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Abstract 

The research subject is the issues related to the technical audit of enterprises in the forestry 

complex of the Yenisei Siberia macro-region. Methods of conducting a technological audit at 

an enterprise with their subsequent classification were considered. It is proposed to conduct a 

technological audit of enterprises within the industrial cluster subject to additional conditions. 

The study's purpose was to develop a methodology for conducting a technological audit 

within an industrial cluster for making a management decision to include it in this 

technological association. The study result was the development of strategic analysis matrices 

that take into account the readiness levels of an enterprise in various fields of activity in 

comparison with the required readiness levels of an industrial cluster. A logical diagram of 

                                                           
1
The study was carried out with the support of the Krasnoyarsk Regional Fund for the Support of Science and 

Scientific and Technical Activities within the framework of the scientific project ‘The concept of forming a 

cluster for the processing of forest waste in the Yenisei Siberia for the period up to 2030.’ (Application 

No.2019051795120, contract No.09/19, 2019, July 12) 
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the procedure for carrying out procedures for the inclusion of an enterprise in an industrial 

cluster based on strategic analysis matrices is proposed. The developed technique was tested 

in the timber industry complex of the Krasnoyarsk Territory. 

Keywords: technology audit; industrial cluster; forestry complex; strategic analysis matrices. 

Introduction 

In the Russian Federation, in the year 2020, due to the coronavirus pandemic and the 

deterioration in the price situation in the world commodity markets, there was a serious 

decrease in the national gross domestic product, which, according to various forecasts, may 

reach from 5 to 7% in the year under review. To reverse this negative trend, the country’s 

government requires decisive steps in the economic sphere. 

A plan for such action is at the disposal of the Russian government. They are generally 

spelled out in several regulatory documents, including the Federal Law named ‘The Strategic 

Planning in the Russian Federation’, ‘The Industrial Policy in the Russian Federation’, the 

decree of the President of the Russian Federation ‘The National goals and strategic objectives 

for the development of the Russian Federation for the period up to 2024’, ‘The main 

directions of activity of the Government of the Russian Federation for the period up to 2024’ 

and some other documents that take into account the coronavirus pandemic. 

One of the main documents aimed at the development of the Russian economy is the Federal 

Law named ‘The Industrial Policy in the Russian Federation’, which sets the goals and 

objectives of the country’s economic development. So one of the goals of industrial policy is 

the creation of a high-tech and competitive industry, which should ensure the transition from 

a resource-based economy to an innovative one. To do this, it is proposed to stimulate 

business entities in the industrial sphere, to more efficiently use available resources (like 

natural, labor, financial, and others), to increase labor productivity and to carry out import 

substitution, etc. 

This regulatory document proposes one of the effective mechanisms for the territorial 

development of industry, which is based on the formation of industrial clusters in the subjects 

of the federation. Their formation should take into account not only the spatial development 

strategy of Russia but also the territorial planning schemes of the country and its regions 

(Federal Law No. 488, 2014). 

One of the promising areas for the industrial clusters formation in the country and its regions 

is the forestry complex, which can use a wide range of renewable and available resources. At 

the same time, the final product produced in the forestry complex is environmentally friendly 

and in demand, both on the world market and within the country. 

The most promising territory of the country where an active cluster policy can be 

implemented is Yenisei Siberia. On its territory, there is an opportunity to form several 

industrial clusters, including based on processing waste from the activities of forestry 

enterprises. 
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It must be said that these wastes are potentially valuable raw materials for the production of 

biofuels, synthetic rubber, chemical threads, and fabrics made from them, paper, 

biodegradable packaging materials, wood-based boards, paints and varnishes, feed additives, 

etc. The point is that more than a dozen sectors of the economy can develop on the territory 

of Yenisei Siberia due to the processing of forest waste. 

At the same time, it is necessary to take into account the fact that this waste is a rather serious 

problem for the inhabitants of this macro region. For example, in the Krasnoyarsk Territory 

alone, the annual growth in the volume of such waste is at least 2-3 million tons. At the same 

time, due to non-observance of safety measures for their storage and storage, constant fires 

occur, which leads to serious material damage for enterprises and individuals (Krasnoyarsk 

Region Order No. 271, 2020). 

The Russian state stimulates the recycling of forestry waste in the direction of the 

development of wood chemistry. In particular, within the framework of the national project 

‘Ecology’ (2018) and in its federal project ‘Implementation of the best available 

technologies’ (Decree of the Government of the Russian Federation No. 1458, 2014) it is 

proposed to develop the processing of waste from the forestry complex associated with the 

production of cellulose, wood pulp, paper, and cardboard. 

As an incentive for the development of this activity within the framework of these projects, it 

is proposed to subsidize a part of the interest payments (up to 90%) on corporate bond loans 

at the expense of which this activity is financed. And since the production of cellulose, wood 

pulp, paper, and cardboard is the primary link in the production of a finished product, it could 

become the basis for the development of industrial clusters on the territory of Yenisei Siberia 

(Resolution of the Government of the Russian Federation No. 702, 2016). 

The study aimed to develop a methodology for conducting a technological audit of forestry 

enterprises in Yenisei Siberia to justify their inclusion in industrial clusters for processing 

forest waste based on the required technological level, which will solve existing 

environmental problems and organize the production of export-oriented competitive products 

that meet the parameters of international markets. 

