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�d�Z�f�k�d�g�_�n�l�_�o�b�f». 
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In this article, experimental results on the survey process furnaces by burning them in fuel natural gas with the addi-
tion of gaseous waste flow from factories OJSC "Nizhnekamskneftekhim". 
 
�H�i�b�k�Z�g�b�_ �h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�y 

 
�L�_�i�e�h�n�b�d�Z�p�b�h�g�g�u�_ �\�h�^�h�]�j�_�c�g�u�_ �i�_�q�b �I –3/1, �I –

3/2, �I –3/3, �I –3/4, �I –3/5 �\ �d�h�l�h�j�u�o �k�`�b�]�Z�x�l�k�y 
�k�[�j�h�k�g�u�_ �]�Z�a�u �k�^�m�\�h�d, �j�Z�k�i�h�e�h�`�_�g�g�u�_ �\ �p�_�o�_ 1517 
�g�Z �a�Z�\�h�^�_ «�K�b�g�l�_�l�b�q�_�k�d�h�]�h �d�Z�m�q�m�d�Z» �H�:�H «�G�b�`�g�_-
�d�Z�f�k�d�g�_�n�l�_�o�b�f» �b �b�f�_�x�l �h�^�b�g�Z�d�h�\�m�x �d�h�g�k�l�j�m�d�p�b�x 
�b �k�h�k�l�h�y�l �b�a �g�b�`�g�_�c �j�Z�^�b�Z�g�l�g�h�c �b �\�_�j�o�g�_�c �d�h�g�\�_�d-
�l�b�\�g�h�c �l�h�i�h�q�g�u�o �d�Z�f�_�j. �< �d�h�g�\�_�d�p�b�h�g�g�h�c �d�Z�f�_�j�_ 
�j�Z�k�i�h�e�h�`�_�g�u �l�j�b �a�f�_�_�\�b�d�Z: �\�_�j�o�g�b�c, �k�j�_�^�g�b�c �b 
�g�b�`�g�b�c. �L�j�m�[�u �w�l�b�o �a�f�_�_�\�b�d�h�\ �j�Z�k�i�h�e�h�`�_�g�u �]�h�j�b-
�a�h�g�l�Z�e�v�g�h. �A�f�_�_�\�b�d�b �\ �j�Z�^�b�Z�g�l�g�h�c �d�Z�f�_�j�_ �j�Z�k�i�h�e�h-
�`�_�g�u �\�_�j�l�b�d�Z�e�v�g�h, �h�[�j�Z�a�m�y �g�Z�k�l�b�e�v�g�u�c �h�^�g�h�j�y�^�g�u�c 
�w�d�j�Z�g �h�^�g�h�k�l�h�j�h�g�g�_�]�h �h�[�e�m�q�_�g�b�y (�j�b�k. 1.). �J�Z�^�b�Z�g�l-
�g�u�_ �l�j�m�[�u �j�Z�k�i�h�e�h�`�_�g�u �h�l �k�l�_�g�u �i�_�q�b �g�Z �j�Z�k�k�l�h�y-
�g�b�b 100… 150 �f�f  �b �d�j�_�i�y�l�k�y �g�Z �k�i�_�p�b�Z�e�v�g�u�o �y�d�h�j�y�o 
�b �m�i�h�j�Z�o. �I�h�k�d�h�e�v�d�m �j�Z�^�b�Z�g�l�g�u�_ �l�j�m�[�u �k�h�k�l�h�y�l �b�a 
�[�h�e�v�r�h�]�h �q�b�k�e�Z �]�b�[�h�\, �l�h �g�Z �i�_�j�_�o�h�^�g�u�o �j�_�`�b�f�Z�o 
�p�b�j�d�m�e�y�p�b�b �i�Z�j�h�\�h�^�y�g�h�c �k�f�_�k�b �k�e�_�^�m�_�l �h�`�b�^�Z�l�v 
�i�h�y�\�e�_�g�b�y �]�b�^�j�Z�\�e�b�q�_�k�d�b�o �m�^�Z�j�h�\. �D�Z�`�^�Z�y �b�a �i�_�q�_�c 
�h�[�h�j�m�^�h�\�Z�g�Z 40 �i�h�^�h�\�u�f�b �^�b�n�n�m�a�b�h�g�g�u�f�b �]�Z�a�h�\�u-
�f�b �]�h�j�_�e�d�Z�f�b (�j�b�k. 2, 3) �L-�h�[�j�Z�a�g�h�]�h �l�b�i�Z, �d�h�l�h�j�u�_ 
�j�Z�k�i�h�e�h�`�_�g�u �i�Z�j�Z�e�e�_�e�v�g�h �i�j�h�^�h�e�v�g�h�f�m �k�_�q�_�g�b�x 
