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Abstract

This article is aimed at considering current sources of financing for high-tech projects. In the article, statistical data
confirm the orientation of developed and developing countries' economies towards the generation of high-tech
products by the dynamics of added value in high-tech and medium-high-tech industries, respectively - support for
high-tech manufacturing enterprises and industries as a whole. Lists of high and medium-high-tech adopted sectors in
the Russian Federation, in the United States, and in European nations, and a list of critical technologies are given.
Special attention is given to the essence of the high-tech projects, concept, through the implementation of a rise in the
share of high-tech products. The article identifies the main characteristics that distinguish a high-tech project from an
innovative one. The dynamics of value-added in high-tech and medium-high-tech sectors of the economies of
developing and developed countries are studied in conjunction with R & D spending in high-tech sectors of these
countries. On the example of the United States (the global leader in the high-tech industry), the structure of financing
high-tech projects carried out by companies at the expense of internal financing, that is, own funds is investigated.
Based on the Russian Federation, the volumes of attracted cash in the form of grants and the amount of borrowed cash
in the form of a subsidy for the implementation of high-tech projects in dynamics for 2012-2018 are investigated.

Keywords: high-tech technology, high-tech companies, high-tech projects, high-tech products, sources of financing,
innovation, grants, subsidies, funds

1. Introduction

In case of a change in the world's technological dominance, the transition from a resource economy to an innovative
economy, that is, the formation of non-resource global competitive industries, special attention is spent on
breakthrough technologies. The creation, use, and improvement of these technologies may significantly enhance the
functional, technical, and economic parameters of technical systems or create fundamentally new systems with
previously unattainable capabilities. Some of them relate to critical technologies that have crucial socio-economic
significance or special significance for state security.

Simultaneously, the core of the sixth technological mode must be microworld technologies (convergence of nano-, bio-,
information and cognitive technologies (NBIKS-convergence, NBIC) (Glazyev & Kharitonova, 2009); social,
humanitarian technologies; new medicine, household appliances, modes of transport and communications; use of stem
cells, living tissue and organ engineering, reconstructive surgery and medicine (Glazev, 1993 & Grinin et al., 2016).
Industries that intensively use these technologies, and implement technological innovations in them, have a pivotal role
in the dissemination of a new technological structure and are bearing industries the scientific works of Glazyev S.Yu
evidence this. (Decree of the President of the Russian Federation), and the legislative acts that determine the strategic
guidelines of the country in the field of scientific and technological development confirm [Decree of the Government
of the Russian Federation]:

- Technological updating of traditional industries [Decree of the Government of the Russian Federation];

- An expansion in the share of products of new high technology manufacturing and knowledge-intensive services in the
gross domestic product based on structural transformations in the country's economy [Decree of the Government of
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the Russian Federation];

- Growth in export revenues of high technology products, services and technology intellectual rights [Decree of the
President of the Russian Federation of December].

2. Methods
The study is carried out based on:
e conceptual analysis (the terms high-tech industr>3 high-tech organization, high-tech products, high-tech project);

e database compilation of the Federal State Statistics Service of the Russian Federation, Unified interdepartmental
information and statistical system, European Union Statistical Office, World Bank Group, National Center for
Science and Engineering Statistics, systematization and analysis of statistical data.

3. Results and Discussion

High-tech projects are increasingly discussed in the context of the transition to the sixth technological paradigm and
project management methodology. Nevertheless, there is no specific interpretation of the <high-tech project>>concept
in the scientific literature. Therefore, some authors link it with an innovative or high technology project. For instance,
they associate high-tech projects with projects implemented in high technology or high technology organizations
(companies). However, as noted by several authors (Garina et al., 2016 & Kuznetsov, 2015), this is not entirely correct,
since the fact that manufacturing is knowledge-intensive does not automatically mean that it is high technology
manufacturing (Garina et al. 2016). Alternatively, all projects implemented by high-tech organizations (companies)
automatically become high-tech. Table 1 compares the concepts of project, innovation project, high-tech project, and
also distinguish their main distinctions. When considering the data of table 1, it should be noted that the list of
characteristics is not finite, but is formed from the most striking/inherent characteristics.

