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

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

�<�\�_�^�_�g�b�_

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

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

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

[1-5], �l�j�_�[�m�_�l �j�Z�a�j�Z�[�h�l�d�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �Z�e�]�h�j�b�l�f�b�q�_�k�d�h�]�h �b �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_-

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

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

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

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

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

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

�f�Z�g�l�b�q�_�k�d�h�c �^�b�n�n�_�j�_�g�p�b�Z�p�b�b �h�[�t�_�d�l�h�\.

�J�Z�a�j�Z�[�h�l�Z�g�g�u�c �\ �B�D�B �J�:�G �^�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q �]�e�h�[�Z�e�v�g�h�]�h �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �g�Z-

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

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

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

�d�Z�p�b�x �k�i�m�l�g�b�d�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c [6]. �G�_�h�[�o�h�^�b�f�h�k�l�v �f�Z�d�k�b�f�Z�e�v�g�h �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c �b

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

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

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

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

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

�:�e�]�h�j�b�l�f �e�h�d�Z�e�v�g�h-�Z�^�Z�i�l�b�\�g�h�c �h�[�m�q�Z�_�f�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b

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

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

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

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

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

�i�j�b�a�g�Z�d�h�\ �g�Z �h�k�g�h�\�_ �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�c �\�u�[�h�j�d�b �o�Z�j�Z�d�l�_�j�g�u�o�w�l�Z�e�h�g�h�\;

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

�d�e�Z�k�k�h�\. [7, �k. 140] 

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

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

�h�[�t�_�d�l�h�\ (�b�e�b �i�h�e�m�q�_�g�g�u�o �g�Z �b�o �h�k�g�h�\�_ �j�Z�a�e�b�q�g�u�o �i�j�h�b�a�\�h�^�g�u�o �b�g�^�_�d�k�h�\). �B�k�i�h�e�v�a�m�_-

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

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

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

�j�Z �k�j�_�^�g�b�o �a�g�Z�q�_�g�b�ckU �b �d�h�\�Z�j�b�Z�p�b�h�g�g�h�c �f�Z�l�j�b�p�uk�6 �i�j�b�a�g�Z�d�h�\.

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

�i�h�e�Z�]�Z�x�s�b�c �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �n�h�j�f�b�j�h�\�Z�g�b�_ �^�e�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �l�_�j�j�b�l�h�j�b�b �i�j�h�k�l�j�Z�g-

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

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

�d�e�Z�k�k�h�\ �a�Z�^�Z�g�g�h�]�h �f�g�h�`�_�k�l�\�Z. �;�e�h�d-�k�o�_�f�Z �Z�e�]�h�j�b�l�f�Z �i�j�b�\�_�^�_�g�Z �g�Z �j�b�k. 1. �< �d�Z�q�_�k�l�\�_ �b�k-

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

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

�g�h�c �b�g�l�_�j�i�j�_�l�Z�p�b�b �k�i�m�l�g�b�d�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c, �a�g�Z�g�b�y �w�d�k�i�_�j�l�h�\.

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

�a�g�Z�q�_�g�b�c �\ �m�a�e�Z�o);( qpG �j�_�]�m�e�y�j�g�h�c �i�j�y�f�h�m�]�h�e�v�g�h�c �k�_�l�b �k �a�Z�^�Z�g�g�u�f �r�Z�]�h�fd, �]�^�_p �bq – 

�i�h�j�y�^�d�h�\�u�_ �g�h�f�_�j�Z �m�a�e�h�\ �i�h �h�k�y�fx �by �k�h�h�l�\�_�l�k�l�\�_�g�g�h (�j�b�k. 2). �H�[�m�q�_�g�b�_ �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z,

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

);( qpG �i�Z�j�Z�f�_�l�j�h�\ �e�h�d�Z�e�b�a�h�\�Z�g�g�u�o �k�b�]�g�Z�l�m�j );( qpU k �b );( qpk�6 �^�e�y �d�Z�`�^�h�]�hk-�]�h �d�e�Z�k�k�Z.
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�I�_�j�\�h�g�Z�q�Z�e�v�g�h �^�e�y �d�Z�`�^�h�]�h �m�a�e�Z);( qpG �g�Z �h�k�g�h�\�_ �j�Z�k�i�h�e�h�`�_�g�g�u�o �\ �]�j�Z�g�b�p�Z�o

