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�k�l�_�f�u�� �^�\�m�o�d�Z�g�Z�e�v�g�u�_���� �\�� �d�Z�`�^�h�c�� �h�l�k�m�l��
�k�l�\�m�_�l�� �^�b�k�i�_�l�q�_�j���� �D�Z�`�^�u�c �\�g�h�\�v�� �i�h�k�l�m��
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�w�l�h�]�h�� �\�u�^�_�e�y�x�l�k�y�� �^�\�_�� �]�j�m�i�i�u�� �i�h�e�v�a�h�\�Z��
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�y�o���� �g�Z�d�e�Z�^�u�\�Z�_�f�u�o�� �j�_�Z�e�v�g�u�f�� �\�j�_�f�_�g�_�f����
�>�e�y���w�l�h�]�h���h�[�k�e�m�`�b�\�Z�_�l�k�y���l�h�e�v�d�h���g�_�d�h�l�h��
�j�Z�y�� �q�Z�k�l�v�� �i�Z�d�_�l�h�\�� �j�_�Z�e�v�g�h�]�h�� �\�j�_�f�_�g�b����
�d�h�l�h�j�Z�y�� �g�_�� �i�j�_�\�u�r�Z�_�l�� �i�h�j�h�]�h�\�h�]�h�� �a�g�Z��
�q�_�g�b�y���� �>�j�m�]�Z�y�� �q�Z�k�l�v�� �i�Z�d�_�l�h�\���� �d�� �d�h�l�h�j�h�c��
�g�_�� �i�j�_�^�t�y�\�e�y�x�l�k�y�� �l�j�_�[�h�\�Z�g�b�y�� �j�_�Z�e�v�g�h�]�h��
�\�j�_�f�_�g�b���� �k�l�Z�\�b�l�k�y�� �\�� �h�q�_�j�_�^�v���� �F�Z�d�k�b�f�b��
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�i�m�k�d�g�m�x���k�i�h�k�h�[�g�h�k�l�v�����d�Z�d���b���g�_�l�j�b�\�b�Z�e�v��
�g�h�_�� �h�[�k�e�m�`�b�\�Z�g�b�_�� �l�h�q�_�d�� �^�h�k�l�m�i�Z�� �Z�[�h��
�g�_�g�l�k�d�b�o�� �k�l�Z�g�p�b�c�� �[�_�k�i�j�h�\�h�^�g�u�o�� �k�_�l�_�c��
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�f�Z�j�d�h�\�k�d�b�o�� �p�_�i�_�c�� �i�h�� �g�h�l�Z�p�b�b�� �D�_�g�^�Z�e�e�Z��
�0���*�������� �K�b�k�l�_�f�Z�� �m�j�Z�\�g�_�g�b�c���� �h�i�b�k�u�\�Z�x��
�s�Z�y�� �k�_�l�_�\�h�c�� �m�j�h�\�_�g�v���� �i�h�a�\�h�e�y�_�l�� �h�p�_�g�b��
�\�Z�l�v�� �i�j�h�i�m�k�d�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b�� �d�h�g�d�m�j�b��
�j�m�x�s�b�o�� �a�Z�y�\�h�d���� �K�j�Z�\�g�b�\�Z�x�l�k�y�� �^�h�k�l�h�b�g��
�k�l�\�Z���b���g�_�^�h�k�l�Z�l�d�b���j�Z�a�j�Z�[�h�l�Z�g�g�h�c���f�h�^�_�e�b��
�b���k�m�s�_�k�l�\�m�x�s�b�o�� 

�B�a�� �j�Z�k�k�f�h�l�j�_�g�g�h�]�h�� �\�u�r�_�� �k�e�_�^�m�_�l����
�q�l�h���\���i�h�e�g�h�c���f�_�j�_���a�Z�^�Z�q�Z���f�h�g�b�l�h�j�b�g�]�Z���k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���J�K���g�_���j�_�r�_�g�Z�� 

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

�H�K�Mt-1
�I�h�e�m�q�_�g�b�_���m�a�e�h�\�u�o��

�i�Z�j�Z�f�_�l�j�h�\

�:�g�Z�e�b�l�b�q�_�k�d�h�_��
�h�p�_�g�b�\�Z�g�b�_��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d

�I�Z�j�Z�f�_�l�j�b�q�_�k�d�Z�y��
�b�^�_�g�l�b�n�b�d�Z�p�b�y��

�\�o�h�^�g�h�]�h���m�a�e�h�\�h�]�h��
�l�j �Z�n�b�d�Z

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

�l�j �Z�n�b�d�_

�>�b�g�Z�f�b�q�_�k�d�Z�y��
�i�Z�j�Z�f�_�l�j�b�q�_�k�d�Z�y���b��

�k�l�j �m�d�l�m�j�g�Z�y��
�d�h�j�j�_�d�p�b�y

�E�I�J

�H�K�Mt

 
 

�J�b�k�������� �K�l�j�m�d�l�m�j�Z���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���i�j�h�p�_�k�k�h�\ 
 
�G�Z�� �j�b�k���� �� �H�K�M(t-1) �± �h�p�_�g�d�Z�� �k�h�k�l�h�y��

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

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

�<�� �b�a�\�_�k�l�g�u�o�� �i�h�^�o�h�^�Z�o�� �i�j�_�^�e�Z�]�Z�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �g�_�� �l�h�e�v�d�h�� �^�\�m�o�f�_�k�l�g�u�o��
�d�e�Z�k�k�b�n�b�d�Z�l�h�j�h�\�� ���_�k�l�v�� �i�_�j�_�]�j�m�a�d�Z���� �g�_�l��
�i�_�j�_�]�j�m�a�d�b������ �g�h�� �b�� �l�j�_�o�f�_�k�l�g�u�o�� ���f�Z�e�Z�y����
�g�h�j�f�Z�e�v�g�Z�y���� �\�u�k�h�d�Z�y�� �a�Z�]�j�m�a�d�Z����[8]. �I �Z��
�j�Z�f�_�l�j�b�q�_�k�d�Z�y�� �d�h�j�j�_�d�p�b�y�� �k�h�k�l�h�b�l�� �g�_��
�l�h�e�v�d�h�� �\�� �b�a�f�_�g�_�g�b�b�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�o��
�i�Z�j�Z�f�_�l�j�h�\���m�a�e�Z�����g�h���b���\���b�a�f�_�g�_�g�b�b���q�b�k�e�Z��
�m�a�e�h�\�u�o�� �d�Z�g�Z�e�h�\�� �b�� �_�f�d�h�k�l�b�� �[�m�n�_�j�Z���� �L�Z��
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�d�b�_�� �b�a�f�_�g�_�g�b�y�� �i�h�^�j�Z�a�m�f�_�\�Z�x�l�� �k�l�j�m�d�l�m�j��
�g�u�_���f�h�^�b�n�b�d�Z�p�b�b�� 

�E�b�p�h�����i�j�b�g�b�f�Z�x�s�_�_���j�_�r�_�g�b�y�����E�I�J������
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�e�b�y�_�l�� �g�Z�� �o�h�^�� �i�j�h�p�_�k��
�k�h�\ �i�m�l�_�f�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �i�Z�j�Z�f�_�l�j�b�q�_��
�k�d�h�c�� �b�� �k�l�j�m�d�l�m�j�g�h�c�� �d�h�j�j�_�d�p�b�b. �G�Z�� �i�_�j��
�\�h�f�� �w�l�Z�i�_�� �f�h�`�g�h �\�f�_�k�l�h�� �E�I�J�� �i�h�k�l�Z�\�b�l�v��

�©�a�Z�]�e�m�r�d�m�ª�����g�h���l�h�]�^�Z���\�h�a�g�b�d�Z�_�l���k�e�h�`�g�Z�y��
�a�Z�^�Z�q�Z�� �Z�^�Z�i�l�b�\�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y���� �d�h�l�h�j�Z�y��
�\�� �i�m�[�e�b�d�Z�p�b�b�� �g�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y����
�H�K�M(t) �± �w�l�h�� �h�[�h�a�g�Z�q�_�g�b�_�� �g�h�\�h�]�h, �^�b�g�Z��
�f�b�q�_�k�d�b�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�]�h �k�h�k�l�h�y�g�b�y 
�j�Z�g�_�_�� �\�u�^�_�e�_�g�g�h�]�h���� �h�l�f�_�q�_�g�g�h�]�h�� �b�� �j�Z�k��
�k�f�h�l�j�_�g�g�h�]�h���m�a�e�Z�� 
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�J�b�k������. �B�g�l�_�]�j�b�j�h�\�Z�g�g�Z�y���k�l�j�m�d�l�m�j�Z���\�o�h�^�g�u�o���b���\�u�o�h�^�g�u�o���i�h�l�h�d�h�\ �^�Z�g�g�u�o �\���k�b�k�l�_�f�_���f�h�g�b�l�h�j�b�g�]�Z 

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

�g�Z�y �k�l�j�m�d�l�m�j�Z �\�o�h�^�g�u�o�� �b�� �\�u�o�h�^�g�u�o �i�h��
�l�h�d�h�\ �^�Z�g�g�u�o���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �j�b�k���� ��. 

NK,,�P  �± �m�a�e�h�\�h�c�� �d�h�j�l�_�`�� �����± �i�j�h�b�a��

�\�h�^�b�l�_�e�v�g�h�k�l�v����K �± �q�b�k�e�h�� �d�Z�g�Z�e�h�\����N �± 
�_�f�d�h�k�l�v�� �[�m�n�_�j�Z����
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�l�_�`�� �n�Z�d�l�b�q�_�k�d�b�� �b�a�f�_�j�_�g�g�u�o�� �h�l�d�e�b�d�h�\����
fakt

qT  �± �k�j�_�^�g�_�_���\�j�_�f�y���i�j�_�[�u�\�Z�g�b�y���\���h�q�_��
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�\�� �k�b�k�l�_�f�_����fakt
qW  �± �k�j�_�^�g�_�_�� �q�b�k�e�h�� �a�Z�y�\�h�d��

�\�� �h�q�_�j�_�^�b����fakt
sW  �± �k�j�_�^�g�_�_�� �q�b�k�e�h�� �a�Z�y�\�h�d��

�\�� �k�b�k�l�_�f�_����faktp0  �± �\�_�j�h�y�l�g�h�k�l�v�� �i�j�h�k�l�h�y����
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�± �d�h�j�l�_�`�� �j�Z�k�q�_�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d����
�g�Z�a�g�Z�q�_�g�b�_�� �\�_�e�b�q�b�g�� �Z�g�Z�e�h�]�b�q�g�h�� �i�j�_�^�u��
�^�m�s�_�f�m�� �d�h�j�l�_�`�m�����O,1,GG  �± �b�^�_�g�l�b�n�b��

�p�b�j�h�\�Z�g�g�u�_�� �a�Z�d�h�g�u�� �b�� �b�g�l�_�g�k�b�\�g�h�k�l�v����

�� �� �� �� �� ��210 ,, HPHPHP  �± �d�h�j�l�_�`�� �\�_�j�h�y�l��

�g�h�k�l�_�c�� �]�b�i�h�l�_�a���� NK �'�'�' ,,�P  �± �d�h�j�l�_�`��

�d�h�j�j�_�d�l�b�j�h�\�h�d�����P�'  �± �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�_��

�i�j�b�j�Z�s�_�g�b�_�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b����K�'  �± 
�k�l�j�m�d�l�m�j�g�h�_�� �i�j�b�j�Z�s�_�g�b�_�� �q�b�k�e�Z�� �d�Z�g�Z�e�h�\����

N�'  �± �k�l�j�m�d�l�m�j�g�h�_�� �i�j�b�j�Z�s�_�g�b�_�� �_�f�d�h�k�l�b��
�[�m�n�_�j�Z�� 

�I�h�k�l�j�h�_�g�b�_�� �k�b�k�l�_�f�u�� �f�h�g�b�l�h�j�b�g�]�Z�� 
�F�h�g�b�l�h�j�b�g�]�����h�k�g�h�\�Z�g�g�u�c���g�Z���J�K�����h�[�e�Z�^�Z��
�_�l���h�q�_�g�v���k�b�e�v�g�u�f���k�\�h�c�k�l�\�h�f���± �h�g���f�h�`�_�l��
�[�u�l�v�� �]�_�h�]�j�Z�n�b�q�_�k�d�b�� �j�Z�k�i�j�_�^�_�e�_�g���� �I�h��
�w�l�h�f�m�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��[9�±11] �i�j�_�^�e�Z�]�Z��
�_�l�k�y���k�l�j�m�d�l�m�j�Z �f�h�g�b�l�h�j�b�g�]�Z�����b�a�h�[�j�Z�`�_�g��
�g�Z�y���g�Z���j�b�k�������� 

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

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

�I�j �b�j�h�^�g�u�c���h�[�t�_�d�l��
�f�h�g�b�l�h�j�b�g�]�Z����
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For a node of a distributed environment under the influence of nonstationary ordinary traffic, we propose 
an approach for dynamic restructuring and building of distributed environments. Using this environment 
we can build an effective monitoring system. 
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�l�j�Z�n�b�d�����f�h�^�_�e�b�j�h�\�Z�g�b�_���k�e�h�`�g�u�o���k�b�k�l�_�f. 

 
�<�\�_�^�_�g�b�_�� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y���i�j �h��

�p�_�k�k�� �h�i�_�j�Z�l�b�\�g�h�]�h�� �\�u�y�\�e�_�g�b�y�� �Z�g�h�f�Z�e�b�c 
�^�Z�g�g�u�o���f�h�g�b�l�h�j�b�g�]�Z���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u��
�b���d�j�b�l�b�q�_�k�d�b�o���h�[�t�_�d�l�h�\���b�g�n�j�Z�k�l�j�m�d�l�m�j�u��
�y�\�e�y�_�l�k�y �d�h�f�i�e�_�d�k�g�h�c���� �l�j�m�^�h�_�f�d�h�c �b 
�l�j�m�^�g�h���n�h�j�f�Z�e�b�a�m�_�f�h�c �a�Z�^�Z�q�_�c�����W�l�h���k�\�y��
�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �d�Z�`�^�u�c�� �w�d�a�_�f�i�e�y�j�� �h�l��
�k�e�_�`�b�\�Z�_�f�u�o�� �^�Z�g�g�u�o �f�h�g�b�l�h�j�b�g�]�Z�� �b�f�_��
�_�l�� �k�e�h�`�g�m�x�� �f�g�h�]�h�f�_�j�g�m�x�� �k�l�j�m�d�l�m�j�m�� �b 
�f�h�`�_�l�� �\�d�e�x�q�Z�l�v �f�g�h�`�_�k�l�\�h�� �i�_�j�_�f�_�g�g�u�o 
�b�� �i�Z�j�Z�f�_�l�j�h�\ [1, 2]���� �< �d�h�f�i�e�_�d�k�g�u�o �b�g��
�n�h�j�f�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�Z�o�� �d�h�g�l�j�h�e�y��
�h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �b�� �d�j�b�l�b�q�_�k�d�b�� �\�Z�`��
�g�u�o�� �h�[�t�_�d�l�h�\�� �j�_�Z�e�b�a�m�_�l�k�y�� �f�_�o�Z�g�b�a�f 
�i�h�^�^�_�j�`�d�b�� �i�j�b�g�y�l�b�y�� �j�_�r�_�g�b�c�� �i�h�� �\�u�y�\��
�e�_�g�b�x�� �d�j�b�l�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �h�[�t�_�d�l�Z��
�f�h�g�b�l�h�j�b�g�]�Z�����K�h�\�f�_�k�l�g�h�_���b�k�i�h�e�v�a�h�\�Z�g�b�_��
�k�j�_�^�k�l�\�� �h�i�_�j�Z�l�b�\�g�h�]�h�� �f�h�g�b�l�h�j�b�g�]�Z, 
�b�f�b�l�Z�p�b�h�g�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y �b�� �\�_�j�h��
�y�l�g�h�k�l�g�u�o�� �f�h�^�_�e�_�c �i�h�a�\�h�e�y�_�l�� �i�j�h�]�g�h�a�b��
�j�h�\�Z�l�v�� �^�b�g�Z�f�b�d�m�� �b�a�f�_�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y����
�i�j�_�^�m�i�j�_�`�^�Z�l�v�� �h�� �\�h�a�f�h�`�g�u�o�� �Z�g�h�f�Z�e�b�y�o��
�b �i�j�_�\�_�g�l�b�\�g�h �\�u�i�h�e�g�y�l�v�� �d�h�j�j�_�d�l�b�j�m�x��
�s�b�_�� �^�_�c�k�l�\�b�y���� �i�j�_�^�h�l�\�j�Z�s�Z�y�� �l�_�f�� �k�Z�f�u�f��
�\�h�a�g�b�d�g�h�\�_�g�b�_���Z�\�Z�j�b�c�g�u�o���k�b�l�m�Z�p�b�c [3]. 

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

�\�_�j�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �i�j�_�^�e�h�`�_�g�g�u�o��
�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o���f�_�l�h�^�h�\���h�[�g�Z�j�m�`�_�g�b�y��
�Z�g�h�f�Z�e�b�c���\���^�Z�g�g�u�o���f�h�g�b�l�h�j�b�g�]�Z �b���b�a�f�_��
�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y�� �h�[�t�_�d�l�h�\�� �f�h�g�b�l�h�j�b�g�]�Z 
[4]. �B�k�k�e�_�^�h�\�Z�l�v �\�e�b�y�g�b�_ �d�j�b�l�b�q�_�k�d�b�o 
�i�Z�j�Z�f�_�l�j�h�\���g�Z���b�a�f�_�g�_�g�b�_���k�h�k�l�h�y�g�b�y �h�[�t��
�_�d�l�Z [5]: 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v���]�_�g�_�j�Z�p�b�b���a�Z�y�\�h�d���± �� 
�b���1(��); 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y �a�Z��
�y�\�h�d���± �� �b���1(��); 

�± �g�Z�]�j�m�a�d�Z���k�b�k�l�_�f�u���± �!; 
�± �h�[�t�_�f�u���\�u�[�h�j�h�d���± n; 
�± �f�h�f�_�g�l�u�� �\�j�_�f�_�g�b�� �b�a�f�_�j�_�g�b�y�� �o�Z��

�j�Z�d�l�_�j�b�k�l�b�d���± t; 
�± �b�g�l�_�j�\�Z�e�u�� �\�j�_�f�_�g�b�� �b�a�f�_�j�_�g�b�y�� �o�Z��

�j�Z�d�l�_�j�b�k�l�b�d���± �2; 
�± �m�j�h�\�g�b���a�g�Z�q�b�f�h�k�l�b���± �j. 
�H�p�_�g�b�l�v �\�e�b�y�g�b�_�� �m�d�Z�a�Z�g�g�u�o�� �i�Z�j�Z��

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

�F�Z�l�_�j�b�Z�e�u�� �b�� �f�_�l�h�^�u�� �>�e�y�� �f�h�^�_�e�b��
�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z�� �b�a�f�_�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y��
�h�[�t�_�d�l�Z�� �f�h�g�b�l�h�j�b�g�]�Z �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v 
�^�b�k�d�j�_�l�g�h-�k�h�[�u�l�b�c�g�Z�y�� �f�h�^�_�e�v �k�j�_�^�u��
�b�f�b�l�Z�p�b�h�g�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �h�[�s�_�]�h��
�g�Z�a�g�Z�q�_�g�b�y Anylogic Personal Learning 
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�f�_�l�j�b�d���^�Z�g�g�u�o���f�h�g�b�l�h�j�b�g�]�Z���i�j�h�\�h�^�b�e�k�y��
�\ MATLAB Online. �<���l�_�j�f�b�g�Z�o�� �l�_�h�j�b�b��
�f�Z�k�k�h�\�h�]�h�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �b�k�k�e�_�^�m�_�f�m�x��
�f�h�^�_�e�v�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d��
�k�b�k�l�_�f�m���f�Z�k�k�h�\�h�]�h���h�[�k�e�m�`�b�\�Z�g�b�y ���K�F�H�� 
�l�b�i�Z G/G1/M/N [6]. �H�[�g�Z�j�m�`�_�g�b�_ �Z�g�h�f�Z��
�e�b�c���\���k�e�h�`�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o���^�Z�g�g�u�o��
�f�h�g�b�l�h�j�b�g�]�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �g�Z�� �h�k�g�h�\�_ 
�w�n�n�_�d�l�Z�� �]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q�g�h�k�l�b (G-
�w�n�n�_�d�l�Z������ �d�Z�d�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �g�Z�[�e�x�^�_��
�g�b�c���� �\�u�j�Z�`�Z�x�s�_�]�h�k�y�� �\�� �g�_�h�^�b�g�Z�d�h�\�h�c��
�^�b�k�i�_�j�k�b�b�� �k�e�m�q�Z�c�g�h�c�� �h�r�b�[�d�b�� �j�_�]�j�_�k�k�b��
�h�g�g�h�c���f�h�^�_�e�b [7, 8]. 

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

�\�Z�g�b�y �i�h�^�j�h�[�g�h�� �h�i�b�k�Z�g�Z�� �\�� �>9�@�� �b�� �h�k�m��
�s�_�k�l�\�e�y�_�l�k�y�� �f�_�l�h�^�Z�f�b�� �^�b�k�d�j�_�l�g�h-
�k�h�[�u�l�b�c�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �>10�@���� �>�e�y��
�f�h�^�_�e�b�j�h�\�Z�g�b�y �\�u�[�_�j�_�f �K�F�H�� �l�b�i�Z��
�F���F��M/N�����l�h���_�k�l�v���k�b�k�l�_�f�m�� �b�f�_�x�s�m�x���l�m��
�`�_���k�l�j�m�d�l�m�j�m�����q�l�h���b���b�k�k�e�_�^�m�_�f�Z�y���k�b�k�l�_�f�Z��
G/G1/M/N [11]. 

�I�j�h�\�_�^�_�f�� �k�_�j�b�x�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �\��
�d�h�l�h�j�u�o�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�h�k�l�m�i�e�_�g�b�y�� �b��
�h�[�j�Z�[�h�l�d�b�� �a�Z�y�\�h�d�� �\�� �k�b�k�l�_�f�_�� �j�Z�k�i�j�_�^�_�e�_��
�g�u�� �i�h�� �g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m���� �I�j�b�f�_�j�� �b�g��
�l�_�g�k�b�\�g�h�k�l�b�� �h�[�j�Z�[�h�l�d�b�� �b�� �\�j�_�f�_�g�b�� �i�j�_��
�[�u�\�Z�g�b�y�� �a�Z�y�\�h�d�� �\�� �k�b�k�l�_�f�_���� �j�Z�k�i�j�_�^�_�e�_�g��
�g�u�o�� �i�h�� �g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m�� �i�h�d�Z�a�Z�g�� �g�Z��
�j�b�k. 1. 

 
 

�J�b�k. 1. �>�b�Z�]�j�Z�f�f�Z���^�b�g�Z�f�b�d�b �b�a�f�_�g�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b �h�[�k�e�m�`�b�\�Z�g�b�y���a�Z�y�\�h�d���± �� �b���\�j�_�f�_�g�b��
�i�j�_�[�u�\�Z�g�b�y���a�Z�y�\�h�d���\���k�b�k�l�_�f�_���± �L �\�h���\�j�_�f�_�g�b���f�h�^�_�e�b�j�h�\�Z�g�b�y �i�j�b���g�h�j�f�Z�e�v�g�h�f���a�Z�d�h�g�_��

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

�J�Z�k�k�f�h�l�j�b�f�� �h�^�g�h�d�Z�g�Z�e�v�g�m�x�� �K�F�H�� �k�h��
�k�e�_�^�m�x�s�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �]�_�g�_�j�Z�p�b�b�� �a�Z�y�\�h�d��
M(��)=0,7, �1������� ���������� 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �a�Z��
�y�\�h�d���0������� ���������b���1(��)=[0,17; 0,2; �«  ; 0,4]; 

�± �_�f�d�h�k�l�v���g�Z�d�h�i�b�l�_�e�y��N=5; 
�± �k�i�h�k�h�[���h�j�]�Z�g�b�a�Z�p�b�b���b���f�Z�g�b�i�m�e�b�j�h��

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

�g�Z�y���K�F�H�����i�h�k�l�j�h�_�g�g�Z�y �\���k�b�k�l�_�f�_���b�f�b�l�Z��
�p�b�h�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���$�Q�\�O�R�J�L�F�� 

 
�J�b�k. 2. �F�h�^�_�e�v���K�F�H�����\�u�i�h�e�g�_�g�g�Z�y �\���k�j�_�^�_ AnyLogic Personal Learning Edition 
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�J�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�b�f���\���l�Z�[�e. �������]�^�_��
�\�u�^�_�e�b�f�� �g�Z�[�e�x�^�Z�_�f�u�_�� �a�g�Z�q�_�g�b�y�� �k�e�_�^�m��
�x�s�b�f�� �h�[�j�Z�a�h�f�� �^�e�y���.� ������������ ���k�b�g�b�c������
�.� ������������ ���a�_�e�_�g�u�c�������.=0,01 (�d�j�Z�k�g�u�c), 
�d�h�l�h�j�u�_���k�h�h�l�\�_�l�k�l�\�m�x�l���*-�w�n�n�_�d�l�m�� 

 
�L�Z�[�e�b�p�Z�� ���� �J�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �f�_�l��
�j�b�d�b���h�l�d�e�h�g�_�g�b�y��t(n) �^�e�y���j�Z�a�g�u�o �h�l�d�e�h�g�_�g�b�c��
�b�g�l�_�g�k�b�\�g�h�k�l�b �h�[�k�e�m�`�b�\�Z�g�b�y�� �a�Z�y�\�h�d �1(��) �b 
�h�[�t�_�f�h�\���\�u�[�h�j�h�d���± n 
 

�1(��) t(20-2) t(40-2) t(60-2) 
0,17 2,272589 2,834956 3,129703 
0,2 2,244760 3,098965 3,325995 
0,24 2,584886 3,267130 3,503136 
0,26 2,742413 4,003362 3,982638 
0,32 2,908371 3,879590 3,952908 
0,33 3,120325 3,929465 4,049291 
0,35 4,149874 3,995526 4,152842 
0,37 3,956550 3,956550 4,159725 
0,38 3,921756 3,921756 4,165989 
0,4 4,149874 3,937187 4,230893 

 
�D�Z�d�� �i�h�d�Z�a�Z�g�h���� �g�Z�� �j�b�k. 3, �i�j�b�� �h�[�t�_�f�_ 

�\�u�[�h�j�d�b��t=40, �b �m�j�h�\�g�_ �a�g�Z�q�b�f�h�k�l�b��
�.=0,�������� �f�h�^�_�e�v�� �i�h�k�l�h�y�g�g�h�� �i�j�_�[�u�\�Z�_�l �\��
�]�_�l�_�j�h�h�[�e�Z�k�l�b���� �q�l�h�� �k�l�Z�\�b�l�� �i�h�^�� �k�h�f�g�_�g�b�_��
�h�[�t�_�d�l�b�\�g�h�k�l�v�� �i�h�e�m�q�Z�_�f�u�o�� �j�_�a�m�e�v�l�Z�l�h�\. 
�<�� �^�Z�g�g�h�f�� �i�j�b�f�_�j�_�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �\�h�k��
�i�h�e�v�a�h�\�Z�l�v�k�y�� �m�j�h�\�g�_�f�� �a�g�Z�q�b�f�h�k�l�b��
�.=0,001. 

 

 
�J�b�k. 3. �=�j�Z�n�b�d �a�Z�\�b�k�b�f�h�k�l�b���f�_�l�j�b�d�b 

�h�l�d�e�h�g�_�g�b�y �i�j�b����=0,7 ��=0,8 �^�e�y���j�Z�a�e�b�q�g�u�o��
�h�[�t�_�f�h�\���\�u�[�h�j�d�b  

�I�j�h�\�_�^�_�f�� �k�_�j�b�x �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�Z��
�b�f�b�l�Z�p�b�h�g�g�h�c�� �f�h�^�_�e�b, �\�Z�j�v�b�j�m�y���b�g�l�_�j��
�\�Z�e�u�� �\�j�_�f�_�g�b�� �b�a�f�_�j�_�g�b�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�± �2, �^�e�y���\�u�[�h�j�h�d���h�[�t�_�f�h�f��n=[20, 40, 60]. 
�B�g�l�_�g�k�b�\�g�h�k�l�v�� �]�_�g�_�j�Z�p�b�b�� �a�Z�y�\�h�d�� �0�������� �b��
�b�g�l�_�g�k�b�\�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �a�Z�y�\�h�d��
M(��) �g�_�� �f�_�g�y�e�b�k�v���� �j�_�a�m�e�v�l�Z�l�u�� �i�j�_�^�k�l�Z�\��
�e�_�g�u���\���l�Z�[�e. 2. 

�>�e�y�� �f�h�f�_�g�l�h�\�� �\�j�_�f�_�g�b���2� ������������ �i�j�b��
n=20 G-�w�n�n�_�d�l���g�_���i�j�h�y�\�e�y�_�l�k�y�� 

 
�L�Z�[�e�b�p�Z�� ���� �J�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �f�_�l��
�j�b�d�b�� �h�l�d�e�h�g�_�g�b�y��t(n���� �^�e�y�� �j�Z�a�g�u�o�� �f�h�f�_�g�l�h�\��
�\�j�_�f�_�g�b���2, �i�j�b n=20 
 
�1(��) �2� ���� �2=31 �2� 41 
0,17 0,872811 2,272589 1,086666 
0,2 0,217201 2,244760 1,214411 
0,24 0,416689 2,584886 1,397122 
0,26 0,691662 2,742413 2,012461 
0,32 0,920496 2,908371 1,367433 
0,33 1,016894 3,120325 1,737309 
0,35 1,279429 4,149874 1,697257 
0,37 1,374838 3,956550 1,729267 
0,38 1,579370 3,921756 1,641832 
0,4 1,641832 4,149874 1,641832 

 
�>�e�y�� �f�h�f�_�g�l�h�\�� �\�j�_�f�_�g�b���2=21, 31, 41 

�i�j�b��n=60 G-�w�n�n�_�d�l���i�j�h�y�\�e�y�_�l�k�y�����i�j�b�q�_�f��
�m�k�l�h�c�q�b�\�h�� �^�e�y���2=31, 41���� �I�j�b���2=51 G-
�w�n�n�_�d�l���i�j�h�y�\�e�y�_�l�k�y���g�_�m�k�l�h�c�q�b�\�h�� 

�I�j�h�\�_�^�_�f�� �k�_�j�b�x�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�Z��
�b�f�b�l�Z�p�b�h�g�g�h�c�� �f�h�^�_�e�b�� �\�Z�j�v�b�j�m�y�� �h�l�d�e�h��
�g�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�k�l�m�i�e�_�g�b�y�� �a�Z��
�y�\�h�d �± �1(�������g�Z���b�a�f�_�g�_�g�b�_���k�h�k�l�h�y�g�b�y���k�_�l�_��
�\�h�]�h�� �l�j�Z�n�b�d�Z�� �^�e�y�� �k�e�_�^�m�x�s�b�o�� �b�k�o�h�^�g�u�o��
�^�Z�g�g�u�o�� 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�h�k�l�m�i�e�_�g�b�y�� �a�Z�y�\�h�d��
M(��)=0,8, �1(��)=0,02; 

�± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �a�Z��
�y�\�h�d���0������� ���������b���1(��)=[0,17; 0,2; �«�� 0,43]; 

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

 
�L�Z�[�e�b�p�Z�� ���� �J�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �f�_�l��
�j�b�d�b�� �h�l�d�e�h�g�_�g�b�y��t(n���� �^�e�y�� �j�Z�a�g�u�o �h�[�t�_�f�h�\ 
�\�u�[�h�j�d�b��n 
 
�1(��) t(20-2) t(40-2) t(60-2) 
0,17 2,405583 2,749268 2,933398 
0,2 2,595146 2,970839 3,040931 
0,24 2,338425 1,505843 1,478355 
0,26 2,657417 2,814945 3,117413 
0,32 1,479744 1,402019 2,338952 
0,33 1,426997 2,478042 2,552015 
0,35 1,610486 3,915983 3,734023 
0,37 1,713230 3,954610 3,774492 
0,38 1,602686 3,835920 3,702529 
0,4 0,738238 1,606309 2,549741 

 
�G�Z�� �h�k�g�h�\�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �l�Z�[�e. ���� �f�h�`�g�h��
�k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_�� �^�e�y��
�\�u�[�h�j�d�b�� �\�� ������ �a�g�Z�q�_�g�b�c�� �b�� �m�j�h�\�g�y�� �a�g�Z�q�b��
�f�h�k�l�b���.=0,���������f�u���g�Z�[�e�x�^�Z�_�f���\�k�_�]�h���h�^�g�m��
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�h�[�e�Z�k�l�v�� �]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q�g�h�k�l�b���� �I�j�b�� �m�\�_��
�e�b�q�_�g�b�b���m�j�h�\�g�y���a�g�Z�q�b�f�h�k�l�b���.�����g�Z�i�j�b�f�_�j����
�^�h����,���������b���.=0,01, �g�Z�[�e�x�^�Z�x�l�k�y���_�s�_ �^�\�_��
�]�_�l�_�j�h�h�[�e�Z�k�l�b�� �I�j�b�� �b�a�f�_�g�_�g�b�b���1(������ �^�h��
�a�g�Z�q�_�g�b�y�� ���������� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k���1(��)=0,09 
���l�Z�[�e���� ������ �*-�w�n�n�_�d�l�� �g�Z�[�e�x�^�Z�_�l�k�y�� �j�_�`�_�� �b��
�^�b�Z�i�Z�a�h�g�u�� �b�a�f�_�g�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �1��������
�m�f�_�g�v�r�b�e�b�k�v�����L�Z�d���^�b�Z�i�Z�a�h�g���1(���������\���d�h�l�h��
�j�h�f�� �*-�w�n�n�_�d�l�� �g�Z�[�e�x�^�Z�_�l�k�y�� �^�e�y��n� ������ �b��
n� ���������k�h�k�l�Z�\�e�y�_�l�����1(��)=0,35�±0,38. 

�<���o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�h�\���[�u�e�h���m�k�l�Z�g�h�\��
�e�_�g�h���� �q�l�h�� �i�j�b�� �g�Z�]�j�m�a�d�_���!=0,875, �!=0,889 
G-�w�n�n�_�d�l�� �g�Z�[�e�x�^�Z�_�l�k�y���� �>�e�y���!� �������� �b��
�!� ������������ �f�h�^�_�e�v�� �i�h�k�l�h�y�g�g�h�� �g�Z�o�h�^�b�l�k�y �\��
�]�_�l�_�j�h�h�[�e�Z�k�l�b�� 

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

�M�k�l�Z�g�h�\�e�_�g�u�� �m�k�l�h�c�q�b�\�u�_�� �h�[�e�Z�k�l�b��
�j�Z�k�i�h�a�g�Z�\�Z�g�b�y��G-�w�n�n�_�d�l�Z �i�j�b�� �f�h�g�b�l�h��
�j�b�g�]�_���� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �g�Z�]�j�m�a�d�b�� �!�� �\�� �^�b�Z��
�i�Z�a�h�g�_�� �a�g�Z�q�_�g�b�c�� ��,9=>�!=>0,���� �b �� �\�� �^�b�Z��
�i�Z�a�h�g�_�� �a�g�Z�q�_�g�b�c�� ��,8=>��=>0,���� �g�Z�[�e�x�^�Z��
�e�b�k�v�� �m�k�l�h�c�q�b�\�u�_�� �h�[�e�Z�k�l�b�� �*-�w�n�n�_�d�l�Z�� �k��
�^�h�k�l�h�\�_�j�g�h�k�l�v�x�� ��,001 �b�� �\�� �k�j�Z�\�g�_�g�b�b�� �k��
�^�j�m�]�b�f�b���w�d�k�i�_�j�b�f�_�g�l�Z�f�b�����w�l�b���^�b�Z�i�Z�a�h�g�u��
�e�m�q�r�_�� �\�k�_�]�h�� �i�h�^�o�h�^�y�l�� �^�e�y�� �\�u�y�\�e�_�g�b�y��
�Z�g�h�f�Z�e�b�c���\���^�Z�g�g�u�o �f�h�g�b�l�h�j�b�g�]�Z�� 

�I�j�b�� �b�a�f�_�g�_�g�b�b�� �g�Z�]�j�m�a�d�b���! �\�� �^�b�Z�i�Z��
�a�h�g�_�� �a�g�Z�q�_�g�b�c�� ��,9=>�!>=0,���� �b���� �\�� �^�b�Z�i�Z��
�a�h�g�_�� �a�g�Z�q�_�g�b�c�� ��,4=>��>=0,������ �]�_�l�_�j�h�w�n��
�n�_�d�l�� �^�e�y�� �m�j�h�\�g�y�� �a�g�Z�q�b�f�h�k�l�b���.=0,001, 
�h�[�g�Z�j�m�`�b�l�v�� �g�_�� �m�^�Z�e�h�k�v���� �<�� �l�h�`�_�� �\�j�_�f�y��
�b�a�f�_�g�_�g�b�y���g�Z�[�e�x�^�Z�x�l�k�y���i�j�b���m�j�h�\�g�_���a�g�Z��
�q�b�f�h�k�l�b���.=0,���������b�e�b����,01. 

�I�j�b�� �b�a�f�_�g�_�g�b�b�� �g�Z�]�j�m�a�d�b�� �!�� �\�� �^�b�Z�i�Z��
�a�h�g�_�� �a�g�Z�q�_�g�b�c�� ��,9=>�!>=0,���� �b���� �\�� �^�b�Z�i�Z��
�a�h�g�_�� �a�g�Z�q�_�g�b�c����>=1,���� �]�_�l�_�j�h�w�n�n�_�d�l�� �^�e�y��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �f�g�h�`�_�k�l�\�Z �m�j�h�\�g�_�c��
�a�g�Z�q�b�f�h�k�l�b�� �g�_�� �g�Z�[�e�x�^�Z�_�l�k�y���� �<�� �l�h�� �`�_��
�\�j�_�f�y�� �\�� �^�b�Z�i�Z�a�h�g�_�������������� �[�u�e�h�� �m�k�l�Z�g�h�\��
�e�_�g�h���� �q�l�h�� �f�h�^�_�e�v�� �i�h�k�l�h�y�g�g�h�� �g�Z�o�h�^�b�l�k�y�� �\��
�]�_�l�_�j�h�h�[�e�Z�k�l�b���� �q�l�h �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_ � �̂_��
�e�Z�_�l �f�h�^�_�e�v�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �q�m�\�k�l�\�b��
�l�_�e�v�g�h�c �d�� �i�Z�j�Z�f�_�l�j�m���1(�������� �I�h�w�l�h�f�m�� �^�Z�g��
�g�u�_�� �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �g�_�� �j�_�d�h�f�_�g�^�m��
�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y 
�f�h�g�b�l�h�j�b�g�]�Z�� 

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

�g�b�y�� �*-�w�n�n�_�d�l�Z�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �i�j�b�� �h�[�t�_�f�_��
�\�u�[�h�j�d�b��n� ���������>�e�y���w�l�h�]�h���a�g�Z�q�_�g�b�y �h�[�t�_��
�f�Z�� �\�u�[�h�j�d�b �g�Z�[�e�x�^�Z�e�b�k�v �m�k�l�h�c�q�b�\�u�_��
�h�[�e�Z�k�l�b���]�_�l�_�j�h�w�n�n�_�d�l�Z�� �b�� �f�h�f�_�g�l�u�� �b�a�f�_��
�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y�� �h�[�t�_�d�l�Z�� �f�h�g�b�l�h�j�b�g�]�Z 
�i�j�b�� �i�_�j�_�o�h�^�_�� �h�l�� �]�h�f�h�k�d�_�^�Z�k�l�b�q�g�h�k�l�b�� �d��
�]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q�g�h�k�l�b���� �I�j�b�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�b���\�u�[�h�j�d�b��n� ������ �i�j�h�p�_�k�k���h�[�g�Z�j�m�`�_�g�b�y��
�]�_�l�_�j�h�w�n�n�_�d�l�Z�� �g�h�k�b�l�� �k�e�m�q�Z�c�g�u�c�� �o�Z�j�Z�d��
�l�_�j���� �Z�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�u�[�h�j�d�b��n=60, 
�f�h�^�_�e�v�� �i�_�j�_�o�h�^�b�e�Z�� �\�� �]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q��
�g�h�k�l�v���\���[�h�e�_�_���i�h�a�^�g�b�_���f�h�f�_�g�l�u���\�j�_�f�_�g�b�� 

�<�� �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�� �i�j�b�� �\�Z�j�v�b�j�h�\�Z�g�b�b �f�h�f�_�g�l�h�\ 
�\�j�_�f�_�g�b�� �b�a�f�_�j�_�g�b�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z��
�f�g�h�`�_�k�l�\�_���2=[21, 31, 41, 51] �[�u�e�h�� �m�k�l�Z��
�g�h�\�e�_�g�h���� �q�l�h�� �^�e�y�� �\�u�[�h�j�h�d��n=20 G-
�w�n�n�_�d�l�� �g�h�k�b�l�� �k�e�m�q�Z�c�g�u�c�� �o�Z�j�Z�d�l�_�j�� �b��
�i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �\�h�k�i�j�h�b�a�\�h�^�b�l�k�y���� �I�j�b��
�\�u�[�h�j�d�Z�o��n� ������ �b��n=60 �g�Z�[�e�x�^�Z�x�l�k�y��
�m�k�l�h�c�q�b�\�u�_�� �h�[�e�Z�k�l�b�� �*-�w�n�n�_�d�l�Z���� �i�j�b�q�_�f��
�^�e�y��n� ������ �h�[�e�Z�k�l�b G-�w�n�n�_�d�l�Z �b�f�_�x�l��
�[�h�e�v�r�m�x�� �\�j�_�f�_�g�g�m�x�� �i�j�h�l�y�`�_�g�g�h�k�l�v����
�G�Z�b�[�h�e�v�r�_�c �Z�^�_�d�\�Z�l�g�h�k�l�v�x �k�� �l�h�q�d�b�� �a�j�_��
�g�b�y�� �i�h�e�m�q�_�g�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\���� �y�\�e�y�_�l�k�y��
�f�h�f�_�g�l���2� �������� �d�h�l�h�j�u�c�� �g�Z�q�b�g�Z�_�l�k�y�� �k�j�Z�a�m��
�i�h�k�e�_�� �a�Z�\�_�j�r�_�g�b�y�� �i�h�k�l�m�i�e�_�g�b�y�� �b�k�d�m�k��
�k�l�\�_�g�g�h�� �k�]�_�g�_�j�b�j�h�\�Z�g�g�h�]�h �r�m�f�Z�� �d�Z�g�Z�e�Z����
�q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l�� �^�h�k�l�h�\�_�j�g�h�k�l�v�� �j�_�a�m�e�v��
�l�Z�l�h�\���g�Z���m�j�h�\�g�_��p=0,001. 

�B�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_�� �b�a�f�_�g�_�g�b�y���1(��) 
�^�e�y�� �a�Z�^�Z�g�g�u�o����=0,8, ��=0,9, �i�j�b 
�1(��)=[0,17; 0,2; �«  ; 0,43], 0,9=>�!>=0,7 �b��
�f�h�f�_�g�l�h�\�� �\�j�_�f�_�g�b���2 �g�Z�� �i�j�h�p�_�k�k�� �h�[�g�Z�j�m��
�`�_�g�b�y�� �*-�w�n�n�_�d�l�Z���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�j�b��
�m�f�_�g�v�r�_�g�b�b���1(������ �h�l�� �a�g�Z�q�_�g�b�y�� ��,������ �^�h��
0,������ �i�j�h�y�\�e�_�g�b�_�� �*-�w�n�n�_�d�l�Z�� �i�j�b�� �m�j�h�\�g�_��
�a�g�Z�q�b�f�h�k�l�b��p=0,�������� �m�f�_�g�v�r�Z�_�l�k�y�� �b�� �k�l�Z��
�g�h�\�b�l�k�y���g�_�m�k�l�h�c�q�b�\�u�f�� 

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �w�d�k�i�_�j�b�f�_�g��
�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �q�_�f�� �[�e�b�`�_��
�g�Z�]�j�m�a�d�Z�� �K�F�H�� �d���!=������ �l�_�f�� �w�n�n�_�d�l�b�\�g�_�_��
�i�j�h�\�h�^�b�l�k�y�� �\�u�y�\�e�_�g�b�_�� �Z�g�h�f�Z�e�b�c�� �b �d�Z�q�_��
�k�l�\�_�g�g�u�o �b�a�f�_�g�_�g�b�c �\�� �k�e�h�`�g�h�k�l�j�m�d�l�m��
�j�b�j�h�\�Z�g�g�u�o�� �^�Z�g�g�u�o�� �f�h�g�b�l�h�j�b�g�]�Z�� �i�j�b��
�a�Z�^�Z�g�g�u�o�� �a�g�Z�q�_�g�b�y�o �� �b�������� �I�j�b���!=0,875 
G-�w�n�n�_�d�l�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�k�l�h�c�q�b�\�h���� �Z�� �i�j�b��
�a�g�Z�q�_�g�b�y�o���!<0,7, �\�� �q�Z�k�l�g�h�k�l�b���� �i�j�b���!=0,5 
�b���!=0,375 �± �k�_�l�_�\�h�c�� �i�h�l�h�d�� �i�h�k�l�h�y�g�g�h��
�i�j�h�y�\�e�y�_�l�� �i�j�b�a�g�Z�d�b�� �]�_�l�_�j�h�k�d�_�^�Z�k�l�b�q�g�h��
�k�l�b. 

�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z �i�j�b�� �q�Z�k�l�b�q�g�h�c 
�i�h�^�^�_�j�`�d�_�� �J�h�k�k�b�c�k�d�h�]�h�� �n�h�g�^�Z�� �n�m�g�^�Z��
�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��(�]�j�Z�g�l�� �‹�� ����-
29-07936/17). 
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MODELING OF ANOMALY DETECTION PROCESSES IN COMPLEX 
STRUCTURED MONITORING DATA  
 
A.A. Bryukhovetskiy1, A.V. Skatkov1, Y.E. Shishkin1,2 
 
1 �)�H�G�H�U�D�O���6�W�D�W�H���(�G�X�F�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�L�R�Q���R�I���+�L�J�K�H�U���(�G�X�F�D�W�L�R�Q���©�6�H�Y�D�V�W�R�S�R�O���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�ª�� 
Russian Federation, Sevastopol, Universitetskaya St., 33 
2 Institute of Natural and Technical Systems, Russian Federation, Sevastopol, Lenin St., 28  
 
The paper introduces an approach to solve the problem of detecting a change in the state of the monitor-
ing data stream using normal distribution models based on Spearman's nonparametric statistics criterion. 
The problem of detecting anomalies in complex-structured monitoring data for critical-purpose systems is 
discussed. The decision of agent generation intensity values influence estimation problem, intensity of 
applications service, system loading, samples volume, time of characteristics measurement, intervals of 
characteristics measurement time and significance levels on change of a monitoring object condition is 
resulted. The results of probabilistic simulation of a critical object are discussed. 
Keywords: complex structured data, monitoring, simulation, queuing system, Big Data, heteroscedastici-
ty effect, network traffic, complex systems modeling. 
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�f�h�^�_�e�b�j�h�\�Z�g�b�x�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �h�l�d�Z�a�h�\�� �i�_�j�\�b�q�g�u�o�� �b�a�f�_�j�b�l�_�e�_�c�� �\�� �k�b�k�l�_�f�Z�o�� �f�h�g�b�l�h�j�b�g�]�Z���� �I�j�b��
�f�_�g�_�g�b�_���i�j�_�^�e�h�`�_�g�g�u�o���j�Z�g�_�_���Z�g�Z�e�b�l�b�q�_�k�d�b�o �k�h�h�l�g�h�r�_�g�b�c���b�f�_�_�l �j�y�^���h�]�j�Z�g�b�q�_�g�b�c�����d�h�l�h�j�u�_���[�u�e�b��
�i�j�_�h�^�h�e�_�g�u���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���b�f�b�l�Z�p�b�h�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y. �K���w�l�h�c���p�_�e�v�x �i�j�_�^�e�Z�]�Z�_�l�k�y���j�Z�a�j�Z��
�[�h�l�d�Z�� �i�j�h�]�j�Z�f�f�g�h�]�h �b�f�b�l�Z�p�b�h�g�g�h�]�h �k�l�_�g�^�Z �i�h�^�^�_�j�`�d�b�� �i�j�b�g�y�l�b�y�� �j�_�r�_�g�b�c�� �i�h�� �h�[�g�Z�j�m�`�_�g�b�x�� �i�h��
�k�e�_�^�k�l�\�b�c���^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �\�h�a�^�_�c�k�l�\�b�c���g�Z���k�_�l�v�� �i�_�j�\�b�q�g�u�o���b�a�f�_�j�b�l�_�e�_�c �^�e�y���k�b�k�l�_�f���f�h�g�b�l�h�j�b�g�]�Z. 
�J�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �k�l�j�m�d�l�m�j�g�h-�n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k��
�i�_�q�_�g�b�y�� �l�Z�d�h�]�h�� �k�l�_�g�^�Z���� �i�j�b�\�h�^�y�l�k�y�� �j�_�a�m�e�v�l�Z�l�u�� �\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���k�� �p�_�e�v�x��
�h�p�_�g�b�\�Z�g�b�y�� �k�l�_�i�_�g�b�� �\�e�b�y�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �\�h�a�^�_�c�k�l�\�b�c�� �g�Z��
�k�b�k�l�_�f�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�h�g�b�l�h�j�b�g�]�Z. 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �b�f�b�l�Z�p�b�h�g�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �k�_�l�v�� �i�_�j�\�b�q�g�u�o �b�a�f�_�j�b�l�_�e�_�c, �b�f�b�l�Z�p�b�h�g�g�u�c��
�k�l�_�g�^�����^�_�]�j�Z�^�Z�p�b�h�g�g�u�c���h�l�d�Z�a�����\�u�q�b�k�e�b�l�_�e�v�g�u�c���w�d�k�i�_�j�b�f�_�g�l�� 
 

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

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

 �:�g�Z�e�b�a�� �k�h�k�l�h�y�g�b�y�� �i�j�h�[�e�_�f�u. �H�^��
�g�b�f�� �b�a�� �[�Z�a�h�\�u�o�� �i�h�^�o�h�^�h�\�� �d�� �n�h�j�f�Z�e�b�a�Z��
�p�b�b���^�_�]�j�Z�^�Z�p�b�h�g�g�u�o �h�l�d�Z�a�h�\�� �I�B�� �y�\�e�y��
�_�l�k�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �b�o���`�b�a�g�_�g�g�h�]�h�� �p�b�d��
�e�Z�� �i�j�b�� �i�h�f�h�s�b�� �f�h�^�_�e�b�� �©�]�b�[�_�e�b�� �b�� �j�Z�a��
�f�g�h�`�_�g�b�y�ª�����i�j�_�^�k�l�Z�\�e�_�g�g�h�c���\��[2]. �<���g�_�c 
�i�j�_�^�e�h�`�_�g�h�� �b�k�k�e�_�^�h�\�Z�l�v�� �^�_�]�j�Z�^�Z�p�b�h�g��
�g�u�_ �h�l�d�Z�a�u �I�B���k�b�k�l�_�f���f�h�g�b�l�h�j�b�g�]�Z �i�j�b��
�i�h�f�h�s�b �Z�g�Z�e�b�l�b�q�_�k�d�b�o �k�h�h�l�g�h�r�_�g�b�c, 
�i�h�e�m�q�_�g�g�u�o �^�e�y�� �k�b�k�l�_�f�� �f�Z�k�k�h�\�h�]�h�� �h�[��
�k�e�m�`�b�\�Z�g�b�y�� �>�_�]�j�Z�^�Z�p�b�h�g�g�u�c�� �^�_�n�_�d�l��
�d�h�f�i�h�g�_�g�l�Z�� �k�b�k�l�_�f�u�� �f�h�g�b�l�h�j�b�g�]�Z�� �I�B��
�h�i�j�_�^�_�e�y�_�l�k�y�� �n�b�a�b�q�_�k�d�b�f�� �i�j�h�p�_�k�k�h�f��
�g�Z�d�h�i�e�_�g�b�y���i�h�\�j�_�`�^�_�g�b�c���\�h���\�j�_�f�_�g�b�� 

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

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

�:�\�l�h�j�u�� �j�Z�[�h�l�u���>���@���h�p�_�g�b�\�Z�x�l�� �\�e�b�y��
�g�b�_���i�h�j�h�]�Z���g�Z�k�l�m�i�e�_�g�b�y���^�_�]�j�Z�^�Z�p�b�h�g�g�h��
�]�h�� �h�l�d�Z�a�Z�� �g�Z�� �g�Z�^�_�`�g�h�k�l�v�� �k�b�k�l�_�f�u���� �B�f�b��
�j�Z�a�j�Z�[�h�l�Z�g�Z�� �d�h�f�i�e�_�d�k�g�Z�y�� �f�_�l�h�^�h�e�h�]�b�y��
�h�p�_�g�d�b�� �\�j�_�f�_�g�b�� �^�h�� �h�l�d�Z�a�Z���� �h�k�g�h�\�Z�g�g�Z�y��
�g�Z�� �f�h�^�_�e�b�� �^�_�]�j�Z�^�Z�p�b�b�� �k�h�� �k�e�m�q�Z�c�g�u�f��
�i�h�j�h�]�h�f�� �h�l�d�Z�a�Z���� �J�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �f�_�l�h�^��
�h�p�_�g�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �i�j�h�^�_�f�h�g�k�l�j�b��
�j�h�\�Z�g���g�Z �i�j�b�f�_�j�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �k�b��
�k�l�_�f�u�� �w�e�_�d�l�j�h�]�b�^�j�h�k�l�Z�l�b�q�_�k�d�h�]�h�� �i�j�b��
�\�h�^�Z���\���Z�\�b�Z�p�b�h�g�g�h�f���i�h�e�_��  

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

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

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

�q�Z�k�l�h�� �b�f�_�x�l�� �i�h�e�h�`�b�l�_�e�v�g�m�x�� �d�h�j�j�_�e�y��
�p�b�x [9]���� �I�j�_�^�e�h�`�_�g�g�Z�y�� �f�h�^�_�e�v�� �i�j�_�^�m��
�k�f�Z�l�j�b�\�Z�_�l�� �^�\�Z�� �\�b�^�Z�� �h�l�d�Z�a�h�\���� �`�_�k�l�d�b�c��
�h�l�d�Z�a���� �\�u�a�\�Z�g�g�u�c�� �m�^�Z�j�Z�f�b���� �b�� �f�y�]�d�b�c��
�h�l�d�Z�a���� �\�u�a�\�Z�g�g�u�c�� �k�l�Z�j�_�g�b�_�f�� �d�h�f�i�h�g�_�g��
�l�h�\���� �I�j�b�\�_�^�_�g�� �i�j�b�f�_�j�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��
�i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �i�h�^�o�h�^�Z�� �i�j�b�� �h�p�_�g�d�_��
�g�Z�^�_�`�g�h�k�l�b�� �q�b�i�h�\�� �i�Z�f�y�l�b���� �b�k�i�h�e�v�a�m�_��
�f�u�o�� �\�� �d�h�k�f�h�k�_. �H�i�b�k�Z�g�g�u�c�� �i�h�^�o�h�^ 
�h�]�j�Z�g�b�q�_�g�� �\�\�b�^�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �n�b�d�k�b��
�j�h�\�Z�g�g�h�]�h �g�Z�[�h�j�Z�� �a�Z�d�h�g�h�\�� �j�Z�k�i�j�_�^�_�e�_��
�g�b�c �Z�g�Z�e�b�a�b�j�m�_�f�u�o�� �k�e�m�q�Z�c�g�u�o�� �\�_�e�b��
�q�b�g����  

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

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

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

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

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

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

 
�� ��A,I,I,,T�K�H �<�>�<�K�I�B�I�B NN�)� ,      (1) 

 
�]�^�_�� �I�BN  �± �i�h�j�h�]�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �\�h�a��
�^�_�c�k�l�\�b�c�� �i�j�b�� �d�h�l�h�j�h�f�� �g�Z�k�l�m�i�Z�_�l�� �h�l�d�Z�a��
�h�^�g�h�]�h�� �I�B�� �K�I�BN  �± �q�b�k�e�h�� �h�l�d�Z�a�Z�\�r�b�o��
�I�B�� �i�j�b�� �d�h�l�h�j�h�f�� �k�_�l�v�� �I�B�� �k�q�b�l�Z�_�l�k�y�� �h�l��
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�d�Z�a�Z�\�r�_�c�� �>�<I  �± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �\�h�a�g�b�d��

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

�<I  �± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�j�h�p�_�k�k�h�\�� �Z�\�l�h�\�h�k��

�k�l�Z�g�h�\�e�_�g�b�y�� �I�B�� A  �± �\�_�d�l�h�j�� �i�Z�j�Z�f�_�l��
�j�h�\���n�m�g�d�p�b�b���) . 

�:�g�Z�e�b�l�b�q�_�k�d�h�_�� �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b��
�h�i�j�_�^�_�e�_�g�b�y���K�HT  �f�h�`�_�l�� �[�u�l�v�� �i�h�e�m�q�_�g�h 
�g�Z���h�k�g�h�\�_���j�Z�k�i�j�_�^�_�e�_�g�b�c���n�Z�a�h�\�h�]�h���l�b�i�Z��
[0, �o�@�����?�k�e�b���U �± �d�j�b�l�b�q�_�k�d�h�_���q�b�k�e�h���h�l�d�Z��
�a�h�\���I�B���^�e�y���k�_�l�b���b���\�j�_�f�y���_�]�h���`�b�a�g�b���h�i�b��
�k�u�\�Z�_�l�k�y�� �i�h�d�Z�a�Z�l�_�e�v�g�u�f�� �j�Z�k�i�j�_�^�_�e�_�g�b��
�_�f: tetf �P�P ��� )(  �k�� �g�Z�q�Z�e�v�g�u�f�b�� �f�h�f�_�g��

�l�Z�f�b�� i
i if �P!� �b�� �h�k�l�Z�l�h�q�g�h�_�� �\�j�_�f�y�� �`�b�a��

�g�b���j�Z�k�i�j�_�^�_�e�_�g�h���d�Z�d 
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�]�^�_�� )(�WF  �± �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �n�m�g�d�p�b�y��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �I�j�_�^�i�h�e�h�`�b�f���� �q�l�h�� ���� �± 
�k�j�_�^�g�_�_�� �\�j�_�f�y�� �f�_�`�^�m�� �^�\�m�f�y�� �i�h�k�e�_�^�h�\�Z��
�l�_�e�v�g�u�f�b�� �i�h�\�j�_�`�^�_�g�b�y�f�b�� ���d�\�Z�g�l�Z�f�b��
�^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �\�h�a�f�m�s�_�g�b�c������ �Z�� �^�e�y��
�^�_�]�j�Z�^�Z�p�b�h�g�g�h�]�h���h�l�d�Z�a�Z���I�B���g�_�h�[�o�h�^�b�f�h��
r �l�Z�d�b�o�� �d�\�Z�g�l�h�\���� �L�h�]�^�Z�� �Z�e�]�h�j�b�l�f�� �f�h�^�_��
�e�b�j�h�\�Z�g�b�y���^�_�]�j�Z�^�Z�p�b�h�g�g�h�]�h�� �h�l�d�Z�a�Z �I�B��
�f�h�`�g�h�� �i�j�_�^�k�l�Z�\�b�l�v�� �d�Z�d�� �i�h�k�e�_�^�h�\�Z�l�_�e�v��
�g�h�k�l�v��r �n�Z�a�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �k�h�� �k�j�_�^�g�b�f��
�\�j�_�f�_�g�_�f�� �h�[�k�e�m�`�b�\�Z�g�b�y�� ������ �<�� �w�l�h�f�� �k�e�m��
�q�Z�_�� �\�j�_�f�y�� �`�b�a�g�b�� �I�B�� �f�h�`�g�h�� �h�i�b�k�Z�l�v��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�f�� �W�j�e�Z�g�]�Z��r�±�i�h�j�y�^�d�Z�� �k��
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�:�g�Z�e�b�l�b�q�_�k�d�h�_�� �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� �h�i�j�_�^�_��
�e�_�g�b�y���\�j�_�f�_�g�b���`�b�a�g�b���k�_�l�b���I�B���i�j�b���d�j�b��
�l�b�q�_�k�d�h�f�� �q�b�k�e�_��r �± �q�b�k�e�h�� �I�B�� �\�� �k�_�l�b����
�g�Z�o�h�^�y�s�b�o�k�y�� �\�� �^�_�]�j�Z�^�Z�p�b�h�g�g�h�f�� �h�l�d�Z�a�_��
�f�h�`�_�l���[�u�l�v���i�h�e�m�q�_�g�h���\���m�k�e�h�\�b�y�o�����d�h�]�^�Z��
�h�l�d�Z�a�u�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �g�_�a�Z�\�b�k�b�f�u�� �b�� �\�_��
�j�h�y�l�g�h�k�l�b�� �b�o�� �i�h�y�\�e�_�g�b�y�� �j�� �h�k�l�Z�x�l�k�y�� �i�h��
�k�l�h�y�g�g�u�f�b�����<���w�l�b�o���m�k�e�h�\�b�y�o �k�l�Z�g�h�\�b�l�k�y��
�\�h�a�f�h�`�g�u�f���b�k�i�h�e�v�a�h�\�Z�l�v���[�b�g�h�f�b�Z�e�v�g�h�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� rkrr

k ppckrp ����� )1(),( . 

�?�k�e�b�� �\�_�j�h�y�l�g�h�k�l�b�� �j�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�o��
�h�l�d�Z�a�h�\�� �a�Z�\�b�k�y�l�� �h�l�� �f�h�f�_�g�l�Z�� �\�j�_�f�_�g�b��it  

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

�]�h�� �i�h�^�o�h�^�Z�� �\�� �K�I�I�J�� �q�j�_�a�\�u�q�Z�c�g�h�� �a�Z��
�l�j�m�^�g�b�l�_�e�v�g�h�� �\�� �k�b�e�m�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o��
�k�e�h�`�g�h�k�l�_�c�����Z���]�e�Z�\�g�h�_���± �g�_�m�^�h�\�e�_�l�\�h�j�b��
�l�_�e�v�g�h�c�� �Z�^�_�d�\�Z�l�g�h�k�l�b�� �b�a-�a�Z�� �m�k�e�h�\�b�c����
�g�Z�d�e�Z�^�u�\�Z�_�f�u�o�� �g�Z�� �\�_�e�b�q�b�g�u��ip  �b�� iq . 

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

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

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

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

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

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

������ �<�u�\�h�^�� �j�_�a�m�e�v�l�b�j�m�x�s�_�c�� �b�g�n�h�j��
�f�Z�p�b�b���\���m�^�h�[�g�h�f���^�e�y���E�I�J���\�b�^�_. 

