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DEVELOPMENT OF INNOVATIVE TECHNOLOGIES AND
CREATION OF MODERN INFRASTRUCTURE FOR SUSTAINABLE
DEVELOPMENT OF SOUTH KAZAKHSTAN REGION

Abstract. As part of the implementation of a large-scale project on the develop-
ment of healthcare, biotechnology and environmental sustainability, the scientific
research program of the Aral-Syrdarya region of the Republic of Kazakhstan is
aimed at implementing such ambitious tasks as the introduction of innovative tech-
nologies and the creation of modern infrastructure capable of ensuring sustainable
development of the population and a significant improvement in the quality of life.
This program provides for the integration of the latest achievements in the field of
medicine, biotechnology and environmental science to form an effective and func-
tional healthcare system capable of adequately responding to modern challenges
and needs of the region. Through an interdisciplinary approach to research and
development, the program strives to create unique scientific and technological
solutions that not only contribute to the preservation of the health and well-being of
the population, but also actively influence the improvement of the ecological state
and biodiversity of the region. This desire to integrate various scientific fields and
practical aspects is supported by the desire to create a stable and interconnected
research network that contributes to a deeper understanding and solution of the
multifaceted challenges facing the southern regions of Kazakhstan.

Keywords: diagnostics, microbiology, Big Data, biodiversity, feed, coal.

Introduction. In the context of the globalization of medical technol-
ogies and scientific research, many developed countries are showing a
tendency to create large centralized laboratories that combine advanced
developments in the field of molecular genetics, clinical laboratory and
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instrumental diagnostics. These laboratories are actively using the capa-
bilities of artificial intelligence, which contributes to a significant increase
in the quality and efficiency of medical services. This approach, based
on the principles of the phased opening of highly specialized consultative
and outpatient centers capable of providing a wide range of diagnostic
services in Kazakhstan, especially in the southern regions, allows for a
significant improvement in healthcare.

The health of the population, which is a key indicator of the quality of
life in the Aral Sea region, is threatened by the pre-crisis environmental
situation. Adverse factors such as high environmental pollution, especially
in industrial cities such as Shymkent, where vehicle emissions account for
more than 70% of total pollution, have a significant impact on the health
of the population [1-2]. Studies have shown that in the southern regions
of Kazakhstan, health status is assessed as poor in almost 30% of cases,
which is several times higher than in other regions of the republic [3-5].

Materials and methods. Molecular genetic and laboratory studies
are crucial in the epidemiology of infectious and non-infectious diseases.
These studies not only expand our understanding of the mechanisms of
disease transmission, but also play an important role in monitoring their
prevention and treatment. The scientific novelty of the work is as follows:

- High-throughput genomic sequencing and big data analysis are en-
abling the study of genetic predictors that can be used to predict the risk
of developing non-communicable diseases.

- Molecular genetic studies provide integration of genomic and epide-
miological data, which helps to identify epidemiological links and sources
of infection.

- The use of an interdisciplinary approach involves the collaboration of
specialists from various fields, from molecular biology and genetics to clin-
ical disciplines and information technology. This collaboration contributes
to a deeper and more comprehensive analysis of the results, which helps
to optimize treatment strategies and increase the effectiveness of medical
interventions.

The creation and operation of a multifunctional laboratory at the univer-
sity, combining molecular-genetic, laboratory-instrumental research meth-
ods, is in demand and competitive, because:

- Expanding the understanding of molecular mechanisms in medicine
by studying genetic variations and molecular cellular processes that con-
tribute to the development of new diagnostic and therapeutic methods.

- Establish a clinical-immunological laboratory that will contribute to the
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assessment of immune levels and the transfer of fundamental research to
practical healthcare.

- Improving the diagnosis of cancer based on molecular markers, which
will help in early detection of oncology and effective therapy.

Results and their discussion. The increasing availability of medical
information in modern healthcare and the development of big data anal-
ysis methods have significantly improved the capabilities of artificial in-
telligence. Powerful Al-based analytical tools can process large volumes
of data, which allows you to identify clinically important information, often
hidden among a non-repeating number of medical records and studies.
This, in turn, contributes to more informed and timely clinical decisions,
which are key to improving the quality of medical care [2]. In the southern
regions of Kazakhstan, it is especially important to create laboratories for
conducting high-tech research that will contribute not only to improving
the quality of medical care, but also to developing personalized treatment
methods. The use of accurate instrumental methods for early detection of
diseases is possible thanks to progress in genomic medicine, which com-
bines innovative technologies with artificial intelligence [3-12].

Thus, the successful integration of genomic medicine and artificial in-
telligence into clinical practice opens up new horizons in healthcare. This
direction is one of the most promising directions in modern medical sci-
ence, allowing the development of effective methods for diagnosing, mon-
itoring and preventing diseases. The combination of these technologies
will not only improve medical outcomes for patients, but also significantly
improve public health, contributing to the creation of a healthier nation.

It also considers the possibilities of studying the development of a com-
plex of scientific and innovative methods for the conservation and sustain-
able use of biodiversity, taking into account the natural and climatic fea-
tures of the southern region. In 1994, an 88-hectare Botanical Garden was
created on the territory of the K. A. Yasawi IKTU, which was an important
step towards reducing the environmental load and improving conditions for
plant reproduction in the region. The garden presents 59 related groups,
28 families and 127 species of trees, shrubs, ornamental, fruit and berry
plants from all over the world, adapted to the harsh climatic conditions of
southern Kazakhstan. This contributes to the conservation of biodiversity
and provides unique opportunities for the study of botany and ecology.
The university’s research group is actively working to create a method-
ological base for studying the physiology, biochemistry, phytopathology
and mineral nutrition of plants. The results of these studies have contrib-
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uted to the development of new technologies that have found application
in agro-industrial projects and are confirmed by a number of patents and
scientific publications [13-15]. The approval and recommendation of these
developments by the National Scientific Council will contribute to their in-
tegration into the practice of local agricultural organizations. However, the
current environmental challenges of the Aral-Syr Darya region, such as
depletion of water resources, environmental pollution, deterioration of air
quality, and erosion of saline lands, require further scientific research. It
is necessary to develop and implement scientific and innovative methods
for the sustainable use and restoration of natural resources, which can
be implemented by strengthening research activities on the basis of the
Botanical Garden and the Department of Biology of the University.

This program will not only help improve the environmental situation in
the region, but also contribute to the development of green technologies,
increasing the level of environmental awareness and education among
the population. The relevance and scientific novelty of our project lies in
the development of the first regional cadastres of the gene pool of food,
fodder and pasture plants, as well as quarantine and weed-ruderal plants
of the Aral-Syr Darya region in the history of Kazakhstan. The creation of
such cadastres will allow assessing the resource potential of these plants
and will serve as the basis for sustainable management of their gene pool,
which will contribute to maintaining biodiversity and ecological balance in
the region.

In addition, the project is aimed at sustainable development of livestock
farming in the arid climate of the study area, characterized by severe win-
ters and drought. It is proposed to use alternative plant species, such as
vegetatively grown reeds, which will allow to economically compensate for
the shortage of high-quality roughage [16]. The development of technolo-
gy based on local forage resources, in particular, the use of fast-growing
and high-biomass reeds, will contribute to reducing feed dependence on
external sources [17-20]. In addition, the study area faces the problem of
a shortage of affordable and high-calorie fuel due to limited forest resourc-
es and a ban on cutting down saxaul. A solution may be briquetting of
plant residues, which will allow them to be used as a source of solid fuel.
Briquetting improves the transportability and storage of fuel, increases its
calorific value by increasing the pile density and reducing moisture, which
makes its use more efficient and economical [16-18, 20-21].

The program is aimed at creating a centralized research center with
advanced equipment that will contribute to the training of highly qualified
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specialists. The goal is to develop technologies for growing industrially
important agro-industrial crops adapted to dry conditions, including the
breeding of new species and the creation of innovative products from
agricultural raw materials. An important part of the program is the use
of Big Data and Al to develop algorithms that will contribute to effective
decision-making in the field of land reclamation and risk management in
agriculture, including monitoring botanical gardens. These technologies
will help process and analyze large volumes of heterogeneous data to
increase the accuracy and efficiency of agricultural practices.

Particular attention is paid to the development of a regional catalog of
the gene pool of food, medicinal, fodder and pasture plants, as well as
quarantine and weed-ruderal species, which will ensure the certification
and comprehensive characterization of each species. These catalogs will
serve as the basis for sustainable management of the region’s bioresourc-
es and will allow for the optimization of agricultural land use. In addition,
the program includes the development of new energy-efficient materials
based on agro-industrial waste, which will contribute to increasing the sus-
tainability and economic efficiency of the agricultural sector. This direction
is important for solving environmental problems related to waste disposal
and reducing the ecological footprint of the agro-industrial complex.

The scientific novelty of the project is the creation and testing of new
technologies for heat and drought-tolerant plants, which include scien-
tific analysis of their biochemical and physiological state to identify key
molecular - genetic markers. These studies will allow the development of
technologies that reduce the pathogen load and increase the productivity
of agricultural crops. The program is also aimed at improving the overall
health of bee colonies and developing new approaches to bioresource
management, which will make a significant contribution to the sustain-
able development of agronomy, biotechnology and IT engineering in the
region. The creation of such a scientific and educational center will allow
the formation of a scientific school capable of solving major problems of
an environmental, economic and social nature at the local and national
levels.

Also, within the framework of the program, it is planned to conduct
continuous monitoring of the environment, which is the basis of all efforts
in the field of nature protection and nature management. This monitoring
is necessary to ensure the sustainable development of society. This key
activity allows for an objective assessment of the ecological conditions of
the living space of humans and other organisms, as well as an analysis of
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the state of ecosystems and their functional integrity [22-23]. In the devel-
oped countries of the world, special attention is paid to the regional scale
in the organization of environmental monitoring [24-25]. Since the begin-
ning of the 80s, it has become clear that a successful policy of managing
the economic, social and political development of the state requires taking
into account the characteristics and needs of its specific regions [26]. The
southern regions of Kazakhstan are distinguished by their unique species
and biological diversity, which at the same time are the most environmen-
tally vulnerable [27]. This is primarily due to anthropogenic factors and
climate change, in the context of the reduction in the flow and pollution of
the large rivers of Central Asia - the Syr Darya and the lli, where unique
biological ecosystems and a large number of rare, endangered and en-
demic species of flora and fauna are threatened [28-29].

The program aims to analyze the current situation, identify and clas-
sify potential risks and threats, as well as negative trends affecting the
main ecosystems of the southern regions of Kazakhstan. This program
involves the use of various methods: field studies, laboratory analyses,
microbiological monitoring of the environment and remote sensing to en-
sure continuous and accurate monitoring. In addition, the project includes
the development of strategies for environmentally sustainable use of nat-
ural resources by local populations in areas such as livestock farming,
irrigated agriculture and recreation in the context of declining river flows
and climate change.

Many human activities threaten or have negatively affected salt lakes.
Important factors are overland flow, mining, pollution, introduction of exot-
ic species, and climate change, which lead to biodiversity loss and major
changes in limnology [30]. The Aral Sea crisis is a clear example of the
environmental problems in the region, which have serious consequences
[31]. The waters of the Aral Sea have undergone chemical changes: the
relative proportions of Ca and SO4 ions have decreased, while Cl has in-
creased [32]. Meteorological data also indicate an increase in annual and
winter temperatures in Central Asia, which may have negative effects on
ecosystems, crops, and health [33]. In addition, soil and water pollution in
the region is a problem.

Microbiological monitoring of drinking water is carried out in accor-
dance with regulatory documents [34-37]. Assessment of water quality by
microbiological indicators involves determining the proportion of microor-
ganisms associated with humans and their activities. The main indicators
of microbes include the total number of microorganisms, total coliforms,
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thermotolerant coliforms, sulfur-reducing clostridia spores and coliphages.

The main source of biosphere pollution by pharmaceuticals (PDPs) is
domestic and industrial wastewater. Studies have shown that municipal
wastewater contains a wide range of PDPs [38-48]. The problem of pollut-
ed wastewater is important for Kazakhstan, since wastewater from hospi-
tals and residential areas is returned to the environment without removing
pharmaceuticals after routine treatment. During the COVID-19 pandemic,
the increased consumption of PDPs, including antibiotics, may lead to
an increase in the concentration of PDPs and their metabolites in water
resources. Existing treatment plants are not always able to remove per-
sistent pollutants, including PDPs. The novelty of this study is the analysis
of the PDP content in natural and wastewater of the Turkestan region.
The project is aimed at developing methods for treating polluted waters in
Kazakhstan in order to return them to the ecosystem. This is very import-
ant for assessing water quality and preserving the environment. It is also
important to interpret the results in order to adapt new methods for the
removal of PDPs from water using membranes and improve the operation
of water treatment plants.

An additional promising area of research is the development of inno-
vative technologies for compost production based on low-grade coal [49-
51]. This compost is expected to be sustainable and economical by re-
ducing ammonia emissions and increasing nitrogen availability to plants.
Co-composting of cattle manure and low-grade coal helps restore soil
health and stimulate crop growth. In addition, it is planned to develop a
multi-component fertilizer containing lignite, earthworms, and microbial
cells to increase soil productivity and fertility.

In addition, the research aims to develop new site-specific soil amend-
ments based on low-grade coal and bacterial isolates that have a strong
synergistic effect on the remediation of saline soils [52-53]. These amend-
ments will be especially useful for crops grown on saline and infertile soils
of the region. It is also planned to develop and evaluate an innovative bio-
technological fertilizer production process based on coal ash and humic
substances. This fertilizer is characterized by its potential impact on the
agrochemical characteristics of the soil with particular efficiency [54-55].
The use of coal ash and humic substances in combination with strains of
bacteria that promote associative growth can help improve soil fertility.

Microbial inoculants, also known as microbial agents or microbial fer-
tilizers, are promising solutions for plant growth and sustainable environ-
mental management. This industry is growing rapidly and is expected to
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reach a market size of $12 billion by 2026 [56-59]. However, despite this,
there are still challenges such as environmental factors and a lack of sci-
entific understanding and technological progress in the field of microbial
inoculants. Understanding the mechanisms of synergistic action of syn-
thetic microbial inoculants in soil is necessary to model ecological chang-
es and achieve more effective results. These studies contribute to the
advancement of green biofertilizers, ensuring food security and sustain-
able agricultural development. The relevance of research in this area lies
not only in solving specific problems, but also in developing scientific and
practical methods for managing biological resources, ensuring integrated
and sustainable innovative development of the Aral-Syr Darya region.

Conclusion. Within the framework of the implementation of large-
scale projects for the development of healthcare, biotechnology and en-
vironmental sustainability in the Aral-Syr Darya region of the Republic of
Kazakhstan, it is necessary to implement such tasks as the introduction of
innovative technologies, the creation of a modern infrastructure capable
of ensuring the sustainable development of the region, and a significant
improvement in the quality of life. The program provides for the integra-
tion of the latest achievements in the field of medicine, biotechnology,
environmental science to form an effective and functional healthcare sys-
tem that can adequately respond to the modern challenges and needs of
the region. The creation of several scientific and technological solutions,
aimed at an interdisciplinary approach to research and development of
programs, in turn, will not only contribute to preserving the health and
well-being of the population, but also have a positive impact on the envi-
ronmental situation. This desire to combine the practical aspects of var-
ious scientific disciplines is reinforced by the desire to create a stable
and interconnected research network that will contribute to a deeper un-
derstanding and solution of the multifaceted problems facing the frontline
region of Kazakhstan.

Source of research funding.

The work was carried out with the support of the Ministry of Educa-
tion, Science and Technology of the Republic of Kazakhstan within the
framework of the scientific research project “BR24992814 Development
of innovative technologies and creation of modern infrastructure for the
sustainable development of the South Kazakhstan region”.
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Hycunoe [.A.", KameHoB B.K.', KoxaxmetoBa M.X.!, llUepenxan O.K.",
AntbiH6an H.M.', Hapwa ¥.9.', Aimaram6eTtoB A.', ApbicTaHGekynbl B.,
CwuaHrpoHr J1.2

T «Qkonorus xaHe buopecypcTapablH TypakTbinbirbl» F3U, an-®apabu atbiHaarbl
Kas¥Y, Anmartsl k., KasakcTtaH

2 Xumus xxaHe XumMusinblk MHxeHepust konnedxi, Cuarb FoinbiM XKeHe TexHonorus
YuusepcuteTi, Cratb K., KpiTam

OHTYCTIK KA3SAKCTAH ©HIPIH TYPAKTbl JAMbITY YLUIH UHHOBALIUA-
JNbIK TEXHONOIMMANAPObI 93IPJIEY XXOHE 3AMAHAYU UH®PAKYPbI-
JNbIM K¥PY

Tyninpeme. [eHcaynblk caktaydbl, GuoTexHonorusnapabl >XaHe 3KONOrnsAnbIk,
TYPaKTbINbIKTEl AaMbITY XeHiHAeri ayKbIMAbl obaHbl icke acblpy LieHbepiHae
KasakctaH PecnybnukacbiHblH Apan-Cbhipgapvs  eHipiHiH, - FbinbIMU-3epTTey
Oargapnamacbl  MHHOBAUMANbIK  TEXHOMOrManapAbl €Hridy »kKoHe XarblKTbiH
TYPaKTbl AaMyblH X8HEe eMip Cypy canacbiH efayip XakcapTydbl KaMTamachbl3
eTyre kabineTTi 3amaHayn MHPPaKypbInbIMAbl KYpy CUSIKTbI ©pLUin MiHOeTTepAi
icke acbipyra OarbiTTanFaH. byn Gargapnama eHipaiH Kasipri 3aMaHfbl CblH-
TereypiHaepi MeH kKaxeTTiniktepiHe Gapabap >xkayan Oepe anaTblH AeHcaynblK
cakTayablH TUiMAI )KeHe PYHKUMOHaNAbIK XXYWECiH KanbinTacTbipy YLiH MeaULUnHa,
OVOTEXHOMOIMA XaHE 3JKONOTMANbIK FbINbIM CanacbliHOArFbl COHFbl XKETICTIKTEpai
OipikTipyai ke3gengi. 3epTreynep MeH a3ipremernepre MynbTUAWCLMNAMHAPIbIK
Ke3Kapac apkblinbl Oargapnama XanblKThiH AEeHCAYbIFbl MEH 8M1-ayKaTbiH cakTayFra
blKNan eTin KaHa KoWmaw, COHbIMEH KaTap aviMakTblH 3KONOrusasblkK >Kargarbl
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MeH GuoapTypniniriH »akcapTyra bencenfi acep eTeTiH Biperei fFbinNbIMU XaHe
TEXHOMOTUANbIK LeLliMAaepai kacayFa yMTbinagpsl. ©p Typhi FbinbIMy GaFbITTap MeH
npakTuKanblK acnekTinepai nHTerpaumsanayra gereH 6yn ymrbinbic KasakcTaHHbIH
OHTYCTIK 0BMbICTapbIHbIH, anAabliHAa TypFaH Ken acnekTini MiHaeTTepai TepeHipek
TYCiHyre >aHe LeLlyre biKnan eTeTiH TypaKThbl XxaHe e3apa 6alinaHbICThl 3epTTey
XKeriCiH KypyFa AereH yMTbInbICMeH kongay Tabagpi.

TyliiHdi ce3dep: avarHocTuka, Mukpobuonorusi, Big Data, GuospTypninik, xem,
Kemip.

Hycunoe [O.A.', KameHoB B.K.', KoxaxmetoBa M.X.', Lllepenxan O.K.",
AntbiH6an H.M.', Hapwa Y.A.', AimarambetoB A.', ApbicTaHGekynbl B.',
CuaHrpoHr J1.2

"HNWN «YcTonumBocTy akornorumn n bruopecypcosy, KasHY nm. anb-dapabw, r. An-
maTbl, KaszaxctaH

2Konnemx XvMUM M XUMUYECKON UHXeHepun, CruaHbCKUA YHUBEPCUTET Hayku w
TexHonoruu, r. Cnanb, Kutam

PA3BUTUE NHHOBALIMOHHbIX TEXHONOMX N CO3AAHUE COBPEMEH-
HOW MH®PACTPYKTYPbl ANA YCTOWYMBOIO PA3BUTUA KOXKHO-KA-
3AXCTAHCKOW OBNACTMU

AHHOTauums. B pamkax peanusaumm maclutabHoOro npoekTa no passuTuio 3gpaBo-
OXpaHeHUsi, BUOTEXHOMOMMIN N IKOMOTMYECKON YCTONYMBOCTU Hay4HO-MCCrefoBa-
Tenbckas nporpamma Apanbcko-CbhipaapbuMHCKOro pervoHa Pecny6nukn Kasax-
CTaH HanpaerneHa Ha peanu3aumio Takux ambnLMOo3HbIX 3afaY, Kak BHeAPEHNe H-
HOBALMOHHbIX TEXHOMOIMMIN 1 CO30aHNe COBPEMEHHON MHPPACTPYKTYpPbl, CNOCOb-
HOM oGecneunTb YCTOMYMBOE pPa3BUTUE HACENEHWUsl U 3HAYUTENbHOE YrydlleHne
KayecTBa xu3HKW. [laHHas nporpamma npegycMaTpyBaeT UHTErpaumio nocregHux
OOCTUXEHU B obnacTn MeauuuHbl, BUOTEXHONOMMM 1 SKONOrMYECKO Hayku Ang
dopmmnpoBaHms 3PPEKTUBHON U PYHKLNOHANBHON CUCTEMbI 30PaBOOXPaHEHNS,
crnocobHOM afekBaTHO pearvpoBaTb Ha COBPEMEHHbIE BbI30BbI U MOTPEBGHOCTH
pervoHa. bnarogapsa mexancumnnnHapHoMy NOAXoAY K UCCNefoBaHWaM U pas-
paboTkam nporpamma CTPeMUTCH co3haBaTb YHWKaNbHbIE Hay4HbIE U TEXHONO-
rMyeckne peLleHnsl, KOTopble He TONbKO CNOCOBCTBYIOT COXPAHEHWUIO 300POBbS U
6narononyymsa HacerieHnsi, Ho Takke akTUBHO BIUSIOT Ha yry4lleHne aKonormye-
CKOro COCTOsIHUS 1 BropasHoobpasnsi permoHa. ATO CTPEMIIEHNE K MHTerpaumm
pasnMyHbIX Hay4YHbIX HaNpaBIieHUN U NPaKTUYECKUX acneKkToB NOAAEpXKMBaETCs
CTpeMreHvem co3faTb YCTOMYMBYIO M B3aUMOCBSI3@HHYKO WCCrefoBaTernbCKyto
ceTb, cnocobeTByoLwyto 6onee rny6okoMy MOHUMAHWUKO U PELLEHNI0 MHOTOrpaH-
HbIX 3a[ad, CToALMX Nepeq, IoXHbIMK obnactamu KazaxcraHa.

Knro4deesnie croga: gnarHoctuka, Mukpobuonorus, Big Data, 6uopasHoobpasus,
KOpM, yronb.
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TYPaKTbIbIFbI» F341 FbINbIMN KbI3MeTKepi, Anmartsl, KasakcTaH,
kamenov01@bk.ru. )Kymbicka KockaH yreci: Xem Typanbl GeniMre Loy xaHe
xasy

Koxaxmemosa MapxaH XanudonnaesHa — «9Konorus xaHe bropecypctapablH
TYPaKTbIbIFbI» F3U FbINbIMU KbI3MeTKepi, Anmartsl, KasakcTaH,
marzhanur.7@mail.ru. Kymbicka KockaH yreci: feinbiMv aaebueTtepre Lony

UlepenxaH [uHapa KymicxaHKbi3bl — «3JKonorns >oHe OnopecypcTapapbiH
TYPaKTbIbIFbI» F3U FbINTbIMU Kbl3MeTKepi, Anmartsbl, KasakcTaH,
sherelkhandinara@gmail.com. JKymbicka KockaH yreci: ©GuoanyaHTypninik
GenimiH xasy

AnmbiHbal Hasbiv [MepHebalikbisbl — «3konorns xaHe 6uopecypcTapapbiH
TYPaKTbIbIFbI» F3U FbINbIMU KbI3MeTKepi, Anmartsl, KasakcTaH,
altynbaynazym@gmail.com. )Kymbicka KockaH yneci: Big Data Typanbl 6enimiH
xasy

Hapwa ¥ndaHa O60icamapKbi3bl — XeTekwWwi MmamaH, AnmaTtbl, KasakctaH, da-
na-94n@mail.ru. >Kymbicka KockaH yreci: AepekTepai Tankblnay xoeHe canbiCTbipy

Alimazambemos A.T. - «3konorus KoHe BuopecypcTapabiH,
TypakTbinbiFbly  F3WM  kiwi  FebiMM - KbiameTkepi, Anmatbl, KasakcTah,
anrayalan@gmail.com. JXymbicka KOCKaH Vyrieci: Makana >ochnapblH Kypyra
KeMeKTecy

ApbicmaHbeKkynbl  bipxaH — —  «3Okomorns  xaHe  BuopecypcTapApbiH
TypakTbinbiFbl»  F3W  kiwi  feINnbIMKM - KbI3MeTKepi, Anmartbl, KasakcTaH,
birzhanarystanbek@gmail.com. >Xymbicka kKockaH yneci: makana »ocnapbliH
KypyFa Kemekrecy

CuaHepoHe Jllo — ExiHwi [OeHrewni Mpodeccop, Phd FoinbimMm XKeTekuici,
CwuaHb Fbinbim YKoHe TexHonorusnap YHUBEPCUTETIHIH Kewmip
BuoTtpaHchopmauusicel  3epTxaHacbiHblH ~ Oupektopbl, CuaHb, KbiTan,
liuxiangrongxk@163.com. )Kymbicka KOCKaH yreci: Makana »asy »ocnapbiH 6eny
KeHe a3y

CBepeHus 06 aBTopax

Hycunoe [amup AcaHosu4y — HayyHbll  coTpygHuk HUW  «YcTton-
4YnBOCTYU akonoruu n GropecypcoB», Anmartsl, KasaxcTaH,
nussipov.damir@mail.com. Bkrad e pabomy: 0630p u HanucaHne otaena npo
yronb

KameHoe bexkzam Kenbemynbl — HayuyHbil coTpygHuk HWW  «YcTon-
YMBOCTU aKonornmn " HGuopecypcoBsy, Anmartsl, KasaxcTaH,
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kamenov01@bk.ru. Bkrad 8 pabomy: 0630p 1 HanucaHne otaena npo KopM

Koxaxmemosa MapxaH XanudonnaegHa — HaydHbli coTpygHuk HUN
«YCTOMYMBOCTU 3Konornn ] GuopecypcoBy, Anmartsl, KasaxcTaH,
marzhanur.7@mail.ru. Bknad e pabomy: 0630p Bcel nMTepaTypbl U aHanusa nog-
XoasLero matepuana

LlepenxaH [JuHapa KymicxaHKbi3bl — Hay4HbI coTpyaHuk HUW «YcTonumsocTtu
akonorun n buopecypcoBy, AnmaTel, KazaxctaH, sherelkhandinara@gmail.com.
Bknad e pabomy: HanucaHue pasaena rno 6uopasHoobpasuto

AnmbiHbal  Haseiv  [lepHebalikbi3bl  —  HaydHbIl  coTpyaHuk  HUW
«YCTONYMBOCTU aKonornm " buropecypcoBy, Anmarbl, KasaxcTtaH,
altynbaynazym@gmail.com. Bkrad e pabomy: HanucaxHue pasgena npo Big Data

Hapwa YndaHa A6ducamapkbi3bl — Begylwmn cneunanuct, Anmatsl, KasaxcraH,
dana-94n@mail.ru. Bkrad e pabomy: obcyxaeHne n cpaBHeHWE AaHHbIX

Alimazambemosg A. T.—Hay4HbI COTPYAHMK Hay4Ho-nccrneaoBaTensCckoro MHCTUTY-
Ta «QKOMNOrnsa 1 yCTon4YmnBoe ucnonb3oBaHve buopecypcoBy, Anmartsl, KazaxcTaH,
anrayalan@gmail.com. Bknad 8 pabomy: NOMOLLb B COCTaBMEHWM MilaHa cTaTbu

ApbicmaHbeKyrnbl bipxaH — HaydHbI COTPYyAHMK HaydHo-mccrieqoBaTenbsCckoro
WMHCTUTYTa «OKOMOrns M yCTOMYMBOE MCMNOMb3oBaHWe GuopecypcoB», Anmarthl,
KasaxctaH, birzhanarystanbek@gmail.com. Bkriad e pabomy: nomoLlb B COCTaB-
feHV NnaHa cTaTbun

CuaHzpoHe JIlo — npodeccop BTOPOro YPOBHS, Hay4HbIi PYKOBOAW-
Tens PhD, pgupektop nabopatopum  ©uoTpaHchopmaumm  yrnsa Cu-
aHbCKOTO  YHMBepcuTeTa  Haykm M TEXHOMOruW, CuaHb, Kutan,
liuxiangrongxk@163.com. Bkriad & pabomy: pa3geneHve u perynvpoBaHve Ha-
nMcaHus cTaTen
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NEPEBOL CTATbW /| MAKATIAHbIH AYIIAPMACHI

Hycinoe A.A.", KameHoe B.K." , Koxxaxmemoea M.X." ,
Wepenxan .K." , AnmbiH6ati H.I1.", Hapwa Y.A.",
Alimagzambemoe A.” ApbicmaH6ekynbi B.", CsiH2poH J1.2

'«Qkonorusi xeHe GuopecypcTapablH, TypakTbinbiFsly F3U, an-®apabu atbiHaarb!
Kas¥y, AnmaTbl K., KazakcTtaH

2 XvMuUs1 XKaHe XUMUATBIK UHXEHEPUS konneaxi, CuaHb FbinbIM XXaHe TEXHOMOrs
YHUBEPCUTETI,

Cuanb c., KpiTan

OHTYCTIK KA3SAKCTAH ©HIPIH T¥PAKTbI JAMbITY YLUIH MHHO-
BALUUANBIK TEXHOJOTNANAPAbI S3IPJIEY XXOHE 3AMAHAYU
MHPPAKYPbLIJIbIM K¥PY

TyniHpeme. [eHcaynblk caktaydbl, GuoTexHonorusanapabl >XaHe 3KONMOrnsAnbIk,
TYPaKTbINbIKTEl AaMbITY >XeHIHAEeri ayKbIMAbl 00aHbl icke acbipy LueHbepiHae
KasakctaH PecnybnuvkacbiHbliH Apan-Cbhipaapust eHipiHiH FbinbiMu-3epTTey Oar-
Aaprnamacbl UHHOBAUMANbIK TEXHOMOTMANAPAbl E€Hridy >XoHe XarmnbIKTbiH TYpaKTbl
AaMyblH >X8He eMip Cypy camacbiH efayip XakcapTyabl KaMTamachl3 eTyre Kabi-
NeTTi 3amaHaym nHppakypbINbIMAbI Kypy CUSKTbI ©pLUin MiHAETTEPAI iCke acbIpy-
fa GarbiTTanFaH. byn 6argapnama eHipAiH Kasipri 3aMaHFbl CbiH-TereypiHaepi MeH
KaxeTTinikrepiHe 6apabap »kayan 6epe anaTtbliH AeHcaylnblK cakTayAblH TUiMAI
XoHe (hyHKLMOHaNAbIK XYNECIH KanbiNnTacTbipy YLWiH MeauuuHa, 6uoTexHonorns
YKOHE SKONOrUANbIK FbINbIM canacblHAarbl COHFbI XETICTikTepai BipikTipyai ke3aen-
Ai. 3epTTeynep MeH asipremMenepre MynbTUAUCUMNINHAPIBIK KO3Kapac apKbinbl
bargapnama xanbIKTbiH AeHcayrblfbl MEH 8M-ayKaTblH CakTayFa biknan eTin KaHa
KOVMam, COHbIMEH KaTap alMaKTblH 9KOMOrusAsbIK >KaFgarbl MeH 61uoapTypiniriH
XakcapTyra 6encengi acep eTeTiH Giperen FbinbIMU KoHE TEXHOMOMUANBIK LUELLiM-
Aepai xacayfa ymTbinagbl. OpTypIi FoiNbIMU 6afFbITTap MEH NPaKTUKanbIK acnek-
Tinepai nHTerpaumanayra gereH 6yn ymrbinbic KasakCTaHHbIH OHTYCTIK 06nbIC-
TapblHbIH, andbliHAa TypfaH Ken acnekTini MiHAeTTepai TePEHipeKk TyCiHyre XoHe
LeLyre biknan eTeTiH TypaKThl XaHe e3apa 6annaHbICTbl 3epTTey XKeniCiH KypyFa
[AereH yMTbInbICreH kongay Tabagp.

TyliiHdi ce3dep: avarHocTuka, Mukpobuonorusi, Big Data, 6uospTypninik, xem,
KeMip.

Kipicne. MeguuunHanblk TexHomorunsnap MeH fbinbIMU 3epTTeynep-
OiH ahaHgaHybl XaFganbiHAa KenTereH gamMblFaH enpgep Mosekynanbik,
reHeTuKa, KNMHUKanbIK 3epTXaHasnblK XeHe acnanTblK AvarHOCTUKa ca-
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nacblHOarbl 03blK a3ipriemenepAi OipiKTIpeTiH opTanblKTaHObIPbISFaH ipi
3epTxaHanapgbl Kypy TeHOeHUMACbIH kepceTyae. byn 3epTxaHanap me-
OVUMHanbIK Kbl3MeTTepAiH, canacbl MeH TUIMAINIriH anTapnblkTan apTTbl-
pyfa blKnan eTeTiH >acaHAdbl MHTENNEKT MYMKIHAIKTEPIH Gencenai Typae
nanganaHagbl. KasakctaHga, acipece OHTYCTIK eHiprepae AnarHocTuka-
NbIK KbIBMETTEPAIH, KEH CMEKTPiH YCbiHyFa KabineTTi >xoFapbl MamaHgaH-
ObIPbIIFAH  KOHCYNbTauuAnbiKk-aMOynaTopusnblK opTanbikTapabl Ke3eH-
Ke3eHiMeH ally KafmpaTTapblHa HerisgenreH Oyn Tocin geHcaynblK cak-
Taydbl aiTapnblKTan XakcapTyra MyMKiHAIK 6epegi.

Apan eHipiHAe eMip canacbIHbIH, HETi3r KepceTKili 60nbin TabbinaTbiH
XanbIKTblH AeHcayrblFblHA AaFgapbiCka OeriHri 9KONOorusanblK >Karganra
GannaHbICTbl Kayin TeHin Typ. KopliaFaH opTaHblH >XOFapbl nacTtaHybl
CUSAKTbI KOonancbl3 dpaktopriap, acipece LUbIMKEHT CUSAKTbI @HepKaCinTiK
KananapAarbl Kemniktep LblFapblHAbInapbl xannbel nactanyabiH, 70%-gaH
acTamblH Kypangbl, XanbiKTblH AeHcaynbifbiHa eneyni acep eteai [1-2].
3epTTeynep kepceTkeHaen, KasakCTaHHbIH OHTYCTiK 0bribiIcTapbiHAA OEH-
caynblk xarganbl 30% nepnik xarganga Hawap gen 6aranaHagbl. byn
pecnybnukaHbiH 6acka anvakTapbIMeEH canbICTbipFraHaa bipHellue ece Xo-
Fapbl [3-5].

MornekynanblK-reHeTUKanbIK XXeHe 3epTxaHarsblK 3epTTeysiep Xyknanbl
XOHe Xyknarnbl eMec aypynapabliH anngeMmnonornusacbl ascbiHaa LieLly-
Wi 6onbin Tabbinagpl. byn 3epTTeynep aypyabiH Tapany MexaHu3MAaepiH
TYCIHYAi KEHENTIN KaHa KoManabl, COHbIMEH KaTap onapAblH, angbiH any
MeH empeyni 6akbinayaa MaHbi3abl pen atkapagpbl. KyMbICTbIH, FbifbIMU
YKaHanblfFbl KENecigen:

- JKorapbl eHiMAi reHoMAbIK CEKBEHUPIIEY XOHe YIIKEH AepeKTepai Tarn-
Aay Xyknanbel emec aypynapgblH Aamy kayniH 6omkay yLwiH nanganaHbi-
nybl MYMKIH reHeTuKanblK 6ormkayLublnapbl 3epTreyre MyMKiHAK 6epegi.

- MonekynanblK-reHeTuKanblk 3epTTeyrep anugemMuonornanslk 6anna-
HbICTap MeH MHPEKLNA Ko30epiH aHbIKTayFa biknas eTeTiH reHOMAbIK KaHe
ANNOEMUNOSIOTUANBIK OepeKTepaiH UHTerpaumsiCblH KaMTamachI3 eTei.

- MeHapanbIk Tacingi KongaHy Mmornekynanbik 6Monorus MeH reHeTuka-
OaH 6acTtan KNUHUKanblK NOHAEP MEH aknapaTTblk TEXHONOrnanapra ge-
WiHri @pTypni cananapgarbl MamaHAapAablH, bIHTbIMaKTaCTbIFbIH KAMTUAbI.
Byn bIHTbIMaKTaCTbIK HOTWXKENEpAi TEPEHIPEK XKoHe KaH-KaKTbl Tangayra
blknan etegi, Oyn emaey cTpateruanapbiH OHTannaHablpyFa XXeHe megu-
UMHarnblK aceprepaid TMiMainiriH apTTelpyFa biknan eteai.

MornekynsaprnblK-reHeTuKanblK, 3epTxaHarnblk-acnanTblK 3epTTey agic-
TepiH OipikTipe oOTbIpbIN, YHMBepcuTeT 6asacbiHoa kendyHKUMoHangbl
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3epTxaHa Kypy >KeHe iCke KOCy CypaHbiCKa ue xaHe Gacekere KabineTTi
oonbin Tabbinagbl, cebeobi:

- ’KaHa guarHocTukanblK XeHe eMAik aficTepaiH AamMyblHa biknan eTe-
TiH reHeTuKanbIK Bapuauusanap MeH Morsiekynanblk »KacyLluanblk rnpouec-
Tepai 3epTTey apkbifibl MeauuMHagarbl MOrekynanblk MexaHusmaepgi
TYCIHYOi KEHenTy.

- UmmyHabIK AeHrevigeri 6aranayra xaHe ipreni 3epTTeyrepai npakTu-
KanblK geHcayrblK cakTayFa biknan eTeTiH KNUHUKanbIK-MMMYHOSOMUASbIK,
3epTxaHa Kypy.

- Mornekynanbslk Mapkepriepre HerisgenreH OHKOSOrusnblK aypynap-
OblH OMAarHOCTMKAChIH XakcapTy, OyJ1 OHKONOrMsiHbI epTE aHbIKTayFa XXaHe
TUiMOj TepanusiFa kKemekTece[i.

Herisri 6enim. Kasipri 3amaHfbl AeHcaynbIk cakTayaa MeauunHanbik
aknapaTTblH KON XeTiMAiniriHiH, apTybl XaHe YIKeH AepekTtepai Tangay
9AiCTepiHiH AaMybl XacaHdbl WHTENNeKT MYMKIHAIKTEPIH efayip Xak-
capTTbl. XKW HerigiHgeri KyaTTbl aHanUTUKanblK Kypangap KivHUKanblK
MaHbI3abl akKnapaTtTbl aHblKTayFa MYMKIHOIK OepeTiH yrKeH Kenemaeri
aepektepai eHaen anagbl. On kebiHece MeguvuMHanbIk xa3banap MeH
3epTTeyrnepAaid KanTanaHbanTbliH CaHbl apacbiHAa Xacbipbiiagel. byn e3
KeseriHge MeguuuHanblK KeMEKTiH canacblH XakKcapTyablH KinTi 6onbin
TabbinaTbIH KNMHUKAaIbIK LIeLwWwiMaepai HeFyprbiM HETi3OeNreH XaHe yak-
Thinbl Kabbingayra biknan eteqi [2]. KazakcTaHHbIH OHTYCTIiK eHipriepiHae
MeanunHarnblK KOMEKTIH canacblH XakcapTydbl faHa eMecC, COHbIMEH Ka-
Tap XeKeneHaipinreH emaey a4icTepiH a3ipreyre biknan eTeTiH Xofapbl
TEXHOMOIMMANBIK 3epTTeyfiep Xypridy YLWiH 3epTxaHanap Kypy aca MaHbl3-
Obl 6onbin Tabbinagbl. Aypynapabl €pTe aHbikTay YLiH 491 acnanThblk,
aicTepai KongaHy MHHOBaLUMSAMbIK TEXHOMNOMNANapMeH acaHabl UHTEN-
NeKTneH BipiKTipinreH reHoMabIK, MeguuMHagarbl NPOrpeccTiH, apkacbiHAa
MYMKiH 6onagbl [6-12].

Ocbinaviwa, reHomablk MeanLUmMHa MeH XacaHObl UHTENNEKTTiH, KNUHU-
KanblK ToXipnbere caTTi MHTErpaUUsChl EHCaYNbIK CakTayOblH XXaHa Kek-
XueriH awagpl. byn 6arblT aypynapabl AnarHocTukanaynpiH, 6akbinay-
OblH >X8He angblH anyablH TMiMAi 84iCTepiH a3ipreyre MyMKiHAK 6epeTiH
Kasipri 3aMaHfbl MeguLMHa FbiNbIMbIHOAFbI €H NepCnekTMBanbl barbITTap-
AblH Bipi 6onbin Tabbinagbl. byn TexHonorvanapael BipikTipy nauneHTTep-
OiH MeguumMHanbIK HOTVKENepiH XakcapTyFa faHa emMec, COHbIMEH KaTap
cay ynTTbl Kypyfa blKnan eTe OTbIpbin, KofamMAablK AeHCaymnblKTbl anTtap-
NbIKTau Xakcaptagbl.

CoHbIMEH KaTap OHTYCTIK anMaKTblH, TaOUFU-KITMMAaTTbIK epeKLuerikTe-
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piH eckepe OTbIpbIN, BMoanyaHTYpPAiNIKTi CakTayablH XXaHe TypakTbl nau-
JanaHygblH, FbINIbIMU-MHHOBaLMASbIK 84iCTEPIHIH KELLEHIH a3ipreyai 3epT-
Tey MYMKIHAIKTEPIH KapacTblpagbl. 1994 xbinbl K. A. Acayn aTbiHOafbl
XKTY aymarbiHga 88 rektapnblk botaHukanbik 6ak Kypbingbl, 01 3KOMNo-
TMANbIK XXYKTEMEHI a3alTyFa XoHe aMaKTaFbl 6CiMAIKTEPAiH kebetoi yLUiH
Xarganapl xxakcapTyFa OarbiTTanfaH MaHbi3gbl kagam 6onabl. bakwana
KasakcTaHHbIH, OHTYCTIriHIH KaTan KnumaTTbIK XafgannapbiHa 6enimaen-
reH aNeMHiH TYKMip-TyKnipiHeH TybicTac 59 Ton, 28 oT6ackl xaHe 127 Typ
araw, byTa, CaHAIK, XXEeMiC-KNOEK XXaHe ryn eciMaikTepi yCbiHbIFaH. byn
O1OoBpTYPINIKTI cCakTayFa biknan eTeni xxaHe 60TaHnka MeH 3KOMNOrusiHbI
3epTTeyre Giperen MymkiHAiKTep Gepeai. YHMBEpPCUTETTIH 3epTTey ToObl
ecimaikTepaiH M13nMoNornsacbiH, BUOXNMUSICHIH, (DUTONATONOMMSICHIH XXaHe
MUHeparngbl KOPEeKTeHyiH 3epTTeyaiH aaicteMenik 6asacbiH Kypy YLUiH
6encengi >xymbic ictengi. Ocbl 3epTTeynepniH HaTUXKenepi arpoeHepKa-
cinTik )xobanapga 3 KonAaaHbICbiH TaybliM, anbiHFaH GipkaTap nateHTTep
MEH FbIfibIMW XapusanaHbiMOapMeH pacTanfFaH XaHa TexHonornanapabiH,
AamybiHa biknan eTTi [13-15]. ¥ATTbIK FbINbIMU KEHECTIH, OCbl a3ipreme-
rnepai makyngaybl MeH YCblHYbl OnapAblH, XeprinikTi arpaprblk ynsiMaap-
OblH, MpakTMKacblHa UHTerpaumsnadybiHa biknan eteqi. JereHmeH, Aparn-
Cblpgoapuvs eHipiHiH Cy pecypcTapblHblH, CapKblybl, KOpLIaFaH OpTaHbIH
nacTtaHybl, aTMocepa canacbiHbIH Hallapaybl XXeHe CopTaHabl XXeprep-
OiH TO3Ybl CUSIKTbI ©3EKTi 9KOMOIrUANbIK ChlH-KaTepsiepi ogaH api FblfbiMn
3epTTeynepai KaxeTt eTeni. Taburm pecypcTtapdbl TypakTbl nanganaHy
XOHe KarnnblHa KenTipy YLWiH fblNbIMU-MHHOBAUVANBIK a4icTepai asiprey
YKOHE EHri3y KaXeT, OHbl 60TaHMKanbIK 6aKk NeH yHMBEepCUTETTIH Buonorns
kadbeapacbkl 6a3acbiHaa 3epTTeY KbI3METIH KYLLENTY apKbiribl )Ky3€ere acbl-
pyfa 6onagbl.

byn 6argapnama eHipaeri aKonorvanblK axyanabl XakcapTyfa Xep-
AgemMgecin kaHa KorMManabl, COHbIMEH KaTap TypFbiHOAp apacbiHA4a 3KOS10-
rMAnbIK caHa MeH BiniM AeHreriH apTTbipa OTbIPbIM, Xachklf TEXHONOMMS-
napgpl fambiTyfa biknan eteqi. bisain, »kobambi3ablH 63€eKTiniri MeH fbisibl-
MU XaHanblFbl KazakctaH TapuxbiHga Apan-Ceipgapust OHipiHiH asbIk-Ty-
K, XXeMLUen aHe XanblNbIMAbIK 6CIMAIKTEPIHIH, COHAan-aK KapaHTUHAIK
XoHe apamwien-pyaepangblk eciMAIKTEPiHIH reHAik KOPbIHbIH, anfallkbl
OHIpNiK KagacTpnapblH a3ipreyae xatbip. MyHaan kagactpnapabl Kypy
OCbl 6CIMAIKTEPAIH peCypCThIK areyeTiH baranayra MyMkiHAiKk 6epegi xaHe
ariMakTarbl G1MOSpPTYPNINiK NEH 3KOMOrMANbIK TENE-TEHAIKTI cakTayFa bIK-
nan eTeTiH onapAblH reHaik KopbiH TypakTbl 6backapyFa Heris 6onagbl.

