v�g�u�f �w�e�_�f�_�g�l�h�f �k�b�k�l�_�f�u 

�y�\�e�y�e�k�y �f�b�g�b�Z�l�x�j�g�u�c �^�Z�l�q�b�d �l�_�f�i�_�j�Z�l�m�j�u Honeywell HEL-700 (Honeywell, �K�R�:), 

�d�h�l�h�j�u�c �j�Z�a�f�_�s�Z�e�k�y �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z�^ �i�h�\�_�j�o�g�h�k�l�v�x �f�h�g�h�k�e�h�y �i�h�j�h�r�d�Z, �g�Z�k�u�i�Z�g�g�h�]�h 

�g�Z �^�g�h �d�h�g�l�_�c�g�_�j�Z (�k�f. �j�Z�a�^�_�e 5.1). �L�_�j�f�h�^�Z�l�q�b�d �q�_�j�_�a �f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�u�c �[�e�h�d 

�\�d�e�x�q�Z�e�k�y �\ �p�_�i�v �h�[�j�Z�l�g�h�c �k�\�y�a�b �[�e�h�d�Z �m�i�j�Z�\�e�_�g�b�y �i�m�q�d�h�f �b �\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_ 

�i�h�^�^�_�j�`�b�\�Z�e �i�h�k�l�h�y�g�g�m�x, �g�Z�i�_�j�_�^ �a�Z�^�Z�g�g�m�x �l�_�f�i�_�j�Z�l�m�j�m �h�[�j�Z�a�p�Z �i�h�k�j�_�^�k�l�\�h�f 

�j�_�]�m�e�b�j�h�\�d�b �k�b�e�u �l�h�d�Z �W�I. �L�_�f�i�_�j�Z�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�Z�k�l�b�g �b �l�j�m�[, �l�Z�d�`�_ 

�b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �d�Z�q�_�k�l�\�_ �h�[�j�Z�a�p�h�\ (�k�f. �j�Z�a�^�_�e 6.1), �b�a�f�_�j�y�e�Z�k�v �i�b�j�h�f�_�l�j�h�f Optris LS 

(Optris, �=�_�j�f�Z�g�b�y) �q�_�j�_�a �B�D-�i�j�h�a�j�Z�q�g�h�_ �h�d�g�h, �b�a�]�h�l�h�\�e�_�g�g�h�_ �b�a �k�_�e�_�g�b�^�Z �p�b�g�d�Z. �K�b�]�g�Z�e �k 

�i�b�j�h�f�_�l�j�Z �q�_�j�_�a �Z�g�Z�e�h�]�h-�p�b�n�j�h�\�h�c �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v �\�u�\�h�^�b�e�k�y �g�Z �d�h�f�i�v�x�l�_�j, 

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y �g�Z�d�h�i�e�_�g�b�y �b �h�[�j�Z�[�h�l�d�b �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�c. 

�;�e�h�d �k�o�_�f�Z �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h �d�h�f�i�e�_�d�k�Z, �g�Z �d�h�l�h�j�h�c �i�h�d�Z�a�Z�g�u �_�]�h �h�k�g�h�\�g�u�_ 

�w�e�_�f�_�g�l�u, �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 3.5.1.  

�>�e�y �d�h�g�l�j�h�e�y �k�h�k�l�Z�\�Z �]�Z�a�h�\�h�c �k�j�_�^�u �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ �[�u�e�Z �h�l�j�Z�[�h�l�Z�g�Z 

�k�b�k�l�_�f�Z �h�i�l�b�q�_�k�d�h�c �^�b�Z�]�g�h�k�l�b�d�b �W�I�I, �h�k�g�h�\�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �d�h�l�h�j�h�c �[�u�e�b 

�k�i�_�d�l�j�h�f�_�l�j�u Avaspec-2048-2 �b Avaspec-NIR256-1,7 (Avantes, �G�b�^�_�j�e�Z�g�^�u). �I�_�j�\�u�c �b�a 

�g�b�o �b�f�_�_�l �j�Z�[�h�q�b�c �^�b�Z�i�Z�a�h�g �^�e�b�g �\�h�e�g �h�l 200 �g�f �^�h 1100 �g�f, �Z �\�l�h�j�h�c �j�Z�[�h�l�Z�_�l �\ 

�[�e�b�`�g�_�f �B�D-�^�b�Z�i�Z�a�h�g�_ 900-1759 �g�f. �>�e�y �d�Z�`�^�h�]�h �b�a �k�i�_�d�l�j�h�f�_�l�j�h�\ �b�a�e�m�q�_�g�b�_, 

�w�f�b�l�b�j�h�\�Z�g�g�h�_ �g�_�d�h�l�h�j�u�f �h�[�t�_�f�h�f �i�e�Z�a�f�u, �k�h�[�b�j�Z�e�h�k�v �d�h�e�e�b�f�Z�p�b�h�g�g�u�f�b �e�b�g�a�Z�f�b, 

�m�k�l�Z�g�h�\�e�_�g�g�u�f�b �g�Z �h�^�g�h�f �b�a �d�h�g�p�h�\ �h�i�l�h�\�h�e�h�d�h�g�g�h�c �e�b�g�b�b; �\�l�h�j�h�c �d�h�g�_�p �e�b�g�b�b 

�i�h�^�d�e�x�q�Z�e�k�y �g�Z �\�o�h�^ �k�i�_�d�l�j�h�f�_�l�j�Z. �I�j�h�o�h�^ �h�i�l�h�\�h�e�h�d�h�g�g�h�c �e�b�g�b�b �q�_�j�_�a �k�l�_�g�d�m 

�j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �h�k�m�s�_�k�l�\�e�y�e�k�y �i�h�k�j�_�^�k�l�\�h�f �k�i�_�p�b�Z�e�v�g�h�c �h�i�l�h�\�h�e�h�d�h�g�g�h�c �r�Z�c�[�u. 

�H�[�Z �k�i�_�d�l�j�h�f�_�l�j�Z �\�f�_�k�l�_ �k �h�i�l�h�\�h�e�h�d�h�g�g�u�f�b �e�b�g�b�y�f�b �b �d�h�e�e�b�f�Z�p�b�h�g�g�u�f�b �e�b�g�a�Z�f�b 

�d�Z�e�b�[�j�h�\�Z�e�b�k�v �i�h �b�k�l�h�q�g�b�d�m �b�a�e�m�q�_�g�b�y Avaspec-AvaLight Hal (Avantes, �G�b�^�_�j�e�Z�g�^�u). 

�G�Z �j�b�k. 3.5.2 �\ �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �i�j�b�\�_�^�_�g �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �k�g�y�l�u�c �k�i�_�d�l�j �W�I�I 

�d�b�k�e�h�j�h�^�Z. �>�e�y �k�j�Z�\�g�_�g�b�y �g�Z �l�h�f �`�_ �j�b�k�m�g�d�_ �i�h�d�Z�a�Z�g �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �\�h�a�^�m�r�g�h�c �W�I�I. 

�< �d�b�k�e�h�j�h�^�g�h�c �W�I�I �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h�c �y�\�e�y�_�l�k�y �e�b�g�b�y �Z�l�h�f�Z�j�g�h�]�h �d�b�k�e�h�j�h�^�Z �H �k 

�o�Z�j�Z�d�l�_�j�g�h�c �^�e�b�g�h�c �\�h�e�g�u �� = 7771 Å(�\ �^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b – �w�l�h �l�j�b�i�e�_�l �i�_�j�_�o�h�^�Z 3s5 S0 – 

3p5 P �k �� = 7775,4; 7774,2 �b 7771,9 Å). �L�Z�d�`�_ �\ �k�i�_�d�l�j�_ �i�j�b�k�m�l�k�l�\�m�x�l �b �^�j�m�]�b�_ �^�h�k�l�Z�l�h�q�g�h 

�b�g�l�_�g�k�b�\�g�u�_ �e�b�g�b�b, �i�j�b�g�Z�^�e�_�`�Z�s�b�_ �Z�l�h�f�Z�j�g�h�f�m �d�b�k�e�h�j�h�^�m, �k �� = 6156; 8221 �b 8446 Å. 

�K�_�j�b�y �e�b�g�b�c, �k �^�e�b�g�Z�f�b �\�h�e�g 5200; 5600, 6000 �b 6350 Å �o�Z�j�Z�d�l�_�j�b�a�m�_�l �b�a�e�m�q�_�g�b�_ �\ �i�_�j�\�h�c 

�h�l�j�b�p�Z�l�_�e�v�g�h�c �k�b�k�l�_�f�_ �b�h�g�h�\ �d�b�k�e�h�j�h�^�Z �H2
+. �< �k�i�_�d�l�j�_ �W�I�I �\�h�a�^�m�o�Z �i�h�f�b�f�h �e�b�g�b�c, 
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�i�j�b�g�Z�^�e�_�`�Z�s�b�o �j�Z�a�e�b�q�g�u�f �n�h�j�f�Z�f �d�b�k�e�h�j�h�^�Z, �b�^�_�g�l�b�n�b�p�b�j�m�_�l�k�y �b�a�e�m�q�_�g�b�_ �\ �i�_�j�\�h�c 

�h�l�j�b�p�Z�l�_�e�v�g�h�c �k�b�k�l�_�f�_ N2
+ �k �� = 4278,1 �b 4709,2 Å. 

 
�J�b�k. 3.5.1. �;�e�h�d �k�o�_�f�Z �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h �d�h�f�i�e�_�d�k�Z: 7.1 – �h�i�l�b�q�_�k�d�b�c �i�b�j�h�f�_�l�j Optris LS, 

(Optris GmbH, �=�_�j�f�Z�g�b�y); 7.2 – �l�_�j�f�h�i�Z�j�Z; 7.3 – �l�_�f�h�j�_�a�b�k�l�h�j HEL-775 (Honeywell 

International Inc., �K�R�:); 8.1 – �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j HALO 201-RC (Hiden Analytical, 

�<�_�e�b�d�h�[�j�b�l�Z�g�b�y); 8.2 - �\�Z�d�m�m�f�g�u�c �h�l�d�Z�q�g�h�c �i�h�k�l HiCube 80 Eco (Pfeiffer Vacuum GmbH, 

�=�_�j�f�Z�g�b�y); 8.3 - �k�\�_�j�o�\�u�k�h�d�h�\�Z�d�m�m�f�g�u�c �f�b�g�b�a�Z�l�\�h�j (Vacuumvalves AG, �R�\�_�c�p�Z�j�b�y); 8.4 - 

�[�e�h�d �m�i�j�Z�\�e�_�g�b�y �h�l�d�Z�q�g�u�f �i�h�k�l�h�f (Pfeiffer Vacuum GmbH, �=�_�j�f�Z�g�b�y); 8.5 – �[�Z�j�Z�l�j�h�g 

PKR 251 (Pfeiffer Vacuum GmbH, �=�_�j�f�Z�g�b�y); 9.1 – �k�i�_�d�l�j�h�f�_�l�j �\�b�^�b�f�h�]�h �b �M�N-

�^�b�Z�i�Z�a�h�g�h�\ AvaSpec-2048-2 (Avantes, �G�b�^�_�j�e�Z�g�^�u); 9.2 – �B�D-�k�i�_�d�l�j�h�f�_�l�j AvaSpec-

NIR256-1.7 (Avantes, �G�b�^�_�j�e�Z�g�^�u); 9.3 – �h�i�l�h�\�h�e�h�d�h�g�g�u�c �d�Z�[�_�e�v; 9.4 - �d�h�e�e�b�f�Z�p�b�h�g�g�Z�y 

�e�b�g�a�Z; 9.5 - �\�Z�d�m�m�f�g�u�c �i�_�j�_�o�h�^�g�b�d �^�e�y �M�N(�B�D); �h�[�h�a�g�Z�q�_�g�b�y �w�e�_�f�_�g�l�h�\ �g�Z �j�b�k�m�g�d�_ 

�k�h�h�l�\�_�l�k�l�\�m�x�l �b�o �h�[�h�a�g�Z�q�_�g�b�y�f �\ �l�Z�[�e�b�p�_ 3.1.2. 

�G�Z �j�b�k. 3.5.3  �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�j�b Eb = 40 �d�w�<, Ib 

= 20 �f�:  �b Pm = 6 �L�h�j�j, �\ �d�h�l�h�j�h�f �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�f �y�\�e�y�_�l�k�y �b�a�e�m�q�_�g�b�_ �Z�l�h�f�Z�j�g�h�]�h 

�\�h�^�h�j�h�^�Z �k �� = 6562,6 �b 4863,1 Å. �L�Z�d�`�_ �j�_�]�b�k�l�j�b�j�m�x�l�k�y �i�b�d�b, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ 

�Z�l�h�f�Z�j�g�u�c �d�b�k�e�h�j�h�^, �h�^�g�Z�d�h �b�o �b�g�l�_�g�k�b�\�g�h�k�l�v �a�Z�f�_�l�g�h �f�_�g�v�r�_, �q�_�f �\ �W�I�I �d�b�k�e�h�j�h�^�Z 

�b�e�b �\�h�a�^�m�o�Z. 

�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �]�Z�a�h�h�[�j�Z�a�g�u�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^ �\ �g�_�i�j�_�j�u�\�g�h�f �j�_�`�b�f�_ 

�d�h�g�l�j�h�e�b�j�h�\�Z�e�k�y �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�h�f HALO 201-RC (Hiden Analytical, �<�_�e�b�d�h�[�j�b�l�Z�g�b�y), 

�d�h�l�h�j�u�c �b�f�_�e �k�h�[�k�l�\�_�g�g�u�c �h�l�d�Z�q�g�h�c �i�h�k�l �b �m�k�l�j�h�c�k�l�\�h �j�_�^�m�p�b�j�h�\�Z�g�b�y �^�Z�\�e�_�g�b�y (�i�h�a�b�p�b�y 

�H�l�d�Z�q�g�h�c 
�i�h�k�l 

�K�i�_�d�l�j�h�f�_�l�j�u 

�I�b�j�h�f�_�l�j �M
�N 

�B
�D

 

�H�;�J�:�A�?�P 

9.1 

9.3 

7.2

 

�D�h�f�i�v�x�l�_�j 

 

�F�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j 

�;�M�H�I 

�W�I�I 

9.5 

9.4 

7.1 

8.3 

8.2
8.5 

8.4 

8.1 

7.3 

 

�:�P�I  

9.2 
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8.5 �g�Z �j�b�k. 3.5.1). �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �g�Z �j�b�k�m�g�d�_ 3.5.4 �i�j�_�^�k�l�Z�\�e�_�g �f�Z�k�k-�k�i�_�d�l�j �Z�f�f�b�Z�d�Z, 

�d�h�l�h�j�u�c �b�k�i�h�e�v�a�h�\�Z�e�k�y �\ �g�_�d�h�l�h�j�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �d�Z�d �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a. 

 

 

�J�b�k. 3.5.2.  �K�i�_�d�l�j�u �b�a�e�m�q�_�g�b�y �W�I�I �d�b�k�e�h�j�h�^�Z (1) �b �\�h�a�^�m�o�Z (2). 

�M�k�e�h�\�b�y �w�d�k�i�_�j�b�f�_�g�l�Z: Eb = 40 �d�w�<, Ib = 15 �f�:  �b Pm = 12 �L�h�j�j �b 6 �L�h�j�j �^�e�y �d�b�k�e�h�j�h�^�Z �b 

�\�h�a�^�m�o�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

 

�J�b�k. 3.5.3.  �K�i�_�d�l�j�u �b�a�e�m�q�_�g�b�y �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z. 

�M�k�e�h�\�b�y �w�d�k�i�_�j�b�f�_�g�l�Z: Eb = 40 �d�w�<, Ib = 20 �f�:  �b Pm = 6 �L�h�j�j 
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�J�b�k. 3.5.4. �F�Z�k�k-�k�i�_�d�l�j �W�I�I �Z�f�f�b�Z�d�Z 
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.  
�L�Z�[�e�b�p�Z 3.1.1. �H�k�g�h�\�g�u�_ �k�b�k�l�_�f�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z �H�[�h�a�g�Z�q�_�g�b�y – �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �j�b�k�m�g�d�h�f 3.1.4. 

�K�b�k�l�_�f�Z �j�_�Z�d�l�h�j�Z �W�e�_�f�_�g�l�u �k�b�k�l�_�f�u 
�j�_�Z�d�l�h�j�Z 

�‹  �i�h�a�b�p�b�b 
�g�Z �j�b�k. 

3.1.4 

�F�Z�j�d�Z; 
�i�j�h�b�a�\�h�^�b�l�_�e�v 

�H�k�g�h�\�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�>�b�Z�i�Z�a�h�g 
�j�_�]�m�e�b�j�h�\�h�d 

(�^�e�y 
�e�Z�[�h�j�Z�l�h�j�g�h�]�h 

�h�[�j�Z�a�p�Z 
�j�_�Z�d�l�h�j�Z) 

�G�Z�a�g�Z�q�_�g�b�_; 
�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y 
�k�\�y�a�v �k �^�j�m�]�b�f�b 
�k�b�k�l�_�f�Z�f�b �b/�b�e�b 

�w�e�_�f�_�g�l�Z�f�b �k�b�k�l�_�f 

1 2 3 4 5 6 7 
�K�b�k�l�_�f�Z 
�]�_�g�_�j�Z�p�b�b 
�w�e�_�d�l�j�h�g�g�h�]�h 
�i�m�q�d�Z 

�W�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y 
�i�m�r�d�Z 
 

1.1 �D�W�I-2�F-1, �K�K�K�J �M�k�d�h�j�y�x�s�_�_ 
�g�Z�i�j�y�`�_�g�b�_: 25-45 
�d�< 
�L�h�d �W�I: 0,2-300 �f�:  
�F�h�s�g�h�k�l�v, �f�Z�d�k.: 10 
�d�<�l 

 
27-30 �d�< 
 
0,2-100 �f�:  
 
5,0 �<�l-3,0 �d�<�l 

�=�_�g�_�j�Z�p�b�y �b 
�n�h�j�f�b�j�h�\�Z�g�b�_ 
�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z. 

 �<�u�k�h�d�h�\�h�e�v�l�g�u�c 
�b�k�l�h�q�g�b�d �i�b�l�Z�g�b�y 

1.2 SR30*6 
Spellman High Voltage 
Electronics Corporation, 
USA 

�G�Z�i�j�y�`�_�g�b�_, �f�Z�d�k.: 
60 �d�< 
�L�h�d, �f�Z�d�k.: 1 �:  

27-30 �d�< 
 
100 �f�:  

�I�b�l�Z�g�b�_ 
�w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b 
(1.1). 

 �;�e�h�d �m�i�j�Z�\�e�_�g�b�y 
�]�_�g�_�j�Z�l�h�j�h�f �W�I�I 

1.3 �B�g�k�b�l�_�d �B�I�W-2-60-2.0, 
�L�h�f�k�d, �J�h�k�k�b�y 

�<�u�o�h�^�g�h�_ 
�g�Z�i�j�y�`�_�g�b�_, �f�Z�d�k.: 
50 �d�< 
�M�i�j�Z�\�e�y�x�s�_�_ 
�g�Z�i�j�y�`�_�g�b�_: –5 �d�< 
�h�l�g�h�k�b�l�_�e�v�g�h 
�\�u�o�h�^�g�h�]�h 
�g�Z�i�j�y�`�_�g�b�y 

 
�F�Z�d�k.:30 �d�< 
 
 
–3,5 �d�< 

�M�i�j�Z�\�e�_�g�b�_ 
�w�e�_�d�l�j�h�g�g�h�c 
�i�m�r�d�h�c (1.1) �b 
�\�u�k�h�d�h�\�h�e�v�l�g�u�f 
�b�k�l�h�q�g�b�d�h�f 
�i�b�l�Z�g�b�y (1.2). 

 �<�u�\�h�^�g�h�_ �h�d�g�h 
 

1.4 �F�N�L�B �I�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�y: 
�F�b�g.: 1,0×10-5 �L�h�j�j 
�F�Z�d�k.: 1,0×102 �L�h�j�j 

�F�b�g.: 2,5×10-5 
�L�h�j�j  
�F�Z�d�k.: 7,0×101 
�L�h�j�j 

�I�j�h�\�h�^�d�Z �W�I �b�a 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�u (1.5) �\ 
�j�Z�[�h�q�m�x �d�Z�f�_�j�m 
(4.1). 
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�K�b�k�l�_�f�Z 
�i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y 
�i�e�Z�a�f�_�g�g�h�]�h 
�h�[�e�Z�d�Z 

�D�h�g�l�j�h�e�e�_�j 
�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 
 

2.1 
 
 

EBS-530; Sycon, �K�R�: �L�h�d �\ �g�Z�]�j�m�a�d�_, �f�Z�d�k: 
�r 5  �:   

�L�h�d �\ �g�Z�]�j�m�a�d�_, 
�f�Z�d�k: �r 5 �f�:  

�<�u�^�Z�q�Z 
�i�_�j�_�f�_�g�g�h�]�h 
�g�Z�i�j�y�`�_�g�b�y �g�Z 
�h�l�d�e�h�g�y�x�s�m�x 
�k�b�k�l�_�f�m (2.2). 

 �H�l�d�e�h�g�y�x�s�Z�y �k�b�k�l�_�f�Z 
�^�\�m�o�d�h�h�j�^�b�g�Z�l�g�Z�y 

2.2 
 
 

�F�N�L�B  �K�h�i�j�h�l�b�\�e�_�g�b�_ 
�h�[�f�h�l�h�d: 
�i�h �h�k�b �o – 4  �H�f 
�i�h �h�k�b �m – 5,2 
�H�f 

�M�i�j�Z�\�e�_�g�b�_  
�g�Z�i�j�Z�\�e�_�g�b�_�f �h�k�b 
�b�g�`�_�d�p�b�b �b 
�j�Z�a�\�z�j�l�d�h�c 
�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z. 

       
�<�Z�d�m�m�f�g�Z�y 
�k�b�k�l�_�f�Z 

�N�h�j�\�Z�d�m�m�f�g�u�c �g�Z�k�h�k 3.1 
 

XDS35i  Scroll Vacuum 
Pump, Edwards Limited, 
�<�_�e�b�d�h�[�j�b�l�Z�g�b�y 

�I�j�_�^�_�e�v�g�u�c �\�Z�d�m�m�f: 
8,0×10-3 �L�h�j�j 
�I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v, 
�f�Z�d�k.: 35,0 �f3�q-1 

 
1,0×10-2 �L�h�j�j 
 
35,0 �f3�q-1 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y 
�h�l�d�Z�q�d�Z 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�u (1.5). 
�G�Z�k�h�k 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h 
�j�Z�a�j�_�`�_�g�b�y �^�e�y 
�g�Z�k�h�k�Z (3.2). 

 �<�u�k�h�d�h�\�Z�d�m�m�f�g�u�c 
�g�Z�k�h�k 

3.2 �G�Z�k�h�k �^�b�n�n�m�a�b�h�g�g�u�c 
�i�Z�j�h�f�Z�k�e�y�g�u�c  
�G-400, �<�:�D�F�:, �J�h�k�k�b�y

�I�j�_�^�_�e�v�g�u�c �\�Z�d�m�m�f: 
5×10-7 �L�h�j�j 
�I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v, 
�f�Z�d�k.: 5600 �e/�k 
  

1,5×0-5 - 
2,0×10-4 �L�h�j�j 
 
5600 �e/�k 

�H�l�d�Z�q�d�Z 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�u (1.5). 

 �N�h�j�\�Z�d�m�m�f�g�u�c �g�Z�k�h�k 3.3 
 

XDS10 Scroll Vacuum 
Pump, Edwards Limited, 
�<�_�e�b�d�h�[�j�b�l�Z�g�b�y 

�I�j�_�^�_�e�v�g�u�c �\�Z�d�m�m�f: 
5,3×10-3 �L�h�j�j 
�I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v, 
�f�Z�d�k.: 9,3 �f3�q-1 

1×10-1-1,0 �L�h�j�j 
 
8,5 �f3�q-1 

�H�l�d�Z�q�d�Z �r�e�x�a�h�\�u�o 
�d�Z�f�_�j �\�u�\�h�^�g�h�]�h 
�h�d�g�Z  (1.4). 

 �N�h�j�\�Z�d�m�m�f�g�u�c �g�Z�k�h�k 3.4 XDS10 Scroll Vacuum 
Pump, Edwards Limited, 
�<�_�e�b�d�h�[�j�b�l�Z�g�b�y 

�I�j�_�^�_�e�v�g�u�c �\�Z�d�m�m�f: 
5,3x10-3 �L�h�j�j 
�I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v, 
�f�Z�d�k.: 9,3 �f3�q-1 

 
1×10-1 �L�h�j�j 
 
8,5 �f3�q-1 

�I�h�^�^�_�j�`�Z�g�b�_ 
�^�b�g�Z�f�b�q�_�k�d�h�]�h 
�\�Z�d�m�m�f�Z �\ �j�Z�[�h�q�_�c 
�d�Z�f�_�j�_ (4.1). 



 111

1 2 3 4 5 6 7 
 �<�Z�d�m�m�f�f�_�l�j AVT 

(�:�l�f�h�k�n�_�j�Z-�<�Z�d�m�m�f) 
3.5 MKS series 979B, MKS 

Instruments, �K�R�: 
�>�Z�\�e�_�g�b�_, �f�Z�d�k: 760 
�L�h�j�j. 
�>�Z�\�e�_�g�b�_, �f�b�g.: 
5×10-10 �L�h�j�j. 

760-1,5×10-5 
�L�h�j�j 

�B�a�f�_�j�_�g�b�_ 
�^�Z�\�e�_�g�b�y �\ 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�_ (1.5). 
�<�u�^�Z�q�Z �k�b�]�g�Z�e�Z �g�Z 
�[�e�h�d �b�g�^�b�d�Z�p�b�b 
PDR900 (1.6). 

 �;�e�h�d �b�g�^�b�d�Z�p�b�b 3.6 PDR900, MKS 
Instruments, �K�R�: 

  �B�g�^�b�d�Z�p�b�y 
�^�Z�\�e�_�g�b�y �\ 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�_ (1.5). 
�<�u�^�Z�q�Z �j�_�e�_�c�g�h�]�h 
�k�b�]�g�Z�e�Z �g�Z 
�Z�\�Z�j�b�c�g�h�_ 
�h�l�d�e�x�q�_�g�b�_ 
�k�b�k�l�_�f�u �]�_�g�_�j�Z�p�b�b 
�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z. 

 �B�a�f�_�j�b�l�_�e�v�g�u�c 
�d�h�f�i�e�_�d�k �^�Z�\�e�_�g�b�y  

3.7 �B�D�>-100; �K�K�K�J �>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c:  
5-100,0 �L�h�j�j 

20,0-100,0 �L�h�j�j �B�a�f�_�j�_�g�b�_ �i�h�e�g�h�]�h 
�^�Z�\�e�_�g�b�y �\ �j�Z�[�h�q�_�c 
�d�Z�f�_�j�_ (4.1). 

       
�J�_�Z�d�p�b�h�g�g�Z�y 
�d�Z�f�_�j�Z 

�D�h�j�i�m�k �k �e�x�d�Z�f�b, 
�k�f�h�l�j�h�\�u�f�b �h�d�g�Z�f�b �b 
�i�j�b�k�h�_�^�b�g�b�l�_�e�v�g�u�f�b 
�n�e�Z�g�p�Z�f�b 

4.1 �F�N�L�B 
 
 
 
 
 
�A�Z�\�h�^ «�W�e�b�h�g», �K�K�K�J 
 

�<�Z�j�b�Z�g�l 1. 
�N�h�j�f�Z: 
�i�Z�j�Z�e�e�_�e�_�i�b�i�_�^. 
�H�[�t�_�f: 0,08 �f3 
�>�Z�\�e�_�g�b�_: 10-2-102 
�L�h�j�j. 
�<�Z�j�b�Z�g�l 2. 
�N�h�j�f�Z: �p�b�e�b�g�^�j. 
�H�[�t�_�f: 0,25 �f3 
�>�Z�\�e�_�g�b�_: 10-3-50 
�L�h�j�j 
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 �F�g�h�]�h�n�m�g�d�p�b�h�g�e�v�g�u�c 

�n�e�Z�g�_�p 
4.2 �F�N�L�B �=�_�j�f�h�\�\�h�^�u �g�b�a�d�h�]�h 

�b �\�u�k�h�d�h�]�h 
�g�Z�i�j�y�`�_�g�b�y. 
�<�Q-�]�_�j�f�h�\�\�h�^�u.  
�H�i�l�h�\�h�e�d�h�g�g�u�_ 
�r�Z�c�[�u. 
�=�_�j�f�h�\�\�h�^�u �^�e�y 
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 
�`�b�^�d�h�k�l�_�c. 

 �<�\�h�-̂�\�u�\�h�^ 
�w�e�_�d�l�j�b�q�_�k�d�b�o �b 
�h�i�l�b�q�_�k�d�b�o 
�k�b�]�g�Z�e�h�\ �^�e�y 
�^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h 
�d�h�f�i�e�_�d�k�Z. 
�<�\�h�-̂�\�u�\�h�^ 
�h�o�e�Z�`�^�Z�x�s�b�o 
�`�b�^�d�h�k�l�_�c. 
 

 �H�d�g�h ZnSe 4.3 �H�H�H «�W�e�_�d�l�j�h�k�l�_�d�e�h», 
�J�h�k�k�b�y 

�>�b�Z�i�Z�a�h�g 
�i�j�h�i�m�k�d�Z�g�b�y:  
3-14 µm. 

�>�b�Z�i�Z�a�h�g 
�i�j�h�i�m�k�d�Z�g�b�y:  
8-14 µm. 

�B�D-�i�j�h�a�j�Z�q�g�h�_ 
�h�d�g�h �^�e�y 
�h�i�l�b�q�_�k�d�h�]�h 
�b�a�f�_�j�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u 
�h�[�j�Z�a�p�h�\ 

 �H�d�g�h �L�N-5 4.4 �H�H�H «�E�u�l�d�Z�j�b�g�k�d�b�c 
�a�Z�\�h�^ �l�_�o�g�b�q�_�k�d�h�]�h 
�k�l�_�d�e�Z», �J�h�k�k�b�y 

�‡ 250 �f�f . 
�L�h�e�s�b�g�Z 80 �f�f . 

 �J�Z�^�b�Z�p�b�h�g�g�h-
�a�Z�s�b�l�g�h�_ �h�d�g�h �^�e�y 
�\�b�a�m�Z�e�v�g�u�o 
�g�Z�[�e�x�^�_�g�b�c, 
�n�h�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y 
�b �\�b�^�_�h�a�Z�i�b�k�b. 

       
�K�b�k�l�_�f�Z 
�n�h�j�f�b�j�h�\�Z�g�b�y 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 
�k�j�_�^�u 
 

�=�_�g�_�j�Z�l�h�j �]�Z�a�Z/�i�Z�j�Z 5.1 �F�N�L�B �=�_�g�_�j�Z�p�b�y H2, NH3, 
�i�Z�j�Z H2O �b �^�j. 

 �I�j�h�b�a�\�h�^�k�l�\�h 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h 
�]�Z�a�Z/�i�Z�j�Z. 

 �=�Z�a�h�\�u�_ �[�Z�e�e�h�g�u 5.2 �;�Z�e�e�h�g�u �k 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�f 
�]�Z�a�h�f 

�>�Z�\�e�_�g�b�_ �f�Z�d�k.: 150 
�[�Z�j 
�H�[�t�_�f: 40 �e 

10-150 �Z�l�f. �O�j�Z�g�_�g�b�_ �a�Z�i�Z�k�Z 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h 
�]�Z�a�Z. 
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 �J�_�^�m�d�p�b�h�g�g�u�c 

�\�_�g�l�b�e�v 
5.3 GCE; Gas Control 

Equipment, 
�Q�_�o�h�k�e�h�\�Z�d�b�y 

�>�Z�\�e�_�g�b�_ �g�Z �\�o�h�^�_, 
�f�Z�d�k.: 200 �[�Z�j 
�>�Z�\�e�_�g�b�_ �g�Z �\�u�o�h�^�_: 
150-1,5 �[�Z�j 

�>�Z�\�e�_�g�b�_ �g�Z 
�\�o�h�^�_, �f�Z�d�k.: 
150 �Z�l�f. 
�>�Z�\�e�_�g�b�_ �g�Z 
�\�u�o�h�^�_, �f�Z�d�k.: 
2,0 �[�Z�j 

�I�h�^�^�_�j�`�Z�g�b�_ 
�^�Z�\�e�_�g�b�y �g�Z �\�o�h�^�_ 
�j�_�]�m�e�y�l�h�j�Z �j�Z�k�o�h�^�Z 
�]�Z�a�Z (5.4). 

 �J�_�]�m�e�y�l�h�j �f�Z�k�k�h�\�h�]�h 
�j�Z�k�o�h�^�Z �]�Z�a�Z 

5.4 MKS Mass flow 
controller �f�h�^�_�e�v 
1179�<; MKS 
Instruments, �K�R�: 

�>�Z�\�e�_�g�b�_ �g�Z �\�o�h�^�_, 
�f�Z�d�k.: 6,5 �[�Z�j 
�J�Z�k�o�h�^ �]�Z�a�Z, �f�Z�d�k.: 
500 �k�f3/�f�b�g. 

�>�Z�\�e�_�g�b�_ �g�Z 
�\�o�h�^�_, �f�Z�d�k.: 
2,0 �[�Z�j. 
�J�Z�k�o�h�^ �]�Z�a�Z, 
�f�Z�d�k.: 100 
�k�f3/�f�b�g. 

�M�i�j�Z�\�e�_�g�b�_ 
�j�Z�k�o�h�^�h�f �]�Z�a�Z, 
�i�h�^�Z�\�Z�_�f�h�]�h �\ 
�j�Z�[�h�q�m�x �d�Z�f�_�j�m 
 (4.1). 
�B�a�f�_�j�_�g�b�_ �j�Z�k�o�h�^�Z 
�]�Z�a�Z, �i�h�^�Z�\�Z�_�f�h�]�h �\ 
�j�Z�[�h�q�m�x �d�Z�f�_�j�m. 
�B�g�^�b�d�Z�p�b�y 
�\�_�e�b�q�b�g�u �j�Z�k�o�h�^�Z 
�]�Z�a�Z, �i�h�^�Z�\�Z�_�f�h�]�h �\ 
�j�Z�[�h�q�m�x �d�Z�f�_�j�m. 

 �;�e�h�d �b�g�^�b�d�Z�p�b�b �b 
�j�_�]�m�e�b�j�h�\�Z�g�b�y  
 

5.5 MKS PR 4000; 
MKS Instruments, �K�R�: 

�>�\�m�o�d�Z�g�Z�e�v�g�u�c 
�f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�u�c 
�[�e�h�d. 

�H�^�b�g �d�Z�g�Z�e - 
�m�i�j�Z�\�e�_�g�b�_ 
�j�_�]�m�e�y�l�h�j�h�f 
�f�Z�k�k�h�\�h�]�h 
�j�Z�k�o�h�^�Z �]�Z�a�Z 

�M�i�j�Z�\�e�_�g�b�_ 
�j�_�]�m�e�y�l�h�j�h�f 
�f�Z�k�k�h�\�h�]�h �j�Z�k�o�h�^�Z 
�]�Z�a�Z (5.4). 
�B�g�^�b�d�Z�p�b�y 
�\�_�e�b�q�b�g�u 
�f�Z�k�k�h�\�h�]�h �j�Z�k�o�h�^�Z 
�]�Z�a�Z. 

 �;�Z�j�Z�l�j�h�g 5.6 Baratron model 
626AX12TDE; MKS 
Instruments  
Deutschland Gmb�G, 
�=�_�j�f�Z�g�b�y 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c:  
5,0×10-3-20,0 �L�h�j�j 

1,0×10-2-20,0 
�L�h�j�j 

�B�a�f�_�j�_�g�b�_ 
�^�Z�\�e�_�g�b�y �\ �j�Z�[�h�q�_�c 
�d�Z�f�_�j�_ (4.1). 
�<�u�^�Z�q�Z �k�b�]�g�Z�e�Z 
�h�[�j�Z�l�g�h�c �k�\�y�a�b �g�Z 
�[�e�h�d  (5.7). 
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 �;�e�h�d �b�g�^�b�d�Z�p�b�b �b 
�j�_�]�m�e�b�j�h�\�Z�g�b�y 

5.7 MKS Series 600; MKS 
Instruments, �K�R�: 

�>�\�m�o�d�Z�g�Z�e�v�g�u�c 
�f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�u�c 
�[�e�h�d. 
5 �i�j�h�]�j�Z�f�f�b�j�m�_�f�u�o 
�d�h�g�l�j�h�e�v�g�u�o �l�h�q�_�d. 

�>�\�Z �d�Z�g�Z�e�Z: 
�x  �[�Z�j�Z�l�j�h�g, 
�x  �I�B�>- 
�j�_�]�m�e�y�l�h�j 
�f�h�l�u�e�v�d�h�\�h�]�h 
�d�e�Z�i�Z�g�Z. 

�M�i�j�Z�\�e�_�g�b�_ 
�f�h�l�u�e�v�d�h�\�u�f 
�d�e�Z�i�Z�g�h�f  (5.8). 
�B�g�^�b�d�Z�p�b�y 
�\�_�e�b�q�b�g�u �^�Z�\�e�_�g�b�y 
�\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_  
(4.1). 

 �D�e�Z�i�Z�g �k �f�h�l�u�e�v�d�h�\�h�c 
�a�Z�k�e�h�g�d�h�c 

5.8 �F�h�^�_�e�v 253; 
MKS Instruments, 
�K�R�: 

�B�a�f�_�g�_�g�b�_ 
�i�j�h�\�h�^�b�f�h�k�l�b �l�j�Z�d�l�Z 
�h�l 0 �^�h 100%. 
�J�Z�[�h�q�_�_ �^�Z�\�e�_�g�b�_: 
1 �[�Z�j - 10-8 �L�h�j�j 

�B�a�f�_�g�_�g�b�_ 
�i�j�h�\�h�^�b�f�h�k�l�b 
�l�j�Z�d�l�Z �h�l 0 �^�h 
100%. 
�J�Z�[�h�q�_�_ 
�^�Z�\�e�_�g�b�_: 
1 �[�Z�j - 5,0×10-3 
�L�h�j�j 

�J�_�]�m�e�b�j�h�\�Z�g�b�_ 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 
�h�l�d�Z�q�d�b �]�Z�a�Z �b�a 
�j�Z�[�h�q�_�c �d�Z�f�_�j�u 
(4.1). 

       
�K�b�k�l�_�f�Z 
�h�o�e�Z�`�^�_�g�b�y 

�I�j�h�f�u�r�e�_�g�g�u�c 
�h�o�e�Z�^�b�l�_�e�v �`�b�^�d�h�k�l�b 

6.1 ANG-02; �J�h�k�k�b�y-
�L�m�j�p�b�y 

�O�e�Z�^�h�i�j�h-
�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v, 
�f�Z�d�k.: 2,9 �<�l. 
�G�Z�i�h�j �g�Z�k�h�k�Z: 3,0 
�[�Z�j. 
�J�Z�k�o�h�^ 
�l�_�i�e�h�g�h�k�b�l�_�e�y: 0,6 
�f3/�q. 

 
 
 
�G�Z�i�h�j �g�Z�k�h�k�Z: 
3,0 �[�Z�j. 
�J�Z�k�o�h�^ 
�l�_�i�e�h�g�h�k�b�l�_�e�y: 
0,4 �f3/�q. 

�H�o�e�Z�`�^�_�g�b�_ 
�w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b 
(1.1), 
�\�u�k�h�d�h�\�Z�d�m�m�f�g�h�]�h 
�g�Z�k�h�k�Z (3.2) �b 
�\�u�\�h�^�g�h�]�h �h�d�g�Z. 

 �L�j�m�[�h�i�j�h�\�h�^�u. 
�K�h�_�^�b�g�b�l�_�e�v�g�Z�y, 
�a�Z�i�h�j�g�Z�y �b 
�j�_�]�m�e�b�j�m�x�s�Z�y 
�Z�j�f�Z�l�m�j�Z 

�G�Z �k�o�_�f�_ �g�_ 
�b�a�h�[�j�Z�`�_�g�u 
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�L�Z�[�e�b�p�Z 3.1.2. �H�k�g�h�\�g�u�_ �k�b�k�l�_�f�u �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h �d�h�f�i�e�_�d�k�Z. �H�[�h�a�g�Z�q�_�g�b�y – �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �j�b�k�m�g�d�h�f 3.5.1. 
 

�K�b�k�l�_�f�Z 
�^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h 

�d�h�f�i�e�_�d�k�Z 

�W�e�_�f�_�g�l�u 
�^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h 

�d�h�f�i�e�_�d�k�Z 

�‹  �i�h�a�b�p�b�b 
�g�Z �j�b�k. 

3.5.1 

�F�Z�j�d�Z; 
�i�j�h�b�a�\�h�^�b�l�_�e�v 

�H�k�g�h�\�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�>�b�Z�i�Z�a�h�g 
�j�_�]�m�e�b�j�h�\�h�d 

(�^�e�y 
�e�Z�[�h�j�Z�l�h�j�g�h�]�h 

�h�[�j�Z�a�p�Z 
�j�_�Z�d�l�h�j�Z) 

�G�Z�a�g�Z�q�_�g�b�_; 
�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y 
�k�\�y�a�v �k �^�j�m�]�b�f�b 
�k�b�k�l�_�f�Z�f�b �b/�b�e�b 

�w�e�_�f�_�g�l�Z�f�b �k�b�k�l�_�f 

1 2 3 4 5 6 7 
�K�b�k�l�_�f�Z 
�b�a�f�_�j�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u 
�h�[�j�Z�a�p�h�\ 

�H�i�l�b�q�_�k�d�b�c �i�b�j�h�f�_�l�j 7.1 Optris LS, 
Optris GmbH, 
�=�_�j�f�Z�g�b�y 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c: 
 –35-900û�K. 
�K�i�_�d�l�j�Z�e�v�g�u�c 
�h�l�d�e�b�d: 8-14 �f�d�f. 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c:  
25-200û�K. 
�K�i�_�d�l�j�Z�e�v�g�u�c 
�h�l�d�e�b�d: 
8-14 �f�d�f. 
�=�_�h�f�_�l�j�b�q�_�k�d�h�_ 
�j�Z�a�j�_�r�_�g�b�_:  
0,1-2 �f�f . 

�G�_�d�h�g�l�Z�d�l�g�u�_ 
�e�h�d�Z�e�v�g�u�_ 
�b�a�f�_�j�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u 
�h�[�j�Z�a�p�h�\. 

 �L�_�j�f�h�i�Z�j�Z 7.2 �<�J 5/20; �F�W�E�A, �K�K�K�J �>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c: 100-
1800û�K 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c: 
100-800û�K 

�D�h�g�l�Z�d�l�g�u�_ 
�e�h�d�Z�e�v�g�u�_ 
�b�a�f�_�j�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u 
�h�[�j�Z�a�p�h�\. 

 �L�_�j�f�h�j�_�a�b�k�l�h�j 7.3 HEL-775; Honeywell 
International Inc., �K�R�: 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c:  
–55-150û�K 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c:  
0-100û�K 

�D�h�g�l�Z�d�l�g�u�_ 
�e�h�d�Z�e�v�g�u�_ 
�b�a�f�_�j�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u 
�h�[�j�Z�a�p�h�\. 

 �M�k�l�j�h�c�k�l�\�h 
�i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y 
�h�i�l�b�q�_�k�d�h�]�h 
�i�b�j�h�f�_�l�j�Z 

�G�Z �k�o�_�f�_ �g�_ 
�b�a�h�[�j�Z�`�_�g�h 

�F�N�L�B �=�_�h�f�_�l�j�b�q�_�k�d�h�_ 
�j�Z�a�j�_�r�_�g�b�_:  
0,1-2 �f�f . 

�=�_�h�f�_�l�j�b�q�_�k�d�h�_ 
�j�Z�a�j�_�r�_�g�b�_:  
0,5-2 �f�f . 

�I�j�b�p�_�e�b�\�Z�g�b�_ 
�h�i�l�b�q�_�k�d�h�]�h 
�i�b�j�h�f�_�l�j�Z �\ 
�a�Z�^�Z�g�g�m�x �l�h�q�d�m. 
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1 2 3 4 5 6 7 
�K�b�k�l�_�f�Z �d�h�g�l�j�h�e�y 
�k�h�k�l�Z�\�Z 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 
�k�j�_�^�u 

�F�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j 8.1 HALO 201-RC, Hiden 
Analytical, 
�<�_�e�b�d�h�[�j�b�l�Z�g�b�y 

�I�j�_�^�_�e �b�a�f�_�j�_�g�b�c: 
200 �Z.�f . 

2-75 �Z.�f  �D�h�g�l�j�h�e�v �k�h�k�l�Z�\�Z 
�]�Z�a�h�\�h�c �i�j�h�[�u, 
�h�l�[�b�j�Z�_�f�h�c �b�a 
�j�Z�[�h�q�_�c �d�Z�f�_�j�u.  

 �<�Z�d�m�m�f�g�u�c �h�l�d�Z�q�g�h�c 
�i�h�k�l 

8.2 HiCube 80 Eco; Pfeiffer 
Vacuum GmbH, 
�=�_�j�f�Z�g�b�y 

�I�j�_�^�_�e�v�g�u�c �\�Z�d�m�m�f: 
�g�_ �f�_�g�_�_ 7,5×10-8 
�L�h�j�j 
 
 

�J�Z�[�h�q�_�_ 
�^�Z�\�e�_�g�b�_: 
10-6-10-4 �L�h�j�j 

�K�h�a�^�Z�g�b�_ �b 
�i�h�^�^�_�j�`�Z�g�b�_ 
�\�Z�d�m�m�f�Z,  
�g�_�h�[�o�h�^�b�f�h�]�h �^�e�y 
�f�Z�k�k-�k�i�_�d�l�j�h�k�d�h�i�b�b 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 
�k�j�_�^�u �\ �j�Z�[�h�q�_�c 
�d�Z�f�_�j�_. 

 �F�b�g�b�a�Z�l�\�h�j 8.3 �F�b�g�b�a�Z�l�\�h�j 
�k�\�_�j�o�\�u�k�h�d�h�\�Z�d�m�m�f�g�u�c 
�k �j�m�q�g�u�f �i�j�b�\�h�^�h�f; 
Vacuumvalves AG, 
�R�\�_�c�p�Z�j�b�y 

�J�Z�[�h�q�b�c �^�b�Z�i�Z�a�h�g 
�^�Z�\�e�_�g�b�c �h�l 7,5×10-11 
� ô 1500 Topp 
�I�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�c �g�Z 
�l�Z�j�_�e�b �^�h 1500 Topp 

�I�_�j�_�i�Z�^ 
�^�Z�\�e�_�g�b�c 0,5 -  
20,0 �L�h�j�j 

�J�_�]�m�e�b�j�h�\�Z�g�b�_ 
�^�Z�\�e�_�g�b�y �g�Z �\�o�h�^�_ 
�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z. 

 �;�e�h�d �m�i�j�Z�\�e�_�g�b�y 
�h�l�d�Z�q�g�u�f �i�h�k�l�h�f 

8.4 HiCube 80 Eco; Pfeiffer 
Vacuum GmbH, 
�=�_�j�f�Z�g�b�y 

  �M�i�j�Z�\�e�_�g�b�_ 
�\�Z�d�m�m�f�g�u�f 
�h�l�d�Z�q�g�u�f �i�h�k�l�h�f. 
�<�u�^�Z�q�Z �k�b�]�g�Z�e�Z �g�Z 
�h�l�d�e�x�q�_�g�b�_ �f�Z�k�k-
�k�i�_�d�l�j�h�f�_�l�j�Z �i�j�b 
�i�j�_�\�u�r�_�g�b�b 
�^�h�i�m�k�l�b�f�h�]�h 
�^�Z�\�e�_�g�b�y �g�Z �_�]�h 
�\�o�h�^�_. 

 �;�Z�j�Z�l�j�h�g 8.5 PKR 251 ; Pfeiffer 
Vacuum GmbH, 
�=�_�j�f�Z�g�b�y 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c: 750- 
3,8×10-9 �L�h�j�j 

�>�b�Z�i�Z�a�h�g 
�b�a�f�_�j�_�g�b�c: 
750-1,0×10-6 
�L�h�j�j 

�B�a�f�_�j�_�g�b�_ 
�^�Z�\�e�_�g�b�y �g�Z �\�o�h�^�_ 
�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z. 
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1 2 3 4 5 6 7 
�K�b�k�l�_�f�Z 
�w�f�b�k�k�b�h�g�g�h�c 
�k�i�_�d�l�j�h�k�d�h�i�b�b 

�K�i�_�d�l�j�h�f�_�l�j 
�\�b�^�b�f�h�]�h �b �M�N-
�^�b�Z�i�Z�a�h�g�h�\  

9.1 AvaSpec-2048-2,  
Avantes, �G�b�^�_�j�e�Z�g�^�u 

�<�h�e�g�h�\�h�c �^�b�Z�i�Z�a�h�g: 
200-1100 �g�f 

350-1000 �g�f �J�_�]�b�k�l�j�Z�p�b�y 
�k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y 
�b �i�h�]�e�h�s�_�g�b�y 
�i�e�Z�a�f�u. 
�J�_�]�b�k�l�j�Z�p�b�y 
�k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y 
�h�[�j�Z�a�p�h�\, �\ �l�h�f 
�q�b�k�e�_ �k�i�_�d�l�j�h�\ 
�e�x�f�b�g�_�k�p�_�g�p�b�b. 

 �B�D-�k�i�_�d�l�j�h�f�_�l�j 9.2 AvaSpec-NIR256-1.7,  
Avantes, �G�b�^�_�j�e�Z�g�^�u 

�<�h�e�g�h�\�h�c �^�b�Z�i�Z�a�h�g: 
1000-1750 �g�f 

1000-1750 �g�f �J�_�]�b�k�l�j�Z�p�b�y 
�k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y 
�i�e�Z�a�f�u �b �h�[�j�Z�a�p�h�\. 

 �H�i�l�h�\�h�e�h�d�h�g�g�u�c 
�d�Z�[�_�e�v 

9.3 FC-UV(IR)400-1(2)-
ME; Avantes, 
�G�b�^�_�j�e�Z�g�^�u 

�>�b�Z�i�Z�a�h�g�u 
�i�j�h�i�m�k�d�Z�g�b�y:  
UV/VIS – 200-800 
nm 
IR – 350-2000 nm, 
SMA - �h�d�h�g�q�Z�g�b�y 

350-1750 �g�f �K�h�_�^�b�g�_�g�b�_ 
�k�i�_�d�l�j�h�f�_�l�j�Z �b 
�d�h�e�e�b�f�Z�p�b�h�g�g�h�c 
�e�b�g�a�u (9.4). 

 �D�h�e�e�b�f�Z�p�b�h�g�g�Z�y 
�e�b�g�a�Z 

9.4 UV/VIS/NIR 
�n�h�d�m�k�b�j�m�_�f�Z�y 
�d�h�e�e�b�f�Z�p�b�h�g�g�Z�y �e�b�g�a�Z 

�>�b�Z�i�Z�a�h�g 
�i�j�h�i�m�k�d�Z�g�b�y 200-
2500 �g�f, SMA - 
�h�d�h�g�q�Z�g�b�y 

350-1750 �g�f �N�h�d�m�k�b�j�h�\�d�Z 
�i�Z�^�Z�x�s�_�]�h �i�h�l�h�d�Z 
�b�a�e�m�q�_�g�b�y �g�Z �l�h�j�p�_ 
�h�i�l�b�q�_�k�d�h�]�h 
�\�h�e�h�d�g�Z (9.3). 

 �H�i�l�h�\�h�e�h�d�h�g�g�Z�y 
�r�Z�c�[�Z 

9.5 �<�Z�d�m�m�f�g�u�c �i�_�j�_�o�h�^�g�b�d 
�^�e�y UV(IR) 400 �f�d�f 

�>�b�Z�i�Z�a�h�g 
�i�j�h�i�m�k�d�Z�g�b�y  
UV/VIS – 200-800 
nm 
IR – 350-2000 nm, 
SMA - �h�d�h�g�q�Z�g�b�y 

350-1750 �g�f �I�_�j�_�^�Z�q�Z 
�h�i�l�b�q�_�k�d�h�]�h 
�k�b�]�g�Z�e�Z �q�_�j�_�a 
�k�l�_�g�d�m �j�Z�[�h�q�_�c 
�d�Z�f�_�j�u. 

 �D�Z�e�b�[�j�h�\�h�q�g�Z�y �e�Z�f�i�Z �G�Z �k�o�_�f�_ �g�_ 
�h�[�h�a�g�Z�q�_�g�Z 

AvaLight Hal-Cal, 
Avantes, �G�b�^�_�j�e�Z�g�^�u 

�W�l�Z�e�h�g�g�u�c �b�k�l�h�q�g�b�d 
�k�\�_�l�Z �^�e�y �^�b�Z�i�Z�a�h�g�Z 
350-2500 �g�f 

350-1750 �g�f �D�Z�e�b�[�j�h�\�d�Z �M�N- �b 
�B�D-�k�i�_�d�l�j�h�f�_�l�j�h�\. 
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3.6. �M�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �b �h�[�s�b�_ �k�\�h�c�k�l�\�Z �W�I�I �j�Z�a�e�b�q�g�u�o 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^ 

�< �h�[�s�_�f �k�e�m�q�Z�_ �k�\�h�c�k�l�\�Z �b �k�h�k�l�Z�\ �W�I�I, �Z �l�Z�d�`�_ �]�_�h�f�_�l�j�b�y �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z 

�h�i�j�_�^�_�e�y�x�l�k�y �i�Z�j�Z�f�_�l�j�Z�f�b �b�g�`�_�d�l�b�j�m�_�f�h�]�h �W�I (�w�g�_�j�]�b�_�c �i�_�j�\�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ Eb, 

�i�h�e�g�u�f �l�h�d�h�f �i�m�q�d�Z Ib �b �i�e�h�l�g�h�k�l�v�x �l�h�d�Z jb), �k�\�h�c�k�l�\�Z�f�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u 

(�o�b�f�b�q�_�k�d�b�f �b �n�Z�a�h�\�u�f �k�h�k�l�Z�\�h�f, �^�Z�\�e�_�g�b�_�f �Jm, �l�_�f�i�_�j�Z�l�m�j�h�c Tm), �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x 

�b�g�`�_�d�p�b�b. �< �i�j�b�g�p�b�i�_, �\�k�_ �i�_�j�_�q�b�k�e�_�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �f�h�`�g�h �\�Z�j�v�b�j�h�\�Z�l�v �g�_�a�Z�\�b�k�b�f�h, 

�i�h�^�[�b�j�Z�y �h�i�l�b�f�Z�e�v�g�m�x �d�h�f�[�b�g�Z�p�b�x Eb, Ib, jb, Pm �^�e�y �d�h�g�d�j�_�l�g�u�o �m�k�e�h�\�b�c 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�Z. �< �j�Z�[�h�l�_ �]�_�g�_�j�Z�p�b�y �k�b�e�v�g�h�g�_�j�Z�\�g�h�\�_�k�g�h�c 

�g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �W�I�I �b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z  �f�Z�l�_�j�b�Z�e�h�\ �i�j�h�\�h�^�b�e�b�k�v �i�j�b 

�k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: 

�x �M�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b – 25-30 �d�<; 

�x �F�h�s�g�h�k�l�v �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z – 0-4 �d�<�l; 

�x �L�h�d �i�m�q�d�Z – 1,5-3,5 �f�: ; 

�x �>�Z�\�e�_�g�b�_ �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ – 0,01-100 �L�h�j�j; 

�x �I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �]�Z�a�u – �\�h�a�^�m�o �b �_�]�h �d�h�f�i�h�g�_�g�l�u, �b�g�_�j�l�g�u�_ �]�Z�a�u, 

�]�Z�a�h�h�[�j�Z�a�g�u�_ �m�]�e�_�\�h�^�h�j�h�^�u, �Z�f�f�b�Z�d, �n�l�h�j�k�h�^�_�j�`�Z�s�b�_ �]�Z�a�u, �i�Z�j�u 

�g�_�h�j�]�Z�g�b�q�_�k�d�b�o �b �h�j�]�Z�g�b�q�_�k�d�b�o �\�_�s�_�k�l�\, �i�Z�j�h�]�Z�a�h�\�u�_ �k�f�_�k�b �j�Z�a�e�b�q�g�h�]�h �k�h�k�l�Z�\�Z; 

�x �J�_�`�b�f�u �j�Z�[�h�l�u �]�_�g�_�j�Z�l�h�j�Z �W�I�I – �g�_�i�j�_�j�u�\�g�u�c �b �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�b�c �k 

�j�_�]�m�e�b�j�m�_�f�u�f�b �^�e�b�l�_�e�v�g�h�k�l�v�x �b �k�d�\�Z�`�g�h�k�l�v�x �b�f�i�m�e�v�k�h�\. 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�h�c �W�I�I �d�h�f�[�b�g�b�j�h�\�Z�e�Z�k�v �k �i�e�Z�a�f�h�c �]�Z�a�h�\�h�]�h 

�<�Q-�j�Z�a�j�y�^�Z. �>�e�y �w�l�h�]�h �\�g�m�l�j�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �w�e�_�d�l�j�h�^�g�u�_ 

�k�b�k�l�_�f�u �j�Z�a�e�b�q�g�u�o �d�h�g�k�l�j�m�d�p�b�c, �g�Z �d�h�l�h�j�u�_ �i�h�^�Z�\�Z�e�h�k�v �i�b�l�Z�g�b�_ �k �q�Z�k�l�h�l�h�c 13,6 �F�=�p �h�l 

�]�_�g�_�j�Z�l�h�j�Z �k �f�Z�d�k�b�f�Z�e�v�g�h�c �f�h�s�g�h�k�l�v�x 1 �d�<�l. 

 

�J�b�k. 3.6.1. �I�h�e�g�h�_ �k�_�q�_�g�b�_ �m�i�j�m�]�h�]�h 

�j�Z�k�k�_�b�\�Z�g�b�y �g�Z �Z�l�h�f�Z�o �b�g�_�j�l�g�u�o �]�Z�a�h�\ 
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�Z) �[) 

 

�\) 

�J�b�k. 3.6.2. �Z) – �<�b� ̂�n�m�g�d�p�b�b �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �i�h �w�g�_�j�]�b�y�f �\ �W�I�I (�d�h�f�f�_�g�l�Z�j�b�b 

�\ �l�_�d�k�l�_); �[) - �N�J�W�W �\  �i�e�Z�a�f�_ �Z�j�]�h�g�Z �i�j�b  Eb = 0,6 �d�w�<, Ib = 170 �f�:  [3.6.1]; �\) – 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �w�e�_�d�l�j�h�g�h�\ �\ �i�e�Z�a�f�_�g�g�h�f �h�[�e�Z�d�_: �i�e�Z�a�f�Z 

�Z�a�h�l�Z, Eb0 = 25 �d�w�<, Ib = 200 �f�: , Pm = 10 �L�h�j�j 

 

�I�j�b �i�j�h�o�h�`�^�_�g�b�b �q�_�j�_�a �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�m�x �k�j�_�^�m �W�I �j�Z�k�k�_�b�\�Z�_�l�k�y �\ �m�i�j�m�]�b�o 

�k�l�h�e�d�g�h�\�_�g�b�y�o (�\ �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �g�Z �j�b�k. 3.6.1 �i�j�b�\�_�^�_�g�u �i�h�e�g�u�_ �k�_�q�_�g�b�y �m�i�j�m�]�h�]�h 

�j�Z�k�k�_�y�g�b�y �w�e�_�d�l�j�h�g�h�\ �g�Z �Z�l�h�f�Z�o �b�g�_�j�l�g�u�o �]�Z�a�h�\). �W�g�_�j�]�b�y �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ 

�i�h�k�l�_�i�_�g�g�h �j�Z�k�o�h�^�m�_�l�k�y �\ �j�Z�a�e�b�q�g�u�o �g�_�m�i�j�m�]�b�o �i�j�h�p�_�k�k�Z�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�h �k�j�_�^�h�c 

�b�h�g�b�a�Z�p�b�b,  �\�h�a�[�m�`�^�_�g�b�y �Z�l�h�f�h�\ �b �f�h�e�_�d�m�e �k �\�h�a�f�h�`�g�h�c �^�b�k�k�h�p�b�Z�p�b�_�c �i�h�k�e�_�^�g�b�o,  �b �^�j. 



 121

�K�h�k�l�Z�\ �W�I�I �k�e�h�`�_�g: �\ �h�[�s�_�f �k�e�m�q�Z�_ �\ �g�_�c �i�j�b�k�m�l�k�l�\�m�x�l �f�h�e�_�d�m�e�u, �Z�l�h�f�u, 

�j�Z�^�b�d�Z�e�u �b �b�h�g�u �\ �h�k�g�h�\�g�h�f �b �\ �\�h�a�[�m�`�^�_�g�g�h�f �k�h�k�l�h�y�g�b�y�o, �Z �l�Z�d�`�_ �i�e�Z�a�f�_�g�g�u�_ 

�w�e�_�d�l�j�h�g�u �b �w�e�_�d�l�j�h�g�u �b�g�`�_�d�l�b�j�m�_�f�h�]�h �i�m�q�d�Z. �N�m�g�d�p�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �i�h 

�w�g�_�j�]�b�y�f (�N�J�W�W) �\ �W�I�I – �g�_�f�Z�d�k�\�_�e�e�h�\�k�d�Z�y  �k �l�j�_�f�y �o�Z�j�Z�d�l�_�j�g�u�f�b �w�g�_�j�]�_�l�b�q�_�k�d�b�f�b 

�h�[�e�Z�k�l�y�f�b (�j�b�k. 3.6.2�Z): 

I – �h�[�e�Z�k�l�v �w�g�_�j�]�b�c, �[�e�b�a�d�b�o �d �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ Eb �i�_�j�\�b�q�g�h�]�h �W�I, �y�\�e�y�x�s�Z�y�k�y 

�b�k�l�h�q�g�b�d�h�f �\�l�h�j�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\; 

II – �h�[�e�Z�k�l�v �i�j�h�f�_�`�m�l�h�q�g�u�o �a�g�Z�q�_�g�b�c �\�l�h�j�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ �h�l �i�h�j�h�]�h�\�u�o (~10 

�w�<) �^�h  ~ Eb/2, �d�h�l�h�j�u�_ �g�Z�j�y�^�m �k �i�_�j�\�b�q�g�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �k�i�h�k�h�[�g�u �h�k�m�s�_�k�l�\�e�y�l�v 

�b�h�g�b�a�Z�p�b�x, �^�b�k�k�h�p�b�Z�p�b�x �b �\�h�a�[�m�`�^�_�g�b�_ �w�e�_�d�l�j�h�g�g�u�o �k�h�k�l�h�y�g�b�c �f�h�e�_�d�m�e; 

III – �h�[�e�Z�k�l�v �w�e�_�d�l�j�h�g�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�b�o �w�g�_�j�]�b�c, �d�h�l�h�j�u�_ �i�j�h�b�a�\�h�^�y�l 

�d�h�e�_�[�Z�l�_�e�v�g�h�_ �b �\�j�Z�s�Z�l�_�e�v�g�h�_ �\�h�a�[�m�`�^�_�g�b�_ �f�h�e�_�d�m�e. 

�L�h�q�g�u�c �j�Z�k�q�_�l �N�J�W�W �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �j�_�r�_�g�b�b �m�j�Z�\�g�_�g�b�c �;�h�e�v�p�f�Z�g�Z �b �I�m�Z�k�k�h�g�Z 

�^�e�y �q�_�]�h �g�_�h�[�o�h�^�b�f�h �a�g�Z�g�b�_ �d�b�g�_�l�b�d�b (�\ �i�_�j�\�m�x �h�q�_�j�_�^�v �k�_�q�_�g�b�c) �w�e�_�f�_�g�l�Z�j�g�u�o 

�i�j�h�p�_�k�k�h�\ �^�e�y �d�h�g�d�j�_�l�g�h�]�h �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\ �d�h�g�d�j�_�l�g�u�o �m�k�e�h�\�b�y�o �]�_�g�_�j�Z�p�b�b 

�W�I. �G�Z �j�b�k. 3.6.2�[ �i�j�_�^�k�l�Z�\�e�_�g�Z �N�J�W�W �\ �i�e�Z�a�f�_ �Z�j�]�h�g�Z �i�j�b  Eb = 0,6 �d�w�<, Ib = 170 �f�:  

[3.6.1]. 

�?�k�e�b �g�_ �i�j�_�^�i�j�b�g�y�l�v �k�i�_�p�b�Z�e�v�g�u�o �f�_�j (�g�Z�i�j�b�f�_�j, �k�d�Z�g�b�j�h�\�Z�g�b�y �i�m�q�d�Z), 

�i�e�Z�a�f�_�g�g�h�_ �h�[�e�Z�d�h, �]�_�g�_�j�b�j�m�_�f�h�_ �l�h�g�d�b�f �W�I, �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h �g�_�h�^�g�h�j�h�^�g�h. �J�b�k. 3.6.2�\ 

�b�e�e�x�k�l�j�b�j�m�_�l �j�Z�k�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �w�e�_�d�l�j�h�g�h�\ �i�h �h�[�t�_�f�m �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z, �Z 

�g�Z �j�b�k. 3.6.3�Z �i�j�b�\�h�^�b�l�k�y �n�h�l�h�]�j�Z�n�b�y �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z. �G�Z �j�b�k. 3.6.3�[ �w�l�h �b�a�h�[�j�Z�`�_�g�b�_ 

�i�j�_�^�k�l�Z�\�e�_�g�h �\ �\�b�^�_ �b�a�h�e�b�g�b�c �y�j�d�h�k�l�b �b�a�e�m�q�_�g�b�y �i�e�Z�a�f�u; �h�g�h �b�e�e�x�k�l�j�b�j�m�_�l 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�g�_�j�]�h�\�d�e�Z�^�Z �W�I �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a. 

�< �h�[�s�_�f �k�e�m�q�Z�_ �k�\�h�c�k�l�\�Z �b �k�h�k�l�Z�\ �W�I�I, �Z �l�Z�d�`�_ �]�_�h�f�_�l�j�b�y �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z 

�h�i�j�_�^�_�e�y�x�l�k�y �i�Z�j�Z�f�_�l�j�Z�f�b �b�g�`�_�d�l�b�j�m�_�f�h�]�h �W�I (�w�g�_�j�]�b�_�c �i�_�j�\�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ Eb, 

�i�h�e�g�u�f �l�h�d�h�f �i�m�q�d�Z Ib �b �i�e�h�l�g�h�k�l�v�x �l�h�d�Z jb), �k�\�h�c�k�l�\�Z�f�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u 

(�o�b�f�b�q�_�k�d�b�f �b �n�Z�a�h�\�u�f �k�h�k�l�Z�\�h�f, �^�Z�\�e�_�g�b�_�f �Jm, �l�_�f�i�_�j�Z�l�m�j�h�c Tm), �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x 

�b�g�`�_�d�p�b�b. �< �i�j�b�g�p�b�i�_, �\�k�_ �i�_�j�_�q�b�k�e�_�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �f�h�`�g�h �\�Z�j�v�b�j�h�\�Z�l�v �g�_�a�Z�\�b�k�b�f�h, 

�i�h�^�[�b�j�Z�y �h�i�l�b�f�Z�e�v�g�m�x �d�h�f�[�b�g�Z�p�b�x Eb, Ib, jb, Pm, �b�k�o�h�^�y �b�a �k�i�_�p�b�n�b�d�b �j�_�r�Z�_�f�h�c 

�l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �a�Z�^�Z�q�b.  

�J�Z�a�g�h�h�[�j�Z�a�b�_ �q�Z�k�l�b�p, �i�j�b�k�m�l�k�l�\�m�x�s�b�o �\ �W�I�I, �h�[�m�k�e�h�\�e�_�g�h �f�g�h�]�h�q�b�k�e�_�g�g�u�f�b 

�w�e�_�f�_�g�l�Z�j�g�u�f�b �i�j�h�p�_�k�k�Z�f�b �k�l�h�e�d�g�h�\�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �k �Z�l�h�f�Z�f�b �b �f�h�e�_�d�m�e�Z�f�b �b 

�o�b�f�b�q�_�k�d�b�f�b �j�_�Z�d�p�b�y�f�b (�L�Z�[�e�b�p�u 3.6.1 �b 3.6.2), �d�h�l�h�j�u�_ �i�j�h�l�_�d�Z�x�l �b �\ �]�Z�a�h�\�h�f �h�[�t�_�f�_, �b 

�g�Z �i�h�\�_�j�o�g�h�k�l�b �l�\�_�j�^�h�]�h �l�_�e�Z, �i�h�f�_�s�_�g�g�h�]�h �\ �i�e�Z�a�f�m �^�e�y �h�[�j�Z�[�h�l�d�b. �W�l�b �j�_�Z�d�p�b�b, �d�Z�d 

�i�j�Z�\�b�e�h, �y�\�e�y�x�l�k�y �g�_�j�Z�\�g�h�\�_�k�g�u�f�b, �i�j�b�q�_�f �f�g�h�]�b�_ �b�a �l�Z�d�b�o �j�_�Z�d�p�b�c �g�_ �\�h�a�f�h�`�g�u �\ 
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�j�Z�\�g�h�\�_�k�g�u�o �m�k�e�h�\�b�y�o, �Z �g�_�d�h�l�h�j�u�_ �b�a �g�b�o �g�_ �g�Z�[�e�x�^�Z�x�l�k�y �^�Z�`�_ �\ �i�e�Z�a�f�_, �\�h�a�[�m�`�^�Z�_�f�h�c 

�^�j�m�]�b�f�b �k�i�h�k�h�[�Z�f�b. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �d�b�g�_�l�b�d�Z �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c, 

�^�h�f�b�g�b�j�h�\�Z�g�b�_ �l�_�o �b�e�b �b�g�u�o �i�j�h�p�_�k�k�h�\ �\ �p�_�i�h�q�d�Z�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�_�\�j�Z�s�_�g�b�c �b, �\ 

�d�h�g�_�q�g�h�f �k�q�_�l�_, �d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�a�e�b�q�g�u�o �q�Z�k�l�b�p �\ �W�I�I �k�b�e�v�g�h �a�Z�\�b�k�y�l �h�l �l�_�f�i�_�j�Z�l�m�j�u 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �b �_�_ �k�h�k�l�Z�\�Z. 

 

 
 

�Z) �[) 

�J�b�k. 3.6.3. �W�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�Z�y �i�e�Z�a�f�Z �Z�a�h�l�Z: 

�Z) – �i�e�Z�a�f�_�g�g�h�_ �h�[�e�Z�d�h �i�j�b Pm = 5 �L�h�j�j, Eb0 = 30 �d�w�<, Ib = 10 �f�: ; �[) – �b�a�h�e�b�g�b�b 

�b�g�l�_�g�k�b�\�g�h�k�l�b �b�a�e�m�q�_�g�b�y �\ �i�e�Z�a�f�_�g�g�h�f �h�[�e�Z�d�_ 

 

�H�i�j�_�^�_�e�y�x�s�b�f �f�_�o�Z�g�b�a�f�h�f �i�h�l�_�j�b �w�g�_�j�]�b�b �i�e�Z�a�f�_�g�g�u�o �w�e�_�d�l�j�h�g�h�\ �\ 

�f�h�e�_�d�m�e�y�j�g�h�f �]�Z�a�_ �y�\�e�y�_�l�k�y �i�j�h�p�_�k�k �\�h�a�[�m�`�^�_�g�b�y �d�h�e�_�[�Z�l�_�e�v�g�u�o �k�h�k�l�h�y�g�b�c �f�h�e�_�d�m�e �i�j�b 

�w�e�_�d�l�j�h�g�g�h-�f�h�e�_�d�m�e�y�j�g�u�o �k�h�m�^�Z�j�_�g�b�y�o. �I�h�k�d�h�e�v�d�m �w�g�_�j�]�b�y, �l�_�j�y�_�f�Z�y �i�j�b �l�Z�d�b�o 

�k�h�m�^�Z�j�_�g�b�y�o, �a�g�Z�q�b�l�_�e�v�g�h �i�j�_�\�u�r�Z�_�l �w�g�_�j�]�b�x, �l�_�j�y�_�f�m�x �w�e�_�d�l�j�h�g�h�f �i�j�b �m�i�j�m�]�b�o 

�w�e�_�d�l�j�h�g�g�h-�f�h�e�_�d�m�e�y�j�g�u�o �k�h�m�^�Z�j�_�g�b�y�o, �k�j�_�^�g�y�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �\ �W�I�I 

�f�h�e�_�d�m�e�y�j�g�h�]�h �]�Z�a�Z �a�g�Z�q�b�l�_�e�v�g�h �g�b�`�_, �q�_�f �\ �i�e�Z�a�f�_ �Z�l�h�f�Z�j�g�h�]�h �]�Z�a�Z. �I�h�w�l�h�f�m �\ �i�m�q�d�h�\�h�c 

�i�e�Z�a�f�_ �f�h�e�_�d�m�e�y�j�g�h�]�h �]�Z�a�Z �\�h�a�j�Z�k�l�Z�_�l �j�h�e�v �i�j�h�p�_�k�k�Z �l�j�h�c�g�h�c �j�_�d�h�f�[�b�g�Z�p�b�b �a�Z�j�y�`�_�g�g�u�o 

�q�Z�k�l�b�p, �w�n�n�_�d�l�b�\�g�h�k�l�v �d�h�l�h�j�h�]�h �\�h�a�j�Z�k�l�Z�_�l �k �m�f�_�g�v�r�_�g�b�_�f �k�j�_�^�g�_�c �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\. 

�W�I�I �q�b�k�l�u�o �]�Z�a�h�\, �i�Z�j�h�\ �b �i�Z�j�h�]�Z�a�h�\�u�o �k�f�_�k�_�c �b�^�_�Z�e�v�g�Z, �h�^�g�Z�d�h �b�^�_�Z�e�v�g�h�k�l�v 

�i�e�Z�a�f�u �Z�w�j�h�a�h�e�_�c �f�h�`�_�l �g�Z�j�m�r�Z�l�v�k�y �b�a-�a�Z �k�b�e�v�g�h�]�h �d�m�e�h�g�h�\�k�d�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �q�Z�k�l�b�p 

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u (�k�f. �j�Z�a�^�_�e 4.4).  

�H�i�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �W�I�I �l�Z�d�`�_ �k�b�e�v�g�h �a�Z�\�b�k�y�l �h�l �n�Z�a�h�\�h�]�h �k�h�k�l�Z�\�Z �i�e�Z�a�f�_�g�g�h�]�h 

�h�[�e�Z�d�Z. �< �q�Z�k�l�g�h�k�l�b, �\ �m�k�e�h�\�b�y�o �i�j�h�\�h�^�b�\�r�b�o�k�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�e�Z�a�f�Z �q�b�k�l�u�o �]�Z�a�h�\, 

�i�Z�j�h�\ �b �i�Z�j�h�]�Z�a�h�\�u�o �k�f�_�k�_�c �y�\�e�y�_�l�k�y �h�i�l�b�q�_�k�d�b �l�h�g�d�h�c. �W�I�I �Z�w�j�h�a�h�e�_�c, �h�k�h�[�_�g�g�h �i�j�b 
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�\�u�k�h�d�b�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p, �k�l�Z�g�h�\�b�l�k�y �h�i�l�b�q�_�k�d�b �l�h�e�k�l�h�c, �q�l�h 

�k�m�s�_�k�l�\�_�g�g�h �h�k�e�h�`�g�y�_�l �a�Z�^�Z�q�m �_�_ �h�i�l�b�q�_�k�d�h�c �^�b�Z�]�g�h�k�l�b�d�b. 

 
�L�Z�[�e�b�p�Z 3.6.1. �W�e�_�f�_�g�l�Z�j�g�u�_ �i�j�h�p�_�k�k�u �k�l�h�e�d�g�h�\�_�g�b�y �w�e�_�d�l�j�h�g�Z �k �Z�l�h�f�g�u�f�b 
�q�Z�k�l�b�p�Z�f�b �b �f�h�e�_�d�m�e�Z�f�b. �W�e�_�f�_�g�l�Z�j�g�u�_ �i�j�h�p�_�k�k�u �i�j�b �k�l�h�e�d�g�h�\�_�g�b�b �Z�l�h�f�h�\ �b 
�f�h�e�_�d�m�e [1.5.77]. 
 

�I�j�h�p�_�k�k �K�o�_�f�Z �i�j�h�p�_�k�k�Z �I�j�b�f�_�q�Z�g�b�_ 

�M�i�j�m�]�h�_ �k�l�h�e�d�g�h�\�_�g�b�_ 
�w�e�_�d�l�j�h�g�Z �k �Z�l�h�f�Z�f�b 
(�f�h�e�_�d�m�e�Z�f�b) 

�_ + �:  �<  �_ + �:   

�B�h�g�b�a�Z�p�b�y �Z�l�h�f�Z 
(�f�h�e�_�d�m�e�u) �w�e�_�d�l�j�h�g�g�u�f 
�m�^�Z�j�h�f  

�_ + �:  �:  2�_ + �: +  

�G�_�m�i�j�m�]�b�_ �i�_�j�_�o�h�^�u �f�_�`�^�m 
�w�e�_�d�l�j�h�g�g�u�f�b �k�h�k�l�h�y�g�b�y�f�b 
�Z�l�h�f�Z (�f�h�e�_�d�m�e�u) �\ 
�j�_�a�m�e�v�l�Z�l�_ �k�l�h�e�d�g�h�\�_�g�b�y �k 
�w�e�_�d�l�j�h�g�h�f 

�_ + �:  �:  �_ + �: * �: * - �w�e�_�d�l�j�h�g�g�h-
�\�h�a�[�m�`�^�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ 
�Z�l�h�f�Z (�f�h�e�_�d�m�e�u) 

�I�_�j�_�o�h�^�u �f�_�`�^�m �m�j�h�\�g�y�f�b 
�f�h�e�_�d�m�e�Z�f�b: 
�Z) �\�j�Z�s�Z�l�_�e�v�g�u�f�b 
 
 
�[) �d�h�e�_�[�Z�l�_�e�v�g�u�f�b 

 
 
�_ + �:�<(J) �:  �_ + �:�<(J�•) 
J – �\�j�Z�s�Z�l�_�e�v�g�u�c �f�h�f�_�g�l 
 
�_ + �:�<(��) �:  �_ + �:�<(���•) 
�� – �d�h�e�_�[�Z�l�_�e�v�g�h�_ �d�\�Z�g�l�h�\�h�_ 
�q�b�k�e�h �f�h�e�_�d�m�e�u 

 

�>�b�k�k�h�p�b�Z�l�b�\�g�h�_ 
�i�j�b�e�b�i�Z�g�b�_ �w�e�_�d�l�j�h�g�Z �d 
�f�h�e�_�d�m�e�_ 

�_ + �:�< �:  �: �í + �< �I�j�h�p�_�k�k �i�j�h�l�_�d�Z�_�l �q�_�j�_�a 
�h�[�j�Z�a�h�\�Z�g�b�_ 
�Z�\�l�h�b�g�b�a�Z�p�b�h�g�g�h�]�h 
�k�h�k�l�h�y�g�b�y �:�<�í �f�h�e�_�d�m�e�u 
�:�<; �: �í - �h�l�j�b�p�Z�l�_�e�v�g�u�c �b�h�g 

�>�b�k�k�h�Z�p�b�Z�l�b�\�g�Z�y 
�j�_�d�h�f�[�b�g�Z�p�b�y 

�_ + �:�<+ �:  �:  + �< �:�<+ - �f�h�e�_�d�m�e�y�j�g�u�c �b�h�g 

�L�j�_�o�q�Z�k�l�b�q�g�h�_ �i�j�b�e�b�i�Z�g�b�_ 
�w�e�_�d�l�j�h�g�Z �d �f�h�e�_�d�m�e�_ 

�_ + �:  + �< �:  �: �í + �< �<�g�h�k�b�l �k�m�s�_�k�l�\�_�g�g�u�c �\�d�e�Z�^ 
�\ �d�b�g�_�l�b�d�m �i�j�h�p�_�k�k�h�\ �\ �W�I�I 
�w�e�_�d�l�j�h�h�l�j�b�p�Z�l�_�e�v�g�u�o �]�Z�a�h�\ 

�W�e�_�d�l�j�h�g-�b�h�g�g�Z�y 
�j�_�d�h�f�[�b�g�Z�p�b�y �i�j�b �l�j�h�c�g�u�o 
�k�h�m�^�Z�j�_�g�b�y�o 

�_ + �: + + �< �:  �:  + �< �: + - �i�h�e�h�`�b�l�_�e�v�g�u�c �b�h�g 

�>�b�k�k�h�p�b�Z�p�b�y �f�h�e�_�d�m�e�u 
�w�e�_�d�l�j�h�g�g�u�f�b �m�^�Z�j�h�f 

�_ + �:�< �:  �_ + �:  + �<  

�L�j�h�c�g�Z�y �j�_�d�h�f�[�b�g�Z�p�b�y 2�_ + �: + �:  �:  + �_ �W�e�_�d�l�j�h�g, �k�l�Z�e�d�b�\�Z�y�k�v �\ 
�i�h�e�_ �b�h�g�Z �k �^�j�m�]�b�f 
�k�\�h�[�h�^�g�u�f �w�e�_�d�l�j�h�g�h�f, 
�a�Z�o�\�Z�l�u�\�Z�_�l�k�y �\ �h�^�g�h �b�a 
�\�h�a�[�m�`�^�_�g�g�u�o �k�h�k�l�h�y�g�b�c 
�Z�l�h�f�Z (�f�h�e�_�d�m�e�u) �k �w�g�_�j�]�b�_�c 
�b�h�g�b�a�Z�p�b�b �i�h�j�y�^�d�Z �L�_ �l�Z�d, 
�q�l�h �w�g�_�j�]�b�y �k�\�y�a�b 
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�a�Z�o�\�Z�l�u�\�Z�_�f�h�]�h �w�e�_�d�l�j�h�g�Z 
�m�g�h�k�b�l�k�y �\�l�h�j�u�f 
�w�e�_�d�l�j�h�g�h�f. �I�h�k�e�_�^�m�x�s�b�_ 
�f�g�h�]�h�d�j�Z�l�g�u�_ �k�h�m�^�Z�j�_�g�b�y 
�\�h�a�[�m�`�^�_�g�g�h�]�h �Z�l�h�f�Z 
(�f�h�e�_�d�m�e�u) �k �w�e�_�d�l�j�h�g�Z�f�b 
�i�e�Z�a�f�u �b �k�i�h�g�l�Z�g�g�h�_ 
�b�a�e�m�q�_�g�b�_ �\�h�a�[�m�`�^�_�g�g�h�]�h 
�Z�l�h�f�Z �k �i�_�j�_�o�h�^�h�f �\ �f�_�g�_�_ 
�\�h�a�[�m�`�^�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ 
�i�j�b�\�h�^�y�l �d �h�[�j�Z�a�h�\�Z�g�b�x 
�Z�l�h�f�Z (�f�h�e�_�d�m�e�u) �\ 
�g�h�j�f�Z�e�v�g�h�f �k�h�k�l�h�y�g�b�b. 

�>�b�k�k�h�p�b�Z�l�b�\�g�Z�y 
�j�_�d�h�f�[�b�g�Z�p�b�y 

�_ + �:�<+ �:  �:  + �< �W�g�_�j�]�b�y �k�\�y�a�b 
�j�_�d�h�f�[�b�g�b�j�m�x�s�_�]�h 
�w�e�_�d�l�j�h�g�Z �i�j�_�h�[�j�Z�a�m�_�l�k�y �\ 
�d�b�g�_�l�b�q�_�k�d�m�x �w�g�_�j�]�b�x 
�i�j�h�^�m�d�l�h�\ 

�L�m�r�_�g�b�_ �w�e�_�d�l�j�h�g�g�h-
�\�h�a�[�m�`�^�_�g�g�h�]�h �k�h�k�l�h�y�g�b�y 
�i�j�b �k�l�h�e�d�g�h�\�_�g�b�b �k 
�f�h�e�_�d�m�e�h�c 

�: * + �<�K �:  �:  + �<�K 
               �:  �:  + �< + �K 

 

�I�j�h�p�_�k�k �I�_�g�g�b�g�]�Z �: * + �<  �:  �:  + �<+ + �_ �:�l�h�f �: * �g�Z�o�h�^�b�l�k�y �\ 
�f�_�l�Z�k�l�Z�[�b�e�v�g�h�f �k�h�k�l�h�y�g�b�b, 
�w�g�_�j�]�b�y �_�]�h �\�h�a�[�m�`�^�_�g�b�y 
�i�j�_�\�u�r�Z�_�l �i�h�l�_�g�p�b�Z�e 
�b�h�g�b�a�Z�p�b�b �Z�l�h�f�Z �< 

�H�[�j�Z�a�h�\�Z�g�b�_ �f�h�e�_�d�m�e �i�j�b 
�l�j�h�c�g�u�o �k�h�m�^�Z�j�_�g�b�y�o 

�:  + �< + �K �:  �:�< + �K �D�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �i�j�b 
�l�_�i�e�h�\�u�o �w�g�_�j�]�b�y�o �i�h�j�y�^�d�Z 
10-32 �k�f6/�k 

�O�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �:  + �<�K �:  �:�< + �K  
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�L�Z�[�e�b�p�Z 3.6.2. �W�e�_�f�_�g�l�Z�j�g�u�_ �i�j�h�p�_�k�k�u �k �m�q�Z�k�l�b�_�f �b�h�g�h�\ [1.5.77] 

�I�j�h�p�_�k�k �K�o�_�f�Z �i�j�h�p�_�k�k�Z �I�j�b�f�_�q�Z�g�b�_ 

�J�_�a�h�g�Z�g�k�g�Z�y �i�_�j�_�a�Z�j�y�^�d�Z �: + + �:  �:  �:  + �: +  
�G�_�j�_�a�h�g�Z�g�k�g�Z�y �i�_�j�_�a�Z�j�y�^�d�Z �: + + �< �:  �:  + �<+  
�B�h�g-�b�h�g�g�Z�y �j�_�d�h�f�[�b�g�Z�p�b�y 
(�\�a�Z�b�f�g�Z�y �g�_�c�l�j�Z�e�b�a�Z�p�b�y) 

�: + + �<�í �:  �:  + �<  

�J�Z�a�j�m�r�_�g�b�_ �h�l�j�b�p�Z�l�_�e�v�g�h�]�h 
�b�h�g�Z �i�j�b �k�l�h�e�d�g�h�\�_�g�b�b �k 
�Z�l�h�f�g�h�c �q�Z�k�l�b�p�_�c 

�: + + �<�í �:  �:�< + �_ 
             �:  �:  + �< + �_ 

 

�B�h�g-�f�h�e�_�d�m�e�y�j�g�u�_ 
�i�j�h�p�_�k�k�u (�j�_�Z�d�p�b�b) 

�:  + �<�K+  �:  �:�<+ + �K 
                �:  �:�< + �K+ 

�I�h�^�h�[�g�u �o�b�f�b�q�_�k�d�b�f 
�j�_�Z�d�p�b�y�f 

�I�j�_�\�j�Z�s�_�g�b�_ �Z�l�h�f�g�u�o 
�b�h�g�h�\ �\ �f�h�e�_�d�m�e�y�j�g�u�_ 
(�d�h�g�\�_�j�k�b�y) �i�j�b �l�j�h�c�g�u�o 
�k�h�m�^�Z�j�_�g�b�y�o 

�: + + �< + �K �:  �:�<+ + �K �I�j�b �l�_�i�e�h�\�u�o �w�g�_�j�]�b�y�o 
�w�e�_�d�l�j�h�g�h�\ �^�e�y �i�j�h�k�l�u�o 
�k�b�k�l�_�f �d�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b 
�j�_�Z�d�p�b�b �b�f�_�_�l �i�h�j�y�^�h�d 10-31 
�k�f6/�k; �i�j�b �m�q�Z�k�l�b�b �k�e�h�`�g�u�o 
�f�h�e�_�d�m�e �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 
10-27 �k�f6/�k 

�B�h�g-�b�h�g�g�Z�y �j�_�d�h�f�[�b�g�Z�p�b�y 
�i�j�b �l�j�h�c�g�u�o �k�h�m�^�Z�j�_�g�b�y�o 

�: + + �<�í + �K �:  �:  + �< + �K  

 
�K�e�h�`�g�u�c �\�b� ̂�N�J�W�W, �\�u�k�h�d�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �a�Z�j�y�`�_�g�g�u�o �b �\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p, 

�j�Z�a�g�h�h�[�j�Z�a�b�_ �w�e�_�f�_�g�l�Z�j�g�u�o �i�j�h�p�_�k�k�h�\ �b �g�_�j�Z�\�g�h�\�_�k�g�u�o �o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c, �g�Z�e�b�q�b�_ 

�w�d�k�b�f�_�j�g�u�o �f�h�e�_�d�m�e �^�Z�x�l �h�k�g�h�\�Z�g�b�_ �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v �W�I�I �d�Z�d �k�b�e�v�g�h�g�_�j�Z�\�g�h�\�_�k�g�m�x. 
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�=�E�:�<�: IV. �N�H�J�F�B�J�H�<�:�G�B�? �J�?�:�D�P�B�H�G�G�H�C �A�H�G�U �< �I�M�Q�D�H�<�H-

�I�E�:�A�F�?�G�G�U�O �J�?�:�D�L�H�J�:�O 

 

4.1. �=�_�g�_�j�Z�p�b�y �W�I�I �\ �a�Z�f�d�g�m�l�h�f �h�[�t�_�f�_ 

�J�b�k. 3.1.4 �]�e�Z�\�u III   �b�e�e�x�k�l�j�b�j�m�_�l �i�j�b�g�p�b�i �]�_�g�_�j�Z�p�b�b �W�I�I �\ �k�\�h�[�h�^�g�h�f �h�[�t�_�f�_, 

�d�h�]�^�Z �h�[�e�Z�d�h �W�I�I �n�h�j�f�b�j�m�_�l�k�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_, �j�Z�a�f�_�j�u �d�h�l�h�j�h�c �k�m�s�_�k�l�\�_�g�g�h 

�i�j�_�\�u�r�Z�x�l �j�Z�a�f�_�j�u �i�e�Z�a�f�_�g�g�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y. �< �w�l�h�f �k�e�m�q�Z�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �i�e�Z�a�f�u �k�h 

�k�l�_�g�d�Z�f�b �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �g�_ �h�d�Z�a�u�\�Z�_�l �g�b�d�Z�d�h�]�h �\�e�b�y�g�b�y �g�Z �i�j�h�p�_�k�k�u, �i�j�h�l�_�d�Z�x�s�b�_ 

�\ �i�e�Z�a�f�_�g�g�h�f �h�[�t�_�f�_, �n�h�j�f�Z �b �j�Z�a�f�_�j�u �h�[�e�Z�d�Z �W�I�I �h�i�j�_�^�_�e�y�x�l�k�y �l�h�e�v�d�h 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (�k�b�e�h�c �l�h�d�Z �i�m�q�d�Z �b �m�k�d�h�j�y�x�s�b�f �g�Z�i�j�y�`�_�g�b�_�f 

�i�m�r�d�b), �^�Z�\�e�_�g�b�_�f �b �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u, �Z �l�Z�d�`�_ 

�h�k�h�[�_�g�g�h�k�l�y�f�b �d�h�g�k�l�j�m�d�p�b�b �\�u�\�h�^�g�h�]�h �h�d�g�Z.  

�H�^�g�Z�d�h �k�o�_�f�Z �]�_�g�_�j�Z�p�b�b �W�I�I �\ �k�\�h�[�h�^�g�h�f �h�[�t�_�f�_ �i�j�Z�d�l�b�q�_�k�d�b �g�b�d�h�]�^�Z �g�_ 

�j�_�Z�e�b�a�m�_�l�k�y �\ �j�_�Z�e�v�g�u�o �d�h�g�k�l�j�m�d�p�b�y�o �j�_�Z�d�l�h�j�h�\, �\ �d�h�l�h�j�u�o �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �f�Z�l�_�j�b�Z�e�h�\. �< �^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b, �i�j�b �h�[�j�Z�[�h�l�d�_ �f�Z�k�k�b�\�g�u�o 

�b�a�^�_�e�b�c �b �l�h�g�d�h�i�e�_�g�h�q�g�u�o �h�[�j�Z�a�p�h�\ (�k�f. �]�e�Z�\�m II) �h�[�e�Z�d�h �W�I�I �h�]�j�Z�g�b�q�_�g�h, �i�h �d�j�Z�c�g�_�c 

�f�_�j�_, �k �h�^�g�h�c �k�l�h�j�h�g�u �i�h�\�_�j�o�g�h�k�l�v�x �l�\�_�j�^�h�]�h �l�_�e�Z: �i�e�h�k�d�b�_ �h�[�j�Z�a�p�u �h�]�j�Z�g�b�q�b�\�Z�x�l 

�i�e�Z�a�f�_�g�g�u�c �h�[�t�_�f �i�h �h�k�b z, �Z �i�j�b �h�[�j�Z�[�h�l�d�_ �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[ �i�e�Z�a�f�Z 

�i�h�e�g�h�k�l�v�x �e�h�d�Z�e�b�a�h�\�Z�g�Z �\�g�m�l�j�b �l�j�m�[�u. �L�Z�d�b�_ �`�_ �m�k�e�h�\�b�y �]�_�g�_�j�Z�p�b�b �W�I�I �o�Z�j�Z�d�l�_�j�g�u �^�e�y 

�b�a�h�[�j�Z�`�_�g�g�h�]�h �g�Z �j�b�k. 4.1.1 �l�j�m�[�q�Z�l�h�]�h �j�_�Z�d�l�h�j�Z, �d�h�l�h�j�u�c �b�k�i�h�e�v�a�h�\�Z�e�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o 

�i�h �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �f�Z�l�_�j�b�Z�e�h�\. 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �d�h�j�j�_�d�l�g�h�_ �h�i�b�k�Z�g�b�_ �j�Z�[�h�q�_�]�h �i�j�h�p�_�k�k�Z �\ �j�_�Z�e�v�g�u�o �m�k�e�h�\�b�y�o 

�i�j�h�\�_�^�_�g�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\ �l�j�_�[�m�_�l �m�q�_�l�Z �p�_�e�h�]�h �j�y�^�Z 

�n�b�a�b�q�_�k�d�b�o �b �o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �d�h�l�h�j�u�_ �g�_ �b�]�j�Z�x�l �k�m�s�_�k�l�\�_�g�g�h�c �j�h�e�b, �_�k�e�b �W�I�I 

�\�h�a�[�m�`�^�Z�_�l�k�y �\ �h�[�t�_�f�_, �g�_ �h�]�j�Z�g�b�q�_�g�g�h�f �l�\�_�j�^�u�f�b �k�l�_�g�d�Z�f�b. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�h�a�g�b�d�Z�_�l 

�a�Z�^�Z�q�Z �h�i�b�k�Z�g�b�y �]�_�g�_�j�Z�p�b�b �W�I�I �\�g�m�l�j�b �d�h�g�l�_�c�g�_�j�Z �k �m�q�_�l�h�f �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�e�Z�a�f�u �k 

�_�]�h �k�l�_�g�d�Z�f�b. �D �q�b�k�e�m �i�j�h�p�_�k�k�h�\, �d�h�l�h�j�u�_ �\ �w�l�h�f �k�e�m�q�Z�_ �f�h�]�m�l �i�h�\�e�b�y�l�v �g�Z �k�\�h�c�k�l�\�Z 

�i�e�Z�a�f�u, �k�e�_�^�m�_�l �h�l�g�_�k�l�b1: 

�x �g�Z�]�j�_�\ �k�l�_�g�h�d �d�h�g�l�_�c�g�_�j�Z; 

�x �f�g�h�]�h�d�j�Z�l�g�h�_ �h�l�j�Z�`�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �h�l �k�l�_�g�h�d �d�h�g�l�_�c�g�_�j�Z; 

�x �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�m�x �a�Z�j�y�^�d�m �k�l�_�g�h�d �d�h�g�l�_�c�g�_�j�Z �b �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�m�x 

�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�m�x �a�Z�j�y�^�d�m �w�e�_�f�_�g�l�h�\ �d�h�g�l�_�c�g�_�j�Z, �_�k�e�b �d�Z�d�b�_-�e�b�[�h �b�a �g�b�o (�b�e�b 

�d�h�g�l�_�c�g�_�j �p�_�e�b�d�h�f) �b�a�]�h�l�h�\�e�_�g�u �b�a �^�b�w�e�_�d�l�j�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\; 

                                                 
1 �N�b�a�b�q�_�k�d�Z�y �f�h�^�_�e�v �]�_�g�_�j�Z�p�b�b �W�I�I �\ �i�j�h�k�l�j�Z�g�k�l�\�_, �h�]�j�Z�g�b�q�_�g�g�h�f �l�\�_�j�^�u�f�b �k�l�_�g�d�Z�f�b, �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�Z 
�\ �j�Z�a�^�_�e�_ 7.1. 
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�x �b�a�f�_�g�_�g�b�_ �m�k�e�h�\�b�c �l�_�i�e�h�h�[�f�_�g�Z �f�_�`�^�m �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�f �h�[�j�Z�a�p�h�f �b �h�d�j�m�`�Z�x�s�_�c 

�k�j�_�^�h�c �i�j�b �g�Z�e�b�q�b�b �k�l�_�g�h�d, �h�]�j�Z�g�b�q�b�\�Z�x�s�b�o �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f; 

�x �]�_�g�_�j�Z�p�b�y �b�a�e�m�q�_�g�b�c, �d�h�l�h�j�u�_ �g�_ �o�Z�j�Z�d�l�_�j�g�u �^�e�y �W�I�I, �\�h�a�[�m�`�^�Z�_�f�h�c �\ 

�g�_�h�]�j�Z�g�b�q�_�g�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_, �g�Z�i�j�b�f�_�j – �e�x�f�b�g�_�k�p�_�g�p�b�y �k�l�_�g�h�d �d�h�g�l�_�c�g�_�j�Z; 

�x �b�a�f�_�g�_�g�b�_ �n�b�a�b�q�_�k�d�b�o, �\ �q�Z�k�l�g�h�k�l�b – �w�e�_�d�l�j�h�n�b�a�b�q�_�k�d�b�o, �b �o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 

�i�h�\�_�j�o�g�h�k�l�_�c, �d�h�g�l�Z�d�l�b�j�m�x�s�b�o �k  �i�e�Z�a�f�h�c. 

�J�Z�k�k�f�h�l�j�b�f �g�_�d�h�l�h�j�u�_ �i�j�h�y�\�e�_�g�b�y �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ �i�j�h�p�_�k�k�h�\. �G�Z �j�b�k�m�g�d�_ 

4.1.2 �i�j�_�^�k�l�Z�\�e�_�g �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �W�I�I �Z�a�h�l�Z, �e�h�d�Z�e�b�a�h�\�Z�g�g�h�c �\�g�m�l�j�b �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h 

�d�h�g�l�_�c�g�_�j�Z, �k�l�_�g�d�Z �d�h�l�h�j�h�]�h �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�l�j�_�a�h�d �d�\�Z�j�p�_�\�h�c �l�j�m�[�u (�k�f. �j�b�k. 4.1.1). 

�G�Z �k�i�_�d�l�j�_ �o�h�j�h�r�h �\�b�^�g�u �e�b�g�b�b �k�i�_�d�l�j�Z �Z�a�h�l�g�h�c �i�e�Z�a�f�u �\ �k�m�i�_�j�i�h�a�b�p�b�b �k �g�_�i�j�_�j�u�\�g�u�f 

�k�i�_�d�l�j�h�f �e�x�f�b�g�_�k�p�_�g�p�b�b �d�\�Z�j�p�Z, �h�[�e�m�q�Z�_�f�h�]�h �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b. �G�Z �j�b�k�m�g�d�_ 4.1.3 

�i�j�_�^�k�l�Z�\�e�_�g�u �i�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �l�_�f�i�_�j�Z�l�m�j�u Tw(z) �k�l�_�g�d�b �d�h�g�l�_�c�g�_�j�Z – �h�l�j�_�a�d�Z 

�d�\�Z�j�p�_�\�h�c �l�j�m�[�u �\�g�m�l�j�_�g�g�b�f �^�b�Z�f�_�l�j�h�f 22 �f�f , �g�h�j�f�b�j�h�\�Z�g�g�u�_ �g�Z �f�Z�d�k�b�f�Z�e�v�g�h�_ 

�a�g�Z�q�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u (Tw)max �g�Z �^�Z�g�g�h�f �h�l�j�_�a�d�_ �l�j�m�[�u. �I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�Z�y �k�j�_�^�Z – 

�g�_�i�h�^�\�b�`�g�u�c �\�h�a�^�m�o �i�j�b �^�Z�\�e�_�g�b�b Pm = 10 �L�h�j�j �b�e�b �\�h�a�^�m�r�g�u�c �i�h�l�h�d �k�h �k�l�Z�l�b�q�_�k�d�b�f 

�^�Z�\�e�_�g�b�_�f 10 �L�h�j�j. �>�e�y �l�_�o �`�_ �m�k�e�h�\�b�c �]�_�g�_�j�Z�p�b�b �W�I�I �g�Z �j�b�k�m�g�d�_ 4.1.3  �i�j�b�\�_�^�_�g�u 

�i�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�q�_�g�b�y �i�e�Z�a�f�u, B(z), �g�h�j�f�b�j�h�\�Z�g�g�u�_ �g�Z 

�f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ Bmax.  �D�Z�d �\�b�^�g�h �b�a �j�b�k�m�g�d�Z, �f�Z�d�k�b�f�m�f�u �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�q�_�g�b�y 

�b �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �d�h�g�l�_�c�g�_�j�Z �g�Z�o�h�^�y�l�k�y �i�j�b�[�e�b�a�b�l�_�e�v�g�h �\ �h�^�g�h�f �b �l�h�f �`�_ �k�_�q�_�g�b�b 

�l�j�m�[�u, �l.�_. �i�j�h�^�m�\�d�Z �]�Z�a�Z �g�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�y �g�Z �i�h�e�h�`�_�g�b�_ �f�Z�d�k�b�f�m�f�h�\, �h�^�g�Z�d�h 

�Z�[�k�h�e�x�l�g�u�_ �a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �h�l�e�b�q�Z�x�l�k�y �k�m�s�_�k�l�\�_�g�g�h: (Tw)max = 120 º�K �^�e�y 

�g�_�i�h�^�\�b�`�g�h�]�h �]�Z�a�Z �b (Tw)max = 80 º�K �^�e�y �\�h�a�^�m�r�g�h�]�h �i�h�l�h�d�Z (�k�d�h�j�h�k�l�v �i�h�l�h�d�Z �| 150 �f /�k).  

�J�_�a�m�e�v�l�Z�l�u, �h�l�g�h�k�y�s�b�_�k�y �d �w�d�k�i�_�j�b�f�_�g�l�Z�f �k �i�j�h�^�m�\�d�h�c �]�Z�a�Z �\�^�h�e�v �d�h�g�l�_�c�g�_�j�Z, 

�b�e�e�x�k�l�j�b�j�m�x�l �j�Z�[�h�l�m �h�^�g�h�c �b�a �b�k�k�e�_�^�h�\�Z�\�r�b�o�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �f�h�^�b�n�b�d�Z�p�b�c 

�j�_�Z�d�l�h�j�Z �k �p�b�e�b�g�^�j�b�q�_�k�d�h�c �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�h�c, �Z �b�f�_�g�g�h – �j�_�Z�d�l�h�j�Z �d�Z�g�Z�e�v�g�h�]�h �l�b�i�Z. �< 

�g�b�o �j�_�Z�e�b�a�h�\�Z�g�Z �g�_�i�j�_�j�u�\�g�Z�y, �d�Z�d �i�j�Z�\�b�e�h, – �l�Z�g�]�_�g�p�b�Z�e�v�g�Z�y,  �i�h�^�Z�q�Z �]�Z�a�Z �b�e�b �k�f�_�k�b 

�]�Z�a�h�\ �\�g�m�l�j�v �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �\ �p�_�e�y�o �\�u�j�Z�\�g�b�\�Z�g�b�y �i�j�h�^�h�e�v�g�h�]�h �i�j�h�n�b�e�y 

�l�_�f�i�_�j�Z�l�m�j�u �b �k�g�b�`�_�g�b�y �_�_ �f�Z�d�k�b�f�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c. �< �h�l�e�b�q�b�_ �h�l �j�_�Z�d�l�h�j�Z, 

�b�a�h�[�j�Z�`�_�g�g�h�]�h �g�Z �j�b�k�m�g�d�_ 4.1.1, �j�_�Z�d�p�b�h�g�g�Z�y �d�Z�f�_�j�Z �g�_ �b�f�_�_�l �^�g�Z, �b �]�Z�a, �\�^�m�\�Z�_�f�u�c �q�_�j�_�a 

�h�^�b�g �b�a �l�h�j�p�h�\ �l�j�m�[�u, �f�h�`�_�l �k�\�h�[�h�^�g�h �\�u�l�_�d�Z�l�v �q�_�j�_�a �\�l�h�j�h�c �l�h�j�_�p. �B�g�u�f�b �k�e�h�\�Z�f�b, �\ 

�d�h�g�l�_�c�g�_�j�_ �n�h�j�f�b�j�m�_�l�k�y �\�g�m�l�j�_�g�g�_�_ �l�_�q�_�g�b�_ �W�I�I. �L�Z�d�b�_ �m�k�e�h�\�b�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u 

�o�Z�j�Z�d�l�_�j�g�u �^�e�y �a�Z�^�Z�q �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�_�Z �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �k�e�h�_�\ �g�Z 

�\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �p�b�e�b�g�^�j�b�q�_�k�d�b�o �l�j�m�[ (�k�f. �]�e�Z�\�m VI). 

 �G�_�h�[�o�h�^�b�f�h �h�k�h�[�h �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �W�I �\ 

�]�Z�a�_, �a�Z�i�h�e�g�y�x�s�_�f �l�_�i�e�h�b�a�h�e�b�j�h�\�Z�g�g�u�c �d�h�g�l�_�c�g�_�j, �g�Z�i�j�b�f�_�j, �d�h�]�^�Z �k�b�e�Z �l�h�d�Z 
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�b�g�`�_�d�l�b�j�m�_�f�h�]�h �i�m�q�d�Z �^�h�k�l�Z�l�h�q�g�h �\�_�e�b�d�Z, �f�h�`�_�l �i�j�h�b�k�o�h�^�b�l�v �b�g�l�_�g�k�b�\�g�u�c �j�Z�a�h�]�j�_�\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �k�h�i�j�h�\�h�`�^�Z�x�s�b�c�k�y �j�_�a�d�b�f �\�h�a�j�Z�k�l�Z�g�b�_�f �i�e�h�l�g�h�k�l�b �\�l�h�j�b�q�g�u�o 

�w�e�_�d�l�j�h�g�h�\ �i�e�Z�a�f�u. �L�Z�d �\ �]�h�j�y�q�_�f �Z�j�]�h�g�_ nep �f�h�`�_�l �^�h�k�l�b�]�g�m�l�v �\�_�e�b�q�b�g�u �a 1013 �k�f-3 �b 

�^�Z�`�_ �\�u�r�_; �\ �w�l�b�o �m�k�e�h�\�b�y�o �f�h�`�_�l �\�h�a�g�b�d�Z�l�v �j�Z�k�d�Z�q�d�Z �e�_�g�]�f�x�j�h�\�k�d�b�o �d�h�e�_�[�Z�g�b�c, 

�i�j�b�\�h�^�y�s�Z�y, �\ �d�h�g�_�q�g�h�f �k�q�_�l�_, �d �a�Z�`�b�]�Z�g�b�x �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z (�k�f. �j�Z�a�^�_�e 

7.3), �b �i�j�b�\�h�^�y�s�Z�y �d �i�h�l�_�j�_ �m�k�l�h�c�q�b�\�h�k�l�b �i�e�Z�a�f�_�g�g�u�f �h�[�t�_�f�h�f  (�k�f. �l�Z�d�`�_ �j�Z�a�^�_�e 4.4). �< 

�w�d�k�i�_�j�b�f�_�g�l�Z�o �k �W�I�I �Z�j�]�h�g�Z �w�l�h �y�\�e�_�g�b�_ �g�Z�[�e�x�^�Z�e�h�k�v �i�j�b Ib > 10 �f�: , �_�k�e�b �l�_�f�i�_�j�Z�l�m�j�Z 

�i�e�Z�a�f�u, �a�Z�i�h�e�g�y�x�s�_�c �d�h�g�l�_�c�g�_�j, �^�h�k�l�b�]�Z�e�Z �a�g�Z�q�_�g�b�c  Tg
 �| Tw �a 1000 �D.  

�I�j�b �g�b�a�d�b�o �^�Z�\�e�_�g�b�y�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z (Pm < 1,0 �L�h�j�j) �f�h�`�_�l �b�f�_�l�v �f�_�k�l�h 

�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y �a�Z�j�y�^�d�Z �k�l�_�g�h�d �d�h�g�l�_�c�g�_�j�Z. �W�l�h �y�\�e�_�g�b�_ �b�e�e�x�k�l�j�b�j�m�_�l�k�y �j�b�k�m�g�d�h�f 

4.1.4, �g�Z �d�h�l�h�j�h�f �i�h�d�Z�a�Z�g�Z �a�Z�\�b�k�b�f�h�k�l�v �h�l Pm �i�h�l�_�g�p�b�Z�e�Z U �b�a�h�e�b�j�h�\�Z�g�g�h�]�h �h�l «�a�_�f�e�b» 

�f�_�l�Z�e�e�b�q�_�k�d�h�]�h �^�g�b�s�Z �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�h�g�l�_�c�g�_�j�Z �k �d�\�Z�j�p�_�\�h�c �[�h�d�h�\�h�c �k�l�_�g�d�h�c. 

 

�Z) �[) 

�J�b�k. 4.1.1. �<�g�_�r�g�b�c �\�b� ̂ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �b�a �d�\�Z�j�p�_�\�h�c 

�l�j�m�[�u �k �f�_�l�Z�e�e�b�q�_�k�d�b�f �^�g�b�s�_�f: 

�Z) – �j�_�Z�d�l�h�j �k �h�l�g�h�r�_�g�b�_�f �^�e�b�g�u �d �^�b�Z�f�_�l�j�m �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u 5:1 �\�h �\�j�_�f�y 

�b�k�i�u�l�Z�g�b�c �\ �Z�l�f�h�k�n�_�j�_; 

�[) – �j�_�Z�d�l�h�j �k �h�l�g�h�r�_�g�b�_�f �^�e�b�g�u �d �^�b�Z�f�_�l�j�m �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u 1:1 �\�h �\�j�_�f�y 

�w�d�k�i�_�j�b�f�_�g�l�Z �i�h �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 
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�J�b�k. 4.1.2. �K�i�_�d�l�j �b�a�e�m�q�_�g�b�y �d�\�Z�j�p�_�\�h�]�h �d�h�g�l�_�c�g�_�j�Z, �\�g�m�l�j�b �d�h�l�h�j�h�]�h �]�_�g�_�j�b�j�m�_�l�k�y �W�I�I 

�Z�a�h�l�Z. 

 

  

 

�J�b�k. 4.1.3. �I�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�q�_�g�b�y �i�e�Z�a�f�u �\�h�a�^�m�o�Z, B(z)/Bmax 

(�d�j�b�\�u�_ 1 �b 2), �b �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u, Tw(z)/(Tw)max (�d�j�b�\�u�_ 3 �b 4): 

�d�j�b�\�u�_ 1 �b 3 – �i�j�h�^�m�\�d�Z �]�Z�a�Z �\�^�h�e�v �d�h�g�l�_�c�g�_�j�Z; �d�j�b�\�u�_ 2 �b 4 – �g�_�i�h�^�\�b�`�g�u�c �]�Z�a. 
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�J�b�k. 4.1.4. �A�Z�\�b�k�b�f�h�k�l�v �i�h�l�_�g�p�b�Z�e�Z �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �^�g�b�s�Z �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z �k 

�d�\�Z�j�p�_�\�h�c �k�l�_�g�d�h�c �d�Z�d �n�m�g�d�p�b�y �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. 

 

4.2. �B�g�`�_�d�p�b�y �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �]�Z�a, �k�h�^�_�j�`�Z�s�b�c �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x 

�n�Z�a�m 

�< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\, �\ �d�h�l�h�j�u�o �b�k�k�e�_�^�h�\�Z�e�b�k�v 

�i�j�h�p�_�k�k�u, �i�j�h�l�_�d�Z�x�s�b�_ �\ �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�_, �k�h�^�_�j�`�Z�s�_�c �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x 

�n�Z�a�m (�D�>�N) �b�a �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\, �b �h�l�j�Z�[�Z�l�u�\�Z�e�b�k�v �k�i�h�k�h�[�u �h�[�_�k�i�_�q�_�g�b�y 

�m�i�j�Z�\�e�y�_�f�h�k�l�b �i�j�h�p�_�k�k�Z, �j�Z�\�g�h�f�_�j�g�h�k�l�b �b �h�^�g�h�j�h�^�g�h�k�l�b �h�[�j�Z�[�h�l�d�b �[�b�h�i�h�e�b�f�_�j�h�\. 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z, �i�j�_�^�k�l�Z�\�e�y�x�s�_�]�h �k�h�[�h�c �i�u�e�_�\�m�x �i�e�Z�a�f�m, �[�u�e�b 

�b�k�k�e�_�^�h�\�Z�g�u �\ �k�i�_�p�b�Z�e�v�g�u�o �f�_�l�h�^�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �^�e�y �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�c 

�]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u �b �^�e�y �j�Z�a�e�b�q�g�u�o �k�i�h�k�h�[�h�\ �i�h�^�Z�q�b �i�h�j�h�r�d�Z. �;�u�e�h �b�a�m�q�_�g�h 

�n�h�j�f�b�j�h�\�Z�g�b�_ �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �^�\�m�f�y �k�i�h�k�h�[�Z�f�b: 

�Z) �O�Z�h�l�b�q�g�h �a�Z�i�u�e�_�g�g�u�c �h�[�t�_�f �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �\ �\�b�^�_ �d�b�i�y�s�_�]�h �k�e�h�y. 

�K�i�h�k�h�[ �n�h�j�f�b�j�h�\�Z�g�b�y �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �\ �\�b�^�_ «�d�b�i�y�s�_�]�h �k�e�h�y» �i�j�b�f�_�g�y�e�k�y �\ 

�[�h�e�v�r�b�g�k�l�\�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �i�h�j�h�r�d�h�\ 

�[�b�h�i�h�e�b�f�_�j�h�\. �J�b�k. 4.2.1 �b�e�e�x�k�l�j�b�j�m�_�l �k�o�_�f�m �i�j�h�p�_�k�k�Z �h�[�j�Z�[�h�l�d�b �[�_�e�d�h�\ �b 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\ �d�b�i�y�s�_�f �k�e�h�_. 
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�J�b�k. 4.2.1. �I�j�h�p�_�^�m�j�Z �h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\:  

1 – �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�m�r�d�Z; 2 – �\�u�k�h�d�h�\�Z�d�m�m�f�g�Z�y �d�Z�f�_�j�Z; 3 – �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d; 4 – 

�\�u�\�h�^�g�h�_ �h�d�g�h; 5 - �j�Z�[�h�q�Z�y �d�Z�f�_�j�Z; 6 – �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�Z�y �^�b�k�i�_�j�k�g�Z�y �n�Z�a�Z 

(�h�[�j�Z�[�Z�l�u�\�Z�_�f�u�c �i�h�j�h�r�h�d); 7 - �i�v�_�a�h�d�_�j�Z�f�b�q�_�k�d�Z�y �i�e�Z�k�l�b�g�Z; 8 - �^�Z�l�q�b�d �l�_�f�i�_�j�Z�l�m�j�u; 9 - 

�k�l�_�d�e�y�g�g�u�c �d�h�g�l�_�c�g�_�j; 10 - �i�e�Z�a�f�_�g�g�h�_ �h�[�e�Z�d�h; 11 - �j�_�]�m�e�b�j�m�_�f�u�c �g�Z�l�_�d�Z�l�_�e�v; 12 - 

�h�l�d�e�h�g�y�x�s�Z�y �k�b�k�l�_�f�Z. 

 

�D�b�i�y�s�b�c �k�e�h�c 6 �b�a �q�Z�k�l�b�p �i�h�j�h�r�d�Z �n�h�j�f�b�j�h�\�Z�e�k�y �\�g�m�l�j�b �k�l�_�d�e�y�g�g�h�]�h �d�h�g�l�_�c�g�_�j�Z 

4 (�k �^�b�Z�f�_�l�j�h�f 100 �f�f ). �I�j�_�^�\�Z�j�b�l�_�e�v�g�h �b�a�f�_�e�v�q�_�g�g�u�c �i�h�j�h�r�h�d �g�Z�k�u�i�Z�e�k�y �g�Z �^�g�h 

�d�h�g�l�_�c�g�_�j�Z �k�e�h�_�f �l�h�e�s�b�g�h�c �g�_ �[�h�e�_�_ 0,2 �f�f ) �g�Z�^ �g�_�i�j�_�j�u�\�g�h �\�b�[�j�b�j�m�x�s�_�c 

�i�v�_�a�h�w�e�_�d�l�j�b�q�_�k�d�h�c �i�e�Z�k�l�b�g�h�c 5. �I�j�b �\�b�[�j�Z�p�b�b �i�e�Z�k�l�b�g�u �\ �d�h�g�l�_�c�g�_�j�_ �n�h�j�f�b�j�h�\�Z�e�k�y 

�k�e�h�c �Z�w�j�h�a�h�e�y 6, �\ �d�h�l�h�j�h�f �b �i�j�h�b�k�o�h�^�b�e�Z �h�[�j�Z�[�h�l�d�Z �[�b�i�h�e�b�f�_�j�h�\. �Q�Z�k�l�b�q�g�h �j�Z�k�k�_�y�g�g�u�c 

�i�j�b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�b �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�f �]�Z�a�_, �d�h�l�h�j�u�c �a�Z�i�h�e�g�y�e �j�Z�[�h�q�m�x �d�Z�f�_�j�m 1, 

�w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d 3 �b�g�`�_�d�l�b�j�h�\�Z�e�k�y �\ �h�[�e�Z�k�l�v �d�b�i�y�s�_�]�h �k�e�h�y 6. �B�g�`�_�d�p�b�y 

�h�k�m�s�_�k�l�\�e�y�e�Z�k�v �i�j�b �k�d�Z�g�b�j�h�\�Z�g�b�b �W�I �i�h �h�k�y�f x �b y �k �n�h�j�f�b�j�h�\�Z�g�b�_�f �d�j�m�]�e�h�]�h �b�e�b 

�i�j�y�f�h�m�]�h�e�v�g�h�]�h �j�Z�k�l�j�Z. �;�h�e�v�r�b�g�k�l�\�h �w�d�k�i�_�j�b�f�_�g�l�h�\ �\�u�i�h�e�g�_�g�h �i�j�b �j�Z�a�\�_�j�l�d�_ �W�I �\ 

�d�j�m�]�e�u�c �j�Z�k�l�j �k �^�b�Z�f�_�l�j�h�f, �g�Z 20-30 �f�f  �i�j�_�\�u�r�Z�x�s�_�c �^�b�Z�f�_�l�j �d�h�g�l�_�c�g�_�j�Z, �\ �d�h�l�h�j�u�c 

�i�h�f�_�s�Z�e�k�y �h�[�j�Z�a�_�p �[�b�h�i�h�e�b�f�_�j�Z. 

�H�^�g�h�j�h�^�g�h�k�l�v �i�Z�j�Z�f�_�l�j�h�\ �i�e�Z�a�f�u �\�g�m�l�j�b �d�b�i�y�s�_�]�h �k�e�h�y �b �i�h�^�^�_�j�`�Z�g�b�_ 

�h�i�l�b�f�Z�e�v�g�h�]�h �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�Z �h�[�_�k�i�_�q�b�\�Z�e�b�k�v �g�Z�^�e�_�`�Z�s�b�f 

�\�u�[�h�j�h�f �Z�f�i�e�b�l�m�^�u �b �q�Z�k�l�h�l�u �k�b�g�m�k�h�b�^�Z�e�v�g�u�o �g�Z�i�j�y�`�_�g�b�c, �i�b�l�Z�x�s�b�o 

�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�m�x �h�l�d�e�h�g�y�x�s�m�x �k�b�k�l�_�f�m 2 �b �j�_�]�m�e�b�j�h�\�d�h�c �l�h�d�Z �i�m�q�d�Z Ib (1 < Ib < 100 

�fA). �I�j�b �w�l�h�f �l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �[�_�e�d�Z Ts �\�h �b�a�[�_�`�Z�g�b�_ �l�_�i�e�h�\�h�c �^�_�g�Z�l�m�j�Z�p�b�b 

�b �^�_�k�l�j�m�d�p�b�b �g�_ �i�j�_�\�u�r�Z�e�Z 40 �q�K �^�Z�`�_ �i�j�b �\�_�k�v�f�Z �^�e�b�l�_�e�v�g�u�o �\�j�_�f�_�g�Z�o �h�[�j�Z�[�h�l�d�b �2, 
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�d�h�l�h�j�u�_ �f�h�]�e�b �^�h�k�l�b�]�Z�l�v 20 �f�b�g (�h�[�u�q�g�h �\�j�_�f�y �2 �\�Z�j�v�b�j�h�\�Z�e�h�k�v �\ �^�b�Z�i�Z�a�h�g�_ 1-5 �f�b�g), �Z 

�l�_�f�i�_�j�Z�l�m�j�Z �i�h�j�h�r�d�h�\ �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �i�j�_�^�_�e�Z�o  30-90  �q�K. �L�_�f�i�_�j�Z�l�m�j�Z 

�q�Z�k�l�b�p �i�h�j�h�r�d�Z �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �f�b�g�b�Z�l�x�j�g�u�f �l�_�j�f�h�^�Z�l�q�b�d�h�f, �i�h�]�j�m�`�_�g�g�u�f �\ 

�d�b�i�y�s�b�c �k�e�h�c, �Z �l�Z�d�`�_ �[�_�k�d�h�g�l�Z�d�l�g�u�f �h�i�l�b�q�_�k�d�b�f �B�D-�i�b�j�h�f�_�l�j�h�f Optris LS (Optris 

GmbH, �=�_�j�f�Z�g�b�y). 

�[) �O�Z�h�l�b�q�g�h �a�Z�i�u�e�_�g�g�u�c �h�[�t�_�f �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �\�g�m�l�j�b 

�\�j�Z�s�Z�x�s�_�]�h�k�y �[�Z�j�Z�[�Z�g�Z (�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�c �j�_�Z�d�l�h�j �l�j�m�[�q�Z�l�h�]�h �l�b�i�Z, �b�a�h�[�j�Z�`�_�g�g�u�c �g�Z 

�j�b�k. 4.1.1). �K�o�_�f�Z �i�j�h�p�_�^�m�j�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�h�\ �\ �l�Z�d�h�f �m�k�l�j�h�c�k�l�\�_ 

�i�h�d�Z�a�Z�g�Z �g�Z �j�b�k. 4.2.2. 

 

�J�b�k. 4.2.2. �K�o�_�f�Z �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�h�\ �\�h 

�\�j�Z�s�Z�x�s�_�f�k�y �[�Z�j�Z�[�Z�g�_. 

1 – �p�b�e�b�g�^�j�b�q�_�k�d�Z�y �d�\�Z�j�p�_�\�Z�y �l�j�m�[�Z; 2 – 

�h�[�e�Z�d�h �W�I�I; 3 – �\�g�m�l�j�_�g�g�b�_ �j�_�[�j�Z; 4 – 

�i�h�j�h�r�h�d �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �[�b�h�i�h�e�b�f�_�j�Z;  

5 – �j�_�Z�d�p�b�h�g�g�Z�y �a�h�g�Z. 

 

�>�e�y �o�Z�h�l�b�q�g�h �a�Z�i�u�e�_�g�g�h�]�h �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �j�Z�k�k�_�y�g�b�_ �b 

�i�h�]�e�h�s�_�g�b�_ �W�I �k�e�h�_�f �Z�w�j�h�a�h�e�y, �^�e�y �q�_�]�h �[�u�e�b �i�j�h�\�_�^�_�g�u �k�j�Z�\�g�b�l�_�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �j�y�^�Z 

�w�g�_�j�]�_�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �W�I �i�j�b �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u, 

�k�h�^�_�j�`�Z�s�_�c �l�\�_�j�^�u�_ �q�Z�k�l�b�p�u.  

�G�Z �j�b�k. 4.2.3 �b�a�h�[�j�Z�`�_�g �\�Z�j�b�Z�g�l �n�h�j�f�b�j�h�\�Z�g�b�y �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u 6 �\ �h�[�t�_�f�_ 

�g�_�i�h�^�\�b�`�g�h�]�h �h�[�e�Z�d�Z �W�I�I 2 �k �i�h�f�h�s�v�x �\�b�[�j�b�j�m�x�s�_�]�h �d�h�g�l�_�c�g�_�j�Z 3, �^�g�h �d�h�l�h�j�h�]�h 

�i�j�_�^�k�l�Z�\�e�y�e�h �k�h�[�h�c �k�b�l�h �k �j�Z�a�f�_�j�h�f �y�q�_�c�d�b �|1,5dd (dd – �o�Z�j�Z�d�l�_�j�g�u�c �j�Z�a�f�_�j �q�Z�k�l�b�p�u 

�i�h�j�h�r�d�Z). �L�h�e�s�b�g�Z �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u d �\ �g�Z�i�j�Z�\�e�_�g�b�b �h�k�b z �a�Z�^�Z�\�Z�e�Z�k�v 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �j�Z�a�f�_�j�h�f �k�b�l�Z, �Z �i�j�h�p�_�k�k�u �j�Z�k�k�_�y�g�b�y �W�I �\ �a�Z�i�u�e�_�g�g�h�f �]�Z�a�_ �h�i�j�_�^�_�e�y�e�b 

�_�_ �j�Z�a�f�_�j�u �i�h �g�Z�i�j�Z�\�e�_�g�b�y�f �h�k�_�c x �b y. �D�h�e�b�q�_�k�l�\�h �q�Z�k�l�b�p �i�h�j�h�r�d�Z �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z 

�j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u, nd, �j�_�]�m�e�b�j�h�\�Z�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ nd = 103-106 �k�f-3 �b�a�f�_�g�_�g�b�_�f �q�Z�k�l�h�l�u �b 

�Z�f�i�e�b�l�m�^�u �\�b�[�j�Z�p�b�c �k�b�l�Z. �< �d�Z�q�_�k�l�\�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 

�b�g�_�j�l�g�u�_ �]�Z�a�u (He, Ar), �\�h�a�^�m�o �b �_�]�h �d�h�f�i�h�g�_�g�l�u (O2, N2), �i�Z�j�u �\�h�^�u �b �g�_�d�h�l�h�j�u�o 
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�h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c. �F�Z�l�_�j�b�Z�e�Z�f�b �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u �[�u�e�b 

�i�h�j�h�r�d�b �d�_�j�Z�f�b�q�_�k�d�b�o �h�d�k�b�^�h�\ (Al2O3), �m�]�e�_�j�h�^�Z �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u. 

 

 

�J�b�k. 4.2.3. �I�h�k�l�Z�g�h�\�d�Z �w�d�k�i�_�j�b�f�_�g�l�Z �i�h �b�k�k�e�_�^�h�\�Z�g�b�x �w�g�_�j�]�_�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �W�I, 

�i�j�h�r�_�^�r�_�]�h �k�e�h�c �Z�w�j�h�a�h�e�y, �b �^�b�g�Z�f�b�d�b �q�Z�k�l�b�p �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u: 

1 – �\�u�\�h�^�g�h�_ �h�d�g�h; 2 – �W�I�I; 3 – �\�b�[�j�b�j�m�x�s�b�c �d�h�g�l�_�c�g�_�j �k �k�b�l�h�f; 4 – �h�i�l�b�q�_�k�d�b�c �a�h�g�^; 5 

– �i�e�h�k�d�b�c �w�d�j�Z�g; 6 – �i�u�e�_�\�Z�y �W�I�I; 7 – �q�Z�k�l�b�p�u �i�h�j�h�r�d�Z, �i�j�h�r�_�^�r�b�_ �W�I�I. 

�< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�b �b�a�f�_�j�_�g�u �k�e�_�^�m�x�s�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �W�I �b 

�i�h�e�m�q�_�g�g�h�c �i�e�Z�a�f�u: 

�x �l�h�d �i�m�q�d�Z Ib; 

�x �^�Z�\�e�_�g�b�_ �]�Z�a�Z �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_  �Jm; 

�x �j�Z�^�b�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�e�h�l�g�h�k�l�b �l�h�d�Z �\ �j�Z�a�e�b�q�g�u�o �i�h�i�_�j�_�q�g�u�o 

�k�_�q�_�g�b�y�o �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z �a�Z  �k�e�h�_�f �i�u�e�b; 

�x �i�h�l�_�g�p�b�Z�e Up �f�b�d�j�h�a�h�g�^�Z (�r�Z�j�b�d �b�a �k�l�Z�e�b 1�O18�G10�L �‡ 1�f�f ), �i�h�f�_�s�_�g�g�h�]�h 

�\ �j�Z�a�e�b�q�g�u�_ �l�h�q�d�b �h�[�e�Z�d�Z �i�e�Z�a�f�u – �\�g�m�l�j�b �b �k�g�Z�j�m�`�b �i�u�e�_�\�h�]�h �k�e�h�y. �I�j�b 

�w�l�h�f �b�k�o�h�^�b�e�b �b�a �i�j�_�^�i�h�e�h�`�_�g�b�y, �q�l�h �i�h�l�_�g�p�b�Z�e Up �w�d�\�b�\�Z�e�_�g�l�_�g 

�i�e�Z�\�Z�x�s�_�f�m �i�h�l�_�g�p�b�Z�e�m �\ �]�Z�a�h�j�Z�a�j�y�^�g�h�c �i�e�Z�a�f�_; 

�x �j�Z�^�b�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �\  

�j�Z�a�e�b�q�g�u�o �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z; 

�x �l�_�i�e�h�\�u�o �i�h�l�h�d�h�\, �i�h�]�e�h�s�Z�_�f�u�o �l�_�e�h�f, �i�h�f�_�s�_�g�g�u�f �\ �j�Z�a�e�b�q�g�u�_ �h�[�e�Z�k�l�b 

�i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z. 

