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�<�<�?�>�?�G�B�? 

 

�K�h�\�j�_�f�_�g�g�u�c �w�e�_�d�l�j�h�w�g�_�j�]�_�l�b�q�_�k�d�b�c �d�h�f�i�e�_�d�k �J�h�k�k�b�b �\�d�e�x�q�Z�_�l �i�h�q�l�b 600 

�w�e�_�d�l�j�h�k�l�Z�g�p�b�c �_�^�b�g�b�q�g�h�c �f�h�s�g�h�k�l�v�x �k�\�u�r�_ 5 �F�<�l [1]. �H�[�s�Z�y �m�k�l�Z�g�h�\�e�_�g�g�Z�y 

�f�h�s�g�h�k�l�v �w�e�_�d�l�j�h�k�l�Z�g�p�b�c �\ �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �^�h�k�l�b�]�Z�_�l 220 �=�<�l. �F�h�s�g�h�k�l�v 

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

�k�l�j�m�d�l�m�j�m [2]: 21 % – �]�b�^�j�h�w�e�_�d�l�j�h�k�l�Z�g�p�b�b, 11 % – �Z�l�h�f�g�u�_ �w�e�_�d�l�j�h�k�l�Z�g�p�b�b �b 68 

% – �l�_�i�e�h�\�u�_ �w�e�_�d�l�j�h�k�l�Z�g�p�b�b (�L�W�K). �G�Z�b�[�h�e�v�r�_�_ �j�Z�a�\�b�l�b�_ �b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\ 

�J�h�k�k�b�b �i�h�e�m�q�b�e�b �L�W�K �h�[�s�_�]�h �i�h�e�v�a�h�\�Z�g�b�y, �j�Z�[�h�l�Z�x�s�b�_ �g�Z �h�j�]�Z�g�b�q�_�k�d�h�f 

�l�h�i�e�b�\�_ (�]�Z�a, �m�]�h�e�v), �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �i�Z�j�h�l�m�j�[�b�g�g�u�_. �H�[�s�Z�y �m�k�l�Z�g�h�\�e�_�g�g�Z�y 

�f�h�s�g�h�k�l�v �l�_�i�e�h�n�b�d�Z�p�b�h�g�g�u�o �w�g�_�j�]�h�[�e�h�d�h�\ �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 154,7 �=�<�l [2]. 

�W�n�n�_�d�l�b�\�g�Z�y �j�Z�[�h�l�Z �L�W�K �\ �p�_�e�h�f �a�Z�\�b�k�b�l �h�l �k�e�Z�`�_�g�g�h�c �j�Z�[�h�l�u �\�k�_�o �Z�]�j�_�]�Z�l�h�\ 

�l�_�i�e�h�\�h�c �k�o�_�f�u [1-3]. �H�^�g�h�c �b�a �\�Z�`�g�_�c�r�b�o �a�Z�^�Z�q �\ �i�j�h�p�_�k�k�_ �i�j�h�b�a�\�h�^�k�l�\�Z 

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

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

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

�h�l�j�Z�[�h�l�Z�\�r�_�c �\�h�^�u [3]. 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�[�e�_�f�u �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �j�Z�[�h�l�u �i�j�h�f�u�r�e�_�g�g�u�o 

�]�j�Z�^�b�j�_�g �i�j�h�\�h�^�y�l�k�y �h�k�h�[�_�g�g�h �Z�d�l�b�\�g�h �g�Z�q�b�g�Z�y �k �k�_�j�_�^�b�g�u �i�j�h�r�e�h�]�h �\�_�d�Z [4]. �< 

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

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

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

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

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

�h�[�e�Z�k�l�v �]�j�Z�^�b�j�g�b [5–11]. �<�k�_ �i�_�j�_�q�b�k�e�_�g�g�u�_ �^�_�c�k�l�\�b�y �i�j�_�k�e�_�^�m�x�l �i�j�Z�d�l�b�q�_�k�d�b 

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

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

�j�_�k�m�j�k�h�a�Z�l�j�Z�l�Z�o [12-16]. 
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�>�e�y �h�[�_�k�i�_�q�_�g�b�y �f�Z�d�k�b�f�Z�e�v�g�h�c �w�n�n�_�d�l�b�\�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y 

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

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

�]�j�Z�^�b�j�_�g �L�W�K, �d�Z�d �i�j�Z�\�b�e�h, �i�j�b�[�_�]�Z�x�l �d �l�j�m�^�h�_�f�d�b�f �j�Z�k�q�_�l�Z�f (�g�Z�i�j�b�f�_�j, 

�]�b�^�j�h�Z�w�j�h�l�_�j�f�b�q�_�k�d�b�_, �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�_ �b �^�j�m�]�b�_) [17-19]. �< �l�j�Z�^�b�p�b�h�g�g�u�o 

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

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

�g�_�d�h�l�h�j�h�f �h�[�t�_�f�_ [17]. �G�Z�i�j�b�f�_�j, �\ �i�j�_�^�_�e�Z�o �h�j�h�k�b�l�_�e�_�c �i�j�h�l�b�\�h�l�h�q�g�u�o 

�]�j�Z�^�b�j�_�g, �b�f�_�x�s�b�o �k�e�h�`�g�m�x �]�_�h�f�_�l�j�b�q�_�k�d�m�x �d�h�g�n�b�]�m�j�Z�p�b�x, �i�j�h�b�k�o�h�^�b�l 

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

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

�i�h�\�_�j�o�g�h�k�l�b �g�_�b�a�\�_�k�l�g�u [17]. �I�h�w�l�h�f�m �^�e�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 

(�]�b�^�j�h�Z�w�j�h�l�_�j�f�b�q�_�k�d�b�o) �j�Z�k�q�_�l�h�\ �\�\�h�^�b�l�k�y �i�h�g�y�l�b�_ �h�[�t�_�f�g�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ 

�l�_�i�e�h - �b �f�Z�k�k�h�h�l�^�Z�q�b, �i�j�_�^�k�l�Z�\�e�y�x�s�b�o �i�h �h�i�j�_�^�_�e�_�g�b�x [20, 21] �i�j�h�b�a�\�_�^�_�g�b�_ 

�d�h�w�n�n�b�p�b�_�g�l�Z �i�h�\�_�j�o�g�h�k�l�g�h�c �h�l�^�Z�q�b �g�Z �i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b �k�h�i�j�b�d�h�k�g�h�\�_�g�b�y �\ 

�i�j�_�^�_�e�Z�o �w�e�_�f�_�g�l�Z�j�g�h�]�h �h�[�t�_�f�Z. �H�[�Z �f�g�h�`�b�l�_�e�y �\ �h�[�t�_�f�g�h�f �d�h�w�n�n�b�p�b�_�g�l�_ 

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

�h�i�u�l�g�u�f �i�m�l�_�f [17]. 

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

�]�j�Z�^�b�j�_�g [22], �d�h�l�h�j�u�_, �d�Z�d �b �w�`�_�d�p�b�h�g�g�u�_ [23], �b�f�_�x�l �l�h�e�v�d�h �d�Z�i�_�e�v�g�h�_ 

�h�o�e�Z�`�^�_�g�b�_. �W�l�h �h�[�t�y�k�g�y�_�l�k�y �l�_�f, �q�l�h �i�j�b �]�j�m�i�i�h�\�h�f �j�Z�k�i�h�e�h�`�_�g�b�b �k�h�i�_�e �k 

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

�k�h�i�j�b�d�h�k�g�h�\�_�g�b�y �i�j�Z�d�l�b�q�_�k�d�b �g�_�\�h�a�f�h�`�g�h [17]. 

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

�L�W�K) �^�e�y �h�i�j�_�^�_�e�_�g�b�y �m�i�h�f�y�g�m�l�u�o �\�u�r�_ �d�h�w�n�n�b�p�b�_�g�l�h�\ �d�j�Z�c�g�_ �a�Z�l�j�m�^�g�b�l�_�e�v�g�h 

�\ �k�\�y�a�b �k�h �k�e�h�`�g�h�k�l�v�x �b �n�b�g�Z�g�k�h�\�h�c �a�Z�l�j�Z�l�g�h�k�l�v�x �^�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z [24-26]. 

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

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

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �f�Z�d�_�l�u, �m�k�l�Z�g�h�\�d�b �b �k�l�_�g�^�u (�g�Z�i�j�b�f�_�j, [27, 28]). �D�Z�`�^�Z�y 
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�m�k�l�Z�g�h�\�d�Z, �d�Z�d �i�j�Z�\�b�e�h, �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �n�b�a�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �k�l�j�h�]�h 

�h�i�j�_�^�_�e�_�g�g�u�o �i�j�h�p�_�k�k�h�\ �\ �h�l�^�_�e�v�g�u�o �w�e�_�f�_�g�l�Z�o (�k�h�i�e�Z, �\�_�g�l�b�e�y�l�h�j�u, �h�j�h�k�b�l�_�e�b) 

�b �k�b�k�l�_�f�Z�o (�\�h�^�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�Z�y �b�e�b �\�h�a�^�m�o�h�\�h�^�g�Z�y) �]�j�Z�^�b�j�_�g [28]. 

�;�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �j�Z�[�h�l (�g�Z�i�j�b�f�_�j, [29–40]) �\ �i�h�k�e�_�^�g�b�_ �]�h�^�u �i�h�k�\�y�s�_�g�h 

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

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

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

�d�h�f�i�v�x�l�_�j�h�\ �b �k�m�i�_�j�d�h�f�i�v�x�l�_�j�g�u�o �d�e�Z�k�l�_�j�h�\. �F�h�^�_�e�b �b �f�_�l�h�^�u [29–40] 

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

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

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

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

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

�h�i�l�b�q�_�k�d�b�o �f�_�l�h�^�Z�o �p�b�n�j�h�\�h�c «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b [41–45], �Z �l�Z�d�`�_ 

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

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

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

�^�h�k�l�h�\�_�j�g�h�k�l�b �j�_�a�m�e�v�l�Z�l�h�\ �l�_�h�j�_�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c (�\ �q�Z�k�l�g�h�k�l�b, [29–40]). 

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

�b�k�k�e�_�^�h�\�Z�g�b�x �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z �\ �k�b�k�l�_�f�_ «�d�Z�i�e�b �\�h�^�u – �\�h�a�^�m�o» [25-

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

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

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

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

�\�h�a�^�m�o�Z. �L�Z�d�`�_ �b�a�\�_�k�l�g�h [46], �q�l�h �b�f�_�_�l �f�_�k�l�h �^�_�n�h�j�f�Z�p�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �i�j�b 

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

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

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

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

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

�i�j�h�_�d�l�g�h-�d�h�g�k�l�j�m�d�l�h�j�k�d�b�o �j�Z�[�h�l�Z�o �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �j�Z�k�q�_�l�Z�o �]�j�Z�^�b�j�_�g �L�W�K, 

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

�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�h�^�_�e�_�c. 

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

�f�_�j�Z�f�b �i�h �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �l�_�i�e�h�f�Z�k�k�h�[�f�_�g�Z �j�Z�a�j�Z�[�h�l�Z�l�v �j�_�d�h�f�_�g�^�Z�p�b�b �i�h 

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

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

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

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

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

�\�j�_�f�y �]�h�^�Z [47, 48]. 

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

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

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

(«�\�u�i�Z�j�b�\�Z�g�b�y») �\�h�^�u �b �^�j�m�]�b�o �`�b�^�d�h�k�l�_�c �h�l �i�j�b�f�_�k�_�c �b �\�d�e�x�q�_�g�b�c [49-51], 

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

�\�h�^�y�g�h�]�h �i�Z�j�Z �b �d�Z�i�_�e�v �\�h�^�u [52-55]. 

�I�j�b�g�y�l�h �k�q�b�l�Z�l�v [56, 57], �q�l�h �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�f�b, �g�h �^�h�j�h�]�h�k�l�h�y�s�b�f�b 

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

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

�k�j�_�^�u �k �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�f�b �l�_�f�i�_�j�Z�l�m�j�Z�f�b (�h�l 500 �D �^�h 1500 �D). �D�Z�i�e�b �\�h�^�u �k 

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

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

�f�b�g�_�j�Z�e�b�a�m�x�l�k�y, �h�k�Z�`�^�Z�x�l�k�y �b�e�b �h�d�b�k�e�y�x�l�k�y �k �i�h�k�e�_�^�m�x�s�b�f �k�]�h�j�Z�g�b�_�f [56]. 

�=�e�Z�\�g�Z�y �k�l�Z�^�b�y �\�h �\�k�_�o �w�l�b�o �i�j�h�p�_�k�k�Z�o – �\�u�^�_�e�_�g�b�_ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\�h�^�u �\ �\�b�^�_ 

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

[56, 57] �\�k�e�_�^�k�l�\�b�_ �l�h�]�h, �q�l�h �a�Z�l�j�Z�q�b�\�Z�_�l�k�y �f�g�h�]�h �w�g�_�j�]�b�b �^�e�y �]�_�g�_�j�Z�p�b�b 
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�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\�u�o �k�j�_�^. �:�g�Z�e�b�a �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �m�k�e�h�\�b�c (�g�Z�i�j�b�f�_�j, 

�l�b�i�b�q�g�u�o �L�W�K) �g�Z �k�h�\�j�_�f�_�g�g�u�o �\�h�^�h�i�h�^�]�h�l�h�\�b�l�_�e�v�g�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o 

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

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

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

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

�^�e�y �l�_�i�e�h�w�g�_�j�]�_�l�b�d�b (�\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �L�W�K), �l�Z�d �d�Z�d �\�h�^�h�i�h�^�]�h�l�h�\�d�Z �y�\�e�y�_�l�k�y 

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

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

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

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

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

�>�e�y �j�Z�a�j�Z�[�h�l�d�b �h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\ �l�_�h�j�b�b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �i�j�b 

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

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

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

�l�_�h�j�_�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �l�Z�d�b�o �i�j�h�p�_�k�k�h�\ (�g�Z�i�j�b�f�_�j, [58-62]) �i�h �f�g�h�]�b�f 

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

�h�^�g�h�a�g�Z�q�g�u�_ �a�Z�d�e�x�q�_�g�b�y. 

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

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

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

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

�\�b�^�_�h�j�_�]�b�k�l�j�Z�p�b�b. 

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

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

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

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

�d�Z�i�_�e�v �\�h�^�u �i�j�b �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o. 

3. �M�k�l�Z�g�h�\�e�_�g�b�_ �\�h�a�f�h�`�g�u�o �j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v (�k �h�i�j�_�^�_�e�_�g�b�_�f 

�o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g �b�o �k�m�s�_�k�l�\�h�\�Z�g�b�y) �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\ 

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

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

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

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

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

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

�]�Z�a», «�]�j�m�i�i�Z �d�Z�i�_�e�v – �]�Z�a» �b «�d�Z�i�_�e�v�g�u�c �i�h�l�h�d – �]�Z�a». 

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

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

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

�m�k�e�h�\�b�c �b�k�k�e�_�^�m�_�f�u�o �i�j�h�p�_�k�k�h�\. 

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

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

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

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

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

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

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

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

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

�\�b�a�m�Z�e�b�a�Z�p�b�b («Particle Image Velocimetry» �b «Interferometric Particle Imaging»), 

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

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

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

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

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

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

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

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

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

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

�l�_�i�e�h�h�[�f�_�g�Z �k �\�g�_�r�g�_�c �]�Z�a�h�\�h�c �k�j�_�^�h�c. �M�k�l�Z�g�h�\�e�_�g�u �^�b�Z�i�Z�a�h�g�u �b�a�f�_�g�_�g�b�y 

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

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

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

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

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

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

�j�Z�[�h�q�_�c �h�[�e�Z�k�l�b �]�j�Z�^�b�j�_�g �L�W�K. �B�o �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�b 

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

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

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

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

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

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

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

�k�f�_�k�y�f�b, �i�h�e�b�^�b�k�i�_�j�k�g�h�_ �i�Z�j�h�\�h�^�y�g�h�_ �i�h�`�Z�j�h�l�m�r�_�g�b�_). 

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

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

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

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

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

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

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

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

�i�h�e�b�l�_�o�g�b�q�_�k�d�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z (�i�j�h�_�d�l �<�B�M_�W�G�B�G_94_2014). �L�_�f�Z�l�b�d�Z 

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

�J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b (�m�d�Z�a �I�j�_�a�b�^�_�g�l�Z �J�N �‹  899 �h�l 7 �b�x�g�y 2011 �].): 

«�W�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�v, �w�g�_�j�]�h�k�[�_�j�_�`�_�g�b�_, �y�^�_�j�g�Z�y �w�g�_�j�]�_�l�b�d�Z», «�;�_�a�h�i�Z�k�g�h�k�l�v �b 

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

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

�k�h�k�l�h�y�g�b�y �b �i�_�j�k�i�_�d�l�b�\�Z�f �j�Z�a�\�b�l�b�y («�L�_�o�g�h�e�h�]�b�b �k�h�a�^�Z�g�b�y �w�g�_�j�]�h�k�[�_�j�_�]�Z�x�s�b�o 

�k�b�k�l�_�f �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b, �j�Z�k�i�j�_�^�_�e�_�g�b�y �b �b�k�i�h�e�v�a�h�\�Z�g�b�y �w�g�_�j�]�b�b», «�L�_�o�g�h�e�h�]�b�b 

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

�l�_�o�g�h�]�_�g�g�h�]�h �o�Z�j�Z�d�l�_�j�Z»). 

�B�k�k�e�_�^�h�\�Z�g�b�y �\�u�i�h�e�g�_�g�u �i�j�b �n�b�g�Z�g�k�h�\�h�c �i�h�^�^�_�j�`�d�_ �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�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b (�]�h�k�d�h�g�l�j�Z�d�l �‹  2.1321.2014), �]�j�Z�g�l�h�\ 

�I�j�_�a�b�^�_�g�l�Z �J�N �‹  �F�D–620.2012.8, �‹  �F�D–2391.2014.8, �J�N�N�B  

�‹  13–08–90703, �‹  14–08–00057, �‹  14–03–31304 �b �J�G�N �‹  14–39–00003. 

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

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

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

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

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

«�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b («Particle Image Velocimetry» �b «Interferometric 

Particle Imaging»), �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�u�o �\�b�^�_�h�d�h�f�i�e�_�d�k�h�\, �Z �l�Z�d�`�_ 

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

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

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

275 �D �^�h 1100 �D, �\�h�^�u – �h�l 280 �D �^�h 360 �D). 

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

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

4. �>�\�Z �o�Z�j�Z�d�l�_�j�g�u�o �j�_�`�b�f�Z �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �b �^�\�Z �j�_�`�b�f�Z �n�Z�a�h�\�u�o 

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

5. �J�_�d�h�f�_�g�^�Z�p�b�b �i�h �i�h�\�u�r�_�g�b�x �w�n�n�_�d�l�b�\�g�h�k�l�b �k�m�s�_�k�l�\�m�x�s�b�o �b �\�g�h�\�v 

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

�\�h�^�h�k�g�Z�[�`�_�g�b�y, �Z �l�Z�d�`�_ �\�h�^�h�i�h�^�]�h�l�h�\�d�b �g�Z �L�W�K. 

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

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

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

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

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

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

�:�i�j�h�[�Z�p�b�y �j�Z�[�h�l�u. �H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u, �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_ �i�h�e�h�`�_�g�b�y �b 

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

�h�[�k�m�`�^�Z�e�b�k�v �g�Z �k�e�_�^�m�x�s�b�o �d�h�g�n�_�j�_�g�p�b�y�o: 

�x XVIII �f�_�`�^�m�g�Z�j�h�^�g�Z�y �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y �k�l�m�^�_�g�l�h�\, 

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

�L�h�f�k�d, 2012 �]. 

�x III �<�k�_�j�h�k�k�b�c�k�d�Z�y �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�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 «�L�_�i�e�h�n�b�a�b�q�_�k�d�b�_ �h�k�g�h�\�u �w�g�_�j�]�_�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�c», �]. �L�h�f�k�d, 

2012 �]. 

�x XXX �K�b�[�b�j�k�d�b�c �l�_�i�e�h�n�b�a�b�q�_�k�d�b�c �k�_�f�b�g�Z�j, �]. �G�h�\�h�k�b�[�b�j�k�d, 2012 �]. 

�x �<�k�_�j�h�k�k�b�c�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y «�K�l�j�m�d�l�m�j�Z �b �^�b�g�Z�f�b�d�Z �f�h�e�_�d�m�e�y�j�g�u�o 

�k�b�k�l�_�f», �i. �Y�e�v�q�b�d, 2013 �]. 

�x �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y «VIII �h�d�m�g�_�\�k�d�b�_ �q�l�_�g�b�y», �]. �K�Z�g�d�l-

�I�_�l�_�j�[�m�j�], 2013 �]. 
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�x IV �<�k�_�j�h�k�k�b�c�k�d�Z�y �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�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 «�L�_�i�e�h�n�b�a�b�q�_�k�d�b�_ �h�k�g�h�\�u �w�g�_�j�]�_�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�c», �]. �L�h�f�k�d, 

2013 �]. 

�x XI �F�_�`�^�m�g�Z�j�h�^�g�Z�y �g�Z�m�q�g�Z�y �d�h�g�n�_�j�_�g�p�b�y «�:�d�l�m�Z�e�v�g�u�_ �\�h�i�j�h�k�u 

�l�_�i�e�h�n�b�a�b�d�b �b �n�b�a�b�q�_�k�d�h�c �]�b�^�j�h�]�Z�a�h�^�b�g�Z�f�b�d�b», �]. �:�e�m�r�l�Z, �M�d�j�Z�b�g�Z, 2013 

�]. 

�x XX �F�_�`�^�m�g�Z�j�h�^�g�Z�y �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y �k�l�m�^�_�g�l�h�\, 

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

�L�h�f�k�d, 2014 �]. 

�x III �F�_�`�^�m�g�Z�j�h�^�g�Z�y �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y �f�h�e�h�^�u�o �m�q�_�g�u�o, 

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

�l�_�o�g�b�d�_», �]. �L�h�f�k�d, 2014 �]. 

�x III �F�_�`�h�l�j�Z�k�e�_�\�Z�y �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y «�B�g�g�h�\�Z�p�b�h�g�g�u�_ 

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

�j�_�k�m�j�k�h�k�[�_�j�_�`�_�g�b�_, �h�o�j�Z�g�Z �h�d�j�m�`�Z�x�s�_�c �i�j�b�j�h�^�g�h�c �k�j�_�^�u», �]. �O�Z�j�v�d�h�\, 

�M�d�j�Z�b�g�Z, 2014 �]. 

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

�i�j�h�[�e�_�f�Z�f �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u, �]. �M�o�Z�g�v, �D�b�l�Z�c, 2014 �]. 

�x XI �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y �k�l�m�^�_�g�l�h�\ �b �f�h�e�h�^�u�o �m�q�_�g�u�o 

«�I�_�j�k�i�_�d�l�b�\�u �j�Z�a�\�b�l�b�y �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �g�Z�m�d», �]. �L�h�f�k�d, 2014 �]. 

�x XI �<�k�_�f�b�j�g�u�c �d�h�g�]�j�_�k�k �i�h �\�u�q�b�k�e�b�l�_�e�v�g�h�c �f�_�o�Z�g�b�d�_ (WCCM XI), �]. 

�;�Z�j�k�_�e�h�g�Z, �B�k�i�Z�g�b�y, 2014 �]. 

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

�b�k�k�e�_�^�h�\�Z�g�b�c �h�i�m�[�e�b�d�h�\�Z�g�u �\ 42 �i�_�q�Z�l�g�u�o �j�Z�[�h�l�Z�o, �\ �l�h�f �q�b�k�e�_ 18 – �\ �`�m�j�g�Z�e�Z�o 

�b�a �k�i�b�k�d�Z, �j�_�d�h�f�_�g�^�h�\�Z�g�g�h�]�h �<�:�D �J�N�� �^�e�y �i�m�[�e�b�d�Z�p�b�b �h�k�g�h�\�g�u�o �g�Z�m�q�g�u�o 

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

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

�i�j�h�p�_�k�k�u �\ �l�_�o�g�b�d�_», «�B�g�`�_�g�_�j�g�h-�n�b�a�b�q�_�k�d�b�c �`�m�j�g�Z�e», «�B�a�\�_�k�l�b�y �L�h�f�k�d�h�]�h 



- 14 - 

��

�i�h�e�b�l�_�o�g�b�q�_�k�d�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z», «�;�_�a�h�i�Z�k�g�h�k�l�v �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b», 

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

«�I�h�`�Z�j�h�\�a�j�u�\�h�[�_�a�h�i�Z�k�g�h�k�l�v», «�I�h�`�Z�j�u �b �q�j�_�a�\�u�q�Z�c�g�u�_ �k�b�l�m�Z�p�b�b: 

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

�j�_�p�_�g�a�b�j�m�_�f�u�o �`�m�j�g�Z�e�Z�o «Advances in Mechanical Engineering» �b 

«European Physical Journal Web of Conferences». �I�h�^�]�h�l�h�\�e�_�g�Z 1 �a�Z�y�\�d�Z �g�Z �i�Z�l�_�g�l 

�J�N (�‹  2014114346 �h�l 10.04.2014) �b �i�h�e�m�q�_�g�u 7 �k�\�b�^�_�l�_�e�v�k�l�\ �h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c 

�j�_�]�b�k�l�j�Z�p�b�b �i�j�h�]�j�Z�f�f �^�e�y �W�<�F. 

�K�l�j�m�d�l�m�j�Z �b �h�[�t�_�f �j�Z�[�h�l�u. �>�b�k�k�_�j�l�Z�p�b�h�g�g�Z�y �j�Z�[�h�l�Z �k�h�k�l�h�b�l �b�a �\�\�_�^�_�g�b�y, 

�l�j�_�o �]�e�Z�\, �a�Z�d�e�x�q�_�g�b�y �b �k�i�b�k�d�Z �e�b�l�_�j�Z�l�m�j�u. �>�b�k�k�_�j�l�Z�p�b�y �b�a�e�h�`�_�g�Z �g�Z 185 

�k�l�j�Z�g�b�p�Z�o �f�Z�r�b�g�h�i�b�k�g�h�]�h �l�_�d�k�l�Z, �k�h�^�_�j�`�b�l 49 �j�b�k�m�g�d�h�\ �b 3 �l�Z�[�e�b�p�u. 

�;�b�[�e�b�h�]�j�Z�n�b�y �\�d�e�x�q�Z�_�l 261 �g�Z�b�f�_�g�h�\�Z�g�b�_. 

�D�j�Z�l�d�h�_ �k�h�^�_�j�`�Z�g�b�_ �j�Z�[�h�l�u. 

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

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

�b �g�Z�m�q�g�Z�y �g�h�\�b�a�g�Z �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\. 

�I�_�j�\�Z�y �]�e�Z�\�Z �h�l�j�Z�`�Z�_�l �k�h�\�j�_�f�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ �l�_�h�j�_�l�b�q�_�k�d�b�o �b 

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

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

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

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

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

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

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

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

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

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

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

�l�b�i�b�q�g�u�f �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�b�f �l�_�o�g�h�e�h�]�b�y�f. 

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

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

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

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

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

�< �l�j�_�l�v�_�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 �h�k�g�h�\�g�u�o 

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

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

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

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

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

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

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

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

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

�l�Z�d�`�_ �k�n�h�j�f�m�e�b�j�h�\�Z�g�u �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �\�u�\�h�^�u. 
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�=�E�:�<�: 1. �K�H�<�J�?�F�?�G�G�U�? �I�J�?�>�K�L�:�<�E�?�G�B�Y �H �N�:�A�H�<�U�O 

�I�J�?�<�J�:�S�?�G�B�Y�O �B �I�J�H�P�?�K�K�:�O �>�?�N�H�J�F�:�P�B�B �D�:�I�?�E�V 

�@�B�>�D�H�K�L�?�C �< �=�:�A�H�<�U�O �B �I�:�J�H�<�U�O �L�J�:�D�L�:�O 

�L�?�I�E�H�W�G�?�J�=�?�L�B�Q�?�K�D�H�=�H �H�;�H�J�M�>�H�<�:�G�B�Y 

�B�k�k�e�_�^�h�\�Z�g�b�x �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �i�j�b �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o 

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

�j�Z�[�h�l. �F�h�`�g�h �\�u�^�_�e�b�l�v �l�j�m�^�u �g�Z�m�q�g�u�o �d�h�e�e�_�d�l�b�\�h�\ �b �h�l�^�_�e�v�g�u�o �m�q�_�g�u�o, �\ 

�q�Z�k�l�g�h�k�l�b, �W.�I . �<�h�e�q�d�h�\�Z, �<.�B. �L�_�j�_�o�h�\�Z, �F.�: . �I�Z�o�h�f�h�\�Z, �G.�?. �R�b�r�d�b�g�Z [63-72], 

�H.�: . �D�Z�[�h�\�Z [73-76], �: .�X. �<�Z�j�Z�d�k�b�g�Z [77], �>.�: . �E�Z�[�m�g�p�h�\�Z, �L.�F. �F�m�j�Z�l�h�\�h�c [78-

82], �: .�I . �D�j�x�d�h�\�Z [83-85], �H. �D�g�Z�d�_, �B.�G. �K�l�j�Z�g�k�d�h�]�h [86], �: .�<. �=�m�k�Z�j�h�\�Z, �B. 

�K�f�m�j�h�\�Z [87], �<.�?. �G�Z�d�h�j�y�d�h�\�Z [88-93], �K.�<. �:�e�_�d�k�_�_�g�d�h [94, 95], �G.�<. �;�m�e�Z�g�h�\�Z, 

�;.�F. �=�Z�k�Z�g�h�\�Z [96], �F. �J�_�g�d�k�b�a�[�m�e�m�l, �F.�K. �X�Z�g�v [97-99], �K.�K. �K�Z�`�b�g�Z [100-103], 

�<.�: . �K�f�_�l�Z�g�x�d�Z, �K.�F. �N�j�h�e�h�\�Z [104], �K.�D. �:�]�]�Z�j�\�h�e, �: .�B. �L�h�g�], �<.�: . �K�b�j�b�g�v�y�g�h 

[105, 106], �: .�F. �R�l�_�j�_�g�[�_�j�]�Z [107], �: .�X. �D�j�Z�c�g�h�\�Z, �B.�F. �<�Z�k�_�g�b�g�Z [108], �<.�<. 

�D�m�a�g�_�p�h�\�Z [109], �: .�G. �I�Z�\�e�_�g�d�h [110, 111], �: .�: . �K�h�[�d�h [112-114] �b �^�j�m�]�b�o. 

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

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

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

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

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

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

�i�j�h�f�u�r�e�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c, �g�Z�i�j�b�f�_�j [115-119], �\ �d�h�l�h�j�u�o �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y 

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

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

�K�l�Z�\�r�Z�y �d�e�Z�k�k�b�q�_�k�d�h�c �h�k�g�h�\�h�i�h�e�Z�]�Z�x�s�Z�y �j�Z�[�h�l�Z �=�_�j�p�Z [120] �h�[ �b�k�i�Z�j�_�g�b�b 

�`�b�^�d�h�k�l�_�c �[�u�e�Z �h�i�m�[�e�b�d�h�\�Z�g�Z �_�s�_ �\ 1882 �]�h�^�m. �=�e�Z�\�g�u�f �\�u�\�h�^�h�f, �d �d�h�l�h�j�h�f�m 

�i�j�b�r�_�e �Z�\�l�h�j [120], �[�u�e �k�e�_�^�m�x�s�b�c: �^�e�y �d�Z�`�^�h�]�h �\�_�s�_�k�l�\�Z �k�m�s�_�k�l�\�m�_�l �k�d�h�j�h�k�l�v 

�b�k�i�Z�j�_�g�b�y, �a�Z�\�b�k�y�s�Z�y �h�l �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �b �k�i�_�p�b�n�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
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�^�Z�g�g�h�]�h �\�_�s�_�k�l�\�Z. �< �g�Z�q�Z�e�_ XX �\�_�d�Z �D�g�m�^�k�_�g [121], �h�k�g�h�\�u�\�Z�y�k�v �g�Z �j�_�a�m�e�v�l�Z�l�Z�o 

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

(�d�h�g�^�_�g�k�Z�p�b�b). �G�Z �h�k�g�h�\�Z�g�b�b �w�l�h�]�h �[�u�e�Z �\�\�_�^�_�g�Z �\ �j�Z�k�k�f�h�l�j�_�g�b�_ �n�h�j�f�m�e�Z �=�_�j�p�Z-

�D�g�m�^�k�_�g�Z [120-122].  

�M�k�l�Z�g�h�\�e�_�g�g�u�_ �\ �j�Z�[�h�l�Z�o [120, 121] �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c �b �d�h�w�n�n�b�p�b�_�g�l�h�\ 

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

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

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

�h�l�g�h�k�b�l�k�y �d �k�_�j�_�^�b�g�_ �i�j�h�r�e�h�]�h �\�_�d�Z �b �i�j�b�g�Z�^�e�_�`�b�l �H. �D�g�Z�d�_ �b �B.�G. �K�l�j�Z�g�k�d�h�f�m 

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

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

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

�\�u�\�h�^�h�f, �k�^�_�e�Z�g�g�u�f �g�Z �h�k�g�h�\�Z�g�b�b �Z�g�Z�e�b�a�Z [86], �f�h�`�g�h �k�q�b�l�Z�l�v �a�Z�d�e�x�q�_�g�b�_ �h 

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

[120, 121]. 

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

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

�=�_�j�p�Z–�D�g�m�^�k�_�g�Z [120, 121], �m�`�_ �f�g�h�]�b�_ �^�_�k�y�l�b�e�_�l�b�y �k�^�_�j�`�b�\�Z�_�l�k�y �h�l�k�m�l�k�l�\�b�_�f 

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

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

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

�d�b�g�_�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �b�g�l�_�g�k�b�\�g�h�]�h �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�_�c [122] �k �p�_�e�v�x 

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

�h�l�e�b�q�Z�x�s�b�o�k�y �h�l �b�k�i�h�e�v�a�m�_�f�u�o �[�h�e�_�_ �k�l�Z �e�_�l �i�j�_�^�k�l�Z�\�e�_�g�b�c �=�_�j�p�Z [120] �b 

�D�g�m�^�k�_�g�Z [121] �h�[ «�b�k�i�Z�j�_�g�b�b �\ �\�Z�d�m�m�f». �G�h �j�_�a�m�e�v�l�Z�l�u [122], �i�h�e�m�q�_�g�g�u�_ �k 

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

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

�k �j�h�k�l�h�f �b�g�l�_�g�k�b�\�g�h�k�l�b �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b. 
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�I�j�_�^�i�j�b�g�b�f�Z�x�s�b�_�k�y �i�h�i�u�l�d�b (�g�Z�i�j�b�f�_�j, [77, 122]) �m�q�_�k�l�v 

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

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

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

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

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

�b�g�l�_�]�j�Z�e�v�g�h-�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h �m�j�Z�\�g�_�g�b�y �;�h�e�v�p�f�Z�g�Z. �B�k�i�h�e�v�a�h�\�Z�g�b�_ «�f�_�l�h�^�Z 

�f�h�f�_�g�l�h�\» [122] �i�j�b�\�h�^�b�l �d �g�_�d�h�l�h�j�h�f�m �i�j�b�[�e�b�`�_�g�g�h�f�m �j�_�r�_�g�b�x, �\�h�a�f�h�`�g�h�k�l�b 

�i�j�h�]�g�h�k�l�b�q�_�k�d�h�]�h �i�h�l�_�g�p�b�Z�e�Z �d�h�l�h�j�h�]�h �h�]�j�Z�g�b�q�_�g�u. 

�F�h�`�g�h �\�u�^�_�e�b�l�v �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �l�_�h�j�_�l�b�q�_�k�d�b�o [76, 123-

127] �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o [73, 109-111, 128] �j�Z�[�h�l �i�h �b�k�k�e�_�^�h�\�Z�g�b�x �b�k�i�Z�j�_�g�b�y 

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

(�g�Z�i�j�b�f�_�j, �i�j�b �k�\�h�[�h�^�g�h�c �b �\�u�g�m�`�^�_�g�g�h�c �d�h�g�\�_�d�p�b�b). �H�k�g�h�\�g�h�_ �\�g�b�f�Z�g�b�_ 

�m�^�_�e�y�_�l�k�y �h�i�j�_�^�_�e�_�g�b�x �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y. �<�Z�`�g�m�x �j�h�e�v �b�]�j�Z�x�l �i�j�h�p�_�k�k�u 

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

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

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

�\�_�j�l�b�d�Z�e�v�g�u�f �h�j�h�k�b�l�_�e�y�f) [19]. 

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

�]�j�Z�^�b�j�_�g, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �`�_�e�_�a�h�[�_�l�h�g�Z, �y�\�e�y�_�l�k�y �d�h�j�j�h�a�b�y �d�h�j�i�m�k�Z [129, 130]. 

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

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

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

�b �i�h�k�e�_�^�m�x�s�_�_ �j�Z�a�j�m�r�_�g�b�_ [130]. �I�j�b �j�_�r�_�g�b�b �h�i�b�k�Z�g�g�u�o �i�j�h�[�e�_�f �g�_�e�v�a�y �g�_ 

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

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

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

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

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o �`�b�^�d�b�o �k�f�_�k�_�c [131]. �< �k�h�\�h�d�m�i�g�h�k�l�b �k�h �k�d�h�j�h�k�l�v�x 

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

�i�j�h�p�_�k�k�Z �d�h�f�i�h�g�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �k�Z�f�h�c �`�b�^�d�h�k�l�b. �B�k�k�e�_�^�h�\�Z�g�h �b�k�i�Z�j�_�g�b�_ �i�e�_�g�h�d 

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

�i�h�\�_�j�o�g�h�k�l�y�o, �Z �l�Z�d�`�_ �\ �f�b�g�b�d�Z�g�Z�e�Z�o [88-93]. �=�e�Z�\�g�h�_ �\�g�b�f�Z�g�b�_ �m�^�_�e�_�g�h �Z�g�Z�e�b�a�m 

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

�I�h�d�Z�a�Z�g�h [90-93], �q�l�h �\ �m�k�e�h�\�b�y�o �b�g�l�_�g�k�b�\�g�h�]�h �g�Z�]�j�_�\�Z �b�f�_�_�l �f�_�k�l�h 

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

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

�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �f�Z�l�_�j�b�Z�e�Z [90, 93]. 

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

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

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

�f�Z�l�_�f�Z�l�b�q�_�k�d�b�_ �f�h�^�_�e�b �b �n�b�a�b�q�_�k�d�b�_ �i�h�^�o�h�^�u [19, 22] �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u 

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

�i�h�\�_�j�o�g�h�k�l�y�o �]�j�Z�^�b�j�_�g. 

�B�a�\�_�k�l�g�h [22], �q�l�h �i�j�b �h�o�e�Z�`�^�_�g�b�b �b �d�h�g�^�_�g�k�Z�p�b�b �\�h�^�u �\ �]�j�Z�^�b�j�g�y�o, 

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

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

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

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

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

�\�g�m�l�j�_�g�g�b�_ �l�_�q�_�g�b�y). �>�Z�g�g�Z�y �h�k�h�[�_�g�g�h�k�l�v �h�l�f�_�q�_�g�Z �m�`�_ �^�h�k�l�Z�l�h�q�g�h �^�Z�\�g�h 

(�g�Z�i�j�b�f�_�j, �i�j�h�\�_�^�_�g�h �f�h�^�_�e�b�j�h�\�Z�g�b�_ [132, 133] �\�b�o�j�_�\�u�o �l�_�q�_�g�b�c �\�g�m�l�j�b 

�^�\�b�`�m�s�_�c�k�y �d�Z�i�e�b �\ �^�b�Z�i�Z�a�h�g�_ �[�h�e�v�r�b�o �q�b�k�_�e �J�_�c�g�h�e�v�^�k�Z). �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h 

�l�Z�d�b�_ �l�_�q�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�l �i�h�l�_�g�p�b�Z�e�v�g�h�f�m �l�_�q�_�g�b�x �\ �\�b�^�_ �\�b�o�j�y �O�b�e�e�Z [134]. 

�H�^�g�Z�d�h �Z�\�l�h�j�Z�f�b [132–134] �g�_ �j�Z�k�k�f�h�l�j�_�g�u �i�j�h�p�_�k�k�u �i�j�h�]�j�_�\�Z (�h�o�e�Z�`�^�_�g�b�y) 
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�d�Z�i�_�e�v, �d�h�l�h�j�u�_, �k�d�h�j�_�_ �\�k�_�]�h, �h�d�Z�a�u�\�Z�x�l �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k�u �\�g�m�l�j�_�g�g�_�c 

�p�b�j�d�m�e�y�p�b�b �`�b�^�d�h�k�l�b. 

�J�Z�k�k�f�h�l�j�_�g�u [104, 106, 135] �i�j�h�p�_�k�k�u �i�j�h�]�j�_�\�Z �b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\ 

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

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

�f�_�o�Z�g�b�a�f�Z �k�Z�f�h�]�h �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z. �< �q�Z�k�l�g�h�k�l�b, �h�l�f�_�q�Z�_�l�k�y [104, 106], �q�l�h 

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

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

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

�i�h�e�_. �L�Z�d�`�_ �i�h�d�Z�a�Z�g�h [104], �q�l�h �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �q�b�k�e�Z �J�_�c�g�h�e�v�^�k�Z 

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

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

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

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

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

�i�j�_�g�_�[�j�_�]�Z�e�b �n�Z�a�h�\�u�f�b �i�j�_�\�j�Z�s�_�g�b�y�f�b �g�Z �]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – �i�Z�j», �Z �l�Z�d�`�_ �g�_ 

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

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

�k�b�k�l�_�f�Z�o �h�o�e�Z�`�^�_�g�b�y �h�[�h�j�h�l�g�h�c �\�h�^�u �L�W�K. 

�M�k�l�Z�g�h�\�e�_�g�h [136-140], �q�l�h �i�j�b �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�h�c �h�[�e�Z�k�l�b �d�Z�i�e�y 

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

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

�i�j�b �d�j�b�l�b�q�_�k�d�b�o �a�g�Z�q�_�g�b�y�o �q�b�k�_�e �<�_�[�_�j�Z) �d�Z�i�e�y �f�h�`�_�l �^�j�h�[�b�l�v�k�y [138, 139], 

�i�j�h�y�\�e�y�y �f�g�h�`�_�k�l�\�h �n�h�j�f �n�j�Z�]�f�_�g�l�Z�p�b�b. �K�l�h�b�l �h�l�f�_�l�b�l�v, �q�l�h �\ �j�Z�[�h�l�Z�o [136-140] 

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

�d�h�l�h�j�u�o  �^�\�b�`�m�s�Z�y�k�y �d�Z�i�e�y �e�b�[�h �g�Z�o�h�^�b�l�k�y �g�Z �]�j�Z�g�b �^�j�h�[�e�_�g�b�y [136], �e�b�[�h 

�g�_�h�[�j�Z�l�b�f�u�f �h�[�j�Z�a�h�f �j�Z�a�j�m�r�Z�_�l�k�y [137-140]. 

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

�d�Z�i�_�e�v �`�b�^�d�h�k�l�b [136-140] �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �h�g�b �f�h�]�m�l �[�u�l�v �i�j�b�f�_�g�_�g�u �^�e�y 
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�h�i�b�k�Z�g�b�y �i�j�h�p�_�k�k�h�\, �i�j�h�b�k�o�h�^�y�s�b�o, �\ �h�k�g�h�\�g�h�f, �\ �\�_�g�l�b�e�y�l�h�j�g�u�o �]�j�Z�^�b�j�g�y�o �k 

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

�h�o�e�Z�`�^�_�g�b�_ �\�h�a�^�m�o �\�k�l�j�_�q�g�h �g�Z�i�j�Z�\�e�_�g�u, �b �i�j�h�b�k�o�h�^�b�l �j�Z�a�j�m�r�_�g�b�_ (�^�j�h�[�e�_�g�b�_) 

�k�l�j�m�c �`�b�^�d�h�k�l�b �b �h�l�^�_�e�v�g�u�o �d�Z�i�_�e�v. �J�Z�k�k�f�h�l�j�_�g�g�u�_ �\ [136-140] �i�j�h�p�_�k�k�u �\ 

�[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �g�_ �\�k�l�j�_�q�Z�x�l�k�y �\ �]�j�Z�^�b�j�g�y�o �Z�l�f�h�k�n�_�j�g�h�]�h �b �[�Z�r�_�g�g�h�]�h 

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

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

�g�_ �j�Z�a�j�m�r�Z�x�l�k�y. 

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �b�a�\�_�k�l�g�h [46], �q�l�h �d�Z�i�e�b �`�b�^�d�h�k�l�b �^�_�n�h�j�f�b�j�m�x�l�k�y 

�^�Z�`�_ �\ �m�k�e�h�\�b�y�o �k�\�h�[�h�^�g�h�]�h �i�Z�^�_�g�b�y �\ �]�Z�a�h�\�h�c �k�j�_�^�_ (�i�j�b �^�\�b�`�_�g�b�b �k 

�^�h�a�\�m�d�h�\�u�f�b �k�d�h�j�h�k�l�y�f�b). �L�Z�d, �m�k�l�Z�g�h�\�e�_�g�u [46] �i�_�j�b�h�^�u (�\�j�_�f�_�g�Z) �k�h�[�k�l�\�_�g�g�u�o 

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

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

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

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

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

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

(�l�_�f�i�_�j�Z�l�m�j�Z, �\�e�Z�`�g�h�k�l�v, �^�Z�\�e�_�g�b�_) �b �f�g�h�]�b�_ �^�j�m�]�b�_. 

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �b�a�\�_�k�l�g�Z �]�j�m�i�i�Z �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�h�^�_�e�_�c [58-62, 141-

153], �h�i�b�k�u�\�Z�x�s�b�o �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k �i�j�b �^�\�b�`�_�g�b�b �h�^�b�g�h�q�g�u�o [58, 141] �b 

�]�j�m�i�i �d�Z�i�_�e�v [59-62, 142-153] �`�b�^�d�h�k�l�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�^�m�d�l�u 

�k�]�h�j�Z�g�b�y. �< �q�Z�k�l�g�h�k�l�b, �\ �f�h�^�_�e�y�o [59-62, 142-153] �h�i�j�_�^�_�e�_�g�h �\�e�b�y�g�b�_ �\�a�Z�b�f�g�h�]�h 

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

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

�d�h�l�h�j�u�o �m�k�b�e�b�\�Z�_�l�k�y �\�a�Z�b�f�g�h�_ �\�e�b�y�g�b�_ �g�Z �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g. �G�h �f�h�^�_�e�b [58-62, 

141-153] �g�_ �m�q�b�l�u�\�Z�x�l �\�g�m�l�j�_�g�g�b�_ �l�_�q�_�g�b�y �\ �d�Z�i�e�y�o, �i�j�h�p�_�k�k�u �^�_�n�h�j�f�Z�p�b�b 

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

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

�i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �d�Z�i�_�e�v �\�h�^�u �k �h�o�e�Z�`�^�Z�x�s�b�f �\�h�a�^�m�o�h�f �\ �k�b�k�l�_�f�Z�o 
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�h�[�h�j�h�l�g�h�]�h �\�h�^�h�k�g�Z�[�`�_�g�b�y �L�W�K. �L�Z�d�`�_ �l�j�m�^�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �j�_�a�m�e�v�l�Z�l�u [58-62, 

141-153] �^�e�y �j�Z�a�\�b�l�b�y �i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b 

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

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

�I�j�h�\�_�^�_�g�u �q�b�k�e�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y [154, 155] �i�j�h�p�_�k�k�h�\ 

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

�]�Z�a�h�\, �\ �d�h�l�h�j�u�o �\ �h�l�e�b�q�b�_ �h�l �f�h�^�_�e�_�c [58-62, 141-153] �m�q�b�l�u�\�Z�e�b�k�v �b�a�f�_�g�_�g�b�y 

�n�h�j�f�u �d�Z�i�_�e�v �\�h�^�u [154] �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y, �Z �l�Z�d�`�_ �\�g�m�l�j�_�g�g�b�_ �l�_�q�_�g�b�y �\ 

�d�Z�i�e�_ [155]. �H�^�g�Z�d�h, �d�Z�d �b �\ �f�h�^�_�e�y�o [58-62, 141-153], �g�_ �i�j�b�g�b�f�Z�e�h�k�v �\ �j�Z�k�q�_�l 

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

�:�g�Z�e�b�a �q�b�k�e�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �f�h�^�_�e�b [58-62, 141-155] 

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

�i�y�l�b) �b �f�h�]�m�l �h�i�b�k�Z�l�v �e�h�d�Z�e�v�g�u�_ �k�b�k�l�_�f�u: «�d�Z�i�e�y �\�h�^�u – �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ 

�]�Z�a�u» �b «�]�j�m�i�i�Z �d�Z�i�_�e�v �\�h�^�u – �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u». �< �j�_�Z�e�v�g�u�o �`�_ 

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

�d�Z�i�_�e�v�g�u�_ �i�h�l�h�d�b �`�b�^�d�h�k�l�_�c, �Z �l�Z�d�`�_ �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�_ �k�f�_�k�b [156-159]. �D 

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

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

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

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

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

�d�Z�i�_�e�v �b, �d�Z�d �k�e�_�^�k�l�\�b�_, �g�_ �f�h�]�m�l �[�u�l�v �\ �i�h�e�g�h�c �f�_�j�_ �h�i�b�k�Z�g�u �f�h�^�_�e�y�f�b [58-62, 

141-155]. 

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

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

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

�h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �`�b�^�d�h�k�l�b. �B�a�\�_�k�l�g�h [81, 84], �q�l�h �i�j�b �i�h�^�Z�q�_ �h�l�j�Z�[�h�l�Z�\�r�_�c 

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

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �\ �i�Z�j�h�d�Z�i�_�e�v�g�u�c �i�h�l�h�d.  

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

�b�k�i�Z�j�y�x�s�b�o�k�y �i�h �p�_�e�h�f�m �j�y�^�m �i�j�b�q�b�g �d�Z�i�_�e�v [63-72, 77, 105, 106] �^�h�k�l�Z�l�h�q�g�h 

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

�g�_�h�^�g�h�j�h�^�g�u�o �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�o �k�f�_�k�_�c [63-72, 77, 105, 106]. �< �l�h �`�_ �\�j�_�f�y 

�]�j�m�i�i�Z �l�_�o�g�h�e�h�]�b�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b, �g�Z�i�j�b�f�_�j [156-159], �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�l 

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

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

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

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

1000 �D [58-62, 141-155]. 

�L�_�h�j�_�l�b�q�_�k�d�b�_ [58-62, 141-155] �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�Z�e�b (�g�Z �i�j�b�f�_�j�_ �d�Z�i�_�e�v 

�\�h�^�u �b �]�Z�a�h�\ �k �l�_�f�i�_�j�Z�l�m�j�h�c �[�h�e�_�_ 1000 �D), �q�l�h �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v �i�j�b 

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

�i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z. �M�k�l�Z�g�h�\�e�_�g�h [58-62, 141-155] �\�e�b�y�g�b�_ 

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

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

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

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

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

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

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

�k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�_�c [58-62, 141-155] �^�h�k�l�Z�l�h�q�g�h �k�e�h�`�g�h (�g�_�h�[�o�h�^�b�f�u 

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x). �A�Z�l�j�m�^�g�b�l�_�e�v�g�h (�i�j�Z�d�l�b�q�_�k�d�b 

�g�_�\�h�a�f�h�`�g�h) �f�h�^�_�e�b�j�h�\�Z�l�v �h�^�g�h�\�j�_�f�_�g�g�h�_ �^�\�b�`�_�g�b�_ �[�h�e�v�r�h�c (�[�h�e�_�_ 100) �]�j�m�i�i�u 

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

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

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

�w�d�k�i�_�j�b�f�_�g�l�h�\. 

�D�j�h�f�_ �l�h�]�h, �\ �j�_�Z�e�v�g�u�o �l�_�o�g�h�e�h�]�b�y�o [49-54], �d�Z�d �i�j�Z�\�b�e�h, �h�q�_�g�v �j�_�^�d�h 

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

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

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

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

�i�h�e�b�^�b�k�i�_�j�k�g�h�_ �i�Z�j�h�\�h�^�y�g�h�_ �i�h�`�Z�j�h�l�m�r�_�g�b�_) [3-16, 49-54]. 

�: .�X. �<�Z�j�Z�d�k�b�g �i�j�h�\�_�e �h�[�h�[�s�_�g�b�_ [77] �^�h�k�l�b�`�_�g�b�c �\ �h�[�e�Z�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�c 

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

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

�i�j�h�p�_�k�k�h�\. �< �q�Z�k�l�g�h�k�l�b, �h�l�f�_�q�_�g�h [77], �q�l�h �i�j�b �k�`�b�]�Z�g�b�b �`�b�^�d�h�]�h �l�h�i�e�b�\�Z �\ �\�b�^�_ 

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

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

�k�i�h�k�h�[�g�u�_ �i�j�b�\�_�k�l�b �d �\�b�[�j�Z�p�b�y�f �d�h�g�k�l�j�m�d�p�b�b, �g�Z�j�m�r�_�g�b�x �j�Z�[�h�l�u �\�k�_�c 

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

�b�k�k�e�_�^�h�\�Z�g�b�c �l�Z�d�b�o �i�j�h�p�_�k�k�h�\ �i�j�b�\�_�^�_�g�u �\ �j�Z�[�h�l�_ [156] – �j�Z�k�k�f�h�l�j�_�g�u 

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

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

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

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

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

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

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

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

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

�:�\�l�h�j�u [157-160] �b�k�k�e�_�^�h�\�Z�e�b �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g �\ �h�[�e�Z�k�l�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y 

�b�f�i�Z�d�l�g�h�c �k�l�j�m�b �k �j�Z�k�i�h�e�h�`�_�g�g�h�c �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �_�c �i�j�_�]�j�Z�^�h�c. �J�_�a�m�e�v�l�Z�l�u 
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[157-160] �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k �^�e�y �p�_�e�h�]�h �j�y�^�Z �i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c: 

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �l�_�o�g�h�e�h�]�b�c) – �b�g�l�_�g�k�b�n�b�d�Z�p�b�y �i�j�h�p�_�k�k�Z �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z 

�f�_�`�^�m �k�l�_�g�d�h�c �b �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�_�c �k �g�_�c �b�f�i�Z�d�l�g�h�c �k�l�j�m�_�c. �H�^�g�b�f �b�a 

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

�h�o�e�Z�^�b�l�_�e�y �]�Z�a�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ [77]. 

�F�h�`�g�h �\�u�^�_�e�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �Z�\�l�h�j�h�\ [161-164], �d�h�l�h�j�u�_ �j�Z�k�k�f�Z�l�j�b�\�Z�e�b 

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

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

�l�Z�d�b�o �h�[�e�Z�k�l�y�o �i�j�h�f�u�r�e�_�g�g�h�k�l�b, �d�Z�d �l�_�i�e�h�w�g�_�j�]�_�l�b�d�Z, �f�_�l�Z�e�e�m�j�]�b�y, 

�Z�w�j�h�d�h�k�f�b�q�_�k�d�Z�y �h�l�j�Z�k�e�v. �J�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v [96] �\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y 

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

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

�i�m�e�v�k�b�j�m�x�s�b�o �i�h�l�h�d�h�\ [163]. �I�h�d�Z�a�Z�g�h [163], �q�l�h �^�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�Z 

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

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

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

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

�l�_�i�e�h�h�[�f�_�g�g�h�c �i�h�\�_�j�o�g�h�k�l�b [163]. 

�F�h�`�g�h �h�l�f�_�l�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y [72, 164] �^�\�m�o�n�Z�a�g�u�o �h�l�j�u�\�g�u�o �i�h�l�h�d�h�\ (�\ 

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

�k�h�a�^�Z�g�b�y �j�_�p�b�j�d�m�e�y�p�b�h�g�g�u�o �a�h�g). �<�u�i�h�e�g�_�g�h �q�b�k�e�_�g�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ [72] 

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

�g�Z�e�b�q�b�b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c. �M�k�l�Z�g�h�\�e�_�g�h [72], �q�l�h �^�h�[�Z�\�e�_�g�b�_ �b�k�i�Z�j�y�x�s�b�o�k�y 

�d�Z�i�_�e�v �j�Z�a�f�_�j�Z�f�b �h�l 50 �f�d�f �^�h 100 �f�d�f (�f�Z�k�k�h�\�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 5 %) �i�j�b�\�h�^�b�l �d 

�a�g�Z�q�b�l�_�e�v�g�h�c (�[�h�e�_�_ �q�_�f �\ 1,5 �j�Z�a�Z) �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�Z �l�_�i�e�h�h�[�f�_�g�Z. 

�M�k�l�Z�g�h�\�e�_�g�g�u�_ [72, 156-164] �a�g�Z�q�_�g�b�y �d�b�g�_�l�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\, 

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

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

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

�h�o�e�Z�`�^�_�g�b�y �`�b�^�d�h�k�l�b �\ �k�b�k�l�_�f�Z�o �h�[�h�j�h�l�g�h�]�h �\�h�^�h�k�g�Z�[�`�_�g�b�y �L�W�K). �< �l�h �`�_ �\�j�_�f�y 

�k�e�_�^�m�_�l �i�h�^�q�_�j�d�g�m�l�v, �q�l�h �Z�\�l�h�j�Z�f�b [72, 156-164] �g�_ �j�Z�k�k�f�h�l�j�_�g�h �\�e�b�y�g�b�_ 

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

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

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

�[�h�e�v�r�b�g�k�l�\�_ �j�Z�[�h�l [161-164] �g�_ �m�q�b�l�u�\�Z�_�l�k�y �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k�u 

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

�i�j�Z�d�l�b�d�_. 

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

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

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

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

�^�b�Z�]�g�h�k�l�b�d�b �i�h�l�h�d�h�\ [41-45] �l�Z�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�Z�e�b �j�_�Z�e�v�g�h�k�l�v�x. �K 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�h�\�j�_�f�_�g�g�u�o �i�Z�g�h�j�Z�f�g�u�o �f�_�l�h�^�h�\, �l�Z�d�b�o �d�Z�d «Particle Image 

Velocimetry» (PIV) �b «Interferometric Particle Imaging» (IPI) [41-45] �f�h�`�g�h 

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

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

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

�\�g�m�l�j�_�g�g�b�o �b �\�g�_�r�g�b�o �n�Z�d�l�h�j�h�\. 

�< �J�h�k�k�b�b �i�Z�g�h�j�Z�f�g�u�_ �h�i�l�b�q�_�k�d�b�_ �f�_�l�h�^�u �^�b�Z�]�g�h�k�l�b�d�b �f�g�h�]�h�n�Z�a�g�u�o �k�j�_�^ 

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

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

�i�j�b�f�_�g�_�g�b�_�f �w�l�b�o �f�_�l�h�^�h�\ [165-167]. �>�Z�g�g�u�c �n�Z�d�l �f�h�`�g�h �h�[�h�k�g�h�\�Z�l�v �\�u�k�h�d�h�c 

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

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

�i�m�[�e�b�d�Z�p�b�b [41-45, 94, 95, 168-173], �b�e�e�x�k�l�j�b�j�m�x�s�b�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ 



- 27 - 

��

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

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

«Particle Tracking Velocimetry» (PTV), «Particle Image Velocimetry» (PIV), «Stereo 

Particle Image Velocimetry» (Stereo PIV), «Tomographic Particle Image Velocimetry» 

(Tomo PIV), «Micro Particle Image Velocimetry» (Micro PIV), «Interferometric 

Particle Imaging» (IPI), «Laser Induced Fluorescence» (LIF), «Planar Laser Induced 

Fluorescence» (PLIF) �b �^�j�m�]�b�_. �G�_�l �i�j�Z�d�l�b�q�_�k�d�b �g�b �h�^�g�h�]�h �g�Z�m�q�g�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y, 

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

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

�f�]�g�h�\�_�g�g�u�o �^�\�m�o (PTV, PIV) �b �l�j�_�o�d�h�f�i�h�g�_�g�l�g�u�o (Stereo PIV, Tomo PIV) 

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

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

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

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

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

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

�f�_�l�h�^�h�\ �^�b�Z�]�g�h�k�l�b�d�b �y�\�e�y�_�l�k�y PIV [95, 168-173]. �W�l�h �f�h�`�g�h �h�[�t�y�k�g�b�l�v, �\ �i�_�j�\�m�x 

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

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

�g�Z�b�[�h�e�v�r�_�_ �d�h�e�b�q�_�k�l�\�h �f�h�^�b�n�b�d�Z�p�b�c (Stereo PIV, Tomo PIV, Micro PIV) 

�h�l�g�h�k�b�l�k�y �b�f�_�g�g�h �d �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f�m �f�_�l�h�^�m. �I�j�b�f�_�g�_�g�b�_ PIV �i�j�Z�d�l�b�q�_�k�d�b �g�_ 

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

�i�e�_�g�h�d �b �k�l�j�m�c �`�b�^�d�h�k�l�b [95], �^�b�Z�]�g�h�k�l�b�d�Z �^�\�m�o�n�Z�a�g�u�o �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�o 

�i�h�l�h�d�h�\ [169], �b�a�m�q�_�g�b�_ �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z �\ �\�h�a�^�m�r�g�u�o �b �]�Z�a�h�\�u�o 

�k�j�_�^�Z�o [170, 172].  

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

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

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

�i�Z�j�h�\�h�^�y�g�u�o �l�_�i�e�h�h�[�f�_�g�g�u�o �l�j�Z�d�l�Z�o �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y [171, 
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173]. �L�Z�d �\ �j�Z�[�h�l�_ [171] �i�j�b �i�h�f�h�s�b PIV �b�a�f�_�j�_�g�b�c �b�k�k�e�_�^�m�x�l�k�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

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

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

�Z�i�i�Z�j�Z�l�Z [171], �i�j�b�\�_�^�_�g�u �i�j�h�n�b�e�b �b �i�h�e�y �k�d�h�j�h�k�l�_�c, �b�e�e�x�k�l�j�b�j�m�x�s�b�_ 

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

�j�Z�a�\�b�l�b�y �\�b�o�j�_�c �\ �f�h�^�_�e�b �i�e�Z�k�l�b�g�q�Z�l�h�]�h �l�_�i�e�h�h�[�f�_�g�g�b�d�Z [171]. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �b�k�k�e�_�^�h�\�Z�g�u [173] �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h�l�h�d�Z �`�b�^�d�h�k�l�b �i�j�b 

�^�\�b�`�_�g�b�b �\ �d�Z�g�Z�e�_ �g�b�a�d�h�]�h �^�Z�\�e�_�g�b�y. �K �i�j�b�f�_�g�_�g�b�_�f �f�_�l�h�^�Z PIV �i�h�d�Z�a�Z�g�u [173] 

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

�G�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�c [41-45, 94, 95, 168-173] �f�h�`�g�h 

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

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

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

�i�h�l�h�d�h�\. 

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

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

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

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

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

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

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

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

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

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

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

- �m�k�l�Z�g�h�\�e�_�g�b�_ �b�g�l�_�]�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �i�j�b 

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

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

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

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

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

�\�k�l�j�_�q�g�h�f �i�h�l�h�d�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\. 

