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�< �j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �i�h�^�o�h�^�u �d �b�k�i�h�e�v�a�h�\�Z�g�b�x �^�b�k�l�Z�g�p�b�h�g�g�u�o �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �g�b�a�d�h�]�h �b �k�j�_�^-
�g�_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y �^�e�y �h�[�a�h�j�g�h�]�h �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y�]�h�j�g�u�o �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f �b �f�h�g�b�l�h-
�j�b�g�]�Z �b�o �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �\ �l�_�q�_�g�b�_ �\�k�_�]�h �k�_�a�h�g�Z �\�_�]�_�l�Z�p�b�b. �I�j�b�\�h�^�y�l�k�y �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c, �i�j�h-
�\�h�^�b�f�u�o �g�Z �l�j�_�o �d�e�x�q�_�\�u�o �m�q�Z�k�l�d�Z�o, �j�Z�k�i�h�e�h�`�_�g�g�u�o �\ �A�Z�i�Z�^�g�h�f �b �<�h�k�l�h�q�g�h�f �K�Z�y�g�Z�o, �k 1960 �]. �K�i�m�l�g�b�d�h-
�\�u�_�^�Z�g�g�u�_ �g�b�a�d�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y (NOAA/AVHRR, TERRA/Modis) �g�Z �j�Z�c�h�g �b�k�k�e�_�^�h�\�Z�g�b�c
�^�h�k�l�m�i�g�u �a�Z �i�_�j�b�h�^ 1996 – 2009 �]�]. �>�Z�g�h �h�i�b�k�Z�g�b�_ �[�Z�a�u �^�Z�g�g�u�o, �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �i�h �f�Z�l�_�j�b�Z�e�Z�f �i�j�h�\�_�^�_�g�b�y
�g�Z�a�_�f�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c. �H�[�k�m�`�^�Z�x�l�k�y �h�k�h�[�_�g�g�h�k�l�b �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �]�h�j�g�u�o �w�d�h�k�b�k�l�_�f
�b �k�\�y�a�Z�g�g�u�_ �k �w�l�b�f �b�a�f�_�g�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �\�u�^�_�e�y�_�f�u�o�d�e�Z�k�k�h�\ �j�Z�k�l�b�l�_�e�v�g�h�k�l�b. �G�Z�i�j�Z�\�e�_-
�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�c �Z�d�l�m�Z�e�v�g�h �^�e�y �h�j�]�Z�g�b�a�Z�p�b�b �w�n�n�_�d�l�b�\�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �e�_�k�Z�f�b �b �f�h�g�b�l�h�j�b�g�]�Z �j�_�]�b�h�g�Z�e�v-
�g�h�]�h�b �e�h�d�Z�e�v�g�h�]�h �m�j�h�\�g�_�c.

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

�<�\�_�^�_�g�b�_

�F�h�g�b�l�h�j�b�g�] �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �b �k�_�a�h�g�g�h�]�h �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �]�h�j�g�u�o �e�_�k�g�u�o �w�d�h-

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

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

�e�Z�g�^�r�Z�n�l�g�h-�w�d�h�e�h�]�b�q�_�k�d�h�f �m�j�h�\�g�_. �D�h�g�l�Z�d�l �k �]�h�j�g�u�f�b �w�d�h�k�b�k�l�_�f�Z�f�b, �h�l�e�b�q�Z�x�s�b�f�b�k�y

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

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

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

�B�k�k�e�_�^�h�\�Z�g�b�y, �i�j�h�\�h�^�b�f�u�_ �g�Z�f�b �k 2000 �]. �g�Z �x�`�g�h�c �h�d�j�Z�b�g�_ �[�h�j�_�Z�e�v�g�h�c �h�[�e�Z�k�l�b

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

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

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

[1]. �G�_�k�f�h�l�j�y �g�Z �k�e�h�`�g�h�k�l�v �h�[�s�_�c �d�Z�j�l�b�g�u �b �d�h�g�n�b�]�m�j�Z�p�b�b �a�h�g, �j�_�]�b�h�g�Z�e�v�g�u�_ �[�b�h�d�e�b�f�Z-

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

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

�g�h�k�l�b �b �k�l�_�i�_�g�b �d�h�g�l�b�g�_�g�l�Z�e�v�g�h�k�l�b [2, 3, 4]. �< �l�h �`�_ �\�j�_�f�y �k�i�m�l�g�b�d�h�\�u�_ �k�t�_�f�d�b, �h�k�m�s�_�k�l-

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

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

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

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

�]�h �i�_�j�b�h�^�Z �\�_�]�_�l�Z�p�b�b [5]. 

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

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

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

�K�b�[�b�j�b, �Z �l�Z�d�`�_ �f�h�g�b�l�h�j�b�g�]�Z �b�o �^�b�g�Z�f�b�d�b.

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

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

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

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

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

�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y.

