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CHALLENGES OF PROTECTED AREAS MANAGEMENT

Protected Areas (PAs) is a cornerstone and essential preservation strategies at a national and interna-
tional level for biodiversity preservation and to maintain healthy ecological function. PAs have continu-
ously been increase over the last decades. However, their effectiveness significantly depends on their
management and planning strategies. This paper presents an overview of the main challenges in PAs
management. Findings of the present study highlights an importance of involvement of stakeholders in
the decision-making process in the management of PAs, public attitudes and perception towards Pas.
The understanding of the main challenges in such as uncontrolled human activities (hunting, poaching,
fishing), unsustainable development of tourism, climate change also important taking into account in
achieving sustainable conservation objectives, and in the design and implementation of new environ-
mental policies. PAs management depends on many interactions such as policy agenda, social and
economic situation, cultural issues, stakeholders, individual preferences and governance. Therefore, to
conduct an effective PAs management, it is essential to strengthen responses to these multiple obstacles.

Key words: environmental management, protected areas management, public perception, climate
change, stakeholder’s participation.

A.A. Toktaposa', K. Mec?, A.C. CenTtkan?”

'AcTaHa xaAblkapaablk yHnBepcuTeTi, KasakctaH, AcTaHa K.
2HoTtuHrem yHusepeuteTi, ¥ AbiGputanms, HoTTuHrem K.
‘e-mail: seitkanainur.77@mail.ru

Epekwe KopearaTbiH Tabueu aymakrapgbl 6ackapy maceaeaepi

Epekwe kopranaTbiH Taburn aymaktap (EKTA) — OGMOSPTYPAIAIKTI cakTay >XoHe caAayaTTbl
3KOAOTMAABIK (PYHKLUMSHBI YATTbIK >KOHE XaAblKapaAblK AEHrerAe cakTayAblH Heri3i >keHe MaHbl3Abl
ctparteruscbl. CoHFbl OH XbiAAbIKTapaa EKTA Tepputopumscbl YHeMI ecin oTbipAbl. AAaiiaa OAApAbIH,
THIMAIAITT kebiHece 6Gackapy >koHe >KocCrapAay CTpaTermsiaapbiHa 6GalAaHbICTbl. ATaAFaH 3epTTey
>kymbicbl EKTA 6ackapyaarbl Herisri maceaeAepre LWOAY >kacalabl. OCbl 3epTTeyAiH HaTMXKeAepi
EKTA 6ackapy wewimaepiH Kabbiaaay npoueciHe MyAAEAi TapanTapAbl TapTYAbIH MaHbI3AbIAbIFbIH,
SKYPTLbIAbIKTbIH EKTA-HbI KabbiaAayAd KO3KapacbiH kepceTeAi. AAamHbiH 6akbiAaycCbi3 apekeTi (aH
ayAay, 6pakoHbepAiK, GaAblk ayAay), TYPU3MHIH TYPaKCbI3 AaMYbl, KAUMATTbIH ©3repyi CUSIKTbl HEri3ri
MBCEAEAepPAi TYCiHY TypaKTbl AaMy MaKcaTTapblHa XKETY Ke3iHAE >KOHe >KaHa 3KOAOTMSAbIK cascaT-
Tbl 93ipA€Yy MEH eHri3y GapbICbiHAA A MaHbI3Abl. EKTA kopluaraH opTaHbl KOPFayAblH TMIMAI KypaAbl
peTiHAEe TaHbIAFaHblHA KapaMacTaH, OAapAbl 6ackapy KesiHAe KenTereH acrekTiAep KaXkeT. MbICaAbl,
EKTA-HbI 6ackapy casici KyH TOPTIOIHAE, DAEYMETTIK )KOHE SKOHOMMKAABIK, XXaF Aail, MOAEHM MOCEAEAED,
MYAAEAI TapanTap, XXeke KaaayAap >kaHe 6ackapy CUSKTbl KernTereH e3apa apekertecyaepre GanAaHbi-
ctbl. CoHabIkTaH EKTA-HbI THiMAT GackapyAbl Xy3ere acblpy YLUiH OCbl KenTereH Keaepriaepre >kayari
6epy wapaAapbiH KYLIENTY MaHbI3Abl.

TydiH ce3gep: epekile KOpFaAaTbiH TabuFK ayMakTapAbl 6ackapy, KOFamAbIK Mikip, KAMMAT e3repyi,
MYAAEAI TapanTapAblH KaTbICybl.
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Mpo6aembl ynpaBaeHusi 0060 OXpaHsieMbIMU NPUPOGHLIMU TEPPUTOPUSIMU
Ocob60 oxpaHsieMble MpupoAHble Tepputopun (OOTTT) SBASIIOTCS KpaeyroAbHbIM KamMHEM M BaxK-

HeMLLen cTpaTerMen coxpaHeHms 6MopasHoo6pasns 1 MNOAAEPIKAHUS IKOAOTMUYECKON DYHKLMM Ha Ha-
LUMOHAAbHOM U MEXAYHapOAHOM YpPOBHSIX. B TeueHue nocaeaHux aecatnaetmin Tepputopus OOTIT
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MOCTOSIHHO YBEAMUMBaAMCb. O AHAKO MX 3(P(PEeKTUBHOCTb B 3HAUNMTEALHOM CTEMEHWN 3aBUCUT OT X CTpa-
TErni ynpaBAeHUsl U MAAHMPOBaHUS. B AaHHOM MccaepaOBaTeAbCKoOl paboTe MpeACcTaBAeHbl 0630pbl
OCHOBHbIX Npob6aemM npu ynpasaeHnr OOTIT. Pe3yAbTaTbl HACTOSILIErO MCCAEAOBAHMS MOAYEPKMBA-
10T BaXXHOCTb BOBAEUEHUS 3aMHTEPECOBAHHbBIX CTOPOH B MPOLLECC MPUHSATUS PELLEHNI MO YNPABAEHMIO
OOITT, oTHolueHNe obuiectBeHHOCTU U BocnpusTe OOTIT. INoHMMaHMe OCHOBHbIX MPOOAEM, TaKMX,
KakK HEeKOHTPOAMpPYEMasl AESITEAbHOCTb YeAOBeKa (0XoTa, HPAKOHbEPCTBO, PbIBOAOBCTBO), HEYCTONYM-
BOE pa3BUTME TYPM3Ma, M3MEHEHME KAMMATA, Tak>XKe BaXKHO YUMTbIBATb NMPU AOCTUXKEHUW LAl YCTOM-
UMBOTO COXPAHeHMsl, a TakXe Npu pa3paboTke M BHEAPEHUWM HOBOWM 3KOAOTMYECKOW MOAMTMKM. He-
cmoTps Ha 1o, yto OOTT nprsHaHbl 3HeEKTUBHBIM MHCTPYMEHTOM COXPaHEHUS OKPY>KalOLLEN CpeAbl,
Mpu YNpaBAEHUU VMW HEOOXOAMMO YUMTbIBATb MHOrMe acnekTbl. Tak, ynpasaenue OOIMT 3aBucuTt
OT MHOTMX B3aMMOAEWCTBUIA, TaKMX, KaK NMOAMTUYECKAs MOBECTKA AHS, COLMAAbHAg M 3KOHOMMYECKas
CUTYaumsl, KYAbTypHble NPOOGAEMbI, 3aMHTEPECOBAHHbIE CTOPOHbI, MHAMBUAYAAbHbIE MPEANOUTEHUS U
ynpaBAeHne. CAeAOBATEAbHO, AAS npoBeaeHus adpdekTnBHoro ynpasaeHus OOMMT BaXXHO ycUAUTb

Mepbl pearmpoBaHus Ha 3TU MHOTOUUCAEHHbIE MPOBAEMHbIE BOMPOCHI.
KAloueBble cAOBa: MEHEAXXMEHT 0C060 OXpaHseMblX MPUPOAHbIX TEPPUTOPUI, OOLECTBEHHOe
BOCMNPUATHE, M3MEHEHME KAMMATA, yJYacTUe 3aMHTEePEeCOBAHHbIX CTOPOH.

Introduction

Over the last few decades, natural resource man-
agement have become a major concern worldwide
due to the loss threatening essential ecological pro-
cesses. For example, biodiversity benefits human
well-being and sustains lives on earth by providing
valuable direct and indirect ecosystem services, re-
siliency, and social relations [1]. Therefore, in order
to provide conservation efforts, the establishment of
Protected Areas (PAs) is a cornerstone and essential
preservation strategies at a national and internation-
al level for biodiversity preservation and to maintain
healthy ecological function. According to [IUCN PAs
cover around 16% of the world’s land area and have
continuously been increase over the last decades [2].
Currently, the expansion of the global network of
PAs has reached an unprecedented rate and reflects
a growing recognition of their value. This is a funda-
mental element of sustainable development.

Despite the increasing number of PAs, biodiver-
sity is still under threat of extinction worldwide be-
cause of destruction of the natural environment over
the last 50 years [1]. For instance, populations of
wildlife declined 58% all over the world between
1970 and 2012, and there is suggestion of a decline
of two-thirds of global biodiversity between 1970
and 2020 [3]. Clearly, conservation of biodiversity
in the ecosystem is one of the substantial challenges
facing modern society. However, PAs may not be
immune to this issue as biodiversity rates continue
to decline even within PAs.

Therefore, integrated management of PAs is a
vital element of biodiversity conservation. PAs man-
agement depends on many interactions such as pol-

icy agenda, social and economic situation, cultural
issues, stakeholders, individual preferences and
governance. Therefore, to conduct an effective PA
management, it is essential to strengthen responses
to these multiple obstacles.

Hence, there is no universal solution to effec-
tively manage PAs. Solutions should be linked to the
characteristics and natural heritage of each country,
the level of its development, the effectiveness of its
institutions, and nature and extent of the defects in
the prevailing market mechanism, in range of sec-
tors, the nation’s priority objectives and targets, and
other factors specific to the country.

The role of protected areas

According to the Convention on Biological Di-
versity (CBD) PAs can be defined as ‘a geographi-
cally defined area, which is designed or regulated
and managed to achieve specific conservation
objectives’ [4]. The International Union for Con-
servation of Nature presented a widely accepted
definition of PAs, which is a ‘clearly defined geo-
graphical space, recognised, dedicated and man-
aged, through legal or other effective means, to
achieve the long-term conservation of nature with
associated ecosystem services and cultural values’
[5]. The literature review provided a variety of PAs
definitions but all had the similar aim of facilitat-
ing the long-term conservation of species and na-
ture within their borders while reducing the impact
of human activities [6]. PAs are classified into six
categories, which are based on a variety of man-
agement objectives, such as the level of protection,
restriction (Table 1) [5].
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Table 1 — The categories of protected areas

Category Definition of Management Objective
Categoryla Strictly controlled areas for protection of its biodiversity, geological or landform features. They are
Strict Nature Reserve | managed mainly for scientific purposes.
Category lb Protected areas without permanent or significant human habitation, which are managed for wilderness
Wilderness Area protection.
Category II Large natural or near natural areas dedicated to preserve ecosystem. Can be used for eco-friendly
National Park recreation purposes.
Category III Quite small protected areas dedicated for protection of a specific natural monument (landform,
Natural Monument/ | seamount, submarine cavern, geological features), often with visitor opportunities.
Feature
Category IV Areas, which are managed mainly for protection of particular species or habitats through management
Habitat/Species intervention.
Management Area
Category V A protected area of distinct character with significant ecological, biological, cultural and scenic value.
Protected Landscape/ | The objective is to maintain landscape and biodiversity as well as harmonious interaction of nature and
Sea scape culture. This category can be used for recreation and tourism
Category VI Protected areas managed to ensure long-term protection of natural ecosystems and habitats, together
Protected Area with | with associated cultural values and sustainable natural resource management and production purposes.
Sustainable Use of
Nature Resources

In order to effectively provide conservation ini-
tiatives and protect nature from human disturbances,
zoning schemes were designed for PAs. This scheme
lists the allowable and prohibited activities in the
different areas [7]. According to UNESCO, PAs are
delineated into three distinct territorial components.
The first area is the core area which is devoted to
long-term conservation aims, sufficiently large
to achieve these goals, and where stricter wildlife
conservation is enforced. The second area is clearly

identified as a buffer zone where activities such as
scientific research, activities with educational pur-
poses, non-destructive tourism, and natural resource
use and recreational activities are allowed. The third
zone is the transition zone where people could derive
some benefits from this area but sustainable prac-
tices are promoted and developed. These territorial
zones of PAs could minimise human influence and
ensure proper protection within an allocated area

(Figure 1).

B corearea
i | Buffer zone
Transition area
Human settlements
R Experimental research site
M Monitoring
E Education and training

T Tourism and recreation

Figure 1 — Zoning of Protected areas [7]
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However, this zoning system approach is ques-
tioned because many PAs are not functioning within
boundaries as originally planned despite adequate
management systems. This could be explained by
the fact that human activities in areas surrounding
a reserve could change ecological functioning and
species decline within core areas. It has been sug-
gested that issues such as ‘changes in the effective
size of protected areas with consequences for a min-
imum dynamic area, species abundance; alterations
in ecological flow into and out of reserves; loss of
crucial habitats for seasonal migrations and popu-
lation source areas; exposure to human activities
through poaching, hunting and disease could effect
on the ecological processes within reserves’ [8].

For example, changes in ecosystem size could
decrease the effective size of the PAs which would
also reduce the number of ecological processes and
organisms. Therefore, the reduction of effective
size could have a negative impact on the ecological
functioning and variety of species present in the PAs
[8].

Island Biogeography Theory could insert some
clarity in this. According to this theory, the number
of species in protected areas formed as a balance
between species migrated to PAs and those extinct.
If nature reserves situated too far from migration
routes that feed local fauna, extinction then will be
prevailed in fauna formation process affecting to the
balance in protected areas and their quantity will
continue downward movement [9]. Therefore, it is
important to handle carefully the issues of recoloni-
zation within the boundaries of PAs. Impacts caused
by nature within and outside the boundaries of PAs
are essential because they define the dynamics and
create resources for the survival of organisms. This
meant that areas with a minimal change dynamic are
the smallest territories where these changes affect
keeping constant balance.

According to [10] an allocated space should be
no less than 50 times bigger than the largest area of
natural impact to ensure the above-mentioned bal-
ance. These methods include ecosystem size altera-
tions, with the suggestion for a minimal dynamic
area, species’ inhabitancy impact and structure;
changes in movement of materials and effects to in-
side and from outside areas of reserves; influences
for important local residential areas, and seasonal
migrated species population.

PAs are one of the key strategies employed by
national and local powers to tackle anthropogenic
factors leading to a decline in biodiversity with the
aim of enhancing the safety of food and water re-

sources, promoting community’s resilience to ad-
dress natural disasters and reduce the consequences
of climate change [11]. Liu et al. [12], suggested
that PAs help prevent the extinction of many threat-
ened species and maintain a variety of ecosystem
services around the world [5]. These ecosystem ser-
vices contribute to the wellbeing of human societies.
Additionally, PAs could deliver benefits for socio-
economic development, such as employment op-
portunities, recreational activities, tourism, and eco-
nomic growth by supporting the livelihoods of local
residents [13]. Thus, PAs are beneficial not only to
nature but to human wellbeing because they provide
vital ecosystem services [2]. For example, PAs with
a well-managed system could provide clean water
and food supplies and assist in the reduction of pov-
erty [11].

PAs are also important in strengthening the
sustainable development of regions and in integrat-
ing the sustainability principles in natural resource
practices. The concept of sustainable development
emerged after releasing the Brundtland Commission
report ‘Our Common Future’ and is defined as ‘de-
velopment that meets the needs of the present with-
out compromising the ability of future generations
to meet their own needs’ [14]. However, it is often
criticised as a utopian term due to the perceived im-
possibility of achieving ideal sustainable develop-
ment [15].

However, despite the significant value of PAs,
their effectiveness depends on their being well man-
aged and well-planned [16]. PAs management ef-
fectiveness assessments have been used around the
world to conduct appraisals of current PAs manage-
ment systems and assist with the implementation of
enhanced methods of preservation activities [17].

One of the issues to emerge from PAs manage-
ment is keeping the balance between the socio-eco-
nomic development of locals and the biodiversity
preservation activities that could be a potentially
complicated issue. Many important areas, in terms
of providing a vital ecological function, are situated
in less economically developed territories. There-
fore, the prohibition on using its resources should
also consider effective measures to compensating
locals for a lack of income. These issues are crucial
to an efficient PAs management [18].

Public attitudes and perceptions to protected
areas

The importance of the PAs as a successful con-
servation initiative requires acceptance and un-
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derstanding by the local communities [19]. The
achievement of the conservation objectives in PAs
has been known to conflict with local residents’ at-
titudes and needs [20]. Some of the main causes of
this conflict are the access restrictions to PAs, which
could be imposed on land use practices namely, ag-
ricultural practices, fisheries, hunting, and extrac-
tion of natural resources [21]. These are one of the
reasons for the negative attitude of people to PAs,
which could cause major challenges to effective bio-
diversity conservation.

Therefore, people’s understanding and perspectives
of PAs play a key role in planning sustainable preserva-
tion and acceptance of environmental policies [22].

The literature recommends that any possible
evaluation should include people’s attitudes, de-
mands and choices concerning the quality of the
environment to enhance the planning process [23,
24]. Having broad and essential information about
local individuals’ perception to PAs and their man-
agement is crucial because this knowledge could be
used in the planning of environmental management
and enhance the level of sustainable development.
For example, the success of implementing the new
policy regulation depends on whether participants
are influenced by the preservation of biodiversity
positively or negatively [25].

It is essential to consider the fact that perceptions
can be established under the impact of various social
aspects such as socio-economic and demographic
factors as well as psychological components such as
personal values, needs, or attribution of individuals.
Environmentally orientated psychological research,
conducted to investigate the connection between per-
ception and behaviour, found that attitudes are vital in
establishing eco-friendly behaviour [26]. Moreover,
the social aspects of a person (age, gender, education)
could affect residents’ understanding and views about
their relationship to the environment. It is in this way
that their behavioural patterns towards nature have
been established [27]. Another factor which can be
influenced by the community’s perception is the level
of trust in the environmental organisations [28]. This
understanding is important in achieving sustainable
conservation objectives, and in the design and imple-
mentation of new environmental policies and for sus-
tainable development [29].

Stakeholders’ participation in the environ-
mental management

Until 1970, most countries around the world fol-
lowed the ‘preservation-oriented’ approach, which

was based on centrally regulated control and ex-
cluded humans from management in order to protect
biodiversity [30]. However, that traditional conser-
vation strategy came in for criticism and were no
longer considered as a viable solution due to the
decreasing biodiverse population around the world.
This approach has often generated human-wildlife
conflicts caused by agricultural expansion, over-
exploitation of natural resources, and poaching. In
the 1970 — 80°s, the rights of local residents and the
needs of the environmental management system
were more widely acknowledged and as a response
to these concerns new participatory approach has
been implemented [31].

Thus, in order to successfully manage conser-
vation, greater stakeholders’ participation was re-
quired in the environmental decision-making pro-
cess [32]. Preservation activists claim that without
the involvement of domestic societies in conserva-
tion activities, certain levels of protected areas can-
not function successfully [33].

Participation in the environmental decision-
making process is defined as ‘a process where indi-
viduals, groups and, organisations choose to take an
active role in making a decision that affects them’
[34]. Arnstein [35] identified an 8-rung ladder of
participation and non-participation (Figure 2).

The bottom levels are manipulation and therapy,
which are described as ‘non-participation’ and are a
replacement for a real participant. The real objective
of this is not to provide people with a possibility of
being part of the planning or controlling works of
projects but instead to provide authorities with abili-
ties to influence project participants to obtain results
that they desired. The next rung is Tokenism, which
includes informing, consultation and placation and
allows participants to hear and be heard. However,
this level limits participants’ power to having their
views only taken into account during the decision-
making process. This level of power does not give
enough power to the people to change a current situ-
ation. The final decision-making power rests with
the authorities, allowing non-participates to make
only suggestions. Rung (5) Placation can be defined
as the highest level of tokenism. Further up the lad-
der are stages of residents’ power with a rising level
of possibilities to make the decision. According to
Arnstein, citizens could move into a (6) Partner-
ship level that allows them to obtain a consensus on
arguable issues with authorities. At the top levels,
Delegated Power (7) and Citizen Control (8) non-
participants own the most of positions or even to-
tally obtain the power to govern.
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8 Citizen control

7 Delegated power
6 Partnership

5 Placation

4 Consultation

3 Informing

2 Therapy

1 Manipulation

Citizen power

Tokenism

Nonparticipation

Figure 2 — An 8-rung ladder of participation and non-participation in decision-making process [adapted from [35]]

There are different types of participation, namely
normative and pragmatic. ‘Normative participation
suggests that residents have a democratic right to be
involved in the decision-making process’ [34]. The
focus of the normative approach is pointed towards
benefits for democracy in society. For instance, there
is a claim that active participation of stakeholders in
decision-making leads to minimizing possibilities of
marginalisation of those on the periphery, in terms
of having power to influence decisions. Therefore,
the wider involvement of suitable stakeholders in
the decision-making process could be beneficial in
achieving the positive development of a sense of
community.

Pragmatic participation could enhance the qual-
ity of the decisions about environmental issues that
have been made with the involvement and interac-
tion of a diverse interest group. This type of involve-
ment allows the usage of various technologies to
comply with domestic, cultural, and environmental
situations. This could increase the effectiveness of
acceptance among local focus groups, and their abil-
ity to address domestic demands and preferences
[34].

Kooiman [36] underlines that multiple actors’
whose livelihoods are affected by the decision-mak-
ing process should have a voice in the process. For
example, in the case of wildlife conservation, local
residents’ involvement and their ability to express

their views about maintaining preservation activities
are critically essential in achieving meaningful and
successful conservation [37]. This process leads to
legitimacy and compliance to the management pro-
cess. However, co-governance is not just managing
resource; it is governing the stakeholders’ relation-
ship [38].

Involvement in environmental decision-making
is associated with the democratic right, enhancing
the quality, durability and legitimacy of decisions,
increasing the public trust, and generating a civil
society [39]. Thus, the engagement of stakeholders
in decision-making could demonstrate democracy,
equity and procedural justice [34].

Moreover, Richard et al., [40] claim that partici-
pation of relevant stakeholders positively affects the
fairness of environmental decisions because they
are based on an acknowledgment of the compli-
cated issues surrounding the relationship between
people and the environment. It is claimed that the
knowledge obtained by stakeholders from scientists
through their participation increases their abilities
to use this knowledge and so justifies stakeholders’
participation [41]. Social learning also can be pro-
moted in this way [42] and public trust could be in-
creased through the stakeholders’ engagement in the
decision-making process [40].

The importance of stakeholders’ participation in
the environmental decision-making process indicat-
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ed that theoretical expectations could be challenging
in practice.

This approach does not focus on reducing pov-
erty or the empowerment of the marginalised. Rath-
er, stakeholders’ involvement leads to strengthening
of a local elite and the exclusion of marginal actors,
who are deprived and politically weaker, and this
could have negative consequences for the sense of
justice and well-being in communities [43].

Additionally, the successful stakeholders’ par-
ticipation depends on involving participants whose
influence could be problematic to detect. This is
known as the ‘tyranny of participation’. Although
there are positive purposes of these so-called ‘par-
ticipatory’ methods, they may not always provide
the expected response and might be a legitimizing
tool for the current situation [44]. Many of those
who have experience of this describe a feeling of
being part of a staged act with the sole purpose of le-
gitimising already decided decisions. Others stated
that it takes place only to present the event as demo-
cratic procedure and organisers of this do not want
to take sole responsibility for a decision.

Climate change

PAs face significant challenges that limit their
ability to meet the growing demands to complete-
ly deliver all benefits and values. One of the new
pressures for biodiversity conservation is climate
change. It is considered a major obstacle to species
preservation with serious long-term implications,
which could force biodiversity loss in the future
[45].

According to the International Panel Climate
Change, climate change models in Central Asia sug-
gested that there is decreasing precipitation in the
summer period but it is increasing in winter [46].
The impact of changes in weather conditions, espe-
cially temperature extremes and increased droughts,
are viewed as the main threat to steppe biodiversity
in Kazakhstan [47]. For instance, climate change in-
creases pressure on the life of the Saiga (tatarica)
population. In 2015, as result of a mass mortality,
during a 3-week period over 200 000 (80%) Saiga
antelope died in Central Kazakhstan caused by Pas-
teurella Multocida bacteria. The amount that died are
an estimated 60% of the global population of Saiga
[48-50]. Kock et al.’s (2018) study reported that this
could have been caused by climate change due to
the summer in this year being unusually warm and
humid because of wetland evaporation [48]. These
factors trigger a rise in infection and cause the mass
mortality of the Saiga population in Kazakhstan.
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It is necessary to estimate the risk of climate
change on biodiversity by environmentalists. Often
despite the fact that climate change issues consid-
ered at a higher national scale, on the regional level,
it might be ignored or there is a lack of awareness
among PA managers on adaptation, and/or mitiga-
tion strategies. These could have serious implica-
tions on the biodiversity preservation and sustain-
able development in the long-term, for example,
increased species extinction, spread in wildlife dis-
ease, an increase in non-native species, and habitat
loss [51].

Thus, understanding how the PA will respond
to future climate change requires to be incorporated
into management and planning strategies to promote
ecosystem resilience [52]. These strategies are cate-
gorised into 4 groups; ‘land and water protection, di-
rect species management, monitoring and planning,
law and policy’ [51]. However, every PA should
develop their own strategies due to each individual
circumstances requiring specific solutions.

Unsustainable practices

Pressure from human activities is one of the
most frequent challenges to species preservation.
Developing countries are faced with the overexploi-
tation of natural resources such as fishing, due to the
reliance of local communities on these for income.
Over-exploitation of natural resources within and
around PAs (fishing, land-use change, agricultural
practices, poaching and unsustainable hunting) put
pressure on biodiversity and ecosystem function.
This could alter the ecological functioning of Pas
and have an effect on biodiversity loss [12, 53].

These threats challenge the integrity and stabil-
ity of the ecosystem and biodiversity conservation.
For example, poachers for their meat and valuable
horns targeted Saiga Antelopes (Saiga tatarica).
They are widely used for medical purposes in China
and are consequently a significant source of income
[54]. For instance, some studies identified that in-
tense poaching pressure on endangered species such
as Saiga Antelopes and Brine Shrimp (Artemia) are
the highest threats to biodiversity conservation in
the Korgalzhyn state natural reserve in Kazakhstan
[47,50,54,55].

Many researchers consider poaching and unsus-
tainable hunting to be an even greater threat to bio-
diversity particularly threatened species and influ-
encing mammal species extinction. This is serious
conservation issue around the world [56,57,58,59].
One of the main reasons for poaching can be com-
mercial and another is obtaining a hunting trophy.
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This is supported by Muth and Bowe, (1998) and
Meduna et al., (2009) who state that trophy poaching
is one of the motivations for poaching [60,61]. In
many cases, overexploitation of biological resources
is directly linked to the poverty and socio-economic
situation [62]. The lack of employment opportuni-
ties in countryside areas trigger the poaching of the
Saiga because it is both a source of income and food.
On the other hand, hunting has a long history in hu-
man development and in many countries; it is valued
as a cultural tradition. Therefore, it could be contro-
versial to eliminate hunting. To this end, probably
increasing the amount of fines for poaching, reduc-
ing quotas for hunting and more effective awareness
campaigns about sustainable hunting management
might reduce the hunting rate.

Another challenge to conservation in PAs is fish
overexploitation outside safe biological limits for
commercial purposes. Reduction of fish stock often
makes their recovery difficult. This alters the eco-
system function and has negative implications [63,
64].

It is challenging to prevent the unsustainable use
of natural resources by locals in low economic de-
velopment areas where employment opportunities
are limited. Linkie et al., (2003) found that poverty
triggeres the development of illegal activities to
nature [59]. Without a change in poverty reduction
strategies, ‘biological diversity will pay the price for
development yet again, and the human subsidy from
nature will tax biodiversity to death’ [65].

Therefore, enhancement of the region’s econ-
omy and the preservation of biodiversity are two
distinct objectives and could be achieved with two
separate approaches but there is a link in practice. It
means that these problems should be solved together
with an integrated approach to natural resource man-
agement based on environmental, social and scien-
tific disciplines [66]. In this regard, Steinmets et
al., (2014) identified the key components as raising
awareness, offer opportunities for action, and gener-
ate social pressure against poaching [67]. Such an
approach has proved effective, reducing poaching
by 88% in the Kuiburi National Park, Thailand. It
is believed that implementation of these measures
could be the initial stages in combatting the unsus-
tainable exploitation of natural resources in PAs but
a more complex solution seems to be required to
tackle these issues.

Development of tourism
Promoting tourism brings benefits by stimulat-
ing the local economy and providing employment

opportunities and without harming nature. This is
supported by studies [68, 25], which state that tour-
ism significantly contributed to the development of
the local economy and alleviated poverty.

However, uncontrolled tourism have negative
consequences for the PA’s biodiversity, ecosystem
function and the environment. The limited aware-
ness of tourists and their subsequent irresponsible
behaviour are the main reasons for environmental
degradation [69].

Studies show that growing demand for nature-
based tourism has risen the number of tourists whilst
at the same time has had adverse ecological impli-
cations and caused enormous stress to biodiversity
[70, 23, 58]. For example, Miillner et al., (2004)
found that birds in Cuyabeno Wildlife Reserve were
sensitive to tourist presence and ‘even just watching
animals during breeding can threaten their survival’
[71]. Additionally, according to [72], unprotected
parts of PAs delivered less ecosystem services due
to rural abandonment and development of tourism.

Another issue is that only some local elite’s ben-
efit from tourism development whereas the local
community is left with the degradation of the envi-
ronment caused by tourism development. Timothy
(2002) observed that the local communities do not
have an equal opportunity to participate in tourism
development due to their limited skills, knowledge
and financial start-up capital [73]. Therefore, tour-
ism can produce ‘a false sense of security’ [74] and
should be considered as ‘low horizons for develop-
ment’ [75]. These needs to be taken into account by
reserve managers and sustainable tourism manage-
ment approaches should be promoted, and the legal
framework to deal with such threats should be es-
tablished.

Conclusion

The presented desk-based review highlights the
complexity of challenges in PA’s management. De-
spite being recognized as an effective instrument of
environment conservation, PAs require consider-
ation of local social, cultural and economic aspects
in terms of its management:

- It is essential to consider the fact that per-
ceptions can be established under the impact of
various social aspects such as socio-economic and
demographic factors as well as psychological com-
ponents such as personal values, needs, or attribu-
tion of individuals.

- Ensuring rights of stakeholders, i.e. legiti-
mization of the process of stakeholder involvement
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in the decision-making process is one of the key
issues of PA’s management. Developing efficient
mechanisms of these procedures could be a viable
solution of the issue. Innovative management ap-
proaches, advancement of current skills and new
working procedures are needed to insert methods of
participation into existing institutional framework.
—  Uncontrolled human activities significant-
ly affect PAs. Management should take actions to
avoid degradation of ecosystem function in core ar-
eas. This needs to be taken into account by conserva-
tion managers during the development of the man-
agement plan for further sustainable development
and effective biodiversity conservation. Therefore,
legislation enforcement, strict penalisation, and in-
creasing awareness from childhood thereby giving
locals time to change their low cultural mentality in

a positive way to value nature — all could be required
to deal with negative human pressures.

—  The threat of climate change in many cases
are overlooked in the PA’s management plan. Iden-
tification of serious issues to biodiversity conserva-
tion such as climate might drive PAs to provide im-
portant insights where the risk might have previous-
ly been ignored. It is essential to prevent the threat
to biodiversity and provide sustainable development
in an era of climate change.

