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FORECAST OF BIOTECHNOLOGY TRENDS
IN THE WORLD AND IN UKRAINE BASED
ON ANALYSIS OF PUBLICATIONS AND PATENTS

Introduction. Modern biotechnology is among the top priorities in every advanced economy.

Problem Statement. Successful management of technology development requires an unbiased analysis of scholarly
research results and their forecasting. The correspondence of technological development to the world trends plays an
important role in ensuring the economy’s competitiveness.

Purpose. The purpose of the study is to determine the world trends in scholarly research and developments in the field
of biotechnology, as well as the correspondence of the situation in Ukraine to the world trends.

Materials and Methods. Bibliometric and patent analysis is one of the most common tools for analyzing the current
state, promising directions of scholarly research and commercial use. This research presents the results of analysis of the
world and Ukrainian trends in publication and patent activities in the sphere of biotechnology for 2000—2015, as well as
forecasts for 2016—2019. The trend models have been constructed for forecasting. Biotechnology-related publications of
SCIlmago Journal & Country Rank portal, Science Direct database, and Vernadsky National Library of Ukraine abstract
database, as well as patents of the World Intellectual Property Organization database have been used.

Results. The forecast results have shown an upward tendency in the global amount of publications and patents in bio-
technology, in the coming years. In all areas of biotechnology, the share of Ukrainian publications in the global space of bio-
technological research is extremely small. Among the analyzed areas, the largest forecasted share of Ukrainian origin pub-
lications in international databases belongs to Materials Science — Biomaterials and amounts to 0.3% on the global scale.
The patenting of Ukrainian developments at the international level, provided the existing trend is maintained, will also remain
ata very low level (0.05% on a global scale). China and the USA, which have a share of 33. 1 and 24.9%, respectively, will keep
leadership in this direction The total number of patents belonging to the EU Member States (28) will reach about 18.1%.

Conclusions. For today, Ukraine has certain advantages in the development of biotechnology in the field of agriculture,
which can become the basis for the development of national bioeconomy. Consequently, in the agricultural sector, state
support is needed to implement the existing developments by encouraging business. At the same time, in the medical field,
there is a significant gap between Ukraine and the leading countries, thus the government should focus efforts on supporting
research in this area in order to make its results ready for patenting.

Keywords: biotechnology, bibliometrics, patent, correlation, trend, and forecast model.

In Ukraine, the implementation of national re- | economic mechanism for the development and
search programs in biotechnology is characte- | commercialization of biotechnology research in
rized by a low level of commercialization of the | Ukraine significantly slows down the formation
results in previous years. Uncertainty in the theo- | of the sixth technological structure, does not en-
ry and methods of forming an organizational and | able to quickly and effectively increase the com-
petitiveness and investment attractiveness of the
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Bibliometric and patent analysis is one of the
most common tools for analyzing the current
state and promising directions of scientific and
commercial development. The close link between
scholarly research publications and patent acti-
vity is a key to success of science and commercia-
lization of research results.

There is a large number of publications dealing
with to various aspects of scholarly research and
their links with the practice in the field of bio-
technology.

Research on the development of science and
technology and their interaction in the field of
biotechnology based on bibliometric analysis has
been carried out [1] using a specialized abstract
database of publications Derwent Biotechnology
Abstracts.

The study of publishing activity in the field of
bioinformatics has shown the leading role of such
countries as the USA, Great Britain, Germany,
Japan, India, and China [2]. The highest growth
rate of publications in this area has been reported
for China and India, despite a short history of
research.

The close relationship between scholarly re-
search and patent activity, in particular, for the
researchers from academic circles, is shown in [3].
The research focuses on the analysis of citations
of scholarly research publications in patents and
vice versa, as well as on the patent activity of uni-
versities.

The need for the use of bibliometric indicators,
especially for assessing the level of scholarly re-
search and achievements in transition economies
that undergo structural transformations not only
in the economy, but also in the national research
and innovation system, has been emphasized in
[4]. The author has opposed the objectivity of
this approach to certain subjectivity and bias,
which are inherited even in anonymous peer re-
view in the case of interdisciplinary research or
research in new directions. Using bibliometric
indicators allows for greater objectivity in re-
search and engineering policy in the case of li-
mited resources.

Scientometric analysis is used to analyze the
positioning of countries in the world scientific
and technological space and to identify the ad-
vantages and underdeveloped areas in the field of
biotechnology. In particular, a detailed analysis of
the citation indices of the works of Russian re-
searchers as compared with researchers from the
United States and China has been carried out in
[5], which enables to identify chemistry and ma-
terials science as the most advanced areas of bio-
technological research.

The importance of bibliometric and patent
analysis to assess the R&D in new areas has been
underlined in [6], where a detailed analysis of exis-
ting approaches and indicators used in the devel-
opment of nanotechnology research has been ma-
de. Similarly, bibliometric and patent analysis has
been used in [7] to identify directions and struc-
ture and to evaluate the interpenetration of bio-
technological R&D in food industry, which makes
it possible to reveal an increase in the concentra-
tion of developments in narrow areas of expertise
in the EU and the USA, despite interdisciplinar-
ity of biotechnology.

The prospects of bibliometric analysis for as-
sessing the trends in scholarly research and their
impact by example of biotechnological develop-
ments in pharmaceuticals has been shown in [8]. In-
ternational communications and cooperation in
the field of biopharmaceutical developments are the
subject of bibliometric analysis [9] that shows the
close links between research conducted by TNCs
from the USA, the EU and others in this area.

The patent analysis is used as a quantitative
approach to the technology analysis in order to
avoid unsustainable results that often occur with
the use of qualitative approaches such as Delphi
expert surveys, scenario analysis, road mapping,
where results can be subjective and dependent on
knowledge and experience of individual expert.
The patent is one of the sources of objective data,
and the technology analysis is an important as-
pect of technology management. In turn, the re-
search and engineering policy depends on the re-
sults of the technology analysis [10].
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An important advantage of the patent research
is the openness of patent documents and the com-
pleteness of the technical component [10].

J. Choi, S. Jun, and S. Park use patent analysis
to manage sustainable technologies that provide
technological competitiveness and economic
growth both for the country as a whole and for
individual corporations [10]. Scholars offer their
own approach to the patent analysis in order to
identify sustainable technologies, which consists
in building a diagram of the hierarchy of techno-
logies by finding the causal relationships between
the technology keywords [10].

The research by H. Noh, Y. Jo, and S. Lee deals
with strategic approaches to keyword analysis
for further application of text-mining to patent
data. The authors solve the following tasks: what
element of the patent documentation should
be used to select a keyword; which methods of
choosing a keyword should be used; how many
keywords should be chosen; how to convert a
keyword into a format suitable for data analy-
sis [11].

In addition, research is being conducted to
develop a methodology for estimating the value
of corporate patent portfolios for strategic plan-
ning and technology management [12].

S. Kortov with coauthors analyzes the patent
landscapes in the field of 3D-printing in general
and in its individual areas: additive machines, se-
lective laser sintering of ceramic materials, fusion
of material in a pre-formed layer [13]. Within the
framework of the proposed methodology, the
analysis of patent landscapes concerning promi-
sing technologies for the development in a spe-
cific region has been carried out.

Sunghae J., Sang Sung P., and Dong Sik J. have
proposed a method for forecasting technologies
based on various techniques of patent data analy-
sis [14]. The research is based on patent docu-
mentation in the areas related to biotechnology.
The authors use the time series analysis (ARIMA)
to study the dynamics of the total number of pat-
ents related to biotechnology (in accordance with
the WIPO International Patent Classification Co-
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de), the association rule (ARM), and clustering
of patents.

