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�Y�M �d �k�j�s�n

�n 3%. 
�g�a�f�n�l�j�m�n�\�i
�x �k�l�j�r�a�m�m �]

�i�d�{ �n�j�k�g�d�^
�\�n�\�h�d �n�j�k�g

�n �i�a�j�]�q�j�`�d
�d�{ �  ̂ �y�g�a�f�n�l
�j�]�\�^�d�n�x �a�u

 
�a�k�a�l�a�l�\�]�j�n�f�\
�q�d�h�d�s�a�m�f�\�{ �k

�j�n�l�\�m�g�{�h�d �n�a

�j�f�d�m�g�a�i�d�{ 
�a�h�j�a �  ̂�q�d�h
� �̂j�g�{�z�n �n
�y�i�a�l�_�a�n�d�f�d 
�k�l�j�r�a�m�m�j�^ 
�n�\�q, �_�`�a 
�f�n�l�j�y�i�a�l�_�d
�j�m�n�d�_�\�a�n 70
�u�i�j�m�n�a�e �j�_
�k�j�y�n�j�h�o �i�\
�f�n�l�j�`�\ �h�j�b

�n�\�q, �_�`�a �m
100 �>�n. �K
�a�l�a�\�g�x�i�j �d 
� �̂d�g�\�m�x �d �a�u
�d�g�x�i�j�a �y�i�a
�j-, �^�d�`�a�j�n�a�q

�{�^�g�{�a�n�m�{ �q

�j�^�f�d �k�\�l�j�n
�d�h�d�s�a�m�f�j�e
�z�n �y�n�j �k�l�j�d
�{�z�n �y�g�a�f�n�l
�n�d 70% - 

�i�r�d�e " �o
�]�j�g�a�a �y�p�p

� �̂\ �k�l�a�j�]�l
�g�d�^�\ �y�g�a�f�n�l

�d�h�j�m�n�x �k�j�d
�l�d�s�a�m�f�o�z �d
�u�a �d �m�\�h�w

�\, 4 ! �\�^�n�j�n�l�\�i
�k�l�j�h�w�t�g�a�i�i�j

�n�a�q�i�d�f�d �  ̂�L�j�m

�  ̂ �y�g�a�f
�h�d�s�a�m�f�d�q �d
�n�\�f�b�a �j�m�o

�]�j�g�x�t�d�q �h
�n�l�\�i�m�p�j�l�h

�k�l�j�d�m�q�j�`�d
�d�z, �y�n�j�n �k�l
0%. �I�j  �^�j
�_�l�\�i�d�s�d�^�\�a
�\ �k�l�\�f�n�d�f�a 
�b�i�j �m�i�d�h

�m�i�d�h�\�a�h�\�{ 
�K�l�\�f�n�d�s�a�m�f�j

�k�j�`�q�j�`�d�n 
�u�a �j�`�i�\ �n�a
�a�l�_�j�^�j�j�l�o�b

�a�q�i�d�f�\, �i�\�^

�q�d�h�d�s�a�m�f�j�a

�n�o�l�]�d�i�i�w�q
�e �l�a�\�f�r�d�d
�d�c�^�j�`�m�n�^�j.
�l�j�m�n�\�i�r�d�d,

�n�a�k�g�j�^�w�a

�o�^�a�g�d�s�a�i�d�a
�a�f�n�d�^�i�j, �d

�l�\�c�o�a�n�m�{ �^
�l�j�y�i�a�l�_�d�d,

�d�m�f�\ �k�o�n�a�e
�d �l�\�c�^�d�n�d�{

�w�a �^�w�m�j�f�d�a

�i�m�k�j�l�n, 5 ! 
�j�m�n�x 

�m�m�d�d. 

�n�l�d�s�a�m�f�o�z
�d�m�n�j�s�i�d�f�\�q
�o�u�a�m�n�^�g�{�n�x
�h�j�u�i�j�m�n�a�e
�h�d�l�j�^�\�i�d�{

�d�n �k�l�{�h�j�a
�l�j�r�a�m�m �o�b�a
�c�h�j�b�i�j�m�n�x
�n�m�{ �^�a�m�x�h�\
�k�g�j�n�i�j�m�n�x

�h�\�n�x �h�a�i�a�a

�m �j�`�i�j�_�j
�j�a �k�l�{�h�j�a
�g�d�t�x �`�g�{

�a�i�`�a�i�r�d�{ �^
�b�a�i�d�a �`�g�{
� �̂d�_�\�n�j�l�w �d

�a 

�q 
�d 

, 
�a 

�a 
�d 
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�e 
�{ 
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�z 
�q 
�x 
�e 
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�M�j�j�n�^�a�n�m�n�^�a�i�i�j, �`�g�{ �y�n�d�q �r�a�g�a�e, �f�\�f �d �`�g�{ �r�a�g�a�e �y�i�a�l�_�j�j�]�a�m�k�a�s�a�i�d�{ �f�j�m�h�d�s�a�m�f�d�q, �\�^�d�\-, 
�k�j�`�^�j�`�i�w�q �d �^�j�a�i�i�w�q �j�]�v�a�f�n�j�^ �k�l�a�`�v�{�^�g�{�z�n�m�{ �b�a�m�n�f�d�a �n�l�a�]�j�^�\�i�d�{ �f �y�p�p�a�f�n�d�^�i�j�m�n�d �d 
�o�`�a�g�x�i�j�e �y�i�a�l�_�d�d ! �y�i�a�l�_�d�d �  ̂�a�`�d�i�d�r�a �h�\�m�m�w �d�m�n�j�s�i�d�f�\ �d�g�d �a�_�j �j�]�v�a�h�\. �> �n�\�]�g�d�r�a 1 �m�^�a�`�a�i�w 
�j�m�i�j�^�i�w�a �q�\�l�\�f�n�a�l�d�m�n�d�f�d �d�m�k�j�g�x�c�o�a�h�w�q �^�d�`�j�^ �y�i�a�l�_�d�d �m �y�n�j�e �n�j�s�f�d �c�l�a�i�d�{. 

 
�N�\�]�g�d�r�\ 1 ! �J�m�i�j�^�i�w�a �q�\�l�\�f�n�a�l�d�m�n�d�f�d �^�d�`�j�^ �y�i�a�l�_�d�d  
 

�P�j�l�h�\ �y�i�a�l�_�d�d �>�d� ̀�y�i�a�l�_�d�d �K�g�j�n�i�j�m�n�x 
�y�i�a�l�_�d�d [�>�n . �m/�h3] 

�?�l�\�^�d�n�\�r�d�j�i�i�\�{ �K�j�n�a�i�r�d�\�g�x�i�\�{ �y�i�a�l�_�d�{ �(=�#gh 103 

�H�a�q�\�i�d�s�a�m�f�\�{ �F�d�i�a�n�d�s�a�m�f�\�{ �y�i�a�l�_�d�{ �(=�#/2�%2 104 

�Y�g�a�f�n�l�d�s�a�m�f�\�{ �Y�i�a�l�_�d�{ �y�g�a�f�n�l�d�s�a�m�f�j�_�j �k�j�g�{ �(=0,5DE 105 

�H�\�_�i�d�n�i�\�{ �Y�i�a�l�_�d�{ �h�\�_�i�d�n�i�j�_�j �k�j�g�{ �(=0,5BH 106 

�N�a�k�g�j�^�\�{ �Y�i�a�l�_�d�{ �p�\�c�j�^�j�_�j �k�a�l�a�q�j�`�\ �(=�#�§h 107 

�N�a�k�g�j�^�\�{ �N�a�k�g�j�|�h�f�j�m�n�x �(=�#�mp�§T 108 

�Q�d�h�d�s�a�m�f�\�{ �?�\�g�x�^�\�i�d�s�a�m�f�\�{ �]�\�n�\�l�a�{ 109 - 1010 

�Q�d�h�d�s�a�m�f�\�{ �?�j�l�a�i�d�a 1010 

�[�`�a�l�i�\�{ �L�\�`�d�j�\�f�n�d�^�i�j�m�n�x 1015 

 
�F�\�f �^�d�`�i�j �d�c �n�\�]�g�d�r�w, �f�l�j�h�a �{�`�a�l�i�j�e �y�i�a�l�_�d�d, �o �q�d�h�d�s�a�m�f�j�e �y�i�a�l�_�d�d �f�j�i�f�o�l�a�i�n�j�^ �i�a�n. 

�K�j�f�\ �i�a �]�o�`�a�n �k�l�a�`�g�j�b�a�i�j �i�\�`�a�b�i�j�_�j �m�k�j�m�j�]�\ �\�^�n�j�i�j�h�i�j�_�j �k�d�n�\�i�d�{ �i�\ �{�`�a�l�i�j�h �n�j�k�g�d�^�a, 
�y�g�a�f�n�l�j�q�d�h�d�s�a�m�f�d�a �k�l�a�j�]�l�\�c�j�^�\�n�a�g�d �]�o�`�o�n �j�m�n�\�^�\�n�x�m�{ �`�g�{ �y�n�d�q �r�a�g�a�e �i�\�d�]�j�g�a�a 
�k�a�l�m�k�a�f�n�d�^�i�w�h�d. 

�@�d�\�k�\�c�j�i �k�l�a�`�k�j�g�\�_�\�a�h�j�_�j �k�l�d�h�a�i�a�i�d�{ �n�j�k�g�d�^�i�w�q �y�g�a�h�a�i�n�j�^ �o�b�a �m�a�e�s�\�m �i�a�j�]�w�s�\�e�i�j 
�t�d�l�j�f: �j�n �h�j�]�d�g�x�i�w�q �n�a�g�a�p�j�i�j�^ �d �i�j�o�n�]�o�f�j�^ �`�j �h�a�_�\�^�\�n�n�i�w�q �y�g�a�f�n�l�j�m�n�\�i�r�d�e, �l�\�]�j�n�\�z�u�d�q 
�d�m�f�g�z�s�d�n�a�g�x�i�j �i�\ �n�j�k�g�d�^�i�w�q �y�g�a�h�a�i�n�\�q.  

�> �i�\�m�n�j�{�u�a�a �^�l�a�h�{ �a�h�f�j�m�n�x �k�j�l�n�\�n�d�^�i�j�_�j �n�j�k�g�d�^�i�j�_�j �y�g�a�h�a�i�n�\ �^�h�a�u�\�a�n 120 �h�g 
�h�a�n�\�i�j�g�\, �y�n�j�_�j �`�j�m�n�\�n�j�s�i�j �`�g�{ �j�]�a�m�k�a�s�a�i�d�{ �l�\�]�j�n�w �i�j�o�n�]�o�f�\ �h�j�u�i�j�m�n�x�z 15 �>�\�n�n �  ̂�n�a�s�a�i�d�a 
10 �s�\�m�j�^. �S�n�j �f�\�m�\�a�n�m�{ �m�n�j�d�h�j�m�n�d �b�d�`�f�j�_�j �n�j�k�g�d�^�\, �n�j, �k�j �j�r�a�i�f�a �m�k�a�r�d�\�g�d�m�n�j�^ �f�j�h�k�\�i�d�d, 
�k�l�d �j�]�v�a�h�\�q �k�l�j�d�c�^�j�`�m�n�^�\ �n�j�g�x�f�j �  ̂�M�T�< �  ̂35,7 �h�g�i. �n�j�i�i �h�a�n�\�i�j�g�\ �  ̂�_�j� ̀�d �r�a�i�a 33 �r�a�i�n�\ �c�\ 
�_�\�g�g�j�i �h�j�b�i�j �j�b�d�`�\�n�x, �s�n�j �c�\�k�l�\�^�g�a�i�i�w�e �f�\�l�n�l�d�`�b �]�o�`�a�n �j�]�q�j�`�d�n�x�m�{ �k�j�f�o�k�\�n�a�g�z �  ̂$3-5. 

