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Abstract  
The article describes the transfer of the technological resources on the subject of labor as a result 
of the impact of technological equipment. The paper analyzes the structure of the production 
cycle and technological resources. It shows the structure of effective processing time of the 
subject of labor. The author considers the laws of distribution of random processes of transfer of 
technological resources for simple flow schemes of processing the subject of labor. The article 
describes the principle of formation of a generalized production unit and demonstrates the 
mechanism of building production functions of the generalized production unit for sequential and 
parallel arrangement of equipment. The article also demonstrates the principle of construction of 
a network model of the production line for multiproduct production. 
Keywords: process; process operation; subject of labor; means of labor; properties and 
parameters of the product; type of production; methods of organization; PDE-model production 
lines; production management system; statistical models of manufacturing systems. 
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Fig. 1. The process of transferring the cost of resources  

on the subject of labor 
 



 

Pihnastyi O.M. The network model of the multiple resources flow manufacturing line // 
� �È�Õ�È�Å�Ñ�Ì �É�Ö�Ó�Ð�Ã�Î �ü���œ�Ã�Ö�Ú�Ð�Þ�Ì �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ý�ä 

 � �È�Ó�Ë�â �ü�—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È �Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ý�ä���� �¡�ä�w�á���V�x, 2016. 
33 

 

�K�_�j�b�y���B�G�N�H�J�F�:�P�B�H�G�G�U�? �L�?�O�G�H�E�H�=�B�B 
INFORMATION TECHNOLOGIES Series 

�f���)���)�����   ,  ,  ,  ,  ,  , m�Km�Hm�Wm�K�b�Fmm �û�6�û�û�û�6�û�6�û�6 �\ , �� ��Mm ..1� ,   (1)

�]�^�_�� �K�b�Fm�û�6   ,  ���]�j�g������ �± �k�l�h�b�f�h�k�l�v�� �a�Z�l�j�Z�l�� �g�Z��

�h�k�g�h�\�g�h�c�� �b�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�c�� �f�Z�l�_�j�b�Z�e�u����
�i�h�e�m�n�Z�[�j�b�d�Z�l�u���b���d�h�f�i�e�_�d�l�m�x�s�b�_���� 

�Wm�û�6   ,  ���]�j�g�������± �k�l�h�b�f�h�k�l�v���a�Z�l�j�Z�l���w�g�_�j�]�h�j�_�k�m�j�k�h�\�� 

�Hm�û   ,�)  ���]�j�g������ �± �k�l�h�b�f�h�k�l�v�� �a�Z�l�j�Z�l�� �n�h�g�^�Z�� �h�i�e�Z�l�Z��

�l�j�m�^�Z���h�k�g�h�\�g�u�o���j�Z�[�h�q�b�o���� 

�Km�û   ,�)  ���]�j�g������ �± �k�l�h�b�f�h�k�l�v�� �a�Z�l�j�Z�l�� �n�h�g�^�Z�� �h�i�e�Z�l�Z��

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

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

�f  ,m�û�6 ���]�j�g������ �± �k�l�h�b�f�h�k�l�v�� �i�j�h�q�b�o�� �a�Z�l�j�Z�l����

�k�\�y�a�Z�g�g�u�o���k���\�u�i�h�e�g�_�g�b�_�f��m-�h�c���h�i�_�j�Z�p�b�b�� 
�K�l�h�b�f�h�k�l�v�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �j�_�k�m�j�k�h�\���\  ,m�û�6  

(�������i�_�j�_�g�h�k�b�l�k�y���g�Z���i�j�_�^�f�_�l���l�j�m�^�Z���a�Z���w�n�n�_�d�l�b�\�g�h�_��
�\�j�_�f�y���h�[�j�Z�[�h�l�d�b�����(�3�7�����(�I�I�H�F�W�L�Y�H���3�U�R�F�H�V�V�L�Q�J���7�L�P�H�V����

m�û�W [15-�����@���� �k�l�j�m�d�l�m�j�Z�� �d�h�l�h�j�h�]�h�� �f�h�`�_�l�� �[�u�l�v��
�i�j�_�^�k�l�Z�\�e�_�g�Z���d�Z�d�����j�b�k�� 2) 