In [15], the authors have studied patents de-
veloped in Ukraine on the basis of information
from the specialized database Inventions (Utility
Models) in Ukraine of the Ukrainian Institute of
Intellectual Property [16]. For the analysis of
patents in the field of biotechnology, the search in
the database was carried out by WIPO Interna-
tional Patent Classification Code, which accor-
ding to the table of correspondence of technolo-
gies relate to biotechnology.

Thus, the analysis of patent information is an
approach that often used to identify trends, com-
petitive advantages, strengths, and weaknesses in
technology at the macro-, meso-, and micro- le-
vels. In the complex, bibliometric and patent ana-
lysis is a key tool for identifying the most promi-
sing areas of research and commercialization of
research results.

The purpose of this research is to determine
the world trends in biotechnology R&D, as well
as the correspondence of the situation in Ukraine
to the world trends.

The task of this research is to analyze the state
and to forecast the scale of scientific and techni-
cal support for the development of biotechnology
in Ukraine and in the world based on data about
the publication and patent activities.

THE MAIN BODY OF THE RESEARCH

The analysis of publishing activity has been
carried out in the context of separate scholarly
research directions and knowledge branches in
biotechnology. The patent activity has been stu-
died only for biotechnology as a whole. The time
series covered the period of 2000—2015. The
publication and patent activities have been built
on the global scale, distinguishing leading coun-
tries by the number of publications and patents,
as well as for Ukraine. Parameters and characte-
ristics of trend models have been calculated using
software package Statistica 8.0. The determina-
tion coefficient (R?) is used to assess the adequa-
cy of the obtained equations, the significance of
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the coefficients in the equations has been deter-
mined using the Student (St) and Fisher (F) sta-
tistics, and the mean absolute percent error
(MAPE) as a measure of forecast accuracy has
been calculated.

The data of SCImago Journal & Country Rank
portal [17] was used to analyze the publishing ac-
tivity of the world countries and to identify
promising areas for research in biotechnology and
related areas. The results of this analysis have
made it possible to identify those countries where
the most active biotechnology research is carried
out and to determine the most promising areas of
research. The analysis has been conducted in the
biotechnology subject area and is related to the
following:

+ biochemistry, genetics and molecular biology —
biotechnology;

+ chemical engineering — bioengineering;

+ engineering — biomedical engineering;

+ immunology and microbiology — applied mic-
robiology and biotechnology; and

+ materials science — biomaterials.

The dynamics of the number of publications in
the whole world is best described by the follo-
wing logistic trend:

biotech

yWorld (t) = 1450214/(0366 + €xXp (70193* t),
R2=0.97; St, = 10.40; 5t, = 9.62; St, = —6.14;

F=1347.98; MAPE = 5.8%

where ¢ is time, ¢ = 0 corresponds to 2000 year.
The confidence level in this and all subsequent
models is, at least, 0.05, unless otherwise specified.

The number of publications in biotechnology
within the framework of related biochemistry, ge-

Table 1

Trend Models of the Number of New Publications in Biochemistry,
Genetics, and Molecular Biology — Biotechnology

Total for the EU countries

World

Germany

R2=0.97; St, = 11.07; St, = 11.64; St, = ~7.74; F = 2100.93; MAPE = 5.0%
Y bioteeh () = 6269.71,/(0.445 + exp (<0155 - £)),
R2=098; St, = 17.42; St, = 9.28; St, = —6.55; F = 2690.64; MAPE = 4.0%

Country Model
United Kingdom Y e inadon(£) = 873.3015 + 54.3765 - ¢,
R?=0.92; St, = 22.77; St, = 12.49; F = 155.89; MAPE = 5.3%
Germany Y bioteeh () = 1104.78,/(0.494 + exp (—0.236 - 1)),

R2=0.91; St, = 11.90; St, = 16.97; F = 844.25; MAPE = 7.9%
(6) = 176.52/(0.0245 + exp (~0.4464 - 1)),
R?=0.96; St, = 1.79, (p < 0.1); St, = 1.95, (p < 0.1); St, = =5.73; F= 305.91; MAPE = 12%
(¢) = 509.98/(0.1771 + exp (~0.1886 - £)),
R2=098; St, = 10.78; St, = 9.32; St, = ~7.87; F = 1503.39; MAPE = 6.4%
Y bioteeh (1) = 3753.87/(0.517 + exp (~0.219 - £)),
R2=0.93; St, = 7.01; St, = 7.13; St, = ~4.37; F = 767.20; MAPE = 5.4%
()= —6.231-£ +122.034 - ¢ + 1511.154,
—~3.49; St, = 4.39; St, = 16.85; F = 1117.17; MAPE = 5.9%

i biotech
Indla Y India
: biotech
Chlna Y China
biotech
Korea Y Korea
USA
Japan Y biotech
p Japan
R =0.68; 5t, =
i biotec
Ukraine Y,
Total in the world 'y biotech

(¢) = 14502.14/(0.366 + exp (~0.193 - £)),
R*=0.97; 5t, = 10.40; St, = 9.62; St, = —6.14; F = 1347.98; MAPE = 5.8%

(¢) = 632.83 - exp (0.1178 - 1)),

(1) = RND_N (28.31;16.25),

Information is taken from authors’ sources.
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netics and molecular biology in all world countries
was constantly increasing in 2000—2015 [17].

A slight decrease in the number of publications
was reported in 2010, which most likely was a
late effect of the 2007—2008 global financial cri-
sis. The fall in 2015 in this direction, as in other
areas considered, was caused by a delay in the
processing of publications.

For 16 years, the average annual growth rate of
the world publications was 6.6%. The biotechno-
logy research was most rapidly developing in
2004—2009. Since 2009, the growth rate has de-
creased, which may be a result of suspended re-
search during the crisis period. Thus, it can be
stated that in the world, there is a constant scien-
tific interest in biotechnology.

According to the analysis of the dynamics of
publications by countries in biotechnology, the
number of publications in China has been gro-
wing at the highest pace, so from 2013, China has
overtaken the USA that was the previous leader
in this direction. A growth is reported for almost
all countries, except Japan, where the number of
publications tends to decrease starting with 2010.

The obtained models for the studied field of
biotechnology are presented in Table 1.

The forecasted number of scholarly research
publications in the studied field in the world
leading countries are presented in Table 2. Ac-
cording to the results, China is slightly ahead of
the USA in terms of its share in publications.
Altogether 86.4% of publications belong to the

EU, the USA, China, and India. The share of Uk-
raine will not increase and remain very low (0.1%),
which indicates the need to take measures for sti-
mulating research in this direction.

It should be noted that during 2008-2010, in
all leading countries, there were reported some
changes in the rate of growth in the number of
new publications. However, attempts to take into
account this fact with the help of dummy vari-
ables did not significantly improve the quality
characteristics of predictive models, since the pe-
riod after the shifts is too short. Therefore, in the
further study, models were used for the entire
time period without dividing it into sub-periods.

The dynamics of the number of publications
from Ukraine do not show a stable tendency (Tab-
le 3), but a significant growth is noted in 2006
(44 against 14 in the previous year) and in 2007
(66 publications).

In general, since 2006, the average annual num-
ber of publications has increased in comparison
with 2000—2005, but remains small. Therefore,
it was not possible to build an adequate trend
model for publications on biotechnology in Uk-
raine. For the purpose of forecasting, the random
values of parameters measured at the original
data applied.

