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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 
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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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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" 
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Fig. 10. Network diagram of product manufacture 
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Fig. 11. Network diagram of the process with the leading product "P" 
 

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

�w�d�h�g�h�f�b�q�_�k�d�b�o�� �n�Z�d�l�h�j�h�\���� �K�m�s�_�k�l�\�m�_�l��
�a�Z�\�b�k�b�f�h�k�l�v�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �h�[�j�Z�[�h�l�d�b�� �i�j�_�^�f�_�l�Z��
�l�j�m�^�Z�� �g�Z�� �h�l�^�_�e�v�g�h�c�� �h�i�_�j�Z�p�b�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��
�f�Z�j�r�j�m�l�Z�� �h�l�� �d�Z�q�_�k�l�\�Z�� �b�� �d�h�e�b�q�_�k�l�\�Z�� �l�j�m�^�h�\�u�o��



 

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. 
43 

 

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

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

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

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

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

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

������ �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �H�� �g�h�\�h�f�� �d�e�Z�k�k�_��
�^�b�g�Z�f�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �i�h�l�h�q�g�u�o�� �e�b�g�b�c��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �k�b�k�l�_�f���� �G�Z�m�q�g�u�_�� �\�_�^�h�f�h�k�l�b��
�;�_�e�]�h�j�h�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z����
�;�_�e�]�h�j�h�^�����;�=�M����������������������-157. 

2. �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �H�[�a�h�j�� �f�h�^�_�e�_�c��
�m�i�j�Z�\�e�y�_�f�u�o�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �i�h�l�h�q�g�h�c��
�e�b�g�b�b�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �k�b�k�l�_�f���� �G�Z�m�q�g�u�_�� �\�_�^�h�f�h�k�l�b��
�;�_�e�]�h�j�h�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z���� ������������
137-152.  

������ �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �:�g�Z�e�b�a�� �f�h�^�_�e�_�c��
�i�_�j�_�o�h�^�g�u�o�� �m�i�j�Z�\�e�y�_�f�u�o�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o��



 

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. 
44 

 

�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 

�i�j�h�p�_�k�k�h�\���� �G�Z�m�q�g�u�_�� �\�_�^�h�f�h�k�l�b�� �;�_�e�]�h�j�h�^�k�d�h�]�h��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z����������������������-144.  

������ �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �K�l�Z�l�b�k�l�b�q�_�k�d�Z�y�� �l�_�h�j�b�y��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o���k�b�k�l�_�f�����O�������O�G�M�������������k. 

������ �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �:�g�Z�e�b�a�� �i�j�b�g�p�b�i�h�\�� �b��
�f�_�l�h�^�h�\�� �i�h�k�l�j�h�_�g�b�y�� �k�b�k�l�_�f�� �m�i�j�Z�\�e�_�g�b�y��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�f�� �i�j�h�p�_�k�k�h�f���� �G�Z�m�q�g�u�_�� �\�_�^�h�f�h�k�l�b��
�;�_�e�]�h�j�h�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z���� 
37: 152-161  

������ �I�b�]�g�Z�k�l�u�c�� �H���F���� ������������ �H�� �i�h�k�l�j�h�_�g�b�b�� �p�_�e�_�\�h�c��
�n�m�g�d�p�b�b�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�� �k�b�k�l�_�f�u���� �>�h�i�h�\�•�^�•��
�G�Z�p�•�h�g�Z�e�v�g�h�€���Z�d�Z�^�_�f�•�€���g�Z�m�d���M�d�j�Z�€�g�b��������������-55.  

������ �=�H�K�L�� �������������������� ������������ �M�i�j�Z�\�e�_�g�b�_�� �d�Z�q�_�k�l�\�h�f��
�i�j�h�^�m�d�p�b�b���� �H�k�g�h�\�g�u�_�� �i�h�g�y�l�b�y���� �L�_�j�f�b�g�u�� �b��
�h�i�j�_�^�_�e�_�g�b�y�����± �F�������=�h�k�k�l�Z�g�^�Z�j�l���J�h�k�k�b�b��������. 