Methods 

The methodological basis of this study is the systemic and situational approaches. Within the 

framework of the approaches under consideration, many studies of conducting a 

technological audit can be distinguished, including one based on determining the 

technological level of enterprise development. Among them, one can single out studies 

devoted to the choice of priority technological areas in industry (Khamatkhanova, 2016), 

scheduling and financial planning based on the level of readiness of an enterprise (Filimonov, 

2018), stages of technological audit behavior (Vokina, 2014), establishing uniform 

requirements for conducting a technological audit (Rykovskiy, 2016 a), accounting risks 

during technological audit (Ragozina et al., 2020; Anikina et al., 2019; Anikina et al., 2020), 

organizational and methodological support of technological audit (Rykovskiy, 2018; Rutko, 

2012; Rykovskiy, 2016 b) and others. 
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The widespread use of industrial clusters is limited by several interrelated technological and 

economic problems, which generally reduce the efficiency of their use in the country. One of 

them is the discrepancy between the enterprises included in the cluster in terms of the 

minimum level of their technological development. 

The minimum level of technological development in the complex takes into account a fairly 

wide range of indicators, including technological and production capabilities, management, 

marketing, research and financial activities and other indicators of the enterprise. Their 

inconsistency leads to the emergence of so-called ‘bottlenecks’ within the cluster 

technological chain, which reduce the productivity of enterprises in the industrial cluster, and 

also lead to a deterioration in the quality of the final product, which in turn negatively affects 

its demand. 

The fall in demand for the cluster’s products leads not only to a decrease in the efficiency of 

its activities, but also there is a potential danger of its liquidation. This is also confirmed by 

the cluster theory, since in this case one of the main conditions for the emergence and 

development of clusters is violated. 

These conditions were formulated by Porter M.E. (2002). In his cluster model, he singled out 

four such main conditions (acting forces), including: the presence of production factors; 

availability of state support; availability of demand; presence of related and supporting 

industries. Therefore, the drop in demand and general casts doubt on the future of any cluster. 

Therefore, to avoid such negative consequences, it is necessary to pay special attention when 

deciding whether to include specific enterprises in the industrial cluster. 

It must be said that the procedure for inclusion in an industrial cluster is regulated by 

legislation, where the main such normative document is the resolution of the Government of 

the Russian Federation named ‘Industrial clusters and specialized organizations of industrial 

clusters’ No. 779 (2015, July 31). It spelled out a certain procedure for the participation of 

enterprises in the activities of the industrial cluster. All candidates for participation in its 

activities legally formalize their relationships within its framework. To do this, they sign an 

agreement with a specialized organization of the industrial cluster, which performs the 

function of a management company (like organization, methodology, etc.). 

To avoid the occurrence of this problem, it becomes necessary to conduct a feasibility study 

for the inclusion of certain enterprises in the emerging or existing industrial cluster. This 

justification should be carried out based on analytical objective data on the enterprises in 

question. They can be obtained based on conducting a technological audit on the data of 

enterprises, which is an assessment of the state and capabilities of the organization's 

production and technological base, the results of intellectual activity and several other factors. 

This fully applies to industrial clusters in the forestry complex, both in Russia and other states 

with forest resources. 

A technology audit allows you to evaluate a wide range of data, including technological and 

production capabilities, human resources, management, marketing, research and development 

and financial activities, etc. The analytical information obtained as a result of the 

technological audit makes it possible to assess the current and possibly future technical level 
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of the enterprise's development, which makes it possible to manage the risks associated with 

the possible loss of material, financial, human and other resources. All this makes it possible 

to conclude the possibility of including an enterprise in an industrial cluster or its exclusion, 

both at the stage of its formation and at the stage of its activity. 

When conducting a technological audit of an enterprise within an industrial cluster, a certain 

methodological problem arises, which is associated with the accounting and analysis of 

information in conjunction with other enterprises belonging to the industrial cluster. This 

requires new methodological approaches to assessing the level of technological development 

of enterprises in the cluster. To decide on new approaches to conducting a technology audit, 

it is necessary to carry out a theoretical generalization of domestic and foreign experience on 

this topic. 

Results 

It should be noted that purely intuitively, the basic elements of technological audit began to 

be applied back in the 19th century in the production of technically complex products. But 

methodologically, it began to take shape in the second half of the 20th century. And today, 

depending on the industry and the tasks solved during the technological audit, there is a fairly 

wide list of methods for its implementation, which can be conditionally divided into several 

groups. 

The first group, which can be attributed to all methods based on the principles proposed in 

the 1970s of the twentieth century by the National Aeronautics and Space Administration of 

the United States (NASA). They were formulated to address issues that were identified by the 

US Audit Office in the course of audits of national aerospace programs. In particular, it was 

revealed that the costs of the programs exceed the funds allocated for their implementation 

and there is a serious lag behind the schedules of work on them. Based on this, it was 

concluded that the main reason that led to such unfavorable consequences was an incorrect 

assessment of the degree of readiness of technologies and production for the release of new 

aerospace products. 