-~ Local authorities must be required to pro-
mote sustainable tourism and to develop the region
to improve the socio-economic situation without
compromising conservation. Providing environ-
mental education for tourists to change their behav-
iour and development of a policy framework for
sustainable tourism, may improve the situation.
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ISSUES AND CHALLENGES OF FORESTS
PROTECTING IN SAHEL COUNTRIES

This article considers the main problems contributing to the reduction of forest resources in
six Sahelian countries (Burkina Faso, Mali, Mauritania, Niger, Senegal and Chad) that threaten the
achievement of their goals of regional stability and socio-economic development. The study finds
its interest in the fact that it will make it possible to determine the climatic, energy and security
constraints in the preservation of forest species in the Sahel. The methodology was based on carry-
ing out documentary collections and analysis, cartographic analyzes, data processing and analysis.
The study revealed that the issues and challenges of protecting forest areas are classified into three
categories: climate change, energy issue due to the absence of new and renewable energies, poor
coverage of electricity networks, high dependence of Sahelian communities on biomass and con-
flicts in the Sahel. It is estimated that today more than 65 million people in this region do not have
access to electricity, and 90 million still depend on the traditional use of biomass for cooking food.
Considering these constraints will make it possible to find solutions to the evils of the Sahel through
joint action between States, States and their partners and with communities.
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sumption.
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Caxen ergepiHgezi opmaHgbl KOpgay MaceAeAepi MeH KUbIHGLIKTapbl

ByA Makanaaa ariMakTblK TYPaKTbIAbIK MEH SAEYMETTiK-3KOHOMMUKAAbIK AaMy MakcaTTapbiHa
KOA >eTKi3yre kayin TeHAipeTiH aaTbl Caxeaus eaiHaeri (bypknHa-Paco, Maan, MaBpuTaHus,
Hurep, CeHeraa >xoHe Yaa) opMaH pecypCTapbiHbiH KbICKapybiHa bIKMaA €TeTiH Heri3ri npobaema-
AQp KapacTblpblAaabl. 3epTTey CaxeAperi opMaH TYPAEpPiH CakTayAaFbl KAMMAT, SHEPreTHKa XKoHe
Kayinci3AiK WeKTeyAepiH aHbIKTayFa MyMKIHAIK 6epeTiHAINIMEH Kbi3bIKTbl. DAiCTEME KY>XKATTbIK
>KMHaKTap MeH TaAAAyAapAbl XKyprisyre, KapTorpaMsAbIK TaAAdyAapFa, AepekTepAi eHaeyre
>KOHe TaAAayFa HerisaeAreH. 3epTTey OpMaH aymMakTapblH KOPFay MaCeAeAepi MeH KMbIHABIKTApPbI
YLL CaHaTKa KiKTeAreHiH KOPCeTTi: KAMMATTbIH ©3repyi, >KaHa >XKoHe XXaHAPTbIAQTbIH SHEPTrUSIAAPAbIH
60AMaybiHa 6alMAaHbICTbl SHEPrETUKAABIK MOCEAE, DAEKTP XKeAiAepiHiH Halap KamTbIAybl, CaxaAn-
aH KaybIMAACTbIFbIHbIH, 61MOMaccara >KoFapbl TOYEAAIAIri XXoHe aMaKTafFbl KakTblFbiCTap. byriHri
TaHAa OYA aiMakTa 65 MMAAMOHHAH acTaM apamra DAEKTP KyaTbl KOAXKETIMAI emec, an 90 MUA-
AMIOH aAaM BAi KyHre AeiliH TaFam AalblHAQY YiiH 6MOoMaccaHbl ABCTYPAI TYpAE NarAaAaHyra
Tayeaai. Ocbl LIeKTEeYAEpAi eCKepy MEMAEKETTep, MEMAEKETTep XX8He OAApPAbIH, cepikTecTepi
K8HEe KaybIMAACTbIKTapMeH 6GipAeckeH ic-KUMbIA apKblAbl CaxeAAiH, 3YAbIMABIKTApPbIH LUeLlyre
MYMKIHAIK 6epeai. OcblAaiiiia, opMaHAAPAbI KAAMbIHA KEATipY GoMbiHIIA GipAeCKeH ic-Luapasap
— ¥Abl KacbIA Kabblpra Kypy, >KaHapTblAATblH 3HEPrus KO3AEPIH TaHbIMaA €Ty, 3epTTey >KoHe
iArepiAeTy >koHe T.6. OCbl anaTTbl XKAaFAAMAQH LbIFYAbIH YKAAFbI3 XKOAbI.

Tyidin ce3gep: opmaHabl Kecy, CaxeA, KopFay, Kayin-KaTep, KypraklbIAbIK, KOMIp eHAIpY,
3HEprus TYTbIHY.
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Issues and challenges of forests protecting in Sahel countries

M.M. IOcndposa’, A. Torona

bakuHckmit TocyaapcTBeHHblin YHMBepcUTeT, A3epbariaxaH, r. baky
‘e-mail: mehluge_yusifli@mail.ru

np06/\eMbl U 3aga4u OXpaHbl A€COB B CTPaHax Caxeab

B AaHHOI CTaTbe PaCCMATPUBAIOTCS OCHOBHbIE MPOOAEMbI, CMOCOBCTBYIOLME COKPALLEHUIO AECHbIX
pecypcoB B wectu ctpaHax Caxeab (bypkmHa-Daco, Maan, Maeputanus, Hurep, CeHeraa n Yap),
yrpox<aiolme AOCTUKEHUIO PErMOHAAbHON CTABUABHOCTU U LIEASIM COLIMAAbHO-3KOHOMMYECKOro pas-
BUTUS. McCcAepOBaHME NMPEACTaBASIET MHTEPEC B TOM, UTO OHO MO3BOASIET BbISIBUTb KAMMaTUYECKME,
3HepreTMyeckme 1 CBsidaHHble C 6e30MaCHOCTbIO OMPAHUYEHMS HA COXPaHEHWE AECHbIX BUAOB B CTpa-
Hax CaxeAb. MeToAOAOrMS UCCAEAOBaHMI 6a3MpPOBaAach Ha MPOBEAEHUM cOOpa M aHaAM3a (POHAOBbIX
MaTepuaAoB, KapTorpachmyeckmx aHaAM3oB, 06paboTKe 1 aHaAM3e AaHHbIX. MccaeaOoBaHME NMOKaA3aAo,
YTO OCHOBHbIE MPOOGAEMbI 3aLLMTbI AECHbIX MACCUBOB MOAPA3AEASIOTCS HA TPU KaTEropmu: M3MeHeHue
KAMMAaTa, 3HepreTuyeckme npobAembl 13-3a OTCYTCTBUS HOBbIX M BO3OOHOBASIEMbIX MCTOUHMKOB 3HEP-
rUK, MAOXOE MOKPbITUE TEPPUTOPUIN CETAMM IAEKTPOCHABKEHMS, BbICOKAsi 3aBUCMMOCTb CaXeAMaHCKMX
coobuects ot 6uomacchbl M KOHDAMKTbI B CaxeAb. 1o oueHkam, ceroaHst 6oaee 65 MUAAMOHOB ve-
AOBEK B 3TOM PErvoHe He MMEIOT AOCTYMa K 3AeKTpMYecTBy, a 90 MMAAMOHOB YEAOBEK MO-MpeXKHeMY
3aBUCST OT TPAAMLIMOHHOIO MCMOAb30BaHMs BMOMACChl AASI TPUTOTOBAEHUS MU, [puHSATME BO BHU-
MaHMe 3TUX OrPAHUYEHMIA MO3BOAUT HANTK peLueHue npobaem Caxeasi TOCPEACTBOM COBMECTHbIX Aeii-
CTBUIN MEXAY CTpaHaMM, roCyAapCTBaMu 1 KX MapTHepamu, a Tak>ke ¢ obuimMHaMu. Tak, COBMECTHble
AENCTBUS MO BOCCTAHOBAEHMIO A€COB, CO3AAHMIO BEAMKOW 3€AEHOWM CTEHbI, MOMYyASIpU3aLLMmM, UCCAEAO-
BaHMIO 1 NMPOABMXKEHMIO BO3OOHOBASIEMbIX MCTOUHUKOB SHEPIUM U T.A. IBASIOTCS €AMHCTBEHHbIM Bbl-

XOAOM U3 3TOM KaTacTpohnueckomn cUTyaLmm.

KaloueBble caoBa: 06e3/\eceHme, Caxe/\b, 3allinTa, Yyrpo3bl, 3aCyxXxa, NMpon3BOACTBO ApPEBECHOro

YIrAS, 3HepronoTpebAeHue.

Introduction

The new United Nations report on the state of the
world’s forests describes an alarming situation [1].
Since 1990, the planet has lost 178 million hectares
of forests (420 million hectares deforested, partially
offset by afforestation and reforestation). Even if,
globally, deforestation has slowed down over time,
it still contributes to the land degradation, biodiver-
sity loss, climate change, etc. The case of Africa is
particularly worrying: over the period 2010-2020, it
saw the disappearance each year, on average, of a
net area of 3.94 million hectares of forests, a fig-
ure that has increased compared to previous decades
and much higher than that of South America, 2.60
million hectares [2].

Located in the arid and semi-arid zones of West
Africa, the Sahel has been the scene of profound
changes for 50 years. Known for the prevalence of
land degradation processes at work there, the Sahel
suffers from the combined negative effects of popu-
lation growth, human activities and climate variabil-
ity resulting in the recurrence of droughts and the
continued decline of natural resources and land pro-
ductivity. While agriculture, livestock and forestry
are sources of income and jobs for more than 80%
of the population, the overexploitation of natural
resources and unsustainable water and agro-sylvo
land management practices [3]. Pastoral care threat-
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ens the livelihoods and economic development of
rural areas. This has direct and persistent impacts
on food, water and energy security amplifying so-
cial inequalities, conflicts over access to land and
resources and migration.

Periodically crossed by severe climatic and
humanitarian crises, the Sahel is today seen as a
region of poverty, conflict and human insecurity, in
the broad sense. These crises have given the image
of a problematic Sahel, and not of an area where
natural resources are a major asset for inclusive and
sustainable social and environmental transformation
[4]. In the aftermath of the unprecedented droughts
that hit the Sahel region and which led to the
fragility of the ecosystem and the degradation of
its environment, the States of the region mobilized
around major structuring initiatives to deal with this
problem situation, including the creation of CILSS
in 1973. This is how, for more than 45 years, CILSS
and its partners have been working to mitigate the
effects of drought and desertification in West Africa
and the Sahel [5].

Temperatures are projected to continue to rise
faster than the global average. Even though the
change in cumulative rainfall could vary from region
to region and be uncertain, the Intergovernmental
Panel on Climate Change notes that 80% of the
models established in this area show that the western
Sahel will experience longer periods of drought
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over the next 50 years [6]. In addition, heavy
precipitation events are expected to become more
frequent. In regions plagued by deforestation, this
phenomenon will lead to an acceleration of erosion
and increase the risk of landslides and floods [7].
Climate change, which is also expected to exert a
growing influence on the security of individuals, is
to be seen in relation to the dynamics of conflicts in
the Sahel. Competition over access to resources is
a recurring factor of conflict across the region. In
many places in the Sahel, many conflicts between
farmers and herders arise from the competitive use
of water points from damage caused by animals to
crops and trees, especially during transhumance [8].

Aware of the harmful socio-economic impacts,
local and regional initiatives have been undertaken
to fight against deforestation through reforestation,
forest restoration, the multiplication of the status of
classified forests for their preservation, the creation
of income-generating activities for communities ru-
ral and peri-urban, the fight against poaching etc. In
addition, our analysis indicated to us that the safe-
guard of the Sahelian forests will only require a pro-
found reform of the energy policy of the countries
concerned, that is to say the promotion of energies
other than those derived from wood. This reform
can only be done with the help of the international

community. Otherwise, the forest could disappear
completely in some countries, like Mauritania and
Niger, in less than a generation, and with all the seri-
ous environmental consequences which ensue from
it such as the acceleration of the processes of desert-
ification and intensification of the process of “wind
erosion” [9].

Materials and methods

The Sahel designates a strip of Africa marking
the transition, both floristic and climatic, between
the Saharan domain in the north and the savannas of
the Sudanese domain, where the rains are substan-
tial, in the south. From west to east, it stretches from
the Atlantic to the Red Sea. The definition of the
area covered varies greatly according to the authors.
Thus, for some, the Sahel includes all the territories
bordering the Sahara: there is therefore a northern
Sahel and a southern Sahel. The Sahel represented
in brown on the map. This is the southern Sahel, that
is to say the lands directly south of the Sahara, and
including the Cape Verde Islands, between isohyets
of 200 to 600 mm of precipitation per year (Figure
1). The methodology was based on carrying out
documentary collections and analysis, cartographic
analyzes, data processing and analysis.

Figure 1 — Map of the location of the Sahel countries [10]
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In order to have an overview of all the issues
of Sahelian biodiversity, we proceeded with the
documentary collection: books, articles, scientif-
ic reports, political speeches, press journals and
especially reports from AGRHYMET [11], FAO
[1], CILLS, etc. The analysis of these documents
allowed us to understand the difficulties, issues,
perspectives and activities carried out and in
progress. The tool was the research work to know
the dimensions of deforestation, and its corollary
of the desertisation of communities and the im-
pact on their livelihoods, desertification, conflicts
around resources by the effects of climate change.
We used the geographic maps of the Sahel to bet-
ter understand the characteristics of this area, its
position and the joint projects envisaged to have a
common response to the challenges that threaten
it. As for the processing, the data obtained were
purified and entered into Microsoft Word, the ta-
bles and figures drawn up were then commented
on.

Results and discussion

Climate change has its imprint on all resources
by their scarcity and their vulnerability through-
out the world and in the Sahel in particular by heat
waves, floods, famine, diseases, lower flows of hy-
draulic resources, migration, the infection of all the
livelihoods of the communities, the conflict between
herders and farmers around water points leads to the
destruction of forest resources.

The Sahel is one of the African areas most ex-
posed to the effects of climate change even though
it produces only 25 Mt of CO,, the equivalent of the
city of Paris. Burkina Faso, Mali, Mauritania, Ni-
ger, Senegal and Chad form a vast region of 5 mil-
lion km? very diverse geographically [12]. The cli-
mate varies from semi-arid to tropical, with average
temperatures exceeding 20 °C in January and often
above 40 °C in summer. Economic activity and
population densities tend to be higher in the coastal
regions of Senegal and Mauritania, as well as in
major watersheds, especially those of the Senegal
and Niger rivers. These geographic disparities are
the source of an uneven demographic distributionfor
example, Mauritania, Mali, Niger and Chad, which
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encompass large desert areas, have population den-
sities of less than 20 inhabitants per km?. In contrast,
Senegal and Burkina Faso, whose territories are rel-
atively smaller, have population densities about four
times higher.

The countries of the Sahel face a common
problem of increased vulnerability to climate
change, even though they are only responsible
for a small share of global greenhouse gas emis-
sions [13]. The consequences of climate change
are already clearly noticeable and will further
threaten the socio-economic development and
political stability of the region in the decades to
come [12]. In the region, a large part of the pop-
ulation depends on forest resources to supple-
ment their main activity of agriculture, animal
husbandry or fishing. While livelihoods based
on forest products are not discussed in depth in
this article, it is nevertheless important to under-
line the key role that forests play in the region
under consideration.

Thus, firewood, including charcoal, is the main
source of energy in the region. In West Africa, fu-
elwood is estimated to account for 85 percent of
total energy consumption. By providing woody
fodder with high water content, forests also con-
tribute to the survival of livestock during the dry
season [14]. In addition, non-timber forest prod-
ucts are also essential for subsistence and food se-
curity. According to FAO [1] this dependence on
wood products generally increases when agricul-
tural production is low, during droughts or other
natural disasters. Food products such as fruits,
roots, leaves and game are traded and consumed
locally. Medicinal plants are another important
category of non-timber forest products that are
traded in rural and urban markets. Likewise, more
than 80 percent of the population of Burkina Faso,
Ghana, Niger and Nigeria depend on the use of
medicinal plants. Finally, some non-wood forest
products are increasingly traded internationally,
notably shea butter, rattan and gum arabic [12].
The initiatives were taken two decades ago in the
Sahel, where the famous project of the “Great
Green Wall” was decided in Ndjamena in Chad in
2002 on the occasion of the world day to combat
desertification and drought [15].
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Africa’s Great Green Wall initiative

Total restored area up to 2019 (000 hectares)
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Source: UNCCD
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Figure 2 — The “Great Green Wall” project [16]

Burkina Faso, Mali, Mauritania, Niger, Senegal
and Chad form a vast region of 5 million km? very
diverse geographically (Figure 2).

In the Sahel, 90 million people depend on the
traditional use of biomass to cook their food, or
one-tenth of the 900 million African households
without access to clean cooking [17]. In this region
and globally, access to clean cooking solutions lags

behind access to electricity. Although all Sahelian
countries have implemented programs to improve
access to electricity and clean cooking methods and
to reduce the traditional use of biomass, national tar-
gets have been undermined by demographic growth,
which has been faster than providing clean cooking
systems to low-income and irregular-income house-
holds (Figure 3).

100 million people in 2019

Burkina Faso

Rural

IEA. All rights reserved.

Rural

Source: United Nations, Department of Economic and Social Affairs, Population Division

Figure 3 — The Sahel Population in 2019 [18]
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In 2019, the Sahel was home to 100 million peo-
ple, a population that had doubled in the previous

Table 1. Population assumptions in the Sahel countries [19]

Country Total population (millions)
2000 2019
Burkina Faso 12 20
Chad 8 16
Mali 11 20
Mauritania 3 5
Niger 11 23
Senegal 10 16
SAHEL 55 100

Note: CAAGR is compound average annual growth rate

This demographic explosion has and always
will have serious impacts on wood resources given
that modern energy poverty coupled with monetary
poverty crowned by the scarcity of forest resources
is unequivocally an almost inextricable situation in
the absence of new and renewable clean energies de-
spite the abundance of fossil and natural energies in
the Sahel. In the Sahel, the prosperity of tomorrow
will depend on energy development. The six Sahe-

Gross domestic product gggg
nD 2019
2000

Energy demand ggig
2000

Population 2010
2019

Persons without access to 5000
clean energy 2010
2019

. . ... 2000

Persons without electricity 2010

2019

2%

two decades and now represents 9% of Sub-Saharan
Africa’s population (Table 1).

2019-2030
2030 Delta (million) CAAGR, %

27 7 2,8
22 6 2,8
27 7 2,9

6 1 2,5
35 12 3,7
22 5 2,6
138 38 3,0

lian countries studied in this article (Burkina Faso,
Mali, Mauritania, Niger, Senegal and Chad) face en-
ergy obstacles which compromise the achievement
of their objectives of regional stability and socio-
economic development. It is estimated that more
than 65 million people in this region do not have
access to electricity, and 90 million still depend on
the traditional use of biomass for cooking food (Fig-
ure 4).

4% 6% 8% 10% 12%

Figure 4 — Need for energy in the Sahel countries [12]
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Here we see (Figure 4) that the Sahel countries lack
electricity with more than 65/100 million people and
those who do not have clean energy to face the challeng-
es of the moment. Although the gross domestic product
is quite large, demand for energy remains strong in the
Sahel. While waiting to find a solution for the popular-
ization of clean energies, the pressures on biomass re-
main very strong and certainly lead to deforestation.

The demand for coal and natural gas is only be-
ginning to emerge but has doubled in less than ten
years. This population explosion with the highest
birth rate in the world and the strong demand for en-
ergy is exploding especially among women. Women
tend to be hit hardest by lack of access to electricity
and clean cooking systems, and often pay the price
in their health, well-being and the time they have
available. Women and children are in charge of col-
lecting firewood on a daily basis, a task that can take
up to 10 hours per week [12]. Increasingly long dis-
tances must often be traveled due to deforestation
and the lack of wood. In countries in conflict, wom-
en who leave their localities or refugee camps to col-
lect fuel are also at risk of physical assault. Accord-
ing to surveys carried out in Chad by the UNHCR
of households with refugee status, almost two-thirds
of gender-based attacks were committed during the
collection of firewood [20]. Gender mainstreaming
in energy access issues is essential for the achieve-
ment of SDG 7. Women play a major role in improv-
ing access to electricity and to clean cooking in their
homes and communities. They occupy a central
place in the value chain, from the manufacture and
distribution of products to entrepreneurial and lead-
ership roles. Women are responsible for providing
their families with firewood. With the degradation

of the vegetation, they had to travel several kilome-
ters on foot or on donkeys and thus devote several
hours to this chore.

In Burkina Faso, given that less than 10% of
the population has access to energy sources other
than fuelwood, nearly 250 000 hectares of forests
are cleared annually to meet fuelwood needs and 75
000 additional hectares are converted into new fields
[21]. This trend is still increasing at the same time,
only 1000 hectares are reforested. For several years
now, in Burkina Faso, forest restoration projects
have been funded by partners [22].

In Niger, wood resources constitute the main ener-
gy resource of the country (at least 90% of the national
energy need). Natural forest formations provide about
87% of the population’s energy needs. Energy biomass
(wood and charcoal) also plays a major role (around
60%) in the consumption of Senegalese households to
the detriment of increasingly scarce wood resources.
It is estimated that more than 60% of mangroves and
alluvial forests have thus disappeared since 1970 [23].

Today, wood and its derivative, charcoal, still
meet between 60% (Senegal) and at least 80% (Ni-
ger, Mali) of the energy needs of the rural and urban
population. The use of gas, electricity and renew-
able energies such as solar and wind power is still
too expensive today [24]. Wood, within easy reach,
therefore remains the main source of energy. The
consumption of wood for cooking or lumber for
construction is considered a major cause of defor-
estation in the Sahel and is seen by some authors as
the most worrying and alarming of anthropogenic
causes [25]. The demand for coal and natural gas
is only beginning to emerge but has doubled in less
than ten years.

Total primary energy demand by country and in the Sahel in 2019

30

Mtoe

Mali  Burkina Sénégal Niger

m Bioenergy

Note: Mtoemillion tonnes of oil equivalent

Chad  Mauritania 2010 2019

m Coal m Hydraulic

Figure 5 — Total primary energy demand by country and in the Sahel in 2019 [12]
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Based on this diagram (Figure 5), it can be said
that the demand for green energy, which also in-
cludes the use of wood, has significantly increased
from 2010 to 2019 in the countries of the Sahel. In
the Sahel, the use of gas, electricity and renewable
energies such as solar and wind power is very ex-
pensive. It’s a luxury for the Sahelians. Over the
last two decades, primary energy demand in the six
Sahelian countries has grown by more than 4%, and
stands at 950 PJ (Petajoule).

Conclusion

The Sahel States which are experiencing a se-
ries of multifaceted crimes, given the precariousness
of these States, monetary poverty and their depen-
dence on external aid are unable to cope with the
challenges of deforestation. The dependence of rural

and urban communities on biomass, the low cover-
age of electricity, the absence of new and renewable
energies coupled with the demographic explosion
presage the strong pressure of forest resources in
the decades to come. The scarcity of hydraulic and
forestry resources is causing conflicts between com-
munities (pastoralists, agriculture) to appear around
scarce resources, due in large part to the effects of
climate change. Hence the urgent need to respond
with adaptation and mitigation measures, also tak-
ing into account traditional knowledge against
this scourge. Beyond joint actions for reforesta-
tion, the creation of the great green wall, defense
actions against armed groups in the forests of the
Sahel, popularization, research and the promotion
of renewable energies and the creation of creative
activities income is in part the only way out of this
calamitous situation.
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BO3JIENCTBUE HA OKPYKAIOIIYIO CPEQY
AHTPOIIOTEHHBIX ®PAKTOPOB
U 3ALIUTA OKPYKAIOUIEN CPEJbI
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CY KOMMAAAPbBIHbIH, TYNTIK LUSTIHAIAEPIH KSAETE XKAPATY

ByA >XyMbICTa KypambIHAQ OpraHuKaAblK-MMHEPaAAbI 3aTTapra Gan XKepriAikTi cy KoMMaAapbiHbIH
TYNTIK WeriHAIAepPiH ayblA  LapyallbIAbIFbIHbIH MyKTaXKblHa >kKapaTy YWiH 6ipkarap FblAbIMM-
3epTTey XKYMbICTap >Kypridiaai. Makarapa coHfbl 10 bliA 6GoiblHWA akaba CyAapAblH >KaArbl
KOAEMi MeH TasapTbIAMaFaH CapKblHAbI CYAAPAbIH YAeCi MaAiMeT peTiHae OepiareH. XKepriaikTi
ayMakTarbl Cy KOMMaAapbiHbIH XKaFAablHA TaAAQy >KYPri3y apKblAbl TYNTIK LIGTiHAIAEPAI OHAEYAIH,
BEPMUTEXHOAOTUSIFA HEMi3AEATEH BAICI Xacaaabl. ’KYMbICTbIH, 3epTTey HbiCaHbl peTiHAe TypkicTaH
o6AbicbiHa KapacTbl KouikopraH, EpmakeseH, Lllept cy korMaAapbiHbiH TYNTiK LUGriHAIAepi nan-
AaAaHbiApbl. Cy TYNTIK WeriHAIAep Heri3iHAe aAblHFaH BEPMMKOMMOCTTbl ThIHAWTKbIW >KOHE OHbIH,
Heri3iHAEri r'yMMH KbILIKbIAAQPbIH ©CIMAIKTepre apHaAFaH GUOCTUMYASITOP PETIHAE KOAAAHY >KOAAAPbI
KapacTbIpblAAbl. TyNTiK weriHAiAepre aybip meTtaaaapabl (Pb, Zn) anbiktay 6ombiHwa Ta-Lab anna-
paTbiIMEH WMHBEPCUMOHAbI BOAbTaMMEPOMETPAIK 3epTXaHaAblK TaAAdy >KYPrisiAAi. BepmutexHoaorms-
MEeH BHAEATEHHEH KeliH Cy KOMMa TYNTIK WeriHAIAepiHiH, CbiIHaMaAapbiHAQ ayblp METAaAA MOALLEpAEpI
bacrankbl KepceTKilleH caAblCTbipFraHaa, KowkopraH cbiHamacbiHAa Zn 11 mr/kr, Pb 0,92 mr/kr; aa
EpmakeseH cbiHamacbiHAa Zn 4,1 mr/kr, Pb 5,1 mr/kr; LLiepT cbiHamacbiHaa Zn 21,9 mr/kr, Pb 0,6 mr/kr
GipLiama asaiFaHAbIFbIH KOPCETTi. BEPMMKOMMNOCTTaH ryMMH KbILUKbIAAAPbIH 3KCTpakumsaAayFa OpAoB
BAICI KOAAQHBIAABL. BepmukomnocTayaaH KemiH aAbiHFaH GUMOryMyCTbiH, KYPaMbIHAAFbl OPraHUKaAbIK,
3aT NeH ryMWH KbILKbIAAAPBIHBIH, MOALLEpPiH KeAeci peTneH Kowkopran > Lllept > EpmakeseH ca-
ABICTbIPbIN KepceTyre 6OAaAbl. 3epTTey HOTUXKeAepi GONbIHLIA aAbIHFAH 3€PTXaHAAbIK KepCeTKilTep
HOPMAaTUBTIK TaAanTap MeH 8AiCTeEMEAEp Heri3iHAE aHbIKTAAAbI.

Ty(iH ce3gep: cy KorMma, akaba Cy, TYNTiK WeriHAi, KaAMOPHUSIABIK KbI3bIA KYPTTap, BEPMUTEXHO-
AOTWS, BEPMMKOMITOCT, ayblA LIAPYaLUbIAbIFbl, TOMbIPAK.

Z.Z. Yessenbayeva'", G.A. Sainova?

'Satbayev University, Kazakhstan, Almaty
2Akhmet Yassawi International Kazakh-Turkish University, Kazakhstan, Turkestan
‘e-mail: esenbaeva.j@mail.ru

Utilization of bottom sediments of reservoirs

In our work, we conducted a number of scientific research works to create the bottom sediments of
local reservoirs, rich in organic and mineral substances, for the needs of agriculture. The article provides
information on the total volume of wastewater and the share of untreated wastewater over the last 10
years. By analyzing the condition of water reservoirs in the local area, a vermitechnology-based method
of bottom sediment treatment was developed. Ways of using vermicompost fertilizer based on bottom
sediments and humic acids based on it as a biostimulant for plants are shown. An inversion voltammetric
laboratory analysis was carried out with the Ta-Lab apparatus for the determination of heavy metals (Pb,
Zn) in the original sediments. After treatment with vermitechnology, the content of heavy metals in the
samples of the bottom sediments of the reservoir was slightly reduced compared to the initial indicators,
for example, in the substrate Koshkorgan Zn 11 mg/kg, Pb 0.92 mg/kg; and in the substrate Ermakozen
Zn 4.1 mg/kg, Pb 5.1 mg/kg; in the substrate Shert Zn 21.9 mg/kg, Pb 0.6 mg/kg. The Orlov method
was used to extract humic acids from vermicompost. The amount of organic matter and humic acids
contained in biohumus can be compared in the following sequence: Koshkorgan > Shert > Ermakozen.
Laboratory parameters obtained from the results of the study were determined on the basis of regulatory
requirements and methods.

Key words: reservoir; groundwater; bottom sediment; California red worms; vermitechnology; ver-
micompost; agriculture, soil.
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Cy KoiiManapbIHBIH TYITIK MOTTHIUIEPiH KOIETe KapaTy
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yTUAU3al§UYI JOHHbLIX 0CagKOB BOgOXpaHUAUWy

B cBoeirt pabote Mbl MPOBEAM PSiA HayUHO-MCCAEAOBATEAbCKMX PaboT rno o6paboTke AOHHbBIX
OTAOXEHMUI MECTHbIX BOAOEMOB, HOraTblX OPraHNYECKMMU M MUHEPAAbHbIMM BELLLECTBAMU AAS HYXKA
CEeAbCKOro X03sicTBa. B cTatbhe npeacraBaeHa vHpopmMaums 06 obuem o6beMe CTOUHbIX BOA U AOAE
HEeOUMLLEHHbIX CTOYHbIX BOA 3a nocaepHue 10 AeT. o pe3yAbTaTam aHaAM30B MECTHbIX BOAOEMOB
paspabortaH MeToa 06pabOTKM AOHHbLIX OTAOXEHWMII Ha OCHOBE BepmuTeXHOAOrMM. [lpuBeaeHbl
Cnocobbl UCMOAb30BaHMS GUOTYMYCHOMO YAOOPEHMS M FYMUHOBbBIX KUCAOT B KQUeCTBe GUOCTUMYASITOPA
PacTEeHUI, MOAYYEHHbIX Ha OCHOBE O00OpPabOTKM AOHHbBIX OTAOXEHWI. [lpoBeaeH AabOpPaTOPHbIN
MHBEPCMOHHO-BOABTAMMEPOMETPUYECKMIA aHaAM3 Ha npubope Ta-Lab AAs onpeaeAeHus TaKeAbIx
metaaroB (Pb, Zn) B AOHHbIX OTAOXKeHMsIX. [ocae 06pabOTKM BEPMUTEXHOAOTMEN B MPOGAX AOHHbIX
OTAOXXEHUI BOAOXPAHMAMLLA COAEPIKAHUE TAXKEAbIX METAAAOB MO CPABHEHMIO C MICXOAHbIMM MOKa3aTte-
ASIMUM BBIAO HECKOABKO YMeHblLIeHO, Hanpumep B cybctpate Kowkoprad Zn — Ha 11 mr/kr, Pb — Ha 0,92
mr/kr; a B cybctpate EpmakoseH Zn — 4,1 mr/kr, Pb — 5,1 mr/kr; B cy6ctpate Lept Zn — 21,9 mr/kr,
Pb — 0,6 Mr/kr. AASl 3KCTpPaKUMKU 'YMUHOBbIX KUCAOT U3 BEPMMKOMIOCTA NpUMEHSIACS MeToa OpaoBa.
KoAMUecTBO opraHMyeckoro BeLLeCTBa M N'YMWHOBbIX KUCAOT, COAEPIKALLMXCS B OMOryMyce, MOXHO
CPaBHUTb B CAEAylOLLE nocAepoBaTeAbHOCTU: Kowkoprad > Llept > Epmakosen. AaGopartopHble
nokasaTeAu, MOAyYeHHble MO pe3yAbTaTaM MCCAEAOBAHMS, OMPEAEASAUCb HAa OCHOBE HOPMaTUBHbIX

TpebGoBaHMMN N METOAMK.

KAloueBble cCAOBa: BOAOXPaHMAMLLE, CTOUYHbIE BOAbI, AOHHbI 0CAAOK, KpacHble KaAMopHMiicKmne
yepBU, BEPMUTEXHOAOTUS, BEPMUKOMIOCT, CEAbCKOE XO3SIMCTBO, NMOYBa.