�M �n�j�s�f�d �c�l�a�i�d�{ �m�n�j�d�h�j�m�n�d �y�g�a�f�n�l�j�y�i�a�l�_�d�d, �y�n�j �i�a �`�a�t�a�^�g�a �y�g�a�f�n�l�j�y�i�a�l�_�d�d �N�Y�M, �i�j  �`�g�{ 
�\�^�n�j�i�j�h�i�j�_�j �k�d�n�\�i�d�{ �y�n�j �j�s�a�i�x �^�w�_�j�`�i�j. �I�\  �l�d�m�o�i�f�a 3 �k�l�a�`�m�n�\�^�g�a�i�\ �j�]�u�\�{ �m�q�a�h�\ �^�\�l�d�\�i�n�j�^ 
�n�l�\�i�m�p�j�l�h�d�l�j�^�\�i�d�{ �q�d�h�d�s�a�m�f�j�e �y�i�a�l�_�d�d �  ̂�y�g�a�f�n�l�d�s�a�m�f�o�z. 

 

 
 

�L�d�m�o�i�j�f 3 ! �M�q�a�h�\ �k�o�n�a�e �k�l�a�j�]�l�\�c�j�^�\�i�d�{ �q�d�h�d�s�a�m�f�j�e �y�i�a�l�_�d�d �  ̂�y�g�a�f�n�l�d�s�a�m�f�o�z 
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�M�o�u�a�m�n�^�o�z�n �o�m�n�\�i�j�^�f�d, �  ̂ �f�j�n�j�l�w�q �k�l�a�j�]�l�\�c�j�^�\�i�d�a �n�a�k�g�j�n�w �  ̂ �y�g�a�f�n�l�j�y�i�a�l�_�d�z 
�j�m�o�u�a�m�n�^�g�{�a�n�m�{ �]�a�c �y�g�a�f�n�l�j�h�a�q�\�i�d�s�a�m�f�d�q �_�a�i�a�l�\�n�j�l�j�^. �F �i�d�h �j�n�i�j�m�{�n 
�h�\�_�i�d�n�j�_�d�`�l�j�`�d�i�\�h�d�s�a�m�f�d�a �_�a�i�a�l�\�n�j�l�w, �n�a�l�h�j�y�g�a�f�n�l�d�s�a�m�f�d�a �_�a�i�a�l�\�n�j�l�w, 
�n�a�l�h�j�y�h�d�m�m�d�j�i�i�w�a �k�l�a�j�]�l�\�c�j�^�\�n�a�g�d �y�i�a�l�_�d�d. 

�@�g�{ �]�j�g�x�t�j�e �y�i�a�l�_�a�n�d�f�d �i�\�d�]�j�g�a�a �k�a�l�m�k�a�f�n�d�^�i�w �o�m�n�\�i�j�^�f�d �m 
�h�\�_�i�d�n�j�_�d�`�l�j�`�d�i�\�h�d�s�a�m�f�d�h �_�a�i�a�l�\�n�j�l�j�h (�H�?�@-�_�a�i�a�l�\�n�j�l�j�h). �> �f�j�h�k�g�a�f�m�a �m �j�]�w�s�i�j�e 
�k�\�l�j�n�o�l�]�d�i�i�j�e �m�n�\�i�r�d�a�e �F�K�@ �n�\�f�j�e �f�j�h�]�d�i�d�l�j�^�\�i�i�j�e �o�m�n�\�i�j�^�f�d �h�j�b�a�n �`�j�m�n�d�_�\�n�x 50!60%. 

�@�g�{ �h�\�g�w�q �y�i�a�l�_�a�n�d�s�a�m�f�d�q �o�m�n�\�i�j�^�j�f �m�k�a�r�d�\�g�x�i�j�_�j �i�\�c�i�\�s�a�i�d�{ �i�\�q�j�`�{�n �k�l�d�h�a�i�a�i�d�a 
�n�a�l�h�j�y�g�a�f�n�l�d�s�a�m�f�d�a (�N�Y�K) �d �n�a�l�h�j�y�h�d�m�m�d�j�i�i�w�a (�N�Y�K) �o�m�n�\�i�j�^�f�d �k�l�{�h�j�_�j �k�l�a�j�]�l�\�c�j�^�\�i�d�{ 
�y�i�a�l�_�d�d. �@�a�e�m�n�^�d�n�a�g�x�i�w�a �c�i�\�s�a�i�d�{ �F�K�@ �n�a�l�h�j�y�g�a�h�a�i�n�j�^ �  ̂ �g�o�s�t�a�h �m�g�o�s�\�a �`�j�m�n�d�_�\�z�n 
�i�a�m�f�j�g�x�f�d�q �k�l�j�r�a�i�n�j�^. �Y�n�d�h, �\ �n�\�f�b�a �^�w�m�j�f�j�e �m�n�j�d�h�j�m�n�x�z �m�\�h�d�q �n�a�l�h�j�y�g�a�h�a�i�n�j�^, 
�j�]�v�{�m�i�{�a�n�m�{ �h�\�g�\�{ �l�\�m�k�l�j�m�n�l�\�i�|�i�i�j�m�n�x �N�Y�?, �i�a�m�h�j�n�l�{ �i�\ �d�q �f�l�\�e�i�z�z �k�l�j�m�n�j�n�o �d �j�n�m�o�n�m�n�^�d�a 
�f�\�f�d�q-�g�d�]�j �`�^�d�b�o�u�d�q�m�{ �s�\�m�n�a�e. 

�L�a�\�g�x�i�w�e �F�K�@ �N�Y�K �n�j�b�a �i�a �]�j�g�a�a 7!8%, �k�l�a�b�`�a �^�m�a�_�j �d�c-�c�\ �]�j�g�x�t�d�q �k�j�n�a�l�x �n�a�k�g�j�n�w 
�d�c�g�o�s�a�i�d�{ �h�a�b�`�o �f�\�n�j�`�j�h, �d�h�a�z�u�d�h �n�a�h�k�a�l�\�n�o�l�o �j�f�j�g�j 2000 �F, �d �\�i�j�`�j�h ! �j�f�j�g�j 1000 �F. 
�N�Y�? �d �N�Y�K �k�l�a�`�m�n�\�^�g�{�z�n �d�i�n�a�l�a�m �  ̂ �m�j�s�a�n�\�i�d�d �m �{�`�a�l�i�w�h�d �d�m�n�j�s�i�d�f�\�h�d �n�a�k�g�j�n�w, �j�]�l�\�c�o�{ 
�k�j�g�i�j�m�n�x�z �m�n�\�n�d�s�i�w�a �\�^�n�j�i�j�h�i�w�a �d�m�n�j�s�i�d�f�d �y�g�a�f�n�l�j�y�i�a�l�_�d�d. 

�K�j�m�f�j�g�x�f�o �k�l�a�j�]�l�\�c�j�^�\�i�d�a �y�i�a�l�_�d�d �q�d�h�d�s�a�m�f�j�e  �l�a�\�f�r�d�d �  ̂ �y�g�a�f�n�l�d�s�a�m�f�o�z �  ̂ �Q�D�N 
�{�^�g�{�a�n�m�{ �k�l�{�h�w�h �d �g�d�t�a�i�j �h�i�j�b�a�m�n�^�\ �m�n�\�`�d�e �  ̂ �j�n�g�d�s�d�a �j�n �n�l�\�`�d�r�d�j�i�i�j�_�j �n�a�k�g�j�^�j�_�j, �j�i�j  
�q�\�l�\�f�n�a�l�d�c�o�a�n�m�{ �i�\�d�]�j�g�x�t�d�h �F�K�@. 

�K�j �k�l�d�i�r�d�k�\�h �l�\�]�j�n�w �Q�D�N �l�\�c�`�a�g�{�z�n �i�\ �n�l�d �_�l�o�k�k�w: �k�a�l�^�d�s�i�w�a, �^�n�j�l�d�s�i�w�a �d 
�n�j�k�g�d�^�i�w�a �y�g�a�h�a�i�n�w (�L�d�m�o�i�j�f 4). �K�a�l�^�d�s�i�w�a �Q�D�N (�_�\�g�x�^�\�i�d�s�a�m�f�d�a �y�g�a�h�a�i�n�w) �m�j�`�a�l�b�\�n 
�\�f�n�d�^�i�w�a �^�a�u�a�m�n�^�\ �i�\ �y�g�a�f�n�l�j�`�\�q, �\ �k�j�m�g�a �d�q �k�j�g�i�j�_�j �l�\�m�q�j�`�j�^�\�i�d�{ �d�m�n�j�s�i�d�f�d �k�l�a�f�l�\�u�\�z�n 
�m�^�j�z �l�\�]�j�n�o �d �n�l�a�]�o�z�n �c�\�h�a�i�w �i�j�^�w�h�d. �>�n�j�l�d�s�i�w�a �Q�D�N (�\�f�f�o�h�o�g�{�n�j�l�w) �k�j�m�g�a 
�l�\�m�q�j�`�j�^�\�i�d�{ �\�f�n�d�^�i�w�q �h�\�m�m (�l�\�c�l�{�`�\) �h�j�_�o�n �]�w�n�x �k�l�d�^�a�`�a�i�w �  ̂ �l�\�]�j�s�a�a �m�j�m�n�j�{�i�d�a 
�k�l�j�k�o�m�f�\�i�d�a�h �y�g�a�f�n�l�d�s�a�m�f�j�_�j �n�j�f�\ �s�a�l�a�c �y�g�a�h�a�i�n �  ̂ �j�]�l�\�n�i�j�h �i�\�k�l�\�^�g�a�i�d�d. �K�l�a�d�h�o�u�a�m�n�^�j 
�\�f�f�o�h�o�g�{�n�j�l�j�^ �k�a�l�a�` �k�a�l�^�d�s�i�w�h�d �y�g�a�h�a�i�n�\�h�d �c�\�f�g�z�s�\�a�n�m�{ �  ̂�n�j�h, �s�n�j �d�q �\�f�n�d�^�i�w�a �^�a�u�a�m�n�^�\ 
�h�j�_�o�n �l�\�]�j�n�\�n�x �m�j�n�i�d �d �n�w�m�{�s�d �r�d�f�g�j�^.  

