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Research relevance is conditioned on the need to improve the efficiency of personnel interaction within 
innovations aimed at competitive growth of an enterprise.
Research aims to substantiate the need to use the synergetic approach in order to improve the efficiency 
of personnel interaction within innovations.
Research methodology. Synergetic approach has been used, where the expected synergetic effect from 
the interaction of enterprise subjects within innovations is reached through their capability  
of self-organization.
Results. It has been stated, that the efficiency of synergy formation management for innovations at an 
enterprise can be reached through self-organization of enterprise subjects in workflow and innovative 
processes. In order to reduce the risk of negative synergetic effect, the elements of synergy formation 
management for innovations with regard to a mining enterprise have been distinguished, including the 
subjects capability of self-organization being an advantage allowing to achieve synergetic effects in all 
types of activities. Dependence between the subjects capability of self-organization and their innovative 
abilities and opportunities has been shown. A model of synergy formation management for innovations 
at an enterprise has been developed.
Results application. An example of synergy formation management for technological innovation  
at a drilling site of a mining enterprise has been given.

Key words: enterprise; enterprise subjects; innovation; interaction; synergy; synergetic effect;  
self-organization; capability of self-organization; resources; innovative abilities; management model.

Research relevance is conditioned on the fact, that one of the conditions of an 
enterprise’s survival in the external environment is its competitiveness; it is achieved 
by innovations ensured by the corresponding synergy.

Innovations. Innovation at an enterprise is a special purposeful change in the 
spheres of technology, production, organization of manufacture and labour, control 
over the relations and connections of enterprise subjects (ES), which contributes to the 
development, growth, and efficiency improvement of the manufacture and occupational 
safety; it is characterized by the growth of knowledge, possesses the features of novelty, 
and manifests itself in significant positive social-economic effects.

Innovation is a means of moving to a brand new level, new condition.
Classification of innovations [1, 2]: 
– according to the sphere of application at an enterprise the innovations are 

subdivided into technical, technological, social, and institutional; 
– according to the range of changes – integrated and local;
– according to the coverage of manufacture – fulfilled at all the stages of manufacture, 

at particular production sites, in unit operations.
The implementation of the innovation is connected to the formation of social-

economic systems consisting of a wide range of elements which interact in a complicated 
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way to achieve the goal of the innovation. The coordination between the elements of 
the system is reflected in the behavior of the system as a whole. Therefore, the 
appearance of a synergetic effect is possible as an excess of components collective 
interaction results over the amount of their individual actions [3].

Synergy. The word synergy (from the Greek word sinergeia) denotes collaboration, 
interaction, participation, and mutual action [4]. Synergy in economics means 
performance enhancement as a result of combination, connection, integration, and 
fusion of separate parts into a single system by means of so-called emergence and new 
properties that the acquired system gets [5, 6].

Synergism (synergy) is a strategic advantage of an enterprise as a social-economic 
system, which occurs in case all the enterprise subjects are capable of self-organization. 
Self-organization is a process of elements ordering by means of some internal factors, 
without any external impact [6, 7].

It is the most general definition of the notion of self-organization which can be 
applied to synergy formation management for innovations at an enterprise.  
In management, self-organization is considered as a method of coordinated vision of 
the components of managerial decisions-making (MD) process providing particular 
order within structural (decision tree) and functional (management functions and 
manufacturing functions) self-organization [7, 8].

Table 1. The elements of synergy formation management for innovations at a mining enterprise 
Таблица 1. Элементы управления формированием синергии для инноваций  

на горнодобывающем предприятии 

Field 
Enterprise 

subjects (ES) 
The object of 
interaction 

The subject of 
interaction 

Synergy criteria Synergetic effect 

manufacturing  Workshop 
supervisors, 
production floor 
supervisors, 
technicians, 
foremen, 
workers 

Local 
innovations 

Development 
and 
realization of 
resources 
provision 
plans for local 
innovations  

ES capability of 
self-
organization to 
realize local 
innovations  

The efficiency 
growth of 
equipment 
utilization, 
production, 
revenue and 
profit   

Innovative State, 
proprietors, 
management, 
workshop 
supervisors , 
production floor 
supervisors, 
technicians, 
foremen, 
workers  

Integrated 
Innovations 

Development 
and 
realization of 
resources  
provision 
plans for 
integrated 
innovations 

ES capability of 
self-
organization to 
realize 
integrated 
innovations  

The efficiency 
growth of an 
investment 
project, 
revenue and 
profit, business 
value 

 

Synergy in management is to yield some competitive advantages by means of self-
organization of two or more ES making MD. At that, synergetic effect obtained from 
their interaction can be either positive or negative. Synergism strategy in management 
provides for efficiency enhancement of various fields by means of mutual use of the 
resources [8–10].