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

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

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y �k�h �k�i�m�l�g�b�d�h�\ TERRA/Modis (250 �f , 1000 �f ), NOAA/AVHRR 

(1000�f). �H�k�g�h�\�g�h�_ �b�o �^�h�k�l�h�b�g�k�l�\�h, �i�j�b�f�_�g�b�l�_�e�v�g�h �d �^�Z�g�g�h�c �a�Z�^�Z�q�_ – �\�u�k�h�d�Z�y �h�[�a�h�j�g�h�k�l�v �b

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

�f�h�g�b�l�h�j�b�g�]�Z �n�_�g�h�e�h�]�b�q�_�k�d�h�]�h �k�h�k�l�h�y�g�b�y �w�d�h�k�b�k�l�_�f. �H�[�j�Z�[�Z�l�u�\�Z�e�b�k�v �^�Z�g�g�u�_ �\ �l�j�_�o �k�i�_�d-

�l�j�Z�e�v�g�u�o �^�b�Z�i�Z�a�h�g�Z�o TERRA/Modis: 0,620 – 0,670 �f�d�f, 0,841 – 0,876 �f�d�f (�d�Z�g�Z�e�u 1 �b 2, 

�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�_ �g�Z �Z�g�Z�e�b�a �\�_�]�_�l�Z�p�b�h�g�g�u�o �i�j�b�a�g�Z�d�h�\) �b 10,780 – 11,280 �f�d�f (�d�Z�g�Z�e 31, 

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

�a�h�g�u �i�j�_�^�k�l�Z�\�e�_�g�u �b �\ �b�k�i�h�e�v�a�m�_�f�u�o �^�Z�g�g�u�o 1, 2 �b 5 �d�Z�g�Z�e�h�\ NOAA/AVHRR, �b�f�_�x�s�b�o

�j�Z�[�h�q�b�_ �^�b�Z�i�Z�a�h�g�u 0,58 – 0,68 �f�d�f, 0,725 – 1,10 �f�d�f, 11,5 – 12,5 �f�d�f �k�h�h�l�\�_�l�k�l�\�_�g�g�h.

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

�h�[�j�Z�[�h�l�d�_, �\�d�e�x�q�Z�y �g�Z�\�b�]�Z�p�b�h�g�g�m�x �d�h�j�j�_�d�p�b�x, �d�h�j�j�_�d�p�b�x �g�Z �m�]�h�e �K�h�e�g�p�Z, �d�Z�e�b�[�j�h�\�d�m

�^�Z�g�g�u�o �b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�\ �a�Z�^�Z�g�g�m�x �]�_�h�]�j�Z�n�b�q�_�k�d�m�x �i�j�h�_�d�p�b�x.

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

�a�b�l�g�u�_ �k�g�b�f�d�b �k�j�_�^�g�_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y, �i�h�e�m�q�_�g�g�u�_ �k �Z�i�i�Z�j�Z�l�Z SPOT-4 

(20 �f ) �\ �j�_�a�m�e�v�l�Z�l�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �k�h�\�f�_�s�_�g�b�y �k�_�j�b�b �k�p�_�g �\ �]�j�Z�g�b�p�Z�o �l�_�k�l�h�\�u�o �m�q�Z-

�k�l�d�h�\. �B�k�i�h�e�v�a�m�_�f�u�_ �d�Z�g�Z�e�u �b�f�_�x�l �j�Z�[�h�q�b�_ �^�b�Z�i�Z�a�h�g�u 0,50 – 0,59 �f�d�f, 0,61 – 0,68 �f�d�f �b

1,58 – 1,75 �f�d�f.

�:�j�o�b�\ �k�i�m�l�g�b�d�h�\�u�o �k�t�_�f�h�d �g�Z �j�Z�c�h�g �b�k�k�e�_�^�h�\�Z�g�b�c �k�h�^�_�j�`�b�l �^�Z�g�g�u�_�k 1996 �]. �G�Z-

�i�h�e�g�_�g�b�_ �Z�j�o�b�\�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h �f�_�j�_ �i�j�b�z�f�Z �b �h�[�j�Z�[�h�l�d�b �Z�d�l�m�Z�e�v�g�u�o �b�g�n�h�j�f�Z�l�b�\�g�u�o
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�k�t�_�f�h�d �\ �P�_�g�l�j�_ �d�h�e�e�_�d�l�b�\�g�h�]�h �i�h�e�v�a�h�\�Z�g�b�y �b �B�g�k�l�b�l�m�l�_ �e�_�k�Z �b�f. �<.�G. �K�m�d�Z�q�_�\�Z �K�H 

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

�j�b�Z�e�u NOAA/AVHRR, TERRA/Modis, SPOT-4 �b �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �^�h�e�]�h�k�j�h�q�g�u�c �f�h-

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

�g�b�c (�j�m�[�h�d, �\�_�l�j�h�\�Z�e�h�\, �i�h�`�Z�j�h�\ �b �^�j.). �G�Z �k�_�]�h�^�g�y�r�g�b�c �f�h�f�_�g�l �h�[�t�_�f �b�g�n�h�j�f�Z�p�b�b �k�i�m�l-

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

�e�_�_ 3 �=�[ �b �k�h�^�_�j�`�b�l �^�Z�g�g�u�_ �h �j�Z�a�e�b�q�g�u�o �i�_�j�b�h�^�Z�o �\�_�]�_�l�Z�p�b�b. �D�j�h�f�_ �l�h�]�h, �g�Z �d�Z�`�^�u�c �l�_�k-

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

�\�d�e�x�q�Z�y �Z�d�l�m�Z�e�v�g�u�_ �^�Z�g�g�u�_ SPOT-4 �a�Z �i�_�j�b�h�^ �\�_�]�_�l�Z�p�b�b 2009 �]�h�^�Z. 