������ �<�h�a�f�h�`�g�h�k�l�v�� �^�_�f�h�g�k�l�j�Z�p�b�b�� �j�_��
�a�m�e�v�l�Z�l�h�\�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �g�Z�� �j�Z�a�e�b�q�g�u�o��
�m�j�h�\�g�y�o���Z�[�k�l�j�Z�d�p�b�b�� 
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�J�b�k����1.  �N�m�g�d�p�b�h�g�Z�e�v�g�h-�k�l�j�m�d�l�m�j�g�Z�y���k�o�_�f�Z���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���b�f�b�l�Z�p�b�h�g�g�h�]�h���k�l�_�g�^�Z 
 
 

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

�K�h�]�e�Z�k�g�h���i�j�b�g�p�b�i�m���_�^�b�g�k�l�\�Z���>�������������@ 
�\�u�^�_�e�_�g�u���k�e�_�^�m�x�s�b�_���i�h�^�k�b�k�l�_�f�u: 

PI �± �i�h�^�k�b�k�l�_�f�Z�� �b�g�l�_�j�n�_�c�k�Z�� �^�e�y 
�i�h�e�v�a�h�\�Z�l�_�e�y���± �w�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�Z; 

PS �± �i�h�^�k�b�k�l�_�f�Z�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �k�p�_��
�g�Z�j�b�_�\���b�k�k�e�_�^�h�\�Z�g�b�c; 

PSN �± �i�h�^�k�b�k�l�_�f�Z�� �k�l�j�m�d�l�m�j�g�h�c��
�g�Z�k�l�j�h�c�d�b���d�h�f�i�e�_�d�k�Z�� 

PPN �± �i�h�^�k�b�k�l�_�f�Z�� �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�c��
�g�Z�k�l�j�h�c�d�b���d�h�f�i�e�_�d�k�Z�� 

PP �± �i�h�^�k�b�k�l�_�f�Z���K�I�I�J���I�B; 
PSP �± �i�h�^�k�b�k�l�_�f�Z���K�I�I�J���©�K�_�l�v���I�B�ª; 
DM �± �l�h�q�d�Z���i�j�b�g�y�l�b�y���j�_�r�_�g�b�y���E�I�J�� 
PD �± �i�h�^�k�b�k�l�_�f�Z�� �b�f�b�l�Z�p�b�h�g�g�h�c�� �f�h��

�^�_�e�b���^�_�]�j�Z�^�Z�p�b�b���I�B���b���k�_�l�b���I�B��  
PO �± �i�h�^�k�b�k�l�_�f�Z�� �h�p�_�g�d�b�� �k�l�Z�l�b�k�l�b�q�_��

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

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

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

PG �± �i�h�^�k�b�k�l�_�f�Z�� �Z�g�b�f�Z�p�b�h�g�g�h�]�h �b�g��
�l�_�j�n�_�c�k�Z; 

PNA �± �i�h�^�k�b�k�l�_�f�Z�� �g�Z�d�h�i�e�_�g�b�y�� �b�� �Z�d��
�l�m�Z�e�b�a�Z�p�b�b���k�l�Z�l�b�k�l�b�q�_�k�d�b�o���^�Z�g�g�u�o�� 

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

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

PG 

PG 

PG PI PG 

PG 

PS 
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�k�l�\�m�x�s�_�c�� �w�l�h�f�m�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �g�Z�� �k�l�_�g��
�^�_�� 

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

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

������ �<�e�b�y�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �i�j�Z�\�b�e�� �i�j�b��
�g�y�l�b�y���j�_�r�_�g�b�c���\���K�I�I�J���©�I�B�ª���h���^�_�]�j�Z�^�Z��
�p�b�h�g�g�h�f �h�l�d�Z�a�_���I�B���g�Z���h�p�_�g�d�m���f�Z�l�_�f�Z�l�b��
�q�_�k�d�h�]�h�� �h�`�b�^�Z�g�b�y�� �\�j�_�f�_�g�b�� �[�_�a�h�l�d�Z�a�g�h�c��
�j�Z�[�h�l�u���I�B�� 

������ �<�e�b�y�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �i�j�b�g�y�l�b�y�� �j�_��
�r�_�g�b�y���\���K�I�I�J���©�K�_�l�v���I�B�ª���g�Z���h�p�_�g�d�m���f�Z��
�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �h�`�b�^�Z�g�b�y�� �\�j�_�f�_�g�b�� �[�_�a�h�l��
�d�Z�a�g�h�c���j�Z�[�h�l�u���k�_�l�b���I�B�� 

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

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

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

������ �H�p�_�g�d�Z�� �m�k�l�h�c�q�b�\�h�k�l�b���b���j�h�[�Z�k�l�g�h��
�k�l�b���j�Z�k�i�j�_�^�_�e�_�g�b�c�� 

9���� �H�p�_�g�d�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �k�l�j�Z�l�_�]�b�b��
�i�j�h�]�g�h�a�Z�� �k�h�k�l�h�y�g�b�y�� �I�B�� �i�h�� �^�_�]�j�Z�^�Z�p�b�h�g��
�g�u�f���b�a�f�_�g�_�g�b�y�f���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

10���� �H�[�h�k�g�h�\�Z�g�b�_�� �i�_�j�b�h�^�b�q�g�h�k�l�b��
�i�j�h�n�b�e�Z�d�l�b�q�_�k�d�b�o�� �f�_�j�h�i�j�b�y�l�b�c�� �i�h�� �k�h��
�o�j�Z�g�_�g�b�x�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�u�o�� �k�h�k�l�h�y�g�b�c��
�I�B�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�f��
�h�l�d�Z�a�Z�f�� 

�H�i�b�k�Z�g�b�_�� �b�g�l�_�j�n�_�c�k�Z �k�l�_�g�^�Z. �I�j �h��
�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_���k�l�_�g�^�Z���j�Z�[�h�l�Z�_�l���\��
�e�x�[�h�c�� �:�L�Q�G�R�Z�V-�k�h�\�f�_�k�l�b�f�h�c�� �h�i�_�j�Z�p�b��
�h�g�g�h�c�� �k�b�k�l�_�f�_���� �h�n�h�j�f�e�_�g�h�� �\�� �\�b�^�_�� �b�k��
�i�h�e�g�y�_�f�h�]�h���n�Z�c�e�Z���b���g�_���l�j�_�[�m�_�l���^�e�y���k�\�h�_��
�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �b�g�k�l�Z�e�e�y�p�b�b����
�g�Z�e�b�q�b�y�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �[�b�[�e�b�h�l�_�d����
�d�h�g�n�b�]�m�j�Z�p�b�h�g�g�u�o�� �n�Z�c�e�h�\���� �n�Z�c�e�h�\�� �j�_��
�k�m�j�k�h�\���� �a�Z�i�b�k�_�c�� �\�� �k�b�k�l�_�f�g�u�c�� �j�_�_�k�l�j����
�F�h�^�_�e�b�j�h�\�Z�g�b�_�� �^�_�]�j�Z�^�Z�p�b�b���I�B �i�j�h�b�k��

�o�h�^�b�l�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z��
�f�b�� �k�e�m�q�Z�c�g�h�]�h�� �i�j�h�p�_�k�k�Z�����a�Z�^�Z�g�g�u�o�� �E�I�J����
�<�� �d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �l�j�_�[�m�_�l�k�y��
�k�e�_�^�m�x�s�Z�y���b�g�n�h�j�f�Z�p�b�y: 

�± �q�b�k�e�h �I�B���\���k�_�l�b�� 
�± �i�j�_�^�_�e�v�g�h�� �^�h�i�m�k�l�b�f�Z�y�� �i�h�]�j�_�r��

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

�l�b; 
�± �a�Z�d�h�g�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�_�e�b�q�b�g�u��

�^�_�]�j�Z�^�Z�p�b�b�� �I�B�� �\�� �_�^�b�g�b�q�g�u�c�� �f�h�f�_�g�l��
�\�j�_�f�_�g�b�� 

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

�I�h�k�e�_�� �a�Z�\�_�j�r�_�g�b�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��
�Z�g�k�Z�f�[�e�y�� �j�_�Z�e�b�a�Z�p�b�c�� �k�e�m�q�Z�c�g�h�]�h �i�j �h��
�p�_�k�k�Z�� �g�Z�j�Z�k�l�Z�g�b�y�� �i�h�]�j�_�r�g�h�k�l�_�c�� �I�B���� �h�g��
�h�l�h�[�j�Z�`�Z�_�l�k�y�� �g�Z �\�j�_�f�_�g�g�h�f�� �]�j�Z�n�b�d�_���� �b��
�k�l�j�h�y�l�k�y�� �]�b�k�l�h�]�j�Z�f�f�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�\�j�_�f�_�g�b �h�l�d�Z�a�Z�� �k�_�l�b�� �I�B�� �i�j�b�� �a�Z�^�Z�g�g�h�f��
�i�Z�j�Z�f�_�l�j�_�� �i�j�b�g�y�l�b�y�� �j�_�r�_�g�b�c�� �i�h�� �h�l�d�Z�a�m��
�k�_�l�b�� �I�B���� �Z�� �l�Z�d�`�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �q�b�k�e�Z��
�h�l�d�Z�a�Z�\�r�b�o�� �I�B�� �\�� �a�Z�^�Z�g�g�u�c�� �f�h�f�_�g�l�� �\�j�_��
�f�_�g�b�� �Q�b�k�e�h�� �j�Z�a�j�y�^�h�\�� �]�b�k�l�h�]�j�Z�f�f�u�� �\�u��
�[�b�j�Z�_�l�k�y�� �i�h�� �i�j�Z�\�b�e�m �K�l�z�j�^�`�_�k�Z���� �k�� �i�h��
�k�e�_�^�m�x�s�b�f�� �h�d�j�m�]�e�_�g�b�_�f�� �r�b�j�b�g�u�� �b�g��
�l�_�j�\�Z�e�Z�� �^�h�� �p�_�e�h�]�h���� �I�h�k�e�_�� �w�l�h�]�h���� �b�k�i�h�e�v��
�a�m�y���g�h�\�h�_�����h�d�j�m�]�e�_�g�g�h�_�����a�g�Z�q�_�g�b�_���b�g�l�_�j��
�\�Z�e�Z���� �q�b�k�e�h�� �j�Z�a�j�y�^�h�\�� �m�l�h�q�g�y�_�l�k�y���� �G�Z��
�j�b�k�� 2 �i�j�_�^�k�l�Z�\�e�_�g�h�� �b�g�l�_�j�n�_�c�k�g�h�_�� �h�d�g�h����
�k�h�^�_�j�`�Z�s�_�_���k�e�_�^�m�x�s�b�_���w�e�_�f�_�g�l�u�� 

1. �i�h�e�_�� �\�\�h�^�Z�� �i�h�j�h�]�h�\�h�]�h���a�g�Z�q�_�g�b�y��
�^�_�]�j�Z�^�Z�p�b�b�� �I�B���� �i�j�b�� �i�j�_�\�u�r�_�g�b�b�� �d�h�l�h��
�j�h�]�h���h�g���i�h�e�Z�]�Z�_�l�k�y���h�l�d�Z�a�Z�\�r�b�f�� 

2. �i�h�e�_�� �\�\�h�^�Z�� �h�[�s�_�]�h�� �q�b�k�e�Z �I�B�� �\��
�k�_�l�b�� 

3. �i�h�e�_�� �\�\�h�^�Z�� �^�e�b�l�_�e�v�g�h�k�l�b �f�h��̂_��
�e�b�j�h�\�Z�g�b�y�� 

4. �i�h�e�_�� �\�\�h�^�Z�� �f�Z�d�k�b�f�Z�e�v�g�h�� �^�h�i�m��
�k�l�b�f�h�]�h���q�b�k�e�Z���h�l�d�Z�a�Z�\�r�b�o���I�B���\���k�_�l�b�� 

5. �i�h�e�_���\�\�h�^�Z���q�b�k�e�Z �j�_�Z�e�b�a�Z�p�b�c�� 
6. �i�h�e�_�� �\�\�h�^�Z�� �f�h�f�_�g�l�Z�� �\�j�_�f�_�g�b�� �^�e�y��

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

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

8. �d�g�h�i�d�Z�� �a�Z�i�m�k�d�Z�� �i�j�h�p�_�k�k�Z�� �f�h�^�_��
�e�b�j�h�\�Z�g�b�y�� 

 9. �d�g�h�i�d�Z�� �a�Z�i�m�k�d�Z�� �i�h�k�l�j�h�_�g�b�y�� �]�b��
�k�l�h�]�j�Z�f�f. 
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�J�b�k����2.  �H�k�g�h�\�g�h�_���h�d�g�h���i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h �b�g�l�_�j�n�_�c�k�Z �b�f�b�l�Z�p�b�h�g�g�h�]�h���k�l�_�g�^�Z��  

 

 

 
 

�J�b�k����3. �J�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y���k�_�l�b���I�B���i�j�b���m�k�e�h�\�b�y�o�� m = 0,1�����1��= 0,06 

1 2 3 4 5 6 

7 8 9 
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�J�b�k����4.  �J�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y���k�_�l�b���I�B���i�j�b���m�k�e�h�\�b�y�o����(m = 0,2�����1��= 0,06) 
 

 

 
 

�J�b�k����5.  �J�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y���k�_�l�b���I�B���i�j�b���m�k�e�h�\�b�y�o����(m = 0,3; �1��= 0,09) 
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�L�Z�[�e�b�p�Z��1. �K�j�_�^�g�_�_���\�j�_�f�y���[�_�a�h�l�d�Z�a�g�h�c���j�Z�[�h�l�u �k�b�k�l�_�f�u���^�e�y���g�h�j�f�Z�e�v�g�h�]�h���b���j�Z�\�g�h�f�_�j�g�h�]�h���a�Z�d�h�g�Z��
�j�Z�k�i�j�_�^�_�e�_�g�b�y���^�_�]�j�Z�^�Z�p�b�h�g�g�u�o���\�h�a�^�_�c�k�l�\�b�c 
  

 �G�h�j�f�Z�e�v�g�u�c���a�Z�d�h�g �J�Z�\�g�h�f�_�j�g�u�c���a�Z�d�h�g 
N �d�j�����h�l�d.  

 
�B�g�l�_�g- 
�k�b�\�g�h�k�l�v�� 
�^�_�]�j�Z�^�Z�p�b�b 10 7 5 3 1 10 5 1 

0,1 48,39 47,71 47,05 46,1 44,51 95,74 94,83 92,54 
0,2 24 23 22,83 21,66 20,9 46,9 46,15 44,65 
0,3 20,14 19,56 18,79 18,81 17,28 30,01 29,31 27,78 

 
�I�j�b�f�_�j�� �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h�� �w�d�k�i�_��

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

�± �q�b�k�e�h���I�B���\���k�_�l�b������������ 
�± �i�j�_�^�_�e�v�g�h�� �^�h�i�m�k�l�b�f�Z�y�� �i�h�]�j�_�r��

�g�h�k�l�v���I�B���������� 
�± �^�h�i�m�k�l�b�f�h�_���q�b�k�e�h���h�l�d�Z�a�h�\���i�h���I�B���\��

�k�_�l�b���������� 
�± �\�_�e�b�q�b�g�Z���^�_�]�j�Z�^�Z�p�b�b���I�B���\���_�^�b�g�b�q��

�g�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �j�Z�k�i�j�_�^�_�e�_�g�Z�� �i�h��
�g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m�� �k�� �i�Z�j�Z�f�_�l�j�Z�f�b����������������������
�P��� �������������1���  0,03; 

�± �q�b�k�e�h���j�_�Z�e�b�a�Z�p�b�c������������ 
�<���j�_�a�m�e�v�l�Z�l�_���g�Z�`�Z�l�b�y���d�g�h�i�d�b���©�I�m�k�d�ª��

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

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

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

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

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

�A�Z�d�e�x�q�_�g�b�_�����I�j�_�^�e�h�`�_�g�� �n�m�g�d�p�b�h��
�g�Z�e�v�g�u�c�� �b�� �k�l�j�m�d�l�m�j�g�u�c�� �k�h�k�l�Z�\�� �i�j�h��
�]�j�Z�f�f�g�h�]�h�� �b�f�b�l�Z�p�b�h�g�g�h�]�h�� �k�l�_�g�^�Z���� �d�h�l�h��
�j�u�c���\���h�l�e�b�q�b�_���h�l���k�m�s�_�k�l�\�m�x�s�b�o���[�Z�a�b�j�m��
�_�l�k�y�� �g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �b�f�b�l�Z�p�b�h�g�g�h�]�h��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �f�h�^�_�e�b��
�j�h�\�Z�l�v�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�_�� �h�l�d�Z�a�u�� �d�Z�d�� �\�� �h�l��
�^�_�e�v�g�h�f���I�B, �l�Z�d�� �b�� �\�� �k�_�l�b �l�Z�d�b�o�� �b�a�f�_�j�b��
�l�_�e�_�c. �<�� �q�Z�k�l�g�h�k�l�b���� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��
�k�l�_�g�^�Z�� �f�h�`�g�h�� �\�u�i�h�e�g�b�l�v�� �b�^�_�g�l�b�n�b�d�Z��
�p�b�x���n�m�g�d�p�b�b���) �����i�j�b�k�m�l�k�l�\�m�x�s�_�c���\���\�u��
�j�Z�`�_�g�b�b�� ���������� �I�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �\�_��
�j�h�y�l�g�h�k�l�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �k�� �p�_�e�v�x��
�h�p�_�g�b�\�Z�g�b�y���k�l�_�i�_�g�b���\�e�b�y�g�b�y���i�Z�j�Z�f�_�l�j�h�\��
�b�g�l�_�g�k�b�\�g�h�k�l�b�� �^�_�]�j�Z�^�Z�p�b�h�g�g�u�o�� �\�h�a�^�_�c��
�k�l�\�b�c �g�Z�� �k�b�k�l�_�f�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �f�h��
�g�b�l�h�j�b�g�]�Z��  
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DEGRADATION FAULTS SIMULATION OF INITIAL MEASURERS OF  
MONITORING SYSTEM 
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Sevastopol State University, Russian Federation, Sevastopol, Universitetskaya St., 33 
 
This article is a logical continuation of the work on the development of an integrated approach to the 
modeling of degradation faults of primary measurers in monitoring systems. The application of the 
previously proposed analytical relationships has a number of limitations that has been overcomed with the 
use of simulation modeling. For this purpose it has been proposed to develop a software simulation 
decision-support system adopted for degradation faults consequences detection for the network of initial 
measurers of monitoring systems. Structural and functional features of the developed software have been 
considered, probabilistic modeling results have been presented to assess the influence of degradation 
intensity parameters on system monitoring characteristics. 
Keywords: simulation, initial �P�H�D�V�X�U�H�U�V�¶ network, simulation stand, degradation fault, computational 
experiment. 
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�I�h �k�_�a�h�g�g�u�f�� �k�j�_�^�g�b�f �k�d�h�j�h�k�l�y�f�� �\�_�l�j�Z�� �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y�� �n�b�d�k�b�j�h�\�Z�g�g�u�_�� �^�e�b�g�u�� �e�h�i�Z�k�l�_�c�� �b�� �m�]�e�u��
�b�o���a�Z�d�e�b�g�b�\�Z�g�b�y�����>�e�y���k�l�Z�[�b�e�b�a�Z�p�b�b���i�Z�j�Z�f�_�l�j�h�\���w�e�_�d�l�j�h�w�g�_�j�]�b�b���\���l�_�d�m�s�_�f���\�j�_�f�_�g�b���i�j�b�f�_�g�y�x�l�k�y�� 
�[�u�k�l�j�h�^�_�c�k�l�\�m�x�s�b�_���w�e�_�d�l�j�b�q�_�k�d�b�_���k�j�_�^�k�l�\�Z�����[�Z�e�e�Z�k�l�g�u�_���i�j�h�\�h�^�b�f�h�k�l�v���b���_�f�d�h�k�l�v��  
�D�e�x�q�_�\�u�_���k�e�h�\�Z�� �k�d�h�j�h�k�l�v �\�_�l�j�Z�����\�_�l�j�h�w�e�_�d�l�j�b�q�_�k�d�Z�y���m�k�l�Z�g�h�\�d�Z, �k�l�Z�[�b�e�b�a�Z�p�b�y���g�Z�i�j�y�`�_�g�b�y���b���q�Z��
�k�l�h�l�u, �m�]�h�e���a�Z�d�e�b�g�b�\�Z�g�b�y���e�h�i�Z�k�l�_�c�����[�Z�e�e�Z�k�l�g�u�_���i�j�h�\�h�^�b�f�h�k�l�v���b���_�f�d�h�k�l�v. 
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�<�\�_�^�_�g�b�_�� �J�_�`�b�f�u�� �<�W�M �a�Z�\�b�k�y�l�� �h�l��
�o�Z�j�Z�d�l�_�j�Z�� �i�h�\�_�^�_�g�b�y�� �\�_�l�j�Z�� �\�� �i�j�b�a�_�f�g�h�f��
�k�e�h�_ [1]�����I�h�^�j�h�[�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���k�d�h�j�h��
�k�l�_�c�� �\�_�l�j�Z���� �g�Z�i�j�b�f�_�j�� �g�Z�� �i�j�b�]�h�j�h�^�g�u�o��
�l�_�j�j�b�l�h�j�b�y�o�� �K�_�\�Z�k�l�h�i�h�e�y�� �\�u�i�h�e�g�_�g�h�� �\��
[2�@���� �<�u�y�\�e�_�g�h���� �q�l�h�� �k�j�_�^�g�b�_�� �k�d�h�j�h�k�l�b��
�\�_�l�j�Z�� �\�� �i�j�b�a�_�f�g�h�f�� �k�e�h�_�� �a�Z�\�b�k�y�l�� �h�l�� �\�j�_��
�f�_�g�b�� �]�h�^�Z�� �b�� �k�m�l�h�d�� �m�\�_�e�b�q�b�\�Z�y�k�v�� �\�� �a�b�f��
�g�b�c�� �i�_�j�b�h�^���� �K�^�_�e�Z�g�� �\�u�\�h�^�� �h�� �p�_�e�_�k�h�h�[��
�j�Z�a�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �l�j�_�o�e�h�i�Z�k�l�g�u�o��
�<�W�M�� �k�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �h�k�v�x�� �\�j�Z�s�_�g�b�y�� 
�<��[3] �i�j�_�^�k�l�Z�\�e�_�g�� �h�i�u�l�� �i�j�b�f�_�g�_�g�b�y �j�h��
�l�h�j�g�h�c�� �\�_�l�j�h�m�k�l�Z�g�h�\�d�b. �I�h�d�Z�a�Z�g�h���� �q�l�h��
�d�h�f�i�e�_�d�k�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �<�W�M�� �b�� �k�h�e��
�g�_�q�g�h�c�� �k�l�Z�g�p�b�b�� �i�j�b�\�h�^�b�l�� �d�� �h�q�_�\�b�^�g�u�f��
�i�j�_�b�f�m�s�_�k�l�\�Z�f�� 

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

�F�Z�l�_�j�b�Z�e�u�� �b�� �f�_�l�h�^�u�� �K�l�Z�[�b�e�b�a�Z��
�p�b�y�� �j�_�`�b�f�Z�� �<�W�M�� �h�[�u�q�g�h�� �\�u�i�h�e�g�y�_�l�k�y��
�b�a�f�_�g�_�g�b�_�f �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �]�_�g�_�j�Z��
�l�h�j�Z, �b�a�f�_�g�_�g�b�_�f �^�e�b�g�� �e�h�i�Z�k�l�_�c�� �\�_�l�j�h��
�d�h�e�_�k�Z���b���m�]�e�Z���b�o���a�Z�d�e�b�g�b�\�Z�g�b�y��[4, 5].  

�>�e�y�� �h�p�_�g�d�b�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �k�i�h�k�h��
�[�h�\�� �k�l�Z�[�b�e�b�a�Z�p�b�b�� �\�u�i�h�e�g�b�f �f�Z�l�_�f�Z�l�b��
�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �j�_�`�b�f�h�\�� �<�W�M. 
�M�i�j�h�s�_�g�g�Z�y���k�o�_�f�Z���\�_�l�j�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� 

 

�k�l�Z�g�p�b�b�����<�W�K),  �k�h�k�l�h�y�s�_�c���b�a���^�\�m�o �h�^�b- 
�g�Z�d�h�\�u�o���Z�k�b�g�o�j�h�g�g�u�o���]�_�g�_�j�Z�l�h�j�h�\ ���:�=��,  
�j�Z�[�h�l�Z�x�s�b�o���g�Z���h�[�s�m�x���Z�d�l�b�\�g�h���± �b�g�^�m�d��
�l�b�\�g�m�x�� �g�Z�]�j�m�a�d�m  �g�g Ljr �Z�� ,  �\�� �h�[�s�_��

�i�j�b�g�y�l�u�o�� �h�[�h�a�g�Z�q�_�g�b�y�o�� �b�a�h�[�j�Z�`�_�g�Z�� �g�Z��
�j�b�k�� 1 [4 �± 8].  �=�_�g�_�j�Z�l�h�j�u���i�j�_�^�k�l�Z�\�e�_�g�u��
�=���± �k�o�_�f�Z�f�b�� �a�Z�f�_�s�_�g�b�y; �[�[ �Kg ,  �± �[�Z�e��

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

�m�j�Z�\�g�_�g�b�_���^�e�y���g�Z�i�j�y�`�_�g�b�y���g�Z�]�j�m�a�d�b 
0� UY �� ,   (1) 
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�k�d�h�j�h�k�l�b���\�_�l�j�Z���g�Z��i �±�c���<�W�M����  0��irr . 

�<�_�s�_�k�l�\�_�g�g�Z�y�� �b�� �f�g�b�f�Z�y�� �q�Z�k�l�b��Y  
�^�Z�x�l���^�\�Z���m�j�Z�\�g�_�g�b�y���:�= 

 

0ReRe
2

1
� ����� �¦

� 
�g�[�Z�e

i
i�:�= ggYY ;  (2) 

 

0ImIm
2

1
� ���Z��� �¦
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i
i�:�= bCYY , (3) 
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�J�b�k��������  �M�i�j�h�s�_�g�g�Z�y���k�o�_�f�Z���Z�\�l�h�g�h�f�g�h�c���\�_�l�j�h�w�e�_�d�l�j�b�q�_�k�d�h�c���k�l�Z�g�p�b�b���g�Z���Z�k�b�g�o�j�h�g�g�u�o���]�_�g�_�j�Z�l�h�j�Z�o�� 
 

�K���m�q�_�l�h�f���\�u�j�Z�`�_�g�b�y���^�e�y��)(ULm  
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�b�a �m�j�Z�\�g�_�g�b�y�� �������� �i�h�e�m�q�Z�_�f�� �g�Z�i�j�y�`�_�g�b�_��
�g�Z���g�Z�]�j�m�a�d�_ 
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  �� ���� �@1�������� �[�Z�e�g �K�l�Kb �Z .              (4) 

 
�M�j�Z�\�g�_�g�b�_�� �j�Z�\�g�h�\�_�k�b�y�� �f�h�f�_�g�l�h�\�� �g�Z��

�\�Z�e�m��i  �± �]�h���\�_�l�j�h�d�h�e�_�k�Z���b�f�_�_�l���\�b�^ 
 

))(,,( tVMMkJ iiii�\�di�:�=i�l�ji �D�:� ���:���:�� ,   (5) 

 
�]�^�_���w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�c���f�h�f�_�g�l���:�= 
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�<�j�Z�s�Z�x�s�b�c�� �f�h�f�_�g�l�� �\�_�l�j�h�d�h�e�_�k�Z��

))(,,( tVM iiii�\�d �D�:  �a�Z�\�b�k�b�l�� �h�l�� �k�d�h�j�h�k�l�b��

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

i�D  �b���k�d�h�j�h�k�l�b���\�_�l�j�Z��)(tVi .  

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

�m�j�Z�\�g�_�g�b�c�����������b���g�_�e�b�g�_�c�g�u�o���Z�e�]�_�[�j�Z�b�q�_- 
�k�d�b�o   �m�j�Z�\�g�_�g�b�c   (2) �± (4).   �K�h�\�f�_�k�l�g�h�_ 
�j�_�r�_�g�b�_�� �w�l�b�o�� �m�j�Z�\�g�_�g�b�c�� �h�i�j�_�^�_�e�y�_�l�� �j�_��
�`�b�f���<�W�K���i�j�b���b�a�f�_�g�_�g�b�b���k�d�h�j�h�k�l�b���\�_�l�j�Z��
�b���k�h�i�j�h�l�b�\�e�_�g�b�y���g�Z�]�j�m�a�d�b�� 

�>�e�y�� �j�Z�k�q�_�l�Z�� �j�_�`�b�f�Z�� �<�W�K�� �g�Z�j�y�^�m�� �k��
�m�j�Z�\�g�_�g�b�y�f�b�����������^�e�y���k�d�h�j�h�k�l�_�c��i�:  �i�h�e�m��

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

�g�h�f�m�� �m�j�Z�\�g�_�g�b�x 0Re
Re

� �� Y
dt

Yd
TR ; 

0�!RT , �j�_�r�_�g�b�_�� �d�h�l�h�j�h�]�h�� �k�l�j�_�f�b�l�k�y�� �d��

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

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

dg
u �[�Z�e

g �  �b��

�\���d�Z�q�_�k�l�\�_���\�h�a�f�m�s�_�g�b�y��
dt

dr
u �g

r�g � : 
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�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�_�`�b�f�� �<�W�K�� �j�Z�k�k�q�b��

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

�g�b�y��U  �i�h���������� �I�j�b���b�a�f�_�g�_�g�b�y�o���k�d�h�j�h�k�l�b�� 
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�\�_�l�j�Z�� �b�� �k�h�i�j�h�l�b�\�e�_�g�b�y�� �g�Z�]�j�m�a�d�b�� �i�Z�j�Z��
�f�_�l�j�u�� �j�_�`�b�f�Z�� �b�k�i�u�l�u�\�Z�x�l�� �a�g�Z�q�b�l�_�e�v��
�g�u�_���d�h�e�_�[�Z�g�b�y (�j�b�k�� 2). 

�J�Z�k�q�_�l���\�u�i�h�e�g�_�g���i�j�b���k�e�_�^�m�x�s�b�o���l�b��
�i�b�q�g�u�o �i�Z�j�Z�f�_�l�j�Z�o�� �<�W�M�� �g�_�[�h�e�v�r�h�c��
�f�h�s�g�h�k�l�b�� �f�H�f90� sr , �f�H�f90� �crr , 

�f�=�g7� srL , �f�K�f10� g , �f�d�N100� C , 

�<2500 � U ; 085,0� a , 025,0� b , 

�f�=�g20� �gL , 2�f�d�]10 �˜� J , 15,0� �l�jk ; 

20� �j ; �f2,6� �\�dD .  4001 � k , 502 � k , 

176,15 ��� �: �k�g . �K�d�h�j�h�k�l�v�� �\�_�l�j�Z�� �\�u�[�j�Z�g�Z��
�l�b�i�b�q�g�h�c���^�e�y���\�u�k�h�l�u���������f [2].  

 

 
 

�J�b�k���������� �J�_�`�b�f���<�W�K���[�_�a���k�l�Z�[�b�e�b�a�Z�p�b�b 
 

�K�l�Z�[�b�e�b�a�Z�p�b�y�� �j�_�`�b�f�Z�� �<�W�K �g�Z�� �h�k��
�g�h�\�_�� �d�h�g�l�j�h�e�y�� �k�d�h�j�h�k�l�b�� �\�_�l�j�Z�� �\�� �i�j�b��
�a�_�f�g�h�f�� �k�e�h�_.  �=�j�m�[�Z�y�� �k�l�Z�[�b�e�b�a�Z�p�b�y�� �h�k�m��
�s�_�k�l�\�e�y�_�l�k�y�� �a�Z�� �k�q�_�l�� �m�k�l�Z�g�h�\�d�b �m�]�e�h�\ �a�Z��
�d�e�b�g�b�\�Z�g�b�y�� �e�h�i�Z�k�l�_�c�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� 
�h�l�d�e�h�g�_�g�b�y �k�d�h�j�h�k�l�b�� �b�o�� �\�j�Z�s�_�g�b�y�� �h�l��
�g�h�f�b�g�Z�e�v�g�h�c���g�: . 

�G�Z�� �j�b�k�� 3 �b�a�h�[�j�Z�`�_�g�u�� �]�j�Z�n�b�d�b�� �f�h��
�^�_�e�b�j�m�_�f�h�]�h�� �j�_�`�b�f�Z�� �l�Z�d�h�c�� �k�l�Z�[�b�e�b�a�Z��
�p�b�b�� 

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

 
 

�J�b�k����3.  �=�j�m�[�Z�y���k�l�Z�[�b�e�b�a�Z�p�b�y���j�_�`�b�f�Z���<�W�K 
 

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

�g�Z���Z� �<�Z  �b�� �gu UU ��� �<   
�i�h�^�q�b�g�b�f �b�o���k�e�_�^�m�x�s�b�f���m�j�Z�\�g�_�g�b�y�f: 

 

0� �<��
�<

�Z
�Z

�Z dt

d
T ; 0� �<��

�<
u

u
u dt

d
T ,  (7) 

 
�]�^�_�� 0�!�ZT ; 0�!u�L ���� �J�_�r�_�g�b�y�� �w�l�b�o�� �m�j�Z�\��

�g�_�g�b�c�� �k�l�j�_�f�y�l�k�y�� �d�� �g�m�e�x�� �b���g�Z�o�Z , 

�gUU �o ���� �I�_�j�\�h�_�� �b�a�� �m�j�Z�\�g�_�g�b�c�� �������� �i�j�b��

�g�b�f�Z�_�l�� �\�b�^�� 0� �Z���Z��
�Z

�Z �gdt
d

T ���� �h�l�d�m�^�Z�� �k��

�m�q�_�l�h�f�� ����) �i�h�e�m�q�Z�_�f�� �\�u�j�Z�`�_�g�b�_ �^�e�y��
�m�i�j�Z�\�e�_�g�b�y���[�Z�e�e�Z�k�l�g�h�c���i�j�h�\�h�^�b�f�h�k�l�v�x 
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��� �¦
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)(
ReRe2

1
tu

r
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dt

dY
u r�g

�gi

i

i
g  

�Z

�Z�Z
�Z �L

Y
T

Y �g

R

��

�w
�w

����
ReRe

. 

   
�<�l�h�j�h�_�� �b�a�� �m�j�Z�\�g�_�g�b�c�� �������� �i�j�b�g�b�f�Z�_�l�� �\�b�^��

0� ���� �gu UU
dt
dU

T ���� �h�l�d�m�^�Z�� �k�� �m�q�_�l�h�f�� ������  

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

�g T

UU
tu

r
U

)( ,   

�i�h�^�k�l�Z�\�e�y�y 
dt
d�Z

 �b�a�����������b��
dt

d i�:
 �b�a (5).  

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

1314 ��� �Z �k , �<U 220� . 
�J�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �i�j�b�_�f�e�_�f�Z�y��

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

 
 

�J�b�k����4. �L�h�q�g�Z�y���k�l�Z�[�b�e�b�a�Z�p�b�y���j�_�`�b�f�Z���<�W�K 
 

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

 
 

�J�b�k������5.  �K�l�Z�[�b�e�b�a�b�j�h�\�Z�g�g�u�c���j�_�`�b�f���<�W�K 
�[�_�a���m�q�Z�k�l�b�y���m�]�e�h�\���a�Z�d�e�b�g�b�\�Z�g�b�y 

 
�:�e�v�l�_�j�g�Z�l�b�\�g�u�f�b�����k�i�h�k�h�[�Z�f�b���k�l�Z�[�b��

�e�b�a�Z�p�b�b�� �j�_�`�b�f�Z�� �f�h�]�m�l�� �y�\�e�y�l�v�k�y�� �j�_�]�m�e�b��
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STABILIZATION  MODES  OF  WIND-ELECTRICAL  INSTALLATIONS 
ON  THE  BASIS  OF  WIND  SPEED  CONTROL  IN  THE  LANDSCAPE  LAYER 
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On seasonal middle speeds of wind the fixed lengths of blades and corners of their wedging are set. For 
stabilizing of parameters of electric power fast-acting electric facilities are used  in current time: ballast 
conductivity and capacity.  
Keywords: speed of wind, windelectrical setting, stabilizing of tension and frequency, corner of wedging 
of blades, ballast conductivity and capacity.  
 

63



�M�>�D��551.465.7:591.148:574.52(262.5) 
 

�I�J�H�K�L�J�:�G�K�L�<�?�G�G�:�Y���B�A�F�?�G�Q�B�<�H�K�L�V���B�G�L�?�G�K�B�<�G�H�K�L�B���K�<�?�Q�?�G�B�Y�� 
�B���D�H�G�P�?�G�L�J�:�P�B�B���O�E�H�J�H�N�B�E�E�:���N�B�L�H�I�E�:�G�D�L�H�G�G�H�=�H���K�H�H�;�S�?�K�L�<�: 

�<���<�H�>�:�O���Q�?�J�G�H�=�H���F�H�J�Y���<���H�D�L�Y�;�J�?���± �G�H�Y�;�J�?�������������=�� 
 

�?���;�����F�_�e�v�g�b�d�h�\�Z�����:���G�����K�_�j�_�[�j�_�g�g�b�d�h�\�� 
 
�B�g�k�l�b�l�m�l  �i�j�b�j�h�^�g�h-�l�_�o�g�b�q�_�k�d�b�o �k�b�k�l�_�f��  
�J�N�� �]�� �K�_�\�Z�k�l�h�i�h�e�v�� �m�e�� �E�_�g�b�g�Z�� 28 
E-mail: helena_melnikova@mail.ru, swsilv@gmail.com 
 
�B�k�k�e�_�^�h�\�Z�g�Z���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y���b�a�f�_�g�q�b�\�h�k�l�v���b�g�l�_�g�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y���n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h���k�h�h�[�s�_��
�k�l�\�Z���b�� �b�a�f�_�g�_�g�b�c���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z  �Z �\���i�h�\�_�j�o�g�h�k�l�g�h�f���k�e�h�_���Q�_�j�g�h�]�h���f�h�j�y���\�^�h�e�v�� �D�j�u�f��
�k�d�h�]�h���i�h�[�_�j�_�`�v�y�����\���h�k�_�g�g�b�c���i�_�j�b�h�^�����I�h�^�l�\�_�j�`�^�_�g�Z���\�u�k�h�d�Z�y���d�h�j�j�_�e�y�p�b�h�g�g�Z�y���k�\�y�a�v����r � ���������������f�_�`�^�m��
�b�a�f�_�g�_�g�b�y�f�b���i�h�\�_�j�o�g�h�k�l�g�h�c���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z �Z �b���b�a�f�_�g�_�g�b�y�f�b���b�g�l�_�g�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y��
�n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h���k�h�h�[�s�_�k�l�\�Z�����I�h�y�k�g�_�g�h���\�e�b�y�g�b�_���j�_�]�b�h�g�Z�e�v�g�u�o���f�_�a�h�f�Z�k�r�l�Z�[�g�u�o���\�b�o�j�_�\�u�o���h�[�j�Z��
�a�h�\�Z�g�b�c���g�Z���b�a�f�_�g�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y���n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h���k�h�h�[�s�_�k�l�\�Z. 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �Q�_�j�g�h�_���f�h�j�_���� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z���� �n�b�l�h�i�e�Z�g�d�l�h�g���� �b�g�l�_�g�k�b�\�g�h�k�l�v���k�\�_�q�_��
�g�b�y�����\�b�o�j�_�\�u�_���h�[�j�Z�a�h�\�Z�g�b�y. 

 

�<�\�_�^�_�g�b�_�����N�b�l�h�i�e�Z�g�d�l�h�g�� �y�\�e�y�_�l�k�y��
�[�Z�a�h�\�u�f�� �a�\�_�g�h�f�� �f�h�j�k�d�b�o�� �w�d�h�k�b�k�l�_�f����
�h�i�j�_�^�_�e�y�_�l�� �_�]�h�� �[�b�h�e�h�]�b�q�_�k�d�m�x�� �i�j�h�^�m�d��
�l�b�\�g�h�k�l�v�� �b�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�� �\�k�_�o�� �a�\�_��
�g�v�_�\�� �i�b�s�_�\�h�c�� �p�_�i�b��[1, 2]���� �B�a�\�_�k�l�g�h���� �q�l�h��
�k�m�f�f�Z�j�g�h�_�� �k�\�_�q�_�g�b�_�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �b��
�d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z���Z �h�l�j�Z�`�Z�x�l��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x�� �k�l�j�m�d�l�m�j�m�� �b�� �d�h�j�j�_�e�b��
�j�m�x�l c �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �i�e�Z�g�d�l�h�g�g�h�]�h�� �k�h��
�h�[�s�_�k�l�\�Z [2, 3]. �D�Z�d�� �h�l�f�_�q�Z�_�l�� �j�y�^�� �Z�\�l�h��
�j�h�\��[4, 5]�����f�_�`�^�m���b�g�l�_�g�k�b�\�g�h�k�l�v�x���k�\�_�q�_��
�g�b�y�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�_�c��
�o�e�h�j�h�n�b�e�e�Z���Z �b�f�_�_�l�k�y�� �\�u�k�h�d�Z�y�� �i�h�e�h�`�b��
�l�_�e�v�g�Z�y���d�h�j�j�_�e�y�p�b�h�g�g�Z�y���k�\�y�a�v����r = 0,93). 
�H�^�g�b�f�� �b�a�� �k�m�s�_�k�l�\�_�g�g�u�o�� �n�Z�d�l�h�j�h�\����
�h�i�j�_�^�_�e�y�x�s�b�f�� �b�a�f�_�g�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h��
�k�l�b�� �k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a�f�h�\�� �b�� �b�a�f�_�g�_�g�b�y��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z���Z �\�� �n�h�l�b�q�_��
�k�d�h�f�� �k�e�h�_���� �y�\�e�y�_�l�k�y�� �k�h�e�g�_�q�g�u�c�� �k�\�_�l����
�<�k�e�_�^�k�l�\�b�_�� �k�m�l�h�q�g�h�]�h�� �o�h�^�Z�� �k�h�e�g�_�q�g�h�c��
�b�g�k�h�e�y�p�b�b �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z��
�b�a�f�_�g�y�_�l�k�y�� �\�� ��-���� �j�Z�a�Z���� �Z�� �b�g�l�_�g�k�b�\�g�h�k�l�v��
�k�\�_�q�_�g�b�y���f�h�j�k�d�b�o���h�j�]�Z�g�b�a�f�h�\���± �\�������±100 
�j�Z�a���b���[�h�e�_�_��[4, 5]. 

�I�e�Z�g�d�l�h�g�g�u�_�� �k�h�h�[�s�_�k�l�\�Z���� �h�[�e�Z�^�Z�y��
�[�u�k�l�j�u�f�� �j�_�Z�]�b�j�h�\�Z�g�b�_�f�� �g�Z�� �b�a�f�_�g�_�g�b�y�� �\��
�w�d�h�k�b�k�l�_�f�_�����f�h�]�m�l���k�e�m�`�b�l�v���h�i�_�j�Z�l�b�\�g�u�f��
�b�g�^�b�d�Z�l�h�j�h�f���\�h�a�^�_�c�k�l�\�b�y���g�Z���g�_�_���j�Z�a�e�b�q��
�g�u�o���n�Z�d�l�h�j�h�\���k�j�_�^�u���h�[�b�l�Z�g�b�y�����I�j�b���w�l�h�f��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �i�h�\�_�j�o�g�h�k�l�g�h�_�� �j�Z�k��
�i�j�_�^�_�e�_�g�b�_�� �o�e�h�j�h�n�b�e�e�Z���Z �f�h�`�_�l�� �[�u�l�v��
�h�p�_�g�_�g�h�� �^�b�k�l�Z�g�p�b�h�g�g�u�f�b�� �f�_�l�h�^�Z�f�b�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�i�m�l�g�b�d�h�\�u�o�� �k�b�k�l�_�f�� 
[6�±8].  

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

�G�_�k�f�h�l�j�y���g�Z���b�f�_�x�s�b�_�k�y���i�m�[�e�b�d�Z�p�b�b��
�g�Z�� �w�l�m�� �l�_�f�m [2, 4, 5, 7], �j�_�]�b�h�g�Z�e�v�g�u�_��
�h�k�h�[�_�g�g�h�k�l�b�� �b�a�f�_�g�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�o�e�h�j�h�n�b�e�e�Z���Z �b���b�g�l�_�g�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y��
�f�h�j�k�d�b�o���h�j�]�Z�g�b�a�f�h�\�����Z���l�Z�d�`�_���b�o���\�a�Z�b�f�h��
�k�\�y�a�v�� �k�� �i�j�b�q�b�g�Z�f�b���� �\�u�a�u�\�Z�x�s�b�f�b�� �j�_�]�b��
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�h�g�Z�e�v�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\�� �Q�_�j�g�h�f�� �f�h�j�_����
�b�a�m�q�_�g�u���g�_���^�h�k�l�Z�l�h�q�g�h���i�h�e�g�h�� 

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

�F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�u�� �B�k�k�e�_�^�h�\�Z��
�g�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �k�l�j�m�d�l�m�j�u�� �b�a�f�_��
�g�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�m�f�f�Z�j�g�h�]�h�� �k�\�_�q�_��
�g�b�y�� �i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h��
�k�h�h�[�s�_�k�l�\�Z�� �i�j�h�\�h�^�b�e�b�� �\�� ���������� �]. �\�� �h�k�_�g��
�g�b�c�� �i�_�j�b�h�^�� ���h�d�l�y�[�j�v�±�g�h�y�[�j�v���� �\��67 �b�� ����-
�h�f�� �j�_�c�k�Z�o�� �G�B�K�� �©�I�j�h�n�_�k�k�h�j�� �<�h�^�y�g�b�p��
�d�b�c�ª���� �H�k�g�h�\�g�h�c�� �f�Z�k�k�b�\�� �^�Z�g�g�u�o�� �i�h�e�m�q�_�g��
�g�Z�� ������ �k�l�Z�g�p�b�y�o���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�� �j�Z�c�h��
�g�Z�o���� �f���� �L�Z�j�o�Z�g�d�m�l���� �f�h�j�b�k�l�h�c�� �q�Z�k�l�b�� �D�Z��

�e�Z�f�b�l�k�d�h�]�h�� �a�Z�e�b�\�Z���� �f���� �O�_�j�k�h�g�_�k���� �l�j�Z�\�_�j��
�a�Z�� �[���� �H�f�_�]�Z���� �f���� �K�Z�j�u�q���� �]�����Y�e�l�u���� �D�Z�j�Z�^�Z�]��
�k�d�h�]�h�� �a�Z�i�h�\�_�^�g�b�d�Z���� �f�h�j�b�k�l�h�c�� �q�Z�k�l�b��
�f�� �D�u�a-�:�m�e�� �b�� �k�_�\�_�j�h-�\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b��
�k�l�Z�g�^�Z�j�l�g�h�]�h�� �j�Z�a�j�_�a�Z �f���� �O�_�j�k�h�g�_�k �±
�;�h�k�n�h�j�� ���j�b�k�� �������� �b�f�_�x�s�b�o�� �e�h�d�Z�e�v�g�u�_��
�]�b�^�j�h�e�h�]�b�q�_�k�d�b�_�� �b�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�_��
�h�k�h�[�_�g�g�h�k�l�b���� �G�Z�� �j�b�k���� ���� �b�a�h�[�j�Z�`�_�g�h�� �j�Z�k��
�i�h�e�h�`�_�g�b�_�� �k�l�Z�g�p�b�c���� �b�o�� �g�h�f�_�j�Z���� �Z�� �l�Z�d�`�_��
�l�h�g�d�b�f�b�� �e�b�g�b�y�f�b�� �g�Z�g�_�k�_�g�u�� �b�a�h�[�Z�l�u�� ��������
���������������������������������f�� 

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �b�� �\�_�j�l�b�d�Z�e�v�g�h�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y��
�h�j�]�Z�g�b�a�f�h�\�� �b�k�k�e�_�^�h�\�Z�e�b�� �f�_�l�h�^�h�f�� �f�g�h��
�]�h�d�j�Z�l�g�h�]�h�� �[�Z�l�b�n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h�� �a�h�g��
�^�b�j�h�\�Z�g�b�y�� �l�h�e�s�b�� �\�h�^�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b��
�_�f�� �]�b�^�j�h�[�b�h�n�b�a�b�q�_�k�d�h�]�h�� �d�h�f�i�e�_�d�k�Z��
�©�K�Z�e�v�i�Z-�F�ª��[9]�����K���_�]�h���i�h�f�h�s�v�x���b�a�f�_�j�y��
�e�b�� �l�Z�d�`�_�� �l�_�f�i�_�j�Z�l�m�j�m�� �b�� �w�e�_�d�l�j�h�i�j�h�\�h�^��
�g�h�k�l�v�� �\�h�^�u���� �d�h�l�h�j�m�x�� �i�_�j�_�k�q�b�l�u�\�Z�e�b�� �\��
�k�h�e�_�g�h�k�l�v���� �>�b�k�d�j�_�l�g�h�k�l�v�� �b�a�f�_�j�_�g�b�c�� �\��
�j�_�`�b�f�_�� �a�h�g�^�b�j�h�\�Z�g�b�y�� �k�h�� �k�d�h�j�h�k�l�v�x��
1,2 �f���k-1 �k�h�k�l�Z�\�e�y�e�Z�� ���� �f���� �K�t�_�f�d�b�� �i�j�h�\�h��
�^�b�e�b���\���g�h�q�g�h�_���\�j�_�f�y���� 

 

 

 

 

 

 
 
 

 
 
 

 

 
�J�b�k�����������K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�y���k�l�Z�g�p�b�c 

 
�I�h�� �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�� �\�u�^�_�e�y�e�b�� �k�e�h�c���� �\�� �d�h�l�h�j�h�f��
�g�Z�[�e�x�^�Z�e�k�y�� �\�u�k�h�d�b�c�� �m�j�h�\�_�g�v�� �b�g�l�_�g�k�b�\��
�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �]�b�^�j�h�[�b�h�g�l�h�\���� �H�i�j�_�^�_��
�e�_�g�b�_�� �w�l�h�]�h�� �k�e�h�y�� �h�k�m�s�_�k�l�\�e�y�e�b�� �\�� �k�e�_�^�m��
�x�s�_�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���� �<�g�Z�q�Z�e�_��
�g�Z�o�h�^�b�e�b���f�Z�d�k�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���b�g�l�_�g��
�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y�����Jmax�����^�e�y���\�k�_�c���]�e�m�[�b��
�g�u�� �a�h�g�^�b�j�h�\�Z�g�b�y���� �A�Z�l�_�f�� �j�Z�k�k�q�b�l�u�\�Z�e�b��
�a�g�Z�q�_�g�b�_�� ���J0,5������ �j�Z�\�g�h�_�� �i�h�e�h�\�b�g�_�� �h�l�� �f�Z�d��
�k�b�f�Z�e�v�g�h�]�h�����l�h���_�k�l�v���J0,5 = 0,�����Jmax�����>�Z�e�_�_ 
�h�i�j�_�^�_�e�y�e�b�� �^�b�Z�i�Z�a�h�g�� �]�e�m�[�b�g���� �\�� �d�h�l�h�j�h�f��

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �k�\�_�q�_�g�b�y�� �j�Z�\�g�y�e�Z�k�v�� �b�e�b��
�i�j�_�\�u�r�Z�e�Z�� �a�g�Z�q�_�g�b�_�� �J0,5���� �W�l�h�l�� �^�b�Z�i�Z�a�h�g��
�]�e�m�[�b�g�� �g�Z�a�u�\�Z�e�b�� �k�e�h�_�f�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\��
�g�_�f�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y���� �A�Z�l�_�f��
�g�Z�o�h�^�b�e�b�� �k�\�y�a�v�� �k�e�h�y�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f��
�b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �k�� �l�_�j�f�h�o�Z�e�b�g��
�g�h�c�� �k�l�j�m�d�l�m�j�h�c�� �\�h�^�� �b�k�k�e�_�^�m�_�f�h�]�h�� �j�Z�c�h��
�g�Z�� 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h��
�j�h�n�b�e�e�Z���Z �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �_�`�_�^�g�_�\��
�g�u�_�� �k�i�m�l�g�b�d�h�\�u�_�� �^�Z�g�g�u�_���� �>�Z�g�g�u�_�� �i�h�e�m��
�q�_�g�u���k���i�j�b�[�h�j�Z MODIS �k�i�m�l�g�b�d�Z���$�4�8�$ 
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�b�� �h�[�j�Z�[�h�l�Z�g�u�� �\�� �&�R�S�H�U�Q�L�F�X�V�� �0�D�U�L�Q�H��
Environment Monitoring Service �^�h���l�j�_�l�v��
�_�]�h�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �m�j�h�\�g�y�� �h�[�j�Z�[�h�l�d�b��
(Level �������i�h���k�i�_�p�b�Z�e�v�g�h�f�m���Z�e�]�h�j�b�l�f�m���^�e�y��
�\�h�^���Q�_�j�g�h�]�h���f�h�j�y���l�b�i�Z�������b���l�b�i�Z���������©Black 
Sea Daily Chlorophyll Case1 and Case 2 
Waters Concentration�ª������ �I�j�h�k�l�j�Z�g�k�l�\�_�g��
�g�h�_�� �j�Z�a�j�_�r�_�g�b�_�� �k�i�m�l�g�b�d�h�\�u�o�� �^�Z�g�g�u�o�� �± 
1 �d�f�� 

�K�i�m�l�g�b�d�h�\�u�_�� �k�g�b�f�d�b���� �o�Z�j�Z�d�l�_�j�b�a�m��
�x�s�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x�� �b�a�f�_�g�q�b�\�h�k�l�v��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z���Z���� �i�h�k�e�_��
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �n�b�e�v�l�j�Z�p�b�b�� �k�g�b�f�d�h�\�� �k��
�h�[�e�Z�q�g�h�k�l�v�x�� �[�u�e�b���\�a�y�l�u �^�e�y �\�j�_�f�_�g�g�u�o��
�i�_�j�b�h�^�h�\���� �d�h�l�h�j�u�_�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �^�Z�g��
�g�u�f�� �i�h�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �h�j�]�Z��
�g�b�a�f�h�\�� �i�h�e�m�q�_�g�g�u�f���\���w�d�k�i�_�^�b�p�b�y�o��67 �b��
68-�h�f�� �j�_�c�k�Z�o�� �G�B�K�� �©�I�j�h�n�_�k�k�h�j�� �<�h�^�y��
�g�b�p�d�b�c�ª�� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�a�f�_��
�g�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a��
�f�h�\�� �k�h�i�h�k�l�Z�\�e�y�e�b�k�v�� �k�h�� �k�i�m�l�g�b�d�h�\�u�f�b 
�^�Z�g�g�u�f�b �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z���Z �\��
�i�h�\�_�j�o�g�h�k�l�g�h�f�� �k�e�h�_���� �B�g�l�_�g�k�b�\�g�h�k�l�v��
�k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a�f�h�\�� �h�i�j�_�^�_�e�y�e�Z�k�v�� �\��
�g�h�q�g�h�_���\�j�_�f�y�����d�h�g�p�_�g�l�j�Z�p�b�y���o�e�h�j�h�n�b�e�e�Z��
�Z �b�a�f�_�j�y�e�Z�k�v�� �k�h�� �k�i�m�l�g�b�d�Z�� �\�� �h�^�g�h�� �b�� �l�h�`�_��
�^�g�_�\�g�h�_���\�j�_�f�y���� 

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

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

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

�F�Z�l�_�f�Z�l�b�q�_�k�d�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �j�_�a�m�e�v�l�Z��
�l�h�\�� �i�j�h�\�h�^�b�e�Z�k�v�� �g�Z�� �i�_�j�k�h�g�Z�e�v�g�h�f�� �d�h�f��
�i�v�x�l�_�j�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f��
Microsoft Excel 7.0, Statistica 6.0, Sig-
maPlot 11.0, Surfer 10.0. 

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

 
�J�b�k�������� �B�a�f�_�g�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y���f�h�j�k�d�b�o���h�j�]�Z�g�b�a�f�h�\�����������b���i�h�\�_�j�o�g�h�k�l�g�h�c�� 

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

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

�F�_�`�^�m�� �H�Q�L�� �b�� �[�_�j�_�]�h�f�� �n�h�j�f�b�j�m�_�l�k�y��
�k�b�k�l�_�f�Z�� ���k�m�[���f�_�a�h�f�Z�k�r�l�Z�[�g�u�o �r�_�e�v�n�h��
�\�u�o�� �p�b�d�e�h�g�b�q�_�k�d�b�o�� �b�� �Z�g�l�b�p�b�d�e�h�g�b�q�_��
�k�d�b�o�� �d�j�m�]�h�\�h�j�h�l�h�\���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�h�c�� �b�a�f�_�g�q�b�\�h��
�k�l�v�x���� �k�\�y�a�Z�g�g�h�c�� �k�� �b�g�l�_�g�k�b�\�g�h�k�l�v�x�� �p�b�j��
�d�m�e�y�p�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �K�l�j�m�d�l�m�j�Z�� �b��
���k�m�[���f�_�a�h�f�Z�k�r�l�Z�[�g�Z�y �b�a�f�_�g�q�b�\�h�k�l�v���i�h�e�y��
�l�_�q�_�g�b�c���\���i�h�^�i�h�\�_�j�o�g�h�k�l�g�h�f���k�e�h�_���\���i�j�b��
�[�j�_�`�g�h�c�� �a�h�g�_�� �D�j�u�f�Z�� �\�� �j�Z�f�d�Z�o�� �f�h�j�k�d�b�o��
�w�d�k�i�_�^�b�p�b�c�� �b�k�k�e�_�^�h�\�Z�e�Z�k�v�� �k�� �i�h�f�h�s�v�x��
�Z�d�m�k�l�b�q�_�k�d�h�]�h�� �^�h�i�e�_�j�h�\�k�d�h�]�h�� �d�h�f�i�e�_�d�k�Z��
ADCP. �>�b�Z�f�_�l�j�� ���k�m�[���f�_�a�h�f�Z�k�r�l�Z�[�g�u�o��
�r�_�e�v�n�h�\�u�o�� �\�b�o�j�_�c�� �\�Z�j�v�b�j�m�_�l�� �h�l�� �^�\�m�o-
�l�j�_�o�� �^�h�� �^�_�k�y�l�b�� �b�e�b�� �[�h�e�_�_�� �d�b�e�h�f�_�l�j�h�\����
�\�j�_�f�y�� �b�o�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �h�l�� �g�_�k�d�h�e�v�d�b�o��
�k�m�l�h�d���^�h���g�_�k�d�h�e�v�d�b�o���g�_�^�_�e�v [12]. 

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

�l�b�p�b�d�e�h�g�b�q�_�k�d�b�o�� �d�j�m�]�h�\�h�j�h�l�h�\���� �g�Z�i�j�h��
�l�b�\�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�h�\�u�r�_�g�g�u�c�� �m�j�h�\�_�g�v��
�\�h�^�u���� �\�� �d�h�l�h�j�u�o�� �h�[�u�q�g�h�� �i�j�h�b�k�o�h�^�b�l��
�h�i�m�k�d�Z�g�b�_���f�Z�e�h�i�j�h�^�m�d�l�b�\�g�u�o���\�h�^�����G�Z���b�o��
�i�_�j�b�n�_�j�b�b�� �j�Z�a�\�b�\�Z�_�l�k�y�� �d�h�f�i�_�g�k�Z�p�b�h�g��
�g�u�c�� �i�h�^�t�_�f�� �h�[�h�]�Z�s�_�g�g�u�o�� �[�b�h�]�_�g�Z�f�b��
�]�e�m�[�b�g�g�u�o�� �\�h�^�� �k�� �i�h�\�u�r�_�g�g�h�c�� �d�h�g�p�_�g��
�l�j�Z�p�b�_�c�� �o�e�h�j�h�n�b�e�e�Z���Z [2, 8, 13]. 
�G�Z�b�[�h�e�v�r�_�]�h�� �j�Z�a�\�b�l�b�y�� �w�l�b�� �\�b�o�j�_�\�u�_�� �h�[��
�j�Z�a�h�\�Z�g�b�y�� �^�h�k�l�b�]�Z�x�l�� �\�^�h�e�v�� �X�`�g�h�]�h�� �[�_��
�j�_�]�Z�� �D�j�u�f�Z�� �h�l�� �N�_�h�^�h�k�b�b�� �^�h�� �Y�e�l�u�� �b�� �\��
�k�_�\�_�j�h-�a�Z�i�Z�^�g�h�c���q�Z�k�l�b���f�h�j�y��[10]. 

�K�i�m�l�g�b�d�h�\�u�_�� �b�a�f�_�j�_�g�b�y�� �k�� �m�q�_�l�h�f��
�h�i�_�j�Z�l�b�\�g�h�]�h���h�[�g�h�\�e�_�g�b�y���b�g�n�h�j�f�Z�p�b�b���b��
�f�Z�e�u�o �k�j�h�d�h�\�� �k�m�s�_�k�l�\�h�\�Z�g�b�y��
���k�m�[���f�_�a�h�f�Z�k�r�l�Z�[�g�u�o�� �r�_�e�v�n�h�\�u�o�� �\�b�o��
�j�_�c�� �i�h�a�\�h�e�y�x�l�� �h�p�_�g�b�l�v�� �\�e�b�y�g�b�_�� �p�b�j�d�m��
�e�y�p�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �b�g�l�_�g�k�b�\�g�h�k�l�v��
�k�\�_�q�_�g�b�y�� �h�[�b�l�Z�l�_�e�_�c�� �i�_�e�Z�]�b�Z�e�b�� �g�_�i�h��
�k�j�_�^�k�l�\�_�g�g�h�� �\�� �k�j�h�d�b�� �i�j�h�\�_�^�_�g�b�y�� �g�Z�l�m�j��
�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �G�Z�� �b�a�f�_�g�_�g�b�_�� �b�g�l�_�g��
�k�b�\�g�h�k�l�b���k�\�_�q�_�g�b�y���h�j�]�Z�g�b�a�f�h�\���b���d�h�g�p�_�g��
�l�j�Z�p�b�x�� �o�e�h�j�h�n�b�e�e�Z���Z �\�� �j�Z�a�e�b�q�g�u�_�� �k�_�a�h��
�g�u�� �b���� �\�� �q�Z�k�l�g�h�k�l�b�� �h�k�_�g�v�x�����d�j�h�f�_�� �]�b�^�j�h��
�^�b�g�Z�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �[�h�e�v�r�h�_��
�\�e�b�y�g�b�_�� �h�d�Z�a�u�\�Z�x�l�� �l�Z�d�`�_�� �]�b�^�j�h�e�h�]�b�q�_��
�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �d�h�l�h�j�u�_�� �\�a�Z�b�f�h��
�k�\�y�a�Z�g�u�� �k�� �p�b�j�d�m�e�y�p�b�_�c��[2, 5, 14]���� �<�� �\�_�j��
�l�b�d�Z�e�v�g�h�c�� �l�_�j�f�b�q�_�k�d�h�c�� �k�l�j�m�d�l�m�j�_�� �^�_�y��
�l�_�e�v�g�h�]�h�� �k�e�h�y�� �Q�_�j�g�h�]�h�� �f�h�j�y�� �\�� �h�k�_�g�g�b�c��
�i�_�j�b�h�^�� �\�u�^�_�e�y�x�l�� �\�_�j�o�g�b�c�� �i�j�h�]�j�_�l�u�c��
�d�\�Z�a�b�b�a�h�l�_�j�f�b�q�_�k�d�b�c�� �k�e�h�c���� �d�h�l�h�j�u�c�� �\��
�f�_�e�d�h�\�h�^�g�u�o���r�_�e�v�n�h�\�u�o���j�Z�c�h�g�Z�o���f�h�`�_�l��
�k�h�k�l�Z�\�e�y�l�v�� �^�h�� �����±�������� �h�[�s�_�c�� �]�e�m�[�b�g�u����
�k�_�a�h�g�g�u�c �l�_�j�f�h�d�e�b�g�� �b �j�Z�k�i�h�e�h�`�_�g�g�u�c��
�i�h�^���g�b�f �k�e�h�c���f�b�g�b�f�Z�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�u��
���o�h�e�h�^�g�u�c�� �i�j�h�f�_�`�m�l�h�q�g�u�c�� �k�e�h�c�� �± 
�O�I�K���� 

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

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

�����g�����������������������[���± �k���������h�d�l�y�[�j�y���i�h�������g�h�y�[�j�y�������������]�������k�l�����������������������������������\���± �k�������i�h���������g�h�y�[�j�y�������������]���� 
���k�l��������������������������������������������������. �_�8�_���b���_�9�_��  �± �f�Z�d�k�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���a�h�g�Z�e�v�g�h�c���b���f�_�j�b�^�b�h�g�Z�e�v�g�h�c 

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

�<�l�h�j�Z�y�� �]�j�m�i�i�Z�� �± �w�l�h�� �k�l�Z�g�p�b�b���� �j�Z�k�i�h��
�e�h�`�_�g�g�u�_�� �\�� �j�Z�c�h�g�_�� �k�\�Z�e�Z�� �]�e�m�[�b�g���� �K�l�Z�g��
�p�b�y���������± �k�j�h�d�b���i�j�h�\�_�^�_�g�b�y���b�k�k�e�_�^�h�\�Z�g�b�c��
�k�� ������ �i�h�� ������ �h�d�l�y�[�j�y�� ���������� �]���� ���j�b�k���� ���Z������
�k�l�Z�g�p�b�y�� ������ �± �k�j�h�d�b�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h��
�\�Z�g�b�c���k�������i�h�������g�h�y�[�j�y�������������]�������j�b�k�������[�����b��
�k�l�Z�g�p�b�b�� �������� �������� �������� �������� �������� �k�j�h�d�b�� �i�j�h�\�_��
�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k�� ���� �i�h�� ������ �g�h�y�[�j�y��
�����������]�������j�b�k�������\���� 

�L�j�_�l�v�y�� �]�j�m�i�i�Z�� �± �k�l�Z�g�p�b�b���� �j�Z�k�i�h�e�h��
�`�_�g�g�u�_�� �\�� �f�_�e�d�h�\�h�^�g�h�c�� �r�_�e�v�n�h�\�h�c�� �a�h�g�_��
(�k�l���� ������ ������ ����)���� �k�j�h�d�b�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h��
�\�Z�g�b�c���k�������i�h�������g�h�y�[�j�y�������������]�������j�b�k�������[�����b��
�k�l���� ������ �k�j�h�d�b�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k��
�����i�h���������g�h�y�[�j�y�������������]�������j�b�k�������\���� 

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

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

�K�e�h�c�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �b�g�l�_�g�k�b�\��
�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �g�Z�� �w�l�b�o�� �k�l�Z�g�p�b�y�o�� �g�Z�o�h��
�^�b�e�k�y�� �\�� �\�_�j�o�g�_�f�� �d�\�Z�a�b�h�^�g�h�j�h�^�g�h�f�� �k�e�h�_��
���<�D�K���� �b�� �q�Z�k�l�b�q�g�h�� �\�� �l�_�j�f�h�d�e�b�g�_�� �b�� �k�h��
�k�l�Z�\�e�y�e�� �i�h�� �]�e�m�[�b�g�_�� �\�� �k�j�_�^�g�_�f�� ������ �f�� �i�j�b��
�k�j�_�^�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �����ƒ�K�� �b�� �k�h�e�_�g�h�k�l�b��
17,�����Å���� �K�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h��
�k�l�b �k�m�f�f�Z�j�g�h�]�h�� �k�\�_�q�_�g�b�y�� �]�b�^�j�h�[�b�h�g�l�h�\��
�\�� �w�l�h�f�� �k�e�h�_�� �± 250�±�������� �i�<�l�Â�k�f-2�Â�e-1���� �q�l�h�� �\��
�k�j�Z�\�g�_�g�b�b�� �k�� �^�j�m�]�b�f�b�� �b�k�k�e�_�^�h�\�Z�g�g�u�f�b��
�j�Z�c�h�g�Z�f�b�� �[�u�e�h�� �f�b�g�b�f�Z�e�v�g�u�f�� �I�h�� �k�i�m�l��
�g�b�d�h�\�u�f���^�Z�g�g�u�f �\���w�l�h�f���j�Z�c�h�g�_���\���i�_�j�b�h�^��
�b�k�k�e�_�^�h�\�Z�g�b�c�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z��
�Z �\�� �i�h�\�_�j�o�g�h�k�l�g�h�f�� �k�e�h�_���� �l�Z�d�`�_�� �d�Z�d�� �b�g��
�l�_�g�k�b�\�g�h�k�l�v�� �k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a�f�h�\���� �[�u�e�Z��
�g�b�a�d�h�c���b���g�_���i�j�_�\�u�r�Z�e�Z���a�g�Z�q�_�g�b�y���������±0,6 
�f�]���f3 ���j�b�k���� �������� �H�[�t�y�k�g�y�_�l�k�y���w�l�h���l�_�f�����q�l�h��
�w�l�b�� �k�l�Z�g�p�b�b�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �^�h�k�l�Z�l�h�q�g�h��
�k�b�e�v�g�h�f�� ���a�h�g�Z�e�v�g�Z�y�� �b�� �f�_�j�b�^�b�h�g�Z�e�v�g�Z�y��
�k�h�k�l�Z�\�e�y�x�s�b�_�� �k�d�h�j�h�k�l�b�� �[�h�e�_�_�� �������� �f���k���� �b��
�^�h�e�]�h�`�b�\�m�s�b�f�� ���[�h�e�_�_�� �g�_�^�_�e�b���� �p�b�d�e�h�g�b��
�q�_�k�d�h�f�� �\�b�o�j�_���� �]�^�_�� �i�j�h�b�k�o�h�^�b�l�� �i�h�^�t�_�f��
�Z�g�Z�w�j�h�[�g�u�o�� �]�e�m�[�b�g�g�u�o �\�h�^���� �g�_�� �k�i�h�k�h�[��
�k�l�\�m�x�s�b�o�� �j�Z�a�\�b�l�b�x�� �n�b�l�h- �b�� �a�h�h�i�e�Z�g�d��
�l�h�g�Z���� �D�Z�d�� �b�a�\�_�k�l�g�h���� �\�� �Q�_�j�g�h�f�� �f�h�j�_�� �k�e�Z��
�[�Z�y���\�_�j�l�b�d�Z�e�v�g�Z�y���p�b�j�d�m�e�y�p�b�y���\�h�^���i�j�b�\�h��
�^�b�l���d���m�\�_�e�b�q�_�g�b�x���^�_�n�b�p�b�l�Z���d�b�k�e�h�j�h�^�Z���k��
�]�e�m�[�b�g�h�c�� �b�� �p�b�d�e�h�g�b�q�_�k�d�b�c�� �\�b�o�j�v���� �_�k�e�b��
�h�g�� �^�h�k�l�Z�l�h�q�g�h�� �k�b�e�v�g�u�c�� �b�� �j�Z�k�i�h�e�h�`�_�g��
�g�Z�^�� �]�e�m�[�h�d�h�\�h�^�g�h�c�� �q�Z�k�l�v�x�� �f�h�j�y���� �l�h�e�v�d�h��
�\�� �g�Z�q�Z�e�_�� �k�\�h�_�]�h�� �j�Z�a�\�b�l�b�y�� �i�h�^�g�b�f�Z�_�l��
�i�j�h�^�m�d�l�b�\�g�u�_���]�e�m�[�b�g�g�u�_���\�h�^�u�� 
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�<�� �j�Z�c�h�g�_�� �k�\�Z�e�Z�� �]�e�m�[�b�g�� �g�Z�o�h�^�y�l�k�y��
�k�l�Z�g�p�b�b������ ���j�b�k���������b�����Z��, 31 ���j�b�k���������b�����[��, 
32, 35, 36, ������ �b�� ���� ���j�b�k���� ���� �b�� ���\��. �<�� �w�l�h�f��
�j�Z�c�h�g�_�� �f�h�j�y�� �\�e�b�y�g�b�_�� �k�b�k�l�_�f�u��
���k�m�[���f�_�a�h�f�Z�k�r�l�Z�[�g�u�o�� �p�b�d�e�h�g�b�q�_�k�d�b�o�� �b��
�Z�g�l�b�p�b�d�e�h�g�b�q�_�k�d�b�o�� �\�b�o�j�_�\�u�o�� �h�[�j�Z�a�h�\�Z��
�g�b�c�� �g�Z�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a��
�f�h�\�� �[�h�e�_�_�� �j�Z�a�g�h�h�[�j�Z�a�g�h���� �q�_�f�� �\�� �]�e�m�[�h�d�h��
�\�h�^�g�h�c���b���f�_�e�d�h�\�h�^�g�h�c���Z�d�\�Z�l�h�j�b�y�o�� 

�G�Z�� �k�l�Z�g�p�b�y�o�� �������� �������� �������� �������� ������ �b�� ������
(h �!�����������f�������l�h�e�s�b�g�Z���<�D�K���m�\�_�e�b�q�b�e�Z�k�v���\��
�k�j�_�^�g�_�f�� �g�Z�� ���� �f�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �l�h�e�s�b��
�g�h�c�� �<�D�K���� �d�h�l�h�j�Z�y�� �[�u�e�Z�� �a�Z�n�b�d�k�b�j�h�\�Z�g�Z��
�g�Z�� �k�l�Z�g�p�b�y�o�� �\�� �]�e�m�[�h�d�h�\�h�^�g�h�c�� �q�Z�k�l�b�� �f�h��
�j�y���� �H�k�_�g�v�x�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�h�g�\�_�d�l�b�\�g�h-
�\�_�l�j�h�\�h�]�h�� �i�_�j�_�f�_�r�b�\�Z�g�b�y�� �g�Z�[�e�x�^�Z�e�h�k�v��
�i�h�k�l�_�i�_�g�g�h�_�� �j�Z�a�j�m�r�_�g�b�_�� �l�_�j�f�h�d�e�b�g�Z����
�i�j�b���w�l�h�f���]�e�m�[�b�g�Z���_�]�h���a�Z�e�_�]�Z�g�b�y���\�Z�j�v�b�j�h��
�\�Z�e�Z�� �g�Z�� �k�l�Z�g�p�b�y�o�� �\�� �b�k�k�e�_�^�m�_�f�h�c�� �Z�d�\�Z�l�h��
�j�b�b�����<���k�j�_�^�g�_�f���k�e�h�c���l�_�j�f�h�d�e�b�g�Z���a�Z�]�e�m�[��
�e�y�e�k�y���b���j�Z�k�i�h�e�Z�]�Z�e�k�y���\���^�b�Z�i�Z�a�h�g�_���]�e�m�[�b�g��
�h�l�� ������ �^�h�� ������ �f���� �L�_�f�i�_�j�Z�l�m�j�g�u�c�� �]�j�Z�^�b�_�g�l��
�k�h�k�l�Z�\�e�y�e���������ƒ�K���f�� 

�K�e�h�c�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �b�g�l�_�g�k�b�\��
�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �g�Z�o�h�^�b�e�k�y�� �\�� �\�_�j�o�g�_�f��
�d�\�Z�a�b�h�^�g�h�j�h�^�g�h�f�� �k�e�h�_�� �i�j�b�� �k�j�_�^�g�_�c�� �l�_�f��
�i�_�j�Z�l�m�j�_�� ���������ƒ�K�� �b�� �k�h�e�_�g�h�k�l�b�� �����������Å����
�K�j�_�^�g�_�_���a�g�Z�q�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�q�_��
�g�b�y���]�b�^�j�h�[�b�h�g�l�h�\ �g�Z���w�l�b�o���k�l�Z�g�p�b�y�o �[�u�e�h 
�\�u�k�h�d�b�f�� �± ���������� �i�<�l�Â�k�f-2�Â�e-1���� �I�h�� �k�i�m�l�g�b��
�d�h�\�u�f�� �^�Z�g�g�u�f�� �\�� �m�k�e�h�\�b�y�o�� �k�_�a�h�g�g�h�c��
�k�l�j�Z�l�b�n�b�d�Z�p�b�b�� �\�h�^�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h��
�j�h�n�b�e�e�Z���Z �\�� �i�h�\�_�j�o�g�h�k�l�g�h�f�� �k�e�h�_���� �l�Z�d�`�_��
�d�Z�d�� �b�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �k�\�_�q�_�g�b�y�� �h�j�]�Z�g�b�a��
�f�h�\�����[�u�e�Z���^�h�k�l�Z�l�h�q�g�h���\�u�k�h�d�h�c���b���g�Z�o�h�^�b��
�e�Z�k�v���\���i�j�_�^�_�e�Z�o���������±���������f�]���f3. �<���p�_�e�h�f���g�Z��
�k�l�Z�g�p�b�y�o���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �g�Z�� �k�\�Z�e�_�� �]�e�m��
�[�b�g, �k�\�_�q�_�g�b�_�� �]�b�^�j�h�[�b�h�g�l�h�\�� �m�\�_�e�b�q�b��
�e�h�k�v�� �\�� �����±������ �j�Z�a�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �f�Z�e�h��
�i�j�h�^�m�d�l�b�\�g�u�f�b�� �j�Z�c�h�g�Z�f�b���� �Z�� �i�h�\�_�j�o��
�g�h�k�l�g�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z���Z �± 
�i�j�b�f�_�j�g�h���\�������j�Z�a�Z�� 

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

�G�Z�� �k�l�Z�g�p�b�b�� ������ ���j�b�k���� ���Z���� �k�j�_�^�g�_�_�� �a�g�Z��
�q�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �]�b�^�j�h��
�[�b�h�g�l�h�\�� �± �������� �i�<�l���k�f�±2���e�±1���� �[�u�e�h�� �g�b�`�_����
�q�_�f���g�Z���^�j�m�]�b�o���k�l�Z�g�p�b�y�o�����j�Z�k�i�h�e�h�`�_�g�g�u�o��
�g�Z�� �k�\�Z�e�_�� �]�e�m�[�b�g���� �b�� �e�b�r�v�� �g�_�a�g�Z�q�b�l�_�e�v�g�h��
�h�l�e�b�q�Z�_�l�k�y���� �d�Z�d�� �b�� �^�j�m�]�b�_�� �]�b�^�j�h�e�h�]�b�q�_��
�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �<�D�K���� �h�l�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�k�\�_�q�_�g�b�y�� �g�Z�� �]�e�m�[�h�d�h�\�h�^�g�u�o�� �k�l�Z�g�p�b�y�o����
�W�l�h���k�\�y�a�Z�g�h���k���l�_�f�����q�l�h���w�l�Z���k�l�Z�g�p�b�y���g�Z�o�h��
�^�b�l�k�y�� �g�Z�� �i�_�j�b�n�_�j�b�b�� �p�b�d�e�h�g�b�q�_�k�d�h�]�h��

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

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

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

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

�G�Z���r�_�e�v�n�_���\���f�_�e�d�h�\�h�^�g�u�o���j�Z�c�h�g�Z�o���k��
�]�e�m�[�b�g�Z�f�b���g�_���[�h�e�_�_�����������f���g�Z���k�l�Z�g�p�b�y�o��4, 
5, 21 ���j�b�k���� ���[���� �b�� �k�l�� 47 ���j�b�k���� ���\�� �\�_�j�o�g�b�c��
�d�\�Z�a�b�h�^�g�Z�j�h�^�g�u�c�� �k�e�h�c�� �k�h�k�l�Z�\�e�y�e�� �^�h�� �����±
�������� �h�[�s�_�c�� �]�e�m�[�b�g�u���� �k�_�a�h�g�g�u�c�� �l�_�j�f�h��
�d�e�b�g�� �[�u�e�� �k�e�Z�[�h�� �\�u�j�Z�`�_�g�� �b�e�b�� �i�h�q�l�b�� �h�l��
�k�m�l�k�l�\�h�\�Z�e. �J�Z�\�g�h�f�_�j�g�u�c�� �i�j�h�]�j�_�\�� �\�h�^��
�g�h�c�� �f�Z�k�k�u�� �i�h�� �\�k�_�c�� �]�e�m�[�b�g�_�� �h�k�_�g�v�x�� �i�j�b��
�\�_�e�� �d�� �b�g�l�_�g�k�b�\�g�h�f�m�� �j�Z�a�\�b�l�b�x�� �n�b�l�h��
�i�e�Z�g�d�l�h�g�Z���� �\�� �l�h�f�� �q�b�k�e�_, �b�� �k�\�y�l�y�s�b�o�k�y��
�\�b�^�h�\���� �K�e�h�c�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �b�g�l�_�g��
�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y�� �[�u�e�� �j�Z�k�l�y�g�m�l�� �h�l�� �i�h��
�\�_�j�o�g�h�k�l�b�� �^�h�� �]�e�m�[�b�g�� �����±������ �f�� �i�j�b�� �k�j�_�^��
�g�_�c�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������ƒ�K �b�� �k�h�e�_�g�h�k�l�b��
�����������Å���� �K�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h��
�k�l�b �k�m�f�f�Z�j�g�h�]�h�� �k�\�_�q�_�g�b�y�� �]�b�^�j�h�[�b�h�g�l�h�\��
�\���w�l�h�f���k�e�h�_���[�u�e�b���\�u�k�h�d�b�f�b �± �h�d�h�e�h������������
�i�<�l�Â�k�f-2�Â�e-1 �i�j�b�� �[�h�e�v�r�h�c�� �j�Z�k�l�y�g�m�l�h�k�l�b��
�k�e�h�y�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�k�\�_�q�_�g�b�y�� �i�h�� �]�e�m�[�b�g�_���� �K�h�]�e�Z�k�g�h�� �k�i�m�l�g�b��
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�d�h�\�u�f�� �^�Z�g�g�u�f�� �\�� �f�_�e�d�h�\�h�^�g�u�o�� �j�Z�c�h�g�Z�o��
�i�j�h�k�f�Z�l�j�b�\�Z�e�h�k�v�� �\�u�k�h�d�h�_�� �k�h�^�_�j�`�Z�g�b�_��
�o�e�h�j�h�n�b�e�e�Z���Z (0,9�±���������f�]���f3). 