CoHbIMeH kaTap, oba 3epTTeneTiH ariMakka ToH KaTasn KbICbl MeH
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KYPFaKLWbINbIFbl 6ap KypFak KnumaT >kafgavibiHga mMan LapyallbinblfbiH
TypakTbl AambiTyFa barbiTTanfaH. Cananbl epecken KemLenTiH, TanLwbl-
NblfbIH 3KOHOMMKarbIK TypfblgaH TUIMAI eTeyre MyMKIHAIK 6epeTiH Be-
retTaTuBTi pexumMmae ecipinreH KambIiC CUMAKTbl Banama ecimaik TyprepiH
naviganaHy ycbiHbinagel [16]. XKeprinikTi >xem-uen pecypcrapblHa Heris-
OenreH TEXHONOrNsAHbIH JaMybl, aTan anTkaHaa, Te3 faMbln Kerne XaTkaH
XoHe >xofapbl BroMaccackl 6ap KaMbICTbl NanganaHy CbipTKbl Kesgepre
asbIKTbIK TOYenainikTiH, TemeHaeyiHe biknan eteai [17-20]. bynan 6acka,
3epTTeSNIeTiH anMak OpMaH peCypCTapbIHbIH, LEKTEY i 60MnybIHA XXaHe Cek-
ceyingi kecyre TbibIM canyfa 6ainaHbICTbl KOIDKETIMAi XKeHe XoFaphbl Ka-
nopusAnbl OTbIHHBIH, XXeTicneyLwiniri npobrnemaceiHa Tan 6onagel. LWewim
ecimMaik KanablkTapbiH bpykeTTey 60Mnybl MyMKiH, 6yn onapAbl KaTTbl OTbIH
Kesi peTiHAe nanganaHyfa MyMKiHAIK 6epeni. BpukeTTey OTbIHHBIH Tackl-
MargaHyblH XoHe cakTarnyblH XakcapTagbl, YViHAI ThiFbI3ObIFbIH apTThIpy
XOHe bInFanAbiNbIKThl a3anTy apKbifibl OHbIH, KanopusanbslK KyHObIMbIFbIH
apTTblpadbl, 6yn OHbI NanganaHyabl TMiMAipek xoHe yHemai etegi [16-18,
20-21].

Bargapnama xofapbl OinikTi MamaHgapabl gaspnayfa biknan eTeTiH
03blK XabablkTapbl 6ap opTanblKTaHAbIPbITIFAH FbINbIMU-3EPTTEY OpTa-
NbIFbIH KypyFa GarbiTTanfaH. MakcaTbl-kaHa Typriepai ecipyai »xaHe arpo
LUMKI3aTTaH MHHOBaUUASbIK 6HIMAEPAi KYpYyAbl KAMTUTbLIH KYpFak >argamn-
napra GenimaenreH eHepKacCinTiK MaHbI3[Abl arpOeHEPKaCINTIK AaKblnaap-
Obl 6cipy TexHonorvanapblH a3ipriey. bargapnamaHbiH, MaHbI3gpl Geniri
OoTaHukanblk GakTapabl 6akpinayabl Koca anfaHga, aybil Lapyallbl-
NbIFbIHOA Menuopauus xaHe Tayekengepai 6ackapy canacbiHaa TuiMai
Wwewim kabbingayra biknan eTeTiH anroputMaepai a3iprey ywiH Big Data
xoHe XKW konagaHy 6onbin Tabbinagpl. byn TexHonornsanap arpapribik To-
Xipubernepain, ganairi MeH TMiMAINIriH apTThIpy YLUIH reTeporenai gepek-
TepaiH YIKEH KereMiH eHaeyre xxaHe Tangayfa kemekrteceai.

A3bIK-TYMiKKe Xapamzbl, MeguLMHaIbIK, XXeMLLemN XoHe XanblrbIMAbIK,
eciMaikTepaiH, cCoHaan-ak KapaHTUHAIK XXeHe apaMLuen-pyaepanablk Typ-
nepaiH reHaik KOpbIHbIH, eHipAiK KaTanorbiH a3ipreyre epekwe Hasap ay-
Aapbinagel, 6yn apbip Typ4iH NacnopTTanyblH XoHe KelleHai cunaTtrama-
CblH KaMTamachbI3 eTei. byn katanorrap aMakTbiH GMOpecypcTapbIH Ty-
pakTbl backapyFra Heri3 6onagbl XKeHe arpapriblk XXeprepai nanganaHyabl
OHTavnaHgplpyFa MymkiHaik 6epeai. CoHbIMeH KaTap, 6argapnama aybin
LapyaLlbInblFbl canacblHbIH TYPaKTbIMbIiFbl MEH S3KOHOMWKanbIK TUiMAini-
riH apTTbIpyFa biKnan eTeTiH arpoeHepKaCinTIK KangbIkTap HerisiHge aHa
3Heprust TMiMai maTepuan asipreyai kamtugpl. byn 6arbiT KangplkTapabl
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YKOKOFa >X8HEe arpoeHepKaCINTIK KELLEHHIH 3KOMNoruanblk, isiH azantyra b6an-
NaHbICTbl SKONOrMANbIK Macerenepai WweLly yiiH MaHbI3abl.

KobGaHbIH, FbINbIMX XaHanbiFbl HEri3ri MoneKynanblk — reHeTuKanblK
MapKkepriepdi aHbIkTay YLiH orapAbiH, GMOXMMUANbIK >XaHe hn3MOoNorns-
NblK XardanbliH FbINbIMA Tangaydbl KAMTUTbIH bICTbIKKA JXaHe KypFaKLLbl-
NblKkKa Te3iMAi eciMAikTep YLUIH XaHa TexHonornanapabl Kypy »eHe Cbl-
Hay 6onbin Tabbinagel. byn 3epTTeynep natoreHaik >KyKTeMeHi azanTaTbiH
XoHe aybliapyallbisiblK aKkblngapblHbIH, OHIMAININH apTTelpaTblH TeX-
Honorvsanapabl JambiTyFa MyMKiHAIK 6epeai. bargapnama coHbiMeH Ka-
Tap apa KOJNOHWSNapbIHbIH XXanmbl JeHCayNbIfbIH >XaKcapTyFa >kaHe 6uo-
pecypctapabl 6ackapyapblH kaHa TacingepiH asipneyre barbiTTansaH, oyn
anMakTaFbl arpOHOMUSIHbIH, BMOTEXHOMOMMSIHBIH, >aHe | T-MHXEeHEPUSIHbIH,
TypakTbl AaMyblHa MaHbI3abl yrec Kkocagbl. MyHaan feinbiMn-6inim 6epy
opTanbIfblH KYPY XePrifiKTi )XaHe YNTTbIK AeHrenge aKONornsasbIk, 3KOHO-
MUKanbIK KeHe areyMeTTiK cunaTTarbl Heridri npobrnemanapbl Liellyre
KabineTTi FbINbIMX MEKTENTI KanbIiNnTacTblpyFa MyMKIHAIK 6epeai.

Conpan-ak, 6bargapnama ascbiHaa TaburaTThl KOpFay xaHe TaburatThbl
nanganaHy canacblHOarbl 6apribIk KyL-XirepAiH Heridi 6onbin TabblnaTtbiH
KOpLuaraH opTaFa y34iKCi3 MOHUTOPUWHI XYpPridy »ocnapnaHyga. byn mo-
HUTOPWHI KOFaMHbIH, TYpaKTbl AaMyblH KaMTamMachl3 eTy YLiH KaxeT. byn
Heri3ri 9pekeT agamHbIH xaHe 6acka opraHM3MAEpPAiH eMip Cypy KEeHICTi-
TiHiH 9KONMOrMANbIK XXaraannapblH OObLEKTUBTI BaFanayra, CoHAaln-aK 3Ko-
XyrenepaiH, an-kymiHe XeHe onapablH (PyHKUMOHangblK TyTacTblFbIHA
Tangay xacayra MyMKiHAik 6epegai [22-23]. OnemHiH JambiFaH engepiHae
SKONOTUANBIK MOHUTOPWHITI YMbIMAACTbIPY LUeHOepiHae eHIpnik ayKbiMFa
epekwe Hasap aygapbinagbl [24-25]. 80-xbingapabiH 6ackiHaH 6actan
MEeMIIEKeTTiH 9KOHOMUKanbIK, SIieyMeTTIK XoHe cascu gamybiH 6ackapy-
OblH, TabbICTbl casicaTbl OHbIH HAKTbl alMaKTapbIHbIH €pPeKLIEeniKTepi MeH
KaXEeTTINIKTepiH eckepyai Tanan eTeTiHi 6enrini 6onapl [26]. KasakcTtaH-
HbIH OHTYCTIK eHipriepi 6ip mMesringe aKOMOrusnbIK TYPFblAaH HEFYPIibIM
ocan 6onbin TabbinatbiH Giperen Typrik XeHe BGMONMOrnAnbIK apTYpPANini-
riMeH epekweneHedi [27]. Byn, eH angbiveH, Giperen Guonormanbik KO-
Xynenep MeH driopa MeH dayHaHblH CUPEK Ke3feceTiH, Xovbinbin 6apa
XKaTKaH XaHe aHAeMuKanblK TypIepiHiH kenTiri kayin TeHin TypraH OpTa-
nbiK A3nsiHbiH ipi ©3eHaepi - Coipgapusa MeH Ine e3eHOepiHiH, aFbiHbIHbIH
asalobl XXaHe nacTaHybl asgcblHAA aHTPOMNOreHaik pakTopsiap MeH KnMmaT-
ThbIH 63repyiHe 6avinaHbICTbl [28-29].

bargapnama afrbiMaarbl Xardanabl Tangayfa, biKTuMan Tayekengep
MeH KayinTepai, coHpan-ak KasakcTaHHbIH OHTYCTiK 06MbICTapbIHbIH, HETi3-
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ri AKOXYMernepiHe acep eTeTiH Tepic ypAicTepai aHblKTayFa XeHe XikTeyre
GarbiTTanFaH. byn Gargapnama apTypni agicTepai KongaHyabl Kesaenai:
Y30iKCi3 aHe Aan b6akbiayabl KamTamachi3 eTy YLUiH gananblk 3epTTey-
nep, 3epTxaHanblK Tangaynap, KoplafaH OpTaHblH MUKPOBMONOrsnbIK,
MOHUTOPWVHII XoHe KallbIKTbikTaH 30HATay. COHbIMEH KaTap, *oba e3eH
CcynapblHbIH, TEMEHOYi MEH KMMMAaTTbIH, ©3repyi XarganbiHaa man Lwapya-
WbINbIFbl, MPPUraLMANbIK EriHLWIMIK XeHe pekpeauus CUSKTbl cananapga
XKeprinikTi XanbIKTblH Tabufn pecypctapAbl 9KONOrmsAnbIK TypakTbl nanga-
NaHybIHbIH, CTpaTernanapbiH agipreyai kamTnapl.

AfampapablH KenTereH apekeTTepi Ty3abl Kerngepre Kayin TeHgipeni
Hemece onapfa Tepic acep eTTi. MaHbI3abl dhakToprap Xep YCTi afblHbl,
Tay-KeH eHfipiCi, NnactaHy, aK30TUKarnbIK TYpPrepai eHridy >kaHe knumat-
TbiH e3repyi 6onbin Tabbinagbl, 6yn 6MOBpPTYPMINIKTIH, KOFanybliHA XoHe
nuMHornornaaarbl yrkeH esrepictepre akenegi [30]. Apan TeHisiHiH Aaraa-
pbICbI-OyN anmakTarbl 3KONMOrMANbIK NpobrnemanapablH, ankbiH Mbicarbl,
ayblp 3apgantapra akenegi [31]. Apan TeHi3iHiH cynapbl XUMUAbIK ©3-
repictepre ywbipaapl: Ca xsHe SO, noHOAPbIHLIH CanbICTbIpMarb! yrieci
TemeHaeni, an Cl ecTi [32]. MeTeoponorsnbik AepekTep COHbIMEH KaTap
OpTtanblk A3usggarbl XbINgblK XKeHe KbICKbl TemnepaTypaHblH, >KOFapbl-
nayblH kepceTepi, Oyn aKoXynenepre, Aakbingapra »XoHe AeHcayrblKKka
Tepic acep eTyi MymkiH [33]. CoHbIMeH KaTap, aviMakTaFbl TOMbIpaK MeH
CyOblH nacTaHybl Aa npobrnema 6onbin Tabbinagbl.

AybI3 cyablH MUKPOOBUONOrUSAmnbIK MOHUTOPWUHII HOPMAaTUBTIK KyXKaT-
Tapfa cevikec >xy3ere acblipbinagpl [34-37]. Mukpobronornsnblk kepceT-
KiLuTep GovbiHLLA cyablH canacbkiH 6aranay agamra XeHe OHbIH, KbI3METiHE
GannaHbICTbl MUKPOOPraHU3MAEPAIH YNECIH aHblkTayabl kaMmTuabl. Muk-
pobTapAblH Heri3ri kepceTKilTepPiHE MUKPOOPraHN3MAEPAiH XKanmbl CaHbl,
Xannbsl KonudopmMaap, TEPMOTONEPAHTTbI Konudopmaap, KyKipTpeay-
LMprieyLUi KnocTpuaus cnopanapsbl XXaHe konudartap xatagpl.

BrocdepaHbiH, gapinik 3atTapmeH (03) nactaHybIHbIH, HETi3ri Ke3i Typ-
MbICTbIK, >X8He HAIPICTIK arblHabl cynap 6onbin Tabbinagbl. 3epTTeynep
KepceTKkeHaen, MyHuumnangbl arbiHabl cynapga O3 keH cnekTpi 6ap [38-
48]. JlacTtaHfaH capkblHObl cyrap npobrnemMackl KasakcTaH yLliH MaHbl3-
Obl, 8NTKEHI aypyxaHanap MeH TypfblH ayaaHdapAarbl afblHAbl cynap
aAeTTeri TasapTydaH KeniH Aapinik 3aTTapdbl anbin TactaMman KopluaraH
opTara kauTtapbinagel. COVID-19 naHaemuschl kesiHae 13, COHbIH, iLLiH-
Oe aHTUBMOTUKTepai TYTbIHYAbIH apTybl Cy pecypcrapbiHaarbl [3 xaHe
onapAblH, METABONNTTEPIHIH KOHLEHTPALMSICBIHBIH, >KOFapbifiayblHa 9Kenyi
MYMKiH. KongaHbicTarbl Ta3apTy KOHAbIPFbINapbl 9pAarbiM TypakThl nac-
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TayLbl 3aTTapabl, COHbIH, iWwiHae [03-Hbl keTipe anmangbl. byn 3eptreyain
XaHanblFbl TypKicTaH OOMbICbIHbIH, TabWFX >XaHe afblHAblI CynapblHOAFbI
03 kypamblH Tangay 6onbin Tabbinagpl. Koba KasakctaHga nactaHfaH
cynapdbl 9KOXyuere KamTapy MakcaTblHOa orapAbl TasapTy aAaicTepiH
asiprneyre GarbiTTanFaH. byn cygblH, canacbiH Garanay >xaHe KopLuaraH
OpTaHbl CakTay YLiH eTe MaHbi3gbl. CoHpar-ak, membpaHanapabl Kon-
OaHa oTblpbin, cyaarbl [13 TasapTydbiH »kaHa aaicTepiH benimaey xaHe
CyAbl TazapTy CTaHUMANAPbIHbIH, XXYMbICbIH XakcapTy YLWiH HaTwxenepai
TYCIHAIPY MaHbI3abl.

3epTTeyaiH KocbiMLLA NepcnekTBarbl 6arbITbl — TOMEH COPTTbI KEMIp
Heri3iHAeri KOMMNOCT eHAiPICIHIH MHHOBALUMSANbIK TEXHOMOMNACKLIH 83iprey
[49-51]. Byn KOMMOCT aMMuak LUblFapbiHAbINAPbIH a3anTy XaHe ecCiMAiK-
Tepre a3oTTblH, KOIMKETIMAINIrIH apTThipy apKbinbl TYPaKTbl XaHe YHeMai
Gonyra ceHim 6epegi. Ipi kapa ManablH KeHi MEH TOMEH CypbINTbl KOMipAi
Gipre KommnocTTay TOMbIPaKTbIH, AEHCAyIbIFbIH KamnmnbliHA KENTipyre >kaHe
OakbingapablH ©cyiH biIHTanangplpyra kemekrecedi. CoHbIMEH KaTap, To-
NbIPaKTblH, OHIMAINIM MEH KyHapribinbifblH apTThipy MakcaTbiHAA KOHbIP
KeMIp, ayblH KypTTapbl MEH MUKPOOPraHU3MAEPAiH XacyLuanapblH Kam-
TUTbIH NMOMMKOMIMOHEHTTI ThIHANTKBILLTLI 93iprey xocnapnaHyaa.

CoHbIMeH KaTap, 3epTTey Ty34bl TONbIPAKThbl KamnmnblHA KENTIpyre KyLTi
CUHEepreTuKanblK 8Cep eTeTiH TOMEH CypbIMTbl KEMIp MeH BGaKTepuUsnbIK,
n3ongaTTapra HerisgerreH xxaHa cant — crneumdurkanbslk Tonblpak Kocrnana-
pbIH a3ipreyai ke3genai [52-53]. byn kocnanap acipece anMakTbiH Ty3bl
Gap >xaHe KyHapcCbl3 TOMnbipakTapbliHAA ecipinreH gakbingap YLiH navga-
nbl 6onagbl. CoHaan-ak, Kemip Kyni MeH ryMyWHAi 3aTTap HerisiHAe WHHO-
BaLMANbIK OMOTEXHONOIMANbIK ThIHAWTKbILUTapAbl 6HAIPY NPOLECiH a3ip-
rney xaHe Garanay >kocnapnaHyaa. byn ThIHANTKbIW epeKkwle Tuimainik-
NeH TOoMbIpaKTblH arpOXMMUANLIK cunaTTamManapblHa bIKTUMan acepiMeH
cunatTanagbl [54-55]. Kemip Kyni MeH rymunHAi 3aTTtapgbl accouuaTtuBTi
ecyi bIHTanaHablpaTblH bakTepusinapablH, WTaMmaapbiMeH Bipre kongaHy
TOMbIPaKTbIH, KYHAPbISbIFbIH XKaKkcapTyFa KeMeKkTecei.

MWKpOBTbIK MHOKYNSIHTTap, COHOAN-aK MUKPOOTLIK areHTTep Hemece
MUKPOOTBIK ThIHAWTKbILITAP ©CIMAIKTEPAiH ecyiHe aHe TypaKkTbl 3KOMo-
TMANbIK OpTaHbl KypyFa apHarnfaH NepcnekTyBTiI weLlim 6onbin Tabbina-
abl. byn cana kapkbliHObl ecyge oaHe 2026 KbinFa Kapawn OHbIH Kernemi
12 munnuapg ponnapra xetegi gen kytinyge [56-59]. [lereHMeH, ocbiFaH
KapamacTtaH, KopLuaraH opTa dpaktoprapbl XeHe MUKPOOTbIK MHOKYIAHT-
Tap canacblHAafbl FbINIbIMU TYCIHIK MEeH TEeXHOMOMNANbIK XKeTICTIKTepaiH
bornmaybl cuaKTbl Macernenep ani ge 6ap. TonblpakTaFbl CUHTETUKAbIK
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MUKPOOTBIK MHOKYNSAHTTAPAbIH, CUHEPreTUKarnbIK acep eTy MexaHusMae-
PiH TYCiHY 9KONOrUAnbIK e3repicTephiH YrrinepiH xacay aHe Tuimaipek
HaTWXerepre KO XeTkidy YLWiH KaxeT. byn 3epTreynep asbIk-Tynik Kayin-
ci3airi MeH aybin LapyallbisibIFbIHbIH TYPaKThl JaMyblH KaMTaMachl3 eTy
apKbIrbl Xacblnl BUOTbIHAWTKBLILLTAP canacbiHOafbl eprieyre biknan etegi.
Byn canagarbl 3epTTeynepAin, e3ekTiniri Tek 6enrini 6ip Macenenepai we-
Wyae faHa emMec, CoHbiMeH Katap Apan-Cbeipgapvsi aiMarbliHbIH, MHTEr-
pauusnaHFaH XaHe TypaKkTbl WHHOBaLMAMNbIK OaMyblH KaMTamachl3 eTe
OTbIpbIN, BronornanbIk pecypcrapabl 6ackapyablH FbiNbIMU-MPaKTUKanbIK,
aicTepiH asipreyae.

KopbiTbiHAbl. KasakctaH Pecnybnukacel Apan-Ceipgapus eHipiHiH
AeHcaynblk cakTay, BMOTEeXHONMOMMS >XeHe 3KOMOrMANbIK TYPaKTbIMbIKTbI
AaMbITy XXeHiHAeri ipi )kobanapabl icke acblpy LieHbepiHAe UHHOBaLMS-
NbIK TEXHOMNOrNsANapabl eHridy, eHip4iH OPHbLIKTbI AaMyblH KaMTamachl3
eTyre KabinetTi 3amaHayu MHppaKypbIbIMAbLl Kypy CUSIKTbl MiHOETTepAi
opblHAayFra b6arbiTTanfaH XkeHe eMip Cypy canacblH e4ayip »akcapTy anfa
Konbinybl Tvic. bargapnama megnumHa, GUOTEXHONOIMMS, KOpLLAFaH opTa
Typanbl fbIIbIM canacblHAaFbl COHFbI XETICTIKTEepAi auMakTbIH, 3aMmaHaym
CbIH-TEreypiHaepi MeH KaxeTTinikrepiHe 6apabap xayan 6epe anaTtbiH
TUIMAI XoHe dYHKUMOoHanNabl AeHcay bk cakTay XYWeCiH KanbintacTblpy
yLWiH BipikTipyai kapacTtelpagbl. bargapnamanapgpbl 3epTTey MeH a3iprey-
re naHaparblk ke3kapacneH GafbiTTanfaH GipHelle FbifbIMU-TEXHONOMNS-
NblK WeLimaep Kypy e3 KeseriHae XarnblKTbiH AeHcayrbifbl MeH on-ayka-
TblH CakTayfa biknan eTin KaHa KoMMaW, COHbIMEH KaTap 3KOMOMUSnbIK,
Xardanra oH acep eteai. byn apTypni fbiNbIMU NeHAEPAI NPaKTUKarnbIK,
acnekTinepai Gipiktipyre gereH ymTtbinbic KasakCTaHHbIH angblHfbl 6Hi-
piHAe TypFaH Ken Kbipribl Macernenepai TEPeHipek TYCiHyre XoHe Leluyre
bIKNan eTeTiH TypaKTbl XXaHe e3apa bGannaHbICTbl 3e€PTTEY XKENICIH KypyFa
AereH yMTbINbICNEH HblFanTbinagbl.

3epTTeynepai KapXKbiNnaHObIpy Ke3i.

Kymbic «<BR24992814 OHtycTik Ka3akcTaH eHipiH TypakTbl AaMbITy YLUiH WH-
HOBaLMANbIK TEXHONOrMAnapabl a3ipriey oHe 3amaHayu MHppaKypbiibiM Kypy»
FbINbIMK 3epTTeY X0obacbiHbIH asicbiHaa KP FXXBEM-HbIH KongaybiMeH opbiHAANab!.
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BIOLOGICAL PROPERTIES AND MULTIFUNCTIONAL
APPLICATIONS OF BENZYLPIPERIDINE DERIVATIVES (REVIEW)

Abstract. The exploration of new biologically active molecules plays a significant
role in modern pharmaceutical science. N-benzylpiperidin-4-one derivatives have
attracted attention for their multifunctional biological properties, making them
valuable candidates for the development of new chemical agents. Investigating
their potential applications contributes to advancements in pharmacology and
medicinal chemistry. The purpose of this review: The purpose of this review is to
summarize available scientific data on the biological properties and pharmacological
potential of N-benzylpiperidin-4-one derivatives. Research Object: Derivatives of
N-benzylpiperidin-4-one. Research results: N-benzylpiperidin-4-one derivatives
demonstrate a broad range of biological activities, including enzyme inhibition,
antioxidant effects, and neuroprotective properties. These multifunctional features
suggest their potential use in the development of new pharmacological agents
to address various therapeutic challenges. Conclusion: N-benzylpiperidin-4-one
serves as a versatile framework for creating novel biologically active compounds.
Its muiltifunctional profile offers numerous possibilities for further scientific
exploration, contributing to advancements in both pharmacology and medicine.
Keywords: N-benzylpiperidin-4-one derivatives, biological properties, enzyme
inhibition, antioxidant effects, neuroprotection, pharmacological agents,
acetylcholinesterase, butyrylcholinesterase, monoamine oxidase.

Introduction. N-Benzylpiperidone-4 derivatives are known in
medicine as drugs for the treatment of Alzheimer's disease, among
others. The therapeutic effect is associated with the inhibition of enzymes
- acetylcholinesterase, butyrylcholinesterase, monoamine oxidase and
xanthine oxidase, reducing the formation of beta-amyloid aggregates,
providing antagonistic effects on sigma-1 (o,) receptors, as well as
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protecting neurons from oxidative stress and neutralizing free radicals. Due
to these biological properties, these compounds have a complex effect on
cognitive dysfunctions, which allows not only to symptomatically improve
the condition of patients, but also to have a full-fledged therapeutic effect
on pathological disorders [1].

We would like to show the latest achievements in the chemistry of
N-benzylpiperidone-4 derivatives as sought-after therapeutic agents with
efficacy. from neuroprotection to antibacterial effects.

Despite significant advances in modern science, effective methods of
preventing or treating Alzheimer’s disease (AD), which affects 46.8 million
people worldwide, have not yet been developed. Asthma is the most
common cause of dementia and one of the most expensive pathologies to
treat. According to 2020 data, the global cost of treating the disease has
reached 196 billion US dollars [2]. In this regard, the search for effective
and affordable pharmacological drugs remains one of the most important
tasks of modern medicine [3, 4].

The exact causes of AD have not yet been established, but it is
assumed that the disease may be caused by pathophysiological disorders,
including death of cholinergic neurons, decreased acetylcholine levels,
formation of amyloid plaques and neurofibrillary tangles [5]. Among
these factors, the most studied is the death of cholinergic neurons, which
leads to a decrease in acetylcholine (ACh) levels. Acetylcholine is a
neurotransmitter responsible for the transmission of signals between the
neurons of the brain, as well as for the processes of memory, learning and
behavioral reactions. Modern therapy is aimed at increasing cholinergic
neurotransmission in the brain by inhibiting acetylcholinesterase (AChE),
an enzyme that breaks down ACh to choline and acetic acid, which stops
the transmission of nerve impulses (Figure 1).

Donepezyl Acetylcholinesterase

/ / (ACIE)

Dendrite

e L @
. Figure 1 -
2 Pharmacological

mechanism of
donepezil in synaptic
transmission

Acetylcholine (ACh)
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Currently, AChE inhibitors such as donepezil, rivastigmine, and
galantamine are widely used to treat asthma. However, their therapeutic
effect is limited: they can only temporarily alleviate the symptoms of
the disease. Therefore, the study of new powerful AChE inhibitors is
an extremely important task. In addition, the pathogenesis of asthma
is associated with the accumulation of extracellular B-amyloid (AR) and
hyperphosphorylated T1-protein, which form neurofibrillary tangles inside
brain cells. Under normal conditions, -amyloid peptides are synthesized
in the body and participate in cellular metabolism, exhibiting antioxidant
properties.However, their excessive formation may contribute to the
development of Alzheimer’s disease [6, 7].

—0
\ O
(0] N /\@
Donepezil

Since the BA excitation quays are ambiguous, the synthesis of
bioactive substances with various targets remains an urgent task. The
study tested in vitro derivatives of N-(1-benzylpiperidine-4-yl)methyl-4-
methoxybenzenesulfonamide (1) and N-(1-benzylpiperidine-4-yl)methyl-
[1,1’-biphenyl]-4-sulfonamide (2).

QN
\\0 1 AChE ingib. IC5o= 6.2 pM;
ABI—42 ingib. =64.2%
R 1,2 2 AChE ingib. ICsy= 1.6 pM;
1R=0Me 2 R=Ph AB;_y, ingib. = 60.7 %

The results of in vitro analysis of benzylpiperidine-aryl sulfonamide
derivatives (1 and 2) demonstrated their ability to inhibit AChE and the
formation of B-amyloid aggregates. Compound (2) showed an inhibitory
effect against AChE (IC,=1.6 uM) and a decrease in AR levels by
60,7 % [8]. Derivatives of N-benzylpiperidine-4-carboxaldehyde (3,4)
showed double efficacy compared with donepezil against BACE1 and AChE,
reducing IC,, values to 0.043 and 0.058 uM, respectively. Replacement of
the methyl bridge connecting the benzyl piperidine fragment with the radical
by an ester residue resulted in complete inhibition of AChE.
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A molecule based on ferulic acid and donepezil (5), which has a
strong antioxidant effect and protects neurons from oxidative stress,
demonstrated pronounced inhibition of AChE (IC,=0.46 uM) [9, 10].
Ferulic acid, introduced into the composition as a natural antioxidant to
reduce oxidative stress, enhances the therapeutic properties of donepezil,
protecting neurons from damage by free radicals. The antioxidant effect
of the synthesized derivatives was evaluated by the ORAC-FL method
(the ability to absorb oxygen radicals using fluorescein). Compound (7)
showed an ORAC value of 8.71, which significantly exceeds the values
of ferulic acid (3.74) and melatonin (2.45), confirming its high ability to
neutralize free radicals.

Cholinesterase  activity  (acetylcholinesterase = (AChE) and
butyrylcholinesterase (BuChE)) was measured using a colorimetric
reaction based on the cleavage of an artificial substrate in the presence
of an enzyme.

(o] OCH;

o N
N
H
<j\/N ; BuChE ingib. IC5¢=10.39 nM;

ORAC=8.71 pmol trolox/pmol

Although compound (7) showed no activity in inhibiting AChE, it
demonstrated potent inhibition of Ache with an IC,; of 10.39 nM, which
is 198 times more active than donepezil (IC,,=2057 nM). In addition,
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compound (7) showed high selectivity for inhibition of the BuChE enzyme
[11].

Oxidative stress caused by free radicals, combined with exposure to
other pathophysiological factors, can worsen the course of Alzheimer’'s
disease. In this regard, the development of multifunctional molecules
capable of reducing brain damage by free radicals remains an
urgent task. As part of the search for such compounds, a derivative
of 1-(1-benzylpiperidine-4-yl)ethane-1-one (8) was synthesized, the
antioxidant properties of which were preliminarily evaluated by the ORAC
method. Compound (8) demonstrated pronounced antioxidant properties
(>30%) compared to ascorbic acid, resveratrol, and Trolox [10].

Several derivatives of N-benzylpiperidine-4-one (9-12) showed
moderate and good inhibitory properties against hAChE and hBChE
enzymes, surpassing the effectiveness of donepezil [12].

F
N-N -
( ) oY H N-N H
FsC o’ N‘<___\/N (> N‘<:/\N
| i b F O)\/ b
9 10

hAChE ICs, = 0.055 pm hAChE ICs, = 0,086 um
hBChE IC5y = 0.186 pm hBChE IC53=0,143 pm
N-N H N-N H
QC—@—-{O»\/N N‘z gco—@—-&O»\/N‘CN_E
11 12
hAChE ICsy = 0.144 pm hACHE ICs5 = 0,119 pm
hBChE ICs4 = 0.220 pm hBChE ICso = 1,94 pm

New compounds based on the structure of N-benzyl piperidine-4-
one were synthesized with the addition of phenothiazine fragments
known for their antioxidant properties, and their inhibitory abilities against
AChE and BChE were studied. Compound N-(2-(4-(2- fluorobenzyl)
piperazine-1-yl)ethyl)-10H-phenothiazine-2-carboxamide (13) showed an
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IC,,=0.599 uM for AChE, which is comparable to the action of standard
inhibitors. Activity against BuChE (IC,,=0.5-1.5 puM) has also been
confirmed, which highlights the importance of butyrylcholinesterase
inhibition in the late stages of Alzheimer’s disease.

The antioxidant effects of other compounds (for example, 13 and 14)
were evaluated by the DPPH method and ranged from IC,=0.6 to 55.3 uM,
significantly exceeding quercetin. This demonstrates the ability of these
derivatives to neutralize free radicals and protect cells from oxidative
stress. The DPPH test is based on the ability of compounds to restore the
stable radical 2,2-diphenyl-1-picrylhydrazyl.

cecpielolsscaucle

ACHE ingib. ICsp= 1.75 uM; ACHE ingib. IC55= 0.599 pM;

BuChE ingib. IC5y= 1.20 pM; BuChE ingib. IC5y= 4.33 pM;

FAAH ingib. IC5p= 5.06 pM FAAH ingib. IC55= 9.65 pM
OCH3

@ E/H:N/\ \/@

FAAH mglb IC5p= 0.019 pM

One of the key results of the study was to determine whether the
derivatives effectively inhibit B-amyloid aggregation, which is the main
mechanism of Alzheimer’s disease pathogenesis. Compounds (13) and
(14) inhibited beta-amyloid aggregation at concentrations of 10 uM at
the level of 43-60 %, indicating their potential to slow or prevent disease
progression. These compounds also showed no toxicity at concentrations
up to 100 uM, which confirms their safety for use in the treatment of
Alzheimer's disease. Compound 10-acetyl-N-(2-(4-(2- chlorobenzyl)
piperazine-1-yl)ethyl)-10H-phenothiazine-2-carboxamide (15) showed
high results in antioxidant tests on human neuron cells and liver.

Benzylpiperidine-4-one derivatives can be classified as multifunctional
drugs due to their ability to inhibit key enzymes such as AChE, BChE, and
FAAH, as well as exhibit antioxidant properties and inhibit the formation
of B-amyloid [13].

1-Benzyl-N-(1-methyl-3-0xo0-2-phenyl-2,3-dihydro-1H-pyrazole-4-yl)
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piperidine-4-carbo-xamide (16) (IC,=5.94 uM) and 1-benzyl-N-(5,6-
dimethoxy-8H-indeno (1,2-d]thiazole-2-yl) piperidine-4-carboxamide (17)
(IC,,=0.41 uM) demonstrate high selectivity for AChE, thereby reducing
possible side effects associated with butyrylcholinesterase inhibition. The
AChE and BuChE enzymes, although structurally similar, perform different
physiological functions.

Ao AT G0

ACHhE ingib. ICs¢=5.94 pM; ACKE ingib. IC5¢=0.41 uM;
BuChE ingib. IC5¢> 100 pM; BuChE ingib. IC5¢> 100 pM;
Cytotoxicity ICsp> 100 pM Cytotoxicity ICso=31.31 pM

The second important biological property of these compounds is their
low cytotoxicity. Neurotoxicity, a commonly used neuroblastoma cell line
(SH-SY5Y) cell network, active benzylpiperidine derivatives showed no
significant toxicity. The low toxicity index indicates a high safety of the
compounds [14].

Monoamine oxidase (MAOQ) is one of several enzymes that contribute
to oxidative stress and the psychological symptoms of dementia in
Alzheimer’s disease. Most mammalian tissues contain two isoenzymes
of MAO, called MAO-A and MAO-B. These enzymes are involved in the
breakdown of neurotransmitters (for example, serotonin, dopamine and
norepinephrine). Increased exposure to MAO can lead to decreased
levels of these neurotransmitters in the brain, which is associated with
depression, anxiety, and neurodegenerative diseases such as Parkinson’s
disease and Alzheimer’s disease.

Xanthine oxidase (XO) participates in purine catabolism, converting
them into uric acid. The increased effect of XO can cause hyperuricemia,
gout, tissue damage, and also promotes the formation of reactive
oxygen species, which leads to oxidative stress, neurodegeneration, and
cardiovascular diseases.

The study was conducted using the fluorimetric method to evaluate
the effectiveness of MAO and the spectrophotometric method to analyze
the activity of XO. Enzyme inhibition tests were performed at various
concentrations of hybrid compounds.
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MAO-A ingib. ICs= 14.3 uM; MAO-A ingib. ICsy=23.4 uM;
MAO-B ingib. IC5o= 106 uM MAO-B ingib. IC5= 171 uM
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20 21
MAO-A ingib. ICsg= 322 uM; AChE ingib. ICs5y= 0.35 uM;
MAO-B ingib. ICso= 184 uM; BuChE ingib. ICs= 0.46 pM;
XO ingib. ICso= 109 uM MAO-A ingib. ICsy= 5.2 nM;

MAO-B ingib. ICsy=43 uM

Among the tested compounds, the highest IC_, values for MAO-A

inhibition were for 4-hydroxyphenethyl-1-benzylpiperidine-4-carboxylate

(18) and 4-hydroxy-3-methoxyphenethyl-1-benzylpiperidine-4-carboxylate
(19), amounting to 14.3 uM and 23.4 uM, respectively.

4,5-Dihydroxy-2-nitrophenethyl-1-benzylpiperidine-4-carboxylate (20),
on the contrary, showed the least effectiveness against MAO, but was
the most effective inhibitor of xanthine oxidase with IC, =109 uM, which
is presumably due to the ability to bind to metal in the active site of the
enzyme [15, 16]. Compound (21) demonstrated inhibition of both MAO-A
and MAO-B, as well as time-dependent inhibition. It showed IC, =15.83 uM
for AChE, 1.82 uM for BChE, 0.17 uM for MAO-A, and 15.83 uM for
MAO-B. It (21) exhibited neuroprotective effects, inhibited AR aggregation,
reduced cytotoxicity induced by AR1-42, and penetrated the blood-brain
barrier. Moreover, the compound inhibited MAO-A (>95%) and improved
memory in experimental rats [17]. These results indicate that the combined
inhibition of acetylcholinesterase and monoamine oxidase is an effective
strategy for complex effects on the pathogenesis of neurodegenerative
diseases. This approach maintains the balance of neurotransmitters,
reduces oxidative stress, protects neurons from damage, and improves
cognitive functions [18].

Histone lysine methyltransferase (G9a) is an enzyme involved in
epigenetic regulation by methylation of lysine 9 in histone H3, whose high
activity leads to cancer, AIDS and other epigenetic diseases. Therefore,
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inhibition of this enzyme may be an effective way to treat diseases
associated with epigenetic disorders.

In order to identify new G9a enzyme inhibitors that can serve as the
basis for future anticancer drugs, 2,4-diamine-6,7-dimethoxyquinoline
derivatives were synthesized and their ability to inhibit the activity of the
G9a enzyme was investigated. In an in vitro study, the inhibitory effect
of 2,4-diamino-6,7-dimethoxyquinoline (22) against the G9a enzyme was
evaluated using the SPA laboratory method (Scintillation Proximity Assay).
This method makes it possible to measure the inhibition of enzyme activity
using a radiolabeled substrate.

_O N\ _O N\
~o S ~o e
NH NH
22 23
G9a ingib. IC50= 0.013 uM; G9a ingib. IC5¢= 0.031 pM

Compounds (22) and (23) proved to be the most effective, demonstrating
inhibitory and 5-fold higher activity of the control inhibitor. Nitrogen at
the N-1 position of compound (22) provides strong binding to the active
center of the G9a enzyme. In addition, dimethoxy groups in the benzoid
ring play a key role in the correct orientation of the molecule in the active
center of the enzyme, which promotes strong binding to the enzyme. This
conformation explains the high effectiveness of the compound. Thus,
compound (22) is a promising G9a inhibitor with higher activity than that
of the control compound [19].

Synthesized o, receptors localized in the central nervous system,
especially in the brain regions responsible for memory, emotions, sensory
and motor functions, play an important role in the regulation of intracellular
processes. These receptors help proteins maintain their correct structure
under stressful conditions. However, excessive activity of sigma-1
receptors can contribute to the development of pathological conditions.
The use of o, receptor inhibitors makes it possible to minimize the negative
effects of their hyperactivity [20].

N-(1-Benzylpiperidine-4-yl)-4-fluorobenzamide (24), which is an
analog of haloperidol, caused analgesia associated with antagonism of
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o, receptors. Studies have shown its high efficacy in the treatment of
neuropathic pain with minimal side effects.

Haloperidol- a o, receptor inhibitor widely used in medicine, has a
powerful analgesic effect, but its use is often accompanied by side
effects. As a result of in vivo tests, it was found that compound (24) has a
dissociation constant K=6.0 nM, comparable to the dissociation constant
of haloperidol (K=6.3 nM). In vitro experiments have confirmed that
compound (24) has a high affinity for o, receptors (K=6 nm) and acts as a
competitive inhibitor comparable to haloperidol (K=6.3 nm). At the same
time, the affinity of compound (24) for o, receptors turned out to be quite
low (K=190 nm), which indicates its high selectivity for o, receptors.

K;=6,0 1M

N-(1-Benzylpiperidine-4-yl)-4-fluorobenzamide  (24) demonstrates
pronounced analgesic properties due to the antagonism of o, receptors.
Its activity was found to be comparable to haloperidol and three times
higher than that of S1RA, a selective antagonist of o, receptors (K=17 nM).
Antagonism of g, receptors reduces the transmission of pain signals in the
central nervous system (CNS) by inhibiting their activity. Such receptors
play a key role in pain transmission, and antagonists like compound (24)
reduce pain by preventing hypersensitivity of neurons. This makes them
promising tools for the treatment of chronic pain [21, 22]. o, receptor
agonists and antagonists are also considered as potential drugs for the
treatment of epilepsy, depression, and addiction [23].

In the process of searching for new anti-cancer drugs, scientists have
focused on developing compounds that can effectively slow down the
proliferation of tumor cells and cause their apoptosis (programmed cell
death). In this context, N-benzyl piperidine-4 derivatives with curcumin (25-
28) demonstrate high cytotoxic activity against various types of cancer cells.

Studies have shown that compound (25) is characterized by an IC,,
value in the range from 0.86 to 1.35 uM, which indicates its high efficacy at
low concentrations. For derivative (26), the IC; range varies from 1.13 to
1.75 uM, and for compound (27) — from 1.09 to 1.82 uM. The highest level
of activity is observed in compound (28), for which the IC, is in the range
of 0.41-0.50 uM, which exceeds the activity of curcumin by 41-46 times.
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Curcumin is widely known
for its antitumor properties,
including induction of apop-
tosis, anti-inflammatory and
antioxidant effects. However,
its low bioavailability and rap-
id metabolic degradation limit

. its clinical applicability. Deriv-
atives of N- benzyl piperidine-4 with curcumin (25-28) demonstrate im-
proved pharmacokinetic characteristics, which contributes to their better
absorption and prolonged action in the body. The main advantage of the
studied compounds is their high cytotoxicity at low concentrations, which
potentially reduces the risk of toxic effects on healthy cells and tissues.
This makes these substances promising candidates for the development
of new anti-cancer drugs.

0
H3co:‘/\ﬁﬁ/\‘:om{3 H,CO A OCH
H;CO ‘ N ‘ OCH,4 H;CO ‘ ‘ OCH

OCH,

25
ICs5y=0,86-1,35 uM

[0}
HO N OH

27
ICs=1,09 1,82 pM

26
IC50=1,13-1,75 MM

o
H3COOCH
H3;CO N° f OCH

<,

28
1C5y=0,41-0,50 pM

In addition to their antitumor activity, compounds (25-28) exhibit the
ability to suppress signaling pathways associated with inflammatory
processes, which opens up the possibility of their use in the treatment of
inflammatory and autoimmune diseases. This complex biological activity
makes it possible to consider N-benzyl piperidine-4-one derivatives as
multifunctional therapeutic agents.
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The study of N-benzylpiperidinone-4 derivatives with curcumin confirms
their high potential in the development of a new generation of anticancer
drugs with improved pharmacological characteristics. These compounds
can provide more effective suppression of tumor growth while reducing
side effects and can be used as multi-purpose therapeutic agents in
oncology and related fields of medicine [24, 25].

In particular, compounds (29 a, b) have IC,; values of less than 1 M,
which indicates their high activity at low concentrations. The biological
properties of compound (30 b) include the induction of apoptosis in
cancer cells. For example, compound (30 b) at a concentration of 1.44 uM
induced apoptosis in HepG2 liver cells. These substances are also able
to inhibit the cell cycle at key stages, preventing the division and growth
of cancer cells. For example, compounds (30 a, b) have shown efficacy
exceeding the activity of melphalan (IC,;=3.24 uM) in in vitro experiments
against certain types of cancer cells [26].

o O
R N R R N R
gel °
0NN 0’\/@
29a,b 30a,b
29aR=H,29bR=Cl 30aR=H,30bR=CH;
ICSO<1 }J,M IC50=1,44 HM

(Z2)-1-Benzoyl- and (Z)-1-benzyl-5-bromo-3-(bromo(phenyl) me-
thylene)-2,3,10,10a-tetrahydrobenzo[g]quinoline-4(1H)-ones (31 a and 31
b) demonstrate significant biological activity due to their ability to inhibit key
epigenetic enzymes. Compound (31 a) proved to be a potent inhibitor of
histone acetyliransferase (an enzyme that acetylates histones, promoting
transcription activation) with IC,=0.45 uM and arginine methyltransferase
(a coactivator regulating gene expression) with 1C,,=0.43 uM. Compound
(31 a) has also been shown to effectively destroy blood cancer cells with
a result ranging from 30 % to 67 %. Compound (31 b) showed strong
inhibitory properties against the aforementioned transferases with an IC,,
in the range from 2.19 to 6.50 uM and caused apoptosis of blood cancer
cells at the level of 30-40 %. These properties allow us to consider these
compounds as multipurpose inhibitors for regulating epigenetic processes
[27].
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31a 31b
1Csp enz.ingb.= 0,43-0,45 uM 1C5q enz.ingb.=2,19-6,50 uM

Inrecentdecades, there has been a significantincrease in the resistance
of fungal pathogens such as Aspergillus and Candida to existing antifungal
drugs, which complicates the treatment of immunocompromised patients.
This highlights the urgency of developing biologically active antifungal
agents with a wide spectrum of action.

The serial dilution method for determining the minimum inhibitory
concentration (MIC, Minimum Inhibitory Concentration) was applied to the
model strain Yarrowia lipolytica, as well as to the species Candida spp. and
Aspergillus spp., in order to evaluate the activity of synthesized derivatives
of 4-aminopiperidine against clinically significant fungal pathogens.

