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

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

�<�\�_�^�_�g�b�_

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

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

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

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

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

(�D�Z�k�b�f�h�\, 2002). 

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

�\ �w�d�h�e�h�]�b�b (�H�^�m�f, 1975; Jorgensen, Svirezhev, 2004). �W�d�h�k�b�k�l�_�f�u, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �j�Z�k�l�b-

�l�_�e�v�g�h�k�l�v, �b�]�j�Z�x�l �\�Z�`�g�m�x �j�h�e�v �\ �j�Z�^�b�Z�p�b�h�g�g�h�f �[�Z�e�Z�g�k�_ �A�_�f�e�b (�=�h�j�g�u�c �b �^�j., 2011).

�:�g�l�j�h�i�h�]�_�g�g�h�_ �w�g�_�j�]�_�l�b�q�_�k�d�h�_ �\�h�a�^�_�c�k�l�\�b�_ �g�Z �w�d�h�k�b�k�l�_�f�u �l�Z�d�`�_ �k�l�Z�g�h�\�b�l�k�y �h�[�t�_�d-

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

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �^�Z�g�g�u�_ �h �i�h�l�j�_�[�e�_�g�b�b �w�g�_�j�]�b�b �g�Z �_�^�b�g�b�p�m �i�e�h�s�Z�^�b �l�_�j�j�b�l�h�j�b�b. �H�l�f�_�q�Z-

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

�l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�g�h�k�l�b �w�d�h�k�b�k�l�_�f �^�Z�x�l �k�o�h�^�g�m�x �d�Z�j�l�b�g�m (�F�Z�j�l�u�g�h�\ �: .�K., �:�j�l�x�o�h�\ �<.�<., 

�<�b�g�h�]�j�Z�^�h�\ �<.�=. Web-�:�l�e�Z�k: «�H�d�j�m�`�Z�x�s�Z�y �k�j�_�^�Z �b �a�^�h�j�h�\�v�_ �g�Z�k�_�e�_�g�b�y �J�h�k�k�b�b», 1998; 

http://www.sci.aha.ru/ATL/ra00.htm). �A�^�_�k�v �`�_ �b �\ �j�Z�[�h�l�Z�o �W�d�h�e�h�]�h-�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �j�_�c�l�b�g-

�]�h�\�h�]�h �Z�]�_�g�l�k�l�\�Z �B�g�l�_�j�n�Z�d�k-�W�J�: (http://interfax-era.ru/metodologiya) �i�h�^�g�b�f�Z�_�l�k�y �\�h�i�j�h�k 

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

�k�h�\ (�F�Z�k�l�_�i�Z�g�h�\ �b �^�j., 2001).

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

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

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

�q�_�j�_�a �i�j�h�^�m�d�l�b�\�g�h�k�l�v �w�d�h�k�b�k�l�_�f. �K�e�_�^�m�x�s�_�c �a�Z�^�Z�q�_�c �y�\�e�y�_�l�k�y �h�i�j�_�^�_�e�_�g�b�_ �\�h�a�f�h�`�g�h�k�l�_�c 

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

�[�Z�e�Z�g�k�Z �l�_�j�j�b�l�h�j�b�c.

�>�Z�g�g�u�_

�I�j�h�^�m�d�l�b�\�g�h�k�l�v �w�d�h�k�b�k�l�_�f

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �i�j�h�^�m�d�l�b�\�g�h�k�l�b �w�d�h�k�b�k�l�_�f �b�k�i�h�e�v�a�m�x�l�k�y �^�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 �k�i�m�l�g�b�d�h�\�h�c �k�b�k�l�_�f�u EOS (Terra/Aqua), �g�Z�a�_�f�g�u�_ �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�_ �^�Z�g-

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

�p�b�y �h �l�b�i�_ �w�d�h�k�b�k�l�_�f�u (�i�j�h�^�m�d�l Land Cover MOD 12), �b�g�^�_�d�k�_ �e�b�k�l�h�\�h�c �i�h�\�_�j�o�g�h�k�l�b (LAI), 

�n�j�Z�d�p�b�b �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b �Z�d�l�b�\�g�h�c �j�Z�^�b�Z�p�b�b, �i�h�]�e�h�s�_�g�g�h�c �j�Z�k�l�_�g�b�_�f (FPAR) ! �i�j�h�^�m�d�l 