The significance of synergy in innovation management consists in the fact, that it 
allows an enterprise to achieve competitiveness by means of implementing both local and 
integrated innovations; increase production capacities and profitability. Local innovations 
are directed at the fullest use of manufacturing capacities and expenses reduction; 
integrated innovations are aimed at workflow rearrangement, structural transformation, 
as well as the modification of manufacturing functions and relations [11]. 
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It is clear, that ES capability of self-organization reduces the risks of a negative 
synergetic effect in economy. This competitive advantage appears in case every manager 
of every hierarchical level possesses innovative potential and innovative capacities, 
which allow them to cooperate within tough requirements to the quality of MD 
connected to the development and implementation of local and integrated innovations 
resources provision plans. 

The elements of synergy formation management for innovations at an enterprise are 
developed with regard to a mining enterprise (table 1).

Innovative abilities and innovative opportunities of ES determine the subjects 
capability to self-organization to fulfill both local and integrated innovations. Innovative 
abilities are viewed as knowledge and skills allowing the subjects to efficiently develop 
and realize the plans of innovations resources provision. Innovative opportunities are 
viewed as the conditions for personnel innovative abilities realization, created through 
corresponding management resources [11, 12].

The following can be referred to management resources [13, 14]:
– behavioral strategy of the owners directed at the improvement of labour conditions 

of workers and management;
– the system of education and advanced training aimed at new knowledge, 

experience, and skills;
– corporate culture based on the coordinated values of ES, formal and informal 

standards and rules of conduct;
– information system providing ES with full and reliable information;
– systems of incentives and control directed at the growth of interaction efficiency 

between ES;
– financial system supplying the enterprise with funds to realize the investment 

program;
– innovative environment creating conditions for professional growth and ES 

promotion; 
– social-domestic infrastructure providing ES with comfort conditions of work and 

housing.
ES ability for self-organization in order to implement local and integrated innovations 

should be assessed with the indicators reflecting the concordance of viewpoints of the 
subjects W and the efficiency of resources utilization.

The indicators of ES ability for self-organization to implement innovations are the 
coefficient of ES viewpoints concordance and the coefficient of industrial resources 
utilization efficiency.

The coefficient of ES viewpoints concordance [15]:
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where S12 – the amount of concurrent factors of efficiency and safety chosen by the 1st 
and 2nd subject; S1, S2 – the amount of factors chosen by the 1st and 2nd subject; xi, yi 
– the amount of grades reflecting the importance of the i-factor as estimated by the 1st 
and 2nd subject; n – the total amount of factors chosen by both subjects; k – maximum 
assigned value of grades; m – minimum assigned value of grades. 

Depending on the value of the concordance coefficient which varies from 0 to 1, 
the following levels of viewpoints concordance are distinguished: high – W  0.7; 
normal – W[0.5;0.7]; low – W[0.2;0.5]; very low – W  0.2. 

The coefficient of industrial resources utilization efficiency [16]: 
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where Ур.ф – the actual level of resources utilization; Ур.э – the reference level of 
resources utilization, in the capacity of which the world’s (branch’s or enterprise’s) 
best level or the theoretically possible one is accepted. 

The results estimation of synergy formation management for innovations at an 
enterprise includes the total of methods and procedures allowing to determine the 
value of synergetic effects (SE) in manufacturing and innovative activity. It is known, 
that the value of SE in the manufacturing activity is limited by the production capacity 
of an item of equipment or a workshop; in the innovative activity − by the planned 
efficiency of investment projects. 

Fig. 1 presents the model of synergy formation management for innovations at an 
enterprise [17–21]. 