�I�j�b�[�j�_�`�g�Z�y���a�h�g�Z���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c��
�h�[�e�Z�k�l�v���� �i�h�^�\�_�j�`�_�g�g�m�x�� �\�e�b�y�g�b�x�� �k�b�e�v��
�g�u�o�� �\�^�h�e�v�� �[�_�j�_�]�h�\�u�o�� �\�_�l�j�h�\���� �i�h�^�� �\�e�b�y��
�g�b�_�f�� �d�h�l�h�j�u�o�� �\�h�a�g�b�d�Z�x�l�� �k�]�h�g�g�u�_�� �y�\�e�_��
�g�b�y���� �i�j�h�p�_�k�k�u�� �Z�i�\�_�e�b�g�]�Z���� �i�j�b�\�h�^�y�s�b�_ �d��
�\�_�j�l�b�d�Z�e�v�g�h�f�m�� �\�h�^�h�h�[�f�_�g�m���� �K�� �m�q�_�l�h�f��
�[�e�b�a�h�k�l�b�� �^�g�Z�� �i�j�h�b�k�o�h�^�b�l�� �i�h�^�t�_�f�� �g�Z�� �i�h��
�\�_�j�o�g�h�k�l�v�� �i�j�b�^�h�g�g�u�o�� �\�h�^���� �h�[�h�]�Z�s�_�g�g�u�o��
�[�b�h�]�_�g�g�u�f�b�� �w�e�_�f�_�g�l�Z�f�b [5, 10]. �<�k�e�_�^��
�k�l�\�b�_�� �l�Z�d�b�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �f�_�e�d�h�\�h�^�g�u�c��
�r�_�e�v�n�� �h�l�g�h�k�b�l�k�y�� �d�� �j�Z�c�h�g�Z�f�� �k�� �\�u�k�h�d�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�_�c�� �[�b�h�f�Z�k�k�u�� �b�� �q�b�k�e�_�g�g�h�k�l�b��
�i�e�Z�g�d�l�h�g�Z���� �Z�� �l�Z�d�`�_�� �k�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h��
�d�b�f�� �m�j�h�\�g�_�f�� �k�h�^�_�j�`�Z�g�b�y�� �o�e�h�j�h�n�b�e�e�Z���Z 
[2, 7], �d�h�l�h�j�u�c�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �k�i�m�l�g�b��
�d�h�\�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b�� �L�Z�d�`�_�� �g�Z�^�h�� �h�l�f�_��
�l�b�l�v���� �q�l�h�� �\ �j�Z�c�h�g�Z�o�� �k�_�\�_�j�h-�a�Z�i�Z�^�g�h�]�h��
�f�_�e�d�h�\�h�^�v�y���� �i�h�^�\�_�j�`�_�g�g�u�o�� �k�l�h�d�m�� �j�_�d�� �\��
�l�_�q�_�g�b�_�� �]�h�^�Z���� �j�_�]�b�k�l�j�b�j�m�_�l�k�y�� �g�_�k�d�h�e�v�d�h��
�f�Z�d�k�b�f�m�f�h�\�� �o�e�h�j�h�n�b�e�e�Z���� �d�h�l�h�j�u�_�� �q�Z�s�_��
�i�j�b�m�j�h�q�_�g�u�� �d�� �e�_�l�g�_-�h�k�_�g�g�_�f�m�� �i�_�j�b�h�^�m��
[15]. 

�<���k�\�y�a�b���k���d�e�b�f�Z�l�b�q�_�k�d�b�f�b���b�a�f�_�g�_�g�b��
�y�f�b���� �g�Z�[�e�x�^�Z�x�s�b�f�b�k�y�� �\�� �Q�_�j�g�h�f�h�j�k�d�h�f��
�j�_�]�b�h�g�_��[16, 17]���� �k�� �m�q�_�l�h�f�� �\�e�b�y�g�b�y�� �\�b�o��
�j�_�\�u�o�� �h�[�j�Z�a�h�\�Z�g�b�c�� �b�� �h�k�h�[�_�g�g�h�k�l�_�c�� �k�_��
�a�h�g�g�h�]�h�� �[�b�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�a�\�b�l�b�y�� �k�\�_�l�y��
�s�b�o�k�y�� �h�j�]�Z�g�b�a�f�h�\�� �\�� �l�_�i�e�u�_�� �b�� �o�h�e�h�^�g�u�_��
�]�h�^�u��[18, 19]�����_�k�l�_�k�l�\�_�g�g�h���h�`�b�^�Z�l�v�����q�l�h���b��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�\�_�q�_�g�b�y��
�]�b�^�j�h�[�b�h�g�l�g�u�o�� �k�h�h�[�s�_�k�l�\�� �^�h�e�`�g�u�� �f�_��
�g�y�l�v�k�y�� �k�h�h�l�\�_�l�k�l�\�_�g�g�u�f�� �h�[�j�Z�a�h�f���� �I�j�b��
�\�_�^�_�g�g�u�_�� �\�u�r�_�� �j�_�a�m�e�v�l�Z�l�u�� �f�h�`�g�h�� �j�Z�k��
�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d�� �f�_�l�h�^�b�q�_�k�d�m�x�� �h�k�g�h�\�m��
�^�e�y�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �j�_�]�b�h��
�g�Z�e�v�g�u�o���h�k�h�[�_�g�g�h�k�l�_�c���b�a�f�_�g�_�g�b�c���\�_�j�l�b��
�d�Z�e�v�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�k�\�_�q�_�g�b�y�� �f�h�j�k�d�b�o�� �h�j�]�Z�g�b�a�f�h�\�� �\�^�h�e�v�� �i�h��
�[�_�j�_�`�v�y���D�j�u�f�Z. 

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

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

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

�:�\�l�h�j�u�� �\�u�j�Z�`�Z�x�l�� �]�e�m�[�h�d�m�x�� �[�e�Z�]�h��
�^�Z�j�g�h�k�l�v �q�e.-�d�h�j�j�� �J�:�G���:���;�����I�h�e�h�g�k�d�h�f�m 
�a�Z�� �h�[�k�m�`�^�_�g�b�y�� �h�k�g�h�\�g�u�o�� �i�h�e�h�`�_�g�b�c��
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SPATIAL VARIABILITY OF THE EMISSION INTENSITY AND THE CONCENTRATION OF 
CHLOROPHYLL OF PHYTOPLANKTON COMMUNITY IN WATERS OF THE BLACK SEA 
IN OCTOBER-NOVEMBER 2010 
 
�<�H���%�����0�H�O�¶�Q�L�N�R�Y�D�����$���1����Serebrennikov 
  
Institute of natural and technical systems, Russian Federation, Sevastopol, Lenin St., 28 
 
The spatial variability of the luminescence intensity of the phytoplankton community and changes in 
chlorophyll a concentration in the surface layer of the Black Sea along the Crimean coast in the autumn 
period has been investigated. A high correlation (r = 0.83) between changes in the surface concentration 
of chlorophyll a and vertical changes in the emission intensity of the phytoplankton community was con-
firmed. The influence of regional mesoscale vortex formations on the changes in the intensity of emission 
of the phytoplankton community is explained. 
Keywords: Black Sea, concentration of chlorophyll, phytoplankton,  intensity of emission vortex for-
mations. 
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�g�_�g�b�_���k�l�j�m�d�l�m�j�g�u�o���b���n�m�g�d�p�b�h�g�Z�e�v�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c, �\���l�_�i�e�u�c���b���o�h�e�h�^�g�u�c �i�_�j�b�h�^�u���]�h�^�Z���[�u�e�b���j�Z�a��
�e�b�q�g�u�����<�u�y�\�e�_�g�h�����q�l�h���h�l�^�_�e�v�g�u�_���n�Z�d�l�h�j�u���\���f�_�g�v�r�_�c���k�l�_�i�_�g�b���j�_�]�m�e�b�j�m�x�l �i�j�h�^�m�d�p�b�h�g�g�u�_���i�h�d�Z�a�Z��
�l�_�e�b���n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h���k�h�h�[�s�_�k�l�\�Z�����q�_�f���b�o���k�h�\�f�_�k�l�g�h�_���^�_�c�k�l�\�b�_���� 
�D�e�x�q�_�\�u�_���k�e�h�\�Z�� �n�b�l�h�i�e�Z�g�d�l�h�g�����o�e�h�j�h�n�b�e�e���Z�����q�b�k�e�_�g�g�h�k�l�v���\�h�^�h�j�h�k�e�_�c�����m�^�_�e�v�g�Z�y���k�d�h�j�h�k�l�v���j�h�k�l�Z����
�d�h�w�n�n�b�p�b�_�g�l���i�_�j�_�f�_�g�g�h�c���n�e�m�h�j�_�k�p�_�g�p�b�b�����[�b�h�]�_�g�g�u�_���\�_�s�_�k�l�\�Z�� 

  
�<�\�_�^�_�g�b�_�� �<���f�h�j�y�o���b���h�d�_�Z�g�Z�o�����j�Z�k�i�h��

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

 

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

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

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

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

�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u�� �J�Z�[�h�l�u���[�u�e�b��
�\�u�i�h�e�g�_�g�u���k���y�g�\�Z�j�y�������������i�h���y�g�\�Z�j�v������������
�]�h�^�Z�� �g�Z�� �f�h�^�_�e�v�g�h�c�� �k�l�Z�g�p�b�b�� �]�e�m�[�b�g�h�c�� ����
�f���� �j�Z�k�i�h�e�h�`�_�g�g�h�c�� �\�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�c��
�[�m�o�l�_�� �k�� �\�g�m�l�j�_�g�g�_�c�� �k�l�h�j�h�g�u�� �x�`�g�h�]�h�� �a�Z��
�]�j�Z�^�b�l�_�e�v�g�h�]�h���f�h�e�Z���i�j�b�f�_�j�g�h���\�����������f���h�l��
�\�o�h�^�Z���\���[�m�o�l�m�����G�Z�e�b�q�b�_���f�h�e�Z���h�[�m�k�e�h�\�e�b��
�\�Z�_�l�� �a�Z�l�j�m�^�g�z�g�g�u�c�� �\�h�^�h�h�[�f�_�g�� �b�� �a�Z�s�b�l�m��
�h�l�� �\�h�e�g�h�\�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �K�_�\�Z�k�l�h�i�h�e�v��
�k�d�h�c�� �[�m�o�l�u���� �d�h�l�h�j�Z�y�� �b�k�i�u�l�u�\�Z�_�l�� �[�h�e�v��
�r�m�x�� �Z�g�l�j�h�i�h�]�_�g�g�m�x�� �g�Z�]�j�m�a�d�m���� �\�� �l�h�f��
�q�b�k�e�_�� �k�\�y�a�Z�g�g�m�x�� �k���n�m�g�d�p�b�h�g�b�j�m�x�s�b�f�� �\��
�g�_�c�� �k�l�h�d�h�f�� �[�u�l�h�\�u�o�� �h�l�o�h�^�h�\���� �m�j�h�\�_�g�v��
�d�h�l�h�j�h�]�h���\�h�a�j�Z�k�l�Z�_�l���\���e�_�l�g�b�c���i�_�j�b�h�^���>1]. 
�G�_���f�_�g�_�_���q�_�f���\���������f���h�l���k�l�Z�g�p�b�b���[�e�b�`�_���d��
�\�o�h�^�m���\���[�m�o�l�m���g�Z�o�h�^�b�l�k�y���f�b�^�b�c�g�Z�y���i�e�Z�g��
�l�Z�p�b�y���� 

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

�<�b�^�h�\�h�c�� �k�h�k�l�Z�\�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �b��
�q�b�k�e�_�g�g�h�k�l�v�� �d�e�_�l�h�d�� �h�i�j�_�^�_�e�y�e�b�� �i�h�^�� �k�\�_��
�l�h�\�u�f�� �f�b�d�j�h�k�d�h�i�h�f��XY�±�������� �>�e�y�� �k�]�m�s�_��
�g�b�y�� �i�j�h�[�u�� �i�j�b�f�_�g�y�e�b�� �f�_�l�h�^�� �h�[�j�Z�l�g�h�c��
�n�b�e�v�l�j�Z�p�b�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �g�m�d�e�_�h��
�i�h�j�h�\�u�o �n�b�e�v�l�j�h�\ �k�� �^�b�Z�f�_�l�j�h�f�� �i�h�j�� ����
�f�d�f�����i�j�h�b�a�\�h�^�k�l�\�Z���]�����>�m�[�g�Z�����J�h�k�k�b�y�����>2].  

�D�h�g�p�_�g�l�j�Z�p�b�x�� �o�e�h�j�h�n�b�e�e�Z���Z �b�� �n�_�h��
�n�b�l�b�g�Z���Z �h�i�j�_�^�_�e�y�e�b�� �k�l�Z�g�^�Z�j�l�g�u�f�� �n�e�m��
�h�j�b�f�_�l�j�b�q�_�k�d�b�f���f�_�l�h�^�h�f���>3]. 

�B�a�f�_�j�_�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �n�e�m�h�j�_�k�p�_�g��
�p�b�b�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �i�j�b�[�h�j�_�� �©�F�_�]�Z�� �����ª��
[4�@���� �i�h�a�\�h�e�y�x�s�_�f�� �h�i�j�_�^�_�e�y�l�v�� �b�g�^�m�d�p�b��
�h�g�g�m�x�� �d�j�b�\�m�x���� �d�h�l�h�j�Z�y�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y��
�k�e�_�^�m�x�s�b�f�b�� �i�h�d�Z�a�Z�l�_�e�y�f�b���� �g�Z�q�Z�e�v�g�u�f��

�m�j�h�\�g�_�f�� �i�_�j�_�f�_�g�g�h�c�� �n�e�m�h�j�_�k�p�_�g�p�b�b��
(F0�������f�Z�d�k�b�f�Z�e�v�g�u�f���m�j�h�\�g�_�f���i�_�j�_�f�_�g�g�h�c��
�n�e�m�h�j�_�k�p�_�g�p�b�b�� ���)m������ �I�h�� �w�l�b�f�� �i�h�d�Z�a�Z�l�_��
�e�y�f�� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �i�_�j�_�f�_�g�g�m�x�� �n�e�m�h�j�_�k��
�p�_�g�p�b�x�� �)v=Fm�±F0 �b�� �n�h�l�h�o�b�f�b�q�_�k�d�m�x��
�w�n�n�_�d�l�b�\�g�h�k�l�v�� �n�h�l�h�k�b�k�l�_�f�u�� ���� ���N�K��) 
Fv/Fm. 

�M�^�_�e�v�g�m�x�� �k�d�h�j�h�k�l�v�� �j�h�k�l�Z�� �n�b�l�h��
�i�e�Z�g�d�l�h�g�Z�� �h�i�j�_�^�_�e�y�e�b�� �F�� �i�h�f�h�s�v�x�� �f�_�l�h��
�^�Z�� �j�Z�a�\�_�^�_�g�b�y�� �i�j�h�[�� �>5�@�� �i�h�� �k�m�l�h�q�g�h�f�m��
�m�\�_�e�b�q�_�g�b�x�� �n�e�m�h�j�_�k�p�_�g�p�b�b�� �o�e�h�j�h�n�b�e�e�Z��
�\�� �i�j�h�[�Z�o�� �f�b�d�j�h�i�e�Z�g�d�l�h�g�Z�� �k�� �j�Z�a�e�b�q�g�u�f��
�d�h�w�n�n�b�p�b�_�g�l�h�f�� �j�Z�a�\�_�^�_�g�b�y�� ����, 0, 0, 8, 0, 
6, 0, 4, 0, 2). 

�L�_�f�i�_�j�Z�l�m�j�Z�� �\�h�^�u�� �h�i�j�_�^�_�e�y�e�Z�k�v��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �f�h�f�_�g�l�� �h�l�[�h�j�Z�� �i�j�h��
�[�u���� �H�k�\�_�s�_�g�g�h�k�l�v�� �b�a�f�_�j�y�e�Z�k�v�� �\�� �l�_�q�_�g�b�_��
�\�k�_�]�h�� �k�\�_�l�h�\�h�]�h�� �^�g�y�� �d�Z�`�^�u�c�� �q�Z�k�� �k�� �i�h�f�h��
�s�v�x�� �e�x�d�k�f�_�l�j�Z�� �X�±���������� �I�_�j�_�o�h�^�g�u�c��
�d�h�w�n�n�b�p�b�_�g�l�� �h�l�� �h�k�\�_�s�_�g�g�h�k�l�b�� �\�� �e�x�d�k�Z�o��
�d�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�h�e�g�_�q�g�h�c�� �j�Z�^�b�Z�p�b�b��
���N�:�J���� �i�j�b�g�b�f�Z�e�b�� �j�Z�\�g�u�f�� ���������� �e�d�� � �� ������     
�f�d�W/�f2���k�� �>6]. �<�� �i�j�h�[�Z�o�� �h�i�j�_�^�_�e�y�e�b�� �]�b�^��
�j�h�o�b�f�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u���� �f�b�g�_�j�Z�e�v�g�u�c��
�n�h�k�n�h�j���± �i�h���F�h�j�n�b���b���J�Z�c�e�b�����Z�f�f�h�g�b�c���± 
�i�h�� �=�j�h�k�k�]�h�n�m-�X�o�Z�g�k�_�g�m���� �g�b�l�j�Z�l�u�� �± �\�h�k��
�k�l�Z�g�h�\�e�_�g�b�_�f�� �^�h�� �g�b�l�j�b�l�h�\�� �h�f�_�^�g�_�g�g�u�f��
�d�Z�^�f�b�_�f���k���i�h�k�e�_�^�m�x�s�b�f���b�o���h�i�j�_�^�_�e�_�g�b��
�_�f�� �_�^�b�g�u�f�� �©�p�\�_�l�g�u�f�ª�� �j�_�Z�d�l�b�\�h�f����
�d�j�_�f�g�_�d�b�k�e�h�l�m���± �i�h���]�h�e�m�[�h�f�m���d�j�_�f�g�_�f�h��
�e�b�[�^�_�g�h�\�h�f�m���d�h�f�i�e�_�d�k�m���>7�@�����=�b�^�j�h�o�b�f�b��
�q�_�k�d�b�_���Z�g�Z�e�b�a�u���\�u�i�h�e�g�_�g�u���\���Z�d�d�j�_�^�b�l�h��
�\�Z�g�g�h�c�� �g�Z�� �l�_�o�g�b�q�_�k�d�m�x�� �d�h�f�i�_�l�_�g�l�g�h�k�l�v��
�e�Z�[�h�j�Z�l�h�j�b�b�� 

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

�I�_�j�\�u�c�� �I�P�� �j�Z�a�\�b�l�b�y�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z��
�^�e�b�e�k�y�� �f�_�k�y�p�� �b�� �[�u�e�� �k�\�y�a�Z�g�� �k�� �b�g�l�_�g�k�b�\��
�g�u�f���j�Z�a�\�b�l�b�_�f��Emiliania huxleyi�����d�h�l�h�j�Z�y 
�i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�f�� �k�h�^�_�j�`�Z�g�b�b�� �o�e�h�j�h��
�n�b�e�e�Z�� �^�h�k�l�b�]�Z�e�Z�� �������� �h�l�� �h�[�s�_�]�h�� �q�b�k�e�Z��
�d�e�_�l�h�d�� ���j�b�k���� �������� �Q�_�j�_�a�� �g�_�^�_�e�x�� �g�Z�[�e�x��
�^�Z�e�k�y   �i�b�d��  �q�b�k�e�_�g�g�h�k�l�b,   �\��  �d�h�l�h�j�h�f 
Skeletonema    costatum    �k�h�k�l�Z�\�b�e�Z�� 45%. 
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�J�b�k�� 1. �K�_�a�h�g�g�Z�y �^�b�g�Z�f�b�d�Z�����d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���Z ���O�e���Z)�����q�b�k�e�_�g�g�h�k�l�b���n�b�l�h�i�e�Z�g�d�l�h�g�Z (N), 
�m�^�_�e�v�g�h�c���k�d�h�j�h�k�l�b���j�h�k�l�Z�����—�������k�h�^�_�j�`�Z�g�b�y���g�b�l�j�Z�l�h�\ (NO3)�����Z�f�f�h�g�b�y (NH4)�����n�h�k�n�Z�l�h�\ (PO4),  

�d�j�_�f�g�b�y (Si�������w�n�n�_�d�l�b�\�g�h�k�l�b���N�K������Fv/Fm), �k�\�_�l�Z����I�������l�_�f�i�_�j�Z�l�m�j�u����t�������Z���l�Z�d�`�_���h�l�g�h�k�b�l�_�e�v�g�h�]�h�� 
�k�h�^�_�j�`�Z�g�b�y���j�Z�a�g�u�o���]�j�m�i�i���\�h�^�h�j�h�k�e�_�c���\���k�m�f�f�Z�j�g�h�c���q�b�k�e�_�g�g�h�k�l�b���n�b�l�h�i�e�Z�g�d�l�h�g�Z��������. �K�i�e�h�r�g�u�f�b��
�\�_�j�l�b�d�Z�e�v�g�u�f�b���e�b�g�b�y�f�b���h�[�h�a�g�Z�q�_�g�u���]�j�Z�g�b�p�u���I�P���j�Z�a�\�b�l�b�y���n�b�l�h�i�e�Z�g�d�l�h�g�Z�����p�b�n�j�Z�f�b���± �b�o���g�h�f�_�j�Z 
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�K�e�_�^�m�x�s�_�_���a�g�Z�q�b�l�_�e�v�g�h�_���m�\�_�e�b�q�_�g�b�_��
�o�e�h�j�h�n�b�e�e�Z�����i�j�h�b�a�h�r�_�^�r�_�_���\���d�h�g�p�_���n�_�\��
�j�Z�e�y �± �g�Z�q�Z�e�_ �f�Z�j�l�Z���� �[�u�e�h�� �h�l�f�_�q�_�g�h�� �j�Z�a��
�\�b�l�b�_�f��E. huxleyi ������������ �g�Z�j�y�^�m�� �k�� �l�Z�d�b�f�b��
�\�b�^�Z�f�b�� �d�Z�d��S. costatum, Dinobryon sp���� �b��
Chaetoceros simplex���� �\�d�e�Z�^�� �d�h�l�h�j�u�o�� �\�� �h�[��
�s�m�x�� �q�b�k�e�_�g�g�h�k�l�v�� �k�h�k�l�Z�\�e�y�e�� �i�h�� �������� �^�e�y��
�d�Z�`�^�h�]�h���\�b�^�Z�� 

�<�� �d�h�g�p�_�� �f�Z�j�l�Z�� �i�j�h�b�a�h�r�e�Z�� �\�k�i�u�r�d�Z��
�j�Z�a�\�b�l�b�y��Chaetoceros socialis �������������� �i�j�b��
�w�l�h�f�� �\�d�e�Z�^��E. huxleyi �m�f�_�g�v�r�b�e�k�y�� �^�h��
�����������K�f�_�g�Z���^�h�f�b�g�b�j�m�x�s�_�]�h���\�b�^�Z���k�h�i�j�h��
�\�h�`�^�Z�e�Z�k�v�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�f�b�� �i�h�� �Z�f�i�e�b��
�l�m�^�_�� �b�� �k�h�\�i�Z�^�Z�x�s�b�f�b�� �\�h�� �\�j�_�f�_�g�b�� �i�b�d�Z��
�f�b�� �o�e�h�j�h�n�b�e�e�Z�� �b�� �q�b�k�e�_�g�g�h�k�l�b�� �\�h�^�h�j�h�k��
�e�_�c���� 

�K�� �g�Z�q�Z�e�Z�� �Z�i�j�_�e�y�� �^�h�� �d�h�g�p�Z�� �\�_�k�_�g�g�_�]�h��
�i�_�j�b�h�^�Z�� �g�Z�[�e�x�^�Z�e�h�k�v�� �b�g�l�_�g�k�b�\�g�h�_�� �j�Z�a��
�\�b�l�b�_��Pseudonitzshia delicatissima���� �d�h�l�h��
�j�h�_�� �k�n�h�j�f�b�j�h�\�Z�e�h�� �^�\�Z�� �o�e�h�j�h�n�b�e�v�g�u�o��
�i�b�d�Z���� �<�� �i�_�j�\�h�f�� �i�b�d�_�� �g�Z�j�y�^�m�� �k�� �w�l�b�f�� �\�b��
�^�h�f���� �^�Z�\�r�b�f�� �������� �h�[�s�_�c�� �q�b�k�e�_�g�g�h�k�l�b����
�������� �\�k�_�� �_�s�_�� �\�g�h�k�b�e��Ch. socialis���� �<�h�� �\�l�h��
�j�h�f�� �f�Z�d�k�b�f�m�f�_�� �o�e�h�j�h�n�b�e�e�Z���� �i�j�b�� �d�h�l�h��
�j�h�f�� �l�Z�d�`�_���[�u�e�Z�� �h�l�f�_�q�_�g�Z�� �g�Z�b�[�h�e�v�r�Z�y�� �a�Z��
�\�k�_�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�c�� �q�b�k�e�_�g�g�h�k�l�v�� �\�h��
�^�h�j�h�k�e�_�c���� �\�d�e�Z�^��P. delicatissima �k�h�k�l�Z�\��
�e�y�e�� �m�`�_�� ���������� �Z�� �k�m�[�^�h�f�b�g�b�j�m�x�s�b�f�� �\�b��
�^�h�f���[�u�e�Z��E. huxleyi (20%).  

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

�F�Z�d�k�b�f�Z�e�v�g�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h��
�n�b�e�e�Z�� �m�\�_�e�b�q�b�\�Z�e�Z�k�v�� �d�� �d�h�g�p�m�� �\�_�k�_�g�g�_�]�h��
�i�_�j�b�h�^�Z�����A�b�f�h�c���h�g�Z���k�h�k�l�Z�\�e�y�e�Z�����������±0,98 
�f�]���f3�����\�_�k�g�h�c���± 0,67�±�����������f�]���f3. 

�M�^�_�e�v�g�Z�y�� �k�d�h�j�h�k�l�v�� �j�h�k�l�Z�� �n�b�l�h�i�e�Z�g�d��
�l�h�g�Z�� �\�� �y�g�\�Z�j�_-�Z�i�j�_�e�_�� �b�a�f�_�g�y�e�Z�k�v�� �h�l�� ����33 
�^�h�� ���������� �b�� �\�� �k�j�_�^�g�_�f�� �k�h�k�l�Z�\�b�e�Z�� ���������� �k�m�l-1. 
�<���Z�i�j�_�e�_-�f�Z�_���k�d�h�j�h�k�l�v���j�h�k�l�Z���\�Z�j�v�b�j�h�\�Z�e�Z 
�\�� �[�h�e�_�_�� �r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o�� �����������±2,11   
�k�m�l-1).  

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �y�g�\�Z�j�_-�f�Z�_�� �g�Z�[�e�x��
�^�Z�e�Z�k�v���k�f�_�g�Z���^�h�f�b�g�b�j�m�x�s�b�o���b���k�m�[�^�h�f�b��
�g�b�j�m�x�s�b�o�� �\�b�^�h�\���� �d�h�l�h�j�u�_�� �n�h�j�f�b�j�h�\�Z�e�b��
�\�k�i�u�r�d�b�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z���� �I�j�h�^�h�e�`�b��
�l�_�e�v�g�h�k�l�v�� �j�Z�a�\�b�l�b�y�� �h�l�^�_�e�v�g�u�o�� �\�b�^�h�\�� �\�h��
�^�h�j�h�k�e�_�c�� �k�h�k�l�Z�\�e�y�e�Z�� �\�� �h�k�g�h�\�g�h�f�� �����±50 
�k�m�l�h�d���� �G�Z�b�[�h�e�_�_�� �\�u�k�h�d�b�_�� �\�_�e�b�q�b�g�u�� �d�h�g��
�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z���� �q�b�k�e�_�g�g�h�k�l�b�� �\�h��
�^�h�j�h�k�e�_�c�����Z���l�Z�d�`�_���m�^�_�e�v�g�h�c���k�d�h�j�h�k�l�b���j�h��
�k�l�Z�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u�� �i�j�b�� �b�g�l�_�g�k�b�\�g�h�f��
�j�Z�a�\�b�l�b�b��P. delicatissima.  

�<�� �e�_�l�g�b�c�� �i�_�j�b�h�^�� �h�l�f�_�q�_�g�h�� �^�h�f�b�g�b��
�j�h�\�Z�g�b�_�� �i�h�� �q�b�k�e�_�g�g�h�k�l�b��E. huxleyi���� �h�l�g�h��
�k�b�l�_�e�v�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �d�h�l�h�j�h�c�� �k�g�b�`�Z��
�e�h�k�v���h�l���g�Z�q�Z�e�Z���^�h���d�h�g�p�Z���e�_�l�Z���k���������^�h������������
�K�m�[�^�h�f�b�g�b�j�m�x�s�b�f�� �\�b�^�h�f�� �\�� �b�x�g�_�� �[�u�e�Z��
Cyclotella caspia ���\�� �h�l�^�_�e�v�g�u�_�� �^�g�b�� �^�h��
������������ �\�� �b�x�e�_�� �i�j�_�^�k�l�Z�\�b�l�_�e�v�� �^�b�g�h�n�b�l�h��
�\�u�o��Gymnodinium simplex ���^�h�� ������������ �<��
�g�Z�q�Z�e�_�� �j�Z�a�\�b�l�b�y��E. huxleyi �h�l�g�h�r�_�g�b�_��
�f�_�`�^�m�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�f�b�� �k�h�_�^�b�g�_�g�b�y�f�b��
�Z�a�h�l�Z���b���n�h�k�n�h�j�Z���[�u�e�h���j�Z�\�g�h�������������\���d�h�g�p�_��
�± ������ �<�� �w�l�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �h�[�j�Z�l�g�Z�y��
�a�Z�\�b�k�b�f�h�k�l�v�� �f�_�`�^�m�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �o�e�h��
�j�h�n�b�e�e�Z�� �b�� �m�^�_�e�v�g�h�c�� �k�d�h�j�h�k�l�v�x�� �j�h�k�l�Z����
�F�Z�d�k�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �k�d�h�j�h�k�l�b�� �j�h�k�l�Z��
�^�h�k�l�b�]�Z�e�b�� �� �k�m�l-1���� �f�b�g�b�f�Z�e�v�g�u�_�� ����������  
�k�m�l-1���� �<�� �l�h�`�_�� �\�j�_�f�y�� �n�h�l�h�o�b�f�b�q�_�k�d�Z�y�� �w�n��
�n�_�d�l�b�\�g�h�k�l�v�� �N�K�� �k�h�k�l�Z�\�b�e�Z�� �\�� �k�j�_�^�g�_�f��
���������“������������ 

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

�K�h���\�l�h�j�h�c���i�h�e�h�\�b�g�u���Z�\�]�m�k�l�Z���^�h���d�h�g�p�Z��
�h�d�l�y�[�j�y�� �[�u�e�h�� �h�l�f�_�q�_�g�h�� ���� �k�b�g�o�j�h�g�g�u�o��
�i�b�d�Z���o�e�h�j�h�n�b�e�e�Z���b���q�b�k�e�_�g�g�h�k�l�b�����d�h�l�h�j�u�_��
�n�h�j�f�b�j�h�\�Z�e�b�k�v�� �a�Z�� �k�q�_�l�� �^�b�Z�l�h�f�h�\�u�o�� �\�h��
�^�h�j�h�k�e�_�c���� �D�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z�� �^�h��
�k�l�b�]�Z�e�Z�������������������������������f�]���f3 �k�h�h�l�\�_�l�k�l�\�_�g�g�h����
�<�� �i�_�j�\�h�f�� �b�� �l�j�_�l�v�_�f�� �f�Z�d�k�b�f�m�f�Z�o�� �\�� �n�b�l�h��
�i�e�Z�g�d�l�h�g�_�� �^�h�f�b�g�Z�g�l�g�u�f�b�� �\�b�^�Z�f�b�� �[�u�e�b��
�^�b�Z�l�h�f�h�\�u�_ �\�h�^�h�j�h�k�e�b�� �b�a�� �j�h�^�Z��
�3�V�H�X�G�R�Q�L�W�]�V�k�K�L�D���� �<�� �i�_�j�\�h�f�� �i�b�d�_�� �f�Z�d�k�b��
�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �o�e�h�j�h�n�b�e�e�Z�� �^�h�k�l�b�]�Z��
�e�b�k�v�� �g�Z�� �k�_�^�v�f�u�_�� �k�m�l�d�b���� �i�h�k�e�_�� �q�_�]�h��
�g�Z�[�e�x�^�Z�e�h�k�v�� �i�e�Z�l�h���� �b�� �a�Z�l�_�f�� �± �k�g�b�`�_�g�b�_����
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�<�� �g�Z�q�Z�e�_�� �i�e�Z�l�h�� �^�b�Z�l�h�f�_�b�� �k�h�k�l�Z�\�e�y�e�b��
���������� �Z�� �\�� �d�h�g�p�_�� �± ���������� �i�j�b�q�_�f�� �^�h�e�y��P. 
tenuirostris �± ���������� ���� �h�l�� �h�[�s�_�c�� �q�b�k�e�_�g�g�h��
�k�l�b�� �W�l�h�l���`�_���\�b�^���k�h�k�l�Z�\�b�e�����������\���l�j�_�l�v�_�f��
�i�b�d�_�� ���d�h�g�_�p�� �h�d�l�y�[�j�y������ �g�Z�j�y�^�m�� �k��
Dactyliosolen fragilissimus ������������ �b��
Cerataulina pelagica (19%). �<�l�h�j�h�c�� �f�Z�d��
�k�b�f�m�f�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�k�y�� �d�j�Z�l�d�h�\�j�_�f�_�g��
�g�h�c�� �\�k�i�u�r�d�h�c�� ��C. caspia  �b��Chaetoceros 
sp.1, �h�l�g�h�k�b�l�_�e�v�g�Z�y���q�b�k�e�_�g�g�h�k�l�v���d�h�l�h�j�u�o��
�k�h�k�l�Z�\�e�y�e�Z���������b�����������k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�M�^�_�e�v�g�Z�y���k�d�h�j�h�k�l�v���j�h�k�l�Z���\�Z�j�v�b�j�h�\�Z�e�Z��
�h�l�� ���������� �^�h�� ���� �k�m�l-1, �Z���\�� �k�j�_�^�g�_�f�� �k�h�k�l�Z�\�b�e�Z��
���“���������� �k�m�l-1���� �G�Z�b�[�h�e�v�r�b�_�� �b�a�f�_�g�_�g�b�y��
�g�Z�[�e�x�^�Z�e�b�k�v���\���i�_�j�\�h�f���b���\�l�h�j�h�f���i�b�d�Z�o�����\��
�l�j�_�l�v�_�f�����± �h�g�b���g�_���i�j�_�\�u�r�Z�e�b���^�\�m�o���j�Z�a���� 

�<�� �l�_�q�_�g�b�_�� �\�k�_�]�h�� �i�_�j�b�h�^�Z�� �n�h�l�h�o�b�f�b��
�q�_�k�d�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �N�K�� �\�� �k�j�_�^�g�_�f��
�[�u�e�Z���j�Z�\�g�Z�����������“���������� 

�K�� �d�h�g�p�Z�� �h�d�l�y�[�j�y�� �^�h�� �d�h�g�p�Z�� �y�g�\�Z�j�y��
�g�Z�[�e�x�^�Z�e�h�k�v �l�j�b�� �I�P�� �j�Z�a�\�b�l�b�y�� �n�b�l�h��
�i�e�Z�g�d�l�h�g�Z (7�±9).  

�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �j�Z�a�\�b�l�b�y�� �\�h�^�h��
�j�h�k�e�_�c�� �b�� �^�e�y�� �k�_�^�v�f�h�]�h�� �b�� �\�h�k�v�f�h�]�h�� �I�P��
�k�h�k�l�Z�\�e�y�e�Z�� ���� �g�_�^�_�e�b���� �i�j�b�� �w�l�h�f�� �i�h�\�u�r�_��
�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �h�l�� �f�b�g�b��
�f�m�f�Z�� �^�h�� �f�Z�d�k�b�f�m�f�Z�� �i�j�h�b�k�o�h�^�b�e�h�� �\�� �l�_�q�_��
�g�b�_�� �������k�m�l�h�d���� �l�h�]�^�Z���d�Z�d�� �k�g�b�`�_�g�b�_�� �± �\�� �l�_��
�q�_�g�b�_��5 �k�m�l�h�d���� �<�� �k�_�^�v�f�h�f�� �I�P�� �\�h�� �\�j�_�f�y��
�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �j�Z�a�\�b�l�b�y�� �\�h�^�h�j�h�k�e�_�c��
�i�j�_�h�[�e�Z�^�Z�e�b��C. pelagica �b�� D. 
fragilissimus, �k�m�f�f�Z�j�g�u�c���\�d�e�Z�^���d�h�l�h�j�u�o���\��
�h�[�s�m�x���q�b�k�e�_�g�g�h�k�l�v���[�u�e�������������\���\�h�k�v�f�h�f��
�± Leptocylindrus danicus ���������������>�b�g�Z�f�b�d�Z��
�k�d�h�j�h�k�l�b�� �j�h�k�l�Z���� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h��
�n�b�e�e�Z�� �b�� �q�b�k�e�_�g�g�h�k�l�b�� �\�h�^�h�j�h�k�e�_�c�� �\�� �w�l�h�l��
�i�_�j�b�h�^���� �\�� �h�l�e�b�q�b�_�� �h�l�� �j�Z�g�_�_�� �h�i�b�k�Z�g�g�u�o����
�k�h�\�i�Z�^�Z�e�Z���� �A�g�Z�q�_�g�b�y�� �m�^�_�e�v�g�h�c�� �k�d�h�j�h�k�l�b��
�j�h�k�l�Z�� �b�a�f�_�g�y�e�b�k�v�� �\�� �r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o�� �± 
�h�l�������������^�h�������������k�m�l-1.  

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

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

�f�y�� �i�j�_�^�u�^�m�s�b�f�b�� �i�h�y�\�b�e�b�k�v�� �k�m�[�^�h�f�b�g�b��
�j�m�x�s�b�_�� �\�b�^�u���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �^�b�g�h�n�b��
�l�h�\�u�f�b��Prorocentrum micans �b��G. simplex, 
�^�Z�x�s�b�f�b�� �\�� �h�l�^�_�e�v�g�u�_�� �^�g�b�� �^�h�� �������� �h�l��
�h�[�s�_�]�h���q�b�k�e�Z���d�e�_�l�h�d�� 

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

�>�b�Z�l�h�f�h�\�u�_�� �\�h�^�h�j�h�k�e�b�� �i�j�b�k�m�l�k�l�\�h��
�\�Z�e�b�� �\�� �n�b�l�h�i�e�Z�g�d�l�h�g�_�� �\�� �l�_�q�_�g�b�_�� �]�h�^�Z����
�A�b�f�h�c�� �b�� �\�_�k�g�h�c�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� ���±19 
�ƒC �b�o�� �\�d�e�Z�^�� �\�� �k�m�f�f�Z�j�g�m�x�� �q�b�k�e�_�g�g�h�k�l�v��
�[�u�e�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �b�� �k�h�k�l�Z�\�e�y�e�� �\�� �k�j�_�^��
�g�_�f�������“�����������j�b�k�������������e�_�l�h�f���i�j�b���l�_�f�i�_�j�Z��
�l�m�j�_�� �����±28�ƒC  �[�u�e�� �\�� ���� �j�Z�a�Z�� �f�_�g�v�r�_���� �Z��
�h�k�_�g�v�x�� �\�d�e�Z�^�� �^�b�Z�l�h�f�h�\�u�o�� �h�i�y�l�v�� �i�h�\�u��
�r�Z�e�k�y���� �^�h�k�l�b�]�Z�y�� �a�g�Z�q�_�g�b�c�� �^�e�y�� �a�b�f�g�_-
�\�_�k�_�g�g�_�]�h���i�_�j�b�h�^�Z���� 

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

�I�j�b�f�g�_�a�b�_�\�u�_�� �\�h�^�h�j�h�k�e�b���� �d�Z�d�� �b�� �^�b�Z��
�l�h�f�h�\�u�_�� �i�j�b�k�m�l�k�l�\�h�\�Z�e�b�� �\�� �n�b�l�h�i�e�Z�g�d��
�l�h�g�g�h�f�� �k�h�h�[�s�_�k�l�\�_�� �\�_�k�v�� �]�h�^���� �F�_�`�^�m�� �h�l��
�g�h�k�b�l�_�e�v�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �i�j�b�f�g�_�a�b�_��
�\�u�o���b���^�b�Z�l�h�f�h�\�u�o���\�h�^�h�j�h�k�e�_�c���\���k�m�f�f�Z�j��
�g�h�c�� �q�b�k�e�_�g�g�h�k�l�b�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �g�Z�[�e�x��
�^�Z�e�Z�k�v�� �h�[�j�Z�l�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� ��R2=0,75). 
�A�b�f�h�c���b���e�_�l�h�f���i�_�j�\�u�_���i�j�_�h�[�e�Z�^�Z�e�b���\���n�b��
�l�h�i�e�Z�g�d�l�h�g�g�h�f �k�h�h�[�s�_�k�l�\�_�� 

�:�f�i�e�b�l�m�^�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e��
�e�Z�� �b�a�f�_�g�y�e�Z�k�v�� �h�l�� ���������� �^�h�� ���������� �f�]���f3���� �<��
�d�Z�`�^�h�f�� �b�a�� �I�P�� �f�Z�d�k�b�f�m�f�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�o�e�h�j�h�n�b�e�e�Z���^�h�k�l�b�]�Z�e�k�y���\���h�k�g�h�\�g�h�f���q�_�j�_�a��
5�±������ �k�m�l�h�d���� �>�b�g�Z�f�b�d�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�o�e�h�j�h�n�b�e�e�Z�� �b�� �q�b�k�e�_�g�g�h�k�l�b�� �\�h�^�h�j�h�k�e�_�c�� �\��
�h�^�g�b�o���l�b�i�Z�o���[�u�e�Z���h�^�b�g�Z�d�h�\�h�c�����\���^�j�m�]�b�o���± 
�j�Z�a�e�b�q�Z�e�Z�k�v���� 

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

�>�e�y�� �Z�g�Z�e�b�a�Z�� �^�_�c�k�l�\�b�y�� �n�Z�d�l�h�j�h�\�� �k�j�_��
�^�u�� �g�Z�� �k�l�j�m�d�l�m�j�g�u�_�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ 
�i�h�d�Z�a�Z�l�_�e�b���n�b�l�h�i�e�Z�g�d�l�h�g�Z���f�u���j�Z�a�^�_�e�b�e�b��
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�d�Z�e�_�g�^�Z�j�g�u�c�� �]�h�^�� �g�Z�� �l�_�i�e�u�c�� �b�� �o�h�e�h�^�g�u�c��
�i�_�j�b�h�^�u�����<���o�h�e�h�^�g�u�c �i�_�j�b�h�^���l�_�f�i�_�j�Z�l�m��
�j�Z�� �[�u�e�Z�� �g�b�`�_�� �����ƒ�K���� �\�� �l�_�i�e�u�c �± �\�u�r�_��
15�ƒ�K�����>�e�y���d�Z�`�^�h�]�h���i�_�j�b�h�^�Z���[�u�e�Z���i�h�k�l�j�h��
�_�g�Z   �d�h�j�j�_�e�y�p�b�h�g�g�Z�y��  �f�Z�l�j�b�p�Z�����l�Z�[�e���������� 
�D�Z�d���\���o�h�e�h�^�g�u�c�����l�Z�d���b���\���l�_�i�e�u�c �i�_�j�b�h�^�u��
�]�h�^�Z���^�h�k�l�h�\�_�j�g�Z�y���d�h�j�j�_�e�y�p�b�y���i�j�b�� �m�j�h�\�g�_��
�a�g�Z�q�b�f�h�k�l�b�� ���������� �f�_�`�^�m�� �b�k�k�e�_�^�h�\�Z�g�g�u�f�b��
�i�Z�j�Z�f�_�l�j�Z�f�b�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �\�� �������� �k�e�m�q�Z��
�_�\�� 

�H�l�g�h�k�b�l�_�e�v�g�h�� �\�u�k�h�d�b�_�� �d�h�w�n�n�b�p�b�_�g��
�l�u�� �d�h�j�j�_�e�y�p�b�b�� �\�� �o�h�e�h�^�g�u�c�� �i�_�j�b�h�^��
�g�Z�[�e�x�^�Z�e�b�k�v�� �f�_�`�^�m�� �b�a�f�_�g�_�g�b�y�f�b�� �o�e�h��
�j�h�n�b�e�e�Z���Z���b�� �q�b�k�e�_�g�g�h�k�l�v�x���� �k�d�h�j�h�k�l�v�x��
�j�h�k�l�Z���� �a�g�Z�q�_�g�b�y�f�b��F0���� �d�h�g�p�_�g�l�j�Z�p�b�_�c��
�n�h�k�n�Z�l�h�\�� �b�� �Z�f�f�h�g�b�y���� �F�_�`�^�m�� �m�^�_�e�v�g�h�c��
�k�d�h�j�h�k�l�v�x�� �j�h�k�l�Z�� �b�� �k�h�^�_�j�`�Z�g�b�_�f�� �n�h�k�n�Z��
�l�h�\�� �[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �i�h�e�h�`�b�l�_�e�v�g�Z�y�� �^�h��
�k�l�h�\�_�j�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v���� �I�j�b�� �m�j�h�\�g�_�� �a�g�Z��
�q�b�f�h�k�l�b�� ���������� �n�h�l�h�o�b�f�b�q�_�k�d�Z�y�� �w�n�n�_�d�l�b�\��
�g�h�k�l�v���N�K�� �[�u�e�Z �k�\�y�a�Z�g�Z���k�h���k�\�_�l�h�f���b���l�_�f��
�i�_�j�Z�l�m�j�h�c���� �^�e�y�� �w�l�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �[�u�e�b��
�i�h�e�m�q�_�g�u�� �h�l�j�b�p�Z�l�_�e�v�g�u�_�� �d�h�j�j�_�e�y�p�b�b����
�F�_�`�^�m�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �[�b�h�]�_�g�g�u�o�� �\�_��
�s�_�k�l�\�� �k�\�y�a�v�� �h�l�k�m�l�k�l�\�h�\�Z�e�Z���� �<�� �l�h�� �\�j�_�f�y��
�d�Z�d�� �k�h�^�_�j�`�Z�g�b�_�� �d�j�_�f�g�b�y�� �b�� �n�h�k�n�Z�l�h�\��
�d�h�j�j�_�e�b�j�h�\�Z�e�h���k���l�_�f�i�_�j�Z�l�m�j�h�c�� 

�<�� �l�_�i�e�u�c�� �i�_�j�b�h�^�� �b�a�f�_�g�_�g�b�_�� �d�h�g�p�_�g��
�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �[�u�e�h�� �k�\�y�a�Z�g�h�� �g�_��
�l�h�e�v�d�h���k�h���k�d�h�j�h�k�l�v�x���j�h�k�l�Z�����a�g�Z�q�_�g�b�_�f��F0, 
�g�h���b���k���)v/Fm�����k�\�_�l�h�f���b���l�_�f�i�_�j�Z�l�m�j�h�c�����\���l�h��
�\�j�_�f�y�� �d�Z�d���k�\�y�a�b�� �k�� �[�b�h�]�_�g�g�u�f�b�� �w�e�_�f�_�g�l�Z��
�f�b�� �g�_�� �g�Z�[�e�x�^�Z�e�h�k�v�� �\�� �h�l�e�b�q�b�_�� �h�l�� �o�h�e�h�^��
�g�h�]�h�� �i�_�j�b�h�^�Z���� �F�_�`�^�m�� �o�e�h�j�h�n�b�e�e�h�f�� �b��
�q�b�k�e�_�g�g�h�k�l�v�x�� �\�h�^�h�j�h�k�e�_�c�� �d�h�w�n�n�b�p�b�_�g�l��
�d�h�j�j�_�e�y�p�b�b�� ��R���� �[�u�e�� �a�g�Z�q�b�l�_�e�v�g�h�� �g�b�`�_����
�q�_�f�� �\�� �o�h�e�h�^�g�h�_�� �\�j�_�f�y�� �]�h�^�Z���� �H�l�g�h�k�b�l�_�e�v��
�g�h�� �\�u�k�h�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b��
�g�Z�[�e�x�^�Z�e�k�y�� �f�_�`�^�m�� �k�d�h�j�h�k�l�v�x�� �j�h�k�l�Z�� �b��
�l�_�f�i�_�j�Z�l�m�j�h�c���� �?�k�e�b�� �\�� �o�h�e�h�^�g�u�c�� �i�_�j�b�h�^��
�^�e�y���k�\�y�a�b���m�^�_�e�v�g�h�c���k�d�h�j�h�k�l�b���j�h�k�l�Z���k���o�e�h��
�j�h�n�b�e�e�h�f���� �q�b�k�e�_�g�g�h�k�l�v�x�� �d�e�_�l�h�d�� �b�� �\�_�e�b��
�q�b�g�Z�f�b��F0 �[�u�e�Z���i�h�e�m�q�_�g�Z���i�h�e�h�`�b�l�_�e�v�g�Z�y��
�d�h�j�j�_�e�y�p�b�y���� �l�h�� �e�_�l�h�f�� �h�g�Z�� �[�u�e�Z�� �h�l�j�b�p�Z��
�l�_�e�v�g�h�c���� �<�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y��R �[�u�e�b�� �h�l��
�f�_�q�_�g�u�� �f�_�`�^�m�� �n�h�l�h�o�b�f�b�q�_�k�d�h�c�� �w�n�n�_�d��
�l�b�\�g�h�k�l�v�x���N�K���� �b �g�b�l�j�Z�l�Z�f�b�����n�h�k�n�Z�l�Z�f�b��
�b���k�\�_�l�h�f�� 

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

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

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

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

�>�e�y���o�h�e�h�^�g�h�]�h���i�_�j�b�h�^�Z���[�u�e�b���i�h�e�m�q�_��
�g�u���k�e�_�^�m�x�s�b�_���m�j�Z�\�g�_�g�b�y 
 
�O�e �Z = 0,329 - �������������Â�1�+4���������������������Â�3�24) + 
�������������Â�—������ R2 = 0,73,                                (1) 
 
N = -309,680 + (40,414�ÂPO4) + (358,163�Â�—����
+ (603,254�ÂF0) + (4,183�Â�,��, R2 = 0,74,     (2) 
  
�—�� � �� ������������ ���� �������������Â�O�e�� �Z���� ���� �������������ÂPO4),                                  
R2 = 0,39.                                                  (3) 
 

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

�?�k�e�b�� �i�j�h�\�_�k�l�b�� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�x�� �d�h��
�w�n�n�b�p�b�_�g�l�h�\�� �m�j�Z�\�g�_�g�b�c�� �g�Z�� �\�_�e�b�q�b�g�m��
�k�l�Z�g�^�Z�j�l�g�h�]�h�� �h�l�d�e�h�g�_�g�b�y���� �l�h�� �f�h�`�g�h�� �h�p�_��
�g�b�l�v�� �d�Z�d�h�c�� �b�a�� �n�Z�d�l�h�j�h�\�� �h�d�Z�a�u�\�Z�_�l��
�g�Z�b�[�h�e�v�r�_�_���\�e�b�y�g�b�_�����<���i�_�j�\�h�f���b���l�j�_�l�v�_�f��
�m�j�Z�\�g�_�g�b�y�o���w�l�h���[�m�^�_�l���k�h�^�_�j�`�Z�g�b�_���n�h�k�n�Z��
�l�h�\���� �\�h�� �\�l�h�j�h�f�� �± �n�e�m�h�j�_�k�p�_�g�p�b�y�� �i�j�b�� �h�l��
�d�j�u�l�u�o���j�_�Z�d�p�b�h�g�g�u�o���p�_�g�l�j�Z�o����F0).  

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

 
�O�e �Z = 0,230 - �������������Â�—���������������������Â�)v/Fm) - 
�����������������Â�,��, R2 = 0,55,                              (4) 
 
N = -98,170 - (548,429�ÂPO4) - (80,574�ÂSi) - 
(3,942�Ât) + (2594,195�ÂF0), R

2 = 0,62,      (5) 
 
�—��� ��-0,490 - (0,0201�ÂNO3) + (0,0799�Ât) - 
(0,596�ÂF0), R

2 = 0,51,                                (6) 
 
Fv/Fm = 0,370 + (0,0343�Â�O�e �Z) - 
(0,00167�ÂNO3) + (0,317�ÂPO4) �± (0,00162�ÂI), 
R2 = 0,72,                                                  (7)  
 
�]�^�_���O�e�� �Z �± �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�e�h�j�h�n�b�e�e�Z���Z�� 
�f�]���f3; N �± �q�b�k�e�_�g�g�h�k�l�v���� �f�e�g���d�e���f3; �—���± 
�m�^�_�e�v�g�Z�y�� �k�d�h�j�h�k�l�v�� �j�h�k�l�Z���� �k�m�l-1; Fv/Fm �± 
�n�h�l�h�o�b�f�b�q�_�k�d�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �N�K��, 
�h�l�g�����_�^���� I �± �k�\�_�l�����W���f2�^�_�g�v����PO4 �± �d�h�g�p�_�g��
�l�j�Z�p�b�y�� �n�h�k�n�Z�l�h�\���� �f�d�F����Si �± �d�h�g�p�_�g�l�j�Z��
�p�b�y�� �d�j�_�f�g�b�y���� �f�d�F����NO3 �± �d�h�g�p�_�g�l�j�Z�p�b�y��
�g�b�l�j�Z�l�h�\���� �f�d�F����NH4 �± �d�h�g�p�_�g�l�j�Z�p�b�y�� �Z�f��
�f�h�g�b�y���� �f�d�F����t �± �l�_�f�i�_�j�Z�l�m�j�Z���� �ƒC; F0 �± 
�n�e�m�h�j�_�k�p�_�g�p�b�y�� �i�j�b�� �h�l�d�j�u�l�u�o�� �j�_�Z�d�p�b�h�g��
�g�u�o���p�_�g�l�j�Z�o�����h�l�g�����_�^. 
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�L�Z�[�e�b�p�Z�� ������ �F�Z�l�j�b�p�Z�� �d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �k�\�y�a�_�c�� ��R���� �f�_�`�^�m�� �k�l�j�m�d�l�m�j�g�u�f�b���� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �i�h�d�Z�a�Z�l�_�e�y�f�b���� �Z�� �l�Z�d�`�_�� �f�_�`�^�m�� �g�b�f�b�� �b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �k�j�_�^�u�� �\�� �l�_�i�e�u�c��
���\�\�_�j�o�m�����b���o�h�e�h�^�g�u�c�����\�g�b�a�m�����i�_�j�b�h�^ 2014 �]������ 

                                                                                                                                                                                                             �L�_�i�e�u�c���i�_�j�b�h�^����n = 26 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
�O�h�e�h�^�g�u�c���i�_�j�b�h�^����n = 23 

 
�H�[�h�a�g�Z�q�_�g�b�y���l�_���`�_�����q�l�h���b���g�Z���j�b�k�� �������d�j�h�f�_��B �± �[�b�h�f�Z�k�k�Z�����f�]���f3, F0 �± �n�e�m�h�j�_�k�p�_�g�p�b�y���i�j�b���h�l�d�j�u�l�u�o���j�_�Z�d�p�b�h�g�g�u�o���p�_�g�l�j�Z�o�����h�l�g�����_�^������Fm �± �f�Z�d�k�b�f�Z�e�v�g�u�c���m�j�h�\�_�g�v���i�_��
�j�_�f�_�g�g�h�c���n�e�m�h�j�_�k�p�_�g�p�b�b�����h�l�g�����_�^������I  �± �b�g�l�_�g�k�b�\�g�h�k�l�v���k�h�e�g�_�q�g�h�c���j�Z�^�b�Z�p�b�b�����W���f2���^�_�g�v, t �± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�^�u�����ƒC, n �± �d�h�e�b�q�_�k�l�\�h���^�g�_�c�����\���d�h�l�h�j�u�_���i�j�h�\�h�^�b�e�b�k�v���b�a��
�f�_�j�_�g�b�y�� 
 
 **  - �g�_�^�h�k�l�h�\�_�j�g�u�_���a�g�Z�q�_�g�b�y���i�j�b���. = 0,05; * - �g�_�^�h�k�l�h�\�_�j�g�u�_���a�g�Z�q�_�g�b�y���i�j�b���. = 0,1. 