To eliminate this reason, NASA proposed a technique called the Technology Readiness Level 

or TRL. In the methodology, seven levels of technology readiness were initially identified, 

and then their number was increased to nine, where the first six levels fall on the research 

stage, the seventh and eighth levels are at the development stage, and at the ninth level we are 

talking about serial production of the product. 

Later, it was modified and acquired a more modern look due to the use of several additional 

levels of readiness for various areas of enterprise activity, including Manufacturing Readiness 

Level or MRL, Commercialization Readiness Level or CRL, Engineering Readiness Level or 

ERL, Organizational Readiness Level or ORL, Investment Readiness Level or IRL, Benefits 

and Risks Level or BRL. Their analysis makes it possible to timely determine future 

technological, production, sales and other problems (material, temporary, etc.) associated 

with the creation and development of new products by the enterprise, and therefore to 

respond to them in time for all participants in this process (owners, investors, financial 

organizations, government agencies, etc.). It should be noted, however, that these levels of 
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readiness can be applied both jointly and separately (Mankins, 1995; Sadin et al., 1989; 

Hirshorn and Sharon, 2016; ISO 16290:2013 Space systems, 2013). 

NASA’s methodology has also been developed in the Russian Federation. It, as in the United 

States, began to be used primarily in the aviation and space industry under the name 

Technology Readiness Level or TRL. It was proposed by the National Research Center 

‘Institute named after Zhukovsky N.Y.’, and in 2017 this technique was formalized in the 

form of GOST R 58048-2017 (2017), as ‘Guidelines for assessing the level of maturity of 

technologies’. 

These guidelines use the term maturity to assess the development of technologies and 

systems with their application. It characterizes a specific technology in its development 

within the life cycle - from a scientific idea to practical application. The very same 

assessment of the achievement of a particular maturity is carried out based on the use of 

scales of readiness levels. Like NASA, it allows you to identify risks at an early stage, and 

then to reduce them, when implementing projects and programs related to the development of 

technologies and components of complex technical systems, including those associated with 

the excess of actual costs over planned ones, delays in terms of work execution, etc. 

When assessing the level of maturity of technology and systems with its application in the 

guidelines, it is recommended to evaluate not all elements of a technology (system), but only 

critical technology elements or CET. It is understood as such an element, on the compliance 

of which with the operational requirements the effectiveness and efficiency of the technology 

(system) depends. It is critical technology elements or CET that contains the main 

technological risk of a new technology being developed. Also, this approach allows you to 

reduce the time and overall costs for assessing the actual state of affairs in projects related to 

the development of new technology. 

The very assessment of the level of maturity of technology is carried out with the joint use of 

four different levels of readiness, including: levels of readiness of technologies (9 levels); 

production readiness levels (10 levels); integration readiness levels (9 levels); system 

readiness levels (5 levels). Their assessment is carried out within the life cycle of the assessed 

technology with comparison with each other, which makes it possible to timely determine 

future technological, production and other problems (like material, temporary, etc.) 

associated with the creation and development of new products by the enterprise (GOST R 

58048-2017, 2017). 

The assessment of the levels of readiness proposed in the ‘Guidelines for assessing the level 

of maturity of technologies’ can be applied independently, as a separate type of technology 

audit, and as part of a more advanced technology audit of an enterprise. A more extensive 

composition of the technological audit is described in the national standard GOST R 57194.3-

2016 (2016) ‘Technology transfer. Technological audit’, which has been in effect in the 

country since 2017. Its effect applies to all organizations, regardless of their type, size, form 

of ownership, scale and products supplied (or services provided). And it can be either 

voluntary or mandatory. 



http://annalsofrscb.ro 

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 932 - 947 
Received 15 April 2021; Accepted 05 May 2021. 

 

938 

It is used as a methodology for assessing the technological state of an enterprise, which 

allows you to identify its strengths and weaknesses, and primarily the organization's ability to 

develop and implement new technologies. This ability is largely based on the correspondence 

of the production and technological base available at the enterprise with the design and 

technological complexity of the products, including accuracy, productivity, labor intensity, 

production volumes, etc. 

In the process of conducting a technology audit based on the national standard, all levels of 

planning are examined, including strategic, operational and current planning and their 

effectiveness. The staff of the enterprise is assessed, including the level of training of 

personnel, its sufficiency to ensure the activities of the organization, etc. The provision of the 

enterprise with all types of technological resources is studied, including those necessary for 

their maintenance, improvement and expansion. The application of innovations in the 

technological process is investigated, including the use of in-house and third-party innovative 

developments. The experience of introducing innovations in the technological process is 

being studied. Ways and ways of selling products are considered, as well as the possibilities 

of promoting products to new markets. The organization and management of production, 

production equipment is evaluated. The suppliers of raw materials are analyzed for the 

release of a planned product or service. Developed measures to improve product quality are 

being studied. 