MOD 15. �< �d�Z�q�_�k�l�\�_ �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o �^�Z�g�g�u�o �b�k�i�h�e�v�a�m�x�l�k�y �k�j�_�^�g�_�k�m�l�h�q�g�u�_ �a�g�Z�q�_�g�b�y 

�j�_�a�m�e�v�l�Z�l�h�\ �j�_�Z�g�Z�e�b�a�Z �k�b�k�l�_�f�u MERRA (http://gmao.gsfc.nasa.gov/merra/), �i�h�a�\�h�e�y�x�s�_�c �g�Z 

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

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

�l�h�f �y�\�e�y�_�l�k�y �j�Z�^�b�Z�p�b�h�g�g�h-�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�Z�y �f�h�^�_�e�v �w�d�h�k�b�k�l�_�f Biome Properties Lookup 

Table (BPLUT), �h�k�g�h�\�g�h�c �a�Z�^�Z�q�_�c �d�h�l�h�j�h�c �y�\�e�y�_�l�k�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �a�g�Z�q�_�g�b�c �w�n�n�_�d�l�b�\�g�h-

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

�J�b�k. 1. �Q�b�k�l�Z�y �i�_�j�\�b�q�g�Z�y �i�j�h�^�m�d�p�b�y �w�d�h�k�b�k�l�_�f �k�_�\�_�j�Z �?�\�j�h�i�_�c�k�d�h�c �q�Z�k�l�b 
�J�h�k�k�b�b �i�h �^�Z�g�g�u�f MODIS �a�Z 2010 �]., �]_�K/(�f 2×�]�h�)̂
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�< �j�_�a�m�e�v�l�Z�l�_ �i�h�e�m�q�Z�_�l�k�y �i�j�h�^�m�d�l MOD 17, �k�h�^�_�j�`�Z�s�b�c �^�Z�g�g�u�_ �h �q�b�k�l�h�c �i�_�j�\�b�q�g�h�c 

�i�j�h�^�m�d�p�b�b (NPP) �w�d�h�k�b�k�l�_�f (http://modis.gsfc.nasa.gov/data/dataprod/pdf/ MOD_17.pdf). �>�Z�g-

�g�u�_ �^�h�k�l�m�i�g�u �^�e�y 8-�^�g�_�\�g�u�o �b�g�l�_�j�\�Z�e�h�\ �b �g�Z �]�h�^�h�\�h�f �m�j�h�\�g�_ (�j�b�k. 1). �I�j�_�^�\�Z�j�b�l�_�e�v�g�u�c 

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

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

�w�d�h�k�b�k�l�_�f. 

�W�g�_�j�]�_�l�b�q�_�k�d�Z�y �g�Z�]�j�m�a�d�Z �g�Z �j�_�]�b�h�g�u

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

�g�y�l�b�y �N�_�^�_�j�Z�e�v�g�h�]�h �a�Z�d�h�g�Z �‹  261 �h�l 23 �g�h�y�[�j�y 2009 �]. «�H�[ �w�g�_�j�]�h�k�[�_�j�_�`�_�g�b�b �b �i�h�\�u�r�_�g�b�b 

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

�[�u�e�b �h�i�j�_�^�_�e�_�g�u �b �h�i�m�[�e�b�d�h�\�Z�g�u �l�h�i�e�b�\�g�h-�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �[�Z�e�Z�g�k�u �k�m�[�t�_�d�l�h�\ �N�_�^�_�j�Z-

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

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

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

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

�i�h�l�j�_�[�e�y�x�l�k�y �g�Z �l�_�j�j�b�l�h�j�b�b �j�_�]�b�h�g�Z. �H�[�u�q�g�h �d�h�e�b�q�_�k�l�\�h �w�g�_�j�]�b�b �\�u�j�Z�`�Z�_�l�k�y �\ �l�h�g�g�Z�o �m�k-

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

�n�_�^�_�j�Z�p�b�b �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 1.

