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ASSESSMENT AND IMPROVEMENT OF THE ELEMENTS
OF THE SCIENTIFIC INFRASTRUCTURE OF THE REPUBLIC OF KAZAKHSTAN

This study presents a comprehensive investigation into the nexus between research and development (R&D)
services at universities, government funding, and the national R&D expenditure in Kazakhstan. Utilizing quantitative
data for the period from 2014 to 2021, sourced from the Bureau of National Statistics of Kazakhstan and World Bank
Open Data, the research uncovers critical trends and correlations that affect Kazakhstan'’s scientific landscape. Our
study discovered a declining trend in the allocation of university funds towards R&D services from 2018 onwards,
with a notably low share of 0.23 in 2021, suggesting a potential shift in universities’ priorities. Moreover, we
established a strong positive correlation of approximately 0.879 between R&D expenditure (as a percentage of GDP)
and the number of researchers per million inhabitants. This correlation signifies that roughly 77.1% of the variation
in the number of researchers can be attributed to the fluctuation in R&D expenditure. The data also revealed that for
every 1% increase in GDP allocated to R&D, there is an increase of about 2335 full-time equivalent (FTE)
researchers per million inhabitants. This analysis points towards a substantial and statistically significant influence
of R&D expenditure on the number of researchers in Kazakhstan. Our findings underscore the necessity of fostering
a robust scientific infrastructure via targeted R&D investment to facilitate Kazakhstan’s progression towards a
knowledge-based economy. Additionally, these findings highlight the crucial role of universities in shaping the
country’s R&D landscape. The study offers valuable insights for policymakers and researchers about the interplay
between university services, government funding, and national R&D expenditure, contributing to the broader
discourse on scientific and economic development in Kazakhstan.

Keywords: R&D services, government funding, national R&D expenditure, scientific infrastructure, research investment,
knowledge economy, national R&D expenditure, scientific infrastructure, research productivity, innovation policy

Kinm ce30ep: F3TKIK xvizmemmepi, memnexemmix Kapacolianovpy, F3TKIK yimmolx uibl2einoapsi, evlivlmu
ungpaxypeiivim, 3epmmeynepee ungecmuyuaiap, 6inim sxoHomuxacel, F3TKIK yammolx wbi2bin0apel, ebliblMu
UHDPAKYPLLILIM, 3epmmeyaepOis OHIMOLIIZI, UHHOBAYUSLIBIK CACAm

Knrueswie cnosa: ycnyeu 6 oonacmu HUOKP, zocyoapcmeentoe punancuposanue, HAayuoHAIbHble pacxoobvl
na HAOKP, nayunas unghpacmpykmypa, uH6eCmuyuu 8 UCCie008anusl, IKOHOMUKA 3HAHUL, HAYUOHATbHbLE PACXO00bl
na HUOKP, nayunas ungpacmpykmypa, npooyKmueHOCHb UCCIe008ANUL, UHHOBAYUOHHAS NOIUMUKA

JEL classification: H52, H54, 122, 123, O30

Introduction. As we navigate the era of global digital transformation, the significance of Research
and Development (R&D) comes to the fore. R&D, accounting for an estimated 2.6% of the global GDP,
serves as a powerful engine of innovation, driving scientific progress, technological breakthroughs, and
underpinning economic prosperity.

Situated at the crossroads of Central Asia, Kazakhstan, an emerging economy with a GDP of $220.5 billion,
has been experiencing economic diversification for the past two decades. Despite the nation’s abundant natural
resources, particularly oil, which makes up 60% of its total exports, the government has recognized the
importance of transitioning to a knowledge-based economy to secure sustainable economic growth. To
successfully navigate this transition, a robust scientific infrastructure bolstered by dynamic research and
development (R&D) activities, which currently represent 0.18% of the country’s GDP, becomes paramount.

Universities play a central role in this transformation process. In Kazakhstan, with over 130 higher
education institutions, the pressure for universities to adapt to these roles is escalating. Therefore, a
meticulous exploration of their involvement in R&D services is warranted.