�i�_�q�b �k�g�b�a�m �j�Z�^�b�Z�p�b�h�g�g�h�c �d�Z�f�_�j�u �\ �^�\�Z �j�y�^�Z �i�h 20 
�r�l . �\ �d�Z�`�^�h�f �j�y�^�m (�j�b�k. 4) [1]. �<�h�a�^�m�o �^�e�y �]�h�j�_�e�h�d 
�i�h�k�l�m�i�Z�_�l �b�a �Z�l�f�h�k�n�_�j�u �k�g�b�a�m �q�_�j�_�a �h�l�\�_�j�k�l�b�y �i�h�^�Z 
�i�_�q�b. �G�Z �\�_�j�o�g�_�c �k�l�_�g�d�_ �d�h�g�\�_�d�l�b�\�g�h�c �d�Z�f�_�j�u �i�_�q�b 
�m�k�l�Z�g�h�\�e�_�g�u �l�j�b �l�j�m�[�u �^�e�y �h�l�\�h�^�Z �^�u�f�h�\�u�o �]�Z�a�h�\. 
�=�Z�a�h�\�Z�y �]�h�j�_�e�d�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �l�j�m�[�m �k �\�u�k�\�_�j-
�e�_�g�g�u�f�b �\ �g�_�c �h�l�\�_�j�k�l�b�y�f�b, �g�Z �h�l�\�_�j�k�l�b�y �g�Z �j�_�a�v�[�_ 
�m�k�l�Z�g�h�\�e�_�g�u �]�Z�a�h�\�u�_ �k�h�i�e�Z (�k�f. �j�b�k. 2, 3). �I�m�g�d�l�b-
�j�h�f (�k�f. �j�b�k. 2) �m�k�e�h�\�g�h �i�h�d�Z�a�Z�g�Z �l�j�m�[�Z �‡60 �f�f , �g�Z 
�d�h�l�h�j�h�c �d�j�_�i�y�l�k�y �k�b�f�f�_�l�j�b�q�g�h �i�h 5 �k�h�i�_�e �b �d �d�h�l�h-
�j�h�c �i�h�^�o�h�^�b�l �l�j�m�[�Z �i�h�^�\�h�^�Z �]�Z�a�Z �‡108 �f�f . �<�k�_�]�h �g�Z 
�]�h�j�_�e�d�_ 10 �k�h�i�_�e, �j�Z�k�i�h�e�h�`�_�g�g�u�o �k �r�Z�]�h�f �h�d�h�e�h 
150 �f�f . �D�h�e�b�q�_�k�l�\�h �i�h�^�k�Z�k�u�\�Z�_�f�h�]�h �\�h�a�^�m�o�Z �j�_�]�m-
�e�b�j�m�_�l�k�y �h�l�d�j�u�l�b�_�f �r�b�[�_�j�h�\ �g�Z �d�h�j�h�[�Z�o �]�h�j�_�e�h�d. 
�>�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y �g�Z�k�l�b�e�v�g�h�]�h �k�`�b�]�Z�g�b�y �]�Z�a�Z �k�h-
�i�e�Z �]�h�j�_�e�h�d �g�Z�i�j�Z�\�e�_�g�u �i�h� ̂�m�]�e�h�f 7 �]�j�Z�^�m�k�h�\ �d �i�_-
�j�_�\�Z�e�v�g�h�c �k�l�_�g�_, �d�h�l�h�j�Z�y �j�Z�k�i�h�e�h�`�_�g�Z �i�h �i�j�h�^�h�e�v-
�g�h�c �h�k�b �i�_�q�b. �=�Z�[�Z�j�b�l�u �k�l�_�g�h�d �i�_�q�_�c �k�e�_�^�m�x�s�b�_: 
�^�e�b�g�Z – 25925 �f�f , �r�b�j�b�g�Z – 6900 �f�f , �\�u�k�h�l�Z – 
23170 �f�f . �I�_�q�b �j�Z�k�i�h�e�h�`�_�g�u �g�Z �n�m�g�^�Z�f�_�g�l�g�u�o 
�k�l�h�e�[�Z�o. �< �^�Z�g�g�h�f �k�e�m�q�Z�_ �y�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �d�h�g-
�k�l�j�m�d�p�b�b �y�\�e�y�_�l�k�y �f�Z�e�Z�y �\�_�j�l�b�d�Z�e�v�g�Z�y �i�j�h�l�y�`�_�g-
�g�h�k�l�v �]�Z�a�h�o�h�^�Z �b �[�h�e�v�r�h�c �h�[�t�_�f �j�Z�^�b�Z�p�b�h�g�g�h�c �q�Z�k-
�l�b �i�j�b �g�_�\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �n�Z�d�_�e�Z, �q�l�h �\�u�g�m-

