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�H�[�s�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �j�Z�[�h�l�u

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

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

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

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�_�^�e�Z�]�Z�_�l�k�y �f�_�l�h�^ �n�h�j�f�b�j�h�\�Z�g�b�y �f�_�e�d�h�a�_�j�g�b�k�l�h�c �k�l�j�m�d�l�m�j�u �i�j�b
�l�_�j�f�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�d�Z�o �\ �h�[�e�Z�k�l�b �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j (�K�D�L) (�\ �m�a�d�h�f
�l�_�f�i�_�j�Z�l�m�j�g�h�f �b�g�l�_�j�\�Z�e�_ Ac1 - (5 ÷ 10) º�K) �k �p�_�e�v�x �i�h�\�u�r�_�g�b�y �d�Z�q�_�k�l�\�Z �k�l�Z�e�_�c �b
�j�Z�k�r�b�j�_�g�b�y �h�[�e�Z�k�l�b �b�o �i�j�b�f�_�g�_�g�b�y.

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

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

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

�i�h�k�e�_ �n�Z�a�h�\�h�]�h �b �f�_�o�Z�g�b�q�_�k�d�h�]�h �g�Z�d�e�z�i�Z �\ �h�[�e�Z�k�l�b �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j
�:�k1 - (5 ÷ 10) º�K;

2. �B�k�k�e�_�^�h�\�Z�g�b�_ �\�e�b�y�g�b�y �h�k�h�[�_�g�g�h�k�l�_�c �^�b�n�n�m�a�b�h�g�g�u�o �i�j�h�p�_�k�k�h�\ �i�j�b �\�u�^�_�j�`�d�_ �\
�b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K �g�Z �\�h�a�f�h�`�g�h�k�l�v
�i�h�\�u�r�_�g�b�y �]�e�m�[�b�g�u �^�b�n�n�m�a�b�h�g�g�h�]�h �k�e�h�y �i�j�b �o�b�f�b�d�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �\
�m�k�e�h�\�b�y�o �[�h�j�b�j�h�\�Z�g�b�y;

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

4. �B�a�m�q�_�g�b�_ �\�e�b�y�g�b�y �n�h�j�f�b�j�h�\�Z�g�b�y �m�k�l�h�c�q�b�\�h�c �a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j�u �\
�^�_�n�h�j�f�b�j�h�\�Z�g�g�u�o �b �e�b�l�u�o �k�l�Z�e�y�o �\ �h�[�e�Z�k�l�b �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j
�:�k1 - (5 ÷ 10) º�K �^�e�y �m�k�l�j�Z�g�_�g�b�y �y�\�e�_�g�b�y �w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c
�o�j�m�i�d�h�k�l�b �b �^�_�n�_�d�l�h�\ �e�b�l�h�c �k�l�j�m�d�l�m�j�u, �Z �l�Z�d�`�_ �k�g�b�`�_�g�b�y �i�h�j�h�]�Z
�o�e�Z�^�g�h�e�h�f�d�h�k�l�b �\ �k�l�Z�e�y�o.

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

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

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

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

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

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

�^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�u �i�j�_�^�i�j�b�y�l�b�y�f�b �H�:�H «�J�`�_�\�k�d�b�c �d�j�Z�g�h�k�l�j�h�b�l�_�e�v�g�u�c �a�Z�\�h�^» �b
�H�:�H «�K�_�\�_�j�k�l�Z�e�v». �J�Z�a�j�Z�[�h�l�Z�g�g�u�_ �j�_�`�b�f�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �L�H �b �L�F�H �\�g�_�^�j�_�g�u �g�Z
�f�Z�e�h�f �b�g�g�h�\�Z�p�b�h�g�g�h�f �i�j�_�^�i�j�b�y�l�b�b �H�H�H «�P�K�D�F», �k�h�a�^�Z�g�g�h�f �g�Z �[�Z�a�_ �G�B�L�M «�F�B�K�b�K».

�G�Z �a�Z�s�b�l�m �\�u�g�h�k�y�l�k�y:
– �m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �n�h�j�f�b�j�h�\�Z�g�b�y �m�k�l�h�c�q�b�\�h�c �k�m�[�a�_�j�_�g�g�h�c

�k�l�j�m�d�l�m�j�u �i�j�b �\�u�^�_�j�`�d�_ �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K �\
�m�]�e�_�j�h�^�b�k�l�u�o �b �j�Z�a�e�b�q�g�h�c �k�l�_�i�_�g�b �e�_�]�b�j�h�\�Z�g�b�y �k�l�Z�e�_�c, �Z �l�Z�d�`�_ �\ �k�l�Z�e�y�o �\ �e�b�l�h�f
�k�h�k�l�h�y�g�b�b;

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

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

– �j�_�a�m�e�v�l�Z�l�u �b�k�i�u�l�Z�g�b�c �i�h �\�e�b�y�g�b�x �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K �g�Z �m�k�l�j�Z�g�_�g�b�_ �w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b;

– �j�_�a�m�e�v�l�Z�l�u �b�k�i�u�l�Z�g�b�c �\�e�b�y�g�b�y �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K �g�Z �b�g�l�_�g�k�b�n�b�d�Z�p�b�x �^�b�n�n�m�a�b�h�g�g�u�o �i�j�h�p�_�k�k�h�\ �i�j�b �o�b�f�b�d�h-
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �g�Z �i�j�b�f�_�j�_ �[�h�j�b�j�h�\�Z�g�b�y;

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

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

�:�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 �j�Z�[�h�l�u �[�u�e�b �^�h�e�h�`�_�g�u �b �h�[�k�m�`�^�_�g�u �g�Z �k�e�_�^�m�x�s�b�o �g�Z�m�q�g�u�o

�d�h�g�n�_�j�_�g�p�b�y�o:
1. 20th International Symposium on Metastable, Amorphous and Nanostructured 

Materials (ISMANAM 2013), 30.06.2013-05.07.2013, Torino, Italia; 
2. �G�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y �d�h�g�n�_�j�_�g�p�b�y �g�Z �[�Z�a�_ �H�:�H �G�I�H «�I�j�b�[�h�j», 26 �f�Z�j�l�Z, 2013, 

�F�h�k�d�\�Z;
3. 19-th International Symposium on Metastable, Amorphous and Nanostructured 

Materials (ISMANAM-2012), 18-22 June, 2012, Moscow; 
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4. VI- �y �?�\�j�Z�a�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 «�I�j�h�q�g�h�k�l�v
�g�_�h�^�g�h�j�h�^�g�u�o �k�l�j�m�d�l�m�j (�I�J�H�K�L-2012), 17-19 �Z�i�j�_�e�y, 2012, �]. �F�h�k�d�\�Z;

5. The IV France-Russia Conference “New Achievements in Materials and 
Environmental Sciences” (Names’10), 26-29 October, 2010, Nancy, France; 

6. �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�b «�M�e�v�l�j�Z�f�_�e�d�h�a�_�j�g�b�k�l�u�_ �b
�g�Z�g�h�k�l�j�m�d�l�m�j�g�u�_ �f�Z�l�_�j�b�Z�e�u (�M�F�A�G�F-2010), 11-15 �h�d�l�y�[�j�y, 2010, �]. �M�n�Z;

7. �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�b «�G�Z�g�h�l�_�o�g�h�e�h�]�b�b
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o �k�b�k�l�_�f (�G�N�F -2010)», 20-24 �k�_�g�l�y�[�j�y, 2010, �]. �K�Z�g�d�l-
�I�_�l�_�j�[�m�j�];

8. V-�h�c �?�\�j�Z�a�b�c�k�d�h�c �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c �d�h�g�n�_�j�_�g�p�b�y «�I�j�h�q�g�h�k�l�v
�g�_�h�^�g�h�j�h�^�g�u�o �k�l�j�m�d�l�m�j (�I�J�H�K�L-2010), 20-22 �Z�i�j�_�e�y, 2010, �]. �F�h�k�d�\�Z;

9. V-�Z�y �X�[�b�e�_�c�g�Z�y �D�h�g�n�_�j�_�g�p�b�y �f�h�e�h�^�u�o �k�i�_�p�b�Z�e�b�k�l�h�\ «�F�_�l�Z�e�e�m�j�]�b�y XXI 
�\�_�d�Z», 10-13 �n�_�\�j�Z�e�y, 2009, �]. �A�\�_�g�b�]�h�j�h�^.

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �j�Z�[�h�l�u �i�h�^�Z�g�u �a�Z�y�\�d�b �g�Z �i�Z�l�_�g�l�u �J�N:
1. �‹  2013144255 «�K�i�h�k�h�[ �i�j�_�p�b�a�b�h�g�g�h�c �h�[�j�Z�[�h�l�d�b �w�d�h�g�h�f�g�h�e�_�]�b�j�h�\�Z�g�g�u�o

�k�l�Z�e�_�c» �h�l 02.10.2013; 
2. �‹  2013144256 «�K�i�h�k�h�[ �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �w�d�h�g�h�f�g�h�e�_�]�b�j�h�\�Z�g�g�u�o

�k�l�Z�e�_�c» �h�l 02.10.2013. 
�J�_�a�m�e�v�l�Z�l�u �j�Z�[�h�l�u �j�_�Z�e�b�a�h�\�Z�g�u �\ �m�q�_�[�g�h�f �d�m�j�k�_ «�L�_�j�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z

�f�_�l�Z�e�e�h�\» �b �e�Z�[�h�j�Z�l�h�j�g�u�o �i�h�k�h�[�b�y�o, �\�u�i�m�s�_�g�g�u�o �b�a�^�Z�l�_�e�v�k�d�b�f �^�h�f�h�f �G�B�L�M «�F�B�K�b�K».
�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �\�u�i�h�e�g�_�g�u �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o

�i�j�h�_�d�l�h�\:
1. �=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �d�h�g�l�j�Z�d�l �‹ �I1560 �h�l 09 �k�_�g�l�y�[�j�y 2009 �]. «�N�h�j�f�b�j�h�\�Z�g�b�_

�g�Z�g�h�j�Z�a�f�_�j�g�u�o �k�l�j�m�d�l�m�j �\ �m�]�e�_�j�h�^�b�k�l�u�o �b �e�_�]�b�j�h�\�Z�g�g�u�o �k�l�Z�e�y�o �i�m�l�_�f
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �\ �h�[�e�Z�k�l�b �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j» �\ �j�Z�f�d�Z�o �N�P�I
«�G�Z�m�q�g�u�_ �b �g�Z�m�q�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�b�_ �d�Z�^�j�u �b�g�g�h�\�Z�p�b�h�g�g�h�c �J�h�k�k�b�b �g�Z 2009-2013 
�]�h�^�u»;

2. �=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �d�h�g�l�j�Z�d�l �‹ 14.740.11.0536 �h�l 01 �h�d�l�y�[�j�y 2010 �]. «�J�Z�a�j�Z�[�h�l�d�Z
�k�o�_�f �l�_�j�f�b�q�_�k�d�h�c �b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �w�d�h�g�h�f�g�h�e�_�]�b�j�h�\�Z�g�g�u�o
�k�l�Z�e�_�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �w�n�n�_�d�l�Z �k�l�j�m�d�l�m�j�g�h�]�h �g�Z�k�e�_�^�h�\�Z�g�b�y �^�e�y
�n�h�j�f�b�j�h�\�Z�g�b�y �f�_�e�d�h�a�_�j�g�b�k�l�h�c �k�l�j�m�d�l�m�j�u �b �i�h�\�u�r�_�g�b�y �d�h�f�i�e�_�d�k�Z
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k�l�Z�e�b» �\ �j�Z�f�d�Z�o �N�P�I «�G�Z�m�q�g�u�_ �b
�g�Z�m�q�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�b�_ �d�Z�^�j�u �b�g�g�h�\�Z�p�b�h�g�g�h�c �J�h�k�k�b�b �g�Z 2009-2013 �]�h�^�u»;

3. �D�h�g�l�j�Z�d�l �‹9480�j/15298 �h�l 01 �b�x�e�y 2011 �]. «�J�Z�a�j�Z�[�h�l�d�Z �b �b�k�k�e�_�^�h�\�Z�g�b�_
�h�i�l�b�f�Z�e�v�g�h�c �l�_�o�g�h�e�h�]�b�b �h�[�j�Z�[�h�l�d�b �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �k�l�Z�e�_�c�^�e�y �i�h�\�u�r�_�g�b�y
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�_�l�b�a�g�u�o �b�a�^�_�e�b�c»;

4. �D�h�f�i�e�_�d�k�g�u�c �i�j�h�_�d�l �i�h �k�h�a�^�Z�g�b�x �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z
«�K�h�a�^�Z�g�b�_ �b �h�k�\�h�_�g�b�_ �k�_�j�b�c�g�h�]�h �\�u�i�m�k�d�Z �d�h�f�i�e�_�d�k�Z �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y
�k�l�u�d�h�\�h�c �d�h�g�l�Z�d�l�g�h�c �k�\�Z�j�d�b �b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c
�o�e�Z�^�h�k�l�h�c�d�b�o �l�j�m�[ �i�j�b �k�l�j�h�b�l�_�e�v�k�l�\�_ �f�h�j�k�d�b�o �l�j�m�[�h�i�j�h�\�h�^�h�\, �\ �l�h�f �q�b�k�e�_ �\
�:�j�d�l�b�q�_�k�d�h�c �a�h�g�_» �r�b�n�j 2012-218-03-256, �j�_�Z�e�b�a�m�_�f�u�c �\ �k�h�h�l�\�_�l�k�l�\�b�b �k
�I�h�k�l�Z�g�h�\�e�_�g�b�_�f �I�j�Z�\�b�l�_�e�v�k�l�\�Z �J�N �‹ 218. 

�I�h�e�m�q�_�g�u �k�e�_�^�m�x�s�b�_ �g�Z�]�j�Z�^�u:
1. �E�Z�m�j�_�Z�l�Z �d�h�g�d�m�j�k�Z «�F�h�e�h�^�u�_ �m�q�_�g�u�_» �f�_�`�^�m�g�Z�j�h�^�g�h�c �i�j�h�f�u�r�e�_�g�g�h�c

�\�u�k�l�Z�\�d�b «�F�_�l�Z�e�e-�W�d�k�i�h – 2012»;
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2. �>�b�i�e�h�f �a�Z �e�m�q�r�b�c �^�h�d�e�Z�^ �k�j�_�^�b �f�h�e�h�^�u�o �m�q�_�g�u�o �g�Z VI-�h�c �?�\�j�Z�a�b�c�k�d�h�c
�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�b «�I�j�h�q�g�h�k�l�v �g�_�h�^�g�h�j�h�^�g�u�o �k�l�j�m�d�l�m�j.
�I�J�H�K�L», 2012, �F�h�k�d�\�Z;

3. �E�Z�m�j�_�Z�l �d�h�g�d�m�j�k�Z �N�K�J �F�N�I �G�L�K «�M�F�G�B�D �g�Z �K�L�:�J�L – 2010»; 
4. �E�Z�m�j�_�Z�l �d�h�g�d�m�j�k�Z �N�K�J �F�N�I �G�L�K «�M�F�G�B�D – 2009». 