�?m�I�Am�<m�Hmm �û�û�û�û�û   ,  ,  ,  , �W�W�W�W�W ������� ,  �� ��Mm ..1� ,  (2)

�]�^�_�� �Hm�û   ,�W  ���q�Z�k���� �± �g�h�j�f�Z�� �h�k�g�h�\�g�h�]�h�� �\�j�_�f�_�g�b����

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

�<m�û   ,�W  ���q�Z�k���� �± �g�h�j�f�Z�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b����

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

�?m�û   ,�W  ���q�Z�k���� �± �g�h�j�f�Z�� �\�j�_�f�_�g�b�� �g�Z�� �\�u�i�h�e�g�_�g�b�_��

�_�k�l�_�k�l�\�_�g�g�u�o���i�j�h�p�_�k�k�h�\���� 

�I�Am�û   ,�W  ���q�Z�k���� �± �g�h�j�f�Z�� �h�i�_�j�Z�p�b�b���i�h�^�]�h�l�h�\�b�l�_�e�v�g�h-

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

�;�Z�a�h�\�u�_�� �k�h�k�l�Z�\�e�y�x�s�b�_�� �k�l�h�b�f�h�k�l�b��
�i�_�j�_�g�_�k�_�g�g�u�o�� �j�_�k�m�j�k�h�\�� �������� �b�� �w�n�n�_�d�l�b�\�g�h�]�h��
�\�j�_�f�_�g�b�� �h�[�j�Z�[�h�l�d�b�� �������� �y�\�e�y�x�l�k�y�� �m�k�e�h�\�g�u�f�b�� �b��
�h�i�j�_�^�_�e�y�x�l�k�y�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �d�h�g�d�j�_�l�g�h�]�h��
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �B�g�l�_�g�k�b�\�g�h�k�l�v��
�i�_�j�_�g�h�k�Z�� �h�[�h�j�m�^�h�\�Z�g�b�_�f�� �j�_�k�m�j�k�h�\���\  ,m�û�6 =

�� ��t�û�6m �\  ,  �a�Z�� �w�n�n�_�d�l�b�\�g�h�_�� �\�j�_�f�y�� �h�[�j�Z�[�h�l�d�b��

�� ��t�û�û mm �W�W �  �g�Z j -�c���i�j�_�^�f�_�l���l�j�m�^�Z�����g�Z�o�h�^�y�s�b�c�k�y��
�\�� �f�_�`�h�i�_�j�Z�p�b�h�g�g�h�f�� �a�Z�^�_�e�_�� �g�Zm -�h�c�� �h�i�_�j�Z�p�b�b����
�y�\�e�y�_�l�k�y�� �k�e�m�q�Z�c�g�u�f�� �i�j�h�p�_�k�k�h�f���� ��tm �\�P   ,  [21, 22], 

�a�g�Z�q�_�g�b�_�� �d�h�l�h�j�h�]�h�� �\�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b��0tt �  
�h�i�j�_�^�_�e�y�_�l�k�y�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�h�c��

�� ��0  ,   , tmm �\�\ �P�P � :

m

m
m �û

�û�6

�W
�P �\

�\
  ,

  , � =
�?m�I�Am�<m�Hm

m�Km�Hm�Wm�K�b�Fm

�û�û�û�û

�û�6�û�N�û�N�û�6�û�6

  ,  ,  ,  ,

  ,  ,  ,  ,  ,

�W�W�W�W ������

�������� �f .     (3) 

 

 
�J�b�k�������� �W�n�n�_�d�l�b�\�g�h�_���\�j�_�f�y���h�[�j�Z�[�h�l�d�b�����(�3�7�����>����-20] 