 

 
 

�L�d�m�o�i�j�f 4 " �M�q�a�h�\ �f�g�\�m�m�d�p�d�f�\�r�d�d �Q�D�N 
 
�@�g�{ �^�w�]�j�l�\ «�d�`�a�\�g�x�i�w�q» �y�g�a�f�n�l�j�q�d�h�d�s�a�m�f�d�q �m�d�m�n�a�h �m �^�w�m�j�f�j�e �m�k�j�m�j�]�i�j�m�n�x�z 

�i�\�f�j�k�g�a�i�d�{ �d�m�k�j�g�x�c�o�z�n�m�{ �m�g�a�`�o�z�u�d�a �f�l�d�n�a�l�d�d �^�w�]�j�l�\: 
- �q�d�h�d�s�a�m�f�\�{ �y�i�a�l�_�d�{ �m�^�{�c�d �f�j�h�k�j�i�a�i�n�j�^ �  ̂�l�a�\�f�r�d�d, �n.�a. �d�q �q�d�h�d�s�a�m�f�j�a �m�l�j�`�m�n�^�j �`�j�g�b�i�j 

�]�w�n�x �f�\�f �h�j�b�i�j �]�j�g�x�t�a, �s�n�j�]�w �k�j�g�o�s�d�n�x �^�w�m�j�f�d�e �k�j�f�\�c�\�n�a�g�x �i�\�k�l�{�b�a�i�d�{ �  ̂�\�f�f�o�h�o�g�{�n�j�l�a. 
- �f�j�h�k�j�i�a�i�n�w �l�a�\�f�r�d�d �`�j�g�b�i�w �d�h�a�n�x �i�\�d�h�a�i�x�t�o�z �\�n�j�h�i�o�z �h�\�m�m�o, �  ̂ �n�j �^�l�a�h�{ �f�\�f 

�i�\�f�\�k�g�d�^�\�a�h�\�{ �y�i�a�l�_�d�{ �`�j�g�b�i�\ �]�w�n�x �i�\�d�]�j�g�x�t�a�e. 
�> �n�\�]�g�d�r�a 2 �k�l�a�`�m�n�\�^�g�a�i �i�\�]�j�l �q�d�h�d�s�a�m�f�d�q �y�g�a�h�a�i�n�j�^, �f�j�n�j�l�w�a �h�j�_�o�n �y�n�j �j�]�a�m�k�a�s�d�n�x. 

�>�a�l�q�i�d�e �l�{�  ̀ " �^�j�`�j�l�j� ̀ �d �g�a�_�f�d�a �h�a�n�\�g�g�w, �m�l�a�`�d �f�j�n�j�l�w�q �k�j �^�m�a�h �k�\�l�\�h�a�n�l�\�h �^�w�`�a�g�{�a�n�m�{ 
�g�d�n�d�e. 

�I�\  �k�l�\�f�n�d�f�a �b�a �i�a �^�m�a�_�`�\ �o�`�\�a�n�m�{ �m�k�l�\�^�d�n�x�m�{ �m �f�j�h�]�d�i�\�r�d�a�e �m�d�g�x�i�j�_�j �j�f�d�m�g�d�n�a�g�{ �d 
�m�d�g�x�i�j�_�j �^�j�m�m�n�\�i�j�^�d�n�a�g�{ �  ̂�j�`�i�j�h �d�m�n�j�s�i�d�f�a. 



 

�N�\�]�g�d
 

 
�Q�\�l�\�f

�n�\�]�g�d�r�a 3.
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�N�\�]�g�d
 

�M�d�m�n�a�h�\ 

Zn|ZnCl2, 
NH4Cl|MnO2

Zn|ZnCl2|Mn

Zn|�F�J�I|�Hn�J

Zn|�F�J�I|HgO

Zn|�F�J�I|Ag2
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F2 41
Cl2 10
Br2 35
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�j�f 5 ! �M�l�\�^�i�a

�d�r�\ 3 - �K�\�l

�I�\�k�l
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�s�i�j�a
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1,25

nO2 1,25
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O 1,3-1
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� �̀o�q 1,3-1
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SO2 2,9-2

OCl2 3,5-3

�>�K 2,8-2

�d�g�d�i�`�l�d�s�a�m�f

�>�j�c�h�j�b�i

�I
100 (3,06 B) 
000 (1,36 B) 
54 (1,07 B) 
�\�q �o�f�\�c�\�i�w �i

�d �i�a�f�j�n�j�l�w

�a�i�d�a �o�`�a�g�x�i�j

�\�h�a�n�l�w �k�a�l
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�a 
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/ �>

-1,1/0,9 

-1,1/0,9 

-1,15/0,9 

1,2/0,9 

1,5/1,0 (1

1,1/0,9 (3

1,4/0,9 28

2,7/2,0 

2,6/2,3 

2,7/2,0 

3,2/3,0 32
10

2,6/2 30

�f�d�q �y�g�a�h�a�i�n�j�^

�i�j�m�n�d �\�f�f�o�h
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�h�o�g�d�l�j�^�\�i�d�{

Li
70 (6,07 B)
20 (3,99 B)
16 (3,62 B)
�{ �k�l�d �l�\�c�l�{�b

�l�\�]�j�n�\�z�u�d

       
�j�m�n�d�_�i�o�n�j�e �^
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5 �J�n �i�d�c�f�j
�m�l�a�`�i�a�e

30 �M�l�a�`�i�{�{

25 �M�l�a�`�i�{�{

�M�l�a�`�i�{�{

�I�d�c�f�\�{ 
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�{ �f�j�h�]�d�i�\�r�d
 !  

3588
1830
941 (

�b�a�i�d�d 

�d�q �m�d�m�n�a�h 

   
 �i�\�d�]�j�g�a�a �l�\

 �d�m�n�j�s�i�d�f�j

�{ 
�n�x 

�L�\�]�j�s�\
�n�a�h�k�a�l
�\, °�M 

-5 - 45

�j�e �`�j -10 - 5
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�j�e �`�j -20 - 5

-55 - 7
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�h�a�i�n�j�^ 

�d�e �y�g�a�f�n�l�j�`�j

N�\ 
 (5,62 B) 
 (3,99 B) 
(3,61 B) 

�k�l�a�`�m�n�\�^�g�a

�m�k�l�j�m�n�l�\�i�a�i�i

�j�  ̂�n�j�f�\ 
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�l�\�n�o�l

�L�a�f�j�h
�n�a�h�k�a
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0 

0 

0 

5 

0 

0 

5 

0 

�j� ,̂ �>�n·�s�\�m/�f

4690 (5
1732 (3
755 (2,

�a�i�w �i�\ �l�d�m

  
�i�w�q �k�a�l�^�d�s�i
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1 

�  ̂
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�K�j �m�n�j�d�h�j�m�n�d �k�a�l�^�d�s�i�w�a �d�m�n�j�s�i�d�f�d �h�j�b�i�j �^�w�m�n�l�j�d�n�x �  ̂ �m�g�a�`�o�z�u�d�e �l�{� :̀ 
Zn|NH4Cl|MnO2 < Zn/�^�j�c�`�o�q < Zn|�F�J�I|MnO2 < Li/MnO2 < Li/SOCl2 < Li/SO2 < Ag2O/Zn < 
Li/I 2. �J�`�i�\�f�j �k�j �o�`�a�g�x�i�j�e �m�n�j�d�h�j�m�n�d (�i�\ �a�`�d�i�d�r�o �c�\�k�\�m�a�i�i�j�e �y�i�a�l�_�d�d) �d�m�n�j�s�i�d�f�d �k�d�n�\�i�d�{ 
�]�o�`�o�n �l�\�m�k�j�g�\�_�\�n�x�m�{ �  ̂�`�l�o�_�j�e �l�{� :̀ Zn/�^�j�c�`�o�q < Zn|NH4Cl|MnO2 < Li/SOCl2 < Zn|�F�J�I|MnO2 < 
Li/SO2 < Li/MnO2 < Li/I2 < Ag2O/Zn.  

�K�l�d�^�a�`�a�i�i�w�a �l�{�`�w �d�h�a�z�n �j�r�a�i�j�s�i�w�e �q�\�l�\�f�n�a�l. �L�a�\�g�x�i�\�{ �m�n�j�d�h�j�m�n�x �c�\�^�d�m�d�n �j�n 
�n�d�k�j�l�\�c�h�a�l�\ �d �p�j�l�h�w �d�m�n�j�s�i�d�f�\ �k�d�n�\�i�d�{, �j�]�v�a�h�\ �k�l�j�d�c�^�j�`�m�n�^�\ �d �k�l�j�s�d�q �p�\�f�n�j�l�j�^. 

�S�n�j�]�w �j�n�m�g�a�`�d�n�x �n�a�i�`�a�i�r�d�z �l�\�c�^�d�n�d�{ �Q�D�N �  ̂ �k�j�m�g�a�`�i�d�a �_�j�`�w, �j�]�l�\�n�d�h�m�{ �f �`�\�i�i�w�h 
�j�`�i�j�e �d�c �^�a�`�o�u�d�q �{�k�j�i�m�f�d�q �p�d�l�h ! Matsushita (�n�j�l�_�j�^�\�{ �h�\�l�f�\ Panasonic), �c�\�i�d�h�\�z�u�a�e �k�j 
�l�a�c�o�g�x�n�\�n�\�h 1998 �_�j�`�\ 29% �j�n �k�l�j�d�c�^�j�`�m�n�^�\ �Q�D�N �  ̂�[�k�j�i�d�d (�N�\�]�g�d�r�\ 4 ) 

 
�N�\�]�g�d�r�\ 4 ! �J�]�v�a�h�w �k�l�j�`�\�b �Q�D�N �f�j�h�k�\�i�d�a�e Panasonic 
 

 
 
�J�]�v�a�h �k�l�j�d�c�^�j�`�m�n�^�\ �k�a�l�^�d�s�i�w�q �h�\�l�_�\�i�r�a�^�j-�r�d�i�f�j�^�w�q �Q�D�N �j�m�n�\�a�n�m�{ �i�\ �o�l�j�^�i�a, �j�`�i�\�f�j 

�k�l�j�d�c�j�t�a�g �m�o�u�a�m�n�^�a�i�i�w�e �f�l�a�i �  ̂ �m�n�j�l�j�i�o �u�a�g�j�s�i�w�q �d�m�n�j�s�i�d�f�j�^. �I�\�]�g�z�`�\�a�n�m�{ �o�m�n�j�e�s�d�^�\�{ 
�n�a�i�`�a�i�r�d�{ �k�j �^�w�^�j�`�o �i�d�c�f�j�l�a�i�n�\�]�a�g�x�i�j�_�j �k�l�j�d�c�^�j�`�m�n�^�\ �m�j�g�a�^�w�q �y�g�a�h�a�i�n�j�^ �i�\ �c�\�^�j�`�w �^�i�a 
�[�k�j�i�d�d; 

�`�j�g�{ �k�a�l�^�d�s�i�w�q �g�d�n�d�a�^�w�q �Q�D�N �k�l�\�f�n�d�s�a�m�f�d �i�a �h�a�i�{�a�n�m�{ (1% �  ̂�_�j�)̀, �j�`�i�\�f�j �k�l�j�d�m�q�j�`�d�n 
�o�h�a�i�x�t�a�i�d�a �k�l�j�`�\�b �`�d�m�f�j�^�w�q �y�g�a�h�a�i�n�j�^ (3...5% �  ̂�_�j�)̀; 