Kipicne

JKanmer ka3ipri ke3ge JyHHUE KY3iHIE KONTETeH
SKOJIOTHSJIBIK, MOCEJeNiep KapKBIHABI TYpAE Ke-
Oeliin >kaThIp JKOHE OJlap 63 Ke3eriHie KopIlaraH
opTa HbBICAHAApbIHA, aJaMAapAbl Koca 3 ocepiH
turizyje. COHFbI )KbUIIAPbl KAPKBIH/IBI OCIIT )KaTKaH
neMoTpadusIBIK  KepceTKimTepain (>7,9 Mipn
ajJiaM) HOTHIKECIHJIE a3bIK-TYJIK JAaKbUIAapbIHA JIc-
reH cypasbic ecyne [1]. Herizinen maMytis! enaep-
JIETI XaJbIK CaHbl AKCIOHCHIUAIBIBI OCYIE, Coli-
KECIHIIe pecypcTapiabl KapKbIHABI TYTHIHY YJIeci
YKOFapblIan oTeIp [2].

AyBUTIIApYaIIbUTBIFEIHAA KOJMAAHBUIATBIH MHU-
HEpaJbl THIHAUTKBIIITAD TOIBIPAK JKOXKYieci
MCH aybUIIIapyaIiblIbIK OHIMICPIHE ©3 3HUSHBIH
Turizeni. XHUMUSIBIK THIHAUTKBIITAPAB OaKbI-
JIAyChI3 XKOHE FBUIBIMHU HET13Ci3 KOJAAaHY TOIBIPAaK,
AKOXKYHENepiHiH HallapiayblHa )KOHE TOMBIPAKTHIH
KBIIIKBUIAAYBl MEH ayblp MeTal HOHAAPBIHBIH
VJIFaroblHA aibill Keneni [3]. Aunailiga KopiiaraH
OpTaHbl KOpFay/Ja KOJIAHBUIATHIH KOITEreH 3a-
MaHayd TOCUIICp SKOHOMHKAIBIK THIMCI3 JKOHE
TOTBIPAK, KaOATBIHBIH ©3TepyiHe Kepi BIKIAl €TEi.
TonbIpakThIH JKaFAalibIH JKaKCapTy JXKOHE a3bIK-
TYJIK camachlH apTTHIPY (KOPEKTIK KYHIBUIBIFBIH
JKaKcapTy) VIOIH ap3aH, OSKOJOTHSUIBIK —Ta3a
olicTepre KOIIKEH XOH. bHOTHIHAWTKBIIITAp, JKa-
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ChUI THIHAUTKBIIITAp, OaKTepUamu3aius, OaynabIp-
Jlap OMOTBIHAWTKBIIITAPBI KOHE BEPMHUKOMIIOCT
CHUSIKTBI KOITEreH AaChll TEXHOJOTHSIApP aybll
IIapyalIbUIBIFBIHBIH ~ TYPAKThl JaMyblHA BIKIAJ
eteqi. TypMBICTBIK JKOHE aybLIIIAPyallbUIbIK Kall-
JBIKTapbIH BEPMUKOMITOCTaYZaH KEWiH KOPEKTIK
3aTTApPMEH KAHBIFYbl TOIMBIPAKTAFbI ©CIMIIKTEPiH
OCIMIH JKaKCapTaThIHbI JEPEKKO3/IepIe KOPCETUITeH
(Wahee xomHe 1.6., 2019) [4].

CoOHIBIKTaH Cy KOWMasapbIHAH IIBIFBII KaTKAH
TYNTIK MIOTIHIIepAl BEPMHUTEXHOJOTHSIBIK, BIiC-
MIEH OHJICY apKbUIbI aybUIIIAPYallIbLIBIFBIHA KAXKET-
Ti 3USHCBHI3 JKaHA Kypamjbl OpPraHO-MHHEPAJIbI
THIHAWTKBIII a1y ©3¢KTi Mocesie 0O0JIbI TaObUIaIbI.
Kazipri mrakra cy KoiMalapblHBIH TYITIK IIOTiH-
IIJIepiH KOJAETe KapaTy YJIKEH MOCEJeNICpIiH a-
neiH ananel. Cebebi ipimi-ycakTsl Cy KoWManapaa
TY3UIETIH TYNTIK MOTiHAUIEPIIH KOIl XKUHAKTATYbI
Cy KONManapbIHbIH KOJEMiH KbICKApTAJIbl KOHE CY
arpIHBIHA KeJepri xxacaipl. COHbIMEH KaTap OHbIH
KYPaMbIH/]a TYMYC 3aTTapblHaH 0acka eciMIiKTep
YIIiH Oarajibl caHaJaThIH TEMIp, MapraHell, MbIC,
MBIPBIII, KOOAIBT, 00p, T.0 MEKpO3IIEMEHTTEp Oap.

Ochbl opaiiia BEpMUTEXHOJOTUS OPraHUKAJIbIK
KaJIIBIKTap bl OHJEY/Ie €H THIMII IIeTiM CaHaa Ibl.
Maocenen, AKII xoHe Eypona ennepinaeri akada
CyJap/aH bUTbIHA IIBIFATBIH KATIBIKTAP MOIIepi
100 miH. ToHHamaH acagsl. An Ayctpamusga Oy
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KOPCETKIll 3 MJIH. TOHHAHBI KYpalbl. ATaJFaH en-
Jiep/ie OCBIHINA KAIBIKTAP.IbI KOJIETe XKapary YIIiH
Cy MIapyalibUIbIFBIHA XKYMCAIATHIH 3KOHOMHUKAIBIK
MIBIFBIHAAPABIH mamMamer 60 % jxymcanaabl eKeH.
OpraHukanblK Kypamasl KaTABIKTApIAbl THIMII
TYpJIe KoJere jkapaTy Moceleci ojeMIiK JeHren e
e3eKTiiKKe ue [5-7].

BepMmukynbTypaHbl KOJNIaHy HETI3iHIE Kacall-
FaH COHFBI 3ePTTEY KYMBICTAPBI TONBIPAK KAOATHIH
KaJllbIHA KEeNTIpYy JXKOHE aybUl IIapyamnbUIbIK Ja-
KBUIJApBIHBIH ~ OHIMALIITIH  apTThIpy OoibIHIIA
JKaKChl HOTHXKE Oepeii Jenm oaedu IepeKKe3epie
KepceriireH [8].

TynTik MmeriHaiiepAiH JaHaadTThIK epeKIie-
JIKTEPiHIH KAJIBINTACYBIH AHBIKTAY JKYMBICTAphI
Oipuiama mamy ycTiHzae. by OarbITTarbl MaHbI3/IbI
3epTTey HoTMkenepi B.A. AnaOumes, P.C. bepr,
B.I'. I'mymxos, M.A. I'pomsumnckuii, C.B. Ko-
CTPUKOB CHSKTHl FallbIMIApIbIH eHOCKTepiHe
KenTipiares [9].

Cy KaJIbIKTapblH BEPMUTEXHOJOTHSIMEH ©H-
neyre kKateicTel 3eprreynep AKII-ta eTkeH fa-
ceipabiy 70 k. 6acranmel (Hartenstein, 1978). Anram
«BepMHUCTAOMIM3AIMS» TEPMHUHI eHIi3UIml. SIFHH,
TYHOAIBI KAIIBIKTapAbl Me30(WIbII YACPICTEPIiH
HOTIDKECIHJIE TYpaKTaHFaH OpPraHUKAIBIK Ma-

Tepuan amy. HoTwkeciHme >Korapel TyMycCTen-
IeH OpPraHUKaJbIK THIHAUTKHII albiHABl (THUTOB,
2008). BepmukomnocTayna *ypeTiH OHOJIOTHSIIBIK,
yaepicke Kyprrapmen Oipre 2000 — HaH actam
OaKTepUsIIAPAbIH TYPl MEH CaHBIPAYKYJIAKTapIbIH
50 Typi Kateicamsl [10].

3epTTey KYMBICHIHAAKYPaMbBIHIa OPTaHUKAIIBIK,
— MHHEpaabl 3aTTapra Oall JKEPrimKTi Cy KOH-
MaJapblHBIH TYNTIK MOTiHAIEPIH BEPMHUTEXHO-
JIOTUSJIBIK, KOJIMEH OHJIEY OMICIiH KapacCTBIPABIK.
Tyntik MmeriHminepliH KypamblHIA I1aiaisl
3aTTapMeH Karap ayblp MeTanjap, T.0 dKOTOKCH-
KaHTTap OOJIFAaHABIKTAH OJIAPABI TIKEJNeH arpo-
eHepKocinTe mnakgananyra Ooamaiiael. Komere
’KapaTy MAakcaTblHIA OCHl TYNTIK IIOTiHAlIEp.i
ryMycTapMeH OaibITy, 3apapChi3laHibIpy, 3a-
JaNChI3AaHABIPY OaFbITBIHAA OHICY YACpICTEpiH
KYPTi3y KaKeT.

TynTik mweriHaizep cyaa TIpHIJIK €TeTiH wii-
PiHAl aF3aiap, MUHEPAJIAbI OOJIIIEKTEPACH TY31Ie .
O3eH cybIHIAFbl OMOTEHAl 3aTTapAbIH YJFalobl HO-
THIXKECIH/IE IBTPOGHUKAIUS YACPICIHIH 1aMybl OPbIH
amanel. Enimi3 OoMbIHINA KaNMbl aKaba CyJap/bIH
KeyieMi (Ta3apTychl3 albIHFAaH CapKBIHIBI CyJap-
JIbI €CKepe OTBIPHIN, MJIH M’) TOMEHAeri 1-cyperre
KOPCETITeH.

7000

6000

5000

Keuemi man M3
WA
S S
S S
S 3

8]
[=]
[=]
[=]

2010 2011

2012 2013 2014 2015 2016 2017 2018 2019

KbLT

1-cyper — Akaba cynapasiy 2010-2019 %0k apayibIFbIHAAFbl KOJIEMI, MITH.M?

JumarpaMMaza xaimsl akaba cyIapablH COHFBI
orxbpuaarel (2010-2019) nepextepi[11]6epinrex.
Korapeinarel MosiMeTTEpre Kapacak —akaOa
CyJNapJIbIH JKaJIbl KOJIeMi e3repMeNi eKEHIIrI
alKkpIH. bynm kepcertkimTep eHIipic yaepici MeH

aybUTIIAPYANBUIBIFRIHIA KOJIIAHBUIATHIH aKaba
CyJIapJIbIH )KYHeCiHe Tikeaeh OalIaHbICTHI.

JKanmer akaba cynapApIH illiHEH Ta3apThUIMaFaH
akaba cymapjplH yieci Temenzeri 2-cyperre [12]
OepinreH.
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2-cypet — Axaba cynapAbIH Ta3apTelIMaraH yieci, % (2010-2019 k. apanbirsr)

TazapTeuiMaran akaba CyJapAbIH KeJeMi JKblI-
JlaH KbUIFA OHTAMNBI ©3repreHiH Oaiikayra OoJa-
Ibl. MYHBI enniMi3[eri jKy3ere achIpbUIbIN KaTKaH
KaHa WHHOBALMSUIBIK TEXHOJOTHSUIAPIBl EHIIPY
LIapagapblHbIH HOTHXECIHAE AeceK O0saabl.

3epTTey MaTepHaJIapbl MeH djicTepi

3epmmey Hvicansi

FputbiMu-3epTTey KYMBICHIHBIH 3€pTTey HBI-
capl periHae TypkicTaH OOJIBICBIHA KapacTbl
Komkopran, Epmaxesen, lllept cy koliManapbIHbIH
TYITIK eriHAinepi anbiHasl. TypKicTan cyapMaibl
MacCHB ayMaFbIHJIAFbl THIporpadusIiblK Oaiina-
HBIC QJICI3 HamblFaH. byn aiiMakTarbl cy Ke3aepiHe
Kapamsik, ara, Epmakesen, Ukancy, llept sxone
0acka na Kaparay »oTachbIHBIH OHTYCTiK-OaThICBIHAH
Oacray anaTblH ©3€HJAEp Karaipl. MacCHB ayMarbl
KYPFaK, >KaybIH-IIAIIBIHHBIH KOIDKBUIIBIK OpTalla
moutiiepi 100-200 mM. blaFanabiH MO TyCiMi KbIC-
KOKTEeM aijapblHa KeJieai, 0y Ke3 XKbUIIBIK JKaybIH-
HIaIbIH MeJImepinid 65-80% Kypaiasl. An niiimie,
TaMbI3 alJlapbIHAA KaybIH-LIAIBIH MOJIIIEp] MYJIe
0oJIMaiiel, TEK KbIpKyHek aiibiHga 3,5-10,7 MM
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skayblH Oonanpl [13-14]. KnumatThiK xargaiinapra
OaiiTaHBICTBI, OHIpAEC aybll IIAPYallbUIBIFBI
JAKBUIIAPBIHBIH, TYCIMIH MOJIAWTy YIIIH >KacaH-
Iel cyapy Konmaneuianbl. Cy KoHMallapbIHIAFbI
Cy MEH TYNTIK IIeTiHAUIEpAiH KypamblHa Tanjgay
skymbIcTapel K.A. Slcayu aTeiHAarsl XambIKapasblk
Ka3aK-TYPIK YHUBEPCHTETiHE KapacThl « DKOJIOTHSD»
FBUIBIMU-3EPTTEY HHCTUTYTBIHBIH «JKOJOTHSUIBIK
OakplIay >KOHE XUMUSIIBIK TaJAAy» 3€pTXaHachIHIA
JKYPTi3ii.

Cy KoWMaNapbelHBIH TYNTIK IMIOTiHAUIEPiH/ET
AHBIKTAIFAH MBIPBIII JKOHE KOPFAchblH MeTalia-
PBIHBIH MeJIepyiepi HOPMATHBTIK CTaHAAPTTAFbI
tananTtapra coiikec nenreine [15]. Ocwiran Oaii-
JIAHBICTHI Cy KOHMaJapbhlHBIH TYNTIK LI6TiHAUIEPiH
THIHAWTKBIII PETIHAC TiKeJeH nainananyra 0oJaibl.

bi3 KYMBICBIMBI3/1a BEPMHUTEXHOJIOTUS
yaepicinne Eisenia foetida skayblH KypThIH
naiinananasik. XKaysin Kyprrapsiasig Dendrobaena
rubida, Dendrobaena veneta, Eiseniella tetraedra,
E. fetida, Aporrectodea tuberculata, Lumbricus
rubellus, Lumbricus terrestris and Allolobophora
chlorotica cusiKTHI GipHelIe Typiepi TONBIPAKTAFbI
KOMIPCYTEKTep MEH TOKCHUKAaJBIK KOCBUIbICTAp,
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MECTHIUATEP] XKOIFa KeMekTeceai. JKaybrH KypT-
tapsl kKaamuii (Cd), xpom (Cr) xonHe KopraceH (Pb)
CUSIKTBI ayblp METaJapAbl Tepi KaOBIHBI apKbLIbI
o3 OoifprHa ciHipeni [16]. KanaskTapapiH bIIBIpay
YAepiciHie JXKayblH KypTTapbl MHUKpOAaF3ajiapMeH
Oipre cyOcTpaTTapiarbl XUMFSUIBIK SJIEMEHTTEP/II
TypakTanasipagsl [17]. Hobbelen rputbiMu 3epT-
Teynepi OoMbIHIIA epHuTiH (popMagarbl XUMHUSIBIK
3aTTap JKayblH KYPTTAPBIHBIH IIIKi aF3achlH/Ia OHA
Omoakkymynsanusinanazgsl [18].

JKorapsl camaibl OpraHOMHHEPAIBIK, THIHANT-
KBIII [€H THIHAMTKBIII-MEIHOPAHT ally YIIiH Bep-
MUTEXHOJIOTUSUTBIK, OMICTIH KaHA JKETUIIIPUITeH
BapuaHThl KongaHsuinel [19]. byn yaepicte eHim
OHJIIPYIIIHIH KBI3METIH KbI3bLI KaJU(OPHHUSIIBIK
kyprrap (E.foetida) arkapnsr.

TynTik mwerinaizep Herisri cyOTpaHT peTiHzae
naigamanpuIbl. TYNTIK MIOTiHAiHI KOPEKTIK 3aT-
TapMeH OalbITy MakcaThlHAA CyOCTpaTTapablH
KypaMbIHa aca Hazap aymapsuiasl. CyOcTpar Ky-
pamaapblHa JKayblH KYPTTapbl KOPEKTEHyl YIIiH
OpTaHUKAJBIK KOPEKTIK 3aT OOJBIT CaHAIATHIH
arai YriHauiepi, a3blK KaIbIKTaphl )KOHE KaTbIHi
nepokeui (CaO,) KOJIaHbUIIBL.

Aram  yrigginepi  cyOcTpar  KypaMmbIHIOAFrbl
BUIFAJIIBUIBIKTHI O1p IEHTeH/Ie CaKTall TYPyFa KOMEK-
teceni. OHBIH KypaMBbIHIa KOI MeJIIep/Ie JUTHUH,
KACYHBIK CHSKTBI OPTraHUKAaJbIK 3aTTapbl Oap.
Omap arain eHJCUTIH OpBIHIAP/IAH IIBIFAPBIIATHIH,
Ka3ipri Ke3/1e TYPhIC TOJBIFBIMEH 1CKE achIphLIMAaii-
THIH KQIJIBIKTBIH O0ipi. OpTa ecenmneH anFaH/a ararl
KUBIHIBICHI KypaMbIHaa mamameHn 70 % xemipreri
(Iemmro03a JKOHE TEeMHMIICIUTIoN03a) koHe 27 %
JIMTHUH OOIabl.

Kanpumii nepokcuni (CaO,) — TeTparenai ak
KPHUCTAJLI, UiCCi3, Kenecinel Pu3nKaIbIK-XUMHUSITBIK,
kepcetkimTepre ue: 275 °C temneparypaaa blIbI-
paiasl, THIFBI3ABIFE 600 Kr/Mm°.

['ymMuH KpIIKBUIZApBIH Oeminm amyra Oenrinmi
OpJioB daici KOIMAHBUIAEL. ['yMyc 3aTTapbl HETi3i-
HEH TYMYC KBIIKbUIIApbIHAH Typanbl. OnapIbeiH
KypamblHa TYMHH KBIIIKbUIAAPbI, (DYIBBO KBIIII-
KBUIIaphl )KOHE TYMUH Kipei. [ YMUH KBIIITKBUTIapbI-
CUITLIIEP/IC KAKChI €PUTIH TYMYC KBIIIKbLIIaPbIHBIH
0ip ToOBL. Omnap cynma a3 epupi, KbIIIKbULAApAa
epimeiiai. ['yMUH KBIIKbUIAAPBIHBIH MOJICKYJIAIBIK
Kypambl eTe Kypjemi. ['yMHH KBIIKBUIIaPBIHBIH
KypaMblH apoMaTUKabIK KypbuibiMaap (50-60%),
kemipcyTekTep (25-30%), (yHKUHMOHANIBIK, TOII-
tap (10- 25%) xypaiiapl. DynapBO KBIIKBUIIAP
TYMYC KBIIIKBUIIAPBIHBIH, TYMHH KBIIIKBUIIAPEI
TYHFAaHHaH KeHiH epiTiHAiepae KajaTblH TOOBI.
®ynpBO KBIIIKBUIIAPEIHBIH TYCl allblK, KOMipTeTi

MeOJIIepi TOMEH, cyaa epuii. TOmbIpaKThIH IyMyc
KepceTkimTepiHiH xyhenepin JL.U. I'pummna, 1.C.
Opnos (1977) yceiaFan [20-21]. Opebuerrepne
TYMHUH KBIIIKBUIAAPBl KYPAMBIHAAFBl KOMIpTeTi
mamameH 60%, an  QynpBO  KBIIKBUIBIHIA
keMipreri 40-50% Gomybimen cunartanansl. ['ymyc
KBIIKBUIIAPBIHBIH KYpaMblHa KeMIpTerieHn Oacka
CyTeT1 )XOHEe OTTeri dIeMeHTTepi ke3neceni. ['ymyc
3aTTapbhIHBIH KypambiHAa (ocdop, KyKipT koHE
0acka JIeMEHTTEpAiH KypaMbl Aa Ke3aeceni, 0acka
Kypamac OeJikTepi TONBIK aHbIKTaaMaraH. | 'yMuH
)koHe (ynbBO KBIIKBUIIAPHI YIIIH OENTiNeHreH
HaKTHI CTPYKTYpaJbIK popMyna kepcerinMeres. I'y-
MUH k0He (yITHBO KBIIIKBUIIAPBIH ToTbIpakTaH 0,1
H NaOH epitinaici apkbutbl Oemin angsik, [22-24].
Ox yIIiH aJiIbIMeH XUMUSUTBIK, CTAKaHIapFa KayKeTTi
TOIIBIPaK MAaCCaChIH aJIBIIl, TOTIBIPaK MaccachblHaH 5-6
ece kon mommmepae 0,05 1 H,SO, epiTiHaicin Ky#bir,
MYKHST apajacTeIpbulgsl. by ynepic TonmbsipakTan
KampIUiiAl  alplpy YIIIH OpBIHAANIBL. TyHFaH
CYHBIKTBIK CY3Ti1 Kara3 apKpUIbl cy3inmai. Kampimii-
JIeH apbUIFaH TOIBIPAK OipHEIIe peT NTUCTUIACHTSH
cymeHn maibsael. Kediin 0,1 # NaOH epitinmici
Kocbutazpl. Cinti Memmepi 1 KT TombIpakka 6-7 IuTp
Oonysl THiC. 3epTXaHaNbIK Tanaayaa epitinai 10 rp
TombIpakka ecenrtengi. CycrneH3us aparacKaHHaH
KeliH OipmiamMa TYHIBIPBUIABI JKOHE Kapa KOHBIP
cinTinmi epitiHal Kaiita cysinmi. Ynepic OipHerre
peT KaiitanaHaqapl. bediHreH CYWBIKTBIKTBI MYKHSIT
1,5-3 MbIH aifHaNBIMAA eHTpadyTana aifHaIIbIpa-
nul. Llentpadyrana eHuenren CyWbIKTBIKTAp 0o
aNBIHBIN  BIMBICTapra kuHaKTamansl. Oran 10%
H,SO, epitiaaini 1 mutpre ecenterenae 20-25 mi
MOJIIIEP/Ie TAMIIBUIATHIT KOCHIM, TYHABIPHIIAJIBL.
CytekTik KkepceTkim ph ~ 1-2 apanbikTa 00JIyBI
kepek. Ochbl kKaFjaiija TYMHH KBIIIKBUIBI TYHOAFa
TYCII, (QyJIbBOKBINIKBUIBI epiTiHIiAe Kamaabl. [y-
MHH KBIIIKBUTBIHBIH TYHOACHI KYJICI3 CY3TUII Karas
ApKBUTBI OOJTIHIM aJIbIHIBI.

ChlHamanap/iplH KypamblHa XHMUSUIBIK JKOHE
ChIHaMa KYpaMBIHAAFbl aybslp MeTanaapra (Zn, Pb)
BobTamnepometpiik Tanmay (Ta-Lab ammapatsr)
KYMBICTapHI XKyprizingi [25].

buonoruansik  pLABIpay  yaepici  MUKpoar-
3aNapblH KATBICYBIMEH OTTEKTi (a3poOThI) KOHE
OTTeKCi3 opraga (aHa’dpoOTHI) Xypemi. A3poOTHI
OMOJIOTHSITBIK, BIIBIPAY (KOMIIOCTay HEMece BEpMU-
KOMITOCTay) MHUKpOaFr3aIapAbslH KaThlICybIMeH 30-
60°C temneparypa, 30-70 % burranasuibiKTa 1 aii-
naH 1,5-2 xpurra geiid Mep3iMIi KAMTHTBIH KYpaei
yaepic. AN 3epTTey J>KYMBICBIHIA YCHIHBUIFaH
OMOTYMYC BEPMHUTEXHOJIOTUSHBIH JKEACIIETUITeH
HYCKAChIMEH >Kacasbl.
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Cy KoHMaapbIHBIH TYNTIK IIOT1HALIEPiH KoJere Kapary

3epTTey HOTHIKeIepi )KoHE TAJTKbLIAY

Bepmukomnoctrayra OipHelle HycKaMeH CyO-
cTparTap ’Kacamupl. BepMHUKOMIIOCTAy YINH TYNTIK
LIeTiHIIep Heri3iHmeri cyOcTpaTTapra — KaJbLUi
TIEPOKCHIIMEH JKOHE KaITBIIMI IIEPOKCHIIHCI3 TOKIpHOe
xacanpl (1-kecte). bi3aep YCHIHBIN OTBIPFaH JKETiN-

JUPINreH BEPMUTEXHOJIOTUSI DIICIHIIE KATM()OPHUSITBIK
Kyprrapraei (Esenia foetida) ic-epekerin OernceH-
NCHAIpY VIIIH, SFHU OHJEICTiH KOCHaaa OTTEKTiH
MOJIIIEPiH OHTANIBI JIOpEeXee YCTayFa, COHBIMEH
KaTap TOKCHKAHTTapbIH TY3UTyiHE OKeJIeTiH aHa3po0-
TBI YAEpICTEpAl TeXeyre, CyOCcTpaT KypamblHAa Kajb-
it nepoxeu (Ca0,) eHriziiren GonaThiH.

1-kecTe — BepMukoMmnocTayFa apHaiIFaH CyOCTpaTTapabIH Kypamsl, %o

Taxipube Ne / Tymrik Bapuantrapaarsl cyocTparTap Kypamsl, %
IIOTIHI aTaybl TYITIK aFaml YriHIicl | a3blK KaJabIK TYITIK aram a3bIK KAJIJIBIK, CaO2
LIeT1H1 HIeTiHIl yringici
1 2
I Komxopran 70 15 15 65 15 15 5
1I Epmaxesen 70 15 15 65 15 15 5
I Ilepr 70 15 15 65 15 15 5

buorymyc Hemece BEPMHKOMIIOCT OHIMIH airy
YLIH yzaepic a’spoOTel opTajga Xypriziteni. AHa-
3poOTHI KaFmaimap OonmMaysl yiniH cyOcrparrap
TOJIBIK, a3palUsUIaHybl KaKeT. Ayachl3 opTaja Ka-
VBIH KYPTTapIbIH OHIMIUIINT MEH XYMBIC aTKapy
KbI3MeTI KypT TeMmenpgeini. Ocwl opaiina «OKo-
JIOTUSD»  FBUIBIMHU-3€PTT€Y HMHCTUTYTHI YCHIHFaH
BEPMHUKOMITOCT ayJbIH JKEICSNJCTUIICH BIICIHIC
CcyOCTpaTTBIH OapibIK KeJIEMIH aj’panusuiay YIImiH,
SFHA aHadpOOTHl 30HANAPIBl JKOIOFA KalbIHMH
MIePOKCUAI KOMMaHbUIABL. Kambnmii mepokcHumin
OHJENETiH CcyOcTpaTka  €HTi3reHie  adpauus
JKaFmalbl JKaKCaphlll, CyOCTpaT OTTEKIIEH OaiblIll,
yJIbl TOKCUKAHTApABIH OeiinyiH Texeiai. Kyprrap
ar3achlHa KAXKETTI OTTEK IEH KaJbIIUH Memepi
KETKUTIKTI Kesiemze OOJbIN, OJapAbIH TIPLILIIK

KaFJalbIHa KOJaiibl ocep TybiHaanaasl. CaO, cyo-
cTparTapja Iipy Ke3iHAe OpbIH aJIaThIH KaFBIMCHI3
nicTi kosambl. Komaiichl3 KBIMKBUIABI OpTanap-
Il HeWTpanjayra centirin Turizeni. CoHbIMEH
KaTap CaO2 Ne3nH(DEKITUSIBIK JKOHE (QYHTHITAITIK
KACHETTEPIMEH ePeKIIEICHE .

Bip xarpiHaH aranFaH oOHic apKBUIBI OHIEY
ypaici eki-ym ai wmep3iM imniHAge OpbIHAAJCa,
SKIHIIIIIEH caImaibl Ta3a THIHAUTKBIII TICH DPTYPIIi
OuompenaparTap aixyFa KaKeTTi ©HIM — camaibl
KYpTTap OMOMACCACHIHBIH IILIFBIMBI YKOFAPIIAHIbI.

BepMuTexHomOrUsIMEH OHICITEHTE ICHIH KOHE
OHJICYIICH KEWiH TYITIK INeTiHAUIepre 3epTXaHa-
JIBIK, JKaFAalia XUMHUSUTBIK, TajIay Kacauasl. 3epT-
XaHAJBIK TaNJay KYPri3y apKbUIbl aJGIHFAH HOTH-
Kenep 2-5-kectenepe OepiiireH.

2-kecte — Cy KoiiManaphl TYNTIK IOTTHIUIEPiHIH XUMUSUIBIK Talgay HOTHKeEIepl

Kypaysmurap, esmem Gipiri Komkopran Epmaxesen lept
Kyprax xannsik, % 2,1+0,3 0,2+0,01 0,6+0,01
SO mr/kr 635,0+2,6 42,0+0,1 115,0+1,2
Kepmexrimnik, MI/9kB 10,3+0,1 0,20+0,02 0,29+0,2
Hurpar,mr/kr 9,7+0,1 8,0+0,02 7,0+0,04
Cl, mr/>xB 77,9+0,2 106,3+0,2 42,5+0,1
HCO, mr/oxB 2,0+0,1 1,0+0,2 2,0+0,2
NO,>mr/kr 8,7+0,3 25,5+1,1 15,4+1,3
NH, " mr/kr 9,0+0,2 3,2+0,2 16,5+0,5
pH 7,9+0,02 8,2+0,05 8,3+0,03
Ca*" Mr/oKB 0,60+0,05 0,40+0,02 0,30+0,01
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3-kecTe — BepMUKOMITIOCTTHIH XUMUSUTBIK Kypamsl (Komikopran)

BepMI/IKOMHO CTBIH XUMUSJIBIK KYpaMbl

Kanpuuit nepokcusicis

Kaspruit nepokcuiMex
(Ca0, -5 %)

Kyprax xanmasik,% 0,872+0,2 0,966+0,5
Cynbdar Mr/xr 124,0+0,8 124,0+0,9
Kepmekrimik, Mr/9kB 0,012+0,02 0,012+0,01
Kanmer azor, % 4,5 4.4

C, % 14,1 14,0
C:N 4,9 4,8
Xi10p, MI/3KB 1,2+0,6 1,5+0,7
I'uapokapOoHaTt, MI/5KB 2,0+0,1 1,5+0,3
pH 8,638+0,3 8,622+0,2
Kanbiuii, mr/skB 0,590+0,02 0,685+0,03
AypIp MeTanmapasH Maccaisk yireci (Pb,Zn), mr/xr IIIPK Temen IITPK Temen

4-KkecTe — BepMUKOMITIOCTTHIH XUMUSITBIK Kypamsl (Epmakesen)

BCpMI/IKOMHO CTBbIH XUMUSIBIK KYpPaMbl

Kanpuuit nepokcusicis

Kanpuuit nepokcuaimMeH

(Ca0, -5 %)

Kyprak xangsik % 0,184+0,3 0,304=+0,1
Cynbdar mr/kr 10,4+0,1 6,0+£0,5
Hurpart, mr/kr 1,83+0,8 4,7+0,5
JKanmer azot, % 33 3,4

C, % 14,4 14,5
C:N 4,7 4,8
Xiop, MI/3KB 1,3+0,2 1,1+0,2
I'mapokapOoHar, Mr/5kB 0,8+0,3 0,5+0,1
Hurput, Mr/kr 3,3+0,2 -
AMMOHU#, MI/KT 3,2+0,2 3,0+0,5
pH 8,531+0,5 8,530+0,6
Kanpuwuii, Mr/axB 0,09+0,01 0,424+0,02
AybIp MeTanapsiH Maccaisik yieci (Pb,Zn), mr/kxr [IPK Temen IIPK Temen

5-kecte — BepMukoMmocTTsIH XUMHSITBIK, Kypamsl (ILepT)

BepMUKOMIIOCTBIH XUMUSIIBIK, KYPaMBbl Kanpmmit nepokcupicis Kanprmit nepokcugiMen
(Ca0, -5 %)
Kyprak kanabik % 0,240+0,3 0,594+0,5
Cynbdar mr/kr 75,0+0,9 47,0+0,8
KepMexTimiik, MIr/9KB 0,007+0,02 -
Hurpar, Mr/kr - 2,7540,3
JKanmer azor, % 3,6 3,5
C, % 14,7 14,5
C:N 3.8 4,9
Xi10p, MI/3KB 0,7+0,2 0,9+0,2
I'unpoxap6oHat, MI/5KB 2,0£0,5 3,5+0,6
Hurpurt, mr/xr 0,025+0,01 0,15+0,02
AMMOHHU#, MI/KT - 14,2+0,2
pH 8,740+0,4 8,373+0,2
Kanb1uii, Mr/sxs 0,199+0,01 0,748+0,02
Ayplp MeTanmapasH Maccansik yieci (Pb,Zn), mr/xr IIIPK Temen ITPK Temen




Cy KoHMaapbIHBIH TYNTIK IIOT1HALIEPiH KoJere Kapary

Korappina kectenepzne OepinreH MomiMerTepre
CylieHe OTBIPBII, BEPMHUKOMIIOCTTAp/IBI ©3apa CallbIc-
TBIPCAK, KYpPaMbIHAAFbl XUMUSUIBIK 3aTTapAblH MeJl-
HIepiHiH TeMeHIeyiH Kereci permeH Komkopran >

6-kecte — CyOcTpaTTapaarsl TyMyCTBIH OpTallia MeJImepi

Iept > Epmakesen kepceryre Oonanpl. Bepmukom-
MTOCTTap KypaMbIHIAFbI 3aTTap OPTYPIIi Metepe 0oi-
FaHBIMEH, IIEKTI payabl MejepaeH acnaiiapl. Cyoc-
TpaTTapAarbl TyMyC MeJIIepiepi 6-kecteze OepinreH.