Fig. 2. Effective Processing Time (EPT) [18-20] 
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�\�_�e�b�q�b�g�Z�f�b�� �k�l�h�b�f�h�k�l�b�� �i�_�j�_�g�_�k�_�g�g�u�o�� �j�_�k�m�j�k�h�\��
(1) �b�� �k�h�k�l�Z�\�e�y�x�s�b�o�� �w�n�n�_�d�l�b�\�g�h�]�h�� �\�j�_�f�_�g�b��
�h�[�j�Z�[�h�l�d�b�� �������� �>�����@���� �K�_�q�_�g�b�_�� �k�e�m�q�Z�c�g�h�]�h�� �i�j�h�p�_�k�k�Z��
�b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�_�j�_�g�h�k�Z�� �j�_�k�m�j�k�h�\�� �g�Z�� �i�j�_�^�f�_�l��
�l�j�m�^�Z�� �i�j�b�� �n�b�d�k�b�j�h�\�Z�g�g�h�f�� �a�g�Z�q�_�g�b�b�� �Z�j�]�m�f�_�g�l�Z��t  
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�e�m�q�Z�c�g�m�x�� �\�_�e�b�q�b�g�m���\�P   ,m  �k��
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�A�Z�d�h�g�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�u�o�� �i�j�h�p�_�k�k�h�\��
�� ��t�û�6 �K�b�Fm , , �� ��t�û�6 �Wm , , �� ��t�û�N �Hm , , �� ��t�û�N �Km , , �� ��t�û�6m �f ,  

�b�� �� ��t�û �Hm ,�W , �� ��t�û �<m ,�W , �� ��t�û �?m ,�W , �� ��t�û �I�Am ,�W  �a�Z�\�b�k�y�l��

�h�l�� �n�Z�d�l�h�j�h�\�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �k�\�y�a�Z�g�u�� �k��
�n�h�j�f�Z�f�b�� �h�j�]�Z�g�b�a�Z�p�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �f�_�l�h�^�Z�f�b��
�h�[�j�Z�[�h�l�d�b�� �i�j�_�^�f�_�l�h�\�� �l�j�m�^�Z�� �b�� �d�h�g�l�j�h�e�y �b�o��
�d�Z�q�_�k�l�\�Z���� �f�_�o�Z�g�b�a�f�Z�f�b�� �i�_�j�_�g�h�k�Z�� �j�_�k�m�j�k�h�\�� �g�Z��
�i�j�_�^�f�_�l�� �l�j�m�^�Z�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �\�h�a�^�_�c�k�l�\�b�y��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �>�������� �������� �����@���� �J�Z�\�g�h�f�_�j�g�u�c�� �a�Z�d�h�g��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�h�a�g�b�d�Z�_�l�� �\�� �o�h�^�_�� �h�[�j�Z�[�h�l�d�b��
�i�j�_�^�f�_�l�Z�� �l�j�m�^�Z�� �k�j�_�^�k�l�\�Z�f�b�� �l�j�m�^�Z���� �h�k�g�Z�s�_�g�g�u�f�b��
�d�h�g�l�j�h�e�v�g�u�f�b�� �i�j�b�[�h�j�Z�f�b�� �k�� �]�j�m�[�u�f�b�� �^�_�e�_�g�b�y�f�b��
�>�����@���� �D�� �h�i�_�j�Z�p�b�y�f���� �\�� �o�h�^�_�� �\�u�i�h�e�g�_�g�b�y�� �d�h�l�h�j�u�o��
�k�h�k�l�Z�\�e�y�x�s�b�_�� �k�e�m�q�Z�c�g�u�o�� �i�j�h�p�_�k�k�h�\�� �������� �b�� ��������
�f�h�]�m�l�� �b�f�_�l�v�� �j�Z�\�g�h�f�_�j�g�u�c�� �a�Z�d�h�g�� �j�Z�k�i�j�_�^�_�e�_�g�b�y����
�h�l�g�h�k�y�l�k�y�� �l�h�d�Z�j�g�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �a�Z�]�h�l�h�\�d�b���� �i�h�j�_�a�d�Z��
�a�Z�]�h�l�h�\�d�b�� �\�� �j�Z�a�f�_�j�� �i�h�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c�� �e�b�g�_�c�d�_����
�G�h�j�f�Z�e�v�g�u�c�� �a�Z�d�h�g�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �\�h�a�g�b�d�Z�_�l�� �i�j�b��
�\�u�i�h�e�g�_�g�b�b�� �h�i�_�j�Z�p�b�b���� �g�Z�� �j�_�a�m�e�v�l�Z�l�� �d�h�l�h�j�h�c��
�h�d�Z�a�u�\�Z�x�l���\�e�b�y�g�b�y���f�g�h�]�h���g�_�a�Z�\�b�k�b�f�u�o���b�e�b���k�e�Z�[�h��
�a�Z�\�b�k�b�f�u�o�� �k�e�m�q�Z�c�g�u�o�� �n�Z�d�l�h�j�h�\���� �I�h�d�Z�a�Z�l�_�e�v�g�h�_��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �l�_�k�g�h�� �k�\�y�a�Z�g�h�� �k�� �i�j�h�k�l�_�c�r�b�f��

���k�l�Z�p�b�h�g�Z�j�g�u�f���i�m�Z�k�k�h�g�h�\�k�d�b�f�����i�h�l�h�d�h�f���k�h�[�u�l�b�c����
�K�e�m�q�Z�c�g�u�_�� �i�j�h�p�_�k�k�u�� �i�_�j�_�g�h�k�Z�� �k�l�h�b�f�h�k�l�b��
�j�_�k�m�j�k�h�\�� �� ��t�û�6 �Wm , , �� ��t�û�N �Km , , �� ��t�û�6m �f ,  �q�Z�k�l�h��

�i�j�_�^�k�l�Z�\�e�y�x�l�� �e�b�g�_�c�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�v�x�� �h�l��
�w�n�n�_�d�l�b�\�g�h�]�h���\�j�_�f�_�g�b���h�[�j�Z�[�h�l�d�b���� ��t�û m,�W  [19]: 

�� �� �� ��t�ûkt�û�6 m�Wm�Wm , , , �W�˜� , �� �� �� ��t�ûkt�û�N mcmCm , , , �W�˜� �) , 

 �� �� �� ��t�ûkt�û�6 mmm , , , �W�˜� �f�f   (8) 

�]�^�_�� �Wmk  , , cmk �) , , �f ,mk  �± �b�g�l�_�g�k�b�\�g�h�k�l�v��

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

�f ,mk  �g�_�k�e�m�q�Z�c�g�u�_�� �\�_�e�b�q�b�g�u���� �h�i�j�_�^�_�e�y�x�l�k�y�� �g�Z��

�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�f�� �i�j�_�^�i�j�b�y�l�b�b�� �i�h�j�y�^�d�h�f��
�j�Z�a�g�_�k�_�g�b�y�� �a�Z�l�j�Z�l�� �i�h�� �\�b�^�Z�f�� �b�a�^�_�e�b�c���� �K�e�m�q�Z�c�g�u�c��
�i�j�h�p�_�k�k�� �� ��t�û �Hm ,�)  �^�e�y���k�^�_�e�v�g�h�c���� �� �� ��trt�û m�Hm o , , �)� �)  

�b�� �i�h�q�Z�k�h�\�h�c�� �� �� �� ��t�ûkt�û�N �Hmm�Hm  ,o , , �W�˜� �)  �n�h�j�f��

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

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

�h�i�_�j�Z�p�b�b���� �K�[�h�j�h�q�g�u�_�� �b�� �m�i�Z�d�h�\�h�q�g�u�_�� �h�i�_�j�Z�p�b�b��
�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �i�_�j�_�g�h�k�h�f�� �g�Z�� �i�j�_�^�f�_�l�� �l�j�m�^�Z��
�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�c���k�l�h�b�f�h�k�l�b���j�_�k�m�j�k�h�\���K�b�Fm�û�6  , . 

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

const�û�6�û�6 Cmm � �# uM , ,�\ ���� �>�e�y�� �h�i�_�j�Z�p�b�b��

�l�_�k�l�b�j�h�\�Z�g�b�y���� �g�Z�k�l�j�h�c�d�b�� �b�� �d�h�g�l�j�h�e�y�� �i�Z�j�Z�f�_�l�j�h�\��
�b�a�^�_�e�b�y�� �h�k�g�h�\�g�u�f�b�� �a�Z�l�j�Z�l�Z�f�b�� �y�\�e�y�x�l�k�y�� �a�Z�l�j�Z�l�u��
�n�h�g�^�Z�� �h�i�e�Z�l�u�� �l�j�m�^�Z�� constr�û�6 �N�hmm � �# ,,�\  ���^�e�y��

�k�^�_�e�v�g�h�c�� �h�i�e�Z�l�u������ momm �ûk�û�6 �W�\ �˜�# �),,  ���^�e�y��

�i�h�q�Z�k�h�\�h�c�� �h�i�e�Z�l�u������ �W�g�_�j�]�h�_�f�d�b�_�� �h�i�_�j�Z�p�b�b��
���l�_�j�f�h�h�[�j�Z�[�h�l�d�Z���� �a�Z�d�Z�e�d�Z���� �o�j�h�f�b�j�h�\�Z�g�b�_����
�g�b�d�_�e�b�j�h�\�Z�g�b�_���� �e�b�l�v�_���� �i�j�_�k�k�h�\�Z�g�b�_�� �i�e�Z�k�l�b�q�_�k�d�b�o��
�f�Z�k�k�� �>�����@���� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �i�j�_�h�[�e�Z�^�Z�g�b�_�f��
�k�h�k�l�Z�\�e�y�x�s�_�c���Wm�û�6,  �Wmm �û�6�û�6 ,, �#�\ .  

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

�h�[�j�Z�[�h�l�d�m�� �\�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b��jt ���� �>�e�y�� �i�Z�j�l�b�b��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o�� �i�j�_�^�f�_�l�h�\��
�l�j�m�^�Z�����i�j�Z�\�b�e�h���)�,�)�2�����h�[�s�_�_���\�j�_�f�y���h�[�j�Z�[�h�l�d�b����j
�h�]�h�� �i�j�_�^�f�_�l�Z�� �l�j�m�^�Z��

jm�û �6 ,�W  �k�� �f�h�f�_�g�l�Z��

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

jm�û �6 ,�W = �¦
� 

����� ��
mN

kjmjmjm �û�û�û
 ,

1k
1Pr ,

�\

�W�W�W , 

 �¦
� 

����� 
mN

kjmjm �û�û
 ,

2k
1Pr ,

�\

�W�W .  (9) 

�?�k�e�b���\���f�_�`�h�i�_�j�Z�p�b�h�g�g�h�f���a�Z�^�_�e�_���i�_�j�_�^��m -�h�c��
�h�i�_�j�Z�p�b�_�c�� �g�Z�o�h�^�b�l�k�y�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h��
�i�j�_�^�f�_�l�h�\�� �l�j�m�^�Z�� 1�!�!mN , �l�h�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�p�_�g�l�j�Z�e�v�g�h�c�� �i�j�_�^�_�e�v�g�h�c�� �l�_�h�j�_�f�u�� �>�����@��
�g�_�a�Z�\�b�k�b�f�h�� �h�l�� �a�Z�d�h�g�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�h�c��
�\�_�e�b�q�b�g�u��m�û�W �k�e�m�q�Z�c�g�Z�y�� �\�_�e�b�q�b�g�Z��

jm�û �6 ,�W  �[�m�^�_�l��

�j�Z�k�i�j�_�^�_�e�_�g�Z�� �i�h�� �g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m���� �I�e�h�l�g�h�k�l�v��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� )t,(   , �\�P�\ mm  �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u��

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

�q�_�j�_�a�� �i�e�h�l�g�h�k�l�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�u�o��
�\�_�e�b�q�b�g�� �\   ,m�û�6  �b�� m�û�W ���������� �<�� �h�[�s�_�f�� �k�e�m�q�Z�_��

�g�_�h�[�o�h�^�b�f�h�� �k�l�j�h�b�l�v�� �w�f�i�b�j�b�q�_�k�d�m�x��
�k�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �n�m�g�d�p�b�x�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u�� �>�����@���� �d�h�l�h�j�Z�y�� �f�h�`�_�l�� �[�u�l�v��
�\�u�j�h�\�g�_�g�Z�� �k�i�_�p�b�Z�e�v�g�h�� �i�h�^�h�[�j�Z�g�g�h�c��
�Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �n�m�g�d�p�b�_�c�� �>�����@���� �h�i�j�_�^�_�e�y�x�s�_�c��
�k�m�s�_�k�l�\�_�g�g�u�_�� �q�_�j�l�u�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z����
�A�Z�^�Z�q�Z�� �k�\�h�^�b�l�k�y�� �d�� �a�Z�f�_�g�_�� �]�b�k�l�h�]�j�Z�f�f�u�� �i�e�Z�\�g�h�c��
�d�j�b�\�h�c���� �b�f�_�x�s�_�c�� �^�h�k�l�Z�l�h�q�g�h�� �i�j�h�k�l�h�_��
�Z�g�Z�e�b�l�b�q�_�k�d�h�_�� �\�u�j�Z�`�_�g�b�_���� �k�� �i�h�k�e�_�^�m�x�s�b�f��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �_�]�h�� �\�� �d�Z�q�_�k�l�\�_�� �i�e�h�l�g�h�k�l�b��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u���\   ,m�û�6  �b��

m�û�W���� �<�h�i�j�h�k�� �h�� �l�h�f���� �\�� �d�Z�d�h�f�� �d�e�Z�k�k�_�� �n�m�g�d�p�b�c��
�b�k�d�Z�l�v���g�Z�b�e�m�q�r�_�_���i�j�b�[�e�b�`�_�g�b�_�����j�_�r�Z�_�l�k�y���b�k�o�h�^�y��
�b�a�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�� �a�Z�^�Z�q�b���� �Q�Z�k�l�h��
�\�b�^�� �\�u�j�Z�\�g�b�\�Z�x�s�_�c�� �d�j�b�\�h�c�� �^�e�y�� �i�e�h�l�g�h�k�l�b��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u�� �\�u�[�b�j�Z�_�l�k�y��
�b�k�o�h�^�y�� �b�a�� �m�k�e�h�\�b�c�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �k�e�m�q�Z�c�g�h�c��
�\�_�e�b�q�b�g�u�� �>�����@���� �J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �f�_�l�h�^�h�f��
�\�u�j�Z�\�g�b�\�Z�g�b�y�� �y�\�e�y�_�l�k�y�� �f�_�l�h�^�� �f�h�f�_�g�l�h�\���� �D�Z�d��
�i�j�Z�\�b�e�h���� �f�h�f�_�g�l�u�� �\�u�r�_�� �q�_�l�\�_�j�l�h�]�h�� �i�h�j�y�^�d�Z�� �g�_��

�b�k�i�h�e�v�a�m�x�l�� �>�����@���� �>�Z�`�_�� �^�e�y�� �i�j�h�k�l�u�o�� �k�e�m�q�Z�_�\��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�u�o�� �\�_�e�b�q�b�g���\   ,m�û�6  �b�� m�û�W 

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

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

�\   ,m�û�6  �b�� m�û�W �k�� �r�Z�]�h�f�� �]�j�m�i�i�b�j�h�\�Z�g�g�h�]�h��

�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �j�y�^�Z�� �>�����@���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�f��
�l�j�_�[�m�_�f�m�x�� �l�h�q�g�h�k�l�v�� �q�b�k�e�_�g�g�h�]�h�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�y����
�I�h�e�m�q�_�g�g�Z�y�� �q�b�k�e�_�g�g�u�f�� �k�i�h�k�h�[�h�f�� �i�e�h�l�g�h�k�l�v��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� )t,(    , �\�P�\ mm  �g�Z��m-�h�c�� �h�i�_�j�Z�p�b�b��

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

�i�e�h�l�g�h�k�l�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� )t,(    , �\�P�\ mm  

�k�i�j�Z�\�_�^�e�b�\�h���d�Z�q�_�k�l�\�_�g�g�h�_���i�h�\�_�^�_�g�b�_�� 
0)t,(lim  ,0 ,

�o
�o �\�P

�P�\
�\

mm
m

, 0)t,(lim  ,
 ,

�o
�f�o �\�P

�P�\
�\

mm
m

 (10) 

