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RESTORING THE SCIENTIFIC POTENTIAL
OF UKRAINIAN SCIENCE: NECESSITY
AND REAL PROSPECTS

The urgent necessity of restoring the human potential of Ukrainian science has been substantiated. A method for forecast-
ing the evolution of human capacity of science has been developed based on consideration of the relationship and interdepen-
dence of adjacent age groups of scientists. The possible options for human capacity recovery in Ukraine have been estimated
for two decades. Provided the recent trends remain fixed, the number of researchers by 2035 has been showed to decrease
4.5 times as compared with 2015, unless the government cardinally changes the attitude towards science. At the same time,
even if significantly increasing salary and improving working conditions of researchers lead to a 25% growth in the inflow of
young researchers to science every 5 years and provided the number of researchers over 30 years who leave the R&D sector
does not exceed 1%, at best, it will enable to stabilize the human potential of Ukrainian science, but is still not enough to es-
sentially enlarge it. The option of stimulating a 40% increase in the inflow of young researchers is also not sufficient.

Only the implementation of measures that would ensure doubling inflow of young researchers every 5 years can give an
opportunity to reach by 2035 the number of researchers close to that in the early 1990s, i.e. to get their ratio per 1 million
comparable to the EU countries. Moreover, it is necessary to start implementing this policy immediately: if it is postponed
until 2020, such an accelerated rate of escalating the inflow of young people to science will not enable to reach in 20 years
the number of researchers Ukraine had in the not-so-successful 2010.

Keywords: forecast of evolution of number of researchers, age structure of researchers, preservation of scientific
personnel, innovation development of the economy, and restoration of research personnel capacity.

The fact that in the present-day world, the sci- | that only the states with a sufficient representa-
entific development is the only way to the inno- | tion of the «creative class» whose core, according
vative economic growth has been repeatedly sta- | to him, is researchers and engineers, have pros-
ted. Its rationale has been recognized by the | pects for intensive innovation development, while
world, its authors have been awarded with Nobel | those which have not created favorable condi-
Prize and honorary titles. However, in recent | tions for the life and creativity of this category
years, researchers’ attention has been increasing- | are rapidly losing their scientific potential, pace
ly focused on finding optimal relationships be- | of economic growth, and, consequently, a chance
tween science and economics as well as quantita- | to withstand a sharp competition [1].
tive characteristics through which one could The prospects for innovation transformation of
characterize the ability of country or its regions | the economy are directly proportional to the num-
to innovate. For example, having studied the pe- | ber of researchers in the European Union: in 2013,
culiarities of innovative development of certain | on average, EU Member States had over 33 000
regions of the United States, R. Florida concludes | researchers per 1 million population (2.6 times mo-
re than in the today’s Ukraine). The European Uni-
© POPOVYCH, A.S., and KOSTRITSA, E.P, 2017 on leadership concluded that this was not enough
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to provide an innovative breakthrough and under-
took to attract, at least, 3 million researchers mo-
re to the European scientific community.

This is in line with the global trend. According
to UNESCO [2], from 2007 to 2013, the number
of researchers in the world increased by 21.2%
and reached 7.8 million.

In 2013—2014, in Ukraine, the researchers ma-
de up only 0.49% of the total number of working
population (as compared with 1.16%, in 1990).
So, Ukraine leveled down the least advanced eco-
nomies, such as Romania (0.46%) and Cyprus
(0.71%). Finland and Denmark had this index at
3.2%, Switzerland at 2.66%, Norway at 2.56%, and
Slovenia at 2.27%. In addition, in recent years, it
has been growing quite rapidly in these countries.
On average, in the EU this index is 5—6 times
higher than in Ukraine.

The fact that the research staff dynamics in Uk-
raine has a completely different trend is an ano-
maly indicating that, despite declaring attempts
to follow the European standards, our state is go-
ing to the opposite direction.

Almost all neighboring countries, even those
whose science previously was significantly be-
hind the Ukrainian one, in particular, Turkey, Po-

land, and Romania, are constantly increasing
their scientific potential (not to mention an un-
precedented pace of R&D growth in the coun-
tries aiming to catch up with advanced rivals
such as Japan, South Korea, China, etc.).

If not to tolerate the prospect of Ukraine’s fi-
nal transformation into a third world country
and a raw material appendage of advanced econ-
omies with very low living standards and cheap
labor force, one of the most urgent tasks should
be the revival of research potential, without
which none can dream about innovative devel-
opment of the economy.

Studying the poor dynamics of the personnel
in Ukrainian science, everyone can be convinced
that it can be destroyed quickly, but it is not so
easy to build it up.