�k�l�j�`�\�b�d Ni-Cd �]�\�n�\�l�a�e �d�h�a�z�n �o�m�n�j�e�s�d�^�o�z �n�a�i�`�a�i�r�d�z �f �o�h�a�i�x�t�a�i�d�z (22% �  ̂�_�j�)̀; 
�k�l�j�`�\�b�d Ni-MH �k�j�f�\ �o�^�a�g�d�s�d�^�\�z�n�m�{ ( �k�l�d�h�a�l�i�j12% �  ̂ �_�j�)̀, �i�j  �c�\ �m�s�a�n �m�a�f�n�j�l�\, �l�\�i�a�a 

�c�\�i�d�h�\�a�h�j�_�j Ni-Cd. �K�l�d �y�n�j�h �k�l�j�`�\�b�d �k�l�d�c�h�\�n�d�s�a�m�f�d�q Ni-MH �k�\�`�\�z�n �c�\ �m�s�a�n �d�i�n�a�i�m�d�^�i�j�_�j 
�^�w�n�a�m�i�a�i�d�{ �d�q Li-�d�j�i�i�w�h�d �d Li-�k�j�g�d�h�a�l�i�w�h�d �\�f�f�o�h�o�g�{�n�j�l�\�h�d; 

Li- �d�j�i�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w �c�\�n�j�l�h�j�c�d�g�d �m�^�j�e �l�j�m�n �c�\ �m�s�a�n �k�a�l�a�`�\�s�d �s�\�m�n�d �l�w�i�f�\ �i�j�^�j�e 
�m�d�m�n�a�h�a ! Li- �k�j�g�d�h�a�l, �k�l�d �y�n�j�h �o�^�a�g�d�s�d�^�\�a�n�m�{ �`�j�g�{ �k�l�d�c�h�\�n�d�s�a�m�f�d�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �  ̂
�j�m�i�j�^�i�j�h �d�c-�c�\ �n�l�a�]�j�^�\�i�d�e, �^�w�`�^�d�_�\�a�h�w�q �n�a�g�a�p�j�i�d�a�e; 

�  ̂ �r�a�g�j�h �m�a�f�n�j�l �\�f�f�o�h�o�g�{�n�j�l�j�^ �d�h�a�a�n �j�u�o�n�d�h�o�z �n�a�i�`�a�i�r�d�z �f �l�j�m�n�o �k�l�j�`�\�b (7-10% �  ̂
�_�j�)̀. 

�@�g�{ �\�^�n�j�i�j�h�i�j�_�j �j�]�a�m�k�a�s�a�i�d�{ �y�i�a�l�_�d�a�e �^�m�a �]�j�g�x�t�o�z �l�j�g�x �d�_�l�\�z�n �\�f�f�o�h�o�g�d�l�o�z�u�d�a 
�m�d�m�n�a�h�w, �m�l�a�`�d �f�j�n�j�l�w�q �m�k�j�m�j�] �y�g�a�f�n�l�j�q�d�h�d�s�a�m�f�j�_�j �c�\�k�\�m�a�i�d�{ �{�^�g�{�a�n�m�{ �i�a�k�l�a�^�c�j�e�`�a�i�i�w�h 
�k�j �h�i�j�_�d�h �k�j�f�\�c�\�n�a�g�{�h, �j�m�j�]�a�i�i�j �k�j �c�i�\�s�a�i�d�z �o�`�a�g�x�i�j�e �a�h�f�j�m�n�d �d �y�i�a�l�_�d�d.  

�I�\  �l�d�m�o�i�f�a 6 �k�l�a�`�m�n�\�^�g�a�i�\ �m�j�k�j�m�n�\�^�d�n�a�g�x�i�\�{ �`�d�\�_�l�\�h�h�\ �q�\�l�\�f�n�a�l�d�m�n�d�f �\�f�f�o�h�o�g�{�n�j�l�j�^, 
�d�c �f�j�n�j�l�j�e �n�\�f�b�a �m�g�a�`�o�a�n, �s�n�j �i�\�d�]�j�g�a�a �^�w�`�\�z�u�d�h�d�m�{ �c�i�\�s�a�i�d�{�h�d �a�a �j�]�g�\�`�\�z�n �g�d�n�d�a�^�w�a 
�m�d�m�n�a�h�w. 

�M�^�d�i�r�j�^�w�a �\�f�f�o�h�o�g�{�n�j�l�w, �q�j�n�{ �d �d�h�a�z�n �m�\�h�j�a �h�\�g�j�a �c�i�\�s�a�i�d�a �o�`�a�g�x�i�j�e �y�i�a�l�_�d�d, �a�u�a 
�h�i�j�_�j �g�a�n �]�o�`�o�n �l�\�]�j�n�\�n�x �i�\ �l�w�i�f�a �^�^�d�`�o �d�q �^�w�m�j�f�j�e �h�j�u�i�j�m�n�d.  

�N�\�f�d�h �j�]�l�\�c�j�h, �g�d�n�d�a�^�w�a �d�m�n�j�s�i�d�f�d �n�j�f�\ �q�\�l�\�f�n�a�l�d�c�o�z�n�m�{ �i�\�d�]�j�g�x�t�a�e �n�a�j�l�a�n�d�s�a�m�f�j�e 
�o�`�a�g�x�i�j�e �y�g�a�f�n�l�d�s�a�m�f�j�e �y�i�a�l�_�d�a�e. �>�n�j�l�d�s�i�w�a �d�m�n�j�s�i�d�f�d �n�j�f�\ �i�\ �j�m�i�j�^�a  �g�d�n�d�{ �j�]�g�\�`�\�z�n 
�^�w�m�j�f�d�h �l�\�c�l�{�`�i�w�h �i�\�k�l�{�b�a�i�d�a�h �d �c�i�\�s�d�n�a�g�x�i�j�e �a�h�f�j�m�n�x�z. 

�O�`�a�g�x�i�w�a �q�\�l�\�f�n�a�l�d�m�n�d�f�d �g�d�n�d�e-�d�j�i�i�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �k�j �f�l�\�e�i�a�e �h�a�l�a �^�`�^�j�a 
�k�l�a�^�w�t�\�z�n �\�i�\�g�j�_�d�s�i�w�a �k�j�f�\�c�\�n�a�g�d �i�d�f�a�g�x-�f�\�`�h�d�a�^�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �d �q�j�l�j�t�j 
�q�\�l�\�f�n�a�l�d�c�o�z�n �m�a�]�{ �k�l�d �l�\�]�j�n�a �  ̂ �m�l�a�`�i�d�q �l�a�b�d�h�\�q, �s�n�j �i�a�j�]�q�j�`�d�h�j, �i�\�k�l�d�h�a�l, �k�l�d 
�d�m�k�j�g�x�c�j�^�\�i�d�d �`�\�i�i�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �  ̂ �m�j�n�j�^�w�q �n�a�g�a�p�j�i�\�q �d �k�j�l�n�\�n�d�^�i�w�q �f�j�h�k�x�z�n�a�l�\�q. 
�G�d�n�d�e-�d�j�i�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w �d�h�a�z�n �`�j�m�n�\�n�j�s�i�j �i�d�c�f�d�e �m�\�h�j�l�\�c�l�{�` (2-5% �  ̂�h�a�m�{�r). 



 

 
�J�s�a�i�x

�j�n�i�j�m�d�n�a�g
�j�`�d�i�\�f�j��̂j

�I�\�d�]�j
�k�j�g�o�s�d�g�d 

 
�N�\�]�g�d
 

�I�j�h�d�i

�S�o�^�m�n

 
�N�a�i�`�a

(�n�\�]�g�d�r�\ 6
�G�d�n�d�e

�l�w�i�f�a. �M�j
�`�j�l�j�_�j�e �h
�g�a�n. 

�I�\�d�]�j
�c�i�\�f�j�h�w�q 
�y�g�a�h�a�i�n�\. 
�i�\ �y�n�o �n�a�q

�L�d

�x �^�\�b�i�j
�g�x�i�\�{ �m�n�j�d�h
�j�e �a�h�f�j�m�n�d
�j�g�a�a �`�a�t�a
�i�\�d�]�j�g�x�t�a

�d�r�\ 5 ! �M�l�\

 
�M�n�j�d�h�j�m�n�x 
�Y�f�j�g�j�_�d�s�i�j
�<�i�j�  ̀ 
�F�\�n�j�`  
�Y�g�a�f�n�l�j�g�d�n
�i�\�g�x�i�j�a �i�\�k
�J�]�v�a�h�i�\�{ �y
�O�`�a�g�x�i�\�{ �y�i
�N�j�f �l�\�c�l�{�`�\
�I�d�b�i�{�{ �n�a�h
�>�a�l�q�i�{�{ �n�a�h
�M�\�h�j�l�\�c�l�{�`
�F�j�g�d�s�a�m�n�^�j

�n�^�d�n�a�g�x�i�j�m�n�x
�=�a�c�j�k�\�m�i�j�m

�a�i�r�d�d �l�\�c�^
6): 
�e-�d�j�i�i�w�a �\
�j�^�a�l�t�a�i�m�n�^

�h�\�n�a�l�d�\�g �h�j

�j�g�a�a �k�a�l�m
�i�\�h �g�d�n�d

�> �i�\�m�n�j�{�u
�i�j�g�j�_�d�z.  

�d�m�o�i�j�f 6 ! �M�l

�e �q�\�l�\�f
�h�j�m�n�x 1 �>�n

�d.  
�a�^�w �  ̂ �d�m�k
�a�a �l�\�m�k�l�j�m�n

�\�^�i�a�i�d�a �i�d�f

�j�`�i�j�_�j  �<·�s
�j�m�n�x 

�n  
�k�l�{�b�a�i�d�a, �>
�y�i�a�l�_�d�{, �>�n·
�i�a�l�_�d�{, �>�n·�s
�\, �h�\�f�m, �< 
�h�k�a�l�\�n�o�l�\, �j

�h�k�a�l�\�n�o�l�\, �j

� ,̀ % �  ̂�h�a�m�{�r
�j �r�d�f�g�j�^ 
�x �f �k�a�l�a�c�\�l�{
�n�x 

� �̂d�n�d�{ �\�f�f�o�h

�\�f�f�o�h�o�g�{�n�j
� �̂j�^�\�i�d�a �n�a
�j�b�a�n �k�l�d�^�a

�m�k�a�f�n�d�^�i�j�e
�d�a�^�w�q �l�a�\
�u�a�a �^�l�a�h�{ 

�l�\�^�i�a�i�d�a �o��̀a

�n�a�l�d�m�n�d�f�j�e
�n . �s �y�i�a�l�_�d

�k�j�g�x�c�j�^�\�i�d�d
�n�l�\�i�a�i�d�a. 