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

�[�u�e�b �a�Z�e�h�`�_�g�u �l�_�k�l�h�\�u�_ �m�q�Z�k�l�d�b �g�Z �d�e�x�q�_�\�u�o �i�h�e�b�]�h�g�Z�o �<�h�k�l�h�q�g�h�]�h �K�Z�y�g�Z  «�>�b�\�g�h�]�h�j-

�k�d�b�c»,  «�K�l�h�e�[�u» �b �A�Z�i�Z�^�g�h�]�h �K�Z�y�g�Z – �i�h�e�b�]�h�g «�?�j�f�Z�d�h�\�k�d�b�c» (�j�b�k. 1). 

 
�J�b�k. 1. �J�Z�c�h�g �b�k�k�e�_�^�h�\�Z�g�b�c. �L�_�k�l�h�\�u�_ �i�h�e�b�]�h�g�u: 1) «�>�b�\�g�h�]�h�j�k�d�b�c», 2) «�K�l�h�e�[�u», 3) «�?�j�f�Z�d�h�\�k�d�b�c» 

 

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

�o�\�h�c�g�u�o �e�_�k�h�h�[�j�Z�a�h�\�Z�l�_�e�_�c �b �^�\�Z �\�u�k�h�l�g�h-�i�h�y�k�g�u�o �d�h�f�i�e�_�d�k�Z (�<�I�D) – �i�h�^�l�Z�_�`�g�u�c �k�\�_�l-

�e�h�o�\�h�c�g�u�c (�k�h�k�g�h�\�h-�f�_�e�d�h�e�b�k�l�\�_�g�g�u�c) �b �l�Z�_�`�g�h-�q�_�j�g�_�\�h�c �l�_�f�g�h�o�\�h�c�g�u�c (�i�b�o�l�h�\�u�c �e�b-

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

�b �b�a�[�u�l�h�q�g�h �\�e�Z�`�g�u�f) �d�e�b�f�Z�l�h�f. �D�e�Z�k�k�u �<�I�D �k�h�h�l�\�_�l�k�l�\�m�x�l �e�_�k�h�j�Z�k�l�b�l�_�e�v�g�u�f �i�h�y�k�Z�f 

�b �h�[�t�_�^�b�g�y�x�l �h�^�g�h�b�f�_�g�g�u�_ �<�I�D �j�Z�a�g�u�o �h�d�j�m�]�h�\ �K�_�\�_�j�g�h�c �:�e�l�Z�_-�K�Z�y�g�k�d�h�c �i�j�h�\�b�g�p�b�b 

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

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

�r�Z�] �d �b�a�m�q�_�g�b�x �k�_�a�h�g�g�h�]�h �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �\�u�k�h�l�g�h-�a�h�g�Z�e�v�g�u�o �d�e�Z�k�k�h�\ [1, 6]. 

�G�Z �h�k�g�h�\�_ �i�j�h�\�_�^�_�g�g�u�o �^�h�e�]�h�\�j�_�f�_�g�g�u�o �g�Z�a�_�f�g�u�o �h�[�k�e�_�^�h�\�Z�g�b�c �a�Z �i�_�j�b�h�^ 1960 – 

2009 �]�]. �[�u�e �k�n�h�j�f�b�j�h�\�Z�g �[�Z�g�d �^�Z�g�g�u�o �i�h �k�l�j�m�d�l�m�j�_ �b �^�b�g�Z�f�b�d�_ �j�Z�k�l�b�l�_�e�v�g�h�]�h �i�h�d�j�h�\�Z 
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(�[�Z�a�Z �^�Z�g�g�u�o �i�h �n�e�h�j�b�k�l�b�q�_�k�d�h�f�m �k�h�k�l�Z�\�m, �^�b�g�Z�f�b�d�_ �k�h�h�[�s�_�k�l�\, �f�Z�l�_�j�b�Z�e�u �e�_�k�h�m�k�l�j�h�c-

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

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

�k�l�j�Z�g�k�l�\�_.

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

�j�_�Z�e�b�a�h�\�Z�g�Z �\ �K�M�;�> Microsoft Access 2000 [7, 8]. �< �;�> �i�j�_�^�k�l�Z�\�e�_�g�Z �h�[�s�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b-

�d�Z �h�[�t�_�d�l�h�\ �i�h�k�l�h�y�g�g�u�o �g�Z�[�e�x�^�_�g�b�c �k 1960 �]. �?�j�f�Z�d�h�\�k�d�h�]�h �H�W�I �B�g�k�l�b�l�m�l�Z �e�_�k�Z �K�H

�J�:�G �a�Z �j�Z�a�g�u�_ �k�j�h�d�b �g�Z�[�e�x�^�_�g�b�c, �g�Z�q�b�g�Z�y �k 1960 �]. �Q�Z�k�l�v �^�Z�g�g�u�o �o�j�Z�g�b�l�k�y �\ �k�i�_�p�b�Z�e�b-

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

�^�Z�g�g�u�o: TurboVEG, IBIS. 