In the field of chemical engineering, the analysis
included bioengineering publications. The annu-
al growth rate of the world publications for the
analyzed period of 16 years was 10.2%. Like in
biotechnology, the highest growth rate was ob-

Table 2
Forecast of the Number of Publications in Biochemistry,
Genetics, and Molecular Biology — Biotechnology
Years Klljrf;(tli(in Germany }::r%tiloiorfttr}ilees India China Korea USA Japan Ukraine TOtWZtLirIll dthe
2016 1743 2137 11 858 4167 6980 2256 6862 1869 19 35234
2017 1798 2157 12134 4688 7059 2344 6937 1785 23 35933
2018 1852 2174 12 380 5274 7111 2421 6998 1689 61 36 530
2019 1906 2186 12 600 5934 7144 2489 7048 1580 14 37037
Share for 2016—2019
| 5.0 | 6.0 | 338 | 13.9 | 19.5 | 6.6 | 19.2 | 4.8 | 0.1 5.0
Information is taken from authors’ sources.
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Table 3
Dynamics of the Number of International Publications
from Ukraine Based on the Data scimagjr.com Portal
Years
Field
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 {2009 | 2010 | 2011 | 2012 | 2013 [ 2014 | 2015
Biochemistry, genetics,
and molecular biology —
biotechnology 13 | 14 13 12 15 14 | 44 | 66 | 22 | 42 | 18 | 40 | 26 | 43 | 45 | 26
Chemical engineering —
bioengineering 8 | 12 | 10 6 | 13 | 16 | 27 | 24 | 38 | 38| 29 | 33 | 36 | 40 | 53 | 42
Engineering — biomedi-
cal engineering 9| 10 | 10 8 6 18 | 11 | 19 | 28 | 26 | 22 | 34 | 35 | 31 | 33 | 35
Immunology and micro-
biology — applied mic-
robiology and biotech-
nology 201 20 | 28 | 29 | 29 18 | 15 | 19 | 17 | 18 | 13 | 22 | 21 | 23 | 23 | 21
Material science — bio-
materials 27 |33 |30 [35 |32 |23 |33 [26 |20 |22 |24 |28 |19 |34 |28 |34
Table 4

Trend Models of the Number of New Publications
in Chemical Engineering — Bioengineering

Country

Model

United Kingdom

Germany

Total for the EU countries

India

China

Korea

USA

Japan

Ukraine

Total in the world

Y biocne Kingdond £) = 410.42/(0.336 + exp (-0.317 - 1)),
R?=0.90; St, = 4.04; St, = 4.37; St, = —4.47; F = 411.02; MAPE = 7.4% (2005—2015)
Y‘ggf‘;i‘y(t) =212.71/(0.145 + exp (-0.399 - £)),
R* = 0.88; St, = 2.20; St, = 2.36; St, = —3.97; F = 200.41; MAPE = 10.0% (2005—2015)
Y bioens () = 1518.69,/(0.176 + exp (—0.326 - 1)),
R*=0.95; St, = 4.18; St, = 4.67; St, = —6.12; F = 528.20; MAPE = 8.1% (2005—2015)
Ybieens () = 133.09/(0.056 + exp (-0.299 - 1)),
R*=0.99; St, = 4.82; St, = 6.27; St, = -9.31; F = 945.58; MAPE = 8.5% (2005—2015)
Y bioens (£) = 224.82,/(0.0277 + exp (-0.3120 - 1)),
2= 0.99; St, = 5.09; St, = 7.16; St, = —11.93; F = 1467.81; MAPE = 9.5% (2005—2015)
Y bioens () = 91.82,/(0.0387 + exp (—0.383 - 1)),
R?*=0.98; 5t, = 3.21; St, = 3.66; St, = —8.44; F = 683.24; MAPE = 8.6% (2005—2015)
Y bloens (1) = 1087.439/(0.179 + exp (—0.364 - 1)),
R*=0.91; 8t, = 3.01; St, = 3.26; St, = —4.71; F = 312.09; MAPE = 10.8% (2005—2015)
Y hioens (£) = 1085.644,/(0.749 + exp (—-0.290 - 1)),
R*=0.71; St, = =3.23; St, = 3.34; St, = —2.38; F = 252.84; MAPE = 9.0% (2001—2015)
Y bioens (¢) = 5.5588 + 2.8088 - ¢,
R?=0.86; DW= 1.739; F = 89.13; MAPE = 14.2% (2005—2015)
Y bioeng (7) = 5151.459,/(0.176 + exp (—0.273 - 1)),

R*=0.97; 8t, = 6.20; St, = 7.36; St, = —7.74; F = 922.33; MAPE = 8.4% (2005—2015)

Information is taken from authors’ sources.
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served in 2005—2009. Since 2010, the number of
publications grew much slower, and in 2010 and
2014, even decreased. To a large extent, the latest
decline is caused by a fall in the number of publi-
cationsin 2014 in Israel, Korea, the United States,
and in Japan. In Japan, the downward trend be-
gan in 2010. Among the EU countries, the most
significant decline (by 20.1%, as compared to the
highest rate in 2010) was recorded in the UK.

Unlike in the previous area, it can be stated
that in bioengineering, in Ukraine, there is a weak
upward trend in the number of international pub-
lications. Since 2006, it fell only in the post-crisis
period of 2010 and, in general, has been growing.

Due to a rapid growth, in 2014, China surpas-
sed the USA that was a permanent leader by the
number of publications.

The developed trend models and their qualita-
tive characteristics are shown in Table. 4. In some
cases where the largest deviations are observed at
the beginning of the period under consideration, a
shorter time interval, as indicated in the brackets,
is used to calculate the average percentage error.

The results of forecasting show that China will
keep leading in the future (Table 5). The total
share of China, the USA, and EU is 77%, which
indicates a greater diversification of research in
this area in the world and offers more opportuni-
ties for cooperation with Ukrainian scholars. As a
positive trend, it should be noted that the share
of Ukrainian publications (from 0.14% to 0.2%)
has increased insignificantly but still remains small.

The biomedical engineering direction shows
similar dynamic to the above mentioned fields.
The largest increase was reported for 2005—2009,
the further growth was slow, and in 2012, the
global number of publications in this area tempo-
rarily decreased. The average growth rate of pub-
lications in the world for the entire period under
review amounted to 9.8% annually.

The number of publications from Ukraine al-
most did not change in 2000—2004, thereafter
it is growing slowly, but this trend is not stable.
In the world leading countries, the upward trend
has not been interrupted.

In the leading countries, the most frequently,
the upward dynamics in the number of new pub-
lications in biomedical engineering are described
by logistic trend. However, in some cases, the
best result was obtained using other models. The
developed models and their characteristics are
shown in Table 6.

According to the forecast results, the number
of publications in biomedical engineering (Table 7),
it can be noted that the USA, EU, and China will
keep their leading positions in this direction (to-
gether they hold a share of 79.5%). The share of
Ukraine in the world publications will double,
which can be considered a positive trend, since
the growth rate will be slightly higher than that
in the leading countries. However, this share will
remain low.

The smallest number of publications in the
world among the considered areas related to bio-

Table 5
Forecast of Publications in Chemical Engineering — Bioengineering
Years K[f;gclleo(; Germany g%tzloﬁgttr};; India China Korea USA Japan Ukraine TOt\:]Oirrll dthe
2016 1199 1450 8371 2068 6518 2246 5976 1431 50 27 303
2017 1205 1456 8441 2140 6881 2285 6006 1436 53 27749
2018 1210 1459 8492 2196 7174 2312 6027 1439 56 28 097
2019 1213 1462 8530 2240 7404 2331 6042 1442 59 28 369
Share for 2016—2019
| 4.3 | 5.2 | 30.3 | 7.8 | 251 | 8.2 | 21.6 | 5.2 | 0.2 |
Information is taken from authors’ sources.
ISSN 1815-2066. Nauka innov. 2019, 15(1) 37



Poliakova, 0.Yu., Shlykova, V.0., and Buntov, I.Yu.

technology falls on applied microbiology and bio- | no breakthrough research in this direction re-
technology, within the scope of immunology and | ported in the world. The annual growth rate of
microbiology. publications in the world is 3.8%.