�L�Z�[�e�b�p�Z 1. �K�j�_�^�g�_�]�h�^�h�\�h�_ �i�h�l�j�_�[�e�_�g�b�_ �i�_�j�\�b�q�g�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o �j�_�k�m�j�k�h�\
�k�m�[�t�_�d�l�Z�f�b �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �\ 2009 �]., �l�u�k. �l �m�k�e�h�\�g�h�]�h �l�h�i�e�b�\�Z

�K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b

�J�_�k�i�m�[�e�b�d�Z �D�Z�j�_�e�b�y 3096 �J�_�k�i�m�[�e�b�d�Z 
�;�Z�r�d�h�j�l�h�k�l�Z�g

24878 �O�Z�g�l�u-�F�Z�g�k�b�c�k�d�Z�y �Z�\�l�h�g�h�f�g�Z�y 
�h�[�e�Z�k�l�v ! �X�]�j�Z

40700

�J�_�k�i�m�[�e�b�d�Z �D�h�f�b 15406 �J�_�k�i�m�[�e�b�d�Z �F�Z�j�b�c �W�e 1652 �Y�f�Z�e�h-�G�_�g�_�p�d�b�c �Z�\�l�h�g�h�f�g�u�c 
�h�d�j�m�] 

11836

�:�j�o�Z�g�]�_�e�v�k�d�Z�y �h�[�e�Z�k�l�v8883 �J�_�k�i�m�[�e�b�d�Z �F�h�j�^�h�\�b�y 3221 �L�x�f�_�g�k�d�Z�y �h�[�e�Z�k�l�v 8545

�G�_�g�_�p�d�b�c �Z�\�l�h�g�h�f�g�u�c 
�h�d�j�m�] 

3825 �J�_�k�i�m�[�e�b�d�Z �L�Z�l�Z�j�k�l�Z�g20320 �K�\�_�j�^�e�h�\�k�d�Z�y �h�[�e�Z�k�l�v 41165

�<�h�e�h�]�h�^�k�d�Z�y �h�[�e�Z�k�l�v 18330 �M�^�f�m�j�l�k�d�Z�y �J�_�k�i�m�[�e�b�d�Z6444 �Q�_�e�y�[�b�g�k�d�Z�y �h�[�e�Z�k�l�v 38002

�D�Z�e�b�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v2938 �Q�m�\�Z�r�k�d�Z�y �J�_�k�i�m�[�e�b�d�Z3936

�E�_�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v18778 �I�_�j�f�k�d�b�c �d�j�Z�c 34705 �D�j�Z�k�g�h�^�Z�j�k�d�b�c �d�j�Z�c 22700

�F�m�j�f�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 8314 �D�b�j�h�\�k�d�Z�y �h�[�e�Z�k�l�v 6597 �J�_�k�i�m�[�e�b�d�Z �:�^�u�]�_�y 934

�G�h�\�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v 5462 �G�b�`�_�]�h�j�h�^�k�d�Z�y �h�[�e. 20746 �J�h�k�l�h�\�k�d�Z�y �h�[�e�Z�k�l�v 11665

�I�k�d�h�\�k�d�Z�y �h�[�e�Z�k�l�v 2142 �H�j�_�g�[�m�j�]�k�d�Z�y �h�[�e�Z�k�l�v5227 �<�h�e�]�h�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v 16227

�K�Z�g�d�l-�I�_�l�_�j�[�m�j�] 15842 �I�_�g�a�_�g�k�d�Z�y �h�[�e�Z�k�l�v 2861 �:�k�l�j�Z�o�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 5857

�K�Z�f�Z�j�k�d�Z�y �h�[�e�Z�k�l�v 34220 �J�_�k�i�m�[�e�b�d�Z �D�Z�e�f�u�d�b�y 157

�;�_�e�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v 11930 �K�Z�j�Z�l�h�\�k�d�Z�y �h�[�e�Z�k�l�v10920

�;�j�y�g�k�d�Z�y �h�[�e�Z�k�l�v 3839 �M�e�v�y�g�h�\�k�d�Z�y �h�[�e�Z�k�l�v 5980 �K�l�Z�\�j�h�i�h�e�v�k�d�b�c �d�j�Z�c 13901
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�K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b

�<�e�Z�^�b�f�b�j�k�d�Z�y �h�[�e�Z�k�l�v10664 �D�Z�j�Z�q�Z�_�\�h-�Q�_�j�d�_�k�k�d�Z�y 
�J�_�k�i�m�[�e�b�d�Z

1189

�<�h�j�h�g�_�`�k�d�Z�y �h�[�e�Z�k�l�v 7528 �:�e�l�Z�c�k�d�b�c �d�j�Z�c 9444 �J�_�k�i�m�[�e�b�d�Z �>�Z�]�_�k�l�Z�g 6892