�H�k�g�h�\�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �h�i�m�[�e�b�d�h�\�Z�g�h �\ 20 �i�_�q�Z�l�g�u�o �j�Z�[�h�l�Z�o, �\ �l�h�f �q�b�k�e�_ �\ 3 
�b�a�^�Z�g�b�y�o, �j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o �<�:�D. �;�h�e�v�r�Z�y �q�Z�k�l�v �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
�j�Z�k�q�_�l�h�\ �i�j�h�\�_�^�_�g�Z �Z�\�l�h�j�h�f �k�Z�f�h�k�l�h�y�l�_�e�v�g�h.

�K�l�j�m�d�l�m�j�Z �b �h�[�t�z�f �j�Z�[�h�l�u:
�>�b�k�k�_�j�l�Z�p�b�y �b�a�e�h�`�_�g�Z �g�Z 134 �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�k�l�h�b�l �b�a

�\�\�_�^�_�g�b�y, 3 �]�e�Z�\, 7 �\�u�\�h�^�h�\. �<�d�e�x�q�Z�_�l 52 �j�b�k�m�g�d�Z, 14 �l�Z�[�e�b�p, �[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�c �k�i�b�k�h�d
�b�a 101 �g�Z�b�f�_�g�h�\�Z�g�b�c.

�H�k�g�h�\�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �j�Z�[�h�l�u
�=�e�Z�\�Z 1. �:�g�Z�e�b�l�b�q�_�k�d�b�c �h�[�a�h�j
�< �Z�g�Z�e�b�l�b�q�_�k�d�h�f �h�[�a�h�j�_ �j�Z�k�k�f�h�l�j�_�g�u �k�l�Z�e�b �j�Z�a�e�b�q�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y:

�d�h�g�k�l�j�m�d�p�b�h�g�g�u�_, �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�_, �w�d�h�g�h�f�g�h- �b �k�e�h�`�g�h�e�_�]�b�j�h�\�Z�g�g�u�_. �J�Z�k�k�f�h�l�j�_�g�u
�i�j�h�p�_�k�k�u �\ �b�g�l�_�j�\�Z�e�_ �i�j�_�^�i�j�_�\�j�Z�s�_�g�b�y �:�k1 - (5 ÷ 10) º�K, �w�n�n�_�d�l�u �k�l�j�m�d�l�m�j�g�h�c
�g�Z�k�e�_�^�k�l�\�_�g�g�h�k�l�b �b �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b, �f�_�o�Z�g�b�a�f�u �j�_�]�m�e�b�j�h�\�Z�g�b�y �a�_�j�_�g�g�h�c
�b �k�m�[�a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j �j�Z�a�e�b�q�g�u�f�b �f�_�l�h�^�Z�f�b.

�=�e�Z�\�Z 2. �F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�b�d�b �b�k�k�e�_�^�h�\�Z�g�b�y
�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �b�k�k�e�_�^�m�_�f�u�o �k�l�Z�e�_�c �i�j�b�\�_�^�_�g �\ �l�Z�[�e�b�p�_ 1. 

�L�Z�[�e�b�p�Z 1 – �O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�l�Z�e�_�c

�‹
�i/�i �K�l�Z�e�v

�K�h�^�_�j�`�Z�g�b�_ �e�_�]�b�j�m�x�s�_�]�h �w�e�_�f�_�g�l�Z, �f�Z�k�k. % 

�K Si Mn Cr Ni Cu S P Mo 

1 35�O�=�K�: 0,34 1,20 0,90 1,10 0,30 - 0,02 0,02 - 
2 35�O�=�K�E 0,36 0,74 1,10 0,82 - - 0,025 0,025 - 
3 40�O 0,42 0,30 0,75 0,98 0,20 0,15 0,025 0,025 - 
4 40�O�G2�F�:  0,41 0,37 0,59 0,67 1,46 0,18 0,018 0,017 0,17 
5 65 0,63 0,20 0,64 0,22 - - 0,01 0,01 - 
6 �M9 0,91 0,24 0,26 0,11 0,19 0,07 0,021 0,016 - 
7 9�O�K 0,90 1,20 0,60 1,20 - - 0,019 0,02 - 
8 09�O�G2�F�> 0,10 0,31 0,40 0,40 2,31 0,44 0,005 0,008 0,22 

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

�k�l�Z�e�_�c (�k�i�_�d�l�j�h�f�_�l�j Bruker Q4 Tasman); 
�x �k�\�_�l�h�\�Z�y �f�b�d�j�h�k�d�h�i�b�y �^�e�y �b�a�m�q�_�g�b�y �a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j�u (�h�i�l�b�q�_�k�d�b�_

�f�b�d�j�h�k�d�h�i�u Carl Zeiss AxioVert 40 MAT �b AxioScop 40) �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�Z�d�_�l�Z
�i�j�h�]�j�Z�f�f �d�h�e�b�q�_�k�l�\�_�g�g�h�c �h�[�j�Z�[�h�l�d�b �b�a�h�[�j�Z�`�_�g�b�c Image Expert Pro 3; 

�x �^�b�e�Z�l�h�f�_�l�j�b�y (Netzsch 402 C) �^�e�y �h�i�j�_�^�_�e�_�g�b�y �a�g�Z�q�_�g�b�c �d�j�b�l�b�q�_�k�d�b�o �l�h�q�_�d;
�x �i�j�h�k�\�_�q�b�\�Z�x�s�Z�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y �^�e�y �b�a�m�q�_�g�b�y �l�h�g�d�h�c �k�l�j�m�d�l�m�j�u

(�I�W�F Jeol JEM1400); 
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�x �k�d�Z�g�b�j�m�x�s�Z�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �Z�g�Z�e�b�a�Z �^�b�n�j�Z�d�p�b�b
�h�[�j�Z�l�g�h �h�l�j�Z�`�_�g�g�u�o �w�e�_�d�l�j�h�g�h�\ (EBSD) (�K�W�F Quanta 600 �k EBSD �i�j�b�k�l�Z�\�d�h�c EDAX 
TSL);

�x �j�_�g�l�]�_�g�h�\�k�d�Z�y �^�b�n�j�Z�d�l�h�f�_�l�j�b�y (�^�b�n�j�Z�d�l�h�f�_�l�j Rigaku Ultima IV); 
�x �f�_�o�Z�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y: �b�a�f�_�j�_�g�b�_ �l�\�_�j�^�h�k�l�b �b �f�b�d�j�h�l�\�_�j�^�h�k�l�b, �h�i�j�_�^�_�e�_�g�b�_

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

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

�p�b�e�b�g�^�j�h�\ �^�b�Z�f�_�l�j�h�f 6 �f�f �b �^�e�b�g�h�c 25 �f�f , �g�Z�]�j�_�\ �h�k�m�s�_�k�l�\�e�y�e�b �k�h �k�d�h�j�h�k�l�v�x 3 º�K/�f�b�g �\
�Z�l�f�h�k�n�_�j�_ �Z�j�]�h�g�Z.

�G�Z�]�j�_�\ �h�[�j�Z�a�p�h�\ �h�k�m�s�_�k�l�\�e�y�e�k�y �\ �w�e�_�d�l�j�b�q�_�k�d�h�c �f�m�n�_�e�v�g�h�c �i�_�q�b F 46110 �n�b�j�f�u
Barnstead International �k �\�h�a�f�h�`�g�h�k�l�v�x �i�h�^�^�_�j�`�Z�g�b�y �\ �j�Z�[�h�q�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �i�_�q�b
�l�_�f�i�_�j�Z�l�m�j�u �i�j�b �b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�_ �k �l�h�q�g�h�k�l�v�x ± 2 º�K. �L�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�Z�y
�h�[�j�Z�[�h�l�d�Z �h�[�j�Z�a�p�h�\ �g�Z �j�Z�a�e�b�q�g�u�_ �k�l�_�i�_�g�b �h�[�`�Z�l�b�y �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �g�Z
�f�h�^�_�j�g�b�a�b�j�h�\�Z�g�g�h�f �i�j�h�d�Z�l�g�h�f �k�l�Z�g�_ �>�M�H 150. 

�H�[�j�Z�a�p�u �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j�u �]�h�l�h�\�b�e�b �i�m�l�_�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h
�r�e�b�n�h�\�Z�g�b�y �b �i�h�e�b�j�h�\�Z�g�b�y. �<�u�y�\�e�_�g�b�_ �]�j�Z�g�b�p �b�k�o�h�^�g�h�]�h �Z�m�k�l�_�g�b�l�g�h�]�h �a�_�j�g�Z
�i�j�h�\�h�^�b�e�h�k�v �f�_�l�h�^�h�f �o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y �\ �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�f �\�h�^�g�h�f �j�Z�k�l�\�h�j�_
�i�b�d�j�b�g�h�\�h�c �d�b�k�e�h�l�u �k �^�h�[�Z�\�e�_�g�b�_�f �i�h�\�_�j�o�g�h�k�l�g�h-�Z�d�l�b�\�g�u�o �\�_�s�_�k�l�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 60 
÷ 70 º�K. �A�_�j�_�g�g�m�x �k�l�j�m�d�l�m�j�m �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �\�u�y�\�e�y�e�b �i�m�l�_�f �l�j�Z�\�e�_�g�b�y �\
3%-�h�f �j�Z�k�l�\�h�j�_ �Z�a�h�l�g�h�f �d�b�k�e�h�l�u �k �^�h�[�Z�\�e�_�g�b�_�f �k�i�b�j�l�Z. �N�h�l�h�k�t�z�f�d�m �f�b�d�j�h�k�l�j�m�d�l�m�j�u
�i�j�h�b�a�\�h�^�b�e�b �g�Z �h�i�l�b�q�_�k�d�b�o �f�b�d�j�h�k�d�h�i�Z�o Carl Zeiss, �d�h�e�b�q�_�k�l�\�_�g�g�m�x �h�[�j�Z�[�h�l�d�m
�b�a�h�[�j�Z�`�_�g�b�c �h�k�m�s�_�k�l�\�e�y�e�b �k �i�h�f�h�s�v�x �i�Z�d�_�l�Z �i�j�h�]�j�Z�f�f Image Expert Pro 3. 

�I�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �L�H �b �L�F�H �b�a �a�Z�]�h�l�h�\�h�d �k�l�Z�e�_�c �b�a�]�h�l�Z�\�e�b�\�Z�e�b�h�[�j�Z�a�p�u �^�e�y
�i�j�h�\�_�^�_�g�b�y �k�_�j�b�Z�e�v�g�u�o �b�k�i�u�l�Z�g�b�c (�L�b�i 1, �=�H�K�L 9454-78), �Z �l�Z�d�`�_ �h�[�j�Z�a�p�u �^�e�y
�b�k�i�u�l�Z�g�b�y �g�Z �j�Z�k�l�y�`�_�g�b�_ (�=�H�K�L 1497-84), �b�a�f�_�j�_�g�b�y �l�\�_�j�^�h�k�l�b (�=�H�K�L 9013-59) �b
�b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u.

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

�w�e�_�d�l�j�h�w�j�h�a�b�h�g�g�h�f �k�l�Z�g�d�_ �:�J�L�: 123. �L�h�e�s�b�g�Z �i�h�e�m�q�_�g�g�u�o �h�[�j�Z�a�p�h�\ 0,2 �f�f . �>�Z�e�_�_
�h�[�j�Z�a�p�u �m�l�h�g�y�e�b�k�v �g�Z �m�k�l�Z�g�h�\�d�_ �^�e�y �w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�h�]�h �m�l�h�g�_�g�b�y Struers TenuPol-5 �k
�Z�\�l�h�f�Z�l�b�q�_�k�d�b�f �i�h�^�[�h�j�h�f �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z �m�l�h�g�_�g�b�y.

�>�e�y �Z�g�Z�e�b�a�Z �g�Z �k�d�Z�g�b�j�m�x�s�_�f �w�e�_�d�l�j�h�g�g�h�f �f�b�d�j�h�k�d�h�i�_ �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v �h�[�j�Z�a�p�u �\
�n�h�j�f�_ �d�m�[�b�d�h�\ 5�o5�o8 �f�f . �I�h�e�b�j�h�\�d�Z �i�j�h�b�a�\�h�^�b�e�Z�k�v �g�Z �i�j�b�[�h�j�_ Struers Lectropol-5. 
�J�Z�a�f�_�j �h�[�e�Z�k�l�b, �i�h �j�_�a�m�e�v�l�Z�l�Z�f �h�[�j�Z�[�h�l�d�b �d�h�l�h�j�h�c �k�l�j�h�b�e�Z�k�v �d�Z�j�l�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d,
�k�h�k�l�Z�\�e�y�e�Z 90�o90 �f�d�f. �R�Z�] �k�t�z�f�d�b – 200 �g�f. �M�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �J�W�F – 20 �d�<.

�;�h�j�b�j�h�\�Z�g�b�_ �h�k�m�s�_�k�l�\�e�y�e�b �\ �i�h�j�h�r�d�h�\�h�c �k�f�_�k�b �g�Z �h�k�g�h�\�_ �w�e�_�d�l�j�h�d�h�j�m�g�^�Z Al2O3

�f�Z�j�d�b 14A, �n�j�Z�d�p�b�_�c F100 �^�h 85 % �f�Z�k�k�h�\�h�c �^�h�e�b, �b �d�Z�j�[�b�^�Z �[�h�j�Z B4C (�o�b�f�b�q�_�k�d�b�c
�k�h�k�l�Z�\ �=�H�K�L 5744-85), �f�Z�j�d�b 12 �n�j�Z�d�p�b�_�c F100 (�=�H�K�L 3647-80) �^�h 15 % �f�Z�k�k�h�\�h�c �^�h�e�b
�[�h�j�k�h�^�_�j�`�Z�s�b�o �\�_�s�_�k�l�\. �< �k�f�_�k�v �\ �k�m�o�h�f �k�h�k�l�h�y�g�b�b �^�h�[�Z�\�e�y�e�b �Z�d�l�b�\�Z�l�h�j (�o�b�f�b�q�_�k�d�b
�q�b�k�l�u�c NH4Cl �^�h 2 % �f�Z�k�k�h�\�h�c �^�h�e�b) �b �i�_�j�_�f�_�r�b�\�Z�e�b �\ �l�_�q�_�g�b�_ 3 �f�b�g�m�l �^�e�y �i�h�e�m�q�_�g�b�y
�h�^�g�h�j�h�^�g�h�c �f�Z�k�k�u. �A�Z�l�_�f �d�h�g�l�_�c�g�_�j �k �h�[�j�Z�a�p�Z�f�b �b �[�h�j�b�^�g�h�c �k�f�_�k�v�x �l�s�Z�l�_�e�v�g�h
�]�_�j�f�_�l�b�a�b�j�h�\�Z�e�b�k�v �^�\�m�f�y �k�e�h�y�f�b �]�e�b�g�u, �i�h�k�e�_ �q�_�]�h �i�h�f�_�s�Z�e�b�k�v �\ �d�Z�f�_�j�g�m�x �i�_�q�v �^�e�y
�^�Z�e�v�g�_�c�r�_�]�h �g�Z�]�j�_�\�Z �i�h �j�Z�a�e�b�q�g�u�f �j�_�`�b�f�Z�f �h�[�j�Z�[�h�l�d�b.
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�>�e�y �h�i�b�k�Z�g�b�y �w�n�n�_�d�l�h�\ �l�_�j�f�b�q�_�k�d�h�c �b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �\ �d�Z�q�_�k�l�\�_
�f�h�^�_�e�v�g�h�c �[�u�e�Z �\�u�[�j�Z�g�Z �d�h�g�k�l�j�m�d�p�b�h�g�g�Z�y �k�l�Z�e�v 35�O�=�K�:, �d�Z�d �k�l�Z�e�v, �g�Z �d�h�l�h�j�h�c �g�Z�b�[�h�e�_�_
�y�\�g�h �i�j�h�y�\�e�y�x�l�k�y �w�n�n�_�d�l�u �l�_�j�f�b�q�_�k�d�b�o �b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d.