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

);( qpSi
k  – �k�m�f�f�Z �a�g�Z�q�_�g�b�ci-�]�h �i�j�b�a�g�Z�d�Zk-�]�h �d�e�Z�k�k�Z;

);(, qpC ji
k  – �k�m�f�f�Z �i�j�h�b�a�\�_�^�_�g�b�c �a�g�Z�q�_�g�b�ci-�]�h �bj-�]�h �i�j�b�a�g�Z�d�h�\k-�]�h �d�e�Z�k�k�Z;

);( qpNk  – �d�h�e�b�q�_�k�l�\�h �w�l�Z�e�h�g�g�u�o �i�b�d�k�_�e�h�\k-�]�h �d�e�Z�k�k�Z.

�M�d�Z�a�Z�g�g�u�_ �\�_�e�b�q�b�g�u �b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �h�p�_�g�d�b �w�e�_�f�_�g�l�h�\);(, qpCov ji
k �d�h�\�Z�j�b�Z�p�b-

�h�g�g�h�c �f�Z�l�j�b�p�u );( qpk�6 �g�Z �h�k�g�h�\�_ �k�e�_�^�m�x�s�_�]�h �\�u�j�Z�`�_�g�b�y:

);(
);(

);(
);(

);(
);(

);(
,

,

qpN
qpS

qpN
qpS

qpN
qpC

qpCov
k

j
k

k

i
k

k

ji
kji

k ���       (1) 

�H�p�_�g�d�Z �w�e�_�f�_�g�l�h�\ );(, qpCov ji
k �d�h�\�Z�j�b�Z�p�b�h�g�g�h�c �f�Z�l�j�b�p�u �b �k�j�_�^�g�b�o �a�g�Z�q�_�g�b�c �i�j�b�a�g�Z�d�h�\

�g�Z �h�k�g�h�\�_ );( qpSi
k �b );( qpNk �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �i�Z�j�Z�f�_�l�j�u �k�b�]�g�Z�l�m�j);( qpU k �b );( qpk�6 .

�D�Z�d �\�b�^�g�h �b�a �j�b�k�m�g�d�Z 2, �h�[�m�q�Z�x�s�Z�y �\�u�[�h�j�d�Z �w�l�Z�e�h�g�g�u�o �i�b�d�k�_�e�h�\, �k�h�a�^�Z�g�g�Z�y �g�Z �h�k�g�h�\�_

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

�h�l�k�m�l�k�l�\�b�y �w�l�Z�e�h�g�g�u�o �i�b�d�k�_�e�h�\k-�]�h �d�e�Z�k�k�Z �\ �h�d�j�_�k�l�g�h�k�l�b �m�a�e�Z );( 00 qpG �\�u�q�b�k�e�_�g�b�_ �i�Z�j�Z�f�_�l-

�j�h�\ );( 00 qpU k �b );( 00 qpk�6 �h�d�Z�a�u�\�Z�_�l�k�y �g�_�\�h�a�f�h�`�g�u�f. �D�j�h�f�_ �l�h�]�h, �i�j�b �f�Z�e�u�o �a�g�Z�q�_�g�b�y�o

);( 00 qpNk �\�h�a�j�Z�k�l�Z�_�l �\�e�b�y�g�b�_ �k�e�m�q�Z�c�g�u�o �h�r�b�[�h�d �\ �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�_. �>�e�y �m�q�_�l�Z �w�l�h�]�h �n�Z�d-

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

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

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

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

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

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

( TqpNk ��);( 00 ) �m�a�e�Z );( 00 qpG �i�j�h�\�h�^�b�l�k�y �h�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o �k�h�k�_�^�g�b�o �d�e�_�l�h�d. �D�h�e�b�q�_-

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

�\ �d�e�_�l�d�_ );( 00 qpNk �b �k�h�k�_�^�g�b�o �d�e�_�l�d�Z�o );( 00 qqppNk �'���'�� . �D�j�h�f�_ �l�h�]�h, �f�_�l�h�^�h�f �i�j�_�^�m-

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

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

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

�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�k�l�bT . �?�k�e�b �i�h�j�h�]T �g�_ �[�u�e �i�j�_�h�^�h�e�_�g �i�j�b �^�h�k�l�b�`�_�g�b�b �q�b�k�e�Z �[�e�b�`�Z�c-

