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1�J�_�r�_�g�b�_ �a�Z�^�Z�q�b �h�i�l�b�f�b�a�Z�p�b�b �m�i�j�Z�\�e�_�g�b�y 
�l�_�j�f�h�h�[�j�Z�[�h�l�d�h�c �b�a�^�_�e�b�c �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�Z�j�Z-
�f�_�l�j�h�\ �i�h�^�k�b�k�l�_�f �k�u�j�v�_�\�h�]�h �i�_�j�_�^�_�e�Z �b �l�_�j�f�h�h�[-
�j�Z�[�h�l�d�b �k �p�_�e�_�\�h�c �n�m�g�d�p�b�_�c ! �i�j�h�q�g�h�k�l�v�x �b�a�^�_-
�e�b�c ! �k�e�_�^�m�_�l �b�k�d�Z�l�v �\ �h�[�e�Z�k�l�b �h�i�j�_�^�_�e�_�g�b�y iD . 
�I�j�_�^�e�Z�]�Z�_�l�k�y �Z�e�]�h�j�b�l�f �j�_�r�_�g�b�y �a�Z�^�Z�q�b �h�i�l�b�f�b�a�Z-
�p�b�b �f�_�l�h�^�h�f �i�_�j�_�[�h�j�Z �g�h�f�b�g�Z�e�v�g�u�o �\�_�d�l�h�j�h�\ �i�Z-
�j�Z�f�_�l�j�h�\ �m�i�j�Z�\�e�_�g�b�y �gU  �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o �l�_-
�d�m�s�b�o �d�h�f�i�h�g�_�g�l�Z�o �\�_�d�l�h�j�h�\ �i�h�^�k�b�k�l�_�f�u �k�u�j�v�_-
�\�h�]�h �i�_�j�_�^�_�e�Z �g�O , �i�j�b�g�Z�^�e�_�`�Z�s�b�o �k�h�h�l�\�_�l�k�l�\�m�x-

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

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

1 2( , ) [ ( , ), ( , ),..., ( , )]� mF x u F y x u y x u y x u ,    (1) 
�i�j�b �h�]�j�Z�g�b�q�_�g�b�y�o 

1 2( , ) , ( 1, )�d �d � j j jy y x u y j m ,                      (2) 

                                                           
�=�e�m�o�h�\ �<�e�Z�^�b�f�b�j �G�b�d�h�e�Z�_�\�b�q ! � -̂�j �l�_�o�g. �g�Z�m�d, �i�j�h�n�_�k-
�k�h�j �d�Z�n�_�^�j�u �k�b�k�l�_�f �m�i�j�Z�\�e�_�g�b�y, �X�`�g�h-�M�j�Z�e�v�k�d�b�c �]�h�k�m-
�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l; su@susu.ac.ru 

1 2 1 2, ,�d �d �d �dx x x u u u                                   (3) 

�]�^�_ 1 2( , ,..., )� �o x x ! �\�_�d�l�h�j �i�Z�j�Z�f�_�l�j�h�\ �i�h�^�k�b�k�l�_-

�f�u �k�u�j�v�_�\�h�]�h �i�_�j�_�^�_�e�Z; 1 2 3( , , )� u u u u ! �\�_�d�l�h�j 

�i�Z�j�Z�f�_�l�j�h�\ �i�h�^�k�b�k�l�_�f�u �l�_�j�f�h�h�[�j�Z�[�h�l�d�b; ( , )jy �ou  ! 

j-�c �\�u�o�h�^�g�h�c �i�Z�j�Z�f�_�l�j, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c �d�Z�q�_�k�l-
�\�h �b�a�^�_�e�b�c (�i�j�h�q�g�h�k�l�v, �h�^�g�h�j�h�^�g�h�k�l�v �i�j�h�q�g�h�k�l�b, 
�f�h�j�h�a�h�k�l�h�c�d�h�k�l�v, �\�e�Z�]�h�i�h�]�e�h�s�_�g�b�_, �^�h�e�]�h�\�_�q-
�g�h�k�l�v �b�a�^�_�e�b�c); 1jy  �b 2 jy  �a�Z�^�Z�x�l �^�h�i�m�k�d�b �g�Z �\�u-

�o�h�^�g�u�_ �i�Z�j�Z�f�_�l�j�u; m ! �q�b�k�e�h �\�u�o�h�^�g�u�o �i�Z�j�Z�f�_�l-
�j�h�\; 1�o  �b 2x , 1u  �b 2u  ! �\�_�d�l�h�j�u �h�]�j�Z�g�b�q�_�g�b�c �g�Z 
�a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �i�h�^�k�b�k�l�_�f�u �k�u�j�v�_�\�h�]�h �i�_�j�_-
�^�_�e�Z �b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b, �g�Z�d�e�Z�^�u�\�Z�_�f�u�_ �b�a �l�_�o�g�h-
�e�h�]�b�q�_�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c.2 

�H�]�j�Z�g�b�q�_�g�b�y (2) �b (3) �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�Z�j�Z-
�f�_�l�j�h�\ �^�Z�x�l �h�[�e�Z�k�l�v, �h�i�j�_�^�_�e�y�x�s�m�x �^�h�i�m�k�l�b�f�u�_ 
�\�Z�j�b�Z�p�b�b �i�Z�j�Z�f�_�l�j�h�\, �d�h�l�h�j�Z�y �y�\�e�y�_�l�k�y �h�[�e�Z�k�l�v�x 

�h�i�j�_�^�_�e�_�g�b�y �p�_�e�_�\�h�c �n�m�g�d�p�b�b ( , ).F �ou  �H�]�j�Z�g�b�q�_-
�g�b�y (3) �h�[�j�Z�a�m�x�l �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�Z�j�Z�f�_�l�j�h�\ u  
n -�f�_�j�g�u�c �]�b�i�_�j�i�Z�j�Z�e�e�_�e�_�i�b�i�_�^ 0B , �\ �d�h�l�h�j�h�f 
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ALGORITHM OF THE DECISION OF PROBLEMS OF OPTIMIZATI ON 
OF MANAGEMENT OF HEAT TREATMENT OF COMPOSITE 
PRODUCTS BY A METHOD OF SEARCH OF NOMINAL VECTORS 
IN QUALITY AREAS 
V.N. Gluhov  

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

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �m�i�j�Z�\�e�_�g�b�_, �]�b�i�_�j�i�Z�j�Z�e�e�_�e�_�i�b�i�_�^, �f�_�l�h�.̂  

A new method of decision-making in dialog systems under uncertainty is presented. The
method is adopted for multistage composite material process control and based on the approx-
imation by hyperparallelepipeds of mutual absorption areas of objective function contour
lines. The objective function depends on the process parameters. 