Results application. By way of example of applying separate methodological 
theses, work practice presents an experience of synergy formation management for 
technological innovation at a drilling site of a mining enterprise. management purpose 
is the formation of a synergetic effect measured with the drilling rig capacity index 
(table 2, data specified with * have been obtained by A. S. Dovzhenok and A. G. 
Zhilkin (Investigation report for 2017. Scientific and methodological maintenance of 
work space and dangerous workplace situations dynamics and condition monitoring 
system development in AO Razrez Tugnuisky. Chelyabinsk, 2017. 46 p.)). 

 

   
where S12 – the amount of concurrent factors of efficiency and safety chosen by the 1st 
and 2nd subject; S1, S2 – the amount of factors chosen by the 1st and 2nd subject;  
xi, yi – the amount of grades reflecting the importance of the i-factor as estimated by the 
1st and 2nd subject; n – the total amount of factors chosen by both subjects;  
k – maximum assigned value of grades; m – minimum assigned value of grades.

Depending on the value of the concordance coefficient which varies from 0 to 1,  
the following levels of viewpoints concordance are distinguished: high – W ≥ 0.7; 
normal – W 
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Fig. 1 presents the model of synergy formation management for innovations at an 
enterprise [17–21]. 

Results application. By way of example of applying separate methodological 
theses, work practice presents an experience of synergy formation management for 
technological innovation at a drilling site of a mining enterprise. management purpose 
is the formation of a synergetic effect measured with the drilling rig capacity index 
(table 2, data specified with * have been obtained by A. S. Dovzhenok and A. G. 
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technological innovation at a drilling site of a mining enterprise. management purpose 
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 [0.2;0.5]; very low – W < 0.2.
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– financial system supplying the enterprise with funds to realize the investment 
program; 

– innovative environment creating conditions for professional growth and ES 
promotion;  

– social-domestic infrastructure providing ES with comfort conditions of work and 
housing. 

ES ability for self-organization in order to implement local and integrated 
innovations should be assessed with the indicators reflecting the concordance of 
viewpoints of the subjects W and the efficiency of resources utilization. 

The indicators of ES ability for self-organization to implement innovations are the 
coefficient of ES viewpoints concordance and the coefficient of industrial resources 
utilization efficiency. 

The coefficient of ES viewpoints concordance [15]: 
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where S12 – the amount of concurrent factors of efficiency and safety chosen by the 1st 
and 2nd subject; S1, S2 – the amount of factors chosen by the 1st and 2nd subject; xi, yi 
– the amount of grades reflecting the importance of the i-factor as estimated by the 1st 
and 2nd subject; n – the total amount of factors chosen by both subjects; k – maximum 
assigned value of grades; m – minimum assigned value of grades. 

Depending on the value of the concordance coefficient which varies from 0 to 1, 
the following levels of viewpoints concordance are distinguished: high – W  0.7; 
normal – W[0.5;0.7]; low – W[0.2;0.5]; very low – W  0.2. 

The coefficient of industrial resources utilization efficiency [16]: 
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where Ур.ф – the actual level of resources utilization; Ур.э – the reference level of 
resources utilization, in the capacity of which the world’s (branch’s or enterprise’s) 
best level or the theoretically possible one is accepted. 

The results estimation of synergy formation management for innovations at an 
enterprise includes the total of methods and procedures allowing to determine the 
value of synergetic effects (SE) in manufacturing and innovative activity. It is known, 
that the value of SE in the manufacturing activity is limited by the production capacity 
of an item of equipment or a workshop; in the innovative activity − by the planned 
efficiency of investment projects. 

Fig. 1 presents the model of synergy formation management for innovations at an 
enterprise [17–21]. 

