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ABSTRACT

Report contains 93 pages, 9 pictures, 4 tables, 56 sources, 7 appendixes.
KNOWLEDGE-BASED INDUSTRIES, EFFICIENCY OF FINANCING KNOWLEDGE-BASED INDUSTRIES IN REGIONS, DIGITAL FINANCING PLATFORM OF KNOWLEDGE-BASED INDUSTRIES.
The object of the final stage of project research is the optimal models of financing science-intensive industries in the Republic of Kazakhstan. 
The purpose of the research is the development of effective models of financing science-intensive industries in the context of national specificity of our country. 
Methods of research are based on the systematic approach to analysis of problems, methods of comparative analysis, methods of mathematical and statistical analysis.  
During the research the following results were obtained: an assessment of the efficiency of financing innovation, science and technology was carried out using the DEA methodology and the index method with the construction of a rating of regions and a specialized map of the country; the tools of financing science-intensive industries were investigated depending on the stage of development of science-intensive industries and the characteristics of regional diversification; a model for financing science-intensive industries was developed, taking into account the assessment of its effectiveness.
The novelty lies in the development of an electronic atlas, which allows monitoring the effectiveness of financing high-tech industries in the regions of Kazakhstan. The developed information system "Finnomap.KZ" efficiency map has the possibility of commercialization and can become a unified database of high-tech projects.
Economic efficiency - the application of the attached assessment methodology will allow analyzing the efficiency in dynamics, identifying the regions of leaders and lagging regions, identifying promising and current priorities for their development, as well as making recommendations for improving the financing system.  
Predictive assumptions about the development of the research object are associated with the possibility of further researching alternative sources of financing for high-tech industries and developing practical recommendations at the regional and national levels.
The results of the research were published in 11 scientific works, including 1 monograph, 10 publications in domestic editions, of which 4 are recommended in editions of KOKSON MES RK, in foreign rating editions - 1, international conferences - 3.

АҢДАТПА

Есеп 93 б., 9 сур., 4 кест., 56 әдебиет., 7 қос.
ҒЫЛЫМДЫ ҚАЖЕТСІНЕТІН ӨНДІРІСТЕР, ӨҢІРЛЕРДЕГІ ҒЫЛЫМДЫ ҚАЖЕТСІНЕТІН ӨНДІРІСТЕРДІ ҚАРЖЫЛАНДЫРУ ТИІМДІЛІГІ, ҒЫЛЫМДЫ ҚАЖЕТСІНЕТІН ӨНДІРІСТЕРДІ ҚАРЖЫЛАНДЫРУДЫҢ ЭЛЕКТРОНДЫҚ ПЛАТФОРМАСЫ
Зерттеу нысаны ҚР-дағы ғылымды қажетсінетін өндірістерді қаржыландырудың оңтайлы модельдері болып табылады.
Жұмыстың мақсаты-ұлттық ерекшелік контексінде ғылымды қажетсінетін өндірістерді қаржыландырудың тиімді модельдерін әзірлеу.
Зерттеу әдістері- мәселені зерттеудің жүйелік тәсіліне, салыстырмалы талдау әдістеріне, математикалық-статистикалық талдау әдістеріне негізделген.
Жұмыс нәтижелері: өңірлер рейтингін және елдің мамандандырылған картасын құра отырып, DEA әдістемесін және индекстік әдісті пайдалана отырып инновацияларды, ғылым мен технологияларды қаржыландыру тиімділігіне бағалау жүргізілді; ғылымды қажет ететін өндірісті дамыту сатысына және өңірлік әртараптандыру ерекшеліктеріне қарай ғылымды қажет ететін өндірістерді қаржыландыру құралдары зерттелді; ғылымды қажет ететін өндірістерді, оның тиімділігін бағалауды ескере отырып қаржыландыру моделі әзірленді.
Жаңашылдығы Қазақстан өңірлерінде ғылымды қажетсінетін өндірістерді қаржыландыру тиімділігіне мониторинг жүргізуге мүмкіндік беретін электрондық атласты әзірлеуден тұрады. Әзірленген ақпараттық жүйе тиімділік картасы "Finnomap.KZ" коммерцияландыру мүмкіндігі бар және ол жоғары технологиялық жобалардың бірыңғай дерекқорына айналуы мүмкін.
Экономикалық тиімділігі қоса беріліп отырған бағалау әдістемесін қолдану көшбасшы және артта қалған өңірлерді анықтай отырып, тиімділікті серпінде талдауға, оларды дамытудың перспективалық және ағымдағы басымдықтарын анықтауға, сондай-ақ қаржыландыру жүйесін жетілдіру жөнінде ұсынымдар әзірлеуге мүмкіндік береді.
Зерттеу объектісінің дамуы туралы болжамды  ғылымды қажетсінетін өндірістерді қаржыландырудың балама көздерін одан әрі зерттеу және өңірлік және ұлттық деңгейлерде практикалық ұсынымдар әзірлеу мүмкіндігімен байланысты.
Зерттеу нәтижелері 11 ғылыми жұмыста жарияланды, оның ішінде 1 монография, 10 отандық басылымдарда, оның ішінде 4 – уі ҚР БҒМ КОКСОН басылымдарында ұсынылған, шетелдік рейтингтік басылымдарда-1, халықаралық конференцияларда-3.
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INTRODUCTION
The relevance of research. Science-intensive industries are critical to stimulating disruptive innovation, competitiveness, and stable economic growth. The development of knowledge-based industries in the field of microelectronics, nanotechnology, industrial biotechnology, advanced materials and other advanced manufacturing sectors constitute the basis for the formation of a knowledge-based economy that improves the well-being and quality of life of the population. 
However, one of the main factors that holds back the development of science-intensive industries is the lack of funding for knowledge-based solutions at all stages of development. Knowledge-intensive businesses are risky, capital-intensive and require long-term debt financing and patient anchor investors. In his Message to the people of Kazakhstan dated September 1, 2020 "Kazakhstan in a new reality: time for action" Kassym-Jomart Tokayev defined the importance of developing knowledge-based, science-intensive industries and technical services. In addition, he noted the importance of effective allocation of resources to finance science and technology development. Thus, at this stage of the formation of a knowledge-intensive economy in Kazakhstan, the effectiveness of financing science-intensive and innovative projects is crucial. 
Consequently, the lack of an assessment of the effectiveness of financing of knowledge-intensive industries in Kazakhstan and the existing financing mechanisms led to a significant deficiency of investment in this particular sector of the economy. This requires the research of effective models of financing science-intensive industries, taking into account the stage of development of science-intensive industries, as well as its territorial predisposition. In general, the successful solution of this scientific problem will contribute to the effective use of the financial costs of knowledge-based industries in the Republic of Kazakhstan predetermine the relevance of this study.
The object of this stage of the study is the system of financing knowledge-based industries in the Republic of Kazakhstan, and the subject is the models of financing knowledge-based industries based on the foreign experience. 
In the process of scientific search for a solution to the problems of increasing the effectiveness of financing science-intensive industries, special attention is paid to foreign sources in the field of funding science and technology and, in general, successful practice in the formation of effective models of sponsoring science-intensive companies. The works of domestic scientists are also used, such as: A.A. Alimbaeva, F.G. Alzhanova, U.B. Baimuratova, N. Zh. Brimbetova, F.M.Dnisheva, A.E. Esentugelova, B.K. Zlobina, G.M. Mutanova, R.K. Sagieva, M. Sakenova, G.F. Rustembekova and others, who have devoted their work to some aspects of the problems of funding science and technology. 
During the first stage (2018, inventory number 0218RK00996), the following results were obtained: theoretical and methodological justification of the need of development of effective models for financing science-intensive industries, taking into account the successful experience of foreign countries; development and justification of the classification of factors hindering the financing of knowledge-based industries in the Republic of Kazakhstan; study of examples of implementation of sponsoring of science-intensive industries in the regions of the Republic of Kazakhstan; identification of financial restrictions on the innovative development of enterprises in comparison with non-financial conditions.
During the second stage (2019 inventory number 0219RK01339), the following results were obtained: the degree of influence of financial and non-financial factors on the success of science-intensive industries was revealed; the classification of models of funding knowledge-based industries has been investigated, taking into account the successful experience of foreign countries; a system of indicators has been developed to assess the effectiveness of financing knowledge-based industries, which formed the basis for the information system "FinnoMap.Kz" (a map of the effectiveness of financing innovative companies in the regions of Kazakhstan); an algorithm for choosing an effective model for financing science-intensive industries is proposed.
During the final stage (2020), the following results were obtained: an assessment of the effectiveness of financing R&D and innovation activities for 2002-2019 was carried out using the DEA methodology, an assessment of the current state of the effectiveness of financing of science-intensive industries was carried out with the ratings of regions and a specialized map of the country; the tools for financing science-intensive industries have been investigated depending on the stage of development of science-intensive industries and the characteristics of regional diversification; a model of financing knowledge-based industries was developed, taking into account the assessment of its effectiveness.
The methodological basis of the final stage of the study (2020) includes instruments for learning economic theory, which are most often used by foreign and domestic scientists, such as the systems approach, the historical and logical method, the method of comparative analysis, the method of synthesis and classification, the method of generalization and typology, the method expert evaluation and mathematical and statistical analysis, including descriptive statistics and statistical testing of paired samples, as well as modeling (when developing an algorithm for choosing an effective model for financing knowledge-based industries) and others. 
At the final stage of the study (2020), the main objective of the work is the development of effective models for funding science-intensive industries, taking into account the stage of development and regional specifics. The purpose of the study is concretized in its tasks:
· evaluation of the effectiveness of financing knowledge-based industries of the information system "FinnoMap.Kz" (map of the effectiveness of financing innovative companies in the regions of Kazakhstan);
· research of financing instruments for knowledge-based industries, depending on the stage of the production life cycle;
· study of the influence of electronic platforms on the efficiency of financing science-intensive industries;
· development of an effective model for funding science-intensive industries.
Obtained results will contribute to the qualitative socio-economic progress of companies and the country as a whole, as well as provide an opportunity to improve the system of financing science-intensive industries in the Republic of Kazakhstan. Theoretical and methodological justification can constitute the basis for the development of textbooks on the knowledge-based economy.



[bookmark: _Hlk54283762][bookmark: _Hlk54293718]1 Evaluation of financing of knowledge-based industries in Kazakhstan based on the application of the information system «Finnomap.kz»

In the post-crisis period caused by the COVID-19 pandemic, Kazakhstan needs to successfully develop knowledge-intensive companies. Closing borders, shifting to distance education and teleworking have revolutionized existing markets for innovation. The creation of rapidly growing science-intensive companies that are capable of transforming the new conditions for economic development is the key to the development of new innovative ecosystems and the digital transformation of the country's economy.
As part of the implementation of this project, the report for 2018 (No. 0218RK00996) noted that knowledge-based industries have their own specific features, namely high dependence on innovation, which is the substantial condition for technological and structural changes that contribute to growth and competitiveness [1-2]. Knowledge-based companies operate in a technology-driven industry and develop innovation. A high level of R&D, the creation of new knowledge and a high level of employment of personnel in scientific and technical fields are the features that distinguish science-intensive companies from innovative companies. 
However, being a technologically advanced company is a necessary but not sufficient condition for becoming a knowledge-based company. As part of the study of knowledge-intensive industries based on a resource specific approach, the importance of new knowledge, technologies, managerial skills and the level of education of human resources is considered to be one of the determining factors in the development of companies, such as science-intensive [3]. There are many studies that the lack of such resources is accompanied by a lack of financial support or ineffective use of them [4-11].
According to the report for 2018 (No. 0218RK00996) analyzing the factors holding back the development of knowledge-based industries in the Republic of Kazakhstan on the way to innovation, the following results were obtained: first, the presence of significant costs for knowledge-based projects [12-13]. The innovation process requires significant financial resources, but at the initial stages of the life cycle, it is difficult to assess the future payback of the project or its economic consequences. Second, finding, allocating and funding the necessary resources, such as equipment, personnel and know-how, can often present significant challenges to innovation. Often, knowledge-intensive industries lack internal sources of funding. Third, it should come as no surprise that funding problems are closely correlated with company size. Small and medium-sized enterprises find it more difficult to overcome financial difficulties, especially due to high fixed costs, minimal investments required to launch innovative projects, and high information asymmetries from external sources of funding. Moreover, given the fact that the majority of enterprises engaged in knowledge-based industries are small and medium-sized enterprises, the lack of funding takes a leading position in restraining the development of knowledge-based industries in the Republic of Kazakhstan. 
Gaining access to sufficient financial resources is one of the main tasks of knowledge-intensive industries. Venture financing has not yet been developed in Kazakhstan, which invests in high-risk projects. Other financial institutions, especially banks, are reluctant to finance knowledge-intensive industries, which leads to a limited supply of loans. There are many reasons for this reluctance, such as information asymmetry, moral hazard, and lack of collateral.
The analysis of the level of financing of science-intensive industries in the regions of Kazakhstan using the questionnaire method [14], carried out in February-September 2018, demonstrated that:
1) the overwhelming majority of firms (87%) finance innovative projects at the expense of current profits, sales proceeds, and working capital. About 95% of knowledge-based manufacturing enterprises and almost 80% of science-intensive services enterprises use domestic finance for innovation.
2) debt financing is the second most important means of financing knowledge-intensive enterprises. Almost 20% of knowledge-based manufacturing companies, especially SMEs, and 19% of knowledge-intensive services companies use this financing instrument.
3) other sources of financing of science-intensive industries in the form of securities issuance, including IPOs in Kazakhstan, are not widespread or not at all available for growing science-intensive industries.
4) finally, in addition to internal and external financing, knowledge-intensive industries can receive public money either through loans or through grants and grants for the development and implementation of innovations. On average, 11% of all firms use government subsidies to finance innovation projects, and 5% accept government loans.
It follows from this that the financing of science-intensive industries is one of the main constraining factors for the development of science-intensive industries in the Republic of Kazakhstan. At the same time, despite the measures applied by the state to stimulate the development of science, technology and innovation, the state of development of science-intensive industries is still at its infant level, which indicates the ineffectiveness of the measures taken. 
Next, we will pay attention to assessing the effectiveness of financing knowledge-based industries from the public sector. It should be noted that the financing of science-intensive industries in Kazakhstan is carried out in two directions - this is the financing of science and the financing of innovation. In this connection, we will assess the effectiveness of financing these two areas. At the same time, it should be noted that when assessing the effectiveness of financing science-intensive technologies, it is important to be relied on general principles of assessing efficiency. In general, efficiency is considered as the ratio of the useful result and the costs of factors that determine this process. The efficiency of R&D funding or scientific development is determined by a category that reflects the compliance of the results with the invested financial resources. 
As a tool for assessing the effectiveness of funding, we use the nonparametric data coverage analysis (DEA) method, which is a popular mathematical programming for measuring the relative effectiveness of decision-making units (DMU). In recent years, the DEA method has been used to measure the effectiveness of the DMU under various conditions, for example, to assess the sustainability of supply chains [15]; supplier selection [16]; evaluating the efficiency of the electric power industry [17]. Cook etc. [18] proposed a new DEA network model for measuring the performance of a sequential and parallel system. Their proposed model measures the optimistic performance of the DMU and deals only with the desired results. Thus, the DEA network model developed by Cook etc. [18] makes it possible to assess the effectiveness of R&D and innovation financing in the regions of Kazakhstan with the construction of a rating. The basis for the calculation is presented in Table C1-C2. The statistical software package Stata is used for the analysis [19]. To begin with, let's build a model for calculating the effectiveness of funding science in the regional context. The following indicators were selected as input indicators: the number of R&D employees, R&D costs, the number of PhD students; the output indicator is patents. The data were taken for the years available in the statistics 2002-2019. The calculation results are presented in Table 1. 
According to the results obtained, it should be noted that the coefficient of efficiency of financing science in the regions of Kazakhstan is at a very low level, despite the fact that Pavlodar region took the first place by a small margin. In general, this trend suggests that R&D funding does not bring significant results, which is also evidenced by the results of the survey, where the majority of respondents noted a low level of joint research with universities and research centers. At the same time, the amount of financing varies mainly in the range of 10-650 million tenge, and the amount of financing in small enterprises in the amount of 200 thousand tenge is also insignificant. Considering the effectiveness of financing innovative activities in the regions of Kazakhstan, the following indicators were selected as input indicators: the number of employees in knowledge-based companies, R&D costs; the output indicator is the volume of innovative products and the number of created and used innovations. Statistical data were used from available official sources for 2013-2019. The calculation results are presented in Table 2 and Figure C1. 