Keywords: management, giperparallelepiped, method. 
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�:�e�]�h�j�b�l�f  �j�_�r�_�g�b�y �a�Z�^�Z�q�b �h�i�l�b�f�b�a�Z�p�b�b �m�i�j�Z�\�e�_�g�b�y �l�_�j�f�h�h�[�j�Z�[�h�l�d�h�c 
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�K�_�j�b�y «�D�h�f�i�v�x�l�_�j�g�u�_ �l�_�o�g�h�e�h�]�b�b, �m�i�j�Z�\�e�_�g�b�_, �j�Z�^�b�h�w�e�_�d�l�j�h�g�b�d�Z», �\�u�i�m�k�d 16  99

�i�_�j�_�[�h�j�Z �\�_�d�l�h�j�h�\ * �• �g
�g iu D  �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o 

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

0�•�gu B  �i�h �k�e�_�^�m�x�s�_�f�m �i�j�b�g�p�b�i�m: �\ �w�l�h �f�g�h�`�_�k�l-
�\�h �\�o�h�^�y�l �l�h�e�v�d�h �l�Z�d�b�_ �\�_�d�l�h�j�u, �a�g�Z�q�_�g�b�_ �d�Z�`�^�h�c 
�d�h�f�i�h�g�_�g�l�u �d�h�l�h�j�u�o �_�k�l�v �g�h�f�b�g�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ 
�j�_�`�b�f�g�h�]�h �i�Z�j�Z�f�_�l�j�Z (�k�d�h�j�h�k�l�v �g�Z�]�j�_�\�Z, �m�j�h�\�_�g�v 
�l�_�f�i�_�j�Z�l�m�j�u �l�_�j�f�h�k�l�Z�l�b�j�h�\�Z�g�b�y, �^�e�b�l�_�e�v�g�h�k�l�v 
�b�a�h�l�_�j�f�b�q�_�k�d�h�c �\�u�^�_�j�`�d�b), �h�i�j�_�^�_�e�y�_�f�h�_ �i�m�l�_�f 
�i�h�k�l�j�h�_�g�b�y �h�[�e�Z�k�l�b �\�a�Z�b�f�g�h�]�h �i�h�]�e�h�s�_�g�b�y �e�b�g�b�c 
�j�Z�\�g�h�]�h �a�g�Z�q�_�g�b�y �i�j�h�q�g�h�k�l�b �\ �i�j�_�^�_�e�Z�o �h�^�g�h�c 
�f�Z�j�d�b �b�a�^�_�e�b�c �b�e�b �m�a�d�h�]�h �b�g�l�_�j�\�Z�e�Z �_�_ �\�Z�j�v�b�j�h-

�\�Z�g�b�y. �H�[�h�a�g�Z�q�b�f �i�h�^�f�g�h�`�_�k�l�\�h �g
iD  (�j�b�k. 7). 

�L�h�]�^�Z  

�^ �`1 2 1 2/ , / , 1,� �d �d �d �d � �g �g �g �g �g
i i i i i i i i iD x x x x u u u u i n , (5) 

�]�^�_ �g
i�o  ! �g�h�f�b�g�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ i-�c �d�h�f�i�h�g�_�g�l�u 

�\�_�d�l�h�j�Z �i�Z�j�Z�f�_�l�j�h�\ �i�h�^�k�b�k�l�_�f�u �k�u�j�v�_�\�h�]�h �i�j�_�^�_-

�e�Z �k �m�q�_�l�h�f �g
i�o�G  �\ �l�_�d�m�s�_�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �k�b-

�l�m�Z�p�b�b; �g
iu  ! �g�h�f�b�g�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ i-�c �d�h�f�i�h�g�_�g-

�l�u �\�_�d�l�h�j�Z �j�_�`�b�f�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �i�h�^�k�b�k�l�_�f�u 
�l�_�j�f�h�h�[�j�Z�[�h�l�d�b. 

�A�Z�^�Z�g�b�_ �i�h�^�f�g�h�`�_�k�l�\�Z �g
iD  �g�h�f�b�g�Z�e�v�g�u�o �a�g�Z-

�q�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ ( 1, )� �g
iu i n  �k�m�s�_�k�l�\�_�g�g�h �k�m�`�Z�_�l 

�h�[�e�Z�k�l�v �i�h�b�k�d�Z �j�_�r�_�g�b�y �b�g�\�Z�j�b�Z�g�l�g�h�]�h �d �k�h�h�l�g�h-

�r�_�g�b�x �\�_�d�l�h�j�h�\ �g
i�o  �g�Z �\�o�h�^�_ �i�h�^�k�b�k�l�_�f�u �l�_�j�f�h-

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

�h�[�e�Z�k�l�b �g
iD  �\�a�Z�b�f�g�h�]�h �i�h�]�e�h�s�_�g�b�y �e�b�g�b�c �j�Z�\�g�h�]�h 

�a�g�Z�q�_�g�b�y �p�_�e�_�\�h�c �n�m�g�d�p�b�b (5), �j�Z�\�g�h: 