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

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

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

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

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

�l�j�Z�d�l�Z�o �L�W�K; �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y (�b�k�i�Z�j�b�l�_�e�v�g�Z�y) �h�q�b�k�l�d�Z �\�h�^�u �b �^�j�m�]�b�o 

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

�i�h�\�_�j�o�g�h�k�l�_�c �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�h�c �k�f�_�k�v�x; �l�m�r�_�g�b�_ �i�h�`�Z�j�h�\ �k �i�j�b�f�_�g�_�g�b�_�f 

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

�K�e�_�^�m�_�l �h�k�h�[�_�g�g�h �\�u�^�_�e�b�l�v �l�_�o�g�h�e�h�]�b�x �b�k�i�Z�j�b�l�_�e�v�g�h�c �h�q�b�k�l�d�b �\�h�^�u [49-

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

�^�h�j�h�]�h�k�l�h�y�s�b�o �i�j�h�b�a�\�h�^�k�l�\ �\ �h�[�s�_�f �p�b�d�e�_ �L�W�K. �H�l �d�Z�q�_�k�l�\�Z �\�h�^�u �\�h �f�g�h�]�h�f 

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

�w�e�_�d�l�j�h�w�g�_�j�]�b�b �L�W�K. �G�b�a�d�h�_ �d�Z�q�_�k�l�\�h �\�h�^�u �i�j�b�\�h�^�b�l �d �h�l�e�h�`�_�g�b�x �k�h�e�_�c �b 

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�k�i�Z�j�b�l�_�e�v�g�h�c �h�q�b�k�l�d�b. 

 

�<�u�\�h�^�u �i�h �i�_�j�\�h�c �]�e�Z�\�_ 

 

1. �N�Z�a�h�\�u�_ �i�j�_�\�j�Z�s�_�g�b�y �b �i�j�h�p�_�k�k�u �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �\�h�^�u �b �w�f�m�e�v�k�b�c �g�Z �_�_ 

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

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

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

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

�]�Z�a�h�\ �b �i�Z�j�h�\�h�^�y�g�u�o �k�f�_�k�_�c. 

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

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

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

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

�f�_�l�h�^�h�\ �^�b�Z�]�g�h�k�l�b�d�b �i�h�l�h�d�h�\ (�\ �q�Z�k�l�g�h�k�l�b, PIV �b IPI) �l�Z�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�Z�e�b 

�j�_�Z�e�v�g�h�k�l�v�x. 

3. �P�_�e�_�k�h�h�[�j�Z�a�g�h �i�j�h�\�_�^�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �n�Z�a�h�\�u�o 

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

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

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

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

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

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

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

�l�_�i�e�h�h�[�f�_�g�Z �g�Z �]�j�Z�g�b�p�_ «�d�Z�i�e�y �`�b�^�d�h�k�l�b – �]�Z�a». 
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�=�E�:�<�: 2. �F�?�L�H�>�B�D�: �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�O �B�K�K�E�?�>�H�<�:�G�B�C 

 

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

 

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

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

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

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

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

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

�i�h�^�h�[�b�y [174]. 

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

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

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

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

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

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

�\�u�i�h�e�g�y�x�l�k�y �m�k�e�h�\�b�y �n�b�a�b�q�_�k�d�h�]�h �b �]�_�h�f�_�l�j�b�q�_�k�d�h�]�h �i�h�^�h�[�b�y [174]. 

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

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

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

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

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

�h�[�e�Z�k�l�b �b �^�j�m�]�b�_. 

�P�_�e�v�x �^�Z�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �y�\�e�y�_�l�k�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �h�i�j�_�^�_�e�_�g�b�_ 

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

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

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

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

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

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

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

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

�^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o. 

�< �d�Z�q�_�k�l�\�_ �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �i�j�b �i�j�h�\�_�^�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ 

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

�k�i�b�j�l), �l�Z�d �b �j�Z�a�e�b�q�g�u�_ �d�h�f�i�h�g�_�g�l�g�u�_ �k�h�k�l�Z�\�u �g�Z �h�k�g�h�\�_ �\�h�^�u. �D�_�j�h�k�b�g �b 

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

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

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

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

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

�i�j�_�^�k�l�Z�\�e�y�x�s�b�f�b �i�j�b�f�_�k�v (0,5 % �i�h �f�Z�k�k�_) �g�Z�g�h�i�h�j�h�r�d�Z �^�b�h�d�k�b�^�Z �l�b�l�Z�g�Z. 

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

�\�b�^�_�h�]�j�Z�f�f, �i�h�e�m�q�Z�_�f�u�o �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�h�c. �Q�Z�k�l�b�p�u TiO2 �\�u�[�j�Z�g�u 

�\ �d�Z�q�_�k�l�\�_ «�l�j�Z�k�k�_�j�h�\», �l�Z�d �d�Z�d �g�_ �j�Z�k�l�\�h�j�y�x�l�k�y �\ �\�h�^�_ [175]. 

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

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

�g�Z�]�j�_�\�Z�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z [176-178]. �>�e�y �h�o�e�Z�`�^�_�g�b�y �`�b�^�d�h�k�l�b �i�j�b�f�_�g�y�e�b�k�v 

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

�\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ �h�l 278 �D �^�h 363 �D. �G�Z�q�Z�e�v�g�u�_ 

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

�b�a�f�_�j�y�_�f�u�o �l�_�f�i�_�j�Z�l�m�j 233–573 �D, �^�h�i�m�k�l�b�f�h�_ �h�l�d�e�h�g�_�g�b�_ �¨ = 2,5 �D) 

�l�_�j�f�h�i�Z�j�Z�f�b. �B�k�i�h�e�v�a�h�\�Z�e�Z�k�v �f�_�l�h�^�b�d�Z �l�_�j�f�h�i�Z�j�g�u�o �b�a�f�_�j�_�g�b�c [179]. 
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�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �i�j�b�f�_�k�_�c �k�h�e�_�c �\ �\�h�^�_ �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �_�_ 

�b�k�i�Z�j�_�g�b�y �\ �d�Z�q�_�k�l�\�_ �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �i�j�b�f�_�g�y�e�k�y �k�h�k�l�Z�\ H2O + NaCl. �F�Z�k�k�h�\�Z�y 

�^�h�e�y �k�h�e�b �\ �\�h�^�_ �b�a�f�_�g�y�e�Z�k�v �\ �i�j�_�^�_�e�Z�o ��=0–10 %. 

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

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

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

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

�\�d�e�x�q�_�g�b�c ���K �\ �d�Z�i�e�y�o �\�h�^�u �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ 0–1 %. �J�Z�a�f�_�j�u �l�\�_�j�^�u�o 

�\�d�e�x�q�_�g�b�c Lm �b�a�f�_�g�y�e�b�k�v �h�l 50 �f�d�f �^�h 500 �f�d�f. 

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

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

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

�g�Z�]�g�_�l�Z�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z. 

 

2.2. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �k�l�_�g�^ �b �f�_�l�h�^�b�d�Z �b�k�k�e�_�^�h�\�Z�g�b�c 
 

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

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

�h�[�h�j�m�^�h�\�Z�g�b�y �d�Z�i�_�e�v �\�h�^�u �j�Z�a�j�Z�[�h�l�Z�g �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �k�l�_�g�^ (�j�b�k. 2.2.1). 

�H�k�g�h�\�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �k�l�_�g�^�Z �y�\�e�y�x�l�k�y: �\�u�k�h�d�h�k�d�h�j�h�k�l�g�Z�y �\�b�^�_�h�d�Z�f�_�j�Z 1 

�k �n�h�j�f�Z�l�h�f �b�a�h�[�j�Z�`�_�g�b�y – 1024×1024 �i�b�d�k�_�e�_�c, �q�Z�k�l�h�l�h�c �d�Z�^�j�h�\ –  �^�h 105 �\ 

�k�_�d�m�g�^�m; �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�Z�y �\�b�^�_�h�d�Z�f�_�j�Z 2 �k �n�h�j�f�Z�l�h�f �b�a�h�[�j�Z�`�_�g�b�y – 

2048×2048 �i�b�d�k�_�e�_�c, �f�b�g�b�f�Z�e�v�g�h�c �a�Z�^�_�j�`�d�h�c �f�_�`�^�m �^�\�m�f�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b 

�d�Z�^�j�Z�f�b – �g�_ �[�h�e�_�_ 5 �f�d�k; �^�\�h�c�g�h�c �b�f�i�m�e�v�k�g�u�c �l�\�_�j�^�h�l�_�e�v�g�u�c �e�Z�a�_�j 3 �k �Z�d�l�b�\�g�h�c 

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

– 532 �g�f, �w�g�_�j�]�b�x �\ �b�f�i�m�e�v�k�_ – �g�_ �f�_�g�_�_ 70 �f�>�`, �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z – �g�_ 

�[�h�e�_�_ 12 �g�k, �q�Z�k�l�h�l�m �i�h�\�l�h�j�_�g�b�c – �g�_ �[�h�e�_�_ 15 �=�p; �k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�c �i�j�h�p�_�k�k�h�j 

4 �k �^�b�k�d�j�_�l�b�a�Z�p�b�_�c �k�b�]�g�Z�e�h�\ �g�_ �[�h�e�_�_ 10 �g�k �b �i�h�^�^�_�j�`�b�\�Z�x�s�b�c �j�_�`�b�f�u 

�\�g�_�r�g�_�]�h �b �\�g�m�l�j�_�g�g�_�]�h �a�Z�i�m�k�d�Z. 
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�J�b�k�m�g�h�d 2.2.1. �K�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �k�l�_�g�^�Z: 1 – �\�u�k�h�d�h�k�d�h�j�h�k�l�g�Z�y 

�\�b�^�_�h�d�Z�f�_�j�Z; 2 – �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�Z�y �\�b�^�_�h�d�Z�f�_�j�Z; 3 – �^�\�h�c�g�h�c �l�\�_�j�^�h�l�_�e�v�g�u�c 

�b�f�i�m�e�v�k�g�u�c �e�Z�a�_�j; 4 – �k�b�g�o�j�h�g�b�a�Z�l�h�j �I�D, �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�u �b �e�Z�a�_�j�Z; 

5 – �k�\�_�l�h�\�h�c «�g�h�»̀; 6 – �]�_�g�_�j�Z�l�h�j �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y; 7 – �I�D; 8 – �r�l�Z�l�b�\; 9 – 

�z�f�d�h�k�l�v �k �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�v�x; 10 – �d�Z�g�Z�e �i�h�^�Z�q�b �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b; 11 – 

�^�h�a�Z�l�h�j/�j�Z�k�i�u�e�b�l�_�e�v; 12 – �d�Z�i�e�b �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b; 13 – �m�e�h�\�b�l�_�e�v; 14 – �p�b�e�b�g�^�j 

�b�a �`�Z�j�h�k�l�h�c�d�h�]�h �k�\�_�l�h�i�j�h�a�j�Z�q�g�h�]�h �f�Z�l�_�j�b�Z�e�Z; 15 – �i�h�e�u�c �p�b�e�b�g�^�j, �\�h �\�g�m�l�j�_�g�g�_�_ 

�i�j�h�k�l�j�Z�g�k�l�\�h �d�h�l�h�j�h�]�h �a�Z�e�b�l�Z �]�h�j�x�q�Z�y �`�b�^�d�h�k�l�v; 16 – �l�_�j�f�h�i�Z�j�u; 17 – �d�Z�g�Z�e 

�^�\�b�`�_�g�b�y �h�o�e�Z�`�^�Z�x�s�_�c �`�b�^�d�h�k�l�b �e�Z�a�_�j�Z; 18 – �g�Z�]�g�_�l�Z�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z 

�\�_�g�l�b�e�y�p�b�b; 19 – �i�m�e�v�l �\�d�e�x�q�_�g�b�y/�h�l�d�e�x�q�_�g�b�y �g�Z�]�g�_�l�Z�l�_�e�v�g�h�c �k�b�k�l�_�f�u 

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

�j�Z�[�h�l�Z�x�s�b�o �g�Z �[�Z�a�_ �f�_�l�h�^�h�\ �p�b�n�j�h�\�h�c «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b, 

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

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

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

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

�k�d�h�j�h�k�l�g�u�_ �\�b�^�_�h �b �n�h�l�h�d�Z�f�_�j�u. 

�K�m�s�_�k�l�\�m�x�l �g�_�k�d�h�e�v�d�h �l�b�i�h�\ �e�Z�a�_�j�h�\: �b�f�i�m�e�v�k�g�u�_ �b �g�_�i�j�_�j�u�\�g�u�_. �< 

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

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

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

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

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

�j�_�]�b�k�l�j�Z�p�b�h�g�g�h�c �h�[�e�Z�k�l�b �^�h 50×50 �f�f . �I�h�w�l�h�f�m �g�Z�b�[�h�e�v�r�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ 

�i�h�e�m�q�b�e�b �l�\�_�j�^�h�l�_�e�v�g�u�_ �b�f�i�m�e�v�k�g�u�_ Nd:YAG �e�Z�a�_�j�u. �I�j�b�f�_�g�_�g�b�_ �l�Z�d�b�o 

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

�^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z. �D�Z�d �k�e�_�^�k�l�\�b�_, �b�f�i�m�e�v�k�g�u�_ Nd:YAG �e�Z�a�_�j�u �\ �g�Z�k�l�h�y�s�b�c 

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

�i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c. 

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

�\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�_ (CMOS) �e�b�[�h �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�u�_ (CCD). �<�u�[�h�j �d�Z�f�_�j�u 

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

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

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

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

�^�h�\�h�e�v�g�h �[�e�b�a�d�b�_ �i�h�d�Z�a�Z�l�_�e�b. �H�^�g�Z�d�h, CMOS �d�Z�f�_�j�u, �d�Z�d �i�j�Z�\�b�e�h, �b�f�_�x�l �[�h�e�_�_ 

�\�u�k�h�d�m�x �k�d�h�j�h�k�l�v �k�t�_�f�d�b, �\ �h�l�e�b�q�b�_ �h�l CCD �d�Z�f�_�j. �W�l�h �i�h�a�\�h�e�y�_�l �n�b�d�k�b�j�h�\�Z�l�v 

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

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

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

�f�Z�l�j�b�p�u CCD �d�Z�f�_�j �b�f�_�x�l �[�h�e�_�_ �\�u�k�h�d�h�_ �j�Z�a�j�_�r�_�g�b�_ �\ �h�l�e�b�q�b�_ �h�l CMOS, �\ 

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

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

�h�[�e�Z�k�l�b �i�j�b �h�[�j�Z�[�h�l�d�_ �h�l�k�g�y�l�u�o �b�a�h�[�j�Z�`�_�g�b�c. 

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

�d�h�g�l�j�h�e�b�j�m�_�f�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �i�j�b�f�_�g�y�e�k�y (�j�b�k. 2.2.1) �\�_�j�l�b�d�Z�e�v�g�u�c 

�p�b�e�b�g�^�j�b�q�_�k�d�b�c �d�Z�g�Z�e 14 (�\�u�k�h�l�Z 1 �f , �^�b�Z�f�_�l�j 0,3 �f ) �b�a �h�]�g�_�m�i�h�j�g�h�]�h 

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

�i�h�e�u�c �p�b�e�b�g�^�j 15 (�\�u�k�h�l�Z 0,1 �f , �\�g�m�l�j�_�g�g�b�c �b �\�g�_�r�g�b�c �^�b�Z�f�_�l�j�u – 0,26 �f  �b 0,3 

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

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

�i�j�h�\�_�^�_�g�b�_�f �h�i�u�l�h�\. �Q�_�j�_�a �b�g�l�_�j�\�Z�e �\�j�_�f�_�g�b �h�d�h�e�h 5 �f�b�g�m�l �\�k�e�_�^�k�l�\�b�_ 

�k�l�Z�p�b�h�g�Z�j�g�h�]�h �j�_�`�b�f�Z �]�h�j�_�g�b�y �d�_�j�h�k�b�g�Z �\ �p�b�e�b�g�^�j�_ 14 �n�h�j�f�b�j�h�\�Z�e�Z�k�v �]�Z�a�h�\�Z�y 

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

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

�p�b�e�b�g�^�j�b�q�_�k�d�h�f �d�Z�g�Z�e�_ 14 �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �o�j�h�f�_�e�v-�Z�e�x�f�_�e�_�\�u�_ (�^�b�Z�i�Z�a�h�g 

�b�a�f�_�j�y�_�f�u�o �l�_�f�i�_�j�Z�l�m�j – 273–1373 �D, �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y ±3.3 �D) �l�_�j�f�h�i�Z�j�u 

16. �I�j�h�\�h�^�b�e�b�k�v �b�a�f�_�j�_�g�b�y �\ �l�j�_�o �l�h�q�d�Z�o �i�h �\�u�k�h�l�_ �d�Z�g�Z�e�Z 14 – 0,15 �f , 0,5 �f , 0,85 

�f  �g�Z �h�k�b �_�]�h �k�b�f�f�_�l�j�b�b. �L�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�h�\ �\ �p�b�e�b�g�^�j�_ 14 �i�j�b �k�l�Z�p�b�h�g�Z�j�g�h�f 

�]�h�j�_�g�b�b �d�_�j�h�k�b�g�Z �k�h�k�l�Z�\�b�e�Z 1070±30 �D. �>�e�y �h�[�_�k�i�_�q�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�b�o 

�l�_�f�i�_�j�Z�l�m�j (�^�h 285 �D) �\ �p�b�e�b�g�^�j�_ 14 �\�u�i�h�e�g�y�e�Z�k�v �_�]�h �g�Z�j�m�`�g�Z�y �l�_�j�f�h�b�a�h�e�y�p�b�y �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �e�v�^�Z. �M�f�_�j�_�g�g�u�_ (�h�d�h�e�h 300 �D) �l�_�f�i�_�j�Z�l�m�j�u �\�h�a�^�m�o�Z �\ �p�b�e�b�g�^�j�_ 

14 �h�[�_�k�i�_�q�b�\�Z�e�b�k�v �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�b�k�l�_�f�u �\�_�g�l�b�e�y�p�b�b 18. 

�>�e�y �b�a�f�_�j�_�g�b�y �f�Z�k�k�u �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\�f�_�k�l�h �m�e�h�\�b�l�_�e�y 13 

�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �e�Z�[�h�j�Z�l�h�j�g�u�_ �\�_�k�u �k �^�b�k�d�j�_�l�g�h�k�l�v�x 0,01 �f�]. 
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 

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

�i�j�b�e�h�`�_�g�b�y�f, �j�Z�k�k�f�h�l�j�_�g�g�u�f �\ �]�e�Z�\�_ 1. 

 

2.2.1. �H�^�b�g�h�q�g�u�_ �d�Z�i�e�b �`�b�^�d�h�k�l�b 
 

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

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

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

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

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

�I�_�j�\�u�c �w�l�Z�i. �J�Z�[�h�q�Z�y �`�b�^�d�h�k�l�v �b�a �_�f�d�h�k�l�b 9 �i�h �d�Z�g�Z�e�m 10 �i�h�k�l�m�i�Z�_�l �g�Z �\�o�h�^ 

�^�h�a�Z�l�h�j�Z 11. �< �k�h�h�l�\�_�l�k�l�\�b�b �k �a�Z�^�Z�g�g�u�f�b �g�Z�q�Z�e�v�g�u�f�b �j�Z�a�f�_�j�Z�f�b d0 �b �k�d�h�j�h�k�l�v�x 

u0 �b�a �^�h�a�Z�l�h�j�Z 11 �\�u�o�h�^�y�l �h�^�b�g�h�q�g�u�_ �d�Z�i�e�b 12, �d�h�l�h�j�u�_ �i�j�h�e�_�l�Z�x�l �q�_�j�_�a �a�h�g�m 

�j�_�]�b�k�l�j�Z�p�b�b �\ �\�h�a�^�m�o�_ �^�h �m�e�h�\�b�l�_�e�y 13. �I�j�h�p�_�k�k �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �j�_�]�b�k�l�j�b�j�m�_�l�k�y 

�\�b�^�_�h�d�Z�f�_�j�h�c 1 (�k �q�Z�k�l�h�l�h�c  10000 �d�Z�^�j�h�\ �\ �k�_�d�m�g�^�m). �I�j�h�\�h�^�b�l�k�y �g�_ �f�_�g�_�_ 10 

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

�m�k�e�h�\�b�y�o. �I�h�k�e�_ �h�[�j�Z�[�h�l�d�b �\�b�^�_�h�]�j�Z�f�f �g�Z �i�_�j�k�h�g�Z�e�v�g�h�f �d�h�f�i�v�x�l�_�j�_ (�I�D) 7 

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

�N�b�d�k�b�j�m�x�l�k�y �b�g�l�_�j�\�Z�e�u �\�j�_�f�_�g�b td, �\ �l�_�q�_�g�b�_ �d�h�l�h�j�u�o �d�Z�i�e�b �a�Z�\�_�j�r�Z�x�l �i�h�e�g�u�c 

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

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

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

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

�I�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �^�h�a�Z�l�h�j�h�f 11 �b �m�e�h�\�b�l�_�e�_�f 13 

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

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

�b�a�f�_�j�_�g�b�c (�d�Z�d �i�h �\�j�_�f�_�g�b td, �l�Z�d �b �o�Z�j�Z�d�l�_�j�g�h�c �i�j�h�l�y�`�_�g�g�h�k�l�b ld). 
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�>�h�a�Z�l�h�j 11 �m�^�Z�e�_�g �h�l �m�e�h�\�b�l�_�e�y �d�Z�i�_�e�v 13 �g�Z 1 �f  (�j�Z�k�k�l�h�y�g�b�_, �d�h�l�h�j�h�_ 

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

�\�h�^�u �\�Z�j�v�b�j�h�\�Z�e�b�k�v �\ �^�b�Z�i�Z�a�h�g�_ 3–6 �f�f . �< �d�Z�q�_�k�l�\�_ �g�Z�q�Z�e�v�g�h�]�h �o�Z�j�Z�d�l�_�j�g�h�]�h 

�j�Z�a�f�_�j�Z �d�Z�i�e�b �i�j�b�g�b�f�Z�e�k�y �_�_ �^�b�Z�f�_�l�j (d0) �i�j�b �h�l�j�u�\�_ �h�l �^�h�a�Z�l�h�j�Z 11. 

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

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

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

u0 �\�Z�j�v�b�j�h�\�Z�e�b�k�v �\ �^�b�Z�i�Z�a�h�g�_ �^�h 3 �f /�k. �<�u�[�h�j �w�l�h�]�h �^�b�Z�i�Z�a�h�g�Z �h�[�m�k�e�h�\�e�_�g �l�_�f, 

�q�l�h �i�j�b �b�k�i�m�k�d�Z�g�b�b �^�h�a�Z�l�h�j�h�f 11 �d�Z�i�_�e�v �k �l�Z�d�b�f�b �k�d�h�j�h�k�l�y�f�b �\ �j�_�]�b�k�l�j�Z�p�b�h�g�g�u�o 

�h�[�e�Z�k�l�y�o (�j�b�k. 2.2.1) �\�b�^�_�h�d�Z�f�_�j�u 1 �b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�u 2 

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

�^�h�a�\�m�d�h�\�h�f �^�b�Z�i�Z�a�h�g�_ – 1–5 �f /�k. 

�<�l�h�j�h�c �w�l�Z�i. �K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�u 2, 

�l�\�_�j�^�h�l�_�e�v�g�h�]�h �b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�Z 3 �b �k�b�g�o�j�h�g�b�a�Z�l�h�j�Z 4 �^�e�y �\�u�^�_�e�_�g�g�u�o �g�Z 

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

(�\�u�i�h�e�g�y�x�l�k�y 10 �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �b�^�_�g�l�b�q�g�u�f�b �i�_�j�\�h�f�m �w�l�Z�i�m �j�Z�a�f�_�j�Z�f�b �b 

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

�m�q�Z�k�l�d�Z �^�\�b�`�_�g�b�y �h�l �^�h�a�Z�l�h�j�Z 11 �^�h �m�e�h�\�b�l�_�e�y 13 – �h�^�g�h�]�h �b�e�b �g�_�k�d�h�e�v�d�b�o 

«�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b»). �D�Z�`�^�Z�y �\�b�^�_�h�]�j�Z�f�f�Z �j�Z�a�^�_�e�y�_�l�k�y �g�Z �j�Z�k�q�_�l�g�u�_ �h�[�e�Z�k�l�b 

�j�Z�a�f�_�j�Z�f�b 32×32 �i�b�d�k�_�e�_�c. �K�h�]�e�Z�k�g�h �j�_�d�h�f�_�g�^�Z�p�b�y�f [41-45], �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y 

�f�Z�k�r�l�Z�[�g�u�c �d�h�w�n�n�b�p�b�_�g�l S (�^�e�y �\�b�^�_�h�]�j�Z�f�f �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�a�g�Z�q�_�g�b�y S �b�a�f�_�g�y�e�b�k�v �\ �^�b�Z�i�Z�a�h�g�_ 0,01–0,05 �f�f /�i�b�d�k�_�e�v). �K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o �d�h�h�j�^�b�g�Z�l�g�u�o �k�_�l�h�d �b �Z�e�]�h�j�b�l�f�h�\ [41, 42] �\�u�q�b�k�e�y�x�l�k�y 

�m�k�e�h�\�g�u�_ (�l�Z�d �d�Z�d �n�h�j�f�Z �d�Z�i�_�e�v �k�h�h�l�\�_�l�k�l�\�m�_�l, �\ �h�k�g�h�\�g�h�f, �w�e�e�b�i�k�h�b�^�Z�f) 

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

�d�h�w�n�n�b�p�b�_�g�l�Z S, �\�u�i�h�e�g�y�_�l�k�y �i�_�j�_�k�q�_�l �\ �f�b�e�e�b�f�_�l�j�u.  

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

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

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

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

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

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �i�j�b �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o 

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

�w�d�k�i�_�j�b�f�_�g�l�Z. �< �p�b�e�b�g�^�j�b�q�_�k�d�h�f �d�Z�g�Z�e�_ 14  (�j�b�k. 2.2.1) �n�h�j�f�b�j�m�_�l�k�y 

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

�f�_�l�h�^�b�d�_ �b�a �i. 2.2. �I�h �i�j�h�r�_�k�l�\�b�b 5 �f�b�g�m�l (�\�j�_�f�y, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �i�j�h�]�j�_�\�Z 

�\�g�m�l�j�_�g�g�_�c �i�h�e�h�k�l�b �p�b�e�b�g�^�j�Z 14 �^�h 1070 ± 30 �D) �j�Z�[�h�q�Z�y �`�b�^�d�h�k�l�v �b�a �_�f�d�h�k�l�b 9 

�i�h �d�Z�g�Z�e�m 10 �g�Z�q�b�g�Z�_�l �i�h�k�l�m�i�Z�l�v �g�Z �\�o�h�^ �^�h�a�Z�l�h�j�Z 11. �< �k�h�h�l�\�_�l�k�l�\�b�b �k 

�a�Z�^�Z�g�g�u�f�b �g�Z�q�Z�e�v�g�u�f�b �j�Z�a�f�_�j�Z�f�b d0 �b �k�d�h�j�h�k�l�v�x u0 �b�a �^�h�a�Z�l�h�j�Z 11 �\�u�o�h�^�y�l 

�h�^�b�g�h�q�g�u�_ �d�Z�i�e�b 12, �d�h�l�h�j�u�_ �i�j�h�e�_�l�Z�x�l �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x 

�h�[�e�Z�k�l�v �^�h �m�e�h�\�b�l�_�e�y 13. �I�j�b �i�h�f�h�s�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �\�b�^�_�h�d�Z�f�_�j�u 2 

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

�p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�Z�g�Z�e�Z 14. 

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

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

�f�_�l�h�^�b�d�h�c. �<�u�[�b�j�Z�_�l�k�y �\�b�^�_�h�]�j�Z�f�f�Z (�i�Z�j�Z �d�Z�^�j�h�\ �d�j�h�k�k�d�h�j�j�y�p�b�h�g�g�h�c �d�Z�f�_�j�u). 

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

�h�i�j�_�^�_�e�y�x�l�k�y �f�Z�d�k�b�f�Z�e�v�g�u�_ �_�z �^�b�Z�f�_�l�j�u (�\ �i�b�d�k�_�e�y�o) �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�f dx1 �b 

�\�_�j�l�b�d�Z�e�v�g�h�f dy1 �g�Z�i�j�Z�\�e�_�g�b�y�o. �A�Z�l�_�f �^�b�Z�f�_�l�j �m�k�j�_�^�g�y�_�l�k�y: d1=(dx1+dy1)/2. �L�_ �`�_ 

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

d2=(dx2+dy2)/2. �>�Z�e�_�_ �\�u�i�h�e�g�y�_�l�k�y �m�k�j�_�^�g�_�g�b�_ �^�b�Z�f�_�l�j�Z �d�Z�i�e�b: d�d�Z�i�e�b(�i�b�d�k)=(d1+d2)/2. 

�A�Z�l�_�f �i�j�b �b�a�\�_�k�l�g�h�f (�a�Z�^�Z�g�g�h�f) �f�Z�k�r�l�Z�[�g�h�f �d�h�w�n�n�b�p�b�_�g�l�_ S (�f�f /�i�b�d�k) 

�h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�_�j�_�j�Z�k�q�_�l �^�b�Z�f�_�l�j�Z �\ �f�b�e�e�b�f�_�l�j�u: d�d�Z�i�e�b(�f�f )=d�d�Z�i�e�b(�i�b�d�k)×S �b 

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

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

�^�\�b�`�_�g�b�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �h�[�e�Z�k�l�v: �ûR=(Rd–Rd*)/Rd, �]�^�_ Rd, 
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Rd* – �a�g�Z�q�_�g�b�_ �m�k�e�h�\�g�h�]�h �k�j�_�^�g�_�]�h �j�Z�^�b�m�k�Z �d�Z�i�e�b �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a �a�h�g�u 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �f�f . 

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

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

�m�f�_�j�_�g�g�u�o �b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j. 

 

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

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �^�b�Z�i�Z�a�h�g�h�\ �\�e�b�y�g�b�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�Z 

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

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

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

�d�Z�i�_�e�v �`�b�^�d�h�k�l�b �g�Z �\�o�h�^�_ �\ �p�b�e�b�g�^�j�b�q�_�k�d�b�c �d�Z�g�Z�e 14 (�\�u�k�h�l�Z 1 �f , �^�b�Z�f�_�l�j 0,2 �f ), 

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

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

�\�u�o�h�^�_ �d�Z�g�Z�e�Z 14). �>�e�y �]�_�g�_�j�Z�p�b�b �i�h�l�h�d�Z �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �k �g�Z�q�Z�e�v�g�u�f�b 

�j�Z�a�f�_�j�Z�f�b (�j�Z�^�b�m�k�Z�f�b) �h�l 50 �^�h 350 �f�d�f �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 

�k�i�_�p�b�Z�e�v�g�u�_ �j�Z�k�i�u�e�b�l�_�e�v�g�u�_ �n�h�j�k�m�g�d�b 11. 

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

�9 �\ �_�f�d�h�k�l�v 9 �a�Z�e�b�\�Z�e�Z�k�v �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�]�h�l�h�\�e�_�g�g�Z�y �j�Z�[�h�q�Z�y �`�b�^�d�h�k�l�v; 

�9 �d �\�u�o�h�^�m �_�f�d�h�k�l�b 9 �q�_�j�_�a �d�Z�g�Z�e 10 �i�h�^�d�e�x�q�Z�e�k�y �j�Z�k�i�u�e�b�l�_�e�v 11, �d�h�l�h�j�u�c 

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

�9 �j�Z�k�i�u�e�b�l�_�e�v 11 �m�k�l�Z�g�Z�\�e�b�\�Z�e�k�y �g�Z �r�l�Z�l�b�\�_ 8 �g�Z 0,5 �f  �\�u�r�_ �\�_�j�o�g�_�c �]�j�Z�g�b 

�p�b�e�b�g�^�j�Z 14 (�m�d�Z�a�Z�g�g�h�_ �m�^�Z�e�_�g�b�_ �h�[�m�k�e�h�\�e�_�g�h �g�_�h�[�o�h�^�b�f�h�k�l�v�x �a�Z�s�b�l�u 

�j�Z�k�i�u�e�b�l�_�e�y 11 �h�l �i�e�Z�\�e�_�g�b�y �i�j�b �\�h�a�^�_�c�k�l�\�b�b �\�u�o�h�^�y�s�b�o �b�a 

�p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�Z�g�Z�e�Z 14 �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\); 

�9 �\�u�k�h�l�Z �n�h�l�h�r�l�Z�l�b�\�Z �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�u 2, �Z �l�Z�d�`�_ �\�u�k�h�l�Z 

�m�k�l�Z�g�h�\�d�b �e�Z�a�_�j�Z 3 �\�u�[�b�j�Z�e�b�k�v �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �h�i�l�b�q�_�k�d�Z�y �h�k�v �d�Z�f�_�j�u 
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�b �i�e�h�k�d�h�k�l�v �k�\�_�l�h�\�h�]�h «�g�h�`�Z» 5 �e�Z�a�_�j�Z �i�_�j�_�k�_�d�Z�e�b�k�v �i�h� ̂ �m�]�e�h�f 90 �]�j�Z�^�m�k�h�\ 

(�l�h�q�d�Z �b�o �i�_�j�_�k�_�q�_�g�b�y �g�Z�o�h�^�b�e�Z�k�v �\ �j�_�]�b�k�l�j�Z�p�b�h�g�g�h�c �h�[�e�Z�k�l�b �\�b�^�_�h�d�Z�^�j�h�\); 

�9 �i�j�h�\�h�^�b�e�Z�k�v �d�Z�e�b�[�j�h�\�d�Z �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�u 2 (�k �h�i�j�_�^�_�e�_�g�b�_�f 

�f�Z�k�r�l�Z�[�g�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �g�Z �i�_�j�k�h�g�Z�e�v�g�h�f �d�h�f�i�v�x�l�_�j�_ (�I�D) 7), �Z �l�Z�d�`�_ 

�g�Z�k�l�j�h�c�d�Z «�i�_�j�_�l�y�`�d�b» �k�\�_�l�h�\�h�]�h «�g�h�`�Z» 5 �e�Z�a�_�j�Z 3; 

�9 �h�k�g�h�\�Z�g�b�_ �i�h�e�h�]�h �p�b�e�b�g�^�j�Z 15 �a�Z�i�h�e�g�y�e�Z�k�v �l�b�i�b�q�g�u�f �`�b�^�d�b�f �]�h�j�x�q�b�f 

�\�_�s�_�k�l�\�h�f (�h�d�h�e�h 250 �f�e), �a�Z�`�b�]�Z�g�b�_ �d�h�l�h�j�h�]�h �b�g�b�p�b�b�j�h�\�Z�e�h�k�v �i�_�j�_�^ 

�i�j�h�\�_�^�_�g�b�_�f �h�i�u�l�Z; 

�9 �i�h �b�k�l�_�q�_�g�b�b 5 �f�b�g�m�l (�\�j�_�f�y, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �i�j�h�]�j�_�\�Z �\�g�m�l�j�_�g�g�_�c �i�h�e�h�k�l�b 

�p�b�e�b�g�^�j�Z 14 �^�h 1070 ± 30 �D) �g�Z �I�D 7 �a�Z�i�m�k�d�Z�e�h�k�v �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ 

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

«Particle Image Velocimetry» (PIV) �b «Interferometric Particle Imaging» (IPI)), 

�\�d�e�x�q�Z�e�k�y �j�Z�k�i�u�e�b�l�_�e�v 11 �b �i�j�h�\�h�^�b�e�Z�k�v �i�j�h�p�_�^�m�j�Z �j�_�]�b�k�l�j�Z�p�b�b �\�b�^�_�h�]�j�Z�f�f 

�k �d�Z�i�e�y�f�b �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b; 

�9 �i�h �i�h�e�m�q�_�g�g�u�f �\ �o�h�^�_ �k�t�_�f�d�b �\�b�^�_�h�d�Z�^�j�Z�f �g�Z �I�D 7 �i�j�b �i�h�f�h�s�b �k�i�_�p�b�Z�e�v�g�h�]�h 

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

�i�e�Z�f�_�g�b. 

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

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

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

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

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

�j�_�]�b�k�l�j�Z�p�b�h�g�g�u�o �h�[�e�Z�k�l�y�o. 

 

2.3. �F�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�c 

 

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

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

�f�h�]�m�l �\�Z�j�v�b�j�h�\�Z�l�v�k�y �i�j�Z�d�l�b�q�_�k�d�b �h�l �g�m�e�y �b �^�h �^�_�k�y�l�d�h�\ �f�_�l�j�h�\ �\ �k�_�d�m�g�^�m [94, 95]. 

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

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

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

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

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

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

�]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�o �i�h�l�h�d�h�\ «Particle Image Velocimetry» (PIV) �b «Interferometric 

Particle Imaging» (IPI) [41–45]. 

�<�u�r�_�m�i�h�f�y�g�m�l�u�_ �f�_�l�h�^�u �p�b�n�j�h�\�h�c «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b �y�\�e�y�x�l�k�y �\ 

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

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

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

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

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

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

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

 

2.3.1. �F�_�l�h�^ «Particle Image Velocimetry» 

 

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

�k�h�k�l�Z�\�_ �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�h�c �k�f�_�k�b �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�j�b�f�_�g�_�g �f�_�l�h�^ «Particle Image 

Velocimetry». 

�F�_�l�h�^ �p�b�n�j�h�\�h�c «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b «Particle Image Velocimetry» 

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

[41, 42]. �< �j�y�^�m �^�j�m�]�b�o �b�g�k�l�j�m�f�_�g�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �l�_�q�_�g�b�c �h�g 

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

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

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

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

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

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

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

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

�k�l�Z�l�b�k�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�h�l�h�d�Z [180]. �K�o�_�f�Z �f�_�l�h�^�Z PIV �\ �h�[�s�_�f �\�b�^�_ 

�i�j�b�\�_�^�_�g�Z �g�Z �j�b�k. 2.3.1.1. 

 

 

�J�b�k�m�g�h�d 2.3.1.1. �K�o�_�f�Z �f�_�l�h�^�Z «Particle Image Velocimetry» [180] 

 

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

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

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

�q�Z�k�l�b�p�u �f�Z�e�h�]�h �j�Z�a�f�_�j�Z («�l�j�Z�k�k�_�j�u»). �J�Z�a�f�_�j, �i�e�h�l�g�h�k�l�v �b �h�[�t�_�f�g�Z�y 
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�d�h�g�p�_�g�l�j�Z�p�b�y �q�Z�k�l�b�p �i�h�^�[�b�j�Z�x�l�k�y �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �w�n�n�_�d�l�u, �k�\�y�a�Z�g�g�u�_ �k 

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

�h�[�e�Z�k�l�v�x �i�h�l�h�d�Z (�j�b�k. 2.3.1.1) �k�q�b�l�Z�_�l�k�y �i�e�h�k�d�h�k�l�v, «�\�u�j�_�a�Z�_�f�Z�y» �k�\�_�l�h�\�u�f 

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

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

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

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

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

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

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

�j�_�]�b�k�l�j�b�j�m�x�s�_�c �h�[�j�Z�a�u �q�Z�k�l�b�p �Z�i�i�Z�j�Z�l�m�j�u[180].  

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

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

�b�a�f�_�j�y�_�f�u�o �k�d�h�j�h�k�l�_�c – �h�l �g�m�e�y �^�h �k�\�_�j�o�a�\�m�d�h�\�u�o. 

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

�\ �w�d�k�i�_�j�b�f�_�g�l�_ �b�a�h�[�j�Z�`�_�g�b�c. �J�Z�a�e�b�q�Z�x�l �g�_�k�d�h�e�v�d�h �f�h�^�b�n�b�d�Z�p�b�c �d�h�e�b�q�_�k�l�\�_�g�g�h�c 

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

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

�i�Z�j�Z�f�_�l�j NI – «�i�e�h�l�g�h�k�l�v �h�[�j�Z�a�h�\ �q�Z�k�l�b�p», �h�i�j�_�^�_�e�y�_�f�u�c �d�Z�d [180]: 

NI = C·Vz0·(DI / M0)
2, 

�]�^�_ �K – �k�q�_�l�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y «�l�j�Z�k�k�_�j�h�\», Vz0 – �l�h�e�s�b�g�Z �e�Z�a�_�j�g�h�]�h �g�h�`�Z, DI – 

�j�Z�a�f�_�j �j�Z�k�q�_�l�g�h�c �h�[�e�Z�k�l�b, M0 – �d�h�w�n�n�b�p�b�_�g�l �m�\�_�e�b�q�_�g�b�y. �F�_�l�h�^ PIV �i�j�b NI �§ 10 

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

«�l�j�Z�k�k�_�j�g�u�o» �b�a�h�[�j�Z�`�_�g�b�c. �<�k�_ �i�h�e�_ �l�_�q�_�g�b�y �j�Z�a�[�b�\�Z�_�l�k�y �g�Z �w�e�_�f�_�g�l�Z�j�g�u�_ 

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

�n�m�g�d�p�b�y �k�^�\�b�]�h�\ �q�Z�k�l�b�p. 

�K�m�s�_�k�l�\�m�x�l �^�\�Z �h�k�g�h�\�g�u�o �l�b�i�Z �d�h�j�j�_�e�y�p�b�h�g�g�u�o �Z�e�]�h�j�b�l�f�h�\ [45]: 

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

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

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

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

�Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�u�o �Z�e�]�h�j�b�l�f�Z�o �g�Z�q�Z�e�v�g�u�_ �b �d�h�g�_�q�g�u�_ �i�h�e�h�`�_�g�b�y «�l�j�Z�k�k�_�j�h�\» 

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

�d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �i�h�^�o�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �k�e�_�^�m�x�s�_�f (�j�b�k. 2.3.1.2). �B�f�_�x�l�k�y 

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

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

�j�Z�a�[�b�\�Z�_�l�k�y �g�Z �w�e�_�f�_�g�l�Z�j�g�u�_ (�j�Z�k�q�_�l�g�u�_) �h�[�e�Z�k�l�b �j�Z�a�f�_�j�h�f dx × dy (�j�b�k. 2.3.1.2). 

�B�g�l�_�g�k�b�\�g�h�k�l�v �h�l�j�Z�`�_�g�g�h�]�h �h�l �q�Z�k�l�b�p �b �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�h�]�h �d�Z�f�_�j�h�c �k�\�_�l�Z 

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

I1(x, y) �b I2(x, y) �^�e�y �i�_�j�\�h�]�h �b �\�l�h�j�h�]�h �d�Z�^�j�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �J�Z�k�k�q�b�l�u�\�Z�_�l�k�y 

�d�h�j�j�_�e�y�p�b�h�g�g�Z�y �n�m�g�d�p�b�y [180]: 

 

 

 

�Z 
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�[ 

�J�b�k�m�g�h�d 2.3.1.2. �L�b�i�b�q�g�u�_ �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�u�_ �Z�e�]�h�j�b�l�f�u (�Z, �[) �\�u�q�b�k�e�_�g�b�y 

�\�_�d�l�h�j�Z �k�d�h�j�h�k�l�b �i�h �b�a�h�[�j�Z�`�_�g�b�y�f �q�Z�k�l�b�p �\ �i�h�l�h�d�_ [180] 

 

�F�Z�d�k�b�f�m�f �d�h�j�j�_�e�y�p�b�h�g�g�h�c �n�m�g�d�p�b�b �k�h�h�l�\�_�l�k�l�\�m�_�l �g�Z�b�[�h�e�_�_ �\�_�j�h�y�l�g�h�f�m 

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

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

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

�g�Z�b�[�h�e�_�_ �y�j�d�h �\�u�^�_�e�_�g�g�u�c �f�Z�d�k�b�f�m�f �g�Z �n�h�g�_ �r�m�f�Z. �>�e�y �[�h�e�_�_ �l�h�q�g�h�]�h 

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

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

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

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

�i�j�b�f�_�g�_�g�b�_�f �d�h�j�j�_�e�y�p�b�h�g�g�h�c �l�_�h�j�_�f�u [180]: 

 

�]�^�_  �b – �i�j�y�f�h�_ �b �h�[�j�Z�l�g�h�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �N�m�j�v�_ �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �< 

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

2n × 2n, �]�^�_ n = 2–8. 
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�A�g�Z�y �\�j�_�f�_�g�g�m�x �a�Z�^�_�j�`�d�m �f�_�`�^�m �\�k�i�u�r�d�Z�f�b �e�Z�a�_�j�Z �¨t �b �j�Z�k�k�q�b�l�Z�\ 

�g�Z�b�[�h�e�_�_ �\�_�j�h�y�l�g�h�_ �i�_�j�_�f�_�s�_�g�b�_ �q�Z�k�l�b�p D �\ �^�Z�g�g�h�c �w�e�_�f�_�g�l�Z�j�g�h�c �h�[�e�Z�k�l�b, 

�h�i�j�_�^�_�e�y�_�l�k�y �k�d�h�j�h�k�l�v: 

DS t�X� �˜ �'  , 

�]�^�_ S – �f�Z�k�r�l�Z�[�g�u�c �d�h�w�n�n�b�p�b�_�g�l �^�e�y �i�_�j�_�k�q�_�l�Z �k�d�h�j�h�k�l�b �\ �f /�k. 

�< �^�Z�g�g�h�c �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�_ �i�j�_�^�i�h�q�l�_�g�b�_ �h�l�^�Z�g�h �b�k�i�h�e�v�a�h�\�Z�g�b�x 

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

�i�Z�d�_�l «ActualFlow» (�j�Z�a�j�Z�[�h�l�d�Z �k�h�l�j�m�^�g�b�d�h�\ �B�g�k�l�b�l�m�l�Z �l�_�i�e�h�n�b�a�b�d�b �b�f. �K.�K. 

�D�m�l�Z�l�_�e�Z�^�a�_ �K�H �J�:�G [94, 95, 165-167, 180]). 

�I�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �j�Z�k�k�q�b�l�u�\�Z�e�k�y �f�Z�k�r�l�Z�[�g�u�c �d�h�w�n�n�b�p�b�_�g�l S, 

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

�k�h�k�l�Z�\�e�y�e 0,01–0,1 �f�f /�i�b�d�k. �<�b�^�_�h�]�j�Z�f�f�u �j�Z�a�[�b�\�Z�e�b�k�v �g�Z �j�Z�k�q�_�l�g�u�_ �h�[�e�Z�k�l�b 

32×32, 64×64 �b�e�b 128×128 �i�b�d�k. �<�u�[�h�j �a�g�Z�q�_�g�b�y �f�Z�k�r�l�Z�[�g�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z, �Z 

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

[180]. �>�e�y �d�Z�`�^�h�c �h�[�e�Z�k�l�b �j�Z�k�k�q�b�l�u�\�Z�e�Z�k�v �d�h�j�j�_�e�y�p�b�h�g�g�Z�y �n�m�g�d�p�b�y. 

�H�^�g�h�\�j�_�f�_�g�g�h �k �g�Z�o�h�`�^�_�g�b�_�f �f�Z�d�k�b�f�m�f�Z �d�h�j�j�_�e�y�p�b�h�g�g�h�c �n�m�g�d�p�b�b �^�e�y 

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

�i�j�b�f�_�g�y�e�h�k�v �g�Z�e�h�`�_�g�g�h�_ «Top-hat» �h�d�g�h [41, 42], �q�l�h �i�h�a�\�h�e�y�e�h �m�f�_�g�v�r�b�l�v �\�d�e�Z�^ 

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

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

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

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

�\�b�^�_�h�d�Z�^�j�h�\ �h�i�j�_�^�_�e�y�e�b�k�v �f�]�g�h�\�_�g�g�u�_ �k�d�h�j�h�k�l�b «�l�j�Z�k�k�_�j�h�\» [41–45]. 

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

�d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b (�j�b�k. 2.3.1.3) �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�f �i�h�e�y 

�k�d�h�j�h�k�l�_�c (�j�b�k. 2.3.1.4). 
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�J�b�k�m�g�h�d 2.3.1.3. �L�b�i�b�q�g�Z�y �\�b�^�_�h�]�j�Z�f�f�Z �i�h�l�h�d�Z �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\ 

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

 

 

�J�b�k�m�g�h�d 2.3.1.4. �L�b�i�b�q�g�h�_ �i�h�e�_ �k�d�h�j�h�k�l�b �i�h�l�h�d�Z �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\ 

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

�\�b�^�_ �\�_�k�h�\�u�o �n�m�g�d�p�b�c [44, 45]: «No–DC» (�^�e�y �m�^�Z�e�_�g�b�y �i�h�k�l�h�y�g�g�h�c �d�h�f�i�h�g�_�g�l�u 

�\ �k�b�]�g�Z�e�_) �b «Low–pass» (�^�e�y �m�\�_�e�b�q�_�g�b�y �r�b�j�b�g�u �d�h�j�j�_�e�y�p�b�h�g�g�u�o �i�b�d�h�\ �a�Z �k�q�_�l 

�h�l�k�_�d�Z�g�b�y �g�_�[�h�e�v�r�h�c �q�Z�k�l�b �g�b�a�d�b�o �b �a�g�Z�q�b�l�_�e�v�g�h�c �q�Z�k�l�b �\�u�k�h�d�b�o �q�Z�k�l�h�l �b�a 

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

�h�l�k�_�\�Z �q�Z�k�l�b �i�h�e�m�q�_�g�g�u�o �\�_�d�l�h�j�h�\ �i�h �d�j�b�l�_�j�b�x «�k�b�]�g�Z�e/�r�m�f» (�n�m�g�d�p�b�y «Peak 

Validation») [44, 45]. 

 

2.3.2. �F�_�l�h�^ «Interferometric Particle Imaging» 

 

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

�w�d�k�i�_�j�b�f�_�g�l�Z�o �b�k�i�h�e�v�a�h�\�Z�g �h�i�l�b�q�_�k�d�b�c �f�_�l�h�^ «Interferometric Particle Imaging» 

[181]. 

�B�g�l�_�j�n�_�j�h�f�_�l�j�b�q�_�k�d�b�c �f�_�l�h�^ �b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v «Interferometric 

Particle Imaging» (IPI, �l�Z�d�`�_ �b�a�\�_�k�l�_�g �i�h� ̂ �g�Z�a�\�Z�g�b�_�f ILIDS) �f�h�`�g�h �h�l�g�_�k�l�b �d 

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

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

�i�e�h�k�d�h�f �k�_�q�_�g�b�b �i�h�l�h�d�Z [165, 182-185]. �H�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o �i�h�a�\�h�e�y�_�l �l�Z�d�`�_ 

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

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

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

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

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

�h�^�g�h�l�h�q�_�q�g�u�o �f�_�l�h�^�h�\ �b�a�f�_�j�_�g�b�y (�g�Z�i�j�b�f�_�j, PDA – Phase Doppler Analyzer), IPI 

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

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

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

�g�Z �h�k�g�h�\�_ �f�_�l�h�^�Z Particle Image Velocimetry), �a�Z�^�_�c�k�l�\�h�\�Z�\ �g�Z�b�[�h�e�_�_ �^�h�j�h�]�b�_ 

�d�h�f�i�h�g�_�g�l�u �l�Z�d�b�o �k�b�k�l�_�f – �p�b�n�j�h�\�m�x �d�Z�f�_�j�m �b �e�Z�a�_�j. �L�Z�d�`�_ �\�h�a�f�h�`�g�h 
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�d�h�f�[�b�g�b�j�h�\�Z�g�b�_ �f�_�l�h�^�Z IPI, �g�Z�i�j�b�f�_�j, �k �f�_�l�h�^�h�f PLIF (Planar Laser Induced 

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

�i�h�l�h�d�Z �b�e�b �k �f�_�l�h�^�h�f PIV �^�e�y �b�a�f�_�j�_�g�b�y �i�h�e�_�c �k�d�h�j�h�k�l�b [165]. 

�B�a�f�_�j�_�g�b�_ �^�b�Z�f�_�l�j�Z �d�Z�i�e�b �f�_�l�h�^�h�f IPI �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h �j�Z�k�k�l�h�y�g�b�x 

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

�h�^�g�h�d�j�Z�l�g�h �i�j�_�e�h�f�e�_�g�g�u�f �d�Z�i�e�_�c �k�\�_�l�h�f (�j�b�k. 2.3.2.1). �B�a�f�_�j�b�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z 

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

�p�b�n�j�h�\�m�x �d�Z�f�_�j�m �k �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�u�f �h�[�t�_�d�l�b�\�h�f (�j�b�k. 2.3.2.2). �D�Z�f�_�j�Z 

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

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

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

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

�i�_�j�_�d�j�u�l�b�y �h�[�j�Z�a�h�\ �d�Z�i�_�e�v [165]. 

 

 

 

�J�b�k�m�g�h�d  2.3.2.1. �H�l�j�Z�`�_�g�b�_ �b �i�j�_�e�h�f�e�_�g�b�_ �d�Z�i�e�_�c �e�Z�a�_�j�g�h�]�h �e�m�q�Z [181] 
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�J�b�k�m�g�h�d  2.3.2.2. �H�i�l�b�q�_�k�d�Z�y �k�o�_�f�Z �b�a�f�_�j�b�l�_�e�v�g�h�c �m�k�l�Z�g�h�\�d�b [181] 

 

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

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

[165]. 

�D�Z�i�e�b �\ �i�h�l�h�d�_ �f�g�h�]�h�d�j�Z�l�g�h �h�k�\�_�s�Z�e�b�k�v �k�\�_�l�h�\�u�f «�g�h�`�h�f» �e�Z�a�_�j�Z. 

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

�p�b�n�j�h�\�h�c �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�c �d�Z�f�_�j�h�c �k �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�u�f �h�[�t�_�d�l�b�\�h�f. 

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

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

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

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

�^�Z�g�g�h�]�h �f�_�l�h�^�Z, �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�h �k�e�_�^�m�x�s�b�f �\�u�j�Z�`�_�g�b�_�f [101]: 
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�]�^�_ �O – �^�e�b�g�Z �\�h�e�g�u �k�\�_�l�Z; �' �T  – �m�]�e�h�\�h�_ �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �i�h�e�h�k�Z�f�b �g�Z 

�b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�c �d�Z�j�l�b�g�_ �d�Z�i�e�b; �T – �m�]�h�e �j�Z�k�k�_�y�g�b�y (�g�Z�[�e�x�^�_�g�b�y); m=n2/n1, n1 

– �i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u, n2 – �i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y 

�d�Z�i�e�b �`�b�^�d�h�k�l�b. 

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

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

�h�[�e�Z�k�l�b (�j�b�k. 2.3.2.3, 2.3.2.4). 

 

 

 

�J�b�k�m�g�h�d  2.3.2.3. �F�]�g�h�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �d�Z�i�_�e�v �\ �b�a�f�_�j�b�l�_�e�v�g�h�c �i�e�h�k�d�h�k�l�b �b 

�b�o �k�d�h�j�h�k�l�b [165] 
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�J�b�k�m�g�h�d  2.3.2.4. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �d�Z�i�_�e�v �i�h �j�Z�a�f�_�j�Z�f �^�e�y �j�Z�a�e�b�q�g�u�o �j�Z�k�k�l�h�y�g�b�c �h�l 

�k�j�_�a�Z �k�h�i�e�Z [165] 

 

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

 

2.4.1 �H�p�_�g�d�Z �i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �d�Z�i�_�e�v 

 

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

�k�i�h�k�h�[�Z�f�b. �H�^�b�g �b�a �g�b�o – �w�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �j�_�Z�e�v�g�u�o PIV �b�a�f�_�j�_�g�b�c, �k�^�_�e�Z�g�g�u�o 

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

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

�f�_�l�h�^�Z �\ �j�Z�[�h�l�_ [41], �Z �l�Z�d�`�_ �b�a�f�_�j�_�g�b�y �\ �\�h�a�^�m�r�g�h�c �k�l�j�m�_ �i�j�b �e�Z�f�b�g�Z�j�g�h�f 

�j�_�`�b�f�_ �^�\�b�`�_�g�b�y [186]. �L�Z�d�h�c �k�i�h�k�h�[ �^�Z�_�l �g�Z�b�[�h�e�_�_ �j�_�Z�e�v�g�m�x �h�p�_�g�d�m �l�h�q�g�h�k�l�b 

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

�l�Z�d�b�o �i�Z�j�Z�f�_�l�j�h�\, �d�Z�d �^�b�Z�f�_�l�j �q�Z�k�l�b�p �b�e�b �m�j�h�\�_�g�v �r�m�f�Z �g�Z �b�a�h�[�j�Z�`�_�g�b�b [180]. 

�>�j�m�]�h�c �k�i�h�k�h�[ �h�p�_�g�d�b �i�h�]�j�_�r�g�h�k�l�b (�b�k�i�h�e�v�a�m�_�f�u�c �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_) – 

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

�k�]�_�g�_�j�b�j�h�\�Z�g�g�u�f �f�_�l�h�^�h�f �F�h�g�l�_-�D�Z�j�e�h [41, 186-189]. �< �i�j�y�f�h�m�]�h�e�v�g�h�c �h�[�e�Z�k�l�b 
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�i�j�h�k�l�j�Z�g�k�l�\�Z, �f�h�^�_�e�b�j�m�x�s�_�c �k�\�_�l�h�\�h�c �g�h�,̀ �k�h�a�^�Z�\�Z�e�h�k�v �k�e�m�q�Z�c�g�h�_ 

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

�i�j�h�\�h�^�b�e�Z�k�v �h�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o �i�j�b �i�h�f�h�s�b PIV �Z�e�]�h�j�b�l�f�h�\ [166, 167] �b 

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

�h�p�_�g�b�l�v �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�c). �B�a�f�_�g�_�g�b�_ �i�Z�j�Z�f�_�l�j�h�\ �l�_�k�l�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c 

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

�B�k�i�h�e�v�a�h�\�Z�e�k�y �]�_�g�_�j�Z�l�h�j �b�k�d�m�k�k�l�\�_�g�g�u�o �b�a�h�[�j�Z�`�_�g�b�c (PIV Standard Project) 

[180]. �I�j�h�]�j�Z�f�f�Z-�]�_�g�_�j�Z�l�h�j �k�h�a�^�Z�_�l �b�a�h�[�j�Z�`�_�g�b�y �k �a�Z�^�Z�g�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b. 

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

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

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

�b�a�\�_�k�l�g�u�f�b �a�g�Z�q�_�g�b�y�f�b �i�_�j�_�f�_�s�_�g�b�c �q�Z�k�l�b�p. 

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

«�l�j�Z�k�k�_�j�h�\» [180]. �=�_�g�_�j�Z�l�h�j �b�a�h�[�j�Z�`�_�g�b�c �i�h�a�\�h�e�y�_�l �a�Z�^�Z�\�Z�l�v �l�Z�d�b�_ �i�Z�j�Z�f�_�l�j�u, 

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

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

�]�e�Z�\�_ 3 �j�_�a�m�e�v�l�Z�l�h�\ �f�h�^�_�e�b�j�h�\�Z�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �d�Z�`�^�h�c 

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

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

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

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

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

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

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

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

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

�h�p�_�g�d�_ �l�h�q�g�h�k�l�b PIV �b�a�f�_�j�_�g�b�c [187]. 
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�G�Z �j�b�k. 2.4.1.1 �i�j�_�^�k�l�Z�\�e�_�g�u �h�r�b�[�d�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z 

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

�q�l�h �h�i�l�b�f�Z�e�v�g�u�c �j�Z�a�f�_�j �b�a�h�[�j�Z�`�_�g�b�y «�l�j�Z�k�k�_�j�Z» �j�Z�\�_�g 1,5 �i�b�d�k. 

 

 

�J�b�k�m�g�h�d 2.4.1.1. �L�b�i�b�q�g�u�_ �h�r�b�[�d�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �j�Z�k�q�_�l�Z 

�i�h�e�y �k�d�h�j�h�k�l�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �^�b�Z�f�_�l�j�Z �q�Z�k�l�b�p �g�Z �b�a�h�[�j�Z�`�_�g�b�b [180] 

 

�G�Z �j�b�k. 2.4.1.2 �i�j�b�\�_�^�_�g�u �h�r�b�[�d�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �\ 

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

�j�Z�k�q�_�l�g�h�c �h�[�e�Z�k�l�b (NI). �<�b�^�g�h, �q�l�h �i�j�b �m�f�_�g�v�r�_�g�b�b �k�f�_�s�_�g�b�y �q�Z�k�l�b�p �l�h�q�g�h�k�l�v 

�j�Z�k�q�_�l�Z �i�h�\�u�r�Z�_�l�k�y. �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �b�l�_�j�Z�p�b�h�g�g�u�o �Z�e�]�h�j�b�l�f�h�\ �j�Z�k�q�_�l�Z �i�h�e�y 

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

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

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

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

�d�h�g�p�_�g�l�j�Z�p�b�b �q�Z�k�l�b�p NI �g�Z �w�e�_�f�_�g�l�Z�j�g�h�c �j�Z�k�q�_�l�g�h�c �h�[�e�Z�k�l�b. 
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�J�b�k�m�g�h�d 2.4.1.2. �L�b�i�b�q�g�u�_ �h�r�b�[�d�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �\ 

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

�j�Z�k�q�_�l�g�h�c �h�[�e�Z�k�l�b (NI) [180] 

 

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

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

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

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

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

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

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

�\�k�e�_�^�k�l�\�b�_ «�w�n�n�_�d�l�Z �i�h�l�_�j�b �i�Z�j�u». �>�e�y �k�l�Z�g�^�Z�j�l�g�h�]�h �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h 

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

�g�_�^�h�h�p�_�g�d�_ �a�g�Z�q�_�g�b�c �k�d�h�j�h�k�l�b. �F�_�^�e�_�g�g�u�_ �q�Z�k�l�b�p�u �^�_�e�Z�x�l �f�_�g�v�r�b�_ 

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

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

�b�a�h�[�j�Z�`�_�g�b�y. 
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�G�Z �j�b�k. 2.4.1.3 �i�j�_�^�k�l�Z�\�e�_�g�u �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�u�_ �h�r�b�[�d�b �j�Z�k�q�_�l�Z �k�d�h�j�h�k�l�b 

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

�w�e�_�f�_�g�l�Z�j�g�h�c �j�Z�k�q�_�l�g�h�c �h�[�e�Z�k�l�b. 

 

 

�J�b�k�m�g�h�d 2.4.1.3. �L�b�i�b�q�g�u�_ �h�r�b�[�d�b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �d�Z�d �n�m�g�d�p�b�y 

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

�w�e�_�f�_�g�l�Z�j�g�h�c �h�[�e�Z�k�l�b [180] 

 

�:�g�Z�e�b�a �j�b�k. 2.4.1.3 �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �j�Z�k�q�_�l �k�d�h�j�h�k�l�b �k �f�Z�e�u�f �j�Z�a�f�_�j�h�f 

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

�h�^�b�g�Z�d�h�\�u�o (�g�h�j�f�b�j�h�\�Z�g�g�u�o �g�Z �i�e�h�s�Z�^�v �w�e�_�f�_�g�l�Z�j�g�h�c �h�[�e�Z�k�l�b) �d�h�g�p�_�g�l�j�Z�p�b�y�o 

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

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

�<�u�i�h�e�g�b�\ �\�k�_ �i�h�^�k�q�_�l�u, �m�q�b�l�u�\�Z�y �j�_�d�h�f�_�g�^�Z�p�b�b �f�_�l�h�^�Z [180], �h�i�j�_�^�_�e�_�g�h, 

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

«�l�j�Z�k�k�_�j�h�\» NI �§ 20, �j�Z�a�f�_�j�_ �w�e�_�f�_�g�l�Z�j�g�h�c �h�[�e�Z�k�l�b dx×dy=32×32 �i�b�d�k., �j�Z�a�f�_�j�_ 

�q�Z�k�l�b�p �g�Z �b�a�h�[�j�Z�`�_�g�b�b �b �b�o �k�f�_�s�_�g�b�b �g�_ �[�h�e�_�_ 2–3 �b 1–1,5 �i�b�d�k. �i�h�]�j�_�r�g�h�k�l�b 
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�b�a�f�_�j�_�g�b�y �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v �\ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �g�_ �i�j�_�\�u�k�b�e�b 2 % [41, 

186-189]. 