�=�e�Z�\�Z 3. �J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �b �b�o �h�[�k�m�`�^�_�g�b�_

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

�>�e�y �k�l�Z�e�b 35�O�=�K�: �k�l�Z�g�^�Z�j�l�g�h�c �h�[�j�Z�[�h�l�d�h�c �y�\�e�y�_�l�k�y �m�e�m�q�r�_�g�b�_, �i�j�b�q�_�f �\�u�k�h�d�b�c
�h�l�i�m�k�d �i�j�h�\�h�^�b�l�k�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �i�j�h�y�\�e�_�g�b�y �w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c
�o�j�m�i�d�h�k�l�b 475 ÷ 550 º�K.

�>�e�y �m�k�l�j�Z�g�_�g�b�y �^�Z�g�g�h�]�h �h�l�j�b�p�Z�l�_�e�v�g�h�]�h �w�n�n�_�d�l�Z �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �j�Z�[�h�l�u �[�u�e�h
�b�a�m�q�_�g�h �\�e�b�y�g�b�_ �^�\�h�c�g�h�c �a�Z�d�Z�e�d�b �k �i�h�k�e�_�^�m�x�s�b�f �h�l�i�m�k�d�h�f �\ �b�g�l�_�j�\�Z�e�_ �i�j�h�y�\�e�_�g�b�y
�h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b (550 º�K, 4 �q�Z�k�Z). 

�I�h�k�e�_ �i�_�j�\�b�q�g�h�c �a�Z�d�Z�e�d�b �k�l�Z�e�b 35�O�=�K�: �\ �f�Z�k�e�h �h�l �l�_�f�i�_�j�Z�l�m�j 880; 920; 1100; 
1200; 1250 º�K (�^�e�b�l�_�e�v�g�h�k�l�v �\�u�^�_�j�`�d�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �g�Z�]�j�_�\�Z 30 �f�b�g�m�l) �i�j�h�\�h�^�b�e�Z�k�v
�\�l�h�j�b�q�g�Z�y �a�Z�d�Z�e�d�Z �k �l�_�f�i�_�j�Z�l�m�j 700; 750; 800; 850; 900; 950 º�K (�^�e�b�l�_�e�v�g�h�k�l�v �\�u�^�_�j�`�d�b 30 
�f�b�g�m�l), �k�d�h�j�h�k�l�v �g�Z�]�j�_�\�Z �i�h�^ �\�l�h�j�b�q�g�m�x �a�Z�d�Z�e�d�m 1 ÷ 2 º�K/�f�b�g (�j�b�k�m�g�h�d 1, �Z). �I�h �^�Z�g�g�u�f
�j�Z�[�h�l�u [1] �l�Z�d�Z�y �k�d�h�j�h�k�l�v �h�[�_�k�i�_�q�b�\�Z�_�l �\ �k�l�Z�e�b �i�j�h�y�\�e�_�g�b�_ �w�n�n�_�d�l�Z �k�l�j�m�d�l�m�j�g�h�]�h
�g�Z�k�e�_�^�h�\�Z�g�b�y. �H�l�i�m�k�d 550 º�K, 4 �q�Z�k�Z, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x �h�k�m�s�_�k�l�\�e�y�e�k�y �d�Z�d �l�_�k�l �g�Z
�i�j�h�y�\�e�_�g�b�_ �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b.

�J�b�k�m�g�h�d 1 – �>�\�m�d�j�Z�l�g�Z�y �a�Z�d�Z�e�d�Z �^�e�y �k�l�Z�e�b 35�O�=�K�::
�Z – �^�\�m�d�j�Z�l�g�Z�y �a�Z�d�Z�e�d�Z �\ �f�Z�k�e�_ �k �\�Z�j�v�b�j�h�\�Z�g�b�_�f �l�_�f�i�_�j�Z�l�m�j�u �g�Z�]�j�_�\�Z �i�h�^

�i�_�j�\�b�q�g�m�x �b �\�l�h�j�b�q�g�m�x �a�Z�d�Z�e�d�m �b �h�l�i�m�k�d �i�j�b 550 º�K, 4 �q�Z�k�Z, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x
(�k�o�_�f�Z �‹1);

�[ – �^�\�m�d�j�Z�l�g�Z�y �a�Z�d�Z�e�d�Z �k �i�j�h�f�_�`�m�l�h�q�g�h�c �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j �b �h�l�i�m�k�d (�k�o�_�f�Z �‹2)

�< �j�_�a�m�e�v�l�Z�l�_ �[�u�e�h �\�u�y�\�e�_�g�h, �q�l�h �h�i�l�b�f�Z�e�v�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �i�j�h�\�_�^�_�g�b�y �^�\�h�c�g�h�c
�a�Z�d�Z�e�d�b, �k�g�b�`�Z�x�s�b�_ �i�j�h�y�\�e�_�g�b�_ �w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �^�e�y �k�l�Z�e�b
35�O�=�K�:, �y�\�e�y�_�l�k�y �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y �Z�m�k�l�_�g�b�a�Z�p�b�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1250 º�K �k
�i�h�k�e�_�^�m�x�s�_�c �a�Z�d�Z�e�d�h�c �\ �f�Z�k�e�_, �g�Z�]�j�_�\ �i�h�^ �\�l�h�j�b�q�g�m�x �Z�m�k�l�_�g�b�a�Z�p�b�x �k�h �k�d�h�j�h�k�l�y�f�b
1 ÷ 2 ºC/�f�b�g. �L�_�f�i�_�j�Z�l�m�j�Z �\�l�h�j�b�q�g�h�c �Z�m�k�l�_�g�b�a�Z�p�b�b �\�u�[�b�j�Z�_�l�k�y �b�k�o�h�^�y �b�a �k�l�Z�g�^�Z�j�l�g�h�]�h
�j�_�`�b�f�Z �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �^�e�y �d�Z�`�^�h�c �d�h�g�d�j�_�l�g�h�c �k�l�Z�e�b.

�I�h�e�h�`�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �\�l�h�j�b�q�g�h�c �a�Z�d�Z�e�d�b �g�Z �k�g�b�`�_�g�b�_ �k�d�e�h�g�g�h�k�l�b �k�l�Z�e�b �d
�h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �i�h�k�e�_ �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �i�h �k�o�_�f�_ 1 �[�u�e�b
�b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �\�Z�j�b�Z�g�l�Z �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k �b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�h�c �\
�b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �f�_�`�^�m �i�_�j�\�h�c �b �\�l�h�j�h�c�a�Z�d�Z�e�d�h�c (�k�o�_�f�Z

�Z �[
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�h�[�j�Z�[�h�l�d�b 2, �j�b�k�m�g�h�d 1, �[). 
�I�j�_�^�e�h�`�_�g�g�u�c �\�Z�j�b�Z�g�l �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �a�Z�d�e�x�q�Z�e�k�y �\

�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �Z�m�k�l�_�g�b�a�Z�p�b�b 1250 º�K, 30 �f�b�g�m�l, �k �i�h�k�e�_�^�m�x�s�_�c �a�Z�d�Z�e�d�h�c �\ �f�Z�k�e�h,
�a�Z�l�_�f �k�e�_�^�h�\�Z�e �g�Z�]�j�_�\ �k�h �k�d�h�j�h�k�l�v�x 15 ÷ 20 º�K �\ �f�b�g�m�l�m �b �b�a�h�l�_�j�f�b�q�_�k�d�Z�y �\�u�^�_�j�`�d�Z �\
�b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j (�K�D�L) �:�k1 - (5 ÷ 10) º�K �k �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x
�\�u�^�_�j�`�d�b 0,5; 1,0; 2,0; 3,0; 5,0 �q�Z�k�h�\. �B�g�l�_�j�\�Z�e �K�D�L �h�i�j�_�^�_�e�y�e�k�y �f�_�l�h�^�h�f �^�b�e�Z�l�h�f�_�l�j�b�b �b
�k�h�k�l�Z�\�b�e 745 ÷ 760 º�K.

�L�_�f�i�_�j�Z�l�m�j�Z �b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�b �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �\ �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j
750 ÷ 755 º�K. �I�h�k�e�_ �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �a�Z�]�h�l�h�\�d�b �h�[�j�Z�a�p�h�\ �[�_�a �h�o�e�Z�`�^�_�g�b�y
�g�Z�]�j�_�\�Z�e�b�k�v �k�h �k�d�h�j�h�k�l�v�x 1 ÷ 2 º�K/�f�b�g �b 180 º�K /�f�b�g �^�h �l�_�f�i�_�j�Z�l�m�j�u 840 º�K. �I�h�k�e�_
�\�u�^�_�j�`�d�b 30 �f�b�g�m�l �a�Z�]�h�l�h�\�d�b �a�Z�d�Z�e�b�\�Z�e�b �\ �f�Z�k�e�h �k �i�h�k�e�_�^�m�x�s�b�f �h�l�i�m�k�d�h�f �\�b�g�l�_�j�\�Z�e�_
�i�j�h�y�\�e�_�g�b�y �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b 550 º�K, 4 �q�Z�k�h�\, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x
(�k�o�_�f�Z 2, �j�b�k�m�g�h�d 1, �[). 

�<�h �\�l�h�j�h�f �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f �j�_�`�b�f�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y �Z�m�k�l�_�g�b�a�Z�p�b�y
1250 º�K, 30 �f�b�g�m�l, �i�j�h�\�h�^�b�e�Z�k�v �k �p�_�e�v�x �i�h�e�b�]�h�g�b�a�Z�p�b�b �i�j�b �i�h�k�e�_�^�m�x�s�_�c �\�u�^�_�j�`�d�_ �\
�b�g�l�_�j�\�Z�e�_ �K�D�L. �<�u�[�h�j �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �b�g�l�_�j�\�Z�e�Z �K�D�L �^�e�y �b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�b
�i�h�k�e�_ �i�_�j�\�b�q�g�h�c �a�Z�d�Z�e�d�b �[�u�e �g�_ �k�e�m�q�Z�_�g. �D�Z�d �b�a�\�_�k�l�g�h �b�a �j�y�^�Z �j�Z�[�h�l �i�h
�k�\�_�j�o�i�e�Z�k�l�b�q�g�h�k�l�b �k�l�Z�e�b [2], �b�f�_�g�g�h �\ �g�_�f �^�b�n�n�m�a�b�h�g�g�u�_ �i�j�h�p�_�k�k�u �\ �. – �n�_�j�j�b�l�g�h�c
�f�Z�l�j�b�p�_ �^�h�k�l�b�]�Z�x�l �k�\�h�_�c �f�Z�d�k�b�f�Z�e�v�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b. �L�Z�d�`�_ �g�Z �w�l�h �d�h�k�\�_�g�g�h �m�d�Z�a�u�\�Z�_�l
�h�i�j�_�^�_�e�_�g�g�Z�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �^�e�y �k�l�Z�e�b 35�O�=�K�: �]�e�m�[�b�g�Z �h�[�_�a�m�]�e�_�j�h�`�b�\�Z�g�b�y.

�I�h�k�e�_ �a�Z�d�Z�e�d�b �b �h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 200 ÷ 1200 º�K �\ �l�_�q�_�g�b�_ 100 �f�b�g �\
�h�d�b�k�e�b�l�_�e�v�g�h�c �Z�l�f�h�k�n�_�j�_ �i�_�q�b �g�Z �h�[�j�Z�a�p�Z�o �k�l�Z�e�b 35�O�=�K�: �a�Z�\�b�k�b�f�h�k�l�v �]�e�m�[�b�g�u
�h�[�_�a�m�]�e�_�j�h�`�b�\�Z�g�b�y �g�_�f�h�g�h�l�h�g�g�Z, �f�Z�d�k�b�f�m�f �g�Z�[�e�x�^�Z�e�k�y �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j – 750 ÷ 760 º�K. �I�h�^�h�[�g�u�c �m�j�h�\�_�g�v �h�[�_�a�m�]�e�_�j�h�`�b�\�Z�g�b�y �^�h�k�l�b�]�Z�_�l �l�h�e�v�d�h �i�h�k�e�_
�h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1200 º�K (�j�b�k�m�g�h�d 2). 

�J�b�k�m�g�h�d 2 – �A�Z�\�b�k�b�f�h�k�l�v �l�h�e�s�b�g�u �h�[�_�a�m�]�e�_�j�h�`�_�g�g�h�]�h �k�e�h�y �b �d�h�w�n�n�b�p�b�_�g�l�Z
�^�b�n�n�m�a�b�b �m�]�e�_�j�h�^�Z D �h�l �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�u�l�Z�g�b�c (�\�u�^�_�j�`�d�Z 100 �f�b�g) �k�l�Z�e�b 35�O�=�K�: �\

�j�Z�a�e�b�q�g�h�f �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b:
�Z – �i�h�k�e�_ �h�l�`�b�]�Z 1250 º�K, 60 �f�b�g, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x;

�[ – �i�h�k�e�_ �a�Z�d�Z�e�d�b �\ �f�Z�k�e�_ �h�l 1250 º�K, 60 �f�b�g

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

�B�a�\�_�k�l�g�u�c �j�_�`�b�f, �j�Z�a�j�Z�[�h�l�Z�g�g�u�c �F�b�g�d�_�\�b�q�_�f �:.�G. [3]: �i�j�h�p�_�k�k �[�h�j�b�j�h�\�Z�g�b�y
�i�j�h�\�h�^�b�l�k�y �i�j�b �\�u�^�_�j�`�d�_ 900 ÷ 1050 °�K �\ �l�_�q�_�g�b�_ 4 �q�Z�k�h�\;

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �j�_�`�b�f 1: �[�h�j�b�j�h�\�Z�g�b�_, �\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j (750 ÷ 755 °�K, 1 �q�Z�k) �k �i�h�k�e�_�^�m�x�s�b�f �g�Z�]�j�_�\�h�f �^�h �l�_�f�i�_�j�Z�l�m�j�u 970 °�K,
�\�u�^�_�j�`�d�Z 1 �q�Z�k.

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

�L�Z�[�e�b�p�Z 2 – �=�e�m�[�b�g�Z �[�h�j�b�j�h�\�Z�g�g�h�]�h �k�e�h�y �\ �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\
�o�b�f�b�d�h-�l�_�j�f�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d �i�h �h�i�l�b�f�Z�e�v�g�u�f �i�Z�j�Z�f�_�l�j�Z�f

�‹ �H�i�b�k�Z�g�b�_ �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b �=�e�m�[�b�g�Z �[�h�j�b�j�h�\�Z�g�g�h�]�h
�k�e�h�y, �f�d�f

1
�B�a�\�_�k�l�g�u�c (�F�b�g�d�_�\�b�q �:.�G.):
�\�u�^�_�j�`�d�Z �\ �g�Z�k�u�s�Z�x�s�_�c �k�j�_�^�_ �i�j�b 970 °�K,
(4 �q)

�g�_ �[�h�e�_�_ 140 

2
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�\ �g�Z�k�u�s�Z�_�f�h�c �k�j�_�^�_ �\�u�^�_�j�`�d�Z �i�j�b 750 °�K (2 �q) + 
�\�u�^�_�j�`�d�Z �i�j�b 970 °�K (1 �q)

300 ÷ 340 

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

�J�Z�k�k�f�h�l�j�_�g�g�h�_ �i�h�\�u�r�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �^�b�n�n�m�a�b�h�g�g�u�o �i�j�h�p�_�k�k�h�\ �\ �h�[�e�Z�k�l�b
�K�D�L �b�k�i�h�e�v�a�h�\�Z�g�h �i�j�b �\�u�[�h�j�_ �j�_�`�b�f�h�\ �h�[�j�Z�[�h�l�d�b �k�l�Z�e�b �i�h �k�o�_�f�_ �‹2.