�f�a�g�x-�f�\�`�h�d

�s 
Cd

�> 
�s/�g 
�s/�f�_ 

�j�M 
�j�M 

�r 

�{�`�o 
�=�a

�h�o�g�d�l�o�z�u

�j�l�w �{�^�g�{�z
�a�q�i�j�g�j�_�d�d 
�a�m�n�d �f �o�h�a�i

�e �d�c �m�j�^�l
�\�f�r�d�e �d �m
�]�j�g�x�t�d�i�m�n

145

�a�g�x�i�w�q �y�i�a�l�_

�e �\�f�f�o�h
�d�d, �k�j�g�o�s�a

�d �m�^�d�i�r�j�^

�d�a�^�w�q, �h�a�n�\

Ni-C
�I�d�c�f

d �n�j�f�m�d�s�a�i
Cd(OH)
Ni(OH)
�U�a�g�j�s�x
1,2 

120"
40"

10�M
-40
70

15-2
100

�I�d�c�f
�a�c �c�\�h�a�s�\�i�d�e

�u�d�q �m�d�m�n�a�h

�z�n�m�{ �i�\�d�]�j
�k�l�j�d�c�^�j�`�m

�i�x�t�a�i�d�z �d�q

�l�a�h�a�i�i�w�q 
�m�j�c�`�\�i�d�a �i
�n�^�j �k�l�j�d�c�^

�_�d�e �l�\�c�g�d�s�i�w

�o�g�{�n�j�l�j�^ 
�i�i�j�e �j�n �l�\

� �̂j-�f�d�m�g�j�n�i�w

�\�g�g-�_�d�`�l�d�`

Cd 
�f�\�{  

�I�a �j
)2

2

�x   

" 150 
" 55 

�M 
0 
0 
20 
00 
�f�\�{ 
�e �>�j�c

�^�j�c�_
�k�l�j

�h �q�j�l�j�t�j �^

�j�g�a�a �`�j�l�j�_�d
�m�n�^�\ �d �c�\�h
�q �m�n�j�d�h�j�m�n

�n�a�q�i�j�g�j�_�d
�i�\ �d�q �j�m�i
� �̂j�`�d�n�a�g�a�e 

 
�w�q �^�n�j�l�d�s�i�w�q

�{�^�g�{�a�n�m�{
�\�c�g�d�s�i�w�q �n

�w�a �\�f�f�o�h�o

� �̀i�w�q �d �g�d�n�d

Ni-MH
�M�l�a�`�i�{

�j�k�l�a�`�a�g�a�i�\ 
�<�> 5 

Ni(OH)
�U�a�g�j�s

1,2 
250"3 0
60"8 0

4�M 
-20 
50 
30 

1000 
�M�l�a�`�i�{

�h�j�b�i�j 
�_�j�l�\�i�d�a �k
�f�j�g�a 

� �̂d�`�i�w �k�j �`

�d�h�d �d�c � �̀j
�a�i�\ �j�f�m�d�`�\
�n�x �i�\ 50% �^

�d�e �m�s�d�n�\�a�n
�i�j�^�a �g�d�n�d�e
�\�f�f�o�h�o�g�{�n�j

�q �m�d�m�n�a�h 

�{ �j�l�d�a�i�n
�n�d�k�j�^ �\�f�f�o

�o�g�{�n�j�l�w, �f

�d�a�^�w�q �m�d�m�n

H 
�{�{  

�I�a �j�k

)2 
�s�x �J�l�_�\�i

00 
0 

�{�{ 

�k�l�d 
�N�l�a�]�o
�^�i�o�n�l
�y�g�a�f�n�l
�o�m�n�l�j

� �̀d�i�\�h�d�f�a �d

�j�m�n�o�k�i�w�q �m
�\ �f�j�]�\�g�x�n�\
�  ̂�n�a�s�a�i�d�a �]

�n�m�{ �`�j�l�\�]
�e-�n�^�a�l�`�j�k�j
�n�j�l�j�  ̂ �k�a�l�a�f

�n�d�l�j�^�j�s�i�\�{
�o�h�o�g�{�n�j�l�j�^

�f�j�n�j�l�w�a �d

�n�a�h 

Li- �d�j�i 
�>�w�m�j�f�\�{ 

�k�l�a�`�a�g�a�i�\ 
�?�l�\�p�d�n 
LiCoO2

�i�d�s�a�m�f�d�e  
3,7 

280"320
110"130

2�M 
-20 
60 
10 

1000 
�>�w�m�j�f�\�{

�o�a�n 
�l�a�i�i�d�q 
�l�j�i�i�w�q 

�j�e�m�n�^ 

�d�q �k�l�j�`�\�b

�m�a�_�j�`�i�{ �i�\
�\ �i�\ �h�a�i�a�a
�]�g�d�b�\�e�t�d�q

�]�j�n�f�\ �o�b�a
�g�d�h�a�l�i�j�_�j
�f�g�z�s�\�z�n�m�{

�{ 
�  ̂

�d 

�b 

�\ 
�a 
�q 

�a 
�j 
�{ 
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�N�\�]�g�d�r�\ 6 - �M�n�l�o�f�n�o�l�\ �l�w�i�f�\ �k�j �l�\�c�g�d�s�i�w�h �m�d�m�n�a�h�\�h �  ̂2000 �d 2010 �_.�_.  
 

 2000 2010 

�J�]�v�a�h �l�w�i�f�\ �  ̂�h�g�l�.̀ �`�j�g�g. �M�T�< 27 45 

�M�^�d�i�r�j�^�j-�f�d�m�g�j�n�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w 80% 53% 

Li- �d�j�i�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w 8% 11% 

NiMn �\�f�f�o�h�o�g�{�n�j�l�w 4% 29% 

NiCd �\�f�f�o�h�o�g�{�n�j�l�w 7% 5% 

�@�l�o�_�d�a �\�f�f�o�h�o�g�{�n�j�l�w 1% 1% 
 
�N�j�_�`�\ �f�\�f �  ̂�n�l�\�`�d�r�d�j�i�i�w�q �g�d�n�d�e-�d�j�i�i�w�q �y�g�a�h�a�i�n�\�q �d�m�k�j�g�x�c�o�a�n�m�{ �b�d�`�f�d�e �y�g�a�f�n�l�j�g�d�n, �  ̂

�n�^�a�l�`�j�k�j�g�d�h�a�l�i�w�q �y�g�a�h�a�i�n�\�q �y�g�a�f�n�l�j�g�d�n �c�\�k�a�s�\�n�\�i �  ̂�k�j�g�d�h�a�l�i�o�z �k�g�\�m�n�d�f�j�^�o�z �k�l�j�f�g�\�`�f�o, 
�i�\�q�j�`�{�u�o�z�m�{ �h�a�b�`�o �y�g�a�f�n�l�j�`�\�h�d �\�f�f�o�h�o�g�{�n�j�l�\.  

�> �f�\�s�a�m�n�^�a �y�g�a�f�n�l�j�g�d�n�\ �n�\�f�d�a �y�g�a�h�a�i�n�w �d�m�k�j�g�x�c�o�z�n �k�j�g�d�h�a�l�i�w�a �f�j�h�k�j�c�d�r�d�j�i�i�w�a 
�h�\�n�a�l�d�\�g�w �m �m�j�`�a�l�b�\�i�d�a�h �m�j�g�a�e �g�d�n�d�{. �N�\�f �f�\�f �y�n�j �^�j�^�m�a �i�a �b�d�`�f�j�m�n�x, �\ �n�^�a�l�`�w�e �h�\�n�a�l�d�\�g, 
�i�j�^�w�a �]�\�n�\�l�a�e�f�d �i�a �n�l�a�]�o�z�n �_�l�j�h�j�c�`�f�d�q �r�d�g�d�i�`�l�d�s�a�m�f�d�q �f�j�l�k�o�m�j�^, �f�\�f �o �n�l�\�`�d�r�d�j�i�i�w�q 
�y�g�a�h�a�i�n�j�^. �>�h�a�m�n�j �y�n�j�_�j �y�g�a�h�a�i�n�w �k�l�j�d�c�^�j�`�{�n�m�{ �  ̂�p�j�l�h�a �k�g�j�m�f�d�q �h�i�j�_�j�_�l�\�i�i�d�f�j�^, �f�j�n�j�l�w�a 
�g�a�_�s�a �o�h�a�u�\�z�n�m�{ �  ̂�]�\�n�\�l�a�e�i�w�a �j�n�m�a�f�d �i�j�o�n�]�o�f�j�^.  

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

�G�d�n�d�e-�b�a�g�a�c�j�`�d�m�o�g�x�p�d�`�i�w�a �y�g�a�h�a�i�n�w �g�a�_�f�j �^�w�`�a�l�b�d�^�\�z�n �]�j�g�x�t�d�a �i�\�_�l�o�c�f�d. �J�i�d 
�h�j�_�o�n �k�d�n�\�n�x �h�j�u�i�w�a �o�m�n�l�j�e�m�n�^�\ �`�j�g�x�t�a �u�a�g�j�s�i�w�q �y�g�a�h�a�i�n�j�^ �n�\�f�j�_�j �b�a �l�\�c�h�a�l�\. 

�> �r�a�g�j�h, �`�j�m�n�d�_�i�o�n�w�e �o�l�j�^�a�i�x �G�D�< �q�\�l�\�f�n�a�l�d�c�o�a�n�m�{ �m�g�a�`�o�z�u�d�h�d �k�j�f�\�c�\�n�a�g�{�h�d: 
 
 

�L�\�c�l�{�`�i�j�a �i�\�k�l�{�b�a�i�d�a 3.5 ! 3.7 �> 
�L�a�m�o�l�m 500 ! 1000 �r�d�f�g�j�^ 
�O�`�a�g�x�i�\�{ �y�i�a�l�_�d�{ 100 ! 160 �>�n·�s/�f�_ �d�g�d 250 ! 360 �<·�s/�g 
�M�\�h�j�l�\�c�l�{�` 6 ! 10% �  ̂�h�a�m�{�r 
�@�d�\�k�\�c�j�i �n�a�h�k�a�l�\�n�o�l !20 ÷ +600�M 
�H�\�f�m�d�h�\�g�x�i�w�e �n�j�f �l�\�c�l�{�`�\ 2�M 
�I�d�b�i�d�e �k�j�l�j�_ �i�\�k�l�{�b�a�i�d�{ 2.5 �d�g�d 2 �> 

 
�F�j�i�m�n�l�o�f�n�d�^�i�j Li-ion �\�f�f�o�h�o�g�{�n�j�l�w, �f�\�f �d �u�a�g�j�s�i�w�a (Ni-Cd, Ni-MH), �k�l�j�d�c�^�j�`�{�n�m�{ �  ̂

