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THREE-LEVEL MODEL
OF THE NATIONAL INNOVATION SYSTEM OF UKRAINE

Introduction. For National Innovation Systems (NIS) playing an important role in building the modern economies, the
development and improvement of the NIS model of Ukraine is an urgent task.

Problem Statement. There are many models of NIS in the world but they cannot be used by Ukraine, since they do not
take into account the specifics of its socioeconomic development.

Purpose. To develop a model for the NIS of Ukraine containing a necessary and sufficient set of subsystems, elements,
and links between them and taking into account the specific features of the socioeconomic development of Ukraine.

Materials and methods. The scholarly research publications of domestic and foreign researchers, legal acts, methods
of analysis and synthesis have been used in the work.

Results. Based on system approach, a comprehensive NIS model has been obtained. It covers the four stages of the
innovation process and considers the impact of national and international innovation community on them.

Conclusions. A three-level model of the NIS of Ukraine has been proposed. It has necessary and sufficient number of
elements and connections between them for the implementation of the NIS functions. The model can be used as a tool for
preparing strategic decisions to optimize the NIS of Ukraine.

Keywords: national innovation system, innovation process, infrastructure, and model.

The development of knowledge-based econo- | vation system is a set of interlinked organizations
my in Ukraine implies creating conditions for the | (structures) engaged in the production and com-
transformation of R&D potential into a key re- | mercialization of scientific knowledge and tech-
source for sustainable economic growth [1]. The | nologies within national boundaries» [2, 22]. The
essence of innovation activity is the maximiza- | common thing for NIS is that they form such a
tion of socioeconomic effect by raising efficiency | system of relationships between science, industry,
of the use of intellectual labor (intellectual capi- | and society, in which economic development is
tal). A universal tool for transforming the results | based on innovation.
of intellectual work into innovative products or In works [3—6], several dozen NIS models have
innovative services is National Innovation Sys- | been analyzed for both advanced economies and de-
tem (NIS). Therefore, the development of NIS | veloping countries, in particular, for Ukraine. This
models and their improvement arean urgent task | analysis shows that the systems differ in the number
for each country. of elements, the presence or absence of links be-

There are many definitions of the NIS in the | tween the elements, the strength of the links, and
literature [2], in particular, «The national inno- | the openness or closeness to the international inno-
vation environment. There is no holistic view of
© TSYBULOV, P, 2018 NIS, its elements and their interaction [2].
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In our opinion, the existence of so many differ-
ent NIS models is explained by, at least, two rea-
sons: firstly, by different levels of socioeconomic
development of the countries, and secondly, by
the lack of consistent understanding of the sys-
tem concept.

The official definition of the NIS of Ukraine is
given in the Concept of the National Innovation
System development [7], «The national innova-
tion system is a set of legislative, structural, and
functional components (institutions) involved in
the process of creating and applying scientific know-
ledge and technologies and defining legal, econo-
mic, organizational, and social conditions to as-
sure the innovation process». This document also
specifies that the National Innovation System in-
cludes the following subsystems: state regulation,
education, knowledge generation, innovation in-
frastructure, and production.

This definition cannot be a reliable basis for the
development of the NIS model of Ukraine, since
it does not include such subsystems as the imple-
mentation of innovative products, as well as an
innovation environment. At the same time, the
subsystem «education» is unnecessary, because it
is a separate self-sufficient system. There are no
links between the subsystems, and the system fea-
tures related to Ukraine’s transition from a plan-
ned to a market economy are neglected.

A mere replication of the best foreign NIS mod-
els, even the triple helix model byH. Etzkowitz
and L. Leydesdorff [8, 9], is a wrong way for Uk-
raine, insofar as the mentioned models are desig-
ned for the countries with high level of socioeco-
nomic development. Therefore, it is necessary to
develop NIS models which take into considerati-
on all specific features of Ukraine, including, the
historical aspects.

The purpose of this research is to develop a
model of the NIS of Ukraine, which contains the
necessary set of subsystems and their elements
sufficient for its proper operation, establishes the
links between them, and takes into account the
peculiarities of the transition of Ukraine from the
planned to the market model of economic devel-

opment. The research is based on monographs,
scholarly research articles, reports, dissertations
of domestic and foreign researchers, legal acts
and regulations, and results of scientific discus-
sions. The author has used methods of analysis,
synthesis, and systematic approach principles.