The upward trend prevailed in 2000—2011. The fastest growth in the number of publica-
Further, the situation was almost stabilized, with | tions was observed in China, from 90, in 2000, to

Table 6
Trend Models of the Number of New Publications avie

in Engineering — Biomedical Engineerin

Country Model
United Kingdom Y ettt qom () = 341.509/(0.175 + exp (-0.283 - 1)),
R?=0.95; St, = 4.69; St, = 5.50; St, = —6.07; F = 553.58; MAPE = 7.6% (2004—2015)
Germany Y}gf:ff;:g () =280.754/(0.139 + exp (—0.299 - 1)),
R*=0.90; St, = 2.72; St, = 3.19; St, = —4.03; F = 215.12; MAPE = 12.0% (2005—2015)
Total for the EU countries Y blomeding (£) = 1501.401,/(0.124 + exp (-0.293 - 1)),
R*=0.97; 8t, = 4.99; St, = 5.97; St, = —7.55; F = 735.62; MAPE = 7.4% (2003—2015)
India Y piomeding () = 172.809 - £ =741.909,
R?=0.98; St, = 9.01; St, = 94.46; I = 368.12; MAPE = 8.4% (2005—2015)
China Y blomeding (#) = 5374.744 -t —6714.1,
R*=0.71; 8t, = 1086.9; St, = —2405.4; F = 24.14; MAPE = 18.1%
Korea Y biomeding () = 74.751,/(0.0339 + exp (—0.385 - ¢)),
R*=0.98; St, = 2.99; St, = 3.43; St, = —8.15; F = 630.00; MAPE = 10.5% (2001—2015)
USA Y biomeding (7) = 1917.804,/(0.207 + exp (—0.256 - 1)),
R*=0.94; St, = 4.71; St, = 5.57; St, = —5.14; F = 464.48; MAPE = 7.4% (2004—2015)
Japan Y omeding (1) = 584.68,/(0.285 + exp (—0.201 - 1)),
R?=0.85; St, = =3.95; St, = 3.97; St, = —2.73; F = 210.86; MAPE = 12.5% (2001—2015)
Ukraine Y biomeding () = 8.764- exp (0.105 - £),
R*=0.81; 8t, = 5.80; St, = 6.65; F = 166.76; MAPE = 24.2% (2000—2014)
Total in the world Y blomeding (7) = 3072.305,/(0.083 + exp (—0.390 - ¢)),
R*=0.96; St, = 3.10; St, = 3.40; St, = —6.66; F = 478.80; MAPE = 15.0%

Information is taken from authors’ sources.

Table 7
Forecast of the Number of Publications in Engineering — Biomedical Engineering
Years Kllj;;lﬁn Germany g%tiziorfé}ifs India China Korea USA Japan Ukraine TOt‘iLirrll dthe
2016 1838 1905 11271 2023 8188 2076 8575 1798 47 36 166
2017 1865 1934 11473 2196 8514 2115 8722 1840 52 36 436
2018 1885 1955 11628 2369 8821 2143 8839 1875 58 36 621
2019 1901 1971 11746 2541 9112 2163 8932 1905 64 36 747
Share for 2016—2019
| 51 | 5.3 31.6 | 6.3 | 23.7 | 5.8 | 24.0 | 5.1 | 0.2

Information is taken from authors’ sources.
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3482, in 2014. Thanks to such a rapid growth,
China overtook the USA in the number of publi-
cations in this direction since 2008 and has been
keeping its leadership so far. In almost all coun-
tries, the number of publications is by an order of

magnitude smaller as compared with that in the
other directions. A decline in the global number

of publications is caused mainly by a drop in this

indicator in the United Kingdom, Turkey, and in

Switzerland.

Table 8

Trend Models of the Number of New Publications in Immunology
and Microbiology — Applied Microbiology and Biotechnology (IMAMB)

India

China

Korea

USA

Japan

Ukraine

Total in the world

Total for the EU countries

Country Model
United Kingdom Y i Kingom (£) = 484.507 - exp (-0.0172 - 1),
R*=0.51; 8¢, = 27.10; St, = —3.81; F= 1171.82; MAPE = 6.6%
Germany Y IMAMB (1) = 398 444 - exp (0.0441 - 1),

Germany

R2=0.84; St, = 19.18; St, = 8.72; F= 1012.21; MAPE = 7.3%
Y IVAMB (£) = 2562.944 - exp (0.031 - 1),
R2=0.86; 5t, = 30.24; St, = 9.22; F = 2202.37; MAPE = 4.9%
Y IMAMB (£) = 248.308,/(0.1967 + exp (~0.3304 - 1)),
R2=0.95; St, = 4.23; St, = 4.68; St, = —6.00; F = 531.84; MAPE = 9.0%
Y INAME (1) = 42,0883/(0.0129 + exp (~0.5725 - 1)),
R:=0.98; St, = 2.12; St, = 2.21; St, = ~8.60; F = 730.12; MAPE = 10.9% (2002—2015)
Y IMAMB (£) = £96,233/(0.3727 + exp (—0.235 - 1)),
R2=0.92; S, = 5.56; St, = 6.08; St, = ~4.35; F = 525.24; MAPE = 7.8%
Y IMAMB () = 4456 - 2+ 110.557 - £ + 1181.255,
R2=0.87; St, = —3.64; St, = 5.82; 5t, = 19.22; F = 1762.61; MAPE = 4.3%
Y IMAME (7) = 0,403 - £ + 5.362 - £ + 1013.468,
R =0.81; St, = ~6.92; St, = 6.307; St, = 51.68; F = 3637.25; MAPE = 2.7%
YINAMB () = 13,60 + 0.6 - £,
R2=0.78; St, = 7.69; St, = 3.57; F = 126.77; MAPE = 7.6% (2004—2015 with out 2010)
Y NAMB (4) = 9532.244,/(0.593 + exp (—0.184 - 1)),

R2=092; St, = 8.31; St, = 6.86; St, = ~3.82; F = 865.85; MAPE = 5.9%

Information is taken from authors’ sources.

Tuble 9
Forecast of Publications in Immunology and Microbiology — Applied Microbiology and Biotechnology
Years Klljr?glflfiq Germany I::[%t ii){]orfttr}iljs India China Korea USA Japan Ukraine TOt\iLirIll dthe
2016 368 807 4209 1231 3236 1253 1809 735 23 14764
2017 362 843 4341 1239 3248 1269 1773 583 24 14 969
2018 356 881 4478 1246 3254 1281 1728 400 24 15144
2019 349 921 4619 1250 3258 1292 1673 185 25 15293
Share for 2016—2019
| 24 | 5.7 | 29.3 | 8.3 | 21.6 | 8.5 11.6 | 3.2 | 0.2 |
Information is taken from authors’ sources.
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The dynamics of publications in Ukraine in ap-
plied microbiology and biotechnology (Table 3)
show a negative trend. A very slow growth in
2000—2004 was interrupted in 2005, and during
2005—2010, the number of publications in this
direction was almost constantly half the value for
the previous period. In 2011—2015, the number
of publications slightly increased, but did not
reach the level of 2004. This indicates an unsatis-
factory development of research on applied bio-
technology directions in the country.

To forecast the number of publications in im-
munology and microbiology — applied micro-
biology and biotechnology, trend models were
developed. They are shown in Table 8.

The results of the forecast in Table 9 indicate
an enhancement of China's role in developing
this direction of research (21.6% vs. 29.3% in the
EU countries). The share of Ukraine in the world
publications will increase slightly to 0.2%. This
small value indicates the need to support research
in the field of applied biotechnology.

The analysis of dynamics of the number of
world publications in materials science — bioma-
terials has showed a significant growth rate for
2000—2015, which has an average of 8.8% annu-
ally. The maximum growth occurred in 2008.
Such an essential growth rate is mainly provided
by researchers from China and the USA. Starting
with 2014, China is ahead of the USA by the
number of publications in this direction.

