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1. INTRODUCTION
(the goal of the National Repor}

The field of science is an essential part of national wealth, a fundamental
resource for the country's economic and social transformagarentfic potential
In many respects determines the country's place in the world community, prospects
in the competitive struggle in the external market, and possibilities in solving its
internal problems.

The implementati o060 6heathbdaszd k a8 O
entering t hevorld adhanced cpuntrieeduires theemobilization of
national research potentiaimplementation of internationdével researobs and
ther wide practical realization

The main development priorities of tikeunty, reflected in the Message of
the President othe Republic of Kazakhstan NMazarbayev to the people of
Kazakhstan datedyJ anuary 31, 2017, AThe Third N
Gl obal Competitivenesso, are aduntrgsd at
economy, and thereby improving the welfare of Kazakhstanis, support for the
country's I nternal political stabil it
technol ogi cal moderni zation of the ecor

In recent yearsKazakhstan has been taking active steps at the state level to
solve the set tasks to create a knowlegensive economy of the country. The

further I mpl ement ati on of the Law fAOn
science management, is adjusted wlibst international practice.
The Law fA0On the commercialization o

scientific and (Qcteberh3d,i201& No. 38t)tand\vthe tSiate s 0
Program for the Development of Education and Science for-2018 (Marchl,

2016 No. 205) are aimed at developing new mechanisms for interaction between
science and business, increasing the effectiveness of scientific research, their focus
on practical implementation, on ensuring the introduction of -tegh
technologies intoproduction and stimulating business sector to participate in
scientific projects.

A mechanism has been established for the work of the main structures of the
new science management system: the Higher Scientific and Technical Commission
under the Governménof the Republic of Kazakhstan (HSY,Cthe Science
Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (MON RK), the National Scientific Councils on the priorities of
science devel opment ( NNS) , deftiic andNat i o
Technical(NEGNT&®r ti seo

The implementation of scientific researches in 2017 was carried out in
accordance witlthe following five priorities of science development for 2014
2016 appoved at the meeting of the HSTC
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Rat i o matdal rescsirees, @rbcessing of raw materials and products;
Energy and engineering,;

| nf ormati on and telecommunication
Life sciences,;

The intellectual potenti al of the

To To T o Do

The preparation of the National Science Report (Repsrtarried out in
accordance with the Rules for preparation of the annual National Science Report,
approved by the Decree N0.369 of the President of the Republic of Kazakhstan
dated by August 21, 2012 (as amended on May 21, 2015, No. 27), and paragraph 3
oo Article 8 of the Law of the Republ.i

The 2017 Report presents:

- general characteristics of Kazakhstan science with the presentation of
scientometric analysis for the last 5 years, analysis of achievements of Kazakhstan
sciene, its most significant results, indicators of research activity of scientists
(number of publications, citation index, impact factor of journals, patent activity);

- analysis of the implementation of fundamental and applied research in
accordance with thpriority directions of development of science of Kazakhstan,
identified by the Higher Scientific and Technical Commission under the
Government of the Republic of Kazakhstan;

- analysis of the implementation of fundamental and applied research in
accordane with the priority directions of science development in Kazakhstan,
identified by the Higher Scientific and Technical Commission under the
Government of the Republic of Kazakhstan;

- analysis of the state of scientific potential, the quality of trainfrdpmestic
scientific personnel, attracting foreign scientists;

- analysis of research and development financing;

- analysis of global trends in the development of science, discoveries and
achievements obtained by Kazakhstani science as a result of teenienpation of
scientific and technical agreements with foreign and international scientific
organizations;

- analysis of the development of national innovation system through the
mechanisms of commercialization and integration of science, industry and
busness;

- analysis of the activities of sectoral bodies authorized for managing science
and scientific and technical activities;

- conclusions and proposals for the further development of national scientific
system.

The analysis of the implementation of flamental and applied research in
priority areas of science (Section No. 3) was carried out by academicians,

corresponding nmabers of the Nationahcademyof Science of the Republic of
4



Kazakhstan (NASRK), and leading scientists doctors of science workgnin
research institutes and universities of the country: Academician of the National
Academy of Sciences of the Republic of Kazakhstan, Doctor of Technical
Sciences, Professor B.R.Rakish{prvocessingf mineral raw materials); Doctor of
Physical and Mattmatical Sciences. N.TBurtebaev (nuclear power plants,
nuclear technologies, safety); Candidate of Technical ScieBdédlalishevsky
(telecommunication systems and technologies); Corresponding MeshiAS

RK, Doctor of Medical SciencesProfessor A/.Balmukhanova (pharmagy
ecology and amaging); Doctor of Chemical Sciences A.K.Zharmagambetova
(chemistry, oil and gas technology)Poctor of Physical and Mathematical
Sciences, Professor B.E.Kanguzhin (mathematics); Doctor of Economic Sciences,
Professo B.M.Mukhamedieyeconomy).

The main indicators that helped to assess the scientific and technical potential
of the Republic of Kazakhstan are the following: the volume and sources of
science funding; the number of scientific, scientific and technicargmées and
institutions; the state of their material and technical base; number and qualification
of scientific personnel; volume of R & D performed.

Based on this analysis and taking into account the existing scientific schools
in Kazakhstan and sciefiti potential, as well as the priorities of the industrial and
innovative development of the country, the Report reflected the main results of
scientific activities of organizations and scientists of the republic in the main
priority areas of science fo027.



2. GENERAL CHARACTERISTICS OF THE KAZAKHSTAN
SCIENCE

(with presentationof scientometric analysis for the last 3 years, analysis of
the achievements of Kazakhstan science (the most significant results of
scientific and (or) scientific and technical divities, implemented
developments), indicators of research activity of scientists (number of
publications, citation index, journals impact factor )

In the Republic of KazakhstaB86 organizationswere engaged in research
and development in 2017 (383yanizations in 2016) (Table 2.1).

Table2.1.Numbe of organizations performing R&

units
2013 2014 2015 2016 2017 | Tendencies:
increase/
decrease

Republic of Kazakhstan 341 392 390 383 386 3
Akmola region 12 11 11 9 11 2
Aktobe region 13 14 14 14 16 2
Almaty region 10 13 11 10 11 1
Atyrauregion 8 9 10 11 10 -1
EastKazakhstamegion 29 30 30 35 34 -1
Zhambylregion 9 11 11 11 11 0
WestKazakhstamegion 9 9 7 8 8 0
Karaganda region 23 31 32 33 29 -4
Kostanayregion 13 13 14 13 14 1
Kyzylordaregion 6 6 8 10 8 -2
Mangistauregion 7 7 5 7 6 -1
Pavlodaregion 10 11 9 10 11 1
North-Kazakhstamegion 3 3 4 5 5 0
SouthKazakhstamegion 15 17 19 19 19 0
Astana city 52 59 53 55 62 7
Almaty city 122 148 152 133 131 -2

Data provided by the MNRK Statistic€Commitee

The increase in the number of organizations occurred in six regions of the
republic: in Akmola, Aktobe, Almaty, Kostanay, Pavlodar regions and in the city
of Astana. The decrease occurred in six regioms Atyrau, East Kazakhah,
Karaganda, Mangystau, Kyzylorda regicarsd Aimaty city. In other regions, the
network of scientific organizations has not changed.

The public sector, including institutions funded from the state budget, in 2017
was represented by 101 organizations.

The number of organizations in the business sector, including organizations
whose main activity is related to the production of products or services for the
purpose of sale, decreased by 3 units compared to 2016 (Table 2.2).

The sector of higher education 9(%rganizations) includes universities,
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Institutes, academies and other institutions of4gesbndary education, regardless
of the source of their funding and legal status; research institutes, experimental
laboratoriesandclinics that are managed by higy education institutes.
The smallest number of organizatiossepresented in the nerofit sector
of science, which includes legal entities funded by privateprofit organizations
i 40 units

Table2.2.Number of research and development orgaitinatby sector of activity

units
2013 2014 2015 2016 2017 Tendencies:
increase/
decrease
Total 341 392 390 383 386 3
including: 0
public sector 78 101 94 100 101 1
higher professional education 112 105 103 103 99 -4
sector
business sector 110 149 154 149 146 -3
noncommercial sector 41 37 39 31 40 9

Data provided by the MNE RK Statisti€emmitee

Regarding the types of organizations, we can note the generally stture
of development. in comparison with 2016 the number of higher eduocatio
institutionsdecreased by 4 units, and the number of séiengsearch institutes

increasedy 5 units (Table 2.3).

Table2.3.Number of research and development organizations by type

units
2013 2014 2015 2016 2017

Total 341 392 390 383 386

including
_ H_|gh_er edication 84 89 90 93 89
institutions
_ S_C|ent|f|c research 231 245 237 205 230
Institutes

Other organizations 26 58 63 65 67

Data provided by the MNE RK Statist€emmitee

22,081 personswere involved inresearch and development works in 2017
(22,985 persons in 2016), including 17,205 researspecialists Compared to
2014, in which the largest number of employees was registered over the five years,
in 2017 the number of stafedreased by 3.7 thousaneiople (kg. 2.1).
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Figure2.1.R & D personnel, persons
Data provided by the MNE RK Statist€smmitee

The largest number of research spbsis in 2017 was involved in the field of
engineering sciences 5 thousand. The number of personnel of the highest
scientific qualification in this field of science was only in the second position and
amounted to 2,557 people: 979 candidates, 383 doofascience, 114 PhDs and
77 profile doctors 1000 masters. In general, the share of researchers in the field of
engineering sciences accounted for about 29.3% of the total.

Thenthe natural sciencdsllow, where the share of researchers accounted for
2%. The number of candites of sciences was 1221 persotsctors- 577,
profile doctors 117, PhDs 224 aml masters 1236 persons

The least represented by highly qualified personnel were medical sciences.
They accounted for only 6.1% of the numberedgearch specialists. The smallest
number of highly qualified personnel is noted in this field of sciencalidates-

327 personsdoctors- 182, profile doctors- 47, PhDs- 31, masters 202 persons
(Fig. 2.2).
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Figure2.2.Distribution of research specialists @geas of science in 2017, persons
Data provided by the MNE RK StatistiCemmitee

The analysis of the formationf éhe personnel contingepbtential with the
highest scientific qualifications shows that there is a sbwftards the number of
PhDs and profile doctors trainéd Kazakhsan. The number of specialiststbkse
gualifications has increased in all fielofsscience.

2.1. Analysis of Kazakhstan scienceachievements(significant results of
scientific and (or) scientific and technical activities, implemented
development)

The highest recognition of the achievemeuitscientists and technicians by
the sociey and the state is the State Awarfdthe Republic of Kazakhstan in the
field of science and technolpgamed after AFarabi, conferredy the Head of
the State once every two years for outstanding results in the field of fundamental
and applied researchgientific discoveries, monographs and scientific works that
have received wide public recognition; development and organization of
production of new types of equipment, materials and technologies at the level of
world analogues.

In 2017, in accordanceith the Decree of the President of the Republic of
Kazakhstan dated byNovember 28, 201 MNo. 592, the State Awardh Science
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and Technology named after -Rhrabi was awarded to 4 works of domestic
scientists for outstanding results in the field of pbysihistory, metallurgy and
medicine:

1) To Myrzakulov R., professor, doctor of physical and mathematical sciences
(Eurasian National University named after L.N.Gumilydaj his work on the
topich Devel opment of the theoryrtiesfofthgr avi
real Uni ver se, contributing to the en
tothe levelofadvancd achi evement.s in the worl do

The work is devoted to the development of the modern theory of gravity and
its application to the description tife real Universdt has been demonstrated that
an oscillating Universe can arise from the equation of state for a homogeneous
fluid. For the first time, the Weierstrass elliptic function was proposed as a
generalization of Chaplygin gas type models. Tdesmological features and
properties ofcyclic and knotted universes have bemmsidered in detail and
several specific models of trefoil and figure eighbpe have bedouilt. Several
types of dark energy have bedeveloped within the framework of mdieid
GaussBonnet gravity.

2) To Baypakov K.M., academician of NARK professor doctor of
historical sciences (Institute of Archeology named after A.K.Margulan)is
work on the topidi Anci ent and Medi eval Ur bani za
on the reseach materials of the South Kazakhstan Integrated Archaeological
Ex p edi KM Baypakava, Acad. NAS RK, prof., Dr. East. Sciences

The work is devoted to the study of ancient and medieval urbanization of
Kazakhstan. For the first time, the dynamics ofdeeelopment of cities in a wide
range - from the Bopnze Age to the Kazakh Khanateas highlighted Five
chronological periods have bedefined. The cities of Kazakhstan throughout all
periods of urbanization were the centers of power, caaftstrade, agriculture,
political and cultural life.

An important conclusion was made that the territory of Kazakhstan was one
of the centers of historical and cultural synthesis oérnelationships of cattle
breeders including nomads and citizens, steppe and. dityis proved that the
interpenetration and mutual enrichment of cultures of various tribes and peoples
was the main line of development of the steppe civilizafidre achievements of
the culture of the Kazakh people lie the depths of such a synthesisd the
origins ofethnogenesis .

3) To the team of authoiis Akhmetov A.B.,PhD, Basin V.B.,Vityuschenko
M.F., Mukhtar A.A., associate professor, candidate of technical sciences, Rau
A.P., academician of KazNAEN, doctor of economic scienBagbayevaB.N.,
doctor of technical science¥ablonskky V.I., (National Center for Complex
Processing of Mineral Raw Materials of the Republic of Kazakhstan, ArcelorMittal
Temirtau JSC), for theiwork on the topidi De v e | 0 p iclass teatolodied
for engaging bw-quality (highly phosphorus iron-rich) and technogenic raw
materials that increase the competitiveness of steel production, and their
commerciali zationo
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The technological bases for organizing the production of-gigility and
special types of steel faritical purposes (higistrength, electrical, stainless) for
the production of metal pducts of higher processing have been creatatiofal
technologies for producing conditioned iron concentrate @6, P- 0.2%) from
poor oreshave been developpdhromiumnickel iron for smelting heatesistant
and corrosiofresistant steels according to AISI standards; complex and pure
ferroalloys, including ferrosilicon with low aluminum content from unconventional
raw materials, and their use; pipe ferli@intic steel, strength category X80 for
oil and gas purposes conforming to international API standards; new generation of
refractory materials for higtemperature metallurgical units and assemblies. The
developed technologies allow 400 billion tons of bravem ore to be involved in
the metallurgical redistribution, of which 12 billion tons are domestic deposits; 450
million tons of oxidized nickel ores of ¢hAktobe group of deposits, et@00
thousand tongkar of marmade (ironcontaining waste and refttory slags of
metallurgical production) and nemetallic materials.

Technologies are protected by 13 patents, tested and implemented on an
industrial scad in Kazakhstan and Russiaréduction in the cost of production of
1 ton of steel by 10 US dollamas been achieved

4) to the team of authors Benberin V.V., professor, doctor of medical
sciences, Ahetov A.A., doctor of medical sciences; Gulyaev A.E., professor, doctor
of medical sciences, Zhumadilov J.S., professtuoGtor of medical sciences,
Kushugulova A.R., doctor of medical sciences; Nurgozhin T.S., professor, doctor
of medical sciences, Sarsebekov E.K., professor, doctor of medical sciences,
TanbayevaG.Z., professor, doctor of medical sciences (Medical Center for
Administration of the Presia of the Republic of Kazakhstan)or the cycle of
studi es on t-telatedimetipodsof efisBring aetimedomgavity

A new paradigm ofjualtativel ongevi ty based onithe <c
agingi anti agingo has bee ngedavermeeh ahbserdto a n d
stimulate the processes of antiaging and ensure active longevity.

2.2.Indicators of research activity of scientists

Scientific publications are a measure of the quality and effectiveness of
individual scientists and researchrtea as well as a criterion for comparing the
position of countries in global science. This became possible largely due to the
access of researchers and administrators of science from different countries to the
resources of the leaders of the informationrkea Currently, about 300
Kazakhstani universities and research institutes have the opportunity to use
relevant scientific information, concentrated in foreign resources of the largest
companies such as Clarivate Analytics, Elsevier, Springer.

Analyzing he citation indices of the Web of Science Core Collection
(hereinafter WoSCC) and Scopus, one can show trends in the development of
various scientific fields, the performance of scientific organizations, and also give
a general assessment of the countsgeentific potential (its weak and strong
points).
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The information source of WoSCC
Kazakhstan scientifipublicationsor 0.033% in the total array. At the same time,
the number of publications is 7,057 units for the perio@Q#52017. This time
interval during which the evaluated articles were published is called the
Apubl ication
publications (0.030% of the world flow), including 9,252 items for 200%7.

The study of the total array of Kazakhstan scientific works in two databases
shows that almost a third of them are published in journals, which are indexed
simultaneously in WoSCC and Scopus. Duplication of works affects the
objectivity of assessing indicatd Given this circumstance, the Report presents the
results of bibliometric analysis only amding to the WoSCC. This option was
selecteddue to the fact that WoSCC is complemented by analytical tools (InCites,
Essential Science Indicators and Journaht@in Reports) with a large list of
indicators characterizing various aspectsaéntificactivity.

In 20152017, according to [ites, the number of Kazakhstan@nicles was
6,850items which allowed the country to takéth place out of 21&ountries in
the world ranking. For comparison, the countries of the Eurasian Economic
Cooperation are distributed in the following order: Russia (197,144 ddd®)
Belarus (5,683) 82; Armenia (3,500) 95; Kyrgyzstan (655 doc-)141.

The research activity foKazakhstan as a reflection of the number of
publications makes up 0.086%the world scientific stafbver the past three years

(Table 2.2.1).

Wi

ndowo.

includes information on 20,027

The Scopus

dat at

Table2.2.1.The share of Kazakhstani publications in the global volume of
publications indexed by WoSCC, 282017

The share of Kazakhstan
Number of Globalflow of o .
Year o o publications in the global flow o
publicaions publications L
publications
2015 2 057 2 647 126 0,078
2016 2 491 2 739 379 0,091
2017 2 302 2575732 0,089
20152017 6 850 7 962 237 0,086

Source InCites (Clarivate Analytics), as of the date@8.06.2018.

Comparison of two structuresKazakhsan and the world scientific massive
of publications reveals the priority areas of research. In the context of the fields of
sciencethere are sigficant differences (Table 2.2.2).
According to the WoSCC, in the Kazakh structure, the physical, technical and
applied sciences account for an average of 41.3% and 29%, respectively; on
medicine and health care, social sciences and life sciermesaveage of 14.2,
12.4 and 12.4%, respectively; for arts and humanit®6%.
The steady positive dynamics of the accumulation of publications is observed
only in the field of the physical sciences and in such areas as applied physics,
mathematics, interdigglinary chemistry, and optics.
In technical and applied sciences, the average growth rate of publications
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from 2015 to 2017 is about 1% and electrical engineering and electronics,
materials science, multidisciplinary sciences, computer science, enerdyedsd
nanoscience and nanotechnology have significant shares in the global publication
flow.

In other areas medicine and healthcare, social sciences, life scienceamdrt
humanities- there is a decrease in the number of scientific works of Kazakhstan
scientists.

In the global flow, the highest pubditon activity is peculiafor medicine,
technical and applied sciences wahaverageshare of 34.3 and 29.3%, while for
Kazakhstan, as already noted, in medicine this figure is only 12.4%. Work in the
field of physical sciences averages 21.4% of the total number of publications in the
world for 20152017.

The share of publications of Kazakhstan on the science of life, social sciences,
artandhumanities is commensurate with world \v&din similar fields.

Table2.2.2.Kazakhstani and global
publication structures by fields of science

2015 2016 2017
Field of knowledge ['humber of number of number of
. % . % .. %
publications publications publications
Kazakhstan
Physical sciences 837 40,9 1019 41,3 1031 41,2
Technical and 625 30,5 528 214 879 35,1
applied siences
Social sciences 315 14,7 367 12,5 247 9.9
Medicine and 302 15,4 308 14,9 310 12,4
healthcare
Life sciences 270 13,2 277 11,2 323 12,9
Arts andhumanities 63 3,1 60 2,4 61 2.4
Global massive
Medicine and 039934 | 345| 972533 | 344| 944119 | 33,9
healthcare
Technical and 791154 | 29,1 837062 | 29,6 817323 | 29,3
applied siences
Physical sciences 582454 21,4 583723 20,7 613026 22,0
Life sciences 449858 16,5 459422 16,3 464315 16,7
Social sciences 297362 10,9 321253 11,4 306607 11,0
Arts and humanities 145485 53 148925 53 145296 52

Source Web of Science Core Collection (Clarivate Analyties)pf the date d38.06.18

Aclearerideaof he fisceerasi § inicyadnbéareatzedu the
basis of calculating the index of scientific specialization, determined by comparing
the structure of national and world publications. If the index value exceeds 1, then
this indicates the specialization of domestic science ipadicular scientific
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direction.

In the period 2012017 he highest index of specialization (10.36) is in
Kaz akhst ain the fielav of public health, environmental protectiand
occupational health. Then there are studies conducted in intentigoypland
engineering disciplines (5.26). The priority areas include mathematics and physics
(4.82). The index in social and humanitarian disciplines ranges from 1.06 to 4.12.
Underdeveloped in Kazakhstan, by world standards, remain research in thé field o
life sciences: medicine, biological areas.

The quality of an array of publications can be judged by the level of journals
in which they are published. The scientific works of Kazakhstan scientists (6,850
doc.) for the period 020152017 were publishedi2,358 sources indexed by the
WoSCC. Incliding measurement rangenpact factorusing 4 273 articles, or
62.4% printed in 1 599 international scientific journals.

The graduation of journals in which articles of Kazakhstani scientists were
published, accordg to the impact factor, revealed the following picture: only
4.4% havenhigh and \ery high impact factor, 49 have an average level, 21% &ave
low and very lowlevel 7% (Table 2.2.3).

Table2.2.3.Web of Science Core Collectigournalsdistribution
with Kazakhstan publications for the period of 22(BL7
by the value of their impact factor

. Impact factor Number of Number of
Journal ratiny . :
measurement range journals articles

Very high More thanl10 18 30
high >57 10 53 100
middle >11 5 784 1497
low >0,51 1 247 669
Very low >071 0,5 127 472

- no impact factor 370 1505

* Classification scale ratings of scientific journals included in the Journal Citation Reports
database

Of the 370 journals with nompact factor, 321 are included in the Emerging
Sources Citation Index (ESCI), a new citation index on the Web of Science
platform. For ESCI journals, the impact factor is not calculated. After 2 years,
according to the results of the analysis of scientometric indicators, the journals are
either trangdrred to the main Web of Science bases or are excluded from ESCI.

As of today,9 Kazakhstani journals are included in ESCI (Table 2.2.4).
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Table2.2.4.Kazakhstani journals included in tBnerging Sources Citation Index

Numberof
Journal name publicatons
Bulletin of the Karaganda University Mathematics 94
Bulletin of the National Academy of Sciences of the Republic
134
Kazakhstan
Bulletin of the University of Karaganda Chemistry 69
Bulletin of the University of Karaganda Physics 92
Central Asan Journal of Global Health 10
Eurasian Chemico Technological Journal 54
Eurasian Mathematical Journal 20
News of The National Academy of Sciences of The Republi 27
Kazakhstan Series Chemistry And Technology
News of the National Academy of Science$ the Republic of 53
Kazakhstan Serig3hysiceMathematical

The publication flow of the country for 202917, according to InCites, has
an affiliation (linking to the place of work) with 110 scientific organizations, of
which 74 are universities, 36eaSR.

Scientific works ofuniversity researchers determine the current place of
Kazakhstani science in the world scientific community.iiTeleare in the structure
of Kazakhstani publications for the reporting three years in the WoSCC database is
84%or 5,740 documents. In the ranking of universities in terms of the number of
publications, the first lineare kept by the Kazakh National iersity named after
Al-Farabi (1,156 dc.), Nazarbayev University (1,1060d.) and he Eurasian
National University named aftérN. Gumilev (691 doc.).

When evaluating the activities of universities in citing articles, it was revealed
that 4 of them haa value of indicators higher than one, i.e. more than the world
average. The | ist I s headed by Kazakhs
Publ i c Heal t ho, T u r a-Russidhn Medieal Bniversity, K a :
Kazakh National Academyf@rts named &ér T. Zhurgenov

Another one of theéndicators thatleterminesactiveinterest of the scientific
communityis the fastquoted work, which hit the top 0.1% in the world rankings
over the past two years. Such works are available only in the array of pohkca
oftheKazakhstan Medi cal Uni ver si angthd Hi gh
Kazakhsan National Medical University named aft8r Asfendiyarov, ad their
share was 35 and 2.82%spectively.