The role of government funding, which contributes to approximately 70% of the total R&D
expenditure in Kazakhstan, is another essential facet to consider. Its adequacy and distribution can
significantly impact a nation’s scientific infrastructure and its capacity for innovation.
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This study also investigates national R&D expenditure in Kazakhstan, and its implications for the
nation’s scientific landscape. Specifically, it examines the influence of R&D expenditure on the number of
researchers per million inhabitants, which was around 630 in 2021, providing a more comprehensive
understanding of the role of universities, government funding, and R&D expenditure in shaping
Kazakhstan’s scientific trajectory.

The objective of this study is twofold. Firstly, it aims to uncover the trends in R&D services provided
by universities in Kazakhstan from 2014 to 2021. Secondly, it examines the relationship between R&D
expenditure and the number of researchers per million inhabitants using correlation and regression analyses.

Literature review. Universities and R&D Services. Universities are critical institutions within the
knowledge economy, directly contributing to the creation, dissemination, and application of knowledge. In
the literature, this multifaceted role of universities has been termed as the «Triple Helix» model, which
posits that universities, industry, and government are intertwined in a complex network that propels
economic and social development [1]. This model underscores the importance of collaboration and
knowledge exchange among these three sectors, particularly in fostering R&D services.

Traditionally, universities have been known for their core functions of teaching and research. However,
in recent decades, their role has expanded to encompass third-stream activities such as innovation, technology
transfer, and the commercialization of knowledge [2,3]. This evolution of universities as contributors to R&D
has been attributed to the increasingly knowledge-driven nature of our global economy [4]. Universities, with
their vast intellectual resources and research capabilities, are well-positioned to drive the creation of new
knowledge, promote innovation, and contribute to technological advancements [5].

A significant area of Interest wit”In t’e academic literature is the increasing role of universities in
research and development activities. Driven by the “third mission” of universities, which extends beyond
their traditional teaching and research roles, they are increasingly expected to contribute to regional and
national economic development [6].

Government Funding and Research Activities. The importance of government funding in promoting
R&D activities is another prominent theme in the literature. It is generally agreed that government funding
is a critical component of the research ecosystem [7].

A recent comprehensive study by Hicks [8] analyzed the relationship between government funding and
research output across different countries. Hicks found a positive correlation between public funding and the
number of research publications, suggesting the crucial role of government funding in promoting research
activities. Government funding can have direct and indirect effects on research activities, influencing the
direction and volume of research, and often acting as a catalyst for additional funding from private sources [9].

Azoulay, Graff Zivin, and Manso [10] conducted a study focusing on how funding structures might
influence the nature of research. They found that flexible, longer-term funding could encourage more
innovative and high-risk research, implying the importance of not only the amount but also the structure of
government funding. In the context of Kazakhstan, a report by OECD [11] on Kazakhstan’s innovation
policy suggested that government funding had been a key driver of research activities in the country.
However, it also recommended that Kazakhstan diversify its funding sources for research to ensure
sustainable and diversified research activity.

National R&D Expenditure and Scientific Infrastructure. The role of national research and
development (R&D) expenditure in strengthening the scientific infrastructure has been a focal point in the
economic literature. Salter and Martin [12] asserted that national R&D expenditure significantly influences
a country’s scientific and technological capabilities. This view was supported by a study by Khan and
Luintel [13], who found a positive relationship between R&D expenditure and the number of researchers
in a given country. They suggested that countries that invest more in R&D are likely to foster a richer
scientific and research environment, which in turn, attracts and develops more research professionals. A
study by Guellec and van Pottelsberghe de la Potterie [14] involving 16 OECD countries found that
increases in national R&D expenditure as a percentage of GDP lead to increases in patent applications,
serving as a proxy for scientific innovation. The study thereby suggested that enhanced R&D investments
contribute to scientific infrastructure by stimulating innovative activities.

In contrast, a study by Furman, Porter, and Stern [15] suggested that it’s not just the level of
R&D expenditure that matters but also the effectiveness of how these resources are utilized. The authors
argued for more effective management and allocation of R&D expenditure to maximize its impact on
scientific infrastructure.
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The main part. Methodology. This study employed a purely quantitative research design to examine
the role of universities in improving research and development services within Kazakhstan and to ascertain
the influence of government funding and national R&D expenditure on the country’s scientific
infrastructure and research capabilities.