The biomaterials direction is the only one that
has not undergone a slowdown in the number of
publications. In general, unlike the others direc-
tions, the number of publications in the world in
this field is subject to a linear trend with a deter-
mination coefficient of 95.8%. That is, in the
world, there is a constant scientific interest in is-
sues related to the development, properties, and
use of biomaterials. Such interest is supported in
all countries under review, the largest boom of
publications was observed in 2008 as their num-
bers grew by 41.8%. The following fall lasted for a
short while, and the level of 2008 was regained in
2011. However, in general, the total number of

40

world publications in biomaterials for 2000—2015
was less almost by a quarter (24.7%) than that in
applied microbiology and biotechnology for the
same period. However, due to the current trend
with a constant rate, in 2015, the number of pub-
lications in biomaterials was higher.

In the dynamics of publications from Ukrai-
ne there is no explicit trend. There are constant
fluctuations, with the number of publications
remaining small (20—30 publications annually)
(Table 2).

The results of trend models for the number of
publications in biomaterials are shown in Table 10.

The results of forecasting using the trend mo-
dels are shown in Table 11. According to the fore-
cast, the share of publications from Ukraine in
this direction is the largest of all considered (0.3 %).

In the whole world, starting with 2011—2012,
there has been recorded a slowdown in the num-
ber of publications in all areas, except for bioma-
terials. This may indicate a certain exhaustion of
scientific approaches and the absence of break-
through research in these areas. A negative factor
is the absence of upward trend in the number of
publications from Ukraine in all directions. In
combination with a small share of Ukraine in the
global space of biotechnological research, this is
an indicator of unsatisfactory scientific support
for the introduction of biotechnology in various
fields of activity in the country and poses a risk of
deepening the technological lag behind the lea-
ding countries.

To identify the common features of biotechno-
logy research in Ukraine and in the world, a cor-
relation analysis of the number of publications in
the areas has been carried out.

The correlation coefficients between the num-
ber of publications originating from Ukraine,
from the EU countries, and from the whole world
in international periodicals are shown in Table 12.
The highest correlation is observed between the
number of Ukrainian publications in chemical
engineering and the number of publications from
the EU countries and the whole world in all re-
search areas. Less, but above-the-average correla-
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tion is observed between the Ukrainian publica-
tions in biomedical engineering and in the other
directions, both the publications from the EU
countries and the world ones. The average corre-
lation is reported between the publications of
Ukrainian researchers, in particular, on biotech-

nology and on all directions and the publications
across the EU countries and the world as a whole.
It should be noted that the highest correlation is
reported between the Ukrainian publications in
biotechnology and the global and EU publica-
tions in immunology and microbiology — applied

India

China

Korea

USA

Japan

Ukraine

Total in the world

Total for the EU countries

Table 10
Trend Models of the Number of New Publications in Material Science — Biomaterials
Country Model
United Kingdom D o (0) = 341.80/(0.402 + exp (-0.224 - 1)),
R?=0.96; St, = 8.39; St, = 8,97; St, = —5.71; F = 965.40; MAPE = 6,4% (with out 2008, 2011)
Germany Y omaverial (1) = 245.100/(0.2309 + exp (-0.2748 - 1)),

R?=0.95; St, = 4.95; St, = 5.96; St, = —5.60; F = 552.15; MAPE = 7.6%
Y biomaterial (£) = 1667.552,/(0.329 + exp (—0.274 - £)),
R*=0.95; St, = 4.79; St, = 5.33; St, = —4.70; F = 485.24; MAPE = 6.9%
Y biomaterial () = 74.935 - exp (0.162 - 1),
R*=0.99; 8t = 14.05; St, = 29.12; F = 2021.72; MAPE = 7.3%
Y biomaterial () =313.092 - exp (0.170 - 1),
R?=0.98; St, = 3.24; St, = 17.99; F = 753.41; MAPE = 10.8%
Y biomaterial () = 105.533 - exp (0.1516 - ),
R*=0.97; 8t, = 5.45; St, = 4.78; F = 589.77; MAPE = 10.4%
Y biomaterial (1) = 851.651,/(0.2477 + exp (-0.267 - 1)),
R?=0.94; St, = 5.02; St, = 5.77; St, = —5.37; F = 538.91; MAPE = 6.5%
Y pomateril () = =0.7995 - £ + 22151 - £ + 643.08,
R?=0.54; St, = —1.10; 5t, = 1.96; St, = —18.24; F = 1009.89; MAPE = 6.1%
 biomaterial (1) = 0.1544 - 2 — 2.227 - t + 33.75,
R?=0.52; St, = 2.37; St, = —2.19; St, = 10.27; F = 175.14; MAPE = 12.4% (with out 2012)
Y biomaterial () = 2979.956 + 774.456 - ¢,

World

R?=0.97; St, = 8.64; St, = 19.77; F = 390.92; MAPE = 6.5%

Information is taken from authors’ sources.

Table 11
Forecast of Publications in Materials Science — Biomaterials
Years Kllj;gl(tgin Germany ]::r%ti{)florfttr}il:s India China Korea USA Japan Ukraine TOt;LirI]l dthe
2016 795 1008 4883 1001 4753 1193 3255 793 38 15371
2017 806 1020 4927 1177 5634 1389 3296 789 41 16 146
2018 814 1030 4960 1384 6677 1616 3328 783 44 16 920
2019 821 1037 4985 1627 7915 1881 3353 775 47 17 695
Share for 2016—2019
| 4.9 | 6.2 | 29.9 | 7.8 | 37.8 | 9.2 | 20.0 | 4.7 | 0.3 |
Information is taken from authors’ sources.
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Table 12

Results of the Correlation Analysis of the Publishing Activity
in Ukraine and in the World in Biotechnological Fields

Ukraine
biochemistry, immunology and
Field genetics, chemical materials | engineering — | microbiology —
and molecular | engineering — | science — biomedical applied
biology — bioengineering | biomaterials | engineering | microbiology and
biotechnology biotechnology
Total for the EU countries:
biochemistry, genetics, and molecular
biology — biotechnology 0.518 0.937 -0.112 0.767 —-0.365
chemical engineering — bioengineering 0.544 0.924 -0.222 0.667 —-0.340
materials science — biomaterials 0.505 0.915 —0.194 0.696 —0.347
engineering — biomedical engineering 0.500 0.941 —-0.145 0.747 —-0.308
immunology and microbiology — applied
microbiology and biotechnology 0.619 0.880 -0.141 0.612 -0.376
Total in the world:
biochemistry, genetics, and molecular
biology — biotechnology 0.561 0.954 -0.159 0.672 -0.319
chemical engineering — bioengineering 0.543 0.920 -0.137 0.707 —-0.294
materials science — biomaterials 0.472 0.952 -0.089 0.785 -0.297
engineering — biomedical engineering 0.533 0.928 -0.182 0.707 -0.353
immunology and microbiology — applied
microbiology and biotechnology 0.590 0.911 ~0.230 0.606 ~0.361

Note. Statistically significant correlations with a confidence level of 5% are marked with bold

Information is taken from authors’ sources.

microbiology and biotechnology, which indicates a
certain orientation of Ukrainian scholarly re-
search in biotechnology, in general. A barely per-
ceptible correlation between the number of pub-
lications in biomaterials and biomedical enginee-
ring is caused by very weak trends in Ukrainian
developments, which against the background of
world trends can be considered almost constant.

For the analysis of world publications on bio-
technological research in various fields of science,
the Science Direct DB [18] has been selected. It
covers 3,800 scholarly research journals and more
than 35,000 books published by Elsevier Publish-
ing House and has the lion's share of those in-
cluded in the Scopus DB. The number of publica-
tions is over 14 million.

The analysis used the search for keyword "bio-
tech", as it covers the largest number of morpho-
logical and derivative forms. To exclude the pub-

lications in which biotechnology was the main
subject of the study, the search was carried out
only in the title, keywords, and annotations.
Therefore, the number of publications was small
as compared with the previous results. The search
was carried out in separate areas of sciences, in
which the most common are developments in
biotechnology.