The relationship of university science with business igattarized by the
share of corporate collaborations, i.e. publications where one or more international
commercial companies are listed as affiliations. At seven universities in the
analysis of theipublicationsthis indicator is calculatedmong them thee are the
State University named aft&hakarim Semeycity (4.88%), Semey State Medical
University (4.44), West HKzakhstan State Medical Academy named aliter
Ospanov (3.12%), Kazakh National Agrarian University (1.32%), Nazarbayev
University (108), Kazakh National University named after-Barabi (0.17%).
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Among scientific research institutes, highibfication activity is kept bythe
Institute of Mathematics and NMeematical Modeling (277 doc.nhd the Institute
of Nuclear Physics (151 doc.).

Another ofthe bibliometric indicators is the inditwat of the publication load
of the scientific employee which objectively characterizes the performance of his
work. To calculate this indicator, statistical data on the number of researchers in
research institutesnd the number of academic staff of universities were used.

In 20152017, for every thousand researchers in Kazakhstan, #reran
average of 123 publications in rating journals (Table 2.2.5).

Table2.2.5.Publicationloadper1000researchers

Numberof The average
ublications The average numb{ number of |Totalnumber Load per
P for the of facuty members| specialistsin | for three 1008
eriodof for three years, research for years, ersons
2%152017 persons three years, persons P
people
Armenia 3500 7819 4 227 12 046 291
Belarus 5683 21496 16 974 38 469 148
Kazakhstan 6 850 38180 17 693 55 873 123
Kyrgyzstan 655 13174 2 545 15719 42
Russia 197 144 317967 732 720 1 050 687 188

Source data from the official statistical sites of the respecsitates.

If we comparethe counties of the EEU, a smaller loas noted in
Kyrgyzstan. The greatest productivity of scientists is recorded in Armehigre
this figure is equal t@91 publications per 1000 researchers.

Using such bibliometric indicatorsuch as the number of publications in
Kazakhstan, their share by subject categories relative to the average world value
and the normalized average citation, a SWOT analysis was conducted (Table
2.2.6).

The task of the SWO&nalysis is to give a structureescription of the state
of developnent of scientific directions iKazakhstan for 2012017 based on the
number of publications and their citation (Fig. 2.2.1).

In the right uppemuadrant (Strengthsthe areas of knowledge with high
citation and publiation activity are localized, i.e. which contribute more to world
science. During the period under review, mathematics falls into this category, the
normalized average citation of which exceeds the world average by 2.02 times, and
by the relative share gbublications- by 3.56 times. The social sciences and
immunology are also strong areas in Kazakhstani science.

Table2.2.6 Publication activity and quoting of Kazakhstan
by subjectarea
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The share of

Normalized average Kazakhstani

Subject areg  Subjectarea of th&essential citation of publicationsof

code Science Indicatorslassifier Kazakhstan average
publications significance over
the world
AGS Agricultural sciences 0,73 0,55
BBI Biology and biochemistry 0,49 1,18
IMU Immunology 1,05 0,96
ENG Engireering 0,62 1,03
CLM Clinical medicine 1,99 0,40
CPS Computer sciences 1,25 0,80
MAT Mathematics 2,02 3,56
MTS Material sciences 0,36 1,09
MIC Microbiology 0,25 0,78
MOL Molecular Biology and Genetics 2,09 0,75
MDS Multidisciplinary Sciences 1,56 0,28
SPA Space sience 0,81 3,25
GSC Earth giences 0,82 1,21
ENE Neuro and behavioral sciences 0,79 1,11
NEB Environmment / Ecology 1,65 0,20
PSS Psychiatry Psychology 1,27 0,90
PLA Plant growing and livestock 0,80 0.81
breeding

SSS Social sciences 1,66 1,00
PHT Pharmacology anaxicology 0,34 1,18
PHY Physics 0,82 2,72
CHE Chemistry 0,37 1,48
ECB Economics and business 0,55 0,35

Source InCites ESKClarivate Analytics), 2012017, as of the date 80.05.2018

Clinical medicine, moleculabiology and genetics, behavioral sciences,
interdisciplinary, social and computer sciences, psychiatry and immunology are
located in the upper left quadtaf©pportunitie$. In these areas, despite the low
shares of their publications relative to the wdddel, there is a good citation of
research results published in them. Consequently, these disciplines have potential
capabilities that need to be developed.

In the left bwer quadrant (Thregtare the subject areas, characterized by low
publication acttity and quoting for the study period. These include microbiology,
economics and business, agricultural sciemc plant growing and livestock
breeding

In the right lower gadrant (Weaknesses) there am@ence with a high
number of publications, but withnsufficient citation. These are physics,
chemistry, which are traditionally considered to be strong areas of knowledge for
Kazakhstan and related sciences about space, earth, environment, as well as
engineering, biology and idchemistry, material sciencegpharmacologyand
toxicology. This situation requires an assessment of internal factors that would
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contribute to improving the quality of research in these areas and their relevance.
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Fig. 2.2.1.SWOT-analysis of the Kazakhstan science subject area®1& 2017

Normalized average citation of Kazakhstan publicatiofiaxis)

The share of Kazakhstani publicationsawérage significance over the wo(kaxis)

PHY-Physics

CHE-Chemistry

CLM-Clinica medicine
BBI-Biology and biochemistry
MAT -mathematics

SSSSocial sciences
ENG-Engineering
MTS-Material sciences
GSG Earth sciences
PLA-Plant growing and
livestock breeding
ENE-Environment/Ecology

PHT- Pharmacology and
toxicology

SPA-Space science

IMU -Immunology

MOL- Molecular biology and
genetics

ECB-Economis and busines:
MDC- Multidisciplinary
sciences

AGS-Agricultural sciences
PSS Psychiatry/ Psychology
NEB- Neuro and behavioral
sciences

CPSComputer sciences
MIC-Microbiology

Thus, the SWO3analysis, showing the productivity and relevance of research
areas of science in comparison with the world average indicators, allows us to
identify the strong and weak areas of science in Kazakhstan, as well as identify
opportunities and threats to its development.

18



2.3.Patent activity

One of the most important irghtors of the effectiveness of research and
development is patent activity, reflecting the innovative potential of the country,
the leveland prospects of the scientific and technological development of the
country.

According to the World Intellectual Rperty Organization, in 2017, under the
Patent Cooperation Treaty (Patent Cooperation Treaty, PCT), 243,5 thousand
applications were filed, which is 4.5% more than in 2016. The largest user of the
PCT system is the United States, whinl2017, having incrased its activity by
0.1%, submitted 56.6 thousand applications. China from 48.9 thousand
applications moved to second place, overtaking Japan by 0.7 thousand. In 2017,
the list of leading PCT appliceswas led by telecommunicatiaompanies. As in
2016,the main increase in the total number of applications falls on China, Japan
andGermany.

According to the RSE "National Institute of Intellectual Property" (NIIP), in
2017 in Kazakhstan the number of applications received for industrial property
objects ircreased by more than one and a half times and amounted to 11,463 units.
The negative trend in the filing of applications f@suanceof protection
documents for inventions in recent years stabilized in 2017 (1,2B8)activity of
the total applicationudbmittingincreased by 0.6% (Table 2.3.1).

Table2.3.1 Submission of applications fassuancef security documents for
intellectual property

units
Applications 2013 2014 2015 2016 2017 Trend
Applications for inventions submitted, total 2036 2012 1503 1221 1228
Including
National applicants 1824 1740 1271 990 1055
Fireign applicants 212 272 232 231 173
Applications for utility models submitted, total 208 203 530 716 833
Including
National applicants 128 139 446 654 754
Foreign gplicants 80 64 84 62 79
Applications for industrial design submitted, total 361 300 217 239 203
Including
National applicants 138 107 94 89 105
Foreign applicants 223 193 123 150 98
Applications for new varietiessubmitted, total 79 152 70 50 97
National applicants 76 109 63 35 95
Including
ANIMAL BREEDS
National applicants 16 45 1 4 17
Foreign applicants
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PLANT VARIETIES 63 107 69 46 80
National applicants 60 64 62 31 78
Forein applicants 3 43 7 15 2

Souce: Annualreportsof the National Instituteof Intelectual Property

The number of protection certificatessued in 2017 amounted $430 units.
Compared tdhe previous year, this figure fell by 21%. 869 protection documents
were issued for inverdns,including 650 national applicants a@d9 foreign ones
(Table 2.3.2).

Table2.3.2 Information about th@rotectiondocuments issued for industrial
property objects (including the provision of legal protection for trademarks under
the Madrid procedure)

units
Total including the number of protection
documentsssuedn 2017
2016 2017 for nqtlonal for fo_relgn
applicants applicants
Inventions 1011 869 650 219
Utility models 577 591 532 59
Industrial designs 182 129 42 87
Selection achievements 123 91 80 11
Names of the goods origin 1 5 1 1
places
Trqdemarks (according to 10074 4053 2418 1635
national proceduje
Total number of protection 5735
documentsssued
Total 11968 9430 3723 2012

Source Annualreport of the NationalInstituteof Intellectual Property

Table2.33. Protection documents for industrial property objects issued in

Kazakhstan
including
Year | Protection documents issug : . for utility for industrial
for inventions .
models designs
1 2 3 4 5
Total 1504 166 282
2015 | ncluding | 1334 102 94
for national applicants
for foreign applicants 170 64 188
Total 1011 577 182
2016 | ncluding | 807 490 72
for national applicants
for foreign applicants 204 87 110
2017 | Total 869 591 129
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including
Year | Protection documents issu . . for utility for industrial
for inventions .
models designs
1 2 3 4 5
including | 650 532 42
for national applicants
for foreign applicants 219 59 87

Source Annualreport of the National Instituteof Intellectual Property

At the same time, compared to 2016, there was a decline in the majority of
protected industrial property objectThe number of protecticsiocumentsssued
for trademarksdecreased by more thamhalf (- 60%) and by 26% for new
varieties The number of protectiolocuments issued in Kazakhstan for inventions
decreased by 142 unitsX4%),andby 53 units { 29%) for industrial desig The
number ofprotectiondocumentsissuedfor utility models increased by 14 units
(Table 2.3.3).

In 2017, 129 patents for industrial designs were granted. Compared to 2016,
this indicator decreased by 29.1%. The negative dynamics of this type of
intellectual property bs been notefbr two years already, and their rate of decline
among national applicants is twice as high as that of foreign ones, amounting to
41.7% (Table 2.3.4).

Table2.3.4 Issuing of protection documerfts industrial designs

units
Protection docunents
(preliminary patents and 2013 2014 2015 2016 2017
patents)

Issued, total 280 282 282 182 129
including
for national applicants 148 92 94 72 42
for foreign applicants 132 190 188 110 87

Source Annualreport of the National Instituteof Intellectual Property

In 2017, only 7,748 trademarks were registered, including 4,053 according to
the national system. Analysis of the data shows that, compared to last year, the rate
of trademark protection (according to national and international procedures)
decreased by 23.1%, diuding according to the national systemby 1.4%,
according to the international systenby 38.1%. More active &re the national
applicants, whoseaumbe of registered objectincreased by 15.9%, while for
foreign applicants it deeased by 19.1% (Table 2.3.5).

Table2.3.5 Registration of trademarks for goods and services by years

units

2013| 2014| 2015 | 2016 | 2017

Registered, total 6794 | 9802 | 9859 | 10074 | 7748
Registered according to the national procedure, total | 2809 | 3860| 3914 | 4109 | 4053

Including
by national applicants

1248] 1835] 2038 | 2087 | 2418
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by foreign applicants

1561

2025

1876

2022

1635

Registredaccordingo the Madrid treatyandprotocol
(from foreign applicants)

3985

5942

5945

5965

3695

Source Annualreport of the National Instituteof Intellectual Property

22




3. SUBSTANTIATION OF PRIORITY FUNDAMENTAL AND
APPLIED RESEARCH (in the areas of science determined by the Higher
Scientific and Technical Commission under the Government of the
Republic of Kazakhstan, and analysid their implementation

According to the state registration at JSC National Center for State Scientific
and Technical Expertise (JSOCSSTH, in 2017 in therepublic 1547 research
projects were carried out apart of grant funding anti0O3 scientific and technical
programs (taking into account ongoing researchi)ased on programargeted
financing for 20152017.

In 2017, out of 103 scientific and technical progra®s were completed.
They include83 industry and 12 basic research programs.

According b the results of completed programs 2557 artislese published
222 protection documentswere received, includingpatents- 201, copyright
certificates- 21. Of the total number of patents, 7 are foreign. 86 developments
have been implemented

An examiration of 1547 final reports for 2017 on thesuls of implemented
projects based ogrant fundng in 20152017 was carried oudnd 105 reports
executedvithin the framework of progranargeted funding.

In 2017, the progress of the implementation of 11digndific projects and
scientific and technical programs carried out within the framework of geanat
program funding for 20122017 was also monitored. The expert groups noted that,
in general, according to all priorities, research was carried out ipl@moe with
the calendar plans and at a high scientific level. However, some problems were
identified: insufficient funding and its delay, shortage of young scientific
personnel, insufficient provision of modern material and technical base for
carrying ou research and development.

For the period of 2032019 the National Scientific and Technical
Commission approved new priorities for the development of science in
Kazakhstan:

- Rational use of natural resources, including water resources, geology,
processig, new materials and technologies, safe products and structures;

- Energy and Machine Building

- Information, telecommunication and ggatechnologies; researchnatural
sciences;

- Scienceof life and health;

-Scientific f oun &a@duoation ofdhfe XX Beatarg i | 1 k
fundamental and applied research in the field of humanities);

- Sustainable development of the agrdustrial complex and the safety of
agricultural products;

- National security and defense.

The main criteria for the seleah of priority areas:

- Compliance with the priorities of the soe@gonomic development of the
country, the Strategic Development Plan of the Republic of Kazakhstan until 2050,
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the State Program on Industrlahovative Development of the Republic of
Kazakhstan for 2012019, the State Program for the Development of Education
and Science for 2018019;

- compliance with global trends in the development of science;

- availability of humanmaterial and technical potential,

- compliance with the interest$ wational security;

- the possibility of commercialization of research results for later use in
innovative development.

In accordance with these new priorities, a new competition of research
projects for grant funding for 2018020 was held in theepublicin 2017.

JSCNCSSTEconducted an examination of 4488 projects submitted as part of
a competition announced by the MES RK for grant funding, el as 438
programs for prograntargeted funding within the framework of the MES RK
competitions, the Ministrgf Defenseand Aerospace Industry of RK (MDAI RK)
Aerospace Committee of MDARK, Ministry of Health of RK (MH RK).

In 2017, for the first time, applications were registeoatine in electronic
form via theinformation system created in NTSGNTE JSC.

The competition for grant financing was held in the above 7 priority areas of
sciencedevelopment in the republic. More thanhalf of the total number of
applications for grant funding (52%) were prepared within the framework of two
priorities : ASciaemnsiif iM®&n2g8i.191% aEldi Rati onal
resouces including water resources, geology, processing, new materials and
technolog e s , saf e pr od@ax2tsAlmastid egeal sharehicer r e s
prioriti es Informatiom eeosnmumicatiach and 8pace technologies,
scientific researchni t he f i el d o{f1 2n a6l%erSaigncesand e n c
He a |- fLi2h/% and "Sustainable development of the @ggdastrial complex and
saf ety of agr i- 2. (Therslzate ofpplicatohns orthe griority
AnEmer and Me c hani c &l2%, andgthe nsealest numgh®f i1 s
applications were submittedy the pr i or i t vy ANati onal Se
(without secrecy bar)2.5%.

Contest applicationsere submitted by 369 applitis, of which 295 are legal
entities (they fed 4,406 applications) and 74 andividuals (82 applications).

As a result of the SSTBut of 4488 applications for grant financing, 22.7%
received high marks, 72.1%medium, and 5.2% low marks. These re#is are
significantly better than the results of the previous contegdn52017,when the
share of applications with high marks was 17.3%, and with low-on#s

Thus, on the wholdpllowing the results of the SSTBne can speak about a
fairly high level of the planned projects submitted for the competition.

By the decision of the NNC, 1096 projects were approved for financing
(24.4% of the total number of applications), of which 62.2% are applied research
and 37.8% are basic research.

In terms of piority areas, the distribution of applications is as follows:

ARati onal u esouceg fincludirg t waterarésources, geology,
processing, new materials and technol c
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302 projects (27.5% of the approvedbpgre ct s ) ; AEner gy and Me
&M) -84 (7. 7%) ; Al nformati on, tel ecommu
scientific research in the70 i(lx 50%) ;n:
Sciences a Nal) - 2@ a | (t 1h80.ciéfidfic ;basiin Meng " | " k e
(education of the XXI century, basic and applied resean the field of
humani tings) oXkXIMe()21. 2 %) ; ASustai nabl e
industrial complex and the safet o f agricultur&d ({@l9),oduct
ANat iSecal ity and Def ens-&b23W(Fip.lBa)ut secrt
Applicationsof 205 applicantsvere approvedof which 192 are legal entities
(1083 projects) and 13individuals (13 projects).
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As part of program targetefdinding, 438 programs were sent toTES of
which 406 were in the framewod the MES RK contest, 2ZIMDAI RK, 3 - the
Aerospace Committee of MDARK, 8- MH RK.

By numberof applicationstwo prioritesdominate fiRat i on al use
including waterresources, geology, processing, new materials and technologies,
safe product s- 1Znadplicaions BE) uraensdo A Sci ent i
Al enc ad €ddedati on of the 21st ceddldur vy, |
of humanities) 94 (23.2%). Thdollowing are ALI fe Scienm®es an
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(17.7%) ; Al nformati on, tel ecommuni cat
research inthd i el d of n a-ts5ubr a(l 1 3s.mé&ige)and mdédbine
buil d3& g09. 4 %) ; ANat i on @lithous secracypan +18 a n d
applications (3.2%).

Of the total number of applications submitted, 27 @3accounted for basic
research, 70.4% for applied research, and 2.2%or DDW

As a result ofSSTE22.7% of applicationseceived high marksmediumi
70.7% and low 6.6%.

By the decision of the Highe&scienific and Technical Committee dated by
March 6, 2018,105 scientific and technicalprograms were approved and
confirmedfor financing, of which 92 programs are administrated by the MES RK.
The distribution oMES RK programs bypriorities is presented in Figure 3.2.

EH. o *;<mt”o o o'h(ﬂe@.*o;<m"’tYhoo_co e e . 9

Figure3.2 Distribution of applications foprogram funding in the framework of
the MES RK competition for 2018020 in the context of the priority directions of
science development
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As pat of the programs completed in 2017, the following significant results
were obtained.

Pr i o Ratiomal use of natural resources, processgnof raw materials
and productso

In the field of mining, metallurgy

In Kazakhstan, on the basis of one of the derlargest mineral resource

26



base, a diversified mining and metallurgical complex (MMC) with its mining,
processing and metallurgical enterprises, as well as research and development
institutions has been formeohdis successfully operating.

The modern deslopment of metallurgy of ferrous, nderrous, noble and
rare metals in Kazakhstan corresponds to world trends in the development of
science. A number of technologies developed in Kazakhstan can successfully
compete with advanced technologies develojbedaal.

As the Head of State N.A. Nazarbayewmphasizedn his Address to the
people of Kazakhstan datdy J anuary 31, 2017, AThe TF

T

Kazakhstan: Gl obal Competitivenesso: A
complexes of the countr must retain their strategic importance for the
sustainability of economic growth. oo

Among the breakthrough trends in the development of metallurgy in
Kazakhstan, it is possible to single out the development and implementation of
innovative technologies # ensure increased extraction of #errous, noble,
rare, rareearth metals at industrial enterprises of the Republic of Kazakhstan;
creation of competitive technologies for the organizatibproductionof products
with high added value, in particulaspecial steels and superalloykich arein
demand in the petrochemical, metallurgical, energy industries and medicine.

The current state of the MLSis characterized by the presence of billions of
tons of solid waste, in which the content of valuable comepts is often higer
than in the original ores fromatural deposits. These deposits contain significant
amounts of elements such as copper, lead, zinc and other useful components,
including precious metals, rare and tra¢enents. Therefore, mamade M5C
wastes should be considered equivalent to mineral raw materials extracted from the
subsaoil.

In terms of environmentally harmful emissions per capita, Kazakhstan
occupies one of the leading places in the world. In the general list of industrial
productian of diversified mining and smelting industry belongs to the category of
industries that have the greatest negative impact on the environment. Therefore, the
most important scientific and practical task of the tada&ttegrated program is
the improvementof technological processes in order to create wiases
environmentally safe technologies that minimize or eliminate harmful emissions
into the atmosphere, the agjeaenvironmentndthe tailingdumps

Characteristic of the cost structure of ferroalppgducts is a large proportion
of the cost of electricity, reaching in some cases up to 40 percent. In these
conditions, the development of technologies that expand the market feracdal
their consumptiommreparticularly relevant for Kazakhstan.

When smelting complex ferroalloys (aluminosilicochrome, aluminosilicon
manganese, ferrosilicoaluminium with calcium, barium, etc.) the consumption of
high-ash coal reaches25 tons. Therefore, to produce only 1 ton of ferroalloy, on
average, it is required textract and process 69 8 tons of raw coal. Therefore,
only the launch of all idle electric furnace capacities available and the transition to
smelting of complex ferroalloys may entail an increase in coabddnby about
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0.5-1 million tonsyear.

Thus, an increase in the production of ferroalloys produces a multiplicative
effect for the economy of the Republic of Kazakhstatme growth of coal
production, transportation and the generabbd electricity and heat at HES

The main task to be solved is¢asure the sale of domestic power coals by
reorienting this raw material from energy needs to the production of products
with increased added value in the form of special types of reducing agents. This
will not only compensate for the reduced demanccéad, but also increase the
economic efficiency of the domestic coal industry.

A technology has been developed for producing ferrosil{€8v5 grade)
with a low aluminum content for the smelting of electrical steels (dynamo and
transformer) using siliconacbon obtained from rice husk as a reducing agent.

A technology has been developed for the production of corrgsmistant
materials based on slag from niobium productian pilot batch hadeen
developed and tested ithe productio facilities of Kazphephate LLCin
workshop No. 8 for the production of sodium tripolyphosphate.

Tnetechnology for producing crystalline silicerhighly dispersedilicon
dioxide (microsilicg - was asigned and testedsing waste productionlhe
silicon content in the metalvas 98.4%, which corsponds to thdechnical
silicon Kplgrade

New hydrometallurgical and combined technologies have been developed
for the processing of effalance and stranded copper ores from the Zhezkazgan
deposit, as well as slags and tailinigs the introduction of these technologies in
a new hydrometallurgical production and a number of processingsptd
Corporation Kazakhmys LLC

The first in Kazakhstan and the second in the world production workshop
of hot cyanidation for the extraction gbld from the old and current tailings of
carbonarsenicsulphide ore from the Suzdalsky site was built and put into
commercial operation.

Semtindusrial tests of anew universal reagenbased on ricehusk
pyrolysate were carried out at a pilot leadc ae concentrating plant taken
from the Akzhalsky deposit. It was established that the new reagent has both
foaming and collective properties and can be recommended for use as a
universal flotation reagent in the processing of {eia ores.

A technology ha been developed for processing badtamtaining
technogenic raw materialsvhich is based on a combination of flotation and
chemical enrichment methods. The method of chemical enrichment is based on
the use of ammonium salts for the selective extraabibsilicon oxide in a
separate product.

In the framework of the programSci ent i fi ¢ and techn
the rational use of mineral resources and industrial wastes of ferrous ard non
ferrous metallurgy to produce products required for the domesti ndu st r
(Chemical and Metallurgical Instituteamed afted.Abishev), technologies and
technological regulations were developed for use for production purposes:
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desulfurization of iron ore from the Kentubinsky deposit, production of
metallized concentite from iron ore, processing of zinontaining sludge iron
and steel; receiving ligatures from ferromanganese ores in aupiotvith a
capaci ty AposmeltiBglaQd pkodessing of higitrength ferritebainitic
steel for the production of struces for important purposes; production of
chromiccomplex alloys in pilot industrial calitions at a 300 kVA furnacehé
new complex alloy osilicobariumwith boron; smelting of a new complex alloy
based on GaAl-Mn-Si and complex alloy KAMS (aluminwsilicate manganese
with calcium) in furnaces of average power; production of nanodeale-
chromoemanganites of alkali, alkaline earth and raegth metals with
promising electrophysical properties, etc.