1� 
� �–

n

i
i

N N ,                                                         (6) 

�]�^�_ iN  ! �q�b�k�e�h �g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c i-�]�h �i�Z�j�Z-
�f�_�l�j�Z, �d�h�l�h�j�h�_ �h�g �f�h�`�_�l �i�j�b�g�y�l�v �\ �b�g�l�_�j�\�Z�e�_ 
�> �@1 2,i ix x . �L�Z�d �d�Z�d N �j�_�a�d�h �\�h�a�j�Z�k�l�Z�_�l �k �j�h�k�l�h�f �q�b�k-

�e�Z �i�Z�j�Z�f�_�l�j�h�\ n  �b ( 1, )� iN i �i , �l�h �i�_�j�_�[�h�j �[�h�e�v-

�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�h�q�_�d 0�• �g
�gu D  �b �\�u�q�b�k�e�_�g�b�_ �\ 

�d�Z�`�^�h�c �b�a �g�b�o �\�u�j�Z�`�_�g�b�c (1) �b (2) �i�j�_�^�k�l�Z�\�e�y�_�l 
�h�q�_�g�v �l�j�m�^�h�_�f�d�m�x �k �\�u�q�b�k�e�b�l�_�e�v�g�h�c �l�h�q�d�b �a�j�_�g�b�y 
�a�Z�^�Z�q�m. �I�h�w�l�h�f�m �i�j�_�^�e�Z�]�Z�_�l�k�y �i�_�j�_�[�b�j�Z�l�v �g�_ �\�k�_ 
�l�h�q�d�b �gu , �Z �l�h�e�v�d�h �l�_ �b�a �g�b�o, �d�h�l�h�j�u�_ �i�j�b�g�Z�^�e�_-

�`�Z�l �h�[�e�Z�k�l�b �\�a�Z�b�f�g�h�]�h �i�h�]�e�h�s�_�g�b�y �g
iD  �e�b�g�b�c 

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

�d�Z�q�_�k�l�\�Z (2) �\ �h�k�l�Z�e�v�g�u�o �l�h�q�d�Z�o �i�h�^�f�g�h�`�_�k�l�\�Z 0
�gD  

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

�l�h�q�d�Z �h�[�e�Z�k�l�b �g
iD . �W�l�h �^�h�k�l�b�]�Z�_�l�k�y �k �i�h�f�h�s�v�x 

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

�a�m�x�s�b�o �i�h�^�f�g�h�`�_�k�l�\�h 0
�gD . �H�g�Z �b�f�_�_�l �l�Z�d�m�x �`�_ 

�j�Z�a�f�_�j�g�h�k�l�v, �b �d�Z�`�^�u�c �w�e�_�f�_�g�l �_�_ �f�h�`�_�l �i�j�b�g�b-
�f�Z�l�v �a�g�Z�q�_�g�b�_ �e�b�[�h �j�Z�\�g�h�_ 1, �_�k�e�b �k�h�h�l�\�_�l�k�l�\�m�x-

�s�b�c �\�_�d�l�h�j �• �g
�g iu D , �e�b�[�h 0, �_�k�e�b �• �g

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

�j�h�\ �gu  (�j�b�k. 7), �i�j�b�g�Z�^�e�_�`�Z�s�b�o �h�[�e�Z�k�l�b �g
iD , �d�j�_-

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

  

�J�b�k. 5. �H�[�e�Z�k�l�v �h�i�l�b�f�Z�e�v�g�u�o �g�h�f�b�g�Z�e�h�\ �m�i�j�Z�\�e�_�g�b�c 
�i�h �d�j�b�l�_�j�b�x �^�e�y �k�h�h�l�g�h�r�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �k�u�j�v�_�\�h�]�h 

�i�_�j�_�^�_�e�Z �g�Z �h�k�g�h�\�g�u�o �m�j�h�\�g�y�o �\  �k�b�l�m�Z�p�b�y�o ��
1 22

�K �K

�J�b�k. 6. �H�[�e�Z�k�l�v �h�i�l�b�f�Z�e�v�g�u�o �g�h�f�b�g�Z�e�h�\ �m�i�j�Z�\�e�_�g�b�c 
�i�h �d�j�b�l�_�j�b�x �^�e�y �k�h�h�l�g�h�r�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �k�u�j�v�_�\�h�]�h 

�i�_�j�_�^�_�e�Z �g�Z �h�k�g�h�\�g�u�o �m�j�h�\�g�y�o �\  �k�b�l�m�Z�p�b�y�o ��
23 43

�K �K

  



�<.�G. �=�e�m�o�h�\  
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�\�_�d�l�h�j�Z �gu  �h�[�e�Z�k�l�b �g
iD . �Q�_�j�g�u�_ �l�h�q�d�b �i�j�b�g�Z�^�e�_-

�`�Z�l �h�[�e�Z�k�l�b �g
iD . �>�e�y �w�l�b�o �l�h�q�_�d �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 

�w�e�_�f�_�g�l�u �i�_�j�\�h�c �k�l�j�h�d�b �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u �j�Z�\-
�g�u 1, �Z �h�k�l�Z�e�v�g�u�_ �w�e�_�f�_�g�l�u ! 0. �< �l�h�q�d�Z�o, �h�[�h�a�g�Z-
�q�_�g�g�u�o �d�j�m�`�d�Z�f�b �[�_�a �d�j�_�k�l�b�d�h�\, �d�j�b�l�_�j�b�b �d�Z�q�_�k�l-
�\�Z �g�_ �\�u�q�b�k�e�y�e�b�k�v. �;�h�e�_�_ �i�h�^�j�h�[�g�h �j�Z�[�h�l�Z �k �f�Z�l-
�j�b�p�_�c �g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �b �k �k�h-
�h�l�\�_�l�k�l�\�m�x�s�_�c �_�c �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�_�c �k�h�k�l�h�b�l �\ 
�k�e�_�^�m�x�s�_�f. �I�_�j�_�[�h�j �g�h�f�b�g�Z�e�v�g�u�o �\�_�d�l�h�j�h�\ �gu  