A skilled worker can be trained for 1—2 years, a
teacher or an engineer for 4—5 years, while the
formation of researcher takes much longer. Sev-
eral decades may not be enough to create an effec-
tive team. After all, its capabilities are determined
not only by personal qualities of individual re-
searchers, but also by a proper distribution of roles
and functions and a harmonious combination of
researchers representing different generations.

. Table 1
Accepted Numeration of Age Groups
Group 1 2 3 4 5 6 7 8 9 10 11
number, n
Age, years | <24 | 25—29 | 30—34 | 35—39 | 40—44 | 45—49 | 50—54 | 55—59 | 60—64 | 65—69 | >70
Table 2
Dynamics of the Number of Researchers in the Age Groups in Ukraine, 2011—2015*
Howmep rpymm, n
1 2 3 4 5 6 7 8 9 10 11
2011, researchers 3382 | 8210 7591 5853 4967 6130 7961 8624 7699 4168 | 5793
2015, researchers 1605 | 5972 6430 5766 4598 | 4093 5310 5847 5293 4547 | 4374
Researchers who left
science, % 26.9 2895 | 25.25 20 1375 | 29.56 | 43.81 | 44.64 | 55.7

* The share of researchers who left science for other better paid activities or retired is calculated by formula (1).
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The peculiarity of science is that the forma-
tion of researcher occurs only within the very
science, in research team. Therefore, the research
staff can be replenished only due to involvement
of young people. Adult people happen to come to
science, but they are isolated. Notwithstanding
all hardships, the arrival of young people in sci-
ence until recently has even slightly increased,
which was the reason for some restrained opti-
mism about its revival in the future, despite the
fact that a significant share of young and middle-
adult researchers having received certain qualifi-
cations, left science in search of a higher remu-
neration for their labor [3].

However, since 2012, the researcher profession
has lost its prestige in the eyes of young people,
and arrival of young researchers to science start-
ed to decrease.

To understand further prospects for evolution
of the personnel potential capacity of Ukrainian
science, a forecasting method [4] has been de-
veloped. It enables to assess the main bench-
marks to be addressed by the government policy
for its revival.

The method is based on consideration of deep
interconnection and interdependence of neigh-
boring age groups of researchers, which can be
used to predict the evolution of both structure
and changes in numerical indicators of the per-
sonnel potential of science. This becomes possib-
le due to the fact that the science is a relatively
closed system which can be replenished from out-
side with younger age groups (up to 30 years).
The number of researchers in other groups de-
pends on «migration» of representatives of youn-
ger groups who reach the corresponding age and
those who leave the science for other activities or
depart abroad. This process, at least, for the age
group over 30 years, can be described by relatively
simple formulas:

— k—i k—i k—i
sz_Dn71 _Pn71 _]\[7171y (1)
where D* is number of researchers in the n-th age

group in k-th year; i is age range determining the
group’s width; P, ; is number of researchers in
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(n—1) age group, in (k—i) year, who have left the
science for other activities during i years; N/ is
number of researchers in (n—1) age group, in the
same (k—i) year, who are likely to die for i years,
based on average mortality rate statistics.

Group number 7 in calculations correspond
to Table 1.

N ::; is calculated based on mortality rate de-
pendence on age for Ukraine given in [5].

The total number of researchers in the k-th year
(D" is equal to:

D!=%," Dk (2)

The number of researchers in the two youngest
groups D*and D¥cannot be calculated by formula
(1), since it depends on inflow of young people
from outside. Until recently, this indicator was
easily controlled — it was enough to open more
vacancies in order to increase it. Despite all chal-
lenges the inflow of young researchers grew up,
which gave reason for optimistic prognosis of
self-reproduction of Ukraine’s research staff po-
tential. However, since 2012, the situation chan-
ged drastically as profession of researcher dropped
its prestige in the eyes of young people and the
number of those who desired to work as research-
er decreased significantly. At the same time, the
so-called science optimization that was reduced
mainly to cut of its financial support created ad-
ditional problems with job places. As a result, the
number of researchers in the youngest groups
started to go down [6] (Table 2).

Based on the presented data, several scenarios
for building up R&D human resources in Ukraine
for the next 20 years and a spontaneous evolution
scenario (all trends reported from 2011 to 2015
remain fixed) have been elaborated. Table 3 shows
basic indicators for the most realistic scenarios..

The main difference between these scenarios is
rate of increasing the number of researchers in the
young groups for five years: 25%, in scenario 1;
40%, in scenario 2; and duplication, in scenarios 3
and 4. The R&D support that stimulates rising re-
searcher career prestige and motivates research-
ers not to leave R&D institutions is assumed to
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have different scales. The assumptions that less
than 5% researchers of the most productive age
will leave R&D for other activities (i.e. less that
1% annually) and less than 25% researchers of
pension age will retire (as compared with data in
the last line of Table 2) are not realistic.