It makes it possible to assess the current situation in various areas of the enterprise, including 

technological, production, personnel, intellectual, etc. and on this basis, develop and justify 

full-scale measures to improve these areas of activity. First, on the technological re-

equipment of the enterprise, repair, modernization and replacement of technological 

equipment in the interests of implementing promising production programs to introduce 

advanced resource-saving, innovative and other technologies. Secondly, for the production of 

promising types of high-tech, innovative products (Methodology, Ministry of Education and 

Science of the Russian Federation (2017), as well as the use of the results of intellectual 

activity at the enterprise. Thirdly, to improve the management system of production and 

technological processes, including planning and monitoring of production processes, the 

placement of technological equipment, the layout of workplaces, logistics flows, etc. Fourth, 

to improve the efficiency of the supply system for raw materials, materials and components 

for production needs. Fifth, to improve the quality management systems for technological 

processes and quality control of products. Sixth, to improve the qualifications of the main and 

auxiliary personnel, engineering and technical workers associated with the implementation of 

a promising production program. Seventh, to improve the existing system of operation, 

maintenance and repair of technological equipment. Eighth, on planning production volumes 

based on monitoring possible markets for products. Ninth, to improve the completeness and 

quality of internal normative and technical documentation. In general, this makes it possible 

to form a technological strategy at the enterprise that allows, in general, to increase the 

efficiency of the enterprise (Prokhorov et al., 2020). 

The second group includes methods that, when conducting a technological audit, assess the 

impact of the external environment on the current and future state of the enterprise. This 
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group includes PEST analysis as well as SWOT analysis, M. Porter’s five forces model and 

some other methods. All of them are quite well known, but their main disadvantage is that 

they are tied to a certain area of the enterprise's external environment. So PEST analysis 

analyzes the environment of indirect impact on enterprises. In turn, M. Porter’s model of five 

forces evaluates the external environment, which directly affects the enterprise. A SWOT 

analysis assesses the strengths and weaknesses of the enterprise, as well as the opportunities 

and threats the enterprise has. They do not so deeply consider the technological, production 

and other activities of enterprises. Their main task is to help in the long-term planning of the 

company’s operational activities. 

The third group of techniques for conducting a technology audit is a kind of modification of 

the second group, but with some peculiarities. They also take into account the external and 

internal environment of the enterprise, which makes it possible to conclude the current and 

future state of many activities of the organization. At the same time, their features are that 

they include some interrelated audits of the enterprise, including: institutional audit; 

commercial audit; technical audit; social audit; environmental audit; economic audit; risk 

audit; financial audit (Heydarov, 2012). 

Joint analysis of the results of these audits allows us to draw certain conclusions on the 

technical and technological state of the analyzed business entity. So institutional audit allows 

you to determine to what extent the external environment and internal environment of the 

enterprise contributes to the organization of the release of new products. Commercial audit 

makes it possible to determine whether there is a demand for the enterprise planned to release 

new products. A technical audit allows you to determine whether the release of a new product 

is technically and technologically sound at the enterprise. Social audit determines whether the 

release of new products of the enterprise violates the existing social conditions, the interests 

of all social groups, the solution of existing social problems, etc. An environmental audit 

must determine what impact the release of a new product will have on the environment, as 

well as possible penalties associated with this release. An economic audit makes it possible to 

show the effectiveness of the release of new products for society as a whole. Risk audit 

allows you to determine what risks will be present during the organization and release of new 

products and to what extent they can affect the results of these activities. The financial audit 

is final and makes it possible to determine whether the costs identified in the process of 

carrying out various audits and associated with the organization of the release of new 

products of the enterprise will be reimbursed. 

Based on such a comprehensive audit, stakeholders receive sufficiently objective information 

to make correct management decisions on organizing the release of new products, including 

the start of financing for these works. All this allows the company to reduce risks, including 

technological, production, commercial, investment and others, and therefore avoid possible 

material, financial and other losses. 

The fourth group of techniques for conducting a technological audit includes techniques that 

are tied to the life cycle of an enterprise. Conventionally, there are three main such audits, 

including: prestart audit; update audit; upgrade audit. 
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Restart audit is carried out before or at the start of production. This is an audit of enterprises 

that create a new production, where an audit of an investment project is carried out to 

determine its effectiveness. Update-audit is carried out to identify areas for improving 

existing production, where the possibility of reducing costs by adjusting existing 

technologies, including resource saving, automation of technological processes, strengthening 

control over product quality, etc. is being considered. Upgrade audit is carried out with the 

aim of reconstruction of the enterprise, where tasks are solved to increase productivity, 

master new products, etc. (Gorodetsky et al., 2014). 

The fifth group includes the methods of conducting a technological audit, which are used to 

manage the quality of products manufactured by an enterprise. These methods are widely 

known. These include functional cost analysis, functional physical analysis, structuring of 

quality functions (OFD), analysis of consequences and causes of failures (FMEA analysis), 

ABC analysis, and others. In general, they allow, based on market requirements for products, 

to assess the current and possibly future technical and technological state of the enterprise. 

It must be said that this work does not cover all methods of conducting a technological audit 

at an enterprise. There are others that, for several reasons, were not included in this study. 

Discussion 

The considered methods of conducting a technological audit, depending on the tasks of the 

study, are quite effective tools for conducting a technological audit of an individual 

enterprise. But at the same time, they are not suitable for conducting a technological audit of 

an enterprise, taking into account the minimum requirements of an industrial cluster, 

including: to its technological, production and engineering potential; management and 

marketing; etc. 

As a result, a situation arises that from the enterprise, this activity is efficient and optimized, 

but for the industrial cluster, it does not meet its minimum requirements. Therefore, there is a 

need to search for new methods for conducting a technological audit of an enterprise, but 

already within the framework of an industrial cluster. 