�r�d�g�d�i�`�l�d�s�a�m�f�j�h �d �k�l�d�c�h�\�n�d�s�a�m�f�j�h �^�\�l�d�\�i�n�\�q. �> �r�d�g�d�i�`�l�d�s�a�m�f�d�q �\�f�f�o�h�o�g�{�n�j�l�\�q �m�^�a�l�i�o�n�w�e 
�  ̂�^�d�`�a �l�o�g�j�i�\ �k�\�f�a�n �y�g�a�f�n�l�j�`�j�^ �d �m�a�k�\�l�\�n�j�l�\ �k�j�h�a�t�a�i �  ̂�m�n�\�g�x�i�j�e �d�g�d �\�g�z�h�d�i�d�a�^�w�e �f�j�l�k�o�m, 
�m �f�j�n�j�l�w�h �m�j�a�`�d�i�a�i �j�n�l�d�r�\�n�a�g�x�i�w�e �y�g�a�f�n�l�j�`. �K�j�g�j�b�d�n�a�g�x�i�w�e �k�j�g�z�m �\�f�f�o�h�o�g�{�n�j�l�\ �^�w�^�a�`�a�i 
�s�a�l�a�c �d�c�j�g�{�n�j�l �i�\ �f�l�w�t�f�o (�l�d�m�o�i�j�f 7). �K�l�d�c�h�\�n�d�s�a�m�f�d�a �\�f�f�o�h�o�g�{�n�j�l�w �k�l�j�d�c�^�j�`�{�n�m�{ 
�m�f�g�\�`�w�^�\�i�d�a�h �k�l�{�h�j�o�_�j�g�x�i�w�q �k�g�\�m�n�d�i �`�l�o�_ �i�\ �`�l�o�_�\. �K�l�d�c�h�\�n�d�s�a�m�f�d�a �\�f�f�o�h�o�g�{�n�j�l�w 
�j�]�a�m�k�a�s�d�^�\�z�n �]�j�g�a�a �k�g�j�n�i�o�z �o�k�\�f�j�^�f�o �  ̂ �\�f�f�o�h�o�g�{�n�j�l�i�j�e �]�\�n�\�l�a�a, �i�j  �n�l�o�`�i�a�a, �s�a�h �  ̂
�r�d�g�d�i�`�l�d�s�a�m�f�d�q, �k�j�`�`�a�l�b�d�^�\�n�x �m�b�d�h�\�z�u�d�a �o�m�d�g�d�{ �i�\ �y�g�a�f�n�l�j�`�w. �> �i�a�f�j�n�j�l�w�q 
�k�l�d�c�h�\�n�d�s�a�m�f�d�q �\�f�f�o�h�o�g�{�n�j�l�\�q �k�l�d�h�a�i�{�a�n�m�{ �l�o�g�j�i�i�\�{ �m�]�j�l�f�\ �k�\�f�a�n�\ �y�g�a�f�n�l�j�`�j�^, �f�j�n�j�l�w�e 
�m�f�l�o�s�d�^�\�a�n�m�{ �  ̂ �y�g�g�d�k�n�d�s�a�m�f�o�z �m�k�d�l�\�g�x. �Y�n�j �k�j�c�^�j�g�{�a�n �j�]�v�a�`�d�i�d�n�x �`�j�m�n�j�d�i�m�n�^�\ �`�^�o�q 
�j�k�d�m�\�i�i�w�q �^�w�t�a �h�j�`�d�p�d�f�\�r�d�e �f�j�i�m�n�l�o�f�r�d�d.  

 



 

 
       �@�g�{ �k
�j�]�{�c�\�n�a�g�x�i
�^�j�c�h�j�b�i�j
�s�l�a�c�h�a�l�i�j
�f�j�i�m�n�l�o�f�r
�\�]�m�j�g�z�n�i�j
�i�a�`�j�k�o�m�n�d
�\�k�k�\�l�\�n�o�l
�j�f�l�o�b�\�z�u
�y�g�a�f�n�l�j�g�d
�y�i�a�l�_�a�n�d�s
�^�j�c�h�j�b�i�j
�]�w�g�d �`�j�m�n
�y�g�a�f�n�l�j�g�d
�d�m�n�j�s�i�d�f�\
�_�j�`�\�q. �D�c�o
�b�d�`�f�j�p�\�c�i
�y�g�a�h�a�i�n�j�^
�j�m�j�]�a�i�i�j�m

 
�N�\�]�g�d
  

�Q

�L
�F
�O
�>
 
�J

�@
�n

�M
 
�G�d�n�d�a

�m �]�j�g�a�a � �̀a
�f�\�g�x�f�o�g�{�n

�k�j�^�w�t�a�i�d�{
�i�j �k�l�d�h�a�i
�m�n�x �k�a�l�a�c�\
�j�_�j �l�\�c�j�_�l
�r�d�{ �^�m�a�q �k�a
�j�e �_�a�l�h�a�n
�d�h�j�m�n�x�z �^
�l�o), �n�\�f �d �i
�u�a�e �m�l�a�`�w
�d�n�\ �d �k�j�g�i�j
�a�m�f�d�h�d �q
�m�n�a�e �]�w�g�d 
�n�d�_�i�o�n�w �k�l
�d�n�j�h. �K�a�l�^
�\�q �n�j�f�\ �k�j�{
�o�s�\�g�d�m�x �d�m
�i�w�h�d �f�\�n�j

�  ̂ �]�j�g�a�a �^�m�a
�m�n�d �d �k�j�f�\�c

�d�r�\ 7 - �G�d�n

�Q�\�l�\�f�n�a�l�d�m�n�d

�L�\�]�j�s�a�a �i�\�k�l
�F�j�i�a�s�i�j�a �i�\�k
�O�`�a�g�x�i�\�{ 
�>�a�m�j�^�\�{, 

�J�]�v�a�h�i�\�{, �>�n

�@�d�\�k�\�c�j�i 
�n�a�h�k�a�l�\�n�o�l, °

�M�\�h�j�l�\�c�l�{�`, 

�a�^�w�a �]�\�n�\�l
�a�t�a�^�w�h�d �y�g
�n�j�l�\�q, �`�g�{ 

�L�d�m�o�i�j�f 7 -

�{ �]�a�c�j�k�\�m�i
�{�a�n�m�{ �n�\�f�b
�\�l�{�`�\ �d �k
�l�a�^�\. �F�j�i�m
�a�l�^�d�s�i�w�q �d
�d�s�i�j�m�n�x�z. 
� �̂w�n�a�f�\�i�d�{ 
�i�a�`�j�k�o�m�n�d�h

�w. �F�d�m�g�j�l�j
�j�m�n�x�z �^�w�^�j
�q�\�l�\�f�n�a�l�d�m�n
�l�\�c�l�\�]�j�n�\�i

�l�d �l�\�c�l�\�]�j�n
� �̂w�a �l�\�]�j�n�w
�{�^�d�g�d�m�x �  ̂
�m�n�j�s�i�d�f�d �n
�j�`�i�w�h�d �h�\�n
�a�_�j �l�\�m�k�l�j
�c�\�i�w �l�\�]�j�s�d

�d�a�^�w�a �y�g�a�h

�d�f�d 
�I�L�R 

�l�{�b�a�i�d�a, �> 
�k�l�{�b�a�i�d�a, �> 

�y�i�a�l�_�d�{: 
�>�n�s/�f�_ 

�n�s/�g 

�l�\�]�j�s�d�q 
°�M 

% �  ̂�_�j� ̀

�l�a�e�f�d �  ̂�i�\�m
�g�a�h�a�i�n�\�h�d 

�c�\�u�d�n�w 

�O�m�n�l�j�e�m�n�^�j 

�j�m�n�d �y�f�m�k�g
�b�a �d �^�i�a�t�i
�a�l�a�l�\�c�l�{�`�\
�n�l�o�f�r�d�{ L
�d�m�n�j�s�i�d�f�j�^

�N�l�a�]�j�^�\�i
�b�d�`�f�j�_�j

�h�j�m�n�x�z �k�j�k
�j�  ̀ �d �k�\�l�w
�j�`�{�n �\�f�f�o�h
�n�d�f�\�h�d �d
�i�w �k�l�d �j�n�f
�n�f�a �k�a�l�^�d�s�i
�w �k�j �k�l�d�h
�i�\�s�\�g�a XX

�n�j�f�\ �m �n�^�a�l
�n�a�l�d�\�g�\�h�d 

�j�m�n�l�\�i�a�i�i�w
�d�a �q�\�l�\�f�n�a�l

�h�a�i�n�w �l�\�c�g

Li/MnO2 
3,5 
3,0 
2,0 

 
�`�j 250 

500 

-
20 - +55 

2-2,5 

�m�n�j�{�u�a�a �^�l�a
�m �^�j�`�i�w�h 
�k�\�h�{�n�d �d�i
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�g�d�n�d�e-�d�j�i�i�j

�g�o�\�n�\�r�d�d L
�i�{�{ �y�g�a�f�n�l�j
�\ �f�\�b�`�j�_�j 
Li-ion �d �`
�  ̂ �n�j�f�\ ("�]�\

�i�d�a �\�]�m�j�g�z
�j �y�g�a�f�n�l�j�g
�k�\�`�\�i�d�{ �  ̂
�w �^�j�`�w �l�a
�h�o�g�{�n�j�l �d�c 
�d �l�\�m�t�d�l
�f�\�c�a �j�n �^�j��̀i
�i�w�q �g�d�n�d�a�^
�h�a�i�a�i�d�z �g
X �^�a�f�\, �i�j  �l
�l�`�j�p�\�c�i�w�h
(SO2 �d SO

�w�q �m�d�m�n�a�h �k
�l�d�m�n�d�f�d.  

�g�d�s�i�w�q �y�g�a�f

Li/SO2 
3,0 
2,6-2,9 
2,2 

 
300-340 

500-560 

-
60 - +70 

1-2 

�a�h�{ �  ̂�l�{� �̀a
�y�g�a�f�n�l�j�g�d�n

�i�n�a�_�l�\�g�x�i�w

�j�_�j (Li-ion) �\�f

Li-ion �\�f�f�o
�j�i�i�\�{ �c�\�u�d

�\�f�f�o�h�o�g�{
� �̀l�o�_�d�q �g�d�n
�\�n�\�l�a�a�f") �m
�z�n�i�j�e �_�a�l
�g�d�n�\ (�j�n�l
�\�f�f�o�h�o�g�{�n
�a�\�_�d�l�o�z�n 
�m�n�l�j�{. �D�m�n
�a�i�i�w�h � �̀d
�i�w�q �y�g�a�f�n�l
� �̂w�q �y�g�a�h�a�i
�g�d�n�d�{ �  ̂ �f�\
�l�a�\�g�x�i�j�a �l
�d (MnO2, C

OCl2). �J�m�i�j�^
�k�j�f�\�c�\�i�w �^

�f�n�l�j�q�d�h�d�s

Li/SOCl2 L
3,67 3
3,3-3,5 -
2,2 2

 
�`�j 600 

�`�j 1100 6

-
50 - +70 
(�`�j 130) 
1,5-2 1

 �j�]�g�\�m�n�a�e �n
�n�j�h. �D�q �k�l

�w�q �m�q�a�h, �^

�f�f�o�h�o�g�{�n�j�l�\ 

�o�h�o�g�{�n�j�l�j�^
�d�n�\, �r�a�g�x �f
�n�j�l�\, �f�j�l�j
�n�d�a�^�w�q �\�f�f
�m �g�d�n�d�a�^�w�h
�h�a�n�d�s�i�j�m�n
�d�r�\�n�a�g�x�i�j 

