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IMPROVEMENT OF THE MODEL OF THE 
INNOVATIVE DEVELOPMENT OF THE 
PRODUCTION SYSTEM OF INDUSTRIAL 
ENTERPRISES

Об’єктом дослідження є особливості формування, використання та розвитку економіко-математичної 
моделі інноваційного розвитку виробничої системи промислових підприємств (ПП). Однією із основних 
проблем у сфері моделювання інноваційних процесів та оптимізації процесів розвитку виробничих сис-
тем ПП є те, що існуючі економіко-математичні моделі інноваційного розвитку виробничої системи не 
враховують задачу оптимізації виробничої програми в системі операційного менеджменту. Тут важливе 
значення має взаємозв’язок контрольних рахунків діграфічного обліку, виходячи з аналізу особливостей ви-
робничих потужностей ПП в системі забезпечення його конкурентоспроможності. В процесі дослідження 
використовувалися методи узагальнення, систематизації, системного аналізу, економіко-математичного 
моделювання та графічний метод. За допомогою цих методів запропоновано систему співвідношень (рів-
нянь) економіко-математичної моделі інноваційного розвитку виробничої системи ПП і обґрунтовано 
теоретичні положення. А також систематизовано існуючі рішення та удосконалено практичні рекомен-
дації щодо визначення з допустимих варіантів виробничої програми ПП того варіанту, який задовольняє 
умови виробництва та оптимізує функцію цілі в системі «витрати – обсяги виробництва – прибуток».  
А саме – оптимальне співвідношення обсягу виробництва (реалізації) продукції з витратами і абсолютним 
фінансовим критерієм розвитку (чистим прибутком) підприємства. З’ясовано, що виробнича система 
сучасного ПП повинна враховувати концептуальні засади визначення беззбиткового та ефективного 
обсягів виробництва і складається з 3-х підсистем: підсистеми «інновації», підсистеми «розвиток» та 
підсистеми «виробництво». Удосконалено економіко-математичну модель інноваційного розвитку вироб-
ничої системи  ПП, яка ґрунтується на бізнес-моделі визначення беззбиткового та ефективного обсягів 
виробництва в системі «витрати – обсяги виробництва – прибуток» на підприємстві. А також враховує 
задачу оптимізації виробничої програми в системі операційного менеджменту з урахуванням взаємозв’язку 
контрольних рахунків діграфічного обліку. Представлені дослідження доцільно враховувати при удоскона-
ленні системно-орієнтованої діагностики та моніторингу діяльності ПП.
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ємства, операційний менеджмент.
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1.  Introduction

A sufficient level of competitiveness of an industrial 
enterprise (IE) in a certain market creates conditions for 
its further development. It is worth noting here that the 
transition to a qualitatively new level of IE development 
is impossible without the innovative development of its 
production system and significant investments, which also 
leads to the importance of creating and shaping the IE  in­
vestment attractiveness  [1, 2]. At the same time, on the 
basis of the theory  [1, 3, 4] and the practice of doing 
business, it was found out that top managers underline 
the importance and necessity of introducing and building 
systems of diagnostics of production and economic activi­
ties (based on object orientation) on IE. Here, on the basis 
of operations research  [5], management decision-making 
tasks, models and methods of system analysis, methods of 
research and optimization of operations using information 
systems and technologies are important. At the same time, 
the object of sharp discussions (research) is the features of 
the formation and use of the economic-mathematical model 
of the innovative development of the IE production system. 

As well as the definition of the acceptable variants of the 
production program (in the operational management system) 
of the variant that satisfies the conditions of production 
and optimizes the objective function (that is, provides the 
greatest profit). All this led to the relevance of the work 
and also identified the object of research – features of 
the formation, use and development of the economic and 
mathematical model of the innovative development of the 
IE production system. Therefore, the aim of research is 
the formation of theoretical positions and the development 
of practical recommendations for improving the model of 
the innovative development of the IE production system 
(based on economic and mathematical modeling), taking 
into account the task of optimizing the production program 
in the operational management system.

2.  Methods of research

In the process of research, the following methods are used:
1.	 The method of system analysis and economic-mathe­

matical modeling – for the formation (construction) of 
a system of relations (equations) of the economic and 
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mathematical model of the innovative development of the 
IE production system. Here it is necessary to take into 
account the conceptual framework for determining the 
break-even and effective production volumes in an en­
terprise  [6].

2.	 Methods of generalization, systematization, speci­
fication and graphic method – to improve practical re­
commendations for optimizing the IE production system, 
taking into account the system analysis  [7].

3.  Research results and their discussion

Studies  [6–8] allow to conclude that the production 
system of a modern IE consists of the subsystems: the «in­
novation» subsystem, the «development» subsystem, and the 
«production» subsystem. Thus, the «innovation» subsystem 
is aimed at searching, researching and creating (developing) 
innovations – new types of products and/or new (pro­
gressive) technological processes. And the «development» 
subsystem provides the process of implementation (adop­
tion) of innovations. The «production» subsystem ensures 
the highest possible output of competitive products based 
on the relationship between the created production capa­
city and the optimal production program of the enterprise.