	Table 1 – Indicator of efficiency of financing of R&D in the regions of Kazakhstan

	Region
	Indicator of efficiency of financing of R&D in the regions of Kazakhstan
	Rank

	Pavlodar 
	0,329169
	1

	Zhambyl 
	0,176884
	2

	South Kazakhstan 
	0,172571
	3

	North Kazakhstan  
	0,119949
	4

	Kostanay 
	0,106297
	5

	Kyzylorda 
	0,095269
	6

	Nur-Sultan city
	0,085697
	7

	Karagandy 
	0,07651
	8

	Almaty 
	0,061291
	9

	Almaty city
	0,059669
	10

	Aktobe 
	0,055846
	11

	East Kazakhstan 
	0,055497
	12

	Akmola 
	0,037845
	13

	West Kazakhstan 
	0,030917
	14

	Atyrau 
	0,01996
	15

	Mangystau 
	0,018147
	16

	Note - Compiled by the authors according to sources [20-21] 


Table 2 – Efficiency coefficient of financing of innovations in the regions of Kazakhstan
	Region
	Efficiency coefficient of financing innovations
	Rank

	Pavlodar 
	0,649089
	1

	Zhambyl 
	0,574331
	2

	South Kazakhstan  
	0,570371
	3

	North Kazakhstan 
	0,474784
	4

	Kostanay 
	0,417125
	5

	Kyzylorda 
	0,366818
	6

	Nur-Sultan city
	0,355897
	7

	Karagandy 
	0,335103
	8

	Almaty 
	0,242065
	9

	Almaty city
	0,197118
	10

	Aktobe 
	0,180944
	11

	East Kazakhstan
	0,170568
	12

	Akmola 
	0,146533
	13

	West Kazakhstan 
	0,134919
	14

	Atyrau 
	0,129103
	15

	Mangystau 
	0,113913
	16

	Note - Compiled by the authors according to sources [20-21]


Despite the fact that, according to the results obtained, the efficiency of financing innovations is much higher than the efficiency of financing R&D, in general, the ratio of financing innovative activities remains low. Regions with a relatively high level of efficiency include the following regions: Nur-Sultan city, Kostanay and North Kazakhstan regions (Figure C2). Meanwhile, it should be noted that official statistics do not separate borrowed innovations from innovations obtained as a result of regional SRW and R&D. At the same time, it should be emphasized that we are talking about the issuance of a result per unit of cost. And if, for one reason or another, the region had insignificant amounts of funding or the number of employees in the scientific sector, then with even a small innovative result, this region has the best rating. 
The positive aspect of this technique is that it takes into account a long period of time. However, in order to assess the current situation regarding the effectiveness of innovative activities in knowledge-based industries, it is necessary to take into account the latest data, taking into account the dynamics of change. For this purpose, it is relevant and expedient to apply the methodology for assessing the effectiveness of financial costs in knowledge-based industries at the regional level, used in the program "Finnomap.kz" the calculation method of which was described in the report for 2019 (No. 0219RK01339) [22]. This is a three-factor model proposed by R. Huggins [23] using a mapping method that dynamically explores the effectiveness of assessing financial costs, reflecting the increase (or decrease) in the productivity of knowledge-intensive industries. The Huggins three-factor model was adapted to assess the effectiveness of financing knowledge-based industries in the regions of Kazakhstan. In this case, the two-factor model: input - output. Input factors include: R&D and innovation costs. The number of patents, the number of created and used innovations, the number of articles, in turn, form the output factor. 
After collecting statistical data, the second stage of the study is to standardize the data for further calculations. For each indicator, an index was calculated with an average value in Kazakhstan equal to 100, and the distribution range for each indicator was calculated. As expected, some of the ranges were found to have both skewed and long-range distributions, with the result that these variables had too much impact on the overall index. The third stage of the study is to determine the specific weight of each of the factors. Each of the two factors (input - output) receives the same specific weight of 0.5, since it is assumed that each of them equally affects the level of efficiency of financing of knowledge-based industries in the regions of Kazakhstan. Thus, we determine the specific weight when calculating each of the 4 indicators: costs - 0.5; patents - 0.167; articles - 0.167; innovation - 0.167. Further, each indicator of the region is summed up and an index of the effectiveness of financing of knowledge-based industries in the regions is derived, with the ranking of regions. The basis for calculating the index is shown in Table C3. The resulting index is clearly shown in Table 3, Figure 1 and C3.
It should be noted that in 2019 there were changes in the territorial subdivision of the regions of Kazakhstan, so Shymkent was assigned the status of a city of republican significance and was removed from the South Kazakhstan region, which was renamed into the Turkestan region. [26]. In this connection, funding for R&D and innovation in 2019 decreased significantly, as many knowledge-intensive enterprises are concentrated in the region. Aktobe region showed significant results, which is explained by the fact that in 2019, in this region 10 patents for inventions were received, against 2 received in 2018. It should also be noted that the rating of the effectiveness of financing science, technology and innovation in the country's regions has significant differences from the two previous ratings. This demonstrates the differences in the results of financing of different stages of the innovation process in different areas. 
Table 3 – Assessment of the effectiveness of financing science, technology and innovation in the regions of Kazakhstan for 2019
	Region
	R&D and innovation costs 
	Number of patents 
	Number of articles with IF in the base of  WOS
	Number of innovations created 
	Index
	Rank

	Almaty city
	139,7
	161,3
	118,4
	87,4
	506,7
	1

	Nur-Sultan city
	155,7
	31,3
	104,0
	57,4
	348,4
	2

	East Kazakhstan
	93,3
	16,2
	7,2
	16,8
	133,5
	3

	Karagandy
	58,6
	26,6
	19,7
	6,9
	111,9
	4

	Aktobe
	87,3
	5,2
	4,0
	2,8
	99,4
	5

	Atyrau
	69,7
	2,1
	1,5
	12,1
	85,4
	6

	Pavlodar
	60,4
	6,8
	2,9
	5,8
	75,9
	7

	North Kazakhstan
	16,2
	2,6
	0,4
	45,7
	65,0
	8

	Kostanay
	26,2
	4,7
	0,4
	13,8
	45,1
	9

	Akmola
	25,9
	5,2
	2,2
	8,4
	41,7
	10

	Zhambyl
	29,5
	2,1
	2,6
	0,0
	34,2
	11

	Shymkent city
	9,0
	7,3
	13,4
	2,4
	32,0
	12

	Almaty
	20,7
	7,3
	0,5
	2,2
	30,7
	13

	Turkestan
	7,0
	1,0
	2,7
	16,4
	27,1
	14

	Mangystau
	18,7
	2,1
	2,1
	0,4
	23,3
	15

	Kyzylorda
	17,4
	1,0
	1,8
	2,8
	23,1
	16

	West Kazakhstan
	14,8
	1,0
	0,1
	2,6
	18,5
	17

	Note - Compiled by the authors according to sources [20-21, 24-25]


Electronic mapping of regions in terms of the efficiency of financing science, technology and innovation allows us to derive the following picture (Figure 1). At the same time, the distribution of regions by efficiency was carried out using the median for the calculation, which made it possible to identify two key indicators (30.7; 105.6), allowing to distribute the efficiency of regions by the degree of efficiency. 
[image: ]
Figure 1 – Map of the effectiveness of financing of science, technology and innovations in the regions of Kazakhstan
Note – Compiled by the authors 
In general, we can say that the following regions are effective regions for financing knowledge-based industries: Almaty, Nur-Sultan, East Kazakhstan and Karagandy regions. However, to conduct a more detailed assessment, it is necessary to assess each region individually and take into account the internal factors constraining the effectiveness of financing. On the other hand, building a rating allows you to assess the innovative performance of each region, see it in dynamics and clarify the competitive advantages of a particular territory for forecasts. This is especially important, given the need to finance priority projects that have a socio-economic effect, especially in turbulent pandemic times.
In general, the analysis of the effectiveness of funding for science and innovation allows us to build a rating of the regions, thereby showing the degree of effectiveness of R&D and innovation costs. The results of the study conclude that those regions where scientific centers and leading universities are concentrated do not show significant results in science, while the regions where innovative enterprises are concentrated lag behind in the release of new innovations. Thus, it can be assumed that the ineffectiveness of financing knowledge-based industries is closely related to the lack of the necessary financing instruments, cooperation between science and business, as well as the corresponding infrastructure.

2 Research of financial instruments contributing to activation of scientific productions in the regions of the country 

An analysis of the efficiency of financing knowledge-based industries in the regions of Kazakhstan shows that knowledge-based industries in them developed along different trajectories, determined by the combination of available intellectual and natural resources and the level of economic development. However, given the right direction of development, regions can build up proactivity over time, generating an identity based on their existing competencies, which in turn can create new “social capital” or potential for associative, highly reliable and networked practices.
In recent years, the experience of technologically developed countries shows the importance of using alternative financial instruments that complement grants or subsidies and allow more efficient use of capital [27-28]. Financial instruments in the form of capital loans, quasi-equity capital and guarantees are considered to be a particularly effective way to increase the impact of investments in knowledge-intensive industries compared to the traditional financing system, as they promote a more responsible and results-oriented use of funds [29]. However, at present, in the country as a whole, and even more so in the regions, the potential of these instruments is not fully used.
A regional policy to promote the financing of knowledge-intensive industries should be developed to stimulate the development of science, technology and innovation through the use of specialized financial sources and instruments. As practice shows, knowledge-intensive companies do not have access to a full set of alternative financial resources specific to their sector, as well as at decisive stages of their development [30]. Lending bottlenecks are characteristic not only of Kazakhstani realities, but it is worth noting that financing in our country is more focused on traditional debt financing (for example, bank loans), while in technologically developed countries such as the United States and Israel, the share of equity and hybrid instruments (primarily venture capital) are significantly higher, which provides access to financing in special financing of growth during the expansion of operations, more affordable for knowledge-intensive companies [31].
The key problem in financing knowledge-intensive companies is the general fragmentation of the availability of capital, depending on the region and throughout the life cycle of companies. There are three main points needed to fragment the funding system:
· - the subordinated and hybrid capital instrument provided to knowledge-intensive companies is insufficient given the underdevelopment of the venture capital market as a whole and the factors constraining the activities of commercial banks for this kind of financing;
· - additional equity capital is necessary for companies at a very early stage of development of knowledge-intensive production, since this form of financing is the most appropriate given the very high level of risks of such enterprises. In addition, an increase in equity capital will have a multiplier effect on access to finance for knowledge-intensive companies;
· - finally, even if the overall availability of debt and equity for knowledge-intensive companies increases, there must be an adequate supply at each stage of the life cycle in order to avoid any bottlenecks. 
In general, the process of financing science-intensive industries must be fully and transparently coordinated between various actors at the regional and national levels. As shown in Figure 2, there are certain stages of the life cycle of development and commercialization of a product of knowledge-intensive production, where there is insufficient available capital.
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Figure 2 - Availability of financing at different stages of the company's life cycle
Compiled by the authors based on sources [32-35]

This is especially true during the go-to-market and growth phases. In fact, this is most noticeable during the scaling and growth phase that occurs during the transition between these two phases of the life cycle. This gap can be filled through the use of new products, such as contingent grants and innovation loans, or by increasing the capabilities of existing ones, such as venture capital and venture debt. In general, the analysis of the current state of funding sources allows us to conclude that there is still a clear idea that there is not enough capital at this stage, regardless of the efforts of government agencies. 
Thus, according to the presented analysis of tools for financing knowledge-intensive industries in Kazakhstan (Table D1-2), financing tools are not sufficiently developed [36-38]. Moreover, while there are business accelerators and venture funds in large cities, only business incubators are represented in the regions, which finance the initial stages of the implementation of a science-intensive project. Analysis of sources of funding for knowledge-based industries in the regions, we observe insufficient funding in three key areas:
1) R&D funding for knowledge-intensive companies: despite the wide range of grant schemes, loan guarantees and research support that exist in Kazakhstan, there is no close collaboration between businesses, universities and research centers. The experience of developed countries shows the success of state support in the implementation of joint efforts of research institutions and private venture capitalists in creating innovations at the early stages of development and increasing the capital of science-intensive companies. Moreover, the creation of "clusters" that, in cooperation with the support of the public sector, stimulate a significant increase in private sector capital [39]. Other markets show evidence of successful public-private partnerships supported by targeted products such as conditional grants from innovation agencies (e.g. Israel and France with BPIFrance) and government participation in asymmetric-return venture capital funds (i.e. funds that structured to allow the participation of investors with different risk and return objectives, as observed in the US and Israel) [40]. Another way to leverage the impact of grants, especially in the early stages of knowledge-intensive projects, is to explicitly mix them with private forms of funding, especially equity, that can supplement the grant provided the company completes certain milestones. This public-private integration leads to a deepening and expanding of the available venture capital, which again is a critical decision-making factor for entrepreneurs entering a venture.
2) Hybrid instruments: Venture debt and subordinated debt combine the characteristics of debt, that is, accrued interest and principal to be paid, with the characteristics of equity, that is, participation in the profitable development of a business through options or shares. Thus, hybrid instruments allow rebalancing the risk / reward ratio for investors. Our analysis of case studies (the SPRING venture debt program in Singapore and the British Business Bank's Growth Aid program in the UK) highlight the value of this product for knowledge-intensive industries, especially during the expansion phase. However, the development of venture capital financing is at its early stage of development in Kazakhstan, for comparison, we note that 5% of European companies backed by venture capital receive venture debt, compared to 8-10% in the UK and 15-20% in the US. As part of this study, selected venture debt investors were interviewed to determine how to improve the current situation [41].
3) Financing the supply chain channel: taking into account the critical contribution of knowledge-intensive industries to the supply chains of medium and large corporations, as well as the long development cycles of knowledge-intensive projects. Research shows the importance of the use of platforms for the funding of the supply chain for knowledge-intensive companies. Working capital financing refers to the financing of the day-to-day operations of a company, i.e. money to cover accounts payable, salaries, etc. Unlike investments, for example, in tangible assets, such supply chain facilities leverage the better creditworthiness of large companies to increase the supply of working capital and lend to knowledge-intensive industries, while reducing supply risks for the larger company, since their supplier is guaranteed to receive sufficient funding for design, development and product delivery. This form of financing is especially valuable when knowledge-intensive companies reach out to clients before they can afford traditional loans. We are seeing significant growth in supply chain finance markets in countries or regions that are successfully promoting knowledge-intensive projects (for example, Korea, Saxony and Mexico).
4) Overall, reflecting the need for specialized know-how among investors, there is a tendency in Kazakhstan to revitalize the private sector, which has mobilized trust funds over the past few years. Venture funds are actively working with the involvement of foreign funds. However, despite a number of initiatives by the government of Kazakhstan, most of the initiatives are at their early stages with limited investment and low involvement of knowledge-intensive industries. It is unlikely that such a dedicated effort will be sufficient to fill the funding gap for young innovation projects in knowledge-intensive industries.
A region's ability to mobilize its intellectual and innovative resources depends on the budgetary availability of a regional administrative body. Adequacy of budgetary funds allocated to finance science, technology and innovation allows to make adequate policy, taking into account the potential of the region. Moreover, strategies aimed at developing knowledge-intensive companies may be more successful. 
5) The creation of the necessary infrastructure constitutes the physical basis of the regional space and makes possible the multiple relationships that are established between the various agents of the regional economy. There are two types of infrastructure. On the one hand, telecommunications infrastructure and infrastructure that are vital to innovation in the strictest sense of the word, both for its creation and for its diffusion. Second, there are infrastructures needed to create resources for innovation (understood in this context in a broader sense). In this case, we mean communication networks connecting different parts of the region, connecting the region with other regions and other countries. These communication infrastructures are also an important element in the development of knowledge-intensive industries [42].
Most regions lack budgetary capacity to build basic infrastructure. It is important to know what influence the regions have on the design and implementation of basic infrastructures, which are vital in setting up a regional support system for knowledge-based industries. This applies to some strictly local communication infrastructures, local telecommunication networks, smart buildings, etc., aimed at the development of innovations, primarily in those regions that pursue industrial and technological policies.
Thus, the analysis of the main key directions for the development of knowledge-based industries allows to reflect the main recommendations for the effective use of tools for financing knowledge-based industries in the regions of Kazakhstan:
1) Attraction of capital for the development of knowledge-based industries in the regions of Kazakhstan. This requires the development of a venture financing system in Kazakhstan and for its creation, the following measures are required:
 - Mobilization of venture capital of institutional investors, family offices, foundations and business angels by easing investment restrictions for institutional investors to take joint actions to strengthen the internal venture capital market and creating positive results in attracting capital.
- Leveraging existing public instruments to mobilize private capital: Successful public finance instruments need to be scaled up - both in terms of size (making more public capital available for direct investment and for financing investment, provided that private investors at least use it equally) and their structures (emphasis on financing instruments specifically for growing companies). In addition, it is necessary to make the process of state financing of science-intensive industries more transparent and to increase the speed of decision-making, especially at the initial stages of development. 
2) Creation of conditions for the development of alternative instruments of external and internal financing in addition to venture capital:
- promoting successful innovative initiatives to strengthen hybrid finance (e.g. venture debt, mezzanine finance, crowdfunding) and innovative debt finance in Kazakhstan;
- developing additional models and valuation tools that are not solely based on the company's historical financial performance so that they can be used by banks to provide innovative debt capital to growing knowledge-based companies;
- creating conditions for cooperation between investors, intermediaries and knowledge-intensive industries within the framework of the concept of "patient" capital, which primarily brings together potential investors and intermediaries to discuss the key question: what additional tools, in addition to the established venture capital model, can help the company develop and overcome difficulties;
- creation of a joint investment platform for direct investments in growing knowledge-intensive companies. This new platform will aim to create a liquid marketplace for private equity with a focus on high-growth, knowledge-based companies. Leading investors will provide adequate risk assessments of growing companies, which can be a fulcrum for other investors. The platform can also help provide additional capital through the sale of investment income in the secondary market, which reduces the risk of a quick exit from the market. 
3. Enhancing collaboration between major leading knowledge-intensive enterprises, growing companies, research centers and universities:
- introducing new initiatives for fast-growing knowledge-based companies. This will bring together large, leading and growing knowledge-intensive companies with experienced “consultants” (e.g. leading scientists in technology and engineering) and successful entrepreneurs (who will also contribute their own capital) to work together in specific (advanced) areas of technology - in small groups aimed at high results.
- creation of regional innovation clusters with the involvement of already existing knowledge-intensive enterprises, newly created science-intensive enterprises, as well as research centers and universities. These clusters should be aimed at strengthening and bringing more knowledge-based, B2B companies to the growth trajectory, for example, by creating and strengthening centers of professional entrepreneurship at universities throughout Kazakhstan, the success of which will depend on a number of key factors, such as: market orientation, withdrawal from traditional forms of education, having their own legal status and involvement in industry. 
- optimizing conditions at universities so that the potential of experienced professors, especially in technical sciences, can be used to create more knowledge-based startups. This should include transparent rules and faster procedures for addressing the rights and responsibilities of academics who seek to build a knowledge-based company and engage in entrepreneurial activities, while continuing research and teaching at the university. Universities, in turn, should use the number of subsidiaries as one of the tools for enhancing the development of science, technology and innovation. 
In general, the analysis concludes that the deficiency of effective tools and efficient mechanisms for financing knowledge-based industries indicate a market failure, which hinders the development of knowledge-based production in the regions of Kazakhstan, especially those companies that are at the expansion stage, as well as pilot and demonstration stages. In this regard, there is a growing need to study effective models of financing knowledge-intensive industries, which will be aimed at activating private sector capital could increase, supported by more targeted and effective public sector participation. 