 �O�e���Z B N NO3 NH4 PO4 Si �— Fv/Fm Fo Fm I t  

�O�e���Z 1 0.52 0.28* -0.14** 0.00** 0.08** 0.21** -0.47 0.55 0.51 0.74 -0.55 -0.42 �O�e���Z 

B 0.90 1 0.52 -0.04** 0.03** -0.04** -0.39 -0.27* 0.25** 0.46 0.56 -0.23** -0.47 B 

N 0.87 0.87 1 0.03** -0.33* -0.53 -0.59 -0.34 -0.04** 0.72 0.45 -0.05** -0.66 N 

NO3 -0.16**  -0.07**  -0.01**  1 -0.08** -0.39 -0.21** -0.31* -0.40 0.31* -0.03** 0.07** -0.31* NO3 

NH4 -0.51 -0.25**  -0.28* 0.02**  1 0.12** 0.18** -0.05** -0.02** -0.36 -0.22** -0.28* 0.27* NH4 

PO4 0.68 0.76 0.54 -0.21**  -0.14**  1 0.29* 0.24** 0.64 -0.43 0.16** -0.09** 0.27* PO4 

Si -0.20**  -0.20**  -0.33* -0.08**  0.19**  0.004**  1 0.17** 0.23** -0.40 -0.10** -0.06** 0.60 Si 

�— 0.59 0.74 0.58 -0.14**  -0.001**  0.57 0.15**  1 0.03** -0.56 -0.43 0.26* 0.60 �— 

Fv/Fm -0.08**  -0.26**  -0.24**  0.23**  0.06**  -0.18**  0.22**  -0.21**  1 -0.01** 0.66 -0.58 -0.29* Fv/Fm 

Fo 0.75 0.64 0.57 -0.39 -0.57 0.64 -0.34* 0.49 -0.19**  1 0.72 -0.33* -0.74 Fo 

Fm 0.56 0.33* 0.24**  -0.18**  -0.61 0.43 -0.03**  0.24**  0.45 0.74 1 -0.60 -0.73 Fm 

I 0.14**  0.16**  0.42 0.39 0.09**  -0.12**  -0.61 -0.03**  -0.30* 0.07**  -0.29* 1 0.37* I 

t 0.24**  0.27**  0.13**  0.07**  -0.19**  0.37 -0.49 -0.04**  -0.32* 0.47 0.13**  0.35 1 t 
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�K�h�^�_�j�`�Z�g�b�_�� �n�h�k�n�Z�l�h�\�� �\�� �g�Z�b�[�h�e�v�r�_�c��
�k�l�_�i�_�g�b�� �\�e�b�y�e�h�� �g�Z���d�h�g�p�_�g�l�j�Z�p�b�x�� �o�e�h�j�h��
�n�b�e�e�Z���Z �b�� �k�d�h�j�h�k�l�v�� �j�h�k�l�Z�� �\�� �o�h�e�h�^�g�u�c��
�i�_�j�b�h�^���� �b�� �g�Z�� �n�h�l�h�o�b�f�b�q�_�k�d�m�x�� �w�n�n�_�d��
�l�b�\�g�h�k�l�v���N�K�� �\���l�_�i�e�u�c�����<���l�_�i�e�u�c���i�_�j�b��
�h�^�� �]�h�^�Z�� �h�k�g�h�\�g�u�f �n�Z�d�l�h�j�h�f���� �\�e�b�y�x�s�b�f��
�g�Z�� �k�h�^�_�j�`�Z�g�b�_�� �o�e�h�j�h�n�b�e�e�Z���� �[�u�e��Fv/Fm. 
�B�a�f�_�g�_�g�b�_�� �q�b�k�e�_�g�g�h�k�l�b�� �d�e�_�l�h�d�� �\�� �h�[�Z��
�i�_�j�b�h�^�Z�� �[�u�e�h�� �k�\�y�a�Z�g�h�� �k�� �\�_�e�b�q�b�g�Z�f�b��F0. 
�W�l�h�l�� �`�_�� �n�Z�d�l�h�j�� �\�g�h�k�b�e�� �g�Z�b�[�h�e�v�r�b�c��
�\�d�e�Z�^�� �\�� �b�a�f�_�g�q�b�\�h�k�l�v�� �\�_�e�b�q�b�g�� �k�d�h�j�h�k�l�b��
�j�h�k�l�Z�� �\�� �l�_�i�e�u�c�� �i�_�j�b�h�^���� �\�� �h�l�e�b�q�b�_���h�l�� �o�h��
�e�h�^�g�h�]�h���� 

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

�H�[�k�m�`�^�_�g�b�_�� �J�_�]�m�e�y�j�g�u�_�� �b�k�k�e�_�^�h�\�Z��
�g�b�y�� �n�b�l�h�i�e�Z�g�d�l�h�g�g�h�]�h�� �k�h�h�[�s�_�k�l�\�Z�� �K�_��
�\�Z�k�l�h�i�h�e�v�k�d�h�c�� �[�m�o�l�u�� �[�u�e�b�� �g�Z�q�Z�l�u�� �G���<����
�F�h�j�h�a�h�\�h�c-�<�h�^�y�g�b�p�d�h�c�� �\�� ���������� �]���� �>8�@���� �K��
�l�_�o���i�h�j���n�b�l�h�i�e�Z�g�d�l�h�g���b�a�m�q�Z�e�k�y���f�g�h�]�b�f�b��
�b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b���� �;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h��
�d�h�e�b�q�_�k�l�\�h���\�b�^�h�\���\���i�e�Z�g�d�l�h�g�_���\�Z�j�v�b�j�m�_�l��
�\�� �j�Z�a�g�u�_�� �]�h�^�u�� �h�l�� �������� �^�h�� �������� �>8�±10�@���� �<��
�l�_�q�_�g�b�_ �]�h�^�Z���\���[�m�o�l�_���g�Z�[�e�x�^�Z�_�l�k�y���k�_�a�h�g��
�g�Z�y�� �k�m�d�p�_�k�k�b�y�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z���� �A�b�f�h�c����
�\�_�k�g�h�c�� �b�� �h�k�_�g�v�x�� �^�h�f�b�g�b�j�m�x�l�� �^�b�Z�l�h�f�h��
�\�u�_���� �e�_�l�h�f�� �± �^�b�g�h�n�b�l�h�\�u�_���� �o�h�l�y�� �b�� �g�_��
�d�Z�`�^�u�c���]�h�^�����<���y�g�\�Z�j�_-�n�_�\�j�Z�e�_���j�_�]�m�e�y�j�g�h��
�g�Z�[�e�x�^�Z�_�l�k�y�� �b�g�l�_�g�k�b�\�g�h�_�� �j�Z�a�\�b�l�b�_��S. 
costatum�����Z���\���Z�i�j�_�e�_-�f�Z�_���± �j�Z�a�e�b�q�g�u�o���\�b��
�^�h�\�� �b�a�� �j�h�^�Z��Chaetoceros���� �<�� �e�_�l�g�_�_�� �\�j�_�f�y��
�\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h��
�\�b�c�� �^�b�Z�l�h�f�h�\�u�c�� �d�h�f�i�e�_�d�k�� �f�h�`�_�l�� �h�k�l�Z��
�\�Z�l�v�k�y�� �^�h�f�b�g�b�j�m�x�s�b�f�� �b�e�b�� �m�k�l�m�i�Z�l�v��
�i�_�j�\�h�_�� �f�_�k�l�h�� �^�b�g�h�n�b�l�h�\�u�f�� �\�h�^�h�j�h�k�e�y�f��
[8�@���� �H�i�b�k�Z�g�g�Z�y�� �k�o�_�f�Z�� �b�a�f�_�g�_�g�b�y�� �\�b�^�h�\�h��
�]�h�� �k�h�k�l�Z�\�Z�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �i�h�\�l�h�j�y�_�l�k�y��
�d�Z�d�� �\�� �g�Z�r�b�o���� �l�Z�d�� �b�� �\�� �^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z��
�g�b�y�o���� �i�j�h�\�_�^�_�g�g�u�o�� �\�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�c��
�[�m�o�l�_���\���l�_�q�_�g�b�_���g�_�k�d�h�e�v�d�b�o���^�_�k�y�l�b�e�_�l�b�c����
�o�h�l�y���\���h�l�^�_�e�v�g�u�_���]�h�^�u���\�h�a�f�h�`�g�u���h�l�d�e�h��
�g�_�g�b�y���� 

�K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���\���j�Z�g�_�_���i�j�h�\�_��
�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���>9�±11�@���h�l�[�h�j �i�j�h�[��

�i�j�h�\�h�^�b�e�k�y���h�^�b�g���b�e�b���^�\�Z���j�Z�a�Z���\���f�_�k�y�p�����b��
�_�k�l�v�� �\�_�j�h�y�l�g�h�k�l�v���� �q�l�h�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�_��
�\�k�i�u�r�d�b�� �\�� �j�Z�a�\�b�l�b�b�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z��
�f�h�]�e�b�� �[�u�l�v�� �i�j�h�i�m�s�_�g�u���� �<�� �g�Z�r�b�o�� �b�k�k�e�_��
�^�h�\�Z�g�b�y�o�� �h�l�[�h�j�� �i�j�h�[�� �i�j�h�\�h�^�b�e�k�y�� �[�h�e�_�_��
�q�Z�k�l�h�����q�l�h���i�h�a�\�h�e�b�e�h���m�q�_�k�l�v���I�P���j�Z�a�\�b�l�b�y��
�^�h�f�b�g�b�j�m�x�s�b�o�� �\�b�^�h�\�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z��
�j�Z�a�g�h�c���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�����F�u���\�u�^�_�e�b��
�e�b���^�_�\�y�l�v���p�b�d�e�h�\���k���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x��
�j�Z�a�\�b�l�b�y�� �h�l�� �������� �^�h�� ���� �f�_�k�y�p�_�\���� �<�� �o�h�e�h�^��
�g�u�c�� �i�_�j�b�h�^�� �g�Z�[�e�x�^�Z�e�h�k�v�� �[�h�e�v�r�_�� �^�\�m�o��
�g�_�^�_�e�v�g�u�o�� �p�b�d�e�h�\�� �j�Z�a�\�b�l�b�y���� �q�_�f�� �\�� �l�_�i��
�e�h�_���\�j�_�f�y���]�h�^�Z�����<���p�_�e�h�f���o�h�e�h�^�g�u�c���i�_�j�b��
�h�^�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �[�h�e�_�_�� �[�u�k�l�j�h�c�� �k�f�_��
�g�h�c�� �^�h�f�b�g�b�j�m�x�s�b�o�� �\�b�^�h�\���� �d�h�l�h�j�Z�y�� �k�h��
�i�j�h�\�h�`�^�Z�e�Z�k�v�� �j�_�a�d�b�f�b�� �b�a�f�_�g�_�g�b�y�f�b��
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SEASONAL DYNAMIC OF STRUCTURAL AND FUNCTIONAL CHARACTERISTICS OF 
THE PHYTOPLANKTON COMMUNITY IN THE SEVASTOPOL BAY 
 
Z.Z. Finenko, L.V Stelmakh., I.M. Mansurova, E.Ju. Georgieva, V.S. Tsilinsky  
 
Institute of Marine Biological Research of  RAS, Russian Federation, Sevastopol, Nachimov Av., 2 
 
The study of phytoplankton community in Sevastopol Bay including structural, functional characteristics 
and the main environmental factors a week apart during a year was carried out. The seasonal change of 
algae species composition was described and nine of the production cycles were registered with duration 
between 0,5�±2 months. It was shown that the environmental factors that control the structural and func-
tional indices in warm and cold periods were different. Individual factors regulate the phytoplankton pro-
duction characteristics to a lesser extent than their joint action. 
Key words: phytoplankton, chlorophyll a, algae abundance, specific growth rate, coefficient of phyto-
plankton photo system efficiency, nutrients.  
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�O�h�j�h�r�h�� �b�a�\�_�k�l�g�h���� �q�l�h�� �h�d�_�Z�g�b�q�_�k�d�Z�y��
�p�b�j�d�m�e�y�p�b�y�� �h�i�b�k�u�\�Z�_�l�k�y�� �i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h�� �[�Z�j�h�l�j�h�i�g�h�c�� �b�� �i�_�j�\�h�c�� �[�Z�j�h��

�d�e�b�g�g�h�c �f�h�^�h�c���� �i�j�b�� �l�h�f���� �q�l�h�� �a�g�Z�q�b�l�_�e�v��
�g�Z�y�� �w�g�_�j�]�b�y�� �l�_�q�_�g�b�c�� �b�f�_�_�l�� �f�h�^�h�\�u�c�� �k�h��
�k�l�Z�\�� �[�h�e�_�_�� �\�u�k�h�d�h�]�h�� �i�h�j�y�^�d�Z���� �^�h�e�y�� �w�l�h�c��
�w�g�_�j�]�b�b�� �^�h�k�l�Z�l�h�q�g�h�� �[�u�k�l�j�h�� �m�[�u�\�Z�_�l�� �k��
�j�h�k�l�h�f�� �g�h�f�_�j�Z�� �f�h�^�u���� �\�� �q�Z�k�l�g�h�k�l�b���� �j�y�^��
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �i�j�h�\�h�^�y�l�� �k�j�Z�\�g�b�l�_�e�v�g�u�_��
�q�b�k�e�_�g�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�u�� �k�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f��3-�o������-�l�b���b��12-�k�e�h�c�g�u�o �f�h�^�_�e�_�c���>���@���� 

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

�M�j�Z�\�g�_�g�b�y�� �b�� �h�i�b�k�Z�g�b�_�� �f�h�^�_�e�b�� �<��
�j�Z�[�h�l�_�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �f�h�^�_�e�v�� �w�\�h�e�x�p�b�b����
�i�h�l�_�g�p�b�Z�e�v�g�h�]�h���\�b�o�j�y���>���@���\���^�\�m�o�k�e�h�c�g�h�c��
�`�b�^�d�h�k�l�b�� �^�e�y�� �k�e�m�q�Z�y�� �j�Z�\�g�h�c�� �]�e�m�[�b�g�u��
�d�Z�`�^�h�]�h���b�a���k�e�h�_�\�� 
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�&j �± �i�h�e�_�� �a�Z�\�b�o�j�_�g�g�h�k�l�b�� �\�� �k�e�h�_ j;�����&�Ý �± 
�^�b�k�k�b�i�Z�p�b�y����Wj �i�h�l�h�d�� �a�Z�\�b�o�j�_�g�g�h�k�l�b����
�]�_�g�_�j�b�j�m�_�f�u�c�� �\�_�l�j�h�f���� �A�^�_�k�v�� �b�k�i�h�e�v�a�h��
�\�Z�g�u�� �h�[�s�_�i�j�b�g�y�l�u�_�� �h�[�h�a�g�Z�q�_�g�b�y��F-1/2 �± 
�\�g�m�l�j�_�g�g�b�c�� �f�Z�k�r�l�Z�[�� �J�h�k�k�[�b���������± �f�_�j�b��
�^�b�h�g�Z�e�v�g�u�c�� �]�j�Z�^�b�_�g�l�� �i�Z�j�Z�f�_�l�j�Z�� �D�h�j�b�h��
�e�b�k�Z���� 

�>�b�k�k�b�i�Z�p�b�y�� �\�� �f�h�^�_�e�b�� �j�_�Z�e�b�a�h�\�Z�g�Z��
�i�h�k�j�_�^�k�l�\�h�f�� �\�d�e�x�q�_�g�b�y�� �\�� �j�Z�k�q�_�l�g�m�x��
�k�o�_�f�m�� �h�[�u�q�g�h�c�� �\�y�a�d�h�k�l�b���� �^�e�y�� �g�b�`�g�_�]�h��
�k�e�h�y�� �l�Z�d�`�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �i�j�b�^�h�g�g�h�_�� �l�j�_��
�g�b�_���� �M�j�Z�\�g�_�g�b�y�� �f�h�^�_�e�b�� �[�u�e�b�� �k�l�Z�g�^�Z�j�l��
�g�u�f�� �h�[�j�Z�a�h�f�� �i�j�b�\�_�^�_�g�u�� �d�� �[�_�a�j�Z�a�f�_�j�g�h��
�f�m���\�b�^�m���� �b�� �j�Z�k�q�_�l�u�� �\�u�i�h�e�g�y�e�b�k�v�� �\�� �d�\�Z�^��
�j�Z�l�g�h�c�� �h�[�e�Z�k�l�b�� �k�� �^�e�b�g�h�c�� �k�l�h�j�h�g�u��2�Œ. 
�I�h�e�h�`�b�l�_�e�v�g�u�_���a�g�Z�q�_�g�b�y���h�k�b��X �k�h�h�l�\�_�l��
�k�l�\�m�x�l���g�Z�i�j�Z�\�e�_�g�b�x���g�Z���\�h�k�l�h�d���� �i�h�e�h�`�b��
�l�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �h�k�b��Y �k�h�h�l�\�_�l�k�l�\�m�x�l��
�g�Z�i�j�Z�\�e�_�g�b�x�� �g�Z�� �k�_�\�_�j. �I�h�l�h�d�� �a�Z�\�b�o�j�_�g��
�g�h�k�l�b�����i�h�k�l�m�i�Z�x�s�_�c���\���\�_�j�o�g�b�c���k�e�h�c 
  

�9�5 
L 
F�9�4�O�E�J�:�T �t�¤ �;�O�E�J�:�U�;�á 
          
�]�^�_���9�â�� �± �Z�f�i�e�b�l�m�^�Z���i�h�l�h�d�Z���a�Z�\�b�o�j�_�g�g�h��
�k�l�b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f, �x�`�g�Z�y�� �i�h�e�h�\�b�g�Z��
�j�Z�k�q�_�l�g�h�c�� �h�[�e�Z�k�l�b�� �i�h�^�\�_�j�]�Z�_�l�k�y�� �\�h�a�^�_�c��
�k�l�\�b�x�� �Z�g�l�b�p�b�d�e�h�g�b�q�_�k�d�h�c�� �a�Z�\�b�o�j�_�g�g�h��
�k�l�b���� �Z �k�_�\�_�j�g�Z�y�� �i�h�e�h�\�b�g�Z�� �± �p�b�d�e�h�g�b�q�_��
�k�d�h�c���� �i�h�l�h�d�� �\�_�l�j�h�\�h�c�� �a�Z�\�b�o�j�_�g�g�h�k�l�b�� �\��
�g�b�`�g�b�c���k�e�h�c���k�h�h�l�\�_�l�k�l�\�_�g�g�h���i�h�k�l�Z�g�h�\�d�_��
�a�Z�^�Z�q�b���l�h�`�^�_�k�l�\�_�g�g�h���j�Z�\�_�g���g�m�e�x��  

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

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

�>�e�y�� �j�_�r�_�g�b�y�� �h�k�g�h�\�g�h�]�h�� �m�j�Z�\�g�_�g�b�y��
�a�Z�^�Z�q�b�����������i�j�b�f�_�g�_�g�Z���k�o�_�f�Z���:�j�Z�d�Z�\�u���>���@����
�W�l�Z�� �^�_�\�y�l�b�l�h�q�_�q�g�Z�y�� �k�o�_�f�Z�� �b�f�_�_�l�� �n�h�j��
�f�Z�e�v�g�m�x���i�h�]�j�_�r�g�h�k�l�v���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��
�Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �q�_�l�\�_�j�l�h�]�h�� �i�h�j�y�^�d�Z���l�h�q��
�g�h�k�l�b���� �i�j�h�b�a�\�h�^�g�Z�y�� �i�h�� �\�j�_�f�_�g�b�� �Z�i�i�j�h�d��
�k�b�f�b�j�m�_�l�k�y�� �i�h�� �k�o�_�f�_��leapfrog �b�e�b�� �©�q�_��
�o�Z�j�^�Z�ª���� �>�Z�g�g�Z�y�� �k�o�_�f�Z�� �h�[�e�Z�^�Z�_�l�� �k�\�h�c��
�k�l�\�h�f���k�h�o�j�Z�g�_�g�b�y���a�Z�\�b�o�j�_�g�g�h�k�l�b���b���b�g�l�_��

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

�K�j�Z�\�g�_�g�b�_�� �^�Z�g�g�h�c�� �k�o�_�f�u�� �k�h�� �k�o�_�f�h�c��
�&�$�%�$�5�(�7�� �>���@�� �h�l�^�Z�_�l�� �i�j�_�^�i�h�q�l�_�g�b�_�� �i�h��
�k�e�_�^�g�_�c�� �^�e�y�� �j�Z�k�q�_�l�g�u�o �h�[�e�Z�k�l�_�c�� �k�� �q�b�k��
�e�h�f�� �m�a�e�h�\�� �������� �b�� �f�_�g�_�_���� �q�l�h�� �[�u�e�h�� �m�q�l�_�g�h��
�\���^�Z�g�g�h�c���j�Z�[�h�l�_�� 

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

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

�?�k�e�b�� �j�Z�a�f�_�j�� �j�Z�k�q�_�l�g�h�c�� �h�[�e�Z�k�l�b�� �i�h��
�Z�g�Z�e�h�]�b�b�� �k�� �>���@�� �i�j�b�g�y�l�v�� �j�Z�\�g�u�f�� ���������� �d�f����
�l�h�� �f�Z�k�r�l�Z�[�� �^�e�b�g�u�� �/�� � �� �������� �d�f���� �l�h�]�^�Z����
�i�j�b�g�b�f�Z�y���� = 2,0x10-11 �f -1�k-1���� �f�Z�k�r�l�Z�[��
�k�d�h�j�h�k�l�b�� �j�Z�\�_�g�� �8�� � �� �������� �f���k���� �Z�� �f�Z�k�r�l�Z�[��
�\�j�_�f�_�g�b���7��� �������������k�m�l�h�d�����G�b�`�_���i�j�b�\�h�^�y�l��
�k�y�� �i�h�e�y�� �l�_�q�_�g�b�c�� �l�h�e�v�d�h�� �^�e�y�� �\�_�j�o�g�_�]�h��
�k�e�h�y�� �d�Z�d�� �[�h�e�_�_�� �i�h�d�Z�a�Z�l�_�e�v�g�u�_���� �D�Z�d�� �m�`�_��
�[�u�e�h�� �m�d�Z�a�Z�g�h�� �\�u�r�_���� �j�Z�k�q�_�l�u�� �\�u�i�h�e�g�y��
�e�b�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �\�y�a�d�h�k�l�b�� �\�� �d�Z�q�_��
�k�l�\�_�� �^�b�k�k�b�i�Z�l�b�\�g�h�]�h�� �q�e�_�g�Z�� �m�j�Z�\�g�_�g�b�y��
���������� �a�g�Z�q�_�g�b�y�� �[�_�a�j�Z�a�f�_�j�g�h�]�h�� �d�h�w�n�n�b�p�b��
�_�g�l�Z�� �\�y�a�d�h�k�l�b�� �^�e�y�� �h�[�h�b�o�� �k�e�h�_�\�� �L�� � �� ��������
�[�u�e�b�� �\�u�[�j�Z�g�u�� �\�� �l�j�_�o�� �h�i�b�k�Z�g�g�u�o�� �g�b�`�_��
�q�b�k�e�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �j�Z�\�g�u�f�b��
0,000035; �����������������b������������������ 

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

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

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

�[�u�k�l�j�h�� �g�Z�j�Z�k�l�Z�_�l�� �b�� �i�h�k�e�_�� �h�k�p�b�e�e�y�p�b�c��
�g�_�a�g�Z�q�b�l�_�e�v�g�h�c�� �Z�f�i�e�b�l�m�^�u�� �i�h�k�e�_�� ����������
�_�^�b�g�b�p�� �\�j�_�f�_�g�b�� �\�u�o�h�^�b�l�� �g�Z�� �Z�k�b�f�i�l�h�l�b��
�q�_�k�d�b�c�� �j�_�`�b�f�� �k�� �w�g�_�j�]�b�_�c�� �i�j�b�[�e�b�a�b�l�_�e�v��
�g�h�� �j�Z�\�g�h�c�� ���������������� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l��
�k�j�_�^�g�_�c���k�d�h�j�h�k�l�b���j�Z�\�g�h�c��17 �k�f���k. �:�g�Z�e�h��
�]�b�q�g�u�_���j�_�a�m�e�v�l�Z�l�u���j�Z�g�_�_���[�u�e�b���i�h�e�m�q�_�g�u��
�\���>���@���� 

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

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

 

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

�d�h�w�n�n�b�p�b�_�g�l�h�f���\�y�a�d�h�k�l�b���������������� 

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

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

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

�d�h�w�n�n�b�p�b�_�g�l�h�f���\�y�a�d�h�k�l�b���������������� 
 
�J�b�k�� ���� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �_�s�_�� �[�h�e�_�_��

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

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

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

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

�J�b�k�������� �I�h�e�_���h�l�g�h�k�b�l�_�e�v�g�h�c���a�Z�\�b�o�j�_�g�g�h�k�l�b 
�\���\�_�j�o�g�_�f���k�e�h�_���^�e�y����t = 15000 

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

�J�b�k�������� �I�h�e�_���h�l�g�h�k�b�l�_�e�v�g�h�c���a�Z�\�b�o�j�_�g�g�h�k�l�b 
�\���\�_�j�o�g�_�f���k�e�h�_��t = 16000 

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

�D�� �f�h�f�_�g�l�m�� �\�j�_�f�_�g�b��t = ������������ �b�g�l�_�g��
�k�b�\�g�Z�y�� �k�l�j�m�y�� �j�Z�k�i�Z�^�Z�_�l�k�y�� �k�� �n�h�j�f�b�j�h�\�Z��
�g�b�_�f�� �\�b�o�j�_�\�h�]�h�� �i�h�e�y���� �d�Z�q�_�k�l�\�_�g�g�h�� �Z�g�Z��
�e�h�]�b�q�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�f�m�� �g�Z�� �j�b�k�� 4. 
�N�h�j�f�Z�l�� �^�Z�g�g�h�c�� �k�l�Z�l�v�b�� �g�_�� �i�h�a�\�h�e�y�_�l��
�i�j�_�^�k�l�Z�\�b�l�v�� �i�h�e�y�� �l�_�q�_�g�b�c�� �k�� �\�u�k�h�d�h�c��
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�^�b�k�d�j�_�l�g�h�k�l�v�x�� �i�h�� �\�j�_�f�_�g�b�� �^�e�y�� �^�_�l�Z�e�v��
�g�h�c�� �b�e�e�x�k�l�j�Z�p�b�b�� �h�i�b�k�Z�g�g�h�]�h�� �i�j�h�p�_�k�k�Z��
�n�h�j�f�b�j�h�\�Z�g�b�y�� �b�� �j�Z�k�i�Z�^�Z�� �k�l�j�m�c�g�h�]�h�� �l�_��
�q�_�g�b�y���� �k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �w�l�h�l�� �i�j�h��
�p�_�k�k�� �i�h�\�l�h�j�y�_�l�k�y�� �h�l�� �k�e�Z�[�h�\�u�j�Z�`�_�g�g�h�]�h��
�k�l�j�m�c�g�h�]�h�� �l�_�q�_�g�b�y�� �d�� �b�g�l�_�g�k�b�\�g�h�c�� �k�l�j�m�_����
�]�_�g�_�j�b�j�m�x�s�_�c�� �\�b�o�j�_�\�u�_�� �p�_�i�h�q�d�b�� �k�� �i�h��
�k�e�_�^�m�x�s�b�f���j�Z�k�i�Z�^�h�f���k�l�j�m�b������ 

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

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

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

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

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

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

�I�_�j�k�i�_�d�l�b�\�g�h�k�l�v�� �^�Z�e�v�g�_�c�r�b�o�� �b�k�k�e�_��
�^�h�\�Z�g�b�c�� �k�\�y�a�Z�g�Z���� �i�j�_�`�^�_���\�k�_�]�h�����k�� �i�j�b�f�_��
�g�_�g�b�_�f�� �[�b�]�Z�j�f�h�g�b�q�_�k�d�h�c�� �\�y�a�d�h�k�l�b���� �k�� �b�k��
�k�e�_�^�h�\�Z�g�b�_�f�� �k�b�k�l�_�f�u�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �g�_��
�k�l�Z�p�b�h�g�Z�j�g�h�]�h�� �\�_�l�j�Z���� �k�� �b�k�k�e�_�^�h�\�Z�g�b�_�f��
�\�_�l�j�h�\�u�o�� �l�_�q�_�g�b�c�� �\�� �h�d�_�Z�g�_�� �k�� �g�_�j�Z�\�g�h�c��
�l�h�e�s�b�g�h�c�� �k�e�h�_�\���� �\�� �f�g�h�]�h�k�e�h�c�g�h�f�� �h�d�_��
�Z�g�_�� 
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LONG-TERM VARIABILITY OF OCEANIC CIRCULATION FORCED BY THE 
STATIONARY WIND IN A TWO-LAYER OCEAN  

 
A.B. Fedotov 

 
Institute of Natural and Technical Systems, Russian Federation, Sevastopol, Lenin St., 28 
 
Using numerical simulation of two-layer ocean under the outer stationary vorticity flux and constant 
dissipation factors the investigation of the development of a large-scale circulation has been provided, 
there has been discovered the long-term energy oscillations mechanism. There have been analyzed the 
characters of large -scale circulation under the oscillation regime.  
�Deywords: synoptic variability, large-scale variability, wind-forced currents. 
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�<�� �k�l�Z�l�v�_�� �b�k�k�e�_�^�m�x�l�k�y �h�k�h�[�_�g�g�h�k�l�b�� �i�j�h�y�\�e�_�g�b�y �j�Z�a�g�u�o�� �l�b�i�h�\�� �k�h�[�u�l�b�c�� �W�e�v-�G�b�g�v�h�� �b�� �E�Z-�G�b�g�v�y�� �\��
�Z�g�h�f�Z�e�b�y�o �l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z���b���q�b�k�e�_ �w�d�k�l�j�_�f�Z�e�v�g�h���o�h�e�h�^�g�u�o �^�g�_�c �\���Q�_�j�g�h�f�h�j�k�d�h�f���j�_�]�b�h�g�_ �a�Z��
�i�_�j�b�h�^�����������±2005 �]�]�� �I�j�h�\�_�^�_�g���d�h�f�i�h�a�b�l�g�u�c���Z�g�Z�e�b�a���b���\�u�y�\�e�_�g�u���j�Z�a�e�b�q�b�y���f�_�`�^�m���l�b�i�Z�f�b���k�h�[�u�l�b�c��
�^�e�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z���\���l�_�q�_�g�b�_�� �]�h�^�Z �W�e�v-�G�b�g�v�h�� ���� �E�Z-�G�b�g�v�y�� ���©���ª�� �]�h�^�� �b���\ �]�h�,̂ 
�k�e�_�^�m�x�s�b�c �a�Z���k�h�[�u�l�b�_�f�����©�����ª���]�h�^��.  
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �Z�g�h�f�Z�e�b�y�� �l�_�f�i�_�j�Z�l�m�j�u, �q�b�k�e�h�� �^�g�_�c�� �k�� �w�d�k�l�j�_�f�Z�e�v�g�h�� �o�h�e�h�^�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�h�c����
�i�j�h�p�_�g�l�b�e�v�����E�Z-�G�b�g�v�y�����W�e�v-�G�b�g�v�h�����Q�_�j�g�h�f�h�j�k�d�b�c���j�_�]�b�h�g 

 

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

�H�^�g�b�f�b�� �b�a�� �g�Z�b�[�h�e�_�_�� �y�j�d�b�o�� �i�j�h�y�\�e�_��
�g�b�c�� �k�h�[�u�l�b�c�� �W�G �b�� �E�G�� �y�\�e�y�x�l�k�y�� �Z�g�h�f�Z��
�e�b�b�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �j�_�`�b�f�Z�� �a�Z�k�m�o�b�� �b��
�f�h�j�h�a�u���� �I�j�b�f�_�j�h�f�� �f�h�]�m�l �k�e�m�`�b�l�v���Z�g�h��
�f�Z�e�v�g�u�_�� �i�h�]�h�^�g�u�_�� �m�k�e�h�\�b�y�� ���������±
2016 �]�]��, �h�[�m�k�e�h�\�e�_�g�g�u�_���h�^�g�b�f���b�a���k�Z�f�u�o��
�k�b�e�v�g�u�o�� �a�Z�� �i�h�k�e�_�^�g�b�_�� ������ �e�_�l�� �k�h�[�u�l�b�_�f 
�W�G��[2]. �J�_�a�m�e�v�l�Z�l�u�� �i�h�� �b�k�k�e�_�^�h�\�Z�g�b�x��
�\�e�b�y�g�b�y �y�\�e�_�g�b�c���W�G���b���E�G���g�Z �h�l�^�_�e�v�g�u�_��
�]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�h�i�m�[�e�b�d�h�\�Z�g�u�� �\�� �j�y�^�_�� �j�Z�[�h�l �b�� �h�o�\�Z�l�u�\�Z��
�x�l�� �h�l�^�_�e�v�g�u�_�� �j�_�]�b�h�g�u�� �A�_�f�g�h�]�h�� �r�Z�j�Z����
�\�d�e�x�q�Z�y�� �?�\�j�h�i�_�c�k�d�m�x�� �q�Z�k�l�v �J�h�k�k�b�b. 
�G�Z�i�j�b�f�_�j���� �\�� �>3] �i�h�e�m�q�_�g�u �h�[�h�[�s�Z�x�s�b�_��
�j�_�a�m�e�v�l�Z�l�u �i�j�h�y�\�e�_�g�b�c�� �W�G�� �b�� �E�G �\���Z�g�h��
�f�Z�e�b�y�o �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �h�k�Z�^�d�h�\�� �i�h�� �\�k�_�c��
�l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�b���� �< [4] �i�j�h�Z�g�Z�e�b�a�b�j�h��
�\�Z�g�� �o�Z�j�Z�d�l�_�j�� �Z�g�h�f�Z�e�b�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\��
�]�h�^�u�� �W�G���� �E�G�� �^�e�y�� �?�\�j�Z�a�b�b. �H�^�g�Z�d�h�� �\��
�i�j�b�\�_�^�_�g�g�u�o�� �j�Z�[�h�l�Z�o�� �g�_�� �m�q�b�l�u�\�Z�x�l�k�y��
�h�k�h�[�_�g�g�h�k�l�b�� �d�Z�`�^�h�]�h�� �k�h�[�u�l�b�y�� �\�� �h�l�^�_�e�v��
�g�h�k�l�b�� 

�<�� �l�h�� �`�_�� �\�j�_�f�y�� �i�h�^�h�[�g�u�o�� �j�Z�[�h�l �^�e�y��
�j�_�]�b�h�g�Z�� �Q�_�j�g�h�]�h�� �f�h�j�y�� �f�Z�e�h���� �A�^�_�k�v�� �f�h�`��
�g�h���\�u�^�_�e�b�l�v �e�b�r�v �j�Z�[�h�l�u��[5, 6]�����]�^�_���i�j�b��
�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�y�\�e�_�g�b�c�� �W�G�� �g�_��
�l�h�e�v�d�h �^�e�y���:�l�e�Z�g�l�b�d�h-�?�\�j�h�i�_�c�k�d�h�]�h�� �j�_- 

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

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �k�m�s�_�k�l�\�m�_�l�� �g�_��
�k�d�h�e�v�d�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c �k�h�[�u�l�b�c�� �W�G�� �b��
�E�G���� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�h�l�h�j�u�f�b�� �m�d�Z�a�Z�g��
�g�u�_�� �y�\�e�_�g�b�y�� �i�h�^�j�Z�a�^�_�e�y�x�l�k�y�� �g�Z�� �^�\�Z�� �± 
�l�j�b�� �l�b�i�Z�� �b�� �k�h�i�j�h�\�h�`�^�Z�x�l�k�y�� �j�Z�a�g�u�f�b��
�h�l�d�e�b�d�Z�f�b�� �\�� �]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o��
�i�h�e�y�o���>6 �± 10]. �H�^�g�Z�d�h �^�h���k�b�o���i�h�j���g�_���k�m��
�s�_�k�l�\�m�_�l�� �d�h�f�i�e�_�d�k�g�h�]�h�� �h�i�b�k�Z�g�b�y�� �h�l�d�e�b��
�d�Z�� �j�Z�a�g�u�o�� �l�b�i�h�\�� �k�h�[�u�l�b�c�� �W�G�� �b�� �E�G �g�Z��
�Z�g�h�f�Z�e�b�b�� �l�_�f�i�_�j�Z�l�m�j�u �\���Q�_�j�g�h�f�h�j�k�d�h�f��
�j�_�]�b�h�g�_. �<�_�^�v���� �d�Z�d�� �b�a�\�_�k�l�g�h���� �m�d�Z�a�Z�g�g�u�c��
�j�_�]�b�h�g�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �m�g�b�d�Z�e�v�g�u�f�b��
�]�_�h�]�j�Z�n�b�q�_�k�d�b�f�b�� �h�k�h�[�_�g�g�h�k�l�y�f�b���� �<��
�g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �h�k�h�[�_�g�g�h�_�� �\�g�b�f�Z�g�b�_��
�m�^�_�e�y�_�l�k�y�� �w�d�k�l�j�_�f�Z�e�v�g�u�f�� �\�_�e�b�q�b�g�Z�f��
�l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z���� �l���d���� �h�g�b�� �g�_�i�h�k�j�_�^��
�k�l�\�_�g�g�h�� �\�e�b�y�x�l�� �g�Z�� �k�h�k�l�h�y�g�b�_�� �a�^�h�j�h�\�v�y��
�e�x�^�_�c���� �i�h�d�Z�a�Z�l�_�e�b�� �a�Z�]�j�y�a�g�_�g�b�y�� �\�h�a�^�m�o�Z����
�Z�]�j�h�i�j�h�f�u�r�e�_�g�g�u�c�� �d�h�f�i�e�_�d�k�� �b�� �^�j�m�]�b�_��
�h�l�j�Z�k�e�b���w�d�h�g�h�f�b�d�b���j�_�]�b�h�g�Z�� 

�P�_�e�v�x �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y��
�Z�g�Z�e�b�a�� �b�a�f�_�g�_�g�b�c�� �Z�g�h�f�Z�e�b�c �l�_�f�i�_�j�Z�l�m��
�j�u �\�h�a�^�m�o�Z�����W�L�<�� �b �q�b�k�e�Z���^�g�_�c���k���w�d�k�l�j�_��
�f�Z�e�v�g�h���o�h�e�h�^�g�u�f�b���l�_�f�i�_�j�Z�l�m�j�Z�f�b �\���k�\�y��
�a�b�� �k�� �k�h�[�u�l�b�y�f�b�� �W�e�v-�G�b�g�v�h�� �b�� �E�Z-�G�b�g�v�y��
�a�Z�� �i�_�j�b�h�^�� �k�� �d�h�g�p�Z�� �O�,�;�� �i�h�� �g�Z�q�Z�e�h�� �;�;�,��
�k�l�h�e�_�l�b�y���� �G�_�h�[�o�h�^�b�f�h�� �k�j�Z�a�m�� �h�l�f�_�l�b�l�v����
�q�l�h�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�� �b�a�f�_�g�_�g�b�x�� �q�b�k�e�Z��
�^�g�_�c�� �k�� �w�d�k�l�j�_�f�Z�e�v�g�h�� �\�u�k�h�d�h�c�� �l�_�f�i�_�j�Z��
�l�m�j�h�c�� �\�h�a�^�m�o�Z�� �\�� �k�\�y�a�b�� �k�� �W�G�� �b�� �E�G�� �b�� �b�o��
�h�[�k�m�`�^�_�g�b�_ �\�� �k�l�Z�l�v�_�� �g�_�� �i�j�b�\�h�^�y�l�k�y���� �l���d����
�h�g�b���g�_���a�g�Z�q�b�l�_�e�v�g�u�_�� 
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�>�Z�g�g�u�_. �<�� �j�Z�[�h�l�_�� �b�k�i�h�e�v�a�h�\�Z�g�u��
�^�Z�g�g�u�_�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �k�j�_�^�g�_�k�m�l�h�q�g�h�c 
�l�_�f�i�_�j�Z�l�m�j�h�c�� �\�h�a�^�m�o�Z�� �g�Z�� ���� �k�l�Z�g�p�b�y�o��
�Q�_�j�g�h�f�h�j�k�d�h�]�h�� �j�_�]�b�h�g�Z�� �a�Z�� �i�_�j�b�h�^��1900�± 
2005 �]�]���� �F�Z�k�k�b�\�� �^�h�k�l�m�i�_�g�� �g�Z�� �k�Z�c�l�_�� �>11]. 
�D�h�h�j�^�b�g�Z�l�u�� �k�l�Z�g�p�b�c�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e. 1. 

 
�L�Z�[�e�b�p�Z�� ���� �=�_�h�]�j�Z�n�b�q�_�k�d�b�_�� �d�h�h�j�^�b�g�Z�l�u��
�k�l�Z�g�p�b�c���Q�_�j�g�h�f�h�j�k�d�h�]�h���j�_�]�b�h�g�Z 
  

�K�l�Z�g�p�b�y �R�b�j�h�l�Z �>�h�e�]�h�l�Z 

�:�c-�I�_�l�j�b �����ƒ�����
 �����ƒ�����
 
�=�_�g�b�q�_�k�d �����ƒ�����
 �����ƒ�����
 
�H�^�_�k�k�Z �����ƒ�����
 �����ƒ�����
 

�K�b�f�n�_�j�h�i�h�e�v �����ƒ�����
 �����ƒ�����
 
�K�h�q�b �����ƒ�����
 �����ƒ�����
 

�N�_�h�^�h�k�b�y �����ƒ�����
 �����ƒ�����
 
 

�:�g�Z�e�b�a�� �\�j�_�f�_�g�g�u�o�� �j�y�^�h�\�� �k�j�_�^�g�_�k�m��
�l�h�q�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �g�Z�� �k�l�Z�g�p�b��
�y�o�� �Q�_�j�g�h�f�h�j�k�d�h�]�h�� �j�_�]�b�h�g�Z�� �\�u�y�\�b�e�� �h�l��
�k�m�l�k�l�\�b�_�� �^�Z�g�g�u�o�� �\�� �i�_�j�b�h�^�� ���������±���������� �]�]. 
�W�l�h�� �i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g�h�� �g�Z�� �j�b�k���� ��. �g�Z��
�i�j�b�f�_�j�_ �y�g�\�Z�j�k�d�b�o �Z�g�h�f�Z�e�b�c �l�_�f�i�_�j�Z�l�m��
�j�u�� �g�Z�� �k�l�Z�g�p�b�b�� �K�b�f�n�_�j�h�i�h�e�v���� �B�a�� �j�b�k���� ����
�\�b�^�g�h���� �q�l�h�� �\�� �g�Z�q�Z�e�_�� ��������-�o�� �]�h�^�h�\�� �l�Z�d�`�_ 
�h�l�k�m�l�k�l�\�m�x�l���^�Z�g�g�u�_���g�Z�[�e�x�^�_�g�b�c�����g�h���w�l�h��
�o�Z�j�Z�d�l�_�j�g�h���l�h�e�v�d�h���^�e�y���k�l. �K�b�f�n�_�j�h�i�h�e�v�� 

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

�I�j�h�y�\�e�_�g�b�y�� �j�Z�a�g�u�o�� �l�b�i�h�\�� �k�h�[�u�l�b�c��
�W�G�� �b�� �E�G�� �\�� �l�_�f�i�_�j�Z�l�m�j�g�u�o�� �w�d�k�l�j�_�f�m�f�Z�o��
�Z�g�Z�e�b�a�b�j�h�\�Z�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �d�h�f�i�h�a�b�l��
�g�h�]�h���Z�g�Z�e�b�a�Z���� 

�J�Z�k�q�_�l�� �d�h�f�i�h�a�b�l�h�\�� �\�u�i�h�e�g�_�g�� �k�e�_�^�m��
�x�s�b�f�� �h�[�j�Z�a�h�f���� �?�`�_�^�g�_�\�g�u�_�� �Z�g�h�f�Z�e�b�b��
�k�j�_�^�g�_�k�m�l�h�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z��
�[�u�e�b�� �m�k�j�_�^�g�_�g�u�� �a�Z�� �d�Z�`�^�u�c�� �f�_�k�y�p�� �d�Z�`��
�^�h�]�h���]�h�^�Z�����>�Z�e�_�_���[�u�e�b���h�l�h�[�j�Z�g�u���\�_�e�b�q�b��
�g�u���Z�g�h�f�Z�e�b�c �b���d�h�e�b�q�_�k�l�\�Z���^�g�_�c���k���W�O�L�<����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �]�h�^�Z�f�� �k�h�[�u�l�b�c�� �W�G / 
�E�G���� �b�� �m�k�j�_�^�g�_�g�u �f�_�`�^�m�� �k�h�[�h�c���� �G�Z�f�b��
�Z�g�Z�e�b�a�b�j�h�\�Z�e�b�k�v�� �k�j�_�^�g�_�f�_�k�y�q�g�u�_�� �Z�g�h��
�f�Z�e�b�b�� �a�Z�� �d�Z�`�^�u�c�� �f�_�k�y�p�� �\�� �]�h�^�� �k�h�[�u�l�b�y��

�W�G �����E�G ���l���_�����\���©���ª���]�h�^�����b���g�Z���k�e�_�^�m�x�s�b�c��
�]�h�^�� �i�h�k�e�_�� �_�]�h�� �g�Z�k�l�m�i�e�_�g�b�y�� ���l���_���� �\�� �©�����ª��
�]�h�^�������L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�e�m�q�_�g�u���d�h�f�i�h�a�b��
�l�u���a�Z���������f�_�k�y�p�Z���� 

�=�j�Z�n�b�q�_�k�d�h�_�� �h�l�h�[�j�Z�`�_�g�b�_�� �Z�g�Z�e�b�a�b��
�j�m�_�f�u�o���e�_�l���k���k�h�[�u�l�b�y�f�b���W�G���b���E�G���i�j�_�^��
�k�l�Z�\�e�_�g�h�� �g�Z�� �j�b�k. 1. �K�h�[�u�l�b�y���� �g�Z�[�e�x�^�Z�\��
�r�b�_�k�y�� �\�� ���������±���������� �]�]������ �[�u�e�b�� �b�k�d�e�x�q�_�g�u��
�i�j�b���j�Z�k�q�_�l�_���d�h�f�i�h�a�b�l�h�\. �D�Z�d���[�u�e�h���h�l�f�_��
�q�_�g�h���\�u�r�_�����w�l�h���h�[�m�k�e�h�\�e�_�g�h���h�l�k�m�l�k�l�\�b�_�f��
�^�Z�g�g�u�o�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�h�c��
�\�h�a�^�m�o�Z���\�h���\�k�_�f���Q�_�j�g�h�f�h�j�k�d�h�f���j�_�]�b�h�g�_���\��
�w�l�b���]�h�^�u���� 

�K�j�_�^�b�� �k�h�\�j�_�f�_�g�g�u�o �d�e�Z�k�k�b�n�b�d�Z�p�b�c��
�W�G�� �b�� �E�G�� �[�u�e�h�� �\�u�[�j�Z�g�h�� ���� �l�b�i�b�a�Z�p�b�b����
�d�h�l�h�j�u�_�� �h�k�g�h�\�Z�g�u�� �g�Z�� �h�[�t�_�d�l�b�\�g�h�f�� �i�j�h��
�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�h�f�� �i�h�^�o�h�^�_�� �W�l�h��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �<�h�k�d�j�_�k�_�g�k�d�h�c�� �b�� �F�Z�j�q�m��
�d�h�\�h�c��[9] �^�e�y���E�G���b���E�m�[�d�h�\�Z���b���k�h�Z�\�l. [12] 
�^�e�y�� �W�G. �H�l�e�b�q�b�_�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �W�G��
�E�m�[�d�h�\�Z���b���k�h�Z�\�l. [12] �h�l�� �<�h�k�d�j�_�k�_�g�k�d�h�c��
�b���F�b�o�Z�c�e�h�\�h�c��[6] �b���^�j�m�]�b�o���j�Z�[�h�l���a�Z�d�e�x��
�q�Z�_�l�k�y�� �\�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �[�h�e�_�_�� �^�e�b�l�_�e�v��
�g�u�o�� �^�Z�g�g�u�o���� �f�h�^�_�j�g�b�a�b�j�h�\�Z�g�g�h�c�� �f�_�l�h��
�^�b�d�b�� �d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �l�b�i�h�\�� �W�G���� �<�� �k�h�h�l��
�\�_�l�k�l�\�b�b�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �j�Z�[�h�l�u�� �>�����@�� 
�k�h�[�u�l�b�y�� �W�G�� �i�h�^�j�Z�a�^�_�e�y�x�l�k�y�� �g�Z�� �h�k�_�g�g�b�c��
�p�_�g�l�j�Z�e�v�g�u�c�� �b�� �\�_�k�_�g�g�_-�e�_�l�g�b�c�� �\�h�k�l�h�q��
�g�u�c���l�b�i�u���W�e�v-�G�b�g�v�h���� 

�H�k�g�h�\�g�u�f�� �i�j�_�b�f�m�s�_�k�l�\�h�f�� �d�e�Z�k�k�b��
�n�b�d�Z�p�b�b�� �l�b�i�h�\�� �E�G�� �<�h�k�d�j�_�k�_�g�k�d�h�c�� �b��
�F�Z�j�q�m�d�h�\�h�c��[9] �y�\�e�y�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o�� �d�j�b�l�_�j�b�_�\��
�^�e�y�� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �d�Z�`�^�h�]�h�� �k�h�[�u�l�b�y 
�E�G�� �<�� �k�h�h�l�\�_�l�k�l�\�b�_�� �k�� �g�_�c���� �E�G�� �i�h�^�j�Z�a�^�_��
�e�y�x�l�k�y�� �g�Z�� �p�_�g�l�j�Z�e�v�g�u�c�� �b�� �\�h�k�l�h�q�g�u�c�� �l�b��
�i�u.  

�I�h�^�j�h�[�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �l�b�i�b�a�Z�p�b�b��
�d�Z�d���W�G�����l�Z�d���b���E�G���a�^�_�k�v���g�_���[�m�^�_�f�� 

�J�_�a�m�e�v�l�Z�l�u�� �b�� �b�o�� �Z�g�Z�e�b�a�����J�Z�k�k�f�h�l��
�j�b�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �i�j�h�y�\�e�_�g�b�y�� �k�h�[�u��
�l�b�c���W�G�����Z���a�Z�l�_�f���b���E�G���\���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o��
�W�L�<�� 

�I�j�h�y�\�e�_�g�b�y�� �W�G�� �A�Z�� �i�_�j�b�h�^�� ���������± 
���������� �]�]���� �h�l�f�_�q�Z�e�h�k�v�� ������ �\�_�k�_�g�g�_-�e�_�l�g�b�o��
�\�h�k�l�h�q�g�u�o�� �k�h�[�u�l�b�c�� �b�� ���� �h�k�_�g�g�b�o�� �p�_�g��
�l�j�Z�e�v�g�u�o���k�h�[�u�l�b�c���W�G���� 

�J�Z�a�e�b�q�b�y���f�_�`�^�m���d�h�f�i�h�a�b�l�Z�f�b���Z�g�h�f�Z��
�e�b�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �\�� �Q�_�j�g�h�f�h�j��
�k�d�h�f�� �j�_�]�b�h�g�_�� �g�Z�b�[�h�e�_�_�� �a�Z�f�_�l�g�u�� �h�k�_�g�v�x��
�©���ª�� �]�h�^�Z�� �± �a�b�f�h�c-�\�_�k�g�h�c�� �©�����ª�� �]�h�^�Z��
���j�b�k��  ���Z���� 
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�<�_�k�_�g�g�_-�e�_�l�g�b�c�� �\�h�k�l�h�q�g�u�c�� �l�b�i�� �W�G�� �\��
�©���ª�� �]�h�^�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b�� �Z�g�h�f�Z�e�b�y�f�b�� �\��
�Q�_�j�g�h�f�h�j�k�d�h�f�� �j�_�]�b�h�g�_�� �g�Z�� �i�j�h�l�y�`�_�g�b�b��
�\�k�_�]�h�� �]�h�^�Z���� �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �Z�g�h�f�Z�e�b�y�� �h�l��
�f�_�q�Z�_�l�k�y�� �\�� �g�h�y�[�j�_�� ���������ƒ�K������ �B�k�d�e�x�q�_�g�b�_��
�k�h�k�l�Z�\�e�y�x�l�� �h�l�j�b�p�Z�l�_�e�v�g�u�_�� �Z�g�h�f�Z�e�b�b�� �\��
�y�g�\�Z�j�_���� �f�Z�j�l�_-�Z�i�j�_�e�_���� �Z�\�]�m�k�l�_�� �b�� �h�d�l�y�[�j�_����
�H�^�g�Z�d�h�� �b�o�� �\�_�e�b�q�b�g�u�� �g�_�\�_�e�b�d�b���� �G�Z�� �i�j�h��
�l�y�`�_�g�b�b�� �a�b�f�g�_�]�h�� �b�� �h�k�_�g�g�_�]�h�� �i�_�j�b�h�^�Z��
�©�����ª�� �]�h�^�Z���� �Z�g�h�f�Z�e�b�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�j�b��
�w�l�h�f�� �l�b�i�_�� �W�G�� �k�h�o�j�Z�g�y�x�l�k�y�� �i�h�e�h�`�b�l�_�e�v��
�g�u�f�b�����f�Z�d�k�b�f�m�f���h�l�f�_�q�Z�_�l�k�y���\���n�_�\�j�Z�e�_���b��
�k�h�k�l�Z�\�e�y�_�l���������ƒ�K�����H�^�g�Z�d�h���\���l�_�i�e�u�c���i�_�j�b��
�h�^�� �©�����ª�� �]�h�^�Z�� �b�k�k�e�_�^�m�_�f�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b��
�d�Z�� �h�l�j�b�p�Z�l�_�e�v�g�Z���� �k�h�k�l�Z�\�e�y�y�� �h�l��-�������� �^�h-
�������ƒ�K�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�H�k�_�g�g�b�c�� �p�_�g�l�j�Z�e�v�g�u�c�� �l�b�i�� �W�G�� �\�� �©���ª��
�]�h�^�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b��
�Z�g�h�f�Z�e�b�y�f�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �Q�_�j�g�h�f�h�j��
�k�d�h�f�� �j�_�]�b�h�g�_�� �\�h�� �\�k�_�� �f�_�k�y�p�u���� �d�j�h�f�_���n�_�\��
�j�Z�e�y���� �Z�i�j�_�e�y�� �b�� �^�_�d�Z�[�j�y���� �I�h�e�h�`�b�l�_�e�v�g�u�_��
�\�_�e�b�q�b�g�u���g�Z�o�h�^�y�l�k�y���\���i�j�_�^�_�e�Z�o���h�l�����������^�h��
0,9�ƒ�K���� �I�j�b�� �w�l�h�f�� �h�l�j�b�p�Z�l�_�e�v�g�Z�y�� �^�_�d�Z�[�j�v��
�k�d�Z�y�� �Z�g�h�f�Z�e�b�y�� �k�h�k�l�Z�\�e�y�_�l��-2,3�ƒ�K���� �B�k�k�e�_��
�^�m�_�f�u�_�� �Z�g�h�f�Z�e�b�b�� �i�j�b�� �Z�g�Z�e�b�a�b�j�m�_�f�h�f 
�l�b�i�_ �W�G���\���l�_�q�_�g�b�_���©�����ª�� �]�h�^�Z �i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h�� �h�l�j�b�p�Z�l�_�e�v�g�u���� �f�Z�d�k�b�f�m�f�� �h�l�f�_��
�q�Z�_�l�k�y���\���Z�\�]�m�k�l�_ �b���k�h�k�l�Z�\�e�y�_�l -1,5�ƒ�K�����I�j�b��
�w�l�h�f �i�h�e�h�`�b�l�_�e�v�g�u�_�� �Z�g�h�f�Z�e�b�b���� �g�Z�[�e�x��
�^�Z�x�s�b�_�k�y �\�� �n�_�\�j�Z�e�_�� �b�� �g�h�y�[�j�_���� �g�_�� �i�j�_��
�\�u�r�Z�x�l������4�ƒ�K. 

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

�H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �Z�g�Z�e�b�a�_�� �d�h�f�i�h�a�b�l�h�\��
�Z�g�h�f�Z�e�b�c�� �l�_�f�i�_�j�Z�l�m�j�u���� �i�_�j�b�h�^�� �k�� �h�k�_�g�b��
�©���ª���]�h�^�Z���i�h���\�_�k�g�m���©�����ª���]�h�^�Z���[�u�e���\�u�[�j�Z�g��
�^�e�y�� �Z�g�Z�e�b�a�Z�� �d�h�e�b�q�_�k�l�\�Z�� �^�g�_�c�� �k�� �w�d�k�l�j�_��
�f�m�f�Z�f�b�� �\�� �]�h�^�u�� �W�G�� �j�Z�a�g�u�o�� �l�b�i�h�\���� �W�l�h�l��
�i�_�j�b�h�^�� �l�Z�d�`�_�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �d�m�e�v�f�b��
�g�Z�p�b�_�c�� �k�h�[�u�l�b�c �W�G��/ �E�G���� �G�Z�b�[�h�e�_�_�� �b�g��
�l�_�j�_�k�g�u�f�b�� �^�e�y�� �w�l�h�]�h�� �i�_�j�b�h�^�Z�� �y�\�e�y�x�l�k�y��
�w�d�k�l�j�_�f�Z�e�v�g�h�� �o�h�e�h�^�g�u�_ �l�_�f�i�_�j�Z�l�m�j�u��
���W�O�L�<��. 

�F�Z�d�k�b�f�Z�e�v�g�u�_�� �\�_�e�b�q�b�g�u�� �d�h�f�i�h�a�b��
�l�h�\���q�b�k�e�Z���^�g�_�c���k���W�O�L�<���\���]�h�^�u���W�G���h�[�h�b�o��
�l�b�i�h�\�� �b �g�Z�b�[�h�e�v�r�b�_ �j�Z�a�e�b�q�b�y�� �f�_�`�^�m��
�g�b�f�b�� �h�l�f�_�q�Z�x�l�k�y�� �\�_�k�g�h�c�� �©�����ª�� �]�h�^�Z���� �q�l�h��

�\�b�^�g�h���b�a���j�b�k����3�Z�����I�j�b���w�l�h�f �\�_�e�b�q�b�g�u���i�j�b��
�h�k�_�g�g�_-�p�_�g�l�j�Z�e�v�g�h�f�� �l�b�i�_�� �W�G�� �m�\�_�e�b�q�b��
�\�Z�x�l�k�y�� �^�h�� ������ �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f 
�l�b�i�h�f���� �G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�k�_��
�g�v�x�� �©���ª�� �]�h�^�Z���� �\�� �h�l�e�b�q�b�_�� �h�l�� �a�b�f�u-�\�_�k�g�u��
�©�����ª���]�h�^�Z�����q�b�k�e�h���^�g�_�c���k���W�O�L�<���i�j�b���h�k�_�g��
�g�_-�p�_�g�l�j�Z�e�v�g�h�f�� �l�b�i�_�� �W�G�� �m�f�_�g�v�r�Z�_�l�k�y����
�h�^�g�Z�d�h �\�_�e�b�q�b�g�u�� �j�Z�a�g�h�k�l�b�� �f�_�`�^�m�� �d�h�f��
�i�h�a�b�l�Z�f�b���g�_���i�j�_�\�u�r�Z�_�l���������� 

�I�j�h�y�\�e�_�g�b�y�� �E�G�� �D�h�f�i�h�a�b�l�u�� �Z�g�h�f�Z��
�e�b�c���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z���^�e�y���\�k�_�]�h���Q�_�j��
�g�h�f�h�j�k�d�h�]�h�� �j�_�]�b�h�g�Z�� �\�� �]�h�^�u�� �E�G�� �j�Z�a�g�u�o��
�l�b�i�h�\�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k���� ���[�� �P�_�g��
�l�j�Z�e�v�g�u�c���l�b�i���E�G���\���i�_�j�b�h�^���k���n�_�\�j�Z�e�y �i�h��
�b�x�e�v�����Z���l�Z�d�`�_���b���\���k�_�g�l�y�[�j�_���\���©���ª���]�h�^���k�h��
�i�j�h�\�h�`�^�Z�_�l�k�y�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b�� �Z�g�h�f�Z��
�e�b�y�f�b�����h�l�����������^�h�����ƒ�K�������Z���\���y�g�\�Z�j�_���b�� �Z�\�]�m��
�k�l�_, �Z���l�Z�d�`�_���k���h�d�l�y�[�j�y���i�h���^�_�d�Z�[�j�v �± �h�l�j�b��
�p�Z�l�_�e�v�g�u�f�b�� ���h�l��-0,1 �^�h��-0,5�ƒ�K������ �<�� �©�����ª��
�]�h�^���Z�g�Z�e�b�a�b�j�m�_�f�u�c���l�b�i���E�G���o�Z�j�Z�d�l�_�j�b�a�m��
�_�l�k�y�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b�� �Z�g�h�f�Z�e�b�y�f�b���l�_�f��
�i�_�j�Z�l�m�j�u�� �\�� �f�Z�j�l�_�� �± �f�Z�_���� �Z�� �l�Z�d�`�_���\���k�_�g��
�l�y�[�j�_ �b �^�_�d�Z�[�j�_���� �H�g�b�� �d�h�e�_�[�e�x�l�k�y�� �h�l�� ��������
�^�h�� �������ƒ�K���� �H�l�j�b�p�Z�l�_�e�v�g�u�_�� �Z�g�h�f�Z�e�b�b����
�g�Z�[�e�x�^�Z�x�s�b�_�k�y�� �\�� �y�g�\�Z�j�_-�n�_�\�j�Z�e�_����
�b�x�g�_-�Z�\�]�m�k�l�_�����h�d�l�y�[�j�_-�g�h�y�[�j�_���©�����ª���]�h�^�Z����
�g�_�\�_�e�b�d�b.  

�<�h�k�l�h�q�g�u�c�� �l�b�i�� �E�G�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y��
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b��
�Z�g�h�f�Z�e�b�y�f�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �Q�_�j�g�h�f�h�j��
�k�d�h�f�� �j�_�]�b�h�g�_ �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �\�k�_�]�h�� �©���ª��
�]�h�^�Z�����d�h�l�h�j�u�_���g�Z�o�h�^�y�l�k�y���\���i�j�_�^�_�e�Z�o���h�l���� 
�^�h�� �����ƒ�K���� �B�k�d�e�x�q�_�g�b�_�f�� �y�\�e�y�x�l�k�y�� �Z�g�h�f�Z��
�e�b�b�� �\�� �y�g�\�Z�j�_�� �± �n�_�\�j�Z�e�_ �b�� �Z�i�j�_�e�_���� �H�g�b��
�h�l�j�b�p�Z�l�_�e�v�g�u�� �b�� �d�h�e�_�[�e�x�l�k�y�� �h�l�� 
-�������� �^�h��-0,7�ƒ�K���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �k�� �f�Z�j�l�Z�� �i�h��
�h�d�l�y�[�j�v�� �©�����ª�� �]�h�^�Z�� �Z�g�h�f�Z�e�b�b�� �h�l�j�b�p�Z��
�l�_�e�v�g�u�� ���h�l��-�������� �^�h��-0,4�ƒ�K������ �\�� �h�k�l�Z�e�v�g�u�_ 
�`�_ �f�_�k�y�p�u�� �± �i�h�e�h�`�b�l�_�e�v�g�u ���h�l�� ��,1 �^�h��
1,1�ƒ�K������ 

�H�[�j�Z�l�b�f���\�g�b�f�Z�g�b�_�����q�l�h���p�_�g�l�j�Z�e�v�g�u�c��
�b���\�h�k�l�h�q�g�u�c���l�b�i�u���E�G���\���n�_�\�j�Z�e�_�����Z�i�j�_�e�_����
�Z�\�]�m�k�l�_�� �Z�� �l�Z�d�`�_�� �k�� �h�d�l�y�[�j�y���©���ª�� �]�h�^�Z �i�h��
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�k�h�\�j�_�f�_�g�g�u�o�� �b�a�f�_�g�_�g�b�c�� �]�e�h�[�Z�e�v�g�h�]�h��
�d�e�b�f�Z�l�Z���y�\�e�y�_�l�k�y���]�e�h�[�Z�e�v�g�h�_���i�h�l�_�i�e�_�g�b�_��
�d�h�g�p�Z���O�O���\�����± �g�Z�q�Z�e�Z���O�O�,���\�������g�Z�q�b�g�Z�y���k�h 
�\�l�h�j�h�c���i�h�e�h�\�b�g�u����������-�o���]�h�^�h�\�������Z���h�k�g�h�\��
�g�u�f�� �b�g�^�b�d�Z�l�h�j�h�f�� �� �± �]�e�h�[�Z�e�v�g�Z�y���� �l���_����
�h�k�j�_�^�g�_�g�g�Z�y�� �i�h�� �\�k�_�f�m�� �A�_�f�g�h�f�m�� �r�Z�j�m����
�i�j�b�i�h�\�_�j�o�g�h�k�l�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z���� �<�h�� �\�j�_��
�f�_�g�g�h�f�� �j�y�^�_�� �k�j�_�^�g�_�]�h�^�h�\�u�o�� �Z�g�h�f�Z�e�b�c��
�l�_�f�i�_�j�Z�l�m�j�u�� �i�j�b�a�_�f�g�h�]�h�� �\�h�a�^�m�o�Z����
�h�k�j�_�^�g�_�g�g�u�o�� �i�h�� �l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�b���� �d�Z�d��
�b���\���]�e�h�[�Z�e�v�g�u�o���\�j�_�f�_�g�g�u�o���j�y�^�Z�o�����i�_�j�b�h�^��
�i�h�k�e�_�� ���������� �]���� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �g�Z�b�[�h�e�_�_��
�b�g�l�_�g�k�b�\�g�u�f�� �i�h�l�_�i�e�_�g�b�_�f���� �K�j�_�^�g�y�y��
�k�d�h�j�h�k�l�v���i�h�l�_�i�e�_�g�b�y���i�h���l�_�j�j�b�l�h�j�b�b���J�h�k��
�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �a�Z�� �i�_�j�b�h�^�� ���������� �± 
�����������]�]�����k�h�k�l�Z�\�e�y�_�l�����������ƒ�K���������e�_�l���>���@�� 

�K�h�]�e�Z�k�g�h�� �^�Z�g�g�u�f�� �B�g�k�l�b�l�m�l�Z�� �w�d�h�e�h��
�]�b�b�� �b�� �]�e�h�[�Z�e�v�g�h�]�h�� �d�e�b�f�Z�l�Z���� �b�k�i�h�e�v�a�h��
�\�Z�g�g�u�o�� �\�h�� �\�l�h�j�h�f�� �h�p�_�g�h�q�g�h�f�� �^�h�d�e�Z�^�_��
�J�h�k�]�b�^�j�h�f�_�l�Z�� �h�[�� �b�a�f�_�g�_�g�b�y�o�� �d�e�b�f�Z�l�Z�� �b��
�b�o�� �i�h�k�e�_�^�k�l�\�b�y�o�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�c��
�k�d�h�c���N�_�^�_�j�Z�p�b�b [1], �l�j�_�g�^���]�h�^�h�\�u�o���k�m�f�f��
�h�k�Z�^�d�h�\�� �a�Z�� �i�_�j�b�h�^�� ���������� �± ���������� �]�]���� �g�Z��
�[�h�e�v�r�_�c�� �q�Z�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �J�h�k�k�b�b�� �i�h��
�e�h�`�b�l�_�e�_�g���� �<�� �k�j�_�^�g�_�f�� �i�h�� �J�h�k�k�b�b�� �h�g�� �k�h��
�k�l�Z�\�e�y�_�l�� �������� �f�f���f�_�k�y�p���� �M�f�_�g�v�r�_�g�b�_��
�h�k�Z�^�d�h�\�� �a�Z�f�_�l�g�h�� �g�Z�� �?�\�j�h�i�_�c�k�d�h�c�� �q�Z�k�l�b��
�J�h�k�k�b�b���e�_�l�h�f����  

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

�\�k�e�_�^�k�l�\�b�_�� �i�h�\�u�r�_�g�b�y�� �k�h�^�_�j�`�Z�g�b�y�� �\�h��
�^�y�g�h�]�h�� �i�Z�j�Z �i�j�b�\�h�^�b�l�� �d���[�h�e�_�_�� �b�g�l�_�g�k�b�\��
�g�u�f�� �h�k�Z�^�d�Z�f���� �^�Z�`�_�� �\�� �l�h�f�� �k�e�m�q�Z�_���� �_�k�e�b��
�]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �k�e�_�]�d�Z��
�m�f�_�g�v�r�Z�_�l�k�y���� �k�� �i�_�j�k�i�_�d�l�b�\�h�c�� �_�s�_�� �[�h�e�_�_��
�k�b�e�v�g�u�o�� �h�k�Z�^�d�h�\���� �d�h�]�^�Z�� �h�[�s�_�_�� �d�h�e�b�q�_��
�k�l�\�h���h�k�Z�^�d�h�\���m�\�_�e�b�q�b�\�Z�_�l�k�y���>2]. 