T'ymyc, %
Ne | Tynrix werinai OHJIeNTeHre AeiiH OHJIENITeHHEH KeHiH
1 Komkopran 1,3 6,8
2 | Epmakesen 0,2 2,6
3 Ilept 2,2 6,7

XKoraprina OepinreH MmomiMeTTepre Kapacak,
BEPMHUKOMITOCTTapJIaFbl TYMYC MOIIIIEpi ©HJel-
re’re Jeiinri memmepneH Komikopran ceiHama-
ceiHma 5,2 ece, Epmakeszen 12 ece, lllept 3 ece
KOFapbUIaFaHIbIFbIH OaliKayFa O0maabl.

Temenne 3-cyperre TYNTIK IIOTiHALIEPAIH
BEPMHUTEXHOJIOTUSIMEH OHJICTEHTe JCeHiH KOHE Bep-
MUTEXHOJIOTHSIMEH OHJENTeHHEH KeWiHri Kypa-
MBIHAAFBl aybIp MeETaNJapAbIH MeJIIepi Kepce-
TINTeH.

TynTik meriagi KypaMblHAAFBl AYBIp MeTaJagap
60 Meamepi

40 37

MI/KI

30

20

10

B KomKopfas TYNTiK Merismic
® KomKopFas BepMHKOMIIOCTEI
® EpMakeses TYNTiK meriaaici
EpMaKke3eH BePMHKOMIIOCTHI
mIITepT TYNTiK Werinaici

= [TTepT BEpMHKOMIIOCTBI

3-cyper — Tynrik merinairep KypaMbIHIAFs! OHIEYTe ACHIHT )koHe

OHJICY/IeH KelliHTi aysIp MeTanzap (Zn, Pb) memnmtepi, Mr/kr

Cy xoiimMa TYNTIK MIOTiHIIEp KYpPaMbIHAAFBI
KOPFACBhIH, MBIPBIII MOJIIEpIepl Kalnu(OPHUSITBIK
KBI3bUT KYpTTapMEH OHIICITCHHEH KeiiH Oipmama
a3afFaHIBIFBl AHBIKTANBL. BepmurexHonorusmeH
OHJICNITCHHCH COH KoOmKopFaH ChIHAMachIHIA
OacTamkbl KOPCETKIIIeH CallbICThIpFaHga  Zn
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1,4 %, Pb 1,1 %; am Epmake3eH chiHamMachIHIIA
Zn 1,08 %, Pb 1,5 %; lllept chiHamackiHma Zn
5,3 %, Pb 1,06 % ece azaifFaHIBIFEIH KOPCETTI.
BepMuUTEXHONOTHSMEH OHAENTEH TYINTIK MIeriHi-
JIEp KYPaMbIHIAFbl MBIPBIII )KOHE KOPFAChIH MOJI-
mrepnepi  Oipmiama TeMenaereH. bynm  kamudop-
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HUSUTBIK, KBI3BUT KYPTTap cyOcTpaTTapabl o3 Je-
HEJIepiHEeH OTKepil, ayblp MeTalgapAbl  yJma
JKacyllanapblHIa JKaKChl KUHAKTaWTBIHBIH Kepce-
Teni. BepMukoMIocTTaparsl TYMYCTBIH poili e
MaHp3abl. Cebebi ryMmyc 3aTTapblHBIH KYpPaMbIH-
JIaFbl TYMHH KBIIIKBUITAPBIHBIH ayblp MeTangapra

KATBICTBI JKOFaphl ICHI€i/Ie COPOLUSITBIK CUBIMIBI-
JIBIFBI OOJIFAH/BIKTAH OJNap KOMIUIEKC TY3YIII COp-
OCHTTEpiH POJIiH aTKapabl.
BepMmukommocTTapian  3epTXaHANBIK,  Taliay
HOTIKECIHJIC allbIHFAaH TYMHH KBIIIKBULIAPBIHBIH
MeJIIIepl TOMEHAET] 4-CypeTTe KOPCETIIreH.

% @ TyMHH KBITIKBLT
5 4.5
; 42

4
3
5 1.6
1
0

Komkopran Epmakesen IIlept

4-cyper — KomxkopraHn, Epmakesen, lllept BepMuKoMIOCTTapbIHAAFEI TYMHUH KBIIIKBUIBIHBIH OpTalia Memepi, %o

JKorapria kectenepe OepireH MaliMeTTepre
cylieHe OTBHIPBIN, BEPMUKOMIIOCTTapAbl ©3apa ca-
JBICTBIPCAK, KYPaMBIHAAFbl T'YMHMH KBIIIKbUIIA-
PBIHBIH MOINIIEpiHiH TOMEHJACYIH Kejeci peTHeH
Komkopran > Ilepr > EpmakeszeH kepceryre

Oonampl. AJNBIHFAaH BEPMHUKOMIIOCTTApABI TOIIbI-
paxIeH apajacThIpbll OipHelle HYCKaJa aK aka-
ous  TYKBIMIApbIH erin kepzik. Heatmxkecinae
BEPMUKOMIIOCT KOCBUIFaH cyOcTpaTTapia »akchl
ecKiHaep maraa 6onasl (5-cyper).

5-cypet — OpTYpJIi KYpam/ibl KOCBUIBICTApFa aKalusl TYKbIMIAPbIH OHAIPY
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Cy KoiiManapbIHBIH TYITIK MOTTHIUIEPiH KOIETe KapaTy

AJTBIHFaH BEPMHKOMITOCTTHI TOTIBIPAK, XKYHeciHe
CHII3TEHZEC TyYMHH KbINIKBUIIAPBIHBIH OPTYpPJI
(dbopmanapel ©3A€piHiIH epeKIIeNiKTepi apKachlHIa
OCIMJIIKKe MHUHEpAJIABI 3aTTap Oepir, KYpbUIBIMIIBIK
TY3UTyiHE OpTYpJi JKarjgail jkacaWThIHBI OemTimi.
CoHBIMEH KaTap TOMBIPAKTAFbl MHUKPOAF3aJIap IbIH
eMip CypyiHe koHe KeOeloiHe 031H/IK dcepiH Oepir
OCIMIIKTEPIiH KAKCHI OCII-OHYiHE KaFbIMIBI 9Cep
€TETIHIH aHBIKTabIK.

KopbIThIHABI
OKONOTHSUIBIK,  THIMA1 ~ KepceTKimrTepi  Oap

OpTaHUKAIBIK-MUHEPAIJB THIHAWTKBII KOpIIaFaH
opTara 3usH KenTipmeini. Bepmukommoctran Ge-

JIHIN ajbIHFAaH TYMUH KBIIIKBUIAAPBIHBIH KacHeTi
OCIMIIKTEpIiH KOpIIaFaH OPTAHBIH KOJAHCHI3
JKaFgaliaapelHa Kapchl TYPY KaOlleTTepiH »KoFa-
pBIIaTyFa MYMKIHIIK TyFbi3aapl. COHBIMEH Kartap
aNbIHFAaH BEPMHUKOMIIOCTTHIH KYHApJBUIBIFBl TO-
MBIpaK KabaThIH KaJMbIHA KENTIpyre Xarmai ska-
cail OTBIpHIN, OipKaTap KOJOTHAJIBIK KOHE IKOHO-
MUKAQJIBIK TYPFBIZIAH OPBIH aJbIll JKYPTeH Moceie-
JIepAi 1Ielle anaibl.

1. Komxkopran, Epmakesen xone lllept Bep-
MHUKOMITOCTTapBIHBIH KYpaMIapblHa 3epTXaHaJIbIK
Tannay Kyprizuimi.

2. TynrikmerivaiaepAi BEpMUTEXHOIOTUSIMEH
OHJIEy apKBUIBI K9Jere jKapaTy KOJmapbl Kapac-
THIPBUIBL.
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DAMAGE OF SOIL COVER DUE TO THE IMPACT
OF TOURISM IN THE ALTAI MOUNTAINS

This article presents the results of a study on soil cover damage caused by uncontrolled tourism in
the Kazakhstan Altai and Mongolian Altai ranges. According to the expedition and laboratory work, it
was determined that the soil cover of 182,7 km long territory in the Mongolian Altay range was dam-
aged due to the ruts of vehicles and the trampling of tourists. More than 56,9% of these measured areas
were completely destroyed, and 35,4% became rocky or desert. In the Altai ridge of Kazakhstan, the soil
cover was damaged due to the formation of branch roads on an area of 705,7 ha, which was 55,3 km
long. Approximately 84,4% of the total recorded area is moderately damaged and the growth of plants
and grasses has decreased. During the determination of soil contamination with heavy metals, a total
of 40 samples were taken from 8 coordinates and analyzed. The amount of lead and nickel in the soil
has increased by 2-4 times due to the influence of tourism in both the Mongolian Altai Range and the
Kazakh Altai Range. Cadmium element was not found at all. The content of other heavy metals such as
chromium, copper, and zinc is slightly increased and accumulated at the bottom of the road. In both
Kazakhstan and Mongolia, it was determined that the soil is polluted with heavy metals only by tourists’
cars, as there is no mining, metallurgical plants, or resorts within 300 km.

Key words: Kazakhstan Altai Ridge, Mongolian Altai Ridge, soil cover, soil pollution.
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AATAU XOTACBIHAAFbI TOIbIPAK XXAMBIAFbICBIHbIH
TYPU3M OCEPIHEH 3AKbIMAAHYbI

byAa Makarapa KasakcTaHAbIK AATai >koHe MOHFOA AATai >KOTacbiHAaFbl GaKbIAQYCbI3 TYpPU3M
9CepiHeH TOMbIPAK, >KAMBIAFBICbIHbIH,  3aKbIMAAHYbl  TypaAbl 3epTTey HOTUXKEAEpPi YCbIHbIAFaH.
IKcneanums xaHe AabopaToOPUSIAbIK KyMbICTap 6GorbiHLIA MOHFOA AATaM >KoTacbiHAQ GapAbiFbl 24,7
KM-T€ CO3bIAFaH 182,7 KM ayMaKTblH, TOMbIPAK, >KaMbIAFbICbIHbIH, KOAIKTEPAIH Tapam >KOA LUblFapyblHaH
JKOHE TYPUCTEPAIH, asifbiHa TanTaAyblHaH 3aKbIMAAHFaHbl aHbIKTAAFaH. OALLEHreH OYA ayMakKTapAblH
56,9%-bl TOAbIK TaAKAHAQAbIM, 35,4 %-bl TAaCTak HEMECE LUOAENTKE alHaAFaH. AA KaszakcTaHAbIK AATaM
>KOTacbliHAQ GapAblFbl 55,3 KM-re cosbiaraH 705,7 ra aAaHAA Tapam XXOAAAp nanaa GOAbIM, ToMbIpak,
>KaMbIAFbICbl 3aKbIMAAHFaH. ©Te >KOFapbl TaAKAHAAAbIM, 3aKbIMAAHFaH aAaH, >KOkK. Ecenke aAblHFaH
6apAblK, ayMakTbiH, 84.4%-bl OpTalla 3aKbIMAAHbIM, BCIMAIK LWenTep ecyi asairaH. TOMbIPaKTbiH, aybip
METaAMEH AACTaHybIH aHbIKTay 6apbicbiHAA 8 KOpAMHATTaH 6apAblFbl 40 CbiHAaMa aAbIHbIM, 3epTTEYAEP
SKYPri3iAin, TaapaHFaH. MoHFOA AATai >KoTacbiHAQ AQ, KasakcTaHAbIK AATal >KoTacbliHAQ Ad TYPU3M
9CepiHeH TomnblpaKTaFbl KOPFACbIH, HUKEAAiH MeALLEpi 2-4 ecere apTKaH. AA KAAMMIA DIAEMEHTI MYAAEM
Ke3sAecnereH. backaaain Xpom, MbIC, MbIpbILL KaTApPAbl ayblp METAAAbIH MOALLEpPi a3Aaan apTKaH XKeHe
>KOAAbIH TOMEHT | XKaFblHa KMHakTaAFaH. KasakcraHaa Aa MoHFOAMSIAA Aa OYA aymakTa 300 wakbIpbIMHbIH
ilWiHAE elKaHAAM Tay KeH BHAIpPICi, METaAAYPrug 3aBOAbI, KypopTTap OpHaAacnaFaHAbIKTaH, TOMbIpak,
ayblp METAaAAAPMEH TeK TYPUCTEPAIH, aBTOKOAIKTEPIMEH FaHa AACTaHbIM OTbIPFaHbl aHbIKTAAFaH.

Tyidin ce3gep: KasakcTaHAbIK AATait >KoTacbl, MOHFOA AATai >KOTacbl, TOMbIPAK >KaMbIAFbICI,
TOMbIPAKTbIH AACTaHYHbl.
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Damage of soil cover due to the impact of tourism in the Altai mountains
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FIOBpe)ngHue NOYBEHHOZ0 NOKPOBa u3-3a BO3QE(ICTBUSI Typu3ma B 2opax AATasn

B AaHHOW CTaTbe MPEACTAaBAEHbI Pe3yAbTaTbl M3ydyeHUs yuep6a NoUBEHHOMY MOKPOBY OT HEKOH-
TPOAMpYyemoro Typusma B xpebrax KasaxcraHckuii AATai m MoHroAbckuin AAtan. o pesyAbTaTam
3KCneAMLumMM U AabopaTopHbIX PaboT BbIAO YCTAHOBAEHO, YTO MOYBEHHDIV NMOKPOB TEPPUTOPUM MPO-
TSXKEHHOCTbIO 182,7 KM B MOHIOAbCKOM AATaICKOM XpebTe ObIA MOBPEXAEH M3-32 KOAE TPaHCMOPT-
HbIX CPEACTB 1 BbITanTbiBaHUS TypMCTOB. boAee 56,9% 3THX M3MEPEHHbIX MAOLLAAEN BbIAM MOAHOCTBIO
paspyiieHbl, a 35,4% NpeBpaTMAMCH B CKAaAUCTbIE MAM MYCTbiHHbIE. B AATanckom xpebTte KasaxcraHa
MOYBEHHbIN MOKPOB ObIA MOBPEXAEH M3-32 06pa3oBaHMs OTBETBAEHUIA AOPOr Ha naouwaam 705,7 ra,
MPOTSXKEHHOCTb KOTOPbIX COCTaBMAa 55,3 kM. [pumepHo 84,4% oT 00LLen 3aperncTprMpoBaHHOM NMAO-
LLAAM YMEPEHHO MOBPEXKAEHbI, @ POCT PaCTEHUI M TpaB CHU3WUACS. Bo BpeMs onpeaeAeHns 3arpssHe-
HUMS MOYBbI TSXKEABIMW METaAAaMM ObIAO B3TO B 06LLer cAoXHOCTH 40 npob 13 8 KoopAMHAT 1 Npo-
aHaAM3MpoBaHoO. KOAMYECTBO CBMHLLA U HUKEAS B TOYBE YBEAMUMAOCH B 2-4 pa3a U3-3a BAUSHUS TypU3-
Ma Kak B MOHroAbCKOoM AATanckom xpebTe, Tak 1 B KazaxcKom AATanNCKOM xpebTe. DAEMEHT KaAMMI
BoOOLLE He 6biA 06Hapy>keH. CoaepiKaHMe APYTMX TSXKEAbIX METAAAOB, TakKUX, Kak XPOM, MEAb U LIMHK,
HEMHOr O MOBbILIEHO M HaKaMAMBaeTCs B HMXKHel yacTn Aoporu. Kak B KasaxcraHe, Tak 1 B MOHroAnm
ObIAO YCTAHOBAEHO, UTO MOYBA 3arpsisHEHa TAXKEAbIMU METAAAAMU TOAbKO aBTOMOOMASIMU TYPUCTOB,
MOCKOAbKY B paamyce 300 KM HET FOPHOAOOBIBAIOLIMX, METAAAYPIMUYECKMUX 3aBOAOB MAM KYPOPTOB.

KarloueBble caoBa: KasaxcraHckuii AATanckmin xpebet, MOHIOAbCKMIZ AATAMCKMIA XPeOeT, NMoYBeH-

HbIN NMOKPOB, 3arpsga3HeHne rno4B.

Introduction

The Altai Mountains are the largest moun-
tain range in Central Asia, which stretches for
about 2000 km on the borders of Russia, China,
Kazakhstan, and Mongolia. The ecology of the
Altai Range has a great impact on the world cli-
mate [1] and is considered a zone with high po-
tential for tourism development [2]. The ecosys-
tem has many threats from uncontrolled, chaotic
tourism [3]. On Kazakhstan and Mongolian sides,
there was planned to develop the main types of
ecotourism, including mountain climbing, hiking,
horse riding, traveling by car, and mountaineering
[4-7]. However, due to the lack of infrastructure
[8,9], there are unfavorable conditions for the en-
vironment, such as trampling of the soil surface
due to an increased number of tourists, grass not
growing due to damage to the soil layer, litter-
ing near tourist accommodations; animals being
frightened and moving to other places due to loud
noise in forested areas.

Tourists travel to worship a Besbogda mountain
in Mongolian Altai. In Kazakhstan’s Altai, tourist
travel for a healthy drink “blood of deer antlers”,
and the beautiful nature of Katonkaragai national
park. Tourists spend 3-4 days traveling Mongolian
Altai and driving 580 km on dirt roads. In East Ka-
zakhstan, tourists drive 1150 km to reach on Ra-
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khman hot spring, Markakol, Zor Kerish, and Sibe
lakes and spend 4-5 days on paved roads.

A total of 29 thousand domestic tourists traveled
to Mongolian Altai in 2021 and 53 thousand domes-
tic tourists until August 2022. In East Kazakhstan,
168 thousand domestic tourists, 181 thousand tour-
ists in 2019, 121 thousand in 2020, 125 thousand in
2021, and 101 thousand until August 2022 traveled
to the Katonkharagai, Ulan, Altai, and Bukhtyrma
tourist zone [11].

There are a lot of papers about A large number
of tourists trampling and damaging the soil cover in
national parks. For example, Articles are written that
study topic in the Lisia Gora Nature Reserve on the
border of Poland [12], in Hulamuron of Inner Mon-
golia [13], in Zhangjiajie Geopark of China [14], in
Turkey [15], in Borodur National Heritage of Indo-
nesia [16], in Pakistan [17], in Kenya national parks
[18]. A total of more than 900 articles can be viewed
on this topic. Most of them are made in China. Even
articles have been written about Italy’s Vesuvius
National Park [19], and China’s ecotourism resorts
to being contaminated with heavy metals such as Cr,
Cu, Ni, Pb, Cd, Ni, and Cr [20] due to tourism. In
addition, tourism indirectly affects environmental
factors, thereby influencing the concentration of soil
metals (Cr, Ni, Cu, Zn, As, Cd, Pb, and other heavy
metals) as a result of a study conducted in Poyang
wetland lake, China [21-22]. Tourism affects the in-
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crease in soil temperature. The studies carried out
in Kamchatka, it was written about the erosion of
vegetation and densification of the seashores, de-
struction of the fertile soil, destruction of the habitat
of animals, water and air pollution from tourist ve-
hicles, and problems of tourist garbage [23].
Although we performed a thematic examination
of 80% of the nearly 900 articles published in open
scientific sources, and an abstract examination of
about 190 articles, we did not find research informa-
tion about the damage to the soil layer in the Altai
Mountains. There was described as uncontrolled,
hapless tourism as a rapidly growing threat in the
Altai-Sayan territory [3, 24]. It can lead to the de-
struction of biodiversity, loss of recreational value
of the Altai ridges, significant destruction of habitat,
frequent forest fires, and accumulation of garbage.
It also shows that there have been no real scien-
tific studies on the damage to the soil cover in the
Altai Mountains due to tourism. Therefore, to re-
search this topic, a special scientific expedition was
organized in Mongolian Altai in August 2022 and
Kazakhstan in September 2022 along the selected
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route. During the expedition, the size of the dam-
aged areas was measured, soil samples were taken,
and necessary information was collected.

The purpose of the research was to determine
the extent of damaged soil cover along the route
of the Altai mountain range, which is affected by
tourists, and check the presence of heavy metals
in the soil.

Materials and research methods

In paper, using the following methodology to
determine the damaged area of the soil cover due to
tourism was used:

1. An expedition was organized in August 2022
in Mongolian Altai and September 2022 in Kazakh-
stan on the selected route. During the expedition in
Mongolia, the team measured 6 damaged areas and
determined the boundary coordinates of the dam-
aged field with GPS. In Kazakhstan, the team mea-
sured 11 damaged areas and determined the bound-
ary coordinates of the damaged field. The routes of
the expedition are shown in Figure 1.
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Figure 1 — Measured fields during the expedition and selected routes Mongolia, Kazakhstan

The following methodology was used to deter-
mine vegetation growth. According to the standard,
a square is created on a Im x1,5 m area and counted
the number of plant species and the determined per-
centage of vegetation cover in that area. If 10-30%
of the Im x 1,5 m area is barren with no vegetation,

the damage level is “low”, if it is 31-50% it is “mod-
erate”, if it is more than 51% it is “very high”, if
there is no vegetation, it is 100% damaged.

Samples for determination of soil contamina-
tion with heavy metals were taken from the extreme
point of both routes. It was taken along the last 13

39



Damage of soil cover due to the impact of tourism in the Altai mountains

km of the road up to Tavanbogd, the most destroyed
in the Mongolian Altai, along the roads up to the
Rahman spring and Karakol in the Kazakhstan Al-
tai. The sampled coordinates are shown on the map.
The sample was taken from 2-5 coordinates accord-
ing to the “envelope” method, and the amount of
chromium (Cr), lead (Pb), cadmium (Cd), copper
(Cu), zinc (Zn), nickel (Ni) in the soil was deter-
mined in the laboratory.

2. The received coordinates were entered into
the Google Earth Pro 7,3 program, and the length
area of the damaged valley and branch roads was
measured. The result was checked for errors using
QGIS 3.26.3 software, and the result was mapped.
The research was conducted in the “Remote Sensing
& ArcGIS” laboratory of the Institute of Geography,
Geoecology at the Mongolian Academy of Sciences.

3. Landsat data allow comparisons to be made,
on multidecade time scales, of landscape changes
due to human activity, such as soil cover damage,
and changes in vegetation cover due to tourism.
Landsat 8 and Landsat 9 have a higher imaging
capacity, allowing more valuable data to be added
to the Landsat global land archive of around 1,400
scenes per day. From the Landsat-8, and Land-
sat-9 satellite databases, images with less than 20%
cloudiness from July-August 2010, 2015, and 2022
in the territory of Mongolia and Kazakhstan were

ATE-
gor-4
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downloaded. Nomenclature number is Mongolia-
M45-105, 118, 129, Kazakhstan M45g, M45b. EIC
dates and space images from the laboratory were
used. At this stage of research, space images were
processed in the following order using the “remote
sensing”’ method.

Downloading images from the Landsat-8, and
Landsat-9 satellite database on the open source
(Time in August 2010, 2015, 2022) — superimpos-
ing “Band 2, 3,4” on “Band 1"’ (Resolution 30 m) —
the main ones at 3 different times preparing images
— Overlaying the main images with Band-5 — if
no change is observed, overlaying with Resolution
15-meter “Band-9” — Repeat changing the month
and day until a change is noticed — Converting the
image with a change to the ENVI program and ana-
lyze by radiometric.

Research results and discussion

Soil cover damage. We organized an expedition
along these routes in Mongolian Altai in August
2022 and collected the necessary data.

Since the entire stretch of this route in the Mon-
golian Altai is not paved with asphalt, the roads are
especially rutted and the soil layer is damaged a lot

(figure 2).

ouJarooﬂ Fam
yor-4



Y. Badyelgajy et al.

f

Figure 2 — Damaged areas of soil cover in the Altai mountains
a) Mongolia-Tavanbogd b) Mongolia-Songinot Pass c¢) sampling, d), ) Kazakhstan, Karakol-2018 and 2022.

f) Branching of the road to Abylaikit, Google Earth image taken from 650 m sea level, 2022

As the number of tourists increases, the number
of branch roads increases; the 580 km long route was
branched at least 2 times and at most 27 times. Howev-
er, we saw that many of these roads have been used by
the local people for a long time and have been branched
off for a long time. The authors of the research have
already traveled along this route several times, so they
know the damaged places that have appeared in recent
years. Therefore, only the areas damaged by tourists
were measured and coordinates were obtained.

In recent years tourists built new roads through
Songinot Pass to Tavanbogd. Before locals used an-
other way. And Tourists created a new road short
way from Tavanbogd to Hoton lake, Baga Turgen
waterfall, by crossing the high passes.

Over the last 3 years, tourists have made 101
km of new roads along this route. For example, 66.3
hectares belonging to the hayfield area were damaged
because the new tourist road over the Songinot Pass
through the hayfield and the soil layer was washed
away by the rainwater that flowed through the roads.
As a result, in 2022, the grass did not grow here, it
remained dry. There are places where tourists stop
to have a rest and take pictures. Such sites include
the monument above the Songinot pass, the vicinity
of the President’s ovoo worship (number 3 on the
map), and the vicinity of the Akgol bridge (number
4 on the map). Such areas have been trampled by

tourists and cars turned into sandstones. In recent
years, no grass has grown on the trampled lands. We
visually identified such areas, created a Im x 1,5m
square for the area according to the MNS5546:2005
[25] standard, and determined the number of plant
species and the percentage of plant cover in that
area. It was estimated that there are 182,7 hectares
of land, which is 24,7 km along the road, and about
60 square samples have been created.

In addition, there are many cases of vehicles
getting stuck in muddy areas at the foot of the high
mountains. A total of 1,1 hectares out of 6 especially
destroyed territories, the area of which does not ex-
ceed 20-50 courts, were measured, but not marked
on the map; 103 hectares along the 13 km road to the
President ovoo worship (number 3 on the map) were
especially destroyed.

In the areas where tourists mainly stay, the soil
layers are moderately damaged. For example: since
there are no resorts on the shores of Lake Hoton
(number 5 on the map), guests can stay here with
tents and open fires. As a result, the grass on the
6 km long lake shore began to become barren and
rocky.

An expedition was organized along the Kazakh-
stan Altai Route on September 21-26, 2022. Since
90% of all roads are asphalted, there are very few
branching roads compared to Mongolia. However,
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due to the difficulty of the road, there is a branching
of roads in places where asphalt is not laid, or in the
vicinity of tourist facilities, on the shores of lakes.
For example, from Karayrik to Karakol shown in the
picture below, since it is impossible to lay asphalt,
roads have been branched and meadows destroyed
to bypass some swampy areas. Such roads that can-
not be paved with asphalt are 15 km up to Rahman
spring, and the roads up to Burkhaty on the Austrian
road are built on the side of the mountain, so there is
no possibility of branching. However, a 2,1 ha area
near Burkhaty lake was particularly damaged (num-
ber 2 on the map) and the soil layer was washed
away, so we thought that this was a phenomenon
caused by tourists in the last years. In the 90 kilo-
meters above Burkhaty to the village of Markakol-
Uriankhaika, there are branches in some places, but
we did not take into account that it is unreasonable
to say that the soil layer has been damaged by tour-
ists because it has been used since 20 century. In ad-
dition, a new 6.7-km tourist road was created on the
beach of Markakol (number 3 on the map), the vil-
lage of Uriankhaikha. On this beach, tourists camp
with their tents and make open fires. We estimated
the entire area along the coast to be 4,6 hectares.
Most of the domestic tourists from Kazakhstan
like to bathe in the lake and rest on the beach. In re-
cent years, the residents of the city have been look-
ing for warm beaches on the shores of Buktarma
instead of Alakol lake. In last years, the number of
visitors to the “Goluboi Zaliv”’ of Buktyrma, where
many tourists come here, has decreased, and they
used to go to the beach of Svinchatka. The main rea-
son is that the water in Goluboi Zaliv is cold and
there is no sandy beach. And the beach of Svinchat-
ka, like the beach of the Maldives with white sand,

is suitable for bathing in the lake and sunbathing.
Therefore, in July and August, it has become normal
to see a group of tourists stretching 6-7 km along
the beach of the lake near the village of Svinchatka
(number 6,7,8 on the map). As a result, the soil of
the meadows on the beach has become compacted,
and the roads have started to be damaged. However,
it is very little damaged compared to other areas.

There are the black and dark brown soil of the
mountain is covered with many combs, types of
grass, and meadows. Such places are less damaged
by machinery and recover quickly. However, areas
with stony desert soil are quickly damaged by human
and animal trampling. For example, Kerish, Kyzyl
Kerish tourist object belongs to the paleontologi-
cal region, so the soil surface is covered with little
green vegetation, desert, and soft sand. Therefore,
this area is damaged by tourists’ trampling. After
going down the highway for a while, there are rutted
roads, soil damage, natural erosion, and a large area
of small sand accumulation in the area of 4,3 km.
We measured its size as 387 hectares (number 4 on
the map). In addition, near Kyzyl Kerish (number
5), 101 hectares of roads were branched and the soil
layer was damaged.

The following conclusions were clear from the
first and second stages of research. The measured
areas were divided into 4 categories depending on
the percentage of plant growth.

In the Mongolian Altai, 182,7 hectares of land
with a total length of 24,7 km were damaged by tour-
ists’ vehicles. However, the soil cover is damaged at
different levels. In some places, the soil is simply
compacted, while in other places, the soil layer is
destroyed. Therefore, we divided all the measured
areas into 4 groups (table 1, figure 3).