Y. lipolytica MIC=2 pg/mL
Candida spp.: MIC= 14 pg/mL
Aspergillus spp.: MIC= 4-16 pg/

The results showed that the compound 1-benzyl-N-dodecyl piperidine-
4-amine (32) exhibits high activity against the model strain Y. lipolytica, as
well as against clinically significant species Candida spp. and Aspergillus
spp. The minimum inhibitory concentrations of this compound ranged from
1 to 4 pg/ml, depending on the strain. For compound (32), the semi-maximal
inhibitory concentration for human cells was 5-7 pM, which indicates its
moderate toxicity. In addition, in vivo studies using Galleria mellonella
larvae did not reveal significant toxicity of 1-benzyl-N-dodecylpiperidine-
4-amine (32) at concentrations of 100, 500 and 1000 uM compared with
the control group. Thus, compound (32) represents a promising class of
antifungal agents with high biological activity and an acceptable level of
safety, which makes it an interesting candidate for further preclinical and
clinical studies [28].

Bacterial diseases caused by phytopathogens of the genus
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Xanthomonas pose a serious threat to agricultural production, reducing
crop yields and quality. It has been shown that they can cause about 350
different plant diseases. The most common of these are bacterial rice
leaf spot caused by Xanthomonas oryzae pv. oryzae (Xoo), citrus canker
caused by Xanthomonas axonopodis pv. citri (Xac), bacterial mango black
spot caused by Xanthomonas campestris pv. mangiferaeindicae (Xcm),
as well as strawberry leaf spot caused by Xanthomonas fragariae (Xf).
Antibacterial activity of 7-(3-((1-benzylpiperidine-4-yl) synthesized for
research purposes(methyl)amino)propoxy)- and 7-(4-((1-benzylpiperidine-
4-yl)(methyl)amino)butoxy)-3-(4-methoxyphenyl)-4H-chromen-4-ones
(33, 34) were determined by turbidimetry and studied for four species of
Xanthomonas (Xoo, Xac, Xcm and Xf), common plant pathogens. Copper
thiodiazole and zinc thiazole were used as control agents.

0,00

33n=3 34n=4

Target connections - 7-(3-((1- benzylpiperidine-4-yl)(methyl)amino)
propoxy)- and 7-(4-((1-benzylpiperidine-4-yl)(methyl)amino)butoxy)-3-(4-
methoxyphenyl)-4H-chromene-4-ones (33 and 34) have specific inhibitory
activity against four types of plant bacteria. Compounds (33, 34) showed
100 % inhibition against Xoo, which is higher than that of copper thiodiazole
(74.2 %) and zinc thiazole (90.8 %), as well as 100 % inhibitory activity
against Xac (copper thiodiazole — 50.4 % and zinc thiazole — 68.6 %). In
addition, they showed the most significant inhibitory effect on Xem with a
100 % degree of inhibition (copper thiodiazole — 72.9 % and zinc thiazole
— 91.8 %). At the same time, the inhibitory activity against Xf was 100 %
and exceeded the comparison drugs. The studied compounds (33, 34)
demonstrated high antibacterial activity against phytopathogens of the
genus Xanthomonas, surpassing the effectiveness of standard preparations.
The compounds have a wide spectrum of action and are promising for use
in plant protection due to their low toxicity and environmental safety [29].

Conclusion. N-Benzyl piperidine-4-one derivatives are promising
multifunctional compounds with a wide range of biological activity. They
demonstrate enzyme inhibition, antioxidant properties, neuroprotection, and
antibacterial activity. The unique structure of these compounds makes them
valuable building blocks for the creation of new pharmacological agents.
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The variety of biological properties of N-benzyl piperidine-4 derivatives
confirms their versatility and multipurpose potential. Further research in
this area may contribute to the development of new drugs aimed at solving
therapeutic problems in medicine and related fields of science.
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a grant from the Science Committee of the Ministry of Science and Higher
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Cepeaa3bl A., Kandbibaeea A.B., Manmakoea A.E., Tacubekoe X.C., O B.K.
O.b. bekTypoB atbiHAarbl XMMUS FbiNbIMAAPbIHbIH, UHCTUTYTbI, AnMaThbl K,
KasakcTaH

an-®apabu atbiHaarbl Kasak ynTTblK yHMBepcuteTi, Anmatsl K, KasakctaH

BEH3UIMWUNEPUOUH TYbIHABITAPbIHbIH BUOJIOMUASIbIK KACUETTEPI
MEH SPTAPANTbI KONAAHY MYMKIHAIKTEPI (LLOJTY)

Tyningeme. XaHa OGuonorusinblk 6enceHai Morekynanapgbl aHblKTay Kasipri
hapmaLeBTUKanbIK FbiNibIMAA MaHbl3abl pen atkapagbl. N-6eH3vnnunepuanH-4-oH
TybIHObINAPbIHBIH,  KeNYHKUMOHaNabl  Guonoruanblk  KacueTTepi  onapablH
KaHa XMMUANbIK —areHTTepdi  o3iprieyre apHanfaH arneyeTTi  KocblnbicTap
OonyblHa biknan eteni. byn kKocbinbiCTapAblH KongaHy MYMKIHAIKTEPIH 3epTTey
dapmakonornss MeH XMMUsaHbIH AaMybiHa cepniH 6epeai. byn wonyabiH, MakcaTbi:
N-6eH3nnnunepuanH-4-oH  TybIHOBINAPbLIHBIH,  OMONOrMANbIK  KacmeTTepi MeH
hapMakonormanblk aneyeTi Typanbl KOSDKETIMAI FbINbIMU OepeKkTepai XuHakTay.
3epTTey HbicaHbl: N-6eH3nnnmnepuanH-4-oH TybiHObINAPLL. 3epTTey HaTUXenepi:
N-6eH3nnnunepuamnH-4-oH TybIHAbINAPbl DEPMEHT MHIMOUPIEY, aHTUOKCUAAHTTHIK,
KacueTTep »oHe HeMpOoMpOTEKUMANbIK KacueTTep CUsAKTbl KeH ayKbiMAbl
Ovonoruanelk 6enceHainikTi kepceteni. byn kendyHKUMOHaNabl KacueTTep XaHa
dhapmakonornanblk areHTTepai asiprieyae apTypni Tepanusanblk Macenenepgi
wewyre MyMkiHaik 6epegi. KopbiTbiHAbI: N-GeH3nnnmnepnanH-4-oH MOneKynachbl
XaHa Owuonoruaneik 6enceHai KocbinbicTapabl kacay YyWwiH ambeban Heris
6onbin Tabbnagbl. OHbIH kendyHKLMoHanbl OMoNorMsanbIK KacmeTTepi FbinbIMn
3epTTeynepaiH ogaH oapi XKyprisinyiHe xxaHe hapmakonorns MeH megvumMHagarbl
KaHa XeTICTiKkTepre >on awiapl.

TytiHdi ce3dep: N-OeH3unNUNepUauH-4-oH  TyblHOBINAPbLI,  OMONOrMANbIK
KacmeTTep, PepMEHT UHIMOUPIIEY, aHTUOKCUAAHTThIK KACUETTEP, HEMPOMNPOTEKLMS,
apmakonornanblk areHTTep, aueTunxonuHacTepasa, OyTMpUNXonuMHAICTepasa,
MOHOaMWHOKCKAa3a.
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Cepza3bl A.A., Kandbibaeea A.b., Manmakoea A.E., Tacu6ekoe X.C., O B.K.
WHCTUTYT xnmmndecknx Hayk umenn A.B. BekTyposa, r. AnmaTel, KasaxctaH
Kasaxckuii HaumoHanbHbIN yHUBEPCUTET MMeHN anb-®apabu, r. AnmMaTsl,
KasaxcTtaH

BMONOMMYECKUE CBOUCTBA N MHOIOLIENIEBbLIE BO3MOXHOCTU
NPON3BOAHbIX BEH3UIMUMNMEPUOUHA (OB30P)

AHHOTaumsA. NMonck HOBbIX BMOMOrMYECKN aKTUBHBLIX MOSEKYN UrpaeT BaKHYHO
ponb B COBPEMEHHOV (hapmaLeBTUYeckon Hayke. MNponsBoaHble N-G6eHaunnune-
pYaoH-4-0Ha MpUBMEKalT BHUMaHue bnarogaps CBOMM MHOrO(YHKLMOHANbHbIM
OMonorMyeckMmM CBOMCTBaM, YTO AenaeT UX LeHHbIMU KaHauaatamu Ans paspa-
BOOTKN HOBBIX XMMWUYECKNX areHToB. ViccrnegoBaHue nx noTeHumansHOro npuMmeHe-
HMs1 cnocobCTBYeT nNporpeccy B obractv hapmakonornm n MeauLMHCKON XMMUN.
Llenb naHHoro o63opa - 06061UTb AOCTYMHbIE HAYYHbIE AaHHbIE O BUONOrNYECKNX
CBOWCTBax ¥ dhapmakofiornyeckoM noteHumarne npomssoaHbix N-6eH3unnunepu-
OoH-4-oHa. O6bekT uccrnenoBanus: NponssogHble N-OeH3unnunepunaoH-4-oHa.
Pesynbtathl nccneposanus: MNMpownssoaHble N-6eH3vnnunepuaoH-4-oHa OEMOH-
CTPUPYIOT LUMPOKMIA CNEKTP BMONOrMiyeckor akTUBHOCTM, BKITKOYas MHIMOMpoBaHue
(PepMEHTOB, aHTUOKCUOAHTHbIE CBOMCTBA U HEMPONPOTEKUMIO. DTN MHOTOQYHK-
LMoHarnbHble XapaKkTepuCcTUKM npegnonaralT UX ncrnons3oBaHne B paspaboTke
HOBbIX )apMaKONOrM4YECKMX areHTOB Afsi PELLEHUS Pa3fNYHbIX TepaneBTUYECKMX
3apgad. 3aknoyeHne: Monekyna N-6eH3unnunepuaoH-4-oHa CnyXuT yHUBepcarb-
HO OCHOBOW ANl CO34aHUSA HOBbIX OMONOMMYECKN aKTUBHbIX coeauHeHuin. Eé
MHOrO(PYHKLUMOHAanbHbIA NPOodunb OTKPbIBAET MHOXECTBO BO3MOXHOCTEW ANA
AanbHENLWNX Hay4YHbIX UCCrieoBaHui, CnocobCcTByA nNporpeccy B hapMakonorum
N MeanUMHe.

Knroyeenie cnoea: MNpoussogHble N-6eH3unnunepuaoH-4-oHa, Guonornyeckume
CBOWNCTBA, MHIMOUpoBaHne pepmMeHTOB, aHTUOKCUAAHTHbIE CBOWCTBA, HEMPONPO-
TeKkums, hapMakomnormyeckne areHTbl, aueTUIXonnHacTepasa, OyTUPUITXONUHI-
cTepasa, MOHOaMUHOKCKaa3a.

Information about the authors

Sergazy Aida Aidynkyzy — Engineer, A.B. Bekturov Institute of Chemical Sciences,
master student, Al-Farabi Kazakh National University, sergazyaida@gmail.com

Kaldybayeva Altynay Bekbolkyzy — Scientific researcher, A.B. Bekturov Institute
of Chemical Sciences, senior lecturer, PhD, Al-Farabi Kazakh National University,
altin_28.94@mail.ru

Malmakova Aigul Erbosynovna — Leading researcher, PhD, A.B. Bekturov Institute
of Chemical Sciences, malmakova@mail.ru

Tassibekov Khaidar Suleymanovich — General Director of A.B. Bekturov Institute

63



buomexHornoauu u xumu4deckue mexHosioauu

of Chemical Sciences, Associate Professor, Al-Farabi Kazakh National University,
kh.tassibekov@ihn.kz

Yu Valentina Konstantinovna — Head of the laboratory, Doctor of Chemical
Sciences, A.B. Bekturov Institute of Chemical Sciences, yu_vk@mail.ru

Aemopnap mypanbi MasliMmemmep

Cepeasbl Auda AUlldbiHKbI3bI — WHxeHep, ©.B. BekTypoB artbiHAarbl Xumus
FbINbIMAAPBIHLIH, UHCTUTYTbI, MarucTpaHT, an-®apabu atbiHaarbl Kasak ynTTbiK,
yHuBepcuTeTi, sergazyaida@gmail.com

Kandbibaesa AnmbiHali bek6ornkbidbl — FbinbiMu KbidameTkep, ©.5. bBektypos
aTblHAarbl XMMUS FbiNbiMOAPbIHbIH MHCTUTYThI, ara oKbiTywwbl, PhD, an-®apatu
aTbiHAarbl Kasak ynTThiK yHuBepcuTeTi, altin_28.94@mail.ru

Manmakosa Alieyn EpbocbiHKbI3bl — XKeTekwi foinbiMu KbidameTkep, PhD, 9©.B.
BekTypoB aTbiHAarbl XMMWS FbINbIMAAPBIHBIH MHCTUTYTEI, malmakova@mail.ru

Tacubekos Xatidap CynelimaHynsl — O.b. bBbekTypoB aTbiHOaFbl XuMusi
FbINbIMAAPbIHLIH MHCTUTYTbIHLIH Bac aupekTopsbl, AoueHT, an-Gapabu atbiHaaFb
Kasak ynTTbiK yHuBepcuTeTi, kh.tassibekov@ihn.kz

HO BaneHmuHa KoHcmaHmuHogHa — 3epTxaHa MeHrepyuici, X.f.4., ©.5. bektypos
aTblHAafbl XMMUS FbiNbIMAAPbIHLIH UHCTUTYThI, yu_vk@mail.ru

CeedeHusi 06 asmopax

Cepeasbl Auda AUObIHKbI3bI — WIHxeHep, VIHCTUTYT XUMWYECKUX HayK UMEHU
A.B. bektypoBa, maructpaHT, Kasaxckvii HaumoHamnbHbIA YHUBEPCUTET MMEHU
anb-Papabw, sergazyaida@gmail.com

Kandbibaesa AnmeiHali bBek6ornkbidbl — HaydHbIi  cOTpyaHuK, WHCTUTYT
xummdecknx  Hayk umeHn A.B.  Bektyposa, crapwun npenogasatens,
PhD, Kasaxckuini  HauuoHamnbHbIM  YHMBEPCUMTET  MMeHn  anb-dapabw,
altin_28.94@mail.ru

Manmakoea Aleynb EpbocbiHOsHa — Bepywimi HaydHbil coTpygHuk, PhD,
MHCTUTyT Xxummnyecknx Hayk umeHn A.b. BektypoBa, malmakova@mail.ru

Tacubekos Xatidap CyrnelivaHogsu4d — [eHepanbHbli Aupektop WHcTutyTa
Xumudecknx Hayk umeHun A.bB. BekTypoBa, goueHT, Kasaxckuii HauuMOHanbHbIN
yHuBepcuTeT umeHn anb-d®apabwu, kh.tassibekov@ihn.kz

O BaneHmuHa KoHcmaHmuHosHa — 3aBeayLumin nabopaTtopuen, 4.x.H., MHCTUTYT
XMmYeckunx Hayk umenn A.b. bekTypoBa, yu_vk@mail.ru

64



Hoeocmu Hayku KasaxcmaHa. Ne 1(164). 2025

NEPEBOL CTATbWU /| MAKANTAHbIH AYOIAPMACDI

Cepzasbl A.A., Kandbibaeea A.b., Manmakoesa A.E., Tacubekos X.C.,
IO B.K.

MHCTUTYT Xxummnyecknx Hayk umeHn A.b. Bektyposa, r. AnmaTsl, KasaxctaH
Kasaxckuii HaLuMoHanbHbIN YHUBEPCUTET MMeEHU anb-®apabu, r. AnmaTsl,
KasaxcTtaH

BMOSIOMMYECKUE CBOUCTBA Y MHOIOLIENEBBIE
BO3MOXHOCTU NMPOU3BOAHBIX BEH3VUAMUNEPUOVHA
(OB30P)

AHHOTaumsA. Monck HOBbIX BUOMOrMYECKN aKTUBHBLIX MOJIEKYN WUrpaeT BaKHYHO
porb B COBpPEMEHHONM thapmaLieBTudeckon Hayke. MponssoaHble N-6eH3unnune-
pVAOH-4-0Ha NpUBrEKalT BHUMaHWe bnarogaps cBOMM MHOMOMYHKLMOHaNbHbIM
6uonornyeckum CBOMCTBaM, YTO AeNaeT UX LeHHbIMY KaHanaataMu Ans paspa-
60TKM HOBbIX XMMNYECKMX areHToB. ccrieqoBaHme nx NOTEHLUMANbLHOrO NpYMeHe-
HMs cnocobCTBYeT nNporpeccy B obracTtv hapmakonornm n MeauLMHCKON XMMUN.
L{erib naHHoro o63opa - 0606LWNTb OCTYMHbIE HAayYHblE AaHHbIE O BUONOrMyecKmnx
CBOVICTBax M hapMakonorM4eckom noteHuuane nponssoaHbix N-6eH3unnunepu-
OoH-4-oHa. Ob6bekm uccredosaHusi: MponssoaHble N-6eH3unnunepunaoH-4-oHa.
Pesynbmamsi uccriedosaHusi: MNponssogHble N-6eH3nnnunepnaoH-4-oHa AeMOH-
CTPUPYIOT LUMPOKMIA CNEKTP BMONOrM4yeckon akTUBHOCTM, BKITKOYasa MHIMOMpoBaHue
(hepMEHTOB, aHTUOKCUAAHTHbIE CBOMCTBA U HEMPOMPOTEKLMIO. DTN MHOTOdYHK-
LMOHarnbHble XapaKTepuCTUKM npearonaralT UX 1Crnons3oBaHne B paspaboTke
HOBbIX (DapMaKoNOrM4yeCcknX areHToB A5 PeLLeHNs PasfnnyHbIX TepaneBTUYecKnx
3agay. 3akmoyeHue: Monekyna N-6eH3unnmMnepuaoH-4-oHa CyXuT YHMBepCcarb-
HO/ OCHOBOW AN11 CO3[4aHWSA HOBbIX OMOMOrMYEcKM aKTUBHbIX coeaunHeHun. Eé
MHOrO(PYHKLMOHanbHbIA NPOdunb OTKPbIBAET MHOXECTBO BO3MOXHOCTEW ONHA
AanbHENLWNX Hay4YHbIX UCCriefoBaHWmM, CnocobCTBYA Nporpeccy B hapMakonorum
1 MeanunHe.

Knroyesnbie cnoea: NponsBogHble N-6eH3unnunepugoH-4-oHa, Guonornyeckme
CBOVICTBA, MHMMOMpoBaHWe PepMEHTOB, aHTMOKCUAAHTHbIE CBOMNCTBA, HEMPONpo-
TeKums, hapmMaKkonornyeckne areHTbl, aLeTUNXonMHacTepasa, byTMpunxonuHa-
cTepasa, MOHOaMUHOKCKAa3a.

BeegeHue. lNponseogHbie N-6eH3nnnmunepngoHa-4 n3BeCTHbI B Meau-
LUMHe Kak npenapaTbl Ang fevyeHns B TOM yucrne n 6onesHun AnbLrenme-
pa. TepaneBTu4eckmin adeKT CBA3aH C NHIMOMPOBaHNEM (DEPMEHTOB -
aLeTUNXonNnHacTepasbl, By TMpUNXonMHacTepasbl, MOHOAMWHOKCHMAA3b! U
KCaHTUHOKCMAA3bl, yMeHbLUEHNEM obpa3oBaHns arperaTtoB B-amunonaa,
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OKa3aHMeM aHTaroHMCTUYECKOro AencTBraA Ha sigma-1 (o,) peuenTopesl, a
TakKe 3aLLUMTON HEMPOHOB OT OKUCMMTENBHOIO CTPecca U HemTpanu3aum-
en cBoboaHbIX pagukanoB. brnarogaps 3TuM 6MONOrMYecKNM CBOMCTBaAM,
AaHHbIE COeAVHEHNS OKa3bliBalOT KOMMIIEKCHOE BO34EVCTBUE HA KOTHUTMB-
Hble ANCAYHKLMMW, YTO MO3BOMSET HE TOMNBKO CUMMTOMaTUYECKN yIyYLlaThb
COCTOsIHME MaUMEHTOB, HO M OKa3biBaTb MOJIHOLEHHOE rnevyebHoe BO3gen-
CTBME Ha maTtofiormyeckme HapyweHus [1].

Ham xoTenock 6bl noka3atb NocrnegHne OOCTKEHUS XUMUN NPOU3BO-
AHbiX N-GeH3nnnunepmpoHa-4 kak BOCTPeOOBaHHbIX TepaneBTUYECKMX
cpeacTs, obnagaromx ahpeKkTUBHOCTb. OT HEMPOMPOTEKUMM OO aHTU-
GakTepuanbHbIX 3PEKTOB.

HecmoTpsa Ha 3HauYuTENbHbIE OOCTUXEHUS COBPEMEHHOW Hayku, ad-
PEKTUBHbIE METOAbI NPefoTBPaLLEHUs Unu nevyeHns 6onesHn Anburen-
mepa (BA), koTopol cTtpagatoT 46,8 MunnnMoHa YenoBek No BCeEMy Mupy,
[0 cux nop He paspaboTaHbl. BA siBngeTca Hanbonee pacnpocTpaHEHHOM
NPUYNHON OEMEHLMN U OOHON U3 CaMblX JOPOroCTOALLMX NaTONOrMm Ans
nevenns. Mo gaHHbiM 2020 r., MMPOBbIE 3aTpaThbl Ha fievyeHne GonesHu
pocturnn 196 munnuapgoB gonnapos CLUA [2]. B ¢Bsi3uM ¢ 9TMM MOMUCK
3(PPEKTUBHBIX N AOCTYMHbLIX (PAPMaKONIOTMYECKMX NpenapaToB OCTAETCS
O[HON N3 BaXXHEMLUMX 3a4a4 COBPEMEHHON MeanLUmHbI [3, 4].

ToYHble NpuYMHLI pa3BuTus BA noka He ycTaHOBIEHbI, OAHaKo Mpea-
nonaraetcs, YTo 6orne3Hb MoXeT BbITb Bbl3BaHa NaTor3nonormyeckumm
HapyLUEHNsIMUW, BKIHOYas rmbenb XONMHEPTMYECKUX HEVPOHOB, CHWDKEHUE
YPOBHS aLeTUIXonmHa, obpasoBaHne aMmunonaHbIX 6nswek n Hempodu-
OpunnsipHbIx knyokoB [5]. Cpeaun aTnx akTopoB HaMbonee U3y4eHHbIM
ABnsieTcs rmbenb XONMHEPTMYECKUX HEMPOHOB, KOTOPasa MPUBOAMUT K CHU-
XeHuto ypoBHs aueTunxonuHa (ACh). ALueTunxonuH npeacraBnsgeT cobon
HenmpomeguaTop, OTBETCTBEHHbIV 3a nepeaavy CUrHamnoB Mexay Hempo-
HaMmM MO3ra, a Takke 3a MPoLEeCcChl NamMATh, 0By4YeHns 1 NOBEeAEHYECKue
peakuun. CoBpeMeHHas Tepanus HamnpasfieHa Ha yBenuyeHue XonunHep-
rMYeCcKON HEMPOTPaHCMUCCUMM B FTOMIOBHOM MO3re nyTéM MHrmbupoBaHus
auetunxonuHactepasbl (AChE) — depmeHTa, paspywatowiero ACh go
XOfMHa M YKCYCHOW KUCIOThbl, YTO MpekpallaeT nepegadyy HepBHbIX UM-
nynbcoB (PucyHok 1).
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Donepezyl Acetylcholinesterase
(AChE)

]

<P
‘.
>\

Acetylcholine (ACh)

Axon Dendrite

PucyHok 1 - ®apmakonnoaudeckuli MexaHu3m OOHerne3usna 8 cuHarnmu4eckou
nepedaye

Ha gaHHbIn MOMeHT nHrobutopbl AChE, Takue kak goHenesun, pysa-
CTUIMWUH W ranaHTaMuH, LLUIMPOKO NpUMeEHSIoTCS ang neveHns BA. OgHako
MX TepaneBTUYeCKnin 3EKT OrpaHMYeH: OHM CNOCOBHbLI NMLLL BPEMEHHO
06reryMTb cMMNTOMbI 3aboneBaHnst. No3TOMY M3yYEHNE HOBbIX MOLLHbLIX
nHrnomTopoB AChE siBnsieTcs kpaviHe BaxkHon 3agadeii. Kpome Toro, na-
ToreHe3 BA cBfi3aH C HakonneHWeM BHeKrneTovHoro B-amunounga (AB) u
rmnepdocopnnMpoBaHHOro T-NpoTenHa, obpasytoLmx Herpodmnbpun-
NsipHblEe KNyoKM BHYTPU KNETOK Mo3ra. B HopmanbHbIX ycnoBusix B-amu-
nouvaHble NenTUabl CUHTE3UPYIOTCS B OpraHM3Me U y4acTBYIOT B KIeTou-
HOM MeTabonuame, NposiBMAS aHTMOKCUAAHTHbIE cBovicTBa. OfHaKo MxX
130bITO4YHOE 0Opa3oBaHME MOXET CrocobCTBOBaTb PasBUTUIO OonesHu
AnbLurenmepa [6, 7].

Rosdens

Donepezil

|_|OCKOJ'Ibe NnPUYNHbI BO3HUKHOBEHUA BA MHOFOO6pa3HbI, CUHTE3 Bro-
aKTMBHbIX BELLECTB C MHOXECTBEHHbIMW MULLEHAMWN OCTaETCs akTyarlb-
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HOM 3agadven. B pamkax nccrnegoBaHus Obinv NpPOTECTUPOBAHBI in Vitro
npou3BogHble N-(1-6eH3annnunepugnHa-4-nna)metun-4-meTokcnbeHson-
cynbdoHamuga (1) n N-(1-6eHsunnunepugnHa-4-nna)metnn-[1,1’-6ude-
Hun]-4-cynbgoHamuga (2).

o)

\\O 1 AChE ingib. IC5y= 6.2 uM;
AB,_y, ingib. = 64.2 %

R 1,2 2 ACHE ingib. ICsy= 1.6 pM;
1R=OMe 2 R=Ph AB;_y4, ingib. = 60.7 %

PesynbTathl in vitro aHanu3a npon3BoAHbIX 6eH3nnnunepuanH-apus-
cynboHammaa (1 1 2) npoaeMOHCTPUPOBANIM UX CMNOCOOHOCTb MHIIMBUPO-
BaTb AChE n obpasoBaHue B-amunoungHbix arperatoB. CoegnHeHve (2)
nposiBuno uHrnbupyrowyto aencreuio npotnes AChE (IC,; = 1,6 MkM) un
cHmxeHne ypoBHs A Ha 60,7 % [8]. MpounssogHble N-6eH3nnnunepunan-
Ha-4-kapbokcanbgernga (3, 4) nokasanu yaBoeHHy 3EKTUBHOCTb MO
cpaBHeHuto ¢ goHenesunom npotnes BACE1 n AChE, cHmwkasa 3HaveHus
IC,, Ao 0,043 1 0,058 mkM, cooTBETCTBEHHO. 3aMeHa METUBHOTO MOCTH-
Ka, COeANHSLLEro 6eH3MnnMNepUanNHOBOro doparMeHTa ¢ pagmkanom, Ha
CINOXXHO3(UPHOro ocTaTka NpuBena K NosIHomy nHrmbuposaxuio AChE.

=)
\ 0
(0] N@ \O O N
\ SSGA®
3 4

ACHhE ingib. IC5,=0.043 uM ACHhE ingib. IC5,=0.058 uM
_O. N _O
o N
HO FZ HO FZ V\O
(0] (@]
N
5 6 V@
AChE ingib. IC5,=0.46 uM ACHhE ingib. IC5,=2.13 uM

Monekyrna Ha ocHoBe GhepynoBoi KUCNOThI 1 foHeneauna (5), obnana-
IOLWas CUMbHON aHTUOKCUOAHTHON AENCTBMEM U 3alumLLaoLas HEMPOHbI
OT OKUCITUTENTbHOrO CTpecca, NPOAEMOHCTPMPOBasa BblpaXXeHHOe MHTMbn-
posanue AChE (IC,, = 0,46 mkM) [9, 10]. ®epyrnosas kucrota, BBeAEHHAs
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B COCTaB KaK NPVPOAHbIA aHTUOKCUAAHT At CHUXKEHUST OKUCTIUTENBHOrO
cTpecca, yCUnuBaeT TepaneBTUYECKOro CBOMCTBA AOHENE3WNa, 3almLas
HEMPOHbI OT MOBPEXAEeHUs CBOOOAHBIMU pagukanamu. AHmuokcudaHm-
HbIU 3hghekm cuHmMe3upo8aHHbIX MPOU3BOOHbIX OueHU8au Mermooom
ORAC-FL (cnocobHocmb noanowame KUC/I0pOOHbIE paduKasibl C MOMO-
wpro ¢ryopecyeurHa). CoegmHeHne (7) nokasano 3HaveHne ORAC 8,71,
YTO 3HAYMTENBHO MPEBbLILIAET NnokasaTtenu epynoBon KUCroThl (3,74) n
MenaToHuHa (2,45), nogTBepXaasa ero BbICOKYHO CMOCOOHOCTb HEMTparnu-
30BaTb CBOOOAHbIE paanKanbl.

AKTUBHOCTb XONMH3cTepasbl (auetunxonmHactepassl (AChE) n Bytu-
punxonuHactepasbl (BuChE)) namepsnm ¢ ncnone3oBaHnem konopvme-
TPUYECKON peakumm, OCHOBaHHOM Ha pacLLensieHMn UCKYCCTBEHHOIO cy6-
cTparta B MpUCyTCTBUM hepMeHTa.

0 OCH;

—0 SN N/WN |

HO (] N

H
©\/N ; BuChE ingib. IC5,=10.39 n!

ORAC= 8.71 umol trolox/ur

Xota coeguHeHve (7) He MNPOSIBUNIO aKTMBHOCTM B WHrMOMPOBaHWM
AChE, oHo npozeMoHcTprpoBarsno mMoLHoe nHrmbuposaHme BUChE ¢ IC,
= 10,39 HM, 4T0 B 198 pa3 aktusHee, yem poHenesun (IC,, = 2057 HM).
Kpome Toro, coeguHeHve (7) nokasano BbICOKYI CENEKTUBHOCTb B OTHO-
LeHun nHrmbrnpoBaHmnsa depmeHta BuChE [11].

OKncNUTENbHBIN CTPECC, BbI3BaHHbIN CBOOOAHBIMY pagukanamm, B Co-
YyeTaHUM C BO3AENCTBMEM APYrnX naTou3noriornyeckmx gpaktopos Mo-
XeT ycyrybnaTe TeveHne 6onesnu Anburenmvepa. B cBs3u ¢ atum paspa-
60TKa NOMMAYHKLUMOHArbHbBIX MOMEKYT, CNMOCOOHBIX CHUXAaTb MOBpPEXAe-
Hue mMo3ra cBo6OAHBIMY pagukanamu, OCTaéTcsa akTyanbHon 3agaden. B
pamKax Mnovcka Takmx COeAVMHEHUN Oblfo CUMHTE3NPOBAHO MPOU3BOLHOE
1-(1-6eH3unnunepnanH-4-nn)ataH-1-oHa (8), aHTMOKCMOAHTHbIE CBOW-
CTBa KOTOPOro 6binu npeaBaputensHoO oleHeHbl MetogoMm ORAC. Coeaun-
HeHne (8) MpoOeMOHCTPUPOBANO BbIPAXXEHHbIE aHTVOKCUOAHTHbIE CBOM-
ctBa (>30%) No cpaBHEHUIO C aCKOPOMHOBOW KMCINOTON, peCcBEPaATPOSIOM

n Trolox [10]. WHW‘/@@
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Heckonbko npon3BogHbix N-6eH3nnnunepugnHa-4-oH (9—12) npossu-
N yMepeHHbIe 1 XopoLumne NHIIMbupyoLme CBOMCTBA B OTHOLLEHNU (hep-
meHToB hAChE n hBChE, npeBocxoas addekTHocT goHenesuna [12].

F
N-N N-N
C y o H
FsC o’ N_CN ( \ N‘CN
| ) b F O)\/ b
9 10

hAChE ICs, = 0.055 um hAChE ICs, = 0,086 um
hBChE ICs, = 0.186 um hBChE ICs, = 0,143 pm

N-N H N-N H
FiC (AN N F3CO ’OD\/N—CN
7\
11 12 —

hAChE ICsy = 0.144 um hAChE ICsy= 0,119 um
hBChE ICs, = 0.220 um hBChE ICs, = 1,94 um

CvHTEe3npoBaHbl HOBblE COEAMHEHUS Ha OCHOBe CTPYKTypbl N-6eH-
aunnunepuagnH-4-oHa ¢ pobaBreHMeM parMeHToOB (OeHOTMasnHa,
N3BECTHbIX CBOMMMW aHTUOKCUOAHTHbIMW CBOWCTBAMW, U W3Y4YeHbl WX
nHrMbupytowme cnocobHoctn npotme AChE un BChE. CoeauvHenue
N-(2-(4-(2-dpTopbeH3un)nmnepasuH-1-mnn)atun)-10H-dpeHoTnasmnH-2-kap-
6okcamug (13) nokasano IC,, = 0,599 mkM ana AChE, 4Tto conoctaeu-
MO C OAENCTBMIO CTaHO4APTHbIX MHIMBUTOPOB. AKTMBHOCTL MpoTuB BuChE
(IC,, = 0,5-1,5 MkM) Takxe Gbinia noaTBEPXKAEHA, YTO NOAYEPKMBAET 3Ha-
YMMOCTb MHIMOUPOBaHWS OyTMPUNXONMUHACTEPa3bl Ha MO3OHUX CTagusx
6onesHu AnbLrenvepa.

AHTUOKCMAAHTHas BO3OEWCTBUSA ApPYrMX COeAMHEHUA (Hampumep,
13 v 14) ouennsanacb metogqom DPPH v Bapbuposanack ot IC,, = 0,6
80 55,3 MkM, 3HaunTenbHO NPEBOCXOAs KBEPLIETUH. OTO AEMOHCTpUpYeT
CMOCOBHOCTb 3TNX MPOU3BOAHbBIX HEMTpanM3oBaTb CBOOOAHbIE paavKarnbl
M 3amaTth KAeTkM OT okucnutesnibHoro ctpecca. Tect DPPH ocHoBaH
Ha CrMocoBHOCTU COeAMHEHWIA BOCCTaHaBMMBaTb CTaOUNbHBLINM pagukan
2,2-gudbeHnn-1-nukpunrugpasuna.
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ssoppeVollcsrn eV

ACHhE ingib. IC5p=1.75 pM; ACHE ingib. IC55= 0.599 uM;
BuChE ingib. IC5y= 1.20 pM; BuChE ingib. IC5p= 4.33 uM;
FAAH ingib. IC5p= 5.06 uM FAAH ingib. IC5y= 9.65 uM

COCH; O

N

QObN e
s A
Cl
15

FAAH ingib. IC5= 0.019 uM

OfHUM 13 KItoYeBbIX pe3ynbTaToB UCCredoBaHWs Obino onpeaeneHve
TOro, YTO 3PPEKTUBHO NN NPOU3BOAHbIE NHIMOUPYIOT arperauunio B-amu-
noviaa, ABMSOLLYOCS OCHOBHBIM MEXaHU3MOM natoreHesa 6onesHn Anb-
urenmepa. CoegnHerus (13) n (14) nHrnbuposanu arperaumto B-amunou-
Aa npv koHueHTpaumsx 10 MkM Ha ypoBHe 43—60 %, 4TO yKasblBaeT Ha 1X
noTeHumMan Ans 3amensieHns unm npegoTBpalleHns NporpeccupoBaHus
3aborneBaHns. TN cCoeQUHEHNS TakXKe NPOSIBUIIN OTCYTCTBME TOKCUYHOCTU
npu KoHueHTpaumsax go 100 mkM, 4yTo nmoaTBepxaaeT ux 6esonacHoOCTb
ONs ucnonb3oBaHUA B Tepanuu 6onesHun Anburerimepa. CoepuvHeHue
10-aueTnn-N-(2-(4-(2-xnopbeHsun)nunepasunH-1-nn)atmn)-10H-peHoTn-
asunH-2-kapbokcamng (15) nokasano BbICOKME pe3yrbTaTbl B aHTUOKCU-
OaHTHbIX TeCcTax Ha KreTkax HEMPOHOB U MeYeHn YernoBekKa.

MpousBogHble GeH3unNnuMnepuanHa-4-oHa MOXHO OTHECTM K MHOro-
YHKUMOHanNbHbLIM npenapataMm bnarogapsi MX CNOCOBHOCTU MHIMBUPO-
BaTb KnoyeBble pepmeHThl, Takne kak AChE, BChE n FAAH, a Takke
NPOsIBMSATb aHTUOKCUOAHTHbIE CBOMCTBA M UHrMbuposaTb obpasoBaHue
B-amunonga [13].

1-BeH3nn-N-(1-meTun-3-okco-2-cbeHnn-2,3-gurnapo-1H-nunpa-
son-4-un)nunepuanH-4-kapbokcamung (16) (IC,=5,94 mkM) un 1-GeH-
3un-N-(5,6-anmeTtokeun-8H-nuaeHo[1,2-d]Tnason-2-un)nmnepuanH-4-kap-
6okcamua (17) (1C,,=0,41 MKM) AE€MOHCTPUPYIOT BbICOKYHO CENIEKTUBHOCTb
ana AChE, Tem cambIM yMeHbLLAsi BO3MOXHbIE MOBOYHbIE 3dhpeKTbI, CBS-
3aHHblE C UHrMBMpoBaHNeM ByTupunxonuHactepasbl. PepmeHTel AChE
n BUChE, x0Ta 1 9BRStOTCS CTPYKTYPHO CXOXMMW, BbIMOSHAKT pasHble
dusnonornyeckne yHKLMN.
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DYoo AT GO

ACHhE ingib. IC5¢= 5.94 uM; ACHhE ingib. IC5¢=0.41 uM;
BuChE ingib. IC5p> 100 uM; BuChE ingib. IC5p> 100 uM;
Cytotoxicity ICsp> 100 pM Cytotoxicity ICso=31.31 uM

BTopoe BaxxHOe GMONorM4eckoe CBOMCTBO 3TUX COEOVHEHUN - HU3Kas
LMTOTOKCUYHOCTb. HEMpPOTOKCMYHOCTb, OObIYHO UCMOMb3yemMas B nccrie-
OOBaHUAX KINeTOYHOM NUHUKM HenpobnactoMbl (SH-SY5Y) kneToyHas
CETb, aKTVBHbIE NPOM3BOAHbIE DEH3NNMMNEPUAMHA HE MPOABAANN 3HaYU-
TEeNbHON TOKCMYHOCTU. [NokasaTesib HU3KOM TOKCUYHOCTU CBUOETENBbCTBY-
€T 0 BbICOKOM 6e30nacHOCTM coeanHerni [14].

MoHoamunHokcraasa (MAQO) sBnseTcs OgHUM M3 HECKOJbKUX depPMEH-
TOB, KOTOpbIE CMOCOOCTBYIOT OKUCIUTENIBHOMY CTPECCY U MCUXOJSIornye-
CKMM cuMMNTOMaM AeMeHUUn npu 6onesHn Anburenmepa. bonblLUMHCTBO
TKaHEN MreKkonuTarLlmx cogepxat asa usodepmeHta MAO, Ha3sbiBae-
mble MAO-A n MAO-B. 311 hepMeHTbI y4acTBYHOT B pacLLENSIEHNN HEN-
POTPaHCMUTTEPOB (HampuMMep, CEPOTOHMHA, JodamMuHa 1 HopagpeHa-
nunHa). MoBblweHHasa Bo3genctBuss MAO MOXET MPUBECTU K CHWDKEHUHO
YPOBHEN 3TUX HEMPOMEOMATOPOB B MO3re, YTO CBSA3aHO C Aenpeccuen,
TPEBOION U HevpogereHepaTvBHbIMK 3aboneBaHusaMM, TakuMy kKak 60-
nesHb [NapknHcoHa n 6onesHb AnbLrernmMepa.

KcaHTuHokcngasa (XO) yyacTByeT B kaTabonuame nypuHOB, NpeBpa-
Liasi X B MOYEBYH KMCMOTY. YBenuyeHHoe genctene XO MOXET Bbl3bl-
BaTb TMMNEPypuvKEMUIO, Mogarpy, MOBPEXOEHUEe TKaHeW, a Takke Cho-
cobCcTBYeT 06pa3oBaHMIO aKTMBHBIX (DOPM KUCIIOPOAa, YTO MPUBOAMUT K
OKUCINNUTENBHOMY CTPEecCy, HEMpoAereHepaumm n cepaeyHo-cocyancTbim
3aboneBaHusAM.

WccrnepoBaHne npoBoAMocb C MCMOJSb30BaHNEM hrlyopumMeTpuye-
ckoro meTtoga ans oueHkn adbgektneHoct MAO 1 cnekTpodoToMEeTpU-
Yyeckoro meTtoga and aHanmaa aktusHoctu XO. McnbitTaHns nHrmbunposa-
HUS (hEPMEHTOB MPOBOAUIIUCH MPU PasfMYHbIX KOHLEHTpauusax rmbpua-
HbIX CO8AVHEHNIA.

72



Hoeocmu Hayku KasaxcmaHa. Ne 1(164). 2025

N /\() N/\©
O H;CO O
o) o)
HO HO NO,
18 19

MAO-A ingib. ICs= 14.3 uM; MAO-A ingib. ICs)= 23.4 uM;
MAO-B ingib. IC5y= 106 M MAO-B ingib. ICs,= 171 pM
N/\© N
Homo N/ °
0 //_ \—(D
HO NO, 2 /N
20 21
MAO-A ingib. IC5,= 322 uM; ACHE ingib. IC55= 0.35 uM;
MAO-B ingib. IC5y= 184 pM; BuChE ingib. IC5g= 0.46 pM;
XO ingib. ICs= 109 M MAO-A ingib. ICs5= 5.2 nM;

MAO-B ingib. IC5y=43 pM

Cpean MpoOTECTMPOBaHHbIX COEOWHEHWI Hanboriee BbICOKME 3Haye-
Hua 1C, ana uHrmbrnposanns MAO-A 6binu y 4-ruapokendeHeTns-1-6eH-
aunnunepuavH-4-kapbokcunata (18) u  4-rugpokcu-3-meTokcudeHe-
Tun-1-6eHsmnnunepunanH-4-kapbokecnnarta (19), coctasme 14,3 MkM wu
23,4 MKM coOTBETCTBEHHO.

4,5-0nrnapokcu-2-HUTpodheHaTmn-1-6eH3nnnunepmanH-4-kapbokcu-
nat (20), HanpoTVB, MPOSABAANO HaUMEHbLLYI0 3(MEKTUBHOCTL B OTHO-
weHn MAO, Ho sBnanock Hanbonee aHEKTUBHBIM NHIMOUTOPOM KCaH-
TuHokeuaasbl ¢ IC, =109 MkM, 4To, NpeanonaraeTcs, CBA3aHO CO Cnoco6-
HOCTbIO CBSA3bIBaTbCH C METaNloM B aKTMBHOM LieHTpe depmeHTa [15, 16].
CoepguHeHue (21) npogeMoHCTpupoBano nHrnbuposaHme kak MAO-A, Tak
n MAO-B, a Takke uHrMbmnpoBaHue, 3aBucsallee ot BpemeHn. OHo no-
kasasno IC, = 15,83 mkM ana AChE, 1,82 mkM ana BChE 0,17 mkM gns
MAO-A n 15,83 mkM gna MAO-B. OHo (21) nposiBNSNo HEMPONPOTEKTOP-
HOe JenicTBue, MHrMbuposano arperaunio AR, CHXXano LMTOTOKCUYHOCTb,
NMHAOYLMpoBaHHyto AR1—42, n npoHMKano 4yepes rematoaHuedanmyeckmn
6apbep. bonee Toro, coeguHeHne nHrmbuposano MAO-A (>95%) n ynyu-
Ao NamsThb y SKCNepMMeHTanbHbIX KpbIC [17]. 3Tn pesynbTathl cBMae-
TENbCTBYIOT O TOM, YTO KOMOWHMPOBaHHOE WHrMOMPOBaHWE aueTUNXo-
JINH3CTEpa3bl U MOHOaMWHOKCUAA3bl SBRSeTca ahdEKTUBHON cTpaTe-
rmen KOMMIIEKCHOro BO3AENCTBUSA Ha naToreHes HempoereHepaTuBHbIX
3aboneBaHuin. Takon noaxon nogaepxmeaet 6anaHc HeMpomeanaTopos,
CHWXKaEeT OKUCINTESbHbBIA CTPECC, 3alumiiaeT HEMPOHbl OT NMOBPEXOEHUN
N ynyywaeT KOrHUTMBHble pyHKumn [18].
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mcToHNuanHmeTunTpaHcgepasa (G9a) - 310 (hepMeHT, y4acTByto-
LM B 3NUreHeTUYECKON perynsauun nyteM MeTUnmpoBaHus nmanHa 9 B
rmctoHe H3, BbiCOKkasd aKTMBHOCTb KOTOPOro MPUBOAMWT K BO3HWKHOBEHWIO
paka, Cla n gpyrux anureHeTmdeckmux sabonesaHmi. CrnegoBaTenbHo,
MHIMBMpoBaHMe 3Toro hepmeHTa MOXET ObiTb 3PHEKTUBHBIM CNOCOHBOM
rneyeHns 3aboneBaHnii, CBA3aHHbIX C AMUIEHETUYECKMMU HAPYLLUEHNSIMMU.