Table 1. Comparative table of the concept's characteristics: project, innovative project, high-tech project

Characteristic Project [15, Innovation High-tech
16, p.37] project [17] project [18-20]
Activity, activity + +
Effectiveness (Success / Failure) + + +
Timing (start date, end date) + + +
Uniqueness (innovativeness) of the result / product / service + + +
Resources limited + + +
High risk +/- +/+ +/+
Increased risk of design process - +
Relevance -

Organizational and technological complexity -

Innovative approaches and solutions are used in the
implementation process

The inability to fit the project into well-structured, accepted
methods, techniques of design, project management

Knowledge-intensive
(the need for deep scientific studies)

Implemented by high technology organizations (companies)
The implementation process uses high technology - -
The result is a high technology product - -

"-""is an optional / unprincipled characteristic;
"+" is amandatory / principal characteristic.

Thus, high-tech projects are fundamentally different from innovative ones in that:

o  High technologies are applied in the process of the project implementation;
e  High technology product is created as a result of the project implementation.
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In fact, it is more correct to say innovative project in a high-tech industry, innovative project in a high technology
company or innovative project in the area of high technologies. At the same time, high technology is the initial idea, the
starting point for the implementation of future high technology, and innovation is the first attempt to put the technology
into practice. The innovation project, in turn, is a means of transition from the development of high-tech R&D to the
commercialization of innovation (Laptev, 2007 & Christensen, 2004).

However, the question arises, what about high technology? According to the dictionary [Collins Dictionary]:

e high technologies (high technology, high-tech, hi-tech) - these are very complex technologies, often including
electronics and robotics, used in production and other processes;

o low technologies (Low technology, low tech) - relatively simple technologies that use equipment and production
technologies (as opposed to high technologies), limited to the production of basic necessities.

International and federal statistical organizations [European Union Statistical Office & Unified interdepartmental
information and statistical system] distinguish high technology manufacturing and knowledge-intensive sectors.
Simultaneously, a high-tech industry implies an industry with a high level of technological growth, defined by the ratio
of R & D costs to gross value added [The calculation method of the indicators Jand relatively low material and labor
(Laptev, 2007). High-tech industries include high-tech and medium-high-tech industries. Meanwhile, the classifying
of high-tech industries is of special significance. For instance, the <quota of high-tech and knowledge-intensive
industries>in the gross domestic product of a country and / or gross regional product of a country's case is one of the
indicators defining the efficiency of the economies of the world. Table 2 displays the industries of the economy
associated with high-tech sectors, from the view of the Russian Federation and member states of the Organization for
Economic Cooperation and Development (from now on OECD).

In the USA, industries of high technological level involve communications and semiconductors, aircraft and spacecratft,
computers and office machinery, navigation, measuring pharmaceuticals, medical, optical, and measuring equipment.
And to industries of a medium-high technological level involve motor vehicles and parts, electrical machinery and
appliances, chemicals excluding pharmaceuticals, machinery and equipment, railroad and other transportation
equipment.

Note that the difference in the names of industries that are part of the high and medium high is not significant and not
fundamental.

Table 2. List of high-tech industries
OKVED* code Industries of high technological level, medium-high technological level for
calculating the indicator"Quota of high-tech products in GDP / GRP."
In Russia Comparable to recommended indicators for OECD countries
High technology industries
Industries of high technological level

21 Production of medicines and materials utilized for medical schemes
26 Production of computers, optical products, and electronic

30.3 Production of aircraft, including spacecraft, and related equipment
Industries of medium-high technological level

20 Production of chemicals and chemical products

254 - Production of weapons and ammunition

27 Production of electrical appliances

28 Production of machinery and equipment nec

29 Production of trailers, motor vehicles, and semi-trailers

Production of other vehicles and equipment, excluding 30.3 (manufacture of
30 without 30.3)  aircraft, including spacecraft, related equipment)

325 Production of medical instruments and equipment -
33 Repair and installation of machinery and equipment -
* Russian Classification of Economic Activities
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However, not all organizations/companies belonging to the industries listed in Table 2 can be considered high-tech and
moreover, not all projects initiated and implemented by these companies can be considered high-tech.

A high-tech organization/company is characterized by:

e  The main activity, including the implementation, implementation and support of projects for the introduction of
new or significantly improved technologies.

e The use by the company in its production of key technology, which is part of the national List of critical
technologies in force at the time of the launch of its goods and / or services on the market (table 3). It is important
to note that in the literature leading technologies are often referred to as key (or critical) (Laptev, 2007). Therefore,
in the future, we will adhere to precisely this terminology.