�G�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �g�Z �\�u�o�h�^�_ �b�a �\�u�\�h�^�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �h�i�j�_�^�_�e�y�e�Z�k�v 

�d�Z�d �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b �k �m�q�_�l�h�f �l�h�j�f�h�`�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z 

�\ �d�Z�g�Z�e�_ �\�u�\�h�^�g�h�]�h �m�k�l�j�h�c�k�l�\�Z. �I�h�l�_�j�b �w�g�_�j�]�b�b �W�I �\ �\�u�\�h�^�g�h�f �m�k�l�j�h�c�k�l�\�_ �b �g�Z�q�Z�e�v�g�u�c 

�m�]�e�h�\�h�c �j�Z�a�[�j�h�k �/�� �l�j�Z�_�d�l�h�j�b�c �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �\ �\�u�o�h�^�g�h�f �k�_�q�_�g�b�b �\�u�\�h�^�g�h�]�h �h�d�g�Z 

�[�u�e�b �j�Z�k�k�q�b�l�Z�g�u (�k�f. �j�Z�a�^�_�e 7.4, �\ �d�h�l�h�j�h�f �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�h�f�i�v�x�l�_�j�g�h�_ 
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�f�h�^�_�e�b�j�h�\�Z�g�b�_ �W�I�I). �<�_�e�b�q�b�g�Z �/�� �l�Z�d�`�_ �f�h�]�e�Z �^�h�i�h�e�g�b�l�_�e�v�g�h �j�_�]�m�e�b�j�h�\�Z�l�v�k�y 

�i�h�k�j�_�^�k�l�\�h�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c �k�d�Z�g�b�j�m�x�s�_�c �k�b�k�l�_�f�u, �j�Z�k�i�h�e�h�`�_�g�g�h�c �g�Z �\�o�h�^�_ �\ 

�j�Z�[�h�q�m�x �d�Z�f�_�j�m �j�_�Z�d�l�h�j�Z (�k�f. �j�Z�a�^�_�e�u 2.2 �b 2.3).  

�<�_�e�b�q�b�g�Z �l�h�d�Z �W�I, �i�j�h�r�_�^�r�_�]�h �<�M, Ib, �b�a�f�_�j�y�e�Z�k�v �p�b�e�b�g�^�j�h�f �N�Z�j�Z�^�_�y, 

�k�f�h�g�l�b�j�h�\�Z�g�g�u�f �g�Z �a�Z�^�g�_�c �d�j�u�r�d�_ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. �B�a�f�_�j�_�g�b�y Ib �i�j�h�\�h�^�b�e�b�k�v �i�j�b 

�^�h�k�l�Z�l�h�q�g�h �]�e�m�[�h�d�h�c �h�l�d�Z�q�d�_ �d�Z�f�_�j�u (Pm < 0,1 �L�h�j�j), �d�h�]�^�Z �i�e�Z�a�f�Z �h�k�l�Z�l�h�q�g�h�]�h �]�Z�a�Z �g�_ 

�b�k�d�Z�`�Z�_�l �i�h�d�Z�a�Z�g�b�y �p�b�e�b�g�^�j�Z �N�Z�j�Z�^�_�y. 

�< �i�j�_�^�i�h�e�h�`�_�g�b�b, �q�l�h �b�g�l�_�g�k�b�\�g�h�k�l�v �b�a�e�m�q�_�g�b�y B�O �_�^�b�g�b�q�g�h�]�h �h�[�t�_�f�Z �W�I�I 

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �m�^�_�e�v�g�h�c �f�h�s�g�h�k�l�b �w�g�_�j�]�h�\�d�e�Z�^�Z Q, �k�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y 

�i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �a�Z�\�b�k�b�f�h�k�l�v Q(x). �I�j�h�\�h�^�b�e�b �b�a�f�_�j�_�g�b�y �i�j�h�n�b�e�y Q(x) �\ �g�_�d�h�l�h�j�h�f 

�i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �h�[�e�Z�d�Z �W�I�I �i�j�b �g�_�k�d�h�e�v�d�b�o �a�g�Z�q�_�g�b�y�o �l�h�d�Z �i�m�q�d�Z �k�g�Z�q�Z�e�Z �\ �k�j�_�^�_ 

�q�b�k�l�h�]�h �]�Z�a�Z, �Z �a�Z�l�_�f �\ �a�Z�i�u�e�_�g�g�h�c �k�j�_�^�_. �J�b�k. 4.2.4 �b�e�e�x�k�l�j�b�j�m�_�l �k�o�_�f�m �w�d�k�i�_�j�b�f�_�g�l�Z. 

�H�^�b�g �b�a �d�h�g�p�h�\ �h�i�l�h�\�h�e�h�d�g�Z 1 �k �d�h�e�e�b�f�Z�p�b�h�g�g�h�c �l�j�m�[�d�h�c 2, �i�h�f�_�s�_�g�g�u�c �\ �h�[�e�Z�k�l�v 

�i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z, �k�e�m�`�b�e �i�j�b�_�f�g�b�d�h�f �b�a�e�m�q�_�g�b�y, �Z �^�j�m�]�h�c �d�h�g�_�p �h�i�l�h�\�h�e�h�d�g�Z �[�u�e 

�k�h�_�^�b�g�_�g �k�h �k�i�_�d�l�j�h�f�_�l�j�h�f. �I�j�b�_�f�g�b�d �b�a�e�m�q�_�g�b�y �i�_�j�_�f�_�s�Z�e�b �\ �j�Z�^�b�Z�e�v�g�u�o 

�g�Z�i�j�Z�\�e�_�g�b�y�o �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �h�[�e�Z�d�Z �i�u�e�_�\�h�c �i�e�Z�a�f�u 3 �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u 

�d�h�e�e�b�f�Z�p�b�h�g�g�Z�y �l�j�m�[�d�Z �h�k�l�Z�\�Z�e�Z�k�v �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�_�j�_�f�_�s�_�g�b�y. �I�j�b 

�i�_�j�_�k�_�q�_�g�b�b �i�j�b�_�f�g�b�d�h�f �h�[�e�Z�d�Z �i�e�Z�a�f�u �j�Z�^�b�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b 

�b�a�e�m�q�_�g�b�y B�O(x), �b�g�l�_�]�j�b�j�h�\�Z�g�g�h�c �\�^�h�e�v �o�h�j�^, �[�u�e�h �i�h�e�m�q�_�g�h �d�Z�d �h�l�g�h�r�_�g�b�_ 

�b�g�l�_�g�k�b�\�g�h�k�l�b �h�i�j�_�^�_�e�_�g�g�h�c �e�b�g�b�b �k�i�_�d�l�j�Z �b�a�e�m�q�_�g�b�y �W�I�I �d �f�Z�d�k�b�f�Z�e�v�g�h�c �\�_�e�b�q�b�g�_ 

(B�O)max = B�O(x=0). �H�^�g�Z �b�a �l�Z�d�b�o �o�h�j�^ 4 �b�a�h�[�j�Z�`�_�g�Z �g�Z �j�b�k. 4.2.4�Z, �Z �k�i�_�d�l�j �i�u�e�_�\�h�c �W�I�I 

�\�h�a�^�m�o�Z �k �q�Z�k�l�b�p�Z�f�b Al2O3 �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 4.2.3�[. �J�Z�^�b�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y B�O(r) 

�[�u�e�b �i�h�e�m�q�_�g�u �i�j�b �i�_�j�_�k�q�_�l�_ �b�a�f�_�j�_�g�g�u�o B�O(x) �k �i�h�f�h�s�v�x �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �:�[�_�e�y. 

�H�q�_�\�b�^�g�h, �q�l�h B�O(x=0) = B�O(r=0). 

�W�l�Z �`�_ �a�Z�\�b�k�b�f�h�k�l�v �[�u�e�Z �b�a�f�_�j�_�g�Z �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�f�b �f�_�l�h�^�Z�f�b �k �i�h�f�h�s�v�x 

�f�b�g�b�Z�l�x�j�g�u�o �l�_�j�f�h�k�_�g�k�h�j�h�\ (Honeywell, �K�R�:) �k �o�Z�j�Z�d�l�_�j�g�u�f�b �j�Z�a�f�_�j�Z�f�b 2×2 �f�f  �b 

�l�h�e�s�b�g�h�c 0,5 �f�f . �>�Z�l�q�b�d�b �f�h�]�e�b �j�Z�[�h�l�Z�l�v �d�Z�d �\ �k�l�Z�p�b�h�g�Z�j�g�h�f, �l�Z�d �b �g�_�k�l�Z�p�b�h�g�Z�j�g�h�f 

�j�_�`�b�f�Z�o. �< �i�_�j�\�h�f �k�e�m�q�Z�_ �\�j�_�f�y �w�d�k�i�h�a�b�p�b�b �2 (�\�j�_�f�y �d�h�g�l�Z�d�l�Z �^�Z�l�q�b�d�Z �k �W�I�I) �[�u�e�h 

�^�h�k�l�Z�l�h�q�g�u�f �^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�]�h �j�Z�\�g�h�\�_�k�b�y �f�_�`�^�m �k�_�g�k�h�j�h�f �b 

�h�d�j�m�`�Z�x�s�_�c �_�]�h �i�e�Z�a�f�h�c. �<�h �\�l�h�j�h�f �k�e�m�q�Z�_ �l�_�f�i�_�j�Z�l�m�j�Z �k�_�g�k�h�j�Z Ts �b�a�f�_�j�y�e�Z�k�v �\ �l�_�q�_�g�b�_ 

�g�_�d�h�l�h�j�h�]�h �\�j�_�f�_�g�b t. �A�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v Ts(t) �b �i�h�e�Z�]�Z�y, �q�l�h �i�_�j�_�^�Z�q�Z �l�_�i�e�Z �f�_�`�^�m 

�l�_�j�f�h�k�_�g�k�h�j�h�f �b �i�e�Z�a�f�h�c �i�j�h�b�k�o�h�^�b�l �a�Z �k�q�_�l �b�a�e�m�q�_�g�b�y �b �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b �]�Z�a�Z, �f�h�`�g�h 

�j�Z�k�k�q�b�l�Z�l�v �\�_�e�b�q�b�g�m �l�_�i�e�h�\�h�]�h �i�h�l�h�d�Z, �i�h�]�e�h�s�_�g�g�h�]�h �d�Z�e�h�j�b�f�_�l�j�h�f. �I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ 

�l�Z�d�`�_ �k�j�Z�\�g�b�\�Z�e�b�k�v �k �j�Z�k�k�q�b�l�Z�g�g�u�f�b �\ �o�h�^�_ �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�j�Z�k�i�j�_�^�_�e�_�g�b�y�f�b �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �q�Z�k�l�b�p �i�h�j�h�r�d�Z Tm(x). 
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 �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �i�j�b �f�Z�e�h�c �i�e�h�l�g�h�k�l�b �i�u�e�b (nd < 104 �k�f-3), �m�f�_�j�_�g�g�u�o 

�l�h�d�Z�o �i�m�q�d�Z (Ib < 5 �f�: ) �b �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�o �^�Z�\�e�_�g�b�y�o �]�Z�a�Z (Pm > 10 �L�h�j�j) �g�_�i�j�_�j�u�\�g�u�c 

�W�I �g�_ �\�e�b�y�_�l �g�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�u�e�_�\�u�o �q�Z�k�l�b�p. �I�j�b �w�l�h�f �i�j�h�b�k�o�h�^�b�l 

�j�Z�\�g�h�f�_�j�g�h�_ �i�h�]�e�h�s�_�g�b�_ �f�h�s�g�h�k�l�b �W�I �i�u�e�_�\�u�f�b �q�Z�k�l�b�p�Z�f�b, �Z �h�k�g�h�\�g�u�f �f�_�o�Z�g�b�a�f�h�f 

�j�Z�k�k�_�b�\�Z�g�b�y �W�I �y�\�e�y�x�l�k�y �_�]�h �m�i�j�m�]�b�_ �k�l�h�e�d�g�h�\�_�g�b�y �k �f�h�e�_�d�m�e�Z�f�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h 

�]�Z�a�Z. �K�l�h�e�d�g�h�\�_�g�b�y�f�b �w�e�_�d�l�j�h�g�h�\ �k �i�u�e�_�\�u�f�b �q�Z�k�l�b�p�Z�f�b �f�h�`�g�h �i�j�_�g�_�[�j�_�q�v. 

�G�Z �j�b�k. 4.2.5 �k�\�_�^�_�g�u �\�h�_�^�b�g�h �^�Z�g�g�u�_ �b�a�f�_�j�_�g�b�c, �\�u�i�h�e�g�_�g�g�u�o �\ �k�_�q�_�g�b�b z = 20 

�f�f  �h�[�e�Z�d�Z �W�I�I �\�h�a�^�m�o�Z �i�j�b Pm = 4,0 �L�h�j�j. �A�g�Z�q�_�g�b�y �\�k�_�o �\�_�e�b�q�b�g, �h�l�e�h�`�_�g�g�u�o �i�h �h�k�b 

�h�j�^�b�g�Z�l, �g�h�j�f�b�j�h�\�Z�g�u �g�Z �a�g�Z�q�_�g�b�y �l�_�o �`�_ �\�_�e�b�q�b�g �\ �p�_�g�l�j�_ �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z (x = 0). 

�D�j�b�\�u�_ 2 �b 3 �h�l�g�h�k�y�l�k�y �d �i�e�Z�a�f�_ �q�b�k�l�h�]�h �\�h�a�^�m�o�Z �b �i�h�e�m�q�_�g�u �k �i�h�f�h�s�v�x �k�h�h�l�\�_�l�k�l�\�_�g�g�h 

�d�Z�e�h�j�b�f�_�l�j�Z �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h �l�_�i�e�h�\�h�]�h �j�_�`�b�f�Z �b �h�i�l�b�q�_�k�d�b�f�b �f�_�l�h�^�Z�f�b. �D�j�b�\�Z�y 1 

�i�j�_�^�k�l�Z�\�e�y�_�l �j�_�a�m�e�v�l�Z�l�u �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y, �\�u�i�h�e�g�_�g�g�h�]�h �^�e�y �l�_�o �`�_ 

�m�k�e�h�\�b�c. �D�j�b�\�Z�y 4 �i�h�k�l�j�h�_�g�Z �i�h �^�Z�g�g�u�f �b�a�f�_�j�_�g�b�y �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u 

�l�_�j�f�h�k�_�g�k�h�j�h�\, �e�b�g�_�c�d�Z �d�h�l�h�j�u�o �m�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v �i�h�i�_�j�_�d �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z �\ �l�h�f �`�_ 

�k�_�q�_�g�b�b z = 20 �f�f . �G�Z �j�b�k. 4.2.4 �i�j�b�\�_�^�_�g�u �l�Z�d�`�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �^�e�y Tm(x), 

�i�h�e�m�q�_�g�g�u�_ �i�j�b �k�d�Z�g�b�j�h�\�Z�g�b�b �W�I �i�h �h�k�b x �k �Z�f�i�e�b�l�m�^�h�c �r50 �f�f  (�d�j�b�\�Z�y 5). �< �o�h�^�_ 

�\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �l�_�f�i�_�j�Z�l�m�j�u �q�Z�k�l�b�p �i�h�j�h�r�d�Z �b 

�l�_�j�f�h�k�_�g�k�h�j�h�\ �i�j�b�[�e�b�a�b�l�_�e�v�g�h �h�^�b�g�Z�d�h�\�u �b �[�e�b�a�d�b �d �l�_�f�i�_�j�Z�l�m�j�_ �]�Z�a�Z Tm(x). 

�G�Z �j�b�k. 4.2.6 �i�h�d�Z�a�Z�g�Z �j�Z�^�b�Z�e�v�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �b�g�l�_�g�k�b�\�g�h�k�l�b �h�^�g�h�c �b�a 

�k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c �b�a�e�m�q�_�g�b�y �i�e�Z�a�f�u, �d�h�l�h�j�Z�y �o�Z�j�Z�d�l�_�j�b�a�m�_�l �j�Z�k�k�_�b�\�Z�g�b�_ �W�I �b �_�]�h 

�i�h�]�e�h�s�_�g�b�_ �\�k�e�_�^�k�l�\�b�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �i�u�e�_�\�u�f�b �q�Z�k�l�b�p�Z�f�b. �B�a �]�j�Z�n�b�d�Z �\�b�^�g�h, �q�l�h 

�q�Z�k�l�b�p�u �i�u�e�b �i�h�]�e�h�s�Z�x�l �e�b�r�v �§10% �f�h�s�g�h�k�l�b �W�I �b �i�j�b �m�d�Z�a�Z�g�g�u�o �\�u�r�_ �m�k�e�h�\�b�y�o 

�k�e�Z�[�h �j�Z�k�k�_�b�\�Z�x�l �W�I. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�h�l�_�g�p�b�Z�e �i�u�e�_�\�u�o �q�Z�k�l�b�p Up �\ �^�Z�g�g�u�o �m�k�e�h�\�b�y�o �g�_ 

�i�j�_�\�u�r�Z�_�l �g�_�k�d�h�e�v�d�b�o �\�h�e�v�l �b �i�j�Z�d�l�b�q�_�k�d�b �g�_ �h�l�e�b�q�Z�_�l�k�y �h�l �i�h�l�_�g�p�b�Z�e�Z �k�e�h�y 

�g�_�a�Z�i�u�e�_�g�g�h�c �i�e�Z�a�f�u �g�Z �l�Z�d�h�f �`�_ �j�Z�k�k�l�h�y�g�b�b z �h�l �\�u�\�h�^�g�h�]�h �h�d�g�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f,  �\ 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�c �a�Z�j�y�^�d�b �i�u�e�_�\�u�o �q�Z�k�l�b�p �g�_ �i�j�h�b�k�o�h�^�b�l. 

�B�g�Z�y �d�Z�j�l�b�g�Z �g�Z�[�e�x�^�Z�_�l�k�y, �d�h�]�^�Z �l�h�d �W�I �^�h�k�l�Z�l�h�q�g�h �\�_�e�b�d. �G�Z �j�b�k. 4.2.7 

�i�j�_�^�k�l�Z�\�e�_�g�u �i�j�h�n�b�e�b �i�e�h�l�g�h�k�l�b �l�h�d�Z �W�I �k �b�g�l�_�]�j�Z�e�v�g�u�f Ib > 10 �f�:  �\ �g�_�d�h�l�h�j�h�f 

�i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �h�[�e�Z�d�Z �i�e�Z�a�f�u �a�Z �k�e�h�_�f �i�u�e�b. �L�_ �`�_ �i�j�h�n�b�e�b �[�u�e�b �k�g�y�l�u �k�j�Z�a�m �`�_ 

�i�h�k�e�_ �\�u�d�e�x�q�_�g�b�y �\�b�[�j�b�j�m�x�s�_�]�h �d�h�g�l�_�c�g�_�j�Z. �>�Z�g�g�u�_, �i�h�e�m�q�_�g�g�u�_ �\ �o�h�^�_ �l�Z�d�b�o 

�b�a�f�_�j�_�g�b�c, �o�Z�j�Z�d�l�_�j�b�a�m�x�l �^�h�e�x �k�m�f�f�Z�j�g�h�]�h �l�h�d�Z, �k�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�m�x �\ �h�d�j�m�`�g�h�k�l�b �k 

�j�Z�^�b�m�k�h�f R, �b �^�Z�x�l �\�h�a�f�h�`�g�h�k�l�v �h�p�_�g�b�l�v �\�e�b�y�g�b�_ �i�u�e�b �g�Z �j�Z�^�b�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ 

�f�h�s�g�h�k�l�b �W�I �^�e�y �i�m�q�d�h�\ �k �j�Z�a�e�b�q�g�h�c �g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�v�x. �D�Z�d �\�b�^�g�h �b�a �j�b�k. 4.2.6, 

�i�j�h�n�b�e�b jb(r) �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �W�I (�/�� ~ 10) �k�l�Z�g�h�\�y�l�k�y �[�h�e�_�_ �d�h�f�i�Z�d�l�g�u�f�b. 
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�<�k�e�_�^�k�l�\�b�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�c �W�I �k �i�u�e�_�\�u�f�b �q�Z�k�l�b�p�Z�f�b �a�g�Z�q�b�l�_�e�v�g�Z�y �^�h�e�y �f�h�s�g�h�k�l�b �W�I 

�d�h�g�p�_�g�l�j�b�j�m�_�l�k�y �\�[�e�b�a�b �_�]�h �h�k�b.  

 

�Z) 

 

�[) 

�J�b�k. 4.2.4. �H�i�l�b�q�_�k�d�Z�y �^�b�Z�]�g�h�k�l�b�d�Z �W�I�I 

�Z) �h�i�l�b�q�_�k�d�b�c �a�h�g�^: 1 – �h�i�l�h�\�h�e�h�d�g�h, 2 – �d�h�e�e�b�f�Z�p�b�h�g�g�Z�y �l�j�m�[�d�Z, 3 – �i�h�i�_�j�_�q�g�h�_ �k�_�q�_�g�b�_ 

�i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z, 4 – �h�[�t�_�f �i�e�Z�a�f�u, �\ �d�h�l�h�j�h�f �b�a�f�_�j�y�_�l�k�y �b�g�l�_�g�k�b�\�g�h�k�l�v �b�a�e�m�q�_�g�b�y;  

�[) �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �i�u�e�_�\�h�c �W�I�I: 1 – �k�i�_�d�l�j�Z�e�v�g�u�_ �e�b�g�b�b �W�I�I �\�h�a�^�m�o�Z, 2 – 

�g�_�i�j�_�j�u�\�g�u�c �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �q�Z�k�l�b�p Al2O3. 

x 

y 1 

4 

3 

2 
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�J�b�k. 4.2.5. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �f�h�s�g�h�k�l�b Q(x) �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �W�I, �b�g�`�_�d�l�b�j�h�\�Z�g�g�h�]�h �\ 

�\�h�a�^�m�o �i�j�b Pm = 4,0 �L�h�j�j, �\ �i�e�h�k�d�h�k�l�b z = 20 �f�f  (�d�j�b�\�u�_ 1-3) �b �m�k�l�Z�g�h�\�b�\�r�_�c�k�y 

�l�_�f�i�_�j�Z�l�m�j�u Tm(x) (�d�j�b�\�u�_ 4, 5).  

1 – �j�_�a�m�e�v�l�Z�l�u �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y; 2 – �h�i�l�b�q�_�k�d�b�_ �b�a�f�_�j�_�g�b�y; 3 – �b�a�f�_�j�_�g�b�y, 

�\�u�i�h�e�g�_�g�g�u�_ �d�Z�e�h�j�b�f�_�l�j�h�f �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h �l�_�i�e�h�\�h�]�h �j�_�`�b�f�Z; 4, 5 – �m�k�l�Z�g�h�\�b�\�r�Z�y�k�y 

�l�_�f�i�_�j�Z�l�m�j�Z �i�u�e�_�\�u�o �q�Z�k�l�b�p Tm(x) �\ �h�[�e�Z�d�_ �W�I�I, �]�_�g�_�j�b�j�m�_�f�h�f �g�_�i�h�^�\�b�`�g�u�f �b 

�k�d�Z�g�b�j�m�x�s�b�f �W�I �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

 

�J�b�k. 4.2.6. �I�h�]�e�h�s�_�g�b�_ �b �j�Z�k�k�_�b�\�Z�g�b�_ �W�I �k�e�h�_�f �a�Z�i�u�e�_�g�g�h�c �i�e�Z�a�f�u �k �j�Z�a�e�b�q�g�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�_�c �q�Z�k�l�b�p �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u nd. 
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 �I�u�e�_�\�u�_ �q�Z�k�l�b�p�u �g�_�a�g�Z�q�b�l�_�e�v�g�h �\�e�b�y�x�l �g�Z �i�j�h�n�b�e�b jb(r) �k�e�Z�[�h �j�Z�k�o�h�^�y�s�b�o�k�y 

�i�m�q�d�h�\ (�/�� ~ 1), �i�j�b�q�_�f �\�e�b�y�g�b�_ �q�Z�k�l�b�p �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y �\ �h�k�g�h�\�g�h�f �g�Z �i�_�j�b�n�_�j�b�b �W�I. �< 

�j�_�a�m�e�v�l�Z�l�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �^�Z�g�g�u�c �w�n�n�_�d�l �g�Z�[�e�x�^�Z�_�l�k�y �i�j�b 

�^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�o �i�e�h�l�g�h�k�l�y�o �i�u�e�b (nd > 105 �k�f-3) �d�Z�d �^�e�y �k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h, �l�Z�d �b 

�j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �W�I.  

  

�J�b�k. 4.2.7. �B�g�l�_�]�j�Z�e�v�g�u�_ �i�j�h�n�b�e�b �i�e�h�l�g�h�k�l�b �l�h�d�Z �W�I, �b�a�f�_�j�_�g�g�u�_ �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o 

�h�[�e�Z�d�Z �W�I�I �k�j�Z�a�m �a�Z �k�e�h�_�f �i�u�e�_�\�u�o �q�Z�k�l�b�p: 1 – �k�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �W�I, �a�Z�i�u�e�_�g�g�Z�y �W�I�I; 

2 - �k�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �W�I, �W�I�I �[�_�a �i�u�e�_�\�u�o �q�Z�k�l�b�p; 3 – �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �W�I, 

�a�Z�i�u�e�_�g�g�Z�y �W�I�I; 4 - �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�u�c �W�I, �W�I�I �[�_�a �i�u�e�_�\�u�o �q�Z�k�l�b�p. 

�M�k�e�h�\�b�y �w�d�k�i�_�j�b�f�_�g�l�Z: �i�u�e�_�\�u�_ �q�Z�k�l�b�p�u  - Al2O3, Pm = 2×10-2 �L�h�j�j, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c 

�]�Z�a – �\�h�a�^�m�o. 

 

�I�j�h�\�_�^�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �\�f�_�k�l�_ �k �j�_�a�m�e�v�l�Z�l�Z�f�b �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 

�h�i�j�_�^�_�e�_�g�g�h �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �k �j�Z�\�g�h�f�_�j�g�u�f �i�h 

�j�Z�^�b�m�k�m �i�j�h�n�b�e�_�f �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �g�_�h�[�o�h�^�b�f�h �k�d�Z�g�b�j�h�\�Z�g�b�_ �W�I �i�h �d�h�h�j�^�b�g�Z�l�Z�f x �b y. 

�I�j�h�]�j�Z�f�f�b�j�m�_�f�u�c �d�h�g�l�j�h�e�e�_�j �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �;�M�W�I-2 (�i�h�a. 2.1 �g�Z �j�b�k. 3.1.4), 

�\�o�h�^�y�s�b�c �\ �k�h�k�l�Z�\ �k�b�k�l�_�f�u �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z, �i�h�a�\�h�e�y�_�l 

�j�_�Z�e�b�a�h�\�Z�l�v �k�Z�f�u�_ �j�Z�a�g�u�_ �j�_�`�b�f�u �k�d�Z�g�b�j�h�\�Z�g�b�y, �h�^�g�Z�d�h, �d�Z�d �i�h�d�Z�a�Z�e�b �w�d�k�i�_�j�b�f�_�g�l�u, �g�_ 

�\�k�_ �j�_�`�b�f�u �k�d�Z�g�b�j�h�\�Z�g�b�y �h�[�_�k�i�_�q�b�\�Z�x�l �j�Z�\�g�h�f�_�j�g�h�k�l�v �i�j�h�n�b�e�y �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ 

�j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_. �< �d�Z�q�_�k�l�\�_ �b�e�e�x�k�l�j�Z�p�b�b �g�Z �j�b�k. 4.2.8 �^�Z�g�u �j�Z�k�k�q�b�l�Z�g�g�u�_ 

�m�k�l�Z�g�h�\�b�\�r�b�_�k�y �i�j�h�n�b�e�b �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ �i�e�h�k�d�h�f �l�h�g�d�h�i�e�_�g�h�q�g�h�f �h�[�j�Z�a�p�_ �b�a 

�[�_�e�d�h�\�h�]�h �i�j�_�i�Z�j�Z�l�Z, �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�f �\ �i�e�Z�a�f�_ �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �^�\�m�o �j�_�`�b�f�Z�o: 

�x �d�h�]�^�Z �\�u�\�_�^�_�g�g�u�c �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m �i�m�q�h�d �j�Z�a�\�h�j�Z�q�b�\�Z�_�l�k�y �\ �i�j�y�f�h�m�]�h�e�v�g�u�c 

�j�Z�k�l�j �j�Z�a�f�_�j�h�f 10×10 �k�f (�j�b�k. 4.2.8�Z), �b�e�b  

�x �d�h�]�^�Z �i�m�q�h�d �k�d�Z�g�b�j�m�_�l�k�y �i�h �h�d�j�m�`�g�h�k�l�y�f, �^�b�Z�f�_�l�j �d�h�l�h�j�u�o �k �q�Z�k�l�h�l�h�c �a 100 �=�p 

�b�a�f�_�g�y�_�l�k�y �h�l �g�m�e�y �^�h 10 �k�f (�j�b�k. 4.2.8�[). 

R, �f�f  
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�Z) 

 

�[) 

�J�b�k. 4.2.8. �K�j�Z�\�g�_�g�b�_ �i�j�h�n�b�e�_�c �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ �i�e�h�k�d�h�f �h�[�j�Z�a�p�_ �[�_�e�d�h�\�h�]�h �i�j�_�i�Z�j�Z�l�Z, 

�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�j�b �j�Z�a�e�b�q�g�u�o �k�i�h�k�h�[�Z�o �j�Z�a�\�_�j�l�d�b  �w�e�_�d�l�j�h�g�g�h�]�h 

�i�m�q�d�Z �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_: 

�Z) – �j�Z�a�\�_�j�l�d�Z �i�m�q�d�Z �\ �i�j�y�f�h�m�]�h�e�v�g�u�c �j�Z�k�l�j 10×10 �k�f, 

�[) – �k�d�Z�g�b�j�h�\�Z�g�b�_ �i�m�q�d�Z �i�h �h�d�j�m�`�g�h�k�l�y�f �i�_�j�_�f�_�g�g�h�]�h �\�h �\�j�_�f�_�g�b �^�b�Z�f�_�l�j�Z (�i�h�y�k�g�_�g�b�y �\ 

�l�_�d�k�l�_) 

 

�K�j�Z�\�g�_�g�b�_ �w�l�b�o �j�b�k�m�g�d�h�\ �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �l�h�e�v�d�h �\�h �\�l�h�j�h�f �k�e�m�q�Z�_ �m�^�Z�_�l�k�y �^�h�[�b�l�v�k�y 

�j�Z�\�g�h�f�_�j�g�h�c �h�[�j�Z�[�h�l�d�b �\�k�_�c �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �b �i�h�w�l�h�f�m �\�l�h�j�h�c �\�Z�j�b�Z�g�l 

�k�\�b�i�b�j�h�\�Z�g�b�y �i�m�q�d�Z �i�j�b�f�_�g�y�e�k�y �\ �[�h�e�v�r�b�g�k�l�\�_ �w�d�k�i�_�j�b�f�_�g�l�h�\. 

�:�g�Z�e�b�a�b�j�m�y �\�_�k�v �f�Z�k�k�b�\ �g�Z�d�h�i�e�_�g�g�u�o �^�Z�g�g�u�o, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h: 
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�x �i�j�b �m�f�_�j�_�g�g�u�o �^�Z�\�e�_�g�b�y�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �i�j�h�n�b�e�b �i�e�h�l�g�h�k�l�b 

�w�g�_�j�]�h�\�u�^�_�e�_�g�b�y, �b�a�f�_�j�_�g�g�u�_ �h�i�l�b�q�_�k�d�b�f�b �b �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�f�b �f�_�l�h�^�Z�f�b, 

�d�Z�q�_�k�l�\�_�g�g�h �b �d�h�e�b�q�_�k�l�\�_�g�g�h �k�h�\�i�Z�^�Z�x�l �f�_�`�^�m �k�h�[�h�c, �Z �l�Z�d�`�_ �k �i�j�h�n�b�e�_�f  Q(x), 

�i�h�e�m�q�_�g�g�u�f �d�h�f�i�v�x�l�_�j�g�u�f �f�h�^�_�e�b�j�h�\�Z�g�b�_�f; 

�x �i�j�h�n�b�e�v �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �q�Z�k�l�b�p �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u 

Tm(x) �i�h�\�l�h�j�y�_�l �i�j�h�n�b�e�v �i�e�h�l�g�h�k�l�b �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y Q(x); 

�x �_�k�e�b �W�I�I �]�_�g�_�j�b�j�m�_�l�k�y �g�_�i�h�^�\�b�`�g�u�f �i�m�q�d�h�f, �l�h �i�j�h�n�b�e�b Tm(x), Q(x) �b ne(x) 

�b�f�_�x�l �y�\�g�h �\�u�j�Z�`�_�g�g�u�c �f�Z�d�k�b�f�m�f �g�Z �h�k�b �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z (x = 0), �q�l�h �g�_ 

�i�h�a�\�h�e�y�_�l �j�Z�\�g�h�f�_�j�g�h �h�[�j�Z�[�Z�l�u�\�Z�l�v �i�h�j�h�r�d�b �^�Z�`�_ �\ �j�_�Z�d�p�b�h�g�g�u�o �a�h�g�Z�o �f�Z�e�h�c 

�l�h�e�s�b�g�u h �b �k�h�a�^�Z�_�l �m�]�j�h�a�m �e�h�d�Z�e�v�g�h�]�h �i�_�j�_�]�j�_�\�Z �i�h�j�h�r�d�Z �\ �i�j�b�h�k�_�\�h�c �a�h�g�_; 

�x �k�d�Z�g�b�j�h�\�Z�g�b�_ �W�I, �b�g�`�_�d�l�b�j�h�\�Z�g�g�h�]�h �\ �j�Z�[�h�q�m�x �d�Z�f�_�j�m, �y�\�e�y�_�l�k�y �w�n�n�_�d�l�b�\�g�u�f 

�k�j�_�^�k�l�\�h�f �m�i�j�Z�\�e�_�g�b�y �j�_�Z�d�p�b�h�g�g�u�f �h�[�t�_�f�h�f �k �p�_�e�v�x �h�i�l�b�f�b�a�Z�p�b�b 

�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b �b �h�[�_�k�i�_�q�_�g�b�y �_�_ �h�^�g�h�j�h�^�g�h�k�l�b. 

 

4.3. �M�k�l�h�c�q�b�\�h�k�l�v �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z 

�H�l �j�_�r�_�g�b�y �i�j�h�[�e�_�f�u �m�k�l�h�c�q�b�\�h�k�l�b �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �\�h �f�g�h�]�h�f �a�Z�\�b�k�b�l 

�m�i�j�Z�\�e�y�_�f�h�k�l�v �i�j�h�p�_�k�k�Z �h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �Z �l�Z�d�`�_ �h�[�_�k�i�_�q�_�g�b�_ �_�_ 

�j�Z�\�g�h�f�_�j�g�h�k�l�b �b �h�^�g�h�j�h�^�g�h�k�l�b. �D�Z�d �i�h�d�Z�a�Z�e�b �g�Z�r�b �w�d�k�i�_�j�b�f�_�g�l�u, �j�Z�[�h�l�Z �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z �f�h�`�_�l �k�h�i�j�h�\�h�`�^�Z�l�v�k�y �i�h�y�\�e�_�g�b�_�f �b �j�Z�a�\�b�l�b�_�f �g�_�m�k�l�h�c�q�b�\�h�k�l�_�c 

�j�Z�a�e�b�q�g�h�c �n�b�a�b�q�_�k�d�h�c �i�j�b�j�h�^�u. �< �j�Z�a�^�_�e�_ 4.1 �[�u�e�h �m�i�h�f�y�g�m�l�h �a�Z�`�b�]�Z�g�b�_ �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z, �d�Z�d �h�^�g�h�]�h �b�a �\�h�a�f�h�`�g�u�o �f�_�o�Z�g�b�a�f�h�\ �i�h�l�_�j�b �m�k�l�h�c�q�b�\�h�k�l�b �i�e�Z�a�f�u 

�q�b�k�l�h�]�h (�[�_�a �i�j�b�f�_�k�b �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u) �]�Z�a�Z. �M�k�e�h�\�b�_ �a�Z�`�b�]�Z�g�b�y 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z (7.3.2) �h�d�Z�a�u�\�Z�_�l�k�y �\�u�i�h�e�g�_�g�g�u�f, �_�k�e�b �\ �W�I�I �^�h�k�l�b�]�Z�_�l�k�y 

�\�u�k�h�d�Z�y �i�e�h�l�g�h�k�l�v �\�l�h�j�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\, nep �a 1013 �k�f-3. �L�Z�d�b�_ �a�g�Z�q�_�g�b�y nep �m�^�Z�e�h�k�v 

�i�h�e�m�q�b�l�v �l�h�e�v�d�h �\ �k�i�_�p�b�Z�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �i�e�Z�a�f�h�c �k�i�_�d�l�j�Z�e�v�g�h �q�b�k�l�h�]�h �Z�j�]�h�g�Z �i�j�b 

�l�_�f�i�_�j�Z�l�m�j�_ Tg
 �|1000 �D, �\�h�a�[�m�`�^�Z�_�f�h�c �\�g�m�l�j�b �d�\�Z�j�p�_�\�h�]�h �d�h�g�l�_�c�g�_�j�Z. �F�h�^�_�e�b�j�h�\�Z�g�b�_ 

�Z�j�]�h�g�h�\�h�c �i�e�Z�a�f�u (�k�f. �j�Z�a�^�_�e 7.4) �i�h�d�Z�a�Z�e�h, �q�l�h �^�Z�`�_ �g�_�a�g�Z�q�b�l�_�e�v�g�u�_, �f�_�g�_�_ 1%, 

�a�Z�]�j�y�a�g�_�g�b�y �Z�j�]�h�g�Z �Z�a�h�l�h�f �b, �h�k�h�[�_�g�g�h, �d�b�k�e�h�j�h�^�h�f �j�_�a�d�h �k�g�b�`�Z�x�l �f�Z�d�k�b�f�Z�e�v�g�h 

�^�h�k�l�b�`�b�f�u�_ �a�g�Z�q�_�g�b�y nep, �i�h�k�d�h�e�v�d�m �i�e�Z�a�f�_�g�g�u�_ �w�e�_�d�l�j�h�g�u �w�n�n�_�d�l�b�\�g�h �]�b�[�g�m�l �\ 

�j�_�Z�d�p�b�y�o �k �m�q�Z�k�l�b�_�f �Z�l�h�f�h�\ �b �f�h�e�_�d�m�e �m�i�h�f�y�g�m�l�u�o �i�j�b�f�_�k�_�c. �< �n�b�a�b�q�_�k�d�b�o �b 

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �j�_�Z�e�v�g�u�f�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�f�b �k�j�_�^�Z�f�b (�d�b�k�e�h�j�h�^, 

�Z�a�h�l, �\�h�^�y�g�h�c �i�Z�j) �a�Z�`�b�]�Z�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z �g�Z�f�b �g�_ �j�_�]�b�k�l�j�b�j�h�\�Z�e�h�k�v. 

 �I�j�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�y�o �\ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �W�I�I, �k�h�^�_�j�`�Z�s�_�c 

�D�>�N, (�k�f. �j�Z�a�^�_�e 4.2) �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �g�Z�[�e�x�^�Z�e�Z�k�v �g�_�m�k�l�h�c�q�b�\�h�k�l�v �^�j�m�]�h�c 

�n�b�a�b�q�_�k�d�h�c �i�j�b�j�h�^�u, �Z �b�f�_�g�g�h – �g�Z�j�m�r�_�g�b�_ �h�^�g�h�j�h�^�g�h�k�l�b �h�[�e�Z�d�Z �D�>�N, �h�[�m�k�e�h�\�e�_�g�g�h�_  
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�J�b�k. 4.4.1. �J�Z�a�^�\�h�_�g�b�_ �i�_�e�_�g�u �q�Z�k�l�b�p 

�Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �i�j�b �b�g�`�_�d�p�b�b 

�\ �g�_�_ �W�I (�W�I�I �\�h�a�^�m�o�Z �i�j�b Pm = 0,5 �L�h�j�j) 

�J�b�k. 4.4.2. �K�e�_�^ �q�Z�k�l�b�p �g�Z �w�d�j�Z�g�_ �i�h�k�e�_ 

�b�g�`�_�d�p�b�b �W�I �\ �i�_�e�_�g�m �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c 

�d�b�k�e�h�l�u (�W�I�I �d�b�k�e�h�j�h�^�Z �i�j�b Pm = 0,5 �L�h�j�j, 

z = 35 �f�f ) 

  

�J�b�k. 4.4.3. �K�e�_�^ �q�Z�k�l�b�p �g�Z �w�d�j�Z�g�_ �i�h�k�e�_ 
�b�g�`�_�d�p�b�b �W�I �\ �i�_�e�_�g�m �m�]�e�_�j�h�^�Z (�W�I�I 
�d�b�k�e�h�j�h�^�Z �i�j�b Pm = 0,5 �L�h�j�j, z = 35 �f�f ) 

�J�b�k. 4.4.4. �K�e�_�^ �q�Z�k�l�b�p �g�Z �w�d�j�Z�g�_ �i�h�k�e�_ 
�b�g�`�_�d�p�b�b �W�I �\ �i�_�e�_�g�m �m�]�e�_�j�h�^�Z (�W�I�I 
�d�b�k�e�h�j�h�^�Z �i�j�b Pm = 5 �L�h�j�j, z = 35 �f�f ) 

 
 

�J�b�k. 4.4.5. �B�g�l�_�g�k�b�\�g�u�c �j�Z�a�e�_�l �q�Z�k�l�b�p �D�>�N 
(Al 2O3) �i�j�b �b�g�`�_�d�p�b�b �W�I (�W�I�I �\�h�a�^�m�o�Z 
�i�j�b Pm = 0,1 �L�h�j�j) 

�J�b�k. 4.4.6. �M�k�l�h�c�q�b�\�u�c �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f 
�I�u�e�v Al2O3 �\ �i�j�y�f�h�m�]�h�e�v�g�h�f �d�h�g�l�_�c�g�_�j�_, 
Pm > 5,0  �L�h�j�j (�W�I�I �\�h�a�^�m�o�Z) 

 

�d�m�e�h�g�h�\�k�d�b�f �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b �a�Z�j�y�`�_�g�g�u�o �i�u�e�_�\�u�o �q�Z�k�l�b�p. �< �j�Z�[�h�l�_ 

[4.4.1] �i�h�d�Z�a�Z�g�h, �q�l�h �a�Z�j�y�^, �i�j�b�h�[�j�_�l�Z�_�f�u�c �i�u�e�_�\�h�c �q�Z�k�l�b�p�_�c �i�j�b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�f 

�\�h�a�^�_�c�k�l�\�b�b �g�Z �g�_�_ �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z, �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 5×107 �a�Z�j�y�^�h�\ �w�e�_�d�l�j�h�g�Z. �W�l�h 

�k�h�h�l�\�_�l�k�l�\�m�_�l �m�^�_�e�v�g�h�f�m �a�Z�j�y�^�m 106 �a�Z�j�y�^�h�\ �w�e�_�d�l�j�h�g�Z �g�Z �f�b�d�j�h�g, �q�l�h �[�h�e�_�_ �q�_�f �g�Z �^�\�Z 

�i�h�j�y�^�d�Z �i�j�_�\�u�r�Z�_�l �o�Z�j�Z�d�l�_�j�g�u�_ �a�g�Z�q�_�g�b�y �a�Z�j�y�^�Z �q�Z�k�l�b�p �l�Z�d�h�]�h �`�_ �j�Z�a�f�_�j�Z �\ �l�j�Z�^�b�p�b�h�g�g�h 

�b�k�i�h�e�v�a�m�_�f�u�o �]�Z�a�h�\�u�o �j�Z�a�j�y�^�Z�o. �W�d�k�i�_�j�b�f�_�g�l�u, �i�j�h�\�_�^�_�g�g�u�_ �g�Z�f�b �k �i�h�f�h�s�v�x 
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�i�h�f�_�s�_�g�g�h�]�h �\ �h�[�e�Z�d�h �W�I�I �f�b�d�j�h�a�h�g�^�Z, �b�f�b�l�b�j�m�x�s�_�]�h �i�u�e�_�\�m�x �q�Z�k�l�b�p�m, �i�h�d�Z�a�Z�e�b, �q�l�h 

�i�h�l�_�g�p�b�Z�e �i�u�e�_�\�h�c �q�Z�k�l�b�p�u �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �g�_�k�d�h�e�v�d�b�o �k�h�l�_�g �\�h�e�v�l1. 

 �H�^�g�h�i�h�e�y�j�g�Z�y �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y �a�Z�j�y�^�d�Z �D�>�N �i�j�b�\�h�^�b�l �d �\�a�Z�b�f�g�h�f�m 

�h�l�l�Z�e�d�b�\�Z�g�b�x �q�Z�k�l�b�p �^�b�k�i�_�j�k�g�h�c �n�Z�a�u, �d�h�l�h�j�h�_ �\�u�a�u�\�Z�_�l �b�a�h�l�j�h�i�g�u�c �j�Z�a�e�_�l �w�l�b�o �q�Z�k�l�b�p 

�\ �g�Z�i�j�Z�\�e�_�g�b�b �h�l �h�k�b �b�g�`�_�d�p�b�b �W�I �b �\�u�g�h�k �i�u�e�_�\�u�o �q�Z�k�l�b�p �g�Z �i�_�j�b�n�_�j�b�x �j�_�Z�d�p�b�h�g�g�h�]�h 

�h�[�t�_�f�Z. �D�j�h�f�_ �k�b�e�u �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y, Fe, �g�Z �q�Z�k�l�b�p�m �^�_�c�k�l�\�m�x�l �k�b�e�u, 

�k�\�y�a�Z�g�g�u�_ �k �_�_ �g�Z�]�j�_�\�h�f �a�Z �k�q�_�l �i�h�]�e�h�s�_�g�b�y �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z, Fth, �b �k�b�e�Z 

�m�\�e�_�q�_�g�b�y �f�Z�d�j�h�q�Z�k�l�b�p �w�e�_�d�l�j�h�g�Z�f�b �i�m�q�d�Z, Fb. �K�b�e�Z Fb �g�_ �y�\�e�y�_�l�k�y �b�a�h�l�j�h�i�g�h�c �b �b�f�_�_�l 

�\�u�^�_�e�_�g�g�h�_ �g�Z�i�j�Z�\�e�_�g�b�_ �^�_�c�k�l�\�b�y �\�^�h�e�v �h�k�b �b�g�`�_�d�p�b�b �i�m�q�d�Z. �< �l�m �`�_ �k�l�h�j�h�g�m �g�Z�i�j�Z�\�e�_�g�Z 

�b �k�b�e�Z Fth, �i�h�j�h�`�^�Z�_�f�Z�y �b�k�i�Z�j�_�g�b�_�f �f�Z�l�_�j�b�Z�e�Z �k �i�h�\�_�j�o�g�h�k�l�b �q�Z�k�l�b�p�u, �[�h�e�_�_ 

�b�g�l�_�g�k�b�\�g�u�f �k�h �k�l�h�j�h�g�u, �h�[�e�m�q�Z�_�f�h�c �i�m�q�d�h�f. �K�h�\�f�_�k�l�g�h�_ �^�_�c�k�l�\�b�_ �i�_�j�_�q�b�k�e�_�g�g�u�o �k�b�e 

�h�i�j�_�^�_�e�y�_�l �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �q�Z�k�l�b�p �D�>�N �i�h �j�_�Z�d�p�b�h�g�g�h�f�m �h�[�t�_�f�m. 

 �J�Z�k�k�f�h�l�j�b�f �g�_�d�h�l�h�j�u�_ �j�_�a�m�e�v�l�Z�l�u �g�Z�r�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �b�g�`�_�d�p�b�b �W�I �k 

�w�g�_�j�]�b�_�c 25-30 �d�w�< �\ �]�Z�a, �a�Z�i�u�e�_�g�g�u�c �i�h�e�b�^�b�k�i�_�j�k�g�u�f�b �q�Z�k�l�b�p�Z�f�b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c 

�d�b�k�e�h�l�u, �Z�f�h�j�n�g�h�]�h �m�]�e�_�j�h�^�Z �b �h�d�k�b�^�Z �Z�e�x�f�b�g�b�y Al2O3 (�d�_�j�Z�f�b�d�Z) �k �o�Z�j�Z�d�l�_�j�g�u�f 

�j�Z�a�f�_�j�h�f �|50 �f�d�f. �J�b�k�m�g�h�d 4.4.1 �b�e�e�x�k�l�j�b�j�m�_�l �l�b�i�b�q�g�m�x �i�h�k�l�Z�g�h�\�d�m �w�d�k�i�_�j�b�f�_�g�l�Z (�k�f. 

�l�Z�d�`�_ �j�b�k. 4.2.2): �W�I �b�g�`�_�d�l�b�j�m�_�l�k�y �\ �\�_�j�l�b�d�Z�e�v�g�m�x �i�_�e�_�g�m �i�u�e�_�\�u�o �q�Z�k�l�b�p 

�i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �_�_ �i�e�h�k�d�h�k�l�b; �i�_�e�_�g�Z �n�h�j�f�b�j�m�_�l�k�y �\�b�[�j�b�j�m�x�s�b�f �k�b�l�h�f, �Z �l�\�_�j�^�u�_ 

�q�Z�k�l�b�p�u, �h�[�j�Z�a�m�x�s�b�_ �i�_�e�_�g�m, �i�Z�^�Z�x�l �\�g�b�a �i�h� ̂ �^�_�c�k�l�\�b�_�f �k�b�e�u �l�y�`�_�k�l�b. �G�Z �j�b�k�m�g�d�_ 

�o�h�j�h�r�h �\�b�^�g�Z �a�h�g�Z �i�_�e�_�g�u, �\ �d�h�l�h�j�h�c �i�u�e�_�\�u�_ �q�Z�k�l�b�p�u �i�j�Z�d�l�b�q�_�k�d�b �h�l�k�m�l�k�l�\�m�x�l. 

�M�e�Z�\�e�b�\�Z�g�b�_ �i�u�e�_�\�u�o �q�Z�k�l�b�p �w�d�j�Z�g�h�f, �j�Z�k�i�h�e�h�`�_�g�g�u�f �g�b�`�_ �w�l�h�c �a�h�g�u, �i�h�a�\�h�e�b�e�h 

�\�u�y�\�b�l�v �k�e�_�^�m�x�s�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �j�Z�a�e�_�l�Z �Z�w�j�h�a�h�e�y �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_. 

1. �<�u�g�h�k �q�Z�k�l�b�p �\ �j�Z�^�b�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �i�j�h�b�k�o�h�^�b�l �\ �W�I�I, �k�h�^�_�j�`�Z�s�_�c �q�Z�k�l�b�p�u 

�e�x�[�h�c �o�b�f�b�q�_�k�d�h�c �i�j�b�j�h�^�u. 

2. �<�u�g�h�k �q�Z�k�l�b�p �\ �g�Z�i�j�Z�\�e�_�g�b�b �h�k�b �b�g�`�_�d�p�b�b �W�I �i�j�h�b�k�o�h�^�b�l �\ �k�e�m�q�Z�_, �d�h�]�^�Z 

�\�_�s�_�k�l�\�h �q�Z�k�l�b�p�u �b�f�_�_�l �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�b�_ �l�_�f�i�_�j�Z�l�m�j�m �b �m�^�_�e�v�g�m�x �l�_�i�e�h�l�m 

�b�k�i�Z�j�_�g�b�y. �< �g�Z�r�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �l�Z�d�h�c �\�u�g�h�k �g�Z�[�e�x�^�Z�e�k�y �l�h�e�v�d�h �\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�o �k �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�h�c (�k�f. �j�b�k. 4.4.2); �j�Z�a�e�_�l �q�Z�k�l�b�p 

�m�]�e�_�j�h�^�Z �b Al2O3 �h�k�l�Z�\�Z�e�k�y �b�a�h�l�j�h�i�g�u�f �i�h �d�j�Z�c�g�_�c �f�_�j�_ �i�j�b �i�e�h�l�g�h�k�l�b 

�b�g�`�_�d�l�b�j�m�_�f�h�]�h �i�m�q�d�Z jb < 102 �: /�f2. �I�j�b �[�h�e�_�_ �\�u�k�h�d�b�o jb �\�u�g�h�k �q�Z�k�l�b�p �D�>�N �\ 

�h�k�_�\�h�f �g�Z�i�j�Z�\�e�_�g�b�b �g�Z�[�e�x�^�Z�e�k�y �b �^�e�y �m�]�e�_�j�h�^�g�u�o, �b �d�_�j�Z�f�b�q�_�k�d�b�o �q�Z�k�l�b�p (�k�f. 

�j�b�k. 4.4.5). 

                                                 
1 �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �i�h�l�_�g�p�b�Z�e U �i�u�e�_�\�h�c �q�Z�k�l�b�p�u �a�Z�\�b�k�b�l �h�l �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z �b �^�Z�\�e�_�g�b�y 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. �O�Z�j�Z�d�l�_�j �a�Z�\�b�k�b�f�h�k�l�b U(Pm) �i�h�e�g�h�k�l�v�x �Z�g�Z�e�h�]�b�q�_�g �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �g�Z �j�b�k. 4.1.4 
�a�Z�\�b�k�b�f�h�k�l�b �i�h�l�_�g�p�b�Z�e�Z �^�g�b�s�Z �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�h�g�l�_�c�g�_�j�Z, �a�Z�i�h�e�g�_�g�g�h�]�h �W�I�I, �h�l �^�Z�\�e�_�g�b�y 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. 



 143

3. �I�h�\�u�r�_�g�b�_ �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �i�j�b�\�h�^�b�l �d �h�k�e�Z�[�e�_�g�b�x �d�Z�d 

�j�Z�^�b�Z�e�v�g�h�]�h, �l�Z�d �b �Z�d�k�b�Z�e�v�g�h�]�h �\�u�g�h�k�Z  �q�Z�k�l�b�p �D�>�N. �I�j�b �^�h�k�l�b�`�_�g�b�b �\�_�e�b�q�b�g�u 

�^�Z�\�e�_�g�b�y Pm �| 5 �L�h�j�j �\�u�g�h�k �q�Z�k�l�b�p �e�x�[�h�c �o�b�f�b�q�_�k�d�h�c �i�j�b�j�h�^�u �i�j�_�d�j�Z�s�Z�e�k�y 

�i�h�e�g�h�k�l�v�x, �Z �\ �^�b�Z�i�Z�a�h�g�_ 0,5 < Pm < 5,0 �L�h�j�j �b�g�l�_�g�k�b�\�g�h�k�l�v �j�Z�a�e�_�l�Z �k�m�s�_�k�l�\�_�g�g�h 

�a�Z�\�b�k�b�l �h�l �f�Z�l�_�j�b�Z�e�Z �l�\�_�j�^�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u �b �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �Z �l�Z�d�`�_ �h�l �\�_�e�b�q�b�g�u Pm (�k�f. �j�b�k�m�g�d�b 4.4.3 �b 4.4.4). �I�j�b 

�^�Z�\�e�_�g�b�y�o Pm < 0,5 �L�h�j�j �j�Z�a�e�_�l �q�Z�k�l�b�p �D�>�N �k�l�Z�g�h�\�b�l�k�y �k�l�h�e�v �b�g�l�_�g�k�b�\�g�u�f, �q�l�h 

�l�\�_�j�^�u�_ �q�Z�k�l�b�p�u �i�h�e�g�h�k�l�v�x �\�u�g�h�k�y�l�k�y �b�a �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z. 

4. �M�\�_�e�b�q�_�g�b�_ �j�Z�a�f�_�j�h�\ �a�Z�i�u�e�_�g�g�h�c �h�[�e�Z�k�l�b �d�Z�q�_�k�l�\�_�g�g�h �g�_ �f�_�g�y�_�l �h�l�f�_�q�_�g�g�u�_ 

�\�u�r�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b. �L�Z�d, �\ �q�Z�k�l�g�h�k�l�b, �i�j�b �^�Z�\�e�_�g�b�y�o Pm > 5,0 �L�h�j�j �i�e�Z�a�f�u 

�e�x�[�h�]�h �b�a �b�k�k�e�_�^�h�\�Z�g�g�u�o �g�Z�f�b �]�Z�a�h�\ �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �\ �\�b�^�_ �d�b�i�y�s�_�]�h �k�e�h�y 

�h�k�l�Z�_�l�k�y �h�^�g�h�j�h�^�g�u�f �^�Z�`�_ �i�j�b �\�u�k�h�d�b�o �f�h�s�g�h�k�l�y�o �b�g�`�_�d�l�b�j�m�_�f�h�]�h �W�I (�k�f. �j�b�k. 

4.4.6). 
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�=�E�:�<�: V. �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�H�? �B�K�K�E�?�>�H�<�:�G�B�? �I�J�H�P�?�K�K�H�< 

�I�H�E�M�Q�?�G�B�Y �;�B�H�:�D�L�B�<�G�U�O �K�H�?�>�B�G�?�G�B�C �< �W�E�?�D�L�J�H�G�G�H-�I�M�Q�D�H�<�H�C 

�I�E�:�A�F�? 

 

5.1. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y �^�_�k�l�j�m�d�p�b�y �b �f�h�^�b�n�b�d�Z�p�b�y �[�b�h�i�h�e�b�f�_�j�h�\ 

�< �^�Z�g�g�h�c �]�e�Z�\�_ �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �b �f�h�^�b�n�b�d�Z�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ (�[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\), 

�k�h�i�j�h�\�h�`�^�Z�x�s�b�o�k�y �h�[�j�Z�a�h�\�Z�g�b�_�f �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\, �d�h�l�h�j�u�_, �d�Z�d 

�i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �f�h�]�m�l �h�[�e�Z�^�Z�l�v �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x. 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �m�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y  �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b 

�\�Z�j�v�b�j�h�\�Z�e�b�k�v �\ �k�e�_�^�m�x�s�b�o �^�b�Z�i�Z�a�h�g�Z�o: 

�x �M�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b – 25-30 �d�<; 

�x �L�h�d �i�m�q�d�Z – 1,5-3,5 �f�: ; 

�x �I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �k�j�_�^�u �b �^�Z�\�e�_�g�b�_ �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ – �i�Z�j�u �\�h�^�u (�i�j�b 

�^�Z�\�e�_�g�b�b 2-10 �L�h�j�j), �d�b�k�e�h�j�h�^ (�i�j�b �^�Z�\�e�_�g�b�b 1-5 �L�h�j�j), �]�_�e�b�c (�i�j�b �^�Z�\�e�_�g�b�b 10-

40 �L�h�j�j), �Z�j�]�h�g (�i�j�b �^�Z�\�e�_�g�b�b 0,5-2 �L�h�j�j), �Z�f�f�b�Z�d �b �Z�a�h�l (�i�j�b �^�Z�\�e�_�g�b�b 1-5 

�L�h�j�j); 

�x �J�_�`�b�f�u �j�Z�[�h�l�u �]�_�g�_�j�Z�l�h�j�Z �W�I�I – �g�_�i�j�_�j�u�\�g�u�c �b �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�b�c �k 

�j�_�]�m�e�b�j�m�_�f�u�f�b �^�e�b�l�_�e�v�g�h�k�l�v�x (0,01-1,0 �k) �b �k�d�\�Z�`�g�h�k�l�v�x (0,1-0,9) �b�f�i�m�e�v�k�h�\; 

�x �<�j�_�f�y �h�[�j�Z�[�h�l�d�b – 2,5-20 �f�b�g �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �p�_�e�_�c �w�d�k�i�_�j�b�f�_�g�l�Z; 

�x �B�k�o�h�^�g�u�_ �h�[�j�Z�a�p�u – �i�h�j�h�r�d�b �k �o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f �q�Z�k�l�b�p 10-100 �f�d�f, 

�i�e�_�g�d�b �l�h�e�s�b�g�h�c 1-20 �f�d�f, �]�m�[�d�b �l�h�e�s�b�g�h�c 2-5 �f�f  �b �o�Z�j�Z�d�l�_�j�g�u�f �^�b�Z�f�_�l�j�h�f 

�i�h�j 50-200 �f�d�f; 

�x �L�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o �h�[�j�Z�a�p�h�\: 

- �[�_�e�d�b: 20-40 º�K; 

- �i�h�e�b�k�Z�o�Z�j�b�^�u: 30-90 º�K. 

�I�j�b �w�l�h�f �k�l�Z�\�b�e�Z�k�v �a�Z�^�Z�q�Z �\�u�y�\�b�l�v �\�e�b�y�g�b�_ �b�a�f�_�g�_�g�b�c �l�h�]�h �b�e�b �b�g�h�]�h �i�Z�j�Z�f�_�l�j�Z, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�]�h �j�_�`�b�f �h�[�j�Z�[�h�l�d�b �g�Z �k�l�j�m�d�l�m�j�m, �k�\�h�c�k�l�\�Z �b �[�b�h�e�h�]�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v 

�i�h�e�m�q�Z�x�s�_�]�h�k�y �i�j�h�^�m�d�l�Z (�i�j�h�^�m�d�l�h�\), �b �g�Z�c�l�b �h�i�l�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �j�_�]�m�e�b�j�m�_�f�u�o 

�i�Z�j�Z�f�_�l�j�h�\, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �i�h�e�m�q�_�g�b�_ �l�j�_�[�m�_�f�h�]�h �w�n�n�_�d�l�Z. 
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5.1.1. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �k�b�g�l�_�l�b�q�_�k�d�b�o �^�_�j�b�\�Z�l�h�\ �D-�Z�f�b�g�h�d�b�k�e�h�l, 

�k�h�^�_�j�`�Z�s�b�o �i�b�j�Z�a�h�e�b�^�b�g�h�\�u�c �p�b�d�e 

�H�l�j�Z�[�h�l�d�m �f�_�l�h�^�b�d�b �i�j�h�\�h�^�b�e�b �g�Z �k�b�g�l�_�l�b�q�_�k�d�b�o �i�j�h�b�a�\�h�^�g�u�o �.-�Z�f�b�g�h�d�b�k�e�h�l, 

�k�h�^�_�j�`�Z�s�b�o �i�b�j�Z�a�h�e�b�^�b�g�h�\�u�c �p�b�d�e �b �y�\�e�y�x�s�b�o�k�y �i�h�l�_�g�p�b�Z�e�v�g�u�f�b �b�g�]�b�[�b�l�h�j�Z�f�b 

�l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b (�w�l�b�e N-(1-�Z�p�_�l�b�e-3-�f�_�l�b�e-2-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-5-�b�e)-(L)-

�l�j�b�i�l�h�n�Z�g�Z�l, �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-�f�_�l�h�d�k�b�d�Z�j�[�h�g�b�e-(D,L)-�n�_�g�b�e�Z�e�Z�g�b�g�Z, �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-

�l�j�_�l -�[�m�l�b�e�h�d�k�b�d�Z�j�[�h�g�b�e�]�e�b�p�b�g�Z,  �n�_�g�b�e�]�b�^�j�Z�a�b�^ N-�l�j�_�l -�[�m�l�b�e�h�d�k�b�d�Z�j�[�h�g�b�e�Z�e�Z�g�b�g�Z). 

�:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�Z�y �k�i�h�k�h�[�g�h�k�l�v �b�k�o�h�^�g�u�o �k�h�_�^�b�g�_�g�b�c �[�u�e�Z �i�h�d�Z�a�Z�g�Z �k �i�h�f�h�s�v�x 

�k�i�_�p�b�Z�e�v�g�h�c �d�h�f�i�v�x�l�_�j�g�h�c �i�j�h�]�j�Z�f�f�u PASS, �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �\ �G�B�B �;�b�h�f�_�^�b�p�b�g�k�d�h�c 

�O�b�f�b�b �b�f. �<.�G. �H�j�_�o�h�\�b�q�Z �b �i�h�a�\�h�e�y�x�s�_�c �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �\�_�j�h�y�l�g�h�k�l�v �j�Z�a�e�b�q�g�u�o �\�b�^�h�\ 

�[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �\�_�s�_�k�l�\ �g�Z �h�k�g�h�\�_ �b�o �k�l�j�m�d�l�m�j�g�h�c �n�h�j�f�m�e�u [5.1.1]. �H�^�g�Z�d�h 

�i�j�Z�d�l�b�q�_�k�d�h�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �w�l�b�o �\�_�s�_�k�l�\ �g�_�\�h�a�f�h�`�g�h �\�k�e�_�^�k�l�\�b�_ �b�o �h�]�j�Z�g�b�q�_�g�g�h�c 

�j�Z�k�l�\�h�j�b�f�h�k�l�b �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ �[�_�a �g�Z�]�j�_�\�Z �^�h 70 �q�K, �q�l�h �f�h�`�_�l �i�j�b�\�_�k�l�b �d 

�l�_�i�e�h�\�h�f�m �j�Z�a�j�m�r�_�g�b�x �Z�f�b�g�h�d�b�k�e�h�l. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k�b�g�l�_�l�b�q�_�k�d�b�_ �i�j�h�b�a�\�h�^�g�u�_ 

�Z�f�b�g�h�d�b�k�e�h�l �y�\�e�y�e�b�k�v �m�^�h�[�g�u�f�b �f�h�^�_�e�v�g�u�f�b �k�h�_�^�b�g�_�g�b�y�f�b �^�e�y �i�j�h�\�_�^�_�g�b�y 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �i�h�k�d�h�e�v�d�m �b�a�f�_�g�_�g�b�_ �j�Z�k�l�\�h�j�b�f�h�k�l�b �b �i�h�y�\�e�_�g�b�_ 

�[�b�h�e�h�]�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z �\�k�e�_�^�k�l�\�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �e�_�]�d�h 

�d�h�g�l�j�h�e�b�j�h�\�Z�l�v, �Z �k�Z�f�b �Z�f�b�g�h�d�b�k�e�h�l�u – �h�k�g�h�\�g�h�c �d�h�f�i�h�g�_�g�l �[�_�e�d�h�\. 

�M�k�e�h�\�b�y �W�I�I-�h�[�j�Z�[�h�l�d�b �\�Z�j�v�b�j�h�\�Z�e�b�k�v �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f: 

�� �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ U = 30 �d�<; 

�� Ib = 1,5 – 3,5 �f�: ; 

�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �k�j�_�^�u: �\�h�a�^�m�o, �i�Z�j�u �\�h�^�u, �d�b�k�e�h�j�h�^ �b �]�_�e�b�c; 

�� �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_: 5 -10 �L�h�j�j 

(�\�h�a�^�m�o, �i�Z�j�u �\�h�^�u �b �d�b�k�e�h�j�h�^) �b 40 �L�h�j�j (�]�_�e�b�c); 

�� �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 = 45 - 600 �k. 

�W�I�I-�h�[�j�Z�[�h�l�d�Z �^�_�j�b�\�Z�l�h�\ �Z�f�b�g�h�d�b�k�e�h�l �m�\�_�e�b�q�b�\�Z�e�Z �b�o �j�Z�k�l�\�h�j�b�f�h�k�l�v �\ �\�h�^�_ �b 

�i�j�b�\�h�^�b�e�Z �d �n�h�j�f�b�j�h�\�Z�g�b�x �i�j�h�^�m�d�l�h�\, �h�[�e�Z�^�Z�x�s�b�o �k�i�h�k�h�[�g�h�k�l�v�x �b�g�]�b�[�b�j�h�\�Z�l�v 

�Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\, �i�j�b�q�_�f �k�l�_�i�_�g�v �i�j�h�y�\�e�_�g�b�y �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\ 

�i�j�h�^�m�d�l�h�\ �a�Z�\�b�k�_�e�Z �h�l �j�h�^�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z: �g�Z�b�[�h�e�_�_ �a�Z�f�_�l�g�u�c �[�b�h�e�h�]�b�q�_�k�d�b�c 

�w�n�n�_�d�l �i�j�b�h�[�j�_�l�Z�e�b �k�h�_�^�b�g�_�g�b�y, �h�[�j�Z�[�h�l�Z�g�g�u�_ �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �b �d�b�k�e�h�j�h�^�Z. 

�G�Z �k�e�_�^�m�x�s�_�f �w�l�Z�i�_ �j�Z�[�h�l�u �[�u�e�h �i�j�h�\�_�^�_�g�h �b�k�k�e�_�^�h�\�Z�g�b�_ �a�Z�\�b�k�b�f�h�k�l�b 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b �]�_�l�_�j�h�p�b�d�e�b�q�_�k�d�b�o 

�i�j�h�b�a�\�h�^�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �h�l �^�e�b�l�_�e�v�g�h�k�l�b �h�[�j�Z�[�h�l�d�b (�W) �b �l�_�i�e�h�\�h�]�h �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b 

(�l�_�f�i�_�j�Z�l�m�j�u Ts �i�h�j�h�r�d�Z �\ �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b). �< �d�Z�q�_�k�l�\�_ �l�_�k�l�h�\�h�]�h �k�h�_�^�b�g�_�g�b�y �[�u�e 
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�\�u�[�j�Z�g �g�_�Z�j�h�f�Z�l�b�q�_�k�d�b�c �]�_�l�_�j�h�p�b�d�e�b�q�_�k�d�b�c �^�_�j�b�\�Z�l �Z�e�Z�g�b�g�Z, �i�j�h�^�m�d�l�u �W�I�I-

�f�h�^�b�n�b�d�Z�p�b�b �d�h�l�h�j�h�]�h �h�[�e�Z�^�Z�e�b �g�Z�b�[�h�e�_�_ �\�u�j�Z�`�_�g�g�u�f�b �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�f�b 

�k�\�h�c�k�l�\�Z�f�b. �< �o�h�^�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �g�Z 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�Z �\�e�b�y�e�Z �i�j�b�j�h�^�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z: �^�_�j�b�\�Z�l 

�Z�e�Z�g�b�g�Z, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u, �b�g�]�b�[�b�j�h�\�Z�e �Z�]�j�_�]�Z�p�b�x �w�n�n�_�d�l�b�\�g�_�_, 

�q�_�f �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �i�e�Z�a�f�_ �]�_�e�b�y. �I�h�w�l�h�f�m �i�j�b �\�u�i�h�e�g�_�g�b�b �^�Z�g�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u 

�f�h�^�b�n�b�d�Z�p�b�x �b�k�k�e�_�^�m�_�f�h�]�h �k�h�_�^�b�g�_�g�b�y �i�j�h�\�h�^�b�e�b �l�h�e�v�d�h �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z. 

�J�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 5.1.1. 

 

�L�Z�[�e�b�p�Z 5.1.1. �<�e�b�y�g�b�_ �n�_�g�b�e�]�b�^�j�Z�a�b�^�Z N-�l�j�_�l -�[�m�l�b�e�h�d�k�b�d�Z�j�[�h�g�b�e�Z�e�Z�g�b�g�Z, 
�h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, �g�Z  �Z�]�j�_�]�Z�p�b�x  �l�j�h�f�[�h�p�b�l�h�\ Amax in vitro �\ 
�a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�f�i�_�j�Z�l�m�j�u Ts, �qC �b �^�e�b�l�_�e�v�g�h�k�l�b  �h�[�j�Z�[�h�l�d�b �W, �k 
 

�:�>�N + �i�j�h�^�m�d�l �i�e�Z�a�f�_�g�g�h�c �f�h�^�b�n�b�d�Z�p�b�b, % �:�>�N 
1�u10-5 �F 

(�d�h�g�l�j�h�e�v), % 
 

�:�>�N + 
�g�_�h�[�j�Z-

�[�h�l�Z�g�g�h�_ 
�k�h�_�^�b-

�g�_�g�b�_, %  

�W = 45, 
Ts = 38  

�W = 90, 
Ts = 38  

�W = 180, 
Ts = 38  

�W = 180, 
Ts = 55  

�W = 300, 
Ts = 55  

�W = 600, 
Ts = 55  

56�r2 46�r2 41�r3 
* 

41�r3 
* 

34�r3 
* 
**  

32�r3 
* 
** 

31�r3  
* 
** 

30�r2 
* 
** 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x �:�>�N 1×10-5 M (�j��0,05) 
** - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x �:�>�N + �g�_�h�[�j�Z�[�h�l�Z�g�g�h�_ �k�h�_�^�b�g�_�g�b�_ (�j��0,05) 

 

 �K�l�_�i�_�g�v �b�g�]�b�[�b�j�h�\�Z�g�b�y �Z�]�j�_�]�Z�p�b�b �a�Z�\�b�k�_�e�Z �h�l �^�e�b�l�_�e�v�g�h�k�l�b �h�[�j�Z�[�h�l�d�b �i�h�j�h�]�h�\�u�f 

�h�[�j�Z�a�h�f, �l.�_. �i�j�b �f�Z�e�u�o �\�j�_�f�_�g�Z�o �h�[�j�Z�[�h�l�d�b (�W �� 90 �k) �k�g�b�`�_�g�b�y �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\ 

�e�b�[�h �g�_ �g�Z�[�e�x�^�Z�e�h�k�v, �e�b�[�h �h�g�h �[�u�e�h �k�e�Z�[�h �\�u�j�Z�`�_�g�h; �i�j�b �[�h�e�_�_ �^�e�b�l�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�_ 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�c �w�n�n�_�d�l �i�j�h�^�m�d�l�Z �[�u�k�l�j�h �g�Z�j�Z�k�l�Z�e, �h�^�g�Z�d�h �i�j�b �W �! 180 �k �g�Z�j�Z�k�l�Z�g�b�_ 

�i�j�_�d�j�Z�s�Z�e�h�k�v. �G�Z�]�j�_�\ �i�h�j�h�r�d�Z �\�h �\�j�_�f�y �i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �\�g�h�k�b�e �^�h�i�h�e�g�b�l�_�e�v�g�u�c 

�\�d�e�Z�^ �\ �m�\�_�e�b�q�_�g�b�_ �Z�d�l�b�\�g�h�k�l�b, �h�^�g�Z�d�h �w�l�h�l �\�d�e�Z�^ �g�_ �i�j�_�\�u�r�Z�e �g�_�k�d�h�e�v�d�b�o �i�j�h�p�_�g�l�h�\ �b 

�l�Z�d�b�f �h�[�j�Z�a�h�f, �l�_�f�i�_�j�Z�l�m�j�g�u�c �j�_�`�b�f �k�e�Z�[�h �\�e�b�y�e �g�Z �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�m�x �k�i�h�k�h�[�g�h�k�l�v 

�i�j�h�^�m�d�l�Z. 

 �J�_�a�m�e�v�l�Z�l�u �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�a�\�h�e�b�e�b �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h 

�p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�Z�y �W�I�I-�h�[�j�Z�[�h�l�d�Z �[�h�e�_�_ �k�e�h�`�g�u�o �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �f�h�e�_�d�m�e (�l�Z�d�b�o �d�Z�d 

�[�_�e�d�b �b �i�h�e�b�k�Z�o�Z�j�b�^�u) �f�h�`�_�l �d�Z�j�^�b�g�Z�e�v�g�u�f �h�[�j�Z�a�h�f �\�e�b�y�l�v �g�Z �b�o �k�l�j�m�d�l�m�j�m �b �n�b�a�b�d�h-

�o�b�f�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �i�h�a�\�h�e�b�l�v �i�h�e�m�q�b�l�v �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�j�h�^�m�d�l�u, �h�[�e�Z�^�Z�x�s�b�_ 

�[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x. �L�Z�d�`�_ �g�Z �h�k�g�h�\�Z�g�b�b �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o �[�u�e�b �h�i�j�_�^�_�e�_�g�u 

�g�Z�b�[�h�e�_�_ �Z�d�l�b�\�g�u�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �k�j�_�^�u, �d�h�l�h�j�u�_ �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �\ �^�Z�e�v�g�_�c�r�b�o 
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�w�d�k�i�_�j�b�f�_�g�l�Z�o, �Z �b�f�_�g�g�h �i�Z�j�u �\�h�^�u �b �d�b�k�e�h�j�h�^, �m�k�l�Z�g�h�\�e�_�g�Z �i�h�j�h�]�h�\�h�k�l�v �w�n�n�_�d�l�Z �W�I�I-

�h�[�j�Z�[�h�l�d�b. �W�l�Z �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �i�h�^�j�h�[�g�h �h�[�k�m�`�^�Z�_�l�k�y �g�b�`�_ (�k�f. �l�Z�d�`�_ �j�b�k. 5.1.19). 

 

5.1.2. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y �^�_�k�l�j�m�d�p�b�y �[�_�e�d�h�\ 
 

�< �i�_�j�\�h�c �q�Z�k�l�b �]�e�Z�\�u �b�a�m�q�Z�e�h�k�v �\�e�b�y�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �g�Z 

�k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z �]�e�h�[�m�e�y�j�g�u�o �b �n�b�[�j�b�e�e�y�j�g�u�o �[�_�e�d�h�\: �;�K�:, �e�b�a�h�p�b�f�Z �d�m�j�b�g�h�]�h 

�y�c�p�Z, �d�h�e�e�Z�]�_�g�Z I �l�b�i�Z �b�a �[�u�q�v�_�]�h �i�y�l�h�q�g�h�]�h �k�m�o�h�`�b�e�b�y �b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z (�N�F), 

�\�u�^�_�e�_�g�g�h�]�h �b�a �i�e�Z�a�f�u �d�j�h�\�b �q�_�e�h�\�_�d�Z. �H�[�j�Z�[�h�l�d�m �[�_�e�d�h�\ �i�j�h�\�h�^�b�e�b: 

�Z) �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_, �h�j�]�Z�g�b�a�h�\�Z�g�g�h�f �\ �\�b�^�_ �d�b�i�y�s�_�]�h �k�e�h�y 

�[) �\ �\�b�^�_ �l�h�g�d�b�o �i�e�_�g�h�d �l�h�e�s�b�g�h�c  ~0,2 �f�f  �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�h�c �k�l�_�d�e�y�g�g�h�c 

�i�h�^�e�h�`�d�b. �I�j�h�p�_�^�m�j�Z �i�h�e�m�q�_�g�b�y �i�e�_�g�h�d �h�i�b�k�Z�g�Z �\ �]�e�Z�\�_ II (�j�Z�a�^�_�e 2.1). �L�Z�d�h�c �l�b�i 

�h�[�j�Z�a�p�h�\ �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �i�j�b �h�[�j�Z�[�h�l�d�_ �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �]�e�h�[�m�e�y�j�g�u�o �[�_�e�d�h�\ – �;�K�: �b 

�e�b�a�h�p�b�f�Z. 

 �M�k�e�h�\�b�y �W�I�I-�h�[�j�Z�[�h�l�d�b �[�u�e�b �\�u�[�j�Z�g�u �k �m�q�_�l�h�f �j�_�a�m�e�v�l�Z�l�h�\ �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o 

�l�_�k�l�h�\�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\: 

�� �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ U = 30 �d�<; 

�� Ib = 1,5 – 3,5 �f�: ; 

�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �k�j�_�^�u: �i�Z�j�u �\�h�^�u, �d�b�k�e�h�j�h�^, �]�_�e�b�c �b �Z�j�]�h�g; 

�� �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_: �i�Z�j�u �\�h�^�u - 10 

�L�h�j�j, �d�b�k�e�h�j�h�^ - 5 �L�h�j�j, �]�_�e�b�c - 40 �L�h�j�j �b �Z�j�]�h�g - 2 �L�h�j�j; 

�� �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 = 2,5-20 �f�b�g �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �p�_�e�_�c �w�d�k�i�_�j�b�f�_�g�l�Z. �< 

�[�h�e�v�r�b�g�k�l�\�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �\�j�_�f�y �w�d�k�i�h�a�b�p�b�b �k�h�k�l�Z�\�e�y�e�h 5 �f�b�g; 

�� �\�h �b�a�[�_�`�Z�g�b�_ �l�_�i�e�h�\�h�c �^�_�g�Z�l�m�j�Z�p�b�b �[�_�e�d�Z �W�I�I-�h�[�j�Z�[�h�l�d�m �i�j�h�\�h�^�b�e�b �i�j�b 

�l�_�f�i�_�j�Z�l�m�j�_ Ts = 37 �q�K. 

�I�h�  ̂ �^�_�c�k�l�\�b�_�f �W�I�I �i�j�h�b�k�o�h�^�b�e�h �i�h�`�_�e�l�_�g�b�_ �i�e�_�g�h�d �b �i�h�j�h�r�d�h�\ �h�[�j�Z�[�h�l�Z�g�g�u�o 

�[�_�e�d�h�\ (�i�j�b�q�_�f �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�Z�y �h�d�j�Z�k�d�Z �^�h�k�l�b�]�Z�e�Z�k�v �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �Z 

�b�g�l�_�g�k�b�\�g�h�k�l�v �h�d�j�Z�k�d�b �\�h�a�j�Z�k�l�Z �k �m�\�_�e�b�q�_�g�b�_�f  �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b �h�[�j�Z�a�p�h�\), �b 

�b�a�f�_�g�_�g�b�_ �b�o �j�Z�k�l�\�h�j�b�f�h�k�l�b �\ �\�h�^�_. �L�Z�d, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �\ �W�I�I �j�Z�a�e�b�q�g�u�o 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^ �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �[�_�e�d�h�\ – �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �d�h�e�e�Z�]�_�g�Z – 

�i�j�b�\�h�^�b�e�Z �d �i�h�\�u�r�_�g�b�x �b�o �j�Z�k�l�\�h�j�b�f�h�k�l�b, �q�l�h �d�h�k�\�_�g�g�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h 

�n�h�j�f�b�j�h�\�Z�g�b�b �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b.  

�H�k�h�[�_�g�g�h �a�Z�f�_�l�g�h �m�\�_�e�b�q�_�g�b�_ �j�Z�k�l�\�h�j�b�f�h�k�l�b �[�u�e�h �\ �k�e�m�q�Z�_ �i�j�h�^�m�d�l�h�\ �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �n�b�[�j�b�e�e�y�j�g�h�]�h �[�_�e�d�Z  �d�h�e�e�Z�]�_�g�Z, �d�h�l�h�j�u�c, �d�Z�d �b�a�\�_�k�l�g�h, 

�g�_�j�Z�k�l�\�h�j�b�f �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �< �j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b 
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�j�Z�k�l�\�h�j�b�f�h�k�l�v �d�h�e�e�Z�]�_�g�Z �\�h�a�j�Z�k�l�Z�e�Z �\ �k�j�_�^�g�_�f �g�Z 28,04%. �F�Z�d�k�b�f�Z�e�v�g�m�x �j�Z�k�l�\�h�j�b�f�h�k�l�v 

�i�j�b�h�[�j�_�e�b �i�j�h�^�m�d�l�u 15-�l�b �f�b�g�m�l�g�h�c �f�h�^�b�n�b�d�Z�p�b�b �d�h�e�e�Z�]�_�g�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z 

(36,16%). �K�l�_�i�_�g�v �j�Z�k�l�\�h�j�b�f�h�k�l�b �h�[�j�Z�a�p�h�\ �\�h�a�j�Z�k�l�Z�e�Z �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �d�Z�q�_�k�l�\�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �d�b�k�e�h�j�h�^�Z �b �i�Z�j�h�\ �\�h�^�u, �Z �l�Z�d�`�_ �k �m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b  

�h�[�j�Z�[�h�l�d�b (�L�Z�[�e�b�p�Z 5.1.2), �q�l�h, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h �k �g�Z�d�h�i�e�_�g�b�_�f �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b. 

 
�L�Z�[�e�b�p�Z 5.1.2. �B�a�f�_�g�_�g�b�_ �j�Z�k�l�\�h�j�b�f�h�k�l�b �d�h�e�e�Z�]�_�g�Z �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �\ 
�j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o 
 

�I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�Z�y �k�j�_�^�Z �<�j�_�f�y �W�I�I-�h�[�j�Z�[�h�l�d�b, �f�b�g �J�Z�k�l�\�h�j�b�f�h�k�l�v �i�h 
�h�l�g�h�r�_�g�b�x �d 

�g�_�h�[�j�Z�[�h�l�Z�g�g�h�f�m 
�d�h�e�e�Z�]�_�g�m, % 

5 �f�b�g 21,62 

10 �f�b�g 28,41 
�I�Z�j�u �\�h�^�u 

Pm = 10 �L�h�j�j 
15 �f�b�g 36,16 

5 �f�b�g 24,58 

10 �f�b�g 29,27 
�D�b�k�e�h�j�h�^ 

Pm = 5 �L�h�j�j 
15 �f�b�g 28,20 

 

�I�h�e�m�q�_�g�g�u�_ �i�j�h�^�m�d�l�u �[�u�e�b �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�u �k �i�h�f�h�s�v�x �M�N- �b �B�D-

�k�i�_�d�l�j�h�k�d�h�i�b�b, �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �<�W�@�O �b �w�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�b�o �f�_�l�h�^�b�d. 

�I�j�b �i�j�h�\�_�^�_�g�b�b �b�f�f�m�g�h�w�e�_�d�l�j�h�n�h�j�_�a�Z �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �^�_�c�k�l�\�b�_ �W�I�I 

�d�Z�j�^�b�g�Z�e�v�g�h �b�a�f�_�g�b�e�h �k�l�j�m�d�l�m�j�m �g�Z�l�b�\�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. �I�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �W�I�I 

�n�b�[�j�b�g-�f�h�g�h�f�_�j �g�_ �\�k�l�m�i�Z�e �\ �j�_�Z�d�p�b�x �k�h �k�i�_�p�b�n�b�q�_�k�d�b�f�b �Z�g�l�b�l�_�e�Z�f�b, �\ �l�h �\�j�_�f�y �d�Z�d 

�b�k�o�h�^�g�u�c �n�b�[�j�b�g-�f�h�g�h�f�_�j �^�Z�\�Z�e �e�b�g�b�x �i�j�_�p�b�i�b�l�Z�p�b�b (�J�b�k. 5.1.1). 

 

�J�b�k. 5.1.1. �B�f�f�m�g�h�w�e�_�d�l�j�h�n�h�j�_�a �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�^�h �b �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b (�N�F-�D – �b�k�o�h�^�g�u�c 

�n�b�[�j�b�g-�f�h�g�h�f�_�j, �N�F-�G2�H – �n�b�[�j�b�g-�f�h�g�h�f�_�j, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u) 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 

�L�h�j�j (�i�Z�j�u �\�h�^�u), �2 = 5 �f�b�g 
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�H�[�j�Z�a�h�\�Z�g�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\ �[�u�e�h �i�j�y�f�h �i�h�d�Z�a�Z�g�h �i�j�b �i�j�h�\�_�^�_�g�b�b 

�w�e�_�d�l�j�h�n�h�j�_�a�Z �\ �Z�]�Z�j�h�\�h�f �]�_�e�_ �b �^�_�g�Z�l�m�j�b�j�m�x�s�_�]�h �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f 

�]�_�e�_,  �Z �l�Z�d�`�_ �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b. �K �i�h�f�h�s�v�x �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ 1,4% 

�Z�]�Z�j�h�\�h�f �]�_�e�_ �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�h�[�e�Z�^�Z�x�l �w�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�h�c �i�h�^�\�b�`�g�h�k�l�v�x, �\�h �f�g�h�]�h �j�Z�a �i�j�_�\�u�r�Z�x�s�_�c �l�Z�d�h�\�m�x 

�g�Z�l�b�\�g�h�]�h �[�_�e�d�Z.  

�I�j�b �i�j�h�\�_�^�_�g�b�b PAGE �g�_�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f 

�]�_�e�_ �[�u�e�Z �i�h�e�m�q�_�g�Z �o�Z�j�Z�d�l�_�j�g�Z�y �^�e�y �w�l�h�]�h �[�_�e�d�Z �d�Z�j�l�b�g�Z: �g�_�k�d�h�e�v�d�h �i�h�e�b�i�_�i�l�b�^�g�u�o 

�p�_�i�_�c, �b�f�_�x�s�b�o �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m 66-50 �d�>�Z. �I�j�b �w�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�h�f �Z�g�Z�e�b�a�_ 

�i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �[�u�e�h �h�[�g�Z�j�m�`�_�g�h 

�f�g�h�`�_�k�l�\�h �i�_�i�l�b�^�h�\ �k �g�b�a�d�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c. 

 

�J�b�k. 5.1.2. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z: 1, 2 – �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ �l�_�q�_�g�b�_ 5 �f�b�g �b 15 

�f�b�g �i�j�b �i�h�g�b�`�_�g�g�h�c �i�e�h�l�g�h�k�l�b �l�h�d�Z, 3 – �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �]�_�e�b�y 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j (�i�Z�j�u �\�h�^�u) �b 40 �L�h�j�j (�]�_�e�b�c),  

�2 = 5 �f�b�g 

�>�e�y �Z�g�Z�e�b�a�Z �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z  

�[�u�e�Z �i�j�h�\�_�^�_�g�Z �]�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �h�[�j�Z�a�p�h�\, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I 

�j�Z�a�e�b�q�g�u�o �k�j�_�^ �\ �l�_�q�_�g�b�_ 5 �f�b�g (�J�b�k. 5.1.2). �H�[�j�Z�a�_�p �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ 

�W�I�I  �]�_�e�b�y, �k�h�^�_�j�`�Z�e �g�_�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �f�h�e�_�d�m�e �k �f�Z�k�k�h�c �[�h�e�_�_ 2000 �d�>�Z. �H�k�g�h�\�g�Z�y 

�f�Z�k�k�Z �\�_�s�_�k�l�\�Z �b�f�_�e�Z �f�Z�k�k�m �f�_�g�_�_ 1400 �>�Z. �<�u�y�\�e�_�g�u �i�b�d�b �r�_�k�l�b �b�g�^�b�\�b�^�m�Z�e�v�g�u�o 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �\�_�s�_�k�l�\, �b�f�_�x�s�b�o �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v �w�e�x�b�j�h�\�Z�g�b�y 11,00; 11,35; 

11,75; 12,30; 12,74 �b 13,13 �f�b�g�m�l. �N�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z, 
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�k�h�^�_�j�`�Z�e �i�h�e�b�f�_�j�u �k �f�Z�k�k�h�c �[�h�e�_�_ 2000 �d�>�Z. �H�k�g�h�\�g�Z�y �q�Z�k�l�v �i�j�h�^�m�d�l�h�\ �f�h�^�b�n�b�d�Z�p�b�b 

�[�u�e�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f�b �i�_�i�l�b�^�Z�f�b �k �o�Z�j�Z�d�l�_�j�g�u�f�b �\�j�_�f�_�g�Z�f�b 

�w�e�x�b�j�h�\�Z�g�b�y 11,40; 11,78; 12,30 �b 13,75 �f�b�g. �N�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I 

�\�h�^�y�g�h�]�h �i�Z�j�Z,  �\�h�h�[�s�_ �g�_ �k�h�^�_�j�`�Z�e �i�h�e�b�f�_�j�h�\ �b �[�u�e �i�j�_�^�k�l�Z�\�e�_�g  �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f�b 

�i�_�i�l�b�^�g�u�f�b �n�j�Z�]�f�_�g�l�Z�f�b. �< �h�[�j�Z�a�p�_ �\�u�y�\�e�_�g�u �d�Z�d �f�b�g�b�f�m�f �r�_�k�l�v �i�_�i�l�b�^�g�u�o �\�_�s�_�k�l�\ 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �i�b�d�Z�f �k �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x �w�e�x�b�j�h�\�Z�g�b�y 12,30; 12,55; 13,17; 13,70; �b 

13,94 �f�b�g. �K �m�\�_�e�b�q�_�g�b�_�f �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b �W�I�I-�h�[�j�Z�[�h�l�d�b �\�h�a�j�Z�k�l�Z�e�Z �^�h�e�y 

�\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �\�_�s�_�k�l�\, �b �\ �g�b�o �k�g�b�`�Z�e�h�k�v �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�h�^�_�j�`�Z�g�b�_ 

�\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �\�_�s�_�k�l�\ (�g�Z�b�[�h�e�_�_ �a�Z�f�_�l�_�g �^�Z�g�g�u�c �w�n�n�_�d�l  �[�u�e 

�i�j�b �h�[�j�Z�[�h�l�d�_ �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z). 

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�h�\ �[�u�e �i�j�h�\�_�^�_�g �b�o �[�h�e�_�_ 

�i�h�^�j�h�[�g�u�c �Z�g�Z�e�b�a �k �i�h�f�h�s�v�x �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b �b �h�i�j�_�^�_�e�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �j�Z�a�e�b�q�g�u�o 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �j�_�`�b�f�_ 17 �h�k�g�h�\�g�u�o �Z�f�b�g�h�d�b�k�e�h�l. 

�I�j�b �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b �d�h�g�l�j�h�e�v�g�h�]�h �h�[�j�Z�a�p�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z (�N�F-�D) �b 

�i�j�h�^�m�d�l�h�\ �_�]�h �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u (�N�F-�G2�H) �b �]�_�e�b�y (�N�F-

�G�_) �[�u�e�b �\�u�y�\�e�_�g�u �k�m�s�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �\ �k�i�_�d�l�j�Z�o (�J�b�k. 5.1.3, �J�b�k. 5.1.4): 

1) �I�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y 1163 �k�f-1 �y�\�e�y�_�l�k�y �h�[�s�_�c �m �d�h�g�l�j�h�e�v�g�h�]�h �h�[�j�Z�a�p�Z �N�F �b �W�I�I-

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �N�F �b �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[ �h�d�b�k�e�_�g�b�b �^�b�k�m�e�v�n�b�^�g�u�o 

�k�\�y�a�_�c �\ �f�h�e�_�d�m�e�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. �B�g�l�_�g�k�b�\�g�h�k�l�v �i�h�e�h�k�u �g�Z�b�[�h�e�_�_ �\�u�k�h�d�Z �m 

�h�[�j�Z�a�p�Z �N�F-�G2�H. 

2) �I�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y �� = 1471 �k�f-1 �o�Z�j�Z�d�l�_�j�g�Z �^�e�y �]�j�m�i�i –SO2 �b �^�j�m�]�b�o 

�k�m�e�v�n�h�h�d�b�k�_�c. �B�g�l�_�g�k�b�\�g�h�k�l�v �i�h�e�h�k�u �l�Z�d�`�_ �g�Z�b�[�h�e�_�_ �\�u�k�h�d�Z �m �h�[�j�Z�a�p�Z �N�F-�G2�H. 

3) �I�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y �� = 1616 �k�f-1 �o�Z�j�Z�d�l�_�j�b�a�m�_�l �^�_�n�h�j�f�Z�p�b�h�g�g�u�_ �d�h�e�_�[�Z�g�b�y �k�\�y�a�b 

-N-H- �b �\�Z�e�_�g�l�g�u�_ �d�h�e�_�[�Z�g�b�y �k�\�y�a�b –C-N- �\ –�K-NH. 

4) �I�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y �� = 1642 �k�f-1 �o�Z�j�Z�d�l�_�j�b�a�m�_�l �\�Z�e�_�g�l�g�u�_ �d�h�e�_�[�Z�g�b�y �k�\�y�a�b –�K=�H- 

(�i�h�e�h�k�Z �Z�f�b�^ I). 

5) �=�j�m�i�i�Z �i�h�e�h�k �� = 1711-1714 �k�f-1 �o�Z�j�Z�d�l�_�j�b�a�m�_�l �i�_�i�l�b�^�g�u�_ �k�\�y�a�b �f�_�`�^�m 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�f�b �h�k�l�Z�l�d�Z�f�b, �h�[�j�Z�a�m�x�s�b�f�b �i�_�j�\�b�q�g�m�x �k�l�j�m�d�l�m�j�m �[�_�e�d�Z. 

�H�[�j�Z�s�Z�_�l �\�g�b�f�Z�g�b�_ �k�f�_�s�_�g�b�_ �f�Z�d�k�b�f�m�f�Z �i�h�]�e�h�s�_�g�b�y �h�l �� = 1711 �k�f-1 �m �N�F-�D �^�h 

�� = 1712 �k�f-1 �m �N�F-�G�_ �b �� = 1714 �k�f-1 �m �N�F-�G2�H, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �q�Z�k�l�b�q�g�h�c 

�^�_�k�l�j�m�d�p�b�b �i�_�i�l�b�^�g�u�o �k�\�y�a�_�c �\ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. 

6) �I�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y �k �� = 3354 �k�f-1 �b �� = 3475 �k�f-1 �o�Z�j�Z�d�l�_�j�b�a�m�x�l �\�Z�e�_�g�l�g�u�_ 

�d�h�e�_�[�Z�g�b�y �k�\�y�a�b -N-H-. �J�Z�k�r�b�j�_�g�b�_ �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �\ �k�i�_�d�l�j�Z�o �N�F-�G�_ �b �N�F-

�G2�H �y�\�e�y�_�l�k�y �k�e�_�^�k�l�\�b�_�f �h�[�j�Z�a�h�\�Z�g�b�y �i�j�h�^�m�d�l�h�\ �^�_�]�j�Z�^�Z�p�b�b �g�Z�l�b�\�g�h�c �[�_�e�d�h�\�h�c 
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�f�h�e�_�d�m�e�u. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �h�[�j�Z�[�h�l�d�_ �W�I�I �i�Z�j�h�\ �\�h�^�u �h�[�j�Z�a�m�_�l�k�y 

�[�h�e�v�r�_�_ �q�b�k�e�h �j�Z�a�g�h�h�[�j�Z�a�g�u�o �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �N�F. 

�:�g�Z�e�b�a �i�h�e�m�q�_�g�g�u�o �B�D-�k�i�_�d�l�j�h�\ �i�h�a�\�h�e�b�e �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h �W�I�I-�h�[�j�Z�[�h�l�d�Z 

�b�k�o�h�^�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �i�j�b�\�_�e�Z �d �q�Z�k�l�b�q�g�h�c �^�_�k�l�j�m�d�p�b�b �i�_�i�l�b�^�g�u�o �k�\�y�a�_�c 

�íCO�íNH�í �f�_�`�^�m �Z�f�b�g�h�d�b�k�e�h�l�g�u�f�b �h�k�l�Z�l�d�Z�f�b, �h�[�j�Z�a�m�x�s�b�f�b �i�_�j�\�b�q�g�m�x �k�l�j�m�d�l�m�j�m 

�[�_�e�d�Z, �b �d �h�d�b�k�e�_�g�b�x �^�b�k�m�e�v�n�b�^�g�u�o �k�\�y�a�_�c, �k�l�Z�[�b�e�b�a�b�j�m�x�s�b�o �_�]�h �l�j�_�l�b�q�g�m�x �k�l�j�m�d�l�m�j�m. 

�W�l�b �b�a�f�_�g�_�g�b�y �[�h�e�_�_ �\�u�j�Z�`�_�g�u �i�j�b �h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, 

�q�l�h, �i�h-�\�b�^�b�f�h�f�m, �k�\�y�a�Z�g�h �k �^�_�c�k�l�\�b�_�f �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�e�b�a�Z �\�h�^�u. (�H�k�h�[�_�g�g�h �\�_�j�h�y�l�g�h, 

�q�l�h �]�e�Z�\�g�Z�y �j�h�e�v �\ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b �i�j�b�g�Z�^�e�_�`�b�l �j�Z�^�b�d�Z�e�Z�f •�H�G �b �k�b�g�]�e�_�l�g�h�f�m 

�d�b�k�e�h�j�h�^�m 1�H2). 

�G�Z �M�N-�k�i�_�d�l�j�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �b �]�_�e�b�y, 

�h�l�f�_�q�Z�e�h�k�v �k�]�e�Z�`�b�\�Z�g�b�_ �f�Z�d�k�b�f�m�f�Z �g�Z 280 �g�f, �q�l�h �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h�[ �h�d�b�k�e�_�g�b�b 

�b �q�Z�k�l�b�q�g�h�f �j�Z�a�j�m�r�_�g�b�b �Z�j�h�f�Z�l�b�q�_�k�d�b�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �k�l�j�m�d�l�m�j�_ �[�_�e�d�Z 

(�J�b�k. 5.1.5).  

�H�i�j�_�^�_�e�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �j�Z�a�e�b�q�g�u�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\�u�i�h�e�g�y�e�b �g�Z 

�Z�g�Z�e�b�a�Z�l�h�j�_ �L 339�F («Mikrotechha-N. P.», �Q�_�o�h�k�e�h�\�Z�d�b�y) �\ �j�_�`�b�f�_ 17 �h�k�g�h�\�g�u�o 

�Z�f�b�g�h�d�b�k�e�h�l. �I�j�b �i�j�h�\�_�^�_�g�b�b �Z�g�Z�e�b�a�Z �\ �i�j�h�^�m�d�l�Z�o �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b 

�\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �]�e�h�[�m�e�y�j�g�u�o �b �n�b�[�j�b�e�e�y�j�g�u�o �[�_�e�d�h�\ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �k�g�b�`�_�g�b�_ 

�f�Z�k�k�h�\�h�c �^�h�e�b �i�j�Z�d�l�b�q�_�k�d�b�o �\�k�_�o �Z�f�b�g�h�d�b�k�e�h�l. �I�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�g�Z�b�[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�h (�^�h 2 �j�Z�a �i�h �k�j�Z�\�g�_�g�b�x �k �N�F-�D) �k�g�b�`�Z�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ 

�Z�f�b�g�h�d�b�k�e�h�l �e�b�a�b�g�Z, �l�j�_�h�g�b�g�Z, �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�b�j�h�a�b�g�Z, �n�_�g�b�e�Z�e�Z�g�b�g�Z (�L�Z�[�e�b�p�Z 

5.1.3). �F�Z�k�k�h�\�Z�y �^�h�e�y �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �k�_�j�b�g�Z, �]�e�b�p�b�g�Z, �\�Z�e�b�g�Z, �f�_�l�b�h�g�b�g�Z, 

�e�_�c�p�b�g�Z �b �b�a�h�e�_�c�p�b�g�Z �m�f�_�g�v�r�Z�e�Z�k�v �\ 1,3-1,5 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f �n�b�[�j�b�g-

�f�h�g�h�f�_�j�h�f. 

�B�a�f�_�g�_�g�b�y �\ �k�h�^�_�j�`�Z�g�b�b �Z�f�b�g�h�d�b�k�e�h�l �a�Z�\�b�k�_�e�b �h�l �k�h�k�l�Z�\�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 

�k�j�_�^�u �b �[�u�e�b �[�h�e�_�_ �\�u�j�Z�`�_�g�u �i�j�b �h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b 

�\�h�^�y�g�h�]�h �i�Z�j�Z �i�h �k�j�Z�\�g�_�g�b�x �k �W�I�I �b�g�_�j�l�g�u�o �]�Z�a�h�\ (�k�j�Z�\�g�_�g�b�_ �i�j�h�\�h�^�b�e�b �^�e�y �h�[�j�Z�a�p�h�\, 

�i�h�e�m�q�_�g�g�u�o �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�f �\�j�_�f�_�g�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �\�h�a�^�_�c�k�l�\�b�y �2 = 5 �f�b�g). 

�< �N�F-�G2�H  �k�h�^�_�j�`�Z�g�b�_ �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�j�_�h�g�b�g�Z, 

�p�b�k�l�b�g�Z �b �e�_�c�p�b�g�Z �i�h�g�b�`�Z�e�h�k�v �g�Z 23,4%, 32,0% 37,5%, 42,6% �b 39,3%, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �\ 

�l�h �\�j�_�f�y �d�Z�d �k�h�^�_�j�`�Z�g�b�_ �w�l�b�o �Z�f�b�g�h�d�b�k�e�h�l �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ 

�]�_�e�b�y �m�f�_�g�v�r�b�e�h�k�v �g�Z 17,2%, 24,5%, 25,0%, 25,0% �b 20,8%. �I�h �k�j�Z�\�g�_�g�b�x �k �N�F-�G�_ �\ 

�h�[�j�Z�a�p�_ �N�F-�G2�H �^�h�k�l�h�\�_�j�g�h �k�g�b�`�Z�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ �i�j�h�e�b�g�Z (�g�Z 28,6%), �\�Z�e�b�g�Z (�g�Z 

20,0%), �f�_�l�b�h�g�b�g�Z (�g�Z 26,7%) �b �b�a�h�e�_�c�p�b�g�Z (�g�Z 28,5%).  
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�J�b�k. 5.1.3. �B�D-�k�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �b�k�o�h�^�g�h�]�h �b �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z: 1 

– �g�_�h�[�j�Z�[�h�l�Z�g�g�u�c �n�b�[�j�b�g-�f�h�g�h�f�_�j; 2 – �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �]�_�e�b�y; 3 – 

�n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u  

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j (�i�Z�j�u �\�h�^�u),  40 �L�h�j�j (�]�_�e�b�c), 
�2 = 5 �f�b�g 
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�J�b�k. 5.1.4. �J�Z�a�g�h�k�l�g�u�_ �B�D-�k�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z: 2 

– �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �]�_�e�b�y; 3 – �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ 

�W�I�I �i�Z�j�h�\ �\�h�^�u. �B�a �k�i�_�d�l�j�h�\ �h�[�j�Z�a�p�h�\ 2 �b 3 �\�u�q�l�_�g �k�i�_�d�l�j �h�[�j�Z�a�p�Z 1. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j (�i�Z�j�u �\�h�^�u),  40 �L�h�j�j (�]�_�e�b�c), 

�2 = 5 �f�b�g 
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�J�b�k. 5.1.5. �M�N-�k�i�_�d�l�j�u �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z: 1 – �d�h�g�l�j�h�e�v�g�u�c �N�F; 2 – �N�F, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ 

�W�I�I �i�Z�j�h�\ �\�h�^�u; 3 – �N�F, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �]�_�e�b�y. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j (�i�Z�j�u �\�h�^�u),  40 �L�h�j�j (�]�_�e�b�c), 

�2 = 5 �f�b�g 

 

�H�[�j�Z�s�Z�_�l �g�Z �k�_�[�y �\�g�b�f�Z�g�b�_ �m�\�_�e�b�q�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�e�Z�g�b�g�Z �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �N�F �\ 

�W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, �Z �l�Z�d�`�_ �m�\�_�e�b�q�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �]�b�k�l�b�^�b�g�Z �g�Z�b�[�h�e�_�_ �a�Z�f�_�l�g�h�_ �i�h�k�e�_ 

�W�I�I-�h�[�j�Z�[�h�l�d�b �\ �i�e�Z�a�f�_ �]�_�e�b�y. �I�h �k�j�Z�\�g�_�g�b�x �k �N�F-�G�_ �\ �h�[�j�Z�a�p�_ �N�F-�H2 �k�g�b�a�b�e�h�k�v 

�k�h�^�_�j�`�Z�g�b�_ �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�j�_�h�g�b�g�Z �b �f�_�l�b�h�g�b�g�Z. �L�_�f �g�_ �f�_�g�_�_, �i�h �k�j�Z�\�g�_�g�b�x �k 

�N�F-�H2 �W�I�I-�h�[�j�Z�[�h�l�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ �i�Z�j�h�\ �\�h�^�u �i�j�b�\�h�^�b�e�Z �d �m�f�_�g�v�r�_�g�b�x 

(�i�h�f�b�f�h �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�j�_�h�g�b�g�Z �b �f�_�l�b�h�g�b�g�Z) �\�Z�e�b�g�Z, �b�a�h�e�_�c�p�b�g�Z �b �e�_�c�p�b�g�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �b�a�f�_�g�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o 

�h�[�j�Z�a�p�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\�h�a�j�Z�k�l�Z�x�l �\ �j�y�^�m:  �W�I�I-�G�_ �o  �W�I�I-�H2 �o  �W�I�I-�G2�H. 

�B�a�f�_�g�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �i�j�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c 

�^�_�k�l�j�m�d�p�b�b �N�F �b�a�m�q�Z�e�h�k�v �l�Z�d�`�_ �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �^�e�b�l�_�e�v�g�h�k�l�b �W�I�I-�h�[�j�Z�[�h�l�d�b �g�Z 

�i�j�b�f�_�j�_ �W�I�I �d�b�k�e�h�j�h�^�Z.  

 �I�j�b �W�I�I-�h�[�j�Z�[�h�l�d�_ �N�F �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 5 �f�b�g �i�j�h�b�k�o�h�^�b�e�h 

�k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �e�b�a�b�g�Z, �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�j�_�h�g�b�g�Z, �k�_�j�b�g�Z, �]�e�m�l�Z�f�b�g�h�\�h�c 

�d�b�k�e�h�l�u, �p�b�k�l�b�g�Z, �f�_�l�b�h�g�b�g�Z, �l�b�j�h�a�b�g�Z �b �n�_�g�b�e�Z�e�Z�g�b�g�Z. �K�h�^�_�j�`�Z�g�b�_ �i�_�j�_�q�b�k�e�_�g�g�u�o 

�Z�f�b�g�h�d�b�k�e�h�l �m�f�_�g�v�r�Z�e�h�k�v �\ 1,3-2,2 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f �N�F. �H�k�h�[�_�g�g�h �a�Z�f�_�l�g�h 

�[�u�e�h �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �e�b�a�b�g�Z (�[�h�e�_�_ �q�_�f �\ 2 �j�Z�a�Z) �b �p�b�k�l�b�g�Z (�\ 1,7 �j�Z�a�Z) �i�h 
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�k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�v�g�u�f �h�[�j�Z�a�p�h�f. �L�Z�d�`�_ �h�l�f�_�q�Z�_�l�k�y �g�_�a�g�Z�q�b�l�_�e�v�g�h�_ �m�\�_�e�b�q�_�g�b�_ 

�k�h�^�_�j�`�Z�g�b�y �Z�e�Z�g�b�g�Z (�g�Z 10%) (�L�Z�[�e�b�p�Z 5.1.4). 

 �M�\�_�e�b�q�_�g�b�_ �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b �k 5 �f�b�g �^�h 15 �f�b�g �g�_ �i�j�b�\�h�^�b�e�h �d 

�^�h�i�h�e�g�b�l�_�e�v�g�h�f�m �k�g�b�`�_�g�b�x �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l, �q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l �i�h�j�h�]�h�\�m�x 

�a�Z�\�b�k�b�f�h�k�l�v �w�n�n�_�d�l�Z �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �\�h�a�^�_�c�k�l�\�b�y �h�l �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b (�L�Z�[�e�b�p�Z 

5.1.4). �L�Z�d�b�f �h�[�j�Z�a�h�f, �l�_�g�^�_�g�p�b�b, �i�h�d�Z�a�Z�g�g�u�_ �i�j�b �Z�g�Z�e�b�a�_ �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k �i�j�h�^�m�d�l�h�\ 

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �\�h�^�y�g�h�]�h �i�Z�j�Z �b 

�b�g�_�j�l�g�h�]�h �]�Z�a�Z, �i�h�e�g�h�k�l�v�x �k�h�o�j�Z�g�y�e�b�k�v.  

 

�J�b�k. 5.1.6. PAGE-�w�e�_�d�l�j�h�n�h�j�_�a �h�[�j�Z�a�p�h�\ 

�d�h�e�e�Z�]�_�g�Z �^�h �b �i�h�k�e�_ �_�]�h �h�[�j�Z�[�h�l�d�b �\ �W�I�I 

�\�h�^�y�g�h�]�h �i�Z�j�Z: 

1 – �b�k�o�h�^�g�u�c �d�h�e�e�Z�]�_�g; 2 – �d�h�e�e�Z�]�_�g, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ 

�l�_�q�_�g�b�_ 10 �f�b�g, �k�h�h�l�\�_�l�k�l�\�_�g�g�h 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Ub = 30 �d�<, Ib = 1,5 �f�: , 

�\�h�^�y�g�h�c �i�Z�j �i�j�b Pm = 10 �L�h�j�j 

 

�I�h�e�m�q�_�g�g�u�_ �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �i�h�^�l�\�_�j�^�b�e�b�k�v �b �i�j�b �Z�g�Z�e�b�a�_ �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c 

�h�[�j�Z�[�h�l�d�b �d�h�e�e�Z�]�_�g�Z.  

�G�Z�d�h�i�e�_�g�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �i�j�b �W�I�I-�h�[�j�Z�[�h�l�d�_ 

�\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�h�]�h �n�b�[�j�b�e�e�y�j�g�h�]�h �[�_�e�d�Z �d�h�e�e�Z�]�_�g�Z  �i�h�^�l�\�_�j�`�^�Z�_�l�k�y �j�_�a�m�e�v�l�Z�l�Z�f�b 

PAGE �w�e�_�d�l�j�h�n�h�j�_�a�Z (�J�b�k. 5.1.6). �I�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �\�h�e�h�d�h�g �d�h�e�e�Z�]�_�g�Z �\ 

�W�I�I �i�Z�j�h�\ �\�h�^�u �b �d�b�k�e�h�j�h�^�Z �i�j�b�\�h�^�b�e�Z �d �n�h�j�f�b�j�h�\�Z�g�b�x �j�y�^�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�k�h�_�^�b�g�_�g�b�c, �[�h�e�v�r�b�g�k�l�\�h �b�a �d�h�l�h�j�u�o �b�f�_�_�l �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m  �f�_�g�_�_ 100 �d�>�Z. 

�I�j�b �i�j�h�\�_�^�_�g�b�b �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�h�k�l�Z�\ 

�w�d�k�l�j�Z�d�l�h�\ �i�j�h�^�m�d�l�h�\ �h�[�j�Z�[�h�l�d�b �d�h�e�e�Z�]�_�g�Z �d�Z�d �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, �l�Z�d �b �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z �k�e�Z�[�h �b�a�f�_�g�y�e�k�y �k �m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b. �< �h�[�h�b�o �k�e�m�q�Z�y�o 

�i�j�h�b�k�o�h�^�b�e�h �g�Z�d�h�i�e�_�g�b�_, �d�Z�d �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �\�_�s�_�k�l�\, �l�Z�d �b 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\. �G�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �[�u�e�b �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u �i�b�d�b 

�k�h�_�^�b�g�_�g�b�c, �b�f�_�x�s�b�_ �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v �w�e�x�b�j�h�\�Z�g�b�y 9,8; 11,8; 12,3; 13,4 �b 15,0 �f�b�g. �< 

�h�[�j�Z�a�p�_ �d�h�e�e�Z�]�_�g�Z, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �l�_�q�_�g�b�_ 5 �f�b�g 

�i�j�b�k�m�l�k�l�\�h�\�Z�e�b �i�j�h�^�m�d�l�u, �b�f�_�x�s�b�_ �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m �[�h�e�_�_ 2000 �d�>�Z.  (�J�b�k. 5.1.7). 

�I�j�b �w�l�h�f �k�h�^�_�j�`�Z�g�b�_ �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c �h�l�g�h�k�b�l�_�e�v�g�h 

1 2 
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�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �m�f�_�g�v�r�Z�e�h�k�v �e�b�g�_�c�g�h �h�l �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b �h�[�j�Z�[�h�l�d�b. �>�Z�g�g�u�c 

�w�n�n�_�d�l �g�Z�[�e�x�^�Z�e�k�y �i�j�b �e�x�[�h�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�f �]�Z�a�_, �g�h �\ �k�e�m�q�Z�_ �d�b�k�e�h�j�h�^�Z �g�Z 13 % 

�k�b�e�v�g�_�_, �q�_�f �\ �\�h�^�y�g�h�f �i�Z�j�_. 

  

�Z) 

�[) 

�J�b�k. 5.1.7. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �\�h�e�h�d�h�g 

�d�h�e�e�Z�]�_�g�Z: �Z) �2 = 5 �f�b�g, �[) �2 = 10 �f�b�g 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Ub = 30 �d�<, Ib = 1,5 �f�: , �\�h�^�y�g�h�c �i�Z�j �i�j�b Pm = 10 �L�h�j�j 

 

�H�i�j�_�^�_�e�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �i�j�h�^�m�d�l�Z�o �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �d�h�e�e�Z�]�_�g�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �i�h�d�Z�a�Z�e�h, �q�l�h �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�u�_ 

�b�a�f�_�g�_�g�b�y �\ �d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�a�e�b�q�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �g�Z�k�l�m�i�Z�e�b �q�_�j�_�a 15 �f�b�g �W�I�I-

�h�[�j�Z�[�h�l�d�b. �< �h�[�j�Z�a�p�_ �\ �i�j�h�^�m�d�l�Z�o, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_  �b�k�o�h�^�g�h�]�h �[�_�e�d�Z �\ �W�I�I 

�i�Z�j�h�\ �\�h�^�u �\ �l�_�q�_�g�b�_ 15 �f�b�g, �h�l�f�_�q�Z�e�h�k�v �k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, 

�Z�e�Z�g�b�g�Z �b �i�j�h�e�b�g�Z.  �< �l�h �`�_ �\�j�_�f�y �k�h�^�_�j�`�Z�g�b�_ �]�b�k�l�b�^�b�g�Z �i�h�\�u�r�Z�e�h�k�v �i�h �k�j�Z�\�g�_�g�b�x �k 

�b�k�o�h�^�g�u�f �d�h�e�e�Z�]�_�g�h�f. �I�j�b �f�_�g�v�r�_�f �\�j�_�f�_�g�b �W�I�I-�h�[�j�Z�[�h�l�d�b �k�h�^�_�j�`�Z�g�b�_ 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�Z�o  �g�_ �b�a�f�_�g�y�e�h�k�v �i�h �k�j�Z�\�g�_�g�b�x �k 

�d�h�g�l�j�h�e�v�g�u�f �h�[�j�Z�a�p�h�f. �B�k�d�e�x�q�_�g�b�_ �k�h�k�l�Z�\�b�e �]�b�k�l�b�^�b�g, �k�h�^�_�j�`�Z�g�b�_ �d�h�l�h�j�h�]�h 

�m�\�_�e�b�q�b�\�Z�e�h�k�v �m�`�_ �q�_�j�_�a 5 �f�b�g �W�I�I-�h�[�j�Z�[�h�l�d�b (�L�Z�[�e�b�p�Z 5.1.5). �< �h�[�j�Z�a�p�Z�o, 

�h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �d�h�g�p�_�g�l�j�Z�p�b�y �]�b�k�l�b�^�b�g�Z �l�Z�d�`�_ �m�\�_�e�b�q�b�\�Z�e�Z�k�v �m�`�_ �q�_�j�_�a 

5 �f�b�g (�m�\�_�e�b�q�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �]�b�k�l�b�^�b�g�Z �k�h�o�j�Z�g�y�e�h�k�v �b �i�j�b �\�j�_�f�_�g�Z�o �h�[�j�Z�[�h�l�d�b 10 �b 15 
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�f�b�g). �K�h�^�_�j�`�Z�g�b�_ �h�k�l�Z�e�v�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �\ �h�[�j�Z�a�p�_, �h�[�j�Z�[�h�l�Z�g�g�h�f �\ �l�_�q�_�g�b�_ 5 �f�b�g, �g�_ 

�b�a�f�_�g�y�e�h�k�v. �I�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 10 �f�b�g �h�l�f�_�q�Z�e�h�k�v �m�f�_�g�v�r�_�g�b�_ 

�k�h�^�_�j�`�Z�g�b�y �l�j�_�h�g�b�g�Z. �< �h�[�j�Z�a�p�_ �d�h�e�e�Z�]�_�g�Z, �h�[�j�Z�[�h�l�Z�g�g�h�f �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �2 = 

15 �f�b�g, �i�j�h�b�k�o�h�^�b�e�h �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �Z�e�Z�g�b�g�Z, �k�_�j�b�g�Z, 

�f�_�l�b�h�g�b�g�Z �b �i�j�h�e�b�g�Z (�L�Z�[�e�b�p�Z 5.1.6). 

�<�u�o�h�^ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �a�Z�\�b�k�_�e �h�l �k�i�h�k�h�[�Z �i�h�^�]�h�l�h�\�d�b �h�[�j�Z�a�p�Z, �q�l�h 

�[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �W�I�I-�^�_�k�l�j�m�d�p�b�b �i�h�j�h�r�d�h�\ �b �l�h�g�d�b�o �i�e�_�g�h�d �;�K�: �b 

�e�b�a�h�p�b�f�Z. �H�[�j�Z�[�h�l�d�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �b�e�b �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �2 = 2,5-20 �f�b�g 

�i�h�j�h�r�d�h�\ �;�K�: �b �e�b�a�h�p�b�f�Z �g�_ �i�j�b�\�h�^�b�e�Z �d �n�h�j�f�b�j�h�\�Z�g�b�x �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�i�j�h�^�m�d�l�h�\, �q�l�h �[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �b�a�f�_�j�_�g�b�b �j�Z�k�l�\�h�j�b�f�h�k�l�b, �Z �l�Z�d�`�_ �f�_�l�h�^�Z�f�b PAGE �b 

�]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �<�W�@�O. 

�I�j�b �w�e�_�d�l�j�h�n�h�j�_�a�_ �\ 7,5 % PAGE �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�Z �;�K�: �g�_ 

�[�u�e�h �h�[�g�Z�j�m�`�_�g�h �d�j�m�i�g�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\, �q�l�h �f�h�`�_�l �[�u�l�v �k�e�_�^�k�l�\�b�_�f �b�o �g�b�a�d�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b �\ �h�[�j�Z�a�p�_ �b�e�b �k�e�b�r�d�h�f �[�h�e�v�r�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h 

�k�h�_�^�b�g�_�g�b�y �g�_ �f�h�]�e�b �i�j�h�g�b�d�g�m�l�v �\ �i�h�j�u �]�_�e�y. �H�[�j�Z�a�p�u �;�K�:, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �\ �\�b�^�_ 

�i�h�j�h�r�d�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �l�_�q�_�g�b�_ �2 = 2,5 �f�b�g, 5 �f�b�g �b 10 �f�b�g �b �d�b�k�e�h�j�h�^�Z �\ 

�l�_�q�_�g�b�_ �2 = 10 �f�b�g �b 20 �f�b�g, �g�_ �h�l�e�b�q�Z�e�b�k�v �h�l �h�[�j�Z�a�p�Z �g�Z�l�b�\�g�h�]�h �;�K�: �b �b�f�_�e�b �l�Z�d�m�x �`�_ 

�f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m 66 �d�>�Z (�J�b�k. 5.1.8).  

 

�J�b�k. 5.1.8. PAGE-�w�e�_�d�l�j�h�n�h�j�_�a �h�[�j�Z�a�p�h�\ 

�[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z (�;�K�:) 

�^�h �b �i�h�k�e�_ �_�]�h �h�[�j�Z�[�h�l�d�b �\ �\�b�^�_ �i�h�j�h�r�d�Z �\ 

�W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z: 

1 – �b�k�o�h�^�g�u�c �;�K�:; 2, 3, 4 – �;�K�:, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ 

�l�_�q�_�g�b�_ 2,5, 5 �b 10 �f�b�g, �k�h�h�l�\�_�l�k�l�\�_�g�g�h 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , 

Pm = 10 �L�h�j�j 

 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�Z �;�K�: �d�h�g�p�_�g�l�j�Z�p�b�y �[�_�e�d�Z �\ �W�I�I-

�h�[�j�Z�[�h�l�Z�g�g�u�o �h�[�j�Z�a�p�Z�o  �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�f�_�g�y�e�Z�k�v �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �;�K�:, �q�l�h 

�[�u�e�h �l�Z�d�`�_ �i�h�^�l�\�_�j�`�^�_�g�h �i�j�y�f�u�f �b�a�f�_�j�_�g�b�_�f �i�h �f�_�l�h�^�m �E�h�m�j�b �b �f�_�l�h�^�h�f 

�]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b. �G�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o  �h�l�f�_�q�Z�e�b�k�v �e�b�r�v �g�_�[�h�e�v�r�b�_ 

�i�b�d�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f �k�h�_�^�b�g�_�g�b�y�f �k �f�Z�k�k�h�c �f�_�g�_�_ 66 �d�>�Z. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �i�h�j�h�r�d�Z �;�K�: �g�_ �i�j�b�\�h�^�b�l �d �_�]�h �a�Z�f�_�l�g�h�c 

�^�_�]�j�Z�^�Z�p�b�b (�J�b�k. 5.1.9). �;�h�e�_�_ �l�h�]�h, �k �i�h�f�h�s�v�x �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �[�u�e�Z 
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�i�h�d�Z�a�Z�g�Z �i�h�e�b�f�_�j�b�a�Z�p�b�y �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�Z �;�K�:: �[�u�e�b 

�h�[�g�Z�j�m�`�_�g�u �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �k�h�_�^�b�g�_�g�b�y �k �f�Z�k�k�Z�f�b �[�h�e�_�_ 800 �d�>�Z, 350 �d�>�Z �b 150 

�d�>�Z.  

 

�J�b�k. 5.1.9. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�Z �;�K�: 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 �L�h�j�j, �2 =10 �f�b�g 

 

 

�J�b�k. 5.1.10. PAGE-�w�e�_�d�l�j�h�n�h�j�_�a �h�[�j�Z�a�p�h�\ �[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z (�;�K�:) �b 

�i�h�k�e�_ �_�]�h �h�[�j�Z�[�h�l�d�b �\ �\�b�^�_ �l�h�g�d�h�c �i�e�_�g�d�b �\ �W�I�I �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\: 1, 2, 3 – �;�K�:, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u, �d�b�k�e�h�j�h�^�Z �b �Z�j�]�h�g�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h; 4 – �b�k�o�h�^�g�u�c �;�K�: 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j (�i�Z�j�u �\�h�^�u), 5 �L�h�j�j (�d�b�k�e�h�j�h�^) �b 

2 �L�h�j�j (�Z�j�]�h�g), �2 = 5 �f�b�g 

 

�M�N- �b �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�y �d�h�g�l�j�h�e�v�g�h�]�h �b �i�h�j�h�r�d�Z �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I-�G2�H 

�\ �l�_�q�_�g�b�_ �2 = 2,5 �f�b�g �b 10 �f�b�g, �g�_ �\�u�y�\�b�e�Z �k�m�s�_�k�l�\�_�g�g�u�o �h�l�e�b�q�b�c �f�_�`�^�m �w�l�b�f�b 
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�h�[�j�Z�a�p�Z�f�b. �L�_�f �g�_ �f�_�g�_�_, �i�j�b �k�j�Z�\�g�_�g�b�b �h�l�g�h�r�_�g�b�c �B�D-�k�i�_�d�l�j�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h �m�k�b�e�_�g�b�_ 

�b�g�l�_�g�k�b�\�g�h�k�l�b �d�h�e�_�[�Z�g�b�c �í�K�í�G�í �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b, �q�l�h �f�h�`�_�l �[�u�l�v �k�e�_�^�k�l�\�b�_�f 

�m�\�_�e�b�q�_�g�b�y �k�h�^�_�j�`�Z�g�b�y –�K�G3 �b =�K�G2 �]�j�m�i�i. �< �l�h �`�_ �\�j�_�f�y �k�h�^�_�j�`�Z�g�b�_ �Z�j�h�f�Z�l�b�q�_�k�d�b�o –

�K�í�G�í �b �K=�K�í�G �g�_ �b�a�f�_�g�y�e�h�k�v. 

�I�j�b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y 17-�l�b �h�k�g�h�\�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �\ �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�f �\ 

�\�b�^�_ �i�h�j�h�r�d�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �l�_�q�_�g�b�_ �2 = 2,5 �f�b�g, 5 �f�b�g �b 10 �f�b�g, �[�u�e�h �i�h�d�Z�a�Z�g�h, 

�q�l�h �h�[�j�Z�a�p�u �y�\�e�y�e�b�k�v �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�h�k�l�v�x �b�^�_�g�l�b�q�g�u�f�b �^�j�m�] �^�j�m�]�m.  �I�h �k�j�Z�\�g�_�g�b�x �k 

�d�h�g�l�j�h�e�v�g�u�f �;�K�: �\�h �\�k�_�o �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �k�g�b�a�b�e�Z�k�v �f�Z�k�k�h�\�Z�y �^�h�e�y �^�\�m�o 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\: �]�e�b�p�b�g�Z (�g�Z 14,43-17,01%) �b �p�b�k�l�b�g�Z (�g�Z 19,38-24,57%).  

�I�j�b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l �\ �h�[�j�Z�a�p�Z�o �i�h�j�h�r�d�h�\ �;�K�: �[�u�e�h 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�[�j�Z�[�h�l�d�Z �i�h�j�h�r�d�Z �;�K�: �\ �W�I�I �g�_ �i�j�b�\�h�^�b�l �d �a�g�Z�q�b�l�_�e�v�g�u�f 

�b�a�f�_�g�_�g�b�y�f �\ �k�h�^�_�j�`�Z�g�b�b �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �[�_�e�d�h�f (�\ 

�l�Z�[�e�b�p�_ 5.1.7 �i�j�_�^�k�l�Z�\�e�_�g�u �^�Z�g�g�u�_ �^�e�y �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �d�b�k�e�h�j�h�^�Z  �\ 

�l�_�q�_�g�b�_ �2 = 10 �f�b�g). �K�j�_�^�b �\�k�_�o �h�i�j�_�^�_�e�y�\�r�b�o�k�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �g�_�a�g�Z�q�b�l�_�e�v�g�h 

�k�g�b�`�Z�e�h�k�v �l�h�e�v�d�h �k�h�^�_�j�`�Z�g�b�_ �p�b�k�l�b�g�Z (�g�Z 10,4%), �b�a�h�e�_�c�p�b�g�Z (�g�Z 11,3%) �b �l�b�j�h�a�b�g�Z (�g�Z 

16,3%). 