Comprehensive approach to NIS model for-
mation. «System» is the key word in the «na-
tional innovation system» collocation. There are,
at least, several dozen definitions of the term
«system», however, no single generally accepted
interpretation of it has been given [10]. In [11]
there is a definition «System is complete holistic
set of elements (components)linked to each other
and interacting in such a way as to realize the sys-
tem function».

The elements of system are objects and sub-
jects of innovation activity and links between
them. The links are elements that realize a direct
interaction between the elements (or subsys-
tems) of the system and the elements and subsys-
tems of the environment [11].

Having analyzed the numerous definitions of
«system» one can determine the properties com-
monly found in the system:

+ The system is the whole of subsystems (ele-
ments);

+ Both subjects and objects of innovation activ-
ity as well as links between them can be the
system elements;

+ The links between the elements must be stron-
ger than those between them and the elements
of environment;

+ The system elements must be linked to each ot
her in such a way as to assure the system func-
tion.

It should be noted that the system can be an
element of other higher order system (supersys-
tem) and/or include lower-order systems (sub-
systems). Hence, «element», «subsystems», «sys-
tem», and «supersystem» are interconverted con-
cepts.

Principal model of the NIS of Ukraine. Pro-
ceeding from the above mentioned concepts and
properties of the system and having considered
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the results of innovation process studies [12, 13],

a NIS model that consists of the three interrelat-

ed subsystems has been developed (Fig. 1):

+ Innovation process subsystem (IPS);

+ Subsystem of government support to innova-
tion activity (SGSIA);

+ subsystem of international relations in the field
of innovation (SIRFT).

These subsystems are linked to each other in
such a way as the SGSIA is a system with respect
to the IPS, with SIRFI being a supersystem with
respect to SGSIA.

The subsystems are related to each other with
both direct and inverse links. The STRFT is linked
to the TIPS mainly via SGSTA. Let us consider
models of each subsystem separately.

Innovation process subsystem (IPS) model.
If the manufacture of innovation products is a
process starting withinventions or other intangi-
ble results of intellectual labor and ending with a
profit-generating innovation (innovation prod-
ucts, innovation services, and innovation works)
[12], it is advisable to consider its stages as ele-
ments of innovation process subsystem. Joseph
Schumpeter [12] distinguished the three stages:
research, development, and diffusion. H. Carpen-
ter counted the six stages, including formulation
of purposes of innovation and realization of ideas
[13]. There are models with more stages [14].

Historically, since the time of planned econo-
my, Ukraine, like many post-Soviet countries, has
got an innovation process model consisting of the
four stages: research, R&D and design works,
manufacture, and supply [15]. While transiting
to the market economy, only the supply stage has
undergone a significant transformation. This sta-
ge that was typical for the planned economy, un-
der the market economy conditions, has trans-
formed into commercialization.The research sta-
ge has remained almost unchanged. At the R&D
and design works stage, the number of R&D and
design institutes has decreased essentially, but
their infrastructure has not altered radically. At
the manufacture stage, many industrial corpora-
tions have been privatized, but their infrastruc-

ISSN 2409-9066. Sci. innov. 2018, 14(3)

SIRFI

2 |

SGSIA

L2 |

Purposes
of innovation ) map
activity

- Profit / social
effect

Fig. 1. Triple-level model of the national innovation system

of Ukraine: — Innovation process subsystem (IPS); — Subsys-

tem of government support to innovation activity (SGSIA); —

subsystem of international relations in the field of innova-
tion (SIRFI)

ture has not changed much. Thus, the innovation
process stages were formed as far as in the Soviet
time, except for the commercialization one, and
have remained almost unchanged.

Let us reproduce the innovation process sub-
system model considering the mentioned above
concepts and properties of the system, as well as
the history of Ukraine’s economy, in the follow-
ing way (Fig. 2).

Fig. 2 shows the model «from idea to commer-
cialization of innovation products in the market»
belonging to Schumpeter’s linear model [12] that
recently has been compared with the nonlinear
(interactive) model considering both direct and
inverse links between the model elements [14].
Naturally, the latter is often appliedin the case of
specific innovation, when a new idea that appears
even at the last stage of innovation processcan be
a trigger for the first stage (Fig. 2). However, as
for the national innovation system that general-
izes a lot of innovations, the integral linear model
(Fig. 2) is more suitable. The ultimate outcome of
this subsystem is economic benefit (for instance,
profit) from sales of innovation products, services
or works or other (social) benefit.