�g�Z�q�b�g�Z�_�l�k�y �b�a �b�k�o�h�^�g�h�c �l�h�q�d�b 0 0( )�• � �g �g �gu D u u , 
�i�h�w�l�h�f�m �i�_�j�\�h�g�Z�q�Z�e�v�g�h �e�h�]�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �b�f�_�_�l 
�\�b�:̂ �w�e�_�f�_�g�l�u �\ �d�Z�`�^�h�c �k�l�j�h�d�_ �f�Z�l�j�b�p�u �k �g�h�f�_-
�j�Z�f�b, �d�h�l�h�j�u�_ �k�h�h�l�\�_�l�k�l�\�m�x�l �g�h�f�b�g�Z�e�v�g�u�f �a�g�Z-

�q�_�g�b�y�f �i�Z�j�Z�f�_�l�j�h�\ �b�k�o�h�^�g�h�]�h �\�_�d�l�h�j 0
�gu  �\ �f�Z�l�j�b-

�p�_ �g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c, �j�Z�\�g�u 1, �Z �h�k�l�Z�e�v�g�u�_ 
�w�e�_�f�_�g�l�u ! 0. 

 
�J�b�k. 7. �I�h�^�f�g�h�`�_�k�l�\�h �g�h�f�b�g�Z�e�h�\ 

�j�_�`�b�f�g�u�o �i�Z�j�Z�f�_�l�j�h�\ 
 
�G�Z �i�_�j�\�h�f �w�l�Z�i�_ �b�a�f�_�g�y�_�l�k�y �i�_�j�\�u�c �w�e�_�f�_�g�l 

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

�i�j�b�g�Z�^�e�_�`�Z�l�v �h�[�e�Z�k�l�b �g
iD . �?�k�e�b �i�j�b�g�Z�^�e�_�`�b�l, �l�h 

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�m �w�e�_�f�_�g�l�m �i�_�j�\�h�c �k�l�j�h�d�b �e�h�]�b-
�q�_�k�d�h�c �f�Z�l�j�b�p�u �i�j�b�k�\�Z�b�\�Z�_�l�k�y �a�g�Z�q�_�g�b�_, �j�Z�\�g�h�_ 1, 

�b �i�j�h�\�_�j�y�_�l�k�y, �i�j�b�g�Z�^�e�_�`�b�l �e�b �h�[�e�Z�k�l�b �g
iD  �k�e�_-

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

�l�h�j�h�]�h �• �g
�g iu D . �< �w�l�h�f �k�e�m�q�Z�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�m 

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

�e�_�`�g�h�k�l�v �h�[�e�Z�k�l�b �g
iD  �\�_�d�l�h�j�h�\ �gu , �k�h�h�l�\�_�l�k�l-

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

�I�j�h�k�f�h�l�j �w�e�_�f�_�g�l�h�\ �k�l�j�h�d�b �b �i�j�h�\�_�j�d�Z �i�j�b-

�g�Z�^�e�_�`�g�h�k�l�b �h�[�e�Z�k�l�b �g
iD  �\�_�d�l�h�j�h�\ �gu  �i�j�h�b�a�\�h-

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

�\ �g�_�c �g�m�e�b, �k�h�h�l�\�_�l�k�l�\�h�\�Z�\�r�b�_ �\�_�d�l�h�j�Z�f �• �g
�g iu D ,  

�a�Z�f�_�g�y�x�l�k�y �g�Z �_�^�b�g�b�p�u, �Z �_�^�b�g�b�p�u, �k�h�h�l�\�_�l�k�l�\�h-

�\�Z�\�r�b�_ �• �g
�g iu D , �g�Z �g�m�e�b. 

�W�e�_�f�_�g�l�m 1 �\�_�d�l�h�j�Z 0
1
�gu  �i�j�b�k�\�Z�b�\�Z�_�l�k�y �b�k-

�o�h�^�g�h�_ �a�g�Z�q�_�g�b�_ 0
1
�gu . �G�Z �w�l�Z�i�_ II �b�a�f�_�g�y�_�l�k�y �w�e�_-

�f�_�g�l 2 �\�_�d�l�h�j�Z �gu  �\�g�Z�q�Z�e�_ �\ �k�l�h�j�h�g�m �m�\�_�e�b�q�_�g�b�y, 
�a�Z�l�_�f ! �m�f�_�g�v�r�_�g�b�y. �I�j�b �w�l�h�f �i�_�j�_�^ �d�Z�`�^�u�f �r�Z-
�]�h�f �i�j�h�\�_�j�y�_�l�k�y �k�l�j�h�d�Z 1 �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u. 
�?�k�e�b �g�_ �\�k�_ �w�e�_�f�_�g�l�u �_�_ �j�Z�\�g�u �g�m�e�x, �l�h �k�h�\�_�j�r�Z-
�_�f �h�q�_�j�_�^�g�h�c �r�Z�] �w�l�Z�i�Z II ! �m�\�_�e�b�q�b�\�Z�_�f (�m�f�_�g�v-
�r�Z�_�f) �w�e�_�f�_�g�l 2 �\�_�d�l�h�j�Z �gu  �b �k�f�h�l�j�b�f, �j�Z�\�_�g �e�b 
�_�^�b�g�b�p�_ �w�e�_�f�_�g�l �k�l�j�h�d�b 1 �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �g�h�f�_�j�m �b�k�o�h�^�g�h�]�h �w�e�_�f�_�g�l�Z 0
1
�gu . 