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

�F�_�l�h�^�b�d�Z �b�a�f�_�j�_�g�b�c 

�I�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�c �i�j�b �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h 
�h�i�j�_�^�_�e�_�g�b�x �D�I�> �k�h�k�l�Z�\�e�y�e�Z �r4,6% �b �h�i�j�_�^�_�e�y�e�Z�k�v 
�i�h �f�_�l�h�^�b�d�_, �b�a�e�h�`�_�g�g�h�c �\ �j�Z�[�h�l�Z�o [2–6]. �J�Z�k�o�h�^ 
�l�h�i�e�b�\�g�h�]�h �]�Z�a�Z �g�Z �\�o�h�^�_ �\ �d�Z�`�^�m�x �i�_�q�v �b�a�f�_�j�y�e�k�y 
�r�l�Z�l�g�u�f �i�j�b�[�h�j�h�f. �L�h�i�e�b�\�g�u�c �]�Z�a �i�h�k�l�m�i�Z�_�l �\ 
�i�_�q�v �^�\�m�f�y �i�h�l�h�d�Z�f�b. �G�Z �d�Z�`�^�h�f �i�h�l�h�d�_ �l�h�i�e�b�\�g�h�]�h 
�]�Z�a�Z �m�k�l�Z�g�h�\�e�_�g�u �h�l�k�_�d�Z�x�s�b�_ �d�e�Z�i�Z�g�u, �d�h�l�h�j�u�_ 
�a�Z�d�j�u�\�Z�x�l�k�y �Z�\�l�h�f�Z�l�b�q�_�k�d�b �i�j�b �i�Z�^�_�g�b�b �^�Z�\�e�_�g�b�y �\ 
�e�b�g�b�b �l�h�i�e�b�\�g�h�]�h �]�Z�a�Z �^�h 0,02 �F�I�Z, �i�j�b �k�g�b�`�_�g�b�b 
�j�Z�k�o�h�^�Z �\�h�^�u �f�_�g�v�r�_ 400 �f3/�q, �i�j�b �a�Z�\�u�r�_�g�b�b �l�_�f-
�i�_�j�Z�l�m�j�u �\�h�^�u �g�Z �\�u�o�h�^�_ �\�u�r�_ 115°�K, �i�j�b �a�Z�\�u�r�_-
�g�b�b �^�Z�\�e�_�g�b�y �\�h�^�u �g�Z �\�u�o�h�^�_ �\�u�r�_ 1,05 �F�I�Z �b �i�j�b 
�i�h�g�b�`�_�g�b�b �^�Z�\�e�_�g�b�y �\�h�^�u �g�Z �\�u�o�h�^�_ �b�a �\�h�^�h�g�Z�]�j�_-
�\�Z�l�_�e�y �g�b�`�_ 0,4 �F�I�Z. 

�I�j�_�^�m�k�f�h�l�j�_�g�Z �l�Z�d�`�_ �k�b�]�g�Z�e�b�a�Z�p�b�y �i�h �a�Z�\�u�r�_-
�g�b�x �^�Z�\�e�_�g�b�y �\�h�^�u �g�Z �\�u�o�h�^�_ �^�h 1,0 �F�I�Z �b �i�h�g�b-
�`�_�g�b�x �^�Z�\�e�_�g�b�y �^�h 0,45 �F�I�Z. 

 

�J�b�k. 1 – �K�o�_�f�Z �j�Z�^�b�Z�g�l�g�u�o �a�f�_�_�\�b�d�h�\ �\ �i�_�q�Z�o 
�I –3/1, �I –3/2, �I –3/3, �I –3/4, �I –3/5 
 

�L�_�f�i�_�j�Z�l�m�j�Z �b �^�Z�\�e�_�g�b�_ �g�Z �d�Z�`�^�h�f �i�h�l�h�d�_ �\�h�^�u 
�d�h�g�l�j�h�e�b�j�m�_�l�k�y �i�h �f�_�k�l�m �l�_�j�f�h�f�_�l�j�h�f �b �f�Z�g�h�f�_�l-
�j�h�f �b �l�_�f �k�Z�f�u�f �h�k�m�s�_�k�l�\�e�y�_�l�k�y �d�Z�q�_�k�l�\�_�g�g�h�_ �j�_-
�]�m�e�b�j�h�\�Z�g�b�_ �l�_�i�e�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �i�_�q�_�c �I –3/1, 
�I –3/2, �I –3/3, �I –3/4, �I –3/5 �p�_�o�Z 1517 �k�h�]�e�Z�k�g�h �]�j�Z-
�n�b�d�Z 150-70°�K �k�h �k�j�_�a�d�h�c 114-65°�K. �<�h�^�Z �q�_�j�_�a �h�[-
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�s�b�c �d�h�e�e�_�d�l�h�j �i�h�k�l�m�i�Z�_�l �l�j�_�f�y �i�h�l�h�d�Z�f�b �\ �\�_�j�o�g�b�_ 
�d�h�g�\�_�d�p�b�h�g�g�u�_ �a�f�_�_�\�b�d�b �k�j�_�^�b�g�u, �e�_�\�h�c �b �i�j�Z�\�h�c 
�k�l�h�j�h�g�u �d�h�g�\�_�d�p�b�h�g�g�h�c �d�Z�f�_�j�u �\�h�^�h�g�Z�]�j�_�\�Z�l�_�e�y.  
 