Within the framework of the prograni Sci e nt itethnotogica n d
substantiation of the development of oxidized-fesrous metal oredlifficult for
concentrationfor 20152 0 1 (Parasatcientific Technological CentedSC), a
flowchart of combined processing of oxidized zinc ore and gas purification dust
of the blast furnace has been created. The yield of clinker is 51.48%, and the
Waelz sublimates- 22.02%. The degree of extraction of zinc in Waelz
sublimates was 90.2. The optimal conditions for sintering of oxidized ore at a
temperatur e oM wd@keddut thehcanteat inbthe enixture of
sodium sulfate is 220%, and the carbetontaining reduag agent is 1215%.
Largescale laboratory tests of the developed technology for the processing of
oxidized leadcontaining refractory ores from the Roklowoye and
Efimovskoye depositsvere conductedising the new CaSaulfidizer, which
allows, compared to sodium sulfide, to increase lead extraction into lead
concentrate by 1.59%, cerussitby 1.78%(Rodnikovoye), the lead content in
the concentrate isncreased by 6.1%. In the flotation of ore from the
Efimovskoye deposit, the use of CaSn makes it possible to increase the content
of lead in concentrate by 7.12% and the content of cerussite by 3.3%. A
technological procedure has been developed for thatida of oxidzed lead
containing ores difficult for concentration of these deposits using new
sulfidizationagents.

Priority AiEnergyandmachineb ui | di ngo

In the field of energy, as a result of research under the program
ADevel opment ofandydrchean| egegr gynw t he Re
(the Eurasian National University named aftelNGumilyov), it was established
that the use of lectrodes consisting of 506 mas$6 Nickel particles are
nanoscalg allows to reduce the polarization resis&araf the anode up to two
times; The basics of an alternative method of forming an anode material in the
form of a composite powder have been developedanode material containing
30% by volume of nanoscale nickel and 70% by volume of submicron ScSZ and
ScSZ electrolyte was used to produce a defies sample by esintering the film
blank. The fuel cell assembled on the basis of this sample was characterized by
specifc powers of 1.2, 0.88 and 0.6 ®&Vm2 at 900, 850 and 80
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These charactistics are comparable with the best world achievements. A
fundamentally new test bench of a solid oxide fuel cell (SOFC) at medium and
high temperatures has been created, which allows us to investigate not only
finished SOFC samples, but also the charesties of new materials; A new
methodof synthesizing the original GqPhTe)}(CO), cluster was developed to
produce an electrocatalyst, oxygeduetion in solid polymer fuel cells (SPFEG

new nanoscaleoxygen reduction catalyst CoT&/ was obtained, ah its
physicochemical and structural characteristics were studied; The technology for
manufacturing poroussliellim hasedbdeo®m de
beenestablished that films based ®02 NPs have higher abgion properties
comparedd Ag/TiO2 films; A method for the synthesis of transparent films based
on TiO2 nanotubes with a strength sufficient for use in photocatalysis has been
developed.

In the field of machine building the Scientific and
Printing and IT Techol ogi es 0 was establ i steeofd on
Combustion Problemswithin the framework of the programi Cr eat i on
Organization ofthe Scientif ¢ =~ C e3DtPenting @n IT technologias (Institute
of Combustion Problemsjhe first domestic @or 3D printer for the manufacture
of plastic products was developed and manufactured, the piadlase for its
production has beenrganized. For the first time in Kazakhstan, a lesgale
installation of a 3D printer has been designednufacturedand tested a bench
for building a house frame with a size of 6m G2fm. The composition and the
recipe of a concrete solution with chemical additives suitable for working3@h a
printerbenchwere investigated, developed and obtained; a concrete hase
built using the first domestic installation. The installation of a 3D printer bench for
working with concrete with a size of 1.2 m*1.2 fin'm for the manufacture of
decorative concrete products was designed and manufactured; The development of
technoloy for the production of titanium powders for use in additive
manufacturing, the technology for the production of bulk metal products by 3D
printing is continuing.

In the field of thermonuclear energyin the framework of the program
ASci ent i f ilsuppor fdrthe ereation and @peration of the Kazakhstan
thermonuclear material research reactor Tokamak for 201G 1 {National
Nuclear Center of the Republic of Kazakhstan), calculations of the minimum
fluence of alphagparticle irradiation necessafgr local swelling of the surface of
tungsten (blisteringhave been conductett. was established that irradiation of
tungsten with alpha particles with anenergof 45 keV to ®a f |
ionskm2 results in the formation of blistetd 20% of theimplanted helium.
Comprehensive materials science studies of4&P ferritemartensitic steel
subjected to higlenergy exposure were carried out. The formation of a- heat
affected zone and a transitionneocharacterized by different grain structure and
phase compositin in the steel microstructure has bestlown. Samples of E&50
steel after pulsed thermal exposure show an increased tendency to pitting corrosion
in solutions containing chlorine ions. A series of experiments on the irradiation of
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pure tungten by helium plasma in the plasidscharge mode was performed. It is
shown that the most developed nanostructured layer is observed at a helium ion
fluence of nfdemé The diagnostids.o#ihfraréd imaging of the
Tokamak KTM was developed drts performance was experimentally shown. A
script customization method was developed for the physical-uggadf the
Tokamak KTM using the equations of current dynamics in the windings and test
options for setting up the control systems of power saurtle lithiumdivertor

model was tested to substantiate the conditions for conducting plasma experiments
at the Tokamak KTM. A resonance pomization system was created, which
showed its effectiveness during the first stage of the physicalugtaof he
Tokamak KTM withachievemenbf plasma current up to 10 kA and discharge
duration up to 20 ms.

In the field of nuclear physicswithin the progranii Devel opment of
scientific research in the field of physics, chemistry and advanced technologies
based on the D®0 heavy ion accelerator for 20450 1 {@An&titute of Nuclear
Physics) the mode of acceleration of an iron ion bleasnbeeptimized which is
stable by current indicators and is suitable for conducting nuclear physics
experiments, whichs especially necessary for research on express modeling of
neutron (reactor) irradiation of structural materials to create materials with
enhanced radiation resistance; a database was creasedon the results of
experimental and theoretical studie$ muclear reaction yields for'N+'0,
Ne+°0 and ®Ne+’C systems at low and ultew energies for fusion
applications, the basis of the database is experimental data obtained at@@e DC
heavy ion accelerator, and their analysis within the framewdrkvasious
theoretical approaches. The structure and properties of titarickalide samples
in the austenitic structural phase state before irradiation wetedfuhe effect of
irradiation byxenon iongemperaturavith an energy of 14MeV on the strature
and theeffect of thememory oftitaniumnickelideform in the austenitic structural
phase statesurfacestructure of these samples after irradiation. The accumulation
of xenon gas in the track structures, as well as the hardening of the mogiéesl la
as aresult of irhi ati on with x@rexceeding thea mitsadf 2 5 C
measurement methodsas been detectetihe revealed patternsust be taken into
account inpracticaluse of modified alloys based on titanimmnkelide

As a result of resach under the programDe v el o p me nghysicaf nuc
methods and technologies for innovative modernization of the economy of
Ka z a k h(lmstitatenad Nuclear Physics), a nhew generation radiopharmaceutical
preparationbased on'”’Lu for cell therapy ofneuroendocrinetumors was
developeda procedure for obtaing the radiopharmaceuticH/Lu-DOTA-TATE
was developed, pilot batchegere received andheir quality controlhas been
carried out; e technology and regulations for processiaglioactive wast
produced by®™c generators have been developed. Instructions have been
prepared for the determination of impurity elements by the neutron activation
analysis method for shelived isotopes in a separate form of mineral (or
hydrocarbon) raw materialsnd products of its technological processing.
Experimental data have been obtained for the metrological support of the
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developed methodology for the determination of rare metals in a specific type of
mineral raw materials and certain products of its teagioal processing based on

the methods of M3CP and AESICP; approbation of the extended complex of
nuclearphysical and spectrometric methods (YFMA and SMA) was carried out at
environmental objects subjected to the influence of industrial enterprises and
radigion-hazardous objectspecializedccomplex of methods YFMA and SM#én
geological and technological objeetss createdAccording to the results of work

in the field of food, pharmaceuticahnd cosmetic products, technological
procedures have beerewvkloped for the radiation processing of dry medicinal
herbs and spices, for the production of polymer hydrogels for pharmaceutical and
cosmetic purposes.

The perspective of the development of nuclear energy and nuclear
technologies can be associated witle use of the unique properties of exotic
nuclei, including radioactive ones, to expand the spectrum of peaceful uses of
atomic energy. Currently, a reliable estimate of the speeds of naslkeaphysical
processes is one of the most important problef@romising thermonuclear
facilities and nuclear astrophysics, the solution of which requires an extended
study of exotic states of stable and unstable atomic nuclei. In addition, the
properties of these states for unstable nuclei open up new opportunities
improving the safety of promising nuclear facilities, as well as for the production
of new types of medical radioisotopes. The results will, above all, be demfanded
the scientific support of one of the strategic objectives of the sthéecreaton of
conditions for the safe use of atomic energy and the development of atomic energy.

As the experience of the leading atomic countries of the world shows, the
correct strategy for the accumulation of nuclear physical knowledge (theoretical
models and x@erimental results) is an integral element of the success of the
development strategy of innovative nuclear and radiation technologies for energy,
industry, medicin@ndagriculture of each sovereign state.

Priority Al nf or mati on and thenlod coogmneuwsni c a

Tekecommunicatiorsystemsand technologies

The results of scientific research in such an urgent area as broadband
networks and ICT play an important role in stimulating the economic and social
development of the country.

In the Institute of Egerimental and Theoretical Physics of the Kazsdkh
National University named afteAl-Farabi in 20152017 the studies were
conducted on the t opiband fifafiad anehna fomutra t 0
wi deband wireless systemso.

The main goal of the pre¢t was to design and create an antenna using the
properties of fractal geometry, resonating in several frequency bands and designed
to work on a broadband line for applications in wireless communication systems.

A software and hardware complex for thedstwof antenna properties was
developed and assembled. The results of field tests showed and confirmed
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theoretical results on the efficiency of the use of antennas based on geometric
fractals.

The principal difference between the developed anisotropicafracitenna
and other antenna solutions based on fractal geometry is that it used its own type of
fractal curve, called anisotropic, which was theoretically tested and showed the
best characteristics in experimental tests of this antenna for wireless
communcation.

The new antenna design filfEEE802.11 standards, the WLAN netwpvkll
be one of the links for solving an important task of the national soattering
Kazakhstan's science and products into the glatkahsfic and technical space of
telecomnunication technologies based on wireless communication systems
(GSM900, Bluetooth, WFi etc.). An antenam received a patent for a utilitgodel
of the Republic of Kazakhstan. Based thve results of researdh workson the
topic were published

fiLife science® Priority

In the field of medicine, under the programi Dev el opment
implementation of a modern system of epidemiological monitoring of major
chronic noncommu n(20t52017) e(Reselarcls drestguees of
Cardiology and Internal Diseases)pidot model of a preventive program at the
level of primary health carePHC) using the scales for assessing the risk of
developing major chroninoncommunicable diseases (CNGias been delaped
and implementegd methodological recommendations were depetl for a
multidisciplinary team coordinated by a nurse, with a detailed description of
methodological approaches, staffing, duties of team members and an action
algorithm to ensure implementation, monitoring and quality control of the
prevention prograntecommendations for persons with varyingyees of risk of
developing CNCD taking into account the increase of joint responsibility for
health status. Issues related to attracting local administrative, private and other
resourceswere studied to helgprimary health care institutions to strengthen
prevention work;as well asan innoative treatment and preventigmogramfor
the management of major CNGIh the Republic of Kazakhstan.

As a result of research under the progf@a@r eat i on andthedevel
basics of transl at i o (Natibnalrhabdrataryi Astana),iitn K a
has been established that the microbiome of-lomggs is characterized by a high
level of microorganisms involved in the processing of plant substrates, butyrate
producng bacteria, has high value$ conditionally pathogenic microorganisms,
representatives of the Tenericutes family; the prevalence of components of the
metabolic syndrome, the trendadvariability of risk factors for its occurrence in
the country werestudied. The results of toxicological studies allowed to isolate the
concentrate of polyphenols of Cabernet Sauvignon grapes of Kazakhstan selection
as the basis for the development of biologically active food additives (BAA) with
the potential to reducdaé¢ risk of ageelated pathology, as well as the compound
KL-10 as a substance promising for the development of prototypes of drugs that
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reduce the rislof agerelated diseases. An application for istgation of BAA
based on Cabernet Sauvignon grape gwypols concentrate has been prepared.

In the field of new drug developmem the framework of thé De v el o p me
of new antiinfective drugs for 2022 0 1 @ragram (Scientific Center for Anti
infective Drugs), new halogerontaining coordination compoundgere studied,
as well aghe followingdrugs- antibiotic potentiator (AR FS1 drug, Interferon
inducer (IF), a broadpectrumimmune modulator (IM). Inconditions of pilot
production, batcbs of AR FS1 drugs were produced for conducting clinical #ial
The main mechanisms of FSaction on M. Tuberculosis have been established,
which consist in increasing the permeability of the cell membrane, which allows
FS1 to penetrate into the bacterial cell and interact with mycobacterial
intracellular target® DNA nucleotides, the catalytic center of DNi&pendent
RNA polymerase, and with further formatiar triple complex with rifampicin.

An increase in the permeability of the membrane leads to a significant increase in
the concentration of antibiotics ingidhe microbial cell, which in turn provides a
synergistic effect of F& and antibiotics.

In the field of agreindustrial complexduring the implementation of the
programi Cr eat i on and I mpl ementati on of
identified stressndicator properties based on molecular selection, genomics and
biotechnology (biochemistry) for the effective use of the country's bioclimatic and
soi | p ¢KkazmkhtResadrch Institute of Agriculture and Plant Growihg)
was revealed tht the dynanus of biological massaccumulationreflects the
response of the genotype to stressful conditioas temperature increase
insufficient humidification, etc.). Wild relatives do not reduce the normalized
differential vegetation index (NDVI) under stressditions and are characterized
by a smooth NDVI curve during the growing season, varieties are characterized by
a jumpcurve under stress conditionsselection criterion for stable physiology can
be a smooth curve at a high level of NDVI; the maximum NBR&luescorrelated
with the productivity of grain; for spring wheat in the s#guhey caused a yield of
46 cha for the best synthetic forms. For the first time in spring wheat, it was
shown that NDVI (green index) can serve as a criterion for thectgeieof
productive forms in terms of absolute valwe® stable forms in terms of NDVI
dynamics as a response to stress.

The progranmiintensification of potato, vegetable and melon growing based
on genetic improvement and biotechnology, providing prymand elite seed
breeding for reproduction of competitive domestic varieties with high resistance to
stress and productivity ,(Kazakh Research Institute of Potato and Vegetable
Growing) 1500 samples of theew world collection were studied and evaluated;

55 samples were allocated for productivity, content of dry matter, starch, sugars
and vitamins, reistance to the main diseases;the breeding nurseries, 1050
variety samples were studied and 35 samples of vegetable crops selected for
competitive testingin terms of productivity, biochemical parameters, taste,
resistance to major diseases, suitability for industrial processing andeilong
storage; 450 samples of melon crops were studied and evaluated (watermelon,
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melon), 70 samples with improved econoatly valuable indicators were selected,
5 susceptible and 10 potasmmaclonegesistant to EMS glternariosiy were
selected; 1 susceptible (indicator) anBusariumpathogerresistant tomato forms
were selected, a characteristic collection was formed

In the framework of the pgramfil| mpr ovement of techni g
for processing and storage of products of plant and animal origin for the
production of competitive f oodKazgkhoduct
Research Institute of Processingdakood Industry), a universal ferment was
created based on tHeactobacilluspontis 67, Lb. paracasei35, Lb. caseis ¢ ,
Pe di tscaeidilacticisRJ}1 for wheat and rye bread, the optimal cultivation
modes of the consortium have been developed; the quality ang sty yeast
has been confirmeth Nutritest LLC (Almaty). A techology for preparing a
fermentfor breadhas been developed, gh allows storing dry yeaswithout
losing antagonistiproperties for 4 months at@! @, testing of the fermenwhen
cooking bread in laboratorgnd production conditions dfirma KontinentLLC
(Almaty) has been conducted. The usé ferment allowsto intensify the
technological process of bread production, to improve the quality and increase the
shelf life of finished products up to®days, and also increases the resistance of
bread to the Apotato diseaseo0o and mol d.

In the field of veterinary medicineas a result of research under the program
AScientific S uppohdi n(gadaakhv\etermaryy Researgh we |
Institute), a geographical map of zoningtlé territory of the republic as regards
to animal brucellosis andanthax was developedia system of effective
antiepizootic measures for brucellosis using specific prophylactic agastseen
proposeda unified national system of epizootic monitoring, analysis, forecasting,
risk assessmemindrisk management has been t¢eeh taking into account zoning
of the country's territory for brucellosis, a system of effective antiepizootic
measures for anthrax has been proposed; a complex of antiepizootic measures for
foot and mouth disease, leukemia, rabies among animals of theblRe of
Kazakhstarhas been developed;otecular genetic test system for identification
(differential typing) of FMD vius of seven different topotypgehetic lineshas
been createdatlases and maps of the distribution of echinococcosis in the regions,
the national program for the prevention and devastation of echinococcosis in the
republic; manufacturing technology of a test system for diagnosing
trypanosomiasis in horses and camels by ELISA; manufacturcijmdéogy of
tuberculin fromBCG vaccine stia has been elaborated diagnostic kit has been
developed for goat milk brucellosis; an experimental series of rabies vaccine has
been manufactured in bait briquettes for wild carnivorous animaalsyell asan
experimental series of vaccines agagates salmonellosis

A review of the state opharmaceutical sciencen Kazakhstan shows that
domestic pharmaceutical science is expanding the scope of research and has a clear
idea of how to further develop in the overall perspective of world science.
Phamacy of Kazakhstan has a clear understanding of global trends in
pharmaceutical science and manufacturing and builds its activitié® ilght of
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these trends. The introduction of new drugs into production is hampered by the
absence in the country atethmoment of pilot industrial enterprises (pilot
production), whichcould allow to bring the laboratory technology of obtaining
original substances and finished dosage forms to industrial production. Drug
manufacturing is the most scieAsased and innovat sector of the global
economy. At the initial stage, when the emphasis is on the development and
introduction of new technologies by scientists, government support for the
pharmaceutical industry is very important.

The main direction in scientific actives in the field ofecologyis the
establishment of causef f e c t relationshi ps -public t he
heal t ho. Scientific studies are devot
improving the reliability and hygienic efficiency of measure protect the
environment, public health and prevent diseases in environmentally unfriendly
regions of Kazakhstan.

The level of food and biobical security of the state crucially determities
state and development of the agndustrial complex. A again stabilization and
increase in the production of agricultural products made it possible to increase the
consumption of basic foodstuffs per capita. It should be noted that the potential of
the country's agrindustrial complex is far from being fullytilized, and the state
of food security raises serious concerns. Food security is an integral part of the
country's national security, a necessary condition for ensumaaith physical
activity, longevity and high quality of life of the population.

One of the main tasks in the direction of the developmengj@bntology,
both in science and in practice, is the training of highly qualified personnel. First of
all, it concernsgeriarthria Its role is evidentnhow, when an increase in the
proportion of olde people requires an increase in the volume and level of medical
care. It is necessary to develop, on the one hand, recommendations on improving
the quality of life of people in the elderly and senile age, and on the other hand,
approacHrom a new perspdéiwe thesocial, demographic and economic problems.

clntell ectual p ogPeonty i al of t he

In the field of chemistry and oil and gas technology

The main directions of research of scientists in the field of fundamental works
are carried out irombination with practical goals in the field of oil refining, gas
and petrochemistry, catalysis, electrochemistry, syntheses based on polymer and
nanomaterials, and phytochemistry. The choice of areas of study meets the
requirements of the industrial secbf the Republic of Kazakhstan. Developments
in the framework ofprojectsimplemented in 2012017 arecharacterized by
interdisciplinary approaches, the use of nanotechnological methodologies and the
observace of the basic pyionciples of fAgr e

The main esults of research duringpe period from 2015 to 201&re as
follows:

A a technology was developed to pro
additives to inhibit paraffin deposition and reduce the temperature of the loss of oil
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fluidity, and a model reservoir and oil pipeline were created for testing additives
(Institute of Polymeric Materials and Technologies, KazNiamed after
K.l.Satpaev);

A a technology was developed for the synthesis of huowitaining
composite materials for the umealization of contaminated soil and polymer
sorbents for cleaning the water surfacel soil from oil products QSnamed after
A.B.Behturoy CPCMI of Kazakh National Universitpamed after AFarab);

A effective composite demulsifiers for the destrotiof stable wateoil
emulsions and acoposite depressor additivegere developedlFCE named after
D.V.Sokolsky, KBTU);

A n-sized catalytic systems were developed for oil refining,
hydroisomerization, hydrocracking, hydrogenation processes in ordebtémn
high-quality gasoline and diesel fuel, oxidation of natural and associated gases, oil
alkanes to oxygewnontaining compounds (alcohols, ketones, olefins, fuel), light
hydrocarbons mrcessing into aromatic compounds (IFCE named after
D.V.Sokolsky);

Atechnologies for the directed synthesis of new biologically active substances
based on plant raw materials of Kazakhstan, which haveukmeti, antibacterial,
antifungal, antidepressardntinypoxig antiparkinsonian, amteoplastic and other
activitieswere developed and laboratory regulations were proposed for the most
promising drugs fiPhytochemistry International Scientific and Production
Holding), Kazakh National Universitpamed after AFarab);

Anew formulations of hydrogel ointments and dregsifior medical and
cosmetic products, as well as modified carleoterosorbentsvith an adjustable
nanoporous structure and functional surface cover as azotltugicantswere
optomized (Kazakh National Universitynamed after AFarabj Institute of
Comlustion Problems);

A hetfundamentals of processes based on electrochemical transformations,
new materials for supeapacitor electroddsave been developé@PCMI, ICP);

A compositions ayntlesisof eampasie lelectyddes svithf o r
improved claracteristics and long service life were developed, in which instead of
fairly toxic metals (cobalt, manganese, lead) sulfuused. The results obtained
have beermpatented in the USA and published in higling journals (Nazarbayev
University, Battery hstitute).

For further successful development dfazakh chemical science, it is
necessary to strengthen and develop scientific schools as the most efficient, highly
gualified scientific communities.

In the framework of the prograimSc i ent i f i dcal aupport foréhe h n o |
processing of natural and manade raw materials into innovative composite
inorganic and polymeric materials, phosphorus, sulfur, nitregentaining
bi ol ogically active substances based
(Institute of Chemical Scienceramed after A.B.Bekturgvtechnologies for the
extraction of rare, scattered and noble metal ions from solutions of
hydrometallurgical production have been developed, new ion exchangers, methods
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of selective concentration, sepaoatiextraction ofmetal ions byintergelsystems

and selective desorption of ions from componentgtargel systemshave been
developed optimal parameters were determined for issuing a scientifibaked
recommendation on the technology of obtaining & neganic fertilize based on
nitrogen fertilizer- urea and a biological product containing plant extract and
potassium borate, at an experimental industrial installation; optimal conditions
have been developed for the synthesis of innovative biologiaellye substances

using technologies of the lowest energy costs as the basis for creating technologies
for low-tonnage production of drugs and materials for medical, agricultural and
other purposes based on the principleBgoéerd chemistry.

As a resultof research under the programDe v el opment and
substantiation of resouregaving and environmentally friendly technologies for
processing coal, organic and polymer raw materials using ultrasonic and
microwave effects to create new nanocompositet er i al s f or var
(Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan)
the activating effect of ultrasound, microwave radiation and carbon nanotubes on
the processes of obtaining new humic and humic mineral alger
physicochemical and sorption properties of the obtained composites modified by
multi-walled carbon nanotubewsas studiesthey were tested as seriis for
wastewater treatment @interprises and the degree of purification was evaluated.
The optimal peameters of cavitation treatment of heavy hydrocarbon feedstock
(coal, heavy oil residues, fuel oil, shale) were determined in the presence of
composite catalysts based on wadeluble salts of iron, nickel, cobalnd
molybdenum supportedon zeolites andcoal sorbent; ew metalpolymer
composites based on mixed anilfoemaldehyde and polyaniline polymers and
metal chlorides (Cu (1), Fe (11, 1), Zn (11)) and their oxides have been created.