Table 1 — Basic information on the measured areas in the expedition

Names of lands Start of coordinate | End of coordinate Percentage Length Territory and
of vegetation level
Altai of Mongolia
1) Under the Songinot 49°16°13.27” N 49°17°7.45” N 60-75%
) Pass 88°35°49.81” E 88°39°11.02” E Along the road3100 m
2) Songinot pass 49°16°18.42” N 49°16°17.76” N 50-65% The square is 250 m
88°35’11.79” E 88°35’25.29” E wide
3) The road to the 49°8°43.51” N 49°11’4.36” N 100%
P)residential ovoo 87°59°31.04” E 88° 5°34.13" E Along the road =13 km
4) The beach of the 49°4°37.00” N 49° 4°43.30” N 30% The square is 130x200m 3.6 ha
Akgol bridge 88°35’42.35” E 88°35°41.86” E long on the river beach >
5) The beach of Hoton 48°34°17.62” N 48°35°59.96” N 30-35% 6.0 km along the place 117 ha
lake 88°29’11.24” E 88°25°34.08” E on the lake beach
6) The parking site of 48°31°38.48” N 48°31°42.40” N 10-15% 200 m wide
Baga Turgen 88°24°21.76” E 88°24°28.74” E
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Places where cars 100%
were fiestroyed. due ) i Total 6 places
to getting stuck in the
mud
Total 24.7 km 182,7 ha
Altai of Kazakhstan
1) The road from Kara 49°26'57.68" N 49°33'33.84" N 60-65% Along the 22 km road
Ayrik to Karakol 86°20'39.46" E 86°18'15.05" E that goes up to the lake
49° 8'28.54" N 49°8'35.13" N 75% .
2) Near Burkhaty Lake 86°2'17.92" E R6°2'16.82" The proof roadside
3) The beach of Marka 48°47'0.05" N 48°44'48.86" N 30-45% Along the 6.7 km road
lake 86° 1'12.91"E 85°57'19.11" E on the lake beach
4) Paleontological site 48°9'34.04" N 48° 7'58.99" N 30-45%
Khyin Kerish 84°2625.11" E 84°20'3.45" E Along the road 4.3 km 387 ha
. 48°10°5.28” N 48°9°22.97” N 30-45%
5) Red Kerish 8492427 1” E 84°25°0.96” E Along the road 1.5 km 101 ha
6) 1*' beach of 49° 7'53.93" N 49° 7'17.61"N 10-15% Along the road 2.2 km
Svinchatka 84°19'53.65" E 84°18'27.28" E on the lake beach
7) 2" beach of 49°6'59.40" N 49°5'57.33"N 5-10% Along the road 4.5 km
Svinchatka 84°1726.25" E 84°14'20.77" E on the lake beach
8) 3" beach of 49°5°44.47° N 49°4°41.06” N 10-12% Along the road 5.8 km
Svinchatka 84°13’16.32” E 84°9°14.33” E on the lake beach
9) 1% lake of Sibe, 49°25'24.95" N 49°25'37.58" N 40% Along the road 0.7 km 11.1 ha
Khorjinlake 82°39'6.21" E 82°39'35.10" E on the lake beach ’
10) 2" lake of Sibe, 49°25'52.10" N 49°2529.77" N 40-45% Along the road 5.8 km 96.8 h
Shalkhar lake 82°37'42.21" E 82°38'50.40" E on the lake beach I
11) Monastery ruins of 49°27'8.52" N 49°27'47.56" N 60-75% Along the road 1.6 km
Ablai king 82°33'4.82" E 82°33'54.67" E on the lake beach
Total 55,3 km 705,7 ha
700 - - -
The Altai of Mongolia The Altai of Kazakhstan
595,9
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Figure 3 — Level of damaged area (hectares)
(Low damaged = the soil is compacted, Moderately = plant, grass growth is reduced, High damaged = deteriorated into a stony or

desolated area, Full damaged = No vegetation completely crushed
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There are no very highly destroyed and dam-
aged places along the route in the Altai of Kazakh-
stan. Approximately 84,4% of the total measured
area is moderately damaged; the growth of plants
and grasses has decreased. The soil of the area of
78,22 hectares was compacted on the beach of Svin-
chatka and Markakol lakes. In the Mongolian Altai,
56,9% were destroyed; 35,4% deteriorated into rock
or desert.

In the third step, we tried to monitor the change
of the damaged areas from the satellite images ac-
cording to the above methodology. If the change of
the vegetation layer covers a large area, the remote
sensing method can show the areas affected by the
change through satellite images of each year. There-
fore, we concluded that it is possible to map the
damage process by changing the vegetation layer of
18 areas every 5 years.

However, from the Landsat-8 and Landsat-9 sat-
ellite images, the nomenclature fields of Mongolia
M45-105, 118, 129, Kazakhstan M45g, and M45b
are mostly cloudy images. At these sites, 70-80%

of the images taken in a year are full cloud and very
few images are taken. In some nomenclature, the
number of pictures does not reach 20 in July and
August. Therefore, without limiting the annual in-
terval to 5 years, we considered Landsat-7 satellite
images from 2000, and Landsat-5 satellite images
from 1984-1995 from some areas. Due to drought in
2004, 2014, and 2022, only cloudless pictures tak-
en in May and June were found. We couldn’t find
any satellite images for August that we wanted. Al-
though we downloaded the images of May and June
and prepared the main image by overlaying bands
1-4, no change in the vegetation layer was observed.
In a word, in 17 out of 18 sites marked during one
expedition, no trampled, crushed (other) traces were
found. It has been fully proven in practice that no
damage to the vegetation layer can be seen from the
satellite images of May and June. And there was no
chance to overlap with Resolution 15-meter “Band-
9”. Tertiary studies failed 95%. The only success-
ful image shows clearly how tourism affects the soil
cover (figure 4).

C

Figure 4 — The soil layer of the shore of Lake Sibe under the influence of tourism damage
a) 2004 b) 2014 ¢) 2022
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Sibe’s 5 lakes are one of the main visiting areas
for locals of Ust-Kamenogorsk during the summer.
The figure-4 clearly shows how the 96,8 ha area on
the Korzhynkol coast has changed. In this area, the
growth of the plant layer decreased by 30-40%, and
the grass grew low and barren. Such areas can be
seen near Lake Shalkar.

In general, due to the emergence of a settle-
ment with a lot of resorts and rental houses near
Korzhynkol, the open fields in the middle of the re-
sorts and the beach of the lake have especially dete-
riorated and the vegetation layer has been damaged.
Although there are many branches near Tortkara
Lake, but the soil layer is not damaged. One of the
tourist objects near the 5 lakes of Sibe is the ruin of
the Buddhist temple named Ablaikit. To get to this
object from the main way, the 1.6-km road has been
particularly narrowed and the soil layer damaged to
cross the muddy areas of the river. In recent years,
crops have been planted here, but in some places,
crops have been damaged to the extent that they can-
not grow.

Environmental impact: We have seen that the
soil has been compacted in the areas marked in the
green category in figure 4 above. As a result of soil
compaction, the following environmental damages
will occur.

1) During compaction, the volumetric mass will
increase and the porosity will decrease, which inhib-
its the development of the root system of the plant,
supply of moisture to plants decreases;

2) Deterioration of water-physical properties
of the soil such as moisture capacity, porosity, rate
of water absorption, and water permeability is ob-
served;

3) Aeration and biological processes will de-
crease;

4) Surface flow of water and washing of fine soil
will increase; Soil fertility decreases on average by
5-20% or even more.

The compaction of the soil (even deep in black
soil) may exceed 1,3-1,35 g/cm when the vehicle
passes through it. This is the upper limit of optimal
compaction for the growth of many crops. When the
hardness reaches this upper limit (that is, 20 kg/cm),
the amount of air in the field layer decreases by 15%
from the critical level, and the water permeability of
the soil decreases to 40-30 mm/h.

During the months when there are a lot of tour-
ists, several people walk through these places. In
some places, tourists choose the best place and
create a new branch road. As a result, important
properties of the soil for the growth and develop-

ment of plants, such as density, hardness, air, and
water permeability, deteriorate sharply. The degree
of this deformation depends on its initial state. That
is, the density and humidity during the passage of
the equipment, the amount of contact pressure on
the soil, and the frequency of exposure are impor-
tant. Soil compaction is most dangerous when the
soil is saturated with water in autumn and spring.
The degree of compaction in summer depends on
the amount of precipitation. Soil moisture at the
time of technology exposure is an important factor
that determines the degree of compaction under that
load. The depth of deformation determined by the
above-mentioned factors, as well as the unit mass of
the equipment, axial pressure, and tension at a depth
of 50 cm varies from 20-30 to 50-60 cm. As a result,
the growth of plants decreases by 15-30%.

If the compaction of the soil isup to 1,0-1,1 g/cm
“normal” or weak, if it is 1,3-1,5 g/cm “medium”, if
it is 1,5-1,6 g/cm and more, compaction is consid-
ered strong. When the compaction reaches a strong
degree, the growth of the plant cover decreases to
50-60%. The consequences of one-time intensive
compaction remain for 2-5 years [25]. It is impos-
sible for plants to grow in soil that is compacted af-
ter several years. Therefore, we can say that the soil
is trampled and plant growth is reduced under the
influence of tourism as “soil cover damage”. And
the situation of the places where the roads are bro-
ken and the clay swamps are completely overturned
is understandable. It would be enough to show a
picture and write that “tourism is damaging the soil
cover” without conducting scientific research in
such places.

Heavy metal pollution of the soil: Samples for
determination of heavy metal pollution of the soil
were taken along 5 coordinates along the last 13
km of the road going up to Tavanbogd, the most
destroyed mountain in the Mongolian Altai. In
Kazakhstan, it was taken from 1 coordinate up to
Karakol, and from 2 coordinates up to the Rahman
spring. The sample was taken over the road, 2 me-
ters from both sides of the road, 5 meters from 1
coordinate, according to the “envelope” method, a
total of 5 samples were taken from 1 coordinate in
the Mongolian Altai, and 15 samples were taken in
the Kazakhstan Altai.

Chromium (Cr), lead (Pb), cadmium (Cd), cop-
per (Cu), zinc (Zn), and nickel (Ni), all 6 elements
were determined in the soil, according to atomic
spectrometer absorption methods in “Nart” soil lab-
oratory, Ulaanbaatar. The standard amount of heavy
metal in the soil was compared according to the stan-
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dard of Mongolia “MNS 5850:2008 named “Soil
quality. Soil pollutants elements and substance”. It
was determined that the physical composition of the
soil near Tavanbogd is 30-35% (<0.01 mm) and that
it is clay-swamp soil.

“Coordinate-1,5" is a parking place for tourist
cars in Mongolian Altai. The soil taken from the 4
ends of the area of about 1 ha was well mixed and
compared with the clean soil indicator taken 20 me-
ters away from the parking.

In figure 5 below, the standard indicator accord-
ing to MNS5546:2005 [25] with a blue column is
not considered to be at a critical level unless this line
is exceeded. We have shown heavy metals in clean
soil and normal levels in the white column. As the
size of the band increases, it indicates the presence

of heavy metal contamination. The amount of con-
tamination is marked with a red column.

The amount of chromium in the clean soil of the
Mongolian Altai is about 19,0-21,2mg/kg in 5 coor-
dinates, while it is 17,3-22,4 mg/kg in some places
along the road; 27,6-29,3 mg/kg at a distance of 5
meters below the road. That is, it is 8,1-8,6 mg/kg
more than the amount of chromium in clean soil.
This is proof of the accumulation of heavy metals in
one place by soil layer leaching.

While the amount of lead in clean soil is 16,7-20,6, on
the road it is 13,9-25,0 mg/kg at different levels; below the
road, it reached 20,5-45,5 mg/kg. Even in coordinates 3
and 4, 2 times more lead was found than in clean soil. This
indicates that there is heavy metal pollution. Cadmium
metal contained in oil was not found in the soil.
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Figure 5 — Heavy metal levels in soil in the Mongolian Altai
(Blue column is a critical level of heavy metals by MNS 5850:2008 Standard, White column shows
a heavy metal level of clean soil. The red column shows the level of sampled soil. If the amount of heavy metals
in the sampled soil is 2-3 times higher, it is colored red)

The level of zinc in clean soil was 42,0-42,8
mg/kg, while on the road it reached 42,7-76,2 mg/
kg. The amount of zinc in coordinate 3 was 2 times
more than in other coordinates. In coordinate-2,
zinc was contaminated with 31,6 mg/kg, i.e. 2 times
more than the normal level; it increased by 17,1 mg/
kg in coordinate-1 and 15,6 mg/kg in coordinate-4.

The amount of copper in clean soil was 30,2-
30,9 mg/kg, but on the road, it increased to 0,8-17,0
mg/kg. However, at the lower end of the line, coor-
dinate-2 dropped to 14mg/kg.

Nickel is a type of heavy metal that pollutes
the soil heavily. Although the amount of nickel in
clean soil was 8,6-10,4 mg/kg, it reached 21,1-34,9
mg/kg-ha (excluding coordinate-1) on the road and
increased by 2-3 times the normal amount. On the
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edge of the road, it reaches 16,1-33,7 mg/kg, that is,
2-4 times bigger.

Chromium (Cr), lead (Pb), zinc (Zn), and nickel (Ni)
content is slightly or 2-4 times higher than the normal
level in all 5 sampled coordinates, and most of them are
collected below the road. 5 meters from the road means
that the vegetation layer is taken from the undamaged
areas, so it can be seen that the heavy metals that have
entered through the vehicles are the result of the melting
of the snow water, and the heavy metals that have fallen
on the roads due to the wind are washed away and col-
lected below the road. Below the road, the amount of
heavy metal increased by at least 2, 1mg/kg.

The following information was obtained from
a sample taken from 3 coordinates in Kazakhstan’s
Altai (figure 6).
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Figure 6 — The level of heavy metals in the soil of Altai, Kazakhstan
(Blue column is a critical level of heavy metals by MNS 5850:2008 Standard, White column shows the heavy metal
level of clean soil. The red column shows the level of sampled soil. If the level of heavy metals in the sampled soil
is 2-3 times higher, it is colored red)

Chromium level is 23-26,6 mg/kg in 2 coordi-
nates taken along the road to Rahman spring, while
on the road it is 21,3-28,7 mg/kg, i.e. at a normal
level. Below the road, it is 3,3-6,3 mg/kg more than
the normal level;, cadmium metal was not found
here either. The amount of zinc was 51,0-54,7 mg/
kg, slightly decreased in coordinate-1 to 49,1 mg/
kg, in coordinate-2 it reached 58,3 mg/kg, and on of
road, it reached 60,4 mg/kg. The amount of copper
in clean soil is 34,2-38,2 mg/kg, on the road it is
30,0-39,0, and below the road, it slightly increases
to 41,5-44,8 mg/kg. This is evidence of heavy metal
dissolution and accumulation here.

While the amount of lead in clean soil reaches
18,7-23,2 mg/kg, above the road it is 25,6 mg/kg,
below the road it is 2 times higher, i.e. 12,5-15,8
mg/kg. If the amount of nickel is 12,4-12,8 mg/kg in
clean soil, 14,7-17,1 mg/kg more on the road; below
the road reaching 23,3-33,3 mg/kg indicates that
there is pollution. Lead pollution of the soil is both
in the Rahman spring and in Karakol.

In Karakol, the amount of nickel increased by
7,4 mg/kg below the road. Although the amount of
lead, zinc, and chromium is normal, it can be seen
that it has been washed away and collected below
the road.

In general, the amount of lead and nickel in soil
has increased by 2-4 times due to tourism in Mongo-
lian Altai and Kazakhstan Altai. Cadmium element
was not found at all. Other heavy metals such as
chromium, copper, and zinc have slightly increased
and accumulated below the road.

There is no mining or the metallurgical indus-
try within 300 kilometers of this territory in either
Kazakhstan or Mongolia. If we consider that these
places are 60-120 km away from urban areas, only
cars pollute the air and soil here. There are no large
resorts to pollute the air and soil.

Therefore, we can say without a doubt that the
level of some heavy metals in the soil here has in-
creased by 2-4 times directly due to tourist vehicles.
Even if it has not yet reached a dangerous level, a
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2-4 times increase in 5 years can be a full reason to
say that it is “contaminated with heavy metal”.

The lead here consists of cheap, non-environ-
mentally eco gasoline, which is widely consumed
in Mongolia and Kazakhstan. A80 gasoline contains
0,17g/1, A93 — 0,37g/1 of lead [27]. Most of the ve-
hicles serving tourists here are UAZ cars that use
A80 gasoline, or powerful cars that use A93. Driv-
ing slowly with maximum power causes gasoline to
burn prematurely and emit even more toxic gases. A
car traveling at a speed of 31,7 km/h emits 1,11 g/h
or 0,035 g/km of lead. Zinc is abundant in electric
batteries [28]. In Mongolia, nickel alloys are widely
used for painting and masking cars. Therefore, we
can say that the heavy elements here fell into the soil
directly through cars.

If we take into account that there are a lot of
tourists on this road only in July and August and
that it is washed away by snow and rainwater, if it
continues like this, it can be assumed that the pollu-
tion will exceed the standard indicator and reach a
dangerous level in the next 4-5 years.

Conclusion

Studies were conducted on the hypothesis that
the soil layer may have been damaged by uncon-
trolled, careless tourism and that the soil may have
been poisoned with heavy metals by vehicles. As
a result, the volume of the damaged soil was mea-
sured, and it was found that the heavy metal in the
soil is increasing. After summarizing the data, an ac-
curate assessment of the environmental impact was
given.

According to the expedition and laboratory
work, it was found that the soil cover of 182,7 km
long territory in Mongolian Altai was damaged by
vehicles and trampling by tourists; 56,9% of these
measured territories were destroyed, and 35,4% be-
came rocky or desert.

In Kazakhstan, the soil cover was damaged due
to the formation of branch roads on an area of 705,7
ha, which was 55,3 km long. There is no very high

crushed and damaged area; 84,4% of the total re-
corded area is moderately damaged and the growth
of plants and grasses has decreased; the soil of 78.22
ha area was compacted on the banks of Svinchatka
lake and Markakol.

To monitor the change in these areas, the study
of finding damaged areas from satellite images and
measuring the change using remote sensing was
unsuccessful. Many of the satellite images here are
clouded, and very few stored satellite images fail for
a variety of reasons, such as the timings of the stored
images not matching the same time as the monitor-
ing.

During the determination of heavy metal con-
tamination of the soil, a total of 40 samples were
taken from 8 coordinates, and 24 of them were test-
ed in the “Nart” soil laboratory in Ulaanbaatar.

As a result, it was found that due to tourism in
the Mongolian Altai, the surface of the soil is being
polluted in a small amount by the fumes released
from the tourist vehicles. Chromium (Cr)-6,4-8,1
mg/kg, lead (Pb)-0,1-24,9 mg/kg, and copper (Cu)-
0,7-5,1 mg/kg are more than normal. higher with
zinc (Zn)-0,8-11,5 mg/kg, nickel(Ni)-21,1-34,9 mg/
kg. In general, lead has increased 2-3 times in 3
coordinates, zinc has increased 2 times in 2 coordi-
nates, and nickel has increased 2-4 times in 4 coor-
dinates. It is seen that the amount of heavy metals
in the soil has changed due to leaching by snow and
rainwater. However, this indicator does not apply to
contaminated soil according to the Mongolian Na-
tional Standard.

The 1 of heavy metals increased in soil samples
in Kazakhstan. In samples from Rahman spring,
Karakol, lead increased by 12,5-15,8 mg/kg, i.e. 2
times, compared to pure soil. And the amount of
nickel increased by 8,6-16,21 mg/kg from clean soil.

Since there is no mining ore production within
300 km of this territory in Kazakhstan and Mon-
golia, we can definitely say that the pollution is di-
rectly caused by tourism vehicles. If this continues,
in the next 5 years, the amount of lead, zinc, and
nickel will increase by 2-4 times and reach danger-
ous levels.
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AYbIP METAA TY3AAPbIMEH MPAUMUHITEY APKbIAbI
APIMA ©CKIHAEPIHIH, TO3IMAIAITIH APTTbIPY

Makarapa KaaMUIA >KeHe KOPFaCblH TY3AapbIHbIH, ©PTYPAI KOHUEHTPauUsAapbiHbIH, apna eciMAiri
OCKIHAEPIHIH ecyi MeH AamyblHa acepi 3epTTeAAi. KopracblH MeH KaAMMUIA MOHAQPbIHbIH 8cepiHe
OCKIHAEPAIH Xayabbl PeTiIHAE OAAPAbIH bIAFAA XKOHE KYPFaK 6MOMACcCachiHbIH, XKMHaKTaAy e3repicTepi,
6CKiHAEPAIH BMIKTIri, COHbIMeH KaTap Tipi kaaybl 6araranabl. CdCl, xeaHe Pb(CH,COO), KywTi ybiTTbl
acep eTeTiH ayblp METAaAAAAD TOObIHA XKaTaTbIHAbIKTaH, OAAPAbI XKEKEAE eHIi3reHAE OCIMAIKTIH bIAFaA
JKOHe Kyprak OMoMacCaHblH >KMHAKTaAyblHaH GoceHAey GarKaAbim, ©CKIHAEP OMIKTIriHIH TeMeHAgYi
>K&HE AaMyAbIH GastyAayblHa OKEAin oTbIp. Pb(CH3COO)2 0,5-10 MM KOHUeHTpauusaa 6CKiHAEPAT UH-
rnéupaey 2-10 ece TemeHaeTce, CACl, apnaHblH ecKiHAEpiHe >KOFapbl KOHLEHTPaLMSAaFbl 9cepi Kyprak,
MacCaHblH YXMHaAYbIH TOKTaTyFa oKeAAi. Aprna ecKiHAEpiHiH KOPFacblH »K8He KaAaMUIA TY3AAPbIHbIH
TOMEH KOHUEHTpauMsicbiMeH cebep aAAblHAQ OHAEY, OAAPAbIH MeTaAAapFa TO3IMAIAITIH apTbipaAbl
XoHe 60AallaKTa OCbl 3aTTapAblH >KOFapbl KOHLEHTPAUMSCbIHbIH, 9CEPiH 3aKbIMAQHYCbI3 XOHE ecy
NPOLECTEPIHIH a3 TeXeAyiMeH TacbiMaapayFa MyMKIHAIK 6epeai. CoHbiMeH KaTap OyA mMeTaapap —
UTOXEAATUH CUHTE3IHIH, KYWTi MHAYKTOPAApbl. OCblAaiila, OCMOMPOTEKTAHTTAP >XXWMHAKTAAYbl aybIp
MeTaAAapPAaH >acylllaHbl AETOKCMKALMSIAQyAQ MaHbI3AbI POA aTKapybl ekiTarai. Ayblp MeTaAAAPAbIH
KaTbICybIMEH OCMOMPOTEKTAHTTAP YKMHAKTAAYbIHbIH, MYMKIH POAI MIHAETTI TYpAE€ METaAAbl XeAaTTay-
MeH GaiiAaHbICTbl emec. bipiHWiAeH, ayblp MeTaAAap SAETTE XacyllaAarbl cy 6araHcbiH 6y3aabl. Cy
TarbIAbIFbl 8PAAMBIM OCIMAIK KaCyLLIACbIHAQ OCMOMNPOTEKTAHTTAP XMHAAYbIHA OKEAETiHI GeAriAi. Aybip
MeTaAAapPAaH TybIHAQFAH OCMOMPOTEKTAHTTAp >XMHAKTay (PYHKLMSCHI MeTaAAbl TiKeAell XeAaTTayfa
KaparaHAQ OCMOPEryAsiUMsMEH >KaHe (PePMEHTTEPAI AernapataumssaH KopraymeH 6aiAaHbICTbl 60-

AYbl MYMKIH.

TydiH ce3gep: apna eckiHAEpPiHiH 6Cyi MEH AaMybl, KOPFacblH MEH KaAMMIA TY3Aapbl, MPANMMHT,
TO3IMAIAIK.

KbickapTyaap: Pb(CHaCOO)Z— cipke KblWKbIAAbI KopracbiH; CACI2 — kaaMMin XAOPUAT; MM — MUA-
AVIMOASIPABI.

K.K. Aitlessov”, K.M. Aubakirova, Z.A. Alikulov

L.N. Gumilyov Eurasian National University, Kazakhstan, Astana
‘e-mail: enuter@yandex.kz

Increasing the resistance of barley sprouts by priming with heavy metal salts

The article investigated the different concentrations of cadmium and lead salts influence to the
growth and development of barley plant shoots. As a response of sprouts to the action of lead and
cadmium ions, changes in the accumulation of their wet and dry biomass, the height of the sprouts, as
well as survival were evaluated. Since CdCI2 and Pb(CH3COO)2 belong to the group of heavy metals
with a strong toxic effect, when they are individually administered, there is a decrease in the growth of
shoots and a slowdown in development due to the accumulation of wet and dry biomass of the plant.
While inhibition of sprouts at a concentration of Pb(CH3COO)2 0.5-10 mM reduced sprouts by 2-10
times, the effect of CdCI2 on barley sprouts in high concentrations led to a halt in the accumulation of
dry mass. Processing of barley sprouts before sowing with a low concentration of lead and cadmium salts
increases their resistance to metals and allows in the future to transport the effects of high concentrations
of these substances without damage and with minimal inhibition of growth processes. In addition, these
metals are powerful inducers of phytochelatin synthesis. Thus, the accumulation of osmoprotectants is
unlikely to play an important role in cell detoxification from heavy metals. Apparently, the possible role
of the accumulation of osmoprotectants in the presence of heavy metals is not necessarily associated
with metal chelation. First, heavy metals usually disrupt the water balance in the cell. It is known that
water deficiency always leads to the accumulation of osmoprotectants in the plant cell. The accumula-
tion function of osmoprotectants caused by heavy metals may be more associated with osmoregulation
and enzyme protection against dehydration than with direct metal chelation.
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Abbreviations: Pb(CH,COO), — lead acetic acid; CdCl, — cadmium chloride; Mm — millimolar
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MoBbiweHue yCToU4UBOCTU POCTKOB SIMMEHSI NyTem NpaiimuHza COASIMU TSDKEAbIX MeTaAAOB

B craTbe M3yueHO BAMSHME HA POCT M pasBUTHE NOGEroB PacTEHWMIA AUMEHS PA3AMUHBIX KOHLEH-
Tpaumin coneit kaamms u cemHua. Mockoabky CdCl, n Pb(CH3COO), oTHOCATCS K rpynmne TaxXeAblx
METAAAOB, 06AAAQIOLIMX CUABbHBIM TOKCMUYECKMM AEMCTBMEM, MPWU MX Pa3AEAbHOM BBEAEHMM HaOAIO-
AAETCS CHUXKEHME PoCTa U Pa3BUTKS NOOEroB 13-3a 3aMEAAEHMNS HAKOMAEHMS BAQXKHOM U Cyxom 61o-
Maccbl pacTeHus. B To Bpemst Kak MHIMOGKMpoBaHMe pocTkoB Npu KoHueHTpaumn Pb(CH3COO), 0,5-10
MM ymeHbLiano pocTkun B 2-10 pas, Bosaerictne CdCl, Ha pocTKM SUMEHS! B BbICOKMX KOHLIEHTPALMSIX
NPMBOAMAO K OCTAHOBKE HAKOMAEHMS CyXOM Macchbl. [1peAnoceBHbIN NPAAMUMHI BCXOAOB SUMEHS HU3-
KMMW KOHLIEHTPALMSIMM COAEN CBMHLIA M KAAMMS MO3BOASIET MOBbICUTb MX YCTOMUYMBOCTb K METAAAaM
M B AQAbHENMLIEM MEPEHOCUTb AEMCTBME BbICOKMX KOHLEHTPALIMI 3TUX BeLecTB 6e3 MoBpexKAeHWU 1
C MeHbLUMM TOPMO>KEHWEM POCTOBBIX NpoLeccoB. Kpome Toro, 3T MeTaAAbl IBASIOTCS CUAbHBIMW WH-
AYKTOpamu cuHTe3a (hutoxeaaTMHa. Takum 06pasomM, HaKOMAEHUE OCMOMPOTEKTAHTOB BPSIA AU Cbl-
rpaeT Ba>kKHYIO POAb B AETOKCMKALIMM KAETOK U3 TSXKEAbIX METAAAOB. [10-BUAMMOMY, BO3MOXKHAs POAb
HaKOMAEHWS OCMOMPOTEKTAHTOB B MPUCYTCTBUM TIKEAbIX METAAAOB He 00513aTEAbHO CBSI3aHa C XeAa-
TUPOBaHMEM METAAAOB. Bo-mepBbiX, Ts>keAble METaAAbl OObIYHO HApYLIAT BOAHbIM 6aAaHC B KAETKE.
M3BecTHO, UTO AePUUMT BOAbI BCErAQ MPUBOAMT K HAKOMAEHMIO OCMOMPOTEKTAHTOB B PACTUTEAbHOM
kaeTke. DYHKUMS HAKOMAEHMS OCMOMPOTEKTAHTOB, BbI3BAHHbIX TSIKEAbIMM METAAAAMM, MOXET ObITb
CBsI3aHa C OCMOPEryAsLUMENn 1 3aLMTON (PEPMEHTOB OT 06E3BOXXMBAHUS B OTAMYME OT MPSIMOTO XeAa-

TUPOBAHNA METaAAa.

KAloueBble cAOBa: poCT M pasBUTUE POCTKOB SIUMEHSI, COAM CBMHLLA U KAAMMS, MPAAMUHT, YCTOM-

YNBOCTb.

CokpaweHus u o6o3HaueHus:: Pb(CH,COO), _ykcycHokmcabii ceurew; CACI2 — xaopua, kaamus;

MM — MUAAMMOASIHbBIN

Kipicme

Kopiaran opTaHblH ayblp MeTalgapMeH Jia-
CTaHybl Kasipri yaKpITTa ©3€KTI Mocelie OOJIBIT
Kenedi. AybIp MeTajjapra TBIFBI3IBIFEI 5 I/cM*-
TEH acaThIH JKOHE CaJbICTHIPMAbl aTOMJIBIK Mac-
cacbl 40-TaH acaThlH XHMUSUIBIK 3JEMEHTTEPIiH
CAITBICTBIPMANTBI TYPJE YJIKEH TOOBI KaTajbl. byn
MeTaJIapAblH KO KyKipT Oap jaurangrapra
oTe JKaKblH JKOHE OJIapMEH KYIITI KOCBHUIBICTAP
Ty3eni. CoHABIKTaH jKacylianapra eHin, omap SH-
TONTApBIMEH OPEKETTECII, KOTTETreH PepMEHTTEPAIH
Oencenainirin Texxeini. byn ayelp MmeranmapasiH
YKOFAphl YBITTHUIBIFBIMEH OaiIaHbICTHI )KACYITIAHbIH
3aT aaMacybIHIa OPTYPIi Oy3bUTyIapbl Ty IBIPAIbL.
AybIp MeTanap MiHIETTI TYpAE YIIbI O0IabI IeTeH
Karte TyCciHik 0ap, ce0e0i MBIpBILL, MBIC, TEMIp, Mapra-
HeII JKOHE JKaHyapJiap MEH OCIMIIKTEPIiH TipPIIUTITi
OapbIchiHAa  (PU3HOTOTHSIIBIK-OMOXUMUSIIBIK,  YP-
JicTepre a3 MeJjmepe KakeT OONaThIH ayblp Me-
TaNJIAp/IbIH YIKeH TOOBI eHei. TipirimiKkke KaxeTTi
OMOreH/Il dMeMeHTTep TOObIHA >KAaTHMANTHIH aybIp
Metangapaa KopraceiH (Pb) xene kammuit (Cd)
KOpImaran oprama xui kezmecemi. Kammuii xoHe
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KOPFACBIHMEH KOpIIaFaH OPTACBIHBIH JIACTaHYbI
HETi31HEH aJaMHBIH LIapYallbUTBIK, KBI3METiIHIH
TOPT TYpiHE OaIaHBICTHI: 1) OHEPKACINTE CYHBIK
’KOHE KaTThl OTBIHBI JKary, 2) Kapa *KoHe TYCTi Me-
TaJUTyprusiia MeTalaapabl OaIKeITY OHIipicTepi, 3)
Cd xone Pb xorapbl Meniep/ie 00JIaThIH CaKbIHIBI
CyJap/pl TOTy jkoHe 4) TObIpaKKa XHUMISIIBIK 3aT-
TapAbl, COHBIH IIIiHAE THIHAMBITKBIIITAPIABI KOCY
ke3inae 6omansl [1,2,3,4].

Taburu opraHblH KOpekTik Tiz0ektepine Cd
xoHe Pb-HiH Herisri OGeiri eciMIikTepiH CiHIpYi
apKbUIBI Kenei. KenrereH eciMIikTep ayblp MeTal-
JIapIbl TOMBIPAKTAFBI METAJIapAbIH KOHIIEHTPALHSI-
chIHaH OipHeIIe ece KON MeJIIep e )KUHAKTal ana-
IIbl. OCIMIIKTEP/IiH ayblp MeTallapabl KUHAKTAYbI
YKOHE OJIApbIH apTHIK MeJiepie 00ybIHa TO3IMI
0oy KaOineri omapabplH JKeKe (PU3HOIOTHSITBIK
CPeKILCeMIKTePiHIH ~ KoepiHici 0okl TaObLIAIBI
[5,6]. ©OciMaik xacymanapbiHa OeTKi OaliIaHBICTHI-
py HeMmece eCIMIIK aF3achlHa €He OThIpbIN,  Pb**
xoHe Cd*" HyKJIEMH KBIIIKBUIIAPHI, aKybI31ap, Mmo-
JHcaxapuaTep JKoHe Oacka Ja KOCBUIBICTApIIbIH
OMOXMMUSIIBIK (DYHKIIMOHAIIABI TONTApbIMEH 03apa
OPEKeTTECIN, OChl TONTapFa KOCBUIFaH Oacka Ja



K.K. Aiitirecos xoHe T.0.