Data Collection: Data for this study was obtained from two principal sources. The first source was the
Bureau of National Statistics of Kazakhstan (n.d.), which provided detailed annual data from 2014 to 2021
about the expenditure on research and development services and overall services at universities in
Kazakhstan. The second source was the World Bank Open Data (n.d.), an extensive database that provided
national-level data related to the Research and Development (R&D) expenditure as a percentage of the
Gross Domestic Product (GDP), and the number of researchers per million inhabitants. The data from these
sources was carefully collated, ensuring that it adhered to the timeframe under study and the specific
parameters required for our investigation.

Data Analysis: For the analysis of the data, we used Python, a popular programming language known
for its robust data analysis capabilities. The analysis was done in two stages. In the first stage, we analysed
the trends in research and development services offered by universities in Kazakhstan, focusing on how
these services have evolved over the years. This involved identifying patterns and interpreting the
underlying factors affecting these trends. In the second stage, we conducted a correlation analysis to
examine the relationship between R&D expenditure as a percentage of GDP and the number of researchers
per million inhabitants. The result was a correlation coefficient, a numerical measure of the degree of
relationship between these two variables. To further enhance our understanding of this relationship, a
regression analysis was conducted. This was to ascertain the extent to which the variation in the number of
researchers per million inhabitants can be explained by changes in the R&D expenditure as a percentage of
GDP. Throughout these analysis stages, we ensured the application of appropriate statistical tests to validate
the results and interpretations. It is noteworthy to mention that this study only incorporated quantitative
data and analysis techniques. No qualitative data or mixed methods were employed at any stage of the
research. With a rigorous data collection and analysis approach, this study seeks to provide valuable insights
into the interconnections between university research services, governmental funding, national R&D
expenditure, and their collective impact on the scientific progress and intellectual capacity of Kazakhstan.

Findings and Analysis. Our research began with an examination of the role of universities in improving
research and development services within Kazakhstan. .

Figure 1 clearly shows that the increasing trend in general university services combined with the
decline in research and development services may indicate a shift in university priorities.
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Figure 1. R&D and University Services Expenditure in Kazakhstan*
* Compiled by the authors

We wanted to examine how this spending affects the improvement of the country’s scientific
infrastructure, particularly through its impact on the number of researchers per million inhabitants. This
research provides crucial insight into how financial investment in research and development can directly
influence the landscape of scientific research, human capital, and overall progress in Kazakhstan.
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We have examined the relationship between research and development (R&D) expenditure as a
percentage of gross domestic product (GDP) and the number of researchers per million inhabitants. The
tool used to quantify this relationship was correlation analysis, and the results provided important insights.
The correlation coefficient yielded a value of about 0.879. This value is very close to 1, indicating a high
positive correlation between the two variables: R&D expenditure (% of GDP) and the number of
researchers per million inhabitants. This indicates that as the percentage of GDP spent on R&D increases,
the number of researchers per million inhabitants increases accordingly. The strength of the correlation,
which is close to 0.879, means that about 77.1% (0.879 squared to calculate the coefficient of
determination) of the variation in the number of researchers per million inhabitants can be explained by the
variation in R&D expenditure as a percentage of GDP. This is a significant proportion and suggests a
significant impact of R&D expenditure on the number of researchers. It suggests that increasing investment
in R&D could potentially cause an upswing in the number of researchers in a given population. Moreover,
this high correlation underscores the importance of a nation’s investment in R&D. Countries that spend a
larger share of their GDP on R&D are likely to have more researchers per million inhabitants. This means
that the more funding allocated to R & D, the more scientific research.

The result of the analysis is not equivalent to a causal relationship, although it shows a clear correlation.
For example, a strong positive correlation suggests that there is a positive correlation, but it does not prove
that R & D spending increases the number of researchers in the population. Because there may be other
factors that influence this, as a result of the impact as a set. Or, perhaps, countries with a large number of
scientific researchers tend to invest in R & D.

However, the results of this study may be the starting point for future research. It can also create new
perspectives on how investing in R & D will affect the generation of talent in this area. As a continuation
of correlation analysis, we decided to make regression analysis.