�I�j�h�y�\�e�_�g�b�_ �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �\ �b�k�k�e�_�^�m�_�f�h�c �d�h�g�k�l�j�m�d�p�b�h�g�g�h�c
�k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\ �h�[�j�Z�[�h�l�d�b �i�h �k�o�_�f�_ �‹2 (�j�b�k�m�g�h�d 1, �[) �b�a�m�q�Z�e�b
�i�h �j�_�a�m�e�v�l�Z�l�Z�f �f�_�o�Z�g�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c (�l�Z�[�e�b�p�Z 3). 
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�L�Z�[�e�b�p�Z 3 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �j�Z�a�e�b�q�g�h�c �l�_�j�f�b�q�_�k�d�h�c
�h�[�j�Z�[�h�l�d�b

�‹ �J�_�`�b�f �h�[�j�Z�[�h�l�d�b �2�k�d�l,
�q

���g,
°�K/�f�b�g

�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z
�1�\,

�F�I�Z
�10,2 , 

�F�I�Z
�/,
%

�� ,
%

KCU,
�F�>�`/�f 2

1

�B�k�o�h�^�g�u�c �j�_�`�b�f
�h�[�j�Z�[�h�l�d�b: �a�Z�d�Z�e�d�Z �h�l 880 
º�K (30 �f�b�g), �\ �f�Z�k�e�_ + 
�h�l�i�m�k�d

- - 1120
± 20 

990
± 25 

8
±1,0

39
± 4,5 

0,36
± 0,05 

2

�I�h �k�o�_�f�_ 2: 
�a�Z�d�Z�e�d�Z 1250 º�K (60 �f�b�g),
�\ �f�Z�k�e�_ + �\�u�^�_�j�`�d�Z �i�j�b
�K�D�L 750 º�K �\ �l�_�q�_�g�b�_ �2�k�d�l

= 0,5 ÷ 5 �q + �a�Z�d�Z�e�d�Z �h�l
840 º�K (30 �f�b�g), �\ �f�Z�k�e�_ + 
�h�l�i�m�k�d

0,5 1 ÷ 2 1080
± 35 

990
± 17 

12
± 2,5 

48
± 3,8 

0,78
± 0,15 

3 1 1 ÷ 2 1120
± 20 

1000
± 25 

14
± 2,0 

51
± 4,5 

0,90
± 0,07 

4 2 1 ÷ 2 1160
± 15 

1050
± 28 

15
± 1,5 

54
± 3,5 

1,16
± 0,15 

5 3 1 ÷ 2 1150
± 28 

1060
± 35 

15
± 0,7 

52
± 2,3 

1,05
± 0,15 

6 5 1 ÷ 2 1100
± 27 

980
± 45 

13
±1,5

49
± 2.5 

0,92
± 0,17 

7 2 180 1130
± 30 

1020
± 37 

13
± 3,2 

49
± 5,6 

0,98
± 0,20 

8

�H�l�`�b�] �i�j�b 1250 º�K (60 
�f�b�g), �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x
+ �\�u�^�_�j�`�d�Z �i�j�b �K�D�L 750 
º�K (2 �q) + �a�Z�d�Z�e�d�Z �h�l 840 
º�K (30 �f�b�g), �\ �f�Z�k�e�_ + 
�h�l�i�m�k�d

2 1 ÷ 2 1110
± 35 

990
± 25 

8
± 2,5 

40
± 3,8 

0,45
± 0,15 

�H�[�h�a�g�Z�q�_�g�b�_: �2�k�d�l – �^�e�b�l�_�e�v�g�h�k�l�v �\�u�^�_�j�`�d�b �\ �k�m�[�d�j�b�l�b�q�_�k�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j (�i�j�b
750º�K); ���g– �k�d�h�j�h�k�l�v �g�Z�]�j�_�\�Z �^�h �l�_�f�i�_�j�Z�l�m�j�u �\�l�h�j�b�q�g�h�c �a�Z�d�Z�e�d�b (840 º�K).
�I�j�b�f�_�q�Z�g�b�_: �h�l�i�m�k�d �i�j�b 550 º�K, 4 �q�Z�k�Z, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x.

�K�g�b�`�_�g�b�_ �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �f�h�^�_�e�v�g�h�c �k�l�Z�e�b 35�O�=�K�: �h�[�m�k�e�h�\�e�_�g�h �i�j�h�y�\�e�_�g�b�_�f
�h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �\ �b�k�k�e�_�^�m�_�f�h�c �k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �h�l�i�m�k�d�Z �i�j�b 550 º�K,
4 �q�Z�k�h�\, �h�o�e�Z�`�^�_�g�b�_ �k �i�_�q�v�x. �I�h�k�e�_ �h�[�j�Z�[�h�l�d�b �i�h �k�o�_�f�_ �‹2, �\�d�e�x�q�Z�x�s�_�]�h
�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x �a�Z�d�Z�e�d�m �b �\�u�^�_�j�`�d�m �\ �b�g�l�_�j�\�Z�e�_ �K�D�L, �i�h�k�e�_�^�m�x�s�Z�y �h�d�h�g�q�Z�l�_�e�v�g�Z�y
�a�Z�d�Z�e�d�Z �b �Z�g�Z�e�h�]�b�q�g�u�c �i�_�j�\�h�f�m �\�Z�j�b�Z�g�l�m �h�[�j�Z�[�h�l�d�b �h�l�i�m�k�d 550 º�K , 4 �q�Z�k�h�\ (�h�o�e�Z�`�^�_�g�b�_ �k
�i�_�q�v�x), �g�_ �i�j�b�\�h�^�b�l �d �i�Z�^�_�g�b�x �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b (�l�Z�[�e�b�p�Z 3). 

�H�l�f�_�l�b�f, �q�l�h �g�Z�b�e�m�q�r�_�_ �k�h�q�_�l�Z�g�b�_ �k�\�h�c�k�l�\ �i�h �i�j�h�q�g�h�k�l�b, �i�e�Z�k�l�b�q�g�h�k�l�b �b �\�y�a�d�h�k�l�b
�k �g�_�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �k�l�Z�e�b �d �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b, �g�Z�[�e�x�^�Z�_�l�k�y �i�h�k�e�_
�h�[�j�Z�[�h�l�d�b �i�h �k�o�_�f�_ 2 �k �\�u�^�_�j�`�d�h�c �i�j�b �K�D�L �^�e�b�l�_�e�v�g�h�k�l�v�x 2 �q�Z�k�Z (�l�Z�[�e�b�p�Z 3). �I�h�k�e�_
�l�Z�d�h�]�h �j�_�`�b�f�Z �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �\ �k�l�Z�e�b �l�Z�d�`�_ �g�Z�[�e�x�^�Z�_�l�k�y �b �a�g�Z�q�b�l�_�e�v�g�h�_ �m�f�_�g�v�r�_�g�b�_
�j�Z�a�f�_�j�Z �a�_�j�g�Z. �J�Z�a�f�_�j �a�_�j�g�Z �\ �k�l�Z�e�b �i�h�k�e�_ �h�i�l�b�f�Z�e�v�g�h�c �h�[�j�Z�[�h�l�d�b �i�h �j�_�`�b�f�m 2 �k�h�k�l�Z�\�b�e
10 ÷ 15 �f�d�f (�j�b�k�m�g�h�d 3). 
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�J�b�k�m�g�h�d 3 – �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�:, �h�[�j�Z�[�h�l�Z�g�g�h�c �i�h �k�o�_�f�_ �l�_�j�f�b�q�_�k�d�h�c
�h�[�j�Z�[�h�l�d�b 2 (�m�\�_�e�b�q�_�g�b�_ 500): 

�Z – �i�_�j�\�b�q�g�Z�y �a�Z�d�Z�e�d�Z 1250 °�K, 30 �f�b�g, �h�o�e�Z�`�^�_�g�b�_ �\ �f�Z�k�e�h, + �\�u�^�_�j�`�d�Z �\
�b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j 750 °�K, 2 �q + �g�Z�]�j�_�\ �^�h 800 °�K, 30 �f�b�g, �h�o�e�Z�`�^�_�g�b�_

�\ �\�h�^�_;
�[ – �i�_�j�\�b�q�g�Z�y �a�Z�d�Z�e�d�Z 1250 °�K, 30 �f�b�g, �h�o�e�Z�`�^�_�g�b�_ �\ �f�Z�k�e�_ + �\�u�^�_�j�`�d�Z �\

�b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j 750 °�K, 2 �q + �i�h�k�e�_�^�m�x�s�Z�y �\�l�h�j�b�q�g�Z�y �a�Z�d�Z�e�d�Z 840 
°�K, 30 �f�b�g, �h�o�e�Z�`�^�_�g�b�_ �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K, 4 �q

�H�[�j�Z�[�h�l�d�Z �i�h �k�o�_�f�_ �‹2 �k�g�b�`�Z�_�l �l�_�f�i�_�j�Z�l�m�j�g�u�c �i�h�j�h�] �o�e�Z�^�g�h�e�h�f�d�h�k�l�b �k�l�Z�e�b
�[�h�e�_�_ �q�_�f �g�Z 100 º�K (�l�Z�[�e�b�p�Z 4). �A�Z �i�h�j�h�] �o�e�Z�^�g�h�e�h�f�d�h�k�l�b �[�_�j�_�l�k�y �k�g�b�`�_�g�b�_ �j�Z�[�h�l�u
�j�Z�a�j�m�r�_�g�b�y �i�j�b �h�o�e�Z�`�^�_�g�b�b (�g�_ �f�_�g�_�_ 50 % �h�l �m�j�h�\�g�y �j�Z�[�h�l�u �j�Z�a�j�m�r�_�g�b�y �i�j�b
�g�h�j�f�Z�e�v�g�u�o �m�k�e�h�\�b�y�o).

�L�Z�[�e�b�p�Z 4 – �M�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �b�k�i�u�l�Z�g�b�c �^�e�y�k�l�Z�e�b 35�O�=�K�:
�i�h�k�e�_ �k�l�Z�g�^�Z�j�l�g�h�]�h �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �j�_�`�b�f�h�\ �l�_�j�f�h�h�[�j�Z�[�h�l�d�b

�K�l�Z�e�v
�L�_�f�i�_�j�Z�l�m�j�Z
�b�k�i�u�l�Z�g�b�y,

°�K

�M�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v KCU, �F�>�`/�f 2

�K�l�Z�g�^�Z�j�l�g�u�c �j�_�`�b�f:
�a�Z�d�Z�e�d�Z �h�l 880 º�K (30 �f�b�g), 
�\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K (4 �q)

�I�h �k�o�_�f�_ �‹2:
�a�Z�d�Z�e�d�Z 1250 °�K (60 �f�b�g), �\
�f�Z�k�e�_ + �\�u�^�_�j�`�d�Z 750 °�K (2 
�q) + �a�Z�d�Z�e�d�Z 840 °�K (30 
�f�b�g), �\ �f�Z�k�e�_ (�g�Z�]�j�_�\ �k�h
�k�d�h�j�h�k�l�v�x 1 ÷ 2 �K/�f�b�g + 
�h�l�i�m�k�d 550 °�K (4 �q)

35�O�=�K�:

20 0,36 ± 0,05 1,16 ± 0,15 
0 0,30 ± 0,05 0,78 ± 0,06 

-20 0,28 ± 0,11 0,54 ± 0,10 
-40 0,27 ± 0,09 0,49 ± 0,15 
-60 0,26 ± 0,07 0,45 ± 0,07 

�<�u�y�k�g�_�g�h, �q�l�h �i�j�b �g�Z�e�b�q�b�b �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �i�h �k�o�_�f�_ �h�[�j�Z�[�h�l�d�b �‹2
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�Z�d�Z�e�_�g�g�m�x �k�l�Z�e�v �g�_ �g�m�`�g�h �g�Z�]�j�_�\�Z�l�v �f�_�^�e�_�g�g�h (1 ÷ 2 °�K/�f�b�g) �i�h�^
�\�l�h�j�b�q�g�m�x �a�Z�d�Z�e�d�m (�l�Z�[�e�b�p�Z 3). �F�_�^�e�_�g�g�u�c �g�Z�]�j�_�\ �^�e�y �j�_�Z�e�b�a�Z�p�b�b �w�n�n�_�d�l�Z �k�l�j�m�d�l�m�j�g�h�]�h
�g�Z�k�e�_�^�h�\�Z�g�b�y �a�Z�f�_�g�y�_�l �\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �K�D�L. �A�Z�f�_�g�Z �i�_�j�\�b�q�g�h�c �a�Z�d�Z�e�d�b �g�Z �i�h�e�g�u�c
�h�l�`�b�] �g�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�y �g�Z �i�j�h�y�\�e�_�g�b�_ �w�n�n�_�d�l�Z �i�h�\�u�r�_�g�b�y�m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �k�l�Z�e�b
35�O�=�K�:.

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

�Z �[
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�i�j�h�p�_�k�k�h�\. �I�h�k�e�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c �Z�m�k�l�_�g�b�a�Z�p�b�b �b �a�Z�d�Z�e�d�b �n�h�j�f�b�j�m�_�l�k�y �d�j�m�i�g�h�_
�a�_�j�g�h �Z�m�k�l�_�g�b�l�Z �j�Z�a�f�_�j�h�f 200 ÷ 270 �f�d�f. �<�g�m�l�j�b�a�_�j�_�g�g�Z�y �k�l�j�m�d�l�m�j�Z �i�h�k�e�_ �a�Z�d�Z�e�d�b
�i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �]�j�m�[�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�c �f�Z�j�l�_�g�k�b�l, �b�f�_�x�s�b�c �i�Z�d�_�l�g�h-�j�_�_�q�g�h�_
�k�l�j�h�_�g�b�_ �k �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�v�x �^�b�k�e�h�d�Z�p�b�c (�j�b�k�m�g�h�d 4).