3 Potential of using internet platforms for financing innovative projects of knowledge-based companies 

After the global financial crisis of 2007-2008, there has been an increase in mistrust in the traditional financial system, which resulted in the active development of digital technologies and new financing instruments. In developed countries, electronic platforms for raising capital began to develop actively, which made a big breakthrough in the financing of knowledge-intensive enterprises. 
Electronic platforms for raising capital have a beneficial effect on the development of knowledge-intensive industries at all stages of a company's development. In particular, there is a growing interest from institutional investors to invest directly in innovative fast-growing companies, without the participation of a venture fund. The practice of institutional investors jointly investing with venture capital funds in a science-intensive company also exists. One of the main reasons for co-investment is that venture capital funds have the tools to analyze a company and assess potential returns and risks - as a rule, only specialized investors, such as venture fund managers, have the specific knowledge required to evaluate a young, knowledge-intensive company. Thus, any private equity market relies heavily on the experience and knowledge of these specialized investors who: a) provide professional assistance in the selection of suitable investments by making their knowledge available in the market and investing their own money (“signaling”) and b) actively support growing companies with their market experience. Accordingly, specialized investors play a key role as the lead investor in the proposed co-investment platform.
An electronic platform for direct investment in knowledge-based companies allows to invest in companies that have already received funding or are assessed by venture capital funds as well as protecting investments in knowledge-based projects. We can consider what changes the financing model undergoes while using electronic platforms to attract investment in knowledge-based industries (Figure 3).
As shown in the figure, electronic investment attraction platforms can mobilize additional capital through greater transparency and efficiency. Venture capital funds leverage their technology appraisal expertise, thus serving as a signaling function to investors. At the same time, venture funds also benefit from the ability to implement larger tranches of funding, and can also have income from management. The ability to trade investments in the secondary market (which also applies to venture capital funds) reduces the risk of exiting the market and the risk of illiquidity. 
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Figure 3 – Influence of electronic platforms on the system of financing knowledge-intensive industries 
Note – Developed by the authors on the basis of sources [43-47]

Among the advantages of using electronic platforms for financing science-intensive industries, the following qualities have been observed: attracting more investors, reducing transaction costs, transparency of activities, quick speed of obtaining funds. Moreover, this electronic alternative financing market has the advantage of attracting non-professional investors who do not have special knowledge and experience in the financial market. The availability of complete information about the activities of a knowledge-based company becomes very attractive for non-professional investors while maintaining fairly high investment risks and unlocking the potential of highly profitable projects, thereby the electronic platform attracts funds from ordinary people while activating the development of knowledge-based production. 
The development trends of electronic platforms make it possible to single out their specific features such as forms of financing science-intensive projects. Today, the most popular instruments among private investors are crowdfunding, crowd-investing, crowdlanding, ICO and Blockchain. Let's dwell on the description of the types of electronic platforms.
Crowdfunding platforms can be categorized as two-sided markets because they bring together two groups of economic agents (project owners and participants) that create network effects for each other: project owners benefit from using a platform that attracts the largest number of participants potentially interested in their proposals, and potential contributors profit from using the platform with the most proposals due to the greater likelihood of finding projects that match their preferences. Another important characteristic of crowdfunding platforms as a two-way market is the asymmetric price structure, in which project owners often subsidize platforms for a fraction of the amount they receive during the campaign, while participants are subsidized.
In the OECD report [48], experts note in recent years the growth of electronic platforms for attracting investment in knowledge-based industries, they also argue that the crowdfunding platform is the most attractive and is one of the main instruments for financing growing knowledge-based industries. According to data provided by the statistical portal Statista, in 2019 the volume of the global crowdfunding market was $ 13.9 billion, and it is expected to reach $ 39.8 billion by the end of 2026, with a CAGR of 16.0% during 2021-2026 [49].
The crowdfunding market in Kazakhstan is in its infancy, but has significant potential for development [50]. Today there are 3 crowdfunding platforms with an average transaction size of 30 million tenge. In June 2019, the Astana International Financial Center, with the support of the European Bank for Reconstruction and Development, developed and adopted a regulation for crowdfunding in Kazakhstan. Under the new regulation, every resident of Kazakhstan and Kazakhstani company can invest in a share of a business or provide loans to a business on their own terms.
The development of cryptocurrency technologies is gaining great popularity, a new way of financing venture projects based on cryptocurrency technologies and blockchain platforms: ICO, or Initial Coin Offering, the technology of which consists of the creation of digital tokens by small companies for investors in exchange for fiat currency or dominant first generation cryptocurrencies such as bitcoin [51]. ICOs are made possible by the use of distributed ledger technologies (DLTs) such as blockchain, which facilitate the exchange of value without the need for a trusted central authority or intermediary, thus allowing significant efficiency gains to be achieved by removing intermediaries in this way. While the lack of regulatory clarity currently exposes ICO participants to some risks, ICOs may offer a new way to raise capital for DLT and blockchain-backed projects, taking advantage of efficiency, cost savings, and speed of execution. 
The funding scheme is shown in Figure 4.
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Figure 4 – Funding scheme of Initial Coin Offering
Note – Compiled by the authors on the basis of sources [51]

Regulated ICOs can be a more inclusive funding instrument, allowing small retail investors to participate in small business and start-up funding. Depending on the type of rights granted to ICO tokens, companies can increase risk capital without co-ownership, which removes one of the major barriers to using government or equity funding. High tech companies get direct access to an unlimited pool of investors, and the liquidity of tokens issued as part of an ICO is one of the most important advantages of an ICO over traditional start-up funding mechanisms such as venture capital funding.
The low cost of issuing tokens, driven by savings in the efficiency of blockchain-based solutions, is considered one of the most important benefits of ICO funding. However, in fairness, it should be clarified that the legal framework for working with cryptocurrencies has not yet been developed in many countries of the world, including in Kazakhstan.
Crowdfunding in a general sense is an initiative taken to raise money for a new project, that is, a technology of collective financing by attracting a wide range of voluntary contributors [52]. Different players are involved in crowdfunding models:
- entities that offer ideas and / or projects for funding, that is, persons interested in using crowdfunding in order to obtain direct access to the market and additional financial support from people who are interested in this;
- entities that agree to financially support these projects, bearing risk and expecting a certain return. These supporters work together to produce results by selecting - and sometimes developing - projects that they find most promising or interesting;
- crowdfunding platform that brings together those who want to implement new initiatives using crowdfunding mechanisms, and those who may wish to support such initiatives financially. 
With the development of digital technologies, crowdfunding has become more popular, offering new opportunities and scenarios in which consumers can use, create and modify content and interact with other users through social media. The financing scheme through crowdfunding platforms is shown in Figure 5. 
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Figure 5 – Funding scheme through crowdfunding platforms
Note – Compiled by the authors on the basis of sources [48]

Funding instruments in a crowdfunding platform are divided into several types:
- reward-based crowdfunding: investors receive symbolic non-monetary rewards, such as a product from a business they have supported;
- crowd-investing: investors receive a share in financed projects, future profits, a share in a company or in real estate;
- crowdlending: investors are promised a payment with interest proportional to the amount of the loan and the associated risks;
- donation-based crowdfunding: people donate money to a specific project without getting anything in return;
- account trading: investors buy unpaid business accounts at a discount and receive income consisting of the difference between what they paid for the bills and the amounts shown on the invoices themselves.
Let us dwell in more detail on the more popular tools for financing knowledge-based industries: crowdlending and crowd-investing. Crowdlending is one of five categories of crowdfunding investments, also called peer-to-peer (P2P) lending or marketplace lending. This is a crowdfunding method in which investors co-finance projects by lending money (in the form of loans) to borrowers (project owners) in exchange for interest (e.g. buying an apartment, financing a company). In Europe, this type of investment can bring an average return on investment of 12-14% per year.
Crowdlending platforms are a trading platform that showcases investment opportunities. Lenders review them to select investments based on project and borrower information. If a sufficient number of investors are found to finance the amount requested by the borrower, a loan agreement is concluded between the lender and the borrower, which often operate through a crowdfunding platform (Figure E1).
Another type of crowdfunding is presented in the form of crowd-investing, the main advantage of which is the receipt of a share in the project capital as a reward. For knowledge-based companies, crowd-investing is most preferable, since this form of investment does not provide a stable income, which is typical for high-risk projects, but if successful, it can bring significant results (Figure E2).
Despite a number of advantages of electronic platforms, there are a number of factors that hold back their development in Kazakhstan. First of all, the absence of mechanisms for control and regulation of this type of investment, which causes a risk for investors. Nevertheless, such platforms make it possible to activate the investment attractiveness of growing knowledge-intensive companies, thereby generating more interest from investors, including non-professional ones.
Thus, the innovative component of electronic platforms in models of financing science-intensive industries is manifested in the following: 
- fundamentally new mechanisms for concluding transactions are being developed, which were influenced by the development of the Internet, financial technologies, payment systems and cybersecurity, which make it possible to conclude financial transactions electronically, with minimal risks, and without personal presence [53], which erases spatial heterogeneity, involving participants in peripheral regions;
- new alternative instruments for financing knowledge-intensive industries have emerged, which until now have attracted professional investors, while electronic platforms allow attracting investments from a wide layer of non-professional investors in the most dynamic sector of the economy [54];
- the procedure for the formation of transaction costs has qualitatively changed, given the fact that heavy, archaic structures in the form of banks and funds are no longer the only investors and financing objects that bear large shares of transaction costs, while the automated platform significantly reduces them;
- new opportunities for risk management have appeared, electronic platforms provide flexible conditions for investment, which allows to vary the volume of investments in one company and thereby create a portfolio that matches its individual risk profile, while the ratio of risk and return on investment in a science-intensive project does not change.
In general, the development of electronic platforms while eliminating legal barriers and creating an appropriate regulatory environment are priority aspects in the development of new financing models. 
In our opinion, the development of the alternative finance market can qualitatively improve the investment processes in knowledge-based industries, while attracting a stream of new categories of investors who previously did not have such an opportunity. It is especially critical for Kazakhstan that electronic platforms for raising capital can become an effective tool for financing the commercialization of scientific research results, due to the reduction of the directive burden. Since the advantage of crowdfunding platforms allows supporting projects that have already received funding, which increases the growth of confidence on the part of investors, moreover, the availability of information about the company will partially free the sphere of commercialization of innovations in our country from making opportunistic decisions. 
New sources and mechanisms for financing science-intensive industries in Kazakhstan can become one of the most important elements of the investment infrastructure of the digital economy. This is relevant, while Kazakhstan, like other developing countries, faces a serious problem in international competition with the fast-growing digital regions of the Asia-Pacific region and the United States. Strengthening digital infrastructure in the development of digital investment platforms will provide Kazakhstan with a chance to develop advanced technologies related to the possibilities of optimizing production, improving service delivery and increasing employment. The “electronic money” format allows developing new horizontal ties in the innovation ecosystem, as well as attracting new participants through informal social channels, taking into account the diversification of sources of financing for the domestic industry.
Electronic platforms will become a factor in the intensive development of the information environment for the development and dissemination of innovations, since the communities formed around these platforms will become the basis for public discussion of key issues of the country's technological development. Consequently, the use of electronic platforms to attract capital for the development of knowledge-intensive industries provides a unique opportunity to overcome the most critical barriers to the technological development of Kazakhstan.
2. 

4 Development of effective models of financing of scientific productions in Kazakhstan, taking into consideration existing economic and institutional barriers

The study of the experience of developed countries confirms that knowledge-intensive industries lead to the growth of the national economy [54] and guarantees ts competitiveness. In his Message to the people of Kazakhstan dated September 1, 2020 "Kazakhstan in a new reality: time for action" Kassym-Zhomart Tokayev defined the importance of the development of knowledge-based, science-intensive industries and technical services. In addition, he noted the importance of the efficient allocation of funds to finance science and technology development. [55]. 
An analysis of the current state of funding for science, innovation and technology in our country shows that according to the sources of funding for R&D (Figure 6), the largest share is occupied by the entrepreneurial sector, 41%, and a significant share of the public sector remains at 30% (Figure 7). According to the methods of state financing of R&D, the overwhelming share is taken by program-targeted financing - 62% and grant financing - 31%.
	