MeTalljlap MOHAAPhIH ajMacThipa anajbl. OCIMIIIK
ar3achbIHIa OCHIHBIH HOTI)KECIHIE OacTamKbl KOHE
Oacka TpoIleCTEep/iH 3aKbIMJIAHYBIHBIH calija-
pBl OOJNBIT TAaOBIIATHIH 3aT AJIMAaCy/AbIH OpTYpIi
OY3BUIBICTAPHI TIAli1a OOTa k.

By *KyYMBICTBIH HETI3T1 MaKcaThl apma oCiMairi
OCKIHJEpiHIH 6cyi MEH aMy IpoLecTepiHe KaaMui
MEH KOPFAChIH TY3IapBIHBIH OPTYPJIi KOHIICHTpA-
[USUTAPBIHBIH OCEPIH 3epTTey, COHMal-aK ©OCKiH-
Jepai aTajFaH ayblp METaUT TY3JapBIHBIH TOMCEH
KOHIICHTpAIHSUIAPBIMEH allJIbIH-aJ1a OHJICY apKbLIbI
OJIApABIH TO3IMIUIITIH apTTBIPaIbl ACTEH OOJDKaM-
JTbI TEKCEPY OOJIIIBI.

3eprTey aaicrepi

ToxipuOenep >KypriziireH (pUTOTPOHHBIH aya
temnepartypacsl 23-26 °C, canbICTBIpMalbl bUTFal-
IBUTBIFBL 65-72 % Oonael. ApnanwsiH (Hordeum
vulgare L.) Actrana-2000 copTeiHBIH ockinaepi 1/2
Knon xopekrtik opraceina (pH 6.2-6.4) 3 toymik
OOMBI eCipimi.

Apma TykeiMaapsl 1, 3 sxoHe 7 Toynik OOHBI
Pb(CH,COO), xone CdCl, epitinainepinin ToMeH
koH1erTparmsuiapaa (0,001-0,005 mM), conmaii-ak
MACTENICHTeH cyna (Oakpuray yImiH) cedep amabiH
ana enaenzi. Cogan kelin OenMe TeMrepaTypachiH-
nma 1 teymik kemTipingi. 7 KyH imiHze onap Oipaeit
TY3AapbIHdCEepiHe YIIBIPaIb, a1 6Cy IPOLECTEPiHIH
TEXEITyiHe OKENETIiH JXOFaphl KOHIICHTpAIUsIIap-
ma (0,05-10,00 MM), y3ak SKCHO3WIMS Ke3iHIC
OCIMIIKTEpaiH 3aKpIMIaHybIHA HEMEce oIyiHe

oKenai. Ockinaepaiy Oip Oedxiri Gipaeii (ToMeH He-
Mece JKOFapbl) KOHICHTPAIUSIaFbl KOPFAChIH MEH
KagMHH TY3HapbIHBIH epiTiHAiIepiHae Toxipuoe
Ooiipl cakTamapl. TokipnOeHiH Oacka mapTTapbl
e3repicci3 Kajbl.

KopracelH MeH KaaMuii MOHIAPBIHBIH OCepiHe
OCKIHJEPAiH *KayaObl pETiH/E ONapAbIH bUIFal )KOHE
KYpPFaK OMOMaccachIHBIH >KHHAKTAIy e3repicTepi,
OCKIHJEepAiH OWIKTIri, COHBIMEH KaTap Tipi Kasybl
OaraylaH/Ibl.

ToxipuOeHiH op HycKacblHa 4 ©CKIHHEH Typa-
TBHIH 5 ChIHAMa TJIIAHBL, Op TOXKiprOe 3 KalTamayna
KYPTi3Uiai. AJBIHFAH MOIIMETTEP CTaTUCTUKAIBIK
eHaeyaeH otti. Oprama apudmMerukansik (M), op-
Tala KBaJpaTTBIK aybITKy (0), oprama apudme-
THKIBIK (M)  PENpEe3eHTaTHBTUIK  KaTeliri
ecenTenai.  AWBIPMALIBUIBIKTBIH — AYPBICTBIFBIH
Oaramay CreiofeHT KputTepuidi (t) apKpLIBI KYp-
rizinmi [6].

3epTTey HoTHKeIePi

Pb*? noHmapbIHBIH apra ecKiHaepiHe acepi

Apna eckingepine Pb(CH,COO), kyniri ybITThI
ocep erTi. Kasipain esinze (1 cyper) Pb(CH,COO),
Op TYPJII KOHIICHTpAIMsJIapbIHBIH OCEPiHE YIIbIpa-
FaH 7 KYHAIK apra ecKiHIepiHAe KYPFaK MacCaHbIH
JKUHAKTATYBIHBIH TOMEHACYl OalKanmel, Oyl pet-
T€ KOHIICHTPAIUSHBIH apTyblHa OailIaHBICTBI ©C-
KIHACPIiH KYPFAaK CaJMaFbIHBIH a3ai0bl OAKasIbL:
0,5 MM konuenTpauusiga 2 ecere, 1 MM — 3,5 ecere;
5 MM — 3,7 ecere; 10 MM — 10 ece.
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1-cypet — Pb(CH,COO), epiTinatinepinin apna 6CKiHIEPiHiH KYPFAK MaCCACHIHBIH JKUHATYBIHA OCEPi

53



AyBIp MeTan Ty3IapbIMeH MPaiiMHUHTTEY apKbLIbI apiia ©CKiHACPiHIH TOIIMIUTITIH apTTHIPY

Pb* nonpmapeiaeiH 14 Toymikke AeHiHrI ocep
eryi, conmai-ak Pb(CH,COOQ), sxoFapel KOHIIEHTpa-
LUSUIAPBIHBIH Scepi Ke3iHle Macca ©CiMiHiH TONbIK
TOKTAaybIHA JKOHE OCKIHICPIIH KYypFaK MacCaHBIH
KUHATyBbIHA KeAepri KeATipai.

Con cusiktel Pb™ HOHIAPBIHBIH OCEpiHE YIIIbI-
paFraH apra ecKiHZEpiHiH bUIFaJ Maccachl MEH
omikTiri e3repai (2-cyper, 3-cyper). Ockinmepmaiy
OMIKTITiHIH TOMEHJIEYi, BUIFaJ JKOHE KYpPFaK Mac-
CaHBIH XKHHAKTATYBIHBIH Oasyiaybl 1aMyJIbIH Oasy-
JIaybIHA DKEII.

Pb(CH3COO)2 1 MM KOHIIEHTpAIUICH apra
OCKIHJEPIHIH BUIFaN )XOHE KYPFaK MacCachIHbIH

JKUHAIyBIH 7 TOYJIiK OOWBI alTapibIKTall Texeni
(1 — 2 cyper, 1 kecre). byranc xoca, ecyniH
KYPT TeXenyi OacranraHFa JOeiiH, ©cKiHIep
KOPFaChbIH MOHJAPBIHBIH ©CepiHe YIIbIparaHbIHA
KapamacTaH ToxipuOe anabplHga HeMmece Ol
O6acranranHaH kediH 1, 4 Hemece 7 KYH OTKEH
coH OalKaiabl.

1, 4 xoHe 7 TOYNIK KOPFACBIH aIleTaTHIHBIH
ToMeH KoHueHTpanusicbiMeH (0,001 MM) annen
aya eHJICNITeH OCKIHJEep OHJeIMereH OCKiHAepMEH
canpicThipFaga | MM KOHIEHTpalusibsl opTana
BUTFaJl CAJIMarbl a3 J9pekeic TOMEHICYIHEe OKeil
otelp (1, 2-cypertep, 1-kecte).
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2-cypert — Pb(CH,COO), epiTinjinepinin apna ecKiHaepiHiH bUIFal MacCaChIHbIH KHHATybIHA OCepi
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3-cyper — Pb(CH,COO), epitinainepinin apna ecKinaepinin OHiKTirine acepi
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1-kecte — Pb(CH,COO), anyipin ana ey IiH apna oCKiHIepiHiH KYPFaK MaccachlHbIH ©3TepyiHe ONap/IblH KOHIECHTPAIUSCHIHBIH

oJ1aH opi apTyBIHBIH ocepi. M+ m,n=6, * —p > 0.95

OcKkinnepai anapiH

7 TOYIIK iMIiHAe KYPFAaK MacCaHBIH ©3repyi, T

ana eHJey/iH

1 MM Pb(CH COO)z OH/JICY/ICH KCUIHT1 OCKIHIED

0,5 MM Pb(CH,COO), ensieysieH KeHinri ockinaep

HeMece cyza
DKCIIO3ULIUSHBIH
Y3aKTHIFBI, TOYIIK

Cyma 9KCIO3UIIUSI IaH
KeHiH
KeHiH

0,001 MM Pb(CH,COO0),
AJIBIH aJla OHJCYICH

Cyna dKCIo3UnusI IaH
KeHiH

0,001 MM Pb(CH,CO0),
QIIBIH aJla OHICYACH KeHiH

0 0.0203 + 0.0005 - 0.0203 = 0.0005 -

1 0.0172 +0.0004 0.0451* £ 0.0007 0.0190 = 0.0005 0.0385* + 0.0007
3 0.0223 +0.0004 0.0308* £ 0.0005 0.0207 + 0.0004 0.0314* £ 0.0004
7 0.0212 £ 0.0006 0.0277* £ 0.0004 0.0201 +0.0003 0.0302* £ 0.0008

Anra kery kepek, Pb(CH,COO),-men anupin-
aja eHJICNITeH HYCKAIapAarbl ©CKIHIEPIIH KYpFaK
Maccacel (1 kecte) 0,001 MM HycKamarwsimaii 0oi-
Il AJIBIH aja eHJENTeH OCKIHIEpIeri KYpFak
MaccanbiH ecy Memmrepi 0,001 MM KopFacwIH arie-
TaTneH 1, 3 skoHe 7 TOYJIIK ilIH/E, KeJIeCl 9PEKET €Ty
ke3eHiHae (7 TOyIiK) JKOFaphl KOHIICHTpAITUSIIaFbI
KOPFAaChIH TEK JKOFapbl KOHIICHTpAIMSAFa VIIbI-
paraH ecKiHIepre KapaFraHIa >KOFaphl OOJIBI
(1 xecre).

Pb(CH,COO), ocepinen 10 MM KoHuEHTpa-
musiaa 1 mMM-re KaparaHzma apria ©CKiHJIEpPiHiH

BUTFaJl JKOHE KYPFaK MAaCCACHIHBIH >KUHATYBIHBIH
KbUIJAMBIpaK OipJeH TOMEHAEyl >XOHE OHJIeyre
JEeHiHT1l HyCKaMeH CaJIBICTBIPFaHIa OHBIH Oasy-
nayel Oaiikannmel (TekipuOe OacTajiraHHaH COH
3 xoHe 7 TOYNIKTEH KeHiH eHmey, 2 Kecre).
KoprachlHHBIH OCBI 3aKBIMAAYIIBl KOHIEHTPAIH-
sceiH 0,001 MM KOHIIEHTpamusIAaFrsl ©CKIHACPIIH
ANJBIH alla eHJICY/CH KCHiH NaiiianaHy KesiHue
Jle KOpPFAacbIHMEH TOMEH KOHIICHTPAaIUsIa aJJIbIH
ana eHjaeydiH yakbiThiHA (1, 3 Hemece 7 TOYIIK)
KapaMmacTaH OCKIHACPIiH BUIFAIIBI MaCCACHIHBIH
YKUHAKTATYBIHBIH 0achUTYbIHA SKEIIJII.

2-kecte — Pb(CH,COO),-men annpin ana enaeynin Pb(CH,COO), koHIEHTpalusACHIHBIH KeHiHHEH apTybl Ke3iHle apra
OCKIHJICPiHIH BUTFAII/IBI )KOHE KYPFaK MacCaChIHBIH ©3repyiHe ocepi 2, M+ m, n=6, * —p > 0.95

Pb(CH,COO), 10 MM-MeH eHJIeIreHHEH KefiHri ecKinuep

OCKiHIep/i aIbiH
asa eHJIey Hemece

7 ToyIliKTe ©3repreH bUIFaJbl Macca

7 TOYIIKTE ©3repreH bUIFAIbl Macca

Cy/a dKCIO3ULIUSHBIH
Y3aKTBIFBI, TOYIIIK
Cyna sxcnosumusaan | 0.001 MM Pb(CH,COO), | Cyna sxcnosunmsaan | 0.001 MM Pb(CH,COO),
KeiH aJIJIbIH aJjia OHJICYICH KeHiH AJJIBIH aJla OH/eyACH
KeliH KeliH
0 0.1344 + 0.0005 - 0.0201 +0.0005 -
1 -0.0544 + 0.0004 -0.0498* + 0.0007 0.0007 £ 0.0004 0.0009 £+ 0.0007
3 -0.0803 + 0.0004 -0.0777* £ 0.0005 0.0008 + 0.0004 0.0009 £+ 0.0005
7 -0.0801 £ 0.0006 -0.0796* + 0.0004 0.0009 £ 0.0006 0.0008 + 0.0004

CoHbMeH, KOprachlHHBIH 10 MM KOHIICH-
TPaLMSCHIHBIH 9cepl OCKIHIEp TiKesel KopceTireH
KOHIICHTpAITUS EPITIHIICIHE CaJbIHFaHBIHA HEMECE
TOMEH KOHIICHTpalMsa ajjblH-aja eHJIENTeHIHe
KapamacTtan (2 KecTe) KypFaK MacCAChIHBIH JKH-
HAIYBIHBIH TOJIBIK Texenyine okenyi. COHIBIKTaH,

10 MM KOHIIEHTpanMsChIH KOJJAaHFaH Ke3/le CY
QJIMacybIHBIH OY3BUTYBl OpBIH ajilbl, OYJ OCKiH-
JIEepaiH BUIFal MAacCachIHBIH KYPT TOMEHIEyiHe
OKeIIl.

CoHBIMEH KaTap, ecy FaHa eMec, OCIMIIKTEPIiH
namysl na Oasynansl. Erep Oakpuiaynarbl ©CKiH-
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nepae 2-3 HaKTHI KalnbIpakTany (azackiHna Ooca,
an Ty3 epiTiHAUIepIMEH OHIEITCH OCIMIIKTEP OCHI
JKanbIpakTaHyIblH 1 (a3ackiHIA KAk,

Cd " wonmapbIHbIH OHMIal ecKiHIepiHe dcepi

Apna eckiHaepiHe KaJIMANIBIH )KOFAPhI KOHIICH-
tparmsiiapbinbie (0.05 MM xone 5 MM CdCl,)
BCEpIHEH KYpPFaK MAacCaHBIH JKUHAIYBIH TOKTaTYyFa
okenmi (4-cyper).
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4-cyper — CdCl, epiTinainepinin apna ecKiHIepiHiH KypFak MaccachlHa ocepi

1, 3 memece 7 Toyinik 6otibl 0,001 MM KOHIIEHTpaIKs/Ia OCHI KOCBUIBICIICH OCKIHACP/l al/IbIH ajia OHJILY
KOPFaCBIHMEH JKYPTi3iiareH Toxipubdenepaerigeit 0,05 MM KOHIEHTpAITUAIAFH KaAMHUHIIH HHTHOUTOPITBIK
acepiH, Oipak alIbIH ajla eHJIeyCi3 YKcac HyCKaMeH CalbICThIpFania ToeMeHaeTTi (3 kecte). by xkarnaiina
OCKIHIEP/IIH KYPFaK MacCacChIHbIH 6CYl all/IbIH-ala OHIEYCI3 HycKanapra Kaparanaa xorapsl 6omasl. CdCl,
JKOFapbl KOHIIEHTPALUACHI, KOprachiH Ty3aapbl cMAKThI, 0,001 MM CdCl, enaeynen kediH oCKiHIEPIiH

KYpFaK MacCaCHIHBIH ©CYiHE BIKIIAT €T/,

3-kecre — CdCL, annpn ana enneynin CdCl,, M £ m, n = 6, * — p > 0.95KOHIEHTPAIUACBIHBIH KeHiHHEH YJIFAlObI Ke3iHae apna

OCKiH/IEpiHIH BUIFAJI )kOHE KYPFaK MacCaChIHBIH ©3repyiHe acepi

Ockinnepai anasiH

7 TOYIMIK iMiHAe KYPFaK MacCaHbIH ©3repyi, I

ajla OHJCY HEMECE

0,5 MM CdCl, ennieyneH Keilinri eckinuep

5 MM CdCl, erzneyneH keitinri eckingep

Cy/ia HKCIIO3ULIUSIHBIH

Cyna sKCo3unusaan

Y3aKTBIFBI, TOYIIK

Cyna 9KCIO3UIHsI IaH
KeHiH

0.001 MM CdCl2 aIJIBIH
aja eHJAeyNIeH KeiliH

KEHiH

0.001 MM CdCl2 AIBIH
aja OHJCY/ICH KeiliH

0 0.0201 = 0.0005 - 0.0201 +0.0005 -

1 0.0173 +0.0004 0.0260* + 0.0007 0.0006 + 0.0005 0.0010 +0.0007
3 0.0194 + 0.0004 0.0328* + 0.0005 0.0008 + 0.0004 0.0011 £+ 0.0004
7 0.0202 + 0.0006 0.0297* + 0.0004 0.0005 + 0.0003 0.0014* +0.0008

Onebu ManiMeTTepre CyhHeHcek, oCiMIOiKTepAiH
aybIp MeTalfapiblH ocepiHe TeTen Oepy KaOimeri
OJIapAbIH KOPFAHBIC PEeaKUMsIIAPBIHBIH —KEIIeHiH
OeliceHIipyMeH OailmaHpICTBI OoNafpl. ATam auT-
KaHga, ayblp MeTalAapAblH OcepiHeH Oipkarap
(bepmeHTTEpAIH OENCEHATITT ©3repeTiHi Typasbl
marimeTTepOap[8,9,10,11], MeTammoTnOHEUHACPIIH
cuHTesiH kymenTeni [12,13,14,15] xone ¢puroxena-
tuHIep [16], Kyi3enic aKybI3aapsl, COHBIMEH KaTap
epKiH aMHHKBIIKBUIIAPH! [17] koHe T.0. KuHama-
Il JlereaMeH, eciMaikTepae GU3NOIOTUSIIBIK )KOHE
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OMOXUMHUSAJIBIK MPOLECTEPiHIH ayblp MeTallapablH
OipTiHIEN KYIMIEUTUITeH J103aJlapbIHBIH OCepiHeH
e3repy CUIATHl JXOHE OCHiMIENyMiH HAaKThl MeXa-
HU3MJEpl Omi TONBIK 3epTTelMered. Ocim Kene
JKaTKaH KOHLEHTPALMSIAFbl ayblp MeTalAapIblH
ocepl ecyIiH TeKeIyiHe FaHa eMec, COHBIMEH KaTap
JKambIpaKTap/IblH Cy OTKI3TIIITITiHIH TOMEHACYyiHe
0alTaHBICTBI OCIMIIIKTEPIIH Cy AIMACYBIHBIH OY3bI-
JyblHA, COHAAH-ak OyHip TaMmbIpiap MEH TaMbIp
TYKTEepiHIH Taiina OoJyblHa Kenmepri KemdTipexi
[18,19,20].



K.K. Aiitirecos xoHe T.0.

OcimaikTepre ayslp MeTalAapAblH KOHIICHTpa-
IUSCBIHBIH JKOFAPBUIAYBIHBIH OCEpPl Typajbl Mo-
JmiMeTTep oI Je kel emec. ATam alTKaHma, Oyp-
MIaKIEeH JKYPTi3UIreH ToXipuOeme OCIMIIKTepIiH
KaJMUIIIH yBITTBI 8cepiHe Oeiimumeny KaOineTiH
monenmenai [21,22,23]. Ocwl TYpAiH TYKBIMIAPBIH
7 carar 3,8 MM CdCl, epitinuicinne ennen, 48
caraTTaH KeHiH TYKbIM OHyiH OacTaraHma CdCl2
25 MKM KoHUEHTpauusicsl 0ap opraga ecKiHAepIi
Kpicka (30 MuH) yakpITTa ecipreHae KaaMunIiH
yBITTHI Bcepi Temenneni. Connmaii-ak, 0,2 MKr/mu
KOHIICHTPAIMACHIHA OyXapHUK ©CIMIITIH KaaMuit
cynb(haThIMEH aljblH-aJla OHJEY TaMbIPIap.IbiH
OJIaH >KOFaphl KOHIICHTPAITUSHBIH KEHIHT1 dcepiHe
(1 MKr/mi) Te3IMIUTITIHIH apTyblHA OKeNeTiHi
KepceTuImi. YKcac HOTIKEIep OCIMIIKTepre Ko-
JAChI3 TeMIepaTypaHbIH JKOFapbUIaybl MEH TY3-
JaHyIBIH SKOFapBUIAYBIH 3epTTEy Ke3iHae ne Oaii-
Kannel [24,25,26].

Kemreren oKcrepuMeHTTEpAiH  HOTHXKeNepi
ayblp MeTanAapAblH (€Ki BaJICHTTI ChIHAI, KaJMHH,
KOpFaCBIH X0HE OacKanlapsl) in vivo MarHui, Map-
raHell >KOHE MBIPBII CUSKTHI OHOTCHIIIK MeTal-
JapMeH O9CeKeeCceTiHiH JKOHE OCHI MeTaJIap/ablH
OHMOJIOTHSIIBIK, O€JICeHAl MOJIEKYyJalapAaFrkl OpPbIH-
JMapplHa CHETIHIH KepceTedi. Maramii eciMiik
xynopouaepiHiH  GapibIK TYpJEPiHIH HErisri
Kypamzac 6edxiri ekeHi Oenrim. Xiaopoduit eciM-
JiKTep TIpLIUIriHAe OPTaJBIK POl aTkapaisl -(ho-
TOCUHTE3 TIPOIECi, SFHU OCIMIIKTEpIi KeMipTe-
riMEH KaMTaMachl3 €Ty TEK ojapra OalaHBICTHI.
Maprasel; IeH MBIPBIII AHTHOKCHAAHTTHI (dep-
MEHTTEpAIH OeJCeHAl OpTaJbIFbl — CYIEPOKCH]
MUCMyTa3aJapIblH HETI3Ti KOMIIOHCHTTEP1 OOJIBII
Ta0buTael. OChUIaiiia, KOpIIaraH OpTajarkl aybIp
MeTalapblH CaabICTBIPMAIIbl TYPAE KOFaphl KOH-
HEHTPAIUACHIHAA ONap OWOTCHIIK MeTalap.IbiH
OpHBIHA OMOJIOTHSIIBIK, OCJICCHII MOJIEKYIIalapabIH
KYpamblHa €HE aJabl.

AybIp MeTanaapAblH KOHIICHTPAIMIChl OHO-
TeHJIIK MUKPOAJIEMEHTTEPACH aChIll KETCE, XUMUSI-
JBIK OOCEKENECTIK HOTHXKECIHAC ayblp MeTaaaap
OMoNIOTHsNBIK, OeJIceHAl aKybI3gap MeH (epMeHT-
Tepre Kocblnaapl. COHABIKTaH 6CIMIIIK TYKBIMIAPBIH
OuvoreHai MeTaJul MOHAAPBIHBIH JKETKUTIKTI MeJ-
mepiMeH cebep anIblHaa KaHBIKTHIPY aybIp MeTa-
JIapJIbIH MHTHOUTOPIIBIK 8cepiH Oonapipmaiinkt. Eric
ANIBIHIAFBl PAUMUHI KE31HIEC, TYKBIMHBIH ©HYI
Ke3iHJIe )KoHe OCIMIIKTEePIiH O/aH dpi 6cyl MEH Ja-
Mybl KE€3iHJI¢ JKHHAKTaJFaH MHKPOIJIEMEHTTEPIiH
MOHJIapbl TaMbIpjiap MEH Xep MYIIeNepiHe Tachl-
MaiaHaapl. OCIMAIKTep YIIIH MHUKPOIJIEMEHTTEp
eTe a3 KOHICHTpalusia KaKeT OOJIFaHIIbIKTaH,

TYKBIMAAPABl OCHIHAAaW OWOTeHIl MeTanaapIblH
HMOHJApBIMEH AJJIBIH aa KaHBIKTHIPY OHTOTCHE3
Ke3iHJe OpTypJi MyIlenepAiH TiHaepiHmeri gep-
MEHTTEp MEH aKybI3JIap/ibl KAMTaMAChI3 €TE aJaJibl.
CoHbIMEH Katap, yima illHgeri MUKpO3JIEMEHTTEp
OHMOIOTHAIIBIK MOJIEKYJIalIlapFa Te3ipeK eHesl.

Ocpuraiiima, apna ©cKiHAEpiHIH KOPFachblH kKO-
HE KaJMH{ Ty3/JapbIMCH TOMEH KOHIICHTpAIIVSI-
Jla alfblH-ana eHJeNy, OJapAblH MeTalfapFa Te-
3IMIITITIHIE JKOFapbUIayblH TYIBIPaAbl >koHE O00-
JalaKTa OCbl XUMUSUIBIK, 3aTTapAblH CyOJIeTa bIbl
KOHIICHTPAIWSCHIHBIH OCepiH 3aKbIMJamail JKoHe
ecy MpoLecTepiH a3 Texeyre MYMKIHIIK Oepemi.
ConbMeH KaTap, Oenrim Oip Aopekene CTpecCTiy
KOFapbUIaybl Ke3iHIEeTi TO3IMAUTIK IeHreii ayblp
METaNJapsIH 9cep €Ty TOpTiOi MEH Y3aKTHIFbIHA
OaliaHpICTHI (METaT KOHLIEHTPAIUSACH MEH SKCIIO-
3UITUSACHI) OOTaIBI.

Ocbutaiiia, ayelp MeTajnAapAblH KOHLEHTpa-
[ASICH OMOTEHIIK MUKPOIJIEMEHTTEP/ICH aChIl KET-
ce, XUMUSUIBIK OOCEKeNecTiK HOTHXKECIHAC ayblp
MeTangap OMONOTHSUTBIK, O€JICeHMI aKybI3map MeEH
¢depmentrepre Kocbutagsl. COHABIKTaH OCIMIIK
TYKBIMZAPBIH  OMOTEH/I MeTallll HOHJApPhIHBIH
KETKUTIKTI MeJIIIepiMeH ce0ep angblH/Ia KAaHBIKTBIPY
ayplp MeTaJapAblH WHTUOMTODIBIK ©cepiH 00I-
aeipMaiiabel. Eric anneiHaarsl mpaiiMUHT Ke3iHAE,
TYKBIMHBIH ©HYl1 Ke3iHIEe MOHE OCIMIIKTepPIiH
OllaH dpl ecyi MeH JaMybl Ke3iHJe >KMHAKTAJIFaH
MHUKPOBJIEMEHTTEP/1iH HOHIAPbI TAMBIPIIAP MEH JKEep
MyIIenepiHe TackIMangaHaipl. OCIMAIKTEp YIIiH
MHUKPOBJIEMEHTTEp OT¢ a3 KOHIEHTpalusiaa KaxeT
OONFaHIBIKTAaH, TYKBIMIApPABl OCBIHAAW OuoreHmi
MeTaIap/IbIH HOHJIAPhIMEH aJIJIbIH ajla KAaHBIKTBIPY
OHTOT€HE3 Ke3iH/e 9pTYPJIi MYIIENepaiH TiHAEpiH-
neri (epMeHTTEp MEH aKybI3Iapabl KaMTaMachl3
ete anazapl. COHBIMEH KaTtap, yima iliHAeri MUKpo-
3JIEMEHTTEp OMONIOTHAIIBIK, MOJIEKyJIalapFa Te3ipek
eneni.Con cebenti keibip Oacka cTpeccTepliH
(TeMeHT1 jXOHE >KOFaphl TeMIlepatrypa, TY3IaHy),
COHAal-aK ayblp MeTalJapAblH OCepiHeH ocin
KeJle J)KaTKaH oCIMIIKTepIe KOPFAHBIC XKoHEe OehiM-
Jeny mpolecTepi OelIceHAipiin, HOTHKECIHAE Me-
TaJJIAp/bIH  JKOFaphl KOHIICHTPAIMSIChIHA TO3yTre
MYMKIHAIK OepeTiH Te3iMIuTK maiina OonaThIH-
IIBIFBIH aTarn oTyre 601amb!.

KopbIThIHABI
1. Pb(CH,COO),-nin apma OCKIH/EPIH/IE KYPFaK
MacCaHbIH KUHAKTATYbIHBIH TOMEH/ICY1 OaiiKamibl,

AFHU OCKIHJEpJe KYIUTI YBITTHI 9cep OalKaiIbl:
koHneHrparus 0,5 MM Oonranga OGuomacca 2 ece,
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1 MM — e 3,5 ece; 5 MM — ge 3,7 ece; 10 MM-
ne maMameH 10 ece TeMeH XWHAKTaIIel. Apria
OCKIH/IepiHIH OWIKTITIHIH ajacapybl HOTHXKECIHJIE
BUIFAJI )KOHE KYPFaK OMOMacCaHbIH YKHHAKTATY bIHbIH
Oastyaybl MEH JIaMyJIbIH TEXKETyiHe YITbIPATTHI.

2. OckiHIepai KOpFachlH areratbiMeH 1, 3 He-
Mece 7 ToyIik Oolibl ToMeH kKoHneHTparusaa (0,001
MM) anneiH ama eHaey | MM KOHIICHTPAIUSHBIH
KEHiHT1 Bcepi Ke3iHIe OCKIHACPAiIH BUIFAIIBI caj-
Marbl ajJIbIH ajla eHJCYCi3 HyCKajapra KaparaHia
a3 Jppexeic TOMEHCYIHE albIIl KeIi.

3. Apna eckiHIEpiHIH BUTFAI KOHE KYPFaK Mac-
caceiHbIH JkuHakTanybl  Pb(CH,COO), 10 MM kom-
LICHTPaLMSAaFbl Ocepl Ke3IHAe OlaH Jia KYpPT TOMEH-
Jeli, ecKiHaepai amabiH ana KopracklHHBIH 0,001

MM  KOHIIEHTPaLMSACHIMEH OHJETCHHEH KeHiH OChI
KOHIICHTPAIMSHBIH, 9cepl KOPFaChIHMEH TOMEH KOH-
HEHTpaLMAAa IbIH aa eHIeyIiH y3akTbirbHa (1, 3
HeMece 7 ToyJIiK) KapaMacTaH oCKIHIEPIiH bUFal KoHe
KYPFaK MacCaChIHBIH JKUHAKTATYbIH OacyFa OKeIi.