�B�\�Z�g�h�\�k�d�Z�y �h�[�e�Z�k�l�v 2643 �L�h�f�k�d�Z�y �h�[�e�Z�k�l�v 14013 �J�_�k�i�m�[�e�b�d�Z �K�_�\�_�j�g�Z�y �H�k�_�l�b�y ! 
�:�e�Z�g�b�y

1985

�D�Z�e�m�`�k�d�Z�y �h�[�e�Z�k�l�v 3199 �H�f�k�d�Z�y �h�[�e�Z�k�l�v 17018 �D�Z�[�Z�j�^�b�g�h-�;�Z�e�d�Z�j�k�d�Z�y 
�J�_�k�i�m�[�e�b�d�Z

1680

�D�h�k�l�j�h�f�k�d�Z�y �h�[�e�Z�k�l�v 5981 �D�j�Z�k�g�h�y�j�k�d�b�c �d�j�Z�c 56138 �Q�_�q�_�g�k�d�Z�y �J�_�k�i�m�[�e�b�d�Z !

�D�m�j�k�d�Z�y �h�[�e�Z�k�l�v 6278 �B�j�d�m�l�k�d�Z�y �h�[�e�Z�k �l�v 16490 �J�_�k�i�m�[�e�b�d�Z �B�g�]�m�r�_�l�b�y 788

�E�b�i�_�p�d�Z�y �h�[�e�Z�k�l�v 22761 �J�_�k�i�m�[�e�b�d�Z �L�u�\�Z 1257

�F�h�k�d�h�\�k�d�Z�y �h�[�e�Z�k�l�v 35910 �A�Z�[�Z�c�d�Z�e�v�k�d�b�c �d�j�Z�c 6273 �Q�m�d�h�l�k�d�b�c �Z�\�l�h�g�h�f�g�u�c �h�d�j�m�] 484

�H�j�e�h�\�k�d�Z�y �h�[�e�Z�k�l�v 1902 �J�_�k�i�m�[�e�b�d�Z �:�e�l�Z�c 621 �F�Z�]�Z�^�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 996

�J�y�a�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 7181 �G�h�\�h�k�b�[�b�j�k�d�Z�y �h�[�e�Z�k�l�v11959 �J�_�k�i�m�[�e�b�d�Z �K�Z�o�Z (�Y�d�m�l�b�y) 8620

�K�f�h�e�_�g�k�d�Z�y �h�[�e�Z�k�l�v 2467 �J�_�k�i�m�[�e�b�d�Z �;�m�j�y�l�b�y 3829 �D�Z�f�q�Z�l�k�d�b�c �d�j�Z�c 1271

�L�Z�f�[�h�\�k�d�Z�y �h�[�e�Z�k�l�v 4296 �J�_�k�i�m�[�e�b�d�Z �O�Z�d�Z�k�b�y4358 �O�Z�[�Z�j�h�\�k�d�b�c �d�j�Z�c 7500

�L�\�_�j�k�d�Z�y �h�[�e�Z�k�l�v 12726 �D�_�f�_�j�h�\�k�d�Z�y �h�[�e�Z�k�l�v71363 �:�f�m�j�k�d�Z�y �h�[�e�Z�k�l�v 6050

�L�m�e�v�k�d�Z�y �h�[�e�Z�k�l�v 13494 �K�Z�o�Z�e�b�g�k�d�Z�y �h�[�e�Z�k�l�v 9533

�Y�j�h�k�e�Z�\�k�d�Z�y �h�[�e�Z�k�l�v 4160 �D�m�j�]�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 2876 �I�j�b�f�h�j�k�d�b�c �d�j�Z�c 13143

�F�h�k�d�\�Z 39370 �?�\�j�_�c�k�d�Z�y �Z�\�l�h�g�h�f�g�Z�y �h�[�e�Z�k�l�v 547

�F�_�l�h�^

�I�j�h�^�m�d�l�b�\�g�h�k�l�v �w�d�h�k�b�k�l�_�f

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

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

(SWRAD) �g�_ �i�h�e�g�h�k�l�v�x �m�k�\�Z�b�\�Z�_�l�k�y �j�Z�k�l�_�g�b�y�f�b (�j�b�k. 2), �l�h�e�v�d�h �i�j�b�[�e�b�a�b�l�_�e�v�g�h �i�h�e�h-