The first stage of innovation process is survey
works, fundamental andapplied research. The
fundamental research aims at getting new knowl-
edge or understanding of fundamental aspects
(facts and phenomena), which are not directly re-
lated to the development of specific product or
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Fig. 2. Innovation process subsystem model

technology. The surveying R&D works are the
works aiming at expanding knowledge to deeper
understand the studied subject, to forecast sci-
ence and engineering development, and to study
how to use the discovered phenomena and regu-
larities. The applied R&D works are the works to
address specific scientific problems for creating
new products and technologies [15]. Mainly at
this stage, the intellectual property securing the
competitive ability of products is created.

At the second stage, new products and tech-
nologies are designed. The main outcomes of
these works are design documents and specifica-
tions, manufacture and testing of samples.

At the third stage, the manufacture of innova-
tion products is prepared and mastered. In broad
sense, the innovation products are goods, services
or works based on outcomes of intellectual or
creative labor.

The main objective of the fourth stage isto ob-
tain an extra (innovation) profit or other (social)
benefit from sales of innovation products.

Infrastructure is an important component of
the innovation process subsystem, insofar as it
helps realizing the processes of each subsystem
element. According to the model, the processes at
each stage (element) are primary, while the infra-
structure is secondary. The infrastructure is not
generalized for the whole subsystem, it is consid-
ered separately for each subsystem element.

The «research» element infrastructure is based
on R&D institutions and organizations of all ty-
pes of ownership, in particular, R&D institutes of
the national and industrial academies of sciences,

universities, and industrial R&D institutes, etc.
This infrastructure is inherited from Soviet Un-
ion almost unchanged. Concentration of R&D in
the government sector at a low innovation activ-
ity of the industrial sector is typical for Ukraine,
like for other post-Soviet countries, in particular,
Russia [22]. In addition, the post-Soviet innova-
tion systems have regressed as aresult of broken
system elements, and, consequently, reduction in
the system capacity as a whole [23].

The analysis of foreign experience has shown
that the NIS definitely meets socioeconomic rela-
tions andproduction capacity of the country, i.e.
the NIS must be formed individually for each
country [22].

The «design» element infrastructure includes
industrial R&D and design institutes, pilot facto-
ries of the national and industrial academies of
sciences, design offices, technological clusters,
science parks, technology parks, business incuba-
tors, engineering firms, etc.

The «production» element infrastructure main-
ly consists of organizations and corporations of
government, municipal, and private ownership,
which manufacture innovation products or pro-
vide innovation services or works.

The «commercialization» element infrastructu-
re is sellers and buyers of innovations, as well as
market entities, both individuals, and corporates.
It should be noted that the innovation market
has three segments: the intellectual property mar-
ket, the innovation project market, and the mar-
ket of innovation products (ready- to-use goods
and services). Therefore, depending on the mar-
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ket segment, its infrastructure varies. For exam-
ple, the subjects of all three preceding elements of
the subsystem can act both as seller and as buyers
of innovations.

To ensure the integrity of the subsystem the
links between its elements must be taken into
consideration. As experience shows, the links are
a weak point of the NIS of Ukraine. This is ex-
plained by the fact that different stages are reali-
zed by different groups of people: scholars, deve-
lopers, manufacturers, and market experts. These
groups have weak relations between each other
and often do not understand each other. There-
fore, one more group, the innovation or technol-
ogy brokers, is required. They have a holistic un-
derstanding of innovation process and are capa-
ble of establishing links among all elements of the
subsystem. They create one more element of the
subsystem, the «brokerage» (Fig. 2).

«Funding» is an important element of the in-
novation process subsystem.The subsystem as a
whole cannot perform its function unless the
processes and infrastructure of each its stage are
properly funded. It should be noted that funding
can be realized not only as direct financing but
also as economic aid astax relief or other privi-
leges. In Ukraine, the «research» stage is funded
mainly from the consolidated budget. However,
the government cannot fund the second and the
third stages of innovation process subsystem, sin-
ce, according to expert data, «research» to «de-
sign» to «manufacture» funding ratio is 1:10:100.
Hence, to fund the second and the third stages it
is necessary to attract investors. The creation of
the National Research Fund has been foreseen by
the Law of Ukraine on Science and R&D Activi-
ties for partial funding of innovation projects at
the initial stage [16].