To solve this problem, you can take as a basis the existing NASA methodology for assessing 

the readiness levels of various areas of enterprise activity, including Technology Readiness 

Level or TRL, Manufacturing Readiness Level or MRL, Commercialization Readiness Level 

or CRL, Engineering Readiness Level or ERL, Organizational Readiness Level or ORL, 

Investment Readiness Level or IRL and Benefits and Risks Level or BRL while applying 

additional criteria based on strategic analysis matrices. Additional criteria in the strategic 

analysis matrices are the required levels of availability in the industrial cluster. At the same 

time, for each level of readiness, its strategic analysis matrices are compiled. 

A typical form of strategic analysis matrix for assessing the readiness levels of an enterprise 

for an industrial cluster inclusion is shown in figure 1. Based on the matrix, the readiness 

levels of a particular enterprise are compared with the required readiness levels of an 

industrial cluster with the calculation of points. Depending on the scores received, a further 

management decision is made in the comparison. 
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If the product is from 1 to 3 points, then the enterprise in terms of readiness does not fully 

meet all the requirements of the industrial cluster. In the future it is not considered as a 

potential candidate for the industrial cluster inclusion. From 4 to 21 points, the enterprise in 

terms of readiness as a whole does not meet the requirements of the industrial cluster. In the 

future, under certain circumstances, it can be considered as a candidate for the industrial 

cluster inclusion. From 24 to 30 points, in terms of readiness, the enterprise mostly meets the 

requirements of the industrial cluster. To make a final decision on the industrial cluster 

inclusion, an additional technology audit is required. From 31 to 49 points, in terms of 

readiness, the enterprise generally meets the requirements of the industrial cluster. The 

enterprise is conditionally included in the industrial cluster with some reservations that must 

be eliminated within a certain time. From 50 to 70 points, the enterprise fully meets the 

requirements of the industrial cluster in terms of readiness. The enterprise is included in the 

industrial cluster. From 71 to 100 points, in terms of readiness, the enterprise exceeds those 

corresponding to the requirements of the industrial cluster. Unconditional industrial cluster 

inclusion. 

Table 1. A typical strategic analysis matrix for determining the readiness levels of an 

enterprise for an industrial cluster inclusion. 

Required availability 

levels of an industrial 

cluster (TRL, MRL, 

CRL, ERL, ORL, and 

BRL) 

Enterprise readiness levels (TRL, MRL, CRL, ERL, ORL, 

and BRL) 

High 

(8-10 points) 

Average 

(4-7 points) 

Low 

(1-3 points) 

High 

(8-10 points) 

Unconditional 

cluster inclusion  

Cluster inclusion Additional 

technology audit 

Average 

(4-7 points) 

Cluster inclusion Conditional cluster 

inclusion  

Temporary 

rejection 

Low 

(1-3 points) 

Additional 

technology audit 

Temporary rejection Total rejection  

 

It must be said that similar matrices of strategic analysis can be used for an industrial cluster 

and based on the domestic methodology described in 'Methodological guidelines for 

assessing the level of maturity of technologies’, including on Technology Readiness Level or 

TRL, Manufacturing Readiness Level or MRL, Integration Readiness Level or IRL and 

System Readiness Level or SRL. In this case, the point calculation will be similar. 

The proposed methodology for the inclusion of an enterprise in an industrial cluster, based on 

the matrices of strategic analysis, allows a specialized organization of an industrial cluster, 

using established procedures, to make an informed management decision on the inclusion of 

a particular enterprise in the cluster. The logic diagram of the procedure is shown in Figure 1. 

When using the domestic methodology described in the ‘Methodological guidelines for 

assessing the level of maturity of technologies’, the logical scheme of the procedures will 

also be similar to the above. Technology readiness levels will be considered first, then 
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production readiness levels, after integration readiness levels, and then system readiness 

levels. 

The methodology proposed by the authors for conducting a technological audit within the 

industrial cluster was tested in the timber industry complex or LPK of the Krasnoyarsk 

Territory. The approbation was carried out taking into account the peculiarities of the timber 

industry complex of the region, which consists in the fact that in the territory of the region 

there were several isolated industrial centers for processing timber several hundred 

kilometers distant from each other, including Lesosibirskiy, Boguchanskiy, Kanskiy, 

Krasnoyarsk and Minusinskiy. 

Among them, the most interesting is the city of Lesosibirsk. There are serious timber 

processing facilities, transport infrastructure (like railway, Yenisei River and highways), 

qualified personnel, etc. Therefore, the city of Lesosibirsk was chosen to test the 

methodology. At the same time, the production of final products from the waste of the timber 

industry complex was considered as the basis of the industrial cluster. 
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Figure 1. Enterprise inclusion algorithm into the register of the industrial cluster based 

on readiness levels assessment 
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According to the data of the unified register of small and medium-sized businesses (The 

Federal Tax Service, 2020) within the territory of Lesosibirsk, as of September 2020, 2,036 

entities were registered, of which 113 in this register carry out activities related to logging 

and wood processing (57 enterprises) and the production of wood products (56 enterprises). 