So, taking into account the approaches to the construc­
tion of economic and mathematical models for optimal 
functioning and development of production systems [5, 8, 9],  
let’s recommend that the model of the problem of analy­
zing the innovative development of IE production system 
be given by the system of relations (1)–(8):

y t f x t vp tinn inn inn inn( ) = ( ) ( )( ), , 	 (1)

d

dt
vp t y trzv inn( )( ) = ( )( )⋅f r12 12, 	 (2)

y t f x t vp trzv rzv rzv rzv( ) = ( ) ( )( ), , 	 (3)

d

dt
vp t y tprz rzv( )( ) = ( )( )⋅f r23 23, 	 (4)

y t f x t vp tprz prz prz prz( ) = ( ) ( )( ), , 	 (5)

x t x t x t R tinn rzv prz( ) + ( ) + ( ) ≤ ( ), 	 (6)

r r r1 2 3 1+ + = , 	 (7)

Yopt R t f R t r rr r prz( )( ) = ( )( )( )max , , ,,1 2 1 2 	 (8)

where xinn(t), xrzv(t), xprz(t) – the rate of resources for the 
subsystems of the IE production system: «innovation», «de­
velopment», «production», that is, «inputs»; yinn(t), yrzv(t),  
yprz(t) – the rate of «outputs» of the subsystems of the IE pro­
duction system: «innovation», «development», «production»; 
vpinn(t), vprzv(t), vpprz(t) – the vectors of the parameters of 
the functions of innovation, development, production of IE; 
finn, frzv, fprz – generalized functions (innovation function, 
development function, production function); f12, f23 – func­
tions of displaying the output of the previous subsystem 
(financial and information flows) to the effectiveness of the 
subsequent subsystem; r12, r23 – the reflection of efficiency 
gains in the growth of the parameters of the development 
function («cost-production capacity increase» dependence) 

of the next element – the formalization of the specificity 
of a specific innovation – a reflection in the parameter 
space of the input-output function  [8].

The ratio (equations) (1), (3), (5) correspond to the 
model of the corresponding subsystems of the IE produc­
tion system «innovation», «development», «production», 
as technological converters of resources (labor, material, 
financial, energy  [9]). The relations (2), (4) correspond 
to the model of parametric relations (the influence func­
tion «innovation – development», the influence function 
«development – production»). The ratios (6), (7) are, 
respectively, the current and normalized limits of the to­
tal resource costs. Relation (8) is the criterion and goal 
of optimization: maximization of the final output of the 
production system, taking into account the substantive 
and computational side of the task of optimizing the IE 
production in the system «costs – production volume –  
profit»  [5, 9]. This is a rather important production as­
pect in the context of ensuring competitiveness. Control 
variables (r1, r2, r3) are the shares of resources for each 
subsystem  [8, 10]. Thus, the relation (1) – (9)  [5, 8, 10] 
characterizes the economic and mathematical model of 
the innovative development of the IE production system. 
As a result of solving the variation problem (taking into 
account the time-dependent functions), let’s obtain the 
optimal development strategy based on the development 
of 3 subsystems of the IE production system: the «in­
novation» subsystem, the «development» subsystem and 
the «production» subsystem.

Here (in the model of the task of analyzing the in­
novative development of the IE production system) the 
task of optimizing the IE production system (in the opera­
tional management system) should include three problem 
statements (comprehensively), namely  [5]:

1)  the problem of the optimal distribution of produc­
tion resources;

2)  the problem of determining the optimal technologi­
cal methods of production;

3)  the problem task that takes into account the domestic 
production consumption of a part of its own manufactured 
products.

In the context of this, it has been clarified  [5, 9] that 
the main goal of solving the problem of optimizing the 
IE production program (in the operational management 
system) is determination of the option that satisfies the 
conditions of production from the permissible variants 
of the IE production program. It also optimizes the goal 
function in the «costs – production volume – profits» 
system. Namely, the optimal ratio of the volume of pro­
duction (sales) of products with costs and an absolute 
financial criterion for the IE development (net profit), 
taking into account the interrelation of control accounts 
of digraphic accounting (Fig.  1).

In Fig.  1, control accounts of graphic accounting are 
intended for comparing planned and actual IE activities 
(revenues, expenses, stocks) for the reporting period. As 
a result of such a comparison, deviations are detected 
due to the sales price of products and the efficiency of 
using IE resources  [1, 11].

The presented studies should be taken into account 
when improving the system-oriented diagnostics and moni­
toring of the IE operation for the formation and support 
of management decisions in the organization of labor and 
production (or in the operational management system).
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Fig. 1. The relationship of control accounts of digraphic accounting [11]
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4.  Conclusions

According to the research results, the essence of the 
category «innovative development of the enterprise pro­
duction system» is clarified. According to the authors of 
this work, this is the process of IE development through 
the formation and use of its innovative potential of the 
production system, the source of which is innovation and 
innovation processes. These processes are aimed at positive 
qualitative changes in the state (possibility) of the IE pro­
duction activity (which is reflected in the improvement of 
the level of competitiveness, investment attractiveness, etc.).  
The scientific novelty of the research is improving the 
model of innovative development of the IE production 
system, which, unlike the existing ones, is based on the 
business model for determining the break-even and effec­
tive production volumes in the system «costs – production 
volume – profit» in the enterprise. And also takes into 
account the task of optimizing the production program 
in the system of operational management, taking into ac­
count the relationship of control accounts of digraphic 
accounting.
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