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

�i�Z�^�Z�x�s�_�c �g�Z �j�Z�k�l�_�g�b�y (IPAR): IPAR = [0.45÷0.5] ́  SWRAD (�<�l/�f 2). �A�Z�l�_�f �i�h �k�i�m�l�g�b-

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

�j�Z�k�l�_�g�b�y�f�b (FPAR) ! �n�Z�d�l�b�q�_�k�d�b �w�l�h �d�h�w�n�n�b�p�b�_�g�l �i�h�]�e�h�s�_�g�b�y �j�Z�k�l�_�g�b�y�f�b �\ �^�b�Z�i�Z�a�h�g�_ 

400!700 �g�f. �< �j�_�a�m�e�v�l�Z�l�_ �i�h�e�m�q�Z�_�l�k�y �\�_�e�b�q�b�g�Z �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b �Z�d�l�b�\�g�h�c �j�Z�^�b�Z�p�b�b, �i�h-

�]�e�h�s�_�g�g�h�c �j�Z�k�l�_�g�b�y�f�b (APAR): APAR = IPAR (�<�l/�f 2) × FPAR. �K�e�_�^�m�x�s�b�c �w�l�Z�i ! �g�Z�b�[�h�e�_�_ 

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

 GPP = e (�]_C/�>�`) ´  APAR (�<�l/�f 2), (1)

�]�^�_ GPP ! �\�Z�e�h�\�Z�y �i�_�j�\�b�q�g�Z�y �i�j�h�^�m�d�p�b�y, �]_C/(�f 2 ´  �k); e ! �w�n�n�_�d�l�b�\�g�h�k�l�v �n�h�l�h�k�b�g�l�_�a�Z, 

�]_C/�>�`; e = e�f�Z�o ´  f(T) ´  g(W); e�f�Z�o ! �f�Z�d�k�b�f�Z�e�v�g�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �n�h�l�h�k�b�g�l�_�a�Z �^�Z�g�g�h�c 

�w�d�h�k�b�k�l�_�f�u; f(T) �b g(W) ! �n�m�g�d�p�b�b �a�Z�\�b�k�b�f�h�k�l�b e �h�l �l�_�f�i�_�j�Z�l�m�j�u �b �^�_�n�b�p�b�l�Z �\�e�Z�`�g�h�k�l�b 

�\�h�a�^�m�o�Z. �G�Z �i�h�k�e�_�^�g�_�f �w�l�Z�i�_ �i�j�h�b�k�o�h�^�b�l �\�u�q�b�k�e�_�g�b�_ �q�b�k�l�h�c �i�_�j�\�b�q�g�h�c �i�j�h�^�m�d�p�b�b:
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�J�b�k. 2. �K�i�_�d�l�j�u �k�h�e�g�_�q�g�h�c �j�Z�^�b�Z�p�b�b �g�Z �\�_�j�o�g�_�c �]�j�Z�g�b�p�_ �Z�l�f�h�k�n�_�j�u, 
�g�Z �a�_�f�g�h�c �i�h�\�_�j�o�g�h�k�l�b (�\ �p�_�e�h�f), �g�Z �m�j�h�\�g�_ �f�h�j�y �g�Z �=�Z�\�Z�c�k�d�b�o �h�k�l�j�h�\�Z�o. 
�I�h�d�Z�a�Z�g�Z �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b �Z�d�l�b�\�g�Z�y �j�Z�^�b�Z�p�b�y �\ �^�b�Z�i�Z�a�h�g�_ 400!700 �g�f 

�b �k�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �h�k�g�h�\�g�u�o �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�o �i�b�]�f�_�g�l�h�\ �j�Z�k�l�_�g�b�c 
�b �\�h�^�h�j�h�k�e�_�c in vivo (�i�h Kiang �b �^�j., 2007)

 NPP = GPP ! Ra, (2)

�]�^�_ NPP ! �q�b�k�l�Z�y �i�_�j�\�b�q�g�Z�y �i�j�h�^�m�d�p�b�y, �]_C/(�f 2 ́  �k); Ra ! �^�u�o�Z�g�b�_ �j�Z�k�l�_�g�b�c. 