Figure 6 - Sources of R&D funding by sector of activity for 2019
	
Figure 7 - Expenditures of the republican budget for R&D for 2019

	Note - Compiled by the authors based on sources [20-21]


As can be seen from the diagrams in Figures F1-2, the most significant expenditures on R&D, product and process innovations are carried out at the expense of companies' own funds. This fact is explained by the requirement of the Government of Kazakhstan to transfer 1% of income to the development of science and technology by large raw material companies. However, as noted by the President of Kazakhstan Kassym-Jomart Tokayev, in most cases these funds are distributed within the companies. Thus, Kazakhstan is characterized by a budget-oriented model of financing knowledge-based industries.
Despite the fact that the transition to a knowledge-based economy has been and remains one of the key priorities for the development of Kazakhstan, at this stage a number of economic and institutional barriers in the process of financing science and innovations have not yet been overcome:
1) Lack of system of state support for the creation and development of young, fast-growing knowledge-based companies, in particular - legislative and regulatory acts on the financing of knowledge-based industries, as well as programs for their development. At this stage, financing startups, especially in the B2C market, is still a serious problem for the development of knowledge-intensive companies with high added value, while this sector provides Kazakhstan with the greatest opportunities in the context of digitalization (Industry 4.0, Internet of Things, etc.).
2) Lack of access to funding for knowledge-intensive industries, including venture capital, remains one of the key shortcomings of Kazakhstan's innovation system. Moreover, it takes more time to raise capital, since there is no standardization of access to venture capital, especially in comparison with such developed countries as the United States of America (USA), Germany. Since its inception and as of 2019, venture funds in Kazakhstan have completed only about 12-15 transactions, which indicates the immaturity of the country's venture capital market, which is also confirmed by its position in international rankings. For example, in the rating of the Global Competitiveness Index for the subfactor "Availability of venture capital" in 2019, Kazakhstan was placed 89th, and in the Index of attractiveness of countries for venture capital and private equity for 2018, it was place 57th.
The capital deficit in our country is especially critical at the initial stage of the innovation process, specifically at the stage when it is of key importance for the development of a science-intensive project. Companies where new technologies are the source of growth, as a rule, require from 10 to 50 million tenge for each round of funding for the initial stage of development and implementation of an innovation. And these investment resources are almost impossible to attract on the national market. Despite these problems, there is a shift in the development of existing initiatives to increase the availability of venture capital in Kazakhstan. For example, work has intensified to attract investment from foreign venture funds, such as ABC - I2BF Seed Fund (investment amount up to USD 100 thousand), Quest Ventures Asia Fund II (investment amount from USD 50 to 150 thousand) ... However, the amount of funding is not always sufficient for the development of a start-up, and therefore companies have to attract additional funding. Moreover, these funds do not invest projects at its initial stage of development. 
In general, venture capital funds will become more efficient if their activities are based on the principles of large-scale attracted and used financial resources, the relevance of invested science-intensive projects, increasing the transparency of activities while minimizing bureaucratic procedures. 
Thus, the lack of venture capital (external national funding or equity capital) in Kazakhstan has its consequences. Compared to domestically funded enterprises, most successful knowledge-based fast-growing companies co-financed by foreign investors are subsequently sold to foreign investors or listed on foreign stock exchanges. Many experts are also concerned that Kazakhstani knowledge-based companies are planning to leave the country for more developed countries, especially the United States, which could lead to a “sale” of domestic technologies. However, it should also be taken into consideration that many Kazakhstani knowledge-based companies want to work in global markets or need a global market in order to successfully expand their business at a fast pace. This can be exemplified by the successful experience of implementing the Clockster technology project, which is widely represented on the international market. Foreign investors help to provide know-how and access to major global markets. This trend has intensified in recent years. 
The development of mechanisms for raising capital within the country at the stage of growth of knowledge-intensive production will create a more favorable environment for the development of venture capital in Kazakhstan and will cause a positive chain reaction: as funding from its own sources increases, Kazakhstan will become a more attractive place for further venture capital investments. According to experts, companies that have already received funding at the initial stage and show growth in development are more attractive to investors [56]. Thus, a developed system of venture financing determines the level of competition between investors, activates the activities of knowledge-intensive companies and attracting capital, thereby strengthening the ecosystem of financing science-intensive industries.
3) The lack of sufficient alternative external financing instruments for knowledge-intensive companies makes it difficult for them to move from the product development stage to its commercialization and profit making, which takes five to ten years or more. Often, business owners or shareholders are reluctant to wait for such a long period, and traditional venture capital business models usually do not invest during this period of time. In this connection, knowledge-intensive companies resort to hybrid or alternative forms of financing. However, the demand for these instruments in Kazakhstan is currently not being met. Some financial intermediaries (primarily banks) are beginning to respond to this demand with innovative concepts and ideas, for example by providing venture debt and innovative debt capital to growing companies that are still at a loss-making stage. However, the share of such examples in Kazakhstan is very insignificant. 
Most of the financial intermediaries for the implementation of financing programs for knowledge-based industries are located in large cities and the capital, which hinders the development of the regional innovation system. In world practice, financing is carried out using digital technologies and platforms such as crowdfunding and crowdsourced. This financing model is the most relevant for the development of regional financing of knowledge-intensive industries, taking into account the conditions of the COVID-19 pandemic.
4) Insufficient use of the potential for cooperation between knowledge-intensive companies, research centers and universities. It is easier for research centers and universities to commercialize their developments if they work closely with industry. At the same time, the industrial sector also benefits from partnerships with knowledge-intensive companies in the form of new knowledge, ideas, and the use of digital technologies, which can actively stimulate digital transformation. 
World experience shows that it is more profitable for large industrial or service companies to outsource R&D to knowledge-intensive companies, which improves the prospects for raising capital and continuing growth for the latter. Government orders, tenders from existing large companies, as well as the implementation of joint projects, including in the form of PPPs, are also an important source of income for knowledge-intensive companies, allowing them to strengthen domestic financing and increase their long-term investment opportunities in areas such as research and development (R&D).
In turn, it should be noted that along with the above-mentioned barriers, our country is characterized by a number of factors that can have a positive effect on the activation of financing of science-intensive industries. These include: the presence of unique and critically important resources in modern conditions: territorial location and natural resources; the presence of intellectual potential with a relatively high overall level of education and professional qualifications; the presence of unique technological developments in certain areas of the industry; biotechnology, Internet  and intelligent services; purposefulness of the formation of an effective market environment for the development of high technology production.
The study of the above factors that restrain financing and, as a consequence, the development of knowledge-intensive industries allows us to study and adapt effective models of financing science-intensive industries, focusing both on the micro level and on the development of regions.
At the microeconomic level, it is advisable to use the proven successful experience of developed countries that practice financing mechanisms for knowledge-based industries, depending on the stage of development of knowledge-based production (Figure 8). In fact, for each level of maturity of high technology production (Technology readiness levels - TRL), there is a more or less adequate type of capital (debt, equity or hybrid). A fixed income instrument such as traditional bank lending is only suitable when the company becomes profitable or has demonstrated its ability to generate income for several years. Until this moment, that is, in TRL 1-8 and especially TRL 9, financing instruments with a higher level of risk are required, and when the company approaches operating profitability and begins to receive its first income, then it is advisable to use venture debt / quasi-equity capital. 
[image: ]Figure 8 - The mechanism for financing knowledge-intensive industries depending on the stage of development of science-intensive industries
Note - Compiled by the authors based on sources [32-35] 
The proposed financing mechanism, taking into account the qualitative analysis carried out at the first stage of the project's implementation by the method of questioning and developing a case study, showed that for each stage of development of a science-intensive enterprise, the use of an appropriate financing instrument is common. In addition, for knowledge-intensive industries, which in their essence often belong to small and medium-sized enterprises, it is very costly to have analysts whose functions include analysis and justification of the necessary financing instruments. In this regard, there is a growing need to develop an algorithm for choosing an effective model for financing knowledge-based industries, depending on the stage of its development or the life cycle of innovation. 
The information system developed by the authors for the map of the effectiveness of financing innovative companies in the regions of Kazakhstan "Finnomap.KZ" allows you to enter these enterprises and display a financing model. Enterprise data include the following information: the stage of the innovation life cycle, the availability of equity capital, the availability of a laboratory, equipment, the presence or absence of assets (tangible assets, buildings and structures). All the information received is analyzed by the system and displays the necessary financing instrument and then a result is displayed with a summary of the effectiveness of financing and a suitable financing model. This system has the ability to commercialize and thus can become a single database of knowledge-based projects, selected according to specified criteria, with key economic indicators that will be reflected in the electronic map.
At the macro level, according to the analysis of financing models (Table F2), as well as recommendations for the development of national innovation systems and knowledge-based industries developed by experts from international organizations, the market model for financing knowledge-based industries is most adequate for Kazakhstan. However, at this stage, as a transitional model, we propose the introduction of a meso-corporate financing model, characterized by an optimal combination of funding sources, in which the private sector is the main investor, using hybrid instruments of venture financing of science-intensive industries. The public sector and foreign investors play a secondary role. Figure 9 describes the main mechanisms for the transition to a meso-corporate model of financing knowledge-based industries.
Practical advice on the efficient use of the financial costs of knowledge-intensive companies requires a strategic and comprehensive response from the government and the private sector. The realities of the Kazakh economy indicate that growing knowledge-based companies cannot be successful without government support There is an obvious argument in favor of national authorities involved in supporting knowledge-based companies, as well as repurposing and improving existing public sector financial schemes to increase private sector involvement. capital throughout the innovation lifecycle. 

Figure 9 - The main mechanisms for the transition to the meso-corporate model of financing science-intensive industries
Note - Compiled by the authors
Thus, the study of financing models at the macro and micro levels allows us to identify nine potential recommendations for solving the problems of financing knowledge-intensive industries (Table 4). These recommendations are assessed against the expected impact on the access of knowledge-intensive companies to finance, which makes it possible to prioritize the development of recommendations and collect the most effective ones into three groups. The recommendations are based on best practices from Israel, Korea and the United States, which show that targeted participation can be structured to address market disruptions and prevent market distortions. Clearly, all recommendations will require a large group of stakeholders to coordinate their actions in order to maximize the impact of public and private participation across the three groups of recommendations. In this regard, it is necessary to create a special program that will take into account the changes in the legislative acts on the regulation of the market for financing science-intensive industries. The initial steps to improve the system of financing knowledge-intensive industries should include the following: 
1) Recommendation 1: identifying existing data, defining an approach for their inclusion in the knowledge-intensive industry database and defining the structure of the "technical assessment" (especially the key fields that may be required and which should be collected in the database).
2) Recommendation 2: identify an improved product for equity, venture debt and loans, in addition to reviewing existing public finance instruments to make them more inclusive for capital-intensive, high-risk and knowledge-intensive projects. 
3) Recommendation 3: analyze existing programs and identify main options for discussion by stakeholders. In the preparatory phase, the team agrees an implementation roadmap for each of these projects.
In general, an effective model of financing science-intensive industries in the Republic of Kazakhstan involves an integrated approach at all levels of the economic hierarchy with an emphasis on the regional and micro levels. First of all, it should provide access to additional sources of financing, including the access of domestic developing knowledge-intensive companies to foreign capital. Ideally, the model of financing science-intensive industries in Kazakhstan is a specific and rather flexible way to attract foreign capital without negatively impacting the creation of value and employment in the country.
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Table 4 - Recommendations for improving the financing mechanism of knowledge-intensive industries
	Obstacles
	Causes
	№
	Recommendations
	Activities
	Mechanism
	Stages of implementation

	high risk of knowledge-intensive production
	Information asymmetry
Lack of collateral
	1
	Reducing information asymmetry
	- replenishment of databases with financial data on knowledge-intensive industries (for example, on grants);
- subsidizing the interest rate;
- creation of a methodology for assessing the credit rating of knowledge-intensive industries.
	Regional strategic plan aimed at creating and using a regional cluster of knowledge-based industries
	1) Supplement the databases with additional data on NP that receive government money (for example, grants, loans),
2) Using the collected information to conduct industry and company analysis,
3) Using a data-driven approach to allocate public resources (e.g. grants) and provide a valuable signal to the market.

	
	
	2
	Implementation of a guarantee mechanism
	- using intellectual capital as collateral;
- creation of a database of transactions;
- providing liquidity in the patent market.
	
	

	Fragmentation of the financing system within knowledge-based production
	Grants, supply chain financing, equity financing are required for all stages of a company's development
	3
	Creation of electronic platforms for attracting investments
	- providing financial guarantees for loans provided by alternative lenders;
- investing in debt funds of alternative creditors to achieve economies of scale.
	Classification of existing financial instruments and programs to better match the risk and return profile of knowledge-intensive industries
	1) Checking the completeness of the funding chain proposed by the NP.
2) Formation of conditional grants by innovation agencies,
3) Expanding the range of financial products with a more adequate profile of profitability and risk for high-growth companies with a high level of risk:
- hybrid instruments (especially venture debt),equity financing
- supply chain financing.

	
	
	4
	Supporting supply chain finance by leveraging large corporations, including procurement
	- adjustment of powers and strategic focus to include working capital financing;
- working closely with large corporations to identify new opportunities;
- increasing the role of suppliers in financing
(e.g. reverse platforms, purchase discount).
	
	

	
	
	5
	Distribution of government grants
	- provision of contingent grants (based on technical credit rating);
- consideration of loans with reference to the income of innovative companies.
	
	

	
	
	6
	Venture debt development
	- increasing the provision of financial guarantees;
- provision of guarantees in case of losses;
- availability of joint investments (with asymmetric returns)
	
	

	
	
	7
	Equity financing development
	- expansion of co-investment with fund structures
with asymmetric return profiles;
- support for corporate venture capital.
	
	

	
	Limited availability of financial resources depending on regional specifics
	8
	Financial support at all stages of company development
	- study of the full range of products and services of companies throughout the entire life cycle of the company;
- a clear distribution of roles / powers for the analysis of financial capabilities in the relevant institution at the national / regional level.
	Improving the environment for knowledge-intensive companies by creating “united” innovation ecosystems and regional clusters.
	1) Regional agencies for overseeing innovative development should:
- provide business advice (e.g. strategy, readiness инвестора / финансиста, развитие технологий),
- promote the development of industry networks to connect small IR companies with critical businesses (e.g. potential customers, suppliers, universities),
2) Such a coordinated approach will ensure a complete financing chain by coordinating the use of financial instruments at the national and regional levels, as well as by attracting additional sources of private capital.