�J�b�k. 2 – �K�o�_�f�Z �n�h�j�k�m�g�d�b (�]�Z�a�h�\�h�]�h �k�h�i�e�Z) �^�e�y 
�k�`�b�]�Z�g�b�y �l�h�i�e�b�\�g�h�]�h �]�Z�a�Z �\ �i�_�q�Z�o �I –3/1, �I –
3/2, �I –3/3, �I –3/4, �I –3/5 (�f�Z�l�_�j�b�Z�e �k�h�i�e�Z – 
�k�l�Z�e�v 20) 
 

�J�b�k. 3 – �K�o�_�f�Z �]�h�j�_�e�d�b �k �g�Z�k�Z�`�_�g�g�u�f�b �k�h�i�e�Z-
�f�b �^�e�y �k�`�b�]�Z�g�b�y �l�h�i�e�b�\�g�h�]�h �]�Z�a�Z �\ �l�_�i�e�h�n�b-
�d�Z�p�b�h�g�g�u�o (�\�h�^�h�]�j�_�c�g�u�o) �i�_�q�Z�o �I –3/1, �I –3/2, 
�I –3/3, �I –3/4, �I –3/5 

 

�J�b�k. 4 – �K�o�_�f�Z �d�h�f�i�h�g�h�\�d�b 40 �r�l . �]�h�j�_�e�h�d 
�i�j�b �\�b�^�_ �k�\�_�j�o�m �g�Z �i�h�^�_ �\ �i�_�q�Z�o �I –3/1, �I –3/2, 
�I –3/3, �I –3/4, �I –3/5 

 
�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ 

 
�G�Z �f�h�f�_�g�l �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y �\ �j�Z�[�h�l�_ 

�g�Z�o�h�^�b�e�b�k�v �i�_�q�b �I –3/1, �I –3/2, �I –3/4. �H�k�l�Z�e�v�g�u�_ 
�i�_�q�b �[�u�e�b �\ �j�_�f�h�g�l�_. �I�_�j�\�b�q�g�u�_ �k�\�h�^�g�u�_ �i�h�d�Z�a�Z�l�_-
�e�b �j�_�`�b�f�u �j�Z�[�h�l�u �l�_�i�e�h�n�b�d�Z�p�b�h�g�g�u�o �i�_�q�_�c �I –3/1, 
�I –3/2, �I –3/4 �\ �i�_�j�b�h�^ �b�k�i�u�l�Z�g�b�c �i�h �j�_�a�m�e�v�l�Z�l�Z�f 
�b�a�f�_�j�_�g�b�c �k �i�h�f�h�s�v�x �k�l�Z�p�b�h�g�Z�j�g�u�o �i�j�b�[�h�j�h�\ �i�j�b-
�\�_�^�_�g�u �\ �l�Z�[�e. 1. �D�Z�d �\�b�^�g�h �b�a �l�Z�[�e. 1, �_�^�b�g�b�q�g�Z�y 
�k�j�_�^�g�y�y �a�Z�]�j�m�`�_�g�g�h�k�l�v �h�^�g�h�c �i�_�q�b �i�h �g�Z�]�j�_�\�Z�_�f�h�c 

�\�h�^�_ �k�h�k�l�Z�\�e�y�_�l 1255,2 �f3/�q�Z�k, �q�l�h �j�Z�\�g�h 62,7% �h�l 
�i�j�h�_�d�l�g�h�c �_�^�b�g�b�q�g�h�c �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �h�^�g�h�c 
�i�_�q�b �j�Z�\�g�h�c 2000 �f3/�q�Z�k. �K�j�_�^�g�y�y �l�_�f�i�_�j�Z�l�m�j�Z �l�_�i-
�e�h�n�b�d�Z�p�b�h�g�g�h�c �\�h�^�u �g�Z �\�u�o�h�^�_ �b�a �i�_�q�b 75,1°�K �i�j�b 
�k�j�_�^�g�_�f �^�Z�\�e�_�g�b�b 9,1 �d�]�k/�k�f2. �K�j�_�^�g�y�y �l�_�f�i�_�j�Z�l�m�j�Z 
�l�_�i�e�h�n�b�d�Z�p�b�h�g�g�h�c �\�h�^�u �g�Z �\�o�h�^�_ �\ �i�_�q�v 56,1°�K �i�j�b 
�k�j�_�^�g�_�f �^�Z�\�e�_�g�b�b 9,5 �d�]�k/�k�f2. �K�j�_�^�g�b�c �j�Z�k�o�h�^ �l�h�i-
�e�b�\�g�h�]�h �]�Z�a�Z 2811,1 �g�f3/�q�Z�k. �M�^�_�e�v�g�u�c �j�Z�k�o�h�^ �l�h�i-
�e�b�\�g�h�]�h �]�Z�a�Z �g�Z �g�Z�]�j�_�\ �\�h�^�u �i�j�b �k�j�_�^�g�_�f �i�_�j�_�i�Z�^�_ 
�l�_�f�i�_�j�Z�l�m�j �g�Z�]�j�_�\�Z�_�f�h�c �\�h�^�u �k�h�k�l�Z�\�e�y�_�l 117,5 
�g�f3/�=�d�Z�e. �< �l�Z�[�e. 2 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �j�_�`�b�f�g�u�o 
�i�Z�j�Z�f�_�l�j�h�\ �j�Z�[�h�l�u �i�_�q�_�c �I –3/1, �I –3/2, �I –3/4 �i�j�b 
�b�k�i�u�l�Z�g�b�y�o, �b�a �d�h�l�h�j�u�o �k�e�_�^�m�_�l, �q�l�h �j�Z�[�h�l�Z �i�_�q�_�c 
�o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �\�u�k�h�d�b�f�b �a�g�Z�q�_�g�b�y�f�b �k�h�^�_�j�`�Z�g�b�y 
�d�b�k�e�h�j�h�^�Z �\ �i�j�h�^�m�d�l�Z�o �k�]�h�j�Z�g�b�y �g�Z �\�u�o�h�^�_ �b�a �i�_�q�b. 
�W�l�b �a�g�Z�q�_�g�b�y �^�e�y �i�_�q�b �I –3/4 �k�h�k�l�Z�\�e�y�x�l 9,1%, �Z �^�e�y 
�i�_�q�_�c �I –3/1, �I –3/2 �k�h�h�l�\�_�l�k�l�\�_�g�g�h 15,7 �b 12,4% (�i�h 
�h�[�t�_�f�m). �G�h�j�f�Z�e�v�g�u�f (�w�d�h�g�h�f�b�q�g�u�f) �k�q�b�l�Z�_�l�k�y 
�a�g�Z�q�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �d�b�k�e�h�j�h�^�Z �\ �i�j�h�^�m�d�l�Z�o �k�]�h�j�Z-
�g�b�y �g�Z �\�u�o�h�^�_ �b�a �i�_�q�b 2% (�i�h �h�[�t�_�f�m). 