 

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

 

�I�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y �^�b�Z�f�_�l�j�Z �f�_�l�h�^�h�f �i�j�y�f�h�]�h �g�Z�[�e�x�^�_�g�b�y �k�h�]�e�Z�k�g�h 

�f�_�l�h�^�m IPI �h�i�j�_�^�_�e�y�_�l�k�y �h�i�l�b�q�_�k�d�b�f �m�\�_�e�b�q�_�g�b�_�f M0, �b �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �j�Z�a�f�_�j�m 

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

�k�h�k�l�Z�\�e�y�_�l �g�_ �f�_�g�_�_ Spix/M0 [181] (�a�Z �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y �f�_�l�h�^�h�f IPI 

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

�b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�o �i�h�e�h�k). 

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

�j�Z�[�h�l�Z�x�s�_�c �g�Z �h�k�g�h�\�_ �f�_�l�h�^�Z IPI [181]: �h�]�j�Z�g�b�q�_�g�b�y �g�Z �d�h�g�p�_�g�l�j�Z�p�b�x, �j�Z�a�f�_�j �b 

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

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

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

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

�N�h�j�f�m�e�u �^�e�y �h�p�_�g�d�b �^�h�i�m�k�l�b�f�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�u�\�_�^�_�g�u �\ [190]. �H�]�j�Z�g�b�q�_�g�b�_ 

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

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

�g�Z�[�e�x�^�Z�l�v �g�Z �b�a�h�[�j�Z�`�_�g�b�b �f�b�g�b�f�m�f �h�^�g�m �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�m�x �i�h�e�h�k�m. 

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

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

�l�Z�d�`�_ �\ [190]. 

�G�_�k�n�_�j�b�q�g�h�k�l�v �q�Z�k�l�b�p �k�m�s�_�k�l�\�_�g�g�h �\�e�b�y�_�l �g�Z �l�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�y 

�^�b�Z�f�_�l�j�Z. �K�h�]�e�Z�k�g�h [191], �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�c �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 6 % �^�e�y 

�d�Z�i�_�e�v �b 10 % �^�e�y �i�m�a�u�j�_�c �i�j�b �k�h�h�l�g�h�r�_�g�b�b �h�k�_�c �w�e�e�b�i�k�Z 0,9. 

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

�g�Z�[�e�x�^�_�g�b�y. �H�r�b�[�d�Z �\ �h�i�j�_�^�_�e�_�g�b�b �m�]�e�Z �g�Z�[�e�x�^�_�g�b�y �\ 1° �i�j�b�\�h�^�b�l �d �h�r�b�[�d�_ �\ 
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�d�h�w�n�n�b�p�b�_�g�l�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y k �^�h 0,4 %. �H�r�b�[�d�Z 0,01 �\ �i�h�d�Z�a�Z�l�_�e�_ �i�j�_�e�h�f�e�_�g�b�y 

�i�j�b�\�h�^�b�l �d �h�r�b�[�d�_ �^�h 0,23 % �\ k. 

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

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

�g�Z�[�e�x�^�Z�_�f�u�o �i�h�e�h�k (�m�f�_�g�v�r�_�g�b�_ �j�Z�a�f�_�j�Z �q�Z�k�l�b�p�u �b�e�b �_�_ �h�[�j�Z�a�Z). 

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

�k�h�[�e�x�^�_�g�u �j�_�d�h�f�_�g�^�Z�p�b�b [191] �^�e�y �i�j�h�\�_�^�_�g�b�y �b�a�f�_�j�_�g�b�c �^�b�Z�f�_�l�j�h�\ �d�Z�i�_�e�v. 

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

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

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

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

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

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

�j�Z�a�f�_�j�Z �j�Z�k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �^�b�k�d�Z �b �f�b�g�b�f�b�a�Z�p�b�b �h�r�b�[�d�b �d�Z�e�b�[�j�h�\�d�b. �D�h�]�^�Z 

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

�k�h�h�l�\�_�l�k�l�\�b�b �k �j�_�d�h�f�_�g�^�Z�p�b�y�f�b [190]. 

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

�m�q�_�l�h�f �\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o �l�j�_�[�h�\�Z�g�b�c, �g�_ �i�j�_�\�u�k�b�e�Z 2,5 %. 

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

�f�Z�d�k�b�f�Z�e�v�g�u�f �j�Z�a�f�_�j�h�f �d�Z�i�e�b �\ 1000 �f�d�f. �I�h�w�l�h�f�m �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b 

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

�d�j�m�i�g�u�o �d�Z�i�_�e�v �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �Z�e�]�h�j�b�l�f�h�f �b�a �i. 2.2.1, �i�j�b �h�p�_�g�d�_ 

�i�h�]�j�_�r�g�h�k�l�_�c �b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �d�j�m�i�g�u�o (d>1 �f�f ) �d�Z�i�_�e�v �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 

�f�_�l�h�^�b�d�b [42-44]. 

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

�j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v, �h�i�j�_�^�_�e�_�g�g�u�_ �i�h �f�_�l�h�^�b�d�Z�f [42-44], �k�h�k�l�Z�\�b�e�b 10-5 �f . 

�K�e�m�q�Z�c�g�u�_ �i�h�]�j�_�r�g�h�k�l�b �\�u�q�b�k�e�_�g�b�y dx, dy �b dmax �k�h�k�l�Z�\�b�e�b �h�d�h�e�h 6 %. 
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�<�u�\�h�^�u �i�h �\�l�h�j�h�c �]�e�Z�\�_ 

 

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

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

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

�^�\�m�o�n�Z�a�g�u�o �]�Z�a�h- �b �i�Z�j�h�`�b�^�d�h�k�l�g�u�o �i�h�l�h�d�h�\ PIV �b IPI. 

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

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

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

�b�a�\�_�k�l�g�u�o �i�j�b�f�_�g�_�g�b�_�f �h�i�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\ «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b (PIV 

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

�l�\�_�j�^�h�l�_�e�v�g�u�o �e�Z�a�_�j�h�\. 

7. �P�b�d�e�u �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�d�h�j�h�k�l�g�h�c (�^�h 

105 �d�Z�^�j�h�\ �\ �k�_�d�m�g�^�m) �\�b�^�_�h�d�Z�f�_�j�u �b �d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�h�]�h �\�b�^�_�h�d�h�f�i�e�_�d�k�Z 

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

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

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

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

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

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

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

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

�l�Z�d�`�_ �d�h�f�i�h�g�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �`�b�^�d�h�k�l�b). 

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

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

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

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

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

«�d�Z�i�_�e�v�g�u�c �i�h�l�h�d �\�h�^�u – �]�Z�a�h�\�Z�y �k�j�_�^�Z». 

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

�b�k�k�e�_�^�h�\�Z�g�b�c. 
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�=�E�:�<�: 3. �J�?�A�M�E�V�L�:�L�U �W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�O �B�K�K�E�?�>�H�<�:�G�B�C 

�N�:�A�H�<�U�O �I�J�?�<�J�:�S�?�G�B�C �B �>�?�N�H�J�F�:�P�B�B �D�:�I�?�E�V �<�H�>�U, 

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

�L�?�I�E�H�H�;�F�?�G�: 

 

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

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

 

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

�\�u�i�h�e�g�_�g �p�b�d�e �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c [192, 193] �i�h �m�k�l�Z�g�h�\�e�_�g�b�x 

�h�k�g�h�\�g�u�o �h�k�h�[�_�g�g�h�k�l�_�c �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �\�h�^�u (�o�Z�j�Z�d�l�_�j�g�u�_ �j�Z�a�f�_�j�u 3–6 �f�f ) 

�i�j�b �b�o �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�h�c �k�j�_�^�_ �k �m�f�_�j�_�g�g�u�f�b (0,5–5 �f /�k) �k�d�h�j�h�k�l�y�f�b �i�j�b 

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

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

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

�m�f�_�j�_�g�g�u�_ (�f�_�g�_�_ 5 �f /�k) �k�d�h�j�h�k�l�b �b�o �i�_�j�_�f�_�s�_�g�b�y �\ �]�Z�a�h�\�h�c �k�j�_�^�_. �L�Z�d, 

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

�j�Z�a�e�b�q�g�u�o �n�h�j�f (�k�n�_�j�Z, �w�e�e�b�i�k�h�b�^, «�[�e�b�g» �b �^�j�m�]�b�_ �d�h�g�n�b�]�m�j�Z�p�b�b) �i�j�b 

�^�\�b�`�_�g�b�b �h�l �^�h�a�Z�l�h�j�Z 11 �^�h �m�e�h�\�b�l�_�e�y 13 (�j�b�k. 2.2.1). 

�G�Z �j�b�k. 3.1.1 �i�j�_�^�k�l�Z�\�e�_�g�u �l�b�i�b�q�g�u�_ �^�e�y �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 

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

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

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

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

�^�_�k�y�l�b �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �n�h�j�f (�j�b�k. 3.1.1), �Z �i�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �^�e�y 

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

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

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

�J�b�k�m�g�h�d 3.1.1. �B�a�h�[�j�Z�`�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �\ �i�_�j�\�h�f (�Z) �b �l�j�_�l�v�_�f (�[) «�p�b�d�e�Z�o 

�^�_�n�h�j�f�Z�p�b�b» �i�j�b d0�§5 �f�f  �b u0�§0,5 �f /�k 
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�M�k�l�Z�g�h�\�e�_�g�g�u�_ �m�k�l�h�c�q�b�\�u�_ �n�h�j�f�u �b �o�Z�j�Z�d�l�_�j�g�h�_ �\�j�_�f�y �i�_�j�\�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �\�h�^�u �k d0�§5 �f�f  �o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �k �j�_�a�m�e�v�l�Z�l�Z�f�b 

�w�d�k�i�_�j�b�f�_�g�l�h�\ [46]. �L�Z�d, �g�Z�i�j�b�f�_�j, �a�g�Z�q�_�g�b�y td �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o [46] �i�j�b 

�b�^�_�g�l�b�q�g�u�o �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �k�h�k�l�Z�\�b�e�b �h�d�h�e�h 38 �f�k �i�j�b �k�\�h�[�h�^�g�h�f �i�Z�^�_�g�b�b 

(�\ �i�j�h�\�_�^�_�g�g�u�o �h�i�u�l�Z�o �k �d�Z�i�e�y�f�b �\�h�^�u �i�h�e�m�q�_�g�h �\�j�_�f�y td�§36 �f�k �\ �i�_�j�\�h�f �p�b�d�e�_ 

(�j�b�k. 3.1.1)). �:�g�Z�e�b�a �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �m�k�l�Z�g�h�\�e�_�g�g�u�_ �h�l�e�b�q�b�y td �h�l �^�Z�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�h�\ [46] �f�h�]�m�l �[�u�l�v �\�u�a�\�Z�g�u �d�Z�d �g�_�[�h�e�v�r�b�f �j�Z�k�o�h�`�^�_�g�b�_�f �k�d�h�j�h�k�l�_�c 

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

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

�j�_�]�b�k�l�j�Z�p�b�b �i�Z�j�Z�f�_�l�j�h�\. 

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

«�j�_�`�b�f�Z �^�_�n�h�j�f�Z�p�b�b», �h�l�e�b�q�Z�x�s�b�_�k�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b �n�h�j�f�Z�f�b �d�Z�i�_�e�v (�j�b�k. 

3.1.2). �I�j�b �j�_�Z�e�b�a�Z�p�b�b �i�_�j�\�h�]�h (�j�b�k. 3.1.2, �Z), �d�Z�i�e�y �b�a �g�Z�q�Z�e�v�g�h�]�h �k�h�k�l�h�y�g�b�y, 

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

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

�i�h�\�l�h�j�y�x�l�k�y). �<�l�h�j�h�c (�j�b�k. 3.1.2, �[) �j�_�`�b�f �f�h�`�g�h �g�Z�a�\�Z�l�v «�\�j�Z�s�Z�l�_�e�v�g�u�f» 

(�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h �\�j�Z�s�_�g�b�_ �d�Z�i�e�b �\ �n�h�j�f�_ �w�e�e�b�i�k�h�b�^�Z �h�l�g�h�k�b�l�_�e�v�g�h �k�\�h�_�]�h 

�p�_�g�l�j�Z �f�Z�k�k �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y). 

�H�k�g�h�\�g�h�c �i�j�b�q�b�g�h�c �j�_�Z�e�b�a�Z�p�b�b �\�u�y�\�e�_�g�g�u�o «�j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b» 

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

11 (�j�b�k. 2.2.1) �\ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o. �I�j�b «�b�^�_�Z�e�v�g�h�f» �\�_�j�l�b�d�Z�e�v�g�h�f 

�b�k�i�m�k�d�Z�g�b�b �d�Z�i�_�e�v �j�_�Z�e�b�a�m�_�l�k�y �i�_�j�\�u�c �j�_�`�b�f (�j�b�k. 3.1.2, �Z). �I�j�b �g�Z�e�b�q�b�b �^�Z�`�_ 

�g�_�[�h�e�v�r�h�]�h �h�l�d�e�h�g�_�g�b�y (�[�h�e�_�_ 20) �m�]�e�Z �g�Z�d�e�h�g�Z �b�k�i�m�k�d�Z�x�s�_�]�h �d�Z�g�Z�e�Z �^�h�a�Z�l�h�j�Z 

�h�l�g�h�k�b�l�_�e�v�g�h �g�h�j�f�Z�e�b �d �h�k�g�h�\�Z�g�b�x �m�e�h�\�b�l�_�e�y 13 �j�_�Z�e�b�a�m�_�l�k�y �\�l�h�j�h�c �j�_�`�b�f (�j�b�k. 

3.1.2, �[). �D�j�h�f�_ �l�h�]�h, �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �i�h�\�u�r�_�g�b�b �^�Z�\�e�_�g�b�y �\ �_�f�d�h�k�l�b 9 (�j�b�k. 

2.2.1) �b �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�h�^�Z�q�b �d�Z�i�_�e�v �^�h�a�Z�l�h�j�h�f 11 �^�h �q�Z�k�l�h�l�u �[�h�e�_�_ 1 �d�Z�i�e�b �\ 

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

«�j�_�`�b�f�h�f �^�_�n�h�j�f�Z�p�b�b». �L�Z�d �d�Z�d �\ �j�_�Z�e�v�g�h�c �i�j�Z�d�l�b�d�_ �d�Z�i�e�b �\ �j�Z�a�e�b�q�g�u�o 

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�Z�o �b �i�j�b�e�h�`�_�g�b�y�o (�g�Z�i�j�b�f�_�j, �i�h�e�b�^�b�k�i�_�j�k�g�u�_ 
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�d�Z�i�_�e�v�g�u�_ �i�h�l�h�d�b �l�m�r�Z�s�b�o �`�b�^�d�h�k�l�_�c [119, 194, 195], �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�_ 

�l�_�i�e�h�g�h�k�b�l�_�e�b [52, 115], �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�_ �k�f�_�k�b �^�e�y �j�Z�a�f�h�j�Z�`�b�\�Z�g�b�y 

�k�u�i�m�q�b�o �k�j�_�^ [117, 118]) �b�k�i�m�k�d�Z�x�l�k�y, �d�Z�d �i�j�Z�\�b�e�h, �o�Z�h�l�b�q�g�h �b �^�h�k�l�Z�l�h�q�g�h 

�b�g�l�_�g�k�b�\�g�h, �l�h �\�l�h�j�h�c �j�_�`�b�f (�j�b�k. 3.1.2, �[) �^�h�e�`�_�g �j�_�Z�e�b�a�h�\�u�\�Z�l�v�k�y �k�m�s�_�k�l�\�_�g�g�h 

�q�Z�s�_. 

 

  

�Z      �[ 

�J�b�k�m�g�h�d 3.1.2. �M�k�e�h�\�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �i�j�b �j�_�Z�e�b�a�Z�p�b�b �i�_�j�\�h�]�h 

(�Z) �b �\�l�h�j�h�]�h (�[) «�j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b» 

 

�G�Z �j�b�k. 3.1.3 �b 3.1.4 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g td 

«�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�Z�a�f�_�j�h�\ d0 �b �k�d�h�j�h�k�l�_�c u �^�\�b�`�_�g�b�y 

�d�Z�i�_�e�v �\�h�^�u �i�j�b �j�_�Z�e�b�a�Z�p�b�b �\�l�h�j�h�]�h «�^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �j�_�`�b�f�Z». �M�k�l�Z�g�h�\�e�_�g�h, 
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�q�l�h �i�j�b �j�_�Z�e�b�a�Z�p�b�b �e�x�[�h�]�h �b�a «�j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b» �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z 

«�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» td �b�a�f�_�g�y�x�l�k�y �k �j�h�k�l�h�f �j�Z�a�f�_�j�h�\ �b �k�d�h�j�h�k�l�_�c 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v. 

 

 

�J�b�k�m�g�h�d 3.1.3. �A�Z�\�b�k�b�f�h�k�l�b �\�j�_�f�_�g td �h�l �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v �i�j�b �j�Z�a�e�b�q�g�u�o 

�a�g�Z�q�_�g�b�y�o d0: 1 – �^�e�y d0 �§ 3,4 �f�f ; 2 – �^�e�y d0 �§ 4,6 �f�f ; 3 – �^�e�y d0 �§ 5,8 �f�f  

 

�L�Z�d, �i�j�b u�§1 �f /�k, d0�§3 �f�f  �\�j�_�f�_�g�Z td �k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 0,025 �k. �K �j�h�k�l�h�f u 

�^�h 5 �f /�k (d0�§3 �f�f ) �a�g�Z�q�_�g�b�y td �m�f�_�g�v�r�Z�x�l�k�y �^�h 0,015 �k. �I�j�b �i�h�\�u�r�_�g�b�b d0 �^�h 6 �f�f  

�a�g�Z�q�_�g�b�y td �m�\�_�e�b�q�b�\�Z�x�l�k�y (�i�j�b u�§1 �f /�k �h�g�b �k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 0,045 �k, �Z �i�j�b u�§5 

�f /�k – �k�g�b�`�Z�x�l�k�y �^�h 0,038 �k). �W�l�h�l �j�_�a�m�e�v�l�Z�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �i�j�b 

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

�l�j�_�g�b�y �b �k�h�i�j�h�l�b�\�e�_�g�b�y. �W�l�b �k�b�e�u �k�h�i�h�k�l�Z�\�b�f�u �k �k�b�e�Z�f�b �i�h�\�_�j�o�g�h�k�l�g�h�]�h 

�g�Z�l�y�`�_�g�b�y (�\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �q�b�k�e�Z �<�_�[�_�j�Z We �g�_ �i�j�_�\�u�r�Z�e�b 7). �D�Z�d �k�e�_�^�k�l�\�b�_, 

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

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

�^�_�n�h�j�f�Z�p�b�b. �W�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v �\�u�a�u�\�Z�_�l �k�g�b�`�_�g�b�_ �o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g td. 

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

�a�Z�f�_�^�e�y�_�l �i�j�h�p�_�k�k�u �b�a�f�_�g�_�g�b�y �n�h�j�f�u – �\�j�_�f�_�g�Z td �i�h�\�u�r�Z�x�l�k�y. 

 

 

�J�b�k�m�g�h�d 3.1.4. �A�Z�\�b�k�b�f�h�k�l�b �\�j�_�f�_�g td �h�l �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �i�j�b �j�Z�a�e�b�q�g�u�o 

�a�g�Z�q�_�g�b�y�o u: 1 – �^�e�y u �§ 1,3 �f /�k; 2 – �^�e�y u �§ 2,9 �f /�k; 3 – �^�e�y u �§ 4,7 �f /�k 

 

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

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

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

�q�l�h �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z «�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» td �\ �j�Z�f�d�Z�o �\�l�h�j�h�]�h �j�_�`�b�f�Z 

�i�j�_�\�u�r�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�c �i�h�d�Z�a�Z�l�_�e�v �^�e�y �i�_�j�\�h�]�h «�j�_�`�b�f�Z �^�_�n�h�j�f�Z�p�b�b» �g�Z 10–15 

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

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

�b�k�k�e�_�^�m�_�f�u�f �j�_�`�b�f�Z�f. �< [196] �i�h�d�Z�a�Z�g�h, �q�l�h �w�l�b �k�b�e�u �f�Z�d�k�b�f�Z�e�v�g�u �^�e�y �d�Z�i�_�e�v �\ 
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�n�h�j�f�_ «�[�e�b�g�h�\» �b �f�b�g�b�f�Z�e�v�g�u �^�e�y �k�n�_�j. �>�e�y �\�l�h�j�h�]�h «�j�_�`�b�f�Z �^�_�n�h�j�f�Z�p�b�b» 

�g�Z�b�[�h�e�_�_ �l�b�i�b�q�g�h�c �f�h�`�g�h �k�q�b�l�Z�l�v �n�h�j�f�m �w�e�e�b�i�k�h�b�^�Z (�j�b�k. 3.1.2, �[), 

�\�j�Z�s�Z�x�s�_�]�h�k�y �h�l�g�h�k�b�l�_�e�v�g�h �k�\�h�_�]�h �p�_�g�l�j�Z �f�Z�k�k. �>�e�y �l�Z�d�b�o �n�h�j�f �k�b�e�u 

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

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

�k�h�i�j�h�l�b�\�e�_�g�b�y, �[�h�e�v�r�_ �^�e�y �\�l�h�j�h�]�h (�j�b�k. 3.1.2, �[) �j�_�`�b�f�Z �i�h �k�j�Z�\�g�_�g�b�x �k �i�_�j�\�u�f 

(�j�b�k. 3.1.2, �Z), �l�h �b �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z td �i�j�_�\�u�r�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�_ �i�Z�j�Z�f�_�l�j�u 

�^�e�y �i�_�j�\�h�]�h �j�_�`�b�f�Z.  

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

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y, �h�i�b�k�u�\�Z�x�s�b�_ �a�Z�\�b�k�b�f�h�k�l�b �\�j�_�f�_�g td �h�l 

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

 

td = 0,0136·exp(0,1932·d0) �i�j�b u�§1 �f /�k, 3<d0<6 �f�f ;    (3.1.1) 

td = 0,0071·exp(0,2905·d0) �i�j�b u�§3 �f /�k, 3<d0<6 �f�f ;    (3.1.2) 

td = 0,0039·exp(0,3752·d0) �i�j�b u�§5 �f /�k, 3<d0<6 �f�f ;    (3.1.3) 

td = 0,0301·exp(-0,11·u) �i�j�b d0�§4 �f�f , 1<u<5 �f /�k;    (3.1.4) 

td = 0,0384·exp(-0,073·u) �i�j�b d0�§5 �f�f , 1<u<5 �f /�k;    (3.1.5) 

td = 0,0456·exp(-0,045·u) �i�j�b d0�§6 �f�f , 1<u<5 �f /�k.    (3.1.6) 

 

�I�j�b �Z�g�Z�e�b�a�_ �b�a�f�_�g�_�g�b�c �n�h�j�f �d�Z�i�_�e�v �\ �i�j�_�^�_�e�Z�o �d�Z�`�^�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �m�k�l�Z�g�h�\�e�_�g�Z �a�Z�d�h�g�h�f�_�j�g�h�k�l�v, �a�Z�d�e�x�q�Z�x�s�Z�y�k�y �\ �j�Z�a�e�b�q�b�y�o 

�b�g�l�_�j�\�Z�e�h�\ �\�j�_�f�_�g�b �i�_�j�_�o�h�^�Z �h�l �k�n�_�j�b�q�_�k�d�b�o �n�h�j�f �d �w�e�e�b�i�k�h�b�^�Z�e�v�g�u�f (�b 

�g�Z�h�[�h�j�h�l). �>�Z�g�g�Z�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �o�Z�j�Z�d�l�_�j�g�Z �d�Z�d �i�_�j�_�o�h�^�Z�f �d �n�h�j�f�Z�f 

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

�g�Z�i�j�Z�\�e�_�g�b�b. �G�Z�i�j�b�f�_�j, �g�Z �j�b�k. 3.1.5 �i�j�_�^�k�l�Z�\�e�_�g�u �b�g�l�_�j�\�Z�e�u �\�j�_�f�_�g�b (�ût) 

�f�_�`�^�m �o�Z�j�Z�d�l�_�j�g�u�f�b �n�h�j�f�Z�f�b (�i�h�d�Z�a�Z�g�u �m�k�e�h�\�g�h) �d�Z�i�e�b �\�h�^�u �j�Z�a�f�_�j�h�f d0�§5 �f�f  

�\ �h�^�g�h�f �b�a �l�b�i�b�q�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» (�i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �i�y�l�b 

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

�i�h�j�y�^�d�h�\�u�c �g�h�f�_�j �n�h�j�f�u �d�Z�i�e�b �\ �p�b�d�e�_.  
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�J�b�k�m�g�h�d 3.1.5. �B�g�l�_�j�\�Z�e�u �\�j�_�f�_�g�b �f�_�`�^�m �o�Z�j�Z�d�l�_�j�g�u�f�b �n�h�j�f�Z�f�b �d�Z�i�_�e�v �\�h�^�u �\ 

�i�j�_�^�_�e�Z�o �q�_�l�\�_�j�l�h�]�h «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b» �i�j�b u �§ 3 �f /�k �b d0 �§ 5 �f�f  (1–5 – 

�i�h�j�y�^�d�h�\�u�_ �g�h�f�_�j�Z �w�d�k�i�_�j�b�f�_�g�l�h�\) 

 

�<�b�^�g�h (�j�b�k. 3.1.5), �q�l�h �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ �h�l �k�n�_�j�b�q�_�k�d�b�o �d�Z�i�_�e�v �d 

�w�e�e�b�i�k�h�b�^�Z�e�v�g�u�f �g�Z 18–30 % �[�h�e�v�r�_, �q�_�f �\�j�_�f�_�g�Z, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �h�[�j�Z�l�g�u�_ 

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

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

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

�B�a�\�_�k�l�g�h [196–199], �q�l�h �k�b�e�u �k�h�i�j�h�l�b�\�e�_�g�b�y, �^�_�c�k�l�\�m�x�s�b�_ �g�Z �d�Z�i�e�b �b�e�b �l�\�_�j�^�u�_ 

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

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

«�l�h�j�f�h�`�_�g�b�_» �]�Z�a�h�\�h�c �k�j�_�^�h�c �d�Z�i�_�e�v �\ �n�h�j�f�_ �w�e�e�b�i�k�h�b�^�h�\ �i�j�h�b�k�o�h�^�b�l 

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

�d�Z�i�_�e�v �i�h� ̂�^�_�c�k�l�\�b�_�f �k�b�e�u �l�y�`�_�k�l�b �b �j�h�k�l�m �ût �^�e�y �i�_�j�_�o�h�^�Z «�k�n�_�j�Z – �w�e�e�b�i�k�h�b�^». 

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

�m�k�d�h�j�y�_�l�k�y – �\�j�_�f�y �ût �m�f�_�g�v�r�Z�_�l�k�y. �K �m�\�_�e�b�q�_�g�b�_�f �q�b�k�e�Z �i�j�h�c�^�_�g�g�u�o «�p�b�d�e�h�\ 

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

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

�k�i�b�j�l�Z �b �d�_�j�h�k�b�g�Z). 

�>�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�h�\ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v 

�n�b�a�b�q�_�k�d�b�o �b �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k�Z�f�h�c �`�b�^�d�h�k�l�b �[�u�e �i�j�h�\�_�^�_�g �j�y� ̂

�Z�g�Z�e�h�]�b�q�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �\ �d�h�l�h�j�u�o �\ �d�Z�q�_�k�l�\�_ �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �i�h�h�q�_�j�_�^�g�h �d�_�j�h�k�b�g �b �w�l�b�e�h�\�u�c �k�i�b�j�l. �L�Z�d, �g�Z�i�j�b�f�_�j, �^�e�y �d�Z�i�_�e�v 

�d�_�j�h�k�b�g�Z �\�u�y�\�e�_�g�h, �q�l�h �i�j�b u�§1 �f /�k �b d0�§3 �f�f  �\�j�_�f�_�g�Z td �k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 23 �f�k. 

�K �j�h�k�l�h�f u �^�h 5 �f /�k (d0�§3 �f�f ) �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b �p�b�d�e�h�\ �m�f�_�g�v�r�Z�x�l�k�y �b �g�_ 

�i�j�_�\�u�r�Z�x�l 18 �f�k. �I�j�b �m�\�_�e�b�q�_�g�b�b d0 �^�h 4 �f�f  �a�g�Z�q�_�g�b�y td �\�h�a�j�Z�k�l�Z�x�l (�i�j�b u�§1 �f /�k 

�h�g�b �k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 35 �f�k, �Z �i�j�b u�§5 �f /�k �k�g�b�`�Z�x�l�k�y �^�h 24 �f�k). �O�Z�j�Z�d�l�_�j 

�\�e�b�y�g�b�y �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �g�Z �m�k�e�h�\�b�y �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z 

�Z�g�Z�e�h�]�b�q�_�g. �G�Z �j�b�k. 3.1.6 �i�j�b�\�_�^�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �\�j�_�f�_�g «�^�_�n�h�j�f�Z�p�b�h�g�g�u�o 

�p�b�d�e�h�\» �h�l �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �`�b�^�d�h�k�l�_�c �\ �m�k�e�h�\�b�y�o 

�m�f�_�j�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j. 

 

 

�J�b�k�m�g�h�d 3.1.6. �A�Z�\�b�k�b�f�h�k�l�b �\�j�_�f�_�g td �h�l �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �i�j�b u �§ 2 �f /�k: 1 – �\�h�^�Z, 2 

– �d�_�j�h�k�b�g, 3 – �w�l�b�e�h�\�u�c �k�i�b�j�l 
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�G�Z �j�b�k. 3.1.7 �i�j�_�^�k�l�Z�\�e�_�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u 

�d�Z�i�_�e�v �b�k�k�e�_�^�h�\�Z�g�g�u�o �`�b�^�d�h�k�l�_�c �d �^�j�m�]�h�c �\ �j�Z�f�d�Z�o �g�_�k�d�h�e�v�d�b�o 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b». 

 

 

 
�Z 
 

 
�[ 
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�J�b�k�m�g�h�d 3.1.7. �O�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v �\�h�^�u (1), 

�d�_�j�h�k�b�g�Z (2) �b �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z (3) �d �^�j�m�]�h�c �i�j�b �i�j�h�o�h�`�^�_�g�b�b �b�f�b �\ �\�h�a�^�m�o�_ 

�j�Z�k�k�l�h�y�g�b�y 1 �f  (d0 �§ 4 �f�f  �b u0 �§ 0,5 �f /�k): �Z – «�g�Z�q�Z�e�v�g�u�c �m�q�Z�k�l�h�d», �[ – «�k�j�_�^�b�g�g�u�c 

�m�q�Z�k�l�h�d», �\ – «�d�h�g�_�q�g�u�c �m�q�Z�k�l�h�d» 

 

�D�j�h�f�_ �l�h�]�h, �\ �o�h�^�_ �Z�g�Z�e�b�a�Z �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\ �d�Z�q�_�k�l�\�_ �n�m�g�d�p�b�c 

�p�_�e�b �i�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�f�b�f�h �o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g td 

�i�j�b�g�y�l�u �_�s�_ 3 �i�Z�j�Z�f�_�l�j�Z, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �b�a�f�_�g�_�g�b�_ �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\ 

�i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y: dx – �f�Z�d�k�b�f�Z�e�v�g�u�c �i�h�i�_�j�_�q�g�u�c (�h�l�g�h�k�b�l�_�e�v�g�h �g�Z�i�j�Z�\�e�_�g�b�y 

�^�\�b�`�_�g�b�y) �j�Z�a�f�_�j �d�Z�i�e�b, �f�f ; dy – �f�Z�d�k�b�f�Z�e�v�g�u�c �i�j�h�^�h�e�v�g�u�c �j�Z�a�f�_�j �d�Z�i�e�b, �f�f ; 

dmax – �Z�[�k�h�e�x�l�g�u�c �f�Z�d�k�b�f�Z�e�v�g�u�c �j�Z�a�f�_�j �d�Z�i�e�b, �f�f . �I�j�b �w�l�h�f �\�u�q�b�k�e�y�e�b�k�v 

�b�a�f�_�g�_�g�b�y dx, dy �b dmax �h�l�g�h�k�b�l�_�e�v�g�h �a�g�Z�q�_�g�b�y d0: 

�¨x=(dx – d0)/d0, 

�¨y=(dy – d0)/d0, 

�¨max=(dmax – d0)/d0. 

�G�Z �j�b�k. 3.1.8 �b 3.1.9 �i�j�_�^�k�l�Z�\�e�_�g�u �l�b�i�b�q�g�u�_ �^�e�y �i�j�h�\�_�^�_�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �a�g�Z�q�_�g�b�y �Z�f�i�e�b�l�m�^ �¨x, �¨y �b �¨max �\ �i�j�_�^�_�e�Z�o �h�^�g�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �b�k�k�e�_�^�h�\�Z�g�g�u�o �`�b�^�d�h�k�l�_�c. �< �i�_�j�\�m�x �h�q�_�j�_�^�v �k�e�_�^�m�_�l 
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�h�l�f�_�l�b�l�v �Z�k�k�b�f�_�l�j�b�q�g�u�c �o�Z�j�Z�d�l�_�j �l�j�Z�g�k�n�h�j�f�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v (�¨x�•�¨y) – 

�j�_�Z�e�b�a�m�_�l�k�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y (�l�j�_�o�f�_�j�g�Z�y) �^�_�n�h�j�f�Z�p�b�y. �W�l�h�l �j�_�a�m�e�v�l�Z�l 

�i�h�a�\�h�e�y�_�l �h�[�t�y�k�g�b�l�v �^�h�\�h�e�v�g�h �[�h�e�v�r�h�_ �q�b�k�e�h �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �n�h�j�f �d�Z�i�_�e�v �\ 

�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�o �p�b�d�e�Z�o (�j�b�k. 3.1.1). 

 

 

�Z 

 

�[ 
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�\ 

�J�b�k�m�g�h�d 3.1.8. �A�g�Z�q�_�g�b�y �¨x (1) �b �¨y (2) �\ �i�_�j�\�h�f «�p�b�d�e�_ �^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v 

�`�b�^�d�h�k�l�_�c �i�j�b d0 �§ 4,5 �f�f  �b u0 �§ 1 �f /�k: �Z – �\�h�^�Z, �[ – �d�_�j�h�k�b�g, �\ – �w�l�b�e�h�\�u�c �k�i�b�j�l 

 

 

�Z 
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�[ 

 

�\ 

�J�b�k�m�g�h�d 3.1.9. �A�g�Z�q�_�g�b�y �¨max �\ �i�_�j�\�h�f (1), �l�j�_�l�v�_�f (2)  �b �i�y�l�h�f (3)  «�p�b�d�e�Z�o 

�^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �i�j�b d0 �§ 5 �f�f  �b u0 �§ 0,5 �f /�k: �Z – �\�h�^�Z, �[ – �d�_�j�h�k�b�g, 

�\ – �w�l�b�e�h�\�u�c �k�i�b�j�l 
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�M�k�l�Z�g�h�\�e�_�g�g�u�_ �w�n�n�_�d�l�u, �k�\�y�a�Z�g�g�u�_ �k �\�u�i�h�e�g�_�g�b�_�f �m�k�e�h�\�b�y �¨x�•�¨y, 

�i�h�a�\�h�e�y�x�l �h�[�t�y�k�g�b�l�v �d�h�e�_�[�Z�l�_�e�v�g�u�c �o�Z�j�Z�d�l�_�j �k�g�b�`�_�g�b�y �\�j�_�f�_�g �i�_�j�_�o�h�^�Z �h�l 

�h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v �d �^�j�m�]�h�c �g�Z �j�b�k. 3.1.7. �I�j�b �w�l�h�f �b�a �Z�g�Z�e�b�a�Z �b�a�f�_�g�_�g�b�y 

�Z�f�i�e�b�l�m�^ �¨x, �¨y �b �¨max �\ �i�j�_�^�_�e�Z�o �]�j�m�i�i�u �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o «�p�b�d�e�h�\ 

�^�_�n�h�j�f�Z�p�b�b» �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �i�j�b �j�_�Z�e�b�a�Z�p�b�b �\�l�h�j�h�]�h «�j�_�`�b�f�Z 

�^�_�n�h�j�f�Z�p�b�b» �j�h�e�v �Z�k�b�f�f�_�l�j�b�b �[�h�e�_�_ �a�g�Z�q�b�f�Z (�\�k�e�_�^�k�l�\�b�_ �\�j�Z�s�_�g�b�y �d�Z�i�e�b) �\ 

�h�l�g�h�r�_�g�b�b �b�a�f�_�g�_�g�b�y �i�Z�j�Z�f�_�l�j�Z td. 

�G�Z �j�b�k. 3.1.8 �b 3.1.9 �l�Z�d�`�_ �\�b�^�g�h, �q�l�h �Z�f�i�e�b�l�m�^�u �i�j�h�p�_�k�k�h�\ �^�_�n�h�j�f�Z�p�b�b 

�b�k�k�e�_�^�h�\�Z�g�g�u�o �`�b�^�d�h�k�l�_�c (�\�h�^�Z, �d�_�j�h�k�b�g, �w�l�b�e�h�\�u�c �k�i�b�j�l) �^�h�\�h�e�v�g�h �a�g�Z�q�b�l�_�e�v�g�h 

�h�l�e�b�q�Z�x�l�k�y. �I�Z�j�Z�f�_�l�j �¨max (�j�b�k. 3.1.9) �^�e�y �\�h�^�u �^�h�k�l�b�]�Z�e �\�_�e�b�q�b�g�u 0,2, �d�_�j�h�k�b�g�Z 

– 0,28, �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z – 0,24. 

�<�u�i�h�e�g�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �l�Z�d�`�_ �i�h�d�Z�a�Z�e�b, �q�l�h �k �j�h�k�l�h�f �k�d�h�j�h�k�l�_�c 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v (�d�Z�d �k�e�_�^�k�l�\�b�_, �q�b�k�e�Z �i�j�h�c�^�_�g�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b») 

�a�g�Z�q�_�g�b�y �¨x, �¨y �b �¨max �\�h�a�j�Z�k�l�Z�x�l. �I�j�b �m�\�_�e�b�q�_�g�b�b �`�_ �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ 

�a�g�Z�q�_�g�b�y �¨x, �¨y �b �¨max �g�_�k�d�h�e�v�d�h �k�g�b�`�Z�x�l�k�y �\�k�e�_�^�k�l�\�b�_ �\�h�a�j�Z�k�l�Z�g�b�y �f�Z�k�k�u �d�Z�i�_�e�v 

�b �a�Z�f�_�^�e�_�g�b�y �i�j�h�p�_�k�k�Z �b�o �^�_�n�h�j�f�Z�p�b�b �\ �p�_�e�h�f. 

�M�k�l�Z�g�h�\�e�_�g�g�u�_ �i�j�b �h�[�j�Z�[�h�l�d�_ �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �h�l�e�b�q�b�y 

�h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d (�¨x, �¨y, �¨max, td) «�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» (�j�b�k. 3.1.6 – 

3.1.9) �^�e�y �d�Z�i�_�e�v �\�h�^�u, �d�_�j�h�k�b�g�Z �b �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z �i�j�b �b�^�_�g�l�b�q�g�u�o �k�d�h�j�h�k�l�y�o 

�^�\�b�`�_�g�b�y �b �j�Z�a�f�_�j�Z�o �d�Z�i�_�e�v �h�[�m�k�e�h�\�e�_�g�u �j�Z�a�e�b�q�b�_�f [200-202] �n�b�a�b�q�_�k�d�b�o 

�k�\�h�c�k�l�\ �w�l�b�o �`�b�^�d�h�k�l�_�c (�\ �q�Z�k�l�g�h�k�l�b, �^�b�g�Z�f�b�q�_�k�d�h�c �\�y�a�d�h�k�l�b ��, �i�e�h�l�g�h�k�l�b �! �b 

�i�h�\�_�j�o�g�h�k�l�g�h�]�h �g�Z�l�y�`�_�g�b�y �1). �L�Z�d, �g�Z�i�j�b�f�_�j, �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �a�g�Z�q�_�g�b�y td �b ld 

�^�e�y �d�Z�i�_�e�v �d�_�j�h�k�b�g�Z �b �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z �h�l�e�b�q�Z�x�l�k�y �g�_ �[�h�e�_�_, �q�_�f �g�Z 5 %. �< �l�h�`�_ 

�\�j�_�f�y �f�h�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �\�j�_�f�_�g�Z td �^�e�y �d�_�j�h�k�b�g�Z �g�b�`�_ �b, �d�Z�d �k�e�_�^�k�l�\�b�_, 

�a�g�Z�q�_�g�b�y ld �[�h�e�v�r�_, �q�_�f �^�e�y �w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z �\�h �\�k�_�o �w�d�k�i�_�j�b�f�_�g�l�Z�o (�l.�_. �f�h�`�g�h 

�k�^�_�e�Z�l�v �\�u�\�h�^ �h �g�_�d�h�l�h�j�h�c �a�Z�d�h�g�h�f�_�j�g�h�k�l�b). �<�y�a�d�h�k�l�b �b �i�e�h�l�g�h�k�l�b �w�l�b�o 

�`�b�^�d�h�k�l�_�c �^�h�\�h�e�v�g�h �[�e�b�a�d�b (�h�l�e�b�q�b�y 4–7 %). �G�_�[�h�e�v�r�h�_ �k�g�b�`�_�g�b�_ td �^�e�y �d�Z�i�_�e�v 

�d�_�j�h�k�b�g�Z �i�h �k�j�Z�\�g�_�g�b�x �k �w�l�b�e�h�\�u�f �k�i�b�j�l�h�f �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �k�i�b�j�l 

�b�f�_�_�l �d�h�w�n�n�b�p�b�_�g�l �i�h�\�_�j�o�g�h�k�l�g�h�]�h �g�Z�l�y�`�_�g�b�y �1 �g�Z 17–25 % �[�h�e�v�r�_, �q�_�f �m 
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�d�_�j�h�k�b�g�Z. �>�e�y �\�h�^�u �i�Z�j�Z�f�_�l�j �1 �\ �^�\�Z–�l�j�b �j�Z�a�Z �i�j�_�\�u�r�Z�_�l �a�g�Z�q�_�g�b�y �1 �d�_�j�h�k�b�g�Z �b 

�w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z. �D�Z�d �k�e�_�^�k�l�\�b�_, �\�j�_�f�_�g�Z td �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �\�h�^�h�c �k�m�s�_�k�l�\�_�g�g�h 

�f�_�g�v�r�_, �q�_�f �a�g�Z�q�_�g�b�y td �^�e�y �d�Z�i�_�e�v �k�i�b�j�l�Z �b �d�_�j�h�k�b�g�Z �i�j�b �b�^�_�g�l�b�q�g�u�o �m�k�e�h�\�b�y�o 

(�j�b�k. 3.1.6). 

�I�j�b �k�j�Z�\�g�_�g�b�b �Z�f�i�e�b�l�m�^ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �l�j�_�o 

�`�b�^�d�h�k�l�_�c (�j�b�k. 3.1.8, 3.1.9) �l�Z�d�`�_ �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �^�h�\�h�e�v�g�h �[�e�b�a�d�b�o 

�a�g�Z�q�_�g�b�y�o �¨x, �¨y �b �¨max �^�e�y �d�_�j�h�k�b�g�Z �b �k�i�b�j�l�Z, �Z �l�Z�d�`�_ �f�_�g�v�r�b�o �i�h �k�j�Z�\�g�_�g�b�x �k 

�w�l�b�f�b �`�b�^�d�h�k�l�y�f�b �a�g�Z�q�_�g�b�y�o �Z�f�i�e�b�l�m�^ �^�_�n�h�j�f�Z�p�b�b �\�h�^�y�g�u�o �d�Z�i�_�e�v. 

�M�k�l�Z�g�h�\�e�_�g�g�Z�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �l�Z�d�`�_ �h�[�m�k�e�h�\�e�_�g�Z �d�j�Z�l�g�h �[�h�e�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b 

�1 �\�h�^�u �i�h �k�j�Z�\�g�_�g�b�x �k�h �k�i�b�j�l�h�f �b �d�_�j�h�k�b�g�h�f [200-202]. 

�>�h�k�l�Z�l�h�q�g�h �m�f�_�j�_�g�g�h�_ �\�e�b�y�g�b�_ �\�y�a�d�h�k�l�b �b �i�e�h�l�g�h�k�l�b �`�b�^�d�h�k�l�_�c �g�Z 

�o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o 

[46] �k �\�h�^�h�]�e�b�p�_�j�b�g�h�\�u�f�b �d�Z�i�e�y�f�b (�i�e�h�l�g�h�k�l�v �b�a�f�_�g�y�e�Z�k�v �\ 1,5 �j�Z�a�Z, �Z �\�y�a�d�h�k�l�v 

�g�Z �g�_�k�d�h�e�v�d�h �i�h�j�y�^�d�h�\ �a�Z �k�q�_�l �i�h�\�u�r�_�g�b�y �f�Z�k�k�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �q�Z�k�l�b�p 

�]�e�b�p�_�j�b�g�Z �\ �d�Z�i�e�y�o �\�h�^�u). �I�h�w�l�h�f�m, �b�k�o�h�^�y �b�a �Z�g�Z�e�b�a�Z �j�_�a�m�e�v�l�Z�l�h�\ �\�u�i�h�e�g�_�g�g�u�o 

�b�k�k�e�_�^�h�\�Z�g�b�c �b �^�Z�g�g�u�o [203], �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �h�i�j�_�^�_�e�y�x�s�m�x 

�j�h�e�v �\ �i�j�h�p�_�k�k�_ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �b�]�j�Z�x�l �k�b�e�u �i�h�\�_�j�o�g�h�k�l�g�h�]�h �g�Z�l�y�`�_�g�b�y 

�`�b�^�d�h�k�l�b. 

�G�Z �j�b�k. 3.1.10 �i�j�b�\�_�^�_�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ �ût �h�l �h�^�g�h�c 

�n�h�j�f�u �d�Z�i�_�e�v �d �^�j�m�]�h�c (�i�j�_�^�k�l�Z�\�e�_�g�u �m�k�e�h�\�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �d�Z�i�_�e�v) �^�e�y �j�Z�a�g�u�o 

�l�_�f�i�_�j�Z�l�m�j �\ �k�b�k�l�_�f�_ «�d�Z�i�e�y �\�h�^�u – �]�Z�a�h�\�Z�y �k�j�_�^�Z». 

�I�_�j�_�o�h�^�u �h�l �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u �d�Z�i�_�e�v �d �w�e�e�b�i�k�h�b�^�Z�e�v�g�h�c �^�h�\�h�e�v�g�h 

�k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y (�h�k�h�[�_�g�g�h �_�k�e�b �k�j�Z�\�g�b�\�Z�l�v �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ «�k�n�_�j�Z – 

�w�e�e�b�i�k�h�b�^» �b «�w�e�e�b�i�k�h�b�^ – �k�n�_�j�Z») �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o (�j�b�k. 3.1.10). 

�I�j�b�q�b�g�u �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �h�l�e�b�q�b�c �k�\�y�a�Z�g�u �k �j�Z�a�e�b�q�g�u�f �^�_�c�k�l�\�b�_�f �k�b�e 

�k�h�i�j�h�l�b�\�e�_�g�b�y �^�e�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �n�h�j�f �d�Z�i�_�e�v. �>�e�y �w�e�e�b�i�k�h�b�^�Z�e�v�g�u�o �n�h�j�f 

�w�l�b �k�b�e�u �d�j�Z�l�g�h �\�u�r�_, �q�_�f �^�e�y �k�n�_�j. �I�j�b �\�h�a�j�Z�k�l�Z�g�b�b �i�e�h�s�Z�^�b �i�h�\�_�j�o�g�h�k�l�b 

�d�Z�i�_�e�v �k�b�e�u �k�h�i�j�h�l�b�\�e�_�g�b�y �m�\�_�e�b�q�b�\�Z�x�l�k�y. �I�h�w�l�h�f�m �^�\�b�`�_�g�b�_ �d�Z�i�_�e�v �\ �n�h�j�f�_ 

�w�e�e�b�i�k�h�b�^�h�\, �\�u�l�y�g�m�l�u�o �\ �g�Z�i�j�Z�\�e�_�g�b�b, �i�h�i�_�j�_�q�g�h�f �h�l�g�h�k�b�l�_�e�v�g�h �^�\�b�`�_�g�b�y 
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�d�Z�i�_�e�v, �k�m�s�_�k�l�\�_�g�g�h �b�g�l�_�g�k�b�\�g�_�_ �a�Z�f�_�^�e�y�_�l�k�y �\�g�_�r�g�_�c �]�Z�a�h�\�h�c �k�j�_�^�h�c. �W�l�h 

�i�j�b�\�h�^�b�l �d �j�h�k�l�m �\�j�_�f�_�g �i�_�j�_�o�h�^�Z «�k�n�_�j�Z – �w�e�e�b�i�k�h�b�^» (�j�b�k. 3.1.10). �H�[�j�Z�l�g�u�c 

�i�_�j�_�o�h�^ �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �f�_�g�v�r�b�f�b �\�j�_�f�_�g�Z�f�b �\�k�e�_�^�k�l�\�b�_ �k�g�b�`�_�g�b�y �k�b�e�u 

�k�h�i�j�h�l�b�\�e�_�g�b�y. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �m�k�l�Z�g�h�\�e�_�g�g�Z�y �h�k�h�[�_�g�g�h�k�l�v �o�Z�j�Z�d�l�_�j�g�Z 

�\�k�_�f �j�Z�k�k�f�h�l�j�_�g�g�u�f �l�_�f�i�_�j�Z�l�m�j�Z�f �\ �k�b�k�l�_�f�_ «�d�Z�i�e�y �\�h�^�u – �]�Z�a�h�\�Z�y �k�j�_�^�Z» (�j�b�k. 

3.1.10). 

 
�Z 

 
�[ 

�J�b�k�m�g�h�d 3.1.10. �:�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �a�g�Z�q�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �\�j�_�f�_�g 

�i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v (d0�§5,3 �f�f ) �d �^�j�m�]�h�c �i�j�b �j�Z�a�e�b�q�g�u�o �g�Z�q�Z�e�v�g�u�o 

�l�_�f�i�_�j�Z�l�m�j�Z�o �]�Z�a�h�\ �b �\�h�^�u (nd – �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�c �g�h�f�_�j �o�Z�j�Z�d�l�_�j�g�h�c �n�h�j�f�u 

�d�Z�i�_�e�v): 1 – Tg=300 �D, Tw=298 �D; 2 – Tg=300 �D, Tw=313 �D; 3 – Tg=300 �D, Tw=333 �D; 4 

– Tg=300 �D, Tw=363 �D; 5 – Tg=285 �D, Tw=363 �D; 6 – Tg=1100 �D, Tw=363 �D; 7 –  

Tg=1100 �D, Tw=298 �D 
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�A�Z�\�b�k�b�f�h�k�l�b, �i�j�b�\�_�^�_�g�g�u�_ �g�Z �j�b�k. 3.1.10, �l�Z�d�`�_ �i�h�a�\�h�e�y�x�l �h�p�_�g�b�l�v 

�o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �k�m�s�_�k�l�\�h�\�Z�g�b�y �d�Z�i�_�e�v �\ �l�h�c �b�e�b �b�g�h�c �n�h�j�f�_ �\ �i�j�h�p�_�k�k�_ 

�i�_�j�_�f�_�s�_�g�b�y �q�_�j�_�a �]�Z�a�h�\�u�_ �k�j�_�^�u. �L�Z�d, �g�Z�i�j�b�f�_�j, �_�k�e�b �\�d�e�x�q�b�l�v �^�h 4–6 % 

�\�j�_�f�_�g �i�_�j�_�o�h�^�Z �d �\�j�_�f�_�g�Z�f �g�Z�o�h�`�^�_�g�b�y �d�Z�i�e�b �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �n�h�j�f�_, �l�h 

�f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �d�Z�i�e�b �i�j�b�g�b�f�Z�x�l �k�n�_�j�b�q�_�k�d�m�x �n�h�j�f�m �g�_ �[�h�e�_�_ 

15 % �\�j�_�f�_�g�b �d�Z�`�^�h�]�h «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b». �<�j�_�f�_�g�Z �k�h�o�j�Z�g�_�g�b�y �d�Z�i�e�y�f�b �n�h�j�f 

�w�e�e�b�i�k�h�b�^�h�\, �\�u�l�y�g�m�l�u�o �\ �i�j�h�^�h�e�v�g�h�f �b �i�h�i�_�j�_�q�g�h�f �g�Z�i�j�Z�\�e�_�g�b�y�o, �k�h�k�l�Z�\�b�e�b 

18–20 % �b 9–12 %. �H�d�h�e�h �i�h�e�h�\�b�g�u �\�j�_�f�_�g�b �d�Z�`�^�h�]�h �o�Z�j�Z�d�l�_�j�g�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �d�Z�i�e�b �b�f�_�x�l «�i�_�j�_�o�h�^�g�u�_» (�h�l�g�h�k�b�l�_�e�v�g�h �m�k�e�h�\�g�u�o, 

�i�j�_�^�k�l�Z�\�e�_�g�g�u�o �g�Z �j�b�k. 3.1.2) �n�h�j�f�u. �W�l�h�l �j�_�a�m�e�v�l�Z�l �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h 

�i�j�Z�\�h�f�_�j�g�h�k�l�b �\�u�[�h�j�Z �i�j�b �q�b�k�e�_�g�g�h�f �b�k�k�e�_�^�h�\�Z�g�b�b �i�j�h�p�_�k�k�h�\ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v 

�`�b�^�d�h�k�l�_�c �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o (�g�Z�i�j�b�f�_�j, [143, 146, 149]) �f�h�^�_�e�_�c �d�Z�i�_�e�v �\ �n�h�j�f�_ 

�k�n�_�j�u, �w�e�e�b�i�k�h�b�^�Z �b �e�x�[�u�o �^�j�m�]�b�o �d�h�g�n�b�]�m�j�Z�p�b�c. �I�j�b �w�l�h�f �i�j�_�^�k�l�Z�\�e�y�_�l�k�y 

�p�_�e�_�k�h�h�[�j�Z�a�g�u�f, �b�k�o�h�^�y �b�a �i�h�e�m�q�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\, 

�m�q�b�l�u�\�Z�l�v �g�_�i�j�_�j�u�\�g�h�_ �b�a�f�_�g�_�g�b�_ �d�h�g�n�b�]�m�j�Z�p�b�c �d�Z�i�_�e�v [154, 155]. �W�l�h, �\ �i�_�j�\�h�f 

�i�j�b�[�e�b�`�_�g�b�b, �f�h�`�g�h �k�^�_�e�Z�l�v �i�j�b �m�q�_�l�_ �b�a�f�_�g�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �k�h�i�j�h�l�b�\�e�_�g�b�y 

�^�\�b�`�_�g�b�x �d�Z�i�_�e�v c�$. �>�e�y �d�Z�`�^�h�c �b�a �b�a�\�_�k�l�g�u�o �d�h�g�n�b�]�m�j�Z�p�b�c �d�Z�i�_�e�v �a�g�Z�q�_�g�b�y c�$ 

�m�k�l�Z�g�h�\�e�_�g�u [196]. 

�I�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �d�Z�i�_�e�v �\�h�^�u Tw �b �\�g�_�r�g�_�c �]�Z�a�h�\�h�c �k�j�_�^�u Tg 

�i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x �o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g �i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v �d 

�^�j�m�]�h�c (�j�b�k. 3.1.10). �I�j�b �w�l�h�f �f�h�`�g�h �h�l�f�_�l�b�l�v �[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ Tw �i�h 

�k�j�Z�\�g�_�g�b�x �k Tg. �W�l�h�l �j�_�a�m�e�v�l�Z�l �o�h�j�h�r�h �k�h�]�e�Z�k�m�_�l�k�y �k �^�Z�g�g�u�f�b �w�d�k�i�_�j�b�f�_�g�l�h�\ 

[204, 205], �\ �d�h�l�h�j�u�o �i�h�d�Z�a�Z�g�h, �q�l�h �m�\�_�e�b�q�_�g�b�_ �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �d�Z�i�_�e�v 

�\�h�^�u (�\ �^�b�Z�i�Z�a�h�g�_ �h�l 300 �D �^�h 360 �D) �i�_�j�_�^ �\�o�h�`�^�_�g�b�_�f �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x 

�]�Z�a�h�\�m�x �k�j�_�^�m �i�j�b�\�h�^�b�l �d �a�g�Z�q�b�l�_�e�v�g�h�f�m (�g�_�j�_�^�d�h �^�Z�`�_ �d�j�Z�l�g�h�f�m) �m�\�_�e�b�q�_�g�b�x 

�k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y. �W�l�h �h�[�m�k�e�h�\�e�_�g�h �g�_�e�b�g�_�c�g�h�c �a�Z�\�b�k�b�f�h�k�l�v�x [79, 86, 122, 

131] �k�d�h�j�h�k�l�b �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �h�l �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b �`�b�^�d�h�k�l�b. 

�M�k�l�Z�g�h�\�e�_�g�g�Z�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �b�e�e�x�k�l�j�b�j�m�_�l �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �n�Z�a�h�\�u�o 

�i�j�_�\�j�Z�s�_�g�b�c �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�Z �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v. �I�j�b 
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�b�g�l�_�g�k�b�n�b�d�Z�p�b�b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\ �f�Z�e�h�c �h�d�j�_�k�l�g�h�k�l�b �d�Z�i�_�e�v �n�h�j�f�b�j�m�x�l�k�y 

�i�Z�j�h�\�u�_ «�[�m�n�_�j�g�u�_» �a�h�g�u, �d�h�l�h�j�u�_ �m�\�_�e�b�q�b�\�Z�x�l �^�_�c�k�l�\�b�_ �k�b�e �k�h�i�j�h�l�b�\�e�_�g�b�y 

�^�\�b�`�_�g�b�x (�m�k�b�e�b�\�Z�_�l�k�y «�l�h�j�f�h�`�_�g�b�_» �d�Z�i�_�e�v �b �a�Z�f�_�^�e�y�_�l�k�y �i�j�b�j�h�k�l �k�d�h�j�h�k�l�_�c 

�i�_�j�_�f�_�s�_�g�b�y �i�h�k�e�_�^�g�b�o �i�h� ̂ �^�_�c�k�l�\�b�_�f �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �k�b�e). �W�l�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�u�o �^�e�b�l�_�e�v�g�h�k�l�_�c �m�k�l�Z�g�h�\�e�_�g�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �b 

�m�f�_�g�v�r�_�g�b�x �i�j�h�l�y�`�_�g�g�h�k�l�_�c (�j�b�k. 3.1.11). 

�<�u�i�h�e�g�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �k �j�h�k�l�h�f �q�b�k�e�Z �i�j�h�c�^�_�g�g�u�o 

«�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �\�e�b�y�g�b�_ �l�_�f�i�_�j�Z�l�m�j Tw �b Tg �g�Z td �b ld �m�k�b�e�b�\�Z�_�l�k�y. �W�l�h 

�h�[�m�k�e�h�\�e�_�g�h �b�a�f�_�g�y�x�s�_�c�k�y �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �k�d�h�j�h�k�l�v�x u �b, �d�Z�d 

�k�e�_�^�k�l�\�b�_, �m�k�b�e�_�g�b�_�f �\�e�b�y�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �w�n�n�_�d�l�h�\. 

�<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �k �i�h�\�u�r�_�g�b�_�f �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\�e�b�y�g�b�_ 

�l�_�f�i�_�j�Z�l�m�j Tw �b Tg �g�Z td �b ld �m�k�b�e�b�\�Z�_�l�k�y (�j�b�k. 3.1.11). �H�q�_�\�b�^�g�h, �q�l�h �w�l�h 

�h�[�m�k�e�h�\�e�_�g�h �b�g�_�j�p�b�h�g�g�h�k�l�v�x �i�j�h�]�j�_�\�Z �d�Z�i�_�e�v. �K �j�h�k�l�h�f d0 �b�g�_�j�p�b�h�g�g�h�k�l�v 

�i�j�h�]�j�_�\�Z �d�Z�i�_�e�v �g�_�e�b�g�_�c�g�h �\�h�a�j�Z�k�l�Z�_�l [143, 146, 149]. 

 

 
�Z 
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�[ 

�J�b�k�m�g�h�d 3.1.11. �:�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �a�g�Z�q�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �\�j�_�f�_�g 

«�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» (�Z) �b �b�o �i�j�h�l�y�`�_�g�g�h�k�l�_�c (�[) �i�j�b �j�Z�a�g�u�o �g�Z�q�Z�e�v�g�u�o 

�j�Z�a�f�_�j�Z�o �b �l�_�f�i�_�j�Z�l�m�j�Z�o �d�Z�i�_�e�v �\�h�^�u (n – �g�h�f�_�j «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b»): 1 – d0=4,3 

�f�f , Tw=298 �D; 2 – d0=4,3 �f�f , Tw=313 �D; 3 – d0=4,3 �f�f , Tw=363 �D; 4 – d0=5,2 �f�f , 

Tw=298 �D; 5 – d0=5,2 �f�f , Tw=313 �D; 6 – d0=5,2 �f�f , Tw=363 �D; 7 – d0=5,8 �f�f , Tw=298 

�D; 8 – d0=5,8 �f�f , Tw=313 �D; 9 – d0=5,8 �f�f , Tw=363 �D 

 

�G�Z �j�b�k. 3.1.12 �i�j�b�\�_�^�_�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �Z�f�i�e�b�l�m�^�u �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �\�h�^�u 

�i�j�b �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�y�o Tw �b Tg. �F�h�`�g�h �h�l�f�_�l�b�l�v �^�h�k�l�Z�l�h�q�g�h �m�f�_�j�_�g�g�h�_ 

�\�e�b�y�g�b�_ �w�l�b�o �i�Z�j�Z�f�_�l�j�h�\ �^�e�y �i�_�j�\�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b». �I�j�b �Z�g�Z�e�b�a�_ 10–15 

�o�Z�j�Z�d�l�_�j�g�u�o �p�b�d�e�h�\ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �j�Z�a�f�_�j�u �d�Z�i�_�e�v �m�f�_�g�v�r�Z�x�l�k�y �\�k�e�_�^�k�l�\�b�_ 

�b�k�i�Z�j�_�g�b�y �k �j�Z�a�g�h�c �k�d�h�j�h�k�l�v�x. �I�h�w�l�h�f�m �f�h�`�g�h �i�j�h�]�g�h�a�b�j�h�\�Z�l�v, �q�l�h �^�e�y 

�i�j�h�l�y�`�_�g�g�u�o �d�Z�g�Z�e�h�\ �k �]�Z�a�Z�f�b �\�e�b�y�g�b�_ Tw �b Tg �f�h�`�_�l �d�j�Z�l�g�h �m�k�b�e�b�\�Z�l�v�k�y. 
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�[ 

�J�b�k�m�g�h�d 3.1.12. �:�f�i�e�b�l�m�^�u �^�_�n�h�j�f�Z�p�b�b (�Z – �ûx, �ûy, �[ – �ûmax) �d�Z�i�_�e�v �\�h�^�u (d0�§5 

�f�f ) �\ �i�j�_�^�_�e�Z�o �g�_�k�d�h�e�v�d�b�o �p�b�d�e�h�\ �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o:  

1 – Tg=300 �D, Tw=298 �D; 2 – Tg=300 �D, Tw=313 �D; 3 – Tg=300 �D, Tw=363 �D; 4 – 

Tg=285 �D, Tw=363 �D; 5 – Tg=298 �D, Tw=363 �D; 6 – Tg=1100 �D, Tw=363 �D 
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�G�Z �j�b�k. 3.1.13 �i�j�b�\�_�^�_�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �d�Z�`�^�h�]�h «�q�_�l�\�_�j�l�v-�p�b�d�e�Z» �b 

«�i�h�e�m�p�b�d�e�Z» (�j�b�k. 3.1.2), �k�h�h�l�\�_�l�k�l�\�_�g�g�h,  �i�j�h�p�_�k�k�Z �^�_�n�h�j�f�Z�p�b�b �i�j�b �j�Z�a�e�b�q�g�u�o 

�k�d�h�j�h�k�l�y�o �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �\�h�^�u. 