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

�I�j�h�b�a�\�h�^�k�l�\�_�g�g�Z�y�� �n�m�g�d�p�b�y�� �h�[�h�[�s�_�g�g�h�c��
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�c�� �_�^�b�g�b�p�u�� �>������ �����@���� �L�j�m�^�g�h�k�l�v��
�j�_�Z�e�b�a�Z�p�b�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �h�i�_�j�Z�p�b�c��
�k�\�y�a�Z�g�Z�� �k�� �h�l�k�m�l�k�l�\�b�_�f�� �m�j�Z�\�g�_�g�b�c�� �k�h�k�l�h�y�g�b�y����
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�� �n�b�a�b�q�_�k�d�b�c�� �i�j�h�p�_�k�k��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �j�_�k�m�j�k�h�\�� �\�� �o�h�^�_�� �\�u�i�h�e�g�_�g�b�y��
�h�i�_�j�Z�p�b�b�����Z���i�j�b���g�Z�e�b�q�b�b���m�j�Z�\�g�_�g�b�c���k�h�k�l�h�y�g�b�y���± �k��
�h�l�k�m�l�k�l�\�b�_�f�� �g�_�h�[�o�h�^�b�f�u�o�� �a�g�Z�q�_�g�b�c�� �n�b�a�b�q�_�k�d�b�o��
�d�h�g�k�l�Z�g�l���^�e�y���d�h�g�d�j�_�l�g�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���\���l�Z�d�b�o��
�m�j�Z�\�g�_�g�b�y�o���� �W�l�h�� �i�j�b�\�h�^�b�l�� �d�� �\�\�_�^�_�g�b�x��
�m�i�j�h�s�_�g�b�y�f�� �i�j�b�� �h�i�b�k�Z�g�b�b�� �h�i�_�j�Z�p�b�b�� �b��
�k�m�s�_�k�l�\�_�g�g�u�f�� �h�l�d�e�h�g�_�g�b�y�f�� �h�l�� �j�_�Z�e�v�g�h�c��
�l�_�o�g�h�e�h�]�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �I�h�^�Z�\�e�y�x�s�_�_�� �q�b�k�e�h��
�i�j�b�d�e�Z�^�g�u�o�� �a�Z�^�Z�q�� �i�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�x��
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �y�\�e�y�x�l�k�y��
�h�i�l�b�f�b�a�Z�p�b�h�g�g�u�f�b���� �m�q�b�l�u�\�Z�x�s�b�f�b��
�h�]�j�Z�g�b�q�_�g�b�y���� �k�\�y�a�Z�g�g�u�_�� �k�� �j�_�Z�e�b�a�Z�p�b�_�c��
�i�h�k�l�Z�\�e�_�g�g�h�c�� �a�Z�^�Z�q�b���� �F�h�^�_�e�b�j�h�\�Z�g�b�_�� �^�h�e�`�g�h��
�h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �g�Z�� �[�Z�a�_�� �]�e�m�[�h�d�h�]�h�� �n�b�a�b�q�_�k�d�h�]�h��
�Z�g�Z�e�b�a�Z�� �h�i�_�j�Z�p�b�b���� �l�Z�d�� �d�Z�d�� �\�� �h�k�g�h�\�_�� �h�i�_�j�Z�p�b�c��
�e�_�`�Z�l�� �n�b�a�b�q�_�k�d�b�_�� �b�e�b�� �f�_�o�Z�g�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u��
���g�Z�]�j�_�\���� �h�o�e�Z�`�^�_�g�b�_���� �j�_�a�Z�g�b�_�f���� �^�Z�\�e�_�g�b�_����
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �i�_�j�_�f�_�s�_�g�b�y������ �W�l�b�� �i�j�h�p�_�k�k�u��
�h�i�b�k�u�\�Z�x�l�k�y�� �h�[�u�d�g�h�\�_�g�g�u�f�b�� �b�e�b�� �\�� �q�Z�k�l�g�u�o��
�i�j�h�b�a�\�h�^�g�u�o�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�f�b�� �m�j�Z�\�g�_�g�b�y�f�b����
�b�f�_�x�s�b�f�b�� �f�g�h�`�_�k�l�\�h�� �j�_�r�_�g�b�c�� �>�����@���� �>�e�y��
�i�h�e�m�q�_�g�b�y�� �j�_�r�_�g�b�y���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h��
�_�^�b�g�k�l�\�_�g�g�h�_�� �i�h�\�_�^�_�g�b�_�� �b�k�i�h�e�g�b�l�_�e�v�g�u�o��
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Fig. 3. Scheme of transferring technology resources on the subject of labor 
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Fig. 4. Scheme of generalized production unit  
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a �± �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_�����E���± �i�Z�j�Z�e�e�_�e�v�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_ 