�L�Z�[�e�b�p�Z 1 – �I�_�j�\�b�q�g�u�_ �i�h�d�Z�a�Z�l�_�e�b �j�_�`�b�f�h�\ �j�Z-
�[�h�l�u �i�_�q�_�c �I –3/1, �I –3/2, �I –3/4 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �i�h�d�Z�a�Z�l�_�e�y �?�^�b-
�g�b�p�Z 
�b�a�f�_-
�j�_�g�b�y 

�G�h�f�_�j�Z �i�_�q�_�c 

�I 3/1 �I 3/2 �I 3/4 

�J�Z�k�o�h�^ �g�Z�]�j�_�\�Z�_�f�h�c �\�h�^�u 
�q�_�j�_�a �i�_�q�v 

�f3/ �q�Z�k 1247,6 1306,4 1211,7 

�L�_�f�i�_�j�Z�l�m�j�Z �g�Z�]�j�_�\�Z�_�f�h�c 
�\�h�^�u �g�Z �\�u�o�h�^�_ �b�a �i�_�q�b t�\�u�o 

°�K 73,7 71,85 79,84 

�>�Z�\�e�_�g�b�_ �g�Z�]�j�_�\�Z�_�f�h�c �\�h�^�u 
�g�Z �\�u�o�h�^�_ �b�a �i�_�q�b 

�d�]�k/�k�f2 9,15 9,10 9,06 

�L�_�f�i�_�j�Z�l�m�j�Z �^�u�f�h�\�u�o �]�Z�a�h�\:   
�\ 1�h�c �^�u�f�h�\�h�c �l�j�m�[�_ °�K 209,3 209,3 236,7 

�\ 2�h�c �^�u�f�h�\�h�c �l�j�m�[�_ °�K 231,6 210,6 270,0 

�\ 3�_�c �^�u�f�h�\�h�c �l�j�m�[�_ °�K 190,4 219,0 254,9 

�L�_�f�i�_�j�Z�l�m�j�Z �g�Z�]�j�_�\�Z�_�f�h�c 
�\�h�^�u  �g�Z �\�o�h�^�_ �\ �i�_�q�v t�\�o 