According to the programi Devel opment of miegcnbwn ol o
efficient materials for the oil and gas industry from the waste otridtoil
I ndu s(bouty &Kazakhstan State Universityamed after M.AuezqQy the
following production technologies have been developed with pilot tests:- nano
modified demulsifers; depressant additives based on waste oil and fat industry;
anticorrosive multilayer coatings for oil and gpges protection; bactericide
inhibitor-neutralizers; plastic lubricants and additives; compositional additives
with the issuance of recommetidas; liquids for killing and workover of wells
(formulation).

Within the programiDevelopment of new functional materials based on
polyethylene terephthalate and polycarbonate track membranes, conducting basic
and experimental researchnahe use of new ypes and Kkinds o
(Eurasian National Universityamed after L.N.Gumilgva method of double
irradiation of the polymer film with the required angular disitions, online
diagnostics for T3 channel were developeddiation of the polymerlin with the
required characteristiosas condwcted A pilot batch of hydrophobic membranes
wasreleased using optimized technology. An experimental verification of the use
of the developed laboratory module for membrane distillation on track membranes
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in the process of membrane degassing and mianal ultrafiltration of initial
solutions was carried out. The separation modes on different membranes,
optimization of the composition of the buffer siddin were investigatedCD on a
prototype sensor (separaettjectortdetector without electronics). The
transformation of the forms of finding tramsanium radionuclides in ground
watess and subsoil watedepending on the physicochemical environmental factors
has been studied.

In the field of mathematics

Priorities in mathematics are the strengthening of the integration of algebra,
geometryandanalysis. New directions in Kazakhstan mathematics: promotion of
analysis tools for mathematical objects on varieties with algebraic and topological
structures. In thiglirection the group of Nursultano¥.D. is actively working.
Non-commutative operator algebras and mathematical analysisoperabr
algebras are developed by T.BekzhanTWwfenov. The spectral geometry of
various classes of operators is intenlsividevelged by the group of Buragan.
The theory ofpseudo differentiabperators and their application have become
relevant in Kazakhstan thanks to the efforts of M.Ruzhansky, N.Tokmagambetov.
Academician ADzhumadildaev effectively implements the tools of algein
combinatorics. Scientific schools dfazakhstani mathematiciansave a long
histay. Many of them are globallyecognized by the world mathematical
community. Scientific monogrdas of D.Suragan, S.Serowaysky, T.Kalmenov,
E.Nursultanov, M.Sadybekov, .Klynbayev, published in prestigious foreign
publishing houses, confirnthis. Also note that the corresponding member of the
NAS RK Sadybekov MA. and senior research officEhD Torebek Berikbol
became | aureates of t he i nde/pbenide ntt h e
nomi nation AAuthor of t h e ublication tpreplaredg h | y
without paricipation of foreign ceauthor®, conducted by Clarivatédnalytics.
Recently, the international mathematical community has increased interest in
Kazakhstanscience.

In the field of economics

Economics should provide answers to the global challenges that Kazakhstan
faces. Amongthem there are the problemsof global security, food security,
climate change, the instability of economic development. Duringttisy period,
the country's scientists identified risks and threats of global challenges to national
economies on the basis of synergetic theory, developed theoretical and
methodological foundations for decarbonization of economies with high carbon
potental, substantiated priority areas and models of low carbon development under
the Paris climategreement, studied the naturegdneration and development of
shortterm fluctuations in the economic system.

Kazakhstani researchers substantiated key econonicators for assessing
the effectiveness of integration associations, analyzed the impact of Eurasian
economic integration on population income, inequality in their distribution, level
andquality of life. On the basis of the constructed mathematicakefspgdrojected
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estimates and responses of macroeconomic indicators and income inequality to
various economic shocks and to the global shock of world oil pracesbtained.

The estimates of the benefits from the implementation of the project "Western
Europe- Western @ina" are obtained.rBmising areas of innovative development
and modernization of the economies of the EAEU counwe® identified The
efficiency of the use of the resource potential and the competitive advantages of
national producerbased on the agiodustrial complex, light industrgndtourism
industry have been evaluated.

In recent years, a study of the scientific potential of the country as the main
driver of the transition to the knowledge economy has been conducted and an
algonthm for the transition to a knowleddmsed economy has been developed. A
dynamic computable general equilibrium model is proposed for determining the
policy of optimal options for reducing G@missions for Kazakhstan. An adaptive
model for assessing tfmpetitiveness of Kazakhstan with a focus on industrial
and innovative factors was developed and tested. Practical recommendations for
improving the caepetitiveness of the country have begven. The organizational
and institutional model for the develment of the knowledgmtensive sector in
Kazakhstan has been substantiated and a roadmap for the implementation of
knowledgeintensive projects has been developed.

The problems of developing small and medisized businesses (SMEs) and
providing employmat to the population are reflected in research in the field of
economics andusinesssince these are the key issues of the country's economic
development and improving the welfare of the population. Over the past three
years, scientists have developeck thoncept of a strategy foaccelerated
development of SMEs. A mechanism has been developed for the effective
interaction of state structures, business and trade unions on issuesaitation
of employment. There werepinion polls of seHemployedcorductedin five
regions of KazakhstarRecommendations to improve the standardivahd and
infrastructure ofural populationwere aveloped and scientifically grounded
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SECTION 4. ANALYSIS OF THE SCIENTIFIC POTENTIAL STATE
(qualitative composition of sentific organizations and higher educational
institutions, autonomous educational organizations engaged in science,
quality of training of domestic scientific personnedhvolvementof foreign
scientists, fitting out of scientific laboratories with moderrequipment for
scientific research

According to the state statistics in the Republic of Kazakhstan in 2017, 386
organizations were engaged in the implementation of research and development,
which isby 3 units more than in 2016.

The total number of empjees performing research and development in
Kazakhstan in 2017 was 22 D8eople. Of these, research specialists \i@&r205
people. In 2017 compared to 2016, the number of personnel decreased by 904
personsincluding research specialistby 216.

In tems of the number of researchers involved in science, Kazakhstan lags
behind most countries of the world. Even in countries such as the Netherlands and
Belgium, whose population is comparable to Kazakhstan (17 and 11 million
people, regectively), there arenany more scientists than in Kazakhstan (Table
4.1).

Table4.1. The total number of personnel engaged in performing R & D,
in terms of fulltime equivalent

persons
Country/Period 2012 2013 2014 2015 2016 2017
China 1404 017 1 484 040 1 524 280 1 619 @8 é é
United States 1264 199 1 305862 1 351 903 : é é
Japan 646 347 | 660489 | 682935 | 662 071 é é
Russia 443 269 | 440581 | 444 865 | 449 180 é é
Germany 352419 | 354463 | 351923 | 387982 400 658 é
Souh Corea 315589 | 321842 | 345463 | 356 447 e é
Great Britan 256 156 | 267 699 | 276584 | 284 483 | 291 416 é
France 258 913 | 266 222 | 267 308 | 277 631 e é
Spain 126 778 | 123225 | 122235 | 122437 | 126 633 é
Italy 110695 | 116 163 | 118183 | 125875 | 126 674 é
Netherlands 73 235 76 670 76 229 79 155 82 264 é
Belgium 45597 46 355 50 820 53178 53771 é
Kazakhstan* 20 404 23712 25 793 24 735 22 985 22 081

* The number is given in persons, excluding thetimé equivalent
Source of information: Eurostat database

The decrase in the number atienceemployeeocaurred in 7 regions of the
Republic. This process mdstaffected such regionss West Kazakhstan (a
decrease of 57%), North Kazakhstan (31%), Karaganda (7%), Pavlodar (6%) and
Almaty (8%) (Table 4.2).
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Table4.2 The number of personnel engaged in research
and developments by region

persons

2013 2014 2015 2016 2017 Trends
Republic of Kazakhstan 23712 25793 24735 | 22985 22081
Akmolinskaya 992 1054 802 652 678
Aktubinskaya 282 356 335 323 362
Almatinskaya 826 901 1049 983 968
Atyrauskaya 400 398 462 400 474
East Kazakhstan 2269 2377 2303 2205 2325
Zhambylskaya 278 368 318 327 377
West Kazakhstan 600 425 540 756 323
Karagandinskaya 1387 1631 1708 1458 1360
Kostanayskaya 518 565 574 556 569
Kyzylordinskaya 205 253 236 228 229
Mangistauskya 590 583 648 700 696
Pavlodarskaya 774 809 716 693 654
North Kazakhstan 312 229 182 135 93
South Kazakhstan 1466 1359 1356 1088 1090
Astana city 3159 3391 3001 2939 3062
Almaty city 9654 11094 10505 | 9542 8821

Data provided by Statistics Conttae of the Republic of Kazakhstan

The city of Almatystill remains the main scientific center of Kazakhsteme
number of research employdasAlmaty in 2017 was 8.8 thousand peopkbout
40% of all scientists in Kazakhstan.

Astana was the next tlhe number of scientific employeasKazakhstan, the
share of research workers of which in the total number of scientific workers was
about 14% in 2017Next isthe East Kazakhstan Regieri1%, Karaganda 6%,

South Kazakhstan5% and Almaty Region4%.

The indicator characterizing the involvement of labor resources in research
and development is the ratio of workers performing research for 10 thousand
people employed in the economy. In the country as a whole, in 2017 this indicator
dropped from 26.9 t®5.8 people per 10 thousand employdésb. 4.3). The
average national level of this indicator was exceeded only in the cities of Almaty
and Astana, as well as in the East Kazakhstan region. In all other regions, it was
below the national average. This ffandicates a low degree of involvement of
labor resources in research and development in these areas, but regional science is
mainly of appliednatureand even with a small involvementtime research process
of workersthe data shosthat it copes withhe tasks set at the regional level.

Table4.3.The number of personnel engaged in research and development
per 10 thousand employed in the economy by regions of the Republic of
Kazakhstan in 2017
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Employees
. Research
Employe | performing o
Number of : specialists
Number of [ dinthe | research on
employees per 10
. research | economy,| 10 thousang
performing o thousand
specialists, total, people
research, . people
persons thousand| employed in .
total, persons employed in
persons the the economy
economy
Republic of 22 081 17205 | 8553376| 258 20,1
Kazakhsta
Akmolinskaya 678 427 416432 16,3 10,3
Aktubinskaya 362 286 408556 8,9 7,0
Almatinskaya 968 688 985347 9,8 7,0
Atyrauskaya 474 340 296378 16,0 11,5
East Kazakhstan 2 325 1642 684286 34,0 24,0
Zhambylskaya 377 252 501113 7,5 5,0
West Kazakhstan 323 282 319530 10,1 8,8
Karagandinskaya 1 360 1 058 656420 20,7 16,1
Kostanaiskaya 569 432 493508 11,5 8,8
Kyzykordinskaya 229 136 328551 7,0 4,1
Mangistauskaya 696 579 277824 25,1 20,8
Pavlodarskaya 654 509 401138 16,3 12,7
North Kazakhstan 93 64 303095 3,1 2,1
South Kazakhstar, 1090 996 1147244 9,5 8,7
Astana city 3062 2 545 466056 65,7 54,6
Almaty city 8 821 6 969 867898 101,6 80,3

Data provided by Statistics Committee of the Republic of Kazakhstan
*) The data idased on the results of a sample survey of 208,275 households (4.48% of the
total number of households), the frequency of the survey is once a year.

A large role in the state of the countrpsrsonnepotential is played by the
age structure of the congient. As can be seen frotine table4.4, the share of
specialists of the preetirement and retirement age over 55 years from 2013 to
2016 accounted for about a quarter of¢batingent The outlined downward trend
in this age grop was replaced by andreaseby 1.2%. In 2017, young scientists
made up about 35% of the contingent of research specialists. The share of
scientists of the age group from 35 to 54 years old accounted for 39.9% of the total

number.

Table4 4. Distribution of employees performed

research and development by age
Including

Year | Total Younger 25 25-34 years | 3544 years | 4554years | 5564 years 65 years

years and older

per. % per. % per. % per. % per. % per. | %
2012 | 20404 | 2648 | 13,0 | 5114 | 25,0 | 3749 | 18,4 | 3941 | 19,3 | 3437| 16,8 | 1515| 75
2013 | 23712 | 2818 | 11,9 | 5770 | 24,3 | 4735| 19,9 | 4520 | 19,1 | 3958 | 16,7 | 1911 | 8,1
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2014 | 25793 | 2912 | 11,3

6535

25,3

5175

20,1

4734

18,4 | 4267 | 16,5

2170

8,4

2015 | 24 735| 2636| 10,7

6372

25,8

5 257

21,3

4 546

18,4 | 3889 | 15,7

2035

8,2

2016 | 22985| 2211 | 9,6

5956

25,9

5099

22,2

4233

18,4 3592 | 15,6

1894

8,2

2017 | 22081 | 1909 | 8,6

5824

26,4

4937

22,4

3871

17,5] 3469 | 157

2071

9,4

Data provided by Statistics Committee of the Republic of Kazakhstan

Table4.5. The distribution of the number of employees performing
researchad development in 2016 by age

persons
including
Total Youn chlu- Inplu- Youn| 65
-ger [25-34|ding |3544| ding |4554|5564| -ger | years
25 |years|2528|years| 35 |years|years|5562| and
years years years years| older
The number of
employees
engagedn
research and
development at
the end of the
reporting year,
total 22 081|1909|5 824|2 304/ 4 937| 1 083|3 871|3469|2 192| 2 071
Including research
specialists 17 205|1 180| 4 735|1 865/ 3 869| 909 |2 9612 698|1 627| 1 762
Including women | 8 991 | 603 |2 521|1007|2 203| 477 |1793|1304| 723 | 567
research
specialists having
scientific or
academic degree | 11 290| 377 |2 938|1 0262 650/ 1 001|2 096|1 846| 1 627| 1 383
Profile doctor 354 - 13 - 57 4 66 | 133 | 42 85
Including women 141 - 9 - 26 1 33 54 29 19
Philosophydoctor
(PhD) 589 - 256 | 72 | 250 | 37 59 17 8 7
Including women 316 - 144 | 37 | 127 | 17 37 5 2 3
Doctor of science | 1818 | - 34 - 177 | 32 | 358 | 587 | 366 | 662
Including women 648 - 8 - 59 21 | 196 | 233 | 116 | 152
Candidate of
science 4541 1 249 | 47 |1265| 239 [1369|1030] 539 | 627
Including women | 2 446 - 114 | 22 | 757 | 151 | 843 | 497 | 234 | 235
Master 3988 | 376 |2386] 907 | 901 | 192 | 244 | 79 25 2
Including women | 2421 | 226 |1386| 508 | 587 | 111 | 48 57 21 1

Data provided by Statistics Committee of the Republic of Kazakhstan

The data show that ceeb of higher scientific qualification are the most

represented by caitthtes of science4,541 persongin 2016- 4726) anddoctors

of science- 1818 persons (in 20161 828 persor)samong them 1657 candidates
and 1249 doctors of science over the aig®4 years. At the same time, the number

of doctors in profile and”hD doctors at the age ofputo 55 years is only 701
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persongTable 4.5).
In the fields of science, a decline specialists humber is characteristic for
natural sciences, medical, agricuwl, and social sciences (Table 4.6).

Table4.6. Distribution of researchpecialistsby the fields of science

persons
Including by fields of science
natural engineeri| medica | agricul social
Total . ng and I tural . humani
science . . scienc )
S technolo | science| science es ties
ay S S
1 2 3 4 5 6 7 8
2014
Research
specialists, 18930 | 5729 5511 1426 | 1973 | 1368 2923
persons
Including those
having a degree
Profile doctor 596 163 143 115 38 36 101
Philosophy doctor | 54 143 49 13 9 55 61
PhD
Docta of science 2 006 619 443 224 230 133 357
Candidate of 5254 | 1567 | 1033 | 391 | 668 | 569 | 1026
science
Master 3018 1154 688 111 213 305 547
2015
Research 18454 | 5481 | 5403 | 1316 | 2259 | 1279| 2716
specialists
Including those
having a degree
Profile doctor 549 180 126 49 77 27 90
Philosophy doctor | - 5 183 64 22 14 64 84
PhD
Doctor of science 1821 540 374 232 236 128 311
Candidate of 5119 | 1461 | 1027 373 686 | 529 | 1043
science
Master 3709 1194 903 135 481 27 669
Continuation of tal# 4.6
1 2 3 4 5 6 7 8

2016
Research 17421 | 5207 | 4661 | 1334 | 2089 | 1504 | 2626
specialists
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Including those
having a degree

Profile doctor 293 199 112 34 29 28 o1
gﬂg’sc’phy doctor | 456 200 59 34 14 67 82
Doctor of science 1828 574 370 244 199 181 260
Candidate of 4726 | 1323 | 837 303 | 618 | 542 | 1013
sclience

Master 3773 | 1203 | 863 204 | 440 | 435 | 628
2017

Research 17205 | 4983 | 5039 | 1051 | 1942 | 1440| 2750
specialists

Including those
having a degree

Profile doctor 354 117 77 47 22 38 53
Philosophy

doctoPhD 589 224 114 31 38 88 94
Doctor of science 1818 577 383 182 196 151 329
Candidate of 4541 | 1221 | o979 327 | 587 | 526 | o901
science

Master 3988 1236 1004 202 412 375 759

Data provided by Statistics Committee of theuRdic of Kazakhstan

But there are also positive results in the dynamics of the contingent: the
number ofresearchspecialistancreased by 378 persoimsengineering antly 124
personsn the humanities

The number of employees involved in the implemeotatof research
characterizes the relevance of tiesearch result©n this basis, the most popular
in 2017 were developments in the natural sciences and engineering developments
and technologies; they accounted for 29% of the total number of all research
specialists, respectively. This is followed by the humanities, which account for
16% of the number of researchers. Against this background, agricultural sciences
occyy only the fourth position havintl%.

The smallest number of staff of research spestgliinvolved in the
implementation of scientific works in the social and medical sciences. The
number of employees engaged in Bdn these sciences accounted for 8% and
6%, respectively.

The training of scientific and scientiffpedagogical workers of diner
gualification is provided through the MA courseand doctoral studies in
educational organizations, in which postgraduate education programs are
developed. In the 2017/2018 academic year in the Republic of Kazakhstan, training
of the specialists ofhigher scientific qualifications was conducted in 107
organizations that providé&raining for posjraduates,in 70 organizations that
provide training for doctoral students and in 17 orgamma i for resident
students

The total number of pogtaduates inthe 2017/2018 academic year was
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34,609 people. The number of statkein this academic year is higher than in the
period 0f2012/2013, and 1.7 thousand more than in the previous year.

At the expense of the state educationedeo, 16.6 thousand people are
studying which is 47.9% of the total number of students, 17.2 people or 49.6% of
students receive paid educational services.

The total number ofesidencystudents was 3,827 peoplehel number of
admittedstudents of the residency in the reporting yeaounted to 1,693 people.
Graduded ones 876 people.

Posgraduates graduation ammted to 18 268 people, including withesis
defense 18 210 people or 99.7%. (table 4.7).

Table4.7. Number, admissioandgraduation oposgjraduates

persons
2013 2014 2015 2016 2017

Posgraduates numbgat the end of | 57 o5 | 35507 | 29882 | 32893 | 34609

the yeay, total

Posgraduates admission, total 17775 | 16941 | 15261 | 19074 | 18829

Including

Graduated from higher education | 4/ 154 | 15410 | 11608 | 15018 | 15 169

institutions in the reporting year

Posgraduates graduatiortotal 12962 | 15880 | 15816 | 16445 | 18 268

Includingthose who dgfended thesis 11783 | 14653 | 14869 | 16344 | 18 210

from the total graduation flow

Tableis madeaccordingto the StateStatisticsdata

The most represented in terms of the number of studgatlying in MA
courseare the following specialties: technical sciences and technolog@i@®%,
social sciences, economiaadbusiness 20.8%, education 18.3%, law- 10.1%

(Table. 4.8).

Table4.8 Number of Masters by areas of science

persons
2013 2014 2015 2016 2017
1 2 3 4 5 6
Number of Masterstotal 31950 | 32527 | 29882 | 32893 | 34 609
Including by certain areas of science
education 5200 | 5133 | 4834 | 5664 | 6318
humanities 2239 | 2350 | 2232 | 2142 | 2168
law 3011 | 3150 | 3131 | 3553 | 3493
Continuation of tablel.8
1 2 3 4 5 6
Social science, economics and business 8 614 | 7 985 7357 7696 | 7182
Natural science 2148 | 2122 1939 1890 | 2060
Technical science and technologies 6276 | 6450 | 7189 | 8693 | 9679
Agricultural science 785 846 829 741 857
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Services 932 879 644 551 575
Arts 423 538
Military science and security 11 n
Health care and and social securit

(medicing ’ 642 | 619
Veterinarymedicine 211 232

Data provided by Statistics Committee of the Republic of Kazakhstan

At the end of 2017, the total number of doctoral students was 3603 people, of
whom 2136 pedp or 59.2% e women. The number of admitted doctoral
students i4,671 peoplethosewho left before graduatioare 112and the number
of doctoral studnts who completed training exceeding tixed period of time is
36 people. The number of doctoral dntsgraduated was 721, of which 249
34.5%defendedh thesis (Table 4.9).

Table4.9. Number and graduation of doctors

persons
2013 | 2014 | 2015 | 2016 | 2017
Number of doctorgat the end of the year 1892| 2063 | 2288 | 2710 | 3603
including
Profile doctors 170 101 122 93 113
Philosophy doctoréPhD) 1722| 1962 | 2166 | 2617 | 3490
Doctor students admission 638 729 794 1086 | 1671
includng
Profile doctors 31 - 32 25 51
Philosophy doctoréPhD) 607 729 762 1061 | 1620
Graduation of doctorstotal 373 503 533 619 721
Defendedhesisfrom thetotal flow 100 125 175 117 249

Dataprovided by Statistics Committee of the Republic of Kazakhstan

The number oPhD students is 2,617 people, the numbepulffile doctoral
students is 93 people. The number of doctoral students over thgefiveperiod
increased by 1.7 times, includingdoral students by profile by 1.2 timesPhDs
i by 1.7 times.

For the analyzedive-year period, the lowest indicatan the field of
graduates with a doctoral thesis defense appdarbd 2016, in which only about
19% of graduates defenddtess. In 2017, this indicator improved by 1.8 times
and amounted to 34.5% or 249 people.

The most represented in terms of the number of students in the doctorate are
the following specialties: technical sciences and technoleglgey account for
26.4% of all studest then social sciences, economaegl business 15.1% and
natural sciences9.7% ( Table 4.10).
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Table4.10. Distribution of doctoral students by specialties
their admission and graduation in 2017

persons
Admission Actual
of doctoral graduation . Shareof
.| Number of Including
. students in of doctors . . | graduates
Specialty name doctoral , with thesis | . .
the in the with thesis
: students : defense
reporting reporting defense, %
year year, total
Total 1671 3603 721 249 34,5
Education 211 421 71 17 23,9
Humanities 210 406 72 X -
Law 130 269 30 16 53,3
Arts 22 55 11 7 63,6
Social science, economi 307 633 87 o8 322
and business
Natural sciences 171 329 66 9 13,6
Technical sciences and 381 855 198 99 50.0
technologies
Agricultural sciences 53 130 66 - -
Services 23 52 12 X -
Military science and 5 3 1 i i
security
Health care and social 110 295 85 58 68,2
security (medicine)
Veterinary medicine 25 52 13 X -

Data provided by Statistics Committee of the Republic of Kazakhstan

Of the total number of graduatesly 34.5% prepared and defended a thesis
for awarding the degree ofpaofile doctor or a doctor of philosoph?iD). Above
the average national level wiee number of those who defendédsisin the field
of health care ahsocial security (medicine)68.2%, in agkd 63.6%, in lawd
53.3%, in technical sciences and technol@gy50.0%. In such disciplines as
veteinary medicine, services arftumanities, the release of doctors with thesis
defense was no more than 1 person; in the agricultural sciemcgsaduate as
defended. In the field okducation, social sciences, economics and business
dissertation activity decreasdd the republic as a whole, iaw, natural, technical
sciences ahtechnologies and health caréas increased.

Thus, in 2017 empared to 2016, there was a slight decrease in the number of
researchers with an increase in the number of scientific organizations.