C uenblo BbISIBMEHWS HOBbIX MHIMBUTOPOB hepmeHTa G9a, KoTopbie
MOTYT CIy>X1Tb OCHOBOM 4118 6yAyLUmx NPOTMBOONYXONEBbLIX NPenapaToB,
CYHTE3MPOBaHbl NPOM3BOAHbIE 2,4-OnaMnHa-6,7-AMMETOKCUXMHOMIMHA U
nccrnegoBaHa Ux CnocobHOCTb MHIIMBMPOBaTL aKTMBHOCTL chepmeHTa G9a.
B nccrnepoBaHum in vitro nHrnbupyiowlee aencreune 2,4-ouamMmHo-6,7-gu-
METOKCU-XMHOMWHA (22) npoTtnB hepmeHTa G9a oueHmBanachk C MCNofb-
3oBaHuem nabopatopHoro metoga SPA (Scintillation Proximity Assay).
OTOT MeToA MO3BOMSET U3MEPUTH UHIMOUPOBAaHWE aKTUBHOCTU DEPMEH-
Ta C UCMOMb30BaHWEM PagnoakTMBHO MeYeHHOro cybcTpara.

oo foe

G9a ingib. IC5p= 0.013 uM; G9a ingib. ICSO— 0.031 pM

Haunbornee addekTMBHbIMM OKasanucb coegnHeHus (22 un (23), ko-
TOpble MPOAEMOHCTPUPOBANM WHIMOUPYIOLLYI0 U MPEBbLILIAKLLYI0 aK-
TUBHOCTb KOHTPOSbHOrO MHrMbutopa B 5 pas. A3oT B monoxeHun N-1
coeanHeHns (22) obecneynmBaeT CUNbHOE CBs3blBaHME C AEVCTBYHOLLUM
ueHTpom chepmerHTa G9a. Kpome Toro, AumeTokeurpynmbl B 6EH30MAHOM
KOMbLie UrpatoT KIOYEBYHO POJSib B MPaBUITbHOM OPMEHTALIMM MOMEKYbl B
aKTMBHOM LiEHTpe hepMeHTa, YTO CrnocobCTBYeT MPOYHOMY CBSA3bIBAHMIO
¢ cbepmeHTOM. Takasi KoHhbopMaLmsi OOGBACHAET BbICOKYH 3(EKTMHOCTD
coeanHeHns. Takum obpasom, coeguHeHmne (22) npeacTtaBnsieT cobon nep-
CMEKTMBHbIN MHIMBuTOop G9a ¢ 6ornee BbICOKOW aKTUBHOCTbLIO, YEM Y KOH-
TPOMbHOro coeguHeHus [19].

CvHTe3VpoBaHHble 0, PeuenTopsbl, NoKanM3oBaHHbIe B LEHTParnbHOw
HEPBHOWN CUCTEME, OCOBEHHO B OTAenax Mo3ara, OTBeYawLmux 3a namsTb,
3MOLMN, CEHCOPHblE M ABUraternbHble (PYHKUWUW, UrpaloT BaXkHYH POfib
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B perynsumyM BHYTPUKIETOYHbIX MPOLECCOB. OTU peLenTopbl NOMOraroT
Genkam CoXpaHATb MPaBUITbHYK CTPYKTYPY B CTPECcCcoBbIX ycnoBusax. Oa-
HaKO Ype3MepHas akTMBHOCTb Sigma-1 peLenTopoB MOXeT cnocobCcTBO-
BaTb PasBUTWIO MATONOIMYECKMX COCTOSHUN. MpuMeHeHne MHrMbnTopoB
0, PeuenTopoB MO3BONAET MUHVMW3NPOBATL HEraTUBHbIE MOCMEACTBMS
nx rmnepaktusHoctu [20].

N-(1-6eH3unnunepunanH-4-un)-4-dprTopbeHsamma (24), aBnsOLLMINCA
aHanoromM ranonepvaorna, Bbi3biBan aHanbresvo, CBA3aHHyl0 C aHTaro-
HM3MOM O, peLenTopoB. ViccrienoBaHNA nokasanu ero BbICOKY adhdek-
TMBHOCTb B FIEYEHUN HemponaTuyecKkon 60mm nNpyv MMHUMAanbHbIX MOG0Y-
HbIX adodheKTax.

lanonepuaon — UHMIMBUTOP O, PeLenTopoB, LUNPOKO WCMOMb3yeMbli
B MeguuuHe, obnagaeTt MOLLHBIM aHanbreTM4eckum AencTBUEM, OOHaKO
€ro NpUMeHeHre 4YacTo conpoBoXxaaeTcsa NoboyHbIMU addhektamu. B pe-
3ynbTate MCMbITAHUW in Vivo YCTAHOBIIEHO, YTO coeAuHeHue (24) nveet
KOHCTaHTy auccoumaummn K=6,0 HM, conocTtaBrmyto C KOHCTaHTON A4UCCO-
unaumu ranonepugona (K=6,3 HM). SkcnepumeHTbl in vitro noaTeepau-
nn, 4To coeavHeHve (24) obnagaeT BbICOKMM CPOACTBOM K O, peuenTo-
pam (K=6 HM) 1 BbICTyNnaeT KOHKYPEHTHbIM UHIMOUTOPOM, CPaBHUMbIM C
ranonepugonom (K=6,3 Hm). MNpn aTom cpoacTBo coeauHeHvst (24) k O,
peuenTopam okasanocb A0CTAaTO4HO HM3KMM (K=190 HM), 4TO yKasbiBaeT
Ha ero BbICOKYIO CENIeKTVBHOCTb K O, peLenTopam.

O

24
Ki=6,0 nM

N-(1-BeHaunnunepuanH-4-nn)-4-propbeHsamug (24) gemoHCTpupyeT
BblpaXXEHHbIE aHanbreTu4yeckne CBOWCTBA, OOYCMOBMEHHbIE aHTaroHW3-
MOM O, peLenTopoB. Ero akTvBHOCTb OKa3arnacbh COnocTaBMMONn C rasorne-
pVOONoM 1 B Tpu pasa Bbilwe, Yem y STRA, CenekTMBHOro aHTaroHmcTa o,
peuentopoB (K=17 HM). AHTaroHn3m 0, peLenTopoB CHKAET nepeaady
GoreBbIX CUrHaNoOB B LieHTparnbHon HepeHon cucteme (LIHC) 3a cyet nH-
rmbrnpoBaHns X aKTUBHOCTU. Takme peLenTopbl UrpatoT KITYEBYO POrib
B nepegaye 60nu, a aHTaroHUCTbI, NOAOOHbIE coefuHeHUIO (24), yMeHb-
WwatT OoreBble OLyLIEHNs, MNpefoTBpallas rMnepyyBCTBUTENBHOCTb
HEVPOHOB. 3TO AenaeT MX NepCrneKkTMBHbIMU CpeacTBaMu ONs fiedeHus
XpoHudeckon 6omm [21, 22]. AroHMUCTbI I @HTaroHWUCTblI O, PELEenTOpoB
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Takke paccMaTpuBalOTCH Kak NOTEHLUManbHble Npenapatbl AN feYyeHnst
anurencun, Aenpeccun 1 3aBucMmMocTu [23].

B npouecce novcka HOBbIX MPOTMBOPAKOBbIX NPenapaToB Y4EHbIEe CO-
CpenoTouMnM BHUMaHNe Ha pa3paboTke coeanHEHNI, CnocobHbIX adhdek-
TMBHO 3aMeAnsTb mponudepaunio onyxoreBbIX KIETOK U Bbi3bIBaTb WX
anonTos (3anporpaMMMpPOBaHHYIO KIETOYHYI0 CMepThb). B aTom KOHTekcTe
npou3BogHble N-6eH3nnnMnepuanHoH-4 ¢ KypkymyHom (25-28) gemoH-
CTPUPYIOT BbICOKYIO LIMTOTOKCUYECKYHO aKTMBHOCTb B OTHOLLEHUW pa3nmny-
HbIX TUMOB PAKOBbIX KMETOK.

VccrnepoBaHusa nokasanu, 4To coeanHeHne (25) xapaktepusyeTcs 3Ha-
yeHviem IC,, B ananasoxe ot 0,86 go 1,35 MkM, 4TO CBMAETENLCTBYET O
€ro BbICOKON 3O(PEKTUBHOCTU MPU HUSKMUX KOHLUEHTpaumsax. [Ana npouns-
BoaHoro (26) auanasoH IC,, Bapbupyetcs ot 1,13 go 1,75 mkM, a ans
coeanHenns (27) — ot 1,09 go 1,82 mkM. Hanbornee BbICOKUA ypOBEHb aK-
TUBHOCTU HabnoaaeTcs y coeanHerns (28), ansa kotoporo IC,, HaxoanTcs
B npegenax 0,41-0,50 MkM, 4TO NPeBOCXOANT aKTUBHOCTb KYPKYMWHA B
41-46 pas.

KypKyMVWH LLMPOKO M3BECTEH

CBOMMMU NPOTUBOOMNYXOJIEBLIMU

_ 00 CBOMCTBaMU, BKMOYas MHOYKLMIO

H’(OWWK/ anonTosa, MNpPOTMBOBOCMNANMUTENb-

Ho™~ HOE M aHTUOKCUAAHTHOE JENCTBUE.

OpgHako ero Huskas ©GuopocTyn-

, ; HOCTb M ObicTpass MeTabonuye-
Curcumin

ckad perpagauusi orpaHvyvBaroT
€ro KIMHWYEeCKyto npuMeHnMocTb. [MpounsBogHble N-6eH3vnnunepuan-
HOH-4 C KypKyMUHOM (25-28) 0eMOHCTPUPYIOT yry4lleHHble hapMaKoKu-
HETUYECKME XapaKTEPUCTUKK, YTO CMOCOBCTBYET MX Nydlen abcopbuum n
MPOSTIOHTIMPOBaHHOMY OEVCTBUIO B OPraHn3me.
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o)
H,CO N OCH;
H,CO ‘ N ‘ OCH;4

25
1C5,=0,86-1,35 uM

0

HﬁOMOC% H;CO A OCH,

HO ‘ N ‘ OH H,CO ‘ N ‘ OCH,
: i Br

27 28
1C5,=1,09 1,82 uM 1C54=0,41-0,50 uM

OCHOBHOE MpPenmyLLEeCTBO MUCCreayeMbIX COEAMHEHNI 3aKmyaeTcs B
NX BbICOKON LIMTOTOKCUYHOCTU NMPU HU3KMX KOHLEHTPaLMSAX, YTO NOTEHLM-
arnbHO CHMXaeT PUCK TOKCMYECKOro BO3AENCTBMSA Ha 300POBbIE KIETKN U
TKaHW. OTO genaeTt AaHHble BeLlecTBa NepCrneKkTMBHbIMU KaHAuaaTtamu
ANns pa3paboTky HOBbIX MPOTUBOPAKOBBLIX NPENapaToB.

MomMnmMO MPOTMBOOMYXONEBOM AKTUBHOCTU, coeanHeHuns (25-28) npo-
ABNSOT CNOCOBHOCTb NOAABMATE CUrHaNbHbIE NYTU, CBSA3aHHbLIE C BOCMNa-
NUTENbHLIMKU MPoLEeccamMm, YTO OTKPbIBAET BO3MOXHOCTU UX UCTOMb30Ba-
HWS B NieYeHMn BoCManuTernbHbIX U ayTOUMMYHHbIX 3aboneBaHui. Takas
KOMMekcHass Buonornyeckas akTMBHOCTb MO3BOMSET paccmaTpuBaTh
npou3BogHble N-6eH3unnunepnanH-4-oHa Kak MHOroyHKUMOHarbHbIE
TepaneBTMYECKNE areHThl.

WccrnepoBaHne nponsBoaHbix N-6eH3nnnmnepnanHoH-4 ¢ KypKyMUHOM
NOATBEPXOAeT UX BbICOKUMA MOTEHUMan B pas3paboTke HOBOrO MOKOSEHWS
NPOTMBOOMNYXOSEBLIX MPENAPATOB C YNyYLUEHHLIMW (hapMakonormyeckumm
XapakTepuctukaMmu. 3TU COefMHeHUsT CMOCOOHbI obecneuntb Boree ad-
(EKTVBHOE NoAaBIIEHVE POCTA OMYyXOriei MPU CHUXKEHUIN NOBOYHBLIX 3ddpek-
TOB Y MOIYT HaWTW NPYMEHEHVE B Ka4eCTBE MHOroLeneBbIX TepaneBTnye-
CKMX CPeACTB B OHKOMOMMM U CMEXHbIX 061acTax MeauumHbl [24, 25].

B yacTtHoCTW, coeamHenus (29 a,b) nmetot sHauenns IC, meHee 1 MkM,
YTO yKasblBaeT Ha WX BbICOKYHD aKTMBHOCTb MPWU HU3KMX KOHLIEHTpaLMSX.
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Buonornyeckue ceonctea coeguHeHus (30 b) BknoyaroT MHAYKLMUIO anon-
TO3a B paKkoBbIX krneTkax. Hanpumep, coeamHenue (30 b) npy koHUeHTpa-
umn 1,44 MKkM nHOyUMpPOBano anonTos B KneTkax neveHn HepG2. 31um Be-
LLeCTBa TaKkke CMocOBOHbI MHIMOUPOBAaTh KIETOYHbIA LMK HA KIYEBbIX
cTagusx, NpegoTBpallas gefieHne u pocT pakoBbIX KrneTok. Hanpumep,
coeanHennsa (30a,b) nokasanu adhPeKTUBHOCTb, NMPEBLILIAKLLYH aKTUB-
HocTb Mendanana (IC, = 3.24 MkM) B in vitro aKCnepuMeHTax NpoTUB He-
KOTOPbIX TUMOB PAKOBbIX KINETOK [26].
o (0}
R N R R N R
0 o~ A

l
NN

29 a,b 30a,b
29aR=H,29bR=Cl 30aR=H,30bR=CH;
1C59<1 uM 1C5p=1,44 uM

(Z2)-1-Bensonn- n (2)-1-6eH3nn-5-6pom-3-(6pom(deHunn)meTn-
neH)-2,3,10,10a-TeTparngpobeHso[r|xmHonuH-4(1H)-onbl (31 a n 31 b)
OEMOHCTPUPYIOT 3HaYUTENbHY0 B1OMOrMYeckyto akTMBHOCTb, Bnarogaps
CMOCOBHOCTM MHIMBUPOBATH KItoYeBbIE anureHeTudeckne cepmeHTbl. Co-
enmnHeHne (31 a) okasanocb MOLLHBIM MHIMBUTOPOM MMCTOHALETUITPAHC-
depasbl (hepmeHTa, KOTOPbIA aLEeTUNMPYET MCTOHbI, CNOCOBCTBYS aKTu-
Baumu TpaHckpunuum) ¢ IC,, = 0,45 MKM 1 apryuHuHMeTunTpaHcdepassl
(koakTuBaTOpa, perynupyrowiero akcrnpeccuio redos) ¢ IC,, = 0,43 mMkM.
Takke 6bIno nokasaHo, YTo coeanHeHne (31 a) aPHEKTMBHO YHUUTOXAET
pakoBble KIeTku KpoBu ¢ pesynbtatoM oT 30 % po 67 %. CoeguHeHune
(31b) nposABUNO CUIbHbIE MHIMOMPYIOLLME CBOMCTBA B OTHOLLEHWM BbILLEY-
nomsHyTbIX TpaHcdepas ¢ IC, B AnanasoHe ot 2,19 Ao 6,50 MkM 1 BbI3bl-
Basio arnonTo3 pakoBbIX KNeTok kpoBu Ha ypoBHe 30—40 %. OTu cBoncTBa
NMO3BOMSKT paccMaTpMBaTh AaHHbIE COEAVMHEHNS B Ka4eCTBe MHoroLere-
BbIX MHIMOWUTOPOB AN PEerynMpoBaHns ANUreHeTUYEeCKUX NpoLeccoB [27].
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Br O Br Br O Br
N N
(@)
31a 31b
1C5q enz.ingb.= 0,43-0,45 uM IC5¢ enz.ingb.= 2,19-6,50 uM

B nocrnegHue gecatnnetms HabnogaeTcs 3HaYNTENbHOE YBENUYEHNe
PE3NCTEHTHOCTN FPMOKOBbLIX MaTOreHoB, Takux kak Aspergillus n Candida,
K CyLLEeCTBYIOLNM NPOTUBOIrPUOKOBBLIM MpenapaTtam, YTO OCMOXHAET re-
YeHVe nauMeHToB C ocnabrieHHbIM MMMYHMTETOM. OTO NoAYEepKMBaeT
aKTyarnbHOCTb pa3paboTKM BGUMONOrMYECKM aKTMBHBIX MPOTUBOrPUBKOBLIX
CpeaCTB LLUMPOKOro CreKkTpa AencTBuS.

MeTon cepunHbIX pasBeneHnin Ans onpeaerneHns MUMHUMansHON UHIMK-
Gupytowen koHueHTpaumm (MIC, Minimum Inhibitory Concentration)npu-
MEHAMNCH K MogenbHoMy wTtammy Yarrowia lipolytica, a Takke Kk audam
Candida spp. v Aspergillus spp., C LENbIO OLLEHKN aKTUBHOCTU CUHTE3UPO-
BaHHbIX MPOU3BOAHbIX 4-aMUHONUMEPUANHA NPOTUB KITMHNYECKN 3HAYM-

MbIX FPUBKOBBLIX MNATOrEHOB.
N/\O
N
32

10 H

Y. lipolytica MIC=2 pg/mL
Candida spp.: MIC= 1-4 pg/mL
Aspergillus spp.: MIC= 4-16 pg

PesynbTtatbl nokasanu, 4to coeguHeHvne 1-6eH3un-N-gogeumnnune-
puanH-4-amuH (32) NposiBNSET BbICOKYHO aKTUBHOCTb MPOTUB MOAENbHO-
ro wramma Y. lipolytica, a Takke NPOTUB KIUHUYECKN 3HAYUMMbIX BUAOB
Candida spp. v Aspergillus spp. MMHMMarnbHbIE NHIMOMPYHOLLNE KOHLIEH-
Tpauum 3TOro coeamHeHust BapbmpoBanucb ot 1 4o 4 mkr/mn B 3aBucu-
MOCTM OT wTamma. [Ans coeguHeHus (32) nonymakcumarnbHask UHIMOW-
pyloLlas KOHLEeHTpauusa Ong KeTok yerioBeka coctaBuna 5—7 MkKM, 4to
CBUAETENLCTBYET O ero cpefHen TokcnyHocTn. Kpome TOro, nccrnenosa-
HUS in vivo ¢ ucnornb3oBaHnemM NuunHok Galleria mellonella He BbiSBUNK
3HaAYNUTENbHOM TOKCUMYHOCTU 1-6eH3un-N-gogeunnnunepuanH-4-amMmvHa
(32) npu koHueHTpaumax 100, 500 n 1000 MKM no cpaBHEHMIO C KOH-
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TpOmnbHOM rpynnon. Takum obpasom, coeauHeHune (32) npeacTaBnsieT co-
6ol NepCrneKkTUBHBIN KNacc NpOTUBOIrPUOKOBBLIX areHTOB C BbICOKOW B1o-
NOrMYecKon akTUBHOCTLIO M MpUEMIIEMbIM ypPOBHEM 6e30nacHOCTH, YTO
AenaeT ero MHTepecHbIM KaHAMAATOM ANs AanbHENLINX AOKINHUYECKMX
N KIMHNYECKNX UccrnegoBanHui [28].

BakTepuanbHble 3aboneBaHus, Bbi3biBaeMble ouTonaToreHammn poga
Xanthomonas, NpefcTaBnaldT Cepbe3Hy Yrpo3dy Ans CeribCKOXO034M-
CTBEHHOIO MPOM3BOACTBA, CHMXas YPOXaWHOCTb U Ka4yecTBO KynbTyp.
[MokasaHO 4YTO OHWM MOryT BbI3biBaTb OKomo 350 pas3nuyHbix 3abornesa-
HUWA pacTeHun. Hambornee pacnpocTpaHeHHbIMU U3 HUX SBNATCA Hak-
TepuanbHas NATHUCTOCTb NUCTbEB puca, Bbl3biBaeMas Xanthomonas
oryzae pv. oryzae (X00), A3Ba LMTPYCOBLIX, Bbl3blBaemasa Xanthomonas
axonopodis pv. citri (Xac), baktepunanbHas YyepHas NATHUCTOCTb MaHrO,
BbI3blBaemas Xanthomonas campestris pv. mangiferaeindicae (Xcm),
a TaKrKke MATHUCTOCTb NUCTbEB KyOHMKW, Bbi3biBaemas Xanthomonas
fragariae (Xf). AHTMOaKTEpMarnbHyl0 aKTUBHOCTb CMHTE3UPOBAHHbIX ANS
ncernenoBatensckux — uenen  7-(3-((1-6eH3unnunepugnH-4-un)(MeTun)
amMuHo)nponoken)- n 7-(4-((1-6exHsnnnunepuamnH-4-nn)(MeTu)aMmmHo)oy-
TOKCK)-3-(4-MeToKkcudpeHnn)-4H-xpoMeH-4-0HOB  ONpeaensann MeTonoM
TypOvammMeTpum 1 n3ydanu B OTHOLLEHMU YeTblipex BUOoB Xanthomonas
(Xoo, Xac, Xecm u Xf) — pacnpocTpaHeHHbIX paCcTUTENbHbIX MaToreHoB. B
KayeCTBe KOHTPOJIbHbIX areHTOB MCMOMb30Ban! TMoanason meam u tma-
3011 UMHKA.

ISR G
ofd;T
33n=3 34n=4

LlemeBble coegunHeHusa - 7-(3-((1-6eH3unnunepuavH-4-nn)(meTtun)
amMuHo)nponoken)- un - 7-(4-((1-6eHsmnnunepuguH-4-mun)(MeTnn)ammHo)
ByTokcm)-3-(4-meTokeudernn)-4H-xpomeH-4-oHbl (33 1 34) obrnagatot
crneunryeckon NHIMBUPYIOLLEN aKTUBHOCTbLIO B OTHOLLEHNW YETbIPEX BU-
00B pactutenbHbix 6aktepun. CoeanHerns (33, 34) nokasanu 100 %-Hoe
WHIMBMpoBaHne B OTHOLLEeHMM X00, YTO Bbille, YEM Yy TMOAMa3ona Mmeau
(74,2 %) n Tvasona umHka (90,8 %), a Takke 100 %-Hyr0 MHIMBMPYIOLLYIO
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aKTUBHOCTb B OTHOLLEHMM Xac (Tmogmason meanm — 50,4 % wn Tvason
UUHKa — 68,6 %). Kpome Toro, oHu nokasanu Hanbornee 3HaunTENbHbIN
NHrMbmpyrowmn adhdext Ha Xcm co 100 %-Hon cTeneHbto MHIMbrpoBsa-
Husa (Tnogmason mean — 72,9 % v Tmason umHka — 91,8 %). MNpn aTom
WHIMBMpytoLWas akTMBHOCTb B oTHoweHun Xf coctaBuna 100 % v npe-
BOCXOAura npenapartbl cpaBHeHus. ccnegyemble coegnHeHus (33, 34)
NPOOEMOHCTPMPOBANM BbICOKYHO aHTMOAKTepuanbHyt aKTUBHOCTb MPO-
TMB douTonatoreHoB poga Xanthomonas, npeBocxoas 3(PMEKTUBHOCTb
CTaHdapTHbIX npenapaTtoB. CoeAnHeHUs 06nafatoT LWNMPOKMM CMEKTPOM
OENCTBUSI M NEPCTNEKTUBHbI A1 UCMONb30BaHMS B 3alLUTe pacTeHuin bna-
rogapsi Ux HA3KOM TOKCUYHOCTM U dKomormveckon 6esonacHocTu [29].

3akntoyeHue. [MpoussogHbie N-6eH3nnnunepuaoH-4-oHa npeacTas-
NS0T cOOON MepcrneKkTUBHbIE MHOTOMYHKLMOHAMbHbIE COeAUHEHUS, 06-
nagawooLume LIMPOKMM CMeKTpoM OGuonornveckon aktmBHocTu. OHu ae-
MOHCTPUPYIOT MHIMOMPOBaHNE (DEPMEHTOB, aHTMOKCMOAHTHbIE CBONCTBA,
HEMPONPOTEKLMIO N aHTUBaKTepManbHyt0 akTUBHOCTb. YHUKanNbHasi CTPYK-
Typa 3TUX COEAMHEHWI AenaeT WX LEeHHbIMW CTPOUTEMbHbIMK Grokamu
Ansi co30aHMs HOBbIX (DapMaKOSIOrMYeCKMX areHToB.

PasHoobpa3sue Guonormyeckmx CBOWCTB Npov3BOAHbIX N-6eHannnu-
nepuavH-4-oHa nNoAaTBeEpPXKAAEeT WX YHUBEPCAnbHOCTb M MHOFOLENIEBON
noteHuman. JanbHenwmne nccrnegoBaHms B 3TOM HanpaBneHum MoryT cno-
cobcTBOBaTh pa3paboTke HOBbIX NPenapaToB, HanpaBlieHHbIX Ha peLue-
HVe TepaneBTUYECKMX 3aay B MeONLIMHE U CMEXHbIX 061acTax HayKu.

®duHaHcupoBaHue. HayvHo-ccrieqoBaTensckas paboTa BbIMOMHEHa B paM-
Kax rpaHTa KomuteTa Haykm MuHMUCTEpCTBa Hayku U Bbicluero obpasoBaHus Pe-
cnybnukn KasaxctaH BR21882220.
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ADVANCING ORGANIC PRODUCTION FOR SUSTAINABLE RURAL
DEVELOPMENT: INSIGHTS FROM KYRGYZSTAN

Abstract. The article provides an overview of the current state of organic
production in Kyrgyzstan. It reviews the Kyrgyz Republic’s legislation on organic
products. It identifies the challenges and priorities for organic production in the
Kyrgyz Republic. Recommendations for the development of organic production
in the Kyrgyz Republic are developed. Kyrgyzstan has favorable climatic and
soil conditions for organic farming. The country’s high mountainous regions, the
availability of clean water and biodiversity create competitive advantages for
the development of organic agriculture. Organic production helps maintain soil
fertility, increase farmers’ incomes and improve the quality of agricultural products.
However, the transition to organic farming requires significant investment and
training for farmers.

Keywords: organic agriculture, organic food laws, principles of sustainable
agriculture, organic certification standards.

Introduction. Modernization theory, which has dominated since
the beginning of the modern era, viewed development as a process of
transition from traditional societies with their outdated ways of life to
modern, industrial societies. This transition implied radical changes in all
spheres of life, including agriculture.

In agriculture, modernization was expressed in the transition
from subsistence farming to intensive production using chemicals,
mechanization, and new varieties. This transition has been associated
with enhanced industrial productivity; however, it has concomitantly
given rise to a number of deleterious consequences. The process of
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modernization has resulted in the displacement of small farmers by large
agro-industrial corporations, the predominance of monocultures over
crop diversity, and a significant shift in dietary habits. The enhancement
of agricultural productivity has been accompanied by environmental
degradation, soil and water pollution, reduced biodiversity, and an increase
in foodborne diseases. The widespread use of chemicals in agriculture
and the prevalence of low-nutrition foods in the diet have posed significant
threats to consumer health. The transition from traditional, community-
based agricultural practices to modern, export-oriented industrial models
has been accompanied by a loss of autonomy over land and seeds for
farmers, and a dissociation between consumers and the food production
system.

According to Skrinis (2007), the shift towards large-scale, export-
oriented production has contributed to a range of environmental challenges,
including land and soil degradation, water and soil contamination, and
a decline in biodiversity. The relationship between food production and
consumption on the one hand, and health problems and concerns on
the other, is a complex one. The evidence suggests an association with
several health problems and concerns, including the following: disease
outbreaks such as bird flu and food poisoning; health problems associated
with diets rich in processed industrial foods; malnutrition and hunger-
related diseases; exposure of farm workers to chemical pesticides; and
chemical residues and additives in fresh and processed foods [1].

The traditional, small-scale, diversified, locally oriented, subsistence
and independent forms of farming are increasingly being replaced by
large-scale, specialized, monoculture and corporate-controlled operations
producing for export [2].

Key changes brought about by modernization in agriculture include

e the shift from subsistence to industrial farming,

e the use of chemicals, mechanization and new varieties,

e increased productivity but also environmental degradation,

e the dominance of large agribusiness corporations [3].

e A decline in crop diversity and the prevalence of monocultures.

e A shift in dietary habits and an increase in foodborne ilinesses.

e Farmers experiencing a loss of control over their land and seeds.

A profound divide has emerged between food producers and
consumers, obscuring the connection between them and depriving
individuals of a comprehensive understanding of the origins of the food
they consume. Consumers are progressively disengaging from the origins
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of their food, losing familiarity with the processes by which it is produced.
The modernization of agriculture, while increasing productivity, has
resulted in a number of adverse consequences, including environmental
degradation, exacerbating social inequality, and undermining food security.
Although agriculture has historically been a pivotal sector of the Kyrgyz
economy, employing approximately 60% of the working population, its
contribution to the country’s GDP has declined over the past two decades,
from 34% in 2000 to 9% in 2024 [4]. The underlying factors contributing
to this phenomenon are multifaceted, encompassing the utilization of
obsolete technologies and the degradation of soil quality. Moreover, over
65% of the total population resides in rural areas, the majority of whom are
engaged in farming, making organic agriculture a sustainable and income-
generating activity.

The present situation of organic production in Kyrgyzstan. The
natural environment of Kyrgyzstan is unique, and this has created a
favorable environment for organic production. In addition, more than 90%
of the country is mountainous, and these mountains are classified into
two zones: highland and foothill. These areas provide ideal conditions for
organic livestock production, since chemical fertilizers and pesticides are
used only minimally there. The country also has significant freshwater
resources, including glaciers, rivers and lakes, which contribute to
organic production, especially in remote areas where there is no industrial
pollution. Kyrgyzstan is further distinguished by its biodiversity, including
rare and endemic plant species that can be used as raw materials for
organic agriculture.

The valleys of Chui, Talas and Fergana oblasts are distinguished by
their fertile soils, which, when cultivated in an appropriate manner, can
yield high harvests without the necessity of intensive chemical fertilization.
Furthermore, the country’s diverse climatic zones (ranging from temperate
to continental) enable the cultivation of a wide range of crops. The high
number of sunny days per year contributes to the high quality of the
products, while in rural areas, organic farming methods such as crop
rotation, composting and the use of natural fertilizers are widely used
(Ministry of Water Resources, Agriculture and Processing Industry of the
Kyrgyz Republic, n.d.) .

These natural conditions create competitive advantages for Kyrgyzstan
in the international organic market. At present, organic agriculture in
Kyrgyzstan is at the development stage. According to the Ministry of Water
Resources, Agriculture and Processing Industry of the Kyrgyz Republic,

87



lMNMuwesas u nepepa6ambleafou.4aﬂ NMPOoMbIWIIEHHOCMb

the total organic land area is 66,076 hectares, of which the arable land
area is 2,556 hectares, and the pasture area is 59,810 hectares. However,
their overall contribution to agricultural production remains negligible.
According to FiBL and IFOAM (2024), in 2022, the area of organic land
was 28,252 hectares, representing 0.3% of the total arable land, and the
number of producers engaged in organic agriculture was 1,001 people [5].
The main products of organic production are:

» Dairy and meat products: cattle - 20,034 heads, sheep - 24,910
heads, horses - 2,950 heads;

* Fruits, berries and vegetables: apricots, apples, black currants,
potatoes, tomatoes, bell peppers, garlic, beans, sugar beets;

* Medicinal herbs;

* Cereals: barley, oats, wheat, corn.

The export of organic products, especially nuts and dried fruits,
constitutes a substantial proportion of the income of farmers engaged in
this industry.

Materials and methods. Literature review on organic production in
Kyrgyzstan and Central Asia. The review reveals that while the subject
is a relatively recent area of research, several key works by numerous
international organizations have appeared in recent years. Such works
include those of the Food and Agriculture Organization (FAQO), the United
Nations Development Program (UNDP), and the German Development
Cooperation (GlZ), which have published studies on the status of
organic agriculture in the region, identifying major barriers such as a
lack of infrastructure and certification mechanisms. According to studies
conducted by local and international scientists, emphasis is placed on the
following aspects:

e Organic export potential.

e The role of conventional farming practices.

e The impact of organic production on biodiversity and soil fertility [6].

Among the authors studying this topic in Kyrgyzstan, stand out
Sagynalieva M. (2018), Otunchieva A. (2019), Taranov |. and Kawabata
Y. (2024) have analyzed the prospects of organic farming in the context
of socio-economic development in Kyrgyzstan. There are also published
works devoted to the development of rural areas, where organic production
is considered a key element of sustainable development. For example,
monographs by Baimurzaeva G. (2018) and Isakov T. (2020) are devoted
to the issues of sustainable agriculture in mountainous regions.
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Review of Kyrgyz Legislation on Organic Production. The
legislative framework of Kyrgyzstan plays a pivotal role in shaping the
conditions conducive to the advancement of organic agriculture. The
prevailing legislative acts and documents in this domain encompass the
following:

1. The Law of the Kyrgyz Republic «On Organic Agriculture», enacted
in 2019. This legislation establishes the legal framework governing the
production, certification, labelling and distribution of organic products. The
law aims to create favorable conditions for organic farmers and support
exports of organic products.

2. In 2023, amendments and additions were made to the Law «On
Organic Agriculture» and new decrees were adopted to improve the
regulation of this area, namely:

e Procedures for certification of organic products were clarified,
including requirements for certification and accreditation bodies.

e A comprehensive mechanism of control over compliance with organic
production standards was introduced, including liability for violations.

e Updated measures to support farmers were established, including
tax incentives for organic producers.

e Updated national standards for organic agriculture have been
approved, which meet international requirements, such as IFOAM
(International Federation of Organic Agriculture Movements).

e Separate standards were introduced for organic livestock and
beekeeping, taking into account the specifics of these areas.

e In 2023, a mechanism was developed to provide subsidies for
farmers switching to organic production, including compensation for costs
associated with certification and the purchase of organic fertilisers.

e Grant programmes for small farms were introduced with the aim of
developing organic farming and improving infrastructure, for example by
constructing warehouses for storing organic products.

The National Development Strategy of the Kyrgyz Republic for 2018-
2040 and the Program for the Development of Green Economy in the
Kyrgyz Republic for 2024-2028 on green economy include the development
of organic agriculture as one of the priority areas, emphasizing the role
of organic agriculture in preserving the environment and increasing the
competitiveness of agricultural products in international markets [7].

Result and their discussion. Key challenges. Notwithstanding the
considerable potential inherent in the development of organic production,
a number of challenges must be given due consideration:
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e Regulatory environment: The absence of clearly defined national
standards for organic production and government support serves to hinder
the development of the industry.

e Lack of knowledge, skills and experience: A significant proportion
of farmers are not sufficiently aware of organic farming methods and
certification.

e Infrastructural constraints: The absence of processing capacity and
logistics solutions limits export potential.

e Financial barriers: The high costs of certification and transition to
organic farming remain a significant barrier.

Nevertheless, the primary challenge remains the inadequate
implementation of legislation in practice, necessitating enhanced
monitoring and support mechanisms for farmers. The Government
of Kyrgyzstan has the potential to play a pivotal role in catalyzing the
development of organic agriculture by establishing a certification system,
providing support for research and development, and fostering the
growth of cooperatives. Additionally, a significant focus should be placed
on promoting organic products in international markets, particularly in
countries within the European Union and Asia, where demand for such
products is consistently rising.

Principles of organic farming. Organic farming is a farming system
based on the use of natural processes, biodiversity and cycles in nature.
It excludes the use of synthetic fertilizers, pesticides and genetically
modified organisms (GMOs).

The basic principles of organic farming includes (Pictures 1, 2):

1. Soil health:

e Preserving and improving soil fertility through the use of organic
fertilizers (compost, manure) and siderates.

e Maintaining soil biological activity by creating favorable conditions for
beneficial microorganisms
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Picture 1 - Microbiological soil enhancement. Source:
Pochva-mikrobyi.png (958%718)

2. Nutrient cycling:
e Minimizing nutrient losses through closed nutrient cycles.
e Utilization of crop residues and wastes for soil enrichment.

i e -
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k after 20H
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Picture 2 - Nutrient cycle in organic farming
Source: soil-health-diagram.jpg (960x538)
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In the contemporary era, organic agriculture standards have attained a
global prevalence. A substantial number of countries, exceeding one hundred,
have formally adopted these standards, which are predominantly founded
on the principles established by IFOAM. These standards encompass all
phases of production, from cultivation to processing, and impose stringent
requirements concerning the utilisation of synthetic substances. The regular
implementation of organic certification serves to guarantee that organic
products adhere to stringent quality and safety standards [8].

Conclusion. Kyrgyzstan is well-suited to organic farming due to its
favorable climatic and soil conditions. The country’s high mountainous
areas, clean water and biodiversity create competitive advantages for the
development of organic agriculture. However, the use of these resources
requires a careful approach to prevent degradation of ecosystems.
Despite the annual growth in the share of certified organic farms, their
contribution to total agricultural production remains insignificant. This is
due to limited export opportunities, weak support for farmers and lack of
consumer awareness. The legislative framework of Kyrgyzstan, including
the Law «On Organic Agriculture», provides a crucial foundation for the
advancement of the sector. Nevertheless, the implementation of the law
and associated regulations in practice confronts numerous impediments,
such as the scarcity of funding and the absence of effective oversight. The
adoption of organic production practices contributes to the preservation of
soil fertility, the augmentation of farmers’ incomes, and the enhancement
of the quality of agricultural products.

However, the transition to organic farming necessitates substantial
investment and the training of farmers. A review of extant literature
indicates that organic production in Kyrgyzstan and Central Asia exhibits
considerable potential for development. Nevertheless, further research
is necessary on various aspects, including economics, ecology and
social impacts. Concerted efforts on the part of scientists, government
agencies and international organizations may prove instrumental in the
establishment of a sustainable organic sector in the region [9].

The following recommendations are proposed for consideration:

- The development of subsidy and grant programmes for farmers
switching to organic production.

- The creation of certification centers and advisory services to support
agricultural producers.

- The development of logistics and marketing infrastructure for organic
products.
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- Participation in regional and international initiatives to promote
organic products on world markets.

- Conducting of training for farmers on organic farming methods and
certification.

- The launching of information campaigns to raise public awareness of
the benefits of organic products.

- A study of the economic and environmental efficiency of organic
production.

- Analysis the impact of organic agriculture on biodiversity, soil erosion
and climate change.

- Attraction of technical and financial assistance from international
organizations such as FAO, GIZ and UNDP.

- Introduction of best practices of organic farming based on the
experience of other countries in the region.

These recommendations will create favorable conditions for sustainable
development of the organic sector in Kyrgyzstan, which will contribute to
improving the environmental and economic situation in the country.
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2'M. PbickynbekoB aTbliHAarbl KbIpfbl3 3KOHOMUMKAmbIK YHUBEPCUTETIHIH, Fbirbl-
MU-3epTTeY MHCTUTYTbIHbIH, Bilkek K., KbipFbld Pecnybnukacesl

AYbiNAbIK XXEPNEPAOIH TYPAKTbl JAMYbI YLUIH OPFAHUKAIDBIK ©H-
AIPICTI OAMbBITY: KbIPFbISCTAH TOXIPUBECI

TyniHpeme. Makanaga KblpFbi3cTaHAarbl OpraHukanblk ©HAIPICTIH, - Kasipri
Xargavibl kepceTinreH. KbipFbid PecnybnvkacbiHbIH OpraHukanbik eHimaep cana-
CblHOaFbl 3aHHamMacbIHa Wony xacangbl. Kelprbid PecnybnukacbiHaarsl opraHvka-
NbIK ©HAIpICTIH Macenenepi MeH 6acbiM b6arbiTTapbl aHblkTangpl. Kblprbi3acTaHaarb!
OopraHvKanblk eHAIPICTI AambITy GOMbIHWA YCbIHbICTAp 83ipreHAi. KbipFbiscTaH
KITMMAaTTbIK YKoHe TOMbIpak >afaavibl 60MbIHLIA OpraHuKanbIK eriHWinikke Konamnbl
en. On xepaeri Ovik Taynbl aMakTapbl, Ta3a cyablH 60nybl XoHe GnoapTypninik
opraHukanblk aybin wapyalbinbifblH AaMbiTyaa 6acekere kabineti 6acbim. Op-
raHvKanblK eHAiIpic Tonbipak KyHaprbifbiFbIH CakTayFa, doepMeprepain KipicTepiH
apTTbipyFa >XaHe ayblfapyallbifiblK 6HIMAEPIHIH canacbkiH XakcapTyFa biknarn
eTepi. [lereHmeH, opraHuKanbIK eriHWinikke Kkewy antaprblkTak UHBECTULUSA MEH
depmMeprepai OKbITYAbl KaXeT eTefi.

TyniHai ceapep: aKoNoOruAnbIK Tasa eHiMAepAi eHAipy, HOPMATUBTIK akTinep, op-
raHvkanblK aybin LapyallblfbIFbIHbIH HEri3ri KargaTTapbl, OpraHuKanblk aybin
LapyaLlblbIfbIHbIH CTaH4ApPTTapsbl.

CarbiHanueBa M.W.', DxypynoBa B.K.2

"HauuoHanbHas akagemusi Hayk, . bulikek, Keiprbidckas Pecnybnvka

2"HUMU KbIprbi3ckoro 3KOHOMUYECKOro yHuBepcuTeTa nMeHn M. Pbickynbekosa,
r. buwkek, Kbiprbidckas Pecny6nuka,

NPOABWXEHUE OPIFAHUYECKOIO NPOU3BOACTBA AN YCTOUYMBO-
o PA3BUTUA CENIbCKUX TEPPUTOPUI: OMbIT KbIPIbI3CTAHA

AHHOTauums. B ctatbe NpBOAMTCS TEKYLLEE COCTOSIHUE OPraHNYeCKOro Npou3Boa-
ctBa B KbiprbidcTaHe. MpuBeaeH 0630p 3akoHogaTensctea B obnactu opraHvye-
ckon npoaykumn Keipreisckon Pecny6nuku. OnpegeneHbl npobrnemsl n npuopute-
Tbl OpraHM4eckoro npoussoacTea. PaspaboTaHbl pekoMeHaaumu no ero passu-
Tur0. KblprbiactaH obnagaet 6rnaronpuaTHbIMU KNMMaTUYECKUMW U MOYBEHHBIMU
YCIOBUSIMM [11S1 OpraHU4ecKkoro 3emrnenenusi. BbicokoropHble paiioHbl CTpaHbl,
Hanuume YncTol Boabl M GuopasHoobpasve co3aalT KOHKYPEHTHbIE NpenmMyLLe-
CTBa ANsi pa3BUTKS OPraHMYeckoro cenbckoro xo3sancrea. OpraHnyeckoe npous-
BOZCTBO CMOCOGCTBYET COXPAHEHUIO MOYBEHHOrO MIOAOPOANS, MOBbLILIEHUIO [0-
XO[0B (PEPMEPOB U YIYYLLEHUIO KA4yecTBa CENIbCKOXO3SIMCTBEHHOM NPOAYKLMM.
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OpHako nepexopn K opraHu4eckomy 3emregenuio Tpebyet 3HaunTenbHbIX MHBE-
cTUuMi n 0by4veHns pepmepos.

KnioyeBble cnoBa: opraHnyeckoe NpoM3BOACTBO, 3aKOHOAATENbCTBO, MPUHLMMbI
OpraHN4eckoro 3emMnefenus, cTaHaapTbl OPraHNYeCcKoro CenbCKOro Xo3sncTBaa.
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NEPEBOL CTATbU /| MAKATNIAHbIH AYOAPMAChI
CarbiHanueBa M.WU.", xxypynoBa B.K.?

"HaumoHanbHasa akagemust Hayk, r. buikek, Kelpreidckas Pecnybnuka
2'HUW KblprbI3ckoro 3kKOHOMUYeCKoro yHmBepcuteTa umern M. Pbickyn-
6ekoBa, r. buwikek, Kbiprbidckas Pecnybnuka,

NPOABWXXEHWE OPITAHUYECKOIO NMPOU3BOACTBA AJA
YCTONYUBOIO PA3BUTUA CENbCKUX TEPPUTOPUN:
OnbIT KbIPTbISCTAHA

BBepeHue. Teopusi MmogepHu3aumm, rocnofgCcTBoBaBLLasd C HadYana co-
BPEMEHHOM 3MOXW, paccMmaTtpvBarna pas3BuTMe Kak NMpolecc nepexoga ot
TPaAMLMOHHBIX OOLLECTB C UX YCTapeBLUMMU YKNagamm K COBPEMEHHbIM,
MHAYyCTpUanbHbIM obLecTBam. OTOT nepexon npeanonaran pagukanbHble
N3MEHEHNST BO BCEX Cdhepax >KN3HWU, B TOM YMCIIE U B CENTbCKOM XO3SMCTBE.
B cenbckoM x0351MCTBE MOAEPHM3ALMS Bblpaxkanacb B Nepexoge OT HaTy-
parnbHOro XO3AMCTBa K MHTEHCMBHOMY MPOW3BOACTBY C MCMONb30BaAHNEM
XMMMKATOB, MEXaHM3aLIMN N HOBbIX COPTOB. OTO NMPMBESO K POCTY MPOMBbILL-
NEHHON NMPON3BOANTENBHOCTM, HO TaKKe K psdy HEraTMBHbIX MOCIEOCTBUN.
KpynHble arponpOMbILLTIEHHbIE KOPMOpaLMy BbITECHUAM MENKux depme-
POB, MOHOKYJbTYPbI CTanu AOMUHMPOBAaTL Haf pa3Hoobpasmem KynbTyp, a
noTpebreHne NpoAyKTOB NUTaHWS CyLLECTBEHHO N3MEHWITOChH.

MoBbILLEHE MPON3BOAUTENBHOCTN B CEMNBbCKOM XO3SMCTBE COMPOBO-
XOanocb gerpagjauuvent OKpy>KatLlen cpefpl, 3arps3HEHMEM MOYB U BO-
OOEMOB, COKpalleHneM OuopasHoobpasusi U1 POCTOM uYMUcra MULLEBLIX
3aboneBaHuin. 300poBbe MOTPEOMTENEN OKas3anocb Mof yrpo3on n3-3a
LLIMPOKOrO MUCMOSb30BaHNS XMMUYECKNX BELLECTB B CEMbCKOM XO3AACTBE
1 npeobnagaHns B paumvoHe NMPOAYKTOB C HU3KOM MULLIEBOW LEHHOCTHHO.
B pesynbtate mogepHu3aumMm TpagauunoHHbIe (hOpMbl CEMBCKOrO X034M-
CTBa, OCHOBaHHbIE Ha pa3HOOOpasuM KynbTyp U MECTHOM camoobecne-
YEHHOCTW, MOCTEMNEHHO YCTynanu MecTo KpynHoMacLuTabHoMy Npov3BoA-
CTBY, OPUEHTMPOBAHHOMY Ha aKkcnopT. Pepmepbl NOTEPSANY KOHTPOMb Hag
CBOMMW 3eMMSIMM U CEMEHaMW, a NnoTpebutenu ctanu Bce bornee otaa-
NEHHBIMU OT MCTOYHMKA CBOMX NMPOAYKTOB NMUTaHUS.