�H�[�j�Z�[�h�l�d�Z �b�k�k�e�_�^�h�\�Z�g�g�u�o �]�e�h�[�m�e�y�j�g�u�o �[�_�e�d�h�\ �\ �\�b�^�_ �l�h�g�d�b�o �i�e�_�g�h�d �i�h�a�\�h�e�b�e�Z 

�i�h�\�u�k�b�l�v �j�Z�\�g�h�f�_�j�g�h�k�l�v �b �]�e�m�[�b�g�m �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�Z, �q�l�h �i�j�b�\�_�e�h �d �n�h�j�f�b�j�h�\�Z�g�b�x 

�p�_�e�h�]�h �j�y�^�Z �i�_�i�l�b�^�h�\ �k �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c �f�_�g�_�_ 14 �d�>�Z. �I�j�b �w�e�_�d�l�j�h�n�h�j�_�a�_ �h�[�j�Z�a�p�h�\ 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �\�b�^�_ �i�e�_�g�d�b,  �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �l�_�q�_�g�b�_ �2 = 2,5 - 10 �f�b�g (�;�K�:-

�G2�H),  �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �2 = 5 - 20 �f�b�g (�;�K�:-�H2) �b �Z�j�]�h�g�Z (�;�K�:-Ar) �\ �l�_�q�_�g�b�_ �2 = 5 �f�b�g 

�[�u�e�h �h�[�g�Z�j�m�`�_�g�h �j�_�a�d�h�_ �k�h�d�j�Z�s�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�e�h�k�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �Z�e�v�[�m�f�b�g�m 

(�J�b�k. 5.1.10). 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �^�Z�`�_ �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�c �g�Z�]�j�_�\ (�\ �l�_�q�_�g�b�_ 30 �k �^�h Ts = 70 �q�K) 

�f�h�^�b�n�b�p�b�j�m�_�f�h�]�h �\ �W�I�I �[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h  �Z�e�v�[�m�f�b�g�Z �i�j�b�\�h�^�b�e �d �i�h�e�g�h�c 

�^�_�k�l�j�m�d�p�b�b �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �\ �h�[�j�Z�a�p�_.  

�G�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �[�u�e�b �h�[�g�Z�j�m�`�_�g�u �f�g�h�]�h�q�b�k�e�_�g�g�u�_ �i�b�d�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f �k�h�_�^�b�g�_�g�b�y�f �k�h �\�j�_�f�_�g�Z�f�b �\�u�o�h�^�Z 11,8; 15,1 �b 17 �f�b�g (�J�b�k. 5.1.11). 

�D�h�g�p�_�g�l�j�Z�p�b�y �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c �a�Z�\�b�k�_�e�Z �h�l  �^�e�b�l�_�e�v�g�h�k�l�b �W�I�I-�h�[�j�Z�[�h�l�d�b 

�b �j�h�^�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. �< �k�e�m�q�Z�_ �w�d�k�i�h�a�b�p�b�b �2 = 5 �f�b�g �^�_�k�l�j�m�d�p�b�y �f�h�e�_�d�m�e �;�K�: 

�m�\�_�e�b�q�b�\�Z�e�Z�k�v �i�j�b �k�f�_�g�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �k �b�g�_�j�l�g�h�]�h �]�Z�a�Z (�]�_�e�b�c �b �Z�j�]�h�g) �g�Z 

�d�b�k�e�h�j�h�^ �b�e�b �i�Z�j�u �\�h�^�u. 

�G�Z �M�N-�k�i�_�d�l�j�Z�o �;�K�: �b �e�b�a�h�p�b�f�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �\�b�^�_ �l�h�g�d�b�o �i�e�_�g�h�d, �h�l�f�_�q�Z�e�h�k�v 

�k�]�e�Z�`�b�\�Z�g�b�_ �f�Z�d�k�b�f�m�f�Z �g�Z 280 �g�f, �q�l�h �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h�[ �h�d�b�k�e�_�g�b�b �b 

�q�Z�k�l�b�q�g�h�f �j�Z�a�j�m�r�_�g�b�b �Z�j�h�f�Z�l�b�q�_�k�d�b�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �k�l�j�m�d�l�m�j�_ �[�_�e�d�Z.  
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�J�b�k. 5.1.11. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �\�b�^�_ �l�h�g�d�h�c �i�e�_�g�d�b �\ 
�W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 10 �f�b�g 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 �L�h�j�j, �2 =10 �f�b�g 

�I�j�b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �i�j�h�^�m�d�l�Z�o �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �l�h�g�d�b�o �i�e�_�g�h�d �;�K�: �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, �d�b�k�e�h�j�h�^�Z �b 

�b�g�_�j�l�g�u�o �]�Z�a�h�\ �i�j�b �2 = 5 �f�b�g �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �k�m�s�_�k�l�\�_�g�g�h�_ �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y  

�i�j�Z�d�l�b�q�_�k�d�b �\�k�_�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ (�L�Z�[�e�b�p�Z 5.1.8). �F�Z�d�k�b�f�Z�e�v�g�u�_ �b�a�f�_�g�_�g�b�y 

(�[�h�e�_�_ �q�_�f �\ 2-2,5 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �;�K�:) �\ �h�[�j�Z�a�p�Z�o, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I 

�i�Z�j�h�\ �\�h�^�u, �g�Z�[�e�x�^�Z�e�b�k�v �\ �k�e�m�q�Z�_ �e�b�a�b�g�Z, �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �b �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l, 

�f�_�l�b�h�g�b�g�Z, �i�j�h�e�b�g�Z, �l�b�j�h�a�b�g�Z �b �p�b�k�l�b�g�Z. �K�h�^�_�j�`�Z�g�b�_ �Z�j�]�b�g�b�g�Z, �l�j�_�h�g�b�g�Z, �k�_�j�b�g�Z, 

�e�_�c�p�b�g�Z, �\�Z�e�b�g�Z �b�a�h�e�_�c�p�b�g�Z, �n�_�g�b�e�Z�e�Z�g�b�g�Z �m�f�_�g�v�r�Z�e�h�k�v �\ 1,5-1,8 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k 

�g�Z�l�b�\�g�u�f �Z�e�v�[�m�f�b�g�h�f. �K �m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �2 �^�h 10 �f�b�g �i�j�h�b�k�o�h�^�b�e�h 

�^�Z�e�v�g�_�c�r�_�_ �k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �e�b�a�b�g�Z �b �m�\�_�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �]�e�b�p�b�g�Z. 

�K�h�^�_�j�`�Z�g�b�_ �h�k�l�Z�e�v�g�u�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�f�_�g�y�e�h�k�v �i�h 

�k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�h�f �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�f �\ �l�_�q�_�g�b�_ 5 �f�b�g. 

�< �l�h�g�d�b�o �i�e�_�g�d�Z�o �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 10 �f�b�g, �d�Z�d �b �m 

�h�[�j�Z�a�p�h�\ �i�h�k�e�_ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �\ �i�Z�j�Z�o �\�h�^�u, �k�h�o�j�Z�g�y�e�Z�k�v �l�Z �`�_ 

�g�Z�i�j�Z�\�e�_�g�g�h�k�l�v �b�a�f�_�g�_�g�b�c: �m�f�_�g�v�r�Z�e�Z�k�v �d�h�g�p�_�g�l�j�Z�p�b�y �[�h�e�v�r�b�g�k�l�\�Z �Z�f�b�g�h�d�b�k�e�h�l�g�u�o 

�h�k�l�Z�l�d�h�\, �i�h�\�u�r�Z�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ �Z�e�Z�g�b�g�Z �b �]�e�b�p�b�g�Z. �I�h �k�j�Z�\�g�_�g�b�x �k �i�j�h�^�m�d�l�Z�f�b, 

�i�h�e�m�q�_�g�g�u�f�b �i�j�b �h�[�j�Z�[�h�l�d�_ �;�K�: �\ �i�Z�j�Z�o �\�h�^�u (�2 =10 �f�b�g), �\ �h�[�j�Z�a�p�_ �i�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y 

�W�I�I �d�b�k�e�h�j�h�^�Z  (�2 = 10 �f�b�g) �^�h�i�h�e�g�b�l�_�e�v�g�h �k�g�b�`�Z�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ �Z�j�]�b�g�b�g�Z, �p�b�k�l�b�g�Z, 

�f�_�l�b�h�g�b�g�Z, �b�a�h�e�_�c�p�b�g�Z �b �n�_�g�b�e�Z�e�Z�g�b�g�Z. �K�h�^�_�j�`�Z�g�b�_ �h�k�l�Z�e�v�g�u�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o 
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�h�k�l�Z�l�d�h�\ �k�m�s�_�k�l�\�_�g�g�h �g�_ �b�a�f�_�g�y�e�h�k�v. �D�h�]�^�Z �h�[�j�Z�[�h�l�d�Z �l�h�g�d�b�o �i�e�_�g�h�d �;�K�: �i�j�h�b�a�\�h�^�b�e�Z�k�v 

�\ �W�I�I �Z�j�]�h�g�Z (�2 = 5 �f�b�g) �o�Z�j�Z�d�l�_�j �b�a�f�_�g�_�g�b�c �\ �k�h�^�_�j�`�Z�g�b�b �Z�f�b�g�h�d�b�k�e�h�l �h�k�l�Z�\�Z�e�k�y �l�Z�d�b�f 

�`�_, �d�Z�d �i�j�b �h�[�j�Z�[�h�l�d�_ �\ �d�b�k�e�h�j�h�^�g�h�c �i�e�Z�a�f�_ (�L�Z�[�e�b�p�Z 5.1.9). 

 �I�j�b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �i�j�h�^�m�d�l�Z�o �h�[�j�Z�[�h�l�d�b 

�i�e�_�g�h�d �e�b�a�h�p�b�f�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b �i�Z�j�h�\ �\�h�^�u (�2 =  5 �f�b�g) �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �k�g�b�`�_�g�b�_ 

�m�j�h�\�g�y  �e�b�a�b�g�Z, �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �b �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l, �l�j�_�h�g�b�g�Z, �k�_�j�b�g�Z, �p�b�k�l�b�g�Z, �\�Z�e�b�g�Z, 

�f�_�l�b�h�g�b�g�Z, �b�a�h�e�_�c�p�b�g�Z, �e�_�c�p�b�g�Z �b �l�b�j�h�a�b�g�Z �\ 1,2-1,5 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f 

�e�b�a�h�p�b�f�h�f. �I�j�b �m�\�_�e�b�q�_�g�b�b �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b �^�h 10 �f�b�g �i�j�h�b�k�o�h�^�b�e�h �^�Z�e�v�g�_�c�r�_�_ 

�k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �i�_�j�_�q�b�k�e�_�g�g�u�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\. �G�Z�b�[�h�e�v�r�b�f 

�b�a�f�_�g�_�g�b�y�f (�\ 2-3 �j�Z�a�Z) �i�h�^�\�_�j�]�Z�e�b�k�v �e�b�a�b�g, �l�j�_�h�g�b�g, �]�e�m�l�Z�f�b�g�h�\�Z�y �d�b�k�e�h�l�Z, �l�b�j�h�a�b�g �b 

�n�_�g�b�e�Z�e�Z�g�b�g. �I�h �k�j�Z�\�g�_�g�b�x �k �e�b�a�h�p�b�f�h�f, �h�[�j�Z�[�h�l�Z�g�g�u�f �\ �l�_�q�_�g�b�_ 5 �f�b�g, �^�h�k�l�h�\�_�j�g�h 

�k�g�b�`�Z�e�k�y �m�j�h�\�_�g�v �Z�j�]�b�g�b�g�Z, �Z�e�Z�g�b�g�Z �b  �n�_�g�b�e�Z�e�Z�g�b�g�Z (�L�Z�[�e�b�p�u 5.1.10 �b 5.1.11). �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �]�e�h�[�m�e�y�j�g�u�o �[�_�e�d�h�\ �\ �j�_�a�m�e�v�l�Z�l�_ �b�o 

�W�I�I-�h�[�j�Z�[�h�l�d�b �g�h�k�y�l �h�^�b�g�Z�d�h�\�u�c �o�Z�j�Z�d�l�_�j �b �b�f�_�x�l �h�[�s�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b. 

 �I�j�b �Z�g�Z�e�b�a�_ �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �i�j�_�\�j�Z�s�_�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o 

�h�k�l�Z�l�d�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�b�o �i�e�_�g�h�d �;�K�: �b �e�b�a�h�p�b�f�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z 

(�2 =5 �f�b�g), �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\ �h�[�h�b�o �h�[�j�Z�a�p�Z�o �i�j�b�k�m�l�k�l�\�m�x�l �j�Z�a�g�h�h�[�j�Z�a�g�u�_ 

�i�j�h�^�m�d�l�u �j�Z�^�b�d�Z�e�v�g�h�]�h �h�d�b�k�e�_�g�b�y �Z�f�b�g�h�d�b�k�e�h�l: �i�b�j�j�h�e�b�^�h�g, 2,5-�i�b�j�j�h�e�b�^�b�g�^�b�h�g, 2-

�i�b�i�_�j�b�^�b�h�g, 5-�w�l�b�e�]�b�^�Z�g�l�h�b�g,  �]�e�m�l�Z�f�b�g�h�\�u�c �i�h�e�m�Z�e�v�^�_�]�b�^ �b �l.� .̂ �L�Z�d�`�_ �[�u�e�h �\�u�y�\�e�_�g�h 

�i�j�b�k�m�l�k�l�\�b�_ �j�Z�a�e�b�q�g�u�o �Z�f�b�^�h�\. 



 
 

162

�L�Z�[�e�b�p�Z 5.1.3. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �n�b�[�j�b�g-�f�h�g�h�f�_�j�_ �b 
�i�j�h�^�m�d�l�Z�o �_�]�h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �\ �W�I�I �i�Z�j�h�\ �\�h�^�u (�N�F-�G2�H) �b �]�_�e�b�y 
(�N�F-�G�_) �\ �l�_�q�_�g�b�_ 5 �f�b�g, % �f�Z�k�k. 
 

�B�k�o�h�^�g�u�c 
�[�_�e�h�d 

(�d�h�g�l�j�h�e�v) 

�N�F-�G2�H �N�F-�G�_ �:�f�b�g�h�d�b�k�e�h�l�u 

�K�h�^�_�j�`�Z�g�b�_ �K�h�^�_�j�`�Z�g�b�_ %  
�b�a�f�_�g�_�g�b�y 
�k�h�^�_�j�`�Z�g�b�y 

�K�h�^�_�j�`�Z�g�b�_ % 
�b�a�f�_�g�_�g�b�y 
�k�h�^�_�j�`�Z�g�b�y 

�E�b�a�b�g 0,26�r0,03 0,13�r0,01 50,0 0,13�r0,01 50,0 

�=�b�k�l�b�^�b�g 0,19�r0,02 0,20�r0,02 5,0 0,25�r0,02 31,6 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,64�r0,06 0,49�r0,05 23,4 0,53�r0,05 17,2 

�L�j�_�h�g�b�g 0,24�r0,02 0,15�r0,01 37,5 0,18�r0,02 25,0 

�K�_�j�b�g 0,29�r0,03 0,22�r0,02 24,1 0,21�r0,02 27,6 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,53�r0,05 0,36�r0,04 32,0 0,40�r0,04 24,5 

�I�j�h�e�b�g 0,14�r0,01 0,18�r0,02 28,6 0,12�r0,01 14,3 

�=�e�b�p�b�g 0,24�r0,02 0,22�r0,02 8,3 0,22�r0,02 8,3 

�:�e�Z�g�b�g 0,15�r0,01 0,24�r0,02 60,0 0,17�r0,02 13,3 

�P�b�k�l�b�g 0,068�r0,007 0,039�r0,004 42,6 0,051�r0,005 25,0 

�<�Z�e�b�g 0,15�r0,01 0,12�r0,01 20,0 0,13�r0,01 13,3 

�F�_�l�b�h�g�b�g 0,15�r0,01 0,11�r0,01 26,7 0,12�r0,01 20,0 

�B�a�h�e�_�c�p�b�g 0,14�r0,01 0,10�r0,01 28,5 0,12�r0,01 14,3 

�E�_�c�p�b�g 0,24�r0,02 0,17�r0,02 39,3 0,19�r0,02 20,8 

�L�b�j�h�a�b�g 0,17�r0,02 0,09�r0,01 47,0 0,09�r0,01 47,0 

�N�_�g�b�e�Z�e�Z�g�b�g 0,16�r0,02 0,09�r0,01 43,7 0,10�r0,01 37,5 

 



 
 

163

�L�Z�[�e�b�p�Z 5.1.4. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �n�b�[�j�b�g-�f�h�g�h�f�_�j�_ �b 
�i�j�h�^�m�d�l�Z�o �_�]�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 5 �f�b�g, 10 
�f�b�g �b 15 �f�b�g, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �:�f�b�g�h�d�b�k�e�h�l�u,  
%�f�Z�k�k 

�B�k�o�h�̂ �g�u�c 
�[�_�e�h�d 

(�d�h�g�l�j�h�e�v) �2 = 5 �f�b�g �2 = 10 �f�b�g �2 = 15 �f�b�g 

 �K�h�̂ �_�j�̀ �Z-
�g�b�_ 

�K�h�̂ �_�j�̀ �Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�̂ �_�j-
�̀ �Z�g�b�y 

�K�h�̂ �_�j�̀ �Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�̂ �_�j-
�̀ �Z�g�b�y 

�K�h�̂ �_�j�̀ �Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�̂ �_�j-
�̀ �Z�g�b�y 

�E�b�a�b�g 0,22�r0,02 0,10�r0,01 54,5 0,08�r0,01 63,6 0,10�r0,01 54,5 

�=�b�k�l�b�̂ �b�g 0,09�r0,01 0,08�r0,01 11,1 0,09�r0,01 0 0,10�r0,01 11,1 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,42�r0,04 0,32�r0,03 23,8 0,31�r0,03 26,2 0,33�r0,03 21,4 

�L�j�_�h�g�b�g 0,17�r0,02 0,12�r0,01 29,4 0,12�r0,01 29,4 0,13�r0,01 23,5 

�K�_�j�b�g 0,21�r0,02 0,15�r0,01 28,5 0,14�r0,01 33,3 0,15�r0,01 28,6 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,41�r0,04 0,32�r0,03 21,9 0,31�r0,03 24,3 0,33�r0,03 19,5 

�I�j�h�e�b�g 0,18�r0,02 0,15�r0,01 16,7 0,18�r0,02 0 0,15�r0,01 16,7 

�=�e�b�p�b�g 0,16�r0,02 0,15�r0,01 6,2 0,17�r0,02 6,25 0,18�r0,02 12,5 

�:�e�Z�g�b�g 0,10�r0,01 0,11�r0,01 10,0 0,12�r0,01 20 0,12�r0,01 20,0 

�P�b�k�l�b�g 0,07�r0,01 0,04�r0,004 42,8 0,05�r0,01 28,6 0,04�r0,004 42,8 

�<�Z�e�b�g 0,10�r0,01 0,09�r0,01 10,0 0,10�r0,01 0 0,10�r0,01 0 

�F�_�l�b�h�g�b�g 0,09�r0,01 0,06�r0,006 33,3 0,06�r0,01 33,3 0,05�r0,005 44,4 

�B�a�h�e�_�c�p�b�g 0,09�r0,01 0,08�r0,01 11,1 0,08�r0,01 11,1 0,09�r0,01 0 

�E�_�c�p�b�g 0,17�r0,02 0,13�r0,01 23,5 0,14�r0,01 17,6 0,15�r0,01 11,7 

�L�b�j�h�a�b�g 0,11�r0,01 0,08�r0,01 27,3 0,06�r0,01 45,4 0,10�r0,01 9,1 

�N�_�g�b�e�Z�e�Z�g�b�g 0,12�r0,01 0,08�r0,01 33,3 0,07�r0,01 41,7 0,11�r0,01 8,3 
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�L�Z�[�e�b�p�Z 5.1.5. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �d�h�e�e�Z�]�_�g�_ �b �i�j�h�^�m�d�l�Z�o �_�]�h  
�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �d�h�e�e�Z�]�_�g�Z �:�f�b�g�h�d�b�k�e�h�l�u, 
%�f�Z�k�k 

�B�k�o�h�^�g�u�c 
�d�h�e�e�Z�]�_�g 

(�d�h�g�l�j�h�e�v) 
�2 = 5 �f�b�g �2 = 10 �f�b�g �2 = 15 �f�b�g 

�E�b�a�b�g 2,43�r0,24 2,42�r0,24 2,18�r0,22 2,33�r0,23 

�=�b�k�l�b�^�b�g 0,77�r0,08 0,95�r0,09 1,03�r0,10 1,01�r0,10 

�:�j�]�b�g�b�g 6,47�r0,65 6,36�r0,64 6,12�r0,61 6,85�r0,68 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

6,12�r0,61 5,26�r0,53 5,48�r0,55 5,83�r0,58 

�L�j�_�h�g�b�g 1,86�r0,19 1,50�r0,15 1,63�r0,16 1,80�r0,18 

�K�_�j�b�g 2,99�r0,30 2,46�r0,25 2,79�r0,28 2,55�r0,25 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

9,46�r0,95 8,03�r0,80 8,49�r0,85 7,07�r0,71 

�I�j�h�e�b�g 12,40�r1,24 9,95�r0,10 11,42�r1,14 9,91�r0,99 

�=�e�b�p�b�g 15,54�r1,55 15,29�r1,53 16,61�r1,66 14,13�r1,41 

�:�e�Z�g�b�g 8,36�r0,84 7,51�r0,75 8,06�r0,81 6,38�r0,64 

�P�b�k�l�b�g 0,09�r0,01 0,10�r0,01 0,08�r0,01 0,09�r0,01 

�<�Z�e�b�g 1,98�r0,20 1,93�r0,19 2,05�r0,20 1,89�r0,19 

�F�_�l�b�h�g�b�g 0,76�r0,08 0,82�r0,08 0,68�r0,07 0,64�r0,06 

�B�a�h�e�_�c�p�b�g 1,15�r0,11 1,32�r0,13 1,32�r0,13 0,99�r0,01 

�E�_�c�p�b�g 2,64�r0,26 2,53�r0,25 2,54�r0,25 2,38�r0,24 

�L�b�j�h�a�b�g 1,04�r0,10 1,19�r0,12 1,20�r0,12 1,31�r0,13 

�N�_�g�b�e�Z�e�Z�g�b�g 2,03�r0,20 1,94�r0,19 1,95�r0,19 2,36�r0,24 
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�L�Z�[�e�b�p�Z 5.1.6. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �d�h�e�e�Z�]�_�g�_ �b �i�j�h�^�m�d�l�Z�o �_�]�h  
�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �d�h�e�e�Z�]�_�g�Z �:�f�b�g�h�d�b�k�e�h�l�u, 
%�f�Z�k�k 

�B�k�o�h�^�g�u�c 
�d�h�e�e�Z�]�_�g 

(�d�h�g�l�j�h�e�v) �2 =5 �f�b�g �2 =10 �f�b�g �2 =15 �f�b�g 

�E�b�a�b�g 2,43�r0,24 2,84�r0,28 2,15�r0,21 2,18�r0,22 

�=�b�k�l�b�^�b�g 0,77�r0,08 1,03�r0,10 0,98�r0,10 1,05�r0,10 

�:�j�]�b�g�b�g 6,47�r0,65 7,02�r0,70 5,90�r0,59 6,19�r0,62 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

6,12�r0,61 6,09�r0,61 4,96�r0,50 5,57�r0,56 

�L�j�_�h�g�b�g 1,86�r0,19 1,78�r0,18 1,25�r0,12 1,59�r0,16 

�K�_�j�b�g 2,99�r0,30 2,94�r0,29 2,84�r0,28 2,41�r0,24 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

9,46�r0,95 9,66�r0,97 7,18�r0,72 7,48�r0,75 

�I�j�h�e�b�g 12,40�r1,24 10,78�r1,08 10,24�r1,02 9,51�r0,95 

�=�e�b�p�b�g 15,54�r1,55 16,52�r1,65 12,87�r1,29 13,97�r1,40 

�:�e�Z�g�b�g 8,36�r0,84 8,22�r0,82 8,20�r0,82 6,58�r0,66 

�P�b�k�l�b�g 0,09�r0,01 0,10�r0,01 0,08�r0,01 0,10�r0,01 

�<�Z�e�b�g 1,98�r0,20 2,04�r0,20 1,85�r0,85 2,09�r0,21 

�F�_�l�b�h�g�b�g 0,76�r0,08 0,77�r0,08 0,76�r0,08 0,77�r0,08 

�B�a�h�e�_�c�p�b�g 1,15�r0,11 1,25�r0,12 1,07�r0,11 1,03�r0,10 

�E�_�c�p�b�g 2,64�r0,26 2,71�r0,27 2,54�r0,54 2,28�r0,23 

�L�b�j�h�a�b�g 1,04�r0,10 1,13�r0,11 1,18�r0,12 0,91�r0,09 

�N�_�g�b�e�Z�e�Z�g�b�g 2,03�r0,20 2,21�r0,22 1,70�r0,17 1,97�r0,20 
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�L�Z�[�e�b�p�Z 5.1.7. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �b�k�o�h�^�g�h�f �;�K�:  �b �i�j�h�^�m�d�l�Z�o �_�]�h 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�Z �;�K�:  �\ �W�I�I 
�d�b�k�e�h�j�h�^�Z  �\ �l�_�q�_�g�b�_ 10 �f�b�g, % �f�Z�k�k. 
 

�:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c �;�K�: �I�j�h�^�m�d�l�u �h�[�j�Z�[�h�l�d�b �;�K�: �\ 

�W�I�I �d�b�k�e�h�j�h�^�Z 

�E�b�a�b�g 10,25±1,02 9,44±0,94 

�=�b�k�l�b�^�b�g 3,67±0,37 3,95±0,39 

�:�j�]�b�g�b�g 5,39±0,54 5,39±0,54 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y �d�b�k�e�h�l�Z 9,17±0,92 10,27±1,03 

�L�j�_�h�g�b�g 5,02±0,50 5,33±0,53 

�K�_�j�b�g 3,75±0,37 3,76±0,38 

�=�e�m�l�Z�f�b�g�h�\�Z�y �d�b�k�e�h�l�Z 16,78±1,68 16,20±1,62 

�I�j�h�e�b�g 4,01±0,40 3,95±0,40 

�=�e�b�p�b�g 1,45±0,14 1,24±0,12 

�:�e�Z�g�b�g 4,91±0,49 5,22±0,52 

�P�b�k�l�b�g 4,73±0,47 4,24±0,42 

�<�Z�e�b�g 4,45±0,44 4,19±0,42 

�F�_�l�b�h�g�b�g 2,02±0,20 1,61±0,16 

�B�a�h�e�_�c�p�b�g 1,85±0,18 1,64±0,16 

�E�_�c�p�b�g 9,61±0,96 9,15±0,91 

�L�b�j�h�a�b�g 4,30±0,43 3,60±0,36 

�N�_�g�b�e�Z�e�Z�g�b�g  5,01±0,50 4,96±0,05 
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�L�Z�[�e�b�p�Z 5.1.8. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �b�k�o�h�^�g�h�f �;�K�:  �b �i�j�h�^�m�d�l�Z�o �_�]�h 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�b�o �i�e�_�g�h�d �;�K�:   
�\ �W�I�I �d�b�k�e�h�j�h�^�Z (�;�K�: -�H2) �b �i�Z�j�h�\ �\�h�^�u (�;�K�: -�G2�H) �\ �l�_�q�_�g�b�_ 10 �f�b�g, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �;�K�: �:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c 
�;�K�: 

�;�K�:-�G2�H 
�2 = 5 �f�b�g 

�;�K�:- �G2�H 

�2 = 10 �f�b�g 
�;�K�:-�H2 

�2 = 10 �f�b�g 
�E�b�a�b�g 10,25±1,02 3,68±0,37 2,73±0,27 2,45±0,24 

�=�b�k�l�b�^�b�g 3,67±0,37 4,03±0,40 2,58±0,26 2,82±0,28 

�:�j�]�b�g�b�g 5,39±0,54 3,80±0,38 3,60±0,36 3,22±0,32 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

9,17±0,92 3,86±0,39 5,12±0.51 5,14±0,51 

�L�j�_�h�g�b�g 5,02±0,50 2,65±0,26 2,63±0,26 2,27±0,23 

�K�_�j�b�g 3,75±0,37 2,03±0,20 2,11±0,21 1,89±0,19 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

16,78±1,68 5,78±0,58 6,64±0,66 5,90±0,59 

�I�j�h�e�b�g 4,01±0,40 �K�e�_�^�u �K�e�_�^�u �K�e�_�^�u 

�=�e�b�p�b�g 1,45±0,14 2,13±0,21 2,48±0,25 2,54±0,25 

�:�e�Z�g�b�g 4,91±0,49 5,82±0,58 5,72±0,57 6,12±0,61 

�P�b�k�l�b�g 4,73±0,47 1,78±0,18 2,07±0,21 1,75±0,17 

�<�Z�e�b�g 4,45±0,44 3,70±0,37 3,25±0,32 3,51±0,35 

�F�_�l�b�h�g�b�g 2,02±0,20 0,76±0,08 0,89±0,09 0,63±0,06 

�B�a�h�e�_�c�p�b�g 1,85±0,18 1,34±0,13 1,30±0,13 1,12±0,11 

�E�_�c�p�b�g 9,61±0,96 6,55±0,65 6,05±0,60 5,47±0,55 

�L�b�j�h�a�b�g 4,30±0,43 1,70±0,17 1,55±0,15 1,79±0,18 

�N�_�g�b�e�Z�e�Z�g�b�g  5,01±0,50 3,43±0,34 3,37±0,34 2,90±0,29 
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�L�Z�[�e�b�p�Z 5.1.9. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �b�k�o�h�^�g�h�f �;�K�:  �b �i�j�h�^�m�d�l�Z�o �_�]�h 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�h�c �i�e�_�g�d�b �;�K�:  �\ 
�W�I�I �Z�j�]�h�g�Z �\ �l�_�q�_�g�b�_ 5 �f�b�g, % �f�Z�k�k. 
 

�:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c �;�K�: �I�j�h�^�m�d�l�u �h�[�j�Z�[�h�l�d�b �;�K�: �\ 

�W�I�I �Z�j�]�h�g�Z 

�E�b�a�b�g 10,25±1,02 3,01±0,30 

�=�b�k�l�b�^�b�g 3,67±0,37 3,22±0,32 

�:�j�]�b�g�b�g 5,39±0,54 3,20±0,32 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y �d�b�k�e�h�l�Z 9,17±0,92 3,66±0,37 

�L�j�_�h�g�b�g 5,02±0,50 1,98±0,20 

�K�_�j�b�g 3,75±0,37 1,72±0,17 

�=�e�m�l�Z�f�b�g�h�\�Z�y �d�b�k�e�h�l�Z 16,78±1,68 6,22±0,62 

�I�j�h�e�b�g 4,01±0,40 2,00±0,20 

�=�e�b�p�b�g 1,45±0,14 2,06±0,21 

�:�e�Z�g�b�g 4,91±0,49 6,09±0,61 

�P�b�k�l�b�g 4,73±0,47 1,87±0,19 

�<�Z�e�b�g 4,45±0,44 3,73±0,37 

�F�_�l�b�h�g�b�g 2,02±0,20 0,93±0,09 

�B�a�h�e�_�c�p�b�g 1,85±0,18 1,35±0,13 

�E�_�c�p�b�g 9,61±0,96 6,63±0,66 

�L�b�j�h�a�b�g 4,30±0,43 1,99±0,20 

�N�_�g�b�e�Z�e�Z�g�b�g  5,01±0,50 3,23±0,32 
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�L�Z�[�e�b�p�Z 5.1.10. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �b�k�o�h�^�g�h�f �e�b�a�h�p�b�f�_ �b �i�j�h�^�m�d�l�Z�o �_�]�h 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�b�o �i�e�_�g�h�d �e�b�a�h�p�b�f�Z 
�\ �W�I�I �i�Z�j�h�\ �\�h�^�u, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �e�b�a�h�p�b�f�Z �:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c 
�e�b�a�h�p�b�f 

�2 =5 �f�b�g �2 =10 �f�b�g 
�E�b�a�b�g 5,48±0,55 3,90±0.39 2,83±0,28 

�=�b�k�l�b�^�b�g 1,65±0,16 1,82±0,18 1,71±0,17 

�:�j�]�b�g�b�g 10,58±1,06 9,53±0,95 8,42±0,84 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

20,54±2,05 15,28±1,53 14,38±1,44 

�L�j�_�h�g�b�g 6,36±0,64 4,51±0,45 3,15±0,31 

�K�_�j�b�g 6,98±0,70 4,55±0,45 4,39±0,44 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

6,13±0,61 3,98±0,40 3,33±0,33 

�I�j�h�e�b�g 1,92±0,19 1,85±0,18 1,66±0,17 

�=�e�b�p�b�g 6,26±0,63 5,71±0,57 5,60±0,56 

�:�e�Z�g�b�g 6,57±0,66 6,85±0,68 7,95±0,79 

�P�b�k�l�b�g 4,33±0,43 3,40±0,34 3,15±0,31 

�<�Z�e�b�g 3,51±0,35 2,65±0,26 2,93±0,29 

�F�_�l�b�h�g�b�g 2,03±0,20 1,66±0,17 1,43±0,14 

�B�a�h�e�_�c�p�b�g 3,54±0,35 2,86±0,29 2,41±0,24 

�E�_�c�p�b�g 6,34±0,63 4,46±0,45 3,77±0,38 

�L�b�j�h�a�b�g 3,40±0,34 2,48±0,25 1,67±0,17 

�N�_�g�b�e�Z�e�Z�g�b�g  4,37±0,44 4,18±0,42 1,43±0,14 
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�L�Z�[�e�b�p�Z 5.1.11. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �b�k�o�h�^�g�h�f �e�b�a�h�p�b�f�_ �b �i�j�h�^�m�d�l�Z�o �_�]�h 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b, �i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�b�o �i�e�_�g�h�d �b 
�i�h�j�h�r�d�h�\ �e�b�a�h�p�b�f�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z, % �f�Z�k�k. 
 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �e�b�a�h�p�b�f�Z �:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c 
�e�b�a�h�p�b�f 

�2 =5 �f�b�g 
�i�e�_�g�d�Z 

�2 =10 �f�b�g 
�i�e�_�g�d�Z 

�2 =10 �f�b�g 
�i�h�j�h�r�h�d 

�E�b�a�b�g 5,48±0,55 3,21±0,32 2,99±0,30 5,42±0,54 

�=�b�k�l�b�^�b�g 1,65±0,16 1,76±0,18 1,92±0,19 1,83±0.18 

�:�j�]�b�g�b�g 10,58±1,06 8,32±0,83 8,74±0,87 10,78±1,08 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

20,54±2,05 14,80±1,48 14,28±1,43 17,32±1,73 

�L�j�_�h�g�b�g 6,36±0,64 3,82±0,38 3,55±0,35 5,87±0,59 

�K�_�j�b�g 6,98±0,70 5,84±0,58 5,62±0,56 7,46±0,75 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

6,13±0,61 4,08±0,41 4,16±0,42 6,11±0,61 

�I�j�h�e�b�g 1,92±0,19 1,14±0,11 1,11±0,11 1,83±0,18 

�=�e�b�p�b�g 6,26±0,63 5,60±0,56 6,08±0,61 6,03±0,60 

�:�e�Z�g�b�g 6,57±0,66 7,59±0,76 8,31±0,83 7,38±0,74 

�P�b�k�l�b�g 4,33±0,43 3,25±0,32 2,67±0,27 4,71±0,47 

�<�Z�e�b�g 3,51±0,35 2,94±0,29 3,10±0,31 3,56±0,36 

�F�_�l�b�h�g�b�g 2,03±0,20 1,49±0,15 1,37±0,14 2,64±0,26 

�B�a�h�e�_�c�p�b�g 3,54±0,35 2,87±0,29 2,85±0,28 3,69±0,37 

�E�_�c�p�b�g 6,34±0,63 4,20±0,42 3,94±0,39 5,98±0,60 

�L�b�j�h�a�b�g 3,40±0,34 1,84±0,18 1,81±0,18 2,94±0,29 

�N�_�g�b�e�Z�e�Z�g�b�g  4,37±0,44 2,27±0,23 2,32±0,23 2,69±0,27 
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5.1.3. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �]�b�^�j�h�e�b�a �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

 

�B�a�\�_�k�l�g�h, �q�l�h �h�k�h�[�u�c �b�g�l�_�j�_�k �d�Z�d �^�e�y �[�h�e�v�r�b�g�k�l�\�Z �m�`�_ �^�h�\�_�^�_�g�g�u�o �^�h �j�_�Z�e�v�g�u�o 

�i�j�h�^�m�d�l�h�\ �b �l�_�o�g�h�e�h�]�b�c, �l�Z�d �b �^�e�y �i�_�j�k�i�_�d�l�b�\�g�u�o �i�j�b�f�_�g�_�g�b�c �o�b�l�h�a�Z�g�Z (�J�b�k. 5.1.12�Z) 

�i�j�_�^�k�l�Z�\�e�y�x�l �_�]�h �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ (�k �f�h�e�_�d�m�e�y�j�g�u�f �\�_�k�h�f �f�_�g�_�_ 10 

�d�>�Z) �n�h�j�f�u [5.1.2]. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �i�j�h�f�u�r�e�_�g�g�u�o �f�Z�k�r�l�Z�[�Z�o �l�Z�d�b�_ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �k�h�_�^�b�g�_�g�b�y �i�h�e�m�q�Z�x�l �f�_�l�h�^�Z�f�b �o�b�f�b�q�_�k�d�h�]�h �b�e�b �n�_�j�f�_�g�l�Z�l�b�\�g�h�]�h 

�]�b�^�j�h�e�b�a�Z �o�b�l�b�g�Z (�J�b�k. 5.1.12�[) �k �o�h�j�h�r�h �b�a�\�_�k�l�g�u�f�b �h�]�j�Z�g�b�q�_�g�b�y�f�b �b �g�_�^�h�k�l�Z�l�d�Z�f�b, 

�i�j�b�k�m�s�b�f�b �w�l�b�f �l�_�o�g�h�e�h�]�b�y�f [5.1.2]. �H�[�s�b�f�b �b�a �g�b�o �y�\�e�y�x�l�k�y �[�h�e�v�r�b�_ �\�j�_�f�_�g�g�u�_ 

�a�Z�l�j�Z�l�u �b �g�_�h�[�o�h�^�b�f�h�k�l�v �i�j�h�\�h�^�b�l�v �]�b�^�j�h�e�b�a �\ �j�Z�k�l�\�h�j�_, �q�l�h, �m�q�b�l�u�\�Z�y �g�b�a�d�m�x 

�j�Z�k�l�\�h�j�b�f�h�k�l�v �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�h�]�h �o�b�l�h�a�Z�g�Z, �k�d�Z�a�u�\�Z�_�l�k�y �g�Z �w�d�h�g�h�f�b�q�g�h�k�l�b �i�j�h�p�_�k�k�Z, �Z 

�l�Z�d�`�_ �^�h�\�h�e�v�g�h �k�e�h�`�g�u�_ �f�_�l�h�^�u �\�u�^�_�e�_�g�b�y �p�_�e�_�\�h�]�h �i�j�h�^�m�d�l�Z �b �g�_�h�[�o�h�^�b�f�h�k�l�v 

�m�l�b�e�b�a�Z�p�b�b �h�k�l�Z�e�v�g�u�o �j�_�Z�]�_�g�l�h�\. �L�Z�d�`�_ �w�l�b �f�_�l�h�^�u �b�f�_�x�l �b �b�g�^�b�\�b�^�m�Z�e�v�g�u�_ �g�_�^�h�k�l�Z�l�d�b. 

�I�j�h�p�_�k�k�u �o�b�f�b�q�_�k�d�h�]�h �]�b�^�j�h�e�b�a�Z �k�h�i�j�h�\�h�`�^�Z�x�l�k�y �h�[�j�Z�a�h�\�Z�g�b�_�f �a�g�Z�q�b�l�_�e�v�g�u�o �d�h�e�b�q�_�k�l�\ 

�l�h�d�k�b�q�g�u�o �i�h�[�h�q�g�u�o �i�j�h�^�m�d�l�h�\, �k�h�^�_�j�`�Z�s�b�o �[�_�e�d�b, �s�_�e�h�q�b, �d�b�k�e�h�l�u �b �k�h�e�b, �b �l�j�_�[�m�x�l 

�\�_�k�v�f�Z �a�Z�l�j�Z�l�g�h�]�h �h�[�_�a�\�j�_�`�b�\�Z�g�b�y �h�l�o�h�^�h�\ �i�_�j�_�^ �b�o �k�[�j�h�k�h�f �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m. 

�D�j�h�f�_ �l�h�]�h, �^�e�y �n�_�j�f�_�g�l�Z�l�b�\�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�Z�j�Z�d�l�_�j�g�Z �\�u�k�h�d�Z�y �k�l�_�i�_�g�v �g�_�h�^�g�h�j�h�^�g�h�k�l�b 

(�b�g�^�_�d�k �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b �^�h�k�l�b�]�Z�_�l �a�g�Z�q�_�g�b�y 6–7), �Z �^�e�y �o�b�f�b�q�_�k�d�h�]�h – �j�Z�a�e�b�q�g�u�_ 

�f�h�^�b�n�b�d�Z�p�b�b �k�l�j�m�d�l�m�j�g�u�o �a�\�_�g�v�_�\ �o�b�l�h�a�Z�g�Z �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �b�k�i�h�e�v�a�m�_�f�u�o �j�_�Z�]�_�g�l�h�\. 
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�J�b�k. 5.1.12. �K�l�j�m�d�l�m�j�g�u�_ �n�h�j�f�m�e�u �Z) �o�b�l�h�a�Z�g�Z �b �[) �o�b�l�b�g�Z 

 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �j�Z�a�j�Z�[�h�l�d�Z �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o �w�d�h�e�h�]�b�q�_�k�d�b �q�b�k�l�u�o �f�_�l�h�^�h�\ 

�m�i�j�Z�\�e�y�_�f�h�c �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z, �h�k�g�h�\�Z�g�g�u�o �g�Z �g�_�l�j�Z�^�b�p�b�h�g�g�u�o �\�h�a�^�_�c�k�l�\�b�y�o �g�Z 

�\�_�s�_�k�l�\�h, �h�k�l�Z�_�l�k�y �d�j�Z�c�g�_ �Z�d�l�m�Z�e�v�g�h�c �a�Z�^�Z�q�_�c. �< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �j�Z�[�h�l�u �b�a�m�q�_�g�Z 
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�^�_�k�l�j�m�d�p�b�y �o�b�l�h�a�Z�g�h�\ �i�j�b �\�h�a�^�_�c�k�l�\�b�b �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u �k �p�_�e�v�x �i�h�e�m�q�_�g�b�y 

�j�Z�k�l�\�h�j�b�f�u�o �h�e�b�]�h�f�_�j�h�\ �k �a�Z�^�Z�g�g�h�c �k�l�_�i�_�g�v�x �i�h�e�b�f�_�j�b�a�Z�p�b�b.  

�H�[�j�Z�a�p�u �g�_�j�Z�k�l�\�h�j�b�f�u�o �\ �\�h�^�_ �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�h�]�h �o�b�l�b�g�Z 

(M�� = 1000 �d�>�Z) �b �o�b�l�h�a�Z�g�h�\ (M�� = 500 �b 200 �d�>�Z �b Mw = 17,7 �b 25 �d�>�Z ) �k�h �k�h �k�l�_�i�_�g�v�x 

�^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y 85% �b �b�g�^�_�d�k�h�f �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 2.5 �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �\ �W�I�I 

�q�_�l�u�j�_�o �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ �i�j�b �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o:  

�� �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ U = 30 �d�<; 

�� Ib = 1,0 – 15 �f�: ; 

�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �]�Z�a�u: �d�b�k�e�h�j�h�^, �Z�a�h�l �b �\�h�^�y�g�h�c �i�Z�j �i�j�b �^�Z�\�e�_�g�b�b 5 �L�h�j�j, 

�Z �l�Z�d�`�_ �]�_�e�b�c �i�j�b �^�Z�\�e�_�g�b�b 10 �L�h�j�j. 

�;�h�e�v�r�b�g�k�l�\�h �w�d�k�i�_�j�b�f�_�g�l�h�\ �\�u�i�h�e�g�_�g�h �i�j�b �j�Z�a�\�_�j�l�d�_ �W�I �\ �d�j�m�]�e�u�c �j�Z�k�l�j �k 

�^�b�Z�f�_�l�j�h�f, �g�Z 20-30 �f�f  �i�j�_�\�u�r�Z�x�s�_�c �^�b�Z�f�_�l�j �d�h�g�l�_�c�g�_�j�Z, �\ �d�h�l�h�j�u�c �i�h�f�_�s�Z�e�k�y 

�h�[�j�Z�a�_�p �o�b�l�h�a�Z�g�Z. �I�j�b �w�l�h�f �l�_�f�i�_�j�Z�l�m�j�Z �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ 

�^�b�Z�i�Z�a�h�g�_ 30-70 º�K. �K�b�e�Z �l�h�d�Z �i�m�q�d�Z �i�h�^�[�b�j�Z�e�Z�k�v �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �i�h�^�^�_�j�`�b�\�Z�l�v 

�i�h�k�l�h�y�g�g�u�f�b �m�d�Z�a�Z�g�g�u�_ �\�u�r�_ �a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u. �<�j�_�f�y �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�h�\ 

�o�b�l�h�a�Z�g�Z �\�Z�j�v�b�j�h�\�Z�e�h�k�v �\ �i�j�_�^�_�e�Z�o 1-60 �f�b�g. 

  

�Z) �[) 

�J�b�k. 5.1.13. �B�a�f�_�g�_�g�b�_ �p�\�_�l�Z �b �j�Z�k�l�\�h�j�b�f�h�k�l�b �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ �i�j�h�p�_�k�k�_ �W�I�I-
�h�[�j�Z�[�h�l�d�b: �Z) �b�k�o�h�^�g�u�c �o�b�l�h�a�Z�g, �[) �o�b�l�h�a�Z�g, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I  
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 
�L�h�j�j, �2 = 15 �f�b�g, �Ls = 70 º�K 

 

�H�[�j�Z�[�h�l�d�Z �o�b�l�h�a�Z�g�h�\ �\ �W�I�I �i�j�b�^�Z�\�Z�e�Z �b�k�o�h�^�g�u�f �k�h�_�^�b�g�_�g�b�y�f �g�h�\�u�_ �n�b�a�b�d�h-

�o�b�f�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z. �D�h�g�l�j�h�e�v�g�u�_ �h�[�j�Z�a�p�u �o�b�l�h�a�Z�g�h�\ �g�_ �j�Z�k�l�\�h�j�y�e�b�k�v �\ 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_, �\ �l�h �\�j�_�f�y �d�Z�d �i�j�h�^�m�d�l�u �b�o �f�h�^�b�n�b�d�Z�p�b�b �\ �W�I�I �i�j�b�h�[�j�_�l�Z�e�b 

�q�Z�k�l�b�q�g�m�x �j�Z�k�l�\�h�j�b�f�h�k�l�v (�J�b�k. 5.1.13): �o�b�l�h�a�Z�g, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �i�j�b 30 

º�K �b�f�_�e �j�Z�k�l�\�h�j�b�f�h�k�l�v 65%, �Z �h�[�j�Z�[�h�l�Z�g�g�u�c �i�j�b 70 º�K – 95%.  �I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ 

�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h �l�h�f, �q�l�h �\ �m�k�e�h�\�b�y�o �i�e�Z�a�f�u �i�j�h�b�k�o�h�^�b�l �[�u�k�l�j�Z�y �^�_�i�h�e�b�f�_�j�b�a�Z�p�b�y 

�i�h�e�b�k�Z�o�Z�j�b�^�Z �k �h�[�j�Z�a�h�\�Z�g�b�_�f �k�f�_�k�b �h�e�b�]�h�o�b�l�h�a�Z�g�h�\ �k �\�u�o�h�^�h�f �[�h�e�_�_ 70 %. �K 
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�m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b �^�h�e�y �g�_�j�Z�k�l�\�h�j�b�f�u�o �\ �\�h�^�_ �k�h�_�^�b�g�_�g�b�c �l�Z�d�`�_ 

�\�h�a�j�Z�k�l�Z�e�Z. 

�H�k�g�h�\�g�u�f �f�_�l�h�^�h�f �d�h�g�l�j�h�e�y �i�j�h�p�_�k�k�Z �^�_�k�l�j�m�d�p�b�b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �y�\�e�y�e�Z�k�v 

�\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�Z�y �]�_�e�v-�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y. �I�h�k�d�h�e�v�d�m �o�b�l�h�a�Z�g �j�Z�k�l�\�h�j�b�f �\ 

�\�h�^�g�h�c �k�j�_�^�_ �\ �i�j�h�l�h�g�b�j�h�\�Z�g�g�h�c �n�h�j�f�_ (NH3
+), �Z �o�b�l�b�g �g�_ �j�Z�k�l�\�h�j�b�f �\�h �\�k�_�f �^�b�Z�i�Z�a�h�g�_ 

�j�G, �i�h�e�m�q�Z�_�f�u�_ �o�j�h�f�Z�l�h�]�j�Z�f�f�u �h�l�e�b�q�Z�e�b�k�v �^�j�m�] �h�l �^�j�m�]�Z. �< �k�e�m�q�Z�_ �o�b�l�b�g�Z �f�h�`�g�h 

�h�i�j�_�^�_�e�b�l�v �l�h�e�v�d�h �d�h�j�h�l�d�b�_ �n�j�Z�]�f�_�g�l�u (n �” 7), �l�h�]�^�Z �d�Z�d �i�j�b �Z�g�Z�e�b�a�_ �o�b�l�h�a�Z�g�Z �\�b�^�_�g �\�_�k�v 

�k�i�_�d�l�j �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b. �I�h�w�l�h�f�m �f�_�o�Z�g�b�a�f �^�_�k�l�j�m�d�p�b�b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

�b�k�k�e�_�^�h�\�Z�e�k�y �\ �h�k�g�h�\�g�h�f �g�Z �o�b�l�h�a�Z�g�_. 

�I�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�_�g�g�u�o �\ �j�_�a�m�e�v�l�Z�l�_ �W�I�I-

�h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�Z �\ �W�I�I �Z�a�h�l�Z, �]�_�e�b�y, �d�b�k�e�h�j�h�^�Z �b �i�Z�j�h�\ �\�h�^�u �i�j�b �o�Z�j�Z�d�l�_�j�g�u�o 

�\�j�_�f�_�g�Z�o �h�[�j�Z�[�h�l�d�b �2 = 20-60 �f�b�g �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\ �o�h�^�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h 

�\�h�a�^�_�c�k�l�\�b�y �i�j�h�b�k�o�h�^�b�l �q�Z�k�l�b�q�g�Z�y �^�_�k�l�j�m�d�p�b�y �b�k�o�h�^�g�u�o �i�h�e�b�f�_�j�h�\ �b �n�h�j�f�b�j�h�\�Z�g�b�_ �j�y�^�Z 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �k �o�Z�j�Z�d�l�_�j�g�u�f�b �k�j�_�^�g�_�q�b�k�e�h�\�u�f�b �f�h�e�_�d�m�e�y�j�g�u�f�b 

�f�Z�k�k�Z�f�b �h�l 400 �^�h 2000 �>�Z. �F�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z �^�e�y  �g�Z�b�[�h�e�v�r�_�]�h �i�b�d�Z �m �i�h�e�m�q�_�g�g�u�o 

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �i�j�_�^�_�e�Z�o 570-815 �d�>�Z �b �i�j�Z�d�l�b�q�_�k�d�b �g�_ �a�Z�\�b�k�_�e�Z �h�l 

�f�h�e�_�d�m�e�y�j�g�h�]�h �\�_�k�Z �b�k�o�h�^�g�h�]�h �o�b�l�h�a�Z�g�Z. �O�Z�j�Z�d�l�_�j�g�Z�y �o�j�h�f�Z�l�h�]�j�Z�f�f�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z 

�j�b�k. 5.1.14. �W�l�h �i�h�a�\�h�e�y�_�l �i�j�_�^�i�h�e�h�`�b�l�v �g�Z�e�b�q�b�_ �h�[�s�_�]�h �f�_�o�Z�g�b�a�f�Z �^�_�i�h�e�b�f�_�j�b�a�Z�p�b�b, 

�\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�b�j�h�^�u �i�h�e�b�k�Z�o�Z�j�b�^�Z �b �_�]�h �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u. �>�h�i�h�e�g�b�l�_�e�v�g�u�c 

�g�Z�]�j�_�\ �h�[�j�Z�a�p�Z  �^�h 90 º�K, �d�h�l�h�j�u�c �^�h�k�l�b�]�Z�e�k�y �m�\�_�e�b�q�_�g�b�_�f �k�b�e�u �l�h�d�Z �W�I, �i�j�Z�d�l�b�q�_�k�d�b �g�Z 

�\�e�b�y�e �g�Z �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�h�^�m�d�l�h�\. 

 

�J�b�k. 5.1.14. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �o�b�l�h�a�Z�g�Z (M�� = 220 �d�>�Z), �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ 

�\�b�^�_ �i�h�j�h�r�d�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z. �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 2,4 �f�: , �d�b�k�e�h�j�h�^ �i�j�b 

Pm = 5 �L�h�j�j, �2 = 20 �f�b�g, �Ls = 70 º�K 
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�K�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b �a�Z�\�b�k�_�e�Z �h�l �j�h�^�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z: �g�Z�b�[�h�e�_�_ 

�w�n�n�_�d�l�b�\�g�Z�y �g�Z�j�Z�[�h�l�d�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c �g�Z�[�e�x�^�Z�e�Z�k�v �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b 

�\�h�^�y�g�h�]�h �i�Z�j�Z, �q�l�h, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h �k �^�_�c�k�l�\�b�_�f �Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z (O, O•, 

�k�b�g�]�e�_�l�g�u�c �d�b�k�e�h�j�h�^) �b �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�e�b�a�Z �\�h�^�u (�g�Z�i�j�b�f�_�j, OH•).  

�I�j�b �[�h�e�v�r�b�o �\�j�_�f�_�g�Z�o �w�d�k�i�h�a�b�p�b�b (�2 = 20-60 �f�b�g) �k�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b 

�i�j�Z�d�l�b�q�_�k�d�b �g�_ �a�Z�\�b�k�_�e�Z �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b. �I�h�w�l�h�f�m �\ �k�e�_�^�m�x�s�_�c �k�_�j�b�b 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �\�j�_�f�y �w�d�k�i�h�a�b�p�b�b �[�u�e�h �m�f�_�g�v�r�_�g�h �b �\�Z�j�v�b�j�h�\�Z�e�h�k�v �\ �i�j�_�^�_�e�Z�o �2 = 1-20 

�f�b�g. �I�j�b �w�l�h�f �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b �a�Z�\�b�k�_�e�Z �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b 

�2 �i�h�j�h�]�h�\�u�f �h�[�j�Z�a�h�f, �b �i�j�b �m�\�_�e�b�q�_�g�b�b �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �k 1 �^�h 5 �f�b�g �g�Z�[�e�x�^�Z�e�h�k�v �b 

�m�\�_�e�b�q�_�g�b�_ �k�l�_�i�_�g�b �^�_�k�l�j�m�d�p�b�b, �h�^�g�Z�d�h �i�j�b �[�h�e�v�r�b�o �\�j�_�f�_�g�Z�o �w�d�k�i�h�a�b�p�b�b (�2 > 5 �f�b�g) 

�g�Z�j�Z�k�l�Z�g�b�_ �i�j�_�d�j�Z�s�Z�e�h�k�v �b �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �k�g�b�`�_�g�b�y �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u �i�h�e�m�q�_�g�g�u�o 

�i�j�h�^�m�d�l�h�\ �g�_ �i�j�h�b�k�o�h�^�b�e�h.  

�H�[�j�Z�a�p�u �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �d�b�k�e�h�j�h�^�Z (�2 = 5 �f�b�g) �o�b�l�h�a�Z�g�Z �k�h �k�j�_�^�g�_�\�_�k�h�\�h�c 

�f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 17,7 �d�>�Z �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �f�_�l�h�^�h�f MALDI �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b �\ 

�^�b�Z�i�Z�a�h�g�_ m/z 2000-15000 (�^�e�y �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �k �f�h�e�_�d�m�e�y�j�g�u�f�b  �f�Z�k�k�Z�f�b �^�h 

4 �d�>�Z) �b �\ �h�[�e�Z�k�l�b �g�b�a�d�b�o �f�Z�k�k �k m/z  700-2000 �b 300–1100. �<�h �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o 

�^�b�Z�i�Z�a�h�g�Z�o �b�f�_�_�l�k�y �y�j�d�h �\�u�j�Z�`�_�g�g�h�_ �q�_�j�_�^�h�\�Z�g�b�_ �i�h�e�h�k �q�_�j�_�a 161 �>�Z, �q�l�h �o�Z�j�Z�d�l�_�j�g�h �^�e�y 

�h�e�b�]�h�f�_�j�h�\, �h�l�e�b�q�Z�x�s�b�o�k�y �g�Z �h�^�g�h �f�h�g�h�f�_�j�g�h�_ �a�\�_�g�h (�J�b�k. 5.1.15, �J�b�k. 5.1.16): 

 

�G�_�a�Z�\�b�k�b�f�h �h�l �f�h�e�_�d�m�e�y�j�g�h�]�h �\�_�k�Z �h�[�j�Z�a�p�h�\ �o�b�l�h�a�Z�g�h�\, �\�u�o�h�^ �g�Z �i�e�Z�l�h 

�i�j�h�b�k�o�h�^�b�e �\ �l�_�q�_�g�b�_ �i�_�j�\�u�o �^�\�m�o �f�b�g�m�l �i�h�k�e�_ �g�Z�q�Z�e�Z �h�[�j�Z�[�h�l�d�b (�J�b�k. 5.1.17) (�^�e�y �;�K�: 

�l�Z�d�h�c �w�n�n�_�d�l �^�h�k�l�b�]�Z�e�k�y �q�_�j�_�a 5 �f�b�g �h�[�j�Z�[�h�l�d�b). �K�\�b�^�_�l�_�e�v�k�l�\�h�f �w�l�h�]�h �y�\�e�y�_�l�k�y 

�b�k�q�_�a�g�h�\�_�g�b�_ �i�j�b �2 > 2 �f�b�g �i�b�d�Z �b�k�o�h�^�g�h�]�h �i�h�e�b�f�_�j�Z �g�Z �<�W�@-�o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o (�J�b�k. 

5.1.18), �Z �l�Z�d�`�_ �g�_�b�a�f�_�g�g�h�k�l�v �k�j�_�^�g�_�\�_�k�h�\�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�u �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b 

�i�j�b �^�Z�e�v�g�_�c�r�_�c �i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �j�_�a�d�h�_ �\�h�a�j�Z�k�l�Z�g�b�_ 

�b�g�l�_�g�k�b�\�g�h�k�l�b �h�d�j�Z�k�d�b �b �j�Z�k�l�\�h�j�b�f�h�k�l�b �\ �\�h�^�_ �g�Z�[�e�x�^�Z�e�h�k�v �m �h�[�j�Z�a�p�h�\, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ 

�W�I�I �\ �l�_�q�_�g�b�_ 2-�o �f�b�g�m�l. �A�g�Z�q�_�g�b�y �k�j�_�^�g�_�\�_�k�h�\�u�o �b �k�j�_�^�g�_�q�b�k�e�h�\�u�o �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k 

�i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �k�h�h�l�\�_�l�k�l�\�m�x�l �g�Z�[�h�j�m �h�e�b�]�h�f�_�j�h�\ �o�b�l�h�a�Z�g�Z �h�l �^�b�f�_�j�Z �^�h 

�l�_�l�j�Z�f�_�j�Z, �k �i�j�_�h�[�e�Z�^�Z�g�b�_�f �l�j�b�f�_�j�Z.  

�K�^�\�b�] �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h �f�h�e�_�d�m�e�y�j�g�u�f �f�Z�k�k�Z�f �\ �h�[�e�Z�k�l�v �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�n�j�Z�]�f�_�g�l�h�\ �i�j�b �m�\�_�e�b�q�_�g�b�b �\�j�_�f�_�g�b �W�I�I-�]�b�^�j�h�e�b�a�Z �b�k�o�h�^�g�h�]�h �o�b�l�h�a�Z�g�Z () �k 1 �^�h 8 �f�b�g 
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�l�Z�d�`�_ �i�h�d�Z�a�Z�g �b �k �i�h�f�h�s�v�x MALDI Performance �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b, �i�j�b �w�l�h�f �\ 

�i�j�h�^�m�d�l�Z�o, �i�h�e�m�q�_�g�g�u�o �g�Z 8-�c �f�b�g�m�l�_, �i�j�_�h�[�e�Z�^�Z�e�b �^�b�f�_�j�u.  

 
�J�b�k. 5.1.15. MALDI �F�Z�k�k-�k�i�_�d�l�j �o�b�l�h�a�Z�g�Z (M�� = 17,7 �d�>�Z) �\ �^�b�Z�i�Z�a�h�g�_ m/z 2000-15000. 

(�B�k�i�h�e�v�a�h�\�Z�g�h �i�h�^�Z�\�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �b�h�g�h�\ �k m/z< 3000) 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 �L�h�j�j, �2 = 5 �f�b�g, �L = 70 º�K 

 
�J�b�k. 5.1.16. MALDI �F�Z�k�k-�k�i�_�d�l�j �o�b�l�h�a�Z�g�Z (M�� = 17,7 �d�>�Z) �\ �^�b�Z�i�Z�a�h�g�_ m/z 700-2000. 

(�B�k�i�h�e�v�a�h�\�Z�g�h �i�h�^�Z�\�e�_�g�b�_ �k�b�]�g�Z�e�h�\ �b�h�g�h�\ �k m/z<850) 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 �L�h�j�j, �2 = 5 �f�b�g, �L = 70 º�K 
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�J�b�k. 5.1.17. �B�a�f�_�g�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-

�^�_�k�l�j�m�d�p�b�b �;�K�: �b �o�b�l�h�a�Z�g�Z �\ �a�Z�\�b�k�b�f�h�k�l�b 

�h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �2 

 

�J�b�k. 5.1.18. �O�j�h�f�Z�l�h�]�j�Z�f�f�u �i�j�h�^�m�d�l�h�\ �h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�Z (M�� =27 �d�>�Z) �\ �W�I�I �d�b�k�e�h�j�h�^�Z 

�i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �2: 1 – �2 = 1 �f�b�g (Mn = 2258 �>�Z, Mw = 8755 �>�Z, Mw / Mn 

= 3,88), 2 - �2 = 2 �f�b�g (Mn = 542 �>�Z, Mw = 818 �>�Z, Mw / Mn = 1,51). 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 2,4 �f�: , Pm = 5 �L�h�j�j, �L = 70 º�K. 

 

�<�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 > 10 �f�b�g �i�j�b�\�h�^�b�e�h �d �i�h�y�\�e�_�g�b�x �i�j�h�^�m�d�l�h�\ �d�h�g�^�_�g�k�Z�p�b�b 

�h�e�b�]�h�f�_�j�h�\ �o�b�l�h�a�Z�g�Z, �q�l�h �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �i�j�b �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �b 

MALDI �b �i�j�b�\�h�^�b�e�h �d �k�g�b�`�_�g�b�x �j�Z�k�l�\�h�j�b�f�h�k�l�b �i�j�h�^�m�d�l�h�\ �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ 

(�J�b�k. 5.1.13�[). �D�h�g�^�_�g�k�Z�p�b�y �[�u�l�v �k�\�y�a�Z�g�Z �k �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f �Z�e�v�^�_�]�b�^�g�u�o �b �Z�f�b�g�h�]�j�m�i�i, �Z 

�l�Z�d�`�_ �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �k�Z�o�Z�j�b�^�g�u�o �a�\�_�g�v�_�\ �b �i�j�h�p�_�k�k�Z�f�b �\�g�m�l�j�b�f�h�e�_�d�m�e�y�j�g�h�c 

�p�b�d�e�b�a�Z�p�b�b, �i�j�b�\�h�^�y�s�_�c �d �\�h�a�g�b�d�g�h�\�_�g�b�x �Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j (�n�m�j�Z�g�h�\�u�o �p�b�d�e�h�\) 

0,25 
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0,75 
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S/Smax, �h�l�g. �_�.̂ 

�W, �f�b�g

�O�b�l�h�a�Z�g 

�;�K�: 
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�g�Z �d�h�g�p�Z�o �h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ �b �f�h�g�h�f�_�j�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �^�e�b�l�_�e�v�g�h�f �W�I�I-

�\�h�a�^�_�c�k�l�\�b�b. �L�Z�d, �i�j�b �2 = 20 �f�b�g �g�Z MALDI �f�Z�k�k-�k�i�_�d�l�j�_ �b�k�q�_�a�Z�_�l �o�Z�j�Z�d�l�_�j�g�Z�y 

�h�q�_�j�_�^�g�h�k�l�v �i�h�e�h�k, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �i�h �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�_ �f�h�g�h�f�_�j�g�u�f �n�j�Z�]�f�_�g�l�Z�f, 

�q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l �i�j�_�^�i�h�e�h�`�_�g�b�_ �h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �f�h�g�h�f�_�j�h�\. 

 

�Z) 

�[) 

�J�b�k. 5.1.19. �J�_�a�m�e�v�l�Z�l�u �h�[�j�Z�s�_�g�g�h-�n�Z�a�h�\�h�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �i�j�h�^�m�d�l�h�\ �h�[�j�Z�[�h�l�d�b �o�b�l�b�g�Z �\ 

�W�I�I �d�b�k�e�h�j�h�^�Z (Mn = 461 �>�Z,  Mw = 1110 �>�Z,  Mw / Mn = 2.38) (�Z) �b �f�h�^�_�e�v�g�h�c �k�f�_�k�b 

�b�g�^�b�\�b�^�m�Z�e�v�g�u�o �h�e�b�]�h�f�_�j�h�\ N-�Z�p�_�l�b�e�]�e�x�d�h�a�Z�f�b�g�Z �k�h �k�l�_�i�_�g�v�x �i�h�e�b�f�_�j�b�a�Z�p�b�b n = 1-6 

(�[). �P�b�n�j�Z�f�b �m �k�l�j�_�e�h�d �m�d�Z�a�Z�g�h �\�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y �k�h�_�^�b�g�_�g�b�c. 

 

�N�h�j�f�b�j�h�\�Z�g�b�_ �Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j �[�u�e�h �i�j�y�f�h �i�h�d�Z�a�Z�g�h �k �i�h�f�h�s�v�x 1�G �Y�F�J-

�k�i�_�d�l�j�h�k�d�h�i�b�b. �L�Z�d�`�_ �i�j�b �i�j�h�\�_�^�_�g�b�b �o�j�h�f�Z�l�h-�f�Z�k�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b �[�u�e�b �h�[�g�Z�j�m�`�_�g�u 

�k�h�_�^�b�g�_�g�b�y, �k�h�^�_�j�`�Z�s�b�_ �i�b�j�Z�g�h�\�u�_ �p�b�d�e�u �b �i�j�h�^�m�d�l�u �h�d�b�k�e�_�g�b�y �i�b�j�j�h�e�Z �b �i�b�j�b�^�b�g�Z.  
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�K�j�_�^�g�_�\�_�k�h�\�u�_ �f�h�e�_�d�m�e�y�j�g�u�_ �f�Z�k�k�u �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b 

�o�b�l�b�g�Z, �i�h�e�m�q�_�g�g�u�_ �\ �h�i�l�b�f�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �b �i�j�b �2 < 10 �f�b�g, �g�Z�o�h�^�b�e�b�k�v �\ �i�j�_�^�_�e�Z�o 

1000–2000 �>�Z, �i�h�a�\�h�e�y�_�l �i�j�_�^�i�h�e�h�`�b�l�v �g�Z�e�b�q�b�_ �h�[�s�_�]�h �f�_�o�Z�g�b�a�f�Z �^�_�i�h�e�b�f�_�j�b�a�Z�p�b�b 

�o�b�l�b�g�Z �b �o�b�l�h�a�Z�g�Z, �\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�b�j�h�^�u �i�h�e�b�k�Z�o�Z�j�b�^�Z. �>�e�y �i�h�^�l�\�_�j�`�^�_�g�b�y �l�h�]�h 

�n�Z�d�l�Z, �q�l�h �i�j�h�^�m�d�l�Z�f�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �o�b�l�b�g�Z �i�j�b �2 < 10 �f�b�g �y�\�e�y�x�l�k�y 

�g�_�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �h�e�b�]�h�f�_�j�u (�\ �i�j�_�^�_�e�Z�o �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �f�_�l�h�^�Z), �[�u�e�Z 

�b�k�i�h�e�v�a�h�\�Z�g�Z  �h�[�j�Z�s�_�g�g�h-�n�Z�a�h�\�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y. �D�Z�d �\�b�^�g�h �b�a �J�b�k. 5.1.19, �\�j�_�f�_�g�Z 

�\�u�o�h�^�Z �i�j�h�^�m�d�l�h�\  �^�_�k�l�j�m�d�p�b�b �o�b�l�b�g�Z �k�h�\�i�Z�^�Z�x�l �k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b �i�Z�j�Z�f�_�l�j�Z�f�b 

�f�Z�j�d�_�j�h�\. �D�j�h�f�_ �l�h�]�h �i�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ �o�h�j�h�r�h �d�h�j�j�_�e�b�j�m�x�l �k �j�_�a�m�e�v�l�Z�l�Z�f�b 

�]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b.  

�J�y� ̂�w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e �\�u�i�h�e�g�_�g �k �p�_�e�v�x �h�l�j�Z�[�h�l�d�b �i�h�^�o�h�^�h�\ �d �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�x 

�i�j�h�p�_�k�k�Z �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b �i�h�j�h�r�d�h�\ �i�h�e�b�k�Z�o�Z�j�b�^�h�\. �>�e�y �w�l�h�]�h �[�u�e�h 

�b�k�i�h�e�v�a�h�\�Z�g�h �j�Z�a�f�_�s�_�g�g�h�_ �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ �m�k�l�j�h�c�k�l�\�h, �d�h�l�h�j�h�_ �h�[�_�k�i�_�q�b�\�Z�e�h 

�i�_�j�_�f�_�r�b�\�Z�g�b�_ �a�g�Z�q�b�l�_�e�v�g�h�]�h �d�h�e�b�q�_�k�l�\�Z (�\�i�e�h�l�v �^�h �g�_�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ �]�j�Z�f�f�h�\) 

�i�h�j�h�r�d�Z �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\�h �\�j�_�f�y �W�I�I-�h�[�j�Z�[�h�l�d�b (�J�b�k. 4.1.1, 4.2.2). �M�k�l�j�h�c�k�l�\�h 

�i�j�_�^�k�l�Z�\�e�y�e�h �k�h�[�h�c �p�b�e�b�g�^�j�b�q�_�k�d�b�c �d�h�g�l�_�c�g�_�j, �k�h�k�l�h�y�s�b�c �b�a �d�\�Z�j�p�_�\�h�c �l�j�m�[�u, 

�h�k�g�Z�s�_�g�g�h�c �\�g�m�l�j�_�g�g�b�f�b �j�_�[�j�Z�f�b, �b �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �^�g�b�s�Z. �<�l�h�j�h�c �l�h�j�_�p �l�j�m�[�u �[�u�e 

�h�l�d�j�u�l, �b �q�_�j�_�a �g�_�]�h �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �b�g�`�_�d�p�b�y �W�I �\ �i�h�e�h�k�l�v �d�h�g�l�_�c�g�_�j�Z. �M�k�l�j�h�c�k�l�\�h 

�i�j�b�\�h�^�b�e�h�k�v �\�h �\�j�Z�s�_�g�b�_ �r�Z�]�h�\�u�f �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�_�f, �d�h�l�h�j�u�c �i�h�a�\�h�e�y�e �\�j�Z�s�Z�l�v 

�d�h�g�l�_�c�g�_�j �d�Z�d �\ �g�_�i�j�_�j�u�\�g�h�f, �l�Z�d �b �b�f�i�m�e�v�k�g�h�f �j�_�`�b�f�Z�o, �h�k�m�s�_�k�l�\�e�y�l�v �j�_�\�_�j�k �b 

�b�a�f�_�g�y�l�v �k�d�h�j�h�k�l�v �\�j�Z�s�_�g�b�y. �I�h�^�[�h�j�h�f �j�_�`�b�f�h�\ �\�j�Z�s�_�g�b�y �m�k�l�j�h�c�k�l�\�Z �m�^�Z�e�h�k�v �^�h�[�b�l�v�k�y 

�j�Z�\�g�h�f�_�j�g�h�k�l�b �h�[�j�Z�[�h�l�d�b �\�k�_�c �f�Z�k�k�u �g�Z�\�_�k�d�b �i�h�j�h�r�d�Z �b �h�[�_�k�i�_�q�b�l�v �i�h�^�^�_�j�`�Z�g�b�_ 

�l�j�_�[�m�_�f�h�]�h �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�_�`�b�f�Z. 

�I�_�j�\�Z�y �k�_�j�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�Z �\�u�i�h�e�g�_�g�Z �\ �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: U = 30 �d�<, Ib 

= 1,5 �f�: , �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �]�Z�a�u -  �d�b�k�e�h�j�h�^ �b�e�b �\�h�a�^�m�o �i�j�b Pm = 1, 3 �b 5 �L�h�j�j, �2 = 5-20 

�f�b�g, �Ls = 70 º�K. �I�Z�j�Z�f�_�l�j�u �i�_�j�_�f�_�r�b�\�Z�x�s�_�]�h �m�k�l�j�h�c�k�l�\�Z: �^�e�b�g�Z �p�b�e�b�g�^�j�b�q�_�k�d�h�c �q�Z�k�l�b 

�d�h�g�l�_�c�g�_�j�Z 10 �f�f , �_�_ �^�b�Z�f�_�l�j 20 �f�f . �< �d�Z�q�_�k�l�\�_ �l�_�k�l�h�\�u�o �h�[�j�Z�a�p�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b 

�o�b�l�h�a�Z�g�u �k�h �k�j�_�^�g�_�\�y�a�d�h�k�l�g�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 500 �b 200 �d�>�Z, �Z �l�Z�d�`�_ �o�b�l�b�g. 

�I�j�b �Z�g�Z�e�b�a�_ �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�h�\ �k �i�h�f�h�s�v�x �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b 

�[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z �^�e�y �g�Z�b�[�h�e�v�r�_�]�h �i�b�d�Z �\�h �\�k�_�o �h�[�j�Z�a�p�Z�o �o�b�l�h�a�Z�g�Z, 

�h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �i�j�_�^�_�e�Z�o 500-800 �>�Z, �Z �b�g�^�_�d�k 

�i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b – �\ �i�j�_�^�_�e�Z�o 2,1-3,6. �I�j�b �h�[�j�Z�[�h�l�d�_ �\ �\�h�a�^�m�o�_ �[�u�e�b �i�h�e�m�q�_�g�u 

�i�j�h�^�m�d�l�u, �k �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c �g�Z�b�[�h�e�v�r�_�]�h �i�b�d�Z ~2 �d�>�Z �b �b�g�^�_�d�k�h�f 

�i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 2,4-3,5. �:�g�Z�e�h�]�b�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u �[�u�e�b �i�h�e�m�q�_�g�u �b �i�j�b �h�[�j�Z�[�h�l�d�_ 
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�o�b�l�b�g�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b�e�b �\�h�a�^�m�o�Z. �D�j�h�f�_ �l�h�]�h, �g�Z�[�e�x�^�Z�e�h�k�v �g�_�a�g�Z�q�b�l�_�e�v�g�h�_ (~5%) 

�^�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�_ �f�h�e�_�d�m�e �o�b�l�b�g�Z. 

�K �p�_�e�v�x �h�i�l�b�f�b�a�Z�p�b�b �m�k�e�h�\�b�c �W�I�I-�h�[�j�Z�[�h�l�d�b �[�u�e�h �\�u�i�h�e�g�_�g�h �d�h�f�i�v�x�l�_�j�g�h�_ 

�f�h�^�_�e�b�j�h�\�Z�g�b�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�h�\�d�e�Z�^�Z �i�h �j�_�Z�d�p�b�h�g�g�h�f�m �h�[�t�_�f�m (�k�f. �j�Z�a�^�_�e 7.4). �K 

�m�q�_�l�h�f �^�Z�g�g�u�o, �i�h�e�m�q�_�g�g�u�o �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b, �^�e�y �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �b 

�j�Z�\�g�h�f�_�j�g�h�k�l�b �W�I�I-�h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ �d�h�g�k�l�j�m�d�p�b�y �m�k�l�j�h�c�k�l�\�Z �[�u�e�Z 

�f�h�^�_�j�g�b�a�b�j�h�\�Z�g�Z. �<�g�m�l�j�_�g�g�y�y �i�h�\�_�j�o�g�h�k�l�v �d�h�g�l�_�c�g�_�j�Z �[�u�e�Z �i�h�d�j�u�l�Z �l�_�n�e�h�g�h�f �^�e�y 

�i�j�_�^�h�l�\�j�Z�s�_�g�b�y �g�Z�e�b�i�Z�g�b�y �i�h�j�h�r�d�Z �g�Z �k�l�_�g�d�b �\�h �\�j�_�f�y �h�[�j�Z�[�h�l�d�b, �Z �j�Z�a�f�_�j�u �d�h�g�l�_�c�g�_�j�Z 

�[�u�e�b �b�a�f�_�g�_�g�u: �^�e�b�g�Z �d�h�g�l�_�c�g�_�j�Z �[�u�e�Z �m�f�_�g�v�r�_�g�Z �^�h 50 �f�f , �Z �_�]�h �^�b�Z�f�_�l�j, �g�Z�i�j�h�l�b�\, 

�m�\�_�e�b�q�_�g �^�h 50 �f�f . �B�a�f�_�g�_�g�b�_ �]�_�h�f�_�l�j�b�b �d�h�g�l�_�c�g�_�j�Z �i�h�l�j�_�[�h�\�Z�e�h �i�h�^�[�h�j�Z �g�h�\�h�]�h �j�_�`�b�f�Z 

�k�d�Z�g�b�j�h�\�Z�g�b�y �W�I �b �m�\�_�e�b�q�_�g�b�y �j�Z�[�h�q�_�]�h �^�Z�\�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ �^�h 5 �L�h�j�j �b 

�h�i�l�b�f�b�a�Z�p�b�b �\�j�_�f�_�g�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z.  

�I�j�b �w�l�h�f �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �b �i�j�b �l�Z�d�h�c �]�_�h�f�_�l�j�b�b �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z 

�k�h�o�j�Z�g�y�_�l�k�y �i�h�j�h�]�h�\�u�c �o�Z�j�Z�d�l�_�j �a�Z�\�b�k�b�f�h�k�l�b �\�u�o�h�^�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b. �< �w�l�h�f �k�e�m�q�Z�_ �f�Z�d�k�b�f�Z�e�v�g�u�c �\�u�o�h�^ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-�]�b�^�j�h�e�b�a�Z �o�b�l�b�g�Z �g�Z�[�e�x�^�Z�e�k�y �q�_�j�_�a 10 �f�b�g �i�h�k�e�_ 

�g�Z�q�Z�e�Z �h�[�j�Z�[�h�l�d�b (�J�b�k. 5.1.20), �Z �a�Z�l�_�f �g�Z�q�b�g�Z�e�b�k�v �i�j�h�p�_�k�k�u �\�l�h�j�b�q�g�h�c �i�h�e�b�f�_�j�b�a�Z�p�b�b. 

 

�J�b�k. 5.1.20. �<�u�o�h�^ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�b�g�Z (%), 

�i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�f �]�b�^�j�h�e�b�a�_ �\�h �\�j�Z�s�Z�x�s�_�f�k�y �i�_�j�_�f�_�r�b�\�Z�x�s�_�f 

�m�k�l�j�h�c�k�l�\�_  �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b. 

 

�I�j�b �h�[�j�Z�[�h�l�d�_ �o�b�l�b�g�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�o �m�k�e�h�\�b�y�o �\�u�o�h�^ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �k�h�k�l�Z�\�b�e 90% (�J�b�k. 5.1.20),  �i�j�b �i�j�h�\�_�^�_�g�b�b  �h�[�j�Z�s�_�g�h-

�n�Z�a�h�\�h�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �[�u�e�Z �i�h�e�m�q�_�g�Z �d�Z�j�l�b�g�Z, �Z�g�Z�e�h�]�b�q�g�Z�y �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �g�Z �J�b�k. 

5.1.19�Z, �i�j�h�p�_�g�l�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �d�Z�`�^�h�c �b�a �n�j�Z�d�p�b�c �\ �h�[�s�_�c �k�f�_�k�b �i�j�b�\�_�^�_�g�h �\ �l�Z�[�e�b�p�_ 

5.1.12. 
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�L�Z�[�e�b�p�Z 5.1.12. �K�h�^�_�j�`�Z�g�b�_ �n�j�Z�d�p�b�c (%) �\ �k�f�_�k�b �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o 
�i�j�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�f �]�b�^�j�h�e�b�a�_ �o�b�l�b�g�Z (M �� = 1000 �d�>�Z) �\�h �\�j�Z�s�Z�x�s�_�f�k�y 
�i�_�j�_�f�_�r�b�\�Z�x�s�_�f �m�k�l�j�h�c�k�l�\�_ �\ �l�_�q�_�g�b�_ �2 = 10 �f�b�g 

�G�h�f�_�j �n�j�Z�d�p�b�b �<�j�_�f�y �\�u�o�h�^�Z �n�j�Z�d�p�b�b, �f�b�g �K�h�^�_�j�`�Z�g�b�_ �n�j�Z�d�p�b�b, % 
1 7,008 26,84 
2 7,082 34,16 
3 9,484 12,06 
4 11,640 19,40 
5 14,130 7,54 

 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �^�Z�g�g�h�c �k�_�j�b�b �n�b�a�b�q�_�k�d�b�o �b �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�[�u�e�b �g�Z�d�h�i�e�_�g�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �w�n�n�_�d�l �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �o�b�l�b�g �b �o�b�l�h�a�Z�g �\ �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o. �I�j�b �w�l�h�f �[�u�e�b 

�g�Z�c�^�_�g�u �a�g�Z�q�_�g�b�y (�b �^�b�Z�i�Z�a�h�g�u �\�Z�j�b�Z�p�b�b) �i�Z�j�Z�f�_�l�j�h�\, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o �j�_�`�b�f�u 

�m�i�j�Z�\�e�y�_�f�h�c �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�]�j�Z�^�Z�p�b�b �o�b�l�h�a�Z�g�h�\: �o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �b �^�Z�\�e�_�g�b�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u, �w�g�_�j�]�b�y �b�g�`�_�d�l�b�j�m�_�f�u�o �w�e�_�d�l�j�h�g�h�\, �f�h�s�g�h�k�l�v �i�m�q�d�Z �b �j�_�`�b�f 

�_�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y �i�h �j�_�Z�d�p�b�h�g�g�h�f�m �h�[�t�_�f�m.  �I�h�e�m�q�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_, 

�i�h�a�\�h�e�b�e�b �l�Z�d�`�_ �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �i�j�h�p�_�k�k �h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�h�\ �i�h�^�[�h�j�h�f �\�j�_�f�_�g�b 

�w�d�k�i�h�a�b�p�b�b �b �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�_�`�b�f �\�h �\�j�_�f�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y. �>�e�y 

�h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�h�\ �\�h �\�j�Z�s�Z�x�s�_�f�k�y �d�h�g�l�_�c�g�_�j�_ �h�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y �w�d�k�i�h�a�b�p�b�b 

�k�h�k�l�Z�\�e�y�e�h �2 = 5 �f�b�g, �Z �l�_�f�i�_�j�Z�l�m�j�g�u�c �^�b�Z�i�Z�a�h�g �[�u�e �h�]�j�Z�g�b�q�_�g �b�g�l�_�j�\�Z�e�h�f 60-70 º�K. 

�J�b�k. 5.1.21. �F�Z�k�k-�k�i�_�d�l�j �W�I�I 
�Z�j�]�h�g�Z �k �\�g�_�k�_�g�g�u�f �\ �g�_�_ 
�i�h�j�h�r�d�h�f �[�b�h�i�h�e�b�f�_�j�Z. 

 

�H�[�h�[�s�Z�y �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �g�Z 

�k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z �[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\, �f�h�`�g�h �m�l�\�_�j�`�^�Z�l�v, �q�l�h: 

1) �W�n�n�_�d�l �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �[�_�e�d�h�\ �h�i�j�_�^�_�e�y�x�l�k�y �i�Z�j�Z�f�_�l�j�Z�f�b �W�I�I: 

�j�h�^�h�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u, �^�Z�\�e�_�g�b�_�f �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\ �j�_�Z�d�p�b�h�g�g�h�c 

�d�Z�f�_�j�_, �^�e�b�l�_�e�v�g�h�k�l�v�x �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�Z. �B�a�f�_�g�_�g�b�y �k�\�h�c�k�l�\ �[�_�e�d�h�\  (�j�Z�k�l�\�h�j�b�f�h�k�l�v �\ 

�\�h�^�_, �f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z, �k�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l) �[�h�e�_�_ �\�u�j�Z�`�_�g�u �i�j�b �h�[�j�Z�[�h�l�d�_ 

�[�_�e�d�h�\ �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �b �d�b�k�e�h�j�h�^�Z, �q�l�h, �i�h-�\�b�^�b�f�h�f�m, �k�\�y�a�Z�g�h �k �^�_�c�k�l�\�b�_�f 

�Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z, �h�[�j�Z�a�m�x�s�b�o�k�y �\ �j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �b 
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�i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�e�b�a�Z �\�h�^�u. �H�k�h�[�_�g�g�h �\�_�j�h�y�l�g�h, �q�l�h �]�e�Z�\�g�Z�y �j�h�e�v �\ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b 

�i�j�b�g�Z�^�e�_�`�b�l �j�Z�^�b�d�Z�e�Z�f •�H�G �b �k�b�g�]�e�_�l�g�h�f�m �d�b�k�e�h�j�h�^�m 1�H2.  

�>�_�k�l�j�m�d�p�b�y �b �h�d�b�k�e�_�g�b�_ �[�b�h�i�h�e�b�f�_�j�h�\ �\ �W�I�I �b�g�_�j�l�g�u�o �]�Z�a�h�\, �\�_�j�h�y�l�g�h, 

�h�[�t�y�k�g�y�_�l�k�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f�b �i�j�_�\�j�Z�s�_�g�b�y�f�b �k�\�y�a�Z�g�g�h�c �k �f�h�e�_�d�m�e�Z�f�b �[�_�e�d�h�\ �b 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\�h�^�u. �I�h �d�j�Z�c�g�_�c �f�_�j�_, �g�Z�e�b�q�b�_ �\�h�^�u �[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �f�Z�k�k-

�k�i�_�d�l�j�h�f�_�l�j�b�b �W�I�I, �k�h�^�_�j�`�Z�s�_�c �i�h�j�h�r�d�b �[�b�h�i�h�e�b�f�_�j�h�\ (�J�b�k. 5.1.21). 

2) �W�n�n�_�d�l �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �[�b�h�i�h�e�b�f�_�j�u �a�Z�\�b�k�b�l �h�l 

�^�e�b�l�_�e�v�g�h�k�l�b �h�[�j�Z�[�h�l�d�b �W. �I�j�b �w�l�h�f �k�e�_�^�m�_�l �h�k�h�[�h �h�l�f�_�l�b�l�v �^�\�Z �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o 

�j�_�a�m�e�v�l�Z�l�Z, �b�f�_�x�s�b�o �q�j�_�a�\�u�q�Z�c�g�h �\�Z�`�g�h�_ �i�j�Z�d�l�b�q�_�k�d�h�_ �a�g�Z�q�_�g�b�_:  

�� �i�h�j�h�]�h�\�u�c �o�Z�j�Z�d�l�_�j �a�Z�\�b�k�b�f�h�k�l�b, �k�\�y�a�u�\�Z�x�s�_�c �k�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b 

�[�b�h�i�h�e�b�f�_�j�Z �k �^�e�b�l�_�e�v�g�h�k�l�v�x �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y, �q�l�h 

�i�h�a�\�h�e�y�_�l �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �i�j�h�p�_�k�k �h�[�j�Z�[�h�l�d�b �b �b�k�d�e�x�q�b�l�v 

�g�_�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�_ �w�g�_�j�]�h�a�Z�l�j�Z�l�u; 

�� �\�_�j�h�y�l�g�h�k�l�v �i�h�y�\�e�_�g�b�y �i�h�[�h�q�g�u�o, �g�_ �j�Z�k�l�\�h�j�b�f�u�o �\ �\�h�^�_ �k�h�_�^�b�g�_�g�b�c �\ 

�k�h�k�l�Z�\�_ �i�j�h�^�m�d�l�h�\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �f�h�^�b�n�b�d�Z�p�b�b �o�b�l�h�a�Z�g�h�\ – �w�n�n�_�d�l�Z, 

�h�[�m�k�e�h�\�e�_�g�g�h�]�h  �h�[�j�Z�l�g�h�c �i�h�e�b�f�_�j�b�a�Z�p�b�_�c �h�[�j�Z�a�m�x�s�b�o�k�y 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �i�j�b �g�_�h�i�l�b�f�Z�e�v�g�h�f �\�u�[�h�j�_ �m�k�e�h�\�b�c 

�h�[�j�Z�[�h�l�d�b. 

2) �=�e�m�[�b�g�Z �W�I�I-�\�h�a�^�_�c�k�l�\�b�y �b �k�\�y�a�Z�g�g�u�c �k �g�_�c  �f�Z�k�k�h�\�u�c �\�u�o�h�^ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �[�b�h�i�h�e�b�f�_�j�h�\ �h�i�j�_�^�_�e�y�x�l�k�y �g�_ �l�h�e�v�d�h 

�i�Z�j�Z�f�_�l�j�Z�f�b �k�Z�f�h�c �W�I�I, �g�h �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�j�Z�a�p�Z.  �>�e�y 

�i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ �o�Z�j�Z�d�l�_�j�g�h �g�Z�e�b�q�b�_ �l�h�g�d�h�]�h �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y 

(�l�h�e�s�b�g�h�c �g�_ �[�h�e�_�_ 10 �f�d�f), �\ �d�h�l�h�j�h�f �i�j�h�b�k�o�h�^�b�l �w�n�n�_�d�l�b�\�g�Z�y �^�_�k�l�j�m�d�p�b�y �b 

�f�h�^�b�n�b�d�Z�p�b�y �[�b�h�i�h�e�b�f�_�j�Z.  

�< �h�l�e�b�q�b�_ �h�l �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o, �h�[�j�Z�a�p�u �[�_�e�d�h�\ �\ �\�b�^�_ �e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�h�c �i�e�_�g�d�b 

�l�h�e�s�b�g�h�c �a 1 �f�d�f �m�^�Z�_�l�k�y �j�Z�\�g�h�f�_�j�g�h �h�[�j�Z�[�Z�l�u�\�Z�l�v �i�h �\�k�_�c �]�e�m�[�b�g�_, �l�Z�d �d�Z�d �\ �l�h�g�d�b�o 

�i�e�_�g�d�Z�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �i�j�h�l�_�d�Z�x�l �\�h �\�k�_�f �h�[�t�_�f�_ �h�[�j�Z�a�p�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, 

�\�h�a�f�h�`�g�h �m�\�_�e�b�q�b�l�v �\�u�o�h�^ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\. 

3) �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�h�p�_�k�k �m�i�j�Z�\�e�y�_�f�h�c �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\�h�a�f�h�`�g�h �f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v. �I�j�b �w�l�h�f �i�j�b �h�i�l�b�f�b�a�Z�p�b�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u (�o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\, �^�Z�\�e�_�g�b�_) �b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 

(�i�e�h�l�g�h�k�l�v �w�g�_�j�]�h�\�d�e�Z�^�Z Q) �\�h�a�f�h�`�g�h �i�h�e�m�q�Z�l�v �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ 

�[�b�h�Z�d�l�b�\�g�u�_ �i�j�h�^�m�d�l�u �k �a�Z�^�Z�g�g�u�f�b �k�\�h�c�k�l�\�Z�f�b �\ �d�h�e�b�q�_�k�l�\�Z�o, �^�h�k�l�Z�l�h�q�g�u�o �^�e�y 

�i�j�Z�d�l�b�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y. 
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5.1.4. �F�h�^�b�n�b�d�Z�p�b�y �l�h�g�d�b�o �i�e�_�g�h�d �b �]�m�[�h�d �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �b 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ 

�< �j�Z�a�^�_�e�_ 5.1.3. �j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v �b�a�f�_�g�_�g�b�_ �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ �i�h�e�b�k�Z�o�Z�j�b�^�h�\, 

�h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �\ �\�b�^�_ �i�h�j�h�r�d�h�\, �\ �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �b�k�k�e�_�^�h�\�Z�e�Z�k�v 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �f�h�^�b�n�b�d�Z�p�b�y �f�Z�l�_�j�b�Z�e�h�\ �\ �n�h�j�f�Z�o �i�e�_�g�h�d �b �]�m�[�h�d, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a 

�j�Z�a�e�b�q�g�u�o �i�h�e�b�k�Z�o�Z�j�b�^�h�\. �:�d�l�m�Z�e�v�g�h�k�l�v �f�h�^�b�n�b�d�Z�p�b�b �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 

(�o�b�l�h�a�Z�g�Z (�J�b�k. 5.1.12), �p�_�e�e�x�e�h�a�u, �Z�e�v�]�b�g�h�\�h�c �d�b�k�e�h�l�u (�J�b�k. 5.1.22)) �\ �l�Z�d�b�o �n�h�j�f�Z�o 

�k�\�y�a�Z�g�Z �k �l�_�f, �q�l�h �h�g�b �y�\�e�y�x�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f�b �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�f�b �k�j�_�^�k�l�\�Z�f�b �f�_�k�l�g�h�]�h 

�^�_�c�k�l�\�b�y [5.1.2– 5.1.5].  

 

�Z) 

 

�[) 

�J�b�k. 5.1.22. �K�l�j�m�d�l�m�j�g�u�_ �n�h�j�f�m�e�u �Z) – �p�_�e�e�x�e�h�a�u �b �[) – �Z�e�v�]�b�g�h�\�h�c �d�b�k�e�h�l�u. 

 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �g�Z �h�l�_�q�_�k�l�\�_�g�g�h�f �n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�h�f �j�u�g�d�_ �i�j�Z�d�l�b�q�_�k�d�b 

�h�l�k�m�l�k�l�\�m�x�l �j�h�k�k�b�c�k�d�b�_ �]�_�f�h�k�l�Z�l�b�d�b [5.1.6-5.1.8], �Z �f�g�h�]�b�_ �k�j�_�^�k�l�\�Z �^�e�y �h�k�l�Z�g�h�\�d�b 

�d�j�h�\�h�l�_�q�_�g�b�c, �l�j�Z�^�b�p�b�h�g�g�h �i�j�b�f�_�g�y�_�f�u�_ �\ �f�_�^�b�p�b�g�_, �f�Z�e�h�w�n�n�_�d�l�b�\�g�u �b �g�_ �i�j�b�\�h�^�y�l �d 

�k�g�b�`�_�g�b�x �d�j�h�\�h�i�h�l�_�j�b, �\�u�a�u�\�Z�x�s�_�c �h�i�Z�k�g�u�_ �\�l�h�j�b�q�g�u�_ �h�k�e�h�`�g�_�g�b�y �\ �\�b�^�_ �k�b�g�^�j�h�f�Z 

�^�b�k�k�_�f�b�g�b�j�h�\�Z�g�g�h�]�h �k�\�_�j�l�u�\�Z�g�b�y �d�j�h�\�b, �g�_�d�j�h�a�h�\ �l�d�Z�g�_�c �`�b�a�g�_�g�g�h �\�Z�`�g�u�o �h�j�]�Z�g�h�\ �b �l.� .̂ 

[5.1.9]. �F�h�`�g�h �m�l�\�_�j�`�^�Z�l�v, �q�l�h �i�j�b�f�_�g�_�g�b�_ �f�_�k�l�g�u�o �]�_�f�h�k�l�Z�l�b�d�h�\ �\�u�]�h�^�g�h �_�s�_ �b 

�w�d�h�g�h�f�b�q�_�k�d�b �d�Z�d �^�e�y �d�e�b�g�b�d�b, �l�Z�d �b �^�e�y �k�b�k�l�_�f�u �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y �\ �p�_�e�h�f [5.1.10]. 

�< �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�h�\ �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u: 

�x �i�e�_�g�d�b, �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a 1-3% �j�Z�k�l�\�h�j�h�\ �o�b�l�h�a�Z�g�Z �k M�� = 500 �d�>�Z, �k�l�_�i�_�g�v�x 

�^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y 85% �b �b�g�^�_�d�k�h�f �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 2.5. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �g�Z 

�l�h�g�d�b�o �i�e�_�g�d�Z�o �[�_�e�d�h�\ (�l�h�e�s�b�g�Z 0,02 �f�d�f) �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ 

�j�_�Z�d�p�b�b �i�j�h�l�_�d�Z�x�l �\�h �\�k�_�f �h�[�t�_�f�_ �h�[�j�Z�a�p�Z (�k�f. �j�Z�a�^�_�e 5.1.3). �I�h�w�l�h�f�m �l�h�e�s�b�g�Z 

�o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d �\ �g�Z�k�l�h�y�s�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �k�h�k�l�Z�\�b�e�Z 3,5±1,5 �f�d�f, �q�l�h 
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�i�h�a�\�h�e�b�e�h �f�h�^�b�n�b�p�b�j�h�\�Z�l�v �l�h�e�v�d�h �d�h�g�l�Z�d�l�g�m�x �i�h�\�_�j�o�g�h�k�l�v, �g�_ �a�Z�l�j�Z�]�b�\�Z�y 

�k�\�h�c�k�l�\�Z �h�k�g�h�\�g�h�c �f�Z�k�k�u �f�Z�l�_�j�b�Z�e�Z; 

�x �]�m�[�d�b, �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a: 

- 1-5 % �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_;  

- 0,5% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �b 0,5% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z �\ �m�d�k�m�k�g�h�c 

�d�b�k�e�h�l�_, �k �k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1; 

- 0,5% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �b 0,25% �j�Z�k�l�\�h�j �Z�]�Z�j�Z �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_, �k 

�k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1; 

- 4% �b 10% �j�Z�k�l�\�h�j�h�\ �f�b�d�j�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �p�_�e�e�x�e�h�a�u (�F�D�P); 

�x �\�h�e�h�d�g�Z �p�_�e�e�x�e�h�a�u. 

�I�_�j�_�q�b�k�e�_�g�g�u�_ �f�Z�l�_�j�b�Z�e�u �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �\ �W�I�I �\ �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: 

�� �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ U = 30 �d�<; 

�� Ib = 1,5 – 3,5 �f�: ; 

�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �]�Z�a�u: �d�b�k�e�h�j�h�^, �Z�j�]�h�g, �Z�a�h�l, �Z�f�f�b�Z�d (�Jm = 5 �L�h�j�j), �Z 

�l�Z�d�`�_ �k�f�_�k�v �d�b�k�e�h�j�h�^-�Z�f�f�b�Z�d �k �k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1 (�Jm = 5 

�L�h�j�j); 

�� �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 = 1-15 �f�b�g �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�_�s�_�k�l�\�Z �b �n�h�j�f�u 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�h�]�h �f�Z�l�_�j�b�Z�e�Z. �< �[�h�e�v�r�b�g�k�l�\�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �\�j�_�f�y 

�w�d�k�i�h�a�b�p�b�b �k�h�k�l�Z�\�e�y�e�h 5 �f�b�g; 

�� �\�k�_ �h�[�j�Z�a�p�u �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o, �g�_ �i�j�_�\�u�r�Z�x�s�b�o 60 °�K, 

�q�l�h �b�k�d�e�x�q�Z�e�h �b�o �l�_�i�e�h�\�m�x �^�_�k�l�j�m�d�p�b�x. 

 

�J�b�k. 5.1.23. �N�h�l�h�]�j�Z�n�b�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �^�h �b �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b. 

�Z) -  �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) - �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 1 �f�b�g, �\) - 

�h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 10 �f�b�g. 

�I�e�_�g�d�b �b�a�]�h�l�h�\�e�_�g�u �b�a 2% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ 1% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , �d�b�k�e�h�j�h�^ �i�j�b Pm = 5 �L�h�j�j, �Ls = 60 º�K 

 

�Z �[ �\
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�Z) 

�[) �\) 

�]) � )̂ 

�J�b�k. 5.1.24. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �^�h �b �i�h�k�e�_ �f�h�^�b�n�b�d�Z�p�b�b �\ 

�W�I�I �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ (�m�\�_�e�b�q�_�g�b�_ ×5000): �Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[), �\), �]), � )̂ – �h�[�j�Z�a�p�u, 

�h�[�j�Z�[�h�l�Z�g�g�u�_ �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �Z�j�]�h�g�Z, �Z�a�h�l�Z �b �Z�f�f�b�Z�d�Z, �k�h�h�l�\�_�l�k�l�\�_�g�g�h.  

�I�e�_�g�d�b �b�a�]�h�l�h�\�e�_�g�u �b�a 2% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ 1% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 5 �L�h�j�j, �Ls = 60 º�K, �2 = 10 �f�b�g 
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�Z) �[) 

 

�\) �]) 

 

� )̂ 

�J�b�k. 5.1.25. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �^�h �b �i�h�k�e�_ �f�h�^�b�n�b�d�Z�p�b�b �\ 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ (�m�\�_�e�b�q�_�g�b�_ ×5000): �Z), �[), �\), �]), � )̂ – �h�[�j�Z�a�p�u, 

�h�[�j�Z�[�h�l�Z�g�g�u�_ �\ �d�b�k�e�h�j�h�^�Z, �Z�j�]�h�g�Z, �Z�a�h�l�Z, �Z�f�f�b�Z�d�Z, �k�h�h�l�\�_�l�k�l�\�_�g�g�h.  

�I�e�_�g�d�b �b�a�]�h�l�h�\�e�_�g�u �b�a 2% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ 1% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �m�d�Z�a�Z�g�u �\ �l�_�d�k�l�_. 
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�< �j�y�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �^�e�y �f�h�^�b�n�b�d�Z�p�b�b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �]�b�[�j�b�^�g�m�x 

�i�e�Z�a�f�m �d�b�k�e�h�j�h�^�Z, �Z�j�]�h�g�Z, �Z�a�h�l�Z, �Z�f�f�b�Z�d�Z (�Jm = 5 �L�h�j�j), �Z �l�Z�d�`�_ �k�f�_�k�b �d�b�k�e�h�j�h�^-�Z�f�f�b�Z�d �k 

�k�h�h�l�g�h�r�_�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\ 1:1 (�Jm = 5 �L�h�j�j) �b �]�_�d�k�Z�n�l�h�j�b�^�Z �k�_�j�u SF6 (�Jm = 0,3 �L�h�j�j).  

�<�Q-�j�Z�a�j�y�^ �b�f�_�e �k�e�_�^�m�x�s�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b: �q�Z�k�l�h�l�Z 13,56 �F�=�p, �w�n�n�_�d�l�b�\�g�Z�y �f�h�s�g�h�k�l�v 

20-60 �<�l �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�_�s�_�k�l�\�Z �b �n�h�j�f�u �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�]�h �f�Z�l�_�j�b�Z�e�Z. �<�j�_�f�y 

�h�[�j�Z�[�h�l�d�b �\�Z�j�v�b�j�h�\�Z�e�b �\ �i�j�_�^�_�e�Z�o �2 = 5-60 �f�b�g. �L�Z�d�`�_ �d�Z�d �b �i�j�b �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ �l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�h�\ �\�h �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �k �i�h�f�h�s�v�x 

�B�D-�i�b�j�h�f�_�l�j�Z �b �g�_ �i�j�_�\�u�r�Z�e�Z 60 °�K. �>�e�y �w�n�n�_�d�l�b�\�g�h�]�h �h�l�\�h�^�Z �l�_�i�e�Z �h�l �f�Z�l�_�j�b�Z�e�h�\ 

�i�j�b�f�_�g�y�e�b �k�i�_�p�b�Z�e�v�g�m�x �\�h�^�h�h�o�e�Z�`�^�Z�_�f�m�x �i�h�^�e�h�`�d�m.  

�G�Z �j�b�k. 5.1.23 �i�h�d�Z�a�Z�g �\�g�_�r�g�b�c �\�b� ̂ �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d �^�h �b �i�h�k�e�_ 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z: �m�`�_ �q�_�j�_�a 1 �f�b�g �g�Z�[�e�x�^�Z�e�h�k�v 

�o�Z�j�Z�d�l�_�j�g�h�_ �i�h�`�_�e�l�_�g�b�_ �i�e�_�g�d�b. 

�L�Z�[�e�b�p�Z 5.1.13. �D�h�g�l�Z�d�l�g�u�c �m�]�h�e �k�f�Z�q�b�\�Z�g�b�y �^�e�y �\�h�^�u �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d 
�o�b�l�h�a�Z�g�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �\ �j�Z�a�e�b�q�g�u�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o 
�k�j�_�^�Z�o �\ �l�_�q�_�g�b�_ �2 = 10 �f�b�g 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �A�g�Z�q�_�g�b�_ �d�j�Z�_�\�h�]�h �m�]�e�Z, ° 

�<�j�_�f�y �i�h�k�e�_ 
�h�[�j�Z�[�h�l�d�b 

�K�j�Z�a�m �i�h�k�e�_ 
�f�h�^�b�n�b�d�Z�p�b�b 

14 �^�g�_�c 21 �^�_�g�v 49 �^�g�_�c 

�D�h�g�l�j�h�e�v 

�G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�i�e�_�g�d�Z 

96,95±1,89 91,95±9,29 89,93±3,929 90,64±2,59 

�H2 41,25±2,05 41,25±5,09 37,60±1,98 67,47±9,24 

NH3 52,21±1,26 61,37±1,68 61,08±6,88 62,71±8,38 

O2/NH3 14,46±9,44 27,53±5,28 38,11±6,96 49,17±9,67 
�W�I�I 

Ar 39,56±9,73 49,92±4,83 42,64±3,35 76,27±6,64 

Ar 12,90±7,69 12,95±6,72 11,13±9,38 29,58±1,75 

�H2 0 0 0 13,32±9,42 

NH3 30,85±1,78 55,37±4,88 59,38±3,62 66,95±6,32 

O2/NH3 16,11±5,33 18,35±3,92 35,08±1,73 57,54±9,21 

�=�b�[�j�b�^�g�Z�y 

�i�e�Z�a�f�Z 

SF6 103,23±11,78 103,20±8,67 115,44±17,14 
 

86,30±9,50 
 

 

�F�h�j�n�h�e�h�]�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �b�k�o�h�^�g�h�c �i�e�_�g�d�b �o�b�l�h�a�Z�g�Z �b �i�e�_�g�h�d, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\, �i�h�d�Z�a�Z�g�Z �g�Z SEM-

�b�a�h�[�j�Z�`�_�g�b�y�o (�J�b�k. 5.1.24 �b 5.1.25). �< �j�_�a�m�e�v�l�Z�l�_ �W�I�I-�\�h�a�^�_�c�k�l�\�b�y (�h�k�h�[�_�g�g�h �i�j�b 

�]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u �\ �Z�j�]�h�g�_ �b �Z�a�h�l�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o) �i�h�\�_�j�o�g�h�k�l�v �q�Z�k�l�b�q�g�h 
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�^�_�k�l�j�m�d�l�m�j�b�j�m�_�l, �k�l�Z�g�h�\�b�l�k�y �[�h�e�_�_ �k�]�e�Z�`�_�g�g�h�c �b �l�_�j�y�_�l �k�\�h�x �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�v. �G�Z 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �o�b�f�b�q�_�k�d�b �b�g�_�j�l�g�u�o 

�]�Z�a�h�\ (�Z�j�]�h�g�Z �b �Z�a�h�l�Z) �b �Z�f�f�b�Z�d�Z �h�[�g�Z�j�m�`�b�\�Z�x�l�k�y �h�d�j�m�]�e�u�_ �q�Z�k�l�b�p�u �^�b�Z�f�_�l�j�h�f ~20 �g�f. 

�G�Z�b�[�h�e�_�_ �\�u�j�Z�`�_�g�g�u�_ �b�a�f�_�g�_�g�b�y �j�_�e�v�_�n�Z �m �i�e�_�g�h�d, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �H2 

�b SF6: �i�h�y�\�e�y�_�l�k�y �g�_�h�^�g�h�j�h�^�g�u�c �j�Z�a�\�b�l�u�c �j�_�e�v�_�n �b �f�g�h�]�h�q�b�k�e�_�g�g�u�_ �i�h�j�u �b �m�]�e�m�[�e�_�g�b�y 

�j�Z�a�e�b�q�g�h�]�h �j�Z�a�f�_�j�Z, �q�l�h �f�h�`�_�l �[�u�l�v �k�e�_�^�k�l�\�b�_�f �l�j�Z�\�e�_�g�b�y �i�h�\�_�j�o�g�h�k�l�v �i�h� ̂�\�h�a�^�_�c�k�l�\�b�_�f 

�o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z �b �n�l�h�j�Z, �h�[�j�Z�a�m�x�s�b�o�k�y �\ �i�e�Z�a�f�_. 

�D�j�Z�_�\�h�c �m�]�h�e �k�f�Z�q�b�\�Z�g�b�y �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �k�j�_�^�_ �Z�j�]�h�g�Z, 

�d�b�k�e�h�j�h�^�Z (�J�b�k. 5.1.26�[) �b �Z�a�h�l�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o, �k�m�s�_�k�l�\�_�g�g�h �i�h�g�b�`�Z�e�k�y �i�h �k�j�Z�\�g�_�g�b�x 

�k �b�k�o�h�^�g�u�f�b �h�[�j�Z�a�p�Z�f�b, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �j�Z�^�b�d�Z�e�v�g�h�f �m�e�m�q�r�_�g�b�b �]�b�^�j�h�n�b�e�v�g�u�o 

�k�\�h�c�k�l�\. �>�Z�g�g�u�c �w�n�n�_�d�l �[�u�e �k�l�Z�[�b�e�_�g �\ �l�_�q�_�g�b�_ �^�e�b�l�_�e�v�g�h�]�h �\�j�_�f�_�g�b (�Z �^�e�y �h�[�j�Z�a�p�h�\, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ 2 �b �[�h�e�_�_ �f�_�k�y�p�_�\) �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b. �< �l�Z�[�e�b�p�_ 

5.1.13 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �d�j�Z�_�\�h�]�h �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �b �^�b�g�Z�f�b�d�Z �b�a�f�_�g�_�g�b�c 

�]�b�^�j�h�n�b�e�v�g�u�o �k�\�h�c�k�l�\ �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�k�j�_�^�_ �d�b�k�e�h�j�h�^�Z, �Z�f�f�b�Z�d�Z �b �Z�j�]�h�g�Z. �G�Z�b�[�h�e�v�r�m�x �]�b�^�j�h�n�b�e�v�g�h�k�l�v�x �h�[�e�Z�^�Z�e�b �i�e�_�g�d�b, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �\ �d�b�k�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o – �H2 �b �k�f�_�k�b �H2/NH3. �I�h�\�u�r�_�g�b�_ 

�]�b�^�j�h�n�b�e�v�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �k�i�h�k�h�[�g�h �a�g�Z�q�b�l�_�e�v�g�h �m�e�m�q�r�b�l�v �_�]�h �d�h�g�l�Z�d�l �k �j�Z�g�_�\�h�c 

�i�h�\�_�j�o�g�h�k�l�v�x, �k�i�h�k�h�[�k�l�\�h�\�Z�l�v �k�[�h�j�d�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�d�b �Z�d�l�b�\�g�u�o �i�j�h�d�h�Z�]�m�e�y�g�l�g�u�o 

(�g�Z�i�j�b�f�_�j, �i�j�h�l�j�h�f�[�b�g�Z�a�g�u�o) �[�_�e�d�h�\�u�o �d�h�f�i�e�_�d�k�h�\, �k�l�b�f�m�e�b�j�h�\�Z�l�v �Z�^�]�_�a�b�x �b �Z�d�l�b�\�Z�p�b�x 

�l�j�h�f�[�h�p�b�l�h�\ �d�j�h�\�b. �D�Z�d �b �k�e�_�^�h�\�Z�e�h �h�`�b�^�Z�l�v, �i�h�k�e�_ �h�[�j�Z�[�h�l�d�Z �\ �k�j�_�^�_ SF6 �m�k�b�e�b�\�Z�e�Z 

�]�b�^�j�h�n�h�[�g�u�_ �k�\�h�c�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d (�J�b�k. 5.1.24�\). �F�_�l�h�^�h�f EDS 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�h�^�_�j�`�Z�g�b�_ �n�l�h�j�Z �\ �h�[�j�Z�a�p�_ �^�h�k�l�b�]�Z�e�h 5,94%. 

   

�Z) �[) �\) 

�J�b�k. 5.1.26. �B�a�f�_�g�_�g�b�y �]�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�o �k�\�h�c�k�l�\  �i�h�\�_�j�o�g�h�k�l�b �o�b�l�h�a�Z�g�h�\�u�o 

�i�e�_�g�h�d �i�j�b �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_: �Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) �i�e�_�g�d�Z, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �2 = 10 �f�b�g, �\) �i�e�_�g�d�Z, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y �\ SF6 �\ 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_, �2 = 10 �f�b�g 

�I�e�_�g�d�b �b�a�]�h�l�h�\�e�_�g�u �b�a 2% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ 1% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �m�d�Z�a�Z�g�u �\ �l�_�d�k�l�_. 
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�Z) �[) 

�J�b�k. 5.1.27. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �b�a �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �^�h �b �i�h�k�e�_ 

�f�h�^�b�n�b�d�Z�p�b�b �\ �W�I�I �j�Z�a�e�b�q�g�u�o �d�b�k�e�h�j�h�^�Z (�m�\�_�e�b�q�_�g�b�_ ×100): �Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) – 

�h�[�j�Z�a�p�u, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z.  

�=�m�[�d�b, �b�a�]�h�l�h�\�e�_�g�u �b�a 3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_.  

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 5 �L�h�j�j, �Ls = 60 º�K, �2 = 10 �f�b�g 

 

�G�Z �j�b�k. 5.1.27. �i�j�b�\�_�^�_�g�u SEM-�b�a�h�[�j�Z�`�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b �]�m�[�h�d, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a 

3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_, �^�h �b �i�h�k�e�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c 

�h�[�j�Z�[�h�l�d�b, �g�Z �d�h�l�h�j�u�o �\�b�^�g�h, �q�l�h �f�Z�d�j�h�k�l�j�m�d�l�m�j�Z �[�b�h�i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 

�k�h�o�j�Z�g�y�_�l�k�y. �W�l�h �i�h�a�\�h�e�y�_�l �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �i�j�h�q�g�h�k�l�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�Z�l�_�j�b�Z�e�Z �\ �p�_�e�h�f �g�_ �b�a�f�_�g�y�x�l�k�y, �b �h�g �h�k�l�Z�_�l�k�y �i�j�b�]�h�^�g�u�f �b �m�^�h�[�g�u�f 

�^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �o�b�j�m�j�]�b�q�_�k�d�h�c �i�j�Z�d�l�b�d�_. 

�I�j�b �[�h�e�v�r�_�f �m�\�_�e�b�q�_�g�b�b �i�h�\�_�j�o�g�h�k�l�b �\�b�^�g�h �k�]�e�Z�`�b�\�Z�g�b�_ �j�_�e�v�_�n�Z �b �Z�f�h�j�n�b�a�Z�p�b�y 

�i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �i�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y �W�I�I, �g�Z�b�[�h�e�_�_ �a�Z�f�_�l�g�u�_ �\ �k�j�_�^�_ �d�b�k�e�h�j�h�^�Z, 

�Z�f�f�b�Z�d�Z (�J�b�k. 5.1.28). �I�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �]�m�[�d�b �\ �k�f�_�k�b �d�b�k�e�h�j�h�^-�Z�f�f�b�Z�d �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �i�h�y�\�e�y�_�l�k�y �k�e�Z�[�h �\�u�j�Z�`�_�g�g�u�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b. �I�j�b �f�h�^�b�n�b�d�Z�p�b�b �]�m�[�h�d �\ 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z �b �k�f�_�k�b �Z�f�f�b�Z�d-�d�b�k�e�h�j�h�^ �i�j�h�k�o�h�^�b�l �Z�d�l�b�\�g�h�_ �l�j�Z�\�e�_�g�b�_ 

�i�h�\�_�j�o�g�h�k�l�b, �b �i�h�y�\�e�y�_�l�k�y �g�_�h�^�g�h�j�h�^�g�u�c �j�Z�a�\�b�l�u�c �j�_�e�v�_�n �b �f�g�h�]�h�q�b�k�e�_�g�g�u�_ �i�h�j�u �b 

�m�]�e�m�[�e�_�g�b�y �j�Z�a�e�b�q�g�h�]�h �j�Z�a�f�_�j�Z (�J�b�k. 5.1.29). �I�h�o�h�`�b�_ �b�a�f�_�g�_�g�b�y �i�j�h�b�k�o�h�^�y�l �k 

�i�h�\�_�j�o�g�h�k�l�v�x �]�m�[�d�b �b �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �k�j�_�^�_ SF6.  

�D�Z�d �b �\ �k�e�m�q�Z�_ �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �f�h�^�b�n�b�d�Z�p�b�y �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o 

�]�m�[�h�d �\ SF6 �\�u�a�u�\�Z�e�Z �b�a�f�_�g�_�g�b�y �b�o �]�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�o �k�\�h�c�k�l�\, �q�l�h �[�u�e�h 

�h�k�h�[�_�g�g�h �a�Z�f�_�l�g�h �i�j�b �h�[�j�Z�[�h�l�d�_ �]�m�[�h�d �b�a �F�D�P. �B�k�o�h�^�g�u�_ �F�D�P �]�m�[�d�b �f�]�g�h�\�_�g�g�h 

�\�i�b�l�u�\�Z�e�b �\�h�^�m, �\ �l�h �\�j�_�f�y �d�Z�d �h�[�j�Z�[�h�l�Z�g�g�u�_ �\�h �n�l�h�j�k�h�^�_�j�`�Z�s�_�c �k�j�_�^�_ �i�j�b�h�[�j�_�l�Z�e�b 

�\�u�j�Z�`�_�g�g�m�x �b �m�k�l�h�c�q�b�\�m�x �]�b�^�j�h�n�h�[�g�h�k�l�v (�L�Z�[�e�b�p�Z 5.1.14).  
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�Z) 

�[) �\) 

�]) � )̂ 
�J�b�k. 5.1.28. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �b�a �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �^�h �b �i�h�k�e�_ 
�f�h�^�b�n�b�d�Z�p�b�b �\ �W�I�I �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ (�m�\�_�e�b�q�_�g�b�_ ×5000): �Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[), �\), 
�]), � )̂ – �h�[�j�Z�a�p�u, �h�[�j�Z�[�h�l�Z�g�g�u�_ �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �Z�j�]�h�g�Z, �Z�f�f�b�Z�d�Z �b �k�f�_�k�b �d�b�k�e�h�j�h�^-
�Z�f�f�b�Z�d 1:1 �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �=�m�[�d�b, �b�a�]�h�l�h�\�e�_�g�u �b�a 3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ 
�m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 5 �L�h�j�j, �Ls = 60 º�K, �2 = 5 
�f�b�g 
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�Z) �[) 

�\) �]) 

 

� )̂ 
�J�b�k. 5.1.29. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �b�a �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �^�h �b �i�h�k�e�_ 
�f�h�^�b�n�b�d�Z�p�b�b �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ (�m�\�_�e�b�q�_�g�b�_ ×5000): �Z) – �b�k�o�h�^�g�u�c 
�h�[�j�Z�a�_�p, �[), �\), �]), � )̂ – �h�[�j�Z�a�p�u, �h�[�j�Z�[�h�l�Z�g�g�u�_ �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �Z�j�]�h�g�Z, �Z�f�f�b�Z�d�Z �b �k�f�_�k�b 
�d�b�k�e�h�j�h�^-�Z�f�f�b�Z�d 1:1 �b �]�_�d�k�Z�n�l�h�j�b�^�Z �k�_�j�u �k�h�h�l�\�_�l�k�l�\�_�g�g�h.  
�=�m�[�d�b, �b�a�]�h�l�h�\�e�_�g�u �b�a 3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �m�d�Z�a�Z�g�u �\ �l�_�d�k�l�_.  
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�B�a�f�_�g�_�g�b�_ �k�f�Z�q�b�\�Z�_�f�h�k�l�b �k�\�y�a�Z�g�h �k �n�h�j�f�b�j�h�\�Z�g�b�_�f �g�Z �i�h�\�_�j�o�g�h�k�l�b �]�m�[�h�d, 

�i�h�e�m�q�_�g�g�u�o �b�a �i�h�e�b�k�Z�o�Z�j�b�^�h�\,  �n�l�h�j�k�h�^�_�j�`�Z�s�b�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i, �g�Z�e�b�q�b�_ 

�d�h�l�h�j�u�o �[�u�e�h �i�h�^�l�\�_�j�`�^�_�g�h �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�_�c (�i�h�y�\�e�_�g�b�_ �i�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y �k �� = 

720,85 �k�f-1, �k�f. �j�b�k. 5.1.30) �b �f�_�l�h�^�h�f EDS (�k�h�^�_�j�`�Z�g�b�_ �n�l�h�j�Z �\ �h�[�j�Z�a�p�_ �^�h�k�l�b�]�Z�e�h 

5,33%). �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �^�Z�g�g�u�c �w�n�n�_�d�l �a�Z�\�b�k�_�e �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �b �\ �m�k�e�h�\�b�y�o 

�w�d�k�i�_�j�b�f�_�g�l�Z �h�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y �f�h�^�b�n�b�d�Z�p�b�b �k�h�k�l�Z�\�b�e�h 30 �f�b�g. 

 
�L�Z�[�e�b�p�Z 5.1.14. �D�h�g�l�Z�d�l�g�u�c �m�]�h�e �k�f�Z�q�b�\�Z�g�b�y �^�e�y �\�h�^�u �i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �b�a 
�f�b�d�j�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �p�_�e�e�x�e�h�a�u, �h�[�j�Z�[�h�l�Z�g�g�h�c �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �]�_�d�k�Z�n�l�h�j�b�^�Z 
�k�_�j�u �\ �l�_�q�_�g�b�_ �2 = 30 �f�b�g 

 �A�g�Z�q�_�g�b�_ �d�j�Z�_�\�h�]�h �m�]�e�Z, ° 

�<�j�_�f�y �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �Q�_�j�_�a 24 �q�Z�k�Z �Q�_�j�_�a 30 �^�g�_�c   

�D�h�g�l�j�h�e�v 

�G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y �]�m�[�d�Z 

�F�]�g�h�\�_�g�g�h�_ �\�i�b�l�u�\�Z�g�b�_ �F�]�g�h�\�_�g�g�h�_ �\�i�b�l�u�\�Z�g�b�_ 

�=�m�[�d�Z, 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y �\ 
�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ SF6 

110,25±9,08 105,64±8,23 

 

 

�J�b�k. 5.1.30. �B�D-�k�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �]�m�[�d�b �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �^�h �b �i�h�k�e�_ �f�h�^�b�n�b�d�Z�p�b�b �\ 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ SF6: 1 – �g�_�h�[�j�Z�[�h�l�Z�g�g�Z�y �]�m�[�d�Z; 2 – �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ �]�b�[�j�b�^�g�h�c 

�i�e�Z�a�f�_ SF6  

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: �q�Z�k�l�h�l�Z 13,56 �F�=�p, 50 �<�l, Pm = 0,3 �L�h�j�j, U = 30 �d�<, Ib = 1,5 �f�: , �Ls = 

40 º�K �2 = 30 �f�b�g 
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�N�h�j�f�b�j�h�\�Z�g�b�_ �g�h�\�u�o �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �i�e�_�g�h�d �b �]�m�[�h�d �\�k�e�_�^�k�l�\�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y 

�b�k�k�e�_�^�h�\�Z�e�b �k �i�h�f�h�s�v�x �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b. �G�Z �j�b�k. 5.1.31 �\ �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �i�j�b�\�_�^�_�g�u 

�B�D-�k�i�_�d�l�j�u �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z. �B�g�l�_�g�k�b�\�g�u�_ �e�b�g�b�b �i�h�]�e�h�s�_�g�b�y, �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y �o�b�l�b�g�Z �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 

�i�b�d�Z�f �k �� =  3400-3470, 3365, 3300, 2920 �b 2850 �k�f-1, �Z �l�Z�d�`�_ �� = 1422, 1380, 1320 and 1260 

�k�f-1 �g�Z�[�e�x�^�Z�x�l�k�y �\ �k�i�_�d�l�j�Z�o �d�Z�d �g�_�h�[�j�Z�[�h�l�Z�g�g�h�]�h, �l�Z�d �W�I�I-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h 

�o�b�l�h�a�Z�g�Z. �H�^�g�Z�d�h �m �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �h�l�f�_�q�Z�_�l�k�y 

�^�h�i�h�e�g�b�l�_�e�v�g�u�c �i�b�d �k �� = 1735 �k�f-1, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �\�Z�e�_�g�l�g�u�f �d�h�e�_�[�Z�g�b�y�f C=O �\ 

�d�Z�j�[�h�d�k�b�e�v�g�u�o �]�j�m�i�i�Z�o (–�K�H�H�G). �K�j�Z�\�g�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�_�c �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �\ 

�^�b�Z�i�Z�a�h�g�_ �� = 1700-1500 �k�f-1 �i�h�d�Z�a�Z�e�h, �q�l�h �b�g�l�_�g�k�b�\�g�h�k�l�v �i�b�d�Z �� = 1592 �k�f-1 

(�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �^�_�n�h�j�f�Z�p�b�h�g�g�u�f �d�h�e�_�[�Z�g�b�y�f NH2-�]�j�m�i�i) �i�j�Z�d�l�b�q�_�k�d�b �h�^�b�g�Z�d�h�\�h �\ 

�h�[�h�b�o �k�i�_�d�l�j�Z�o. �L�_�f �g�_ �f�_�g�_�_, �k�_�e�_�d�l�b�\�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�v (�j�Z�a�g�h�k�l�v �f�_�`�^�m �a�g�Z�q�_�g�b�y�f�b 

�i�h�]�e�h�s�_�g�b�y �\ �f�Z�d�k�b�f�m�f�_ �b �[�Z�a�h�\�h�c �e�b�g�b�b) �^�e�y �� = 1650 �k�f-1, �d�h�l�h�j�Z�y �k�h�h�l�\�_�l�k�l�\�m�_�l 

�\�Z�e�_�g�l�g�u�f �d�h�e�_�[�Z�g�b�y�f C=O �\ �]�j�m�i�i�_ �:�f�b�  ̂ I, �i�j�b�[�e�b�a�b�l�_�e�v�g�h �g�Z 20% �[�h�e�v�r�_ �m �W�I�I-

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �o�b�l�h�a�Z�g�Z. �L�Z�d�`�_ �g�Z �k�i�_�d�l�j�Z�o �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d �i�h�k�e�_ 

�f�h�^�b�n�b�d�Z�p�b�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �h�l�f�_�q�Z�_�l�k�y �k�g�b�`�_�g�b�_ �b�g�l�_�]�j�Z�e�v�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�e�h�k 

�\ �^�b�Z�i�Z�a�h�g�_ �� = 1250-500 �k�f-1, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o ��-1,4-�]�e�b�d�h�a�b�^�g�u�f �k�\�y�a�y�f. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �o�b�l�h�a�Z�g�h�\�h�c �i�e�_�g�d�b 

�n�h�j�f�b�j�m�x�l�k�y �d�b�k�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�_ �d�Z�j�[�h�g�b�e�v�g�u�_ C=O  �b �d�Z�j�[�h�d�k�b�e�v�g�u�_ �]�j�m�i�i�u –COOH 

�b �i�j�h�b�k�o�h�^�b�l �q�Z�k�l�b�q�g�Z�y �^�_�k�l�j�m�d�p�b�y ��-1,4-�]�e�b�d�h�a�b�^�g�u�o �k�\�y�a�_�c. 

 

�J�b�k. 5.1.31. �B�D-�k�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �g�_�h�[�j�Z�[�h�l�Z�g�g�h�c (�k�i�e�h�r�g�Z�y �e�b�g�b�y) �b 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z (�i�m�g�d�l�b�j�g�Z�y �e�b�g�b�y) �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z. 
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5.2. �;�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-

�h�[�j�Z�[�h�l�d�_ �[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

 

5.2.1. �;�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z 

�>�e�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b�k�k�e�_�^�h�\�Z�e�b �b�o �k�i�h�k�h�[�g�h�k�l�v �b�g�]�b�[�b�j�h�\�Z�l�v �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ in 

vitro, �i�h�k�d�h�e�v�d�m �b�a�\�_�k�l�g�h, �q�l�h �i�j�h�^�m�d�l�u �i�j�h�l�_�h�e�b�l�b�q�_�k�d�h�c �^�_�]�j�Z�^�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�h�[�e�Z�^�Z�x�l �\�u�j�Z�`�_�g�g�u�f �Z�g�l�b�]�j�_�]�Z�p�b�h�g�g�u�f �^�_�c�k�l�\�b�_�f [5.2.1-5.2.3]. 

�< �i�_�j�\�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �b�a�m�q�Z�e�h�k�v �\�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z, �b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (�d�h�g�_�q�g�Z�y 

�d�h�g�p�_�g�l�j�Z�p�b�y 1�u10-5 �F) �b �Z�^�j�_�g�Z�e�b�g�h�f (�d�h�g�_�q�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 2,5�u10-6 M) in vitro. 