During the approbation, the activities of 113 enterprises were analyzed for the possibility of 

their inclusion in the industrial cluster based on an assessment of their level of readiness and 

development prospects. While conducting a technological audit, all analyzed enterprises were 

divided into groups according to the level of technological readiness. 

The first group included 53 enterprises. The total score for these enterprises varies from 1 to 

3 points. In terms of readiness, they do not fully meet all the requirements of the industrial 

cluster and are not considered as potential candidates for inclusion in this association in the 

future. These are usually micro-enterprises, with antediluvian equipment, low technological 

level and a minimum number of employees. 

The second group includes 29 enterprises. The total score for these enterprises varies from 6 

to 17 points. It is also impractical to include them in the industrial cluster. They show positive 

dynamics in their development. In the future, they may be recommended for the industrial 

cluster inclusion. 

The third group includes 6 enterprises. The total score for these enterprises varies from 26 to 

30 points. These enterprises mostly meet the requirements of the industrial cluster. To meet 

all the requirements of an industrial cluster, they will take time and additional serious costs. 

The fourth group includes 16 enterprises. The total score for them varies from 42 to 48 

points. Enterprises can be included in an industrial cluster, but with some caveats that they 

eliminate quickly enough. 

The fifth group includes 9 enterprises that fully meet the requirements of the industrial 

cluster. The total score for these enterprises varies from 54 to 70 points. 

The sixth group did not include any enterprise in Lesosibirsk. 

Thus, the formed cluster can be represented by twenty-five enterprises. The main type of 

product in this cluster is the production of solid biofuel from forest waste. Subsequently, this 

cluster can be redesigned for the production of wood chemical products. 

Conclusion 

The forestry complex of Yenisei Siberia is rather heterogeneous, since its enterprises are at 

different levels of technological development. Some of them use antediluvian technology 

from the early 1950s of the 20th century, others are high-tech industries using the latest 

technological advances. But all of them in the process of their activities receive a large 

amount of wood waste. 

This waste is not only an environmental problem in the macro-region of Yenisei Siberia, but 

also a valuable raw material for the production of liquid products. Recycling of forest waste 

can be most efficiently carried out within the framework of industrial clusters. And their 
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formation must be carried out based on a technical audit of enterprises of potential candidates 

for it. 

It is this task that allows solving the proposed methodology for conducting a technological 

audit within the framework of an industrial cluster, including for the processing of forest 

waste. It allows, in compliance with established procedures, to carry out a feasibility study 

for the industrial cluster inclusion of an enterprise. This, in turn, gives in the future a certain 

economic stability in its activities and, in general, will have a beneficial effect on the 

economic development of such a macro region as Yenisei Siberia. 

References 

1. Anikina, Y.A., Fefelov, A.A., Malanina, Y.N. (2019). Research of adaptive features of 

industrial enterprise crisis management system. IOP Conference Series: Materials Science 

and Engineering, 537(4):042074. https://doi.org/10.1088/1757-899X/537/4/042074 

2. Anikina, Y.A., Zelenskaya, T.V., Malanina, Y.N. (2020). Clastering the forest waste 

processing enterprises. Journal of Physics: Conference Series, 1515(4):042061. 

https://doi.org/10.1088/1742-6596/1515/4/042061 

3. Decree of the Government of the Russian Federation No. 1458. (2014, December 23). O 

poryadke opredeleniya tekhnologii v kachestve nailuchshey dostupnoy tekhnologii, a takzhe 

razrabotki, aktualizatsii i opublikovaniya informatsionno-tekhnicheskih spravochnikov po 

nailuchshim dostupnym tekhnologiyam [The procedure for determining technology as the best 

available technology, as well as the development, updating and publication of information 

and technical guides on the best available technologies]. In Russian. 

https://rg.ru/2014/12/26/texnologii-site-dok.html 

4. Federal Law No. 488. (2014, December 31). O promyshlennoy politike v Rossiiskoy 

Federatsii [Industrial Policy in the Russian Federation]. In Russian. 

http://www.consultant.ru/document/cons_doc_LAW_173119/ 

5. Filimonov, A.V. (2018). Voprosy kalendarnogo i finansovogo planirovaniya 

[TRL\MRL\CRL Issues of calendar and financial planning]. In Russian. http://www.innov-

rosatom.ru/upload/medialibrary/62c/4_TRL_%D0%A4%D0%B8%D0%BB%D0%B8%D0%

BC%D0%BE%D0%BD%D0%BE%D0%B2.pdf 

6. Gorodetsky, V., Zharnitsky, M., Tulupov, O. (2014). Tekhnologicheskiy audit i konsalting 

kak chast inzhiniringovoy deyatelnosti [Technology audit and consulting as a part of 

engineering]. Chernye Metally, 5. http://www.metmashengineering.ru/media/articles/517/. 

7. GOST R 57194.3-2016. (2016, October 31). Transfer tekhnologiy. Tekhnologicheskiy audit 

[Technology transfer. Technological audit]. http://docs.cntd.ru/document/1200141166 

8. GOST R 58048-2017. (2017, December 29). Metodichedkiye ukazaniya po otsenke urovnya 

zrelosti tekhnologiy [Technology transfer. Technology maturity assessment methodology 

guide]. http://docs.cntd.ru/document/1200158331 

9. Government of the Russian Federation. (2018, December 24). Passport natsionalnogo 

proekta Ekologiya [Passport of the national project ‘Ecology’]. In Russian. 

http://static.government.ru/media/files/pgU5Ccz2iVew3Aoel5vDGSBjbDn4t7FI.pdf 

10. Heydarov, M.M. (2012). Analiz investitsionnyh proektov [Audit of investment projects]. 

Almaty: Publishing house of the Almaty Commercial Institute. 