������ �=�H�K�L�� ������������������������������ �K�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �f�_�l�h�^�u����
�<�_�j�h�y�l�g�h�k�l�v�� �b�� �h�k�g�h�\�u�� �k�l�Z�l�b�k�l�b�d�b���� �L�_�j�f�b�g�u�� �b��
�h�i�j�_�^�_�e�_�g�b�y�����± �F�������=�h�k�k�l�Z�g�^�Z�j�l���J�h�k�k�b�b����38. 

������ �>�_�f�m�p�d�b�c �<���I������ �I�b�]�g�Z�k�l�Z�y�� �<���K������
�I�b�]�g�Z�k�l�u�c �H���F������ ������������ �K�l�h�o�Z�k�l�b�q�_�k�d�h�_�� �h�i�b�k�Z�g�b�_��
�w�d�h�g�h�f�b�d�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �k�b�k�l�_�f�� �k�� �f�Z�k�k�h�\�u�f��
�\�u�i�m�k�d�h�f�� �i�j�h�^�m�d�p�b�b���� �>�h�i�h�\�•�^�•�� �G�Z�p�•�h�g�Z�e�v�g�h�€�� �Z�d�Z�^�_�f�•�€��
�g�Z�m�d���M�d�j�Z�€�g�b��������������-71. 

���������>�_�f�m�p�d�b�c �<���I�������I�b�]�g�Z�k�l�u�c �H���F�����������������L�_�h�j�b�y��
�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �k��
�k�_�j�b�c�g�u�f�� �b�e�b�� �f�Z�k�k�h�\�u�f�� �\�u�i�m�k�d�h�f�� �i�j�h�^�m�d�p�b�b����
�F�Z�l�_�f�Z�l�b�q�g�•�� �f�h�^�_�e�•�� �l�Z�� �•�g�n�h�j�f�Z�p�•�c�g�•�� �l�_�o�g�h�e�h�]�•�€�� �\��
�k�m�q�Z�k�g�•�c���_�d�h�g�h�f�•�p�•��������-98. 

�������� �I�b�]�g�Z�k�l�u�c�� �H���F���� ������������ �J�Z�k�q�_�l��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�]�h�� �p�b�d�e�Z�� �k�� �i�j�b�f�_�g�_�g�b�_�f��
�k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �l�_�h�j�b�b�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h-�l�_�o�g�b�q�_�k�d�b�o��
�k�b�k�l�_�f���� �>�h�i�h�\�•�^�•�� �G�Z�p�•�h�g�Z�e�v�g�h�€�� �Z�d�Z�^�_�f�•�€�� �g�Z�m�d�� �M�d�j�Z�€�g�b����
12: 38-44. 

�������� �E�h�d�l�_�\ �B���B�������������� �<�h�i�j�h�k�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �B�a�\�_�k�l�b�y�� �L�h�f�k�d�h�]�h��
�i�h�e�b�l�_�o�g�b�q�_�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z. 308(6): 90 �± 94. 

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

�������� �Y�d�b�f�h�\�b�q �K���;���� ������������ �I�h�k�l�Z�g�h�\�d�Z�� �b�� �j�_�r�_�g�b�_��
�a�Z�^�Z�q�b�� �k�b�g�l�_�a�Z�� �b�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y��
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b�� �i�j�h�p�_�k�k�Z�f�b�� �e�_�k�h�a�Z�]�h�l�h�\�h�d���� �E�_�k�g�h�c��
�\�_�k�l�g�b�d����������������-160. 