�I�h�j�h�r�d�h�h�[�j�Z�a�g�u�c �n�b�[�j�b�g-�f�h�g�h�f�_�j �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �W�I�I �]�_�e�b�y, �d�b�k�e�h�j�h�^�Z �b �i�Z�j�h�\ �\�h�^�u 

�i�j�b �^�Z�\�e�_�g�b�b 40 �L�h�j�j, 5 �L�h�j�j �b 10 �L�h�j�j �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\ �l�_�q�_�g�b�_ 5 �f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 

�h�[�j�Z�a�p�Z Ts = 37 �q�K.  �M�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �k�h�k�l�Z�\�e�y�e�h U = 30 �d�<, �l�h�d �i�m�q�d�Z 

�\�Z�j�v�b�j�h�\�Z�e�k�y �\ �i�j�_�^�_�e�Z�o Ib = 1,5 – 3,5 �f�: . �I�h�^�j�h�[�g�h �i�j�h�p�_�^�m�j�Z �h�[�j�Z�[�h�l�d�b �h�i�b�k�Z�g�Z �\ 

�j�Z�a�^�_�e�_ 5.1. 

�H�[�j�Z�a�p�u �^�e�y �i�j�h�\�_�^�_�g�b�y �[�b�h�e�h�]�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �]�h�l�h�\�b�e�b �k�e�_�^�m�x�s�b�f 

�h�[�j�Z�a�h�f: �g�Z�\�_�k�d�m �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �f�Z�k�k�h�c 10 �f�] �j�Z�k�l�\�h�j�y�e�b �\ 1 �f�e 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�u. �D�h�g�p�_�g�l�j�Z�p�b�x �[�_�e�d�Z �\ �f�Z�l�j�b�q�g�h�f �j�Z�k�l�\�h�j�_ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b�a�f�_�j�y�e�b �f�_�l�h�^�h�f O.H. Lowry (�k�f. �=�e�Z�\�Z II, �j�Z�a�^�_�e 2.3). �A�Z�l�_�f 

�f�Z�l�j�b�q�g�u�c �j�Z�k�l�\�h�j �j�Z�a�\�h�^�b�e�b �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �^�h �^�h�k�l�b�`�_�g�b�y �g�_�h�[�o�h�^�b�f�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b. �:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c 

�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b�a�m�q�Z�e�b �\ �^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c �K=1-10-5 �f�]/�f�e.  

�I�j�h�^�m�d�l�u �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �\�h�^�y�g�h�]�h  �i�Z�j�Z �b�g�]�b�[�b�j�h�\�Z�e�b 

�:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro �b �\�u�a�u�\�Z�e�b �^�h�k�l�h�\�_�j�g�h�_ 

�m�f�_�g�v�r�_�g�b�_ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b �\ �d�h�g�p�_�g�l�j�Z�p�b�y�o 1-10-4 �f�]/�f�e �\ 1,3-1,7  �j�Z�a�Z �i�h 

�k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�_�f (�^�h�[�Z�\�e�_�g�b�_ �\ �[�h�]�Z�l�m�x �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m �l�h�e�v�d�h 

�i�j�h�Z�]�j�_�]�Z�g�l�Z). �I�j�h�^�m�d�l�u �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z �l�Z�d�`�_ �b�g�]�b�[�b�j�h�\�Z�e�b �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ 1,1-1,8 

�j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�v�g�u�f �h�i�u�l�h�f. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h 2-�o �d�j�Z�l�g�h�_ 

�b�g�]�b�[�b�j�h�\�Z�g�b�_ �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�h�c �Z�]�j�_�]�Z�p�b�b �y�\�e�y�_�l�k�y �i�h�d�Z�a�Z�l�_�e�_�f �\�u�k�h�d�h�c 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �k�i�h�k�h�[�g�h�k�l�b �k�h�_�^�b�g�_�g�b�y. �I�j�b �w�l�h�f �k�h�_�^�b�g�_�g�b�y, �i�h�e�m�q�_�g�g�u�_ �k 

�h�[�j�Z�[�h�l�d�h�c �b�k�o�h�^�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ �i�Z�j�h�\ �\�h�^�u �b�e�b �d�b�k�e�h�j�h�^�Z, 

�b�g�]�b�[�b�j�h�\�Z�e�b �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x �\ �k�j�_�^�g�_�f 1,2 �j�Z�a�Z 
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�w�n�n�_�d�l�b�\�g�_�_, �q�_�f �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �i�e�Z�a�f�_ �]�_�e�b�y (�J�b�k. 5.2.1), �q�l�h 

�i�h�^�l�\�_�j�`�^�Z�_�l �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v �g�b�a�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�o �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p, 

�h�[�j�Z�a�m�x�s�b�o�k�y �\  �W�I�I �i�Z�j�h�\ �\�h�^�u �b �d�b�k�e�h�j�h�^�Z, �\ �i�j�h�p�_�k�k�_ �f�h�^�b�n�b�d�Z�p�b�b.  

�J�b�k. 5.2.1. �<�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �i�h�e�m�q�_�g�g�u�o �\ �i�e�Z�a�f�_ �i�Z�j�h�\ 

�\�h�^�u (�N�F-�G2�H) �b �\ �i�e�Z�a�f�_ �]�_�e�b�y (�N�F-�G�_),  �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro, 

�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (1�u10-5 �F) 

 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�j�h�^�m�d�l�u �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �h�[�e�Z�^�Z�e�b �\�u�j�Z�`�_�g�g�u�f�b �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �w�n�n�_�d�l�b�\�g�h 

�b�g�]�b�[�b�j�h�\�Z�e�b �l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x in vitro �b �h�k�l�Z�\�Z�e�b�k�v �k�l�Z�[�b�e�v�g�u�f�b �\ �l�_�q�_�g�b�_ 

�a�g�Z�q�b�l�_�e�v�g�h�]�h �i�j�h�f�_�`�m�l�d�Z �\�j�_�f�_�g�b. 

 �< �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�k�h�_�^�b�g�_�g�b�c, �h�[�j�Z�a�h�\�Z�g�g�u�o �\ �j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z 

�\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z, �b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (1�u10-5 

�F) in vitro.  

�P�_�e�v�x �^�Z�g�g�h�]�h �j�Z�a�^�_�e�Z �j�Z�[�h�l�u �[�u�e�h:  

1) �b�k�k�e�_�^�h�\�Z�l�v �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�m�x �Z�d�l�b�\�g�h�k�l�v �b�g�^�b�\�b�^�m�Z�e�v�g�u�o 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z;  

2) �\�u�y�\�b�l�v �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �k�h�_�^�b�g�_�g�b�y, �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�h �b�g�]�b�[�b�j�m�x�s�b�_ 

�l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x; 
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�D�h�g�p�_�g�l�j�Z�p�b�y �K �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-
�f�h�g�h�f�_�j�Z, �f�]/�f�e 
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1�u1001�u10-1 1�u10-31�u10-41�u10-5�D�h�g�l�j�h�e�v:  
�K = 0 �f�]/�f�e 
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3) �k�j�Z�\�g�b�l�v �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�m�x �Z�d�l�b�\�g�h�k�l�v �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, 

�i�h�e�m�q�_�g�g�u�o �W�I�I-�f�h�^�b�n�b�d�Z�p�b�_�c �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �k �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �k�i�h�k�h�[�g�h�k�l�v�x 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �l�j�Z�^�b�p�b�h�g�g�h�]�h �o�b�f�b�q�_�k�d�h�]�h 

�k�b�g�l�_�a�Z. 

  �N�j�Z�d�p�b�b �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �[�u�e�b �h�l�h�[�j�Z�g�u �k �i�h�f�h�s�v�x �o�j�h�f�Z�l�h�]�j�Z�n�Z “�K�l�Z�c�_�j”, �g�Z �d�h�e�h�g�d�_ 

“Phenomenex” BioSep-Sec-S-3000. �>�e�y �w�e�x�b�j�h�\�Z�g�b�y �n�j�Z�d�p�b�c �b�k�i�h�e�v�a�h�\�Z�e�b �n�h�k�n�Z�l�g�u�c 

�[�m�n�_�j, �k�h�^�_�j�`�Z�s�b�c 0,025 �f�h�e�v/�d�] �D�G2�J�H4 �b 0,025 �f�h�e�v/�d�] Na2HPO4 (�j�G=6,86). 

�D�h�g�p�_�g�l�j�Z�p�b�x �[�_�e�d�Z �\ �d�Z�`�^�h�c �n�j�Z�d�p�b�b �h�i�j�_�^�_�e�y�e�b �i�h �f�_�l�h�^�m O.H. Lowry (�k�f. �=�e�Z�\�Z II, 

�j�Z�a�^�_�e 2.3) �i�j�b �^�e�b�g�_ �\�h�e�g�u �� = 750 �g�f. �<�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y �b �k�h�^�_�j�`�Z�g�b�_ �[�_�e�d�Z �\ �d�Z�`�^�h�c 

�n�j�Z�d�p�b�b �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 5.2.1. 

   
�L�Z�[�e�b�p�Z 5.2.1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z (�\�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y, �f�b�g �b �d�h�g�p�_�g�l�j�Z�p�b�y �[�_�e�d�Z, 
�f�d�]/�f�e) �n�j�Z�d�p�b�c, �i�h�e�m�q�_�g�g�u�o �i�j�b �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �n�b�[�j�b�g-
�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, I b = 1,5 �f�: , Pm = 10 �L�h�j�j, �2 = 5 �f�b�g 
 
�‹  �n�j�Z�d�p�b�b �<�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y, �f�b�g �D�h�g�p�_�g�l�j�Z�p�b�y �[�_�e�d�Z, �f�d�]/�f�e 

1 10,0-10,5 750 
2 10,5-11,5 225 
3 11,5-12,0 123 
4 12,0-12,5 130 
5 12,5-13,0 210 
6 13,0-13,5 225 
7 13,5-14,0 150 
8 14,0-14,5 147 
9 14,5-15,0 160 
10 15,0-16,0 90 

 

 �I�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �\�e�b�y�g�b�y �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-

�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �d�h�g�p�_�g�l�j�Z�p�b�x �[�_�e�d�Z �\ �d�Z�`�^�h�c 

�b�a �\�u�^�_�e�_�g�g�u�o �n�j�Z�d�p�b�c �^�h�\�h�^�b�e�b �^�h 100 �f�d�]/�f�e (�\�h �n�j�Z�d�p�b�b �‹ 10 �d�h�g�p�_�g�l�j�Z�p�b�y �[�_�e�d�Z 

�k�h�k�l�Z�\�b�e�Z 90 �f�d�]/�d�]) �i�m�l�_�f �j�Z�a�[�Z�\�e�_�g�b�y �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �D�h�g�_�q�g�Z�y 

�d�h�g�p�_�g�l�j�Z�p�b�y �K �b�k�k�e�_�^�m�_�f�u�o �i�_�i�l�b�^�h�\ �\ �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�_ �k�h�k�l�Z�\�b�e�Z  10 

�f�d�]/�f�e. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 5.2.2. 

 �K�h�_�^�b�g�_�g�b�_, �b�f�_�x�s�_�_ �\�j�_�f�y �\�u�o�h�^�Z �\ �i�j�_�^�_�e�Z�o 10,0-10,5 �f�b�g (�n�j�Z�d�p�b�y �‹ 1), �g�_ 

�\�e�b�y�e�h �g�Z �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\. �G�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�_�i�l�b�^�u 

�n�j�Z�d�p�b�c �‹�‹  7-10 �l�Z�d�`�_ �g�_ �\�u�a�u�\�Z�e�b �^�h�k�l�h�\�_�j�g�h�]�h �b�g�]�b�[�b�j�h�\�Z�g�b�y �l�j�h�f�[�h�p�b�l�Z�j�g�h�c 

�Z�d�l�b�\�g�h�k�l�b.  �I�_�i�l�b�^�u �n�j�Z�d�p�b�c �‹�‹  2-6 �k�g�b�`�Z�e�b �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �\ 1,5-2,2 �j�Z�a�Z 

�i�h �k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�_�f (�^�h�[�Z�\�e�_�g�b�_ �\ �[�h�]�Z�l�m�x �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m �l�h�e�v�d�h �:�>�N). 
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�K�j�_�^�b �n�j�Z�d�p�b�c �‹�‹  2-6 �f�Z�d�k�b�f�Z�e�v�g�u�f �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�f �w�n�n�_�d�l�h�f  �h�[�e�Z�^�Z�e 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�c �i�_�i�l�b�^, �b�f�_�x�s�b�c �\�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y 12,0-12,5 �f�b�g (�n�j�Z�d�p�b�y �‹ 4), 

�l.�_. �i�j�h�^�m�d�l �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�i�j�_�^�_�e�y�x�s�b�c�k�y �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �\�k�_�o 

�h�[�j�Z�a�p�h�\, �b�g�]�b�[�b�j�h�\�Z�\�r�b�o �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\. �>�Z�g�g�u�c �i�_�i�l�b�^ �k�g�b�`�Z�e 

�l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x �k 60,1�r7,0% (�d�h�g�l�j�h�e�v�g�u�c �h�i�u�l) �^�h 26,8�r2,2%, �l.�_. �[�h�e�_�_ �q�_�f 

�\ 2 �j�Z�a�Z (�J�b�k. 5.2.2). �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h 2-�o �d�j�Z�l�g�h�_ �b�g�]�b�[�b�j�h�\�Z�g�b�_ �:�>�N-

�b�g�^�m�p�b�j�h�\�Z�g�g�h�c �Z�]�j�_�]�Z�p�b�b �y�\�e�y�_�l�k�y �i�h�d�Z�a�Z�l�_�e�_�f �\�u�k�h�d�h�c �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c 

�k�i�h�k�h�[�g�h�k�l�b �k�h�_�^�b�g�_�g�b�y. 
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�J�b�k. 5.2.2. �<�e�b�y�g�b�_ �n�j�Z�d�p�b�c �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\ (�K =10 �f�d�]/�f�e), �i�h�e�m�q�_�g�g�u�o 

�i�j�b �h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u (�2 = 5 �f�b�g), �g�Z �Z�]�j�_�]�Z�p�b�x 

�l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro, �b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (1�u10-5 �F) 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j, �2 = 5 �f�b�g 

 

�I�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �i�e�Z�a�f�_ �\�h�^�y�g�h�]�h �i�Z�j�Z �b �]�_�e�b�y �\ 

�^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c 1-10-3 �f�]/�f�e �l�Z�d�`�_ �b�g�]�b�[�b�j�h�\�Z�e�b �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ in vitro, 

�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�^�j�_�g�Z�e�b�g�h�f 1,3-1,6 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �d�h�g�l�j�h�e�v�g�u�f �h�i�u�l�h�f 

(�^�h�[�Z�\�e�_�g�b�_ �\ �[�h�]�Z�l�m�x �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�m �l�h�e�v�d�h �i�j�h�Z�]�j�_�]�Z�g�l�Z). �D�Z�d �n�b�[�j�b�g-�f�h�g�h�f�_�j, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �i�e�Z�a�f�_ �\�h�^�y�g�h�]�h �i�Z�j�Z, �l�Z�d �b �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I 

�]�_�e�b�y, �h�d�Z�a�u�\�Z�e�b �h�^�b�g�Z�d�h�\�u�c �i�h �k�\�h�_�c �k�b�e�_ �w�n�n�_�d�l �g�Z �Z�^�j�_�g�Z�e�b�g-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x 

�Z�]�j�_�]�Z�p�b�x (�L�Z�[�e�b�p�Z 5.2.2). �I�j�b �w�l�h�f �l�Z�d�`�_ �h�l�f�_�q�Z�e�h�k�v �k�g�b�`�_�g�b�_ �k�d�h�j�h�k�l�b �Z�^�j�_�g�Z�e�b�g-

�b�g�^�m�p�b�j�h�\�Z�g�g�h�c �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\ (�L�Z�[�e�b�p�Z 5.2.2). �:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z 

�i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �i�h�e�g�h�k�l�v�x �k�h�o�j�Z�g�y�e�b�k�v 

�\ �l�_�q�_�g�b�_ �r�_�k�l�b �f�_�k�y�p�_�\ �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b.  



 197 
 

�I�j�b �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�f �Z�g�Z�e�b�a�_ �f�b�d�j�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �p�_�e�e�x�e�h�a�u, 

�h�[�j�Z�[�h�l�Z�g�g�h�c �\ �W�I�I, �[�u�e�Z �h�[�g�Z�j�m�`�_�g�Z �e�_�\�m�e�b�g�h�\�Z�y �d�b�k�e�h�l�Z, �d�h�l�h�j�Z�y �h�[�j�Z�a�m�_�l�k�y �d�Z�d 

�i�j�h�^�m�d�l �^�_�]�b�^�j�Z�l�Z�p�b�b �]�_�d�k�h�a �b �b�f�_�_�l �o�Z�j�Z�d�l�_�j�g�h�_ �\�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y 12,3-12,5 �f�b�g. 

�M�q�b�l�u�\�Z�y, �q�l�h �n�b�[�j�b�g-�f�h�g�h�f�_�j �y�\�e�y�_�l�k�y �]�e�b�d�h�i�j�h�l�_�b�g�h�f, �l.�_. �_�]�h �f�h�e�_�d�m�e�u �k�h�^�_�j�`�Z�l 

�m�]�e�_�\�h�^�g�u�c �d�h�f�i�h�g�_�g�l, �\ �k�h�k�l�Z�\ �d�h�l�h�j�h�]�h �\�o�h�^�y�l �i�_�g�l�h�a�Z, �]�_�d�k�h�a�u (�h�k�g�h�\�g�u�_ – �f�Z�g�g�h�a�Z �b 

�]�Z�e�Z�d�l�h�a�Z) (1,3-4,6%), �]�_�d�k�h�a�Z�f�b�g (1,1%), �k�b�Z�e�h�\�Z�y �d�b�k�e�h�l�Z (0,64-0,89%), �l�h �i�j�b �_�]�h �W�I�I-

�^�_�k�l�j�m�d�p�b�b �f�h�`�_�l �l�Z�d�`�_ �\�u�^�_�e�y�l�v�k�y �e�_�\�m�e�b�g�h�\�Z�y �d�b�k�e�h�l�Z, �d�h�l�h�j�Z�y �f�h�`�_�l �\�e�b�y�l�v �g�Z 

�l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x. �I�h�w�l�h�f�m �\ �h�l�^�_�e�v�g�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�b 

�b�k�k�e�_�^�h�\�Z�g�h �^�_�c�k�l�\�b�_ �e�_�\�m�e�b�g�h�\�h�c �d�b�k�e�h�l�u �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z, 

�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N in vitro.  

 
�L�Z�[�e�b�p�Z 5.2.2. �<�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �i�h�e�m�q�_�g�g�u�o �\ 
�i�e�Z�a�f�_ �i�Z�j�h�\ �\�h�^�u (�N�F-�G2�H) �b �\ �i�e�Z�a�f�_ �]�_�e�b�y (�N�F-�G�_),  �g�Z �k�l�_�i�_�g�v �b �k�d�h�j�h�k�l�v 
�Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro, �b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�^�j�_�g�Z�e�b�g�h�f (2,5�u10-6 M) 
 

�D�h�g�p�_�g�l�j�Z�p�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, 

�f�]/�f�e 

 �I�h�d�Z�a�Z�l�_�e�v 

�D�h�g�l�j�h�e�v 
�Z�^�j�_�g�Z�e�b�g 
2,5�u10-6 M 

1�u10-3 1�u10-2 1�u10-1 1 

�:�]�j�_�]�Z�p�b�y 
�l�j�h�f�[�h�p�b�l�h�\, 

Amax;%   

60,7±1,7 35,3±2,8 
* 

32,7±2,5 
* 

31,2±2,8 
* 

31,2±2,7 
* 

�N�F-�G2�H 

�K�j�_�^�g�y�y 
�k�d�h�j�h�k�l�v 

�Z�]�j�_�]�Z�p�b�b, 
%/�f�b�g 

44,8±2,6 
 

30,8±2,1 
* 

24,1±1,8 
* 

28,3±1,6 
* 

23,9±1,8 
* 

�:�]�j�_�]�Z�p�b�y 
�l�j�h�f�[�h�p�b�l�h�\, 

Amax;%   

60,7±1,7 35,1±1,7 
* 

33,4±4,1 
* 

32,5±3,7 
* 

30,3±2,3 
* 

�N�F-�G�_ 

�K�j�_�^�g�y�y 
�k�d�h�j�h�k�l�v 

�Z�]�j�_�]�Z�p�b�b, 
%/�f�b�g 

44,8±2,6 
 

25,2±3,1 
* 

22,1±3,1 
* 

23,9±2,7 
* 

21,1±2,2 
* 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x �Z�^�j�_�g�Z�e�b�g 2,5×10-6 M (�j��0,05) 

�:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�Z�y �Z�d�l�b�\�g�h�k�l�v �e�_�\�m�e�b�g�h�\�h�c �d�b�k�e�h�l�u (“Sigma”, �K�R�:) �[�u�e�Z 

�b�a�m�q�_�g�Z �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c (�d�h�g�_�q�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b (1-100 �f�d�]/�f�e). 

�H�^�g�Z�d�h �g�b �\ �h�^�g�h�c �b�a �b�k�k�e�_�^�h�\�Z�g�g�u�o �^�h�a �e�_�\�m�e�b�g�h�\�Z�y �d�b�k�e�h�l�Z �g�_ �b�g�]�b�[�b�j�h�\�Z�e�Z 

�l�j�h�f�[�h�p�b�l�Z�j�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ (�L�Z�[�e�b�p�Z 5.2.3). 

�< �d�Z�q�_�k�l�\�_ �d�h�g�l�j�h�e�v�g�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �[�u�e�h �j�Z�k�k�f�h�l�j�_�g�h �^�_�c�k�l�\�b�_ �g�Z �Z�]�j�_�]�Z�p�b�x 

�l�j�h�f�[�h�p�b�l�h�\ in vitro �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b �;�K�:. �L�Z�d �d�Z�d �;�K�: �g�_ 
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�\�e�b�y�_�l �g�Z �l�j�h�f�[�h�p�b�l�Z�j�g�m�x �Z�]�j�_�]�Z�p�b�x, �l�h �b�a�m�q�_�g�b�_ �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\ �i�j�h�^�m�d�l�h�\ 

�W�I�I-�h�[�j�Z�[�h�l�d�b �Z�e�v�[�m�f�b�g�Z �f�h�`�_�l �k�e�m�`�b�l�v �d�h�g�l�j�h�e�v�g�u�f �w�d�k�i�_�j�b�f�_�g�l�h�f �i�j�b 

�b�k�k�e�_�^�h�\�Z�g�b�b �\�h�a�f�h�`�g�h�k�l�b �i�h�e�m�q�_�g�b�y �b�g�]�b�[�b�l�h�j�h�\ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b 

�i�h�k�j�_�^�k�l�\�h�f �W�I�I-�h�[�j�Z�[�h�l�d�b �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e. �;�K�: �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ 

�l�_�o �`�_ �m�k�e�h�\�b�y�o, �q�l�h �n�b�[�j�b�g-�f�h�g�h�f�_�j: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 �L�h�j�j, �2 = 2,5-10 

�f�b�g. �< �j�_�a�m�e�v�l�Z�l�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �;�K�: (�d�h�g�_�q�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �\ �[�h�]�Z�l�h�c 

�l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�_ 500 �f�d�]/�f�e) �g�_ �i�j�b�h�[�j�_�e �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\ �b �g�_ 

�b�g�]�b�[�b�j�h�\�Z�e �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro (�L�Z�[�e�b�p�Z 

5.2.4). 

�L�Z�[�e�b�p�Z 5.2.3. �<�e�b�y�g�b�_ �e�_�\�m�e�b�g�h�\�h�c �d�b�k�e�h�l�u �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in 
vitro, �b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (1�u10-5 �F), (�: max, %) 
 

�D�h�g�_�q�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �e�_�\�m�e�b�g�h�\�h�c �d�b�k�e�h�l�u, �f�d�]/�f�e �:�>�N 
1�u10-5 M 

(�d�h�g�l�j�h�e�v) 
100 50 25 10 5 1 

67,2�r1,7 69,0�r2,6 68,2�r3,3 67,7�r2,2 63,7�r3,5 65,6�r2,7 69,7�r2,8 

 

�L�Z�[�e�b�p�Z 5.2.4. �<�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �^�_�]�j�Z�^�Z�p�b�b �[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z, 
�i�h�e�m�q�_�g�g�u�o �\ �i�e�Z�a�f�_ �i�Z�j�h�\ �\�h�^�u, �g�Z  �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro, 
�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �:�>�N (1�u10-5 �F) (�: max, %) 
 

�<�j�_�f�y �W�I�I-�h�[�j�Z�[�h�l�d�b �;�K�: �:�>�N 
1�u10-5 �F 
�D�h�g�l�j�h�e�v 

�G�Z�l�b�\�g�u�c �;�K�: 
�2 = 2,5 �f�b�g �2 = 5 �f�b�g �2 = 10 �f�b�g 

69,1�r1,2 61,5�r4,1 64,5�r1,9 67,2�r1,1 63,7�r3,8 

 
�< �h�l�^�_�e�v�g�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �j�Z�k�k�f�Z�l�j�b�\�Z�e�b �^�_�c�k�l�\�b�_ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�W�I�I �i�j�b�f�_�k�_�c �g�_�[�_�e�d�h�\�h�c �i�j�b�j�h�^�u, �k�h�^�_�j�`�Z�s�b�o�k�y  �\ �h�[�j�Z�a�p�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. 

�I�j�h�\�_�^�_�g�b�_ �i�h�^�h�[�g�u�o �d�h�g�l�j�h�e�v�g�u�o �h�i�u�l�h�\ �[�u�e�h �g�_�h�[�o�h�^�b�f�h, �l�Z�d �d�Z�d �i�j�h�^�m�d�l�u �W�I�I 

�f�h�^�b�n�b�d�Z�p�b�b �i�j�b�f�_�k�_�c �\ �i�j�b�g�p�b�i�_ �f�h�]�e�b �i�j�b�h�[�j�_�k�l�b �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z. 

�I�e�Z�a�f�_�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �i�j�b�f�_�k�_�c �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �\ �l�_�o �`�_ �m�k�e�h�\�b�y�o, �q�l�h �b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z. �I�j�b�f�_�k�b �^�h�[�Z�\�e�y�e�b �d �[�h�]�Z�l�h�c �l�j�h�f�[�h�p�b�l�Z�f�b �i�e�Z�a�f�_ �\ �d�h�g�p�_�g�l�j�Z�p�b�y�o, 

�w�d�\�b�\�Z�e�_�g�l�g�u�o �b�o �k�h�^�_�j�`�Z�g�b�x �\ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�f �h�[�j�Z�a�p�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. �;�u�e�h 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�[�j�Z�[�h�l�d�Z �i�j�b�f�_�k�_�c, �\�o�h�^�y�s�b�o �\ �k�h�k�l�Z�\ �h�[�j�Z�a�p�Z, �g�_ �k�h�h�[�s�Z�e�Z  �b�f 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\, �b �^�h�k�l�h�\�_�j�g�h�]�h �k�g�b�`�_�g�b�y �Z�]�j�_�]�Z�p�b�b �g�_ �i�j�h�b�k�o�h�^�b�e�h 

(�Z�]�j�_�]�Z�p�b�y �k�h�k�l�Z�\�b�e�Z 66�r3% �\ �d�h�g�l�j�h�e�_ �b 65�r2% �i�j�b �i�j�b�f�_�g�_�g�b�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�W�I�I �i�j�b�f�_�k�_�c). 

�>�Z�e�_�_ �[�u�e�Z �i�j�h�\�_�^�_�g�Z �k�j�Z�\�g�b�l�_�e�v�g�Z�y �h�p�_�g�d�Z �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�b 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �n�h�j�f�b�j�m�x�s�b�o�k�y �i�j�b �W�I�I-�h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b 
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�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �l�j�Z�^�b�p�b�h�g�g�h�]�h �o�b�f�b�q�_�k�d�h�]�h 

�k�b�g�l�_�a�Z. �>�e�y �k�j�Z�\�g�_�g�b�y �[�u�e�b �\�u�[�j�Z�g�u �l�j�b �i�_�i�l�b�^�Z, �y�\�e�y�x�s�b�_�k�y �i�h�l�_�g�p�b�Z�e�v�g�u�f�b 

�[�e�h�d�Z�l�h�j�Z�f�b �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\: H-Ala-Arg-Gly-Asp-Ser-NH2 (ARGDS-NH2); 

�p�b�d�e�b�q�_�k�d�b�c �i�_�i�l�b�^ Arg-Gly-Asp-dPhe-Lys (RGD-dFK); �b Val-Pro-Asn-Leu-Arg-Gly-Asp-

Leu-Gln-Val-Leu-Ala (VPNLRGDLQVLA), �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_ �\ �N�=�M�I «�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c 

�G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �B�g�k�l�b�l�m�l �]�_�g�_�l�b�d�b �b �k�_�e�_�d�p�b�b �i�j�h�f�u�r�e�_�g�g�u�o 

�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\» (�]. �F�h�k�d�\�Z). 

�< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�_�i�l�b�^�u ARGDS-NH2 

�b RGD-dFK �k�g�b�`�Z�e�b �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �\ 2 �j�Z�a�Z �\ �d�h�g�_�q�g�u�o 

�d�h�g�p�_�g�l�j�Z�p�b�y�o 175 �f�d�]/�f�e �b 150 �f�d�]/�f�e, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �I�_�i�l�b� ̂ VPNLRGDLQVLA 

�i�j�Z�d�l�b�q�_�k�d�b �g�_ �\�e�b�y�e �g�Z �k�i�h�k�h�[�g�h�k�l�v �l�j�h�f�[�h�p�b�l�h�\ �d �Z�]�j�_�]�Z�p�b�b: �^�Z�g�g�h�_ �k�h�_�^�b�g�_�g�b�_ 

�m�f�_�g�v�r�Z�e�h �:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �\ �k�j�_�^�g�_�f �\ 1,5 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k 

�d�h�g�l�j�h�e�v�g�u�f �w�d�k�i�_�j�b�f�_�g�l�h�f �\ �^�b�Z�i�Z�a�h�g�_ �d�h�g�_�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�c 0,18-1,8 �f�]/�f�e [5.2.4, 

5.2.5]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�c �w�n�n�_�d�l �i�_�i�l�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�h�k�j�_�^�k�l�\�h�f 

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �i�j�_�\�h�k�o�h�^�b�e �b�g�]�b�[�b�j�m�x�s�_�_ 

�^�_�c�k�l�\�b�_ �i�_�i�l�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �d�e�Z�k�k�b�q�_�k�d�b�o �o�b�f�b�q�_�k�d�b�o �f�_�l�h�^�h�\. 

�:�g�Z�e�b�a �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �i�h�a�\�h�e�b�e �j�_�d�h�f�_�g�^�h�\�Z�l�v �i�j�h�^�m�d�l�u �W�I�I-

�h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �^�e�y �^�Z�e�v�g�_�c�r�_�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �b�o �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c 

�Z�d�l�b�\�g�h�k�l�b  �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o ex vivo. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h �b�g�]�b�[�b�j�h�\�Z�g�b�_ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b  

�p�_�e�b�d�h�f �k�\�y�a�Z�g�h �k �\�h�a�^�_�c�k�l�\�b�_�f �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �k�Z�f�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �Z 

�b�f�_�g�g�h �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c 

�f�h�^�b�n�b�d�Z�p�b�b. �I�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�Z�y �^�_�k�l�j�m�d�p�b�y �[�_�e�d�h�\ �f�h�`�_�l �y�\�e�y�l�v�k�y �Z�e�v�l�_�j�g�Z�l�b�\�g�u�f 

�i�h�o�h�^�h�f �^�e�y �k�h�a�^�Z�g�b�y �g�h�\�u�o �w�n�n�_�d�l�b�\�g�u�o �i�_�i�l�b�^�g�u�o �b�g�]�b�[�b�l�h�j�h�\ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c 

�Z�]�j�_�]�Z�p�b�b, �h�[�e�Z�^�Z�x�s�b�f �g�_�k�h�f�g�_�g�g�u�f�b �i�j�_�b�f�m�s�_�k�l�\�Z�f�b �i�_�j�_�^ �k�m�s�_�k�l�\�m�x�s�b�f�b 

�l�j�Z�^�b�p�b�h�g�g�u�f�b �f�_�l�h�^�Z�f�b �k�b�g�l�_�a�Z (�[�u�k�l�j�h�l�Z, �h�l�k�m�l�k�l�\�b�_ �l�h�d�k�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\, 

�\�h�a�f�h�`�g�h�k�l�v �i�j�h�\�_�^�_�g�b�y �j�_�Z�d�p�b�c �\ �k�m�o�h�c �n�Z�a�_, �i�h�e�m�q�_�g�b�_ �k�l�_�j�b�e�v�g�h�]�h �i�j�h�^�m�d�l�Z). 

 

5.2.2. �<�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z 

�Z�]�j�_�]�Z�p�b�h�g�g�m�x �k�i�h�k�h�[�g�h�k�l�v �b �g�_�d�h�l�h�j�u�_ �i�h�d�Z�a�Z�l�_�e�b �k�\�_�j�l�u�\�Z�x�s�_�c �k�b�k�l�_�f�u �d�j�h�\�b �m 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �`�b�\�h�l�g�u�o 

�<�h �\�l�h�j�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �b�a�m�q�Z�e�h�k�v �\�e�b�y�g�b�_ �i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �d�j�h�e�b�d�Z, �Z �l�Z�d�`�_ �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ 

�i�Z�j�Z�f�_�l�j�u �]�_�f�h�k�l�Z�a�Z �i�e�Z�a�f�u �d�j�h�\�b ex vivo. 
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 �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �`�b�\�h�l�g�u�f �[�h�e�x�k�g�h �\�g�m�l�j�b�\�_�g�g�h �\�\�h�^�b�e�b �n�b�[�j�b�g-�f�h�g�h�f�_�j, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�Z�j�h�\ �\�h�^�u (�m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 

�L�h�j�j, �2 = 5 �f�b�g) �\ �^�h�a�Z�o 0,5 �f�]/�d�] �b 1 �f�]/�d�]. �< �d�Z�q�_�k�l�\�_ �j�Z�k�l�\�h�j�b�l�_�e�y �b�k�i�h�e�v�a�h�\�Z�e�b 

�k�l�_�j�b�e�v�g�u�c �n�b�a�b�h�e�h�]�b�q�_�k�d�b�c �j�Z�k�l�\�h�j (V = 5 �f�e). �H�[�j�Z�a�p�u �d�j�h�\�b �h�l�[�b�j�Z�e�b �^�h �\�\�_�^�_�g�b�y 

�\�_�s�_�k�l�\�Z (�d�h�g�l�j�h�e�v�g�u�c �h�i�u�l), �q�_�j�_�a 10 �f�b�g, 60 �f�b�g, 120 �f�b�g, 24 �q�Z�k�Z �b �k�i�m�k�l�y 5 �^�g�_�c 

�i�h�k�e�_ �b�g�t�_�d�p�b�b. �G�_�h�[�o�h�^�b�f�h�k�l�v �\�a�y�l�b�y �d�j�h�\�b �q�_�j�_�a 5 �^�g�_�c �i�h�k�e�_ �\�\�_�^�_�g�b�y �[�u�e�Z 

�h�[�m�k�e�h�\�e�_�g�Z �l�_�f, �q�l�h �\ �h�j�]�Z�g�b�a�f�_ �a�^�h�j�h�\�h�]�h �`�b�\�h�l�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j �f�h�`�_�l 

�p�b�j�d�m�e�b�j�h�\�Z�l�v �\ �l�_�q�_�g�b�_ �i�y�l�b �k�m�l�h�d [5.2.6]. 

 
�L�Z�[�e�b�p�Z 5.2.5. �<�e�b�y�g�b�_ �[�h�e�x�k�g�h�]�h �\�g�m�l�j�b�\�_�g�g�h�]�h �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b 
�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ �^�h�a�_ 0,5 �f�]/�d�] �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ 
�d�j�h�e�b�d�Z ex vivo (�:�>�N 1�u10-5 �F), (�: max, % 
 

�<�j�_�f�y �i�h�k�e�_ �b�g�t�_�d�p�b�b �>�h �\�\�_�^�_�g�b�y 

(�d�h�g�l�j�h�e�v) 10 �f�b�g 60 �f�b�g 120 �f�b�g 24 �q�Z�k�Z 5 �^�g�_�c 

33,3�r0,8 31,9�r1,5 23,3�r1,4* 20,9�r1,9* 30,1�r1,5 34,1�r1,8 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x (�j��0,05) 
 

�L�Z�[�e�b�p�Z 5.2.6. �B�a�f�_�g�_�g�b�_ �g�_�d�h�l�h�j�u�o �i�h�d�Z�a�Z�l�_�e�_�c �k�\�_�j�l�u�\�Z�x�s�_�c �k�b�k�l�_�f�u �d�j�h�\�b 
�d�j�h�e�b�d�h�\ ex vivo �i�h� ̂ �^�_�c�k�l�\�b�_�f �[�h�e�x�k�g�h�]�h �\�g�m�l�j�b�\�_�g�g�h�]�h �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ 
�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ �^�h�a�_ 0,5 �f�]/�d�] 

 
�<�j�_�f�y �i�h�k�e�_ �b�g�t�_�d�p�b�b �I�Z�j�Z�f�_�l�j �>�h �\�\�_�^�_�g�b�y 

(�d�h�g�l�j�h�e�v) 10 �f�b�g 60 �f�b�g 120 �f�b�g 24 �q�Z�k�Z 5 �^�g�_�c 

�Q�b�k�e�h 
�l�j�h�f�[�h�p�b�l�h�\, 
% 

100,0�r3,1 115,4�r5,1 106,4�r2,8 93,2�r6,9 58,6�r7,9* 73,5�r7,4* 

�:�Q�L�<, �k 23,8�r1,5 27,8�r1,2 29,1�r1,8 26,7�r1,2 24,5�r1,2 25,3�r1,7 
�I�j�h�l�j�h�f�[�b-
�g�h�\�h�_ �\�j�_�f�y, �k 

8,2�r0,1 7,9�r0,2 8,8�r0,2 10,7�r1,2 7,5�r0,1 9,2�r0,4 

�D�h�g�p�_�g�l�j�Z�p�b�y 
�n�b�[�j�b�g�h�]�_�g�Z, 
�]/�e 

3,8�r0,4 3,5�r0,4 3,3�r0,4 3,3�r0,4 4,2�r0,2 3,3�r0,3 

�D�h�g�p�_�g�l�j�Z�p�b�y 
�I�>�N, �f�d�]/�f�e 

2,5�r1,1 1,8�r3,2 3,6�r1,3 1,8�r3,2 0,7�r0,6 1,8�r3,2 

�D�h�g�p�_�g�l�j�Z�p�b�y 
�J�N�F�D, �f�]% 

12,0�r2,0 10,0�r1,0 15,0�r2,9 12,0�r2,5 16,6�r3,3 15,0�r2,9 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x (�j��0,05) 
 

�< �^�h�a�_ 0,5 �f�]/�d�] �i�j�h�^�m�d�l�u �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �^�h�k�l�h�\�_�j�g�h �k�g�b�`�Z�e�b 

�:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ ex vivo �q�_�j�_�a 60 �f�b�g �i�h�k�e�_ �b�g�t�_�d�p�b�b. �I�j�b 

�w�l�h�f �g�Z�[�e�x�^�Z�e�h�k�v �b�g�]�b�[�b�j�h�\�Z�g�b�_ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�d�l�b�\�g�h�k�l�b �\ 1,4 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k 

�b�k�o�h�^�g�u�f �m�j�h�\�g�_�f. �K�i�m�k�l�y 120 �f�b�g �i�h�k�e�_ �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-
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�f�h�g�h�f�_�j�Z �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�c �w�n�n�_�d�l �k�h�o�j�Z�g�y�e�k�y: �l�j�h�f�[�h�p�b�l�Z�j�g�Z�y �Z�]�j�_�]�Z�p�b�y �h�k�l�Z�\�Z�e�Z�k�v 

�k�g�b�`�_�g�g�h�c �^�h  20,9�r1,9%. �Q�_�j�_�a 24 �q�Z�k�Z �l�j�h�f�[�h�p�b�l�Z�j�g�Z�y �Z�d�l�b�\�g�h�k�l�v �i�h�e�g�h�k�l�v�x 

�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v (�L�Z�[�e�b�p�Z 5.2.5). �D�j�h�f�_ �l�h�]�h, �[�u�e�h �h�l�f�_�q�_�g�h �m�f�_�g�v�r�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z 

�l�j�h�f�[�h�p�b�l�h�\ �g�Z 41,1% �b �g�Z 26,5% �q�_�j�_�a 24 �q�Z�k�Z �b �q�_�j�_�a 7 �^�g�_�c �i�h�k�e�_ �\�\�_�^�_�g�b�y (�L�Z�[�e�b�p�Z 

5.2.6).  

 

�L�Z�[�e�b�p�Z 5.2.7. �<�e�b�y�g�b�_ �[�h�e�x�k�g�h�]�h �\�g�m�l�j�b�\�_�g�g�h�]�h �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b  
�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ �^�h�a�_ 1 �f�]/�d�] �g�Z �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ 
�d�j�h�e�b�d�Z ex vivo (�:�>�N 1�u10-5 �F), (�: max, %) 
 

�<�j�_�f�y �i�h�k�e�_ �b�g�t�_�d�p�b�b �>�h �\�\�_�^�_�g�b�y 

(�d�h�g�l�j�h�e�v) 10 �f�b�g 60 �f�b�g 120 �f�b�g 24 �q�Z�k�Z 7 �^�g�_�c 

37,9�r1,3 29,5�r2,5* 29,6�r1,1* 22,5�r0,8* 25,4�r2,2* 33,9�r0,9 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x (�j��0,05) 
 
�L�Z�[�e�b�p�Z 5.2.8. �B�a�f�_�g�_�g�b�_ �g�_�d�h�l�h�j�u�o �i�h�d�Z�a�Z�l�_�e�_�c �k�\�_�j�l�u�\�Z�x�s�_�c �k�b�k�l�_�f�u �d�j�h�\�b 
�d�j�h�e�b�d�h�\ ex vivo �i�h� ̂ �^�_�c�k�l�\�b�_�f �[�h�e�x�k�g�h�]�h �\�g�m�l�j�b�\�_�g�g�h�]�h �\�\�_�^�_�g�b�y �i�j�h�^�m�d�l�h�\ 
�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �i�Z�j�h�\ �\�h�^�u �\ �^�h�a�_ 1 �f�]/�d�] 

 
�<�j�_�f�y �i�h�k�e�_ �b�g�t�_�d�p�b�b �I�Z�j�Z�f�_�l�j �>�h �\�\�_�^�_�g�b�y 

(�d�h�g�l�j�h�e�v) 10 �f�b�g 60 �f�b�g 120 �f�b�g 24 �q�Z�k�Z 7 �^�g�_�c 

�Q�b�k�e�h 
�l�j�h�f�[�h�p�b�l�h�\, 
% 

100,0�r3,8 99,7�r9,1 92,1�r5,6 86,9�r7,1 66,4�r4,2* 90,7�r5,9 

�:�Q�L�<, �k 21,9�r0,8 21,6�r0,5 25,1�r1,1 25,9�r1,8 24,5�r1,9 19,8�r1,7 
�I�j�h�l�j�h�f�[�b-
�g�h�\�h�_ �\�j�_�f�y, �k 

8,6�r0,2 7,9�r0,3 8,2�r0,2 7,9�r0,2 7,7�r0,1 8,8�r0,2 

�D�h�g�p�_�g�l�j�Z�p�b�y 
�n�b�[�j�b�g�h�]�_�g�Z, 
�]/�e 

4,1�r0,1 3,4�r0,5 3,2�r0,2 3,6�r0,4 3,2�r1,1 4,1�r0,4 

�D�h�g�p�_�g�l�j�Z�p�b�y 
�I�>�N, �f�d�]/�f�e 

1,2�r1,4 1,2�r1,4 1,8�r3,2 1,2�r1,4 0,3�r0,1 0,3�r0,1 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x (�j��0,05) 
 

�<�g�m�l�j�b�\�_�g�g�h�_ �\�\�_�^�_�g�b�_ �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �d�j�h�e�b�d�Z�f �\ �^�h�a�_ 1 

�f�]/�d�] �i�j�b�\�h�^�b�e�h �d �b�g�]�b�[�b�j�h�\�Z�g�b�x �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b (�k 37,9�r1,3% �\ �d�h�g�l�j�h�e�v�g�h�f 

�w�d�k�i�_�j�b�f�_�g�l�_ �^�h 29,5�r2,5%) �m�`�_ �k�i�m�k�l�y 10 �f�b�g �i�h�k�e�_ �b�g�t�_�d�p�b�b. �F�Z�d�k�b�f�Z�e�v�g�u�c 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�c �w�n�n�_�d�l �j�Z�a�\�b�\�Z�e�k�y �q�_�j�_�a 2 �q�Z�k�Z �i�h�k�e�_ �\�\�_�^�_�g�b�y: �Z�]�j�_�]�Z�p�b�h�g�g�Z�y 

�k�i�h�k�h�[�g�h�k�l�v �l�j�h�f�[�h�p�b�l�h�\ �m�f�_�g�v�r�Z�e�Z�k�v �\ 1,7 �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �m�j�h�\�g�_�f. 

�:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�_ �^�_�c�k�l�\�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �k�h�o�j�Z�g�y�e�h�k�v, �b �q�_�j�_�a �k�m�l�d�b 

�i�h�k�e�_ �b�g�t�_�d�p�b�b: �Z�]�j�_�]�Z�p�b�y �k�h�k�l�Z�\�b�e�Z 25,4�r2,2% (�L�Z�[�e�b�p�Z 5.2.7). �H�^�g�h�\�j�_�f�_�g�g�h 

�h�l�f�_�q�Z�e�h�k�v �b �m�f�_�g�v�r�_�g�b�_ �q�b�k�e�Z �l�j�h�f�[�h�p�b�l�h�\ �g�Z 30% �i�h �k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�_�f. 



 202 
 

�< �l�h �`�_ �\�j�_�f�y �i�j�h�^�m�d�l�u �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �d�Z�d 

�\ �^�h�a�_ 0,5 �f�]/�d�], �l�Z�d �b �\ �^�h�a�_ 1 �f�]/�d�] �g�_ �\�e�b�y�e�b �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �i�Z�j�Z�f�_�l�j�u �]�_�f�h�k�l�Z�a�Z 

�i�e�Z�a�f�u �d�j�h�\�b: �:�Q�L�<, �i�j�h�l�j�h�f�[�b�g�h�\�h�_ �\�j�_�f�y, �d�h�g�p�_�g�l�j�Z�p�b�x �n�b�[�j�b�g�h�]�_�g�Z �b �i�j�h�^�m�d�l�h�\ 

�_�]�h �^�_�]�j�Z�^�Z�p�b�b �b �j�Z�k�l�\�h�j�b�f�u�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�g�u�o �d�h�f�i�e�_�d�k�h�\ (�L�Z�[�e�b�p�Z 5.2.8). 

�:�g�Z�e�b�a �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o �i�h�a�\�h�e�y�_�l �a�Z�d�e�x�q�b�l�v, �i�j�h�^�m�d�l�u �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �\ �W�I�I �w�n�n�_�d�l�b�\�g�h �b�g�]�b�[�b�j�m�x�l �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ �d�Z�d in vitro �\ �^�b�Z�i�Z�a�h�g�_ 

�d�h�g�p�_�g�l�j�Z�p�b�c 1-10-4 �f�]/�f�e. �:�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�_ �^�_�c�k�l�\�b�_ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �k�h�o�j�Z�g�y�_�l�k�y �b ex vivo  �i�j�b �_�]�h �\�g�m�l�j�b�\�_�g�g�h�f �\�\�_�^�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f 

�`�b�\�h�l�g�u�f.  �I�j�b �w�l�h�f �i�j�h�^�m�d�l�u �W�I�I-�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �h�d�Z�a�u�\�Z�x�l 

�^�h�a�h�a�Z�\�b�k�b�f�u�c �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�c �w�n�n�_�d�l, �g�_ �\�e�b�y�y �g�Z �i�Z�j�Z�f�_�l�j�u �]�_�f�h�k�l�Z�a�Z �i�e�Z�a�f�u 

�d�j�h�\�b. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �W�I�I-�h�[�j�Z�[�h�l�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �i�j�b�^�Z�_�l �i�h�e�m�q�_�g�g�u�f �i�j�h�^�m�d�l�Z�f 

�g�h�\�u�_ �[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �f�h�`�_�l �[�u�l�v �Z�e�v�l�_�j�g�Z�l�b�\�g�u�f �i�h�^�o�h�^�h�f �d �k�h�a�^�Z�g�b�x 

�g�h�\�u�o �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�u�o �b�g�]�b�[�b�l�h�j�h�\ �l�j�h�f�[�h�p�b�l�Z�j�g�h�c �Z�]�j�_�]�Z�p�b�b. 

 

5.2.3. �;�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�h�k�j�_�^�k�l�\�h�f �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z 

 

5.2.3.1. �:�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�u�_ �b �n�m�g�]�b�p�b�^�g�u�_ �k�\�h�c�k�l�\�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ 

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z 

�< �h�i�u�l�Z�o in vitro �i�j�h�\�_�^�_�g�h �k�j�Z�\�g�b�l�_�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�u�o �b 

�Z�g�l�b�f�b�d�h�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �k M �� = 27 �d�>�Z, 

�h�[�j�Z�[�h�l�Z�g�g�h�]�h �W�I�I  �\ �l�_�q�_�g�b�_ 2 �f�b�g �\ �k�j�_�^�_ �d�b�k�e�h�j�h�^�Z  (�m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib 

= 1,5 �f�: , Pm = 5 �L�h�j�j, �Ls = 70 º�K ), �h�i�j�_�^�_�e�_�g�u �f�b�g�b�f�Z�e�v�g�u�_ �b�g�]�b�[�b�j�m�x�s�b�_ (�F�B�D) �b 

�f�b�g�b�f�Z�e�v�g�u�_ �[�b�h�p�b�^�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b (�F�;�D) �b�k�k�e�_�^�m�_�f�u�o �\�_�s�_�k�l�\ �\ �h�l�g�h�r�_�g�b�b 

�j�Z�a�e�b�q�g�u�o �\�b�^�h�\ �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\. �I�h�^�j�h�[�g�h �f�_�l�h�^�b�d�Z �i�h�^�]�h�l�h�\�d�b �w�d�k�i�_�j�b�f�_�g�l�Z 

�h�i�b�k�Z�g�Z �\ �]�e�Z�\�_  II «�F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�u» (�j�Z�a�^�_�e 2.4). 

�B�k�k�e�_�^�h�\�Z�e�Z�k�v �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �\ 

�h�l�g�h�r�_�g�b�b �f�b�p�_�e�b�Z�e�v�g�u�o �]�j�b�[�h�\ - Penicillium tardum, Penicillium chrizogenum, Penicillium 

crustozum, Aspergillus fumigatus, Aspergillus flavus, Phoma betae, Cladosporium herbarum, 

Mucor pusillus, Trichoderma harzianum.  

�;�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �b�k�k�e�_�^�m�_�f�u�c �h�[�j�Z�a�_�p �\ �d�h�g�p�_�g�l�j�Z�p�b�b 500 �f�d�]/�f�e �i�j�Z�d�l�b�q�_�k�d�b 

�i�h�e�g�h�k�l�v�x �b�g�]�b�[�b�j�h�\�Z�e �j�h�k�l P. tardum, P. chrizogenum, A. flavus, P. betae �b C. herbarum. 

�J�h�k�l �h�k�l�Z�e�v�g�u�o �\�b�^�h�\ �f�b�d�j�h�f�b�p�_�l�h�\ �i�h�e�g�h�k�l�v�x �g�_ �i�h�^�Z�\�e�y�e�k�y, �h�^�g�Z�d�h �[�u�e�b �h�l�f�_�q�_�g�u 

�a�Z�f�_�l�g�u�_ �b�a�f�_�g�_�g�b�y �\ �d�h�e�b�q�_�k�l�\�_ �[�b�h�f�Z�k�k�u, �h�[�b�e�b�b �k�i�h�j�h�g�h�r�_�g�b�y, �p�\�_�l�_ �d�m�e�v�l�m�j�u �b 
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�d�m�e�v�l�m�j�Z�e�v�g�h�c �`�b�^�d�h�k�l�b. �L�Z�d, P. crustozum �\ �i�j�b�k�m�l�k�l�\�b�b �b�k�k�e�_�^�m�_�f�h�]�h �h�[�j�Z�a�p�Z �g�_ 

�h�[�j�Z�a�h�\�u�\�Z�e �k�i�e�h�r�g�h�]�h �f�b�p�_�e�b�Z�e�v�g�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�b�l�Z�l�_�e�v�g�h�c �k�j�_�^�u, 

�d�m�e�v�l�m�j�Z�e�v�g�Z�y �k�j�_�^�Z �\ �h�l�e�b�q�b�_ �h�l �d�h�g�l�j�h�e�v�g�h�]�h �\�Z�j�b�Z�g�l�Z �g�_ �i�j�b�h�[�j�_�l�Z�e�h �o�Z�j�Z�d�l�_�j�g�m�x 

�d�j�Z�k�g�h-�d�h�j�b�q�g�_�\�m�x �h�d�j�Z�k�d�m. A. fumigatus �\ �h�[�h�b�o �\�Z�j�b�Z�g�l�Z�o �b�f�_�e �h�[�b�e�v�g�h�_ 

�k�i�h�j�h�g�h�r�_�g�b�_, �o�h�l�y �\ �h�i�u�l�_ �h�l�f�_�q�_�g�h �[�h�e�_�_ �i�h�a�^�g�_�_ �g�Z�q�Z�e�h �k�i�h�j�h�g�h�r�_�g�b�y �b �f�_�g�v�r�_�_ 

�d�h�e�b�q�_�k�l�\�h �[�b�h�f�Z�k�k�u.  

�B�k�k�e�_�^�h�\�Z�e�Z�k�v �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �o�b�l�h�a�Z�g�h�\ �\ �h�l�g�h�r�_�g�b�b 

�^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\ - Candida albicans, Candida krusei, Candida parapsilosis, Candida 

tropicalis, Candida scotti, Torulopsis candida, Saccharomyces cerevisia, Rhodotorula rubra. 

�H�p�_�g�d�Z �F�B�D �i�h�d�Z�a�Z�e�Z, �q�l�h �j�Z�a�e�b�q�g�u�_ �\�b�^�u �^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\, �b�k�i�h�e�v�a�m�_�f�u�o �\ 

�w�d�k�i�_�j�b�f�_�g�l�_, �h�[�e�Z�^�Z�e�b �j�Z�a�e�b�q�g�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x. �G�Z�b�[�h�e�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�f�b �[�u�e�b 

C. scotti 500 �f�d�]/�f�e �b R. rubra 250 �f�d�]/�f�e, �Z �h�k�l�Z�e�v�g�u�_ �b�f�_�e�b �F�B�D �•2000 �f�d�]/�f�e.  

 
�L�Z�[�e�b�p�Z 5.2.9. �:�g�l�b�f�b�d�j�h�[�g�Z�y �Z�d�l�b�\�g�h�k�l�v  �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z (M �� = 500 
�d�>�Z) �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �h�l�g�h�r�_�g�b�b �j�Z�a�e�b�q�g�u�o  �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ �\ 
�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ 
 

�G�Z�e�b�q�b�_ �j�h�k�l�Z  �f�b�d�j�h�[�h�\ �\ �i�j�b�k�m�l�k�l�\�b�b  
�j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�c �i�j�h�^�m�d�l�h�\  
�W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z, �f�d�]/�f�e 

 

                   
 
   �G�Z�a�\�Z�g�b�y 
�l�_�k�l-�r�l�Z�f�f�h�\ 

 
1000 

 
500 

 

 
250 

 
125 

 
62,5 

 
�D�h�g�l�j�h�e�v�g�Z�y 

�i�j�h�[�b�j�d�Z 
�[�_�a 

�^�h�[�Z�\�e�_�g�b�y �i�j�h�^�m�d�l�h�\ 
�W�I�I-�^�_�k�l�j�m�d�p�b�b 

�o�b�l�h�a�Z�g�Z 
E. coli 

ATCC  25922 
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± 

 
± 

 
+ 

 
+ 

 
+ 

S. aureus 
ATCC 6835 P 
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Ps. aeruginosa 
ATCC 275348 
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    �M�k�e�h�\�g�u�_  �h�[�h�a�g�Z�q�_�g�b�y:   

                          ---   �h�l�k�m�l�k�l�\�b�_  �j�h�k�l�Z   �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\; 
                      ±    �[�h�e�_�_ �k�e�Z�[�u�c �j�h�k�l �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\  �\  �k�j�Z�\�g�_�g�b�b  �k  �d�h�g�l�j�h�e�_�f; 
                          +    �\�u�j�Z�`�_�g�g�u�c �j�h�k�l  �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\, �k�j�Z�\�g�b�f�u�c  �k �d�h�g�l�j�h�e�_�f 

�< �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�Z �i�j�h�\�_�^�_�g�Z �h�p�_�g�d�Z �Z�g�l�b�f�b�d�j�h�[�g�h�c �Z�d�l�b�\�g�h�k�l�b 

�i�j�h�^�m�d�l�h�\ �W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �k M �� = 500 �d�>�Z (�m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 

1,5 �f�: , �i�Z�j�u �\�h�^�u �i�j�b Pm = 5 �L�h�j�j, �2 = 5 �f�b�g, �Ls = 70 º�K ) �\ �h�l�g�h�r�_�g�b�b �i�h�d�h�y�s�b�o�k�y 

(�g�_�j�Z�a�f�g�h�`�Z�x�s�b�o�k�y) �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\ �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �I�h�e�m�q�_�g�g�u�_ 

�j�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 5.2.9. 

 �D�j�h�f�_ �b�k�k�e�_�^�h�\�Z�g�b�c �k  �i�h�d�h�y�s�b�f�b�k�y �f�b�d�j�h�h�j�]�Z�g�b�a�f�Z�f�b  �\  �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c  

�\�h�^�_,  �[�u�e�b �i�j�h�\�_�^�_�g�u �w�d�k�i�_�j�b�f�_�g�l�u �i�h �b�a�m�q�_�g�b�x �Z�g�l�b�f�b�d�j�h�[�g�h�]�h �w�n�n�_�d�l�Z �o�b�l�h�a�Z�g�Z �\  
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�h�l�g�h�r�_�g�b�b �^�_�e�y�s�b�o�k�y (�j�Z�a�f�g�h�`�Z�x�s�b�o�k�y) �f�b�d�j�h�[�g�u�o  �d�e�_�l�h�d. �>�e�y �w�l�b�o �p�_�e�_�c �\�f�_�k�l�h 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c   �\�h�^�u �b�k�i�h�e�v�a�h�\�Z�e�b  �f�y�k�h�i�_�i�l�h�g�g�u�c �[�m�e�v�h�g, �Z �f�b�d�j�h�[�g�Z�y  �g�Z�]�j�m�a�d�Z  

�[�u�e�Z �g�Z �i�h�j�y�^�h�d  �g�b�`�_  (�b�k�i�h�e�v�a�h�\�Z�e�b �\�a�\�_�k�b  �l�_�k�l-�r�l�Z�f�f�h�\  �\ �d�h�g�p�_�g�l�j�Z�p�b�b 5�u106  

�D�H�?/�f�e). �< �w�l�h�c  �k�_�j�b�b �h�i�u�l�h�\  �[�u�e�b  �i�h�e�m�q�_�g�u  �Z�g�Z�e�h�]�b�q�g�u�_  �j�_�a�m�e�v�l�Z�l�u. 

 �I�j�h�^�m�d�l�u �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �h�[�e�Z�^�Z�e�b  

�Z�g�l�b�f�b�d�j�h�[�g�u�f �w�n�n�_�d�l�h�f (�d�Z�d �\ �k�e�m�q�Z�_ �i�h�d�h�y�s�b�o�k�y, �l�Z�d �b �\ �k�e�m�q�Z�_ �j�Z�a�f�g�h�`�Z�x�s�b�o�k�y 

�f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\) �\ �h�l�g�h�r�_�g�b�b �r�l�Z�f�f�h�\ �d�b�r�_�q�g�h�c �i�Z�e�h�q�d�b �b  �a�h�e�h�l�b�k�l�h�]�h  �k�l�Z�n�b�e�h�d�h�d�d�Z 

�\ �d�h�g�p�_�g�l�j�Z�p�b�b 1000 �f�d�]/�f�e. �I�j�b �w�l�h�f �i�h�e�m�q�_�g�g�u�_ �\ �W�I�I �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u �m�[�b�\�Z�e�b  

�\�k�_ �d�e�_�l�d�b �l�_�k�l-�r�l�Z�f�f�h�\, �h �q�_�f �f�h�`�g�h �[�u�e�h �k�m�^�b�l�v �i�h �i�h�e�g�h�f�m  �i�h�^�Z�\�e�_�g�b�x �j�h�k�l�Z �\ 

�i�j�h�[�Z�o, �\�u�k�_�\�Z�_�f�u�o �g�Z �k�_�d�l�h�j�Z �i�e�h�l�g�u�o �i�b�l�Z�l�_�e�v�g�u�o �k�j�_�^. �< �d�h�g�p�_�g�l�j�Z�p�b�b 500 �f�d�]/�f�e 

�i�j�h�^�m�d�l�u �W�I�I-�h�[�j�Z�[�h�l�d�b �o�b�l�h�a�Z�g�Z �h�d�Z�a�u�\�Z�e�b �m�f�_�j�_�g�g�u�c �Z�g�l�b�f�b�d�j�h�[�g�u�c �w�n�n�_�d�l �\ 

�h�l�g�h�r�_�g�b�b  �m�i�h�f�y�g�m�l�u�o  �l�_�k�l-�r�l�Z�f�f�h�\,  �i�h�k�d�h�e�v�d�m  �b�o �j�h�k�l �i�h�^�Z�\�e�y�e�k�y  �g�_ �i�h�e�g�h�k�l�v�x. 

�I�h �h�l�g�h�r�_�g�b�x �d E. coli �i�j�h�^�m�d�l�u �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �k�h�o�j�Z�g�y�e�b 

�k�\�h�x �Z�d�l�b�\�g�h�k�l�v �b �\ �d�h�g�p�_�g�l�j�Z�p�b�b 250 �f�d�]/�f�e. 

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h �g�Z�e�b�q�b�b �b�g�]�b�[�b�j�m�x�s�_�c �Z�d�l�b�\�g�h�k�l�b �m 

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�m�l�_�f �m�i�j�Z�\�e�y�_�f�h�c �^�_�k�l�j�m�d�p�b�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b 

�i�Z�j�h�\ �\�h�^�u, �\ �h�l�g�h�r�_�g�b�b �^�j�h�`�`�_�i�h�^�h�[�g�u�o �]�j�b�[�h�\ �b �[�Z�d�l�_�j�b�c, �\ �l�h�f �q�b�k�e�_ �m�k�e�h�\�g�h-

�i�Z�l�h�]�_�g�g�u�o. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�y�_�l �g�Z�m�q�g�u�c �b�g�l�_�j�_�k �\ �i�e�Z�g�_ 

�i�h�l�_�g�p�b�Z�e�v�g�h�c �\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z 

�o�b�l�h�a�Z�g�Z �\ �d�Z�q�_�k�l�\�_ �Z�g�l�b�f�b�d�h�l�b�q�_�k�d�h�]�h �d�h�f�i�h�g�_�g�l�Z �\ �k�h�k�l�Z�\�_ �j�Z�a�e�b�q�g�u�o �f�_�^�b�p�b�g�k�d�b�o 

�i�j�_�i�Z�j�Z�l�h�\, �l�Z�d�b�o �d�Z�d �]�_�e�b, �f�Z�a�b �b �i�j�b�k�u�i�d�b, �k�h�a�^�Z�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �i�e�_�g�h�d, �h�[�e�Z�^�Z�x�s�b�o 

�k�h�q�_�l�Z�g�g�u�f �[�b�h�e�h�]�b�q�_�k�d�b�f �^�_�c�k�l�\�b�_�f, �Z �l�Z�d�`�_ �\ �\�b�^�_ �[�b�h�j�Z�a�e�Z�]�Z�_�f�u�o �f�Z�l�_�j�b�Z�e�h�\, 

�k�h�^�_�j�`�Z�s�b�o �b�f�f�h�[�b�e�b�a�h�\�Z�g�g�u�_ �e�_�d�Z�j�k�l�\�_�g�g�u�_ �k�h�_�^�b�g�_�g�b�y. �D�j�h�f�_ �l�h�]�h, 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �\ �k�_�e�v�k�d�h�f �o�h�a�y�c�k�l�\�_ �\ 

�d�Z�q�_�k�l�\�_ �Z�g�l�b�]�j�b�[�d�h�\�u�o �Z�]�_�g�l�h�\, �n�b�l�h�i�j�h�l�_�d�l�h�j�h�\, �b�g�^�m�d�l�h�j�h�\ �m�k�l�h�c�q�b�\�h�k�l�b �j�Z�k�l�_�g�b�c �d 

�j�Z�a�e�b�q�g�u�f �a�Z�[�h�e�_�\�Z�g�b�y�f, �[�b�h�k�l�b�f�m�e�y�l�h�j�h�\ �j�h�k�l�Z (�k�f. �j�Z�a�^�_�e 5.2.3.1) �b �i�b�s�_�\�h�c 

�i�j�h�f�u�r�e�_�g�g�h�k�l�b �\ �d�Z�q�_�k�l�\�_ �d�h�f�i�h�g�_�g�l�h�\ �m�i�Z�d�h�\�d�b �i�j�h�^�m�d�l�h�\ �b �[�b�h�e�h�]�b�q�_�k�d�b �Z�d�l�b�\�g�u�o 

�^�h�[�Z�\�h�d. 

 

5.2.3.1. �N�b�l�h�k�l�b�f�m�e�b�j�m�x�s�b�_ �k�\�h�c�k�l�\�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z 

 �B�a�\�_�k�l�g�h, �q�l�h �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �n�h�j�f�u �o�b�l�h�a�Z�g�Z �b �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u  

�w�n�n�_�d�l�b�\�g�h �k�l�b�f�m�e�b�j�m�x�l �j�h�k�l �b �i�e�h�^�h�g�h�r�_�g�b�_ �j�Z�k�l�_�g�b�c, �b�g�^�m�p�b�j�m�x�l �b�o �k�h�[�k�l�\�_�g�g�u�_ 

�[�b�h�o�b�f�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u �a�Z�s�b�l�u, �i�h�\�u�r�Z�y �m�k�l�h�c�q�b�\�h�k�l�v �d �j�Z�a�e�b�q�g�u�f�b �i�Z�l�h�]�_�g�g�u�f 

�f�b�d�j�h�h�j�]�Z�g�b�a�f�Z�f, �[�h�e�_�a�g�y�f �b �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�f �n�Z�d�l�h�j�Z�f �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u [5.2.7-
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5.2.9]. �I�_�j�_�q�b�k�e�_�g�g�u�_ �k�\�h�c�k�l�\�Z �^�_�e�Z�x�l �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �o�b�l�h�a�Z�g�u �q�j�_�a�\�u�q�Z�c�g�h 

�i�_�j�k�i�_�d�l�b�\�g�u�f�b �Z�]�_�g�l�Z�f�b �^�e�y �j�Z�a�j�Z�[�h�l�d�b �w�d�h�e�h�]�b�q�_�k�d�b �q�b�k�l�u�o �l�_�o�g�h�e�h�]�b�c �\�h�a�^�_�e�u�\�Z�g�b�y 

�k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o �d�m�e�v�l�m�j. 

 �< �^�Z�g�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u �[�u�e�Z �b�k�k�e�_�^�h�\�Z�g�Z �n�b�l�h�k�l�b�f�m�e�b�j�m�x�s�Z�y �Z�d�l�b�\�g�h�k�l�v 

�h�[�j�Z�a�p�h�\ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �i�m�l�_�f 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �b�k�o�h�^�g�h�]�h �o�b�l�h�a�Z�g�Z �k M �� = 500 �d�>�Z �\ �k�j�_�^�_ �d�b�k�e�h�j�h�^�Z.  

�H�[�j�Z�[�h�l�d�m �i�j�h�\�h�^�b�e�b �\�h �\�j�Z�s�Z�x�s�_�f�k�y �j�_�Z�d�l�h�j�_ �i�j�b �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: U = 30 

�d�<, Ib = 0,9-2,5 �f�: , Pm = 5 �L�h�j�j, �2 = 2-10 �f�b�g, �Ls = 40-60 º�K ). �< �j�_�a�m�e�v�l�Z�l�_ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �[�u�e�b �i�h�e�m�q�_�g�u �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u �k �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 

500-800 �>�Z �b �b�g�^�_�d�k�h�f �i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 1,5, �b�f�_�x�s�b�_ �j�Z�k�l�\�h�j�b�f�h�k�l�v �\ 

�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ ~95%. 

  

                            �Z)                �[)           �\) 

�J�b�k. 5.2.3. �N�h�l�h�]�j�Z�n�b�b �d�h�j�g�_�\�h�c �k�b�k�l�_�f�u �f�h�^�_�e�v�g�h�]�h �j�Z�k�l�_�g�b�y Arabidopsis thaliana: �Z) - 

�d�h�g�l�j�h�e�v; �[) - �h�[�j�Z�[�h�l�d�Z 0,025% �j�Z�k�l�\�h�j�h�f �o�b�l�h�h�e�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x 

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z �\ �l�_�q�_�g�b�_ 2 �f�b�g; �\) �[�j�Z�[�h�l�d�Z 0,1% �j�Z�k�l�\�h�j�h�f 

�o�b�l�h�h�e�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z 

�o�b�l�h�a�Z�g�Z �\ �l�_�q�_�g�b�_ 2 �f�b�g 

 

�;�b�h�e�h�]�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y �\�u�i�h�e�g�y�e�b �g�Z �f�h�^�_�e�v�g�h�f �j�Z�k�l�_�g�b�b Arabidopsis thaliana, 

�k�_�f�_�g�Z �d�h�l�h�j�h�]�h �\ �i�j�h�p�_�k�k�_ �d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y �h�[�j�Z�[�Z�l�u�\�Z�e�b 0,025 % and 0,1 % �j�Z�k�l�\�h�j�Z�f�b  

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �G�Z �j�b�k. 5.2.3 �i�h�d�Z�a�Z�g�u �n�h�l�h�]�j�Z�n�b�b 

�d�h�g�l�j�h�e�v�g�u�o �j�Z�k�l�_�g�b�c �b �j�Z�k�l�_�g�b�c, �h�[�j�Z�[�h�l�Z�g�g�u�o �j�Z�k�l�\�h�j�Z�f�b  �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, 

�i�h�e�m�q�_�g�g�u�o �\ �o�h�^�_ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �[�u�e�h 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �b�k�k�e�_�^�h�\�Z�g�g�u�_ �j�Z�k�l�\�h�j�u �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, 

�i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �W�I�I-�h�[�j�Z�[�h�l�d�b �\ �l�_�q�_�g�b�_ 2-10 �f�b�g, �h�[�e�Z�^�Z�e�b �\�u�j�Z�`�_�g�g�u�f 

�n�b�l�h�k�l�b�f�m�e�b�j�m�x�s�b�f �^�_�c�k�l�\�b�_�f �b �m�k�d�h�j�y�e�b �j�Z�a�\�b�l�b�_ �d�h�j�g�_�\�h�c �k�b�k�l�_�f�u �j�Z�k�l�_�g�b�c. �L�Z�d, 

�^�e�b�g�Z �d�h�j�g�_�c Arabidopsis thaliana, �h�[�j�Z�[�h�l�Z�g�g�u�o 0,1% �j�Z�k�l�\�h�j�h�f �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, 
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�i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �\ �l�_�q�_�g�b�_ 2 �f�b�g, �m�\�_�e�b�q�b�\�Z�e�Z�k�v �g�Z ~35 % �i�h 

�k�j�Z�\�g�_�g�b�x �k �d�h�g�l�j�h�e�v�g�h�c �]�j�m�i�i�h�c �j�Z�k�l�_�g�b�c. �J�Z�k�l�\�h�j�u �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\ �[�u�e�b 

�w�n�n�_�d�l�b�\�g�u �b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �f�_�g�v�r�b�o �d�h�g�p�_�g�l�j�Z�p�b�y�o (�J�b�k. 5.2.4). 

 

�J�b�k. 5.2.4. �K�l�b�f�m�e�b�j�h�\�Z�g�b�_ �j�h�k�l�Z �d�h�j�g�_�\�h�c �k�b�k�l�_�f�u �j�Z�k�l�_�g�b�c 0,025% �b 0,1% �\�h�^�g�u�f�b 

�j�Z�k�l�\�h�j�Z�f�b �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �W�I�I-�^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �\ 

�l�_�q�_�g�b�_ 2 �b 10 �f�b�g 

* - �j�_�a�m�e�v�l�Z�l�u �^�h�k�l�h�\�_�j�g�u �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x (�j��0,05) 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�_ �i�j�h�^�m�d�l�u �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�o�b�l�h�a�Z�g�Z �h�[�e�Z�^�Z�x�l �k�\�h�c�k�l�\�Z�f�b �k�l�b�f�m�e�y�l�h�j�h�\ �j�h�k�l�Z �j�Z�k�l�_�g�b�c, �q�l�h �i�j�_�^�i�h�e�Z�]�Z�_�l 

�\�h�a�f�h�`�g�h�k�l�v �k�h�a�^�Z�g�b�y �g�Z �b�o �h�k�g�h�\�_ �w�d�h�e�h�]�b�q�_�k�d�b �[�_�a�h�i�Z�k�g�u�o �Z�]�j�h�i�j�_�i�Z�j�Z�l�h�\, �Z 

�j�Z�a�j�Z�[�h�l�Z�g�g�u�c �f�_�l�h�^ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�c �f�_�l�h�^ �^�_�k�l�j�m�d�p�b�b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �y�\�e�y�_�l�k�y 

�i�_�j�k�i�_�d�l�b�\�g�u�f �^�e�y �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\-�n�b�l�h�k�l�b�f�m�e�y�l�h�j�h�\. 

  

5.2.4. �=�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �i�e�_�g�h�d �b �]�m�[�h�d �i�h�e�b�k�Z�o�Z�j�b�^�h�\, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ 

�W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b (�k�f. �j�Z�a�^�_�e 5.1.4), �q�l�h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �f�h�^�b�n�b�d�Z�p�b�y 

�i�e�_�g�h�d �b �]�m�[�h�d, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �i�h�e�b�k�Z�o�Z�j�b�^�h�\, �i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�y�f �f�h�j�n�h�e�h�]�b�b 

�i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z, �_�_ �]�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�o �k�\�h�c�k�l�\ �b �n�h�j�f�b�j�h�\�Z�g�b�x �g�h�\�u�o 
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�Z�d�l�b�\�g�u�o �o�b�f�b�q�_�k�d�b�o �]�j�m�i�i (�g�Z�i�j�b�f�_�j, �d�b�k�e�h�j�h�^- �b�e�b �n�l�h�j�k�h�^�_�j�`�Z�s�b�o). �<�k�_ �w�l�b 

�n�Z�d�l�h�j�u �f�h�]�m�l �\�e�b�y�l�v �g�Z �k�i�h�k�h�[�g�h�k�l�v �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �h�k�l�Z�g�Z�\�e�b�\�Z�l�v 

�d�j�h�\�h�l�_�q�_�g�b�_ �b�a �j�Z�g�u, �i�j�b�q�_�f �d�Z�d �m�k�b�e�b�\�Z�y, �l�Z�d �b �k�g�b�`�Z�y �b�o �]�_�f�h�k�l�Z�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v 

(�=�:). �I�h�w�l�h�f�m �\ �h�l�^�_�e�v�g�h�c �k�_�j�b�b �h�i�u�l�h�\ �[�u�e�Z �b�k�k�e�_�^�h�\�Z�g�Z �=�: �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �i�e�_�g�h�d �b 

�]�m�[�h�d, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ (�k�f. �j�Z�a�^�_�e 5.1.4), �k 

�p�_�e�v�x �\�u�y�\�b�l�v �m�k�e�h�\�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b, �m�e�m�q�r�Z�x�s�b�_ �b�o 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z.  

�F�h�^�b�n�b�d�Z�p�b�y �\ �k�j�_�^�_ �b�g�_�j�l�g�u�o �]�Z�a�h�\ �m�o�m�^�r�Z�e�Z �=�: �h�[�j�Z�a�p�h�\: �g�_�k�f�h�l�j�y �g�Z 

�i�h�\�u�r�_�g�b�_ �k�f�Z�q�b�\�Z�_�f�h�k�l�b, �i�e�_�g�d�b �o�b�l�h�a�Z�g�Z �b �i�h�e�b�k�Z�o�Z�j�b�^�g�u�_ �]�m�[�d�b �\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l 

�b�o �k�h�k�l�Z�\�Z �g�_ �Z�^�]�_�a�b�j�h�\�Z�e�b �d �j�Z�g�_�\�h�c �i�h�\�_�j�o�g�h�k�l�b �b �h�d�j�m�`�Z�x�s�b�f �l�d�Z�g�y�f �b �g�_ �a�Z�f�_�^�e�y�e�b 

�d�j�h�\�h�l�_�q�_�g�b�_. �D�j�h�f�_ �l�h�]�h, �]�m�[�d�b �l�_�j�y�e�b �k�i�h�k�h�[�g�h�k�l�v �Z�[�k�h�j�[�b�j�h�\�Z�l�v �d�j�h�\�v. �G�_�d�h�l�h�j�u�_ 

�j�_�a�m�e�v�l�Z�l�u �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 5.2.10. 

 
�L�Z�[�e�b�p�Z 5.2.10. �=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �\ �n�h�j�f�_ �]�m�[�h�d, 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f�b �f�_�l�h�^�Z�f�b �\ �k�j�_�^�_ �Z�j�]�h�g�Z. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �i�j�b�\�_�^�_�g�u �\ �j�Z�a�^�_�e�_ 5.1.4. 

�=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �F�Z�l�_�j�b�Z�e �M�k�e�h�\�b�y 
�h�[�j�Z�[�h�l�d�b �F�Z�k�k�Z 

�d�j�h�\�h�i�h�l�_�j�b, �] 
�<�j�_�f�y 

�h�k�l�Z�g�h�\�d�b 
�d�j�h�\�h�l�_�q�_�g�b�y, �k 

�=�:, % 

�O�e�h�i�d�h�\�u�c 
�f�Z�j�e�_�\�u�c �l�Z�f�i�h�g 

�D�h�g�l�j�h�e�v 
 

4,370 210 0,00 

�G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�]�m�[�d�Z �b�a 1% 

�j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z 
�g�Z�l�j�b�y 

---- 3,862 210 5,81 

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y 
�]�m�[�d�Z �b�a 1% 

�j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z 
�g�Z�l�j�b�y 

�W�I�I, �2 = 5 �f�b�g 4,844 210 -5,42 

 
�F�h�^�b�n�b�d�Z�p�b�y �i�e�_�g�h�d �b �]�m�[�h�d �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �\ �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z, 

�Z�f�f�b�Z�d�Z �b�e�b �k�f�_�k�b �w�l�b�o �]�Z�a�h�\, �g�Z�i�j�h�l�b�\, �\ �g�_�k�d�h�e�v�d�h �j�Z�a �i�h�\�u�r�Z�e�Z �]�_�f�h�k�l�Z�l�b�q�_�k�d�m�x 

�Z�d�l�b�\�g�h�k�l�v �w�l�b�o �f�Z�l�_�j�b�Z�e�h�\. �I�h�\�u�r�_�g�b�_ �]�b�^�j�h�n�b�e�v�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �b �n�h�j�f�b�j�h�\�Z�g�b�_ �g�Z 

�_�]�h �i�h�\�_�j�o�g�h�k�l�b �d�b�k�e�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �b �Z�a�h�l�h�k�h�^�_�j�`�Z�s�b�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i 

�a�g�Z�q�b�l�_�e�v�g�h �m�e�m�q�r�Z�e�h �_�]�h �d�h�g�l�Z�d�l �k �j�Z�g�_�\�h�c �i�h�\�_�j�o�g�h�k�l�v�x. �L�Z�d, �o�b�l�h�a�Z�g�h�\�u�_ �i�e�_�g�d�b (�2 = 

10 �f�b�g) �Z�^�]�_�a�b�j�h�\�Z�e�b �d �j�Z�g�_ �b �i�j�b�e�_�`�Z�s�b�f �l�d�Z�g�y�f �\ �l�_�q�_�g�b�_ 30-40 �k, �b �\�l�y�]�b�\�Z�e�b�k�v �\ 

�j�Z�g�_�\�m�x �i�h�\�_�j�o�g�h�k�l�v, �\�u�k�l�b�e�Z�y �_�z. �I�h�k�e�_ �k�g�y�l�b�y �i�e�z�g�d�b �d�j�h�\�h�l�_�q�_�g�b�_ �e�b�[�h �g�_ 

�\�h�a�h�[�g�h�\�e�y�e�h�k�v �\�h�h�[�s�_, �e�b�[�h �\�h�a�h�[�g�h�\�e�y�e�h�k�v �k�h �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�b�f �l�_�f�i�h�f. �< 

�l�Z�[�e�b�p�Z�o 5.2.11 �b 5.2.12 �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �h�p�_�g�d�b �=�: �^�e�y �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d �b 

�]�m�[�h�d �j�Z�a�e�b�q�g�h�]�h �k�h�k�l�Z�\�Z, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �=�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v 
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�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �a�Z�\�b�k�_�e�Z �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b: �m�\�_�e�b�q�_�g�b�_ �w�d�k�i�h�a�b�p�b�b �\ 

�^�\�Z �j�Z�a�Z �i�j�b�\�h�^�b�e�h �d �\�h�a�j�Z�k�l�Z�g�b�x �=�:. 

�L�Z�[�e�b�p�Z 5.2.11. �=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o 
�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f�b �f�_�l�h�^�Z�f�b. 
�I�e�_�g�d�b �i�h�e�m�q�_�g�u �b�a 2% �j�Z�k�l�\�h�j�Z �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z) �\ 1% �m�d�k�m�k�g�h�c �d�b�k�e�h�l�_. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �i�j�b�\�_�^�_�g�u �\ �j�Z�a�^�_�e�_ 5.1.4. 

�=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �F�Z�l�_�j�b�Z�e �M�k�e�h�\�b�y 
�h�[�j�Z�[�h�l�d�b �F�Z�k�k�Z 

�d�j�h�\�h�i�h�l�_�j�b, �] 
�<�j�_�f�y 

�h�k�l�Z�g�h�\�d�b 
�d�j�h�\�h�l�_�q�_�g�b�y, �k 

�=�:, % 

�O�e�h�i�d�h�\�u�c 
�f�Z�j�e�_�\�u�c �l�Z�f�i�h�g 

�D�h�g�l�j�h�e�v 1 
 

4,370 210 0,00 

�G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�i�e�_�g�d�Z 

�D�h�g�l�j�h�e�v 2 
 

1,242 240 4,20 

�W�I�I, �H2,  
�2 = 5 �f�b�g 

1,679 120 19,16 

�W�I�I, �H2,  
�2 = 10 �f�b�g 

0,531 120 54,89 

�=�b�[�j�b�^�g�Z�y 
�i�e�Z�a�f�Z, �H2,  
�2 = 10 �f�b�g 

0,279 90 69,90 

�W�I�I, O2/NH3, 
�2 = 10 �f�b�g 

0,219 120 62,23 

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y 
�i�e�_�g�d�Z 

�=�b�[�j�b�^�g�Z�y 
�i�e�Z�a�f�Z, 
O2/NH3, 

�2 = 10 �f�b�g 

0,543 90 61,68 

 
�L�Z�[�e�b�p�Z 5.2.12. �=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �]�m�[�h�d �g�Z �h�k�g�h�\�_ �i�h�e�b�k�Z�o�Z�j�b�^�h�\, 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f�b �f�_�l�h�^�Z�f�b. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �i�j�b�\�_�^�_�g�u �\ �j�Z�a�^�_�e�_ 5.1.4. 

�=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �F�Z�l�_�j�b�Z�e �F�Z�l�_�j�b�Z�e 
�]�m�[�d�b 

�M�k�e�h�\�b�y 
�h�[�j�Z�[�h�l�d�b 

�F�Z�k�k�Z 
�d�j�h�\�h�i�h�l�_�j�b, �] 

�<�j�_�f�y 
�h�k�l�Z�g�h�\�d�b 

�d�j�h�\�h�l�_�q�_�g�b�y, �k 

�=�:, % 

�O�e�h�i�d�h�\�u�c 
�f�Z�j�e�_�\�u�c �l�Z�f�i�h�g 

�D�h�g�l�j�h�e�v 
 

4,370 210 0,00 

�:�e�v�]�b�g�Z�l 
�g�Z�l�j�b�y 

3,862 210 5,81 
�G�_�h�[�j�Z�[�h�l�Z�g�g�u�_ 

�]�m�[�d�b �:�e�v�]�b�g�Z�l 
�g�Z�l�j�b�y/�Z�]�Z�j 

1,609 120 44,98 

�:�e�v�]�b�g�Z�l 
�g�Z�l�j�b�y 

�W�I�I, O2,  
�2 = 5 �f�b�g 

1,570 60 67,75 

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ 
�]�m�[�d�b �:�e�v�]�b�g�Z�l 

�g�Z�l�j�b�y/�Z�]�Z�j 
�=�b�[�j�b�^�g�Z�y 
�i�e�Z�a�f�Z, O2, 
�2 = 5 �f�b�g 

0,401 120 68,16 
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�I�h�l�_�g�p�b�j�h�\�Z�g�b�_ �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �f�Z�l�_�j�b�Z�e�h�\ �i�h� ̂ �^�_�c�k�l�\�b�_�f 

�g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �k�b�e�v�g�h�g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�u �d�b�k�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�o �k�j�_�^ �[�u�e�h 

�i�h�d�Z�a�Z�g�h �b �i�j�b �h�[�j�Z�[�h�l�d�_ �^�j�m�]�b�o �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\. �G�Z�i�j�b�f�_�j, 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �p�_�e�e�x�e�h�a�g�h�c �\�Z�l�u �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �W�I�I �\ �l�_�q�_�g�b�_ 5 �f�b�g 

�k�h�k�l�Z�\�b�e�Z 60,74% (�=�: �g�_�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z - 10,80%). 

�L�Z�d�`�_ �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �]�m�[�d�b �b�a �F�D�P. �< �w�l�h�f �k�e�m�q�Z�_ 

�w�n�n�_�d�l�b�\�g�h �h�d�Z�a�Z�e�Z�k�v �g�_  �l�h�e�v�d�h �h�[�j�Z�[�h�l�d�Z �\ �d�b�k�e�h�j�h�^�g�h�c �i�e�Z�a�f�_, �g�h �b �^�h�[�Z�\�e�_�g�b�_ �\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�m�x �k�j�_�^�m �n�l�h�j�k�h�^�_�j�`�Z�s�b�o �\�_�s�_�k�l�\ (�L�Z�[�e�b�p�Z 5.2.13). �I�j�b �f�h�^�b�n�b�d�Z�p�b�b 

�\ SF6 �]�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �F�D�P �]�m�[�d�b �\�h�a�j�Z�k�l�Z�e�Z �k �m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b 

�h�[�j�Z�[�h�l�d�b. �F�Z�d�k�b�f�Z�e�v�g�Z�y �h�i�j�_�^�_�e�_�g�g�Z�y �]�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �k�h�k�l�Z�\�b�e�Z 72,79% 

(�=�: �g�_�h�[�j�Z�[�h�l�Z�g�g�h�c �F�D�P �]�m�[�d�b �k�h�k�l�Z�\�e�y�e�Z 15,72%). 

 
�L�Z�[�e�b�p�Z 5.2.13. �=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �F�D�P �\ �n�h�j�f�_ �]�m�[�d�b, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f�b �f�_�l�h�^�Z�f�b. 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �i�j�b�\�_�^�_�g�u �\ �j�Z�a�^�_�e�_ 5.1.4. 

�=�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �F�Z�l�_�j�b�Z�e �F�Z�l�_�j�b�Z�e 
�]�m�[�d�b 

�M�k�e�h�\�b�y 
�h�[�j�Z�[�h�l�d�b 

�F�Z�k�k�Z 
�d�j�h�\�h�i�h�l�_�j�b, �] 

�<�j�_�f�y 
�h�k�l�Z�g�h�\�d�b 

�d�j�h�\�h�l�_�q�_�g�b�y, �k 

�=�:, % 

�O�e�h�i�d�h�\�u�c 
�f�Z�j�e�_�\�u�c �l�Z�f�i�h�g 

�D�h�g�l�j�h�e�v 1 
 

4,370 210 0,00 

�G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�]�m�[�d�Z 

�D�h�g�l�j�h�e�v 2 
 

1,474 255 15,72 

�W�I�I, O2,  
�2 = 5 �f�b�g 

0,721 255 30,76 

�=�b�[�j�b�^�g�Z�y 
�i�e�Z�a�f�Z, SF6, 

�2 = 5 �f�b�g 

2,171 150 42,49 
�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ 

�]�m�[�d�b 
�=�b�[�j�b�^�g�Z�y 
�i�e�Z�a�f�Z, SF6, 
�2 = 60 �f�b�g 

0,394 90 72,79 

 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �f�_�l�h�^�u 

�f�h�^�b�n�b�d�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �[�b�h�i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �y�\�e�y�x�l�k�y �g�h�\�u�f �i�_�j�k�i�_�d�l�b�\�g�u�f �b 

�\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�f �g�Z�i�j�Z�\�e�_�g�b�_�f �i�h�e�m�q�_�g�b�y �w�n�n�_�d�l�b�\�g�u�o �]�_�f�h�k�l�Z�l�b�d�h�\. 

�K�n�h�j�f�b�j�h�\�Z�g�g�u�_ �g�Z �d�h�g�l�Z�d�l�g�h�c �i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �Z�d�l�b�\�g�u�_ �o�b�f�b�q�_�k�d�b�_ �]�j�m�i�i�u, 

�f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �^�Z�e�v�g�_�c�r�_�c �n�m�d�p�b�h�g�Z�e�b�a�Z�p�b�b �[�b�h�i�h�e�b�f�_�j�g�h�]�h �f�Z�l�_�j�b�Z�e�Z 

�j�Z�a�e�b�q�g�u�f�b �[�b�h�e�h�]�b�q�_�k�d�b �Z�d�l�b�\�g�u�f�b �Z�]�_�g�l�Z�f�b (�e�_�d�Z�j�k�l�\�_�g�g�u�f�b �\�_�s�_�k�l�\�Z�f�b, �i�_�i�l�b�^�Z�f�b 

�b �[�_�e�d�Z�f�b, �h�e�b�]�h�k�Z�o�Z�j�b�^�Z�f�b), �q�l�h �i�h�a�\�h�e�b�l �k�h�a�^�Z�\�Z�l�v �]�_�f�h�k�l�Z�l�b�d�b �k �k�h�q�_�l�Z�g�g�u�f  �b�e�b 

�i�j�h�e�h�]�b�j�h�\�Z�g�g�u�f �^�_�c�k�l�\�b�_�f. 
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5.3. �:�g�Z�e�b�a �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �n�Z�d�l�h�j�h�\, �\�h�a�^�_�c�k�l�\�m�x�s�b�o �g�Z �[�b�h�i�h�e�b�f�_�j�u �i�j�b 

�h�[�j�Z�[�h�l�d�_ �\ �W�I�I 

�B�a�f�_�g�_�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o  �b �[�b�h�e�h�]�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �[�b�h�i�h�e�b�f�_�j�h�\ �y�\�e�y�x�l�k�y 

�k�e�_�^�k�l�\�b�_�f �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y  �g�Z �\�_�s�_�k�l�\�h �g�_�k�d�h�e�v�d�b�o �n�Z�d�l�h�j�h�\, �d�h�l�h�j�u�_ 

�k�h�\�f�_�k�l�g�h �j�_�Z�e�b�a�m�x�l�k�y �\ �W�I�I, �Z �b�f�_�g�g�h: �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �Z�d�l�b�\�g�u�f�b �l�y�`�_�e�u�f�b 

�q�Z�k�l�b�p�Z�f�b �i�e�Z�a�f�u (�Z�l�h�f�Z�f�b, �b�h�g�Z�f�b �b �j�Z�^�b�d�Z�e�Z�f�b �\ �h�k�g�h�\�g�h�f �b �\�h�a�[�m�`�^�_�g�g�h�f 

�k�h�k�l�h�y�g�b�y�o), �l�h�j�f�h�a�g�u�f �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�f�b �w�e�_�d�l�j�h�g�Z�f�b 

�i�m�q�d�Z �b �\�l�h�j�b�q�g�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �W�I�I.  

�< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �j�Z�[�h�l�u �^�e�y �h�p�_�g�d�b �\�d�e�Z�^�Z �d�Z�`�^�h�]�h �b�a �n�Z�d�l�h�j�h�\ �[�u�e�b �i�j�h�\�_�^�_�g�h 

�k�j�Z�\�g�b�l�_�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ (�k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\, 

�f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k, �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b) �i�j�h�^�m�d�l�h�\ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b 

�[�b�h�i�h�e�b�f�_�j�h�\, �i�h�e�m�q�_�g�g�u�o �\ �k�i�_�p�b�Z�e�v�g�h �i�h�^�h�[�j�Z�g�g�u�o �m�k�e�h�\�b�y�o �h�[�j�Z�[�h�l�d�b, �d�h�]�^�Z 

�^�h�f�b�g�b�j�m�x�s�b�f �h�d�Z�a�u�\�Z�e�k�y �d�Z�d�h�c-�l�h �h�^�b�g (�b�e�b �h�i�j�_�^�_�e�_�g�g�Z�y �]�j�m�i�i�Z) �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o 

�\�u�r�_ �n�Z�d�l�h�j�h�\. �< �d�Z�q�_�k�l�\�_ �l�_�k�l�h�\�u�o �k�h�_�^�b�g�_�g�b�c �[�u�e�b �\�u�[�j�Z�g�u: 

�Z) �i�h�e�b�k�Z�o�Z�j�b�^ �o�b�l�h�a�Z�g (M�� = 500 �d�>�Z); 

�[) �[�_�e�d�b – �n�b�[�j�b�g-�f�h�g�h�f�_�j �b �;�K�:, �i�h�k�d�h�e�v�d�m �[�_�e�d�b, �\ �h�l�e�b�q�b�_ �h�l �i�h�e�b�k�Z�o�Z�j�b�^�h�\, 

�y�\�e�y�x�l�k�y �g�_�j�_�]�m�e�y�j�g�u�f�b �i�h�e�b�f�_�j�Z�f�b, �b�f�_�x�l �[�h�e�_�_ �k�e�h�`�g�m�x �k�l�j�m�d�l�m�j�m �b �[�h�e�_�_ 

�q�m�\�k�l�\�b�l�_�e�v�g�u �d �\�g�_�r�g�b�f �\�h�a�^�_�c�k�l�\�b�y�f.  

�W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �g�Z �l�h�g�d�b�o �i�e�_�g�d�Z�o �o�b�l�h�a�Z�g�Z �b �[�_�e�d�h�\, �Z �l�Z�d�`�_ �g�Z 

�i�h�j�h�r�d�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �;�K�:.  

�;�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �k�l�j�m�d�l�m�j�Z �b �k�\�h�c�k�l�\�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�o  �\ 

�k�e�_�^�m�x�s�b�o �j�_�`�b�f�Z�o: 

1) �L�h�j�f�h�a�g�u�f �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f (�O-ray). �>�e�y �w�l�h�]�h �d�h�g�l�_�c�g�_�j �k 

�h�[�j�Z�[�Z�l�u�\�Z�_�f�u�f �\�_�s�_�k�l�\�h�f �g�Z�d�j�u�\�Z�e�k�y �i�h�e�b�w�l�b�e�_�g�h�\�h�c �i�e�_�g�d�h�c �l�h�e�s�b�g�h�c 20 

�f�d�f, �d�h�l�h�j�Z�y �i�j�Z�d�l�b�q�_�k�d�b �i�j�h�a�j�Z�q�g�Z �^�e�y �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y, �g�h 

�i�h�e�g�h�k�l�v�x �i�h�]�e�h�s�Z�e�Z �w�e�_�d�l�j�h�g�u, �i�h�w�l�h�f�m �i�h� ̂ �i�e�_�g�d�h�c �]�_�g�_�j�Z�p�b�y �W�I�I �g�_ 

�i�j�h�b�k�o�h�^�b�e�Z. �H�[�j�Z�[�h�l�d�Z �i�j�h�\�h�^�b�e�Z�k�v �\ �l�_�q�_�g�b�_ 5 �f�b�g �^�e�y �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b 10 

�f�b�g �^�e�y �;�K�:. 

2) �K�h�\�f�_�k�l�g�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �b �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b (e+X-ray). 

�H�[�j�Z�[�h�l�d�Z �i�j�h�\�h�^�b�e�Z�k�v �i�j�b �i�h�g�b�`�_�g�g�h�f �^�Z�\�e�_�g�b�b �b�g�_�j�l�g�h�]�h �]�Z�a�Z (pm ~ 10-2 

�L�h�j�j). �< �w�l�b�o �m�k�e�h�\�b�y�o �d�h�g�p�_�g�l�j�Z�p�b�y �l�y�`�_�e�u�o �q�Z�k�l�b�p �\ �W�I�I �g�Z �l�j�b �i�h�j�y�^�d�Z 

�f�_�g�v�r�_, �q�_�f �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �]�j�m�i�i�u 3 (�k�f. �k�e�_�^�m�x�s�b�c �i�m�g�d�l). �<�j�_�f�y �h�[�j�Z�[�h�l�d�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �2 �k�h�k�l�Z�\�b�e�h 2 �f�b�g. �<�j�_�f�y �h�[�j�Z�[�h�l�d�b �;�K�: – 5 �f�b�g �b 10 �f�b�g. 

�W�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �\ �^�Z�g�g�u�o �h�i�u�l�Z�o �k�h�k�l�Z�\�e�y�e�Z 30 �d�w�<. 
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3) �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�h �h�[�u�q�g�h�c �i�j�h�p�_�^�m�j�_, �h�i�b�k�Z�g�g�h�c �\�u�r�_ (H2O+e+X-ray). 

�H�[�j�Z�[�h�l�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �i�j�h�\�h�^�b�e�Z�k�v �\ �l�_�q�_�g�b�_ 5 �f�b�g, �h�[�j�Z�[�h�l�d�Z �;�K�: – �\ 

�l�_�q�_�g�b�_ 5 �f�b�g. 

 �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �[�u�e�b �k�i�_�p�b�Z�e�v�g�h �i�h�^�h�[�j�Z�g�u �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �^�h�a�u 

�h�[�e�m�q�_�g�b�y �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �b �j�_�g�l�]�_�g�h�\�k�d�h�]�h �h�[�e�m�q�_�g�b�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o 1 �b 2 

�[�u�e�b �l�Z�d�b�f�b �`�_, �d�Z�d �b �\ �w�d�k�i�_�j�b�f�_�g�l�_ 3. �<�k�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b�k�v �i�j�b �i�h�k�l�h�y�g�g�h�c  

�f�h�s�g�h�k�l�b �i�m�q�d�Z Nb=50 �<�l, �Z �^�h�a�Z �h�[�e�m�q�_�g�b�y �h�[�j�Z�a�p�Z �j�_�]�m�e�b�j�h�\�Z�e�Z�k�v �\�j�_�f�_�g�_�f 

�w�d�k�i�h�a�b�p�b�b �2 �b �\�u�[�h�j�h�f �j�_�`�b�f�Z �k�d�Z�g�b�j�h�\�Z�g�b�y �W�I. �D�h�e�b�q�_�k�l�\�_�g�g�u�_ �a�g�Z�q�_�g�b�y �^�h�a �^�e�y 

�d�h�g�d�j�_�l�g�u�o �m�k�e�h�\�b�c �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v �\ �o�h�^�_ 

�\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ (�k�f. �j�Z�a�^�_�e 7.4).  

 �M�q�b�l�u�\�Z�y �j�_�a�m�e�v�l�Z�l�u, �i�h�e�m�q�_�g�g�u�_ �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o, �j�Z�k�k�f�h�l�j�_�g�g�u�o �\ �j�Z�a�^�_�e�Z�o 5.1. 

�b 5.2, �n�b�[�j�b�g-�f�h�g�h�f�_�j �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �\�b�^�_ �f�_�e�d�h�^�b�k�i�_�j�k�g�h�]�h �i�h�j�h�r�d�Z, �Z �;�K�: – �\ �\�b�^�_ 

�l�h�g�d�b�o �i�e�_�g�h�d. �< �d�Z�q�_�k�l�\�_ �d�h�g�l�j�h�e�v�g�u�o �h�[�j�Z�a�p�h�\ �i�j�b �Z�g�Z�e�b�a�_ �b�k�i�h�e�v�a�h�\�Z�e�b �i�h�j�h�r�h�d 

�b�k�o�h�^�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �;�K�:, �e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�u�c �\ �\�Z�d�m�m�f�_. 

�K�\�h�c�k�l�\�Z  �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�h�\ �a�Z�\�b�k�_�e�b �h�l �k�i�h�k�h�[�Z �h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z. �N�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �l�h�e�v�d�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �h�[�e�Z�^�Z�e 

�h�]�j�Z�g�b�q�_�g�g�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�v�x �\ �\�h�^�_, �\ �l�h �\�j�_�f�y �d�Z�d �h�k�l�Z�e�v�g�u�_ �h�[�j�Z�a�p�u �o�h�j�h�r�h 

�j�Z�k�l�\�h�j�y�e�b�k�v �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_.  

 �H�i�j�_�^�_�e�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �j�Z�a�e�b�q�g�u�o �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �g�Z �Z�g�Z�e�b�a�Z�l�h�j�_ �L 

339�F («Mikrotechha-N. P.», �Q�_�o�h�k�e�h�\�Z�d�b�y) �\ �j�_�`�b�f�_ 17 �h�k�g�h�\�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �\�u�y�\�b�e�h 

�k�m�s�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �\ �Z�f�b�g�h�d�b�k�e�h�l�g�h�f �k�h�k�l�Z�\�_ �h�[�j�Z�a�p�h�\ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, 

�h�[�j�Z�[�h�l�Z�g�g�u�o �\ �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ �j�_�`�b�f�Z�o. �J�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 5.3.1. 

�K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �\ �h�[�j�Z�a�p�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�f �l�h�e�v�d�h 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �i�j�Z�d�l�b�q�_�k�d�b �g�_ �h�l�e�b�q�Z�e�k�y �h�l �Z�f�b�g�h�d�b�k�e�h�l�g�h�]�h �k�h�k�l�Z�\�Z 

�d�h�g�l�j�h�e�v�g�h�]�h �[�_�e�d�Z. �I�h �k�j�Z�\�g�_�g�b�x �k �g�_�h�[�j�Z�[�h�l�Z�g�g�u�f �n�b�[�j�b�g-�f�h�g�h�f�_�j�h�f �g�Z�[�e�x�^�Z�e�h�k�v 

�k�m�s�_�k�l�\�_�g�g�h�_ �k�g�b�`�_�g�b�_ �]�b�k�l�b�^�b�g�Z (�g�Z 47,3%), �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u (�g�Z 23,4%) �b 

�f�_�l�b�h�g�b�g�Z (�g�Z 46,7%). �K�h�^�_�j�`�Z�g�b�_ �h�k�l�Z�e�v�g�u�o �Z�f�b�g�h�d�b�k�e�h�l �a�g�Z�q�b�l�_�e�v�g�h �g�_ �b�a�f�_�g�b�e�h�k�v.  

�< �h�[�j�Z�a�p�_ �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�f �l�h�e�v�d�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �g�Z�[�e�x�^�Z�e�h�k�v �k�g�b�`�_�g�b�_ 

�k�h�^�_�j�`�Z�g�b�y �e�b�a�b�g�Z, �i�j�h�e�b�g�Z, �f�_�l�b�h�g�b�g�Z, �b�a�h�e�_�c�p�b�g�Z �b �l�b�j�h�a�b�g�Z �\ 1,2-1,4 �j�Z�a�Z �i�h 

�k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f �[�_�e�d�h�f. 

�K �i�h�f�h�s�v�x �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c  �o�j�h�f�Z�l�h�]�j�Z�n�b�b �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �\ �h�[�j�Z�a�p�_ 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �i�j�b�k�m�l�k�l�\�m�_�l �e�b�r�v 

�g�_�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �n�j�Z�]�f�_�g�l�h�\.  

�I�j�b �i�j�h�\�_�^�_�g�b�b PAGE �w�e�_�d�l�j�h�n�h�j�_�a�Z �g�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �^�_�k�l�j�m�d�p�b�b �;�K�:, 

�i�h�^�\�_�j�]�g�m�l�h�]�h �\�Z�d�m�m�f�g�h�c �k�m�r�d�_: �^�Z�g�g�u�c �h�[�j�Z�a�_�p �^�Z�\�Z�e �i�h�e�h�k�m, �b�^�_�g�l�b�q�g�m�x �g�Z�l�b�\�g�h�f�m 
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�;�K�:. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�Z�d�m�m�f�g�Z�y �k�m�r�d�Z, �b�k�i�h�e�v�a�h�\�Z�g�g�Z�y �i�j�b �i�h�e�m�q�_�g�b�b �l�h�g�d�b�o �i�e�_�g�h�d 

�Z�e�v�[�m�f�b�g�Z, �g�_ �\�e�b�y�_�l �g�Z �_�]�h �k�l�j�m�d�l�m�j�m. �H�l�k�m�l�k�l�\�b�_ �^�_�k�l�j�m�d�p�b�b �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �[�u�e�h 

�i�h�d�Z�a�Z�g�h �b �m �h�[�j�Z�a�p�h�\ �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�o �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f (�J�b�k. 5.3.1). 

 �>�Z�g�g�u�_, �i�h�e�m�q�_�g�g�u�_ �i�j�b �i�j�h�\�_�^�_�g�b�b �w�e�_�d�l�j�h�n�h�j�_�a�Z, �[�u�e�b �i�h�^�l�\�_�j�`�^�_�g�u 

�j�_�a�m�e�v�l�Z�l�Z�f�b �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b: �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �g�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h 

�i�b�d�h�\, �i�j�b�g�Z�^�e�_�`�Z�s�b�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f �n�j�Z�]�f�_�g�l�Z�f. �< �l�h �`�_ �\�j�_�f�y �g�Z �\�k�_�o 

�o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �i�j�b�k�m�l�k�l�\�h�\�Z�e �\�u�j�Z�`�_�g�g�u�c �i�b�d, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �k�h�_�^�b�g�_�g�b�x �k 

�f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 60 �d�>�Z (�k�f. �J�b�k. 5.3.2). 

 

�J�b�k. 5.3.1. PAGE-�w�e�_�d�l�j�h�n�h�j�_�a �h�[�j�Z�a�p�h�\ 

�[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z (�;�K�:): 

1 – �b�k�o�h�^�g�u�c �;�K�:; 2 – �;�K�:, 

�e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�u�c �b�a �j�Z�k�l�\�h�j�Z �\ �\�Z�d�m�m�f�_ 

�^�e�y �i�h�e�m�q�_�g�b�y �l�h�g�d�h�c �i�e�_�g�d�b;  3 – �;�K�:, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �\ 

�l�_�q�_�g�b�_ 10 �f�b�g; �F – �f�Z�j�d�_�j�u. 

 

 
�Z) �[) 

�J�b�k. 5.3.2. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �;�K�:: �Z) – �;�K�:, �e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�u�c �b�a 

�j�Z�k�l�\�h�j�Z �\ �\�Z�d�m�m�f�_ �^�e�y �i�h�e�m�q�_�g�b�y �l�h�g�d�h�c �i�e�_�g�d�b;  �[) – �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �\ �l�_�q�_�g�b�_ 10 �f�b�g 
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�H�[�j�Z�[�h�l�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b 

�w�e�_�d�l�j�h�g�Z�f�b �\ �l�_�q�_�g�b�_ 2-�o �f�b�g�m�l �i�j�b�\�_�e�Z �d �k�b�e�v�g�h�f�m �m�f�_�g�v�r�_�g�b�x �k�h�^�_�j�`�Z�g�b�y 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �h�[�j�Z�a�p�_. �D�Z�d �b �\ �h�[�j�Z�a�p�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�f  

�L�Z�[�e�b�p�Z 5.3.1. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �n�b�[�j�b�g-�f�h�g�h�f�_�j�_ (�N�F-�D) �b 
�i�j�h�^�m�d�l�Z�o �_�]�h �^�_�k�l�j�m�d�p�b�b �i�h� ̂ �^�_�c�k�l�\�b�_�f �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y (�O-ray), 
�j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y �b �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ (�_+�O-ray) �b �W�I�I �i�Z�j�h�\ �\�h�^�u, % 
�f�Z�k�k. 

�:�f�b�g�h�d�b�k�e�h�l�u, 
%�f�Z�k�k 

�N�F-�D 
 

�O-ray 
�W = 5 �f�b�g 

�_+�O-ray 
�W = 2 �f�b�g 

�W�I�I �i�Z�j�h�\ �\�h�^�u 
�W = 5 �f�b�g 

 �K�h�^�_�j�`�Z-
�g�b�_ 

�K�h�^�_�j�`�Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�^�_�j-
�`�Z�g�b�y

�K�h�^�_�j�`�Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�^�_�j-
�`�Z�g�b�y 

�K�h�^�_�j�`�Z-
�g�b�_ 

% 
�b�a�f�_-
�g�_�g�b�y 
�k�h�^�_�j-
�`�Z�g�b�y

�E�b�a�b�g 0,26�r0,03 0,23�r0,02 11,5 0,22�r0,02 15,4 0,13�r0,01 50,0 

�=�b�k�l�b�^�b�g 0,19�r0,02 0,10�r0,01 47,3 0,13�r0,01 31,6 0,13�r0,01 31,6 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,64�r0,06 0,49�r0,05 23,4 0,45�r0,04 29,7 0,39�r0,04 39,0 

�L�j�_�h�g�b�g 0,24�r0,02 0,24�r0,02 0 0,19�r0,02 20,8 0,16�r0,02 33,3 

�K�_�j�b�g 0,29�r0,03 0,27�r0,03 6,9 0,22�r0,02 24,1 0,18�r0,02 39,7 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,53�r0,05 0,49�r0,05 7,5 0,44�r0,04 17,0 0,37�r0,04 30,2 

�I�j�h�e�b�g 0,14�r0,01 0,15�r0,02 1,4 0,16�r0,02 1,6 0,18�r0,02 28,6 

�=�e�b�p�b�g 0,24�r0,02 0,21�r0,02 12,5 0,20�r0,02 16,7 0,19�r0,02 20,8 

�:�e�Z�g�b�g 0,15�r0,01 0,13�r0,01 13,3 0,13�r0,01 13,3 0,14�r0,01 6,7 

�P�b�k�l�b�g 0,068�r0,007 0,058�r0,006 14,7 0,079�r0,008 16,2 0,039�r0,004 42,6 

�<�Z�e�b�g 0,15�r0,01 0,14�r0,01 6,7 0,15�r0,01 0 0,12�r0,01 20,0 

�F�_�l�b�h�g�b�g 0,15�r0,01 0,08�r0,01 46,7 0,09�r0,01 40,0 0,07�r0,01 53,3 

�B�a�h�e�_�c�p�b�g 0,14�r0,01 0,13�r0,01 7,1 0,14�r0,01 0 0,11�r0,01 21,4 

�E�_�c�p�b�g 0,24�r0,02 0,22�r0,02 8,3 0,21�r0,02 12,5 0,16�r0,02 33,3 

�L�b�j�h�a�b�g 0,17�r0,02 0,17�r0,02 0 0,16�r0,02 5,9 0,09�r0,01 47,1 

�N�_�g�b�e�Z�e�Z�g�b�g 0,16�r0,02 0,14�r0,01 12,5 0,18�r0,02 11,5 0,12�r0,01 25,0 
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�L�Z�[�e�b�p�Z 5.3.2. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �l�h�g�d�b�o �i�e�_�g�d�Z�o �[�u�q�v�_�]�h 
�k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z �^�h �b �i�h�k�e�_ �_�]�h �h�[�j�Z�[�h�l�d�b �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f (�O-
ray) �b  �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k  �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b (�_+X-ray), % 
�f�Z�k�k. 
 

�O-ray 
�W = 10 �f�b�g 

�_+X-ray 

�2=10 �f�b�g 

�:�f�b�g�h�d�b�k�e�h�l�Z �D�h�g�l�j�h�e�v�g�u�c 

�;�K�: 

�K�h�^�_�j�`�Z�g�b�_ % 
�b�a�f�_�g�_�g�b�y 
�k�h�^�_�j�`�Z�g�b�y 

�K�h�^�_�j�`�Z�g�b�_ % 
�b�a�f�_�g�_�g�b�y 
�k�h�^�_�j�`�Z�g�b�y

�E�b�a�b�g 10,25±1,02 8,82±0,88 13,9 3,18±0,32 69,0 

�=�b�k�l�b�^�b�g 3,67±0,37 3,54±0,35 3,5 3,30±0,33 10,1 

�:�j�]�b�g�b�g 5,39±0,54 4,85±0,48 10,0 3,65±0,66 38,1 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 

�d�b�k�e�h�l�Z 

9,17±0,92 9,04±0,90 1,4 3,12±0,31 65,9 

�L�j�_�h�g�b�g 5,02±0,50 5,02±0,50 0 2,52±0,25 32,8 

�K�_�j�b�g 3,75±0,37 3,60±0,36 4,0 2,40±0,24 36,0 

�=�e�m�l�Z�f�b�g�h�\�Z�y 

�d�b�k�e�h�l�Z 

16,78±1,68 15,33±1,53 8,6 5,20±0,52 69,0 

�I�j�h�e�b�g 4,01±0,40 3,35±0,33 18,3 �k�e�_�^�u 100 

�=�e�b�p�b�g 1,45±0,14 1,71±0,17 17,9 1,90±0,19 31,0 

�:�e�Z�g�b�g 4,91±0,49 4,93±0,49 0,4 4,56±0,46 6,9 

�P�b�k�l�b�g 4,73±0,47 4,51±0,45 4,6 2,15±0,21 54,5 

�<�Z�e�b�g 4,45±0,44 4,31±0,43 3,1 3,49±0,35 21,6 

�F�_�l�b�h�g�b�g 2,02±0,20 1,42±0,14 29,7 1,23±0,12 39,1 

�B�a�h�e�_�c�p�b�g 1,85±0,18 1,73±0,17 6,5 0,83±0,08 55,1 

�E�_�c�p�b�g 9,61±0,96 9,01±0,90 6,2 4,56±0,46 52,5 

�L�b�j�h�a�b�g 4,30±0,43 3,33±0,33 22,5 1,99±0,20 53,7 

�N�_�g�b�e�Z�e�Z�g�b�g  5,01±0,50 4,80±0,48 4,2 3,23±0,32 35,5 
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�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �g�Z�b�[�h�e�_�_ �a�Z�f�_�l�g�h �k�g�b�a�b�e�h�k�v (�i�h �k�j�Z�\�g�_�g�b�x �k 

�d�h�g�l�j�h�e�v�g�u�f �N�F) �k�h�^�_�j�`�Z�g�b�_ �]�b�k�l�b�^�b�g�Z (�g�Z 31,6%), �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u (�g�Z 29,7%) �b 

�f�_�l�b�h�g�b�g�Z (�g�Z 40,0%). �K�h�^�_�j�`�Z�g�b�_ �l�j�_�h�g�b�g�Z �b �k�_�j�b�g�Z �m�f�_�g�v�r�b�e�h�k�v �\ 1,3 �j�Z�a�Z �i�h 

�k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f �[�_�e�d�h�f. �D�h�g�p�_�g�l�j�Z�p�b�y �h�k�l�Z�e�v�g�u�o �g�_ �b�a�f�_�g�y�e�Z�k�v (�L�Z�[�e�b�p�Z 5.3.1).  

�I�j�b �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �k �i�h�f�h�s�v�x �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y �b 

�[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �b�a�f�_�g�y�e�h�k�v �k�h�^�_�j�`�Z�g�b�_ �l�j�_�h�g�b�g�Z �b �k�_�j�b�g�Z, �d�h�l�h�j�h�]�h �g�_ �g�Z�[�e�x�^�Z�e�h�k�v 

�i�j�b  �h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �l�h�e�v�d�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f. �D�j�h�f�_ �l�h�]�h, 

�k�h�^�_�j�`�Z�g�b�_ �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �b �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l �\ �h�[�j�Z�a�p�_, �h�[�j�Z�[�h�l�Z�g�g�h�f 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b, �m�f�_�g�v�r�Z�e�h�k�v �i�h 

�k�j�Z�\�g�_�g�b�x �k �b�o �d�h�g�p�_�g�l�j�Z�p�b�_�c �\ �h�[�j�Z�a�p�_, �l�h�e�v�d�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, �g�Z 10,2% �b 

8,2% �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�_�k�l�j�m�d�p�b�y �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �i�h� ̂ �k�h�\�f�_�k�l�g�u�f 

�^�_�c�k�l�\�b�_�f �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y �b �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �i�j�b�\�h�^�b�e�Z �d �g�_�d�h�l�h�j�u�f, 

�h�^�g�Z�d�h �g�_�a�g�Z�q�b�l�_�e�v�g�u�f, �b�a�f�_�g�_�g�b�y�f �\ �_�]�h �Z�f�b�g�h�d�b�k�e�h�l�g�h�f �k�h�k�l�Z�\�_. 

�L�Z�[�e�b�p�Z 5.3.3. �<�u�k�h�l�Z �i�b�d�h�\ �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b �^�e�y �i�j�h�^�m�d�l�h�\, 
�i�h�e�m�q�_�g�g�u�o �i�j�b �h�[�j�Z�[�h�l�d�_ �;�K�:  �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f, (�O-ray) �b  
�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k  �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b (�_+X-ray) �b �\ �W�I�I 
�i�Z�j�h�\ �\�h�^�u, �f�< 
 
�<�j�_�f�y �\�u�o�h�^�Z �i�b�d�Z, 

�f�b�g 
5,6 

>800 �d�>�Z 

7,2 

350 �d�>�Z 

8 

150 �d�>�Z 

8,7 

60 �d�>�Z 
11,8 15,1 17 

�H�[�j�Z�a�_�p �<�u�k�h�l�Z �i�b�d�h�\, �f�< 

�B�k�o�h�^�g�u�c �;�K�: 30 140 260 810 0 0 0 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 
�O-ray 35 80 150 470 0 0 0 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 
�_+X-ray 
�2 = 5 �f�b�g 

8 0 20 75 43 15 19 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 
�\ �W�I�I-�G2�H 
�2 = 5 �f�b�g 

0 6 16 65 95 38 45 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 
�_+X-ray 
�2 = 10 �f�b�g 

5 35 40 20 32 15 8 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 
�\ �W�I�I-�G2�H 
�2 = 10 �f�b�g 

0 25 65 16 105 40 60 

 

�I�j�b �h�[�j�Z�[�h�l�d�_ �l�h�g�d�b�o �i�e�_�g�h�d �;�K�: �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k 

�[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �\ �l�_�q�_�g�b�_ �2 = 5 �f�b�g �h�l�f�_�q�Z�e�h�k�v �l�Z�d�`�_ �h�[�j�Z�a�h�\�Z�g�b�_ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\: �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �[�u�e�b �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u �i�b�d�b, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�f �k�h�_�^�b�g�_�g�b�y�f, �k�h �\�j�_�f�_�g�Z�f�b �\�u�o�h�^�Z 11,8; 15,1 �b 17 
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�f�b�g. �H�^�g�Z�d�h �i�b�d, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �g�Z�l�b�\�g�h�f�m �;�K�:, �k�h�o�j�Z�g�y�e�k�y (�J�b�k. 5.3.3). �I�j�b 

�m�\�_�e�b�q�_�g�b�b �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b �\ 2 �j�Z�a�Z (�2 = 10 �f�b�g) �r�e�h �g�Z�d�h�i�e�_�g�b�_ �i�j�h�^�m�d�l�h�\ 

�i�h�e�b�f�_�j�b�a�Z�p�b�b. �I�j�b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �[�u�e�h 

�h�[�g�Z�j�m�`�_�g�h �k�m�s�_�k�l�\�_�g�g�h�_ �i�h�g�b�`�_�g�b�_ �m�j�h�\�g�y �i�j�Z�d�l�b�q�_�k�d�b �\�k�_�o �Z�f�b�g�h�d�b�k�e�h�l �\ �h�[�j�Z�a�p�_ 

�;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�f �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �\ 

�l�_�q�_�g�b�_ 10 �f�b�g (�g�Z 50-69% �i�h �k�j�Z�\�g�_�g�b�x �k �g�_�h�[�j�Z�[�h�l�Z�g�g�u�f �;�K�:) (�L�Z�[�e�b�p�Z 5.3.2). 

�H�[�j�Z�[�h�l�d�Z �l�h�g�d�h�c �i�e�_�g�d�b �;�K�: �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�h �k�l�Z�g�^�Z�j�l�g�h�c �i�j�h�p�_�^�m�j�_ 

�i�j�b�\�h�^�b�e�Z �d �^�Z�e�v�g�_�c�r�_�f�m �k�g�b�`�_�g�b�x �k�h�^�_�j�`�Z�g�b�y �\�k�_�o �Z�f�b�g�h�d�b�k�e�h�l (�k�f. �L�Z�[�e�b�p�m 5.1.8. �\ 

�j�Z�a�^�_�e�_ 5.1) �b �g�Z�j�Z�k�l�Z�g�b�x �d�h�e�b�q�_�k�l�\�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b. �I�j�b 

�w�l�h�f �d�h�e�b�q�_�k�l�\�h �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�e�h �q�_�j�_�a 5 �f�b�g 

�i�h�k�e�_ �g�Z�q�Z�e�Z �W�I�I-�h�[�j�Z�[�h�l�d�b, �Z �k�h�^�_�j�`�Z�g�b�_ �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�h�e�b�f�_�j�g�u�o 

�k�h�_�^�b�g�_�g�b�c �k�g�b�`�Z�e�h�k�v (�L�Z�[�e�b�p�Z 5.3.3). 

�H�[�j�Z�[�h�l�d�Z �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�h �h�[�u�q�g�h�c �i�j�h�p�_�^�m�j�_ �\ 

�l�_�q�_�g�b�_ 5 �f�b�g �\�u�a�u�\�Z�e�Z �\�_�k�v�f�Z �k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�h�]�h �k�h�k�l�Z�\�Z: �\ 

�h�[�j�Z�a�p�_ �[�u�e�Z �k�g�b�`�_�g�Z �d�h�g�p�_�g�l�j�Z�p�b�y �e�b�a�b�g�Z, �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �b�a�h�e�_�c�p�b�g�Z, 

�e�_�c�p�b�g�Z, �l�b�j�h�a�b�g�Z �b �n�_�g�b�e�Z�e�Z�g�b�g�Z, �q�_�]�h �g�_ �g�Z�[�e�x�^�Z�e�h�k�v �\ �h�[�j�Z�a�p�Z�o �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �b�e�b �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b 

�w�e�_�d�l�j�h�g�Z�f�b. �D�j�h�f�_ �l�h�]�h, �g�Z�[�e�x�^�Z�e�h�k�v �^�Z�e�v�g�_�c�r�_�_ �k�g�b�`�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b 

�Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�j�_�h�g�b�g�Z, �k�_�j�b�g�Z �b �f�_�l�b�h�g�b�g�Z �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�Z�f�b 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�u�f�b �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �b�e�b �j�_�g�l�]�_�g�h�\�k�d�b�f 

�b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b. �G�Z�b�[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�h (�\ 1,5-2 �j�Z�a�Z �i�h 

�k�j�Z�\�g�_�g�b�x �k �g�_�h�[�j�Z�[�h�l�Z�g�g�u�f �n�b�[�j�b�g-�f�h�g�h�f�_�j�h�f (�N�F-�D) �k�g�b�`�Z�e�Z�k�v �f�Z�k�k�h�\�Z�y �^�h�e�y 

�e�b�a�b�g�Z, �l�j�_�h�g�b�g�Z, �]�e�m�l�Z�f�b�g�h�\�h�c �d�b�k�e�h�l�u, �l�b�j�h�a�b�g�Z, �p�b�k�l�b�g�Z, �Z �l�Z�d�`�_ �f�_�l�b�h�g�b�g�Z, 

�Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l�u �b �k�_�j�b�g�Z (�L�Z�[�e�b�p�Z 5.3.4). 

�=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �i�h�d�Z�a�Z�e�Z, �q�l�h �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c 

�i�h �k�l�Z�g�^�Z�j�l�g�h�c �i�j�h�p�_�^�m�j�_ �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z, �b�f�_�e �h�d�h�e�h 2 %  �f�h�e�_�d�m�e �b�e�b �Z�]�j�_�]�Z�l�h�\ �k 

�f�Z�k�k�h�c �[�h�e�_�_ 2000 �d�>�Z. 25 % �\�_�s�_�k�l�\�Z �h�[�j�Z�a�p�Z �i�j�_�^�k�l�Z�\�e�y�e�b �k�h�[�h�c �n�j�Z�]�f�_�g�l�u �[�_�e�d�h�\ �k 

�f�Z�k�k�h�c �h�l 150  �d�>�Z (8 �f�b�g�m�l) �^�h 700 �>�Z (11 �f�b�g�m�l). (�>�e�y �k�j�Z�\�g�_�g�b�y, �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v 

�w�e�x�b�j�h�\�Z�g�b�y �b�g�k�m�e�b�g�Z �k �f�Z�k�k�h�c 5,3 �d�>�Z �k�h�k�l�Z�\�e�y�_�l 10,28 �f�b�g�m�l). �< �h�k�g�h�\�g�h�f �h�[�j�Z�a�p�_  

�k�h�^�_�j�`�Z�e�b�k�v �i�j�h�^�m�d�l�u �k �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x �w�e�x�b�j�h�\�Z�g�b�y 11,12; 11,35; 12,30; 12,74; 

13,03 �f�b�g. �H�k�l�Z�e�v�g�Z�y �q�Z�k�l�v �h�[�j�Z�a�p�Z �[�u�e�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �j�Z�a�e�b�q�g�u�f�b �Z�f�b�g�h�d�b�k�e�h�l�Z�f�b �b�e�b 

�b�o �n�j�Z�]�f�_�g�l�Z�f�b (�J�b�k. 5.3.4). �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �g�Z �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v �w�e�x�b�j�h�\�Z�g�b�y �\ 

�^�Z�g�g�h�c �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c �d�h�e�h�g�d�_ �i�h�k�e�_ 11 �f�b�g�m�l �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �h�d�Z�a�u�\�Z�_�l 

�]�b�^�j�h�n�h�[�g�h-�]�b�^�j�h�n�b�e�v�g�u�_ �k�\�h�c�k�l�\�Z �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �\�_�s�_�k�l�\. 
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�J�b�k. 5.3.3. �=�_�e�v�i�j�h�g�b�d�Z�x�s�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �j�_�g�l�]�_�g�h�\�k�d�b�f 

�b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �\ �l�_�q�_�g�b�_ 5 �f�b�g. 

 
�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �h�[�j�Z�a�p�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�o �W�I�I, �]�^�_ 

�k�h�q�_�l�Z�x�l�k�y �\�k�_ �i�_�j�_�q�b�k�e�_�g�g�u�_ �\�u�r�_ �n�Z�d�l�h�j�u (�j�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m�q�_�g�b�_, �[�u�k�l�j�u�_ 

�w�e�_�d�l�j�h�g�u,  �^�_�c�k�l�\�b�_ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u), �h�l�f�_�q�Z�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�h�_ 

�k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �i�j�Z�d�l�b�q�_�k�d�b �\�k�_�o �h�i�j�_�^�_�e�y�_�f�u�o �Z�f�b�g�h�d�b�k�e�h�l  �b �g�Z�d�h�i�e�_�g�b�_ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �^�_�k�l�j�m�d�p�b�b. �<�_�j�h�y�l�g�h, �q�l�h �i�j�b �W�I�I-�^�_�k�l�j�m�d�p�b�b 

�[�b�h�i�h�e�b�f�_�j�h�\ (�b �\ �q�Z�k�l�g�h�k�l�b, �[�_�e�d�h�\) �g�Z�[�e�x�^�Z�_�l�k�y �k�b�g�_�j�]�_�l�b�q�_�k�d�h�_ �^�_�c�k�l�\�b�_, �\�k�_�o 

�n�Z�d�l�h�j�h�\, �j�_�Z�e�b�a�m�x�s�b�o�k�y �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_. �I�j�b �w�l�h�f �^�_�c�k�l�\�b�_ �o�b�f�b�q�_�k�d�b 

�Z�d�l�b�\�g�u�o �l�y�`�_�e�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u �y�\�e�y�_�l�k�y, �i�h-�\�b�^�b�f�h�f�m, �i�j�_�h�[�e�Z�^�Z�x�s�b�f. 

�f�< 

�<�j�_�f�y �w�e�x�b�j�h�\�Z�g�b�y, �f�b�g

�;�K�: 
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�L�Z�[�e�b�p�Z 5.3.4. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �b�k�o�h�^�g�h�f �n�b�[�j�b�g-�f�h�g�h�f�_�j�_ 
�b �i�j�h�^�m�d�l�Z�o, �i�h�e�m�q�_�g�g�u�o �\ �j�_�a�m�e�v�l�Z�l�_ �_�]�h �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �^�_�k�l�j�m�d�p�b�b �\ �W�I�I 
�i�Z�j�h�\ �\�h�^�u �\ �l�_�q�_�g�b�_ 5 �f�b�g, % �f�Z�k�k. 
 