4. CdCl, apnaHbIH OCKIHIEPIHE JKOFAphl KOH-
LHEHTPaLUsIAaFbl 9cepi KYPFAK MacCaHbIH >KUHATY-
BIH TOKTaTyFa OKeJ/i.

5. TeMeH KOHLEHTpaUUsAAAaFsl KOPFACHIH JKOHE
KaJMHH TY37apbIMEH apria eCKiHJEepiH aJIbIH-alia
OHJICY OJIApJABIH METajap SCepiHe TO3IMIUIITIH
KOFapbUIATaJIbl JKOHE OCHl 3aTTapjblH IKOFapHI
KOHIIEHTPALMACHIHBIH OcepiHeH OyiHOei skoHe ocy
MIPOIIECTEPiH a3 TEXKEH OTHIPHIT Opi Kapal ecyiHe
MYMKIHTIK Oepeni.
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KOPPEASILMS TEHOTUMNA U ®EHOTUIA MNMPU PAKE MOAOYHOM
XEAE3bl Y MOAOADBIX XKEHLUMNH-KA3ALLUEK

Pak MOAOYHOW XeAe3bl 3aHUMAeT AMAMPYIOLLME MO3MUMK MO 3a60AEBAEMOCTU U CMEPTHOCTU OT
paka cpeAM XKEHWMH Kak B Mupe, Tak 1 B KasaxcraHe. B HacTosiee Bpems Aas 6oaee TOUHOM AMarHo-
CTUKM M yCMELHON Tepanum 3a60AeBaH1S! LIMPOKO UCMOAb3YIOTCS COBPEMEHHbIE METOAbBI FEHOTUMMPO-
BaHus. B AaHHOM paboTe npoBeAeH aHaAM3 BKAAAQ reHeTUYeckmx BapuaHToB reHa BRCA2 B naToreHes
M KAMHWYECKYIO reTeporeHHOCTb paka MOAOYHOM »KeAe3bl B MOMYASLMM MOAOABIX STHUYECKMX Kasallek
A0 40 aeT. Bcero 6bin0 06cAeaoBaHo 200 naupmeHTok. C MCNoAb30BaHMEM CEKBEHMPOBAHWS HOBOIO MO~
koaeHnst (NGS) m nocaeaytoliero 61MomMHMOPMaLMOHHOIO aHaAM3a 0OHapy>KeHbl peAKMe MaToreHHble
BapuaHTbl y naumeHTok ¢ PM>K. Bce naToreHHble BapnaHTbl BCTPETUAUCH B FreTEPO3UrOTHOM COCTOSI-
HMK. Bcero BbisiBA€HO 12 naTtoreHHbIX BapuaHToB B rere BRCA2 y 22 naumeHToK, cpeam KOTopbIX GbiAn
HOHCEHC-MYTaLMK, UHCEPLIMU, AEAELIMS, NMPUBOASLLAS K CABUTY PaMKM CUMTbIBAHUS, AEAELMN BHYTPU
paMKKM CUMTbIBAHMS. AHAAM3 acCOLMALMM MEXAY MYTALMOHHbBIM CTAaTyCOM U KAMHUYECKUMU O0COOEH-
HOCTSIMM 3a060AEBaHMS MOKa3aA, YTO CYLLECTBYET CBSI3b MEXAY MPOSIBAEHUEM PSAd KAMHUKO-MOPCO-
AOTMYECKMX MPM3HAKOB M HAAMYMEM MaTOreHHbIX MyTaumii B reHe BRCA2 y naumeHTok. AaAbHernume
nccaeA0BaHMs B 06AacTv reHeTkn PMXK 6yayT cnoco6CTBOBaTb MOAYUEHMIO BOAEE TOUHOM KapTHHbI
B3aMMOAEMCTBMS reHoTuna 1 peHoTunna npu AaHHOM 3aboAaeBaHUM.

KAtloueBble croBa: pak MOAOYHOM XeAe3bl, CEKBEHUPOBaHWE HOBOIO NMOKOAEHMS, NMaTOreHHble My-
Tauum, BRCA2.

G.S. Zhunussova'", N.A. Omarbayeva?, S.E. Abdikerim’, K. Yergali', A.S. Zhunussova’,
N.V. Mit', D.R. Kaidarova?, L.B. Djansugurova'
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“e-mail: gulnur_j@mail.ru

Genotype and phenotype correlation of breast cancer in young kazakh women

Breast cancer occupies a leading position in incidence and mortality from cancer among women
worldwide and in Kazakhstan. Currently, modern genotyping methods are widely used for more accurate
diagnosis and successful treatment of the disease. In this study, we analyzed the contribution of genetic
variants of the BRCA2 gene to the pathogenesis and clinical heterogeneity of breast cancer among young
ethnic Kazakh women under 40 years of age. 200 patients were examined. Using next-generation se-
quencing (NGS) and subsequent bioinformatic analysis, rare pathogenic variants were found in patients
with breast cancer. All pathogenic variants met in the heterozygous state. 12 pathogenic variants in the
BRCAZ2 gene were identified in 22 patients, among which were nonsense, frameshift indels, and inframe
deletions. An analysis of the association between the mutational status and the disease’s clinical features
showed a relationship between the manifestation of a number of clinical and morphological features
and the presence of pathogenic mutations in the BRCA2 gene in patients. Further research in the field of
breast cancer genetics will contribute to obtaining a more accurate picture of the interaction of genotype
and phenotype in this disease.

Key words: breast cancer, next-generation sequencing, pathogenic mutations, BRCA2.
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I.C. XXynicoea', H.A. Omap6aesa?, C.E. ©6aikepim’, K. Epraan’,
A.C. Xynicosa', H.B. Mutb', A.P. Kariaaposa?, A.b. XXaHcyriposa'
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XKac ka3ak aldiergepiHgezi cyT 6e3i KaTepai iciziHiH 2eHOTUN neH cheHOTUN KOppeAAYUSIChI

CyT 6esiHiH KaTepai iciri enemae ae, KasakcrtaHaa Aa oMeaaep apacbiHAQ KaTepai icikke
LIAAABIFY MEH OAIM-XKiTiM OOMbIHLLA >KeTeKli opblHFa ue. Kasipri yakbiTTa aypyAbl ASAIpEK AMarHo-
CTMKaAay XX8He COTTi eMAEY YLIIH OCbl 3aMaHfFbl FTEHOTUMNTEY SAICTEPI KEHIHEH KOAAaHbIAAAbl. bya
>kymMbicTa BRCA2 reHiHiH reHeTMKaAbIK HYCKaAapbiHbiH 40 Kacka AEMiHri >Kac 3THMKaAbIK Ka3akTap
NONYASIUMSICBIHAGFBI CYT 0€3i KaTepAi iCiriHiH naToreHesi MeH KAMHMKAABIK FeTepOreHAIAIriHe KockaH
yAeciHe Taapay >KYprisiaai. bapabiFbl 200 Haykac Tekcepinai. XKaHa OybiHFbl cekBeHupaey (NGS)
>KoHe KemiHri GMoMHMOPMaTUKAAbIK TaAAdyAbl naraasaHa oTbipbin, CBl waaablkkaH HaykacTtapaa
CUpPEeK Ke3AeCEeTIH MaToreHAiK Hyckaaap TaOblAAbl. BapAblK maToreHAiK HyckaAap reteposuroTaAbl
Kynae kespecTi. bapabiFbl 22 HaykacTbiH BRCA2 reHiHae 12 nmaToreHAIK HYCKa aHbIKTaAAbl, OAAPAbIH
apacblHAQ HOHCEHC-MyTaumsi, MHCEPLMS, OKbIAY LIeHOEPiHiH, ©3repyiHe aAbill KEAETiH AeAeums,
OKbIAY LIEHOEPIHIH, iWiHAEr AeAeumst anKbIHAAAAbL.  MyTauMSAbIK Ky MEH aypyAblH KAMHMKAAbIK,
epeKLIeAiKTepi apacbIHAAFbI GaMAaHbICTbI TaAAAY OipKaTap KAMHMKAAbIK-MOPMOAOTMSIAbIK BGEAriAepAiH
KepiHici meH Haykactapaa BRCA2 reHiHae matoreHAik mMyTaumsaapAbiH, 6OAYbl apacbiHAaa 6aiAaHbIC
6ap ekeHiH kepceTTi. PMXK reHeTmkachl caracbiHAAFbl OAQH 9Pi 3ePTTEYAEP OCbl aypyAa FreHOTUN neH

beHOTUNTIH ©3apa BpeKETTECYiHIH ADAIPEK KOPIHICIH aAyFa bIKNaA eTeAi.
TydiH ce3gep: cyT 6e3iHiH KaTepAi iciri, >kxaHa GyblHFbl CEKBEHUPAEY, MaTOreHAIK MyTauumsiAap,

BRCA2.

BBenenune

Pak momounoii skene3sl (PMIK) 3annmaer nepsoe
MECTO B CIHCKE HanOoJiee 4acTO BCTPEYAIOLIMXCS
BUJIOB paka Y >KEHIIMH BO BCEM MHPE U SIBIISETCS Be-
Qylled IpUYUHOM CMEPTHOCTH OT 3110KaYE€CTBEHHBIX
HOBOOOpa3zoBaHWH cpeu xeHnwH B Kazaxcrane [1].
CoracHO MoOKa3aTesisiM OHKOJIOTHYECKOW CITy>KOBI
Pecny6mukm, Kazaxcran 3a 2020 rox PMX 3anuma-
€T TIepBOE MECTO B CTPYKTYpe 3a001€BaEMOCTH 3J10-
Ka4eCTBEHHBIMH HOBOOOPA30BaHUSIMU WM HACUUTHI-
BaeT 14.5% cpean OonbHBIX 000MX MOJIOB. B o0mieit
CTPYKTypE PUYHUH CMEPTH OT OHKO3a00JIeBaHHHN JUIst
oboux nosnoB PMXK 3aHnMaer TpeTbe MecTo, cienys
3a PaKoOM JIETKOTO M PAKOM JKEITyIKa, 1 HACUUTHIBAET
7.8% ciygaeB. OnHako cpenu xeHmuH PMOK sBiis-
€TCs TJIABEHCTBYIONIEH MPUYUHOW CMEPTH OT OHKO-
3aboJsieBanuii, coctaBiss 16.9% cinyqaes [2].

3a00i1eBa€MOCTh 3TUM BHJIOM paKa OCTaeTcs
Ha BBICOKOM YpOBHE, HECMOTpS Ha JeHCTBYIOIIHE
roCyIapCTBEHHBIE CKpUHUHTOBBIE TIporpamMmbl. Oc-
HOBHBIE TIEPCIICKTUBEI B CHIDKCHHUH TAKUX BBICOKHX
roKa3zaTeseii 3a00J1eBaeéMOCTH i CMEPTHOCTH CBSI3a-
HBI C CO3/JaHMEM U COBEPIICHCTBOBAHHEM METOOB
JTUArHOCTUKH, OOJIAfafoIuX HayYHO-0OOCHOBaH-
HOU 3P PEKTHBHOCTHIO. B 3T0i1 CBsI3M 0COOYIO BakK-
HOCTHh TPHOOPETAOT MPOrpaMMbl CKPHHHHTA IS
JKEHIITNH, BXOJISIIUX B TPYIIIBI PUCKA ¥ UMEIOIIHNX
TeHETUYECKYIO MPEIPACIIONOKEHHOCTh K Pa3BUTHIO
PMK.
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OmauM n3 Hanbosee dPGHEKTHBHBIX TOIX00B
JUIL CBOCBPEMEHHOT'O BBISBICHUS 3a00JCBaHUS Y
KEHIIUH W3 TPYNI PHUCKA SBIAETCS BHEIPEHUE B
KIMHAYECKYI0 NpakTUKy meroga NGS — cexBeHH-
poBaHUs HOBOTO MOKojIeHU [3, 4]. biaromaps npu-
MeHeHnI0 NGS-cekBeHUPOBaHUs ObUT BBISIBIICH PSiJI
MOTMMOP(GU3MOB M MyTAIlHid, aCCOIMUPOBAHHBIX C
pazsutuem PMIK [5-12]. K coxanenuto, B HacTo-
SIee BpeMsi UMeeTCs Majlo JaHHBIX O CIEKTPEe Ta-
KHX TCHETUYCCKUX BApPUAHTOB B Ka3aXCKOH MOMyIIsi-
nuu [13-14]. B To ke BpeMs 3TH JaHHBIC WTPAIOT
B2YKHYIO POJIb JIJISi CBOEBPEMEHHOM JMATHOCTUKU H
YCIENTHON Tepanuu 3aboneBanus [15-16].

B cBf3M ¢ 5THM LENbl0 HACTOAMIEH PabOTHI
OBLIO YCTaHOBHUTH POJIb MATOT€HHBIX T€HETUIECKIX
BapuaHToB reHa BRCA2 B passutue PMX u BbI-
SIBUTH KOPPEJIIHIO C KIMHUKO-(PEHOTHITHYECKUMHU
XapaKTEePUCTUKAMU Y MOJOJbIX (1m0 40 JieT) keH-
IIFH Ka3aXCKOH MOMYJISAINH Ha OCHOBE TEXHOJIOTHH
NGS-cexBeHUpOoBaHusl.

MarepuaJbl 4 METOABI HCCIEIOBAHUS

Coop Knunuueckozo mamepuana

Coop KIMHUYECKOTO MaTepraja U aHKeTHPOBa-
HUE MPOBOJMIUCH UCKIIFOUUTEIHLHO Ha JIOOPOBOIb-
HOH ocHOBe ¢ odopmileHHeM HH(OPMHPOBAHHOTO
cornacus. Jlns mpoBeneHUs HCCIENOBAaHUA OBLIO
MTOJIYICHO 3aKIIoUeHUE dTHYeckor kommccnu AO
«KasHMUHOwuP» (mpotokon Ne0O4 ot 23.09.2020).
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OOBeKTaMu HCcClIeOBaHUN OBLIM HEPOACTBEH-
HBIE MEXIy COOOW MAaIMeHTHl C paHHUM HavajJoM
pa3BUTHUS paka MOJOYHOU kene3bl (200 xKeHIIHUH-
kazariek 1o 40 ier). Kinuandeckuit MaTepual mpe-
cTaBis1 co0oi 00pasubl nepudepruueckoil KpoBu
0oapHBIX pakoM MonouHO# xenes3bl (PMIK). Be-
pUdUKaIUsS KIHHHYECKOTO JUAarH03a TUCTOIOTHYe-
CKUMH H J1a00paTOpHO-UHCTPYMEHTAILHBIMU |
TOaMHU YCTaHABIWBAINCH KBaTHU(PHUIIMPOBAHHEI
Bpauamu-onkonoraMmu AO «KasHUMOuP». Kp
13 JIOKTEBOW BEHBI 1715l 00CIIEIOBAHUS B KOJIHYEC
5 M Opia cobpaHa B yCIOBHSAX CTaIllMOHApPaB
KYyMHBIE TIPOOUPKHU ¢ aHTHKOAryJstHToM DJ[T/
3aMoporkeHa npu -20°C g ganpHeiero Mmojue
JISIPHO-TEHETHUYECKOTO UCCIIEIOBAHNUS.

Buwioenenue /THK

JHK BEIIETISTH € HCTIONB30BAaHUEM Ha0O0pa p
rertoB ReliaPrep™ Blood gDNA Miniprep Syst
(mpomsBonctBo Promega, CIIIA) B cooTBeTCTBH
MPOTOKOJIOM, TPEAOCTABICHHBIM (UPMON-TIPO
BOJHUTEIIEM HAbOpa ¢ ITOMOIIBIO CIIEKTPOHOTOME
(NanoDropOne, Thermo Scientific™) u ¢myopu
tpa Qubit (Invitrogen). McnonszoBamu JJHK ¢
s¢ppuumentom ynctotsl K=1,7-1,8.

Iloozomosxa /THK-6uba1uomek u npogeoer
6bICOKONPOU3600UMEILHO20 CeK6eHUPOBak
(NGS) na nnameopme Illumina

JAHK-01uOMMoTekn TOTOBWIIM TIO PEKOMEH,
BaHHOMY mnpotokony TruSight Rapid Capture
(Illumina). /lamee TpoBOAMIN HX KadyeCTBEHH
OLICHKY ¥ KOJIMYECTBEHHYIO OLEHKY C HCIIOIb30
Huem HabopoB Agilent High Sensivity DNA Kit
Onoananuzarope.

TapretHoe cekBeHHpoBaHHE Oonee yem 1
9K30HOB U MPHUJIETAIOMINX K HUM HHTPOHOB (50 1
94 renoB (255 kb reroma denoBeka), BOBJICUECHH
B KaHIEpOreHe3, ObUIO BBINOJIHEHO Ha IAT(Of
MiSeq ¢ ucnom3oBannem nanenu TruSightCanc
Taprernas maHenb reHoB Bkmwouana: AIP, Ai
APC, ATM, BAP1, BLM, BMPRIA, BRCAI, BRC.
BRIPI, BUBIB, CDC73, CDKNIC, CDKN.
CEBPA, CEP57, CHEK?2, CYLD, DDB2, DICE.
DIS3L2, EGFR, EPCAM, ERCC2, CDHI, CD.
ERCC3, ERCC4, ERCCS, EXTI, EXT2, EZ
FANCA, FANCB, FANCC, FANCDZ2, FAN(
FANCF, FANCG, FANCI, FANCL, FANCM, }
FLCN, GATA2, GPC3, HNFI1A, HRAS, KIT, M.
MENI, MET, MLHI, MSH2, MSH6, MUT.
NBN, NF1, NF2, NSD1, PALB2, PHOX2B, PM
PMS2, PRF1, PRKARIA, PTCHI, PTEN, RADS
RADS51D, RBI, RECQL4, RET, RHBDF2, RUN.

SBDS, SDHAF2, SDHB, SDHC, SDHD, SLX4,
SMAD4, SMARCBI, STK11, SUFU, TMEMI27,
TP53, TSC1, TSC2, VHL, WRN, WTI1, XPA, XPC.

bubmuorexkn JIHK ¢ momsprocThio 4MM mo-
BEprajiuch KJIACTEPHOH TeHepaluyd B MPOTOYHBIC
sraeiikn. beumn mpoeaens! 600 UKIIOB CEKBEHUPO-
BaHUsS B COOTBETCTBUH C MAPHBIMH KOHIIAMHU (par-
MEHTOB B Pa3HBIX HAIPABJICHUSAX C UCIOIB30BAHU-
eM MiSeq kaptpumka (MiSeqReagent Kit v3.) Ha
miatdopme MiSeq (Illumina) [17].

Ananu3z oannvix NGS-cexeenuposanus u ouo-
uHpopmayuonnas oopadomka

Jamasie NGS ObLTH TPOaHATH3HPOBAHBI C TIOMO-
pl0 mporpamMmHoro obecneuenus MiSeqReporter
v.2.4. I'eHeTndeckue BapWaHTHl AaHHOTHPOBAHBI B
COOTBETCTBHH C IIPUHATON HOMEHKIaTypol Human
GenomeVariation Society [18] Ha ocHOBE peKOMEH-
JAIii MEXKIYHAPOJHON OpraHu3aluu MO H3yye-
Huto renoma genoBeka HGNC [19]. s naTepmpe-
TaIU¥ HUCIIOJIb30BAJIUCH TEHOMHBIE 0a3bl JaHHBIX:
Single Nucleotide Polymorphism Database dbSNP
[20], ClinVar database [21], LOVD — Leiden Open
Variation Database, oTkpeiTas 0a3a JaHHBIX Ba-
puanuii Jlsiinena [22] u karajmor COMaTHYECKUX
MyTarui, BcTpedaronuxcs mpu pake (Catalogue
of Somatic Mutations in Cancer, COSMIC) [23].
st Busyanm3anuu BapuaHTOB mpuMeHeHo 110
Integrative Genomics Viewer. [y oueHKH I10-
MyJIAAOHHON YacTOTHl TEHETHYECKHX BapHUaHTOB
Ucrnoiib30BaMCh 0a3bl naHHble «1000 TeHOMOBY
(1000 Genomes project) [24], TPOEKT CEKBEHUPOBA-
Hus 3k3oma (Exome Sequencing Project database,
ESP6500) [25] u KoHcopunyM 110 arperartui 9K30-
Mma (Exome Aggregation Consortium — EXAC) [26].
In Silico GuonHpOpMaTMOHHEIE HHCTPYMEHTBI, Ta-
kue kak SIFT (Sorting Intolerant From Tolerant) u
PolyPhen-2 (Polymorphism Phenotyping-2) 6putn
WCIIONIL30BAHbI JUUIS MIPEJICKAa3aHUs TOTCHIIHATBHBIX
MMaTOTeHHBIX A3((EKTOB MHCCEHC-BapHAHTOB Ha
CTPYKTYpy W QyHKIHIO Oenka [27].

Pe3ynbraTel cCEeKBEHUPOBAHMS, IPEICTABICHHBIC
BBIPOBHEHHBIMU TIOCJICJIOBATEIBHOCTSIME B BUJIC
VCF-¢aiinoB, aHaIM3UPOBAINCHE C HCIOIL30Ba-
HUEM MporpaMMHOro obecneuenus Variant Studio
Data Analysis v.2.2. (Illumina). B xagectBe momy-
CTUMOT'O ITOPOTOBOTO 3HAYCHHS Ka4eCTBAa CCKBEHU-
poBanus (Q-score) ObUT BEIOpaH mokaszareins 30, 9To
COOTBETCTBYET YPOBHIO 4acTOThl ommnOok 1:1000.
Juia mckimroueHnsT HyKJI€OTHIHBIX BapHAHTOB HH3-
KOT'0 Ka4eCcTBa ObLIM YCTAHOBJICHKI CJICIYIOIINE T1a-
paMeTpsl GUIBTPAINA: TIIyOHMHA CIUTRIBAHMS >50%,
nIyOWHA aNbTEPHATUBHOTO CUYUTHIBaHUS >20X H
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rokasatesb kauectsa >100. Bapuantsl, ynosner
PpAIOLINE KPUTEPHAM yKa3aHHBIX TapaMeTpoB pu
Tpauuy, ObUTH BKJIIOYECHBI B UCCIICIOBAHUE.

Bce srtansl GmomHGOpPMAIIOHHOTO aHaIF
MPOLIECCUHTa W BBIYHCIUTEIBHBIE PAcUeThl 1
MOJIHSUIUCh C HUCIIOJIb30BaHHEM paboyell CTaHI
HPZ440 (Intel (R) Xeon (R) CPU E5-1603 v:
2.80GHz 2.80Gb, 64Gb RAM) Ha 6aze «lHCTHT
reretuku U ¢usuonorum» KH MHBO PK.

Memoovt cmamucmuueckoil 06padomku
3yaemamos

J1g mpoBeieHNs CTaTUCTUYECKOTO aHalIu3a UC-
10JIb30BAJIM KPUTEPHM CYyMMBI PAHIOB Y MIIKOKCO Ha
(Wilcoxonrank-sumtest) 1 kputepuil Xu-KBajapara
(chi-square test). C ucCmosb30BaHHEM STHX TECTOB
ObUIM TIPOAHAM3UPOBAHBl JleMorpaguyeckue |
KIIMHUKO-TIATOJIOTHYECKHE XapaKTepucTuku. Onu-
caTelbHbIe CTaTUCTUYECKUE NaHHbIe OBUTM CyMMHU-
POBaHBI YaCTOTHBIMH paclpeeiICHUIMHA I KaTe-
TOpHANIbHBIX IEPEMEHHBIX JUIsl HENPEPBIBHBIX Mepe-
MEHHBIX. TeCT CyMMBI paHra Y UJIKOKCO Ha UCIOJIb-

ucTonoruyeckuit Tun onyxonu

Bospact

= 1IHBa3MBHas NPOTOKOBAR KAPUMHOMA
WHsaausHas nobynspHas kapuuHoma

=230 240

Meracrasbl B

numMdatuyeckue yanbi 1"/3%

64%

S Her = BeicokonudbepenHLypoBanHas

CreneHb andpepeHUUPOBKM OnyXonu

YMepeHHo audpepeHupoBaHas
.

30BaJICSl Ul CPaBHEHUS HENPEPBIBHBIX IMEPEMEH-
HBIX, 8 KPUTEPUH XU-KBAIpaT-JJisl CPAaBHEHUS KaTe-
TOpUANBHBIX MEPEeMEHHbIX. Pe3ynbraTel cunTanuch
CTaTHCTUYECKH 3HAYMMBIMU NTpH 3HaueHNH p <0,05.
Bce cratucTiueckue TecThl OBUTM IBYCTOPOHHUMU
MpHu ypoBHE 3HAYUMOCTH 5%. JlaHHBIE OBLIH TIPO-
AQHAJTM3UPOBAHBl M OCYIIECTBJIECHBI C HCIIOIb30Ba-
HHUEM TporpammHoro obecrieuennst R Bepcuu 3.6.0
(W.N. Venables, D.M. Smith u R Core Team).

Pe3yabTaTthl u 00cy:K1eHue

Knunuko-mopgponozuueckan xapaxmepucmu-
Ka paxa Mono4Hou jcenesvl y HCeHWUH MO0100020
6o3pacma

B xonme mccrmenoBanusi ObUT coOpaH KIMHHYE-
CKUIl MaTepuanl W NOApOOHBIC aHKETHHIE NaHHBIC,
a TaKKe U3y4YeH CEMEHHBbIM aHaMHE3 MallMeHTOK C
panHuM pa3Butuem PMIK.

PesynpraTel ananmm3a KIMHUKO-MOp(oiornde-
CKHX XapaKTepUCTUK nanueHTok ¢ PMJK npencras-
JIeHBI Ha pUCYHKE 1.

MonekynsipHbIA NoATUR

v

= Luminal A
= Her2 positive

Luminal B Her2+
= Triple negative

Luminal B Her2-

CemeitHan uctopua paka

= Hanuuue Apyrix OHKONOTMYECKIX 3a60NIEBaHNA Y POACTBEHHUKOB
Hanuuue paka MONoYHOI Xenesbl y POaCTBEHHUKOB

OTcyTcTBME CEMERHO UCTOPMN paka

Pucynok 1 — Kitmauko-mMop¢onornieckne 0CoOOCHHOCTH HCCIEIOBAHHON TPYIIIIEL.

Cpennuii Bo3pacT Ha MOMEHT ITIOCTAHOBKH JHa-
rHo3a coctaBui 34,6 +£4.4. Camoii MOJIOION TaIu-
€HTKE Ha MOMEHT IIOCTAaHOBKM nuarHosa osuro 20
net. Y 37 namuentoB (18,4%) PMXX Ovln nuarso-
ctupoBaH B Bo3pacte 10 30 ner. Y 26 (13,0%) ma-
IIUEHTOK OTMEUEH OTATOIICHHBINA CEMEHHBIA aHAJIN3
mo PMXK, y 12 (6,0%) — mo apyruM OHKOIATOJIO-
rusM. [lo rucronornyeckoMy NpU3HAKY OIMYyXOJe
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MpeobIagaonmuM  THIIOM SIBJSUTaCh WHBA3HWBHAs
nporokoBas kapuuHoma. Ilo cremenu muddepen-
HUPOBKH OIMYXOJH Mpeo0Iafaiyd yMepeHHast ¥ HU3-
Kasi creneHb Au(¢epeHurpoBKU. Y OOJIbIIMHCTBA
MAI[eHTOB Ha MOMEHT IIOCTAHOBKH JHAarHo3a BbI-
sBineHa Il cragus paka. AHanu3 MOJEKYISIPHOTO
MOJITUIIA OITYXOJIEH TIO3BOJIHJI BBISIBUTH CIIEAYIOIINE
CyOTHUIIBI: TPOIHON HETaTUBHBIN, IFOMUHAIBHEIN B,
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moMuHanbHEIA A, Her2 monosxurensHeiii Tum. IIpe-
00aaroMMH OBUTH TPOWHOW HETAaTHBHBIA U JTIO-
MUHaJbHBIH B cyOtunsl. Takxke Obuto mpoaHaiu-
3UPOBAHO HAJMYHE METACTA30B Y MAMECHTOK: ¥ 36
narueHTok (18,0%) BBIIBUIOCH METAaCTaTHUYECKOE
MOPaKEHHsT PETMOHAPHBIX JTMM(ATHUECKUX Y3JI0B,
y 15 (6,7%) nauueHTOK MeTacTaTHYecKoe mopaxKe-
HHUE TMEYCHH, METACTATUIECKOE MOPAKEHHUE JIETKIX
oOHapyxeHo y 22 (9,82%) nauneHToK, KOCTHBIE M0-
paxenus —y 23 (10,27%) nauuenToxk, y 15 manuen-
TOK (6,70) 0OHApYKEHBI METACTa3bl B IICHTPAIHHYIO
HEPBHYIO CHCTeMy. Y HEKOTOPBIX MAIUCHTOK MpPH
NEPBUYHOM OOpALICHUH METEeCTa3bl He OOHAPYKH-
BaJINCh, OIHAKO B T€UYEHHE MOIYroaa HalOIr0aanoch
OBICTpOE MPOTrPECCUPOBAHNE U TTOSIBICHHE METACTA-
30B. OTH MalUCHTKN CUUTAIUCH KaK UMEIOIIUE Me-
TacTasbl.

T'enemuueckana xapaxmepucmuxa mymayuil
6 cene BRCA2 y scenwyun mo100020 8o3pacma c
PAKOM MONIOUHOIL dicenie3bl

Ilo pesynpraram OmOMH(OPMATHIECKOTO aHa-
nu3a nanubix NGS y 200 manueHTok cpeaHee mo-
KphITHE cocTaBmwiio 217,8X 1 OIS MEeNEBBIX PETHO-
HOB ¢ ITyOWHOH MOKpBITHS He MeHee 20 puaoB co-
craBuna 96,7%, 4To oOecrneunIo BELICOKOE KaueCTBO
MIPOYTCHUSL.

bro BEIIBIEHO 35 MATOTEHHBIX BAapHAHTOB y
53 mamuMeHToK, YTo cocTaBisieT 26,5% ot Bcell Ko-
roptel. llaToreHHbIC 3HAYEHWE BBIABICHHBIX MY-
Tanuii moATBepAWSUCH Oazamu gaHHbIX ClinVar
(NCBI), BIC u LOVD. Cpeny BBISIBIEHHBIX 1aTO-
reHHbIX BapuanToB 4 (11,5%) peructpupyrorcs Kak
HOBBIC MYTAaIlMHM, HE 3apPETHCTPUPOBAHHBIE B M3-
BECTHBIX 0a3ax JIaHHBIX. Bce BBISBICHHBIC TATOTCH-
HbIC MyTaIi¥ OBLIH B TETEPO3UTOTHOM COCTOSHUMU.
Bce narorennsie BapraHThl ObUTH penkuMu. st 29
BAapUAHTOB JaHHBIC 00 WX TIOMYJISIIIMOHHON 9acTo-

Te HeM3BeCTHHI B 0a3ax gaHubix 1000G, ESP6500 u
ExAC. BonpmUHCTBO MATOTCHHBIX MYTalUHA OBLTH
Haiinensl B reHax BRCAI/BRCA?2.

Jlanee HaMu TPOBEICHO NETATFHOE H3y4YCHHE
BBISIBJIEHHBIX BapuaHTOB reHa BRCA2, MOCKOIbKY
3HAYUTENFHOE KOJHMYECTBO BCEX H3BECTHBIX CITy-
yaeB PMXK cBsi3aHO ¢ MyTauusiMd UMEHHO B 3TOM
refe. JTOT TE€H SBISETCS OIYXOJEBBIM CYIIPECcCo-
POM W WrpaeT BaXXHYIO POJIb B penapaiuu JABYHH-
teBbIX paspeiBoB [IHK. Iloteps dbyHKIIMOHAIBHON
aKTHUBHOCTH STOT0 T€HAa B pe3yJibTaTe MyTalluu
MIPUBOANT K HAPYIICHUIO PETYJSIHHA KICTOYHOTO
LUK, TPoIeccoB UG HepeHINPOBKU U aroNTo3a.
OT0 cmocoOCTBYET BOZHUKHOBEHHIO XPOMOCOMHOMN
HECTaOMIBHOCTH, CIIEACTBHEM KOTOPOU M SBISACTCS
pax.

B pesynbrarte ObUIO BBISBICHO U OT(QUIBTPOBa-
HO 1259 BapuanToB B reHe BRCA2, n3 KOTOpBIX 442
OIICHCHBI KaK MHCCEHC BapUaHTHI (CMBICIOBBIC),
795 — KaKk CHHOHUMHUYECKHE 3aMEeHbI HyKJIEOTH/IOB,
13 BapuaHTOB, MPHUBOJAIINX K CIBUTY PAMKH CUH-
THIBaHUA (JeIEeUH/UHCEePINH), 6 HOHCEHC-BapHaH-
TOB (BapWaHTHI CTOI KOJIOHA), 3 NENENUU BHYTPH
pamku cuuthiBanus (inframe deletion). He 6puto
0o0HaApyXKEHO BApPUAHTOB B CAliTe CIUIaCUHTa, BapH-
aHTOB, HAPYIIAIONINX CTapT KOMOHHI (start lost), u
VHTPOHHBIX BAPUAHTOB.

XapakTepucTUKa HUIACHTH(DUITUPOBAHHBIX Ta-
TOTCHHBIX BapHaHTOB mpuBencHa B Tabmume 1.
Bce marorennple BapraHTBHl HAXOIUIIUCh B KO-
pyromux ydactkax rena BRCA2 u BCTPETUIIUCH B
TETEePO3UTOTHOM COCTOSTHMH, a TaK)Ke paHee peru-
CTPUPOBAIKCH B 3apyOC)KHBIX HCCIEIOBAHUAX U
6azax mannpix ClinVar, LOVD. B nenom B 0a3ze
nmaHHeix dbSNP Obutn mHAekcupoBansl 99,89%
BapuanToB, B kataimore COSMIC (Catalogue of
somatic mutations in cancer) ObLTU 3apErHUCTPUPO-
BaHbI — 66,67%.