�n�j�l �f�d�m�g�j�l�j
�m �h�\�n�a�l�d�\

�n�j�s�i�d�f�d �n�j
�d�\�k�\�c�j�i�j�h 
�j�g�d�n�j�^. �M�\
�i�n�j� ̂�m �j�l�_�\
�\�s�a�m�n�^�a �\�i
�l�\�c�^�d�n�d�a �j�i
CuO, I2, CF
� �̂i�w�a �q�\�l�\�f
�  ̂ �n�\�]�g�d�r�a 

�s�a�m�f�d�q �m�d�m�n

Li/CFx Li/C
3,3 1,6 

1,2-
2,0 0,9-

250 30

600 600

-
20 - 
+60 

10
+7

1-2 1-2 

�n�a�q�i�d�f�d �o�m
�l�d�h�a�i�{�z�n �^
�  ̂ �d�c�h�a�l�d�n

 

�  ̂ �  ̂ �m�j�m�n�\�^
�f�j�n�j�l�j�e �i�a 
�j�n�f�j�_�j �c�\�h

�f�f�o�h�o�g�{�n�j�l
�h �\�i�j�`�j�h, �j
�n�d �j�k�l�a�`�a�g

�`�a�e�m�n�^�o�z
�j�`�\ �d �k�\�l�j
�\�g�\�h�d �y�g�a�f

�j�f�\ �m �]�j�g�a�a 
�y�f�m�k�g�o�\�n

�\�h�w�a �]�j�g�x�t
�\�i�d�s�a�m�f�d�h 
�i�j�`�i�j�_�j �h�\
�i�d �k�j�g�o�s�d�g
Fx, FeS2 �d
�f�n�a�l�d�m�n�d�f�d
7, �i�d�b�a �j�k

�n�a�h 

CuO Li/I2 
2,8 

-1,5 
-1,0 2,2 

 
00 - 

0 �`�j 
1000 

-
0 - 
70 

10 - 
+60 

1 

�m�k�a�t�i�j �f�j�i
�  ̂�s�\�m�\�q, �p�j�n
�n�a�g�x�i�w�q �k�l

� �̂a �]�\�n�\�l�a�d
�`�j�k�o�m�n�d�n�x

�h�w�f�\�i�d�{ �d
�l�j� ,̂ �f�\�f �d
�j�n�g�d�s�\�a�n�m�{
�g�{�a�n�m�{ �f�\�f
�z�u�a�_�j �i�\
�j�  ̂ �^�j�`�w �d�c
�f�n�l�j�`�j� ̂ �d
�^�w�m�j�f�d�h�d

�n�\�r�d�j�i�i�w�q
�t �d�a �o�m�k�a�q�d
�d �n�^�a�l�`�w�h

�\�n�a�l�d�\�g�\ �^
�g�d �  ̂ 60-�w�q
 �`�l�o�_�d�a) �d

�d �g�d�n�d�a�^�w�q
�k�d�m�\�i�w �d�q

- 

 

-

�i�f�o�l�d�l�o�z�n
�n�j�f�\�h�a�l�\�q,
�l�d�]�j�l�\�q �d

�d 
�x 
�d 
�d 
�{ 
�f 
�\ 
�c 
�d 
�d 
�q 
�d 
�h 
�  ̂
�q 
�d 
�q 
�q 

�n 
, 

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

�M�o�u�a�m�n�^�o�z�n �d �h�j�u�i�w�a �d�m�n�j�s�i�d�f�d �n�j�f�\, �m�k�j�m�j�]�i�w�a �f �j�n�`�\�s�a �d�h�k�o�g�x�m�j�^ �]�j�g�x�t�j�e 
�y�i�a�l�_�d�d �`�\�b�a �k�j�m�g�a 10-12 �g�a�n �q�l�\�i�a�i�d�{.  

�?�g�j�]�\�g�x�i�w�e �l�w�i�j�f �\�f�f�o�h�o�g�{�n�j�l�j�^ �j�r�a�i�d�^�\�a�n�m�{ �  ̂ $50 �h�g�l�.̀ �> 2010 �_. �l�w�i�j�f �g�d�n�d�a�^�w�q 
�\�f�f�o�h�o�g�{�n�j�l�j�^ �j�r�a�i�d�^�\�g�m�{ �  ̂$878 �h�g�i., �i�j  �m�j�_�g�\�m�i�j �k�l�j�_�i�j�c�\�h Pike Research  �  ̂2015 �_. �y�n�j�n 
�k�j�f�\�c�\�n�a�g�x �]�o�`�a�n �o�b�a �l�\�^�a�i $5 �h�g�l�.̀ �M�j�_�g�\�m�i�j �k�l�j�_�i�j�c�\�h �\�h�a�l�d�f�\�i�m�f�j�e FMC Corp. 
(�k�j�m�n�\�^�g�{�z�u�a�e �g�d�n�d�e �`�g�{ �\�^�n�j�k�l�j�h�\), �i�\ �k�l�j�n�{�b�a�i�d�d �m�g�a�`�o�z�u�a�_�j �`�a�m�{�n�d�g�a�n�d�{ �m�k�l�j�m �i�\ 
�g�d�n�d�a�^�w�a �\�f�f�o�h�o�g�{�n�j�l�w �]�o�`�a�n �l�\�m�n�d �i�\ 9% �  ̂�_�j�.̀ �C�i�\�s�d�n�a�g�x�i�w�a �c�\�k�\�m�w �g�d�n�d�{ �m�j�m�l�a�`�j�n�j�s�a�i�w 
�  ̂�L�P (�F�j�g�x�m�f�d�e �k�j�g�o�j�m�n�l�j�^, �N�o�^�\ �d �C�\�]�\�e�f�\�g�x�a), �\ �n�\�f�b�a �  ̂�F�\�c�\�q�m�n�\�i�a �d �O�c�]�a�f�d�m�n�\�i�a.  

�I�\  �l�d�m�o�i�f�a 8 �k�l�a�`�m�n�\�^�g�a�i�w �g�d�`�a�l�w �k�j�m�n�\�^�u�d�f�j�^ �g�d�n�d�a�^�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^. �M�\�h�\�{ 
�]�j�g�x�t�\�{  �s�\�m�n�x �l�w�i�f�\ �k�l�d�i�\�`�g�a�b�d�n Sanyo Electric - 20%, �`�\�g�a�a Samsung SDI (�Z�b�i�\�{ �F�j�l�a�{) 
! 18%, LG Chem (�Z�b�i�\�{ �F�j�l�a�{) ! 15%, Sony ! 12%, Panasonic  - 7%, BYD (�F�d�n�\�e) ! 6%, �d 
12% �k�l�d�i�\�`�g�a�b�d�n �j�m�n�\�g�x�i�w�h �f�j�h�k�\�i�d�{�h.  

 

 
 

�L�d�m�o�i�j�f 8 ! �>�a�`�o�u�d�a �k�j�m�n�\�^�u�d�f�d �g�d�n�d�a�^�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ 
 
�I�\  �m�a�_�j�`�i�{�t�i�d�e �`�a�i�x �^�a�`�o�n�m�{ �m�k�j�l�w, �q�^�\�n�d�n �g�d �g�d�n�d�{ �`�g�{ �o�`�j�^�g�a�n�^�j�l�a�i�d�{ �m�k�l�j�m�\ �  ̂

�]�o�`�o�u�a�h �`�g�{ �k�l�j�d�c�^�j�`�m�n�^�\ �\�f�f�o�h�o�g�{�n�j�l�j�^ �j�m�j�]�a�i�i�j �`�g�{ �_�d�]�l�d�`�i�w�q �d �y�g�a�f�n�l�j�h�j�]�d�g�a�e.  
�<�i�\�g�d�n�d�s�a�m�f�j�a �\�_�a�i�n�m�n�^�j JP Morgan �k�l�a�`�m�n�\�^�d�g�j �m�^�j�e �k�l�j�_�i�j�c �k�l�j�d�c�^�j�`�m�n�^�\ 

�y�g�a�f�n�l�j�h�j�]�d�g�a�e. �F �k�l�d�h�a�l�o, �f 2015 �_.  �o�l�j�^�a�i�x �k�l�j�d�c�^�j�`�m�n�^�\ �]�o�`�a�n �l�\�^�a�i  590000 
�y�g�a�f�n�l�j�h�j�]�d�g�a�e, �  ̂ 2017 �_. �k�l�j�d�c�^�j�`�m�n�^�a�i�i�w�e �k�j�f�\�c�\�n�a�g�x �]�o�`�a�n �l�\�^�a�i 1040000 
�y�g�a�f�n�l�j�h�j�]�d�g�a�e. �> 2020 �_�j�`�o �k�l�j�_�i�j�c �k�l�j�d�c�^�j�`�m�n�^�\ �m�j�m�n�\�^�g�{�a�n 12930000 �\�^�n�j�h�j�]�d�g�a�e. �K�j 
�m�j�j�]�u�a�i�d�z �K�l�a�`�m�a�`�\�n�a�g�{ �K�l�\�^�g�a�i�d�{ �f�j�l�k�j�l�\�r�d�d Nissan,  �y�g�a�f�n�l�j�h�j�]�d�g�d �]�o�`�o�n �m�j�m�n�\�^�g�{�n�x 
10% �h�d�l�j�^�j�_�j �m�k�l�j�m�\ �  ̂2020 �_. �k�l�d �r�a�i�a �c�\ �]�\�l�l�a�g�x �i�a�p�n�d �  ̂70$. 

�K�j �m�j�m�n�j�{�i�d�z �i�\ 2011 �_. �g�d�n�d�a�^�w�a �\�f�f�o�h�o�g�{�n�j�l�w �`�j�]�\�^�g�{�z�n �f �m�n�j�d�h�j�m�n�d �\�^�n�j�h�j�]�d�g�{ �j�n 
$8000 �`�j $18000 (�  ̂ �c�\�^�d�m�d�h�j�m�n�d �j�n �l�\�c�h�a�l�j�^) �d �{�^�g�{�z�n�m�{ �j�`�i�d�h �d�c �`�j�l�j�_�d�q �f�j�h�k�j�i�a�i�n�j�^ �  ̂
�m�]�j�l�f�a �\�^�n�j�h�j�]�d�g�{. �D�m�m�g�a�`�j�^�\�n�a�g�x�m�f�j�a �\�_�a�i�n�m�n�^�j Fuji Keizai Group �k�l�j�_�i�j�c�d�l�o�a�n, �s�n�j 
�m�l�a�`�i�{�{ �r�a�i�\ �g�d�n�d�a�^�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^, �f�j�n�j�l�w�a �]�o�`�o�n �d�m�k�j�g�x�c�j�^�\�i�w �  ̂ �_�d�]�l�d�`�i�w�q �d 
�y�g�a�f�n�l�j�h�j�]�d�g�{�q �m�f�j�l�a�e �^�m�a�_�j �o�k�\�`�a�n �i�\ 50% �  ̂2014 �_. �]�g�\�_�j�`�\�l�{ �n�a�q�i�d�s�a�m�f�j�h�o �m�j�^�a�l�t�a�i�m�n�^�o 
�d �h�\�m�m�j�^�j�h�o �k�l�j�d�c�^�j�`�m�n�^�o �d �m�j�m�n�\�^�d�n �k�l�d�h�a�l�i�j �j�n $4000 �`�j $9000. 