�?�k�e�b �j�Z�\�_�g, �l�h �i�j�h�\�_�j�y�_�f �i�j�b�g�Z�^�e�_�`�g�h�k�l�v �\�_�d�l�h�j�Z 

�gu  �h�[�e�Z�k�l�b �g
iD . �?�k�e�b �h�g �_�c �i�j�b�g�Z�^�e�_�`�b�l, �l�h �k�h�h�l-

�\�_�l�k�l�\�m�x�s�b�f �w�e�_�f�_�g�l�Z�f �k�l�j�h�d�b 1 �b 2 �f�Z�l�j�b�p�u 
�i�j�b�k�\�Z�b�\�Z�_�l�k�y �a�g�Z�q�_�g�b�_ 1, �b�g�Z�q�_ ! 0. �I�h�k�e�_ �w�l�h�]�h, 
�Z �l�Z�d�`�_ �\ �k�e�m�q�Z�_, �d�h�]�^�Z �w�e�_�f�_�g�l �k�l�j�h�d�b 1 �f�Z�l�j�b�p�u, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �g�h�f�_�j�m �b�k�o�h�^�g�h�]�h �i�Z�j�Z�f�_�l�j�Z 

1
�g�hu , �j�Z�\�_�g �g�m�e�x, �i�_�j�_�o�h�^�b�f �d �w�l�Z�i�m I, �\�Z�j�v�b�j�m�y 

�w�e�_�f�_�g�l 1 �\�_�d�l�h�j�Z �i�Z�j�Z�f�_�l�j�h�\ �k�h�h�l�\�_�l�k�l�\�_�g�g�h 
�h�i�b�k�Z�g�g�h�f�m �Z�e�]�h�j�b�l�f�m. �W�l�Z�i I �a�Z�d�Z�g�q�b�\�Z�_�l�k�y �h�[-
�j�Z�s�_�g�b�_�f �d �h�q�_�j�_�^�g�h�f�m �r�Z�]�m �w�l�Z�i�Z II ! �m�\�_�e�b�q�_-



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

�K�_�j�b�y «�D�h�f�i�v�x�l�_�j�g�u�_ �l�_�o�g�h�e�h�]�b�b, �m�i�j�Z�\�e�_�g�b�_, �j�Z�^�b�h�w�e�_�d�l�j�h�g�b�d�Z», �\�u�i�m�k�d 16  101

�g�b�x (�m�f�_�g�v�r�_�g�b�x) �i�Z�j�Z�f�_�l�j�Z 2
�gu . �I�j�b �w�l�h�f �_�k�e�b 

�h�d�Z�`�_�l�k�y, �q�l�h �\�k�_ �w�e�_�f�_�g�l�u �k�l�j�h�d�b 1 �e�h�]�b�q�_�k�d�h�c 
�f�Z�l�j�b�p�u �j�Z�\�g�u �g�m�e�x (�g�Z �i�j�_�^�u�^�m�s�_�f �r�Z�]�_ �i�h 

�i�Z�j�Z�f�_�l�j�m 2 �g�b �i�j�b �d�Z�d�h�f �a�g�Z�q�_�g�b�b �i�Z�j�Z�f�_�l�j�Z 1
�gu  

�g�_ �i�j�h�b�k�o�h�^�b�l �i�h�i�Z�^�Z�g�b�_ �\ �h�[�e�Z�k�l�v �g
iD ), �l�h  �i�_�j�_-

�o�h�^�b�f �e�b�[�h �d �r�Z�]�Z�f �m�f�_�g�v�r�_�g�b�y �i�Z�j�Z�f�_�l�j�Z �\�_�d�l�h-
�j�Z �gu   (�i�j�b �w�l�h�f �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �b�k�o�h�^�g�u�c �i�_-
�j�_� ̂ �h�[�j�Z�s�_�g�b�_�f �d �r�Z�]�Z�f �m�\�_�e�b�q�_�g�b�y �w�l�Z�i�Z II �\�b� ̂
�k�l�j�h�d�b 1 �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u), �e�b�[�h �d �w�l�Z�i�m III. 

�I�_�j�_�^ �w�l�b�f �w�e�_�f�_�g�l�Z�f 1
�gu  �b 2

�gu  �\�_�d�l�h�j�Z �gu  �i�j�b-

�k�\�Z�b�\�Z�_�l�k�y �b�o �b�k�o�h�^�g�h�_ �a�g�Z�q�_�g�b�_ 0
1
�gu  �b 0

2
�gu . 

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

�M�d�j�m�i�g�_�g�g�Z�y �k�l�j�m�d�l�m�j�g�Z�y �k�o�_�f�Z �Z�e�]�h�j�b�l�f�Z �i�_-

�j�_�[�h�j�Z �g�h�f�b�g�Z�e�v�g�u�o �\�_�d�l�h�j�h�\ �• �g
�g iu D  �i�j�_�^�k�l�Z�\�e�_-

�g�Z �g�Z �j�b�k. 8 �g�Z �h�k�g�h�\�_ �Z�g�Z�e�h�]�b�q�g�h�]�h �Z�e�]�h�j�b�l�f�Z [1]. 
�;�e�h�d�b �k �j�h�f�[�Z�f�b �\�g�m�l�j�b �h�[�h�a�g�Z�q�Z�x�l �e�h�]�b�q�_�k�d�b�_ 
�w�e�_�f�_�g�l�u. �I�j�h�g�m�f�_�j�h�\�Z�g�g�u�_ �k�l�j�_�e�d�b �i�h�d�Z�a�u�\�Z�x�l 
�\�h�a�f�h�`�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y. �G�Z�i�j�Z�\�e�_�g�b�_, �i�h �d�h�l�h�j�h�f�m 
�i�h�c�^�_�l �i�j�h�p�_�k�k, �h�i�j�_�^�_�e�y�_�l�k�y �g�h�f�_�j�h�f �w�l�Z�i�Z �i�_�j�_-
�[�h�j�Z (�g�h�f�_�j �k�l�j�h�d�b �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u), �g�h�f�_�j�h�f 
�r�Z�]�Z �w�l�Z�i�Z �b �a�g�Z�q�_�g�b�_�f �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �w�e�_�f�_�g�l�Z 
�f�Z�l�j�b�p�u. �K�h�^�_�j�`�b�f�h�_ �d�Z�`�^�h�]�h �[�e�h�d�Z �j�Z�k�r�b�n�j�h�\�u-
�\�Z�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f. 