�������� �E�_�l�_�g�d�h �<���:���� ������������ �H�j�]�Z�g�b�a�Z�p�b�y����
�i�e�Z�g�b�j�h�\�Z�g�b�_�� �b�� �m�i�j�Z�\�e�_�g�b�_�� �f�Z�r�b�g�h�k�l�j�h�b�l�_�e�v�g�u�f��
�i�j�_�^�i�j�b�y�l�b�_�f�����F�������<�u�k�r�Z�y���r�d�h�e�Z����������.  

�������� �=�H�K�L�� ���������������������� ������������ �L�_�j�f�b�g�u�� �b��
�h�i�j�_�^�_�e�_�g�b�y�� �h�k�g�h�\�g�u�o�� �i�h�g�y�l�b�c���� �F������ �=�h�k�k�l�Z�g�^�Z�j�l��
�J�h�k�k�b�b�� 15. 

17. Holt C.C., Modigliani F., Muth J.F. 1960. 
Planning Production: Inventories and Work Force. 
Prentice-Hall. 419.  

18. Jacobs J.H., Campen E.J., Rooda J.E. 2003. 
Characterization of the operational time variability using 
effective processing times. IEEE Transactions on 
Semiconductor Manufacturing. 16(3): 511-520. 

19. Lefeber E., Berg R.A., Rooda J.E. 2004. 
Modeling, Validation and Control of Manufacturing. 
Proceeding of the 2004 American Control Conference. 
4583-4588. 

20. �R�d�m�j�[�Z �<.�<., �;�h�e�^�u�j�_�\�Z �<.�: ., �<�v�x�g A.A. 
1975. �I�e�Z�g�b�j�h�\�Z�g�b�_�� �^�b�k�d�j�_�l�g�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �\��
�m�k�e�h�\�b�y�o���:�K�M�����D�������L�_�o�g�b�d�Z����������.  

�������� �<�_�g�p�_�e�v �?���K������ �H�\�q�Z�j�h�\�� �E���:���� ������������ �L�_�h�j�b�y��
�\�_�j�h�y�l�g�h�k�l�_�c�� �b�� �_�_�� �b�g�`�_�g�_�j�g�u�_�� �i�j�b�e�h�`�_�g�b�y���� �F������
�<�u�k�r�Z�y���r�d�h�e�Z�������������� 

�������� �<�_�g�p�_�e�v �?���K������ �H�\�q�Z�j�h�\�� �E���:���� ������������ �L�_�h�j�b�y��
�k�e�m�q�Z�c�g�u�o�� �i�j�h�p�_�k�k�h�\�� �b�� �_�_�� �b�g�`�_�g�_�j�g�u�_�� �i�j�b�e�h�`�_�g�b�y����
�F�������<�u�k�r�Z�y���r�d�h�e�Z�������������� 

�������� �<�_�c�g�[�_�j�] �:���F������ �>�Z�g�b�e�h�q�d�b�g�Z�� �G���=���� ������������
�K�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �l�j�m�^�h�\�u�o��
�i�j�h�p�_�k�k�h�\�����J�b�]�Z�����A�b�g�Z�l�g�_���������� 

�������� �;�m�k�e�_�g�d�h �G���I���� �F�h�^�_�e�b�j�h�\�Z�g�b�_�� �k�e�h�`�g�u�o��
�k�b�k�l�_�f�������G�� �I�� �;�m�k�e�_�g�d�h�����± �F�������G�Z�m�d�Z�������������� �± ���������k�� 

�������� �I�_�j�\�h�a�\�Z�g�k�d�b�c �:���:���� �F�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�_�l�h�^�u��
�\�� �m�i�j�Z�\�e�_�g�b�b�� �i�j�h�b�a�\�h�^�k�l�\�h�f�� ���� �:�� �:�� �I�_�j�\�h�a�\�Z�g�k�d�b�c���� �± 
�F�������G�Z�m�d�Z����1975. �± ���������k���� 

26. Zhang Liang. 2009. System-theoretic properties 
of Production Lines. A dissertation submitted for the 
degree of Doctor of Philosophy. Michigan. 289. 