11. Hirshorn, S., Sharon, J. (2016). Final Report of the NASA Technology Readiness Assessment 

(TRA) Study Team. NASA. 

https://ntrs.nasa.gov/api/citations/20170005794/downloads/20170005794.pdf 

https://doi.org/10.1088/1757-899X/537/4/042074
https://doi.org/10.1088/1742-6596/1515/4/042061
https://rg.ru/2014/12/26/texnologii-site-dok.html
http://www.consultant.ru/document/cons_doc_LAW_173119/
http://www.innov-rosatom.ru/upload/medialibrary/62c/4_TRL_%D0%A4%D0%B8%D0%BB%D0%B8%D0%BC%D0%BE%D0%BD%D0%BE%D0%B2.pdf
http://www.innov-rosatom.ru/upload/medialibrary/62c/4_TRL_%D0%A4%D0%B8%D0%BB%D0%B8%D0%BC%D0%BE%D0%BD%D0%BE%D0%B2.pdf
http://www.innov-rosatom.ru/upload/medialibrary/62c/4_TRL_%D0%A4%D0%B8%D0%BB%D0%B8%D0%BC%D0%BE%D0%BD%D0%BE%D0%B2.pdf
http://www.metmashengineering.ru/media/articles/517/
http://docs.cntd.ru/document/1200141166
http://docs.cntd.ru/document/1200158331
http://static.government.ru/media/files/pgU5Ccz2iVew3Aoel5vDGSBjbDn4t7FI.pdf
https://ntrs.nasa.gov/api/citations/20170005794/downloads/20170005794.pdf


http://annalsofrscb.ro 

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 932 - 947 
Received 15 April 2021; Accepted 05 May 2021. 

 

946 

12. ISO 16290:2013 (2013). Kosmicheskiye sistemy. Opredeleniye urovney i kriteriev otsenki 

tekhnologicheskoy gotovnosti (TRL) kosmicheskih sistem i ikh elementov [Space systems – 

Definition of the Technology Readiness Levels (TRLs) and their criteria of assessment]. 

13. Khamatkhanova, A.M. (2016). Gotovnost k promyshlennomu vnedreniyu kak indikator 

vybora prioritetnykh tekhnologicheskih napravleniy [Criteria for choosing priority 

technological fields for development — viability of technological inventions for industrial 

implementation]. Economics of Science, 2(1), 23-34. In Russian. 

https://cyberleninka.ru/article/n/gotovnost-k-promyshlennomu-vnedreniyu-kak-indikator-

vybora-prioritetnyh-tehnologicheskih-napravleniy 

14. Krasnoyarsk Region Order No. 271. (2020, May 6). Strategiya razvitiya lesnogo kompleksa 

Krasnoyarskogo kraya do 2030 [Strategy for the Development of the Forestry Complex of 

the Krasnoyarsk Territory until 2030]. In Russian. 

http://mlx.krskstate.ru/dat/File/57/dokumenty/Proekt%20Strategii.pdf 

15. Mankins, J.C. (1995). Technology Readiness Levels: A White Paper, NASA Office of Space 

Access and Technology -Advanced Concepts Office. 

16. Ministry of Education and Science of the Russian Federation. (2017, July 11). Metodika 

opredeleniya urovney gotovnosti tekhnologii v ramkakh proektov federalnoy tselevoy 

programmy Issledovaniya i razrabotki po prioritetnym napravleniyamrazvitiya nauchno-

tekhnologicheskogo kompleksa Rossii na 2014-2020 gody [Methodology for determining the 

levels of readiness of technologies within the framework of projects of the federal target 

program ‘Research and development in priority areas of development of the scientific and 

technical complex of Russia for the years of 2014-2020’]. 

http://fcpir.ru/upload/medialibrary/955/gt_57_14vn_metodika-ugt-_002_.pdf 

17. Porter, M.E. (2002). Konkurentsiya [On Competition: Translated from English]. Moscow: 

Publishing House Williams. 

18. Prokhorov, V.V., Zelenskaya, T.V., Patrina, M.S. (2020). Tekhnologicheskiy audit 

predpriyatiy promyshlennogo klastera lesnogo kompleksa Krasnoyarskogo kraya 

[Technological audit of enterprises of the industrial cluster of the forestry complex of the 

Krasnoyarsk Territory]. Bulletin of the Altai Academy of Economics and Law, 7(2), 104-108. 

https://doi.org/10.17513/vaael.1245 

19. Ragozina, M.A., Anikina, Y.A., Malanina, Y.N., Levko, V.A. (2020). Project for 

implementing an information system as a result of interaction between participants in the 

cluster for forest waste processing. Journal of Physics: Conference Series, 1515(3):032057. 