 

 
�Z 

 
�[ 

�J�b�k�m�g�h�d 3.1.13. �<�j�_�f�_�g�Z «�q�_�l�\�_�j�l�v-�p�b�d�e�h�\» (�Z) �b «�i�h�e�m�p�b�d�e�h�\» (�[) �^�_�n�h�j�f�Z�p�b�b 

�d�Z�i�_�e�v �\�h�^�u �i�j�b �j�h�k�l�_ �k�d�h�j�h�k�l�_�c �b�o �^�\�b�`�_�g�b�y (d0�§4 �f�f ): 1, 2, 3, 4 – �i�_�j�\�u�c, 

�\�l�h�j�h�c, �l�j�_�l�b�c �b �q�_�l�\�_�j�l�u�c «�q�_�l�\�_�j�l�v-�p�b�d�e�u»; 5, 6 – �i�_�j�\�u�c �b �\�l�h�j�h�c 

«�i�h�e�m�p�b�d�e�u» 
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�I�h �j�_�a�m�e�v�l�Z�l�Z�f �h�[�j�Z�[�h�l�d�b �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�e�m�q�_�g�u 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �^�e�y �h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �^�_�n�h�j�f�Z�p�b�b 

�\�h�^�y�g�u�o �d�Z�i�_�e�v. �G�Z�i�j�b�f�_�j, �^�e�y �^�e�b�l�_�e�v�g�h�k�l�_�c �b �i�j�h�l�y�`�_�g�g�h�k�l�_�c «�p�b�d�e�h�\ 

�^�_�n�h�j�f�Z�p�b�b» �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �f�h�`�g�h �h�l�f�_�l�b�l�v �k�e�_�^�m�x�s�b�_: 

 

td=1,5151·d0
1,8476; ld=1,5067·d0

1,8426       (3.1.7) 

�i�j�b 4<d0<6 �f�f , u=1 �f /�k, Tg=298 �D, Tw=313 �D; 

td=1,6469·d0
1,7786; ld=5,8347·d0

1,6698       (3.1.8) 

�i�j�b 4<d0<6 �f�f , u=2 �f /�k, Tg=298 �D, Tw=313 �D; 

td=1,7179·d0
1,7395; ld=10,146·d0

1,6307       (3.1.9) 

�i�j�b 4<d0<6 �f�f , u=3 �f /�k, Tg=298 �D, Tw=313 �D; 

td=22,647·exp(-0,021·u); ld=22,08·u0,9935      (3.1.10) 

�i�j�b 0,5<u<4 �f /�k, d0=4,3 �f�f , Tg=298 �D, Tw=313 �D; 

td=32,093·exp(-0,015·u); ld=31,868·u0,9637      (3.1.11) 

�i�j�b 0,5<u<4 �f /�k, d0=5,2 �f�f , Tg=298 �D, Tw=313 �D; 

td=39,922·exp(-0,033·u); ld=38,722·u0,9424      (3.1.12) 

�i�j�b 0,5<u<4 �f /�k, d0=5,8 �f�f , Tg=298 �D, Tw=313 �D. 

 

�I�j�b �Z�g�Z�e�b�a�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�p�_�k�k�h�\ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �\ 

�]�Z�a�h�\�u�o �k�j�_�^�Z�o �b�k�i�h�e�v�a�m�x�l [196, 198, 199], �d�Z�d �i�j�Z�\�b�e�h, �^�\�Z �[�_�a�j�Z�a�f�_�j�g�u�o 

�d�j�b�l�_�j�b�y – �q�b�k�e�Z �<�_�[�_�j�Z �b �J�_�c�g�h�e�v�^�k�Z (�i�j�b �w�l�h�f �i�h�k�e�_�^�g�_�_ �j�Z�k�k�q�b�l�u�\�Z�x�l �d�Z�d �^�e�y 

�d�Z�i�e�b, �l�Z�d �b �]�Z�a�h�\�h�c �k�j�_�^�u). �L�Z�d �d�Z�d �q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y We �b Re �a�Z�\�b�k�y�l, �\ 

�i�_�j�\�m�x �h�q�_�j�_�^�v, �h�l �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �b �b�o �j�Z�a�f�_�j�h�\, �l�h �i�j�_�^�k�l�Z�\�e�y�_�l 

�b�g�l�_�j�_�k �h�i�j�_�^�_�e�_�g�b�_ �a�Z�\�b�k�b�f�h�k�l�_�c �[�_�a�j�Z�a�f�_�j�g�u�o �\�j�_�f�_�g «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �2d 

�h�l We �b Re. 

�Q�b�k�e�h �J�_�c�g�h�e�v�^�k�Z �^�e�y �d�Z�i�e�b, �^�\�b�`�m�s�_�c�k�y �\ �]�Z�a�h�\�h�c �k�j�_�^�_, �f�h�`�_�l �[�u�l�v 

�\�u�q�b�k�e�_�g�h �i�h �n�h�j�f�m�e�_ [196]: 

Re=u·d0/(2��). 
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�< �d�Z�q�_�k�l�\�_ �[�_�a�j�Z�a�f�_�j�g�h�]�h �\�j�_�f�_�g�b �o�Z�j�Z�d�l�_�j�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �\ 

�i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o, �k�d�h�j�_�_ �\�k�_�]�h, �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v «�i�_�j�b�h�^ 

�k�h�[�k�l�\�_�g�g�u�o �d�h�e�_�[�Z�g�b�c» �d�Z�i�_�e�v [46]: 

�2=(d0/g)0,5. 

�I�j�b �[�_�a�j�Z�a�f�_�j�g�h�c �h�[�j�Z�[�h�l�d�_ �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �m�k�l�Z�g�h�\�e�_�g�u 

�o�Z�j�Z�d�l�_�j�g�u�_ �h�[�e�Z�k�l�b �b�a�f�_�g�_�g�b�y �\�j�_�f�_�g «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b», �d�Z�d �n�m�g�d�p�b�c �h�l 

We �b Re. �< �q�Z�k�l�g�h�k�l�b, �g�Z �j�b�k. 3.1.14 �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �^�e�y �d�Z�i�_�e�v �\�h�^�u. 

�F�h�`�g�h �h�l�f�_�l�b�l�v �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�_ �^�b�Z�i�Z�a�h�g�u �b�a�f�_�g�_�g�b�y �[�_�a�j�Z�a�f�_�j�g�u�o 

�\�j�_�f�_�g «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �2d �^�e�y �b�^�_�g�l�b�q�g�u�o �a�g�Z�q�_�g�b�c We �b Re (�j�b�k. 3.1.14). 

�W�l�h �h�[�m�k�e�h�\�e�_�g�h �j�Z�a�g�u�f �\�e�b�y�g�b�_�f �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �b �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v 

(�h�i�j�_�^�_�e�y�x�s�b�o, �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f, �q�b�k�e�Z �i�h�^�h�[�b�y We �b Re) �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�^�_�n�h�j�f�Z�p�b�b. �G�Z�i�j�b�f�_�j, �b�a�f�_�g�_�g�b�_ �q�b�k�_�e �<�_�[�_�j�Z �\�k�e�_�^�k�l�\�b�_ �j�h�k�l�Z �k�d�h�j�h�k�l�b 

�^�\�b�`�_�g�b�y �d�Z�i�e�b �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �2d. �I�j�b �j�h�k�l�_ �q�b�k�e�Z �<�_�[�_�j�Z �\�k�e�_�^�k�l�\�b�_ 

�i�h�\�u�r�_�g�b�y �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �d�Z�i�e�b �\�j�_�f�_�g�Z �2d �m�f�_�g�v�r�Z�x�l�k�y. �I�j�h�b�a�\�h�e�v�g�u�c 

�\�u�[�h�j �o�Z�j�Z�d�l�_�j�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c u �b d0 �i�h�a�\�h�e�y�_�l �m�k�l�Z�g�h�\�b�l�v 

�d�h�e�_�[�Z�l�_�e�v�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �2d=f(We). �:�g�Z�e�h�]�b�q�g�m�x �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �f�h�`�g�h 

�\�u�^�_�e�b�l�v �b �^�e�y �a�Z�\�b�k�b�f�h�k�l�_�c �2d=f(Re). �I�j�b �w�l�h�f �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h 

�\�u�^�_�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �o�Z�j�Z�d�l�_�j�g�u �^�e�y �`�b�^�d�h�k�l�_�c �k �j�Z�a�g�u�f�b �k�\�h�c�k�l�\�Z�f�b (�\�h�^�Z, 

�d�_�j�h�k�b�g, �w�l�b�e�h�\�u�c �k�i�b�j�l). 

�K�_�j�b�b �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h �\�j�_�f�_�g�Z �k�m�s�_�k�l�\�h�\�Z�g�b�y 

�d�Z�i�_�e�v �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �n�h�j�f�Z�o (�\ �k�h�h�l�\�_�l�k�l�\�b�b �k �j�Z�a�j�Z�[�h�l�Z�g�g�u�f�b 

�h�p�_�g�h�q�g�u�f�b �f�_�l�h�^�b�d�Z�f�b �g�Z �h�k�g�h�\�_ �j�_�a�m�e�v�l�Z�l�h�\ �Z�g�Z�e�b�a�Z �b�a�f�_�g�_�g�b�y �Z�f�i�e�b�l�m�^ 

�i�j�h�p�_�k�k�h�\ �^�_�n�h�j�f�Z�p�b�b) �k�l�Z�g�h�\�y�l�k�y �k�h�i�h�k�l�Z�\�b�f�u�f�b �i�j�b �j�h�k�l�_ �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v. 

�L�Z�d, �g�Z�i�j�b�f�_�j, �i�j�b �f�Z�d�k�b�f�Z�e�v�g�u�o (�^�e�y �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\) �k�d�h�j�h�k�l�y�o 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v (u �:  5 �f /�k) �b �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�o �\�u�r�_ �m�k�e�h�\�b�y�o �^�e�y �ûx, �ûy, �ûxm 

�b �ûym �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �d�Z�i�e�b �\�h�^�u �f�h�]�m�l �i�j�b�g�b�f�Z�l�v �n�h�j�f�m �k�n�_�j�u �\ �l�_�q�_�g�b�_ 

�i�_�j�b�h�^�h�\, �k�h�k�l�Z�\�e�y�x�s�b�o 27–32% �h�l �\�j�_�f�_�g td. �;�e�b�a�d�b�_ �^�b�Z�i�Z�a�h�g�u �\�j�_�f�_�g�b 

�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �^�e�y «�[�e�b�g�h�\», �Z �l�Z�d�`�_ �w�e�e�b�i�k�h�b�^�h�\, �\�u�l�y�g�m�l�u�o �\ �g�Z�i�j�Z�\�e�_�g�b�b 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v. �H�q�_�\�b�^�g�h, �q�l�h �g�_�d�h�l�h�j�u�c �j�h�k�l �a�g�Z�q�_�g�b�c tex, tey �b tc �h�[�m�k�e�h�\�e�_�g 
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�j�Z�k�k�f�h�l�j�_�g�g�u�f �\�u�r�_ �m�f�_�g�v�r�_�g�b�_�f �Z�f�i�e�b�l�m�^ �^�_�n�h�j�f�Z�p�b�b �ûx �b �ûy �i�j�b 

�m�\�_�e�b�q�_�g�b�b �k�d�h�j�h�k�l�_�c u. 

 

 

�Z 

 

�[ 

�J�b�k�m�g�h�d 3.1.14. �H�[�e�Z�k�l�b �o�Z�j�Z�d�l�_�j�g�u�o �a�g�Z�q�_�g�b�c �[�_�a�j�Z�a�f�_�j�g�u�o �\�j�_�f�_�g «�p�b�d�e�h�\ 

�^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �\�h�^�u �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b We (�Z) �b Re (�[) �\ �^�b�Z�i�Z�a�h�g�Z�o, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �m�k�e�h�\�b�y�f �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 
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�<�u�y�\�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �b�e�e�x�k�l�j�b�j�m�x�l, �q�l�h �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b 

�i�j�h�p�_�k�k�h�\ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o �p�_�e�_�k�h�h�[�j�Z�a�g�h �m�q�b�l�u�\�Z�l�v �g�_ �l�h�e�v�d�h 

�g�_�e�b�g�_�c�g�h�_ �b�a�f�_�g�_�g�b�_ �k�d�h�j�h�k�l�_�c u (�d�Z�d, �g�Z�i�j�b�f�_�j, �i�j�_�^�k�l�Z�\�e�_�g�h �\ �f�h�g�h�]�j�Z�n�b�y�o 

[196, 206, 207]), �g�h �b �\�e�b�y�g�b�_ �w�l�h�]�h �b�a�f�_�g�_�g�b�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�_�n�h�j�f�Z�p�b�b. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�j�b�\�_�^�_�g�g�u�_ �\�u�r�_ �h�p�_�g�d�b �\�j�_�f�_�g �k�m�s�_�k�l�\�h�\�Z�g�b�y 

�d�Z�i�_�e�v �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �n�h�j�f�Z�o �o�Z�j�Z�d�l�_�j�b�a�m�x�l �\�_�j�o�g�b�c �^�b�Z�i�Z�a�h�g �j�_�Z�e�v�g�u�o 

�i�Z�j�Z�f�_�l�j�h�\ tex, tey �b tc. �W�l�h �h�[�m�k�e�h�\�e�_�g�h �l�_�f, �q�l�h �\�u�q�b�k�e�y�e�b�k�v �Z�f�i�e�b�l�m�^�u 

�^�_�n�h�j�f�Z�p�b�b �i�h �^�\�m�f �o�Z�j�Z�d�l�_�j�g�u�f �d�h�h�j�^�b�g�Z�l�Z�f (�ûx �b �ûy). �I�h�e�m�q�_�g�g�u�_ �\ 

�w�d�k�i�_�j�b�f�_�g�l�Z�o �j�_�a�m�e�v�l�Z�l�u (�\ �q�Z�k�l�g�h�k�l�b, �j�b�k. 3.1.7–3.1.9, 3.1.13) �b�e�e�x�k�l�j�b�j�m�x�l 

�Z�k�b�f�f�_�l�j�b�x �i�j�h�p�_�k�k�h�\ �l�j�Z�g�k�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v. �D�Z�d �k�e�_�^�k�l�\�b�_, �m�q�_�l 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �w�n�n�_�d�l�Z �l�j�Z�g�k�n�h�j�f�Z�p�b�b �f�h�`�_�l �i�j�b�\�_�k�l�b �d �j�h�k�l�m �\�j�_�f�_�g 

�k�m�s�_�k�l�\�h�\�Z�g�b�y �d�Z�i�_�e�v �\ �i�_�j�_�o�h�^�g�u�o �n�h�j�f�Z�o �b �k�g�b�`�_�g�b�x �\�j�_�f�_�g, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �k�n�_�j�Z�f, «�[�e�b�g�Z�f» �b �w�e�e�b�i�k�h�b�^�Z�f, �i�j�b�\�_�^�_�g�g�u�f �g�Z �j�b�k. 3.1.2. 

�<�u�q�b�k�e�_�g�g�u�_ �\�j�_�f�_�g�Z �i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v �d �^�j�m�]�h�c, 

�^�e�b�l�_�e�v�g�h�k�l�b �o�Z�j�Z�d�l�_�j�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �b �m�k�e�h�\�g�u�_ �\�j�_�f�_�g�Z �i�j�b�g�y�l�b�y 

�d�Z�i�e�y�f�b �l�h�c �b�e�b �b�g�h�c �d�h�g�n�b�]�m�j�Z�p�b�b �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �m�l�h�q�g�_�g�b�y �f�h�^�_�e�_�c 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �i�j�b �^�\�b�`�_�g�b�b �d�Z�i�_�e�v �\�h�^�u �b �w�f�m�e�v�k�b�c �g�Z �_�_ �h�k�g�h�\�_ �q�_�j�_�a 

�]�Z�a�h�\�u�_ �k�j�_�^�u (�\ �q�Z�k�l�g�h�k�l�b, �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u [146, 149, 155). �L�Z�d, 

�g�Z�i�j�b�f�_�j, �b�k�o�h�^�y �b�a �b�a�\�_�k�l�g�u�o �\�j�_�f�_�g td �i�j�b �j�Z�a�e�b�q�g�u�o �k�d�h�j�h�k�l�y�o �^�\�b�`�_�g�b�y �b 

�j�Z�a�f�_�j�Z�o �d�Z�i�_�e�v, �p�_�e�_�k�h�h�[�j�Z�a�g�h �h�i�j�_�^�_�e�b�l�v �q�b�k�e�h �o�Z�j�Z�d�l�_�j�g�u�o «�p�b�d�e�h�\ 

�^�_�n�h�j�f�Z�p�b�b» (�g�Z�i�j�b�f�_�j, �i�j�b �j�Z�k�k�l�h�y�g�b�b 1 �f  �^�e�y �d�Z�i�_�e�v �\�h�^�u, �d�_�j�h�k�b�g�Z �b 

�w�l�b�e�h�\�h�]�h �k�i�b�j�l�Z �m�k�l�Z�g�h�\�e�_�g�h �h�l 12 �^�h 16 �p�b�d�e�h�\). �>�e�y �d�Z�`�^�h�]�h �p�b�d�e�Z �i�j�b 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �a�g�Z�q�_�g�b�y�o �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �g�Z �\�o�h�^�_ �\ �g�_�]�h u �f�h�`�g�h 

�h�i�j�_�^�_�e�b�l�v �q�b�k�e�h �o�Z�j�Z�d�l�_�j�g�u�o �n�h�j�f �b �\�u�[�j�Z�l�v �l�b�i�b�q�g�u�_ �d�h�g�n�b�]�m�j�Z�p�b�b (�j�b�k. 

3.1.1). �B�a�\�_�k�l�g�u [196, 206, 207] �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h 

�k�h�i�j�h�l�b�\�e�_�g�b�y c�$ �d�Z�`�^�h�c �d�h�g�n�b�]�m�j�Z�p�b�b (�k�n�_�j�Z, �w�e�e�b�i�k�h�b�^, «�[�e�b�g», �p�b�e�b�g�^�j �b 

�^�j�m�]�b�_). �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �q�b�k�e�Z �l�Z�d�b�o �n�h�j�f �b �o�Z�j�Z�d�l�_�j�g�u�o �\�j�_�f�_�g 

«�k�m�s�_�k�l�\�h�\�Z�g�b�y» �d�Z�i�_�e�v �k �l�Z�d�b�f�b �d�h�g�n�b�]�m�j�Z�p�b�y�f�b �^�e�y �d�Z�`�^�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �\�h�a�f�h�`�g�h �h�i�j�_�^�_�e�_�g�b�_ �a�Z�\�b�k�b�f�h�k�l�b c�$=f(t) �i�j�b 0<t<td. �G�Z�i�j�b�f�_�j, 
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�^�e�y �h�^�g�h�]�h «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b» �d�h�w�n�n�b�p�b�_�g�l �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h 

�k�h�i�j�h�l�b�\�e�_�g�b�y, �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �f�h�`�g�h �\�u�q�b�k�e�b�l�v �i�h �n�h�j�f�m�e�_: 

c c ex ep eyef
d

...
1

c t c t c t c
t� F � F � F � F� � � � � ��ª �º� �¬ �¼, 

�]�^�_ c�$c, c�$ex, c�$ey – �d�h�w�n�n�b�p�b�_�g�l�u �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h �k�h�i�j�h�l�b�\�e�_�g�b�y �^�e�y �l�_�e �\ 

�n�h�j�f�_ �k�n�_�j�u, �w�e�e�b�i�k�h�b�^�Z, «�[�e�b�g�Z» �b �^�j�m�]�b�o. 

�J�Z�a�\�b�l�b�_ �l�Z�d�h�c �f�h�^�_�e�b �^�e�y �]�j�m�i�i�u �b�a �[�h�e�_�_ �q�_�f, �g�Z�i�j�b�f�_�j, �^�_�k�y�l�b 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �i�h�a�\�h�e�b�l �j�Z�a�j�Z�[�h�l�Z�l�v �i�h�^�o�h�^, 

�f�Z�d�k�b�f�Z�e�v�g�h �i�j�b�[�e�b�`�Z�x�s�b�c �i�j�_�^�k�l�Z�\�e�_�g�b�y �h �n�h�j�f�_ �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �d 

�j�_�Z�e�v�g�u�f �i�j�b �b�o �d�h�e�_�[�Z�l�_�e�v�g�h�f �^�\�b�`�_�g�b�b �q�_�j�_�a �]�Z�a�h�\�u�_ �k�j�_�^�u. �< �q�Z�k�l�g�h�k�l�b, �\ 

�i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �k �m�q�_�l�h�f �b�a�\�_�k�l�g�u�o �\�j�_�f�_�g td �b �i�j�h�l�y�`�_�g�g�h�k�l�_�c ld 

�\�h�a�f�h�`�g�h �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_ �b�a�f�_�g�_�g�b�_ �a�g�Z�q�_�g�b�c c�$ �^�e�y �d�Z�`�^�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b» �i�j�b �q�b�k�e�_�g�g�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�b �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �b 

�]�b�^�j�h�^�b�g�Z�f�b�d�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �m�k�e�h�\�b�y�f �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �\ 

�]�Z�a�h�\�u�o �k�j�_�^�Z�o �k �k�m�s�_�k�l�\�_�g�g�h �^�h�a�\�m�d�h�\�u�f�b �k�d�h�j�h�k�l�y�f�b:  

c�$ = [c�$1, c�$2, c�$3, …, c�$n], 

�]�^�_ c�$1…c�$n – �d�h�w�n�n�b�p�b�_�g�l�u �k�h�i�j�h�l�b�\�e�_�g�b�y �^�e�y �d�Z�`�^�h�]�h �b�a n �p�b�d�e�h�\. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �]�_�h�f�_�l�j�b�q�_�k�d�Z�y �f�h�^�_�e�v �d�Z�i�e�b �\ �n�h�j�f�_ �k�n�_�j�u �y�\�e�y�_�l�k�y �g�_ 

�[�h�e�_�_ �h�[�h�k�g�h�\�Z�g�g�h�c, �q�_�f �e�x�[�Z�y �^�j�m�]�Z�y �b�a �m�k�l�Z�g�h�\�e�_�g�g�u�o �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o. 

�F�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �i�j�b �l�_�h�j�_�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �b�k�i�h�e�v�a�h�\�Z�l�v �e�x�[�m�x �b�a 

�g�Z�b�[�h�e�_�_ �l�b�i�b�q�g�u�o �f�h�^�_�e�_�c �n�h�j�f �d�Z�i�_�e�v, �g�Z�i�j�b�f�_�j, �k�n�_�j�m, �w�e�e�b�i�k�h�b�^, «�[�e�b�g» 

�b�e�b �p�b�e�b�g�^�j, �g�h �i�j�b �w�l�h�f �m�q�b�l�u�\�Z�l�v �g�_�i�j�_�j�u�\�g�h�_ �b�a�f�_�g�_�g�b�_ c�$ �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 

�m�k�l�Z�g�h�\�e�_�g�g�u�f�b «�p�b�d�e�Z�f�b �^�_�n�h�j�f�Z�p�b�b». �< �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b �\�h�a�f�h�`�g�h 

�b�a�f�_�g�_�g�b�_ c�$ �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �q�b�k�e�_�g�g�u�f�b �a�g�Z�q�_�g�b�y�f�b �\�j�_�f�_�g �ût, td, tex, tey �b tc �^�e�y 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �`�b�^�d�h�k�l�_�c. �M�k�l�Z�g�h�\�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �b�a�f�_�g�_�g�b�y �ût, td, �ûx �b 

�ûy �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �b�e�e�x�k�l�j�b�j�m�x�l �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v �g�_ �k�l�h�e�v�d�h 

�g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c d0 �b u0, �k�d�h�e�v�d�h �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c �\ �i�j�_�^�_�e�Z�o �d�Z�`�^�h�]�h 

«�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b». �I�h�w�l�h�f�m �p�_�e�_�k�h�h�[�j�Z�a�g�h �m�q�b�l�u�\�Z�l�v �g�_ �l�h�e�v�d�h �g�_�e�b�g�_�c�g�h�_ 
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�b�a�f�_�g�_�g�b�_ �k�d�h�j�h�k�l�_�c u �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �i�j�h�p�_�k�k�h�\ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �\ �]�Z�a�h�\�u�o 

�k�j�_�^�Z�o, �g�h �b �\�e�b�y�g�b�_ �w�l�h�]�h �b�a�f�_�g�_�g�b�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�_�n�h�j�f�Z�p�b�b.  

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b �q�b�k�e�_�g�g�h�f 

�b�k�k�e�_�^�h�\�Z�g�b�b �k�e�_�^�m�x�s�b�o �i�j�h�p�_�k�k�h�\: �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k �i�j�b �^�\�b�`�_�g�b�b 

�i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ �\�h�^�u �\ �]�Z�a�h�\�u�o �l�j�Z�d�l�Z�o �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h 

�h�[�h�j�m�^�h�\�Z�g�b�y (�l�_�i�e�h�h�[�f�_�g�g�u�_ �Z�i�i�Z�j�Z�l�u, �]�j�Z�^�b�j�g�b �L�W�K), �k�i�h�k�h�[�u �l�_�j�f�b�q�_�k�d�h�c 

(�b�k�i�Z�j�b�l�_�e�v�g�h�c) �h�q�b�k�l�d�b �\�h�^�u, �]�_�g�_�j�Z�p�b�y �i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ �\�h�^�u �i�j�b 

�i�h�e�b�^�b�k�i�_�j�k�g�h�f �\�h�^�y�g�h�f �i�h�`�Z�j�h�l�m�r�_�g�b�b. 

 

3.2. �:�g�Z�e�b�a �b�g�l�_�]�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �i�j�b �j�Z�a�e�b�q�g�h�c 

�g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �\�h�^�u 

 

�I�j�b �i�j�h�\�_�^�_�g�b�b �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �\ �i. 

2.2 �f�_�l�h�^�b�d�h�c �b�k�k�e�_�^�h�\�Z�e�h�k�v �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �`�b�^�d�h�k�l�b �g�Z 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �_�_ �b�k�i�Z�j�_�g�b�y �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �h�[�e�Z�k�l�b [208, 209].  

�I�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �\ �j�Z�[�h�q�_�c �h�[�e�Z�k�l�b �d�Z�i�e�b �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b 

�j�Z�a�^�_�e�_�g�u �i�h �g�Z�q�Z�e�v�g�u�f �j�Z�a�f�_�j�Z�f �g�Z �g�_�k�d�h�e�v�d�h �]�j�m�i�i: 1 – �i�j�b 0,09 �” Rm < 0,16 

�f�f , 2 – �i�j�b 0,16 �” Rm �” 0,23 �f�f , 3 – �i�j�b 0,23 < Rm �” 0,3 �f�f , 4 – �i�j�b 0,3 < Rm �” 0,37 

�f�f . �>�e�y �d�Z�`�^�h�c �b�a �w�l�b�o �]�j�m�i�i �h�i�j�_�^�_�e�y�e�b�k�v �k�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �^�h�e�b �b�k�i�Z�j�b�\�r�_�c�k�y 

�`�b�^�d�h�k�l�b (�\�\�_�^�_�g �i�Z�j�Z�f�_�l�j �' R, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c �b�a�f�_�g�_�g�b�_ �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �i�j�b 

�^�\�b�`�_�g�b�b �q�_�j�_�a �i�e�Z�f�y (�' R=(Rinp–Rout)/Rinp·100, %)), �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y u �b 

�d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�y�g�u�o �d�Z�i�_�e�v �. �\ �j�Z�[�h�q�_�c �h�[�e�Z�k�l�b (�g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a �a�h�g�u 

�]�h�j�_�g�b�y). 

�G�Z �j�b�k. 3.2.1 �b 3.2.2 �i�j�_�^�k�l�Z�\�e�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �' R �h�l 

�m�k�j�_�^�g�_�g�g�h�]�h �o�Z�j�Z�d�l�_�j�g�h�]�h �j�Z�a�f�_�j�Z �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�]�h �i�h�l�h�d�Z Rm �i�j�b 

�\�Z�j�v�b�j�h�\�Z�g�b�b �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �`�b�^�d�h�k�l�b �\ �^�b�Z�i�Z�a�h�g�_ �h�l 293 �D �^�h 323 �D.  
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�J�b�k�m�g�h�d 3.2.1. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �' R  �h�l �g�Z�q�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z Rm �b �g�Z�q�Z�e�v�g�h�c 

�l�_�f�i�_�j�Z�l�m�j�u Tw �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b 

 

 

�Z 
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�[ 

�J�b�k�m�g�h�d 3.2.2. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �' R: �Z - �h�l �g�Z�q�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z �d�Z�i�_�e�v Rm (1 

– �i�j�b Tw=293 �D, 2 – �i�j�b Tw=303 �D, 3 – �i�j�b Tw=313 �D, 4 – �i�j�b Tw=323 �D); �[ - �h�l 

�g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b Tw �^�e�y �\�u�^�_�e�_�g�g�u�o �]�j�m�i�i �d�Z�i�_�e�v 

(1 – �i�j�b 0,09 �” Rm < 0,16 �f�f , 2 – �i�j�b 0,16 �” Rm �” 0,23 �f�f , 3 – �i�j�b 0,23 < Rm �” 0,3 

�f�f , 4 – �i�j�b 0,3 < Rm �” 0,37 �f�f ) 

 

�<�b�^�g�h (�j�b�k. 3.2.2), �q�l�h �k �i�h�\�u�r�_�g�b�_�f Tw �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�Z �' R 

�k�m�s�_�k�l�\�_�g�g�h �m�\�_�e�b�q�b�\�Z�x�l�k�y (�\�h�a�j�Z�k�l�Z�_�l �b�g�l�_�g�k�b�\�g�h�k�l�v �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �\ �a�h�g�_ 

�i�e�Z�f�_�g�b). �<�Z�`�g�h �l�Z�d�`�_ �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �m�\�_�e�b�q�_�g�b�b Tw �d�j�b�\�u�_ 1–4 �g�_�k�d�h�e�v�d�h 

�k�[�e�b�`�Z�x�l�k�y (�j�b�k. 3.2.2, �Z). �W�l�Z �h�k�h�[�_�g�g�h�k�l�v �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �k �i�h�\�u�r�_�g�b�_�f 

�g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �`�b�^�d�h�k�l�b �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �_�_ �b�k�i�Z�j�_�g�b�y 

�f�_�g�y�x�l�k�y �^�h�k�l�Z�l�h�q�g�h �m�f�_�j�_�g�g�h �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �i�Z�j�Z�f�_�l�j�h�\ �j�Z�k�i�u�e�_�g�b�y. 
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�L�Z�d�`�_ �i�h�e�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �' R �^�e�y �\�u�^�_�e�_�g�g�u�o �]�j�m�i�i �d�Z�i�_�e�v 

�h�l �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b (�j�b�k. 3.2.2, �[). �K�e�_�^�m�_�l 

�h�l�f�_�l�b�l�v �[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ Tw �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �b�k�i�Z�j�_�g�b�y �f�Z�e�u�o 

�d�Z�i�_�e�v (Rm<0,15 �f�f ). �W�l�h �o�h�j�h�r�h �\�b�^�g�h �i�h �g�Z�d�e�h�g�m �d�j�b�\�h�c 1 (�j�b�k. 3.2.2, �[). 

�M�k�l�Z�g�h�\�e�_�g�g�m�x �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �f�h�`�g�h �h�[�t�y�k�g�b�l�v, �b�k�i�h�e�v�a�m�y �l�_�h�j�_�l�b�q�_�k�d�b�_ 

�k�e�_�^�k�l�\�b�y [210]. �< �i�j�h�p�_�k�k�_ �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v [210] 

�b�]�j�Z�_�l �\�j�_�f�y �i�j�h�]�j�_�\�Z �_�_ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y �^�h �l�_�f�i�_�j�Z�l�m�j, �i�j�b �d�h�l�h�j�u�o 

�j�_�Z�e�b�a�m�x�l�k�y �m�k�e�h�\�b�y �b�g�l�_�g�k�b�\�g�h�]�h �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y. �<�k�e�_�^�k�l�\�b�_ 

�w�g�^�h�l�_�j�f�b�q�_�k�d�h�]�h �n�Z�a�h�\�h�]�h �i�_�j�_�o�h�^�Z �l�_�f�i�_�j�Z�l�m�j�Z �\�[�e�b�a�b �i�h�\�_�j�o�g�h�k�l�b �`�b�^�d�h�k�l�b 

�k�g�b�`�Z�_�l�k�y. �>�e�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�Z�]�j�_�l�u�o (�h�k�h�[�_�g�g�h �f�Z�e�u�o �i�h �j�Z�a�f�_�j�Z�f – Rm<0,15 

�f�f ) �d�Z�i�_�e�v �\�h�^�u �w�l�h �k�g�b�`�_�g�b�_ T �g�_�\�_�e�b�d�h. �>�e�y �h�l�g�h�k�b�l�_�e�v�g�h �d�j�m�i�g�u�o �d�Z�i�_�e�v 

(Rm>0,3 �f�f ), �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �a�g�Z�q�_�g�b�y Tw, �m�f�_�g�v�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �b�]�j�Z�_�l 

�\�Z�`�g�m�x �j�h�e�v (�g�_�k�f�h�l�j�y �g�Z �\�u�k�h�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\�g�_�r�g�_�c �k�j�_�^�u (�i�e�Z�f�_�g�b) – �^�h 

1170 �D). �I�h�w�l�h�f�m �i�j�b Rm<0,15 �f�f  �^�h�e�y �b�k�i�Z�j�b�\�r�_�c�k�y �`�b�^�d�h�k�l�b �k�m�s�_�k�l�\�_�g�g�h (�\ 

�g�_�k�d�h�e�v�d�h �j�Z�a) �f�_�g�y�_�l�k�y �i�j�b �j�h�k�l�_ Tw �g�Z 10 �D (�d�j�b�\�Z�y 1 �g�Z �j�b�k. 3.2.2, �[). 

�>�e�y �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.2.1, 3.2.2 �a�Z�\�b�k�b�f�h�k�l�_�c �i�h�e�m�q�_�g�u 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y, �d�h�l�h�j�u�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b 

�i�j�h�]�g�h�k�l�b�q�_�k�d�h�c �h�p�_�g�d�_ �^�h�e�b �b�k�i�Z�j�b�\�r�_�c�k�y �`�b�^�d�h�k�l�b �\ �a�h�g�_ �i�e�Z�f�_�g�b �i�j�b 

�j�Z�a�e�b�q�g�u�o �g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�y�o �_�_ �l�_�f�i�_�j�Z�l�m�j�u �b �i�Z�j�Z�f�_�l�j�Z�o �j�Z�k�i�u�e�_�g�b�y: 

 

�' R = 7,22Rm
-1,033 �i�j�b 0,09<Rm<0,34 �f�f , Tw=293 �D;     (3.2.1) 

�' R = 16,47Rm
-0,896 �i�j�b 0,14<Rm<0,34 �f�f , Tw=303 �D;     (3.2.2) 

�' R = 21,53Rm
-0,969 �i�j�b 0,21<Rm<0,34 �f�f , Tw=313 �D;     (3.2.3) 

�' R = 27,75Rm
-0,985 �i�j�b 0,27<Rm<0,34 �f�f , Tw=323 �D;     (3.2.4) 

�' R = 10-51Tw
21,293 �i�j�b 0,09 �” R < 0,16 �f�f , 293<Tw<323 �D;    (3.2.5) 

�' R = 0,032Tw
2–16,432Tw+2055,12         (3.2.6) 

�i�j�b 0,16 �” R �” 0,23 �f�f , 293<Tw<323 �D; 

�' R = –0,004Tw
2+5,119Tw–1094,21         (3.2.7) 
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�i�j�b 0,23 < R �” 0,3 �f�f , 293<Tw<323 �D; 

�' R = –0,002Tw
2+3,067Tw–708,58         (3.2.8) 

�i�j�b 0,3 < R �” 0,37 �f�f , 293<Tw<323 �D. 

 

�G�_�e�b�g�_�c�g�h�k�l�v �n�m�g�d�p�b�c �ûR = f(Tw, Rm) �f�h�`�g�h �h�[�t�y�k�g�b�l�v �g�_�k�d�h�e�v�d�b�f�b 

�i�j�b�q�b�g�Z�f�b. �< �i�_�j�\�m�x �h�q�_�j�_�^�v, �g�_�e�b�g�_�c�g�h�c �a�Z�\�b�k�b�f�h�k�l�v�x �k�d�h�j�h�k�l�b 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �h�l �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �`�b�^�d�h�k�l�b [79, 86, 122]. �<�h-�\�l�h�j�u�o, 

�w�d�k�i�_�j�b�f�_�g�l�u [211] �b �l�_�h�j�_�l�b�q�_�k�d�b�_ �k�e�_�^�k�l�\�b�y [58, 144, 153] �i�h�a�\�h�e�b�e�b 

�m�k�l�Z�g�h�\�b�l�v �m�k�e�h�\�b�y, �i�j�b �d�h�l�h�j�u�o �k�h�\�f�_�k�l�g�h�_ �\�e�b�y�g�b�_ �d�Z�i�_�e�v �i�Z�j�h�`�b�^�d�h�k�l�g�h�]�h 

�i�h�l�h�d�Z �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �_�]�h �b�k�i�Z�j�_�g�b�y �f�h�`�_�l �[�u�l�v 

�h�i�j�_�^�_�e�y�x�s�b�f. �< �q�Z�k�l�g�h�k�l�b, �\ [58, 144, 153] �i�h�d�Z�a�Z�g�h, �q�l�h �k �j�h�k�l�h�f �j�Z�a�f�_�j�h�\ 

�d�Z�i�_�e�v �b�o �k�h�\�f�_�k�l�g�h�_ �\�e�b�y�g�b�_ �m�k�b�e�b�\�Z�_�l�k�y. �H�k�h�[�_�g�g�h �w�l�h �\�Z�`�g�h �^�e�y �d�Z�i�_�e�v, 

�i�_�j�_�f�_�s�Z�x�s�b�o�k�y �^�j�m�] �a�Z �^�j�m�]�h�f �\ �i�h�l�h�d�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\. �D�Z�i�e�b, 

�b�^�m�s�b�_ �i�_�j�\�u�f�b, �i�j�b �b�g�l�_�g�k�b�\�g�h�f �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�b �k�h�a�^�Z�x�l �m�k�e�h�\�b�y �^�e�y 

�k�g�b�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �h�d�j�_�k�l�g�h�k�l�b �i�h�k�e�_�^�m�x�s�b�o. �L�Z�d �d�Z�d �d�Z�i�e�b �\ �i�h�l�h�d�_ 

�i�_�j�_�f�_�s�Z�x�l�k�y, �d�Z�d �i�j�Z�\�b�e�h, �o�Z�h�l�b�q�g�h, �l�h �\�e�b�y�g�b�_ �w�l�h�]�h �w�n�n�_�d�l�Z �g�_�e�b�g�_�c�g�h 

�k�d�Z�a�u�\�Z�_�l�k�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o �b�k�i�Z�j�_�g�b�y, �\ �q�Z�k�l�g�h�k�l�b, �a�g�Z�q�_�g�b�y�o �ûR [58, 144, 

153]. �>�e�y �h�l�g�h�k�b�l�_�e�v�g�h �f�Z�e�u�o (Rm < 0,2 �f�f ) �d�Z�i�_�e�v �\�e�b�y�g�b�_ �w�l�h�]�h �n�Z�d�l�h�j�Z 

�g�_�k�d�h�e�v�d�h �m�f�_�j�_�g�g�h, �l�Z�d �d�Z�d �^�e�y �g�b�o �o�Z�j�Z�d�l�_�j�g�u �g�_�[�h�e�v�r�b�_ �i�h �j�Z�a�f�_�j�Z�f 

�l�_�f�i�_�j�Z�l�m�j�g�u�_ �b �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�u�_ �k�e�_�^�u (�h�[�e�Z�k�l�b �\ �k�e�_�^�_ �d�Z�i�e�b �k �k�m�s�_�k�l�\�_�g�g�h 

�i�h�g�b�`�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�h�c �b �d�h�g�p�_�g�l�j�Z�p�b�_�c �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y) [58, 144, 153]. 

�L�Z�d�`�_ �i�j�h�\�_�^�_�g �j�y� ̂ �w�d�k�i�_�j�b�f�_�g�l�h�\ �^�e�y �d�j�m�i�g�u�o �h�^�b�g�h�q�g�u�o �f�h�g�h�e�b�l�g�u�o 

�d�Z�i�_�e�v �`�b�^�d�h�k�l�b. �G�Z �j�b�k. 3.2.3 �i�j�b�\�_�^�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �g�Z�q�Z�e�v�g�h�c 

�l�_�f�i�_�j�Z�l�m�j�u �\�h�^�u Tw �^�e�y �d�j�m�i�g�u�o �d�Z�i�_�e�v �k�h �k�j�_�^�g�b�f �g�Z�q�Z�e�v�g�u�f �j�Z�^�b�m�k�h�f Rd �§ 

2,9 �f�f . 

�>�e�y �d�j�m�i�g�u�o (2,9 �f�f ) �d�Z�i�_�e�v �m�k�l�Z�g�h�\�e�_�g�h �a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c 

�l�_�f�i�_�j�Z�l�m�j�u �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �n�Z�a�h�\�u�o 

�i�j�_�\�j�Z�s�_�g�b�c �i�j�b �b�o �^�\�b�`�_�g�b�b �q�_�j�_�a «�]�h�j�y�q�b�_» �i�j�h�^�m�d�l�u �k�]�h�j�Z�g�b�y. �L�Z�d, 

�i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u Tw �h�l 293 �D �^�h 323 �D �\�u�a�u�\�Z�_�l �m�\�_�e�b�q�_�g�b�_ �i�Z�j�Z�f�_�l�j�Z �ûR 
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�g�Z 10 %. �>�Z�g�g�u�c �j�_�a�m�e�v�l�Z�l �o�h�j�h�r�h �d�h�j�j�_�e�b�j�m�_�l �k �j�_�a�m�e�v�l�Z�l�Z�f�b, �i�h�e�m�q�_�g�g�u�f�b 

�^�e�y �f�_�e�d�b�o (�f�_�g�_�_ 0,5 �f�f ) �d�Z�i�_�e�v. 

 

 

�J�b�k�m�g�h�d 3.2.3. �A�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �\�h�^�u Tw �^�e�y 

�h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �k �g�Z�q�Z�e�v�g�u�f �k�j�_�^�g�b�f �j�Z�^�b�m�k�h�f Rd �§ 2,9 �f�f  

 

�M�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �ûR = f(Rm) �b �ûR = f(Tw) �i�h�d�Z�a�u�\�Z�x�l (�j�b�k. 3.2.1), 

�q�l�h �^�e�y �h�[�_�k�i�_�q�_�g�b�y �g�_�d�h�l�h�j�h�c �a�Z�^�Z�g�g�h�c �i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b [52, 115, 212-216], �g�Z�i�j�b�f�_�j, �\ �k�b�k�l�_�f�Z�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b 

�\�h�^�u �h�l �i�j�b�f�_�k�_�c �b �\�d�e�x�q�_�g�b�c, �f�h�`�g�h �h�l�g�h�k�b�l�_�e�v�g�h �m�f�_�j�_�g�g�h (�ûTw �^�h 50 �D) 

�i�h�\�u�k�b�l�v �_�_ �g�Z�q�Z�e�v�g�m�x �l�_�f�i�_�j�Z�l�m�j�m �[�_�a �k�m�s�_�k�l�\�_�g�g�h�]�h �b�a�f�_�e�v�q�_�g�b�y �d�Z�i�_�e�v. 

�D�j�h�f�_ �l�h�]�h, �i�j�h�\�_�^�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�u�\�Z�x�l �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ 

�g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �i�j�h�p�_�k�k�h�\ 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z, �q�l�h �k�e�_�^�m�_�l �h�[�y�a�Z�l�_�e�v�g�h �m�q�b�l�u�\�Z�l�v �\ �l�Z�d�b�o �i�j�b�e�h�`�_�g�b�y�o, 
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�d�Z�d �h�o�e�Z�`�^�_�g�b�_ �p�b�j�d�m�e�y�p�b�h�g�g�h�c �\�h�^�u �\ �]�j�Z�^�b�j�g�y�o �L�W�K. �<�h�a�f�h�`�g�h, �i�h 

�f�Z�l�_�j�b�Z�e�v�g�u�f �a�Z�l�j�Z�l�Z�f �w�l�h�l �i�h�^�o�h�^ �\ �j�y�^�_ �i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c, �g�Z�i�j�b�f�_�j, 

[52, 115, 212-216], �[�m�^�_�l �^�Z�`�_ �[�h�e�_�_ �w�d�h�g�h�f�b�q�_�k�d�b �\�u�]�h�^�_�g �b �h�l�g�h�k�b�l�_�e�v�g�h 

�i�j�h�k�l�h �j�_�Z�e�b�a�m�_�f. �L�Z�d, �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �j�Z�k�i�u�e�_�g�g�h�c �\�h�^�u �\ �i�j�h�p�_�k�k�_ �l�m�r�_�g�b�y 

�i�h�`�Z�j�h�\ �\ �a�^�Z�g�b�y�o �b �k�h�h�j�m�`�_�g�b�y�o �k �p�_�e�v�x �h�[�_�k�i�_�q�_�g�b�y �_�_ �i�h�e�g�h�]�h �b�k�i�Z�j�_�g�b�y �\ 

�i�e�Z�f�_�g�g�h�c �a�h�g�_ �]�h�j�_�g�b�y �b �e�b�d�\�b�^�Z�p�b�b �h�q�Z�]�Z �\�h�a�]�h�j�Z�g�b�y (�w�n�n�_�d�l�b�\�g�h�]�h 

�b�k�i�h�e�v�a�h�\�Z�g�b�y �`�b�^�d�h�k�l�b [154, 211]), �Z �l�Z�d�`�_ �\ �l�_�o�g�h�e�h�]�b�y�o �l�_�j�f�b�q�_�k�d�h�c 

(�b�k�i�Z�j�b�l�_�e�v�g�h�c) �h�q�b�k�l�d�b �\�h�^�u �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �p�_�e�_�k�h�h�[�j�Z�a�g�u�f, �\ �i�_�j�\�m�x 

�h�q�_�j�_�^�v, �i�h�\�u�r�Z�l�v �g�Z�q�Z�e�v�g�m�x �l�_�f�i�_�j�Z�l�m�j�m Tw �\ �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�f 

�^�b�Z�i�Z�a�h�g�_ (�\�f�_�k�l�h �k�h�a�^�Z�g�b�y �j�Z�k�i�u�e�b�l�_�e�_�c �k �j�Z�a�f�_�j�Z�f�b �d�Z�i�_�e�v �^�h �g�_�k�d�h�e�v�d�b�o 

�^�_�k�y�l�d�h�\ �f�b�d�j�h�g). 

 

3.3. �<�e�b�y�g�b�_ �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\�h�^�u �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�o 

�b�k�i�Z�j�_�g�b�y �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u 

 

�A�Z�^�Z�q�_�c �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�e�h�k�v �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �h�i�j�_�^�_�e�_�g�b�_ �\�e�b�y�g�b�y 

�j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\�h�^�u �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�o �b�k�i�Z�j�_�g�b�y �i�j�b 

�^�\�b�`�_�g�b�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c �]�Z�a�h�\�u�c �i�h�l�h�d [211, 217, 218]. 

�I�h�e�m�q�_�g�g�u�_ �i�j�b �i�j�h�\�_�^�_�g�b�b �h�i�u�l�h�\ �l�b�i�b�q�g�u�_ �\�b�^�_�h�d�Z�^�j�u �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�f �i�h�e�y �k�d�h�j�h�k�l�_�c �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �i�j�b�\�_�^�_�g�u 

�g�Z �j�b�k. 3.3.1. �<�b�^�g�h, �q�l�h �i�h�k�e�_ �i�j�h�o�h�`�^�_�g�b�y �`�b�^�d�h�k�l�v�x �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c 

�a�h�g�u �i�e�Z�f�_�g�b �h�[�s�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �d�Z�i�_�e�v �a�g�Z�q�b�l�_�e�v�g�h (�\ �g�_�k�d�h�e�v�d�h �j�Z�a) 

�k�g�b�`�Z�_�l�k�y. �I�j�b �w�l�h�f �k�d�h�j�h�k�l�v �^�\�m�o�n�Z�a�g�h�]�h �i�Z�j�h�\�h�^�y�g�h�]�h �i�h�l�h�d�Z �m�f�_�g�v�r�Z�_�l�k�y 

�[�h�e�_�_ �q�_�f �g�Z 30 % (�j�b�k. 3.3.1, �[) �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�h�c (�j�b�k. 3.3.1, �Z). 

�I�h �i�h�e�m�q�_�g�g�u�f �\�b�^�_�h�]�j�Z�f�f�Z�f �b �i�h�e�y�f �k�d�h�j�h�k�l�_�c (�j�b�k. 3.3.1) �\�u�i�h�e�g�_�g 

�q�b�k�e�_�g�g�u�c �Z�g�Z�e�b�a �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b, 

�^�\�b�`�m�s�_�c�k�y �\ �\�b�^�_ �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �q�_�j�_�a �i�e�Z�f�y. �J�_�a�m�e�v�l�Z�l�u �i�j�b�\�_�^�_�g�u �\ 

�l�Z�[�e�b�p�_ 3.1 (�]�j�m�i�i�Z 1 – «�f�Z�e�u�_» �d�Z�i�e�b, �]�j�m�i�i�Z 2 – «�k�j�_�^�g�b�_» �d�Z�i�e�b, �]�j�m�i�i�Z 3 – 

«�[�h�e�v�r�b�_» �d�Z�i�e�b). 
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�Z 

 

�[ 

�J�b�k�m�g�h�d 3.3.1. �<�b�^�_�h�]�j�Z�f�f�Z �b �i�h�e�_ �k�d�h�j�h�k�l�b �i�h�l�h�d�Z �d�Z�i�_�e�v �g�Z �\�o�h�^�_ (�Z) �b �\�u�o�h�^�_ 

(�[) �d�Z�g�Z�e�Z �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b 
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�>�e�y �m�^�h�[�k�l�\�Z �h�p�_�g�d�b �b�a�f�_�g�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �i�h�k�e�_�^�g�b�_ 

�i�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �m�k�e�h�\�g�h �j�Z�a�^�_�e�_�g�u �g�Z �l�j�b �]�j�m�i�i�u: «�f�Z�e�u�_» – 0,075 < 

Rm < 0,175 �f�f ; «�k�j�_�^�g�b�_» – 0,175 < Rm < 0,275 �f�f ; «�[�h�e�v�r�b�_» – 0,275 < Rm < 0,375 

�f�f . 

�M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �i�j�h�o�h�`�^�_�g�b�b �k�h�\�h�d�m�i�g�h�k�l�v�x �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 

�d�Z�i�_�e�v (0,075 < Rm < 0,375 �f�f ) �j�Z�k�k�l�h�y�g�b�y �\ 1 �f  (�\�u�k�h�l�Z �i�e�Z�f�_�g�b) �d�h�g�p�_�g�l�j�Z�p�b�y 

�b�o �\ �i�h�l�h�d�_ �.m �k�m�s�_�k�l�\�_�g�g�h �k�g�b�`�Z�_�l�k�y (�j�b�k. 3.3.1, �[) �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�h�c 

(�j�b�k. 3.3.1, �Z). �K�j�_�^�b �i�j�h�r�_�^�r�b�o �q�_�j�_�a �i�e�Z�f�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �i�j�Z�d�l�b�q�_�k�d�b 

�h�l�k�m�l�k�l�\�m�x�l �d�j�m�i�g�u�_ �d�Z�i�e�b �k �j�Z�a�f�_�j�Z�f�b Rm > 0,275 �f�f , �Z �i�h�l�h�d �g�Z 94,3 % 

(�k�m�f�f�Z�j�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �.m �^�e�y �d�Z�i�_�e�v �]�j�m�i�i 1 �b 2) �k�h�k�l�h�b�l �b�a «�f�Z�e�u�o» �b 

«�k�j�_�^�g�b�o» �d�Z�i�_�e�v (�j�b�k. 3.3.1). �W�l�h�l �j�_�a�m�e�v�l�Z�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �\ 

�i�j�h�p�_�k�k�_ �b�k�i�Z�j�_�g�b�y �i�j�b �i�j�h�o�h�`�^�_�g�b�b �a�h�g�u �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �j�Z�^�b�m�k 

«�[�h�e�v�r�b�o» �d�Z�i�_�e�v Rm �m�f�_�g�v�r�Z�_�l�k�y �g�Z 33 % (�l�Z�[�e�b�p�Z 3.3.1). �J�Z�^�b�m�k «�k�j�_�^�g�b�o» 

�d�Z�i�_�e�v Rm �m�f�_�g�v�r�Z�_�l�k�y �g�Z 47 %. «�F�Z�e�u�_» �d�Z�i�e�b �b�k�i�Z�j�y�x�l�k�y �i�h�e�g�h�k�l�v�x (Rm �:  0). 

�<�u�i�h�e�g�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �g�_�d�h�l�h�j�Z�y �q�Z�k�l�v «�f�Z�e�u�o» �b 

«�k�j�_�^�g�b�o» �d�Z�i�_�e�v, �^�\�b�`�m�s�b�o�k�y �\�h �n�j�h�g�l�_ �i�h�l�h�d�Z, �m�g�h�k�b�l�k�y �k �m�o�h�^�y�s�b�f�b 

�^�u�f�h�\�u�f�b �]�Z�a�Z�f�b �g�Z �\�o�h�^�_ �\ �d�Z�g�Z�e (�g�_ �i�h�i�Z�^�Z�x�l �\ �h�[�e�Z�k�l�v �]�h�j�_�g�b�y). �W�l�h �f�h�`�g�h 

�h�[�t�y�k�g�b�l�v �m�k�l�Z�g�h�\�e�_�g�g�u�f�b �h�l�g�h�k�b�l�_�e�v�g�h �\�u�k�h�d�b�f�b (�^�h 0,3 �f /c) �k�d�h�j�h�k�l�y�f�b 

�\�h�k�o�h�^�y�s�b�o �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �b �^�h�k�l�Z�l�h�q�g�h �f�Z�e�h�c �f�Z�k�k�h�c �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 

�d�Z�i�_�e�v. 

�I�h �i�h�e�m�q�_�g�g�u�f �a�g�Z�q�_�g�b�y�f Rm �b �.m, �i�j�b�\�_�^�_�g�g�u�f �\ �l�Z�[�e�b�p�_, �f�h�`�g�h �k�^�_�e�Z�l�v 

�\�u�\�h�^ �h �k�m�s�_�k�l�\�_�g�g�h�f �b�a�f�_�g�_�g�b�b �k�l�j�m�d�l�m�j�u �^�\�m�o�n�Z�a�g�h�]�h �i�Z�j�h�`�b�^�d�h�k�l�g�h�]�h 

�i�h�l�h�d�Z �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�^�m�d�l�u �k�]�h�j�Z�g�b�y. �L�Z�d, 

�g�Z�i�j�b�f�_�j, �g�Z �\�o�h�^�_ �\ �d�Z�g�Z�e 14 (�j�b�k. 2.2.1) �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�Z �k�e�_�^�m�x�s�Z�y 

�h�l�g�h�k�b�l�_�e�v�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �d�Z�i�_�e�v �.m: �]�j�m�i�i�Z 1 – 44,27 %, �]�j�m�i�i�Z 2 – 40,13 %, 

�]�j�m�i�i�Z 3 – 15,47 %. �G�Z �\�u�o�h�^�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �a�g�Z�q�_�g�b�y �.m �k�h�k�l�Z�\�b�e�b: �]�j�m�i�i�Z 1 

– 43,07 %, �]�j�m�i�i�Z 2 – 51,20 %, �]�j�m�i�i�Z 3 – 5,73 %. �W�l�h�l �j�_�a�m�e�v�l�Z�l �i�h�d�Z�a�u�\�Z�_�l, �q�l�h 

�i�j�b �m�\�_�e�b�q�_�g�b�b �^�e�b�g�u �i�m�l�b �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\ �h�[�e�Z�k�l�b 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�_�l �d�h�g�p�_�g�l�j�Z�p�b�y �.m �^�e�y �]�j�m�i�i�u 
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«�f�Z�e�u�o» �d�Z�i�_�e�v, �Z �^�e�y «�[�h�e�v�r�b�o» �b «�k�j�_�^�g�b�o» �.m �:  0. �I�h�w�l�h�f�m �^�e�y �j�y�^�Z 

�i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �p�_�e�_�k�h�h�[�j�Z�a�g�h �i�Z�j�Z�f�_�l�j�u �j�Z�k�i�u�e�_�g�b�y (�\ �q�Z�k�l�g�h�k�l�b, Rm) �\�u�[�b�j�Z�l�v 

�b�k�o�h�^�y �b�a �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ �h�[�e�Z�k�l�_�c, �a�Z�i�h�e�g�_�g�g�u�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b 

�]�Z�a�Z�f�b. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �h�k�h�[�_�g�g�h �\�Z�`�g�h �m�q�b�l�u�\�Z�l�v �i�j�b �\�u�[�h�j�_ 

�i�Z�j�Z�f�_�l�j�h�\ �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �i�Z�j�h�d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z  �b �j�_�`�b�f�h�\ �j�Z�[�h�l�u 

�h�[�h�j�m�^�h�\�Z�g�b�y �\ �k�b�k�l�_�f�Z�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c (�l�_�j�f�b�q�_�k�d�h�c) �h�q�b�k�l�d�b �\�h�^�u [49-

51]. 

 

�L�Z�[�e�b�p�Z 3.3.1. 

�H�k�g�h�\�g�u�_ �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b 

�G�Z�b�f�_�g�h�\�Z�g�b�_ 

�i�Z�j�Z�f�_�l�j�Z 
�‹  �]�j�m�i�i�u�G�Z �\�o�h�^�_ �\ �d�Z�g�Z�e�G�Z �\�u�o�h�^�_ �b�a �d�Z�g�Z�e�Z

Rm, �f�f  

1 0,132 - 

2 0,215 0,114 

3 0,302 0,204 

�.m, % 

1 44,27 - 

2 40,13 43,07 

3 15,47 56,93 

��m, �_�/̂�k�f3 

1 54,864 - 

2 49,331 1,039 

3 18,948 1,372 

��v, �_�/̂�k�f3 123,333 2,401 

um, �f /�k 0,697 0,479 

Rm – �k�j�_�^�g�b�c �j�Z�^�b�m�k, �f�f ; �.m �b ��m – �k�j�_�^�g�y�y �h�l�g�h�k�b�l�_�e�v�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �\ % �b 

�_�/̂�k�f3, �k�h�h�l�\�_�l�k�l�\�_�g�g�h; ��v – �h�[�s�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �\ �j�Z�[�h�q�_�c �h�[�e�Z�k�l�b, �_�/̂�k�f3; um – 

�k�j�_�^�g�y�y �k�d�h�j�h�k�l�v, �f /�k. 
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�M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�d�h�j�h�k�l�b �d�Z�i�_�e�v �g�Z �\�u�o�h�^�_ �b�a �h�[�e�Z�k�l�b �]�h�j�_�g�b�y um 

�k�g�b�`�Z�x�l�k�y �g�Z 0,217 �f /�k �h�l�g�h�k�b�l�_�e�v�g�h �k�d�h�j�h�k�l�_�c �g�Z �\�o�h�^�_ �\ �d�Z�g�Z�e (�l�Z�[�e�b�p�Z 3.3.1). 

�W�l�h �h�[�m�k�e�h�\�e�_�g�h �d�Z�d �^�\�b�`�_�g�b�_�f �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y, �l�Z�d �b �b�g�l�_�g�k�b�\�g�u�f�b 

�n�Z�a�h�\�u�f�b �i�j�_�\�j�Z�s�_�g�b�y�f�b �i�j�b �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�b. �I�h�e�m�q�_�g�g�u�c �j�_�a�m�e�v�l�Z�l �o�h�j�h�r�h 

�d�h�j�j�_�e�b�j�m�_�l �k �a�Z�\�b�k�b�f�h�k�l�y�f�b, �i�h�e�m�q�_�g�g�u�f�b �^�e�y �k�d�h�j�h�k�l�_�c �b �\�j�_�f�_�g 

�k�m�s�_�k�l�\�h�\�Z�g�b�y �\�h�^�y�g�u�o �d�Z�i�_�e�v �i�j�b �i�j�h�\�_�^�_�g�b�b �q�b�k�e�_�g�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 �i�h�k�l�Z�g�h�\�h�d [58-61, 141-144, 154]. 

�>�e�y �^�Z�g�g�u�o, �i�j�b�\�_�^�_�g�g�u�o �\ �l�Z�[�e�b�p�_ 3.3.1, �i�h�e�m�q�_�g�Z �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�Z�y 

�a�Z�\�b�k�b�f�h�k�l�v: 

 

�' R = 6,0212·Rm
-1,374 �i�j�b 0,1 < Rm < 0,35 �f�f  �b um�§0,7 �f /�k.   (3.3.1) 

 

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �q�b�k�e�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �j�Z�g�_�_ [59, 61, 142] �[�u�e�h �i�h�d�Z�a�Z�g�h, 

�q�l�h �[�h�e�v�r�m�x �j�h�e�v �i�j�b �^�\�b�`�_�g�b�b �d�Z�i�_�e�v �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �q�_�j�_�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u �b�]�j�Z�_�l �b�o �i�h�e�h�`�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z. �B�a 

�Z�g�Z�e�b�a�Z �b�a�h�l�_�j�f �b �b�a�h�e�b�g�b�c �d�h�g�p�_�g�l�j�Z�p�b�c �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �m�k�l�Z�g�h�\�e�_�g�h [61], 

�q�l�h �i�j�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f �^�\�b�`�_�g�b�b �g�_�k�d�h�e�v�d�b�o �d�Z�i�_�e�v �i�_�j�\�u�_ �b�a �g�b�o �k�h�a�^�Z�x�l 

�m�k�e�h�\�b�y �^�e�y �k�m�s�_�k�l�\�_�g�g�h�]�h �k�g�b�`�_�g�b�y �k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y �i�h�k�e�_�^�m�x�s�b�o �d�Z�i�_�e�v. 

�< �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �l�Z�d�`�_ �\�u�y�\�e�_�g�Z �Z�g�Z�e�h�]�b�q�g�Z�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�v. �G�Z 

�j�b�k. 3.3.2 �i�j�b�\�_�^�_�g�Z �\�b�^�_�h�]�j�Z�f�f�Z, �g�Z �d�h�l�h�j�h�c �\�b�^�g�h, �q�l�h �h�l�g�h�k�b�l�_�e�v�g�h �[�h�e�v�r�b�_ 

�d�Z�i�e�b �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �j�Z�k�i�h�e�Z�]�Z�x�l�k�y �\ �k�e�_�^�_ �k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�b�o �d�Z�i�_�e�v. 