0 ! �[�e�h�d �\�\�h�^�Z �b�k�o�h�^�g�h�c �b�g�n�h�j�f�Z�p�b�b; n  ! 
�q�b�k�e�h �i�Z�j�Z�f�_�l�j�h�\, �h�[�j�Z�a�m�x�s�b�o �\�_�d�l�h�j �gu ; ( )N �i  ! 
�\�_�d�l�h�j, �d�Z�`�^�u�c i-�c �w�e�_�f�_�g�l �d�h�l�h�j�h�]�h �j�Z�\�_�g �q�b�k�e�m 
�g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c i -�]�h �i�Z�j�Z�f�_�l�j�Z �\ �i�h�^�f�g�h-

�`�_�k�l�\�_ 0
�gD ; 

�> �@1,
max ( )
�•

� 
i n

nm N i  ! �i�Z�j�Z�f�_�l�j �\ �i�h�^�f�g�h-

�`�_�k�l�\�_ 0
�gD , �h�i�j�_�^�_�e�y�x�s�b�c �j�Z�a�f�_�j�g�h�k�l�v �f�Z�l�j�b�p�u 

�g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c; ( , )uN �i �im  ! �f�Z�l�j�b�p�Z �g�h-
�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\, �h�i�j�_�^�_�e�y�x�s�b�o 

�i�h�^�f�g�h�`�_�k�l�\�h 0
�gD . �< �d�Z�`�^�m�x i-�x �k�l�j�h�d�m �f�Z�l�j�b�p�u 

�a�Z�g�h�k�y�l�k�y �\ �\�h�a�j�Z�k�l�Z�x�s�_�f �i�h�j�y�^�d�_ �g�h�f�b�g�Z�e�v�g�u�_ 
�a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�Z ( 1, )� iu i n , �q�b�k�e�h �d�h�l�h�j�u�o 

�h�i�j�_�^�_�e�y�_�l�k�y �w�e�_�f�_�g�l�h�f ( )N i  �\�_�d�l�h�j�Z( )N n ; 

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

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

�j�_�[�h�j�Z �\�_�d�l�h�j�h�\ �• �g
�g iu D . �D �w�l�h�c �b�g�n�h�j�f�Z�p�b�b, �\ �q�Z-

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

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

�h�[�e�Z�k�l�b �g
iD  (�k�l�j�_�e�d�Z 1), �i�j�h�^�h�e�`�b�l�v �i�j�h�k�f�h�l�j �b�e�b 

�i�_�j�_�c�l�b �d �[�e�h�d�m 15 �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �i�j�h�k�f�h�l�j�Z 
p -�c �k�l�j�h�d�b �\ �k�l�h�j�h�g�m �m�f�_�g�v�r�_�g�b�y �g�h�f�_�j�h�\ 

(�k�l�j�_�e�d�Z 2). 
3 ! �[�e�h�d �n�h�j�f�b�j�h�\�Z�g�b�y �\�_�d�l�h�j�Z �gu , �i�j�h�\�_�j�d�b 

�w�l�h�]�h �\�_�d�l�h�j�Z �g�Z �i�j�b�g�Z�^�e�_�`�g�h�k�l�v �h�[�e�Z�k�l�b �g
iD  �b 

�i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: �i�_�j�_�c�l�b �d �[�e�h�d�m 4 (�k�l�j�_�e�d�Z 1), 

�_�k�e�b �• �g
�g iu D  (�i�j�b �w�l�h�f �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�m �w�e�_-

�f�_�g�l�m p -�c �k�l�j�h�d�b �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u �i�j�b�k�\�Z�b-
�\�Z�_�l�k�y �a�g�Z�q�_�g�b�_ 1), �b�e�b �i�_�j�_�c�l�b �d �[�e�h�d�m 7 (�k�l�j�_�e�d�Z 

2), �_�k�e�b �• �g
�g iu D  (�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�m �w�e�_�f�_�g�l�m 

p -�c �k�l�j�h�d�b �i�j�b�k�\�Z�b�\�Z�_�l�k�y �a�g�Z�q�_�g�b�_ 0). 
4 ! �[�e�h�d �i�j�h�\�_�j�d�b: �d �d�Z�d�h�f�m �w�l�Z�i�m �i�j�b�g�Z�^�e�_-

�`�Z�e �k�h�\�_�j�r�_�g�g�u�c �r�Z�] �i�j�h�p�_�k�k�Z �i�_�j�_�[�h�j�Z: �_�k�e�b 
�i�_�j�\�h�f�m, �l�h �i�_�j�_�c�l�b �d �[�e�h�d�m 5 (�k�l�j�_�e�d�Z 1), �b�g�Z�q�_ ! 
�d �[�e�h�d�m 6 (�k�l�j�_�e�d�Z 2). 

5 ! �[�e�h�d �i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: �g�h�f�b�g�Z�e�v�g�h�_ �a�g�Z-
�q�_�g�b�_ p -�]�h �i�Z�j�Z�f�_�l�j�Z: 1) �m�\�_�e�b�q�b�l�v (�k�l�j�_�e�d�Z 1); 
 2) �m�f�_�g�v�r�b�l�v (�k�l�j�_�e�d�Z 2); 3) �i�_�j�_�c�l�b �d �i�j�h�p�_�k�k�m 
�i�j�h�k�f�h�l�j�Z p -�c �k�l�j�h�d�b �f�Z�l�j�b�p�u �\ �k�l�h�j�h�g�m �m�f�_�g�v-
�r�_�g�b�y �g�h�f�_�j�Z �_�_ �w�e�_�f�_�g�l�h�\ �h�l �b�k�o�h�^�g�h�]�h (�k�l�j�_�e�d�Z 
3); 4) �i�_�j�_�c�l�b �d �k�e�_�^�m�x�s�_�f�m ( 1)��p -�f�m �w�l�Z�i�m �i�_-

�j�_�[�h�j�Z �\�_�d�l�h�j�h�\ �• �g
�g iu D   (�k�l�j�_�e�d�Z 4). 