Model of the subsystem of government sup-
port to innovation activity (SGSIA). The inno-
vation process subsystem is self-sufficient since it
is able to realize the innovation process in full,
from formulating the purpose of innovation activi-
ty to gaining an economic or social effect (Fig. 2).
However, this subsystem operates under the in-
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Fig. 3. Subsystem of government support to innovation ac-
tivity

fluence of government and this influence can sig-
nificantly modify the ultimate outcome (Fig. 1).
The government influence, upon the results of
expert surveys, is realized chiefly in the four ways:
political, legal, economic, and social ones [17].

The main objective of SGSIA (Fig. 3) shall be
to create favorable conditions for the operation of
innovation process subsystem. This subsystem
shall nourish the effective operation of IPS. Gov-
ernment attempts to interfere in the innovation
activities management, moreover, in specific in-
novation projects are a wrong way. This is em-
phasized by R. Nelson [18] who objects to any
stiffcentralized government regulation and plan-
ning within the NIS framework.

The SGSIA consists of politics, legal, econom-
ic, and social institutions that establish and en-
sure compliance with regulations, rules, and re-
quirements in the innovation field. Pursuant to
the given NIS model (Fig. 1), the SGSIA includ-
esthe four elements: political, legal, economic,
and social support (Fig. 3).

The subjects of «political supports» element are
the Administration of the President of Ukraine,
Verkhovna Rada of Ukraine, Cabinet of Ministers
of Ukraine, industrial ministries, political parties,
NGOs, etc. The main objectives of this subsystem
are to determine the strategy for innovation de-
velopment of Ukraine and priority directions of
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science and engineering development, as well as
the strategy for Ukraine’s transition to the inno-
vation development model, adoption of govern-
ment target programs, assignment of functions
concerning the government support to innova-
tion activities among central government bodies,
etc.

The main subjects of «legal support» element
are Verkhovna Rada of Ukraine, Ministry of Jus-
tice of Ukraine, parliament members and central
government bodies and self-governing bodies,
which have the right to legislative initiative. The
main objective of this element is to create laws of
Ukraine and bylaws regulating the legal relations
between the entities involved in innovation ac-
tivities. As of today, a rather large number of laws
and bylaws in the field of innovation activity has
been ratified [19]. However, there are many is-
sues related to transfer of rights to intellectual
property created at the expense of government
funds, as well as the issues of public-private part-
nership in innovation activity, which have not
been regulated by law. The implementation of the
Law of Ukraine on Science and R&D Activities
in terms of the creation and operation of the Na-
tional Research Fund of Ukraine, etc. has not
been completed [16]. This element of the NIS
shall be systematically improved.

Usually, the government supports the innova-
tion process both in monetary form and indirect-
ly, by means of tax relief and other privileges. The
government finances, mainly, the first stage of the
innovation process, the scholarly research. The
Law of Ukraine onScience and R&D Activities
[16] establishes this funding at a rate of 1.7% of
GDP. However, at parliament hearings [20], it
was stated that funding of science and R&D ac-
tivities from the national budget makes up only
0.27% of GDP that is much less than the critical
amount (0.9%). The sustainable innovation de-
velopment is impossible if the funding is under
the minimum amount.

The science funding from the national budget
shall be certainly added. However, even under
such a miserable funding it is possible to raise its

efficiency, for instance, due to optimal realloca-
tion among the objects to be financed, including
by means of competitive funding. The other way
to increase the financial support is to create favo-
rable conditions for attracting domestic and for-
eign investors.

Tax relief for small innovative business, exemp-
tion from customs duties on scientific equipment
and chemical reagents, facilitation of engagement
of Ukrainian researchers in international R&D
projects, etc. are additional resources for financial
support of the innovation process.

The «social support> element is important,
first of all, because it ensures a high level of social
security for those who create new knowledge and
intellectual property, which underlie any innova-
tion. The social security of researchers, as perthe
Law of Ukraine on Science and R&D Activities
[16], is important, but not sufficient means to
raise a prestige of researcher job. The junior re-
searcher salary is half the average wage in Ukraine
[20]. Science and R&D activities are not popular
in the society. As a result, every year the number
of researchers engaged in science and R&D ac-
tivities decreases [21].