 

�J�b�k�m�g�h�d 3.3.2. �<�b�^�_�h�]�j�Z�f�f�Z �k «�l�Z�g�^�_�f�Z�f�b» �d�Z�i�_�e�v �g�Z �\�u�o�h�^�_ �b�a �a�h�g�u �i�e�Z�f�_�g�b 
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�I�h�e�m�q�_�g�g�u�c �j�_�a�m�e�v�l�Z�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �d�Z�i�e�b �i�j�b �b�k�i�Z�j�_�g�b�b 

�a�g�Z�q�b�l�_�e�v�g�h �k�g�b�`�Z�x�l �l�_�f�i�_�j�Z�l�m�j�m (�j�b�k. 3.3.3) �k�f�_�k�b �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �b 

�\�h�^�y�g�u�o �i�Z�j�h�\ �\ �k�\�h�_�f �k�e�_�^�_ [61]. �I�j�h�p�_�k�k�u �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �\ �h�d�j�_�k�l�g�h�k�l�b 

�i�h�k�e�_�^�m�x�s�b�o �d�Z�i�_�e�v �\ �l�Z�d�b�o �m�k�e�h�\�b�y�o �a�Z�f�_�^�e�y�x�l�k�y. �< �m�k�e�h�\�b�y�o �\�u�k�h�d�b�o 

�l�_�f�i�_�j�Z�l�m�j �i�j�b �b�g�l�_�g�k�b�\�g�u�o �w�g�^�h�l�_�j�f�b�q�_�k�d�b�o �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�y�o �k�d�h�j�h�k�l�b 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v (�h�k�h�[�_�g�g�h �\�h �n�j�h�g�l�_ �i�h�l�h�d�Z) �k�g�b�`�Z�x�l�k�y (�j�b�k. 3.3.1, �[). �D�Z�d 

�k�e�_�^�k�l�\�b�_, �j�Z�k�k�l�h�y�g�b�y �f�_�`�^�m �i�j�_�^�u�^�m�s�_�c �b �i�h�k�e�_�^�m�x�s�_�c �d�Z�i�e�y�f�b �m�f�_�g�v�r�Z�x�l�k�y. 

�W�l�b�f �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�h, �q�l�h �g�Z �j�b�k. 3.3.2 �g�_�d�h�l�h�j�u�_ �i�j�_�^�u�^�m�s�b�_ �b 

�i�h�k�e�_�^�m�x�s�b�_ �d�Z�i�e�b �i�j�Z�d�l�b�q�_�k�d�b «�k�e�b�\�Z�x�l�k�y» �\ �h�^�g�m (�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h 

�g�_�k�d�h�e�v�d�h «�h�[�t�_�^�b�g�_�g�g�u�o» �n�j�Z�]�f�_�g�l�h�\). �K�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h, 

�k�d�h�j�_�_ �\�k�_�]�h, �i�h �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�f �i�j�b�q�b�g�Z�f �d�Z�`�^�Z�y �i�h�k�e�_�^�m�x�s�Z�y �d�Z�i�e�y �i�h�l�h�d�Z 

�j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �f�_�^�e�_�g�g�_�_ �b�k�i�Z�j�y�_�l�k�y �b �i�j�h�o�h�^�b�l �k�m�s�_�k�l�\�_�g�g�h �[�h�e�v�r�b�c �i�m�l�v 

�h�l�g�h�k�b�l�_�e�v�g�h �i�j�_�^�u�^�m�s�_�c. 

 

 

�J�b�k�m�g�h�d 3.3.3. �B�a�h�l�_�j�f�u �\ �h�d�j�_�k�l�g�h�k�l�b «�l�Z�g�^�_�f�Z» �d�Z�i�_�e�v, �^�\�b�`�m�s�b�o�k�y �q�_�j�_�a 

�i�e�Z�f�y: 1 – �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y �]�Z�a�h�\�Z�y �k�j�_�^�Z, 2 – �i�_�j�\�Z�y �d�Z�i�e�y, 2’ – �\�l�h�j�Z�y �d�Z�i�e�y 

[61] 
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�L�Z�d�`�_ �\�u�i�h�e�g�_�g �k�h�i�h�k�l�Z�\�b�l�_�e�v�g�u�c �Z�g�Z�e�b�a �\�e�b�y�g�b�y �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �g�Z 

�b�g�l�_�g�k�b�\�g�h�k�l�v �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �^�e�y �d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b (0,05�”Rm�”0,5 �f�f ) �b �d�j�m�i�g�u�o �d�Z�i�_�e�v (1�”Rd�”5 �f�f ). �J�_�a�m�e�v�l�Z�l�u 

�b�k�k�e�_�^�h�\�Z�g�b�c �i�h�d�Z�a�Z�e�b, �q�l�h �i�_�j�\�h�k�l�_�i�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v 

�`�b�^�d�h�k�l�b �h�d�Z�a�u�\�Z�_�l, �i�j�_�`�^�_ �\�k�_�]�h, �g�Z�q�Z�e�v�g�u�c �j�Z�a�f�_�j �k�Z�f�b�o �d�Z�i�_�e�v. �L�Z�d, �k 

�m�\�_�e�b�q�_�g�b�_�f �j�Z�a�f�_�j�Z �d�Z�i�e�b, �^�h�e�y �b�k�i�Z�j�b�\�r�_�c�k�y �`�b�^�d�h�k�l�b �a�g�Z�q�b�l�_�e�v�g�h �k�g�b�`�Z�_�l�k�y 

�i�j�b �i�j�h�q�b�o �j�Z�\�g�u�o �m�k�e�h�\�b�y�o (�^�e�y �d�j�m�i�g�u�o �d�Z�i�_�e�v �^�h 15 %, �l�h�g�d�h�j�Z�k�i�u�e�_�g�g�h�c 

�\�h�^�u – �^�h�o�h�^�b�l �^�h 100 %). 

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �h�k�h�[�_�g�g�h �\�Z�`�g�u �^�e�y �h�[�t�y�k�g�_�g�b�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c 

�i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z �i�j�b �^�\�b�`�_�g�b�b �[�h�e�v�r�h�c �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �\�h�^�u �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�_, �g�Z�i�j�b�f�_�j �\ �l�_�o�g�h�e�h�]�b�y�o 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b �\�h�^�u [49-51] �b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 

�]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�o �k�f�_�k�_�c �\ �d�Z�q�_�k�l�\�_ �l�_�i�e�h�g�h�k�b�l�_�e�_�c [52-54]. 

 

3.4. �<�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v �\�h�^�u �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�o �b�k�i�Z�j�_�g�b�y �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ 

�]�Z�a�u 

 

�I�j�b �i�j�h�\�_�^�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ [219, 220] �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �h�i�b�k�Z�g�g�h�c �\ 

�]�e�Z�\�_ 2 �f�_�l�h�^�b�d�h�c �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v �\�b�^�_�h�b�a�h�[�j�Z�`�_�g�b�y �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v 

�j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c 

�h�[�e�Z�k�l�b (�p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�Z�g�Z�e�Z 14, �a�Z�i�h�e�g�_�g�g�h�]�h �i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y). �G�Z 

�j�b�k. 3.4.1 �i�j�b�\�_�^�_�g�u �l�b�i�b�q�g�u�_ �\�b�^�_�h�]�j�Z�f�f�u �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �b �i�h�e�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p �g�Z �\�u�o�h�^�_ �b�a �h�[�e�Z�k�l�b 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ �^�e�y �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�c �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c um. 

�L�b�i�b�q�g�u�_ �\�b�^�_�h�]�j�Z�f�f�u �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �\�h�^�u �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�f 

�i�h�e�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�_�j�h�\» �g�Z �\�u�o�h�^�_ �d�Z�g�Z�e�Z �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b 

�i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 3.4.1. 
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�J�b�k�m�g�h�d 3.4.1. �<�b�^�_�h�]�j�Z�f�f�u �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �b �i�h�e�y �k�d�h�j�h�k�l�_�c 

«�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p �g�Z �\�u�o�h�^�_ �d�Z�g�Z�e�Z �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�h�c 

�i�j�b um�§0,8 �f /�k (�Z), um�§1,2 �f /�k (�[) �b um�§1,5 �f /�k (�\) 

 

�G�Z �h�k�g�h�\�Z�g�b�b �Z�g�Z�e�b�a�Z �\�b�^�_�h�]�j�Z�f�f, �i�h�^�h�[�g�u�o �i�j�b�\�_�^�_�g�g�u�f �g�Z �j�b�k. 3.4.1, 

�f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �k�m�s�_�k�l�\�_�g�g�h�f �k�g�b�`�_�g�b�b �h�l�g�h�k�b�l�_�e�v�g�h�c �h�[�t�_�f�g�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b �d�Z�i�_�e�v �.m �i�h�k�e�_ �i�j�h�o�h�`�^�_�g�b�y �b�f�b �a�h�g�u �i�e�Z�f�_�g�b. �M�k�l�Z�g�h�\�e�_�g�g�Z�y 

�a�Z�d�h�g�h�f�_�j�g�h�k�l�v �o�h�j�h�r�h �d�h�j�j�_�e�b�j�m�_�l �k �j�_�a�m�e�v�l�Z�l�Z�f�b �h�i�u�l�h�\ [221, 222]. �I�j�b �w�l�h�f 

�\�u�y�\�e�_�g�h �m�f�_�j�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c um �g�Z �a�g�Z�q�_�g�b�y �.m. �K�j�_�^�g�y�y 

�h�l�g�h�k�b�l�_�e�v�g�Z�y �h�[�t�_�f�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �d�Z�i�_�e�v �\�u�^�_�e�_�g�g�u�o (�i�h �j�Z�a�f�_�j�Z�f) �]�j�m�i�i 

�g�Z �\�o�h�^�_ �.m �k�h�k�l�Z�\�b�e�Z: 0,09 < Rm �” 0,16 �f�f  (�]�j�m�i�i�Z 1) – 25 %, 0,16 < Rm �” 0,23 �f�f  

(�]�j�m�i�i�Z 2) – 45 %, 0,23 < Rm �” 0,3 �f�f  (�]�j�m�i�i�Z 3) – 25 %, 0,3 < Rm �” 0,37 �f�f  (�]�j�m�i�i�Z 

4) – 5 %. �I�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b um �\ �^�h�k�l�Z�l�h�q�g�h �r�b�j�h�d�h�f 

�^�b�Z�i�Z�a�h�g�_ (�h�l 0,5 �f /�k �^�h 1,5 �f /�k) �g�Z �\�u�o�h�^�_ �b�a �d�Z�g�Z�e�Z 14 �i�j�h�b�k�o�h�^�b�e�h 

�k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �\�g�m�l�j�_�g�g�_�c �k�l�j�m�d�l�m�j�u �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�h�]�h 
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(�]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�h�]�h) �i�h�l�h�d�Z. �L�Z�d, �^�e�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �]�j�m�i�i �d�Z�i�_�e�v �i�j�b um=0,8 

�f /�k �h�l�g�h�k�b�l�_�e�v�g�u�_ �h�[�t�_�f�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�\�g�u: �]�j�m�i�i�Z 2 – 6 %, �]�j�m�i�i�Z 3 – 64 

%, �]�j�m�i�i�Z 4 – 30 %. �>�e�y um=1,2 �f /�k: �]�j�m�i�i�Z 2 – 3 %, �]�j�m�i�i�Z 3 – 52 %, �]�j�m�i�i�Z 4 – 45 

%. �I�j�b um=1,5 �f /�k �a�g�Z�q�_�g�b�y �.m �k�h�k�l�Z�\�b�e�b: �]�j�m�i�i�Z 2 – 1 %, �]�j�m�i�i�Z 3 – 39 %, �]�j�m�i�i�Z 

4 – 60 %. �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �d�Z�i�e�b �k �g�Z�q�Z�e�v�g�u�f�b �j�Z�a�f�_�j�Z�f�b 0,09 < Rm �” 

0,16 �f�f  (�]�j�m�i�i�Z 1) �b�k�i�Z�j�y�x�l�k�y �i�h�e�g�h�k�l�v�x. �< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �a�g�Z�q�_�g�b�c �.m �^�e�y 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �]�j�m�i�i �d�Z�i�_�e�v �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�[�t�_�f�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 

�i�h�k�e�_�^�g�b�o �\ �p�_�e�h�f �g�Z �\�u�o�h�^�_ �b�a �a�h�g�u �i�e�Z�f�_�g�b �g�_�a�g�Z�q�b�l�_�e�v�g�h (�f�_�g�_�_ 5 %) 

�b�a�f�_�g�y�_�l�k�y �k �j�h�k�l�h�f �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\ �^�b�Z�i�Z�a�h�g�_ �h�l 

0,5 �f /�k �^�h 1,5 �f /�k. 

�G�Z �j�b�k. 3.4.2 �i�j�_�^�k�l�Z�\�e�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �b�g�l�_�]�j�Z�e�v�g�h�]�h �i�Z�j�Z�f�_�l�j�Z, 

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�]�h �b�a�f�_�g�_�g�b�_ �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �i�j�b �b�k�i�Z�j�_�g�b�b �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �h�[�e�Z�k�l�b (�ûR), �h�l �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �^�e�y 

�j�Z�a�e�b�q�g�u�o um. 

��
�J�b�k�m�g�h�d 3.4.2. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v 

�j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b Rm �^�e�y �j�Z�a�e�b�q�g�u�o �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c um:  

1 – um=0,8 �f /�k, 2 – um=1,1 �f /�k, 3 – um=1,4 �f /�k 
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�G�Z �j�b�k. 3.4.3 �i�j�b�\�_�^�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v �^�e�y �g�_�k�d�h�e�v�d�b�o �\�u�^�_�e�_�g�g�u�o (�i�h �g�Z�q�Z�e�v�g�u�f �j�Z�a�f�_�j�Z�f) �]�j�m�i�i. 

�<�b�^�g�h, �q�l�h �i�j�b �b�a�f�_�g�_�g�b�b um �h�l 0,8 �^�h 1,4 �f /�k �a�g�Z�q�_�g�b�_ �i�Z�j�Z�f�_�l�j�Z �ûR �^�e�y �d�Z�i�_�e�v �k 

�g�Z�q�Z�e�v�g�u�f�b �j�Z�a�f�_�j�Z�f�b 0,16 < Rm �” 0,23 �f�f  �f�_�g�y�_�l�k�y �\ �k�j�_�^�g�_�f �g�Z 2,5 %, 0,23 < Rm 

�” 0,3 �f�f  – �g�Z 3 %, 0,3 < Rm �” 0,37 �f�f  – �g�Z 3,5 %. 

 

�J�b�k�m�g�h�d 3.4.3. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y um 

�d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �^�e�y �\�u�^�_�e�_�g�g�u�o �]�j�m�i�i �d�Z�i�_�e�v: 1 – �i�j�b 0,16 �” Rm �” 

0,23 �f�f , 2 – �i�j�b 0,23 < Rm �” 0,3 �f�f , 3 – �i�j�b 0,3 < Rm �” 0,37 �f�f  

 

�M�k�l�Z�g�h�\�e�_�g�g�u�_ (�j�b�k. 3.4.2, 3.4.3) �a�Z�\�b�k�b�f�h�k�l�b �ûR=f(Rm) �b �ûR=f(um) �f�h�`�g�h 

�h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �i�j�b �k�g�b�`�_�g�b�b �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v 

�\�h�a�j�Z�k�l�Z�x�l �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �g�Z�o�h�`�^�_�g�b�y �b�o �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�[�e�Z�k�l�b, 

�i�j�h�]�j�_�\�Z �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y �`�b�^�d�h�k�l�b, �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �g�_�k�d�h�e�v�d�h 
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�m�\�_�e�b�q�b�\�Z�_�l�k�y �f�Z�k�k�Z �b�k�i�Z�j�b�\�r�_�c�k�y �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y �q�_�j�_�a �]�Z�a�h�\�m�x �k�j�_�^�m 

�`�b�^�d�h�k�l�b.  

�< �l�h �`�_ �\�j�_�f�y �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�b�o �\�j�_�f�_�g�Z�o 

(�h�l 1 �^�h 3 �k) �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b (td) �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u 

(�i�j�h�o�h�`�^�_�g�b�y �d�Z�g�Z�e�Z 14), �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v 

�^�h�k�l�Z�l�h�q�g�h �m�f�_�j�_�g�g�h�_. �:�g�Z�e�b�a �j�b�k. 3.4.2 �b 3.4.3 �i�h�a�\�h�e�y�_�l �a�Z�d�e�x�q�b�l�v, �q�l�h �k 

�j�h�k�l�h�f �\�j�_�f�_�g td �\�e�b�y�g�b�_ �\�u�^�_�e�_�g�g�h�]�h �w�n�n�_�d�l�Z �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �m�k�b�e�b�l�v�k�y. 

�W�l�h�l �\�u�\�h�^ �o�h�j�h�r�h �k�h�]�e�Z�k�m�_�l�k�y �k �a�Z�d�e�x�q�_�g�b�y�f�b �l�_�h�j�_�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c [61, 

146]. �L�Z�d, �m�k�l�Z�g�h�\�e�_�g�h [61, 146], �q�l�h �i�j�b �j�Z�a�f�_�j�Z�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c 

�h�[�e�Z�k�l�b �h�l 15 �f  �^�h 25 �f  (�b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �\�j�_�f�_�g�Z�o �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b 

�g�_ �f�_�g�_�_ 10 �k) �\�h�a�f�h�`�g�h �b�k�i�Z�j�_�g�b�_ �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �g�Z 20–25 %. �I�j�b �w�l�h�f 

�i�h�d�Z�a�Z�g�h, �q�l�h, �g�_�k�f�h�l�j�y �g�Z �b�g�l�_�g�k�b�\�g�h�_ �b�k�i�Z�j�_�g�b�_ �b �^�_�c�k�l�\�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 

�k�b�e �k�h�i�j�h�l�b�\�e�_�g�b�y, �i�j�h�b�k�o�h�^�b�l �m�k�d�h�j�_�g�b�_ �d�Z�i�_�e�v (�\ �h�k�g�h�\�g�h�f �a�Z �k�q�_�l �k�b�e�u 

�l�y�`�_�k�l�b). �W�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�x �f�Z�k�k�h�\�u�o �k�d�h�j�h�k�l�_�c 

�b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �b �e�b�g�_�c�g�u�o �k�d�h�j�h�k�l�_�c �\�^�m�\�Z �i�j�h�^�m�d�l�h�\ �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�j�h�\�_�^�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �k 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �d�Z�g�Z�e�Z�f�b, �i�h�^�h�[�g�u�f�b �p�b�e�b�g�^�j�m 14 �m�k�l�Z�g�h�\�d�b (�j�b�k. 2.2.1) 

�b �b�f�_�x�s�b�f�b �^�e�b�g�m �[�h�e�_�_ 3 �f , �a�Z�l�j�m�^�g�b�l�_�e�v�g�h �d�Z�d �\�k�e�_�^�k�l�\�b�_ �k�e�h�`�g�h�k�l�_�c 

�h�[�_�k�i�_�q�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �j�Z�\�g�h�f�_�j�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �d�Z�g�Z�e�_, 

�l�Z�d �b �l�j�_�[�m�_�f�u�o �k�d�h�j�h�k�l�_�c �\�b�^�_�h�k�t�_�f�d�b �i�_�j�_�f�_�s�_�g�b�y «�l�j�Z�k�k�_�j�h�\». �I�h�w�l�h�f�m 

�f�h�`�g�h �l�h�e�v�d�h �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �\�e�b�y�g�b�_ um �g�Z �' R �i�j�b �^�e�b�g�Z�o 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �d�Z�g�Z�e�h�\, �[�h�e�v�r�b�o �b�k�i�h�e�v�a�m�_�f�h�]�h �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o (�j�b�k. 

2.2.1).  

�>�e�y �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.4.2 �b 3.4.3 �a�Z�\�b�k�b�f�h�k�l�_�c �i�h�e�m�q�_�g�u 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y, �d�h�l�h�j�u�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b 

�i�j�h�]�g�h�k�l�b�q�_�k�d�h�c �h�p�_�g�d�_ �f�Z�k�k�u �b�k�i�Z�j�b�\�r�_�c�k�y �`�b�^�d�h�k�l�b (�i�h �b�a�f�_�g�_�g�b�x �j�Z�a�f�_�j�h�\ 

[221] �b�e�b �f�Z�k�k�u [222] �d�Z�i�_�e�v) �\ �a�h�g�_ �i�e�Z�f�_�g�b �i�j�b �j�Z�a�e�b�q�g�u�o �g�Z�q�Z�e�v�g�u�o 

�a�g�Z�q�_�g�b�y�o �_�_ �k�d�h�j�h�k�l�b �b �i�Z�j�Z�f�_�l�j�Z�o �j�Z�k�i�u�e�_�g�b�y (�^�b�k�i�_�j�k�g�h�k�l�b): 
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�' R = 25,023Rm
-0,512 �i�j�b um =0,8 �f /�k, 0,15 < Rm < 0,35 �f�f ;    (3.4.1) 

�' R = 20,371Rm
-0,606 �i�j�b um =1,4 �f /�k, 0,15 < Rm < 0,35 �f�f ;    (3.4.2) 

�' R = 56,896um
-0,126 �i�j�b 0,16 < Rm �” 0,23 �f�f , 0,8 < um < 1,4 �f /�k;   (3.4.3) 

�' R = 48,336um
-0,167 �i�j�b 0,23 < Rm �” 0,3 �f�f , 0,8 < um < 1,4 �f /�k;   (3.4.4) 

�' R = 43,062um
-0,182 �i�j�b 0,3 < Rm �” 0,37 �f�f , 0,8 < um < 1,4 �f /�k.   (3.4.5) 

 

�L�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �f�Z�k�r�l�Z�[�u �\�e�b�y�g�b�y �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y 

�h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�o �b�k�i�Z�j�_�g�b�y �\ �h�[�e�Z�k�l�b 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �k�h�i�h�k�l�Z�\�b�f�u �k �\�u�y�\�e�_�g�g�u�f�b �^�e�y 

�j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b. �L�Z�d, �g�Z �j�b�k. 3.4.4 �i�j�b�\�_�^�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �ûR 

�h�l �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v ud �i�j�b �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�g�u�o 

�j�Z�^�b�m�k�Z�o Rd. 

 

 

�J�b�k�m�g�h�d 3.4.4. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y 

�h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �`�b�^�d�h�k�l�b ud: 1 – �i�j�b Rd �§ 1,5 �f�f , 2 – �i�j�b Rd �§ 2 �f�f , 3 – �i�j�b Rd �§ 

3 �f�f  
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�I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b ud �h�l 0,8 �^�h 1,4 �f /�k �a�g�Z�q�_�g�b�_ �b�g�l�_�]�j�Z�e�v�g�h�]�h 

�i�Z�j�Z�f�_�l�j�Z �ûR �^�e�y �d�Z�i�_�e�v �k �g�Z�q�Z�e�v�g�u�f�b �j�Z�a�f�_�j�Z�f�b Rd = 1,5–3 �f�f  �b�a�f�_�g�y�_�l�k�y �g�Z 4–

5 %. �G�_�k�d�h�e�v�d�h (1–2 %) �[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c 

�^�\�b�`�_�g�b�y �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v (�j�b�k. 3.4.4) �i�h �k�j�Z�\�g�_�g�b�x �k �d�Z�i�e�y�f�b �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b (�j�b�k. 3.4.2, 3.4.3) �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�h 

�f�_�g�y�x�l�k�y �m�k�e�h�\�b�y �l�_�i�e�h�h�[�f�_�g�Z �h�^�b�g�h�q�g�h�c �d�Z�i�e�b �k �\�g�_�r�g�_�c �]�Z�a�h�\�h�c �k�j�_�^�h�c �i�j�b 

�_�_ �m�k�d�h�j�_�g�b�b [175]. �J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 

�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c �b�k�i�Z�j�_�g�b�y �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �k 

�l�_�h�j�_�l�b�q�_�k�d�b�f�b �a�Z�\�b�k�b�f�h�k�l�y�f�b [146, 147, 221] �b �h�k�g�h�\�g�u�f�b �a�Z�d�e�x�q�_�g�b�y�f�b [61, 

154]. 

�>�e�y �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.4.4 �a�Z�\�b�k�b�f�h�k�l�_�c �l�Z�d�`�_ �i�h�e�m�q�_�g�u 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y, �i�h�a�\�h�e�y�x�s�b�_ �h�p�_�g�b�l�v �b�a�f�_�g�_�g�b�_ �j�Z�a�f�_�j�h�\ 

�h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �b�o �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b: 

 

�' R = 10,58ud
-0,617 �i�j�b Rd =1,5 �f�f , 0,5 < ud < 2,5 �f /�k;   (3.4.6) 

�' R = 6,4665ud
-1,055 �i�j�b Rd =2 �f�f , 0,5 < ud < 2,5 �f /�k;    (3.4.7) 

�' R = 4,028ud
-1,597 �i�j�b Rd =3 �f�f , 0,5 < ud < 2,5 �f /�k.   (3.4.8) 

 

�I�j�h�\�_�^�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �b�a�f�_�g�_�g�b�_ �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b 

�i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\ �^�b�Z�i�Z�a�h�g�_ 0,8–1,4 �f /�k �i�j�b 

�i�j�h�o�h�`�^�_�g�b�b �i�e�Z�f�_�g�b �\�u�k�h�l�h�c �h�d�h�e�h 1 �f  �g�_ �h�d�Z�a�u�\�Z�_�l �a�g�Z�q�b�l�_�e�v�g�h�]�h �\�e�b�y�g�b�y �g�Z 

�i�h�e�g�h�l�m �b�o �b�k�i�Z�j�_�g�b�y (�b�a�f�_�g�_�g�b�_ �i�Z�j�Z�f�_�l�j�Z �' R �g�_ �i�j�_�\�u�r�Z�_�l 4 %). �< �l�h�`�_ 

�\�j�_�f�y, �\ �j�_�a�m�e�v�l�Z�l�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �g�_�[�h�e�v�r�b�o �k�d�h�j�h�k�l�y�o 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v �b�f�_�_�l �f�_�k�l�h �y�\�e�_�g�b�_ �q�Z�k�l�b�q�g�h�]�h �b�e�b �^�Z�`�_ �i�h�e�g�h�]�h �j�Z�a�\�h�j�h�l�Z 

�]�j�m�i�i�u �f�Z�e�u�o �i�h �j�Z�a�f�_�j�Z�f �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �g�Z �\�o�h�^�_ �\ �i�e�Z�f�y �b �b�o 

�i�h�k�e�_�^�m�x�s�_�]�h �m�g�h�k�Z �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y (�l.�_. �\�h�a�f�h�`�g�h 

�k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �l�j�Z�_�d�l�h�j�b�b �^�\�b�`�_�g�b�y �b �h�l�g�h�k�b�l�_�e�v�g�h�c �h�[�t�_�f�g�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b �d�Z�i�_�e�v). �<�u�y�\�e�_�g�g�u�c �w�n�n�_�d�l �h�k�h�[�_�g�g�h �\�Z�`�_�g �i�j�b �\�u�k�h�d�b�o 
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�\�k�l�j�_�q�g�u�o �k�d�h�j�h�k�l�y�o �]�Z�a�h�\�h�]�h �i�h�l�h�d�Z, �o�Z�j�Z�d�l�_�j�g�u�o, �g�Z�i�j�b�f�_�j, �^�e�y �i�h�`�Z�j�h�\ �g�Z 

�h�l�d�j�u�l�u�o �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�o �i�e�h�s�Z�^�y�o (�\ �q�Z�k�l�g�h�k�l�b, �e�_�k�g�u�o). �L�Z�d, �m�k�l�Z�g�h�\�e�_�g�h, 

�q�l�h �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�Z�y �g�Z�q�Z�e�v�g�Z�y �k�d�h�j�h�k�l�v (�f�_�g�_�_ 0,5 �f /�k) �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �i�j�b�\�h�^�b�l �d �m�g�h�k�m �_�]�h �k�m�s�_�k�l�\�_�g�g�h�c �q�Z�k�l�b (�^�h 40 %) �\�h�k�o�h�^�y�s�b�f�b 

�i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y (�i�j�b �b�o �k�d�h�j�h�k�l�y�o �h�d�h�e�h 2–3 �f /�k – �l�b�i�b�q�g�u�o �^�e�y �\�h�a�]�h�j�Z�g�b�c 

�b �i�h�`�Z�j�h�\ �\ �i�h�f�_�s�_�g�b�y�o [119, 222, 223]) �_�s�_ �g�Z �\�o�h�^�_ �\ �a�h�g�m �i�e�Z�f�_�g�b. �I�j�b �w�l�h�f 

�\�u�k�h�d�Z �\�_�j�h�y�l�g�h�k�l�v �l�Z�d�`�_ �m�g�h�k�Z �h�i�j�_�^�_�e�_�g�g�h�c �f�Z�k�k�u �`�b�^�d�h�k�l�b �i�j�b �g�Z�e�b�q�b�b 

«�\�^�m�\�Z» �i�h �i�h�i�_�j�_�q�g�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x (�g�Z�i�j�b�f�_�j, �i�j�b �j�Z�[�h�l�_ �\�_�g�l�b�e�y�p�b�h�g�g�u�o 

�k�b�k�l�_�f). �D�Z�d �k�e�_�^�k�l�\�b�_, �a�g�Z�q�_�g�b�_ um=0,5 �f /�k �f�h�`�g�h �k�q�b�l�Z�l�v �g�b�`�g�_�c �]�j�Z�g�b�p�_�c 

�\�h�a�f�h�`�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �b�a�f�_�g�_�g�b�y �k�d�h�j�h�k�l�_�c �j�Z�k�i�u�e�_�g�b�y �`�b�^�d�h�k�l�b �\ �k�b�k�l�_�f�Z�o 

�i�h�`�Z�j�h�l�m�r�_�g�b�y �i�h�f�_�s�_�g�b�c �i�j�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �k�l�_�i�_�g�b �^�b�k�i�_�j�k�g�h�k�l�b 

�i�h�k�e�_�^�g�_�c (�j�b�k. 3.4.2, 3.4.3). �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�Z�e�b, �q�l�h �i�j�b 

�g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�y�o �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �[�h�e�_�_ 5 �f /�k �\�h�a�f�h�`�g�Z 

�j�_�Z�e�b�a�Z�p�b�y �m�k�e�h�\�b�c, �i�j�b �d�h�l�h�j�u�o �\�k�y �f�Z�k�k�Z �l�m�r�Z�s�_�]�h �k�h�k�l�Z�\�Z �i�j�h�o�h�^�b�l �q�_�j�_�a 

�i�e�Z�f�y, �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�k�i�Z�j�b�\�r�b�k�v. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�h�a�j�Z�k�l�Z�_�l �\�e�b�y�g�b�_ 

�g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �j�Z�k�i�u�e�_�g�b�y �`�b�^�d�h�k�l�b �\ �a�h�g�_ �i�e�Z�f�_�g�b �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v 

�b�k�i�Z�j�_�g�b�y. �I�h�e�m�q�_�g�g�u�_ �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �^�e�y �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 

3.4.2 �b 3.4.3 �a�Z�\�b�k�b�f�h�k�l�_�c �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �h�p�_�g�d�_ �i�Z�j�Z�f�_�l�j�h�\ 

�g�Z�k�l�j�h�c�d�b �l�b�i�b�q�g�u�o �j�Z�k�i�u�e�b�l�_�e�v�g�u�o �k�b�k�l�_�f �i�h�`�Z�j�h�l�m�r�_�g�b�y, �Z �l�Z�d�`�_ �i�j�b 

�j�Z�a�j�Z�[�h�l�d�_ �b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b �g�h�\�u�o. 

�:�g�Z�e�b�a�b�j�m�y �a�Z�\�b�k�b�f�h�k�l�b �ûR=f(Rm), �ûR=f(um) �b �ûR=f(ud) �b �j�_�a�m�e�v�l�Z�l�u [213, 

224] �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h �h�i�j�_�^�_�e�y�x�s�_�_ �\�e�b�y�g�b�_ �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y 

�d�Z�d �h�^�b�g�h�q�g�u�o, �l�Z�d �b �[�h�e�v�r�h�c �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b 

�h�d�Z�a�u�\�Z�x�l �b�o �g�Z�q�Z�e�v�g�u�_ �j�Z�a�f�_�j�u. �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �f�h�`�g�h 

�h�[�_�k�i�_�q�b�l�v �m�k�e�h�\�b�y, �i�j�b �d�h�l�h�j�u�o �^�Z�`�_ �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�_ (15–20 %) 

�b�a�f�_�g�_�g�b�_ �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\�h�^�u �i�j�b�\�h�^�b�l �d �j�h�k�l�m �ûR �\ �g�_�k�d�h�e�v�d�h �j�Z�a �i�j�b 

�Z�^�_�d�\�Z�l�g�u�o �a�g�Z�q�_�g�b�y�o um �b ud. �B�a�f�_�g�_�g�b�_ �`�_ �g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c um �b ud �\ 

�g�_�k�d�h�e�v�d�h �j�Z�a �i�j�b�\�h�^�b�l �d �m�f�_�j�_�g�g�u�f �h�l�d�e�h�g�_�g�b�y�f �ûR (�j�b�k. 3.4.2, 3.4.3). �I�h�w�l�h�f�m 

�f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b �m�q�_�l�Z �\�h�a�f�h�`�g�u�o �^�b�Z�i�Z�a�h�g�h�\ 
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�b�a�f�_�g�_�g�b�c um �b Rm �i�j�b �j�Z�a�j�Z�[�h�l�d�_, �i�j�h�_�d�l�b�j�h�\�Z�g�b�b, �g�Z�k�l�j�h�c�d�_ �b �w�d�k�i�e�m�Z�l�Z�p�b�b 

�j�Z�k�i�u�e�b�l�_�e�v�g�u�o �m�k�l�j�h�c�k�l�\ �\ �k�b�k�l�_�f�Z�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b �\�h�^�u [49-

51], �i�j�b �i�h�^�Z�q�_ �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �^�e�y �h�o�e�Z�`�^�_�g�b�y �\ �]�j�Z�^�b�j�g�y�o �L�W�K [4-16], �Z 

�l�Z�d�`�_ �\ �k�b�k�l�_�f�Z�o �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �i�Z�j�h�\�h�^�y�g�h�]�h �i�h�`�Z�j�h�l�m�r�_�g�b�y [119, 194]. 

�B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�h�e�m�q�_�g�g�u�o �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c (3.4.1-3.4.8) 

�i�h�a�\�h�e�b�l �k�m�s�_�k�l�\�_�g�g�h �b�g�l�_�g�k�b�n�b�p�b�j�h�\�Z�l�v �i�j�h�p�_�k�k�u �l�_�i�e�h�f�Z�k�k�h�[�f�_�g�Z �f�_�`�^�m  

�\�h�^�g�u�f�b �d�Z�i�e�y�f�b �b �]�Z�a�h�\�h�c �k�j�_�^�h�c. 

 

3.5. �B�k�k�e�_�^�h�\�Z�g�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v  

�\�h�^�u �k �i�j�b�f�_�k�y�f�b �k�h�e�_�c 

 

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �i�j�b�f�_�k�b �k�h�e�_�c [225-229] �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �i�j�b�f�_�g�y�e�Z�k�v �j�Z�[�h�q�Z�y �`�b�^�d�h�k�l�v, 

�i�j�_�^�k�l�Z�\�e�y�x�s�Z�y �\�h�^�m �k �i�j�b�f�_�k�v�x NaCl. �H�l�g�h�k�b�l�_�e�v�g�Z�y �f�Z�k�k�h�\�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 

NaCl (��) �\ �\�h�^�_ �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ 0–10 %. 

�< �i�h�l�h�d�_ �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �j�Z�a�f�_�j�u �d�Z�i�_�e�v �b�a�f�_�g�y�e�b�k�v �\ �^�b�Z�i�Z�a�h�g�_ 

0,04�”Rm�”0,4 �f�f . �I�j�b �h�[�j�Z�[�h�l�d�_ �\�b�^�_�h�]�j�Z�f�f �^�e�y �h�p�_�g�d�b �b�a�f�_�g�_�g�b�y �b�g�l�_�]�j�Z�e�v�g�u�o 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �i�h�k�e�_�^�g�b�_ �m�k�e�h�\�g�h �j�Z�a�^�_�e�_�g�u �i�h �j�Z�a�f�_�j�Z�f �g�Z 

�i�y�l�v �]�j�m�i�i: 1 – 0,04�”Rm�”0,09 �f�f ; 2 – 0,09<Rm�”0,16 �f�f , 3 – �i�j�b 0,16<Rm�”0,23 �f�f , 4 

– �i�j�b 0,23<Rm�”0,3 �f�f , 5 – �i�j�b 0,3<Rm�”0,4 �f�f . 

�< �j�_�a�m�e�v�l�Z�l�_ �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ (�i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �^�h�e�b �k�h�e�_�c �\ �\�h�^�_ �� �\ 

�^�b�Z�i�Z�a�h�g�_ 0–10 %) �i�h�e�m�q�_�g�u �\�b�^�_�h�]�j�Z�f�f�u �k �b�a�h�[�j�Z�`�_�g�b�y�f�b �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a �i�e�Z�f�_�g�g�h�c �a�h�g�u �]�h�j�_�g�b�y, �Z �l�Z�d�`�_ 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�f �i�h�e�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p �\ �h�[�e�Z�k�l�b �^�\�b�`�_�g�b�y 

�^�\�m�o�n�Z�a�g�h�]�h �i�Z�j�h�`�b�^�d�h�k�l�g�h�]�h �i�h�l�h�d�Z. 

�< �i�j�h�p�_�k�k�_ �h�[�j�Z�[�h�l�d�b �\�b�^�_�h�]�j�Z�f�f �\�u�q�b�k�e�y�e�b�k�v �a�g�Z�q�_�g�b�y �o�Z�j�Z�d�l�_�j�g�u�o 

�j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v Rm, �b�o �d�h�g�p�_�g�l�j�Z�p�b�b �.m �\ �a�h�g�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\, �Z 

�l�Z�d�`�_ �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y um. �< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �h�k�g�h�\�g�h�_ �\�g�b�f�Z�g�b�_ �m�^�_�e�_�g�h 
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�h�l�e�b�q�b�y�f �i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y «�k�h�e�_�g�u�o» (�� �^�h 10 %) �b «�i�j�_�k�g�u�o» (��=0 %) �\�h� ̂ �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�_. 

�G�Z �j�b�k. 3.5.1 �b 3.5.2 �i�j�b�\�_�^�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �k�j�_�^�g�_�]�h 

�g�Z�q�Z�e�v�g�h�]�h �o�Z�j�Z�d�l�_�j�g�h�]�h �j�Z�a�f�_�j�Z Rm �^�e�y �\�u�^�_�e�_�g�g�u�o �k�h�]�e�Z�k�g�h 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �f�_�l�h�^�b�d�_ �]�j�m�i�i �d�Z�i�_�e�v �\�h�^�u �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �i�Z�j�Z�f�_�l�j�Z ��. 

 

 

�J�b�k�m�g�h�d 3.5.1. �A�Z�\�b�k�b�f�h�k�l�b �i�Z�j�Z�f�_�l�j�Z �' R �h�l �g�Z�q�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z �d�Z�i�_�e�v Rm:  

1 – �i�j�b ��=0 %, 2 – �i�j�b ��=2,5 %, 3 – �i�j�b ��=5 %, 4 – �i�j�b ��=10 % 
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�J�b�k�m�g�h�d 3.5.2. �A�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �g�Z�q�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z Rm �d�Z�i�_�e�v �b �^�h�e�b 

�k�h�e�_�c �� 

 

�<�b�^�g�h, �q�l�h �i�j�b Rm<0,4 �f�f  �\�e�b�y�g�b�_ �k�h�e�_�c �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y (�d�Z�d �k�e�_�^�k�l�\�b�_, �m�[�u�e�b �f�Z�k�k�u �`�b�^�d�h�k�l�b) �g�_�k�m�s�_�k�l�\�_�g�g�h (�h�l�e�b�q�b�_ 

�i�Z�j�Z�f�_�l�j�Z �ûR �i�j�b �b�a�f�_�g�_�g�b�b �� �h�l 0 �^�h 10 % �g�_ �i�j�_�\�u�r�Z�_�l 6 %). �>�e�y �d�j�b�\�u�o 1–4, 

�i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.5.1, �i�h�e�m�q�_�g�u �k�e�_�^�m�x�s�b�_ �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y: 

 

�ûR=7,228·Rm
-1,032 �i�j�b ��=0 %;        (3.5.1) 

�ûR=5,742·Rm
-1,061 �i�j�b ��=2,5 %;        (3.5.2) 

�ûR=4,768·Rm
-1,145 �i�j�b ��=5 %;         (3.5.3) 

�ûR=4,659·Rm
-1,155 �i�j�b ��=10 %.        (3.5.4) 

 

  �F�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �g�_ �l�h�e�v�d�h �h �f�Z�e�u�o �h�l�d�e�h�g�_�g�b�y�o, �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 

3.5.1 �d�j�b�\�u�o 1–4, �g�h �b �h �g�_�a�g�Z�q�b�l�_�e�v�g�u�o �h�l�e�b�q�b�y�o �d�h�w�n�n�b�p�b�_�g�l�h�\ 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c (3.5.1)–(3.5.4). 
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�G�Z �j�b�k. 3.5.3 �i�j�b�\�_�^�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �ûR �h�l �h�l�g�h�k�b�l�_�e�v�g�h�]�h 

�k�h�^�_�j�`�Z�g�b�y �i�j�b�f�_�k�_�c NaCl �\ �j�Z�[�h�q�_�c �`�b�^�d�h�k�l�b �^�e�y �f�h�g�h�e�b�l�g�u�o �[�h�e�v�r�b�o �d�Z�i�_�e�v 

�k Rm �§ 2,9 �f�f . �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�Z �ûR �i�j�b �b�a�f�_�g�_�g�b�b �� �\ 

�^�b�Z�i�Z�a�h�g�_ �h�l 0 �^�h 10 % �l�Z�d�`�_ �f�_�g�y�_�l�k�y �\ �i�j�_�^�_�e�Z�o 6 %. 

 

 

�J�b�k�m�g�h�d 3.5.3. �A�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �^�h�e�b �k�h�e�_�c �� �^�e�y �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �k 

�g�Z�q�Z�e�v�g�u�f �k�j�_�^�g�b�f �j�Z�^�b�m�k�h�f Rm �§ 2,9 �f�f  

 

�<�u�y�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �i�j�h�p�_�k�k�h�\ �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c �b 

�g�_�j�Z�k�i�u�e�_�g�g�h�c �\�h�^�u �k �l�b�i�b�q�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �k�h�e�_�c �f�h�`�g�h �h�[�t�y�k�g�b�l�v 

�a�g�Z�q�b�l�_�e�v�g�u�f [200, 230, 231] �h�l�e�b�q�b�_�f �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d (�\ 

�i�_�j�\�m�x �h�q�_�j�_�^�v, �l�_�i�e�h�_�f�d�h�k�l�b �b �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b) �\�h�^�y�g�u�o �d�Z�i�_�e�v �b �d�Z�i�_�e�v 

�\�h�^�u �k �\�d�e�x�q�_�g�b�y�f�b NaCl. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�h�\�u�r�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b �k�h�e�b �\ �\�h�^�_ �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y. �W�l�h�l 

�j�_�a�m�e�v�l�Z�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v �^�h�k�l�Z�l�h�q�g�h �k�e�h�`�g�u�f �\�e�b�y�g�b�_�f �[�h�e�v�r�h�c �]�j�m�i�i�u 

�n�Z�d�l�h�j�h�\. �< �q�Z�k�l�g�h�k�l�b, �l�_�i�e�h�_�f�d�h�k�l�v �\�h�^�u �k �q�Z�k�l�b�p�Z�f�b NaCl, �d�Z�d �k�b�k�l�_�f�u 
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«H2O+NaCl», �g�b�`�_ �\�h�^�u �[�_�a �\�d�e�x�q�_�g�b�y �k�h�e�b. �I�j�b �^�h�[�Z�\�e�_�g�b�b �g�Z�g�h�q�Z�k�l�b�p NaCl �\ 

�\�h�^�m �b�a�f�_�g�y�_�l�k�y �g�_ �l�h�e�v�d�h �l�_�i�e�h�_�f�d�h�k�l�v, �g�h �b �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v, �Z �l�Z�d�`�_ 

�i�e�h�l�g�h�k�l�v. �<�k�e�_�^�k�l�\�b�_ �^�h�[�Z�\�e�_�g�b�y �k�h�e�b �\ �\�h�^�m �\�h�a�j�Z�k�l�Z�_�l �^�h�e�y �w�g�_�j�]�b�b �\�g�_�r�g�_�c 

�k�j�_�^�u, �i�j�h�o�h�^�y�s�Z�y �\�]�e�m�[�v �d�Z�i�_�e�v. �D�Z�d �k�e�_�^�k�l�\�b�_, �m�\�_�e�b�q�b�\�Z�_�l�k�y �l�h�e�s�b�g�Z 

�i�j�h�]�j�_�l�h�]�h �k�e�h�y �d�Z�i�e�b. �W�l�h�l �w�n�n�_�d�l �^�h�e�`�_�g �i�j�b�\�h�^�b�l�v �d �m�k�d�h�j�_�g�b�x �i�j�h�p�_�k�k�Z 

�i�j�h�]�j�_�\�Z �b �b�k�i�Z�j�_�g�b�y �d�Z�i�e�b. �H�^�g�Z�d�h �q�Z�k�l�b�p�u NaCl �j�Z�k�l�\�h�j�y�x�l�k�y �\ �\�h�^�_ �b 

�b�g�l�_�]�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�h�\ �b�k�i�Z�j�_�g�b�y �k�b�k�l�_�f�u «H2O+NaCl», �d�Z�d �b 

�e�x�[�h�]�h �j�Z�k�l�\�h�j�Z, �k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�y�l �h�l �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o �k�\�y�a�_�c. 

�F�h�e�_�d�m�e�u �\�h�^�u �k�\�y�a�u�\�Z�x�l�k�y �k �b�h�g�Z�f�b �k�h�e�b. �I�j�h�b�k�o�h�^�b�l �i�j�h�p�_�k�k �]�b�^�j�Z�l�Z�p�b�b. 

�B�a�\�_�k�l�g�h, �q�l�h �k�\�y�a�v �f�_�`�^�m �f�h�e�_�d�m�e�Z�f�b �\�h�^�u �k�e�Z�[�_�_, �q�_�f �k�\�y�a�v, �h�[�j�Z�a�h�\�Z�\�r�Z�y�k�y �\ 

�j�_�a�m�e�v�l�Z�l�_ �]�b�^�j�Z�l�Z�p�b�b. �I�h�w�l�h�f�m �f�h�e�_�d�m�e�Z �i�j�_�k�g�h�c �\�h�^�u �i�j�b �[�h�e�_�_ �g�b�a�d�h�c 

�l�_�f�i�_�j�Z�l�m�j�_ �[�u�k�l�j�_�_ �b�k�i�Z�j�y�_�l�k�y. �:  �^�e�y �l�h�]�h, �q�l�h�[�u �f�h�e�_�d�m�e�Z �\�h�^�u �k 

�j�Z�k�l�\�h�j�_�g�g�h�c �k�h�e�v�x �j�Z�a�h�j�\�Z�e�Z �k�\�y�a�v �k �k�h�k�_�^�g�b�f�b �f�h�e�_�d�m�e�Z�f�b, �l�j�_�[�m�_�l�k�y �[�h�e�v�r�_ 

�w�g�_�j�]�b�b. �I�h�w�l�h�f�m �k�b�k�l�_�f�Z «H2O+NaCl» �b�k�i�Z�j�y�_�l�k�y �f�_�^�e�_�g�g�_�_, �q�_�f �\�h�^�Z �[�_�a �k�h�e�b. 

�K �j�h�k�l�h�f �d�h�g�p�_�g�l�j�Z�p�b�b �� �w�g�_�j�]�b�y �Z�g�Z�e�b�a�b�j�m�_�f�u�o �f�_�`�f�h�e�_�d�m�e�y�j�g�u�o �k�\�y�a�_�c 

�\�h�a�j�Z�k�l�Z�_�l. �< �p�_�e�h�f �Z�g�Z�e�b�a �m�k�l�Z�g�h�\�e�_�g�g�u�o �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v 

�\�u�\�h�^ �h �l�h�f, �q�l�h �i�j�h�p�_�k�k�u �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �[�_�a �\�d�e�x�q�_�g�b�c �b �k �l�\�_�j�^�u�f�b 

�g�_�j�Z�k�l�\�h�j�y�_�f�u�f�b �\�d�e�x�q�_�g�b�y�f�b (�g�Z�i�j�b�f�_�j, �m�]�e�_�j�h�^�b�k�l�u�f�b �q�Z�k�l�b�p�Z�f�b) 

�k�m�s�_�k�l�\�_�g�g�h �i�j�h�s�_ �k �l�h�q�d�b �a�j�_�g�b�y �h�[�t�y�k�g�_�g�b�y �\�e�b�y�g�b�y �\�h�a�f�h�`�g�u�o �n�Z�d�l�h�j�h�\. 

�>�e�y �j�Z�k�l�\�h�j�h�\ �h�i�j�_�^�_�e�y�x�s�_�_ �\�e�b�y�g�b�_ �i�h�f�b�f�h �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �f�h�]�m�l 

�b�f�_�l�v �b �j�Z�a�e�b�q�g�u�_ �Z�k�i�_�d�l�u �f�h�e�_�d�m�e�y�j�g�h�c �n�b�a�b�d�b (�h�k�h�[�_�g�g�h �\ �m�k�e�h�\�b�y�o 

�g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h �g�Z�]�j�_�\�Z �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c). 

�<�u�y�\�e�_�g�g�u�_ �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �i�h�a�\�h�e�y�x�l �h�p�_�g�b�l�v 

�\�e�b�y�g�b�_ �k�h�e�_�k�h�^�_�j�`�Z�g�b�y �\ �\�h�^�_ �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c. �< 

�q�Z�k�l�g�h�k�l�b, �^�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z �\ �k�b�k�l�_�f�Z�o 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b �\�h�^�u [49-51] �b�e�b �i�h�`�Z�j�h�l�m�r�_�g�b�y [119, 194] 

�f�h�`�g�h, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �j�_�d�h�f�_�g�^�h�\�Z�l�v �f�_�e�d�h�^�b�k�i�_�j�k�g�m�x �i�h�^�Z�q�m �\�h�^�u, �l�Z�d �d�Z�d 

�[�_�a �k�i�_�p�b�Z�e�v�g�h�]�h �j�Z�k�i�u�e�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y «�k�h�e�_�g�h�c» �b «�i�j�_�k�g�h�c» 

�\�h�^�u �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y. 
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3.6. �:�g�Z�e�b�a �b�g�l�_�]�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �g�_�h�^�g�h�j�h�^�g�u�o  

(�k �l�\�_�j�^�u�f�b �b�g�h�j�h�^�g�u�f�b �\�d�e�x�q�_�g�b�y�f�b) �d�Z�i�_�e�v �\�h�^�u 

 

�< �^�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�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 

�i�j�h�p�_�k�k�h�\ �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b, �k�h�^�_�j�`�Z�s�b�o �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �l�\�_�j�^�u�_ 

�\�d�e�x�q�_�g�b�y [232]. 

�I�j�h�\�_�^�_�g�g�u�_ �h�i�u�l�u �k �l�b�i�b�q�g�u�f�b �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�f�b (�m�]�e�_�j�h�^) �b 

�f�_�l�Z�e�e�b�q�_�k�d�b�f�b (�Z�e�x�f�b�g�b�c) �\�d�e�x�q�_�g�b�y�f�b �i�h�d�Z�a�Z�e�b, �q�l�h �b�o �j�Z�k�i�j�_�^�_�e�_�g�b�y �\ 

�d�Z�i�e�y�o �\�h�^�u �i�j�b �j�Z�\�g�h�c �h�l�g�h�k�b�l�_�e�v�g�h�c �f�Z�k�k�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �b �^�h�k�l�Z�l�h�q�g�h 

�f�Z�e�u�o (�h�d�h�e�h 50 �f�d�f) �j�Z�a�f�_�j�Z�o �q�Z�k�l�b�p �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y. �L�Z�d, �^�e�y 

�f�_�l�Z�e�e�b�q�_�k�d�b�o �q�Z�k�l�b�p �i�j�b �a�g�Z�q�b�l�_�e�v�g�h (�\ �g�_�k�d�h�e�v�d�h �j�Z�a) �[�h�e�v�r�_�c �i�e�h�l�g�h�k�l�b 

�h�l�g�h�k�b�l�_�e�v�g�h �\�h�^�u �g�Z�[�e�x�^�Z�e�b�k�v �i�j�h�p�_�k�k�u «�h�k�Z�`�^�_�g�b�y» �\�d�e�x�q�_�g�b�c �\ �d�Z�i�e�y�o. 

�N�h�j�f�b�j�h�\�Z�e�b�k�v �h�[�s�b�_ �p�_�g�l�j�u �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\ �f�Z�e�h�c �h�d�j�_�k�l�g�h�k�l�b 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v. �I�j�h�b�k�o�h�^�b�e�Z �k�m�s�_�k�l�\�_�g�g�Z�y �^�_�n�h�j�f�Z�p�b�y �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v 

�b �b�o �i�h�k�e�_�^�m�x�s�_�_ �j�Z�a�j�m�r�_�g�b�_ (�^�j�h�[�e�_�g�b�_). �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �k�g�b�`�_�g�b�b 

�i�e�h�l�g�h�k�l�b �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\�e�b�y�g�b�_ �\�u�^�_�e�_�g�g�u�o �w�n�n�_�d�l�h�\ �h�k�e�Z�[�e�y�_�l�k�y. �L�Z�d, 

�g�Z�i�j�b�f�_�j, �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �^�e�y �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o �q�Z�k�l�b�p 

(�m�]�e�_�j�h�^�b�k�l�u�o) �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �b�o �j�Z�a�f�_�j�h�\ Lm �b �h�l�g�h�k�b�l�_�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 

��C �\ �r�b�j�h�d�b�o �^�b�Z�i�Z�a�h�g�Z�o (50<Lm<500 �f�d�f, 0<��C<1 %) �f�h�`�g�h �j�_�Z�e�b�a�h�\�Z�l�v 

�^�h�k�l�Z�l�h�q�g�h �j�Z�\�g�h�f�_�j�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �\�d�e�x�q�_�g�b�c �\ �d�Z�i�e�y�o �j�Z�a�f�_�j�Z�f�b �[�h�e�_�_ 1 

�f�f . 

�G�Z �j�b�k. 3.6.1 �i�j�b�\�_�^�_�g�u �l�b�i�b�q�g�u�_ �\�b�^�_�h�]�j�Z�f�f�u �k �b�a�h�[�j�Z�`�_�g�b�_�f �h�^�b�g�h�q�g�u�o 

�d�Z�i�_�e�v �\�h�^�u (�m�k�e�h�\�g�u�_ �j�Z�^�b�m�k�u Rd�§3 �f�f ) �b �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c (�m�]�e�_�j�h�^�b�k�l�u�_ 

�q�Z�k�l�b�p�u �j�Z�a�f�_�j�Z�f�b �h�l 50 �f�d�f �^�h 500 �f�d�f). �<�b�^�g�h (�j�b�k. 3.6.1, �[ �b �\), �q�l�h �i�j�b Lm> 

200 �f�d�f �q�Z�k�l�b�p�u �\ �n�h�j�f�_ �g�_�i�j�Z�\�b�e�v�g�u�o �f�g�h�]�h�m�]�h�e�v�g�b�d�h�\ �o�Z�h�l�b�q�g�u�f �h�[�j�Z�a�h�f 

�h�j�b�_�g�l�b�j�h�\�Z�g�u �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z, �g�h �^�h�k�l�Z�l�h�q�g�h �j�Z�\�g�h�f�_�j�g�h 

�j�Z�k�i�j�_�^�_�e�_�g�u �\ �d�Z�i�e�y�o �`�b�^�d�h�k�l�b. �W�l�h, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �f�h�`�g�h �h�[�t�y�k�g�b�l�v �b�o 

�i�_�j�_�f�_�s�_�g�b�y�f�b �\ �d�Z�i�e�y�o �\�h�^�u �\�k�e�_�^�k�l�\�b�_ �d�h�g�\�_�d�p�b�b. �I�j�b Lm �” 70 �f�d�f �k�e�_�^�m�_�l 
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�h�l�f�_�l�b�l�v �^�h�k�l�Z�l�h�q�g�h �j�Z�\�g�u�_ �m�^�Z�e�_�g�b�y �q�Z�k�l�b�p �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z �b �[�e�b�a�d�b�_ 

�n�h�j�f�u �i�h�k�e�_�^�g�b�o (�j�b�k. 3.6.1, �Z). 

 

     

�Z       �[ 

 

�\ 

�J�b�k�m�g�h�d 3.6.1. �<�b�^�_�h�]�j�Z�f�f�u �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �`�b�^�d�h�k�l�b (Rd �§ 3 �f�f ) �k 

�\�d�e�x�q�_�g�b�y�f�b �m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p �j�Z�a�g�h�]�h �j�Z�a�f�_�j�Z (�Z – Lm=50–70 �f�d�f; �[ – 

Lm=250–300 �f�d�f; �\ – Lm=450–500 �f�d�f) �g�Z �\�o�h�^�_ �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x 

�k�j�_�^�m: 1 – �d�Z�i�e�y, 2 – �m�]�e�_�j�h�^�b�k�l�u�_ �q�Z�k�l�b�p�u 

 

�G�Z �j�b�k. 3.6.2 �i�j�_�^�k�l�Z�\�e�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �h�l�g�h�k�b�l�_�e�v�g�h�c 

�f�Z�k�k�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p �\ �d�Z�i�e�y�o �\�h�^�u (��C) �k �m�k�e�h�\�g�u�f 
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�g�Z�q�Z�e�v�g�u�f �j�Z�^�b�m�k�h�f Rd �§ 3 �f�f  (�o�Z�j�Z�d�l�_�j�g�u�c �j�Z�a�f�_�j �\�d�e�x�q�_�g�b�c Lm �\�Z�j�v�b�j�h�\�Z�e�k�y 

�\ �^�b�Z�i�Z�a�h�g�_ 50–70 �f�d�f). 

�M�k�l�Z�g�h�\�e�_�g�h (�j�b�k. 3.6.2), �q�l�h �k �j�h�k�l�h�f ��C �h�l 0 �^�h 1 % �k�m�s�_�k�l�\�_�g�g�h (�i�h�q�l�b �\ 3 

�j�Z�a�Z) �m�\�_�e�b�q�b�\�Z�_�l�k�y �i�Z�j�Z�f�_�l�j �' R (�d�Z�d �k�e�_�^�k�l�\�b�_, �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�_�l �^�h�e�y 

�b�k�i�Z�j�b�\�r�_�c�k�y �`�b�^�d�h�k�l�b �b �b�g�l�_�g�k�b�\�g�h�k�l�v �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y) �i�j�b �^�\�b�`�_�g�b�b �d�Z�i�_�e�v 

�\�h�^�u �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m. �W�l�h�l �w�n�n�_�d�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v 

�l�_�f, �q�l�h �i�j�b �^�Z�`�_ �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�f �m�\�_�e�b�q�_�g�b�b ��C �\ �g�_�k�d�h�e�v�d�h �j�Z�a 

�\�h�a�j�Z�k�l�Z�_�l �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �g�_�h�^�g�h�j�h�^�g�h�c �k�b�k�l�_�f�u «�d�Z�i�e�y �\�h�^�u – �l�\�_�j�^�u�_ 

�\�d�e�x�q�_�g�b�y». �D�Z�d �k�e�_�^�k�l�\�b�_, �a�g�Z�q�b�l�_�e�v�g�h �k�g�b�`�Z�_�l�k�y �\�j�_�f�y, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y 

�i�j�h�]�j�_�\�Z �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y �d�Z�i�e�b �\�h�^�u �b �i�h�k�e�_�^�m�x�s�_�]�h �w�g�^�h�l�_�j�f�b�q�_�k�d�h�]�h 

�n�Z�a�h�\�h�]�h �i�j�_�\�j�Z�s�_�g�b�y. 

 

 

�J�b�k�m�g�h�d 3.6.2. �A�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �h�l�g�h�k�b�l�_�e�v�g�h�c �f�Z�k�k�h�\�h�c 

�d�h�g�p�_�g�l�j�Z�p�b�b �m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p ��C �^�e�y �d�Z�i�_�e�v �k  Rd �§ 3 �f�f  (�k�j�_�^�g�b�c �j�Z�a�f�_�j 

�m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p Lm = 50–70 �f�d�f) 
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�I�j�b �^�\�b�`�_�g�b�b �d�Z�i�_�e�v �\�h�^�u �k �l�\�_�j�^�u�f�b �\�d�e�x�q�_�g�b�y�f�b �q�_�j�_�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u (�i�j�h�^�m�d�l�u �k�]�h�j�Z�g�b�y) �i�j�h�]�j�_�\ �`�b�^�d�h�k�l�b �i�j�h�b�k�o�h�^�b�l �k 

�j�_�Z�e�b�a�Z�p�b�_�c �d�h�g�^�m�d�l�b�\�g�h�]�h, �d�h�g�\�_�d�l�b�\�g�h�]�h �b �j�Z�^�b�Z�p�b�h�g�g�h�]�h �f�_�o�Z�g�b�a�f�h�\ 

�l�_�i�e�h�i�_�j�_�g�h�k�Z (�\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �g�Z�[�e�x�^�Z�e�b�k�v �i�_�j�_�f�_�s�_�g�b�y �q�Z�k�l�b�p �\ �d�Z�i�e�y�o �b �b�o 

«�k�\�_�q�_�g�b�_»). �L�\�_�j�^�u�_ �\�d�e�x�q�_�g�b�y �i�h�]�e�h�s�Z�x�l �k�m�s�_�k�l�\�_�g�g�h �[�h�e�v�r�_ �w�g�_�j�]�b�b 

�b�a�e�m�q�_�g�b�y (�i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y) �i�h �k�j�Z�\�g�_�g�b�x �k �\�h�^�h�c. �<�h�a�j�Z�k�l�Z�_�l �l�_�i�e�h�l�Z, 

�Z�d�d�m�f�m�e�b�j�m�_�f�Z�y �\ �k�b�k�l�_�f�_ «�d�Z�i�e�y �\�h�^�u – �l�\�_�j�^�u�_ �\�d�e�x�q�_�g�b�y». �< �f�Z�e�h�c 

�h�d�j�_�k�l�g�h�k�l�b �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �n�h�j�f�b�j�m�x�l�k�y �e�h�d�Z�e�v�g�u�_ �h�[�e�Z�k�l�b �n�Z�a�h�\�u�o 

�i�j�_�\�j�Z�s�_�g�b�c. �W�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �i�j�b�\�h�^�b�l �d �i�_�j�_�f�_�s�_�g�b�x �d�Z�d �l�\�_�j�^�u�o 

�\�d�e�x�q�_�g�b�c, �l�Z�d �b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �k�e�h�_�\ �`�b�^�d�h�k�l�b �\�g�m�l�j�b �d�Z�i�_�e�v – 

�b�g�l�_�g�k�b�n�b�p�b�j�m�_�l�k�y �d�h�g�\�_�d�l�b�\�g�u�c �l�_�i�e�h�i�_�j�_�g�h�k. 