Table 1
Results of regression analysis*
Name Value
Dependent Variable Researchers per million inhabitants (FTE)
Independent Variable Research and development expenditure (% of GDP)
R-squared 0.7721963531486121
Adj. R-squared 0.7396529750269853
F-statistic 23.728217466011795
Prob (F-statistic) 0.0018118446496248803
Research and development expenditure 2334.8656182094896
Standard Error 479.3241746035236
t-value 4.871161818910532
p-value 0.0018118446496248877

* Compiled by the authors

The slight decrease in the adjusted R-squared value compared to the R-squared value indicates that
most of the explanatory power of the model is not due to overfitting, so the explanatory power of the model
is substantial.

The F-statistic is 23.73, and the probability of this F-statistic (Prob(F-statistic)) is approximately
0.0018, which is significantly less than 0.05. This signifies that our regression model is statistically
significant at the 5% level. This implies that there is a statistically significant relationship between R&D
expenditure (% of GDP) and the number of researchers per million inhabitants.

Based on the results of the regression analysis, the econometric model for the relationship between
«Research and development expenditure (% of GDP)» (X) and «Researchers per million inhabitants» (Y)
can be written as follows:

Y =370.0053 + 2334.8656* X

In this model:

Y represents the estimated value of «Researchers per million inhabitantsy.

X represents the value of «Research and development expenditure (% of GDP)».

The constant term is 370.0053, which represents the estimated value of Y when X is zero.
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The coefficient for the R&D expenditure is 2334.87, which suggests that for every 1% increase in
GDP allocated to R&D, there is an increase of about 2335 full-time equivalent (FTE) researchers per million
inhabitants. This positive relationship, combined with a low p-value of approximately 0.0018 for the t-
statistic (significantly less than 0.05), indicates that the effect of R&D expenditure on the number of
researchers per million inhabitants is statistically significant.

Conclusion. With a focus on the role of universities, the effects of government funding, and the impact
of R&D expenditure as a percentage of the Gross Domestic Product (GDP), this study set out to explore
the intricate and interconnected landscape of Research and Development (R&D) in Kazakhstan. Our
quantitative analysis, which included information from the World Bank Open Data and Kazakhstan's
Bureau of National Statistics, provides a thorough summary of these dynamics from 2014 through 2021.

Our findings revealed a decreasing trend in the allocation of university funds towards R&D services
from 2018 onwards, which may have far-reaching implications on the quality of education, the international
ranking of universities, and the overall scientific progress of the country. While universities are expected
to provide a broad range of services, a decrease in the emphasis on research could impact their standing as
the central hubs for knowledge creation and technological innovation.

When we turned our attention to national R&D expenditure, our study indicated a high positive
correlation between the R&D expenditure as a percentage of GDP and the number of researchers per million
inhabitants. The correlation coefficient of 0.879 suggests that increased R&D expenditure is associated
with an increase in the number of researchers, which is consistent with the general belief that higher
investment in R&D fosters a conducive environment for scientific research.

Our regression analysis further corroborated this relationship, with an R-squared value of 0.772
indicating that about 77.2% of the variation in the number of researchers per million inhabitants could be
explained by the variation in R&D expenditure as a percentage of GDP. The results provided strong
evidence for the significant impact of R&D expenditure on the number of researchers, pointing to the
importance of strategic investment in R&D to boost the nation’s scientific manpower.

However, as with all research, this study has its limitations. Correlation does not imply causation, and
the presence of other unobserved variables might be influencing the results. While our study provides a
valuable starting point, future research should consider a more extensive set of variables and use more
advanced statistical models to gain a more comprehensive understanding of the factors influencing R&D
and its impact on the scientific landscape in Kazakhstan.

The findings of this research bear important implications for policymakers in Kazakhstan. The
decreasing emphasis on R&D within universities and the significant impact of R&D expenditure on the
number of researchers underscore the need for targeted policies that promote investment in scientific
research, encourage universities to prioritize R&D, and create an enabling environment for knowledge
creation and innovation.

As Kazakhstan navigates its way towards becoming a knowledge-based economy, the findings of this
research will hopefully contribute to the formulation of more informed and effective strategies for
strengthening the nation’s scientific and technological prowess.
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KymebaeB 7K.T., HymanoBa ®@.A., Opbintet I1.K.