°�K 56,3 55,69 56,18 

�>�Z�\�e�_�g�b�_ �g�Z�]�j�_�\�Z�_�f�h�c �\�h�^�u 
�g�Z �\�o�h�^�_ �\ �i�_�q�v 

�d�]�k/�k�f2 9,62 9,54 9,35 

�J�Z�k�o�h�^ �l�h�i�e�b�\�g�h�]�h �]�Z�a�Z  �g�f3/ 
�q�Z�k 

2940,0 2501,0 2992,3 

�>�Z�\�e�_�g�b�_ �l�h�i�e�b�\�g�h�]�h �]�Z�a�Z �d�]�k/�k�f2 0,04 0,02 0,04 

�L�_�f�i�_�j�Z�l�m�j�g�u�c �g�Z�i�h�j �' t=t�\�u�o 
- t�\�o 

°�K 17,4 16,16 23,66 

�M�^�_�e�v�g�u�c �j�Z�k�o�h�^ �]�Z�a�Z �g�Z 
�g�Z�]�j�_�\ �\�h�^�u qv 

�g�f3/�=�d
�Z�e 

123,76 100,16 129,52 

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

�j�Z�[�h�l�u �d�h�l�e�h�\, �i�_�q�_�c, �k�`�b�]�Z�x�s�b�o �i�j�b�j�h�^�g�u�c �]�Z�a, 
�k�h�k�l�Z�\�e�y�_�l 1,2. �<�h �\�k�_�o �l�j�_�o �i�_�q�Z�o �b�a�f�_�j�_�g�g�u�c �d�h-
�w�n�n�b�p�b�_�g�l �b�a�[�u�l�d�Z �\�h�a�^�m�o�Z �\�u�r�_ �g�h�j�f�Z�l�b�\�g�h�]�h 
�a�g�Z�q�_�g�b�y �b �k�h�k�l�Z�\�e�y�_�l �k�h�h�l�\�_�l�k�l�\�_�g�g�h �^�e�y �i�_�q�b �I –
3/4 �v=1,68, �^�e�y �i�_�q�b �I –3/2 �v=2,28, �^�e�y �i�_�q�b �I –3/1 
�v=3,65. �I�h�w�l�h�f�m �i�h�l�_�j�b �l�_�i�e�h�\�h�c �w�g�_�j�]�b�b �k �^�u�f�h-
�\�u�f�b �]�Z�a�Z�f�b �\�u�k�h�d�b�_ �i�h�l�h�f�m, �q�l�h �w�g�_�j�]�b�y �m�o�h�^�b�l �g�Z 
�g�Z�]�j�_�\ �b�a�[�u�l�h�q�g�h�]�h �[�Z�e�e�Z�k�l�g�h�]�h �\�h�a�^�m�o�Z. �I�j�b �w�l�h�f 
�a�g�Z�q�b�l�_�e�v�g�h �k�g�b�`�_�g�u �D�I�> �i�j�h�p�_�k�k�h�\ �]�h�j�_�g�b�y �\ 
�i�_�q�Z�o.  

�>�Z�`�_ �i�h�k�e�_ �h�o�e�Z�`�^�_�g�b�y �^�u�f�h�\�u�o �]�Z�a�h�\ �[�Z�e�e�Z�k�l-
�g�u�f �\�h�a�^�m�o�h�f �l�_�f�i�_�j�Z�l�m�j�Z �^�u�f�h�\�u�o �]�Z�a�h�\ �h�k�l�Z�_�l�k�y 
�\�u�k�h�d�h�c. �K�j�_�^�g�y�y �l�_�f�i�_�j�Z�l�m�j�Z �^�u�f�h�\�u�o �]�Z�a�h�\ �g�Z 
�\�u�o�h�^�_ �b�a �i�_�q�b, �j�Z�\�g�Z�y 219°�K, �i�j�_�\�u�r�Z�_�l �g�h�j�f�Z-
�l�b�\�g�m�x 150°�K �i�j�Z�d�l�b�q�_�k�d�b �g�Z 69°�K. �W�l�h �m�d�Z�a�u�\�Z�_�l 
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�g�Z �l�h, �q�l�h �i�j�h�p�_�k�k�u �l�_�i�e�h�i�_�j�_�^�Z�q�b �b�a �^�u�f�h�\�u�o �]�Z-
�a�h�\ �\ �g�Z�]�j�_�\�Z�_�f�m�x �\�h�^�m �a�Z�l�j�m�^�g�_�g�u. �G�Z �h�k�g�h�\�_ �^�Z�g-
�g�u�o �b�k�i�u�l�Z�g�b�c (�k�f. �l�Z�[�e. 2) �f�h�`�g�h �l�Z�d�`�_ �m�l�\�_�j-
�`�^�Z�l�v, �q�l�h �d�h�w�n�n�b�p�b�_�g�l�u �l�_�i�e�h�i�_�j�_�^�Z�q�b �\ �i�_�q�Z�o 
�k�g�b�`�_�g�u �\ �j�_�a�m�e�v�l�Z�l�_ �h�[�j�Z�a�h�\�Z�g�b�y �g�Z�d�b�i�b �g�Z �\�g�m�l-
�j�_�g�g�b�o �k�l�_�g�d�Z�o �b �g�Z�]�Z�j�Z �g�Z �g�Z�j�m�`�g�u�o �i�h�\�_�j�o�g�h�k�l�y�o 
�a�f�_�_�\�b�d�h�\. �< �k�\�y�a�b �k �l�_�f, �q�l�h �\ �i�j�b�j�h�^�g�u�c �]�Z�a �^�h-
�[�Z�\�e�y�x�l�k�y �k�^�m�\�d�b �k �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d �a�Z-
�\�h�^�h�\, �k�h�^�_�j�`�Z�s�b�_ �j�Z�a�e�b�q�g�u�_ �i�j�_�^�_�e�v�g�u�_ �b �g�_�i�j�_-
�^�_�e�v�g�u�_ �m�]�e�_�\�h�^�h�j�h�^�u, �h�[�j�Z�a�h�\�Z�g�b�_ �g�Z�]�Z�j�Z �g�Z �g�Z-
�j�m�`�g�u�o �k�l�_�g�d�Z�o �a�f�_�_�\�b�d�h�\ �l�_�i�e�h�\�h�k�i�j�b�g�b�f�Z�x�s�b�o 
�l�j�m�[ �b�^�_�l �i�h�k�l�h�y�g�g�h. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �^�e�y �m�e�m�q�r�_-
�g�b�y �D�I�> �i�_�q�_�c, �g�_�h�[�o�h�^�b�f�u �i�_�j�b�h�^�b�q�_�k�d�b�_ �q�b�k�l�d�b 
�h�l �g�Z�]�Z�j�Z �g�Z�j�m�`�g�u�o �i�h�\�_�j�o�g�h�k�l�_�c, �h�l�f�u�\�Z�l�v �h�l �g�Z-
�d�b�i�b �\�g�m�l�j�_�g�g�b�_ �i�h�\�_�j�o�g�h�k�l�b �a�f�_�_�\�b�d�h�\. �< �p�_�e�h�f, 
�i�h �j�_�a�m�e�v�l�Z�l�Z�f �b�k�i�u�l�Z�g�b�c �i�j�b �g�h�f�b�g�Z�e�v�g�u�o �g�Z-
�]�j�m�a�d�Z�o, �i�h�e�m�q�_�g�h, �q�l�h �D�I�> �[�j�m�l�l�h �^�e�y �\�k�_�o �b�k�k�e�_-
�^�h�\�Z�g�g�u�o �i�_�q�_�c �I –3/1, �I –3/2, �I –3/4 �\ �k�j�_�^�g�_�f �j�Z-
�\�_�g �K�[.�k�j=77,8%.  