�I�j�b �m�\�_�e�b�q�_�g�b�b �j�Z�a�f�_�j�h�\ �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\ �d�Z�i�e�y�o �\�e�b�y�g�b�_ 

�\�u�^�_�e�_�g�g�u�o �w�n�n�_�d�l�h�\ �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �i�j�h�]�j�_�\�Z �`�b�^�d�h�k�l�b �k�m�s�_�k�l�\�_�g�g�h 

�\�h�a�j�Z�k�l�Z�_�l. �L�Z�d, �g�Z �j�b�k. 3.6.3 �i�j�b�\�_�^�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l 

�o�Z�j�Z�d�l�_�j�g�h�]�h �k�j�_�^�g�_�]�h �j�Z�a�f�_�j�Z �m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p Lm �^�e�y �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �k 

�m�k�e�h�\�g�u�f �j�Z�^�b�m�k�h�f Rd �§ 3 �f�f . �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �k�j�_�^�g�b�o �j�Z�a�f�_�j�Z�o �q�Z�k�l�b�p Lm = 

50–70 �f�d�f �\�_�e�b�q�b�g�Z �i�Z�j�Z�f�_�l�j�Z �' R �k�h�k�l�Z�\�e�y�_�l 7,6 %, �i�j�b Lm = 250–300 �f�d�f – 9,1 

%, �i�j�b Lm = 450–500 �f�d�f – 12,9 %. �G�Z �j�b�k. 3.6.2 �b 3.6.3 �f�h�`�g�h �h�l�f�_�l�b�l�v �o�h�j�h�r�m�x 

�i�h�\�l�h�j�y�_�f�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\ �h�i�u�l�h�\. 

�L�Z�d�`�_ �i�j�h�\�_�^�_�g�u �w�d�k�i�_�j�b�f�_�g�l�u �^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �i�j�_�^�_�e�v�g�u�o �a�g�Z�q�_�g�b�c 

�j�Z�a�f�_�j�h�\ �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\ �d�Z�i�e�y�o �`�b�^�d�h�k�l�b, �i�j�b�\�h�^�y�s�b�o �d �j�Z�a�j�m�r�_�g�b�x 

(�j�Z�a�j�u�\�m) �i�h�k�e�_�^�g�b�o. �J�Z�a�f�_�j�u �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\�u�[�b�j�Z�e�b�k�v �Z�^�_�d�\�Z�l�g�u�f�b 

�l�_�o�g�h�e�h�]�b�y�f [119, 194, 223, 233-238] (�h�l �g�_�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ �^�h �k�h�l�_�g 

�f�b�d�j�h�f�_�l�j�h�\), �i�j�_�^�i�h�e�Z�]�Z�x�s�b�f �b�k�i�h�e�v�a�h�\�Z�g�b�_ «�l�h�g�d�h�j�Z�k�i�u�e�_�g�g�h�c» �\�h�^�u. 

�<�u�y�\�e�_�g�h, �q�l�h, �g�Z�i�j�b�f�_�j, �^�e�y �d�Z�i�_�e�v �k �m�k�e�h�\�g�u�f�b �k�j�_�^�g�b�f�b �j�Z�^�b�m�k�Z�f�b Rm=0,1–

0,15 �f�f  �i�j�b �i�j�h�o�h�`�^�_�g�b�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �]�Z�a�h�\�h�]�h �d�Z�g�Z�e�Z �\�u�k�h�l�h�c 1 �f  

�i�j�_�^�_�e�v�g�u�_ �a�g�Z�q�_�g�b�y Lm �k�h�k�l�Z�\�e�y�x�l 60–70 �f�d�f. �M�k�l�Z�g�h�\�e�_�g�g�u�c �w�n�n�_�d�l 

�b�e�e�x�k�l�j�b�j�m�_�l, �q�l�h �g�Z�e�b�q�b�_ �\ �d�Z�i�e�_ �h�^�g�h�]�h �h�l�g�h�k�b�l�_�e�v�g�h �d�j�m�i�g�h�]�h �l�\�_�j�^�h�]�h 

�\�d�e�x�q�_�g�b�y �m�k�d�h�j�y�_�l �i�j�h�p�_�k�k�u �_�_ �i�j�h�]�j�_�\�Z, �^�_�n�h�j�f�Z�p�b�b �b �j�Z�a�j�m�r�_�g�b�y �[�h�e�_�_ 
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�k�m�s�_�k�l�\�_�g�g�h �i�h �k�j�Z�\�g�_�g�b�x �k �g�_�k�d�h�e�v�d�b�f�b �\�d�e�x�q�_�g�b�y�f�b �f�_�g�v�r�b�o �j�Z�a�f�_�j�h�\. 

�J�_�a�m�e�v�l�Z�l�u �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�a�\�h�e�y�x�l �a�Z�d�e�x�q�b�l�v, �q�l�h �^�e�y 

�^�h�k�l�b�`�_�g�b�y �m�k�e�h�\�b�c �j�Z�a�j�u�\�Z �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\ �a�h�g�_ �i�e�Z�f�_�g�b �j�Z�a�f�_�j�u �\�o�h�^�y�s�b�o 

�\ �b�o �k�h�k�l�Z�\ �l�\�_�j�^�u�o �q�Z�k�l�b�p �^�h�e�`�g�u �\�Z�j�v�b�j�h�\�Z�l�v�k�y �\ �i�j�_�^�_�e�Z�o 50–70 % �h�l 

�j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v. �M�k�l�Z�g�h�\�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �k 

�h�k�g�h�\�g�u�f�b �a�Z�d�e�x�q�_�g�b�y�f�b �k�h�\�j�_�f�_�g�g�h�c �l�_�h�j�b�b �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ [196]. 

 

 

�J�b�k�m�g�h�d 3.6.3. �A�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�Z �' R �h�l �o�Z�j�Z�d�l�_�j�g�h�]�h �k�j�_�^�g�_�]�h �j�Z�a�f�_�j�Z 

�m�]�e�_�j�h�^�b�k�l�u�o �q�Z�k�l�b�p Lm �^�e�y �d�Z�i�_�e�v �k  Rd �§ 3 �f�f  (��C=0,5 %) 

 

�>�e�y �d�j�b�\�u�o, �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.6.2, 3.6.3, �i�h�e�m�q�_�g�u �k�e�_�^�m�x�s�b�_ 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y:  

 

�ûR = 18,786·��C
2 - 5,6903·��C + 5,5033 �i�j�b Lm=50–70 �f�d�f �b  Rd�§3 �f�f ; (3.6.1) 
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�ûR = 33,667·Lm
2 - 4,9936·Lm + 7,8271 �i�j�b ��C=0,5 % �b  Rd�§3 �f�f .  (3.6.2) 

 

�<�u�y�\�e�_�g�g�u�_ �w�n�n�_�d�l�u �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�h�\ 

�b�k�i�Z�j�_�g�b�y �e�h�d�Z�e�v�g�h «�k�[�j�h�r�_�g�g�h�c» (�i�h�^�Z�\�Z�_�f�h�c) �\ �a�h�g�m �]�h�j�_�g�b�y �`�b�^�d�h�k�l�b. �L�Z�d, 

�g�Z�i�j�b�f�_�j, �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c (�^�h 1 

%) �g�_ �l�j�_�[�m�_�l�k�y �k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�e�v�q�_�g�b�_ �d�Z�i�_�e�v �`�b�^�d�h�k�l�b. �P�_�e�_�k�h�h�[�j�Z�a�g�Z 

�e�b�r�v �i�h�j�p�b�h�g�g�Z�y �i�h�^�Z�q�Z �i�h�k�e�_�^�g�_�c. �A�Z �k�q�_�l �d�h�g�^�m�d�l�b�\�g�h�]�h, �d�h�g�\�_�d�l�b�\�g�h�]�h �b 

�e�m�q�b�k�l�h�]�h �l�_�i�e�h�h�[�f�_�g�Z �d�Z�i�e�b �^�\�b�`�m�s�_�c�k�y �\ �\�b�^�_ �h�i�j�_�^�_�e�_�g�g�u�o �i�h�j�p�b�c («�k�e�h�_�\») 

�`�b�^�d�h�k�l�b �[�m�^�m�l �^�_�n�h�j�f�b�j�h�\�Z�l�v�k�y �b �j�Z�a�j�m�r�Z�l�v�k�y. �D�Z�d �k�e�_�^�k�l�\�b�_, �[�m�^�_�l 

�n�h�j�f�b�j�h�\�Z�l�v�k�y �i�Z�j�h�d�Z�i�_�e�v�g�h�_ �h�[�e�Z�d�h. �W�n�n�_�d�l�b�\�g�h�k�l�v �\�h�a�^�_�c�k�l�\�b�y �l�Z�d�b�o 

�g�_�h�^�g�h�j�h�^�g�u�o �f�g�h�]�h�n�Z�a�g�u�o �k�f�_�k�_�c �i�h �k�j�Z�\�g�_�g�b�x �k �f�h�g�h�e�b�l�g�h�c �\�h�^�h�c 

�h�[�h�k�g�h�\�Z�g�Z �f�g�h�]�h�q�b�k�e�_�g�g�u�f�b �b�k�k�e�_�^�h�\�Z�g�b�y�f�b, �g�Z�i�j�b�f�_�j, [119, 194, 223, 233-

238]. 

�J�_�a�m�e�v�l�Z�l�u �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�a�\�h�e�y�x�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h 

�k�m�s�_�k�l�\�_�g�g�h�f �\�e�b�y�g�b�b �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g�Z 

�d�h�f�i�h�g�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �i�h�^�Z�\�Z�_�f�h�c �\ �a�h�g�m �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ �\�h�^�u. �< 

�q�Z�k�l�g�h�k�l�b, �\ �i�j�Z�d�l�b�d�_ �i�h�`�Z�j�h�l�m�r�_�g�b�y �i�j�b �a�Z�[�h�j�_ �`�b�^�d�h�k�l�b �b�a �\�h�^�h�_�f�h�\ 

�\�h�a�^�m�r�g�u�f�b �k�m�^�Z�f�b �\�h�a�f�h�`�g�Z �j�_�Z�e�b�a�Z�p�b�y �m�k�e�h�\�b�c, �i�j�b �d�h�l�h�j�u�o �\ �l�m�r�Z�s�_�f 

�\�_�s�_�k�l�\�_ �[�m�^�m�l �g�Z�o�h�^�b�l�v�k�y �j�Z�a�e�b�q�g�u�_ �i�h �n�b�a�b�q�_�k�d�h�c �i�j�b�j�h�^�_ �l�\�_�j�^�u�_ 

�\�d�e�x�q�_�g�b�y. �B�o �h�l�g�h�k�b�l�_�e�v�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�l�v ��C=1 

%. �< �w�l�h�f �k�e�m�q�Z�_ �h�q�_�g�v �k�e�h�`�g�h �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �i�h�k�e�_�^�k�l�\�b�y, �d�h�g�l�j�h�e�b�j�h�\�Z�l�v 

�i�j�h�p�_�k�k �l�m�r�_�g�b�y �i�h�`�Z�j�Z �b �i�h�\�u�k�b�l�v �_�]�h �w�n�n�_�d�l�b�\�g�h�k�l�v. �I�h�w�l�h�f�m �i�j�b �a�Z�[�h�j�_ 

�\�h�^�u �p�_�e�_�k�h�h�[�j�Z�a�g�h �m�^�_�e�y�l�v �h�k�h�[�_�g�g�h�_ �\�g�b�f�Z�g�b�_ �\�h�a�f�h�`�g�u�f �b�g�h�j�h�^�g�u�f 

�\�d�e�x�q�_�g�b�y�f �\ �_�_ �k�h�k�l�Z�\�_. �D�j�h�f�_ �l�h�]�h �^�e�y �l�Z�d�b�o �l�_�o�g�h�e�h�]�b�c, �d�Z�d �l�_�j�f�b�q�_�k�d�Z�y 

�h�q�b�k�l�d�Z �\�h�^�u [49-51], �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ �\�\�_�^�_�g�b�_ �\ �k�h�k�l�Z�\ �\�h�^�u �l�\�_�j�^�u�o 

�\�d�e�x�q�_�g�b�c �k�i�h�k�h�[�g�h �m�k�d�h�j�b�l�v �i�j�h�p�_�k�k �i�j�h�]�j�_�\�Z �b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v, �q�l�h 

�i�j�b�\�_�^�_�l �d �k�h�d�j�Z�s�_�g�b�x �w�g�_�j�]�h- �b �j�_�k�m�j�k�h�a�Z�l�j�Z�l. 
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3.7. �H�k�h�[�_�g�g�h�k�l�b �b�k�i�Z�j�_�g�b�y �b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �\�h �\�k�l�j�_�q�g�h�f 

�i�h�l�h�d�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ 

 

�I�j�h�\�_�^�_�g�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�_�j�_�f�_�s�_�g�b�y �i�h�l�h�d�Z 

�j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �\�h �\�k�l�j�_�q�g�h�f �i�h�l�h�d�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ [239]. 

�:�g�Z�e�h�]�b�q�g�h �\�u�r�_�h�i�b�k�Z�g�g�u�f �w�d�k�i�_�j�b�f�_�g�l�Z�f (�j�b�k. 2.2.1) �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�u �k �d�h�g�l�j�h�e�b�j�m�_�f�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b 

�b�k�i�h�e�v�a�h�\�Z�e�k�y �\�_�j�l�b�d�Z�e�v�g�u�c �p�b�e�b�g�^�j�b�q�_�k�d�b�c �d�Z�g�Z�e (�\�u�k�h�l�Z 1 �f , �\�g�m�l�j�_�g�g�b�c 

�^�b�Z�f�_�l�j 0,2 �f ). �< �h�k�g�h�\�Z�g�b�b �w�l�h�]�h �d�Z�g�Z�e�Z �m�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v �]�h�j�_�e�d�Z �k �\�Z�j�v�b�j�m�_�f�h�c 

�k�d�h�j�h�k�l�v�x �\�^�m�\�Z (0,1<ug<2 �f /�k) �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o (1070±30 �D) �i�j�h�^�m�d�l�h�\ 

�k�]�h�j�Z�g�b�y (�]�Z�a�h�\). �I�j�b �h�[�j�Z�[�h�l�d�_ �i�h�e�m�q�_�g�g�u�o �\�b�^�_�h�]�j�Z�f�f �d�Z�i�e�b �m�k�e�h�\�g�h 

�j�Z�a�^�_�e�y�e�b�k�v (�i�h �g�Z�q�Z�e�v�g�u�f �j�Z�a�f�_�j�Z�f) �g�Z �g�_�k�d�h�e�v�d�h �]�j�m�i�i: 1 – 0,01�”Rm<0,08 �f�f , 2 

– 0,08�”Rm<0,16 �f�f , 3 – �i�j�b 0,16�”Rm<0,23 �f�f , 4 – �i�j�b 0,23�”Rm<0,3 �f�f , 5 – �i�j�b 

0,3�”Rm�”0,4 �f�f .  

�< �i�j�h�p�_�k�k�_ �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v �\�b�^�_�h�b�a�h�[�j�Z�`�_�g�b�y 

�k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �d�Z�g�Z�e�Z (�j�b�k. 3.7.1). �<�b�^�g�h, �q�l�h �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a �]�Z�a�u 

�k�m�s�_�k�l�\�_�g�g�h �b�a�f�_�g�y�x�l�k�y �l�j�Z�_�d�l�h�j�b�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b (�j�b�k. 3.7.1). 

�Q�_�f �f�_�g�v�r�_ �a�g�Z�q�_�g�b�y um, �l�_�f �[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�h �b�a�f�_�g�y�x�l�k�y �l�j�Z�_�d�l�h�j�b�b 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �d�Z�i�_�e�v. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �g�Z �\�o�h�^�_ �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x 

�h�[�e�Z�k�l�v (�j�b�k. 3.7.1, �Z) �j�_�Z�e�b�a�m�x�l�k�y �[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�_ �a�Z�\�b�o�j�_�g�b�y �i�h �k�j�Z�\�g�_�g�b�x �k 

�\�u�o�h�^�h�f (�j�b�k. 3.7.1, �[). �I�h�e�m�q�_�g�g�u�c �j�_�a�m�e�v�l�Z�l �h�[�m�k�e�h�\�e�_�g �l�_�f, �q�l�h �g�Z �\�o�h�^�_ �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m �\ �i�h�l�h�d�_ �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �^�\�b�`�m�l�k�y 

�d�Z�i�e�b �k �j�Z�^�b�m�k�Z�f�b �h�l 10 �f�d�f �^�h 500 �f�d�f. �L�j�Z�_�d�l�h�j�b�b �^�\�b�`�_�g�b�y �f�Z�e�u�o �i�h 

�j�Z�a�f�_�j�Z�f �d�Z�i�_�e�v (Rm<150 �f�d�f) �f�_�g�y�x�l�k�y (�j�b�k. 3.7.1) �k�m�s�_�k�l�\�_�g�g�h. �G�Z �\�u�o�h�^�_ �b�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �d�Z�g�Z�e�Z �\�k�e�_�^�k�l�\�b�_ �b�g�l�_�g�k�b�\�g�h�]�h �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b 

�^�\�b�`�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�_�_ �q�b�k�e�h �d�Z�i�_�e�v (�h�l�g�h�k�b�l�_�e�v�g�h �d�j�m�i�g�u�_ �i�h 

�g�Z�q�Z�e�v�g�u�f �j�Z�a�f�_�j�Z�f). �L�Z�d �d�Z�d �^�_�c�k�l�\�b�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ �g�Z �w�l�b �d�Z�i�e�b 
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�f�b�g�b�f�Z�e�v�g�h �g�Z �\�u�o�h�^�_ �b�a �d�Z�g�Z�e�Z, �l�h �i�h�k�e�_�^�g�b�_ �^�\�b�`�m�l�k�y �i�h �l�j�Z�_�d�l�h�j�b�y�f, 

�k�h�\�i�Z�^�Z�x�s�b�f �k �\�_�d�l�h�j�h�f �f�Z�k�k�h�\�u�o �k�b�e (�j�b�k. 3.7.1, �[). 

 

 

�Z 

 

�[ 

�J�b�k�m�g�h�d 3.7.1. �<�b�^�_�h�]�j�Z�f�f�u �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �b �i�h�e�y �k�d�h�j�h�k�l�_�c 

«�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p �g�Z �\�o�h�^�_ (�Z) �b �\�u�o�h�^�_ (�[) �b�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h 

�d�Z�g�Z�e�Z �i�j�b ug�§1 �f /�k �b um�§1,5 �f /�k 



- 122 - 

��

�M�k�l�Z�g�h�\�e�_�g�h �a�g�Z�q�b�l�_�e�v�g�h�_ �b�a�f�_�g�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b (�.m) �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 

�]�j�m�i�i �d�Z�i�_�e�v �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�u�o (�.m=1 �^�e�y �\�k�_�c �k�h�\�h�d�m�i�g�h�k�l�b �d�Z�i�_�e�v �\ 

�j�_�]�b�k�l�j�Z�p�b�h�g�g�h�c �h�[�e�Z�k�l�b �\�b�^�_�h�d�Z�^�j�Z). �L�Z�d, �d�h�g�p�_�g�l�j�Z�p�b�y �.m �d�Z�i�_�e�v �]�j�m�i�i 3–5 �g�Z 

�\�u�o�h�^�_ �b�a �d�Z�g�Z�e�Z �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 0,85, �^�e�y 

�]�j�m�i�i 1 �b 2 �k�h�h�l�\�_�l�k�l�\�_�g�g�h �.m�§0,15. �G�Z �\�o�h�^�_ �`�_ �\ �d�Z�g�Z�e �d�h�g�p�_�g�l�j�Z�p�b�y �.m �d�Z�i�_�e�v 

�]�j�m�i�i 1 �b 2 �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 0,5. 

�G�Z �j�b�k. 3.7.2 �i�j�_�^�k�l�Z�\�e�_�g�Z �l�b�i�b�q�g�Z�y �\�b�^�_�h�]�j�Z�f�f�Z �i�j�h�\�_�^�_�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�h�\ �k �b�a�h�[�j�Z�`�_�g�b�_�f �d�Z�i�_�e�v �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �\�h�^�y�g�h�]�h �i�h�l�h�d�Z �\ 

�i�j�h�p�_�k�k�_ �k�f�_�r�_�g�b�y �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y. �L�Z�d�`�_ 

�i�j�b�\�_�^�_�g�h �i�h�e�_ �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�_�j�h�\», �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �d�Z�i�e�y�f �\�h�^�u �b �]�Z�a�Z�f 

(�h�[�h�a�g�Z�q�_�g�u �i�j�h�^�h�e�v�g�u�_ �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�i�j�Z�\�e�_�g�b�y �^�\�b�`�_�g�b�y �d�Z�i�_�e�v 

�d�h�f�i�h�g�_�g�l�u �k�d�h�j�h�k�l�b Uy). 

 

 

�J�b�k�m�g�h�d 3.7.2. �<�b�^�_�h�]�j�Z�f�f�Z �b �i�h�e�_ �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�_�j�h�\» �i�j�b �k�f�_�r�_�g�b�b 

�i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �k �]�Z�a�Z�f�b (um�§2 �f /�k, ug�§3 �f /�k) 

 

�>�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�h �\�b�^�g�Z �h�[�e�Z�k�l�v �b�g�l�_�g�k�b�\�g�h�]�h �k�f�_�r�_�g�b�y �b �n�h�j�f�b�j�h�\�Z�g�b�y 

�\�b�o�j�_�c �g�Z �\�b�^�_�h�]�j�Z�f�f�_ (�j�b�k. 3.7.2). �L�Z�d�`�_ �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v �k�m�s�_�k�l�\�_�g�g�h 

�g�_�j�Z�\�g�h�f�_�j�g�u�_ �i�j�h�n�b�e�b �k�d�h�j�h�k�l�_�c. �W�l�b �j�_�a�m�e�v�l�Z�l�u �h�[�m�k�e�h�\�e�_�g�u 
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�i�h�e�b�^�b�k�i�_�j�k�g�h�k�l�v�x �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �b �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�s�b�f�b�k�y 

�k�d�h�j�h�k�l�y�f�b �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b. �< �q�Z�k�l�g�h�k�l�b, �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �d�Z�i�e�b �j�Z�a�f�_�j�Z�f�b 

�f�_�g�_�_ 100 �f�d�f �b�g�l�_�g�k�b�\�g�h �b�k�i�Z�j�y�x�l�k�y �b �i�j�Z�d�l�b�q�_�k�d�b �\ �i�h�e�g�h�f �h�[�t�_�f�_ �m�g�h�k�y�l�k�y 

�\�h�k�o�h�^�y�s�b�f �]�Z�a�h�\�u�f �i�h�l�h�d�h�f [211]. �D�Z�i�e�b �j�Z�a�f�_�j�Z�f�b 300–500 �f�d�f �b�k�i�Z�j�y�x�l�k�y 

�g�_�k�m�s�_�k�l�\�_�g�g�h, �g�_�k�f�h�l�j�y �g�Z �\�u�k�h�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�h�\, �b �i�j�h�o�h�^�y�l �q�_�j�_�a 

�h�[�e�Z�k�l�b �\�b�o�j�_�h�[�j�Z�a�h�\�Z�g�b�c (�g�Z �j�b�k. 3.7.2 �\�b�^�g�u �_�^�b�g�b�q�g�u�_ �d�j�m�i�g�u�_ �d�Z�i�e�b �\ �a�h�g�_ 

�i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y). �=�j�m�i�i�u �d�Z�i�_�e�v �j�Z�a�f�_�j�Z�f�b �h�l 100 �f�d�f �^�h 300 �f�d�f 

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �b �n�h�j�f�b�j�m�x�l �\�b�o�j�_�\�u�_ �k�l�j�m�d�l�m�j�u (�j�b�k. 3.7.2) �\ �h�[�e�Z�k�l�b 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\. 

�M�k�l�Z�g�h�\�e�_�g�h [211], �q�l�h �i�j�b Rm<170 �f�d�f �i�Z�j�Z�f�_�l�j �ûR �^�h�k�l�b�]�Z�_�l �i�j�Z�d�l�b�q�_�k�d�b 

1 (�l.�_. �d�Z�i�e�b �i�h�e�g�h�k�l�v�x �b�k�i�Z�j�y�x�l�k�y �\ �i�h�l�h�d�_ �]�Z�a�h�\). �>�e�y �d�Z�i�_�e�v �j�Z�a�f�_�j�Z�f�b 

170<Rm<300 �f�d�f �i�Z�j�Z�f�_�l�j �ûR �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 0,7. �I�j�b Rm=500 �f�d�f �i�Z�j�Z�f�_�l�j �ûR 

�m�f�_�g�v�r�Z�_�l�k�y �^�h 0,2. �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �k �j�h�k�l�h�f �ûR �k�m�s�_�k�l�\�_�g�g�h 

�k�g�b�`�Z�x�l�k�y �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u. 

�<�h�a�j�Z�k�l�Z�x�l �o�Z�j�Z�d�l�_�j�g�u�_ �j�Z�a�f�_�j�u �i�Z�j�h�\�u�o �k�e�h�_�\ �\ «�i�j�b�k�l�_�g�g�h�c» �h�[�e�Z�k�l�b �d�Z�`�^�h�c 

�d�Z�i�e�b. �D�Z�d �k�e�_�^�k�l�\�b�_, �m�\�_�e�b�q�b�\�Z�_�l�k�y �^�_�c�k�l�\�b�_ �k�b�e �k�h�i�j�h�l�b�\�e�_�g�b�y �b�o �^�\�b�`�_�g�b�x. 

�<�u�y�\�e�_�g�h, �q�l�h �^�e�y �g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �.m=0,44 �i�j�b Rm<170 �f�d�f, �.m=0,41 

�i�j�b 170<Rm<300 �f�d�f �b �.m=0,15 �i�j�b 300<Rm<500 �f�d�f �i�h�k�e�_ �k�f�_�r�_�g�b�y �k 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b �^�b�k�i�_�j�k�g�h�k�l�v �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y 

�k�e�_�^�m�x�s�b�f�b �a�g�Z�q�_�g�b�y�f�b �.m: 0 �i�j�b Rm<170 �f�d�f, 0,31 �i�j�b 170<Rm<300 �f�d�f �b 0,69 

�i�j�b 300<Rm<500 �f�d�f. �W�l�h�l �j�_�a�m�e�v�l�Z�l �l�Z�d�`�_ �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �\�e�b�y�g�b�_ �j�Z�a�f�_�j�h�\ 

�d�Z�i�_�e�v �g�Z �m�k�e�h�\�b�y �b�o �i�_�j�_�f�_�s�_�g�b�y �\�h �\�k�l�j�_�q�g�h�f �i�h�l�h�d�_ �]�Z�a�h�\ �\ �m�k�e�h�\�b�y�o 

�b�g�l�_�g�k�b�\�g�u�o �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c (�\�u�k�h�d�Z �\�_�j�h�y�l�g�h�k�l�v �b�g�l�_�g�k�b�\�g�h�]�h �b�k�i�Z�j�_�g�b�y 

�d�Z�i�_�e�v �f�Z�e�u�o �j�Z�a�f�_�j�h�\ �b �m�g�h�k�Z �b�o �h�k�l�Z�\�r�_�c�k�y �f�Z�k�k�u �]�Z�a�Z�f�b). 

�< �j�_�a�m�e�v�l�Z�l�_ �\�Z�j�v�b�j�h�\�Z�g�b�y �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h 

�\�h�^�y�g�h�]�h �i�h�l�h�d�Z �m�k�l�Z�g�h�\�e�_�g�h �\�e�b�y�g�b�_ um �g�Z �l�j�Z�_�d�l�h�j�b�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �\�h 

�\�k�l�j�_�q�g�h�f �i�h�l�h�d�_ �]�Z�a�h�\. �I�j�b um�§ug �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �h�[�e�Z�k�l�b �k�f�_�r�_�g�b�y �i�h�l�h�d�h�\ 

�k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�Z�y �^�h�e�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b (�l�h�e�v�d�h �i�j�b Rm<170 �f�d�f) �b�a�f�_�g�y�_�l 

�g�Z�i�j�Z�\�e�_�g�b�_ �k�\�h�_�]�h �^�\�b�`�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�h�]�h �g�Z �i�j�h�l�b�\�h�i�h�e�h�`�g�h�_. �I�j�b 
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�g�Z�q�Z�e�v�g�h�f �k�h�h�l�g�h�r�_�g�b�b um>ug �h�l 70 % �^�h 90 % �d�Z�i�_�e�v (�^�Z�`�_ �k �j�Z�a�f�_�j�Z�f�b Rm<170 

�f�d�f) �k�h�o�j�Z�g�y�x�l �g�Z�i�j�Z�\�e�_�g�b�y �^�\�b�`�_�g�b�y, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�o �\�\�h�^�m �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m. �I�j�b �w�l�h�f �k �j�h�k�l�h�f �j�Z�a�f�_�j�h�\ Rm �q�b�k�e�h 

�l�Z�d�b�o �d�Z�i�_�e�v �g�_�e�b�g�_�c�g�h �m�\�_�e�b�q�b�\�Z�_�l�k�y. 

�H�i�j�_�^�_�e�_�g�u �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v �`�b�^�d�h�k�l�b, �d�h�l�h�j�u�_ �b�f�_�x�l 

�i�h�k�e�_�^�g�b�_ �i�j�b �k�f�_�r�_�g�b�b �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f �]�Z�a�h�\�u�f �i�h�l�h�d�h�f. �W�l�h 

�i�h�a�\�h�e�b�e�h �m�k�l�Z�g�h�\�b�l�v �i�j�_�^�_�e�v�g�u�_ �k�d�h�j�h�k�l�b �]�Z�a�h�\ (�i�j�b �d�h�l�h�j�u�o �\�h�^�y�g�u�_ �d�Z�i�e�b 

�j�Z�a�g�u�o �j�Z�a�f�_�j�h�\ �m�g�h�k�y�l�k�y �i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y): ug
lim = 0,25 �f /�k �i�j�b Rm = 40–90 

�f�d�f; ug
lim = 0,35 �f /�k �i�j�b Rm = 90–160 �f�d�f; ug

lim = 0,7 �f /�k �i�j�b Rm = 160–230 �f�d�f; 

ug
lim = 1,05 �f /�k �i�j�b Rm = 230–300 �f�d�f. �I�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �i�j�_�^�k�l�Z�\�e�y�x�l 

�b�g�l�_�j�_�k �^�e�y �h�^�g�h�]�h �b�a �\�Z�`�g�_�c�r�b�o �\ �l�_�i�e�h�w�g�_�j�]�_�l�b�d�_ �i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c 

�]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�o �k�f�_�k�_�c – �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b �l�_�o�g�b�q�_�k�d�h�c �\�h�^�u �h�l 

�i�j�b�f�_�k�_�c �b �b�g�h�j�h�^�g�u�o �\�d�e�x�q�_�g�b�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �w�n�n�_�d�l�h�\ �b�g�l�_�g�k�b�\�g�u�o 

�n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c [49-51]. 

�>�e�y �h�[�h�[�s�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �j�Z�a�f�_�j�h�\ (Rm) �d�Z�i�_�e�v, 

�k�d�h�j�h�k�l�_�c �i�h�k�e�_�^�g�b�o (um) �b �\�k�l�j�_�q�g�h�]�h �^�\�b�`�_�g�b�y �]�Z�a�h�\ (ug), �i�h�k�l�j�h�_�g�Z 

�[�_�a�j�Z�a�f�_�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v, �i�j�_�^�k�l�Z�\�e�_�g�g�Z�y �g�Z �j�b�k. 3.7.3. �B�k�i�h�e�v�a�h�\�Z�g�u 

�k�e�_�^�m�x�s�b�_ �[�_�a�j�Z�a�f�_�j�g�u�_ �i�Z�j�Z�f�_�l�j�u: 

m m
d

2
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u R�˜
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g
g
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u R�˜
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�Q
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�]�^�_ ��g – �d�b�g�_�f�Z�l�b�q�_�k�d�Z�y �\�y�a�d�h�k�l�v �]�Z�a�h�\ (��g=1,3á10-5 �f2/�k), Rc – �o�Z�j�Z�d�l�_�j�g�u�c 

�i�h�i�_�j�_�q�g�u�c �j�Z�a�f�_�j (�j�Z�^�b�m�k) �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�Z�g�Z�e�Z �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b 

�]�Z�a�Z�f�b (Rc=0,15 �f ). 

�I�j�b �\�u�q�b�k�e�_�g�b�b �a�g�Z�q�_�g�b�c Red �b Reg �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �g�Z�q�Z�e�v�g�u�_ (�^�h 

�k�f�_�r�_�g�b�y) �a�g�Z�q�_�g�b�y um �b ug. �F�Z�d�k�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �w�l�b�o �[�_�a�j�Z�a�f�_�j�g�u�o 

�d�j�b�l�_�j�b�_�\ �^�e�y �m�k�e�h�\�b�c �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k�h�k�l�Z�\�b�e�b: Red
max�§170 �b 

Reg
max�§45000. 

�I�j�b �i�Z�j�Z�f�_�l�j�Z�o (Rm, um, ug) �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�h�c �k�j�_�^�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 

�h�[�e�Z�k�l�b �\�u�r�_ �d�j�b�\�h�c, �i�j�b�\�_�^�_�g�g�h�c �g�Z �j�b�k. 3.7.3, �l�j�Z�_�d�l�h�j�b�b �^�\�b�`�_�g�b�y �d�Z�i�_�e�v 
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�`�b�^�d�h�k�l�b �b�a�f�_�g�y�x�l�k�y �g�_�k�m�s�_�k�l�\�_�g�g�h �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�u�o �i�j�b �\�o�h�`�^�_�g�b�b �\�h 

�\�k�l�j�_�q�g�u�c �i�h�l�h�d �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\. �H�[�e�Z�k�l�v �i�h� ̂�d�j�b�\�h�c �o�Z�j�Z�d�l�_�j�b�a�m�_�l 

�j�_�`�b�f, �i�j�b �d�h�l�h�j�h�f �d�Z�i�e�b �b�a�f�_�g�y�x�l �g�Z�i�j�Z�\�e�_�g�b�_ �k�\�h�_�]�h �^�\�b�`�_�g�b�y �g�Z 

�i�j�h�l�b�\�h�i�h�e�h�`�g�h�_ �i�j�b �k�f�_�r�_�g�b�b �k �]�Z�a�Z�f�b. �I�j�b �i�Z�j�Z�f�_�l�j�Z�o, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�h�e�m�q�_�g�g�h�c �d�j�b�\�h�c, �^�e�y �d�Z�i�_�e�v �o�Z�j�Z�d�l�_�j�_�g «�i�_�j�_�o�h�^�g�u�c» 

�j�_�`�b�f, �i�j�b �d�h�l�h�j�h�f �b�o �k�d�h�j�h�k�l�b �\ �i�h�l�h�d�_ �]�Z�a�h�\ �[�e�b�a�d�b �d �g�m�e�x. �I�j�h�b�k�o�h�^�b�l 

�d�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ (�f�_�g�_�_ 0,1 �k) «�a�Z�\�b�k�Z�g�b�_» �d�Z�i�_�e�v. �< �i�h�k�e�_�^�m�x�s�_�f �\�h�a�f�h�`�g�h �d�Z�d 

�i�j�h�^�h�e�`�_�g�b�_ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �g�Z�\�k�l�j�_�q�m �]�Z�a�h�\�h�f�m �i�h�l�h�d�m, �l�Z�d �b �b�a�f�_�g�_�g�b�_ 

�g�Z�i�j�Z�\�e�_�g�b�y �b�o �i�_�j�_�f�_�s�_�g�b�y �g�Z �i�j�h�l�b�\�h�i�h�e�h�`�g�h�_. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �w�l�b 

�i�j�h�p�_�k�k�u �k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�y�l �h�l �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v (�j�Z�k�k�f�h�l�j�_�g�u �\ [143, 146]). 

 

 

�J�b�k�m�g�h�d 3.7.3.  �O�Z�j�Z�d�l�_�j�g�u�_ �j�_�`�b�f�u �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h 

�i�h�l�h�d�Z �\ �a�h�g�_ �k�f�_�r�_�g�b�y �k �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b: 1 – �m�g�h�k �]�Z�a�Z�f�b, 2 – 

�k�h�o�j�Z�g�_�g�b�_ �i�_�j�\�h�g�Z�q�Z�e�v�g�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y��
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�<�b� ̂ �[�_�a�j�Z�a�f�_�j�g�h�c �a�Z�\�b�k�b�f�h�k�l�b, �i�j�b�\�_�^�_�g�g�h�c �g�Z �j�b�k. 3.7.3, �f�h�`�g�h 

�h�[�t�y�k�g�b�l�v �g�_�k�l�Z�p�b�h�g�Z�j�g�u�f �b �g�_�e�b�g�_�c�g�u�f �o�Z�j�Z�d�l�_�j�h�f �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\ 

�h�[�e�Z�k�l�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ [204, 240-242], �a�g�Z�q�b�l�_�e�v�g�u�f �\�e�b�y�g�b�_�f 

«�k�h�k�_�^�g�b�o» (�i�_�j�_�f�_�s�Z�x�s�b�o�k�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �b �i�Z�j�Z�e�e�_�e�v�g�h �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] 

�^�j�m�]�Z) �d�Z�i�_�e�v (�h�k�h�[�_�g�g�h �f�Z�e�u�o �i�h �j�Z�a�f�_�j�Z�f – Rm<0,15 �f�f  �i�j�b �b�o �\�u�k�h�d�h�c �^�h�e�_ �\ 

�]�Z�a�h�\�h�f �i�h�l�h�d�_ – �.m>0,5) �g�Z �l�_�f�i�_�j�Z�l�m�j�m �b �d�h�g�p�_�g�l�j�Z�p�b�x �]�Z�a�h�\ [143, 146]. 

�< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �a�g�Z�q�_�g�b�c �.m, �i�h�e�m�q�_�g�g�u�o �\ �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\, 

�l�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�[�t�_�f�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �d�Z�i�_�e�v �g�Z �\�u�o�h�^�_ �b�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�[�e�Z�k�l�b �g�_�a�g�Z�q�b�l�_�e�v�g�h (�f�_�g�_�_ 0,05) �b�a�f�_�g�y�_�l�k�y �k �j�h�k�l�h�f �b�o 

�g�Z�q�Z�e�v�g�u�o �k�d�h�j�h�k�l�_�c �\ �^�b�Z�i�Z�a�h�g�_ �h�l 0,5 �f /�k �^�h 2 �f /�k. �I�j�b um<0,5 �f /�k 

�d�h�g�p�_�g�l�j�Z�p�b�y �.m �f�_�g�y�_�l�k�y �k�m�s�_�k�l�\�_�g�g�h (�\ �g�_�k�d�h�e�v�d�h �j�Z�a). �H�^�g�Z�d�h �w�l�h �\�u�a�\�Z�g�h �g�_ 

�l�h�e�v�d�h �b�g�l�_�g�k�b�n�b�d�Z�p�b�_�c �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y, �g�h �b «�l�h�j�f�h�`�_�g�b�_�f», �Z �l�Z�d�`�_ 

�i�h�k�e�_�^�m�x�s�b�f «�m�g�h�k�h�f» �^�h�e�b �d�Z�i�_�e�v �]�Z�a�Z�f�b. �I�j�b um>2 �f /�k �a�g�Z�q�b�l�_�e�v�g�h 

�m�f�_�g�v�r�Z�_�l�k�y �\�j�_�f�y �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x 

�h�[�e�Z�k�l�v. �I�j�b �_�_ �h�]�j�Z�g�b�q�_�g�g�u�o �j�Z�a�f�_�j�Z�o �k�m�s�_�k�l�\�_�g�g�h �k�g�b�`�Z�_�l�k�y �\�j�_�f�y �b�k�i�Z�j�_�g�b�y. 

�D�Z�d �k�e�_�^�k�l�\�b�_, �m�f�_�g�v�r�Z�_�l�k�y �f�Z�k�k�h�i�j�b�o�h�^ �i�Z�j�h�\ �`�b�^�d�h�k�l�b �\ �]�Z�a�h�\�m�x �n�Z�a�m (�k 

�j�h�k�l�h�f um �d�h�g�p�_�g�l�j�Z�p�b�y �i�Z�j�h�\ �\ �d�Z�g�Z�e�_ �g�_�e�b�g�_�c�g�h �k�g�b�`�Z�_�l�k�y (�j�b�k. 3.7.1, �[)). �W�l�h 

�i�j�b�\�h�^�b�l �d �g�_�[�h�e�v�r�h�f�m �b�a�f�_�g�_�g�b�x �.m �b �f�Z�e�u�f (�f�_�g�_�_ 0,1) �a�g�Z�q�_�g�b�y�f �ûR. 

�G�Z �j�b�k. 3.7.4 �i�j�b�\�_�^�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b 

um �h�l �k�d�h�j�h�k�l�_�c �]�Z�a�h�\ ug �i�j�b �j�Z�a�e�b�q�g�u�o Rm. �A�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�b �d�Z�i�_�e�v um<0 �f /�k 

�k�h�h�l�\�_�l�k�l�\�m�x�l �b�a�f�_�g�_�g�b�x �g�Z�i�j�Z�\�e�_�g�b�y �b�o �^�\�b�`�_�g�b�y �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c 

�h�[�e�Z�k�l�b �g�Z �i�j�h�l�b�\�h�i�h�e�h�`�g�h�_ (�k�h�\�i�Z�^�Z�x�s�_�_ �k �\�_�d�l�h�j�h�f �k�d�h�j�h�k�l�b ug). 

�K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�h�e�m�q�_�g�g�u�o �\�b�^�_�h�]�j�Z�f�f �b �i�h�e�_�c �k�d�h�j�h�k�l�_�c (�\ �q�Z�k�l�g�h�k�l�b, 

�i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.7.1) �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �j�Z�a�g�h�f�Z�k�r�l�Z�[�g�u�o 

�\�b�o�j�_�h�[�j�Z�a�h�\�Z�g�b�y�o �g�Z �\�o�h�^�_ �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m �f�Z�e�u�_ 

(Rm<0,16 �f�f ) �d�Z�i�e�b �m�g�h�k�y�l�k�y �]�Z�a�Z�f�b �b �k�e�b�\�Z�x�l�k�y �k �^�j�m�]�b�f�b, �i�h�k�l�m�i�Z�x�s�b�f�b 

�k�\�_�j�o�m �d�Z�i�e�y�f�b (�j�b�k. 3.7.1). �<�k�e�_�^�k�l�\�b�_ �w�l�h�]�h �i�j�h�b�k�o�h�^�b�l �b�a�f�_�g�_�g�b�_ �g�Z�i�j�Z�\�e�_�g�b�y 

�b�o �^�\�b�`�_�g�b�y, �b �h�[�t�_�^�b�g�_�g�g�u�_ �d�Z�i�e�b �q�Z�k�l�b�q�g�h (�d�Z�d �i�j�Z�\�b�e�h, 15–20 % �h�l �h�[�s�_�]�h 

�q�b�k�e�Z �d�Z�i�_�e�v �i�j�b �g�Z�q�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�Z�o 0,2�”Rm<0,5 �f�f ) �i�j�h�o�h�^�y�l 
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�q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c �d�Z�g�Z�e. �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �w�l�b �i�j�h�p�_�k�k�u 

�j�_�Z�e�b�a�m�x�l�k�y �p�b�d�e�b�q�_�k�d�b. 

 

 

�J�b�k�m�g�h�d 3.7.4. �A�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�_�c �d�Z�i�_�e�v �`�b�^�d�h�k�l�b um �h�l �a�g�Z�q�_�g�b�c ug 

 

�>�e�y �d�j�b�\�u�o, �i�j�b�\�_�^�_�g�g�u�o �g�Z �j�b�k. 3.7.4, �i�h�e�m�q�_�g�u �k�e�_�^�m�x�s�b�_ 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y: 

 

um = -0,073·ln(ug) - 0,1152 �i�j�b 0,04�”Rm�”0,09 �f�f ;    (3.7.1) 

um = -0,079·ln(ug) - 0,0793 �i�j�b 0,09<Rm�”0,16 �f�f ;     (3.7.2) 

um = -0,1·ln(ug) - 0,0356 �i�j�b 0,16<Rm�”0,23 �f�f ;      (3.7.3) 
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um = -0,159·ln(ug) + 0,0103 �i�j�b 0,23<Rm�”0,3 �f�f ;     (3.7.4) 

um = -0,118·ln(ug) + 0,1313 �i�j�b 0,3<Rm�”0,4 �f�f .      (3.7.5) 

 

�<�u�y�\�e�_�g�g�u�_ �w�n�n�_�d�l�u �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �h�i�j�_�^�_�e�y�x�s�m�x �j�h�e�v �i�j�b �k�f�_�r�_�g�b�b 

�]�Z�a�h- �b �i�Z�j�h�`�b�^�d�h�k�l�g�u�o �i�h�l�h�d�h�\ �b�]�j�Z�_�l �y�\�e�_�g�b�_ �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v �`�b�^�d�h�k�l�b. 

�W�l�h�l �i�j�h�p�_�k�k �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g �^�e�y �d�Z�i�_�e�v, �b�f�_�x�s�b�o, �d�Z�d �i�j�Z�\�b�e�h, �j�Z�a�e�b�q�g�u�_ 

�j�Z�a�f�_�j�u �b �k�d�h�j�h�k�l�b, �g�h �^�h�k�l�Z�l�h�q�g�h �[�e�b�a�d�b�_ �l�j�Z�_�d�l�h�j�b�b �i�_�j�_�f�_�s�_�g�b�y. 

�I�h�e�m�q�_�g�g�u�_ �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h�e�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�_�j�h�\» (�j�b�k. 3.7.1) �i�h�a�\�h�e�b�e�b 

�\�u�^�_�e�b�l�v �^�\�Z �h�k�g�h�\�g�u�o �f�_�o�Z�g�b�a�f�Z �\�h�a�g�b�d�g�h�\�_�g�b�y �y�\�e�_�g�b�y �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v 

�`�b�^�d�h�k�l�b �\ �i�h�l�h�d�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\: �i�h�l�h�d �]�Z�a�h�\ �k�i�h�k�h�[�k�l�\�m�_�l 

«�l�h�j�f�h�`�_�g�b�x» �b�^�m�s�b�o �\�h �n�j�h�g�l�_ �i�Z�j�h�`�b�^�d�h�k�l�g�h�c �k�f�_�k�b �\�h�^�y�g�u�o �d�Z�i�_�e�v, �b�o 

«�j�Z�a�\�h�j�h�l�m» �b �i�h�k�e�_�^�m�x�s�_�f�m �k�e�b�y�g�b�x �k �b�^�m�s�b�f�b �g�Z�\�k�l�j�_�q�m �d�Z�i�e�y�f�b �`�b�^�d�h�k�l�b 

(�j�b�k. 3.7.5, �Z, �[); �d�Z�i�e�b, �i�h�i�Z�^�Z�y �\ �a�Z�\�b�o�j�_�g�b�y �]�Z�a�h�\, �k�e�b�\�Z�x�l�k�y �f�_�`�^�m �k�h�[�h�c: �h�^�g�Z 

«�^�h�]�h�g�y�_�l» �^�j�m�]�m�x �i�j�b �b�g�l�_�g�k�b�\�g�h�f �b�k�i�Z�j�_�g�b�b �i�_�j�\�h�c �b �^�h�k�l�Z�l�h�q�g�h �f�_�^�e�_�g�g�h�f 

– �i�h�k�e�_�^�m�x�s�b�o (�j�b�k. 3.7.5, �\). 

 

 

�Z 

 

�[ 
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�J�b�k�m�g�h�d 3.7.5. �B�e�e�x�k�l�j�Z�p�b�b �y�\�e�_�g�b�y �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v (1, 2 – �i�_�j�\�Z�y �b �\�l�h�j�Z�y 

�k�e�b�\�Z�x�s�b�_�k�y �d�Z�i�e�b) �i�j�b �j�Z�a�e�b�q�g�u�o �f�_�o�Z�g�b�a�f�Z�o �_�_ �j�_�Z�e�b�a�Z�p�b�b: �Z – �l�h�j�f�h�`�_�g�b�_ 

�b�^�m�s�_�c �k�i�_�j�_�^�b �d�Z�i�e�b �b �_�_ �k�e�b�y�g�b�_ �k �i�h�k�e�_�^�m�x�s�_�c; �[, �\ – �d�Z�i�e�b �k�e�b�\�Z�x�l�k�y �i�j�b 

�i�h�i�m�l�g�h�f �^�\�b�`�_�g�b�b �\ �a�Z�\�b�o�j�_�g�b�y�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\; �] – �o�Z�h�l�b�q�g�h�_ 

�k�e�b�y�g�b�_ �d�Z�i�_�e�v �i�j�b �b�o �[�h�e�v�r�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\ �i�h�l�h�d�_ 
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�I�j�h�y�\�e�_�g�b�_ �w�n�n�_�d�l�Z �d�h�Z�]�m�e�y�p�b�b �k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�b�l �h�l �d�h�g�p�_�g�l�j�Z�p�b�b 

�d�Z�i�_�e�v �\ �i�h�l�h�d�_ �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b (�.m). �L�Z�d, �i�j�b �^�h�k�l�Z�l�h�q�g�h �f�Z�e�u�o (�^�h 10 

�d�Z�i�_�e�v �k �j�Z�a�f�_�j�Z�f�b 0,2<Rm�”0,5 �f�f  �\ �h�[�t�_�f�_ �[�h�e�_�_ 1000 �f�f 3) �d�h�g�p�_�g�l�j�Z�p�b�y�o 

�k�e�b�y�g�b�_ �d�Z�i�_�e�v �g�h�k�b�l �i�j�Z�d�l�b�q�_�k�d�b �_�^�b�g�b�q�g�u�c �o�Z�j�Z�d�l�_�j. �K �m�\�_�e�b�q�_�g�b�_�f 

�d�h�g�p�_�g�l�j�Z�p�b�b �j�_�Z�e�b�a�Z�p�b�y �w�l�b�o �i�j�h�p�_�k�k�h�\ �k�l�Z�g�h�\�b�l�k�y �m�k�l�h�c�q�b�\�h�c (�j�b�k. 3.7.5, �]). 

�I�j�b �w�l�h�f �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �h�[�Z �h�i�b�k�Z�g�g�u�o �\�u�r�_ �f�_�o�Z�g�b�a�f�Z �d�h�Z�]�m�e�y�p�b�b. 

�<�u�y�\�e�_�g�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\ �]�Z�a�h�\�h�c �k�j�_�^�_ �o�h�j�h�r�h 

�k�h�h�l�\�_�l�k�l�\�m�x�l �a�Z�d�e�x�q�_�g�b�y�f [60], �k�^�_�e�Z�g�g�u�f �i�j�b �Z�g�Z�e�b�a�_ �i�j�h�p�_�k�k�h�\ 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �\ �k�b�k�l�_�f�_ �k �^�\�m�f�y �i�_�j�_�f�_�s�Z�x�s�b�f�b�k�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �\ 

�i�h�l�h�d�_ �]�Z�a�h�\ �d�Z�i�e�y�f�b. �F�h�`�g�h �l�Z�d�`�_ �]�h�\�h�j�b�l�v �h �l�h�f, �q�l�h �k �i�h�\�u�r�_�g�b�_�f 

�d�h�g�p�_�g�l�j�Z�p�b�b (�.m) �d�Z�i�_�e�v �\ �i�h�e�b�^�b�k�i�_�j�k�g�h�f �i�h�l�h�d�_ (�h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�\�_�^�_�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�h�\) �d�j�b�\�Z�y �g�Z �j�b�k. 3.7.3 �[�m�^�_�l �b�a�f�_�g�y�l�v �g�Z�d�e�h�g (�i�j�b�[�e�b�`�Z�l�v�k�y �d �h�k�b 

�Z�[�k�p�b�k�k). 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�b�o �\�j�_�f�_�g�Z�o 

(�^�h 2 �k) �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u �b um�§ug 

�\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �g�Z �i�Z�j�Z�f�_�l�j �ûR �^�h�k�l�Z�l�h�q�g�h 

�m�f�_�j�_�g�g�h�_. �I�j�b �j�Z�a�f�_�j�Z�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �d�Z�g�Z�e�Z �h�d�h�e�h 1 �f  �b�a�f�_�g�_�g�b�_ �ûR 

�i�j�h�b�k�o�h�^�b�l �f�_�g�_�_ �q�_�f �g�Z 0,05 �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b um �\ �^�b�Z�i�Z�a�h�g�_ 0,5<um<1,5 �f /�k. �K 

�j�h�k�l�h�f �^�e�b�g�u �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �d�Z�g�Z�e�Z �^�h 2–3 �f  �i�j�h�b�k�o�h�^�b�l �m�k�b�e�_�g�b�_ 

�\�e�b�y�g�b�y um �g�Z �i�Z�j�Z�f�_�l�j �ûR (�g�h �g�_ �[�h�e�_�_ �q�_�f �g�Z 0,1). 

�J�_�a�m�e�v�l�Z�l�u �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �b�e�e�x�k�l�j�b�j�m�x�l �[�h�e�_�_ 

�k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �g�Z �b�g�l�_�]�j�Z�e�v�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�o �b�k�i�Z�j�_�g�b�y �b �^�\�b�`�_�g�b�y �\ �h�[�e�Z�k�l�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �]�Z�a�h�\ 

�i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�v�x. �I�h�e�m�q�_�g�g�u�c �j�_�a�m�e�v�l�Z�l �f�h�`�g�h �h�[�t�y�k�g�b�l�v 

�\�u�y�\�e�_�g�g�u�f�b  �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �k�i�_�p�b�n�b�q�_�k�d�b�f�b �h�k�h�[�_�g�g�h�k�l�y�f�b �^�_�c�k�l�\�b�y �k�b�e�u 

�k�h�i�j�h�l�b�\�e�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�f �]�Z�a�h�\�h�f �i�h�l�h�d�_. 

�B�a�\�_�k�l�g�h [243], �q�l�h �k �j�h�k�l�h�f �j�Z�a�f�_�j�h�\ �i�_�j�_�f�_�s�Z�_�f�h�]�h �l�_�e�Z �m�\�_�e�b�q�b�\�Z�_�l�k�y 

�^�_�c�k�l�\�b�_ �k�b�e�u �k�h�i�j�h�l�b�\�e�_�g�b�y �g�Z �g�_�]�h (�g�_�k�f�h�l�j�y �g�Z �j�h�k�l �k�b�e�u �l�y�`�_�k�l�b). �L�Z�d �d�Z�d 

�d�Z�i�e�b �`�b�^�d�h�k�l�b �i�_�j�_�f�_�s�Z�x�l�k�y �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�_, �l�h �g�Z �b�o 
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�i�h�\�_�j�o�g�h�k�l�b �j�_�Z�e�b�a�m�x�l�k�y �m�k�e�h�\�b�y �b�g�l�_�g�k�b�\�g�h�]�h �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y. �W�l�h �i�j�b�\�h�^�b�l 

�d �j�h�k�l�m �k�b�e�u �k�h�i�j�h�l�b�\�e�_�g�b�y �g�Z 15–20 % [60]. �K �m�\�_�e�b�q�_�g�b�_�f �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v 

�\�e�b�y�g�b�_ �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �g�Z �k�b�e�m �k�h�i�j�h�l�b�\�e�_�g�b�y �\�h�a�j�Z�k�l�Z�_�l �l�Z�d�`�_ 

�k�m�s�_�k�l�\�_�g�g�h �g�_�e�b�g�_�c�g�h [60]. �D�j�h�f�_ �l�h�]�h, �i�h�\�u�r�Z�_�l�k�y [243] �\�d�e�Z�^ �[�h�e�v�r�h�c 

�]�j�m�i�i�u �n�Z�d�l�h�j�h�\ �\ �b�a�f�_�g�_�g�b�_ �m�k�e�h�\�b�c �i�j�h�l�_�d�Z�g�b�y �b, �d�Z�d �k�e�_�^�k�l�\�b�_, 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �\ �f�Z�e�h�c �h�d�j�_�k�l�g�h�k�l�b �d�Z�i�_�e�v (�g�Z�i�j�b�f�_�j, 

�d�h�g�n�b�]�m�j�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �l�_�e�Z, �_�]�h �i�h�e�h�`�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �g�Z�i�j�Z�\�e�_�g�b�y 

�^�\�b�`�_�g�b�y �h�[�l�_�d�Z�x�s�_�]�h �i�h�l�h�d�Z, �d�h�g�\�_�d�l�b�\�g�u�o �l�_�q�_�g�b�c �\�g�m�l�j�b �d�Z�i�_�e�v �b 

�g�_�k�l�Z�p�b�h�g�Z�j�g�h�k�l�b �b�o �i�_�j�_�f�_�s�_�g�b�y). �I�j�b �i�h�\�u�r�_�g�b�b �g�Z�q�Z�e�v�g�h�c �k�d�h�j�h�k�l�b 

�i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �\ �]�Z�a�h�\�h�c �k�j�_�^�_ �b �Z�^�_�d�\�Z�l�g�u�o �a�g�Z�q�_�g�b�y�o Rm �k�b�e�Z 

�k�h�i�j�h�l�b�\�e�_�g�b�y �b�a�f�_�g�y�_�l�k�y �g�_�e�b�g�_�c�g�h [243]. �H�^�g�Z�d�h, �i�j�b 0,1<um<2 �f /�k �w�l�h 

�b�a�f�_�g�_�g�b�_ �^�h�k�l�Z�l�h�q�g�h �f�Z�e�h [60]. �<�d�e�Z�^ �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\ �b�a�f�_�g�_�g�b�_ 

�m�k�e�h�\�b�c �l�_�i�e�h�h�[�f�_�g�Z �g�Z �]�j�Z�g�b�p�_ «�]�Z�a – �`�b�^�d�h�k�l�v» �k�h�i�h�k�l�Z�\�b�f �^�e�y �^�b�Z�i�Z�a�h�g�Z 

0,1<um<2 �f /�k (�l�Z�d �d�Z�d �l�_�f�i�_�j�Z�l�m�j�Z �g�Z �w�l�h�c �]�j�Z�g�b�p�_ �i�j�Z�d�l�b�q�_�k�d�b �i�h�k�l�h�y�g�g�Z �b �j�Z�\�g�Z 

�l�_�f�i�_�j�Z�l�m�j�_ �d�b�i�_�g�b�y �`�b�^�d�h�k�l�b [60] �i�j�b Tf=1070±30 �D �\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l um). 

�D�Z�d �k�e�_�^�k�l�\�b�_, �\�e�b�y�g�b�_ �k�d�h�j�h�k�l�_�c um �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b 

�[�h�e�_�_ �m�f�_�j�_�g�g�h�_ �i�h �k�j�Z�\�g�_�g�b�x �k Rm. 

�< �o�h�^�_ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �m�k�l�Z�g�h�\�e�_�g�h �h�i�j�_�^�_�e�y�x�s�_�_ �\�e�b�y�g�b�_ 

�k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �b  �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ �h�l�^�_�e�v�g�u�o 

�d�Z�i�_�e�v �`�b�^�d�h�k�l�b �g�Z �k�l�_�i�_�g�v �m�g�h�k�Z �i�h�k�e�_�^�g�b�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b. 

�I�h�d�Z�a�Z�g�h, �q�l�h �^�e�y �h�[�_�k�i�_�q�_�g�b�y �\�o�h�`�^�_�g�b�y �d�Z�i�_�e�v �\ �h�[�e�Z�k�l�v �i�e�Z�f�_�g�b �j�Z�[�h�q�m�x 

�`�b�^�d�h�k�l�v �g�_�h�[�o�h�^�b�f�h �j�Z�k�i�u�e�b�l�v �^�h �^�h�k�l�b�`�_�g�b�y �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �g�_ 

�f�_�g�_�_ Rd  = 0,160 �f�f . 

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �h�[�j�Z�[�h�l�d�b �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �^�h�i�h�e�g�y�x�l 

�k�h�\�j�_�f�_�g�g�u�_ �i�j�_�^�k�l�Z�\�e�_�g�b�y �h �i�j�h�p�_�k�k�Z�o �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c [79, 97, 99, 

122, 244-246] �\ �m�k�e�h�\�b�y�o �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h �g�Z�]�j�_�\�Z�g�b�y (�\ �q�Z�k�l�g�h�k�l�b, �]�Z�a�h�\�h�c 

�k�j�_�^�h�c). �L�Z�d�`�_ �h�g�b �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �b 

�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�b �l�_�o�g�h�e�h�]�b�c �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �\�u�i�Z�j�b�\�Z�g�b�y �i�j�b�f�_�k�_�c 

(�h�q�b�k�l�d�b) �b�a �l�_�o�g�b�q�_�k�d�h�c �\�h�^�u �b �w�f�m�e�v�k�b�c �g�Z �_�_ �h�k�g�h�\�_, �Z �l�Z�d�`�_ �i�j�b 
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�d�h�g�k�l�j�m�b�j�h�\�Z�g�b�b �j�Z�k�i�u�e�b�l�_�e�v�g�u�o �k�b�k�l�_�f �]�j�Z�^�b�j�_�g �j�Z�a�g�u�o �l�b�i�h�\, �r�b�j�h�d�h 

�b�k�i�h�e�v�a�m�_�f�u�o �g�Z �l�_�i�e�h�\�u�o �w�e�_�d�l�j�b�q�_�k�d�b�o �k�l�Z�g�p�b�y�o. 

�D�j�h�f�_ �l�h�]�h, �m�q�b�l�u�\�Z�y �j�_�a�m�e�v�l�Z�l�u �l�_�h�j�_�l�b�q�_�k�d�b�o [58-61, 141-144, 154] �b 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o [221] �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c 

�`�b�^�d�h�k�l�b �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�_ �^�e�y �l�Z�d�b�o �i�j�b�e�h�`�_�g�b�c, �d�Z�d 

�i�h�e�b�^�b�k�i�_�j�k�g�h�_ �\�h�^�y�g�h�_ �i�h�`�Z�j�h�l�m�r�_�g�b�_ �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �^�e�y �i�e�Z�f�_�g 

�\�u�k�h�l�h�c �^�h 2 �f  (�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �l�b�i�b�q�g�u�f �i�h�`�Z�j�Z�f �\ �i�h�f�_�s�_�g�b�y�o) �j�Z�a�f�_�j�u 

�d�Z�i�_�e�v �\�u�^�_�j�`�b�\�Z�l�v �\ �^�b�Z�i�Z�a�h�g�_ 0,160 < Rm < 0,175 �f�f . �I�j�b �w�l�h�f �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 

�^�Z�g�g�u�f�b [58-61, 141-144, 154] �\�Z�`�g�h �g�_ �l�h�e�v�d�h �b�a�f�_�e�v�q�_�g�b�_ �d�Z�i�_�e�v �`�b�^�d�h�k�l�b, �g�h 

�b �b�o �m�^�Z�e�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z (�g�Z�i�j�b�f�_�j, �i�h�k�e�h�c�g�h�_ �j�Z�k�i�u�e�_�g�b�_ 

�l�m�r�Z�s�_�c �k�j�_�^�u �k �h�i�j�_�^�_�e�_�g�g�u�f�b �\�j�_�f�_�g�g�u�f�b �a�Z�^�_�j�`�d�Z�f�b). 