�<�_�e�b�q�b�g�Z e�f�Z�o �l�Z�[�m�e�b�j�h�\�Z�g�Z �^�e�y �d�Z�`�^�h�c �b�a �w�d�h�k�b�k�l�_�f. �N�m�g�d�p�b�b f(T) �b g(W) �l�Z�d�`�_ 

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

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

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

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

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

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

�j�Z�k�l�_�g�b�y�f�b (APAR) �i�h �n�h�j�f�m�e�Z�f (1) �b (2). �Q�b�k�e�_�g�g�u�_ �a�g�Z�q�_�g�b�y APAR �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 2.

�L�Z�[�e�b�p�Z 2. �K�j�_�^�g�y�y �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b �Z�d�l�b�\�g�Z�y �j�Z�^�b�Z�p�b�y, �i�h�]�e�h�s�_�g�g�Z�y 
�j�Z�k�l�_�g�b�y�f�b (APAR), �K�_�\�_�j�h-�A�Z�i�Z�^�g�u�c �n�_�^�_�j�Z�e�v�g�u�c �h�d�j�m�], 2000!2010 �]�].

�K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b APAR, �<�l /�f 2 �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b APAR, �<�l /�f 2

�J�_�k�i�m�[�e�b�d�Z �D�Z�j�_�e�b�y 46 �E�_�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v 50

�J�_�k�i�m�[�e�b�d�Z �D�h�f�b 38 �F�m�j�f�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 32

�:�j�o�Z�g�]�_�e�v�k�d�Z�y �h�[�e�Z�k�l�v 45 �G�h�\�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v 55

�G�_�g�_�p�d�b�c �Z�\�l�h�g�h�f�g�u�c �h�d�j�m�] 24 �I�k�d�h�\�k�d�Z�y �h�[�e�Z�k�l�v 58

�<�h�e�h�]�h�^�k�d�Z�y �h�[�e�Z�k�l�v 53 �K�Z�g�d�l-�I�_�l�_�j�[�m�j�] 45

�D�Z�e�b�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v 72
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�:�g�l�j�h�i�h�]�_�g�g�Z�y �w�g�_�j�]�_�l�b�q�_�k�d�Z�y �g�Z�]�j�m�a�d�Z

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

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

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

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

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

�h�p�_�g�d�Z �i�h�l�h�d�Z �b�e�b �Z�g�l�j�h�i�h�]�_�g�g�h�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�b (AEL) �g�Z �j�_�]�b�h�g�u. �N�j�Z�]�f�_�g�l 

�d�Z�j�l�u �Z�g�l�j�h�i�h�]�_�g�g�h�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�b �i�h�d�Z�a�Z�g �g�Z �j�b�k. 3. �J�_�]�b�h�g�u �a�g�Z�q�b�l�_�e�v�g�h �h�l-

�e�b�q�Z�x�l�k�y �i�h �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�_: �\ �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�_ �h�g�Z �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 10 �<�l/�f 2, 

�\ �F�h�k�d�\�_ ! �[�h�e�_�_ 33 �<�l/�f 2, �\ �<�h�e�h�]�h�^�k�d�h�c, �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c �b �E�_�g�b�g�]�j�Z�^�k�d�h�c �h�[�e�Z�k�l�y�o ! 

�h�l 100 �^�h 200 �f�<�l/�f 2, �Z �\ �h�k�l�Z�e�v�g�u�o �j�_�]�b�h�g�Z�o ! �^�_�k�y�l�d�b �f�<�l/�f 2.

�J�b�k. 3. �:�g�l�j�h�i�h�]�_�g�g�Z�y �w�g�_�j�]�_�l�b�q�_�k�d�Z�y �g�Z�]�j�m�a�d�Z �j�_�]�b�h�g�h�\ 
�K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h �n�_�^�_�j�Z�e�v�g�h�]�h �h�d�j�m�]�Z �\ 2009 �]., �<�l/�f 2

�K�j�Z�\�g�_�g�b�_ �i�j�h�^�m�d�l�b�\�g�h�k�l�b �w�d�h�k�b�k�l�_�f �b �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�b

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

(�w�d�\�b�\�Z�e�_�g�l �i�j�h�^�m�d�l�b�\�g�h�k�l�b �w�d�h�k�b�k�l�_�f), �b �Z�g�l�j�h�i�h�]�_�g�g�m�x �w�g�_�j�]�_�l�b�q�_�k�d�m�x �g�Z�]�j�m�a�d�m �\ �h�-̂