	
	
	9
	Cluster development
	- Regional strategic plan aimed at creating and using a regional cluster of knowledge-based industries
	
	



CONCLUSION

As a result of implementation, we have solved all the planned tasks and obtained the following results:
1) The formation of knowledge-intensive production is a complex and long-term process, which must be accompanied by consistent policy of both state and local authorities, clearly reflected in the regulatory documents and determining the strategy for the formation of the region. 
2) Institutional barriers to the development of integration relationships between the sectors of business, science and government agencies, along with a shortage of research personnel, innovative ideas, and the lack of venture capital resources, demonstrate the low effectiveness of the State programs for innovative development implemented in Kazakhstan and, accordingly, the development of science-intensive industries. 
3) The main sources of financing for knowledge-intensive industries are foreign direct investment, both private investors and funds from international development banks, as well as state grant financing. The most effective mechanisms for financing science-intensive industries that are common abroad, such as venture financing, crowdfunding, business angels, mezzanine financing, do not work in Kazakhstan. 
4) The institutional conditions for financing science-intensive industries should be aimed at stimulating the participation of private capital in the development of the territory, at active interaction and cooperation of authorities at various levels, both among themselves and with the entrepreneurial and scientific sectors of the economy.
5) The specificity of the development of knowledge-based industries in the Republic of Kazakhstan requires the use of financing models, which are not only a management system, but also a system of financial transformations that play a key role in understanding the process of financing knowledge-based industries in the country.
6) Financing knowledge-based industries is a complex, multi-stage process involving different departments, organizations and institutions. The role of each of them changes depending on the level of development of the knowledge-based enterprise. The relationships between these elements are built with the aim of obtaining the necessary funding and its provision, which leads to the formation of certain relationships between them, supported by the funding model. The effectiveness of this model depends on the number of funding sources used, their structure, their volume and the funding mechanisms used.
7) When assessing the efficiency of financing science-intensive industries, it is necessary to take into consideration precisely those industries that are distinguished by high costs for scientific research, advanced production apparatus in scientific and technical terms, and significant human potential of researchers and developers. To assess the effectiveness of financial costs in knowledge-based industries, a multifactor model was formed that allows to evaluate the effectiveness of knowledge-based industries at the regional level, which formed the basis for the work of the information system "FinnoMap.Kz" software (a map of the effectiveness of financing innovative companies in the regions of Kazakhstan). This model is aimed at algorithmic assessment of the use of financial costs in knowledge-based industries in the regions based on their comparison with indicators of goal achievement (an increase in the number of patents, innovations, etc.). Dynamic analysis and monitoring of indicators using an information analysis system, telecommunication technologies, - allows to quickly assess and more successfully manage the development of science-intensive industries in all regions of the country. 
8) The developed information system "Electronic Atlas FinnoMap.Kz" is a kind of measure of the real level of R&D and innovation costs in the regions of Kazakhstan, allowing not only to rank them in terms of resource efficiency, but also to see a holistic and real picture. In fact, the picture of potential opportunities for the development of knowledge-based industries, the results and prospects of each region of the country is being clarified, because the rapid commercial implementation of innovations not only brings a significant economic effect, but also lays the foundation for the development of a knowledge-based economy. The analysis showed that only 4 regions became leaders in the ranking in terms of the efficiency of using financial costs for R&D and innovation: Almaty, Nur-Sultan, East Kazakhstan and Karaganda regions. 
9) The current system of financing science-intensive industries in the Republic of Kazakhstan is a set of weakly interconnected elements that cannot provide solutions to state problems in the development of a knowledge-based economy. It can be concluded that in Kazakhstan there is no such model of financing knowledge-intensive industries, which allows combining different sources (public, private, borrowed, investment, etc.) and financing mechanisms, taking into account the stage of development of a science-intensive company and its characteristics. 
10) The results of the analysis of the effectiveness of funding for science and innovation research allows to build a rating of regions, thereby showing the degree of effectiveness of expenditures on R&D and innovation, thereby noting that those regions where research centers and leading universities do not show significant results in science, at the same time regions where innovative enterprises are concentrated lag behind in terms of the release of new innovations. Thus, it can be assumed that the ineffectiveness of financing science-intensive industries is closely related to the lack of necessary financing instruments, cooperation between science and business, as well as the corresponding infrastructure.
11) The lack of effective tools and efficient mechanisms for financing knowledge-intensive industries indicate a failure of the market, which hinders the development of knowledge-intensive industries in the regions of Kazakhstan, especially those companies that are at the expansion stage, as well as at the pilot and demonstration stages. 
12) New sources and mechanisms for financing science-intensive industries in Kazakhstan are becoming one of the most important elements of the investment infrastructure of the digital economy. Strengthening digital infrastructure in the development of digital investment platforms will provide Kazakhstan with a chance to develop advanced technologies related to the possibilities of optimizing production, improving service delivery and increasing employment. Electronic platforms are a factor in the intensive development of the information environment for the development and dissemination of innovations, since the communities formed around these platforms will become the basis for public discussion of key issues of the country's technological development. Consequently, the use of electronic platforms to attract capital for the development of knowledge-intensive industries provides a unique opportunity to overcome the most critical barriers to the technological development of Kazakhstan. 
13) For each stage of the life cycle of high technology products, the level requires a certain level of financial costs for R&D, production, marketing, distribution. This requires an algorithm for choosing an effective model for financing knowledge-based industries. According to the proposed methodology for the operation of the algorithm, the necessary information about a science-intensive project and / or enterprise enters the information system and is filtered in accordance with the criteria. In the future, based on the calculation of financial indicators and determination of parameters, the degree of science intensity is assessed, promising projects are selected and the choice of a financing model for its implementation is determined. The result is a report with brief information about a science-intensive project and / or company, which is provided in a free mode and allows you to attract potential investors. This creates a database of knowledge-based projects, selected according to given criteria, with key economic indicators. The information system "FinnoMap.KZ" developed by the authors allows entering enterprise data and displaying a financing model.  
Assessment of the completeness of the solution of the tasks. The completeness of solving the tasks set is determined by the creation of theoretical foundations and the identification of the features of financing knowledge-based industries in the Republic of Kazakhstan, taking into account the successful experience of foreign countries; development and justification of the classification of factors hindering the financing of science-intensive industries in the Republic of Kazakhstan; the study of examples of the implementation of financing of science-intensive industries in the regions of the Republic of Kazakhstan; identification of financial constraints on the innovative development of enterprises in comparison with non-financial conditions; a study of the classification of models for financing science-intensive industries, taking into account the successful experience of foreign countries; development of a system of indicators assessing the effectiveness of financing knowledge-based industries, which formed the basis of the information system "FinnoMap.Kz" (map of the effectiveness of financing innovative companies in the regions of Kazakhstan); an assessment of the impact of financing instruments for knowledge-intensive industries on its effectiveness; research of electronic platforms for raising capital for knowledge-intensive industries; development of an algorithm for choosing an effective model for financing science-intensive industries.
The following recommendations are suggested. In the conditions of a post-skew economy, it is important for Kazakhstan to develop disruptive innovations in industries such as microelectronics, nanotechnology, industrial biotechnology, advanced materials that form the basis for the formation of a knowledge-based economy, which improve the well-being and quality of life of the population. At the same time, it is necessary to efficiently distribute financial costs to improve the efficiency of high technology industries. This is especially important, given the need to finance specifically priority projects that have a socio-economic effect, especially in turbulent pandemic times. 
Recommendations for implementation and commercialization. The information system developed by the authors for the map of the effectiveness of financing of innovative companies in the regions of Kazakhstan "Finnomap.KZ" has the possibility of commercialization and can become a unified database of high-tech projects, selected according to specified criteria, with key economic indicators that will be reflected in the electronic atlas.
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Calendar Plan
	No 
	Tasks and actions for achieving project goals 
	Duration (month)
	The beginning and the end of the action/task (dd/mm/yy)
	Years of project implementation, expected results of project implementation
(in terms of tasks and activities) 

	1.
	Theoretical and methodological substantiation of the need to develop an effective model for financing science-intensive industries, taking into account the successful experience of foreign countries
	3 
	03.01. 18-31.03. 18
	Theoretical and methodological review

	1.1
	review, synthesis and analysis of domestic and foreign literature on the problem of funding high-tech industries;
	3 
	03.01.18-31.03.18
	Analysis of literary sources

	1.2
	uncover the economic prerequisites of financing high-tech industries;
	3 
	03.01.18-31.03.18
	Theoretical and methodological review

	1.3
	identify the impact of financial constraints on the development of knowledge-intensive industries compared to the non-financial conditions.
	3 
	03.01.18-31.03.18
	Theoretical and methodological review

	1.4
	determine the degree of mutual influence of financial constraints and the size of knowledge-based enterprises on the success of their innovation activities;
	3
	03.01.18 31.03.18
	Theoretical and methodological review

	1.5
	clarify the main directions of public policy in the field of financing science-intensive industries.
	3 
	03.01.18-31.03.18
	Theoretical and methodological review

	2
	Development and substantiation of the classification of factors hindering the financing of science-intensive industries in the Republic of Kazakhstan.
	3 
	02.04.18-30.06.18
	Classification of factors. 

	2.1
	the development of a classification of factors hindering the financing of science-intensive industries;
	3 
	02.04.18-30.06.18
	Classification of factors. Publication of a scientific article 

	2.2
	Substantiation of the classification of factors hindering the financing of science-intensive industries
	3 
	02.04.18-30.06.18
	Justification factors. Publication of a scientific article 

	3
	Studying of examples of realization of financing of high technology manufactures in regions of the Republic of Kazakhstan.
	6 
	02.07.18-31.12.18
	Examples of financing in the regions

	3.1
	development of a questionnaire for conducting a qualitative study of financial constraints affecting the science-intensive nature of the enterprise;
	6 
	02.07.18-31.12.18
	Questionnaire

	3.2
	On-line polling with the involvement of more than 500 enterprises engaged in the introduction and development of high-tech industries and carrying out innovative activities;
	6 
	02.07.18-31.12.18
	on-line polling

	3.3
	selection of 30 high-quality answers on the basis of which interviews will be conducted with the heads of companies and their employees;
	6 
	02.07.18-31.12.18
	30 high-quality answers

	3.4
	development of a case-study on the basis of the most successful examples of the implementation of innovations,
	6 
	02.07.18-31.12.18
	Case-Study

	3.5
	Publication results in high-ranking journals.
	6 .
	02.07.18-31.12.18
	Publication results in high-ranking journals.

	3.6
	Preparation of Interim Report
	2 
	01.10.18-30.11.18
	Interim Report

	4
	Identify the impact of financial constraints on the innovative development of enterprises compared with non-financial conditions:
	3.
	03.01.19-30.03.19
	Influence of financial constraints on the R & D of knowledge-intensive industries

	4.1
	search for company groups based on similar schemes for financing high-tech industries; 
	3.
	03.01.19-30.03.19
	Analysis of selection of company groups

	4.2
	analysis of innovative behavior and other characteristics of groups of firms;
	3 
	03.01.19-30.03.19
	Analysis of innovative behavior and other characteristics of groups of firms

	4.3
	analysis of the impact of the size of enterprises and other significant factors on the success of their innovation activities.
	3
	03.01.19-30.03.19
	Analysis of the impact of enterprise size

	4.4
	analysis of the impact of financial resources on innovation performance of enterprises.
	3 
	03.01.19-30.03.19
	Analysis of the impact of financial resources

	4.5
	The study of the participation of science-intensive enterprises in the programs of state subsidies and their innovation activity;
	3 
	03.01.19-30.03.19
	The degree of participation of science-intensive industries in government subsidy programs

	4.6
	research of innovative behavior of enterprises on their size and other significant factors;
	3 
	03.01.19-30.03.19
	Analysis of innovative behavior of enterprises on their size and other significant factors

	4.7
	publication of results in high-ranking journals.
	3 
	03.01.19-30.03.19
	Publication of results in high-ranking journals

	5
	Systematization of domestic and foreign instruments for financing high-tech industries. 
	3.
	01.04.19-29.06.19
	Analysis of domestic and foreign instruments for financing high-tech industries

	5.1
	research of domestic and foreign financing instruments for innovative high technology production;
	3
	01.04.19-29.06.19
	Analysis of domestic and foreign instruments for financing high-tech industries

	5.2
	Scientific training at Exeter University (UK).
	3
	01.04.19-29.06.19
	Report of the scientific internship

	5.3
	Publication of a monograph
	3
	01.04.19-29.06.19
	Monograph

	6
	Development of a methodology for assessing the effectiveness of financing science-intensive industries. 
	3 
	01.07.19-30.09.19
	Methodology for assessing the effectiveness of financing science-intensive industries

	6.1
	analysis of existing methods for assessing the effectiveness of financing science-intensive industries
	3
	01.07.19-30.09.19
	Analysis of existing methods for assessing the effectiveness of financing science-intensive industries

	6.2
	analysis of the impact of the introduction of various financial instruments on the innovative performance of high technology companies and the innovative development of the region, taking into account the specifics of the Republic of Kazakhstan; 
	3
	01.07.19-30.09.19
	Analysis of the impact of the introduction of various financial instruments on the innovative performance of high technology industries

	6.3
	development authoring techniques evaluation of the financial high technology manufactures.
	3
	01.07.19-30.09.19
	Methodology for assessing the effectiveness of financing science-intensive industries

	7
	Development and approbation of a system of indicators of financing efficiency of high-tech industries and its introduction into the "Neweconomy.Kz" (map of the development of a knowledge-based economy in the regions of Kazakhstan) information system. 
	3 
	01.10.19-31.12.19
	The system of indicators of financing efficiency of high-tech industries

	7.1
	development, approbation of a system of indicators of the effectiveness of financing of high technology production and its introduction into the "Neweconomy. Kz »(a map of the development of a knowledge-based economy in the regions of Kazakhstan) information system
	3 
	01.10.19-31.12.19
	The system of indicators of financing efficiency of high-tech industries

	7.2
	Submission of documents for obtaining copyright certificates
	3 
	01.10.19-31.12.19
	Certificate of authorship

	7.3
	Preparation of Interim Report
	2 
	01.10.19-01.12.19
	Interim Report

	8
	Carrying out of a quantitative estimation of financing of the high technology manufactures in Republic of Kazakhstan on the basis of application of information system "Neweconomy.kz". 
	6 
	03.01.20-30.06.20
	Quantitative assessment of the efficiency of financing of high-tech industries

	8.1
	Collection of statistical data
	6 
	03.01.20-30.06.20
	Analysis of stat. data

	8.2
	carrying out a quantitative assessment of funding between Activities and the results of innovative activities high technology enterprises in the regions of the Republic of Kazakhstan.
	6 
	03.01.20-30.06.20
	Evaluation of financing indicators and results of high technology production

	8.3
	analysis of the results obtained, revealing trends, clarifying and justifying the mutually influencing factors between the indicators of financing and the results of the activity of knowledge-intensive enterprises in the Republic of Kazakhstan.
	6
	03.01.20-30.06.20
	Evaluation of financing indicators and results of high technology production

	9
	Development of an effective model for financing high-tech industries, taking into account the perception of economic and institutional barriers in the Republic of Kazakhstan for enhancing the development of R & D and innovation activities in the regions of the country.
	6 
	01.07.20-31.12.20
	Effective model of financing innovation activities of high-tech industries

	9.1
	the development of a variety of financial instruments that promote the activation of knowledge-intensive industries in the regions of the country;
	6 
	01.07.20-31.12.20
	Development of a variety of financial instruments that promote the activation of knowledge-intensive industries

	9.2
	development of recommendations on the use of Internet platforms for financing innovation projects of high technology companies;
	6 
	01.07.20-31.12.20
	Development of a variety of financial instruments that promote the activation of knowledge-intensive industries

	9.3
	the development of effective models for financing science-intensive industries, taking into account regional specificities.
	6
	01.07.20-31.12.20
	Effective models for financing science-intensive industries, taking into account regional specificities

	9.4
	Preparation of the final report
	2 
	01.10.20-01.12.20
	Final report





APPENDIX С
Additional material to chapter 1
Table 1– The basis for calculating the performance indicator for R&D financing in the regions of Kazakhstan for 2002-2019.
	Name
	Regions
	Year
	Patent
	Number of employees
	R&D exp, mln tg
	PhD students

	1
	2
	3
	4
	5
	6
	7

	Akmola
	1
	2002
	19
	615
	215,8625
	0

	Akmola
	1
	2003
	17
	658
	446
	0

	Akmola
	1
	2004
	20
	659
	328,5
	0

	Akmola
	1
	2005
	40
	591
	213,6
	0

	Akmola
	1
	2006
	19
	579
	259,2
	0

	Akmola
	1
	2007
	28
	468
	399,3
	0

	Akmola
	1
	2008
	41
	559
	464,7
	0

	Akmola
	1
	2009
	11
	555
	482,574
	4

	Akmola
	1
	2010
	17
	615
	574,471
	10

	Akmola
	1
	2011
	33
	798
	471
	12

	Akmola
	1
	2012
	24
	936
	631
	7

	Akmola
	1
	2013
	20
	992
	742,5
	8

	Akmola
	1
	2014
	22
	1054
	826,7
	9

	Akmola
	1
	2015
	23
	802
	1113,1
	3

	Akmola
	1
	2016
	8
	652
	797,3
	11

	Akmola
	1
	2017
	8
	678
	898,218
	26

	Akmola
	1
	2018
	7
	739
	1694,305
	44

	Akmola
	1
	2019
	10
	789
	1608,813
	45

	Aktobe
	2
	2002
	30
	648
	135,6855
	8

	Aktobe
	2
	2003
	35
	766
	258,2
	10

	Aktobe
	2
	2004
	22
	564
	48,3
	13

	Aktobe
	2
	2005
	20
	654
	208
	6

	Aktobe
	2
	2006
	22
	659
	365,9
	4

	Aktobe
	2
	2007
	31
	532
	343,4
	3

	Aktobe
	2
	2008
	33
	335
	498,1
	2

	Aktobe
	2
	2009
	26
	157
	492,435
	2

	Aktobe
	2
	2010
	15
	195
	627,323
	0

	Aktobe
	2
	2011
	8
	184
	628,1
	0

	Aktobe
	2
	2012
	12
	172
	645,1
	3

	Aktobe
	2
	2013
	5
	282
	559,2
	12

	Aktobe
	2
	2014
	10
	356
	735,3
	17

	Aktobe
	2
	2015
	6
	335
	701,6
	23

	Aktobe
	2
	2016
	5
	323
	763
	20

	Aktobe
	2
	2017
	4
	362
	839,0586
	30

	Aktobe
	2
	2018
	2
	351
	974,6115
	62

	Aktobe
	2
	2019
	10
	420
	1060,639
	70





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	Almaty region
	3
	2002
	55
	785
	267,8365
	4