KA3AKCTAH PECITYBJIMKACBIHBIH FbIJIBIMUA NTH®PAKYPBIJIBIMBIHBIH
SJIEMEHTTEPIH BAFAJIAY KOHE KETLIIIPY

AHaaTna

Byn 3eprrey yHuBepcuterTepaeri seprreyiep MeH azipiemenep (R&D) canacsinnars! KelsmerTep, Kasakcranmarst
F3TKX-ra MemiiekeTTiK KapKbUIaHIBIPY JKOHE YIITTHIK IIBIFBICTAD apachIHIAFbl ©3apa OaiIaHBICTHI YKaH-KAKTHI
3epTrey OOibIm TaObuTaAbl. KasakCTaHHBIH ¥YJITTHIK CTAaTUCTHKA JoHe JlyHHWexy3imik BaHKTiH amblk aepexTep
OropoceiHaH anmbiaFal 2014 xeiiman 2021 xpUtFa ASHIiHTI Ke3€HIeT1 CAaHIBIK IePEeKTep i Mainanana OThIPHII, 3epTTey
KazakcTaHHBIH FRUIBIMH JIAHAMAPTHIHA 9Cep €TETIH aca MaHBI3IBI YPIiCTep MEH KOppesaIusuIapIpl amaasl. bi3min
3eprreyiMi3 2018 kpurnan OacTar FRIIIBIMU-3ePTTEY KbI3METTEPiHE YHUBEPCUTET KapaXkaThIHBIH OOJTiHYiHIH TOMEHICY
TEHICHIMACHIH aHbIKTanpl, 2021 sxbutel 0,23 yneci aliTapibIkTaii TOMEH, OYJl YHHUBEPCUTET OaCBIMIBIKTAPBIHBIH
BIKTHMaJ e3repyiH kepcereni. ConsiveH Katap, 013 F3TKOK wbirbinaapst (JKIO naibi3piMeH) MEH MUJUTHOH TYPFBIHFA
LIaKKaHJarbl 3epTTEyIIijep caHbl apachiHaa mamames 0,879-m1a KymTi oH Koppessiiusi OpHATTHIK. byil koppessiims
3epTTeylIiep caHblHAarbl e3repicrepaid mamamed 77,1% -. F3TKXK mbFbIHIApbIHBIH aybITKYBIMEH TYCIHIIpYTe
OonateiHabIFeIH Olnnipeni. [epekrep conbiMeH karap F3TKXK-ra Gesinerin JXKIO-nig opbip 1% ecimi MmumoH
TYPFBIHFA IIaKKaHaa mamameH 2335 TonblK yakbiTTel 3eprreyiuire (FTE) ecerinin kepcerri. byn tannay F3TKXK
IIBIFBICTAPBIHBIH KazakcTaHmarsl 3epTTeyIIiiep CaHbIHA eNeyli KOHE CTaTUCTHUKAIIBIK MaHBI3IBI OCEPiH KepCceTeni.
bi3niH KOpBITHIHABUIAPBHIMBI3 Ka3zakcTaHHBIH OiliMre HeTi3feNreH SKOHOMHKAFa UIrepiieyiHe XopAeMIecy YIIiH
F3TKXX-ra HbIcaHaibl WHBECTHIMSIIAD apKBUIBI CEHIMII FBUIBIMH HWHQPAKYPBUIBIM KYPY KaKETTITiH KOpCeTesi.
CoHbIMEH KaTap, OV HOTWXKENEp YHHBEPCUTETTEPHIH ENIiH FhUIBIMU-3ePTTEY JIAHAMAPTHIH KAIBIITACTHIPYIaFbl
MY POJTiH KepceTemi. 3epTTey cascaTKepiep MeH 3epTreyiriyiepre KazakcTaHHBIH FHUTBIMU KOHE YKOHOMHUKAIIBIK
JTaMy MoceleNiepiH KeHiHeH TATKbUIAYFa BIKITaJ €T¢ OTBHIPBII, YHUBEPCUTETTIK KbI3METTEP, MEMIICKETTIK KapKbUIAHIBIPY
xaoHe ¥YurreiK F3TKOK mwbirbinaaps! apacsiHaarsl OailllaHbIC Typaibl KYH/IBI akapatr oepei.
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OLEHKA U COBEPIIEHCTBOBAHMUE 3JIEMEHTOB
HAYUYHOM MTH®PACTPYKTYPHI PECITYBJIUKHA KA3AXCTAH