Mo mHeHnto CkpuHnca (2007), meToabl NPON3BOACTBA NPUBENY K MHO-
)KECTBY 3KONOMMYECcKNx Npobrem, BKIoYas Aerpagaumio 3eMernb U Noys,
3arpsisHeHVE BOAbl M MOYBbI, @ TAKKe COKpalleHe pasHoobpasuns XnBoT-
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HOrO, pacTMTENbHOro 1 AnKoro mupa. lNponssoacTBo u NoTpebneHve Npo-
OYKTOB NMUTaHUS Takke CBA3aHbl C HECKOMbKMMUY NpobrnemMamu 1 onaceHu-
AMKN Ans 340poBbs. K HUM OTHOCATCS BCMbILLKM 3a00nieBaHnn, Takme Kak
NTUYUA TPUMNA M NULLIEBBIE OTPaBIieHUs; NpobriemMbl CO 340POBLEM, CBSI-
3aHHbIE C PaLUOHOM NUTaHNs, 6oratbiM nepepaboTaHHbIMY MPOMbILLISIEH-
HbIMW NMPOAYKTaMW; HeJoedaHve U CBA3aHHbIe C ronofAoM 3aborneBaHus;
BO3[ENCTBME XMMNYECKUX NECTULIMAOB Ha CENbCKOXO3ANCTBEHHbIX pabo-
4MX; @ TaKKe XMMUYECKME OCTaTKM 1 fobaBKn B CBEXMX U nepepaboTaH-
HbIX NpoAdyKTax nutaxusd [1].

TpagvumnoHHble, MenkoMacLuTabHble, pa3HOObpasHble, OPUEHTMPO-
BaHHbIE HA MECTHbIN PbIHOK, HaTyparnbHbIE U He3aBUCUMble OPMbI 3EM-
refenvs Bce Yalle BbITECHSOTCSA KpyNHOMacLUTabHbIMK, creunannsvpo-
BaHHbIMW, MOHOKYFbTYPHbLIMW Y KOHTPOMMPYEMbIMX KOPHopaunsMu one-
paunsiMu, NPOU3BOAALLMMM NPOAYKLMIO Ha SKCNOPT [2].

KnioueBble n3MeHeHWs, BbI3BaHHbIE MOLEPHM3AUMEN B CENIbCKOM XO-
391CTBE:

* [lepexoa OT HaTyparnbHOIO X035MCTBa K MPOMbILLIIEHHOMY.

* /lcnonb3oBaHe XMMUYECKMX BELLECTB, MEXaHu3aumm U HOBbIX CO-
pTOB.

» PocT npou3BoauTenbHOCTU, HO U Aerpagauns okpyXatoLlen cpegpl.

* [peobnagaHme KpynHbIX arponpoMbILLfIEHHbIX kKopnopauun [3].

* YMeHbLUeHNe pa3Hoobpa3sus KynbTyp U AOMUHUPOBAHME MOHOKYIIb-
TYyp.

* /I3ameHeHVe M1LLEBLIX NPUBBLIYEK U POCT YMcna NueBbiX 3abornesa-
HUMN.

* [oTeps hbepmepamu KOHTPONSA Hag CBOMMUY 3EMIIAMU U CEMEHAMM.

Mexay npousBoguTenamm n notpebutenamm nuwim obpasoBanacb
rnybokas nponacTb, CTUpaloLLas rpaH1Lbl MeXay HAMW U nywas nogen
NMOHMMaHNS NMPOVCXOXAEHMS MPOOYKTOB Ha X CTose.

[MoTpebutenn Bce Gonblue OTOANATCA OT MCTOKOB CBOMX MPOAYK-
TOB, yTpayMBasi CBS3b C npoLeccamm Ux npovssoacTsa. MogepHu3auums
CenbCKOro X03AMCTBa, XOTHA 1 NOBbICUMA NPON3BOANTENBHOCTL, NPUBENa
K psdy HeraTvBHbIX MOCHEACTBUM, TakUX Kak erpajauus OKpyKatroLlen
cpefpl, ycyrybrieHme couManbHOro HepaBeHCTBa W MOAPbIB MPOLOBOSIb-
CTBEHHOW 6e30MacHOCTMU.

HecmoTps Ha TO, YTO CenbCKoe XO3SMCTBO MCTOPUYECKN UIpano Kito-
YeBYyI0 posb B 3kOHOMUKe KbiprbidcTaHa, 3aHumasi okono 60% Tpyagocno-
cobHoro HaceneHus, ero Bkrag B BBl cTpaHbl 3a nocnegHue ABa oecatu-
netna cHmuaunca ot 34 % B 2000 roay n o 9% B 2024 roay [4]. MpuynHbI
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3TOro MHOroo6pasHbl 1 BKITOYalT B cebs ycTapeBLUME TEXHONOMUK, Ae-
rpagauuio noYs, He4oCTaToOK nHBecTMUMIA. bonee 65% obLero HaceneHus
NPOXXUBAET B CENbCKNX panoHax, 60MbLLIMHCTBO M3 KOTOPbIX 3aHATbI CESb-
CKMM XO3\MCTBOM, YTO AeNaeT opraHnyeckoe 3emriegenve yCTon4mBon m
[OXOOHON OEATENBHOCTLIO.

Tekywee cocmosiHue op2aHuU4ecKo20 npouseodcmea 6 Knipabi3-
cmatne. Kblprbi3cTaH pacronaraeT YHUKanbHbIMU NPUPOLHbIMU YCHOBUSI-
MU, KOTOpbIE CO34al0T BraronpusITHYIO cpeay A4S OpraHnYeckoro Npoms-
BoacTBa. Takke 6onee 90% Tepputopumn Kblpreld3cTaHa 3aHMMAKT ropbl,
KOTOpbIE KNacCcuULMpYHTCS MO 30HAM — BbICOKOrOPHbIE 1 NMPEAropHbIE,
1 obecneynBaroT ngeanbHble YCNOBUS A1 OPraHNYeCcKoro XMBOTHOBOA-
CTBa, MOCKOJIbKY B 3TUX pavioHaxX MWHMMAarbHO UCMOSMb3YHTCA XUMUYeE-
ckue yaobperusi n nectmumabl. Kelprel3cTaH Takke o6nagaeT 3HauMTe b-
HbIMK 3anacamMu NPECHON BOAbI, BKIOYas NEOHUKN, PEKM U O3Epa, YTO
CnocobCTBYET NPOM3BOACTBY SKOJTOMMYECKM YNCTON MPOAYKLIMU, OCOOEHHO
B OTAANEHHbIX parioHax, rAe OTCYTCTBYET MPOMBbILLNEHHOE 3arpsi3HEHUE.
CtpaHa cnaButcs pasHoobpasuem dnopbl U ayHbl, BKMOYasa peakue
N SHAEMMWYHbIE BUAObl PACTEHWUN, KOTOpble MOryT OblTb MCMOMb30BaHbI B
KayecCTBe CbIpbs 151 OPraHN4YeCcKoro CeribCKOro X03siMcTBea.

B ponvHax Yyickon, Tanacckonm n ®depraHckor obnacten nmerotca
NIo4OpPOAHbIE MOYBbLI, KOTOPbIE MPW MpaBWUiIbHOM 0OpaboTKe AakT Bbl-
cokue ypoxan 6e3 Heo6XxoaUMOCTM B UHTEHCMBHOM MPUMEHEHUN XUMU-
yeckux ynobpeHun. bonee Toro, pasHoobpasune KnnMmaTU4eckmMx 30H (OT
YMEPEHHOr0 [0 KOHTUHEHTaNbHOr0) MO3BOMSIET BbIpPALLMBATL LUMPOKMIA
cnekTp KynbTyp. OBunne ComHeYHbIX OHEW B rofdy CrnocoOCTBYET BbICO-
KOMY KayecTBYy NMpOAYyKUMW. B cenbckux parioHax LUMPOKO MPUMEHSOTCS
MEeTOAbl OPraHNYecKoro 3eMrenenus, Taknme kak ceBoobopoT, KOMMOCTU-
pOBaHMe U MCMONIb30BaHNE €CTECTBEHHbIX YAOOpeHni. STn NpupoaHble
YCINOBMS CO34al0T KOHKYPEHTHbIe npeunmyliectsa ansa KeiprbidactaHa Ha
MeXOyHapOL4HOM pbIHKE OPraHNYecKon NpoayKLNN.

Ha cerogHsiluHee Bpemsi opraHmyeckoe ceribCkoe X03saMcTBO B Kbip-
rbl3CTaHe HaxoOouTCs Ha CTaguu cTaHoBrneHus. Mo gaHHbIM MuHUcTep-
CTBa BOAHbLIX PECYpPCOB, CENbCKOro X034MCTBa U nepepabaTtbiBatoLLen
npombliwneHHoctTn KP, obuias nnowaab 3emMiiM OpraHMyYecknx avMakoB
cocTtaBngeT 66 076 ra, U3 HUX nNnowaab nawHn — 2 556 ra, a nnowaab
nactuouiy, - 59 810 ra, ogHako nx obLMIA BKNaa B CENbCKOXO3SMCTBEH-
HOe MPOM3BOACTBO OCTAETCA He3HauuTenbHbIM. CornacHo aaHHbIM FiBL
n IFOAM (2024), B 2022 rogy nrowiagb OpraHN4eCckon 3eMny CoCTaBnsieT
28 252 ra, unm 0,3% o1 obuien naxotHon 3emnn. Konnyectso npon3Bo-
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auTernen, 3aHMMaroLLLEeN OPraHMYeCcKMM CeNbCKUM XO3SMCTBOM, COCTaBUIMO
1 001 yenogek [5].

OCHOBHbIMW MPOAYKTaMy OPraHN4eCcKoro NPOM3BOACTBA SABNATCS:

o MonoyHble 1 MsacHble npogykTbl: KPC — 20 034 romos, oBLUbl —
24 910 ronos., nowaau — 2 950 ronos;

e OpyKThl, AroAbl M 0BOLM: abpurKoc, A610KM, YepHasd CMOPOAMHA, Kap-
Tobenb, ToMat, bonrapckui nepeL, YeCHOK, hacornb, caxapHasi CBeKNa;

e JlekapcTBeHHbIE TpaBhbl;

e 3epHOBbIE KyNbTypbl: SYMEHb, SKCNapLET, NWeHuLa, KyKypysa.

OKCNopT OpraHNYeckor NpoayKLun, 0COBEHHO OPEXOB N CyXOOPYKTOB,
COCTaBnsEeT 3HAYUTENbHYI YacTb AOXOO0B (DEPMEPOB, 3aHATLIX B 9TON
oTpacnu.

MaTtepwmanbl n MmeToAbl uccneagoBaHU. AHanm3 nuTepaTypbl No op-
raHnyeckomy npoussoacTtBy B Keiprbisctane u LieHTpansHoi Asumn. Op-
raHn4yeckoe ceribckoe xo3saMcTBo B KbiprbidactaHe u LleHTpanbHom Asun
SBMSETCA OTHOCUTENBHO HOBOW CIEpon UccrefoBaHus, OOHAKO 3a Mno-
crnefHve rogbl NOsIBUMNOCh HECKOJBKO KITHOYEBbIX paboT MHOMMX MexayHa-
poaHbix opraHusaumn. OpraHunsaumu, tTakme kak FAO, UNDP n GIZ, pery-
NSpHO NyBnMKylOT MCCNefoBaHNS O COCTOSHUM OPraHMYeCKoro CenbCkoro
XO35MCTBa B PEMVIOHE 1 BbISBMSOTCA OCHOBHbIE Bapbepbl, Takue Kak Hedo-
CTaTOK MHPPACTPYKTYPbl U CEPTUDUKALMOHHBIX MEXAHN3MOB.

CornacHo vccrnegoBaHnsiM, MPOBEAEHHBIM MECTHBIMM Y MEXAYHAaPOA-
HbIMU YYEHBIMUY, aKLLEHTUPYIOT BHUMaHWE Ha Taknx acrnekTax, Kak:

e [loTeHumarn aKkcnopTa opraHUYeCcKon NPoAyKLMK.

e Ponb TpaguUMOHHbBIX METOAOB BEAEHUS XO35MCTBA.

e BrningHve opraHmyeckoro mpow3BoAcTBa Ha GuopasHoobpasve wu
noyBeHHOE nrogopoaue [6].

Cpeau aBTOpOB, M3y4aloLwmx gaHHyo TeMy B KbipreidacTaHe, Bbligens-
totca CarbiHanmeBa M. (2018), OtyHumeBa A. (2019), TapaHos U. n Kasa-
6aTa . (2024), Wx paboTbl aHanM3MpyIOT NEPCMEeKTUBLI OPraHNYecKoro
3emriefenus B KOHTEKCTE CoLManbHO-9KOHOMUYECKOro pa3BuTus Kelprbl-
3cTaHa. Takke n3gaHbl paboTbl, MOCBALLEHHbIE PA3BUTUIO CENBCKUX TEP-
pPUTOPUI, r4e OpraHn4eckoe NMpPOM3BOACTBO paccMaTpyMBaETCs Kak K-
YEeBOW ANEMEHT YCTOMYMBOro Pa3BUTUS CENbKUX TeppuTopuin. Hanpumep,
MoHorpacum banmypsaeson . (2018) n VcakoBa T. (2020) nocBsiLLEHbI
BOMPOCaM YCTONYMBOrO CEJTbCKOro X035MCTBa B FOPHbIX PETMOHAX.

O630p 3akoHopaTenbcTBa KbiprbiactaHa B obnactu opraHuye-
cKkoro npomsBopacTBa. 3akoHodaTtenbHas 6asa KeipreidactaHa urpaet
BaXXHYI0 porfib B DOPMMPOBAHMU YCIIOBUIN AN pa3BUTUSA OpraHMyecKoro
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CenbcKoro xo3sancTea. Ha cerogHsillee BpeMsi peryrnvpyroT OCHOBHbIE
aKkTbl U AOKYMEHTbI MO AaHHOMY HanpaBreHuIo:

e 3akoH Kbiprbidckon Pecnybnukn «O6 opraHM4eckomM CENbCKOM XO-
3ancTeey, npuHaTeii B 2019 rogy. [daHHbIV 3aKOH onpedensieT npaBoBble
OCHOBBbI 41151 MPOM3BOACTBA, CepTUMKaLMM, MAapKUPOBKM U peannsaumun
OpraHM4eckon Npoaykumn. 3akoH HampaBreH Ha co3gaHve brmaronpusaT-
HbIX YCrOBUWN Ans dhepMepoB, 3aHMMAaIOLLMXCA OpraHnYeckuMm 3emrieae-
nMem, 1 NoAAEPKKY KCropTa 3KOMOrMYECKN YNCTON NPOJYKLNN.

e B 2023 rogy 6binv BHECEHBI U3SMEHEHUS 1 [OMNONHEHUSA B 3akoH «O6
OpraHM4YeckoM CeNbCKOM XO3ANCTBE», a TakkKe NPUHATBI HOBblE MocTa-
HOBJIEHMS, HanpaBfieHHblE Ha YryYllEeHNne perynmpoBaHns SAHHOro Ha-
NpaBrieHNs, 8 UMEHHO:

e YTOYHEeHbl Mpoueaypbl cepTudmrKaLnm opraHMyYeckon MnpoayKunu,
BKITloYas TpeboBaHusA k opraHam cepTudurKaLmy 1 akkpeauTauum.

o BBeOEH YETKMIN MeXaHM3M KOHTPOMs 3a CObMoaeHneM cTaH4apToB
OpraHM4eckoro Npon3BOACTBa, BKIOYas OTBETCTBEHHOCTb 3a HAPYLLUEHNS.

e YCTaHOBIEHbl HOBbIE MEpPbI NOAAEPXKKN ddepMepoB, BKOYas Harno-
roBble MbroThbl 419 NPOU3BOAUTENEN OPraHNYeCcKo NPOAYKLMN.

e YTBepxaeHbl OOHOBNEHHbIE HAUWOHarnbHblE CTaHAapTbl OpraHuye-
CKOFO CEeNIbCKOro XO3[NCTBAa, KOTOPble COOTBETCTBYIOT MEXAYHaPOAHbLIM
TpeboBaHusam, Takum kak IFOAM (MexayHapogHas denepaums aBuke-
HWU 32 OpraHNYecKoe CenbCKoe XO3ANCTBO).

e BBefeHbl oTAeNbHbIE CTaHAapThl 419 OPraHNYeCcKoro XXMBOTHOBOA-
CTBa ¥ NYENOBOACTBA, YYNTbIBaKOLLME CNeLNdUKY 3TUX HanpaBIieHNN.

e B 2023 rogy 6bi11 paspaboTaH MexaHn3M NpeaocTaBneHnsi cyoecmnani
Ans depmMepoB, NnepexoadLnx Ha opraHn4yecKoe NPOM3BOACTBO. AT Cyb-
CYAMM BKITHOYAIOT KOMMEHCALMIO 3aTpaT Ha cepTudukauuio 1 npuobpeTte-
HWe OpraHMYecknx yaobpeHni.

e BBepeHbl rpaHTOBbIE NPOrpaMMbl ANs MarnbIX XO38NCTB, HanpaBrieH-
Hble Ha pa3BUTUE OPraHNYeCcKOoro 3eMreaenus 1 ynyyleHne nHppacTpyk-
Typbl (Hanpumep, CTPOUTENbCTBO CKNaA0B AJ1 XPaHEHUS OpraHuyeckon
NPOAYKLMN).

HaumnoHanbHas cTtpaterns passutus Kbiproidckor Pecny6nvku Ha
2018-2040 rogp! 1 MNMporpamma pasBuTUS 3eSieHON SKOHOMUKU B Kbiprbi3-
ckon Pecnybnuke Ha 2024-2028 rogpbl No 3efieHON SKOHOMMUKE BKIHOYaOT
pasBUTME OPraHNYecKoro CerbCKOro X03sIMCTBa, Kak OQHOro U3 npuopu-
TETHbIX HanpasrieH. Takke NogyYepKMBaEeTCS Porlb OPraHNYecKoro 3em-
negenvs B COXpaHeHWM 3KOSOMMM M MOBBILLIEHUN KOHKYPEHTOCMOCOBHOCTM
CENbCKOXO3ANCTBEHHON NPOAYKLUMN Ha MeXOYHapOoOHbIX pblHKaxX [7].
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Pe3ynbTaTthl nccreaoBaHui U OCHOBHbIE BbIBOAbI. HecmoTps
Ha 3HauYUTENbHbIN NOTEHUMar, pa3BUTME OPraHNYecKoro NPoM3BoACTBa
cTankuBaeTcs C psagom npobrem:

e HopmatuBHasa cpepa: OTCyTCTBME YETKUX HALMOHASbHbIX CTaH-
[apTOB OpraHNMYecKoro NPou3BOACTBA U MOAAEPXKKM CO CTOPOHbI rocyaap-
CTBa 3aTpygHAET pa3BuTne otpacru.

e HepoctaTok 3HaHUMN, HAaBLIKOB U onbiTa: MHorne epmepb! Heo-
CTaTO4YHO OCBELOMIIEHbI O METOAAaxX OpraHN4ecKkoro semreaenvs u cepTu-
doukaumn.

o UHdpacTpykTypHbIe orpaHuyeHms: Hegoctatok nepepabartbiBa-
IOLLIX MOLLIHOCTEN U FIOTUCTUYECKUX PELLEHNIN OrpaHnYMBaET 3KCMOPTHLIN
noTeHumnan.

o duHaHcOBbLIe Gapbepbl: Bbicokne 3aTpartbl Ha CepTUUKALMIO U
nepexopn K opraHM4eckomMy 3emriefernvio OCTaloTCA 3HaYUTEerbHbIM Mnpe-
NATCTBUEM.

OpHako OCHOBHbBIM BbI3OBOM OCTaETCs criaboe BHeApeHMe 3akoHoAa-
TenbCTBa Ha MpakTuKe, YTO TpebyeT COBEPLLUEHCTBOBAHMS MEXaHW3MOB
MOHUTOPUHIra N nopaepxkn depmepos. [NpaButensctBo KbipreidctaHa
MO0 Bbl ChirpaTh KIMHOYEBYHO POfb B CTUMYMAMPOBaHUN Pa3BUTKS OpraHu-
YEeCKOro CenbCKOro X03ancTea nyTeM Co3faHus CUCTEMbI CepTUdmKaLmm,
noadepxka Hay4yHoO-UccrneaoBaTenbCKkMx paboT, pasBmTue KoonepaTMBoB.
Kpome Toro, Ba>kHbIM HanpasreHnem siBrsieTCa NpoaBMXKeHNe opraHuye-
CKOM MpOJYKUMM Ha MEeXOYHapOAHbIX PblHKaX, ocobeHHO B CTpaHbl EB-
ponewnckoro Cot3a 1 A3nu, rge Cnpoc Ha Takyl NPOAYKLMI0 MOCTOSHHO
pacrer.

MpuHUMNBbI OpraHNn4YecKoro 3emrneaenus.

OpraHuyeckoe 3emnegenue — 370 cMCTeMa 3emregennsi, OCHo-
BaHHas Ha MCMOSb30BaHMN ECTECTBEHHBIX NMPOLIECCOB, Bonornyeckoro
pasHoobpasusa u uuknoB B npupoae. OHO MCKYaeT NCNoNb30BaHNe
CYHTETUYECKMX YAOOPEHNA, NECTULMAOB U reHeTUYECKM MOANULIMPO-
BaHHbIX opraHuamoB (TMO).

OCHOBHbI€ NPUHLUMBbI OPraHN4YecKoro 3emMneaenus:

1. 3p0poBbLE NOYBLI:

o CoxpaHeHuvie 1 yny4lleHve niogopoans NoYBbl NyTEM MCMNOMb30Ba-
HWS1 OpPraHNYecknx ygobpeHui (KoMmnocT, HaBo3) 1 cuaepaTos.

e [logaepxaHne GUOMOMMYECKON aKTUBHOCTW MOYBbI MyTEM CO34aHus
GraronpuATHBIX YCNOBUIA A58 MONE3HbIX MUKpoopraHu3amoB (PucyHku 1, 2)
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PucyHok 1 - Micnonb3oBaHne MUKpOOPraHM3mMoB AN YyYLleHns NoYBbl
Pochva-mikrobyi.png (958%718)

2. KpyroBopoT BeLlecTB:

o MyHMMM3aLUms NOTePb NUTATENbHbIX BELLLECTB 3a CHET 3aKPbIThIX Li1-
KINOB MUTaHUSA.

e /Icnonb3oBaHne pacTUTENbHbIX OCTAaTKOB M OTXOA0B Ansi oboralie-
HUS NOYBBbI.
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: y after 20H
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PucyHok 2 - Linkn nutatenbHbIX BELLECTB B OPraHNYeCKoM 3eMrenenuu.
soil-health-diagram.jpg (960x538)
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CerogHsa cTaHOapTbl OPraHMYecKoro CernbCKOro XO3§MCTBa LUMPOKO
pacnpocTpaHeHbl no Bcemy mupy. bonee 100 cTpaH ochunumnansHO nogaep-
XXMBaIOT Takme CTaHAapThbl, KOTOPbIE, KaK NPaBUIIo, OCHOBAHbI Ha MPUHLU-
nax IFOAM. BTu cTtaHgapTbl OXBaTbIBAKOT BCE 3Tanbl NPOM3BOACTBA, OT
BblpaluBaHUs 4o nepepaboTku, 1 ycTaHaBnMBaloT CTporne TpeboBaHns
K MCMONb30BaHU0 CUHTETMYeCKnX BellecTB. CepTudukaumsa opraHuye-
CKOW NPOAYKLIMN NMPOBOAUTCS PEryNsSpHO, YTOObI rapaHTMpPOBaTh €€ COOoT-
BETCTBME BbICOKMM CTaHAapTam KayecTBa n 6esonacHoctu [8].

BbiBoa. KbiprbisctaH obnagaeT 6GnaronpusiTHbIMU  KIMMaTUYECKM-
MW M MOYBEHHBLIMW YCIIOBMSMW AMS OpraHuyeckoro semnegenud. Beico-
KOrOpHbl€ pavioHbl CTPaHbl, Hann4nMe YMcTon BoAbl U BropasHoobpasue
CO30at0T KOHKYPEHTHbIE MpeuMyLlecTBa AN pasBUTUS OpraHM4eckoro
cenbckoro xossancrea. OgHaKo MCMONb30BaHME 3TUX PEecypcoB TpebyeT
BHMMAaTEmNbHOro NoaxoAa Ans NpeaoTBpaLLeHns Aerpagaunm 3KOCUCTEM.
HecmoTpsa Ha exerogHbli pocT AONM CepTUdULMPOBAHHBIX OpraHuye-
CKMX XO35IMCTB, UX BKNag B obLLee CenbCKOX03aMCTBEHHOE NPON3BOACTBO
OCTa€TCa He3HayuTernbHbIM. JTO CBA3AHO C OrpaHWYeHHbIMU BO3MOX-
HOCTSIMM 3KcropTa, cnabor noaaepXkom PepMepoB M HEJOCTATOYHOW
OCBEOOMITEHHOCTBIO MoTpebuTenen. 3akoHogaTenbcTBO KbipreidctaHa,
Bkmtoyaa 3akoH «O6 opraHM4eckoM CeNbCKOM XO3AMCTBE», hopMmpyeT
Ba)KHYIO OCHOBY Af1si pa3BUTUS CeKTopa. Tem He MeHee, peanu3auus 3a-
KOHa 1 CBA3aHHbIX MOCTAHOBIMEHWI HA MpPaKTMKe CTarknBaeTcs C psgom
GapbepoB, Takmx Kak HexBaTka (PMHaAHCMPOBaHUSA M OTCYTCTBUE ahdek-
TUBHOTO KOHTpondA. OpraHMyeckoe Mpon3Bo4CTBO CNOCOBCTBYET CoOXpaHe-
HMIO MOYBEHHOMO MI0A0POAUS, MOBbILLIEHMIO 4OXOA0B (hepMepoB 1 yny-
LUEHNIO KayecTBa CEeNbCKOXO3SANCTBEHHOM mpoaykumn. OgHako nepexosq
K opraHu4eckomy 3emriegenuio TpebyeT 3HauuTenbHbIX MHBECTULMA U
00y4eHuns epmepos.

AHanua cyulecTBylOLEen nuTepaTtypbl MOKasbiBaeT, YTO OpraHudye-
ckoe npoussoAcTBO B KbeipreidactaHe u LleHTpanbHoW A3um nmeet 3Ha-
YnTEenbHbIV NoTeHuMan ansa passutusa. OgHako TpebyeTca ganbHenLee
N3y4yeHne pasnmnyHbIX acnekToB, BKIHOYas SKOHOMMUKY, 3KOMOIMIO N COLM-
anbHble nocrnedctensi. COBMECTHbIE YCUMNS YYEHbIX, FOCYAapPCTBEHHbIX
OpraHoB U MeXAyHapoAHbIX OpraHM3auui MOryT CbifpaTb peLuatoLLyro
ponb B (hopMUpOBaHMM YCTONHYMBOIO OPraHNYEeCKOro CEKTopa B pernoHe
[9].

Ha paccmoTpeHune npeanaraloTcs criefylowme peKomeHaauum:

e PaspaboTka nporpamm cybcnanpoBaHus 1 rpaHToB Ans (hepmMepoB,
nepexogsLmx Ha OpraHn4YecKoe NPOM3BOACTBO.
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e Co3faHune LeHTpOB cepTudmKaLmMm 1 KOHCYyNbTauUOHHbIX CAyX6 s
NogAEPXKN CENbCKOXO3ANCTBEHHbLIX MPOU3BOANTESIEN.

e Pa3BuTne norncTnyeckom m MapkeTUMHroBorM WMHPPAaCTPYKTYpbl AN
OpraHN4Yecknx NPoayKTOB.

® YyacTue B permoHasbHbIX U MeXayHapoaHbIX MHMLMATMBaXxX No npo-
OBWKEHMIO OpraHNYeCcKor NpoayKuUm Ha MMPOBBLIX PbIHKaX.

e [IpoBegeHne TpeHMHIoB Ans dhepMepoB No MeTogam OpraHn4eCcKoro
3emMregenusa n ceptudukaumn.

e 3anyck MHPOPMALIMOHHbIX KaMMNaHWU ANsi NOBbILUEHNA OCBEAOMITEH-
HOCTW HacerneHns o npenMyLLecTBax OpraHN4eckon nNpoayKLmm.

® /13yyeHre 3KOHOMMYECKON N 3KOJIOrMYyeckon abdeKTUBHOCTU opra-
HUYeCKOro NPon3BoACTBa.

e AHanu3 BRMSHWS OpPraHMYecKoro CenbCcKoro Xo3sinctea Ha bruopas-
Hoobpa3sue, 3po3nto MOYB M U3MEHEHVE KnnmaTa.

e [lpyBrieyeHne TexHn4eckom U (PMHaHCOBOW MOMOLLM OT MeXayHa-
pPOLOHbIX opraHu3aLmm, Takmx kak FAO, GIZ n UNDP.

e BHeapeHne nepefioBbIX NPaKTUK OPraHNYeckoro semriefenusi, OCHoO-
BaHHbIX Ha OMbITe APYrMX CTPaH pernoHa.

OTn pekomMeHOaumy No3BONSAT Co34aTh GraronpUSATHbIE YCNOBUSA AN
YCTOMYMBOrO pasBUTUSA opraHmyeckoro cektopa B Kelprel3ctaHe, YTo BHe-
CET BKNag B YNy4lleHNEe 3KONOrMYeckorm U 3KOHOMUYECKOM CUTyauun B
cTpaHe.
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TECHNOLOGIES FOR THE PRODUCTION OF APPETIZERS WITH
FUNCTIONAL PROPERTIES (Review article)

Abstract: The analysis of scientific and industrial activities on the development
and production of appetizers, fruit pastes, nut pastes, and honey pastes is carried
out. There are mainly appetizers, fruit, nut, and honey pastes from other countries
present on the market of Kazakhstan, however, there are no local equivalents.
The issue of selecting raw materials and enriching appetizers with local plant raw
materials and extracts from them is considered. A review of the literature showed
that a lot of research has been conducted in the field of extract production, but most
of these studies are aimed at the pharmaceutical and cosmetics industries. Within
the framework of the project No. BR24993031, it is planned to select local plant raw
materials rich in BAS and convey a search for the gentlest methods of extracting
BAS to subsequently use them in the production of thick vegetable pastes.
Keywords: local plant raw materials, appetizer, fruit, nut, honey pastes.

Introduction. When developing new types of functional products based
on honey, it is necessary to consider numerous factors and limitations. To
address such challenges, it can be worth paying attention to literature
reviews using a systematic research methodology.

Currently, the issue of sufficient protein consumption for human
replacement is under particular scrutiny across the CIS and overseas. In
addition to proper meal consumption as per regulatory standards, protein
is one of the vital components consumed by humans. Proteins have
structural, hormonal, and protective functions and act as catalysts within
the human body. To address the issue of protein deficiency, an alternative
to traditional sources such as meat and dairy products is the use of non-
traditional sources based on fruits, nuts, oilseed crops, and honey, which
help strengthen the body’s functional status [1]. The study of the functional
properties of processed oilseed products, particularly various types of
nuts, indicates that they can be used to produce confectionery pastes,
which are valuable protein-rich food products.
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The most effective measure in this direction is the enrichment of
mass-consumption products with micronutrients. Confectionery products
represent a promising and accessible category of such products. It
is known that confectionery products are polysaccharide-based and
generally high in sucrose with low or almost absent principal functional
adjuncts — fibers, vitamins, and micro- and macro-elements — which
belong to the disadvantages of the group. Therefore, the abilities to fortify
and develop brand-new confectionery products as staple are vast [2, 3].

The research works by the authors [4] presents the results of research
on the parameters affecting the process of producing dessert paste based
on cedar wood meal and plant raw materials (dried fruits and berries).
The production of the dessert paste was carried out using innovative
technologies based on microwave energy input.

The study [5] developed a recipe for peanut paste that is balanced
in terms of protein, carbohydrate, and fat composition. The researchers
calculated the product’s energy and nutritional value. Their goal was to
improve the manufacturing technology to ensure the paste contained
the highest possible amount of natural ingredients essential for proper
nutrition, such as sugar, unsaturated fats, and easily digestible protein.

Article [6] provided the recipe and manufacturing technology for
vegetable sauces. The authors analyzed the properties of vegetable
sauce-paste semi-finished products via sensory testing, physicochemical,
microbiological, and structural-mechanical properties. They evaluated the
impact of the blending ratio on the rheological properties of the resulting
product and examined the quality of the resulting sauce semi-finished
products, which possessed fortifying properties and health benefits.

This research works of authors’ [7] explores the possibility of using
lingonberry (Vaccinium vitis-idaea) and cranberry (Oxycoccus) press
residues in the production of homogenized pastes and marinades with
enhanced microbiological stability. As a result of the research, a method
for producing semi-finished pastes from frozen lingonberries and cranberry
juice was developed. New recipes for homogenized vegetable pastes and
marinades incorporating these semi-finished products were formulated
using the residues of frozen berries. Based on preliminary studies, the
optimal concentration limits of the recipe components were determined.
For each component ratio, yield and acidity indicators were analyzed.

According to GOST R 52349-2005, a functional food product is a
product intended for frequent use as a component of the diet by the entire
healthy population. It maintains and improves health and reduces the
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risk of diseases due to the composition of physiologically functional food
components. They consist of biologically active and/or physiologically
beneficial components which are safe to health, have certain
physicochemical characteristics, and whose nature has been determined
and confirmed by science. Furthermore, standards of daily consumption
in food of these substances have been established. They include some
substances such as dietary fiber, vitamins, minerals, polyunsaturated fatty
acids, oligosaccharides, bifidobacteria, antioxidants, and others, either
alone or as components of biologically active additives [8].

Among the most urgent assignments at the moment are the complete
substitution of granulated sugar and molasses in food product recipes
and the enrichment of the products with functional ingredients. To achieve
that, it is recommended to utilize a natural sweetener — pure honey — and
the products of fruit, nut, and oil-bearing crops.

It is known that honey is a valuable food product. Honey contains
a complex of enzymes, phytoncides, vitamins, inverted sugars, and
microelements [9].

In recent years, paste-like products of original compositions based on
natural honey and honey products have been developed, but the issues of
scientific substantiation of the recipes and technologies for their production
have not yet been fully resolved.

The combination of honey with nuts and/or dried fruits allows for the
creation of honey-based products with high biological value and unique
organoleptic properties, which is highly desirable from both a consumer
and marketing perspective. Expanding the production of such products
requires the development and implementation of new technologies to
ensure consistent product quality [10].

The production of functional food products is a relevant challenge
for specialists in the domestic food industry. Currently, food production
technologies are evolving under the growing influence of healthy nutrition
principles. From a modern perspective, honey is classified as a health-
promoting food, as it can be regularly consumed as part of the diet by
all age groups of the healthy population. Its consumption helps reduce
the risk of nutrition-related diseases, maintain, and improve overall health
due to the presence of physiologically functional food ingredients [11].

The authors [12, 13, 14] have demonstrated the feasibility of preserving
the properties of organic raw materials at all stages of the production
process for health-promoting food products. They analyzed consumer
demand for balanced plant-based foods in daily diets, allowing for a
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generalized understanding of human dietary preferences. However, there
are still questions about how to develop systematic approaches to measure
the efficacy of raw material blending — formulated not just to increase
nutritional value but also to streamline the manufacturing process.

Researchers from the United States have developed confectionery
compositions in the form of macadamia nut paste, which includes defatted
ground macadamia nut flour, cane sugar, honey, water, macadamia nut
butter, vanilla, salt, and potassium sorbate (a preservative) [15].

A peanut paste made from nuts roasted to both darker and lighter
degrees has also been developed by scientists from the United States.
These nut-based spreads have relatively low viscosity while maintaining
an intense nutty flavor [16].

Researchers from Switzerland have created a confectionery
composition that includes a fruit and/or nut blend with a binding
agent, a second layer containing ganache, and a third layer featuring
a chocolate composition. This formulation offers a refined taste while
maintaining a nutritional profile similar to snack bars associated with a
healthy lifestyle [17].

There are known methods for obtaining a paste-like product with the
addition of honey and nuts [18], homogenized vegetable pastes with
the addition of medicinal plants — the rhizome of the umbrella russula,
lingonberry extract, or cranberry extract [19, 20], with the addition of
oilseeds - sesame [21], which differ in technology and the composition of
functional components.

According to the research plan, a patent search related to this
product was conducted across various countries, including China,
Korea, Kazakhstan, Russia, Romania, USA, Japan, EPO with a depth
of more than 10 years. In the subject of “Development of technology for
producing healthy daily-consumption food products enriched with natural
antioxidants and biologically active substances”, a considerable amount
of patents were discovered in China and Kazakhstan. The patents are
predominantly aimed at developing extraction technologies for medicinal
plants for use in the pharmaceutical and cosmetic industries. The highest
concentration of patents in terms of extract production was discovered
in China and Russia. A patent literature search revealed 38 protection
documents on this subject. 14 of them were revealed in China, 9 in the
Russian Federation, 4 in the Republic of Kazakhstan, 3 in the USA and
Korea, 2 in Japan and the European Union, and 1 in Romania.

An overview of the scientific and industrial activities associated with
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the production and preparation of appetizers, fruit, nut, and honey pastes
revealed that there has been a considerable amount of research in the
field of extract production. Most of the studies, however, are predominantly
focused on the pharmaceutical and cosmetic fields [22]. There is very little
research into their use in the food industry.

An appetizer or paste is a small dish or snack that serves as a
stimulating food, enhancing the body’s intake of minerals and vitamins. A
wide variety of nutritious ingredients are used to prepare appetizers, which
are combined based on composition, flavor characteristics, presentation
methods, design, and color combinations [23].

From the preliminary analysis of the market of appetizers, fruit, nut,
and honey pastes, it is clear that the market of Kazakhstan is mainly
replenished with these products due to expensive foreign manufacturers.
The implementation of the project will allow the introduction of scientific
research into production, which will lead to the replacement of imports.
Currently, the market of Kazakhstan is mainly represented by appetizers,
fruit, nut, and honey pastes from other countries, such as Russia, Turkey,
China, the USA, and Germany, there are no local equivalents. However,
due to high logistics costs, these products are becoming expensive and
inaccessible to small and medium-sized enterprises, for private use. Also,
the analysis of patent information search showed that the developed
technologies for obtaining appetizers, fruit, nut, and honey pastes for the
food industry are not used.

As part of project No. BR24993031, “Development of technology for
preparing healthy food products for the daily diet, enriched with natural
antioxidants and biologically active substances”, the following activities
are planned: selection of local plant raw materials rich in biologically
active compounds, grown in the southern region of the country, as well as
vegetable components with a high pectin content [24, 25]; search for the
most gentle extraction methods for biologically active substances to be
used in the production of thick plant-based pastes.

Conclusion. The development of new types of food products and
the enrichment of existing ones is one of the most important tasks facing
the food industry. Changes in lifestyle and a declining standard of living,
associated with lower energy and food consumption, insufficient intake
of vitamins and minerals, and the separate consumption of food and
biologically active substances, have led to the development of functional
food products. Itis necessary to improve and expand the range of functional
food products, such as appetizers made from fruit, nut, and honey pastes,
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while also optimizing the use of scarce raw materials and reducing sugar
content, which in turn lowers the energy value of food products. The
solution to this problem is the use of local and non-traditional types of
plant materials.
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Ha6uesa X.C.', Japu6aesa I'.T.", MyxTapxaHoBa P.B.!, Bai6ekoBa 9.Y.',
ToneyxaHoBa H.C.", )KaHaeBa A.B."
TAnMaTbl TEXHOMNOIMAMbIK YHUBEPCUTETI, AnmarTsl K., KasakctaH

®YHKUMOHANObLIK KACWUETTEPI BAP ANMETAA3EPNEPOl ©HOIPY
TEXHONOIUANAPHI (Lony makana)

Tyningeme. Annetansepriepai, Xemic, XaHfak xoHe 6an nactanapbiH a3iprey
KoHe eHaipy OOWbIHWA FbINbIMU XKOHEe SHAIPICTIK Kbi3MeTke Tangay >kacangpl.
KasakcTtaH HapblIFblHAA HerisiHeH backa enaepaeH anbin KeniHreH anneTanseprep,
XKeMic-Kunaek, xaHfak koHe 6an nactanapbl 6ap, >eprinikTi aHanorrapbl oK.
LLnkizaTTbl ipikTey XoHe anneTan3depriepdi Xeprinikti eCiMAIK WNKi3aTbIMEH >XoHe
onapgaH anblHFaH CbifbiHObINAPMeH GanbiTy Macerneci kapanabl. ©aebvnettepre
LLIONY CbifbIHABINAPAbI any 6oMbIHLA KeMTEreH 3epTTeyNep XyprisinreHiH kepceTTi,
Gipak 6yn 3epTTeynepAiH kenwwiniri apMaueBTHKa XaHe KOCMETMKa cananapbiHa
OarbiTTanFaH. Ne BR 24993031 xobackl ascbiHaa: BA3-Fa 6an xeprinikTi eciMaik
LUMKi3aTbIH ipiKTey XeHe onapabl KO eciMaik nacTanapbiH eHAipyAe KonaaHy yLiH
BAS3-abl aKcTpakumsanayablH HeFypribIM XXyMcak 84iCcTepiH i3gey xocnapnaHyaa.
TytliiHOi ce3dep: xeprinikTi eciMaik LMKI3aTTapbl, anneTansep, Xemic, XaHfak,
6an KocblnFaH nacranap.

Ha6ueBa X.C.', lapubaesa I'.T.", MyxTapxaHoBa P.B.!, Bain6ekoBa A.Y.',
ToneyxaHoBa H.C.', )KaHaeBa A.B."
TANMaTUHCKMI TEXHONOMUYECKUI YyHUBEpCUTET, . AnmaTsl, KazaxcTaH

TEXHONOMMU NPOU3BOACTBA AMMETAW3EPOB C ®YHKLIMOHANbHbI-
MU CBOMCTBAMM (O630pHasi cTaTbs)

AHHoTaums. Mpon3BedeH aHanu3 Hay4yHoOM U NPOU3BOACTBEHHOW OEATEeNbHOCTM
no paspabotke M NpPoOM3BOACTBY anneTansepoB, (PYKTOBbIX, OPEXOBbIX W
Me[oBbIx nacT. Ha pbiHke KazaxcTtaHa B OCHOBHOM MPUCYTCTBYIOT anneTan3epbl,
(PPYKTOBbIE, OPEXOBbIE N MEA0BbLIE NACTbl U3 APYrNX CTPaH, OTCYTCTBYIOT MECTHbIE
aHanorn. PaccmoTpeH Bonpoc ot6opa cbipbs U oboralleHunst anneTan3epos
MECTHbIM pPacTUTENbHBIM CbIpbEM W 3KCTpakTamu u3 Hux. O63op nutepartypsl
nokasars, 4YTO MPOBEAEHO O4YeHb MHOrO MCCrefoBaHWi B 06nacTy nonyyeHus
SKCTPAKTOB, OAHAKO OOMbLWMHCTBO [AaHHbIX WCCreAOBaHWM HanmpaBneHo Ha
hapMUHOYCTPUIO U KOCMETUYECKYI0 NPOMbILLIIEHHOCTb. B pamkax npoekta Ne
BR24993031 nnaHupyetcsa: oT60p MECTHOrO pacTUTENBLHOTO Chipbs GoraTeix BAB
1 NoUCK Hanboree Wwagsawmx MeToAoB aKcTparnpoBaHusa BAB anst nx npymeHeHus
B NPOV3BOACTBE MYCTbIX PACTUTENbHBIX NacT.

Knroyeenbie crioea: MeCTHOe pacTuUTeflbHOE Cbipbe, anneTtan3epbl, PyKThl,
opexu, MedoBble nacTbl.
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OPTICAL STUDIES OF H,0+CO, THIN FILMS

Abstract. The choice of this type of hydrate as a study was the actual problems of
cleaning the air layer of the planet from carbon. A series of experiments was car-
ried out to record changes in vibrational spectra in a thin film of a cryocondensed
mixture of water and carbon dioxide at various concentrations. The purpose of this
study was to determine the presence of carbon dioxide hydrates under conditions
of high vacuum and low temperature condensation from the gas phase. The inter-
pretation of changes in the vibrational spectra depending on the sample annealing
temperature and carbon dioxide concentration is given for the frequency range
2210-2260, 2270-2290, 2310-2380, 2800-3700, 3590-3610.3580-3720.3685-
3720 cm™. When comparing the adsorption peaks of a 15% mixture of carbon
dioxide with water at a condensation temperature of 15 K and further annealing
of the sample.

Keywords: decarbonization, carbon emission, cryocondensates, optical proper-
ties, water, carbon monoxide.

Introduction. All over the world, environmental problems are driven
by climate change, especially with increasing greenhouse gas emissions.
The growth of greenhouse gas concentrations in the atmosphere has be-
come a serious environmental problem, as evidenced by the Kyoto Pro-
tocol. In addition to contributing to global warming by absorbing infrared
radiation, carbon dioxide C0,, methane CH,, and nitrous oxide N,O were
declared the most harmful substances.

There are two ways to reduce the level of carbon dioxide in the atmo-
sphere. The first is associated with the reduction of carbon dioxide emis-
sions into the atmosphere, and the second is with the utilization of carbon
dioxide that has already entered the atmosphere.

The first path has difficulties associated with the fact that it is difficult
for mankind to abandon the existing energy consumption in favor of en-
vironmentally friendly methods of obtaining it. For example, even though
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there is an increase in the development of alternative energy sources,
this quantitatively does not affect the reduction of CO, emissions into the
atmosphere.

A recent study by scientists at the University of California, Berkeley [1]
confirms that the US could get 90 percent of its electricity from zero-car-
bon sources by 2035. The detailed network modeling underlying the study
shows that electricity demand is reliably met every hour until 2035 under
various weather scenarios. Moreover, ever-cheaper wind and solar pan-
els make it possible to achieve 90% net electricity, while the reduction in
wholesale electricity trade costs 10 percent of today’s level.

An analysis by the University of California, Berkeley and the Energy
Innovation team shows that America can achieve a zero-carbon electricity
system without significantly raising wholesale electricity rates from today’s
levels through a combination of technologies that have not yet been com-
mercialized but are currently in the pipeline project:

» Use of hydrogen produced in gas turbines upgraded to burn pure
hydrogen

 Use of hydrogen produced by green electricity in fuel cells

« Combustion of synthetic methane or biogas in existing gas installa-
tions

* Capture and sequestration of CO, from existing gas installations

* Direct capture of CO, in air from ambient air

Stages of CCUS

1. Determining the source of CO,

2. Capture and release of CO,

3. Cleaning and shrinking

4. Transportation

5. Storage

6. Usage

First you need to identify the source of carbon: Mobile, point (industrial
emissions), atmosphere.