Fig. 1 shows the results of calculations for sce-
nario 1. In this case, a gradual increase in the

<24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 =70
Age groups, years

ups 3—8 and 25% from
groups 9—11 (scenario 2)

number of researchers in the young groups and
widening of the first maximum in the age struc-
ture towards the elder groups are expected.
However, this leads to a lack of researchers aged
40—60 years: in 2020, a minimum corresponding
to 35—34 years appears, it grows up till 2025 and
shifts towards 35—39. At the same time, their to-
tal number till 2025 will remain almost fixed and
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further will grow at a quite slow pace: in 2035, it
will be less than in 2010 (Fig. 4). Hence, it is a
stabilization scenario rather than a replenish-
ment one. Fig. 2 shows that scenario 2 does not
accelerate the replenishment so much, with the
number of young researcher inflow increasing by
40% every 5 years.

More radical and, surely, the most desired and
necessary is the scenario that would enable dou-
bling the inflow of young researchers to the R&D
every 5 years. The corresponding evolution of age
structure is showed in Fig. 3.

However, its optimality is to be discussed since
this kind of «rejuvenation of science» and sig-
nificant lack of researchers aged 35—60 years
will not contribute to the formation of phase dy-
namics of roles and functions in researcher teams
[7—10], which slows down the creative growth
of young researchers and complicates preserva-
tion of existing and formation of new scientific
schools. Proceeding from the existing situation,
unfortunately, this cannot be avoided. At the
same time, this is just that scenario which in 20
years can allow the country to come close to the
level of provision of innovation-driven develop-
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ment with researchers, which, at least, approach
those typical for European countries and world
advanced economies.

Fig. 4 shows a comparison of dynamics of re-
searcher number for various scenarios of govern-
ment policy development in the sphere of R&D
personnel support. In addition, this Figure fea-
tures also the results of calculations for the sce-
nario 4, i.e. in the case when in the view of hard
times the implementation of scenario 3 (dupli-
cation of young researcher inflow every five
years) is decided to postpone till 2020. One can
see, in this case, to reach the level of European
standards it is necessary, at least, 10 years, i.e. in
the most optimistic case, this can happen as ear-
ly as in 2045 ().

Hence, the calculations with the use of pro-
posed method for forecasting the evolution of
R&D human resources in Ukraine have con-
firmed that the government attitude towards sci-
ence aimed at replenishing the R&D capacity
shall be radically changed immediately. The lon-
ger the government postpones addressing this
problem the more costs are required for it. The
specific features of R&D system and of the forma-
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Table 3
Researchers Migration Indices Underlying the Considered Scenarios for the Policy
Towards Building Up R&D Human Resources
Option Age groups, years
Geenario)l o4 | 9599 | 30-34 | 35-39 | 40—44 | 4549 | 5054 | 55-59 | 60—64 | 6569 | =70
1 +25% | +25% —5% —5% —5% —5% —5% —5% —25% | —25% | —25%
2 +40% | +40% —5% —5% —5% —5% —5% —5% —25% | —25% | —25%
3 x2 x2 —5% —5% —5% —5% —5% —5% —25% | —25% | —25%
4 x2 x2 —5% —5% —5% —5% —5% —5% —25% | —25% | —25%

tion and work of its human resources make im-
possible its rapid buildup and control. This pro-
cess is long-term and quite expensive. However,
trying to save on this sphere leads to the necessity
to pay more in the future.

The leaders of many countries understand this
clearly. Almost all neighboring countries, even
those whose science previously yielded to the
Ukrainian one, do not spare money to build up
the R&D capacity. The countries that really want
to escape from the Third World and to take a lead
in the economic development, such as China or

10

India, have taken extraordinary measures that re-
quire high financial costs: for example, huge mon-
ey has been spent to return the researchers who
left the country and worked abroad and to attract
foreign young researchers and students. In China,
over the past 15 years, researcher salary has in-
creased 24 times. Poor India has built a city for
researchers and IT developers.