�J�b�k�m�g�h�d 4 – �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �a�Z�d�Z�e�d�b 1250 °�K, 30 �f�b�g�m�l,
�h�o�e�Z�`�^�_�g�b�_ �\ �f�Z�k�e�_ (�m�\�_�e�b�q�_�g�b�_ �o100)

�I�h�k�e�_�^�m�x�s�Z�y �\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �m�k�l�h�c�q�b�\�h�c
�i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u. �< �i�j�_�^�_�e�Z�o �[�u�\�r�b�o �f�Z�j�l�_�g�k�b�l�g�u�o �d�j�b�k�l�Z�e�e�h�\ �m�`�_ �i�h�k�e�_ 30 
�f�b�g �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �:�k1 - (5 ÷ 10) º�K �\ �j�_�a�m�e�v�l�Z�l�_ �i�h�e�b�]�h�g�b�a�Z�p�b�b �. – �n�Z�a�u
�h�[�j�Z�a�m�x�l�k�y �[�e�b�a�d�b�_ �d �j�Z�\�g�h�h�k�g�u�f �k�m�[�a�_�j�g�Z �j�Z�a�f�_�j�h�f �h�l 1 �f�d�f. �J�Z�a�h�j�b�_�g�l�b�j�h�\�d�Z �k�m�[�a�_�j�_�g
�h�k�l�Z�_�l�k�y �f�Z�e�h�m�]�e�h�\�h�c. �D�j�h�f�_ �l�h�]�h, �i�h�k�e�_ 30 �f�b�g �\�u�^�_�j�`�d�b �i�j�b �K�D�L �\ �k�l�Z�e�b �m�k�i�_�\�Z�x�l
�i�j�h�c�l�b �i�j�h�p�_�k�k�u �\�u�^�_�e�_�g�b�y �d�Z�j�[�b�^�g�u�o �q�Z�k�l�b�p. �I�j�b �w�l�h�f �i�h �]�j�Z�g�b�p�Z�f �k�m�[�a�_�j�_�g
�j�Z�\�g�h�f�_�j�g�h �\�u�^�_�e�y�x�l�k�y �d�Z�j�[�b�^�g�u�_ �q�Z�k�l�b�p�u �j�Z�a�f�_�j�h�f 20 ÷ 50 �g�f, �h�[�j�Z�a�m�y
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x �k�_�l�d�m. �< �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�m�[�k�l�j�m�d�l�m�j�_ �h�l�f�_�q�_�g�h �o�Z�j�Z�d�l�_�j�g�h�_
�j�Z�k�i�j�_�^�_�e�_�g�b�_ �m�j�Z�\�g�h�\�_�r�_�g�g�u�o �^�b�k�e�h�d�Z�p�b�h�g�g�u�o �i�h�k�l�j�h�_�g�b�c �\�g�m�l�j�b �a�_�j�_�g, �d�h�l�h�j�h�_
�i�j�b�\�h�^�b�l �d �j�Z�\�g�h�\�_�j�h�y�l�g�h�f�m �h�[�h�]�Z�s�_�g�b�x �m�]�e�_�j�h�^�h�f �]�j�Z�g�b�p �b �k�m�[�]�j�Z�g�b�p [4]. 
�D�Z�j�[�b�^�h�h�[�j�Z�a�h�\�Z�g�b�_ �\�[�e�b�a�b �]�j�Z�g�b�p �b �k�m�[�]�j�Z�g�b�p �l�Z�d�`�_ �j�Z�\�g�h�\�_�j�h�y�l�g�h.

�<�u�^�_�e�b�\�r�b�_�k�y �i�h �k�m�[�]�j�Z�g�b�p�Z�f �f�_�e�d�h�^�b�k�i�_�j�k�g�u�_ �d�Z�j�[�b�^�g�u�_ �q�Z�k�l�b�p�u (�j�Z�a�f�_�j
�q�Z�k�l�b�p �i�j�b 2-�o�q�Z�k�h�\�h�c �\�u�^�_�j�`�d�_ �i�j�b �K�D�L �k�h�k�l�Z�\�e�y�_�l �h�l 50 �^�h 150 �g�f) �k�l�Z�[�b�e�b�a�b�j�m�x�l
�k�m�[�]�j�Z�g�b�p�u, �i�j�_�i�y�l�k�l�\�m�y, �d�Z�d �b�o �b�g�l�_�g�k�b�\�g�h�f�m �j�h�k�l�m, �l�Z�d �b �g�Z�q�Z�e�m �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b.
�I�j�b �m�\�_�e�b�q�_�g�b�b �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b �\�u�^�_�j�`�d�b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�Z�d�Z�e�_�g�g�h�c �k�l�Z�e�b, �\
�b�g�l�_�j�\�Z�e�_ �K�D�L �:�k1 - (5 ÷ 10) º�K �j�Z�a�f�_�j �k�m�[�a�_�j�_�g �m�\�_�e�b�q�b�\�Z�_�l�k�y, �^�h�k�l�b�]�Z�y 1 ÷ 3 �f�d�f �i�h�k�e�_
�\�u�^�_�j�`�d�b 5 �q. �I�j�b �w�l�h�f �g�Z �h�l�^�_�e�v�g�u�o �m�q�Z�k�l�d�Z�o �k�m�[�]�j�Z�g�b�p �m�]�h�e �j�Z�a�h�j�b�_�g�l�b�j�h�\�d�b �f�_�`�^�m
�k�h�k�_�^�g�b�f�b �k�m�[�a�_�j�g�Z�f�b �^�h�k�l�b�]�Z�_�l 8 ÷ 10 �]�j�Z�^�m�k�h�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �i�j�h�p�_�k�k�_ �\�u�^�_�j�`�d�b
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�Z�d�Z�e�_�g�g�h�c �k�l�Z�e�b, �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �n�h�j�f�b�j�m�_�l�k�y �m�k�l�h�c�q�b�\�Z�y �k�m�[�a�_�j�_�g�g�Z�y
�k�l�j�m�d�l�m�j�Z (�j�b�k�m�g�h�d 5). 
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�J�b�k�m�g�h�d 5 – �W�e�_�d�l�j�h�g�g�h-�f�b�d�j�h�k�d�h�i�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_
�i�_�j�\�b�q�g�h�c �a�Z�d�Z�e�d�b 1250 °�K, 30 �f�b�g�m�l, �h�o�e�Z�`�^�_�g�b�_ �\ �f�Z�k�e�_, �b �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_

�k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j 750 °�K, 2 �q�Z�k�Z (�m�\�_�e�b�q�_�g�b�_ �o40 000) 

�L�Z�d�Z�y �k�l�j�m�d�l�m�j�Z �m�k�l�h�c�q�b�\�Z �d �g�Z�q�Z�e�m �k�l�j�m�d�l�m�j�g�h�c �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b, �Z �k�Z�f�h
�y�\�e�_�g�b�_ �i�j�b�g�y�l�h �g�Z�a�u�\�Z�l�v �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�_�c �g�Z �f�_�k�l�_ [5]. 

�H�[�u�q�g�h �i�j�b �g�Z�]�j�_�\�_ �k�l�Z�e�b �k �m�k�l�h�c�q�b�\�h�c �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�h�c �. �: ��
�i�j�_�\�j�Z�s�_�g�b�_ �i�j�h�l�_�d�Z�_�l �i�h �k�^�\�b�]�h�\�h�f�m �f�_�o�Z�g�b�a�f�m, �_�k�e�b �\ �_�]�h �g�Z�q�Z�e�v�g�u�c �f�h�f�_�g�l �g�_
�i�j�h�b�k�o�h�^�b�l �j�Z�k�l�\�h�j�_�g�b�_ �d�Z�j�[�b�^�h�\ [6]. �I�j�b �w�l�h�f �h�k�g�h�\�g�Z�y �f�Z�k�k�Z �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �. – 
�n�Z�a�u �i�j�_�\�j�Z�s�Z�_�l�k�y �\ �� – �n�Z�a�m �d�Z�d «�i�h�e�b�]�h�g �\ �i�h�e�b�]�h�g», �b�e�b �d�Z�d «�a�_�j�g�h �\ �a�_�j�g�h». �<
�j�_�a�m�e�v�l�Z�l�_ �g�h�\�u�o �]�j�Z�g�b�p �\ �� – �n�Z�a�_ �g�_ �h�[�j�Z�a�m�_�l�k�y, �b �\�b�^ �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�m�[�k�l�j�m�d�l�m�j�u
�\ �Z�m�k�l�_�g�b�l�_ �i�h�k�e�_ �^�\�h�c�g�h�c �a�Z�d�Z�e�d�b �g�_ �f�_�g�y�_�l�k�y. �>�Z�e�v�g�_�c�r�_�_ �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �i�j�b
�g�Z�]�j�_�\�_ �i�h�^ �\�l�h�j�b�q�g�m�x �a�Z�d�Z�e�d�m �i�j�b�\�h�^�b�l �d �j�Z�k�l�\�h�j�_�g�b�x �d�Z�j�[�b�^�g�u�o �q�Z�k�l�b�p, �g�h �^�Z�`�_
�i�h�k�e�_ �i�h�e�g�h�c �n�Z�a�h�\�h�c �i�_�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �k�l�Z�e�b �i�j�b �g�Z�]�j�_�\�_�i�h�^ �\�l�h�j�b�q�g�m�x �a�Z�d�Z�e�d�m �^�h
�l�_�f�i�_�j�Z�l�m�j�u 880 º�K �a�_�j�g�h �\ �k�l�Z�e�b �h�k�l�Z�_�l�k�y �f�_�e�d�b�f �b �b�f�_�_�l �j�Z�a�f�_�j 10 ÷ 15 �f�d�f
(�j�b�k�m�g�h�d 3). 

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

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

�K �w�l�h�c �p�_�e�v�x �^�e�y �k�l�Z�e�b 35�O�=�K�: �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �o�h�e�h�^�g�h�]�h �h�[�`�Z�l�b�y: 10 �b
30 %. �B�k�o�h�^�g�h�_ �k�h�k�l�h�y�g�b�_ �k�l�Z�e�b 35�O�=�K�: – �i�h�k�e�_ �h�l�`�b�]�Z. �K�l�j�m�d�l�m�j�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z
�j�b�k�m�g�d�_ 6. 
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�J�b�k�m�g�h�d 6 – �K�l�j�m�d�l�m�j�Z �^�e�y �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �a�Z�d�Z�e�d�b 840 °�K, 30 �f�b�g, �\ �f�Z�k�e�_ + 
�h�l�i�m�k�d�Z 550 °�K, 4 �q�Z�k�Z:

�Z – �f�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: (�m�\�_�e�b�q�_�g�b�_ 200); 
�[ – �^�Z�g�g�u�_ EBSD, �d�Z�j�l�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d;

�\ – �^�Z�g�g�u�_ EBSD, �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�d�b

�H�[�j�Z�[�h�l�d�m �i�j�h�\�h�^�b�e�b �i�h �k�o�_�f�_ 3 �i�h �h�i�l�b�f�Z�e�v�g�u�f �i�Z�j�Z�f�_�l�j�Z�f (�j�b�k�m�g�h�d 7), 
�i�h�e�m�q�_�g�g�u�f �^�e�y �h�[�j�Z�[�h�l�h�d �i�h �k�o�_�f�Z�f 1 �b 2 (�j�b�k�m�g�h�d 1, �Z �b �[).  

�J�b�k�m�g�h�d 7 – �K�o�_�f�Z �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k�l�Z�e�b 35�O�=�K�: (�k�o�_�f�Z �‹3)

�J�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 550 ÷ 600 °�K �i�h�k�e�_ �^�_�n�h�j�f�Z�p�b�b 30 �b 50 % �j�_�a�d�h
�k�g�b�`�Z�_�l �l�\�_�j�^�h�k�l�v �^�h �m�j�h�\�g�y �b�k�o�h�^�g�h�]�h �g�_�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�]�h �k�h�k�l�h�y�g�b�y. �>�e�y �k�l�_�i�_�g�b
�^�_�n�h�j�f�Z�p�b�b �\ 30 % �[�u�e �i�j�h�\�_�^�_�g EBSD �Z�g�Z�e�b�a, �j�_�a�m�e�v�l�Z�l�u �d�h�l�h�j�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z
�j�b�k�m�g�d�_ 8. 

�Z �[ �\
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�J�b�k�m�g�h�d 8 – �K�l�j�m�d�l�m�j�Z �^�e�y �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �^�_�n�h�j�f�Z�p�b�b 30 % �k �i�h�k�e�_�^�m�x�s�_�c
�\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �b �h�o�e�Z�`�^�_�g�b�_�f �g�Z �\�h�a�^�m�o�_:

�Z – �f�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: (�m�\�_�e�b�q�_�g�b�_ 200) 
�[ – �^�Z�g�g�u�_ EBSD �Z�g�Z�e�b�a�Z, �d�Z�j�l�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d �a�_�j�_�g;
�\ – �^�Z�g�g�u�_ EBSD �Z�g�Z�e�b�a, �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�d�b

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

�G�Z�]�j�_�\ �\ �k�m�[�d�j�b�l�b�q�_�k�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j �h�[�j�Z�a�p�h�\, �^�_�n�h�j�f�b�j�h�\�Z�g�g�u�o �k�h
�k�l�_�i�_�g�v�x 10 %, �g�_ �\�u�a�u�\�Z�_�l �a�Z�f�_�l�g�u�o �b�a�f�_�g�_�g�b�c �\ �f�b�d�j�h�k�l�j�m�d�l�m�j�_. �J�_�a�m�e�v�l�Z�l�u
�i�j�h�k�\�_�q�b�\�Z�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �^�e�y �h�[�j�Z�a�p�Z �i�h�k�e�_ �\�u�^�_�j�`�d�b �i�j�b 750 °�K �\
�l�_�q�_�g�b�_ 2 �q�Z�k�h�\ �i�j�b�\�_�^�_�g�u �g�Z �j�b�k�m�g�d�_ 9. �G�Z �n�h�l�h�]�j�Z�n�b�b �\�b�^�g�Z �k�m�[�a�_�j�_�g�g�Z�y �k�l�j�m�d�l�m�j�Z
�i�h�k�e�_ �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K �b
�k�n�_�j�h�b�^�b�a�b�j�h�\�Z�g�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b�^�h�\, �j�Z�k�i�h�e�h�`�_�g�g�u�_ �i�h �]�j�Z�g�b�p�Z�f �k�m�[�a�_�j�_�g.

�J�b�k�m�g�h�d 9 – �K�l�Z�e�v 35�O�=�K�: �i�h�k�e�_ �j�Z�a�e�b�q�g�h�c �k�l�_�i�_�g�b �^�_�n�h�j�f�Z�p�b�b �b �\�u�^�_�j�`�d�_ �i�j�b
750 °�K �\ �l�_�q�_�g�b�_ 2 �q�Z�k�h�\ �b �i�h�k�e�_�^�m�x�s�_�]�h �h�o�e�Z�`�^�_�g�b�y �g�Z �\�h�a�^�m�o�_:

�^�_�n�h�j�f�Z�p�b�y 10% (�m�\�_�e�b�q�_�g�b�_ �o40 000) 

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

�Z �[ �\
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�J�b�k�m�g�h�d 10 –�K�l�j�m�d�l�m�j�Z �^�e�y �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �^�_�n�h�j�f�Z�p�b�b 10 % �k �i�h�k�e�_�^�m�x�s�_�c
�\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �b �h�o�e�Z�`�^�_�g�b�_�f �g�Z �\�h�a�^�m�o�_:

�Z – �f�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: (�m�\�_�e�b�q�_�g�b�_ 200); 
�[ – �^�Z�g�g�u�_ EBSD, �d�Z�j�l�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d;

�\ – �^�Z�g�g�u�_ EBSD, �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�d�b

�B�a �^�Z�g�g�u�o EBSD �Z�g�Z�e�b�a�Z �\�b�^�g�h, �q�l�h �[�h�e�v�r�b�g�k�l�\�h �]�j�Z�g�b�p �a�_�j�_�g – �f�Z�e�h�m�]�e�h�\�u�_.
�B�a �h�i�b�k�Z�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k�e�_�^�m�_�l, �q�l�h �i�j�b �k�l�_�i�_�g�b �^�_�n�h�j�f�Z�p�b�b 10 % �i�j�b

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

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

EBSD�b�k�k�e�_�^�h�\�Z�g�b�y �k�l�Z�e�b �h�[�`�Z�l�b�y 10 % �b �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o
�l�_�f�i�_�j�Z�l�m�j �\ �l�_�q�_�g�b�_ 2 �q�Z�k�h�\ �i�h�d�Z�a�u�\�Z�x�l �k�h�o�j�Z�g�_�g�b�_ �[�h�e�v�r�h�]�h �q�b�k�e�Z �f�Z�e�h�m�]�e�h�\�u�o
�]�j�Z�g�b�p. �W�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �\�u�i�h�e�g�_�g�b�b �f�_�o�Z�g�b�a�f�Z �k�l�j�m�d�l�m�j�g�h�]�h �g�Z�k�e�_�^�h�\�Z�g�b�y �i�j�b
�Z�m�k�l�_�g�b�a�Z�p�b�b �k �i�_�j�_�o�h�^�h�f �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u, �n�h�j�f�b�j�m�x�s�_�c�k�y �i�h�k�e�_
�\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �\ �a�_�j�g�Z �Z�m�k�l�_�g�b�l�Z (�j�b�k�m�g�h�d 11). 