Table 3. The critical technologies list of the Russian Federation [Decree of the President of the Russian Federation]

Ne  Critical technology title

1. Essential and significant military and industrial technologies for generating assuring types of weapons,
military, and specialized equipment.

Essential technologies of electrical power engineering.

Biocatalytic, biosensor, and biosynthetic technologies.

Veterinary and biomedical technologies.

Genomic, postgenomic, and proteomic technologies.

Cellular technology.

Computer simulation of nanomaterials, nanodevices, nanotechnology.
Nano, bio, cognitive, and information technologies.

Technologies of the nuclear fuel cycle, nuclear energy, safe management of radioactive waste and spent
nuclear fuel.

10. Bioengineering technologies.

11. Diagnostics technologies for nanomaterials and nanodevices.

12.  Technologies for access to broadband multimedia services.

13. Technology information, control, navigation systems.

14. Technologies of nanodevices and microsystem technology.

15. Technologies of brand-new and renewable energy sources, such as hydrogen energy.
16. Technologies for obtaining and processing structural nanomaterials.

17. Technologies for the production, processing of functional nanomaterials.

18. Technologies and software for distributed and highly productive computing systems.

19. Technologies for monitoring and calculating the status of the environment, prevention, and removal of its
pollution.

20. Technologies for prospecting, examination, improvement of mineral deposits, as well as their extraction.
21.  Technologies for the prevention and liquidation of natural and technogenic emergencies.

22.  Technologies to reduce losses from socially significant diseases.

23.  Technologies for creating high-speed vehicles and intelligent control systems for new modes of transport.
24. Technologies for creating a new generation of aerospace, transport equipment.

© N g ~wN

e  The ability not only to offer fundamentally new products and / or services on the market, but also to harmonize its
commercial goals (such as making a profit from its core business) with the strategic interests of the state in the
formation of industrial and trade policies focused not only on sustainable, but also the progressive development of
the world economy.

e  The level of knowledge-intensive technologies (the share of costs (at least 3,5%) for research and development,
referred to production results) used by companies in their production. If it exceeds 8,5%, then this production is
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the leading of knowledge-intensive technology (leading edge) (Vovchenko, 2005), if the knowledge-intensive
level of technology is 2,5%, then the average level, if 0,5%, then the low level (Vovchenko, 2005 & Bendikov &
Frolov, 2001) As a result, the presence in the economic activity of technical know-how, innovative developments.

o The level of knowledge-effectiveness is perceived as the rate of the volume of sales of high-tech products to R &
D costs for a certain period (basically a year). The standard for the effectiveness of knowledge transfer is the
relative extension in sales of a new (from the standpoint of the next generation of technical products qualitatively
different from the former one) high-tech commaodities with high consumer qualities in the market as opposed to
the development of the whole high-tech market (involving out-of-date products developed earlier yet still sold on
the market. (Laptev, 2007)

e High level of qualification of employees and its continuous growth in accordance with dynamically changing
market requirements.

e Maintaining close ties with the academic environment, conducting joint fundamental research, cooperation with
leading universities.

e High speed of changes, improvement of products, technologies, i.e. shorter life cycle.
This list is not mutually exclusive in nature, but rather complementary.

It turns out that a high-tech organization should belong to a high-tech industry (Table 2) and use key (critical)
technologies (Table 3). At the same time, the data in Table 3, as it were, concretizes the high-tech industries of Table 2,
limiting the circle of high-tech organizations. However, the use of technologies in the project and/ or process activities
alone does not say anything about the organization's R&D expenses and the level of innovation activity. For example,
pharmaceutical companies in the Russian Federation are often engaged in packaging products, rather than developing
new products or manufacturing those (Adamajtis et al., 2019). This explanation should be taken into account when
interpreting the results of this article. Thus, the key importance is seen, taking into account high-tech projects
implemented using critical technologies (table 3) and aimed at creating high-tech products (project results).

High-tech products - products in the generation of which high technologies are included, and the industries accountable
for creating such products occupy an essential place in the modern economy (Kvacheva, 2008 & Buravlev, 2019).