�=�B�K �^�e�y �d�e�x�q�_�\�h�]�h �i�h�e�b�]�h�g�Z «�?�j�f�Z�d�h�\�k�d�b�c» �k�h�^�_�j�`�b�l �i�h�\�u�^�_�e�v�g�u�c �h�p�b�n�j�h�\�Z�g-

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

�n�Z [9]. �H�[�j�Z�[�h�l�d�Z �[�u�e�Z �i�j�h�\�_�^�_�g�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�o �k�j�_�^�k�l�\ �=�B�K-

�i�e�Z�l�n�h�j�f.

�I�h 7000 �\�u�^�_�e�Z�f �b�a �l�Z�d�k�Z�p�b�h�g�g�u�o �h�i�b�k�Z�g�b�c �[�u�e�b �k�g�y�l�u 29 �h�k�g�h�\�g�u�o �i�h�d�Z�a�Z�l�_�e�_�c.

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

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

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

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

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

�l�b�i�Z �e�_�k�Z; �[�h�g�b�l�_�l; �n�h�j�f�m�e�Z �k�h�k�l�Z�\�Z �i�h�^�j�h�k�l�Z, �_�]�h �\�u�k�h�l�Z �b �d�h�e�b�q�_�k�l�\�h �g�Z 1 �]�Z; �\�b�^�h�\�h�c

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

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

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

�a�Z�s�b�l�g�u�f �l�_�j�j�b�l�h�j�b�y�f �b �^�j.).

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

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

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

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

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

�f�_�g�l�h�\: �]�_�h�d�h�f�i�e�_�d�k�h�\, �l�b�i�h�\ �e�_�k�h�j�Z�k�l�b�l�_�e�v�g�u�o �m�k�e�h�\�b�c, �n�h�j�f�Z�p�b�c �b �]�j�m�i�i �l�b�i�h�\ �e�_�k�Z.

�F�h�g�b�l�h�j�b�g�] �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �]�h�j�g�u�o �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f �g�Z �x�`�g�h�c �h�d�j�Z�b�g�_ �[�h�j�_-

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

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

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

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

�k �Z�d�p�_�g�l�h�f �g�Z �k�l�j�m�d�l�m�j�m �e�_�k�g�h�]�h �i�h�d�j�h�\�Z �\�g�m�l�j�b �\�u�k�h�l�g�h-�i�h�y�k�g�u�o �d�h�f�i�e�_�d�k�h�\ (�<�I�D).

�< �o�h�^�_ �^�h�e�]�h�\�j�_�f�_�g�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z �j�Z�k�l�b�l�_�e�v�g�h�]�h �i�h�d�j�h�\�Z�g�Z �x�]�_ �K�b�[�b�j�b �b�k-

�k�e�_�^�h�\�Z�g�h �k�l�j�m�d�l�m�j�g�h�_ �j�Z�a�g�h�h�[�j�Z�a�b�_ �<�I�D �g�Z �m�j�h�\�g�_ �k�e�Z�]�Z�x�s�b�o �b�o �\�b�^�h�\, �n�h�j�f�Z�p�b�c

�b �k�_�j�b�c �l�b�i�h�\ �e�_�k�Z, �Z �l�Z�d�`�_ �g�Z �m�j�h�\�g�_ �w�d�h�e�h�]�h-�p�_�g�h�l�b�q�_�k�d�b�o �]�j�m�i�i (�W�P�=) �l�j�Z�\�y�g�h�]�h �i�h-

�d�j�h�\�Z. �K�i�_�d�l�j�u �W�P�= �i�h�k�e�m�`�b�e�b �g�Z�^�_�`�g�u�f �b�g�l�_�]�j�Z�e�v�g�u�f �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�f �i�j�b�a�g�Z�d�h�f

�^�e�y �\�u�^�_�e�_�g�b�y �i�h�^�l�Z�c�]�b, �q�_�j�g�_�\�h�]�h �b �l�Z�_�`�g�h�]�h �<�I�D �^�Z�`�_ �i�j�b �k�b�e�v�g�h�c �Z�g�l�j�h�i�h�]�_�g�g�h�c �g�Z-

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

�r�_�g�b�b �w�d�h�e�h�]�b�b, �k�l�j�m�d�l�m�j�u �b�h�k�h�[�_�g�g�h�k�l�_�c �k�_�a�h�g�g�h�c �j�b�l�f�b�d�b �<�I�D [10]. 