An important role in the movement of labor has a migration of the population.
For example, in 2017, 22 thousand more pedeft the Republic of Kazakhstan
than arrived in the republic. At the same time, 235.4 thousand people with higher
education left the country, while only 226.4 thousand people arrived. As can be
seen from the data, the migration balance of the populaiittnhigher education
IS negative and is equal 8.5 thousand people.

In 2017, the labomovement balance by research speciahsis a negative
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value, in addition, the indicator of the total turnover of personnel was almost 46%.
The share of scientista the age groups up to 25 years anéb45ears in the total
number has decreased.

Among the positive phenomena, an increase in the number of training
specialistsand an increase in the proportion of doctoral students who defended a
thesis during the perballowed by the law for training and defenséa scientific
work can be noted. As well as the emerging tendency to change the qualitative
structure of science cadres in the direction of replacing candidates and doctors of
science with young scientistsofn among the masters and doctors of philosophy
PhD.
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5. ANALYSIS OF RESEARCH AND DEVELOPMENT FINANCING ,
(carried out from the state budget, attracting funds to science from the private
secto)

In 2017, the share of domestic R&osts in GDP waB8.13%, which is lower
than the 2016 figure (0.14%).

The ratio of production of gals and production of services @DP in 2017
amounted to 36.0% and 57.9%spectively (Figh.1).

Cenbckoe, NecHoeH puifHoe xosaitcrse + 4.4%
CTp OMTENBCTEO = 5,6%

OnT0BAd H pOBHI/ITiHElH TOPTOBIA,pEMOHT - 1 6 4%
AETOMODMIEH I MOTOIHETIOE :

TpaHCIopTH CKIIANHp OBaHHe = 8,0%

W GITYTH 0 TP OoKUEBAHMED W THTAHME S N L7
HH{pOpMAalUs | CB3b = 1.5%
DHUHAHCOBAA 1 CTPAXOBAT = 4.3

ONepauy ¢ HeNEHKHMBIMHMYIIeCTEOM = 5,1%

IIpodreccHoHaEHAA, HA Y YHAS K
TeXHHYecKasd JeATeTbHOCTE,

u,
143 HELC BHPMIDEHHIE scmpantel o HEOIE - K
0,13%
HeATenbHOCTD B 0BNacTH aAMHHHCTPATHEHOTOH | 5 A4
BCIIOMOTATENEHOD 0BTy HMEaHN ’
TocynapcIEeHHOe YIIpaBTeHHe 1 0BopoHa, 5 19
obasaTerBHOe COLMATEHOE obeceyeHe e
ObpasoeaHte = 2,8%

JOpaBooXpaHeHMe M cOLMalbHEIE Vomyrd = 1,9%

Hanori Ha OpoJyKThl,

6.5 HexyccTBo, pasBlledeHHd H OTObIE = 0,8%
H

IIpemocTaBnenne [p CUHE BHI OB ¥CITYT = 2,9%

Figure5.1.Gross Domestic Product Structure 2017

Sourse Statisics Canmitee ofthe Ministry of Eonomy of RK

Productionof goodsi 36,5% Agriculture, forestryandfisheries 4,4%
Industry 26,5%
Construction 5,6%

Wholesale and retail trade, repair of cars and 16,4%
motorcycles

Transport and arehousing 8,0%
Accommodationand food services 1,1%
Information and communication 1,5%
Finance and insurance 4,3%
Real estate operations 8,1%
Productionof services 57,0% Professional, scientific and technical activity, 4, 7%

GDP1 100% includingR&D intemal costd 0,13%
Activity in the sphere of administrative aadxiliary 2,4%

services
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Taxes for products, 6,5

As can be seen from this scheme, GDP is mainly the sum of the cost of
producing goods in the real sector of the economy and the cost of providing
services, including professional, scientific atethnical activities, which also
include R & D costs. On this basis, 0.13% of the cost of science reflects the

State management and defence, compulsory soc
security
Education
Health care and social services
Arts, enterhinment and recreation
Other kinds of services

contribution of science to GDP or the knowledgensiveness of GDP.

The intensity of GDP has a multiplicative effect, i.e. with the growth of
investment in science, the gross product will grow in a much larger amount than
the initial cash investment. In addition to the primary effect, secondary and
subsequent effects appear.

2,1%

2,8%
1,9%
0,8%
2,9%

That is why the majority of countries in the world are interesteddreasing

investment in science, and those states whose knowhlespel GDP exceeds 3%

are at the forefront of technological progress. Today, the countteshnology
leaders maintain the indicator of knowledgeensive GDP at the level of 24/3%

(Tabke 5.1).

Table5.1.Gross domestic research costs

and development works in% of GDP

Countries / Period 2010| 2011 | 2012 2013 | 2014 | 2015 | 2016 | 2017
Israel 394 | 402 | 4,16 | 4,14 | 4,29 4,27
Republic of Corea 3,45| 3,75 | 4,02 | 4,15 | 4,28 4,23
Japan 3,14 | 3,25 | 3,21 | 3,32 | 3,40 | 3,28
Sweden 3,22 3,25 | 329 | 3,31 | 3,14 | 3,26
Austria 2,73 268 | 293 | 2,96 | 3,06 | 3,07
Denmark 293| 297 | 3,01 | 3,02 | 2,98 | 3,01
Finland 3,73| 3,64 | 3,42 | 3,29 3,18 | 2,90
Germany 2,71 280 2,87 | 2,82 | 2,89 | 2,88
United States of America 2,73 2,77 | 2,70 | 2,74 | 2,75 | 2,79
Belgium 205 2,16 | 2,36 | 2,44 | 2,46 | 2,46
France 2,17 2,19 | 2,23 | 2,23 | 2,24 | 2,23
Iceland . 2,50 . 1,77 | 2,03 | 2,21
Slovenia 206 242 | 258 | 2,60 | 2,38 | 2,21
China 1,71 1,78 | 1,91 | 1,99 | 2,02 | 2,07
Uzbekistan 0,20 0,19 | 0,20 | 0,20 | 0,20 | 0,21 .
Kazakhstan 0,15| 0,15 | 0,17 | 0,17 | 0,17 | 0,17 | 0,24 | 0,13
Mongolia 0,24 0,23 | 0,24 | 0,23 | 0,22 | 0,16

Source UNESCO database

To understand the mechanism of the possibilitinoreasing the knowledge

intensity of GDP, i.e. an indicator that reflects the existing proportion between the
volume of GDP and scienitif and technical activity in the form of the amount of

52




costs sperto scientific research, it is necessary to analyze their structure (tab. 5.2).

According to the approved methodology, an indicator characterizing the
volume of a scientific product, i.e.gearch or development included in GDP is
equal to the cost of its production. The components of these costs are the following
types of costs: labor costs; purchase of services (for own projects); for fixed assets
(machinery, equipment, buildings and othersother current expenses
(consumables, raw materials and equipment, rent and others).

Table5.2.Domestic R & D costs by sectors

min tenge
Sector of Non
Indicator Period Total Public h'gh‘?r Business | comme
sector professional sector rcial
education sector
Domestic R&D costs 2013 61 672,7 18 304,4 | 18 926,1 18 150,9 | 6291,3
2014 66 347,6/ 21 695,6 | 14 706,5 24 337,6 | 5607,9
2015 69 302,9 20 325,8 | 13485,0 27790,8 | 77013
2016 66 600,1 18 640,4 | 11532,1 28 872,7 | 7555,0
2017 68 884,2| 20961,4 | 13179,5 28 665,0 | 6078,2
including
salaries 2013 30468,8 7652,5 | 10998,5 9218,0 2 599,8
2014 34 968,1| 11 739,3 | 8 521,7 12 265,7 | 24414
2015 35730,0] 11 015,8 | 7 655,9 137719 | 32864
2016 31 889,9 10404,8 | 6 263,0 12 204,1 | 3018,0
2017 31564,1| 10691,7 | 593,1 11681,2 | 3258,1
Purchase of servicd®r | 5015 | 75118 44678 | 12785 11296 | 3359
own project$
2014 6 860,7 | 2887,1 1169,1 1988,3 816,3
2015 7328,6 | 2589,0 |1198,8 1949,9 1591,0
2016 8122,7 | 2352,1 1468,4 2 236,6 2 065,6
2017 8449,1 | 2962,7 1935,2 2338,1 1213,2

Costs for fixed assets
(machinesequipment | 2013 5367,2 | 11985 1 066,1 17522 1 350,5
facilities etc)

2014 5396,7 | 1332,1 830,4 2679,1 555,2
2015 5524,9 | 994,0 801,2 3025,9 703,8
2016 5489,3 | 951,8 922,6 2 440,9 1174,0
2017 7259,7 | 10994 2175,9 3686,3 298,1
Othercurrentcosts
(consumablesow 2013 | 18624,8 49856 | 55831 6051,0 | 2005,1
materialsand
equipment, rental etc.)
2014 19122,1 5737,1 4 185,3 7 404,6 1795,1
2015 20719,5 5727,0 3829,2 9043,2 2120,1
2016 21 098,3| 4 931,6 2878,1 11991,2 | 1297,4
2017 21611,2/ 6 207,6 | 3135,3 10959,4 | 1308,8
External cocts for R&D | 2013 12 277,2| 1 173,7 899,0 9793,4 4111
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2014 7208,0 | 1166,6 | 844,3 4 755,6 4415
2015 17 27Q0 | 574,4 559,5 149226 | 12135
2016 22909,7| 3235,7 | 562,8 18 018,8 | 1092,3
2017

Accordingto thedata provided bystatisticsCommittee of the Ministry of economy of RK

The labor cosbf the personnel performinB & D consists of the annual
salary and all associated costs or allowances. In almost all countries of the world,
labor costs make up the largest part of current costs.

In Kazakhstan in 2017, the share of labor costs, as in previous years,
accounted for the largest part of current exprires- 46%, however, compared to
the previous year, this share decreased by 2 percentage points. At the same time,
both in the whole of science and in all sectors there was an increase in the average
monthly wage (tab. 5.3).

Table5.3. Average monthlyvages of employees performiR& D by sector of

activity
tenge
or ar?i)z/ations Sr?iCtrc\)(;rOf Nor
Year 9 ) Public sector ghe Businessector| commercial
performing professional sector
R&D education
2013 107 079 115 611 77 489 152 536 162 648
2014 112 977 128585 64 788 176 658 141 481
2015 120 376 128 264 60 058 218 269 161 381
2016 115 619 113 446 53 306 240 883 189 239
2017 119 123 117 636 53724 247 442 198 184

Calculatedaccordingto the data providedby the Statistics Committee of the Ministry of
ecoromy of RK

The data show that the average monthly wage in various sectors in 2017
ranged from 54 thousand tenge in the higher education sector to 247 thousand
tenge in the business sector. Moreover, if in the sector of higher professional
education the avage monthly salary, having slightly slowed down its annual
decline, remained at a low level, then in the business sector it increased annually
by 1024%. And only in 2017, the rate of salary increase dropped to 2.7%, while
remaining the highest among teectors of science. It should be noted keeping
of high salaries in the neprofit sectortoo.

The main role in changing the amount of wages is played by sources of
financing.

More than 50% of all internal costs are covered from the state budget. In
2017, the share of budget funds decreased by 1 percentage point. This situation
forced to more actively udey organizations of theiown funds. As a result, the
share of funding from this source increased by 1.3 percentage points.
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In addition to state finameg and own funds, scientific organizations use such
souces as bank loangoreign investments, loans of nbankng legal entities
(except for development institutions). In 2017, they amounted to KZT 4,717.0

million or 6.8% of total costs (Table 5.5.4).

Table5.4.Sources of financing domestic R&D costs

2013 | 2014 |

2015 | 2016 | 2017

Domesticcosts by rain sources of financing, mirerige

Republic of Kazakhstan 61 672,766 347,6 69 302,9| 66 600,1 68 884,2
Total budget funds, minenge 39 273,343 343,5 40 719,1 | 35 440,5 35 979,9
Ownfunds min. tenge 17 836,2 19 858,3 25 356,6| 26 388,8 28 187,6
Otherfundsof financing min. tenge 4563,2| 3145,8 3227,2 | 4770,8 47170
The share of financing in total costs,%

Republic of Kazakhstan 100 100 100 100 100
Total budget funds, minenge 63,7 65,3 58,8 53,2 52,2
Own funds min. tenge 28,9 29,9 36,6 39,6 40,9
Otherfundsof financing min. tenge 7,4 4.7 4,7 7,2 6,8

Accordingto thedata provided by Statistic ommittee of the Ministry of economy of RK

Among the sources of financing there are almost business entities
representing the réaector of the economy. At the same tithe financing of
research and development in all developed countries today745%Qorovided by
the business sector (tab.5). And, as a result, in theame countries, the highest
research intensity of GDP is noted.

Table5.5. Total domestic R&D costs of the business sector in % of total costs

Countrylyear 2011 2012 2013 2014 2015
Japan 76,5 76,1 75,5 77,3 78,0
China 73,9 74,0 74,6 75,4 74,7
South Corea 73,7 74,7 75,7 75,3 74,5
Slovenia 61,2 62,2 63,8 68,4 69,2
German 65,6 66,1 65,4 66,0 65,6
United States 58,4 59,2 60,8 61,7 64,2
Denmark 61,2 59,9 59,0 e 59,4
Belgium 60,2 60,6 60,6 e 58,6
Sweden 57,6 e 61,0 e 57,3
France 55,0 55,3 55,1 55,7 e
Finland 67 63,1 60,8 53,5 54,8

Source http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&lanquage=en&psodee81&plugin=1

Il n

Kazakhst an,

t he

O r g a nrnge share io thé s
financing of R&D and are the second largesiurce ofdomestic expenditures.

oV

How are these funds formed? These are services for testing and analysis, scientific

and technical, consulting services, services of botanical gardens and zoos,
architecturalservices for theestoration of monuments, plans and drawings for

55



architectural purposes, services for specialized desigstddying public opinion,

etc. In addition,financial resources of scientific organizations are formed through
the performance of work not related to science, such as services for the rental and
maintenance of property. Perhaps it is this method of forming financial resources
that does not in the beway affect the quality of scientific work.

The next item of expenditure is the purchase of services (foposyects). In
2017, this itemaccounted for 12.3%. Compared with the previous year, the share
of costs almost did not change. Like salary cdbesy are strictly regulated by the
financial framework of the project. This is evidérdm the dynamics of spending
onthis item lately- they fluctuate within 12%.

The current costs of fixed assets (current repairs of machinery, equipment,
buildings, aswell as the purchase of spare pads them, consumables, éten
2017 amounted to 10.5% (2018%).

Other current expenses associated with the acquisition of consumables, raw
materials and equipment, rent, utilities and other services remained vyirtuall
unchanged, having increased by 0.3 percentage points in 2017 and amounted to
31.4%.

The production sector, which is the main consumer of scientific research, has
recently reduced its activities, and this is the lo$sreal production, which
provides forforeign currency earnings to the country's budget and generates tax
revenues that serve as a source of financing, including scientific research.

The declinen the share of producticsector in the formation of GDP is one
of the reasons whgcientific regarch, failing to findts final consumer within the
country, is declining. This is ofirmed by the performance of H& by sector.
Despite the general increase in domestic expenditures on research and
developmenin 2017, in businesand nonprofit sectorghey decreased by 208 and
1,477 million tenge, respectively. That is, the reduction occurs where it is expected
to bring together the interaction of science and production. The public sector has
increased costs thanks to government support (Table 5.6).

Table5.6. Domestic R&D expenditures by activity sector

min tenge

2013 2014 2015 2016 2017
Domestic research and 61 672,7 | 66 347,6 69 302,9| 66 600,1 | 68 884,21
development costs, total
including
Public sector 18 304,3 | 21 695,6| 20 325,8| 18 640,4 | 20961,42
Sector_ of higher profession 18 926 14706.5 13 485, 11532.1 | 13 179,52
education 0
Business sector 18 151 24337,6| 27 790,8| 28 872,7 | 28 665,04
Non-commercial sector 6291,2 [5607,9 | 7701,3 |7554,9 |6078,24

Accordingto thedata provided by &tisticsCommittee of the Ministry of economy of RK

In 2017, as in the previous year, there was a reduction in the cost of
fundamental work by 22%. Atthe same time, the volume of R&in applied
research increased by 14%gingineeringlevelopmerg- by 1% (Table 5.7).
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Table5.7. Domestic R&D costs by type of research and development

min tenge
2013 2014 2015 2016 2017
Domestic costs, total 61672,7 | 66 347,6 | 69 302,9] 66600,1 | 68 884,2
including
Fundamental researches 18197,0 | 15260,7 | 15838,8/ 13809,2 | 10 785,9
Applied researches 33369,4 | 38394,7 | 36 959,0| 35841,1 | 40 909,6
Engineering developments | 10106,3 | 12692,1 | 16 505,1| 16949,8 | 17 188,7

Accordingto thedata provided by StatisticSommittee of the Ministry of economy of RK

According tostatisticsjn 2017, the largest share of R&expenditures fell on
engineering developments and technologi4s.7% of the total expenditures in the
country, while their volume increased by 1.3 billion tenge compardtettast
year. It should be notethat the trend of expansion of activities in this field of
science has been observed during the last five years.

In addition to this field of science, the cost of medical science increased by
1.0 billion tenge, social by 0.6 billion tenge and humanitamia 0.9 billion tenge.

In these sciences, the process developed unevenly. The peak of expenses was in the
medical and social sciences in 2013, in the humanitre2014 (Table 5.8).

Table5.8 Domestic costs of research and development by the fiektsarfce

min tenge
2013 2014 2015 2016 2017

Domestic costs, total 61672,7 | 66347,6 | 69302,9 | 66 600,1| 68 884,2
including

natural 22 361,3 | 23556,7 | 25334,2 | 23 496,3| 22 428,3
engineeringlevelopments | ,4 547 9 | 558642 | 296183 | 30 193.4| 31459,4
andtechnologies (technical

medical 3450,4 2795,1 27354 | 22779 3278,3
agricultural 5628,1 7 331,7 76024 | 6884,6 | 6528,0
social sciences 2 857,1 1 486,2 850,5 1072,2 1 650,8
humanities 3437,6 4 313,5 3162,1 | 26758 | 35394

Accordingto thedata provided by StatistidcSommittee of the Ministry ofd@nomy of RK

The cost reduction occurred in the natural sciences by 1.1 billion tenge and
agricultural- by 0.4 billion tenge. However, in these sciences, the development
process is progressiv&hus, in the natural sciences, after a steady increase in
costs, which in 2015 reached a maximum, a decline began, continuing for the
second year. In the agricultural sciences, the year 2@l4yhich the largest
amount of R&® was performed, in 2015 waslltoved by a sharp decline, v
reached its lowest limits durirthe five-year period.

Reducing the cost of performing R& occurred in 7 regions of the country.
Most of all, this process toucthethe West Kazakhstan region. R&costs
decreased by 83.3%. Destic osts in South Kazakhstatecreased by 23.7%, by
18.5% in Karaganda region, by 17.5% in Kyzylorda region, by 14% in Pavlodar
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region, by 7.5% in Almaty regioand by 4, 7% in Almaty city (tab. 5.9).

Table5.9. DomesticR& D costsby regions

min. tenge
2013 2014 2015 2016 2017 Increase/
decline of costs
in 2017
compared to
2016

Republic of Kazakhstan 61672,7 66347,6 69302,9 66600,1 68884,2 3,4
Akmolinskaya 742,4 826,7 11131 797,3 898,2 12,7
Aktubinskaya 559,1 735,2 701,6 763,0 839,1 10,0
Almatinskaya 1117,3 804,2 1053,6 941,7 871,1 -7,5
Atyrauskaya 1880 1885,7 2415,9 2753,3 3637,7 32,1
East Kazakhstan 3773,3 3040,6 3300 3475,4 5000,5 439
Zhambylskaya 1077,1 1322,3 689,7 456,3 1024,3 1245
West Kazakhstan 916,1 672,2 753,2 1789,2 298,5 -83,3
Karagandinskaya 3407,8 4048,9 3597.,8 4279,0 3488,1 -18,5
Kostanaisaya 445,3 574 599,2 562,1 1176,5 109,3
Kyzylordinskaya 213,3 266 235,5 613,6 506,3 -17,5
Mangistauskaya 5095,3 6160,7 7694,5 7800,4 8043,5 3,1
Pavlodarskaya 335,3 322,9 320,8 390,4 335,7 -14,0
North Kazakhstan 209,6 236,3 224.4 180,2 185,2 2,8
South Kazakhstan 1168,4 1233,8 1360,4 1211,4 924,2 -23,7
Astana city 9741,1 10187,7 13452 13990,6 16297,5 16,5
Almaty city 30991 34030,3 31791,2 26596,2 25357,8 -4,7

Accordingto thedataprovided by Statistic€ommittee of the Ministry of economy of RK

Despite the decline in indicators characterizing the activities of scientific
organizations, Almaty is still the largest scientific center of the republic. It
accounts for 36.8% of researahd development.

Science is also developing at a high rate in Astana. In 2016, the share of
metropolitan science accounted for 21% of domestic expenditures on research and
development in the republic, in 2017 it increased to 23.7%.

The intensive deslopmant of science in the Mangfiau region continues.

With a volume of expenditure of 8.0 billion tenge, it is in 3rd place in terms of the
volume of scientific research, which is increasing annually. It should be noted that
99.3% of theR&D performed was finaned at the expense o0
own funds, and 0.7% of the total costs in the region were spent on the
implementation of programs and projects at the expense of targeted program and
grant funding.

The independence of the scientific organizatiohghe region from thire
party financing has allowed the monthly salary of its employees to be increased to
407 thousand tenge, which is more than three times higher than the average
national salary level.

Another oil producing region, Atyrau, as well asmdé&tau, uses more than
97% of its own funds and only 3% is financed from the state budget, including
14.3 million tenge for basic financing and 44.1 million for grant funding. The
average monthly salary of employees of these organizations was 286 thousand
tenge, which is almost 2.4 times higher than the national average.
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Analysis of the financial component of the scientific potential shows that,
despite the reduction in the share of public funding, it remains the main source of
investment in science, whitbe dependence on this source is very high. However,
the trend of incresing the role of own funds in R& costs continues, while other
sources are declining. Just as before, there is no visible interest of the real sector in
maintaining the scientific antgéchnological potential of the republic.

Despite a small share, there is a steady growth enatmount of funds
invested in R& by foreign investors. Thus, from 2012 to 2017, foreign
investments increased fourfold, whiltheir slare in total domestic R&D
expenditures increasdtireetimes and by the end of 2017 it was 1.8%, or 1.3
billion tenge.
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6. ANALYSIS OF GLOBAL SCIENCE DEVELOPMENT TRENDS
(discoveries and achievements of Kazakhstan science as a result of the
implementation of scientific and techni¢aagreements with foreign and
international scientific organizationy

6.1.Analysis of global trends in the development of science

The directions of research conducted by developed countries reflect the most
important trends in global scientific and teological development. The strategic
directions of most European countries now include nanotechnologies and materials
of a new generation, information and communication technologies, advanced
production, power engineering, transportation, space systemssdiénces and
biotechnology. Certain differences in thetioaal systems of priorities lay the
scope of the scientific and technical areas, as well as in the degree of focus on the
solution of certain socieconomic problems.

As international experieecshows, methodological support and mechanisms
for the selection andmplementation of priority directionsareas and critical
technologies are constantly being improved in accordance with the new challenges
of global and national development.

At present,the goal of the scientifitechnological and innovation policy
pursued by industrially developed countries is the development oftéuth
industries, stimulating the development and introduction of advanced technologies
to maintain competitiveness and ate high productivity rates. Over the nexi 10
20 years, products and services with such qualities and properties as intelligence,
mobility, compliance with individual customer requirements, high functional
efficiency, environmental friendlinesand resouce efficiency will become a
characteristic of explosive new markets.

New markets claiming a significant position in the economijch are
already on the horizon of the 202D30s, ar¢he following

A equi pment a n d-carbom tereergy @istisited fgeneratiomo s t
technology, new solutions in the field of energy saving, renewable energy sources,
etc.);

new solutions in the field of bio
and genomesnicrobiomics engineering of the immune system, etc.);

Anew chemistry and new materials (diaterials, development of micrand
naneencapsulation technologies, sedfjenerating and higbtrength light
materials, etc.);

i ntell ectual equi pment and techno
(new solutiondn the field of robotization and automation, ngmoduction, new
technologies in the field of 3D printing nane3D printing, 3D printing using
biomaterials, etc.);

A microelectronics of the new gener ¢
(nonsilicon electronics, quantum communications, quantum computers,
photoelectronicsflexible electronics, etc.);

new solutions for heal th care anct
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robotic surgery, microscopy of super high resolutmeationof artificial organs,
medical and biological informatics, drugs of the new generation);

A new generation of sensor and instrumentation (biosensors, smart tactile
technologies, contactless sensor technologies, etc.);

A - new solutions in t he nitatioa technologies i nf o
(new media,blockchain artificial intelligence technologies, machine learning,
transitionto new generations of mobile communications, etc.);

A entry into the mar k-esupplier§ of adeanced e a d |
technologies.