Many systems also exist for carbon capture: conventional, direct air
capture and natural carbon sinks.

Storage is carried out by injection back into earth formations, where
voids are formed because of mining, as well as on the ocean floor, use is
possible in the production of concrete and synthetic fuels, as well as in the
chemical industry.

There is also the idea of storing carbon in solid hydrates on the ocean
floor. Thus, CO, can stay in the hydrate “capsule” for a long time at low
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temperatures and high pressure. Now, methane extraction is actively car-
ried out from the ocean floor from methane hydrate clathrates. Carbon
dioxide can also exist in the hydrate shell, which can be a promising re-
placement for methane clathrate hydrates by CO, hydrates in the places
where methane clathrates are mined.

Methane hydrates (clathrates) are non-stoichiometric inclusion com-
pounds where small, usually polar (guest) molecules are trapped within
a host framework of hydrogen-bonded, ice-like structures. These com-
pounds can remain stable in solid form under high pressure and low tem-
perature conditions. Methane hydrates found in marine sediments are
considered a potential alternative energy source. There are two main
crystallographic forms of gas hydrates: cubic structure | and Il. [2]. The
main difference between these two types is the cell occupancy ratio. The
ratio of large and small cells in structure-I (sl) is 3:1, while in structure-I|
(sll) it is 1:2. It is known that guest molecules such as methane (CH,)
and carbon dioxide (CO,), most abundant in natural gas hydrates, do not
form sl hydrates under low temperature and high-pressure conditions.
It is generally accepted that these guest molecules form sl in natural
gas hydrates and in synthetic hydrates grown under similar geological
conditions. It is well known that Raman spectroscopy has clear gas hy-
drate signatures. Raman spectroscopy and infrared (IR) spectroscopy
are additional tools. The use of IR in the case of gas hydrates (IR) is
difficult due to the stronger regimes of the nearby water. But for CO,, IR
spectroscopy provides vital information because the spectra of CO, and
H,0 are well separated. Spectroscopic examination of CO, containing
clathrates is difficult because Raman spectroscopy cannot distinguish
between cell populations. NMR spectroscopy also has some complica-
tions since isotropic chemical shifts do not change for different CO, cell
populations. But it is known that molecules in various phases related to
hydrates give unique infrared vibration frequencies, but so far only thin
cryogenic films obtained at low pressure have been studied using IR
transmission spectroscopy.

Based on the analysis of IR spectra and knowledge of the composition
of the hydrated gas from gas chromatography data, quantitative estimates
of the hydration number are given.

Some spectroscopic studies of Raman scattering on synthetic meth-
ane hydrates in the pressure range of 3.0-9.0 MPa and temperatures from
-15 to 15°C showed the presence of sll, [3] observed the transitional for-
mation of sll CO, hydrates during the growth of pure CO, hydrates. [4]
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and [5] reported sll CO, hydrates on tetrahydrofuran (THF) hydrate in a
cryogenic state, as well as sl CO, hydrates on ethylene oxide.

Thus, this work is devoted to an experimental study of the formation
and properties of thin films of cryovacuum condensates of water mole-
cules with CO,, as well as relaxation processes and thermally stimulated
structural-phase transformations in samples condensed at low tempera-
tures. The objects of the study are films of water and CO,. Such studies
are aimed at establishing the relationship between condensation condi-
tions (substrate temperature and gas phase pressure) and the properties
of the amorphous films formed, such as growth rate, refractive indices
and polarizability. In addition, one of the important tasks is to determine
the temperature intervals for the existence of various structural states of
the samples, as well as to determine the desorption temperature and the
degree of kinetic stability (relaxation times) of the films formed.

Since the main studies use methane clathrates as an object, hydrates
with CO, are little studied [6-8], moreover, in our work, IR studies are car-
ried out at low pressures to obtain samples, which has no analogues now.
Basically, such works use Raman spectroscopy [9].

“CCUS should be a key element in the transition to carbon-free ener-
gy. It is the only technology group that contributes both to direct emission
reductions in critical sectors of the economy and to CO, removal to bal-
ance unavoidable emissions”. Samantha McCulloch, Head of Technology,
CCUS, International Energy Agency

Experimental Technique:

An integrated approach involving multiple experimental methods is
employed to address the research objectives:

» Two-beam laser interferometry is utilized to measure the growth rate,
thickness, and refractive index of the cryocondensed film.

* Infrared (IR) spectrometry is applied to obtain IR reflection spectra of
the films and to analyze the state of cryovacuum condensate samples by
evaluating absorption amplitudes and the positions of bands corresponding
to characteristic vibrations of the studied molecules in their free state.

» Thermal desorption is used as an alternative method to determine the
temperatures at which structural-phase transformations occur.

* Residual gas analysis is performed using quadrupole mass
spectrometry.

To achieve the research goals, cryovacuum condensation of samples
from the gas phase onto a substrate cooled to low temperatures is em-
ployed. This technique is well-known as an effective method for producing
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cryofilms in various, and critically, well-controlled structural-phase states
[4]. In Western literature, it is referred to as the physical vapor deposition
(PVD [5]) method and is widely used to investigate material properties at
low and ultra-low temperatures, including density [6], polarizability [7], and
optical characteristics [8], [9]. Additionally, it is applied in a broad range of
astrophysical and astrochemical studies [10], [12].

Installing a gas analyzer and completing the substrate with an adjust-
able heater based on a vacuum spectrophotometer helped to quantita-
tively determine the concentration of components in the film. Research
on the analysis of greenhouse gases by various methods is a hot topic
at this time, as evidenced by recent publications in high-ranking journals
[13], [14].

The values of the growth rate and refractive indices of condensates for
various concentrations of CO, and H,O at a constant temperature T=11 K
are obtained. Figure 4 shows the experimental data obtained for cryocon-
densates of a mixture of water and carbon dioxide.

Measurements of the dependence of the refractive index on the depo-
sition temperature were carried out using the experimental setup shown
in Figure 1. The experiments were carried out in the temperature range
from 11 to 310 K, including structural transformations of the studied mate-
rials. All experiments were conducted at a constant deposition pressure of
P = 5 x 10° Torr, with several additional experiments conducted to op-
timize the pressure. The sample thickness was kept constant for each
condensation temperature. A laser with a wavelength of (406 + 0.5) nm
was used, and the refractive index was measured using a two-beam laser
interferometer. Each data point in Figure 2 represents the average of two
or three measurements. The total error of measuring the refractive index
was estimated to be no more than 1.5%.
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Figure 1 - Experimental setup for cryovacuum condensation: (1) vacuum chamber,
(2) Turbo-V-301 vacuum pump, (3) CFF-100 vacuum shut-off valve, (4) FRG-700
pressure sensor, (5) Gifford- McMahon, (6) substrate, (7) photomultiplier and laser
interferometer, (8) light source and optical channel, (9) IR spectrometer and (10)
power system, (11) photomultiplier, (12) laser, ( 13) metal cylinder and (14) screen.

Results and discussion. The experimental dependence of the depo-
sition rate on temperature using the example of water and carbon dioxide
films is presented in Figure 2. Several experiments were conducted with
different deposition temperatures, which is why a linear increase in the
deposition rate is observed with a decrease in the condensation tempera-
ture at constant pressure P= 5* 10 Torr. Thus, the optimal deposition
temperature for the given conditions was found experimentally.

Temperature (K)

§ H20(85%) +C02(15%)
w H20(85%) + C02(15%)
5 H20(85%) +C02(15%)
u H20(85%) +C02{15%)
& H20(85%) + N20{15%)
u (02

02

m HZO

Figure 2 - Film deposition rates versus temperature
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The results shown in the Figure 2 and Figure 3 demonstrates that at
a temperature of 110 K, only water condenses onto the substrate. This
confirmation was also revealed in the IR spectra. Therefore, the refrac-
tive index from Figure 2 and Figure 3 does not correspond to the given
concentration and represents the value for pure water at this temperature.
This is evidenced by the IR spectra of the deposited films, as well as the
thermogram of this film, which does not show any signs of CO, in the film.
During condensation, the evacuation pump from the chamber is blocked.
After condensation is completed, it opens.

1,55 1

®  H20(85%) + CO2{15%)|

1,50 94—
145 . . i
1.4I:l- = I
1.35- [ i

1,25 n { =

Koadp, npenomMnedya, n

1,20 4 - - =
1,15 4 ! | ! ] L
1,10 - | . | | i

: —
] 20 40 el &l 100 120
TemnepaTypa

Figure 3 - Dependence of the refractive index of a thin film of cryocondensate of
water and carbon dioxide at different temperatures.

As shown in Figure 2 and Figure 3, a gradual increase in the refractive
index is observed within the temperature range of 16—80 K. In this range,
the sample exhibits an amorphous structure with a high degree of porosi-
ty, which contributes to the observed increase in the refractive index.
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Temperature (K)

= (02 u H20(25%) + CO2(75%) = H20(50%) + CO2({50%)
= H20(75%) + CO2(25%) = H2O[80%) + CO2({20%) = H20O(85%) + CO2(15%)
= H20(90%) + CO2(10%) w H20[95%) + CO2{5%) = H2O

= CO2(75%) + N20(25%) u N2

Figure 4 - The refractive index of the film on the concentration of the mixture.

The effect of the deposition temperature on the refractive index of
nitrous oxide is shown in Figure 5. As previously reported [9], [15], at
T = 40 K, this material undergoes a transition from a crystalline cubic
face-centered phase (T > 40 K) to a partially orientationally disordered
Pa3 phase (T < 40 K). This makes it particularly interesting to study how
this transition affects the refractive index of nitrous oxide. As shown in
the diagram, the refractive index gradually increases with increasing tem-
perature, from n = 1.254 at 16 K to n = 1.310 at 40 K. Around 45 K,
there is a sharp increase in the refractive index fromn = 1.315at T = 45
Kton=1.410atT =52 K. A further increase in the deposition temperature
from 50 to 70 K leads to a further gradual increase.
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Figure 5 - Effect of deposition temperature on the refractive indices of nitrous
oxide. For comparison, data for carbon dioxide are given [16].

For comparison, Figure 5 also shows the values of the refractive in-
dex of carbon dioxide, measured experimentally using a similar technique
[16]. In this case, a monotonous increase is observed in the range from
10 to 55 K, after which the values reach a plateau at higher temperatures.

The fact is that CO, hydrate forms have been known for many years
[17]. Recently, CO, hydrate has been considered as a means of captur-
ing and sequestering CO,. The CO, hydrate forms a type | (Pm3n) cubic
structure. Its unit cell contains 46 water molecules within two dodecahe-
dral (5,,) and six tetrahedral cells (5,,6,). If all cells are occupied individu-
ally, the hydrate composition of CO, is 5.75 H,0. In several spectroscopic
and diffraction studies, the composition of the hydrate was considered,
and it was decided that CO, molecules occupy almost all the large cells
in the | (sl) structure, as well as some of the small cells, which gives a
hydration number between 5.75 and 7.66. Spectroscopic measurements
useful for distinguishing cell populations should preferably show resolved
guest signatures in the large (5,,6,) and small (5,,) cell hydrate lattice.
Unfortunately, Raman spectroscopic measurements are not able to dis-
tinguish between large and small populations of cells in CO, hydrate [17],
[18], [19].

Infrared spectroscopy (IR) detects vibrations characteristic of certain
chemical bonds or functional groups in a molecule. When infrared light
interacts with matter, the molecular vibrations that give rise to changes in
the molecular dipole moment tend to absorb infrared radiation in a certain
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range of frequencies depending on bond lengths and angles and may be
independent of the structure of the rest of the molecule. Berti and Devlin
[20] prepared ethylene oxide hydrate using a cryogenic thin film vapor
deposition method and established this approach as a viable option for
studying clathrate hydrates by obtaining transmission FTIR spectra. Later,
Fleifel and Devlin used the same method to prepare CO, hydrate and
identify two separate peaks for CO, in large and small cells in sl and struc-
ture Il (sll). They concluded that infrared patterns for guest molecules are
usually significantly different from those temperatures often cause pro-
nounced shifting, narrowing, and amplification of peak intensity by limiting
internal rotational motions. However, they reported that it was difficult to
grow thin films of simple clathrate hydrates of small non-polar polyatomic
molecules such as carbon dioxide, and it was only possible to form mixed
hydrates in the presence of a small amount of polar auxiliary gas such as
ethylene oxide.

To assess the feasibility of the ATR-FTIR method and the sensitivity
of the CO, spectrum to the environment, the infrared spectrum of CO, in
the region of antisymmetric stretching was recorded for CO, in different
phases.

Figure 6 shows that the frequency of CO, oscillations in different
phases varies significantly, as does the bandwidth.

—— Liquid CO,, peak doublet @ 23258& 2356 cm’’
~----- CO, dissolved in liquid water, @ 2343 & 2360 cm”'
- - -CO, gas, peak doublet @ 2337 & 2362 cm”'

=== CO, hydrate, Peak doublet @ 2336 & 2346 cm’’
-«==- CO,JC H, hydrate, CO, peak @ 2346 cm'

23

Absorbance

N

r T T T T T T T T
2420 2400 2380 2360 2340 2320 2300 2280 2260

Wavenumber (cm’)

Figure 6 - ATR-IR spectra of CO2 showing unique peaks under different
conditions.
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No solid CO, was observed as the assay temperature did not drop be-
low -50°C. Because spectra for CO, in different phases give unique peak
positions, infrared spectra recorded by the ATR method can be usefully
used to characterize CO, hydrate.

The formation of carbon dioxide clathrate hydrate is verified and iden-
tified using the vibrational mode v,. The position of the absorption bands
observed in our experiments at 2280 and 2283 cm™ closely corresponds
to the IR spectrum of type | 13CO, clathrate, which corresponds to mole-
cules trapped in small and large structures, respectively. Fluctuations of
the primary isotopomer in the region of 2341 cm™ are also shown in our
spectra. The very weak arm visible in the 2235 cm™ region in Figure 6a
of our low—-temperature spectra is shifted by 7 cm™'. We attribute this to
C,s0,:0, a substituted isotope of carbon dioxide, based on the shifts mea-
sured in the gas phase (Rotman, 1986) [21]. The second band, expected
at a slightly higher wavenumber for C,,OCO trapped in the second type
of cell, is barely visible in our spectra due to significant overlap with the
main bands of CO, saturation (Figure 7). In addition, a noticeable band,
more noticeable above 2360 cm™, corresponds to the 3 harmonic in the
libration mode water ice (Figure 8).

—— = ~—/"/\‘- =
0,90 -‘v\\ = gt

z
‘= ¢\
2 085F sk
£ 62K
S - 70K
8 - 78K
z L. 86K
L - -
§ 0,80 92K
B —96 K
< 102K
110K oo
075 118K el E
126 K $ie
134K
144K
e 182K .
0,70 & 1 1 1 1 1 1 1 1 1 -

2270 2272 2274 2276 2278 2280 2282 2284 2286 2288 2290

Frequency (cm™)

Figure 7 - Temperature-dependent spectrum in the vibrational region
2270-2290 cm™ v, for the formed clathrate hydrate.
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Weak transitions of 13 CO, and 18 OCO within the first range of the
Fermi resonance were predicted based on the natural isotope content and
band shifts observed in particles in the gas phase [21]. We applied the
same approach by assigning the peak of the Fermi resonance an index
starting from the highest resonance level.
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Figure 8 - Temperature-dependent spectra of carbon dioxide clathrate hydrate in
the region of combination modes of the Fermi resonance v, + v,.

The v, + v, transitions in CO, were not detected during the current
experiments, and Figure 9 shows only their assumed position.This
absence can be partially explained by the strong absorption by water ice.
However, the ratio of the Fermi dyad intensities for this isotope seems
to differ significantly from the ratio of the intensities of the main isotopic
transitions. In addition, an absorption of about 3710 cm~ was observed.

One of the questions concerning the origin of this band may be related
to the interaction of the CO, v, mode with the harmonic libration of water
ice, similar to what is observed at lower wave numbers.It is highly unlikely
that this transition is related to the double presence of CO, in the same
cells, given the large size of the CO, molecule compared to type | clathrate
cells. In the range from 150 to 11 K, we observe spectral clarification char-
acterized by the sharpness of individual CO, bands inside the clathrate
shell., as well as an increase in intensity and a slight shift towards lower
frequencies. For the 13CO, v, regime, the integral absorption increas-
es approximately 3-fold from 150 K to 11 K, which indicates cell-induced
polarizability in the asymmetric stretching regime, a feature observed to
varying degrees in clathrate hydrates.
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We summarize the observed values at 11 K for type | carbon dioxide
clathrate hydrate and compare them with three other phases: CO, in the
gas phase, pure solid CO,, and CO, as a simple hydrate mixed with amor-
phous H,O ice at low temperatures. In addition to band splitting caused
by CO, entering two different type | cells of the clathrate hydrate structure,
the key difference between the spectra of clathrate hydrate and simple
hydrates is the absence of activation of the 2v, mode in clathrate hydrate,
whereas a strong band is observed at 4678 cm ' during hydrate formation.

FTIR spectra of type | carbon dioxide clathrate hydrate were recorded
in the near and middle infrared range at temperatures from 11 to 150 K.
Characteristic double peak profiles corresponding to the same transition
were observed, but for CO, trapped in two different types of cells - small
and large - in the structure of clathrate | hydrate. These spectroscopic
features, along with the location of the two components, make it possible
to reliably detect CO, clathrate hydrate using remote spectroscopy of icy
bodies in the Solar System or the interstellar medium. Reflection (or trans-
mission) spectroscopy of the icy surfaces of planets, moons, or comets
with a spectral resolution exceeding one thousand in the near and middle
infrared ranges would make it possible to clearly separate the transitions
associated with different cells. Although direct remote observations can
provide valuable results, they are fraught with difficulties. This difficulty
in detecting clathrates has led to the use of thermodynamic methods to
assess their presence, as well as to study their effect on the release of
elemental or molecular content. However, despite meeting the conditions
necessary for the formation and stability of clathrates, care must be taken
not to rely too much on these methods, emphasizing the need for their
unambiguous spectroscopic determination under strict conditions.

Despite the expected filling of the cell and, as a result, the doubling
of bandwidth, no direct evidence of the presence of carbon dioxide clath-
rate hydrate in astrophysical objects, including in our Solar System, has
yet been obtained. Given that various physical interactions can occur be-
tween CO, (and other molecules) and water ice - interactions that are not
necessarily associated with the formation of a crystallographic structure
similar to clathrate hydrates - it is extremely important to be able to directly
determine the content and state of various phases of CO, in astrophysical
media using spectroscopic methods..

127



EcmecmeeHHble HayKu, UHXUHUPUH2 U mexHoroa2uu

2vl 4+ vIFR1

2Vl 4 vIFR2

Gas v (cm-1)

Crystal (4:21K) CO2 v (cm-1)
Hydrate (15K) H20/CO2 = S v (cm-1)
Clathrate (5.6K) Type 1 v (cm-1)

Spectra of Different Transitions

2v1 4 V3FR3 °

Second Fermv rescnance B

2v3 E]

first overtone v3 ®

vi+vifRl L

vl + v3 FR1(180C0O)e L

vl + v3 FR1(13CO2)e =

Transions

vl + v3FR2 -

vl + v3 FR2(180C0)e °

vl + v3 FR2(13C02)e z

First Fermi resonance =

vid L

v3(180C0) °

v3l13c02) L

2500 3500

Wavenumber (¢cm-1)

4000 4500

Figure 9 - Carbon dioxide: gas, pure solid, hydrate and clathrate-hydrate
transitions.

The gradual transition of the absorption peak at a frequency of
3704 cm™ during the annealing process is shown in Figure 10.
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Figure 10 - Change in the absorption band of the cryocondensate mixture of
water and CO, during annealing. Tc = 16 K, Water concentration 75%.
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Conclusion. Due to the limited data on the kinetics of formation and
decomposition of carbon dioxide hydrates, as well as their physical struc-
tural properties, it is necessary to obtain more experimental data with
condensation and different thermal histories of potential carbon dioxide
hydrate clathrates.

The obtained spectra are also important for the identification of CO,
hydrates on space objects.

In our temperature range and under similar vacuum conditions, there
are two ways to describe the structural evolution. On one hand, infrared
spectroscopy data indicate that when deposited below 30 K, the structure
is amorphous, while deposition above 50 K results in a crystalline struc-
ture. Once ice forms at lower temperatures, annealing tends to produce a
more ordered amorphous structure or even crystallizes the solid. Another
explanation involves nucleation-driven ice growth, where small crystal is-
lands form, randomly oriented, with their size directly dependent on tem-
perature; similarly, annealing leads to solid crystallization, with energy for
this process supplied either by increasing temperature or by energy trans-
ferred during gas molecule collisions with the solid. In our laboratory, we
observed these structural changes during thermally programmed desorp-
tion (TPD) experiments, where CH, from a CO,-CH, mixture desorbed
at three distinct temperatures: 35 K, typical for pure CH,; 50 K, when a
structural change in CO, occurs; and 90 K, when both CO, and CH, de-
sorbed together. Based on our results, we can conclude that this structural
change does not affect polarizability, as this property is intrinsic to the mol-
ecule. However, it should also be noted that changes in the polarizability
tensor may not be captured by the experimental value, as the measured
value represents the average of the elements on the main diagonal of the
radiation pattern [10], [11], [16], [21].

Regarding the IR spectra of cryocondensates of carbon dioxide and
water, the correlation of the data clearly confirms the presence of a clath-
rate structure.

The publication of the article was carried out with the support and funding of
the Science Committee of the of Science and Higher Education of the Republic
of Kazakhstan within the framework of the implementation of the grant funding
project of the IRN AP19680205.
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Yurambaesa H.H.', HypmykaH A.E."
'On-Papabu atbiHgarbl Kasak ynTTblK yHMBepcuTeTi, AnmaTel K., KaszakcTaH

H,0+CO,XX¥KA KABbIKLANAPbIHbIH ONMTUKANbIK 3EPTTEYJIEP

Tyningeme. MvapatTbiH Oyn TypiH 3epTTey peTiHAe TaH4ay nraHeTaHbIH aya Ka-
OaTblH KeMIPTEKTEH Ta3apTyablH ©3eKTi Macenenepi 6onabl.

OPTYPIi KOHUEHTpaUUsAaarbl Cy MeH KOMIPKbILKbIN radbiHblH KPMOKOHAEHCAUNS-
NaHfaH KocnachkIHbIH XyKa KabbikluacsiHaa Tepbenic cnekTprepiHib, e3repyiH Tip-
Key yLiH BipkaTap Texipubenep xyprisingi.

Byn 3epTTeyaiH MakcaTbl ra3 pasacblHaH OoFapbl BakyyM XaHe TOMEH TeMnepa-
Typanblk KOHOEHCAUWS XaFdanbiHAa KOMIPKbILLKbIN radbl rmapatTapbiHbiH 60nybIH
aHbikTay 6ongpl. YNriHi Kyriaipy TemnepaTypacbiHa oHe KOMIPKbILLKbIN rasbiHbIH
KOHLIEHTpaumsicbiHa GannaHbICTbI Aipin cnekTpnepiHaeri e3repictepaid MHTepnpe-
Tauusicbl 2210-2260, 2270-2290, 2310-2380, 2800-3700, 3590-3610, 3590-3610,
32080-137-1302 cm" xuinik ananasoHbiHaa GepinreH. 15 K koHOeHcaums Temne-
paTypacbiHAa CyMeH KeMipPKbILLKbIN rasbiHbiH 15% KocnacbIHbIH aacopoLums WbiH-
AapblH CanbICTbIPY XoHe YNriHi 04aH api XacbITy KesiHae.

TytiiHOi ce3dep: nekapboHM3aLNs, KOMIPTETi WblFapblHAbINAPbI, KPMOKOHAEHCaT-
Tap, onTuKarnblk KacmeTTep, Cy, KeMipTeK TOTbIfbl.

Yurambaesa H.H.', HypmykaH A.E."
'Kazaxckuii HauuoHanbHbI yHuBepcuteT uM. anb-®apabu, r. Anmatsbl, Kasax-
cTaH

OMNTUYECKUE UCCNEAOBAHNA TOHKUX NNEHOK H,0+CO,

AHHoTauwms. Beibop aaHHoro Tuna rymgparta B kadecTBe 00bekTa MccregoBaHus
0o0ycnoBneH akTyarnbHbIMX NpobrnemMamy O4YMCTKU BO3QYLUHOrO Criosi nnaHeTbl OT
yrnepoga.

MpoBeaeHa cepusi IKCMEPUMEHTOB MO PErNCTPaLUN U3MEHEHNI konebaTernbHbIX
CMEKTPOB B TOHKOW MIEHKE KPUMOKOHAEHCUPOBAHHOW CMECK BOAbI U YIMEKUCIOro
rasa npu pasnuyHbIX KOHLEHTpaumsax

Llenbto gaHHOro nccreqoBaHus GbIo onpeferieHne Hanuums rmgpaToB Yriekuc-
11010 rasa B YCIOBUSIX BbICOKOTO BaKyyma U HU3KOTEMMNEepaTypHOW KOHAEHCALMM 13
razoBon dasbl. lNpuBeaeHa MHTepnpeTaums M3MeHeHUn kornebaTernbHbIX CNEKTPOB
B 3aBMCMMOCTU OT TemnepaTypbl oTxura obpasua M KOHUEHTpaLuu yrnekucno-
ro rasa ansa guvanasoHa 4actoT 2210-2260, 2270-2290, 2310-2380, 2800-3700,
3590-3610,3580-3720,3685-3720 cm™'. MNpu cpaBHeHuM nukoB agcopbuun 15%
CMEeCM YITEKUCIIOro ra3a ¢ BOAOW npu Temnepartype koHaeHcaumm 15 K n gane-
Hevwem oTxure obpasua.

Knrouyeebie cnoea: gekapOoHM3auMs, YrmepoaHbli BbIOPOC, KPUOKOHAEHCAThI,
OnTU4ecKne CBOWCTBA, BOAA, OKCUA yrnepoaa.
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ANALYSIS OF THE ONSET OF CONVECTION DURING DIFFUSIVE
MIXING IN TREE-COMPONENT GAS MIXTURES WITH THE
ADDITION OF PROPANE

Abstract. Diffusion processes in gases play an important role in many areas of
Chemical Technology, aerodynamics, Astrophysics and Applied Physics. The study
of diffusion phenomena in multicomponent gas mixtures at different pressures and
temperatures makes it possible to understand the mechanisms of mass transfer
between components and their effect on the final separation products. This study
is aimed at describing the features of diffusion mixing of gases during the transition
from molecular diffusion to the zone of concentration gravitational convection. This
study is aimed at studying the processes of diffusion and convective mixing in
tricomponent gas mixtures. According to the results of the study, it was found that
convective flows significantly exceed molecular diffusion. The Biolab method was
used, the diffusion mixing of tricomponent gas mixtures was analyzed and the
formation of concentration convection in the diffusion cell channel in the gravity
field was demonstrated. Mathematical models have been proposed to describe
diffusion and convective mixing at different pressures and initial concentrations.
In addition, the results of the study, which revealed the dependence of convective
flows on pressure and temperature in the helium-propane-methane system,
confirmed the violation of mechanical equilibrium. Conditions for the formation
of diffusion stability in propane-hydrogen-carbon dioxide and propane-helium-
carbon dioxide systems were considered. The results show the influence of
thermodynamic parameters on the formation of diffuse mixing and convective
flows. The study proves the possibility of Molecular and convection mixing in gas
mixtures consisting of components with similar densities.

Keywords: diffusion, gases, mixtures, convection, concentration.

Introduction. Diffusion processes in gases are essential for solving a
wide range of problems in chemical technology, aerodynamics, astrophys-
ics, and other fields of applied physics. In particular, the analysis of diffu-
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sion phenomena in multicomponent gas mixtures at various pressures
and temperatures makes it possible to determine the specific features of
the mass transfer mechanism between components and their influence on
the final separation products. Such studies are also relevant for describing
the characteristics of gas diffusion mixing during the transition from the
molecular diffusion region to the region of concentration-driven gravita-
tional convection.

As experimental studies of diffusive mixing in three-component sys-
tems in a gravitational field have shown [1], under certain conditions,
convective flows arise, and their superposition with molecular transfer
leads to diffusive instability, or, in other words, to a disruption of mechan-
ical equilibrium. It should be noted that a state in which the acceleration
(%=0) is zero is considered to be in mechanical equilibrium. In diffusion
processes, external forces can exert different effects on different compo-
nents. Mechanical equilibrium is maintained not only in states with zero
acceleration but also in those where the velocity gradient is insignificantly
small, resulting in the viscous pressure tensor remaining very low.

The disruption of mechanical equilibrium in multicomponent gas mix-
tures is currently insufficiently studied from both theoretical and experi-
mental perspectives.

The aim of this work is to investigate convective motions arising during
diffusive mixing in a three-component gas system within a vertical diffusion
channel. The obtained results will make it possible to assess the influence
of various mixing conditions on the characteristics of the final separation
products of mixtures, as well as to explore their internal properties.

Research method. For a deeper analysis of diffusion mechanisms us-
ing mathematical modeling, the concentration distribution of gas mixture
components in the diffusion channel was examined under constant tem-
perature and varying pressures.

Experimental studies of unstable diffusion in isothermal three-compo-
nent gas mixtures have shown that the transition of the system from a
stable to an unstable state is determined by the following parameters:
the difference in diffusion coefficients of the components, pressure, initial
mixture composition, different positioning of the initial gas mixtures rela-
tive to the channel, channel diameter and length, its orientation relative
to the vertical, temperature, and the rotational frequency of the diffusion
apparatus [2,3].

Under conditions of developed convection, the following effects were
observed: the presence of intensity peaks dependent on pressure, multi-
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ple transitions of the system from a stable to an unstable state, and anom-
alous enrichment of the gas mixture [4].

Based on experimental studies, it was shown that the occurrence of
diffusive instability in three-component gas mixtures is associated with the
fulfillment of a number of necessary conditions:

1) The binary gas mixture (1+2) is at the top, and the pure gas (3) is at
the bottom, P2P3oP 5 Py <Py D, >D,;

2) The binary gas mixture(1+2) is at the bottom, and the pure gas (3) is
at the top, P2PoP 5 Py <Py D, >D,;

3) The binary gas mixture (1+2) is at the top, and another binary mix-
ture (3+2) is at the bottom, p,>p.>p ; p,,.,<p; D,,>D,;

4) The binary gas mixture (1+2) and the pure gas (3) can be either at
the top or at the bottom, p,>p . >p ; p ., <p,; D, ;>D,;

In this case, an unstable process is possible in any mixing direction,
but only under certain parameters, particularly at different pressures.

Thus, in addition to the necessary conditions for the onset of convec-
tion during diffusive mixing, the following additional conditions must also
be met:

1) The gas mixture must consist of components with diffusion coeffi-
cients that differ by several times;

2) The influence of pressure must be significant;

3) Instability arises within a specific range of component concentra-
tions;

4) Instability can occur regardless of the initial arrangement of compo-
nents in the diffusion apparatus;

5) Temperature affects the occurrence of instability;

6) Changes in the geometric parameters of the diffusion channel alter
the conditions of the diffusion-convection transition;

7) Reducing the viscosity of the diffusion mixture may increase the
likelihood of an unstable process.

Various kinetic, thermodynamic, and semi-empirical approaches are
used to describe anomalous diffusion. In our view, the most effective
method is to describe diffusive instability using linear stability theory, as
this allows for the formulation of the most general criteria for determining
the transition boundary between different regimes. Currently, this problem
has been solved for liquids [5]. For gases, a solution exists only in the
simplest case - for an infinite flat vertical slit and an infinite cylinder [6]. Of
course, such a problem formulation does not fully correspond to experi-
mental conditions, where confined diffusion channels are used. Neverthe-
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less, the simple geometry of the channel makes it possible to obtain an
analytical solution to the diffusion stability problem in a complex situation
where two “thermodynamic forces” and two independent concentration
gradients act simultaneously.

The transition between the «diffusion-concentration convection» re-
gimes in three-component gas mixtures can be described using a system
of hydrodynamic equations for turbulent parameters based on the Ober-
beck-Boussinesq approximation [7].

During the transition from the diffusive to the convective regime, non-
linear isoconcentration lines are observed. The stable mixing time of the
mixture is only a few seconds. If the mixing is unstable, transfer pulsations
caused by the formation of convective structures can be recorded [8].

In the evolution process of finite disturbances, the type of convective
motion is determined based on nonlinear equations.

In this case, the equation for the finite (significant) disturbance dif-
fers from that for small disturbances, as it retains certain elements (uVu)
and(uV)c..

Thus, the dimensionless equations for the infinite disturbance take the
following form [9]:

% + Lz;Vc1 = LAc1 + Lz’lec2
ot Pr, Pr, Pr,,

1)
oc, 1 - 4 1 1 (
—2+—WwWe,=——1, Ac, + —Ac,

ot Pr, A, Pr,, Pr,,
s o ) )
ou +—V(u-u)=-Vp+ Au+ (Ra,r,c, + Ra,c,)y
ot Pr,
divw =0 BAH
Criteria parameters: pr, =- — Diffusion Prandtl number, Ra,= gD‘—‘V -
22

Partial Rayleigh number. Where, A — Dimensionless initial concentration

D’
gradient of the i-th component, t,=5*- — Parameters defining the relation-
22

ship between practical diffusion coefficients For this system of equations,
appropriate initial and boundary conditions are formulated to accurately
describe the physical scenario [10].

Results. To obtain a graphical representation of the mathematical
model describing the instability of mechanical equilibrium in a diffusion
channel, an algorithm was developed in Fortran. This algorithm employs
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numerical methods to solve the system of equations (1). Based on the
computed values, graphs characterizing convective diffusion were con-
structed using Tecplot 360 EX.

The study proposes a method for investigating the isothermal diffu-
sion process in three-component gas mixtures with varying transport co-
efficient ratios within a vertical cylindrical channel through 2D modeling.
Calculations were performed for systems He+C,H-CH, C,H +H-CO,
C,H +He-CO,, with various molar fractions. For the first system, the param-
eters were set as follows: pressure p=0.8 Mlla, temperature T7=320.2 K,
and a time step of 0.005 seconds. The length and radius of the channelw-
ere L=165°10"m, r =3 10"m.

02 04 06 0.8 1
X

a) 6)
Figure 1 - p=0.8 MlMa, T=320.2 K, The channel lengthis165 mm, and the
radius is 3 mm.
0,4He+0,6 C,H -CH for the system C.H, were analyzed isoconcentration
lines.

Figure 1a shows the initial state of the components. At this point, the
concentration distribution of propane and methane remains unchanged,
indicating the absence of a mixing process. In Figure 1b, 0.005 seconds
after the start of the experiment, the onset of convection in the mixing
process is already noticeable.

Figures 1, 2, and 3 present the results of the numerical experiment,
describing the diffusion and convective mixing of a three-component gas
mixture 0,4He+0,6 C,H -CH, at a given pressure 0,8 MlTa and initial con-
centration over time.

The analysis of the study results shows that the violation of the me-
chanical equilibrium of the gas mixture leads to changes in the concentra-
tion distribution of the components over time (Figure 1). Depending on the
experimental pressure, a significant increase in convective mixing is ob-
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served over time, as evidenced by the further distortion of the isoconcen-
tration lines (Figure 1). As a result, a complex structured flow is formed in
three-component gas mixtures within a vertical channel, enhancing over-
all mass transfer under isothermal diffusion conditions.

Figure 2 - p=0.8 Mla, T=320.2 K, The channel lengthis165 mm, and the
radius is 3 mm

0,4He+0,6 C,H ~CH, for the system C,H were analyzed isoconcentration lines

Further analysis of the isoconcentration lines of the diffusion process
components in System 0,4He+0,6 C,H ~CH  revealed a pronounced insta-
bility phenomenon (Figure 2). The initial, slightly curved isoconcentration
lines indicate the onset of convection. As the mixing time increases, along
with the initial concentration of heavy components and the pressure, the
curvature of the isoconcentration lines intensifies significantly. The results
demonstrate that, at the early stage of convective flow development, the
concentration distribution is highly dependent on the experiment’s dura-
tion and pressure. As these parameters increase, the curvature of the iso-
concentration lines acquires a complex nonlinear character. This confirms
the emergence of more intense flows that accelerate component transfer.
The development of convective flows in the diffusion channel leads to
a disruption of the mechanical equilibrium state and the emergence of
concentration gravitational convection during multicomponent diffusion. In
this scenario, an unstable diffusion process is observed.
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Figure 3 - p=0.8 Ml1a, T=320.2 K, he channel length is 165 mm, and the
radius is 3 mm.

0,4He+0,6 C,H ~CH  For the system C H  were analyzed isoconcentration
lines.

n:

02 04

As evident from the computational results presented in Figure 3, in-
creasing pressure enhances the flow, as indicated by the significant cur-
vature of the concentration lines.

Figures 1-3 demonstrate that convective mixing conditions in the sys-
tem manifest within the initial seconds. It is shown that further pressure
increases lead to intensified unstable diffusion regimes.

For the system. 0,4He+0,6 C,H-CO, figure 4 displays isoconcentration
lines that remain uncurved, confirming the absence of convective distur-
bances during gas diffusion mixing; thus, the process remains stable. This
temporal concentration distribution indicates that, under these pressures,
the diffusion mixing process forms flows with low velocity and low average
kinetic energy.

0.2 04 06 0.8 1 0.2 0.4 06 0.8 1
X X

Figure 4 - p=0.6 Mla, T=300 K, The channel lengthis165 mm, and the
radius is 3 mm
0,4He+0,6 C,H ~CO, for the system C,H, were analyzed isoconcentration lines.
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Based on the analysis of these three systems, it can be concluded
that pressure is a significant factor influencing the diffusion process cou-
pled with convection in the first system, while time plays a crucial role
in the second and third systems. When varying the molar fraction and
pressure, the process remained stable; however, increasing the time step
could potentially reveal the onset of convective flow. It's important to note
that the current version of the program lacks this capability. Additionally, it
was found that similar molar masses of the heavy (C,H,) and intermediate
(CO,) components also impact the process. Notably, the gases used in all
three systems are of significant technical importance.

Conclusion. Based on the research, the following conclusions can be
drawn:

1. The analysis of experimental studies on diffusion in three-compo-
nent gas mixtures showed that convective flows significantly exceed the
corresponding molecular diffusion flows.

2. The diffusion mixing process of three-component gas mixtures was
analyzed using the two-flask method. When the composition was une-
venly distributed, concentration convection was observed in the diffusion
channel under the influence of a gravitational field.

3. Mathematical modeling results were obtained, describing the
diffusion and convective mixing of three-component gas mixtures
He+0,6 C.H-CH, C.H+H,-CO,, C,H+He-CO, at various pressures and
initial concentrations.

4. In the helium-propane-methane systemwas found that under pres-
sure p=0,6-0,8 Mlla and temperature T=300-320,2 K convective flows oc-
cur during the diffusion mixing process under pressure and temperature
conditions. The analysis of the obtained results confirmed the violation of
mechanical equilibrium in the studied system, leading to the formation of
a complex flow structure dependent on pressure, accompanied by molec-
ular diffusion in the vertical channels of three-component gas mixtures.

5. In the propane-hydrogen-carbon dioxide and propane-helium-car-
bon dioxide systems: For the first system, this stability was at pressure
p=0,4-0,6 MlMa and temperature T=285-300 K; for the second system, at
specific pressure p=0,4-1,0 MlMa and temperature T=300-350 K diffusion
stability was observed.

6. The influence of thermodynamic parameters on the emergence of
convective flows during the diffusion mixing process was confirmed.

7. As demonstrated in this study, in initially gravitationally stable gas
mixtures consisting of components with similar densities, the mixing pro-
cess can occur both at the molecular level and in a convective regime.
These results can be determined either through costly experimental stud-
ies or using the numerical method presented in this work.
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Monga6ekosa M.C.", AcembaeBa M.K.!, MykamegeHkbi3bl B.", 3. Cepik 3.7,
MNosipkoe U.B.?

'On-dapabu atbiHaarsl Kasak ynTTblK yHUBepcuTeTi, AnMaThl K., KasakctaH
2¥n1ThIK 3epTTey Mackey MeMIiekeTTik KypbinbiC yHMBepcuteTi, Mackey K.,
Pecen

MPOMAH KOCbUIFAH YLUKOMMNOHEHTTI FTA3 KOCMNAJIAPbIHOA
ONDY3UATNDbIK APAJTACTbIPY KE3IHOE KOHBEKUUAHBIH MAUOA
BOJTYbIHA TANOAY

Tyningeme. Maspgappafel An@ysnAnbIK NPOLECTEP XUMUSAMbIK TEXHOMOrus,
aspoavHamMuKa, acTpodusmka xaHe kongaHobanbl dunankaHblH KenTereH canana-
pblHA2 MaHbI3Abl pern aTkapadbl. Op TypIi KbicbiMaap MeH TemnepaTypanapaarbl
KOMKOMMOHEHTTI ra3 kocnanapblHaarbl Anddysusnblk KyObinbicTapabl 3epTTey
KOMMOHEHTTEP apacbkiHAarbl Maccaanvacy MexaHu3mOEepiH XaHe onapablH, COHFbI
6eny eHimaepiHe acepiH TyCiHyre MyMKiHAIK 6epeai. Byn 3epTTey monekynanbik
anddpy3usigaH KOHLEHTPaLUSNbIK rpaBUTaLUAbIK KOHBEKUNSI aiMarbiHa 6Ty Ke-
3iHae rasgapabii Anddy3nanbik apanacy epekLenikTepiH cunartayra barbiTTan-
FaH.byn 3epTTey yLIKOMNOHEHTTI ra3 kocnanapbiHaa AU AY3NANbIK XOHE KOHBEK-
TUBTIK apanacy npoLecTepiH 3epTTeyre barbiTTanfaH.

3epTTey HaTmKenepi GoMbIHLLA KOHBEKTUBTIK aFbiHAapAbIH, MornekynanbIk auddy-
3usaaH aiTaprnblKTan acbin TyceTiHi aHbiKTanabl. Ekikonbanbik agic kongaHbinbim,
YLUKOMMOHEHTTI ra3 KocnanapbiHblH Andy3usnblk apanacybl TangaHabl XaHe
rpaBuTaums epiciHaeri AMAY3NANbIK YALbIK KaHanbIHAA KOHLEHTPaLNS KOHBEK-
LMSICBIHBIH, KanbiNnTacybl KOPCETINAi. OPTYpri KbiCbiM MeH 6acTankbl KOHLEHTpa-
uusinapga ouddysns MeH KOHBEKTUBTIK apanacyabl cunaTTanTblH MaTeMaTuka-
NblK MoZenbaep ycbiHbiNAabl. CoHbIMEH kaTap, [enuii-nponanH-MeTaH XyneciHae
KOHBEKTMBTIK afblHAapAblH KbICbIM MEH TemnepaTtypara ToyenginiriH aHblkTaraH
3epTTey HaTWXenepi MexaHuKkamnblk Tene-TeHAKTIH Oy3binyblH pactagpl. [lpo-
NaH-CyTEK-KOMIPKbILLUKbIN ra3 aHe npornaH-reNnin-KemipKbILLKbIN ras XynenepiH-
ae onddpysmanblk OPHBIKTBINBIKTEIH Naraa 6ony xargannapbl KapacTbipbligpbl.
HaTuxenep TepmMoaMHaMumkanbik napaMmeTprepaid Auddysuanbik apanacy xaHe
KOHBEKTUBTIK afblHAapAbIH naviga 6onybiHa acepiH kepceTteni. 3epTTey Thifbi3abl-
Fbl yKCaC KOMMOHEHTTEPAEH TypaTbiH ra3 KocnanapblHAa MOJIEKyasblK XoHe KOH-
BEKLMANbIK apanacyablH MyMKIHAIrH ganengenai.

TyliHdi ce3dep: onddysus, rasgap, kocrnanap, KOHBEKLUS, KOHLEHTpaLMS.
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Monga6ekosa M.C.", AcembaeBa M.K.!, MykamegeHkbI3bl B.!, 3. Cepuk 3.,
MNosipkoe U.B.?

1 Kazaxckuit HaumoHanbHbIin yHUBEPCUTET MMEHU anb-Gapabu, r.Anmarsl,
KasaxctaH

2 MockoBCKuM [[ocyAapCTBEHHbIV CTPOUTENbHBIN YyHUBepcuteT, r. Mockea,
Poccus

AHAIMN3 BO3HUKHOBEHUA KOHBEKLUMM NMPU ON®DY3NOHHOM
CMELUMBAHUN B TPEXKOMMNOHEHTHbLIX TA30BbIX CMECAX C
OOBABJIEHUEM NMPOMNAHA

AHHoTaums. Jnddy3noHHbIE MPOLECChI B ra3ax UrpatoT BaXKHYH POrb BO MHOTUX
06nacTsiX XMMUYECKON TEXHOMNOrUK, a3poaMHaMUKL, acTPOU3NKN 1 NPUKITaLHON
dusnkn. MaydeHne AMPPY3NOHHBIX SBFIEHUA B MHOFOKOMMOHEHTHbLIX Fa3oBbliX
CMEeCSAX NpY pasnNunyHbIX AaBMEHWAX U TemnepaTypax No3BONseT MOHATb MEXaHN3-
Mbl MaccoobMeHa Mexay KOMMOHEHTaMU U UX BIIUSIHUE HA KOHEYHbIE MPOOYKTbI
pasgeneHns. 3TO uccrefoBaHMe HarnpaBrieHO Ha onucaHne ocobeHHocTen and-
(Py3MOHHOrO NepemeLLBaHNS ra3oB Npv nepexoae ot MonekynsapHon anddysum
K 06racTy KOHLEHTPaLMOHHON rPaBUTALMOHHON KOHBEKLUMU. DTO UCCrnefoBaHne
HanpaBIieHo Ha U3y4yeHre npoueccoB ANddY3MOHHOrO N KOHBEKTUBHOMO Nnepeme-
LUMBaHNS B CMECSAX N3 TPEXKOMMOHEHTHbIX ra3oB.