�r�b�o �d�e�_�l�h�d �a�g�Z�q�_�g�b�ymaxL , �l�h �k�b�]�g�Z�l�m�j�Z �m�a�e�Z );( 00 qpG �^�e�y �d�e�Z�k�k�Zk �k�q�b�l�Z�_�l�k�y �g�_�k�m�s�_�k�l-

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

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

�d�e�_�l�h�d, �g�Z�o�h�^�y�s�b�o�k�y �g�Z �h�^�b�g�Z�d�h�\�h�f �m�^�Z�e�_�g�b�b �h�l �m�a�e�Z);( 00 qpG , �b �h�[�h�[�s�_�g�b�y �i�h�e�m�q�_�g-

�g�u�o �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �h�[�m�q�_�g�b�y �\�_�e�b�q�b�g );( 00 qqppSi
k �'���'�� , );( 00

, qqppC ji
k �'���'��

�b );( 00 qqppNk �'���'�� . �I�j�b �w�l�h�f �g�h�\�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �m�a�e�Z)q;p(S 00

*i
k , )q;p(C 00

*j,i
k

�b )q;p(N 00

*

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

�g�b�o �m�a�e�h�\ �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �h�[�m�q�_�g�b�y.

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

�\�u�j�Z�`�_�g�b�_ T)q;p(N
*

k �t , �h�i�j�_�^�_�e�y�x�l�k�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�u�j�Z�`�_�g�b�y �Z�g�Z�e�h�]�b�q�g�h�]�h (1) �i�Z-

�j�Z�f�_�l�j�u �k�b�]�g�Z�l�m�j )q;p(U *
k �b )q;p(*

k�6 �^�e�y �i�h�k�e�_�^�m�x�s�_�c �h�[�m�q�Z�_�f�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b.

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

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

�g�h�]�h �i�j�Z�\�^�h�i�h�^�h�[�b�y, �f�b�g�b�f�Z�e�v�g�h�]�h �j�Z�k�k�l�h�y�g�b�y �b�e�b �i�Z�j�Z�e�e�_�e�_�i�b�i�_�^�Z [8, �k. 152]. �D �g�Z-

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

�l�b�i�h�\ �a�_�f�g�h�]�h �i�h�d�j�h�\�Z �j�_�Z�e�b�a�h�\�Z�g �b �i�j�h�r�_�e �Z�i�j�h�[�Z�p�b�x �Z�e�]�h�j�b�l�f �d�e�Z�k�k�b�n�b�d�Z�p�b�b, �h�k�g�h-

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

�< �k�h�h�l�\�_�l�k�l�\�b�b �k �j�_�r�Z�x�s�b�f �i�j�Z�\�b�e�h�f �f�Z�d�k�b�f�m�f�Z �i�j�Z�\�^�h�i�h�^�h�[�b�y, �i�b�d�k�_�e );( yxP

�h�l�g�h�k�b�l�k�y �d �f�g�h�`�_�k�l�\�ml�Z �i�b�d�k�_�e�h�\ �d�e�Z�k�k�Zl �\ �l�h�f �k�e�m�q�Z�_, �_�k�e�b �^�e�y �\�k�_�ok=1, 2…m �\�u�i�h�e-

�g�y�_�l�k�y �m�k�e�h�\�b�_:

                                )|);(()()|);(()( kkll yxPppyxPpp �Z�Z�Z�Z �t ,           (2) 

�]�^�_: )( lp �Z , )( kp �Z  – �Z�i�j�b�h�j�g�u�_ �\�_�j�h�y�l�g�h�k�l�b �d�e�Z�k�k�h�\l �bk;

)|);(( lyxPp �Z , )|);(( kyxPp �Z  – �i�e�h�l�g�h�k�l�b �\�_�j�h�y�l�g�h�k�l�b �h�l�g�_�k�_�g�b�y �i�b�d�k�_�e�Z);( yxP �d �f�g�h-

�`�_�k�l�\�m �i�b�d�k�_�e�h�\ �d�e�Z�k�k�Zl �b �f�g�h�`�_�k�l�\�m �i�b�d�k�_�e�h�\ �d�e�Z�k�k�Zk.