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

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

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

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

�H�[�k�m�`�^�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\

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

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

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

NOAA/AVHRR. �G�Z �k�g�b�f�d�Z�o �i�h�e�b�]�h�g�Z «�K�l�h�e�[�u» (�<�h�k�l�h�q�g�u�c �K�Z�y�g) �[�u�e�b �\�u�^�_�e�_�g�u �i�h�^-

�l�Z�_�`�g�u�c (�k �n�j�Z�]�f�_�g�l�Z�f�b �e�_�k�h�k�l�_�i�b) �b �]�h�j�g�h-�l�Z�_�`�g�u�c �l�_�f�g�h�o�\�h�c�g�u�c �<�I�D (�j�b�k. 2). �A�h-

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

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

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

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

�L�Z�[�e�b�p�Z 1. �K�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �\�a�Z�b�f�g�u�o �i�_�j�_�d�j�u�l�b�c �d�e�Z�k�k�h�\ (�j�b�k. 2), % 

�>�Z�g�g�u�_ �e�_�k�h�m�k�l�j�h�c�k�l�\�Z
�D�e�Z�k�k�u �i�h TERRA/Modis 

1 2 

1 �I�h�^�l�Z�_�`�g�h-�e�_�k�h�k�l�_�i�g�h�c �<�I�D 67,5 32,5

2 �=�h�j�g�h-�l�Z�_�`�g�u�c �<�I�D 19,7 80,3

3 �B�g�l�j�Z�a�h�g�Z�e�v�g�u�_ �_�e�v�g�b�d�b 73,5 26,5 
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�J�b�k. 2. �B�^�_�g�l�b�n�b�d�Z�p�b�y �\�u�k�h�l�g�h-�i�h�y�k�g�u�o �d�h�f�i�e�_�d�k�h�\ (�<�I�D) �g�Z �h�k�g�h�\�_ �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\ �k�t�_�f�d�b  

TERRA/Modis. �I�h�e�b�]�h�g «�K�l�h�e�[�u». �K�e�_�\�Z – �\�_�d�l�h�j�g�Z�y �d�Z�j�l�Z �i�h �j�_�a�m�e�v�l�Z�l�Z�f �e�_�k�h�m�k�l�j�h�c�k�l�\�Z, �k�i�j�Z�\�Z –  
�j�_�a�m�e�v�l�Z�l �d�e�Z�k�k�b�n�b�d�Z�p�b�b �b�a�h�[�j�Z�`�_�g�b�y �k �i�h�k�e�_�^�m�x�s�_�c �[�b�g�Z�j�b�a�Z�p�b�_�c. 1 – �i�h�^�l�Z�_�`�g�h-�e�_�k�h�k�l�_�i�g�h�c �<�I�D,  

2 – �]�h�j�g�h�l�Z�_�`�g�u�c �<�I�D, 3 – �b�g�l�j�Z�a�h�g�Z�e�v�g�u�_ �d�Z�l�_�]�h�j�b�b (�_�e�v�g�b�d�b �\�^�h�e�v �j�_�d) 
 

�:�g�Z�e�b�a �a�h�g�Z�e�v�g�h�c �k�l�Z�l�b�k�l�b�d�b �j�_�a�m�e�v�l�Z�l�Z �d�e�Z�k�k�b�n�b�d�Z�p�b�b �i�j�_�^�k�l�Z�\�e�_�g �\ �l�Z�[�e�b�p�_ 1. 

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

�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_. �G�Z�b�[�h�e�v�r�Z�y �k�l�_�i�_�g�v �\�Z�j�b�Z�p�b�b �j�_�a�m�e�v�l�Z�l�h�\ �d�e�Z�k�k�b�n�b�d�Z�p�b�b �g�Z�[�e�x�^�Z-

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

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

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

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

�I�j�b �Z�g�Z�e�b�a�_ �k�g�b�f�d�h�\ TERRA/Modis �g�Z �l�_�j�j�b�l�h�j�b�x �i�h�e�b�]�h�g�Z «�>�b�\�g�h�]�h�j�k�d�b�c» �^�h-

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

�g�b�_�f �d�_�^�j�Z, �\�u�j�m�[�h�d �b �f�h�e�h�^�g�y�d�h�\ �e�b�k�l�\�_�g�g�u�o �i�h�j�h�^. �>�_�l�Z�e�b�a�Z�p�b�b �i�h�^�\�_�j�]�k�y �b �<�I�D 

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

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

�k�h�k�l�Z�\�e�y�x�l �h�d�h�e�h 70%, �Z �]�j�Z�g�b�p�u �d�h�g�l�m�j�h�\ �[�e�b�a�d�b �d �]�j�Z�g�b�p�Z�f �i�h�e�b�]�h�g�h�\ �\�_�d�l�h�j�g�h�]�h 

�k�e�h�y, �k�n�h�j�f�b�j�h�\�Z�g�g�h�]�h �i�h �^�Z�g�g�u�f �e�_�k�h�m�k�l�j�h�c�k�l�\�Z (�j�b�k. 3). �E�b�k�l�h�i�Z�^�g�u�_ �o�\�h�c�g�u�_ (�e�b�k�l-

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

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

�o�\�h�b �b �e�b�k�l�\�u �m �w�l�b�o �^�j�_�\�_�k�g�u�o �\�b�^�h�\. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �h�[�j�Z�[�h�l�d�Z �k�t�_�f�d�b TERRA/Modis �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �k�h�h�l�g�h�r�_�g�b�_ 