	Almaty region
	3
	2003
	36
	699
	233,2
	5

	Almaty region
	3
	2004
	56
	736
	257,9
	7

	Almaty region
	3
	2005
	27
	709
	280
	6

	Almaty region
	3
	2006
	28
	694
	309,1
	5

	Almaty region
	3
	2007
	27
	790
	557,4
	5

	Almaty region
	3
	2008
	68
	547
	486,4
	3

	Almaty region
	3
	2009
	29
	440
	536,976
	0

	Almaty region
	3
	2010
	49
	759
	705,092
	3

	Almaty region
	3
	2011
	72
	823
	1007,9
	3

	Almaty region
	3
	2012
	48
	415
	879
	28

	Almaty region
	3
	2013
	41
	826
	1117,4
	10

	Almaty region
	3
	2014
	53
	901
	804,2
	12

	Almaty region
	3
	2015
	43
	1049
	1053,6
	9

	Almaty region
	3
	2016
	11
	983
	941,7
	30

	Almaty region
	3
	2017
	15
	968
	871,0955
	59

	Almaty region
	3
	2018
	11
	970
	1121,104
	111

	Almaty region
	3
	2019
	14
	935
	1521,264
	126

	Atyrau
	4
	2002
	10
	471
	629,3962
	0

	Atyrau
	4
	2003
	20
	487
	847,7
	0

	Atyrau
	4
	2004
	15
	633
	1338,5
	0

	Atyrau
	4
	2005
	6
	631
	1921,9
	0

	Atyrau
	4
	2006
	12
	654
	1723,8
	0

	Atyrau
	4
	2007
	8
	681
	2079,4
	0

	Atyrau
	4
	2008
	7
	633
	2053,2
	0

	Atyrau
	4
	2009
	12
	554
	1883,117
	0

	Atyrau
	4
	2010
	4
	582
	2199,288
	4

	Atyrau
	4
	2011
	9
	609
	3010,9
	0

	Atyrau
	4
	2012
	2
	605
	3531
	0

	Atyrau
	4
	2013
	3
	400
	1880
	0

	Atyrau
	4
	2014
	4
	398
	1885,7
	0

	Atyrau
	4
	2015
	5
	462
	2415,9
	0

	Atyrau
	4
	2016
	4
	400
	2753,3
	0

	Atyrau
	4
	2017
	9
	474
	3637,741
	0

	Atyrau
	4
	2018
	9
	466
	4494,536
	0

	Atyrau
	4
	2019
	4
	471
	5134,644
	0

	West Kazakhstan
	5
	2002
	5
	300
	134,2706
	0

	West Kazakhstan
	5
	2003
	2
	222
	76
	0

	West Kazakhstan
	5
	2004
	6
	232
	159,1
	0

	West Kazakhstan
	5
	2005
	8
	524
	253,8
	0

	West Kazakhstan
	5
	2006
	10
	542
	199,7
	0

	West Kazakhstan
	5
	2007
	11
	657
	533,3
	0

	West Kazakhstan
	5
	2008
	20
	542
	478,7
	0





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	West Kazakhstan
	5
	2009
	18
	170
	489,316
	3

	West Kazakhstan
	5
	2010
	26
	459
	212,867
	7

	West Kazakhstan
	5
	2011
	18
	500
	353,7
	7

	West Kazakhstan
	5
	2012
	14
	516
	548,2
	3

	West Kazakhstan
	5
	2013
	6
	600
	916
	8

	West Kazakhstan
	5
	2014
	17
	425
	672,2
	9

	West Kazakhstan
	5
	2015
	24
	540
	753,2
	10

	West Kazakhstan
	5
	2016
	5
	756
	1789,2
	6

	West Kazakhstan
	5
	2017
	7
	323
	298,4728
	10

	West Kazakhstan
	5
	2018
	3
	442
	878,2266
	20

	West Kazakhstan
	5
	2019
	2
	534
	1045,31
	22

	Zhambyl
	6
	2002
	105
	323
	91,3807
	5

	Zhambyl
	6
	2003
	90
	309
	97
	5

	Zhambyl
	6
	2004
	92
	341
	146,5
	9

	Zhambyl
	6
	2005
	78
	378
	246,7
	7

	Zhambyl
	6
	2006
	47
	459
	520
	10

	Zhambyl
	6
	2007
	109
	417
	486,2
	25

	Zhambyl
	6
	2008
	84
	414
	1123,3
	20

	Zhambyl
	6
	2009
	76
	474
	1153,751
	15

	Zhambyl
	6
	2010
	79
	344
	1221,901
	15

	Zhambyl
	6
	2011
	51
	155
	198,2
	12

	Zhambyl
	6
	2012
	93
	350
	1485,5
	6

	Zhambyl
	6
	2013
	104
	278
	1077
	6

	Zhambyl
	6
	2014
	42
	368
	1322,3
	11

	Zhambyl
	6
	2015
	61
	318
	689,7
	16

	Zhambyl
	6
	2016
	26
	327
	456,3
	16

	Zhambyl
	6
	2017
	16
	377
	1024,337
	22

	Zhambyl
	6
	2018
	9
	280
	731,5557
	40

	Zhambyl
	6
	2019
	4
	308
	759,0084
	46

	Karaganda
	7
	2002
	125
	1308
	628,3651
	28

	Karaganda
	7
	2003
	115
	1285
	673,1
	32

	Karaganda
	7
	2004
	142
	1220
	823,3
	35

	Karaganda
	7
	2005
	144
	1635
	1037,8
	25

	Karaganda
	7
	2006
	96
	1812
	1169,6
	34

	Karaganda
	7
	2007
	120
	1140
	1148,3
	31

	Karaganda
	7
	2008
	109
	1039
	1190,2
	28

	Karaganda
	7
	2009
	122
	735
	1205,964
	16

	Karaganda
	7
	2010
	135
	875
	939,405
	31

	Karaganda
	7
	2011
	115
	794
	1528,4
	55

	Karaganda
	7
	2012
	133
	1189
	2947
	73

	Karaganda
	7
	2013
	97
	1387
	3407,7
	105

	Karaganda
	7
	2014
	105
	1631
	4048,9
	123

	Karaganda
	7
	2015
	91
	1708
	3597,8
	146





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	Karaganda
	7
	2016
	51
	1458
	4279,1
	185

	Karaganda
	7
	2017
	47
	1360
	3488,072
	283

	Karaganda
	7
	2018
	46
	1349
	3508,325
	456

	Karaganda
	7
	2019
	51
	1259
	4543,555
	486

	Kostanay
	8
	2002
	39
	230
	50,7472
	0

	Kostanay
	8
	2003
	30
	230
	53
	0

	Kostanay
	8
	2004
	38
	230
	139,2
	0

	Kostanay
	8
	2005
	39
	378
	166,8
	0

	Kostanay
	8
	2006
	39
	399
	185,5
	0

	Kostanay
	8
	2007
	35
	436
	234
	0

	Kostanay
	8
	2008
	59
	333
	214,2
	0

	Kostanay
	8
	2009
	27
	415
	361,01
	0

	Kostanay
	8
	2010
	33
	324
	214,663
	5

	Kostanay
	8
	2011
	18
	263
	250,6
	7

	Kostanay
	8
	2012
	35
	268
	329,9
	12

	Kostanay
	8
	2013
	47
	518
	445,3
	10

	Kostanay
	8
	2014
	31
	565
	574
	9

	Kostanay
	8
	2015
	15
	574
	599,2
	8

	Kostanay
	8
	2016
	19
	556
	562,1
	12

	Kostanay
	8
	2017
	13
	569
	1176,5
	30

	Kostanay
	8
	2018
	7
	590
	827,4119
	65

	Kostanay
	8
	2019
	9
	592
	687,7456
	62

	Kyzylorda
	9
	2002
	6
	64
	15,3018
	0

	Kyzylorda
	9
	2003
	6
	77
	19,8
	0

	Kyzylorda
	9
	2004
	6
	71
	36,8
	0

	Kyzylorda
	9
	2005
	13
	115
	46,8
	0

	Kyzylorda
	9
	2006
	6
	96
	55,5
	0

	Kyzylorda
	9
	2007
	6
	72
	69,8
	0

	Kyzylorda
	9
	2008
	21
	74
	59,5
	0

	Kyzylorda
	9
	2009
	9
	79
	80,846
	0

	Kyzylorda
	9
	2010
	16
	98
	80,702
	0

	Kyzylorda
	9
	2011
	4
	147
	79,5
	0

	Kyzylorda
	9
	2012
	13
	192
	213
	10

	Kyzylorda
	9
	2013
	6
	205
	213,3
	18

	Kyzylorda
	9
	2014
	8
	253
	266
	26

	Kyzylorda
	9
	2015
	14
	236
	235,6
	24

	Kyzylorda
	9
	2016
	7
	228
	613,6
	27

	Kyzylorda
	9
	2017
	8
	229
	506,2835
	32

	Kyzylorda
	9
	2018
	3
	222
	301,8932
	43

	Kyzylorda
	9
	2019
	2
	183
	273,0329
	45

	Mangystau
	10
	2002
	10
	794
	1532,694
	0

	Mangystau
	10
	2003
	7
	1153
	1898,8
	0

	Mangystau
	10
	2004
	7
	604
	1593,6
	0





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	Mangystau
	10
	2005
	9
	741
	1731,8
	0

	Mangystau
	10
	2006
	11
	822
	2263
	0

	Mangystau
	10
	2007
	3
	801
	2598
	0

	Mangystau
	10
	2008
	2
	841
	3425,5
	0

	Mangystau
	10
	2009
	7
	404
	3138,037
	0

	Mangystau
	10
	2010
	17
	474
	3064,799
	0

	Mangystau
	10
	2011
	18
	548
	5150,9
	0

	Mangystau
	10
	2012
	4
	569
	5059,5
	0

	Mangystau
	10
	2013
	6
	590
	5095,4
	0

	Mangystau
	10
	2014
	16
	583
	6160,7
	2

	Mangystau
	10
	2015
	9
	648
	7694,5
	2

	Mangystau
	10
	2016
	14
	700
	7800,4
	6

	Mangystau
	10
	2017
	13
	696
	8043,52
	13

	Mangystau
	10
	2018
	5
	694
	9848,738
	30

	Mangystau
	10
	2019
	4
	689
	9713,807
	34

	Pavlodar
	11
	2002
	38
	51
	13,2387
	0

	Pavlodar
	11
	2003
	65
	52
	16,2
	2

	Pavlodar
	11
	2004
	68
	56
	21,6
	4

	Pavlodar
	11
	2005
	78
	205
	243
	5

	Pavlodar
	11
	2006
	98
	197
	174,6
	5

	Pavlodar
	11
	2007
	77
	187
	228,4
	2

	Pavlodar
	11
	2008
	108
	181
	258,3
	2

	Pavlodar
	11
	2009
	48
	258
	303,301
	20

	Pavlodar
	11
	2010
	58
	187
	198,848
	54

	Pavlodar
	11
	2011
	47
	280
	385,6
	51

	Pavlodar
	11
	2012
	38
	292
	434,1
	28

	Pavlodar
	11
	2013
	53
	774
	335,3
	17

	Pavlodar
	11
	2014
	34
	809
	322,9
	21

	Pavlodar
	11
	2015
	61
	716
	320,8
	21

	Pavlodar
	11
	2016
	45
	693
	390,4
	42

	Pavlodar
	11
	2017
	44
	654
	335,7477
	89

	Pavlodar
	11
	2018
	41
	533
	290,1768
	109

	Pavlodar
	11
	2019
	13
	621
	1258,205
	110

	North Kazakhstan
	12
	2002
	10
	194
	56,6131
	0

	North Kazakhstan
	12
	2003
	10
	169
	82,3
	0

	North Kazakhstan
	12
	2004
	21
	281
	145,7
	0

	North Kazakhstan
	12
	2005
	8
	230
	63,7
	0

	North Kazakhstan
	12
	2006
	14
	216
	68,3
	0

	North Kazakhstan
	12
	2007
	27
	147
	94,3
	0

	North Kazakhstan
	12
	2008
	22
	200
	131,1
	0

	North Kazakhstan
	12
	2009
	24
	136
	129,792
	0

	North Kazakhstan
	12
	2010
	16
	106
	112,148
	0

	North Kazakhstan
	12
	2011
	25
	77
	101,9
	0





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	North Kazakhstan
	12
	2012
	20
	325
	221,4
	0

	North Kazakhstan
	12
	2013
	19
	312
	209,6
	0

	North Kazakhstan
	12
	2014
	18
	229
	236,3
	2

	North Kazakhstan
	12
	2015
	21
	182
	224,4
	4

	North Kazakhstan
	12
	2016
	6
	135
	180,2
	12

	North Kazakhstan
	12
	2017
	5
	93
	185,2435
	25

	North Kazakhstan
	12
	2018
	2
	90
	226,2502
	50

	North Kazakhstan
	12
	2019
	5
	92
	241,338
	44

	South Kazakhstan
	13
	2002
	92
	294
	96,3109
	6

	South Kazakhstan
	13
	2003
	104
	294
	117,4
	9

	South Kazakhstan
	13
	2004
	120
	324
	233,2
	10

	South Kazakhstan
	13
	2005
	126
	425
	431,1
	10

	South Kazakhstan
	13
	2006
	100
	427
	427,2
	14

	South Kazakhstan
	13
	2007
	127
	353
	420,3
	7

	South Kazakhstan
	13
	2008
	128
	259
	384,9
	7

	South Kazakhstan
	13
	2009
	81
	295
	357,9
	16

	South Kazakhstan
	13
	2010
	101
	442
	450,7
	45

	South Kazakhstan
	13
	2011
	100
	576
	440,5
	74

	South Kazakhstan
	13
	2012
	102
	994
	930,6
	99

	South Kazakhstan
	13
	2013
	81
	1466
	1168,5
	106

	South Kazakhstan
	13
	2014
	98
	1359
	1233,8
	110

	South Kazakhstan
	13
	2015
	74
	1356
	1360,4
	120

	South Kazakhstan
	13
	2016
	70
	1088
	1211,4
	123

	South Kazakhstan
	13
	2017
	37
	1090
	924,2
	160

	South Kazakhstan
	13
	2018
	19
	869
	1327,6
	253

	South Kazakhstan
	13
	2019
	16
	903
	1342,993
	251

	East Kazakhstan
	14
	2002
	108
	1629
	1586,345
	9

	East Kazakhstan
	14
	2003
	164
	1552
	1759,3
	7

	East Kazakhstan
	14
	2004
	117
	1574
	1932,4
	8

	East Kazakhstan
	14
	2005
	87
	1604
	2095
	6

	East Kazakhstan
	14
	2006
	136
	1606
	2274,7
	6

	East Kazakhstan
	14
	2007
	120
	1636
	2735,7
	11

	East Kazakhstan
	14
	2008
	127
	1692
	4273,4
	11

	East Kazakhstan
	14
	2009
	131
	1757
	5588,951
	20

	East Kazakhstan
	14
	2010
	146
	1852
	5099,218
	49

	East Kazakhstan
	14
	2011
	94
	1857
	4175,9
	72

	East Kazakhstan
	14
	2012
	74
	1913
	3959,9
	85

	East Kazakhstan
	14
	2013
	58
	2269
	3773,3
	85

	East Kazakhstan
	14
	2014
	64
	2377
	3040,6
	93

	East Kazakhstan
	14
	2015
	65
	2303
	3300
	100

	East Kazakhstan
	14
	2016
	40
	2205
	3475,4
	128

	East Kazakhstan
	14
	2017
	42
	2325
	5000,477
	205

	East Kazakhstan
	14
	2018
	27
	2295
	5319,069
	302

	East Kazakhstan
	14
	2019
	31
	2161
	7082,255
	304




	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	Nur-Sultan city
	15
	2002
	98
	256
	89,283
	9