�J�b�k�m�g�h�d 11 – �K�l�j�m�d�l�m�j�Z �^�e�y �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �o�h�e�h�^�g�h�c �i�e�Z�k�l�b�q�_�k�d�h�c
�^�_�n�h�j�f�Z�p�b�b 10 % + �\�u�^�_�j�`�d�_ �i�j�b 750 °�K �\ �l�_�q�_�g�b�_ 2 �q�Z�k�h�\ + �a�Z�d�Z�e�d�b 840 °�K, 30 �f�b�g, �\

�f�Z�k�e�_ + �h�l�i�m�k�d�Z 550 °�K, 4 �q�Z�k�Z:
�Z – �f�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 35�O�=�K�: (�m�\�_�e�b�q�_�g�b�_ 200); 

�[ – �^�Z�g�g�u�_ EBSD, �d�Z�j�l�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d;
�\ – �^�Z�g�g�u�_ EBSD, �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�a�h�j�b�_�g�l�b�j�h�\�d�b

�Z �\�[

�[�Z �\
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�G�Z �^�Z�g�g�h�f �w�l�Z�i�_ �i�j�h�b�k�o�h�^�b�l �k�^�\�b�]�h�\�h�_ �i�j�_�\�j�Z�s�_�g�b�_ �i�h�e�b�]�h�g�Z�\ �a�_�j�g�h �Z�m�k�l�_�g�b�l�Z,
�d�Z�d �i�h�d�Z�a�Z�g�h �\ �j�Z�[�h�l�Z�o �F.�E. �;�_�j�g�r�l�_�c�g�Z [7], �b �a�Z�d�j�_�i�e�_�g�b�_ �w�l�h�c �k�l�j�m�d�l�m�j�u �i�h�k�e�_�^�m�x�s�_�c
�a�Z�d�Z�e�d�h�c. �I�h �^�Z�g�g�u�f EBSD �j�Z�a�f�_�j �a�_�j�g�Z �i�h�e�m�q�Z�_�l�k�y 5 ÷ 10 �f�d�f, �q�l�h �k�h�i�h�k�l�Z�\�b�f�h �k
�j�Z�a�f�_�j�h�f �k�m�[�a�_�j�_�g �i�h�k�e�_ �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j.

�>�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �j�_�`�b�f�h�\ �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �g�Z�i�j�h�y�\�e�_�g�b�_
�h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �^�e�y �b�k�k�e�_�^�m�_�f�h�c �k�l�Z�e�b �i�j�h�\�h�^�b�e�b�k�v �k�_�j�b�Z�e�v�g�u�_ �m�^�Z�j�g�u�_
�b�k�i�u�l�Z�g�b�y (�l�Z�[�e�b�p�Z 5). 

�L�Z�[�e�b�p�Z 5 – �>�Z�g�g�u�_ �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\
�l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d

�‹ �J�_�`�b�f �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �L�_�f�i�_�j�Z�l�m�j�Z
�b�k�i�u�l�Z�g�b�c, °�K

KCU,
�F�>�`/�f ²

1
�K�l�Z�g�^�Z�j�l�g�u�c:
�^�_�n�h�j�f�Z�p�b�y 10 % + �a�Z�d�Z�e�d�Z 880 º�K (30 
�f�b�g) + �h�l�i�m�k�d 550 º�K (4 �q)

20 0,36 ± 0,08 
0 0,30 ± 0,05 

-20 0,28 ± 0,11 
-40 0,27 ± 0,10 
-60 0,26 ± 0,09 

2

�I�h �k�o�_�f�_ �‹3:
�^�_�n�h�j�f�Z�p�b�y 10 % + �\�u�^�_�j�`�d�Z �\ �K�D�L 750 
º�K (2 �q) + �a�Z�d�Z�e�d�Z 840 º�K (30 �f�b�g) + �h�l�i�m�k�d
550 º�K (4 �q)

20 1,07 ± 0,15 
0 1,04 ± 0,12 

-20 0,92 ± 0,23 
-40 0,85 ± 0,09 
-60 0,68 ± 0,11 

�:�g�Z�e�b�a �\�e�b�y�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �g�Z �i�j�h�y�\�e�_�g�b�_
�w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b �i�h �^�Z�g�g�u�f �m�^�Z�j�g�u�o �b�k�i�u�l�Z�g�b�c �i�h�d�Z�a�Z�e, �q�l�h
�l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �k �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j
�m�k�l�j�Z�g�y�_�l �w�n�n�_�d�l �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b. �M�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v �g�_ �k�g�b�`�Z�_�l�k�y �\�h
�\�k�z�f �^�b�Z�i�Z�a�h�g�_ �b�k�k�e�_�^�m�_�f�u�o �l�_�f�i�_�j�Z�l�m�j �b �^�Z�`�_ �\ 2,5 ÷ 3 �j�Z�a�Z �i�j�_�\�h�k�o�h�^�b�l �a�g�Z�q�_�g�b�y
�m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �i�h�k�e�_ �k�l�Z�g�^�Z�j�l�g�h�c �l�_�j�f�h�h�[�j�Z�[�h�l�d�b.

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �g�b�`�g�_�c �]�j�Z�g�b�p�u �b�g�l�_�j�\�Z�e�Z �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j, �\
�d�h�l�h�j�h�f �j�_�Z�e�b�a�m�_�l�k�y �f�_�o�Z�g�b�a�f �n�h�j�f�b�j�h�\�Z�g�b�y �m�k�l�h�c�q�b�\�h�c �k�m�[�a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j�u, �[�u�e�b
�h�l�j�Z�[�h�l�Z�g �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �j�_�`�b�f �k �\�u�^�_�j�`�d�h�c �\ �l�_�q�_�g�b�_ 2 �q�Z�k�h�\ �i�j�b 720 º�K, �l.�_.                     
�:�k1 - (30 ÷ 40) º�K. �K�j�Z�\�g�b�l�_�e�v�g�u�_ �b�k�i�u�l�Z�g�b�y �g�Z �m�^�Z�j�g�u�c �b�a�]�b�[ �i�h�d�Z�a�Z�e�b, �q�l�h �m�^�Z�j�g�Z�y
�\�y�a�d�h�k�l�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �b�k�i�u�l�Z�g�b�c -20 °�K �k�g�b�a�b�e�Z�k�v �g�Z 30 % (0,61 ± 0,09 �F�>�`/�f ²) �i�h
�k�j�Z�\�g�_�g�b�x �k �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�h�c �i�h �h�i�l�b�f�Z�e�v�g�h�c �k�o�_�f�_. �L�Z�d�b�f �h�[�j�Z�a�h�f
�\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �y�\�e�y�_�l�k�y �h�i�l�b�f�Z�e�v�g�h�c, �k�g�b�`�_�g�b�_
�l�_�f�i�_�j�Z�l�m�j�u �\�u�^�_�j�`�d�b �i�j�b�\�h�^�b�l �d �i�h�g�b�`�_�g�b�x �a�g�Z�q�_�g�b�c �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b.

3.3 �<�e�b�y�g�b�_ �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �g�Z�f�_�o�Z�g�b�q�_�k�d�b�_
�k�\�h�c�k�l�\�Z �e�b�l�h�c �k�l�Z�e�b 35�O�=�K�E

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

�I�j�b �b�k�d�e�x�q�_�g�b�b �h�[�j�Z�[�h�l�d�b �^�Z�\�e�_�g�b�_�f �_�^�b�g�k�l�\�_�g�g�u�f�b �f�_�l�h�^�Z�f�b �\�h�a�^�_�c�k�l�\�b�y �g�Z
�k�l�j�m�d�l�m�j�m �e�b�l�h�c �k�l�Z�e�b, �Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b �g�Z �_�z �k�\�h�c�k�l�\�Z �h�k�l�Z�x�l�k�y �f�_�l�h�^�u �l�_�j�f�b�q�_�k�d�h�c
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�h�[�j�Z�[�h�l�d�b, �g�_�d�h�l�h�j�u�_ �b�a �d�h�l�h�j�u�o �l�Z�d�`�_ �g�_ �\�k�_�]�^�Z �i�j�b�\�h�^�y�l �d �i�h�e�h�`�b�l�_�e�v�g�h�f�m �d�h�g�_�q�g�h�f�m
�j�_�a�m�e�v�l�Z�l�m. �I�h�w�l�h�f�m �b�k�i�h�e�v�a�h�\�Z�g�b�_ �w�n�n�_�d�l�Z �b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �K�D�L
�^�e�y �k�l�Z�e�b 35�O�=�K�E �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �p�_�e�_�k�h�h�[�j�Z�a�g�u�f (�k�o�_�f�Z 2, �j�b�k�m�g�h�d 1, �[).

�< �o�h�^�_ �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �\ �^�Z�g�g�h�c �k�l�Z�e�b �i�h�k�e�_
�l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �i�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m �j�_�`�b�f�m �h�l�f�_�q�Z�e�b�k�v �k�o�h�`�b�_
�f�_�o�Z�g�b�a�f�u �k�l�j�m�d�l�m�j�g�u�o �i�j�_�\�j�Z�s�_�g�b�c, �h�i�b�k�Z�g�g�u�o �\�u�r�_, �\ �l�h�f �q�b�k�e�_, �b �n�h�j�f�b�j�h�\�Z�g�b�_
�m�k�l�h�c�q�b�\�h�c �k�m�[�a�_�j�_�g�g�h�c �k�l�j�m�d�l�m�j�u �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �:�k1 - (5 ÷ 10) º�K.

�I�h�k�e�_ �i�j�h�\�_�^�_�g�g�u�o �l�_�j�f�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d �^�e�y �a�Z�]�h�l�h�\�h�d �j�Z�a�f�_�j�h�f 20�o20 �f�f �b�a
�k�l�Z�e�b 35�O�=�K�E �i�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m �j�_�`�b�f�m �i�h �k�o�_�f�_ 2 (�j�b�k�m�g�h�d 1, �[) �b �b�a�\�_�k�l�g�h�f�m
�j�_�`�b�f�m �^�e�y �k�l�Z�e�v�g�h�]�h �e�b�l�v�y, �h�i�b�k�Z�g�g�h�]�h �E�Z�o�l�b�g�u�f �X.�F. [8], �[�u�e�b �i�j�h�\�_�^�_�g�u
�f�_�o�Z�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y �h�[�j�Z�a�p�h�\ (�l�Z�[�e�b�p�Z 6). 

�L�Z�[�e�b�p�Z 6 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �e�b�l�h�c �k�l�Z�e�b 35�O�=�K�E �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b

�‹ �J�_�`�b�f �L�H KCU,
�F�>�`/�f 2

�10,2,
�F�I�Z

�1�\,
�F�I�Z

�/,
%

�� ,
%

1

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�a�Z�d�Z�e�d�Z �h�l 1250 º�K (60 �f�b�g), �\ �f�Z�k�e�_ + 
�\�u�^�_�j�`�d�Z 750 º�K (2 �q) + �a�Z�d�Z�e�d�Z �h�l 840 
º�K (30 �f�b�g), �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K (4 �q)

0,80 ± 
0,05

820 ± 
30

950 ± 
25

9,5 ± 
0,8

26 ± 
0,95

2

�B�a�\�_�k�l�g�u�c (�E�Z�o�l�b�g �X.�F.):
�]�h�f�h�]�_�g�b�a�b�j�m�x�s�b�c �h�l�`�b�] �i�j�b 1200 º�K,
10 �q�Z�k�h�\ + �a�Z�d�Z�e�d�Z �h�l 880 º�K (30 �f�b�g), �\
�f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K (4 �q)

0,25 ± 
0,05

660 ± 
40

700 ± 
50

7,0 ± 
0,5

24 ± 
1,2

�< �o�h�^�_ �f�_�o�Z�g�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c �\�u�y�\�e�_�g �i�h�e�h�`�b�l�_�e�v�g�u�c �w�n�n�_�d�l
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �g�Z �k�\�h�c�k�l�\�Z �e�b�l�h�c �k�l�Z�e�b 35�O�=�K�E.

�B�k�i�u�l�Z�g�b�y �b�k�k�e�_�^�m�_�f�h�c �k�l�Z�e�b, �h�[�j�Z�[�h�l�Z�g�g�h�c �i�h �j�_�`�b�f�m 1 (�l�Z�[�e�b�p�Z 6), �g�Z
�o�e�Z�^�g�h�e�h�f�d�h�k�l�v �\ �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j �h�l -100 °�K �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �i�h�d�Z�a�Z�e�b
�a�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �k�l�Z�e�b, �k�f�_�s�_�g�b�_ �i�h�j�h�]�Z �o�e�Z�^�g�h�e�h�f�d�h�k�l�b �g�Z 80 
°�K �\ �k�l�h�j�h�g�m �i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j (�l�Z�[�e�b�p�Z 7). 