�N�F-�D �H�[�j�Z�a�_�p 1 �H�[�j�Z�a�_�p 2 �:�f�b�g�h�d�b�k�e�h�l�u 
�K�h�^�_�j�`�Z�g�b�_ �K�h�^�_�j�`�Z-

�g�b�_ 
% �b�a�f�_-
�g�_�g�b�y 
�k�h�^�_�j-
�`�Z�g�b�y 

�K�h�^�_�j�`�Z-
�g�b�_ 

% �b�a�f�_-
�g�_�g�b�y 
�k�h�^�_�j-
�`�Z�g�b�y 

�E�b�a�b�g 0,26�r0,03 0,13�r0,01 50,0 0,13�r0,01 50,0 

�=�b�k�l�b�^�b�g 0,19�r0,02 0,20�r0,02 5,0 0,13�r0,01 31,6 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,64�r0,06 0,49�r0,05 23,4 0,39�r0,04 39,0 

�L�j�_�h�g�b�g 0,24�r0,02 0,15�r0,01 37,5 0,16�r0,02 33,3 

�K�_�j�b�g 0,29�r0,03 0,22�r0,02 24,1 0,18�r0,02 39,7 

�=�e�m�l�Z�f�b�g�h�\�Z�y 
�d�b�k�e�h�l�Z 

0,53�r0,05 0,36�r0,04 32,0 0,37�r0,04 30,2 

�I�j�h�e�b�g 0,14�r0,01 0,18�r0,02 28,6 0,18�r0,02 28,6 

�=�e�b�p�b�g 0,24�r0,02 0,22�r0,02 8,3 0,19�r0,02 20,8 

�:�e�Z�g�b�g 0,15�r0,01 0,24�r0,02 60,0 0,14�r0,01 6,7 

�P�b�k�l�b�g 0,068�r0,007 0,039�r0,004 42,6 0,039�r0,004 42,6 

�<�Z�e�b�g 0,15�r0,01 0,12�r0,01 20,0 0,12�r0,01 20,0 

�F�_�l�b�h�g�b�g 0,15�r0,01 0,11�r0,01 26,7 0,07�r0,01 53,3 

�B�a�h�e�_�c�p�b�g 0,14�r0,01 0,10�r0,01 28,5 0,11�r0,01 21,4 

�E�_�c�p�b�g 0,24�r0,02 0,17�r0,02 39,3 0,16�r0,02 33,3 

�L�b�j�h�a�b�g 0,17�r0,02 0,09�r0,01 47,0 0,09�r0,01 47,1 

�N�_�g�b�e�Z�e�Z�g�b�g 0,16�r0,02 0,09�r0,01 43,7 0,12�r0,01 25,0 

  

�L�Z�[�e�b�p�Z 5.3.5. �<�e�b�y�g�b�_ �j�Z�a�e�b�q�g�u�o �k�i�h�k�h�[�h�\ �h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �g�Z 
�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�h�\ (�Z�]�j�_�]�Z�p�b�y �l�j�h�f�[�h�p�b�l�h�\ 
�q�_�e�h�\�_�d�Z in vitro, �b�g�^�m�p�b�j�h�\�Z�g�g�Z�y �:�>�N (1�u10-5 �F), Amax;%) 

 
�W�I�I �i�Z�j�h�\ �\�h�^�u 

�W = 5 �f�b�g 
�:�>�N 

1�u10-5 M 
(�d�h�g�l�j�h�e�v) 

�N�F-�O-ray 
�W = 5 �f�b�g 

�N�F-�_+�O-ray 
�W = 2 �f�b�g 

�H�[�j�Z�a�_�p 1 �H�[�j�Z�a�_�p 2 

54,6�r2,6 49,7�r1,5 46,6�r2,0 35,2�r1,4 * 34,6�r1,7 * 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x �:�>�N 1�u10-5 �F (�j��0,05) 

�H�[�j�Z�a�p�u 1 �b 2 �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �\ �h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o (U = 30 �d�<, Ib = 1,5 �f�: , Pm = 10 

�L�h�j�j, �i�Z�j�u �\�h�^�u, �2 = 5 �f�b�g) �\ �^�\�m�o �g�_�a�Z�\�b�k�b�f�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o 
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�;�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-

�f�h�g�h�f�_�j�Z �l�Z�d�`�_ �a�Z�\�b�k�_�e�Z �h�l �m�k�e�h�\�b�c �h�[�j�Z�[�h�l�d�b. �K�j�Z�\�g�_�g�b�_ �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c 

�Z�d�l�b�\�g�h�k�l�b �h�[�j�Z�a�p�h�\ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �b 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b, �b �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z 

�i�h �k�l�Z�g�^�Z�j�l�g�h�c �i�j�h�p�_�^�m�j�_ (�d�h�g�_�q�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �[�_�e�d�Z �\ �k�m�k�i�_�g�a�b�b �l�j�h�f�[�h�p�b�l�h�\ 1 

�f�]/�f�e) �i�h�d�Z�a�Z�e�h, �q�l�h �l�h�e�v�d�h �i�j�h�^�m�d�l�u �W�I�I-�^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b�g�]�b�[�b�j�h�\�Z�e�b 

�:�>�N-�b�g�^�m�p�b�j�h�\�Z�g�g�m�x �Z�]�j�_�]�Z�p�b�x �l�j�h�f�[�h�p�b�l�h�\ (�L�Z�[�e�b�p�Z 5.3.5). �W�l�h �^�Z�_�l �h�k�g�h�\�Z�g�b�_ �^�e�y 

�\�u�\�h�^�Z, �q�l�h �b�f�_�g�g�h �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �i�e�Z�a�f�u �b�]�j�Z�x�l �j�_�r�Z�x�s�m�x �j�h�e�v �\ �i�j�b�h�[�j�_�l�_�g�b�b 

�i�j�h�^�m�d�l�Z�f�b �f�h�^�b�n�b�d�Z�p�b�b �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b. 

 �<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �n�b�[�j�b�g-�f�h�g�h�f�_�j, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ 

�b�^�_�g�l�b�q�g�u�o �m�k�e�h�\�b�y�o (�h�[�j�Z�a�p�u 1 �b 2 �\ �l�Z�[�e�b�p�Z�o 5.3.4. �b 5.3.5.), �b�f�_�x�l �h�^�b�g�Z�d�h�\�u�_ 

�n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �i�j�Z�d�l�b�q�_�k�d�b �k�o�h�^�g�u�c �Z�f�b�g�h�d�b�k�e�h�l�g�u�c �k�h�k�l�Z�\. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �f�h�`�g�h �m�l�\�_�j�`�^�Z�l�v, �q�l�h �i�j�b �l�h�q�g�h�f �k�h�[�e�x�^�_�g�b�b �i�Z�j�Z�f�_�l�j�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b 

�j�_�a�m�e�v�l�Z�l�u �W�I�I-�^�_�k�l�j�m�d�p�b�b �[�_�e�d�h�\ �y�\�e�y�x�l�k�y �i�h�e�g�h�k�l�v�x �\�h�k�i�j�h�b�a�\�h�^�b�f�u�f�b. 

�L�Z�[�e�b�p�Z 5.3.6. �<�e�b�y�g�b�_ �b�g�l�_�]�j�Z�e�v�g�h�]�h �w�g�_�j�]�h�\�d�e�Z�^�Z Q �\ �\�_�s�_�k�l�\�h �g�Z 
�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-
�f�h�g�h�f�_�j�Z (�Z�]�j�_�]�Z�p�b�y �l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z in vitro, �b�g�^�m�p�b�j�h�\�Z�g�g�Z�y �:�>�N (1�u10-5 �F), 
Amax;%) 
 

�<�j�_�f�y �h�[�j�Z�[�h�l�d�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b �j�_�`�b�f �k�d�Z�g�b�j�h�\�Z�g�b�y �W�I �D�h�g�l�j�h�e�v 
�:�>�N 

1�u10-5 �F �W = 5 �f�b�g 
100×100 �f�f  

Q =  Q0 

�W = 5 �f�b�g 
150×150 �f�f  

Q <  Q0 

�W =15 �f�b�g 
150×150 �f�f  

Q =  Q0 
54,6�r2,6 35,2�r1,4 * 53,1�r2,1 35,6�r0,9 * 

* - �>�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�x �:�>�N 1�u10-5 �F (�j��0,05) 

 �K �p�_�e�v�x �h�l�j�Z�[�h�l�d�b �i�h�^�o�h�^�h�\ �d �m�i�j�Z�\�e�_�g�b�x �i�j�h�p�_�k�k�Z�f�b �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c 

�^�_�k�l�j�m�d�p�b�b �b �d�h�g�l�j�h�e�x �a�Z �k�\�h�c�k�l�\�Z�f�b �i�h�e�m�q�Z�_�f�u�o �i�j�h�^�m�d�l�h�\ �k�i�_�p�b�Z�e�v�g�Z�y �k�_�j�b�y 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�Z �i�j�h�\�_�^�_�g�Z �i�j�b �i�h�g�b�`�_�g�g�h�c �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �q�Z�k�l�b�p �i�e�Z�a�f�u �g�Z 

�h�[�j�Z�[�Z�l�u�\�Z�_�f�u�c �h�[�j�Z�a�_�p �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z. �>�e�y �w�l�h�]�h �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�c �f�h�s�g�h�k�l�b Nb 

�Z�f�i�e�b�l�m�^�Z �k�d�Z�g�b�j�h�\�Z�g�b�y �W�I �[�u�e�Z �m�\�_�e�b�q�_�g�Z �\ 1,7 �j�Z�a�Z, �l.�_. �\ 3 �j�Z�a�Z �[�u�e�Z �m�f�_�g�v�r�_�g�Z 

�i�e�h�l�g�h�k�l�v �i�h�l�h�d�Z �q�Z�k�l�b�p �i�e�Z�a�f�u, �i�Z�^�Z�x�s�_�c �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�Z. �H�i�j�_�^�_�e�_�g�b�_ 

�k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �^�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �i�h�d�Z�a�Z�e�h, �q�l�h �d�h�g�p�_�g�l�j�Z�p�b�y 

�Z�f�b�g�h�d�b�k�e�h�l �\ �g�b�o �g�_ �b�a�f�_�g�y�e�Z�k�v �i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�l�b�\�g�u�f �n�b�[�j�b�g-�f�h�g�h�f�_�j�h�f. 

�I�h�e�m�q�_�g�g�u�_ �h�[�j�Z�a�p�u �g�_ �h�[�e�Z�^�Z�e�b �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�v�x, �l.�_. �h�[�j�Z�[�h�l�d�Z 

�n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ �w�l�h�f �j�_�`�b�f�_ �g�_ �i�j�b�\�_�e�Z �d �_�]�h �f�h�^�b�n�b�d�Z�p�b�b. �D�h�]�^�Z �\�j�_�f�y �h�[�j�Z�[�h�l�d�b 

�[�u�e�h �l�j�h�_�d�j�Z�l�g�h �m�\�_�e�b�q�_�g�h (�W = 15 �f�b�g) �i�j�b �l�h�c �`�_ �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �q�Z�k�l�b�p (�l�Z�d�b�f 
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�h�[�j�Z�a�h�f, �[�u�e�Z �\�h�k�k�l�Z�g�h�\�e�_�g�Z �k�l�Z�g�^�Z�j�l�g�Z�y �^�e�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �w�d�k�i�h�a�b�p�b�h�g�g�Z�y �^�h�a�Z) 

�Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �i�h�y�\�b�e�b�k�v �\�g�h�\�v, �i�j�b�q�_�f �g�Z �l�_�o �`�_ �d�h�e�b�q�_�k�l�\�_�g�g�u�o �m�j�h�\�g�y�o 

(�L�Z�[�e�b�p�Z 5.3.6). �W�l�h �^�Z�e�h �h�k�g�h�\�Z�g�b�y �m�l�\�_�j�`�^�Z�l�v, �q�l�h �g�Z�[�e�x�^�Z�_�f�u�_ �i�j�b �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �w�n�n�_�d�l�u �a�Z�\�b�k�y�l �h�l �^�h�a�u �h�[�e�m�q�_�g�b�y, �i�j�b �w�l�h�f, 

�d�Z�d �b �\ �k�e�m�q�Z�_ �W�I�I-�f�h�^�b�n�b�d�Z�p�b�b �k�b�g�l�_�l�b�q�_�k�d�b�o �i�j�h�b�a�\�h�^�g�u�o �Z�f�b�g�h�d�b�k�e�h�l (�j�Z�a�^�_�e 

5.1.1), �i�h�j�h�]�h�\�u�f �i�h �\�j�_�f�_�g�b �W �h�[�j�Z�a�h�f.  

�<�h �\�k�_�o �h�[�j�Z�a�p�Z�o �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�h�]�h �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �d�h�l�h�j�u�_ �\�u�a�u�\�Z�e�b 

�b�g�]�b�[�b�j�h�\�Z�g�b�_ �Z�]�j�_�]�Z�p�b�b �l�j�h�f�[�h�p�b�l�h�\, �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o (�\ �l�h�f �q�b�k�e�_ �b �g�Z 

�o�j�h�f�Z�l�h�]�j�Z�f�f�_ �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �\ �W�I�I �]�_�e�b�y, �k�f. �j�Z�a�^�_�e 5.1 �b �j�b�k. 

5.1.2) �i�j�b�k�m�l�k�l�\�h�\�Z�e �i�j�h�^�m�d�l �k �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x �w�e�x�b�j�h�\�Z�g�b�y 12,30 �f�b�g. �< �l�h �`�_ 

�\�j�_�f�y �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �b 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �k�h�\�f�_�k�l�g�h �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b, �Z �l�Z�d�`�_ �i�j�b �h�[�j�Z�[�h�l�d�_ 

�w�l�h�]�h �[�_�e�d�Z �i�j�b �i�h�g�b�`�_�g�g�h�c �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �q�Z�k�l�b�p �i�e�Z�a�f�u, �^�Z�g�g�h�]�h �i�j�h�^�m�d�l�Z 

�h�[�g�Z�j�m�`�_�g�h �g�_ �[�u�e�h (�J�b�k. 5.3.4, �o�j�h�f�Z�l�h�]�j�Z�f�f�Z 3). �<�_�j�h�y�l�g�h, �b�f�_�g�g�h �w�l�h�l 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�c �i�_�i�l�b�^ �b �h�[�e�Z�^�Z�_�l �Z�g�l�b�Z�]�j�_�]�Z�p�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�v�x, �Z �_�]�h 

�h�[�j�Z�a�h�\�Z�g�b�_ �a�Z�\�b�k�b�l �h�l �k�i�h�k�h�[�Z �h�[�j�Z�[�h�l�d�b �b�k�o�h�^�g�h�]�h �[�_�e�d�Z �b �^�h�a�u �h�[�e�m�q�_�g�b�y.  

�J�b�k. 5.3.4. �O�j�h�f�Z�l�h�]�j�Z�f�f�u �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �W�I�I �i�j�b �j�Z�a�e�b�q�g�h�f 

�b�g�l�_�]�j�Z�e�v�g�h�f �w�g�_�j�]�h�\�d�e�Z�^�_ Q �\ �\�_�s�_�k�l�\�h: 1 – �N�F, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �\ 

�l�_�q�_�g�b�_ 5 �f�b�g (Q =  Q0); 2 – �N�F, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �\�h�^�y�g�h�]�h �i�Z�j�Z �i�j�b �i�h�g�b�`�_�g�g�h�c 

�i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �q�Z�k�l�b�p �i�e�Z�a�f�u �\ �l�_�q�_�g�b�_ 15 �f�b�g (Q); 3 – �N�F, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I 

�\�h�^�y�g�h�]�h �i�Z�j�Z �i�j�b �i�h�g�b�`�_�g�g�h�c �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �q�Z�k�l�b�p �i�e�Z�a�f�u �\ �l�_�q�_�g�b�_ 5 �f�b�g (Q <  Q0). 
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�:�g�Z�e�b�a �\�e�b�y�g�b�y �j�_�Z�e�b�a�m�_�f�u�o �\ �W�I�I �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �n�Z�d�l�h�j�h�\, �d�h�l�h�j�u�_ �\�g�h�k�y�l 

�\�d�e�Z�^ �\ �^�_�]�j�Z�^�Z�p�b�x �[�b�h�i�h�e�b�f�_�j�h�\, �[�u�e �i�j�h�\�_�^�_�g �b �^�e�y �i�h�e�b�k�Z�o�Z�j�b�^�Z �o�b�l�h�a�Z�g�Z. 

�W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �g�Z �l�h�g�d�b�o �i�e�_�g�d�Z�o (3,5±1,5 �f�d�f), �i�h�e�m�q�_�g�g�u�o �b�a �o�b�l�h�a�Z�g�Z �k M�� 

= 500 �d�>�Z.  

 

�J�b�k. 5.3.5. �<�h�^�h�h�o�e�Z�`�^�Z�_�f�h�_ �m�k�l�j�h�c�k�l�\�h �k �\�h�a�f�h�`�g�h�k�l�v�x 

�i�h�^�Z�q�b �i�h�l�_�g�p�b�Z�e�Z �^�e�y �h�[�j�Z�[�h�l�d�b �l�h�g�d�b�o �i�e�_�g�h�d 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\. 

 

�>�e�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �k�i�_�p�b�Z�e�v�g�Z�y �\�h�^�h�h�o�e�Z�`�^�Z�_�f�Z�y 

�i�h�^�e�h�`�d�Z (�f�_�^�g�Z�y �i�e�Z�k�l�b�g�d�Z �l�h�e�s�b�g�h�c 0,5 �f�f  �k �j�Z�^�b�Z�l�h�j�h�f, �h�o�e�Z�`�^�Z�_�f�u�f �i�j�h�l�h�q�g�h�c 

�\�h�^�h�c), �g�Z �d�h�l�h�j�m�x �f�h�] �i�h�^�Z�\�Z�l�v�k�y �i�h�e�h�`�b�l�_�e�v�g�u�c �b�e�b �h�l�j�b�p�Z�l�_�e�v�g�u�c �i�h�l�_�g�p�b�Z�e. �G�Z 

�w�l�h�c �i�h�^�e�h�`�d�_ �j�Z�a�f�_�s�Z�e�Z�k�v �i�h�^�e�_�`�Z�s�Z�y �h�[�j�Z�[�h�l�d�_ �i�e�_�g�d�Z �o�b�l�h�a�Z�g�Z (�J�b�k. 5.3.5). 

�<�u�i�h�e�g�y�e�b�k�v �w�d�k�i�_�j�b�f�_�g�l�u, �o�h�^�_ �d�h�l�h�j�u�o �i�h�^�e�h�`�d�Z �[�u�e�Z �i�h� ̂ �i�h�l�_�g�p�b�Z�e�h�f ±300 �< �b�e�b 

�[�u�e�Z �a�Z�a�_�f�e�_�g�Z, �q�l�h �^�Z�\�Z�e�h �\�h�a�f�h�`�g�h�k�l�v �j�Z�a�^�_�e�b�l�v �w�n�n�_�d�l�u, �h�d�Z�a�u�\�Z�_�f�u�_ �g�Z �[�b�h�i�h�e�b�f�_�j 

�w�e�_�d�l�j�h�g�_�c�l�j�Z�e�v�g�u�f�b �q�Z�k�l�b�p�Z�f�b �i�e�Z�a�f�u, �i�h�e�h�`�b�l�_�e�v�g�h �a�Z�j�y�`�_�g�g�u�f�b �b�h�g�Z�f�b �b 

�w�e�_�d�l�j�h�g�Z�f�b �l�_�i�e�h�\�u�o �b �i�j�h�f�_�`�m�l�h�q�g�u�o �w�g�_�j�]�b�c. �G�Z �j�b�k. 5.3.6. �i�h�d�Z�a�Z�g�Z �i�j�h�p�_�^�m�j�Z 

�h�[�j�Z�[�h�l�d�b �i�e�_�g�d�b �o�b�l�h�a�Z�g�Z �[�_�a �i�h�^�Z�q�b �i�h�l�_�g�p�b�Z�e�Z �g�Z �i�e�Z�k�l�b�g�m �b �i�j�b �i�h�^�Z�q�_ �i�h�l�_�g�p�b�Z�e�Z 

��300 �<.  

�W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �\ �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o: 

�� �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ U = 30 �d�<; 

�� Ib = 0,8 – 3,5 �f�: ; 

�� �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�Z�y �k�j�_�^�Z: �d�b�k�e�h�j�h�^. �D�b�k�e�h�j�h�^ �[�u�e �\�u�[�j�Z�g �\ �d�Z�q�_�k�l�\�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �l.�d. �\ �g�_�f �b�^�_�l �b�g�l�_�g�k�b�\�g�h�_ �h�[�j�Z�a�h�\�Z�g�b�_ �Z�d�l�b�\�g�u�o 

�g�_�c�l�j�Z�e�v�g�u�o �b �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p, �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o �k �[�b�h�f�h�e�_�d�m�e�Z�f�b �k 

�\�u�k�h�d�b�f�b �d�h�g�k�l�Z�g�l�Z�f�b �k�d�h�j�h�k�l�_�c �o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c; 

�� �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_: 5 �L�h�j�j; 

�� �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 = 45 - 600 �k. 
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�L�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �[�_�k�d�h�g�l�Z�d�l�g�u�f �B�D-�i�b�j�h�f�_�l�j�h�f �b �\ 

�l�_�q�_�g�b�_ �\�k�_�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �i�h�^�^�_�j�`�b�\�Z�e�Z�k�v �j�Z�\�g�h�c 60 º�K. �N�h�l�h�]�j�Z�n�b�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z 

�^�h �b �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �i�h�d�Z�a�Z�g�u �g�Z �j�b�k 5.1.21 (�k�f. �j�Z�a�^�_�e 5.1. 4). �G�Z �h�[�j�Z�[�h�l�Z�g�g�u�o �\ 

�W�I�I �h�[�j�Z�a�p�Z�o �h�l�f�_�q�Z�e�h�k�v �o�Z�j�Z�d�l�_�j�g�h�_ �i�h�`�_�e�l�_�g�b�_. 

  

�Z) �[) 

�J�b�k. 5.3.6. �H�[�j�Z�[�h�l�d�Z �l�h�g�d�h�c �i�e�_�g�d�b �o�b�l�h�a�Z�g�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z: �Z) – �i�j�b �g�m�e�_�\�h�f 

�i�h�l�_�g�p�b�Z�e�_ �g�Z �i�h�^�e�h�`�d�_; �[) – �i�j�b �i�h�l�_�g�p�b�Z�e�_ �g�Z �i�h�^�e�h�`�d�_ ��300 �<. 

�I�h�\�_�j�o�g�h�k�l�v �i�e�_�g�h�d �^�h �b �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �k �j�Z�a�e�b�q�g�u�f 

�i�h�l�_�g�p�b�Z�e�h�f, �i�h�^�Z�g�g�u�f �g�Z �i�h�^�e�h�`�d�m, �[�u�e�Z �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�Z �k �i�h�f�h�s�v�x SEM-

�f�b�d�j�h�k�d�h�i�b�b. �I�j�b �w�l�h�f �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\ �j�_�a�m�e�v�l�Z�l�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h 

�\�h�a�^�_�c�k�l�\�b�y �i�j�b �g�m�e�_�\�h�f �i�h�l�_�g�p�b�Z�e�_ �b �i�j�b �i�h�l�_�g�p�b�Z�e�_ ��300 �< �i�j�h�b�k�o�h�^�b�l �a�g�Z�q�b�l�_�e�v�g�h�_ 

�k�]�e�Z�`�b�\�Z�g�b�_ �j�_�e�v�_�n�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�d�b �i�h �k�j�Z�\�g�_�g�b�x �k �g�_�h�[�j�Z�[�h�l�Z�g�g�u�f �h�[�j�Z�a�p�h�f �b 

�h�[�j�Z�a�p�h�f, �h�[�j�Z�[�h�l�Z�g�g�u�f �\ �W�I�I �i�j�b �i�h�l�_�g�p�b�Z�e�_ +300 �< (�J�b�k. 5.3.7). �L�Z�d �d�Z�d �i�j�b �i�h�^�Z�q�_ 

�h�l�j�b�p�Z�l�_�e�v�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z �g�Z �i�h�^�e�h�`�d�m �\ �h�[�e�Z�k�l�v �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c, 

�i�j�h�b�k�o�h�^�y�s�b�o �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�d�b, �b�a �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �i�j�b�\�e�_�d�Z�x�l�k�y 

�^�h�i�h�e�g�b�l�_�e�v�g�u�_ �i�h�e�h�`�b�l�_�e�v�g�h �a�Z�j�y�`�_�g�g�u�_ �o�b�f�b�q�_�k�d�b-�Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �W�I�I 

(�g�Z�i�j�b�f�_�j, �\ �k�e�m�q�Z�_ �W�I�I �d�b�k�e�h�j�h�^�Z �b�f�b �f�h�]�m�l �[�u�l�v �H+, O2
+, O4

+), �l�h �\�_�j�h�y�l�g�h, �q�l�h �w�l�b 

�q�Z�k�l�b�p�u �g�Z�j�y�^�m �k �g�_�c�l�j�Z�e�v�g�u�f�b �d�h�f�i�h�g�_�g�l�Z�f�b (�H, �H2(�Z)) �b�]�j�Z�x�l �h�i�j�_�^�_�e�_�g�g�m�x �j�h�e�v �\ 

�b�a�f�_�g�_�g�b�b �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ �i�e�_�g�h�d �i�h�e�b�k�Z�o�Z�j�b�^�h�\. �H�^�g�Z�d�h, �h�i�j�_�^�_�e�y�x�s�b�c �\�d�e�Z�^ �\ 

�b�g�l�_�]�j�Z�e�v�g�u�c �w�n�n�_�d�l �f�h�^�b�n�b�d�Z�p�b�b �\�g�h�k�y�l �w�e�_�d�l�j�h�g�_�c�l�j�Z�e�v�g�u�_ �q�Z�k�l�b�p�u �i�e�Z�a�f�u. 

�>�h�i�h�e�g�b�l�_�e�v�g�u�o �b�a�f�_�g�_�g�b�c �\ �k�l�j�m�d�l�m�j�_ �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ 

�W�I�I �i�j�b �i�h�^�Z�q�_ �i�h�e�h�`�b�l�_�e�v�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z +300 �<, �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�h�f, 

�h�[�j�Z�[�h�l�Z�g�g�u�f �i�j�b �g�m�e�_�\�h�f �i�h�l�_�g�p�b�Z�e�_ �i�h�^�e�h�`�d�b, �h�[�g�Z�j�m�`�_�g�h �g�_ �[�u�e�h. �W�l�h�l �n�Z�d�l 

�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �l�h�f, �q�l�h �w�e�_�d�l�j�h�g�u �k �w�g�_�j�]�b�y�f�b <300 �w�< �g�_ �h�d�Z�a�u�\�Z�x�l �a�Z�f�_�l�g�h�]�h 

�\�e�b�y�g�b�y �g�Z �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �i�j�h�l�_�d�Z�x�s�b�_ �\ �i�e�_�g�d�_ �b�k�k�e�_�^�h�\�Z�\�r�_�]�h�k�y 

�i�h�e�b�k�Z�o�Z�j�b�^�Z. 
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�L�Z�d�`�_ �[�u�e �b�k�k�e�_�^�h�\�Z�g �\�d�e�Z�^ �\ �^�_�k�l�j�m�d�p�b�x �b �f�h�^�b�n�b�d�Z�p�b�x �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

�\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�o �w�e�_�d�l�j�h�g�h�\ �W�I, �b�f�_�x�s�b�o �w�g�_�j�]�b�x 30 �d�w�<. �>�e�y �w�l�h�]�h �l�h�g�d�b�_ 

�i�e�_�g�d�b �o�b�l�h�a�Z�g�Z (M�� = 500 �d�>�Z), �i�h�f�_�s�_�g�g�u�_ �g�Z �\�h�^�h�h�o�e�Z�`�^�Z�_�f�h�c �i�h�^�e�h�`�d�_ �\ 

�\�u�k�d�h�h�\�Z�d�m�m�f�g�m�x �d�Z�f�_�j�m (P = 10-5 �L�h�j�j) �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �W�I, �k�d�Z�g�b�j�h�\�Z�g�g�h�f �\ �j�_�`�b�f�_ 

�d�h�g�p�_�g�l�j�b�q�_�k�d�b�o �h�d�j�m�`�g�h�k�l�_�c, �\ �l�_�q�_�g�b�_ 3 �f�b�g. �L�_�f�i�_�j�Z�l�m�j�Z �o�b�l�h�a�Z�g�h�\�u�o �i�e�_�g�h�d 

�d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �\ �l�_�q�_�g�b�_ �\�k�_�]�h �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �b �g�_ �i�j�_�\�u�r�Z�e�Z 70 °�K.  

 

 
�Z) �[) 

 

�\) �]) 
�J�b�k. 5.3.7. SEM-�n�h�l�h�]�j�Z�n�b�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o: �Z) – 

�b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) – �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 2 �f�b�g �[�_�a 

�i�h�^�Z�q�b �i�h�l�_�g�p�b�Z�e�Z �g�Z �i�h�^�e�h�`�d�m, �\) – �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 2 

�f�b�g �k �i�h�l�_�g�p�b�Z�e�h�f �g�Z �i�h�^�e�h�`�d�_ -300 �<, �]) – �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ 

�l�_�q�_�g�b�_ 2 �f�b�g �k �i�h�l�_�g�p�b�Z�e�h�f �g�Z �i�h�^�e�h�`�d�_ +300 �<. 

�H�k�l�Z�e�v�g�u�_ �m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: U = 30 �d�<, Ib = 1,5 �f�: , Pm = 5 �L�h�j�j, Ts= 60 º�K. 

�J�Z�a�f�_�j �i�h�e�y 4×4 �f�d�f.  

�F�h�j�n�h�e�h�]�b�x �b �o�b�f�b�q�_�k�d�m�x �k�l�j�m�d�l�m�j�m �i�h�\�_�j�o�g�h�k�l�b �i�h�k�e�_ �W�I-�\�h�a�^�_�c�k�l�\�b�y 

�b�k�k�e�_�^�h�\�Z�e�b �k �i�h�f�h�s�v�x SEM-�f�b�d�j�h�k�d�h�i�b�b, EDS �b �B�D-�k�i�_�d�l�j�h�f�_�l�j�b�b. �G�Z �j�b�k. 5.3.8 

�i�h�d�Z�a�Z�g�u SEM-�n�h�l�h�]�j�Z�n�b�b �i�e�_�g�d�b �o�b�l�h�a�Z�g�Z �^�h �b �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �[�u�k�l�j�u�f�b 



 224 
 
�w�e�_�d�l�j�h�g�Z�f�b. �I�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y �W�I �i�j�h�b�k�o�h�^�b�e�Z �k�b�e�v�g�Z�y �Z�f�h�j�n�b�a�Z�p�b�y �b �k�]�e�Z�`�b�\�Z�g�b�_ 

�j�_�e�v�_�n�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�d�b, �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�_ �h �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�g�u�o �f�h�e�_�d�m�e, 

�Z �k�Z�f �h�[�j�Z�a�_�p �k�l�Z�g�h�\�b�e�k�y �o�j�m�i�d�b�f. 

 

�Z) �[) 

�J�b�k. 5.3.8. SEM-�n�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �^�h �b �i�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y 

�[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ (�m�\�_�e�b�q�_�g�b�_ ×5000): �Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) – �h�[�j�Z�a�_�p, 

�h�[�j�Z�[�h�l�Z�g�g�u�c �w�e�_�d�l�j�h�g�Z�f�b �k �w�g�_�j�]�b�_�c 30 �d�w�< �\ �l�_�q�_�g�b�_ 3 �f�b�g 

�W�g�_�j�]�h�^�b�k�i�_�j�k�b�h�g�g�Z�y �j�_�g�l�]�_�g�h�\�k�d�Z�y �k�i�_�d�l�j�h�k�d�h�i�b�y (�L�Z�[�e�b�p�Z 5.3.7) �\�u�y�\�b�e�Z 

�^�\�m�d�j�Z�l�g�h�_ �k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�a�h�l�Z �b �m�\�_�e�b�q�_�g�b�_ (~7%) �k�h�^�_�j�`�Z�g�b�y �m�]�e�_�j�h�^�Z �i�h�k�e�_ 

�W�I-�\�h�a�^�_�c�k�l�\�b�y �i�h �k�j�Z�\�g�_�g�b�x �k �g�_�h�[�j�Z�[�h�l�Z�g�g�h�c �o�b�l�h�a�Z�g�h�\�h�c �i�e�_�g�d�h�c. �>�Z�g�g�u�c �w�n�n�_�d�l 

�[�u�e �i�h�d�Z�a�Z�g, �g�Z�i�j�b�f�_�j, �\ [5.3.1] �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�e�b�f�_�l�b�e�f�_�l�Z�d�j�b�e�Z�l�Z �w�e�_�d�l�j�h�g�Z�f�b �k 

�w�g�_�j�]�b�_�c  60 �d�w�< �\ �\�u�k�h�d�h�f �\�Z�d�m�m�f�_. 

�L�Z�[�e�b�p�Z 5.3.7. �K�h�^�_�j�`�Z�g�b�_ �w�e�_�f�_�g�l�h�\ C, O �b N (�f�Z�k�k%) �\ �i�e�_�g�d�Z�o �o�b�l�h�a�Z�g�Z  

�W�e�_�f�_�g�l �G�_�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�o�b�l�h�a�Z�g�h�\�Z�y 

�i�e�_�g�d�Z 

�O�b�l�h�a�Z�g�h�\�Z�y 
�i�e�_�g�d�Z, 

�h�[�j�Z�[�h�l�Z�g�g�Z�y 
�[�u�k�l�j�u�f�b 

�w�e�_�d�l�j�h�g�Z�f�b 
�2 = 3 �f�b�g 

�O�b�l�h�a�Z�g�h�\�Z�y 
�i�e�_�g�d�Z, 

�h�[�j�Z�[�h�l�Z�g�g�Z�y �\ 
�W�I�I �d�b�k�e�h�j�h�^�Z 

�2 = 5 �f�b�g 

�O�b�l�h�a�Z�g�h�\�Z�y 
�i�e�_�g�d�Z, 

�h�[�j�Z�[�h�l�Z�g�g�Z�y �\ 
�W�I�I �Z�j�]�h�g�Z 

�2 = 5 �f�b�g 

�K 44,54% 51,48% 39,81% 39,58% 

�H 31,04% 35,61% 47,53% 45,39% 

N 24,41% 12,91% 12,66% 15,03% 

 

�< �l�Z�[�e�b�p�_ 5.3.7 �l�Z�d�`�_ �i�j�b�\�_�^�_�g�h �k�h�^�_�j�`�Z�g�b�_ �w�e�_�f�_�g�l�h�\ �\ �h�[�j�Z�a�p�_, �h�[�j�Z�[�h�l�Z�g�g�h�f �\ 

�W�I�I �d�b�k�e�h�j�h�^�Z �b �Z�j�]�h�g�Z. �<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �\�h�a�^�_�c�k�l�\�b�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c 

�d�h�f�i�h�g�_�g�l�u �g�Z �o�b�l�h�a�Z�g �g�_ �i�j�h�b�k�o�h�^�b�l �^�Z�e�v�g�_�c�r�_�]�h �k�g�b�`�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �Z�a�h�l�Z, �h�^�g�Z�d�h 

�g�Z�[�e�x�^�Z�_�l�k�y �a�Z�f�_�l�g�h�_ �m�\�_�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �d�b�k�e�h�j�h�^�Z, �q�l�h �]�h�\�h�j�b�l �h�[ 

�h�d�b�k�e�b�l�_�e�v�g�u�o �i�j�h�p�_�k�k�Z�o �\ �f�Z�l�_�j�b�Z�e�_ �i�e�_�g�d�b, �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�o �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�f�b 
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�q�Z�k�l�b�p�Z�f�b �W�I�I. �H�[�j�Z�s�Z�_�l �g�Z �k�_�[�y �\�g�b�f�Z�g�b�_, �q�l�h �\ �h�l�e�b�q�b�_ �h�l �W�I �i�j�b �\�h�a�^�_�c�k�l�\�b�b �W�I�I �\ 

�h�[�j�Z�a�p�_ �l�Z�d�`�_ �k�g�b�`�Z�_�l�k�y �k�h�^�_�j�`�Z�g�b�_ �m�]�e�_�j�h�^�Z. �I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ �i�h�a�\�h�e�y�x�l 

�a�Z�d�e�x�q�b�l�v, �q�l�h �w�n�n�_�d�l �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �k�\�h�^�b�l�k�y �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �d �i�b�j�h�e�b�a�m 

�i�h�e�b�k�Z�o�Z�j�b�^�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �[�b�h�i�h�e�b�f�_�j�h�\ �g�Z �g�b�o 

�^�_�c�k�l�\�m�_�l �\�k�y �k�h�\�h�d�m�i�g�h�k�l�v �n�Z�d�l�h�j�h�\, �j�_�Z�e�b�a�m�x�s�b�o�k�y �\ �W�I�I, �h�k�g�h�\�g�u�f�b �b�a �d�h�l�h�j�u�o 

�y�\�e�y�x�l�k�y �[�u�k�l�j�u�_ �w�e�_�d�l�j�h�g�u �W�I, �j�Z�a�g�h�h�[�j�Z�a�g�u�_ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �b 

�\�l�h�j�b�q�g�u�_ �w�e�_�d�l�j�h�g�u, �\�h�a�g�b�d�Z�x�s�b�_ �\ �j�_�a�m�e�v�l�Z�l�_ �i�j�h�b�k�o�h�^�y�s�b�o �\ �W�I�I 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c. �=�_�l�_�j�h�]�_�g�g�u�_ �i�j�h�p�_�k�k�u, �b�g�b�p�b�b�j�m�_�f�u�_ �\ �[�b�h�i�h�e�b�f�_�j�_  

�i�_�j�_�q�b�k�e�_�g�g�u�f�b �q�Z�k�l�b�p�Z�f�b, �y�\�e�y�x�l�k�y �f�g�h�]�h�d�Z�g�Z�e�v�g�u�f�b,  �i�j�b�q�_�f �\�d�e�Z�^�u �h�l�^�_�e�v�g�u�o 

�d�Z�g�Z�e�h�\ �g�_�Z�^�^�b�l�b�\�g�u, �o�h�l�y �h�d�Z�a�u�\�Z�x�l �g�Z �k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z �[�b�h�i�h�e�b�f�_�j�Z 

�k�b�g�_�j�]�_�l�b�q�_�k�d�h�_ �^�_�c�k�l�\�b�_. �H�i�j�_�^�_�e�y�x�s�b�c �\�d�e�Z�^ �\ �w�n�n�_�d�l �f�h�^�b�n�b�d�Z�p�b�b �\�g�h�k�y�l 

�w�e�_�d�l�j�h�g�_�c�l�j�Z�e�v�g�u�_ �q�Z�k�l�b�p�u �i�e�Z�a�f�u. 

�B�g�l�_�g�k�b�\�g�u�_ �j�Z�^�b�d�Z�e�v�g�u�_ �b �h�d�b�k�e�b�l�_�e�v�g�u�_ �i�j�h�p�_�k�k�u, �b�^�m�s�b�_ �i�h �\�k�_�f 

�j�Z�k�k�f�h�l�j�_�g�g�u�f �d�Z�g�Z�e�Z�f, �i�j�b�\�h�^�y�l �d �h�[�j�Z�a�h�\�Z�g�b�x �\ �m�k�e�h�\�b�y�o �W�I�I �i�j�h�^�m�d�l�h�\ 

�h�d�b�k�e�b�l�_�e�v�g�h�c �^�_�k�l�j�m�d�p�b�b �[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �b �i�h�e�m�q�_�g�b�x �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�k�h�_�^�b�g�_�g�b�c, �d�h�l�h�j�u�_ �f�h�]�m�l �h�[�e�Z�^�Z�l�v �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x. �K�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b �b 

�[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�j�h�^�m�d�l�h�\ �a�Z�\�b�k�y�l �h�l: 

�x �l�b�i�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �k�h�^�_�j�`�Z�g�b�y �\ �g�_�f �d�b�k�e�h�j�h�^�Z,  

�x �^�e�b�l�_�e�v�g�h�k�l�b �h�[�j�Z�[�h�l�d�b (�k�f. �]�e�Z�\�m V, �j�Z�a�^�_�e�u 5.1 �b 5.2),  

�x �b�g�l�_�]�j�Z�e�v�g�h�]�h �w�g�_�j�]�h�\�d�e�Z�^�Z �\ �\�_�s�_�k�l�\�h, �d�h�l�h�j�u�f �\ �m�k�e�h�\�b�y�o �W�I�I �e�_�]�d�h �m�i�j�Z�\�e�y�l�v, 

�\�Z�j�v�b�j�m�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�Z�f�h�]�h �W�I (U, Ib �b jb, �j�_�`�b�f �k�d�Z�g�b�j�h�\�Z�g�b�y), �^�Z�\�e�_�g�b�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z Pm �b �^�e�b�l�_�e�v�g�h�k�l�v �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y.   

�W�l�h �i�h�a�\�h�e�y�_�l �i�j�b �f�y�]�d�b�o �j�_�`�b�f�Z�o �\�h�a�^�_�c�k�l�\�b�y (�l.�_. �i�j�b �f�Z�e�u�o �f�h�s�g�h�k�l�y�o �w�g�_�j�]�h�\�d�e�Z�^�Z) 

�g�Z�d�Z�i�e�b�\�Z�l�v �a�g�Z�q�b�l�_�e�v�g�u�_ �^�h�a�u �h�[�e�m�q�_�g�b�y �[�b�h�i�h�e�b�f�_�j�h�\ �\�k�_�f�b �m�i�h�f�y�g�m�l�u�f�b �\�u�r�_ 

�q�Z�k�l�b�p�Z�f�b �b �b�a�e�m�q�_�g�b�y�f�b, �q�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �g�_ �l�h�e�v�d�h �i�h�\�u�k�b�l�v 

�h�^�g�h�j�h�^�g�h�k�l�v �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b, �g�h �b �b�a�[�_�`�Z�l�v �g�_�`�_�e�Z�l�_�e�v�g�h�c �^�_�k�l�j�m�d�p�b�b 

�[�b�h�f�h�e�_�d�m�e �\ �j�_�a�m�e�v�l�Z�l�_ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h �^�_�c�k�l�\�b�y �g�Z �g�b�o �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �b 

�\�u�^�_�e�y�x�s�_�]�h�k�y �i�j�b �w�l�h�f �l�_�i�e�Z. 

�H�[�h�[�s�Z�y �j�_�a�m�e�v�l�Z�l�u, �b�a�e�h�`�_�g�g�u�_ �\ �g�Z�k�l�h�y�s�_�c �]�e�Z�\�_, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h  

�b�g�^�m�p�b�j�h�\�Z�g�g�Z�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f �\�h�a�^�_�c�k�l�\�b�_�f �g�Z �b�k�k�e�_�^�h�\�Z�g�g�u�_ �[�b�h�i�h�e�b�f�_�j�u 

�[�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �h�i�j�_�^�_�e�y�_�l�k�y �k�b�g�l�_�l�b�q�_�k�d�b�f �i�Z�j�Z�f�_�l�j�h�f G = qi�W, 

�d�h�l�h�j�u�c �y�\�e�y�_�l�k�y �i�j�h�b�a�\�_�^�_�g�b�_�f �i�e�h�l�g�h�k�l�b �i�h�l�h�d�h�\ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �W�I�I qi, 
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�i�Z�^�Z�x�s�b�o �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z, �b �\�j�_�f�_�g�b �d�h�g�l�Z�d�l�Z �i�h�\�_�j�o�g�h�k�l�b �k 

�i�e�Z�a�f�h�c �W, �Z �l�Z�d�`�_ �l�_�f�i�_�j�Z�l�m�j�h�c �i�h�\�_�j�o�g�h�k�l�b Ts. �I�j�b �w�l�h�f: 

�x �<�_�e�b�q�b�g�u qi �b Ts �f�h�]�m�l �[�u�l�v �\�u�q�b�k�e�_�g�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�_�j�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �f�_�l�h�^�h�\ �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �W�I�I, �h�k�g�h�\�Z�g�g�u�o �g�Z 

�k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�f �j�_�r�_�g�b�b �w�e�_�d�l�j�h�g�g�h-�d�b�g�_�l�b�q�_�k�d�b�o, �f�h�e�_�d�m�e�y�j�g�h-

�d�b�g�_�l�b�q�_�k�d�b�o, �l�_�i�e�h�\�u�o �b �w�e�_�d�l�j�h�n�b�a�b�q�_�k�d�b�o �a�Z�^�Z�q �k �m�q�_�l�h�f �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o 

�i�j�_�\�j�Z�s�_�g�b�c, �i�j�h�b�k�o�h�^�y�s�b�o �\ �]�Z�a�_ �b �l�\�_�j�^�h�f �l�_�e�_ �\ �g�_�j�Z�\�g�h�\�_�k�g�u�o �m�k�e�h�\�b�y�o. 

�x �I�Z�j�Z�f�_�l�j�u, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �[�b�h�e�h�]�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �b �b�o �\�u�o�h�^, 

�a�Z�\�b�k�y�l �h�l �i�Z�j�Z�f�_�l�j�Z G �i�h�j�h�]�h�\�u�f �h�[�j�Z�a�h�f: �i�h �f�_�j�_ �m�\�_�e�b�q�_�g�b�y G �\�u�o�h�^ 

�[�b�h�Z�d�l�b�\�g�u�o �i�j�h�^�m�d�l�h�\ �k�g�Z�q�Z�e�Z �k�e�Z�[�h �\�h�a�j�Z�k�l�Z�_�l; �i�j�b �^�h�k�l�b�`�_�g�b�b �g�_�d�h�l�h�j�h�]�h 

�i�h�j�h�]�h�\�h�]�h �a�g�Z�q�_�g�b�y G �w�n�n�_�d�l �j�_�a�d�h  �m�k�b�e�b�\�Z�_�l�k�y, �i�h�k�e�_ �q�_�]�h �\�u�o�h�^ �[�b�h�Z�d�l�b�\�g�u�o 

�i�j�h�^�m�d�l�h�\ �i�_�j�_�k�l�Z�_�l �j�Z�k�l�b. 

�x �D�h�]�^�Z �i�Z�j�Z�f�_�l�j G �a�g�Z�q�b�l�_�e�v�g�h �i�j�_�\�u�r�Z�_�l �i�h�j�h�]�h�\�h�_ �a�g�Z�q�_�g�b�_ (�g�Z�i�j�b�f�_�j, �i�j�b 

�^�e�b�l�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�_), �f�h�`�_�l �g�Z�[�e�x�^�Z�l�v�k�y �k�g�b�`�_�g�b�_ �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b 

�p�_�e�_�\�u�o �i�j�h�^�m�d�l�h�\ �b �i�h�y�\�e�_�g�b�_ �g�_�`�_�e�Z�l�_�e�v�g�u�o �i�h�[�h�q�g�u�o �i�j�h�^�m�d�l�h�\. 
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�=�E�:�<�: VI. �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�H�? �B�K�K�E�?�>�H�<�:�G�B�? �I�J�H�P�?�K�K�H�< �W�I�I-

�K�L�B�F�M�E�B�J�H�<�:�G�G�H�=�H �K�B�G�L�?�A�: �;�B�H�:�D�L�B�<�G�U�O �I�H�D�J�U�L�B�C �B �G�H�<�U�O 

�N�M�G�D�P�B�H�G�:�E�V�G�U�O �F�:�L�?�J�B�:�E�H�<  

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �j�Z�a�\�b�\�Z�x�s�b�o�k�y �\ �f�b�j�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 

�g�Z�i�j�Z�\�e�_�g�b�c �y�\�e�y�_�l�k�y �k�h�a�^�Z�g�b�_ �]�b�[�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �i�h�d�j�u�l�b�c, �h�[�t�_�^�b�g�y�x�s�b�o �\ 

�k�\�h�_�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�l�j�b�p�_ �d�h�f�i�h�g�_�g�l�u �d�Z�d �f�b�g�b�f�m�f �^�\�m�o �b�g�^�b�\�b�^�m�Z�e�v�g�u�o 

�k�h�k�l�Z�\�e�y�x�s�b�o �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h, �h�j�]�Z�g�b�q�_�k�d�h�]�h �b�e�b �[�b�h�h�j�]�Z�g�b�q�_�k�d�h�]�h �i�j�h�b�k�o�h�`�^�_�g�b�y, 

�o�Z�j�Z�d�l�_�j �o�b�f�b�q�_�k�d�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �d�h�l�h�j�u�f�b �\�Z�j�v�b�j�m�_�l�k�y �h�l �k�b�e�v�g�u�o 

�d�h�\�Z�e�_�g�l�g�u�o �k�\�y�a�_�c �^�h �k�e�Z�[�u�o �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o �\�Z�g-�^�_�j-�\�Z�Z�e�v�k�h�\�u�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�c. 

�I�j�b �w�l�h�f �n�h�j�f�b�j�m�_�l�k�y �h�i�j�_�^�_�e�_�g�g�Z�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y �k�l�j�m�d�l�m�j�Z, �h�l�e�b�q�Z�x�s�Z�y�k�y �h�l 

�k�l�j�m�d�l�m�j �b�k�o�h�^�g�u�o �j�_�Z�]�_�g�l�h�\, �g�h �q�Z�k�l�h �g�Z�k�e�_�^�m�x�s�Z�y �h�i�j�_�^�_�e�_�g�g�u�_ �f�h�l�b�\�u �b �n�m�g�d�p�b�b 

�b�k�o�h�^�g�u�o �k�l�j�m�d�l�m�j �b�e�b �h�[�e�Z�^�Z�x�s�Z�y �k�\�h�b�f�b �k�i�_�p�b�n�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b.  

�=�b�[�j�b�^�g�u�_ �f�Z�l�_�j�b�Z�e�u �b �i�h�d�j�u�l�b�y, �k�h�q�_�l�Z�x�s�b�_ �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �g�_�h�j�]�Z�g�b�q�_�k�d�b�_ �b 

�h�j�]�Z�g�b�q�_�k�d�b�_/�[�b�h�h�j�]�Z�g�b�q�_�k�d�b�_ �d�h�f�i�h�g�_�g�l�u �b �h�[�e�Z�^�Z�x�s�b�_ �a�Z �k�q�_�l �w�l�h�]�h �m�g�b�d�Z�e�v�g�u�f�b 

�k�\�h�c�k�l�\�Z�f�b (�i�h�\�u�r�_�g�g�h�c �i�j�h�q�g�h�k�l�v�x, �m�k�l�h�c�q�b�\�h�k�l�v�x �d �d�h�j�j�h�a�b�b, �[�b�h- �b 

�]�_�f�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x, �k�i�h�k�h�[�g�h�k�l�v�x �d �^�h�a�b�j�h�\�Z�g�g�h�f�m �\�u�k�\�h�[�h�`�^�_�g�b�x �Z�d�l�b�\�g�h�]�h 

�\�_�s�_�k�l�\�Z �\ �d�j�h�\�v �b �f�_�`�d�e�_�l�h�q�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h �b �l.� .̂), �i�j�b�h�[�j�_�l�Z�x�l �\�k�_ �[�h�e�_�_ �r�b�j�h�d�h�_ 

�i�j�b�f�_�g�_�g�b�_ �^�e�y �j�_�r�_�g�b�y �j�Z�a�e�b�q�g�u�o �f�_�^�b�p�b�g�k�d�b�o, �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�o �b 

�[�b�h�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �a�Z�^�Z�q. �=�b�[�j�b�^�g�u�_ �f�Z�l�_�j�b�Z�e�u, �k�h�^�_�j�`�Z�s�b�_ �\ �k�\�h�_�c �k�l�j�m�d�l�m�j�_ 

�m�]�e�_�j�h�^�g�u�_ �d�h�f�i�h�g�_�g�l�u (�g�Z�g�h�l�j�m�[�d�b, �]�j�Z�n�_�g) �b �Z�d�l�b�\�g�u�_ �[�b�h�f�h�e�_�d�m�e�u (�\ �l�h�f �q�b�k�e�_ 

�i�_�i�l�b�^�u, �[�_�e�d�b �b �h�e�b�]�h- �b �i�h�e�b�k�Z�o�Z�j�b�^�u) �l�Z�d�`�_ �y�\�e�y�x�l�k�y �i�_�j�k�i�_�d�l�b�\�g�h�c �h�k�g�h�\�h�c �^�e�y 

�k�h�a�^�Z�g�b�y �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v�g�u�o �n�h�l�h-, �o�_�f�h- �b �[�b�h�k�_�g�k�h�j�h�\ �^�e�y �j�Z�g�g�_�c �^�b�Z�]�g�h�k�l�b�d�b 

�a�Z�[�h�e�_�\�Z�g�b�c, �o�b�f�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �b �^�_�l�_�d�p�b�b �l�h�d�k�b�q�_�k�d�b�o �\�_�s�_�k�l�\. 

�< �^�Z�g�g�h�c �]�e�Z�\�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �i�h�^�o�h�^�u �d �i�h�e�m�q�_�g�b�x �]�b�[�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b 

�[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_. 

 

6.1. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c  �k�b�g�l�_�a �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�f�_�l�Z�e�e�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �b �b�a�^�_�e�b�c 

�< �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �^�e�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�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �i�h�e�m�q�_�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �[�u�e �\�u�[�j�Z�g �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�_�l�Z�e�e�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, 

�Z �b�f�_�g�g�h �g�Z �i�h�\�_�j�o�g�h�k�l�b �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\. �I�h�^�h�[�g�u�c �\�u�[�h�j �[�u�e �h�[�m�k�e�h�\�e�_�g �l�_�f, �q�l�h 

�l�b�l�Z�g�h�\�u�_ �k�i�e�Z�\�u �q�Z�k�l�h �b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �^�_�g�l�Z�e�v�g�u�o �b �d�h�k�l�g�u�o 

�i�j�_�i�Z�j�Z�l�h�\, �\�k�e�_�^�k�l�\�b�_ �b�o �i�j�b�_�f�e�_�f�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �k �l�d�Z�g�y�f�b �h�j�]�Z�g�b�a�f�Z, �Z �l�Z�d�`�_ 
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�[�e�Z�]�h�^�Z�j�y �b�o �k�i�h�k�h�[�g�h�k�l�b �m�f�_�g�v�r�Z�l�v �Z�^�]�_�a�b�x �l�j�h�f�[�h�p�b�l�h�\ �d�j�h�\�b �d �i�h�\�_�j�o�g�h�k�l�b 

�k�h�k�m�^�b�k�l�u�o �k�l�_�g�l�h�\ �b �b�k�d�m�k�k�l�\�_�g�g�u�o �k�_�j�^�_�q�g�u�o �d�e�Z�i�Z�g�h�\. 

�M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �[�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �l�b�l�Z�g�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �b�f�i�e�Z�g�l�Z�l�h�\ 

�k�\�y�a�Z�g�Z �k �n�h�j�f�b�j�h�\�Z�g�b�_�f �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b �l�h�g�d�h�]�h �k�e�h�y �h�d�k�b�^�Z �l�b�l�Z�g�Z (IV). �H�^�g�Z�d�h �i�j�b 

�d�h�g�l�Z�d�l�_ �k �\�g�m�l�j�_�g�g�_�c �k�j�_�^�h�c �`�b�\�h�]�h �h�j�]�Z�g�b�a�f�Z �i�e�_�g�d�Z TiO2 �f�h�`�_�l �i�h�^�\�_�j�]�Z�l�v�k�y 

�d�h�j�j�h�a�b�b, �q�l�h �i�j�h�\�h�p�b�j�m�_�l �\�h�k�i�Z�e�b�l�_�e�v�g�u�_ �b �Z�e�e�_�j�]�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �b �h�l�l�h�j�`�_�g�b�_ 

�b�f�i�e�Z�g�l�Z�l�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�e�y �i�h�\�u�r�_�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �l�b�l�Z�g�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ 

�g�_�h�[�o�h�^�b�f�h �m�\�_�e�b�q�b�l�v �l�h�e�s�b�g�m �h�d�k�b�^�g�h�]�h �k�e�h�y, �Z �l�Z�d�`�_ �m�e�m�q�r�b�l�v �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �_�]�h 

�f�b�d�j�h�j�_�e�v�_�n�Z. 

�<�h�a�f�h�`�g�h�k�l�v �k�b�g�l�_�a�Z �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �l�b�l�Z�g�h�\�u�o �i�h�\�_�j�o�g�h�k�l�y�o �\ �W�I�I �b 

�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �e�_�`�Z�s�b�_ �\ �h�k�g�h�\�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �k�b�g�l�_�a�Z �h�d�k�b�^�h�\, 

�[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �g�Z �k�e�_�^�m�x�s�b�o �l�b�i�Z�o �h�[�j�Z�a�p�h�\:  

�� �I�e�Z�k�l�b�g�u �b�a �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L1-0 �l�h�e�s�b�g�h�c 2 �f�f , �k �i�Z�a�Z�f�b �r�b�j�b�g�h�c 1 �b 

�]�e�m�[�b�g�h�c 1,5 �f�f , �n�j�_�a�_�j�h�\�Z�g�g�u�f�b �\ �^�\�m�o �\�a�Z�b�f�g�h-�i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o 

�g�Z�i�j�Z�\�e�_�g�b�y�o. �L�Z�d�b�_ �h�[�j�Z�a�p�u �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�e�y �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �k�b�g�l�_�a�Z 

�[�b�h�Z�d�l�b�\�g�u�o �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �g�Z�j�m�`�g�h�c �i�h�\�_�j�o�g�h�k�l�b �b�a�^�_�e�b�c �k�e�h�`�g�h�c 

�]�_�h�f�_�l�j�b�b.  

�� �H�l�j�_�a�d�b �l�j�m�[ �b�a �k�i�e�Z�\�h�\ �<�L1-00 �k �l�h�e�s�b�g�h�c �k�l�_�g�d�b 1,5 �f�f . �L�Z�d�b�_ �h�[�j�Z�a�p�u 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�e�y �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �k�b�g�l�_�a�Z �[�b�h�Z�d�l�b�\�g�u�o �h�d�k�b�^�g�u�o 

�i�h�d�j�u�l�b�c �g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �k�l�_�g�h�d �i�h�e�u�o �b�a�^�_�e�b�c �b �g�Z �k�l�_�g�d�Z�o �d�Z�g�Z�e�h�\ �k 

�[�h�e�v�r�b�f �h�l�g�h�r�_�g�b�_�f �^�e�b�g�u �d �^�b�Z�f�_�l�j�m. 

�� �I�h�\�_�j�o�g�h�k�l�b �q�Z�k�l�b�p �i�h�e�b�^�b�k�i�_�j�k�g�u�o �i�h�j�h�r�d�h�\ �l�b�l�Z�g�Z (�i�h�e�m�i�j�h�^�m�d�l�u 

�i�h�j�h�r�d�h�\�h�c �f�_�l�Z�e�e�m�j�]�b�b) �k �o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f 10-150 �f�d�f. �I�e�Z�a�f�_�g�g�h-

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �i�h�j�h�r�d�b �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �d�Z�d �h�k�g�h�\�m 

�i�_�j�k�i�_�d�l�b�\�g�u�o �d�h�f�i�h�a�b�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �d�h�f�i�h�g�_�g�l �[�b�h�Z�d�l�b�\�g�u�o �]�b�[�j�b�^�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\. 

�I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�h�\ �d �W�I�I-�h�[�j�Z�[�h�l�d�_ �h�i�b�k�Z�g�Z �\ �]�e�Z�\�_ «�F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�u» 

(�j�Z�a�^�_�e 2.2).  

�J�b�k. 6.1.1�Z �b�e�e�x�k�l�j�b�j�m�_�l �k�o�_�f�m �w�d�k�i�_�j�b�f�_�g�l�Z �i�h �k�b�g�l�_�a�m �i�h�d�j�u�l�b�c �b�a �h�d�k�b�^�h�\ 

�l�b�l�Z�g�Z �g�Z �i�e�h�k�d�b�o �h�[�j�Z�a�p�Z�o, �\ �i�e�Z�a�f�_, �\�h�a�[�m�`�^�Z�_�f�h�c �g�_�i�j�_�j�u�\�g�u�f �W�I �\ �d�b�k�e�h�j�h�^�_ �b�e�b 

�\�h�^�y�g�h�f �i�Z�j�_. �I�e�h�k�d�b�_ �h�[�j�Z�a�p�u 6, �i�h�^�\�_�j�]�g�m�l�u�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �f�_�o�Z�g�b�q�_�k�d�h�c �b 

�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_, �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ 5 �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c 

�m�k�l�Z�g�h�\�d�b �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �h�k�b �b�g�`�_�d�p�b�b �W�I, �g�Z �g�_�d�h�l�h�j�h�f �j�Z�k�k�l�h�y�g�b�b �h�l �\�u�\�h�^�g�h�]�h 

�h�d�g�Z 4. �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�Z�y �h�l�d�e�h�g�y�x�s�Z�y �k�b�k�l�_�f�Z 12, �f�h�]�e�Z �k�d�Z�g�b�j�h�\�Z�l�v �W�I �i�h �h�k�y�f �o �b �m 

�b, �l�Z�d�b�f �h�[�j�Z�a�h�f, �m�i�j�Z�\�e�y�l�v �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �i�e�h�l�g�h�k�l�b 
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�w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �b �l�_�f�i�_�j�Z�l�m�j�h�c �h�[�j�Z�a�p�Z T�~,  �d�h�l�h�j�Z�y �g�_�i�j�_�j�u�\�g�h 

�d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �f�b�g�b�Z�l�x�j�g�u�f �l�_�j�f�h�k�_�g�k�h�j�h�f 7. �>�h�i�h�e�g�b�l�_�e�v�g�h �d �l�_�j�f�h�k�_�g�k�h�j�m �^�e�y 

�b�a�f�_�j�_�g�b�y �\�_�e�b�q�b�g�u T�~ �b�k�i�h�e�v�a�h�\�Z�e�k�y �b�g�n�j�Z�d�j�Z�k�g�u�c �i�b�j�h�f�_�l�j Optris LS (Optris GmbH, 

�=�_�j�f�Z�g�b�y). 

 

 

 
 

 

a) �[) 

�J�b�k. 6.1.1. �I�h�k�l�Z�g�h�\�d�Z �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �W�I�I-�k�l�f�m�e�b�j�h�\�Z�g�g�h�f�m �k�b�g�l�_�a�m �h�d�k�b�^�g�u�o 

�i�h�d�j�u�l�b�c: �Z) �i�e�h�k�d�b�_ �h�[�j�Z�a�p�u, �[) �l�j�m�[�q�Z�l�u�_ �h�[�j�Z�a�p�u: 

1 – �w�e�_�d�l�j�h�g�g�Z�y �i�m�r�d�Z, 2 – �\�u�k�h�d�h�\�Z�d�m�m�f�g�Z�y �d�Z�f�_�j�Z, 3 – �w�e�_�d�l�j�h�g�g�u�c �i�m�q�h�d (�W�I), 4 – 

�\�u�\�h�^�g�h�_ �h�d�g�h, 5 – �j�_�Z�d�p�b�h�g�g�Z�y �d�Z�f�_�j�Z, 6 – �h�[�j�Z�a�_�p, 7 – �l�_�j�f�h�k�_�g�k�h�j (�l�_�j�f�h�k�_�g�k�h�j�u), 8 – 

�h�[�e�Z�d�h �W�I�I, 9 – �g�Z�l�_�d�Z�l�_�e�v �]�Z�a�Z, 11 – �h�o�e�Z�`�^�Z�_�f�Z�y �\�h�^�h�c �^�b�Z�n�j�Z�]�f�Z, 12 – �k�d�Z�g�b�j�m�x�s�Z�y 

�k�b�k�l�_�f�Z. 

 

�>�e�y �l�h�]�h, �q�l�h�[�u �b�a�[�_�`�Z�l�v �l�_�i�e�h�\�u�o �i�h�l�_�j�v �b �b�k�d�Z�`�_�g�b�c �b�a�f�_�j�_�g�b�c �l�_�f�i�_�j�Z�l�m�j�u 

�\�k�e�_�^�k�l�\�b�_ �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �^�_�j�`�Z�l�_�e�_�c �h�[�j�Z�a�p�h�\, �i�h�k�e�_�^�g�b�_ 

�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ �g�Z �k�i�_�p�b�Z�e�v�g�u�o �j�Z�k�l�y�`�d�Z�o, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a 

�i�j�h�\�h�e�h�d�b 1�O18�G10�L (�j�b�k. 6.1.2�Z). �G�Z �j�b�k. 6.1.2�[ �i�j�b�\�_�^�_�g�Z �n�h�l�h�]�j�Z�n�b�y �i�j�h�p�_�k�k�Z �W�I�I-

�h�[�j�Z�[�h�l�d�b �i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z.  

�W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b 

�l�j�m�[�q�Z�l�u�o �h�[�j�Z�a�p�h�\ �i�j�h�\�h�^�b�e�b �i�h �k�e�_�^�m�x�s�_�c �i�j�h�p�_�^�m�j�_ (�j�b�k. 6.1.1�[): �\ �j�_�Z�d�p�b�h�g�g�h�c 

�d�Z�f�_�j�_ 5 �j�Z�a�f�_�s�Z�e�k�y �h�l�j�_�a�h�d �l�j�m�[�u 22×1,5 �f�f  �b�a �k�i�e�Z�\�Z �<�L1-00 �^�e�b�g�h�c L = 100 �f�f . �L�j�m�[�Z 

�m�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v �l�Z�d, �q�l�h�[�u �_�_ �h�k�v �k�h�\�i�Z�^�Z�e�Z �k �g�Z�i�j�Z�\�e�_�g�b�_�f �b�g�`�_�d�p�b�b �i�m�q�d�Z. �H�[�j�Z�a�_�p 

�i�h�f�_�s�Z�e�k�y �\�g�m�l�j�v �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �^�_�j�`�Z�l�_�e�y, �\�u�i�h�e�g�y�x�s�_�]�h �h�^�g�h�\�j�_�f�_�g�g�h �n�m�g�d�p�b�x 

�l�_�i�e�h�a�Z�s�b�l�g�h�]�h �d�h�`�m�o�Z, �d�h�l�h�j�u�c �i�e�h�l�g�h �h�o�\�Z�l�u�\�Z�e �g�Z�j�m�`�g�m�x �i�h�\�_�j�o�g�h�k�l�v �l�j�m�[�u. �I�_�j�_�^ 

�\�o�h�^�g�u�f �h�l�\�_�j�k�l�b�_�f �l�j�m�[�u �m�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v �h�o�e�Z�`�^�Z�_�f�Z�y �i�j�h�l�h�q�g�h�c �\�h�^�h�c �^�b�Z�n�j�Z�]�f�Z 11, 

r

z
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�d�h�l�h�j�Z�y �h�[�_�k�i�_�q�b�\�Z�e�Z �e�h�d�Z�e�b�a�Z�p�b�x �i�e�Z�a�f�u �\�g�m�l�j�b �l�j�m�[�u. �>�e�y �l�h�]�h, �q�l�h�[�u 

�d�h�g�l�j�h�e�b�j�h�\�Z�l�v �i�j�h�^�h�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u �\ �^�_�j�`�Z�l�_�e�v �[�u�e�b  

�\�f�h�g�l�b�j�h�\�Z�g�u �l�_�j�f�h�k�_�g�k�h�j�u 7 (�^�h�i�m�k�l�b�f�h�_ �j�Z�a�e�b�q�b�_ �l�_�f�i�_�j�Z�l�m�j �d�h�g�l�j�h�e�v�g�u�o �l�h�q�_�d 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �k�h�k�l�Z�\�e�y�e�h �r10 �D), �Z �l�Z�d�`�_ �d�Z�d �b �\ �k�e�m�q�Z�_ �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\ 

�b�k�i�h�e�v�a�h�\�Z�e�k�y �[�_�k�d�h�g�l�Z�d�l�g�u�c �B�D-�i�b�j�h�f�_�l�j. �G�Z �j�b�k. 6.1.1�[ �d�h�`�m�o �g�_ �b�a�h�[�j�Z�`�_�g, �Z 

�n�h�l�h�]�j�Z�n�b�y, �i�j�_�^�k�l�Z�\�e�_�g�g�Z�y �g�Z �j�b�k. 6.1.3, �g�Z�]�e�y�^�g�h �b�e�e�x�k�l�j�b�j�m�_�l �o�h�^ �w�d�k�i�_�j�b�f�_�g�l�Z �i�j�b 

�k�g�y�l�h�f �d�h�`�m�o�_.  

 

 
 

�Z) �[) 

�J�b�k. 6.1.2. �H�[�j�Z�[�h�l�d�Z �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\ �b�a �k�i�e�Z�\�Z �<�L1-0 �\ �W�I�I: �Z) �h�[�j�Z�a�_�p �\ �^�_�j�`�Z�l�_�e�_, �[) 

�i�j�h�p�_�k�k �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b. 

 

 

�J�b�k. 6.1.3. �I�j�h�p�_�k�k �k�b�g�l�_�a�Z �h�d�k�b�^�g�h�]�h �k�e�h�y 

�g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u 22×1,5, 

�b�a�]�h�l�h�\�e�_�g�g�h�c �b�a �k�i�e�Z�\�Z �<�L1-00. 

 

�I�_�j�_�^ �\�d�e�x�q�_�g�b�_�f �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\�h�a�^�m�o �b�a �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �h�l�d�Z�q�b�\�Z�e�k�y 

�^�h �^�Z�\�e�_�g�b�y �| 10-2 �L�h�j�j, �i�h�k�e�_ �q�_�]�h �k �i�h�f�h�s�v�x �[�e�h�d�Z �m�i�j�Z�\�e�_�g�b�y �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f 

�i�j�h�b�a�\�h�^�b�e�Z�k�v �m�k�l�Z�g�h�\�d�Z �j�Z�[�h�q�_�]�h �j�_�`�b�f�Z �]�_�g�_�j�Z�l�h�j�Z �i�e�Z�a�f�u – �\�u�k�l�Z�\�e�y�e�b�k�v 

�g�_�h�[�o�h�^�b�f�u�_ �a�g�Z�q�_�g�b�y �m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �i�m�r�d�b �b �l�h�d�Z �i�m�q�d�Z. �A�Z�l�_�f �j�_�Z�d�p�b�h�g�g�Z�y 

�d�Z�f�_�j�Z �a�Z�i�h�e�g�y�e�Z�k�v �o�b�f�b�q�_�k�d�b �q�b�k�l�u�f �d�b�k�e�h�j�h�^�h�f �b�e�b �i�Z�j�Z�f�b �\�h�^�u �^�h �^�Z�\�e�_�g�b�y 5 �L�h�j�j, 

�d�h�l�h�j�h�_ �\ �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z �Z�\�l�h�f�Z�l�b�q�_�k�d�b �i�h�^�^�_�j�`�b�\�Z�e�h�k�v �i�h�k�l�h�y�g�g�u�f �b�e�b 

�j�_�]�m�e�b�j�h�\�Z�e�h�k�v �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �h�[�_�k�i�_�q�b�l�v �i�h�k�l�h�y�g�k�l�\�h �l�_�f�i�_�j�Z�l�m�j�u Tw �\�^�h�e�v 
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�l�j�m�[�u. �Q�Z�k�l�v �h�[�j�Z�a�p�h�\ �h�[�j�Z�[�Z�l�u�\�Z�e�Z�k�v �\ �W�I�I �a�Z�j�Z�g�_�_ �i�j�b�]�h�l�h�\�e�_�g�g�h�c �k�f�_�k�b �Z�j�]�h�g�Z �b 

�d�b�k�e�h�j�h�^�Z �k �k�h�h�l�g�h�r�_�g�b�_�f �i�Z�j�p�b�Z�e�v�g�u�o �^�Z�\�e�_�g�b�c 3:2. �I�h�e�g�h�_ �^�Z�\�e�_�g�b�_ �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_ 

�m�k�l�Z�g�Z�\�e�b�\�Z�e�h�k�v �b �\ �^�Z�e�v�g�_�c�r�_�f �i�h�^�^�_�j�`�b�\�Z�e�h�k�v �j�Z�\�g�u�f 5 �L�h�j�j. 

�D�h�]�^�Z �j�_�`�b�f�u �j�Z�[�h�l�u �\�u�k�h�d�h�\�h�e�v�l�g�h�]�h �b�k�l�h�q�g�b�d�Z �i�b�l�Z�g�b�y, �k�b�k�l�_�f�u �i�h�^�^�_�j�`�Z�g�b�y 

�^�Z�\�e�_�g�b�y �b �[�e�h�d�Z �m�i�j�Z�\�e�_�g�b�y �i�m�q�d�h�f �i�j�_�^�m�k�l�Z�g�h�\�e�_�g�g�u, �i�j�h�b�a�\�h�^�b�e�h�k�v �\�d�e�x�q�_�g�b�_ 

�w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b, �b �k �w�l�h�]�h �f�h�f�_�g�l�Z �g�Z�q�b�g�Z�e�k�y �i�j�h�p�_�k�k �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b 

�h�[�j�Z�a�p�Z. �J�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �\�u�\�h�^�g�u�f �h�d�g�h�f �b �l�b�l�Z�g�h�\�h�c �i�h�^�e�h�`�d�h�c (�b�e�b �\�o�h�^�g�u�f 

�l�h�j�p�h�f �l�j�m�[�u), z0, �h�i�j�_�^�_�e�y�e�h�k�v �^�Z�\�e�_�g�b�_�f �]�Z�a�Z �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_; �i�Z�j�Z�f�_�l�j�u 

�k�d�Z�g�b�j�h�\�Z�g�b�y �W�I �i�h�^�[�b�j�Z�e�b�k�v �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �h�[�_�k�i�_�q�b�l�v 

�j�Z�\�g�h�f�_�j�g�u�c �g�Z�]�j�_�\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b. �<�k�_ �h�[�j�Z�a�p�u �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �\ 

�i�j�_�^�_�e�Z�o Ts = 250-750�r5 °C. �L�j�_�[�m�_�f�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z T�~ �^�h�k�l�b�]�Z�e�Z�k�v �j�_�]�m�e�b�j�h�\�d�h�c 

�k�b�e�u �l�h�d�Z �i�m�q�d�Z �\ �^�b�Z�i�Z�a�h�g�_ Ib = 9-25 �f�:  �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�f �m�k�d�h�j�y�x�s�_�f �g�Z�i�j�y�`�_�g�b�b 

�w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b 30 �d�<. 

�<�j�_�f�y �h�[�j�Z�[�h�l�d�b �2 �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �h�l 5 �^�h 30 �f�b�g. �< �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�Z�o �[�u�e�h �g�Z�c�^�_�g�h �h�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y  �h�[�j�Z�[�h�l�d�b: �^�e�y �l�b�i�b�q�g�u�o �j�_�`�b�f�h�\ �h�g�h 

�k�h�k�l�Z�\�b�e�h �|15 �f�b�g. �I�h �b�k�l�_�q�_�g�b�b �a�Z�^�Z�g�g�h�]�h �\�j�_�f�_�g�b �W�I �\�u�d�e�x�q�Z�e�k�y, �Z �j�_�Z�d�p�b�h�g�g�Z�y 

�d�Z�f�_�j�Z �\�g�h�\�v �h�l�d�Z�q�b�\�Z�e�Z�k�v �^�h �|10-2 �L�h�j�j. �I�j�b �w�l�h�f �^�Z�\�e�_�g�b�b �h�[�j�Z�a�_�p �h�o�e�Z�`�^�Z�e�k�y �^�h 

�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u, �i�h�k�e�_ �q�_�]�h �d�Z�f�_�j�Z �a�Z�i�h�e�g�y�e�Z�k�v �\�h�a�^�m�o�h�f, �b �h�[�j�Z�[�h�l�Z�g�g�u�c 

�h�[�j�Z�a�_�p �f�h�] �[�u�l�v �b�a �g�_�_ �b�a�\�e�_�q�_�g. �H�[�j�Z�[�h�l�Z�g�g�u�_ �\ �W�I�I �h�[�j�Z�a�p�u �o�j�Z�g�b�e�b �\ 

�b�g�^�b�\�b�^�m�Z�e�v�g�u�o �k�l�_�d�e�y�g�g�u�o �d�h�g�l�_�c�g�_�j�Z�o �k �i�j�b�l�_�j�l�u�f�b �d�j�u�r�d�Z�f�b �\�h �b�a�[�_�`�Z�g�b�_ 

�a�Z�]�j�y�a�g�_�g�b�y �b�o �i�h�\�_�j�o�g�h�k�l�b. 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �j�Z�\�g�h�f�_�j�g�h�c �h�[�j�Z�[�h�l�d�b �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ 

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v �l�Z�d�h�_ �`�_ �m�k�l�j�h�c�k�l�\�h, �d�Z�d �b �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ (�k�f. �j�Z�a�^�_�e 4.1 �b �j�b�k. 4.1.1). 

 

6.2. �K�l�j�m�d�l�m�j�Z �b �k�h�k�l�Z�\ �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c, �i�h�e�m�q�_�g�g�u�o �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f �k�b�g�l�_�a�h�f 

 

�G�Z �j�b�k. 6.2.1 �i�h�d�Z�a�Z�g�u �k�^�_�e�Z�g�g�u�_ �i�j�b �j�Z�a�e�b�q�g�u�o �m�\�_�e�b�q�_�g�b�y�o �n�h�l�h�]�j�Z�n�b�b 

�i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z, �g�Z �i�h�\�_�j�o�g�h�k�l�b �d�h�l�h�j�h�]�h �k�b�g�l�_�a�b�j�h�\�Z�g �h�d�k�b�^�g�u�c �k�e�h�c. 

�I�e�Z�a�f�h�o�b�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ �m�\�_�e�b�q�b�\�Z�e�Z �l�h�e�s�b�g�m �i�e�_�g�d�b �h�d�k�b�^�Z 

�l�b�l�Z�g�Z �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�b �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�Z�f�b, �i�h�^�\�_�j�]�g�m�l�u�f�b �l�h�e�v�d�h �o�b�f�b�q�_�k�d�h�f�m 

�l�j�Z�\�e�_�g�b�x �\ �k�f�_�k�b �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �d�b�k�e�h�l.   

�B�k�k�e�_�^�h�\�Z�g�b�y �h�[�j�Z�[�h�l�Z�g�g�u�o �b �d�h�g�l�j�h�e�v�g�u�o �h�[�j�Z�a�p�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h �k�l�j�m�d�l�m�j�Z �b 

�l�h�e�s�b�g�Z �i�h�e�m�q�_�g�g�h�c �h�d�k�b�^�g�h�c �i�e�_�g�d�b �a�Z�\�b�k�_�e�Z �h�l �m�k�e�h�\�b�c �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h 
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�k�b�g�l�_�a�Z, �h�i�j�_�^�_�e�y�_�f�u�o �d�h�f�[�b�g�Z�p�b�_�c �i�e�h�l�g�h�k�l�b �l�h�d�Z �W�I jb (�\ �d�h�g�_�q�g�h�f �k�q�_�l�_, 

�b�g�l�_�]�j�Z�e�v�g�u�f �l�h�d�h�f �i�m�q�d�Z Ib �b �Z�f�i�e�b�l�m�^�h�c �k�d�Z�g�b�j�h�\�Z�g�b�y), �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h 

�]�Z�a�Z Pm �b �k�h�k�l�Z�\�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u. �W�l�b�f�b �`�_ �i�Z�j�Z�f�_�l�j�Z�f�b �h�i�j�_�^�_�e�y�_�l�k�y 

�l�_�f�i�_�j�Z�l�m�j�Z, �d�h�l�h�j�Z�y �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �\ �h�[�j�Z�a�p�_ �i�j�b �^�h�k�l�Z�l�h�q�g�h�c �^�e�b�l�_�e�v�g�h�k�l�b �i�j�h�p�_�k�k�Z 

�h�[�j�Z�[�h�l�d�b. �L�h�e�s�b�g�Z �h�d�k�b�^�Z �l�b�l�Z�g�Z �[�u�e�Z �g�Z�b�[�h�e�v�r�_�c �i�j�b �W�I�I-�h�[�j�Z�[�h�l�d�_ �\ �l�_�q�_�g�b�_ 15 

�f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 500 º�K, �i�e�_�g�d�Z �k�h�k�l�h�y�e�Z �b�a �]�j�Z�g�m�e �k �o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f 10 �f�d�f, 

�i�j�b�q�_�f �]�j�Z�g�m�e�u �[�u�e�b �^�h�k�l�Z�l�h�q�g�h �i�e�h�l�g�h �m�i�Z�d�h�\�Z�g�u. �I�e�_�g�d�Z �h�d�k�b�^�Z �l�b�l�Z�g�Z �g�Z �h�[�j�Z�a�p�_, 

�h�[�j�Z�[�h�l�Z�g�g�h�f �\ �l�_�q�_�g�b�_ 15 �f�b�g �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 300 º�K, �l�Z�d�`�_ �k�h�k�l�h�y�e�Z �b�a �]�j�Z�g�m�e �k 

�o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f 10 �f�d�f, �h�^�g�Z�d�h �f�_�`�^�m �]�j�Z�g�m�e�Z�f�b �b�f�_�e�b�k�v �k�b�e�v�g�u�_ �l�j�_�s�b�g�u 

�r�b�j�b�g�h�c �i�h�j�y�^�d�Z 1 �f�d�f. �G�Z �j�b�k. 6.2.2 �i�j�_�^�k�l�Z�\�e�_�g�Z �n�h�l�h�]�j�Z�n�b�y �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b 

�l�b�l�Z�g�h�\�h�c �l�j�m�[�u, �h�[�j�Z�[�h�l�Z�g�g�h�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z. 

 

a) �[) �\) �]) 
�J�b�k. 6.2.1. SEM-�N�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�b�o �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ (�m�\�_�e�b�q�_�g�b�_ 

×2000): 

�Z) – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, �[) – �h�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y, �\) – �h�[�j�Z�a�_�p �i�h�k�e�_ 

�d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�j�b 330 º C, �]) �h�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h 

�l�j�Z�\�e�_�g�b�y - �h�[�j�Z�[�h�l�Z�g�g�u�c �h�[�j�Z�a�_�p �\ �W�I�I �i�j�b 550 º C 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: . 

 

�G�Z �k�l�j�m�d�l�m�j�m �h�[�j�Z�a�h�\�Z�\�r�_�]�h�k�y �k�e�h�y �h�d�k�b�^�Z �l�b�l�Z�g�Z �l�Z�d�`�_ �\�e�b�y�e �k�h�k�l�Z�\ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u. �J�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�u�c �Z�g�Z�e�b�a �i�h�d�Z�a�Z�e, �q�l�h �i�j�b �h�[�j�Z�[�h�l�d�_ 

�h�[�j�Z�a�p�h�\ �\ �k�f�_�k�b �Z�j�]�h�g-�d�b�k�e�h�j�h�^ �l�h�e�s�b�g�Z �h�d�k�b�^�g�h�]�h �k�e�h�y �\�h�a�j�Z�k�l�Z�_�l �i�h �k�j�Z�\�g�_�g�b�x �k 

�h�[�j�Z�[�h�l�d�h�c �\ �i�e�Z�a�f�_ �q�b�k�l�h�]�h �d�b�k�e�h�j�h�^�Z. �<�_�j�h�y�l�g�h, �w�l�h �k�\�y�a�Z�g�h �k �^�h�i�h�e�g�b�l�_�e�v�g�h�c 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �h�q�b�k�l�d�h�c �i�h�\�_�j�o�g�h�k�l�b �l�y�`�_�e�u�f�b �b�h�g�Z�f�b �Z�j�]�h�g�Z. 

�G�Z �j�b�k. 6.2.3 �i�j�_�^�k�l�Z�\�e�_�g �l�b�i�b�q�g�u�c �H�`�_-�k�i�_�d�l�j �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u, 

�h�[�j�Z�[�h�l�Z�g�g�h�c �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �i�j�b �k�e�_�^�m�x�s�b�o �m�k�e�h�\�b�y�o Eb = 28 

�d�w�<, Ib = 18 �f�: , Pm = 4,3 �L�h�j�j. �H�[�j�Z�[�h�l�d�Z �\�_�e�Z�k�v �\ �l�_�q�_�g�b�_ 5 �f�b�g�m�l, �i�j�b �w�l�h�f �l�_�f�i�_�j�Z�l�m�j�Z 

�h�[�j�Z�a�p�Z �d�h�e�_�[�Z�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ 410-420 �q�K. �J�Z�k�r�b�n�j�h�\�d�Z �k�i�_�d�l�j�Z �i�h�d�Z�a�Z�e�Z, �q�l�h �\ 
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�i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �h�[�j�Z�a�p�Z �b�^�_�g�l�b�n�b�p�b�j�m�x�l�k�y �k�e�_�^�m�x�s�b�_ �w�e�_�f�_�g�l�u: �d�b�k�e�h�j�h�^, �l�b�l�Z�g, 

�Z�a�h�l �b �m�]�e�_�j�h�^. �I�j�b�k�m�l�k�l�\�b�_ �\ �k�h�k�l�Z�\�_ �k�e�h�y �i�h�k�e�_�^�g�b�o �^�\�m�o �w�e�_�f�_�g�l�h�\, �i�h-�\�b�^�b�f�h�f�m, 

�h�[�t�y�k�g�y�_�l�k�y �k�e�m�q�Z�c�g�u�f�b �h�j�]�Z�g�b�q�_�k�d�b�f�b �a�Z�]�j�y�a�g�_�g�b�y�f�b �b�k�k�e�_�^�m�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b �b 

�g�Z�e�b�q�b�_�f �i�j�b�f�_�k�_�c �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z. 

  
�Z) �[) 

�J�b�k. 6.2.2. SEM-�N�h�l�h�]�j�Z�n�b�b �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�b�l�Z�g�h�\�h�c �l�j�m�[�u, �h�[�j�Z�[�h�l�Z�g�g�h�c �\ 
�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z: �Z) �m�\�_�e�b�q�_�g�b�_ ×5000, �[) �m�\�_�e�b�q�_�g�b�_ ×50 000 
�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�:  

�J�b�k. 6.2.3. �L�b�i�b�q�g�u�c �h�`�_-�k�i�_�d�l�j �n�j�Z�]�f�_�g�l�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z 

�H�[�j�Z�a�_�p: �l�j�m�[�Z 22×1,5, �k�i�e�Z�\ �<�L1-00. �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 

�f�:  

 

�I�b�d�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �l�b�l�Z�g�m �b �d�b�k�e�h�j�h�^�m, �g�Z�[�e�x�^�Z�e�b�k�v �\ �k�i�_�d�l�j�Z�o 

�w�g�_�j�]�h�^�b�k�i�_�j�k�b�h�g�g�h�c �j�_�g�l�]�_�g�h�\�k�d�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �i�e�h�k�d�b�o 

�h�[�j�Z�a�p�h�\. �I�b�d �d�b�k�e�h�j�h�^�Z �[�u�e �k�Z�f�u�f �a�g�Z�q�b�l�_�e�v�g�u�f �\ �h�[�j�Z�a�p�_ �l�b�l�Z�g�Z, �h�[�j�Z�[�h�l�Z�g�g�h�f �\ 

�D�b�g�_�l�b�q�_�k�d�Z�y �w�g�_�j�]�b�y, �w�< 
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�W�I�I-�d�b�k�e�h�j�h�^�Z �i�j�b 550 °�K �k �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�f �d�b�k�e�h�l�g�u�f �l�j�Z�\�e�_�g�b�_�f (�j�b�k. 6.2.4). �W�l�h 

�^�Z�_�l �h�k�g�h�\�Z�g�b�y �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h �k�e�h�c �h�d�k�b�^�Z �g�Z �w�l�h�f �h�[�j�Z�a�p�_ �b�f�_�e �k�Z�f�m�x �[�h�e�v�r�m�x 

�l�h�e�s�b�g�m. �K�e�_�^�u �m�]�e�_�j�h�^�Z �b �Z�e�x�f�b�g�b�y, �\�u�y�\�e�_�g�g�u�_ �g�Z �k�i�_�d�l�j�Z�o, �y�\�e�y�x�l�k�y �k�e�_�^�k�l�\�b�_�f 

�i�j�b�f�_�g�_�g�b�y �Z�[�j�Z�a�b�\�g�h�c �i�Z�k�l�u �^�e�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �f�_�o�Z�g�b�q�_�k�d�h�c �i�h�e�b�j�h�\�d�b. 

�J�b�k. 6.2.5 �b�e�e�x�k�l�j�b�j�m�_�l �j�_�a�m�e�v�l�Z�l�u �j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�h�]�h �Z�g�Z�e�b�a�Z �\�g�m�l�j�_�g�g�_�c 

�i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u �i�h�k�e�_ �_�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �\ 

�i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �h�[�j�Z�a�p�Z �i�j�b�k�m�l�k�l�\�m�x�l TiO2 (�j�m�l�b�e, P42/mmm, a=0,4593 �g�f; �k=0,2959 

�g�f; �k/�Z=0,6442) �b �.-Ti (�l�b�l�Z�g, P63/mmc, �Z=0,2950 �g�f; �k=0,4682 �g�f; �k/�Z=1,587). 

�K�j�Z�\�g�b�\�Z�e�b�k�v �^�b�n�j�Z�d�l�h�]�j�Z�f�f�u �h�[�j�Z�a�p�h�\, �h�[�j�Z�[�h�l�Z�g�g�u�o �\ �^�\�m�o �j�_�`�b�f�Z�o, �h�^�b�g�Z�d�h�\�u�o �i�h 

�^�Z�\�e�_�g�b�x �d�b�k�e�h�j�h�^�Z (P = 4,3�r0,1 �L�h�j�j) �b �^�e�b�l�_�e�v�g�h�k�l�b  �h�[�j�Z�[�h�l�d�b (�W = 5 �f�b�g), �g�h 

�a�g�Z�q�b�l�_�e�v�g�h �h�l�e�b�q�Z�x�s�b�o�k�y �i�h �f�h�s�g�h�k�l�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (Ib = 18 �f�:  �b 9 �f�:  �i�j�b 

�h�^�g�h�f �b �l�h�f �`�_ �m�k�d�h�j�y�x�s�_�f �g�Z�i�j�y�`�_�g�b�b �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b 28 �d�<). �< �i�_�j�\�h�f �j�_�`�b�f�_ 

�m�k�l�Z�g�h�\�b�\�r�Z�y�k�y �l�_�f�i�_�j�Z�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �[�u�e�Z 415�r5 �q�K, �Z �\�h �\�l�h�j�h�f �� 275�r5 �q�K. �;�u�e�h 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �^�b�n�j�Z�d�l�h�]�j�Z�f�f�u �d�Z�q�_�k�l�\�_�g�g�h �g�_ �h�l�e�b�q�Z�x�l�k�y, �g�h �h�l�g�h�k�b�l�_�e�v�g�h 

�i�h�g�b�`�_�g�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �^�b�h�d�k�b�^�Z �l�b�l�Z�g�Z �\ �h�[�j�Z�a�p�_, �h�[�j�Z�[�h�l�Z�g�g�u�f �i�j�b 415�r5 �q�K, �i�h 

�k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�h�f, �h�[�j�Z�[�h�l�Z�g�g�u�f �i�j�b 275�r5 �q�K, �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �f�_�g�v�r�_�c �l�h�e�s�b�g�_ 

�h�d�b�k�e�_�g�g�h�]�h �k�e�h�y, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �i�j�b �i�h�g�b�`�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ Tw. 

 

�J�b�k. 6.2.4. EDS-�k�i�_�d�l�j�u �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\ �l�b�l�Z�g�Z: �h�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y 

(�q�_�j�g�Z�y �e�b�g�b�y); �h�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y �b �W�I�I-�h�[�j�Z�[�h�l�d�b �i�j�b �i�j�b 330 ºC 

(�d�j�Z�k�g�Z�y �e�b�g�b�y); �h�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�j�b 550 ºC 

(�a�_�e�_�g�Z�y �e�b�g�b�y).  

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�:  
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�J�b�k. 6.2.5. �L�b�i�b�q�g�Z�y �^�b�n�j�Z�d�l�h�]�j�Z�f�f�Z �n�j�Z�]�f�_�g�l�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ 

�W�I�I �d�b�k�e�h�j�h�^�Z. �H�[�j�Z�a�_�p: �l�j�m�[�Z 22×1,5, �k�i�e�Z�\ �<�L1-00. �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb 

= 30 �d�w�<, Ib = 10 �f�:  

 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �l�h�e�s�b�g�Z �i�h�e�m�q�_�g�g�h�]�h �h�d�k�b�^�g�h�]�h �k�e�h�y �d�Z�d �g�Z �\�g�m�l�j�_�g�g�_�c 

�i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u, �l�Z�d �b �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\ �a�Z�\�b�k�_�e�b �h�l �l�_�f�i�_�j�Z�l�m�j�u 

�h�[�j�Z�a�p�Z �b �h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�h�\ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �W�I�I, 

�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o �k �i�h�\�_�j�o�g�h�k�l�v�x �l�b�l�Z�g�Z. 

�N�h�j�f�b�j�h�\�Z�g�b�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\ �k�e�h�y �h�d�k�b�^�Z �l�b�l�Z�g�Z (IV), 

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\ �n�h�j�f�_ �j�m�l�b�e�Z, �[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b 

�h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y (�j�b�k. 6.2.6). �I�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y �\ �h�[�e�Z�k�l�b 826 �k�f-1 �g�Z�[�e�x�^�Z�_�l�k�y 

�^�e�y �d�j�b�\�u�o 2, 3 �b 4 �b �o�Z�j�Z�d�l�_�j�b�a�m�_�l �g�Z�e�b�q�b�_ �^�b�h�d�k�b�^�Z �l�b�l�Z�g�Z (TiO2) �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c 

�k�l�j�m�d�l�m�j�_ �j�m�l�b�e�Z.  

�F�Z�d�k�b�f�Z�e�v�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�v �i�h�e�h�k�u 826 �k�f-1 �g�Z�[�e�x�^�Z�_�l�k�y �l�h�e�v�d�h �^�e�y �l�b�l�Z�g�h�\�h�]�h 

�h�[�j�Z�a�p�Z, �i�h�^�\�_�j�]�g�m�l�h�]�h �W�I�I-�h�[�j�Z�[�h�l�d�_ (�d�j�b�\�Z�y 3 �g�Z �j�b�k. 6.2.6), �\ �l�h �\�j�_�f�y �d�Z�d �^�Z�g�g�Z�y 

�]�j�m�i�i�Z �i�h�e�h�k �h�l�k�m�l�k�l�\�m�_�l �\ �k�i�_�d�l�j�_ �l�b�l�Z�g�h�\�h�c �i�h�^�e�h�`�d�b �i�h�^�\�_�j�]�Z�\�r�_�c�k�y �l�h�e�v�d�h 

�d�b�k�e�h�l�g�h�f�m �l�j�Z�\�e�_�g�b�x (�d�j�b�\�Z�y 1 �g�Z �j�b�k. 6.2.6). �G�Z �h�k�g�h�\�Z�g�b�b �w�l�b�o �j�_�a�m�e�v�l�Z�l�h�\ �f�h�`�g�h 

�k�^�_�e�Z�l�v �\�u�\�h�^, �q�l�h �\ �n�h�j�f�b�j�h�\�Z�g�b�b �i�e�_�g�d�b �h�d�k�b�^�Z �l�b�l�Z�g�Z �k �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�h�c 

�j�m�l�b�e�Z �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v �b�]�j�Z�x�l �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �k�\�y�a�Z�g�g�u�_ �k 

�\�h�a�^�_�c�k�l�\�b�_�f �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �W�I�I �d�b�k�e�h�j�h�^�Z �g�Z �i�h�\�_�j�o�g�h�k�l�v �l�b�l�Z�g�Z.  

�>�e�y �l�b�l�Z�g�h�\�h�c �i�h�^�e�h�`�d�b, �i�h�^�\�_�j�]�g�m�l�h�c �d�b�k�e�h�l�g�h�f�m �l�j�Z�\�e�_�g�b�x (�d�j�b�\�u�_ 1, 2 �g�Z �j�b�k. 

6.2.6), �[�Z�a�h�\�Z�y �e�b�g�b�y �h�l�j�Z�`�_�g�b�y �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�_, �q�_�f �^�e�y �h�[�j�Z�a�p�Z �[�_�a �l�j�Z�\�e�_�g�b�y �\ 

�d�b�k�e�h�l�g�h�c �k�j�_�^�_ (�d�j�b�\�Z�y 3 �g�Z �j�b�k. 6.2.6). �W�l�h�l �w�n�n�_�d�l �f�h�`�_�l �[�u�l�v �k�\�y�a�Z�g �k�h �a�g�Z�q�b�l�_�e�v�g�h 

�f�_�g�v�r�_�c �k�l�_�i�_�g�v�x �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �[�_�a �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y, �q�_�f �m 
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�h�[�j�Z�a�p�h�\, �i�h�^�\�_�j�]�r�b�o�k�y �\�h�a�^�_�c�k�l�\�b�x �d�b�k�e�h�l�Z�f�b �b�a-�a�Z �m�]�e�h�\�h�]�h �j�Z�k�k�_�y�g�b�y �B�D-�b�a�e�m�q�_�g�b�y 

�g�Z �r�_�j�h�o�h�\�Z�l�h�k�l�y�o �i�h�\�_�j�o�g�h�k�l�b. �W�l�h�l �\�u�\�h�^ �k�h�]�e�Z�k�m�_�l�k�y �k �j�_�a�m�e�v�l�Z�l�Z�f�b, �i�h�e�m�q�_�g�g�u�f�b �k 

�i�h�f�h�s�v�x �k�d�Z�g�b�j�m�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b. 

�I�j�b �j�Z�f�Z�g�h�\�k�d�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �k�f�_�k�b 

�Z�j�]�h�g�Z �b �d�b�k�e�h�j�h�^�Z, �[�u�e�b �\�u�y�\�e�_�g�u �e�b�g�b�b �k �j�Z�f�Z�g�h�\�k�d�b�f �k�^�\�b�]�h�f 234, 444 �b 610 �k�f-1, 

�d�h�l�h�j�u�_ �k�h�h�l�\�_�l�k�l�\�m�x�l �h�d�k�b�^�m �l�b�l�Z�g�Z (IV) �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �n�h�j�f�_ �j�m�l�b�e (�j�b�k. 6.2.7). 

�:�g�Z�e�h�]�b�q�g�u�_ �e�b�g�b�b �g�Z�[�e�x�^�Z�e�b�k�v �b �j�Z�f�Z�g�h�\�k�d�b�o �k�i�_�d�l�j�Z�o �h�[�j�Z�a�p�h�\, �i�h�e�m�q�_�g�g�u�o �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z �i�j�b Ts = 330 ºC �b 550 ºC, �h�^�g�Z�d�h �b�o �b�g�l�_�k�b�\�g�h�k�l�v �[�u�e�Z �a�g�Z�q�b�l�_�e�v�g�h �g�b�`�_, �q�l�h 

�k�\�b�^�_�l�_�e�v�l�k�l�\�m�_�l �h �\�h�a�j�Z�k�l�Z�g�b�b �l�h�e�s�b�g�u �k�e�h�y TiO2 �i�j�b �h�[�j�Z�[�h�l�d�_ �\ �W�I�I �k�f�_�k�b �Z�j�]�h�g�Z �b 

�d�b�k�e�h�j�h�^�Z. 

�G�Z �j�b�k. 6.2.8 �i�h�d�Z�a�Z�g�Z �i�h�\�_�j�o�g�h�k�l�v �q�Z�k�l�b�p �l�b�l�Z�g�h�\�h�]�h �i�h�j�h�r�d�Z �^�h �b �i�h�k�e�_ 

�h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z. �< �j�_�a�m�e�v�l�Z�l�_ �W�I�I-�\�h�a�^�_�c�k�l�\�b�y �i�h�\�_�j�o�g�h�k�l�v �i�h�j�h�r�d�Z 

�i�j�b�h�[�j�_�l�Z�e�Z �o�Z�j�Z�d�l�_�j�g�u�c �j�_�e�v�_�n �a�Z �k�q�_�l �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y. �K �i�h�f�h�s�v�x �H�`�_-

�k�i�_�d�l�j�h�k�d�h�i�b�b �[�u�e�h �i�h�d�Z�a�Z�g�h �k�g�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �m�]�e�_�j�h�^�Z, �Z�a�h�l�Z �b �^�j�m�]�b�o �i�j�b�f�_�k�_�c 

�i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b �b �h�[�j�Z�a�h�\�Z�g�b�_ �h�d�k�b�^�h�\ �l�b�l�Z�g�Z. 
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�J�b�k. 6.2.6. �B�D-�N�m�j�v�_ �k�i�_�d�l�j�u �h�l�j�Z�`�_�g�b�y-�i�h�]�e�h�s�_�g�b�y �i�h�^�e�h�`�_�d �l�b�l�Z�g�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o 

�j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b. �H�[�j�Z�a�_�p �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y (�d�j�b�\�Z�y 1), �h�[�j�Z�a�_�p �i�h�k�e�_ 

�d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y �b �W�I�I-�h�[�j�Z�[�h�l�d�b �i�j�b 550 °�K (�d�j�b�\�Z�y 2), �h�[�j�Z�a�_�p �i�h�k�e�_ �W�I�I-

�h�[�j�Z�[�h�l�d�b �i�j�b 550 °�K �[�_�a �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y (�d�j�b�\�Z�y 3), �h�[�j�Z�a�_�p 

�i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y, �W�I�I-�h�[�j�Z�[�h�l�d�b �i�j�b 550 °�K �b �b�g�d�m�[�b�j�h�\�Z�g�b�y �\ SBF �\ 

�l�_�q�_�g�b�_ �^�\�m�o �g�_�^�_�e�v (�d�j�b�\�Z�y 4).  

�M�k�e�h�\�b�y �W�I�I-�h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: . �K�i�_�d�l�j�u �\ �^�b�Z�i�Z�a�h�g�_ 

�\�h�e�g�h�\�u�o �q�b�k�_�e (��) 500-4000 �k�f-1 (�Z) �b �n�j�Z�]�f�_�g�l�u �\ �^�b�Z�i�Z�a�h�g�_ 500-1800 �k�f-1 (�[). 

�J�m�l�b�e 

��, �k�f-1 

��, �k�f-1 

�H�l�j�Z�`�_�g�b�_, %

�H�l�j�Z�`�_�g�b�_, %

�Z) 

�[) 
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�J�b�k. 6.2.7. �J�Z�f�Z�g�h�\�k�d�b�c �k�i�_�d�l�j �k�e�h�y TiO2, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�h�]�h 

�l�b�l�Z�g�h�\�h�]�h �h�[�j�Z�a�p�Z �\ �W�I�I �k�f�_�k�b �Z�j�]�h�g�Z �b �d�b�k�e�h�j�h�^�Z. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: , Ts = 550 ºC 

 

 

  

�Z) �[) 

�J�b�k. 6.2.8. �I�h�\�_�j�o�g�h�k�l�v �q�Z�k�l�b�p �l�b�l�Z�g�h�\�h�]�h �i�h�j�h�r�d�Z: �Z) �^�h �W�I�I-�h�[�j�Z�[�h�l�d�b �b �[) �i�h�k�e�_ 

�h�[�j�Z�[�h�l�d�b �\ �W�I�I �d�b�k�e�h�j�h�^�Z �\ �l�_�q�_�g�b�_ 30 �f�b�g �i�j�b �Jm = 5 �L�h�j�j (�m�\�_�e�b�q�_�g�b�_ ×300). 

 

6.3. �=�b�^�j�h�n�b�e�v�g�u�_ �k�\�h�c�k�l�\�Z �b �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c, �i�h�e�m�q�_�g�g�u�o �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f �k�b�g�l�_�a�h�f 

 

�=�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�_ �k�\�h�c�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �y�\�e�y�x�l�k�y �\�Z�`�g�_�c�r�b�f 

�n�Z�d�l�h�j�h�f, �h�i�j�_�^�_�e�y�x�s�b�f �[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �f�Z�l�_�j�b�Z�e�Z (�i�h �d�j�Z�c�g�_�c �f�_�j�_, 

�i�j�b�f�_�g�b�l�_�e�v�g�h �d �a�Z�^�Z�q�Z�f �i�h�\�u�r�_�g�b�y �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b �d�h�k�l�g�u�o �b �^�_�g�l�Z�e�v�g�u�o 

�b�f�i�e�Z�g�l�Z�l�h�\), �i�h�k�d�h�e�v�d�m �b�f�_�g�g�h �h�g�b �\�h �f�g�h�]�h�f �h�i�j�_�^�_�e�y�x�l �k�l�_�i�_�g�v �d�h�g�l�Z�d�l�Z �k 
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�f�_�`�d�e�_�l�h�q�g�h�c �`�b�^�d�h�k�l�v�x, �n�h�j�f�b�j�h�\�Z�g�b�_ �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z (�h�k�g�h�\�g�h�]�h �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h 

�d�h�f�i�h�g�_�g�l�Z �d�h�k�l�g�h�c �l�d�Z�g�b), �k�i�h�k�h�[�k�l�\�m�x�l �Z�^�]�_�a�b�b �b �i�j�h�e�b�n�_�j�Z�p�b�b �h�k�l�_�h�]�_�g�g�u�o �d�e�_�l�h�d. 

�=�b�^�j�h�n�b�e�v�g�h�k�l�v �i�h�d�j�u�l�b�c, �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �\ �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o, �[�u�e�Z 

�h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�g�Z �i�m�l�_�f �b�a�f�_�j�_�g�b�y �d�j�Z�_�\�h�]�h �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �^�e�y �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c 

�\�h�^�u. �J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �d�h�g�l�Z�d�l�g�h�]�h �m�]�e�Z �k�f�Z�q�b�\�Z�g�b�y �^�e�y �\�h�^�u �g�Z �i�e�h�k�d�b�o �h�[�j�Z�a�p�Z�o 

�l�b�l�Z�g�Z �^�h �b �i�h�k�e�_ �W�I�I-�h�[�j�Z�[�h�l�d�b, �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 6.3.1. �B�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�Z�e�b, �q�l�h 

�h�[�j�Z�a�p�u �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y �b �h�[�j�Z�a�p�u �k �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�f 

TiO2-�i�h�d�j�u�l�b�_�f �[�u�e�b �[�h�e�_�_ �]�b�^�j�h�n�b�e�v�g�u�f�b, �q�_�f �g�_�h�[�j�Z�[�h�l�Z�g�g�u�c �l�b�l�Z�g. �W�n�n�_�d�l �[�u�e 

�k�l�Z�[�b�e�v�g�u�f �\ �l�_�q�_�g�b�_ 48 �q�Z�k�h�\, �i�h�k�e�_ �q�_�]�h �g�Z�[�e�x�^�Z�e�Z�k�v �^�_�]�j�Z�^�Z�p�b�y �k�f�Z�q�b�\�Z�_�f�h�k�l�b. 

�I�h�k�e�_ �w�l�h�]�h �i�_�j�b�h�^�Z �j�_�]�b�k�l�j�b�j�h�\�Z�e�h�k�v �g�_�a�g�Z�q�b�l�_�e�v�g�h�_ �m�o�m�^�r�_�g�b�_ �]�b�^�j�h�n�b�e�v�g�h�k�l�b 

�h�[�j�Z�a�p�h�\ �k �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�f TiO2, �h�^�g�Z�d�h �m �h�[�j�Z�a�p�h�\, �i�h�^�\�_�j�]�g�m�l�u�o 

�W�I�I-�h�[�j�Z�[�h�l�d�_, �i�h�e�g�h�]�h �b�k�q�_�a�g�h�\�_�g�b�y �]�b�^�j�h�n�b�e�v�g�h�k�l�b �g�_ �i�j�h�b�k�o�h�^�b�e�h. �< �l�h�`�_ �\�j�_�f�y 

�]�b�^�j�h�n�b�e�v�g�h�k�l�v �h�[�j�Z�a�p�h�\, �i�h�^�\�_�j�]�g�m�l�u�o �l�h�e�v�d�h �d�b�k�e�h�l�g�h�f�m �l�j�Z�\�e�_�g�b�x, �q�_�j�_�a 21 �^�_�g�v  

�k�l�Z�e�Z �h�^�b�g�Z�d�h�\�h�c �k �g�_�h�[�j�Z�[�h�l�Z�g�g�h�c �l�b�l�Z�g�h�\�h�c �i�h�^�e�h�`�d�h�c.  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�k�j�_�^�k�l�\�h�f �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z �f�h�`�_�l �[�u�l�v 

�i�h�e�m�q�_�g�h �i�h�d�j�u�l�b�_ �b�a �h�d�k�b�^�Z �l�b�l�Z�g�Z �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �n�h�j�f�_ �j�m�l�b�e�Z, �h�[�e�Z�^�Z�x�s�_�_ 

�\�u�k�h�d�h�c �]�b�^�j�h�n�b�e�v�g�h�k�l�v�x. �H�[�j�Z�[�h�l�d�Z �\ �W�I�I �l�Z�d�`�_ �a�Z�f�_�^�e�y�_�l �^�_�]�j�Z�^�Z�p�b�x 

�k�f�Z�q�b�\�Z�_�f�h�k�l�b, �q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �i�j�b�f�_�g�_�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o 

�l�_�o�g�h�e�h�]�b�c �^�e�y �i�h�e�m�q�_�g�b�y �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �k �\�u�k�h�d�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �]�b�^�j�h�n�b�e�v�g�u�o 

�k�\�h�c�k�l�\. 

�>�e�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b TiO2-�i�h�d�j�u�l�b�c, �i�h�e�m�q�_�g�g�u�o �\ 

�j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o �W�I�I-�h�[�j�Z�[�h�l�d�b, �l�Z�d�`�_ �Z�g�Z�e�b�a�b�j�h�\�Z�e�b �b�o �k�i�h�k�h�[�g�h�k�l�v 

�i�_�j�p�b�i�b�l�b�j�h�\�Z�l�v �g�Z �k�\�h�_�c �i�h�\�_�j�o�g�h�k�l�b �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l �b�a �k�j�_�^�u, �b�f�b�l�b�j�m�x�s�_�c �k�h�k�l�Z�\ 

�\�g�m�l�j�b�d�e�_�l�h�q�g�h�c �`�b�^�d�h�k�l�b. �F�h�j�n�h�e�h�]�b�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �h�k�Z�`�^�Z�x�s�_�]�h�k�y �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �b�o �b�g�d�m�[�Z�p�b�b �h�[�j�Z�a�p�h�\ �\ SBF, �i�h�d�Z�a�Z�g�Z �g�Z �j�b�k. 

6.3.1. �<�k�_ �b�a�m�q�_�g�g�u�_ �h�[�j�Z�a�p�u �i�j�_�p�b�i�b�l�b�j�h�\�Z�e�b �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l �b�a SBF �g�Z �k�\�h�_�c 

�i�h�\�_�j�o�g�h�k�l�b. �K�n�h�j�f�b�j�h�\�Z�\�r�b�c�k�y �g�Z �\�k�_�o �h�[�j�Z�a�p�Z�o �k�e�h�c �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z  �i�j�_�^�k�l�Z�\�e�y�e 

�k�h�[�h�c �Z�]�e�h�f�_�j�Z�l�u, �k�h�k�l�h�y�s�b�_ �b�a �q�Z�k�l�b�p �d�j�m�]�e�h�c �n�h�j�f�u �^�b�Z�f�_�l�j�h�f 2-5 �f�d�f. �H�^�g�Z�d�h 

�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l �g�Z �d�h�g�l�j�h�e�v�g�h�f �h�[�j�Z�a�p�_ �l�b�l�Z�g�Z �k�h�k�l�h�y�e �b�a �j�Z�a�j�h�a�g�_�g�g�u�o �^�b�k�d�j�_�l�g�u�o 

�d�e�Z�k�l�_�j�h�\. �L�_�o�g�h�e�h�]�b�y �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z TiO2 �i�h�a�\�h�e�b�e�Z �a�g�Z�q�b�l�_�e�v�g�h 

�m�e�m�q�r�b�l�v �j�Z�\�g�h�f�_�j�g�h�k�l�v �i�j�_�p�b�i�b�l�Z�p�b�b �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �m�\�_�e�b�q�b�l�v �l�h�e�s�b�g�m 

�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�g�h�]�h �k�e�h�y �b �i�h�\�u�k�b�l�v �k�l�_�i�_�g�v �_�]�h �Z�^�]�_�a�b�b �d �l�b�l�Z�g�h�\�h�c �i�h�^�e�h�`�d�_, �q�l�h �[�u�e�h 

�\�u�y�\�e�_�g�h �k �i�h�f�h�s�v�x �j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�h�]�h �Z�g�Z�e�b�a�Z (�j�b�k. 6.3.1�\). 
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�L�Z�[�e�b�p�Z 6.3.1. �D�h�g�l�Z�d�l�g�u�c �m�]�h�e �k�f�Z�q�b�\�Z�g�b�y �^�e�y �\�h�^�u �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �b�a 
�k�i�e�Z�\�Z �l�b�l�Z�g�Z �<�L1-0, �h�[�j�Z�[�h�l�Z�g�g�u�o �j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b 
 

�H�[�j�Z�a�_�p �<�j�_�f�y �i�h�k�e�_ 
�h�[�j�Z�[�h�l�d�b, 

�^�g�b 
�D�h�g�l�j�h�e�v�g�u�c 

�h�[�j�Z�a�_�p 
(�i�h�e�b�j�h�\�Z�g�g�u�c 

�l�b�l�Z�g) 

�H�[�j�Z�a�_�p 
�i�h�k�e�_ 

�d�b�k�e�h�l�g�h�]�h 
�l�j�Z�\�e�_�g�b�y 

�H�[�j�Z�a�_�p �i�h�k�e�_ 
�d�b�k�e�h�l�g�h�]�h 
�l�j�Z�\�e�_�g�b�y �b  

�W�I�I-�h�[�j�Z�[�h�l�d�b 
�i�j�b 550 ºC 

�H�[�j�Z�a�_�p �i�h�k�e�_ 
�W�I�I-�h�[�j�Z�[�h�l�d�b 
�i�j�b 550 ºC �[�_�a 

�d�b�k�e�h�l�g�h�]�h 
�l�j�Z�\�e�_�g�b�y 

0 66,0±2,5 21,1±7,6 * 6,9±1,2 * 8,8±1,6 * 

1 69,8±2,1 19,3±4,2 * 9,0±1,5 * 15,7±1,9 * 

2 67,8±1,5 20,3±5,3 * 17,5±2,3 * 16,4±2,1 * 

7 70,0±2,7 29,2±4,9 * 22,8±0,5 * 18,0±1,5 * 

21 66,7±1,8 59,3±2,4 32,5±4,2 * , ** 20,9±1,5 * , ** 

 
�>�Z�g�g�u�_ �i�j�_�^�k�l�Z�\�e�_�g�u �\  �\�b�^�_ �k�j�_�^�g�_�_ ± �k�l�Z�g�^�Z�j�l�g�h�_ �h�l�d�e�h�g�_�g�b�_ 
* p < 0,05 �^�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �d�h�g�l�j�h�e�v�g�h�f�m �h�[�j�Z�a�p�m 
** p < 0,05 �^�h�k�l�h�\�_�j�g�h �i�h �h�l�g�h�r�_�g�b�x �d �h�[�j�Z�a�p�m �i�h�k�e�_ �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y 

 

   
a) �[) �\) 

                                                              
�J�b�k. 6.3.1. �H�[�j�Z�a�h�\�Z�g�b�_ �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �g�Z TiO2-�i�h�d�j�u�l�b�y�o, �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �\ �W�I�I 

�d�b�k�e�h�j�h�^�Z: a) �d�h�g�l�j�h�e�v�g�u�c �h�[�j�Z�a�_�p, �[) �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�j�b 330 º C, �\) 

�h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �i�j�b 550 º C.  

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�:  

 

�K�e�h�c �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �g�Z�b�[�h�e�v�r�_�c �l�h�e�s�b�g�u �b �j�Z�\�g�h�f�_�j�g�h�k�l�b �n�h�j�f�b�j�h�\�Z�e�k�y �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �W�I�I �i�j�b 550 ºC (�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�_ �d�b�k�e�h�l�g�h�_ 

�l�j�Z�\�e�_�g�b�_). �H�k�Z�`�^�_�g�g�u�c �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l �n�h�j�f�b�j�h�\�Z�e  �f�Z�d�j�h�i�h�j�b�k�l�u�_ �h�[�j�Z�a�h�\�Z�g�b�y 

�m�^�e�b�g�_�g�g�h�c �n�h�j�f�u, �^�b�Z�f�_�l�j�h�f ~50-100 �g�f. �A�g�Z�q�b�l�_�e�v�g�h�_ �q�b�k�e�h �h�[�j�Z�a�h�\�Z�g�b�c 

�h�[�g�Z�j�m�`�b�\�Z�e�h �l�_�g�^�_�g�p�b�x �d �Z�]�e�h�f�_�j�Z�p�b�b �b �h�[�j�Z�a�h�\�Z�g�b�x �d�e�Z�k�l�_�j�h�\ �^�b�Z�f�_�l�j�h�f ~ 3 �f�d�f. 
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�Z) 

�[) �\) 

�J�b�k. 6.3.2. SEM-�n�h�l�h�]�j�Z�n�b�b �i�j�h�^�h�e�v�g�u�o �k�j�_�a�h�\ �i�e�h�k�d�b�o �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �b�o 

�b�g�d�m�[�b�j�h�\�Z�g�b�y �\ SBF �\ �l�_�q�_�g�b�_ 2-�o �g�_�^�_�e�v: �Z) �d�h�g�l�j�h�e�v�g�u�c �h�[�j�Z�a�_�p �i�h�k�e�_ �l�j�Z�\�e�_�g�b�y �\ 

�k�f�_�k�b �d�b�k�e�h�l (�m�\�_�e�b�q�_�g�b�_ ×50 000), �[) �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z �[�_�a 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �d�b�k�e�h�l�g�h�]�h �l�j�Z�\�e�_�g�b�y (�m�\�_�e�b�q�_�g�b�_ ×5000), �\) �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ 

�W�I�I �d�b�k�e�h�j�h�^�Z �k �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�f �d�b�k�e�h�l�g�u�f �l�j�Z�\�e�_�g�b�_�f (�m�\�_�e�b�q�_�g�b�_ ×5000). 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: , Ts = 550 ºC 
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�J�b�k. 6.3.3. �J�Z�f�Z�g�h�\�k�d�b�c �k�i�_�d�l�j �k�e�h�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �i�j�_�p�b�i�b�l�b�j�h�\�Z�\�r�_�]�h �g�Z 

�i�h�\�_�j�o�g�h�k�l�b TiO2-�i�h�d�j�u�l�b�y, �i�h�e�m�q�_�g�g�h�]�h �i�j�b �h�[�j�Z�[�h�l�d�_ �i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z �b�a �k�i�e�Z�\�Z �<�L1-

0 �\ �W�I�I �d�b�k�e�h�j�h�^�Z. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Pm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: , Ts = 550 ºC, �h�[�j�Z�a�_�p �[�_�a 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �l�j�Z�\�e�_�g�b�y �\ �k�f�_�k�b �d�b�k�e�h�l; �b�g�d�m�[�b�j�h�\�Z�g�b�_ �\ SBF �i�h�k�e�_ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z TiO2 �\ �l�_�q�_�g�b�_ 2-�o �g�_�^�_�e�v. 

 

�I�j�b �\�u�i�h�e�g�_�g�b�b SEM �i�j�h�^�h�e�v�g�u�o �k�j�_�a�h�\ �i�e�h�k�d�b�o �l�b�l�Z�g�h�\�u�o �h�[�j�Z�a�p�h�\ �[�u�e�Z �i�j�y�f�h 

�b�a�f�_�j�_�g�Z �l�h�e�s�b�g�Z �k�e�h�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �i�j�_�p�b�i�b�l�b�j�h�\�Z�\�r�_�]�h �b�o �g�Z �i�h�\�_�j�o�g�h�k�l�b (�j�b�k. 

6.3.2). �I�j�b �w�l�h�f �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �k�e�h�c �]�b�^�j�h�d�b�k�Z�i�Z�l�b�l�Z, �k�n�h�j�f�b�j�h�\�Z�\�r�b�c�k�y �g�Z 

�d�h�g�l�j�h�e�v�g�h�f �h�[�j�Z�a�p�_, �i�h�^�\�_�j�]�g�m�l�h�f �l�h�e�v�d�h �l�j�Z�\�e�_�g�b�x �\ �k�f�_�k�b �d�b�k�e�h�l, �b�f�_�e �l�h�e�s�b�g�m, �g�_ 

�i�j�_�\�u�r�Z�x�s�m�x 100 �g�f. �< �l�h�`�_ �\�j�_�f�y �W�I�I-�h�[�j�Z�[�h�l�d�Z �m�\�_�e�b�q�b�\�Z�e�Z �l�h�e�s�b�g�m �k�e�h�y 

�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �g�Z �i�h�j�y�^�h�d: �l�h�e�s�b�g�Z �k�e�h�y �g�Z �l�Z�d�b�o �h�[�j�Z�a�p�Z�o �^�h�k�l�b�]�Z�e�Z 1 �f�d�f. �I�j�b �w�l�h�f 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�_ �l�j�Z�\�e�_�g�b�_ �h�[�j�Z�a�p�Z �\ �k�f�_�k�b �d�b�k�e�h�l �i�_�j�_�^ �W�I�I-�h�[�j�Z�[�h�l�d�h�c �g�_ �i�j�b�\�h�^�b�e�h 

�d �m�k�b�e�_�g�b�x �i�j�_�p�b�i�b�l�Z�p�b�b �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�h�f 

�h�[�j�Z�[�h�l�Z�g�g�u�f �l�h�e�v�d�h �\ �W�I�I.  

�< �B�D-�k�i�_�d�l�j�_ �w�l�h�]�h �h�[�j�Z�a�p�Z �i�h�k�e�_  �b�g�d�m�[�b�j�h�\�Z�g�b�y �\ SBF (�d�j�b�\�Z�y 4 �g�Z �j�b�k�m�g�d�_ 

6.2.6) �g�Z�[�e�x�^�Z�_�l�k�y �j�y� ̂�o�Z�j�Z�d�l�_�j�g�u�o �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �j�Z�a�e�b�q�g�u�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i 

�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �\ �\�h�e�g�h�\�h�f �^�b�Z�i�Z�a�h�g�_ 400-600 �b 900-1200 �k�f-1. �I�h�e�h�k�u �k �f�b�g�b�f�m�f�Z�f�b 

�h�l�j�Z�`�_�g�b�y  �g�Z 468 , 487 , 502, 548 , 594 , 982 , 1030, 1054 , 1088 �b 1155 �k�f-1 �f�h�]�m�l �[�u�l�v 
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�k�\�y�a�Z�g�u �k �\�Z�e�_�g�l�g�u�f �b �^�_�n�h�j�f�Z�p�b�h�g�g�u�f �d�h�e�_�[�Z�g�b�y�f PO4

3--�]�j�m�i�i �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z. 

�I�h�e�h�k�u �i�j�b 655 �b 660 �k�f-1 �f�h�`�g�h �h�l�g�_�k�l�b �d �d�h�e�_�[�Z�g�b�y�f �H�G-�]�j�m�i�i �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z. 

�I�h�e�h�k�u �i�j�b 1292, 1396, 1460, 1624 �k�f-1 �f�h�]�m�l �[�u�l�v �k�\�y�a�Z�g�u �k �d�h�e�_�[�Z�g�b�y�f�b CO3
2 --�]�j�m�i�i. 

�G�Z�e�b�q�b�_ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �d�Z�j�[�h�g�b�a�b�j�h�\�Z�g�g�h�]�h �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z (�o�Z�j�Z�d�l�_�j�g�h�]�h 

�^�e�y �a�m�[�g�h�c �w�f�Z�e�b �b �^�_�g�l�b�g�Z) �g�Z �i�h�\�_�j�o�g�h�k�l�b TiO2-�i�h�d�j�u�l�b�y, �i�h�e�m�q�_�g�g�h�]�h �i�j�b �h�[�j�Z�[�h�l�d�_ 

�i�e�h�k�d�h�]�h �l�b�l�Z�g�h�\�h�]�h �h�[�j�Z�a�p�Z �\ �W�I�I �d�b�k�e�h�j�h�^�Z �[�u�e�h �i�h�^�l�\�_�j�`�^�_�g�h �b �k �i�h�f�h�s�v�x 

�k�i�_�d�l�j�h�k�d�h�i�b�b �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �j�Z�k�k�_�b�\�Z�g�b�y �k�\�_�l�Z (�j�b�k. 6.3.3). �G�Z �j�Z�f�Z�g�h�\�k�d�b�o �k�i�_�d�l�j�Z�o 

�[�u�e�b �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z �e�b�g�b�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 

�k�b�f�f�_�l�j�b�q�g�u�f �\�Z�e�_�g�l�g�u�f �d�h�e�_�[�Z�g�b�y�f ��1(�:1) �k�\�y�a�_�c �J�í�H (961 �k�f-1),  �Z�k�k�b�f�_�l�j�b�q�_�k�d�b�f 

�^�_�n�h�j�f�Z�p�b�h�g�g�u�f �d�h�e�_�[�Z�g�b�y�f �H�í�J�í�H ��2(�?) �b ��4(F2) (430 �k�f-1 �b 590 �k�f-1 �k�h�h�l�\�_�l�k�l�\�_�g�g�h) 

�n�h�k�n�Z�l�g�u�o �]�j�m�i�i �J�H4
3-, �Z �l�Z�d�`�_ �\�Z�e�_�g�l�g�u�f �b �^�_�n�h�j�f�Z�p�b�h�g�g�u�f �d�h�e�_�[�Z�g�b�y�f �]�j�m�i�i �K�H4

3- 

1074 �k�f-1 �b 1044 �k�f-1 �b �\�_�_�j�g�u�f �d�h�e�_�[�Z�g�b�y�f CH2 (1450 �k�f-1). 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �j�_�a�m�e�v�l�Z�l�u, �i�j�b�\�_�^�_�g�g�u�_ �\ �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c 

�j�Z�[�h�l�u, �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �h�i�l�b�f�b�a�b�j�m�y �m�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �k�b�g�l�_�a�Z 

(�l�_�f�i�_�j�Z�l�m�j�m �\ �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b, �h�i�j�_�^�_�e�y�_�f�m�x �d�h�f�[�b�g�Z�p�b�_�c �i�e�h�l�g�h�k�l�b �l�h�d�Z �W�I jb (�\ 

�d�h�g�_�q�g�h�f �k�q�_�l�_, �b�g�l�_�]�j�Z�e�v�g�u�f �l�h�d�h�f �i�m�q�d�Z Ib �b �Z�f�i�e�b�l�m�^�h�c �k�d�Z�g�b�j�h�\�Z�g�b�y) �b �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z Pm, �k�h�k�l�Z�\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �b �\�j�_�f�y �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y) �\�h�a�f�h�`�g�h �i�h�e�m�q�Z�l�v TiO2-�i�h�d�j�u�l�b�y, �h�[�e�Z�^�Z�x�s�b�_ �m�e�m�q�r�_�g�g�u�f�b 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �i�h�\�_�j�o�g�h�k�l�b  (�h�^�g�h�j�h�^�g�u�c �f�b�d�j�h�j�_�e�v�_�n, �i�h�\�u�r�_�g�b�_ �]�b�^�j�h�n�b�e�v�g�h�k�l�b), 

�Z �l�Z�d�`�_ �\�u�k�h�d�h�c �[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x. �I�j�_�^�e�Z�]�Z�_�f�u�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b 

�f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �^�_�g�l�Z�e�v�g�u�o, �h�j�l�h�i�_�^�b�q�_�k�d�b�o �b �l.�i. 

�b�f�i�e�Z�g�l�Z�l�h�\. 

 

6.4. �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�j�h�r�d�h�\ �b �\�h�e�h�d�h�g 

�[�b�h�i�h�e�b�f�_�j�h�\ 

�P�_�e�v�x �^�Z�g�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �i�j�y�f�h�_ �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h �i�j�b�f�_�g�b�f�h�k�l�b 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �h�k�Z�`�^�_�g�b�y �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\ (�\ �l�h�f �q�b�k�e�_ �b 

�e�_�d�Z�j�k�l�\�_�g�g�u�o)  �g�Z �i�h�\�_�j�o�g�h�k�l�v �q�Z�k�l�b�p �i�h�j�h�r�d�h�\ �l�_�j�f�h�e�Z�[�b�e�v�g�u�o �k�h�_�^�b�g�_�g�b�c, �Z �l�Z�d�`�_ 

�g�Z �\�h�e�h�d�g�b�k�l�u�_ �f�Z�l�_�j�b�Z�e�u �b �l�d�Z�g�b.  

   �< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�h�\, �h�i�b�k�Z�g�g�u�o  �\ �j�Z�a�^�_�e�_ 4.3, �j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v �n�h�j�f�b�j�h�\�Z�g�b�_ 

�j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u �b �i�j�h�[�e�_�f�u �i�h�e�m�q�_�g�b�y �m�k�l�h�c�q�b�\�h�]�h �b �m�i�j�Z�\�e�y�_�f�h�]�h �j�_�Z�d�p�b�h�g�g�h�]�h 

�h�[�t�_�f�Z �i�j�b �\�\�_�^�_�g�b�b �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�m�x �k�j�_�^�m �i�h�j�h�r�d�h�\ �h�d�k�b�^�Z �Z�e�x�f�b�g�b�y (III) �b 

�m�]�e�_�j�h�^�Z. �I�h�e�m�q�_�g�g�u�_ �\ �j�Z�a�^�_�e�_ 4.3 �j�_�a�m�e�v�l�Z�l�u �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �j�Z�a�j�Z�[�h�l�d�b �f�_�l�h�^�h�\ 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\: 

(�;�K�:, �e�b�a�h�p�b�f�Z �b�e�b �o�b�l�h�a�Z�g�Z), �Z �l�Z�d�`�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �o�e�h�i�q�Z�l�h�[�m�f�Z�`�g�u�o �\�h�e�h�d�h�g �b 
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�l�d�Z�g�_�c �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_, �]�_�g�_�j�b�j�m�_�f�h�c �i�j�b �b�g�`�_�d�p�b�b �W�I �\ �a�h�g�m �<�Q-�j�Z�a�j�y�^�Z (�J�b�k. 