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

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

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

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

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

�l�j�Z�\�y�g�h�]�h �<�I�D �h�p�_�g�b�\�Z�_�l�k�y �d�Z�d �\�u�k�h�d�Z�y �\�_�k�g�h�c �b �h�k�_�g�v�x, �l�h�]�^�Z �d�Z�d �\ �l�_�f�g�h�o�\�h�c�g�h�f

�i�b�o�l�h�\�h�f �<�I�D �h�g�Z �\ �p�_�e�h�f �g�b�a�d�Z�y �b �e�b�r�v �\ �]�h�^�u �k�k�b�e�v�g�h�c �b �^�e�b�l�_�e�v�g�h�c �a�Z�k�m�o�h�c �\�h�a-

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

400 – 450 �f , �]�^�_ �\�_�j�h�y�l�g�h�k�l�v �i�_�j�_�o�h�^�Z �[�_�]�e�u�o �g�b�a�h�\�u�o �i�h�`�Z�j�h�\ �\ �\�_�j�o�h�\�u�_�g�Z�b�[�h�e�_�_

�\�u�k�h�d�Z.

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

�k�h�^�_�j�`�Z�s�Z�y �f�Z�l�_�j�b�Z�e�u �e�_�k�h�m�k�l�j�h�c�k�l�\�Z 1970 �]. �M�q�b�l�u�\�Z�y �n�h�j�f�Z�p�b�h�g�g�u�c �k�h�k�l�Z�\, �k�_�j�b�b

�l�b�i�h�\ �e�_�k�Z, �Z�[�k�h�e�x�l�g�m�x �\�u�k�h�l�m �b �j�_�e�v�_�n�f�_�k�l�g�h�k�l�b, �[�u�e�b �h�i�j�_�^�_�e�_�g�u �]�j�Z�g�b�p�u �<�I�D:

�i�h�^�l�Z�_�`�g�h�]�h, �q�_�j�g�_�\�h�]�h, �]�h�j�g�h-�l�Z�_�`�g�h�]�h, �k�m�[�Z�e�v�i�b�c�k�d�h�]�h (�\�u�k�h�d�h�]�h�j�g�h�]�h) (�j�b�k. 4). �G�Z�q�b-

�g�Z�y �k �g�b�`�g�_�c �]�j�Z�g�b�p�u �l�_�f�g�h�o�\�h�c�g�u�o �e�_�k�h�\ (350 – 500 �f ) �b �^�h �\�_�j�o�g�_�c �]�j�Z�g�b�p�u (1300 – 

1500�f ) �\ �k�h�k�l�Z�\�_ �]�h�k�i�h�^�k�l�\�m�x�l �l�h�e�v�d�h �^�\�_ �]�e�Z�\�g�u�o �i�h�j�h�^�u — �d�_�^�j �b �i�b�o�l�Z, �l�_�f �g�_ �f�_�g�_�_

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

�l�j�b �<�I�D, �\ �d�h�l�h�j�u�o �i�j�h�y�\�e�y�x�l�k�y �h�k�h�[�_�g�g�h�k�l�b, �k�\�h�c�k�l�\�_�g�g�u�_ �b�a�[�u�l�h�q�g�h-�\�e�Z�`�g�h�f�m �d�e�b-

�f�Z�l�b�q�_�k�d�h�f�m �k�_�d�l�h�j�m �]�h�j [3]. 

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

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

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

�b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�_�i�e�h�\�u�o �d�Z�g�Z�e�h�\ TERRA/Modis �b NOAA/AVHRR. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �l�_�f�i�_-

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

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

�\�_�j�o�g�h�k�l�v, �n�h�j�f�Z�p�b�h�g�g�u�c �k�h�k�l�Z�\) �b �b�o �k�h�k�l�h�y�g�b�y (�k�l�_�i�_�g�b �g�Z�j�m�r�_�g�g�h�k�l�b, �n�_�g�h�e�h�]�b�q�_-

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

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

�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �i�h�e�y, �i�h�k�l�j�h�_�g�g�h�]�h �g�Z �h�k�g�h�\�_ �l�_�i�e�h�\�h�]�h�d�Z�g�Z�e�Z TERRA/Modis (31 �d�Z�g�Z�e).

�I�j�b �w�l�h�f �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y �e�h�d�Z�e�b�a�Z�p�b�y �g�b�a�d�h�]�h�j�g�u�o �<�I�D (�i�h�^�l�Z�_�`�g�h�]�h �b �q�_�j�g�_�\�h�]�h)

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

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

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

�d�j�m�i�g�h�l�j�Z�\�g�h-�i�Z�i�h�j�h�l�g�b�d�h�\�u�_ �q�_�j�g�_�\�u�_ �e�_�k�Z �g�Z 4 – 5 �^�g�_�c, �a�Z�k�q�_�l �[�h�e�_�_ �j�Z�g�g�_�]�h �l�Z�y�g�b�y