�L�Z�[�e�b�p�Z 7 – �>�Z�g�g�u�_ �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �k�l�Z�e�b 35�O�=�K�E �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\
�l�_�j�f�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d

�‹ �J�_�`�b�f �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �L�_�f�i�_�j�Z�l�m�j�Z
�b�k�i�u�l�Z�g�b�c, °�K

KCU,
�F�>�`/�f ²

1

�B�a�\�_�k�l�g�u�c (�E�Z�o�l�b�g �X.�F.):
�g�h�j�f�Z�e�b�a�Z�p�b�y 880 º�K (30 �f�b�g) + �a�Z�d�Z�e�d�Z �h�l
880 º�K (30 �f�b�g), �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K
(4 �q)

20 0,25 ± 0,03 
0 0,22 ± 0,03 

-20 0,16 ± 0,05 
-40 0,13 ± 0,02 
-60 0,11 ± 0,03 
-80 0,10 ± 0,04 
-100 0,08 ± 0,03 

2

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�a�Z�d�Z�e�d�Z �h�l 1250 º�K (60 �f�b�g), �\ �f�Z�k�e�_ + 
�\�u�^�_�j�`�d�Z 750 º�K (2 �q) + �a�Z�d�Z�e�d�Z �h�l 840 º�K
(30 �f�b�g), �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 º�K
(4 �q)

20 0,86 ± 0,03 
0 0,78 ± 0,04 

-20 0,59 ± 0,07 
-40 0,48 ± 0,05 
-60 - 
-80 0,38 ± 0,04 
-100 0,25 ± 0,05 
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�G�b�a�d�b�_ �a�g�Z�q�_�g�b�y �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �e�b�l�h�c �k�l�Z�e�b, �h�[�j�Z�[�h�l�Z�g�g�h�c �i�h �j�_�`�b�f�m �E�Z�o�l�b�g�Z
�X.�F., �h�[�t�y�k�g�y�x�l�k�y, �\�h-�i�_�j�\�u�o, �i�h�g�b�`�_�g�g�h�c �\�y�a�d�h�k�l�v�x �k�l�Z�e�b �\ �e�b�l�h�f �k�h�k�l�h�y�g�b�b, �Z �\�h-
�\�l�h�j�u�o, �a�g�Z�q�b�l�_�e�v�g�u�f �h�o�j�m�i�q�b�\�Z�g�b�_�f �k�l�Z�e�b 35�O�=�K�E, �k�d�e�h�g�g�h�c �d �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c
�o�j�m�i�d�h�k�l�b. �H�k�h�[�_�g�g�h �h�o�j�m�i�q�b�\�Z�g�b�_ �i�j�h�y�\�b�e�h�k�v �i�h�k�e�_ �\�u�^�_�j�`�d�b 550 °�K �\ �l�_�q�_�g�b�_
4 �q�Z�k�h�\ – �l�_�f�i�_�j�Z�l�m�j�g�h�f �b�g�l�_�j�\�Z�e�_ �i�j�h�y�\�e�_�g�b�y �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b.
�H�o�j�m�i�q�b�\�Z�g�b�_ �k�l�Z�e�b 35�O�=�K�E �g�_ �i�j�h�y�\�e�y�_�l�k�y �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �i�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m
�j�_�`�b�f�m.

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

�:�g�Z�e�h�]�b�q�g�h�_ �\�e�b�y�g�b�_ �\�u�^�_�j�`�d�b �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �i�h
�h�i�l�b�f�Z�e�v�g�u�f �k�o�_�f�Z�f �h�[�j�Z�[�h�l�d�b (�j�b�k�m�g�d�b 1, �[, �b 7) �g�Z �i�h�\�u�r�_�g�b�_ �\�y�a�d�h�k�l�b �k�l�Z�e�b,
�k�g�b�`�_�g�b�_ �_�z �k�d�e�h�g�g�h�k�l�b �d �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b, �i�h�g�b�`�_�g�b�_ �i�h�j�h�]�Z
�o�e�Z�^�g�h�e�h�f�d�h�k�l�b �g�Z�[�e�x�^�Z�_�l�k�y �b �g�Z �^�j�m�]�b�o �f�Z�j�d�Z�o �k�l�Z�e�_�c:

�Z) �< �k�l�Z�e�y�o �k �j�Z�a�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �m�]�e�_�j�h�^�Z �b �e�_�]�b�j�m�x�s�b�o �w�e�_�f�_�g�l�h�\ 40�O �b
40�O�G2�F�: , �b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �d�j�_�i�z�`�g�u�o �b�a�^�_�e�b�c.

�I�h�k�l�j�h�_�g�b�_ �^�b�e�Z�l�h�f�_�l�j�b�q�_�k�d�b�o �d�j�b�\�u�o �i�h�a�\�h�e�b�e�h �h�i�j�_�^�_�e�b�l�v �d�j�b�l�b�q�_�k�d�b�_ �l�h�q�d�b.
�>�e�y 40�O: �:�k1 = 720 °�K, �:�k3 = 840 °�K, �^�e�y �k�l�Z�e�b 40�O�G2�F�: : �:�k1 = 710 °�K, �:�k3 = 840 °�K. �K
�m�q�_�l�h�f �b�f�_�x�s�b�o�k�y �^�Z�g�g�u�o �i�j�h�\�_�^�_�g�Z �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z �k�l�Z�e�_�c �i�h �k�l�Z�g�^�Z�j�l�g�h�f�m �b
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m �j�_�`�b�f�Z�f.

�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �^�Z�g�g�u�o �k�l�Z�e�_�c �i�h�k�e�_ �k�l�Z�g�^�Z�j�l�g�h�]�h �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h
�j�_�`�b�f�h�\ �h�[�j�Z�[�h�l�d�b �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 8. 

�L�Z�[�e�b�p�Z 8 – �M�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v �k�l�Z�e�_�c 40�O �b 40�O�G2�F�: �i�h�k�e�_ �k�l�Z�g�^�Z�j�l�g�h�c �b
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �h�[�j�Z�[�h�l�h�d

�‹ �K�l�Z�e�v �L�_�f�i�_�j�Z�l�m�j�Z
�b�k�i�u�l�Z�g�b�y, °�K

�M�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v KCU, �F�>�`/�f 2

�K�l�Z�g�^�Z�j�l�g�u�c �j�_�`�b�f*
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c

�j�_�`�b�f
(�k�o�_�f�Z �‹2)*

1 40�O

20  0,74 ± 0,08 1,39 ± 0,07 
0 0,60 ± 0,16 1,27 ± 0,08 

-20 0,47 ± 0,10 1,10 ± 0,12 
-40 0,37 ± 0,15 0,87 ± 0,09 
-60 0,30 ± 0,16 0,61 ± 0,14 

2 40�O�G2�F�:

20 1,14 ± 0,09 1,44 ± 0,13 
0 1,05 ± 0,10 1,31 ± 0,04 

-20 0,92 ± 0,07 1,24 ± 0,09 
-40 0,78 ± 0,04 1,14 ± 0,08 
-60 0,66 ± 0,12 1,01 ± 0,10 

* – �J�_�`�b�f�u �h�[�j�Z�[�h�l�d�b �k�l�Z�e�_�c: �k�l�Z�e�v40�O – �k�l�Z�g�^�Z�j�l�g�u�c: �a�Z�d�Z�e�d�Z 860 °�K (30 �f�b�g) + �h�l�i�m�k�d 550 °�K (4 �q); 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c: �a�Z�d�Z�e�d�Z 1250 °�K (60 �f�b�g), �\ �f�Z�k�e�_ + �\�u�^�_�j�`�d�b �i�j�b �K�D�L 710 °�K (2 �q) + �g�Z�]�j�_�\ �k�h
�k�d�h�j�h�k�l�v�x 1 ÷ 2 °/�f�b�g �^�h 860 °�K, �\�u�^�_�j�`�d�Z 30 �f�b�g + �a�Z�d�Z�e�d�Z �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 °�K (4 �q); �k�l�Z�e�v40�O�G2�F�:
– �k�l�Z�g�^�Z�j�l�g�u�c: �a�Z�d�Z�e�d�Z 860 °�K (30 �f�b�g) + �h�l�i�m�k�d 550 °�K (4 �q); �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c: �a�Z�d�Z�e�d�Z 1250 °�K (60 �f�b�g),
�\ �f�Z�k�e�_ + �\�u�^�_�j�`�d�b �i�j�b �K�D�L 700 °�K (2 �q) + �g�Z�]�j�_�\ �k�h �k�d�h�j�h�k�l�v�x 1 ÷ 2 °/�f�b�g �^�h 860 °�K, �\�u�^�_�j�`�d�Z 30 �f�b�g + 
�a�Z�d�Z�e�d�Z �\ �f�Z�k�e�_ + �h�l�i�m�k�d 550 °�K (4 �q).

�I�j�b�f�_�g�_�g�b�_ �h�[�j�Z�[�h�l�d�b �i�h �k�o�_�f�_ 2 �i�h�\�u�r�Z�_�l �m�^�Z�j�g�m�x �\�y�a�d�h�k�l�v �g�Z 25 ÷ 30 %, 
�k�g�b�`�Z�_�l �i�h�j�h�] �o�e�Z�^�g�h�e�h�f�d�h�k�l�b �g�Z 30 ÷ 40 °�K, �Z �g�Z �k�l�Z�e�y�o, �k�d�e�h�g�g�u�o �d �i�j�h�y�\�e�_�g�b�x
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�w�n�n�_�d�l�Z �h�[�j�Z�l�b�f�h�c �h�l�i�m�k�d�g�h�c �o�j�m�i�d�h�k�l�b (�g�Z�i�j�b�f�_�j, 40�O), �^�Z�g�g�u�c �j�_�`�b�f �i�h�a�\�h�e�y�_�l
�i�h�e�g�h�k�l�v�x �_�]�h �m�k�l�j�Z�g�b�l�v. �< �j�_�a�m�e�v�l�Z�l�_ �b�k�k�e�_�^�h�\�Z�g�b�c, �i�j�h�\�_�^�_�g�g�u�o �k�h�\�f�_�k�l�g�h �k �H�:�H
�J�`�_�\�k�d�b�c �d�j�Z�g�h�k�l�j�h�b�l�_�e�v�g�u�c �a�Z�\�h�^» (�]. �J�`�_�\, �L�\�_�j�k�d�Z�y �h�[�e�Z�k�l�v), �i�j�_�^�e�h�`�_�g�h �a�Z�f�_�g�b�l�v
�\�u�k�h�d�h�e�_�]�b�j�h�\�Z�g�g�m�x �k�l�Z�e�v 40�O�G2�F�: , �b�k�i�h�e�v�a�m�_�f�h�c �i�j�b �i�j�h�b�a�\�h�^�k�l�\�_ �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\
�^�e�y �d�j�_�i�z�`�g�u�o �b�a�^�_�e�b�c �h�l�\�_�l�k�l�\�_�g�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y �k�_�q�_�g�b�_�f 20�o20 �f�f , �g�Z
�w�d�h�g�h�f�g�h�e�_�]�b�j�h�\�Z�g�g�m�x 40�O �[�_�a �i�h�l�_�j�b �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\.

�[) �I�j�b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �^�e�y �m�]�e�_�j�h�^�b�k�l�h�c �i�j�m�`�b�g�g�h�c �k�l�Z�e�b 65. 
�F�_�l�h�^�h�f �^�b�e�Z�l�h�f�_�l�j�b�b �[�u�e�b �h�i�j�_�^�_�e�_�g�u �d�j�b�l�b�q�_�k�d�b�_ �l�h�q�d�b: �:�k1 = 730 °�K, �:�k3 = 755 °�K.
�J�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�b�l�_�e�v�g�u�o �b�k�i�u�l�Z�g�b�c �i�h �h�i�l�b�f�Z�e�v�g�h�f�m �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�m �j�_�`�b�f�m �b
�j�_�`�b�f�m, �j�Z�a�j�Z�[�h�l�Z�g�g�u�f �F.�E. �;�_�j�g�r�l�_�c�g�h�f [9], �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 9. 

�L�Z�[�e�b�p�Z 9 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b 65 �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�h�\ �h�[�j�Z�[�h�l�h�d

�‹ �H�i�b�k�Z�g�b�_ �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b
�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z

�1�\,
�F�I�Z

�10,2,
�F�I�Z

�/,
%

�%,
%

KCU,
�F�>�`/�f 2

1

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�i�j�h�d�Z�l�d�Z 10% + �\�u�^�_�j�`�d�Z �i�j�b �K�D�L 715 
°�K (2 �q) + �a�Z�d�Z�e�d�Z �k 800 °�K �\ �f�Z�k�e�_ + 
�h�l�i�m�k�d 450 °�K (2 �q)

1300 ± 
8,0

1110 ± 
7,0

14 ± 
3,5

46 ± 
2,0

0,55 ± 
0,02

2

�B�a�\�_�k�l�g�u�c (�;�_�j�g�r�l�_�c�g �F.�E.):
�i�j�h�d�Z�l�d�Z 40% + �i�j�_�^�d�j�b�k�l�Z�e�e�b�a�Z�p�b�h�g�g�Z�y
�\�u�^�_�j�`�d�Z �i�j�b 450 °�K (2 �q) + 
�w�e�_�d�l�j�h�g�Z�]�j�_�\ �^�h 800 °�K + �a�Z�d�Z�e�d�Z �\ �k�h�e�b
+ �h�l�i�m�k�d 450 °�K (2 �q)

1080 ± 
10,0

890 ± 
10,0

7 ± 
2,8

26 ± 
2,1

0,30 ± 
0,015

�\) �>�e�y �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�h�c �k�l�Z�e�b 9�O�K.
�D�j�b�l�b�q�_�k�d�Z�y �l�h�q�d�Z: �:�k1 = 760 °�K. �J�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�b�l�_�e�v�g�u�o �f�_�o�Z�g�b�q�_�k�d�b�o

�b�k�i�u�l�Z�g�b�c �h�[�j�Z�a�p�h�\ �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 10. 

�L�Z�[�e�b�p�Z 10 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b 9�O�K �i�h�k�e�_ �L�H �b �L�F�H �i�h �k�l�Z�g�^�Z�j�l�g�u�f �b
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �j�_�`�b�f�Z�f �h�[�j�Z�[�h�l�d�b

�‹ �H�i�b�k�Z�g�b�_ �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b
�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z

�1�\ �b�a�],
�F�I�Z

KCU,
�F�>�`/�f 2

1
�K�l�Z�g�^�Z�j�l�g�u�c:
�d�h�\�d�Z �i�j�b 1050 °�K, �h�o�e�Z�`�^�_�g�b�_ �g�Z �\�h�a�^�m�o�_ + �a�Z�d�Z�e�d�Z
880 °�K, �\ �f�Z�k�e�_ + �h�l�i�m�k�d 180 °�K (2 �q)

3550 ± 15,0 0,04 ± 0,015 

2

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c 1 (�L�H): �d�h�\�d�Z �i�j�b 1050 °�K,
�h�o�e�Z�`�^�_�g�b�_ �g�Z �\�h�a�^�m�o�_ + �a�Z�d�Z�e�d�Z 880 °�K, �\ �f�Z�k�e�_ + 
�\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �K�D�L 755 °�K (2 �q) + �g�Z�]�j�_�\ �k�h
�k�d�h�j�h�k�l�v�x 1 ÷ 2 °�K �^�h 850 °�K (20 �f�b�g), �a�Z�d�Z�e�d�Z �\
�f�Z�k�e�_ + �h�l�i�m�k�d 180 °�K (2 �q)

5050 ± 55,0 0,35 ± 0,010 

3

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c 2 (�L�F�H):
�d�h�\�d�Z �i�j�b 1050 °�K, �h�o�e�Z�`�^�_�g�b�_ �g�Z �\�h�a�^�m�o�_ + 
�\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �K�D�L 755 °�K (2 �q) + �^�_�n�h�j�f�Z�p�b�y
40% + �g�Z�]�j�_�\ �k�h �k�d�h�j�h�k�l�v�x 1 ÷ 2 °�K �^�h 850 °�K (20 
�f�b�g), �a�Z�d�Z�e�d�Z �\ �f�Z�k�e�_ + �h�l�i�m�k�d 180 °�K (2 �q)

5150 ± 45,0 0,30 ± 0,030 
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�]) �M�]�e�_�j�h�^�b�k�l�Z�y �k�l�Z�e�v �M9.
�D�j�b�l�b�q�_�k�d�b�_ �l�h�q�d�b: �:�k1 = 720 °�K, �:�k3 = 750 °�K. �J�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�b�l�_�e�v�g�u�o

�b�k�i�u�l�Z�g�b�c �i�h �h�i�l�b�f�Z�e�v�g�h�f�m �j�_�`�b�f�m �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 11. 