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

 
�J�Z�k�q�_�l �\�u�j�Z�[�h�l�d�b �n�Z�d�l�b�q�_�k�d�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�_�i-

�e�h�\�h�c �w�g�_�j�]�b�b �\ �l�h�i�d�_ �i�_�q�b �h�i�j�_�^�_�e�y�_�l�k�y �i�h �d�h�e�b�q�_-
�k�l�\�m �\�u�^�_�e�y�_�f�h�c �l�_�i�e�h�\�h�c �w�g�_�j�]�b�b �i�j�b �k�`�b�]�Z�g�b�b 
�l�h�i�e�b�\�Z. �L�h�i�e�b�\�h�f �^�e�y �i�_�q�_�c �k�e�m�`�b�l �i�j�b�j�h�^�g�u�c �]�Z�a 
�k�f�_�r�Z�g�g�u�c �k �]�Z�a�h�h�[�j�Z�a�g�u�f�b �k�^�m�\�d�Z�f�b �b�a �i�j�h�b�a-
�\�h�^�k�l�\ �H�:�H «�G�D�G�O» �k �g�b�a�r�_�c �l�_�i�e�h�l�\�h�j�g�h�c �k�i�h-
�k�h�[�g�h�k�l�v�x �f�_�g�y�x�s�_�c�k�y �h�l Q�g

�j=8500 �^�h 11000 
�d�d�Z�e/�g�f3 (�i�h �i�_�j�b�h�^�b�q�_�k�d�b�f �Z�g�Z�e�b�a�Z�f). �B�f�_�_�l �f�_�k�l�h 
�k�`�b�]�Z�g�b�_ �k�f�_�r�Z�g�g�h�]�h �]�Z�a�Z �k Q�g

�j=6400 �d�d�Z�e/�g�f3.  
�J�Z�k�q�_�l �\�u�j�Z�[�h�l�d�b �l�_�i�e�h�\�h�c �w�g�_�j�]�b�b �\ �i�_�q�b �i�j�h-

�\�h�^�b�l�k�y �i�h �n�h�j�f�m�e�_: 
 

Q�i= GQHp�u10-6, �=�d�Z�e/�q�Z�k,           (1) 
 

�]�^�_ G – �j�Z�k�o�h�^ �l�h�i�e�b�\�Z �g�Z �i�_�q�v, �g�f3/�q�Z�k; 
QHp – �g�b�a�r�Z�y �l�_�i�e�h�l�Z �k�]�h�j�Z�g�b�y �l�h�i�e�b�\�Z, �d�d�Z�e/�g�f3. 

�J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �\�u�j�Z�[�h�l�d�b �l�_�i�e�h�l�u �i�j�b�\�_�^�_-
�g�u �\ �l�Z�[�e. 2. 

�L�Z�[�e�b�p�Z 2 – �J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �\�u�j�Z�[�h�l�d�b �l�_�i-
�e�h�l�u �\ �i�_�q�Z�o �I –3/1, �I –3/2, �I –3/4 

�G�h�f�_�j �i�_�q�b 

�<�u�j�Z�[�h�l�d�Z 
�l�_�i�e�Z 

�\ �i�_�q�b, 
Q�i �=�d�Z�e/�q�Z�k 

�J�Z�k�o�h�^ 
�l�h�i�e�b�\�Z, 

G, 
�g�f�A/�q�Z�k 

�K�j�_�^�g�y�y 
�l�_�i�e�h-

�l�\�h�j�g�Z�y 
�k�i�h�k�h�[-
�g�h�k�l�v 

�M�^�_�e�v�g�u�c 
�j�Z�k�o�h�^ �l�h�i�e�b�\�Z,

�g�f3/�=�d�Z�e 
 

�I�_�q�v �I -3/1 29,40 2940,0 

8000 

100 

�I�_�q�v �I -3/2 25,01 2501,0 100 

�I�_�q�v �I -3/4 29,92 2992,3 102,5 

�K�m�f�f�Z�j�g�h 
�i�h �i�_�q�Z�f 

84,33 8433,3 100 

 
�L�_�i�e�h�l�Z, �i�h�e�m�q�_�g�g�Z�y �\�h�^�h�c �\ �i�_�q�b Q�\ �h�i�j�_�^�_�e�y-