 

3.8. �L�_�h�j�_�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a �q�b�k�e�_�g�g�u�o �a�g�Z�q�_�g�b�c �h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d 

�^�_�n�h�j�f�Z�p�b�b �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\�h�^�y�g�u�o �d�Z�i�_�e�v �i�j�b �^�\�b�`�_�g�b�b �\ 

�]�Z�a�h�\�u�o �k�j�_�^�Z�o 

 

�:�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c (�i. 

3.1–3.7) �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �p�_�e�_�k�h�h�[�j�Z�a�g�h �k �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�h�i�j�_�^�_�e�b�l�v �g�Z�b�[�h�e�_�_ �Z�^�_�d�\�Z�l�g�u�_ �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�h�^�o�h�^�u �b �f�h�^�_�e�b 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �b�a �b�a�\�_�k�l�g�u�o �b�e�b �j�Z�a�\�b�\�Z�l�v �i�h�k�e�_�^�g�b�_ �^�e�y �f�Z�d�k�b�f�Z�e�v�g�h�]�h 

�i�j�b�[�e�b�`�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\ �f�h�^�_�e�b�j�h�\�Z�g�b�y �d �^�Z�g�g�u�f �w�d�k�i�_�j�b�f�_�g�l�h�\. 

�L�Z�d, �g�Z�i�j�b�f�_�j, �m�k�l�Z�g�h�\�e�_�g�g�u�_ (�i. 3.1) �h�k�h�[�_�g�g�h�k�l�b �\�e�b�y�g�b�y �k�d�h�j�h�k�l�_�c 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v �g�Z �\�j�_�f�_�g�Z td �i�h�a�\�h�e�y�x�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h �k�m�s�_�k�l�\�_�g�g�u�o 

�h�]�j�Z�g�b�q�_�g�b�y�o �b�k�i�h�e�v�a�h�\�Z�g�b�y �j�Z�a�f�_�j�g�u�o �b �[�_�a�j�Z�a�f�_�j�g�u�o �\�u�j�Z�`�_�g�b�c, 

�i�j�b�\�_�^�_�g�g�u�o �\ [46], �^�e�y �\�u�q�b�k�e�_�g�b�y �\�j�_�f�_�g �i�_�j�\�u�o «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b», �d�Z�d 

«�i�_�j�b�h�^�h�\ �k�h�[�k�l�\�_�g�g�u�o �d�h�e�_�[�Z�g�b�c»: 

2
l

d l

1
4 Lp 6,25

t �U�G�S� �K ��
,      (3.8.1) 
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d l
d 2

l

t �K
� W �  

�U�G
,       (3.8.2) 

d
0,83

Lp
� W �  , 3�”Lp�”3,7á105,    (3.8.3) 

�]�^�_ �!l – �i�e�h�l�g�h�k�l�v �`�b�^�d�h�k�l�b, �d�]/�f3; �/ – �o�Z�j�Z�d�l�_�j�g�u�c �j�Z�a�f�_�j �d�Z�i�e�b, �f�f ; ��l – 

�^�b�g�Z�f�b�q�_�k�d�Z�y �\�y�a�d�h�k�l�v �`�b�^�d�h�k�l�b, �d�]/(�fá�k); Lp – �q�b�k�e�h �E�Z�i�e�Z�k�Z (Lp=�/á�!lá�1l/��l
2); �2d – 

�[�_�a�j�Z�a�f�_�j�g�h�_ �\�j�_�f�y «�k�h�[�k�l�\�_�g�g�u�o �d�h�e�_�[�Z�g�b�c �d�Z�i�_�e�v». 

�<�j�_�f�y td (�\ �k�h�h�l�\�_�l�k�l�\�b�b �k (3.8.1)–(3.8.3)) �i�j�_�^�k�l�Z�\�e�y�_�l �n�m�g�d�p�b�x �h�l 

�j�Z�a�f�_�j�h�\ �b �k�\�h�c�k�l�\ �`�b�^�d�h�k�l�b (�\�y�a�d�h�k�l�v, �i�h�\�_�j�o�g�h�k�l�g�h�_ �g�Z�l�y�`�_�g�b�_, �i�e�h�l�g�h�k�l�v). 

�K�d�h�j�h�k�l�v �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v �g�_ �m�q�l�_�g�Z. 

�< �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�d�h�j�h�k�l�v �^�\�b�`�_�g�b�y �d�Z�i�_�e�v 

�f�h�`�_�l �^�h�k�l�Z�l�h�q�g�h �k�m�s�_�k�l�\�_�g�g�h (�^�h 30 %) �b�a�f�_�g�y�l�v�k�y �^�Z�`�_ �\ �i�j�_�^�_�e�Z�o �h�^�g�h�]�h 

«�^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �p�b�d�e�Z» �b �\ �g�_�k�d�h�e�v�d�h �j�Z�a �i�j�b �i�j�h�o�h�`�^�_�g�b�b �[�h�e�_�_ �^�_�k�y�l�b �l�Z�d�b�o 

�p�b�d�e�h�\. �I�j�b td<<1 c �w�l�h�l �w�n�n�_�d�l �a�g�Z�q�b�l�_�e�v�g�h �\�e�b�y�_�l �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b «�p�b�d�e�h�\ 

�^�_�n�h�j�f�Z�p�b�b» (�i. 3.1). 

�I�j�b �h�[�j�Z�[�h�l�d�_ �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ (�i. 3.1) �i�h�e�m�q�_�g�u 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �^�e�y �\�j�_�f�_�g td �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�d�h�j�h�k�l�b �d�Z�i�_�e�v 

�g�Z �\�o�h�^�_ �\ «�^�_�n�h�j�f�Z�p�b�h�g�g�u�c �p�b�d�e», �Z �l�Z�d�`�_ �g�Z�q�Z�e�v�g�u�o �j�Z�a�f�_�j�h�\: 

td=0,0257–0,0022u �i�j�b d0=3 �f�f , 0<u<5 �f /�k;     (3.8.4) 

td=0,0289–0,0023u �i�j�b d0=4 �f�f , 0<u<5 �f /�k;     (3.8.5) 

td=0,0376–0,0022u �i�j�b d0=5 �f�f , 0<u<5 �f /�k;     (3.8.6) 

td=0,0453–0,0018u �i�j�b d0=6 �f�f , 0<u<5 �f /�k;     (3.8.7) 

td=0,0027d0
2–0,0174d0+0,0535 �i�j�b u=1 �f /�k, 3<d0<6 �f�f ;   (3.8.8) 

td=0,0017d0
2–0,0087d0+0,0326 �i�j�b u=2 �f /�k, 3<d0<6 �f�f  ;   (3.8.9) 

td=0,0026d0
2–0,015d0+0,0414 �i�j�b u=3 �f /�k, 3<d0<6 �f�f ;    (3.8.10) 

td=0,0011d0
2–0,0021d0+0,0136 �i�j�b u=4 �f /�k, 3<d0<6 �f�f ;   (3.8.11) 

td=0,0022d0
2–0,012d0+0,0302 �i�j�b u=5 �f /�k, 3<d0<6 �f�f .    (3.8.12) 
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�<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �Z�i�i�j�h�d�k�b�f�Z�p�b�b (3.8.4)–(3.8.12) �i�j�_�^�k�l�Z�\�e�_�g�u �^�e�y 

�\�j�_�f�_�g td �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�d�h�j�h�k�l�b �g�Z �\�o�h�^�_ �\ «�p�b�d�e �^�_�n�h�j�f�Z�p�b�b» �b �g�Z�q�Z�e�v�g�h�]�h 

�j�Z�a�f�_�j�Z d0. �K�d�h�j�h�k�l�v �d�Z�i�_�e�v �\ �i�j�h�p�_�k�k�_ �^�\�b�`�_�g�b�y �\�h�a�j�Z�k�l�Z�_�l �g�_�e�b�g�_�c�g�h. �I�h�w�l�h�f�m 

�^�h�\�h�e�v�g�h �k�e�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v td, �d�Z�d �n�m�g�d�p�b�x �h�l u=f(t). �<�k�e�_�^�k�l�\�b�_ �g�_�i�j�_�j�u�\�g�h�c 

�^�_�n�h�j�f�Z�p�b�b �_�s�_ �[�h�e�v�r�m�x �k�e�h�`�g�h�k�l�v �i�j�_�^�k�l�Z�\�e�y�_�l �m�q�_�l �a�Z�\�b�k�b�f�h�k�l�_�c dx=f(t), 

dy=f(t) �b dmax=f(t). 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v �\�Z�`�g�m�x �h�k�h�[�_�g�g�h�k�l�v �l�_�h�j�_�l�b�q�_�k�d�b�o �a�Z�d�e�x�q�_�g�b�c [46]. 

�<�u�j�Z�`�_�g�b�y (3.8.1)–(3.8.3) �k�n�h�j�f�m�e�b�j�h�\�Z�g�u �^�e�y �d�Z�i�_�e�v �\ �n�h�j�f�_ �k�n�_�j�u (�_�k�l�v 

�f�g�h�`�b�l�_�e�v �Œ�/2/4). �<�u�i�h�e�g�_�g�g�u�_ �\ �j�Z�f�d�Z�o �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �w�d�k�i�_�j�b�f�_�g�l�u 

�i�h�d�Z�a�Z�e�b, �q�l�h �\ �i�j�h�p�_�k�k�_ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�e�y �b�f�_�_�l �k�n�_�j�b�q�_�k�d�m�x �n�h�j�f�m �g�_ �q�Z�s�_, 

�q�_�f �w�e�e�b�i�k�h�b�^�Z, «�[�e�b�g�Z», �\�u�l�y�g�m�l�h�]�h �p�b�e�b�g�^�j�Z �b �^�j�m�]�b�o �l�_�e �\�j�Z�s�_�g�b�y (�i. 3.1). 

�I�h�w�l�h�f�m �^�e�y �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�]�h �i�j�b�[�e�b�`�_�g�b�y �\�u�j�Z�`�_�g�b�c (3.8.1)–(3.8.3) �d 

�j�_�Z�e�v�g�u�f �a�g�Z�q�_�g�b�y�f td �p�_�e�_�k�h�h�[�j�Z�a�g�h �\�u�q�b�k�e�y�l�v �i�e�h�s�Z�^�v �d�Z�i�_�e�v Sd �\ �g�Z�q�Z�e�_ 

�d�Z�`�^�h�]�h «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b» (�b/�b�e�b �m�q�b�l�u�\�Z�l�v �_�_ �b�a�f�_�g�_�g�b�_ �\ �p�b�d�e�_ Sd=f(t)). 

�< �\�u�j�Z�`�_�g�b�y�o (3.8.1)–(3.8.3) �l�Z�d�`�_ �g�_ �m�q�l�_�g�u �k�\�h�c�k�l�\�Z �]�Z�a�h�\�h�c �k�j�_�^�u, �\ 

�d�h�l�h�j�h�c �i�j�h�b�k�o�h�^�b�l �^�_�n�h�j�f�Z�p�b�y �d�Z�i�_�e�v. �J�_�a�m�e�v�l�Z�l�u [61, 206, 247-249] �i�h�a�\�h�e�y�x�l 

�k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �w�l�h�l �n�Z�d�l�h�j �f�h�`�_�l �[�u�l�v �h�i�j�_�^�_�e�y�x�s�b�f. 

�:�g�Z�e�b�a �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c (3.8.4)–(3.8.12) �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v 

�\�u�\�h�^ �h �l�h�f, �q�l�h �i�j�b u�: 0 �f /�k �a�g�Z�q�_�g�b�y td �f�h�`�g�h �\�u�q�b�k�e�b�l�v �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�\�u�j�Z�`�_�g�b�c (3.8.1)–(3.8.3). �I�_�j�\�u�_ �k�e�Z�]�Z�_�f�u�_ �\ �n�h�j�f�m�e�Z�o (3.8.4)–(3.8.7) 

�i�j�Z�d�l�b�q�_�k�d�b (�h�l�d�e�h�g�_�g�b�y �^�h 7 %) �j�Z�\�g�u �a�g�Z�q�_�g�b�y�f td, �\�u�q�b�k�e�_�g�g�u�f �k 

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�u�j�Z�`�_�g�b�y (3.8.1) �^�e�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ 

�d�Z�i�_�e�v d0. �M�d�Z�a�Z�g�g�u�_ �h�l�d�e�h�g�_�g�b�y �f�h�`�g�h �m�f�_�g�v�r�b�l�v �^�h 3–4 % �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 

�\ �\�u�j�Z�`�_�g�b�b (3.8.1) �\�f�_�k�l�h �f�g�h�`�b�l�_�e�y �Œ�/2/4 �a�g�Z�q�_�g�b�y �i�e�h�s�Z�^�_�c �d�Z�i�_�e�v �g�Z �\�o�h�^�_ �\ 

«�^�_�n�h�j�f�Z�p�b�h�g�g�u�c �p�b�d�e» (Sd), �\�u�q�b�k�e�_�g�g�u�o �k �m�q�_�l�h�f �j�_�Z�e�v�g�u�o �n�h�j�f �i�h�k�e�_�^�g�b�o. 

�< �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b �a�Z�\�b�k�b�f�h�k�l�b td=f(u) �i�j�_�^�k�l�Z�\�e�y�x�l �i�h�e�b�g�h�f�b�Z�e�v�g�u�_ 

�n�m�g�d�p�b�b �i�_�j�\�h�]�h �i�h�j�y�^�d�Z (3.8.4)–(3.8.7). �I�j�b �w�l�h�f �Z�g�Z�e�b�a �f�g�h�`�b�l�_�e�_�c �i�_�j�_�^ 

�k�d�h�j�h�k�l�v�x u �\ �\�u�j�Z�`�_�g�b�y�o (3.8.4)–(3.8.7) �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �h�g�b �^�h�k�l�Z�l�h�q�g�h 

�k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�y�l �h�l �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v.  
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�< �j�_�a�m�e�v�l�Z�l�_ �b�l�_�j�Z�p�b�h�g�g�u�o �\�u�q�b�k�e�_�g�b�c �i�j�b d0=3–6 �f�f  �b u=0–5 �f /�k 

�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\�l�h�j�u�_ �k�e�Z�]�Z�_�f�u�_ �\ �\�u�j�Z�`�_�g�b�y�o (3.8.4)–(3.8.7) �f�h�`�g�h 

�^�h�k�l�Z�l�h�q�g�h �^�h�k�l�h�\�_�j�g�h �h�i�b�k�Z�l�v �\�u�j�Z�`�_�g�b�_�f We
Lp 6.25��

. �L�Z�d�b�f �h�[�j�Z�a�h�f, �n�h�j�f�m�e�Z 

�^�e�y �\�u�q�b�k�e�_�g�b�y �\�j�_�f�_�g «�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» �k �m�q�_�l�h�f �n�h�j�f�u �d�Z�i�_�e�v, �b�o 

�j�Z�a�f�_�j�h�\, �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y, �k�\�h�c�k�l�\ �`�b�^�d�h�k�l�b �b �]�Z�a�Z �b�f�_�_�l �\�b�:̂ 

dl
d

l

We
Lp 6.25Lp 6.25

St �U�  � �
��� K � �

.    (3.8.13) 

�A�g�Z�q�_�g�b�y td, �i�h�e�m�q�_�g�g�u�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�u�j�Z�`�_�g�b�y (3.8.13) �i�j�b d0=3–6 

�f�f , u=1–5 �f /�k, �!l=1000 �d�]/�f3, �1l=0,0618 �d�]/�k2, ��l=0,001023 �d�]/(�fá�k), �!g=1,5 �d�]/�f3 �b 

Sd=�Œd0
2/4, �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 3.8.1 �^�e�y �k�j�Z�\�g�_�g�b�y �k �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�f�b �a�Z�\�b�k�b�f�h�k�l�y�f�b. 

�J�b�k. 3.8.1 �b�e�e�x�k�l�j�b�j�m�_�l, �q�l�h �\�u�j�Z�`�_�g�b�_ (3.8.13) �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �\ 

�d�Z�q�_�k�l�\�_ �i�_�j�\�h�]�h �i�j�b�[�e�b�`�_�g�b�y �^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �\�j�_�f�_�g «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» 

�d�Z�i�_�e�v �\�h�^�u �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o. �I�j�b �k�j�_�^�g�b�o �k�d�h�j�h�k�l�y�o �^�\�b�`�_�g�b�y (2–4 

�f /�k) �h�l�d�e�h�g�_�g�b�y �\�u�q�b�k�e�_�g�g�u�o �a�g�Z�q�_�g�b�c td �h�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �g�_ �i�j�_�\�u�r�Z�x�l 6 

%. �?�k�e�b �m�q�b�l�u�\�Z�l�v �i�j�b�\�_�^�_�g�g�u�_ �^�h�\�_�j�b�l�_�e�v�g�u�_ �b�g�l�_�j�\�Z�e�u (�b�e�e�x�k�l�j�b�j�m�x�l 

�i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�c �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o), �l�h �w�l�b �h�l�d�e�h�g�_�g�b�y �f�h�`�g�h �\�i�h�e�g�_ 

�k�q�b�l�Z�l�v �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f�b. �I�j�b «�f�Z�e�u�o» (�h�d�h�e�h 1 �f /�k) �b «�[�h�e�v�r�b�o» (�h�d�h�e�h 5 

�f /�k) �k�d�h�j�h�k�l�y�o �g�Z �\�o�h�^�_ �\ «�^�_�n�h�j�f�Z�p�b�h�g�g�u�_ �p�b�d�e�u» �h�l�d�e�h�g�_�g�b�y �h�l 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c td �^�h�k�l�Z�l�h�q�g�h �k�m�s�_�k�l�\�_�g�g�u�_. �W�l�h�l �j�_�a�m�e�v�l�Z�l 

�i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h �]�j�Z�g�b�p�Z�o �i�j�b�f�_�g�b�f�h�k�l�b �\�u�j�Z�`�_�g�b�y (3.8.13) �i�h 

�k�d�h�j�h�k�l�y�f �^�\�b�`�_�g�b�y �d�Z�i�_�e�v. 
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�J�b�k�m�g�h�d 3.8.1. �<�j�_�f�_�g�Z td �i�j�b �j�Z�a�e�b�q�g�u�o �j�Z�a�f�_�j�Z�o �b �k�d�h�j�h�k�l�y�o �d�Z�i�_�e�v �\�h�^�u:  

1–3 – �Z�i�i�j�h�d�k�b�f�Z�p�b�b �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�b �k�d�h�j�h�k�l�y�o �g�Z �\�o�h�^�_ �\ «�p�b�d�e 

�^�_�n�h�j�f�Z�p�b�b» u=1 �f /�k, u=3 �f /�k �b u=5 �f /�k, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, 4–6 – �a�g�Z�q�_�g�b�y �\�j�_�f�_�g td, 

�\�u�q�b�k�e�_�g�g�u�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�u�j�Z�`�_�g�b�y (3.8.13) 

 

�I�j�b �Z�g�Z�e�b�a�_ �j�_�a�m�e�v�l�Z�l�h�\ �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 

�n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�_�c [61, 79, 153, 154, 250] 

�m�k�l�Z�g�h�\�e�_�g�u �q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y (We) �\�h�^�u �b �^�b�Z�i�Z�a�h�g 

�b�a�f�_�g�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �d�h�g�^�_�g�k�Z�p�b�b (�b�k�i�Z�j�_�g�b�y) �\�h�^�u (��). 

�L�Z�d, �g�Z�i�j�b�f�_�j, �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �i�j�h�p�_�k�k�h�\ �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u, 

�^�\�b�`�m�s�b�o�k�y �q�_�j�_�a �]�Z�a�u �k �l�_�f�i�_�j�Z�l�m�j�h�c �h�d�h�e�h 1100 �D, �m�k�l�Z�g�h�\�e�_�g�u (�l�Z�[�e. 3.8.1) 

�o�Z�j�Z�d�l�_�j�g�u�_ �a�g�Z�q�_�g�b�y �j�Z�a�f�_�j�h�\ (Rd) �b �f�Z�k�k�u (md) �d�Z�i�_�e�v, �Z �l�Z�d�`�_ �\�j�_�f�_�g (td) �b�o 
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�k�m�s�_�k�l�\�h�\�Z�g�b�y �\ �i�h�l�h�d�_ �]�Z�a�h�\. �W�l�h �i�h�a�\�h�e�b�e�h �\�u�q�b�k�e�b�l�v �k�d�h�j�h�k�l�v �b�k�i�Z�j�_�g�b�y 

�d�Z�i�_�e�v �i�h �n�h�j�f�m�e�_:  

We=(1/S)dm/dt.     (3.8.14) 

�A�^�_�k�v S=4�ŒR2 – �m�k�e�h�\�g�Z�y �i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v (R �b�a�f�_�g�y�_�l�k�y �\ �o�h�^�_ 

�i�h�e�_�l�Z �d�Z�i�e�b �h�l Rd �^�h Rd
*). �F�Z�k�k�Z �d�Z�i�_�e�v �l�Z�d�`�_ �f�_�g�y�_�l�k�y – �h�l md �^�h md

*. �F�h�`�g�h 

�a�Z�i�b�k�Z�l�v �m�k�e�h�\�g�u�c �h�[�t�_�f �d�Z�i�e�b V=4�ŒR3/3 �b �_�_ �m�k�e�h�\�g�m�x �f�Z�k�k�m m=�!dV, �]�^�_ �!d – 

�i�e�h�l�g�h�k�l�v �\�h�^�u, �d�]/�f3. �< �w�l�h�f �k�e�m�q�Z�_ �n�h�j�f�m�e�m (3.8.14) �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_: 

We=�!d(Rd–Rd
*)/td,     (3.8.15) 

�]�^�_ �i�j�h�b�a�\�h�^�g�Z�y �a�Z�f�_�g�_�g�Z �d�h�g�_�q�g�u�f�b �j�Z�a�g�h�k�l�y�f�b:  

dR/dt�§(Rd–Rd
*)/td. 

�L�Z�[�e�b�p�Z 3.8.1.

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c 
�k�j�_�^�_ 

�‹  
�w�d�k�i�_�j�b�f�_�g�l�Z 

Rd, 
�f�f  

Rd
*, 

�f�f  md, �] 
�!d 

4�ŒRd
3/3, 

�] 
md

*, �] 

�!d 
4�ŒR 

d
*3/3, 
�] 

td,c 

We, 
�d�]/(�f2�k) 

(�i�h 
�n�h�j�f�m�e�_ 
(3.8.15)) 

1 3,53 3,38 0,1836 0,184 0,1621 0,162 0,621 0,242 

2 3,51 3,36 0,1814 0,181 0,1569 0,159 0,623 0,241 

3 3,52 3,35 0,1822 0,183 0,1574 0,158 0,617 0,276 

4 3,52 3,36 0,1825 0,183 0,1581 0,159 0,618 0,259 

5 3,51 3,36 0,1809 0,181 0,1563 0,159 0,619 0,242 

 

�J�Z�k�k�q�b�l�Z�g�g�u�_ �a�g�Z�q�_�g�b�y We, �Z �l�Z�d�`�_ �f�Z�k�k�u �d�Z�i�_�e�v �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a 

�d�Z�g�Z�e�Z �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 3.8.1. �K�j�Z�\�g�_�g�b�_ �j�Z�k�k�q�b�l�Z�g�g�u�o �f�Z�k�k �k �b�a�f�_�j�_�g�g�u�f�b 

�i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �a�Z�d�e�x�q�_�g�b�_ �h �i�j�Z�\�h�f�_�j�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �m�k�e�h�\�g�h�]�h �j�Z�^�b�m�k�Z 

�d�Z�i�_�e�v �\ �d�Z�q�_�k�l�\�_ �b�o �o�Z�j�Z�d�l�_�j�g�h�]�h �j�Z�a�f�_�j�Z �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �h�i�u�l�Z�o. 
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�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v �o�h�j�h�r�m�x �i�h�\�l�h�j�y�_�f�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ 

(�l�Z�[�e. 3.8.1). �K�e�m�q�Z�c�g�u�_ �i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y Rd �b md �g�_ �i�j�_�\�u�r�Z�e�b 1 % �b 

1,5 %, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �W�l�h, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �h�[�m�k�e�h�\�e�_�g�h �h�[�_�k�i�_�q�_�g�b�_�f 

�^�h�k�l�Z�l�h�q�g�h �k�l�Z�[�b�e�v�g�u�o �m�k�e�h�\�b�c (�i�h �l�_�f�i�_�j�Z�l�m�j�_ �]�Z�a�h�\ �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f �d�Z�i�_�e�v) 

�h�i�u�l�h�\, �\�h-�\�l�h�j�u�o, �^�h�\�h�e�v�g�h �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �b�a�f�_�j�_�g�b�c, �h�[�_�k�i�_�q�b�\�Z�_�f�h�c 

�f�_�l�h�^�Z�f�b IPI �b PIV (�i. 3.2–3.7). 

�< �h�i�u�l�Z�o �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p �\ 

�f�Z�e�h�c (�^�h 10 �f�d�f) «�i�j�b�k�l�_�g�g�h�c» �h�[�e�Z�k�l�b �d�Z�i�_�e�v (�i�h�e�m�q�_�g�u �k �i�j�b�f�_�g�_�g�b�_�f 

�f�_�l�h�^�Z PIV) �k�h�k�l�Z�\�e�y�x�l Vv=0,424–0,482 �f /�k (�k�h�h�l�\�_�l�k�l�\�m�x�l �k�d�h�j�h�k�l�y�f �h�l�l�h�d�Z 

�i�Z�j�h�\ �`�b�^�d�h�k�l�b �h�l �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v �\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m). 

�A�g�Z�y �h�i�j�_�^�_�e�_�g�g�u�_ �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �f�Z�k�k�h�\�m�x �k�d�h�j�h�k�l�v �b�k�i�Z�j�_�g�b�y We �b �k�d�h�j�h�k�l�v 

�h�l�l�h�d�Z �i�Z�j�h�\ �h�l �i�h�\�_�j�o�g�h�k�l�b �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y Vv, �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �b�a 

�\�u�j�Z�`�_�g�b�y We=Vvá�!v �i�e�h�l�g�h�k�l�v �\�h�^�y�g�h�]�h �i�Z�j�Z �\ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c �[�e�b�a�h�k�l�b �d �w�l�h�c 

�i�h�\�_�j�o�g�h�k�l�b. �H�[�j�Z�[�h�l�d�Z �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�d�Z�a�Z�e�Z, �q�l�h �a�g�Z�q�_�g�b�y �!v �\ 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o �k�h�k�l�Z�\�e�y�x�l 0,568–0,573 �d�]/�f3. 

�G�Z �[�Z�a�_ �f�h�^�_�e�_�c [61, 153, 154, 250] �i�j�b �b�a�\�_�k�l�g�u�o �a�g�Z�q�_�g�b�y�o We �f�h�`�g�h 

�h�i�j�_�^�_�e�b�l�v �d�h�g�k�l�Z�g�l�u �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o. 

�<�u�j�Z�`�_�g�b�_ �^�e�y �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b �b�f�_�_�l �\�b� ̂[79, 122]: 
n

e
�� et

( )
1 2 /

P PW
k RT M

���E� 
� � � E�S

,     (3.8.16) 

�]�^�_ �� – �[�_�a�j�Z�a�f�_�j�g�u�c �d�h�w�n�n�b�p�b�_�g�l �b�k�i�Z�j�_�g�b�y (�d�h�g�^�_�g�k�Z�p�b�b); k�� – 

�[�_�a�j�Z�a�f�_�j�g�u�c �d�h�w�n�n�b�p�b�_�g�l, �b�k�i�h�e�v�a�m�_�f�u�c �i�j�b �\�u�q�b�k�e�_�g�b�b �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y 

[79, 122]; Pn – �^�Z�\�e�_�g�b�_ �g�Z�k�u�s�_�g�g�u�o �i�Z�j�h�\ �\�h�^�u, �G/�f2; P – �^�Z�\�e�_�g�b�_ �i�Z�j�h�\ �\�h�^�u 

�\�[�e�b�a�b �]�j�Z�g�b�p�u �b�k�i�Z�j�_�g�b�y, �G/�f2; Rt – �m�g�b�\�_�j�k�Z�e�v�g�Z�y �]�Z�a�h�\�Z�y �i�h�k�l�h�y�g�g�Z�y, 

�>� /̀(�f�h�e�v�D); Te – �l�_�f�i�_�j�Z�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �`�b�^�d�h�k�l�b, �D; M – �f�h�e�y�j�g�Z�y �f�Z�k�k�Z 

�\�h�^�u, �d�]/�d�f�h�e�v. 

�M�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b �i�h�k�l�Z�g�h�\�d�Z�f �a�Z�^�Z�q [61, 

153, 154, 250], �i�j�b �j�_�r�_�g�b�b �d�h�l�h�j�u�o �b�k�i�h�e�v�a�h�\�Z�e�h�k�v �\�u�j�Z�`�_�g�b�_ (3.8.16) �^�e�y 

�\�u�q�b�k�e�_�g�b�y We. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �d�Z�i�e�b �i�j�b �i�_�j�_�f�_�s�_�g�b�b �q�_�j�_�a 
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�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �]�Z�a�h�\�m�x �k�j�_�^�m �i�j�b�g�b�f�Z�x�l �n�h�j�f�m, �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x 

�k�\�h�_�f�m �g�Z�a�\�Z�g�b�x – «�d�Z�i�e�_�\�b�^�g�m�x». �I�j�b �w�l�h�f �h�l�d�e�h�g�_�g�b�_ �n�h�j�f�u �h�l �k�n�_�j�b�q�_�k�d�h�c, 

�\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o, �m�f�_�j�_�g�g�h (�f�_�g�_�_ 3 %) �\�e�b�y�_�l �d�Z�d �g�Z �h�k�g�h�\�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�Z �b�k�i�Z�j�_�g�b�y, �l�Z�d �b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v. �< [61, 153, 154, 

250] �i�h�d�Z�a�Z�g�h, �q�l�h �q�b�k�e�_�g�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �d�h�f�i�e�_�d�k�Z �i�j�h�p�_�k�k�h�\ 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z (�\ �l�h�f �q�b�k�e�_ �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c) �\ �h�[�e�Z�k�l�b �k �i�h�^�\�b�`�g�h�c 

�\�g�m�l�j�_�g�g�_�c �]�j�Z�g�b�p�_�c, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �w�e�e�b�i�k�h�b�^�Z�e�v�g�u�f �b�e�b «�d�Z�i�e�_�\�b�^�g�u�f» 

�d�h�g�n�b�]�m�j�Z�p�b�y�f, �a�Z�l�j�m�^�g�b�l�_�e�v�g�h. �G�Z�b�e�m�q�r�_�c (�b�a �\�h�a�f�h�`�g�u�o �\�Z�j�b�Z�g�l�h�\) �f�h�^�_�e�v�x 

�n�h�j�f�u �d�Z�i�e�b [61, 153, 154, 250] �y�\�e�y�_�l�k�y �p�b�e�b�g�^�j, �h�k�v �k�b�f�f�_�l�j�b�b �d�h�l�h�j�h�]�h 

�k�h�\�i�Z�^�Z�_�l �k �g�Z�i�j�Z�\�e�_�g�b�_�f �\�_�d�l�h�j�Z �^�\�b�`�_�g�b�y �d�Z�i�e�b. �J�Z�a�f�_�j�u �p�b�e�b�g�^�j�Z 

�i�h�^�[�b�j�Z�x�l�k�y �l�Z�d, �q�l�h �i�e�h�s�Z�^�b �_�]�h �i�h�\�_�j�o�g�h�k�l�b �b �d�Z�i�e�b �j�Z�\�g�u. �I�j�h�\�_�^�_�g�h [61, 

153, 154, 250] �\�Z�j�v�b�j�h�\�Z�g�b�_ �a�g�Z�q�_�g�b�c �]�_�h�f�_�l�j�b�q�_�k�d�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �k�$ �i�j�b 

�\�u�q�b�k�e�_�g�b�b �k�b�e�u �k�h�i�j�h�l�b�\�e�_�g�b�y �^�\�b�`�_�g�b�x �d�Z�i�_�e�v (�i�j�b�f�_�g�_�g�u �a�g�Z�q�_�g�b�y �k�$ �^�e�y 

�n�h�j�f �w�e�e�b�i�k�h�b�^�Z, �p�b�e�b�g�^�j�Z, �d�h�g�m�k�Z �b �^�j�m�]�b�o). �M�k�l�Z�g�h�\�e�_�g�h �m�f�_�j�_�g�g�h�_ �\�e�b�y�g�b�_ �k�$ 

�g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y. �W�l�b �j�_�a�m�e�v�l�Z�l�u �h�[�h�k�g�h�\�u�\�Z�x�l �\�h�a�f�h�`�g�h�k�l�v 

�b�k�i�h�e�v�a�h�\�Z�g�b�y �i�h�k�l�Z�g�h�\�h�d [61, 153, 154, 250] �^�e�y �j�Z�k�q�_�l�Z �d�h�g�k�l�Z�g�l �b�k�i�Z�j�_�g�b�y �i�h 

�i�h�e�m�q�_�g�g�u�f �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �a�g�Z�q�_�g�b�y�f We. 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�h�\ �i�h�^�^�_�j�`�b�\�Z�e�Z�k�v �\ �i�j�_�^�_�e�Z�o 1070±30 �D. 

�I�j�b �q�b�k�e�_�g�g�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�b [61, 153, 154, 250] �i�j�b�g�b�f�Z�e�h�k�v, �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z 

�\�g�_�r�g�_�c �^�e�y �d�Z�i�e�b �k�j�_�^�u �j�Z�\�g�Z 1070 �D. �B�k�k�e�_�^�h�\�Z�g�b�y [61, 153, 154, 250] 

�i�h�a�\�h�e�b�e�b �m�k�l�Z�g�h�\�b�l�v, �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v (Te) �\ �i�j�h�p�_�k�k�_ �b�o 

�^�\�b�`�_�g�b�y �q�_�j�_�a �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u �k�h�k�l�Z�\�e�y�_�l 365±10 �D, �l.�_. �j�Z�\�g�Z 

�f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b�k�i�Z�j�_�g�b�y �\�h�^�u (�k �j�h�k�l�h�f �\�j�_�f�_�g�b 

�i�_�j�_�f�_�s�_�g�b�y �d�Z�i�e�b �\ �i�h�l�h�d�_ �]�Z�a�h�\ �a�g�Z�q�_�g�b�y Te �i�h�\�u�r�Z�x�l�k�y �\ �m�d�Z�a�Z�g�g�h�f 

�^�b�Z�i�Z�a�h�g�_ [61, 153, 154, 250]). 

�F�h�`�g�h �\�i�h�e�g�_ �h�[�h�k�g�h�\�Z�g�g�h �i�j�b�g�y�l�v, �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z �i�Z�j�h�\ �\�h�^�u �\ 

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c �[�e�b�a�h�k�l�b �h�l �i�h�\�_�j�o�g�h�k�l�b �b�k�i�Z�j�_�g�b�y �\ �m�k�e�h�\�b�y�o �b�g�l�_�g�k�b�\�g�h�]�h 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �n�h�j�f�b�j�h�\�Z�g�b�y �\ �f�Z�e�h�c �h�d�j�_�k�l�g�h�k�l�b �d�Z�i�_�e�v 

�l�h�g�d�h�]�h «�[�m�n�_�j�g�h�]�h» (�i�Z�j�h�\�h�]�h) �k�e�h�y �i�j�Z�d�l�b�q�_�k�d�b �g�_ �h�l�e�b�q�Z�_�l�k�y �h�l �l�_�f�i�_�j�Z�l�m�j�u 
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�j�Z�a�^�_�e�Z �n�Z�a Tv�§Te. �L�Z�d �d�Z�d �\ �f�Z�e�h�c «�i�j�b�k�l�_�g�g�h�c» �h�[�e�Z�k�l�b �d�Z�i�_�e�v �\�k�e�_�^�k�l�\�b�_ 

�n�h�j�f�b�j�h�\�Z�g�b�y «�[�m�n�_�j�g�h�]�h» �k�e�h�y �d�h�g�p�_�g�l�j�Z�p�b�b �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y �f�b�g�b�f�Z�e�v�g�u 

[61, 153, 154, 250] �b �h�l�g�h�k�b�l�_�e�v�g�Z�y �h�[�t�_�f�g�Z�y �^�h�e�y «�l�j�Z�k�k�b�j�m�x�s�b�o» �q�Z�k�l�b�p 

�g�Z�g�h�i�h�j�h�r�d�Z TiO2 �g�_ �i�j�_�\�u�r�Z�_�l 1 %, �l�h �^�e�y �h�i�j�_�^�_�e�_�g�b�y �^�Z�\�e�_�g�b�y �i�Z�j�h�]�Z�a�h�\�h�c 

�k�j�_�^�u �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �m �]�j�Z�g�b�p�u «�`�b�^�d�h�k�l�v – �]�Z�a» �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v 

�m�j�Z�\�g�_�g�b�_ �k�h�k�l�h�y�g�b�y �i�_�j�_�]�j�_�l�h�]�h �\�h�^�y�g�h�]�h �i�Z�j�Z �<�m�d�Z�e�h�\�b�q�Z – �G�h�\�b�d�h�\�Z [251]: 
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,   (3.8.17) 

�]�^�_ a=620 �G�f4/�d�]2, b=0,0009 �f3/�d�], Rt=8,314 �>� /̀(�f�h�e�v�D), M=18 �d�]/�d�f�h�e�v, 

c’=405000 �f3�D/�d�], m=1,968 [251]. 

�I�j�b �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �]�j�Z�g�b�p�u �j�Z�a�^�_�e�Z �n�Z�a Te=373 �D �b 

�!v=0,568–0,573 �d�]/�f3 �b�a �m�j�Z�\�g�_�g�b�y (3.8.17) �i�h�e�m�q�Z�_�f, �q�l�h �^�Z�\�e�_�g�b�y �i�Z�j�h�\ �m 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b �k�h�k�l�Z�\�e�y�x�l (0,979–0,988)á105 �G/�f2. �D�Z�d �k�e�_�^�k�l�\�b�_,  

Pn–P�§2560–3450 �G/�f2. �K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �k�d�h�j�h�k�l�_�c 

�b�k�i�Z�j�_�g�b�y We=0,241–0,276 �d�]/(�f2�k)) �b �n�h�j�f�m�e�u (3.8.16) �i�h�e�m�q�Z�_�f, �q�l�h �i�j�b Pn–

P�§2560–3450 �G/�f2 �b Te=373 �D �\�u�j�Z�`�_�g�b�_ ��/(1–k��á��) �k�h�k�l�Z�\�e�y�_�l 0,0726–0,1121. 

�A�g�Z�q�_�g�b�_ �i�Z�j�Z�f�_�l�j�Z k��, �d�Z�d �i�j�Z�\�b�e�h, �i�j�b�g�b�f�Z�_�l�k�y �j�Z�\�g�u�f 0,396–0,432 [79, 122]. 

�L�h�]�^�Z �^�e�y �d�h�w�n�n�b�p�b�_�g�l�Z �b�k�i�Z�j�_�g�b�y �f�h�`�g�h �\�u�^�_�e�b�l�v �^�b�Z�i�Z�a�h�g ��=0,0703–0,1072 �b 

�k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�h�g�k�l�Z�g�l�u �� �k�h�h�l�\�_�l�k�l�\�m�x�l 

�f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�u�f �k�d�h�j�h�k�l�y�f �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 

�m�k�e�h�\�b�y�o. 

�G�_�k�f�h�l�j�y �g�Z �\�u�k�h�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, 

�f�Z�d�k�b�f�Z�e�v�g�u�_ �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y, �\ �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o �h�i�u�l�h�\ 

�m�k�l�Z�g�h�\�e�_�g�Z �m�f�_�j�_�g�g�Z�y (�f�_�g�_�_ 15 %) �m�[�u�e�v �f�Z�k�k�u �d�Z�i�_�e�v �i�j�b �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�b 

(�l�Z�[�e. 3.8.1). �W�l�h, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �f�h�`�g�h �h�[�t�y�k�g�b�l�v �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�f 

�j�Z�k�o�h�^�h�f �w�g�_�j�]�b�b �g�Z �j�_�Z�e�b�a�Z�p�b�x �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c (�l�_�i�e�h�l�Z 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y �\�h�^�u �k�h�k�l�Z�\�e�y�_�l Qe=2·106 �>�`/�d�]). �I�j�b �l�Z�d�b�o �a�g�Z�q�_�g�b�y�o Qe 

�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�_ �k�e�h�b �d�Z�i�_�e�v �i�j�h�]�j�_�\�Z�x�l�k�y �g�Z �f�Z�e�m�x �]�e�m�[�b�g�m [61, 153, 154, 
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250]. �D �l�h�f�m �`�_, �f�_�`�^�m �d�Z�i�e�_�c �b �]�Z�a�Z�f�b �\ �m�k�e�h�\�b�y�o �b�g�l�_�g�k�b�\�g�h�]�h �b�k�i�Z�j�_�g�b�y 

�n�h�j�f�b�j�m�_�l�k�y «�[�m�n�_�j�g�Z�y» �a�h�g�Z �b�a �i�Z�j�h�\ �\�h�^�u, �d�h�l�h�j�Z�y �k�g�b�`�Z�_�l �l�_�i�e�h�\�h�c �i�h�l�h�d �d 

�]�j�Z�g�b�p�_ �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c. �I�h�w�l�h�f�m �a�g�Z�q�_�g�b�y �ûm �b �ûR �g�_ �i�j�_�\�u�r�Z�x�l 0,15 

(�l�Z�[�e. 3.8.1) �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, ��<<1. 

�:�g�Z�e�b�a �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�o �b �k�e�m�q�Z�c�g�u�o �i�h�]�j�_�r�g�h�k�l�_�c �b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �b 

�f�Z�k�k�u �d�Z�i�_�e�v, �Z �l�Z�d�`�_ �k�d�h�j�h�k�l�b �i�Z�j�h�\ �m �b�o �i�h�\�_�j�o�g�h�k�l�b �i�h�a�\�h�e�y�_�l �k�^�_�e�Z�l�v �\�u�\�h�^ 

�h �l�h�f, �q�l�h �^�b�Z�i�Z�a�h�g ��=0,0703–0,1072 �f�h�`�_�l �[�u�l�v �g�_�k�d�h�e�v�d�h �r�b�j�_. �L�Z�d, �i�j�b 

�h�l�g�h�k�b�l�_�e�v�g�h�c �f�Z�d�k�b�f�Z�e�v�g�h�c �i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �j�Z�a�f�_�j�h�\ Rd, �j�Z�\�g�h�c 1 %, 

�i�h�]�j�_�r�g�h�k�l�v �\�u�q�b�k�e�_�g�b�y �h�[�t�_�f�Z �d�Z�i�e�b �k�h�k�l�Z�\�e�y�_�l 3 %. �L�h�]�^�Z �^�e�y �f�Z�k�k�h�\�h�c 

�k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y We �i�h�]�j�_�r�g�h�k�l�v �\�u�q�b�k�e�_�g�b�y �^�h�k�l�b�]�Z�_�l 6 %. �I�j�b 

�i�h�]�j�_�r�g�h�k�l�y�o �h�i�j�_�^�_�e�_�g�b�y �k�d�h�j�h�k�l�_�c «�l�j�Z�k�k�_�j�h�\» �^�h 1 % �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h 

�i�e�h�l�g�h�k�l�v �i�Z�j�Z �[�m�^�_�l �\�u�q�b�k�e�y�l�v�k�y �k �i�h�]�j�_�r�g�h�k�l�v�x �h�d�h�e�h 7 %. �B�a �m�j�Z�\�g�_�g�b�y 

(3.8.17) �\�b�^�g�h, �q�l�h �i�j�b �l�Z�d�b�o �m�k�e�h�\�b�y�o �f�Z�d�k�b�f�Z�e�v�g�u�_ �j�Z�a�g�h�k�l�b �^�Z�\�e�_�g�b�c Pn–P 

�f�h�]�m�l �^�h�k�l�b�]�Z�l�v 7000–8000 �G/�f2. �D�Z�d �k�e�_�^�k�l�\�b�_, �i�h �i�j�b�\�_�^�_�g�g�h�c �\�u�r�_ �f�_�l�h�^�b�d�_ 

�f�h�`�g�h �\�u�y�\�b�l�v, �q�l�h �g�b�`�g�b�c �i�j�_�^�_�e �^�b�Z�i�Z�a�h�g�Z �b�a�f�_�g�_�g�b�y �i�Z�j�Z�f�_�l�j�Z �� �\ �l�Z�d�h�f 

�k�e�m�q�Z�_ �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 0,03. �G�h �\�u�i�h�e�g�_�g�g�u�_ �h�p�_�g�d�b �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �\ �e�x�[�h�f 

�k�Z�f�h�f �g�_�[�e�Z�]�h�i�j�b�y�l�g�h�f �k�e�m�q�Z�_ �^�e�y �k�b�k�l�_�f�u «�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u – �d�Z�i�e�b 

�\�h�^�u» �a�g�Z�q�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z �b�k�i�Z�j�_�g�b�y �� �k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�_ 1. 

�I�j�h�\�_�^�_�g�g�u�_ �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h �i�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b Rd �\ 

�^�b�Z�i�Z�a�h�g�_ �h�l 1 �f�f  �^�h 5 �f�f  �a�g�Z�q�_�g�b�y We �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�f�_�g�y�x�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h 

�m�k�l�Z�g�h�\�e�_�g�g�u�o �i�j�b �\�k�_�o �h�k�l�Z�e�v�g�u�o �b�^�_�g�l�b�q�g�u�o �i�Z�j�Z�f�_�l�j�Z�o �i�j�h�p�_�k�k�h�\ (�i�j�b 

�m�f�_�g�v�r�_�g�b�b Rd �a�g�Z�q�_�g�b�y We �\�h�a�j�Z�k�l�Z�x�l �m�f�_�j�_�g�g�h – �f�_�g�_�_ 5 %). �W�l�h�l �j�_�a�m�e�v�l�Z�l 

�i�h�a�\�h�e�y�_�l �a�Z�d�e�x�q�b�l�v, �q�l�h �\�u�^�_�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �� �b k�� �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b 

�f�h�^�_�e�b�j�h�\�Z�g�b�b �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �\ �h�d�j�_�k�l�g�h�k�l�b �i�_�j�_�f�_�s�Z�x�s�b�o�k�y �\ 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �]�Z�a�h�\�h�c �k�j�_�^�_ �d�Z�i�_�e�v �\�h�^�u �i�j�b �b�a�f�_�g�_�g�b�b �b�o �o�Z�j�Z�d�l�_�j�g�u�o 

�j�Z�a�f�_�j�h�\ �\ �^�h�k�l�Z�l�h�q�g�h �r�b�j�h�d�h�f �b �l�b�i�b�q�g�h�f �^�e�y �f�g�h�]�b�o �i�j�b�e�h�`�_�g�b�c �^�b�Z�i�Z�a�h�g�_ 

(1<Rd<5 �f�f ). 

�<�u�q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �i�h 

�j�_�a�m�e�v�l�Z�l�Z�f �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�a�\�h�e�y�x�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �i�j�b 
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�\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o, �k�d�h�j�_�_ �\�k�_�]�h, �j�_�Z�e�b�a�m�_�l�k�y «�d�b�g�_�l�b�q�_�k�d�b�c» �j�_�`�b�f 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y. �>�e�y �i�h�^�l�\�_�j�`�^�_�g�b�y �w�l�h�]�h �\�u�\�h�^�Z �i�j�h�\�_�^�_�g�u �q�b�k�e�_�g�g�u�_ 

�b�k�k�e�_�^�h�\�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�_�c [61, 153, 154, 250]. 

�< �l�Z�[�e. 3.8.2 �i�j�_�^�k�l�Z�\�e�_�g�u �m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y 

�\�h�^�u �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�y�o �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b 

�d�Z�i�_�e�v Te. 

 

�L�Z�[�e�b�p�Z 3.8.2. 

�A�Z�\�b�k�b�f�h�k�l�v �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �h�l �l�_�f�i�_�j�Z�l�m�j�u �b�o �i�h�\�_�j�o�g�h�k�l�b, 

�i�h�e�m�q�_�g�g�Z�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�_�c [61, 153, 154, 250] 

Te, �D 300 310 320 330 340 350 360 370 

We, �d�]/(�f2�k) 0.005 0.009 0.025 0.0420.078 0.136 0.204 0.261

 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v �k�m�s�_�k�l�\�_�g�g�h �g�_�e�b�g�_�c�g�u�c �o�Z�j�Z�d�l�_�j �a�Z�\�b�k�b�f�h�k�l�b We=f(Te). 

�L�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\�k�e�_�^�k�l�\�b�_ �a�g�Z�q�b�l�_�e�v�g�h �h�l�e�b�q�Z�x�s�b�o�k�y �m�k�e�h�\�b�c 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �m �i�_�j�_�^�g�_�c, �[�h�d�h�\�h�c �b �a�Z�^�g�_�c �]�j�Z�g�b�p �d�Z�i�e�b �\ �n�h�j�f�_ 

�p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �^�b�k�d�Z �l�_�f�i�_�j�Z�l�m�j�u Te �^�h�\�h�e�v�g�h �k�m�s�_�k�l�\�_�g�g�h (�g�Z 25–45 �D) 

�h�l�e�b�q�Z�x�l�k�y. �D�Z�d �k�e�_�^�k�l�\�b�_, �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y �g�Z �w�l�b�o �]�j�Z�g�b�p�Z�o �i�j�b �b�^�_�g�l�b�q�g�u�o 

�g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�y�o �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�h�\ �f�h�]�m�l �d�j�Z�l�g�h �b�a�f�_�g�y�l�v�k�y (�l�Z�[�e. 3.8.2). 

�D�j�h�f�_ �l�h�]�h, �\ �j�_�a�m�e�v�l�Z�l�_ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �\�u�y�\�e�_�g�h, �q�l�h �k�d�h�j�h�k�l�b 

�b�k�i�Z�j�_�g�b�y �d�Z�i�e�b �b�a�f�_�g�y�x�l�k�y �\�h �\�j�_�f�_�g�b �\�k�e�_�^�k�l�\�b�_ �i�j�h�]�j�_�\�Z �i�h�k�e�_�^�g�_�c �b 

�m�f�_�g�v�r�_�g�b�y �_�_ �j�Z�a�f�_�j�h�\.  

�I�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k �Z�g�Z�e�b�a �b�k�k�e�_�^�m�_�f�h�]�h �i�j�h�p�_�k�k�Z �\ �m�k�e�h�\�b�y�o 

�d�h�g�\�_�d�l�b�\�g�h-�d�h�g�^�m�d�l�b�\�g�h�]�h �l�_�i�e�h�h�[�f�_�g�Z �g�Z �]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – �]�Z�a» (�g�Z�i�j�b�f�_�j, 

[196]). �B�a�\�_�k�l�g�Z �]�j�m�i�i�Z �d�h�j�j�_�e�y�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c �^�e�y �d�h�w�n�n�b�p�b�_�g�l�h�\ 

�l�_�i�e�h�h�l�^�Z�q�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�k�i�Z�j�y�x�s�_�c�k�y �d�Z�i�e�b [97, 99, 196, 252-254]. 

�G�Z�b�[�h�e�v�r�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �i�h�e�m�q�b�e�b �k�h�h�l�g�h�r�_�g�b�y �J�w�g�p�Z-�F�Z�j�r�Z�e�Z [252], �\ 

�q�Z�k�l�g�h�k�l�b: 
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Nu=2+0,6Re1
1/2Pr1

1/3.    (3.8.18) 

�>�e�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �^�h�k�l�Z�l�h�q�g�h �l�b�i�b�q�g�u�o �m�k�e�h�\�b�c �j�_�Z�e�b�a�Z�p�b�b �i�j�h�p�_�k�k�Z 

�f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�u�_ �a�g�Z�q�_�g�b�y �q�b�k�e�Z �G�m�k�k�_�e�v�l�Z �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �\�u�j�Z�`�_�g�b�_�f 

(3.8.18) �k�h�k�l�Z�\�e�y�x�l 25. �F�Z�d�k�b�f�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �l�_�i�e�h�h�[�f�_�g�Z �. �i�j�b 

�w�l�h�f �^�h�k�l�b�]�Z�x�l 100. �A�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y �\�h�^�u �\ �j�Z�f�d�Z�o �f�h�^�_�e�_�c [97, 99, 

252-254] �f�h�`�g�h �m�k�l�Z�g�h�\�b�l�v �b�a �\�u�j�Z�`�_�g�b�y: 

�$wQe/Se=�.(Tf–Te),     (3.8.19) 

�]�^�_ �$w – �f�Z�k�k�h�\�u�c �i�h�l�h�d, �d�]/�k; Se – �i�e�h�s�Z�^�v �b�k�i�Z�j�_�g�b�y, �f2. 

�< �\�u�j�Z�`�_�g�b�b (3.8.19) �k�h�h�l�g�h�r�_�g�b�_ ��w/Se �i�j�_�^�k�l�Z�\�e�y�_�l �k�d�h�j�h�k�l�v �b�k�i�Z�j�_�g�b�y 

We. �I�j�b Tf=1100 �D, Te=300 �D, Qe =2,26á106 �>�`/�d�] �b �d�h�w�n�n�b�p�b�_�g�l�_ �l�_�i�e�h�h�l�^�Z�q�b 

�.=100 �<�l/(�f2�D) �k�d�h�j�h�k�l�v �b�k�i�Z�j�_�g�b�y �j�Z�\�g�Z We=0,0435 �d�]/(�f2�k). 

�<�Z�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �b�a�\�_�k�l�g�u�_ �m�l�h�q�g�_�g�b�y [97, 99] �\�u�j�Z�`�_�g�b�y �^�e�y �q�b�k�e�Z 

�G�m�k�k�_�e�v�l�Z (3.8.18), �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �m�k�e�h�\�b�y �b�g�l�_�g�k�b�\�g�h�]�h �\�^�m�\�Z �i�Z�j�h�\ �k 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b, �\ �\�b�^�_ Nu=(2+0,6Re1
1/2Pr1

1/3)/(1+b1T) (�i�j�b b1T=1/Ku, Ku – �q�b�k�e�h 

�D�m�l�Z�l�_�e�Z�^�a�_) �^�e�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �m�k�e�h�\�b�c �j�_�Z�e�b�a�Z�p�b�b �i�j�h�p�_�k�k�h�\ 

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �i�j�b�\�h�^�y�l �d �g�_�k�m�s�_�k�l�\�_�g�g�h�f�m (�f�_�g�_�_ 5 %) �b�a�f�_�g�_�g�b�x We 

�h�l�g�h�k�b�l�_�e�v�g�h �i�j�b�\�_�^�_�g�g�h�]�h �\�u�r�_ �f�Z�d�k�b�f�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y – 0,0435 �d�]/(�f2�k). 

�< �j�Z�f�d�Z�o �f�h�^�_�e�_�c [61, 153, 154, 250] («�d�b�g�_�l�b�q�_�k�d�b�o» �\ �k�h�h�l�\�_�l�k�l�\�b�b �k [79, 

122]) �m�k�l�Z�g�h�\�e�_�g�u �\ �g�_�k�d�h�e�v�d�h �j�Z�a �[�h�e�v�r�b�_ �a�g�Z�q�_�g�b�y We �\ �b�^�_�g�l�b�q�g�u�o �m�k�e�h�\�b�y�o 

(�l�Z�[�e. 3.8.2). �H�q�_�\�b�^�g�h, �w�l�h �h�[�m�k�e�h�\�e�_�g�h �l�_�f, �q�l�h �i�j�b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �]�Z�a�h�\ 

�j�_�Z�e�b�a�m�_�l�k�y �[�h�e�_�_ �b�g�l�_�g�k�b�\�g�u�c �j�_�`�b�f �l�_�i�e�h�h�[�f�_�g�Z �i�j�b �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�b. 

�K�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�j�b�f�_�g�_�g�b�_ �\�u�j�Z�`�_�g�b�c �\�b�^�Z Nu=2+f(Re, Pr) �g�_ �i�h�a�\�h�e�y�_�l 

�h�i�b�k�Z�l�v �\ �i�h�e�g�h�c �f�_�j�_ �m�k�e�h�\�b�y �i�h�^�\�h�^�Z �l�_�i�e�h�l�u �d �f�_�`�n�Z�a�g�h�c �]�j�Z�g�b�p�_. 

�M�k�l�Z�g�h�\�e�_�g�g�u�_ [61, 153, 154, 250] �\�u�k�h�d�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�y�g�u�o �i�Z�j�h�\ �\ 

�h�d�j�_�k�l�g�h�k�l�b �d�Z�i�_�e�v �l�Z�d�`�_ �b�e�e�x�k�l�j�b�j�m�x�l �h�l�k�m�l�k�l�\�b�_ �m�k�e�h�\�b�c �^�e�y �j�_�Z�e�b�a�Z�p�b�b 

«�^�b�n�n�m�a�b�h�g�g�h�]�h» �j�_�`�b�f�Z �b�k�i�Z�j�_�g�b�y. 

�< [61, 153, 154, 250] �i�j�b�\�_�^�_�g�u �j�Z�k�i�j�_�^�_�e�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ 

�b�k�i�Z�j�y�x�s�_�c�k�y �d�Z�i�e�_ �\�h�^�u �\ �j�Z�a�g�u�_ �f�h�f�_�g�l�u �\�j�_�f�_�g�b. �<�b�^�g�h, �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z 

�\�h�^�u (�\ �l�h�f �q�b�k�e�_ �i�h�\�_�j�o�g�h�k�l�b) �\�k�e�_�^�k�l�\�b�_ �_�_ �i�j�h�]�j�_�\�Z �k �j�h�k�l�h�f �\�j�_�f�_�g�b 
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�a�g�Z�q�b�l�_�e�v�g�h �i�h�\�u�r�Z�_�l�k�y. �:�g�Z�e�b�a [61, 153, 154, 250] �b �l�Z�[�e. 3.8.1 �i�h�d�Z�a�u�\�Z�_�l, �q�l�h 

�i�j�h�p�_�k�k �l�_�i�e�h�i�_�j�_�g�h�k�Z �\ �d�Z�i�e�_ �k�m�s�_�k�l�\�_�g�g�h �\�e�b�y�_�l �g�Z �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y 

�`�b�^�d�h�k�l�b We=f(Te). �B�a�f�_�g�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �d�Z�i�e�_ �b �g�Z �_�_ �i�h�\�_�j�o�g�h�k�l�b �g�_ 

�m�q�b�l�u�\�Z�_�l�k�y (�d�Z�i�e�y �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �g�_�l�_�i�e�h�i�j�h�\�h�^�g�h�c) �\ �\�u�j�Z�`�_�g�b�y�o (3.8.18) �b 

(3.8.19). 

�<�u�i�h�e�g�_�g�g�u�_ �q�b�k�e�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�a�\�h�e�b�e�b �m�k�l�Z�g�h�\�b�l�v, �q�l�h 

�e�m�q�b�k�l�u�c �l�_�i�e�h�\�h�c �i�h�l�h�d �d �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b ql �k�m�s�_�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�_�l 

�d�h�g�\�_�d�l�b�\�g�u�c �i�h�l�h�d qc. �L�Z�d, �g�Z�i�j�b�f�_�j, �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �]�Z�a�h�\ �h�d�h�e�h 1100 �D ql 

�i�j�_�\�u�r�Z�_�l qc �[�h�e�_�_, �q�_�f �\ �k�_�f�v �j�Z�a. �I�j�b �k�g�b�`�_�g�b�b �j�Z�a�g�h�k�l�b �l�_�f�i�_�j�Z�l�m�j �]�Z�a�h�\ �b 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b �h�l�e�b�q�b�y �f�_�`�^�m ql �b qc �m�f�_�g�v�r�Z�x�l�k�y. �< �l�h�`�_ �\�j�_�f�y �i�j�b 

�l�_�f�i�_�j�Z�l�m�j�_ �]�Z�a�h�\ �h�d�h�e�h 500 �D �\�u�i�h�e�g�y�_�l�k�y �k�h�h�l�g�h�r�_�g�b�_ ql/qc>1. �W�l�b �j�_�a�m�e�v�l�Z�l�u 

�i�h�a�\�h�e�y�x�l �k�^�_�e�Z�l�v �\�u�\�h�^ �h�[ �h�i�j�_�^�_�e�y�x�s�_�c �j�h�e�b �e�m�q�b�k�l�h�]�h �l�_�i�e�h�h�[�f�_�g�Z �g�Z 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b �i�j�b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �\�g�_�r�g�_�c �k�j�_�^�u. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, 

�f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h�[ �h�]�j�Z�g�b�q�_�g�g�u�o �m�k�e�h�\�b�y�o �b�k�i�h�e�v�a�h�\�Z�g�b�y �d�h�g�\�_�d�l�b�\�g�u�o 

�f�h�^�_�e�_�c �l�_�i�e�h�h�[�f�_�g�Z �\ �m�k�e�h�\�b�y�o �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c (�g�Z�i�j�b�f�_�j, [97, 99, 

194, 252-254]). 

�G�Z �j�b�k. 3.8.2 �i�j�b�\�_�^�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �\ 

�n�b�d�k�b�j�h�\�Z�g�g�u�c �f�h�f�_�g�l �\�j�_�f�_�g�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �\�g�_�r�g�_�c �]�Z�a�h�\�h�c �k�j�_�^�u, 

�i�h�e�m�q�_�g�g�u�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �l�j�_�o �f�h�^�_�e�_�c: 1 – «�^�b�n�n�m�a�b�h�g�g�u�c» �j�_�`�b�f 

�b�k�i�Z�j�_�g�b�y �b �d�h�g�\�_�d�l�b�\�g�h-�d�h�g�^�m�d�l�b�\�g�u�c �l�_�i�e�h�h�[�f�_�g �g�Z �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b; 2 – 

«�d�b�g�_�l�b�q�_�k�d�b�c» �j�_�`�b�f �b�k�i�Z�j�_�g�b�y �b �e�m�q�b�k�l�u�c, �d�h�g�\�_�d�l�b�\�g�u�c �b �d�h�g�^�m�d�l�b�\�g�u�c 

�l�_�i�e�h�h�[�f�_�g �g�Z �]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – �]�Z�a». �L�j�_�l�v�y �f�h�^�_�e�v �Z�g�Z�e�h�]�b�q�g�Z �\�l�h�j�h�c 

�i�h�k�l�Z�g�h�\�d�_, �g�h �m�q�b�l�u�\�Z�_�l �j�Z�^�b�Z�p�b�h�g�g�u�c �b �d�h�g�^�m�d�l�b�\�g�u�c �l�_�i�e�h�i�_�j�_�g�h�k �\ �d�Z�i�e�_. 