Nowadays, when the R&D development accel-
erates at a high pace, if Ukraine ignores these
global trends, it risks to lose its chance for inno-
vative development for many decades.
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BIJIHOBJIEHHS HAYKOBOTO ITOTEHIIIATY
YKPATHCbKOI HAYKU: HEOBXIJIHICTD I
PEAJIbHI HEPCIIEKTUBU

OOGIpyHTOBY€EThCS HaraJbHa HEOOXIAHICTh BiZIHOBJIEHHS
KaJIpOBOTO MOTEHIIiaTy yKkpaiHcbkoi Haykn. Ha ocHoBi pos-
POBJIEHOr0 ABTOPAMU METOJy [POTHO3YBAHHS €BOJIOLIT
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Ka/IpOBOT'O TIOTEHIlIaly HayKH, 1110 6a3y€eThCsl Ha BPaxyBaH-
Hi B32€MO3B’sI3Ky 1 B3a€MOOOYMOBJIEHOCTI CYCIAHIX BiKO-
BUX TPYII HAYKOBIIiB, PO3PaX0BaHO MOXKJIMBI BapiaHTH H0OTr0
BiJITHOBJIEHHS B YKPaiHi IPOTATOM JIBOX flecaTuiTh. [loka-
3aHO, IO TIPU BiJICYTHOCTI KapANHATHHUX 3MiH Y CTaBJIEHHI
JI0 Hayku 3 GOKY JIepyKaBy Ta MPU 30epeskeHHi TeHIeHTi
OCTaHHIX POKiB, 10 2035 POKy YNCENBHICTD AOCTIHUKIB ¥
KpaiHi 3MeHIUThCS B 4,5 pasu mopisusgHO 3 2015 pokom.
Bojamouac, HaBiTh y BUIAAKY, AKIIO icTOTHE 30iJbHICHHS
3apobiTHOI IJIaTH Ta YMOB Npaili HAYKOBIB IIPU3BEE 0
301/IbIIEHHST TIPUTOKY MOJIOZII B HAyKy Ha 25 % IIPOTSITOM
KOKHUX 5 POKiB i He Oy/ie moryckarucs Toro, mob Gisbiie 1
% pocaigHukiB ctapuiux 30 POKiB MIOPOKY 3aJUIIAMN HAY-
KOBI KOJIGKTUBHM, iCTOTHO 30iIbIINTH KaAPOBUI OTEHITia
YKPaiHCbKOI HayKU He BJACTbCS — B KPAIlIOMYy BUIAJIKY,
BifbOymeThes itoro crabimizamis. HepocTaTHIM BUSBISAETD-
cs1 1 BapiaHT MOJITHKH, IKUI MOTUBYE 301JIbIIEHHST TPUXO-
1y Mostofii Ha 40 %.

Tinpky peamizaris MoOMTHKH, AKa 3a6€3MEYUTD MOABOCH-
HST TTOTIOBHEHHST MOJIOIOTO TIOKOJIIHHST HAYKOBINB KOXKHI 5
POKIB, MOXKE JIaTH MOKJIUBICTD JJOBECTU YUCJIO JIOCJIiTHUKIB
y 2035 porti 10 piBHsI, 6IU3BKOTO TOMY, SIKHii OYB Ha MOYaTKY
90-x pokiB, i, TUM caMuM, HABJIM3UTUCH IO TAKOTO iX CITiB-
BimHOMIEHHS Ha 1 MJTH. HacesIeHHs, sIka € ChOTOHI B KpaiHax
€C. IlprmuoMmy posmounHATH peasizailiio Takoi MOJITUKN
CJTiJL HEeTAlHO: SKINO K BifiKIacTu 1ieit mporiec 10 2020 poky,
TO I Takuii popCcOBAHUIT TEMIT HAPOIIYBAHHS TPUXO/Y MO-
JIOZIi B HAYKY He Z03BOJIUTD i 32 20 POKiB OCATTH Ti€i KijTh-
KOCTi JIOCJIJIHUKIB, sIKy Maja YKpaiHa HaBiThb y He HAJTO
6maronoryuromy 2010 porri.

Knwouogi ciosa: mporHo3yBaHHS €BOJIONIi YNCETbHOCTI
JIOCJTIIJTHUKIB, BiKOBA CTPYKTYpa MOCIiHNUKIB, 3aKPiMJIeHHS
HAayKOBUX KaJIpiB, IHHOBAIIHUI PO3BUTOK EKOHOMIKH,
BIZTHOBJICHHST Ka/[POBOTO ITOTEHIIaTy HAYKH.