Results application. By way of example of applying separate methodological 
theses, work practice presents an experience of synergy formation management for 
technological innovation at a drilling site of a mining enterprise. management purpose 
is the formation of a synergetic effect measured with the drilling rig capacity index 
(table 2, data specified with * have been obtained by A. S. Dovzhenok and A. G. 
Zhilkin (Investigation report for 2017. Scientific and methodological maintenance of 
work space and dangerous workplace situations dynamics and condition monitoring 
system development in AO Razrez Tugnuisky. Chelyabinsk, 2017. 46 p.)). 
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Fig. 1. The model of synergy formation management for innovations at an enterprise  

Рис. 1. Модель управления формированием синергии для инноваций на предприятии 
 

Synergy 

Innovative 

manufacturing 

ES capability of self-organization 
in innovative activity 

SE in IA (the efficiency 
growth of an investment 
project, revenue and 
profit, business value) 

SE in mA (the efficiency 
growth of equipment 
utilization, production, 
revenue and profit) 

ES capability of self-organization 
in manufacturing activity 

manufacturing Innovative Resources 

growth path of the subjects’ (ES) capacity of self-organization (SO) in manufacturing activity 
(mA), in innovative activity (IA) 
growth path of synergetic effect (SE) in manufacturing activity (mA), in innovative activity 
(IA)  

Results application. By way of example of applying separate methodological 
theses, work practice presents an experience of synergy formation management for 
technological innovation at a drilling site of a mining enterprise. Management purpose 
is the formation of a synergetic eff ect measured with the drilling rig capacity index 
(table 2, data specifi ed with * have been obtained by A. S. Dovzhenok and A. G. Zhilkin 
(Investigation report for 2017. Scientifi c and methodological maintenance of work 
space and dangerous workplace situations dynamics and condition monitoring system 
development in AO Razrez Tugnuisky. Chelyabinsk, 2017. 46 p.)).

It can be seen from the table 2 that synergy formation management for technological 
innovation is carried out with the help of universal management functions: goal setting, 
planning the stages of development and technological innovation realization; organizing 
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the complex of special activities creating the conditions for technological innovation 
realization; motivating the personnel for conscious and voluntary participation in 
innovation; control over the efficiency of synergy formation management based on the 
analysis of the economic effect obtained.

Conclusions. For an enterprise, innovation is a means of moving to a brand new 
level, new condition. Innovation efficiency is ensured by coordinated interaction 
between ES – synergy being a strategic advantage of an enterprise as a social-economic 
system. The coordinated interaction between ES occurs in case ES are capable of self-
organization. ES capability of self-organization is a criterion of synergy, the value of 
which depends on the innovative potential of the subjects and their innovative 
opportunities, which are formed at an enterprise with the help of the corresponding 
management resources. Thus, the essence of synergy formation management for 
innovations at an enterprise consists in the formation management of ES capability of 
self-organization to implement innovations directed at the acquirement of the economic 
effect at the enterprise.
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УПРАВЛЕНИЕ ФОРМИРОВАНИЕМ СИНЕРГИИ ДЛЯ ИННОВАЦИЙ 
НА ПРЕДПРИЯТИИ

Галкина Н. В.1
1 ООО «Научно-исследовательский институт эффективности и безопасности горного производ-
ства», Челябинск, Россия.

Актуальность работы обусловлена необходимостью повышения эффективности взаимодей-
ствия персонала в инновациях, направленных на повышение конкурентоспособности предприятия.
Цель работы. Обоснование необходимости применения синергетического подхода для повышения 
эффективности взаимодействия персонала в инновациях. 
Методология исследования. Использован синергетический подход, в котором ожидаемый синер-
гетической эффект от взаимодействия субъектов предприятия в инновациях достигается за 
счет их способности к самоорганизации.
Результаты. Установлено, что эффективность управления формированием синергии для инно-
ваций на предприятии может быть достигнута за счет самоорганизации субъектов предприя-
тия в производственных и инновационных процессах. Для снижения риска возникновения отрица-
тельного синергетического эффекта выделены элементы управления формированием синергии для 
инноваций применительно к горнодобывающему предприятию, в числе которых способность субъ-
ектов к самоорганизации – преимущество, позволяющее достигать синергетических эффектов  
во всех видах деятельности. Показана зависимость способности субъектов к самоорганизации от 
их инновационных способностей и возможностей. Разработана модель управления фор-
мированием синергии для инноваций на предприятии.
Применение результатов. Показан пример управления формированием синергии для технологи-
ческой инновации на буровом участке горнодобывающего предприятия.

Ключевые слова: предприятие; субъекты предприятия; инновация; взаимодействие; синергия;  
синергетический эффект; самоорганизация; способность к самоорганизации; ресурсы; инноваци-
онные способности; инновационные возможности; модель управления.
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