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

�g�h�k�l�b, �\�^�h�e�v �i�j�h�n�b�e�y �i�j�h�l�y�`�_�g�g�h�k�l�v�x 40 �d�f �f�h�`�_�l �k�h�k�l�Z�\�e�y�l�v 10 – 15 °�K, �k�g�b�`�Z�y�k�v �d �k�_-

�j�_�^�b�g�_ �e�_�l�Z �^�h 2 – 5 °�K.
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�J�b�k. 3. �I�j�b�f�_�j �b�^�_�g�l�b�n�b�d�Z�p�b�b �\�u�k�h�l�g�u�o �i�h�y�k�h�\ �g�Z �h�k�g�h�\�_ �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o TERRA/Modis. 
�I�h�e�b�]�h�g «�>�b�\�g�h�]�h�j�k�d�b�c». �H�k�g�h�\�g�u�_ �d�e�Z�k�k�u: 1 – �l�Z�_�`�g�h-�q�_�j�g�_�\�h�c �<�I�D, �m�q�Z�k�l�d�b �k �i�j�_�h�[�e�Z�^�Z�g�b�_�f �d�_�^�j�Z;

2 – �l�Z�_�`�g�h-�q�_�j�g�_�\�h�c �<�I�D, �l�_�j�j�b�l�h�j�b�b �k �i�j�_�h�[�e�Z�^�Z�g�b�_�f �l�_�f�g�h�o�\�h�c�g�u�o (�i�b�o�l�Z; �\ �^�h�e�b�g�Z�o �_�e�v);
3 – �i�h�^�l�Z�_�`�g�u�c �<�I�D, �l�_�j�j�b�l�h�j�b�b �k �i�j�_�h�[�e�Z�^�Z�g�b�_�f �k�h�k�g�u

�J�b�k. 4. �I�j�b�f�_�j �d�e�Z�k�k�b�n�b�d�Z�p�b�b �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �b �Z�g�Z�e�b�a �l�_�f�i�_�j�Z�l�m�j�g�u�o �]�j�Z�^�b�_�g�l�h�\.
�I�h�e�b�]�h�g «�?�j�f�Z�d�h�\�k�d�b�c». �K�e�_�\�Z – �\�_�d�l�h�j�g�Z�y �d�Z�j�l�Z �i�h �f�Z�l�_�j�b�Z�e�Z�f �e�_�k�h�m�k�l�j�h�c�k�l�\�Z, �k�i�j�Z�\�Z –

�d�Z�j�l�h�k�o�_�f�Z �i�h �j�_�a�m�e�v�l�Z�l�Z�f �h�[�j�Z�[�h�l�d�b �k�t�_�f�h�d �\ �l�_�i�e�h�\�h�f �^�b�Z�i�Z�a�h�g�_.
�M�k�e�h�\�g�u�_ �h�[�h�a�g�Z�q�_�g�b�y: 1 – �i�h�^�l�Z�c�]�Z �k�h�k�g�h�\�h-�f�_�e�d�h�e�b�k�l�\�_�g�g�Z�y (Pinus sylvestris, Betula pendula);  
2 – �g�b�a�d�h�]�h�j�g�u�_ �q�_�j�g�_�\�u�_ �e�_�k�Z: �f�_�e�d�h�e�b�k�l�\�_�g�g�u�_ (Betula platyphilla, B. alba, Populus tremula),

�i�b�o�l�h�\�u�_ (Abies sibirica) �b �k�f�_�r�Z�g�g�u�_ �g�Z �f�_�k�l�_ �k�l�Z�j�u�o �\�u�j�m�[�h�d �\ �q�_�j�g�_�\�u�o �d�_�^�j�h�\�g�b�d�Z�o �k�i�b�o�l�h�c
(Pinus sibirica, Abies sibirica );

3 – �k�j�_�^�g�_�]�h�j�g�u�_ �l�Z�_�`�g�h-�q�_�j�g�_�\�u�_ (Abies sibirica, Pinus sibirica);
4 – �k�m�[�Z�e�v�i�b�c�k�d�b�_ �j�_�^�d�h�e�_�k�v�y (Pinus sibirica, Abies sibirica),�e�m�]�Z, �_�j�g�b�d�b, �l�m�g�^�j�u.

�G�Z �\�u�g�h�k�d�_ – �n�j�Z�]�f�_�g�l �b�a�h�[�j�Z�`�_�g�b�y SPOT-4. �Z – �l�Z�_�`�g�h-�q�_�j�g�_�\�h�c �<�I�D; b – �\�u�j�m�[�d�b �\ �l�Z�_�`�g�h-�q�_�j�g�_�\�u�o
�d�_�^�j�h�\�g�b�d�Z�o, �a�Z�j�h�k�r�b�_ �d�j�m�i�g�h�l�j�Z�\�v�_�f �b �d�m�k�l�Z�j�g�b�d�Z�f�b
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�H�l�f�_�q�_�g�h, �q�l�h �\�u�k�h�l�g�h-�i�h�y�k�g�Z�y �^�b�n�n�_�j�_�g�p�b�Z�p�b�y �f�h�`�_�l �b�k�d�Z�`�Z�l�v�k�y �g�Z �l�_�f�i�_�j�Z-