AHHOTaNMA

JlaHHOE HMCCcTie[oBaHMe MPEICTaBIsIET COO0H BCECTOPOHHEE MCCIICIOBAaHNE B3aNMOCBS3H MEXIY yCIIyraMi B 001acTh
nccnenoBannii U pazpabotok (R&D) B yHMBepcHTETaxX, TOCYAapCTBEHHBIM (DMHAHCHPOBAHHEM M HAIMOHATHHBIMH
pacxogamu Ha HUOKP B Kazaxcrane. Mcnone3ys konuuecTBeHHbIE JaHHbIE 3a iepuof ¢ 2014 no 2021 rox, norydeHHbIe
u3 bropo HarmoHanbpHOM cratuctiku Kazaxcrana u OTKpBITBIX JaHHBIX BeeMupHOro OaHKa, HCCICOBAHIE PACKPHIBACT
Ba)KHEUIIINE TCHICHIIMM U KOPPEILILUK, KOTOPhIC BIMSIOT HAa HayuHbId naHmuadr Kasaxcrana. Hame uccrenoBanue
BBISIBUJIO TCHJICHIIHMIO K CHM)KCHHUIO BBIJICIICHHS YHUBEPCUTETCKHUX CPEICTB HA HAYYHO-MCCIIeI0BaTeNbckue yeryru ¢ 2018
roja u jgainee, ¢ 3ameTHO Huzkod goneit B 0,23 B 2021 roay, 4yTO CBHIETENBCTBYET O MOTEHIMAILHOM H3MEHEHHU
MPUOPUTETOB YHUBEPCUTETOB. boJiee TOro, Mbl YCTAHOBIIIHM CHITBHYIO MTOJIOXKUTEIIBHYIO KOPPEISIHio mpuMepHO B 0,879
Mexay pacxonamu Ha HUOKP (B mporiertax ot BBIT) 1 urciiom uccienoBareneii Ha MAJUTHOH JKATEIeH. DTa KOpPeISIus
03HAYaeT, 4To npuMepHo 77,1% W3MEHEHNH B YMCIEHHOCTH HCCIIe0BaTeNIel MOYKHO OOBSACHUTE KOJICOAHMSIMHU PacXOI0B
Ha HUOKP. Jlannsle Tarke moka3aid, 9To Ha Kaxapii 1%-#eni npupoct BBIL, Beigensemsiii Ha HUOKP, npuxonurcs
YBEIMUEHHE MpUMEpHO Ha 2335 mcciiemoBareneid, 3aHAThIX MOMHBIN padounii nenb (FTE), Ha MIJUTHOH XuTeNe. DTOT
aHaIM3 YKa3pIBAaeT Ha CYIIECTBEHHOE M CTATUCTHYECKH 3HaumMoe BimsHHE pacxomoB Ha HMOKP nHa wmcnmeHHOCTH
nccnenosateneii B Kazaxctane. Hamm BBIBOABI MOMYEPKUBAIOT HEOOXOMUMOCTh CO3MAHUS HAJACKHOW HAyIHOU
nHppacTpyKTyphl rocpencTBoM IneneBbix uHBecTMnmid B HUMOKP st comelictBusi npoasikeHnto Kaszaxcrana x
9KOHOMHMKE, OCHOBAaHHOH Ha 3HaHUAX. KpoMe TOro, 3T pe3yabTaThl MOAYSPKUBAOT PEIIAIOIIYIO POJIb YHUBCPCUTECTOB B
(OpPMHUPOBAHUK HAYYHO-HCCIICIOBATCIILCKOTO JIaHMadTa CTpaHbl. VccnenoBaHWe JaeT LCHHYI0 HH(POPMAIUIO
MOJUTAKAM W HWCCICAOBATEISIM O B3aMMOCBS3M MEXKAY YHHUBCPCHTCTCKHMH  YCIYraMH, TOCYAapCTBEHHBIM
(hrHAHCUPOBAHUEM U HalMOHANBHBIME pacxogamu Ha HOKP, ciocoOcTBys Goliee MMpoKOMy O0OCYKICHHIO BOIIPOCOB
HAyJHOTO ¥ 9KOHOMHYECKoro pa3BuTus Kazaxcrana.

— NSRS

90