6 ! �[�e�h�d �i�h�^�]�h�l�h�\�d�b �^�e�y �i�_�j�_�o�h�^�Z �d �w�l�Z�i�m I 
�i�_�j�_�[�h�j�Z �\�_�d�l�h�j�h�\. 

7 ! �[�e�h�d �i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: 1) �i�_�j�_�c�l�b �d �i�j�h-
�k�f�h�l�j�m �k�l�j�h�d�b �f�Z�l�j�b�p�u �i�j�_�^�u�^�m�s�_�]�h (�j ! 1)-�]�h 
�w�l�Z�i�Z (�k�l�j�_�e�d�Z 1); 2) �i�_�j�_�c�l�b �d �i�j�h�^�h�e�`�_�g�b�x �i�j�h-
�k�f�h�l�j�Z p -�c �k�l�j�h�d�b �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u �\ �k�l�h�j�h�g�m 
�m�\�_�e�b�q�_�g�b�y �g�h�f�_�j�Z �w�e�_�f�_�g�l�h�\ (�k�l�j�_�e�d�Z 2) �b�e�b �\ 
�k�l�h�j�h�g�m �m�f�_�g�v�r�_�g�b�y (�k�l�j�_�e�d�Z 3). 

8 ! �[�e�h�d �i�h�^�]�h�l�h�\�d�b �^�e�y �i�_�j�_�o�h�^�Z �d �i�j�h�k�f�h�l-
�j�m ( 1)��p -�c �k�l�j�h�d�b �f�Z�l�j�b�p�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 

�i�j�_�^�u�^�m�s�_�f�m ( 1)��p -�f�m �w�l�Z�i�m �i�_�j�_�[�h�j�Z �\�_�d�l�h�j�Z 

�• �g
�g iu D . 



�<.�G. �=�e�m�o�h�\  
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�:�e�]�h�j�b�l�f  �j�_�r�_�g�b�y �a�Z�^�Z�q�b �h�i�l�b�f�b�a�Z�p�b�b �m�i�j�Z�\�e�_�g�b�y �l�_�j�f�h�h�[�j�Z�[�h�l�d�h�c 
�d�h�f�i�h�a�b�p�b�h�g�g�u�o �b�a�^�_�e�b�c!  

�K�_�j�b�y «�D�h�f�i�v�x�l�_�j�g�u�_ �l�_�o�g�h�e�h�]�b�b, �m�i�j�Z�\�e�_�g�b�_, �j�Z�^�b�h�w�e�_�d�l�j�h�g�b�d�Z», �\�u�i�m�k�d 16  103

9, 15 ! �[�e�h�d�b �a�Z�i�h�f�b�g�Z�g�b�y �k�l�j�h�d �e�h�]�b�q�_�k�d�h�c 
�f�Z�l�j�b�p�u �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\ �k�l�h�j�h�g�m �m�f�_�g�v�r�_�g�b�y �_�_ 
�w�e�_�f�_�g�l�h�\ �b �m�\�_�e�b�q�_�g�b�y �h�l �b�k�o�h�^�g�h�]�h �k �p�_�e�v�x �i�h-
�k�e�_�^�m�x�s�_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y. 

10 ! �[�e�h�d �i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: 1) �k�l�j�h�d�Z �e�h�]�b-
�q�_�k�d�h�c �f�Z�l�j�b�p�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y p -�f�m �w�l�Z�i�m 
�i�_�j�_�[�h�j�Z, �i�h�e�g�h�k�l�v�x �k�h�k�l�h�b�l �b�a �g�m�e�_�c. �I�_�j�_�[�h�j 
�a�Z�d�h�g�q�_�g, �_�k�e�b 1� ��p n  (�k�l�j�_�e�d�Z 1); �i�_�j�_�c�l�b �d 

( 1)��p -�f�m �w�l�Z�i�m �i�_�j�_�[�h�j�Z �\�_�d�l�h�j�h�\ �• �g
�g iu D  �\ �k�l�h-

�j�h�g�m �m�f�_�g�v�r�_�g�b�y �g�h�f�b�g�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �i�Z�j�Z-
�f�_�l�j�Z 1��pu  (�k�l�j�_�e�d�Z 2), �_�k�e�b �^�h �w�l�h�]�h �i�j�h�b�a�\�h�^�b�e-

�k�y �i�j�h�p�_�k�k �b�a�f�_�g�_�g�b�y �w�l�h�]�h �i�Z�j�Z�f�_�l�j�Z �\ �k�l�h�j�h�g�m 
�m�\�_�e�b�q�_�g�b�y; �i�_�j�_�c�l�b �d ( 2)��p -�f�m �w�l�Z�i�m �i�_�j�_�[�h�j�Z 
(�k�l�j�_�e�d�Z 3), �_�k�e�b �^�h �w�l�h�]�h �i�j�h�b�a�\�h�^�b�e�k�y �i�j�h�p�_�k�k 
�b�a�f�_�g�_�g�b�y ( 1)��p -�]�h �i�Z�j�Z�f�_�l�j�Z �\ �k�l�h�j�h�g�m �m�f�_�g�v-
�r�_�g�b�y; 2) p -�y �k�l�j�h�d�Z �e�h�]�b�q�_�k�d�h�c �f�Z�l�j�b�p�u �g�_ �i�h�e-
�g�h�k�l�v�x �k�h�k�l�h�b�l �b�a �g�m�e�_�c. �I�_�j�_�c�l�b �d �h�q�_�j�_�^�g�h�f�m 
�r�Z�]�m ( 1)��p -�]�h �w�l�Z�i�Z (�k�l�j�_�e�d�Z 4). 