6.4.1). 

 

�J�b�k. 6.4.1. �N�h�l�h�]�j�Z�n�b�y �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�u. 

�M�k�e�h�\�b�y �]�_�g�_�j�Z�p�b�b: �<�Q-�j�Z�a�j�y�^ �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p, �w�n�n�_�d�l�b�\�g�Z�y �f�h�s�g�h�k�l�v 50 �<�l, Ib = 

1,5 �f�: , U = 30 �d�w�<, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a - �d�b�k�e�h�j�h�^. 

 

�< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �<�Q-�w�e�_�d�l�j�h�^ �k�i�_�p�b�Z�e�v�g�h�c �d�h�g�k�l�j�m�d�p�b�b (�J�b�k. 6.4.2�Z), 

�d�h�g�k�l�j�m�d�l�b�\�g�h �h�[�t�_�^�b�g�_�g�g�u�c �k �p�b�e�b�g�^�j�b�q�_�k�d�b�f �d�h�g�l�_�c�g�_�j�h�f 1, �g�Z �^�g�h �d�h�l�h�j�h�]�h 

�i�h�f�_�s�Z�e�Z�k�v �i�v�_�a�h�d�_�j�Z�f�b�q�_�k�d�Z�y �i�e�Z�k�l�b�g�Z 6 �\ �n�h�j�f�_ �^�b�k�d�Z �^�e�y �i�_�j�_�f�_�r�b�\�Z�g�b�y �i�h�j�h�r�d�h�\ 

�[�b�h�i�h�e�b�f�_�j�h�\ �\ �l�_�q�_�g�b�_ �\�k�_�]�h �w�d�k�i�_�j�b�f�_�g�l�Z. �I�h�j�h�r�h�d �[�b�h�i�h�e�b�f�_�j�Z 2 �f�Z�k�k�h�c �| 50 �f�] 

�g�Z�k�u�i�Z�e�b �j�Z�\�g�h�f�_�j�g�u�f �l�h�g�d�b�f �k�e�h�_�f �i�h�\�_�j�o �i�e�Z�k�l�b�g�u. �K�\�_�j�o�m �d�h�g�l�_�c�g�_�j �g�Z�d�j�u�\�Z�e�k�y 

�f�_�l�Z�e�e�b�q�_�k�d�h�c �k�_�l�d�h�c 3, �y�\�e�y�x�s�_�c�k�y �h�[�y�a�Z�l�_�e�v�g�u�f �w�e�_�f�_�g�l�h�f �d�h�g�k�l�j�m�d�p�b�b �w�e�_�d�l�j�h�^�Z. 

�G�Z �w�e�_�d�l�j�h�^ �i�h�^�Z�\�Z�e�h�k�v �i�b�l�Z�g�b�_ �h�l �]�_�g�_�j�Z�l�h�j�Z Genesis GHW-12 (MKS Instruments, 

�<�_�e�b�d�h�[�j�b�l�Z�g�b�y), �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p �b �\�u�o�h�^�g�h�c �f�h�s�g�h�k�l�v�x, �j�_�]�m�e�b�j�m�_�f�h�c �\ 

�^�b�Z�i�Z�a�h�g�_ �h�l 0 �^�h 50 �<�l. �>�e�y �k�h�a�^�Z�g�b�y �j�Z�^�b�Z�e�v�g�h�]�h �i�j�h�n�b�e�y �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y, 

�m�^�_�j�`�b�\�Z�x�s�_�]�h �q�Z�k�l�b�p�u �\ �i�e�Z�a�f�_, �i�h �i�_�j�b�f�_�l�j�m �w�e�_�d�l�j�h�^�Z �g�Z�d�e�Z�^�u�\�Z�e�h�k�v �f�_�l�Z�e�e�b�q�_�k�d�h�_ 

�d�h�e�v�p�h 5. �N�h�l�h�]�j�Z�n�b�y �i�h�j�h�r�d�Z, �g�Z�o�h�^�y�s�_�]�h�k�y �g�Z �<�Q-�w�e�_�d�l�j�h�^�_, �i�h�d�Z�a�Z�g�Z �g�Z �j�b�k. 6.4.2�[. 

�< �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�u�o �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �b�k�i�h�e�v�a�h�\�Z�e�b �Z�f�h�j�n�g�u�c 

�m�]�e�_�j�h�^, �h�[�e�Z�^�Z�x�s�b�c, �d�Z�d �b�a�\�_�k�l�g�h, �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b [6.4.1], �b �k�_�j�m, �d�h�l�h�j�Z�y 

�y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �[�b�h�]�_�g�g�u�o �w�e�_�f�_�g�l�h�\. �< �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�h�]�h �e�_�d�Z�j�k�l�\�_�g�g�h�]�h �\�_�s�_�k�l�\�Z 

�^�e�y �g�Z�g�_�k�_�g�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�j�h�r�d�Z �[�b�h�i�h�e�b�f�_�j�Z �[�u�e�Z �\�u�[�j�Z�g�Z �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y 

�d�b�k�e�h�l�Z, �i�h�k�d�h�e�v�d�m �h�g�Z �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�l�k�y �\ �d�e�b�g�b�q�_�k�d�h�c �i�j�Z�d�l�b�d�_ �^�e�y �l�_�j�Z�i�b�b �b 

�i�j�h�n�b�e�Z�d�l�b�d�b �j�Z�a�e�b�q�g�u�o �a�Z�[�h�e�_�\�Z�g�b�c. 

�L�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y �b �b�k�i�Z�j�_�g�b�y �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �i�j�Z�d�l�b�q�_�k�d�b 

�h�^�b�g�Z�d�h�\�u (�h�d�h�e�h 140 °C), �l.�_. �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �d�b�k�e�h�l�Z �\�_�e�Z �k�_�[�y �d�Z�d �k�m�[�e�b�f�b�j�m�x�s�_�_ 

�\�_�s�_�k�l�\�h. �G�b�a�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\, �g�_�[�h�e�v�r�b�_ �\�_�e�b�q�b�g�u �l�_�i�e�h�l�u 
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�n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\ �b �f�Z�e�h�_ �^�Z�\�e�_�g�b�_ �g�Z�k�u�s�_�g�g�h�]�h �i�Z�j�Z (0,004 �I�Z �i�j�b 25 °C) �l�Z�d�`�_ 

�y�\�e�y�x�l�k�y �\�Z�`�g�u�f�b �^�h�k�l�h�b�g�k�l�\�Z�f�b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u, �d�Z�d �j�Z�[�h�q�_�]�h �l�_�e�Z, 

�i�h�k�d�h�e�v�d�m �b�k�i�Z�j�_�g�b�_ �g�Z�\�_�k�d�b �g�_ �i�j�b�\�h�^�b�e�h �d �b�a�f�_�g�_�g�b�x �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y �\ �j�Z�[�h�q�_�c 

�d�Z�f�_�j�_, �Z �f�h�s�g�h�k�l�v �b�k�i�Z�j�y�x�s�_�]�h �b�f�i�m�e�v�k�Z �f�h�`�g�h �[�u�e�h �k�^�_�e�Z�l�v �f�b�g�b�f�Z�e�v�g�h�c. 

 

�Z) �[) 

�J�b�k. 6.4.2. �N�h�j�f�b�j�h�\�Z�g�b�_ �i�h�^�e�h�`�d�b �b�a �q�Z�k�l�b�p �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\ �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h 

�h�k�Z�`�^�_�g�b�y �g�Z �b�o �i�h�\�_�j�o�g�h�k�l�v �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �b �k�_�j�u. 

�Z) – �D�h�g�k�l�j�m�d�p�b�y �<�Q-�w�e�_�d�l�j�h�^�Z: 1 – �d�h�j�i�m�k �w�e�_�d�l�j�h�^�Z; 2 – �i�h�j�h�r�h�d �[�b�h�f�Z�l�_�j�b�Z�e�Z; 3 – 

�f�_�l�Z�e�e�b�q�_�k�d�Z�y �k�_�l�d�Z; 4 – �k�e�h�c �i�h�j�h�r�d�Z �[�b�h�i�h�e�b�f�_�j�Z; 5 – �^�b�w�e�_�d�l�j�b�q�_�k�d�h�_ �n�h�j�f�b�j�m�x�s�_�_ 

�d�h�e�v�p�h; 6 – �i�v�_�a�h�d�_�j�Z�f�b�q�_�k�d�Z�y �i�e�Z�k�l�b�g�Z. 

�[) – �N�h�l�h�]�j�Z�n�b�y �i�h�j�h�r�d�Z �;�K�:, �g�Z�o�h�^�y�s�_�]�h�k�y �g�Z �<�Q-�w�e�_�d�l�j�h�^�_. 

 

 

�J�b�k. 6.4.3. �H�k�Z�`�^�_�g�b�_ �i�Z�j�h�\ �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �g�Z 

�i�h�\�_�j�o�g�h�k�l�v �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\: 1 – �<�Q-�w�e�_�d�l�j�h�^; 2 – �h�l�d�e�h�g�y�x�s�Z�y �k�b�k�l�_�f�Z; 3 – �W�I; 

4 – �b�k�i�Z�j�y�_�f�Z�y �f�b�r�_�g�v; 5 – �h�[�e�Z�d�h �i�Z�j�Z; 6 – �i�h�j�h�r�h�d �[�b�h�i�h�e�b�f�_�j�Z. 

  

�I�j�h�p�_�k�k �g�Z�g�_�k�_�g�b�y �i�h�d�j�u�l�b�y �b�e�e�x�k�l�j�b�j�m�_�l�k�y �j�b�k�m�g�d�h�f 6.4.3. �G�Z�\�_�k�d�m 

�g�_�h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �b�e�b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u, �f�Z�k�k�h�c �g�_ �[�h�e�_�_ 100 �f�d�], 

�b�k�i�Z�j�y�e�b �h�^�b�g�h�q�g�u�f�b �d�h�j�h�l�d�b�f�b �b�f�i�m�e�v�k�Z�f�b �W�I. �F�h�s�g�h�k�l�v �b�f�i�m�e�v�k�Z �W�I �i�h�^�[�b�j�Z�e�Z�k�v 
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�l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �\�k�y �g�Z�\�_�k�d�Z �f�h�]�e�Z �[�u�l�v �b�k�i�Z�j�_�g�Z �a�Z �h�^�b�g �b�f�i�m�e�v�k. �H�i�l�b�f�Z�e�v�g�u�_ 

�\�_�e�b�q�b�g�u �^�Z�\�e�_�g�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ �Jm �b �f�h�s�g�h�k�l�b, �\�d�e�Z�^�u�\�Z�_�f�h�c �\ �<�Q-�j�Z�a�j�y�^ 

�[�u�e�b �i�h�^�h�[�j�Z�g�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h. �>�e�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �]�_�e�b�c (�i�j�b 

�^�Z�\�e�_�g�b�b <2,0 �L�h�j�j), �d�b�k�e�h�j�h�^ (�i�j�b �^�Z�\�e�_�g�b�b <0,5 �L�h�j�j) �b �\�h�a�^�m�o (�i�j�b �^�Z�\�e�_�g�b�b <1,0 

�L�h�j�j). �J�_�]�m�e�b�j�h�\�d�Z �w�g�_�j�]�h�\�d�e�Z�^�Z �\ �j�Z�a�j�y�^ �i�j�h�b�a�\�h�^�b�e�Z�k�v �e�b�[�h �a�Z �k�q�_�l �b�a�f�_�g�_�g�b�y 

�\�u�o�h�^�g�h�c �f�h�s�g�h�k�l�b �]�_�g�_�j�Z�l�h�j�Z, �e�b�[�h �i�h�^�[�h�j�h�f �m�j�h�\�g�y �k�h�]�e�Z�k�h�\�Z�g�b�y �\�u�o�h�^�Z �<�Q-

�]�_�g�_�j�Z�l�h�j�Z �k �g�Z�]�j�m�a�d�h�c, �d�h�l�h�j�h�c �y�\�e�y�_�l�k�y �w�e�_�d�l�j�h�^ �k �h�d�j�m�`�Z�x�s�_�c �_�]�h �i�e�Z�a�f�h�c. �I�j�b 

�g�_�h�[�o�h�^�b�f�h�k�l�b �i�j�h�p�_�k�k �h�k�Z�`�^�_�g�b�y �f�h�] �f�g�h�]�h�d�j�Z�l�g�h �i�h�\�l�h�j�y�l�v�k�y, �^�e�y �q�_�]�h 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�b�_ �i�m�q�d�b. 

�D�h�g�^�_�g�k�Z�p�b�y �i�Z�j�h�\ �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �q�Z�k�l�b�p �i�h�j�h�r�d�h�\ �[�_�e�d�h�\ �b�e�b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ �i�j�b�\�h�^�b�e�Z �d �n�h�j�f�b�j�h�\�Z�g�b�x �g�Z 

�g�b�o �i�h�d�j�u�l�b�y. �L�Z�d�b�f �`�_ �h�[�j�Z�a�h�f �[�u�e�b �i�h�e�m�q�_�g�u �i�h�d�j�u�l�b�y �b�a �Z�f�h�j�n�g�h�]�h �m�]�e�_�j�h�^�Z �b 

�Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�h�c �i�h�^�e�h�`�d�b (�i�h�e�b�f�_�j�g�h�c �i�e�_�g�d�b �b�e�b 

�f�Z�j�e�b).  

�<�Z�`�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �i�j�h�p�_�k�k�Z �y�\�e�y�_�l�k�y �l�h, �q�l�h �Z�[�k�h�j�[�p�b�y �[�b�h�Z�d�l�b�\�g�h�]�h �\�_�s�_�k�l�\�Z 

�g�Z �i�h�\�_�j�o�g�h�k�l�b �q�Z�k�l�b�p �i�h�j�h�r�d�Z �[�b�h�i�h�e�b�f�_�j�h�\ �b�e�b �l�d�Z�g�b �i�j�h�b�k�o�h�^�b�l �\ �m�k�e�h�\�b�y�o 

�Z�d�l�b�\�Z�p�b�b �i�e�Z�a�f�h�c �]�Z�a�h�\�h�]�h �j�Z�a�j�y�^�Z, �d�Z�d �i�Z�j�Z �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u, �l�Z�d �b 

�i�h�\�_�j�o�g�h�k�l�b �k�m�[�k�l�j�Z�l�Z, �q�l�h �i�j�b�\�h�^�b�l �d �m�e�m�q�r�_�g�b�x �_�]�h �]�b�^�j�h�n�b�e�v�g�h�k�l�b �b �Z�^�]�_�a�b�h�g�g�u�o 

�k�\�h�c�k�l�\ [6.4.2-6.4.5]. �H�k�h�[�h �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�h�c �l�d�Z�g�_�\�h�c 

�i�h�^�e�h�`�d�b �\ �i�j�b�k�m�l�k�l�\�b�b �W�I �^�h�k�l�b�]�Z�_�l�k�y �g�_ �l�h�e�v�d�h �_�_ �Z�d�l�b�\�Z�p�b�y, �g�h �b �k�l�_�j�b�e�b�a�Z�p�b�y. 

�B�k�i�h�e�v�a�m�y �^�Z�g�g�u�c �i�h�o�h�^, �f�h�`�g�h �k�h�a�^�Z�\�Z�l�v �i�h�d�j�u�l�b�y �g�_�h�[�o�h�^�b�f�h�c �l�h�e�s�b�g�u �b 

�f�g�h�]�h�k�e�h�c�g�u�_ �i�h�d�j�u�l�b�y �b�a �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\. �I�h�d�j�u�l�b�y �k �[�h�e�v�r�_�c �l�h�e�s�b�g�h�c �b�e�b 

�f�g�h�]�h�k�e�h�c�g�u�_ �d�h�f�i�h�a�b�p�b�h�g�g�u�_ �i�h�d�j�u�l�b�y  �f�h�]�m�l �[�u�l�v �i�h�e�m�q�_�g�u �i�h�k�j�_�^�k�l�\�h�f �b�k�i�Z�j�_�g�b�y 

�g�_�k�d�h�e�v�d�b�o �f�b�r�_�g�_�c. �>�e�y �w�l�h�]�h �f�b�r�_�g�b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�f�_�s�Z�x�l�k�y �\ �j�_�Z�d�p�b�h�g�g�m�x 

�d�Z�f�_�j�m, �b �k�i�_�p�b�Z�e�v�g�u�c �f�_�o�Z�g�b�q�_�k�d�b�c �f�Z�g�b�i�m�e�y�l�h�j �d�h�l�h�j�u�c, �i�j�b�\�h�^�b�l�k�y �\�h �\�j�Z�s�_�g�b�_ 

�r�Z�]�h�\�u�f �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�_�f.  �I�h�\�h�j�Z�q�b�\�Z�y�k�v �g�Z �a�Z�^�Z�g�g�u�c �m�]�h�e, �f�Z�g�b�i�m�e�y�l�h�j �i�h�^�\�h�^�b�l �d 

�h�k�b �W�I �g�h�\�m�x �f�b�r�_�g�v �\�a�Z�f�_�g �b�k�i�Z�j�_�g�g�h�c. �L�Z�d�b�f �h�[�j�Z�a�h�f �g�Z �l�d�Z�g�_�\�h�c �h�k�g�h�\�_ �[�u�e�b 

�i�h�e�m�q�_�g�u �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�_ �i�h�d�j�u�l�b�y �b�a �m�]�e�_�j�h�^�Z �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u. 

�>�Z�g�g�Z�y �l�_�o�g�h�e�h�]�b�y �y�\�e�y�_�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f �k�i�h�k�h�[�h�f �i�h�e�m�q�_�g�b�y �]�b�[�j�b�^�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �b �i�h�d�j�u�l�b�c �k �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�f�b �[�b�h�e�h�]�b�q�_�k�d�b�f�b �b �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�f�b 

�k�\�h�c�k�l�\�Z�f�b (�g�Z�i�j�b�f�_�j, �Z�g�l�b�k�_�i�l�b�q�_�k�d�b�f�b �b �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�f�b), �k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�u�o 

�d�h�f�i�e�_�d�k�h�\ «�[�_�e�h�d-�e�_�d�Z�j�k�l�\�_�g�g�u�c �Z�]�_�g�l» �b «�i�h�e�b�k�Z�o�Z�j�b�^-�e�_�d�Z�j�k�l�\�_�g�g�u�c �Z�]�_�g�l», �k�b�k�l�_�f 

�Z�^�j�_�k�g�h�c �^�h�k�l�Z�\�d�b �e�_�d�Z�j�k�l�\�_�g�g�u�o �i�j�_�i�Z�j�Z�l�h�\, �Z �l�Z�d�`�_ �k �\�h�a�f�h�`�g�h�k�l�v�x �b�o 

�d�h�g�l�j�h�e�b�j�m�_�f�h�]�h �\�u�k�\�h�[�h�`�^�_�g�b�y �b �i�j�h�e�h�g�]�b�j�h�\�Z�g�g�u�f �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�f �w�n�n�_�d�l�h�f. 
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6.5. �I�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a �d�h�f�i�h�a�b�p�b�h�g�g�u�o �[�b�h�Z�d�l�b�\�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 

�g�Z �h�k�g�h�\�_ �[�b�h�i�h�e�b�f�_�j�h�\ 

�A�Z�^�Z�q�_�c �^�Z�g�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u �[�u�e�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h 

�\�h�a�f�h�`�g�h�k�l�b �i�h�e�m�q�_�g�b�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�o �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, �k�h�^�_�j�`�Z�s�b�o �\ 

�k�\�h�_�f �k�h�k�l�Z�\�_ �d�h�\�Z�e�_�g�l�g�h �k�\�y�a�Z�g�g�u�_ �i�h�e�b�k�Z�o�Z�j�b�^�g�m�x �h�k�g�h�\�m �b �[�_�e�h�d, �Z�d�l�b�\�b�j�m�x�s�b�c 

�k�\�_�j�l�u�\�Z�g�b�_ �d�j�h�\�b, �\ �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �g�_�j�Z�\�g�h�\�_�k�g�h�c �i�e�Z�a�f�_. �W�d�k�i�_�j�b�f�_�g�l�u 

�i�j�h�\�h�^�b�e�b, �b�k�i�h�e�v�a�m�y �\ �d�Z�q�_�k�l�\�_ �i�h�e�b�k�Z�o�Z�j�b�^�g�h�c �f�Z�l�j�b�p�u �]�m�[�d�m, �b�a�]�h�l�h�\�e�_�g�g�m�x �i�m�l�_�f 

�e�b�h�n�b�e�b�a�Z�p�b�b �b�a 3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y, �b �[�_�e�h�d �i�e�Z�a�f�u �d�j�h�\�b �l�j�h�f�[�b�g, 

�y�\�e�y�x�s�b�c�k�y �f�h�s�g�u�f �_�k�l�_�k�l�\�_�g�g�u�f �Z�d�l�b�\�Z�l�h�j�h�f �i�j�h�p�_�k�k�Z �d�h�Z�]�m�e�y�p�b�b. �K�Z�f�m �i�j�h�p�_�^�m�j�m 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �k�b�g�l�_�a�Z �i�j�h�\�h�^�b�e�b �i�h �k�e�_�^�m�x�s�_�c �k�o�_�f�_: 

 1) �:�d�l�b�\�Z�p�b�y �b �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�y �i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�k�Z�o�Z�j�b�^�g�h�c �]�m�[�d�b 

�i�h�k�j�_�^�k�l�\�h�f �_�_ �h�[�j�Z�[�h�l�d�b �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z (Pm = 0,5 �L�h�j�j) �b�e�b �d�b�k�e�h�j�h�^�Z (Pm 

= 0,5 �L�h�j�j) �\ �l�_�q�_�g�b�_ 10 �f�b�g. �L�_�f�i�_�j�Z�l�m�j�m �\ �l�_�q�_�g�b�_ �\�k�_�]�h �i�j�h�p�_�k�k�Z �h�[�j�Z�[�h�l�d�b 

�d�h�g�l�j�h�e�b�j�h�\�Z�e�b �B�D-�i�b�j�h�f�_�l�j�h�f �b �i�h�^�^�_�j�`�b�\�Z�e�b �g�Z �m�j�h�\�g�_ Ts = 60 °C, �q�l�h�[�u �b�k�d�e�x�q�b�l�v 

�l�_�i�e�h�\�m�x �^�_�k�l�j�m�d�p�b�x �f�Z�l�_�j�b�Z�e�Z. �H�k�l�Z�e�v�g�u�_ �m�k�e�h�\�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b: 

�q�Z�k�l�h�l�Z 13,56 �F�=�p, �w�n�n�_�d�l�b�\�g�Z�y �f�h�s�g�h�k�l�v �<�Q-�j�Z�a�j�y�^�Z 50 �<�l, �l�h�d �W�I �\�Z�j�v�b�j�h�\�Z�e�b �\ 

�i�j�_�^�_�e�Z�o Ib = 0,4-0,6 �f�: , U = 30 �d�w�<. 

�>�Z�g�g�u�c �w�l�Z�i �i�h�a�\�h�e�b�e �k�h�a�^�Z�l�v �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�k�Z�o�Z�j�b�^�Z �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ 

�d�b�k�e�h�j�h�^- (�]�b�^�j�h�d�b�k�e�v�g�u�_ –�H�G, �d�Z�j�[�h�g�b�e�v�g�u�_ –�K�H�G �b –�K=�H, �d�Z�j�[�h�d�k�b�e�v�g�u�_ –�K�H�H�G) �b 

�Z�a�h�l�k�h�^�_�j�`�Z�s�b�_ (�g�Z�i�j�b�f�_�j, –NH2) �]�j�m�i�i�u (�k�f. �j�Z�a�^�_�e 5.1.4), �d�h�l�h�j�u�_ �g�Z �k�e�_�^�m�x�s�_�f �w�l�Z�i�_ 

�y�\�e�y�e�b�k�v �j�_�Z�d�p�b�h�g�g�u�f�b �p�_�g�l�j�Z�f�b �k�\�y�a�u�\�Z�g�b�y �^�e�y �l�j�h�f�[�b�g�Z. �>�h�i�h�e�g�b�l�_�e�v�g�u�f �b �\�Z�`�g�u�f 

�w�n�n�_�d�l�h�f �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �Z�d�l�b�\�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �]�m�[�d�b �y�\�e�y�e�h�k�v �i�h�\�u�r�_�g�b�_ �_�_ 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b (�k�f. �j�Z�a�^�_�e 5.2.4). 

2) �G�Z�g�_�k�_�g�b�_ �g�Z �Z�d�l�b�\�b�j�h�\�Z�g�g�m�x �i�h�\�_�j�o�g�h�k�l�v �]�m�[�d�b �j�Z�k�l�\�h�j�Z �l�j�h�f�[�b�g�Z 

(�Z�d�l�b�\�g�h�k�l�v 500 NIH), �d�h�l�h�j�h�_ �i�j�h�b�a�\�h�^�b�e�b �k�j�Z�a�m �`�_ �i�h�k�e�_ �_�_ �b�a�\�e�_�q�_�g�b�y �b�a �j�_�Z�d�p�b�h�g�g�h�c 

�d�Z�f�_�j�u. 

3) �H�[�j�Z�[�h�l�d�Z �]�m�[�d�b �k �g�Z�g�_�k�_�g�g�u�f �l�j�h�f�[�b�g�h�f �\ �i�e�Z�a�f�_ �<�Q-�j�Z�a�j�y�^�Z (�q�Z�k�l�h�l�Z 13,56 

�F�=�p, �w�n�n�_�d�l�b�\�g�Z�y �f�h�s�g�h�k�l�v 20 �<�l, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – �]�_�e�b�c �i�j�b �^�Z�\�e�_�g�b�b Pm = 0,5 

�L�h�j�j) �\ �l�_�q�_�g�b�_ 10 �f�b�g �b Ts = 30 °C. �I�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �^�Z�g�g�u�c �w�l�Z�i �[�m�^�_�l 

�k�i�h�k�h�[�k�l�\�h�\�Z�l�v �n�h�j�f�b�j�h�\�Z�g�b�x �i�j�h�q�g�u�o �d�h�\�Z�e�_�g�l�g�u�o �k�\�y�a�_�c �f�_�`�^�m �Z�d�l�b�\�g�u�f�b �]�j�m�i�i�Z�f�b 

�n�m�g�d�p�b�h�g�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h �i�h�e�b�k�Z�o�Z�j�b�^�Z �b �l�j�h�f�[�b�g�Z. 

�I�j�b �Z�g�Z�e�b�a�_ �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\ �i�h�e�m�q�_�g�g�u�o �d�h�f�i�h�a�b�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 

�d�h�g�l�j�h�e�v�g�u�f�b �h�[�j�Z�a�p�Z�f�b �y�\�e�y�e�b�k�v: �g�_�h�[�j�Z�[�h�l�Z�g�g�Z�y �]�m�[�d�Z �b�a 3% �j�Z�k�l�\�h�j�Z �Z�e�v�]�b�g�Z�l�Z 

�g�Z�l�j�b�y, �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ (�m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b �[�u�e�b �b�^�_�g�l�b�q�g�u 

�m�k�e�h�\�b�y�f �w�l�Z�i�Z �‹ 1) �b �l�j�h�f�[�b�g. 
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�J�b�k. 6.5.1. SEM-�N�h�l�h�]�j�Z�n�b�b �i�h�\�_�j�o�g�h�k�l�b �]�m�[�h�d �b�a �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y (�m�\�_�e�b�q�_�g�b�_ ×5000): 
�Z) �g�_�h�[�j�Z�[�h�l�Z�g�g�Z�y �d�h�g�l�j�h�e�v�g�Z�y �]�m�[�d�Z, �[) �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ �d�b�k�e�h�j�h�^�g�h�c �]�b�[�j�b�^�g�h�c 
�i�e�Z�a�f�_, �\) �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z, �\) �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ 
�d�b�k�e�h�j�h�^�g�h�c �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_, �i�h�k�e�_ �g�Z�g�_�k�_�g�b�y �l�j�h�f�[�b�g�Z �b �h�[�j�Z�[�h�l�d�b �\ �<�Q-�j�Z�a�j�y�^�_ 
�]�_�e�b�y, � )̂ - �]�m�[�d�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z, �i�h�k�e�_ �g�Z�g�_�k�_�g�b�y �l�j�h�f�[�b�g�Z �b 
�h�[�j�Z�[�h�l�d�b �\ �<�Q-�j�Z�a�j�y�^�_ 
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�I�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�h�\ �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�b �k �i�h�f�h�s�v�x SEM-�f�b�d�j�h�k�d�h�i�b�b, 

�i�h�e�m�q�_�g�g�u�_ �n�h�l�h�]�j�Z�n�b�b �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 6.5.1. �< �j�_�a�m�e�v�l�Z�l�_ �h�[�j�Z�[�h�l�d�b �\ �]�b�[�j�b�^�g�h�c 

�i�e�Z�a�f�_ �d�Z�d �\ �d�b�k�e�h�j�h�^�g�h�c �l�Z�d �b �Z�f�f�b�Z�q�g�h�c �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�_ �m�\�_�e�b�q�b�\�Z�_�l�k�y 

�r�_�j�h�o�h�\�Z�l�h�k�l�v �i�h�\�_�j�o�g�h�k�l�b �b �\�h�a�j�Z�k�l�Z�_�l �i�h�j�b�k�l�h�k�l�v �]�m�[�d�b – �h�[�j�Z�a�m�x�l�k�y �m�]�e�m�[�e�_�g�b�y �k 

�o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f 50-100 �g�f. �I�h�k�e�_ �g�Z�g�_�k�_�g�b�y �l�j�h�f�[�b�g�Z �b �i�h�\�l�h�j�g�h�c �h�[�j�Z�[�h�l�d�b 

�h�[�j�Z�a�p�h�\ �\ �<�Q-�j�Z�a�j�y�^�_ �]�_�e�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y �o�Z�j�Z�d�l�_�j�g�Z�y 

�a�_�j�g�b�k�l�h�k�l�v, �\�h�a�g�b�d�Z�x�s�Z�y �a�Z �k�q�_�l �k�\�y�a�u�\�Z�g�b�y �q�Z�k�l�b�p �[�_�e�d�Z. 

 

�J�b�k. 6.5.2. �O�j�h�f�Z�l�h�]�j�Z�f�f�u �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �l�j�h�f�[�b�g�Z �b �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y  �b �k�\�y�a�Z�g�g�h�]�h �k 

�l�j�h�f�[�b�g�h�f �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y, �i�h�e�m�q�_�g�g�h�]�h �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_: 1 – �l�j�h�f�[�b�g; 2 – �Z�e�v�]�b�g�Z�l 

�g�Z�l�j�b�y, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z; 3, 4 – �h�[�j�Z�a�p�u �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �k 

�l�j�h�f�[�b�g�h�f, �i�h�e�m�q�_�g�g�u�_ �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z �b �d�b�k�e�h�j�h�^�Z, �k�h�h�l�\�_�l�k�l�\�_�g�g�h.     

 

�>�e�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �l�b�i�Z �k�\�y�a�_�c, �k�n�h�j�f�b�j�h�\�Z�\�r�b�o�k�y �f�_�`�^�m �i�h�\�_�j�o�g�h�k�l�v�x 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b �Z�d�l�b�\�b�j�h�\�Z�g�g�h�c �i�h�e�b�k�Z�o�Z�j�b�^�g�h�c �]�m�[�d�b �b �l�j�h�f�[�b�g�h�f, �i�h�e�m�q�_�g�g�u�_ 

�h�[�j�Z�a�p�u �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �k �i�h�f�h�s�v�x �^�_�g�Z�l�m�j�b�j�m�x�s�_�]�h PAGE �w�e�_�d�l�j�h�n�h�j�_�a�Z, �i�j�b 

�i�j�h�\�_�^�_�g�b�b �d�h�l�h�j�h�]�h �j�Z�a�j�m�r�Z�x�l�k�y �^�b�k�m�e�v�n�b�^�g�u�_, �g�h �g�_ �d�h�\�Z�e�_�g�l�g�u�_ �k�\�y�a�b, �b �<�W�@�O.  

�I�j�b PAGE �w�e�_�d�l�j�h�n�h�j�_�a�_ �i�h�e�m�q�_�g�g�h�]�h �h�[�j�Z�a�p�Z �g�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �o�Z�j�Z�d�l�_�j�g�u�o �e�b�g�b�c, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �i�h �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�_ �:  (~ 6 �d�>�Z) �b �; (~ 30 �d�>�Z) [6.5.1] �p�_�i�y�f 

�l�j�h�f�[�b�g�Z.  
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�J�_�a�m�e�v�l�Z�l�u �<�W�@�O �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 6.5.2. �G�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�_ �d�h�f�f�_�j�q�_�k�d�h�]�h 

�i�j�_�i�Z�j�Z�l�Z �l�j�h�f�[�b�g�Z �h�i�j�_�^�_�e�y�_�l�k�y �i�b�d �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �_�]�h �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�_ (~ 40 

�d�>�Z) �k�h �\�j�_�f�_�g�_�f �w�e�x�b�j�h�\�Z�g�b�y 8,58 �f�b�g. �< �l�h �`�_ �\�j�_�f�y �g�Z �o�j�h�f�Z�l�h�]�j�Z�f�f�_ �h�[�j�Z�a�p�h�\, 

�i�h�e�m�q�_�g�g�u�o �\ �o�h�^�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �k�b�g�l�_�a�Z, �i�b�d �b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h �l�j�h�f�[�b�g�Z 

�h�l�k�m�l�k�l�\�m�_�l, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �i�j�h�q�g�h�f �k�\�y�a�u�\�Z�g�b�b �[�_�e�d�Z �k �f�Z�l�_�j�b�Z�e�h�f �]�m�[�d�b. �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �Z�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ PAGE �w�e�_�d�l�j�h�n�h�j�_�a�Z �b �<�W�@�O �i�h�a�\�h�e�y�_�l �i�j�_�^�i�h�e�h�`�b�l�v 

�g�Z�e�b�q�b�_ �d�h�\�Z�e�_�g�l�g�u�o �k�\�y�a�_�c �f�_�`�^�m �l�j�h�f�[�b�g�h�f �b �i�h�\�_�j�o�g�h�k�l�v�x �i�h�e�b�k�Z�o�Z�j�b�^�g�h�c �]�m�[�d�b, 

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �Z�d�l�b�\�b�j�h�\�Z�g�g�h�c �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_. 

 

6.6. �B�k�k�e�_�^�h�\�Z�g�b�_ �b�a�f�_�g�_�g�b�c �k�l�j�m�d�l�m�j�u �\�_�s�_�k�l�\, �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�o, �i�h� ̂�^�_�c�k�l�\�b�_�f �W�I �b �<�Q-�j�Z�a�j�y�^�Z  

 

�>�e�y �j�Z�a�j�Z�[�h�l�d�b �g�h�\�u�o �k�i�h�k�h�[�h�\ �k�h�a�^�Z�g�b�y �w�n�n�_�d�l�b�\�g�u�o �d�h�f�i�h�a�b�l�g�u�o 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o �k�j�_�^�k�l�\ �d�j�Z�c�g�_ �\�Z�`�g�h �k�h�o�j�Z�g�b�l�v �g�Z�l�b�\�g�m�x �k�l�j�m�d�l�m�j�m �b �[�b�h�e�h�]�b�q�_�k�d�b�_ 

�k�\�h�c�k�l�\�Z �k�h�_�^�b�g�_�g�b�c (�h�k�h�[�_�g�g�h �^�e�y �[�_�e�d�h�\�h�c �i�j�b�j�h�^�u), �h�k�Z�`�^�Z�_�f�u�o �g�Z �l�d�Z�g�_�\�m�x �h�k�g�h�\�m 

�b�e�b �i�h�e�b�k�Z�o�Z�j�b�^�g�m�x �]�m�[�d�m. �O�h�l�y �\ �h�i�b�k�u�\�Z�_�f�u�o �\ �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �w�d�k�i�_�j�b�f�_�g�l�Z�o �a�Z�^�Z�q�Z 

�i�h�e�m�q�b�l�v �i�e�Z�a�f�_�g�g�h-�^�_�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�_ �[�b�h�i�h�e�b�f�_�j�u �g�_ �k�l�Z�\�b�e�Z�k�v, �g�_�e�v�a�y �[�u�e�h 

�b�k�d�e�x�q�b�l�v �\�h�a�f�h�`�g�h�k�l�v �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �[�b�h�e�h�]�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 

�k�h�_�^�b�g�_�g�b�c �\ �j�_�a�m�e�v�l�Z�l�_ �\�h�a�^�_�c�k�l�\�b�y �d�Z�d �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z, �l�Z�d �b �<�Q-�j�Z�a�j�y�^�Z. �< 

�^�Z�g�g�h�f �k�e�m�q�Z�_ �l�Z�d�b�_ �b�a�f�_�g�_�g�b�y �y�\�e�y�x�l�k�y �g�_�`�_�e�Z�l�_�e�v�g�u�f, �i�h�[�h�q�g�u�f �w�n�n�_�d�l�h�f.  

�K �p�_�e�v�x �b�a�m�q�_�g�b�y �\�h�a�f�h�`�g�h�]�h �\�e�b�y�g�b�y �W�I �g�Z �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�m�x �d�b�k�e�h�l�m �b �<�Q-

�j�Z�a�j�y�^�Z �g�Z �;�K�:, �e�b�a�h�p�b�f �b �l�j�h�f�[�b�g �[�u�e �i�j�h�\�_�^�_�g �j�y� ̂ �^�h�i�h�e�g�b�l�_�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 

(�B�D- �b, �Y�F�J- �k�i�_�d�l�j�h�k�d�h�i�b�y, �h�i�j�_�^�_�e�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\, 

�w�e�_�d�l�j�h�n�h�j�_�a �\ �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f �]�_�e�_). �I�h�j�h�r�d�b �[�_�e�d�h�\ �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �l�_�q�_�g�b�_ 5 �f�b�g 

�\ �<�Q-�j�Z�a�j�y�^�_ �_�f�d�h�k�l�g�h�]�h �l�b�i�Z (�b�k�i�h�e�v�a�h�\�Z�g �]�_�g�_�j�Z�l�h�j Genesis GHW-12 (MKS Instruments, 

�<�_�e�b�d�h�[�j�b�l�Z�g�b�y) �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p �b �\�u�o�h�^�g�h�c �f�h�s�g�h�k�l�v�x, �j�_�]�m�e�b�j�m�_�f�h�c �\ 

�^�b�Z�i�Z�a�h�g�_ �h�l 0 �^�h 50 �<�l) �\ �d�b�k�e�h�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b 0,5 �L�h�j�j. �W�n�n�_�d�l�b�\�g�Z�y �f�h�s�g�h�k�l�v 

�k�h�k�l�Z�\�e�y�e�Z 20 �<�l. �L�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z �\ �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v �B�D-

�i�b�j�h�f�_�l�j�h�f Optris LS (Optris GmbH, �=�_�j�f�Z�g�b�y). 

�K�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �g�Z �B�D-�k�i�_�d�l�j�h�f�_�l�j�_ “Portmann Instruments”, 

�h�k�g�Z�s�_�g�g�h�f �j�Z�[�h�q�_�c �k�_�d�p�b�_�c, �d�h�l�h�j�Z�y �[�u�e�Z �b�a�]�h�l�h�\�e�_�g�Z �g�Z �h�k�g�h�\�_ 12-�i�j�h�o�h�^�g�h�]�h 

�d�j�b�k�l�Z�e�e�Z ZnSe. �>�e�y �i�h�e�m�q�_�g�b�y �k�i�_�d�l�j�h�\ �i�h�]�e�h�s�_�g�b�y �i�h�j�h�r�h�d �b�k�k�e�_�^�m�_�f�h�]�h �\�_�s�_�k�l�\�Z 

�g�Z�k�u�i�Z�e�b �l�h�g�d�b�f �k�e�h�_�f �g�Z �i�h�\�_�j�o�g�h�k�l�v �j�Z�[�h�q�_�c �k�_�d�p�b�b. �J�_�]�b�k�l�j�Z�p�b�x �i�_�j�\�b�q�g�u�o 

�k�i�_�d�l�j�h�\ �h�k�m�s�_�k�l�\�e�y�e�b �\ �^�b�Z�i�Z�a�h�g�_ �\�h�e�g�h�\�u�o �q�b�k�_�e 500-3600 �k�f-1. �K �p�_�e�v�x �m�\�_�e�b�q�_�g�b�y 

�j�Z�a�j�_�r�_�g�b�y �b �i�h�\�u�r�_�g�b�y �b�g�n�h�j�f�Z�l�b�\�g�h�k�l�b �k�i�_�d�l�j�u �i�h�^�\�_�j�]�Z�e�b �N�m�j�v�_-�Z�g�Z�e�b�a�m �k 



 251 
 
�i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y. �I�j�b �B�D-�k�i�_�d�l�j�h�f�_�l�j�b�b 

�j�Z�a�e�b�q�b�y �\ �k�h�k�l�Z�\�_ �b�k�o�h�^�g�h�c �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u, 

�h�[�j�Z�[�h�l�Z�g�g�h�c �W�I, �h�[�g�Z�j�m�`�_�g�u �g�_ �[�u�e�b. �Y�F�J-�k�i�_�d�l�j�h�k�d�h�i�b�y �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y 

(�k�i�_�d�l�j�h�f�_�l�j Bruker Avance DRX-300 (�=�_�j�f�Z�g�b�y), �[�u�e�b �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �k�i�_�d�l�j�u �g�Z 

�y�^�j�Z�o �i�j�h�l�h�g�h�\ – 1�G �b �k�i�_�d�l�j�u �g�Z �y�^�j�Z�o �m�]�e�_�j�h�^�Z �k �j�Z�a�\�y�a�d�h�c �h�l �i�j�h�l�h�g�h�\ 13�K{ 1�G}) �l�Z�d�`�_ 

�g�_ �\�u�y�\�b�e�Z �d�Z�d�b�o-�e�b�[�h �b�a�f�_�g�_�g�b�c �k�l�j�m�d�l�m�j�u �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �i�h�k�e�_ 

�\�h�a�^�_�c�k�l�\�b�y �g�Z �g�_�_ �W�I �b �i�m�q�d�h�\�h�c �i�e�Z�a�f�u (�j�b�k. 6.6.1). �W�l�h �^�Z�_�l �h�k�g�h�\�Z�g�b�y �i�h�e�Z�]�Z�l�v, �q�l�h 

�b�a�f�_�g�_�g�b�y �o�b�f�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b�a�f�_�g�_�g�b�y �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�h�c 

�Z�d�l�b�\�g�h�k�l�b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �i�h� ̂�\�h�a�^�_�c�k�l�\�b�_�f �W�I �g�_ �i�j�h�b�k�o�h�^�b�l. 

�I�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y �<�Q-�j�Z�a�j�y�^�Z (�\�j�_�f�y �h�[�j�Z�[�h�l�d�b �k�h�k�l�Z�\�b�e�h 10 �f�b�g) �;�K�:, �e�b�a�h�p�b�f 

�b �l�j�h�f�[�b�g �k�h�o�j�Z�g�y�e�b �i�h�e�g�m�x �j�Z�k�l�\�h�j�b�f�h�k�l�v �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_. �I�j�b �h�i�j�_�^�_�e�_�g�b�b 

�k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �;�K�: �b �e�b�a�h�p�b�f�_ �^�h �b �i�h�k�e�_ �b�o �h�[�j�Z�[�h�l�d�b �\ �<�Q-

�j�Z�a�j�y�^�_ (�f�Z�k�k�h�\�m�x �^�h�e�x �Z�f�b�g�h�d�b�k�e�h�l �h�i�j�_�^�_�e�y�e�b �g�Z �Z�g�Z�e�b�a�Z�l�h�j�_ �L 339�F (Mikrotechha-

N.P., �Q�_�o�h�k�e�h�\�Z�d�b�y), �h�[�j�Z�a�p�u �i�h�^�\�_�j�]�Z�e�b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f�m �d�b�k�e�h�l�g�h�f�m �]�b�^�j�h�e�b�a�m) �g�_ 

�g�Z�[�e�x�^�Z�e�h�k�v �h�l�k�m�l�k�l�\�b�_ �d�Z�d�b�o-�e�b�[�h �b�a�f�_�g�_�g�b�c (�\ �l�Z�[�e�b�p�_ 6.6.1, �\ �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z 

�i�j�b�\�_�^�_�g�u �^�Z�g�g�u�_ �^�e�y �;�K�:). �I �j�b �w�e�_�d�l�j�h�n�h�j�_�a�_ �\ 7,5 % �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f �]�_�e�_ �[�u�e�h 

�i�h�d�Z�a�Z�g�h, �q�l�h �h�[�j�Z�a�p�u �b�k�o�h�^�g�h�]�h �;�K�: �b �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �\ �<�Q-�j�Z�a�j�y�^�_ �b�f�_�e�b 

�b�^�_�g�l�b�q�g�m�x �f�h�e�_�d�m�e�y�j�g�m�x �f�Z�k�k�m 66 �d�>�Z (�J�b�k. 6.6.2). �K�l�j�m�d�l�m�j�Z �[�_�e�d�Z �i�h�e�g�h�k�l�v�x 

�k�h�o�j�Z�g�y�_�l�k�y �b �i�j�b �[�h�e�_�_ �^�e�b�l�_�e�v�g�h�c, �\�i�e�h�l�v �^�h 20 �f�b�g�m�l, �h�[�j�Z�[�h�l�d�_ �\  �<�Q-�j�Z�a�j�y�^�_. �< �l�h�`�_ 

�\�j�_�f�y �h�[�j�Z�[�h�l�d�Z �\ �<�Q-�j�Z�a�j�y�^�_ �g�Z�l�m�j�Z�e�v�g�u�o �\�h�e�h�d�h�g �b �l�d�Z�g�_�c �i�h�\�u�r�Z�_�l �b�o 

�]�b�^�j�h�n�b�e�v�g�h�k�l�v [6.6.2-6.6.4]. �W�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �g�_ �l�h�e�v�d�h �e�m�q�r�m�x �Z�^�]�_�a�b�x �h�k�Z�`�^�_�g�g�u�o 

�q�Z�k�l�b�p �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�^�e�h�`�d�b [6.6.5], �g�h �b �[�h�e�_�_ �i�e�h�l�g�h�_ �i�j�b�e�_�]�Z�g�b�_ �i�h�\�y�a�d�b �d 

�j�Z�g�_�\�h�c �i�h�\�_�j�o�g�h�k�l�b, �q�l�h �\�g�h�k�b�l �^�h�i�h�e�g�b�l�_�e�v�g�u�c �\�d�e�Z�^ �\ �h�[�_�k�i�_�q�_�g�b�_ �]�_�f�h�k�l�Z�l�b�q�_�k�d�h�]�h 

�w�n�n�_�d�l�Z.  

�L�Z�d�b�f �h�[�j�Z�a�h�f: 

1) �G�Z �i�j�b�f�_�j�_ �m�]�e�_�j�h�^�Z, �k�_�j�u �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h 

�^�h�d�Z�a�Z�g�Z �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �\�h�a�f�h�`�g�h�k�l�v �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �h�k�Z�`�^�_�g�b�y 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �h�j�]�Z�g�b�q�_�k�d�b�o �e�_�d�Z�j�k�l�\�_�g�g�u�o �k�h�_�^�b�g�_�g�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�v �l�d�Z�g�_�\�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �b �i�h�j�h�r�d�h�\ �[�b�h�i�h�e�b�f�_�j�h�\ (�[�u�q�v�_�]�h �k�u�\�h�j�h�l�h�q�g�h�]�h �Z�e�v�[�m�f�b�g�Z, �e�b�a�h�p�b�f�Z, 

�o�b�l�h�a�Z�g�Z). �L�Z�d�b�f �h�[�j�Z�a�h�f �[�u�e�b �i�h�e�m�q�_�g�u �k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�u�_ �d�h�f�i�e�_�d�k�u «�[�_�e�h�d-

�e�_�d�Z�j�k�l�\�_�g�g�u�c �Z�]�_�g�l» �b «�i�h�e�b�k�Z�o�Z�j�b�^-�e�_�d�Z�j�k�l�\�_�g�g�u�c �Z�]�_�g�l». 

2) �G�Z �i�j�b�f�_�j�_ �k�h�\�f�_�k�l�g�h�]�h �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �h�k�Z�`�^�_�g�b�y �Z�f�h�j�n�g�h�]�h 

�m�]�e�_�j�h�^�Z �b �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u �g�Z �l�d�Z�g�_�\�m�x �h�k�g�h�\�m �i�h�d�Z�a�Z�g�h, �q�l�h �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�u�_ �j�_�Z�d�l�h�j�u �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �i�h�e�m�q�_�g�b�y �]�b�[�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k 

�d�h�f�[�b�g�b�j�h�\�Z�g�g�u�f�b �[�b�h�e�h�]�b�q�_�k�d�b�f�b �b �n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b. 
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3) �G�Z �i�j�b�f�_�j�_ �]�m�[�d�b �b�a �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y �b �[�_�e�d�Z-�k�l�b�f�m�e�y�l�h�j�Z �k�\�_�j�l�u�\�Z�g�b�y �d�j�h�\�b 

�l�j�h�f�[�b�g�Z �i�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�o �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o 

�f�Z�l�_�j�b�Z�e�h�\, �\ �d�h�l�h�j�u�o �Z�d�l�b�\�g�u�_ �d�h�f�i�h�g�_�g�l�u �h�[�j�Z�a�m�x�l �f�_�`�^�m �k�h�[�h�c �d�h�\�Z�e�_�g�l�g�u�_ �k�\�y�a�b.  

 
 

�Z) 

 
�[) 

�J�b�k. 6.6.1. �Y�F�J-�k�i�_�d�l�j�u �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�h�c �d�b�k�e�h�l�u: �Z) – �b�k�o�h�^�g�Z�y �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y 

�d�b�k�e�h�l�Z; �[) – �Z�p�_�l�b�e�k�Z�e�b�p�b�e�h�\�Z�y �d�b�k�e�h�l�Z, �h�[�j�Z�[�h�l�Z�g�g�Z�y �W�I �b �i�m�q�d�h�\�h�c �i�e�Z�a�f�h�c. 
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�L�Z�[�e�b�p�Z 6.6.1. �K�h�^�_�j�`�Z�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �h�[�j�Z�a�p�Z�o �b�k�o�h�^�g�h�]�h �;�K�:  �b 

�;�K�: , �h�[�j�Z�[�h�l�Z�g�g�h�]�h �<�Q-�j�Z�a�j�y�^�h�f �\ �l�_�q�_�g�b�_ 10 �f�b�g, % �f�Z�k�k. 

 
�:�f�b�g�h�d�b�k�e�h�l�Z �B�k�o�h�^�g�u�c �;�K�: �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c �\  

�<�Q-�j�Z�a�j�y�^�_ 
�E�b�a�b�g 9,10�r0,91 8,97�r0,88 

�=�b�k�l�b�^�b�g 3,36�r0,34 3,26�r0,33 

�:�k�i�Z�j�Z�]�b�g�h�\�Z�y �d�b�k�e�h�l�Z 8,16�r0,82 8,39�r0,76 

�L�j�_�h�g�b�g 4,43�r0,44 4,37�r0,43 

�K�_�j�b�g 3,00�r0,30 2,94�r0,29 

�=�e�m�l�Z�f�b�g�h�\�Z�y �d�b�k�e�h�l�Z 15,50�r1,55 14,91�r1,15 

�I�j�h�e�b�g 3,44�r0,34 4,04�r0,40 

�=�e�b�p�b�g 1,94�r0,19 1,81�r0,16 

�:�e�Z�g�b�g 4,66�r0,47 4,70�r0,48 

�P�b�k�l�b�g 5,21�r0,52 5,11�r0,42 

�<�Z�e�b�g 4,81�r0,48 4,72�r0,46 

�F�_�l�b�h�g�b�g 1,27�r0,13 1,19�r0,12 

�B�a�h�e�_�c�p�b�g 2,25�r0,22 2,17�r0,21 

�E�_�c�p�b�g 9,21�r0,92 8,89�r0,89 

�L�b�j�h�a�b�g 3,96�r0,40 3,85�r0,36 

�N�_�g�b�e�Z�e�Z�g�b�g 5,46�r0,55 5,44�r0,48 

 

 

 

�J�b�k. 6.6.2. PAGE-�w�e�_�d�l�j�h�n�h�j�_�a �h�[�j�Z�a�p�h�\ 

�b�k�o�h�^�g�h�]�h �;�K�: �b �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�]�h �<�Q-

�j�Z�a�j�y�^�h�f �\ �l�_�q�_�g�b�_ 10 �f�b�g: 

1 – �b�k�o�h�^�g�u�c �;�K�:, 2 –  �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�c 

�\ �<�Q-�j�Z�a�j�y�^�_, 3 – �f�Z�j�d�_�j�u. 

 

�I�j�b �i�h�^�d�e�x�q�_�g�b�b �j�Z�a�e�b�q�g�u�o �i�h�e�b�f�_�j�g�u�o �f�Z�l�j�b�p �b �[�b�h�Z�d�l�b�\�g�u�o �i�_�i�l�b�^�h�\ �b 

�[�_�e�d�h�\ �b�e�b �b�g�u�o �[�b�h�f�h�e�_�d�m�e �^�Z�g�g�u�c �i�h�^�o�h�^ �f�h�`�_�l �[�u�l�v �\ �^�Z�e�v�g�_�c�r�_�f �b�k�i�h�e�v�a�h�\�Z�g �^�e�y 

�k�h�a�^�Z�g�b�y �]�_�f�h�k�h�\�f�_�k�l�b�f�u�o �f�Z�l�_�j�b�Z�e�h�\ (�g�Z�i�j�b�f�_�j, �k�h�k�m�^�b�k�l�u�o �k�l�_�g�l�h�\, �b�k�d�m�k�k�l�\�_�g�g�u�o 
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�k�_�j�^�_�q�g�u�o �d�e�Z�i�Z�g�h�\ �b �l.� .̂), �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�b �i�e�Z�k�l�b�d�Z �^�e�y �d�e�_�l�h�q�g�u�o �d�m�e�v�l�m�j, 

�j�Z�a�j�Z�[�h�l�d�b �[�b�h�k�_�g�k�h�j�h�\. 

 

6.7. �I�h�e�m�q�_�g�b�_ �m�]�e�_�j�h�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �^�h�i�b�j�h�\�Z�g�g�u�o �Z�l�h�f�Z�f�b �g�_�f�_�l�Z�e�e�h�\, �\ 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ 

 �< �^�Z�g�g�h�c �q�Z�k�l�b �j�Z�[�h�l�u �b�k�k�e�_�^�h�\�Z�e�Z�k�v �\�h�a�f�h�`�g�h�k�l�v �^�h�i�b�j�h�\�Z�g�b�y �j�Z�a�e�b�q�g�u�o 

�Z�e�e�h�l�j�h�i�g�u�o �f�h�^�b�n�b�d�Z�p�b�c �m�]�e�_�j�h�^�Z �Z�l�h�f�Z�f�b �g�_�f�_�l�Z�e�e�h�\ �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �b 

�i�_�j�k�i�_�d�l�b�\�g�h�k�l�v �^�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �^�e�y �i�h�e�m�q�_�g�b�y �e�_�]�b�j�h�\�Z�g�g�u�o �m�]�e�_�j�h�^�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\. �W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �g�Z �k�e�_�^�m�x�s�b�o �Z�e�e�h�l�j�h�i�g�u�o �n�h�j�f�Z�o �m�]�e�_�j�h�^�Z: 

�Z) �h�^�g�h�k�l�_�g�g�u�_ �b �f�g�h�]�h�k�l�_�g�g�u�_ �m�]�e�_�j�h�^�g�u�_ �g�Z�g�h�l�j�m�[�d�b, �i�h�e�m�q�_�g�g�u�_ �f�_�l�h�^�Z�f�b 

CVD-�k�b�g�l�_�a�Z �\ �=�G�P �N�=�M�I «�B�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �p�_�g�l�j �b�f. �F.�<. �D�_�e�^�u�r�Z»; 

�[) �h�^�g�h�k�e�h�c�g�u�c �]�j�Z�n�_�g �g�Z �d�j�_�f�g�b�_�\�u�o �b �f�_�^�g�u�o �i�h�^�e�h�`�d�Z�o (�J�b�k. 6.7.1), 

�i�h�e�m�q�_�g�g�u�c �f�_�l�h�^�Z�f�b CVD �\ �N�=�M�;�G �B�g�k�l�b�l�m�l �h�[�s�_�c �n�b�a�b�d�b �b�f. �: .�F. �I�j�h�o�h�j�h�\�Z �J�:�G. 

�I�_�j�_�q�b�k�e�_�g�g�u�_ �f�h�^�b�n�b�d�Z�p�b�b �m�]�e�_�j�h�^�Z �y�\�e�y�x�l�k�y �h�^�g�b�f�b �b�a �k�Z�f�u�o 

�f�g�h�]�h�h�[�_�s�Z�x�s�b�o �k �l�h�q�d�b �a�j�_�g�b�y �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c �b �k�f�_�`�g�u�o �k �g�b�f�b 

�h�[�e�Z�k�l�_�c. �I�j�b�f�_�j�Z�f�b �f�h�]�m�l �k�e�m�`�b�l�v �j�Z�a�j�Z�[�h�l�d�Z �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �d�h�f�i�h�a�b�l�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\, �g�Z�g�h�d�Z�i�k�m�e �^�e�y �o�j�Z�g�_�g�b�y �]�Z�a�h�\, �f�_�l�Z�e�e�h�\, �[�b�h�e�h�]�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �\�_�s�_�k�l�\, 

�k�b�k�l�_�f �Z�^�j�_�k�g�h�c �^�h�k�l�Z�\�d�b �[�b�h�Z�d�l�b�\�g�u�o �f�h�e�_�d�m�e �b �e�_�d�Z�j�k�l�\, �g�Z�g�h�i�b�i�_�l�h�d, �g�Z�g�h�^�Z�l�q�b�d�h�\ �b 

�k�_�g�k�h�j�h�\ �k �m�e�v�l�j�Z�\�u�k�h�d�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �^�e�y �f�h�g�b�l�h�j�b�g�]�Z �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u �b 

�f�_�^�b�p�b�g�k�d�h�c �^�b�Z�]�g�h�k�l�b�d�b, �k�h�a�^�Z�g�b�y �k�h�_�^�b�g�_�g�b�c �f�_�`�^�m �[�b�h�e�h�]�b�q�_�k�d�b�f�b �g�_�c�j�h�g�Z�f�b �b 

�w�e�_�d�l�j�h�g�g�u�f�b �m�k�l�j�h�c�k�l�\�Z�f�b �\ �g�h�\�_�c�r�b�o �g�_�c�j�h�d�h�f�i�v�x�l�_�j�g�u�o �k�b�k�l�_�f�Z�o, �k�h�a�^�Z�g�b�y 

�b�k�d�m�k�k�l�\�_�g�g�u�o �f�u�r�p [6.7.1]. �H�^�g�Z�d�h �^�e�y �[�h�e�_�_ �w�n�n�_�d�l�b�\�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �g�Z�g�h�l�j�m�[�h�d 

�b �]�j�Z�n�_�g�Z �g�_�h�[�o�h�^�b�f�h �b�f�_�l�v �\�h�a�f�h�`�g�h�k�l�v �m�i�j�Z�\�e�y�l�v �b�o �k�\�h�c�k�l�\�Z�f�b. �H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ 

�i�_�j�k�i�_�d�l�b�\�g�u�o �i�h�^�o�h�^�h�\ �y�\�e�y�_�l�k�y �\�g�_�^�j�_�g�b�_ �\ �]�_�d�k�Z�]�h�g�Z�e�v�g�m�x �j�_�r�_�l�d�m �m�]�e�_�j�h�^�Z 

�i�j�b�f�_�k�_�c �^�j�m�]�b�o �w�e�_�f�_�g�l�h�\ (�^�h�i�b�j�h�\�Z�g�b�_, �e�_�]�b�j�h�\�Z�g�b�_), �d�h�l�h�j�h�_ �g�Z�j�m�r�Z�_�l �k�b�f�f�_�l�j�b�x 

�j�_�r�_�l�d�b �b �i�h�a�\�h�e�y�_�l, �g�Z�i�j�b�f�_�j, �i�h�e�m�q�Z�l�v �i�h�e�m�i�j�h�\�h�^�g�b�d�b �k  �j�Z�a�g�u�f �l�b�i�h�f �i�j�h�\�h�^�b�f�h�k�l�b 

�b �g�_�h�[�o�h�^�b�f�h�c �r�b�j�b�g�h�c �a�Z�i�j�_�s�_�g�g�h�c �a�h�g�u. �I�h�^�h�[�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �q�j�_�a�\�u�q�Z�c�g�h �\�Z�`�g�Z 

�i�j�b �j�Z�a�j�Z�[�h�l�d�_ �k�_�g�k�h�j�h�\, �\ �l�h�f �q�b�k�e�_ �k�h�^�_�j�`�Z�s�b�o �Z�d�l�b�\�g�u�_ �w�n�n�_�d�l�h�j�g�u�_ �[�b�h�f�h�e�_�d�m�e�u 

(�i�_�i�l�b�^�u, �n�_�j�f�_�g�l�u, �Z�g�l�b�l�_�e�Z, �>�G�D). 

�H�k�g�h�\�g�Z�y �q�Z�k�l�v �w�d�k�i�_�j�b�f�_�g�l�h�\ �\�u�i�h�e�g�y�e�Z�k�v �g�Z �]�j�Z�n�_�g�_, �l.�d. �h�g �y�\�e�y�_�l�k�y �g�h�\�_�c�r�b�f 

�m�]�e�_�j�h�^�g�u�f �f�Z�l�_�j�b�Z�e�h�f �b �h�[�e�Z�^�Z�_�l �m�g�b�d�Z�e�v�g�u�f �k�\�h�c�k�l�\�Z�f�b, �l�Z�d�b�f�b �d�Z�d �\�u�k�h�d�Z�y 

�w�e�_�d�l�j�b�q�_�k�d�Z�y �i�j�h�\�h�^�b�f�h�k�l�v, �\�u�k�h�d�Z�y �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v, �\�u�k�h�d�Z�y �f�_�o�Z�g�b�q�_�k�d�Z�y 

�i�j�h�q�g�h�k�l�v �b �i�h�d�Z�a�Z�e �[�h�e�v�r�h�c �i�h�l�_�g�p�b�Z�e �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �g�_ �l�h�e�v�d�h �\ �w�e�_�d�l�j�h�g�b�d�_ �b 

�g�Z�g�h�l�_�o�g�h�e�h�]�b�y�o, �g�h �b �\ �[�b�h�l�_�o�g�h�e�h�]�b�y�o. �< �d�Z�q�_�k�l�\�_ �w�e�_�f�_�g�l�h�\ �^�e�y �^�h�i�b�j�h�\�Z�g�b�y �[�u�e�b 
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�\�u�[�j�Z�g�u �Z�a�h�l �b �k�_�j�Z, �i�h�a�\�h�e�y�x�s�b�_ �k�h�a�^�Z�l�v �]�j�Z�n�_�g �k n-�l�b�i�h�f �b �j-�l�b�i�h�f �i�j�h�\�h�^�b�f�h�k�l�b, 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�>�h�i�b�j�h�\�Z�g�b�_ �m�]�e�_�j�h�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �i�j�h�\�h�^�b�e�b �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_, �m�k�e�h�\�b�y 

�h�[�j�Z�[�h�l�d�b �[�u�e�b �h�i�j�_�^�_�e�_�g�u �\ �o�h�^�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �b �a�Z�l�_�f 

�h�i�l�b�f�b�a�b�j�h�\�Z�g�u: 

�x �<�Q-�j�Z�a�j�y�^ �k �q�Z�k�l�h�l�h�c 13,56 �F�=�p �b �w�n�n�_�d�l�b�\�g�h�c �f�h�s�g�h�k�l�v�x 10-50 �<�l 

�x �I�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�_ �]�Z�a�u – �Z�f�f�b�Z�d (Pm = 0,5 �L�h�j�j) �b �]�_�d�k�Z�n�l�h�j�b�^ �k�_�j�u SF6 (Pm = 

0,3 �L�h�j�j) 

�x �I�Z�j�Z�f�_�l�j�u �W�I: Ib = 0,4-0,6 �f�: , U = 30 �d�w�< 

�x �L�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z Ts = 25-30 °C 

�x �<�j�_�f�y �h�[�j�Z�[�h�l�d�b �\�Z�j�v�b�j�h�\�Z�e�h�k�v �\ �b�g�l�_�j�\�Z�e�_ 2-80 �f�b�g �b �i�h�k�e�_ �h�i�l�b�f�b�a�Z�p�b�b 

�j�_�`�b�f�h�\ �k�h�k�l�Z�\�b�e�h 10 �f�b�g. 

 

�J�b�k. 6.7.1. �N�h�l�h�]�j�Z�n�b�y �h�[�j�Z�a�p�Z �h�^�g�h�k�e�h�c�g�h�]�h �]�j�Z�n�_�g�Z, �b�k�i�h�e�v�a�h�\�Z�\�r�_�]�h�k�y �\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�o. 

 

 

�J�b�k. 6.7.2. �H�[�a�h�j�g�u�c XPS-�k�i�_�d�l�j �h�[�j�Z�a�p�h�\ �h�^�g�h�k�e�h�c�g�h�]�h �]�j�Z�n�_�g�Z: 1 – �b�k�o�h�^�g�u�c �h�[�j�Z�a�_�p, 

2 – �h�[�j�Z�a�_�p, �h�[�j�Z�[�h�l�Z�g�g�u�c �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z �\ �l�_�q�_�g�b�_ 20 �f�b�g �b �w�n�n�_�d�l�b�\�g�h�c 

�f�h�s�g�h�k�l�b �<�Q-�j�Z�a�j�y�^�Z 20 �<�l. 
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�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �h�[�j�Z�a�p�u �]�j�Z�n�_�g�Z �[�u�e�b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u 

�k �i�h�f�h�s�v�x �J�Z�f�Z�g-�k�i�_�d�l�j�h�k�d�h�i�b�b �b �j�_�g�l�]�_�g�h�\�k�d�h�c �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b 

(XPS). �I�j�b �w�l�h�f �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �\ �]�b�[�j�b�^�g�h�c 

�i�e�Z�a�f�_  �i�j�h�b�k�o�h�^�b�l �^�h�i�b�j�h�\�Z�g�b�_ �]�j�Z�n�_�g�Z �Z�l�h�f�Z�f�b �Z�a�h�l�Z �b �k�_�j�u (�J�b�k. 6.7.2). �I�j�b�q�_�f �\ 

�h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�o �m�k�e�h�\�b�y�o �k�h�^�_�j�`�Z�g�b�_ �i�j�b�f�_�k�_�c �^�h�k�l�b�]�Z�_�l 3%, �q�l�h �y�\�e�y�_�l�k�y 

�j�_�a�m�e�v�l�Z�l�h�f, �k�h�i�h�k�l�Z�\�b�f�u�f �k �f�b�j�h�\�u�f �m�j�h�\�g�_�f [1.4.22-1.4.26]. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �b�k�i�h�e�v�a�h�\�Z�g�b�_ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�u �^�e�y �e�_�]�b�j�h�\�Z�g�b�y �m�]�e�_�j�h�^�g�u�o 

�f�Z�l�_�j�b�Z�e�h�\ �y�\�e�y�_�l�k�y �h�[�h�k�g�h�\�Z�g�g�u�f �b �i�_�j�k�i�_�d�l�b�\�g�u�f �f�_�l�h�^�h�f. �>�Z�e�v�g�_�c�r�_�_ �j�Z�a�\�b�l�b�_ 

�^�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �i�h�a�\�h�e�b�l �e�_�]�b�j�h�\�Z�l�v �]�j�Z�n�_�g �b �^�j�m�]�b�_ �Z�e�e�h�l�j�h�i�g�u�_ �f�h�^�b�n�b�d�Z�p�b�b 

�m�]�e�_�j�h�^�Z �g�_ �l�h�e�v�d�h �Z�l�h�f�Z�f�b N �b S, �g�h �b �Z�l�h�f�Z�f�b F, O, �<, �i�h�e�m�q�Z�l�v �m�]�e�_�j�h�^�g�u�_ �k�l�j�m�d�l�m�j�u 

�k �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f�b �k�\�h�c�k�l�\�Z�f�b �b �k �j�Z�a�e�b�q�g�u�f�b �l�b�i�Z�f�b �i�j�h�\�h�^�b�f�h�k�l�b, �Z �l�Z�d�`�_ �k�h 

�k�\�h�c�k�l�\�Z�f�b �^�b�w�e�_�d�l�j�b�d�h�\, �q�l�h �y�\�e�y�_�l�k�y �d�j�Z�c�g�_ �\�Z�`�g�u�f �^�e�y �k�h�a�^�Z�g�b�y �g�Z �b�o �h�k�g�h�\�_ 

�[�b�h�k�_�g�k�h�j�h�\. �L�Z�d�`�_ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b �k�l�b�f�m�e�b�j�h�\�Z�g�g�h�_ �\�g�_�^�j�_�g�b�_ �\ �k�l�j�m�d�l�m�j�m �m�]�e�_�j�h�^�Z 

�j�Z�a�e�b�q�g�u�o �[�b�h�]�_�g�g�u�o �w�e�_�f�_�g�l�h�\ �f�h�`�_�l �[�u�l�v �d�j�Z�c�g�_ �Z�d�l�m�Z�e�v�g�h �^�e�y �j�Z�a�j�Z�[�h�l�d�b 

�[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �b �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �g�h�\�h�]�h �i�h�d�h�e�_�g�b�y. 
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�=�E�:�<�: VII. �:�G�:�E�B�A �F�?�O�:�G�B�A�F�H�< �<�H�A�>�?�C�K�L�<�B�Y �W�I�I �G�: �F�:�L�?�J�B�:�E�U 

�I�J�B �J�?�R�?�G�B�B �A�:�>�:�Q �I�H�E�M�Q�?�G�B�Y �;�B�H�:�D�L�B�<�G�U�O �K�H�?�>�B�G�?�G�B�C �B 

�F�:�L�?�J�B�:�E�H�< 

 

7.1. �N�b�a�b�q�_�k�d�Z�y �f�h�^�_�e�v �j�Z�[�h�q�_�]�h �i�j�h�p�_�k�k�Z �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �j�_�Z�d�l�h�j�_ 

 

�:�g�Z�e�b�a �g�Z�d�h�i�e�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �i�j�h�\�h�^�b�e�k�y �\ �j�Z�f�d�Z�o �n�b�a�b�q�_�k�d�h�c 

�f�h�^�_�e�b �i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z, 

�h�k�g�h�\�g�u�_ �i�h�e�h�`�_�g�b�y �d�h�l�h�j�h�c �k�h�k�l�h�y�l �\ �k�e�_�^�m�x�s�_�f. �L�h�g�d�b�c �g�_�i�j�_�j�u�\�g�u�c �W�I 

�b�g�`�_�d�l�b�j�m�_�l�k�y �\ �f�h�e�_�d�m�e�y�j�g�u�c �]�Z�a �b�a�\�_�k�l�g�h�]�h �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z, �]�_�g�_�j�b�j�m�y 

�g�_�i�h�^�\�b�`�g�h�_ �i�e�Z�a�f�_�g�g�h�_ �h�[�e�Z�d�h, �\ �d�h�l�h�j�h�_ �i�h�f�_�s�Z�_�l�k�y �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�c �h�[�j�Z�a�_�p. �< 

�d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z, �b�e�e�x�k�l�j�b�j�m�x�s�_�]�h �i�h�k�l�Z�g�h�\�d�m �n�b�a�b�q�_�k�d�h�c �a�Z�^�Z�q�b, �g�Z �j�b�k. 7.1.1 

�b�a�h�[�j�Z�`�_�g �h�[�j�Z�a�_�p �\ �\�b�^�_ �i�h�e�m�h�]�j�Z�g�b�q�_�g�g�h�]�h �l�\�_�j�^�h�]�h �l�_�e�Z, �o�h�l�y �\�k�_ �g�b�`�_�k�e�_�^�m�x�s�b�_ 

�j�Z�k�k�m�`�^�_�g�b�y �f�h�]�m�l �[�u�l�v �h�l�g�_�k�_�g�u �b �h�[�j�Z�a�p�Z�f �^�j�m�]�h�c �]�_�h�f�_�l�j�b�b, �Z �l�Z�d�`�_ �d �j�_�Z�d�p�b�h�g�g�h�f�m 

�h�[�t�_�f�m, �k�h�^�_�j�`�Z�s�_�f�m �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x �n�Z�a�m. �A�Z�^�Z�q�Z �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �\ 

�p�b�e�b�g�^�j�b�q�_�k�d�h�c �k�b�k�l�_�f�_ �d�h�h�j�^�b�g�Z�l, �i�j�h�^�h�e�v�g�Z�y �h�k�v z �d�h�l�h�j�h�c �k�h�\�i�Z�^�Z�_�l �k �g�Z�i�j�Z�\�e�_�g�b�_�f 

�b�g�`�_�d�p�b�b �W�I. 

 

�J�b�k. 7.1.1. �I�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �i�j�b �h�[�j�Z�[�h�l�d�_ �h�[�j�Z�a�p�Z �\ �W�I�I. 

 

�F�h�^�_�e�v �k�l�j�h�b�e�Z�k�v �\ �k�e�_�^�m�x�s�b�o �i�j�_�^�i�h�e�h�`�_�g�b�y�o: 
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�x �W�I �y�\�e�y�_�l�k�y �g�_�j�_�e�y�l�b�\�b�k�l�k�d�b�f, �i�h�k�d�h�e�v�d�m �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\, 

�b�g�`�_�d�l�b�j�m�_�f�u�o �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�m�x �k�j�_�^�m, �g�_ �i�j�_�\�u�r�Z�e�Z �g�_�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ 

�d�w�<. 

�x �=�_�g�_�j�b�j�m�_�f�Z�y �i�e�Z�a�f�Z �y�\�e�y�_�l�k�y �d�\�Z�a�b�k�l�Z�p�b�h�g�Z�j�g�h�c, �i�h�k�d�h�e�v�d�m �^�e�y �_�_ �\�h�a�[�m�`�^�_�g�b�y 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �e�b�[�h �g�_�i�j�_�j�u�\�g�u�_ �i�m�q�d�b, �e�b�[�h �b�f�i�m�e�v�k�g�u�_ �i�m�q�d�b �[�h�e�v�r�h�c 

�^�e�b�l�_�e�v�g�h�k�l�b, �k�m�s�_�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�x�s�_�c �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c. �I�j�h�p�_�k�k�u �j�Z�k�i�Z�^�Z �i�e�Z�a�f�u �i�h�k�e�_ �i�j�_�d�j�Z�s�_�g�b�y 

�b�g�`�_�d�p�b�b �W�I �\ �j�Z�[�h�l�_ �g�_ �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v. 

�x �W�I�I �Z�l�h�f�Z�j�g�u�o �b �f�h�e�_�d�m�e�y�j�g�u�o �]�Z�a�h�\ �y�\�e�y�_�l�k�y �b�^�_�Z�e�v�g�h�c; �W�I�I, �k�h�^�_�j�`�Z�s�Z�y 

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x �n�Z�a�m, �f�h�`�_�l �[�u�l�v �g�_�b�^�_�Z�e�v�g�h�c �k �i�Z�j�Z�f�_�l�j�h�f 

�g�_�b�^�_�Z�e�v�g�h�k�l�b �= >> 1. 

�x �W�I�I �Z�l�h�f�Z�j�g�u�o �b �f�h�e�_�d�m�e�y�j�g�u�o �]�Z�a�h�\ �y�\�e�y�_�l�k�y �h�i�l�b�q�_�k�d�b �l�h�g�d�h�c �b �g�_ �i�h�]�e�h�s�Z�_�l 

�]�_�g�_�j�b�j�m�_�f�u�_ �\ �g�_�c �b�a�e�m�q�_�g�b�y �\�k�_�o �^�e�b�g �\�h�e�g. �I�e�Z�a�f�Z, �k�h�^�_�j�`�Z�s�Z�y 

�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�m�x �^�b�k�i�_�j�k�g�m�x �n�Z�a�m, �f�h�`�_�l �[�u�l�v �h�i�l�b�q�_�k�d�b �l�h�e�k�l�h�c. 

�x �L�h�j�f�h�`�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �\ �]�Z�a�_ �b �l�\�_�j�^�h�f �l�_�e�_ �h�i�b�k�u�\�Z�_�l�k�y �f�h�^�_�e�v�x �g�_�i�j�_�j�u�\�g�h�]�h 

�a�Z�f�_�^�e�_�g�b�y [7.1.1], �\ �d�h�l�h�j�h�c �b�k�i�h�e�v�a�m�_�l�k�y �n�h�j�f�m�e�Z 

)(
1

EL
dz
dE

n
� �� ,          (7.1.1) 

�]�^�_ n – �i�e�h�l�g�h�k�l�v �Z�l�h�f�h�\ �l�h�j�f�h�a�y�s�_�c �k�j�_�^�u, E – �l�_�d�m�s�_�_ �a�g�Z�q�_�g�b�_ �w�g�_�j�]�b�b 

�l�h�j�f�h�a�y�s�_�]�h�k�y �w�e�_�d�l�j�h�g�Z, L(E) – �w�n�n�_�d�l�b�\�g�h�_ �l�h�j�f�h�`�_�g�b�_ �b�e�b �n�m�g�d�p�b�y �i�h�l�_�j�v. �< 

�Z�g�Z�e�b�l�b�q�_�k�d�h�f �i�j�b�[�e�b�`�_�g�b�b �;�_�l�_ 

L(E) = 2�SZ e4 E-1 ln E/E�k�j,        (7.1.2) 

�]�^�_ Z – �a�Z�j�y�^ �y�^�j�Z �Z�l�h�f�h�\ �l�h�j�f�h�a�y�s�_�c �k�j�_�^�u, E�k�j ~ 13 Z �w�<  – �k�j�_�^�g�y�y �Z�l�h�f�g�Z�y 

�w�g�_�j�]�b�y  �\�h�a�[�m�`�^�_�g�b�y, e – �a�Z�j�y�^ �w�e�_�d�l�j�h�g�Z. �Q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �k�j�_�^�g�_�c �w�g�_�j�]�b�b 

�\�h�a�[�m�`�^�_�g�b�y �f�h�e�_�d�m�e �g�_�d�h�l�h�j�u�o �]�Z�a�h�\ �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 7.1.1. 

�K�d�h�j�h�k�l�b �b�h�g�b�a�Z�p�b�b Qi �b �\�h�a�[�m�`�^�_�g�b�y �\ �]�Z�a�_ �f�h�]�m�l �[�u�l�v �g�Z�c�^�_�g�u �b�a �k�h�h�l�g�h�r�_�g�b�c 

Qi = �Qin �b Qex = �Qexn,         (7.1.3) 

�]�^�_ �Qi �b �Qex – �q�Z�k�l�h�l�u �b�h�g�b�a�Z�p�b�b �b �\�h�a�[�m�`�^�_�g�b�y �Z�l�h�f�h�\ �l�h�j�f�h�a�y�s�_�c �k�j�_�^�u 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h. �>�e�y Ar �k �o�h�j�h�r�_�c �l�h�q�g�h�k�l�v�x �\ �^�b�Z�i�Z�a�h�g�_ �w�g�_�j�]�b�c �i�m�q�d�Z �?b0 = 103 – 

106 �w�< �\�u�i�h�e�g�y�_�l�k�y �k�h�h�l�g�h�r�_�g�b�_ �Qi �| 0,4�Qex; �^�e�y �^�j�m�]�b�o �]�Z�a�h�h�[�j�Z�a�g�u�o �l�h�j�f�h�a�y�s�b�o 

�k�j�_�^ �b�f�_�x�l �f�_�k�l�h �Z�g�Z�e�h�]�b�q�g�u�_ �k�h�h�l�g�h�r�_�g�b�y, �g�h �k �b�g�u�f�b �a�g�Z�q�_�g�b�y�f�b 

�d�h�w�n�n�b�p�b�_�g�l�Z �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b. �Q�Z�k�l�h�l�Z �b�h�g�b�a�Z�p�b�b �f�h�`�_�l �[�u�l�v �g�Z�c�^�_�g�Z �i�h 

�n�h�j�f�m�e�_ 

�Qi = jb/eFL(E)/Ui,         (7.1.4) 
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�]�^�_ jb – �i�e�h�l�g�h�k�l�v �l�h�d�Z �i�m�q�d�Z, F – �]�_�h�f�_�l�j�b�q�_�k�d�b�c �n�Z�d�l�h�j, �m�q�b�l�u�\�Z�x�s�b�c �j�Z�k�k�_�y�g�b�_ 

�w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z �\ �]�Z�a�_, Ui – �w�g�_�j�]�b�y �h�[�j�Z�a�h�\�Z�g�b�y �w�e�_�d�l�j�h�g-�b�h�g�g�h�c �i�Z�j�u, �a�g�Z�q�_�g�b�y 

�d�h�l�h�j�h�c �^�e�y �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �g�Z�f�b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �]�Z�a�h�\ �b�a�\�_�k�l�g�u  (�k�f. 

�l�Z�[�e�b�p�m 7.1.2). �G�Z�i�j�b�f�_�j, �^�e�y Ar Ui = const = 25,4 �w�< �i�j�b E = 103 – 106 �w�<.  

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�e�h�l�g�h�k�l�b �l�h�d�Z �i�_�j�\�b�q�g�h�]�h �W�I, 

�j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�_�]�h�k�y �\ �]�Z�a�_, �b�f�_�_�l �\�b� ̂[7.1.2]:  

�¿
�¾
�½

�¯
�®
�­

����� 2

2

0 )(
exp),(

zb
r

a
z

jzrj  ,        (7.1.5) 

�]�^�_ j0 – �i�e�h�l�g�h�k�l�v �l�h�d�Z �i�_�j�\�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ �\ �\�u�o�h�^�g�h�f �k�_�q�_�g�b�b �\�u�\�h�^�g�h�]�h �h�d�g�Z, 

� > � @1
0)( ��� gbEa �U�D  

�D – �d�h�w�n�n�b�p�b�_�g�l �i�h�]�e�h�s�_�g�b�y, 

Eb0 – �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z, 

�Ug – �i�e�h�l�g�h�k�l�v �]�Z�a�Z, 

azezfrzb /
0 )()( � – �h�]�b�[�Z�x�s�Z�y �i�m�q�d�Z, 

r0 – �g�Z�q�Z�e�v�g�u�c �j�Z�^�b�m�k �i�m�q�d�Z, 

f(z) – �n�m�g�d�p�b�y, �d�h�l�h�j�Z�y �\�o�h�^�b�l �\ �n�_�g�h�f�_�g�h�e�h�]�b�q�_�k�d�m�x �f�h�^�_�e�v �d�Z�d �i�Z�j�Z�f�_�l�j; �h�[�u�q�g�h 

�b�k�i�h�e�v�a�m�x�l �e�b�g�_�c�g�m�x �Z�i�i�j�h�d�k�b�f�Z�p�b�x. 

�B�a �k�h�h�l�g�h�r�_�g�b�y (7.1.5) �k�e�_�^�m�_�l, �q�l�h �i�e�h�l�g�h�k�l�v �l�h�d�Z �i�_�j�\�b�q�g�h�]�h �i�m�q�d�Z �m�f�_�g�v�r�Z�_�l�k�y �\ 

�h�k�_�\�h�f �g�Z�i�j�Z�\�e�_�g�b�b �i�h �f�_�j�_ �m�^�Z�e�_�g�b�y �h�l �\�u�\�h�^�g�h�]�h �h�d�g�Z, �b �b�f�_�_�l �j�Z�^�b�Z�e�v�g�u�c �i�j�h�n�b�e�v 

�l�b�i�Z �=�Z�m�k�k�h�\�k�d�h�]�h. 

�< �i�j�_�^�i�h�e�h�`�_�g�b�b, �q�l�h �i�j�h�n�b�e�v �W�I, �j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�_�]�h�k�y �\ �]�Z�a�_, �h�i�j�_�^�_�e�y�_�l�k�y 

�i�j�h�p�_�k�k�Z�f�b �f�g�h�]�h�d�j�Z�l�g�h�]�h �m�i�j�m�]�h�]�h �j�Z�k�k�_�y�g�b�y, �\ �j�Z�[�h�l�_ [1.5.77] �i�h�e�m�q�_�g�h �k�h�h�l�g�h�r�_�g�b�_ 
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�]�^�_ �K – �d�h�g�k�l�Z�g�l�Z, �a�Z�\�b�k�y�s�Z�y �h�l �j�h�^�Z �]�Z�a�Z. 

�< �q�Z�k�l�g�h�k�l�b, �^�e�y �W�I�I �\�h�a�^�m�o�Z �w�l�h �k�h�h�l�g�h�r�_�g�b�_ �i�j�b�g�b�f�Z�_�l �\�b� ̂
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�]�^�_ Pm �b Tg – �^�Z�\�e�_�g�b�_ �b �l�_�f�i�_�j�Z�l�m�j�Z �\�h�a�^�m�o�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\ �L�h�j�j �b �D; z �b r �b�a�f�_�j�y�x�l�k�y 

�\ �k�f, �Z Eb0 – �\ �d�w�<. 

�>�e�y �\�u�q�b�k�e�_�g�b�y �m�f�_�g�v�r�_�g�b�y �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ �g�_�j�_�e�y�l�b�\�b�k�l�k�d�h�]�h �i�m�q�d�Z �i�j�b �b�o 

�^�\�b�`�_�g�b�b �\ �k�j�_�^�_ �k �i�e�h�l�g�h�k�l�v�x �U, �k�h�k�l�h�y�s�_�c �b�a �Z�l�h�f�h�\ �h�^�g�h�]�h �k�h�j�l�Z �k �Z�l�h�f�g�u�f �g�h�f�_�j�h�f 

Z �b �Z�l�h�f�g�u�f �\�_�k�h�f �: �m�^�h�[�g�h �i�h�e�v�a�h�\�Z�l�v�k�y �k�h�h�l�g�h�r�_�g�b�_�f (7.1.6), �d�h�l�h�j�h�_ �\�u�l�_�d�Z�_�l �b�a 
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�n�h�j�f�m�e (7.1.1) �b (7.1.2) �i�j�b �i�h�^�k�l�Z�g�h�\�d�b �\ �g�b�o �a�g�Z�q�_�g�b�c �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. 

cpE
E

AE
Z

dz
dE 166,1

ln
1085,7 4 �U�


���         (7.1.6) 

�>�e�y �\�_�s�_�k�l�\, �f�h�e�_�d�m�e�u �d�h�l�h�j�u�o �k�h�k�l�h�y�l �b�a �j�Z�a�e�b�q�g�u�o �Z�l�h�f�h�\, �b�g�l�_�]�j�Z�e�v�g�u�_ 

�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �i�h�l�_�j�b �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �d�Z�d �k�m�f�f�m �i�h�l�_�j�v �g�Z �Z�l�h�f�Z�o �d�Z�`�^�h�]�h �\�b�^�Z. 

�Q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �k�j�_�^�g�_�c �w�g�_�j�]�b�b �\�h�a�[�m�`�^�_�g�b�y �^�e�y �g�_�d�h�l�h�j�u�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o 

�]�Z�a�h�\, �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_, �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 7.1.1. 

 

�L�Z�[�e�b�p�Z 7.1.1. �K�j�_�^�g�b�_ �w�g�_�j�]�b�b �\�h�a�[�m�`�^�_�g�b�y �f�h�e�_�d�m�e �g�_�d�h�l�h�j�u�o �]�Z�a�h�\ [1.5.77] 

�Q�Z�k�l�b�p�Z He N2 O2 Ar CO2 H2O 

�W�g�_�j�]�b�y �\�h�a�[�m�`�^�_�g�b�y, �w�< 41 87 102 190 85 72 

 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �f�h�^�_�e�v �g�_�i�j�_�j�u�\�g�h�]�h �a�Z�f�_�^�e�_�g�b�y �i�j�b�f�_�g�b�f�Z �d �i�m�q�d�Z�f, 

�j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�b�f�k�y �\ �e�x�[�h�c �i�e�h�l�g�h�c �k�j�_�^�_, �Z �g�_ �l�h�e�v�d�h �\ �]�Z�a�_. �I�h�w�l�h�f�m �n�h�j�f�m�e�Z �;�_�l�_ 

�k�i�j�Z�\�_�^�e�b�\�Z �b �^�e�y �j�Z�k�q�_�l�Z �w�g�_�j�]�_�l�b�q�_�k�d�b�o �i�h�l�_�j�v �W�I �\ �f�Z�l�_�j�b�Z�e�_ �l�\�_�j�^�h�c �f�b�r�_�g�b. 

 �W�g�_�j�]�b�y �i�m�q�d�Z, �\�u�^�_�e�y�x�s�Z�y�k�y �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�f �]�Z�a�_ �i�j�b �g�_�m�i�j�m�]�b�o 

�k�l�h�e�d�g�h�\�_�g�b�y�o �w�e�_�d�l�j�h�g�h�\ �k �f�h�e�_�d�m�e�Z�f�b �]�Z�a�Z, �j�Z�k�o�h�^�m�_�l�k�y �g�Z �b�o �b�h�g�b�a�Z�p�b�x �b 

�\�h�a�[�m�`�^�_�g�b�_ �k �\�h�a�f�h�`�g�h�c �i�h�k�e�_�^�m�x�s�_�c �^�b�k�k�h�p�b�Z�p�b�_�c, �_�k�e�b �f�h�e�_�d�m�e�u �k�h�k�l�h�y�l �b�a �[�h�e�_�_, 

�q�_�f �h�^�g�h�]�h �Z�l�h�f�Z. �H�[�h�a�g�Z�q�b�\ �^�b�k�k�b�i�Z�p�b�x �w�g�_�j�]�b�b �W�I �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z �]�Z�a�Z �a�Z �_�^�b�g�b�p�m 

�\�j�_�f�_�g�b �d�Z�d Q, �f�h�`�g�h �g�Z�c�l�b �^�h�e�b �w�g�_�j�]�b�b Wion = Qion / Q �b Wex = Qex / Q, �j�Z�k�o�h�^�m�_�f�h�c 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h �g�Z �b�h�g�b�a�Z�p�b�x �b �\�h�a�[�m�`�^�_�g�b�_. �<�Z�`�g�h �a�Z�f�_�l�b�l�v, �q�l�h �\�_�e�b�q�b�g�u W 

�i�j�Z�d�l�b�q�_�k�d�b �g�_ �a�Z�\�b�k�y�l �h�l �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\, �_�k�e�b �h�g�Z �i�j�_�\�u�r�Z�_�l �g�_�k�d�h�e�v�d�h �d�w�<, �o�h�l�y 

�k�Z�f�b �k�d�h�j�h�k�l�b �b�h�g�b�a�Z�p�b�b �b �\�h�a�[�m�`�^�_�g�b�y Qion �b Qex �h�l �g�_�_, �d�h�g�_�q�g�h, �a�Z�\�b�k�y�l: 
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�i�h�k�d�h�e�v�d�m, �k�h�]�e�Z�k�g�h (7.1.5), jb �y�\�e�y�_�l�k�y �n�m�g�d�p�b�_�c Eb. �< �k�h�h�l�g�h�r�_�g�b�y�o (7.1.7) e – �a�Z�j�y�^ 

�w�e�_�d�l�j�h�g�Z, n – �d�h�e�b�q�_�k�l�\�h �g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z �]�Z�a�Z, �Z Uion �b Uex – 

�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �p�_�g�u �h�[�j�Z�a�h�\�Z�g�b�y �w�e�_�d�l�j�h�g-�b�h�g�g�h�c �i�Z�j�u �b �\�h�a�[�m�`�^�_�g�b�y �f�h�e�_�d�m�e�u 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h. �< �l�Z�[�e�b�p�_ 7.1.2 �i�j�b�\�_�^�_�g�u �q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�b�o �p�_�g 

�h�[�j�Z�a�h�\�Z�g�b�y �w�e�_�d�l�j�h�g-�b�h�g�g�h�c �i�Z�j�u �\ �j�Z�a�e�b�q�g�u�o �]�Z�a�Z�o, �Z �\ �l�Z�[�e�b�p�_ 7.1.3 – �j�Z�k�i�j�_�^�_�e�_�g�b�_  



 261 
 
�w�g�_�j�]�h�\�d�e�Z�^�Z �^�_�]�j�Z�^�b�j�m�x�s�_�]�h �W�I �i�h �g�_�m�i�j�m�]�b�f �k�l�_�i�_�g�y�f �k�\�h�[�h�^�u �f�h�e�_�d�m�e �g�_�d�h�l�h�j�u�o 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^, �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_. 

 
�L�Z�[�e�b�p�Z 7.1.2. �W�g�_�j�]�_�l�b�q�_�k�d�b�_ �p�_�g�u �h�[�j�Z�a�h�\�Z�g�b�y �w�e�_�d�l�j�h�g-�b�h�g�g�h�c �i�Z�j�u �\ 
�g�_�d�h�l�h�j�u�o �]�Z�a�Z�o [1.5.77] 
 

�Q�Z�k�l�b�p�Z He N2 O2 Ar CO2 �<�h�a�^�m�o 

Uion, �w�< 27,8 35,3 32,0 25,4 31 32,3 

 
�L�Z�[�e�b�p�Z 7.1.3. �>�h�e�y �f�h�s�g�h�k�l�b �k�e�Z�[�h�j�_�e�y�l�b�\�b�k�l�k�d�h�]�h �W�I, �\�d�e�Z�^�u�\�Z�_�f�Z�y �\ �g�_�m�i�j�m�]�b�_ 
�k�l�_�i�_�g�b �k�\�h�[�h�^�u �f�h�e�_�d�m�e �H2 �b Ar, �i�j�b  �l�h�j�f�h�`�_�g�b�b �i�m�q�d�Z �\ �j�Z�a�e�b�q�g�u�o 
�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^�Z�o; Pm �a 102 �L�h�j�j [7.1.3] 
 
�F�h�e�_�d�m�e�Z �I�e�Z�a�f�h�h�[-

�j�Z�a�m�x�s�b�c 
�]�Z�a 

�B�h�g�b�a�Z�p�b�y, 
% 

�W�e�_�d�l�j�h�g�g�h�_ 
�\�h�a�[�m�`�^�_�g�b�_, 

% 

�D�h�e�_�[�Z�l�_�e�v�g�h�_ 
�b �\�j�Z�s�Z�l�_�e�v�g�h�_ 
�\�h�a�[�m�`�^�_�g�b�_, 

% 

�>�b�k�k�h�p�b�Z�p�b�y, 
% 

O2 �D�b�k�e�h�j�h�^ 29,1 50,2 2,2 17,8 
O2 �<�h�a�^�m�o 11 13 1,5 3,98 
Ar �:�j�]�h�g 50 50 - - 

 

7.2. �D�b�g�_�l�b�q�_�k�d�b�_ �k�o�_�f�u �W�I�I �]�Z�a�h�\, �b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o 

�H�[�j�Z�a�m�x�s�b�_�k�y �\ �g�_�m�i�j�m�]�b�o �i�j�h�p�_�k�k�Z�o �q�Z�k�l�b�p�u �m�q�Z�k�l�\�m�x�l �\ �k�Z�f�u�o �j�Z�a�g�h�h�[�j�Z�a�g�u�o 

�j�_�Z�d�p�b�y�o, �\ �j�_�a�m�e�v�l�Z�l�_ �d�h�l�h�j�u�o �\ �i�e�Z�a�f�_ �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �k�l�Z�p�b�h�g�Z�j�g�u�_ �i�e�h�l�g�h�k�l�b 

�q�Z�k�l�b�p, �n�h�j�f�b�j�m�x�s�b�o, �\ �d�h�g�_�q�g�h�f �k�q�_�l�_, �d�h�f�i�h�g�_�g�l�g�u�c �k�h�k�l�Z�\ �W�I�I1. �D�b�g�_�l�b�q�_�k�d�b�_ 

�f�h�^�_�e�b �W�I�I �h�d�Z�a�u�\�Z�x�l�k�y �\�_�k�v�f�Z �k�e�h�`�g�u�f�b: �\ �g�b�o �i�j�b�o�h�^�b�l�k�y �a�Z�d�e�Z�^�u�\�Z�l�v �[�h�e�v�r�h�_ 

�d�h�e�b�q�_�k�l�\�h �j�_�Z�d�p�b�c �k �m�q�Z�k�l�b�_�f �g�_�c�l�j�Z�e�v�g�u�o, �a�Z�j�y�`�_�g�g�u�o �b �\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p. �< 

�d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �\ �l�Z�[�e�b�p�_ 7.2.1 �i�j�b�\�_�^�_�g�Z �i�j�_�^�e�h�`�_�g�g�Z�y �G.�E. �:�e�_�d�k�Z�g�^�j�h�\�u�f 

�d�b�g�_�l�b�q�_�k�d�Z�y �f�h�^�_�e�v �i�e�Z�a�f�u �q�b�k�l�h�]�h �]�_�e�b�y [7.2.1] �k �m�d�Z�a�Z�g�b�_�f �d�h�g�k�l�Z�g�l �k�d�h�j�h�k�l�_�c 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c �i�j�b �l�b�i�b�q�g�u�o �m�k�e�h�\�b�y�o �_�_ �]�_�g�_�j�Z�p�b�b �\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�_, �b�k�i�h�e�v�a�h�\�Z�\�r�_�c�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_. 

�< �w�l�m �f�h�^�_�e�v �g�_ �\�h�r�e�b �g�_�d�h�l�h�j�u�_ �j�_�Z�d�p�b�b, �\ �q�Z�k�l�g�h�k�l�b �j�_�Z�d�p�b�b �m�^�Z�j�g�h�c 

�b�h�g�b�a�Z�p�b�b �\�h�a�[�m�`�^�_�g�g�h�]�h �Z�l�h�f�Z �G�_* 

eb + He* �o  eb + ep + He+ 

�b �_�]�h �i�_�g�g�b�g�]�h�\�k�d�h�c �b�h�g�b�a�Z�p�b�b 

He* + M �o   He + ep + M+, 

                                                 
1 �< �^�Z�g�g�h�f �i�Z�j�Z�]�j�Z�n�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �i�e�Z�a�f�Z, �]�_�g�_�j�b�j�m�_�f�Z�y �g�_�i�j�_�j�u�\�g�h�c �b�g�`�_�d�p�b�_�c �W�I. �I�e�Z�a�f�Z, 
�\�h�a�[�m�`�^�Z�_�f�Z�y �b�f�i�m�e�v�k�g�h-�i�_�j�b�h�^�b�q�_�k�d�b�f�b �i�m�q�d�Z�f�b, �l�j�_�[�m�_�l �k�i�_�p�b�Z�e�v�g�h�]�h �j�Z�k�k�f�h�l�j�_�g�b�y �k �m�q�_�l�h�f 
�i�j�h�p�_�k�k�h�\ �_�_ �j�Z�k�i�Z�^�Z. 
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�l�Z�d �d�Z�d �\ �m�k�e�h�\�b�y�o �i�j�h�\�h�^�b�\�r�b�o�k�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �h�g�b �g�_ �\�g�h�k�y�l �a�Z�f�_�l�g�h�]�h �\�d�e�Z�^�Z �\ 

�[�Z�e�Z�g�k �q�Z�k�l�b�p �i�e�Z�a�f�u. 

�L�Z�[�e�b�p�Z 7.2.1. �J�_�Z�d�p�b�b, �i�j�h�l�_�d�Z�x�s�b�_ �\ �W�I�I �q�b�k�l�h�]�h �]�_�e�b�y, �b �b�o �d�h�g�k�l�Z�g�l�u 
�k�d�h�j�h�k�l�b T – �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�Z, �D; Te – �w�e�_�d�l�j�h�g�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z, �w�< 
 
�‹  
�i�i  

�J�_�Z�d�p�b�y �D�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b 

1 eb + He �o  eb + ep + He+ Qion   �k�f-3�k-1  (�b�a �k�h�h�l�g�h�r�_�g�b�c (7.1.3))  

2 eb + He �o  eb + He* Qex   �k�f-3�k-1  (�b�a �k�h�h�l�g�h�r�_�g�b�c (7.1.3)) 

3 He+ + 2He �o  He2
+ + He k3 = 1,1�u10-31(300/T)0,75 �k�f6�k-1  

4 He2
+ + 2He �o  He3

+ + He  k4 = 0 

5 He2
+ + He �o  He+ + 2He k5 = 1,04�u10-9(28650 T)0,5�uexp(-28650/T) �k�f3�k-1 

6 He3
+ + He �o  He2

+ + 2He k6 = 0 

7 He2
+ + ep �o  He* + He  k7 = 1,3�u10-11Te

-1 �k�f3�k-1 

8 He3
+ + ep �o  He* + 2He  k8 = 0 

9 He+ + 2 ep �o  He* + ep k9 = 2,61�u10-22(0,086/Te)
4,5 �k�f6�k-1 

10 He* + ep �o  He + ep k10 = 4�u10-7   �k�f3�k-1 

11 He* + He* �o  He2
+ + ep  k11 = 10-10   �k�f3�k-1 

12 He2
+ + ep �o  He+ + He  + ep k12 = 9�u10-8exp(-2,5/Te) �k�f3�k-1 

13 He3
+ + ep �o  He+ + 2He + ep k13 = 0  

14 He* + He* �o  He+ + He + ep k14 = 10-9 �k�f3�k-1 

15 He2
+ + ep + ep �o  He* + He + ep k15 = 1,8�u10-26 Te

-4  �k�f6�k-1 

16 He2
+ + ep + He �o  He* + He + He k16 = 1,3�u10-28 Te

-1  �k�f6�k-1 

 

�D�b�g�_�l�b�q�_�k�d�b�_ �f�h�^�_�e�b �W�I�I �Z�j�]�h�g�Z, �i�Z�j�h�\ �\�h�^�u �b �Z�f�f�b�Z�d�Z �i�j�b�\�_�^�_�g�u �\ �j�Z�[�h�l�Z�o 

[7.2.1] �b [7.2.2]. �L�Z�[�e�b�p�Z 7.2.2 �k�h�^�_�j�`�b�l �h�k�g�h�\�g�u�_ �j�_�Z�d�p�b�b, �i�j�h�l�_�d�Z�x�s�b�_ �\ �W�I�I �Z�j�]�h�g�Z. �< 

�j�Z�[�h�l�_ [7.2.1] �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �W�I�I �i�Z�j�h�\ �\�h�^�u �m�q�b�l�u�\�Z�e�b�k�v 282 �j�_�Z�d�p�b�b �k �m�q�Z�k�l�b�_�f 

31 �j�_�Z�]�_�g�l�Z: �i�h�e�h�`�b�l�_�e�v�g�h �a�Z�j�y�`�_�g�g�u�o �b�h�g�h�\ �H+, �H2
+, �H4

+, �G+, �G2
+, �H�G+, H2O

+, O2
+(H2O), 

H3O
+, H3O

+(H2O), H3O
+(OH), �h�l�j�b�p�Z�l�_�e�v�g�u�o �b�h�g�h�\ �H�í, �H2

�í, �H3
�í, �G�í, �H�G�í, �G2�H

�í, �Z�l�h�f�h�\ �H �b 

�G, �f�h�e�_�d�m�e �G2, �H2, �G2�H, �H3, �j�Z�^�b�d�Z�e�h�\ �H�G, �G�H2, �G2�H2, �\�h�a�[�m�`�^�_�g�g�u�o �k�h�k�l�h�y�g�b�c O(1D1), 

O(1S0) �b O2(1�ûg) �b �w�e�_�d�l�j�h�g�h�\. �D�j�h�f�_ �l�h�]�h, �i�j�b �h�i�b�k�Z�g�b�b �W�I�I �i�Z�j�h�\ �\�h�^�u 

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �l�Z�d�`�_ �j�_�Z�d�p�b�b �b�h�g-�b�h�g�g�h�c �j�_�d�h�f�[�b�g�Z�p�b�b �d�Z�`�^�h�]�h �b�a �i�h�e�h�`�b�l�_�e�v�g�u�o 

�b�h�g�h�\ �k �d�Z�`�^�u�f �b�a �h�l�j�b�p�Z�l�_�e�v�g�u�o. �K�o�_�f�Z �h�k�g�h�\�g�u�o �j�_�Z�d�p�b�c, �i�j�h�l�_�d�Z�x�s�b�o �\ �W�I�I �i�Z�j�h�\ 

�\�h�^�u �i�j�b�\�_�^�_�g�Z  �g�Z �j�b�k. 7.2.1 �b �\ �l�Z�[�e�b�p�_ 7.2.3 [7.2.2], �]�^�_ �l�Z�d�`�_ �m�d�Z�a�Z�g�u �b�o �d�h�g�k�l�Z�g�l�u 

�k�d�h�j�h�k�l�b, �d�h�l�h�j�u�_ �f�h�]�m�l �[�u�l�v �\�u�q�b�k�e�_�g�u �k �l�h�q�g�h�k�l�v�x �e�b�r�v �^�h �i�h�j�y�^�d�Z. 
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�L�Z�[�e�b�p�Z 7.2.2. �D�b�g�_�l�b�q�_�k�d�Z�y �k�o�_�f�Z �W�I�I �q�b�k�l�h�]�h �Z�j�]�h�g�Z. T – �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�Z, �D; Te – 
�l�_�f�i�_�j�Z�l�m�j�Z �w�e�_�d�l�j�h�g�h�\, �w�< 
 

�J�_�Z�d�p�b�y �D�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b �I�j�b�f�_�q�Z�g�b�_ 
eb + Ar �o  eb + e + Ar+ Qion   cm-3s-1 �J�Z�k�k�q�b�l�u�\�Z�_�l�k�y �i�j�y�f�u�f 

�f�h�^�_�e�b�j�h�\�Z�g�b�_�f �f�_�l�h�^�h�f 
�F�h�g�l�_-�D�Z�j�e�h 

eb + Ar �o  eb + Ar* Qex   cm-3s-1 �L�h �`�_ 
Ar+ + 2Ar �o  Ar2

+ + Ar k3 = 2.5�u10-31(300/T)0.75 cm6s-1   [7.2.3] 
Ar2

+ + 2Ar �o  Ar3
+ + Ar k4 = 7�u10-32(300/T)0.75 cm6s-1   �L�h �`�_ 

Ar2
+ + Ar �o  Ar+ + 2Ar k5 = 9.3�u10-10(1.4�u104/T)0.5�uexp(-

1.4�u104/T) cm3s-1 
�H�p�_�g�d�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�^�Z�g�g�u�o �b�a [7.2.4] 

Ar3
+ + Ar �o  Ar2

+ + 2Ar k6 = 9.3�u10-10(2.3�u103/T)0.5�uexp(-
2.3�u103/T) cm3s-1 

�L�h �`�_ 

Ar2
+ + e �o  Ar* + Ar   k7 = 7.3�u10-8Te

-0.67 cm3s-1 [7.2.5] 
Ar3

+ + e �o  Ar* + 2 Ar k8 = 1.6�u10-7Te
-0.54 cm3s-1 �L�h �`�_ 

Ar+ + 2e �o  Ar* + e k9 = 2.61�u10-22(0.086/Te)
4.5 cm6s-1 [7.2.3] 

Ar* + e �o  Ar + e   k10 = 4.5�u10-10Te
   cm3s-1 [7.2.5] 

Ar* + Ar* �o  Ar2
* + e k11 = 6�u10-10   cm3s-1 �L�h �`�_ 

Ar2
+ + e �o  Ar+ + Ar k12 = 9�u10-8exp(-1.2/Te) cm3s-1 �H�p�_�g�d�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�^�Z�g�g�u�o �b�a [7.2.6] 
Ar3

+ + e �o  Ar+ + 2 Ar k13 = 9�u10-8exp(-1.2/Te) cm3s-1 �L�h �`�_ 
 

 

 

 

�J�b�k. 7.2.1. �K�o�_�f�Z �h�k�g�h�\�g�u�o �j�_�Z�d�p�b�c, 

�i�j�h�l�_�d�Z�x�s�b�o �\ �W�I�I �i�Z�j�h�\ �\�h�^�u [7.2.2]. 
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�L�Z�[�e�b�p�Z 7.2.3. �J�_�Z�d�p�b�b, �i�j�h�l�_�d�Z�x�s�b�_ �\ �W�I�I �i�Z�j�h�\ �\�h�^�u, �b �b�o �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b; 
T – �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�Z, �D; Te – �w�e�_�d�l�j�h�g�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z, �w�< [7.2.2]. 
 
�‹  

�i�i  

�J�_�Z�d�p�b�y �W�g�_�j�]�_�l�b�q�_�k�d�Z�y �p�_�g�Z �i�j�h�p�_�k�k�Z (�w�< (*) �b�e�b 

�d�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b 

(�k�f3/�k �b�e�b �k�f6/�k) 

1 eb + H2�H �o  H2�H
+ + eb + ep  1,99 (*) 

2 eb + H2�H �o   �HH+ + H + eb + ep 0,57 (*) 

3 eb + H2�H �o   �HH + H+ + eb + ep 0,67 (*) 

4 eb + H2�H �o   H + OH + eb 4,17 (*) 

5 H2O
+ + H2O �o  H3O

+ + OH 1,7×10-9 

6 OH+ + H2O �o  H3O
+ + O(D) 1,5×10-9 

7 OH+ + H2O �o  H2O
+ + OH 3×10-9 

8 H3O
+ + H2O + M �o  H5O2

+ + M 3,5�u10-27(0,026/T)3 

9 ep + H5O2
+ + H2�H �o  H + 3H2O 2,6�u10-23(0,0267/2T-2 Te

-3/2) 

10 2OH + M  �o   M + H2O2 6,9�u10-31(0,026/Te)
0,8 

11 OH + HO2  �o  H2�H + O2 4,8�u10-11exp(250�u8,6�u10-5/ T) 

12 OH + H2O2  �o  H2�H + HO2 2,9�u10-12exp(-160�u8,6�u10-5/ T) 

13 H + O2 + H2�H �o  HO2 + H2�H 6,4×10-31 

14 H + HO2 �o  2OH 8×10-11 

 

�< �l�Z�[�e�b�p�_ 7.2.4 �i�j�b�\�_�^�_�g�Z �d�b�g�_�l�b�q�_�k�d�Z�y �k�o�_�f�Z �i�e�Z�a�f�u �d�b�k�e�h�j�h�^�Z, �g�Z �h�k�g�h�\�_ 

�d�h�l�h�j�h�c �[�u�e�b �i�j�h�\�_�^�_�g�u �d�h�e�b�q�_�k�l�\�_�g�g�u�_ �h�p�_�g�d�b �i�h�l�h�d�h�\ �g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p �^�e�y �a�Z�^�Z�q 

�k�b�g�l�_�a�Z �h�d�k�b�^�h�\ �l�b�l�Z�g�Z �g�Z  �i�e�h�k�d�b�o �h�[�j�Z�a�p�Z�o �b �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�q�Z�l�u�o 

�h�[�j�Z�a�p�h�\ (�j�Z�a�^�_�e 7.3) �b �d�h�l�h�j�Z�y �m�q�b�l�u�\�Z�e�Z:  

�x �i�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �i�h� ̂�^�_�c�k�l�\�b�_�f �w�e�_�d�l�j�h�g�h�\ �i�_�j�\�b�q�g�h�]�h �i�m�q�d�Z; 

�x �w�e�_�d�l�j�h�g-�b�h�g�g�m�x �b �b�h�g-�b�h�g�g�m�x �j�_�d�h�f�[�b�g�Z�p�b�x; 

�x �d�h�g�\�_�j�k�b�x �b �i�_�j�_�a�Z�j�y�^�d�m �d�Z�d �i�h�e�h�`�b�l�_�e�v�g�u�o, �l�Z�d �b �h�l�j�b�p�Z�l�_�e�v�g�u�o �b�h�g�h�\; 

�x �i�j�b�e�b�i�Z�g�b�_ �b �h�l�e�b�i�Z�g�b�_ �w�e�_�d�l�j�h�g�h�\; 

�x �j�_�Z�d�p�b�b �k �m�q�Z�k�l�b�_�f �g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l�h�\1; 

�x �i�j�h�p�_�k�k�u �l�m�r�_�g�b�y �k�h�k�l�h�y�g�b�y O2(a).  

                                                 
1 �B�f�_�g�g�h �w�l�b �j�_�Z�d�p�b�b �m�q�b�l�u�\�Z�x�l�k�y �\ �i�j�h�k�l�_�c�r�b�o �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �f�h�^�_�e�y�o, �b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �j�Z�k�q�_�l�Z 
�d�h�g�p�_�g�l�j�Z�p�b�c �g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l �W�I�I �d�b�k�e�h�j�h�^�Z. 
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�>�e�y �h�p�_�g�h�d �i�h�l�h�d�h�\ �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �[�h�e�_�_ �k�e�h�`�g�u�_ �k�o�_�f�u, 

�m�q�b�l�u�\�Z�\�r�b�_ 12 �d�h�f�i�h�g�_�g�l�h�\ �i�e�Z�a�f�u (O2, O, O3, O2(a), O+, O2
+, O4

+, O-, O2
-, O3

-, O4
-, �Z 

�l�Z�d�`�_ �w�e�_�d�l�j�h�g�u) �k �q�b�k�e�h�f �j�_�Z�d�p�b�c �[�h�e�_�_ 70. 

�L�Z�[�e�b�p�Z 7.2.4. �D�b�g�_�l�b�q�_�k�d�Z�y �k�o�_�f�Z, �b�k�i�h�e�v�a�h�\�Z�g�g�Z�y �^�e�y �j�Z�k�q�_�l�Z �d�h�g�p�_�g�l�j�Z�p�b�b 
�g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l �W�I�I �d�b�k�e�h�j�h�^�Z. 
 

 �J�_�Z�d�p�b�y �W�g�_�j�]�_�l�b�q�_�k�d�Z�y �p�_�g�Z �i�j�h�p�_�k�k�Z (�w�< 
(*)) �b�e�b �d�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b 

(�k�f3/�k �b�e�b �k�f6/�k (**)) 

 

�I�j�h�p�_�k�k�u �i�h� ̂�^�_�c�k�l�\�b�_�f �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z 
1 eb + O2 �o  eb + O + O 20,2 (*) [7.1.3.] 
2 eb + O2 �o  eb + O2(a) 23,1 (*) [7.1.3.] 
3 eb + O2 �o  eb + e + O2

+   47,5 (*) [7.1.3.] 
4 eb + O2 �o  eb + e + O+ + O 125 (*) [7.1.3.] 
�O�b�f�b�y �g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l�h�\ 
5 O + 2O2 �o  O3 + O2 6,9�u10-34(300/T)1.25 (**) [7.2.7] 
6 O + O3 �o  O2 + O2 2�u10-11exp(-2300/T) [7.2.7] 
7 O + O + O2 �o  2O2 6,7�u10-33(300/T)0.63 (**) [7.2.7] 
8 O3 + O2 �o  O + 2O2 1,65�u10-9exp(-11400/T) [7.2.8] 
�L�m�r�_�g�b�_ �k�h�k�l�h�y�g�b�y O2(a) 
9 O2(a) + O �o  O2 + O 7�u10-16 [7.2.7] 
10 O2(a) + O2 �o  O2 + O2 2,2�u10-18(T/300)0,8   [7.2.7] 
11 O2(a) + O3 �o  2O2 + O 9,7�u10-13exp(-1564/T) [7.2.7] 
12 O2(a) + O2(a) �o  2O2 1,9�u10-17 [7.2.9] 
�D�h�g�\�_�j�k�b�y �b �i�_�j�_�a�Z�j�y�^�d�Z �i�h�e�h�`�b�l�_�e�v�g�u�o �b�h�g�h�\ 
13 O+ + O2 �o  O2

+ + O   2�u10-11 [7.2.8] 
14 O+ + O + O2 �o  O2

+ + O2 10-29 (**) [7.2.7] 
15 O+ + O3 �o  O2

+ + O2 10-10    [7.2.7] 
16 O2

+ + 2O2 �o  O4
+ + O2 2,4�u10-30(300/T)3.2  (**) [7.2.7] 

17 O4
+ + O2 �o  O2

+ + 2O2 3,3�u10-6(300/T)4exp(-5030/T) [7.2.7] 
18 O4

+ + O �o  O2
+ + O3 3�u10-10 [7.2.7] 

19 O4
+ + O2(a) �o  O2

+ + 2O2 10-10    [7.2.7] 
�W�e�_�d�l�j�h�g-�b�h�g�g�Z�y �j�_�d�h�f�[�b�g�Z�p�b�y 
20 e + O2

+ �o  O + O 2�u10-7(300/Te) [7.2.7] 
21 e + O4

+ �o  O2 + O2 4,2�u10-6(300/Te)
0,48 [7.2.10]

�I�j�b�e�b�i�Z�g�b�_ �b �h�l�e�b�i�Z�g�b�_ �w�e�_�d�l�j�h�g�h�\ 
22 e + 2O2 �o  O2

- + O2 2,3�u10-30 [7.2.11]
23 O2

- + O �o  e + O3 3�u10-10 [7.2.8] 
24 O2

- + O2(a) �o  e + 2O2 2�u10-10 [7.2.8] 
25 O- + O �o  e + O2 2,3�u10-10   [7.2.12]
26 O- + O2(a) �o  e + O3 1,9�u10-10 [7.2.12]
�D�h�g�\�_�j�k�b�y �b �i�_�j�_�a�Z�j�y�^�d�Z �h�l�j�b�p�Z�l�_�e�v�g�u�o �b�h�g�h�\ 
27 O2

- + O �o  O2 + O- 3,3�u10-10   [7.2.7] 
28 O2

- + O3 �o  O2 + O3
- 4�u10-10 [7.2.7] 

29 O2
- + 2O2 �o  O4

- + O2 3,5�u10-31(300/T)  (**) [7.2.7] 
30 O- + 2O2 �o  O3

- + O2 1,1�u10-30(300/T)  (**) [7.2.7] 
31 O- + O2(a) �o  O + O2

- 10-10 [7.2.12]
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32 O- + O3 �o  O + O3

- 5,3�u10-10 [7.2.7] 
33 O3

- + O �o  O2
- + O2 3,2�u10-10 [7.2.7] 

34 O4
- + O2 �o  O2

- + 2O2 10-10exp(-1044/T) [7.2.7] 
35 O4

- + O �o  O3
- + O2 4�u10-10 [7.2.7] 

36 O4
- + O �o  O- + 2O2 3�u10-10 [7.2.7] 

37 O4
- + O2(a) �o  O2

- + 2O2 10-10 [7.2.7] 
�B�h�g-�b�h�g�g�Z�y �j�_�d�h�f�[�b�g�Z�p�b�y 
38 A- + B+ �o  A + B 2�u10-7(300/T)0,5 [7.2.7] 
39 A- + B+ + O2 �o  A + B + O2 2�u10-25(300/T)2,5   (**) [7.2.7] 
A-: O-, O2

-, O3
-, O4

-  
B+: O+, O2

+, O4
+ 

�?�k�e�b �m�q�Z�k�l�\�m�x�l O4
- �b�e�b O4

+, �l�h �\ �i�j�h�^�m�d�l�Z�o �h�g�b �^�Z�x�l 2O2 
 

�L�Z�[�e�b�p�Z 7.2.5 �b�e�e�x�k�l�j�b�j�m�_�l �a�g�Z�q�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �w�e�_�d�l�j�h�g�h�\ ne, �b�h�g�h�\ ni �b 

�\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p nex �\ �i�e�Z�a�f�_ �g�_�d�h�l�h�j�u�o �]�Z�a�h�\ �\ �m�k�e�h�\�b�y�o, �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�u�o �m�k�l�Z�g�h�\�h�d, �\ �j�_�Z�d�p�b�h�g�g�u�o �a�h�g�Z�o �d�h�l�h�j�u�o �n�h�j�f�b�j�m�x�l�k�y �k�\�h�[�h�^�g�h-

�e�h�d�Z�e�b�a�h�\�Z�g�g�u�_ �g�_�i�h�^�\�b�`�g�u�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �h�[�j�Z�a�h�\�Z�g�b�y.  

�L�Z�[�e�b�p�Z 7.2.5. �O�Z�j�Z�d�l�_�j�g�u�_ �a�g�Z�q�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p (�\�l�h�j�b�q�g�u�o 
�w�e�_�d�l�j�h�g�h�\, ne, �b �b�h�g�h�\, ni) �b �\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p (nex) �\ �W�I�I  �g�_�d�h�l�h�j�u�o �]�Z�a�h�\, 
�]�_�g�_�j�b�j�m�_�f�h�c �l�h�g�d�b�f �W�I. �A�g�Z�q�_�g�b�y �i�j�b�\�_�^�_�g�u �^�e�y �q�Z�k�l�b�p (�m�d�Z�a�Z�g�u �\ �k�d�h�[�d�Z�o) �k  
�f�Z�d�k�b�f�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �\ �^�Z�g�g�u�o �m�k�e�h�\�b�y�o �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u 
 

�M�k�e�h�\�b�y �]�_�g�_�j�Z�p�b�b �D�h�g�p�_�g�l�j�Z�p�b�y �q�Z�k�l�b�p, �k�f-3 �I�e�Z�a�f�h-
�h�[�j�Z�a�m-
�x�s�b�c 

�]�Z�a 

Pm, 
�L�h�j�j 

Tm,  
�D 

Eb, 
�d�w�< 

Ib, 
�f�:  

ne
 ni nex 

Ar 15 
15 

300 
800 

25 
25 

20 
20 

5�1̃011 

1,1�1̃013 
4,5�1̃011(Ar+) 

1,05�1̃013(Ar+) 
5�1̃012(Ar*) 
3�1̃012(Ar*) 

He 150 
150 

400 
800 

25 
25 

20 
20 

2�1̃012 

2�1̃012 
2�1̃012(He2

+) 
1,05�1̃012(He2

+) 
3�1̃09(He*) 
2�1̃09(He*) 

O2  1 
5 

300 
300 

30 
30 

10 
10 

1,51�1̃011 

3,75�1̃010 
1,49�1̃011(O2

+) 
5,81�1̃010(O2

+) 
8�1̃09 (O2(a

1�ûg)) 
2�1̃010 (O2(a

1�ûg)) 
 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^, �q�l�h �d�h�f�i�h�g�_�g�l�g�u�c �k�h�k�l�Z�\ �W�I�I �e�x�[�h�]�h �]�Z�a�Z 

�\�_�k�v�f�Z �k�e�h�`�_�g: �\ �i�e�Z�a�f�_ �i�j�b�k�m�l�k�l�\�m�x�l �k�Z�f�u�_ �j�Z�a�g�h�h�[�j�Z�a�g�u�_ �g�_�c�l�j�Z�e�v�g�u�_ �b �a�Z�j�y�`�_�g�g�u�_ 

�l�y�`�_�e�u�_ �q�Z�k�l�b�p�u �\ �h�k�g�h�\�g�h�f �b �\�h�a�[�m�`�^�_�g�g�h�f �k�h�k�l�h�y�g�b�y�o, �Z �l�Z�d�`�_ �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�_ 

�w�e�_�d�l�j�h�g�u �i�_�j�\�b�q�g�h�]�h �i�m�q�d�Z �b �\�l�h�j�b�q�g�u�_ �l�_�i�e�h�\�u�_ �b �g�Z�^�l�_�i�e�h�\�u�_ �w�e�_�d�l�j�h�g�u. �<�k�_ 

�m�i�h�f�y�g�m�l�u�_ �q�Z�k�l�b�p�u, �i�h�i�Z�^�Z�y �g�Z �d�h�g�l�Z�d�l�b�j�m�x�s�m�x �k �i�e�Z�a�f�h�c �i�h�\�_�j�o�g�h�k�l�v �l�\�_�j�^�h�]�h �l�_�e�Z, 

�k�i�h�k�h�[�g�u �k�l�b�f�m�e�b�j�h�\�Z�l�v �l�_�i�e�h�\�u�_, �j�Z�^�b�Z�p�b�h�g�g�h-�o�b�f�b�q�_�k�d�b�_, �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �b 

�g�_�d�h�l�h�j�u�_ �^�j�m�]�b�_ �i�j�h�p�_�k�k�u �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �b �\ �h�[�t�_�f�_ �f�Z�l�_�j�b�Z�e�Z. �J�Z�k�k�f�h�l�j�b�f 

�g�_�d�h�l�h�j�u�_ �b�a �w�l�b�o �i�j�h�p�_�k�k�h�\ �[�h�e�_�_ �^�_�l�Z�e�v�g�h. 
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7.3. �N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �b �\ �h�[�t�_�f�_ 

�f�Z�l�_�j�b�Z�e�Z �i�j�b �\�h�a�^�_�c�k�l�\�b�b �W�I�I 

 

�;�h�f�[�Z�j�^�b�j�h�\�d�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b 

�;�u�k�l�j�u�c �w�e�_�d�l�j�h�g, �i�Z�^�Z�y �g�Z �i�h�\�_�j�o�g�h�k�l�v �l�\�_�j�^�h�]�h �l�_�e�Z, �f�h�`�_�l �[�u�l�v �w�l�b�f �l�_�e�h�f 

�m�i�j�m�]�h �h�l�j�Z�`�_�g, �g�_�m�i�j�m�]�h �h�l�j�Z�`�_�g �b�e�b �i�h�]�e�h�s�_�g. �< �i�_�j�\�h�f �k�e�m�q�Z�_ �w�e�_�d�l�j�h�g �\�h�a�\�j�Z�s�Z�_�l�k�y 

�\ �]�Z�a �b �i�j�h�^�h�e�`�Z�_�l �m�q�Z�k�l�\�h�\�Z�l�v �\ �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u, �Z �i�h�k�e�_�^�g�b�o �^�\�m�o �k�e�m�q�Z�y�o �_�]�h �w�g�_�j�]�b�y 

�i�_�j�_�o�h�^�b�l �\ �l�_�i�e�h, �j�Z�k�o�h�^�m�_�l�k�y �g�Z �k�l�b�f�m�e�b�j�h�\�Z�g�b�_ �j�Z�^�b�Z�p�b�h�g�g�h-�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c �\ 

�l�\�_�j�^�h�f �l�_�e�_ �b �m�g�h�k�b�l�k�y �l�h�j�f�h�a�g�u�f �b�a�e�m�q�_�g�b�_�f1.  

�G�Z�]�j�_�\ �l�\�_�j�^�h�]�h �l�_�e�Z �j�Z�k�i�j�_�^�_�e�_�g�g�u�f �l�_�i�e�h�\�u�f �b�k�l�h�q�g�b�d�h�f �\ �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o 

�l�_�i�e�h�h�[�f�_�g�Z �l�_�e�Z �k �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�h�c �y�\�e�y�_�l�k�y �o�h�j�h�r�h �b�a�m�q�_�g�g�h�c �a�Z�^�Z�q�_�c, �i�h�w�l�h�f�m �g�_�l 

�g�_�h�[�o�h�^�b�f�h�k�l�b �_�]�h �^�_�l�Z�e�v�g�h �h�[�k�m�`�^�Z�l�v. �K�e�_�^�m�_�l �l�h�e�v�d�h �h�l�f�_�l�b�l�v �e�b�r�v �g�_�k�d�h�e�v�d�h �\�Z�`�g�u�o 

�h�[�k�l�h�y�l�_�e�v�k�l�\. 

1. �< �m�k�e�h�\�b�y�o �i�j�h�\�h�^�b�\�r�b�o�k�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �j�_�Z�e�b�a�h�\�u�\�Z�e�k�y «�f�y�]�d�b�c» �j�_�`�b�f 

�l�_�i�e�h�\�h�]�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �f�Z�l�_�j�b�Z�e, �l.�_. �\�h�a�f�h�`�g�h�k�l�v �d�b�g�`�Z�e�v�g�h�]�h �j�Z�a�j�m�r�_�g�b�y 

�f�Z�l�_�j�b�Z�e�Z �i�j�_�^�e�Z�]�Z�_�f�h�c �f�h�^�_�e�v�x �g�_ �m�q�b�l�u�\�Z�e�Z�k�v. 

2. �>�e�y �f�Z�k�k�b�\�g�h�]�h �h�[�j�Z�a�p�Z �h�i�j�_�^�_�e�y�x�s�b�f �f�_�o�Z�g�b�a�f�h�f �h�l�\�h�^�Z �l�_�i�e�Z �b�a �a�h�g�u 

�d�h�g�l�Z�d�l�Z �k �i�e�Z�a�f�_�g�g�u�f �h�[�e�Z�d�h�f, �d�Z�d �i�j�Z�\�b�e�h, �y�\�e�y�_�l�k�y �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v 

�f�Z�l�_�j�b�Z�e�Z. �>�e�y �i�e�_�g�h�q�g�u�o, �l�j�m�[�q�Z�l�u�o �b �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ �]�e�Z�\�g�m�x 

�j�h�e�v �b�]�j�Z�_�l �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �\ �h�d�j�m�`�Z�x�s�b�c �]�Z�a. �I�j�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �m�q�b�l�u�\�Z�e�h�k�v �b �l�_�i�e�h�\�h�_ �b�a�e�m�q�_�g�b�_ �h�[�j�Z�a�p�Z. 

3. �B�k�k�e�_�^�h�\�Z�g�b�y �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �W�I�I �i�h�d�Z�a�Z�e�b, �q�l�h �\ �l�b�i�b�q�g�u�o �j�_�`�b�f�Z�o 

�j�Z�[�h�l�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z �i�e�Z�a�f�Z �y�\�e�y�_�l�k�y �h�i�l�b�q�_�k�d�b �l�h�g�d�h�c, �l.�_. 

�B�D-�b�a�e�m�q�_�g�b�_ �g�Z�]�j�_�l�h�]�h �h�[�j�Z�a�p�Z, �g�_ �i�h�]�e�h�s�Z�y�k�v, �i�h�d�b�^�Z�_�l �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f. 