Industrialized countries (USA, Germany, Great Britain, Japan, China, South
Korea, etc.) decided to launch a new technological revolution in the form of state
policy. In addition, these states want to concentrate the key universal (digital)
platforms that aggomate the se¢ al | e d Astrategic dat ao
algorithms. The leading countries are already implementing a whole package of
large state programs in the field of advanced technologies in the industry and non
industrial sectors of the economy, dged to launch a new technological
revolution, a radical strengthening of competitive positions in global markets. At
the same time, in addition to the traditional revitalization of industrial and
technological policies, almost all developed countrieseh&éxeen increasing
investment in scientific research since the late 2000she source of
fbreakthroughtechnologies.

The 8th Framework Program for Research, Technological and Innovation
DevelopmentiHorizon 202@ is aimed at the implementation of pricesi in the
field of science and innovations at the EU level. The priority in it is given to highly
efficient technologies ecc, nane, bio- and information technologies, focused on
solving key socieeconomic problems (development of green energy, tratyspor
climate changandpopulation aging).

In Germany, the key areas of science and technology and innovation policy
are defined in the Highitech 2020 Development Strategy, the updated version of
which was adopted by the German Federal Government in 20&4naim purpose
of this document is to facilitate the formation of new markets, to intensify
scientific and industrial interaction and provide comprehensive support for
innovation, applying new tools. The Strategy identifies areas with the most serious
chalenges to the economy and society: climate, energy; health care, nutrition
mobility; security; communication.

To respond to the challenges, it is proposed to consider the following areas as
priorities, which, according to the German expert communitydistenguished by
the highest dynamics of innovation and have great potential for economic growth
and prosperity. Thesare:digital economy and society; sustainable economy and
energy; innovative workplace; healthy lifestyle; intellectual mobility (researc
the field of integrated transport policy, able to optimize different types of transport
in terms of their efficiency, capabilitieand interaction); public security-
integrated systems and infrastructures.

In November 2014, the German Federal Govemmadopted the Digital
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Agenda, which contains general approaches to the development of the digital
economy and identifies gen main areas to appéfforts of all stakeholdersthe

state, economic and social partners, civil society and science. One &kyh
objectives of the documentistoact er at e t h e of Gctencg ltismaot | z a
only about expanding the global network of interdisciplinary scientific
communications, but also about the continuous development of the digital
infrastructure ofresearch and information systems (digital archives, libraries,
databases).

The document presents the ideas and proposals of the federal government on
the participation otciencein the development of the digital economy, which are
in fact tmmentsad aft er assiignti sts. Thus,
to increase innovative support in the
(bigdatg in order to use their potential for business (for example, for the transition
to Industry 4.0), sciere (for life sciences) and health cale.this regard, it is
pl anned to create two Acenters of exce

The German government maintains an effective balance between technocratic
and humanitarian approaches to depeitent, and therefore intends to widely
engage the social and human sciences in research that contributes to the
development of the digital economy and the realization of its social effects. First of
all, it concerns the need for a deeper understandinghef processes and
consequences of the digitahisformation of society aneconomy, searching for
answers to questions related to the debate abouidselification, protection of
personal sphere and the 7right tital pri
transparencyo.

In the UK, national priorities for the development of science and technology
for the medium andbng termare defined in the Strategy for the Development of
Science and Innovation for Growth. The purpose of the Strategy is to strengthen
the scientific and technological potential of the country, to create opportunities for
accelerating the commercialization of emerging technologies and the formation of
associated value chains, and to identify areas and sectors recairnagced
developmat of science and technology. Thageelude: life sciences; higtvalue
added production; nanotechnology; Computdecmologies The following
innovative technologies have been selected for priority investment: synthetic
biology; energy efficient calculatis; energy storaggraphene basadaterials.

In 2012, the UK launched a new Industrial Strategy aimed at supporting the
11 most promising sectorsf the economy, whose development is at the global
level or can achieve it. The focus is on the developmieatieanced technologies,
the training of highly qualified personnel, the issues of financing and the
development opartnershigbetween science and business. For the selected sectors,
programs were developed to ensure their effective growth based ottefamg
investments: Life Science Strategy, Nuclear Industry Development Strategy,
Agricultural Technology Development Strategy, etc. To achieve the goals of these
strategies, the Government also identified eight key qulzdform technologies in
which the caontry is able to become a world leader: big data technology and
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energy efficient computing; satellites and the use of the results of space activities;
robotics and autonomous systems; synthetic biology; regenerative medicine;
agricultural technologies; adaced materials and nanotechnologies; energy and
energy storage.

Japan launched the 5th fivgear plan for the development of science,
technologyand innovation (20162020). The general directions of the priority
directions of development of science andawations, recorded in the Japanese
official forecasts and departmental documents based on them, practically repeat the
similar lists established in the practice of the USA and the EU. This, in particular,
i's a complex of ar eafse umnditerdc eéd/, tdheEmpxuwtr
telecommunications, nanotechnologies and materials based on them,
environmental innovations, innovative activities in the field of energy resources
and the rational use of energy, technology for the study and developihsgraice
with a broad perspective use them in other areas.

China has also adopted a new fiyear plan aimed at innovation (2016
2020). The priority research projects in the 13th-frear period of the PRC are:
guantum communications and calculations; ibraisearch; security in cyberspace;
deep exploration of space; clean, efficient use of coal; industrial, medical and
military robots; application of gene science; application of big data;-sep
experimental platforms; New Arctic Observatory, Antarctati®n.

The Chinese Academy of Sciences presented a plan for achieving 60
important scientific and technical breakthroughs during the 13thyBee period.

The plan also includes projects relating to the restoration and reconstruction of
human organs, ctmol of water pollution, study of samples taken from the lunar
surface, asbnomical observation of the badkde of the moon using a lew
frequency radio telescope, and the development of a gifoaseld sensing system

of Mars.

Russia has approved the Stegty for the longerm scientific and
technological development of the Russian Federation, which is aimed at obtaining
technologies capable of responding to the main challenges, increasing the share of
innovative products in the gross domestic product,gomon hightech domestic
technologies to new markets, increasing the effectiveness of research conducted by
Russian scientists. Among the priority directions of development of science are:
digital intellectual, production technologies; creation of new maser
development of systems capable of processing large amounts of data; artificial
intelligence and machine learning; transition to environmentally friendly and
resourcesaving energy sources; personalized medicine,-tagh health care and
health savig technologies; highly productive and environmentally friendly
agricultural and aquatic economy; creation of intelligent transport and
telecommunication systems; development and use of space and airspace, oceans,
Arctic and Antarcticzones.
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6.2. Discoveies and achievements obtained by Kazakhstan science as a
result of the implementation of scientific and technical agreements with
foreign and international scientific organizations

In 2017, 11 scientific and technical programs with the participation of
international partners were implemented in tepublic of which 10 programs
were completed. In the course of research in the framework of these programs, the
following main results were obtained.

In the field of energyunder the prograniiDevelopment of cén energy
sources of the Republic of Kazakhsiam t he fr ameworJs8C of
fiNational Scietific and Technological Holding P a r aandudtedl studies with
the participation of organizations dgéermany (Rotch & Rau, AGJUSA (Solarno,

Inc.), RussigNPO named after.&. Lavochkin, Khimki). As a result, a feasibility
study was developed for the production of a binary installation on the basis of a
geot her mal sour ce, and the most effec
supply and solid fuel heas uppl vy (settl ement for 1
proposed. The transfer of dry lamination technology with highly oriented carbon
nanotubes to the surface of the inner tube of a vacuum solar collector has been
carried out. Design documentation has beenldped for a compact power plant
based on solar collectors and a set of equipment for the manufacture of industrial
grade vacuum solar collectors up to 2flaw chartand design documentation for

an industrial plant for producing activatedriocon with a cpacity of 100 kdi;
technological regulations for plasma processing of solid household waste (MSW)
from preparation lriquetting of raw materials to the production of target
products: synthesis gas, suitable for generating electrical energy heffigbncy
electric generators, and neutral mineral components in the form of metals and
vitrified materials. A project has been developed for the construction of an energy
autonomous residential unit of an dwouse for one family using a combined
autonomous peer supply system based on renewable energgcses; anodel of

an energy autonomous ehouse with a size of 19.2 m2 was created.

The Scientific and Technical Council of the Ministry of Energy of the
Republic of Kazakhstan selected 9 projects of this namagfor the demonstration
of Kazakhstan's develape nt s I n t he Nati onaflthe Pavi
International Specialized Exhibition EXPD0 1 7 . The project AS
Strategy for the Future of Kazahktivest an
of the President of the Republic of Kazakhstan.

In the field of mining as a reslt of research on the progragmCr eat i ng a
industrial complex for the extraction of coal bed methane from the Taldykuduksky
sect on of t he Kar thalmstiutedor thedrdehratdd evelapment
of the Subesil, LLC, with the participation of Methane Kuzbass CJSC (Russia),
has developed a methane extraction technology for Taldykuduksky atée of
Karaganda coal basin, in which production from one well was not less than 8000
m3 per day. A pilot industrial complexif the extraction of methane from coal
seams has been created, pilot tests and approbation of methane production
technologies have been carried out. Technolbgezgulations for the performance
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of works of industrial miningf coal methane for the seanfstioe Karaganda coal
basinwi t h angles of i Aci denoveliram GMAort d
methane for various permeability indicators of coal seams; well design at different
angles of incidence of coal seams and different inflows into the hagk been
developed

In the field of international transit transportationin the framework of the
p r o g iISaentificcand technical substantiation of the maximum possible options
for Eurasian transit through the tiéory of Kazakhstan (2012 0 1 of)the NGO
fKazakhstan Natio a | Academy of withahe partiaipatiorbaf thee nc e s
Chinese company Sinohydrolinter (Beijing) identified and evaluated risks related to
the construction of the mul t i nkKoagad tra
and Dostyk- Aktau Port- Eurasia ChannelBl ack Sea Ports of R
links of the multimodal transit corridor with existing transport routes and corridors
together with Russian and Chinesgentists were substantiated; assessment of
similar options fo Eurasian transit has been conducted. The assessment of the
mul ti modal transit eKhorgos ahdDostyk AktaaPost u n g ar
- Eurasia ChannelBl ack Sea Ports of Russiao for
and tourism are given; recommendas for making decisions on the construction
of the most effective options for Eurasian transit through the territory of
Kazakhstarhave been scientifically substantiated

In the field of pharmacology, the programfi Dev el opment of
pharmacological compads- substances of original medicinal products and their
st andar d was aanquttesl yothe International Scientific and Production
Hol ding fAPhytochemistryo together wi t h
organizations, including foreign partnerspresented by the Central Research
Institute of Tuberculosis of the Ruas Academy of Medical SciencetlLC
Artlife, Tyumen State Medical University (Russia) and the Institute of Physiology,
National Academy and Sciences of Belarus.

The goal of the pragm was to develop substances based on new
pharmacological compounds and reference materials of original drugs for the
organization of pharmaceutical production according to international GMP
standards. The following main results were obtained: for immusi the State
Pharmacopoeial4 standard samples were isolated from plamt materials and
produceg regulations have been developed for the isolation of medicinal
substances: 1;8yneol chamazulene, menthol, camphocjnaropicrin The
Ministry of Heath of the Republic of Kazakhstamterednto the State Registef
Medicinal Productt he substances fAArgl abino, fAAr
registration certificates. Pilot regulations and quality specifications have been
developed for the prodtion of theencapsulated forraf Eferol, the ointment form
based on aya shrub essential oil, the tablet form based on the substance
cinaropicrin and the encapsulated form based on the oxpm®xostrobine
harmine hydrochlorideand arglabin The Ministry ¢ Health of the Kyrgyz
Republic issued certificates of state
capsul eo and fASal s otkberculosisnactivitg @ pamwoal o . T
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essential oil (Eferol) has been investigateehatoprotectivactivity of pinostrobin

oxime; immunotoxicity, reproductive toxicity, mutagenic properties of the
encapsulated form of the oxime pihostrobinand garminehydrochloride; acute

and chronic toxicity, neurotropic activitpharmacokinetic®f the substance and
dosae form of garmine hydrochloride. A permit was obtained for clinical trials of
the original drug ASausalindo, the fir:
3% ointmento, which is recommended fo
trials, wasconducted. Regulatory documentation was developed for 14 standard
samples, samples of medicinal substances with registration cards were transferred
to the Republican Bank of biologically active substances.

In the field of medicine,the staff of the Resean Institute for Biological
Safety Issues within the framework of the progi@a®r gani zati on anc
Pre-Clinical and Clinical Trials of Trivalent SphYaccine against Seasonal Flu
for 20152 0 1 gdaher with researchers of the FSBEesearch Institte of the
Ministry of Health and Social Development of the Russian Federation organized
and conducted Phasedhd Il of clinical trials of trivalent split vaccine against
seasonal influenza. The tests wied that the produced vaccine &y parameters
of safety and immunogenicity is not inferior to the vaccine against seasonal flu
AVaxigripo produced by Sanofi Pasteur
Pharmacopoeia of the Republic of Kazakhstan, the European Pharmacopoeia and
the World Health Qganization. The novelty and practical significance of this
programis that Kazakhstan will become the first producer of influenza vaccines
for health care in the region of Central Asia, which in turn will expand the
vaccination coverage of the most vulidea segments of the population and
thereby improve the epidemic situation with influenza in the country.

In the field of agriculture in the framework of the prografnl ncr eas i n¢
stress resistance and productivity of varieties and hybrids of agricultwcgs,
improving their quality indicators using the world plant diversity and
bi ot e c htimedKhzakly Reésearch Institute of Agriculture and Plant Growing
(with the partigpation of the Central Asian office of CIMMI¥XCAC, Mexico),
through exchange and pigipation in the International Testingas collected 1669
samples of 8 agriculturairops; the genetic diversity of cropas beerstudied,
promising numbers and sources of high productivity, disease resistance, early
maturity and grain quality were identified. Primary seed production and
reproduction of more than 240 new promising crop varieties on an arearef
than 4 thousand hectaress organized; mre than 5.5 thousand tons of original
and elite seeds were produced in various regions of Ri&rder to introduce and
propagate new varieties, production tests of highly productive varieties and crop
lines resistant to abiotic and biotic factors of the environment were carried out in
105 business structuresthe RK over an area 88,2 thousandhectares

According to the prograi The i ntroduction of mo d ¢
of molecular biology and genetics into the breeding process of agricultural crops
with the aim of creating fundamentally new higisistant droughtesistant
varieties fort he ari d <cl i mat e o(KazakhoAgrotacenicalh K a
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University named after S.SeifullinUniversityof Adelaide, Australia) thénes for
analyzing integrated breeding strategiesre obtaineda database on wheat and
barley has been developed fthe purpose of its use bydmders for practical
purposes; éarley and wheat lines were studied in the field, showing the
effectiveness of using molecular markers for breeding. A molecular screening
laboratory has been created with a kigbh robotic macular marker analysis
system from LGC Genomics, whe&Seifullin KazATU specialists will work
trained at the University of Adelaide. The method of genotyping wheat and barley
using selected molecular markers is available to serve scientists and bireduers
Republic of Kazakhstan.

Within the framework of the programSci ent i fi ¢ support f
of water resources and the development of agricultural land reclamation
t e ¢ h n o |[(Kazpkhe Scientific Researchnstitute of Water Management,
Jgpanese company for automation and accountiog water distribution
HokkaiddntelectTank), a technological scheme for monitoring the land
reclamaion state of Zhambyl and Soutkazakhstan regionsinformation and
Advisory System (SIS) for making operatibnenanagement decns on
improving reclamatiorstate oftheirrigated landwere developedGEO-portal was
created to display the results of space monitoring of irrigated lands in the south of
Kazakhstan; recommendations on the rational use of irrigateldoia the basis of
ameliorative zoning; technological methods and recommendations on the
cultivation of sugar beet and maize for grain under drip irrigation in the conditions
of the Zhambyl region, the technology of cultivation of forage crops under fine
sprinkling for the conditions of the north of Kazakhstan on the example of
Karaganda region; methodical recommendations on reproduction, storage and
preservation of sowing qualities of seeds of forage crops in the conditions of the
Zhambyl region; economiand mathematical model of cost optimization in the
process oftroduction of watessaving technologiesere developed

The Kazakh Fisheries Research Institute as a result of research under the
program fiDevel opment of Ef f FisheriesnnttheT e c ht
Republ i ¢ o fwithkhe paatikigatsomn ai spécialists from the International
Water Management Institute in Central Asia (IWMI), (Uzbekistan, Tashkent)
developed recommendations on effective technologies for integrated growing
valueble species of fish; molecular genetic research methods; nieed
production technologies;pecialized feed formulations for valuable fish species
have been introducedhe measures to combat the diseases of valuable species of
fish and their preventiom the basic fish farms of Kazakhstaere eveloped and
implemente¢d recommendations on the management of economically efficient
forms of fish farming in fish reservoirs (Lake Zaisan) of the Republic of
Kazakhstan in the context of a decrease in natusal fesources have been
developed.
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7. ANALYSIS OF THE NATIONAL INNOVATION SYSTEM
DEVELOPMENT (through the mechanisms of commercialization of
technologies and the results of scientific and (or) scientific and technical
activities, the integration of sciem; industry and business community,
evaluation of the contribution of science to the development of the national
economy and the impact of the results of scientific and (or) scientific and
technical activities on the growth of gross domestic product

In order to develop the innovation system in Kazakhstan, to stimulate
innovation and new technologies, a number of legislative acts were developed,

approved and | aunched. These are the
State Support of Industrial Innovatn Activityo, A On
Commercialization of Scientific and (or) Scientific and Technical Activity
Resultso, the State Program on I ndust:

of Kazakhstan, the State Program for the Development of Educatibecénce
for the years 2012019.

President N.A. Nazarbayew his Messagéo the people of Kazakhstan dated
by January 31, 2017,iThe Third Modernization of Kakhstan: Global
Competitivenessaningonah eosditiandod thet emargencéi of
new industries is to support innovation and their rapid introduction into production
... We must develop our scientific and innovative pastmin the basis of higher
education institutiondNazarbayev UniversigndPl T A Al at au o

The main mechanism fdaunching an innovative product, technology to
market, the process of turning a scientific idea intoagketproduct is the creation
of an effective system of technology commercialization.

Il n order to i mpl ement the Law eof t
commercialization of the results of scientific and (or) scientific and technical
activitieso, in 2016, the 1 mpl ement at

projects for commercialization of the results of scientific and (or) scientific and
technicalactivities (hereinafter referred to as RSJT& amechanism of transition
to applied science with the involvement of business been started’he operator
for grant financing of projects fahe commercialization of RSTA became JSC
ASci en ¢ whiclrin201bdeld the first tender for grant financing of projects
for the commercialization of RSTA

In 2017, the Science Furteld the second tender for grant financing of the
projects fo the commercialization of RSTAhereinafter referred to as the
Compettion) for the prioity sectors approved by the HST&02 applications were
submitted. The greatest number of applications was from research institutes and
universities. Also in 2017, there is a high number of applications submitted by
private business 97. The amount of the grant allocated for the implementation of
one project amounted to 300 millitenge

According to the results of the 2017 Competition, 71 projects totaling 15.9
billion tengeare in implementation. Of these projects, 61 projects afenanced
by business entities in the amount of 2.1 billienge(Table 7.1).
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Table7.1.Distribution of projects by legal status

No. Legal status of graaes Ngmber Of. Grantanount
projects, units min tenge

1 Higher education institutions 3 468 6

2 Scientific research institutes 25 4430 4

3 Private partners 15 3828 7

4 Newly established stattp companies 11 2850 3

5 Research and production enterprises 17 43765

Total: 71 15954 6

For the implementation of projects, 11 stapt compaies were created, for
15 projects, the rights of the Grantee were transferred to private pastnénge
basis of entering into gieemats on the transfer of rights for the results of
scientific andér scientific and technical activities ahidensing ageements, and 3
universities, 8 research institute@nd 17 NPEs representethemselves as

grantees.
Also in 2017, the following innovative projects were launched:
1. A project to introduce into the p

high-quality longeuvity.

The developers are scientists of Nazarbayev Univetbigyexecutors are the
A Ro di gradirtn (ARkmola region). The amount of grant financing is 300 million
tenge with a project implementation period of 36 months. In the course of the
project impementation, the amount of dmancing by theagrofirm was 110
million tenge.

The uniqueness of the NCR synbiotic
strains endemic for our region, isolated from koum&san and shubat which
help strengthen the immune system, improve digestion, reduce cholesterol and
blood glucose, and improvke intestinal motor functior®n December 62017in
the framework of the Day of Industrializatiothe Head of State N.Nazarbayev
launched a new production of the Kazakhstani scienceuptecs y n b iNARoIi ¢ 1
on the basis of tmeaodagrAinc ulntdwrsalr i fail r m
developed technology of synbiotic production based on a new technological line
was carried out. All technological regimes were worked out, measures for the
interaction oftechnologicalpersonnel were corrected. On Ap#5, 2018, the
release of theymbioticNAR in a package with an improved design was held in the
Rodina district.
2. The project AProduction of physi ol
with | ow deuterium content (light water
The amount of grantrfancing for the project is 300 million tenge, the amount
of cofinancing is 456 million tenge. Theo-financing indicator shows real
interestof theprivate partnein the scientific development.

The goal of this project is to provide the populationtid republic with
physiologically valuable drinking water. 60% of all known diseases are provoked
by the consumption of poayuality drinking water, and the consumption of quality
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water contributes to the prolongation of human life. A decrease in deutgrium
drinking water by only 10% leads to a significant decrease in the prevalence of
depression by 10%, a decrease in the incidence of diabetes by 38%, ischemic
disease by 25%, stroke by 37%, hypertension and myocardial infaogtit?o.

In thecity of Koks het au at the pl ant afidfcikls het
launch of the production line ofobt t | i ng dri nking né&atur a
Turano Helds been

3. T h e Qomptek ferahte praduction and modification of bitumen on
the basis of rubberral polymefc ont ai ni ng modi fi er so.

Grant amount 300 million tenge. The use of innovative teclugy - the
modi fi er of B8 QQihmepnoverithe AperatiGrial properties of the
road surface, increase the level of comfort and road safety.

In the aty of Temirtau, a preliminary launch of the production line of the
bitumen modi8&00ax welsduscTagdther with KazDorNOSC
all the necessary regulatory documents were developed and agreed, positive
feedback was received from the Passefigansport and Highways Administration
of the Karaganda Region and the Committee for Highways of the MTC RK. To

dat e, work 1is underway to 1 n&dQudei n hte
estimates for theepair and constructioof urban regional and fqgublican roads
4 . The project ACreation and organi

sour ce f or ,infehented by KazTehndas LLC

The grant amount is 185 million tenge;fomancing- 45 million tenge In the
city of Shymkent, the pilot pduction of a power sourcerf LED lighting was
pre-launchedoy Kaztehnikas LLCThe aim of the project is to create and organize
pilot production of a power source for LED lighting. The creation of this domestic
enterprise will allow manufacturers of LEMghting systems to purchase
Kazakhstarmade power supplies, thereby bringing the scope of LED production
to a higher level. The release of power sources in plastic and aluminum cases with
reduced cost and high quality is envisaged.

Also in 2017, work wascontinued on other mechanisms to support
innovaton. Thus, the Science Fuhds begun work on collecting tkechnological
tasks @ enterprises in order to focgsientistgo the formation and implementation
of projects thatmeet business objectivesor unification and digitalization of
processes for the formation of a base of scientific and technical results ready for
implementation, an interactive web platform has been developed
www.platform.sciencdund.kz This platform is aimed at assisting in establishing
contact between interested scientific structures and enterprises on the basis of
creating an information base on existing scientific and technical solutions from
science and technological tasksm business

The implementation of the priorities of the industiralovative development
of the country, the intensive increase of research potential is associated with the
activities of Nazarbayev University. In this direction, work is carried ounia
single chain: from the formation of an idea to the realization of the final product
through the creation around thniversity of an intellectuainnovative cluster.
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Thus, the university aims to create a model of service delivery in health care,
which slould become the center of excellenceha tield of health care. The fund

has been laid for an integrated academic healthcare system that includes clinics at
the University Medical Center (UMC), the Center for Life Sciences, and the
School of Medicine, whse main principles are eviderAoased medicine and
patientoriented medical care.