�< �k�\�h�x �h�q�_�j�_�^�v, �i�e�h�l�g�h�k�l�v �\�_�j�h�y�l�g�h�k�l�b �h�i�j�_�^�_�e�y�_�l�k�y �i�h �n�h�j�f�m�e�_:
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         (3) 

�]�^�_: );( yxB  – �\�_�d�l�h�j �i�j�b�a�g�Z�d�h�\ �i�b�d�k�_�e�Z);( yxP ;

n  – �q�b�k�e�h �i�j�b�a�g�Z�d�h�\.

�I�j�b �d�e�Z�k�k�b�n�b�d�Z�p�b�b �b�k�i�h�e�v�a�m�x�l�k�y �i�Z�j�Z�f�_�l�j�u)q;p(U *
k �b )q;p(*

k�6 �e�h�d�Z�e�b�a�h�\�Z�g�g�u�o

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

�k�l�h�e�[�p�Z�o �j�_�]�m�e�y�j�g�h�c �k�_�l�d�b �k �r�Z�]�h�fd �h�i�j�_�^�_�e�y�x�l�k�y �i�h �n�h�j�f�m�e�Z�fdxp /� �b dyq /� .

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

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

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

�k�f�Z�l�j�b�\�Z�_�f�h�c �l�_�j�j�b�l�h�j�b�b. �< �j�_�r�Z�x�s�_�f �i�j�Z�\�b�e�_ (2) �Z�i�j�b�h�j�g�Z�y �\�_�j�h�y�l�g�h�k�l�v �d�e�Z�k�k�Z �b�k-

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

�g�_ �h�l 0 �^�h 1 �^�e�y �d�Z�`�^�h�]�h �d�e�Z�k�k�Z �b �d�Z�`�^�h�]�h �i�b�d�k�_�e�Z �l�_�j�j�b�l�h�j�b�b. �:�i�j�b�h�j�g�u�_ �\�_�j�h�y�l�g�h�k�l�b

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

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

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

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

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

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

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

�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h �i�j�h�]�j�Z�f�f�g�h�]�h �d�h�f�i�e�_�d�k�Z.

�J�Z�a�j�Z�[�h�l�Z�g�g�u�c �d�h�f�i�e�_�d�k LAGMA ( �h�l �Z�g�]�e�b�c�k�d�h�]�h Locally Adaptive Global Mapping 

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

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

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

�^�e�y �a�Z�i�m�k�d�Z �\ �j�_�`�b�f�_ �d�h�f�Z�g�^�g�h�c �k�l�j�h�d�b �i�h�^ �m�i�j�Z�\�e�_�g�b�_�f �H�K Linux. �L�Z�d�h�_ �m�k�l�j�h�c�k�l�\�h

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

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

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

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

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

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

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

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

�f�b �y�\�e�y�x�l�k�y: �g�Z �i�_�j�\�h�f �w�l�Z�i�_ – �r�Z�] �j�_�]�m�e�y�j�g�h�c �k�_�l�d�b, �g�Z �\�l�h�j�h�f – �f�b�g�b�f�Z�e�v�g�u�c�h�[�t�_�f

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

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

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

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

�g�h�k�l�b �\�k�l�j�_�q�Z�_�f�h�k�l�b �l�b�i�h�\ �a�_�f�g�h�]�h �i�h�d�j�h�\�Z. �< �d�Z�q�_�k�l�\�_ �i�Z�j�Z�f�_�l�j�Z �\�h�a�f�h�`�g�h �a�Z�^�Z�g�b�_ �]�j�Z-

�g�b�p �m�q�Z�k�l�d�Z �d�e�Z�k�k�b�n�b�d�Z�p�b�b.

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

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

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

�i�h�\�l�h�j�g�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b.

�F�h�^�m�e�v �]�b�k�l�h�]�j�Z�f�f�g�h�c �n�b�e�v�l�j�Z�p�b�b. �F�h�^�m�e�v �i�j�b�f�_�g�y�_�l�k�y �^�e�y �i�h�b�k�d�Z �b �b�k�d�e�x�q�_-

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

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

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

�l�_�e�v�g�h �h�r�b�[�h�q�g�u�o �i�b�d�k�_�e�h�\.