4. �J�Z�k�q�_�l �l�_�f�i�_�j�Z�l�m�j�g�u�o �i�h�e�_�c �\ �h�[�j�Z�a�p�_ �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �f�h�^�m�e�_�c 

�i�j�h�]�j�Z�f�f�g�h�]�h �i�j�h�^�m�d�l�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �^�e�y �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 

�j�Z�[�h�q�b�o �i�j�h�p�_�k�k�h�\ �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �j�_�Z�d�l�h�j�_ (�k�f. �j�Z�a�^�_�e 7.4). 

�H�[�j�Z�a�h�\�Z�g�b�_ �b�h�g�h�\, �\�h�a�[�m�`�^�_�g�g�u�o �q�Z�k�l�b�p �b �j�Z�^�b�d�Z�e�h�\ �\ �\�_�s�_�k�l�\�_ �i�h� ̂ �^�_�c�k�l�\�b�_�f 

�b�h�g�b�a�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y, �\ �l�h�f �q�b�k�e�_ – �i�h� ̂ �^�_�c�k�l�\�b�_�f �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�o 

�w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\, �h�l�g�h�k�b�l�k�y �d �i�j�_�^�f�_�l�g�h�c �h�[�e�Z�k�l�b �j�Z�^�b�Z�p�b�h�g�g�h�c �o�b�f�b�b [�k�f., 

�g�Z�i�j�b�f�_�j, 7.3.1]. �B�f�_�_�l�k�y �h�[�r�b�j�g�Z�y �e�b�l�_�j�Z�l�m�j�Z, �\ �d�h�l�h�j�h�c �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �a�Z�^�Z�q�b, 

�k�\�y�a�Z�g�g�u�_ �k �h�[�j�Z�[�h�l�d�h�c �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �g�Z �w�e�_�d�l�j�h�g�g�u�o �m�k�d�h�j�b�l�_�e�y�o [1.5.64, 

                                                 
1 �?�k�e�b �i�h�l�_�j�y �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�f �i�j�b �_�]�h �g�_�m�i�j�m�]�h�f �h�l�j�Z�`�_�g�b�b �g�_�\�_�e�b�d�Z, �l�h �w�l�h�l �w�e�_�d�l�j�h�g �i�h�k�e�_ 
�\�h�a�\�j�Z�s�_�g�b�y �\ �]�Z�a�h�\�m�x �k�j�_�^�m �f�h�`�_�l �m�q�Z�k�l�\�h�\�Z�l�v �\ �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u �\�f�_�k�l�_ �k �h�k�l�Z�e�v�g�u�f�b �i�_�j�\�b�q�g�u�f�b 
�w�e�_�d�l�j�h�g�Z�f�b. 
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7.3.2]. �I�h�w�l�h�f�m �^�e�y �h�p�_�g�d�b �\�d�e�Z�^�Z �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �\ �b�g�l�_�]�j�Z�e�v�g�u�c �w�n�n�_�d�l 

�\�h�a�^�_�c�k�l�\�b�y �W�I�I �g�Z �f�Z�l�_�j�b�Z�e�u �f�u �b�k�i�h�e�v�a�h�\�Z�e�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �[�Z�a�u �^�Z�g�g�u�o. 

 

�M�N-�b�a�e�m�q�_�g�b�_ 

�< �k�i�_�d�l�j�_ �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �W�I�I �g�_�d�h�l�h�j�u�o �]�Z�a�h�\, �g�Z�i�j�b�f�_�j �Z�f�f�b�Z�d�Z [7.3.3], 

�g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�_ �e�b�g�b�b �f�h�]�m�l �g�Z�o�h�^�b�l�v�k�y �\ �M�N-�h�[�e�Z�k�l�b. �<�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�_  �J-

�d�\�Z�g�l�u �w�l�h�]�h �b�a�e�m�q�_�g�b�y �k�i�h�k�h�[�g�u �k�l�b�f�m�e�b�j�h�\�Z�l�v �j�Z�a�g�h�h�[�j�Z�a�g�u�_ �n�h�l�h�o�b�f�b�q�_�k�d�b�_ 

�j�_�Z�d�p�b�b: �n�h�l�h�h�d�b�k�e�_�g�b�y, �n�h�l�h�\�h�k�k�l�Z�g�h�\�e�_�g�b�y, �n�h�l�h�i�j�b�k�h�_�^�b�g�_�g�b�y �b �^�j. �H�k�h�[�h �k�e�_�^�m�_�l 

�h�l�f�_�l�b�l�v �j�_�Z�d�p�b�b �n�h�l�h�^�b�k�k�h�p�b�Z�p�b�b �b �n�h�l�h�k�_�g�k�b�[�b�e�b�a�Z�p�b�b, �\ �j�_�a�m�e�v�l�Z�l�_ �d�h�l�h�j�u�o 

�i�j�h�b�k�o�h�^�b�l �h�[�j�Z�a�h�\�Z�g�b�_ �k�\�h�[�h�^�g�u�o �j�Z�^�b�d�Z�e�h�\, �h�[�e�Z�^�Z�x�s�b�o �\�u�k�h�d�h�c �j�_�Z�d�p�b�h�g�g�h�c 

�k�i�h�k�h�[�g�h�k�l�v�x, �g�Z�i�j�b�f�_�j �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z. �?�k�e�b �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ 

�i�h�^�\�_�j�]�Z�x�l�k�y �i�h�e�b�f�_�j�g�u�_ �b�e�b �[�b�h�i�h�e�b�f�_�j�g�u�_ �f�Z�l�_�j�b�Z�e�u, �l�h �j�_�Z�d�p�b�b �k �m�q�Z�k�l�b�_�f 

�k�\�h�[�h�^�g�u�o �j�Z�^�b�d�Z�e�h�\ �f�h�]�m�l �h�d�Z�a�Z�l�v �\�e�b�y�g�b�_ �g�Z �k�h�k�l�Z�\, �k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z 

�n�h�j�f�b�j�m�x�s�_�]�h�k�y �i�j�b �w�l�h�f �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y. 

�H�^�g�Z�d�h, �i�j�b �Z�g�Z�e�b�a�_ �k�g�y�l�u�o �g�Z�f�b �k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y �W�I�I �\�k�_�o �i�j�b�f�_�g�y�\�r�b�o�k�y �\ 

�j�Z�[�h�l�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �]�Z�a�h�\ (�k�f. �j�b�k. 3.5.3) �k�d�h�e�v�d�h-�g�b�[�m�^�v �a�Z�f�_�l�g�h�c �]�_�g�_�j�Z�p�b�b �M�N-

�b�a�e�m�q�_�g�b�y �h�[�g�Z�j�m�`�_�g�h �g�_ �[�u�e�h. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o, �g�Z �h�k�g�h�\�Z�g�b�b �j�_�a�m�e�v�l�Z�l�h�\ �d�h�l�h�j�u�o 

�i�h�^�]�h�l�h�\�e�_�g�Z �g�Z�k�l�h�y�s�Z�y �^�b�k�k�_�j�l�Z�p�b�h�g�g�Z�y �j�Z�[�h�l�Z, �Z�f�f�b�Z�d �b�k�i�h�e�v�a�h�\�Z�e�k�y �e�b�r�v �\ 

�_�^�b�g�b�q�g�u�o �k�e�m�q�Z�y�o. �I�h�w�l�h�f�m �\ �i�j�_�^�e�Z�]�Z�_�f�h�c �f�h�^�_�e�b �i�h�e�Z�]�Z�_�l�k�y, �q�l�h �i�j�b �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �\�h�a�^�_�c�k�l�\�b�_ �J-�d�\�Z�g�l�h�\ �g�Z �f�Z�l�_�j�b�Z�e �h�[�m�k�e�h�\�e�_�g�h �l�h�e�v�d�h �l�h�j�f�h�a�g�u�f 

�b�a�e�m�q�_�g�b�_�f (�k�f. �^�Z�e�_�_).  

 

�L�h�j�f�h�a�g�h�_ �b�a�e�m�q�_�g�b�_ 

�I�j�b �l�h�j�f�h�`�_�g�b�b �[�u�k�l�j�h�]�h �w�e�_�d�l�j�h�g�Z �\ �i�e�h�l�g�h�c �k�j�_�^�_ �]�_�g�_�j�b�j�m�_�l�k�y �j�_�g�l�]�_�g�h�\�k�d�h�_ 

�b�a�e�m�q�_�g�b�_, �d�h�l�h�j�h�_ �b�f�_�_�l �g�_�i�j�_�j�u�\�g�u�c �k�i�_�d�l�j �k �j�_�a�d�h�c �d�h�j�h�l�d�h�\�h�e�g�h�\�h�c �]�j�Z�g�b�p�_�c:  

�Omin(�g�f) = 1,23/U, �]�^�_ U – �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b �\ �d�<. �B�g�l�_�]�j�Z�e�v�g�Z�y 

�b�g�l�_�g�k�b�\�g�h�k�l�v, JX-ray , �l�h�j�f�h�a�g�h�]�h �b�a�e�m�q�_�g�b�y �f�h�`�_�l �[�u�l�v �\�u�q�b�k�e�_�g�Z �i�h �n�h�j�f�m�e�_ 

 
2ZUCIJ brayX � ��             (7.3.1) 

�]�^�_ Ib – �k�b�e�Z �l�h�d�Z �W�I, Z – �i�h�j�y�^�d�h�\�u�c �g�h�f�_�j �\�_�s�_�k�l�\�Z �l�h�j�f�h�a�y�s�_�c �k�j�_�^�u, �K – �j�Z�a�f�_�j�g�u�c 

�d�h�w�n�n�b�p�b�_�g�l �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b, �q�b�k�e�_�g�g�h�_ �a�g�Z�q�_�g�b�_ �d�h�l�h�j�h�]�h �h�i�j�_�^�_�e�y�_�l�k�y �\�u�[�h�j�h�f 

�_�^�b�g�b�p �b�a�f�_�j�_�g�b�y. �L�Z�d�b�f �h�[�j�Z�a�h�f, �b�g�l�_�]�j�Z�e�v�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�v �l�h�j�f�h�a�g�h�]�h �b�a�e�m�q�_�g�b�y 

�a�Z�\�b�k�b�l �h�l �i�Z�j�Z�f�_�l�j�h�\ �W�I �b �\�_�s�_�k�l�\�Z �l�h�j�f�h�a�y�s�_�c �k�j�_�^�u, �Z �_�]�h  �k�i�_�d�l�j�Z�e�v�g�u�c �k�h�k�l�Z�\ 

�f�_�g�y�_�l�k�y �l�h�e�v�d�h �k �b�a�f�_�g�_�g�b�_�f �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ �b �g�_ �a�Z�\�b�k�b�l �h�l �\�_�s�_�k�l�\�Z �k�j�_�^�u.  
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�G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �D�I�> �\�h�a�[�m�`�^�_�g�b�y �j�_�g�l�]�_�g�h�\�k�d�b�o �e�m�q�_�c �q�j�_�a�\�u�q�Z�c�g�h �f�Z�e (�h�g 

�k�h�k�l�Z�\�e�y�_�l �\�k�_�]�h �e�b�r�v �i�j�b�f�_�j�g�h 1%, �Z �h�k�l�Z�e�v�g�u�_ 99% �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �w�g�_�j�]�b�x 

�e�_�l�y�s�b�o �w�e�_�d�l�j�h�g�h�\, �i�_�j�_�o�h�^�y�s�m�x �\ �l�_�i�e�h�\�m�x �w�g�_�j�]�b�x), �l�h�j�f�h�a�g�h�_ �b�a�e�m�q�_�g�b�_ �f�h�`�_�l 

�h�d�Z�a�Z�l�v �k�m�s�_�k�l�\�_�g�g�h�_ �\�h�a�^�_�c�k�l�\�b�_ �g�Z �f�Z�l�_�j�b�Z�e�u, �g�Z�o�h�^�y�s�b�_�k�y �\ �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�_ 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z. �K�d�Z�a�Z�g�g�h�_ �i�j�_�`�^�_ �\�k�_�]�h �h�l�g�h�k�b�l�k�y �d �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�f 

�\�_�s�_�k�l�\�Z�f, �k�e�h�`�g�u�_ �f�h�e�_�d�m�e�u �d�h�l�h�j�u�o �\�_�k�v�f�Z �q�m�\�k�l�\�b�l�_�e�v�g�u �d �j�_�g�l�]�_�g�h�\�k�d�h�f�m 

�h�[�e�m�q�_�g�b�x. �< �p�_�e�h�f, �w�g�_�j�]�_�l�b�q�_�k�d�b�c �[�Z�e�Z�g�k, �m�k�l�Z�g�Z�\�e�b�\�Z�x�s�b�c�k�y �i�j�b �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �f�Z�k�k�b�\�g�u�o �h�[�j�Z�a�p�h�\, �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �l�Z�[�e�b�p�_�c 7.3.1. 

 

�L�Z�[�e�b�p�Z 7.3.1.  �;�Z�e�Z�g�k �w�g�_�j�]�b�b �i�j�b �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�_ �f�Z�k�k�b�\�g�u�o 
�h�[�j�Z�a�p�h�\ 
 

�<�b� ̂�w�g�_�j�]�b�b �>�h�e�y �\ �w�g�_�j�]�_�l�b�q�_�k�d�h�f �[�Z�e�Z�g�k�_ �I�j�b�f�_�q�Z�g�b�_ 
 �F�y�]�d�b�c �j�_�`�b�f 

�\�h�a�^�_�c�k�l�\�b�y 
�@�_�k�l�d�b�c �j�_�`�b�f 

�\�h�a�^�_�c�k�l�\�b�y 
 

�L�h�j�f�h�a�g�h�_ �b�a�e�m�q�_�g�b�_ �a 1 % �a 1 %  

�W�f�b�k�k�b�y 
�b�k�l�b�g�g�h-�\�l�h�j�b�q�g�u�o 
�w�e�_�d�l�j�h�g�h�\ 

�a 1 % �a 1 %  

�M�i�j�m�]�h�_ �b �g�_�m�i�j�m�]�h�_ 
�h�l�j�Z�`�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ 

5-50 % 5-50 % �A�Z�\�b�k�b�l �h�l Z �b �U 

�L�_�i�e�h�\�h�_ �b�a�e�m�q�_�g�b�_ < 3 % < 3 %  

�L�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �>�h 60 % 1-3 % �A�Z�\�b�k�b�l �h�l 
�l�_�i�e�h�n�b�a�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z 

�I�e�Z�\�e�_�g�b�_ 30-35 % �>�h 60 % �L�h �`�_ 

�B�k�i�Z�j�_�g�b�_ 5-10 % �>�h 25% �L�h �`�_ 

 

�W�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y �a�Z�j�y�^�d�Z �l�\�_�j�^�h�]�h �l�_�e�Z �\ �W�I�I �b �i�j�h�[�e�_�f�Z �m�k�l�h�c�q�b�\�h�k�l�b 

�j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z. 

�I�h�]�e�h�s�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �b�a�h�e�b�j�h�\�Z�g�g�u�f �h�l �a�_�f�e�b �h�[�j�Z�a�p�h�f �\ �i�j�h�p�_�k�k�_ �_�]�h 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �f�h�`�_�l �i�j�b�\�_�k�l�b �d �g�Z�d�h�i�e�_�g�b�x �w�l�b�f �h�[�j�Z�a�p�h�f 

�a�g�Z�q�b�l�_�e�v�g�h�]�h �a�Z�j�y�^�Z, �l.�_. �d �_�]�h �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�c �a�Z�j�y�^�d�_. �?�k�e�b �l�_�e�h �g�Z�o�h�^�b�l�k�y �\ �h�[�e�Z�d�_ 

�W�I�I �k �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�f �^�Z�\�e�_�g�b�_�f (Pm > 1-5 �L�h�j�j �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�h�^�Z 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z), �a�Z�j�y�^ �k�l�_�d�Z�_�l �g�Z �a�_�f�e�x �q�_�j�_�a �i�e�Z�a�f�m, �b �i�h�l�_�g�p�b�Z�e �l�_�e�Z �g�_ 

�i�j�_�\�u�r�Z�_�l �g�_�k�d�h�e�v�d�b�o �\�h�e�v�l. �I�h �f�_�j�_ �m�f�_�g�v�r�_�g�b�y �^�Z�\�e�_�g�b�y �i�h�l�_�g�p�b�Z�e �[�u�k�l�j�h �g�Z�j�Z�k�l�Z�_�l, 

�b �i�j�b Pm = 0,1-0,5 �L�h�j�j �h�g �f�h�`�_�l �^�h�k�l�b�q�v �g�_�k�d�h�e�v�d�b�o �k�h�l�_�g �\�h�e�v�l [7.3.4]. �I�j�b �h�[�j�Z�[�h�l�d�_ 

�f�Z�k�k�b�\�g�u�o �h�[�j�Z�a�p�h�\ �b�o �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y �a�Z�j�y�^�d�Z �i�j�_�i�y�l�k�l�\�m�_�l �i�j�h�g�b�d�g�h�\�_�g�b�x 
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�w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z �b �i�e�Z�a�f�u �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�m�x �h�[�e�Z�k�l�v1, �Z �_�k�e�b �^�b�w�e�_�d�l�j�b�q�_�k�d�b�c 

�h�[�j�Z�a�_�p �b�f�_�_�l �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�_ �j�Z�a�f�_�j�u, �l�h �f�h�`�_�l �g�Z�[�e�x�^�Z�l�v�k�y �_�]�h 

�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y �a�Z�j�y�^�d�Z, �k�h�i�j�h�\�h�`�^�Z�x�s�Z�y�k�y �w�e�_�d�l�j�b�q�_�k�d�b�f�b �i�j�h�[�h�y�f�b �i�h 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z.  

�W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b (�k�f., �g�Z�i�j�b�f�_�j, [7.3.5], �q�l�h �\ �W�I�I, �k�h�^�_�j�`�Z�s�_�c �i�u�e�_�\�u�_ 

�q�Z�k�l�b�p�u, �i�h�k�e�_�^�g�b�_ �f�h�]�m�l �g�Z�d�Z�i�e�b�\�Z�l�v �Z�g�h�f�Z�e�v�g�h �\�u�k�h�d�b�c �a�Z�j�y�^, �q�l�h �i�j�b�\�h�^�b�l �d 

�g�Z�j�m�r�_�g�b�x �h�^�g�h�j�h�^�g�h�k�l�b �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z, �Z �i�j�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�y – �^�Z�`�_ �d 

�i�h�e�g�h�f�m �\�u�g�h�k�m �q�Z�k�l�b�p �i�h�j�h�r�d�Z �b�a �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �d�h�]�^�Z �\ 

�j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �i�j�b�k�m�l�k�l�\�m�x�l �q�Z�k�l�b�p�u �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u, 

�g�_�h�[�o�h�^�b�f�h �m�q�b�l�u�\�Z�l�v �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �i�u�e�_�\�u�o �q�Z�k�l�b�p, �d�h�l�h�j�h�_ 

�k�i�h�k�h�[�g�h �g�Z�j�m�r�b�l�v �m�k�l�h�c�q�b�\�h�k�l�v �j�Z�[�h�q�_�]�h �i�j�h�p�_�k�k�Z �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �j�_�Z�d�l�h�j�_. 

 

�A�Z�`�b�]�Z�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z. 

�?�s�_ �h�^�g�b�f �f�_�o�Z�g�b�a�f�h�f �i�h�l�_�j�b �m�k�l�h�c�q�b�\�h�k�l�b �W�I�I �y�\�e�y�_�l�k�y �j�Z�k�d�Z�q�d�Z �\ �i�e�Z�a�f�_ 

�e�_�g�]�f�x�j�h�\�k�d�b�o �d�h�e�_�[�Z�g�b�c, �d�h�l�h�j�Z�y �f�h�`�_�l �i�j�b�\�_�k�l�b �d �a�Z�`�b�]�Z�g�b�x �l�Z�d �g�Z�a�u�\�Z�_�f�h�]�h 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z – �y�\�e�_�g�b�x, �b�g�h�]�^�Z �g�Z�[�e�x�^�Z�_�f�h�f�m �i�j�b �b�g�`�_�d�p�b�b �^�h�k�l�Z�l�h�q�g�h 

�f�h�s�g�h�]�h �W�I �\ �]�Z�a�u �k �g�b�a�d�b�f �^�Z�\�e�_�g�b�_�f. �I�j�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�y�o �b�g�d�j�_�f�_�g�l 

�m�k�b�e�_�g�b�y �i�e�Z�a�f�_�g�g�u�o �d�h�e�_�[�Z�g�b�c, �J, �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y �k�j�Z�\�g�b�f�u�f �k �q�Z�k�l�h�l�h�c �m�i�j�m�]�b�o 

�k�l�h�e�d�g�h�\�_�g�b�c �l�_�j�f�Z�e�b�a�m�x�s�b�o�k�y �w�e�_�d�l�j�h�g�h�\ �k �l�y�`�_�e�u�f�b �q�Z�k�l�b�p�Z�f�b �i�e�Z�a�f�u,�Qe-n, �b �^�Z�`�_ 

�i�j�_�\�u�r�Z�l�v �_�_:  

 

ne���t �Q�J .           (7.3.2) 

 

�I�h�k�e�_�^�g�_�_ �g�_�j�Z�\�_�g�k�l�\�h, �\ �d�h�l�h�j�h�f �\�_�e�b�q�b�g�Z �J �\�u�q�b�k�e�y�_�l�k�y �b�a �k�h�h�l�g�h�r�_�g�b�y (7.3.3), 

�y�\�e�y�_�l�k�y �m�k�e�h�\�b�_�f �a�Z�`�b�]�Z�g�b�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z. 

 

3

ep

eb
p n

n
�Z�J� ,           (7.3.3) 

   

�]�^�_ 
m

ne ep
p

24�S
�Z � – �i�e�Z�a�f�_�g�g�Z�y �q�Z�k�l�h�l�Z; e �b m – �a�Z�j�y�^ �b �f�Z�k�k�Z �w�e�_�d�l�j�h�g�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

                                                 
1 �H�q�_�\�b�^�g�h, �q�l�h �l�_�e�h, �[�h�f�[�Z�j�^�b�j�m�_�f�h�_ �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b, �h�[�u�q�g�h �g�Z�d�Z�i�e�b�\�Z�_�l �h�l�j�b�p�Z�l�_�e�v�g�u�c �a�Z�j�y�^, �b 
�l�h�e�v�d�h �h�[�j�Z�a�p�u, �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a �f�Z�l�_�j�b�Z�e�h�\ �k �\�u�k�h�d�b�f �d�h�w�n�n�b�p�b�_�g�l�h�f �\�l�h�j�b�q�g�h�c �w�f�b�k�k�b�b, �k�i�h�k�h�[�g�u 
�a�Z�j�y�`�Z�l�v�k�y �i�h�e�h�`�b�l�_�e�v�g�h. �< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �l�Z�d�b�_ �f�Z�l�_�j�b�Z�e�u �g�_ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v. 
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�>�_�c�k�l�\�b�l�_�e�v�g�h �^�e�y �W�I�I �Z�j�]�h�g�Z, �d�Z�d �w�l�h �k�e�_�^�m�_�l �b�a �l�Z�[�e�b�p�u 7.2.5, �d�h�g�p�_�g�l�j�Z�p�b�y 

�w�e�_�d�l�j�h�g�h�\ �f�h�`�_�l �^�h�k�l�b�]�Z�l�v nep �| 1013 �k�f-3. �I�j�b �l�Z�d�b�o �m�k�e�h�\�b�y�o �Qm �| 5�1̃08 �k-1. �K �^�j�m�]�h�c 

�k�l�h�j�h�g�u, �\ �Z�j�]�h�g�h�\�h�c �i�e�Z�a�f�_ �i�j�b Pm = 15 �L�h�j�j, Tm = 300 K, Te = 1 e�< �q�Z�k�l�h�l�Z �J �| 109 �k-1 

[7.3.6], �b �m�k�e�h�\�b�_ (7.3.2) �h�d�Z�a�u�\�Z�_�l�k�y �\�u�i�h�e�g�_�g�g�u�f.  

 
�L�Z�[�e�b�p�Z 7.3.2. �H�[�s�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �n�b�a�b�q�_�k�d�h�c �f�h�^�_�e�b �j�Z�[�h�q�_�]�h �i�j�h�p�_�k�k�Z �\ 
�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �j�_�Z�d�l�h�j�_ 
 

�I�j�h�p�_�k�k�u, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_ �\ �j�Z�f�d�Z�o 
�b�k�i�h�e�v�a�h�\�Z�g�g�h�c �f�h�^�_�e�b 

�I�j�h�p�_�k�k�u, �d�h�l�h�j�u�_ �g�_ �m�q�b�l�u�\�Z�e�b�k�v 

1. �M�i�j�m�]�h�_ �b �g�_�m�i�j�m�]�h�_ �j�Z�k�k�_�y�g�b�_ 
�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �]�Z�a�_ 

2. �W�e�_�f�_�g�l�Z�j�g�u�_ �i�j�h�p�_�k�k�u �\ �i�e�Z�a�f�_ �b 
�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �\ 
�k�h�h�l�\�_�l�k�l�\�b�b �k �\�u�[�j�Z�g�g�h�c 
�d�b�g�_�l�b�q�_�k�d�h�c �f�h�^�_�e�v�x 

3. �G�Z�]�j�_�\ �]�Z�a�Z 
4. �>�b�n�n�m�a�b�y �g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u 
5. �:�f�[�b�i�h�e�y�j�g�Z�y �^�b�n�n�m�a�b�y �a�Z�j�y�`�_�g�g�u�o 

�q�Z�k�l�b�p �i�e�Z�a�f�u 
6. �M�i�j�m�]�h�_ �b �g�_�m�i�j�m�]�h�_ �h�l�j�Z�`�_�g�b�_ 

�[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �h�l �i�h�\�_�j�o�g�h�k�l�b 
�l�\�_�j�^�h�]�h �l�_�e�Z 

7. �I�h�]�e�h�s�_�g�b�_ �w�e�_�d�l�j�h�g�h�\ �l�\�_�j�^�u�f �l�_�e�h�f 
8. �G�Z�]�j�_�\ �l�\�_�j�^�h�]�h �l�_�e�Z 
9. �L�_�i�e�h�i�_�j�_�^�Z�q�Z �\ �h�[�t�_�f�_ �l�\�_�j�^�h�]�h �l�_�e�Z 
10. �L�_�i�e�h�h�[�f�_�g �f�_�`�^�m �l�\�_�j�^�u�f �l�_�e�h�f �b 

�h�d�j�m�`�Z�x�s�b�f �_�]�h �]�Z�a�h�f (�i�e�Z�a�f�h�c) 
11. �=�_�g�_�j�Z�p�b�y �l�h�j�f�h�a�g�h�]�h �b�a�e�m�q�_�g�b�y 
12. �W�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�Z�y �a�Z�j�y�^�d�Z �l�\�_�j�^�h�]�h 

�l�_�e�Z 
13. �I�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�_ 

�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�l�\�_�j�^�h�]�h �l�_�e�Z1 

 

1. �I�h�]�e�h�s�_�g�b�_ �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y 
�i�e�Z�a�f�h�c 

2. �B�k�l�b�g�g�h-�\�l�h�j�b�q�g�Z�y �w�e�_�d�l�j�h�g�g�Z�y 
�w�f�b�k�k�b�y �k �i�h�\�_�j�o�g�h�k�l�b �l�\�_�j�^�h�]�h �l�_�e�Z 

3. �J�_�Z�d�l�b�\�g�h�_ �j�Z�k�i�u�e�_�g�b�_ �f�Z�l�_�j�b�Z�e�Z 
4. �N�Z�a�h�\�u�_ �i�_�j�_�o�h�^�u �\ �l�\�_�j�^�h�f �l�_�e�_ 
5. �I�j�y�f�h�_ �f�h�^�b�n�b�p�b�j�m�x�s�_�_ �^�_�c�k�l�\�b�_ 

�l�_�i�e�h�\�u�o �w�e�_�d�l�j�h�g�h�\ �g�Z �f�Z�l�_�j�b�Z�e 
6. �=�_�g�_�j�Z�p�b�y �M�N-�b�a�e�m�q�_�g�b�y 
7. �A�Z�`�b�]�Z�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h 

�j�Z�a�j�y�^�Z 

 

 �I�j�b �a�Z�`�b�]�Z�g�b�b �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�Z�a�j�y�^�Z �k�l�_�i�_�g�v �b�h�g�b�a�Z�p�b�b �W�I�I �j�_�a�d�h 

�\�h�a�j�Z�k�l�Z�_�l �b �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �_�^�b�g�b�p�u; �h�^�g�h�\�j�_�f�_�g�g�h �k�m�s�_�k�l�\�_�g�g�h �\�h�a�j�Z�k�l�Z�x�l 

�d�h�g�p�_�g�l�j�Z�p�b�b �b �^�j�m�]�b�o �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u. �L�Z�d�h�c �j�_�`�b�f �j�Z�[�h�l�u 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z �y�\�e�y�_�l�k�y �i�h�l�_�g�p�b�Z�e�v�g�h �b�g�l�_�j�_�k�g�u�f �k �l�h�q�d�b �a�j�_�g�b�y 

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c [�k�f., �g�Z�i�j�b�f�_�j, 7.3.7], �h�^�g�Z�d�h �\ �g�Z�k�l�h�y�s�_�c �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c 

�j�Z�[�h�l�_ �h�g �g�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y. 

                                                 
1 �J�_�Z�d�p�b�b, �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�_ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�h�c �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �f�Z�l�_�j�b�Z�e�Z, �h�l�^�_�e�v�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\ �i�Z�j�Z�]�j�Z�n�_ 7.5 «�F�_�o�Z�g�b�a�f�u �b �i�m�k�d�h�\�u�_ �i�j�h�p�_�k�k�u �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b 
�[�b�h�i�h�e�b�f�_�j�h�\». 
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�I�h�^�\�h�^�y �b�l�h�] �Z�g�Z�e�b�a�Z �m�i�h�f�y�g�m�l�u�o �\�u�r�_ �i�j�h�p�_�k�k�h�\, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h �i�j�b 

�h�[�j�Z�[�h�l�d�_ �\ �W�I�I �f�Z�l�_�j�b�Z�e �i�h�^�\�_�j�]�Z�_�l�k�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f�m �\�h�a�^�_�c�k�l�\�b�x �f�g�h�]�b�o 

�n�Z�d�l�h�j�h�\, �d�Z�`�^�u�c �b�a �d�h�l�h�j�u�o �k�i�h�k�h�[�_�g �\�u�a�\�Z�l�v �l�_ �b�e�b �b�g�u�_ �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ 

�i�j�_�\�j�Z�s�_�g�b�y �d�Z�d �g�Z �i�h�\�_�j�o�g�h�k�l�b, �l�Z�d �b �\ �h�[�t�_�f�_ �f�Z�l�_�j�b�Z�e�Z. �I�h�w�l�h�f�m �i�j�b �\�g�_�k�_�g�b�b �\ 

�j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�h�c �^�b�k�i�_�j�k�g�h�c �n�Z�a�u �b�e�b �l�\�_�j�^�h�]�h �l�_�e�Z �g�_�h�[�o�h�^�b�f�h 

�m�q�b�l�u�\�Z�l�v �p�_�e�u�c �j�y� ̂ �^�h�i�h�e�g�b�l�_�e�v�g�u�o �i�j�h�p�_�k�k�h�\ (�L�Z�[�e�b�p�Z 7.3.2). �K�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�_ 

�Z�g�Z�e�b�l�b�q�_�k�d�h�_ �b �q�b�k�e�_�g�g�h�_ �j�_�r�_�g�b�_ �k�l�h�e�v �[�h�e�v�r�h�]�h �q�b�k�e�Z �a�Z�^�Z�q �y�\�e�y�_�l�k�y �d�j�Z�c�g�_ �k�e�h�`�g�h�c 

�i�j�h�[�e�_�f�h�c. �I�h�w�l�h�f�m �[�h�e�v�r�b�g�k�l�\�h �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ �i�j�h�p�_�k�k�h�\ �[�u�e�h �b�k�k�e�_�^�h�\�Z�g�h 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h, �Z �a�Z�l�_�f �i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �Z�g�Z�e�b�a�b�j�h�\�Z�e�b �k �i�h�f�h�s�v�x �f�_�l�h�^�h�\ 

�d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�i�_�p�b�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �i�j�h�]�j�Z�f�f 

«Doze» �b «MolKin» [7.2.1]. 

�< �e�_�\�h�f �k�l�h�e�[�p�_ �l�Z�[�e�b�p�u 7.3.2 �k�\�_�^�_�g�u �\�k�_ �i�j�h�p�_�k�k�u, �d�h�l�h�j�u�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\ 

�j�Z�f�d�Z�o �i�j�_�^�e�Z�]�Z�_�f�h�c �f�h�^�_�e�b; �\ �i�j�Z�\�h�f �k�l�h�e�[�p�_ �w�l�h�c �l�Z�[�e�b�p�u �i�_�j�_�q�b�k�e�_�g�u �i�j�h�p�_�k�k�u, 

�d�h�l�h�j�u�_ �\ �w�l�h�c �f�h�^�_�e�b �g�_ �m�q�b�l�u�\�Z�x�l�k�y, �l�Z�d �d�Z�d �h�g�b �g�_ �o�Z�j�Z�d�l�_�j�g�u �^�e�y �f�Z�l�_�j�b�Z�e�h�\, 

�b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_, �b �^�e�y �b�k�k�e�_�^�h�\�Z�\�r�b�o�k�y �j�_�`�b�f�h�\ �b�o �h�[�j�Z�[�h�l�d�b. 

�H�k�h�[�h �h�l�f�_�l�b�f, �q�l�h �i�j�y�f�h�_ �f�h�^�b�n�b�p�b�j�m�x�s�_�_ �^�_�c�k�l�\�b�_ �l�_�i�e�h�\�u�o �w�e�_�d�l�j�h�g�h�\ �g�Z �f�Z�l�_�j�b�Z�e 

�g�Z�f�b �g�_ �j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v, �i�h�k�d�h�e�v�d�m �\ �e�b�l�_�j�Z�l�m�j�_ �h�l�k�m�l�k�l�\�m�x�l �k�\�_�^�_�g�b�y �h�[ �m�q�Z�k�l�b�b 

�g�b�a�d�h�w�g�_�j�]�_�l�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ �\ �j�Z�^�b�Z�p�b�h�g�g�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�Z�o.  

�G�_�h�[�o�h�^�b�f�h �l�Z�d�`�_ �m�d�Z�a�Z�l�v �g�Z �l�h, �q�l�h �\�k�_ �n�h�j�f�m�e�u �b �k�h�h�l�g�h�r�_�g�b�y �^�Z�g�g�h�]�h �j�Z�a�^�_�e�Z 

�i�j�b�\�_�^�_�g�u �b�k�d�e�x�q�b�l�_�e�v�g�h �^�e�y �b�e�e�x�k�l�j�Z�p�b�b �d�Z�q�_�k�l�\�_�g�g�u�o �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o �j�Z�[�h�q�b�c �i�j�h�p�_�k�k �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �j�_�Z�d�l�h�j�_. �D�h�e�b�q�_�k�l�\�_�g�g�u�_ 

�h�p�_�g�d�b �f�h�`�g�h �^�_�e�Z�l�v, �b�k�i�h�e�v�a�m�y �j�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y, 

�k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�u�f �h�[�j�Z�a�h�f �m�q�b�l�u�\�Z�x�s�_�]�h �w�g�_�j�]�h�\�u�^�_�e�_�g�b�_ �\ �]�Z�a�_, �i�j�h�p�_�k�k�u �j�Z�k�k�_�y�g�b�y 

�i�m�q�d�Z �b �g�Z�]�j�_�\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�j�Z�a�p�Z. �>�_�e�h �\ �l�h�f, �q�l�h �b�a-�a�Z �g�_�h�^�g�h�j�h�^�g�h�]�h �g�Z�]�j�_�\�Z 

�]�Z�a�Z �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �k�l�Z�g�h�\�b�l�k�y �g�_�h�^�g�h�j�h�^�g�h�c �b �i�e�h�l�g�h�k�l�v �g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p, �g�Z 

�d�h�l�h�j�u�o �i�j�h�b�k�o�h�^�b�l �j�Z�k�k�_�y�g�b�_ �i�m�q�d�Z, �q�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �h�d�Z�a�u�\�Z�_�l �h�[�j�Z�l�g�h�_ �\�e�b�y�g�b�_ �g�Z 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�e�h�l�g�h�k�l�b �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ �]�Z�a�_. �>�h�i�h�e�g�b�l�_�e�v�g�u�f 

�w�n�n�_�d�l�h�f, �g�m�`�^�Z�x�s�b�f�k�y �\ �m�q�_�l�_, �y�\�e�y�_�l�k�y �a�Z�\�b�k�b�f�h�k�l�v �k�d�h�j�h�k�l�_�c �w�e�_�f�_�g�l�Z�j�g�u�o 

�i�j�h�p�_�k�k�h�\ �h�l �]�Z�a�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�u. �L�_�i�e�h�h�[�f�_�g �f�_�`�^�m �g�_�h�^�g�h�j�h�^�g�h �g�Z�]�j�_�l�u�f �h�[�j�Z�a�p�h�f �b 

�h�d�j�m�`�Z�x�s�_�c �_�]�h �i�e�Z�a�f�h�c �l�Z�d�`�_ �\�e�b�y�_�l �g�Z �n�h�j�f�b�j�h�\�Z�g�b�_ �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �i�h�e�y �\ 

�j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_. �< �j�Z�a�^�_�e�_ 7.4 �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �i�j�b�\�_�^�_�g�h �h�i�b�k�Z�g�b�_ �Z�e�]�h�j�b�l�f�Z 

�j�_�r�_�g�b�y �l�Z�d�h�c �k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�c �a�Z�^�Z�q�b �b �d�h�f�i�v�x�l�_�j�g�h�c �i�j�h�]�j�Z�f�f�u, �j�_�Z�e�b�a�m�x�s�_�c 

�^�Z�g�g�u�c �Z�e�]�h�j�b�l�f. 
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7.4. �D�h�f�i�v�x�l�_�j�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �W�I�I �k �i�h�\�_�j�o�g�h�k�l�v�x �h�[�j�Z�a�p�Z 

 

�D�h�f�i�v�x�l�_�j�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �\�u�i�h�e�g�y�e�h�k�v �^�e�y: 

�x �I�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �j�Z�k�q�_�l�Z �d�h�f�[�b�g�Z�p�b�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �W�I (�m�k�d�h�j�y�x�s�_�]�h 

�g�Z�i�j�y�`�_�g�b�y �i�m�r�d�b, �k�b�e�u �l�h�d�Z �i�m�q�d�Z, �j�_�`�b�f�Z �k�d�Z�g�b�j�h�\�Z�g�b�y) �b �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u �a�Z�^�Z�g�g�h�]�h �k�h�k�l�Z�\�Z, �h�[�_�k�i�_�q�b�\�Z�x�s�_�c �l�j�_�[�m�_�f�m�x 

�l�_�f�i�_�j�Z�l�m�j�m �h�[�j�Z�a�p�Z �i�j�b �\�u�[�j�Z�g�g�h�f �j�Z�k�i�h�e�h�`�_�g�b�b �h�[�j�Z�a�p�Z �\ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�_. 

�x �H�p�_�g�d�b �i�e�h�l�g�h�k�l�b �i�h�l�h�d�h�\ �q�Z�k�l�b�p �W�I�I, �i�Z�^�Z�x�s�b�o �g�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�m�x 

�i�h�\�_�j�o�g�h�k�l�v �k �p�_�e�v�x �\�u�y�\�e�_�g�b�y �l�_�o �q�Z�k�l�b�p, �i�h�l�h�d�b �d�h�l�h�j�u�o �y�\�e�y�x�l�k�y �g�Z�b�[�h�e�_�_ 

�b�g�l�_�g�k�b�\�g�u�f�b. 

�x �I�j�h�\�_�^�_�g�b�y �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �p�_�e�v�x �h�i�l�b�f�b�a�Z�p�b�b �j�_�`�b�f�h�\ 

�h�[�j�Z�[�h�l�d�b. 

�F�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�\�h�^�b�e�h�k�v �k �i�h�f�h�s�v�x �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �K.�E. �E�u�k�_�g�d�h �i�j�h�]�j�Z�f�f�g�u�o 

�i�j�h�^�m�d�l�h�\ «Doze» �b «MolKin», �\ �d�h�l�h�j�u�o �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �i�j�_�^�e�h�`�_�g�g�u�_ �G.�E. 

�:�e�_�d�k�Z�g�^�j�h�\�u�f �d�b�g�_�l�b�q�_�k�d�b�_ �k�o�_�f�u �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c (�k�f. �j�Z�a�^�_�e 7.2), 

�i�j�h�l�_�d�Z�x�s�b�o �\ �W�I�I �i�j�b�f�_�g�y�\�r�b�o�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �]�Z�a�h�\. �< �^�Z�g�g�h�c �]�e�Z�\�_ �i�h�^�j�h�[�g�h 

�j�Z�k�k�f�h�l�j�_�g�h �f�h�^�_�e�b�j�h�\�Z�g�b�_ �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �i�j�h�b�k�o�h�^�y�s�b�o �i�j�b �h�[�j�Z�[�h�l�d�_ 

�f�Z�l�_�j�b�Z�e�h�\ �\ �W�I�I �d�b�k�e�h�j�h�^�Z, �i�h�k�d�h�e�v�d�m �b�k�i�h�e�v�a�h�\�Z�g�b�_ �d�b�k�e�h�j�h�^�Z �\ �d�Z�q�_�k�l�\�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �\�u�a�u�\�Z�e�h �a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �b �[�b�h�e�h�]�b�q�_�k�d�h�c 

�Z�d�l�b�\�g�h�k�l�b �b�k�k�e�_�^�m�_�f�u�o �\ �j�Z�[�h�l�_ �f�Z�l�_�j�b�Z�e�h�\. �D�b�g�_�l�b�q�_�k�d�Z�y �k�o�_�f�Z, �b�k�i�h�e�v�a�h�\�Z�g�g�Z�y �^�e�y 

�j�Z�k�q�_�l�Z �d�h�g�p�_�g�l�j�Z�p�b�b �g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l �W�I�I �d�b�k�e�h�j�h�^�Z, �i�j�b�\�_�^�_�g�Z �\ �l�Z�[�e�b�p�_ 7.2.4. 

 �I�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�u�f �h�[�j�Z�a�h�f �j�_�r�Z�e�b�k�v �k�e�_�^�m�x�s�b�_ �a�Z�^�Z�q�b: 

�x �j�Z�k�k�_�y�g�b�_ �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �\ �]�Z�a�_; 

�x �g�Z�]�j�_�\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �a�Z �k�q�_�l �q�Z�k�l�b�q�g�h�c �^�b�k�k�b�i�Z�p�b�b �w�g�_�j�]�b�b �i�_�j�\�b�q�g�u�o 

�w�e�_�d�l�j�h�g�h�\ �i�j�b �b�o �l�h�j�f�h�`�_�g�b�b �\ �]�Z�a�_; 

�x �g�Z�]�j�_�\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�j�Z�a�p�Z �[�h�f�[�Z�j�^�b�j�h�\�d�h�c �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �i�m�q�d�Z �b 

�w�e�_�d�l�j�h�g�Z�f�b �i�j�h�f�_�`�m�l�h�q�g�u�o �w�g�_�j�]�b�c, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �]�_�g�_�j�Z�p�b�b �W�I�I; 

�x �l�_�i�e�h�h�[�f�_�g �f�_�`�^�m �h�[�j�Z�a�p�h�f �b �d�h�g�l�Z�d�l�b�j�m�x�s�b�f �k �g�b�f �]�Z�a�h�f �b/�b�e�b �i�e�Z�a�f�h�c; 

�x �l�_�i�e�h�i�_�j�_�^�Z�q�Z (�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�x) �\ �h�[�t�_�f�_ �h�[�j�Z�a�p�Z, �d�h�]�^�Z �\ �g�_�f �b�f�_�e�b �f�_�k�l�h 

�]�j�Z�^�b�_�g�l�u �l�_�f�i�_�j�Z�l�m�j�u; 

�x �^�b�n�n�m�a�b�y �q�Z�k�l�b�p �\ �i�e�Z�a�f�_�g�g�h�f �h�[�t�_�f�_;  �^�b�n�n�m�a�b�y �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p �k�q�b�l�Z�e�Z�k�v 

�Z�f�[�b�i�h�e�y�j�g�h�c; 

�x �g�Z�j�Z�[�h�l�d�Z �b �]�b�[�_�e�v �q�Z�k�l�b�p �i�e�Z�a�f�u �\ �j�Z�a�e�b�q�g�u�o �i�j�h�p�_�k�k�Z�o �k �m�q�Z�k�l�b�_�f �\�k�_�o 

�d�h�f�i�h�g�_�g�l�h�\ �W�I�I. 
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�I�j�b �w�l�h�f �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �g�Z�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �q�Z�k�l�b�p �e�x�[�h�]�h �k�h�j�l�Z 

�d�h�f�i�_�g�k�b�j�m�_�l�k�y �i�j�h�p�_�k�k�Z�f�b �b�o �]�b�[�_�e�b �\ �i�e�Z�a�f�_�g�g�h�f �h�[�t�_�f�_ �b �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �Z 

�l�Z�d�`�_ �\�u�g�h�k�h�f �q�Z�k�l�b�p �^�b�n�n�m�a�b�h�g�g�u�f�b �i�h�l�h�d�Z�f�b. �< �j�_�a�m�e�v�l�Z�l�_, �\ �i�e�Z�a�f�_�g�g�h�f �h�[�t�_�f�_ 

�n�h�j�f�b�j�m�x�l�k�y �d�\�Z�a�b�k�l�Z�p�b�h�g�Z�j�g�u�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c �q�Z�k�l�b�p. 

�I�h�k�e�_ �\�u�o�h�^�Z �g�Z �k�l�Z�p�b�h�g�Z�j�g�u�c �l�_�i�e�h�\�h�c �j�_�`�b�f �\ �i�e�Z�a�f�_ �b �g�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c 

�i�h�\�_�j�o�g�h�k�l�b �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �k�l�Z�p�b�h�g�Z�j�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�Z �Lg (r,z) �b 

�l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z Tw (r,z), �Z �l�Z�d�`�_ �i�j�h�n�b�e�b �i�h�l�h�d�h�\ �q�Z�k�l�b�p qj(r,z), 

�d�h�l�h�j�u�_ �\ �^�Z�e�v�g�_�c�r�_�f �g�_ �b�a�f�_�g�y�x�l�k�y �\�h �\�j�_�f�_�g�b. 

�K�j�Z�\�g�b�l�_�e�v�g�u�c �Z�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ �f�h�^�_�e�b�j�h�\�Z�g�b�y �i�h �j�Z�a�e�b�q�g�u�f �k�o�_�f�Z�f �i�h�d�Z�a�Z�e, 

�q�l�h �k�o�_�f�Z, �i�j�b�\�_�^�_�g�g�Z�y �\ �l�Z�[�e�b�p�_ 7.2.4, �i�h�a�\�h�e�y�_�l �k �^�h�k�l�Z�l�h�q�g�h�c �j�Z�k�k�q�b�l�u�\�Z�l�v 

�d�h�g�p�_�g�l�j�Z�p�b�b �]�e�Z�\�g�u�o �g�_�c�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l �i�e�Z�a�f�u, �Z �l�Z�d�`�_ �d�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�\ �b 

�\�h�a�[�m�`�^�_�g�g�h�]�h �d�b�k�e�h�j�h�^�Z. 

�K�e�_�^�m�_�l �h�k�h�[�h �h�l�f�_�l�b�l�v, �q�l�h �a�Z�^�Z�q�Z �h �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �]�Z�a�_, 

�f�h�e�_�d�m�e�y�j�g�h-�d�b�g�_�l�b�q�_�k�d�b�_ �m�j�Z�\�g�_�g�b�y �b �m�j�Z�\�g�_�g�b�y �^�b�n�n�m�a�b�b �j�_�r�Z�e�b�k�v  �k�h�\�f�_�k�l�g�h �k 

�j�Z�k�q�_�l�h�f �l�_�f�i�_�j�Z�l�m�j�g�u�o �i�h�e�_�c �\ �i�e�Z�a�f�_�g�g�h�f �h�[�t�_�f�_. �I�j�b �w�l�h�f �\ �\�u�j�Z�`�_�g�b�y, 

�Z�i�i�j�h�d�k�b�f�b�j�m�x�s�b�_  �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�h�\ �^�b�n�n�m�a�b�b1 �b �d�h�g�k�l�Z�g�l 

�k�d�h�j�h�k�l�_�c �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�p�b�c, �i�h�^�k�l�Z�\�e�y�e�b�k�v �a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u, 

�\�u�q�b�k�e�_�g�g�u�_ �i�j�b �j�_�r�_�g�b�b �l�_�i�e�h�\�h�c �a�Z�^�Z�q�b. 

�I�j�b �j�_�r�_�g�b�b �a�Z�^�Z�q �w�e�_�d�l�j�h�g�g�h�c  �d�b�g�_�l�b�d�b �f�_�l�h�^�h�f �F�h�g�l�_-�D�Z�j�e�h �f�h�^�_�e�b�j�h�\�Z�e�b�k�v 

�l�j�Z�_�d�l�h�j�b�b �^�\�b�`�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�f �]�Z�a�_ �b �\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�f �h�[�j�Z�a�p�_, 

�Z �l�Z�d�`�_ �\�u�q�b�k�e�y�e�k�y �w�g�_�j�]�h�\�d�e�Z�^ �i�m�q�d�Z �\ �e�x�[�h�c �l�h�q�d�_ �h�[�e�Z�k�l�b �f�h�^�_�e�b�j�h�\�Z�g�b�y. �>�Z�g�g�Z�y 

�f�_�l�h�^�b�d�Z �[�u�e�Z �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�Z �\ [7.2.1] �b �\�_�j�b�n�b�p�b�j�h�\�Z�g�Z �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �W�I�I 

�Z�j�]�h�g�Z. 

�>�Z�e�v�g�_�c�r�b�_ �j�Z�k�k�m�`�^�_�g�b�y �h�l�g�h�k�y�l�k�y �d �f�h�^�_�e�b�j�h�\�Z�g�b�x �i�j�h�p�_�k�k�h�\ �^�e�y �a�Z�^�Z�q, �\ 

�d�h�l�h�j�u�o �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �]�_�g�_�j�Z�p�b�y �i�e�Z�a�f�u �\ �p�b�e�b�g�^�j�b�q�_�k�d�h�f �d�h�g�l�_�c�g�_�j�_ (�g�Z�i�j�b�f�_�j – 

�a�Z�^�Z�q�Z �k�b�g�l�_�a�Z �[�b�h�Z�d�l�b�\�g�u�o �h�d�k�b�^�g�u�o �i�h�d�j�u�l�b�c �g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�q�Z�l�u�o 

�b�a�^�_�e�b�c). �K �m�q�_�l�h�f �p�b�e�b�g�^�j�b�q�_�k�d�h�c �k�b�f�f�_�l�j�b�b �l�_�i�e�h�i�_�j�_�^�Z�q�Z �\ �k�b�k�l�_�f�_ �W�I�I-

�h�[�j�Z�[�Z�l�u�\�Z�_�f�u�c �h�[�j�Z�a�_�p �h�i�b�k�u�\�Z�_�l�k�y �m�j�Z�\�g�_�g�b�_�f �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b 

                                                 
1 �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �i�j�b�\�_�^�_�f �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�h�\ �^�b�n�n�m�a�b�b, �d�h�l�h�j�u�_ 
�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �g�Z�f�b �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b.  
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a = 0,45 �^�e�y �Z�l�h�f�Z�j�g�h�]�h �d�b�k�e�h�j�h�^�Z; a = 0,03 �^�e�y �f�h�e�_�d�m�e�y�j�g�h�]�h �b �f�h�e�_�d�m�e�y�j�g�h�]�h �\�h�a�[�m�`�^�_�g�g�h�]�h �d�b�k�e�h�j�h�^�Z; 
a = 0,025 �^�e�y �h�a�h�g�Z. [7.2.2] 
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�]�^�_ r  – �j�Z�k�k�l�h�y�g�b�_ �h�l �h�k�b �l�j�m�[�d�b, �� ��zrT ,,�O  – �d�h�w�n�n�b�p�b�_�g�l �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b �]�Z�a�Z �b�e�b 

�f�Z�l�_�j�b�Z�e�Z �l�j�m�[�d�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �d�h�h�j�^�b�g�Z�l �b �l�_�f�i�_�j�Z�l�m�j�u �k�j�_�^�u T, Q  – �f�h�s�g�h�k�l�v 

�l�_�i�e�h�\�u�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z. �D�h�w�n�n�b�p�b�_�g�l �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b 

�l�b�l�Z�g�Z �i�j�b�g�b�f�Z�e�k�y �i�h�k�l�h�y�g�g�u�f, �Z �l�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z 

�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b �d�b�k�e�h�j�h�^�Z �Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�e�Z�k�v �\�u�j�Z�`�_�g�b�_�f, �i�h�e�m�q�_�g�g�u�f �g�Z 

�h�k�g�h�\�Z�g�b�b �^�Z�g�g�u�o �b�a �k�i�j�Z�\�h�q�g�b�d�Z [7.4.1] 

 

� � � � � � � ��� ���D�k�f�<�lTLnT �˜�˜�˜����� )(790091,0726307,12exp�O . 

�>�e�y �l�b�l�Z�g�h�\�h�c �l�j�m�[�d�b �^�h�i�h�e�g�b�l�_�e�v�g�h �m�q�b�l�u�\�Z�_�l�k�y �i�h�l�h�d �b�a�e�m�q�_�g�b�y �l�_�i�e�Z �k �_�_ �\�g�_�r�g�_�c 

�i�h�\�_�j�o�g�h�k�l�b �� �� ST �˜�� 44 293 , �]�^�_ T – �l�_�f�i�_�j�Z�l�m�j�Z �g�Z�j�m�`�g�h�c �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�d�b, S– 

�i�e�h�s�Z�^�v �w�l�h�c �i�h�\�_�j�o�g�h�k�l�b, �� ��42121067,5 �D�k�f�<�l �˜�˜�˜� ���V  – �i�h�k�l�h�y�g�g�Z�y �b�a�e�m�q�_�g�b�y. 

 
 

�J�b�k. 7.4.1. �;�e�h�d-�k�o�_�f�Z �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �^�e�y �d�h�f�i�v�x�l�_�j�g�h�]�h 
�f�h�^�_�e�b�j�h�\�Z�g�b�y �i�j�h�p�_�k�k�Z �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �l�\�_�j�^�h�]�h �h�[�j�Z�a�p�Z.  

 

�M�j�Z�\�g�_�g�b�y �l�_�i�e�h�i�_�j�_�^�Z�q�b �j�_�r�Z�e�b�k�v �f�_�l�h�^�h�f �j�_�e�Z�d�k�Z�p�b�b �k�h�\�f�_�k�l�g�h �k 

�f�h�^�_�e�b�j�h�\�Z�g�b�_�f �l�j�Z�_�d�l�h�j�b�c �w�e�_�d�l�j�h�g�h�\. �I�h�k�e�_ �f�h�^�_�e�b�j�h�\�Z�g�b�y �h�^�g�h�c �l�j�Z�_�d�l�h�j�b�b 

�h�k�m�s�_�k�l�\�e�y�e�Z�k�v �h�^�g�h�d�j�Z�l�g�Z�y �i�j�h�]�h�g�d�Z �f�_�l�h�^�Z �j�_�e�Z�d�k�Z�p�b�b, �i�j�b �w�l�h�f �d�h�g�l�j�h�e�b�j�h�\�Z�e�Z�k�v 

�g�_�\�y�a�d�Z. �< �i�j�h�p�_�k�k�_ �g�Z�[�h�j�Z �k�l�Z�l�b�k�l�b�d�b �h�^�g�h�\�j�_�f�_�g�g�h �n�h�j�f�b�j�h�\�Z�e�h�k�v �l�_�f�i�_�j�Z�l�m�j�g�h�_ �i�h�e�_ 

�b�k�k�e�_�^�m�_�f�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z (�]�Z�a�Z �b �l�j�m�[�d�b). �A�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�Z �\ �a�Z�^�Z�g�g�u�o �l�h�q�d�Z�o 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�e�y �g�Z�o�h�`�^�_�g�b�y �\ �w�l�b�o �l�h�q�d�Z�o; �g�Z�c�^�_�g�g�h�_ �a�g�Z�q�_�g�b�_ �i�e�h�l�g�h�k�l�b �]�Z�a�Z �a�Z�l�_�f 

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �k�e�_�^�m�x�s�_�c �l�j�Z�_�d�l�h�j�b�b. �>�Z�\�e�_�g�b�_ �]�Z�a�Z �k�q�b�l�Z�e�h�k�v 
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�i�h�k�l�h�y�g�g�u�f �\�h �\�k�_�c �d�Z�f�_�j�_. �J�b�k�m�g�h�d 7.4.1 �b�e�e�x�k�l�j�b�j�m�_�l �j�Z�[�h�l�m �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h 

�Z�e�]�h�j�b�l�f�Z. 

 

  
�Z) �[) 

�J�b�k. 7.4.2. �F�h�^�_�e�b�j�h�\�Z�g�b�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �W�I �k �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�_�c Eb0 = 30 �d�w�< �\ 
�d�b�k�e�h�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b Pm = 10 �L�h�j�j: �Z) – �\ �g�_�h�]�j�Z�g�b�q�_�g�g�h�f �h�[�t�_�f�_, �[) – �\ �d�h�g�l�_�c�g�_�j�_ 
�^�b�Z�f�_�l�j�h�f 30 �f�f  

 

�< �d�Z�q�_�k�l�\�_ �b�e�e�x�k�l�j�Z�p�b�b �j�Z�[�h�l�u �i�j�h�]�j�Z�f�f�g�h�]�h �i�j�h�^�m�d�l�Z «Doza» �g�Z �j�b�k�m�g�d�_ 7.4.2 

�i�j�b�\�_�^�_�g�u �\�b�a�m�Z�e�b�a�b�j�h�\�Z�g�g�u�_ �j�Z�k�q�_�l�u �l�j�Z�_�d�l�h�j�b�c �w�e�_�d�l�j�h�g�h�\, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l 

�g�Z�]�e�y�^�g�h �i�j�_�^�k�l�Z�\�b�l�v �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�]�h �W�I �\ �]�Z�a�h�h�[�j�Z�a�g�h�c �k�j�_�^�_. 

�<�_�e�b�q�b�g�u �i�h�l�h�d�h�\ �q�Z�k�l�b�p �e�x�[�h�]�h �k�h�j�l�Z qj
 (j – �k�h�j�l �q�Z�k�l�b�p), �i�Z�^�Z�x�s�b�o �g�Z 

�\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �l�j�m�[�u, �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v �i�h �n�h�j�f�m�e�_ 

4
jj

j

NV
q

�˜
� , 

�\ �d�h�l�h�j�h�c Nj – �d�h�g�p�_�g�l�j�Z�p�b�y �q�Z�k�l�b�p �^�Z�g�g�h�]�h �k�h�j�l�Z �\�[�e�b�a�b �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u, Vj – �b�o 

�l�_�i�e�h�\�u�_ �k�d�h�j�h�k�l�b 
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, �h�i�j�_�^�_�e�y�_�f�u�_ �l�_�f�i�_�j�Z�l�m�j�h�c Tj �b �f�Z�k�k�h�c mj 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �q�Z�k�l�b�p, k – �i�h�k�l�h�y�g�g�Z�y �;�h�e�v�p�f�Z�g�Z. �D�h�g�p�_�g�l�j�Z�p�b�b �b �l�_�f�i�_�j�Z�l�m�j�u �q�Z�k�l�b�p 

�i�e�Z�a�f�u �y�\�e�y�x�l�k�y �n�m�g�d�p�b�y�f�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �d�h�h�j�^�b�g�Z�l: Nj = Nj(z,r) �b Tj = Tj(z,r). �L�Z�d�b�f 

�h�[�j�Z�a�h�f, �a�Z�^�Z�q�Z �j�Z�k�q�_�l�Z �\�_�e�b�q�b�g qj �k�\�h�^�b�l�k�y �d �\�u�q�b�k�e�_�g�b�x �d�h�g�p�_�g�l�j�Z�p�b�c �b �l�_�f�i�_�j�Z�l�m�j 

�q�Z�k�l�b�p �\�[�e�b�a�b �i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u. �I�j�b �\�u�i�h�e�g�_�g�b�b �j�Z�k�q�_�l�h�\ �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �g�Z 
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�]�j�Z�g�b�p�_ �d�h�g�l�Z�d�l�Z �i�e�Z�a�f�Z-�i�h�\�_�j�o�g�h�k�l�v �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u Tw �b �l�y�`�_�e�u�o �q�Z�k�l�b�p 

�i�e�Z�a�f�u �h�^�b�g�Z�d�h�\�u (Tw = Ti = Tn, �]�^�_ Ti �b Tn – �l�_�f�i�_�j�Z�l�m�j�u �b�h�g�h�\ �b �g�_�c�l�j�Z�e�h�\ 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h), �Z �j�Z�k�i�j�_�^�_�e�_�g�b�_ �l�y�`�_�e�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u �i�h �k�d�h�j�h�k�l�y�f – �f�Z�d�k�\�_�e�e�h�\�k�d�h�_. 

�H�i�b�k�Z�g�g�Z�y �\�u�r�_ �d�h�f�i�v�x�l�_�j�g�Z�y �i�j�h�]�j�Z�f�f�Z «Doza»  �k�h�\�f�_�k�l�g�h �k �i�j�h�]�j�Z�f�f�g�u�f 

�i�j�h�^�m�d�l�h�f «MolKin», �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�f �^�e�y �j�Z�k�q�_�l�Z �f�h�e�_�d�m�e�y�j�g�h-�d�b�g�_�l�b�q�_�k�d�b�o 

�i�j�h�p�_�k�k�h�\ �\ �W�I�I,  �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z �^�e�y �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �d�h�l�h�j�u�_ 

�i�j�h�\�h�^�b�e�b�k�v �k �p�_�e�v�x �m�k�l�Z�g�h�\�b�l�v, �d�Z�d�b�f �h�[�j�Z�a�h�f �i�Z�j�Z�f�_�l�j�u �o�b�f�b�d�h-�l�_�j�f�b�q�_�k�d�h�]�h 

�\�h�a�^�_�c�k�l�\�b�y �W�I�I �g�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�m�x �i�h�\�_�j�o�g�h�k�l�v �a�Z�\�b�k�y�l �h�l �o�Z�j�Z�d�l�_�j�b�k�l�b�d �w�e�_�d�l�j�h�g�g�h�]�h 

�i�m�q�d�Z, �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �h�l �]�_�h�f�_�l�j�b�b �h�[�j�Z�a�p�Z. �L�Z�d �\ �q�Z�k�l�g�h�k�l�b, �^�e�y �l�j�m�[�q�Z�l�u�o 

�h�[�j�Z�a�p�h�\ �b�k�k�e�_�^�h�\�Z�e�h�k�v �\�e�b�y�g�b�_ �j�_�]�m�e�b�j�m�_�f�u�o �i�Z�j�Z�f�_�l�j�h�\ �h�[�j�Z�[�h�l�d�b �g�Z �l�_�f�i�_�j�Z�l�m�j�m 

�h�[�j�Z�a�p�Z �b �i�e�h�l�g�h�k�l�v �i�h�l�h�d�h�\ �q�Z�k�l�b�p, �i�Z�^�Z�x�s�b�o �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�v. �I�j�b �w�l�h�f 

�\�Z�j�v�b�j�h�\�Z�e�b�k�v: 

�� �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ �i�m�q�d�Z, Eb0 , 

�� �b�g�l�_�]�j�Z�e�v�g�u�c �l�h�d�Z �i�m�q�d�Z, Ib, 

�� �\�_�e�b�q�b�g�Z �m�]�e�h�\�h�]�h �j�Z�a�[�j�h�k�Z �\�_�d�l�h�j�Z �k�d�h�j�h�k�l�b �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �g�Z �\�o�h�^�_ �\ 

�j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m, �T0,  

�� �o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, 

�� �^�Z�\�e�_�g�b�_ �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, Pm. 

�G�Z �j�b�k. 7.4.3 �i�h�d�Z�a�Z�g�u �j�_�a�m�e�v�l�Z�l�u �f�h�^�_�e�b�j�h�\�Z�g�b�y �i�h�l�h�d�h�\ �w�e�_�d�l�j�h�g�h�\, �Z�l�h�f�Z�j�g�h�]�h 

�b �\�h�a�[�m�`�^�_�g�g�h�]�h �d�b�k�e�h�j�h�^�Z �b �b�h�g�h�\ �H2
+, �i�Z�^�Z�x�s�b�o �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z �\ 

�a�Z�\�b�k�b�f�h�k�l�b �h�l �j�Z�k�k�l�h�y�g�b�y �h�l �p�_�g�l�j�Z �h�[�j�Z�a�p�Z r. 

 �J�b�k. 7.4.3. �M�k�l�Z�g�h�\�b�\�r�b�_�k�y �j�Z�^�b�Z�e�v�g�u�_ 

�j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h�l�h�d�h�\ (q) �w�e�_�d�l�j�h�g�h�\, 

�Z�l�h�f�Z�j�g�h�]�h �d�b�k�e�h�j�h�^�Z �H, �b�h�g�h�\ �H2
+ �b 

�\�h�a�[�m�`�^�_�g�g�h�]�h �d�b�k�e�h�j�h�^�Z �H2(�Z), 

�i�Z�^�Z�x�s�b�o �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�e�h�k�d�h�]�h 

�h�[�j�Z�a�p�Z. 

r – �j�Z�k�k�l�h�y�g�b�_ �h�l �p�_�g�l�j�Z �h�[�j�Z�a�p�Z, �k�f 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: �Jm = 5 �L�h�j�j, Eb = 30 

�d�w�<, Ib = 10 �f�: , z0 = 150 �f�f  

�J�b�k. 7.4.4 �b�e�e�x�k�l�j�b�j�m�_�l �j�_�a�m�e�v�l�Z�l�u �f�h�^�_�e�b�j�h�\�Z�g�b�y �i�j�h�p�_�k�k�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �W�I�I 

�d�b�k�e�h�j�h�^�Z �k �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�v�x �l�j�m�[�u �^�e�y �l�b�i�b�q�g�u�o �m�k�e�h�\�b�c �i�j�h�\�h�^�b�\�r�b�o�k�y 

�w�d�k�i�_�j�b�f�_�g�l�h�\. �G�Z �j�b�k�m�g�d�_ �i�j�_�^�k�l�Z�\�e�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�h�^�h�e�v�g�h�c �d�h�h�j�^�b�g�Z�l�u z 

�i�h�l�h�d�h�\ �Z�l�h�f�h�\ �d�b�k�e�h�j�h�^�Z �b �i�h�e�h�`�b�l�_�e�v�g�h�]�h �b�h�g�Z �H2
+, �Z �l�Z�d�`�_ �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c 

�i�h�\�_�j�o�g�h�k�l�b �l�j�m�[�u Tw �b �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�Z Tg (Tg = Ti = Tn) �g�Z �h�k�b �l�j�m�[�u (r = 0). �D�Z�`�^�Z�y �b�a 
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�i�_�j�_�q�b�k�e�_�g�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�h�j�f�b�j�h�\�Z�g�Z �g�Z �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 

�\�_�e�b�q�b�g�u, �d�h�l�h�j�u�_ �^�e�y �i�h�l�h�d�h�\ Oq �b ��
2O

q �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 7.4.1. �F�Z�d�k�b�f�Z�e�v�g�u�_ 

�a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j Tw �b Tg �j�Z�\�g�u �k�h�h�l�\�_�l�k�l�\�_�g�g�h 524 �q�K �b 560 �q�K.  

�< �l�Z�[�e�b�p�_ 7.4.1 �^�Z�g�u �l�Z�d�`�_ �f�Z�d�k�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �i�h�l�h�d�h�\ �b �^�j�m�]�b�o �l�y�`�_�e�u�o 

�q�Z�k�l�b�p �W�I�I �d�b�k�e�h�j�h�^�Z, �d�h�g�p�_�g�l�j�Z�p�b�b �d�h�l�h�j�u�o �g�Z�b�[�h�e�_�_ �\�_�e�b�d�b. �:�g�Z�e�b�a �^�Z�g�g�u�o �w�l�h�c 

�l�Z�[�e�b�p�u �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �i�h�l�h�d�b �q�Z�k�l�b�p �Z�l�h�f�Z�j�g�h�]�h �b �\�h�a�[�m�`�^�_�g�g�h�]�h �d�b�k�e�h�j�h�^�Z 

�a�g�Z�q�b�l�_�e�v�g�h �i�j�_�\�u�r�Z�x�l �i�h�l�h�d�b �h�k�l�Z�e�v�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u, �b, �i�h�w�l�h�f�m, �f�h�`�g�h �\�i�h�e�g�_ 

�h�[�h�k�g�h�\�Z�g�g�h �i�h�e�Z�]�Z�l�v, �q�l�h �b�f�_�g�g�h �h�g�b �\�g�h�k�y�l �g�Z�b�[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�u�c �\�d�e�Z�^ �\ �i�j�h�p�_�k�k 

�f�h�^�b�n�b�d�Z�p�b�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b. 

�G�Z �j�b�k�m�g�d�Z�o 7.4.5-7.2.7 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, 

�b�e�e�x�k�l�j�b�j�m�x�s�b�_ �\�e�b�y�g�b�_ �i�Z�j�Z�f�_�l�j�h�\, �j�_�]�m�e�b�j�h�\�d�m �d�h�l�h�j�u�o �g�Z�b�[�h�e�_�_ �e�_�]�d�h �h�k�m�s�_�k�l�\�b�l�v 

�l�_�o�g�b�q�_�k�d�b, �g�Z �m�k�l�Z�g�h�\�b�\�r�m�x�k�y �l�_�f�i�_�j�Z�l�m�j�m �h�[�j�Z�a�p�Z �b �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �i�h�l�h�d�Z 

�o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u, �i�Z�^�Z�x�s�b�o �g�Z �_�]�h �k�l�_�g�d�m. �>�e�y �l�j�m�[�q�Z�l�u�o �h�[�j�Z�a�p�h�\ 

�h�k�h�[�u�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�x�l �Z�d�k�b�Z�e�v�g�u�_ �i�j�h�n�b�e�b �w�l�b�o �\�_�e�b�q�b�g, �l.�_. �a�Z�\�b�k�b�f�h�k�l�b Tw(z), 

qO(z) �b qO2(�Z)(z), �d�Z�d �n�m�g�d�p�b�b �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�b 

�w�e�_�d�l�j�h�g�h�\, �Z �l�Z�d�`�_ �h�l �k�b�e�u �l�h�d�Z �b �g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�b �i�m�q�d�Z. �O�Z�j�Z�d�l�_�j�g�h�c 

�h�k�h�[�_�g�g�h�k�l�v�x �i�_�j�_�q�b�k�e�_�g�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �y�\�e�y�_�l�k�y �g�Z�e�b�q�b�_ �f�Z�d�k�b�f�m�f�h�\, �i�h�e�h�`�_�g�b�_�f �b 

�\�u�k�h�l�h�c �d�h�l�h�j�u�o �k�e�_�^�m�_�l �m�i�j�Z�\�e�y�l�v �k �p�_�e�v�x �h�i�l�b�f�b�a�Z�p�b�b �j�_�`�b�f�h�\ �h�[�j�Z�[�h�l�d�b. 

 

 

�J�b�k. 7.4.4. �M�k�l�Z�g�h�\�b�\�r�b�_�k�y �Z�d�k�b�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h�l�h�d�h�\ �Z�l�h�f�h�\ �d�b�k�e�h�j�h�^�Z (1) 

�b�h�g�h�\ �H2
+ (2), �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�Z �g�Z �h�k�b �l�j�m�[�u (3) �b �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u (4), 

�g�h�j�f�b�j�h�\�Z�g�g�u�_ �g�Z �f�Z�d�k�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �\�_�e�b�q�b�g.  

�H�[�j�Z�a�_�p: �l�j�m�[�Z �‡ 22 �f�f  �b�a �k�i�e�Z�\�Z �<�L1-00 �^�e�b�g�h�c 100 �f�f . 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: �Jm = 5 �L�h�j�j, Eb = 30 �d�w�<, Ib = 10 �f�: , z0 = 50 �f�f   
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�L�Z�[�e�b�p�Z 7.4.1. �F�Z�d�k�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �i�h�l�h�d�h�\ �q�Z�k�l�b�p �W�I�I �d�b�k�e�h�j�h�^�Z, �i�Z�^�Z�x�s�b�o 
�g�Z �\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �l�j�m�[�u �‡ 22 �f�f  �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �k�b�g�l�_�a�m 
�[�b�h�Z�d�l�b�\�g�u�o �i�h�d�j�u�l�b�c. �M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: �Jm = 5 �L�h�j�j, Eb = 30 �d�w�<, I b = 10 �f�: , z0 = 
50 �f�f  
 

 �G�_�c�l�j�Z�e�v�g�u�_ 
�q�Z�k�l�b�p�u 

�B�h�g�u 

�Q�Z�k�l�b�p�Z �H �H2(�Z) �H3 O2
+ O2

�� �H+ O4
+ 

�I�h�l�h�d �q�Z�k�l�b�p �^�Z�g�g�h�]�h �k�h�j�l�Z, 
�i�Z�^�Z�x�s�b�c �g�Z �k�l�_�g�d�m �l�j�m�[�u, 
1/�k×�k�f2 

 
2�1̃016 

 
8�1̃015 

 
1011 

 
4�1̃015 

 
1013 

 
5�1̃013 

 
2�1̃011 

 

�J�b�k. 7.4.5 �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �i�h�\�u�r�_�g�b�_ �f�h�s�g�h�k�l�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �i�h�k�j�_�^�k�l�\�h�f 

�m�\�_�e�b�q�_�g�b�y �k�b�e�u �_�]�h �l�h�d�Z, �\�i�h�e�g�_ �h�`�b�^�Z�_�f�h, �i�j�b�\�h�^�b�l �d �\�h�a�j�Z�k�l�Z�g�b�x �o�Z�j�Z�d�l�_�j�g�h�c 

�l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�a�p�Z (�j�b�k. 7.4.5�[), �h�^�g�Z�d�h �w�l�h�l �j�h�k�l �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �g�_�d�h�l�h�j�u�f 

�k�f�_�s�_�g�b�_�f �f�Z�d�k�b�f�m�f�Z �l�_�f�i�_�j�Z�l�m�j�u �d �^�Z�e�v�g�_�f�m �h�l �\�u�\�h�^�g�h�]�h �h�d�g�Z �d�h�g�p�m �l�j�m�[�u (�j�b�k. 

7.4.5�Z). �W�n�n�_�d�l �h�[�t�y�k�g�y�_�l�k�y �k�g�b�`�_�g�b�_�f �i�e�h�l�g�h�k�l�b �]�Z�a�Z �b�a-�a�Z �_�]�h �g�Z�]�j�_�\�Z �\�g�m�l�j�b �l�j�m�[�u, 

�q�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �i�j�b�\�h�^�b�l �d �h�k�e�Z�[�e�_�g�b�x �j�Z�k�k�_�y�g�b�y �b �l�h�j�f�h�`�_�g�b�y �i�m�q�d�Z �\ �]�Z�a�_ �b 

�k�f�_�s�_�g�b�x �a�h�g�u �k �g�Z�b�[�h�e�_�_ �\�u�k�h�d�h�c �k�d�h�j�h�k�l�v�x �g�Z�j�Z�[�h�l�d�b �Z�l�h�f�Z�j�g�h�]�h �b �k�b�g�]�e�_�l�g�h�]�h 

�d�b�k�e�h�j�h�^�Z �\ �k�l�h�j�h�g�m �[�h�e�v�r�b�o z. �M�\�_�e�b�q�_�g�b�_ �k�b�e�u �l�h�d�Z �i�m�q�d�Z �m�k�d�h�j�y�_�l �g�Z�j�Z�[�h�l�d�m 

�Z�l�h�f�Z�j�g�h�]�h �b �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z, �h�^�g�Z�d�h �d�h�g�p�_�g�l�j�Z�p�b�b �w�l�b�o �q�Z�k�l�b�p �g�_ �f�h�]�m�l 

�i�j�_�\�u�k�b�l�v �g�_�d�h�l�h�j�u�o �i�j�_�^�_�e�v�g�u�o �a�g�Z�q�_�g�b�c, �h�i�j�_�^�_�e�y�_�f�u�o �d�b�g�_�l�b�d�h�c �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o 

�j�_�Z�d�p�b�c �b �m�k�e�h�\�b�y�f�b �m�k�l�h�c�q�b�\�h�k�l�b �i�e�Z�a�f�_�g�g�h�]�h �h�[�t�_�f�Z (�k�f. �j�Z�a�^�_�e 7.3). �<�_�e�b�q�b�g�Z 

�m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y U �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b – �i�Z�j�Z�f�_�l�j�Z, �h�i�j�_�^�_�e�y�x�s�_�]�h �g�Z�q�Z�e�v�g�m�x 

�w�g�_�j�]�b�x �w�e�_�d�l�j�h�g�h�\, �\�u�[�b�j�Z�_�l�k�y, �b�k�o�h�^�y �b�a �i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h  �a�g�Z�q�_�g�b�y �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �k �m�q�_�l�h�f �]�_�h�f�_�l�j�b�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �b�a�^�_�e�b�y. �H�[�j�Z�[�h�l�d�Z �l�j�m�[ 

�[�h�e�v�r�_�c �^�e�b�g�u �b�e�b �i�h�\�u�r�_�g�b�_ �j�Z�[�h�q�_�]�h �^�Z�\�e�_�g�b�y (�i�h�k�e�_�^�g�_�_ �i�j�b �i�j�h�q�b�o �j�Z�\�g�u�o 

�m�k�e�h�\�b�y�o �i�h�a�\�h�e�y�_�l �m�k�d�h�j�b�l�v �i�j�h�p�_�k�k �k�b�g�l�_�a�Z �a�Z �k�q�_�l �i�h�\�u�r�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c 

�o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u) �\�e�_�d�m�l �a�Z �k�h�[�h�c �g�_�h�[�o�h�^�b�f�h�k�l�v �i�h�\�u�r�_�g�b�y U. �J�b�k. 

7.4.6 �b�e�e�x�k�l�j�b�j�m�_�l �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\ �g�Z �i�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b 

�m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c �k�l�_�g�d�b �l�j�m�[�u �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�c �g�Z�q�Z�e�v�g�h�c 

�j�Z�k�o�h�^�b�f�h�k�l�b �i�m�q�d�Z �T0 = 3,5 �]�j�Z�^. �J�b�k�m�g�h�d, �\ �q�Z�k�l�g�h�k�l�b,  �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �^�e�y �l�j�m�[�q�Z�l�u�o 

�h�[�j�Z�a�p�h�\ �k �a�Z�^�Z�g�g�h�c �]�_�h�f�_�l�j�b�_�c �f�h�`�g�h �i�h�^�h�[�j�Z�l�v �l�Z�d�h�_ �a�g�Z�q�_�g�b�_ Eb0, �i�j�b �d�h�l�h�j�h�f 

�l�_�f�i�_�j�Z�l�m�j�u �\�k�_�o �l�h�q�_�d �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �i�j�b�[�e�b�a�b�l�_�e�v�g�h �h�^�b�g�Z�d�h�\�u. �>�e�y �h�[�j�Z�a�p�h�\, 

�b�k�i�h�e�v�a�h�\�Z�\�r�b�o�k�y �\ �g�Z�r�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�o, �w�l�h �a�g�Z�q�_�g�b�_ U �| 25 �d�< �i�j�b �^�Z�\�e�_�g�b�b Pm = 5 

�L�h�j�j.  

�G�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, �q�l�h �h�i�u�l �j�Z�a�j�Z�[�h�l�d�b �k�b�k�l�_�f �m�i�j�Z�\�e�_�g�b�y �]�_�g�_�j�Z�l�h�j�Z�f�b �W�I�I 

�k �]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�b�f�b �\�u�\�h�^�g�u�f�b �h�d�g�Z�f�b (�k�f., �g�Z�i�j�b�f�_�j, [1.5.78]) �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �w�l�m  
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�J�b�k. 7.4.5. �I�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c �k�l�_�g�d�b �l�j�m�[�u 

22×1,5 �b�a �k�i�e�Z�\�Z �<�L1-00 �i�j�b �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�y�o �k�b�e�u �l�h�d�Z �i�m�q�d�Z (�Z) �b �m�k�l�Z�g�h�\�b�\�r�_�_�k�y 

�a�g�Z�q�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �k�_�j�_�^�b�g�g�h�f �k�_�q�_�g�b�b �l�j�m�[�u l/2 �d�Z�d �n�m�g�d�p�b�y �k�b�e�u �l�h�d�Z �i�m�q�d�Z (�[). 

�H�[�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b Pm = 5 �L�h�j�j, �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ 

Eb0 = 30 �d�w�<, �g�Z�q�Z�e�v�g�Z�y �j�Z�k�o�h�^�b�f�h�k�l�v �i�m�q�d�Z �T0 = 3,5 �]�j�Z�.̂ 

�a�Z�j�Z�g�_�_ �i�j�_�^�m�k�l�Z�g�h�\�e�_�g�g�m�x �\�_�e�b�q�b�g�m �m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �\ �i�j�h�p�_�k�k�_ 

�h�[�j�Z�[�h�l�d�b �b�a�f�_�g�y�l�v �g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h. �>�_�e�h �\ �l�h�f, �q�l�h �^�Z�`�_ �g�_�a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�f�_�g�_�g�b�y 

�m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y �k�i�h�k�h�[�g�u �\�u�a�\�Z�l�v �j�Z�^�b�d�Z�e�v�g�h�_ �b�a�f�_�g�_�g�b�_ �j�_�`�b�f�Z �j�Z�[�h�l�u 

�\�u�\�h�^�g�h�]�h �h�d�g�Z, �i�h�\�e�b�y�l�v �g�Z �j�Z�[�h�l�m �]�_�g�_�j�Z�l�h�j�Z �i�e�Z�a�f�u �\ �p�_�e�h�f �b �k�m�s�_�k�l�\�_�g�g�h �m�k�e�h�`�g�b�l�v 

20 �f�:

5 �f�:

10 �f�:

15 �f�:
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�a�Z�^�Z�q�m �m�i�j�Z�\�e�_�g�b�y. �G�Z�f�g�h�]�h �m�^�h�[�g�_�_ �h�k�m�s�_�k�l�\�e�y�l�v �m�i�j�Z�\�e�_�g�b�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f 

�i�j�h�p�_�k�k�h�f, �\�Z�j�v�b�j�m�y �g�Z�q�Z�e�v�g�m�x �j�Z�k�o�h�^�b�f�h�k�l�v �i�m�q�d�Z: �w�l�h�l �i�Z�j�Z�f�_�l�j �f�h�`�g�h �i�j�Z�d�l�b�q�_�k�d�b 

�[�_�a�b�g�_�j�p�b�h�g�g�h �i�h�^�k�l�j�Z�b�\�Z�l�v �k �i�h�f�h�s�v�x �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o �e�b�g�a. 
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�J�b�k. 7.4.6. �I�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c �k�l�_�g�d�b �l�j�m�[�u 

22×1,5 �b�a �k�i�e�Z�\�Z �<�L1-00 �i�j�b �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�y�o �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�h�\. 

�H�[�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b Pm = 5 �L�h�j�j, �l�h�d �i�m�q�d�Z Ib = 10 �f�: , �g�Z�q�Z�e�v�g�Z�y 

�j�Z�k�o�h�^�b�f�h�k�l�v �i�m�q�d�Z �T0 = 3,5 �]�j�Z�^. 

 

�J�Z�k�k�f�h�l�j�b�f �\�e�b�y�g�b�_ �\�_�e�b�q�b�g�u �T0 �g�Z �\�b� ̂ �n�m�g�d�p�b�c Tw(z), qO(z) �b qO2(�Z)(z) �[�h�e�_�_ 

�i�h�^�j�h�[�g�h. �J�b�k. 7.4.7 �b 7.4.8 �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �i�j�b �i�j�h�q�b�o �j�Z�\�g�u�o �m�k�e�h�\�b�y�o, �q�_�f �[�h�e�v�r�_ 

�g�Z�q�Z�e�v�g�Z�y �j�Z�k�o�h�^�b�f�h�k�l�v �i�m�q�d�Z, �l�_�f �[�e�b�`�_ �d �i�_�j�_�^�g�_�f�m �d�h�g�p�m �l�j�m�[�u �j�Z�k�i�h�e�h�`�_�g�u 

�f�Z�d�k�b�f�m�f�u �w�l�b�o �n�m�g�d�p�b�c. �B�a �w�l�h�]�h, �h�^�g�Z�d�h, �g�_ �k�e�_�^�m�_�l, �q�l�h �i�h�e�h�`�_�g�b�_ �f�Z�d�k�b�f�m�f�h�\ 

�i�h�l�h�d�h�\ �Z�l�h�f�Z�j�g�h�]�h �b �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z, �i�Z�^�Z�x�s�b�o �g�Z �k�l�_�g�d�m �h�[�j�Z�a�p�Z, �k�h�\�i�Z�^�Z�_�l �k 

�i�h�e�h�`�_�g�b�_�f �f�Z�d�k�b�f�m�f�Z �n�m�g�d�p�b�b Tw(z). �J�b�k. 7.4.9, �g�Z �d�h�l�h�j�h�f, �d�j�h�f�_ �n�m�g�d�p�b�c Tw(z), qO(z) 

�b qO2(�Z)(z), �i�j�_�^�k�l�Z�\�e�_�g�u �l�Z�d�`�_ �i�j�h�n�b�e�b �k�d�h�j�h�k�l�b �b�h�g�b�a�Z�p�b�b �d�b�k�e�h�j�h�^�Z Qion, �Z �l�Z�d�`�_ 

�i�h�l�h�d�h�\ �Z�l�h�f�Z�j�g�h�]�h (qO) �b �k�b�g�]�e�_�l�g�h�]�h (qO2(a)) �d�b�k�e�h�j�h�^�Z �b �h�a�h�g�Z (qO3), �i�Z�^�Z�x�s�b�o �g�Z 

�\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�Z, �b�e�e�x�k�l�j�b�j�m�_�l �i�h�k�e�_�^�g�_�_ �m�l�\�_�j�`�^�_�g�b�_. �:�g�Z�e�b�a 

�d�b�g�_�l�b�q�_�k�d�b�o �k�o�_�f �i�m�q�d�h�\�h�c �i�e�Z�a�f�u �d�b�k�e�h�j�h�^�Z �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �q�j�_�a�f�_�j�g�u�c �j�h�k�l 

�l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�Z, �k�h�i�j�h�\�h�`�^�Z�x�s�b�c �i�h�\�u�r�_�g�b�_  �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u �k�i�h�k�h�[�_�g 

�\�u�a�\�Z�l�v �\�_�k�v�f�Z �k�m�s�_�k�l�\�_�g�g�h�_ �k�g�b�`�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�c �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u �b�a-�a�Z 

�m�k�d�h�j�_�g�b�y �i�j�h�p�_�k�k�h�\ �b�o �]�b�[�_�e�b.  

30 �d�w�<

25 �d�w�<

20 �d�w�<
10 �d�w�< 15 �d�w�<
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�J�b�k. 7.4.7. �<�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �T0 (�g�Z�^�i�b�k�b �g�Z �d�j�b�\�u�o) 

�g�Z �i�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c �k�l�_�g�d�b �l�j�m�[�u 22×1,5 �b�a 

�k�i�e�Z�\�Z �<�L1-00 �i�j�b �h�[�j�Z�[�h�l�d�_ �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z.  �>�Z�\�e�_�g�b�_ �]�Z�a�Z Pm = 5 �L�h�j�j, �l�h�d �i�m�q�d�Z Ib 

= 10 �f�: , �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ Eb0 = 30 �d�w�<.  
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�J�b�k. 7.4.8. �<�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�b �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �T0 (�g�Z�^�i�b�k�b �g�Z �d�j�b�\�u�o) 
�g�Z �i�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �Z�l�h�f�h�\ �H, �i�Z�^�Z�x�s�_�]�h �g�Z �\�g�m�l�j�_�g�g�x�x �k�l�_�g�d�m 
�l�j�m�[�u 22×1,5 �b�a �k�i�e�Z�\�Z �<�L1-00 �i�j�b �h�[�j�Z�[�h�l�d�_ �\ �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z.  
�>�Z�\�e�_�g�b�_ �]�Z�a�Z Pm = 1 �L�h�j�j, �l�h�d �i�m�q�d�Z Ib = 10 �f�: , �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ Eb0 = 30 
�d�w�<. 

Tw, �qC 

6,5 �]�j�Z�^ 

8,5 �]�j�Z�^ 

5,0 �]�j�Z�^ 

3,0 �]�j�Z�^ 
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�W�l�h�l �n�Z�d�l �g�Z�]�e�y�^�g�h �b�e�e�x�k�l�j�b�j�m�_�l�k�y �o�h�^�h�f �d�j�b�\�u�o Tw(z) �b qO3(z) �g�Z �j�b�k. 7.4.9. 

�M�f�_�g�v�r�_�g�b�_ �i�h�l�h�d�h�\ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �g�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�m�x �i�h�\�_�j�o�g�h�k�l�v 

�y�\�e�y�_�l�k�y �g�_�`�_�e�Z�l�_�e�v�g�u�f, �i�h�k�d�h�e�v�d�m �h�g�h �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �k�g�b�`�_�g�b�_�f �k�d�h�j�h�k�l�b �k�b�g�l�_�a�Z 

�h�d�k�b�^�h�\; �k�e�_�^�h�\�Z�l�_�e�v�g�h, �m�i�j�Z�\�e�_�g�b�_ �l�_�i�e�h�\�u�f�b �b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f�b �i�j�h�p�_�k�k�Z�f�b �i�j�b 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�f �k�b�g�l�_�a�_ �h�d�k�b�^�h�\ �p�_�e�_�k�h�h�[�j�Z�a�g�h �h�k�m�s�_�k�l�\�e�y�l�v �l�Z�d�b�f 

�h�[�j�Z�a�h�f, �q�l�h�[�u �^�h�[�b�l�v�k�y �b�o �h�i�l�b�f�Z�e�v�g�h�c �d�h�f�[�b�g�Z�p�b�b.  

�H�^�g�b�f �b�a �k�i�h�k�h�[�h�\ �m�i�j�Z�\�e�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�u�f �i�j�h�n�b�e�_�f �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �b�a�^�_�e�b�y �b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �b�g�l�_�g�k�b�\�g�h�k�l�b 

�i�Z�^�Z�x�s�_�]�h �g�Z �g�_�_ �d�h�j�i�m�k�d�m�e�y�j�g�h�]�h �i�h�l�h�d�Z �y�\�e�y�_�l�k�y �\�Z�j�v�b�j�h�\�Z�g�b�_ �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. �G�Z �j�b�k. 7.4.10 �\ �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �i�j�_�^�k�l�Z�\�e�_�g�u �m�k�l�Z�g�h�\�b�\�r�b�_�k�y 

�Z�d�k�b�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h�l�h�d�h�\ �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z O2(a), �i�Z�^�Z�x�s�_�]�h �g�Z 

�\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �l�j�m�[�u �\ �i�j�h�p�_�k�k�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b, �i�j�b 

�j�Z�a�e�b�q�g�u�o �^�Z�\�e�_�g�b�y�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. �B�a �i�j�b�\�_�^�_�g�g�u�o �]�j�Z�n�b�d�h�\ �k�e�_�^�m�_�l, �q�l�h 

�k�g�b�`�_�g�b�_�f �^�Z�\�e�_�g�b�y �d�b�k�e�h�j�h�^�Z �m�^�Z�_�l�k�y �k�^�_�e�Z�l�v �i�h�l�h�d �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u �g�Z �k�l�_�g�d�m 

�l�j�m�[�u �i�j�Z�d�l�b�q�_�k�d�b �h�^�g�h�j�h�^�g�u�f.  

 
 
�J�b�k. 7.4.9. �I�j�h�^�h�e�v�g�u�_ �i�j�h�n�b�e�b �k�d�h�j�h�k�l�b �b�h�g�b�a�Z�p�b�b (Qion), �l�_�f�i�_�j�Z�l�m�j�u �\�g�m�l�j�_�g�g�_�c 
�k�l�_�g�d�b �h�[�j�Z�a�p�Z (Tw), �Z �l�Z�d�`�_ �i�h�l�h�d�h�\ �Z�l�h�f�Z�j�g�h�]�h (qO) �b �k�b�g�]�e�_�l�g�h�]�h (qO2(a)) �d�b�k�e�h�j�h�^�Z �b 
�h�a�h�g�Z (qO3), �i�Z�^�Z�x�s�b�o �g�Z �\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�Z.  
�H�[�j�Z�a�_�p – �l�j�m�[�Z 22×1,5 �b�a �k�i�e�Z�\�Z �<�L1-00; �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – �d�b�k�e�h�j�h�^; �^�Z�\�e�_�g�b�_ 
�]�Z�a�Z Pm = 1 �L�h�j�j, �l�h�d �i�m�q�d�Z Ib = 10 �f�: , �g�Z�q�Z�e�v�g�Z�y �w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ Eb0 = 30 �d�w�<.  
Amax – �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �\�_�e�b�q�b�g�u. 
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�>�j�m�]�b�f �k�i�h�k�h�[�h�f �m�i�j�Z�\�e�y�l�v �i�e�h�l�g�h�k�l�v�x �i�h�l�h�d�Z �q�Z�k�l�b�p �b �l�_�f�i�_�j�Z�l�m�j�h�c 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �y�\�e�y�_�l�k�y �b�a�f�_�g�_�g�b�_ �j�_�`�b�f�Z �k�d�Z�g�b�j�h�\�Z�g�b�y �W�I, �k�h�]�e�Z�k�h�\�Z�g�g�h�]�h �k 

�j�_�]�m�e�b�j�h�\�d�h�c �b�g�l�_�]�j�Z�e�v�g�h�]�h �l�h�d�Z �W�I, Ib. �I�h �k�m�l�b, �w�l�h �m�i�j�Z�\�e�_�g�b�_ �k�d�h�j�h�k�l�y�f�b �b�h�g�b�a�Z�p�b�b �b 

�\�h�a�[�m�`�^�_�g�b�y �]�Z�a�Z (�k�f. �n�h�j�f�m�e�m (7.1.3)) �i�h�k�j�_�^�k�l�\�h�f �j�_�]�m�e�b�j�h�\�d�b �f�h�s�g�h�k�l�b �i�m�q�d�Z Nb �b 

�i�e�h�l�g�h�k�l�b �_�]�h �l�h�d�Z jb (�k�f. �n�h�j�f�m�e�m (7.1.4)). 

�K�e�_�^�m�_�l �h�k�h�[�h �h�l�f�_�l�b�l�v, �q�l�h �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �k�b�g�l�_�a�m �h�d�k�b�^�g�u�o �k�e�h�_�\ �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �i�j�h�k�l�_�c�r�_�c �]�_�h�f�_�l�j�b�b �[�u�e�b �i�h�e�m�q�_�g�u  �^�Z�g�g�u�_, �d�h�l�h�j�u�_ �i�h�a�\�h�e�b�e�b 

�m�l�h�q�g�b�l�v �b�k�i�h�e�v�a�h�\�Z�\�r�b�_�k�y �j�Z�k�q�_�l�g�u�_ �f�h�^�_�e�b �b �^�h�i�h�e�g�b�l�v �b�o �p�_�e�u�f �j�y�^�h�f �w�n�n�_�d�l�h�\, 

�d�h�l�h�j�u�_ �b�a�g�Z�q�Z�e�v�g�h �g�_ �m�q�b�l�u�\�Z�e�b�k�v. �< �q�Z�k�l�g�h�k�l�b, �[�u�e �\�u�y�\�e�_�g �w�n�n�_�d�l �\�e�b�y�g�b�y 

�g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�b �W�I �g�Z �\�u�o�h�^�_ �b�a �<�M �g�Z �i�j�h�n�b�e�b Tw (r,z) �b qj(r,z). �L�Z�d�b�f �h�[�j�Z�a�h�f, 

�g�Z �h�k�g�h�\�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o, �g�Z�d�h�i�e�_�g�g�u�o �\ �o�h�^�_ �\�u�i�h�e�g�_�g�b�y �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c 

�j�Z�[�h�l�u, �[�u�e�Z �h�k�m�s�_�k�l�\�e�_�g�Z �\�_�j�b�n�b�d�Z�p�b�y �b�k�i�h�e�v�a�h�\�Z�g�g�u�o �f�h�^�_�e�_�c �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o 

�i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o �\ �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z �b 

�i�j�b�\�h�^�y�s�b�o �d �h�[�j�Z�a�h�\�Z�g�b�x �i�j�h�^�m�d�l�h�\, �h�[�e�Z�^�Z�x�s�b�o �k�i�_�p�b�n�b�q�_�k�d�b�f�b �[�b�h�e�h�]�b�q�_�k�d�b�f�b 

�k�\�h�c�k�l�\�Z�f�b.  

 

�J�b�k. 7.4.10. �M�k�l�Z�g�h�\�b�\�r�b�_�k�y �Z�d�k�b�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h�l�h�d�h�\ �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z 

O2(a), �i�Z�^�Z�x�s�_�]�h �g�Z �\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o�g�h�k�l�v �l�j�m�[�u �\ �i�j�h�p�_�k�k�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c 

�h�[�j�Z�[�h�l�d�b, �i�j�b �j�Z�a�e�b�q�g�u�o �^�Z�\�e�_�g�b�y�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z. 

�M�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b: Eb = 30 �d�w�<, Ib = 10 �f�: , L =100 �f�f , z0 = 50 �f�f  

 

�G�Z �h�k�g�h�\�Z�g�b�b �i�j�h�\�_�^�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �f�h�`�g�h �i�j�_�^�e�h�`�b�l�v �k�e�_�^�m�x�s�b�c �Z�e�]�h�j�b�l�f 

�h�i�l�b�f�Z�e�v�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �i�j�h�p�_�k�k�h�f �k�b�g�l�_�a�Z �h�d�k�b�^�h�\ �l�b�l�Z�g�Z �g�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b 

�l�j�m�[ �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�Z�o �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �k�o�_�f�u: 
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1. �B�k�o�h�^�y �b�a �]�_�h�f�_�l�j�b�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �b�a�^�_�e�b�y �b �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z, �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �h�i�l�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �m�k�d�h�j�y�x�s�_�]�h 

�g�Z�i�j�y�`�_�g�b�y �w�e�_�d�l�j�h�g�g�h�c �i�m�r�d�b �b �^�Z�\�e�_�g�b�y �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_, �d�h�l�h�j�u�_ �a�Z�l�_�f �\ �i�j�h�p�_�k�k�_ 

�h�[�j�Z�[�h�l�d�b �i�h�^�^�_�j�`�b�\�Z�x�l�k�y �g�_�b�a�f�_�g�g�u�f�b. 

  2. �H�k�m�s�_�k�l�\�e�y�y �g�_�i�j�_�j�u�\�g�u�c �f�h�g�b�l�h�j�b�g�] �i�j�h�^�h�e�v�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y 

�l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�d�b �l�j�m�[�u, �\�u�i�h�e�g�y�_�l�k�y �i�h�^�[�h�j �q�Z�k�l�h�l�u �i�_�j�_�f�_�s�_�g�b�y �a�h�g�u 

�f�Z�d�k�b�f�Z�e�v�g�h�]�h �w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �i�m�q�d�Z �\�^�h�e�v �h�k�b z, �i�j�b �d�h�l�h�j�h�c �^�h�k�l�b�]�Z�_�l�k�y 

�j�Z�\�g�h�f�_�j�g�u�c �g�Z�]�j�_�\ �h�[�j�Z�a�p�Z.  �>�e�y �w�l�h�]�h �g�Z�^�e�_�`�Z�s�b�f �h�[�j�Z�a�h�f �i�j�h�]�j�Z�f�f�b�j�m�_�l�k�y 

�d�h�g�l�j�h�e�e�_�j �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �;�M�W�I-2 (�k�f. �j�b�k. 3.1.4). �<�h �b�a�[�_�`�Z�g�b�_ �\�h�a�f�h�`�g�u�o 

�e�h�d�Z�e�v�g�u�o �i�_�j�_�]�j�_�\�h�\ �h�[�j�Z�a�p�Z �i�j�h�p�_�k�k �i�h�^�]�h�g�d�b �q�Z�k�l�h�l�u �i�j�h�^�h�e�v�g�h�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y 

�h�[�e�Z�d�Z �W�I�I �p�_�e�_�k�h�h�[�j�Z�a�g�h �\�u�i�h�e�g�y�l�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �Lw, �[�h�e�_�_ �g�b�a�d�b�o, �q�_�f 

�h�i�l�b�f�Z�e�v�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �k�b�g�l�_�a�Z. �;�m�^�m�q�b �h�^�g�h�d�j�Z�l�g�h �\�u�i�h�e�g�_�g�g�h�c, �^�Z�g�g�Z�y �h�i�_�j�Z�p�b�y 

�f�h�`�_�l �[�u�l�v �i�j�h�i�m�s�_�g�Z, �d�h�]�^�Z �i�j�h�b�a�\�h�^�b�l�k�y �h�[�j�Z�[�h�l�d�Z �i�Z�j�l�b�b �h�^�g�h�l�b�i�g�u�o �b�a�^�_�e�b�c. 

  3. �I�h�\�u�r�Z�y �k�b�e�m �l�h�d�Z �i�m�q�d�Z �i�j�b �a�Z�^�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �g�Z�q�Z�e�v�g�h�c �w�g�_�j�]�b�b 

�w�e�_�d�l�j�h�g�h�\ �b �^�Z�\�e�_�g�b�y �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �i�h�^�h�[�j�Z�g�g�h�f �j�_�`�b�f�_ �k�d�Z�g�b�j�h�\�Z�g�b�y 

�i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z, �l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z �i�h�\�u�r�Z�_�l�k�y �^�h �h�i�l�b�f�Z�e�v�g�h�c. 

4. �B�k�i�h�e�v�a�m�y �a�g�Z�q�b�l�_�e�v�g�m�x �l�_�i�e�h�\�m�x �b�g�_�j�p�b�x �h�[�j�Z�a�p�Z �b �\�h�a�f�h�`�g�h�k�l�v 

�i�j�Z�d�l�b�q�_�k�d�b �[�_�a�b�g�_�j�p�b�h�g�g�h �m�i�j�Z�\�e�y�l�v �i�j�h�n�b�e�y�f�b �i�h�l�h�d�h�\ �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u, 

�h�k�m�s�_�k�l�\�e�y�_�l�k�y �\�u�j�Z�\�g�b�\�Z�g�b�_ �h�k�j�_�^�g�_�g�g�u�o �i�h �\�j�_�f�_�g�b �a�g�Z�q�_�g�b�c �n�m�g�d�p�b�c qO(z) �b qO2(�Z)(z). 

�>�e�y �w�l�h�]�h �g�Z �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�m�x �e�b�g�a�m (�i�h�a. 6 �g�Z 3.1.4) �i�h�^�Z�_�l�k�y �i�_�j�_�f�_�g�g�h�_ �g�Z�i�j�y�`�_�g�b�_ 

�^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�c (~ 1 �d�=�p) �q�Z�k�l�h�l�u. �I�j�b �w�l�h�f  �i�h�^�^�_�j�`�Z�g�b�_ �a�Z�^�Z�g�g�h�]�h �l�_�i�e�h�\�h�]�h 

�j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �i�h�k�l�h�y�g�g�h�c �d�h�j�j�_�d�l�b�j�h�\�d�h�c �k�b�e�u �l�h�d�Z �i�m�q�d�Z �i�h �p�_�i�b 

�h�[�j�Z�l�g�h�c �k�\�y�a�b. 

5. �?�k�e�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y �f�g�h�]�h�k�l�Z�^�b�c�g�Z�y �h�[�j�Z�[�h�l�d�Z �\ �i�e�Z�a�f�_ �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ 

(�g�Z�i�j�b�f�_�j, �k �p�_�e�v�x �m�i�j�Z�\�e�_�g�b�y �d�h�f�i�h�g�_�g�l�g�u�f �k�h�k�l�Z�\�h�f �h�d�k�b�^�h�\ �l�b�l�Z�g�Z), 

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �i�j�h�p�_�k�k �^�h�e�`�_�g �i�j�_�^�m�k�f�Z�l�j�b�\�Z�l�v �i�j�h�p�_�^�m�j�m �k�f�_�g�u �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h 

�]�Z�a�Z, �\�h �\�j�_�f�y �d�h�l�h�j�h�c �^�h�e�`�g�Z �h�k�m�s�_�k�l�\�e�y�l�v�k�y �d�h�j�j�_�d�l�b�j�h�\�d�Z �k�b�e�u �l�h�d�Z �i�m�q�d�Z, 

�b�k�d�e�x�q�Z�x�s�Z�y �e�h�d�Z�e�v�g�u�c �i�_�j�_�]�j�_�\ �h�l�^�_�e�v�g�u�o �a�h�g �h�[�j�Z�a�p�Z. �A�Z�f�_�g�Z �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c 

�k�j�_�^�u �h�[�u�q�g�h �\�e�_�q�_�l �a�Z �k�h�[�h�c �g�_�h�[�o�h�^�b�f�h�k�l�v �i�h�^�[�h�j�Z �g�h�\�u�o �a�g�Z�q�_�g�b�c �^�Z�\�e�_�g�b�y Pm �b 

�m�k�d�h�j�y�x�s�_�]�h �g�Z�i�j�y�`�_�g�b�y U, �i�h�w�l�h�f�m �i�j�h�p�_�^�m�j�u 2-4 �k�e�_�^�m�_�l �i�h�\�l�h�j�b�l�v �^�e�y �g�h�\�u�o 

�m�k�e�h�\�b�c �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u.  

�<�u�q�b�k�e�b�l�_�e�v�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u, �Z�g�Z�e�h�]�b�q�g�u�_ �h�i�b�k�Z�g�g�u�f �\�u�r�_, �i�j�h�\�h�^�b�e�b�k�v �g�_ 

�l�h�e�v�d�h �^�e�y �l�j�m�[�q�Z�l�u�o, �g�h �b �^�e�y �i�e�h�k�d�b�o �h�[�j�Z�a�p�h�\.  

�K�i�_�p�b�Z�e�v�g�u�c �p�b�d�e �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�h�\�h�^�b�e�k�y �k �p�_�e�v�x �\�_�j�b�n�b�d�Z�p�b�b �f�_�l�h�^�Z 

�d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �W�I�I �Z�w�j�h�a�h�e�_�c, �h�k�g�h�\�m �d�h�l�h�j�h�]�h  �k�h�k�l�Z�\�e�y�e �h�i�b�k�Z�g�g�u�c 
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�\�u�r�_ �f�_�l�h�^ �f�h�^�_�e�b�j�h�\�Z�g�b�y �W�I�I �q�b�k�l�u�o �]�Z�a�h�\. �I�j�b �w�l�h�f �\�Z�j�v�b�j�h�\�Z�e�b�k�v �^�b�Z�f�_�l�j 

�\�u�\�h�^�g�h�]�h �h�d�g�Z, �j�Z�k�k�l�h�y�g�b�_ z �f�_�`�^�m �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�h�c �b �<�M, �l�h�e�s�b�g�Z �j�_�Z�d�p�b�h�g�g�h�c 

�a�h�g�u d �b �i�e�h�l�g�h�k�l�v �i�u�e�b np. �J�_�a�m�e�v�l�Z�l�u, �i�h�e�m�q�_�g�g�u�_ �i�j�b �\�u�i�h�e�g�_�g�b�b �w�l�h�]�h �p�b�d�e�Z 

�b�k�k�e�_�^�h�\�Z�g�b�c �\ �k�j�Z�\�g�_�g�b�b �k �^�Z�g�g�u�f�b �n�b�a�b�q�_�k�d�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�x 

�w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �\ �a�Z�i�u�e�_�g�g�u�o �k�j�_�^�Z�o,  �g�Z�f�b �h�[�k�m�`�^�Z�e�b�k�v �\ �j�Z�a�^�_�e�_  4.2. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �\ �j�y�^�_ �i�j�Z�d�l�b�q�_�k�d�b �\�Z�`�g�u�o �k�e�m�q�Z�_�\ �d�h�f�i�v�x�l�_�j�g�h�_ 

�f�h�^�_�e�b�j�h�\�Z�g�b�_ �y�\�e�y�_�l�k�y �_�^�b�g�k�l�\�_�g�g�u�f �b�k�l�h�q�g�b�d�h�f �b�g�n�h�j�f�Z�p�b�b �^�e�y �Z�g�Z�e�b�a�Z �j�Z�[�h�q�b�o 

�i�j�h�p�_�k�k�h�\ �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�]�h �j�_�Z�d�l�h�j�Z. �L�Z�d, �g�Z�i�j�b�f�_�j, �\ 

�n�b�a�b�q�_�k�d�h�f �w�d�k�i�_�j�b�f�_�g�l�_ �q�j�_�a�\�u�q�Z�c�g�h �k�e�h�`�g�h �b�a�f�_�j�b�l�v �e�h�d�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �i�e�h�l�g�h�k�l�b 

�w�g�_�j�]�h�\�u�^�_�e�_�g�b�y �\ �j�Z�a�e�b�q�g�u�o �l�h�q�d�Z�o �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �\ �\�b�^�_ �Z�w�j�h�a�h�e�y, �o�h�l�y 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ Q(r,z) �\�h �f�g�h�]�h�f �h�i�j�_�^�_�e�y�_�l �\�k�_ �h�k�l�Z�e�v�g�u�_ �i�j�h�p�_�k�k�u 

�]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u �b �_�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�f �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�f �f�Z�l�_�j�b�Z�e�h�f. 

�< �d�Z�q�_�k�l�\�_ �b�e�e�x�k�l�j�Z�p�b�b �g�Z �j�b�k. 7.4.11 �\ �[�_�a�j�Z�a�f�_�j�g�h�f �\�b�^�_ �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u 

�\�u�q�b�k�e�_�g�b�y �^�h�e�_�c �f�h�s�g�h�k�l�b, �\�d�e�Z�^�u�\�Z�_�f�h�c �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �\ �l�\�_�j�^�m�x �b 

�]�Z�a�h�h�[�j�Z�a�g�m�x �n�Z�a�u �Z�w�j�h�a�h�e�y. �>�Z�g�g�u�_ �i�j�b�\�_�^�_�g�u �^�e�y �i�j�b�h�k�_�\�h�c �a�h�g�u �j�_�Z�d�p�b�h�g�g�h�]�h 

�h�[�t�_�f�Z. 

  

�Z) �[) 
�J�b�k. 7.4.11. �>�h�e�b �f�h�s�g�h�k�l�b �W�I, �i�h�]�e�h�s�Z�_�f�u�_ �]�Z�a�h�\�h�c (�a�_�e�_�g�Z�y �e�b�g�b�y) �b �i�u�e�_�\�h�c (�k�b�g�y�y 

�e�b�g�b�y) �d�h�f�i�h�g�_�g�l�h�c �Z�w�j�h�a�h�e�y, �i�j�b �j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �i�u�e�b: 

�Z) – �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – �d�b�k�e�h�j�h�^ (Pm = 10 �L�h�j�j, Tg = 300 K), �i�u�e�v – Al2O3 (�k�n�_�j�u �‡ 

10 �f�d�f); �[) – �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�c �]�Z�a – �Z�a�h�l (Pm = 10 �L�h�j�j, Tg = 300 K), �i�u�e�v – �m�]�e�_�j�h�^ 

(�k�n�_�j�u �‡ 10 �f�d�f). 

�D�h�j�b�q�g�_�\�Z�y �e�b�g�b�y – �^�h�e�y �f�h�s�g�h�k�l�b �W�I, �h�l�j�Z�`�Z�_�f�Z�y �j�_�Z�d�p�b�h�g�g�u�f �h�[�t�_�f�h�f. 
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7.5. �F�_�o�Z�g�b�a�f�u �b �i�m�k�d�h�\�u�_ �i�j�h�p�_�k�k�u �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b 

�[�b�h�i�h�e�b�f�_�j�h�\ 

�< �d�Z�q�_�k�l�\�_ �\�h�a�f�h�`�g�u�o �i�j�b�q�b�g �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u, �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b 

�i�h�y�\�e�_�g�b�y �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �m �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o �[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

�f�h�`�g�h �m�d�Z�a�Z�l�v �k�e�_�^�m�x�s�b�_: 1) �^�_�k�l�j�m�d�p�b�y �f�h�e�_�d�m�e, 2) �a�Z�f�_�g�Z �d�h�g�p�_�\�u�o �]�j�m�i�i �f�h�e�_�d�m�e, 3) 

�b�a�f�_�g�_�g�b�_ �d�h�g�n�h�j�f�Z�p�b�b �f�h�e�_�d�m�e �[�_�a �b�a�f�_�g�_�g�b�y �b�o �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z. 

�I�j�h�p�_�k�k�u, �i�j�h�o�h�^�y�s�b�_ �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_ �i�j�b �h�[�j�Z�[�h�l�d�_ �\ �g�_�c 

�[�b�h�i�h�e�b�f�_�j�h�\, �b�f�_�x�l �k�e�_�^�m�x�s�b�_ �o�Z�j�Z�d�l�_�j�g�u�_ �h�k�h�[�_�g�g�h�k�l�b: 

�x �\�u�k�h�d�Z�y �i�h�\�_�j�o�g�h�k�l�g�Z�y �i�e�h�l�g�h�k�l�v �w�g�_�j�]�b�b; 

�x �\�u�k�h�d�Z�y �k�l�_�i�_�g�v �g�_�j�Z�\�g�h�\�_�k�g�h�k�l�b (�g�_�f�Z�d�k�\�_�e�e�h�\�k�d�Z�y �n�m�g�d�p�b�y 

�j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�h�\ �i�h �w�g�_�j�]�b�y�f); 

�x �k�[�e�b�`�_�g�b�_ �b �i�_�j�_�d�j�u�\�Z�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�o �\�j�_�f�_�g �n�b�a�b�q�_�k�d�b�o, �n�b�a�b�d�h-

�o�b�f�b�q�_�k�d�b�o �b �o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\; 

�x �\�_�^�m�s�Z�y �j�h�e�v �\ �o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�Z�o �w�e�_�d�l�j�h�g�h�\, �\�h�a�[�m�`�^�_�g�g�u�o �f�h�e�_�d�m�e, 

�b�h�g�h�\, �j�Z�^�b�d�Z�e�h�\, �l.�_. �\�u�k�h�d�h �j�_�d�Z�p�b�h�g�g�h�k�i�h�k�h�[�g�u�o �q�Z�k�l�b�p, �h�[�j�Z�a�m�x�s�b�o�k�y 

�\ �W�I�I. �L�_�f �g�_ �f�_�g�_�_, �g�_�e�v�a�y �g�_ �m�q�b�l�u�\�Z�l�v �b �\�h�a�^�_�c�k�l�\�b�_ �^�j�m�]�b�o �n�Z�d�l�h�j�h�\, 

�j�_�Z�e�b�a�m�_�f�u�o �\ �W�I�I:  

�� �g�Z�]�j�_�\�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �[�b�h�f�Z�l�_�j�b�Z�e�Z �\�k�e�_�^�k�l�\�b�_ �i�j�y�f�h�]�h 

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �[�u�k�l�j�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �W�I �b �i�j�y�f�h�c �i�_�j�_�^�Z�q�b 

�l�_�i�e�Z �h�l �i�e�Z�a�f�_�g�g�h�]�h �h�[�e�Z�d�Z �d   �h�[�j�Z�a�p�m;  

�� �\�e�b�y�g�b�y �g�Z �[�b�h�f�Z�l�_�j�b�Z�e �M�N- �b �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�c; 

�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �i�_�j�\�b�q�g�u�f�b �w�e�_�d�l�j�h�g�Z�f�b �W�I �b �\�l�h�j�b�q�g�u�f�b 

�w�e�_�d�l�j�h�g�Z�f�b �W�I�I, �\�h�a�g�b�d�Z�x�s�b�f�b �i�j�b �b�h�g�b�a�Z�p�b�b 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z; 

�x �f�g�h�]�h�d�Z�g�Z�e�v�g�h�k�l�v �\ �j�_�Z�]�b�j�m�x�s�_�c �k�b�k�l�_�f�_. �< �i�j�h�p�_�k�k�_ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �k�e�h�`�g�u�o �f�h�e�_�d�m�e �[�b�h�i�h�e�b�f�_�j�h�\ �m�q�Z�k�l�\�m�_�l 

�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �j�Z�a�g�h�h�[�j�Z�a�g�u�o �q�Z�k�l�b�p �d�Z�d �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p 

�i�e�Z�a�f�u, �l�Z�d �b �i�j�h�f�_�`�m�l�h�q�g�u�o �i�j�h�^�m�d�l�h�\ �^�_�]�j�Z�^�Z�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ 

(�Z�d�l�b�\�g�u�_ �i�j�h�^�m�d�l�u �i�e�Z�a�f�h�e�b�a�Z �k�\�y�a�Z�g�g�h�c �\�h�^�u, �f�g�h�]�h�q�b�k�e�_�g�g�u�_ �\�b�^�u 

�f�Z�d�j�h- �b �i�_�j�h�d�k�b�^�g�u�o �j�Z�^�b�d�Z�e�h�\ �i�h�e�b�f�_�j�g�u�o �f�h�e�_�d�m�e �b �l.�i.).  

�K�j�_�^�b �b�k�k�e�_�^�h�\�Z�g�g�u�o �\�_�s�_�k�l�\ �g�Z�b�[�h�e�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�f�b �d �i�_�j�_�q�b�k�e�_�g�g�u�f 

�n�Z�d�l�h�j�Z�f �y�\�e�y�x�l�k�y �[�_�e�d�b, �i�h�w�l�h�f�m �i�j�b �Z�g�Z�e�b�a�_ �f�_�o�Z�g�b�a�f�h�\ �b �i�m�k�d�h�\�u�o �i�j�h�p�_�k�k�h�\ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ �h�k�g�h�\�g�h�_ �\�g�b�f�Z�g�b�_ �g�Z�f�b �[�u�e�h �m�^�_�e�_�g�h 

�b�f�_�g�g�h �w�l�h�f�m �d�e�Z�k�k�m �k�h�_�^�b�g�_�g�b�c. �D�j�h�f�_ �l�h�]�h, �[�_�e�d�b �\�u�i�h�e�g�y�x�l �d�Z�d �\ �i�j�h-, �l�Z�d �b �\ 
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�w�m�d�Z�j�b�h�l�b�q�_�k�d�b�o �d�e�_�l�d�Z�o �j�y� ̂ �`�b�a�g�_�g�g�h-�\�Z�`�g�u�o �n�m�g�d�p�b�c, �i�h�w�l�h�f�m �b�k�k�e�_�^�h�\�Z�g�b�_ 

�f�_�o�Z�g�b�a�f�h�\ �\�h�a�^�_�c�k�l�\�b�y �W�I�I �g�Z �f�h�e�_�d�m�e�u �i�j�h�l�_�b�g�h�\ �f�h�`�_�l �[�u�l�v �i�h�e�_�a�g�h �b �i�j�b �j�_�r�_�g�b�b 

�p�_�e�h�]�h �j�y�^�Z �i�j�b�d�e�Z�^�g�u�o �a�Z�^�Z�q �i�e�Z�a�f�_�g�g�h�c �f�_�^�b�p�b�g�u: �i�e�Z�a�f�_�g�g�h�c �k�l�_�j�b�e�b�a�Z�p�b�b, 

�i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f �d�e�_�l�h�q�g�h�c �j�_�]�_�g�_�j�Z�p�b�b �b �k�\�_�j�l�u�\�Z�g�b�x �d�j�h�\�b. 

 

7.5.1 �G�Z�]�j�_�\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z 

�G�Z�]�j�_�\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �[�b�h�f�Z�l�_�j�b�Z�e�Z �\�k�e�_�^�k�l�\�b�_ �i�j�y�f�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y 

�\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�o �w�e�_�d�l�j�h�g�h�\ �W�I, �Z �l�Z�d�`�_ �i�j�y�f�h�c �i�_�j�_�^�Z�q�b �l�_�i�e�Z �h�l �i�e�Z�a�f�_�g�g�h�]�h 

�h�[�e�Z�d�Z �d �h�[�j�Z�a�p�m �f�h�`�_�l �i�j�b�\�_�k�l�b �d  �l�_�i�e�h�\�h�c �^�_�g�Z�l�m�j�Z�p�b�b �[�_�e�d�h�\ �b �l�_�i�e�h�\�h�c �^�_�]�j�Z�^�Z�p�b�b 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ (�b�a�\�_�k�l�g�h, �q�l�h �l�_�i�e�h�\�Z�y �^�_�g�Z�l�m�j�Z�p�b�y �;�K�:, �e�b�a�h�p�b�f�Z, �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b 

�n�b�[�j�b�e�e�y�j�g�h�]�h �d�h�e�e�Z�]�_�g�Z �i�j�h�b�k�o�h�^�b�l �m�`�_ �i�j�b 50-65 º�K).  

�< �o�h�^�_ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �^�Z�`�_ �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ 

�g�Z�]�j�_�\�Z�g�b�_ �;�K�: (�\ �l�_�q�_�g�b�_ 30 �k) �^�h 70 º�K �\ �i�j�h�p�_�k�k�_ �_�]�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�b 

�i�j�b�\�h�^�b�e�h �d �i�h�e�g�h�c �^�_�]�j�Z�^�Z�p�b�b �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e (�j�Z�a�^�_�e 5.1.2). �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b 

�W�I�I-�h�[�j�Z�[�h�l�d�_ �[�b�h�f�Z�l�_�j�b�Z�e�h�\ �i�j�_�`�^�_ �\�k�_�]�h �g�_�h�[�o�h�^�b�f�h �b�k�d�e�x�q�b�l�v �b�o �j�Z�a�j�m�r�_�g�b�_ 

�\�k�e�_�^�k�l�\�b�_ �g�Z�]�j�_�\�Z. 

�>�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �l�_�i�e�h�\�h�c �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\ �\ �i�j�h�p�_�k�k�_ �W�I�I-

�h�[�j�Z�[�h�l�d�b �[�u�e�b �k�i�_�p�b�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�u  

�x �k�b�k�l�_�f�Z �l�_�j�f�h�k�l�Z�[�b�e�b�a�Z�p�b�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �h�[�j�Z�a�p�Z, �h�k�g�h�\�Z�g�g�Z�y �g�Z 

�h�^�g�h�\�j�_�f�_�g�g�h�f �m�i�j�Z�\�e�_�g�b�b �i�h �l�j�_�f �i�Z�j�Z�f�_�l�j�Z�f (�k�b�e�Z �l�h�d�Z �i�m�q�d�Z, �^�Z�\�e�_�g�b�_ 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �m�]�h�e �g�Z�q�Z�e�v�g�h�c �j�Z�k�o�h�^�b�f�h�k�l�b �i�m�q�d�Z); 

�x �k�b�k�l�_�f�Z �m�i�j�Z�\�e�_�g�b�y �w�g�_�j�]�h�\�u�^�_�e�_�g�b�_�f �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ �^�e�y 

�j�Z�a�e�b�q�g�u�o �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�b�o �k�j�_�^ (�b�g�_�j�l�g�u�_ �]�Z�a�u, �d�b�k�e�h�j�h�^, �Z�a�h�l, �Z�f�f�b�Z�d, 

�i�Z�j�u �\�h�^�u, �l�\�_�j�^�u�_ �Z�w�j�h�a�h�e�b). 

�I�j�_�^�e�h�`�_�g�g�u�_ �l�_�o�g�b�q�_�k�d�b�_ �j�_�r�_�g�b�y �b �i�h�o�h�^�u �y�\�e�y�x�l�k�y �i�j�b�g�p�b�i�b�Z�e�v�g�h �g�h�\�u�f�b �b 

�g�_ �b�f�_�x�l �Z�g�Z�e�h�]�h�\, �i�h�k�d�h�e�v�d�m �m�k�e�h�\�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�Z�d�l�b�q�_�k�d�b �g�_ 

�\�h�a�f�h�`�g�h �j�_�Z�e�b�a�h�\�Z�l�v �k �i�h�f�h�s�v�x �m�k�l�Z�g�h�\�h�d �^�j�m�]�b�o �l�b�i�h�\ (�g�Z�i�j�b�f�_�j, �]�Z�a�h�j�Z�a�j�y�^�g�u�o 

�j�_�Z�d�l�h�j�h�\). 

 

7.5.2 �M�N-�h�[�e�m�q�_�g�b�_ 

�>�_�c�k�l�\�b�_ �M�N-�b�a�e�m�q�_�g�b�y �f�h�`�_�l �h�d�Z�a�u�\�Z�l�v �a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z �k�l�j�m�d�l�m�j�m �b, 

�d�Z�d �k�e�_�^�k�l�\�b�_, �[�b�h�e�h�]�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �f�h�e�_�d�m�e �\ �k�e�m�q�Z�_, �_�k�e�b �h�g�h 

�^�_�c�k�l�\�m�_�l �\ �m�a�d�b�o �i�h�e�h�k�Z�o �i�h�]�e�h�s�_�g�b�y �[�_�e�d�Z. �H�k�l�Z�e�v�g�h�_ �M�N-�b�a�e�m�q�_�g�b�_ �g�_ �i�h�]�e�h�s�Z�_�l�k�y 

�[�b�h�f�h�e�_�d�m�e�Z�f�b, �g�_ �b�a�f�_�g�y�_�l �b�o �k�l�j�m�d�l�m�j�m �b �g�_ �\�u�a�u�\�Z�_�l �b�o �b�g�Z�d�l�b�\�Z�p�b�x.  



 289 
 

�< �[�_�e�d�Z�o �]�e�Z�\�g�u�f�b �o�j�h�f�Z�l�h�n�h�j�Z�f�b, �i�h�]�e�h�s�Z�x�s�b�f�b �M�N-�b�a�e�m�q�_�g�b�_ �k �� �[�h�e�_�_ 280 

�g�f �y�\�e�y�x�l�k�y �l�j�b�i�l�h�n�Z�g, �l�b�j�h�a�b�g �b �p�b�k�l�b�g. �=�b�k�l�b�^�b�g, �p�b�k�l�_�b�g �b �n�_�g�b�e�Z�e�Z�g�b�g �i�h�]�e�h�s�Z�x�l 

�M�N �\ �[�h�e�_�_ �d�h�j�h�l�d�h�c �h�[�e�Z�k�l�b (�� �”240 �g�f, �”250 �g�f �b �” 270 �g�f �k�h�h�l�\�_�l�k�l�\�_�g�g�h) [7.5.1, 

7.5.2]. �I�h�]�e�h�s�_�g�b�_ �h�k�l�Z�e�v�g�u�o �Z�e�b�n�Z�l�b�q�_�k�d�b�o �Z�f�b�g�h�d�b�k�e�h�l �e�_�`�b�l �\ �^�b�Z�i�Z�a�h�g�_ �� �f�_�g�_�_ 230 

�g�f. �< �m�k�e�h�\�b�y�o �g�Z�r�_�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �i�j�h�b�k�o�h�^�b�e�Z �]�_�g�_�j�Z�p�b�y �M�N-�b�a�e�m�q�_�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ 

��= 300-400 �g�f. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�_�j�h�y�l�g�h, �q�l�h �M�N-�b�a�e�m�q�_�g�b�_, �]�_�g�_�j�b�j�m�_�f�h�_ �\ �i�j�h�p�_�k�k�_ 

�W�I�I-�h�[�j�Z�[�h�l�d�b �[�b�h�i�h�e�b�f�_�j�h�\, �g�_ �h�d�Z�a�u�\�Z�_�l �k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �b�o �k�l�j�m�d�l�m�j�m �b 

�k�\�h�c�k�l�\�Z. 

 

7.5.3 �J�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m�q�_�g�b�_ 

�< �[�h�e�v�r�b�g�k�l�\�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �g�_ �[�u�e�h �h�l�f�_�q�_�g�h �a�g�Z�q�b�l�_�e�v�g�u�o �b�a�f�_�g�_�g�b�c �\ 

�Z�f�b�g�h�d�b�k�e�h�l�g�h�f �k�h�k�l�Z�\�_ �b �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�_ �[�_�e�d�h�\ �i�j�b �j�_�g�l�]�_�g�h�\�k�d�h�f �h�[�e�m�q�_�g�b�b �b�o 

�e�b�h�n�b�e�b�a�b�j�h�\�Z�g�g�u�o �i�h�j�h�r�d�h�\ �\ �^�h�a�Z�o �^�h 50 �d�=�j [7.5.3-7.5.5]. �< �[�h�e�_�_ �\�u�k�h�d�b�o �^�h�a�Z�o ��-

�b�a�e�m�q�_�g�b�_ �i�j�b�\�h�^�b�l �d �Z�]�j�_�]�Z�p�b�b �[�_�e�d�h�\ �b �h�[�j�Z�a�h�\�Z�g�b�x �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o �d�h�\�Z�e�_�g�l�g�u�o 

�k�\�y�a�_�c [7.5.6] �b/�b�e�b �^�_�]�j�Z�^�Z�p�b�b �i�j�h�l�_�b�g�h�\ [7.5.7-7.5.9]. 