https://doi.org/10.1088/1742-6596/1515/3/032057  

20. Resolution of the Government of the Russian Federation No. 702. (2016, July 20). O 

primenenii bazovyh indikatorov pri raschete parametrov susidirovaniya protsentmoy stavki 

za schet sredstv federalnogo byudzheta po kreditam, oligatsionnym zaymam i(ili) dogovoram 

lizinga v zavisimosti ot srokov kreditovaniya, a takzhe opredelenii predelnogo urovnya 

konechnoy stavki kreditovaniya, pri prevyshenii kotorogo susidirovaniye protsentnoy stavki 

ne osushestvlyaetsya [Application of basic indicators when calculating the parameters of 

subsidizing the interest rate at the expense of the federal budget for loans, bonded loans and 

(or) leasing agreements, depending on the terms of lending, as well as determining the 

maximum level of the final lending rate, above which the interest rate is not subsidized]. In 

Russian. http://government.ru/docs/all/107763/ 

21. Resolution of the Government of the Russian Federation No. 779. (2015, July 31). O 

promyshlennyh klasterah spetsializirovannyh organizatsiyah promyshlennyh klasterov 

[Industrial clusters and specialized organizations of industrial clusters]. In Russian. 

http://www.consultant.ru/document/cons_doc_LAW_183798/ 

https://cyberleninka.ru/article/n/gotovnost-k-promyshlennomu-vnedreniyu-kak-indikator-vybora-prioritetnyh-tehnologicheskih-napravleniy
https://cyberleninka.ru/article/n/gotovnost-k-promyshlennomu-vnedreniyu-kak-indikator-vybora-prioritetnyh-tehnologicheskih-napravleniy
http://mlx.krskstate.ru/dat/File/57/dokumenty/Proekt%20Strategii.pdf
http://fcpir.ru/upload/medialibrary/955/gt_57_14vn_metodika-ugt-_002_.pdf
https://doi.org/10.17513/vaael.1245
https://doi.org/10.1088/1742-6596/1515/3/032057
http://government.ru/docs/all/107763/
http://www.consultant.ru/document/cons_doc_LAW_183798/


http://annalsofrscb.ro 

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 932 - 947 
Received 15 April 2021; Accepted 05 May 2021. 

 

947 

22. Rutko, D.F. (2012). Metodologicheskiye osnovy formirovaniya klasterov v sovremennoy 

ekonomike [Methodological Basis of Formation of Clusters in the Modern Economy]. 

Economic Bulletin of the University. Collection of scientific papers of scientists and graduate 

students, 18(2), 147-153. In Russian. https://cyberleninka.ru/article/n/metodologicheskie-

osnovy-formirovaniya-klasterov-v-sovremennoy-ekonomike 

23. Rykovskiy, I.M. (2016 a). Kontseptualnye osnovy i instrumenty tekhnologicheskogo audita 

[Conceptual framework and tools for technology audit]. Science and innovation, 10(164), 56-

59. In Russian. https://cyberleninka.ru/article/n/kontseptualnye-osnovy-i-instrumenty-

tehnologicheskogo-audita 

24. Rykovskiy, I.M. (2016 b). Methodological support of technological audit. In T. N. 

Belyatskaya & L. P. Knyazeva. (Eds.), Electronic economy: theory, models, technologies (pp. 

150-153). Minsk: Belarusian State University of Informatics and Radioelectronics. In 

Russian. 

25. Rykovskiy, I.M. (2018). Organizatsionno-metodicheskoe obespechenie technologicheskogo 

audita [Organizational and methodological support technology audit]. Candidate of economic 

sciences’s thesis. Belarus State Economic University. In Russian. 

http://edoc.bseu.by:8080/handle/edoc/84339 

26. Sadin, S.R., Povinelli, F. P., Rosen R. (1989). The NASA technology push towards future 

space mission systems. Acta Astronautica, 20, 73–33. https://doi.org/10.1016/0094-

5765(89)90054-4 

27. The Federal Tax Service. (Access date: 2020, September). Ediny reestr sub’ektov malogo i 

srednego predprinimatelstva [Unified register of small and medium-sized businesses]. In 

Russian. https://rmsp.nalog.ru/ 

28. Vokina, E.B. (2014). Tekhniko-tekhnologicheskiy audit [Technical and technological audit]. 

Economics: time realities, 3(13), 76-81. In Russian. https://cyberleninka.ru/article/n/tehniko-

tehnologicheskiy-audit 

https://cyberleninka.ru/article/n/metodologicheskie-osnovy-formirovaniya-klasterov-v-sovremennoy-ekonomike
https://cyberleninka.ru/article/n/metodologicheskie-osnovy-formirovaniya-klasterov-v-sovremennoy-ekonomike
https://cyberleninka.ru/article/n/kontseptualnye-osnovy-i-instrumenty-tehnologicheskogo-audita
https://cyberleninka.ru/article/n/kontseptualnye-osnovy-i-instrumenty-tehnologicheskogo-audita
http://edoc.bseu.by:8080/handle/edoc/84339
https://doi.org/10.1016/0094-5765(89)90054-4
https://doi.org/10.1016/0094-5765(89)90054-4
https://rmsp.nalog.ru/
https://cyberleninka.ru/article/n/tehniko-tehnologicheskiy-audit
https://cyberleninka.ru/article/n/tehniko-tehnologicheskiy-audit