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

 
Q�\= DCp(t�\�u�o - t�\�o ) �u10-6, �=�d�Z�e/�q�Z�k, (2) 

 
�]�^�_ D – �j�Z�k�o�h�^ �\�h�^�u �q�_�j�_�a �i�_�q�v, �f3/�q�Z�k;  
t�\�u�o – �l�_�f�i�_�j�Z�l�m�j�Z �\�h�^�u �g�Z �\�u�o�h�^�_ �b�a �i�_�q�b, °�K;  

t�\�o – �l�_�f�i�_�j�Z�l�m�j�Z �\�h�^�u �g�Z �\�o�h�^�_ �\ �i�_�q�v, °�K;  
�K�j – �l�_�i�e�h�_�f�d�h�k�l�v �\�h�^�u, �d�d�Z�e/�f3�u°�K.  

�J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �l�_�i�e�h�l�u �n�Z�d�l�b�q�_�k�d�b �m�g�h�k�b-
�f�h�c �k �\�h�^�h�c Q�\ �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 4. �B�a �l�Z�[�e. 4 �\�b�-̂
�g�h, �q�l�h �i�j�b �n�Z�d�l�b�q�_�k�d�b �f�_�g�v�r�_�f �j�Z�k�o�h�^�_ �\�h�^�u �l�_�i-
�e�h�l�Z, �i�h�e�m�q�_�g�g�Z�y �\�h�^�h�c �\ �i�_�q�b �I –3/4 �\�u�r�_, �q�_�f �\ 
�i�_�q�Z�o �I –3/1 �b �I –3/2, �\ �k�j�_�^�g�_�f �g�Z 7,11 �=�d�Z�e/�q�Z�k �b�e�b 
�g�Z 31,73%. 

�W�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �a�Z�]�j�y�a�g�_�g�g�h�k�l�v �g�Z�j�m�`�g�h�c �b 
�\�g�m�l�j�_�g�g�_�c �l�j�m�[ �i�_�q�_�c �I –3/1, �I –3/2: �k �g�Z�j�m�`�g�h�c – 
�g�Z�]�Z�j�h�f, �k �\�g�m�l�j�_�g�g�_�c – �g�Z�d�b�i�v�x. �>�e�y �m�^�Z�e�_�g�b�y 
�g�Z�j�m�`�g�u�o �a�Z�]�j�y�a�g�_�g�b�c �g�_�h�[�o�h�^�b�f�h �m�k�l�Z�g�h�\�b�l�v �h�[-
�^�m�\�h�q�g�u�_ �m�k�l�j�h�c�k�l�\�Z, �^�e�y �m�^�Z�e�_�g�b�y �\�g�m�l�j�_�g�g�b�o – 
�i�j�b�f�_�g�y�l�v �h�l�f�u�\�Z�g�b�_ �h�l �g�Z�d�b�i�b �b �b�g�]�b�[�b�j�h�\�Z�g�b�_ �k 
�i�h�f�h�s�v�x «�d�h�f�i�h�a�b�p�b�b �D�D�N». 

 
�<�u�\�h�^�u 

 
1. �K�`�b�]�Z�g�b�_ �\ �i�_�q�Z�o �]�Z�a�h�h�[�j�Z�a�g�u�o �k�^�m�\�h�d �k �l�_�o-

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

2. �M�\�_�e�b�q�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z �b�a�[�u�l�d�Z �\�h�a�^�m�o�Z 
�^�e�y �e�m�q�r�_�]�h �k�f�_�k�_�h�[�j�Z�a�h�\�Z�g�b�y �i�j�b �]�h�j�_�g�b�b �g�_ �i�j�b-
�\�h�^�b�l �d �b�k�d�e�x�q�_�g�b�x �h�[�j�Z�a�h�\�Z�g�b�y �h�l�e�h�`�_�g�b�c �b �g�Z-
�]�Z�j�Z �g�Z �i�h�\�_�j�o�g�h�k�l�y�o �a�f�_�_�\�b�d�h�\ �b �k�h�i�j�h�\�h�`�^�Z�_�l�k�y 
�\�u�k�h�d�b�f�b �i�h�l�_�j�y�f�b �l�_�i�e�h�l�u �k �m�o�h�^�y�s�b�f�b �]�Z�a�Z�f�b 
�j�Z�\�g�u�f�b q2=18,4 %, �\�f�_�k�l�h �l�j�_�[�m�_�f�u�o �g�h�j�f�Z�l�b�\�g�u�o 
q2=5%. 
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