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

�g�h-�k�i�e�h�r�g�u�o �\�u�j�m�[�h�d �g�Z �]�h�j�g�u�o �k�d�e�h�g�Z�o. �L�Z�d, �\�u�^�_�e�_�g�g�Z�y �g�Z �\�u�g�h�k�d�_ (�j�b�k. 4) �h�[�e�Z�k�l�v

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

�<�I�D (�j�b�k. 4 �\�u�g�h�k�d�Z, a), �q�l�h �h�[�m�k�e�h�\�e�_�g�h �i�j�b�k�m�l�k�l�\�b�_�f �g�h�\�u�o �\�u�j�m�[�h�d �\ �l�Z�_�`�g�h-

�q�_�j�g�_�\�u�o �d�_�^�j�h�\�g�b�d�Z�o, �a�Z�j�h�k�r�b�o �d�j�m�i�g�h�l�j�Z�\�v�_�f �b �d�m�k�l�Z�j�g�b�d�Z�f�b (�j�b�k. 4 �\�u�g�h�k�d�Z, b). �I�j�h-

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

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

�k�t�_�f�d�b �k�j�_�^�g�_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y (�n�j�Z�]�f�_�g�l �k�g�b�f�d�Z SPOT-4 �i�j�_�^�k�l�Z�\�e�_�g

�g�Z �j�b�k�m�g�d�_ 4 �g�Z �\�u�g�h�k�d�_), �l�Z�d �b �g�Z �k�t�_�f�d�Z�o �k �g�b�a�d�b�f�j�Z�a�j�_�r�_�g�b�_�f, �g�Z�i�j�b�f�_�j, �\ �l�_�i�e�h�\�h�f

�^�b�Z�i�Z�a�h�g�_ TERRA/Modis. 

�<�u�k�h�l�g�u�c �]�j�Z�^�b�_�g�l �l�_�f�i�_�j�Z�l�m�j �h�l �i�h�^�l�Z�c�]�b �d �\�u�k�h�d�h�]�h�j�g�h�f�m �<�I�D �g�_ �h�k�l�Z�_�l�k�y

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

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

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

�H�k�g�h�\�g�u�_ �\�u�\�h�^�u

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

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

�b �f�h�g�b�l�h�j�b�g�]�Z �]�h�j�g�u�o �w�d�h�k�b�k�l�_�f �g�Z �x�]�_ �K�b�[�b�j�b. �G�Z �x�`�g�h�c �]�j�Z�g�b�p�_ �[�h�j�_�Z�e�v�g�h�c �h�[�e�Z�k�l�b

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

�g�u �d�e�Z�k�k�u �<�I�D �^�e�y �A�Z�i�Z�^�g�h�]�h �b �<�h�k�l�h�q�g�h�]�h �K�Z�y�g�Z: �i�h�^�l�Z�_�`�g�u�c – �q�_�j�g�_�\�h�c (�l�Z�_�`�g�h-

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

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

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

�g�Z �d�Z�j�l�Z�o �b �g�Z �i�e�Z�g�Z�o �g�Z�k�Z�`�^�_�g�b�c �\ �k�j�_�^�g�_�f �f�Z�k�r�l�Z�[�_ (1:50 000 �b �f�_�e�v�q�_). �B�o �i�j�Z�d�l�b�q�_-

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

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

�w�d�h�k�b�k�l�_�f.

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

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

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

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

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

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

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

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �i�j�b �i�h�^�^�_�j�`�d�_ �]�j�Z�g�l�h�\ �J�N�N�B �‹08-04-00-600-�Z �b �‹08-04-00-613-�Z,

�‹  09-04-98040-�j_�K�b�[�b�j�v_�Z �b �I�j�h�_�d�l�Z�K�H �J�:�G �‹26 �\ �j�Z�f�d�Z�o �I�j�h�]�j�Z�f�f�u �J�:�G «�;�b�h�e�h-

�]�b�q�_�k�d�h�_ �j�Z�a�g�h�h�[�j�Z�a�b�_».
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Satellite monitoring of mountain forest ecosystems on  the southern 
margin of boreal zone 

E.I. Ponomarev, D.M. Ismailova, D.I. Nazimova 

V.N.Sukachev Institute of Forest, SB RAS 
660036, Krasnoyarsk, Akademgorodok, 50/28 

E-mail: evg@ksc.krasn.ru 

New approach to use remote sensing data of low and moderate spatial resolution is suggested for forest cover map-
ping and for its seasonal monitoring. The researches of forest structure and dynamics on the southern margin of Bo-
real zone are conducted on three test sites of the Western and Eastern Sayan mountains since 1960. Satellite remote 
data for the territory (NOAA/AVHRR and TERRA/Modis imagery) are available for 1996 – 2009. After description 
of the data base the features of different forest zones and formations are shown in context of their identification and 
spectral characteristics changing during phenological seasons. Specification of mountain forest zones with different 
potential composition  is important for forest management and monitoring on regional and local levels. 

Keywords: mountain boreal forest, altitudinal zones, remote sensing, database, seasonal monitoring, spectral cha-
racteristics, Siberia 