�g�b�o �b �l�_�o �`�_ �_�^�b�g�b�p�Z�o ! �<�l/�f 2, �f�h�`�g�h �i�j�h�\�_�k�l�b �b�o �k�j�Z�\�g�_�g�b�_. �< �^�Z�g�g�h�f �k�e�m�q�Z�_ �^�e�y �d�Z�`�^�h�]�h 

�j�_�]�b�h�g�Z �[�u�e�h �\�u�q�b�k�e�_�g�h �h�l�g�h�r�_�g�b�_: ESL = APAR / AEL, �]�^�_ ESL ! �m�j�h�\�_�g�v �w�d�h�e�h�]�b�q�_�k�d�h�c 

�[�_�a�h�i�Z�k�g�h�k�l�b. �J�_�a�m�e�v�l�Z�l�u �\�u�q�b�k�e�_�g�b�c �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 4.
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�J�b�k. 4. �M�j�h�\�_�g�v �w�d�h�e�h�]�b�q�_�k�d�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �j�_�]�b�h�g�h�\ 
�K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h �n�_�^�_�j�Z�e�v�g�h�]�h �h�d�j�m�]�Z �\ 2009 �].

�J�_�a�m�e�v�l�Z�l�u

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

�r�_�g�b�_ �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b �Z�d�l�b�\�g�h�c �j�Z�^�b�Z�p�b�b, �i�h�]�e�h�s�_�g�g�h�c �j�Z�k�l�_�g�b�y�f�b, �d �Z�g�l�j�h�i�h�]�_�g�g�h�c 

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

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

�K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h �n�_�^�_�j�Z�e�v�g�h�]�h �h�d�j�m�]�Z (�l�Z�[�e. 3).

�L�Z�[�e�b�p�Z 3. �M�j�h�\�_�g�v �w�d�h�e�h�]�b�q�_�k�d�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �j�_�]�b�h�g�h�\ 
�K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h �n�_�^�_�j�Z�e�v�g�h�]�h �h�d�j�m�]�Z �\ 2009 �].

�K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b ESL �K�m�[�t�_�d�l �N�_�^�_�j�Z�p�b�b ESL

�J�_�k�i�m�[�e�b�d�Z �D�Z�j�_�e�b�y 2910 �E�_�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v 242

�J�_�k�i�m�[�e�b�d�Z �D�h�f�b 1120 �F�m�j�f�Z�g�k�d�Z�y �h�[�e�Z�k�l�v 609

�:�j�o�Z�g�]�_�e�v�k�d�Z�y �h�[�e�Z�k�l�v 2248 �G�h�\�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v 591

�G�_�g�_�p�d�b�c �Z�\�l�h�g�h�f�g�u�c �h�d�j�m�] 1174 �I�k�d�h�\�k�d�Z�y �h�[�e�Z�k�l�v 1612

�<�h�e�h�]�h�^�k�d�Z�y �h�[�e�Z�k�l�v 449 �K�Z�g�d�l-�I�_�l�_�j�[�m�j�] 4

�D�Z�e�b�g�b�g�]�j�Z�^�k�d�Z�y �h�[�e�Z�k�l�v 399

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

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

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

�k�l�b ! �\ �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�_, �q�l�h �h�[�t�y�k�g�y�_�l�k�y �h�]�j�h�f�g�h�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�h�c �g�Z �f�Z�e�h�c 

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

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

�g�Z�i�j�b�f�_�j �I�k�d�h�\�k�d�h�c �b �G�h�\�]�h�j�h�^�k�d�h�c, �I�k�d�h�\�k�d�h�c �b �F�m�j�f�Z�g�k�d�h�c �h�[�e�Z�k�l�_�c. �L�Z�d, �b�f�_�y �k�o�h-

�`�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h APAR, �I�k�d�h�\�k�d�Z�y �b �G�h�\�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�b �i�j�Z�d�l�b�q�_�k�d�b �\ �l�j�b �j�Z�a�Z 

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

�b�f�_�_�l �w�g�_�j�]�_�l�b�q�_�k�d�m�x �g�Z�]�j�m�a�d�m �g�Z 30% �g�b�`�_, �q�_�f �F�m�j�f�Z�g�k�d�Z�y, �\ �l�h �\�j�_�f�y �d�Z�d �m�j�h�\�_�g�v �w�d�h-

�e�h�]�b�q�_�k�d�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�k�e�_�^�g�_�c �\ 2,5 �j�Z�a�Z �g�b�`�_, �q�_�f �\ �I�k�d�h�\�k�d�h�c �h�[�e�Z�k�l�b.