�< �d�h�g�l�j�h�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o (�k�f. �j�Z�a�^�_�e 5.3.) �l�Z�d�`�_ �g�_ �[�u�e�b �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u 

�k�m�s�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �\ �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�_ �b �k�h�^�_�j�`�Z�g�b�b �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ 

�f�_�`�^�m �b�k�o�h�^�g�u�f�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�h�f �b �;�K�: �b �w�l�b�f�b �`�_ �[�_�e�d�Z�f�b, �h�[�j�Z�[�h�l�Z�g�g�u�f�b 

�j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f. �I�h-�\�b�^�b�f�h�f�m, �^�h�k�l�Z�l�h�q�g�h �f�y�]�d�h�_ �\ �m�k�e�h�\�b�y�o �i�j�h�\�h�^�b�\�r�b�o�k�y 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �j�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m�q�_�g�b�_ �g�_ �y�\�e�y�_�l�k�y �]�e�Z�\�g�u�f �n�Z�d�l�h�j�h�f �\ �W�I�I-

�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�b �[�b�h�i�h�e�b�f�_�j�h�\, �o�h�l�y �b �f�h�`�_�l �\�g�h�k�b�l�v �^�h�i�h�e�g�b�l�_�e�v�g�u�c 

�\�d�e�Z�^ �\ �b�a�f�_�g�_�g�b�_ �b�o �k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\. 

 

7.5.4 �>�_�c�k�l�\�b�_ �i�_�j�\�b�q�g�u�o �b �\�l�h�j�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ 

�W�n�n�_�d�l�u, �\�h�a�g�b�d�Z�x�s�b�_ �\ �j�_�a�m�e�v�l�Z�l�_ �\ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �w�e�_�d�l�j�h�g�h�\ �k �[�_�e�d�Z�f�b, 

�k�\�_�^�_�g�u �\ �l�Z�[�e�b�p�m 7.5.1. 

�H�[�e�m�q�_�g�b�_ �w�e�_�d�l�j�h�g�Z�f�b �k�i�h�k�h�[�g�h �\�u�a�u�\�Z�l�v �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �[�b�h�e�h�]�b�q�_�k�d�b�o 

�f�h�e�_�d�m�e, �d�Z�d �a�Z �k�q�_�l �i�_�j�\�b�q�g�h�]�h �i�h�\�j�_�`�^�_�g�b�y, �\�u�a�u�\�Z�_�f�h�]�h �i�j�y�f�u�f �g�_�m�i�j�m�]�b�f 

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f �w�e�_�d�l�j�h�g�h�\ �b �Z�l�h�f�h�\ �i�h�e�b�i�_�i�l�b�^�g�h�c �[�_�e�d�h�\�h�c �p�_�i�b (�b�h�g�b�a�Z�p�b�y, 

�\�h�a�[�m�`�^�_�g�b�_), �l�Z�d �b �a�Z �k�q�_�l �\�l�h�j�b�q�g�h�]�h, �d�h�l�h�j�h�_ �y�\�e�y�_�l�k�y �j�_�a�m�e�v�l�Z�l�h�f �j�_�Z�d�p�b�c �[�_�e�d�h�\�u�o 

�f�h�e�_�d�m�e �b �k�\�h�[�h�^�g�u�o �j�Z�^�b�d�Z�e�h�\, �\�h�a�g�b�d�Z�x�s�b�o �i�j�b �i�_�j�\�b�q�g�h�f  �i�h�\�j�_�`�^�_�g�b�b.  �I�h�j�h�] 

�g�Z�q�Z�e�Z �b�g�Z�d�l�b�\�Z�p�b�b �k�h�h�l�\�_�l�k�l�\�m�_�l �w�g�_�j�]�b�b �w�e�_�d�l�j�h�g�Z ~10-12 �w�<, �[�e�b�a�d�h�c �d �k�j�_�^�g�_�f�m 

�i�h�l�_�g�p�b�Z�e�m �b�h�g�b�a�Z�p�b�b �e�_�]�d�b�o �Z�l�h�f�h�\ �[�_�e�d�h�\�h�c �f�h�e�_�d�m�e�u. �B�h�g�b�a�Z�p�b�y �]�h�j�Z�a�^�h �[�h�e�_�_ 

�w�n�n�_�d�l�b�\�g�Z �\ �^�_�]�j�Z�^�Z�p�b�b �[�_�e�d�h�\�h�c �f�h�e�_�d�m�e�u, �q�_�f �Z�d�l�u �\�h�a�[�m�`�^�_�g�b�y, �k�h�i�j�h�\�h�`�^�Z�_�f�u�_ 

�i�_�j�_�^�Z�q�_�c �w�g�_�j�]�b�b, �f�_�g�v�r�_�c �i�h�l�_�g�p�b�Z�e�Z �b�h�g�b�a�Z�p�b�b [7.5.10].  
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�L�Z�[�e�b�p�Z 7.5.1. �W�n�n�_�d�l�u, �\�h�a�g�b�d�Z�x�s�b�_ �\ �j�_�a�m�e�v�l�Z�l�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �w�e�_�d�l�j�h�g�h�\ �k 
�[�_�e�d�Z�f�b 
 

�I�h�\�j�_�`�^�Z�x�s�b�c �n�Z�d�l�h�j �J�_�a�m�e�v�l�Z�l �\�h�a�^�_�c�k�l�\�b�y �g�Z �[�_�e�d�h�\�m�x 
�f�h�e�_�d�m�e�m 

�G�Z�]�j�_�\ �L�_�i�e�h�\�Z�y �^�_�g�Z�l�m�j�Z�p�b�y, �b�a�f�_�g�_�g�b�_ 
�d�h�g�n�h�j�f�Z�p�b�b �f�h�e�_�d�m�e�u 

�B�a�f�_�g�_�g�b�_ �f�Z�k�k�u  �M�f�_�g�v�r�_�g�b�_ �f�Z�k�k�u �h�[�j�Z�a�p�Z, 
�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �f�Z�k�k�u 

�J�Z�a�j�u�\ �d�h�\�Z�e�_�g�l�g�u�o �k�\�y�a�_�c �B�a�f�_�g�_�g�b�_ �i�h�e�h�`�_�g�b�y �Z�l�h�f�h�\ �\ 
�i�h�e�b�i�_�i�l�b�^�g�h�c �p�_�i�h�q�d�_, �b�a�f�_�g�_�g�b�_ 
�d�h�g�n�h�j�f�Z�p�b�b �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e 

�B�h�g�b�a�Z�p�b�y �b �b�a�f�_�g�_�g�b�y �a�Z�j�y�^�Z  �B�a�f�_�g�_�g�b�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �a�Z�j�y�^�Z �\ 
�[�_�e�d�h�\�h�c �f�h�e�_�d�m�e�_ 

�=�_�g�_�j�Z�p�b�y �k�\�h�[�h�^�g�u�o �j�Z�^�b�d�Z�e�h�\ �<�l�h�j�b�q�g�h�_ �f�h�^�b�n�b�p�b�j�m�x�s�_�_ �\�e�b�y�g�b�_  
 

�< �j�Z�a�^�_�e�_ 5.3. �h�i�b�k�Z�g�u �w�d�k�i�_�j�b�f�_�g�l�u, �\ �d�h�l�h�j�u�o �[�u�e �h�p�_�g�_�g �\�d�e�Z�^ �[�u�k�l�j�u�o 

�w�e�_�d�l�j�h�g�h�\ �W�I �\ �^�_�]�j�Z�^�Z�p�b�x �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e. �>�e�y �w�l�h�]�h  �i�h�j�h�r�h�d �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �b 

�l�h�g�d�b�_ �i�e�_�g�d�b �;�K�: �i�h�^�\�_�j�]�Z�e�b �\�h�a�^�_�c�k�l�\�b�x �i�h�l�h�d�Z �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\, �h�l�j�Z�`�_�g�g�u�o �h�l 

�\�h�e�v�n�j�Z�f�h�\�h�c �i�e�Z�k�l�b�g�u. �I�j�b �Z�g�Z�e�b�a�_ �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k �i�j�h�^�m�d�l�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h 

�g�Z�e�b�q�b�_, �d�Z�d �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �l�Z�d �b �i�j�h�^�m�d�l�h�\ �i�h�e�b�f�_�j�b�a�Z�p�b�b �f�h�e�_�d�m�e 

�[�_�e�d�Z, �i�j�b�q�_�f �g�Z�d�h�i�e�_�g�b�_ �i�h�k�e�_�^�g�b�o �g�Z�j�Z�k�l�Z�e�h �k �m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �w�d�k�i�h�a�b�p�b�b. �I�j�b 

�b�k�k�e�_�^�h�\�Z�g�b�b �i�h�e�m�q�_�g�g�u�o �i�j�h�^�m�d�l�h�\ �[�u�e�h �h�l�f�_�q�_�g�h �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �h�[�j�Z�a�p�_, �i�j�b�q�_�f �g�Z�b�[�h�e�v�r�_�_ �b�a�f�_�g�_�g�b�y �h�l�f�_�q�Z�e�b�k�v �m 

�]�e�m�l�Z�f�b�g�h�\�h�c �b �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l �b �k�_�j�h�k�h�^�_�j�`�Z�s�b�o �Z�f�b�g�h�d�b�k�e�h�l. �A�g�Z�q�b�l�_�e�v�g�h�_ 

�k�g�b�`�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z �h�k�l�Z�l�d�h�\ �]�e�m�l�Z�f�b�g�h�\�h�c �b �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[ 

�m�q�Z�k�l�b�b �d�h�g�p�_�\�u�o �d�Z�j�[�h�d�k�b�e�v�g�u�o �]�j�m�i�i �\ �i�j�h�p�_�k�k�_: 

 

CHR CO NH CHR'
e CHR CO NH CHR'

CHR CO + NH CHR'

CHR CO+

CH CO + H

CHR CO NH CHR' + CO CHR CO NH CHR' CO

CHR CO NH CHR' CHR COH + N CHR'

•�í 

• �í

•

•

• •

• • 
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 �:�d�l�b�\�g�u�f�b �Z�d�p�_�i�l�h�j�Z�f�b �w�e�_�d�l�j�h�g�h�\ �y�\�e�y�x�l�k�y �l�Z�d�`�_ �^�b�k�m�e�v�n�b�^�g�u�_ S�íS �]�j�m�i�i�u 

�h�k�l�Z�l�d�h�\ �k�_�j�h�k�h�^�_�j�`�Z�s�b�o �d�b�k�e�h�l, SH-�]�j�m�i�i�u �p�b�k�l�_�b�g�Z, �d�h�g�p�_�\�u�_ +NH3 �]�j�m�i�i�u 

�i�h�e�b�i�_�i�l�b�^�g�u�o �p�_�i�_�c �b �h�k�l�Z�l�d�h�\ �e�b�a�b�g�Z. 

�I�h�w�l�h�f�m �^�e�y �j�Z�k�q�_�l�Z �i�h�l�h�d�h�\ �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\, �i�Z�^�Z�x�s�b�o �g�Z �[�b�h�h�[�j�Z�a�_�p, �[�u�e�h 

�k�i�_�p�b�Z�e�v�g�h �\�u�i�h�e�g�_�g�h �d�h�f�i�v�x�l�_�j�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�o�h�`�^�_�g�b�y �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ 

�q�_�j�_�a �]�Z�a �b �k�e�h�c �i�h�j�h�r�d�Z (�k�f. �j�Z�a�^�_�e 4.4.), �Z �d�h�g�k�l�j�m�d�p�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�b 

�[�u�e�Z �h�i�l�b�f�b�a�b�j�h�\�Z�g�Z �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �h�[�_�k�i�_�q�b�l�v �d�h�g�l�j�h�e�b�j�m�_�f�m�x �b �j�Z�\�g�h�f�_�j�g�m�x 

�h�[�j�Z�[�h�l�d�m �f�Z�l�_�j�b�Z�e�Z. �<�h�a�f�h�`�g�h�k�l�v �\ �l�_�q�_�g�b�_ �^�e�b�l�_�e�v�g�h�]�h �\�j�_�f�_�g�b �i�h�^�^�_�j�`�b�\�Z�l�v 

�a�Z�^�Z�g�g�u�c �j�_�`�b�f �j�Z�[�h�l�u �m�k�l�Z�g�h�\�d�b �i�h�a�\�h�e�b�e�Z �g�Z�d�Z�i�e�b�\�Z�l�v �a�g�Z�q�b�l�_�e�v�g�u�_ �^�h�a�u �h�[�e�m�q�_�g�b�y 

�i�j�_�i�Z�j�Z�l�h�\ �i�j�b �f�y�]�d�b�o �j�_�`�b�f�Z�o (�l.�_. �i�j�b �f�Z�e�u�o �f�h�s�g�h�k�l�y�o �^�h�a�u �h�[�e�m�q�_�g�b�y). �I�h�^�h�[�g�u�c 

�j�_�`�b�f �i�h�a�\�h�e�y�_�l �b�a�[�_�`�Z�l�v �^�_�k�l�j�m�d�p�b�b �[�b�h�f�h�e�_�d�m�e �i�h� ̂�^�_�c�k�l�\�b�_�f �[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �b 

�l�_�i�e�Z, �\�u�^�_�e�y�x�s�_�]�h�k�y �i�j�b �b�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �k �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�f �[�b�h�f�Z�l�_�j�b�Z�e�h�f. 

 

7.5.5 �>�_�c�k�l�\�b�_ �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u 

�I�j�b �Z�g�Z�e�b�a�_ �i�j�h�^�m�d�l�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b �]�e�h�[�m�e�y�j�g�u�o �b �n�b�[�j�b�e�e�y�j�g�u�o �[�_�e�d�h�\ �k 

�i�h�f�h�s�v�x �j�Z�a�e�b�q�g�u�o �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�o �f�_�l�h�^�h�\ �[�u�e�h �i�h�d�Z�a�Z�g�h �n�h�j�f�b�j�h�\�Z�g�b�_ 

�f�g�h�]�h�q�b�k�e�_�g�g�u�o �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\, �y�\�e�y�x�s�_�_�k�y �k�e�_�^�k�l�\�b�_�f �^�_�k�l�j�m�d�p�b�b 

�i�_�i�l�b�^�g�u�o �k�\�y�a�_�c. �I�j�b �i�j�h�\�_�^�_�g�b�b �o�j�h�f�Z�l�h-�f�Z�k�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b �\ �i�j�h�^�m�d�l�Z�o �W�I�I-

�h�[�j�Z�[�h�l�d�b �[�_�e�d�h�\ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �i�j�b�k�m�l�k�l�\�b�_ �j�Z�a�e�b�q�g�u�o �Z�f�b�^�h�\ �b �d�_�l�h�g�h�\, �Z �l�Z�d�`�_ 

�i�j�h�^�m�d�l�h�\ �h�d�b�k�e�_�g�b�y �i�j�h�e�b�g�Z (�i�b�j�j�h�e�b�^�h�g, 2,5-�i�b�j�j�h�e�b�^�b�g�^�b�h�g, 2-�i�b�i�_�j�b�^�b�h�g), �q�l�h �^�Z�_�l 

�h�k�g�h�\�Z�g�b�_ �i�j�_�^�i�h�e�h�`�b�l�v, �i�h �d�j�Z�c�g�_�c �f�_�j�_, �l�j�b �f�_�o�Z�g�b�a�f�Z �j�Z�k�s�_�i�e�_�g�b�y �i�_�i�l�b�^�g�h�c �k�\�y�a�b: 

�Z) �j�Z�k�s�_�i�e�_�g�b�_ �Z�e�d�h�d�k�b�e�v�g�u�o �i�j�h�b�a�\�h�^�g�u�o �[�_�e�d�h�\ �i�h �.-�Z�f�b�^�g�h�f�m �f�_�o�Z�g�b�a�f�m (�b�a 

N-�d�h�g�p�Z �b�k�o�h�^�g�h�]�h �i�_�i�l�b�^�Z �h�[�j�Z�a�m�_�l�k�y �^�b�Z�f�b�^�g�h�_ �b �Z�a�h�l�g�h�p�b�Z�g�b�^�g�h�_ �i�j�h�b�a�\�h�^�g�u�_; 

�[) �j�Z�k�s�_�i�e�_�g�b�_ �Z�e�d�h�d�k�b�e�v�g�u�o �i�j�h�b�a�\�h�^�g�u�o �[�_�e�d�h�\ �i�h �^�b�Z�f�b�^�g�h�f�m �f�_�o�Z�g�b�a�f�m 

(�h�[�j�Z�a�h�\�Z�g�b�_ �b�a N-�d�h�g�p�Z �b�k�o�h�^�g�h�]�h �i�_�i�l�b�^�Z �^�b�Z�f�b�^�Z �b �.-�d�_�l�h�Z�p�b�e�v�g�h�]�h �i�j�h�b�a�\�h�^�g�h�]�h); 

�G�b�`�_ �i�j�b�\�_�^�_�g�Z �k�o�_�f�Z, �h�i�b�k�u�\�Z�x�s�Z�y �i�m�l�b �Z) �b �[) [7.5.11]: 

 

 �\) �h�d�b�k�e�_�g�b�_ �[�h�d�h�\�u�o �h�k�l�Z�l�d�h�\ �i�j�h�e�b�g�Z: 
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H

R2

C

O

NH C

H

R3

C

O

NH2 C
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H
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H
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O
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�M�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �]�e�m�l�Z�f�b�g�h�\�h�c �b �Z�k�i�Z�j�Z�]�b�g�h�\�h�c �d�b�k�e�h�l �\ �i�j�h�^�m�d�l�Z�o �W�I�I-

�h�[�j�Z�[�h�l�d�b �[�_�e�d�h�\ �^�Z�_�l �h�k�g�h�\�Z�g�b�_ �i�j�_�^�i�h�e�h�`�b�l�v �_�s�_ �h�^�b�g �h�i�h�k�j�_�^�h�\�Z�g�g�u�c �h�d�b�k�e�_�g�b�_�f 

�i�m�l�v �^�_�k�l�j�m�d�p�b�b �i�_�i�l�b�^�g�h�c �k�\�y�a�b �\ �b�k�o�h�^�g�u�o �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e�Z�o. �>�Z�g�g�u�c �i�m�l�v 

�b�g�b�p�b�b�j�m�_�l�k�y, �g�Z�i�j�b�f�_�j, •�H�G-�h�i�h�k�j�_�^�h�\�Z�g�g�u�f �h�l�s�_�i�e�_�g�b�_�f �Z�l�h�f�Z �\�h�^�h�j�h�^�Z �h�l ��-

�m�]�e�_�j�h�^�g�h�]�h �Z�l�h�f�Z �[�h�d�h�\�h�c �p�_�i�b, �a�Z �d�h�l�h�j�u�f �k�e�_�^�m�_�l �j�Z�k�s�_�i�e�_�g�b�_ �i�_�i�l�b�^�g�h�c �k�\�y�a�b. �I�j�b 

�w�l�h�f �n�j�Z�]�f�_�g�l, �h�[�j�Z�a�h�\�Z�g�g�u�c �b�a N-�d�h�g�p�_�\�h�c �q�Z�k�l�b �b�k�o�h�^�g�h�]�h �i�h�e�b�i�_�i�l�b�^�Z, �i�j�_�^�k�l�Z�\�e�_�g 

�Z�f�b�^�h�f, �Z �b�a �K-�d�h�g�p�_�\�h�c – �i�b�j�m�\�b�e�v�g�h�c �q�Z�k�l�v�x [7.5.11]: 

 

 

�I�j�b �h�[�j�Z�[�h�l�d�_ �;�K�: �\ �W�I�I �Z�j�]�h�g�Z (�2 =5 �f�b�g) �g�Z�[�e�x�^�Z�e�Z�k�v �f�Z�d�k�b�f�Z�e�v�g�Z�y �k�l�_�i�_�g�v 

�^�_�k�l�j�m�d�p�b�b (�i�h �k�j�Z�\�g�_�g�b�x �k �;�K�:, �h�[�j�Z�[�h�l�Z�g�g�u�f �\ �W�I�I �d�b�k�e�h�j�h�^�Z �b �\�h�^�y�g�h�]�h �i�Z�j�Z), �q�l�h 

�[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �h�i�j�_�^�_�e�_�g�b�b �d�h�g�p�_�g�l�j�Z�p�b�b �[�_�e�d�Z �\ �h�[�j�Z�a�p�_, �w�e�_�d�l�j�h�n�h�j�_�a�_ �\ 

�i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f �]�_�e�_ �b �h�i�j�_�^�_�e�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\. 

�A�g�Z�q�b�l�_�e�v�g�Z�y �^�_�k�l�j�m�d�p�b�y �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �f�h�`�_�l �k�e�_�^�k�l�\�b�_�f �i�j�y�f�h�c �^�_�]�j�Z�^�Z�p�b�b 

�i�_�i�l�b�^�g�u�o �k�\�y�a�_�c �b �[�h�d�h�\�u�o �p�_�i�_�c �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �i�h� ̂ �\�e�b�y�g�b�_�f �l�y�`�_�e�u�o 

�q�Z�k�l�b�p �W�I�I �Z�j�]�h�g�Z. �< �j�y�^�_ �j�Z�[�h�l [7.5.12-7.5.16] �i�h�d�Z�a�Z�g �j�Z�a�j�u�\ �i�h�e�b�i�_�i�l�b�^�g�h�c �p�_�i�b �b 

�j�Z�a�j�m�r�_�g�b�_ �Z�f�b�g�h�d�b�k�e�h�l �i�j�b �h�[�j�Z�[�h�l�d�_ �[�_�e�d�h�\ �l�y�`�_�e�u�f�b �b�h�g�Z�f�b �b �Z�l�h�f�Z�f�b �g�_�h�g�Z, 

�Z�j�]�h�g�Z, �d�j�b�i�l�h�g�Z, �d�k�_�g�h�g�Z, �a�h�e�h�l�Z �b �l�h�j�b�y. 

�I�j�h�p�_�k�k�u �^�_�k�l�j�m�d�p�b�b �[�_�e�d�h�\ �i�j�b �b�o �W�I�I-�h�[�j�Z�[�h�l�d�_ �k�h�i�j�h�\�h�`�^�Z�e�b�k�v 

�i�h�e�b�f�_�j�b�a�Z�p�b�_�c �[�_�e�d�h�\�u�o �f�h�e�_�d�m�e �k �h�[�j�Z�a�h�\�Z�g�b�_�f �\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �Z�]�j�_�]�Z�l�h�\, �q�l�h 

�[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �i�j�b �i�j�h�\�_�^�_�g�b�b �]�_�e�v�i�j�h�g�b�d�Z�x�s�_�c �o�j�h�f�Z�l�h�]�j�Z�n�b�b. �O�h�l�y �n�h�j�f�b�j�h�\�Z�g�b�_ 

�\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �h�l�f�_�q�Z�e�h�k�v �b �i�j�b �h�[�j�Z�[�h�l�d�_ �h�[�j�Z�a�p�h�\ �[�u�k�l�j�u�f�b 
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�w�e�_�d�l�j�h�g�Z�f�b �i�m�q�d�Z, �j�Z�^�b�d�Z�e�v�g�u�_ �i�j�h�p�_�k�k�u, �b�g�b�p�b�b�j�m�_�f�u�_ �Z�d�l�b�\�g�u�f�b �q�Z�k�l�b�p�Z�f�b �i�e�Z�a�f�u 

(�\ �h�k�g�h�\�g�h�f �Z�d�l�b�\�g�u�f�b �n�h�j�f�Z�f�b �d�b�k�e�h�j�h�^�Z (ROS) �b �i�j�h�^�m�d�l�Z�f�b �i�e�Z�a�f�h�e�b�a�Z �\�h�^�u), �f�h�]�m�l 

�l�Z�d�`�_ �k�l�b�f�m�e�b�j�h�\�Z�l�v �h�[�j�Z�a�h�\�Z�g�b�_ �\�g�m�l�j�b- �b �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o �k�r�b�\�h�d �i�h �k�e�_�^�m�x�s�b�f 

�f�_�o�Z�g�b�a�f�Z�f: 

�Z)  �<�a�Z�b�f�h�^�_�c�k�l�\�b�_ �^�\�m�o �Z�e�d�b�e�v�g�u�o �j�Z�^�b�d�Z�e�h�\, �\�h�a�g�b�d�r�b�o �i�j�b �h�d�b�k�e�_�g�b�b 

�i�_�i�l�b�^�g�h�c �k�\�y�a�b �b�e�b �[�h�d�h�\�u�o �p�_�i�_�c �Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\  [7.5.11]: 

 

�[) �<�a�Z�b�f�h�^�_�c�k�l�\�b�_ �^�\�m�o �j�Z�^�b�d�Z�e�h�\ �l�b�j�h�a�b�e�Z, �\ �j�_�a�m�e�v�l�Z�l�_ �d�h�l�h�j�h�]�h �h�[�j�Z�a�m�_�l�k�y 2,2´-

�[�b�l�h�j�a�b�g: 

R1tyr• + R2tyr• �:  R1�ítyr�ítyr�íR2 

�\) �<�a�Z�b�f�h�^�_�c�k�l�\�b�_ �f�_�`�^�m �^�b�Z�e�v�^�_�]�b�^�Z�f�b �k �Z�f�b�g�h�]�j�m�i�i�Z�f�b �e�b�a�b�g�Z, 

�i�j�b�g�Z�^�e�_�`�Z�s�b�f�b �j�Z�a�g�u�f �[�_�e�d�h�\�u�f �f�h�e�_�d�m�e�Z�f: 

R1�íNH2 + R2�íNH2 + CH2(CHO)2 �:  R1�íN=CHCH2CH=N�íR2 + 2H2O 

�]) �H�d�b�k�e�_�g�b�_ �p�b�k�l�_�b�g�Z: �i�j�b �^�_�g�Z�l�m�j�b�j�m�x�s�_�f �w�e�_�d�l�j�h�n�h�j�_�a�_  �i�h�e�b�Z�d�j�b�e�Z�f�b�^�g�h�f 

�]�_�e�_ �W�I�I-�h�[�j�Z�[�h�l�Z�g�g�u�o �[�_�e�d�h�\ �g�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �d�j�m�i�g�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\. 

�L�Z�d �d�Z�d �b�k�i�h�e�v�a�m�_�f�u�c �i�j�b �i�h�k�l�Z�g�h�\�d�_ �^�Z�g�g�h�c �f�_�l�h�^�b�d�b ��-�f�_�j�d�Z�i�l�h�w�l�Z�g�h�e 

�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l �íS�íS�í �k�\�y�a�b, �h�l�k�m�l�k�l�\�b�_ �d�j�m�i�g�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �i�j�b 

�i�j�h�\�_�^�_�g�b�b PAGE �f�h�`�_�l �d�h�k�\�_�g�g�h �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v �h�[ �h�[�j�Z�a�h�\�Z�g�b�b �f�_�`�^�m �b�k�o�h�^�g�u�f�b 

�[�_�e�d�h�\�u�f�b �f�h�e�_�d�m�e�Z�f�b �d�h�\�Z�e�_�g�l�g�u�o �^�b�k�m�e�v�n�b�^�g�u�o �k�\�y�a�_�c. 
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�K�h�h�l�g�h�r�_�g�b�_ �\�u�o�h�^�Z �g�b�a�d�h- �b �d�j�m�i�g�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\ �a�Z�\�b�k�b�l �h�l 

�i�Z�j�Z�f�_�l�j�h�\ �W�I�I-�h�[�j�Z�[�h�l�d�b, �k�l�j�m�d�l�m�j�u �b�k�o�h�^�g�h�]�h �[�_�e�d�Z �b �k�i�h�k�h�[�Z �i�h�^�]�h�l�h�\�d�b �h�[�j�Z�a�p�Z. 

�W�I�I-�h�[�j�Z�[�h�l�d�Z �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �n�b�[�j�b�e�e�y�j�g�u�o �[�_�e�d�h�\ �k �[�h�e�v�r�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 
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�i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c, �\ �l�h �\�j�_�f�y 

�d�Z�d �f�h�^�b�n�b�d�Z�p�b�y �]�e�h�[�m�e�y�j�g�u�o �i�j�h�l�_�b�g�h�\ �\ �h�k�g�h�\�g�h�f �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �b�o �q�Z�k�l�b�q�g�h�c 

�i�h�e�b�f�_�j�b�a�Z�p�b�_�c, �q�l�h �[�u�e�h �i�h�d�Z�a�Z�g�h �i�j�b �W�I�I-�h�[�j�Z�[�h�l�d�_ �;�K�:. �I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ 

�i�h�e�g�h�k�l�v�x �k�h�]�e�Z�k�m�x�l�k�y �k �j�_�a�m�e�v�l�Z�l�Z�f�b �^�j�m�]�b�o �b�k�k�e�_�^�h�\�Z�l�_�e�_�c: �i�j�b �\�h�a�^�_�c�k�l�\�b�b �g�Z 

�i�j�h�l�_�b�g�u �b�h�g�b�a�b�j�m�x�s�b�o �b�a�e�m�q�_�g�b�c �i�j�h�b�k�o�h�^�b�e�Z �^�_�]�j�Z�^�Z�p�b�y �n�b�[�j�b�e�e�y�j�g�u�o �[�_�e�d�h�\ (�a�Z 

�k�q�_�l �j�Z�a�j�u�\�Z �i�_�i�l�b�^�g�u�o �b �^�b�k�m�e�v�n�b�^�g�u�o �k�\�y�a�_�c) �b �Z�]�j�_�]�Z�p�b�y �]�e�h�[�m�e�y�j�g�u�o �[�_�e�d�h�\�u�o 

�f�h�e�_�d�m�e [7.5.3, 7.5.17, 7.5.18]. 

�I�h�f�b�f�h �^�_�k�l�j�m�d�p�b�b �i�_�i�l�b�^�g�u�o �k�\�y�a�_�c �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u �W�I�I 

�k�i�h�k�h�[�g�u �h�d�b�k�e�y�l�v �[�h�d�h�\�u�_ �j�Z�^�b�d�Z�e�u �Z�f�b�g�h�d�b�k�e�h�l, �\�o�h�^�y�s�b�_ �\ �k�h�k�l�Z�\ �i�h�e�b�i�_�i�l�b�^�g�h�c 

�p�_�i�b. �G�Z�b�[�h�e�_�_ �Z�d�l�b�\�g�u�f�b �h�d�b�k�e�b�l�_�e�y�f�b �y�\�e�y�x�l�k�y �j�Z�^�b�d�Z�e�u •�H�G, �q�v�b �d�h�g�k�l�Z�g�l�u 

�k�d�h�j�h�k�l�_�c �j�_�Z�d�p�b�b �k �[�h�e�v�r�b�g�k�l�\�h�f �Z�f�b�g�h�d�b�k�e�h�l �h�q�_�g�v �\�u�k�h�d�b (108-109 �e×�f�h�e�v-1×�k-1), �Z 

�l�Z�d�`�_ �k�b�g�]�e�_�l�g�u�c �d�b�k�e�h�j�h�^, �h�k�g�h�\�g�u�_ �f�b�r�_�g�b �d�h�l�h�j�h�]�h �p�b�k�l�_�b�g, �f�_�l�b�h�g�b�g, �l�j�b�i�l�h�n�Z�g, 

�l�b�j�h�a�b�g �b �]�b�k�l�b�^�b�g (�d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�c 8,9×106-3,2×107 �e×�f�h�e�v-1×�k-1) [7.5.1, 

7.5.19]. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �k�b�g�]�e�_�l�g�u�c �d�b�k�e�h�j�h�^ �f�h�`�_�l �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v �k 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�f�b �h�k�l�Z�l�d�Z�f�b �g�_ �l�h�e�v�d�h �o�b�f�b�q�_�k�d�b, �g�h �b �\�k�l�m�i�Z�y �\ �j�_�Z�d�p�b�b �n�b�a�b�q�_�k�d�h�]�h 

�]�Z�r�_�g�b�y [7.5.20], �l.�_. �\ �i�_�j�_�^�Z�q�m �w�g�_�j�]�b�b �h�l  1�H2 �Z�f�b�g�h�d�b�k�e�h�l�g�h�f�m �h�k�l�Z�l�d�m �b �j�_�e�Z�d�k�Z�p�b�b 

�k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �^�h �l�j�b�i�e�_�l�g�h�]�h �k�h�k�l�h�y�g�b�y: 

1�H2 + �: �•�o�• qk 3�H2 + �:    �n�b�a�b�q�_�k�d�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ 

1�H2 + �: �•�o�• ak
�: �H2    �o�b�f�b�q�_�k�d�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ 

�H�k�h�[�_�g�g�h �Z�d�l�b�\�g�u �i�j�b �w�l�h�f �Z�f�b�g�h�d�b�k�e�h�l�g�u�_ �h�k�l�Z�l�d�b �l�j�b�i�l�h�n�Z�g�Z, �f�_�l�b�h�g�b�g�Z, 

�]�b�k�l�b�^�b�g�Z (kq �§ 2-5×107 �e×�f�h�e�v-1×�k-1). �:�d�l�b�\�g�h�k�l�v �^�j�m�]�b�o �h�k�l�Z�l�d�h�\ �g�Z 1-2 �i�h�j�y�^�d�Z �g�b�`�_. 

 

�L�Z�[�e�b�p�Z 7.5.2. �K�\�h�c�k�l�\�Z �g�_�d�h�l�h�j�u�o �Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z [7.5.21] 

�K�\�h�c�k�l�\�h �K�b�g�]�e�_�l�g�u�c 
�d�b�k�e�h�j�h�^ 

1�H2 

�K�m�i�_�j�h�d�k�b�^ 
�Z�g�b�h�g �j�Z�^�b�d�Z�e 

�H2
-• 

�I�_�j�_�d�b�k�v 
�\�h�^�h�j�h�^�Z 

�G2�H2 

�=�b�^�j�h�d�k�b�e�v�g�u�c 
�j�Z�^�b�d�Z�e 

•�H�G 
�I�_�j�b�h�^ �i�h�e�m�j�Z�k�i�Z�^�Z 
�\ �[�b�h�e�h�]�b�q�_�k�d�b�o 
�k�b�k�l�_�f�Z�o 

1 �f�d�k 1 �f�d�k 1 �f�k 1 �g�k 

�I�j�h�[�_�]*  30 �g�f 30 �g�f 1 �f�d�f 1 �g�f 

�J�_�Z�d�p�b�b �k 
�Z�f�b�g�h�d�b�k�e�h�l�g�u�f�b 
�h�k�l�Z�l�d�Z�f�b �[�_�e�d�h�\ 

Trp, His, Tyr, 
Met, Cys 

Fe-S-�p�_�g�l�j�u 
�[�_�e�d�h�\�u�o 
�f�h�e�_�d�m�e 

�P�b�k�l�_�b�g�u �;�u�k�l�j�h �k Cys, 
Met, Trp, Tyr, 
Phe 

�J�_�Z�d�p�b�b �k 
�i�h�e�b�k�Z�o�Z�j�b�^�Z�f�b 

�H�l�k�m�l�k�l�\�m�_�l �H�l�k�m�l�k�l�\�m�_�l �H�l�k�m�l�k�l�\�m�_�l �;�u�k�l�j�h 

* - �i�j�h�[�_�] �a�Z �i�_�j�b�h�^ �i�h�e�m�j�Z�k�i�Z�^�Z �i�j�b �d�h�w�n�n�b�p�b�_�g�l�_ �^�b�n�n�m�a�b�b 10-9 �f2/�k 
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�< �h�[�j�Z�a�h�\�Z�g�b�b �i�j�h�^�m�d�l�h�\ �h�d�b�k�e�_�g�b�y �[�_�e�d�h�\ �m�q�Z�k�l�\�m�x�l �b �^�j�m�]�b�_ �n�h�j�f�u �Z�d�l�b�\�g�h�]�h 

�d�b�k�e�h�j�h�^�Z: �h�a�h�g �b �Z�l�h�f�u �H. �D �g�b�f �g�Z�b�[�h�e�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�u �h�k�l�Z�l�d�b �p�b�k�l�_�b�g�Z, �f�_�l�b�h�g�b�g�Z, 

�l�j�b�i�l�h�n�Z�g�Z, �l�b�j�h�a�b�g�Z, �]�b�k�l�b�^�b�g�Z, �p�b�k�l�b�g�Z, �n�_�g�b�e�Z�e�Z�g�b�g�Z. �D�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�_�c �l�Z�d�b�o 

�j�_�Z�d�p�b�c �k�h�k�l�Z�\�e�y�x�l �i�h�j�y�^�d�Z 103 �e×�f�h�e�v-1×�k-1. �Q�Z�k�l�b�p�u �G�H2
•/ �H2

- • �d�j�Z�c�g�_ �f�_�^�e�_�g�g�h 

�j�_�Z�]�b�j�m�x�l �k �Z�f�b�g�h�d�b�k�e�h�l�Z�f�b, �\�o�h�^�y�s�b�f�b �\ �k�h�k�l�Z�\ �[�_�e�d�h�\ (�d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�_�c �j�_�Z�d�p�b�c k 

= 10-102 �e×�f�h�e�v-1×�k-1), �b �i�j�Z�d�l�b�q�_�k�d�b �g�_ �\�e�b�y�x�l �g�Z �b�o �k�l�j�m�d�l�m�j�m �b �k�\�h�c�k�l�\�Z [7.5.23-7.5.25]. 

�D�j�Z�l�d�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�\�h�c�k�l�\ �Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z �i�j�b�\�_�^�_�g�Z �\ �l�Z�[�e�b�p�_ 7.5.2. 

�I�j�b �i�j�h�\�_�^�_�g�b�b �o�j�h�f�Z�l�h-�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-

�h�[�j�Z�[�h�l�d�_ �[�_�e�d�h�\, �[�u�e�b �h�[�g�Z�j�m�`�_�g�u �j�Z�a�e�b�q�g�u�_ �i�j�h�b�a�\�h�^�g�u�_ 2-�n�m�j�Z�g�h�g�Z, �y�\�e�y�x�s�b�_�k�y 

�i�j�h�^�m�d�l�Z�f�b �j�Z�^�b�d�Z�e�v�g�h�]�h �h�d�b�k�e�_�g�b�y �g�_�d�h�l�h�j�u�o �Z�f�b�g�h�d�b�k�e�h�l (�g�Z�i�j�b�f�_�j, �l�j�_�h�g�b�g�Z �b 

�e�_�c�p�b�g�Z) [7.5.21], �Z �l�Z�d�`�_ �]�e�m�l�Z�f�b�g�h�\�u�c �i�h�e�m�Z�e�v�^�_�]�b�^, �h�[�j�Z�a�m�x�s�b�c�k�y �i�j�b �h�d�b�k�e�_�g�b�b 

�h�k�l�Z�l�d�h�\ �i�j�h�e�b�g�Z �b �Z�j�]�b�g�b�g�Z [7.5.21]. 

 

 

�< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �f�h�e�_�d�m�e�y�j�g�u�o �f�Z�k�k �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�_�g�g�u�o �i�j�b �W�I�I-

�h�[�j�Z�[�h�l�d�_ �o�b�l�h�a�Z�g�h�\, �[�u�e�h �i�h�d�Z�a�Z�g�h �n�h�j�f�b�j�h�\�Z�g�b�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 

�o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, �q�l�h, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h �k �^�_�c�k�l�\�b�_�f �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u 

(�h�k�h�[�_�g�g�h �Z�d�l�b�\�g�u�o �n�h�j�f �d�b�k�e�h�j�h�^�Z) �g�Z ��-1,4 �]�e�b�d�h�a�b�^�g�u�_ �k�\�y�a�b �i�j�b�j�h�^�g�h�]�h 

�[�b�h�i�h�e�b�f�_�j�Z. �G�Z �j�b�k. 7.5.1. �i�j�b�\�_�^�_�g �f�_�o�Z�g�b�a�f �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �i�h� ̂ �^�_�c�k�l�\�b�_�f 

�]�b�^�j�h�d�k�b�e�v�g�h�]�h �j�Z�^�b�d�Z�e�Z, �h�[�j�Z�a�m�x�s�_�]�h�k�y �\ �W�I�I �i�Z�j�h�\ �\�h�^�u. 
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�<�h �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �g�Z�e�b�q�b�_ �i�j�b�f�_�k�b 

�\�u�k�h�d�h�f�h�e�_�d�m�e�y�j�g�u�o �k�h�_�^�b�g�_�g�b�c, �g�_�j�Z�k�l�\�h�j�b�f�u�o �\ �\�h�^�_. �I�j�b �w�l�h�f, �q�_�f �\�u�r�_ �[�u�e�Z 

�f�h�e�_�d�m�e�y�j�g�Z�y �f�Z�k�k�Z �b�k�o�h�^�g�h�]�h �o�b�l�h�a�Z�g�Z, �l�_�f �b�g�l�_�g�k�b�\�g�_�_ �i�j�h�b�k�o�h�^�b�e�Z �g�Z�j�Z�[�h�l�d�Z 

�g�_�j�Z�k�l�\�h�j�b�f�u�o �k�h�_�^�b�g�_�g�b�c. �H�[�j�Z�a�h�\�Z�g�b�_ �i�h�[�h�q�g�u�o �g�_�j�Z�k�l�\�h�j�b�f�u�o �i�j�h�^�m�d�l�h�\ �f�h�`�_�l 

�[�u�l�v �k�\�y�a�Z�g�h �k �i�j�h�p�_�k�k�Z�f�b �k�r�b�\�Z�g�b�y �i�h�e�b�k�Z�o�Z�j�b�^�g�u�o �p�_�i�_�c �b�e�b �i�j�h�p�_�k�k�Z�f�b 

�\�g�m�l�j�b�f�h�e�_�d�m�e�y�j�g�h�c �p�b�d�e�b�a�Z�p�b�b, �i�j�b�\�h�^�y�s�_�c �d �i�h�y�\�e�_�g�b�x �g�Z �d�h�g�p�Z�o �i�h�e�b�k�Z�o�Z�j�b�^�h�\ 

�Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j (�n�m�j�Z�g�h�\�u�o �p�b�d�e�h�\), �d�h�l�h�j�u�_ �\ �m�k�e�h�\�b�y�o �g�Z�r�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�k�i�h�k�h�[�g�u �i�h�e�b�f�_�j�b�a�h�\�Z�l�v�k�y.  
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�J�b�k. 7.5.1. �F�_�o�Z�g�b�a�f �^�_�k�l�j�m�d�p�b�b �o�b�l�h�a�Z�g�Z �i�h� ̂�^�_�c�k�l�\�b�_�f �]�b�^�j�h�d�k�b�e�v�g�h�]�h �j�Z�^�b�d�Z�e�Z �\ �W�I�I 

�i�Z�j�h�\ �\�h�^�u 

 

7.6. �K�j�Z�\�g�_�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �f�_�l�h�^�h�\ �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �b 

�f�Z�l�_�j�b�Z�e�h�\ �k �l�_�o�g�h�e�h�]�b�y�f�b, �l�j�Z�^�b�p�b�h�g�g�h �i�j�b�f�_�g�y�_�f�u�f�b �\ �b�g�^�m�k�l�j�b�b 

�K�j�Z�\�g�_�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �f�_�l�h�^�h�\ �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �b 

�f�Z�l�_�j�b�Z�e�h�\ �k �l�j�Z�^�b�p�b�h�g�g�h �b�k�i�h�e�v�a�m�_�f�u�f�b �l�_�o�g�h�e�h�]�b�y�f�b �g�Z�b�[�h�e�_�_ �b�g�n�h�j�f�Z�l�b�\�g�h �b �i�h�e�g�h 

�f�h�`�g�h �i�j�h�\�_�k�l�b �g�Z �i�j�b�f�_�j�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �n�h�j�f �o�b�l�b�g�Z �b �o�b�l�h�a�Z�g�Z, �i�h�k�d�h�e�v�d�m �d 

�g�Z�k�l�h�y�s�_�f�m �f�h�f�_�g�l�m �j�Z�a�j�Z�[�h�l�Z�g�h �f�g�h�`�_�k�l�\�h �j�Z�a�e�b�q�g�u�o �i�h�^�o�h�^�h�\ �d �]�b�^�j�h�e�b�a�m �w�l�b�o 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\, �Z �k�Z�f�b �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�j�h�^�m�d�l�u �y�\�e�y�x�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f�b �b 

�\�h�k�l�j�_�[�h�\�Z�g�g�u�f�b �\ �f�_�^�b�p�b�g�_, �n�Z�j�f�Z�d�h�e�h�]�b�b, �[�b�h�e�h�]�b�b �b �k�_�e�v�k�d�h�f �o�h�a�y�c�k�l�\�_. 
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�D�Z�d �m�`�_ �[�u�e�h �h�l�f�_�q�_�g�h �\ �j�Z�a�^�_�e�_ 5.1.3, �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b �l�Z�d�b�_ 

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �o�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u �i�h�e�m�q�Z�x�l �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �o�b�f�b�q�_�k�d�b�f �b�e�b 

�j�_�`�_ �n�_�j�f�_�g�l�Z�l�b�\�g�u�f �]�b�^�j�h�e�b�a�h�f. �O�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u �k�h�i�j�h�\�h�`�^�Z�x�l�k�y �h�[�j�Z�a�h�\�Z�g�b�_�f 

�a�g�Z�q�b�l�_�e�v�g�u�o �d�h�e�b�q�_�k�l�\ �i�h�[�h�q�g�u�o �i�j�h�^�m�d�l�h�\, �k�h�^�_�j�`�Z�s�b�o, �s�_�e�h�q�b, �d�b�k�e�h�l�u, �k�h�e�b �b 

�l�j�_�[�m�x�l �\�_�k�v�f�Z �l�j�m�^�h�_�f�d�h�]�h �\�u�^�_�e�_�g�b�y �p�_�e�_�\�u�o �i�j�h�^�m�d�l�h�\ �b �h�[�_�a�\�j�_�`�b�\�Z�g�b�y �h�l�o�h�^�h�\ 

�i�_�j�_�^ �b�o �k�[�j�h�k�h�f �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m, �b �l�j�_�[�m�x�l �[�h�e�v�r�b�o �\�j�_�f�_�g�g�u�o �a�Z�l�j�Z�l. 

�<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �]�b�^�j�h�e�b�a �o�b�l�b�g�Z �\�k�e�_�^�k�l�\�b�_ �_�]�h �g�_�j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�a�f�h�`�_�g 

�l�h�e�v�d�h �\ �]�_�l�_�j�h�]�_�g�g�u�o �m�k�e�h�\�b�y�o, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �i�h�e�m�q�Z�x�l�k�y �e�b�[�h �^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�g�u�_ 

�i�j�h�b�a�\�h�^�g�u�_ (�o�b�f�b�q�_�k�d�b�c �]�b�^�j�h�e�b�a), �e�b�[�h �Z�p�_�l�b�e�b�j�h�\�Z�g�g�u�c �f�h�g�h�]�e�x�d�h�a�Z�f�b�g �k �g�b�a�d�b�f 

�\�u�o�h�^�h�f (�n�_�j�f�_�g�l�Z�l�b�\�g�u�c �]�b�^�j�h�e�b�a) [7.6.1]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �h�e�b�]�h�f�_�j�u N-

�Z�p�_�l�b�e�]�e�x�d�h�a�Z�f�b�g�Z �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �i�h�e�m�q�Z�x�l �i�m�l�_�f �]�b�^�j�h�e�b�a�Z �o�b�l�h�a�Z�g�Z �k 

�i�h�k�e�_�^�m�x�s�b�f �j�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�_�f.  

�B�a�\�_�k�l�g�u �k�i�h�k�h�[�u �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y �o�b�l�b�g�Z �k 

�i�h�f�h�s�v�x ��-�h�[�e�m�q�_�g�b�y �\ �^�h�a�Z�o 2–50 �d�=�j [7.6.2], �w�n�n�_�d�l�b�\�g�h�k�l�v �^�_�a�Z�p�_�l�b�e�b�j�h�\�Z�g�b�y 

�i�h�\�u�r�Z�_�l�k�y �i�j�b �w�l�h�f �\ �k�j�_�^�g�_�f �e�b�r�v �g�Z 10%, �b �h�k�l�Z�_�l�k�y �g�_�h�[�o�h�^�b�f�h�c �^�Z�e�v�g�_�c�r�Z�y 

�h�[�j�Z�[�h�l�d�Z �b�k�o�h�^�g�h�]�h �k�u�j�v�y �\ �]�h�j�y�q�_�f �j�Z�k�l�\�h�j�_ �s�_�e�h�q�b. �< �j�y�^�_ �j�Z�[�h�l �h�i�b�k�Z�g�h 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_ �k�l�j�m�d�l�m�j�u �b �m�f�_�g�v�r�_�g�b�_ �f�h�e�_�d�m�e�y�j�g�h�]�h �\�_�k�Z �o�b�l�h�a�Z�g�Z �i�h�k�j�_�^�k�l�\�h�f  ��-

�h�[�e�m�q�_�g�b�y [7.6.3-7.6.7] �b �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�o �b�h�g�g�u�o �i�m�q�d�h�\ [7.6.3, 7.6.8–7.6.10]. �I�j�b 

�b�k�i�h�e�v�a�h�\�Z�g�b�b �^�Z�g�g�u�o �f�_�l�h�^�h�\ �\�_�e�b�q�b�g�Z �k�j�_�^�g�_�]�h �f�h�e�_�d�m�e�y�j�g�h�]�h �\�_�k�Z �b�k�o�h�^�g�h�]�h 

�[�b�h�i�h�e�b�f�_�j�Z �m�f�_�g�v�r�Z�_�l�k�y �l�h�e�v�d�h �\ 2-3 �j�Z�a�Z �b �f�h�`�_�l �k�h�i�j�h�\�h�`�^�Z�l�v�k�y �m�\�_�e�b�q�_�g�b�_�f 

�i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b, �d�Z�d �w�l�h �[�u�e�h �i�h�d�Z�a�Z�g�h �\ �k�e�m�q�Z�_ �i�j�h�l�h�g�g�u�o �i�m�q�d�h�\  [7.6.11, 7.6.12]. 

�<�u�k�h�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �w�e�_�d�l�j�h�g�g�u�_ �i�m�q�d�b (�i�h�e�m�q�Z�_�f�u�_, �g�Z�i�j�b�f�_�j, �g�Z �m�k�d�h�j�b�l�_�e�_ 

�w�e�_�d�l�j�h�g�h�\  Cockcroft-Walton, 2 �F�w�<) �i�j�b�f�_�g�y�x�l, �\ �h�k�g�h�\�g�h�f, �^�e�y �k�h�a�^�Z�g�b�y �d�h�f�i�h�a�b�l�g�u�o 

�]�b�^�j�h�]�_�e�_�c �g�Z �h�k�g�h�\�_ �o�b�l�h�a�Z�g�Z [7.6.12-7.6.14], �^�e�y �q�_�]�h �g�_�h�[�o�h�^�b�f�h �b�f�_�l�v 

�\�u�k�h�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�_ �j�Z�k�l�\�h�j�u �o�b�l�h�a�Z�g�Z �b�e�b �_�]�h �i�j�h�b�a�\�h�^�g�u�o [7.6.12-7.6.15], �d�h�l�h�j�u�_ 

�i�h�e�m�q�Z�x�l �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�f �o�b�f�b�q�_�k�d�b�f �k�b�g�l�_�a�h�f. 

�I�j�_�b�f�m�s�_�k�l�\�Z �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �f�_�l�h�^�h�\ �]�b�^�j�h�e�b�a�Z �[�b�h�i�h�e�b�f�_�j�h�\ �i�_�j�_�^ 

�l�j�Z�^�b�p�b�h�g�g�h �i�j�b�f�_�g�y�_�f�u�f�b �l�_�o�g�h�e�h�]�b�y�f�b �k�m�f�f�b�j�h�\�Z�g�u �\ �L�Z�[�e�b�p�_ 7.6.1. �D�Z�d �[�u�e�h 

�i�h�d�Z�a�Z�g�h �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_, �W�I�I-�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y �^�_�k�l�j�m�d�p�b�y �[�b�h�i�h�e�b�f�_�j�h�\ �y�\�e�y�_�l�k�y 

�h�^�g�h�k�l�Z�^�b�c�g�u�f �i�j�h�p�_�k�k�h�f, �g�_ �l�j�_�[�m�x�s�b�f �i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h �\�j�_�f�_�g�b (�l�Z�d, �^�e�y 

�i�h�e�b�k�Z�o�Z�j�b�^�h�\ �i�j�h�p�_�k�k �a�Z�g�b�f�Z�_�l ~10 �f�b�g). �I�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �f�_�l�h�^�u �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y 

�\�u�k�h�d�b�f (�^�h 90-95%) �\�u�o�h�^�h�f �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�j�h�^�m�d�l�h�\, �i�j�h�p�_�k�k �b�o �i�h�e�m�q�_�g�b�y �g�_ 

�k�h�i�j�h�\�h�`�^�Z�_�l�k�y �h�[�j�Z�a�h�\�Z�g�b�_�f �h�i�Z�k�g�u�o �b �b�e�b �l�h�d�k�b�q�g�u�o �i�h�[�h�q�g�u�o �i�j�h�^�m�d�l�h�\, �Z �l�Z�d�`�_, �\ 

�h�l�e�b�q�b�_ �h�l �l�j�Z�^�b�p�b�h�g�g�h�c «�f�h�d�j�h�c» �o�b�f�b�b, �\�u�[�j�h�k�Z�f�b �b �k�e�b�\�Z�f�b, �a�Z�]�j�y�a�g�y�x�s�b�f�b 
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�h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m. �I�j�b �w�l�h�f �W�I�I-�k�l�f�m�e�b�j�h�\�Z�g�g�h�c �^�_�k�l�j�m�d�p�b�_�c �e�_�]�d�h �m�i�j�Z�\�e�y�l�v, 

�\�Z�j�v�b�j�m�y �i�Z�j�Z�f�_�l�j�u �d�Z�d �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z, �l�Z�d �b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u. 

�L�Z�[�e�b�p�Z 7.6.1. �I�j�_�b�f�m�s�_�k�l�\�Z �h�[�j�Z�[�h�l�d�b �[�b�h�i�h�e�b�f�_�j�h�\ �\ �W�I�I �i�h �k�j�Z�\�g�_�g�b�x �k�h 
�k�l�Z�g�^�Z�j�l�g�u�f�b �f�_�l�h�^�Z�f�b �i�_�j�_�j�Z�[�h�l�d�b �i�j�b�j�h�^�g�h�]�h �h�j�]�Z�g�b�q�_�k�d�h�]�h �k�u�j�v�y (�g�Z �i�j�b�f�_�j�_ 
�]�b�^�j�h�e�b�a�Z �i�h�e�b�k�Z�o�Z�j�b�^�h�\) 
 

�D�j�b�l�_�j�b�c �F�_�l�h�^ �]�b�^�j�h�e�b�a�Z 

 �O�b�f�b�q�_�k�d�b�c �N�_�j�f�_�g�l�Z�l�b�\�g�u�c �J�Z�^�b�Z�p�b�h�g�g�h�_ 
�\�h�a�^�_�c�k�l�\�b�_ 

�W�I�I-
�k�l�b�f�m�e�b�j�h�\�Z�g�u�c 

�]�b�^�j�h�e�b�a 
�<�j�_�f�y �G�_�k�d�h�e�v�d�h 

�q�Z�k�h�\/�^�g�_�c 
�G�_�k�d�h�e�v�d�h �q�Z�k�h�\ �H�[�u�q�g�h �g�_�k�d�h�e�v�d�h 

�q�Z�k�h�\ 
�G�_�k�d�h�e�v�d�h 
�f�b�g�m�l 
(�2~10 �f�b�g) 

�W�n�n�_�d�l�b�\�g�h�k�l�v �H�[�j�Z�a�m�x�l�k�y 
�^�_�Z�p�_�l�b�e�b�j�h�\�Z�g�g�u�_ 
�i�j�h�b�a�\�h�^�g�u�_ 
�o�b�l�b�g�Z 
 
�L�j�_�[�m�_�l�k�y 
�j�_�Z�p�_�l�b�e�b�j�h�\�Z�g�b�_ 

�G�b�a�d�b�c �\�u�o�h�^ 
�i�j�h�^�m�d�l�h�\ 
 
�H�[�j�Z�a�m�x�l�k�y 
�i�j�h�^�m�d�l�u �k 
�\�u�k�h�d�b�f 
�b�g�^�_�d�k�h�f 
�i�h�e�b�^�b�k�i�_�j�k�g�h-
�k�l�b 

�F�h�e�_�d�m�e�y�j�g�Z�y 
�f�Z�k�k�Z 
�[�b�h�i�h�e�b�f�_�j�h�\ 
�k�g�b�`�Z�_�l�k�y �l�h�e�v�d�h �\ 
2-3 �j�Z�a�Z 
 
�H�[�j�Z�a�m�x�l�k�y 
�i�j�h�^�m�d�l�u �k 
�\�u�k�h�d�b�f �b�g�^�_�d�k�h�f 
�i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�b 

�H�[�j�Z�a�m�x�l�k�y 
�i�j�h�^�m�d�l�u �h�l 
�^�b�f�_�j�h�\ �^�h 
�i�_�g�l�Z�f�_�j�h�\  
 
�O�b�f�b�q�_�k�d�h�c 
�f�h�^�b�n�b�d�Z�p�b�b 
�h�e�b�]�h�f�_�j�h�\ 
�o�b�l�b�g�Z �g�_ 
�i�j�h�b�k�o�h�^�b�l 

�Q�b�k�e�h �k�l�Z�^�b�c �F�g�h�]�h�k�l�Z�^�b�c�g�u�c 
�i�j�h�p�_�k�k 

�F�g�h�]�h�k�l�Z�^�b�c-
�g�u�c �i�j�h�p�_�k�k 

�F�g�h�]�h�k�l�Z�^�b�c�g�u�c 
�i�j�h�p�_�k�k: �l�j�_�[�m�_�l�k�y 
�^�h�i�h�e�g�b�l�_�e�v�g�Z�y 
�h�[�j�Z�[�h�l�d�Z �\ 
�s�_�e�h�q�g�u�o 
�j�Z�k�l�\�h�j�Z�o 

�H�^�g�h�k�l�Z�^�b�c�g�u�c 
�i�j�h�p�_�k�k 
 
�E�_�]�d�h 
�m�i�j�Z�\�e�y�_�l�k�y 
 
�< �j�_�Z�d�p�b�h�g�g�h�f 
�h�[�t�_�f�_ �f�h�]�m�l 
�[�u�l�v 
�^�h�k�l�b�]�g�m�l�u 
�\�_�k�v�f�Z �\�u�k�h�d�b�_ 
�d�h�g�p�_�g�l�j�Z�p�b�b 
�o�b�f�b�q�_�k�d�b 
�Z�d�l�b�\�g�u�o �q�Z�k�l�b�p 
�b �k�d�h�j�h�k�l�b 
�j�_�Z�d�p�b�c 

�W�d�h�e�h�]�b�q�_�k�d�Z�y 
�[�_�a�h�i�Z�k�g�h�k�l�v 

�B�k�i�h�e�v�a�h�\�Z�g�b�_ 
�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o 
�j�Z�k�l�\�h�j�h�\  �s�_�e�h�q�_�c 
�b �d�b�k�e�h�l 
 
�<�u�k�h�d�Z�y 
�l�_�f�i�_�j�Z�l�m�j�Z 
 
�G�_�h�[�o�h�^�b�f�h�k�l�v 
�g�_�c�l�j�Z�e�b�a�Z�p�b�b �b 
�h�q�b�k�l�d�b �h�l�o�h�^�h�\ 

�W�d�h�e�h�]�b�q�_�k�d�b 
�[�_�a�h�i�Z�k�_�g, 
�l�j�_�[�m�_�l�k�y 
�^�h�i�h�e�g�b�l�_�e�v�g�Z�y 
�h�q�b�k�l�d�Z �h�l 
�b�k�i�h�e�v�a�h�\�Z�g�g�u�o 
�\ �i�j�h�p�_�k�k�_ 
�j�_�Z�]�_�g�l�h�\  

�B�k�i�h�e�v�a�h�\�Z�g�b�_ 
�d�h�g�p�_�g�l�j�b�j�h�\�Z�g-
�g�u�o �j�Z�k�l�\�h�j�h�\  
�s�_�e�h�q�_�c �b �d�b�k�e�h�l 
 
�G�_�h�[�o�h�^�b�f�h�k�l�v 
�g�_�c�l�j�Z�e�b�a�Z�p�b�b �b 
�h�q�b�k�l�d�b �h�l�o�h�^�h�\ 

�W�d�h�e�h�]�b�q�_�k�d�b 
�[�_�a�h�i�Z�k�_�g: 
�l�h�d�k�b�q�_�k�d�b�_ 
�k�h�_�^�b�g�_�g�b�y �b 
�i�h�[�h�q�g�u�_ 
�i�j�h�^�m�d�l�u �g�_ 
�h�[�j�Z�a�m�x�l�k�y 
 
«�K�m�o�h�c» 
�i�j�h�p�_�k�k 

 

�I�h�f�b�f�h �^�_�k�l�j�m�d�p�b�b �\ �W�I�I �b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �\�h�a�f�h�`�g�h �i�j�h�\�h�^�b�l�v �Z�d�l�b�\�Z�p�b�x 

�i�h�\�_�j�o�g�h�k�l�b �f�Z�l�_�j�b�Z�e�h�\ �h�j�]�Z�g�b�q�_�k�d�h�]�h �b �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h �i�j�h�b�k�o�h�`�^�_�g�b�y, �f�h�^�b�n�b�d�Z�p�b�x 
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�_�_ �]�b�^�j�h�n�b�e�v�g�h-�]�b�^�j�h�n�h�[�g�u�o �k�\�h�c�k�l�\, �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�x �b �\�g�_�^�j�_�g�b�_ �Z�d�l�b�\�g�u�o 

�o�b�f�b�q�_�k�d�b�o �]�j�m�i�i �b �[�b�h�f�h�e�_�d�m�e, �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a 

(�[�b�h)�h�j�]�Z�g�b�q�_�k�d�b�o/�g�_�h�j�]�Z�g�b�q�_�k�d�b�o �]�b�[�j�b�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �g�Z�g�_�k�_�g�b�_ �l�h�g�d�b�o �i�e�_�g�h�d �b 

�i�h�d�j�u�l�b�c, �^�h�i�b�j�h�\�Z�g�b�_ �f�Z�l�_�j�b�Z�e�h�\ �[�b�h�]�_�g�g�u�f�b �w�e�_�f�_�g�l�Z�f�b. �I�j�b �w�l�h�f �i�_�j�_�q�b�k�e�_�g�g�u�_ 

�i�j�h�p�_�k�k�u �\�h�a�f�h�`�g�h �d�h�f�[�b�g�b�j�h�\�Z�l�v �b �k�h�q�_�l�Z�l�v �f�_�`�^�m �k�h�[�h�c, �q�l�h �^�_�e�Z�_�l �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�u�_ �f�_�l�h�^�u �f�h�s�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f �^�e�y �j�_�r�_�g�b�y �r�b�j�h�d�h�]�h �k�i�_�d�l�j�Z �Z�d�l�m�Z�e�v�g�u�o 

�[�b�h�f�_�^�b�p�b�g�k�d�b�o �a�Z�^�Z�q (�J�b�k. 7.6.1). 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b,  �k�\�y�a�u�\�Z�x�s�b�_ �i�Z�j�Z�f�_�l�j�u 

�f�h�e�_�d�m�e�y�j�g�h�]�h �k�l�j�h�_�g�b�y �b �k�l�j�m�d�l�m�j�u �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�Z�_�f�u�o �\ �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o 

�j�_�Z�d�p�b�y�o, �k�l�b�f�m�e�b�j�h�\�Z�g�g�u�o �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�h�c, �k �i�Z�j�Z�f�_�l�j�Z�f�b �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y, �i�h�a�\�h�e�y�x�l �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �i�j�h�p�_�k�k �h�[�j�Z�[�h�l�d�b �b 

�n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�b, �b �l�Z�d�b�f �h�[�j�Z�a�h�f �b�k�d�e�x�q�b�l�v �g�_�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�_ �w�g�_�j�]�h�a�Z�l�j�Z�l�u. 

�D�j�h�f�_ �l�h�]�h, �f�_�l�h�^�u, �h�k�g�h�\�Z�g�g�u�_ �g�Z �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�h�f �\�h�a�^�_�c�k�l�\�b�b �g�Z �\�_�s�_�k�l�\�h, �e�_�]�d�h 

�f�Z�k�r�l�Z�[�b�j�m�x�l�k�y, �q�l�h �i�h�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �[�b�h�Z�d�l�b�\�g�u�_ �i�j�h�^�m�d�l�u �b �f�Z�l�_�j�b�Z�e�u �\ 

�d�h�e�b�q�_�k�l�\�Z�o, �^�h�k�l�Z�l�h�q�g�u�o �^�e�y �^�Z�e�v�g�_�c�r�_�]�h �i�j�Z�d�l�b�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y, �Z �l�Z�d�`�_ �^�_�e�Z�_�l 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �i�_�j�k�i�_�d�l�b�\�g�u�f�b �^�e�y �\�g�_�^�j�_�g�b�y �\ �j�_�Z�e�v�g�h�_ 

�i�j�h�b�a�\�h�^�k�l�\�h. 

�J�b�k. 7.6.1. �:�d�l�m�Z�e�v�g�u�_ �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�_ �i�j�h�[�e�_�f�u, �^�e�y �j�_�r�_�g�b�y �d�h�l�h�j�u�o �f�h�]�m�l 

�[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �f�_�l�h�^�u 
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7.7. �K�j�Z�\�g�_�g�b�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\ �k �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f�b �j�_�Z�d�l�h�j�Z�f�b 

�^�j�m�]�b�o �l�b�i�h�\ 

 �A�Z�^�Z�q�_�c �^�Z�g�g�h�]�h �Z�g�Z�e�b�a�Z �y�\�e�y�e�h�k�v �\�u�y�\�e�_�g�b�_ �h�[�e�Z�k�l�b �i�j�b�f�_�g�_�g�b�y �k�h�a�^�Z�g�g�u�o 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\, �\ �d�h�l�h�j�u�o �h�g�b �e�b�[�h �g�_ �b�f�_�x�l �d�h�g�d�m�j�_�g�l�h�\, �e�b�[�h 

�h�[�e�Z�^�Z�x�l �k�m�s�_�k�l�\�_�g�g�u�f�b �i�j�_�b�f�m�s�_�k�l�\�Z�f�b. �>�e�y �w�l�h�]�h �[�u�e�h �i�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�u, �\�h�a�[�m�`�^�Z�_�f�h�c �\ �l�b�i�b�q�g�u�o �j�_�`�b�f�Z�o �j�Z�[�h�l�u 

�l�Z�d�b�o �j�_�Z�d�l�h�j�h�\, �k �i�Z�j�Z�f�_�l�j�Z�f�b �i�e�Z�a�f�u �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\, �d�h�l�h�j�u�_ �h�[�u�q�g�h 

�b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �j�_�r�_�g�b�y �[�b�h�f�_�^�b�p�b�g�k�d�b�o �a�Z�^�Z�q. 

�:�g�Z�e�b�a �^�Z�g�g�u�o, �i�j�b�\�_�^�_�g�g�u�o �\ �l�Z�[�e�b�p�_ 7.7.1, �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ 

�l�_�o�g�h�e�h�]�b�b �f�h�]�m�l �[�u�l�v �k �m�k�i�_�o�h�f �i�j�b�f�_�g�_�g�u �^�e�y �j�_�r�_�g�b�y �f�g�h�]�b�o �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�o 

�a�Z�^�Z�q, �h�l�g�h�k�y�s�b�o�k�y �d �i�e�Z�a�f�_�g�g�h�c �f�_�^�b�p�b�g�_ (�k�f. �l�Z�d�`�_ �J�b�k. 7.6.1), �l�Z�d�b�o �d�Z�d: 

�Z) �k�l�_�j�b�e�b�a�Z�p�b�y �f�_�^�b�p�b�g�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �b �b�g�k�l�j�m�f�_�g�l�Z�j�b�y; 

�[) �k�b�g�l�_�a �[�b�h�k�h�\�f�_�k�l�b�f�u�o �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�f�i�e�Z�g�l�Z�l�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a 

�f�_�l�Z�e�e�b�q�_�k�d�b�o �b �i�h�e�b�f�_�j�g�u�o �h�j�]�Z�g�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, �\ �l�h�f �q�b�k�e�_ �g�Z �i�h�\�_�j�o�g�h�k�l�y�o 

�k�e�h�`�g�h�c �n�h�j�f�u; 

�\) �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�y �h�j�]�Z�g�b�q�_�k�d�b�o �b �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o 

�i�h�e�b�f�_�j�h�\, �Z �l�Z�d�`�_ �m�i�j�Z�\�e�_�g�b�_ �b�o �]�b�^�j�h�n�b�e�v�g�h/�n�h�[�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �q�l�h �y�\�e�y�_�l�k�y �h�^�g�b�f 

�b�a �d�e�x�q�_�\�u�o �f�h�f�_�g�l�h�\ �^�e�y �i�h�e�m�q�_�g�b�y �g�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\, �h�[�e�Z�^�Z�x�s�b�o  �\�u�k�h�d�h�c 

�[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x �k �l�d�Z�g�y�f�b �`�b�\�h�]�h �h�j�]�Z�g�b�a�f�Z �b �w�m�d�Z�j�b�h�l�b�q�_�k�d�b�f�b �d�m�e�v�l�m�j�Z�e�v�g�u�f�b 

�d�e�_�l�d�Z�f�b; 

�]) �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c �k�b�g�l�_�a �]�b�[�j�b�^�g�u�o �b �d�h�f�i�h�a�b�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y 

�j�Z�a�j�Z�[�h�l�d�b �h�j�l�h�i�_�^�b�q�_�k�d�b�o, �^�_�g�l�Z�e�v�g�u�o, �h�n�l�Z�e�v�f�h�e�h�]�b�q�_�k�d�b�o �b �^�j. �b�f�i�e�Z�g�l�Z�l�h�\, 

�k�_�j�^�_�q�g�h�k�h�k�m�^�b�k�l�u�o �k�l�_�g�l�h�\ �g�\�h�]�h �i�h�d�h�e�_�g�b�y, �k�b�k�l�_�f �Z�^�j�_�k�g�h�c �^�h�k�l�Z�\�d�b �e�_�d�Z�j�k�l�\�_�g�g�u�o 

�i�j�_�i�Z�j�Z�l�h�\, �Z �l�Z�d�`�_ �w�n�n�_�d�l�b�\�g�u�o �k�h�j�[�_�g�l�u �^�e�y �k�l�h�q�g�u�o �\�h� ̂ �b �\�j�_�^�g�u�o �\�u�[�j�h�k�h�\ 

�i�j�_�^�i�j�b�y�l�b�c �b �w�g�l�_�j�h�k�h�j�[�_�g�l�h�\, �k�_�g�k�h�j�h�\ �^�e�y �Z�g�Z�e�b�a�Z �b �^�_�l�_�d�p�b�b �j�Z�a�e�b�q�g�u�o �Z�]�_�g�l�h�\, �\ 

�l�h�f �q�b�k�e�_ �[�b�h�b�f�f�m�g�u�o �b �n�_�j�f�_�g�l�g�u�o �k�_�g�k�h�j�h�\ �^�e�y �\�u�y�\�e�_�g�b�y �a�Z�[�h�e�_�\�Z�g�b�c �g�Z �j�Z�g�g�b�o 

�k�l�Z�^�b�y�o; 

� )̂ �Z�d�l�b�\�g�u�o �Z�]�_�g�l�h�\ �^�e�y �l�_�j�Z�i�b�b �b �i�j�h�n�b�e�Z�d�l�b�d�b �a�Z�[�h�e�_�\�Z�g�b�c, �[�b�h�k�l�b�f�m�e�y�l�h�j�h�\ �j�h�k�l�Z 

�j�Z�k�l�_�g�b�c �b �n�b�l�h�i�j�h�l�_�d�l�h�j�h�\. 

  �K�h�a�^�Z�g�g�u�c �\ �o�h�^�_ �\�u�i�h�e�g�_�g�b�y �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�c 

�j�_�Z�d�l�h�j �\�u�]�h�^�g�h �h�l�e�b�q�Z�_�l�k�y �h�l �^�j�m�]�b�o �j�Z�k�k�f�h�l�j�_�g�g�u�o  �m�k�l�j�h�c�k�l�\ �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u: 

�Z) �\�u�k�h�d�h�c �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�x �m�k�e�h�\�b�c �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\; 

�[) �\�h�a�f�h�`�g�h�k�l�v�x �w�n�n�_�d�l�b�\�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�f�b �i�j�h�p�_�k�k�Z�f�b, 

�i�j�h�l�_�d�Z�x�s�b�f�b �\ �W�I�I, �a�Z �k�q�_�l �g�_�a�Z�\�b�k�b�f�h�]�h �\�Z�j�v�b�j�h�\�Z�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�Z�d 

�w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z (�w�g�_�j�]�b�y �w�e�_�d�l�j�h�g�h�\ Eb, �l�h�d �i�m�q�d�Z Ib, �i�e�h�l�g�h�k�l�v �l�h�d�Z �i�m�q�d�Z jb, �j�_�`�b�f 
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�k�d�Z�g�b�j�h�\�Z�g�b�y), �l�Z�d �b �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�u (�^�Z�\�e�_�g�b�_ Pm, �l�_�f�i�_�j�Z�l�m�j�Z Tm, �o�b�f�b�q�_�k�d�b�c 

�k�h�k�l�Z�\). 

�K�e�_�^�m�_�l �h�k�h�[�h �h�l�f�_�l�b�l�v, �q�l�h �i�h�^�h�[�g�Z�y �j�_�]�m�e�b�j�h�\�d�Z �i�Z�j�Z�f�_�l�j�h�\ �W�I�I-�\�h�a�^�_�c�k�l�\�b�y �\ 

�k�h�a�^�Z�g�g�h�f �j�_�Z�d�l�h�j�_ �i�h�e�g�h�k�l�v�x �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�Z, �y�\�e�y�_�l�k�y  �[�_�a�b�g�_�j�p�b�h�g�g�h�c �b �i�h�a�\�h�e�y�_�l 

�d�h�g�l�j�h�e�b�j�m�_�f�h �m�i�j�Z�\�e�y�l�v �j�_�`�b�f�Z�f�b �h�[�j�Z�[�h�l�d�b �\ �r�b�j�h�d�b�o �i�j�_�^�_�e�Z�o, �Z �l�Z�d�`�_ �h�[�_�k�i�_�q�b�l�v 

�h�^�g�h�j�h�^�g�h�k�l�v �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �b �]�e�m�[�h�d�h �j�_�]�m�e�b�j�h�\�Z�l�v �\ �g�_�f �i�e�h�l�g�h�k�l�v 

�w�g�_�j�]�h�\�u�^�_�e�_�g�b�y. �H�^�g�h�j�h�^�g�h�k�l�v �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �\ �W�I�I �k�h�o�j�Z�g�y�_�l�k�y: 

�Z) �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�c (10-2-102 �L�h�j�j); 

�[) �i�j�b �\�g�_�k�_�g�b�b �\ �g�_�]�h �f�Z�k�k�b�\�g�u�o �b�a�^�_�e�b�c �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�b �b �^�b�k�i�_�j�]�b�j�h�\�Z�g�g�u�o 

�i�h�j�h�r�d�h�\ �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\, �l.�_ �\ �m�k�e�h�\�b�y�o, �d�h�]�^�Z �h�[�_�k�i�_�q�b�l�v �h�^�g�h�j�h�^�g�h�k�l�v 

�j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z �i�e�Z�a�f�u �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\ �l�_�o�g�b�q�_�k�d�b �d�j�Z�c�g�_ �k�e�h�`�g�h. 

�< �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�Z�o �m�^�Z�_�l�k�y �i�h�e�m�q�Z�l�v �[�h�e�v�r�b�_ �h�[�t�_�f�u �o�b�f�b�q�_�k�d�b 

�Z�d�l�b�\�g�h�c �i�e�Z�a�f�u, �g�_ �a�Z�]�j�y�a�g�_�g�g�h�c �i�h�k�l�h�j�h�g�g�b�f�b �i�j�b�f�_�k�y�f�b, �g�Z�i�j�b�f�_�j – �i�j�h�^�m�d�l�Z�f�b 

�w�j�h�a�b�b �w�e�_�d�l�j�h�^�h�\. �A�g�Z�q�b�l�_�e�v�g�u�_ �j�Z�a�f�_�j�u �j�_�Z�d�p�b�h�g�g�h�]�h �h�[�t�_�f�Z,  �i�h�a�\�h�e�y�x�l  �i�h�e�m�q�Z�l�v 

�i�j�h�^�m�d�l�u �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b �[�b�h�f�Z�l�_�j�b�Z�e�h�\ �\ �d�h�e�b�q�_�k�l�\�Z�o, �^�h�k�l�Z�l�h�q�g�u�o 

�^�e�y �b�o �d�h�f�f�_�j�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y. �I�j�b �w�l�h�f �m�^�Z�_�l�k�y �^�h�[�b�l�v�k�y �\�u�k�h�d�h�c �j�Z�\�g�h�f�_�j�g�h�k�l�b 

�h�[�j�Z�[�h�l�d�b �b, �d�Z�d �k�e�_�^�k�l�\�b�_ – �]�h�f�h�]�_�g�g�h�k�l�b �i�h�e�m�q�Z�_�f�u�o �i�j�h�^�m�d�l�h�\. �;�u�k�l�j�u�_ �w�e�_�d�l�j�h�g�u 

�i�_�j�\�b�q�g�h�]�h �i�m�q�d�Z, �i�j�b�k�m�l�k�l�\�m�x�s�b�_ �\ �W�I�I, �f�h�]�m�l �\ �j�y�^�_ �k�e�m�q�Z�_�\ �a�Z�i�m�k�d�Z�l�v �l�Z�d�b�_ �n�b�a�b�d�h-

�o�b�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u �\ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�f �f�Z�l�_�j�b�Z�e�_, �d�h�l�h�j�u�_ �g�_ �k�l�b�f�m�e�b�j�m�x�l�k�y �i�e�Z�a�f�h�c, 

�]�_�g�_�j�b�j�m�_�f�h�c �^�j�m�]�b�f�b �k�i�h�k�h�[�Z�f�b. 

�<�h�a�f�h�`�g�h�k�l�v �^�e�b�l�_�e�v�g�h �i�h�^�^�_�j�`�b�\�Z�l�v �a�Z�^�Z�g�g�u�c �j�_�`�b�f �j�Z�[�h�l�u �j�_�Z�d�l�h�j�Z 

�h�[�_�k�i�_�q�b�\�Z�_�l �g�Z�d�h�i�e�_�g�b�_ �a�g�Z�q�b�l�_�e�v�g�u�o �^�h�a �h�[�e�m�q�_�g�b�y �i�j�_�i�Z�j�Z�l�h�\ �\ �f�y�]�d�b�o �j�_�`�b�f�Z�o (�l.�_. 

�i�j�b �f�Z�e�u�o �f�h�s�g�h�k�l�y�o �^�h�a�u �h�[�e�m�q�_�g�b�y). �W�l�h �i�h�a�\�h�e�y�_�l �g�_ �l�h�e�v�d�h �i�h�\�u�k�b�l�v �h�^�g�h�j�h�^�g�h�k�l�v 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�c �f�h�^�b�n�b�d�Z�p�b�b, �g�h �b �b�a�[�_�`�Z�l�v �^�_�k�l�j�m�d�p�b�b �[�b�h�f�h�e�_�d�m�e �i�h� ̂ �^�_�c�k�l�\�b�_�f 

�[�u�k�l�j�u�o �w�e�_�d�l�j�h�g�h�\ �b �l�_�i�e�Z, �\�u�^�_�e�y�x�s�_�]�h�k�y �i�j�b �b�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �k �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�f 

�[�b�h�f�Z�l�_�j�b�Z�e�h�f. �I�j�b �w�l�h�f �w�n�n�_�d�l�b�\�g�h�k�l�v �i�_�j�_�^�Z�q�b �w�g�_�j�]�b�b �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�f�m �f�Z�l�_�j�b�Z�e�m 

�^�h�k�l�b�]�Z�_�l 90-95%, �q�l�h �a�g�Z�q�b�l�_�e�v�g�h �i�j�_�\�u�r�Z�_�l �w�n�n�_�d�l�b�\�g�h�k�l�v �i�e�Z�a�f�u �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\ �b 

�i�h�a�\�h�e�y�_�l �k�m�s�_�k�l�\�_�g�g�h �k�h�d�j�Z�l�b�l�v �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\ (�k �g�_�k�d�h�e�v�d�b�o �q�Z�k�h�\ �^�h 

�g�_�k�d�h�e�v�d�b�o �f�b�g�m�l).  

 �I�h�f�b�f�h �\�u�k�h�d�h�c �w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�h�p�_�k�k�Z �h�[�j�Z�[�h�l�d�b, �h�^�g�h�j�h�^�g�h�k�l�b �j�_�Z�d�p�b�h�g�g�h�]�h 

�h�[�t�_�f�Z �b �e�_�]�d�h�k�l�b �m�i�j�Z�\�e�_�g�b�y, �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�_ �j�_�Z�d�l�h�j�u, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �\�h�a�f�h�`�g�h�k�l�v�x �h�k�m�s�_�k�l�\�e�y�l�v:  

�Z) �b�g�`�_�d�p�b�x �W�I �g�_ �l�h�e�v�d�h �\ �g�_�i�h�^�\�b�`�g�u�c �]�Z�a, �g�h �b �\ �]�Z�a�h�\�u�_ �i�h�l�h�d�b, �b�f�_�x�s�b�_ �k�d�h�j�h�k�l�v 

�\�i�e�h�l�v �^�h �a�\�m�d�h�\�h�c, �q�l�h �i�h�a�\�h�e�y�_�l �^�h�i�h�e�g�b�l�_�e�v�g�h �b�g�l�_�g�k�b�n�b�p�b�j�h�\�Z�l�v �i�j�h�p�_�k�k�u, 

�i�j�h�l�_�d�Z�x�s�b�_ �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_;  
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�[) �b�g�`�_�d�p�b�x �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z �\ �i�e�Z�a�f�m, �\�h�a�[�m�`�^�Z�_�f�m�x �^�j�m�]�b�f �b�k�l�h�q�g�b�d�h�f (�g�Z�i�j�b�f�_�j, 

�<�Q-�j�Z�a�j�y�^�h�f), �k �p�_�e�v�x �]�_�g�_�j�Z�p�b�b �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�u �b �n�h�j�f�b�j�h�\�Z�g�b�y �i�e�Z�a�f�_�g�g�h-�i�u�e�_�\�u�o 

�k�l�j�m�d�l�m�j. �M�k�l�j�h�c�k�l�\�Z �k �m�i�j�Z�\�e�y�_�f�u�f �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �j�_�Z�d�p�b�h�g�g�u�f �h�[�t�_�f�h�f, 

�k�h�^�_�j�`�Z�s�b�f �i�e�Z�a�f�_�g�g�h-�i�u�e�_�\�u�_ �k�l�j�m�d�l�m�j�u, �h�d�Z�a�Z�e�b�k�v �i�_�j�k�i�_�d�l�b�\�g�u�f�b �^�e�y �k�b�g�l�_�a�Z 

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o �i�h�d�j�u�l�b�c �b �k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�u�o �d�h�f�i�e�_�d�k�h�\, �k�h�^�_�j�`�Z�s�b�o 

�n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ �\�_�s�_�k�l�\�Z.  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�c �j�_�Z�d�l�h�j �f�h�`�_�l �[�u�l�v �i�h�a�b�p�b�h�g�b�j�h�\�Z�g �d�Z�d 

�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y �i�e�Z�a�f�h�l�_�o�g�b�q�_�k�d�Z�y �k�b�k�l�_�f�Z, �k�i�h�k�h�[�g�Z�y �]�_�g�_�j�b�j�h�\�Z�l�v �[�h�e�v�r�b�_ 

�h�^�g�h�j�h�^�g�u�_ �h�[�t�_�f�u �k�b�e�v�g�h�g�_�j�Z�\�g�h�\�_�k�g�h�c, �q�b�k�l�h�c, �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�h�c �i�e�Z�a�f�u �\ 

�]�_�l�_�j�h�n�Z�a�g�h�c �i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�c �k�j�_�^�_. �I�_�j�_�q�b�k�e�_�g�g�u�_ �\�u�r�_ �h�k�h�[�_�g�g�h�k�l�b �\ �k�h�q�_�l�Z�g�b�b �k 

�\�u�k�h�d�h�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �i�_�j�_�^�Z�q�b �w�g�_�j�]�b�b �\ �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �b �o�h�j�h�r�_�c 

�m�i�j�Z�\�e�y�_�f�h�k�l�v�x �i�j�b �j�_�Z�e�b�a�Z�p�b�b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �r�b�j�h�d�b�o �^�b�Z�i�Z�a�h�g�Z�o 

�b�a�f�_�g�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o �w�l�b �i�j�h�p�_�k�k�u, �h�i�j�_�^�_�e�y�x�l �m�g�b�d�Z�e�v�g�h�k�l�v 

�i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �b�a�\�_�k�l�g�u�f�b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�f�b 

�j�_�Z�d�l�h�j�Z�f�b �b �b�o �d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�v �g�Z �j�u�g�d�_ �i�e�Z�a�f�_�g�g�u�o �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�o 

�l�_�o�g�h�e�h�]�b�c.
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�L�Z�[�e�b�p�Z 7.7.1. �K�j�Z�\�g�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �j�_�Z�d�l�h�j�h�\ �g�Z �h�k�g�h�\�_ �]�_�g�_�j�Z�l�h�j�h�\ �i�e�Z�a�f�u �j�Z�a�e�b�q�g�u�o �l�b�i�h�\  
 

�I�Z�j�Z�f�_�l�j �K�i�h�k�h�[ �]�_�g�_�j�Z�p�b�b �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �i�e�Z�a�f�u 

 �;�Z�j�v�_�j�g�u�c �j�Z�a�j�y�^ 
(DBD) 

�L�e�_�x�s�b�c �j�Z�a�j�y�^ 
�i�h�k�l�h�y�g�g�h�]�h �l�h�d�Z 

�D�h�j�h�g�g�u�c 
�j�Z�a�j�y�^ 

�<�Q-�j�Z�a�j�y�^ 
(�i�e�Z�a�f�_�g�g�Z�y 

�b�]�e�Z) 

�K�<�Q-�j�Z�a�j�y�^ 
(�i�e�Z�a�f�_�g�g�u�c �n�Z�d�_�e) 

�>�m�]�h�\�h�c 
�j�Z�a�j�y�^  

�<�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c 
�<�Q�B-�i�e�Z�a�f�h�l�j�h�g 

 

�W�I�I, �i�h�e�m�q�Z�_�f�Z�y �\ 
�l�b�i�b�q�g�u�o �j�_�`�b�f�Z�o 

�j�Z�[�h�l�u 
�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h 

�W�I�I�J 
�G�Z�i�j�y�`�_�g�b�_, �< 5×103 - 2×104 102 - 103 104 - 105 102 -5×102 102 - 5×102 102 - 5×102  (20-60)×103 

�L�h�d, �:  10-3 - 10 10-4-5×10-1 10-6 – 10-1 10-3 - 103 10-3 - 103 10-100 1-100 �:  0-0,2 

�Q�Z�k�l�h�l�Z �l�h�d�Z, 

�=�p 

10 – 105 DC DC 103 – 105 3×105 – 106 DC 440 �d�=�p - 30 �F�=�p DC 

�>�Z�\�e�_�g�b�_ �]�Z�a�Z, 
�I�Z 

101- 105 1-103 10-1-105 1-102 103-104 104-106 �a105 101�y104  

�J�Z�k�o�h�^ �]�Z�a�Z, 
�k�l.�f3/�q 

10-2 - 1 10-102 1-102 10-2 - 10 10-2 - 1 10-1-10 120 �^�h 350 �e/�q�Z�k 0�y10 

�I�e�h�l�g�h�k�l�v 
�i�e�Z�a�f�u (nep) 

�<�u�k�h�d�Z�y �G�b�a�d�Z�y �E�h�d�Z�e�v�g�h 
�\�u�k�h�d�Z�y 

�<�u�k�h�d�Z�y �<�u�k�h�d�Z�y �<�u�k�h�d�Z�y �K�j�_�^�g�y�y �H�q�_�g�v �\�u�k�h�d�Z�y 
(�^�h 1013 �k�f-3) 
 

�L�_�f�i�_�j�Z�l�m�j�Z 
�w�e�_�d�l�j�h�g�h�\ 

Ti<<Te �” 104 - 105 K 
 

Te< 4×103 - 104 K 103-108 �D 
(0,1 �w�< �y Eb ) 
 
 

�L�_�f�i�_�j�Z�l�m�j�Z 
�]�Z�a�Z 

Ti �§ Tg �§ 300 - 400 K 

 

Ti �§ Tg �” 4×103 K 

 

Ti �§ Tg �§ 300 - 

400 K 

 

Ti �§ Tg �” 4×103 K 

�I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�i�_�p�b�Z�e�v�g�u�o 
�d�h�g�k�l�j�m�d�p�b�c: Ti �§ Tg �§ 300 - 400 K 

Ti �§ Tg �§ Te 

700-11000 �D 

300 �y 1000 �D 

�I�e�Z�a�f�h�h�[�j�Z�a�m-
�x�s�b�c �]�Z�a 

�<�h�a�^�m�o, �b�g�_�j�l�g�u�_ 
�]�Z�a�u, �k�i�_�p�b�Z�e�v�g�u�_ 

�]�Z�a�h�\�u�_ �k�f�_�k�b 

�<�h�a�^�m�o, �b�g�_�j�l�g�u�_ 
�]�Z�a�u, 
�k�i�_�p�b�Z�e�v�g�u�_ 
�]�Z�a�h�\�u�_ �k�f�_�k�b 

�<�h�a�^�m�o, 
�k�i�_�p�b�Z�e�v�g�u�_ 
�]�Z�a�h�\�u�_ �k�f�_�k�b 

�B�g�_�j�l�g�u�_ 
�]�Z�a�u 

�B�g�_�j�l�g�u�_ �]�Z�a�u, �k�f�_�k�v 
�b�g�_�j�l�g�u�c 

�]�Z�a/�d�b�k�e�h�j�h�^(�\�h�a�^�m�o) 

�<�h�a�^�m�o, �b�g�_�j�l�g�u�_ �]�Z�a�u, �k�i�_�p�b�Z�e�v�g�u�_ 
�]�Z�a�h�\�u�_ �k�f�_�k�b  

�=�Z�a�u, �i�Z�j�u �b 
�i�Z�j�h�]�Z�a�h�\�u�_ �k�f�_�k�b  
�e�x�[�h�]�h �o�b�f�b�q�_�k�d�h�]�h 
�k�h�k�l�Z�\�Z 

�W�n�n�_�d�l�b�\�g�h�k�l�v 
�i�_�j�_�^�Z�q�b 
�w�g�_�j�]�b�b, % 

30-40 �F�_�g�_�_ 10% 90-95 50-70 30-60 70-90 70-90 90-95 

�J�Z�a�f�_�j 
�j�_�Z�d�p�b�h�g�g�h�]�h 

�a 10-3 �a 100 �a 10-4 �a 10-4 �a 10-3 �a 100 �a 100 �a 10-2 
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�h�[�t�_�f�Z, �f3 
�H�^�g�h�j�h�^�g�h�k�l�v �<�u�k�h�d�Z�y �i�j�b �g�b�a�d�b�o �^�Z�\�e�_�g�b�y�o. 

�G�b�a�d�Z�y �i�j�b �^�Z�\�e�_�g�b�y�o, �i�j�_�\�u�r�Z�x�s�b�o 
�_�^�b�g�b�p�u �L�h�j�j. 
�K�m�s�_�k�l�\�m�_�l �\�_�j�h�y�l�g�h�k�l�v �d�h�g�l�j�Z�d�p�b�b �b 
�n�b�e�Z�f�_�g�l�Z�p�b�b �j�Z�a�j�y�^�Z 

�G�b�a�d�Z�y �G�b�a�d�Z�y.  
�K�m�s�_�k�l�\�m�_�l �\�_�j�h�y�l�g�h�k�l�v �i�_�j�_�]�j�_�\�Z �b 

�l�_�j�f�b�q�_�k�d�h�]�h �i�h�\�j�_�`�^�_�g�b�y 
�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �[�b�h�f�Z�l�_�j�b�Z�e�Z 

�<�u�k�h�d�Z�y �i�j�b 
�b�g�l�_�g�k�b�\�g�h�c 
�i�j�h�^�m�\�d�_ �]�Z�a�Z 

�G�b�a�d�Z�y.  
 

�<�u�k�h�d�Z�y,  
�I�e�Z�a�f�_�g�g�u�c �h�[�t�_�f �g�_ 
�d�h�g�l�j�Z�]�b�j�m�_�l �i�j�b 
�\�u�k�h�d�b�o �^�Z�\�e�_�g�b�y�o, 
�m�k�e�h�\�b�y �h�[�j�Z�[�h�l�d�b 
�i�h�e�g�h�k�l�v�x 
�\�h�k�i�j�h�b�a�\�h�^�b�f�u 

�M�i�j�Z�\�e�y�_�f�h�k�l�v �K�j�_�^�g�y�y �K�j�_�^�g�y�y �G�b�a�d�Z�y �G�b�a�d�Z�y �G�b�a�d�Z�y �K�j�_�^�g�y�y �K�j�_�^�g�y�y �<�u�k�h�d�Z�y 

�G�Z�e�b�q�b�_ 
�w�e�_�d�l�j�h�^�h�\ 

�?�k�l�v �?�k�l�v �?�k�l�v �G�_�l �G�_�l �?�k�l�v �G�_�l �G�_�l 

�B�a�\�_�k�l�g�u�_ 
�f�_�^�b�d�h-
�[�b�h�e�h�]�b�q�_�k�d�b�_ 
�i�j�b�e�h�`�_�g�b�y 

1)�K�l�_�j�b�e�b�a�Z�p�b�y 
�f�_�^�b�p�b�g�k�d�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y 
2) �H�[�j�Z�[�h�l�d�Z 
�o�j�h�g�b�q�_�k�d�b�o �j�Z�g �b 
�d�h�`�g�u�o �i�h�d�j�h�\�h�\ 
(�k�l�_�j�b�e�b�a�Z�p�b�y, 
�e�_�q�_�g�b�_ 
�\�h�k�i�Z�e�b�l�_�e�v�g�u�o 
�a�Z�[�h�e�_�\�Z�g�b�c �b 
�o�j�h�g�b�q�_�k�d�b�o �y�a�\, 
�m�k�d�h�j�_�g�b�_ 
�d�e�_�l�h�q�g�h�c 
�j�_�]�_�g�_�j�Z�p�b�b) 
3) �L�d�Z�g�_�\�h�c 
�b�g�`�b�g�b�j�b�g�] 
4) �H�[�j�Z�[�h�l�d�Z 
�h�j�]�Z�g�b�q�_�k�d�b�o 
�i�h�e�b�f�_�j�h�\, 
�k�h�a�^�Z�g�b�_ 
�[�b�h�k�h�\�f�_�k�l�b�f�u�o 
�i�h�d�j�u�l�b�c �b 
�f�Z�l�_�j�b�Z�e�h�\ 

1)�K�l�_�j�b�e�b�a�Z�p�b�y 
�f�_�^�b�p�b�g�k�d�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y 
2) �H�[�j�Z�[�h�l�d�Z �b 
�n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b
�y �h�j�]�Z�g�b�q�_�k�d�b�o 
�i�h�e�b�f�_�j�h�\, 
�k�h�a�^�Z�g�b�_ 
�[�b�h�k�h�\�f�_�k�l�b�f�u�o 
�i�h�d�j�u�l�b�c �b 
�f�Z�l�_�j�b�Z�e�h�\. 
�<�h�a�f�h�`�g�Z 
�h�[�j�Z�[�h�l�d�Z 
�i�h�\�_�j�o�g�h�k�l�_�c 
�k�e�h�`�g�h�c �n�h�j�f�u 
3) �I�e�Z�a�f�_�g�g�h-
�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c 
�k�b�g�l�_�a 
�d�h�f�[�b�g�b�j�h�\�Z�g�g�u
�o �f�Z�l�_�j�b�Z�e�h�\ �g�Z 
�h�k�g�h�\�_ 
�h�j�]�Z�g�b�q�_�k�d�b�o 
�i�h�e�b�f�_�j�h�\ 

1) 
�K�l�_�j�b�e�b�a�Z�p�b�y 
�f�_�^�b�p�b�g�k�d�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y, 
�k�l�h�q�g�u�o �\�h� ̂�b 
�l.�i. 
2) �M�e�m�q�r�_�g�b�_ 
�]�b�^�j�h�n�b�e�v�g�h�k�l�b 
�h�j�]�Z�g�b�q�_�k�d�b�o 
�f�Z�l�_�j�b�Z�e�h�\ 
(�g�Z�i�j�b�f�_�j, 
�r�_�j�k�l�b �b 
�o�e�h�i�d�Z) 
 

1) 
�K�l�_�j�b�e�b�a�Z�p�b�y 
�a�m�[�g�u�o 
�d�Z�g�Z�e�h�\ �b 
�i�h�e�h�k�l�_�c 
2) �L�d�Z�g�_�\�h�c 
�b�g�`�b�g�b�j�b�g�] 
�G�_ �\�h�a�f�h�`�g�Z 
�h�[�j�Z�[�h�l�d�Z 
�h�[�t�_�d�l�h�\, 
�b�f�_�x�s�b�o 
�[�h�e�v�r�m�x 
�i�e�h�s�Z�^�v 

1)�K�l�_�j�b�e�b�a�Z�p�b�y 
�f�_�^�b�p�b�g�k�d�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y 
2) �H�[�j�Z�[�h�l�d�Z 
�o�j�h�g�b�q�_�k�d�b�o �j�Z�g �b 
�d�h�`�g�u�o �i�h�d�j�h�\�h�\ 
(�k�l�_�j�b�e�b�a�Z�p�b�y, �e�_�q�_�g�b�_ 
�\�h�k�i�Z�e�b�l�_�e�v�g�u�o 
�a�Z�[�h�e�_�\�Z�g�b�c �b 
�o�j�h�g�b�q�_�k�d�b�o �y�a�\, 
�m�k�d�h�j�_�g�b�_ �d�e�_�l�h�q�g�h�c 
�j�_�]�_�g�_�j�Z�p�b�b) 
3) �D�h�k�f�_�l�h�e�h�]�b�y 
4) �L�d�Z�g�_�\�h�c 
�b�g�`�b�g�b�j�b�g�] 

1) �J�Z�k�k�_�q�_�g�b�_ 
�l�d�Z�g�_�c �i�j�b 
�o�b�j�m�j�]�b�q�_�k�d�b�o 
�h�i�_�j�Z�p�b�y�o 
2) �G�Z�i�u�e�_�g�b�_ 
�i�h�d�j�u�l�b�c �g�Z 
�i�h�\�_�j�o�g�h�k�l�v 
�b�f�i�e�Z�g�l�Z�l�h�\ 
3) �K�b�g�l�_�a 
�m�]�e�_�j�h�^�g�u�o 
�g�Z�g�h�q�Z�k�l�b�p, 
�g�Z�g�h�l�j�m�[�h�d, 
�g�Z�g�h�i�h�j�h�r�d�h�\, 
�g�Z�g�h�i�e�_�g�h�d 
4) �K�`�b�]�Z�g�b�_ 
�[�b�h�e�h�]�b�q�_�k�d�b�o 
�h�l�o�h�^�h�\ 

�K�`�b�]�Z�g�b�_ 
�[�b�h�e�h�]�b�q�_�k�d�b�o 
�h�l�o�h�^�h�\ 

1)�K�l�_�j�b�e�b�a�Z�p�b�y 
�f�_�^�b�p�b�g�k�d�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y 
2) �I�e�Z�a�f�_�g�g�h-
�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c 
�k�b�g�l�_�a 
�[�b�h�k�h�\�f�_�k�l�b�f�u�o 
�i�h�d�j�u�l�b�c �g�Z 
�i�h�\�_�j�o�g�h�k�l�b 
�f�_�l�Z�e�e�b�q�_�k�d�b�o 
�b�a�^�_�e�b�c, �\ �l�h�f �q�b�k�e�_ 
�g�Z �i�h�\�_�j�o�g�h�k�l�y�o 
�k�e�h�`�g�h�c �n�h�j�f�u 
3) �I�e�Z�a�f�_�g�g�h-
�k�l�b�f�m�e�b�j�h�\�Z�g�g�Z�y 
�n�m�g�p�b�h�g�Z�e�b�a�Z�p�b�y 
�h�j�]�Z�g�b�q�_�k�d�b�o �b 
�[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o 
�i�h�e�b�f�_�j�h�\, �i�h�e�m�q�_�g�b�_ 
�[�b�h�k�h�\�f�_�k�l�b�f�u�o 
�f�Z�l�_�j�b�Z�e�h�\ 
4) �M�i�j�Z�\�e�y�_�f�Z�y 
�^�_�k�l�j�m�d�p�b�y 
�[�b�h�i�h�e�b�f�_�j�h�\, 
�i�h�e�m�q�_�g�b�_ 
�[�b�h�Z�d�l�b�\�g�u�o 
�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o 
�k�h�_�^�b�g�_�g�b�c – 



 305 
 

�i�h�l�_�g�p�b�Z�e�v�g�u�o 
�e�_�d�Z�j�k�l�\�_�g�g�u�o 
�\�_�s�_�k�l�\ 
5) �I�e�Z�a�f�_�g�g�h-
�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�c 
�k�b�g�l�_�a 
�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o 
�i�h�d�j�u�l�b�c �b 
�k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�u�o 
�d�h�f�i�e�_�d�k�h�\, �\ �l�h�f 
�q�b�k�e�_ �b �g�Z 
�j�Z�k�i�j�_�^�_�e�_�g�g�h�c �\ 
�j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ 
�f�Z�l�j�b�p�_ 
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�<�U�<�H�>�U 

 

1) �K�h�a�^�Z�g�u �b �h�l�e�Z�`�_�g�u �e�Z�[�h�j�Z�l�h�j�g�u�_ �h�[�j�Z�a�p�u �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\ �j�Z�a�e�b�q�g�u�o 

�f�h�^�b�n�b�d�Z�p�b�c, �\ �d�h�l�h�j�u�o �[�u�e�b �j�_�Z�e�b�a�h�\�Z�g�u �k�e�_�^�m�x�s�b�_ �i�e�Z�a�f�_�g�g�h-�k�l�b�f�m�e�b�j�h�\�Z�g�g�u�_ 

�i�j�h�p�_�k�k�u �i�h�e�m�q�_�g�b�y �[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �b �f�Z�l�_�j�b�Z�e�h�\: 

�x �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�Z�y �m�i�j�Z�\�e�y�_�f�Z�y �^�_�k�l�j�m�d�p�b�y �k�e�h�`�g�u�o �[�b�h�h�j�]�Z�g�b�q�_�k�d�b�o �i�h�e�b�f�_�j�h�\ – 

�[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\; 

�x �m�i�j�Z�\�e�y�_�f�Z�y �f�h�^�b�n�b�d�Z�p�b�y �b �n�m�g�d�p�b�h�g�Z�e�b�a�Z�p�b�y �i�h�\�_�j�o�g�h�k�l�b �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �b 

�[�b�h�i�h�e�b�f�_�j�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �k�h�i�j�h�\�h�`�^�Z�x�s�Z�y�k�y �b�a�f�_�g�_�g�b�_�f �b�o �]�b�^�j�h�n�b�e�v�g�h-

�]�b�^�j�h�n�h�[�g�u�o �k�\�h�c�k�l�\ �b �i�j�b�h�[�j�_�l�_�g�b�_�f �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b; 

�x �k�b�g�l�_�a �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �[�b�h�Z�d�l�b�\�g�u�o �i�h�d�j�u�l�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�_�l�Z�e�e�b�q�_�k�d�b�o 

�b�a�^�_�e�b�c - �d�h�f�i�Z�d�l�g�u�o �l�\�_�j�^�u�o �l�_�e �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�b �b �q�Z�k�l�b�p �^�b�k�i�_�j�k�g�u�o 

�i�h�j�h�r�d�h�\; 

�x �h�k�Z�`�^�_�g�b�_ �h�^�g�h�k�e�h�c�g�u�o �b �f�g�h�]�h�k�e�h�c�g�u�o �i�h�d�j�u�l�b�c �g�_�h�j�]�Z�g�b�q�_�k�d�h�c �b 

�h�j�]�Z�g�b�q�_�k�d�h�c �i�j�b�j�h�^�u �\ �j�Z�a�e�b�q�g�u�o �d�h�f�[�b�g�Z�p�b�y�o �g�Z �i�h�j�h�r�d�b �[�b�h�i�h�e�b�f�_�j�h�\ �b 

�f�Z�l�_�j�b�Z�e�u, �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a �l�Z�d�b�o �i�h�j�h�r�d�h�\; 

�x �^�h�i�b�j�h�\�Z�g�b�_ �m�]�e�_�j�h�^�Z �\ �Z�e�e�h�l�j�h�i�g�u�o �f�h�^�b�n�b�d�Z�p�b�y�o �]�j�Z�n�_�g�Z �b �g�Z�g�h�l�j�m�[�h�d  

�Z�l�h�f�Z�f�b �g�_�f�_�l�Z�e�e�h�\. 

�I�j�b�g�p�b�i �^�_�c�k�l�\�b�y �j�_�Z�d�l�h�j�h�\ �h�k�g�h�\�Z�g �g�Z �]�_�g�_�j�Z�p�b�b �k�b�e�v�g�h�g�_�j�Z�\�g�h�\�_�k�g�h�c �o�b�f�b�q�_�k�d�b 

�Z�d�l�b�\�g�h�c �i�e�Z�a�f�u �b�g�`�_�d�p�b�_�c �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�o �g�_�i�j�_�j�u�\�g�u�o �b�e�b �b�f�i�m�e�v�k�g�h-

�i�_�j�b�h�^�b�q�_�k�d�b�o �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �\ �]�Z�a�u, �i�Z�j�u �b �Z�w�j�h�a�h�e�b �j�Z�a�e�b�q�g�h�]�h �o�b�f�b�q�_�k�d�h�]�h �b 

�n�Z�a�h�\�h�]�h �k�h�k�l�Z�\�Z �i�j�b �^�Z�\�e�_�g�b�y�o 0,1-100 �L�h�j�j, �Z �l�Z�d�`�_ �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�b �]�b�[�j�b�^�g�h�c 

�i�e�Z�a�f�u, �]�_�g�_�j�b�j�m�_�f�h�c �b�g�`�_�d�p�b�_�c �w�e�_�d�l�j�h�g�g�u�o �i�m�q�d�h�\ �\ �h�[�e�Z�k�l�v �<�Q-�j�Z�a�j�y�^�Z.  

2) �K�n�h�j�f�m�e�b�j�h�\�Z�g�u �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �h�k�g�h�\�u �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �i�h�e�m�q�_�g�b�y 

�[�b�h�Z�d�l�b�\�g�u�o �k�h�_�^�b�g�_�g�b�c �b �f�Z�l�_�j�b�Z�e�h�\ �\ �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�Z�o, �Z �l�Z�d�`�_ 

�i�j�b�g�p�b�i�u �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�y �l�Z�d�b�o �j�_�Z�d�l�h�j�h�\. �I�h�d�Z�a�Z�g�h, �q�l�h �k�i�_�p�b�n�b�q�_�k�d�b�_ 

�[�b�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�h�e�m�q�Z�_�f�u�o �i�j�h�^�m�d�l�h�\ �^�h�k�l�b�]�Z�x�l�k�y �[�e�Z�]�h�^�Z�j�y �m�g�b�d�Z�e�v�g�h�c 

�k�h�\�h�d�m�i�g�h�k�l�b �n�b�a�b�q�_�k�d�b�o �b �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �j�_�Z�e�b�a�m�x�s�b�o�k�y �\ �j�_�Z�d�l�h�j�Z�o 

�^�Z�g�g�h�]�h �l�b�i�Z, �Z �b�f�_�g�g�h:  

�x �\�u�k�h�d�h�c �o�b�f�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �i�e�Z�a�f�u,  �\�h�a�[�m�`�^�Z�_�f�h�c �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f �\ 

�g�_�j�Z�\�g�h�\�_�k�g�u�o �m�k�e�h�\�b�y�o; �i�j�b �w�l�h�f �g�Z�b�[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�u�c �\�d�e�Z�^ �\�g�h�k�y�l 

�i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�_ �j�_�Z�d�p�b�b �k �m�q�Z�k�l�b�_�f �g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p �i�e�Z�a�f�u, �h�k�h�[�_�g�g�h 

�Z�l�h�f�Z�j�g�h�]�h �b �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �b �]�b�^�j�h�d�k�b�e�v�g�u�o �j�Z�^�b�d�Z�e�h�\. 

�x �\�h�a�^�_�c�k�l�\�b�_�f �g�Z �\�_�s�_�k�l�\�h �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�o �w�e�_�d�l�j�h�g�h�\ �b �b�a�e�m�q�_�g�b�c �j�Z�a�e�b�q�g�h�c 
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�n�b�a�b�q�_�k�d�h�c �i�j�b�j�h�^�u (�h�i�l�b�q�_�k�d�h�]�h �b �j�_�g�l�]�_�g�h�\�k�d�h�]�h), �Z �l�Z�d�`�_ �\�h�a�f�h�`�g�u�f 

�l�_�i�e�h�\�u�f �\�h�a�^�_�c�k�l�\�b�_�f �i�e�Z�a�f�u.  

 3) �< �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �j�_�Z�d�l�h�j�Z�o �i�h�e�m�q�_�g�u: �Z�d�l�b�\�g�u�_ �Z�]�_�g�l�u �^�e�y �n�Z�j�f�Z�d�h�e�h�]�b�b, 

�k�_�e�v�k�d�h�]�h �o�h�a�y�c�k�l�\�Z, �i�b�s�_�\�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b, �w�n�n�_�d�l�b�\�g�u�_ �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�_ 

�f�Z�l�_�j�b�Z�e�u �g�Z �h�k�g�h�\�_ �i�h�e�b�k�Z�o�Z�j�b�^�h�\, �h�d�k�b�^�g�u�_ �i�h�d�j�u�l�b�y �k �m�e�m�q�r�_�g�g�h�c 

�[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�x, �d�h�f�i�e�_�d�k�u «�[�b�h�i�h�e�b�f�_�j-�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�h�_ �h�j�]�Z�g�b�q�_�k�d�h�_ 

�k�h�_�^�b�g�_�g�b�_», �m�]�e�_�j�h�^�g�u�_ �f�Z�l�_�j�b�Z�e�u, �e�_�]�b�j�h�\�Z�g�g�u�_ �Z�l�h�f�Z�f�b �Z�a�h�l�Z �b �k�_�j�u. �:�g�Z�e�b�a 

�k�i�_�p�b�n�b�q�_�k�d�b�o �[�b�h�e�h�]�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�j�h�^�m�d�l�h�\, �i�h�e�m�q�_�g�g�u�o �\ �j�_�a�m�e�v�l�Z�l�_ �i�m�q�d�h�\�h-

�i�e�Z�a�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �i�h�d�Z�a�Z�e, �q�l�h:  

�x �G�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_ �i�_�i�l�b�^�u, �i�h�e�m�q�_�g�g�u�_ �i�j�b �^�_�k�l�j�m�d�p�b�b �n�b�[�j�b�g-�f�h�g�h�f�_�j�Z �\ 

�w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_ �]�_�e�b�y �b �i�Z�j�h�\ �\�h�^�u, �b�g�]�b�[�b�j�m�x�l �Z�]�j�_�]�Z�p�b�x 

�l�j�h�f�[�h�p�b�l�h�\ �q�_�e�h�\�_�d�Z �\ �d�h�g�_�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o 1-10-4 �f�]/�f�e.  

�x �O�b�l�h�h�e�b�]�h�k�Z�o�Z�j�b�^�u, �i�h�e�m�q�_�g�g�u�_ �i�j�b �]�b�^�j�h�e�b�a�_ �o�b�l�h�a�Z�g�Z �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c 

�i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z, �\ �d�h�g�p�_�g�l�j�Z�p�b�b 500 �f�d�]/�f�e �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�h�k�l�v�x �b�g�]�b�[�b�j�m�x�l 

�j�h�k�l �f�b�d�j�h�f�b�p�_�l�h�\ �b �h�[�e�Z�^�Z�x�l �Z�g�l�b�f�b�d�j�h�[�g�u�f �w�n�n�_�d�l�h�f �\ �h�l�g�h�r�_�g�b�b 

�i�h�d�h�y�s�b�o�k�y �b �j�Z�a�f�g�h�`�Z�x�s�b�o�k�y �r�l�Z�f�f�h�\ �d�b�r�_�q�g�h�c �i�Z�e�h�q�d�b �b �a�h�e�h�l�b�k�l�h�]�h 

�k�l�Z�n�b�e�h�d�h�d�d�Z �\ �d�h�g�p�_�g�l�j�Z�p�b�b 1000 �f�d�]/�f�e. 

�x  �=�_�f�h�k�l�Z�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �l�h�g�d�b�o �i�e�_�g�h�d �o�b�l�h�a�Z�g�Z �b  �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �b 

�]�m�[�h�d �g�Z �h�k�g�h�\�_ �Z�e�v�]�b�g�Z�l�Z �g�Z�l�j�b�y, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �b 

�]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �b �Z�f�f�b�Z�d�Z, �\�h�a�j�Z�k�l�Z�_�l �[�h�e�_�_ �q�_�f �g�Z 50% �i�h 

�k�j�Z�\�g�_�g�b�x �k �l�j�Z�^�b�p�b�h�g�g�h �b�k�i�h�e�v�a�m�_�f�u�f�b �\ �f�_�^�b�p�b�g�_ �i�_�j�_�\�y�a�h�q�g�u�f�b 

�f�Z�l�_�j�b�Z�e�Z�f�b. �I�j�b �w�l�h�f �m�^�Z�_�l�k�y �j�_�Z�e�b�a�h�\�Z�l�v �i�j�h�q�g�h�_ �d�h�\�Z�e�_�g�l�g�h�_ �k�\�y�a�u�\�Z�g�b�_ 

�i�h�e�b�k�Z�o�Z�j�b�^�g�h�c �h�k�g�h�\�u �]�m�[�d�b �b �[�_�e�d�Z �_�k�l�_�k�l�\�_�g�g�h�]�h �Z�d�l�b�\�Z�l�h�j�Z �k�\�_�j�l�u�\�Z�g�b�y 

�d�j�h�\�b (�l�j�h�f�[�b�g�Z). 

�x �H�d�k�b�^�g�u�_ �i�h�d�j�u�l�b�y, �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�a�^�_�e�b�c �b�a �l�b�l�Z�g�h�\�u�o 

�k�i�e�Z�\�h�\, �h�[�e�Z�^�Z�x�l �i�h�\�u�r�_�g�g�h�c �]�b�^�j�h�n�b�e�v�g�h�k�l�v�x �i�h �k�j�Z�\�g�_�g�b�x �k �i�h�\�_�j�o�g�h�k�l�v�x 

�g�_�h�[�j�Z�[�h�l�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �b �k�i�h�k�h�[�g�h�k�l�v�x �w�n�n�_�d�l�b�\�g�h �i�j�_�p�b�i�b�l�b�j�h�\�Z�l�v 

�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l. �K�b�g�l�_�a TiO2-�i�h�d�j�u�l�b�y �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �j�Z�a�\�b�l�b�_�f �i�h�\�_�j�o�g�h�k�l�b �b 

�k�]�e�Z�`�b�\�Z�g�b�_�f �_�_ �f�b�d�j�h�j�_�e�v�_�n�Z. 

4) �>�e�y �i�_�j�_�q�b�k�e�_�g�g�u�o �i�j�h�p�_�k�k�h�\ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �b�g�^�m�p�b�j�h�\�Z�g�g�Z�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�f 

�\�h�a�^�_�c�k�l�\�b�_�f �g�Z �\�_�s�_�k�l�\�h �[�b�h�e�h�]�b�q�_�k�d�Z�y �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �h�i�j�_�^�_�e�y�_�l�k�y 

�k�b�g�l�_�l�b�q�_�k�d�b�f �i�Z�j�Z�f�_�l�j�h�f G = qi�W, �d�h�l�h�j�u�c �y�\�e�y�_�l�k�y �i�j�h�b�a�\�_�^�_�g�b�_�f �i�e�h�l�g�h�k�l�b �i�h�l�h�d�h�\ 

�o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �q�Z�k�l�b�p �W�I�I qi, �i�Z�^�Z�x�s�b�o �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h 
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�f�Z�l�_�j�b�Z�e�Z, �b �\�j�_�f�_�g�b �d�h�g�l�Z�d�l�Z �i�h�\�_�j�o�g�h�k�l�b �k �i�e�Z�a�f�h�c �W, �Z �l�Z�d�`�_ �l�_�f�i�_�j�Z�l�m�j�h�c 

�i�h�\�_�j�o�g�h�k�l�b Ts. �I�j�b �w�l�h�f: 

�x �<�_�e�b�q�b�g�u qi �b Ts �f�h�]�m�l �[�u�l�v �\�u�q�b�k�e�_�g�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�_�j�b�n�b�p�b�j�h�\�Z�g�g�u�o �\ 

�g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �f�_�l�h�^�h�\ �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �W�I�I, �h�k�g�h�\�Z�g�g�u�o �g�Z 

�k�Z�f�h�k�h�]�e�Z�k�h�\�Z�g�g�h�f �j�_�r�_�g�b�b  �w�e�_�d�l�j�h�g�g�h-�d�b�g�_�l�b�q�_�k�d�b�o, �f�h�e�_�d�m�e�y�j�g�h-

�d�b�g�_�l�b�q�_�k�d�b�o, �l�_�i�e�h�\�u�o �b �w�e�_�d�l�j�h�n�b�a�b�q�_�k�d�b�o �a�Z�^�Z�q �k �m�q�_�l�h�f �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�b�o 

�i�j�_�\�j�Z�s�_�g�b�c, �i�j�h�b�k�o�h�^�y�s�b�o �\ �]�Z�a�_ �b �l�\�_�j�^�h�f �l�_�e�_ �\ �g�_�j�Z�\�g�h�\�_�k�g�u�o �m�k�e�h�\�b�y�o. 

�x �I�Z�j�Z�f�_�l�j�u, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �[�b�h�e�h�]�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �i�j�h�^�m�d�l�h�\ �b �b�o �\�u�o�h�^, 

�a�Z�\�b�k�y�l �h�l �i�Z�j�Z�f�_�l�j�Z G �i�h�j�h�]�h�\�u�f �h�[�j�Z�a�h�f: �i�h �f�_�j�_ �m�\�_�e�b�q�_�g�b�y G �\�u�o�h�^ 

�[�b�h�Z�d�l�b�\�g�u�o �i�j�h�^�m�d�l�h�\ �k�g�Z�q�Z�e�Z �k�e�Z�[�h �\�h�a�j�Z�k�l�Z�_�l; �i�j�b �^�h�k�l�b�`�_�g�b�b �g�_�d�h�l�h�j�h�]�h 

�i�h�j�h�]�h�\�h�]�h �a�g�Z�q�_�g�b�y G �w�n�n�_�d�l �j�_�a�d�h  �m�k�b�e�b�\�Z�_�l�k�y, �i�h�k�e�_ �q�_�]�h �\�u�o�h�^ �[�b�h�Z�d�l�b�\�g�u�o 

�i�j�h�^�m�d�l�h�\ �i�_�j�_�k�l�Z�_�l �j�Z�k�l�b. 

�x �D�h�]�^�Z �i�Z�j�Z�f�_�l�j G �a�g�Z�q�b�l�_�e�v�g�h �i�j�_�\�u�r�Z�_�l �i�h�j�h�]�h�\�h�_ �a�g�Z�q�_�g�b�_ (�g�Z�i�j�b�f�_�j, �i�j�b 

�^�e�b�l�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�_), �f�h�`�_�l �g�Z�[�e�x�^�Z�l�v�k�y �k�g�b�`�_�g�b�_ �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b 

�p�_�e�_�\�u�o �i�j�h�^�m�d�l�h�\ �b �i�h�y�\�e�_�g�b�_ �g�_�`�_�e�Z�l�_�e�v�g�u�o �i�h�[�h�q�g�u�o �i�j�h�^�m�d�l�h�\. 

5) �I�j�_�^�e�h�`�_�g�u �k�i�h�k�h�[�u �m�i�j�Z�\�e�_�g�b�y �i�j�h�p�_�k�k�Z�f�b, �i�j�h�l�_�d�Z�x�s�b�f�b �\  �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_ 

(�l.�_. �\�_�e�b�q�b�g�Z�f�b qi �b Ts), �b �h�[�_�k�i�_�q�_�g�b�y �_�]�h �m�k�l�h�c�q�b�\�h�k�l�b, �i�h�k�j�_�^�k�l�\�h�f �k�h�\�f�_�k�l�g�h�]�h 

�\�Z�j�v�b�j�h�\�Z�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �b�g�`�_�d�l�b�j�m�_�f�h�]�h �w�e�_�d�l�j�h�g�g�h�]�h �i�m�q�d�Z, �^�Z�\�e�_�g�b�y 

�i�e�Z�a�f�h�h�[�j�Z�a�m�x�s�_�]�h �]�Z�a�Z �b �_�]�h �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z. �I�j�b �w�l�h�f �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h: 

�x �G�Z�b�\�u�k�r�Z�y �k�l�_�i�_�g�v �^�_�k�l�j�m�d�p�b�b �f�h�e�_�d�m�e �[�b�h�i�h�e�b�f�_�j�h�\ (�[�_�e�d�h�\ �b �i�h�e�b�k�Z�o�Z�j�b�^�h�\) 

�^�h�k�l�b�]�Z�e�Z�k�v �i�j�b �h�[�j�Z�[�h�l�d�_ �i�h�j�h�r�d�h�\ �b �i�e�_�g�h�d �w�l�b�o �k�h�_�^�b�g�_�g�b�c �\ �W�I�I �d�b�k�e�h�j�h�^�Z 

�b �i�Z�j�h�\ �\�h�^�u. �K�h�i�j�h�\�h�`�^�Z�x�s�_�_ �^�_�k�l�j�m�d�p�b�x �b�a�f�_�g�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y 

�Z�f�b�g�h�d�b�k�e�h�l�g�u�o �h�k�l�Z�l�d�h�\ �\ �[�_�e�d�Z�o �b �\�u�o�h�^�Z �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o �i�j�h�^�m�d�l�h�\ �b�a 

�o�b�l�h�a�Z�g�Z �a�Z�\�b�k�b�l �h�l �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�Z �i�h�j�h�]�h�\�u�f �h�[�j�Z�a�h�f. �< �m�k�e�h�\�b�y�o 

�i�j�h�\�h�^�b�\�r�b�o�k�y �w�d�k�i�_�j�b�f�_�g�l�h�\ (Ts �d 70�q�K) �h�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y �h�[�j�Z�[�h�l�d�b 

�k�h�k�l�Z�\�e�y�e�h 5 �f�b�g �^�e�y �[�h�e�v�r�b�g�k�l�\�Z �b�k�k�e�_�^�h�\�Z�g�g�u�o �[�_�e�d�h�\ �b 2 �f�b�g �^�e�y �o�b�l�h�a�Z�g�h�\ �k 

�b�k�o�h�^�g�h�c �f�h�e�_�d�m�e�y�j�g�h�c �f�Z�k�k�h�c 13-500 �d�>�Z. 

�x �< �j�_�a�m�e�v�l�Z�l�_ �h�[�j�Z�[�h�l�d�b �\ �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�h�c �i�e�Z�a�f�_ �d�b�k�e�h�j�h�^�Z �b �\�h�^�y�g�h�]�h �i�Z�j�Z 

�i�j�b �^�h�k�l�Z�l�h�q�g�h �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o (Ts �| 400-500 �q�K) �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�e�h�k�d�b�o �b 

�l�j�m�[�q�Z�l�u�o �b�a�^�_�e�b�c, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �k�i�e�Z�\�h�\ �l�b�l�Z�g�Z, �n�h�j�f�b�j�m�_�l�k�y �k�e�h�c TiO2 �\ 

�n�h�j�f�_ �j�m�l�b�e�Z. �K�d�h�j�h�k�l�v �k�b�g�l�_�a�Z, �k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �i�m�q�d�h�\�h�c �i�e�Z�a�f�h�c, �g�Z 2-3 

�i�h�j�y�^�d�Z �\�u�r�_, �q�_�f �k�d�h�j�h�k�l�v �n�h�j�f�b�j�h�\�Z�g�b�y �h�d�k�b�^�g�h�]�h �k�e�h�y �i�j�b �h�[�u�q�g�h�c �o�b�f�b�d�h-

�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �\ �j�Z�\�g�h�\�_�k�g�u�o �m�k�e�h�\�b�y�o.  
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�x �< �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �m�^�Z�_�l�k�y �k�h�a�^�Z�l�v �m�k�e�h�\�b�y �^�e�y �w�n�n�_�d�l�b�\�g�h�]�h �k�b�g�l�_�a�Z 

�d�h�f�i�h�a�b�p�b�h�g�g�u�o �]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �b �d�h�f�i�e�_�d�k�h�\ «�[�b�h�i�h�e�b�f�_�j-

�g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�h�_ �e�_�d�Z�j�k�l�\�_�g�g�h�_ �h�j�]�Z�g�b�q�_�k�d�h�_ �k�h�_�^�b�g�_�g�b�_». 

�x �G�Z �i�j�b�f�_�j�_ �]�j�Z�n�_�g�Z �i�h�d�Z�a�Z�g�h, �q�l�h �\ �]�b�[�j�b�^�g�h�c �i�e�Z�a�f�_ �Z�f�f�b�Z�d�Z �b �i�Z�j�h�\ �k�_�j�u 

�i�j�h�b�k�o�h�^�b�l �w�n�n�_�d�l�b�\�g�h�_ �^�h�i�b�j�h�\�Z�g�b�_ �m�]�e�_�j�h�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �Z�l�h�f�Z�f�b �Z�a�h�l�Z �b 

�k�_�j�u; �i�j�b �w�l�h�f �k�h�^�_�j�`�Z�g�b�_ �\�g�_�k�_�g�g�u�o �i�j�b�f�_�k�_�c �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 3%, �q�l�h 

�k�h�i�h�k�l�Z�\�b�f�h �k �e�m�q�r�b�f�b �j�_�a�m�e�v�l�Z�l�Z�f�b, �i�h�e�m�q�_�g�g�u�f�b �^�j�m�]�b�f�b �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b. 

6) �>�e�y �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o �j�_�Z�d�l�h�j�h�\ �k �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�h�c, �k�h�^�_�j�`�Z�s�_�c �^�b�k�i�_�j�k�g�u�_ 

�i�h�j�h�r�d�b �j�Z�a�e�b�q�g�h�c �i�j�b�j�h�^�u, �g�Z�c�^�_�g�u �m�k�e�h�\�b�y �]�_�g�_�j�Z�p�b�b �i�e�Z�a�f�u, �i�j�b �d�h�l�h�j�u�o 

�j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �k�h�o�j�Z�g�y�_�l �m�k�l�h�c�q�b�\�h�k�l�v �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 300-1000 �D. 

�I�j�_�^�e�h�`�_�g�u �k�i�h�k�h�[�u �h�j�]�Z�g�b�a�Z�p�b�b �j�_�Z�d�p�b�h�g�g�h�c �a�h�g�u, �h�[�_�k�i�_�q�b�\�Z�x�s�b�_ �h�^�g�h�j�h�^�g�m�x 

�h�[�j�Z�[�h�l�d�m �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\ �d�h�e�b�q�_�k�l�\�Z�o, �^�h�k�l�Z�l�h�q�g�u�o �^�e�y �i�j�Z�d�l�b�q�_�k�d�h�]�h 

�i�j�b�f�_�g�_�g�b�y.  

7) �I�j�b�f�_�g�b�l�_�e�v�g�h �d �j�_�r�_�g�b�x �[�b�h�f�_�^�b�p�b�g�k�d�b�o �a�Z�^�Z�q �i�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d 

�m�k�l�j�h�c�k�l�\, �b�k�i�h�e�v�a�m�x�s�b�o �w�e�_�d�l�j�h�g�g�h-�i�m�q�d�h�\�m�x �i�e�Z�a�f�m, �b �i�e�Z�a�f�m �]�Z�a�h�\�u�o �j�Z�a�j�y�^�h�\, 

�d�h�l�h�j�h�_ �i�h�a�\�h�e�b�e�h �\�u�y�\�b�l�v �h�[�e�Z�k�l�b �i�j�b�f�_�g�_�g�b�y �k�h�a�^�Z�g�g�u�o �i�m�q�d�h�\�h-�i�e�Z�a�f�_�g�g�u�o 

�j�_�Z�d�l�h�j�h�\, �]�^�_ �h�g�b �e�b�[�h �g�_ �b�f�_�x�l �d�h�g�d�m�j�_�g�l�h�\, �e�b�[�h �^�_�f�h�g�k�l�j�b�j�m�x�l �k�m�s�_�k�l�\�_�g�g�u�_ 

�i�j�_�b�f�m�s�_�k�l�\�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �k�i�h�k�h�[�u �b �m�k�l�j�h�c�k�l�\�Z �f�h�]�m�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y 

�d�Z�d �h�k�g�h�\�Z �l�_�o�g�h�e�h�]�b�c �i�h�e�m�q�_�g�b�y �f�g�h�]�h�k�e�h�c�g�u�o �[�b�h�Z�d�l�b�\�g�u�o �d�h�f�i�h�a�b�l�h�\ �b �]�b�[�j�b�^�g�u�o 

�]�_�f�h�k�l�Z�l�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, �Z �l�Z�d�`�_ �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o �i�_�i�l�b�^�h�\ �b �h�e�b�]�h�k�Z�o�Z�j�b�^�h�\, 

�d�h�l�h�j�u�_  �f�h�]�m�l �k�e�m�`�b�l�v �Z�d�l�b�\�g�u�f�b �Z�]�_�g�l�Z�f�b �^�e�y �n�Z�j�f�Z�d�h�e�h�]�b�b, �k�_�e�v�k�d�h�]�h �o�h�a�y�c�k�l�\�Z, 

�i�b�s�_�\�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b, �d�h�k�f�_�l�h�e�h�]�b�b.  

 . 
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