The studies have shown that the SGSIA is
characterized by structural deformation, institu-
tional incompleteness, lack of coordination and
misbalanced elements [2] and needs to be up-
graded and finalized.

Model of the subsystem of international rela-
tions in the field of innovation (SIRFI).This-
modelhas the same structure as the SGSTAmodel.
It has the same elements — political, legal, eco-
nomic, and social ones. However, the mechanism
of influence of this subsystem on the innovation
process subsystem is different. It is realized, main-
ly, through the SGSIA, however, direct links be-
tween the SIRFI and IPS are possible as well.

Foreign partners in innovation activity are in-
volved in all segments of R&D works in Ukraine.
There are joint ventures, partnerships within the
framework of contract-based research, and joint
R&D projects. The number of western corpora-
tions that make contracts with Ukrainian R&D
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institutes for carrying out commercial research.
The Ukrainian research institutions make efforts
to mobilize foreign support and to carry out con-
tract-based research. Dozen American and Euro-
pean government and nongovernment funds and
organizations provide support to noncommercial
R&D activities in Ukraine. Ukrainian research-
ers receive grants and exchange staff and experi-
ence within the framework of European programs.
These activities are regulated by international
agreements and EU Directives in the field of in-
novation.

This subsystem is expected to have a favorable
effect on the operation of the NIS of Ukraine as a
whole. This assumption is based on signed EU-
Ukraine Association Agreement and Ukraine’s
membership in EU Horizon 2020 Program, etc.

The share of sold innovation products in the
total industrial products sold in Ukraine makes
up only 1.4% (as of 2015) [21]. This means Uk-
raine needs to use foreign-made innovation prod-
ucts. In the near future, the science sphere will

completely collapseas a result of its misfunction-
ing and functional capabilities of other elements
of the innovation process subsystem of the NIS
will substantially degrade with respective conse-
quences for the economy as a whole, unless cardi-
nal measures are taken.

Ukrainestill has favorable preconditions (rath-
er high level of research results, a large number of
researchers, developed infrastructure of R&D in-
stitutions) forpreventing a downshift to the in-
novation users [23] and for joining the innova-
tors in the future.

The proposed triple-level model of the NIS of
Ukraine, which has required and sufficient num-
ber of elements for its operation can be used as a
convenient tool for preparing strategic decisions
on optimization of the NIS of Ukraine. The mod-
el enables to comprehensively study the influence
of specific subsystems, subsystem elements,
strength of links between them, etc. on the ulti-
mate outcome of the system functioning, namely,
on achieving an economic or social effect.
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TPUPIBHEBA MOJIEJIb HAIITOHAJIbHOT
IHHOBAIIIMHOT CUCTEMU YKPATHU

Beryn. Hauionasnbhi innoaniiini cucremu (HIC) Bigirparorh BaskIUBY poJib y m0OYIOBI Cy4acCHUX €KOHOMIK, TOMY
pospobka it Brockonanerns mogeni HIC Ykpaiuu € akTyaabHUM 3aBIaHHAM.

IIpo6GaemaTuka. Y csiti iciye 6araro mogeseil HIC, oqHak BoHM He MOKYTh OyTH BUKOPUCTaHi YKpPaiHoIo, OCKIJIbKY He
BPaxoBYIOTh 0COBIMBOCTEI] 1T COIIa/IbHO-EKOHOMIYHOIO PO3BUTKY.

Mera. Pospo6ka mozesni HIC Ykpaitu, 10 MicTuTh HeoOXigHWii i gocraTHiii s BukoHanHs GyHkuin HIC Habip min-
CHCTEM, €JIEMEHTIB 1 3B’3KIB MisK HUMU, a TAKOK BPAXOBYE 0COOJIUBOCTI COIIa/IbHO-eKOHOMIUHOTO PO3BUTKY YKpaiHMU.

Marepianu it mMeroau. B po6oTi BUKOPHUCTAHO OIJIsii HAYKOBUX IyOJiKalliil BITYM3HSAHUX 1 3apyOisKHUX BUEHUX,
HOPMATUBHO-IIPABOBI aKTH, METO/IM AHAJI3Y I CHHTE3Y.