The dynamics of the number of publications on
biotechnology are shown in Fig. 1.

As the Figure shows, the dynamics of the num-
ber of publications are characterized by a weak
upward trend. There is a four-year cycle that is
likely associated with certain events (conferenc-
es, symposiums) or publication of series.

A rapid increase in the number of publications
in 2004 was caused by booming publications on
biotechnology in pharmacology, toxicology, and
pharmaceutics, as well as in the field of sports and
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Fig. 1. Number of publications related to biotechnology according to the data from Science Direct DB [18]

Fig. 2. Structure of publications
related to biotechnology by the
fields of science: 7 — sports and re-
covery; 2 — biochemistry, genetics, 3
and molecular biology; 3 — medi-
cine and dentistry; 4 — chemical
engineering; 5 — pharmacology, to-
xicology, and pharmaceuticals; 6 —
immunology and microbiology; 7 —
agricultural and biological sciences;
8 — business, management, and eco-
nomics; 9 — chemistry; 70 — mate-
rial science; 17 — engineering; 12 —
neurology; 73 — veterinary medi-
cine; 74 — energy

According to the Science Direct da-
tabase [18].

recovery. In other areas, the annual number of pub-
lications varied slightly.

According to the total data for 2000—2016, the
structure of publications on biotechnology in
certain areas of sciences has been determined
(Fig. 2). The publications in sports and recovery,
biochemistry, genetics, and molecular biology, and
medicine and dentistry have the largest share.
Such a large share of publications on the use of
biotechnology in sports is associated with a sig-
nificant interest in the use of various nutritional
supplements and methods of reconstructive med-
icine and rehabilitation. The share of this field

ISSN 1815-2066. Nauka innov. 2019, 15(1)
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increased from 36%, in 2004, to 39.3%, in 2015.
This growth was accompanied with a rapid devel-
opment of research in this direction.

The publications on the use of biotechnology
in agriculture have a small share during the whole
period under consideration (4.6%). However, in
2015, the share of these publications reached
7.4%,indicating an increase in interest in research
on agricultural biotechnology.

The analysis of the publication activity of Uk-
rainian researchers in biotechnology was based
on the data from the Vernadsky National Library
of Ukraine (VNLU) abstract database [19].
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Fig. 3. Number of publications in Ukraine related to biotechnology, according to the Vernadsky National Library of Ukraine

(VNLU) abstract database [19]
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Fig. 4. Structure of publications in Ukraine related to bio-
technology, by branches of knowledge: 7 — agriculture and
forestry; 2 — biological sciences; 3 — medicine, medical
sciences; 4 — chemical technology, chemical, and food pro-
duction; 5 — economics; 6 — chemical sciences; 7 — power
engineering, radio electronics; 8 — general engineering work;
9 — others (earth science, sports)

According to the Vernadsky National Library of Ukraine ab-
stract database [19].

To identify the publications related to the de-
velopment, use, and other issues of biotechnology,
a search was made in the abstract database [19]
by requesting $ biotech $, which enabled to search
in various morphological forms derived from the
concept of "biotechnology". The results were
grouped by publication and knowledge sectors.

The dynamics of the total number of publica-
tions related to biotechnology are shown in Fig. 3.
According to the received data, the scientific in-
terest in biotechnology in Ukraine as a whole has
been increasing. A fall in the number of publica-
tions in 2013—2015 as compared with 2012 is
largely caused by negative trends and crisis in the
socio-economic state of the country.

The fastest growth in the number of publica-
tions was reported in 2008, when it increased
1.71 times, with average annual growth rate of
publications being 13.9%, in 2008—2012. The po-
sitive fact is that in 2015, the number of publica-
tions increased in comparison with 2014, which
gives a reason to talk about renewal of scholarly
research in biotechnology.

For the analysis and forecast of dynamics, the
linear model is the most adequate:

Y VNLU () = 35.765 +10.6897 - t),

Ukraine

R2=0.76; St, = 2.54; St, = 6.70;
F=44.87; MAPE = 20.3%.

A high level of the mean absolute percentage
error is explained, first of all, by significant devia-
tions from the trend line in 2006—2007 and in
2011—2012. These deviations have a significant
impact against the background of a small number
of observations. However, it is impossible to es-
tablish the existence of more complex cyclic dy-
namics, since even two complete cycles have not
been observed.
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The analysis of publications in the Ukrainian
scholarly research periodicals was carried out ac-
cording to the branches of knowledge in order to
identify the areas of research in which scholarly
research achievements are the largest. When choo-
sing those fields of knowledge in which publica-
tions were searched, the data from the above re-
search on the analysis of publications in different
directions in the Science Direct database was used.
The results of the analysis are shown in Fig. 4.

As shown in Fig. 4, the largest number of pub-
lications on biotechnology in Ukraine carried out
in 2000—2015 belongs to agricultural sciences
(including forestry). The publications in the field

of medicine have a share of only 10.5%. However,
there are some changes in the structure of publi-
cations in certain branches of science. Thus, in
comparison with 2004, the share of publications
in agricultural sciences has decreased from 51 to
41.6%, in 2015, but still remains the largest one.
Instead, the share of publications on general bio-
technology issues in biological sciences has in-
creased from 13%, in 2004, to 28.9%, in 2015.
This may indicate the development of fundamen-
tal research in this direction.

The negative fact is that the share of publi-
cations in the field of medicine declined from
14% to 11%, which was caused by a fall of almost

Table 14

Trend Models for the Number of Published Patents
in Biotechnology by Applicant's Origin

Country Model
World (without China) Y = 32819.57 - 2%,
R*=10.96; ¢, = 50.86; 7, = 9.77; F = 6986.00; MAPE = 1.74%
EU (28) Y,, (£) =9433.53 -t
R*=0.66; ¢, = 21.45;t, = 4.95; F = 2180.10; MAPE = 4.80%
USA Y, (6) = 12217.5 - 0%,
R*=0.80; ¢, = 26.03; £, = 5.72; F = 1869.69; MAPE = 3.97%
China Y e () = 732.16 - 01561,
R*=0.98; ¢, = 8.35; ¢, = 21.92; F = 1070.99; MAPE = 19.41%
Japan Y, () =494.58 - In (¢) + 3247.6,
2= 0.71;¢, = 5.63; t, = 18.40; F = 1985.08; MAPE = 6.40%
Korea Y rea (1) = 839.22 - 00506
R*=0.98;¢, = 22.26;t, = 21.98; F = 2373.31; MAPE = 5.95%
Switzerland Yo ioima (&) = 702.06 - 20771,
R*=097;¢t, = 21.16;¢,= 19.81; F = 2061.91; MAPE = 5.97%
France Y, (t)=1260.62 - €20,
2= 0.79; ¢, = 19.45; t, = 7.33; F= 1122.99; MAPE = 7.26%
Netherlands Y\ nononas (8) = 40.65 - £ + 688.3,
R*=092;¢, = 12.81; ¢, = 22.44; F = 2581.67; MAPE = 4.31%
Denmark Y o (@) =46.77 -t + 449 4,
2= 0.96;¢, = 17.28;t,= 17.17; F = 2453.66; MAPE = 4.42%
Ukraine Y e @ = 11.45 - In(0),
2= 0.77; ¢, = 18.20; F = 331.39; MAPE = 24.28%

Information is taken from authors’ sources.
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Table 15
Number of Published Patents in Biotechnology by Applicant's
Country Years Share for
2016 2017 2018 2019 2016—-2019, %
World 63 120.3 68 094.3 73 845.8 80 527 100
EU (28) 12774 12853 12927 12998 18.1
China 17 469.3 21053 25371.9 30576.9 33.1
USA 16 994.78 17 512.35 18 045.68 18 595.25 24.9
Japan 4648.851 4677.12 4703.861 4729.229 6.6
Korea 3303 3581 3881 4207 5.2
Germany 3465 (+94) 3465 (+94) 3465 (+94) 3465 (+94) 49
Switzerland 2599 2807 3032 3275 4.1
France 2286 2367 2451 2539 3.4
UK 1548 (+113) 1548 (£113) 1548 (£113) 1548 (£113) 2.2
Netherlands 1379 1420 1461 1501 2.0
Denmark 1244 1291 1338 1385 1.8
Ukraine 32 33 34 34 0.05

Information is taken from authors’ sources.