�<�b�^�g�u �k�m�s�_�k�l�\�_�g�g�u�_ �h�l�e�b�q�b�y �k�d�h�j�h�k�l�_�c �b�k�i�Z�j�_�g�b�y �\�h�^�u �i�j�b �l�j�_�o �j�Z�a�e�b�q�g�u�o 

�b�g�l�_�j�i�j�_�l�Z�p�b�y�o �m�k�e�h�\�b�c �l�_�i�e�h�h�[�f�_�g�Z. �I�j�b �w�l�h�f �k �j�h�k�l�h�f �l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�h�\�h�c 

�k�j�_�^�u �h�l�d�e�h�g�_�g�b�y �g�_�e�b�g�_�c�g�h �m�\�_�e�b�q�b�\�Z�x�l�k�y (�i�h �m�d�Z�a�Z�g�g�u�f �\�u�r�_ �i�j�b�q�b�g�Z�f). 
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�J�b�k�m�g�h�d 3.8.2. �A�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y �d�Z�i�e�b �\�h�^�u (Rd=0,25 �f�f , Zd=1 �f�f ) 

�g�Z �_�_ �n�j�h�g�l�Z�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�b �i�j�b t=0,25 �k �h�l �l�_�f�i�_�j�Z�l�m�j�u �\�g�_�r�g�_�c �]�Z�a�h�\�h�c 

�k�j�_�^�u: 1 – «�^�b�n�n�m�a�b�h�g�g�u�c» �j�_�`�b�f �b�k�i�Z�j�_�g�b�y �b �d�h�g�\�_�d�l�b�\�g�h-�d�h�g�^�m�d�l�b�\�g�u�c 

�l�_�i�e�h�h�[�f�_�g �g�Z �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�e�b; 2 – «�d�b�g�_�l�b�q�_�k�d�b�c» �j�_�`�b�f �b�k�i�Z�j�_�g�b�y �b 

�e�m�q�b�k�l�u�c, �d�h�g�\�_�d�l�b�\�g�u�c �b �d�h�g�^�m�d�l�b�\�g�u�c �l�_�i�e�h�h�[�f�_�g �g�Z �]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – 

�]�Z�a»; 3 – «�d�b�g�_�l�b�q�_�k�d�b�c» �j�_�`�b�f �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y, �k�e�h�`�g�u�c �l�_�i�e�h�h�[�f�_�g �g�Z 

�]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – �]�Z�a», �Z �l�Z�d�`�_ �j�Z�^�b�Z�p�b�h�g�g�u�c �b �d�h�g�^�m�d�l�b�\�g�u�c �l�_�i�e�h�i�_�j�_�g�h�k �\ 

�d�Z�i�e�_; 4 – �a�g�Z�q�_�g�b�y �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\; 5 – �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y 

[254] 

 

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �b�a�f�_�j�_�g�b�c �f�Z�k�k�u �b �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �d�Z�g�Z�e�Z �m�k�l�Z�g�h�\�e�_�g�h (�l�Z�[�e. 3.8.1), �q�l�h �k�j�_�^�g�y�y �k�d�h�j�h�k�l�v 

�b�k�i�Z�j�_�g�b�y �\�h�^�u �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 0,241–0,278 �d�]/(�f2�k). �Q�b�k�e�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y 

[61, 153, 154, 250] �i�h�d�Z�a�Z�e�b, �q�l�h �l�_�f�i�_�j�Z�l�m�j�u �i�h�\�_�j�o�g�h�k�l�_�c �d�Z�i�_�e�v Te �i�j�b Tf�§1100 

�D �f�h�]�m�l �k�h�k�l�Z�\�e�y�l�v �h�l 350 �D �^�h 370 �D (�k �j�h�k�l�h�f �\�j�_�f�_�g�b �i�_�j�_�f�_�s�_�g�b�y �\ �]�Z�a�h�\�h�c 

�k�j�_�^�_ �l�_�f�i�_�j�Z�l�m�j�Z Te �g�_�e�b�g�_�c�g�h �j�Z�k�l�_�l). �< �k�h�h�l�\�_�l�k�l�\�b�b �k �l�Z�[�e. 3.8.2 �k�d�h�j�h�k�l�b 

�b�k�i�Z�j�_�g�b�y �b�a�f�_�g�y�x�l�k�y �h�l 0,136 �d�]/(�f2�k) �^�h 0,261 �d�]/(�f2�k) �i�j�b �l�Z�d�b�o Te. �F�h�`�g�h 
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�k�^�_�e�Z�l�v �\�u�\�h�^ �h�[ �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�f �k�h�h�l�\�_�l�k�l�\�b�b �j�_�a�m�e�v�l�Z�l�h�\ �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h 

�f�h�^�_�e�b�j�h�\�Z�g�b�y �\ �j�Z�f�d�Z�o «�d�b�g�_�l�b�q�_�k�d�b�o» �f�h�^�_�e�_�c �b�k�i�Z�j�_�g�b�y [61, 153, 154, 250] �b 

�i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\. �I�j�b �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o (�h�d�h�e�h 300 �D) �]�Z�a�h�\�h�c 

�k�j�_�^�u �f�h�`�g�h �h�l�f�_�l�b�l�v �o�h�j�h�r�m�x �d�h�j�j�_�e�y�p�b�x �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ [254], 

«�d�b�g�_�l�b�q�_�k�d�h�c» �b «�^�b�n�n�m�a�b�h�g�g�h�c» �f�h�^�_�e�_�c �b�k�i�Z�j�_�g�b�y (�j�b�k. 3.8.2).  

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�a�\�h�e�y�x�l �a�Z�d�e�x�q�b�l�v, �q�l�h �i�j�b �m�f�_�j�_�g�g�u�o 

�l�_�f�i�_�j�Z�l�m�j�Z�o �^�h�i�m�k�l�b�f�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �b�a�\�_�k�l�g�u�o «�^�b�n�n�m�a�b�h�g�g�u�o» �f�h�^�_�e�_�c 

�b�k�i�Z�j�_�g�b�y [196], �Z �i�j�b �\�u�k�h�d�b�o (�h�d�h�e�h 500 �D) �b �h�q�_�g�v �\�u�k�h�d�b�o (�[�h�e�_�_ 1000 �D) 

�i�j�Z�\�h�f�_�j�g�h �i�j�b�f�_�g�_�g�b�_ �l�h�e�v�d�h «�d�b�g�_�l�b�q�_�k�d�b�o» �f�h�^�_�e�_�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 

�\�u�j�Z�`�_�g�b�y (3.8.16) �^�e�y �\�u�q�b�k�e�_�g�b�y �k�d�h�j�h�k�l�_�c �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c. 

 

3.9. �J�_�d�h�f�_�g�^�Z�p�b�b �i�h �b�k�i�h�e�v�a�h�\�Z�g�b�x �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\ 

�w�g�_�j�]�_�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�y�o �b �^�Z�e�v�g�_�c�r�_�f�m �j�Z�a�\�b�l�b�x �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�h�]�h �\ 

�^�b�k�k�_�j�l�Z�p�b�b �i�h�^�o�h�^�Z 

 

�I�j�b �h�[�h�[�s�_�g�b�b �^�Z�g�g�u�o �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �b �k�^�_�e�Z�g�g�u�o 

�a�Z�d�e�x�q�_�g�b�c �f�h�`�g�h �k�n�h�j�f�m�e�b�j�h�\�Z�l�v �j�_�d�h�f�_�g�^�Z�p�b�b �i�h �b�k�i�h�e�v�a�h�\�Z�g�b�x 

�i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\ �j�y�^�_ �k�e�_�^�m�x�s�b�o �i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c. 

 

�B�k�i�Z�j�b�l�_�e�v�g�h�_ �h�o�e�Z�`�^�_�g�b�_ �\�h�^�u �\ �k�b�k�l�_�f�Z�o �h�[�h�j�h�l�g�h�]�h �\�h�^�h�k�g�Z�[�`�_�g�b�y 

�L�W�K 

�9 �>�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�h�\ �l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�Z �i�j�b �h�o�e�Z�`�^�_�g�b�b �\�h�^�u 

�\ �k�b�k�l�_�f�Z�o �h�[�h�j�h�l�g�h�]�h �\�h�^�h�k�g�Z�[�`�_�g�b�y �L�W�K �i�j�b �i�h�^�Z�q�_ (�j�Z�k�i�u�e�_) 

�h�l�j�Z�[�h�l�Z�\�r�_�c �\�h�^�u �\ �j�Z�[�h�q�m�x �h�[�e�Z�k�l�v �]�j�Z�^�b�j�_�g �p�_�e�_�k�h�h�[�j�Z�a�g�h 

�f�Z�d�k�b�f�Z�e�v�g�h �k�g�b�`�Z�l�v �k�d�h�j�h�k�l�v �]�_�g�_�j�b�j�m�_�f�h�]�h �i�Z�j�h�d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z. 

�F�b�g�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �k�d�h�j�h�k�l�b �i�Z�j�h�d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �g�_�h�[�o�h�^�b�f�h 

�\�u�[�b�j�Z�l�v �k �m�q�_�l�h�f �k�j�_�^�g�b�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �\ �g�_�f, �Z �l�Z�d�`�_ �k�d�h�j�h�k�l�_�c 

�\�k�l�j�_�q�g�h�]�h �i�h�l�h�d�Z �h�o�e�Z�`�^�Z�x�s�_�]�h �\�h�a�^�m�o�Z, �b�k�i�h�e�v�a�m�y �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ 

�\�u�j�Z�`�_�g�b�y, �i�h�e�m�q�_�g�g�u�_ �\ �i. 3.7. �W�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �i�h�a�\�h�e�b�l �k�g�b�a�b�l�v 
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�k�l�_�i�_�g�v �d�Z�i�_�e�v�g�h�]�h �m�g�h�k�Z �b, �d�Z�d �k�e�_�^�k�l�\�b�_, �k�h�d�j�Z�l�b�l�v �d�h�e�b�q�_�k�l�\�h 

�^�h�[�Z�\�h�q�g�h�c �\�h�^�u. �< �f�Z�k�r�l�Z�[�Z�o �L�W�K �m�q�_�l �w�l�h�]�h �w�n�n�_�d�l�Z �i�j�b�\�_�^�_�l �d 

�a�g�Z�q�b�l�_�e�v�g�h�f�m �m�f�_�g�v�r�_�g�b�x �j�_�k�m�j�k�h- �b �w�g�_�j�]�h�a�Z�l�j�Z�l. 

�9 �>�e�y �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �j�Z�[�h�l�u �i�j�h�f�u�r�e�_�g�g�u�o �]�j�Z�^�b�j�_�g �L�W�K 

�g�_�h�[�o�h�^�b�f�h �b�g�l�_�g�k�b�n�b�p�b�j�h�\�Z�l�v �n�Z�a�h�\�u�_ �i�j�_�\�j�Z�s�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�b 

�i�j�b �b�o �^�\�b�`�_�g�b�b �h�l �j�Z�k�i�u�e�b�l�_�e�v�g�u�o �n�h�j�k�m�g�h�d �^�h �i�h�\�_�j�o�g�h�k�l�b �h�j�h�k�b�l�_�e�_�c. 

�>�e�y �w�l�b�o �p�_�e�_�c �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �j�Z�k�i�u�e�b�\�Z�g�b�_ �\�h�^�u �k �j�Z�a�f�_�j�Z�f�b 

�d�Z�i�_�e�v �\ �i�h�l�h�d�_ �\ �^�b�Z�i�Z�a�h�g�_ 0,16<Rm�”0,23 �f�f . 

�9 �I�j�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b, �j�Z�a�j�Z�[�h�l�d�_ �b �l�_�i�e�h�\�h�f �j�Z�k�q�_�l�_ �b�k�i�Z�j�b�l�_�e�v�g�u�o 

�]�j�Z�^�b�j�_�g �L�W�K �g�_�h�[�o�h�^�b�f�h �m�q�b�l�u�\�Z�l�v �l�_�i�e�h�f�Z�k�k�h�h�[�f�_�g �g�_ �l�h�e�v�d�h �k 

�i�h�\�_�j�o�g�h�k�l�b �i�e�_�g�h�d �b �k�l�j�m�c �\�h�^�u, �g�h �l�Z�d�`�_ �b �k �i�h�\�_�j�o�g�h�k�l�b �^�\�b�`�m�s�b�o�k�y 

�d�Z�i�_�e�v. �I�j�b �w�l�h�f �g�m�`�g�h �m�q�b�l�u�\�Z�l�v �i�h�k�l�h�y�g�g�m�x �^�_�n�h�j�f�Z�p�b�x �d�Z�i�_�e�v �\ 

�i�h�e�_�l�_ �b, �d�Z�d �k�e�_�^�k�l�\�b�_, �b�a�f�_�g�_�g�b�_ �i�e�h�s�Z�^�b �b�o �i�h�\�_�j�o�g�h�k�l�b. �I�j�b �l�Z�d�h�f 

�i�h�^�o�h�^�_ �p�_�e�_�k�h�h�[�j�Z�a�g�h �i�j�b�f�_�g�y�l�v �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �b 

�n�h�j�f�m�e�u �^�e�y �h�i�j�_�^�_�e�_�g�b�y �\�j�_�f�_�g «�^�_�n�h�j�f�Z�p�b�h�g�g�u�o �p�b�d�e�h�\» �b �i�e�h�s�Z�^�b 

�i�h�\�_�j�o�g�h�k�l�b �d�Z�i�_�e�v �i�j�b �b�o �^�\�b�`�_�g�b�b �\ �]�Z�a�h�\�h�c �h�[�e�Z�k�l�b, �i�h�e�m�q�_�g�g�u�_ �\ �i. 

3.1. 

 

�L�_�j�f�b�q�_�k�d�b�_ �f�_�l�h�^�u �h�q�b�k�l�d�b, �h�[�_�k�k�h�e�b�\�Z�g�b�y �b �h�[�_�a�a�Z�j�Z�`�b�\�Z�g�b�y �\�h�^�u �\ 

�i�j�h�p�_�k�k�_ �\�h�^�h�i�h�^�]�h�l�h�\�d�b 

�9 �>�e�y �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�h�p�_�k�k�h�\ �l�_�j�f�b�q�_�k�d�h�c �h�q�b�k�l�d�b �b 

�h�[�_�k�k�h�e�b�\�Z�g�b�y �\�h�^�u �\ �i�j�h�p�_�k�k�_ �\�h�^�h�i�h�^�]�h�l�h�\�d�b �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v 

�i�h�^�Z�q�m �`�b�^�d�h�k�l�b �\ �b�k�i�Z�j�b�l�_�e�v�g�u�_ �d�Z�f�_�j�u �\ �\�b�^�_ �j�Z�k�i�u�e�_�g�g�h�]�h �d�Z�i�_�e�v�g�h�]�h 

�i�h�l�h�d�Z �k �j�Z�a�f�_�j�Z�f�b Rm<0,23 �f�f . �< �w�l�h�f �k�e�m�q�Z�_ �\�e�b�y�g�b�_ �i�j�b�f�_�k�_�c �k�h�e�_�c �g�Z 

�i�j�h�p�_�k�k �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�_, �q�_�f �^�e�y �d�j�m�i�g�u�o �d�Z�i�_�e�v �b 

�[�h�e�v�r�b�o �h�[�t�_�f�h�\ �`�b�^�d�h�k�l�b. �D�Z�d �k�e�_�^�k�l�\�b�_, �n�Z�a�h�\�u�_ �i�j�_�\�j�Z�s�_�g�b�y �i�j�h�o�h�^�y�l 

�[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h. �L�Z�d�h�c �i�h�^�o�h�^ �i�h�a�\�h�e�b�l �h�[�h�c�l�b�k�v �[�_�a �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h 

�i�h�^�h�]�j�_�\�Z �\�h�^�u, �Z �l�Z�d�`�_ �k�g�b�a�b�l�v �w�g�_�j�]�h�a�Z�l�j�Z�l�u  �g�Z �i�j�h�]�j�_�\ �b �b�k�i�Z�j�_�g�b�_ 

�\�h�^�u �\ �b�k�i�Z�j�b�l�_�e�v�g�u�o �d�Z�f�_�j�Z�o. 
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�9 �< �i�j�h�p�_�k�k�_ �\�h�^�h�i�h�^�]�h�l�h�\�d�b �i�j�b �i�h�^�Z�q�_ �`�b�^�d�h�k�l�b �\ �b�k�i�Z�j�b�l�_�e�v�g�u�_ �d�Z�f�_�j�u 

�b �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_ �i�_�q�b �\ �\�b�^�_ �i�h�l�h�d�Z �k �j�Z�a�f�_�j�Z�f�b Rm<0,4 �f�f  �^�e�y 

�m�f�_�g�v�r�_�g�b�y �a�Z�l�j�Z�l �g�Z �i�j�h�]�j�_�\ �\�h�^�u �b �i�h�k�e�_�^�m�x�s�_�_ �_�_ �b�k�i�Z�j�_�g�b�_ 

�p�_�e�_�k�h�h�[�j�Z�a�_�g �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�c �i�h�^�h�]�j�_�\ �`�b�^�d�h�k�l�b �^�h �l�_�f�i�_�j�Z�l�m�j Tw=303-

323 �D. �>�e�y �h�i�j�_�^�_�e�_�g�b�y �h�i�l�b�f�Z�e�v�g�h�]�h �k�h�h�l�g�h�r�_�g�b�y �f�_�`�^�m �j�Z�a�f�_�j�Z�f�b 

�d�Z�i�_�e�v Rm �b �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�h�c �\�h�^�u Tw �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v 

�b�k�i�h�e�v�a�h�\�Z�g�b�_ �i�j�b�\�_�^�_�g�g�u�o �\ �i. 3.2 �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c. 

�9 �>�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�h�\ �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b �\ �f�_�l�h�^�Z�o 

�l�_�j�f�b�q�_�k�d�h�c �h�q�b�k�l�d�b �\�h�^�u �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�_�j�_�^ �_�_ �i�h�^�Z�q�_�c �\ 

�b�k�i�Z�j�b�l�_�e�v�g�u�_ �d�Z�f�_�j�u �b �i�_�q�b �\ �\�b�^�_ �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �f�h�`�g�h 

�j�_�d�h�f�_�g�^�h�\�Z�l�v �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ �\�\�_�^�_�g�b�_ �\ �_�_ �k�h�k�l�Z�\ �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o 

�l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �k �o�Z�j�Z�d�l�_�j�g�u�f�b �j�Z�a�f�_�j�Z�f�b  

Lm = 50–70 �f�d�f. 

�9 �< �i�j�h�p�_�k�k�_ �b�k�i�Z�j�b�l�_�e�v�g�h�c �h�q�b�k�l�d�b �\�h�^�u �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �]�Z�a�h�\�u�o 

�i�h�l�h�d�h�\ �^�e�y �m�g�h�k�Z �g�_�b�k�i�Z�j�b�\�r�_�c�k�y �l�\�_�j�^�h�c �n�Z�a�u �\�h �b�a�[�_�`�Z�g�b�_ �d�Z�i�_�e�v�g�h�]�h 

�m�g�h�k�Z (�e�b�[�h �_�]�h �f�b�g�b�f�b�a�Z�p�b�b) �p�_�e�_�k�h�h�[�j�Z�a�g�h �k�d�h�j�h�k�l�v �]�Z�a�h�\ �b �d�Z�i�_�e�v, �Z 

�l�Z�d�`�_ �j�Z�a�f�_�j�u �i�h�k�e�_�^�g�b�o �\�u�[�b�j�Z�l�v �k �m�q�_�l�h�f �i�j�b�\�_�^�_�g�g�u�o �\ �i. 3.7 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c. 

 

�I�h�e�b�^�b�k�i�_�j�k�g�h�_ �i�Z�j�h�\�h�^�y�g�h�_ �i�h�`�Z�j�h�l�m�r�_�g�b�_ 

�9 �>�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b �i�j�h�p�_�k�k�Z �b�k�i�Z�j�_�g�b�y �\�h�^�u �\ �h�[�e�Z�k�l�b �i�e�Z�f�_�g�b �b, �d�Z�d 

�k�e�_�^�k�l�\�b�_, �m�f�_�g�v�r�_�g�b�y �j�Z�k�o�h�^�Z �l�m�r�Z�s�_�c �`�b�^�d�h�k�l�b �i�j�b �l�m�r�_�g�b�b 

�\�h�a�]�h�j�Z�g�b�c �\ �i�h�f�_�s�_�g�b�y�o, �\�u�k�h�l�Z �d�h�l�h�j�u�o �g�_ �i�j�_�\�u�r�Z�_�l 2–3 �f , �Z �l�Z�d�`�_ �^�e�y 

�f�b�g�b�f�b�a�Z�p�b�b �j�Z�a�\�h�j�h�l�Z �b �i�h�k�e�_�^�m�x�s�_�]�h �m�g�h�k�Z �q�Z�k�l�b �d�Z�i�_�e�v �k 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �i�j�h�^�m�d�l�Z�f�b �k�]�h�j�Z�g�b�y, �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v 

�b�k�i�h�e�v�a�h�\�Z�g�b�_ �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z, �a�g�Z�q�b�l�_�e�v�g�m�x �q�Z�k�l�v 

�d�h�l�h�j�h�]�h (�g�_ �f�_�g�_�_ 50–60 % �h�l �h�[�s�_�]�h �h�[�t�_�f�Z �j�Z�k�i�u�e�y�_�f�h�c �\�h�^�u) �^�h�e�`�g�u 

�k�h�k�l�Z�\�e�y�l�v �d�Z�i�e�b �k �j�Z�a�f�_�j�Z�f�b 0,16<Rm�”0,23 �f�f . 
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�9 �>�e�y �k�j�_�^�k�l�\ �b �k�b�k�l�_�f �i�h�`�Z�j�h�l�m�r�_�g�b�y, �]�_�g�_�j�b�j�m�x�s�b�o �j�Z�k�i�u�e�_�g�g�u�_ 

�d�Z�i�_�e�v�g�u�_ �i�h�l�h�d�b �`�b�^�d�h�k�l�b �k�h �k�j�_�^�g�b�f�b �j�Z�a�f�_�j�Z�f�b �d�Z�i�_�e�v Rm>0,23 �f�f , �\ 

�d�Z�q�_�k�l�\�_ �k�j�_�^�k�l�\�Z �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�h�p�_�k�k�Z �l�m�r�_�g�b�y �f�h�`�g�h 

�j�_�d�h�f�_�g�^�h�\�Z�l�v �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�c �i�h�^�h�]�j�_�\ �\�h�^�u �^�h �l�_�f�i�_�j�Z�l�m�j Tw=303–323 

�D. �>�e�y �g�Z�o�h�`�^�_�g�b�y �h�i�l�b�f�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �g�Z�q�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �\�h�^�u Tw 

�p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b�\�_�^�_�g�g�u�_ �\ �i. 3.2 �j�m�d�h�i�b�k�b 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y (�h�l 300 �D �^�h 323 �D). 

�9 �I�j�b �j�Z�a�j�Z�[�h�l�d�_ �g�h�\�u�o, �Z �l�Z�d�`�_ �f�h�^�_�j�g�b�a�Z�p�b�b �k�m�s�_�k�l�\�m�x�s�b�o �k�b�k�l�_�f 

�e�b�d�\�b�^�Z�p�b�b �\�h�a�]�h�j�Z�g�b�c �\ �i�h�f�_�s�_�g�b�y�o, �\�u�k�h�l�Z �d�h�l�h�j�u�o �g�_ �i�j�_�\�u�r�Z�_�l 2–3 

�f , �k�e�_�^�m�_�l �g�Z�q�Z�e�v�g�m�x �k�d�h�j�h�k�l�v �j�Z�k�i�u�e�_�g�g�h�]�h �d�Z�i�_�e�v�g�h�]�h �i�h�l�h�d�Z �\�u�[�b�j�Z�l�v 

�b�k�o�h�^�y �b�a �k�j�_�^�g�b�o �j�Z�a�f�_�j�h�\ �]�_�g�_�j�b�j�m�_�f�u�o �d�Z�i�_�e�v, �i�h�e�v�a�m�y�k�v 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�f�b �\�u�j�Z�`�_�g�b�y�f�b �b�a �i. 3.4 (�h�l 0,5 �f /�k �^�h 5 �f /�k �b �h�l 50 

�f�d�f �^�h 5 �f�f ). 

�9 �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �i�j�h�p�_�k�k�_ �l�m�r�_�g�b�y �i�h�`�Z�j�h�\ �\�h�^�u �b�a �j�Z�a�e�b�q�g�u�o 

�\�h�^�h�_�f�h�\ �b �o�j�Z�g�b�e�b�s �k�e�_�^�m�_�l �m�q�b�l�u�\�Z�l�v �k�h�^�_�j�`�Z�g�b�_ �\ �g�_�c �i�j�b�f�_�k�_�c �k�h�e�_�c. 

�L�Z�d, �i�j�b �k�h�e�_�k�h�^�_�j�`�Z�g�b�b �k�\�u�r�_ 5–10 �]/�e (�k�h�e�_�g�u�_ �h�a�_�j�Z �b �f�h�j�y) �f�h�`�g�h 

�j�_�d�h�f�_�g�^�h�\�Z�l�v �f�_�e�d�h�^�b�k�i�_�j�k�g�h�_ �j�Z�k�i�u�e�_�g�b�_ �`�b�^�d�h�k�l�b �k �j�Z�a�f�_�j�Z�f�b �d�Z�i�_�e�v 

Rm�”0,35 �f�f . �I�j�b �h�i�j�_�^�_�e�_�g�b�b �h�i�l�b�f�Z�e�v�g�h�c �^�b�k�i�_�j�k�g�h�k�l�b �d�Z�i�_�e�v�g�h�]�h 

�i�h�l�h�d�Z �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �g�Z�c�^�_�g�g�u�o �\ �i. 3.5 

�Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�o �\�u�j�Z�`�_�g�b�c. 

�9 �I�j�b �e�b�d�\�b�^�Z�p�b�b �d�j�m�i�g�u�o �i�h�`�Z�j�h�\ (�h�k�h�[�_�g�g�h �e�_�k�g�u�o) �^�e�y �b�g�l�_�g�k�b�n�b�d�Z�p�b�b 

�i�j�h�p�_�k�k�Z �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�k�l�b �\ �h�[�e�Z�k�l�b �i�e�Z�f�_�g�b �p�_�e�_�k�h�h�[�j�Z�a�g�h 

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�_�j�_�^ �j�Z�k�i�u�e�_�g�b�_�f �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ �\�\�_�^�_�g�b�_ �\ �_�_ 

�k�h�k�l�Z�\ �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �k �j�Z�a�f�_�j�Z�f�b  Lm = 50–500 �f�d�f 

�b �f�Z�k�k�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �\ �\�h�^�_ �\ �^�b�Z�i�Z�a�h�g�_ 0,3<��C<1 %. �>�e�y �g�Z�o�h�`�^�_�g�b�y 

�h�i�l�b�f�Z�e�v�g�h�]�h �k�h�h�l�g�h�r�_�g�b�y �\�_�e�b�q�b�g Rm, Lm �b ��C �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v 

�i�h�e�m�q�_�g�g�u�_ �\ �i. 3.6 �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b. 

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �l�Z�d�`�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y 

�j�Z�a�\�b�l�b�y �p�_�e�h�]�h �j�y�^�Z �i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c (�g�Z�i�j�b�f�_�j, �j�Z�a�f�h�j�Z�`�b�\�Z�g�b�_ 
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�k�u�i�m�q�b�o �k�j�_�^ �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�f�b �i�h�l�h�d�Z�f�b, �h�q�b�k�l�d�Z �i�h�\�_�j�o�g�h�k�l�_�c 

�l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�f�b �k�f�_�k�y�f�b, 

�l�_�i�e�h�g�h�k�b�l�_�e�b �g�Z �[�Z�a�_ �m�o�h�^�y�s�b�o �^�u�f�h�\�u�o �]�Z�a�h�\ �b �i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\). �>�e�y 

�w�l�b�o �l�_�o�g�h�e�h�]�b�c �k�n�h�j�f�m�e�b�j�h�\�Z�g�u �j�_�d�h�f�_�g�^�Z�p�b�b: 

- �m�k�l�Z�g�h�\�e�_�g�g�u�_ �\ �i. 3.1 �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �b �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c 

�i�j�h�p�_�k�k�Z �b �j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �p�_�e�_�k�h�h�[�j�Z�a�g�h 

�m�q�b�l�u�\�Z�l�v �i�j�b �^�Z�e�v�g�_�c�r�_�f �j�Z�a�\�b�l�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o 

�b �q�b�k�e�_�g�g�u�o �f�h�^�_�e�_�c �i�j�h�p�_�k�k�h�\ �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o; 

- �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�_ �\ �i. 3.2–3.7 �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �b 

�k�^�_�e�Z�g�g�u�_ �\ �i. 3.8 �l�_�h�j�_�l�b�q�_�k�d�b�_ �a�Z�d�e�x�q�_�g�b�y �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �\ 

�d�Z�q�_�k�l�\�_ �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �i�j�b �\�u�[�h�j�_ �g�Z�q�Z�e�v�g�u�o �i�Z�j�Z�f�_�l�j�h�\ 

�i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\ �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �m�i�h�f�y�g�m�l�u�o �\�u�r�_ �l�_�o�g�h�e�h�]�b�c; 

- �j�_�a�m�e�v�l�Z�l�u �i�h �h�p�_�g�d�_ �\�e�b�y�g�b�y �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\ 

�d�Z�i�e�y�o �`�b�^�d�h�k�l�b �g�Z �b�g�l�_�g�k�b�n�b�d�Z�p�b�x �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c, �Z �l�Z�d�`�_ 

�i�h�e�m�q�_�g�g�u�_ �\ �i. 3.6 �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �f�h�]�m�l �[�u�l�v 

�b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �l�_�o�g�h�e�h�]�b�c �j�Z�a�f�h�j�h�a�d�b �k�u�i�m�q�b�o �k�j�_�^ �b 

�h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h�k�l�_�c �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y. 

�<�u�i�h�e�g�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �b �l�_�h�j�_�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a �h�k�g�h�\�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ 

�i�h�a�\�h�e�b�e �j�Z�a�j�Z�[�h�l�Z�l�v �]�j�m�i�i�m �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o �i�j�h�]�j�Z�f�f�g�u�o �d�h�^�h�\, �g�Z �d�h�l�h�j�u�_ 

�i�h�e�m�q�_�g�u �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �k�\�b�^�_�l�_�e�v�k�l�\�Z �h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c �j�_�]�b�k�l�j�Z�p�b�b 

�i�j�h�]�j�Z�f�f �^�e�y �W�<�F [255-261]. �L�Z�d�`�_ �k�h�k�l�Z�\�e�_�g�Z �a�Z�y�\�d�Z �g�Z �i�h�e�m�q�_�g�b�_ �i�Z�l�_�g�l�Z �J�N 

(�‹  2014114346 �h�l 10.04.2014). 

 

�<�u�\�h�^�u �i�h �l�j�_�l�v�_�c �]�e�Z�\�_ 

 

1. �M�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �b�k�k�e�_�^�h�\�Z�g�g�u�o �i�j�h�p�_�k�k�h�\ �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v 

�\�h�^�u �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �b �^�j�m�]�b�_ �h�k�g�h�\�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �i�j�_�^�k�l�Z�\�e�y�x�l �^�h�k�l�Z�l�h�q�g�h 

�k�e�h�`�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �h�l �j�Z�a�f�_�j�h�\ d0, �k�d�h�j�h�k�l�_�c u, 
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�l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�h�\ Tg, �Z �l�Z�d�`�_ �k�\�h�c�k�l�\ �`�b�^�d�h�k�l�b (�i�e�h�l�g�h�k�l�v, �\�y�a�d�h�k�l�v �b 

�i�h�\�_�j�o�g�h�k�l�g�h�_ �g�Z�l�y�`�_�g�b�_). 

2. �M�k�l�Z�g�h�\�e�_�g�g�u�_ �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �h�l�e�b�q�b�y �h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d (td, ld, �ûmax, 

�ûx, �ûy) «�p�b�d�e�h�\ �^�_�n�h�j�f�Z�p�b�b» �d�Z�i�_�e�v �\�h�^�u (�k �\�Z�j�v�b�j�m�_�f�h�c �l�_�f�i�_�j�Z�l�m�j�h�c) �\ 

�m�k�e�h�\�b�y�o �\�u�k�h�d�b�o (Tw�§1100 �D), �m�f�_�j�_�g�g�u�o (Tw�§300 �D) �b �i�h�g�b�`�_�g�g�u�o (Tw�§285 

�D)  �l�_�f�i�_�j�Z�l�m�j �]�Z�a�h�\�h�c �k�j�_�^�u �h�[�m�k�e�h�\�e�_�g�u �j�Z�a�g�u�f�b �f�Z�k�k�h�\�u�f�b �k�d�h�j�h�k�l�y�f�b 

�b�k�i�Z�j�_�g�b�y. �I�h�k�e�_�^�g�b�_ �k�m�s�_�k�l�\�_�g�g�h �\�e�b�y�x�l �g�Z �k�d�h�j�h�k�l�b �i�_�j�_�f�_�s�_�g�b�y �d�Z�i�_�e�v 

�i�h� ̂�^�_�c�k�l�\�b�_�f �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �k�b�e, �Z �l�Z�d�`�_ �j�Z�a�f�_�j�u �d�Z�i�_�e�v (�\�k�e�_�^�k�l�\�b�_ �m�g�h�k�Z 

�f�Z�k�k�u �\ �\�b�^�_ �i�Z�j�h�\). �K�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �b �j�Z�a�f�_�j�u �d�Z�i�_�e�v �^�Z�`�_ �\ �m�k�e�h�\�b�y�o 

�m�f�_�j�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j �y�\�e�y�x�l�k�y �h�i�j�_�^�_�e�y�x�s�b�f�b �i�j�b �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v. 

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �b�e�e�x�k�l�j�b�j�m�x�l �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v �m�q�_�l�Z �d�h�f�i�e�_�d�k�g�h�]�h 

�\�e�b�y�g�b�y d0, u, Tw, �k�\�h�c�k�l�\ �`�b�^�d�h�k�l�b �b �]�Z�a�h�\�h�c �k�j�_�^�u �i�j�b �n�h�j�f�m�e�b�j�h�\�Z�g�b�b 

�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �\�u�j�Z�`�_�g�b�c �^�e�y �h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v. 

�I�j�b �w�l�h�f �b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�h�e�v�d�h �q�b�k�_�e �<�_�[�_�j�Z �b �J�_�c�g�h�e�v�^�k�Z �g�_ �i�h�a�\�h�e�y�_�l �\ 

�i�h�e�g�h�c �f�_�j�_ �h�i�b�k�Z�l�v �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v. 

3. �<�u�i�h�e�g�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�h �Z�g�Z�e�b�a�m �\�h�a�f�h�`�g�u�o «�j�_�`�b�f�h�\ �^�_�n�h�j�f�Z�p�b�b» 

�d�Z�i�_�e�v �\�h�^�u �\ �]�Z�a�h�\�h�c �k�j�_�^�_ �i�h�a�\�h�e�b�e�b �m�k�l�Z�g�h�\�b�l�v �j�_�Z�e�v�g�u�_ �n�h�j�f�u �d�Z�i�_�e�v, 

�q�b�k�e�h �l�Z�d�b�o �n�h�j�f �\ �i�j�_�^�_�e�Z�o �d�Z�`�^�h�]�h «�p�b�d�e�Z �^�_�n�h�j�f�Z�p�b�b», �^�e�b�l�_�e�v�g�h�k�l�b �b 

�i�j�h�l�y�`�_�g�g�h�k�l�b �i�h�k�e�_�^�g�b�o, �\�j�_�f�_�g�Z �o�Z�j�Z�d�l�_�j�g�h�c �l�j�Z�g�k�n�h�j�f�Z�p�b�b �f�_�`�^�m 

�n�h�j�f�Z�f�b �b �Z�f�i�e�b�l�m�^�u �b�a�f�_�g�_�g�b�y �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v. �W�l�b �j�_�a�m�e�v�l�Z�l�u �f�h�]�m�l 

�[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �g�h�\�u�o �b �j�Z�a�\�b�l�b�b �k�m�s�_�k�l�\�m�x�s�b�o �f�h�^�_�e�_�c 

�^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �\ �]�Z�a�h�\�u�o �b �i�Z�j�h�\�u�o �l�j�Z�d�l�Z�o 

�l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y. 

4. �<�b�^�_�h�]�j�Z�f�f�u �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �b�e�e�x�k�l�j�b�j�m�x�l, �q�l�h �\�j�_�f�y �`�b�a�g�b 

�k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u �d�Z�i�_�e�v �g�_ �[�h�e�v�r�_, �q�_�f �w�e�e�b�i�k�h�b�^�Z �b�e�b «�[�e�b�g�Z» �i�j�b 

�^�\�b�`�_�g�b�b �i�h�k�e�_�^�g�b�o �\ �\�h�a�^�m�o�_ (�d�Z�i�e�b �b�f�_�x�l �n�h�j�f�m �k�n�_�j�u �\ �l�_�q�_�g�b�_ �\�j�_�f�_�g�b, 

�k�h�k�l�Z�\�e�y�x�s�_�f �g�_ �[�h�e�_�_ 15 % �h�l �h�[�s�_�]�h �\�j�_�f�_�g�b �i�_�j�_�f�_�s�_�g�b�y �\ �h�[�e�Z�k�l�b 

�\�b�^�_�h�j�_�]�b�k�l�j�Z�p�b�b). �W�l�h�l �j�_�a�m�e�v�l�Z�l �h�[�h�k�g�h�\�u�\�Z�_�l �^�h�i�m�k�l�b�f�h�k�l�v 

�b�k�i�h�e�v�a�h�\�Z�g�b�y �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �^�\�b�`�_�g�b�y �d�Z�i�_�e�v �`�b�^�d�h�k�l�_�c �i�j�Z�d�l�b�q�_�k�d�b 
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�e�x�[�h�c �b�a �m�k�l�Z�g�h�\�e�_�g�g�u�o �\ �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �d�h�g�n�b�]�m�j�Z�p�b�c (�j�b�k. 

3.1.2). �G�h �i�j�b �w�l�h�f �p�_�e�_�k�h�h�[�j�Z�a�g�h �m�q�b�l�u�\�Z�l�v �g�_�i�j�_�j�u�\�g�u�c �i�j�h�p�_�k�k 

�l�j�Z�g�k�n�h�j�f�Z�p�b�b. �< �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b �m�q�_�l �w�l�h�]�h �n�Z�d�l�h�j�Z �f�h�`�g�h �h�[�_�k�i�_�q�b�l�v 

�m�k�j�_�^�g�_�g�b�_�f �a�g�Z�q�_�g�b�c �d�h�w�n�n�b�p�b�_�g�l�Z �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h �k�h�i�j�h�l�b�\�e�_�g�b�y c�$ �\ 

�k�h�h�l�\�_�l�k�l�\�b�b �k �m�q�b�l�u�\�Z�_�f�u�f�b �n�h�j�f�Z�f�b �d�Z�i�_�e�v �\ �i�j�_�^�_�e�Z�o �d�Z�`�^�h�]�h «�p�b�d�e�Z 

�^�_�n�h�j�f�Z�p�b�b». 

5. �J�_�a�m�e�v�l�Z�l�u �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h �^�e�y �h�[�_�k�i�_�q�_�g�b�y 

�i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y �\�h�^�u �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a �i�e�Z�f�y �\�u�k�h�l�h�c 1 �f  

�p�_�e�_�k�h�h�[�j�Z�a�g�h �_�_ �j�Z�k�i�u�e�b�l�v �^�h �^�h�k�l�b�`�_�g�b�y �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v R < 0,175 �f�f . �>�e�y 

�i�e�Z�f�_�g �k �\�u�k�h�l�Z�f�b �[�h�e�_�_ 1 �f  �i�h �j�_�a�m�e�v�l�Z�l�Z�f �w�d�k�i�_�j�b�f�_�g�l�h�\ �f�h�`�g�h 

�j�_�d�h�f�_�g�^�h�\�Z�l�v, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �m�\�_�e�b�q�_�g�b�_ �g�_ �j�Z�a�f�_�j�h�\ Rm, �Z �d�h�g�p�_�g�l�j�Z�p�b�b 

�d�Z�i�_�e�v �\ �i�h�l�h�d�_ �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b �.m. 

6. �M�k�l�Z�g�h�\�e�_�g�h �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �i�j�_�^�u�^�m�s�b�o �d�Z�i�_�e�v �\ �i�h�l�h�d�_ �g�Z 

�b�g�l�_�g�k�b�\�g�h�k�l�v �b�k�i�Z�j�_�g�b�y �i�h�k�e�_�^�m�x�s�b�o. �I�h�d�Z�a�Z�g�h �o�h�j�h�r�_�_ �k�h�h�l�\�_�l�k�l�\�b�_ 

�j�_�a�m�e�v�l�Z�l�h�\ �\�u�i�h�e�g�_�g�g�u�o �h�i�u�l�h�\ �i�h�e�m�q�_�g�g�u�f �j�Z�g�_�_ �j�_�a�m�e�v�l�Z�l�Z�f �q�b�k�e�_�g�g�h�]�h 

�f�h�^�_�e�b�j�h�\�Z�g�b�y �b�k�i�Z�j�_�g�b�y «�l�Z�g�^�_�f�Z» �d�Z�i�_�e�v �\ �h�[�e�Z�k�l�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o 

�]�Z�a�h�\. 

7. �M�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �ûR = f(Rm) �b �ûR = f(Tw) �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �^�e�y 

�h�[�_�k�i�_�q�_�g�b�y �g�_�d�h�l�h�j�h�c �a�Z�^�Z�g�g�h�c �i�h�e�g�h�l�u �b�k�i�Z�j�_�g�b�y �j�Z�k�i�u�e�_�g�g�h�c �`�b�^�d�h�k�l�b 

�f�h�`�g�h �h�l�g�h�k�b�l�_�e�v�g�h �m�f�_�j�_�g�g�h (�ûTw �^�h 50 �D) �i�h�\�u�k�b�l�v �_�_ �g�Z�q�Z�e�v�g�m�x 

�l�_�f�i�_�j�Z�l�m�j�m �[�_�a �k�m�s�_�k�l�\�_�g�g�h�]�h �b�a�f�_�e�v�q�_�g�b�y �d�Z�i�_�e�v. �<�h�a�f�h�`�g�h, �i�h 

�f�Z�l�_�j�b�Z�e�v�g�u�f �a�Z�l�j�Z�l�Z�f �w�l�h�l �i�h�^�o�h�^ �\ �j�y�^�_ �i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c �[�m�^�_�l 

�^�Z�`�_ �[�h�e�_�_ �w�d�h�g�h�f�b�q�_�k�d�b �\�u�]�h�^�_�g �b �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�k�l�h �j�_�Z�e�b�a�m�_�f. �L�Z�d, �i�j�b 

�b�k�i�h�e�v�a�h�\�Z�g�b�b �j�Z�k�i�u�e�_�g�g�h�c �\�h�^�u �\ �i�j�h�p�_�k�k�_ �l�m�r�_�g�b�y �i�h�`�Z�j�h�\ �\ �a�^�Z�g�b�y�o �b 

�k�h�h�j�m�`�_�g�b�y�o �k �p�_�e�v�x �h�[�_�k�i�_�q�_�g�b�y �_�_ �i�h�e�g�h�]�h �b�k�i�Z�j�_�g�b�y �\ �i�e�Z�f�_�g�g�h�c �a�h�g�_ 

�]�h�j�_�g�b�y �b �e�b�d�\�b�^�Z�p�b�b �h�q�Z�]�Z �\�h�a�]�h�j�Z�g�b�y (�w�n�n�_�d�l�b�\�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y 

�`�b�^�d�h�k�l�b) �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �p�_�e�_�k�h�h�[�j�Z�a�g�u�f, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �i�h�\�u�r�Z�l�v 

�g�Z�q�Z�e�v�g�m�x �l�_�f�i�_�j�Z�l�m�j�m Tw �\ �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�f �^�b�Z�i�Z�a�h�g�_ (�\�f�_�k�l�h 
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�k�h�a�^�Z�g�b�y �j�Z�k�i�u�e�b�l�_�e�_�c �k �j�Z�a�f�_�j�Z�f�b �d�Z�i�_�e�v �^�h �g�_�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ 

�f�b�d�j�h�f�_�l�j�h�\). 

8. �I�h�d�Z�a�Z�g�h, �q�l�h �\�h�^�Z �k �i�j�b�f�_�k�y�f�b NaCl �k�m�s�_�k�l�\�_�g�g�h �f�_�^�e�_�g�g�_�_ �b�k�i�Z�j�y�_�l�k�y �i�h 

�k�j�Z�\�g�_�g�b�x �k �i�j�_�k�g�h�c �\�h�^�h�c. �W�l�h�l �j�_�a�m�e�v�l�Z�l �o�h�j�h�r�h �k�h�]�e�Z�k�m�_�l�k�y �k �j�Z�g�_�_ 

�\�u�i�h�e�g�_�g�g�u�f�b �l�_�h�j�_�l�b�q�_�k�d�b�f�b �b�k�k�e�_�^�h�\�Z�g�b�y�f�b. �H�^�g�Z�d�h �l�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�h, 

�q�l�h �i�j�b �a�g�Z�q�_�g�b�y�o Rm �f�_�g�_�_ 0,15 �f�f  �b�g�l�_�g�k�b�\�g�h�k�l�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �j�Z�[�h�q�b�o �`�b�^�d�h�k�l�_�c (�k NaCl �b �[�_�a �i�j�b�f�_�k�_�c �k�h�e�_�c) 

�k�h�i�h�k�l�Z�\�b�f�u. �W�l�h�l �j�_�a�m�e�v�l�Z�l �b�e�e�x�k�l�j�b�j�m�_�l �\�h�a�f�h�`�g�h�k�l�v �h�[�h�[�s�_�g�b�y 

�j�_�a�m�e�v�l�Z�l�h�\ �q�b�k�e�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c, �\�u�i�h�e�g�_�g�g�u�o �k �i�j�_�k�g�h�c �\�h�^�h�c, �i�j�b 

�j�Z�a�j�Z�[�h�l�d�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �j�_�d�h�f�_�g�^�Z�p�b�c �l�m�r�_�g�b�y �e�_�k�g�u�o �i�h�`�Z�j�h�\ �\�h�^�h�c �k 

�h�i�j�_�^�_�e�_�g�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �k�h�e�_�c. 

9. �< �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�\ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �g�Z�e�b�q�b�_ �l�b�i�b�q�g�u�o 

�l�\�_�j�^�u�o �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o �\�d�e�x�q�_�g�b�c �\ �h�l�g�h�k�b�l�_�e�v�g�h �d�j�m�i�g�u�o (Rd = 1–5 �f�f ) 

�d�Z�i�e�y�o �`�b�^�d�h�k�l�b �h�d�Z�a�u�\�Z�_�l �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k �b�k�i�Z�j�_�g�b�y 

�i�h�k�e�_�^�g�b�o �i�j�b �i�j�h�o�h�`�^�_�g�b�b �a�h�g�u �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y. 

�M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �j�h�k�l �f�Z�k�k�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b, �Z �l�Z�d�`�_ �j�Z�a�f�_�j�h�\ �l�\�_�j�^�u�o 

�\�d�e�x�q�_�g�b�c �\ �d�Z�i�e�_ �\�h�^�u �k�m�s�_�k�l�\�_�g�g�h (�\ �g�_�k�d�h�e�v�d�h �j�Z�a) �b�g�l�_�g�k�b�n�b�p�b�j�m�x�l 

�i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�_ �b �m�[�u�e�v �f�Z�k�k�u �`�b�^�d�h�k�l�b. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u 

�i�h�d�Z�a�u�\�Z�x�l, �q�l�h �^�e�y �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �\�h�^�u �\ �a�h�g�_ 

�i�e�Z�f�_�g�b �i�h�f�b�f�h �b�a�f�_�e�v�q�_�g�b�y �d�Z�i�_�e�v �p�_�e�_�k�h�h�[�j�Z�a�g�h �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ 

�\�\�_�^�_�g�b�_ �l�\�_�j�^�u�o �\�d�e�x�q�_�g�b�c �\ �k�h�k�l�Z�\ �l�m�r�Z�s�_�c �`�b�^�d�h�k�l�b. 

10. �M�k�l�Z�g�h�\�e�_�g�h �h�i�j�_�^�_�e�y�x�s�_�_ �\�e�b�y�g�b�_ �k�d�h�j�h�k�l�_�c �^�\�b�`�_�g�b�y �i�j�h�^�m�d�l�h�\ �k�]�h�j�Z�g�b�y 

�b  �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ �h�l�^�_�e�v�g�u�o �d�Z�i�_�e�v �`�b�^�d�h�k�l�b �g�Z �m�g�h�k �i�h�k�e�_�^�g�b�o 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�f�b �]�Z�a�Z�f�b. �I�h�d�Z�a�Z�g�h, �q�l�h �^�e�y �h�[�_�k�i�_�q�_�g�b�y �\�o�h�`�^�_�g�b�y 

�d�Z�i�_�e�v �\ �h�[�e�Z�k�l�v �i�e�Z�f�_�g�b �j�Z�[�h�q�m�x �`�b�^�d�h�k�l�v �g�_�h�[�o�h�^�b�f�h �j�Z�k�i�u�e�b�l�v �^�h 

�^�h�k�l�b�`�_�g�b�y �o�Z�j�Z�d�l�_�j�g�u�o �j�Z�a�f�_�j�h�\ �d�Z�i�_�e�v �g�_ �f�_�g�_�_ Rm  = 0,160 �f�f . 

�M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�_�^�_�e �k�d�h�j�h�k�l�b �]�Z�a�h�\�h�]�h �i�h�l�h�d�Z ug �i�j�b �d�h�l�h�j�h�f 

�g�Z�[�e�x�^�Z�_�l�k�y �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�u�c �j�Z�a�\�h�j�h�l �b �i�h�k�e�_�^�m�x�s�b�c �m�g�h�k �d�Z�i�_�e�v�g�h�]�h 
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�i�h�l�h�d�Z �k �o�Z�j�Z�d�l�_�j�g�u�f�b �j�Z�a�f�_�j�Z�f�b �h�l�^�_�e�v�g�u�o �d�Z�i�_�e�v 0,09�”Rm�”0,35 �f�f  

�k�h�k�l�Z�\�e�y�_�l �h�l 1,5 �f /�k �^�h 2 �f /�k. 

11.  �L�_�h�j�_�l�b�q�_�k�d�b�c �Z�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ �\�u�i�h�e�g�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�a�\�h�e�y�_�l 

�k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h «�^�b�n�n�m�a�b�h�g�g�u�_» �f�h�^�_�e�b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �\ 

�k�b�k�l�_�f�_ «�d�Z�i�e�y �`�b�^�d�h�k�l�b – �]�Z�a�h�\�Z�y �k�j�_�^�Z» �o�h�j�h�r�h �k�h�h�l�\�_�l�k�l�\�m�x�l �j�_�a�m�e�v�l�Z�l�Z�f 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �e�b�r�v �\ �h�]�j�Z�g�b�q�_�g�g�u�o �^�b�Z�i�Z�a�h�g�Z�o 

�l�_�f�i�_�j�Z�l�m�j. �W�l�h �h�[�m�k�e�h�\�e�_�g�h �j�Z�a�g�u�f�b �j�_�`�b�f�Z�f�b �b�k�i�Z�j�_�g�b�y �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h 

�m�f�_�j�_�g�g�u�o (�m�k�e�h�\�g�h �^�h 500 �D) �b �\�u�k�h�d�b�o (�[�h�e�_�_ 500 �D) �l�_�f�i�_�j�Z�l�m�j�Z�o. �< 

�q�Z�k�l�g�h�k�l�b, �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u, 

�i�h�e�m�q�_�g�g�u�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�h�^�o�h�^�Z, �i�j�_�^�i�h�e�Z�]�Z�x�s�_�]�h �j�_�Z�e�b�a�Z�p�b�x 

«�^�b�n�n�m�a�b�h�g�g�h�]�h» �j�_�`�b�f�Z �i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y, �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y �h�l 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �i�j�b �\�u�k�h�d�b�o (�h�d�h�e�h 1000 �D) �l�_�f�i�_�j�Z�l�m�j�Z�o. �I�j�b 

�l�Z�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v «�d�b�g�_�l�b�q�_�k�d�b�_» �f�h�^�_�e�b 

�b�k�i�Z�j�_�g�b�y. �I�j�b �w�l�h�f �g�_�h�[�o�h�^�b�f�h �m�q�b�l�u�\�Z�l�v �d�h�g�^�m�d�l�b�\�g�u�c �b �j�Z�^�b�Z�p�b�h�g�g�u�c 

�l�_�i�e�h�i�_�j�_�g�h�k �\ �d�Z�i�e�_, �Z �l�Z�d�`�_ �k�e�h�`�g�u�c �l�_�i�e�h�h�[�f�_�g �g�Z �]�j�Z�g�b�p�_ «�`�b�^�d�h�k�l�v – 

�]�Z�a». 

12. �J�Z�a�j�Z�[�h�l�Z�g�g�u�_ �j�_�d�h�f�_�g�^�Z�p�b�b �i�j�Z�d�l�b�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �i�h�e�m�q�_�g�g�u�o 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �i�h�a�\�h�e�y�x�l �h�[�h�k�g�h�\�Z�l�v �\�u�[�h�j �h�k�g�h�\�g�u�o 

(�g�Z�q�Z�e�v�g�u�_ �j�Z�a�f�_�j�u �d�Z�i�_�e�v �\ �i�h�l�h�d�_, �b�o �l�_�f�i�_�j�Z�l�m�j�Z, �k�d�h�j�h�k�l�v �^�\�b�`�_�g�b�y �b 

�d�h�f�i�h�g�_�g�l�g�u�c �k�h�k�l�Z�\) �i�Z�j�Z�f�_�l�j�h�\ �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y 

(�j�Z�k�i�u�e�b�l�_�e�v�g�u�o �k�b�k�l�_�f, �g�Z�]�j�_�\�Z�l�_�e�_�c, �\�_�g�l�b�e�y�l�h�j�h�\, �d�h�g�^�b�p�b�h�g�_�j�h�\ �b 

�^�j�m�]�b�o �[�e�h�d�h�\) �^�e�y �j�_�Z�e�b�a�Z�p�b�b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �b�k�i�Z�j�b�l�_�e�v�g�h�c �h�q�b�k�l�d�b 

�\�h�^�u, �h�o�e�Z�`�^�_�g�b�y �p�b�j�d�m�e�y�p�b�h�g�g�h�c �\�h�^�u �\ �]�j�Z�^�b�j�g�y�o �L�W�K, �l�_�o�g�h�e�h�]�b�c 

�j�Z�a�f�h�j�Z�`�b�\�Z�g�b�y �k�u�i�m�q�b�o �k�j�_�^ �]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�f�b �i�h�l�h�d�Z�f�b, �h�q�b�k�l�d�b 

�i�h�\�_�j�o�g�h�k�l�_�c �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�f�b �k�f�_�k�y�f�b, �l�_�o�g�h�e�h�]�b�b �k�h�a�^�Z�g�b�y 

�l�_�i�e�h�g�h�k�b�l�_�e�b �g�Z �[�Z�a�_ �m�o�h�^�y�s�b�o �^�u�f�h�\�u�o �]�Z�a�h�\ �b �i�Z�j�h�d�Z�i�_�e�v�g�u�o �i�h�l�h�d�h�\, �Z 

�l�Z�d�`�_ �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �i�Z�j�h�\�h�^�y�g�h�]�h �i�h�`�Z�j�h�l�m�r�_�g�b�y. 
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�A�:�D�E�X�Q�?�G�B�? 

1. �J�Z�a�j�Z�[�h�l�Z�g �g�h�\�u�c �i�h�^�o�h�^ �d �Z�g�Z�e�b�a�m �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�o �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c 

�n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �b �^�_�n�h�j�f�Z�p�b�b �d�Z�i�_�e�v �\�h�^�u �b �_�_ �j�Z�k�l�\�h�j�h�\, 

�^�\�b�`�m�s�b�o�k�y �\ �]�Z�a�h�\�u�o �b �i�Z�j�h�\�u�o �k�j�_�^�Z�o �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h 

�h�[�h�j�m�^�h�\�Z�g�b�y (�i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o), �h�l�e�b�q�Z�x�s�b�c�k�y �h�l �b�a�\�_�k�l�g�u�o 

�i�j�b�f�_�g�_�g�b�_�f �i�Z�g�h�j�Z�f�g�u�o �h�i�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\ «�l�j�Z�k�k�_�j�g�h�c» �\�b�a�m�Z�e�b�a�Z�p�b�b, 

�d�j�h�k�k�d�h�j�j�_�e�y�p�b�h�g�g�u�o �\�b�^�_�h�d�h�f�i�e�_�d�k�h�\, �Z �l�Z�d�`�_ �b�f�i�m�e�v�k�g�u�o �l�\�_�j�^�h�l�_�e�v�g�u�o 

�e�Z�a�_�j�h�\. 

2. �I�j�h�\�_�^�_�g�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ �^�_�n�h�j�f�Z�p�b�b �b 

�n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �d�Z�i�_�e�v �\�h�^�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �g�h�\�h�]�h 

�i�h�^�o�h�^�Z �^�e�y �l�b�i�b�q�g�u�o (�l�_�f�i�_�j�Z�l�m�j�u �]�Z�a�h�\ �h�l 275 �D �^�h 1100 �D, �\�h�^�u – �h�l 280 

�D �^�h 360 �D) �m�k�e�h�\�b�c �w�d�k�i�e�m�Z�l�Z�p�b�b �l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�\ 

�q�Z�k�l�g�h�k�l�b, �]�j�Z�^�b�j�_�g �b �k�b�k�l�_�f �\�h�^�h�i�h�^�]�h�l�h�\�d�b �L�W�K). 

3. �M�k�l�Z�g�h�\�e�_�g�u �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �b �h�k�g�h�\�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�^�_�n�h�j�f�Z�p�b�b �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �h�^�g�h�j�h�^�g�u�o �b �g�_�h�^�g�h�j�h�^�g�u�o (�k 

�i�j�b�f�_�k�y�f�b �b �l�\�_�j�^�u�f�b �\�d�e�x�q�_�g�b�y�f�b) �d�Z�i�_�e�v �\�h�^�u �i�j�b �j�Z�a�e�b�q�g�u�o 

�l�_�f�i�_�j�Z�l�m�j�Z�o (�h�l 275 �D �^�h 1100 �D) �]�Z�a�h�\, �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y 

�l�_�i�e�h�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y. 

4. �H�i�j�_�^�_�e�_�g�h �\�e�b�y�g�b�_ �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �]�Z�a�h�\ (�l�_�f�i�_�j�Z�l�m�j�Z, �k�d�h�j�h�k�l�v 

�^�\�b�`�_�g�b�y) �b �d�Z�i�_�e�v �\�h�^�u (�j�Z�a�f�_�j�u, �k�d�h�j�h�k�l�v �^�\�b�`�_�g�b�y, �l�_�f�i�_�j�Z�l�m�j�Z, 

�^�b�k�i�_�j�k�g�h�k�l�v �\ �i�h�l�h�d�_, �k�h�k�l�Z�\) �g�Z �b�g�l�_�g�k�b�\�g�h�k�l�v �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �b �b�o 

�^�_�n�h�j�f�Z�p�b�b. 

5. �<�u�^�_�e�_�g�u �^�\�Z �o�Z�j�Z�d�l�_�j�g�u�o �j�_�`�b�f�Z �b �h�i�j�_�^�_�e�_�g�u �k�d�h�j�h�k�l�b �n�Z�a�h�\�u�o 

�i�j�_�\�j�Z�s�_�g�b�c, �Z �l�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�u �q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z 

�b�k�i�Z�j�_�g�b�y �d�Z�i�_�e�v �\�h�^�u �\ �m�k�e�h�\�b�y�o �b�g�l�_�g�k�b�\�g�h�]�h �g�Z�]�j�_�\�Z. 

6. �I�h�d�Z�a�Z�g�u �k�m�s�_�k�l�\�_�g�g�u�_ �h�l�e�b�q�b�y �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �h�^�b�g�h�q�g�u�o �d�Z�i�_�e�v �b 

�d�Z�i�_�e�v�g�u�o �\�h�^�y�g�u�o �i�h�l�h�d�h�\ (�h�k�h�[�_�g�g�h �i�h�e�b�^�b�k�i�_�j�k�g�u�o) �i�j�b �^�\�b�`�_�g�b�b �q�_�j�_�a 

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_ �]�Z�a�u. 
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7. �M�k�l�Z�g�h�\�e�_�g�u �^�\�Z �j�_�`�b�f�Z �d�h�Z�]�m�e�y�p�b�b �d�Z�i�_�e�v �\�h�^�y�g�h�]�h �i�h�l�h�d�Z �i�j�b �^�\�b�`�_�g�b�b 

�\ �]�Z�a�h�\�h�c �k�j�_�^�_ �\ �m�k�e�h�\�b�y�o �b�g�l�_�g�k�b�\�g�u�o �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c. 

8. �H�i�j�_�^�_�e�_�g�u �o�Z�j�Z�d�l�_�j�g�u�_ �n�h�j�f�u �b �\�j�_�f�_�g�Z �k�m�s�_�k�l�\�h�\�Z�g�b�y (�g�_ �[�h�e�_�_ 15 % �h�l 

�\�j�_�f�_�g�b �^�\�b�`�_�g�b�y) �d�Z�i�_�e�v �\�h�^�u �\ �w�l�b�o �n�h�j�f�Z�o �\ �i�j�h�p�_�k�k�_ �i�_�j�_�f�_�s�_�g�b�y 

�q�_�j�_�a �]�Z�a�h�\�u�_ �k�j�_�^�u �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �i�h�k�e�_�^�g�b�o. �M�k�l�Z�g�h�\�e�_�g�u 

�^�\�Z �j�_�`�b�f�Z �i�_�j�_�o�h�^�h�\ �h�l �h�^�g�h�c �n�h�j�f�u �d�Z�i�_�e�v �d �^�j�m�]�h�c. 

9. �K�n�h�j�f�m�e�b�j�h�\�Z�g�u �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�u�_ �\�u�j�Z�`�_�g�b�y �^�e�y �a�Z�\�b�k�b�f�h�k�l�_�c 

�b�g�l�_�]�j�Z�e�v�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �^�_�n�h�j�f�Z�p�b�b �b �n�Z�a�h�\�u�o �i�j�_�\�j�Z�s�_�g�b�c �h�l 

�b�k�k�e�_�^�h�\�Z�g�g�u�o �i�j�h�p�_�k�k�h�\ �b �n�Z�d�l�h�j�h�\. 

10. �J�Z�a�j�Z�[�h�l�Z�g�u �j�_�d�h�f�_�g�^�Z�p�b�b �^�e�y �k�h�a�^�Z�g�b�y �g�h�\�u�o, �Z �l�Z�d�`�_ �f�h�^�_�j�g�b�a�Z�p�b�b 

�k�m�s�_�k�l�\�m�x�s�b�o �k�j�_�^�k�l�\ �b �k�b�k�l�_�f �i�h�^�Z�q�b �b �h�o�e�Z�`�^�_�g�b�y �\�h�^�u �\ �j�Z�[�h�q�_�c 

�h�[�e�Z�k�l�b �]�j�Z�^�b�j�_�g �L�W�K, �l�_�o�g�h�e�h�]�b�c �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �h�q�b�k�l�d�b �\�h�^�u �g�Z 

�h�[�t�_�d�l�Z�o �w�g�_�j�]�_�l�b�d�b (�\ �q�Z�k�l�g�h�k�l�b, �L�W�K), �j�Z�a�f�h�j�Z�`�b�\�Z�g�b�y �k�u�i�m�q�b�o �k�j�_�^ 

�]�Z�a�h�i�Z�j�h�`�b�^�d�h�k�l�g�u�f�b �i�h�l�h�d�Z�f�b, �h�q�b�k�l�d�b �i�h�\�_�j�o�g�h�k�l�_�c �j�Z�a�e�b�q�g�u�o 

�d�h�g�k�l�j�m�d�p�b�c �]�Z�a�h�i�Z�j�h�d�Z�i�_�e�v�g�u�f�b �k�f�_�k�y�f�b, �i�h�e�b�^�b�k�i�_�j�k�g�h�]�h �i�Z�j�h�\�h�^�y�g�h�]�h 

�i�h�`�Z�j�h�l�m�r�_�g�b�y. 
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