	Nur-Sultan city
	15
	2003
	75
	293
	94,5
	15

	Nur-Sultan city
	15
	2004
	73
	490
	400,7
	19

	Nur-Sultan city
	15
	2005
	82
	834
	1968,2
	19

	Nur-Sultan city
	15
	2006
	105
	1136
	1991,1
	36

	Nur-Sultan city
	15
	2007
	96
	1468
	2387,5
	48

	Nur-Sultan city
	15
	2008
	138
	1430
	4768,4
	45

	Nur-Sultan city
	15
	2009
	151
	1146
	4448,496
	188

	Nur-Sultan city
	15
	2010
	233
	1531
	4445,573
	198

	Nur-Sultan city
	15
	2011
	192
	1703
	9280,9
	214

	Nur-Sultan city
	15
	2012
	184
	3024
	10376,4
	263

	Nur-Sultan city
	15
	2013
	143
	3159
	9741,2
	327

	Nur-Sultan city
	15
	2014
	180
	3391
	10187,7
	401

	Nur-Sultan city
	15
	2015
	183
	3001
	13451,9
	419

	Nur-Sultan city
	15
	2016
	135
	2939
	13990,6
	604

	Nur-Sultan city
	15
	2017
	72
	3062
	16297,45
	771

	Nur-Sultan city
	15
	2018
	91
	3081
	14094,22
	1146

	Nur-Sultan city
	15
	2019
	60
	3027
	17965,05
	1473

	Almaty city
	16
	2002
	844
	8036
	4089,619
	193

	Almaty city
	16
	2003
	920
	8332
	4971
	315

	Almaty city
	16
	2004
	953
	8700
	6974,5
	307

	Almaty city
	16
	2005
	758
	9258
	10619,2
	219

	Almaty city
	16
	2006
	690
	9265
	12812,6
	252

	Almaty city
	16
	2007
	819
	7989
	12520,2
	376

	Almaty city
	16
	2008
	507
	7225
	14951,7
	321

	Almaty city
	16
	2009
	741
	8218
	18336,23
	382

	Almaty city
	16
	2010
	746
	8178
	13319,83
	539

	Almaty city
	16
	2011
	627
	8689
	16287,6
	830

	Almaty city
	16
	2012
	577
	8644
	19061,5
	971

	Almaty city
	16
	2013
	630
	9654
	30991
	1180

	Almaty city
	16
	2014
	592
	11094
	34030,3
	1218

	Almaty city
	16
	2015
	639
	10505
	31791,2
	1314

	Almaty city
	16
	2016
	361
	9542
	26596,1
	1488

	Almaty city
	16
	2017
	310
	8821
	25357,79
	1848

	Almaty city
	16
	2018
	306
	9407
	26586,53
	2878

	Almaty city
	16
	2019
	309
	8859
	28095,44
	3245








Table 2 - Base for calculating innovation performance indicator in the regions of Kazakhstan for 2013-2019.
	Name
	Regions
	Year
	Volume of innovative products, mln tg
	Number of innovations
	Exp on innovations, mln tg
	Number of employees in innovation companies

	1
	2
	3
	4
	5
	6
	7

	Akmola
	1
	2013
	18205,7
	111
	10632,8
	103292

	Akmola
	1
	2014
	33801,6
	115
	13116,6
	113767

	Akmola
	1
	2015
	13217,2
	108
	39615,7
	106615

	Akmola
	1
	2016
	21036,2
	104
	12302,9
	98250

	Akmola
	1
	2017
	15721,9
	147
	37175,8
	110253

	Akmola
	1
	2018
	25644,6
	166
	17016,3
	105674

	Akmola
	1
	2019
	17793
	178
	17517,5
	106315

	Aktobe
	2
	2013
	8300,6
	70
	46423,3
	102240

	Aktobe
	2
	2014
	4454,4
	101
	40172
	127815

	Aktobe
	2
	2015
	1838,8
	123
	16109,5
	133307

	Aktobe
	2
	2016
	16660,2
	129
	23852,2
	130345

	Aktobe
	2
	2017
	39442
	130
	57061,2
	129025

	Aktobe
	2
	2018
	44299,9
	107
	57351,5
	128399

	Aktobe
	2
	2019
	51421,7
	95
	61454
	129076

	Almaty region
	3
	2013
	13153,8
	60
	7423,6
	76661

	Almaty region
	3
	2014
	16608,9
	91
	8870,4
	103999

	Almaty region
	3
	2015
	15699,2
	114
	11955,3
	116104

	Almaty region
	3
	2016
	12630
	346
	6656,8
	105064

	Almaty region
	3
	2017
	12624,2
	45
	9051,9
	109044

	Almaty region
	3
	2018
	18351,2
	68
	26964,4
	117481

	Almaty region
	3
	2019
	20443,6
	32
	14528,1
	116059

	Atyrau
	4
	2013
	38078,2
	55
	25895,7
	62716

	Atyrau
	4
	2014
	18655,3
	78
	23686,2
	104896

	Atyrau
	4
	2015
	7506,1
	93
	334944,8
	110051

	Atyrau
	4
	2016
	7419,4
	110
	491333,4
	106925

	Atyrau
	4
	2017
	5768
	111
	141707,9
	113546

	Atyrau
	4
	2018
	8819,8
	124
	90719,9
	134262

	Atyrau
	4
	2019
	7536,3
	193
	47436,8
	138894

	West Kazakhstan
	5
	2013
	9009,5
	55
	10692,9
	43515

	West Kazakhstan
	5
	2014
	5996,5
	46
	2746,7
	68263

	West Kazakhstan
	5
	2015
	3316,7
	17
	3956,6
	70050

	West Kazakhstan
	5
	2016
	3407,1
	16
	25407
	69139

	West Kazakhstan
	5
	2017
	18122,1
	12
	6556,8
	72969

	West Kazakhstan
	5
	2018
	23398,7
	10
	12154,3
	73856

	West Kazakhstan
	5
	2019
	24713,4
	19
	10482,9
	79188





	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	Zhambyl
	6
	2013
	19637,4
	52
	16901
	66313

	Zhambyl
	6
	2014
	25250,3
	103
	15007,5
	74781

	Zhambyl
	6
	2015
	23163,7
	181
	16474,7
	73714

	Zhambyl
	6
	2016
	34104,1
	79
	12908,8
	70545

	Zhambyl
	6
	2017
	50854,7
	127
	12564
	74141

	Zhambyl
	6
	2018
	66782,3
	134
	6945,6
	76544

	Zhambyl
	6
	2019
	77092,5
	123
	22112,7
	75875

	Karaganda
	7
	2013
	53731,2
	219
	32782,7
	229712

	Karaganda
	7
	2014
	21578,1
	136
	37240,8
	218386

	Karaganda
	7
	2015
	18442,5
	187
	21870,2
	249280

	Karaganda
	7
	2016
	31327,2
	62
	26175,6
	216426

	Karaganda
	7
	2017
	32048
	65
	28720,4
	239991

	Karaganda
	7
	2018
	54778
	64
	55131,8
	234253

	Karaganda
	7
	2019
	74007
	44
	39593,1
	236671

	Kostanay
	8
	2013
	35728,9
	133
	16011,1
	127060

	Kostanay
	8
	2014
	57633,9
	165
	27065,2
	139449

	Kostanay
	8
	2015
	47252,6
	196
	4088,5
	133532

	Kostanay
	8
	2016
	45095,9
	205
	34565,9
	131031

	Kostanay
	8
	2017
	91502,6
	362
	35921,5
	136267

	Kostanay
	8
	2018
	124014,9
	331
	15406,8
	135849

	Kostanay
	8
	2019
	211088,3
	328
	17219,1
	131876

	Kyzylorda
	9
	2013
	6641,7
	71
	6728,7
	68508

	Kyzylorda
	9
	2014
	4761,2
	75
	6967,7
	67767

	Kyzylorda
	9
	2015
	6930,2
	85
	10527
	74899

	Kyzylorda
	9
	2016
	6295,2
	98
	31916,5
	73079

	Kyzylorda
	9
	2017
	5505,8
	64
	6086,4
	76820

	Kyzylorda
	9
	2018
	6401,7
	179
	19688,5
	73850

	Kyzylorda
	9
	2019
	16425,2
	195
	12078,3
	73328

	Mangystau
	10
	2013
	1395,4
	24
	6014,7
	97909

	Mangystau
	10
	2014
	1546,8
	22
	3436,1
	104637

	Mangystau
	10
	2015
	1234,6
	29
	5457,7
	109888

	Mangystau
	10
	2016
	506,4
	26
	1104
	107818

	Mangystau
	10
	2017
	294,9
	15
	5673
	102359

	Mangystau
	10
	2018
	651
	9
	2553,8
	102855

	Mangystau
	10
	2019
	7971,3
	29
	3256,5
	105086

	Pavlodar
	11
	2013
	83368
	146
	13249,2
	115564

	Pavlodar
	11
	2014
	83070,6
	89
	9750,6
	133326

	Pavlodar
	11
	2015
	1838,3
	66
	7881
	142105

	Pavlodar
	11
	2016
	9520
	185
	521873,3
	137178

	Pavlodar
	11
	2017
	177881,5
	128
	110852,4
	139482

	Pavlodar
	11
	2018
	250032
	96
	30128,3
	132107

	Pavlodar
	11
	2019
	44503,7
	103
	45165,1
	136273

	North Kazakhstan
	12
	2013
	16028
	437
	12852,4
	80826

	North Kazakhstan
	12
	2014
	16500,4
	463
	10710,5
	77224




	Continuation of table 1

	1
	2
	3
	4
	5
	6
	7

	North Kazakhstan
	12
	2015
	11753,8
	715
	16248
	79951

	North Kazakhstan
	12
	2016
	11312,8
	1175
	16233,9
	74908

	North Kazakhstan
	12
	2017
	13804,9
	547
	21559,4
	75515

	North Kazakhstan
	12
	2018
	9396,5
	201
	16071,2
	76365

	North Kazakhstan
	12
	2019
	8652,1
	430
	12391,4
	75379

	South Kazakhstan
	13
	2013
	33177,45
	253
	26382,1
	132128

	South Kazakhstan
	13
	2014
	45153,46
	278
	41320,3
	176982

	South Kazakhstan
	13
	2015
	61465,63
	168
	33554
	182185

	South Kazakhstan
	13
	2016
	54416,1
	326
	56210,5
	179781

	South Kazakhstan
	13
	2017
	125231,6
	505
	187522,6
	186566

	South Kazakhstan
	13
	2018
	230136,4
	260
	273634,4
	183730

	South Kazakhstan
	13
	2019
	17644,1
	125
	10239,9
	186811

	East Kazakhstan
	14
	2013
	109378,9
	107
	28225,3
	159567

	East Kazakhstan
	14
	2014
	97778,9
	154
	43486,4
	192773

	East Kazakhstan
	14
	2015
	13420,9
	208
	23223,3
	187195

	East Kazakhstan
	14
	2016
	54299,5
	171
	156111,7
	178018

	East Kazakhstan
	14
	2017
	80472
	147
	101347,1
	178982

	East Kazakhstan
	14
	2018
	174068,8
	172
	80270,9
	186228

	East Kazakhstan
	14
	2019
	223618,8
	188
	61964,7
	189464

	Nur-Sultan city
	15
	2013
	119923,4
	200
	138092,1
	100237

	Nur-Sultan city
	15
	2014
	125507
	344
	104020
	206531

	Nur-Sultan city
	15
	2015
	111239,6
	396
	74931,5
	239107

	Nur-Sultan city
	15
	2016
	120559,3
	1251
	87892,1
	200665

	Nur-Sultan city
	15
	2017
	149277,5
	1258
	92934,1
	204553

	Nur-Sultan city
	15
	2018
	112146,2
	2813
	81815,6
	197298

	Nur-Sultan city
	15
	2019
	129468,7
	1927
	91664,7
	195539

	Almaty city
	16
	2013
	12504,9
	381
	33686,2
	239012

	Almaty city
	16
	2014
	22088,6
	209
	50891,9
	312073

	Almaty city
	16
	2015
	38876,9
	1018
	42134,4
	444131

	Almaty city
	16
	2016
	17186,3
	2497
	29220,8
	458971

	Almaty city
	16
	2017
	26183,3
	1628
	52496,5
	364385

	Almaty city
	16
	2018
	30228,4
	1018
	76061,8
	396476

	Almaty city
	16
	2019
	48948,4
	1820
	77941,4
	412213




Table 3 – Base for calculating the index of efficiency of financing knowledge-based industries in the regions of Kazakhstan
	Region
	Indicators
	%

	
	Expenditure on R&D and innovation for 2019
	Number of patents in 2019
	Number of articles with IF in Web of science database for 2019
	Number of innovations created in 2019
	R & d and innovation expenditures for 2019
	Number of patents in 2019
	Number of articles with IF in the Web of Science database for 2019
	Number of innovations created in 2019

	Akmolinskaya .
	20 228
	10
	24
	   39
	51,8563
	31,25
	12,89507
	50,37994

	Aktobe
	68 104
	10
	45
	   13
	174,595
	31,25
	24,17826
	16,79331

	Almaty
	16 122
	14
	6
	   10
	41,33147
	43,75
	3,223767
	12,91793

	Atyrau
	54 358
	4
	17
	   56
	139,3546
	12,5
	9,134008
	72,34043

	West-Kazakhstan
	11 529
	2
	1
	   12
	29,5561
	6,25
	0,537295
	15,50152

	Zhambylskaya
	23 009
	4
	29
	   0
	58,98633
	12,5
	15,58154
	0

	Karaganda
	45 734
	51
	220
	   32
	117,2464
	159,375
	118,2048
	41,33739

	Kostanay
	20 476
	9
	4
	   64
	52,49362
	28,125
	2,149178
	82,67477

	Kyzylorda
	13 580
	2
	20
	   13
	34,81518
	6,25
	10,74589
	16,79331

	Mangistau
	14 568
	4
	23
	   2
	37,34602
	12,5
	12,35777
	2,583587

	Pavlodarskaya
	47 148
	13
	32
	   27
	120,8714
	40,625
	17,19343
	34,87842

	North Kazakhstan .
	12 632
	5
	5
	   212
	32,38509
	15,625
	2,686473
	273,8602

	Turkestan
	5 426
	2
	30
	   76
	13,91064
	6,25
	16,11884
	98,17629

	East Kazakhstan .
	72 806
	31
	80
	   78
	186,6486
	96,875
	42,98357
	100,7599

	Nur-Sultan
	121 440
	60
	1159
	   266
	311,3293
	187,5
	622,7244
	343,617

	Almaty
	108 963
	309
	1320
	   405
	279,3444
	965,625
	709,2288
	523,1763

	Shymkent
	6 994
	14
	149
	   11
	17,92968
	43,75
	80,05689
	14,20973

	Total .
	663 116
	544
	3164
	  1 316
	
	
	
	

	Average .
	39 007
	32
	186,1176
	77,41176
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Figure 3 - Funding efficiency index for knowledge-based industries in Kazakhstan regions

APPENDIX D
Additional material to chapter 2
Table 1 - Instruments for financing knowledge-based industries
	Title of instrument 
	Description

	Grants
	gratuitous subsidy to enterprises, organizations and individuals in cash or in kind for conducting scientific or other research, development work, with a subsequent report on their use.

	Business angels
	a private investor who invests in innovative projects at an early stage of business development in return for a return on investment and an equity stake.

	Venture debt
	is a form of debt financing for venture capital companies that do not have enough assets or cash flows for traditional debt financing or that want more flexibility.

	Venture debt
	is a type of financing that is provided to companies already supported by venture capital companies or developing companies.

	Contingent debt
	is a loan with a set repayment schedule for several months or years.

	Mezzanine financing
	is an investment in a project on terms of receiving an interest or shareholding for a specific value under certain conditions, such as after the facility is put into operation.

	Private equity
	is an alternative investment class, which consists of capital not listed on a public exchange.

	IPO
	the first public sale of shares of a joint stock company, including in the form of sale of depositary receipts for shares to an unlimited number of persons.

	Bank overdraft
	is a financial mechanism in which funds can be withdrawn from a current or savings account, even if the account is less than zero.

	Private loans
	is a type of loan that allows flexible use, short- and medium-term repayment options and relatively fast financing.

	Blokchain
	is a technology for decentralized storage and distributed recording of transactions, based on cryptographic methods of information security, which allows the exclusion of a middleman.

	Crowdfunding
	is a financing method that involves financing a project with relatively modest contributions from a large group of people.