At the legislative level, the criteria for classifying goods, work and services as high-tech products in Russia are:

e The goods are manufactured, the work is performed, the service is provided by companies of high-tech and
high-tech industries utilizing technologies and / or facilities that correspond to the preferred areas for the
advancement of science, technology and technology and / or the list of significant technologies of the Russian
Federation supported by the President of the Russian Federation(table 2) [Decree of the President of the Russian
Federation];

e The goods are manufactured, the work is performed, and the service is provided using the latest samples of
technological equipment, technological processes, and technologies [Decree of the Government of the Russian
Federation].

In scientific literature, high-tech products are characterized by:

e Thelevel of high technology (the quota of research and development costs related to production results) is at least
3.5% [Federal State Statistics Service of the Russian Federation].

e The level of knowledge-effectiveness - the ratio of the volume of sales of high-tech products to R & D expenses
for a specific period (hormally a year). The basis for the effectiveness of knowledge-effectiveness is the
comparable growth in sales of a new (from the viewpoint of the next generation of technical products qualitatively
different from the previous one) high-tech goods with high consumer characteristics in the market, in contrast to
the increase of the entire high-tech market (including old products developed earlier although still sold on the
market) (Vovchenko, 2005).

Thus, to consider the sources of financing high-tech projects, under high-tech projects will mean projects implemented
by organizations belonging to the high-tech industries of the list of Table 2, during the implementation of which critical
technologies are used from the list of Table 3 and / or as a result of the implementation of which high-tech products are
created characterized by a high level of knowledge-intensive (> 3.5) and a high level of knowledge-effectiveness.

Since 2002, the global result of high-tech industries possesses more than doubled. Figure 1 reveals the dynamics of
high-tech enterprises' added value in nations, including the United States, Great Britain, China, Japan, Brazil, Germany,
France, Russia, India, Malaysia, for the period 2011-2018.
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Figure 1. Value added of high R&D intensive industries, by country, 2011-2018 [National Center for Science and
Engineering Statistics]

Overthe last thirty years or so, the United States has been the world's largest producer of output products in industries
with a high technological level. It considers for almost a third of the world's production of these industries. The
second-largest manufacturers are China and European countries (Germany, France, etc.). Figure 2 exhibits the value of
the dynamic added of medium-high technology industries in lands such as the United States, Malaysia, China, France,
Great Britain, Japan, Germany, Russia, Brazil, and India for 2011-2018.
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Figure 2. Value added of medium-high technology industries by country, 2011-2018 [National Center for Science and
Engineering Statistics]

The diagrams of Figures 1 and Figures 2 clearly demonstrate the growth in project implementation in high-tech and
medium-high-tech industries around the world and global leaders: United States, China, Japan, Germany. The revealed
dynamics of sales volumes of products must be correlated with the dynamics of R & D expenses in high-tech industries
(Figure 3).
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Figure 3. Value of enterprise spending on research and development in high-tech sectors, 2011-2017 [European Union
Statistical Office & World Bank Group]

Thus, the market volume of industries with a high technological and medium-high technological level is growing;
countries are becoming involved in a technological race, involving more and more resources, including financial ones.
According to the World Bank (Laptev, 2007 & World Bank Group), the leaders in terms of total spending on research
and development are the United States, Japan, and Germany among European countries. Currently, developed
countries spend significant R&D funds. There are four main centers of scientific research in the world: the USA (31%
of world R&D expenses), the European Union (24%), China (14%) and Japan (11%). These costs for most developed
countries range from 3.5 to 1,5% of GDP. The share of Russia is less than 2%.

In matters of financing, it is important to understand that money is allocated for the implementation of a specific
innovative project in the field of high technologies with a specific result (high-tech product), but not for financing

high-tech enterprises or entire industries. The structure of relevant and main sources of financing is presented in Figure
4.
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Figure 4. Project financing sources (Koval'chuk & Stepnov, 2016; Volab, 2014)

The information in Figure 4 is classic. However, the blocks highlighted by dashed lines have found active distribution
in recent years.

It is worth mentioning that the majority of the research and development of high-tech companies in the United States is
carried out at the expense of internal financing, that is, at the expense of companies' own funds. This is confirmed by
the statistics converted to Figure 5. In the high technological level sectors, the quota of domestic funding is 54%, and in
the medium-high technological sectors - 23%. In Figure 5, funds provided by other sources are not included.