�G�d�n�d�e-�d�j�i�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w �t�d�l�j�f�j �k�l�d�h�a�i�{�a�n�m�{ �f�\�f �  ̂�j�]�u�a�_�l�\�b�`�\�i�m�f�j�e �n�a�q�i�d�f�a, �n�\�f 
�d �  ̂�d�c�`�a�g�d�{�q �m�k�a�r�d�\�g�x�i�j�_�j �i�\�c�i�\�s�a�i�d�{. �I�\�d�]�j�g�x�t�a�a �f�j�g�d�s�a�m�n�^�j �\�f�f�o�h�o�g�{�n�j�l�j�^ �d�m�k�j�g�x�c�o�a�n�m�{ 
�  ̂ �m�j�n�j�^�w�q �n�a�g�a�p�j�i�\�q. �N�\�f, �k�j �`�\�i�i�w�h �i�\ 2000 �_. 67 % �^�m�a�q �g�d�n�d�e-�d�j�i�i�w�q �d �g�d�n�d�e-
�k�j�g�d�h�a�l�i�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �]�w�g�j �k�l�a�`�i�\�c�i�\�s�a�i�j �`�g�{ �m�j�n�j�^�w�q �n�a�g�a�p�j�i�j�^, 24 % " �`�g�{ 
�k�j�l�n�\�n�d�^�i�w�q �k�a�l�m�j�i�\�g�x�i�w�q �f�j�h�k�x�z�n�a�l�j�^ (�i�j�o�n�]�o�f�j�^) �d 9 % �k�l�d�q�j�`�d�g�j�m�x �i�\ �^�m�a �j�m�n�\�g�x�i�w�a 
�j�]�g�\�m�n�d �k�l�d�h�a�i�a�i�d�{. �?�j�`�j�^�j�a �k�l�j�d�c�^�j�`�m�n�^�j �g�d�n�d�e-�d�j�i�i�w�q �\�f�f�o�h�o�g�{�n�j�l�j�^ �`�g�{ �m�j�n�j�^�w�q 
�n�a�g�a�p�j�i�j�^ �  ̂ 2000"2005 �_�_. �k�l�d�]�g�d�c�d�n�a�g�x�i�j �]�o�`�a�n �l�\�^�i�j 250" 400 �h�g�i �t�n�o�f. �Q�j�n�{ �`�g�{ 
�k�d�n�\�i�d�{ �m�j�n�j�^�w�q �n�a�g�a�p�j�i�j�^ �i�\�l�{�`�o �m �g�d�n�d�e-�d�j�i�i�w�h�d �t�d�l�j�f�j �d�m�k�j�g�x�c�o�z�n�m�{ �n�\�f�b�a �i�d�f�a�g�x-
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�h�a�n�\�g�g�j�_�d�`�l�d�`�i�w�a �\�f�f�o�h�o�g�{�n�j�l�w, �`�j�g�{ �k�a�l�^�w�q �c�i�\�s�d�n�a�g�x�i�j �^�j�c�l�\�m�n�\�a�n. �O�b�a �m�a�e�s�\�m �j�f�j�g�j 98 
% �^�m�a�q �h�j�]�d�g�x�i�w�q �n�a�g�a�p�j�i�j�^, �k�l�j�d�c�^�j�`�d�h�w�q �  ̂ �[�k�j�i�d�d, �j�m�i�\�u�a�i�w �g�d�n�d�e-�d�j�i�i�w�h�d 
�\�f�f�o�h�o�g�{�n�j�l�\�h�d. �D �y�n�\ �n�a�i�`�a�i�r�d�{ �i�\ �]�g�d�b�\�e�t�a�a �^�l�a�h�{ �i�a�j�`�j�g�d�h�\. 

 
�Y�I�A�L�?�A�N�D�F�<�@�<���W �Y�G�A�F�N�L�J�Q�D�H�D�[�G�W�� �Y�I�A�L�?�D�[ ���C�?�A�L�N�O�T�A�G�A�L�@�3�� �J�L�I�W �H�A�I �L���G�3 
 

�<.�K.�F�o�l�]�\�n�j�^ 
 

�Y�i�a�l�_�d�{�i�w �b�\�g�k�w ���i�`�•�l�o �k�l�j�r�a�m�•�i�`�a�_�• �q�d�h�d�{�g�w�� �l�a�\�f�r�d�{�i�w�� �y�i�a�l�_�d�{�m�w�i �n���l�g�a�i�`�•�l�o�`�•�� 
�y�g�a�f�n�l�j�q�d�h�d�{�g�w�� ���`�•�m�•�i�•�� �j�l�i�w ���\�l�\�g�\�m�n�w�l�w�g���\�i. �J�i�w �b���c�a�_�a �\�m�w�l�o�`�w�� �y�p�p�a�f�n�d�^�n�• �b�j�g�`�\�l�w �h�a�i ���l�`�•�m�n�a�l�• 
�f���l�m�a�n�•�g�_�a�i. �Y�i�a�l�_�d�{�i�w �\�g�o���\, �b�d�i�\���n�\�o���\ �b���i�a �m�\���n�\�o���\ �\�l�i�\�g���\�i �y�g�a�f�n�l�j�q�d�h�d�{�g�w�� �b���e�a�g�a�l �i���m���\�g�\�l�w 
���\�l�\�m�n�w�l�w�g���\�i. 

 
PLACE AND ROLE OF ELECTROCHEMICAL CONVERTERS IN THE  ENERGETICS 

 
A.P. Kurbatov 

 
The position of the electrochemical method of energy conversion of a chemical reaction in the overall energy 

production was considered. The effective ways and tendencies of its implementation were shown. The variants of 
electrochemical systems for the production, accumulation and storage of energy was also considered. 
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�D�C�O�S�A�I�D�A �P�D�C�D�F�J-�Q�D�H�D�S�A�M�F�D�Q �Q�<�L�<�F�N�A�L�D�M�N�D�F �T�O�I�?�D�N�J�>�W�Q 
�K�J�L�J�@  

 
�H.�F.�F�\�c�\�i�f�\�k�j�^�\, �M.�>.�I�a�s�d�k�o�l�a�i�f�j, �M.�<.�A�p�l�a�h�j�^, �H.�F.�I�\�o�l�w�c�]�\�a�^  
�F�\�c�\�q�m�f�d�e �i�\�r�d�j�i�\�g�x�i�w�e �o�i�d�^�a�l�m�d�n�a�n �d�h�a�i�d �\�g�x-�P�\�l�\�]�d, �_.�<�g�h�\�n�w 

 
 �H�a�n�j�`�\�h�d �y�g�a�h�a�i�n�i�j�_�j �\�i�\�g�d�c�\, �D�F-�m�k�a�f�n�l�j�m�f�j�k�d�d �d �y�g�a�f�n�l�j�i�i�j�e �h�d�f�l�j�m�f�j�k�d�d �d�c�o�s�a�i�w  �p�d�c�d�f�j-

�q�d�h�d�s�a�m�f�d�a �q�\�l�\�f�n�a�l�d�m�n�d�f�d �t�o�i�_�d�n�j�^�w�q �k�j�l�j�  ̀ �F�\�c�\�q�m�n�\�i�\ (�h�a�m�n�j�l�j�b�`�a�i�d�a «�=�\�f�w�l�s�d�f») �d �L�j�m�m�d�d 
(�h�a�m�n�j�l�j�b�`�a�i�d�a «�C�\�b�a�_�d�i�j»). �J�k�l�a�`�a�g�a�i�j �m�j�`�a�l�b�\�i�d�a �o�_�g�a�l�j�`�\ �  ̂ �t�o�i�_�d�n�j�^�j�e �l�o�`�a �h�a�m�n�j�l�j�b�`�a�i�d�{ 
«�C�\�b�a�_�d�i�j», �m�j�m�n�\�^�g�{�a�n 28,0-31,0 %, �  ̂ �l�o�`�a �h�a�m�n�j�l�j�b�`�a�i�d�{ «�=�\�f�w�l�s�d�f» - 15,0-19,0 %, �t�o�i�_�d�n�j�^�j�h 
�f�j�i�r�a�i�n�l�\�n�a �h�a�m�n�j�l�j�b�`�a�i�d�{ «�=�\�f�w�l�s�d�f» �m�j�m�n�\�^�g�{�a�n 40,0±2,0 %. �D�F-�m�k�a�f�n�l�j�m�f�j�k�d�s�a�m�f�d�a �d�m�m�g�a�`�j�^�\�i�d�{ 
�k�j�f�\�c�\�g�d, �s�n�j �  ̂ �f�j�i�r�a�i�n�l�\�n�a �k�j�h�d�h�j �k�j�g�d�r�d�f�g�d�s�a�m�f�d�q �o�_�g�a�^�j�`�j�l�j�`�j�^, �m�j�`�a�l�b�\�u�d�q �h�a�n�d�g�a�i�j�^�w�a �_�l�o�k�k�w, 
�k�j�{�^�g�{�z�n�m�{ �f�\�l�]�j�f�m�d�g�x�i�w�a �_�l�o�k�k�w. �D�m�m�g�a�`�j�^�\�i�d�{ �y�g�a�f�n�l�j�i�i�j�e �h�d�f�l�j�m�f�j�k�d�d  �k�j�f�\�c�\�g�d, �s�n�j �  ̂ �l�a�c�o�g�x�n�\�n�a 
�j�]�j�_�\�u�a�i�d�{ �t�o�i�_�d�n�j�^�w�q �k�j�l�j�  ̀ �k�j �o�_�g�a�l�j�`�o �h�j�b�i�j �k�j�g�o�s�d�n�x �]�j�g�a�a �l�\�c�^�d�n�o�z �k�j�^�a�l�q�i�j�m�n�i�o�z �m�n�l�o�f�n�o�l�o �d 
�k�j�l�d�m�n�j�m�n�x. 

�>�^�a�`�a�i�d�a 
 

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

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

�L�\�m�k�l�j�m�n�l�\�i�a�i�i�w�h�d �h�a�n�j�`�\�h�d �j�s�d�m�n�f�d �^�j�`�w, �^�j�c�`�o�q�\ �d �k�j�s� ̂ �{�^�g�{�z�n�m�{ �\�`�m�j�l�]�r�d�j�i�i�w�a 
�h�a�n�j�`�w. �J�`�i�\�f�j �]�j�g�x�t�d�i�m�n�^�j �d�c�^�a�m�n�i�w�q �m�j�l�]�a�i�n�j�^ �d�h�a�z�n �j�]�u�d�a �i�a�`�j�m�n�\�n�f�d (�^�w�m�j�f�\�{ 
�m�n�j�d�h�j�m�n�x, �i�d�c�f�\�{ �m�j�l�]�r�d�j�i�i�\�{ �a�h�f�j�m�n�x �d �`�l.). �K�l�j�d�c�^�j�`�m�n�^�j �m�j�l�]�a�i�n�j�^ �n�l�\�`�d�r�d�j�i�i�w�h 