11 ! �[�e�h�d �i�h�^�]�h�l�h�\�d�b �^�Z�g�g�u�o �^�e�y �i�_�j�_�o�h�^�Z �d 

( 1)��p -�f�m �w�l�Z�i�m �i�_�j�_�[�h�j�Z �\�_�d�l�h�j�h�\ �• �g
�g iu D . 

12 ! �[�e�h�d �i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: �i�_�j�_�c�l�b �d �g�Z�q�Z-
�e�m �i�j�h�p�_�k�k�Z �m�f�_�g�v�r�_�g�b�y ( 1)��p -�]�h �i�Z�j�Z�f�_�l�j�Z �k�h-
�h�l�\�_�l�k�l�\�m�x�s�_�]�h �w�l�Z�i�Z (�k�l�j�_�e�d�Z 1), �_�k�e�b p -�y �k�l�j�h-
�d�Z �f�Z�l�j�b�p�u �i�h�e�g�h�k�l�v�x �k�h�k�l�h�b�l �b�a �g�m�e�_�c, �\ �i�j�h-
�l�b�\�g�h�f �k�e�m�q�Z�_ �i�_�j�_�c�l�b �d �h�q�_�j�_�^�g�h�f�m �r�Z�]�m �w�l�h�]�h 
�w�l�Z�i�Z (�k�l�j�_�e�d�Z 2). 

13 ! �[�e�h�d �i�j�b�g�y�l�b�y �j�_�r�_�g�b�y: 1) �i�_�j�_�c�l�b �d �g�Z-
�q�Z�e�m �i�j�h�k�f�h�l�j�Z ( 1)��p -�c �k�l�j�h�d�b �e�h�]�b�q�_�k�d�h�c �f�Z�l-
�j�b�p�u (�k�l�j�_�e�d�Z 1); 2) �i�_�j�_�c�l�b �d �h�q�_�j�_�^�g�h�f�m �r�Z�]�m 
( 1)��p -�]�h �w�l�Z�i�Z (�k�l�j�_�e�d�Z 2); 3) �i�_�j�_�c�l�b �d �i�j�h�k�f�h�l-
�j�m p -�c �k�l�j�h�d�b �f�Z�l�j�b�p�u p -�]�h �w�l�Z�i�Z, �_�k�e�b �g�Z �i�j�_-

�^�u�^�m�s�_�f �r�Z�]�_ ( 1)��p -�]�h �w�l�Z�i�Z �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c 

�\�_�d�l�h�j �• �g
�g iu D  (�k�l�j�_�e�d�Z 3); 4) �i�_�j�_�c�l�b �d �g�Z�q�Z�e�m 

�i�j�h�p�_�k�k�Z �m�f�_�g�v�r�_�g�b�y ( 1)��p -�]�h �i�Z�j�Z�f�_�l�j�Z, �_�k�e�b 

�g�Z �i�j�_�^�u�^�m�s�_�f �r�Z�]�_ ( 1)��p -�]�h �w�l�Z�i�Z �[�u�e�b �i�_�j�_-
�[�j�Z�g�u �\�k�_ �g�h�f�b�g�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �w�l�h�]�h �i�Z�j�Z�f�_�l�j�Z 
�\ �k�l�h�j�h�g�m �m�\�_�e�b�q�_�g�b�y (�k�l�j�_�e�d�Z 4); 5) �i�_�j�_�c�l�b �d 
�g�Z�q�Z�e�m ( 2)��p -�]�h �w�l�Z�i�Z �i�_�j�_�[�h�j�Z �\�_�d�l�h�j�h�\, �_�k�e�b 

�i�_�j�_�[�j�Z�g�u �\�k�_ �g�h�f�b�g�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y ( 1)��p -�]�h 
�i�Z�j�Z�f�_�l�j�Z �d�Z�d �\ �k�l�h�j�h�g�m �m�\�_�e�b�q�_�g�b�y, �l�Z�d �b �\ �k�l�h-
�j�h�g�m �m�f�_�g�v�r�_�g�b�y (�k�l�j�_�e�d�Z 5). 

14 ! �[�e�h�d �\�h�k�k�l�Z�g�h�\�e�_�g�b�y p -�c �k�l�j�h�d�b �e�h�]�b�q�_-
�k�d�h�c �f�Z�l�j�b�p�u. 

15 ! �[�e�h�d �i�j�h�k�f�h�l�j�Z �w�e�_�f�_�g�l�h�\ p -�c �k�l�j�h�d�b 
�f�Z�l�j�b�p�u �\ �k�l�h�j�h�g�m �m�f�_�g�v�r�_�g�b�y �g�h�f�_�j�h�\ �h�l �b�k-
�o�h�^�g�h�]�h. �I�j�b�g�b�f�Z�x�l�k�y �j�_�r�_�g�b�y: �i�j�h�\�_�j�y�l�v �\�_�d�l�h�j 

�gu , �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �^�Z�g�g�h�f�m �w�e�_�f�_�g�l�m p -�c 

�k�l�j�h�d�b, �g�Z �i�j�b�g�Z�^�e�_�`�g�h�k�l�v �h�[�e�Z�k�l�b �g
iD  (�k�l�j�_�e-

�d�Z 1), �i�j�h�^�h�e�`�b�l�v �i�j�h�k�f�h�l�j �b�e�b �i�_�j�_�c�l�b �d �[�e�h�d�m 9 
�^�e�y �i�_�j�_�o�h�^�Z �d ( 1)��p -�f�m �w�l�Z�i�m (�k�l�j�_�e�d�Z 2). 
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