PesynbTaThl uccregoBaHus nokasanu, YTO KOHBEKTUBHbIE MOTOKM 3HaYUTENBHO
NPeBOCXOAAT MONEKYNApHY0 Anddysuio. MpumeHeH ABYXKONECHbIA MeToA, Npo-
aHanu3npoBaHO AN PY3MOHHOE CMELLIEHNE CMEeCe TPEXKOMIMOHEHTHbIX ra3oB 1
nokasaHo opMMpoBaHME KOHBEKLIMW KOHLUEHTpaUMIA B KaHane Anddy3nMOHHbIX
siYeek B rpaBMTaLMOHHOM nore. Bbinu npeanoxeHsl MaTeMaTUyeckme mMogenu,
onvcbiBawmne AMpdy3nio U KOHBEKTVBHOE BMELLUATENbCTBO MPW PasnuyHbIX
[OaBINEHVAX U HavanbHbIX KOHLUEHTpaumsx. Kpome Toro, pesynbTaThl Uccreaosa-
HWS, BbISBMBLUME 3aBUCMMOCTb KOHBEKTUBHbBIX MOTOKOB OT AABrEHUs 1 TeMnepa-
Typbl B cucteme enuii-nponaH-meTaH, NOATBEPANIN HapyLUEHNE MEXaHUYEeCKOro
paBHOBecUsi. PaccMOTpeHbl criydan BO3HUKHOBEHUS AMA(PY3MOHHON YCTONYMBO-
cTn B cuctemax NponaH-Boaopoa-yrneKknCrbiv ra3 U nNponaH-renui-yrnekucnbIi
ras. Pesynbrartbl nokasbiBaloT BMAHME TEPMOANHAMUYECKMX NapaMeTpoB Ha 06-
pasoBaHue Anddy3MOHHbLIX 1 KOHBEKTUBHbIX MOTOKOB. ViccnefoBaHmne gokasbiBa-
€T BO3MOXHOCTb MOMEKYNAPHOro U KOHBEKLIMOHHOTO MEPEMELLNBAHNS B ra3oBbIX
CMeCsX, CoAepXaLLmx KOMMOHEHTbI aHanorM4yHon NIoTHOCTU.

Knro4deenie cnoea: oudpdysusi, rasbl, CMECU, KOHBEKLMS, KOHLIEHTPALMS.
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MAKATNAHbBIH AYJAPMACbHI / MEPEBOM CTATbU

Mondabekoea M.C.", Acembaesa M.K.", MykameOeHkbI3bI B.",
Cepuk 3.", lNMosipkoe U.B.?

1 Kasaxckuin HaumoHanbHbI YHUBEPCUTET UMeHU anb-Papabu,
r. Anmartbl, KasaxcrtaH

2 MockoBckuiA 'ocyjapCTBEHHbIN CTPOUTENBbHbIN YHUBEPCUTET,
r. MockBa, Poccus

AHAIN3 BO3SHUKHOBEHUA KOHBEKUWU NMPU AN®DPY3UOHHOM
CMELUMBAHUN B TPEXKOMIMOHEHTHbIX TA30BbIX CMECSX C
OOBABJIEHUEM NPONAHA

BeegeHune. [1ddy3noHHbIE MPOLIECChI B radax HeobxoauMbl Ans pe-
LUEHUS LUMPOKOro Kpyra 3agay B XMMWUYECKOM TEXHONOMW, adpoanHamMm-
Ke, acTpodmsnke 1 Apyrnx obnactsax npuknagHon dunsmki. B yactHocTy,
aHanu3 g dy3nNOHHbIX SBIEHWI B MHOTOKOMMOHEHTHBIX ra30BbIX CMECSAX
npv pasnuyHbIX JABEHMSAX U TEMMepaTypax Nno3BossieT onpeaenvTb 0Cco-
GEHHOCTN MexaHu3mMa MaccoobmMeHa MexXay KOMMOHEHTaMU U UX BINSTHUE
Ha KOHEYHble MPOAYKTbl pasgerneHusi. [MogobHble uccreaoBaHus Takke
aKkTyarnbHbl Ansl OnUcaHus ocobeHHocTen MddPY3NOHHOIO CMELLVBAHUS
rasoB Mnpu nepexoge OT obnactu MonekynspHon anddysum k obnactu
KOHLEHTPALIMOHHOM rpaBUTaLMOHHON KOHBEKLINN.

Kak nokasanu akcnepumeHTarnbHble MccregoBaHus guddy3voHHOro
CMELUNBAHNS B TPEXKOMMOHEHTHbIX CUCTEMax B rpaBMTALMOHHOM Mosie
[1], mpn onpegeneHHbIX YCIOBUAX BO3HUKAOT KOHBEKTUBHbLIE MOTOKM,
Cynepno3numsi KOTOPbIX C MOJIEKYJIAPHBIM MEPEHOCOM MPUBOAUT K OUd-
PY3NOHHOM HEYCTOMYMBOCTU, UMK, MHAYE FOBOPS, K HAPYLUEHNIO MEXaHU-
yeckoro paBHoBecusi. CregyeT OTMETUTb, YTO COCTOSHME, MPU KOTOPOM
YCKOpeHune (dd#;ho) paBHO HYIO, HAXOOUTCA B MEXaHM4YeCKOM paBHOBE-
cun. B anddpy3noHHbIX npoLieccax BHELLIHME CUITbl MOTYT OKa3blBaTb pas-
NNYHOE BO3AENCTBME HAa pa3Hble KOMMOHEHTLI. B MexaHuyeckom paBHO-
BECMM HAXOOSATCSA HE TOMbKO COCTOSIHUS C HYJIEBLIM YCKOPEHWEM, HO U1 Te,
B KOTOPbIX FPaAMEHT CKOPOCTEWN HE3HAYUTENbHO MaJl, a NOTOMY BA3KOCT-
HbI TEH30P AaBIIEHUSA TaKkKe OCTaeTCs OYEHb MarsbiM.

HapyLueHne mexaHn4eckoro paBHOBECKS B MHOFOKOMMOHEHTHBIX ra3o-
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BbIX CMECSIX B HACTOsILLEE BPEMS HEOOCTATOYHO M3YHEHO KaK C TeopeTuye-
CKOW, TaK U C 3KCMEPUMEHTAITbHOM TOYKN 3PEHUSI.

Llenbto gaHHOM paboThbl ABASIETCA UCCrEAOBaHNE KOHBEKTUBHbBIX OBU-
YKEHUIN, BO3HUKAKOLMX NPpU OUPEY3MOHHOM CMELLUMBaHUM B TPEXKOMMO-
HEHTHOW ra3oBOM CUCTEME BHYTPU BepTUKarbHOro Andy3noHHOro Ka-
Hana. Mony4eHHble pe3ynbTaTbl NO3BOMSAT OLUEHUTD BIMSHME Pa3fNYHbIX
YCMOBUMA CMELUMBAHNST Ha XapaKTepPUCTUKM KOHEYHbIX NMPOAYKTOB pasde-
JIEHNS1 CMECeN, a Takke uccregoBatb X BHYTPEHHME CBOMCTBA.

MeTtop uccnepoBanus. [Ins 6onee rnybokoro aHanm3a MexaHn3MOoB
Anddy3nm ¢ MCNONb30BaHMEM MaTEMaTU4ECKOrO0 MOAENPOBaHNS pac-
CMOTPEHO pacnpegeneHe KOHLEHTPaLUiA KOMMOHEHTOB ra3oBOW CMECU
B AN Y3MOHHOM KaHare npu MOCTOSIHHOW TemnepaType U pasfiMyHbIX
OaBIIEHUSX.

OKcnepuMeHTarnbHble UCCINea0BaHNS HeycToMuMBoM andbdysnm B M3o-
TEPMUNYECKNX TPEXKOMMOHEHTHBIX ra30BbIX CMECSX MOKa3anu, YTo Nepexoq
CUCTEMbI U3 YCTONYMBOIO COCTOSIHMS B HEYCTOMYMBOE OMNpeaensercs creqy-
OWUMK NapameTpamn: pasHuLen koadpuumeHToB anddysmm KOMMNOHEH-
TOB, OABIIEHNEM, NCXOAHBIM COCTABOM CMECH, Pa3fnyHbIM PaCMOSIOXKEHU-
€M HaYasbHbIX ra30BbIX CMECEN OTHOCUTENBHO KaHarna, uaMeTpoM U Anu-
HOW KaHarna, ero opueHTaumen OTHOCUTENBbHO BEPTUKanu, TemnepaTypou, a
TaKKe YacToTON BpaLleHus audodpy3noHHoro annapara [2][3].

B ycnoBusix pa3BuToi KOHBEKLMM ObINn 3adhMKCUPOBaHbI CrieaytoLume
3(PheEKTbI: HaNMYMe MaKCMMYMOB MHTEHCUBHOCTU, 3aBUCSLLMX OT OaBre-
HWSI; MHOTOKPAaTHBIN Nepexon CUCTEMbI U3 YCTOMYMBOIO COCTOSHMS B Hey-
CTON4YMBOE; aHOMarnbHOe oboralleHne rasoBor cmecu [4].

Ha ocHOBe akcnepuvMeHTanbHbIX UCCIEAOBaHUM MOKa3aHo, YTO BO3-
HUKHOBEHWE AN dY3MOHHON HEYCTOMYMBOCTU B TPEXKOMMOHEHTHbIX Fa3o-
BbIX CMECSIX CBA3aHO C BbIMOMHEHNEM psifa HEOOXOANMbIX YCIOBUINA:

1) BuHapHas razoBas cMecb (1+2) HaxoaUTCA B BEPXHEN YacTu, a Yn-
CTbii ra3 (3) B HWXHEN XarbiHaa, p,>p,>p ; Py<Py D, >D,,;

2) buHapHas rasoBasi cMecb (1+2) HaXOAUTCHA B HWXKHEN YacTu, a uun-
CTbii ra3 (3) B BepXHen, p,>p,>p Piy<Py D >D,;

3) BrHapHas rasoBasi cMecb (1+2) B BEpXHEN YacTu, OMHapHasa cMecb
(3+2) B HKHEW YacTu, p,>p.>p ; P, <Py D,,>D,;

4) GuHapHasi cMecb rasoB (1+2) 1 YnCTbIV ras (3) MoryT HaxoguTbCA
nnGo B BEPXHENA, NGO B HUXHE YacTu; p,>p.>p ; p,,., <Py D,;>D,,; B 3TOM
Crnyyae HeyCTONYMBbIN MPOLECC BO3MOXEH NpW NtoOOM HanpasrieHun cme-
LUMBaAHWUSA, HO TOJLKO NPW OMpeaerieHHbIX NapamMeTpax, B YaCTHOCTM, Npwu
pasnuyHbIX OABMEHNSX.
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Takum 06pas3om, MOMUMO HEOBXOANMBIX YCIOBUN O1151 BO3HUKHOBEHUS
KOHBEKLUUN Mpu ANdPY3MOHHOM CMELUMBAHWW, OOIMKHbI BbINOMHATHCA
cregyowme JONONHUTENbHbIE YCIOBUS:

1) rasoBas cMecCb JOJKHA COCTOSATb U3 KOMMOHEHTOB, KO3(MULMEHTBI
AN dy3nm KOTOPbIX PasnuyaroTCsa B HECKOSTLKO pas;

2) BNusiHWE OaBreHus OOMMKHO ObITb 3HAYUTENBHBIM;

3) HeyCTOMYMBOCTb BO3HMKAET B OMpeneniEéHHOM AManas3oHe KOHLIEH-
Tpaunin KOMMNOHEHTOB;

4) HeyCTOMYMBOCTb MOXET HabmogaTbCa HE3aBMCKMMO OT Ha4varbHOro
pPacronoXeHNs KOMMOHEHTOB B AU (Y3MOHHOM annapare;

5) TemnepaTypa BnuseT Ha BO3HUKHOBEHWE HEYCTONYMBOCTY;

6) 3MeHeHne reoMeTpuYecKnx napameTpoB AU dPY3MOHHOro KaHana
M3MeHseT ycrnosus Anddy3MOHHO-KOHBEKLMOHHOIO Nepexoaa;

7) MPU CHWKEHMUM BA3KOCTU AN EY3MOHHON CMECU BEPOSITHOCTb BO3-
HVKHOBEHWNSI HEYCTONYMBOrO MpOoLlecca MOXET yBENMYMBaTLCS.

[ns onucaHusa aHomanbHoOM AndY3nM UCNONb3YTCS PasfnyHble
KMHETUYECKNe, TepMOAUHAMUYECKME U MOSTySMMNUPUYECKUE MOAXOAbI.
Haunbonee adhheKkTMBHBIM, HA HaLl B3rnsA, SBNsSeTca onMcaHne guddy-
3MOHHOM HEYCTOMYMBOCTU C UCMONb30BaHNEM METOLOB TEOPUUN FIUHENHOM
YCTOMYMBOCTU, TaK KaK 3TO MO3BONSET copmynupoBaTbe Hanboree ob6-
LMe KpUTepuu Anst OnpeaeneHms rpaHuLbl nepexoga OT OQHOro pexunma
K gpyromy. B HacTodLwee BpemMs aTa 3agada pelueHa ans kugkocten [5].
[ns ra3oB pelleHne CyLecTBYeT NULLb B CAMOM MPOCTOM clyvyae — Ans
GECKOHEYHOW MIOCKON BEPTUKANbHOM LIEenM U BEeCKOHEYHOro umnuHapa
[6]. PasymeeTcs, Takas nocTaHOBKa 3a4a4M BO MHOIOM He COOTBETCTBYET
3KCMEePUMEHTY, rae UCMOorb3YHTCA OrpaHNYeHHble AU PY3NOHHBIE KaHa-
nbl. Tem He MeHee, MPOCTas reOMETPUS KaHarna no3BonseT NoNny4YnTb aHa-
nuTnyeckoe pelleHve 3agadun auddy3rOHHON YCTOMYMBOCTM B CIIOXHOM
cuTyauun, Korga ogHOBPEMEHHO AENCTBYIOT [BE «TepMOAUHaMUYecKue
CUMbl» N ABa HE3ABUCUMbIX KOHLEHTPALMOHHBIX rpaaneHTa.

Mepexon mexay pexmmammn «anddy3nsa-KOHLEHTPALMOHHAsS KOHBEK-
LUMsi» B TPEXKOMIMOHEHTHBIX Fa30BbIX CMECSIX MOXHO OnucaTtb C UCMOSb-
30BaHMEM CUCTEMbI MMAPOANHAMNYECKNX YPaBHEHUI OIS TypOyneHTHbIX
napameTpoB, OCHOBaHHOW Ha npubnwkeHnn Obepbeka-byccrHecka [7].

Mpu nepexone oT AU IY3NOHHOTO K KOHBEKTUBHOMY PEXMUMY Habso-
0al0TCA HENMNHEVHbIE N30KOHLEHTPALMOHHbIE NUHUN. Bpemsi ycTon4nMBoro
CMeLLVBaHUSA CMeCK COCTaBMsET BCEro HECKOMNbKO cekyHa. Ecnv cmeln-
BaHWe HecTaburibHO, MOXHO 3adMKCMpOBaTh MynbCcauuy NepeHoca, Bbi-
3BaHHble (hOPMMPOBaHNEM KOHBEKTMBHBIX CTPYKTYp [8].

B npouecce 9BOMNOLMM KOHEYHBIX BO3MYLLEHUA TWUM KOHBEKTUBHOMO
OBWKEHWNS] ONPefensieTcsi Ha OCHOBE HEMNMWHENHbIX YPaBHEHWN.

B aTOM cnyyae ypaBHEHME KOHEYHOrO (He MeHee 3Ha4MMOoro) BO3My-
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LLIEHMS OTRMYaeTCs OT YpaBHEHUS MarblX BO3MYLLEHWUI, Tak Kak 30eCb CO-
XpaHsaTca anemeHTbl (uVu) u (uV)c. Takum obpasom, GespasmepHblie
ypaBHeHVs1 6ECKOHEYHOrO BO3MYLLIEHMS MPUHUMALOT criegyrowwmi Bug [9]:

0 1
S, uve, =—Ac¢, + —1,Ac,
ot Pr, . -
0 1 - 4 1 1
i+—VVc2 =—1—1,Ac, +—Ac, (1)
at r22 2 r22 r22
ou 1

—+—V(u-u)=-Vp+Au+ (Ra,t,,c, + Razcz);/
ot Pr,

divy =0
KpMTepmaanble napameTpbl: Pr, _—; onddysmoHHoe vncro MpaHa-
s, Ra= gRAH ‘V — napumnansHoe qmcno Paneﬂ. Che, A,— GeapasmepHbIit
22 D’

HayvanbHbIA FPaANEHT KOHLIEHTPALMKM i-r0 KOMMOHEHTA, T, _D;. — napame-
Tpbl, ONPeAensIoLNE COOTHOLLEHNE MEXY NPaKTMYeCKUMMI KoadduLm-
eHTamu gudpdysun. Ona gaHHoOM cuctemMbl ypaBHeHU DOpMYyIMpYoTCS
HayarnbHble U rpaHn4Hble ycnosus [10].

PesynbTtatbl. [Ina nonyyeHusa rpadmnyeckoro NpeacTtaBreHns mare-
MaTU4eCKON MOAEenv, OMNUCbIBAOLLEN HEYCTOMYMBOCTb MEXaHUYeCKOoro
paBHOBecus B AMddY3MOHHOM KaHare, Oblyl HanucaH anropuTM Ha A3bl-
Ke nmporpaMmmunpoBaHusa Fortran ¢ ncnornb3oBaHWEM YUCHEHHOro MeToAa
peLleHns cuctembl ypaBHeHMn (1). Ha oCHOBE BbIUYMCIIEHHbIX 3HAYEHUI B
nporpamme Tecplot 360 EX 6binv nocTpoeHbl rpadoukn, xapakTepusyto-
LLIe KOHBEKTUBHYIO AN AY3MI0.

B pabote npennoxeH MeToa uvccriefoBaHUA ANEY3MOHHOIO U30-
TEPMUYECKOTO MpoLiecca B TPEXKOMMOHEHTHbIX ra30BbIX CMECHAX C pas-
FNINYHBIMU COOTHOLLIEHUSAMU KO3(PPULIMEHTOB NepeHoca B BEPTUKArIbHOM
LUIMHOPUYECKOM KaHarne ¢ noMoLLbio 2D-moaennpoBaHus. BelumcneHuns
nposoaunuce ans cuctem He+C.H-CH, C.H+H -CO, C,H +He-CO, c
pasnUYHbIMKU MOMAPHbIMKU Aonamu. [na nepeon cuctembl 6biny 3agaHbl
napametpbl: gasneHe p=0.8 MIlla, Temnepatypa T=320.2 K, BpemeH-
Ho war 0,005 c. AnuHa 1 paguyc kaHamna coctaBnsanu L=165¢10"wm,
r=3+10"m.
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a) 6)
1-pucyHok. p=0.8 MlMa, T=320.2 K, pnvHa kaHana 165 mm, pagnyc 3 Mm
0, 4He+0,6C3H8—CH4 0119 CUCTEMBI CJHé, N30KOHLEHTPALIMOHHbIE NTUHWN

Ha pucyHke 1a nokasaHo HayanbHOE COCTOSIHME KOMMOHEHTOB. B aToT
MOMEHT pacnpenersieHne KOHLEHTpauuin mponaHa U MeTaHa ocTaeTcsi He-
N3MEHHbIM, YTO CBUAETENbBCTBYET 00 OTCYTCTBUM NpOoLiecca CMELLMBAHKS.
Ha pucyHke 16, yepes 0,005 ceKkyHAbl Mocrie Havana aKCNepUMEHTa, yxKe
3aMEeTHO BO3HUKHOBEHME KOHBEKLIMM B MPOLECCe CMELLMBaHMS.

Ha pucyHkax 1, 2 n 3 npeacrtaBrneHbl pe3yrnbTaTbl YMCIEHHOMO 3JKC-
nepvMeHTa, onucbiBaowmne AMddysnio N KOHBEKTUBHOE CMELLMBaHUE
TPEXKOMMOHEHTHOM razoson cmecw 0,4He+0,6 C.H -CH  npv naenexum 0,8
Ml la v 3agaHHON HavyarbHOM KOHLIEHTpaLUK B pa3Hoe BpEMS.

AHanm3 pesynbTatOB WCCREAOBaHMS MOKa3blBAET, YTO HapyLUEHue
MEXaHNYeCKOro paBHOBECUS ra30BON CMECK MPUBOANT K UBMEHEHWIO pac-
npeaeneHns KOHLEHTPaLUi KOMIMOHEHTOB BO BpeMeHn (puc. 1). B 3aBu-
CYMOCTW OT AaBJIEHNS] SKCMEPVMEHTA CO BpeMeHeM HabnogaeTcs 3Haum-
TENbHOE YCUIIEHME KOHBEKTMBHOIO CMELUMBaHWUS, YTO MOLTBEPXKOAEeTCs
OanbHENLUNM VCKPUBIIEHMEM W30KOHLIEHTPAUMOHHBIX NuHuiA (puc. 1). B
pes3ynbTate B TPEXKOMMOHEHTHBIX FA30BbIX CMECSIX B BEPTMKAIbHOM Ka-
Hare oopMUPYeTCH CNOXHbIA CTPYKTYPUPOBAHHbLIV MOTOK, YCUNMBAIOLLUIA
06N MaccoobMeH B YCITOBUSX M30TEPMUYECKON Anddy3nu.
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04 06 04 06

X ' ) %

2-pucyHok. - p=0.8 Mlla, T=320.2 K, OnuHa kaHana 165 mm, paguyc 3 MM
0,4He+0,6 C,H ~CH  nna cuctembl C,H  N30KOHLEHTPALIMOHHbIE NIMHNM

HanbHenwee nccriegoBaHve W30KOHLEHTPALMOHHbBIX  JIMHUNA
KOMMOHEHTOB npouecca audysum B cucteme 0,4He+0,6C H-CH,
nokasano HanuMyme SpKo BbIPaXXEHHOro0 XapaKTepHOro npouecca
HeycTOMYMBOCTM  (pUcyHOK 2). HavanbHble cnabo BblpaXeHHble
WCKPUBIIEHNS N3OKOHLIEHTPALMOHHBIX FIMHUIA YKa3blBAKOT Ha 3apOXaeHue
KoHBekuun. C yBenuyeHneM BpeMeHu CMeLUBaHWS, POCTOM HayarbHOM
KOHLEHTpaUMN TSHKENbIX KOMMOHEHTOB W MOBbILIEHMEM [OaBreHus
WCKPUBIIEHNE WU3OKOHLIEHTPALMOHHBIX NIMHUIA 3HAYMTENBHO YCUIMBAETCS.
M3 pe3ynbTatoB BUAHO, YTO HA HAYaNbHOM 3Tane pasBUTUS KOHBEKTUBHOMO
noToka pacnpegeneHve KOHLEHTPaLmMm CyLLECTBEHHO 3aBUCUT OT BPEMEHU
aKcrepvMeHTa M AasfieHuns. [lo Mepe ux yBENWYEHWs WUCKpUBIEHWE
N30KOHLEHTPALIMOHHbBIX FMHWUIA NpuobpeTaeT CMOXHbIA  HEMNWUHENHbIN
xapaktep. OTO noATBepXOaeT nosBreHve 6Gofee  UHTEHCUBHbIX
NMOTOKOB, YCKOPSIIOLLMX NMEPEHOC KOMMOHEHTOB. Pa3BuUTUE KOHBEKTUBHbLIX
NMOTOKOB B ANMAY3NOHHOM KaHare MpUMBOAUT K HapyLUEHWUO COCTOSHMUS
MEXaHN4YeCcKoro paBHOBECUA W BO3HWKHOBEHWIO KOHLIEHTPaLMOHHON
rpaBUTALMOHHON KOHBEKLMW NMPU MHOTOKOMMOHEHTHOM Andddy3nun. B aTom
cnyvyae HabnwaaeTcs HeyCTONYMBLIA AU dY3MOHHbINA NpoLece.
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3-pucyHok - p=0.8 Mla, T=320.2 K, gnvHa kaHana 165 mm, pagmyc 3 MM
0,4He+0,6C3H8—CH4 OIS CUCTEMBI C3H8 N30KOHLEHTPALIMOHHbIE JTIMHWN

Kak BMOHO 13 pe3ynbTaToB BbIYMCMEHUA, NPEACTABIIEHHbIX Ha
pUCyHKe 3, yBENUYEeHVEe OaBIieHNsi CNOCOOCTBYET YCUMEHMIO MOTOKA, YTO
NOATBEPXAaeTCsl 3HAYUTENbHBIM UCKPUBMIEHNEM NMHUIA KOHLIEHTpaLNK.

M3 pucyHkoB 1-3 ObINIO YCTAHOBMEHO, YTO YCIOBUSI KOHBEKTMBHOIO
CMeLUMBaHNs B CUCTEME peanu3oBanuch ¢ NepBbix cekyHa. NMoka3aHo, YTo
AarnbHevilee yBenuyeHve AaBneHns NpMBOAUT K YCUIEHNIO MHTEHCUBHOCTM
HEYCTONYMBOro AN dYy3MOHHOIO pexuma.

Ana cuctembl. 0,4He+0,6 C,H-CO, Ha pucyHKe 4 W3OKOHLEHTpa-
LUMOHHbIE NIUHUN He ObiNM U3OTHYTBIMK, YTO MOATBEPXKOAET OTCYTCTBME
KOHBEKTUBHbIX BO3MYLLEHWI B npouecce AMddy3NOHHOro CMeLInMBaHus
rasa, TO eCcTb MpoOLEeCC ocTaBancs ctabunbHbIM. Takoe pacnpeperneHvie
KOHLIEHTpaLMmM KOMMNOHEHTA BO BPEMEHU CBUAETESNLCTBYET O TOM, YTO MpU
OaHHbIX JaBMEHUAX B npolecce anddy3MoHHOro cMeLLmBaHust hopmmpy-
HOTCS MNOTOKM C HN3KOW CKOPOCTBIO M HU3KOW CPeOHEN KMHETUYECKON SHEp-
rmen.
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4-pucyHok. - p=0.6 MlMa, T=300 K, grnvHa kaHana165 mm, pagmyc 3 Mm
0,4He+0,6 C,H ~CO,nns cuctembl C.H  U3OKOHLEHTPALMOHHbIE NIMHIAN

Mo aTMM Tpém cuctemam MOXHO cAenatb BbIBOA4, YTO OLHUM
M3 BaXHbIX (PAKTOPOB AN MpoTekaHus Auddy3MoHHOro npouecca
COBMECTHO C KOHBEKUMEN ABMsieTCA OaBreHue Ans nepBor CUCTEMBI, a
AN BTOPOW M TpeTben — BpeMs. [MOoCcKOmbKy npu M3MeHeHUU MOJSIbHOM
[OMNV 1 JaBrieHnst Mbl NLWb Habntogany ctabunbHOCTb NpoLecca, MOXHO
3aKIMHOYUTb, YTO MPU YBEMUYEHUN BPEMEHHOrO Liara MOXHO Oblno Obl
ybeonTbcsl B MOSIBIEHMM KOHBEKTMBHOrO notoka. OgHako B Tekyllen
BEpCUM NporpaMMbl Takasi BO3MOXHOCTb OTCyTCTBYeT. Kpome Toro, 6bino
YCTaHOBIIEHO, YTO GnuU3Kue 3Ha4YeHnss MonsApHbIX macc Tsxénoro (C.H,)
n cpegHero (CO,) KOMMOHEHTOB TaKXXe OKasblBalOT BIIMSHWME Ha Npouecc.
CrepyeT OTMETWUTb, YTO rasbl, MCMOMb30BaHHble B TPEX cuUCTeMax,
ABMNSOTCA TEXHUYECKN BaXKHBIMMU.

3aknto4yeHune. Ha ocHoBe nccrnefoBaHns MOXHO CAenaTh crieaylolme
BbIBOAbI:

1 AHanms akcnepuMeHTanbHbIX UccnefoBaHui Andysmm B TPEXKOM-
NMOHEHTHbIX Fa30BbIX CMECSIX MoKa3ars, YTO KOHBEKTMBHbIE NOTOKM 3HAYU-
TenbHO MpeBbIlaloT COOTBETCTBYIOLLME NOTOKM MOJNIEKYNsipHOM Anddy-
31ML.

2 B gByxKonboBom MeToAe npoaHanuavMpoBaH npouecc Anddy3noH-
HOroO CMeLLMBaHNSA TPEXKOMIMOHEHTHbIX ra30BbIX CMECEN, U NP HEPaBHO-
MEpHOM pacnpeferneHnn cCoctTaBa BbisiBfieHa KOHLEHTPALMOHHAs KOHBEK-
umsa B Anpdy3MoHHOM KaHare B rpaBUTaLMOHHOM Morsie.

3 MNony4veHbl pesynbTaTbl MAaTEMATUYECKOrO MOAENNPOBAHUS, OMUCHI-
BawLme OMdPdY3nI0 U KOHBEKTUBHOE CMeELLUMBaHUE TPEXKOMMOHEHTHbIX
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rasosbix cmecen He+0,6 C.H,-CH,, C.H +H,-CO,, C,H +He-CO, npu pas-
JNINYHbIX JaBIIEHMAX M HaYarbHbIX KOHLIEHTPaLMAX.

4 B cucteme renuin-nponaH-MeTaH Obifio BbISBIIEHO, YTO NPV AaBIieHUN
p=0,6-0,8 Mla n Temnepatype T=300-320,2 K BO3HNKAKT KOHBEKTMBHbIE
NOTOKM B Mpouecce ANdPdY3MOHHOrO CMeLInBaHUSA. AHaNM3 NosTyYeHHbIX
pe3ynbTaToB NOATBEPAMIT HAPYLLEHNE MEXaHNYECKOrO paBHOBECKS B UC-
cregyemon cucteme, YTo NPUBOAMUT K (DOPMUPOBAHUIO CITOXKHOM CTPYKTY-
pbl MOTOKa, 3aBUCSLLEN OT AaBMIEHUS, U COMPOBOXAAETCH MOJIEKYNSPHON
anddysnen B BepTrKanbHbIX KaHamnax TPEXKOMMOHEHTHbIX ra30BbIX CMe-
cemn.

5 B cucrtemax nponaH-BOAOPOA-YIMEKUCHbIA ra3 M nponaH-resvm-
yrIeKkucrnbI ra3: Ans nepeBov cuctembl npu gasneHun p=0,4-0,6 Mflla
n Temnepatype T=285-300 K; pnsa BTOpPO/A CUCTEMbI MPO OABMEHUU
p=0,4-1,0 MlNa n Temnepatype T=300-350K Habntoganacbk anddysnoH-
Has yCTONYMBOCTb.

6 MNoaTBepxaeHo BNUsSHNE TEPMOAUHaMUYECKMX NapaMeTPOB Ha BO3-
HUKHOBEHWE KOHBEKTMBHbIX MOTOKOB B npolecce AUdPdY3NOHHOMO CMe-
LUMBaHUA.

7 Kak nokasaHo B 3TOM MCCrefoBaHMM, B NepBOHaYyasibHO rpaButaLm-
OHHO YCTOMYMBbIX ra30BbIX CMECSX, COCTOSILLMX M3 KOMIMOHEHTOB C 6nn3-
KOW MIOTHOCTbIO, MPOLIECC CMELLMBAHMSA MOXET NPOTEKaTb Kak Ha MOMeKy-
NSIPHOM YPOBHE, Tak M B KOHBEKTMBHOM pexnme. OTu pe3ynbTaTbl MOXHO
onpeaenuTb NMMBO C MOMOLLbIO AOPOrOCTOALMNX SKCMEPUMEHTANTbHBIX UC-
crefoBaHui, NGO C MCMOMb30BaHWEM YMCIIEHHOTO MeToAa, MpeacTaB-
JIEHHOTO B fJaHHOM paboTe.
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THE RESTAURANT BUSINESS IN KYRGYZSTAN — DEVELOPMENT
PROSPECTS

Abstract. This article presents the results of a study on the current state of the
restaurant business in the Kyrgyz Republic. It identifies key trends in the industry
and determines the factors contributing to the successful operation of restaurants.
The article also outlines the prospects for the development of the restaurant busi-
ness in Kyrgyzstan and proposes measures to support its growth. The Kyrgyzstan
restaurant sector offers significant opportunities for growth. With a growing econ-
omy and government support, the industry is well-positioned to become a key
driver of economic development. By adapting to changing customer needs and
leveraging new technologies, restaurants can achieve great success. 1. Growth
of Tourism: Growth of the Middle Class; Infrastructure Development; Innovations
and Technologies; Government Support; Growth Opportunities: Creating Unique
Concepts; Developing Retail Sales and Delivery; Construction and Development;
Franchising.

Keywords: restaurant business, services, digitalization, fusion cuisine and molec-
ular gastronomy, food trucks, innovations, technologies.

Introduction. The restaurant industry in the Kyrgyz Republic plays a
pivotal role in the country’s economic well-being. Not only does it contrib-
ute to economic growth, but it also significantly impacts the social sphere
by providing employment opportunities.

In recent years, Kyrgyzstan has experienced rapid development
across various sectors, including the restaurant industry and its sup-
porting infrastructure. However, this sector faces numerous chal-
lenges that present new opportunities for improvement and growth.
The global landscape is continually evolving, and factors such as dig-
italization, competition, and globalization are reshaping the restaurant
industry. Restaurants are compelled to seek innovative approaches to
thrive, manage their finances effectively, and solidify their market po-
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sitions [1]. In this context, there is a growing interest in gastronomic
tourism, as people seek out new culinary experiences or revisit familiar
dishes. This presents new opportunities for the restaurant industry in
Kyrgyzstan.

The objective of this study is to analyze the current state and future
prospects of the restaurant business in the Kyrgyz Republic. The rele-
vance of this topic is underscored by the dynamic development of the
restaurant sector, which necessitates comprehensive research to identify
new trends and opportunities. The object of this study is the restaurant
business in Kyrgyzstan, while the subject is its current state and future
prospects in the contemporary context.

To achieve the research objectives, the following tasks were un-
dertaken:

- Analysis of statistical data on the restaurant business in Kyrgyzstan;

-Review of relevant literature, including academic research and indus-
try reports;

- Comparative analysis of competitors in the restaurant business, fo-
cusing on Bishkek.

Research findings. Historical context and current state

Modern Kyrgyz citizens increasingly opt for dining out, a trend that is
particularly pronounced in Bishkek where cafes and restaurants are open-
ing at a rapid pace. The development of the restaurant business in the
country began in the early 1990s and has since grown significantly, con-
tributing to the nation’s economic development. Investors are attracted to
this service sector, anticipating a quick return on investment with the right
business model. Small businesses form the backbone of Kyrgyzstan’s
restaurant industry. While food service establishments are not subject to
state licensing, they are regulated by sanitary and epidemiological servic-
es. Restaurants can operate as legal entities or individual entrepreneurs,
which influences their tax policies. Despite robust growth, accurate data
on the restaurant industry is often lacking. Many establishments combine
their operations with the hospitality industry, making it difficult to obtain
precise statistics. Bishkek remains the center of the country’s restaurant
business, home to both traditional establishments and ethnic restaurants
offering diverse cuisines [2]. Recently, there has been a surge in popu-
larity of bistros targeting a younger demographic, indicating the dynamic
nature of the sector.
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Contemporary Trends in Kyrgyzstan’s Restaurant Industry

The surge in food delivery services has become an integral part of the
restaurant business in recent times. This trend has been driven by fast-
paced lifestyles, the growing number of office workers, the popularity of
online ordering and mobile applications, and the restrictions imposed by
recent pandemic events. For food service establishments to maximize prof-
its from delivery, owners need to consider several key factors. Firstly, the
menu should be designed to withstand transportation. Certain dishes are
unsuitable for prolonged delivery and are best prepared on-site. Addition-
ally, a decision must be made regarding whether the restaurant will partner
with third-party delivery services or establish its own. Each approach has its
advantages and disadvantages, and the choice depends on the specific ca-
pabilities of the establishment. Another crucial aspect is packaging, which
must preserve the appearance, taste, and aroma of dishes during delivery
[3]. To ensure successful delivery operations, it is essential to determine
the optimal delivery radius to prevent food quality degradation and delays.

Contactless services have emerged as one of the most pressing trends.
Driven by increasing concerns for safety and hygiene, restaurant patrons
are seeking establishments that prioritize these aspects. Contactless ser-
vices minimize interactions between staff and customers, utilizing digital
menus, mobile ordering and payment apps, and dedicated pickup stations
[4]. The seamless operation of these systems requires thorough testing of
technologies and adequate staff training to address any potential issues.

Digitalization and social media have become integral components of
modern business. Social media platforms play a pivotal role in promoting
brands and expanding customer bases. Restaurants actively create social
media accounts to share photos of their interiors, dishes, and beverages,
post promotional videos, and conduct contests.

Post-pandemic, consumers have placed a greater emphasis on health
and the nutritional content of their meals. There has been a growing inter-
est in plant-based products, including plant-based milk, while consumption
of meat and sugary products has declined. Alcoholic beverages have also
seen a decrease in popularity within the restaurant industry. Among emerg-
ing trends is the globalization of cuisine. Travel restrictions have fueled in-
terest in establishments offering dishes from various cultures.

Fusion cuisine, combining culinary traditions from different countries, is
set to be a major trend in 2024. Restaurant menus will feature unconven-
tional pairings such as sushi burritos or Thai-inspired pizzas. Molecular gas-
tronomy continues to evolve, moving beyond traditional cooking methods
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to create unique cocktails using edible bubbles and liquid nitrogen [5].

Simplicity and quality are now preferred by diners. Customers seek dish-
es with minimal ingredients but high-quality products. The “rule of three” is
gaining traction, suggesting that three well-chosen ingredients can create a
more significant impact than complex combinations.

Decreasing portion sizes and collaborations are also emerging trends.
Smaller portions cater to consumers seeking to try a variety of dishes, while
collaborations between restaurants and other brands help attract new cus-
tomers and create unique gastronomic experiences.

Food trucks represent a vibrant trend in street food. They can serve as
fully-equipped mobile kitchens or food trailers. This format requires a small-
er investment and offers flexibility in terms of location, making it attractive to
aspiring entrepreneurs.

Market analysis of the Kyrgyz restaurant industry

The National Statistical Committee of Kyrgyzstan has released data on
the financial turnover of restaurants, bars, and other food service establish-
ments [6] (Figure 1):

2018 — 20 billion 555.6 million soms

2019 — 22 billion 283.1 million soms

2020 — 14 billion 864.2 million soms

2021 — 19 billion 503.1 million soms

2022 — 25 billion 614.2 million soms [6]

BN 2022 [ 2023

2 9,67 mnpy
r.BHLLIKex
= 14,24 manppy

= 2,97 manpn
Uyhckan obnacte

4,36 mnpa,

2,24 mnpg
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= 1,96 mnpa
Oxanan-AGaackan oGnacTe
2,41 sanpp
1,22 mn
Quickan obnacTb %
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1,04 mnpg
Batkenckan o0nacts
1,22 mnpg
a5 919,8 mnH
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HaptiHckan obnacts
65,7 MIH

Figure 1 - Revenue of hotels and restaurants in the Kyrgyz Republic
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The volume of services provided by hotels and restaurants
in Kyrgyzstan increased in all regions from January to Octo-
ber 2023 compared to the same period of the previous year [7].
For the first ten months of the current year, the total volume amounted to
27 billion 718.8 million soms, significantly higher compared to the same
period of the previous year when it was 20 billion 328.5 million soms. The
bulk of this volume is concentrated in Bishkek, reaching 14.2 billion soms.
At the same time, Naryn region demonstrates the lowest indicators with a
volume of only 65.7 million soms in the hotel and restaurant sector.

In 2023, Kyrgyzstan, along with Armenia and Kazakhstan, was among
the three countries with the highest growth in the food service sector. This
is confirmed by a study conducted by INFOLine experts, covering Russia,
Central Asia, Belarus, and some Caucasus countries.

According to the register of the largest food service networks in Russia,
Belarus, Armenia, and Central Asia for 2024, in 2023, all studied regions
recorded an increase in the food service market turnover in US dollars,
except for Russia, which experienced a decline.

The dynamics of the sector’'s development in national currency and
considering comparable prices is as follows: Armenia - 25.4%, Kazakh-
stan - 25%, Kyrgyzstan - 24.9%, Uzbekistan - 12.6%, Russia - 12%, Azer-
baijan - 12%, Belarus - 10.2% [8].

The growth of this industry is driven by both natural factors such as
rising food prices, increased consumption, and the opening of new es-
tablishments, as well as improvements in the business environment and
increased transparency. In Armenia and Kyrgyzstan, an increase in the
number of customers, including tourists and migrants from Russia, has
also contributed to positive dynamics (Figure 2).
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Figure 2 - Food service turnover, billion USD [8]

Conclusion. The Kyrgyzstan restaurant sector offers significant op-
portunities for growth. With a growing economy and government sup-
port, the industry is well-positioned to become a key driver of economic
development. By adapting to changing customer needs and leveraging
new technologies, restaurants can achieve great success. The restaurant
sector in Kyrgyzstan offers substantial growth opportunities, fueled by a
variety of factors:

1. Growth of Tourism:

- The number of tourists interested in visiting Kyrgyzstan and trying
local and international cuisine has increased, creating a demand for
high-quality restaurants [9].

- Kyrgyzstan attracts visitors not only with its natural beauty but also
with its unique traditions, friendly hospitality, and numerous historical land-
marks.

2. Growth of the Middle Class:

- With the growth of the middle class in the republic, purchasing power
is increasing, leading to more frequent use of food service.

-Consumers from this category seek more diverse and original gastro-
nomic experiences.

3. Infrastructure Development:

- Improved road networks and convenient parking make restaurants
more accessible to residents of remote areas.
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- The opening of establishments in shopping centers and entertain-
ment complexes.
4. Innovations and Technologies:
- The introduction of modern technologies in restaurants contributes to
increased efficiency and service quality.
- The development of online ordering and social networks allows res-
taurants to reach a larger audience and optimize their operations.
5. Government Support:
- The Kyrgyz government recognizes the importance of developing the
restaurant sector for economic growth.
- The provision of subsidies, tax breaks, and other forms of govern-
ment support
Growth Opportunities:
1. Creating Unique Concepts:
-In a highly competitive environment, restaurants need to develop in-
teresting concepts.
- This could involve creating themed establishments, using local prod-
ucts, and innovative approaches to the menu.
1. Developing Retail Sales and Delivery:
- Restaurants can expand their services by offering takeaway and de-
livery.
- This will allow them to increase revenue and reach a larger audience.
2. Construction and Development:
-Demand for new restaurants is growing in developing cities and tour-
ist areas.
- Attracting investors to open new establishments or modernize exist-
ing ones.
3. Franchising:
- Franchising is an effective way to expand the restaurant business.
- Using a proven business model contributes to faster development
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somov v proshlom godu [Elektronnyy resurs]: - Rezhim dostupa https://ru.sput-
nik.kg/20230806/kyrgyzstan-oborot-obshchepit1077584232.html?ysclid=Ivjfdl-
19sy158986382.

7 Sayt «akchabar.kg» V Kyrgyzstane stali chashche poseshchat’ restorany i
gostinitsy [Elektronnyy resurs]: - Rezhim dostupa https://www.akchabar.kg/ru/
news/v-kr-rastut-obemy-uslug-predostavlyaemye-gostinicami-i-restoranami/?ys-
clid=Ivjfxx7v80903863255.

8 Sayt «economist.kg» Kyrgyzstan pokazal rost oborota rynka obshchepita v 2023
godu pochti na 25% — issledovaniye INFOLine [Elektronnyy resurs]: - Rezhim dos-
tupa https://economist.kg/exclusive/2024/03/27/kyrghyzstan-pokazal-rost-oboro-
ta-rynka-obshchiepita-v-2023-ghodu-pochti-na-25-issliedovaniie/?ysclid=lu9ib-
09bi8189180639.

9 Sayt «ak-sai.com» Restorany goroda Bishkek [Elektronnyy resurs]: - Rezhim
dostupa https://ak-sai.com/restaurants-of-bishkek/?ysclid=Ivtgbnlt7j267125858.

DxypynoBa bB. K.", Typay6ekoBa C.2

' M.Pbickyn6ekoB aTbiHaarbl KbipFbl3 3KOHOMMUKanbIK yHUBepcuTeTi, Bulkek K.,
KbIpFbl3cTaH

2 KblprbI3-Typik «MaHac» yHuBepcuTeTi, bullkek K., KbipFbidcTaH

KbIPFbISCTAHOAFbI KOFAMAbIK TAMAKTAHObIPY CANNACbIHbIH AAMY
BAFbITTAPbDI

Tyninpeme. Makanaga Keipreia PecnybnuvkacbiHaaFsl KOFamablK, TamakTaHabIpy
KocCinopblHAAPbIHbIH, Ka3ipri afgariblH 3epTTey HaTWXenepi KenTipinreH, Herisri
TeHOeHUuaAnap adbikTanFaH. CoHpam-ak, MerpamxaHanapgblH CaTTi XYMbIC
icTeyiHe bIKman eTeTiH dakTopnap albiKTanbin, Gonaiwak nepcrnekTvBanapbl
KapacTbIpbiNbIf, KOFaMAblK TamMakTaHAblpy canacbiH [aMbiTyFa apHanfaH
Wwapanap a3iprieHreH. KblpFblacTaHaarbl MepamxaHa CeKTOPbIHbIH ecy oneyeTi
30p. OKOHOMMKaHbIH, CepniHAi AaMybl MEeH MeMrekeT TaparnblHaH KongayabiH
apkacblHOa canaHblH SKOHOMMKanbIK AaMydblH Herisri AparBepriepiHiH OipiHe
anHany ywiH 6apnblk anfbiwapTrap 6ap. KnueHTTepain esrepmeni TanantapbiH
ecKepe OTbIpbINKaHe 3aMaHayy TEXHONOrMAnapabl Hrizy apkbinbl MepamMmxaHanap
acepni HaTwxkernepre Kon XeTkide anagbl. KpblpFbl3CTaHOarbl MenpamxaHa
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cekTophbl Gipkatap chakToprapfa 6arnaHbICTbl 6Cy YLiH anTaprnbiKTan arneyeTke
ne: TYPUCTIK aFblHHbIH apTybl; OpTa TanTblH KeHetoi; MHdpaKypbinbiMabl 4aMbITy;
MHHoBauus xaHe TexHornoruns; MemnekeTTik korngay. ©cy MymkiHaikTepi: Biperen
KOHUenuusnapabl Kypy; berek cayaa XoHe XeTkidy KbI3MEeTTEpiH KEeHenTy;
WHbpakypbinbiMabl 4AMbITY XKeHe XKaHFbIpTy; PpaHyansmHr.

TyliiHdi ce3dep: melipamxaHa BusHeci, KbiameTTep, undpnaHabipy, dboXkH ac
Ma3ipi, MONeKyranbik racTpoOHOMKS, hyaATpakTap, MHHOBaUusinap, TeXHornorusnap.