�I�h�w�l�h�f�m�� �p�_�e�v�� �j�Z�[�h�l�u�� �± �i�j�h�Z�g�Z�e�b�a�b��
�j�h�\�Z�l�v�� �Z�g�h�f�Z�e�b�b�� �Z�l�f�h�k�n�_�j�g�u�o �h�k�Z�^�d�h�\��
�g�Z�� �l�_�j�j�b�l�h�j�b�b�� �x�]�Z�� �J�h�k�k�b�b�� �a�Z�� �i�_�j�b�h�^��
1970 �± ���������� �]�]���� �g�Z�� �n�h�g�_���i�h�e�h�`�b�l�_�e�v�g�h�]�h��
�l�j�_�g�^�Z���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z�� 

�J�_�]�b�h�g �b�k�k�e�_�^�h�\�Z�g�b�y�� �J�Z�k�i�h�e�h�`�_�g��
�g�u�c�� �g�Z�� �]�j�Z�g�b�p�_�� �m�f�_�j�_�g�g�u�o�� �b�� �k�m�[�l�j�h�i�b��
�q�_�k�d�b�o�� �r�b�j�h�l���� �g�Z�� �k�l�u�d�_�� �j�Z�\�g�b�g�� �b�� �]�h�j����
�b�k�k�e�_�^�m�_�f�u�c�� �j�_�]�b�h�g�� �h�l�e�b�q�Z�_�l�k�y�� �j�Z�a�g�h��
�h�[�j�Z�a�b�_�f�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c [3]. 
�=�j�_�[�_�g�v�� �;�h�e�v�r�h�]�h�� �D�Z�\�d�Z�a�Z�� �h�[�j�Z�a�m�_�l�� �[�Z��
�j�v�_�j�� �f�_�`�^�m�� �d�e�b�f�Z�l�b�q�_�k�d�b�f�b�� �a�h�g�Z�f�b��
�m�f�_�j�_�g�g�u�o�� �k�j�_�^�g�b�o�� �r�b�j�h�l�� �b�� �k�m�[�l�j�h�i�b��
�d�Z�f�b���� �i�j�_�i�y�l�k�l�\�m�y�� �^�\�b�`�_�g�b�x�� �o�h�e�h�^�g�u�o��
�\�h�a�^�m�r�g�u�o���f�Z�k�k���k���k�_�\�_�j�Z���\���A�Z�d�Z�\�d�Z�a�v�_���b����
�g�Z�h�[�h�j�h�l���� �l�_�i�e�u�o�� �\�h�a�^�m�r�g�u�o�� �f�Z�k�k�� �\��
�I�j �_�^�d�Z�\�d�Z�a�v�_�� �k�� �x�]�Z���� �I�j�_�^�d�Z�\�d�Z�a�v�_�� �b�f�_�_�l��
�i�h�e�m�a�Z�k�m�r�e�b�\�u�c�� �d�e�b�f�Z�l�� �g�Z�� �a�Z�i�Z�^�_�� �b�� �[�h��
�e�_�_�� �k�m�o�h�c�� �d�e�b�f�Z�l�� �g�Z�� �\�h�k�l�h�d�_���� �D�Z�\�d�Z�a��
�g�Z�o�h�^�b�l�k�y���g�_���l�h�e�v�d�h���g�Z���k�l�u�d�_���m�f�_�j�_�g�g�h��
�]�h�� �b�� �k�m�[�l�j�h�i�b�q�_�k�d�h�]�h�� �i�h�y�k�h�\���� �g�h�� �b�� �\�� �i�h��
�]�j�Z�g�b�q�g�h�c�� �a�h�g�_���� �j�Z�k�i�h�e�h�`�_�g�g�h�c�� �\�� �a�h�g�_��
�\�e�b�y�g�b�y�����k���h�^�g�h�c���k�l�h�j�h�g�u�����\�e�Z�`�g�u�o���\�h�a��
�^�m�r�g�u�o�� �f�Z�k�k�� �k�� �:�l�e�Z�g�l�b�d�b�� �b�� �K�j�_�^�b�a�_�f��
�g�h�]�h���f�h�j�y�����Z���k���^�j�m�]�h�c���±  �k�m�o�b�o���d�h�g�l�b�g�_�g��
�l�Z�e�v�g�u�o�� �\�h�a�^�m�r�g�u�o�� �f�Z�k�k�� �n�h�j�f�b�j�m�x��
�s�b�o�k�y�� �g�Z�^�� �i�j�h�k�l�j�Z�g�k�l�\�Z�f�b�� �\�g�m�l�j�_�g�g�b�o��
�h�[�e�Z�k�l�_�c�� �?�\�j�Z�a�b�b���� �J�Z�a�e�b�q�b�y���� �\�u�a�\�Z�g�g�u�_��
�h�i�b�k�Z�g�g�u�f�� �\�e�b�y�g�b�_�f, �k�l�Z�g�h�\�y�l�k�y�� �[�h�e�_�_��
�\�u�j�Z�`�_�g�g�u�f�b�� �b�a-�a�Z�� �j�_�e�v�_�n�Z�� �f�_�k�l�g�h�k�l�b����
�J�Z�a�f�_�j�u�� �Q�_�j�g�h�]�h�� �b�� �D�Z�k�i�b�c�k�d�h�]�h�� �f�h�j�_�c��
�g�_�� �y�\�e�y�x�l�k�y�� �^�h�k�l�Z�l�h�q�g�u�f�b�� �^�e�y�� �n�h�j�f�b��
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�j�h�\�Z�g�b�y�� �g�Z�^�� �g�b�f�b�� �\�h�a�^�m�r�g�u�o�� �f�Z�k�k�� �f�h�j��
�k�d�h�]�h�� �l�b�i�Z�� �;�h�e�v�r�_�c�� �q�Z�k�l�b�� �x�]�Z�� �J�h�k�k�b�b��
�k�\�h�c�k�l�\�_�g�_�g�� �m�f�_�j�_�g�g�h-�d�h�g�l�b�g�_�g�l�Z�e�v�g�u�c��
�d�e�b�f�Z�l���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �d�e�b�f�Z�l�� �o�Z�j�Z�d�l�_��
�j�b�a�m�_�l�k�y �l�_�i�e�u�f�� �i�j�h�^�h�e�`�b�l�_�e�v�g�u�f�� �e�_��
�l�h�f���± �k�j�_�^�g�y�y���l�_�f�i�_�j�Z�l�m�j�Z���b�x�e�y���������ƒ�&���± 
+24�ƒ�K���� �k�j�_�^�g�y�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �y�g�\�Z�j�y�� �b�a��
�f�_�g�y�_�l�k�y�� �h�l�� �±���ƒ�&�� �^�h�� �±���ƒ�&�� �]�j�Z�^�m�k�h�\����
�K�j�_�^�g�_�_�� �]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\��
�m�f�_�g�v�r�Z�_�l�k�y �h�l�� �������� �± �������� �f�f�� �g�Z�� �a�Z�i�Z�^�_��
�^�h�������� �± ���������f�f���g�Z���\�h�k�l�h�d�_�����G�Z�b�[�h�e�v�r�_�_��
�d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �a�Z�� �f�_�k�y�p�� �\�u�i�Z�^�Z�_�l�� �\��
�b�x�g�_���± �b�x�e�_�������� �± �������f�f�����\���a�Z�i�Z�^�g�h�c���q�Z��
�k�l�b�� �j�_�]�b�h�g�Z���� �K�g�_�`�g�u�c�� �i�h�d�j�h�\�� �\�� �j�_�]�b�h�g�_��
�i�h�y�\�e�y�_�l�k�y�� �\�� �d�h�g�p�_�� �g�h�y�[�j�y�� �± �g�Z�q�Z�e�_�� �^�_��
�d�Z�[�j�y���� �Z�� �m�k�l�h�c�q�b�\�u�c�� �k�g�_�`�g�u�c�� �i�h�d�j�h�\��
�h�[�j�Z�a�m�_�l�k�y�� �\�� �d�h�g�p�_�� �^�_�d�Z�[�j�y�� �± �g�Z�q�Z�e�_�� �y�g��
�\�Z�j�y�����<���\�h�k�l�h�q�g�h�c���q�Z�k�l�b���j�_�]�b�h�g�Z���^�\�_���l�j�_��
�l�b���h�k�Z�^�d�h�\���\�u�i�Z�^�Z�_�l���\���l�_�i�e�h�_���\�j�_�f�y���]�h�^�Z��
���k�� �Z�i�j�_�e�y�� �i�h�� �h�d�l�y�[�j�v������ �;�h�e�v�r�h�_�� �d�h�e�b�q�_��
�k�l�\�h�� �b�a�� �g�b�o�� �i�h�i�Z�^�Z�x�l�� �\�� �e�_�l�g�_�_�� �\�j�_�f�y����
�d�h�]�^�Z�� �b�k�i�Z�j�_�g�b�_�� �i�j�_�\�u�r�Z�_�l�� �d�h�e�b�q�_�k�l�\�h��
�h�k�Z�^�d�h�\���� �;�h�e�v�r�Z�y�� �q�Z�k�l�v�� �h�k�Z�^�d�h�\�� ���h�d�h�e�h��
�������������\�u�i�Z�^�Z�_�l���\���\�b�^�_���^�h�`�^�y�����_�s�_�����������\��
�\�b�^�_�� �^�h�`�^�y�� �b�� �k�g�_�]�Z���� �b�� �e�b�r�v�� �h�d�h�e�h�� ������ �\��
�\�b�^�_���k�g�_�]�Z�� 

�K�m�[�l�j�h�i�b�q�_�k�d�b�c�� �l�b�i�� �d�e�b�f�Z�l�Z�� �j�Z�k��
�i�j�h�k�l�j�Z�g�_�g�� �g�Z���Q�_�j�g�h�f�h�j�k�d�h�f�� �i�h�[�_�j�_�`�v�_��
�D�Z�\�d�Z�a�Z���� �H�l�j�h�]�b�� �D�Z�\�d�Z�a�k�d�b�o�� �]�h�j�� �a�Z�s�b��
�s�Z�x�l�� �i�h�[�_�j�_�`�v�_�� �h�l�� �i�j�h�g�b�d�g�h�\�_�g�b�y�� �o�h��
�e�h�^�g�u�o�� �\�h�a�^�m�r�g�u�o�� �f�Z�k�k�� �k�� �<�h�k�l�h�q�g�h-
�?�\�j�h�i�_�c�k�d�h�c�� �j�Z�\�g�b�g�u�� �\�� �a�b�f�g�b�c�� �i�_�j�b�h�^����
�l�Z�d�� �q�l�h�� �k�j�_�^�g�y�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �y�g�\�Z�j�y�� �\��
�w�l�h�f�� �j�Z�c�h�g�_��- �i�h�e�h�`�b�l�_�e�v�g�Z�y���� �E�_�l�h�� �l�_�i��
�e�h�_�� �b�� �^�h�e�]�h�_���� �K�j�_�^�g�y�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\��
�b�x�e�_�� ��22  �±  +26�ƒ�K���� �D�e�b�f�Z�l�� �i�h�[�_�j�_�`�v�y��
�g�_�� �l�h�e�v�d�h�� �l�_�i�e�u�c���� �g�h�� �b�� �\�e�Z�`�g�u�c���� �<��
�k�j�_�^�g�_�f���\�u�i�Z�^�Z�_�l���h�d�h�e�h�����������f�f���h�k�Z�^�d�h�\����
�k�� �b�o�� �h�l�g�h�k�b�l�_�e�v�g�h�� �j�Z�\�g�h�f�_�j�g�u�f�� �j�Z�k�i�j�_��
�^�_�e�_�g�b�_�f�� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h�� �]�h�^�Z���� �D�h�e�b�q�_��
�k�l�\�h�� �\�e�Z�]�b�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �h�l�� �[�_�j�_�]�h�\�� �^�h��
�i�j�_�^�]�h�j�b�c���� �D�� �k�_�\�_�j�m�� �h�l�� �L�m�Z�i�k�_�� �]�h�^�h�\�h�_��
�d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �k�h�k�l�Z�\�e�y�_�l�� ���������� �f�f����
�g�h���[�u�k�l�j�h���m�f�_�g�v�r�Z�_�l�k�y���^�h���������� �± ���������f�f��
�\���j�Z�c�h�g�_���=�_�e�_�g�^�`�b�d�Z���b���^�h�����������f�f���\���j�Z�c��
�h�g�_�� �:�g�Z�i�u�� �± �G�h�\�h�j�h�k�k�b�c�k�d���� �<�� �a�Z�i�Z�^�g�h�c��
�q�Z�k�l�b���� �g�Z�� �f�h�j�k�d�b�o�� �k�d�e�h�g�Z�o�� ���^�h�� �������� �f����
�d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �^�h�k�l�b�]�Z�_�l�� ���������� �± 
���������� �f�f���� �I�h�\�u�r�_�g�g�Z�y�� �p�b�d�e�h�g�b�q�_�k�d�Z�y��
�^�_�y�l�_�e�v�g�h�k�l�v�� �i�j�b�\�h�^�b�l�� �d�� �a�b�f�g�_�f�m�� �f�Z�d��
�k�b�f�m�f�m�� �h�k�Z�^�d�h�\�� �g�Z�� �Q�_�j�g�h�f�h�j�k�d�h�f�� �i�h�[�_��
�j�_�`�v�_���D�Z�\�d�Z�a�Z���\���o�h�e�h�^�g�h�_���\�j�_�f�y���]�h�^�Z�� 

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

�?�k�l�v���k�l�_�i�b�����]�h�j�u���b���d�e�b�f�Z�l���x�`�g�h�]�h���[�_�j�_��
�]�Z�� �D�j�u�f�Z���� �D�Z�`�^�u�c�� �l�b�i�� �d�e�b�f�Z�l�b�q�_�k�d�h�c��
�a�h�g�u�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �k�\�h�b�f�b�� �h�k�h�[�_�g�g�h��
�k�l�y�f�b���� �o�Z�j�Z�d�l�_�j�h�f�� �\�u�i�Z�^�_�g�b�y�� �h�k�Z�^�d�h�\����
�l�_�f�i�_�j�Z�l�m�j�g�u�f�� �j�_�`�b�f�h�f�� �b�� �^�j���� �� �D�e�b�f�Z�l��
�k�l�_�i�g�h�c�� �a�h�g�u �m�f�_�j�_�g�g�h-�d�h�g�l�b�g�_�g�l�Z�e�v-
�g�u�c�� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �k�m�f�f�h�c�� �h�k�Z�^�d�h�\�� �\��
�e�_�l�g�b�c�� �i�_�j�b�h�^���� �]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h��
�h�k�Z�^�d�h�\�� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� �������� �f�f���� �X�`��
�g�u�c�� �[�_�j�_�]�� �D�j�u�f�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �k�m�[��
�k�j�_�^�b�a�_�f�g�h�f�h�j�k�d�b�f�� �d�e�b�f�Z�l�h�f�� �k�� �f�Z�d�k�b��
�f�Z�e�v�g�u�f�� �d�h�e�b�q�_�k�l�\�h�f�� �Z�l�f�h�k�n�_�j�g�u�o��
�h�k�Z�^�d�h�\�� �\ �a�b�f�g�b�c�� �i�_�j�b�h�^�� �b�� �]�h�^�h�\�u�f�� �d�h��
�e�b�q�_�k�l�\�h�f���h�k�Z�^�d�h�\���h�d�h�e�h�����������f�f [4, 5]. 

�>�Z�g�g�u�_�� �b�� �f�_�l�h�^�b�d�Z�� �<�� �j�Z�[�h�l�_�� �b�k��
�i�h�e�v�a�h�\�Z�g�u �f�_�k�y�q�g�u�_�� �k�m�f�f�u �h�k�Z�^�d�h�\��(�k��
�������k�l�Z�g�p�b�c) �i�h���l�_�j�j�b�l�h�j�b�b���x�]�Z���J�h�k�k�b�b���a�Z��
�i�_�j�b�h�^�������������± �����������]�]�� �>�Z�g�g�u�_���h���k�l�Z�g�p�b��
�y�o�� �i�j�b�\�_�^�_�g�u�� �\�� �l�Z�[�e. 1. �>�Z�g�g�u�_�� �\�a�y�l�u�� �k��
�k�Z�c�l�Z��Climate Explorer [5]. �<�k�_�� �^�Z�g�g�u�_��
�i�h�^�\�_�j�]�e�b�k�v�� �k�l�j�h�]�h�f�m�� �d�h�g�l�j�h�e�x�� �d�Z�q�_��
�k�l�\�Z�� ���]�j�Z�n�b�q�_�k�d�h�f�m�� �b�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�f�m������
�K�g�Z�q�Z�e�Z���j�Z�k�k�q�b�l�u�\�Z�e�Z�k�v���j�Z�a�g�h�k�l�v���f�_�`�^�m��
�k�_�a�h�g�g�u�f�b�� �b�� �]�h�^�h�\�u�f�b�� �a�g�Z�q�_�g�b�y�f�b��
�h�k�Z�^�d�h�\���a�Z���^�\�Z���i�_�j�b�h�^�Z��1970 �± �����������]�]�����b��
1991 �± �����������]�]�����\���Z�[�k�h�e�x�l�g�u�o���\�_�e�b�q�b�g�Z�o 
���\�� �f�f������ �>�e�y�� �i�h�e�m�q�_�g�g�u�o�� �j�Z�a�g�h�k�l�_�c�� �i�j�h��
�\�h�^�b�e�Z�k�v�� �h�p�_�g�d�Z�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �a�g�Z�q�b��
�f�h�k�l�b���j�Z�a�g�h�k�l�b���f�_�`�^�m���k�j�_�^�g�b�f�b���i�h���^�\�m�f��
�i�_�j�b�h�^�Z�f�����i�h���d�j�b�l�_�j�b�x���K�l�v�x�^�_�g�l�Z���k���b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �m�j�h�\�g�y�� �a�g�Z�q�b�f�h�k�l�b�� �j�� � ��
5%). 

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

 
�:���  (R �± Rn)/Rn,                  (1) 

 
�]�^�_��R �± �n�Z�d�l�b�q�_�k�d�h�_���a�g�Z�q�_�g�b�_���h�k�Z�^�d�h�\�����\��
�^�Z�g�g�h�f �k�e�m�q�Z�_�� �h�k�Z�^�d�b�� �a�Z�� �i�_�j�b�h�^�� ���������� �± 
���������� �]�].������ �Z��Rn �± �d�e�b�f�Z�l�b�q�_�k�d�Z�y�� �g�h�j�f�Z��
���d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^�d�h�\�� �a�Z�� �i�_�j�b�h�^��1970 �± 
���������� �]�]������ �:�g�h�f�Z�e�b�b�� �j�Z�k�k�q�b�l�Z�g�u�� �^�e�y��
�k�j�_�^�g�_�]�h�^�h�\�u�o�� �a�g�Z�q�_�g�b�c�� �b�� �\�u�j�Z�`�_�g�u�� �\��
�i�j�h�p�_�g�l�Z�o�� 

�J�_�a�m�e�v�l�Z�l�u�� �K�j�Z�\�g�_�g�b�_�� �k�j�_�^�g�_�]�h�^�h��
�\�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\�� �^�e�y�� �^�\�m�o�� �i�_�j�b��
�h�^�h�\�� ������������ �± ���������� �b�� ���������� �± �����������]�]������ �^�e�y��
�k�l�Z�g�p�b�c�� �l�_�j�j�b�l�h�j�b�b�� �x�]�Z�� �J�h�k�k�b�b�� �i�h�d�Z�a�Z��
�e�h���� �q�l�h�� �g�Z�� �[�h�e�v�r�_�c�� �q�Z�k�l�b�� �b�a�m�q�Z�_�f�h�]�h��
�j�_�]�b�h�g�Z�� �h�l�f�_�q�_�g�h�� �m�\�_�e�b�q�_�g�b�_�� �k�j�_�^�g�_�]�h��
�^�h�\�u�o�� �k�m�f�f�� �h�k�Z�^�d�h�\�� �a�Z�� �i�_�j�b�h�^�� ���������� �± 
���������� �]�]���� �h�l�g�h�k�b�l�_�e�v�g�h�� �i�_�j�\�h�]�h�� �i�_�j�b�h�^�Z 
���l�Z�[�e�� 1).  
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�L�Z�[�e�b�p�Z��1. �=�_�h�]�j�Z�n�b�q�_�k�d�b�_�� �d�h�h�j�^�b�g�Z�l�u���� �\�u�k�h�l�Z�� �g�Z�^�� �m�j�h�\�g�_�f�� �f�h�j�y���� �k�j�_�^�g�_�]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h��
�h�k�Z�^�d�h�\ �a�Z���i�_�j�b�h�^�������������± �����������]�]�����b���j�Z�a�g�h�k�l�v���f�_�`�^�m �k�j�_�^�g�_�]�h�^�h�\�u�f���d�h�e�b�q�_�k�l�\�h�f���h�k�Z�^�d�h�\���a�Z���i�_�j�b��
�h�^�������������± �����������b�������������± �����������]�]���� �^�e�y���k�l�Z�g�p�b�c�����j�Z�k�i�h�e�h�`�_�g�g�u�o���g�Z���l�_�j�j�b�l�h�j�b�b���x�]�Z���J�h�k�k�b�b 
 

�K�l�Z�g�p�b�y���� 
�R�b�j�h�l�Z����

�ƒ�k���r�� 
�>�h�e�]�h�l�Z����

�ƒ�\���^�� 
�<�u�k�h�l�Z��
�g���m���f�������f �3�����f�f�� 

�J�Z�a�g�h�k�l�v��
���f�f�� 

�:�g�Z�i�Z���� 44,90 37,30 30,0 513 -15,1 

�:�j�f�Z�\�b�j�� 44,98 41,12 159,0 629 55,8 

�:�k�l�j�Z�o�Z�g�v�� 46,28 48,05 -23,0 222 37,1 

�:�o�l�u�� 41,47 47,73 1047,0 393 30,8 

�;�m�^�_�g�g�h�\�k�d�� 44,80 44,10 136,0 418 42,4 

�;�m�c�g�Z�d�k�d�� 42,82 47,12 472,0 463 16,5 

�<�_�j�o�g�b�c���;�Z�k�d�m�g�q�Z�d�� 48,20 46,70 35,0 279 25,4 

�<�h�e�`�k�d�b�c�� 48,67 44,45 28,0 407 -3,8 

�=�b�]�Z�g�l�� 46,52 41,35 79,0 532 18,9 

�=�m�^�_�j�f�_�k�� 43,40 46,10 75,0 459 14,8 

�>�_�j�[�_�g�l�� 42,07 48,30  -19,0 387 22,0 

�>�`�Z�g�d�h�c�� 45,70 34,40 8,0 385 -13,4 

�?�\�i�Z�l�h�j�b�y�� 45,19 33,38 6,0 387 -11,0 

�A�_�e�_�g�q�m�d�k�d�Z�y�� 43,87 41,57 928,0 732 4,7 

�D�Z�k�i�b�c�k�d�� 45,40 47,40 -24,0 223 53,7 

�D�_�j�q�v�� 45,36 36,39 49,0 446 34,1 

�D�b�k�e�h�\�h�^�k�d�� 43,90 42,72 890,0 657 8,3 

�D�j�Z�k�g�Z�y���i�h�e�y�g�Z�� 43,60 40,20 566,0 1993 29,7 

�D�j�Z�k�g�h�^�Z�j�� 45,03 39,15 29,0 705 91,1 

�F�Z�o�Z�q�d�Z�e�Z 42,97 47,55 28,0 356 64,8 

�F�b�g�_�j�Z�e�v�g�u�_���\�h�^�u�� 44,20 43,10 316,0 500 15,9 

�G�b�`�g�_�]�h�j�k�d�� 45,45 34,71 20,0 417 80,6 

�I�j�b�f�h�j�k�d�h-�:�o�l�Z�j�k�d�� 46,03 38,15 3,0 597 -7,8 

�J�_�f�h�g�l�g�h�_�� 46,60 43,70 106,0 419 12,3 

�J�h�k�l�h�\-�g�Z-�>�h�g�m�� 47,25 39,82 66,0 617 7,8 

�K�_�\�Z�k�l�h�i�h�e�v 44,62 33,53 7,0 442 2,1 

�K�b�f�n�_�j�h�i�h�e�v�� 44,95 34,12 181,0 513 -4,5 

�K�h�q�b�� 43,58 39,77 57,0 1658 98,8 

�K�l�Z�\�j�h�i�h�e�v�� 45,05 42,02 473,0 555 4,7 

�K�m�e�Z�d�� 42,40 46,25 29,0 979 -22,9 

�L�Z�]�Z�g�j�h�] 47,20 38,95 30,0 571 56,7 

�L�m�Z�i�k�_�� 44,10 39,10 41,0 1391 121,8 

�M�j�x�i�b�g�k�d 50,80 42,00 110,0 444 -15,8 

�N�_�h�^�h�k�b�y�� 45,03 35,38 22,0 477 38,7 

�N�j�e�h�\�h�� 49,80 43,70 119,0 450 -6,0 

�P�b�f�e�y�g�k�d�� 47,63 42,12 64,0 472 -4,8 

�Q�_�j�g�h�f�h�j�k�d�h�_�� 45,52 32,72 10,0 377 -12,7 

�Q�_�j�l�d�h�\�h�� 49,40 40,20 145,0 540 47,6 

�R�Z�^�`�Z�l�f�Z�a 43,73 42,67 2070.0 642 -66,3 

�W�e�b�k�l�Z�� 46,32 44,30 151,0 363 53,7 

�X�`�g�h-�K�m�o�h�d�m�f�k�d 44,35 45,83 19,0 294 20,4 

�Y�e�l�Z�� 44,48 34,16 72,0 573 -20,8 
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�M�f�_�g�v�r�_�g�b�_�� �k�j�_�^�g�_�]�h�^�h�\�h�]�h�� �d�h�e�b�q�_��
�k�l�\�Z�� �h�k�Z�^�d�h�\�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �k�_�\�_�j�h-
�a�Z�i�Z�^�g�h�c�� �q�Z�k�l�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m�h�k�l�j�h�\�Z��
���^�h�������� �f�f��. �>�e�y�� �k�_�\�_�j�Z�� �b�k�k�e�_�^�m�_�f�h�]�h�� �j�_��
�]�b�h�g�Z�� ���l�_�j�j�b�l�h�j�b�y�� �<�h�e�]�h�]�j�Z�^�k�d�h�c�� �h�[�e�Z��
�k�l�b�����^�h���������f�f�������b���^�e�y���g�_�d�h�l�h�j�u�o���_�^�b�g�b�q��
�g�u�o�� �k�l�Z�g�p�b�c�� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �g�Z�� �i�h�[�_�j�_��
�`�v�_���:�a�h�\�k�d�h�]�h���b���Q�_�j�g�h�]�h���f�h�j�_�c�����Z���l�Z�d�`�_��
�\�� �\�u�k�h�d�h�]�h�j�g�h�c�� �q�Z�k�l�b�� �D�Z�\�d�Z�a�Z�� ���f�Z�d�k�b��
�f�Z�e�v�g�h�_���m�f�_�g�v�r�_�g�b�_���^�h������ �f�f������ 

�F�Z�d�k�b�f�Z�e�v�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �h�k�Z�^�d�h�\��
�l�b�i�b�q�g�h�� �^�e�y�� �Q�_�j�g�h�f�h�j�k�d�h�]�h�� �i�h�[�_�j�_�`�v�y��
�D�Z�\�d�Z�a�Z�����^�h�����������f�f���\���L�m�Z�i�k�_�������;�h�e�v�r�h�_���b��
�k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� ���g�Z�� �i�y�l�b�i�j�h��
�p�_�g�l�g�h�f �m�j�h�\�g�_ �a�g�Z�q�b�f�h�k�l�b�����m�\�_�e�b�q�_�g�b�_��
�h�k�Z�^�d�h�\�� �g�Z�[�e�x�^�Z�_�l�k�y�� �g�Z�� �i�h�[�_�j�_�`�v�_�� �D�Z�k��
�i�b�c�k�d�h�]�h�� �f�h�j�y���� �Z�� �l�Z�d�`�_�� �^�e�y�� �k�l�Z�g�p�b�c��
�D�j�Z�k�g�h�^�Z�j���b���G�b�`�g�_�]�h�j�k�d�����D�j�u�f���� 

�J�Z�k�k�f�h�l�j�b�f�� �b�a�f�_�g�_�g�b�_�� �k�_�a�h�g�g�u�o��
�k�m�f�f���h�k�Z�^�d�h�\���i�h���l�_�j�j�b�l�h�j�b�b���x�]�Z���J�h�k�k�b�b����
�A�b�f�h�c�� �l�Z�d�`�_�� �i�j�_�h�[�e�Z�^�Z�_�l�� �i�h�e�h�`�b�l�_�e�v��
�g�Z�y���j�Z�a�g�h�k�l�v�����l�h���_�k�l�v���m�\�_�e�b�q�_�g�b�_���d�h�e�b�q�_��
�k�l�\�Z�� �h�k�Z�^�d�h�\�� �\�h�� �\�l�h�j�h�c�� �i�_�j�b�h�^���� �M�f�_�g�v��
�r�_�g�b�_�� �h�k�Z�^�d�h�\�� �g�Z�[�e�x�^�Z�_�l�k�y�� �\�� �x�]�h-
�a�Z�i�Z�^�g�h�c�� �q�Z�k�l�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m�h�k�l�j�h�\�Z 
���^�h�� ������ �f�f������ �g�Z���Q�_�j�g�h�f�h�j�k�d�h�f�� �i�h�[�_�j�_�`�v�_��
�D�Z�\�d�Z�a�Z ���^�h�� ������ �f�f�� �b�� �g�Z�� �g�_�k�d�h�e�v�d�b�o��
�k�l�Z�g�p�b�y�o���� �<�_�k�g�h�c�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�h�o�h�`�Z�y 
�d�Z�j�l�b�g�Z�� �M�f�_�g�v�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^��
�d�h�\���\���i�_�j�b�h�^�������������± �����������]�]�� �h�l�g�h�k�b�l�_�e�v��

�g�h�� �i�_�j�b�h�^�Z�� ���������� �± ���������� �]�]�� �o�Z�j�Z�d�l�_�j�g�h��
�^�e�y�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m�h�k�l�j�h�\�Z�� �� ���d�j�h�f�_�� �\�h��
�k�l�h�q�g�h�c�� �q�Z�k�l�b������ �^�e�y�� �\�u�k�h�d�h�]�h�j�g�u�o�� �k�l�Z�g��
�p�b�c�� �D�Z�\�d�Z�a�Z�� ���m�f�_�g�v�r�_�g�b�_�� �^�h�� ������ �f�f������ �Z��
�l�Z�d�`�_�� �^�e�y�� �k�l�Z�g�p�b�c�� �=�m�^�_�j�f�_�k�� �b�� �K�m�e�Z�d��
���m�f�_�g�v�r�_�g�b�_�� �^�h�� ������ �f�f��. �>�e�y�� �h�k�l�Z�e�v�g�h�c��
�l�_�j�j�b�l�h�j�b�b�� �o�Z�j�Z�d�l�_�j�g�h�� �m�\�_�e�b�q�_�g�b�_�� �\�_��
�k�_�g�g�b�o�� �k�m�f�f�� �h�k�Z�^�d�h�\�� �\�h�� �\�l�h�j�h�c�� �i�_�j�b�h�^ 
(1991 �± ���������� �]�]�������� �K�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b��
�f�h�_�� �m�\�_�e�b�q�_�g�b�_ �h�k�Z�^�d�h�\�� �g�Z�[�e�x�^�Z�_�l�k�y��
�^�e�y�� �k�l�Z�g�p�b�c�� �L�m�Z�i�k�_�� �b�� �W�e�b�k�l�Z���� �E�_�l�g�b�c��
�k�_�a�h�g���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���i�j�h�l�b�\�h�i�h�e�h�`�g�h�c��
�d�Z�j�l�b�g�h�c�� �±  �g�Z�� �[�h�e�v�r�_�c �q�Z�k�l�b���l�_�j�j�b�l�h��
�j�b�b�� �h�l�f�_�q�Z�_�l�k�y�� �m�f�_�g�v�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z��
�h�k�Z�^�d�h�\���� �M�\�_�e�b�q�_�g�b�_�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �\�h��
�k�l�h�q�g�h�c�� �b�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �b�k�k�e�_�^�m�_��
�f�h�]�h�� �j�_�]�b�h�g�Z���� �H�k�_�g�g�b�c�� �k�_�a�h�g�� �o�Z�j�Z�d�l�_�j�b��
�a�m�_�l�k�y�� �m�\�_�e�b�q�_�g�b�_�f�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\��
�\���i�_�j�b�h�^�������������± �����������]�]�����i�h���\�k�_�f�m���j�_�]�b�h��
�g�m���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �D�j�u�f��
�k�d�h�]�h���i�h�e�m�h�k�l�j�h�\�Z���� 

�L�_�i�_�j�v�� �j�Z�k�k�f�h�l�j�b�f�� �j�Z�k�i�j�_�^�_�e�_�g�b�_��
�Z�g�h�f�Z�e�b�c �h�k�Z�^�d�h�\���� �:�g�h�f�Z�e�b�b�� �e�m�q�r�_�� �o�Z��
�j�Z�d�l�_�j�b�a�m�x�l���b�a�f�_�g�_�g�b�y���j�_�`�b�f�Z���h�k�Z�^�d�h�\����
�q�_�f�� �j�Z�a�g�h�k�l�v�� �\�� �Z�[�k�h�e�x�l�g�u�o�� �\�_�e�b�q�b�g�Z�o����
�G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�Z �d�Z�j�l�Z �j�Z�k�i�j�_�^�_��
�e�_�g�b�y�� �k�j�_�^�g�_�]�h�^�h�\�u�o�� �Z�g�h�f�Z�e�b�c�� �h�k�Z�^�d�h�\��
�i�h�� �l�_�j�j�b�l�h�j�b�b�� �x�]�Z�� �J�h�k�k�b�b�� �a�Z�� �i�_�j�b�h�^��
1991 �± ���������� �]�]�� �h�l�g�h�k�b�l�_�e�v�g�h�� �i�_�j�b�h�^�Z��
1970 �± �����������]�]�� �������h�l��Rn).  

 

 
�J�b�k. 1  �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_���Z�g�h�f�Z�e�b�c���h�k�Z�^�d�h�\�����������a�Z���i�_�j�b�h�^�������������± �����������]�]���� 

�h�l�g�h�k�b�l�_�e�v�g�h�����i�_�j�b�h�^�Z�������������± �����������]�]�����i�h���l�_�j�j�b�l�h�j�b�b���x�]�Z �J�h�k�k�b�b�����Q�_�j�g�u�f�b���l�h�q�d�Z�f�b���m�d�Z�a�Z�g�h   
�j�Z�k�i�h�e�h�`�_�g�b�_ �f�_�l�_�h�k�l�Z�g�p�b�c�����@�b�j�g�u�f���\�u�^�_�e�_�g�Z���b�a�h�e�b�g�b�y���k���g�m�e�_�\�h�c���Z�g�h�f�Z�e�b�_�c 
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�>�e�y���[�h�e�v�r�_�c���l�_�j�j�b�l�h�j�b�b���j�_�]�b�h�g�Z���o�Z��
�j�Z�d�l�_�j�g�u�� �i�h�e�h�`�b�l�_�e�v�g�u�_�� �Z�g�h�f�Z�e�b�b��
�h�k�Z�^�d�h�\���� �I�h�� �l�_�j�j�b�l�h�j�b�b�� �D�j�Z�k�g�h�^�Z�j�k�d�h�]�h��
�d�j�Z�y�� �Z�g�h�f�Z�e�b�y�� �b�a�f�_�g�y�_�l�k�y�� �\�� �i�_�j�_�^�_�e�Z�o������
�± 11%. �K�_�\�_�j�g�_�_�� ���J�h�k�l�h�\�k�d�Z�y�� �h�[�e�Z�k�l�v����
�\�_�e�b�q�b�g�Z�� �Z�g�h�f�Z�e�b�b�� �k�g�b�`�Z�_�l�k�y�� �^�h�� ���±4%. 
�F�Z�d�k�b�f�Z�e�v�g�u�_ �Z�g�h�f�Z�e�b�b�� �i�j�b�m�j�h�q�_�g�u�� �d��
�i�h�[�_�j�_�`�v�x�� �D�Z�k�i�b�c�k�d�h�]�h�� �f�h�j�y�� �b�� �I�j�b�d�Z��
�k�i�b�c�k�d�h�c�� �g�b�a�f�_�g�g�h�k�l�b�� ���^�h�� ������������ �I�h�e�h��
�`�b�l�_�e�v�g�Z�y�� �Z�g�h�f�Z�e�b�y�� �o�Z�j�Z�d�l�_�j�g�Z�� �l�Z�d�`�_�� �b��
�^�e�y�� �\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m��
�h�k�l�j�h�\�Z���� �k�� �f�Z�d�k�b�f�m�f�h�f�� �g�Z�� �k�_�\�_�j�h-
�\�h�k�l�h�d�_�����G�b�`�g�_�]�h�j�k�d������ 

�H�l�j�b�p�Z�l�_�e�v�g�u�_ �Z�g�h�f�Z�e�b�b�� �h�k�Z�^�d�h�\��
�l�b�i�b�q�g�u�� �^�e�y�� �a�Z�i�Z�^�g�h�c�� �q�Z�k�l�b�� �D�j�u�f�k�d�h�]�h��
�i�h�e�m�h�k�l�j�h�\�Z ���\���k�j�_�^�g�_�f���\�_�e�b�q�b�g�Z���Z�g�h�f�Z��
�e�b�b�� �k�h�k�l�Z�\�e�y�_�l�� ���� �± 4%)���� �k�_�\�_�j�g�h�c�� �q�Z�k�l�b��
�b�a�m�q�Z�_�f�h�]�h�� �j�_�]�b�h�g�Z�� ���<�h�e�]�h�]�j�Z�^�k�d�Z�y�� �h�[��
�e�Z�k�l�v�����^�h�������������Z���l�Z�d�`�_���^�e�y���\�u�k�h�d�h�]�h�j�g�u�o��
�j�Z�c�h�g�h�\�� �D�Z�\�d�Z�a�Z���� �A�^�_�k�v�� �\�_�e�b�q�b�g�Z�� �Z�g�h�f�Z��
�e�b�b�� �\�� �k�j�_�^�g�_�f�� �k�h�k�l�Z�\�e�y�_�l�� �������� �Z�� �f�Z�d�k�b��
�f�Z�e�v�g�Z�y���Z�g�h�f�Z�e�b�y���^�h�k�l�b�]�Z�_�l���������b���o�Z�j�Z�d��
�l�_�j�g�Z���^�e�y���k�l�Z�g�p�b�b���R�Z�^�`�Z�l�f�Z�a��  

�A�Z�d�e�x�q�_�g�b�_�� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z��
�l�u���j�_�]�b�h�g�Z�e�v�g�h�]�h���f�Z�k�r�l�Z�[�Z���k�h�]�e�Z�k�m�x�l�k�y��
�k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �]�e�h�[�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z��
�g�b�c���� �<�h�� �f�g�h�]�b�o�� �j�Z�c�h�g�Z�o�� �A�_�f�g�h�]�h�� �r�Z�j�Z��
�g�Z�[�e�x�^�Z�_�l�k�y�� �m�\�_�e�b�q�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �b��
�b�g�l�_�g�k�b�\�g�h�k�l�b �h�k�Z�^�d�h�\���� �� �W�l�b�� �b�a�f�_�g�_�g�b�y��
�k�\�y�a�Z�g�u�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �\�u�[�j�h�k�h�\�� �\�h�^�y��
�g�h�]�h�� �i�Z�j�Z�� �\�� �Z�l�f�h�k�n�_�j�m�� �\�k�e�_�^�k�l�\�b�_�� �i�h��
�l�_�i�e�_�g�b�y�� �h�d�_�Z�g�h�\���� �h�k�h�[�_�g�g�h�� �\�� �g�b�`�g�b�o��
�r�b�j�h�l�Z�o�� �>���@���� �J�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�e�b�� �m�\�_�e�b�q�_��
�g�b�_�� �k�j�_�^�g�_�]�h�^�h�\�u�o�� �b�� �k�_�a�h�g�g�u�o�� �k�m�f�f��
�h�k�Z�^�d�h�\���\���i�_�j�b�h�^�������������± �����������]�]�����i�j�Z�d�l�b��
�q�_�k�d�b�� �^�e�y�� �\�k�_�]�h �j�_�]�b�h�g�Z���� �h�^�g�Z�d�h�� �k�l�Z�l�b��
�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �m�\�_�e�b�q�_�g�b�_�� �o�Z�j�Z�d��
�l�_�j�g�h���^�e�y���\�h�k�l�h�q�g�h�c���q�Z�k�l�b���I�j�_�^�d�Z�\�d�Z�a�v�y�� 
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CHANGE  OF  THE  PRECIPITATION  IN  THE  TERRITORY  OF  SOUTHERN  RUSSIA  
AT THE  END  OF  THE  XX  �±  BEGINNING  OF  THE  XXI   CENTURY 
 
E.V. Vyshkvarkova  
 
Institute of Natural and Technical Systems, Russian Federation, Sevastopol, Lenin St., 28 
 
Using precipitation data from meteorological stations over the territory of South of Russia, behavior of 
this parameter for period 1991 �± 2010 relatively to 1970 �± 1990 was investigated. Ubiquitous increase in 
precipitation over the South of Russia was shown.    
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�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �J�Z�a�m�f�_�_�l�k�y���� �j�Z�k�l�m��
�s�b�c�� �h�[�t�_�f�� �^�Z�g�g�u�o���� �i�h�e�m�q�Z�_�f�u�o�� �k�� �i�h��
�f�h�s�v�x�� �^�b�k�l�Z�g�p�b�h�g�g�u�o�� �f�_�l�h�^�h�\�� ���k�i�m�l��
�g�b�d�h�\�u�o���� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �[�_�k�i�b�e�h�l�g�u�o��
�e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\������ �h�[�e�_�]�q�Z�_�l�� �a�Z�^�Z��
�q�m���� �>�b�k�l�Z�g�p�b�h�g�g�u�_�� �f�_�l�h�^�u���� �h�^�g�Z�d�h���� �g�_��
�f�h�]�m�l�� �\�� �i�h�e�g�h�c�� �f�_�j�_�� �a�Z�f�_�g�b�l�v�� �g�Z�[�e�x�^�_��
�g�b�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �g�Z�� �e�_�^�g�b�d�Z�o���� �I�h��
�k�d�h�e�v�d�m�� �h�j�]�Z�g�b�a�Z�p�b�y�� �f�h�g�b�l�h�j�b�g�]�Z�� �g�Z��
�d�Z�`�^�h�f���� �^�Z�`�_�� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�j�m�i�g�h�f��
�e�_�^�g�b�d�_�����h�q�_�\�b�^�g�h���k�e�b�r�d�h�f���a�Z�l�j�Z�l�g�Z�����b�o��
�i�j�h�\�h�^�y�l�� �g�Z�� �g�_�f�g�h�]�b�o�� �l�b�i�b�q�g�u�o�� ���h�i�h�j��
�g�u�o���� �j�_�i�_�j�g�u�o���� �e�_�^�g�b�d�Z�o���� �L�Z�d�h�\�u�f�� �^�e�y��
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�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�h�� �k�j�_�^�g�_�k�l�Z�l�b�k�l�b��
�q�_�k�d�b�f�� �e�_�^�g�b�d�h�f�� �D�Z�\�d�Z�a�Z�� �>���@���� �J�_�]�m�e�y�j��
�g�u�_���g�Z�[�e�x�^�_�g�b�y���a�^�_�k�v���\�_�^�m�l�k�y���\���l�_�q�_�g�b�_��
�i�h�k�e�_�^�g�_�]�h�� �i�h�e�m�\�_�d�Z���� �G�Z�[�h�j�� �g�Z�[�e�x�^�Z�_��
�f�u�o�� �^�Z�g�g�u�o�� �^�_�e�Z�_�l�� �>�`�Z�g�d�m�Z�l�� �n�Z�d�l�b�q�_��
�k�d�b���b�^�_�Z�e�v�g�u�f���h�[�t�_�d�l�h�f���^�e�y���d�Z�e�b�[�j�h�\�d�b��
�b�� �\�Z�e�b�^�Z�p�b�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b��
�^�b�g�Z�f�b�d�b�� �]�h�j�g�h�]�h�� �e�_�^�g�b�d�Z���� �>�e�y�� �Z�g�Z�e�b�a�Z��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�j�b��
�o�h�^�g�h�c �b���j�Z�k�o�h�^�g�h�c���q�Z�k�l�_�c���[�Z�e�Z�g�k�Z���f�Z�k��
�k�u���� �g�Z�� �e�_�^�g�b�d�_�� �\�u�^�_�e�y�x�l�� ������ �\�u�k�h�l�g�h-
�f�h�j�n�h�e�h�]�b�q�_�k�d�b�o���a�h�g�����j�b�k��������. 
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�h�k�Z�^�d�h�\ �b�� �g�Z�� �g�b�o���� �b�� �g�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c��
�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c�� �k�l�Z�g�p�b�b�� ���:�F�K������ �j�Z��
�[�h�l�Z�x�s�_�c���\���l�_�i�e�m�x���i�h�e�h�\�b�g�m���]�h�^�Z���g�_�i�h��
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�[�Z�e�Z�g�k�Z���� �i�h�k�l�j�h�_�g�g�u�f�b�� �g�Z�� �h�k�g�h�\�_�� �^�Z�g��
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�I�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �i�j�b�a�_�f�g�h�c�� �l�_�f��
�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�����J�Z�k�q�_�l�� �i�h�e�y�� �i�j�b�a�_�f��
�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �g�_�i�h�k�j�_�^��
�k�l�\�_�g�g�h�� �g�Z�^�� �e�_�^�g�b�d�h�f�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�m��
�l�_�f�� �i�h�k�l�j�h�_�g�b�y�� �i�j�h�k�l�h�c�� �e�b�g�_�c�g�h�c�� �a�Z�\�b��
�k�b�f�h�k�l�b�� �f�_�`�^�m�� �k�j�_�^�g�_�k�m�l�h�q�g�h�c�� �l�_�f�i�_��
�j�Z�l�m�j�h�c�� �\�h�a�^�m�o�Z�� �g�Z�� �k�_�l�_�\�h�c�� �f�_�l�_�h�k�l�Z�g��
�p�b�b�� �L�_�j�k�d�h�e�� �b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �f�_�l�_�h��
�k�l�Z�g�p�b�b���� �m�k�l�Z�g�Z�\�e�b�\�Z�_�f�h�c�� �g�Z�� �i�h�\�_�j�o�g�h��
�k�l�b�� �e�_�^�g�b�d�Z�� �\�� �a�h�g�_�� �Z�[�e�y�p�b�b�� �g�Z�� �Z�[�k�h�e�x�l��
�g�h�c�� �\�u�k�h�l�_�� �h�d�h�e�h�� �\�u�k�h�l�_�� �h�d�h�e�h�� ���������� �f��
�g.�m���f�������j�b�k������).  
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Terskol
A

Djankuat
A TbaT ��� ,             (1) 

�]�^�_������a = -���������“��������;  b � �����������“��������.  
�<�u�j�Z�`�_�g�b�_�� �������� �g�_�y�\�g�u�f�� �h�[�j�Z�a�h�f��

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

�G�b�`�_�� �f�u�� �[�m�^�_�f�� �h�i�m�k�d�Z�l�v�� �\�_�j�o�g�b�c��
�b�g�^�_�d�k��Djankuat �i�j�b �h�[�h�a�g�Z�q�_�g�b�b���l�_�f�i�_��
�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z���� �<�� �d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�h�c��
�©�i�j�h�]�g�h�k�l�b�q�_�k�d�h�c�ª�� �i�_�j�_�f�_�g�g�h�c�� �b�k�i�h�e�v��
�a�m�_�l�k�y�� �b�f�_�g�g�h�� �k�j�_�^�g�_�k�m�l�h�q�g�Z�y�� �l�_�f�i�_�j�Z��
�l�m�j�Z�� �\�h�a�^�m�o�Z���� �Z�� �g�_�� �k�j�h�q�g�u�_ �a�g�Z�q�_�g�b�y, 
�i�h�k�d�h�e�v�d�m�� �\�� �[�m�^�m�s�b�o�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o��
�j�Z�k�q�_�l�Z�o�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v��
�b�f�_�g�g�h�� �k�j�_�^�g�_�k�m�l�h�q�g�u�_�� �a�g�Z�q�_�g�b�y���� �<�� �f�h��
�^�_�e�b �`�_�� �[�Z�e�Z�g�k�Z�� �f�Z�k�k�u�� �j�Z�k�q�_�l�u�� �\�_�^�m�l�k�y��
�k�� �q�Z�k�h�\�u�f�� �j�Z�a�j�_�r�_�g�b�_�f���� �q�l�h�[�u�� �m�q�_�k�l�v��
�k�m�l�h�q�g�u�c�� �o�h�^�� �i�j�b�o�h�^�y�s�_�c�� �k�h�e�g�_�q�g�h�c��
�j�Z�^�b�Z�p�b�b���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h���� �^�e�y�� �j�Z�k�q�_�l�Z��
�^�j�m�]�b�o, �k�\�y�a�Z�g�g�u�o�� �k���g�b�f  �i�_�j�_�f�_�g�g�u�o��
���g�Z�i�j�b�f�_�j���� �w�n�n�_�d�l�b�\�g�h�]�h�� �b�a�e�m�q�_�g�b�y����
�g�_�h�[�o�h�^�b�f�u�� �_�`�_�q�Z�k�g�u�_�� �a�g�Z�q�_�g�b�y�� �l�_�f�i�_��
�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �b�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�\�_�j�o��
�g�h�k�l�b���� �I�h�f�b�f�h�� �w�l�h�]�h���� �a�g�Z�q�_�g�b�y�� �_�`�_�q�Z�k��
�g�h�c���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z TA �h�i�j�_�^�_�e�y�x�l��
�]�j�Z�g�b�p�m�� �l�Z�y�g�b�y �i�j�b�� �^�h�k�l�Z�l�h�q�g�h�c�� �^�h��
�k�l�m�i�g�h�c �w�g�_�j�]�b�b�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �e�_�^�g�b��
�d�Z���� �K�m�l�h�q�g�u�c�� �o�h�^�� ���_�`�_�q�Z�k�g�u�_ �a�g�Z�q�_�g�b�y����
�a�Z�^�Z�_�l�k�y�� �i�j�h�k�l�h�c�� �]�Z�j�f�h�g�b�q�_�k�d�h�c�� �n�h�j�f�m��
�e�h�c�� 
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�]�^�_��AT

~
 �± �k�m�l�h�q�g�Z�y���Z�f�i�e�b�l�m�^�Z; t = 0, �«��������

�± �\�j�_�f�y�� �\�� �q�Z�k�Z�o�� AT
~

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

�M�j�Z�\�g�_�g�b�_�� �������� �a�Z�^�Z�_�l�� �i�j�b�a�_�f�g�m�x��
�l�_�f�i�_�j�Z�l�m�j�m���\�h�a�^�m�o�Z�� �g�Z�� �Z�[�k�h�e�x�l�g�h�c�� �\�u��
�k�h�l�_�� �:�F�K���� �G�Z�� �\�k�x�� �l�_�j�j�b�l�h�j�b�x�� �e�_�^�g�b�d�Z��
�i�j�b�a�_�f�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �w�d�k�l�j�Z�i�h�e�b�j�m�_�l��
�k�y���k���m�q�_�l�h�f���i�j�b�a�_�f�g�h�]�h���]�j�Z�^�b�_�g�l�Z�����d�h�l�h��
�j�u�c�� �l�Z�d�`�_�� �k�q�b�l�Z�_�l�k�y�� �g�Z�k�l�j�Z�b�\�Z�_�f�u�f�� �i�Z��
�j�Z�f�_�l�j�h�f�����i�h�k�d�h�e�v�d�m���\���m�k�e�h�\�b�y�o���\�u�k�h�d�h��
�]�h�j�v�y�� �f�h�`�_�l�� �f�_�g�y�l�v�k�y�� �\�� �r�b�j�h�d�b�o�� �i�j�_�^�_��
�e�Z�o��[4].   

�I�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �Z�d�d�m�f�m�e�y�p�b�b�� 
�I�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �Z�d�d�m�f�m�e�y�p�b�b�� �i�h�� �^�Z�g��
�g�u�f�� �f�_�l�_�h�g�Z�[�e�x�^�_�g�b�c�� �g�_�k�d�h�e�v�d�h�� �k�e�h�`��
�g�_�_���� �q�_�f�� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �l�_�f�i�_�j�Z�l�m�j�u��
�\�h�a�^�m�o�Z���� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v, �g�_�h�[�o�h�^�b�f�h��
�q�_�l�d�h�� �h�i�j�_�^�_�e�b�l�v���� �q�l�h�� �i�h�g�b�f�Z�_�l�k�y�� �i�h�^��
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�Z�d�d�m�f�m�e�y�p�b�_�c�� �\�� �d�h�g�l�_�d�k�l�_�� �_�_�� �n�h�j�f�Z�e�b��
�a�Z�p�b�b�� �\�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b���� �B�l�Z�d����
�i�h�^�� �Z�d�d�m�f�m�e�y�p�b�_�c�� �f�u�� �[�m�^�_�f�� �i�h�g�b�f�Z�l�v��
�h�[�s�_�_���d�h�e�b�q�_�k�l�\�h���\�_�s�_�k�l�\�Z���\���i�j�b�o�h�^�g�h�c��
�q�Z�k�l�b�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �[�Z�e�Z�g�k�Z�� �f�Z�k�k�u����
�K�x�^�Z�� �h�l�g�h�k�y�l�k�y�� �h�k�Z�^�d�b�� ���`�b�^�d�b�_���� �l�\�_�j��
�^�u�_���� �k�f�_�r�Z�g�g�u�_������ �b�a�� �k�m�f�f�u�� �d�h�l�h�j�u�o��
�\�u�q�b�l�Z�_�l�k�y�� �d�h�e�b�q�_�k�l�\�h�� �b�k�i�Z�j�b�\�r�_�]�h�k�y��
�k�g�_�]�Z �b�e�b���l�Z�e�h�c���\�h�^�u. �I�h�e�_�a�g�h�c���\�_�e�b�q�b��
�g�h�c�����d�h�l�h�j�m�x���^�h�k�l�Z�l�h�q�g�h���i�j�h�k�l�h���h�i�j�_�^�_��
�e�b�l�v�� �b�a�� �g�Z�[�e�x�^�_�g�b�c�� ���k�g�_�]�h�f�_�j�g�u�o�� �k�t�_��
�f�h�d���� �d�h�f�i�e�_�d�k�Z�� �b�a�f�_�j�_�g�b�c�� �\�� �r�m�j�n�Z�o��, 
�y�\�e�y�_�l�k�y�� �a�b�f�g�b�c�� �[�Z�e�Z�g�k�� �f�Z�k�k�u���� �d�h�l�h�j�u�c��
�n�h�j�f�Z�e�v�g�h���f�h�`�g�h �a�Z�i�b�k�Z�l�v���d�Z�d [7] 
 

VMPXb mw �r�r�r� ,              (3) 

 
�]�^�_�� �i�_�j�\�u�c�� �q�e�_�g�� �\�� �i�j�Z�\�h�c�� �q�Z�k�l�b�� �h�[�h�a�g�Z��
�q�Z�_�l�� �k�m�f�f�m�� �l�\�_�j�^�u�o�� �h�k�Z�^�d�h�\���� �\�l�h�j�h�c�� �± 
�g�Z�j�Z�k�l�Z�x�s�b�_�� �h�k�Z�^�d�b���� �l�j�_�l�b�c�� �± �f�_�l�_�e�_��
�\�u�c�� �i�_�j�_�g�h�k���� �q�_�l�\�_�j�l�u�c�� �± �e�Z�\�b�g�g�h�_�� �i�b��
�l�Z�g�b�_���� �H�k�g�h�\�g�h�c�� �b�k�l�h�q�g�b�d�� �\�� �i�j�b�o�h�^�g�h�c��
�q�Z�k�l�b�� �[�Z�e�Z�g�k�Z���± �Z�l�f�h�k�n�_�j�g�u�_�� �h�k�Z�^�d�b���� �<��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c�� �[�e�b�a�h�k�l�b�� �h�l�� �e�_�^�g�b�d�Z��
�>�`�Z�g�d�m�Z�l�� �j�Z�k�i�h�e�h�`�_�g�u�� �^�\�_�� �k�_�l�_�\�u�_�� �f�_��
�l�_�h�k�l�Z�g�p�b�b���± �L�_�j�k�d�h�e���\���^�h�e�b�g�_���j�����;�Z�d�k�Z�g��
�b�� �F�_�k�l�b�Z�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �=�j�m�a�b�b�� �g�Z�� �x�`��
�g�h�f�� �f�Z�d�j�h�k�d�e�h�g�_�� �=�e�Z�\�g�h�]�h�� �D�Z�\�d�Z�a�k�d�h�]�h��
�o�j�_�[�l�Z���� �K�j�_�^�g�_�]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h�� �h�k�Z�^��
�d�h�\�� �g�Z�� �h�[�_�b�o�� �k�l�Z�g�p�b�y�o�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h��
�h�^�b�g�Z�d�h�\�h�_�� �± �h�d�h�e�h�� ���������� �f�f���]�h�^���� �I�Z�j�Z��

�^�h�d�k�Z�e�v�g�h���� �g�h�� �\�� �^�h�e�b�g�_�� �j���� �:�^�u�e-�K�m�m���� �\��
�\�_�j�o�h�\�v�y�o�� �d�h�l�h�j�h�c�� �j�Z�k�i�h�e�h�`�_�g�� �e�_�^�g�b�d��
�>�`�Z�g�d�m�Z�l���� �k�j�_�^�g�_�]�h�^�h�\�h�_�� �d�h�e�b�q�_�k�l�\�h��
�h�k�Z�^�d�h�\�� �]�h�j�Z�a�^�h�� �[�h�e�v�r�_ ���j�b�k���� �������� �K�h��
�]�e�Z�k�g�h�� �^�Z�g�g�u�f�� �k�g�_�]�h�f�_�j�g�u�o�� �k�t�_�f�h�d��
���<���<���� �I�h�i�h�\�g�b�g�� �q�Z�k�l�g�h�_�� �k�h�h�[�s�_�g�b�_������
�Z�d�d�m�f�m�e�y�p�b�y�� �l�\�_�j�^�h�]�h�� �\�_�s�_�k�l�\�Z�� �g�Z�� �e�_�^��
�g�b�d�_�� �\�� �l�_�q�_�g�b�_�� ������������������ �± 2008/2009 
�[�Z�e�Z�g�k�h�\�u�o�� �]�h�^�h�\�� �k�h�k�l�Z�\�b�e�h�� ���������� �f�f���� �<��
�w�l�m�� �k�m�f�f�m�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �������� �i�h�f�b�f�h��
�l�\�_�j�^�u�o�� �h�k�Z�^�d�h�\�� �\�o�h�^�y�l�� �g�Z�j�Z�k�l�Z�x�s�b�_��
�h�k�Z�^�d�b���� �f�_�l�_�e�_�\�u�c�� �i�_�j�_�g�h�k�� �k�g�_�]�Z�� �k��
�h�d�j�m�`�Z�x�s�b�o�� �k�d�e�h�g�h�\�� �b�� �e�Z�\�b�g�g�h�_�� �i�b�l�Z��
�g�b�_���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �i�h�k�e�_�^�g�b�_��
�^�\�Z���d�h�f�i�h�g�_�g�l�Z���a�b�f�g�_�]�h���[�Z�e�Z�g�k�Z �_�^�\�Z���e�b��
�\�h�a�f�h�`�g�h���k�d�h�e�v�d�h-�g�b�[�m�^�v���l�h�q�g�h���d�h�e�b�q�_��
�k�l�\�_�g�g�h�� �h�i�j�_�^�_�e�b�l�v�� �^�e�y�� �e�_�^�g�b�d�h�\�� �\�� �p�_��
�e�h�f�����H�g�b���q�j�_�a�\�u�q�Z�c�g�h���k�b�e�v�g�h���a�Z�\�b�k�y�l���h�l��
�f�_�k�l�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c���� �j�_�e�v�_��
�n�Z���f�_�k�l�g�h�k�l�b���b���l���^���� �L�Z�d�����i�h���h�p�_�g�d�_�� �I���F����
�E�m�j�v�_  �b���^�j����[8�@���^�h�e�y���f�_�l�_�e�_�\�h�]�h���i�_�j�_�g�h��
�k�Z�� �^�e�y�� �e�_�^�g�b�d�h�\�� �D�Z�\�d�Z�a�Z�� �\�Z�j�v�b�j�m�_�l�k�y�� �\��
�i�j�_�^�_�e�Z�o�� �����±���������� �k�g�_�`�g�u�o�� �e�Z�\�b�g�� �± 3�±
�����������N�b�a�b�q�_�k�d�b�_�� �f�h�^�_�e�b���� �h�i�b�k�u�\�Z�x�s�b�_��
�f�_�l�_�e�_�\�u�c���i�_�j�_�g�h�k���b���i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_��
�k�g�_�]�Z�� �i�h�k�e�_�� �_�]�h�� �\�u�i�Z�^�_�g�b�y���� �j�Z�a�j�Z�[�Z�l�u��
�\�Z�x�l�k�y�� �^�h�k�l�Z�l�h�q�g�h�� �^�Z�\�g�h���� �g�h���� �]�e�Z�\�g�u�f��
�h�[�j�Z�a�h�f�����^�e�y���m�k�e�h�\�b�c���j�h�\�g�h�c�� �b�e�b���k�e�Z�[�h-
�\�k�o�h�e�f�e�_�g�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� ���k�f���� �h�[�a�h�j����
�g�Z�i�j�b�f�_�j�����\��[9]). 