�������� �I�b�]�g�Z�k�l�u�c �H���F���� ������������ �B�g�`�_�g�_�j�g�h-
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�Z�y�� �n�m�g�d�p�b�y�� �i�j�_�^�i�j�b�y�l�b�y�� �k�� �k�_�j�b�c�g�u�f��
�b�e�b�� �f�Z�k�k�h�\�u�f�� �\�u�i�m�k�d�h�f�� �i�j�h�^�m�d�p�b�b���� �<�h�i�j�h�k�u��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �d�h�g�k�l�j�m�d�p�b�c��
�e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\���� �O�Z�j�v�d�h�\���� �G�:�D�M���� �������������� 
111 �± 117. 

�������� �F�b�l�j�h�n�Z�g�h�\ �K���I���� �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y��
�i�h�^�]�h�l�h�\�d�Z�� �]�b�[�d�b�o�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �k�b�k�l�_�f�� ����
�K�� �I�� �F�b�l�j�h�n�Z�g�h�\���� �>���>�� �D�m�e�b�d�h�\�� �± �E���� 
�F�Z�r�b�g�h�k�l�j�h�_�g�b�_�����������������± ���������k�� 

���������L�b�o�h�g�h�\ �:���G�����F�Z�l�_�f�Z�l�b�q�_�k�d�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_��
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b�� �f�_�l�h�^�� �h�[�j�Z�l�g�u�o�� �a�Z�^�Z�q�� �\��
�f�Z�r�b�g�h�k�l�j�h�_�g�b�b�� ���� �:�� �G�� �L�b�o�h�g�h�\���� �<���>�� �D�Z�e�v�g�_�j���� 
�<���;���� �=�e�Z�k�d�h���� �± �F������ �F�Z�r�b�g�h�k�l�j�h�_�g�b�_���� ������������ �± �������� �k���� 
. 

30. Tian F. 2011. An iterative approach to item-level 
tactical production and inventory planning. International 
Journal of Production Economics. 133: 439-450. 

31. Simon J.T., Hopp J. 1991. Availability and 
Average Inventory of Balanced Assembly. NFORM 
Global. 161-168. 

 
References 

1. Pihnastyi O.M. A New Class of Dynamic Models 
of Flow Lines of Production Systems // Nauchnye 
vedomosti BelGU. 2014. No 15 (186). Pp. 147-157. 

2. Pihnastyi O.M. Review of Governance Models of 
Production Lines Manufacturing Systems // Nauchnye 
vedomosti BelGU. 2015. No 7 (204). Pp. 137-152. 

3. Pihnastyi O.M. Analysis of the Models of 
Transition Processes Controlled Manufacture // Nauchnye 
vedomosti BelGU. 2015. No 13(210). Pp. 133-144. 

4. Pihnastyi O.M. Statistical Theory of Production 
Systems. Kh.: HNU. 2007. 388 p. 

5. Pihnastyi O.M. Analysis of the Principles and 
Methods of Construction Control Systems of 
Technological Process // Nauchnye vedomosti BelGU. 
2016. No 2(223). Pp. 152-161  



 

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. 
45 

 

�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 

6. Pihnastyi O.M. The Construction of the Objective 
Function of the Production System // Reports of the 
National Academy of Sciences of Ukraine. 2007. No 5.  
Pp. 50-55. 

7. GOST 15467.79. 2001. Quality Management. 
Basic concepts. Terms and Definitions. M.: Gosstandart of 
Russia. 25 p. 

8. GOST 50779.10-2000. Statistical Methods. 
Probability and Statistics Basics. Terms and Definitions. 
M.: Gosstandart of Russia. 38 p. 

9. Demuckij V.P., Pihnastaja V.S., Pihnastyi �H���F����
Stochastic Description of the Economic and Production 
Systems with Mass Production // Reports of the National 
Academy of Sciences of Ukraine. 2005. No 7. Pp. 66-71. 