The School of Medicine seeks to become a woldds center in medical
education, biomedical research, and medical care by creating an appropriate
academic environment thagncourages creativity and lifelong learning. The
school s strategic partner 1is the Uni ve

In addition to research at the School of Medicine and UMC, research at the
Center for Life Sciences is aimed at improving the quality of life, theahd
longevity through the introduction of modern advances in biomedical science into
practice. The University Medical Center (UMC) seeks to create an advanced
system of providing higlguality, effective and safe medical care. UMC is a
clinical base fortraining future leaders, researchers in biomedicine and clinicians
at the School of Medicine. UMC consists of 4 hospitals, three of which are holders
of international accreditation J€the gold quality standard of hospitals.

Today, elements of the innawen infrastructure of the innovation cluster
ARAsSt ana Busi ness C a mp wre dormédh maludimgntiaef t e r
Commercialization Office, Business Incubator, Experimental Experimental
WorkshopandPilot Technopark.

The purpose of the innovation clustierto create a dynamicce-system,
allowing to turn the results of scientific research and advanced ideas into
innovative commercial products.

The purpose of the commercialization office is to commercialize the results of
inventions created within the framwor Kk of the Universityao:s
creating small innovative enterprises, transferring intellectual property rights, and
transferring innovative technologies.

The businessncubator is an object of innovation infrastructure of the
University, which promotes the commercialization of the results of intellectual
activities of the University, specializes in creating favorable conditions for the
emergence and effective operation of stgrtcompanies that carry out innovative
projects.

A feature of ABC will be collaboration and active interaction between
entrepreneurs, leadinfgms, R&D teams, staftips, as well as teachers, students
andbusiness professionals to create an innovative hub of innovation.

In the period from 2013 to 2017, 17 projects avéinanced, of which 7
projects in the field of biomedical technologies, 4 in information technology and
robotics, 3 in the field of energgaving technologies, and 3 in the field of new
materials.

Since 2016, the University has launched a number of djzeciaservices for
external organizations, which include: services of a biotechnological laboratory for
startups in the field of biomedicine; laboratory services for companies specializing
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in the chemical and food industries; development and testing @irttotype.

ABC Technopark has facilities for research, development, swiding
everyday tasks. Thietal areaof Technoparks 2 328m2.

Technopark residents atbe following projects Anymatic - software for
payment collection systems, parking auétion systems, centers for processing
fines and traffic offenses; Basire Design GrelugD-design and modeling in Digi
Based architecture providing integrated solutions in the field of information
technology, telecommunications, navigation and radio comeations; Educated
Medical Solutions- certified cleargterile room for the manufacture of medical
products; Battery Institutetwo laboratories for developing new types of batteries;
Kazakhstan Information Technologiesa system that automatically tsdts,
structures and analyzes the entire flow of information created by the media, social
networks and websites; New Service Artthe development of information
technology and communications; Optimization of technological procestes
solutions for theoptimization of technological processes, the assessment of energy
efficiency of production, the process wiodeling; Phillips- a service center for
medical equipment.

In October 2016, the University launched the ABC Quick Start program to
support startup In cooperation with Shell Kazakhstan and other donors, this
program provides seed capital, access to technology, business adhdce
specialized professional support.

During 2017, the Commercialization Office prepared and filed one
Kazakhstan patent aligation for an invention; issued and filed 4 applications for
inventions; filed European Patent Application foinvention filed patent
applicationswith the Patent Officeof US and PRC.AIll preparedprojects have
been completed, but the CommercializatiGffice continues to work on the
commercializabn of project results5 Kazakhstan patents for inventiohave
been receivedon whichthe work oncommercialization of project results is also
ongang. Also, the Office of @mmercialization outside of adnigtrative projects
issued and filed two Kazakhstan patent applications for inven@ampicationhas
been prepared and file@ Kazakhstan pahts and one Eurasian patent have been
received.

Within the frameworko f the ASpeci al E c owativeni ¢ .
Technologies ( her ei nafter r e gtherAetehomous claster i S E
f u n darkfof Innovative Technologie® (hereinafter referred to as ACF)
consolidated the subjects of educational, research and indistioaihtive
activities as part othe formation of innovative cluster. As of December 30, 2017,
the participants in the innovation cluster were

233 organizations,including: 23 universities, 24 research institutes, 2
technoparks, 1 developments t i t ut e, 13BZ cPImp@ni es of

As a pat of the integration of education and science, ACF cooperates with
universities and research institutes using the following measures:

- ACF regularly conducts various technological events in order to support
innovation and introduce mechanisms for the em@mrtialization of innovative
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products, including Universities and research institutes. Such events include
Startup Day, the TG Cup hackathons and the Tech Garden Fair annual
international technology festival;

- ACF conducts an acceleration program for @ctg of universities and
research instituteswinners of $artup Day competitions, etc. Thua 2017, ACF
signed the Agreements on participationdoal acceleration ofechGarderwith 5
universities and research institutes. On the basis of the siggeénaents, 8
projects of universities and research institutes were accelerated in the Tech Garden
incubator;

- ACF promotes the best projects of universities and research institutes at

international exhibitions, including EXR®O0 1 7 : A Al WaondSwolaro u
Ener gy CoNMeptérenko dKazAlll Bergy Institute named after €.
Chokin), N Batstcearlye feonrer ¢ yar gseamed aaffes SY ¢

Zh.B.Bakenov (Nazarbayev University Reseh and Innovation System) and
fSilicon solarcell with a planar concenta t EbA.Syanbaev (KazNU named after
Al-Farab);

- Financing of universities and research institutes is carried out at the expense
of the obligations of subsoil users at 1% of the State Revenue Service. Starting in
2015, part of the technological assiggmis was implemented jointly with five
universities and research institutes of the Republic of Kazakhstan (Karaganda State
Technical University, Institute of Combusti Problems, KaZzB named after
K.l.Satpaey Institute of Mining nened after D.A.Kunayev, State Scientific
Production Association of Industrial Ecology KAZMEKHANOBR);

- on the basis of K&l named after K.I.Satgw ACF in 2017 launched the
Center for Industrial Design (hereinafte€ID), which serves as an integrator of
promising solutions irthe field of Generative Design, CAD and other design
systems. CID has a fleet of equipment (polymer 3D printers, specialized scanners,
workstations and pogirocessing systems of the structures obtained, etc.)
necessary for solving various tasks from @iy design to final creation of
finished polymer products, including all stages of design optimization and all
stages of permanent software and field tests. At present, the Center carries out
orders ad conducts training for KazNHtudents in the followip areas: Additive
engineering, Modelingand prototyping, Computer Aided Design, PCI (Plastic
Component Industry).

The current economic effect of the aties of the 1st stage of th&&e&Z A P11 T 0O
significantly exceeded the level of budget funds spent.

In 2016-2017 hgh-tech companies such as EPAM Kazakhstan (software
development and support), Kazport (data center services),iKal e | " k (aut or
educational system), Orion Sistema (int
AAl ma Cloud Solutionso (cloud soluti ons
maps and mines in the framework of a joint project of ACF and ERG on
digitalization of fields in Aktobe and Kostanay regions in the amofimore than
730 miliontenggh ave become the new.participant

Also, innovative productionsvithin the framework of the B5Z APl TOo ar
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provided by Eltex Alatau (development data transmission systems based on
LoraWan), Alstron Telecom (a system for forecasting and 3D modeling of
geological processes), Saiman Corporation (production of electricity metering
instruments ) and etc.

In 2017, on the basis of the ACF office ifli®n Valley in San Francisco,
corporate acceleration was conducted fo61B Z o rBslddntcompanies.

In addition, ACF has established cooperation with leading global
transnational companies in the areas of digitalization, automation, information
tecmology, engineering, new materials, geology, smart solutions, etc. to generate
demand for innovation, to create technology centers and laboratories, to integrate
into the global production chain.

ACF launched a program of search, acceleraama financing of startups
(the AStartup Kazakhstano program). F
acceleration of 5 seasons was conducted (120 startups altogether). Accelerator
graduates created more than 700 jobs. A part of startups, following the results of
acceleration, began to export services abroad. In order to attract venture capital
investments in ACF Startup Kazakhstan projects, in 2017 the first joint venture
fund with the American company GVA Capital ManagemeBWVA Alatau Fund
was created. Since 28, ACF has reviewed more than 2000 projects. Since 2016,
more than 1,000 applications have been collected for participation in the Startup
Kazakhstan program from Kazakhstan, Russia, Kyrgyzstan, Bulgaria, Belarus,
Ukraine, Poland, the United Arab Emiratesd other countriesCurrently 48
startups have received investments and are participating in the acceleration
program.

Thus, ACF PIT focused on attracting scientific developments with market and
investment potential, as well as responding to the neédkbmestic industrial
enterprises, bringing them in the format of stgs to the incubation and
accelerdbn stages, entering the market, as well as dimablving industrial
enterprises in forming a request for the technological solutions they meed a
attracting private investment in promising development projects and solutions.

In the activities of universities ilKazakhstanthere is also a significant
increase in the indicators of scientific and innovative activities.

In 2015, the Pdent of thecountry set a tasto create a modern research
universty based on the K& | named after K.I.Satpaewhich will not only train
studentsput also generate scientific and technical migeAnd in 2017, in terms
of R&D among universiés of the countryit has become beader. The university
leads among all universities in the country andesearch fundingThus, in 207,
the University carried out RR projects for a total amount of 5,237,927.45
thousand tenge of which extrabudgetary funding amountéd 1,326,706.6
thousandenge The research activities at the University involved 48% of teachers.
In comparison with 2016, this figure increased by 20%. The University scientists
won 6 programs for targeted funding and 4fbr grant funding In addition three
major competitions for the commercialization of the results of scientific and
technical activities were won, including within the framewofkhe World Bank's
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A St i mu |Paoductiveninnavétiordsprogram.

In 2017, new research and productiorustures were opened within the
University:

- The Institute of DigitaEngineering and Technology (IDE, which aims to
develop and implement advanced IT solutions, using artificial intelligence;

- The International Scientific and Educatal Center for Admic Industry
AMENOCAPRO together with NAC Kazatomprom JSC is the first center in
Kazakhstan where the highly qualified personnel for the uranium industrige
trained The mission of the center ipreservationand development of the
Kazatompom industryexperience antraining of international specialists for the
uranium industry;

- Satbayev University & ArcelorMittal Gas Production joint venture for
coalbed methane production projects and for resolving production issues of the
enterprise. The initial dwity of the joint venture isgeological exploration of
methane in coal seams in the contractaeigh its subsequent mining. In addition
to coal methanemining the enterprise will be simultaneousgngaged in the
implementation of innovative projectdanged at improving the environmental
situation in the Karaganda region, improving industrial safety, information
technology and training.

- International Center for Fieldhnal ysi s and Deo el op me
together with the tramsational giant Baker Hughea GE Company for the
developmenof innovative projects for oil and gas, mining and smelimayistries.

The center conducts a joint assessment and implementation of integrated projects
for prospecting, exploratioand development of deposits, as well esal bed
methane, carried out by a joint ventusstablishedbetveen KazNTI and
ArcelorMittal Temirtau.

In addition, the universityhas established Higer Quazar LL@hich is
engaged in the production of environmentally friendly electric transport, the
KLQ6 832GEV el ectric bus, toget her wi t h
Republic of ChinaHiger.

For the first time in the history of the university, the digital technology
SmartTran, developed by a group of scientists of the University and having a
multi-billion economic effect, was introduced into the system of KazTransOil JSC.

As expected, the increased intensity of scientific and technical work had a
positive effect on the level of the educational process. With the introduction of
intensive languagedming on September 1, 2016, the proportion of students who
speak English at the Intermediate Bl level increased from 0.3 percent to 24
percent.

According to the international World University Ratingas a result of the
increase in the volume of sciditi research and the growth of key academic
indicators in 2017, the university took the 4420th place among the 8@bbally
rated universitiesThus, compared with 2016, when the university occupied the
551-600th place, there was a rigethe internabnal ranking bymore than 100
points.
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As can be seen from the above, in recent years, from the moment of the
implementation of the SPIB and new legislation to support industrial innovation
and commercialization of the results of scientific and techncédgictivities in the
innovation system of the country as a whole, a positive growth trend has been
outlined for the main indicators.

But in thisareathere have beealsoproblems. Thus, according to the results
of the Global Economic Competition Index ofthe World Economic Forum
(GECI WEF) in 2017, the Republic of Kazakhstan ranked 57th out of 137
countries with an average score of 4.35, dropping}lpoints compared to the
GECI WEF2016 (table 7.2).

Kazakhstanos cl osest nei @nhband 88th, Chi
respectivel vy, I mproving their positi oo
ranking, these countries were ranked 28th and 43rd, respectively. Among the
former Soviet republicd,atvia occupiesthe 54th place, Azerbaijan 35th place
andEstonia- 29th placebeingahead of Kazakhstan

Table7.2.Dynamics of changes in the position of Kazakhstan in the context of the
main factors and sufactors by innovation and technology

Change| Change

Subfactors on 1,014 5411|2012 2013| 2014/ 2015| 2016/ 2017| _ °F of
technological i i i i i i i | position| position
readiness and | 51115015l 2013|2014| 2015/ 2016|2017 2018 " n
innovation relation | relation
to 2016/ to 2010
Technological 82| 87| 55|57 | 61|61]|56]| 52| +4 +30
readiness
Avallability of the 97 | 103| 90 | 88 | 93 | 89 | 90 | 104| -14 7

latesttechnologies
Use of technologieat
the enterprise level
Foreign direct

105|113 91 | 78 | 90 | 90 | 71 | 81 -10 +24

investment and 108 | 100| 85 | 93 | 107|103 | 95 | 93 +2 +15
technology transfer

Innovations 101 116|103| 84 | 85 | 72 | 59 | 84 - 25 + 17
Opportunitiedor

innovation 75 (101| 92 | 74 | 69 | 68 | 73 | 84 -11 -9
Research institutes | 115 | 151 | 108| 102| 99 | 81 | 63 | 78 | -15 | +34
quality

Compani es @

for R&D 84 | 107| 94 | 77 | 68 | 55 | 61 | 95 -34 -19

Collaboration betwee
universities and

industry in R&D 111|119| 90 | 79 | 88 | 88 | 66 | 75 -9 +36
sphere

Government

procurement of 83| 93| 71| 58| 74| 63 | 55| 73 -18 +10

advanced technology
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products
Availability of
scientists and 91 | 106|104| 98 | 83 | 70 | 64 | 66 -2 +25
engineers
Source: GECI WER017%-2018

The main reason for the deterioration of thesipon of the republic,
according to analysts, is associated with a weakening of the macroeconomic
environment (98th placei29 positions). At the same time, the growth of the
average annual inflation rate is also noted from 6.5% to 14.6%; and a dacline i
gross national savings from 24.2% to 22.1% of GDie decline in the innovative
potential of the country as a whole (B4place -25 positions), government
procurement of advanced technological produsee dso taken into account

At the same time, aording to the WEF estimate, a significant improvement
in the indicator of the Republic of Kazakhstan on Tleehnological Readiness
factor - 52 (+4)should be noted, that is, the country's position has strengthened by
4 points. This addendum consists ofndicators. There was an improvement in
such indicators as the number of mobile Internet useniscreased from 60 to 71
per 100 people (51 places; +5 positions), the Internet bandwidth increased (50; +1),
and the number of Internet users increased«3y.

Also the transfer of technologigs the countryhas increased due to direct
foreign investments (93rd place; +2 positions), which favorably affectecting
position. But the decline in positions is observed in terms of the availability of new
technologies (104th placel4 positions) and the use of technology at the
enterprise level (8110).

According to thelnnovations factor, there is a weakenin
positions { 25) - according to the following indators: companies' expenses fo
investments in research and development (95th positi@d; positions),
opportunities for innoations (84;-11), research ingutions quality (78;-15),
collaboration of universities and industry in R& (75; -9), government
procurement of advanced tedhogical pralucts (73;-18) and the availabilityf
scientists and engineers (68).

The statistics provided by the OECD show an improvement in the number of
patents (68th place; +1 position).

The main reasons for the deterioration of these indicat@syréing to
analysts, aréhe following

1) The fall ofentrepreneurial activity in the country (reducing the number of
joint ventures with foreign participation, revenues from foreign trade, a slowdown
in GDP growth);

2) Limited access to domestic lendippjects;

3) Most of the newest technologies are of foreign origin, a dser@ the
exchange rate dénge toUS dollar led to a reduction in the ability of enterpriges t
purchase the latest technologies

4) Small enterprises, of which the majority vimg low innovation activity,
have a negative impact on the overall statistics of innovation activity;
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5) The level of R& funding in comparison with developed foreign countries
remains low and, as a result, inefficient and unattractive for enterprises and
industries. Due to the economic situation, the costs of companies are focused on
more shorterm taskghan on R&D.

In order to improve these indicators and the competitiveness of the country as
a whole, the following measures are being taken:

A nnobvatin grants are issued for the commercialization of technologies, the
technical development of enterprises, the technical development of industries;

A innovation activity of enterprise
business forums;

A a r demifon sriensifig eesearch organizations and scientists is being
introduced;

A the private sect-nmancingsfappled reseach;y i n v
A tWoe |l d Bank proj@cbdiaStiwmal anhowmat
implemented.

The projecii St i mul at i on nmfo v R 1itigkbimsnplemented
by the MES of the RK in cooperation with the World Bank in accordance with the
IBRD loan agreement. The project aims to prommteductive innovation and
competitiveness of the economy by stintiig research and production links and
the development of an incubation cycle of technologies.

In 2017,2 grant programsvere carried outwithin the Projectto finance
projects of scientific groups focused on research with commercial potential, and
consoria created by combining the efforts of science, production and the state to
meet the needs of the market and the manufacturirigrsac the basis of higher
education institutionsThese are grants for groups of senior and junior research
workers. In the geriod 20162017, 2 rounds of this grant program were held. About
900 applications were received, of whidl3 projects were selected BECB
experts

As part of the program, stamp companies started to show a real contribution
to the country's economy. Fexample, a team of researchers from the National
Center of Biotechnology RSE udaded the companyGenesikz LLC to
commercialize the technology of genotyping and confignthe breed of
agricultural animals for the tribal chambers and farmers of thetmgounhe
services of genetic confirmation of the breed of farm animals are currently used by
livestock farms in Kazakhstan that raise breeding cattle. The current need for tests
to confirm the breed reaches-%8 thousand heads per year, which signifigantl
exceeds the actual amount of reseascltarried out mainly by foreign
organizations.

In addition, in the projecportfolio of the program, more than 20% of the
projects in the field of information and communication technologies correspond to
priority in acceleratedechnological modernization of the economy under the
Digital Kazakhstan prograndeclaredin the Message of the President
Kazakhstan N.A.Nazarbayevhus, theproject of KazTechAvtomatika LLGs
aimed at introducing an intelligent system aftional management of energy
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consumption based on SMART technology. The introduction of an automated
outdoor lighting control systenllaws the implementation of telecommunications
monitoring of the state of networks and street lighting devices, remotely
controlling street lighting according to a predetermined schedule, and monitoring
the efficient use of electricity. The system assumes the integraticevaial
control functions in single device, which allowsto optimiz electricity
consumption, thaat the national level will allowto obtainsignificant savings of
budget funds of the regions for street lighting.

Separately, it is possible to menti the project of Qazproftec LLGo
introduce a unified information system of professional orientation ba&gdar.
which meets the needs of the economy to create conditions for the controlled flow
of workers to other areas. In connection with the release of labor resources in
traditional industries with the introduction of new technologies, the President of
the country in 2017 instructed the Government to solve the complex task of
modernizing the labor market. This project is of interest to local executive bodies,
and its implementation will improve the efficiency of retraining of professional
staff in the labor mdet, which in the long term will have a multiplicative effect on
the development of the country's economy.

One of the significant results of the work on stimulating innovation in the
country is the project componeati |l nnovati on Consogtiao
implementation is to create higlechnadogical enterprises producing high value
added products with high export potential, to promote cooperation among local
research institutes, design bureaunsscientific and technical laboratories, as well
as betwee research centers and the private sectorldfeaders in innovation area
through manufacturing sector consortia.

The pur pose of t he AConsolidati on
component is to complement existing financial instruments and solutidablsu
for various stages of startup development in order to promote the creation of new
knowledgebased companies. As part of its implementation, in December 2017, a
competition was hdl among the technology transfer/commercialization offices
(OTT/OCT). 3B applications were accepted. According to theultssof the
competition, 10 OTTOCT grants were awarded to universities in the amount of
1,163.3 milliontenge

The compo e n t of the probPraeduchitStviendl man o 0
AStr engt hednationgf the National tnoorvation System of the Republic
of Kazakhstan and increasing the capacity of existing institutional structures in this
areao is aimed at addressing issues of
system of the National Innotran System of the country as a whole (NIS RK). To
this end, the work is underway to create an Innovative Observatory as an
independent platform, whichallows greater coordination and interconnection of
various NIS participants in the Republic of Kazakhst@ims of implementation:
development of common approaches of state policy in the field of innovation and
science; coordination of stakeholders of the innovation ecosystem (science,
business, state).
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8.ANALYSIS OF THE INDUSTRY AUTHORIZED BODIES
ACTIVITY (on management of sciencscientific and technical activities

8.1.Ministry of agriculture of the Republic of Kazakhstan

The Ministry is the administrator of 27 scientific and technical programs of
applied scientific research in the field of the agrdustrial complex for 2015
2017. The main performers are subsidiaries oflNbB-c 0 mme r c iNationalJ S C
Agrarian Research and Education Ceptscientific organizations of the MES RK,
one private organization, international organizations. The implen@mtaf 27
NTPs was carried au 1 n pri or ity Raliana ase ofonhturak c i ¢
resources, procesgin of r aw materi als andPrpgramduc:t
funding in 2017 amounted to 4p#lion tenge

Research and development involved

2713 people, while the highest qualification personnel wedtectors of
science- 229 personscandidates of science533 personsdoctos of philosophy
(PhD) - 75 personsandprofile doctors- 11 personsAnd the number of foreign
scientists involved was 30epsons The implementation of the program involves
direct farming and peasant farms in all regions of Kazakhstan.

In the field of animahusbandry and veterinary ti&haulderskycommercial
type of Ordabasinskayaheepbreed commercial line of Edilbayskaya Ka p an o
breed, Bozhbankuduksky commercigpe of karakul sheep of black colof
jacket astrakhan typ&Jsharalsky commerci&ype of gray karakul sheey jacket
astrakhan typesilver color, ArysTurkestasky interbreed type of cametd Arvan
breed 6 units of medical preparations and vaccines for animal husbawerg
created; 12 recommendations on technologies in animal husbarvaeye
developed

The following results have been achieved in the field of plant growing and
agriculture:

- 40 varieties andhybrids of agricultural crops (cereals, grain legumes,
vegetables, melons and gourds, fruits and berries, forage crops, oilseeds, etc.) were
transferred to the State variety testing of agricultural crops;

- 7 technical documentation has been developeddar models of machinery
and equipment for agricultural sectors: experimental samples of esavig
straw choppespreader; the working bodies of the anchor drill; wide rotary
harrow; tools for surface and chisdlaige; ripperleveling the soil for ingated
agriculture; equipment to ensure the performance of agricultural machinery;

- 22 recommendations on technologies in agriculture, plant proteatidn
guarantine, processing and storage of agricultural products were developed.

10 modern varietal témologies of cultivating new varieties and hybrids of
agricultural crops were developed and improved (the technology of cultivation of
corn hybrids and sghum for silage for the West &fazakhstan; the technology of
obtaining seeds oparental forms of am in the Sutheast of the Republic of
Kazakhstan; resouresaving technology otornbased@ n A di r e)ct s owi r

Maps of land suitability for cultivation of winter wheat, spring barley,
soybean, corn, sunflower with ranking of land types by suitability goup have
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been compiled, a GIS for agezological assessment of lands and soils has been
compiled, agreecological groups have been compiled for land cultivation
including categories and groups according to the nature and way of overcoming the
limiting factors.