 

 
 

�J�b�k������. �K�j�_�^�g�_�k�m�l�h�q�g�Z�y���i�j�b�a�_�f�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�����ƒ�K�������b�a�f�_�j�_�g�g�Z�y���h�^�g�h�\�j�_�f�_�g�g�h���g�Z���k�_�l�_�\�h�c��
�f�_�l�_�h�k�l�Z�g�p�b�b�����F�K�����L�_�j�k�d�h�e���b���Z�\�l�h�f�Z�l�b�q�_�k�d�h�c���f�_�l�_�h�k�l�Z�g�p�b�b�����:�F�K�����>�`�Z�g�d�m�Z�l���e�_�l�h�f�������������]�������Z������

�E�b�g�_�c�g�Z�y���k�\�y�a�v���f�_�`�^�m���g�b�f�b�����[�� 
 

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

�\�_�l�j�Z�� �\�� �[�Z�k�k�_�c�g�_�� �e�_�^�g�b�d�Z�� ���d�h�l�h�j�h�_�� �\��
�k�\�h�x�� �h�q�_�j�_�^�v�� �\�h�a�f�h�`�g�h���� �g�Z�i�j�b�f�_�j���� �j�Z�k��
�k�q�b�l�u�\�Z�l�v�� �g�Z�� �f�_�a�h�f�Z�k�r�l�Z�[�g�u�o�� �f�h�^�_�e�y�o����
�b���h���i�h�e�_���Z�d�d�m�f�m�e�y�p�b�b�����\�h�k�k�l�Z�g�h�\�e�_�g�g�h�f��
�l�_�f�� �b�e�b�� �b�g�u�f�� �k�i�h�k�h�[�h�f). �<�� �>9�@�� �i�h�^�q�_�j��
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�d�b�\�Z�_�l�k�y���� �q�l�h�� �d�e�x�q�_�\�m�x���j�h�e�v�� �i�j�b�� �j�Z�k�q�_��
�l�_�����a�b�f�g�_�]�h�����[�Z�e�Z�g�k�Z���f�Z�k�k�u���b�]�j�Z�_�l���b�f�_�g��
�g�h�� �Z�d�d�m�j�Z�l�g�u�c�� �j�Z�k�q�_�l�� �i�h�e�y�� �\�_�l�j�Z. �H�q�_��
�\�b�^�g�h���� �q�l�h�� �\�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�o�� �j�Z�k�q�_�l�Z�o��
�g�Z�� �^�h�k�l�Z�l�h�q�g�h�� �h�l�^�Z�e�_�g�g�m�x�� �i�_�j�k�i�_�d�l�b�\�m����
�g�Z�� �q�l�h���� �\�� �d�h�g�_�q�g�h�f�� �b�l�h�]�_�� �b�� �g�Z�i�j�Z�\�e�_�g�Z��
�g�Z�r�Z���j�Z�[�h�l�Z���� �i�h�e�m�q�b�l�v�� �l�Z�d�b�_�� �i�h�e�y���� �j�Z�a�m��
�f�_�_�l�k�y���� �\�h�a�f�h�`�g�h�� �i�m�l�_�f�� �k�l�u�d�h�\�d�b�� �]�e�h��
�[�Z�e�v�g�u�o�� �f�h�^�_�e�_�c�� �d�e�b�f�Z�l�Z�� �b�� �f�_�a�h�f�Z�k��
�r�l�Z�[�g�u�o���f�h�^�_�e�_�c�����j�_�]�b�h�g�Z�e�v�g�u�o���d�e�b�f�Z��
�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c������ �h�^�g�Z�d�h�� �_�^�\�Z�� �e�b�� �i�h��
�^�h�[�g�u�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�_�� �j�Z�k�q�_�l�u�� �[�m�^�m�l��
�b�f�_�l�v �d�Z�d�m�x-�e�b�[�h���p�_�g�g�h�k�l�v�� 

�I�j �b�f�_�j�g�h�� �l�Z�d�� �`�_���� �d�Z�d�� �k�� �n�h�j�f�Z�e�b�a�Z��
�p�b�_�c���h�p�_�g�d�b���\�d�e�Z�^�Z���f�_�l�_�e�_�\�h�]�h���i�_�j�_�g�h�k�Z 
�h�[�k�l�h�y�l�� �^�_�e�Z�� �b�� �k�� �h�p�_�g�d�h�c�� �\�d�e�Z�^�Z�� �e�Z�\�b�g��
�g�h�]�h�� �i�b�l�Z�g�b�y���� �D�h�e�b�q�_�k�l�\�_�g�g�Z�y�� �h�p�_�g�d�Z��
�j�h�e�b�� �e�Z�\�b�g�g�h�]�h�� �i�b�l�Z�g�b�y�� �\�� �i�j�b�o�h�^�g�h�c��
�q�Z�k�l�b�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �[�Z�e�Z�g�k�Z�� �f�Z�k�k�u��
�]�h�j�g�h�]�h�� �e�_�^�g�b�d�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �^�h��
�k�l�Z�l�h�q�g�h�� �k�e�h�`�g�m�x�� �a�Z�^�Z�q�m���� �K�� �h�^�g�h�c�� �k�l�h��
�j�h�g�u���� �^�h�e�y�� �e�Z�\�b�g�g�h�]�h�� �i�b�l�Z�g�b�y�� �\�� �i�j�b��
�o�h�^�g�h�c�� �q�Z�k�l�b�� �[�Z�e�Z�g�k�Z�� �f�Z�k�k�u�� �d�Z�`�^�h�]�h 
�h�l�^�_�e�v�g�h���\�a�y�l�h�]�h �e�_�^�g�b�d�Z���h�q�_�g�v���b�g�^�b�\�b��
�^�m�Z�e�v�g�Z���� �H�g�Z�� �h�i�j�_�^�_�e�y�_�l�k�y �]�_�h�f�h�j�n�h�e�h��
�]�b�q�_�k�d�b�f�b�� �b�� �d�e�b�f�Z�l�b�q�_�k�d�b�f�b�� �h�k�h�[�_�g�g�h��
�k�l�y�f�b���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �\�d�e�Z�^�� �e�Z�\�b�g��
�g�h�]�h�� �i�b�l�Z�g�b�y�� �f�h�`�_�l�� �\�Z�j�v�b�j�h�\�Z�l�v�k�y�� �\��
�r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o�� �h�l�� �]�h�^�Z�� �d�� �]�h�^�m���� �E�Z��
�\�b�g�g�h�_�� �i�b�l�Z�g�b�_�� �\�� �>7�@�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d��
�f�Z�k�k�Z�� �k�g�_�]�Z���� �^�h�i�h�e�g�b�l�_�e�v�g�h�� �i�_�j�_�g�_�k�_�g��
�g�Z�y�� �]�j�Z�\�b�l�Z�p�b�h�g�g�u�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�v�� �e�_�^�g�b�d�Z�� �b�a-�a�Z�� �_�]�h�� �i�j�_�^�_�e�h�\��
�i�h�k�e�_�� �g�Z�q�Z�e�v�g�h�c�� �k�_�^�b�f�_�g�l�Z�p�b�b�� �l�\�_�j�^�u�o��
�Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^�d�h�\���� �D�� �d�Z�l�_�]�h�j�b�b�� �e�Z��
�\�b�g�g�h�]�h�� �i�b�l�Z�g�b�y�� �i�h�f�b�f�h�� �k�h�[�k�l�\�_�g�g�h��
�e�Z�\�b�g�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �b�� �b�g�u�_�� �i�j�h�p�_�k�k�u����
�h�[�m�k�e�h�\�e�_�g�g�u�_�� �\�e�b�y�g�b�_�f �k�b�e�u�� �l�y�`�_�k�l�b����
�g�Z�i�j�b�f�_�j���� �l���g���� �k�g�_�`�g�u�_�� �j�m�q�_�c�d�b�� �b�a�� �k�\�_��
�`�_�\�u�i�Z�\�r�_�]�h�� �k�m�o�h�]�h�� �k�g�_�]�Z�� �b�e�b�� �\�y�a�d�h-
�i�e�Z�k�l�b�q�_�k�d�h�_�� �i�_�j�_�f�_�s�_�g�b�_�� �k�g�_�`�g�h�c��
�f�Z�k�k�u�� �k�� �h�d�j�m�`�Z�x�s�b�o�� �k�d�Z�e���� �I�_�j�_�f�_�s�_��
�g�b�_�� �k�g�_�`�g�h�c�� �f�Z�k�k�u�� �e�Z�\�b�g�Z�f�b�� �g�Z�� �k�Z�f�h�f��
�e�_�^�g�b�d�_�� �g�_�� �f�h�`�_�l�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y�� �\�� �d�Z��
�q�_�k�l�\�_�� �e�Z�\�b�g�g�h�]�h�� �i�b�l�Z�g�b�y���� �i�h�k�d�h�e�v�d�m��
�j�_�q�v�� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �b�^�_�l�� �h�� �\�g�m�l�j�b�[�Z�k��
�k�_�c�g�h�\�h�f�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�b���� �>�e�y�� �m�k�e�h��
�\�b�c�� �>�`�Z�g�d�m�Z�l�Z�� �i�j�h�\�h�^�b�e�b�k�v�� �d�h�e�b�q�_��
�k�l�\�_�g�g�u�_�� �h�p�_�g�d�b�� �\�d�e�Z�^�Z�� �e�Z�\�b�g�g�h�]�h�� �i�b��
�l�Z�g�b�y�� �>7�@���� �>�e�y�� �w�l�h�]�h�� �b�a�� �\�k�_�]�h�� �j�y�^�Z�� �^�h��
�k�l�m�i�g�h�]�h�� �g�Z�[�h�j�Z�� �f�g�h�]�h�e�_�l�g�b�o�� �^�Z�g�g�u�o��
�[�u�e�� �\�u�[�j�Z�g�� �l�b�i�b�q�g�u�c�� ���l���_���� �k�� �[�h�e�_�_-
�f�_�g�_�_�� �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�f�b�� �m�k�e�h�\�b�y�f�b��
�k�g�_�]�h�g�Z�d�h�i�e�_�g�b�y���� �[�Z�e�Z�g�k�h�\�u�c�� �]�h�^��

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

�B�l�Z�d���� �_�k�e�b�� �i�j�b�g�y�l�v�� �k�j�_�^�g�_�_�� �b�a�� �h�p�_�g��
�d�b���>8�@���\�d�e�Z�^�Z���f�_�l�_�e�_�\�h�]�h���i�_�j�_�g�h�k�Z��������������
�b�� �e�Z�\�b�g�g�h�]�h�� �i�b�l�Z�g�b�y�� ���������� �b�a�� �>���@���� �l�h��
�k�m�f�f�Z�j�g�u�c�� �\�d�e�Z�^�� �w�l�b�o�� �^�\�m�o�� �n�Z�d�l�h�j�h�\��
�k�h�k�l�Z�\�b�l�� ������, �i�j�b�q�_�f�� �l�h�e�v�d�h�� �a�b�f�g�_�c��
�Z�d�d�m�f�m�e�y�p�b�b���� �l���_���� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� ����������
�f�f�� �\�h�^�g���� �w�d�\���� �\�� �k�j�_�^�g�_�f�� �a�Z�� �i�_�j�b�h�^��
1999/2000 �± �������������������� �[�Z�e�Z�g�k�h�\�u�o�� �]�h��
�^�h�\���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �a�b�f�g�b�_�� ���l�\�_�j�^�u�_����
�h�k�Z�^�d�b�� �g�Z�� �f�_�l�_�h�k�l�Z�g�p�b�y�o�� �F�_�k�l�b�Z�� �b�� �L�_�j��
�k�d�h�e�� �k�h�k�l�Z�\�b�e�b�� �h�d�h�e�h�� �i�h�e�\�b�g�u�� �]�h�^�h�\�h�]�h��
�d�h�e�b�q�_�k�l�\�Z���� �l���_���� �������±�������� �f�f���]�h�^���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �i�h�k�l�m�i�e�_�g�b�_�f�� �k�g�_�]�Z�� �b�a�� �h�[�h�b�o��
�m�i�h�f�y�g�m�l�u�o�� �b�k�l�h�q�g�b�d�h�\�� ���f�_�l�_�e�_�\�u�c�� �i�_��
�j�_�g�h�k�� �b�� �e�Z�\�b�g�g�h�_ �i�b�l�Z�g�b�_�� �g�Z�j�Z�k�l�Z�x�s�b��
�f�b���h�k�Z�^�d�Z�f�b���f�h�`�g�h���i�j�_�g�_�[�j�_�q�v �\�\�b�^�m �b�o��
�g�_�a�g�Z�q�b�l�_�e�v�g�h�k�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
�h�k�l�Z�e�v�g�u�f�b�� �b�k�l�h�q�g�b�d�Z�f�b���� �g�_�e�v�a�y�� �h�[�t�y�k��
�g�b�l�v�� �l�h�]�h�� �n�Z�d�l�Z���� �q�l�h�� �k�g�_�]�h�g�Z�d�h�i�e�_�g�b�_��
�i�j�_�\�u�r�Z�_�l�� �d�h�e�b�q�_�k�l�\�h�� �_�`�_�]�h�^�g�h�� �\�u�i�Z��
�^�Z�x�s�b�o�� �l�\�_�j�^�u�o�� �h�k�Z�^�d�h�\�� �\�� ��-���� �j�Z�a�Z����
�I�j�b�[�e�b�a�b�l�_�e�v�g�u�c �i�h�^�k�q�_�l�� �i�h�d�Z�a�u�\�Z�_�l����
�q�l�h�� �a�b�f�g�b�_�� �h�k�Z�^�d�b�� �\�� �[�Z�k�k�_�c�g�_�� �e�_�^�g�b�d�Z 
�^�h�e�`�g�u���\�^�\�h�_���i�j�_�\�u�r�Z�l�v���b�a�f�_�j�_�g�g�u�_���g�Z��
�k�_�l�_�\�u�o�� �f�_�l�_�h�k�l�Z�g�p�b�y�o���� �H�k�h�[�_�g�g�h�k�l�b��
�Z�l�f�h�k�n�_�j�g�h�c�� �p�b�j�d�m�e�y�p�b�b�� �y�\�e�y�x�l�k�y�� �i�j�b��
�q�b�g�h�c�� �i�h�\�u�r�_�g�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\��
�g�_�a�Z�\�b�k�b�f�h�� �h�l�� �k�h�k�l�Z�\�Z�� �i�h�k�e�_�^�g�b�o���� �>�_�c��
�k�l�\�b�l�_�e�v�g�h���� �k�h�]�e�Z�k�g�h�� �h�p�_�g�d�_�� �>10�@���� �h�k�g�h��
�\�Z�g�g�h�c�� �g�Z�� �Z�g�Z�e�b�a�_���� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f����
�i�h�d�Z�a�Z�g�b�c�� �h�k�Z�^�d�h�f�_�j�h�\�� ���h�k�Z�^�d�b�� �l�h�e�v�d�h��
�e�_�l�g�_�]�h�� �i�_�j�b�h�^�Z���� �b�� �k�g�_�`�g�u�o�� �r�m�j�n�h�\��
���l�h�e�v�d�h�� �a�b�f�g�b�_�� �h�k�Z�^�d�b������ �i�j�h�\�_�^�_�g�g�h�]�h �\��
���������������� �]�]., �k�m�f�f�u �h�k�Z�^�d�h�\�� �g�Z�� �e�_�^�g�b�d�_��
�>�`�Z�g�d�m�Z�l�� �\�� �������� �j�Z�a�Z�� �i�j�_�\�u�r�Z�e�b �f�_�k�y�q��
�g�u�_�� �k�m�f�f�u�� �h�k�Z�^�d�h�\�� �g�Z�� �f�_�l�_�h�k�l�Z�g�p�b�b��
�L�_�j�k�d�h�e���� �>�e�y�� �e�_�^�g�b�d�Z�� �>�`�Z�g�d�m�Z�l���� �d�Z�d�� �b��
�^�e�y �b�g�u�o���e�_�^�g�b�d�h�\, �o�Z�j�Z�d�l�_�j�g�h���m�\�_�e�b�q�_��
�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\�� �k�� �\�u�k�h�l�h�c���� �I�j�b��
�w�l�h�f���\�u�k�h�l�g�u�c���]�j�Z�^�b�_�g�l���i�h�^�\�_�j�`�_�g���a�g�Z��
�q�b�l�_�e�v�g�u�f�� �d�Z�d �\�g�m�l�j�b�]�h�^�b�q�g�u�f���� �l�Z�d�� �b��
�f�_�`�^�m�]�h�^�b�q�g�u�f�� �b�a�f�_�g�_�g�b�y�f���� �A�Z�f�_�l�b�f����
�q�l�h�� �^�Z�g�g�u�_�� �i�h�� �\�u�k�h�l�g�h�f�m�� �j�Z�k�i�j�_�^�_�e�_��
�g�b�x���h�k�Z�^�d�h�\���g�h�k�y�l���h�l�j�u�\�h�q�g�u�c���o�Z�j�Z�d�l�_�j��
�b���h�l�g�h�k�y�l�k�y�����]�e�Z�\�g�u�f���h�[�j�Z�a�h�f�� �d���e�_�l�g�_�f�m��
�i�_�j�b�h�^�m���� �L�Z�d�� �\�� �b�x�e�_�� ���������� �]���� �]�j�Z�^�b�_�g�l��
�k�h�k�l�Z�\�b�e�� �������� �f�f���������� �f, �Z�� �]�h�^�h�f�� �j�Z�g�_�_�� �± 
�������� �f�f���������� �f���� �>�e�y�� �Z�\�]�m�k�l�Z�� �Z�g�Z�e�h�]�b�q�g�u�_��
�k�h�h�l�g�h�r�_�g�b�y�� �k�h�k�l�Z�\�b�e�b�� �������� �b 1,6  
�f�f�������� �f���>10�@�����<���k�_�a�h�g���Z�d�d�m�f�m�e�y�p�b�b�����i�h-
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�\�b�^�b�f�h�f�m���� �\�u�k�h�l�g�u�_�� �]�j�Z�^�b�_�g�l�u�� �k�m�s�_��
�k�l�\�_�g�g�h���\�u�r�_�����<�������������������]�]�����\�e�Z�]�h�a�Z�i�Z�k���\��
�k�Z�f�h�c�� �g�b�`�g�_�c�� �\�u�k�h�l�g�h-�f�h�j�n�h�e�h-
�]�b�q�_�k�d�h�c���a�h�g�_�����j�b�k�����������k�h�k�l�Z�\�b�e�������������f�f����
�Z�� �\�� �k�Z�f�h�c�� �\�_�j�o�g�_�c�� �± ���������� �f�f���� �l�h�� �_�k�l�v�� �\��
���������� �j�Z�a�Z�� �[�h�e�v�r�_���� �<�u�k�h�l�g�u�c�� �]�j�Z�^�b�_�g�l��
�k�h�k�l�Z�\�b�e�� �������� �f�f���������� �f���� �I�h�� �\�k�_�c�� �\�_�j�h�y�l��
�g�h�k�l�b���� �[�h�e�_�_�� �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y�� �]�j�Z�^�b�_�g��
�l�Z�� �h�l�q�Z�k�l�b�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v�� �\�d�e�Z�^�h�f��
�e�Z�\�b�g�� �b�� �i�h�k�l�m�i�e�_�g�b�_�f�� �k�g�_�]�Z�� �k���h�d�j�m�`�Z�x��
�s�b�o�� �k�d�e�h�g�h�\���� �<�u�k�h�l�g�u�c�� �]�j�Z�^�b�_�g�l�� �h�k�Z�^��
�d�h�\���\���a�b�f�g�b�c���k�_�a�h�g�������������������]�]�����g�_���f�h�`�_�l��
�k�q�b�l�Z�l�v�k�y�� �w�d�k�l�j�_�f�Z�e�v�g�u�f���� �L�Z�d���� �\�� �k�j�_�^��
�g�_�f�� �a�Z�� ���� �k�_�a�h�g�h�\�� �Z�d�d�m�f�m�e�y�p�b�b�� �����������±
1975 �]�]��) �h�l�g�h�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z�� �h�k�Z�^�d�h�\��
�g�Z�� �\�u�k�h�l�_�� ���������� �f�� �g.�m���f���� �[�u�e�h�� �\�� �������� �j�Z�a�Z��
�[�h�e�v�r�_���� �q�_�f���m���_�]�h���y�a�u�d�Z���� �K�� �m�q�_�l�h�f���l�h�]�h����
�q�l�h�� �\�_�j�o�g�b�_�� �\�u�k�h�l�g�h-�f�h�j�n�h�e�h�]�b�q�_�k�d�b�_��
�a�h�g�u����XI�±XIII �����j�Z�k�i�h�e�h�`�_�g�u���\���^�b�Z�i�Z�a�h�g�_ 
�i�j�b�[�e�b�a�b�l�_�e�v�g�h�����������±3700 �f  �g.�m���f�������w�d�k��
�l�j�Z�i�h�e�b�j�m�y �k���l�_�f���`�_���\�u�k�h�l�g�u�f���]�j�Z�^�b�_�g��
�l�h�f���� �i�h�e�m�q�b�f�� �Z�g�Z�e�h�]�b�q�g�m�x�� �h�p�_�g�d�m�����h�d�h��
�e�h�� ��-2,3 �j�Z�a�Z������ �L�_�f�� �g�_�� �f�_�g�_�_���� �\�� �m�k�e�h�\�b�y�o��
�h�q�_�\�b�^�g�h�]�h�� �g�_�^�h�k�l�Z�l�d�Z�� �b�k�o�h�^�g�h�c�� �b�g��
�n�h�j�f�Z�p�b�b�� �\�u�k�h�l�g�u�c�� �]�j�Z�^�b�_�g�l�� �h�k�Z�^�d�h�\��
�g�_�b�a�[�_�`�g�h�� �k�l�Z�g�h�\�b�l�k�y�� �g�Z�k�l�j�Z�b�\�Z�_�f�u�f��
�f�h�^�_�e�v�g�u�f�� �i�Z�j�Z�f�_�l�j�h�f���� �I�j�b�� �w�l�h�f�� �p�_�e�_��
�k�h�h�[�j�Z�a�g�h���j�Z�a�e�b�q�Z�l�v���]�j�Z�^�b�_�g�l�u���^�e�y���a�b�f��
�g�_�]�h���b���e�_�l�g�_�]�h���i�_�j�b�h�^�Z�� 

�J�Z�k�q�_�l�� �h�k�Z�^�d�h�\�� �h�i�j�_�^�_�e�_�g�g�h�]�h�� �l�b�i�Z��
���l�\�_�j�^�u�_���� �`�b�^�d�b�_�����k�f�_�r�Z�g�g�u�_�����\���f�h�^�_�e�b��
�k�\�y�a�Z�g�� �k�� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�_�c�� �l�_�f�i�_�j�Z�l�m�j�u��
�\�h�a�^�m�o�Z���� �l.�d. �b�f�_�g�g�h�� �_�_�� �k�j�_�^�g�_�k�m�l�h�q�g�h�_��
�a�g�Z�q�_�g�b�_�� �h�i�j�_�^�_�e�y�_�l�� �k�h�h�l�g�h�r�_�g�b�_ �l�\�_�j��
�^�u�o���b���`�b�^�d�b�o���h�k�Z�^�d�h�\���>11].  

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�y�� �Z�d��
�d�m�f�m�e�y�p�b�b�� �\�h�a�f�h�`�g�Z �l�h�e�v�d�h�� �\�� �k�\�y�a�d�_�� �k��
�i�Z�j�Z�f�_�l�j�b�a�Z�p�b�_�c�� �k�j�_�^�g�_�k�m�l�h�q�g�h�c�� �l�_�f��
�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z���� �<�� �k�\�y�a�b�� �k�� �l�_�f���� �q�l�h��
�Z�g�Z�e�b�l�b�q�_�k�d�b�� �h�i�j�_�^�_�e�b�l�v�� �a�g�Z�q�_�g�b�y��
�g�Z�[�h�j�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �^�e�y�� �f�Z�d�k�b�f�Z�e�v�g�h��
�l�h�q�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y�� �a�g�Z�q�_�g�b�y�� �Z�d�d�m�f�m��
�e�y�p�b�b�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�\�h�a�f�h�`�g�h���� �p�_�e�_�k�h��
�h�[�j�Z�a�g�h�� �i�j�h�\�_�k�l�b�� �k�_�j�b�x�� �q�b�k�e�_�g�g�u�o�� �w�d�k��
�i�_�j�b�f�_�g�l�h�\���� �\�� �d�h�l�h�j�u�o�� �i�m�l�_�f�� �\�Z�j�v�b�j�h��
�\�Z�g�b�y�� �g�_�k�d�h�e�v�d�b�o�� �d�e�x�q�_�\�u�o�� �i�Z�j�Z�f�_�l�j�h�\��
�f�h�`�g�h�� �i�h�e�m�q�b�l�v�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_��
�i�j�b�[�e�b�`�_�g�b�_�� �b�k�d�h�f�h�c�� �\�_�e�b�q�b�g�u���� �<��
�g�Z�r�_�f�� �k�e�m�q�Z�_�� �^�e�y�� �w�l�b�o�� �p�_�e�_�c�� �[�u�e�b�� �b�k��
�i�h�e�v�a�h�\�Z�g�u�� �j�y�^�u�� �k�j�_�^�g�_�k�m�l�h�q�g�h�c�� �l�_�f��
�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z�����b�a�f�_�j�_�g�g�h�c���g�Z���f�_�l�_�h��
�k�l�Z�g�p�b�b�� �L�_�j�k�d�h�e�� �\�� �i�_�j�b�h�^�� �[�Z�e�Z�g�k�h�\�u�o��
�]�h�^�h�\�� ������������������ �± �������������������� �b�� �i�j�b�\�_��
�^�_�g�g�u�o�� �d�� �m�k�e�h�\�b�y�f�� �:�F�K�� �>�`�Z�g�d�m�Z�l�� �\��

�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �f�_�l�h�^�b�d�h�c���� �h�i�b�k�Z�g�g�h�c�� �\��
�i�j�_�^�u�^�m�s�_�f�� �j�Z�a�^�_�e�_���� �Z�� �l�Z�d�`�_�� �j�y�^�u�� �k�m��
�l�h�q�g�u�o�� �k�m�f�f�� �h�k�Z�^�d�h�\�� �a�Z�� �w�l�h�l�� �`�_�� �i�_�j�b�h�^��
�g�Z�� �f�_�l�_�h�k�l�Z�g�p�b�b�� �F�_�k�l�b�Z���� �P�_�e�_�\�u�f�� �a�g�Z��
�q�_�g�b�_�f���� �d�h�l�h�j�h�_�� �[�u�e�h�� �g�_�h�[�o�h�^�b�f�h�� �f�Z�d��
�k�b�f�Z�e�v�g�h�� �l�h�q�g�h�� �\�h�k�i�j�h�b�a�\�_�k�l�b�� �\�� �q�b�k��
�e�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o, �[�u�e�Z�� �k�j�_�^�g�y�y�� �a�Z��
�w�l�h�l�� �`�_�� �i�_�j�b�h�^�� �\�_�e�b�q�b�g�Z�� �\�h�^�h�a�Z�i�Z�k�Z��
�k�g�_�`�g�h�]�h�� �i�h�d�j�h�\�Z�� ���a�b�f�g�b�c�� �[�Z�e�Z�g�k�� �f�Z�k��
�k�u���� �\�� �k�j�_�^�g�_�f�� �^�e�y�� �e�_�^�g�b�d�Z�� �>�`�Z�g�d�m�Z�l����
�i�h�e�m�q�_�g�g�Z�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�g�_�]�h�k�t�_�f�h�d�� �\��
�w�l�h�l�� �`�_�� �i�_�j�b�h�^ ���m�i�h�f�y�g�m�l�h�_�� �\�u�r�_�� �a�g�Z��
�q�_�g�b�_�������������f�f�������K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���\��
�m�d�Z�a�Z�g�g�m�x �\�_�e�b�q�b�g�m�� �a�b�f�g�_�c�� �Z�d�d�m�f�m�e�y��
�p�b�b�� �f�u�� �\�d�e�x�q�Z�_�f�� �\�k�_�� �l�\�_�j�^�u�_�� �h�k�Z�^�d�b����
�\�u�i�Z�^�Z�x�s�b�_�� �\�� �l�_�q�_�g�b�_�� �i�_�j�b�h�^�Z�� �k�� ���� �k�_�g��
�l�y�[�j�y���i�h���������f�Z�y�����D�j�Z�c�g�b�_���f�_�k�y�p�u���i�_�j�b�h��
�^�Z�����k�_�g�l�y�[�j�v���b���Z�i�j�_�e�v�����y�\�e�y�x�l�k�y���i�h���k�m�l�b��
�^�_�e�Z�� �i�_�j�_�o�h�^�g�u�f�b���� �G�Z�� �k�_�g�l�y�[�j�v�� �i�j�b�o�h��
�^�b�l�k�y�� �h�d�h�g�q�Z�g�b�_�� �k�_�a�h�g�Z�� �Z�[�e�y�p�b�b�� �b�� �g�Z�q�Z��
�e�h�� �i�_�j�b�h�^�Z�� �Z�d�d�m�f�m�e�y�p�b�b���� �i�h�w�l�h�f�m�� �l�\�_�j��
�^�u�_�� �h�k�Z�^�d�b���� �\�u�i�Z�^�Z�x�s�b�_�� �\�� �l�_�q�_�g�b�_�� �w�l�h��
�]�h�� �f�_�k�y�p�Z�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �m�q�b�l�u�\�Z�l�v�� �i�j�b��
�j�Z�k�q�_�l�_�� �a�g�Z�q�_�g�b�y�� �a�b�f�g�_�c�� �Z�d�d�m�f�m�e�y�p�b�b��
[10�@���� �:�i�j�_�e�v�� �b�� �f�Z�c���� �l�Z�d�`�_���� �d�Z�a�Z�e�h�k�v�� �[�u����
�\�u�o�h�^�y�s�b�_�� �a�Z�� �i�j�_�^�_�e�u�� �m�k�e�h�\�g�h�� �o�h�e�h�^��
�g�h�]�h�� �i�_�j�b�h�^�Z�� �f�u�� �\�d�e�x�q�Z�_�f�� �i�h�� �l�h�c�� �i�j�b��
�q�b�g�_���� �q�l�h�� �k�g�_�]�h�k�t�_�f�d�Z���� �d�Z�d�� �i�j�Z�\�b�e�h����
�i�j�b�o�h�^�b�l�k�y���g�Z���i�_�j�b�h�^���d�h�g�p�Z���f�Z�y���b���b�x�g�v, 
�b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �m�q�b�l�u�\�Z�_�l�� �l�\�_�j�^�u�_��
�h�k�Z�^�d�b�����\�u�i�Z�\�r�b�_���\���w�l�h���\�j�_�f�y�����?�s�_���h�^�g�Z��
�g�_�f�Z�e�h�\�Z�`�g�Z�y�� �\�_�e�b�q�b�g�Z���� �d�h�l�h�j�Z�y�� �m�q�b�l�u��
�\�Z�_�l�k�y���g�Z�f�b���i�j�b���j�Z�k�q�_�l�_���a�b�f�g�_�c���Z�d�d�m�f�m��
�e�y�p�b�b���± �d�h�e�b�q�_�k�l�\�h���i�h�\�l�h�j�g�h���a�Z�f�_�j�a�r�_�c��
�l�Z�e�h�c�� �\�h�^�u�� �b�e�b�� �`�b�^�d�b�o�� �h�k�Z�^�d�h�\���� �\�u�i�Z�\��
�r�b�o�� �i�j�b�� �k�j�_�^�g�_�k�m�l�h�q�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �\��
�i�j�_�^�_�e�Z�o�� �h�l�� ���� �^�h��-2�h�K�� ���©�\�g�m�l�j�_�g�g�_�_ �i�b��
�l�Z�g�b�_�ª [7�@������ �d�h�l�h�j�h�_�� �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y�� �i�h��
�m�i�j�h�s�_�g�g�h�c�� �k�o�_�f�_�� �>11�@���� �<�� �k�\�y�a�b�� �k�� �l�_�f����
�q�l�h�� �\�� �^�g�_�\�g�u�_�� �q�Z�k�u�� �Z�[�e�y�p�b�y�� �\�� �k�_�g�l�y�[�j�_����
�Z�i�j�_�e�_���b���f�Z�_���f�h�`�_�l���g�Z�[�e�x�^�Z�l�v�k�y���\���h�[�e�Z��
�k�l�y�o�� �k�� �m�k�l�h�c�q�b�\�u�f�� �k�g�_�`�g�u�f�� �i�h�d�j�h�\�h�f����
�l�h�� �l�Z�e�Z�y�� �\�h�^�Z �b�e�b�� �`�b�^�d�b�_�� �h�k�Z�^�d�b���� �i�h��
�\�l�h�j�g�h���a�Z�f�_�j�a�r�b�_���\���l�h�e�s�_���k�g�_�]�Z�����m�q�b�l�u��
�\�Z�x�l�k�y�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �^�_�g�k�h�f�_�l�j�b�q�_��
�k�d�h�]�h���Z�g�Z�e�b�a�Z �\�h���\�j�_�f�y �\�u�i�h�e�g�_�g�b�y �k�g�_��
�]�h�k�t�_�f�h�d���� �I�h�� �^�Z�g�g�u�f���d�h�k�\�_�g�g�u�o �h�p�_�g�h�d��
[10�@�� �\�_�e�b�q�b�g�Z�� �\�g�m�l�j�_�g�g�_�]�h�� �i�b�l�Z�g�b�y �^�h��
�k�l�Z�l�h�q�g�h�� �i�h�k�l�h�y�g�g�Z�� �\�h�� �\�j�_�f�_�g�b�� �b �k�h��
�k�l�Z�\�e�y�_�l�� �\�� �k�j�_�^�g�_�f�� �i�h�� �e�_�^�g�b�d�m�� �������“30 
�f�f�� �\�h�^�g���� �w�d�\�� �I�j�b�� �j�Z�k�q�_�l�Z�o�� �m�^�_�e�v�g�h�]�h��
�[�Z�e�Z�g�k�Z�� �<���<���� �I�h�i�h�\�g�b�g�� ���q�Z�k�l�g�h�_�� �k�h�h�[��
�s�_�g�b�_���� �b�k�i�h�e�v�a�m�_�l�� �a�g�Z�q�_�g�b�_�� �������� �f�f��
�\�h�^�g�����w�d�\�� 
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�J�Z�k�q�_�l�� �m�^�_�e�v�g�h�]�h �[�Z�e�Z�g�k�Z �f�Z�k�k�u �b��
�e�_�^�g�b�d�h�\�h�]�h�� �k�l�h�d�Z�� �M�^�_�e�v�g�u�c�� �[�Z�e�Z�g�k��
�f�Z�k�k�u���]�h�j�g�h�]�h���e�_�^�g�b�d�Z���h�i�j�_�^�_�e�y�_�l�k�y���d�Z�d��
�j�Z�a�g�h�k�l�v�� �f�_�`�^�m���Z�d�d�m�f�m�e�y�p�b�_�c�� �b�� �k�l�h�d�h�f����
�K�h�[�k�l�\�_�g�g�h���� �m�^�_�e�v�g�u�c�� �[�Z�e�Z�g�k�� �f�Z�k�k�u�� �y�\��
�e�y�_�l�k�y���d�h�g�_�q�g�h�c���p�_�e�v�x���f�Z�k�k-�[�Z�e�Z�g�k�h�\�u�o��
�j�Z�k�q�_�l�h�\�����b �b�k�i�h�e�v�a�m�_�l�k�y���\���^�Z�e�v�g�_�c�r�_�f���\��
�d�Z�q�_�k�l�\�_�� �\�o�h�^�g�h�c�� �\�_�e�b�q�b�g�u�� �\�� �^�b�g�Z�f�b�q�_��
�k�d�h�c�� �f�h�^�_�e�b�� �]�h�j�g�h�]�h�� �e�_�^�g�b�d�Z��[3]. �K�l�h�d��
�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y�� �d�Z�d�� �j�Z�a�g�h�k�l�v�� �f�_�`�^�m�� �^�h��
�k�l�m�i�g�u�f �d�h�e�b�q�_�k�l�\�h�f�� �\�h�^�u �\�� �`�b�^�d�h�c��
�n�Z�a�_�� ���k�m�f�f�Z�� �`�b�^�d�b�o�� �Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^��
�d�h�\���b���l�Z�e�h�c���\�h�^�u��, �b�a���d�h�l�h�j�u�o���\�u�q�b�l�Z�_�l��
�k�y���\�l�h�j�b�q�g�h���a�Z�f�_�j�a�r�Z�y���\�h�^�Z�����\�g�m�l�j�_�g�g�_�_��
�i�b�l�Z�g�b�_������ �D�h�e�b�q�_�k�l�\�h�� �l�Z�e�h�c�� �\�h�^�u ���\�_�e�b��
�q�b�g�m�� �Z�[�e�y�p�b�b�� �b�� �h�[�t�_�f�� �\�g�m�l�j�_�g�g�_�]�h�� �i�b��
�l�Z�g�b�y�� �[�m�^�_�f�� �j�Z�k�k�q�b�l�u�\�Z�l�v�� �\�� �k�h�h�l�\�_�l��
�k�l�\�b�b���k���Z�e�]�h�j�b�l�f�Z�f�b�����h�i�b�k�Z�g�g�u�f�b���\��[11]. 

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

�± �\�u�k�h�l�g�u�c���]�j�Z�^�b�_�g�l���h�k�Z�^�d�h�\�� 
�± �k�h�h�l�g�h�r�_�g�b�_�� �f�_�`�^�m�� �]�h�^�h�\�h�c�� �k�m�f��

�f�h�c�� �h�k�Z�^�d�h�\���� �b�a�f�_�j�_�g�g�h�c�� �g�Z�� �f�_�l�_�h�k�l�Z�g��
�p�b�b���F�_�k�l�b�Z���b���\�u�i�Z�\�r�_�c���g�Z���e�_�^�g�b�d�_�� 

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

�± �e�Z�\�b�g�g�h�_���i�b�l�Z�g�b�_�� 
�A�g�Z�q�_�g�b�y�� �\�k�_�o �i�_�j�_�q�b�k�e�_�g�g�u�o �i�Z�j�Z��

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

�J�_�a�m�e�v�l�Z�l�u���b���b�o���h�[�k�m�`�^�_�g�b�_�� �<�_�e�b��
�q�b�g�Z �Z�[�e�y�p�b�b���� �i�h�e�m�q�_�g�g�Z�y�� �\�� �f�h�^�_�e�v�g�u�o��
�j�Z�k�q�_�l�Z�o�� �^�e�y�� �[�Z�e�Z�g�k�h�\�h�]�h�� �^�_�k�y�l�b�e�_�l�b�y��
1999/2000 �± 2008/2009, �k�h�k�l�Z�\�e�y�_�l����������,8 
�f�f�� �\�h�^�g���� �w�d�\���� �:�g�Z�e�h�]�b�q�g�Z�y�� �\�_�e�b�q�b�g�Z�� 
�j�Z�k�k�q�b�l�Z�g�g�Z�y�� �i�h�� �^�Z�g�g�u�f�� �i�j�h�f�_�j�h�\�� �g�Z��
�Z�[�e�y�p�b�h�g�g�u�o�� �j�_�c�d�Z�o�� ���<���<���� �I�h�i�h�\�g�b�g����
�q�Z�k�l�g�h�_�� �k�h�h�[�s�_�g�b�_��, �k�h�k�l�Z�\�b�e�h�� �� 3073,1 
�f�f�� �\�h�^�g���� �w�d�\���� �M�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_ �k�h�h�l��
�\�_�l�k�l�\�b�_�� �^�j�m�]���^�j�m�]�m���k�j�_�^�g�b�o�� �a�Z�� �[�Z�e�Z�g�k�h��
�\�h�_���^�_�k�y�l�b�e�_�l�b�_���f�h�^�_�e�v�g�u�o���b���g�Z�[�e�x�^�_�g��
�g�u�o�� �a�g�Z�q�_�g�b�c�� �g�_�� �b�k�d�e�x�q�Z�_�l�� �l�h�]�h���� �q�l�h�� �\��
�h�l�^�_�e�v�g�u�_�� �]�h�^�u�� �j�Z�a�e�b�q�b�y�� �^�h�\�h�e�v�g�h�� �k�m��
�s�_�k�l�\�_�g�g�u�����j�b�k�������Z�������<���i�h�e�h�\�b�g�_���k�e�m�q�Z�_�\��
�f�h�^�_�e�v�� �i�j�_�^�k�d�Z�a�u�\�Z�_�l�� �\�_�e�b�q�b�g�u���� �h�q�_�g�v��
�[�e�b�a�d�b�_�� �d�� �g�Z�[�e�x�^�_�g�g�u�f. �<�� �h�k�l�Z�e�v�g�u�o��
�k�e�m�q�Z�y�o�� �j�Z�a�g�b�p�Z�� �k�h�k�l�Z�\�e�y�_�l�� �����±30%.  �<��
�j�_�a�m�e�v�l�Z�l�_���� �k�� �m�q�_�l�h�f�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�_�c��
�\���j�Z�k�q�_�l�_���\�_�e�b�q�b�g�u���Z�d�d�m�f�m�e�y�p�b�b�����m�^�_�e�v��
�g�u�c���[�Z�e�Z�g�k���f�Z�k�k�u���l�Z�d�`�_���j�Z�k�k�q�b�l�u�\�Z�_�l�k�y��
�k�� �h�r�b�[�d�h�c���� �O�Z�j�Z�d�l�_�j�g�h���� �h�^�g�Z�d�h���� �q�l�h�� �f�h��
�^�_�e�v�g�u�c�� �d�m�f�m�e�y�l�b�\�g�u�c�� �[�Z�e�Z�g�k�� �f�Z�k�k�u��
�i�j�Z�d�l�b�q�_�k�d�b�� �k�h�\�i�Z�^�Z�_�l�� �k�� �j�Z�k�k�q�b�l�Z�g�g�u�f��
�i�h�� �^�Z�g�g�u�f�� �g�Z�[�e�x�^�_�g�b�c�� �\�� �i�h�k�e�_�^�g�b�_�� �^�\�Z��
�[�Z�e�Z�g�k�h�\�u�o�� �]�h�^�Z�� ���j�b�k�� ���[������ �J�Z�a�m�f�g�h��
�i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h�� �f�h�^�_�e�b�� �l�j�_�[�m�_�l�k�y��
�g�_�d�h�l�h�j�h�_�� �\�j�_�f�y�� �^�e�y�� �j�_�e�Z�d�k�Z�p�b�b�� �d�� �a�Z�^�Z��
�\�Z�_�f�u�f�� �b�a�\�g�_�� �d�e�b�f�Z�l�b�q�_�k�d�b�f�� �m�k�e�h�\�b�y�f����
�F�_�o�Z�g�b�a�f�� �i�h�^�h�[�g�h�c�� �j�_�e�Z�d�k�Z�p�b�b���� �a�Z�d�e�x��
�q�Z�_�l�k�y�����i�h-�\�b�^�b�f�h�f�m���� �\�h�� �\�a�Z�b�f�g�h�f�� �i�j�b��
�k�i�h�k�h�[�e�_�g�b�b�� �i�h�e�_�c�� �l�h�e�s�b�g�u�� �k�g�_�`�g�h�]�h��
�i�h�d�j�h�\�Z���b���Z�e�v�[�_�^�h���i�h�\�_�j�o�g�h�k�l�b���d���a�Z�^�Z�\�Z��
�_�f�h�f�m���i�h�e�x���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z�����W�l�b�f��
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�f�h�`�g�h�� �h�[�t�y�k�g�b�l�v�� �b�� �j�_�a�d�b�_�� �d�h�e�_�[�Z�g�b�y�� �h�l��
�]�h�^�Z���d���]�h�^�m���a�g�Z�q�_�g�b�c���Z�[�e�y�p�b�b. 

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

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

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

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

 
�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c��

�i�h�^�^�_�j�`�d�_�� �J�h�k�k�b�c�k�d�h�]�h�� �n�h�g�^�Z�� �n�m�g�^�Z��
�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� ���]�j�Z�g�l�� �‹ 15-
05-00567). 

 

 
 

�J�b�k������. �:�[�e�y�p�b�y���g�Z���e�_�^�g�b�d�_���>�`�Z�g�d�m�Z�l�����f�f���\�h�^�g�����w�d�\���������k�h�]�e�Z�k�g�h���j�_�a�m�e�v�l�Z�l�Z�f���g�Z�[�e�x�^�_�g�b�c 
�b���f�h�^�_�e�b�j�h�\�Z�g�b�y ���Z�����b���d�m�f�m�e�y�l�b�\�g�u�c���[�Z�e�Z�g�k �f�Z�k�k�u�����[�� 

�\���i�_�j�b�h�^�������������������� �± ���������������������[�Z�e�Z�g�k�h�\�u�o���]�h�^�h�\ 
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IMPLEMENTATION OF OBSERVATIONS AT REGULAR METEOROLOGICAL 
STATIONS FOR MASS BALANCE CALCULATION OF MOUNTAIN GLACIERS 
(CASE STUDY OF DJANKUAT GLACIER, CENTRAL CAUCAUS) 
 
�H.�H. Rybak1,2, �?.�: . Rybak2,1 

 

1Branch of Institute of Natural and Technical Systems, Sochi, Kurortny Av., 99/18 
2S�hchi Scientific Research Center, Russian Academy of Sciences, Sochi, Theatralnaya St., 8a  
 

To evaluate incoming and discharging parts of mass balance of a mountain glacier, one needs information 
on a set of variables. Surface air temperature can be relatively simply related to series of observations on 
regular weather stations. Evaluation of incoming mass is much more challenging problem. It depends not 
only on the amount of solid precipitation but also on post-depositional snow redistribution by wind and 
by input of avalanches. In the paper, we consider issues of evaluation of specific mass balance of 
Djankuat Glacier (Central Caucasus). Results of mathematical modeling are collated with snow observa-
tions and with examination of snow pits. We demonstrate that it is possible to find a relation between 
poorly constrained parameters determining winter snow accumulation to satisfactorily reconstruct cumu-
lative mass balance. 
Keywords: mountain glacier, Caucasus, climate, accumulation, ablation, mass balance, mathematical 
model. 
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�s�b�_�� �m�k�e�h�\�b�y�� �i�j�b�j�h�^�g�h�c�� �k�j�_�^�u���� �\�� �d�h�l�h��
�j�u�o�� �f�_�o�Z�g�b�a�f�u�� �Z�^�Z�i�l�Z�p�b�b�� �q�_�e�h�\�_�q�_�k�d�h��
�]�h�� �h�j�]�Z�g�b�a�f�Z�� �h�[�_�k�i�_�q�b�\�Z�x�l�� �[�e�b�a�d�h�_�� �d��
�h�i�l�b�f�Z�e�v�g�h�f�m�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�_��
�k�h�k�l�h�y�g�b�_�� �q�_�e�h�\�_�d�Z���� �k�h�a�^�Z�\�Z�y�� �_�f�m�� �m�k�e�h��
�\�b�y���^�e�y���g�h�j�f�Z�e�v�g�h�c���`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b��  

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

�G�Z�b�[�h�e�_�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�u�f �k�_�a�h�g�h�f 
�\�� �D�j�u�f�m���� �[�e�Z�]�h�i�j�b�y�l�g�u�f�� �^�e�y�� �Z�d�l�b�\�g�h�]�h��
�j�_�d�j�_�Z�p�b�h�g�g�h�]�h���h�l�^�u�o�Z �y�\�e�y�_�l�k�y�� �e�_�l�g�b�c��
�k�_�a�h�g�� ���h�l�����������^�h�����������^�g�_�c���\���a�Z�\�b�k�b�f�h�k�l�b��
�h�l�� �q�Z�k�l�b�� �i�h�e�m�h�k�l�j�h�\�Z������ �B�f�_�g�g�h�� �\�� �w�l�h�l��
�i�_�j�b�h�^�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�h�k�l�m�i�e�_�g�b�_�� �[�h�e�v��
�r�h�]�h���d�h�e�b�q�_�k�l�\�Z���l�_�i�e�Z�����M�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y��
�`�Z�j�d�Z�y�����y�k�g�Z�y���b���f�Z�e�h�\�_�l�j�_�g�Z�y���i�h�]�h�^�Z�����g�Z��
�i�j�b�[�j�_�`�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o�� �k�� �[�h�e�_�_�� �\�u�j�Z��
�`�_�g�g�u�f���i�j�h�y�\�e�_�g�b�_�f���[�j�b�a�h�\�����Z���\���]�h�j�Z�o���± 
�]�h�j�g�h-�^�h�e�b�g�g�u�o�� �b�� �k�d�e�h�g�h�\�u�o�� �\�_�l�j�h�\����
�D�h�g�l�b�g�_�g�l�Z�e�v�g�u�c�� �\�h�a�^�m�o�� �m�f�_�j�_�g�g�u�o��
�r�b�j�h�l�� �i�j�_�h�[�j�Z�a�m�_�l�k�y�� �a�^�_�k�v�� �\�� �f�_�k�l�g�u�c��
�l�j�h�i�b�q�_�k�d�b�c���� �\�� �k�\�y�a�b�� �k�� �q�_�f, �m�\�_�e�b�q�b�\�Z��
�_�l�k�y�� �i�h�\�l�h�j�y�_�f�h�k�l�v�� �a�Z�k�m�r�e�b�\�u�o�� �m�k�e�h��
�\�b�c���� �K�e�b�r�d�h�f�� �\�u�k�h�d�b�_�� �l�_�f�i�_�j�Z�l�m�j�u��
�h�d�Z�a�u�\�Z�x�l���g�_�]�Z�l�b�\�g�h�_���\�e�b�y�g�b�_���g�Z���j�_�d�j�_��
�Z�p�b�h�g�g�u�_���m�k�e�h�\�b�y�����L�Z�d�����\���e�_�l�g�b�c���i�_�j�b�h�^��
�i�h�\�u�r�Z�_�l�k�y�� �\�_�j�h�y�l�g�h�k�l�v�� �m�\�_�e�b�q�_�g�b�y��
�^�g�_�c�� �k�� �i�h�g�b�`�_�g�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �d�b�k��
�e�h�j�h�^�Z���b���[�h�e�_�_���b�g�l�_�g�k�b�\�g�u�f���i�j�h�y�\�e�_�g�b��
�_�f�� �l�Z�d�h�]�h�� �f�_�^�b�d�h-�d�e�b�f�Z�l�b�q�_�k�d�h�]�h�� �i�h�d�Z��
�a�Z�l�_�e�y���d�Z�d���©�^�m�r�g�h�k�l�v�ª�����K�\�h�c���\�d�e�Z�^���\���b�a��
�f�_�g�_�g�b�y�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\��
�\�g�h�k�y�l�� �b�� �f�h�j�k�d�b�_�� �[�j�b�a�u���� �k�i�h�k�h�[�g�u�_�� �\��
�`�Z�j�d�b�_�� �^�g�b�� �i�h�g�b�`�Z�l�v�� �l�_�f�i�_�j�Z�l�m�j�m�� �\�h�a��
�^�m�o�Z�� �g�Z�� �[�_�j�_�]�m�� �[�h�e�_�_�� �q�_�f�� �g�Z�� ����-�����žC. 
�J�Z�a�g�h�h�[�j�Z�a�b�_ �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �a�h�g�� �g�Z�� �l�_�j��
�j�b�l�h�j�b�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m�h�k�l�j�h�\�Z�� �[�e�Z�]�h��
�i�j�b�y�l�k�l�\�m�_�l�� �h�j�]�Z�g�b�a�Z�p�b�b�� �e�_�q�_�[�g�h-
�h�a�^�h�j�h�\�b�l�_�e�v�g�h�]�h���h�l�^�u�o�Z���b���l�m�j�b�a�f�Z�� �>�e�y��
�w�n�n�_�d�l�b�\�g�h�]�h�� �i�j�h�\�_�^�_�g�b�y�� �d�e�b�f�Z�l�h�l�_�j�Z��
�i�b�b���� �\�d�e�x�q�Z�x�s�_�c �\�� �k�_�[�y�� �^�h�a�b�j�h�\�Z�g�g�h�_��
�\�h�a�^�_�c�k�l�\�b�_�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o�� �n�Z�d�l�h��
�j�h�\���� �g�_�h�[�o�h�^�b�f�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �j�y�^�� �[�b�h��
�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c �± �b�g�^�b�d�Z�l�h��
�j�h�\���� �W�l�h�� �i�h�a�\�h�e�b�l �Z�^�_�d�\�Z�l�g�h�� �h�p�_�g�b�l�v��
�\�e�b�y�g�b�_�� �i�h�]�h�^�g�h-�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h��
�\�b�c �b���h�k�h�[�_�g�g�h�k�l�_�c���f�_�k�l�g�h�]�h���d�e�b�f�Z�l�Z���g�Z��
�q�_�e�h�\�_�q�_�k�d�b�c�� �h�j�]�Z�g�b�a�f�� �b�� �\�u�^�_�e�b�l�v�� �d�h�f��
�n�h�j�l�g�u�_���a�h�g�u�����Z���l�Z�d�`�_�� �\�j�_�f�_�g�g�u�_���i�_�j�b��
�h�^�u���^�e�y���`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b���\���d�m�j�h�j�l�g�u�c��
�k�_�a�h�g���� 

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

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

�D�Z�`�^�u�c�� �b�a�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �g�b�`�_��
�[�b�h�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �j�Z�k�k�q�b��
�l�u�\�Z�_�l�k�y�� �^�e�y�� �©�k�j�_�^�g�_�]�h�� �q�_�e�h�\�_�d�Z�ª�� �b�� �g�_��
�m�q�b�l�u�\�Z�_�l�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b��
(�f�_�o�Z�g�b�a�f�u�� �Z�^�Z�i�l�Z�p�b�b). �<�� �j�_�a�m�e�v�l�Z�l�_��
�Z�g�Z�e�b�a�Z�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �i�m�[�e�b�d�Z��
�p�b�c���� �i�h�k�\�y�s�_�g�g�u�o�� �\�h�a�^�_�c�k�l�\�b�x�� �i�h�]�h�^��
�g�u�o�� �m�k�e�h�\�b�c�� �g�Z�� �k�Z�f�h�q�m�\�k�l�\�b�_�� �q�_�e�h�\�_�d�Z��
[5�±8], �h�l�h�[�j�Z�g �j�y�^�� �[�b�h�d�e�b�f�Z�l�b�q�_�k�d�b�o 
�i�h�d�Z�a�Z�l�_�e�_�c���� �f�Z�d�k�b�f�Z�e�v�g�h�� �i�h�^�o�h�^�y�s�b�o 
�^�e�y�� �h�p�_�g�d�b�� �l�_�i�e�h�\�h�c�� �g�Z�]�j�m�a�d�b�� �\�� �l�_�i�e�h�_��
�\�j�_�f�y�� �]�h�^�Z�� �b�� �m�q�b�l�u�\�Z�x�s�b�o �j�_�]�b�h�g�Z�e�v��
�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m�h�k�l�j�h��
�\�Z��  

�H�^�b�g�Z�d�h�\�h�� �h�s�m�s�Z�l�v�� �l�_�i�e�h�� �f�h�`�g�h��
�i�j�b���k�Z�f�u�o���j�Z�a�e�b�q�g�u�o���k�h�q�_�l�Z�g�b�y�o���f�_�l�_�h��
�j�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\���� �W�f�i�b�j�b�q�_��
�k�d�b�f�� �i�m�l�_�f�� �[�u�e�� �i�h�e�m�q�_�g�� �j�y�^�� �k�h�q�_�l�Z�g�b�c��
�l�_�f�i�_�j�Z�l�m�j�u�� �b�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �\�e�Z�`�g�h��
�k�l�b, �i�j�b�� �d�h�l�h�j�u�o�� �w�n�n�_�d�l�� �l�_�i�e�h�h�l�^�Z�q�b�� �b��
�l�_�i�e�h�h�s�m�s�_�g�b�y�� �[�m�^�_�l�� �h�^�b�g�Z�d�h�\�u�f���� �L�Z��
�d�b�_�� �k�h�q�_�l�Z�g�b�y�� �\�u�j�Z�`�Z�x�l�k�y�� �\�� �]�j�Z�^�m�k�Z�o��
�w�n�n�_�d�l�b�\�g�h�c���l�_�f�i�_�j�Z�l�m�j�u ���W�L�� �± �b�k�l�b�g��
�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�j�b�� �g�_�i�h�^�\�b�`�g�h�f�� �b��
�g�Z�k�u�s�_�g�g�h�f�� �\�h�a�^�m�o�_���� �W�n�n�_�d�l�b�\�g�Z�y�� �l�_�f��
�i�_�j�Z�l�m�j�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �h�s�m�s�_�g�b�_�� �k�l�_��
�i�_�g�b���l�_�i�e�Z���b�e�b���o�h�e�h�^�Z���i�h�e�m�j�Z�a�^�_�l�h�]�h�����^�h��
�i�h�y�k�Z���� �q�_�e�h�\�_�d�Z���� �<�� �J�h�k�k�b�b�� �b�� �a�Z�� �j�m�[�_�`�h�f��
�± �w�l�h�� �k�Z�f�u�c�� �i�h�i�m�e�y�j�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v �\��
�[�b�h�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c�� �i�j�Z�d�l�b�d�_���� �j�Z�k�q�_�l��
�d�h�l�h�j�h�]�h�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h�� �n�h�j�f�m�e�_ 
�:�� �F�b�k�k�_�g�Z�j�^�Z��[9] 
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�]�^�_��t �± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�����ƒ�K����f �± �h�l�g�h��
�k�b�l�_�e�v�g�Z�y���\�e�Z�`�g�h�k�l�v���������� 

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

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

�j�h�k�l�b���\�_�l�j�Z���[�h�e�_�_�����������f���k�������\���k�\�y�a�b���k���q�_�f, 
�b�a�f�_�g�y�_�l�k�y�� �b�� �l�_�i�e�h�h�s�m�s�_�g�b�_���� �<�� �w�l�h�f��
�k�e�m�q�Z�_ �g�_�h�[�o�h�^�b�f�h�� �b�k�i�h�e�v�a�h�\�Z�l�v �w�d�\�b��
�\�Z�e�_�g�l�g�h-�w�n�n�_�d�l�b�\�g�m�x�� �l�_�f�i�_�j�Z�l�m�j�m��
���W�W�L������ �m�q�b�l�u�\�Z�x�s�m�x�� �d�h�f�i�e�_�d�k�g�h�_�� �\�e�b��
�y�g�b�_�� �g�Z�� �q�_�e�h�\�_�d�Z�� �l�_�f�i�_�j�Z�l�m�j�u���� �\�e�Z�`�g�h��
�k�l�b�� �\�h�a�^�m�o�Z�� �� �b�� �k�d�h�j�h�k�l�b�� �\�_�l�j�Z���� �W�W�L�� �j�Z�k��
�k�q�b�l�u�\�Z�_�l�k�y �i�h�� �n�h�j�f�m�e�_�� �:���� �F�b�k�k�_�g�Z�j�^�Z��
[10]
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�]�^�_��t �± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z�����ƒ�K�����X �± �k�d�h��
�j�h�k�l�v���\�_�l�j�Z�����f���k����f �± �h�l�g�h�k�b�l�_�e�v�g�Z�y���\�e�Z�`��
�g�h�k�l�v�������� 

�>�e�y�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �l�_�i�e�h��
�h�s�m�s�_�g�b�c�� �h�^�_�l�h�]�h�� �q�_�e�h�\�_�d�Z�� ���h�^�_�`�^�Z�� �k��
�l�_�i�e�h�b�a�h�e�y�p�b�_�c �����d�e�h���± �i�e�Z�l�v�_�����d�h�k�l�x�f���b��
�^�j������ �B���<���� �;�m�l�v�_�\�h�c�� �[�u�e�Z�� �i�j�_�^�e�h�`�_�g�Z��
�g�h�j�f�Z�e�v�g�Z�y�� �w�d�\�b�\�Z�e�_�g�l�g�h-�w�n�n�_�d�l�b�\�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z�����G�W�W�L�� [5] 

 �K7�W�W�L8,0�G�W�W�L �q���˜� ,         (3)  

�]�^�_�� �W�W�L�� �± �w�d�\�b�\�Z�e�_�g�l�g�h-�w�n�n�_�d�l�b�\�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z�����ƒ�K��  

�K�� �i�h�f�h�s�v�x�� �G�W�W�L�� �h�^�g�h�\�j�_�f�_�g�g�h��
�m�q�b�l�u�\�Z�_�l�k�y�� �\�e�b�y�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u���� �h�l��
�g�h�k�b�l�_�e�v�g�h�c�� �\�e�Z�`�g�h�k�l�b�� �\�h�a�^�m�o�Z���� �k�d�h�j�h��
�k�l�b���\�_�l�j�Z���g�Z���q�_�e�h�\�_�d�Z���\���\�_�k�_�g�g�_-�h�k�_�g�g�b�c��
�i�_�j�b�h�^�� �I�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�h�a�^�m�o�Z�� �g�b�`�_��
�����žC �e�x�[�h�c�� �\�_�l�_�j�� ���^�Z�`�_�� �^�e�y�� �h�^�_�l�h�]�h�� �q�_��
�e�h�\�_�d�Z���� �y�\�e�y�_�l�k�y�� �h�o�e�Z�`�^�Z�x�s�b�f�� �n�Z�d�l�h��
�j�h�f�����\���k�\�y�a�b���k���q�_�f���\���n�h�j�f�m�e�_���d���W�W�L���k�^�_��
�e�Z�g�Z�� �i�h�i�j�Z�\�d�Z���� �j�Z�\�g�Z�y�� ���ž�K���� �>�e�y�� �h�p�_�g�d�b��
�[�b�h�d�e�b�f�Z�l�b�q�_�k�d�h�]�h���i�h�l�_�g�p�b�Z�e�Z���e�_�q�_�[�g�h-
�h�a�^�h�j�h�\�b�l�_�e�v�g�u�o�� �d�m�j�h�j�l�h�\ �i�h�[�_�j�_�`�v�y��
�Q�z�j�g�h�]�h�� �f�h�j�y�� �^�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �h�q�_�g�v��
�m�f�_�k�l�_�g�����l�Z�d���d�Z�d���d�m�j�h�j�l�g�u�c���k�_�a�h�g���g�Z���i�h��
�e�m�h�k�l�j�h�\�_�� �\�d�e�x�q�Z�_�l�� �g�_�� �l�h�e�v�d�h�� �e�_�l�g�b�_��
�f�_�k�y�p�u. 

�J�Z�^�b�Z�p�b�h�g�g�Z�y�� �w�d�\�b�\�Z�e�_�g�l�g�h-
�w�n�n�_�d�l�b�\�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� ���J�W�W�L���� �h�p�_��
�g�b�\�Z�_�l�k�y���d�Z�d���h�^�b�g���b�a �k�Z�f�u�o���b�g�n�h�j�f�Z�p�b��
�h�g�g�u�o�� �b�g�^�_�d�k�h�\���� �I�h�� �k�j�Z�\�g�_�g�b�x�� �k �W�L�� �b��
�W�W�L���� �^�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �m�q�b�l�u�\�Z�_�l�� �l�_�i��
�e�h�h�s�m�s�_�g�b�y���h�l���g�Z�]�j�_�\�Z���k�h�e�g�_�q�g�h�c���j�Z�^�b��
�Z�p�b�_�c���� �N�h�j�f�m�e�Z�� �^�e�y�� �j�Z�k�q�_�l�Z�� �J�W�W�L�� �[�u�e�Z��
�i�j�_�^�e�h�`�_�g�Z�� �=���<���� �R�_�e�_�c�o�h�\�k�d�b�f�� �b�� �k��
�m�l�h�q�g�_�g�b�_�f �<���B�����J�m�k�Z�g�h�\�Z��[11] 
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TT
, (4)      

�]�^�_��T �± �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�����q�K����f �± �h�l��
�g�h�k�b�l�_�e�v�g�Z�y�� �\�e�Z�`�g�h�k�l�v���� �������X �± �k�d�h�j�h�k�l�v��
�\�_�l�j�Z���� �f���k�����E �± �i�h�]�e�h�s�_�g�g�Z�y�� �i�h�\�_�j�o�g�h��
�k�l�v�x�� �l�_�e�Z�� �k�h�e�g�_�q�g�Z�y�� �j�Z�^�b�Z�p�b�y���� �d�<�l���f2; 
�E= �H(1-�D), �]�^�_���H �± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �k�h�e�g�_�q��
�g�h�c���j�Z�^�b�Z�p�b�b�����D �± �Z�e�v�[�_�^�h���d�h�`�b���q�_�e�h�\�_��
�d�Z��  

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �j�_�d�h�f�_�g�^�Z�p�b�y�f�b��
�?���=�� �=�h�e�h�\�b�g�h�c�� �b�� �<���G���� �J�m�k�Z�g�h�\�Z�� �J�W�W�L��
�f�h�`�_�l�� �[�u�l�v�� �j�Z�k�k�q�b�l�Z�g�Z�� �i�h�� �m�i�j�h�s�_�g�g�u�f��
�n�h�j�f�m�e�Z�f���>�����@  

�K2,6�G�W�W�L�J�W�W�L �q��� ,         (5)  

�b�e�b 

�K12�W�W�L83,0�J�W�W�L �q���˜� ,       (6)  

�]�^�_�� �G�W�W�L�� �± �g�h�j�f�Z�e�v�g�Z�y�� �w�d�\�b�\�Z�e�_�g�l�g�h-
�w�n�n�_�d�l�b�\�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�����ƒ�K���� �W�W�L�� �± 
�w�d�\�b�\�Z�e�_�g�l�g�h-�w�n�n�_�d�l�b�\�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z����
�ƒ�K.  

�A�g�Z�q�_�g�b�y�� �J�W�W�L�� �b�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�e�b�f�Z�l�h-�l�_�j�Z�i�_�\�l�b�q�_-
�k�d�b�o�� �k�\�h�c�k�l�\�� �j�_�]�b�h�g�h�\���� �;�e�Z�]�h�i�j�b�y�l�g�u�f��
�^�e�y�� �h�l�^�u�o�Z�x�s�b�o�� �k�q�b�l�Z�_�l�k�y�� �J�W�W�L�� �\�u�r�_��
25�ž�K.  

�D�h�f�i�e�_�d�k�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �q�_�e�h�\�_��
�d�Z�� �l�_�f�i�_�j�Z�l�m�j�u�� �b�� �\�e�Z�`�g�h�k�l�b�� �\�h�a�^�m�o�Z����
�k�d�h�j�h�k�l�b�� �\�_�l�j�Z���� �k�m�f�f�Z�j�g�h�c�� �b�� �^�e�b�g�g�h��
�\�h�e�g�h�\�h�c�� �j�Z�^�b�Z�p�b�b�� �i�h�a�\�h�e�y�_�l�� �h�i�j�_�^�_��
�e�b�l�v���[�b�h�e�h�]�b�q�_�k�d�b���Z�d�l�b�\�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z��
���;�:�L�����>�����@�����i�j�_�^�e�h�`�_�g�g�Z�y���?���<�����P�b�p�_�g�d�h  

�K9�G�W�W�L8,0�;�:�L �q���˜� ,          (7)   

�]�^�_�� �G�W�W�L�� �± �g�h�j�f�Z�e�v�g�Z�y�� �w�d�\�b�\�Z�e�_�g�l�g�h-
�w�n�n�_�d�l�b�\�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z�����ƒ�K.  
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�I�h�^�^�_�j�`�Z�g�b�_�� �`�b�a�g�_�g�g�h�� �\�Z�`�g�u�o��
�n�m�g�d�p�b�c�� �h�j�]�Z�g�b�a�f�Z�� �q�_�e�h�\�_�d�Z�� �g�_�\�h�a�f�h�`��
�g�h���[�_�a���\�Z�`�g�_�c�r�_�]�h���w�e�_�f�_�g�l�Z���\���i�j�b�j�h�^�_���± 
�d�b�k�e�h�j�h�^�Z���� �G�_�^�h�k�l�Z�l�h�q�g�h�_�� �d�h�e�b�q�_�k�l�\�h��
�d�b�k�e�h�j�h�^�Z�� �\�� �\�h�a�^�m�o�_�� �^�Z�z�l�� �h�s�m�s�_�g�b�_�� �^�m��
�o�h�l�u���� �L�Z�d�h�c�� �w�n�n�_�d�l�� �q�_�e�h�\�_�d�� �f�h�`�_�l��
�h�s�m�s�Z�l�v�� �g�Z�� �k�_�[�_�� �d�Z�d�� �i�j�b�� �\�u�k�h�d�b�o�� �l�_�f��
�i�_�j�Z�l�m�j�Z�o�����l�Z�d���b���i�j�b���\�u�k�h�d�h�c���\�e�Z�`�g�h�k�l�b��
�\�h�a�^�m�o�Z���� �I�j�b�� �[�h�e�_�_�� �\�u�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m��
�j�Z�o�� �h�[�t�z�f�� �]�Z�a�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �m�\�_�e�b�q�b�\�Z��
�_�l�k�y�����\�h�a�^�m�o���k�l�Z�g�h�\�b�l�k�y���f�_�g�_�_���i�e�h�l�g�u�f������
�i�h�w�l�h�f�m�� �i�j�b�� �\�^�h�o�_�� �\�� �e�z�]�d�b�_�� �i�h�i�Z�^�Z�_�l��
�f�_�g�v�r�_�_���d�h�e�b�q�_�k�l�\�h���f�h�e�_�d�m�e���d�b�k�e�h�j�h�^�Z����
�q�_�f�� �i�j�b�� �[�h�e�_�_�� �g�b�a�d�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�^�u��
�o�Z�_�f�h�]�h�� �\�h�a�^�m�o�Z���� �I�j�b�� �i�h�\�u�r�_�g�g�h�c��
�\�e�Z�`�g�h�k�l�b�� �\�h�^�y�g�h�c�� �i�Z�j�� �\�u�l�_�k�g�y�_�l�� �q�Z�k�l�v��
�h�[�t�z�f�Z�� �\�h�a�^�m�o�Z�� �i�j�b�� �\�^�h�o�_���� �b�a-�a�Z�� �q�_�]�h��
�d�b�k�e�h�j�h�^�Z�� �\�� �e�_�]�d�b�_�� �i�h�k�l�m�i�Z�_�l�� �f�_�g�v�r�_����
�>�e�y�� �e�x�[�h�]�h�� �i�_�j�b�h�^�Z�� �]�h�^�Z�� �i�Z�j�p�b�Z�e�v�g�Z�y��
�i�e�h�l�g�h�k�l�v�� ���\�_�k�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_����(�UO2) 
�d�b�k�e�h�j�h�^�Z�� �\�� �Z�l�f�h�k�n�_�j�g�h�f�� �\�h�a�^�m�o�_�� �y�\�e�y��
�_�l�k�y�� �\�Z�`�g�u�f�� �[�b�h�d�e�b�f�Z�l�b�q�_�k�d�b�f�� �i�h�d�Z�a�Z��
�l�_�e�_�f���^�e�y���h�i�j�_�^�_�e�_�g�b�y���l�b�i�Z���i�h�]�h�^�u�����?�]�h��
�r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�x�l�� �\�� �f�_�^�b�p�b�g�k�d�b�o�� �i�j�h��
�]�g�h�a�Z�o�����<�_�k�h�\�h�_���k�h�^�_�j�`�Z�g�b�_���d�b�k�e�h�j�h�^�Z���\��
�\�h�a�^�m�o�_�� �f�h�`�g�h�� �h�i�j�_�^�_�e�b�l�v�� �i�h�� �n�h�j�f�m�e�_��
[14] 
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�]�^�_��P �± �Z�l�f�h�k�n�_�j�g�h�_�� �^�Z�\�e�_�g�b�_���� �f�[�� �_ �± 
�Z�[�k�h�e�x�l�g�Z�y�� �\�e�Z�`�g�h�k�l�v�� �\�h�a�^�m�o�Z���� �f�[����R �± 
�m�^�_�e�v�g�Z�y�� �]�Z�a�h�\�Z�y�� �i�h�k�l�h�y�g�g�Z�y�� �^�e�y�� �k�m�o�h�]�h��
�\�h�a�^�m�o�Z���i�j�b���^�Z�\�e�_�g�b�b���\�u�j�Z�`�_�g�g�h�f���\���f�[����
�j�Z�\�g�Z�y�� ��������������3 �k�f2�Â�k-2�Â�]�j�Z�^-1; T �± �Z�[�k�h��
�e�x�l�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z���� �j�Z�\�g�Z�y��
273�q���l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�����q�K����0,2315 �± 
�^�h�e�y���d�b�k�e�h�j�h�^�Z���i�h���\�_�k�m���\ �k�m�o�h�f���\�h�a�^�m�o�_����
106 �± �d�h�w�n�n�b�p�b�_�g�l���i�_�j�_�\�h�^�Z���\�_�e�b�q�b�g��pO2 
�b�a���d�]���f3 �\���]���f3.  

�K�h�^�_�j�`�Z�g�b�_�� �d�b�k�e�h�j�h�^�Z�� �\�� �\�h�a�^�m�o�_�� �h�l��
�������� �^�h�� �������� �]���f���� �k�q�b�l�Z�_�l�k�y�� �g�h�j�f�h�c�� �^�e�y��
�q�_�e�h�\�_�d�Z�� �>���@���� �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �i�Z�j�p�b�Z�e�v��
�g�h�c�� �i�e�h�l�g�h�k�l�b�� �d�b�k�e�h�j�h�^�Z�� �\�� �\�h�a�^�m�o�_�� �\�h��
�\�j�_�f�_�g�b���b���i�j�h�k�l�j�Z�g�k�l�\�_���b�f�_�_�l���k�m�l�h�q�g�u�c��
�b �k�_�a�h�g�g�u�c���o�Z�j�Z�d�l�_�j���b���i�j�h�y�\�e�y�_�l�k�y���\���i�h��
�]�h�^�g�u�o���Z�g�h�f�Z�e�b�y�o�����K�m�l�h�q�g�h�_���h�l�d�e�h�g�_�g�b�_��
�^�Z�g�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���h�l���k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c��
���������� �]���f������ �g�Z�� �����±������ �]���f���� �f�h�`�_�l�� �h�l�j�b�p�Z��
�l�_�e�v�g�h�� �h�l�j�Z�a�b�l�v�k�y�� �g�Z�� �k�Z�f�h�q�m�\�k�l�\�b�b�� �q�_��
�e�h�\�_�d�Z���>�����@�� 

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

�m�^�_�e�y�_�l�k�y�� �� �b�a�m�q�_�g�b�x�� �\�e�b�y�g�b�y�� �l�_�i�e�h�\�h�]�h��
�j�_�`�b�f�Z�� �Z�l�f�h�k�n�_�j�u�� �g�Z�� �k�b�k�l�_�f�m�� �l�_�j�f�h�j�_��
�]�m�e�y�p�b�b���q�_�e�h�\�_�d�Z�����>�e�y���w�l�b�o���p�_�e�_�c���r�b�j�h��
�d�h���b�k�i�h�e�v�a�m�_�l�k�y���f�_�l�h�^���j�Z�k�q�_�l�Z���\�_�e�b�q�b�g�u��
�l�_�i�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z�� �l�_�e�Z (Qs������ �K�� �_�]�h�� �i�h��
�f�h�s�v�x���f�h�`�g�h���^�Z�l�v���h�[�t�_�d�l�b�\�g�m�x���h�p�_�g�d�m��
�k�l�_�i�_�g�b�� �g�Z�i�j�y�`�_�g�b�y�� �l�_�j�f�h�j�_�]�m�e�y�p�b�h�g��
�g�h�c�� �k�b�k�l�_�f�u�� �q�_�e�h�\�_�d�Z���� �>�e�y�� �h�p�_�g�d�b�� �l�_�i��
�e�h�\�h�]�h�� �[�Z�e�Z�g�k�Z�� �b�k�i�h�e�v�a�m�_�l�� �n�h�j�f�m�e�m�� �i�h��
�J�m�k�Z�g�h�\�m��[6] 
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�]�^�_��S �± �i�j�y�f�Z�y�� �k�h�e�g�_�q�g�Z�y�� �j�Z�^�b�Z�p�b�y����
�d�<�l���f2; D �± �j�Z�k�k�_�y�g�g�Z�y���k�h�e�g�_�q�g�Z�y���j�Z�^�b�Z��
�p�b�y�����d�<���f2; h �± �\�u�k�h�l�Z���k�h�e�g�p�Z�� �]�j�Z�^��; �D �± 
�Z�e�v�[�_�^�h�� �g�_�i�b�]�f�_�g�l�b�j�h�\�Z�g�g�h�c�� �d�h�`�b, 
�D=0,28; �S=3,14; M �± �l�_�i�e�h�i�j�h�^�m�d�p�b�y�� �h�j��
�]�Z�g�b�a�f�Z�� �q�_�e�h�\�_�d�Z���� �d�<�l���f2. �K�m�s�_�k�l�\�m�_�l��
�k�\�y�a�v�� �f�_�`�^�m�� �b�g�l�_�g�k�b�\�g�h�k�l�v�x�� �l�_�i�e�h�\�h�]�h��
�[�Z�e�Z�g�k�Z�� �q�_�e�h�\�_�d�Z�� �b�� �w�d�\�b�\�Z�e�_�g�l�g�h-
�w�n�n�_�d�l�b�\�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�h�c���� �d�h�l�h�j�Z�y��
�h�i�b�k�u�\�Z�_�l�k�y���n�h�j�f�m�e�h�c 

98,0�W�W�L04,0 ���˜� sQ ,         (10)  

�]�^�_�� �W�W�L�� �± �w�d�\�b�\�Z�e�_�g�l�g�h-�w�n�n�_�d�l�b�\�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z�����ƒ�K.  