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

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

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

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

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

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

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

�f�h�]�Z�l�_�e�v�g�u�o �f�h�^�m�e�y�o, �\�d�e�x�q�Z�x�l:

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

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

– �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �e�h�d�Z�e�b�a�h�\�Z�g�g�u�o �k�b�]�g�Z�l�m�j �\ �b�a�h�[�j�Z�`�_�g�b�y �k �]�e�m�[�b�g�h�c �p�\�_�l�Z 16 �[�b�l �g�Z

�d�Z�g�Z�e �^�e�y �i�j�h�k�f�h�l�j�Z �\ �=�B�K-�i�Z�d�_�l�Z�o;

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

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

�H�k�h�[�_�g�g�h�k�l�b �j�_�Z�e�b�a�Z�p�b�b �i�j�h�]�j�Z�f�f�g�h�]�h �d�h�f�i�e�_�d�k�Z LAGMA 

�I�j�h�]�j�Z�f�f�g�u�_ �f�h�^�m�e�b �g�Z�i�b�k�Z�g�u �g�Z �y�a�u�d�_ C++ �b �k�d�h�f�i�b�e�b�j�h�\�Z�g�u �k �i�h�f�h�s�v�x GNU 

C Compiler. �M�g�b�d�Z�e�v�g�h�k�l�v �k�l�j�m�d�l�m�j�u �^�Z�g�g�u�o, �k�h�^�_�j�`�Z�s�b�o�k�y �\ �e�h�d�Z�e�b�a�h�\�Z�g�g�u�o �k�b�]�g�Z�l�m-

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

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

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

�l�b�i�Z�f �h�[�t�_�d�l�h�\.

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

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

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

�g�Z�i�h�^�^�_�j�`�d�Z �k�e�h�_�\ �b�a�h�[�j�Z�`�_�g�b�c �k �p�_�e�h�q�b�k�e�_�g�g�u�f�b �i�b�d�k�_�e�Z�f�b �]�e�m�[�b�g�h�c 8, 16, 32 �b 64 

�[�b�l�Z.

�H�j�b�_�g�l�b�j�h�\�Z�g�g�h�k�l�v �g�Z �a�Z�^�Z�q�b �]�e�h�[�Z�e�v�g�h�]�h �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �k�h�i�j�y�`�_�g�Z �k �g�_�h�[-

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

�l�b �d�h�f�i�v�x�l�_�j�Z. �<�k�i�h�f�h�]�Z�l�_�e�v�g�u�c �h�[�t�_�d�l«�^�b�k�i�_�l�q�_�j �d�w�r�Z» �h�k�m�s�_�k�l�\�e�y�_�l �m�i�j�Z�\�e�_�g�b�_

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

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

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

�\�u�o �[�e�h�d�h�\.

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

�g�h�]�h �i�h�d�j�h�\�Z �e�h�d�Z�e�b�a�h�\�Z�g�g�u�_ �i�Z�j�Z�f�_�l�j�u);( qpSi
k , );(, qpC ji

k �b );( qpNk . �>�e�y �i�j�_�^�k�l�Z�\�e�_-

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

�f�Z�k�k�b�\�u �h�[�t�_�d�l�h�\ �l�b�i�Z «�k�e�h�c �b�a�h�[�j�Z�`�_�g�b�y».

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

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

�k�d�h�e�v�a�y�s�_�]�h �h�d�g�Z. �D�e�Z�k�k«�k�d�h�e�v�a�y�s�_�_ �h�d�g�h» �k�i�j�h�_�d�l�b�j�h�\�Z�g �i�j�b �i�j�_�^�i�h�e�h�`�_�g�b�b, �q�l�h �j�Z�a-

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

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

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

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

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

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

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

�h�d�g�Z �i�j�b �_�]�h �k�e�_�^�m�x�s�_�f �i�h�e�h�`�_�g�b�b.

�D�e�Z�k�k «�k�d�h�e�v�a�y�s�_�_ �h�d�g�h» �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �g�_ �l�h�e�v�d�h �^�e�y �\�u�q�b�k�e�_�g�b�y

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

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

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

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

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

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

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

�j�Z�p�b�b �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�b.

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

�e�b�h�l�_�d�Z �k �h�l�d�j�u�l�u�f �b�k�o�h�^�g�u�f �d�h�^�h�f Newmat10 (http://www.robertnz.net/nm10.htm). �< �q�Z-

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

�\ �f�h�^�m�e�_ �e�h�d�Z�e�v�g�h-�Z�^�Z�i�l�b�\�g�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b.