A.C. Ilonosuu, E.Il. Kocmpuya

«HCcTuTyT NecneoBaHNl HAYyYHO-TEXHUYECKOTO
MOTEHIIMAJIA U UCTOPUH HAYK
um. M. JTo6posa HAH Ykpautbi»,
6ymnB. Tapaca Illesuernko, 60, Knes-32, 01032, Ykpanna,
tes./dake +380 44 486 9591, E-mail: steps@nas.gov.ua

BOCCTAHOBJIEHME HAYYHOTO
IMMOTEHIIUAJIA YKPAUHCKOUN HAYKU:
HEOBXOANMOCTD 1 PEAJIbHBIE
IMTEPCIIEKTWBBI

OO60CHOBBIBACTCS HACTOATE/bHASA HEOOXOLUMOCTH BOC-
CTAHOBJIEHUsI KaJPOBOIO HOTEHIIMANA YKPAUHCKON HayKH.
Ha ocHoBe pazpaboTaHHOIO aBTOpPaAMU METOAA [TPOTHO3UPO-
BaHMsI 9BOJIIOIUK HTOrO TOTEHIMAMa, GasUPYIONIerocs: Ha
yuere B3aUMOCBSI3M U B3aUMOOOYCIIOBJIEHHOCTU COCEAHUX
BO3PACTHBIX IPYIII YYEHBIX, PACCUUTAHO BO3MOKHbIE BApU-
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AHTBI €T0 BOCCTAHOBJIEHUS B YKPaWHe Ha MPOTSIKEHNH JIBYX
necstusietnii. [lokazano, 9To pm OTCYTCTBUM KapANMHAb-
HBIX M3MEHEHUN B OTHOIIEHWN K HAYKe CO CTOPOHBI TOCY-
JIApCTBA U TIPU COXPAHEHUH TeX TEHJEHIUH, KOTOpble Ha-
6JII0IATICH B TeUeHre MocaeaHuX Jet, K 2035 roxy yncien-
HOCTH WCCJIeIoBaTesieii B cTpane YMEHBIUTCS B 4,5 pas 1mo
cpasrenuio ¢ 2015 romom. B To ke Bpems, maxe B caydae,
€CJIM CYIIECTBEHHOE YBeJndYeHue 3apabOTHON TIaThl U yC-
JIOBUI Tpy/Jla YYEHBIX TPUBEAET K YBEJIWUEHWUIO MPUXO/A
MOJIOJIEKU B HAYKY Ha 25 % B TeueHHe KaK/bIX 5 JIET U He
6yeT IomycKaThest TOTo, 4To6bI 6ostee 1 % nccaenoBaTeneii
crapiire 30 JIeT e3KeT0/[HO OCTABJISIN HAYYHbIE KOJIJIEKTHUBBI,
CYIIECTBEHHO YBEJIUYUTH KAJPOBBIN MOTEHIMA YKPAHC-
KOM HAYKH He YACTCsT — B JIYUIIIEM CJIydae, TPOU30IeT ero
crabunnsaiusa. HemoctaTouHbIM OKa3bIBaeTCS W BapUaHT
MOJINTUKH, KOTOPBII MOTUBUPYET YBeJUUEHUE IIPUX0/1a MO-
snoaexu Ha 40 %.

12

TosibKO peasnusariust Mep, KOTopblie obecrieunBajn Obl y/-
BOEHIE MTOTTOJTHEHHST MOJIO/IOTO TIOKOJICHUST YUEHBIX KaK/Ible
5 JIeT, MOJKET IaTh BO3MOKHOCTD JIOBECTH YHCJIO HCCIIEI0BA-
teseit B 2035 To/y /10 yPOBHS, GIU3KOTO TOMY, KOTOPOE OBLITO
B Havasie 90-X ro/I0B, a TeM CaMbIM TIPUGIUZUTHCS K UX YHC-
Jy Ha 1 MJTH. HaceJieHUsI, UMEIONIEMYCsT CETO/THS B CTPaHax
EC. IIpuyem HauMHATh PeaM3aI[1I0 TAKOH MOJUTHKK HE00-
XOZIMMO HEME/JIEHHO: €CJIN e OTJI0KUTD 970 710 2020 roza,
TO €TOJIb (DOPCHPOBAHHBII TEMIT HAPAIINBAHUS IIPIX0/1a MO-
JIOZIEKY B HAYKY He M03BOJUT 3a 20 JIeT J0CTUYb TOTO KO-
YecTBa HCCJIe[oBaTeell, KOTopoe NMesIa YKpanHa Jlake B He
caunkom 6tarononyunom 2010 rouy.

Kntouesvie crosa: nporHo3sMpoBaHUE IBOJIOIIHI YHC-
JIEHHOCTH MCCJIe/loBaTesel, BO3pacTHasl CTPYKTypa uccJie-
JloBaTesieil, 3aKperyieHre HayYHbIX Ka/[POB, MHHOBAIIMOHHOE
pasBuUTHE 9KOHOMHUKH, BOCCTAHOBJICHUE KaJPOBOTO IOTEH-
Iaa HayKu.
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