�>�e�y���l�_�i�e�h�]�h���i�_�j�b�h�^�Z���]�h�^�Z���\���h�k�g�h�\�g�h�f��
�b�k�i�h�e�v�a�m�x�l�k�y�� �f�_�l�h�^�u�� �Z�g�Z�e�b�a�Z�� �j�Z�a�e�b�q�g�h��
�]�h�� �\�b�^�Z�� �w�n�n�_�d�l�b�\�g�u�o�� �l�_�f�i�_�j�Z�l�m�j���� �H�^�g�Z��
�d�h�� �k�l�h�b�l�� �h�l�f�_�l�b�l�v�� �b�� �l�Z�d�b�_�� �[�b�h�d�e�b�f�Z�l�b��
�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�d�� �b�g�^�_�d�k�u�� �h�o�e�Z��
�`�^�_�g�b�y���b�e�b���b�g�^�_�d�k�u���o�h�e�h�^�h�\�h�]�h���k�l�j�_�k�k�Z����
�\�� �d�h�l�h�j�u�o�� �w�n�n�_�d�l�� �l�_�i�e�h�h�s�m�s�_�g�b�y�� �b��
�^�b�k�d�h�f�n�h�j�l�Z�� �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y�� �g�_�� �g�Z�� �h�k��
�g�h�\�_�� �\�e�Z�`�g�h�k�l�b���� �d�Z�d�� �\�� �w�n�n�_�d�l�b�\�g�u�o��
�l�_�f�i�_�j�Z�l�m�j�Z�o���� �Z�� �m�l�h�q�g�y�_�l�k�y�� �i�h�i�j�Z�\�d�h�c��
�g�Z�� �k�d�h�j�h�k�l�v�� �\�_�l�j�Z���� �K�h�]�e�Z�k�g�h�� �B���� �:�j�g�h�e�v��
�^�b���>�����@�����d�Z�`�^�u�c���f�_�l�j���k�d�h�j�h�k�l�b���\�_�l�j�Z���i�h��
�g�b�`�Z�_�l�� �l�_�f�i�_�j�Z�l�m�j�m�� �g�Z�� ���ƒ�K���� �Q�Z�s�_�� �\�k�_�]�h��
�\�� �a�Z�j�m�[�_�`�g�h�c�� �i�j�Z�d�l�b�d�_�� �b�k�i�h�e�v�a�m�_�l�k�y��
�\�_�l�j�h�\�h�c�� �b�g�^�_�d�k�� �h�o�e�Z�`�^�_�g�b�y�� �K�Z�c�i�e�Z�� �b��
�I�Z�k�k�_�e�Z�� �>�����@���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �k�l�_�i�_�g�v��
�h�o�e�Z�`�^�_�g�b�y�� �i�h�^�� �\�e�b�y�g�b�_�f�� �\�_�l�j�Z�� �b�� �l�_�f��
�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �\�� �l�_�g�b���� �g�h�� �g�_�� �m�q�b�l�u��
�\�Z�x�s�b�c�� �b�k�i�Z�j�_�g�b�_���� �:�g�Z�e�h�]�b�q�g�u�c�� �b�g��
�^�_�d�k���h�o�e�Z�`�^�_�g�b�y���O�b�e�e�Z����Hw�����>���@���o�Z�j�Z�d�l�_��
�j�b�a�m�_�l�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�h�l�_�j�v�� �l�_�i�e�Z�� �\�h��
�\�e�Z�`�g�h�f���^�\�b�`�m�s�_�f�k�y���i�h�l�h�d�_���\�h�a�^�m�o�Z 
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�]�^�_ )6,36)(13,0( 5,0 tHc ����� �X , �X �± �k�d�h��
�j�h�k�l�v���\�_�l�j�Z�����f���k����t �± �l�_�f�i�_�j�Z�l�m�j�Z �\�h�a�^�m�o�Z����
�q�K����e �± �m�i�j�m�]�h�k�l�v�� �\�h�^�y�g�h�]�h�� �i�Z�j�Z���� �]�I�Z�� �<��
�e�_�l�g�b�c�� �i�_�j�b�h�^�� �i�j�b�� �\�u�k�h�d�b�o�� �i�h�e�h�`�b��
�l�_�e�v�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �\�h�a�^�_�c�k�l�\�b�_��
�\�e�Z�`�g�h�]�h�� �\�_�l�j�h�\�h�]�h�� �i�h�l�h�d�Z�� �m�f�_�g�v�r�Z�_�l��
�h�s�m�s�_�g�b�_�� �^�b�k�d�h�f�n�h�j�l�g�h�k�l�b�� �q�_�e�h�\�_�d�Z��
[18].  

�I�h�f�b�f�h�� �b�g�^�_�d�k�h�\���� �h�l�j�Z�`�Z�x�s�b�o�� �l�_�i��
�e�h�\�m�x�� �b�� �\�_�l�j�h�\�m�x�� �g�Z�]�j�m�a�d�m���g�Z�� �h�j�]�Z�g�b�a�f��
�q�_�e�h�\�_�d�Z���� �k�m�s�_�k�l�\�m�x�l�� �b�g�l�_�]�j�Z�e�v�g�u�_�� �i�h��
�d�Z�a�Z�l�_�e�b���� �m�q�b�l�u�\�Z�x�s�b�_�� �j�Z�a�e�b�q�g�u�_�� �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�b���i�h�]�h�^�u�����H�^�b�g���b�a���g�b�o���± �b�g��
�^�_�d�k�� �i�Z�l�h�]�_�g�g�h�k�l�b�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c��
�k�b�l�m�Z�p�b�b����I�������i�j�_�^�e�h�`�_�g�g�u�c���<���=�����;�h�d�r�_�c��
�>�����@���� �d�h�f�i�e�_�d�k�g�h�� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �k�l�_��
�i�_�g�v���j�Z�a�^�j�Z�`�Z�x�s�_�]�h���\�h�a�^�_�c�k�l�\�b�y���i�h�]�h�^��
�g�u�o�� �n�Z�d�l�h�j�h�\�� �g�Z�� �q�_�e�h�\�_�d�Z���� �B�g�^�_�d�k�� �j�Z�k��
�k�q�b�l�u�\�Z�_�l�k�y���i�h���n�h�j�f�m�e�_ 

 tpnht IIIIIII �'�' ����������� �X ,      (12)  

�]�^�_ I t �± �b�g�^�_�d�k�� �i�Z�l�h�]�_�g�g�h�k�l�b�� �l�_�f�i�_�j�Z�l�m��
�j�u���\�h�a�^�m�o�Z����I t= 0,02 (18�± t)2 �i�j�b��t < 18�qC 
�b��I t= 0,02 (t �± 18)2 �i�j�b��t > 18�qC; t �± �k�j�_�^��
�g�_�k�m�l�h�q�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�����q�K����I �ût �± �b�g�^�_�d�k��
�i�Z�l�h�]�_�g�g�h�k�l�b�� �f�_�`�k�m�l�h�q�g�h�]�h�� �b�a�f�_�g�_�g�b�y��
�l�_�f�i�_�j�Z�l�m�j�u�� �ût; Ih �± �b�g�^�_�d�k�� �i�Z�l�h�]�_�g�g�h��
�k�l�b���\�e�Z�`�g�h�k�l�b���\�h�a�^�m�o�Z����h �± �k�j�_�^�g�_�k�m�l�h�q��
�g�Z�y�� �h�l�g�h�k�b�l�_�e�v�g�Z�y�� �\�e�Z�`�g�h�k�l�v�� ����������I �X �± 
�b�g�^�_�d�k�� �i�Z�l�h�]�_�g�g�h�k�l�b�� �\�_�l�j�Z�����X �± �k�j�_�^�g�_��
�k�m�l�h�q�g�Z�y���k�d�h�j�h�k�l�v���\�_�l�j�Z�����f���k������In �± �b�g�^�_�d�k��
�i�Z�l�h�]�_�g�g�h�k�l�b�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �k�h�e��
�g�_�q�g�h�]�h�� �k�b�y�g�b�y����n = 10�±10S�n/Smax; Smax �b��
S�n�� �± �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �f�Z�d�k�b�f�Z�e�v�g�h�� �\�h�a��
�f�h�`�g�Z�y�� �b�� �n�Z�d�l�b�q�_�k�d�Z�y�� �i�j�h�^�h�e�`�b�l�_�e�v��
�g�h�k�l�v�� �k�h�e�g�_�q�g�h�]�h�� �k�b�y�g�b�y����I �ûp �± �b�g�^�_�d�k��
�i�Z�l�h�]�_�g�g�h�k�l�b�� �f�_�`�k�m�l�h�q�g�h�]�h�� �b�a�f�_�g�_�g�b�y��
�Z�l�f�h�k�n�_�j�g�h�]�h���^�Z�\�e�_�g�b�y���ûp.  

�<���=���� �;�h�d�r�Z�� �i�j�_�^�e�h�`�b�e�� �k�e�_�^�m�x�s�m�x 
�j�Z�[�h�q�m�x�� �n�h�j�f�m�e�m�� �^�e�y�� �j�Z�k�q�_�l�Z�� �b�g�^�_�d�k�Z��
�i�Z�l�h�]�_�g�g�h�k�l�b�� �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z��
�p�b�b 
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06,02,010 �X .    (13)                 

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

�l�_�j�j�b�l�h�j�b�b�� �y�\�e�y�_�l�k�y�� �j�y�^�� �w�n�n�_�d�l�b�\�g�u�o��
�l�_�f�i�_�j�Z�l�m�j�� �± �W�L���� �W�W�L���� �G�W�W�L���� �J�W�W�L����
�d�h�l�h�j�u�_�� �h�l�j�Z�`�Z�x�l�� �j�_�Z�d�p�b�x�� �q�_�e�h�\�_�d�Z�� �g�Z��
�\�e�b�y�g�b�_���d�h�f�i�e�_�d�k�Z���]�b�^�j�h�f�_�l�_�h�j�h�e�h�]�b�q�_��
�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� ���l�_�f�i�_�j�Z�l�m�j�u�� �b�� �\�e�Z�`��
�g�h�k�l�b�� �\�h�a�^�m�o�Z���� �k�d�h�j�h�k�l�b�� �\�_�l�j�Z������ �;�:�L�� �h�l��
�j�Z�`�Z�_�l�� �\�e�b�y�g�b�_�� �k�m�f�f�Z�j�g�h�c�� �b�� �^�e�b�g�g�h��
�\�h�e�g�h�\�h�c�� �j�Z�^�b�Z�p�b�b�����U�H2 �± �\�e�b�y�g�b�_�� �i�Z�j��
�p�b�Z�e�v�g�h�c�� �i�e�h�l�g�h�k�l�b�� �d�b�k�e�h�j�h�^�Z����Qs �± 
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METHODS OF BIOCLIMATE ASSESSMENT OF RESORTS CRIMEAN PENINSULA IN TH E 
WARM PERIOD 

A.A. Stefanovich, E.N. Voskresenskaya  

Institute of Natural and Technical Systems, Russian Federation, Sevastopol, Lenin St., 28 
 
The main methods for assessing of the bioclimatic conditions over the resorts area are studied in the pa-
per. The most popular bioclimatic indicators for organization of medical and health-improving rest and 
tourism, taking into account the different regional climates, was reviewed. The main algorithms for bio-
climatic indices calculation are presented. Most applicable methods for characteristics of medical-climatic 
conditions at the Crimea resorts during the warm recreation season were proposed. Most convenient bio-
climatic indices for analyses of comfort of their recreation conditions are presented at the paper too. 
Keywords: bioclimatic indices, equivalent-effective temperature, comfort of recreation conditions, hu-
man health. 
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�B�k�k�e�_�^�h�\�Z�e�h�k�v�� �\�e�b�y�g�b�_�� �a�Z�]�j�y�a�g�_�g�g�u�o�� �k�l�h�d�h�\�� �i�h�e�b�]�h�g�Z�� �L�D�H�� �g�Z�� �b�a�f�_�g�_�g�b�y�� �k�h�k�l�h�y�g�b�y�� �[�b�h�p�_�g�h�a�h�\��
�j�� �O�_�j�h�l�Z�����I�j�h�b�a�\�_�^�_�g���^�_�l�Z�e�v�g�u�c���Z�g�Z�e�b�a���i�j�_�^�u�^�m�s�b�o���^�Z�g�g�u�o�����h�i�b�k�u�\�Z�x�s�b�o���w�d�h�e�h�]�b�q�_�k�d�m�x���i�j�h��
�[�e�_�f�m�� �^�Z�g�g�h�]�h�� �\�h�^�h�_�f�Z���� �h�i�j�_�^�_�e�_�g�u�� �d�e�x�q�_�\�u�_�� �j�b�k�d�b���� �k�\�y�a�Z�g�g�u�_�� �k�� �i�h�e�b�]�h�g�h�f���� �b�� �b�a�m�q�_�g�h�� �k�h�k�l�h�y��
�g�b�_���[�_�g�l�h�k�g�u�o���b���i�_�j�b�n�b�l�h�g�g�u�o���k�h�h�[�s�_�k�l�\���f�Z�d�j�h�a�h�h�[�_�g�l�h�k�Z���g�Z���i�j�h�l�y�`�_�g�b�b���j�_�d�b�����H�k�g�h�\�u�\�Z�y�k�v���g�Z��
�i�h�d�Z�a�Z�g�b�y�o�� �]�b�^�j�h�[�b�h�e�h�]�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���� �m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���[�b�h�p�_�g�h�a�u���b�k�k�e�_�^�m�_�f�h�]�h���\�h�^�h�_�f�Z���^�_��
�]�j�Z�^�b�j�m�x�l���h�l���\�_�j�o�g�_�]�h���l�_�q�_�g�b�y���d���m�k�l�v�x�����g�Z�q�b�g�Z�y���k���l�h�q�d�b���i�h�k�l�m�i�e�_�g�b�y���\���g�_�]�h���k�l�h�d�h�\���i�h�e�b�]�h�g�Z�����O�h��
�l�y�� �:�^�e�_�j�k�d�b�c�� �i�h�e�b�]�h�g���]���� �K�h�q�b���h�n�b�p�b�Z�e�v�g�h �a�Z�d�j�u�l���� �h�g�� �i�j�h�^�h�e�`�Z�_�l���h�d�Z�a�u�\�Z�l�v���g�_�]�Z�l�b�\�g�h�_���\�e�b�y�g�b�_��
�g�Z�� �w�d�h�k�b�k�l�_�f�m���j���� �O�_�j�h�l�Z���� �\�i�Z�^�Z�x�s�m�x�� �\�� �Q�_�j�g�h�_�� �f�h�j�_���� �I�j�b�f�_�g�_�g�b�_�� �[�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �b�k�k�e�_��
�^�h�\�Z�g�b�y�� �i�h�a�\�h�e�b�e�h�� �d�h�f�i�e�_�d�k�g�h�� �h�p�_�g�b�l�v�� �\�h�a�^�_�c�k�l�\�b�_�� �a�Z�]�j�y�a�g�_�g�b�y�� �g�Z�� �`�b�\�u�_�� �h�j�]�Z�g�b�a�f�u�� �j�_�d�b�� �b��
�h�i�j�_�^�_�e�b�l�v���a�h�g�u���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���\�e�b�y�g�b�y���i�h�e�b�]�h�g�Z�� 
�D�e�x�q�_�\�u�_���k�e�h�\�Z�����i�h�e�b�]�h�g�u���l�\�_�j�^�u�o���d�h�f�f�m�g�Z�e�v�g�u�o���h�l�o�h�^�h�\�����d�h�f�i�e�_�d�k�g�u�c���f�h�g�b�l�h�j�b�g�]�����[�b�h�p�_�g�h��
�a�u�����w�d�h�e�h�]�b�q�_�k�d�Z�y���h�i�Z�k�g�h�k�l�v�����k�Z�i�j�h�[�g�h�k�l�v�����\�b�^�h�\�h�c���k�h�k�l�Z�\�� 
 

�<�\�_�^�_�g�b�_�� �K�\�Z�e�d�b�� �b�� �i�h�e�b�]�h�g�u���l�\�_�j��
�^�u�o�� �d�h�f�f�m�g�Z�e�v�g�u�o�� �h�l�o�h�^�h�\�� ���L�D�H�� �y�\��
�e�y�x�l�k�y���h�[�t�_�d�l�Z�f�b���i�h�l�_�g�p�b�Z�e�v�g�h�c���w�d�h�e�h��
�]�b�q�_�k�d�h�c�� �h�i�Z�k�g�h�k�l�b�� �^�e�y�� �h�d�j�m�`�Z�x�s�_�c��
�k�j�_�^�u�� �:�^�e�_�j�k�d�b�c�� �i�h�e�b�]�h�g�� �L�D�H�� �j�Z�k�i�h��
�e�h�`�_�g���\���[�Z�e�d�_���g�Z���i�j�Z�\�h�f���[�_�j�_�]�m���j�����F�Z�e�Z�y����
�O�_�j�h�l�Z, �d�h�l�h�j�Z�y���y�\�e�y�_�l�k�y���i�j�Z�\�u�f���i�j�b�l�h��
�d�h�f�� �j���� �O�_�j�h�l�Z�� �J�_�d�Z �O�_�j�h�l�Z�� �b�f�_�_�l�� �i�j�h��
�l�y�`�_�g�g�h�k�l�v���[�h�e�_�_���������d�f���b���\�i�Z�^�Z�_�l���\���Q�_�j��
�g�h�_�� �f�h�j�_�� �\�� �j�Z�c�h�g�_�� �i�Z�g�k�b�h�g�Z�l�Z�� �©�B�a�\�_��
�k�l�b�y�ª�� �\�� �:�^�e�_�j�k�d�h�f�� �j-�g�_�� �]���� �K�h�q�b�� �W�d�h�k�b��
�k�l�_�f�u�� �j���� �O�_�j�h�l�Z �b�� �_�_�� �i�j�b�l�h�d�Z�� �\�� �g�Z�k�l�h�y��
�s�_�_�� �\�j�_�f�y�� �i�h�^�\�_�j�]�Z�x�l�k�y�� �\�e�b�y�g�b�x�� �a�Z��
�]�j�y�a�g�_�g�g�u�o�� �k�l�h�d�h�\�� �p�_�e�h�]�h�� �j�y�^�Z�� �i�j�h��
�f�u�r�e�_�g�g�u�o�� �� �b�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o��
�i�j�_�^�i�j�b�y�l�b�c���� �<�u�a�u�\�Z�_�l�� �l�j�_�\�h�]�m�� �b�� �l�h�l��
�n�Z�d�l�����q�l�h���\���j�_�d�m���f�h�]�m�l���i�h�k�l�m�i�Z�l�v �a�Z�]�j�y�a��
�g�y�x�s�b�_�� �\�_�s�_�k�l�\�Z�� �k�� �i�h�e�b�]�h�g�Z�� �L�D�H.  �O�Z��
�j�Z�d�l�_�j�� �^�g�Z�� �j���� �O�_�j�h�l�u�� �h�l�e�b�q�Z�_�l�k�y�� �h�l�� �l�b��
�i�b�q�g�u�o�� �]�h�j�g�u�o�� �j�_�d�� �j�_�]�b�h�g�Z�� �l�_�f���� �q�l�h��
�f�g�h�]�b�_�� �m�q�Z�k�l�d�b�� �j�_�d�b�� �b�f�_�x�l�� �]�e�b�g�b�k�l�u�_��
�[�_�j�_�]�Z�� �b�� �^�g�h���� �D�j�h�f�_�� �l�h�]�h���� �j�_�d�Z�� �q�Z�k�l�b�q�g�h��
�\�a�y�l�Z�� �\�� �d�h�e�e�_�d�l�h�j���� �q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �m�k�l�Z��
�g�h�\�e�_�g�b�_�� �k�l�Z�[�b�e�v�g�u�o�� �[�b�h�p�_�g�h�a�h�\���� �b�a�g�Z��
�q�Z�e�v�g�h�� �k�\�h�c�k�l�\�_�g�g�u�o�� �\�h�^�h�_�f�m���� �b�a-�a�Z��
�k�f�_�g�u�� �^�h�g�g�h�]�h�� �k�m�[�k�l�j�Z�l�Z���� �P�_�e�v�x�� �^�Z�g��
�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �\�u�y�\�e�_�g�b�_�� �b�� �h�i�j�_��
�^�_�e�_�g�b�_�� �\�h�a�^�_�c�k�l�\�b�y�� �k�l�h�d�h�\�� �:�^�e�_�j�k�d�h�]�h��
�i�h�e�b�]�h�g�Z�� �L�D�H�� �g�Z�� �j�Z�a�\�b�l�b�_�� �[�b�h�e�h�]�b�q�_��

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

 �F�Z�l�_�j�b�Z�e�u�� �b�� �f�_�l�h�^�u. �>�e�y�� �b�a�m�q�_��
�g�b�y�� �b�� �h�p�_�g�d�b�� �i�j�h�[�e�_�f�u�� �a�Z�]�j�y�a�g�_�g�b�y�� �j�_��
�d�b�� �Z�\�l�h�j�Z�f�b�� �i�j�h�b�a�\�_�^�_�g�� �Z�g�Z�e�b�a�� �i�j�_�^�u��
�^�m�s�b�o�� �j�Z�[�h�l���� �h�l�j�Z�`�Z�x�s�b�o�� �k�h�k�l�h�y�g�b�_��
�w�d�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z�p�b�b�� �^�Z�g�g�h�]�h�� �\�h�^�h�_��
�f�Z���� �W�l�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�d�e�x�q�Z�x�l�� �\�� �k�_�[�y��
�b�k�l�h�j�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�]�h��
�Z�g�Z�e�b�a�Z�� �b�� �h�p�_�g�d�m�� �]�_�h�w�d�h�e�h�]�b�q�_�k�d�b�o�� �j�b�k��
�d�h�\�� �\�� �b�k�k�e�_�^�m�_�f�h�f�� �j�Z�c�h�g�_���� �� �>�e�y�� �h�l�[�h�j�Z��
�i�j�h�[�� �[�u�e�b�� �\�u�[�j�Z�g�u�� �m�q�Z�k�l�d�b�� �k�� �d�Z�f�_�g�b��
�k�l�u�f�� �^�g�h�f�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �i�j�b�� �i�h�k�e�_��
�^�m�x�s�_�f���k�j�Z�\�g�_�g�b�b���j�_�a�m�e�v�l�Z�l�h�\���Z�g�Z�e�b�a�h�\��
�k�� �^�j�m�]�b�f�b�� �b�k�k�e�_�^�m�_�f�u�f�b�� �\�h�^�h�_�f�Z�f�b���� �g�_��
�^�h�i�m�k�l�b�l�v�� �\�e�b�y�g�b�_�� �b�a�f�_�g�_�g�b�y�� �k�m�[�k�l�j�Z��
�l�h�\�� �g�Z�� �[�b�h�e�h�]�b�q�_�k�d�b�c���k�h�k�l�Z�\�� �i�j�h�[�u���� �K�h��
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�k�l�h�y�g�b�_�� �k�m�[�k�l�j�Z�l�Z���� �k�� �d�h�l�h�j�h�]�h�� �h�l�[�b�j�Z��
�e�b�k�v�� �i�j�h�[�u�� ���o�Z�j�Z�d�l�_�j�� �h�[�j�Z�k�l�Z�g�b�c���� �a�Z��
�b�e�_�g�b�_�����g�Z�e�b�q�b�_���b�k�l�h�q�g�b�d�h�\���a�Z�]�j�y�a�g�_�g�b�y��
�\�[�e�b�a�b�� �l�h�q�d�b�� �h�l�[�h�j�Z������ �h�[�k�e�_�^�h�\�Z�e�b�k�v��
�\�b�a�m�Z�e�v�g�h�� �i�_�j�_�^�� �h�l�[�h�j�h�f���� �H�l�[�h�j�� �]�b�^�j�h��
�[�b�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�[�� �h�k�m�s�_�k�l�\�e�y�e�k�y�� �\��
�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �J�m�d�h�\�h�^�k�l�\�h�f�� �i�h�� �f�_�l�h��
�^�Z�f�� �]�b�^�j�h�[�b�h�e�h�]�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�h��
�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�� �b�� �^�h�g�g�u�o�� �h�l�e�h�`�_�g�b�c��
[2].   

�D�Z�`�^�Z�y�� �i�j�h�[�Z�� �h�l�[�b�j�Z�e�Z�k�v�� �\�� �l�j�_�o�� �i�h��
�\�l�h�j�g�h�k�l�y�o�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�f�d�b����
�h�]�j�Z�g�b�q�b�\�Z�x�s�_�c�� �i�e�h�s�Z�^�v�� �^�g�Z�� ����25 �f2. 
�D�h�e�b�q�_�k�l�\�h�� �h�i�j�_�^�_�e�_�g�g�u�o�� �\�b�^�h�\�� �b�� �h�k�h��
�[�_�c�� �j�Z�k�k�q�b�l�u�\�Z�e�h�k�v�� �g�Z�� ���� �f2���� �D�Z�f�g�b�� �h�l��
�[�b�j�Z�e�b�k�v�� �\�j�m�q�g�m�x�� �k�� �]�e�m�[�b�g�� �h�l�� �������� �^�h 
0,3 �f�� �_�s�_���\���\�h�^�_���i�h�f�_�s�Z�e�b�k�v���\���k�Z�q�h�d���b�a��
�i�e�Z�g�d�l�h�g�g�h�]�h�� �]�Z�a�Z�� �b�� �i�_�j�_�g�h�k�b�e�b�k�v�� �\�� �l�Z�a��
�^�e�y�� �l�s�Z�l�_�e�v�g�h�]�h�� �i�j�h�k�f�h�l�j�Z�� �`�b�\�h�c�� �i�j�h��
�[�u���� �I�h�k�e�_�� �w�l�h�]�h�� �`�b�\�u�_�� �h�j�]�Z�g�b�a�f�u���� �h�l�h��
�[�j�Z�g�g�u�_���k���d�Z�f�g�_�c���b���b�a���\�h�^�u�����h�k�l�Z�\�r�_�c�k�y��
�\�� �l�Z�a�m���� �i�h�f�_�s�Z�e�b�k�v�� �\�� �[�Z�g�d�m�� �k�� �j�Z�k�l�\�h�j�h�f��
�w�l�b�e�h�\�h�]�h�� �k�i�b�j�l�Z�� �������������� �<�� �l�h�f�� �k�e�m�q�Z�_����
�_�k�e�b���g�Z���d�Z�f�g�y�o���g�Z�[�e�x�^�Z�e�b�k�v���h�[�j�Z�k�l�Z�g�b�y����
�h�g�b�� �k�h�k�d�j�_�[�Z�e�b�k�v�� �k�� �d�Z�f�g�_�c�� �\�� �h�l�^�_�e�v�g�u�_��
�[�Z�g�d�b�� �b�� �n�b�d�k�b�j�h�\�Z�e�b�k�v�� �w�l�b�e�h�\�u�f�� �k�i�b�j��
�l�h�f�� �^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h�� �h�i�j�_�^�_�e�_�g�b�y�� �]�b�^��
�j�h�[�b�h�g�l�h�\���� �<�� �e�Z�[�h�j�Z�l�h�j�b�b�� �h�j�]�Z�g�b�a�f�u��
�a�h�h�[�_�g�l�h�k�Z�� �b�� �i�_�j�b�n�b�l�h�g�Z�� �h�i�j�_�^�_�e�y�e�b�k�v��
�^�h�� �\�b�^�Z�� �>3, ���@���� �i�h�k�e�_�� �q�_�]�h�� �i�j�h�k�q�b�l�u�\�Z��
�e�Z�k�v�� �q�b�k�e�_�g�g�h�k�l�v�� �d�Z�`�^�h�]�h�� �\�b�^�Z�� �b�� �h�[�s�Z�y��
�q�b�k�e�_�g�g�h�k�l�v�� �h�j�]�Z�g�b�a�f�h�\�� �\�� �i�j�h�[�_���� �G�Z�� �h�k��
�g�h�\�_���h�i�j�_�^�_�e�_�g�b�y���\�b�^�h�\�h�]�h���b���q�b�k�e�_�g�g�h�]�h��
�k�h�k�l�Z�\�Z�� �]�b�^�j�h�[�b�h�g�l�h�\�� �[�u�e�b�� �\�u�q�b�k�e�_�g�u��
�[�b�h�l�b�q�_�k�d�b�_�� �b�g�^�_�d�k�u�� �± �i�h�d�Z�a�Z�l�_�e�b�� �k�Z��
�i�j�h�[�g�h�k�l�b�� �\�h�^�u���� �\�b�^�h�\�h�]�h�� �j�Z�a�g�h�h�[�j�Z�a�b�y��
�b�� �k�l�_�i�_�g�b�� �^�h�f�b�g�b�j�h�\�Z�g�b�y�� �h�l�^�_�e�v�g�u�o��
�\�b�^�h�\�� �]�b�^�j�h�[�b�h�g�l�h�\���� �G�Z�� �h�k�g�h�\�_�� �k�h�k�l�Z�\�Z��
�h�[�g�Z�j�m�`�_�g�g�u�o�� �]�j�m�i�i�� �h�j�]�Z�g�b�a�f�h�\���� �h�i�j�_��
�^�_�e�y�e�k�y�� �b�g�^�_�d�k�� �<�m�^�b�\�b�k�Z���� �d�h�l�h�j�u�c�� �b�k��
�i�h�e�v�a�h�\�Z�e�k�y�� �d�Z�d�� �w�d�k�i�j�_�k�k �f�_�l�h�^�� �h�p�_�g�d�b��
�d�Z�q�_�k�l�\�Z���\�h�^�g�h�c���k�j�_�^�u�����>�e�y���h�i�j�_�^�_�e�_�g�b�y��
�l�b�i�Z���j�_�d�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���i�h�k�l�m�i�Z�x�s�_��
�]�h�� �\�� �g�_�]�h�� �h�j�]�Z�g�b�q�_�k�d�h�]�h�� �\�_�s�_�k�l�\�Z�� �b��
�m�j�h�\�g�y�� �i�j�h�p�_�k�k�Z�� �w�\�l�j�h�n�b�d�Z�p�b�b���� �i�j�b�f�_��
�g�y�e�k�y�� �k�Z�i�j�h�[�b�h�e�h�]�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �i�h��
�I�Z�g�l�e�_�� �b�� �;�m�d�m���� �>�e�y�� �^�_�l�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�b�a�f�_�g�_�g�b�c�� �\�b�^�h�\�h�]�h�� �k�h�k�l�Z�\�Z�� �\�h�^�h�_�f�h�\��
�[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u�� �i�Z�j�Z�f�_�l�j�u�� �h�l�g�h�k�b��
�l�_�e�v�g�h�]�h�� �h�[�b�e�b�y�� �\�b�^�h�\�� �b�� �k�l�_�i�_�g�b�� �^�h�f�b��
�g�b�j�h�\�Z�g�b�y�� �h�l�^�_�e�v�g�u�o�� �\�b�^�h�\���� �b�g�^�_�d�k��

�R�_�g�g�h�g�Z�� �b�� �b�g�^�_�d�k�� �\�u�j�Z�\�g�_�g�g�h�k�l�b�� �I�b�_��
�e�m���>���@������ 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�� �h�[�k�m�`��
�^�_�g�b�_. �N�m�g�d�p�b�h�g�Z�e�v�g�u�f�� �g�Z�a�g�Z�q�_�g�b�_�f��
�i�h�e�b�]�h�g�Z���L�D�H���\���:�^�e�_�j�k�d�h�f���j�Z�c�h�g�_ �[�u�e�Z��
�i�j�b�_�f�d�Z���� �k�d�e�Z�^�b�j�h�\�Z�g�b�_�� �b�� �b�a�h�e�y�p�b�y�� �f�m��
�g�b�p�b�i�Z�e�v�g�u�o�� �l�\�_�j�^�u�o�� �d�h�f�f�m�g�Z�e�v�g�u�o 
�h�l�o�h�^�h�\���� �i�h�k�l�m�i�Z�x�s�b�o�� �h�l�� �`�b�e�h�]�h�� �n�h�g�^�Z��
�]. �K�h�q�b���� �:�^�e�_�j�k�d�b�c�� �i�h�e�b�]�h�g�� �L�D�H�� �h�n�b��
�p�b�Z�e�v�g�h�� �k�m�s�_�k�l�\�m�_�l�� �� �k�� �� �����������]������ �h�^�g�Z�d�h��
�k�[�j�h�k�� �f�m�k�h�j�Z�� �\�� �� �[�Z�e�d�m���� �� �\�i�Z�^�Z�x�s�m�x�� �� �\��
�j�_�d�m�� �F�Z�e�Z�y�� �O�_�j�h�l�Z�� �\�u�r�_�� �i�h�k�_�e�d�Z�� �H�j�_�e-
�B�a�m�f�j�m�^���� �g�Z�q�Z�e�k�y�� �_�s�_�� �^�h�� �g�Z�q�Z�e�Z�� �<�_�e�b��
�d�h�c�� �H�l�_�q�_�k�l�\�_�g�g�h�c�� �\�h�c�g�u���� �A�Z�� �� �^�e�b�l�_�e�v��
�g�u�c�����i�_�j�b�h�^�����w�d�k�i�e�m�Z�l�Z�p�b�b�����k�\�Z�e�d�b�������i�j�b����
�a�g�Z�q�b�l�_�e�v�g�u�o�� �g�Z�j�m�r�_�g�b�y�o�� �� �l�j�_�[�h�\�Z�g�b�c����
�d�� �� �_�_�� �m�k�l�j�h�c�k�l�\�m�� �b�� �� �k�h�^�_�j�`�Z�g�b�x���� �� �i�j�h��
�b�a�h�r�e�h�� �a�Z�]�j�y�a�g�_�g�b�_�� �� �h�d�j�m�`�Z�x�s�_�c�� �� �k�j�_��
�^�u���� �i�h�q�\�u���� �^�h�g�g�u�_�� �h�k�Z�^�d�b�� �� �b�� �i�h�\�_�j�o��
�g�h�k�l�g�u�_�� �\�h�^�u�� �g�Z�� �\�k�_�c�� �i�j�b�e�_�]�Z�x�s�_�c�� �d��
�k�\�Z�e�d�_�� �l�_�j�j�b�l�h�j�b�b�� �[�u�e�b�� �a�Z�]�j�y�a�g�_�g�u��
�g�_�n�l�_�i�j�h�^�m�d�l�Z�f�b�� �b�� �l�y�`�_�e�u�f�b�� �f�_�l�Z�e�e�Z��
�f�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�_�m�^�Z�q�g�h�_�� �j�Z�k�i�h�e�h��
�`�_�g�b�_���w�l�h�]�h���h�[�t�_�d�l�Z�����g�Z���[�_�j�_�]�m���j�����F�Z�e�Z�y��
�O�_�j�h�l�Z�� ���k�h�a�^�Z�\�Z�e�h�� �p�_�e�u�c�� �j�y�^�� �w�d�h�e�h�]�b�q�_��
�k�d�b�o���b���k�h�p�b�Z�e�v�g�u�o���i�j�h�[�e�_�f���b���h�d�Z�a�u�\�Z�e�h��
�m�k�l�h�c�q�b�\�h�_�� �g�_�]�Z�l�b�\�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z��
�j�_�d�m���g�Z���i�j�h�l�y�`�_�g�b�b���f�g�h�]�b�o���^�_�k�y�l�b�e�_�l�b�c��
[6]. 

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

�W�d�h�e�h�]�b�q�_�k�d�m�x�� �h�i�Z�k�g�h�k�l�v�� �h�[�m�k�e�Z�\��
�e�b�\�Z�e�b���k�e�_�^�m�x�s�b�_���Z�k�i�_�d�l�u.  

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

�x �J�b�k�d�� �i�_�j�_�d�j�u�l�b�y�� �^�h�e�b�g�u�� �j���� �F�Z��
�e�Z�y���O�_�j�h�l�Z�� �b���� �a�Z�l�h�i�e�_�g�b�y�� �_�_���^�h�e�b�g�u�� �\�u��
�r�_�� �i�h�e�b�]�h�g�Z�� �L�D�H�� �b�� �i�h�^�l�h�i�e�_�g�b�_�� �q�Z�k�l��
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�g�u�o�� �^�h�f�h�\�e�Z�^�_�g�b�c���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �� �g�Z��
�m�e�����I�_�l�j�h�a�Z�\�h�^�k�d�h�c���� 

�x �W�j�h�a�b�y�� �[�_�j�_�]�h�\�� �j���� �F�Z�e�Z�y�� �O�_�j�h�l�Z��
�b�� �q�Z�k�l�b�q�g�h�_�� �j�Z�a�j�m�r�_�g�b�_�� �^�h�j�h�`�g�h�]�h�� �i�h��
�e�h�l�g�Z���g�Z���m�e�����I�_�l�j�h�a�Z�\�h�^�k�d�h�c���� 

�x �J�b�k�d�b�� �a�Z�[�h�e�_�\�Z�g�b�c�� �� �^�e�y�� �g�Z�k�_�e�_��
�g�b�y���� �i�j�h�`�b�\�Z�x�s�_�]�h�� �� �g�Z�� �� �l�_�j�j�b�l�h�j�b�y�o����
�i�j�b�e�_�]�Z�x�s�b�o���d���i�h�e�b�]�h�g�m���L�D�H�� 

�x �;�_�k�d�h�g�l�j�h�e�v�g�h�_�� �i�h�k�l�m�i�e�_�g�b�_��
�l�h�d�k�b�q�g�h�]�h�� �k�\�Z�e�h�q�g�h�]�h�� �n�b�e�v�l�j�Z�l�Z�� �g�Z��
�i�j�b�e�_�]�Z�x�s�m�x�� �l�_�j�j�b�l�h�j�b�x�� �b�� �\�� �j���� �F�Z�e�Z�y����
�O�_�j�h�l�Z���� 

�x �;�_�k�d�h�g�l�j�h�e�v�g�Z�y�� �w�f�b�k�k�b�y�� �l�h�d�k�b�q��
�g�h�]�h�� �k�\�Z�e�h�q�g�h�]�h�� �]�Z�a�Z�� �b�� �i�_�j�b�h�^�b�q�_�k�d�b�_��
�k�Z�f�h�i�j�h�b�a�\�h�e�v�g�u�_�� �\�h�a�]�h�j�Z�g�b�y�� �i�h�e�b�]�h�g�Z��
�L�D�H���� �i�j�b�\�h�^�y�s�b�_�� �d�� �a�Z�^�u�f�e�_�g�b�x�� �i�j�b�e�_��
�]�Z�x�s�b�o�� �k�_�e�b�l�_�[�g�u�o�� �� �l�_�j�j�b�l�h�j�b�c���� �\�� �l�h�f��
�q�b�k�e�_���:�^�e�_�j�k�d�h�]�h���d�m�j�h�j�l�g�h�]�h���]�h�j�h�^�d�Z���� 

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

�<�� �� ���������� �]���� �:�^�e�_�j�k�d�b�c�� �i�h�e�b�]�h�g�� �L�D�H��
�[�u�e�� �� �a�Z�d�j�u�l�� �� �b�� �g�Z�q�Z�e�b�k�v�� �j�Z�[�h�l�u�� �i�h�� �_�]�h��
�j�_�d�m�e�v�l�b�\�Z�p�b�b���� �d�h�l�h�j�Z�y�� �[�u�e�Z�� �a�Z�\�_�j�r�_�g�Z��
�d�� �d�h�g�p�m�� �������� �]�� �<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g��
�g�u�o���j�Z�[�h�l���[�u�e���h�j�]�Z�g�b�a�h�\�Z�g���k�[�h�j���b���h�l�\�h�^��
�k�\�Z�e�h�q�g�h�]�h�� �n�b�e�v�l�j�Z�l�Z�� �k�� �i�h�f�h�s�v�x�� �k�b��
�k�l�_�f�u�� �\�_�j�l�b�d�Z�e�v�g�u�o�� �b�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�o��
�^�j�_�g�Z�`�_�c���� �W�l�Z�� �k�b�k�l�_�f�Z�� �\�d�e�x�q�Z�e�Z�� �\�� �k�_�[�y��
�k�b�k�l�_�f�m�� �k�[�h�j�Z�� �b�� �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b�� �n�b�e�v��
�l�j�Z�l�Z�� �b�a�� �k�\�Z�e�h�q�g�h�]�h�� �l�_�e�Z�� �^�h�� �h�q�b�k�l�g�u�o��
�k�h�h�j�m�`�_�g�b�c���� �I�h�^�g�y�l�u�c�� �b�a�� �k�d�\�Z�`�b�g�u��
�n�b�e�v�l�j�Z�l�� �k�Z�f�h�l�_�d�h�f�� �i�h�� �[�_�a�g�Z�i�h�j�g�h�f�m��
�l�j�m�[�h�i�j�h�\�h�^�m�� �k�l�_�d�Z�_�l�� �\�� �i�j�b�_�f�g�u�c�� �d�h�e�h��
�^�_�p�� �h�q�b�k�l�g�u�o�� �k�h�h�j�m�`�_�g�b�c�� �n�b�e�v�l�j�Z�l�Z���� �Z��
�h�l�l�m�^�Z�� �\�� �i�j�m�^�u-�g�Z�d�h�i�b�l�_�e�b���� �B�a�� �i�j�m�^�h�\��
�i�j�h�b�a�\�h�^�b�l�k�y�� �a�Z�[�h�j�� �n�b�e�v�l�j�Z�l�Z�� �g�Z�� �h�q�b�k�l��
�d�m���� �>�Z�e�_�_���� �i�h�� �m�l�\�_�j�`�^�_�g�g�h�f�m�� �i�j�h�_�d�l�m����
�n�b�e�v�l�j�Z�l�� �^�h�e�`�_�g�� �[�u�e�� �i�h�k�l�m�i�Z�l�v�� �g�Z����
�h�q�b�k�l�g�u�_�� �k�h�h�j�m�`�_�g�b�y���� �Z�� �a�Z�l�_�f�� �k�[�j�Z�k�u��
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2016-2017 �]�].���� �i�h�d�Z�a�Z�e�b�����q�l�h�� �d�Z�f�_�g�b�k�l�u�c��
�k�m�[�k�l�j�Z�l�� �g�Z�� �w�l�h�c�� �k�l�Z�g�p�b�b�� �[�u�e�� �g�_�a�g�Z�q�b��
�l�_�e�v�g�h�� �a�Z�b�e�_�g���� �g�Z�[�e�x�^�Z�e�b�k�v�� �h�[�b�e�v�g�u�_��
�h�[�j�Z�k�l�Z�g�b�y�� �d�Z�f�g�_�c�� �a�_�e�_�g�u�f�b�� �\�h�^�h�j�h�k��
�e�y�f�b���� �I�j�b�� �h�l�[�h�j�_�� �i�j�h�[�u�� �b�a�� �m�k�l�v�y�� �j�_�d�b��
�g�Z�[�e�x�^�Z�e�h�k�v�� �q�j�_�a�\�u�q�Z�c�g�h�� �k�b�e�v�g�h�_�� �a�Z��
�b�e�_�g�b�_�� �^�h�g�g�h�]�h�� �k�m�[�k�l�j�Z�l�Z�� �b�� �h�[�b�e�v�g�u�_��

�I�h�d�Z�a�Z�l�_�e�b �<�h�^�Z���j�����F�Z�e�Z�y 
�O�_�j�h�l�Z���\�u�r�_�� 
�i�h�e�b�]�h�g�Z���L�D�H 
���f�Z�j�l�������������]���� 

�<�h�^�Z���j�����F�Z�e�Z�y�� 
�O�_�j�h�l�Z���g�b�`�_�� 

�i�h�e�b�]�h�g�Z�����L�D�H 
���f�Z�j�l�������������]���� 

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

�j�u�[�h�o�h�a�����\�h�^�� 

�<�h�^�h�j�h�^�g�u�c�� �i�h�d�Z�a�Z��
�l�_�e�v, �_�.̂ pH 

7,71 7,58 6,5 �± 8,5 

�F�b�g�_�j�Z�e�b�a�Z�p�b�y�� �h�[�s�Z�y��
���k�m�o�h�c���h�k�l�Z�l�h�d��, �f�]/�^�f3  

288,0   
 

306,0   1000 

�K�I�:�<�����f�]/�^�f3  <0,5 0,014  �g�_���[�h�e�_�_����,5 

�G�_�n�l�_�i�j�h�^�m�d�l�u�����f�]/�^�f3 0,05  0,07  �g�_���[�h�e�_�_��0,05 

�;�b�h�e�h�]�b�q�_�k�d�h�_�� �i�h�l�j�_�[��
�e�_�g�b�_�� �d�b�k�e�h�j�h�^�Z����
���;�I�D��, �f�]�H/�^�f3 

1,42  2,1  �g�_���[�h�e�_�_����,0 

�H�d�b�k�e�y�_�f�h�k�l�v �i�_�j�f�Z�g��
�]�Z�g�Z�l�g�Z�y,  �f�]�H/�^�f3 

2,48  3,36  �g�_���[�h�e�_�_����,0  
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�k�e�b�a�b�k�l�u�_�� �h�[�j�Z�k�l�Z�g�b�y�� �k�_�j�h-�d�h�j�b�q�g�_�\�h�]�h��
�p�\�_�l�Z�����<���g�_�d�h�l�h�j�u�o���f�_�k�l�Z�o���l�h�e�s�b�g�Z���b�e�b��
�k�l�u�o�� �b�� �^�_�l�j�b�l�g�u�o�� �k�_�^�b�f�_�g�l�h�\�� �i�h�\�_�j�o��
�d�Z�f�g�_�c�� �k�h�k�l�Z�\�e�y�e�Z�� �^�h�� ���� �k�f���� �L�Z�d�b�_�� �b�a�f�_��
�g�_�g�b�y�� �k�m�[�k�l�j�Z�l�Z���� �d�Z�d�� �i�j�Z�\�b�e�h���� �i�j�b�\�h�^�y�l����
�d�� �k�h�d�j�Z�s�_�g�b�x�� �h�[�b�e�b�y�� �^�h�g�g�u�o�� �h�j�]�Z�g�b�a��
�f�h�\���� �l�Z�d�� �d�Z�d�� �g�_�� �i�h�a�\�h�e�y�x�l�� �b�f�� �i�j�b�d�j�_�i��
�e�_�g�b�_�� �d�� �i�h�\�_�j�o�g�h�k�l�b�� �b�� �a�Z�l�j�m�^�g�y�x�l�� �b�o��
�i�b�l�Z�g�b�_���� �D�j�h�f�_�� �l�h�]�h���� �b�e�b�k�l�u�_�� �h�l�e�h�`�_��
�g�b�y�� �k�i�h�k�h�[�g�u�� �Z�^�k�h�j�[�b�j�h�\�Z�l�v�� �l�h�d�k�b�q�g�u�_��
�\�_�s�_�k�l�\�Z�� �b�a�� �\�h�^�u�� �b�� �Z�d�d�m�f�m�e�b�j�h�\�Z�l�v�� �b�o����
�q�l�h�� �k�h�� �\�j�_�f�_�g�_�f�� �i�j�b�\�h�^�b�l�� �d�� �i�h�e�g�h�c�� �^�_��
�]�j�Z�^�Z�p�b�b���^�h�g�g�u�o���[�b�h�p�_�g�h�a�h�\���>��].  

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�Z�� �j���� �O�_�j�h�l�Z�� 
�[�u�e�b�� �\�u�^�_�e�_�g�u�� �l�j�b�� �h�k�g�h�\�g�u�_���� �h�l�e�b�q�Z��
�x�s�b�_�k�y�� �i�h�� �[�b�h�e�h�]�b�q�_�k�d�h�f�m�� �k�h�k�l�Z�\�m��
�m�q�Z�k�l�d�Z���� �\�_�j�o�g�_�_�� �l�_�q�_�g�b�_�� �j�_�d�b���� �k�j�_�^�g�_�_��
���j�Z�c�h�g�� �i�h�k���� �H�j�_�e-�B�a�m�f�j�m�^���� �b�� �i�j�b�m�k�l�v�_��
�\�Z�y�� �a�h�g�Z���� �W�l�b�� �m�q�Z�k�l�d�b�� �h�l�e�b�q�Z�x�l�k�y�� �i�h��
�a�g�Z�q�_�g�b�y�f�� �[�b�h�l�b�q�_�k�d�h�]�h�� �b�g�^�_�d�k�Z�� �<�m�^�b��
�\�b�k�Z�� �b�� �� �k�Z�i�j�h�[�g�h�f�m�� �b�g�^�_�d�k�m���� �\�� �m�k�l�v�_�� �j�_��
�d�b���b�g�^�_�d�k���<�m�^�b�\�b�k�Z���[�u�e���\���k�j�_�^�g�_�f��1,5, �Z��
�b�g�^�_�d�k�� �k�Z�i�j�h�[�g�h�k�l�b�� �± 3,76, �q�l�h�� �o�Z�j�Z�d�l�_��
�j�b�a�m�_�l�� �j�_�d�m�� �d�Z�d�� �k�b�e�v�g�h�� �a�Z�]�j�y�a�g�_�g�g�u�c��
�i�h�e�b�k�Z�i�j�h�[�g�u�c���\�h�^�h�_�f�����]�^�_���q�j�_�a�\�u�q�Z�c�g�h��
�k�g�b�`�_�g�h�� �\�b�^�h�\�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_�� �b�� �i�j�Z�d��
�l�b�q�_�k�d�b�� �h�k�l�Z�g�h�\�e�_�g�u�� �i�j�h�p�_�k�k�u�� �_�k�l�_��
�k�l�\�_�g�g�h�]�h�� �k�Z�f�h�h�q�b�s�_�g�b�y��  �<���k�j�_�^�g�_�f��
�l�_�q�_�g�b�b�� �b�g�^�_�d�k�� �<�m�^�b�\�b�k�Z�� �± ������ �Z�� �b�g�^�_�d�k��
�k�Z�i�j�h�[�g�h�k�l�b�� �± ������������ �i�j�_�^�k�l�Z�\�e�y�x�s�b�c 
�j�_�d�m���d�Z�d�� �m�f�_�j�_�g�g�h�� �a�Z�]�j�y�a�g�_�g�g�u�c�� �\�h�^�h�_�f��
�\�� �a�h�g�_�� ��-�f�_�a�h�k�Z�i�j�h�[�g�h�k�l�b�� �k�� �b�g�l�_�g�k�b�\��
�g�u�f�b���i�j�h�p�_�k�k�Z�f�b���k�Z�f�h�h�q�b�s�_�g�b�y���b���h�l�g�h��
�k�b�l�_�e�v�g�h���[�h�]�Z�l�u�f���\�b�^�h�\�u�f���k�h�k�l�Z�\�h�f�����G�Z��
�m�q�Z�k�l�d�_�� �j�_�d�b�� �\�u�r�_�� �a�h�g�u�� �\�h�a�^�_�c�k�l�\�b�y��
�k�l�h�d�h�\�� �k�� �i�h�e�]�h�g�Z�� �L�D�H�� �b�g�^�_�d�k�� �<�m�^�b�\�b�k�Z��
�[�u�e���������o�Z�j�Z�d�l�_�j�b�a�m�y���j�_�d�m���d�Z�d���q�b�k�l�u�c���\�h��
�^�h�_�f�����Z���b�g�^�_�d�k���k�Z�i�j�h�[�g�h�k�l�b���± �������������h�l�g�h��
�k�y�� �w�l�h�l�� �m�q�Z�k�l�h�d�� �d�� ��-�f�_�a�h�k�Z�i�j�h�[�g�h�c�� �a�h�g�_����
�l�Z�d�� �`�_�� �d�Z�d�� �b�� �i�j�_�^�u�^�m�s�m�x�� �i�j�h�[�m���� �L�Z�d�b�_��
�i�h�d�Z�a�Z�l�_�e�b���h�[�m�k�e�h�\�e�_�g�u���l�_�f�����q�l�h���\���i�j�h�[�_��
�\�u�r�_�� �i�h�� �l�_�q�_�g�b�x �\�b�^�h�\�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_��
�j�m�q�_�c�g�b�d�h�\���b���\�_�k�g�y�g�h�d���[�u�e�h���\�u�r�_�����b���i�h��
�w�l�b�f���i�j�b�a�g�Z�d�Z�f���i�j�h�[�Z���i�h���b�g�^�_�d�k�m���<�m�^�b��
�\�b�k�Z�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�Z�k�v�� �d�Z�d�� �q�b�k�l�Z�y���� �H�l��
�g�h�k�b�l�_�e�v�g�h�_�� �\�b�^�h�\�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_�� �[�b�h��
�e�h�]�b�q�_�k�d�b�o�� �k�h�h�[�s�_�k�l�\�� �l�Z�d�`�_�� �[�u�e�h�� �b�k��
�i�h�e�v�a�h�\�Z�g�h�� �d�Z�d�� �b�g�^�b�d�Z�l�h�j�� �\�h�a�^�_�c�k�l�\�b�y��
�g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o�� �n�Z�d�l�h�j�h�\�� �g�Z�� �k�j�_�^�m���� �A�Z��
�\�j�_�f�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �i�j�h�[�Z�o�� �b�a�� �m�k�l�v�y��
�j�� �O�_�j�h�l�Z�� �[�u�e�h�� �h�i�j�_�^�_�e�_�g�h�� �\�k�_�]�h�� ���� �\�b�^�Z 
�h�j�]�Z�g�b�a�f�h�\�� �f�Z�d�j�h�a�h�h�[�_�g�l�h�k�Z���� �<�� �l�h�� �`�_��
�\�j�_�f�y�� �\�� �_�_�� �k�j�_�^�g�_�f�� �l�_�q�_�g�b�b�� �[�u�e�h�� �h�[�g�Z��

�j�m�`�_�g�h�����������Z���\���\�_�j�o�g�_�f���l�_�q�_�g�b�b�� �± �������\�b��
�^�h�\���� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�_��
�h�[�_�^�g�_�g�b�_ �\�b�^�h�\�h�]�h���k�h�k�l�Z�\�Z���[�b�h�p�_�g�h�a�Z���\��
�m�k�l�v�_�� �j�_�d�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�h�h�[�s�_�k�l�\�Z��
�f�b�� �_�_�� �\�_�j�o�g�_�]�h�� �l�_�q�_�g�b�y���� �� �<�� �� �� �k�j�_�^�g�_�f�� �a�Z��
�\�j�_�f�y�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �a�g�Z�q�_�g�b�_�� �b�g�^�_�d�k�Z��
�R�_�g�g�h�g�Z���\���m�k�l�v�_���j�_�d�b���[�u�e�h���������������\���k�j�_�^��
�g�_�f���l�_�q�_�g�b�b���± �������������Z���\���\�_�j�o�g�_�f���l�_�q�_�g�b�b��
�± ������������ �A�g�Z�q�_�g�b�y�� �b�g�^�_�d�k�Z�� �\�u�j�Z�\�g�_�g�g�h�k�l�b��
�I�b�_�e�m�� �i�h�\�u�r�Z�e�b�k�v�� �h�l�� �m�k�l�v�y�� �d�� �\�_�j�o�g�_�c��
�l�h�q�d�_�� �h�l�[�h�j�Z���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�[��
�m�\�_�e�b�q�b�\�Z�x�s�_�c�k�y�� �a�g�Z�q�b�f�h�k�l�b�� �h�[�u�q�g�u�o��
���g�_�� �^�h�f�b�g�Z�g�l�g�u�o���� �\�b�^�h�\�� �\�� �i�j�h�[�Z�o�� �k�j�_�^��
�g�_�]�h���b���\�_�j�o�g�_�]�h���l�_�q�_�g�b�y���j�_�d�b���i�h���k�j�Z�\�g�_��
�g�b�x�� �k�� �_�_�� �m�k�l�v�_�f���� �� �D�Z�d�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �^�b�Z��
�]�j�Z�f�f�_�� ���j�b�k�� �������� �\�� �m�k�l�v�_�� �j�_�d�b�� �i�j�b�k�m�l��
�k�l�\�m�x�l�� �l�h�e�v�d�h�� �l�j�b�� �]�j�m�i�i�u�� �]�b�^�j�h�[�b�h�g��
�l�h�\���� �m�k�l�h�c�q�b�\�u�o�� �d�� �w�\�l�j�h�n�b�d�Z�p�b�b���� �Q�b�k��
�e�_�g�g�h�� �i�j�_�h�[�e�Z�^�Z�x�l�� �i�j�_�^�k�l�Z�\�b�l�_�e�b�� �^�\�m��
�d�j�u�e�u�o����Diptera (Chironomus Plumosus) 
�b�� �h�e�b�]�h�o�_�l�u�� ��Tubifex Tubifex���� �k�� �g�_�a�g�Z�q�b��
�l�_�e�v�g�u�f�� �i�j�b�k�m�l�k�l�\�b�_�f�� �i�j�_�^�k�l�Z�\�b�l�_�e�_�c��
�[�j�x�o�h�g�h�]�b�o�� �f�h�e�e�x�k�d�h�\���� �i�j�_�^�k�l�Z�\�e�_�g��
�g�u�o �_�^�b�g�k�l�\�_�g�g�u�f�� �\�b�^�h�f�� �i�j�m�^�h�\�b�d�h�\��
(Physa fontinalis). 

 
�J�b�k�������� �<�b�^�h�\�h�_���j�Z�a�g�h�h�[�j�Z�a�b�_ 

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

 
�>�e�y�� �k�j�_�^�g�_�]�h�� �l�_�q�_�g�b�y�� �j�_�d�b�� ���j�b�k���� ������

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

�\���i�j�h�[�Z�o���k�j�_�^�g�_�]�h���l�_�q�_�g�b�y �j. �O�_�j�h�l�Z 
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Impact of polluted effluents from solid municipal communal waste landfill to changes of river Kherota 
biocenoses had been investigated. Thorough analysis of the previous d�D�W�D�����Z�K�L�F�K���G�H�V�F�U�L�E�H���W�K�L�V���U�H�V�H�U�Y�R�L�U�¶�V��
ecological problem, was made, the key risks connected to the waste dump were identified and conditions 
�R�I���W�K�H���E�H�Q�W�K�R�V���D�Q�G���S�H�U�L�S�K�\�W�R�Q���P�D�F�U�R�]�R�R�E�H�W�R�V���F�R�P�P�X�Q�L�W�L�H�V���Z�H�U�H���V�W�X�G�L�H�G���D�O�R�Q�J���W�K�H���U�L�Y�H�U�¶�V���I�O�R�Z�����%�D�V�L�Q�J���R�Q��
the results of hydrobiological analysis, it is found that the biocoenoses of the assessed reservoir are de-
grading from its upper flow to mouth, starting from the point of waste dump effluents discharge. Alt-
�K�R�X�J�K���$�G�O�H�U�¶�V���Z�D�V�W�H���G�X�P�S���R�I���W�R�Z�Q���6�R�F�K�L���L�V���R�I�I�L�F�L�D�O�O�\���F�O�R�V�H�G�����L�W is continuing providing negative impact 
to the ecosystem of river Kherota, which flowing into the Black Sea. Application of biological research 
methods allowed comprehensive assessment of the pollution affects on living organisms in river and de-
termine the impact area of the landfill. 
Keywords: solid municipal communal waste landfill, integrated monitoring, biocoenoses, environmental 
hazards, saprobity, species composition. 
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�:�g�Z�e�b�a�� �e�_�k�g�u�o�� �i�e�h�s�Z�^�_�c�� �\�� �Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�u�o�� �]�j�Z�g�b�p�Z�o�� �K�_�\�Z�k�l�h�i�h�e�y�� �i�h�d�Z�a�Z�e�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �k�g�b��
�`�_�g�b�_�� �i�e�h�s�Z�^�b�� �e�_�k�g�u�o�� �f�Z�k�k�b�\�h�\�� �K�_�\�Z�k�l�h�i�h�e�y�� �k�� ���������� �l�u�k���� �]�Z�� �\�� ���������� �]. �^�h�� ���������� �l�u�k���� �]�Z�� �\�� ���������� �]. 
�M�k�l�Z�g�h�\�e�_�g�Z �l�_�g�^�_�g�p�b�y�� �k�h�d�j�Z�s�_�g�b�y�� �i�e�h�s�Z�^�_�c�� �b�� �d�h�e�b�q�_�k�l�\�Z�� �a�_�e�_�g�u�o�� �g�Z�k�Z�`�^�_�g�b�c�� �\�� �K�_�\�Z�k�l�h�i�h�e�_����
�H�i�j�_�^�_�e�_�g�u���h�k�g�h�\�g�u�_���g�_�^�h�k�l�Z�l�d�b���\���h�[�e�Z�k�l�b���e�_�k�h�i�h�e�v�a�h�\�Z�g�b�y���\���K�_�\�Z�k�l�h�i�h�e�v�k�d�h�f���j�_�]�b�h�g�_�� 
�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�����e�_�k�g�h�c�� �n�h�g�^���� �e�_�k�g�h�_�� �o�h�a�y�c�k�l�\�h���� �h�k�h�[�h-�h�o�j�Z�g�y�_�f�u�_�� �i�j�b�j�h�^�g�u�_�� �l�_�j�j�b�l�h�j�b�b��
���H�H�I�L�������D�j�u�f�k�d�b�c���i�h�e�m�h�k�l�j�h�\�����K�_�\�Z�k�l�h�i�h�e�v�� 

 
�<�\�_�^�_�g�b�_�� �<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �i�j�h��

�k�e�_�`�b�\�Z�_�l�k�y�� �l�_�g�^�_�g�p�b�y�� �k�h�d�j�Z�s�_�g�b�y��
�i�e�h�s�Z�^�_�c�� �b�� �d�h�e�b�q�_�k�l�\�Z�� �a�_�e�_�g�u�o�� �g�Z�k�Z�`��
�^�_�g�b�c���]�� �K�_�\�Z�k�l�h�i�h�e�y���� �D�� �k�h�`�Z�e�_�g�b�x���� �l�_��
�f�Z�� �e�_�k�h�\�� �b�� �a�_�e�_�g�u�o�� �g�Z�k�Z�`�^�_�g�b�c�� �K�_�\�Z��
�k�l�h�i�h�e�y�� �b�a�m�q�_�g�Z�� �\�_�k�v�f�Z�� �k�e�Z�[�h���� �<�� �k�h�\�j�_��
�f�_�g�g�h�c�� �e�b�l�_�j�Z�l�m�j�_�� �k�m�s�_�k�l�\�m�_�l�� �j�y�^�� �j�Z��
�[�h�l���� �i�h�k�\�y�s�_�g�g�u�o�� �h�k�h�[�h�� �h�o�j�Z�g�y�_�f�u�f��
�i�j�b�j�h�^�g�u�f�� �l�_�j�j�b�l�h�j�b�y�f�� ���H�H�I�L������ �i�j�b��
�a�\�Z�g�g�u�f�� �\�u�i�h�e�g�y�l�v�� �n�m�g�d�p�b�x�� �k�h�o�j�Z�g�_��
�g�b�y�� �i�j�b�j�h�^�g�u�o�� �w�d�h�k�b�k�l�_�f�� �\�� �b�o�� �_�k�l�_��
�k�l�\�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b���� �i�j�_�^�k�l�Z�\�e�y�y�� �³�w�l�Z��
�e�h�g�u�´�� �i�j�b�j�h�^�u���� �\�k�_�o�� �_�_�� �d�h�f�i�h�g�_�g�l�h�\���� �\��
�l�h�f���q�b�k�e�_���b���[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y���>1�±6�@�����P�_�e�v 
�b�k�k�e�_�^�h�\�Z�g�b�y�� �± �Z�g�Z�e�b�a�� �k�h�\�j�_�f�_�g�g�h�]�h��
�k�h�k�l�h�y�g�b�y�� �b�� �j�_�l�j�h�k�i�_�d�l�b�\�g�u�c�� �Z�g�Z�e�b�a 
�d�Z�q�_�k�l�\�_�g�g�u�o�� �b�� �d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �i�h�d�Z�a�Z��
�l�_�e�_�c�� �e�_�k�g�h�]�h�� �n�h�g�^�Z�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h��
�j�_�]�b�h�g�Z���a�Z���i�h�k�e�_�^�g�b�_���������e�_�l�� 

�F�Z�l�_�j�b�Z�e�� �b�� �f�_�l�h�^�u�����<�� �j�Z�[�h�l�_�� �b�k��
�i�h�e�v�a�h�\�Z�g�u���k�l�Z�l�b�k�l�b�q�_�k�d�b�_���f�Z�l�_�j�b�Z�e�u���b��
�h�l�q�_�l�u �a�Z �i�_�j�b�h�^�� �k��2001 �i�h��2016 �]�]., 
�i�j�_�^�h�k�l�Z�\�e�_�g�g�u�_�� �=�e�Z�\�g�u�f�� �m�i�j�Z�\�e�_�g�b�_�f 
�i�j�b�j�h�^�g�u�o�� �j�_�k�m�j�k�h�\�� �]���� �K�_�\�Z�k�l�h�i�h�e�y����
�^�Z�g�g�u�_�� �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �� �d�Z�a�_�g�g�h�]�h����
�m�q�j�_�`�^�_�g�b�y�����K�_�\�Z�k�l�h�i�h�e�y���©�K�_�\�Z�k�l�h�i�h�e�v��
�k�d�h�_�� �� �e�_�k�g�b�q�_�k�l�\�h�ª���� �� �=�_�g�_�j�Z�e�v�g�u�c�� �i�e�Z�g��
�K�_�\�Z�k�l�h�i�h�e�y�� ������������ �]�������� �i�j�h�_�d�l�� �=�_�g�_�j�Z�e�v��
�g�h�]�h���i�e�Z�g�Z���K�_�\�Z�k�l�h�i�h�e�y������������ �]�������>6�±15]. 