�H�[�k�m�`�^�_�g�b�_

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

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

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

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

�e�_�g�b�_�f �\�k�_�o �w�g�_�j�]�h�j�_�k�m�j�k�h�\.

�D�h�j�j�_�d�l�g�h�k�l�v �k�j�Z�\�g�_�g�b�y �m�j�h�\�g�y �Z�g�l�j�h�i�h�]�_�g�g�h�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �g�Z�]�j�m�a�d�b �k �n�h�l�h�k�b�g-

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

�^�_�g�b�y. �E�b�r�v �f�Z�e�Z�y �q�Z�k�l�v �i�h�]�e�h�s�_�g�g�h�c �j�Z�k�l�_�g�b�y�f�b �j�Z�^�b�Z�p�b�b (�h�l 0,1 �^�h 7%) �b�^�_�l �g�Z �k�b�g�l�_�a 

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

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

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

�g�_ �k�e�m�q�Z�_�g. �M�k�l�h�c�q�b�\�h�k�l�v �w�d�h�k�b�k�l�_�f �\ �a�g�Z�q�b�l�_�e�v�g�h�c �f�_�j�_ �h�i�j�_�^�_�e�y�_�l�k�y �k�i�h�k�h�[�g�h�k�l�v�x �m�k�\�Z-

�b�\�Z�l�v �w�g�_�j�]�b�x, �i�h�k�l�m�i�Z�x�s�m�x �b�a�\�g�_. �:�g�l�j�h�i�h�]�_�g�g�h�_ �`�_ �\�h�a�^�_�c�k�l�\�b�_ �g�Z �w�d�h�k�b�k�l�_�f�u �f�g�h�]�h-

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

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

�b �y�\�e�y�_�l�k�y �g�Z�k�l�h�y�s�_�_ �b�k�k�e�_�^�h�\�Z�g�b�_. �D�j�h�f�_ �w�g�_�j�]�b�b, �m�g�b�\�_�j�k�Z�e�v�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f �k�j�Z�\-

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

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

�A�Z�d�e�x�q�_�g�b�_

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

�e�h�]�b�q�_�k�d�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �l�_�j�j�b�l�h�j�b�c. �H�g �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �k�j�Z�\�g�_�g�b�b �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b 

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

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

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

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

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

�[�u �p�_�e�_�k�h�h�[�j�Z�a�g�h �j�Z�k�k�f�h�l�j�_�l�v �\�h�a�f�h�`�g�h�k�l�v �j�Z�a�j�Z�[�h�l�d�b �g�Z �[�Z�a�_ �P�_�g�l�j�Z �i�h �i�j�h�[�e�_�f�Z�f �w�d�h-

�e�h�]�b�b �b �i�j�h�^�m�d�l�b�\�g�h�k�l�b �e�_�k�h�\ �b �B�g�k�l�b�l�m�l�Z �d�h�k�f�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �J�:�G �h�l�_�q�_�k�l�\�_�g-

�g�h�c �j�Z�^�b�Z�p�b�h�g�g�h-�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�c �f�h�^�_�e�b �[�h�j�_�Z�e�v�g�u�o �w�d�h�k�b�k�l�_�f �b, �d�Z�d �k�e�_�^�k�l�\�b�_, 

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

(�k/�o �a�_�f�e�b) �w�d�h�k�b�k�l�_�f �i�h �^�Z�g�g�u�f �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �a�h�g�^�b�j�h�\�Z�g�b�y.
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Remote sensing in ecological safety
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New energetic approach for ecological safety level rating is proposed. It is based on comparison of photosynthetically 
active radiation, absorbed by plants and anthropogenic energy load on regions. Solar radiation, absorbed by plants 
is retrieved with satellite remote sensing data from EOS system. Anthropogenic load of regions is determined by 
primary energy consumption. Ecological safety level rating was calculated for North-West part of Russia. Proposed 
method allows to join natural and anthropogenic components for ecological safety rating. Future development of 
remote sensing in ecosystem safety level deÞ nition is indicated. 

Keywords: remote sensing, ecosystem primary production, anthropogenic load, ecological safety.