 
Table 2 - Tools for financing knowledge-based industries in Kazakhstan
	Name
	Tools to support
	Selection Criteria

	1
	2
	3

	Venture funds

	JSC "QazTech Venture" provides financial support to business incubators.
	As part of the State Support for the Business Road Map 2020:
- Provision of financial and methodological support to private business incubators (co-financing of 50% of operating expenses, but not more than KZT 35 million per year);
- provision of state grants to residents of business incubators for industrial and innovative projects to create a new or significantly improved product or business process (up to KZT 50 million and no more than 80% of the justified stated costs).
	-availability of 50 sq m of floor space and primary finance;
after .
-Within three years, companies will have to select at least 100 projects, pass 50 entrepreneurs through training programmes and submit at least eight projects for state grants.


	"500 Startups"
	In 2019, qaztech Ventures JSC signed an agreement to participate in the V global Fund In the amount of 10 million US dollars, of which at least 2 million US dollars are planned to be invested in Kazakhstan startup projects in the amount of 150 thousand to 250 thousand us dollars.
Directions in the IT sector.
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	1
	2
	3

	Quest ventures
a leading Asian management company, founded in 2011
	In March 2020, qaztech Ventures JSC signed an agreement providing for participation in the Singapore venture Fund Quest Ventures Asia Fund II with a total amount of us $ 50 million. qaztech Ventures JSC with a capital of US $ 10 million joined the Fund as an anchor investor. Under the terms of the agreement, the jointly created Fund will review and Finance promising start-up projects in Kazakhstan and Central Asia in the next three years. The Fund's investment in each startup project will range from us $ 50,000 to us $ 150,000.
The focus of investments in digital Commerce.
	

	Венчурный фонд АВС –I2BF Seed Fund
(NURIS together with the international Fund I2BF Global Ventures, the venture Fund created by ABC – I2BF Seed Fund)
	- convertible loan and/or share in the company;
- investments in one company up to $100,000.
Priority areas of financing: software and hardware, internet things, industry 4.0, new materials, virtual, augmented and mixed reality, robotics, agrotechnologies, clean energy and energy efficiency, digital health, smart city, medical equipment/biomedicine, financial technologies, technologies in education, green economy, construction technologies.
	-The presence of innovations
or an innovative business model;
-Company growth potential
to regional and global markets;
-Experienced team;
-High yield;
and financial efficiency of investments;
-Availability of co-investors
or the possibility of syndication of rounds.

	АО «Baiterek Venture Fund» BV Management

	Direction 1:
-Corporate. business 
-Investment amount: from KZT 1 to 5 billion;
-Investment period: up to 10 years
Industries:
Agriculture, Processing Industry, Tourism and Entertainment Industry, Information and Communication, and Green Technology Projects, etc. 
Orientation 2:
-Small and medium business
-Investment amount: up to KZT 1 billion;
-Investment period: up to 10 years
Industries: Wide range of industries except raw materials, trade, construction, restaurant business, etc.
	

	Kazyna Capital Management

	Attracting international institutional investors and local investors to co-finance projects in priority sectors of Kazakhstan's economy.
Areas of activity: food production, chemicals and petrochemicals, construction materials, energy, transport and logistics, paper and paper products.
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	1
	2
	3

	Fund Singulariteam

	Amount of investment: $100 million.
Areas: Blockchain and cryptovoltaic; supercomputers; aviation and space; robotics.
	

	AIFRI - Tabys Venture Fund JSC

	one of the first venture capital funds in Kazakhstan, which was created jointly by the Centras Group and the National Innovation Fund of Kazakhstan. The Fund finances more than 15 innovative projects and is one of the leaders in the industry market.
	

	Business incubators

	Title
	Support tools
	Selection criterion

	MOST Business Incubator LLP (Almaty)
a community of start-up entrepreneurs, useful contacts and networking.
	1.Venture Club is a closed club of business angels who invest money in start-up projects.
The amount of investment in one company is tens or hundreds of thousands of dollars.
2. a business incubator site where start-up entrepreneurs can work on their projects from idea to implementation and market entry with the help of experienced mentors and experts.
3. accelerated business accelerator programme for early stage businesses.
	- The areas of mobile solutions and everything related to IT products are partially creative industries.
-projects with a ready-made MVP, team and a specific traction on the client base.

	Business Incubator nFactoria
	-Grants for training in software development (iOS, React Native), creating applications using Blockchain and ML;
- employment with leading companies in Kazakhstan.
	- passing the test, impressive achievements, education, programming experience.

	Business accelerator Astana Business Campus at Nazarbayev University.
	The business incubator has two startup development programmes: 
ABC incubation and 
ABC Quick Start Acceleration. The programmes help participants to form teams, learn the basics of entrepreneurship, receive professional advice and also provide access to technologies for prototyping.
	

	Smart point Almaty
	Co-working space
equipped with everything necessary for work, rented out to anyone for the necessary period - day, month, several months.
	

	Astana Hub International Technopark of IT Startups
	Assisting start-ups in developing projects and strengthening the activities of technology parks and the community of IT and technology entrepreneurs (communities) in each region of the country.
	

	Corporate Fund "SodBi Business Incubator" (Shymkent)
	1. Business consultations:
- The cost of services depends on the scope of work of the consultants and the complexity of the project;
2.Business seminars :
- Quality of service
- Business etiquette
- Effective advertising
- How to start a business
- How to assess the business idea
3. Rental of premises
	-An entrepreneur's application to the Business Incubator;
- submission of an entrepreneur's application;
- verification of personal and business qualities of the entrepreneur, interview;
-Evaluation of the business plan and decision making on admission to the Business Incubator;
-Approval of the use of services provided by the Business Incubator;
- Signing the contract.
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	1
	2
	3

	Business incubator of the Al-Farabi Science and Technology Park of the Kazakh National University.
	Established in 2012, the Student Business Incubator of the Al-Farabi Kazakh National University's Science and Technology Park is currently operating on the basis of 4 projects.
	

	IT project business incubator iStartUp
	collection of interesting projects from all over Kazakhstan in a wide range of areas in order to receive evaluation and recommendations from experts in all sectors of the project not only in Kazakhstan but also in other countries.
	

	Alma U business incubator
	The business incubator works on the accelerator principle - it anticipates intensive project development in the shortest possible time.
	

	KBTU Startup Incubator
	KBTU Startup Incubator allows each student with ideas to choose the most competitive and go all the way from MCI to MVP as part of the elective subject "IT-Entrepreneurship & Startups".
	

	Digital Сreativity Lab (Nur-Sultan)
	The creative laboratory of the Nazarbayev University Innovation Cluster (NURIS). a platform that combines and concentrates design, animation, photography and video art in one place. Our platform constantly hosts meetings of creative people who drive Kazakhstan's products and services to make them more beautiful and convenient.
	

	Youth Business Incubator (Nur-Sultan)
	The Youth Business Incubator functions as a co-covorking facility. A nutritious working environment has been created for all free artists, startup creators and young businessmen in the intellectually oriented market sector.
	

	A-Polygraphy Business Incubator (Aktobe)
	There are 6,000 square metres of production and office space available. Favourable conditions for SME development have been created in the business incubator. At the entrepreneurs' disposal are offices with all amenities, warehouses and areas for mini-productions. 
	

	Corporate Foundation "University technology business incubator "(Taraz)
	The founders of the Fund is on PVC RSE "Taraz state University. M. H. Dulati" MES, and the NGO "Promotion of sustainable development of regions "Tugan Lke".
The aim of the Fund is development of small and medium businesses (preferably in the field of innovation) through the creation of optimum (greenhouse) conditions for the incubation and establishment of new enterprises, helping to overcome obstacles, reducing the risk and increasing their chances of survival. The Foundation will fully support business initiatives at all stages from the origin of
ideas to their implementation in a socially useful product.
	

	Karaganda business incubator LLP (Karaganda)
	Business support services, consulting on all issues related to the introduction of a business.
	

	Business incubator KazGuIA (Semey)
	Business support training for managers.
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	3

	Centre for Entrepreneurship and Innovation Development LLP (Pavlodar)
	On the basis of the business incubator, beginners and existing entrepreneurs can receive the following types of services: advice on the explanation of government programmes; advice on accounting and tax issues; advice on market research; services for the development of business plans.
	

	Grant for commercialization of RNTD

	JSC Science Foundation
as a mechanism for transition to applied science with involvement of business
	up to KZT 300 million for a period of up to 3 years
	the project team must be no more than 7 people;
- Presence of a co-investor;

	JSC CITT
	grant for technological development of existing enterprises 
(grant amount: up to 70% of justified costs under the license agreement and/or up to 50% of justified costs for the purchase of equipment, but not more than KZT 400 million); 
- grant for technological development of industries (grant size: up to 70%, but not more than 500 million tenge); 
- a grant for the commercialization of technologies (grant size: up to 50% of justified costs, but not more than 200 million tenge).
	

	Crowdfunding platform

	Title
	Description Company
	Requirements

	iKapitalist
the first licensed investment and loan crowdfunding platform to provide loans directly to business from individuals.
	To date, financing has been proposed for the following purposes: business expansion, working capital and contract execution.
To investors:
The minimum investment amount is 300,000 tenge.
The investor pays 1% of the investment amount to the Platform.
	The annual declared amount of revenue must be at least 60 million tenge.
Positive growth dynamics
12 months on the market
The company must be profitable
The minimum amount of attracted investments is 10 million tenge.
Preparation of documentation takes 2 to 4 weeks, and fundraising takes up to 30 days.

	Start-time.kz
accepts applications for creative and socially significant ideas in all areas of activity
	Functioning since 2017
It is a platform based on offering awards and sponsorships 
To date, 88 projects have been registered on the platform, which attracted more than 25 million tenge (the platform transfers any amount transferred to the project). Successful projects are mainly sponsorship projects.
	Cost of cooperation:
Creation and placement of the project on Starttime is free. In case of successful completion of the project, the service deducts a commission of 2-8% from the raised funds, depending on the project. 

	Baribirge.kz 
was established in 2016.
Suspended for the time being
	It is a platform based on offering awards and sponsorships
 35 projects were registered on the platform, of which 10 raised the required amount of 7 million tenge (TED conference, nanny database, book, music album, product ordering website, music festival 2 social projects).
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Figure 1 - the Standard model of knowdledge
              Note - Developed by the authors based on sources [43-47]
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Figure 2-Crowdinvesting platform
  Note - Developed by the authors based on sources [43-47]
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Figure 1 - Structure of R&D expenditures for 2019, in million tenge
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Figure 2 - Expenditures on product and process innovations by funding sources for 2019, in million tenge
Note - Compiled by the authors based on sources [20-21]














Table 1 - Financing models for knowledge-intensive industries
	Model name
	Practice of application
	Advantages
	Disadvantages

	1
	2
	3
	

	The market model
	The United States of America, Canada, Australia and some European countries.
	- the early stages of the study are a priority for funding,
- financing covers a wide range of industries, 
- high investments in human capital,
- development of the financial market with available venture capital financing, 
- using the spill-over effect and open innovations.
	- low share of state participation in research financing,
- financial volatility and risks depending on the market situation,
focus on developing a non-linear process for creating innovative technologies.

	The cluster model
	Sweden, Denmark, Finland.
	- active participation of the state in the financing and development of technologies, which creates knowledge-based clusters,
- the state is directly involved in attracting other participants in innovative activities,
- the state carries out a phased implementation of the project, which proceeds from stage to stage,
- a high concentration of institutional investors who finance venture capital funds,
- the presence of an intra-cluster synergy effect,
- provides for external and internal sources of funding.
	- the state itself is not a source of financial resources,
- enhanced control over the innovation process.

	Corporate-government model
	Austria, Spain and Italy, Germany.
	- competitiveness in areas where high technologies are applied,
- the state ensures scientific and technological development,
- ensuring the stage-by-stage development of the project from initial development to the production of an innovative product and its implementation in various fields, technological development programs created by the state or industrial corporations are used,
- the presence of large corporations with their own research centers.
	- the government has a higher priority role than venture capital funds and companies operating in the field of high technologies,
- subject to inertia, in case of difficulties with the dissemination of innovative products in various industries.
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	Mezzo-corporate model
	Japan, China, Singapore, Korea
	- possibility of rational distribution of financial resources in innovative activities;
- reduction of expenses for research and development activities, which, in turn, makes it possible to respond immediately to changes in the situation.
	- Insufficient development of market institutions and dependence on foreign technologies;
- the closed nature of the innovation process within multi-industry corporations (mezzo).

	
Budget-based model
	
	- Increase in the volume of direct public funding (grants, subsidies, public investments, public loans);
- increase in the level of indirect public funding through the introduction of new and improved tax exemptions.
	-	a reduction in venture capital investment, private financial investments of companies and foreign investments;
- reduction in the volume of financing of enterprises through leasing operations.

	Corporate-oriented model
	Ireland, Luxemburg
	- increase in the volume of foreign investment and creation of a favourable investment climate;
- a predominant share of R&D expenditure from private sources with a significant volume of foreign investment in the innovation sector.
	- reduction of indirect government funding for R&D through tax incentives.

	Public-private funding priority model with low proportion of foreign investment
	
	- more advanced infrastructure solutions due to comparative advantage, based on the potential of both parties;
- faster and better completion of projects, and therefore faster distribution of profits;
- higher profitability of public-private financing projects, as combining the potential of both parties makes innovative design and financing approaches available.
	- weak "flexibility" of public-private financing contracts in general;
- conflict between the financial and social objectives of the project within the framework of public-private financing;
- asymmetry in the ability of public and private partners to evaluate and forecast projects;
- rather high complexity of implementing in practice the optimal distribution of risks among the PPP agreement participants;
- high level of corruption.
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	A corporate-oriented financing model with a high level of foreign investment
	
	- increase in domestic private financial investments in research and development and attraction of foreign investments;
- growth in the volume of financing innovative enterprises through leasing operations.
	- low share of state participation in research financing;
- reduction of indirect state financing of R&D through tax incentives.

	Public-private funding priority model with a high proportion of foreign investments
	
	- improved conditions for business organisation;
- creating favourable conditions for attracting private venture capital investors to finance innovations and attracting foreign investments;
- increasing the volume of long-term capital investments;
- favourable impact on the investment climate of a country or region and improvement of their credit rating;
- access to technologies of foreign companies (technology transfer);
- increased competition that stimulates the productivity of all competing companies;
- an increase in innovation activity;
- improving the qualifications of local employees.
	- the complexity of establishing contacts, the closed nature of management structures;
- the reluctance of some executive authorities to participate in solving the problems of foreign investors;
- lack of feedback on requests;
- inconsistency and selectivity in law enforcement;
- lack of transparency in decision-making procedures.
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Budgetary funding mechanisms are applicable for:


Development of human capital, including in the form of compensation for up to 90% of expenses for education and training.


Attracting top-notch researchers from abroad, who can not only benefit in the scientific community, but also act as business angels or partners of venture funds.


Expanding school broadband access and enhancing collaboration with industry to develop and test multimedia content on broadband.


Creation of umbrella programs aimed at increasing IT literacy among the population: increasing access to computers among low-income people, increasing the level of public confidence in online services, etc.


Maximizing the adaptation of the population to the online culture and improving accessibility for every resident.


The creation of a National Research Foundation, which will combine programs for the development of innovation in research centers in conjunction with international universities and will have a huge impact on the development of R&D.


Establishing national standards and an accredited body contributing to the development and promotion of an internationally recognized infrastructure quality standard for the development of science and innovation.


Creation of a tax incentive program for individual investor investments.


The private equity financing mechanism is applicable for:


Creation of investment funds with the development of acceleration and expansion programs.


Creation of an integrated space for start-up companies in the form of a flexible office space with thematic zones and a prototype laboratory.


Development of the Technology Incubation Scheme (TIS) Program - a maximum of 85% co-investment for each startup in the incubator.


Establishment of the Association of Venture Capital and Private Equity, which allows to unite the participants of the venture capital and private equity market.


Private equity financing mechanism is applicable for:


Increasing the volume of financing of enterprises through leasing operations.



Non private	Government 	Hegher education	Private	0.13	0.30000000000000032	0.16000000000000009	0.41000000000000031	


program-targeted financing	base funding	grant funding	innovative grants	0.62000000000000066	7.0000000000000021E-2	0.31000000000000033	0	
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