�J�_�a�m�e�v�l�Z�l�u�� �b�� �h�[�k�m�`�^�_�g�b�_. �<���]���� �K�_��
�\�Z�k�l�h�i�h�e�_�� �e�_�k�Z�� �b�� �^�j�m�]�b�_�� �e�_�k�h�i�h�d�j�u�l�u�_��
�i�e�h�s�Z�^�b�� �a�Z�g�b�f�Z�x�l��40,9% �l�_�j�j�b�l�h�j�b�b�� �\��
�Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�u�o�� �]�j�Z�g�b�p�Z�o�� �K�_�\�Z�k�l�h�i�h��
�e�y���� �\�� �l�h�f�� �q�b�k�e�_�� �\�� �\�_�^�_�g�b�b���� �=�h�k�m�^�Z�j��
�k�l�\�_�g�g�h�]�h�����d�Z�a�_�g�g�h�]�h�����m�q�j�_�`�^�_�g�b�y�����K�_�\�Z��

�k�l�h�i�h�e�y���©�K�_�\�Z�k�l�h�i�h�e�v�k�d�h�_�����e�_�k�g�b�q�_�k�l�\�h�ª����
�± 39,7%;  �Z�]�j�h�i�j�h�f�u�r�e�_�g�g�u�o  �i�j�_�^�i�j�b��
�y�l�b�c�� �� �b�� �� �^�j�m�]�b�o�� �� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� ���F�b�g�b��
�k�l�_�j�k�l�\�h�� �h�[�h�j�h�g�u�� �J�h�k�k�b�b���� �j�_�d�j�_�Z�p�b�h�g��
�g�u�_���h�[�t�_�d�l�u�����± 1,2%. 

�G�Z���^�h�e�x���h�k�g�h�\�g�h�]�h�����i�h�k�l�h�y�g�g�h�]�h�����e�_��
�k�h�i�h�e�v�a�h�\�Z�l�_�e�y  �±  �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h 
�e�_�k�g�b�q�_�k�l�\�Z�� �i�j�b�o�h�^�b�l�k�y ���������� �l�u�k���� �]�Z����
�E�_�k�Z�� �b�� �e�_�k�g�u�_�� �m�q�Z�k�l�d�b���� �i�_�j�_�^�Z�g�g�u�_�� �\��
�\�_�^�_�g�b�_�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h �e�_�k�g�b�q�_�k�l�\�Z,  
�g�Z�o�h�^�y�l�k�y�� �� �g�Z�� �� �a�_�f�e�y�o�� �� �g�Z�k�_�e�_�g�g�u�o  
�i�m�g�d�l�h�\�����b�����h�l�g�h�k�y�l�k�y�����d���a�Z�s�b�l�g�u�f���e�_�k�Z�f��
�± ������������ �]�Z��[7, 8], �\�� �l�h�f�� �q�b�k�e�_���� �e�_�k�Z���� �j�Z�k��
�i�h�e�h�`�_�g�g�u�_�� �g�Z�� �h�k�h�[�h�� �h�o�j�Z�g�y�_�f�u�o�� �i�j�b��
�j�h�^�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o�� �± ���������������� �]�Z���� �e�_�k�Z����
�\�u�i�h�e�g�y�x�s�b�_�� �n�m�g�d�p�b�b�� �a�Z�s�b�l�u�� �i�j�b�j�h�^��
�g�u�o�� �b�� �b�g�u�o�� �h�[�t�_�d�l�h�\ �± �������������� �]�Z���� �� �p�_�g��
�g�u�_���e�_�k�Z���± �����������������]�Z�����j�b�k�� 1). 

 

 
 

�J�b�k������.  �N�m�g�d�p�b�h�g�Z�e�v�g�Z�y���^�b�Z�]�j�Z�f�f�Z���e�_�k�h�\��
�K�_�\�Z�k�l�h�i�h�e�y 

 
�G�Z�� �j�b�k. 2 �i�j�_�^�k�l�Z�\�e�_�g�Z�� �^�b�g�Z�f�b�d�Z��

�h�[�s�_�c�� �i�e�h�s�Z�^�b�� �a�_�f�_�e�v�� �e�_�k�g�h�]�h�� �n�h�g�^�Z��
�K�_�\�Z�k�l�h�i�h�e�y, �g�Z�q�b�g�Z�y���k�������������]�� 
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�K�������������]�� �h�[�s�Z�y���i�e�h�s�Z�^�v���e�_�k�h�i�h�d�j�u��
�l�u�o�� �i�e�h�s�Z�^�_�c�� �a�_�f�_�e�v�� �e�_�k�g�h�]�h�� �n�h�g�^�Z 
�]. �K�_�\�Z�k�l�h�i�h�e�y�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�f�_�g�v�r�b��
�e�Z�k�v�� �k�� ���������� �l�u�k�����]�Z�� �\��2005 �]. �^�h�� ���������� �l�u�k����
�]�Z�� �\�� ���������� �]. [7�@���� �W�l�h�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v��
�\�u�j�m�[�d�h�c���e�_�k�Z�����i�h�`�Z�j�Z�f�b���b���^�j���� 

 

 
 

�J�b�k������. �>�b�g�Z�f�b�d�Z���h�[�s�_�c���i�e�h�s�Z�^�b���a�_�f�_�e�v��
�e�_�k�g�h�]�h���n�h�g�^�Z���K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h���j�_�]�b�h�g�Z 

 
�>�e�y�� �k�j�Z�\�g�_�g�b�y���� �\�� ���������� �]. �\�� �e�_�k�g�u�o��

�g�Z�k�Z�`�^�_�g�b�y�o�����i�_�j�_�^�Z�g�g�u�o���\���i�h�e�v�a�h�\�Z�g�b�_��
�K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h  �e�_�k�g�b�q�_�k�l�\�Z,  �[�u�e�b����
�i�j�h�\�_�^�_�g�u�� �� �k�Z�g�b�l�Z�j�g�h-�h�a�^�h�j�h�\�b�l�_�e�v�g�u�_��
�f�_�j�h�i�j�b�y�l�b�y�� �g�Z�� �h�[�s�_�c�� �i�e�h�s�Z�^�b��
138,39 �]�Z���� �b�a�� �g�b�o���� �\�u�[�h�j�h�q�g�u�o�� �k�Z�g�b�l�Z�j��
�g�u�o �j�m�[�h�d���± �����������]�Z���k���\�u�j�m�[�e�_�g�g�u�f���h�[�t��
�_�f�h�f�� �^�j�_�\�_�k�b�g�u�� �������� �f�ñ���� �i�j�h�o�h�^�g�u�o�� �j�m��
�[�h�d���± �����������]�Z�����h�[�t�_�f���^�j�_�\�_�k�b�g�u���k�h�k�l�Z�\�b�e��
407 �f�ñ���� �j�m�[�h�d�� �h�[�g�h�\�e�_�g�b�y�� �± ������������ �]�Z����
�h�[�t�_�f�� �k�j�m�[�e�_�g�g�h�c�� �^�j�_�\�_�k�b�g�u�� �± 
3654 �f�ñ [7�@���� �H�l�f�_�q�Z�_�l�k�y�� �l�_�g�^�_�g�p�b�y 
�m�f�_�g�v�r�_�g�b�y�� �i�e�h�s�Z�^�_�c�� �e�_�k�Z�� �k�� ���������� �]���� �i�h��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y,  �\�� �h�k�g�h�\�g�h�f, �a�Z �k�q�_�l��
�\�u�j�m�[�d�b�� �b�� �e�_�k�g�u�o�� �i�h�`�Z�j�h�\�� ���j�b�k���� ��). 
�I�j�b�f�_�q�Z�l�_�e�v�g�h���� �q�l�h�� �m�f�_�g�v�r�_�g�b�_�� �e�_�k�h�\��
�d�h�k�g�m�e�h�k�v�� �\�� �[�h�e�v�r�_�c�� �q�Z�k�l�b�� �o�\�h�c�g�u�o�� �i�h��
�j�h�^���e�_�k�Z�����q�_�f���e�b�k�l�\�_�g�g�u�o�� 

 

 
 

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

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

�k�l�Z�\�b�e�Z�� �± ���������� �]�Z��  �G�Z�b�[�h�e�_�_�� �� �i�h�^�\�_�j�`�_��
�g�u�����i�h�`�Z�j�Z�f�����e�_�k�g�u�_�����m�q�Z�k�l�d�b�������g�Z�����d�h�l�h��
�j�u�o�� �i�j�h�b�a�j�Z�k�l�Z�x�l�� �o�\�h�c�g�u�_�� �i�h�j�h�^�u����
�H�[�s�Z�y�� �� �i�e�h�s�Z�^�v�� �� �o�\�h�c�g�u�o�� �� �e�_�k�h�\��8997 
�]�Z���� �q�l�h���k�h�k�l�Z�\�e�y�_�l�����������h�l���h�[�s�_�c���i�e�h�s�Z��
�^�b�� �e�_�k�g�b�q�_�k�l�\�Z [7]. �D�e�Z�k�k�� �� �i�h�`�Z�j�g�h�c����
�h�i�Z�k�g�h�k�l�b�� �� �\�� �� �\�u�r�_�m�d�Z�a�Z�g�g�u�o�� �� �o�\�h�c�g�u�o����
�e�_�k�Z�o�����h�q�_�g�v���\�u�k�h�d�b�c���b���h�l�g�h�k�b�l�k�y���d���i�_�j��
�\�h�f�m���d�e�Z�k�k�m�� 

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

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

 

 
 

�J�b�k�� 4. �>�b�g�Z�f�b�d�Z���e�_�k�h�j�Z�a�\�_�^�_�g�b�y���b���k�h�a�^�Z�g�b�y��
�a�Z�s�b�l�g�u�o���e�_�k�h�g�Z�k�Z�`�^�_�g�b�c���k�������������i�h���������� �]�]�� 

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

�l�h�j�b�b�� ���H�H�I�L���� �i�j�b�a�\�Z�g�u�� �\�u�i�h�e�g�y�l�v��
�n�m�g�d�p�b�x�� �k�h�o�j�Z�g�_�g�b�y�� �i�j�b�j�h�^�g�u�o�� �w�d�h�k�b��
�k�l�_�f���\���b�o���_�k�l�_�k�l�\�_�g�g�h�f���k�h�k�l�h�y�g�b�b�����i�j�_�^��
�k�l�Z�\�e�y�y�� �³�w�l�Z�e�h�g�u�´�� �i�j�b�j�h�^�u���� �\�k�_�o�� �_�_��
�d�h�f�i�h�g�_�g�l�h�\�����\���l�h�f���q�b�k�e�_���b���[�b�h�j�Z�a�g�h�h�[��
�j�Z�a�b�y��[1�±6]. �K�b�k�l�_�f�u�� �H�H�I�L�� �j�Z�a�g�u�o��
�k�l�j�Z�g�� �b�� �j�_�]�b�h�g�h�\�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �d�Z�l�_�]�h��
�j�b�y�f�b���� �h�l�e�b�q�Z�x�s�b�f�b�k�y�� �j�_�`�b�f�Z�f�b�� �h�o�j�Z��
�g�u�����_�_���©�k�l�j�h�]�h�k�l�v�x�ª�����h�l���i�h�e�g�h�]�h���a�Z�i�j�_�l�Z��
�g�Z�� �e�x�[�u�_�� �\�b�^�u�� �o�h�a�y�c�k�l�\�_�g�g�h�c�� �^�_�y�l�_�e�v��
�g�h�k�l�b�� ���a�Z�i�h�\�_�^�g�b�d�b���� �^�h�� �k�h�o�j�Z�g�_�g�b�y�� �\�h�a��
�f�h�`�g�h�k�l�b�� �\�_�^�_�g�b�y�� �l�j�Z�^�b�p�b�h�g�g�h�]�h�� �o�h��
�a�y�c�k�l�\�Z�����D�Z�d���j�_�a�m�e�v�l�Z�l�����\���a�Z�\�b�k�b�f�h�k�l�b���h�l��
�d�Z�l�_�]�h�j�b�b�� �H�H�I�L���� �i�h�f�b�f�h�� �i�j�b�j�h�^�h��
�h�o�j�Z�g�g�h�c�� �n�m�g�d�p�b�b���� �\�� �b�o�� �]�j�Z�g�b�p�Z�o�� �f�h�]�m�l��
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�k�h�o�j�Z�g�y�l�v�k�y�� �b�� �j�Z�a�\�b�\�Z�l�v�k�y�� �^�j�m�]�b�_�� �l�b�i�u����
�i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y���� �j�_�d�j�_�Z�p�b�h�g�g�h�_����
�k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�h�_���� �l�j�Z�g�k�i�h�j�l�g�h�_�� �b��
�l���i. [1]. �J�_�]�b�h�g�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �i�j�b��
�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y�� �g�Z�� �H�H�I�L�� �a�Z�\�b�k�y�l�� �l�Z�d��
�`�_ �h�l�� �b�k�l�h�j�b�q�_�k�d�b�� �k�e�h�`�b�\�r�_�c�k�y�� �k�l�j�m�d��
�l�m�j�u�� �o�h�a�y�c�k�l�\�Z�� �b�� �j�Z�k�k�_�e�_�g�b�y���� �f�_�k�l�g�h�c��
�g�h�j�f�Z�l�b�\�g�h-�i�j�Z�\�h�\�h�c���[�Z�a�u���� 

�I�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�_�� �g�Z�� �H�H�I�L�� �h�k�m��
�s�_�k�l�\�e�y�_�l�k�y �g�Z�� �h�k�g�h�\�_�� �a�h�g�b�j�h�\�Z�g�b�y�� �b�o��
�l�_�j�j�b�l�h�j�b�b�� �i�h�� �\�u�i�h�e�g�y�_�f�u�f�� �n�m�g�d�p�b�y�f��
�b�� �j�Z�a�j�Z�[�h�l�d�b�� �j�_�`�b�f�h�\�� �b�k�i�h�e�v�a�h�\�Z�g�b�y����
�G�Z�b�[�h�e�_�_�� �p�_�g�g�u�_�� �b�� �m�g�b�d�Z�e�v�g�u�_�� �i�j�b�j�h�^��
�g�u�_���d�h�f�i�e�_�d�k�u���\�o�h�^�y�l���\���k�h�k�l�Z�\���a�Z�i�h�\�_�^��
�g�u�o�� �y�^�_�j�� �d�h�l�h�j�u�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �l�h�e�v�d�h��
�^�e�y���g�Z�m�q�g�h-�m�q�_�[�g�u�o �b���i�j�b�j�h�^�h�h�o�j�Z�g�g�u�o��
�p�_�e�_�c���� �F�_�g�_�_�� �p�_�g�g�u�_�� �m�q�Z�k�l�d�b�� �\�o�h�^�y�l�� �\��
�j�_�d�j�_�Z�p�b�h�g�g�u�_�� �a�h�g�u���� �O�h�a�y�c�k�l�\�_�g�g�u�_ 
�a�h�g�u�� �g�Z�� �H�H�I�L�� �k�h�a�^�Z�x�l�k�y�� �g�Z�� �m�q�Z�k�l�d�Z�o����
�g�_�� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o�� �\�u�k�h�d�h�c�� �i�j�b�j�h�^�h��
�h�o�j�Z�g�g�h�c���p�_�g�g�h�k�l�b [1]. 

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

�J�Z�a�g�h�h�[�j�Z�a�b�_���b�k�i�h�e�v�a�h�\�Z�g�b�y���H�H�I�L���\��
�o�h�a�y�c�k�l�\�_�g�g�h�c�� �`�b�a�g�b�� �D�j�u�f�k�d�h�]�h�� �i�h�e�m��
�h�k�l�j�h�\�Z�� �i�h�a�\�h�e�y�_�l�� �]�h�\�h�j�b�l�v�� �h�� �k�e�h�`�g�h�c��
�k�l�j�m�d�l�m�j�_�� �i�j�b�j�h�^�h�i�h�e�v�a�h�\�Z�g�b�y���� �i�j�_�^��
�k�l�Z�\�e�_�g�g�h�c�� �j�Z�a�g�u�f�b�� �l�b�i�Z�f�b�� �b�� �n�h�j�f�Z�f�b��
�j�Z�a�f�_�s�_�g�b�y�����:�g�Z�e�b�a���w�l�b�o���Z�k�i�_�d�l�h�\���g�_�h�[��
�o�h�^�b�f�� �^�e�y�� �h�i�l�b�f�b�a�Z�p�b�b�� �i�j�b�j�h�^�h�i�h�e�v�a�h��
�\�Z�g�b�y���b���f�b�g�b�f�b�a�Z�p�b�b���d�h�g�n�e�b�d�l�h�\ [2�±6]. 

�L�_�j�j�b�l�h�j�b�y���K�_�\�Z�k�l�h�i�h�e�y, �m�g�b�d�Z�e�v�g�Z�y��
�i�h���k�h�h�l�g�h�r�_�g�b�x���i�e�h�s�Z�^�b���h�k�h�[�h���h�o�j�Z�g�y��
�_�f�u�o�� �i�j�b�j�h�^�g�u�o�� �l�_�j�j�b�l�h�j�b�c, �k�� �h�[�s�_�c��
�i�e�h�s�Z�^�v�x�� �j�_�]�b�h�g�Z�� �k�h�k�l�Z�\�e�y�_�l�� ��������������
�l�_�j�j�b�l�h�j�b�b�� �b�f�_�x�s�_�c�� �k�l�Z�l�m�k�� �H�H�I�L���� �I�h��
�k�h�k�l�h�y�g�b�x���g�Z�������������������������\�� �]�����K�_�\�Z�k�l�h�i�h��
�e�_ �j�Z�k�i�h�e�h�`�_�g�h�� ������ �h�k�h�[�h���H�H�I�L �j�Z�a�e�b�q��
�g�u�o�� �d�Z�l�_�]�h�j�b�c�� �h�[�s�_�c�� �i�e�h�s�Z�^�v�x�� ������������ 
�l�u�k�����]�Z�����Z���b�f�_�g�g�h [8]:  

�± ���� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o�� �i�j�b�j�h�^�g�u�o�� �a�Z��
�d�Z�a�g�b�d�Z: ���� �e�Z�g�^�r�Z�n�l�g�u�o�� �± �©�;�Z�c�^�Z�j��
�k�d�b�c�ª���� �©�F�u�k�� �:�c�y�ª���� �©�F�u�k�� �N�b�h�e�_�g�l�ª�� �b�� ����
�h�[�s�_�a�h�h�e�h�]�b�q�_�k�d�b�c���± �©�;�m�o�l�Z���D�Z�a�Z�q�v�y�ª�� 

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

�± ���� �a�Z�i�h�\�_�^�g�h�_�� �m�j�h�q�b�s�_�� ���©�K�d�Z�e�u��
�E�Z�k�i�b�ª���� 

�± 6 �i�Z�f�y�l�g�b�d�h�\�� �i�j�b�j�h�^�u�� ������ �[�h�l�Z�g�b��
�q�_�k�d�b�c �± �©�M�r�Z�d�h�\�Z�� �[�Z�e�d�Z�ª���� ���� �d�h�f�i�e�_�d�k��
�g�u�c �± �©�F�u�k���N�b�h�e�_�g�l�ª���b�������]�b�^�j�h�e�h�]�b�q�_��
�k�d�b�o�� �± �i�j�b�[�j�_�`�g�u�_�� �Z�d�\�Z�e�v�g�u�_�� �d�h�f�i�e�_�d��

�k�u�� �m�� �f�u�k�h�\ �E�m�d�m�e�e���� �N�b�h�e�_�g�l���� �K�Z�j�u�q�� �b��
�\�h�a�e�_�� �G�Z�p�b�h�g�Z�e�v�g�h�]�h�� �Z�j�o�_�h�e�h�]�b�q�_�k�d�h�]�h��
�a�Z�i�h�\�_�^�g�b�d�Z���©�O�_�j�k�h�g�_�k���L�Z�\�j�b�q�_�k�d�b�c�ª���� 

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

�H�[�s�Z�y�� �i�e�h�s�Z�^�v�� �i�Z�f�y�l�g�b�d�h�\�� �i�j�b�j�h��
�^�u���������h�[�t�_�d�l�h�\�����k�h�k�l�Z�\�e�y�_�l���������������l�u�k�����]�Z����
�I�e�h�s�Z�^�v�� �i�j�b�j�h�^�g�h�]�h�� �e�Z�g�^�r�Z�n�l�g�h�]�h��
�i�Z�j�d�Z�� �©�F�Z�d�k�b�f�h�\�Z�� �^�Z�q�Z�ª�� �k�h�k�l�Z�\�e�y�_�l��
�������������l�u�k�����]�Z�� 

�H�H�I�L���� �k�m�s�_�k�l�\�h�\�Z�\�r�b�_�� �g�Z �l�_�j�j�b�l�h��
�j�b�b�� �]. �K�_�\�Z�k�l�h�i�h�e�y�� �g�Z�� �f�h�f�_�g�l�� �i�j�b�g�y�l�b�y��
�\�� �k�h�k�l�Z�\�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b���� �k�h�o�j�Z��
�g�y�x�l�k�y�� �\�� �i�j�_�`�g�b�o�� �]�j�Z�g�b�p�Z�o�� �b�� �y�\�e�y�x�l�k�y��
�k�h�[�k�l�\�_�g�g�h�k�l�v�x�� �]�h�j�h�^�Z ���i�b�k�v�f�h�� �F�b�g�b��
�k�l�_�j�k�l�\�Z���i�j�b�j�h�^�g�u�o���j�_�k�m�j�k�h�\���b���w�d�h�e�h�]�b�b��
�J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �©�H�[�� �H�H�I�L�� �]�h��
�j�h�^�Z�� �K�_�\�Z�k�l�h�i�h�e�y�ª�� �h�l�� �������������������� �‹�� ���� -
59/3450) [8]. 

�G�Z�� �j�b�k����5 �i�j�_�^�k�l�Z�\�e�_�g�� �i�j�b�j�h�^�g�h-
�w�d�h�e�h�]�b�q�_�k�d�b�c�� �d�Z�j�d�Z�k�� �K�_�\�Z�k�l�h�i�h�e�y�� �k��
�a�_�f�e�y�f�b�� �E�_�k�g�h�]�h�� �n�h�g�^�Z�����i�j�h�_�d�l�� �=�_�g�i�e�Z��
�g�Z�������������]�� [16])�����\���l�h�f���q�b�k�e�_���e�_�k�Z�����j�Z�k�i�h��
�e�h�`�_�g�g�u�_���g�Z���H�H�I�L�����e�_�k�h�i�Z�j�d�h�\�u�_���a�h�g�u����
�]�h�j�h�^�k�d�b�_���e�_�k�Z�����e�_�k�Z���k�Z�g�b�l�Z�j�g�h�c���h�o�j�Z�g�u����
�p�_�g�g�u�_�� �e�_�k�Z���� �i�j�h�l�b�\�h�w�j�h�a�b�h�g�g�u�_�� �e�_�k�Z����
�e�_�k�Z���� �b�f�_�x�s�b�_�� �g�Z�m�q�g�h�_�� �b�� �g�Z�m�q�g�h-
�b�k�l�h�j�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_���� �a�Z�s�b�l�g�u�_�� �e�_�k�Z����
�g�_�� �\�o�h�^�y�s�b�_�� �\�� �k�h�k�l�Z�\�� �E�_�k�g�h�]�h�� �n�h�g�^�Z�� 
�>�e�y���k�j�Z�\�g�_�g�b�y�����k�h�]�e�Z�k�g�h���=�_�g�i�e�Z�g�Z���]�� �K�_��
�\�Z�k�l�h�i�h�e�y���������������]���������\���Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�u�o��
�]�j�Z�g�b�p�Z�o�� ���������� �l�u�k���� �]�Z�� �a�Z�g�y�l�h�� �i�h�^�� �a�_�e�_��
�g�u�f�b�� �g�Z�k�Z�`�^�_�g�b�y�f�b�� ���[�_�a�� �m�q�_�l�Z�� �k�_�e�v�k�d�h��
�o�h�a�y�c�k�l�\�_�g�g�u�o�� �g�Z�k�Z�`�^�_�g�b�c�� �b�� �k�Z�^�h�\�u�o��
�l�h�\�Z�j�b�s�_�k�l�\������ �B�a�� �g�b�o�� �]�h�j�h�^�k�d�b�_�� �g�Z�k�Z�`��
�^�_�g�b�y�� �k�h�k�l�Z�\�e�y�x�l�� �������� �l�u�k���� �]�Z�� ������������������
�i�j�b�]�h�j�h�^�g�u�_�� �g�Z�k�Z�`�^�_�g�b�y�� �± ���������� �l�u�k���� �]�Z��
���\�� �l���q���� �e�_�k�g�h�c�� �n�h�g�^�� �± ���������� �l�u�k���� �]�Z���� �b�e�b��
������������ �a�Z�s�b�l�g�u�_�� �g�Z�k�Z�`�^�_�g�b�y�� �Z�]�j�h�i�j�h��
�f�u�r�e�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �± �������� �l�u�k���� �]�Z����
�b�e�b�� �������������� �=�h�j�h�^�k�d�b�_�� �a�_�e�_�g�u�_�� �g�Z�k�Z�`�^�_��
�g�b�y�� �\�k�_�o�� �\�b�^�h�\�� �i�h�� �]���� �K�_�\�Z�k�l�h�i�h�e�x�� �k�h��
�k�l�Z�\�e�y�x�l�� ���������� �f�ð�� �g�Z�� ���� �`�b�l�_�e�y�� �a�h�g�u�� �]�h��
�j�h�^�k�d�h�c�� �a�Z�k�l�j�h�c�d�b�� �± �i�j�b�� �g�h�j�f�_�� ������ �f�ð���� �<��
�l�h�f�� �q�b�k�e�_�� �]�h�j�h�^�k�d�b�o�� �e�_�k�h�\�� �q�b�k�e�y�l�k�y��
���������������]�Z�� �a�_�e�_�g�u�_���g�Z�k�Z�`�^�_�g�b�y���a�Z�k�l�j�h�_�g��
�g�h�c�� �l�_�j�j�b�l�h�j�b�b�� �]�h�j�h�^�Z�� �k�h�k�l�Z�\�e�y�x�l��
2117 �]�Z�����^�Z�g�g�u�_���i�h�^�e�_�`�Z�l���m�l�h�q�g�_�g�b�x���i�h��
�j�_�a�m�e�v�l�Z�l�Z�f���b�g�\�_�g�l�Z�j�b�a�Z�p�b�b�����b�a���g�b�o�� 

�± �a�_�e�_�g�u�_�� �g�Z�k�Z�`�^�_�g�b�y�� �h�[�s�_�]�h�� �i�h�e�v��
�a�h�\�Z�g�b�y�� ���i�Z�j�d�b���� �k�d�\�_�j�u���� �[�m�e�v�\�Z�j�u���� �± 
�������������]�Z���� �\�k�_�]�h�����������h�[�t�_�d�l�Z�����k���\�d�e�x�q�_�g�b��
�_�f�� �\�_�^�h�f�k�l�\�_�g�g�u�o�� �g�Z�k�Z�`�^�_�g�b�c�� �± 
360,3 �]�Z�� 
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�± �g�Z�k�Z�`�^�_�g�b�y�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �i�h�e�v�a�h��
�\�Z�g�b�y�� ���\�g�m�l�j�b�d�\�Z�j�l�Z�e�v�g�h�_�� �h�a�_�e�_�g�_�g�b�_����
�\�g�m�l�j�_�g�g�b�_�� �g�Z�k�Z�`�^�_�g�b�y�� �i�j�h�f�u�r�e�_�g�g�u�o��
�l�_�j�j�b�l�h�j�b�c���� �g�Z�k�Z�`�^�_�g�b�y�� �g�Z�� �m�q�Z�k�l�d�Z�o��
�h�[�s�_�k�l�\�_�g�g�u�o���m�q�j�_�`�^�_�g�b�c�����± ���������������]�Z�� 

�± �g�Z�k�Z�`�^�_�g�b�y�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �g�Z�a�g�Z�q�_��
�g�b�y�� ���k�Z�g�b�l�Z�j�g�h-�a�Z�s�b�l�g�u�o�� �b�� �h�o�j�Z�g�g�u�o��
�a�h�g���� �m�e�b�q�g�h�_�� �h�a�_�e�_�g�_�g�b�_���� �i�h�k�Z�^�d�Z�� �g�Z��
�^�_�c�k�l�\�m�x�s�b�o�� �b�� �a�Z�d�j�u�l�u�o�� �d�e�Z�^�[�b�s�Z�o���� �± 
�������������]�Z [7]. 

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

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

�<���]�j�Z�g�b�p�Z�o�� �� �]��  �K�_�\�Z�k�l�h�i�h�e�y�� �� �i�j�h�b�a��
�j�Z�k�l�Z�x�l�� �� �j�_�^�d�b�_�� �� �\�b�^�u���� �� �d�h�l�h�j�u�_�� �� �g�_��
�\�k�l�j�_�q�Z�x�l�k�y�����g�Z�����l�_�j�j�b�l�h�j�b�b�����D�j�u�f�k�d�h�]�h����
�i�h�e�m�h�k�l�j�h�\�Z���� �� �k�j�_�^�b�� �� �g�b�o�� �� �f�_�q-�l�j�Z�\�Z��
�h�[�u�d�g�h�\�_�g�g�Z�y��Cladium mariscus, �d�Z�f�u�r��
�B�i�i�h�e�b�l�Z��Scirpus hippolytii. �L�h�e�v�d�h�� �\��
�j�Z�c�h�g�_�� �� �K�_�\�Z�k�l�h�i�h�e�y�� �� �h�l�f�_�q�_�g�u�� �� �b�a�\�_�k�l��
�g�u�_�� �� �^�e�y�� �� �<�h�k�l�h�q�g�h�c�� �� �?�\�j�h�i�u�� �� �\�b�^�u�� �� �± 
�]�h�^�w�g�b�y���e�h�f�d�Z�y��Gaudinia fragilis�����y�q�f�_�g�v��
�j�`�Z�g�h�c��Hordeum secalinum���� �h�q�b�l�h�d��
�h�q�b�l�d�h�\�b�^�g�u�c�� ��Sedum  sediforme���� �� �i�Z��
�`�b�l�g�b�d�� �� �q�_�l�d�h�\�b�^�g�u�c�� ��Trigonella 
strangulata���� �^�h�g�g�b�d�� �b�g�^�b�c�k�d�b�c��Melilotus 
indicus���� �d�e�_�\�_�j�� �b�]�e�b�k�l�u�c��Trifolium 
echinatum���� �i�h�^�d�h�\�g�b�d�� �o�h�o�e�Z�l�u�c��
Hippocrepis comosa���� �q�_�q�_�\�b�p�Z�� �\�h�k�l�h�q�g�Z�y��
Lens orientalis���� �� �e�Z�]�_�p�b�y�� �� �d�f�b�g�h�\�b�^�g�Z�y����
Lagoecia  cuminoides���� �� �d�h�j�h�\�y�d�� �� �\�h�e�g�b��
�k�l�u�c��Verbascum undulatum���� �i�Z�j�_�g�l�m��
�q�_�e�e�b�y�� �`�_�e�l�h�p�\�_�l�d�h�\�Z�y��Parentucellia 
latifolia; �i�h�^�h�j�h�`�g�b�d�����i�_�j�b�k�l�h�e�h�i�Z�k�l�g�u�c����
Plantago  coronopus���� �� �\�Z�e�_�j�b�Z�g�_�e�e�Z�� �d�h��
�j�h�l�d�h�\�_�g�p�h�\�Z�y�� ��Valerianella  
brachystephana;  �d�m�e�v�[�Z�[�Z�� �� �k�d�Z�e�v�g�Z�y����
Leontodon saxatilis���� �]�_�j�h�i�h�]�h�g�� �]�b�[�j�b�^��
�g�u�c��Geropogon hybridus���� �d�h�a�e�h�[�h�j�h�^�g�b�d��
�\�u�k�h�d�b�c��Tragopogon  elatior���� �� �h�^�m�\�Z�g�q�b�d����

�e�h�`�g�h�f�m�j�[�_�d�h�\�� ��Taraxacum 
pseudomurbeckianum [7].  

�G�Z�� �� �l�_�j�j�b�l�h�j�b�b�� �� �]�� �K�_�\�Z�k�l�h�i�h�e�y����
�\�k�l�j�_�q�Z�x�l�k�y�� �� �l�Z�d�`�_�� �� �w�g�^�_�f�b�d�b�� �� �n�e�h�j�u��
�D�j�u�f�Z���� �� �g�Z�i�j�b�f�_�j���� �d�h�\�u�e�v�� �� �d�Z�f�g�_�e�x�[�b��
�\�u�c��Stipa  eriocaulis  subsp.  lithophila, 
�]�\�h�a�^�b�d�Z���F�Z�j�r�Z�e�e�Z��Dianthus marschallii, 
�q�Z�[�_�j�� �d�j�u�f�k�d�b�c��Satureja taurica���� �y�k�f�_�g��
�g�b�d�� �^�_�j�g�b�k�l�u�c��Asperula supina subsp. 
caespitans, �\�_�j�h�g�b�d�Z�� �d�j�u�f�k�d�Z�y��Veronica 
taurica subsp. taurica �b���^�j�� 

�G�Z���l�_�j�j�b�l�h�j�b�b���]�� �K�_�\�Z�k�l�h�i�h�e�y���h�[�b�l�Z��
�_�l�� �h�d�h�e�h�� �������� �\�b�^�h�\�� �h�[�t�_�d�l�h�\�� �j�Z�k�l�b�l�_�e�v��
�g�h�]�h�� �b�� �`�b�\�h�l�g�h�]�h�� �� �f�b�j�Z���� �� �i�j�_�^�i�h�e�Z�]�Z�_��
�f�u�o�� �� �d�� �� �a�Z�g�_�k�_�g�b�x�� �� �\�� �� �D�j�Z�k�g�m�x�� �� �d�g�b�]�m����
�]�� �K�_�\�Z�k�l�h�i�h�e�y�������\�����l�h�f�����q�b�k�e�_�����w�g�^�_�f�b�d�b������
�m�g�b�d�Z�e�v�g�u�_�� �� �^�e�y�� �� �n�e�h�j�u�� �� �D�j�u�f�Z���� �� �b��
�g�Z�o�h�^�y�s�b�_�k�y�� �� �i�h�^�� �� �m�]�j�h�a�h�c�� �� �m�g�b�q�l�h�`�_��
�g�b�y���� �� �g�Z�i�j�b�f�_�j���� �� �f�h�`�`�_�\�_�e�v�g�b�d�� �^�_�e�v�l�h��
�\�b�^�g�u�c�� �� ���d�h�e�x�q�b�c���� ��Juniperus  deltoides,  
�[�h�e�_�_�������������b�a�����g�b�o�����a�Z�g�_�k�_�g�u�����\���D�j�Z�k�g�m�x��
�d�g�b�]�m�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b���� �� �\�� �� �l�h�f����
�q�b�k�e�_�� �� �n�b�k�l�Z�r�d�Z�� �� �l�m�i�h�e�b�k�l�g�Z�y�� ��Pistacia  
mutica �b���^�j�� 

�<�� �� �D�j�Z�k�g�u�c�� �� �k�i�b�k�h�d�� �� �b�k�q�_�a�Z�_�f�u�o����
�j�Z�k�l�_�g�b�c�����F�_�`�^�m�g�Z�j�h�^�g�h�]�h�����k�h�x�a�Z���h�o�j�Z��
�g�u�� �i�j�b�j�h�^�u�� ���F�K�H�I���� �a�Z�g�_�k�_�g�u�� �d�b�a�b�e�v��
�g�b�d�� �d�j�u�f�k�d�b�c��Cotoneaster tauricus, �d�j�h��
�d�m�k�� �� �m�a�d�h�e�b�k�l�g�u�c�� ��Crocus  angustifolius,  
�^�_�e�v�n�b�g�b�m�f�� �� �I�Z�e�e�Z�k�Z�� ��Delphinium 
pallasii,  �j�m�f�b�y�� �� �d�j�b�l�f�h�e�b�k�l�g�Z�y�� ��Rumia  
crithmifolia  �b�����^�j������ 

�B�a�� �� �l�Z�d�k�h�g�h�\���� �\�d�e�x�q�_�g�g�u�o�� �\�� �?�\�j�h��
�i�_�c�k�d�b�c�� �d�j�Z�k�g�u�c�� �k�i�b�k�h�d���� �g�Z�� �l�_�j�j�b�l�h�j�b�b��
�]�����K�_�\�Z�k�l�h�i�h�e�y���i�j�h�b�a�j�Z�k�l�Z�x�l�����d�b�a�b�e�v�g�b�d����
�d�j�u�f�k�d�b�c�� �� �&�R�W�R�Q�H�D�V�W�H�U�� �� �W�D�X�U�L�F�X�V���� �� �i�h�^��
�k�g�_�`�g�b�d���k�d�e�Z�^�q�Z�l�u�c����Galanthus  plicatus,  
�j�_�f�g�_�e�_�i�_�k�l�g�b�d�� �� �d�h�a�b�c�� ��Himantoglossum 
caprinum,  �j�m�f�b�y�����d�j�b�l�f�h�e�b�k�l�g�Z�y����Rumia  
�F�U�L�W�K�P�L�I�R�O�L�D���� �� �k�d�Z�[�b�h�a�Z�� �i�j�_�^�]�h�j�g�Z�y����
Scabiosa praemontana���� �q�Z�[�j�_�p�� �>�a�_�\�Z�g�h�\��
�k�d�h�]�h��Thymus dzevanovskyi [7]. 

�K�h�]�e�Z�k�g�h���;�_�j�g�k�d�h�c���d�h�g�\�_�g�p�b�b����������������
�± �©�D�h�g�\�_�g�p�b�b�� �h�[�� �h�o�j�Z�g�_�� �^�b�d�h�c�� �n�e�h�j�u�� �b��
�n�Z�m�g�u���� �Z�� �l�Z�d�`�_�� �b�o�� �i�j�b�j�h�^�g�u�o�� �f�_�k�l�� �h�[�b��
�l�Z�g�b�y�� �\�� �?�\�j�h�i�_�ª���� �h�o�j�Z�g�y�x�l�k�y�� �d�h�f�i�_�j�b�y����
�D�h�f�i�_�j�Z�� �� �&�R�P�S�H�U�L�D�� �� �F�R�P�S�H�U�L�D�Q�D���� �� �j�_�f�g�_��
�e�_�i�_�k�l�g�b�d�� �� �d�h�a�b�c��Himantoglossum 
caprinum, �j�h�]�h�a�� �R�Z�l�e�_�\�h�j�l�Z��Typha 
schuttleworthii �b���^�j.[7]. 
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�J�b�k�� 5. �I�j�b�j�h�^�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�c���d�Z�j�d�Z�k���]. �K�_�\�Z�k�l�h�i�h�e�y  �a�Z�������������]. [16]  
 

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

�G�_�^�h�k�l�Z�l�d�b�� �\�� �k�n�_�j�_�� �\�_�^�_�g�b�y�� �e�_�k�g�h�]�h��
�o�h�a�y�c�k�l�\�Z�� �\�� �j�_�]�b�h�g�_ �y�\�e�y�x�l�k�y���� �i�j�h�\�_�^�_��
�g�b�_���g�_���\���i�h�e�g�h�f���h�[�t�_�f�_���f�_�j�h�i�j�b�y�l�b�c���i�h��
�i�h�\�u�r�_�g�b�x�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �e�_�k�h�\����
�g�_�k�\�h�_�\�j�_�f�_�g�g�u�_�� �� �\�u�j�m�[�d�b�� �� �]�h�j�_�e�v�g�b��
�d�h�\���� �� �i�h�\�j�_�`�^�_�g�b�_  �i�h�^�j�h�k�l�Z�� �� �\�� �� �e�_�k�Z�o����
�a�Z�k�h�j�_�g�b�_�� �e�_�k�Z�� �h�l�o�h�^�Z�f�b�� �± �i�j�b�\�_�e�b�� �d��
�h�k�e�Z�[�e�_�g�b�x�� �[�b�h�e�h�]�b�q�_�k�d�b�o�� �b�� �a�Z�s�b�l�g�u�o��
�n�m�g�d�p�b�c�����e�_�k�Z [7, 8]�������B�f�_�x�l�����f�_�k�l�h�����k�Z��
�f�h�\�h�e�v�g�u�_�� �� �j�m�[�d�b���� �� �m�k�m�r�d�Z�� �� �^�j�_�\�h�k�l�h�y����
�i�h�j�Z�`�_�g�b�_�� �^�_�j�_�\�v�_�\�� �[�h�e�_�a�g�y�f�b�� �b�� �\�j�_�^�b��
�l�_�e�y�f�b�� �j�Z�k�l�_�g�b�c���� �i�h�`�Z�j�Z�f�b���� �i�j�b�� �w�l�h�f��
�i�h�]�b�[�r�b�_���^�_�j�_�\�v�y���g�_���\�u�j�m�[�Z�x�l�k�y�� 

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

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

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

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

�D�� �k�h�`�Z�e�_�g�b�x���� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\ 
�]�h�j�h�^�_�� �g�_�� �\�_�^�_�l�k�y�� �m�q�_�l�� �a�_�e�_�g�u�o�� �g�Z�k�Z�`��
�^�_�g�b�c�� �b�� �h�l�k�m�l�k�l�\�m�_�l�� �b�o�� �j�_�_�k�l�j�� �i�h�� �\�b�^�h��
�\�h�f�m�� �k�h�k�l�Z�\�m�� �b�� �\�h�a�j�Z�k�l�m [7, 8]���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �g�_�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�u�f��
�i�h�e�m�q�_�g�b�_�� �^�h�k�l�h�\�_�j�g�u�o�� �^�Z�g�g�u�o�� �h�� �d�h�e�b��
�q�_�k�l�\�_�g�g�u�o�� �b�� �d�Z�q�_�k�l�\�_�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�Z�o�� �a�_�e�_�g�u�o�� �g�Z�k�Z�`�^�_�g�b�c�� �K�_�\�Z�k�l�h�i�h��
�e�y���� �g�_�l�� �b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �[�Z�a�u�� �^�e�y�� �h�j�]�Z��
�g�b�a�Z�p�b�b�� �j�Z�p�b�h�g�Z�e�v�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��
�h�a�_�e�_�g�_�g�g�u�o�� �l�_�j�j�b�l�h�j�b�c���� �g�_�� �g�_�k�_�l�k�y�� �h�l��
�\�_�l�k�l�\�_�g�g�h�k�l�b�� �a�Z�� �k�h�o�j�Z�g�g�h�k�l�v�� �g�Z�k�Z�`�^�_��
�g�b�c�� �i�j�_�^�i�j�b�y�l�b�y�f�b���� �h�j�]�Z�g�b�a�Z�p�b�y�f�b�� �b��
�m�q�j�_�`�^�_�g�b�y�f�b��    

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

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

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

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

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

�H�k�g�h�\�g�u�f�b �g�_�^�h�k�l�Z�l�d�Z�f�b �\�� �h�[�e�Z�k�l�b��
�e�_�k�h�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�f�� �j�_��
�]�b�h�g�_ �y�\�e�y�x�l�k�y�� �i�j�h�\�_�^�_�g�b�_���g�_���\���i�h�e�g�h�f��
�h�[�t�_�f�_�� �f�_�j�h�i�j�b�y�l�b�c �i�h�� �i�h�\�u�r�_�g�b�x��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �e�_�k�h�\���� �g�_�k�\�h�_�\�j�_��
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�n�j�Z�d�p�b�h�g�g�u�c���k�h�k�l�Z�\���[�m�j�h�\�h�]�h���r�e�Z�f�Z���� 
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�<�\�_�^�_�g�b�_. �>�h�[�u�q�Z�� �g�_�n�l�b�� �b�� �]�Z�a�Z�� �y�\��
�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �\�_�^�m�s�b�o�� �h�l�j�Z�k�e�_�c��
�g�Z�j�h�^�g�h�]�h�� �o�h�a�y�c�k�l�\�Z���� �>�h�e�y�� �g�_�n�l�y�g�u�o��
�a�Z�i�Z�k�h�\���J�h�k�k�b�b���k�h�k�l�Z�\�e�y�_�l 10�±���������h�l���b�o��
�f�b�j�h�\�h�]�h�� �h�[�t�_�f�Z��[1]. �D�j�u�f�� �l�Z�d�`�_�� �y�\�e�y��
�_�l�k�y�� �g�_�n�l�_�^�h�[�u�\�Z�x�s�b�f�� �j�_�]�b�h�g�h�f���� �i�h��
�^�Z�g�g�u�f�� �F�b�g�b�k�l�_�j�k�l�\�Z�� �w�g�_�j�]�_�l�b�d�b�� �a�^�_�k�v�� 
�a�Z�������������]�h�^���[�u�e�h�������^�h�[�u�l�h���������������f�e�j�^�����f3 
�i�j�b�j�h�^�g�h�]�h�� �]�Z�a�Z���� �]�Z�a�h�\�h�]�h�� �d�h�g�^�_�g�k�Z�l�Z�� �b��
�g�_�n�l�b�� ������ �l�u�k���� �l���� �>�h�[�u�q�Z�� �m�]�e�_�\�h�^�h�j�h�^�h�\��
�k�h�i�j�y�`�_�g�Z�� �k���h�[�j�Z�a�h�\�Z�g�b�_�f�� �[�h�e�v�r�h�]�h�� �d�h��
�e�b�q�_�k�l�\�Z �j�Z�a�g�h�h�[�j�Z�a�g�u�o�� �h�l�o�h�^�h�\�������[�m�j�h��
�\�u�_�� �k�l�h�q�g�u�_�� �\�h�^�u���� �h�l�j�Z�[�h�l�Z�g�g�u�c�� �[�m�j�h��
�\�h�c���j�Z�k�l�\�h�j���b���[�m�j�h�\�h�c���r�e�Z�f��  

�;�m�j�h�\�h�c�� �r�e�Z�f�� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a��
�g�Z�b�[�h�e�_�_���h�i�Z�k�g�u�o���^�e�y���h�d�j�m�`�Z�x�s�_�c���i�j�b��
�j�h�^�g�h�c���k�j�_�^�u���h�l�o�h�^�h�\�����<���_�]�h���k�h�k�l�Z�\���\�o�h��
�^�y�l���[�h�e�_�_���������j�Z�a�e�b�q�g�u�o���o�b�f�b�q�_�k�d�b�o���j�_�Z��
�]�_�g�l�h�\���b���d�h�f�i�h�g�_�g�l�h�\���\�u�[�m�j�_�g�g�h�c���i�h�j�h��
�^�u�����d�e�Z�k�k���h�i�Z�k�g�h�k�l�b���d�h�l�h�j�u�o���j�Z�a�e�b�q�_�g���b��
�k�h�k�l�Z�\�e�y�_�l���h�l��II  �^�h��IV �����Z���\�h�^�h�j�h�^�g�u�c���i�h��
�d�Z�a�Z�l�_�e�v�� �j�G�� �d�h�e�_�[�e�_�l�k�y�� �h�l�� ���� �^�h�� ������5 [2]. 
�H�k�g�h�\�g�u�_�� �d�h�f�i�h�g�_�g�l�u�� �[�m�j�h�\�h�]�h�� �r�e�Z�f�Z��
�b�o�� �d�e�Z�k�k�� �h�i�Z�k�g�h�k�l�b�� �b�� �a�g�Z�q�_�g�b�_�� �\�h�^�h�j�h�^��
�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� ���j�G���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e. 1. 

 
 
 

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

 
�G�Z�a�\�Z�g�b�_���d�h�f�i�h�g�_�g�l�h�\ 

 
�G�Z�a�g�Z�q�_�g�b�_���b���j�G 

�D�e�Z�k�k��
�h�i�Z�k�g�h�k�l�b��
�\�_�s�_�k�l�\�Z 

�N�Z�d�l�b�q�_�k�d�b�c��
�d�e�Z�k�k���h�i�Z�k��
�g�h�k�l�b���^�e�y����

�H�I�K 
�K�l�Z�[�b�e�b�a�Z�l�h�j�u�� 
�D�F�P �± 80/300, 85/400, 85/600, 
85/700 
FINFIX HC,LC, 
TYLOZA HV, VHR, 
PAC L, LL  
CELPOL SLX,POLYPAC UL 

�K�l�Z�[�b�e�b�a�Z�l�h�j�u���k�g�b�`�Z�x�l��
�n�b�e�v�l�j�Z�p�b�x���b���b�a�f�_�g�y�x�l�� 
�\�y�a�d�h�k�l�v 
�j�G = 7,0�±11,0 

3 2 

�K�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�b�� �K�b��
�e�b�d�Z�l���g�Z�l�j�b�y 

�>�e�y���i�h�\�u�r�_�g�b�y���i�j�h�q�g�h��
�k�l�b���]�_�e�y���\�u�k�h�d�h�f�b�g�_�j�Z�e�b��
�a�h�\�Z�g�g�u�o���i�h�e�b�f�_�j�g�u�o���;�J���� 

3 2 

�J�Z�a�`�b�`�b�l�_�e�b�� 
Q-BROKSIN (�N�O�E�K) 

�J�Z�a�`�b�`�b�l�_�e�v���b���k�l�Z�[�b�e�b�a�Z��
�l�h�j���k�b�k�l�_�f���;�J���g�Z���f�b�g�_�j�Z��
�e�b�a�h�\�Z�g�g�h�c���b���i�j�_�k�g�h�\�h�^��
�g�h�c���h�k�g�h�\�_�� 
�j�G = 2,9 
 

4 3 
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�I�j�h�^�h�e�`�_�g�b�_���l�Z�[�e. 1 

 
�G�Z�a�\�Z�g�b�_���d�h�f�i�h�g�_�g�l�h�\ 

 
�G�Z�a�g�Z�q�_�g�b�_���b���j�G 

�D�e�Z�k�k��
�h�i�Z�k�g�h�k�l�b��
�\�_�s�_�k�l�\�Z 

�N�Z�d�l�b�q�_�k�d�b�c��
�d�e�Z�k�k���h�i�Z�k�g�h��
�k�l�b���^�e�y�����H�I�K 

�S�_�e�h�q�g�u�_���j�_�Z�]�_�g�l�u�� 
-�D�Z�e�v�p�b�g�b�j�h�\�Z�g�g�Z�y���k�h�^�Z�� 
-�=�b�^�j�h�d�k�b�^���d�Z�e�v�p�b�y 

�>�e�y���j�_�]�m�e�b�j�h�\�Z�g�b�y���\�h�^�h��
�j�h�^�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y�����j�G�� 
�j�G� ���� 

3 2 

�I�h�g�b�a�b�l�_�e�v���j�G�� 
�E�b�f�h�g�g�Z�y���d�b�k�e�h�l�Z 

�K�g�b�`�Z�_�l���j�G���\���;�J���g�Z���\�h�^�g�h�c��
�h�k�g�h�\�_�����j�G� ������ 

3 2 

 
�I�j�b�f�_�q�Z�g�b�_�� �;�J���± �[�m�j�h�\�h�c���j�Z�k�l�\�h�j�����D�F�P���± �d�Z�j�[�h�d�k�b�f�_�l�b�e�p�_�e�e�x�e�h�a�Z����FINFIX HC,LC �± �g�Z�l�j�b�_�\�Z�y��
�k�h�e�v���i�j�h�k�l�h�]�h���w�n�b�j�Z���p�_�e�e�x�e�h�a�u���k���]�e�b�d�h�e�_�\�h�c���d�b�k�e�h�l�h�c����PAC L,LL, CELPOL SLX,POLYPAC UL �± 
�p�_�e�e�x�e�h�a�g�u�_���i�h�e�b�f�_�j�u����Q �± BROXIN � ���N�O�E�K��- �N�_�j�j�h�o�j�h�f�g�u�c���e�b�]�g�h�k�m�e�v�n�h�g�Z�l�g�u�c���j�_�Z�]�_�g�l [3]. 
 

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

�F�Z�l�_�j�b�Z�e�u�� �b�� �f�_�l�h�^�u���� �>�e�y�� �h�i�j�_�^�_��
�e�_�g�b�y�� �j�Z�a�f�_�j�h�\�� �q�Z�k�l�b�p���� �� �b�a�� �d�h�l�h�j�u�o�� �k�h��
�k�l�h�b�l�� �[�m�j�h�\�h�c�� �r�e�Z�f���� �[�u�e�� �\�a�y�l�� �h�[�j�Z�a�_�p��
�^�Z�g�g�h�]�h���h�l�o�h�^�Z �b�a�� �k�d�\�Z�`�b�g�u�� �‹�� ������ �\�� �b�g��
�l�_�j�\�Z�e�_�� �[�m�j�_�g�b�y�� ���������±���������� �f�� �r�_�e�v�n�Z��
�Q�z�j�g�h�]�h �f�h�j�y�����H�[�j�Z�a�_�p���[�u�e���b�k�k�e�_�^�h�\�Z�g���k��
�i�h�f�h�s�v�x�� ��D �k�d�Z�g�b�j�m�x�s�_�]�h�� �e�Z�a�_�j�g�h�]�h��
�j�Z�f�Z�g�h�\�k�d�h�]�h�� �k�i�_�d�l�j�h�f�_�l�j�Z�� �g�Z�� �[�Z�a�_�� �K�_��
�\�Z�k�l�h�i�h�e�v�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �m�g�b��
�\�_�j�k�b�l�_�l�Z. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v���� �q�l�h�� �b�k�k�e�_��
�^�h�\�Z�g�b�_�� �n�j�Z�d�p�b�h�g�g�h�]�h�� �k�h�k�l�Z�\�Z�� �q�Z�k�l�b�p��
�r�e�Z�f�Z�� �D�j�u�f�Z���� �l�Z�d�b�f�� �k�i�h�k�h�[�h�f���� �� �[�u�e�b��
�i�j�h�\�_�^�_�g�u���\�i�_�j�\�u�_���� 

 ���'�� �k�d�Z�g�b�j�m�x�s�b�c�� �e�Z�a�_�j�g�u�c�� �j�Z�f�Z��
�g�h�\�k�d�b�c�� �k�i�_�d�l�j�h�f�_�l�j��Confotec NR500 
���^�Z�e�_�_���± Confotec  NR500)   �i�j�_�^�g�Z�a�g�Z�q�_�g�� 

 
 

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

Confotec NR���������i�h�a�\�h�e�y�_�l �\�u�i�h�e�g�y�l�v��
�k�e�_�^�m�x�s�b�_ �b�a�f�_�j�_�g�b�y�� 

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

�í �i�j�h�\�h�^�b�l�v �b�a�f�_�j�_�g�b�y �j�Z�f�Z�g�h�\�k�d�h�]�h 
�k�b�]�g�Z�e�Z �\ �\�u�[�j�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �^�e�b�g 
�\�h�e�g �\ �i�j�h�p�_�k�k�_ XY ���h�i�p�b�h�g�Z�e�v�g�h��XYZ) 
�k�d�Z�g�b�j�h�\�Z�g�b�y �h�[�e�Z�k�l�b �h�[�j�Z�a�p�Z�� 

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

 
�J�b�k���������� ���'���k�d�Z�g�b�j�m�x�s�b�c���e�Z�a�_�j�g�u�c���j�Z�f�Z�g�h�\�k�d�b�c���k�i�_�d�l�j�h�f�_�l�j��Confotec NR500 
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�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �G�Z�� �b�a��
�f�_�g�_�g�b�_�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��
�q�Z�k�l�b�p�� �\�u�[�m�j�_�g�g�h�c�� �i�h�j�h�^�u�� �i�j�b�� �i�j�_�\�j�Z��
�s�_�g�b�b�� �b�o�� �\�� �[�m�j�h�\�h�c�� �r�e�Z�f�� �\�e�b�y�_�l�� �i�j�h��
�i�b�l�d�Z�� �^�b�k�i�_�j�k�b�h�g�g�h�c�� �k�j�_�^�h�c�� �i�j�h�f�u�\�h�q��
�g�h�c�� �`�b�^�d�h�k�l�b���� �I�h�j�u�� �b�� �l�j�_�s�b�g�u�� �q�Z�k�l�b�p��
�i�h�j�h�^�u�� �a�Z�i�h�e�g�y�x�l�k�y�� �^�b�k�i�_�j�k�b�h�g�g�h�c��
�k�j�_�^�h�c�� �i�j�h�f�u�\�h�q�g�h�c�� �`�b�^�d�h�k�l�b���� �i�h�\�_�j�o��
�g�h�k�l�v�� �]�e�b�g�b�k�l�u�o�� �q�Z�k�l�b�p �f�h�^�b�n�b�p�b�j�m�_�l��
�k�y���� �g�Z�� �\�g�_�r�g�_�c�� �b�� �\�g�m�l�j�_�g�g�_�c�� �i�h�\�_�j�o�g�h��
�k�l�b���q�Z�k�l�b�p���\�u�[�m�j�_�g�g�h�c���i�h�j�h�^�u���Z�^�k�h�j�[�b��
�j�m�x�l�k�y�� �\�_�s�_�k�l�\�Z�� �j�Z�a�e�b�q�g�h�c�� �i�j�b�j�h�^�u�� �b�a��
�^�b�k�i�_�j�k�b�h�g�g�h�c�� �k�j�_�^�u�� �i�j�h�f�u�\�h�q�g�h�c��
�`�b�^�d�h�k�l�b�� 

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

�k�m�s�_�k�l�\�_�g�g�h�� �b�a�f�_�g�y�l�v�k�y�� �i�h�� �f�_�j�_�� �m�]�e�m�[��
�e�_�g�b�y�� �k�d�\�Z�`�b�g�u���� �O�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\��
�[�m�j�h�\�h�]�h���r�e�Z�f�Z���a�Z�\�b�k�b�l,  �d�Z�d���h�l���_�]�h���f�b��
�g�_�j�Z�e�v�g�h�]�h�� �k�h�k�l�Z�\�Z���� �l�Z�d�� �b�� �h�l�� �k�\�h�c�k�l�\��
�i�j�h�f�u�\�h�q�g�h�c�� �`�b�^�d�h�k�l�b���� �=�j�Z�g�m�e�h�f�_�l�j�b��
�q�_�k�d�b�c���k�h�k�l�Z�\���[�m�j�h�\�h�]�h���r�e�Z�f�Z���h�i�j�_�^�_�e�y��
�_�l�k�y�� �l�b�i�h�f�� �b�� �^�b�Z�f�_�l�j�h�f�� �i�h�j�h�^�h�j�Z�a�j�m��
�r�Z�x�s�_�]�h�� �b�g�k�l�j�m�f�_�g�l�Z���� �f�_�o�Z�g�b�q�_�k�d�b�f�b��
�k�\�h�c�k�l�\�Z�f�b�� �i�h�j�h�^�u���� �j�_�`�b�f�h�f�� �[�m�j�_�g�b�y����
�k�\�h�c�k�l�\�Z�f�b�� �i�j�h�f�u�\�h�q�g�h�c�� �`�b�^�d�h�k�l�b�� �b��
�w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �_�_�� �h�q�b�k�l�d�b [3]. �<�� �l�Z�[�e. 
�����i�h�d�Z�a�Z�g �n�j�Z�d�p�b�h�g�g�u�c���k�h�k�l�Z�\���[�m�j�h�\�h�]�h��
�r�e�Z�f�Z���� �h�[�j�Z�a�m�x�s�_�]�h�k�y�� �i�j�b�� �^�h�[�u�q�_�� �]�Z�a�Z��
�b���]�Z�a�h�\�h�]�h���d�h�g�^�_�g�k�Z�l�Z���g�Z���r�_�e�v�n�_���Q�z�j�g�h��
�]�h�� �f�h�j�y���� �b�k�k�e�_�^�h�\�Z�g�g�u�c�� �k�� �i�h�f�h�s�v�x�� �e�Z��
�a�_�j�g�h�]�h���j�Z�f�Z�g�h�\�k�d�h�]�h���k�i�_�d�l�j�h�f�_�l�j�Z 

 
�L�Z�[�e�b�p�Z�������� �N�j�Z�d�p�b�h�g�g�u�c���k�h�k�l�Z�\���[�m�j�h�\�h�]�h���r�e�Z�f�Z���r�_�e�v�n�Z���Q�z�j�g�h�]�h���f�h�j�y 

 
�‹  �J�Z�^�b�m�k�����g�f �>�b�Z�f�_�l�j�����g�f �I�e�h�s�Z�^�v���i�h�\�_�j�o�g�h�k�l�b�����g�f2 
1 3,40 6,79 144,92 
2 0,54 1,09 3,71 
3 0,68 1,36 5,8 
4 1,22 2,45 18,78 
5 0,41 0,82 2,09 
6 0,54 1,09 3,71 
7 0,41 0,82 2,09 
8 0,68 1,36 5,8 
9 0,41 0,82 2,09 
10 0,54 1,09 3,71 
11 0,54 1,09 3,71 
12 2,04 4,08 52,17 

13 2,45 4,89 75,13 
14 0,95 1,9 11,36 

 
�D�Z�d�� �k�e�_�^�m�_�l�� �b�a�� �Z�g�Z�e�b�a�Z�� �l�Z�[�e�b�p�u����

�n�j�Z�d�p�b�h�g�g�u�c�� �k�h�k�l�Z�\�� �[�m�j�h�\�h�]�h�� �r�e�Z�f�Z��
�b�a�f�_�g�y�_�l�k�y�� �\�� �r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o�� �b�� �g�Z�o�h��
�^�b�l�k�y�� �� �\�� �^�b�Z�i�Z�a�h�g�_  �h�l�� 0,82  �g�f�� �b�� �^�h 
6,79 �g�f, �q�l�h�� �\�� �k�j�_�^�g�_�f�� �k�h�k�l�Z�\�e�y�_�l�� �������� 
�g�f�� �:�[�k�h�e�x�l�g�Z�y���i�h�]�j�_�r�g�h�k�l�v���b�a�f�_�j�_�g�b�c��
�k�h�k�l�Z�\�e�y�_�l�� �“�������� �g�f�� �I�h�e�m�q�_�g�g�u�_�� �^�Z�g��
�g�u�_�� �g�_�h�[�o�h�^�b�f�u�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �[�u�e�Z��
�\�h�a�f�h�`�g�h�k�l�v�� �h�q�b�k�l�b�l�v�� �[�m�j�h�\�h�c�� �j�Z�k�l�\�h�j��
�h�l�� �i�j�b�f�_�k�b�� �\�u�[�m�j�_�g�g�h�c�� �i�h�j�h�^�u�� �^�e�y�� �_�]�h��
�i�h�\�l�h�j�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y���� �I�h�k�l�m�i�Z�x��
�s�b�_�� �\�� �[�m�j�h�\�h�c�� �j�Z�k�l�\�h�j�� �q�Z�k�l�b�p�u�� �\�u�[�m��
�j�_�g�g�h�c�� �i�h�j�h�^�u�� �h�d�Z�a�u�\�Z�x�l�� �\�j�_�^�g�h�_�� �\�e�b��
�y�g�b�_�� �g�Z�� �_�]�h�� �h�k�g�h�\�g�u�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_��
�k�\�h�c�k�l�\�Z�����Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b���g�Z���l�_�o�g�b�d�h-
�w�d�h�g�h�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �[�m�j�_�g�b�y���� �i�h��
�w�l�h�f�m �h�q�b�k�l�d�_�� �[�m�j�h�\�u�o�� �j�Z�k�l�\�h�j�h�\ �h�l��
�\�j�_�^�g�u�o�� �i�j�b�f�_�k�_�c�� �m�^�_�e�y�x�l�� �h�k�h�[�h�_�� �\�g�b��
�f�Z�g�b�_. �>�e�y�� �h�q�b�k�l�d�b�� �[�m�j�h�\�h�]�h�� �j�Z�k�l�\�h�j�Z��

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

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

 

 
�J�b�k���������� �H�[�j�Z�a�_�p���[�m�j�h�\�h�]�h���r�e�Z�f�Z 

�A�Z�d�e�x�q�_�g�b�_�� �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�� �j�Z�a�f�_�j�u�� �q�Z�k�l�b�p���� �k�h��
�k�l�Z�\�e�y�x�s�b�o �q�_�j�g�h�f�h�j�k�d�b�c�� �[�m�j�h�\�h�c��
�r�e�Z�f���� �f�Z�e�u�� �b�� �k�h�k�l�Z�\�e�y�x�l  0,82 �g�f���b�� �^�h��
6,79 �g�f���� �<�k�e�_�^�k�l�\�b�_�� �w�l�h�]�h �\�h�a�g�b�d�Z�x�l��
�h�i�j�_�^�_�e�_�g�g�u�_���w�d�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�[�e�_�f�u��  

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

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

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

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

�[�b�h�n�b�a�b�d�b�� �K�_�\�Z�k�l�h�i�h�e�v�k�d�h�]�h�� �]�h�k�m�^�Z�j��
�k�l�\�_�g�g�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z���� �h�k�h�[�h�� �\�u�j�Z�a�b�\ 
�i�j�b�a�g�Z�l�_�e�v�g�h�k�l�v���F�h�k�m�g�h�\�m  �:.�:. 

 
�K�I�B�K�H�D�� �E�B�L�?�J�:�L�M�J�U 

 
1. �J�m�q�d�b�g�h�\�Z�� �H.�B.,  �<�Z�c�k�f�Z�g�� �Y.�B.  

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �l�\�_�j�^�u�o�� �h�l�o�h�^�h�\�� �g�_�n�l�_��
�^�h�[�u�q�b�� �^�e�y�� �k�g�b�`�_�g�b�y�� �l�_�o�g�h�]�_�g�g�h�c��
�g�Z�]�j�m�a�d�b�� �g�Z�� �i�j�b�j�h�^�g�u�_�� �]�_�h�k�b�k�l�_�f�u: �f�h��
�g�h�]�j�Z�n�b�y. �I�_�j�f. �]�h�k. �l�_�o�g. �m�g-�l., �I�_�j�f�v, 
2004.  285 �k. 

2. �G�Z�q�_�\�Z�� �F���<�� �I�j�b�f�_�g�_�g�b�_�� �d�j�b�l�_��
�j�b�_�\�� �h�l�g�_�k�_�g�b�y�� �h�l�o�h�^�h�\�� �d�� �d�e�Z�k�k�Z�f�� �h�i�Z�k��
�g�h�k�l�b�� �^�e�y�� �h�d�j�m�`�Z�x�s�_�c�� �i�j�b�j�h�^�g�h�c���k�j�_��
�^�u�� �g�Z�� �i�j�b�f�_�j�_�� �[�m�j�h�\�h�]�h�� �r�e�Z�f�Z���� �h�[�j�Z�a�m��
�x�s�_�]�h�k�y�� �i�j�b�� �^�h�[�u�q�_�� �g�_�n�l�_�m�]�e�_�\�h�^�h�j�h��
�^�h�\���g�Z���r�_�e�v�n�_���Q�z�j�g�h�]�h���f�h�j�y // �W�d�h�e�h�]�b��
�q�_�k�d�Z�y�� �[�_�a�h�i�Z�k�g�h�k�l�v�� �l�_�j�j�b�l�h�j�b�c�� �b�� �Z�d�\�Z��
�l�h�j�b�c���� �j�_�]�b�h�g�Z�e�v�g�u�_�� �b�� �]�e�h�[�Z�e�v�g�u�_�� �i�j�h��
�[�e�_�f�u��  �f�Z�l�_�j�b�Z�e�u�� �j�_�]�b�h�g�Z�e�v�g�h�c�� �g�Z�m�q.-
�i�j�Z�d�l���� �d�h�g�n. (�]���� �D�_�j�q�v����24�±������ �h�d�l�y�[�j�y��
�����������]��������  �D�_�j�q�v��   ���������������K�����������±148. 

3. �;�Z�e�Z�[�Z�� �<���B�� �H�[�_�k�i�_�q�_�g�b�_�� �w�d�h�e�h��
�]�b�q�_�k�d�h�c�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �k�l�j�h�b�l�_�e�v�k�l�\�Z��
�k�d�\�Z�`�b�g�� �g�Z�� �f�h�j�_�� ������ �;�m�j�_�g�b�_�� �b�� �g�_�n�l�v������
���������������‹�����������K���������±21. 

 
THE STUDY OF PARTICLE SIZE OF THE BLACK SEA DRILL CUTTINGS USING 3D 
SCANNING LASER RAMAN SPECTROMETER  
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The drill cuttings which occur in a process of  oil /gas production at the Black sea shelf is studied in the 
paper. Using 3d scanning laser Raman spectrometer the particle sizes of drill cuttings were determined. 
The results of study are of great practical importance for coastal engineering and ecological protection of 
the Black sea shelf.  
Keywords: drill cuttings, particles, pollution, ecology, environmental safety, spectrometer. 
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