Pesyapratn. Ha ocHoBi cuctemHoro miaxony orpuMano KomriekcHy moziens HIC, 1o Bkirioyae wotupu crajiii innoBa-
ITHOTO TIPOIIECY, @ TAKOXK BPAXOBYE BIJIMB HA HUX /IeP>KaBH i Mi>KHApOHOTO iIHHOBAIIHHOTO CIiBTOBAPHUCTBA.

BucnoBku. 3anpornoHoBaHo tTpupisHeBy Mozesab HIC Ykpainu, sika Mae HeoOXiJIHY U JOCTaTHIO KiJIbKICTh €JIEMEHTIB
i 3B'A3KiB Misk HUMM JUIst TOBHOLIHHOTO (byHKIionyBaHHss HIC. Mozesb Moke OyT BUKOPUCTAHA SIK IHCTPYMEHT JIJIst T1iji-
TOTOBKHM cTpaTeriynux pimens ontumizanii HIC Yipainn.

Kniwouoei cioea: HanlioHaTbHA iHHOBAIITHA cCHCTeMa, IHHOBAIIITHUH TIpoTiec, iHDPacTpyKTypa, MOJIETb.
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TPEXYPOBHEBAS MO/ZIEJIb
HAIIMOHAJIbHOY MHHOBAITMOHHO CUCTEMBI YKPANHBI

BBenenne. Hammmonanpaere nunoBarmonnsie cucteMbl (HMC) nrpaior BaskHyio posib B TIOCTPOEHUHN COBPEMEHHBIX
HKOHOMUK, TI09TOMY pa3paboTKa u cosepiieHcTBoBaHue Mojean HVC YkpauHbl sBJsIeTCS aKTyalbHOI 3aaueil.

IIpoGaemaruka. B mupe cyuiectByer muoro mozesneit HVC, ogHako oHu He MOTYT ObITh UCIOJIb30BAHBI YKPAMHOM,
MTOCKOJIBKY HE YYUTHIBAIOT OCOOEHHOCTEN €€ CONUaTbHO-9KOHOMUYIECKOTO PA3BUTHS.

Iexnn. Paspaborka mogenn HUC Ykpautsbl, copepskanieil HEOOXOAUMBIN 1 0CTATOUHbIH /s BHINOJHEHUST (yHKIIIA
HWC nabop noacucreM, 971eMEHTOB 1 CBSI3eH MeK/y HIMHU, & TAKJKE YUUTBIBAKOIIEH 0COOEHHOCTH COIMAIbHO-9KOHOMUYEC-
KOTO Pa3BUTHS YKPAWHBI.

Marepuaisl u MeTO/bl. B paboTe UCI0/Ib30BaHbl HAYUHbBIE ITyOJIUKAIIUN OTEUECTBEHHBIX U 3apyOeKHBIX YUEHBIX, HOP-
MaTHUBHO-TIPABOBbIE AKThI, METO/IbI AHATTN3A U CUHTE3.

PesyabraTel. Ha ocrnoBe cucremuoro mojaxoza nosydena komiiekcnast mozesnb HUC, Bkiouaionas yeTbipe CTajnu
WHHOBAIMOHHOTO TIPOIIECCa, a TAK)Ke YIUTHIBAIOIIA BO3/IENICTBIE HA HUX TOCYAApCTBA U MEKAYHAPOIHOTO NHHOBAIMOHHO-
ro coo0uiecTsa.

BeiBoabi. [Ipeiokena Tpexyposresast Mogeab HVC Ykpautbl, KoTOpast MMeeT HeoOXOAUMOe 1 I0CTATOUHOE KOJIH-
YECTBO 3JIEMEHTOB U CBsI3€eil MEKLy HUMU JIJIs1 TIOJHOLeHHOTO (hyHKimonuposanus HUC. Mogesb MoKeT GbITh UCIOJIB30-
BaHa B KaueCTBe MHCTPYMEHTA JIJIST TIOJTOTOBKY cTparernueckux petenuit mo ontumusanu HUC Ykpannbr.

Kniwouesvie crnosa: HallMOHaJ/IbHad MHHOBAIIMOHHAsA CUCTEMA, HHHOBaHHOHHbeI Tpomnecc, HH(bpaCprKTypa, MOZEJIb.

ISSN 2409-9066. Sci. innov. 2018, 14(3) 13