In 34 farms of 1XKazakhstamegions(Akmola, North Kazakhsn, Kostanay,
Pavlodar, KaragangdaEast Kazakhstan, Almaty, Zhambyl, Ural, tpkbinsk,

South Kazakhstan) oan area obver 271 thousand 175 hectarhe introduction
of technologies o agriculture (technologies of exact, organic, saving and water
saving agriculture in Kazakhstan) was carried out.

Primary seed farming and reproduction of more than 240 new promising crop
varieties on an area afore than 4,554 haere organized. 55853 tons ofwheat
and triticale; spring barley, winter thay andoats; rice; corn, etavere produced in
various regions of the RK of original and elé@gricultural crops. Thearieties of
forage crops (clover, bluegrass, millet fodder) in the farms oh@& and North
Kazakhstan regions on an are&@0 hectarebBave been proded

In order to effectively manage water resources, 8 technologies have been
developed, 16 recommendations on innovative resesaeimg technologies in the
field of water conseation in irrigation, irrigated land reclamation and water
management, 2 methodologie®re have been developgdn electronic map of
irrigated land; GEGportal for displaying the results of space monitoring of
irrigated lands in the south of Kazakhstagpnomic and mathematical model of
cost optimization of the applicability of wateaving technologies in irrigation
were created The area ofmplementation of research results amounted to 4550.2
ha.

In order to create conditions for the preservation of biological diversity,
increase the resource potential of forests, rational use of biological resources, 1
new hybrid of Scots pne has been created, selected for qualitative characteristics
and resistance to pests, diseasmsd adverse environmental factors. 11
recommendations on technologies in forestry; a database on the distribution of
organic carbon and its annual depositionthy forest fund of the Zhambyl and
Kyzylorda regions in the context of forestry institutions; sketch table of the growth
of birch forests in Rudny Altdiave beene@lveloped

12 recommendations were developed in the field of fisheries, a methodology
for counting the number of Caspian seals in spring and authersusing an
unmanned aerial vehicle, 4 biological studies in the field of fishenese
prepared, topographic schemes, atlases, maps schemes in the field of freberies
compiled.

8.2.Ministry of Defense and Aerospace Industry of the Republic of
Kazakhstan

In 20152017 tree scientific and technical programwere carried out
according to the priorities Alnfor mat.
and ALife Scienceso:

- Development of methadfor monitoring and researching outer space based
on modern information technologies;

81



-Devel opment of space technologies f
surface and in the lithosphere, the creation of the element base and equipment for
its implenentation, the development of instruments, hardware and software tools
and subsystems of space technology;

- Development of a system for assessing environmental risks and methods for
minimizing the negative impact of rocket and space activities on theoamant
and public health.

In 2017, within the framework of these three scientific and technical
programs, studies were carried out on 26 projects in 6 areas:

Subprogram 1. Development of growsmphce geodynamic monitoring
technology of the territory of Kakhstan.

The modern movements of the earth's surface of seismically dangerous
regions of Kazakhstan for 20@®15 have been studied based on the results of
monitored GPS measurements at 10 stations. In {beir® zone of a possible
earthquake, the displament vectors and velocities of horizontal motions were
determined, from which the parameters of the stséssn state of the earth's crust
were determined and schematic maps were made. Monitoring of displacements of
buildings and structures of urban aseusing GPS technology and space radar
images was performed. For the cities of Astana and Almaty, maps of modern
movements of the earth's surface have been constructeera@®mosensing of
anomalous sections of urban areas, industrial facilities andaieirstructures
werecarried outo identify heterogeneous structural and matehalracteristics

Geodynamic zoning maps have been developed in the paranat the
amplitudes and velocities vertical displacements of points on the earth's surface,
which are the informational geodynamic basis of the technogenic influence of the
developed fields. Maps of tlgeoecologicakt at e of t he eart ho:
the Tengiz and Prorva fields, including the Caspian \Batr areghave been
developed.

Stbprogram 2. Development ofethods and technologies for studyitige
atmosphere and the earth's surface based on remote sensing.

Mathematical methods and gadormation technologies of spa monitoring
of arable lands imgrainsowing regions of KazakhstgAkmola, Kostanay, North
Kazakhstan, Almatynd South Kazakhstan regions) were developed according to
satellite imagery data, including from Kazakhstani satellites.

For the first time for Kazakhstan, a model for predicting the yield of grain
crops, basedn field research and satellite data since 2005, has been developed and
allows forecastingyield with a deviation of 0.5 bA. Space monitoring
technologies for grain crops and pastures were introduced in peasant farms in
Akmola and Almaty regions.

The stentific and methodological foundations of the space monitoring of
biohazards were developed: two types ofusts (ltalian Prus and Asian
Migratory) and fungal diseases of grain crops (Septoria). The technology of
geospatial biohazard risk assessment @ieg to space monitoring data in 2017
was introduced into the work of the phytosanitary control service of Pavlodar
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regi on o f Republean RI&Hodological Center of Phytoisary
Di agnost i c s ofthe State Fngpeaian £sentmitee in thecaigpdustrial
complex of the Ministry of Agriculture of the Republic of Kazaldmst The
accuracyof spacemonitoringforecastdatawas80%.

A GIS-technology of space monitoring of flood waters and floods on the
territory of Kazakhstan was developed basedaolar data, which allows fixing the
moment of moisture in the snow, tracking the dynamics and intensity of the
moisture content process, which, taking into account weather data and terrain data,
allows to predict the flood volumeA GIS technology has beedeveloped to
forecast the poteial threat of floods and spring stream risghich has been
implementecat t he Research Center of RSE nAKa

The technology of space monitoring of oil spills on the water surface of the
Caspian Sea using radar datas developed and introdugcedhich makes it
possible to record the oil slick, to determine the thickness of the films, and to
predict the dynamics of the spread of oil pollution basetdheteodataThis will
allow the operational and reliable information oil spills in the Caspian waters to
be organized@nd to beprovidel to theoperational control bodies and the Ministry
of Emergency Situationsjto monitor pollution sources;to predict their
developmentto make recommendations for their elimination.

A prototype of an unmanned &drvehicle of helicoptetype, the hexacopter,
equipped with photographic equipment for performing a cartographic survey of the
terrain from heights from 50 to 500 meters, has been created. Tests of elements of
the modular moel of an atmospheric aerospace vehicle with solar batteries were
carried out.

Subprogram 3. Development of technologies for creating materials, devices,
components, hardwamndsoftware, ad subsystems of space equipment

The software and mathematical popt of the experimental sample of the
onboard control complex of the nanosateliitere developed. Prototypes of the
stellar sensor and the mobile stand for the functional tests of the stellar sensor have
been developed, which allown proceedto the devlpment of Kazakhstani
systems for controlling nanosatellites and the Kazakhstani production of one of the
most complex subsystems of spacecrdlffte stellar sensor. Experimental samples
of radio-electronic equipment have been developed for detectinge®wf radio
frequency radiation on Earth from space, which will solve such problems as
detecting illegal sources of radio frequency radiation on Earth, as well as transmit
short messages through space debris aneblbwt space vehicles for monitoring
naural and mammade &cilities located in places where tleellular and other
traditional forms of communicatias absent

An experimental model of the Kazakhstan satellite navigation module for
receiving and processing signals of global navigation satelistems, as well as
an experimental model of a local differential correction system, have been
developed.

Subprogramme 4. Development of methods for the study of deep space objects
using information technology.

83



In 2017, the Astrophysical Institute namafter V.G.Fesenkova took direct
part in the grand discoveryregistration of a gravitational and optical signal from
the fusion of two neutron stars. Kazakhstan astrophysicists together with
astronomers of other observatories of the world carried osgreations of the
optical afterglow associated with the gravitational signal from the fusion of
neutron stars, which became part of the discovery of a world level.

A unified system of optical monitoring of active and passive geostationary
satellites in thezone 1081 1400 east longitude has been created, software for
monitoring active and passive geostationary objéets been createdd new
technology has been developea spectrograph based on a concave diffraction
grating for spectrophotometric obsatwns of stars and other celestial bodies,
including artificial earth satellites. A method was developed for obtaining the
absolute energy distribution in the spectra of stationary stars of intermediate
brightness (8r11m) using a fabricated spectrograph.

Subprogram 5. Development of negrace research methods using
information technologies.

The monitoring of the key parameters of space weather on the Kazakhstani
multi-level system and the diagnostics of outer space were carried out to identify
and predit periods that are dangerous for the functioning of spacecraft and high
tech systems. Relationships are found between the behavior oferagly
electrons in a geostationary orbit and the parameters ofbagtr space. Features
of the variation of thermaand fast neutrons, emission of hydroxyl, variations of
the total electron content during periods ofivation of seismic processes nge
determined.

Subprogram 6. Development of a system for assessing environmental risks
and methods for minimizing thegsive impact of rocket and space activities on
the environment and public health.

Studies of the dynanmscof indicators of thenvironmental objectstateand
public health in the area @mergencycrash of the Protolaunch vehicle in 2007
in Ulytau distict of the Karaganda region were gad out. The effects on
population healthwere studied, an environmental assessment of changes in the
state of the emergency fall area was given, and the health status of cattle and small
ruminants was assessed. A coafensive environmental survey and ranking were
carried out according to 19 criteria of environmental sustainabdityeé rocket
space activity (RSA of the territory - the total assessment of the state of
ecosystems in thancidence areas 3.17 pointswhich corresponds to moderate
resistance to the effects of RS#ose to a high level at which satisfactory
conditions close to the background are obser¥ée@. integral assessment of the
quality of life and the state of health of the inhabitants of thiéeagents located in
the territories adjacent to the fall areas showed a satisfactory quality of life and the
state of health of the examined residents.
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8.3.Ministry of Investment and Development of the Republic of
Kazakhstan

By the order of the Ministy , i n 2017 JSC nKazakhs
| nstit utaezdd o(rJNS @ o0f) K ¢ oimplementatemf the thnedgearo n
programi | mproving the regul atory andhet echn
research on the following tas&s conducted

- identfying the causes of the appearance of characteristic defects of
pavements;

- improvement of requirements for road bitumens due to monitoring of
standard and rheological properties of bitumens;

- improve thephysicachemicalproperties of soils and stoneataerial through
the use of stabilizing additives;

- expansion of the range of special additives (modified and adhesive) for the
preparation of crushed stoneastic and polymecrushed stonenastic asphalt
concrete;

- the use of special additives for theeparation of warm asphalt concrete and
polymerasphalt concrete in order to obtain strength characteristics (rutting, crack
resistance) in order to improve the environmental situation by reducing harmful
emissions into the atmosphere, the possibility efrtbse at air temperatures close
to zero due to their workability without reducing compaction factor;

- expanding the use of new materials for the preservation of asmaitete
and cement concrete pavements.

In order to introduce new materials and tealogies, 8 pilot plots were built:
with the use of active crumb rubber produced by the Republic of Kazakhstan;
rough surface treatment ChipSil; a thin layer of wear fromdh& emulsion
mi ner al mi xt ur e; suifiMi ftomaosulfus aspHala carete gand
crushed stonenasticCSMAC20modifiedby sulphut

The efficiency of using tire recycling products using the example of active
rubber crumb is to improve thEhysicemechanicabnd performance properties of
rubberbinder binders and hot dense rabhasphalt concretef type B. Compared
with the traditional asphattoncrete mixture- rubberasphakconcrete mixture
using active rubber cmb improves strengthpropertie water resistance,
deformability of asphalt concrete pavement; coating wear aesist reduces
rutting on the coating, increases the turnaround time and, accordingly, reduces
operating costs.

In 2017 the followingpatents for inventions were obtained:

-Eur as i a Nethodfor datetminiiig the temperature and humidity of a
roadstiuct ur e and 1 tNo. 028207 dateby@1W/I97at i on o

- Patent of the Republicfo Kazakhst an f Meathodtfdr e I n°
predicting temperature crackij on asphal t ,dNo B81841eND.8, pav e
2017

In addition, a positive decision wasceived on issuing a Eurasian patent
ATemperature and Humi di thy26/8180d%s or 6, a nc
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The project of KazdorNIIJSC on the topici Resear ch of wa
concreted using special addi ti vegal s cC
use, subsequent monitoring with an assessment of the feasibility of
i mp | e me rbécantei tkenwinner of the competition of the International
Environmental Prize ESO World, held by the Russian Academy of Natural
Sciences in then o mi n aBnviranment& development, resouregavng and
nonwaste technologi esbo

Il n 2017, the Diploma of Scientific
Destruction of Viscoelastic Materials
30,2017issued by the International Acahy of Authors of Scientific Discoveries
and the Russian Academy of Natural Scieri@esbeen obtained

The scientific significance of the discovery: the present discovery shows that
asphalt concrete pavement as an artificial bearing element of an extended
engineering structuréd a highway 0 functions according to the laws of
thermodynamics of irreversible processes. In it, the structural elements in the
critical conditions of external influences can smifjanize and create dissipative
structures. In thease of asphalt concrete fatigue, the destruction is carried out step
by step.

The discovery is recommended to use, first of all, in the roads, it can be the
basis for creating many new inventions in the ways of identifying fatigue
destruction of asphalt oorete pavement, conducting repair work, selecting the
optimal composition of materials for repair work.

In 2017, the Scientific Center for Arafectious Drugs JSC performed the
following scientific and technical program8:De v el o p me n tinfedve nev
drugs for 2012 0 1 @andi Resear ch on the reversal
pathogenic microorganisms for 20250 1 7 . 0

A Phase 1 clinical triabf the drug was conducte@he antibiotic potentiator
(PA) is of 114 healthy volunteers, on the basis dfickh 5 cohorts were formed.
According to the results of the analysis of the general condition data, the study of
the safety parameters of the PA during a single dose, the maximumeihiarap
dose was chosen40.0 mg/kg body weight; mh repeated administtion, studies
of two treatment regimens were condrettvith a daily dose of 20.0 nkgy. During
the testing of FS. for the reporting period, a screening study of 159 patients with
multiresistanform of tuberculosis was conducted at clinical sites. Adogrtb the
results of the inspection, the federal GBBreau recgnized the accreditation of
SCAID JSC and extended the certificate issued in 2014.

The mechanism of the effect of ASon mycobacteriuntuberculosis by the
method of quantuachemical modelingusing a supercomputer, according to the
results of UV and IR spectsoopy and electron microscopy wastablished.
Radiochemical studies were conducted to study the interaction-af EBeled
1311, with various components of the cell. It was establistieed with the
combined effect of antibiotics with the drug -ESthere is an increase in the
intracellular content of antibiotics in test strains in the range from 1.3 to 4.3 times.

Minimum inhibitory concentration (MIC) and Mimum inducing
concentration(MInK) can be used as markers of reversion and introduced into
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clinical practice as prognostic criteria for the effectiveness of treatment and
reversal of antibiotic susceptibility of pathogens.

In 2017, Cambridge Crystallographic Data Center (CCD€bidered 6
original compoundsin 2017, the Scientific Center receivénd following patents:
patent of theRepublic of Singapore No. 19256H,the People's Republic of China
No. ZL201180063245.3, of the Republic of Indonesia No. HK3-
HI.05.02.04.W0020130&88-DP 47/59, EuropeaiiAntibacterial agent for treating
infectios di seases o0 No BP2%2083r i a l origino

8.4.Ministry of Health of the Republic of Kazakhstan

The healtlbare research infrastructure is represented by 23 research

organizations, 6 ntkcal universitiesand2 postgraduate education organizations.

Of the 23 research organizations, 18 have a clinical profd@obrclinical. On the

basis of the Kazakh National Medical University named aftér.Asfendiyarov

and Karaganda State Medidahiversity, there are 2 scientific molecular genetic
laboratories of collective use, which provide access to modern instruments and
research for students, undergraduates, doctoral students, young scientists and
employees of medical reselhrorganizationsrad higher education institutions

The number bresearch and teaching staff Dbecember 312017was 5,790
people. At the same time, the share of personnel with a scientific degree is 45.8%
(2,652 people), including 24.7% of doctors of science (656 peopled% of
candidates of science (1868 peopkhD doctors 4.8% (128 people). Also in the
organizations of medical science and education 1114 masewsrking.

Il n 2017, within the framework of the
the Field of Health |, 5 NTPs were carried out wit
1,856.9 milliontenge As part of the budget progr
i n the field of sanitary and epidemiol
were carried out with a total fdmmg of 143.6 milliontenge The sources of
funding for domestic organizations of medical science and universities are also
grant funding provided by the Ministry of Education and Science of the Republic
of Kazakhstan 40 grant projects were implementedhwfunding of 308.7 million
tenge

54 research programs and projects were carried out at the expense of other
domestic grantors and financiers (National companies, business structures), 18
research programs and projects were funded at the expense @ifi fgnantors, 116
initiative programs were seftinded and projects. The number of NTPs performed
in partnership with foreign research centers in 2017 was 32, in partnership with
business structures 20. The total amount of funds raised by domestic
organiations ofmedical science and higher education institutiarsscientific
research (236 NTP) in 2017 was 4 690.3 million tenge.

In recent years, there has been an increase in patent activeéyvolume of
annually obtained protectiatocuments increasdyy 21.6%, including the number
of national patents by 8.3 times, intellectual property certificateby 57%. The
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leaders are K&MU and WKSMU named after I@spanov. Tiese organizations
account for 30.6% and 28.3% of all Protectiodocuments received by
organizations of medical science and education in 2017, respectively.

As part ofimplementationof the results of scientific programs and projects
over the past three years, more than 3,450 acts of implementation have been
received. At the same time, 7%3(in 2017) of acts of implementation accounted
for implementations in other organizations, which indicates the dissemination of
the results of scientific research into the system of practical health care. The
leading place is occupied by the National @erfor the Formation of a Healthy
Lifestyle (the organizationb6s share i
2017), Semey State Medical University (11.8% of implementation acts).

Scientific developments, which are new methods of diagnosticsmeaat
and medical rehabilitation, are subject to the procedure aficaletechnology
assessment (MTA on the basis of the results of which the Ministry of Health of
the Republic of Kazakhstan makes a decision on their approval for further use,
inclusion inthe diagnostic and treatment protocol and financing framework of
guaranteed free medical care. Over the past three years, 142 applications have beer
filed for the use of new medical technologies in Kazakhstan, of which 99 have
been approved for use. Matlgan 80% of technologies approved for use in recent
years are accounted for by surgical technologies, including cardiac surgery,
neurosurgery, antglansplantology

The technologies approved for use in 2016 include highly specialized
methods of treating ah diagnosing cardiovascular and oncological diseases,
methods of treating eye diseases, degenerdiisgophic diseases, injuries and
diseases of the spine, etc. The Kazakh OncadoglyRadiologyResearch Institute
becameéhe leader in 2017t hccountsdr 33.3% of all approved technologies.

Over the past three years, there has been an increase in the rates of
commercialization of research results in the field of health. A total of 266
technologies were commercialized. At the same time, 86.5% (238) of
commercialized technologies accounted for the development of domestic
researchers. In 2017, the volume of profits from the commercialization of
technologies amounted to 1,569.2 millidange The leader is the Kazakh
Scientific Center for Quantine and Zoorna Infections. t accounts for 24.8%

(27) of commercialized technologies and 67.2% of the profits from the
commercialization of technologies.

In 2017, the proportion of articles of Kazakhstani medical scientists in
international journals was 35.8% (1794i@es), of which the share of publications
in international peereviewed journals indexed in authoritative databases
accounted for 13.6% (244rticles). The leaders are Ka¥Nl named after
S.DAsfendiyarov and KarSMU, which account for respectively 24a2fb 20% of
all articles published imternationalpeerreviewed publications.

Thus, the analysis of the results of scientific achievements of an innovative
nature and scientific works introduced into production (practice) in the field of
health care shosvthe growth of all the main indicators of the effectiveness of
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research.

In 2017, the implementation of the followimgpublicantarget scientific and
medical programs in the field of health was carried out.

In the framework of the NTHi Ne w  mo-feedic urlethads of pre
symptomatic diagnostics and methods for treatingniamber of significant
di s e atheelmwad organization is KU named after $.Asfendiyarov),
studies have been conducted to identify the genetic predisposition to degatop
of a nunber of significant diseases in the Kabkagopulation (ischemic stroke
atrial fibrillation, colorectal cancer, breast cancer, castraBsistant prostate
cancer, type Il diabetes mellitus, miscarriage, male infertility, chronic renal
deficiency, psorias) and the development of ways to assess the risk of their
development.

In the framework of the NTHADevelopment of scientific and methodological
foundations for minimizing the environmental load, medical support, social
protection and health improvemerfttbe environmentally unfriendly territoeof
t he Republ i c (the theaKagarazitibnsid taenSemey State Medical
University), a comprehensive assessment of the ecological state of the environment
in environmentally unfriendly territories oféfRepublc of Kazakhstan was carried
out and information on the volume and nature of pollutiovas received,;
personalized information on the state of health of peoplediun environmental
il -being wagresented.

I n the fr ame wDavdlopnwritof thehSeientid Basisifor the
Formation of a Preventive Environment foeth Pr eser vat i ortheof Pu
headorganization is Kar8U), a survey of the population and health workers of
the cities of Almaty and Karaganda was conducted to studielsato prevent the
development of cardiovascular diseases, a theoretical model of management
technol ogy forecast of the risk to th

Mi neral so, which is the fundament al mo
system

Within the framework of the NTB Tr anspl antation of st
cell s i n r egefterheat orgaerizatioreisl thecNatoeab Scientific

Medical Center), the inhibitory effect of chronic pathology on bone marrow cells
was studied and theearch for regulation and restoration of their functional and
therapeutic propertiesamely, mesenchymal stem cells, was provided

In the framework of the NTPFi New medi c al technol ogi
results of treatment of chronic diseases and the sffafcinjuries with severe loss
of function and (#he keadorganizatoommip AstacaaMedicaln s 0
University), a study was conducted of thaes€y and safety of treatment biem
cellsof chronic diseases and the use of implant technolograsjtiries and other
deep lesions..

8.5.Ministry of Energy of the Republic of Kazakhstan

The main scope of scientific work in the National Mac Center RSE (NNC
RSE) in 2017 was carried out within the framework of the budget program 036
ADevel opmanutc| ear and energy projectso
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technol ogi cal research i n the field of

- Development of nuclear energy in the Republic of Kazakhstan;

- Scientific and technical support for the creatiand operation of the
Kazakhstannuclearthermonucleamaterial testingeactor- Tokamak KTM.

According to the event ADevel opment
Republic of K adf-r@dctbrsexparimental davite wasi dreated for
studyirg the cooling of corium, a model fuel assembly (FA) for conducting in
reactor experiments to study the behavior of materials in the reactor core during its
destruction; experimental device for conducting reactor experiments on the
irradiation of gas mixtwes; a physical model of an experimental device designed to
study the cooling efficiency of thenelt of core materials under conditions of
residual energy release.

According to the event AScienti fic
operation of te Tokamak KTM Kazakhsta thermonuclear material testing
reactor o: a resonant microwave freque
the Tokamak KTM; A program has been developed to simulate plasma evolution
in Tokamak KTM and a discharge scenario on KTM

In 2017, the RSE NNC RK also carried out research work on 9 projects of
grant financing of the MES RK on pric
processing of raw materials and produ
resulted in: practicalecommendations on method of mechanical alloying of
ceramic coatings; water quality assessment has been carried out at water sites of
the former Semipalatgk test site; e design of the elements and the fuel cycle
technology of nuclear power plants baseda highly efficient gas cooled reactor
with a water moderator have been developed.

The scientific work of the RSE NNC RK on the joint EAGBEproject with
the Japanese Atomic Energy Agency (JAEA) also continued. Two experiments
from a series of tests a@d at studying the processes occurring in an emergency
nuclear reactor at the final stage of a severe accident with the melting of the active
zone were carried out at the aeactor stand EAGLE. Experimental data were
obtained that made it possible to abta ratio between the energy release in the
fuel and the energy release in the IGR reactor by the thermometric method.

Work also continued on research contracts and as part of the technical
cooperation program with t he oflfiAdhg . T
artificial radionuclides i n soils of
between the IAEA and the Institute of Radiation Safety and Ecology of the RSE
NNC RK on July 4,2013 and extended to July 4, 2017. In 2017, studies were
carried out on the forms of the location (distribution of granulometric fractions,
bioavailability) of radionuclides in the soil of CIP objects with different types of
radioactive contamination.

The | AEA project fAEstabl i shmdanthe i n
production of reference materials for
launched in the second half of 2017. The aim of the project is to create a
technological and methodological base for the manufacture, certificatidne-

90