1.5 times in the number of publications in this
direction. In the field of sports for the whole pe-
riod under consideration, only 7 publications we-
re published at all, indicating a poor development
in this field.

The presence of interest in biotechnology as a
source of economic growth and development is
evidenced by a relatively large number of publi-
cations on economics, with this interest growing
starting with 2012.

Due to a small number of publications on bio-
technology in particular branches of science, pre-
dictive models have not been built for them.

The trend models for obtaining predictive val-
ues of the number of patents have been developed
based on WIPO database as of September 2017
for the world, EU (28), the ten leading countries
by the number of published patents, and Ukraine
[20]. The equations with the highest quality indi-
cators, their characteristics, and average absolute
error forecast are presented in Table 14.

The equation of trend for the U.S. applicants
published patents (Table 14) is based on the data
for the period 2006—2015, since the period 2000—
2005 is characterized by a fundamentally diffe-
rent trend.

The retrospective data on published patents by
the German applicants have not enabled to iden-
tify a stable trend. A rapid growth in 2000—2003
was followed by a decrease in 2004—2006, after
which the dynamics were abrupt with the fluc-
tuations around the average. At the same time,
Germany is among the leaders in terms of the ab-
solute indicators. It has not been possible to build
a trend for British published patents. Therefore,
these countries are supposed to keep the number
of patents at the average level (2006—2015) with
fluctuations within the standard deviation.

For Japan and Ukraine, the time series were
preprocessed using exponential smoothing.

The forecast model for the world is built with-
out data for China, as the growth rate of patented
developments of Chinese origin in biotechnology
significantly exceeds that in the rest of the world.
Then, the predicted values for China are summed
with the values obtained for the whole world.
This has enabled to determine more accurately
the share of patents for each leading country in
the periods of forecast.

Based on the assumptions made for the models,
calculations of the corresponding predictive va-
lues have been made (Table 15).
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CONCLUSIONS

The results of the forecast have shown an up-
ward trend in the number of patents on biotech-
nological developments in the world in the up-
coming years. The EU member states as a whole
and its leading countries, in particular, are cha-
racterized by moderate growth rates, whereas
China and Korea are demonstrating a rapid
growth. The patenting of Ukrainian develop-
ments at the international level, provided the
current situation stays unchanged, will remain at
a very low level, namely 0.05% on a global scale.
China and the USA will keep leadership in this
direction with shares of 33.1 and 24.9%, respec-
tively. The total number of EU (28) patents will
be about 18.1%.

Having compared the distribution of publica-
tions in international databases and the national
abstract database enables to determine that the
trends in the development of scholarly research
in Ukraine differ significantly from the world-

wide ones. The vast majority of publications is
related to the field of agriculture while much less,
as compared with the world practice, attention is
paid to the use of biotechnology in medicine and
pharmaceuticals. In the field of energy, research
on biotechnology has not yet become widespread
both in Ukraine or worldwide.

Thus, based on the results of comparative ana-
lysis of publishing activity in Ukraine and in the
world, it can be noted that Ukraine has certain
progress in the development of biotechnology in
agriculture, which can become the basis for the
development of the national bio-economy. Con-
sequently, in the agricultural sector, government
support is needed for the implementation of exis-
ting developments by encouraging business.

At the same time, in the medical field, there is a
significant gap with the leading countries, thus
government efforts should focus on supporting
research in this area in order to bring the R&D
results to the stage of readiness for patenting.
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[MPOTHO3YBAHHS TPEH/(IB PO3BUTKY BIOTEXHOJIOTTI B CBITI
TA YKPATHI HA OCHOBI ITYBJITKAIIIMHOTO 1 TATEHTHOTO AHAJII3Y

Beryn. CyuacHi 6i0TexXHOJIOTI € OHIEI0 3 HAlOLIbII IIPIOPUTETHNX TaTy3ell HalllOHAIBbHOT EKOHOMIKM PO3BUHEHUX KPaiH.

IIpoGaemaTuka. YcriiiHe yrpaBIiHHs PO3BUTKOM T€XHOJIOTIH BuMarae 00’'€KTUBHOTO aHAJIi3y Pe3yJIbTaTiB HayKOBUX
JTOCJTI/PKEHD Ta IX MPOTHO3YBaHH:. BiMOBiMHICTh PiBHA TEXHOJIOTIYHOTO PO3BUTKY KPAiHU CBITOBUM TEHEHIIISIM Bifirpae

Mera. BusHaueHHs TeHAEHIIIH HAYKOBUX JOC/IIKEHD 1 PO3p00OK y rajrysi 610TexHoJIoTii Ta X BiaAMiHHOCTEH B CBiTI
i Ykpaini.

Marepiaiu it Meroau. BiGaioMerpuuHuii Ta naTeHTHUI aHaIi3 BUKOPUCTAHO sIK HANIIOMIMPEHiI iIHCTPYMEHTH aHai3y
TIOTOYHOTO CTaHy, TePCIEeKTUBHUX HAMPSIMIB HAYKOBUX /IOCTI/KEHb 1 KOMepIliatisaliii ix pe3yJsbTariB. AHami3 CBITOBUX Ta
YKpPalHChKUX TeHAEeHIIN myOuikamiiHol Ta mateHTHOI akTHBHOCTI y cdepi Giorexnosorii 3a 2000—2015 pp., a Takox
nporuosysants Ha 2016—2019 pp. 3 BUKOpUCTAHHSIM TPEHA0BUX Mojedeil. Pobory saiiicHeHo Ha ocHOBI my6Jrikaltiii, mo-
B’sI3aHUX 3 GIOTEXHOJIOTISIMU, 110 MicTsIThCst Ha topradi SCImago Journal & Country Rank, y 6asi Science Direct ta pedepa-
TuBHil 6asi ganux HauionaabHoi 6i6iaiorexn Ykpainu im. B.1. BepHancbkoro, a Takox narentis 3 6asu ganux World Intellec-
tual Property Organization.

Pesyasratu. [[porHo3yBaHHs IEMOHCTPYE TEHACHIIIO 0 301IBINEHHST 0OCTY TyOTiKaIliil Ta TaTeHTIB y Tamysi 6ioTex-
HoJIOrii y ¢BiTi B HaiibnmKyi pokn. 3a BciMa HarpsaMaMu 6i0TeXHOJIOTIT TUTOMa Bara yKpaiHChbKuX myOstikaniil y citoBomy
pocTopi GIOTEXHOIOTNYHNX HAYKOBUX AOCIIKEHDb € BKpail Masion. Cepell aHaIi30BaHUX HAIIPSIMIB HalOiIbIa MPOrHo30-
BaHa IUTOMa Bara IyOJIiKalliii yKpaiHChbKOrO MOXOMKEHHsST Y MiKHapoAHUX (azaX BU3HaueHa 3a HarnpsamMoM «Matepiaso-
3HAaBCTBO — Oiomarepiam» i ctanoButsh 0,3 % y 3araibHOCBITOBOMY MaciiTabi. [lareHTyBaHHS YKPaTHCHKUX PO3POOOK Ha
MIsKHApPOIHOMY PiBHI, 32 YMOB 30€peKCHHSI HASTBHOTO TPEH/LY, TAKOXK 3aJIUIIATUMETHCS Ha Jy’kKe HU3BKOMY PiBHI, a came
0,05 % y cBiToBoMy Mactrrabi. JlizeperBo 3a 1uM HanpsiMoM 36epiratuMerbest 3a Kutaem ta CIIA i3 wactkamu 33,1 Ta
24,9 % BifnosigHO, 3arayibHa KiJbKicTh nartenTis Kpain €C cranoButuMe 6113bK0 18,1 %.