10. Demuckij V.P., Pihnastyi O.M. The Theory of 
Operation of the Production Process with a Serial and 
Mass Production // Mathematical models and information 
technology in the modern economy. 2007. Pp. 62-98. 

11. Pihnastyj O.M. The Calculation of the Production 
Cycle with the Use of the Statistical Theory of 
Technological Systems // Reports of the National 
Academy of Sciences of Ukraine. 2009. No 12. Pp. 38-44. 

12. Loktev I.I. Questions of Modeling Process // 
Bulletin of the Tomsk Polytechnic. 2005. No 308(6). Pp. 
90-94. 

13. Petrov B.N. Theories of Models in Management 
Processes. M.: Nauka. 1978. 224 p. 

14. Jakimovich S.B. Statement and Solution of the 
Problem of Synthesis of Optimal Control and Process 
Logging // Lesnoj Vestnik. 2003. No 3. Pp. 149-160. 

15. Letenko V.A. Organisation, Planning and 
Management of a Machine Builder. M., Vysshaja shkola. 
1979. 232 p. 

16. GOST 3.1109.82. 2003. Terms and Definitions of 
Basic Concepts. M.: Gosstandart of Russia. 15 p.  

17. Holt C.C., Modigliani F., Muth J.F. Planning 
Production: Inventories and Work Force. Prentice-Hall. 
1960. 419 p. 

18. Jacobs J.H., Campen E.J., Rooda J.E. 
Characterization of the operational time variability using 
effective processing times. IEEE Transactions on 
Semiconductor Manufacturing. 2003. No 16(3). Pp. 511-
520.

        19. Lefeber E., Berg R.A., Rooda J.E. Modeling, 
Validation and Control of Manufacturing // Proceeding of 
the 2004 American Control Conference. 2004.  
Pp. 4583-4588. 

20. Shkurba V.V., Boldyreva V.A., V'jun A.A. 
Planning Digital Production in ACS. K.: Tehnika. 1975. 
296 p. 

21. Vencel' E.S., Ovcharov L.A. Theory of 
Probability and its Engineering Applications. M.: Vysshaja 
shkola. 2000. 2-e izd. 480 p. 

22. Vencel' E.S., Ovcharov L.A. The Theory of 
Random Processes and its Engineering Applications. 2000. 
383 p. 

23. Vejnberg A.M., Danilochkina N.G. Perfection 
Design of Work Processes. Riga: Zinatne. 1989. 86 p. 

24. Buslenko N.P. Modeling of Complex Systems. 
M.: Nauka. 1978. 356 p. 

25. Pervozvanskij A.A. Mathematical Methods in 
Production Management. M.: Nauka, 1975. 616 p. 

26. Zhang Liang. System-theoretic Properties of 
Production Lines. A dissertation submitted for the degree 
of Doctor of Philosophy. Michigan. 2009. 289 p. 

27. Pihnastyi O.M. Engineering and Manufacturing 
Businesses Function with Serial and Mass Production // 
Voprosy proektirovanija i proizvodstva konstrukcij 
letatel'nyh apparatov. Kh: NAKU. 2005. No 42(3).  
Pp. 111-117. 

28. Mitrofanov S.P., Kulikov D.D. Technological 
Preparation of Flexible Manufacturing systems. L.: 
Mashinostroenie, 1987. 352 p. 

29. Tihonov A. N., Kal'ner V.D., Glasko V.B. 
Mathematical Modeling of Technological Processes and 
the Method of Inverse Problems in Engineering. M.: 
Mashinostroenie. 1990. 264 p. 

30. Tian F. An Iterative Approach to Item-level 
Tactical Production and Inventory Planning // International 
Journal of Production Economics. 2011. No 133.  
Pp. 439-450. 

31. Simon J.T., Hopp J. Availability and Average 
Inventory of Balanced Assembly. NFORM Global. 1991. 
Pp. 161-168. 
 