Fig. 5. Location scheme of generalized production units: 
a �± sequential arrangement; b �± parallel arrangement 
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Fig. 6. Typical manufacturing route in the production of semiconductors [30] 
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Fig. 7. Hypergraph of multiproduct manufacture 
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Fig. 8. Network diagram of technological routes [31] 
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Fig. 9. Scheme of manufacturing products "Operation-equipment" 

 
�I�j�b�� �i�h�k�l�j�h�_�g�b�b�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�� �n�m�g�d�p�b�b��

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

�I�j �h�b�a�\�h�^�k�l�\�_�g�g�u�_�� �i�j�h�p�_�k�k�u���^�e�y�� �m�a�e�h�\�� �©�D�ª���� �©�I�ª����
�©�J�ª�� �y�\�e�y�x�l�k�y�� �k�\�y�a�Z�g�g�u�f�b���� �b�k�i�h�e�v�a�m�x�l�� �^�e�y��
�\�u�i�h�e�g�_�g�b�y���h�i�_�j�Z�p�b�b���h�^�g�m���]�j�m�i�i�m���h�[�h�j�m�^�h�\�Z�g�b�y����
�>�e�y�� �d�Z�`�^�h�c�� �h�[�h�[�s�_�g�g�h�c�� �_�^�b�g�b�p�u�� �k�l�j�h�b�l�k�y��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�Z�y�� �n�m�g�d�p�b�y���� �d�h�l�h�j�Z�y�� �y�\�e�y�_�l�k�y��
�d�h�f�[�b�g�Z�p�b�_�c�� �f�g�h�`�_�k�l�\�Z�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o��
�n�m�g�d�p�b�c�� �w�e�_�f�_�g�l�Z�j�g�u�o�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o��
�_�^�b�g�b�p���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�^�h�e�v�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��
�f�Z�j�r�j�m�l�Z�� �i�Z�j�Z�e�e�_�e�v�g�h�� �b�e�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h����
�J�Z�a�[�b�_�g�b�_�� �f�h�`�_�l�� �[�u�l�v�� �^�h�\�_�^�_�g�h�� �^�h�� �i�j�h�k�l�_�c�r�b�o��
�Z�d�l�h�\�� �i�j�h�p�_�k�k�Z�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �h�� �d�h�l�h�j�u�o�� �f�h�`�g�h��
�k�m�^�b�l�v�� �i�h�� �d�h�g�k�l�j�m�d�l�h�j�k�d�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�h�c��
�^�h�d�m�f�_�g�l�Z�p�b�b���� �L�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u����
�h�i�j�_�^�_�e�y�x�s�b�_�k�y�� �\�� �i�j�h�p�_�k�k�_�� �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�y��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �b�� �_�]�h�� �h�i�u�l�g�h�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b����
�k�e�m�`�Z�l�� �h�k�g�h�\�h�c�� �^�e�y�� �k�b�k�l�_�f�u�� �g�h�j�f�Z�l�b�\�h�\����
�j�_�]�e�Z�f�_�g�l�b�j�m�x�s�b�_���a�Z�l�j�Z�l�u���l�j�m�^�h�\�u�o���b���k�u�j�v�_�\�u�o��
�j�_�k�m�j�k�h�\���� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �b��
�a�Z�l�j�Z�l�u���g�Z �j�_�f�h�g�l���b���q�Z�k�l�h�l�m���_�]�h���i�j�h�\�_�^�_�g�b�y�� 

 



 

Pihnastyi O.M. The network model of the multiple resources flow manufacturing line // 
� �È�Õ�È�Å�Ñ�Ì �É�Ö�Ó�Ð�Ã�Î �ü���œ�Ã�Ö�Ú�Ð�Þ�Ì �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ý�ä 

 � �È�Ó�Ë�â �ü�—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È �Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë�ý�ä���� �¡�ä�w�á���V�x, 2016. 
42 

 

�K�_�j�b�y���B�G�N�H�J�F�:�P�B�H�G�G�U�? �L�?�O�G�H�E�H�=�B�B 
INFORMATION TECHNOLOGIES Series 

 
�J�b�k���������� �K�_�l�_�\�h�c���]�j�Z�n�b�d���b�a�]�h�l�h�\�e�_�g�b�y���b�a�^�_�e�b�y 
Fig. 10. Network diagram of product manufacture 
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Fig. 11. Network diagram of the process with the leading product "P" 
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