Published by Sciedu Press 183 ISSN 1923-4023 E-ISSN 1923-4031



http://ijfr.sciedupress.com International Journal of Financial Research Vol. 11, No. 6, Special Issue; 2020

80

40

Percent quota

20

High technology Medium-high technology

Figure 5. Quota of high-tech industries in the USA financed at the expense of companies own funds, 2016 [National
Center for Science and Engineering Statistics]

However, in matters of financing high-tech projects, a significant role is played by the state, which distributes grants
for the implementation of basic research. The proportion of such funding varies significantly across countries. For
example, in Israel, basic research is 25-30% funded by the state through grants. The rest is funded through international
projects. About 70 venture funds are actively working in the country, 14 of which are international. In 2010, 391 Israeli
high-tech companies raised $ 1,26 billion (Volab, 2014).

In the Russian Federation, financing:

. Fundamental and exploratory research projects are carried out by state funds: Russian Foundation for Basic
Research (RFBR); Russian Science Foundation (RSF);

. State-owned funds are involved in applied research projects: Foundation for Assistance to Small Innovative
Enterprises (FASIE); Federal state Autonomous Institution <&Russian Foundation for Technological
Development>>(Industrial Development Fund); Advanced Research Foundation (ARF).

Also, private foundations such as the National Technology Initiative (NTI) Project Support Fund and the Fund for
Development of the Center for Elaboration and Commercialization of New Technologies (Skolkovo Foundation)
provide financial support for high-tech applied projects. Information on these organizations is presented in Figure 6.
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Figure 6. Comparative characteristics of non-profit organizations financing high-tech projects in the Russian
Federation

In Figure 6, the list of organizations financing the implementation of high-tech projects includes the Industrial
Development Fund. It differs from all other forms of support. From this list, only this organization issues subsidies, not
grants, which is an example of borrowed funds for the implementation of the project, but different from a bank's credit.

The amount of funding for high-tech projects, including fundamental, exploratory, fundamental research, in the
Russian Federation is shown in Figure 7.
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Over 7 years, the total funding of high-tech projects in the Russian Federation has grown by almost 4 times. The
growth was formed mainly due to an increase in the volume of budget funds allocated to finance fundamental, search
and applied research projects implemented within the framework of critical technologies (table 3).

60000

40000 85385 S6i47

34221
21539

YT e —— e,

0
2012 2014 2016 2018

Millions rubles

Year

& RFBR 4 RSF & Skolkovo Foundation FASIE RITDF 4 Total

Figure 7. The volume of financing for high-tech projects, 2012-2018

As a source of attracted financial resources for high-tech projects, one can note crowdfunding and initial coin offering
(ICO). Investors' interest is enhanced by the development and growth of cryptocurrencies, as well as the policies of
some of the leading countries that support the cryptocurrency circulation and operations with them. However, rather it
is an instrument of the future. There are no significant volumes attracted for the implementation of high-tech projects.

4. Summary

Through the study, the concept of high-tech project has been fully explained. In fact, this is a project executed by an
organization belonging to the high-tech industry from the list of Table 2. Moreover, the implementation utilizes critical
technologies from the list of Table 3 or generates high-tech products characterized by state-of-the-art technology (> 3.5)
and a high level of knowledge efficiency.

Global leaders demonstrating the growth of project implementation in high-tech and medium-high-tech industries are
the United States, China, Japan, and Germany. Undoubtedly, attracted financial resources from state and private funds
in the form of grants play a significant role in matters of financing high-tech projects. Less popular among private
investors, but quite popular among large corporations, are borrowed funds in the form of subsidies for the creation of
high-tech products. The newest and not yet developed is the crowdfunding tool. In the United States, high-tech
industries have a fairly high level of domestic financing. Its share is 54%, and in the medium-high-tech - 23%.

5. Conclusion

It is recommended that when choosing sources of financing for high-tech projects, pay attention to:
- Level of technological readiness (maturity) of a high-tech product - TRL 6 and above;

- Export potential or import substitution potential,

- The attraction of extrabudgetary financing along with state financing, the share of which should be at least 50% of the
total investment;

- Scaling the results of high-tech projects;

- The potential for the commercialization of project results in high-tech sectors of the economy;

- The ability to overcome technological barriers in the industry through the implementation of high-tech projects.
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