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

�J�_�r�_�g�b�_ �a�Z�^�Z�q �]�e�h�[�Z�e�v�g�h�]�h �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �l�j�_�[�m�_�l �h�[�j�Z�[�h�l�d�b �[�h�e�v�r�b�o�h�[�t�_-

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

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

�b �b�k�i�j�Z�\�e�_�g�b�_ �h�r�b�[�h�d. �>�Z�g�g�h�_ �h�[�k�l�h�y�l�_�e�v�k�l�\�h �^�_�e�Z�_�l �h�k�h�[�_�g�g�h �Z�d�l�m�Z�e�v�g�u�f �\�h�i�j�h�k �f�b-

�g�b�f�b�a�Z�p�b�b �a�Z�l�j�Z�l �\�j�_�f�_�g�b �g�Z �d�e�Z�k�k�b�n�b�d�Z�p�b�x. �< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �^�e�y �w�l�h�]�h �h�^�g�h�\�j�_�f�_�g-

�g�h �i�j�b�f�_�g�y�x�l�k�y�k�e�_�^�m�x�s�b�_ �i�h�^�o�h�^�u:

– �q�Z�k�l�b�q�g�Z�y �i�h�\�l�h�j�g�Z�y �d�e�Z�k�k�b�n�b�d�Z�p�b�y �l�_�j�j�b�l�h�j�b�b (�m�q�Z�k�l�d�b, �g�Z �d�h�l�h�j�u�o �h�[�m�q�Z�x�s�Z�y �\�u-

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

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

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

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

�q�_�e�h�\�_�d�Z �g�_ �l�j�_�[�m�_�l�k�y).

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

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

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

�h�i�b�k�u�\�Z�_�l�k�y �\ �\�b�^�_ �k�i�b�k�d�Z �a�Z�^�Z�q �l�j�_�o �m�j�h�\�g�_�c �b�_�j�Z�j�o�b�b (�j�b�k. 3): 

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

– �a�Z�^�Z�q�b �m�j�h�\�g�y �h�[�j�Z�[�h�l�q�b�d�Z;

– �a�Z�^�Z�q�b �m�j�h�\�g�y �i�j�h�p�_�k�k�h�j�g�h�]�h �y�^�j�Z.

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

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

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

�l�h�e�v�d�h �g�Z �h�^�g�h�f �d�h�f�i�v�x�l�_�j�_, �g�_�k�m�s�_�f �n�m�g�d�p�b�x �]�e�Z�\�g�h�]�h �h�[�j�Z�[�h�l�q�b�d�Z. �D �m�j�h�\�g�x �h�[�j�Z�[�h�l-

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

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

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

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

 

 

 

�J�b�k. 3. �K�l�j�m�d�l�m�j�Z �k�b�k�l�_�f�u �m�i�j�Z�\�e�_�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�g�u�f�b �\�u�q�b�k�e�_�g�b�y�f�b 

 

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

�j�_�^�Z�x�l�k�y �i�h �i�j�h�l�h�d�h�e�m SSH (secure shell). �>�b�k�i�_�l�q�_�j �i�j�h�p�_�k�k�h�\ �g�Z�i�b�k�Z�g �g�Z �y�a�u�d�_ Perl �b 

�b�k�i�h�e�v�a�m�_�l �^�e�y �o�j�Z�g�_�g�b�y �b�g�n�h�j�f�Z�p�b�b �h �a�Z�^�Z�q�Z�o �K�M�;�> MySQL. �>�e�y �m�i�j�Z�\�e�_�g�b�y �d�h�f�i�e�_�d-

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

�b�g�l�_�j�n�_�c�k (�j�b�k. 4). 
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�J�b�k. 4. Web-�b�g�l�_�j�n�_�c�k �m�i�j�Z�\�e�_�g�b�y �\�u�q�b�k�e�b�l�_�e�v�g�u�f �d�h�f�i�e�_�d�k�h�f 
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Efficient land cover types recognition using satellite imagery for the global and continental scale terrestrial ecosys-
tems mapping strongly depends on availability of specialized classification techniques capable of taking objects’ 
spectral characteristics spatial variability into account. The LAGMA supervised classification algorithm developed 
in RAS SRI meets the above requirements and is based on computing of local spectral signatures for various land 
cover types succeeded by the local-adaptive classification. The implementation of the method in a form of a specia-
lized software suite provides the possibility of highly automated creation and update of land cover maps for exten-
sive territories, such as large countries, continents or the whole world. The paper includes the functionality overview 
of the software suite and specifics of the software implementation and usage.
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