Bucnosku. Ha choroani Ykpaina Mae 1eBHi epeBaru y po3BUTKY 0I0TEXHOJIOTIH y rainysi ciibChKOTO TOCIOAapCTBa,
SIKI MOKYTb CTaTH OCHOBOIO /LISl PO3BUTKY GioexkoHoMiku kpainu. OTske, B arpapHiil cdepi HeOOXiHOIO € AepsKaBHA TIijl-
TPUMKa BIIPOBAIKEHHSI HasIBHUX PO3POOOK IIJIIXOM 3a0X0UeHHs Oi3HECOBOI AisJIBHOCTI. Y TOM JKe yac y MeMIMHI CriocTe-
piraeThcs 3HAYHE Bi/ICTABAHHS Bi/l MPOBIHNX KPaiH CBITY, TOMY 3YCHJIJIS IepKaBU TIOBUHHI 30CEPe/IPKyBATHUCS Ha MiTPUM-
1 IIPOBEIEHHST OC/IKEHb Y LIl Tamysi Ta JoBeieHHs PO3POOOK /10 CTail TOTOBHOCTI /ISl IAT€HTYBaHHS.

Knwuosi crosa: 6iotexnonoris, 6i6ioMeTpis, MaTE€HT, KOPEJIALLis, TPEH/, TPOTHO3HA MOJAEb.
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[MPOTHO3MPOBAHUE TPEH/IOB PA3BUTHUS BUOTEXHOJOTUI B MUPE
N YKPAMHE HA OCHOBE IIYBJIMKAIIMOHHOI'O N ITATEHTHOI'O AHAJIM3A

Beeaenne. CoBpeMeriible OMOTEXHOIOTHHI SIBJISIIOTCST OAHUM 13 TPUOPUTETHBIX CEKTOPOB HAIIMOHAIBHON 9KOHOMUKU
LTS PA3BUTBIX CTPAH MHPA.

IIpoGaemMaTuka. YerenHoe yipasieHie PasBUTUEM TEXHOIOTUE TpebGyeT 06bEKTUBHOrO aHAN3a Pe3yJIbTaTOB Hay-
HBIX MCCJIIOBAHMIT M X TIPOTHO3UPOBaHUsL. COOTBETCTBUE YPOBHS TEXHOJIOTUYECKOTO PA3BUTHS CTPAHBI MUPOBBIM TEHIEH-
IFSIM MTPAET BAKHYIO POJIb B 0OECIIEYeHN KOHKYPEHTOCTIOCOOHOCTH 9KOHOMUKIL.

Iens. Onpesernenne TEHACHINIA HAYIHBIX MCCIEAOBAHUN 1 Pa3paboTOK B 061acTU GUOTEXHOJIOTUM U UX OTJIMYUI B
Mupe u YKpaume.

MarepuaJsl 4 METO/bL. BUOIHOMETPUYECKUI 1 TATEHTHBIN aHAIM3 MCIIOJIb30BaHbl KaK HanGoJree pacpocTpaHeHHbIe
WHCTPYMEHTBI aHAJI3a TEKYIIIETO COCTOSTHHS, EPCIIEKTUBHBIX HATIPABIEHII HAYYHBIX UCCIEIOBAHUI 1 KOMMEPIHATA3AIIN
UX Pe3yJIbTaTOB. AHAIN3 MUPOBBIX U YKPAMHCKUX TEHCHIUIT MyOINKAIMOHHON U MaTEHTHOW akTUBHOCTHU B chepe GHoTex-
Hostoruu 3a 2000—2015 1., a Taksxke nporrosuposanue Ha 2016—2019 rr. ¢ ucHoIb30BaHKeM TPEHAOBBIX Mozieieit. PoGory
[IPOBOJIMJIM HA OCHOBAHUU ITyOJUKAINI, CBSI3AHHBIX ¢ OMOTEXHOJOTUSIMU, padMellieHbix Ha nopraite SCImago Journal &
Country Rank, 6aspr Science Direct n pedeparusroii 6aspl qanmbix HarmonanbHoii 6ubanorexu Ypautsl um. B.W. Bephaz-
CKOT0, a TakyKe maTeHToB B 6aze mannsix World Intellectual Property Organization.

Pesyabrarel. [IpornosupoBanue IeMOHCTPUPYET TEHACHIIMIO K YBEIUYEHUIO KOJMUYECTBA IyOJIUKAIUI 1 TIATEHTOB B
chepe GuorexHosorHil B Mupe B Gamskaitimie rogpl. [1o BeceM HanpaBieHUsIM GUOTEXHOJIOTUHN YACTbHBIA BEC YKPAMHCKUX
nyOIUKAIid B MEPOBOM MIPOCTPAHCTBE OUOTEXHOJOTMYECKUX HAYYHBIX MCCIe0BaHUN Kpaiine Huzok. Cpeau mpoaHasiu-
3UPOBAHHbBIX HAMPABJICHUN CaMbIil BBICOKUIT CIIPOTHO3UPOBAHHBIN YICABHBII BeC MMEIOT MyOJUKAIIMU YKPAUHCKOTO TIPO-
UCXOKJCHUS B MEKYHAPOAHBIX Ha3ax 10 HalpasjaeHuio «MarepuaioBeenne — GHOMaTepUAbl», KOTOPbIi COCTABJISIET
0,3 % B obueMupoBoM Maciitabe. [laTenToBaHe YKPAaMHCKUX Pa3paboOTOK HA MEKIYHAPOAHOM YPOBHE, TIPU COXPAHCHUH
UMEIOTIErocst TPEH/Ia, TaksKke GyJIeT 0CTaBaThCsl Ha 04eHb HU3KOM ypoBHE, a uMenno 0,05 % B Muposom Mactrrabe. Jlngepamn
Mo atoMy HarmpasJennio octanytes Knrait u CIITA ¢ mosmsivu 33,1 1 24,9 % cooTBeTCTBEHHO, 061Iee KOJNYECTBO TTATEHTOB
crpan EC cocrasut okoso 18,1 %.

Bsisoapi. Ha ceroziist Ykpanta uMeet ornpeiesieHHbIe TTPEUMMYIIECTBA B PA3BUTHH GUOTEXHOJIOTUI B 0OIACTH CETBCKO-
IO XO3s{iCTBa, KOTOPbIE MOTYT CTaTh OCHOBOI /ISl PA3BUTHsI GHOIKOHOMUKM cTpaHbl. TakuM 06pa3oM, B arpapHoii cdepe
Heo6X0IMMa TOCYIAPCTBEHHAST OJIEPKKA BHEAPEHUS IMEIONIUXCsT pa3paboOTOK MyTeM mootipenus 6usteca. B To sxke Bpemst
B MeJIUIIHe HAOIIOAeTCsI CYMIECTBEHHOE OTCTABAHIE OT BE/YIIUX CTPAH MIPA, TOITOMY YCHJIHSI TOCYIaPCTBA I0JIKHbI ObITh
COCPEIOTOYEHBI Ha TIOJIJIEPIKKE TTPOBEICHUS UCCJACOBAHUIT B HTON 061aCTH U IOBEICHUS Pa3pabOTOK /IO CTaJIUK TOTOBHOCTH
K IIATEHTOBAHUIO.

Knwueevie cnoea: buorexuonorus, OMOIMOMETPHs, MATEHT, KOPPEJIAIM, TPEH/I, IIPOTHO3HAS MOJIC/Ib.
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