�L�Z�[�e�b�p�Z 11 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b �M9 �\ �^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �b �e�b�l�h�f �k�h�k�l�h�y�g�b�b
�i�h�k�e�_ �L�H �i�h �k�l�Z�g�^�Z�j�l�g�h�]�h �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �j�_�`�b�f�Z�f

�‹ �H�i�b�k�Z�g�b�_ �j�_�`�b�f�Z �h�[�j�Z�[�h�l�d�b

�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z
�>�_�n�h�j�f.

�k�h�k�l�h�y�g�b�_ �E�b�l�h�_ �k�h�k�l�h�y�g�b�_

�1�\ �b�a�],
�F�I�Z

KCU,
�F�>�`/�k�f2

�1�\ �b�a�],
�F�I�Z

KCU,
�F�>�`/�k�f2

1

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�a�Z�d�Z�e�d�Z 1050 °�K, 30 �f�b�g, �\ �\�h�^�_ + �\�u�^�_�j�`�d�Z
�i�j�b �K�D�L 715 °�K (1,5 �q) + �a�Z�d�Z�e�d�Z �k 780 °�K
(20 �f�b�g), �\ �\�h�^�_ + �h�l�i�m�k�d 300 °�K (2 �q)

2250 ± 
60,0

0,37 ± 
0,03

2240 ± 
60,0

0,29 ± 
0,024

2
�K�l�Z�g�^�Z�j�l�g�u�c:
�h�l�`�b�] �g�Z �a�_�j�g�b�k�l�u�c �i�_�j�e�b�l + �a�Z�d�Z�e�d�Z 780 
°�K (20 �f�b�g), �\ �\�h�^�_ + �h�l�i�m�k�d 300 °�K (2 �q)

1600 ± 
50,0

0,19 ± 
0,014

1500 ± 
50,0

0,08 ± 
0,021

� )̂ �K�l�Z�e�v 09�O�G2�F�> (�:�; -2-1), �b�k�i�h�e�v�a�m�_�f�Z�y �\ �k�m�^�h�k�l�j�h�_�g�b�b.
�D�j�b�l�b�q�_�k�d�Z�y �l�h�q�d�Z �:�k1 = 720 °�K. �J�_�a�m�e�v�l�Z�l�u �k�j�Z�\�g�b�l�_�e�v�g�u�o �b�k�i�u�l�Z�g�b�c �i�h

�h�i�l�b�f�Z�e�v�g�h�f�m �j�_�`�b�f�m �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e�b�p�_ 12. 

�L�Z�[�e�b�p�Z 12 – �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b 09�O�G2�F�> �i�h�k�e�_ �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �i�h
�k�l�Z�g�^�Z�j�l�g�u�f �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �j�_�`�b�f�Z�f

�‹ �H�i�b�k�Z�g�b�_ �j�_�`�b�f�Z
�h�[�j�Z�[�h�l�d�b

�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z

�1�\, �F�I�Z �10,2, �F�I�Z �/, % 
KCV, �F�>�`/�f 2

+20 -20 -40 

1

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c:
�i�j�h�d�Z�l�d�Z + �\�u�^�_�j�`�d�Z �\
�b�g�l�_�j�\�Z�e�_ �K�D�L 715 °�K (1,5 �q)
+ �g�Z�]�j�_�\ �k�h �k�d�h�j�h�k�l�v�x 1 ÷ 2 
°�K �^�h 900 °�K (20 �f�b�g), �a�Z�d�Z�e�d�Z
�\ �f�Z�k�e�_ + �h�l�i�m�k�d 590 °�K
(50 �f�b�g)

849 ± 
2,0

893 ±
2,0

11 ± 
1,0

183 ± 
8,0

197 ± 
5,0

195 ± 
9,0

2

�K�l�Z�g�^�Z�j�l�g�u�c:
�i�j�h�d�Z�l�d�Z + �a�Z�d�Z�e�d�Z 900 °�K (20 
�f�b�g), �\ �f�Z�k�e�_ + �h�l�i�m�k�d 590 °�K
(50 �f�b�g)

768 ± 
2,0

823 ±
3,0

13
±1,0

173 ± 
5,0

192 ± 
4,0

188 ± 
8,0
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�<�u�\�h�^�u

1. �<�u�^�_�j�`�d�Z �k�l�Z�e�_�c �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �:�k1 - (5 ÷ 10) º�K
�i�h�k�e�_ �a�Z�d�Z�e�d�b �b�e�b �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b 10% �i�j�b�\�h�^�b�l �i�h�k�e�_ �\�l�h�j�b�q�g�h�c �a�Z�d�Z�e�d�b �b
�h�l�i�m�k�d�Z �d �b�a�f�_�e�v�q�_�g�b�x �a�_�j�g�Z �b �i�h�\�u�r�_�g�b�x �d�h�f�i�e�_�d�k�Z �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\;

2. �I�h�k�e�_ �a�Z�d�Z�e�d�b �b �^�_�n�h�j�f�Z�p�b�b 10% �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�_�c �b EBSD-
�Z�g�Z�e�b�a�h�f �m�k�l�Z�g�h�\�e�_�g�h �n�h�j�f�b�j�h�\�Z�g�b�_ �m�k�l�h�c�q�b�\�h�c �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u �k
�\�u�^�_�e�_�g�b�_�f �g�Z�g�h�j�Z�a�f�_�j�g�u�o �q�Z�k�l�b�p �p�_�f�_�g�l�b�l�Z �g�Z �k�m�[�]�j�Z�g�b�p�Z�o;

3. �N�h�j�f�b�j�h�\�Z�g�b�_ �m�k�l�h�c�q�b�\�h�c �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u �k �i�h�k�e�_�^�m�x�s�b�f
�i�j�_�\�j�Z�s�_�g�b�_�f �i�h�e�b�]�h�g�Z �\ �a�_�j�g�h �Z�m�k�l�_�g�b�l�Z �a�Z �k�q�_�l �w�n�n�_�d�l�Z �k�l�j�m�d�l�m�j�g�h�]�h �g�Z�k�e�_�^�h�\�Z�g�b�y
�^�Z�z�l �\ �k�l�Z�e�b 35�O�=�K�: �i�j�b �\�l�h�j�b�q�g�h�c �a�Z�d�Z�e�d�_ �b �h�l�i�m�k�d�Z 550 º�K:

– �f�_�e�d�h�_ �a�_�j�g�h �j�Z�a�f�_�j�h�f 5 ÷ 10 �f�d�f;
– �i�h�\�u�r�_�g�g�m�x �m�^�Z�j�g�m�x �\�y�a�d�h�k�l�v �\ 2,5 ÷ 3 �j�Z�a�Z;
– �i�h�g�b�`�_�g�g�u�c �i�h�j�h�] �o�e�Z�^�g�h�e�h�f�d�h�k�l�b �g�Z 50 ÷ 60 º�K;
– �i�h�\�u�r�_�g�g�h�_ �m�^�e�b�g�_�g�b�_ �b �k�m�`�_�g�b�_ �\ 1,5 ÷ 2 �j�Z�a�Z
�i�h �k�j�Z�\�g�_�g�b�x �k �h�[�u�q�g�h�c �a�Z�d�Z�e�d�h�c 880 º�K �b �h�l�i�m�k�d�h�f 550 º�K.
4. �I�h�k�e�_ �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b �g�Z 10 % �\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o

�l�_�f�i�_�j�Z�l�m�j �k�h�a�^�Z�z�l �m�k�l�h�c�q�b�\�m�x �i�h�e�b�]�h�g�b�a�h�\�Z�g�g�m�x �k�l�j�m�d�l�m�j�m; �^�_�n�h�j�f�Z�p�b�b �g�Z 30% 
�i�j�b�\�h�^�y�l �d �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b, �b �i�h�k�e�_ �h�d�h�g�q�Z�l�_�e�v�g�h�c �a�Z�d�Z�e�d�b �b�a�f�_�e�v�q�_�g�b�y �a�_�j�g�Z �g�_
�i�j�h�b�k�o�h�^�b�l;

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

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

a) �G�Z �e�b�l�h�c �k�l�Z�e�b 35�O�=�K�E �i�h �k�j�Z�\�g�_�g�b�x �k �b�a�\�_�k�l�g�u�f�b �\�Z�j�b�Z�g�l�Z�f�b
�b�k�i�j�Z�\�e�_�g�b�y �e�b�l�h�c �k�l�j�m�d�l�m�j�u �m�^�Z�e�h�k�v �i�h�\�u�k�b�l�v �m�^�Z�j�g�m�x �\�y�a�d�h�k�l�v �k 0,25 ± 
0,05�F�>�`/�f2 �^�h 0,80 ± 0,05 �F�>�`/�f2;

b) �G�Z �k�l�Z�e�b 40�O�G2�F�: �m�^�Z�e�h�k�v �i�h�\�u�k�b�l�v �m�^�Z�j�g�m�x �\�y�a�d�h�k�l�v �k 1,14 ± 0,09 
�F�>�`/�f2 �^�h 1,44 ± 0,13 �F�>�`/�f2;

c) �G�Z �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�o �k�l�Z�e�y�o 9�O�K �i�h�\�u�k�b�e�k�y �i�j�_�^�_�e �i�j�h�q�g�h�k�l�b �i�j�b �b�a�]�b�[�_ �k
3550 ± 15,0 �F�I�Z �^�h 5150 ± 45,0 �F�I�Z, �m�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v �k 0,04 ± 0,015 
�F�>�`/�f2 �^�h 0,30 ± 0,030 �F�>�`/�f2; �g�Z �M9 (�e�b�l�h�_ �k�h�k�l�h�y�g�b�_) – �i�j�_�^�_�e
�i�j�h�q�g�h�k�l�b �i�j�b �b�a�]�b�[�_ �k 1600 ± 50,0 (1500 ± 50,0) �F�I�Z �^�h 2250 ± 60,0 (2240 ± 
60,0) �F�I�Z, �m�^�Z�j�g�Z�y �\�y�a�d�h�k�l�v �k 0,19 ± 0,014 (0,37 ± 0,030) �F�>�`/�f2 �^�h 0,08 ± 
0,021 (0.29 ± 0,024) �F�>�`/�f2;

d) �G�Z �j�_�k�k�h�j�g�h-�i�j�m�`�b�g�g�h�c �k�l�Z�e�b 65 �i�h�\�u�k�b�e�h�k�v �m�^�e�b�g�_�g�b�_ �k 7 ± 2,8 % �^�h 14 ± 
3,5 %, �k�m�`�_�g�b�_ �k 26 ± 2,1 % �^�h 46 ± 2,0 %; 

e) �G�Z �k�l�Z�e�b 35�O�=�K�: �b�a�h�l�_�j�f�b�q�_�k�d�Z�y �\�u�^�_�j�`�d�Z �\ �b�g�l�_�j�\�Z�e�_ �K�D�L �m�\�_�e�b�q�b�\�Z�_�l
�w�n�n�_�d�l �[�h�j�b�j�h�\�Z�g�b�y – �]�e�m�[�b�g�Z �[�h�j�b�j�h�\�Z�g�g�h�]�h �k�e�h�y �\�h�a�j�Z�k�l�Z�_�l �\ 2 ÷ 3 �j�Z�a�Z.

7. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_
�k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �i�h�a�\�h�e�b�e�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �a�Z�f�_�g�m �\�u�k�h�d�h�e�_�]�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b
40�O�G2�F�: �g�Z 40�O �k �l�_�f �`�_ �d�h�f�i�e�_�d�k�h�f �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �^�e�y �j�y�^�Z �b�a�^�_�e�b�c
�h�l�\�_�l�k�l�\�_�g�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y �H�:�H «�J�`�_�\�k�d�b�c �d�j�Z�g�h�k�l�j�h�b�l�_�e�v�g�u�c �a�Z�\�h�^», �]. �J�`�_�\.
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�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c �j�Z�[�h�l�u �b�a�e�h�`�_�g�u �\ �k�e�_�^�m�x�s�b�o
�i�m�[�e�b�d�Z�p�b�y�o:

1. �X.�;. �K�Z�a�h�g�h�\, �: .�: .�D�h�f�b�k�k�Z�j�h�\, �X .�<.�K�f�b�j�g�h�\�Z, �: .�X . �K�Z�a�h�g�h�\�Z / �J�Z�a�j�Z�[�h�l�d�Z
�j�_�`�b�f�h�\ �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �^�e�y �f�_�e�d�h�a�_�j�g�b�k�l�h�c �k�l�j�m�d�l�m�j�u // �F�B�L�H�F. 2009. �L�h�f 5. 
�K. 24-32; 

2. C�Z�a�h�g�h�\ �X.�;., �D�h�f�b�k�k�Z�j�h�\ �:.�: ., �K�f�b�j�g�h�\�Z �X.�<., �H�`�_�j�_�e�d�h�\ �>.�X., �R�Z�r�b�g�Z
�B.�B. / �I�j�b�f�_�g�_�g�b�_ �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_
�k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j �^�e�y �j�_�k�k�h�j�g�h-�i�j�m�`�b�g�g�u�o �k�l�Z�e�_�c // �K�h�\�j�_�f�_�g�g�u�_ �i�j�h�[�e�_�f�u
�g�Z�m�d�b �b �h�[�j�Z�a�h�\�Z�g�b�y. 2012. �‹  6; 

3. C�Z�a�h�g�h�\ �X.�;., �D�h�f�b�k�k�Z�j�h�\ �:.�: ., �K�f�b�j�g�h�\�Z �X.�<., �H�`�_�j�_�e�d�h�\ �>.�X. / 
�B�k�k�e�_�^�h�\�Z�g�b�_ �k�l�j�m�d�l�m�j�u �b �m�^�Z�j�g�h�c �\�y�a�d�h�k�l�b �k�l�Z�e�b 35�O�=�K�: �i�h�k�e�_ �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c
�h�[�j�Z�[�h�l�d�b �k �\�u�^�_�j�`�d�h�c �\ �b�g�l�_�j�\�Z�e�_ �k�m�[�d�j�b�l�b�q�_�k�d�b�o �l�_�f�i�_�j�Z�l�m�j // �>�_�n�h�j�f�Z�p�b�y �b
�j�Z�a�j�m�r�_�g�b�_ �f�Z�l�_�j�b�Z�e�h�\. 2012. �‹ 8. �K. 39-41; 

4. Komissarov Alexander, Sazonov Yury, Smirnova Julia, Ozherelkov Dmitriy. 
Development of precision regimes of thermal and thermomechanical steel treatment // Book of 
abstracts of 20th International Symposium on Metastable, Amorphous and Nanostructured 
Materials (ISMANAM-2013). Italia, Torino, 30.06-05.07, 2013; 

5. �D�h�f�b�k�k�Z�j�h�\ �:.�: ., �R�Z�r�b�g�Z �B.�B., �;�_�e�y�_�\ �<.�<., �H�`�_�j�_�e�d�h�\ �>.�X. �K�h�\�j�_�f�_�g�g�u�_
�i�j�_�p�b�a�b�h�g�g�u�_ �j�_�`�b�f�u �l�_�j�f�b�q�_�k�d�h�c �b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�h�d �[�j�h�g�_�\�u�o �k�l�Z�e�_�c // 
�K�[�h�j�g�b�d �l�_�a�b�k�h�\ �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�c �d�h�g�n�_�j�_�g�p�b�b �g�Z �[�Z�a�_ �H�:�H �G�I�H «�I�j�b�[�h�j». �F�h�k�d�\�Z,
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