DxypynoBa B. K.", Typay6ekoBa C.2

"KbIprbl3CKuin 3KOHOMMYECKMIA yHuBepcuTeT um. M. PbickynbekoBa, r. Bulukek,
KbipreiactaH

2KbIprbi3cko-TypeLkuii yHnBepcuteT «MaHacy, r. bulukek, KelprbiactaH

PECTOPAHHbIA BU3HEC B KbIPIbI3CTAHE - NEPCIMEKTUBbI PA3BUTUA

AHHOTaums. B ctaTbe nprBeaeHbl pe3ynbTaThl UCCregoBaHWN TEKYLLEro CoCcTos-
HWs pecTopaHHoro 6usHeca B Kbiprbidckon Pecnybnvke v BbISIBMEHbI KITHOYEBbIE
TeHaeHumn. OnpegeneHbl hakTopbl, CNOCOOCTBYHOLLME YCMELWHOW AEATENBHOCTH
pecTtopaHoB. BbisiBNeHbl nepcnekTnBbl U pa3paboTaHbl MeponpuaTvsa Ans pa3su-
TnsA pectopaHHoro 6usHeca B KbiprbisctaHe. PectopaHHbIvi cektop KbipreldcTaHa
obnapgaeT 3HauMTenbHbIM MOTEHUManoMm Ans pocta. brnarogaps guHamuyHomy
pasBUTUIO SKOHOMWKU M MOALEPXKKE CO CTOPOHbI rocygapcTBa, OTpacnb MMeeT
BCE NPEANOChINKN ANsi NPeBpaLLEeHNst B OAWH U3 KIOYEBbIX ApaiBepOB 3KOHOMU-
YEeCKOro pa3BuThs. YUnTbiBas MEHSIOLLMECH 3anpOChl KMMEHTOB U BHEAPSS COBpe-
MEHHbIE TEXHOMOIrMKN, PeCcTopaHbl MOTrYT AOCTUYb BMEYaTNALWMX Pe3ynbTaToB.
PectopaHHbin cektop B KbiprbidacTaHe obnagaeT 3HaAYMTENbHbIM MOTEHUMANoM
ansa pocta Gnarogaps psigy hakTopoB: YBENUYEHUE TYPUCTUYECKOrO MOTOKa;
YBenu4yeHne cpegHero knacca; Passutue nudpactpyktypbl; IHHOBaumMm u TexHo-
norun; "'ocynapcTBeHHas nogaepxka. BoamoxHoctu pocta: CosgaHve yHuKarnb-
HbIX KOHLenuuii; Paclumpenne po3HMYHBIX MPOAaX W ycryr AocTaBku; PassuTtne
MHPPaCTPYKTYpPbl 1 MoAepHU3aums; PpaHyanisunHr.

Knrodeenie crnoga: pectopaHHbii GU3HeC, ycnyrv, LMdpoBr3aumns, broxH-KyX-
HS 1 MOMeKynapHas racTpoHoMus, (PyATPaKku, MHHOBaLMW, TEXHOIOTUN.
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MAKAJNIAHbIH AYOAPMACHI / NEPEBOAO CTATbU
Hxypynoea B.K.", Typdy6ekoea C.Y.?

' HayyHo-uccrnenoBaTenbCkuin MHCTUTYT, Kbiprbi3cKoro SKOHOMUYECKOTo
yHuBepcuteTa umeHn M. PeickynbekoBa, r. buukek, Keipreidckas Pecnybnvika
2 Kblprbl3cko-TypeLKkckuin yHnBepeutet «Manacy, r. bulukek, Kelprbickas
Pecnybnuka

PECTOPAHHbIV BU3HEC B KbIPI'bI3CTAHE — NEPCNEKTUBbI
PA3BUTUA

AHHOTauums. B ctatbe npuBeneHbl pesdynbTaTbl UCCref0BaHWUN TEKYLLEro CoCTo-
AHWSA pecTtopaHHoro 6usHeca B Kbipribiackon Pecnybnuke n BbiSiBreHbI KMoYeBble
TeHaeHUumn. OnpeaeneHbl hakTopbl, CNOCOOCTBYOLLME YCMELIHON AEATENBHOCTU
pecTtopaHoB. BbisiBreHbl nepcnekTyBbl U paspaboTaHbl MEPONPUATUS ANA pa3Bu-
TUSA pectopaHHoro 6usHeca B KbiprbidacTaHe. PectopaHHbin cektop KeiprbidcTta-
Ha obnagaeT 3HauyuTenbHbIM MOTEeHUManom Ans pocta. bnarogaps gnHamuy-
HOMY Pa3BUTUIO 3KOHOMUKM W MOOOEPXKKE CO CTOPOHbI rocydapcTBa, OoTpacib
UMeeT BCe NPEeANnOChbINKN ANA NPeBpalleHns B OAVH U3 KIHOYEBbIX ApariBepoB
9KOHOMUWYECKOrO PasBUTUS. YYUTbIBAs MEHSALUMECH 3anpochl KMMEHTOB N BHe-
OPAS COBPEMEHHbIE TEXHONOrMW, PecTopaHbl MOryT AOCTUYb BreYvaTnsHoLwmx
pe3ynbtaToB. PectopaHHbii cektop B KbiprbidacTaHe obnagaeT 3HauMTENbHbIM
noTeHumanoMm Ans pocta 6Gnarogaps psay OakTopoB: YBenuyeHue TypucTu-
YecKoro noToka; YBenuyeHue cpefHero knacca; PassButune unHDpacTpyKTypbl;
MHHOBauun n TexHonoruv; [ocygapctBeHHas nopaepkka. BosamoxkHocTn po-
cta: CosfaHne yHUKanbHbIX KOHUEenuui; PaclumpeHne po3HUYHBIX NPOAax W
ycrnyr goctaBku; PasButune mHDPacTpykTypbl U MogepHusaums; dpaHyanianHr.
Knro4eenie crnioga: pectopaHHbii Bu3Hec, ycrnyrv, LmdpoBr3aumns, PbrodKH-KyX-
HS 1 MOMeKynApHas raCTpPOHOMMUS, PYATPaKuU, MHHOBaLUK, TEXHOIIOT.

BeepeHune. PectopaHHbin 6usHec B Kbiprbidckon Pecnybnuke urpa-
€T KIMYEBYIO porib B 9KOHOMMYECKOM BrnarococTosgHumn cTpadbl. OHa He
TONBbKO CMOCOBCTBYET 9KOHOMUYECKOMY POCTY, HO M OKa3blBaeT 3Hauu-
TenbHOe BNWSIHWE Ha coumanbHyl cdepy, NpefoctaBnss BO3MOXHOCTU
Ans Tpygoyctporictea. B nocnegHue roabl KelpreldacTaH nepexvBaeT byp-
HOe pasBUTME PasfMYHbIX CEKTOPOB 3KOHOMMKM, BKIOYas peCTopaHHbIN
Ou13HeC 1 noaaepXXuBaroLLyro ero nHhpacTpyktypy. OgHako 3TOT CEKTop
CTarnkmBaeTCcs C MHOIOYUCIIEHHbIMU MpobBrieMamMu, KOTopble OTKPbIBAKOT
HOBble BO3MOXXHOCTU OJ15 COBEPLUEHCTBOBAHMS U pocTa.
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"mobanbHbIn NaHAwadT NOCTOAHHO MEHSIETCS, U Takue hakTopbl, Kak
uMpoBM3aLnsi, KOHKYPEHLUNS 1 rnobanm3aunsi, USMEHSAOT PECTOPaHHYHO
MHAOYCTpUIo. PectopaHam NpuxoanTcs UckaTb MHHOBALMOHHbBIE NMOAXOAbI,
4YTOObI MpouBeTaTb, 3PPEKTUBHO yNpaBnaTe PUHAHCAMU U YKPEnmnsTb
CBOW MO3uULMK Ha pbiHKe [1]. B cBS3KM C 9TUM pacTeT MHTEpec K raCTpoHO-
MUYECKOMY TYpU3My, MOCKOSbKY JTHOOUN ULLYT HOBbIE KylIMHAPHbIE Bhevart-
NEHNST UM NepecMaTpuBaloT 3Hakomble 6noga. OTO OTKPbIBAET HOBbIE
BO3MOXHOCTW AN pecTopaHHoro 6usHeca B Kblprbi3cTaHe.

Llenb gaHHOro vccriegoBaHusa - npoaHanuanpoBaTh TeKyLlee COCTOo-
SHME N NepCneKkTUBbl Pa3BUTUSA pecTopaHHOro busHeca B peCcTopaHHOro
6usHeca B Kbiprbiackonm Pecnybnuke.

AKTyanbHOCTb OAHHOW TEMbl MOAYEPKNBAETCH ANHAMUYHBIM Pa3BUTU-
€M pEeCTOpPaHHOro CekTopa, YTo obycrnaBnmBaeT HEOOGXOOMMOCTb MPOBe-
OEHNS KOMMIIEKCHOro UCCreAoBaHns ANns BbiSIBNEHWUS HOBbIX TEHOEHUNA U
BO3MOXHOCTEN.

[na oocTKeHUs Lenen ncenefoBaHns Obinn peLlenbl creaytoLume 3a-
Aaun:

* AHann3 CTaTUCTUYECKNX JaHHbIX MO pecTopaHHoMmy Bu3Hecy B Kbip-
rbl3CTaHe;

» O630p COOTBETCTBYHLLEN NUTEPATYpbl, BKIOYas akagemMmyeckue
NCccrneaoBaHWs 1 OTpacreBble OTYEThI;

» CpaBHMTENbBHbIA aHanNM3 KOHKYPEHTOB B pecTopaHHOM Ou3Hece C
¢okycom Ha buLlkeke.

Pe3ynbTatbl nccnegoBaHu. MCTopnyeckum KOHTEKCT U COBpe-
MEeHHOe COCTOsIHMe

CoBpemeHHble rpaxaaHe KblpreldacTaHa BCe Yalle npegnoduTtalT nu-
TaTbCA BHE AOMA, M 3Ta TEHAEHUMS OCODEHHO SIPKO BbipakeHa B buluke-
Ke, rae bbICTpbIMY TEMNaMy OTKPbIBaKOTCH Kade 1 pectopaHbl, 0COBEHHO
APKO BblpakeHa B bullkeke, roe kade n pectopaHbl OTKPbIBAKOTCS Obl-
CTPbIMW TEMNaMM.

Pa3BuTure pectopaHHOro 6usHeca B CTpaHe Havanocb B Havane 1990-x
rOAOB M C TeX MOP 3HAYUTENbHO BbIPOCHO, BHOCA CBOW BKMag B 9KOHO-
MUYecKkoe pasBuTMe CTpaHbl. IHBECTOPbI MPUBMEKAOTCA B 3TOT CEKTOP
ycryr, oxwugasi ObICTpO/ OT4a4M OT BIIOXKEHWW MpY NpaBuiibHON 6GuU3-
Hec-mogenu. Manble npeanpusTUS COCTaBmAOT OCHOBY PECTOPaHHON MH-
ayctpun KblprbiactaHa. XoTs npeanpusitus obLeCTBEHHOr0 NUTaHUSA He
MOAnexXaT rocy4apCTBEHHOMY NMLIEH3NPOBAHMIO, UX OEATENbHOCTb pery-
NMpyeTCsl CaHNTapHO-aNUMAEMMNONOrMYeckumm cnyxéammu. PectopaHbl Mo-
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ryT yHKLMOHMPOBATbL KaK lopyuandeckme nuua unu kak HansuayansHble
npeanpuHnMmartenun, YTo BIIUAET Ha UX HaloroByrk MOJINTUKY. HeCMOTpH
Ha aKTUBHbIN POCT, TOYHbIX OAaHHbIX O peCTOpaHHOPI MHOYCTPUN HacCTo He
xBataeT. MHOrve 3aBefeHVsi COBMELLAT CBOK OEATENbHOCTb C roCTU-
HU4YHbIM 6VI3HeCOM, YTO 3aTpyAHAET noJsiydeHne TOYHbIX CTaTUCTUYECKUX
AaHHbIX. BuLLIKEK ocTaeTCs LIEHTPOM peCcTopaHHOro buaHeca CTpaHsbl, rae
pacnosioXXeHbl Kak TpaguunOoHHbIEe 3aBedeHNA, TaK U 3THUYECKUE PEeCTO-
paHbl C pa3HoobpasHom KyxHen [2]. B nocrnegHee Bpems Habnwogaetcs
BCNIIECK NONYNSIPHOCTN BUCTPO, OPUEHTMPOBaHHLIX Ha Goree MONoayto
Aemorpaduyeckyto rpynny, 4To CBUAETENLCTBYET O AMHAMUYHOM Pa3Bu-
TN CeKkTopa.

CoBpeMeHHble TeHOEeHLMU B pecTopaHHOM bu3Hece
KbiprbisctaHa.

B nocrnegHve rogbl yBenuuyeHue uucna cnyxo OocTaBku efpl CcTano
BaXXHbIM 3JIEMEHTOM pPEeCTOpaHHOro GmsHeca. dTa TeHAEeHUUa obycnoBs-
JleHa CTPEMUTESTbHBIM PUTMOM XXM3HW, POCTOM YMciia OPUCHBIX COTPYA-
HUKOB, MOMYJIAPHOCTLIO OHSaMH-3aKa3oB M MOOUIbHBIX MPUITOXEHUN, a
TaKKe OrpaHMYEeHUsMK, BbI3BAHHLIMW HeAaBHUMMU NaHAeMuaMU. YTobbl
npeanpusiTus 06LLECTBEHHOrO MMTAHNA MO MakCUMarnbHO adhdekTnB-
HO MCMOSIb30BaTb 4OCTAaBKY, BragerbLlam crefyeT yYnuTbiBaTb HECKONbKO
KIHOYEBbIX acnekToB. [NMpexae BCero, MeH OOMKHO ObiTb aganTMpoBaHO
0115 TPaHCNOPTUPOBKN. HekoTopble Bntoga He NOAXOAAT ANs ANUTENBHON
OOCTaBKW, NO3TOMY UX LiefniecoobpasHee roToBUTb HEMOCPEACTBEHHO Ha
MecTe.

Takke crnegyet pelwunTb, CTOUT N PeCTOpaHy COTPYAHUYaTb C BHELL-
HUMMK cny>x6amn JOCTaBKM UMM cOo34aBaTb COOCTBEHHYH. Y KaXOoro m3
3TUX BapUaHTOB €CTb CBOM MSIOCbI U MUHYCbI, 1 BbIOOP 3aBUCUT OT pecyp-
COB 1 CTpaTermyeckmx uernen 3aBeneHust. Takke BaXHbIM MOMEHTOM SiB-
nsgeTca BbIOOp yNakoBKKU, KOTOpas AOMKHA COXPaHATb BHELLHUIA BUA, BKYC
1 apomat 6ntog Bo Bpems goctasku [3]. Ona achdekTuBHOM opraHnsaumm
OOCTaBKM HY>KHO OMpeAennTb ONTUMaribHbIA paguyc, YTobbl MUHUMU3N-
pOBaTb PUCKW yXYALLIEHUS Ka4yecTBa 6o 1 n3bexaTb 3aepKek.

BeckoHTaKkTHbIe ycnyru ctany OgHOM U3 KItoYeBbIX TEHOEHLUMIA CoBpe-
MEHHOCTW. B yCcrnoBusiX NOBbILLEHHOrO BHMMaHMs K Bornpocam 6e3onacHo-
CTW U TUTMEHbI MOCETUTENN PECTOPAHOB OTAANOT NpPeAnovTeHE 3aBeae-
HUSAM, rae 3TUM acnekTam ygenseTca ocoboe BHUMaHuE [4]. MpumeHeHne
GECKOHTAKTHbIX CEPBMCOB MO3BOJIAET MUHMMN3MPOBAaThL B3aMMOAENCTBME
MEeXAy MepPCoHANoM 1 KIMEeHTaMmn 3a CYeT BHEAPEHUS LUGPOBbIX MEHIO,
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MOBUMNBHBIX NPUIOXEHNIN NS 0POPMIIEHMS 3aKa3oB M OMfaThl, a TaKkke
opraHm3aumm cneumnanbHbIX MYHKTOB CaMOBbLIBO3a.

[Ona obecneyeHns GecnepeboriHoi paboTbl AAHHBIX CUCTEM HEOOXO-
AVMO MPOBOAWTbL TLUATENbHOE TECTUPOBAHWE TEXHOMOMM 1 obecneyu-
BaTb Haasexallylo NOAroTOBKY nepcoHana Ans onepaTtyMBHOIO peLleHus
BO3MOXHbIX Mpobrem.

LindppoBusaums n coumarnbHble Meana ctanv BaXKHeNLLMMU SrieMeHTa-
MU COBpeMeHHOro buaHeca. lNMnatdopMbl coumanbHbIX Megua BbIMOAHAOT
KIMOYEBYHO (PYHKLNIO B NPOABWXKEHNM OPEHO0B U YBENUYEHNN KITMEHTCKON
ayauTopuun. PectopaHbl akTMBHO CO30at0T akkayHTbl B COLManbHbIX Ce-
TAX, YTObObI AENUTLCHA hoTOrpaduAMN CBOUX MHTEPLEPOB, BI04 1 HAaMUT-
KOB, pa3MeLLaloT pekrnamMHble BUAEOPOSIUKMA N MPOBOAST KOHKYPCbI.

MaHgemns nobyanna notpebutenen yoenate 6onblue BHUMaHNS 300
POBbIO M NUTaATENBHON LIEHHOCTM NPOAYKTOB NUTaHUA. VIHTepec K npoayk-
TaM pacTUTENBHOIO MPOUCXOXOEHWUS, BKMOYas PacTUTENbHOE MOMOKO,
3HaYUTEmNbHO BbIPOC, TOrAa Kak NoTpebrieHme Msca U MPoAyKTOB C BbICO-
KM coepXaHneMm caxapa COKpaTUroch. ANKOrofibHbIE HaNUTKN yTpaTu-
1NN NPEXHIOK NOMYMSPHOCTb B peCTOpaHHoM nHAycTpun. OJHOM 13 HOBbIX
TeHaeHuun ctana rnobanusaums kynvHapun. OrpaHnyeHnss Ha noesnku
YCUITUIIN MHTEPEC K pecTopaHam, npegnaratowmm 6noga pasHbix Haum-
OHasbHbIX KYXOHb.

KyxHs (bbtoXkH, coyeTarowas KynmHapHble TPaguumMn pasHbIX CTpaH,
cTaHeT rnaBHbIM TpeHaoM 2024 roga. B meHio pecTopaHOB nosiBATCA Ta-
KMe HeTpaaWLUMOHHbIE COYEeTaHWs, Kak Cylum-6ypputo unu nuuua B Tau-
ckom cture. MornekynapHas racTpoHOMWS NMPOAOKaeT pasBuBaTbCH,
BbIXOAS 32 paMKu TPagMUMOHHBIX METOAOB MPUTOTOBMEHNS MWLM 1 CO3-
AaBas yHVKarnbHbI€ KOKTENIN C UCTONb30BaHNEM Cbe00OHbIX My3bIPbKOB
M Xnakoro asota [5].

[MpocToTa 1 Ka4yecTBO — KIOYEBbIE NPEANOYTEHNS COBPEMEHHbIX FO-
cten. KnueHTbl oTgaloT npegnovteHne 6nogam ¢ MUHMMAarbHbIM KOMU-
YeCTBOM UHrPeanEeHTOB, HO MPUIOTOBIIEHHBIM U3 MPOAYKTOB BbICOKOrO Ka-
yecTtBa. Bce 6onbLuyo nonynsipHOCTE NPUobpeTaeT «NpaBuso TPEX», COo-
rN1acHO KOTOPOMY TPW rapMOHMYHO NO40OPaHHBIX UHFPeaueHTa CrnocobHbI
co3gaTtb boree Apkoe BneyaTtreHme, Yem CIOXXHbleE MHOTOKOMIMOHEHTHbIE
coveTaHus.

CokpalleHne pasMepoB NOpLMA U MApPTHEPCTBO CTAHOBATCS akTyarib-
HbIMU TeHAeHUunsaMU. HebonbLuve nopLmm opyeHTMpoBaHbl Ha noTpebuTte-
Nen, CTpEMSLLUXCS MONpPoboBaTh LUMPOKMIA aCCOPTUMEHT B0, a CoTpya-
HNYECTBO PECTOPAHOB C APYrMMn BpeHgamu cnocobCTBYET NPUBIIEYEHUIO
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HOBOW ayguUTOPUN N CO3AAHUI0 YHUKANbHOIO raCTPOHOMMUYECKOrO OMnbITa.

dyn-Tpaku ABNATCA APKOA U AUHAMUYHOW TEHOEHLMEN B MHAYCTPUM
ynuyHon egbl. OHWM NpeacTaBnsalT COOOM MOMHOCTLIO 0BOPYAOBaHHbIE
MOOUIbHbBIE KyXHU Unu oya-Tpennepsbl, TpedyroLmne CpaBHUTENBHO MEHb-
LWMX WMHBECTULMIA. [MOKOCTb B BbIOOPE MECTOMOSIOXKEHUSA OenaeT 3ToT
dopmMaT 0COBEHHO MpUBEKATENbHbIM NS HAYMHAKLWUX NpeanpuH1Ma-
Tenen.

AHanu3 pblHKa pectopaHHoOro 6usHeca Koiproi3ctaHa.

HaumnoHanbHbIM cTatuctnyeckni komuteT Koiprbidckor Pecny6nvku
npeacTaBun gaHHble 0 UHAHCOBOM 060pOTE pecTopaHoB, 6apoB 1 opy-
rmx 3aBefeHni obLLecTBeHHOro nuTtaHus. [6] (PucyHok 1):

2018 rog - 20 mnpg 555,6 MnH comoB

2019 rog - 22 mnpg 283,1 MNH coOMOB

2020 rog - 14 mnpg 864,2 MnH COMOB

2021 - 19 mnpa 503,1 mnH comoB

2022 - 25 mnpa 614,2 mnH comos [6]
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PucyHok 1 - Beipyyka otenei n pectopaHoB B Keipreidckon Pecny6nnke

O6bem ycnyr, okasbiBaeMbIX FOCTUHMLAMU U pecTopaHamu Keiprbis-
CTaHa, BbIpOC BO BCEX pervoHax B Nepuof C sHBaps no okTsopb 2023
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rofa no CpaBHEHMIO C TEM e NMepuoAOoM npoLunoro roga [7].

3a pgecAaTtb MecsLeB TekyLero roga obwmin obbem goctur 27,7 Mnpg
COMOB, YTO 3HAYUTENbHO MPEBbILAET Mokas3aTesb aHanorM4yHOro nepu-
opa npowunoro roga, coctasmBwmi 20,3 mnpg comoB. OCHOBHas [0S
AaHHoro obbema cocpefoToyeHa B bullkeke n coctaBnseT 14,2 mnpg co-
MoB. B T0 e Bpems HapbiHckass 06nacTb 4EMOHCTPUPYET CaMble HU3KMNE
nokasarenu — o6bemM B roOCTUHUYHO -PECTOPAHHOM CEKTOpe 34eChb JOCTU-
raet nuwb 65,7 MIIH COMOB.

B 2023 rogy Kblprbl3cTaH 3aHsinm MECTO B TPOMKE NUAEPOB MO TeM-
nam pocta B CeKTope OBLLUEeCTBEHHOro NUTaHus, Hapsgy ¢ ApMeHven u
KasaxctaHom. Takve gaHHble NpeAcTaBrieHbl B MCCE40BaHNM SKCNEPTOB
INFOLine, oxBatmBwem Poccuio, LleHTpanbHyto Asuto, Benapycb n psg
CcTpaH KaBkasckoro pervoHa.

CornacHo peecTpy KpymnHEWLUMX CeTen OOLLEeCTBEHHOro nNuTaHusl B
Poccuu, Benapycu, Apmenun n ctpaHax LieHtpansHon Asum Ha 2024 roa,
B 2023 roay BO BCEX YKa3aHHbIX PErMoHax, 3a UckrodeHnem Poccuu, 6bin
3ahnKCUpoOBaH pocT 0bopoTa pbiHKa OOLLECTBEHHOrO NUTaHWUS B Aosna-
pax CLUA. B Poccun, HanpoTuB, Habio4anocb CHDKEHME AaHHOIO NMoka-
3aTens.

[dvHamunka pa3BuTUS CeKTopa B HaLUMOHarbHON BantoTe C y4eTOM COMo-
CTaBMMbIX LieH NpeacTaBreHa cregylowmm obpasom: ApmeHnsa — 25,4%,
KasaxctaH — 25%, KbiprbiactaH — 24,9%, Y3bekucrtan — 12,6%, Poccus —
12%, AsepbangxaH — 12%, Benapycb — 10,2%.

Poct pmaHHOro cektopa o6ycrnoBrieH psgoM hakTopoB, BKYasa no-
BbILLEHME LieH Ha NPOAYKTbI MUTaHWS, YBENUYEHNE YPOBHS NOTpebreHus,
OTKPbITUE HOBbLIX MPEANPUSATUNA, a Takke YnydlleHne YCNoBUI BeOeHus
OGu3Heca 1 NoBbILLEHNE YPOBHS MPO3payHOCTM B oTpacnn. B ApmeHun u
Kblprei3acTaHe pocT uncrna nokynaTernen, BKoYas TypucToB U MUTPaHTOB
13 Poccum, crtan BakHbIM (0akTOpOM MOSOXUTENBbHON AMHAMMUKM.
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060pOT 0BLLECTBEHHOTO MUTAHKA,
mnpg gonn. CLIA

Moo gy,

PucyHok 2 - O60opoT obLecTBeHHOro nuTaHus, B MipA gonnapos CLUA]

3aknroyeHue. PectopaHHbin cektop B KbipreidactaHe obnagaeTt 3Haum-
TenbHbIM MoTeHLManoM ans pocta bnarogaps psay hakTopos:

1. YBenuyeHue TypucTn4eCcKoro notoka:

- Yncno TypucTOB, 3aMHTEPECOBaHHbIX B nocelleHnn KbiprbldacTaHa
1 xenawwmx nonpoboBatb 6Mt04a Kak MECTHOW, Tak U MEXAYHapOAHON
KyXHW, NPOAOSIKaeT pacTv, co3daBasi CMpoc Ha pecTopaHbl BbICOKOro
YPOBHS.

- Kblprbl3cTaH npuBrekaeT nyTeLueCTBEHHUKOB HE TONbKO CBOEW XKu-
BOMWCHON NPUPOJON, HO M YHUKANbHBIMU TPAANLUSIMU, UCKPEHHUM rocTe-
NPUUMCTBOM M GoraTblM UCTOPUYECKUM HaCTEANEM.

2. YBenu4eHue cpegHero Kracca:

- PocT cpepgHero knacca B pecnybnunke cnocobcTByeT NOBbILLEHNIO MO~
KynaTenbCKoN CnocoBHOCTU, YTO BEAET K YBENIMYEHMIO Crpoca Ha ycryru
06LLEeCTBEHHOrO NMUTaHUA.

-MoTpebuTtenu aTon KaTeropmMm OPUEHTUPYIOTCS Ha NornydyeHne 6ornee
pasHO0OPasHbIX U YHUKANbHbIX KyJIMHAPHbIX BReYaTreHnin.

3. Pa3Butue nHpacTpykTypbl:

YnydlieHne JOPOXHON MHPPACTPYKTYpbl U co3aaHne yaoOHbIX NapKo-
BOYHbIX 30H MOBBILLAT AOCTYNHOCTb PECTOPAHOB AN XUTENEN yaanéH-
HbIX panoHoB. OTKpbITUE 3aBeAeHU Ha TEPPUTOPUM TOProBbIX LIEHTPOB
N pasBriekaTernbHbIX KOMMIEKCOB CMOCOOCTBYET YBENNYEHMIO MOTOKA NO-
ceTuTenen.
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4. NHHOBaLMN U TEXHOSNOTUN:

- Mlcnonb3oBaHne COBPEMEHHbBIX TEXHOMOMMN B PECTOPaHHON WHAOY-
CTpUM CNOcoBCTBYET MOBbILLEHNIO 3D(EKTUBHOCTN PaboThbl U yyYLLEHWIO
KayecTBa 06CnyXnBaHus rocTen.

- AKTVBHOE pa3BUTME OHITanH-3aKa3oB U UCMOrb30BaHME CoLMarnbHbIX
ceTen Mo3BOMseT pectopaHaM paclivMpuUTb ayauTopuio U ONTUMU3UPO-
BaTb OrnepaLuOHHbIE MPOLIECCHI.

5. locypapcTBeHHasa noaaepxkka:

MpaButenbcTBO Kbiprbidckon Pecnybnuky 0CO3HAET KIOYEBYHO POSib
pecTopaHHOro cektopa B CTUMYIIMPOBaHMM 3KOHOMUYECKOrO pocTa CTpa-
Hbl. B aTOM CBSA3M npenycMOTpPeHbl Mepbl rocy4apCTBEHHOW NMOOAEPXKKMN,
BKIIIOYas mpegocTaBreHne cybcnani, HanoroBbiX fbroT U Apyrux hopm
ctumynupoBaHnus. NpegocTtasneHue cybenanii, HanoroBbiX NbLFOT U ApY-
rMx oOpM rocygapCTBEHHOM MOALEPXKKM.

Bo3moxHocTu pocTa:

1. Co3paHume yHuKanbHbIX KOHLEeNuun

B ycnoBusix BbICOKOM KOHKYPEHLUW pecTopaHam BaXXHO mpegnaratb
OpuUrMHanbHble U MpUBMEKaTENbHbIE KOHUEMUMU. DTO MOXET BKMYaTb
TemaTnyeckoe odpopmrieHMe 3aBedeHui, WCMONb30BaHWEe JIOKalbHbIX
NPOAYKTOB, BHEAPEHNE NHHOBALMOHHbIX NMOAXOAOB K pa3paboTKe MEeHIo n
CO34aHVe YHUKarbHOro KMMEHTCKOro onbITa.

2. PacwumpeHne po3HUYHbIX NpoAax U ycnyr 4OCTaBKU

PectopaHbl MOryT yBenuuntb Joxodbl, npeanarasd 6mnoga Ha BIHOC U
yCryru JOCTaBKu. OTO MO3BOMMT OXBaTUTb Boree LUMPOKy ayauTopuio,
MOBbLICUTb MOSINTbHOCTE KIIMEHTOB M YKPENUTb NMO3NLUN Ha PbIHKE.

3. PazBuTtne nHbpacTpykTypbl 1 MOAEPHU3aLUA

PacTywwimn cnpoc Ha HOBble pecTOpaHbl B pa3BUBAKOLLMXCH ropogax u
TYPUCTUYECKNX 30HaX OTKPbIBAET BO3MOXHOCTU AMS CTPOUTENbCTBA HO-
BbIX TOYEK U1 OBHOBMEHNS CyLLEeCTBYHOLWMX. [1pBreyYeHme nHBeECTOpPOB
MOXeT CTaTb KMoYeBbIM (DAKTOPOM ycrexa B peanu3auum Takmx Npoek-
TOB.

4. ®paH4yan3uHr

PpaHyansvHr aensetcs adeKTMBHBIM MHCTPYMEHTOM Af1S MacluTa-
BGupoBaHusa pecTopaHHoro 6uaHeca, obecnevmBas ObICTPOe pacLuMpeHue
CeTn 1 MMHUMU3aLMI0 PUCKOB Ans BriagenbueB. icnonb3oBaHue npose-
peHHOW Bu3Hec-mMoaenu cnocobeTByeT Boriee BbICTPOMY Pa3BUTHIO.
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BbiBop. PectopaHHbii cektop KbiprbiacTaHa obnagaeTt 3HauuTenb-
HbIM MOTEeHUWanom Aana pocrta. bnarogaps AWMHAMWYHOMY Pa3BUTUIO
3KOHOMUKU U NOoAOEepXKe CO CTOPOHbI rocyAapcTBa, oTpacib UMEET BCe
NPeanochbIfikM A4S NpeBpaLleHnss B OOUH U3 KIOYEBbIX ApaniBEPOB KO-
HOMWYECKOr0 pas3BUTUSA. YUUTbIBas MEHSHOLWMECH 3anpockl KIIMEHTOB U
BHEAPSS COBPEMEHHbIE TEXHOSIOMMMU, PECTOPaHbl MOTYT OOCTMYbL Bnevar-
NALWKUX pe3yrbTaToB.

Cnucok nutepaTypbl

1 EnkaHosa [. Y., Ocunos [. A., PomaHos B. B., CopokuHa E. B. OCHOBbI nHAy-
CTpUW rOCTENPUUMCTBA, 42 - 47 cTp.

2 Camamosa I". K. OCOBEHHOCTN pa3BUTUSA NPEANPUSATUI OOLLECTBEHHOrO NUTa-
Hus B Kbiprbiackon Pecny6nvke, 1 — 3 cTp.

3 Cant «restoplace.cc» TpeHapl pectopaHHoro 6usHeca 2023 [SneKTpOHHbIN
pecypc]: Pexum poctyna https://restoplace.cc/blog/trendi-restorannogo-bizesa-
2023?ysclid=lui1qtzvdg516655489

4 lllesyosa E. []. OcobeHHOCTH, Npo6riemMbl U NEPCMNEKTUBLI PECTOPAHHOTO B13He-
ca B COBPEMEHHBIX YCIOBUSIX, 2 -3 CTP.

5 Cant «frost26.ru» dakTopbl ycnexa pectopaHa [OneKTpoHHbIN pecypc]: - Pexxum
poctyna https://frost26.ru/blog/biznes/faktory-uspekha-restorana/

6 Cant «sputnik.kg» O6opoT Todek obwenuta B KblprbidactaHe npeBbiCun
25 Mnpg coMoB B MpoLUniom rofy [OnekTpoHHbIA pecypc]: - Pexum goctyna
https://ru.sputnik.kg/20230806/kyrgyzstan-oborot-obshchepit- 1077584232.
html?ysclid=Ivjfdl19sy158986382

7 Cawnt «akchabar.kg» B KeipreiactaHe ctanu 4alle nocewatb pectopaHbl 1 ro-
CTUHMLbI [SNEKTPOHHBIN pecypc]: - Pexum goctyna https://www.akchabar.kg/ru/
news/v-kr-rastut-obemy-uslug-predostavlyaemye-gostinicami-i-restoranami/?yscli
d=Ivjfxx7v80903863255

8 Cant «economist.kg» KbipreidactaH noka3an pocT obopoTa pbiHka o06Lue-
nuta B 2023 rogy noutm Ha 25% — uccnepoBaHue INFOLine [3nekTpoH-
HbIn pecypc]: - Pexum poctyna https://economist.kg/exclusive/2024/03/27/
kyrghyzstan-pokazal-rost-oborota-rynka-obshchiepita-v-2023-ghodu-pochti-na-
25-issliedovaniie/?ysclid=1u9ib09bi8 189180639

9 Cant «ak-sai.com» PecTtopaHbl ropoga buikek [OnekTpoHHbI pecypc]: - Pexum
poctyna https://ak-sai.com/restaurants-of-bishkek/?ysclid=Ivigbnlt7j267125858
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INABJIOH HAITIUCAHUSA CTATbU

TPEBOBAHUA K O®POPMITIEHUIO PYKOMNNCH

dkcnepuMeHTanbHasa crtatbu — OT 7 Ao 15 ctpanuy (dopmat A4),
4-6 pyCyHKOB (Tabnuu), He cuMTas aHHoTaumn, Tabnuubl, pucyHku, Cnu-
cok nuTepaTtypsbl, References cnucka nutepatypbl, CBegeHus o6 aBTo-
pax Ha Tpex s3blkax.

O630pHas cTtaTtbu — 7-15 cTpaHuy, BKOYasi aHHOTaUMK, Tabnuubl,
pucyHkn, Cnucok nutepatypbl, References cnuvcka nutepaTypbl, Ko-
NNYECTBO PUCYHKOB Mnu Tabnuu He Gonee 9 (3 pucyHka cumMTaroTcs 3a
1 cTpaHuuy); CBeaeHnss 06 aBTopax Ha TPex si3blKax.

KpaTkoe coobuieHue — 5-9 cTpaHuu, BKNoYas PUCYHKM NN Tabnmubl
(He Gornblue Tpex), He cuMTas aHHoTaumW, Tabnuubl, pucyHkn, Cnmncok
nutepartypsbl, References cnncka nutepatypsbl, CBeaeHusi 06 aBTopax Ha
Tpex A3blKax.

Y TekctoBble haiinbl creayeT npeacTasnath B opmate PDF wu
Word (Bepcum 6.0 n 6onee nosgHue), wpndt — Times New Roman, pas-
mep — 12pt, MHTepBan - 1,15, B 04HY KOJOHKY.

LUABIIOH HAMUCAHUA CTATbU

kog MPHTWU (MexrocyaapCTBeHHbIN pybpurkaTop Hay4YHO-TEXHUYE-
CKOW MHpopmMaLmn)

damunma n NHMLUManbl aBTOPOB — Ha 3-X A3blkax (Ka3axckuii, pyc-
CKWIA, aHIMNIACKMIA) (NEPBbIN — aBTOP TEKCTA, 3aTEM COaBTOPbI M Hay4Hble
pykoBOAUTENN);

HanmeHoBaHue MecTa paboThbl, ropon, cTpaHa — Ha 3-X A3blkax
(ka3axCcKui, PYCCKUIN, aHITIMACKNIA);
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Ecnu aBTOpBI CTaThU M3 pa3HBIX yUPEXKJICHUH, TO B KOHIIE KaXJI0H (haMHuInn
MOCTaBUTh HAJCTPOUYHYIO LU(PY, COOTBETCTBYIOIIYIO MecTy padoTel. Hmxe
yKa3aTh MECTO PadOThI KaXk/I0TO aBTOPa M MOCTaBUTh HAJICTPOYHYIO U(PY B
HayaJie HANMEHOBAHUS MECTa PAaOOTHI.

Ipumep: Bepukos A.K.', Bacunves C.H.”
"MHcTuTyT ropHoro jena, . Anmarsl, Kasaxcran
2 KbIprbI3cKuii TOpHO-METAITyprHYeCKHil HHCTUTYT UM. AKajieMuKa Y. AcaHalnnesa,
r. bumkek, Keipreizcran

3arnaBue ctatbM — Ha 3-X A3blkax (Ka3axCKWW, PYCCKUMN, aHrMUiA-
CKWI);- OOMKHO BbITb MakCMMarnbHO KpaTKMM, MHpOpMaTUBHbIM, 6e3 co-
KpaLleHui;

AHHOTaumA: nuweTcst Ha 3-X s3blkax (PYCCKUNA, Ka3axCKWUi, aHrInn-
CKUI):

He 6onee 150-250 cnoe. (CogepxaHune aHHoTaumu: Llenb nccrneposa-
HUI. YTo coenaHo. Yto obHapyxeHo. YemM BaxkHbl pesynbTtatbl, Obnactb
npuMeHeHus, EcTb N aHanoru B mype);

KntoueBble cnoBa: nuwyTca Ha 3-X s3blkax (Ka3axcKuii, PyCCKUi, aH-
FMIMNCKNIA) — BCEro 5-6 0QWHOYHBIX CrioBa U He 6oree OABYX-TPEX CITIOBOCO-
YyeTaHui;

TekcT cTaTbu: BKIOYaeT Tabnuubl, PUCYHKM, CIMCOK LUTUPOBAHHOM
nTepaTypbl;

BBeaeHue — KpaTKoe U3MOXEHWe UCTOPMKU BOMpoca C pacCMOTPEHU-
€M OTEYECTBEHHbIX U 3apyBexHbIX paGoT, B KOTOPLIX aHanornyHbIe unm
6Grm3KkMe uccrnenoBaHus yxxke NPOBOAUMUCH 3a NOCnedHe AeCATUNeTUS;

Llenb uccnegoBaHuUs — KpaTkoe OonvcaHue;
MeToabl uccriegoBaHusi — criedyeT AeTanbHO OMUChbIBaTb HOBbIE
MeTonbl; Ha paHee onybnukoBaHHbIe U 06LLEen3BeCcTHbIe MeToabl AocTa-

TOYHO cocraTbCsl B CMMCKe NUTepaTypbl, ykasaB aBTopa W/unv HassaHue
MeToAa;

177



LLlabrnoH HanucaHusi cmambu

- Tabnuubl JomkHbI BbITb NPOHYMepOoBaHbl apabckvumu umdpamm
M UMEeTb onucaTenbHOe HasBaHue. YucreHHble u3MepeHus (eauHuUubI)
OOMKHbI BbITh BKMHOYEHbI B 3arofioBoOK ctonbua.

- PucyHku (rpadpmku, 4epTexu n np.) v LBETHbIE NNMCTPaLUnN NpUHU-
MatoTCs K meyaTtu, TOMbKO B NyylleM KadecTBe. PUCYHKM JOIMKHbBI UMETb
KpaTKve 3arofioBky, AatoLme TOHHOE OnmncaHne K M306pakeHnto Ha puUCyH-
Kax. 3arofoBKN PUCYHKOB He OOMMKHbI pasMeLlaTbCa Ha UNMiCcTpaumsx.
HesaBuncrMo OT Tuna rpadmkmn, PUCYHKM AOMKHbI 06nagaTth BbICOKMM pas-
peLueHneM, He Hmke 600 Tovek Ha atovM. MakcmanbHbIN pasmep pUCyH-
koB 120 x 210 mMm. 3a npefocTaBneHHbIE HE KAYECTBEHHbIE rpadnyeckme
mMaTepuansl, Npy Nyénvkaumm pegakuns OTBETCTBEHHOCTM HE HECET.

Pe3yanaTb| uccriegoBaHusa — nNpmBoOOATCA OCHOBHblE TeopeTude-
CKMe M 3KcnepuMmeHTarnbHble pe3ylbTaThl, CbaKTI/IL-IeCKI/Ie AaHHble, obHa-
py>XeHHble B3anMMOCBA3N U 3aKOHOMEPHOCTU. |_|pl/l 3TOM OTAaeTcA npen-
NnoYTeHne HOBbIM pesyribTaTaM, BaXXHbIM OTKPbITUAM, BbiBOAAM, KOTOPble
ONpOBEpPratoT CyLLECTBYHOLLME TEOPUN, a TaKKe AaHHbIM, UMEOLLMM Npak-
TU4YecKoe 3HayeHune.

O6cyxaeHne pe3ynbTaToOB — NPON3BOAMTCS COMOCTaBMIEHNE C Ny4-
LwnMmn ote4eCTBeHHbIMN U MUPOBbLIMU aHaroramu. OnucbiBatoTcs OUCKYyC-
CUOHHbIE MOMEHTLI UCCreaoBaHN4A, U Balle BUaeHne nx paspeLlleHma.

BbiBOAbLI — NoaBefeHne UToroe paboTbl, 060CHOBaHME HOBU3HbI U aK-
TyanbHOCTW UCCIeoBaHNs, peKOMeHAauUmM No NPUMEHEHMIO NMOMYyYeHHbIX
pe3yrbTaToB.

UcTouHuk dmHaHCMpoBaHUs UccrneaoBaHUM — BeAOMCTBA, POHAbI,
oTOenbHbIe NN U T.4. OOIMKHbI OblTb MOMELLEHbl Nepes CrMCKOM UC-
nonb3oBaHHON NuTepaTypbl. HaMmeHoBaHNA (OMHAHCUPYIOLLMX OpraHn3a-
LM OOMKHbI OblTb HAMMCaHbI MOMHOCTHIO.

BnarogapHocTb — BbipaXaeTcs Griaro4apHOCTb CMOHCOPaM, Hay4HbIM
PYKOBOAMTENAM, NMLAM, TPUHMMaBLUMMAEATENbHOE y4acTe BpaboTemnnp.

Cnucok nuTepaTypbl — CCbINIKM B TEKCTE HYMEPYIOTCS MO Bo3pacTa-
HUIO B Mopsgke ux ynoMuHaHus. bubnuorpaduyeckme ceegeHus o ny-
6nvkauumn ocopmnstotes cornacHo FOCT 7.1-2003. B cnvcok nutepaty-
Pbl He 8KJ/TlO4Yaromcs HOpMaTUBHbIE OOKYMEHTbl, CTaTUCTUYECKNE C60p-
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HUKW, CTaTbM U3 raseT, Tak kak ux oopMIIstoT B Kpyrible ckobku nocre
ynoMuHaHMs1 B TekcTe. CCbIfKM Ha MHTEpHeT-calTbl NPOU3BOAATCSH CO-
rnacHo FOCT 7.5-98, npegnoyTeHne oTAAETCS SNEKTPOHHbIM XXypHanam.

CamoyumupoesaHue He [OmkHO npeBbiwaTth 20-30% oT obuero cnu-
cka. JlutepatypHble NCTOYHMKM OaBHOCTbIO He 6ornee 10-15 neT gOMmKHbI
COCTaBNATb 3HAYMTENbHYD YacTb Chnucka, ocobeHHO Ans cTaTen npu-
KrnagHoro xapakrtepa.

References — (TpaHcnuTepaumsa Cnncka nutepaTtypbl) — odoopmnsaeT-
ca cornacHo TOCT 7.79-2000 n pasmelyaeTcsa B cooTBeTCTBME C Tpebo-
BaHUAMMW pefakumu.

CBepeHus 06 aBTOpax Ha 3-x s3blKax (Ka3axCKuW, PYCCKUM, aH-
FIIVUACKUN):

- hamunus, UMsi 1 OTYECTBO MOJSTHOCTLHIO (ECNN ECTb),

- Hay4Has cTeneHb/3BaHne,

- MecTO paboTbl aBTOpa

- BKnag B paboTy Kaxgoro u3 aBTopoB — JkcrnepumeHT, ObpaboTka
OanHbix, Obcyxaenne, MNogrotoBka Pykonuck, Mowuck Jntepatypel, Vc-
crnefoBaHns v np.

- ANIeKTPOHHAas no4ta.
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PerncrpaumoHHoe cBuaeTen-cTBo
Ne 1332 ot 07.06.1994r.
BblAaHO MUHMCTEPCTBOM NevaTu
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Pecny6nuvkn KasaxctaH

['naBHbIN pegakTop bosneeeHosa C.A.
Pepaktop J1.H. pebyosa
OTBeTCTBEHHbIN cekpeTapb E.C. Cyxosa
O6noxka E.C. Kadsipos, J1.H. pebyosa
Pepaktop TekcTa Ha kasaxckoM si3blke T.T. Cadbiposa
KomnbtoTepHas Bepctka [.P. Typbicbek

Mognucaxo B nevatb 14.03.2025.
dopmat 60x84/16. MNeyaTb odceTHas. Bymara odceTHas.
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