Ta6auna 1 — XapakTepucTruka peIKUX MaTOreHHbIX BapHaHTOB B reHe BRCA2, 00HapyEHHBIX y MAMEHTOB ¢ PAKOM MOJIOYHON

JKEIIE3BI

No | Xapaxrepuctuka T'enomHas mo- AMHHOKHCITOTHAS Yacrora 1o 6a3am maHHbIX | Kimauueckoe Yucio
BapHUaHTa SUIUS TTO3HIIHS 1000G | Esp6500 | EXAC | 3Ha4eHHE 10 OOJIBHBIX,
0a3am JIaHHBIX yelr.

1 | deneuus co 2.30338TC p-Q2157fs*18 0 0 0 MaToreHHast My- 1
CIBUTOM PaMKH Tamus
CUUTHIBAHMS

2 | Houcenc myra- 2.52897G>A p-W2725X 0 0 0 naToreHHast My- 1
LIHSt Tanus

3 | Henenus co 2.26684 p-A938fsX21 0 0,03 0 MaTOTeHHAs My- 2
CJIBUTOM PaMKH 26687del TaLus
CUUTBIBAHMS
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Ipooonscenue mabauywvl

4 | denenus co 2.69663del p-T3085fsX19 0 0 0 MaToreHHast 3
C/IBUTOM PaMKH MyTaIus
CUUTBHIBAHUS

5 | Hememwms co 2.46076CT p-L2523sX15 0 0 0 MaToreHHast 2
C/IBUTOM PaMKH MyTalus
CUMTBIBAHUS

6 | denenus co 2.26318del p-M815£sX10 0 0 0 HaTOreHHast 1
C/IBUTOM PaMKH MyTaIus
CUUTBIBAHUS

7 | Honcenc 2.29934G>T p-E2020* 0 0 0 raToreHHast 1
MyTanus MyTaIust

8 | Hememms co ¢. 9409dup p-T3137fsX13 0 0 0 ClinVar-H/I, 3
C/IBUTOM PaMKH LOVD-BH3
CUUTBIBAHUA

9 | Henenus co g.30521 p.T2214 0 0 0 aToreHHas 1
C/IBUTOM PaMKH 30524del Tyr2215insX MyTaIus
CUUTBIBAHUS

10 |Honcenc 2.84239G>T p-E3096* 0 0 0 raToreHHast 1
MyTanus MyTalust

11 |Honcenc 2.88010A>T p.K3326* 0,44 0,65 0,7 LOVD, 3
MyTarus ClinVar- B/l,

BH3

12 | Jenenus 2.176470del p.N1382del 0 0,07 0,01 ClinVar- BH3 3
BHYTpU
paMKn
CUUTBIBAHUS

Ipumeuanne: HJ{ — vet nanueix (He onucan); BH3-BapuanT HesicHoOro (HeonpeaeneHHoro) 3HadeHust; B/l = Bo3MoxHO 100po-
KaueCTBEHHAs

Bcero 6b1u10 BEISBICHO 12 TTaTOTeHHBIX BapHaH-
ToB (Tabnuma 1) y 22 manueHToK, 6 U3 BBISIBICHHBIX
TeHETUYECKNX BAPHAHTOB SIBIBUTUCH TTOBTOPSIOIIH-
Mucs (pekyppeHTHbIMH). CHEKTp BBISBICHHBIX Ma-
TOTCHHBIX BapHaHTOB B TeHe BRCAZ2 mpencraBiieH
Ha pucyHke 2. CaMbIM 4acThIM THIIOM MYyTaluen
(50%) okazamacek nenerusi, IPUBOAAIIAS K CIBUTY
paMKU CYMTBIBaHUsA. JlonM Ipyrux TUIIOB MyTa-
WA OKa3aJMCh CIEeMyIOIMMU: HOHCEHC-MYTaIliH

62,5
50,

37,5

HJoas myranmii (%)

Tunel MyTanui B rese BRCA2

— 27,27%, penenyu BHYTPHA PaMKH CUHATHIBAHUS—
13,64%, uncepuun — 9,09%. Yame Bcero (n=3)
MyTalMy HaOIIOJANCh B CIEMYIOMINX T€HOMHBIX
no3urusix: g.69663del (p.T3085fsX19), c. 9409dup
(p-T3137£sX13), 2.88010A>T (p-K3326%),
g.176470del (p.N1382del).6 oTnenbHBIX MaTOreH-
HBIX BapuaHTOB (50%) BCTPETHIIMCH B €AMHUYHBIX
ciydasix. Bce BBISBICHHBIC MATOTEHHBIC BAPHAHTHI
OBUTH peKUMH, ¢ YacToTol MeHee 1%.

u Tesrenus
= HoHCeHC-BaAPHAHTHI
Hucenus

Jeaenus BHYTPH PAMKH CYYHTBIBAHHA

Pucynok 2 — Crexktp uaeHTH(OULINPOBAHHBIX [IATOIEHHBIX BApHaHTOB B reHe BRCA2
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Accouuayun medxncoy KIuHUKO-peHomunuue-

CKUMU XAPAKMEPUCMUKAMU U HATUYUEM NAMo-
2ennblIx mymauuii 6 zene BRCA2 y nayuenmoe c
PMZK

I[J]Sl TOr0 4YTOOBI OMpEeACINTh BKJIaJ BBIABJICH-

HBIX HaMH MaTOreHHbIX MyTanuil reHa BRCAZ2 B

paszButue PMIK, MBI npoaHanu3upoBaliv KIMHUKO-
(heHOTHMTIMYECKHI CTAaTyC TAIMEHTOB — HOCHUTENEH
BRCA2-mytaumii (tabnuna 2). B rpynmy HOcHuTe-
JIel BOIIUTH BCE TAITMEHTHI, Y KOTOPBIX ObLTa 00HA-
pyxeHa | uiau Oojee MaTOreHHBIX MyTallWid B TeHE
BRCA2.

Ta6/uuna 2 — Acconuanys BeISBICHHBIX IATOreHHBIX MyTaluii B reHe BRCA 2¢ sxcnpeccueit 0noMapKkepoB U ¢ IPOTHOCTHYECKUMHU

(daxropamu
Ne | Xapaxrepuctuka I'enomHas mo- AMUHOKUCIIOTHAS Yacrora no 6a3am gaHHbIX | Kimanueckoe Yucno
BapHaHTa SUIHS TIO3UITHS 1000G | Esp6500 | EXAC | 3HaueHue no OOIBHBIX,
6azaM JaHHBIX qell.
1 | deneuus co 2.30338TC p-Q2157fs*18 0 0 0 naToreHHast 1
C/IBUTOM PaMKH MyTaLust
CUUTBIBAHUS
2 |Honcenc 2.52897G>A p-W2725X 0 0 0 [1aTOr€HHas 1
MyTaIus MyTanus
3 | Hemenwus co 2.26684 p-A938fsX21 0 0,03 0 MaTOreHHast 2
CIABHUTOM PaMKH 26687del MyTaIys
CUUTBIBAHUS
4 | deneuus co 2.69663del p-T3085fsX19 0 0 0 MaTOreHHAast 3
C/IBUTOM PaMKH MyTanust
CUUTBIBAHUS
5 | Hemenwust co 2.46076CT p-L2523£sX15 0 0 0 MaTOTCHHAs 2
C/IBUTOM PaMKH MyTanus
CUUTBHIBAHUS
6 | deneuus co 2.26318del p-M815£sX10 0 0 0 MaToreHHast 1
C/IBUTOM PaMKH MyTaLust
CUUTBIBAHUS
7 |Honcenc £.29934G>T p.E2020%* 0 0 0 raToreHHas 1
MyTalust MyTanust
8 | Hemerust co c. 9409dup p-T3137£sX13 0 0 0 ClinVar-H/I, 3
CIABHUTOM PaMKH LOVD-BH3
CUUTBIBAHUS
9 | Henemwst co 2.30521 30524del p.T2214 0 0 0 [aTOreHHAs My- 1
CABUIOM PaMKU Tyr2215insX Tanys
CUUTBIBAHUS
10 | Honcenc myra- 2.84239G>T p-E3096* 0 0 0 [IaTOr€HHas My- 1
st Tanus
11 | Honcenc myrta- 2.88010A>T p.K3326* 0,44 0,65 0,7 LOVD, 3
st ClinVar- B/,
BH3
12 | denerwst 2.176470del p-N1382del 0 0,07 0,01 ClinVar- BH3 3
BHYTPH PaMKH
CUUTBHIBAHUS
Hpumeuanue: HJ] — Her nannbx (He onmcaH); BH3-BapuaHT HescHOTo (HEoIpeaeneHHoro) 3HaueHus; B/l = Bo3MokHO 100po-
KaueCTBEHHAsI

U3 T36J'II/ILII>I 2 BHUJHO, YTO IMOYTHU BCC N3YYCHHLIC

HaMH OHMOMapKephl M MPOTHOCTUYECCKUE KPUTCPHUU
pa3Butusi PMXK noxkazanu acconuanuio ¢ HaTU4ueM
myTtanui reie BRCA2, nmockonbKy mokazatens OR
okazaics 6onpire 1.Tak, y manneHTOK-HOCUTETFHHIL
naToreHHbIXx Mytanuid B rene BRCA2 nabironaetcs

accoupanysi ¢ TaKMMH KIMHUYECKUMH OCOOCHHO-
CTAMH, KaK Pa3BUTHE JCTPOTeH/TPOrecTEPOH-TI03H-
TUBHBIX OITyXOJIEH, HaJIM4Yhe METacTa3oB, a TaKXkKe
TMIOBBIIIAETCS BEPOATHOCTH cmepTu oT PMIK. Xors
CTAaTUCTUYECKUI aHAIU3 MOKa3aJl HEIOCTOBEPHOCTH
BBISIBJIICHHBIX aCCOLMALMM, MBI IPEAIIOJIAraeM, 4YTO
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3TO MOKHO OOBSICHUTH HEJOCTATOYHBIM OOBEMOM
AMEBITIeHcs BRIOOPKH. [labHelme neeae1oBanus B
obnactu renetukr PMOK OynyT cocoOcTBOBaTH 1MO-
Jy4eHuIo 0oJiee TOYHON KapTWHBI B3aWMOJICHCTBUS
TeHOTHIA U (PEHOTHIIA IIPU TAHHOM 3a00JICBaHUH.
Crnenmyet Takke OTMETUTh, YTO B HAIIEH BEIOOD-

HbI€ BApUaHTHI B F€HaX, y4acTBYIOLIUX B Pa3BUTHH
PMIK. BrisiBneHre naToreHHBIX MyTalui y mamu-
€HTOK SIBJISIETCSI OYEHb BAXKHBIM 3TAllOM, ITOCKOJIb-
Ky UIpaeT pellarollyl0 pojb B IPOTHO3UPOBAHUU
TeUeHHs 3a00JieBaHUs, MOA0Opa Hamboiee ajck-
BAaTHBIX METOJOB TEPAIINU U YIyUIICHUN Ka4eCTBa

Ke OOoJNbIast 4acThb MNalUCHTOK C MyTallUsIMH B T'CHE

JKU3HU .

BRCA2 He uMena HaCIEICTBEHHO OTATOIICHHBIN

CEMEMHBIM aHaMHE3 10 OHKOJOTHUYECKUM 3a0oiie- ®uHAHCHPOBaHNE

BaHMSAM. Jlumb HEOONBIIONW MPOIEHT MAIMEHTOK

MMENH POJCTBEHHUKOB (1 M 2 CTereHu poJCTBa), PaGoTa BBIONHEHA B DAMKAX TPOEKTA
umepiix PMOK mbo npyrue Buibl paka. 310 10~ Ap(9259034 «/3yuyeHue KIMHUKO-T€HETUYe-

3BOJISIET TMPEATNIONIOKNUTh HAINYHE SKOJIOTMUYECKOU
cocrapisitomerr B pazeutuu PMOK. HeGmarompu-
STHasl SKOJIOTMYECKash 00CTaHOBKAa B MecTax Mpo-
JKMBaHHUA ITAIIMCHTOK MOXCET IMPUBOAWUTH K YTEpPE
TeTEPO3UTOTHOCTH B COMATHYECKHMX KIIETKaX, 4TO
MIPOBOIMPYET Pa3BUTHE paKa.

CKHX acCIeKTOB PaHHEro pa3BUTHs paka MOJIOY-
HOU JKeJIe3bl HA OCHOBE CEKBEHUPOBAHUS HOBOI'O
MOKOJICHUS», (QUHAHCHpyeMoi MUHHCTEPCTBOM
Bricmero OOGpazoBanuss u Hayku PecnyGmmkn
Kazaxcras.

Kondaukrt uHTEpECOB
3akiaouenue ¢ P

ABTOpI)I CTaTb MNOATBCPXKOAOT OTCYTCTBUC

Takum oOpaszom, mpumeHeHue meromga NGS
KOH(JIMKTa WHTEPECOB.
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GENES AND MIRNAS INVOLVED IN THE
DEVELOPMENT OF ATHEROSCLEROSIS

Atherosclerosis is a complex multifactorial disease. miRNAs, single-stranded RNA molecules may
play an important role in the regulation genes expression which involved in atherosclerosis. The work
studied binding of miRNAs with mRNA of genes responsible for development of human atherosclerosis.
Based on the literature data of PubMed, a database of 14 genes sequences associated with development
of atherosclerosis was created. The miRNA binding sites in mRNAs of the studied genes were found
using the miRWalk, miRTarBase, TargetScan, miRDB, and MirTarget programs. 94 binding sites of 51
miRNAs were revealed in mRNA of genes responsible for the development of atherosclerosis. Of the
studied binding sites, 15 sites are located in CDS, 17 in 5’'UTR, and 62 in 3'"UTR. It was defined that
some mRNAs of genes have several binding sites with miRNAs. Thus, TNFRSF9 has 15, LDLR - 11 bind-
ing sites, TGFB1 — 14 binding sites. It was shown that miR-619-5p more frequently than others binds
to mRNA of genes responsible for the development of atherosclerosis. miR-619-5p binds to CD36 with
a AG/AGm ratio of 100%, miR-5096 with a AG/AGm equal to 100% binds to IL18. Among the studied
genes, TGFB1 is the most preferred target of miRNA with high values of interaction, indicating the de-
gree of miRNA binding to mRNA. Thus, using miRWalk, miRTarBase, TargetScan, and miRDB programs,
it was shown that mRNA of TGFB1 is a target for many miRNAs in CDS, 5’UTR, and 3’UTR regions.

Key words: miRNA, mRNA, binding sites, atherosclerosis, CDS, 5’UTR, 3’UTR, and nucleotide
sequences.
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ATepockAepo3gblH gamyblHa Xxayan 6epeTiH 2zengep med muPHK

ATepockAepo3 — ke (akTopAbl aypy. miRNAs, 6ip Tisbekti PHK MoAekyAaAapbl, aTepockaeposra
KaTbICATbIH FEHAEPAIH 3KCMPECCUSICbIH peTTeyAe MaHbI3Abl POA aTKaPybl MYMKIiH. 2KymbicTa MUPHK-HbIH,
aAAMHbIH, aTepPOCKAEPO3bIHbIH AaMybiHa ayan 6epeTiH reHaepAiH MPHK-meH 6aiiAaHbICbl 3epTTeAA|.
PubMed aaebueTTepiHiH, aAepekTepi HerisiHAe aTepoCKAEpPO3AbIH AaMyblHa 6alAaHbICTbl 14 reHHiH,
MOAIMeTTep 6a3achl KypblAAbl. TaHAaAraH reHaepaid, MPHK-aarbl miRNA 6aiAaHbICTbIpaTbiH calTTap
miRWalk, miRTarBase, TargetScan, miRDB >xeHe MirTarget 6ar aAapAamasapbiHbiH, KOMEriMeH TaObIAAbI.
ATEPOCKAEPO3AbIH AaMyblHa >kayar 6epeTiH reHaepaid MPHK-cbiHaa 51 MMPHK-HbI GaiiaaHbICTbIpa-
TbiH 94 canT TabbiAAbl. AHbIKTaAFaH GarAaHbicy camttapAaH 15 cant CDS-ae, 17-i 5'UTR-ae xoHe
62-i 3'UTR-ape opHanackaH. ATEPOCKAEPO3AbIH AamyblHa >kayar GepeTiH reHaepaiH kenbip MPHK-
cbiHAa MUPHK-mMeH 6anaaHbicaTbiH GipHewe canTTap 6ap ekeHAiri aHbikTaaabl. CoHbiMeH TNFRSF9
reHAepiHiH 15 6anaanbicy canttapbl, LDLR — 11 6anaanbicy canttapbl, TGFB1 — 14 6aiAaHbic canT-
Tapbl 6ap. KepceTiAreHAEN, aTeEPOCKAEPO3AbIH AaMyblHa >kayarn 6epeTiH reHaepAin MPHK-men MrPHK
miR-619-5p eH ken 6GanaaHbicasbl. MiR-619-5p CD36 reHimeH AG/AGm kaTbiHacbl 100% 60AAbI,
miR-5096 AG/AGm 100%-ke TeH IL18 reHimeH OaiiaaHbiCaabl. bapAblk 3epTTeAreH reHAEepAiH, iliHeH
TRFB1 reHi MuPHK-HbiH MPHK-MeH 6aiAaHbIC A9peXKeciH cunaTTaiTbiH >KOFapbl KepceTKilTepiMeH
MUPHK-HbIH eH KOAaMAbI HbiCaHbl eKeHAIr aHbikTaAAbl. OcbiAariiwa, miRWalk, miRTarBase, TargetScan
>koHe miRDB GaraapAaamanapbiH KoaaaHa oTbipbin, TGFB1 reninin MPHK-cbl CDS, 5’UTR xoaHe 3'UTR
anmakTapbiHAarbl kentereH MMPHK-AQpAbIH HbICaHbl EKEHAITT KOPCETIAAIL

Tydin ce3gep: MmPHK, MPHK, 6aiiaaHbicatbiH caitTTap, atepockaepos CDS, 5'UTR, 3'UTR,
HYKAEOTUATIK Ti3bekTep.
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Genes and miRNAs involved in the development of atherosclerosis

O.10. lOpukosa’, T.1. Abayaraesa, LLI.A. AtambaeBa, A. bekeHkaAm
Kasaxckui1 HaumMoHaAbHbIN yHBEpcuTeT uM. anb-Dapabu, Kasaxcran, KasaxcraH, r. Aamarbl
“e-mail: oksanayurikova@mail.ru

l'eHb1 u muPHK, yyactBylowue B pa3Butuu arepockaepo3sa

ATEPOCKAEPO3 SABASIETCS MHOrO(aKTOPHbIM 3ab6oAeBaHeM. MiIRNA, oaHOLENoYeUHbIE MOAEKYADI
PHK, MoryT urpatb BaKHyl0 pOAb B PEryAsiMmn 3KCNPecCcum reHoB, y4acTBYIOWMX B Pa3BUTUKN aTepo-
ckAepo3sa. B pabote 6biA0 u3ydeHo ceasbiBaHne MrPHK ¢ MPHK reHoB, 0TBETCTBEHHbIX 3a pa3BuTUe
aTepocKkAepo3a yeaoBeka. Ha ocHoBe anTepaTtypHbIx AaHHbIX My6amkaumin PubMed 6biaa co3aara 6a3a
AaHHbIX M3 14 reHoB, CBSI3aHHbIX C pa3BUTMeEM aTepockAepo3a. Cantbl cBa3biBaHMs MMPHK B MPHK
0TOOpPaHHbIX reHOB OblAM HaMAEHbI C MCMoAb30BaHuem nporpamm miRWalk, miRTarBase, TargetScan,
miRDB n MirTarget. B mMRNA reHoB, OTBETCTBEHHbIX 3a pa3BMTME aTEPOCKAEPO3a, HanAaeHo 94 caiTa
cBs3biBaHUs AAst 51 MmuPHK. M3 BbisiBAeHHbIX caiToB cBg3biBaHnsa MMPHK, 15 pacnoaoxensl B CDS,
17 —B 5’"UTR 1 62 — B 3’"UTR. bbino BbiSiBAEHO, UTO HekoTopble MPHK reHoB, oTBeTCTBEHHbIX 3a pas-
BUTME aTEPOCKAEPO3a, UMEIOT HECKOAbKO canToB cBsi3biBaHus ¢ MMPHK. Tak, reHbl TNFRSF9 umetot
15 caintoB cBsi3biBaHus, LDLR — 11 caitoB cBsidbiBaHusi, TGFB1 — 14 canToB cBg3biBaHMS. bbiAno no-
KasaHo, 4To GoAblue Bcero ¢ MPHK reHoB, OTBETCTBEHHbIX 3a pa3BUTHE aTEPOCKAEPO3a, CBSA3bIBAAACh
MMPHK miR-619-5p. miR-619-5p cBa3biBaeTtcsi ¢ reHom CD36 coTtHolweHnem AG/AGm, pasHbim 100%,
miR-5096 ¢ AG/AGm, paBHbiM 100%, cBsi3biBaloTCsl € reHom IL18. BbiAO yCcTaHOBAEHO, UTO M3 BCEX
n3yyeHHbIx reHoB reH TGFB1 aBaseTcs Hamboaee npeanountaemon muiueHbio MMPHK ¢ BbicokmMmm
rnokasaTeAsdMM, XapakTepuayiolmnmmu cteneHb cBa3biBaHusg MMPHK ¢ MPHK. Tak, ¢ nomouybio nporpamm
miRWalk, miRTarBase, TargetScan n miRDB 6biA0 nokasaHo, uto MPHK reHa TGFB1 aBasieTcs muLie-

Hblo AAst MHOTMX MMPHK B CDS, 5'UTR 1 3"UTR yyacTkax.
KaroueBbie croBa: MuPHK, MPHK, caiitbl cBsidbiBaHus1, aTepockaepo3, CDS, 5°UTR, 3'"UTR, HykAe-

OTMAHbIE MOCAEAOBATEABHOCTMN.

Introduction

Atherosclerosis is a complex multifactorial dis-
ease of medium and large arteries influenced by
many genetic and environmental factors. In recent
years, the number of candidate genes for atheroscle-
rosis has been growing rapidly. This, in turn, leads
to a significant increase in interest in identifying ad-
ditional genetic risk factors for atherosclerosis and
initiating a large number of genetic studies to prove
a genetic effect on atherosclerosis [1].

Atherosclerosis is a chronic inflammatory dis-
ease, in which lipid macrophages accumulate in
the subendothelial layer of arteries [2, 3]. It is well
known that adhesion of monocytes is stimulated
by endothelial dysfunction of the artery wall, after
which they divide into macrophages and absorb li-
poprotein particles into foam cells [4, 5]. The accu-
mulation of these lipids causes inflammation, which
stimulates and intensifies the atherosclerotic process
[6].

MicroRNAs (miRNAs) are short, single-strand-
ed RNA molecules that interact with mRNA and
may affect protein synthesis [7, 8]. They make up
about 1-5% of the human genome and are formu-
lated as evolutionary conserved components that
control the post-transcriptional expression of cer-
tain genes [8- 10]. Due to this action, miRNA can
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suppress the expression of a particular protein and,
therefore, bind to this gene and suppress it. miRNA
suppresses the expression of a gene by dividing or
disrupting its subsequent target mRNA, or by inhib-
iting the translation process. The method of action
used to suppress a gene is determined by the degree
of complementarity between the miRNA complex
and its target mRNA [11].

Since miRNAs play an important role in the si-
lencing of target genes, they subsequently decrease
protein synthesis and, therefore, affect cell function;
hence, it has been hypothesized that miRNAs may
indeed play a role in endothelial damage and cell fu-
sion, growth, and inflammatory responses [12 — 15].
It has also been suggested that miRNAs may be sig-
nificant regulators of smooth muscle proliferation
and phenotypic changes [16 — 20] and may affect
macrophage activity. Thus, understanding the effect
of miRNAs on cells that provoke the development
of atherosclerosis may be crucial for using their po-
tential in clinical therapy in the process of vascular
diseases. The aim of this study was to determine the
genes and miRNAs involved in the development of
atherosclerosis, as well as the identification of their
miRNAs — candidate genes associations, effectively
interacting to each other. As a result of the study, a
database of genes responsible for the development
of atherosclerosis was created, and the features of
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the interaction of mRNA genes with miRNAs in-
volved in the development of atherosclerosis were
revealed.

Methods and materials

NCBI database (www.ncbi.nlm.nih.gov/) was
used for the genes search; the name of the disease
was used as a keyword (the choice of keywords was
in different variations). For each request for ath-
erosclerosis, there were several hundred candidate
genes in the database, each of which was studied
separately. The study was conducted by looking for
the association of this gene with the corresponding
disease in publications over the past decade (Www.
ncbi.nlm.nih.gov/PubMed). Thus, the relationship
between the gene and the corresponding disease
was identified, and a database of genes involved
in the development of atherosclerosis was created.
Further, a comparative analysis of the database of
candidate genes was carried out.

Table 1 — Genes involved in the development of atherosclerosis

All nucleotide sequences of selected genes
mRNAs were obtained from GenBank (www.ncbi.
nlm.nih.gov). The miRNA nucleotide sequences
were obtained from miRBase (www.mirbase.org).
The search for the target gene for miRNA was car-
ried out using the MirTarget program [20]. The
program was used to search for sites of interaction,
free energy of interaction (AG) and schemes of their
interaction. AG/AGm is a relative quantitative mea-
sure of the strength of interaction between miRNAs
and mRNAs, where AGm is equal to the binding en-
ergy of the fully complementary miRNA nucleotide
sequences. The location of the miRNA binding sites
were determined at the 5’-UTR, protein Coding Se-
quence (CDS), or at the 3°’UTR. The search for a
target gene for miRNA was also carried out using
miRWalk program [22 — 25].

Results and Discussion

14 genes involved in development of atheroscle-
rosis were selected from NCBI database (Table 1).

Gene Full gene name PMID
TNFRSF9 TNF receptor superfamily member 9 25032953
ABCAI ATP binding cassette subfamily A member 1 25527331
ACE angiotensin I converting enzyme 18298340
PDE4D phosphodiesterase 4D 22045424
GCLM glutamate-cysteine ligase modifier subunit 19126404
NQOI NAD(P)H quinone dehydrogenase 1 31332605
IL18 interleukin 18 20350254
CD36 CD36 molecule 28691408
ICAM1 intercellular adhesion molecule 1 18420209
ITGBS5 integrin subunit beta 5 30131040
IGFBP7 insulin like growth factor binding protein 7 30131040
LDLR low density lipoprotein receptor 31834409
TGFBI transforming growth factor beta 1 30942415
MTHFR methylenetetrahydrofolate reductase 29501539

The binding of mRNA to miRNA and their
characteristics are shown in Figure 1. Of the genes
involved in the development of atherosclerosis:
four genes interact with miRNAs in 5’UTR, six
genes interact with miRNAs in CDS, and nine
genes interact with miRNAs in 3’UTR. mRNAs of
the genes presented in Table 1 are most often asso-
ciated with the following miRNAs: miR-466, miR-
619-5p, miR-1273g-3p, miR-1285-3p, miR-5095,
and miR-5096.

Some mRNAs involved in the development of
atherosclerosis have been associated with two or
more miRNAs. CD36, IL18, and ICAM1 genes in-
teract with four miRNAs, GCLM — with six miR-
NAs, LDLR and MTHFR — with seven miRNAs, and
TNFRSF9 gene — with eight miRNAs. In 5’UTR,
mRNA of ITGB5 gene is associated with five miR-
NAs. The greatest number of miRNAs-mRNA inter-
actions (14 binding sites) were identified in mRNA
of TGFBI gene (Figure 1-2).
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miR-762 (22)
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CDS miR-1237-5p (21)
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Figure 1 — Interactions of miRNAs and mRNAs of the genes involved in development of atherosclerosis

Most interactions were found predominantly in
3’UTR of mRNAs. The largest number of miRNA
bindings are in 3’-untranslated region of the stud-
ied mRNAs. TGFBI1 gene was the only that has
miRNA binding sites in 5’UTR, CDS, and 3’UTR.
The length of miRNAs associated with genes asso-
ciated with the development of atherosclerosis var-
ied within 17-23 nucleotides. Some miRNA-mRNA
interactions was more effective than others as the
free energy of binding was high: mRNA of CD36
and miR-619-5p interacted with the free energy
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value equal to -121 kJ/mol, /TGB5 and miR-762
(free energy of interaction -123 kJ/mol), TGFBI and
miR-6089 ( -136 kJ/mol). The average free energy
of binding in 5’UTR, CDS and 3’UTR was calcu-
lated by dividing the sum of free energy value of
all binding sites by the number of these sites and
it was around -104 kJ/mol for 5’UTR located bind-
ing sites, -101 kJ/mol for CDS located binding sites,
and -108 kJ/mol for 3°’UTR located binding sites.
Some mRNAs have multiple binding sites of miR-
NAs. The largest number of interactions was found
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between miR-619-5p, miR-1273g-3p, miR-1285-5p
and TNFRSF9, LDLR, and TGFB1 mRNAs. Nota-
bly, these several miRNAs — mRNAs interactions
were with full complementarity and therefore with
AG/AGm value equal to 100%. There were such
pairs miR-619-5p and CD36 mRNA, miR-5096 and
IL18 mRNA. The high AG/AGm ratio that is around
98% was revealed between miR-1273g-3p, miR-
619-5p, miR-5096 and mRNAs of ICAMI, ILI18,
NQOI, LDLR, TNFRSF9. In addition, high AG/
AGm values were found in genes GCLM and ACE.

In result of the conducted analysis 14 miRNA
binding sites were revealed in mRNA of TGFBI
gene. As it was established that mRNA of gene
TGFBI interacted with different miRNAs, it might
be associated with the development of atheroscle-
rosis. In addition the prediction of miRNAs inter-
acting with 7TGFB1 was performed using miRWalk
open-source platform [22-25]. Table 2 shows the
identified interactions of mRNA of TGFBI with
various miRNAs at Score 1,000 in its, 5’UTR, CDS,
and 3°’UTR.

B Energy, AG, kJ/mole B AG/AGm, %
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Figure 2 — Characteristics of binding sites of miRNAs and mRNAs
of the genes involved in development of atherosclerosis
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Table 2 — Interactions of mRNAs with miRNAs, involved in the development of atherosclerosis, obtained using miRWalk

Target Site
miRNA gene location Score Localization miRTarBase Target Scan miRDB

hsa-miR-17-5p | TGFBI 2279 1,000 3UTR MIRT437865

hsa-miR-106a-5p | TGFBI 2279 1,000 3UTR MIRT734164

hsa-miR-124-3p | TGFBI 1177 0,981 CDS +
hsa-miR-361-3p | TGFBI 2739 1,000 3UTR +
hsa-miR-609 TGFBI 2616 1,000 3UTR +
hsa-miR-609 TGFBI 2465 1,000 3UTR +
hsa-miR-654-5p | TGFBI 1025 1,000 CDS +
hsa-miR-744-5p | TGFBI 1891 1,000 CDS MIRT037719 + +
hsa-miR-1827 TGFBI 1834 1,000 CDS +
hsa-miR-3907 TGFBI 2648 1,000 3UTR +
hsa-miR-4472 TGFBI 519 1,000 SUTR +
hsa-miR-4510 TGFBI 726 1,000 SUTR +
hsa-miR-6129 TGFBI 2247 1,000 3UTR +
hsa-miR-6130 TGFBI 2220 1,000 3UTR +
hsa-miR-6856-3p | TGFBI 2742 1,000 3UTR +

Note: miRTarBase is experimentally confirmed miRNA-database of interactions with targets;
TargetScan is a web server that predicts miRNA targets;

miRDB is an online database for miRNA targets prediction;

The score is calculated by running the TarPmiR algorithm to predict miRNA targets based on the random-forest method.

It was also found that the interaction between  which is demonstrated by the Diana Tools platform
hsa-miR-6856-3p and 7GFBI is conservative, (Figure 3) [26].

Region Binding Type  Transcript position Score Conservation
UTR3 8mer 648-670 0.045705736317204 4

Position on 19:41836876-41836898

chromosome:
Conserved species: panTro2,rheMac2,rn4, mm9
(Tr‘anscr‘ip‘t) 5'CCCCCG CrUUGCCCAUG 3
. . cuG GGEGCUGUA
Binding area: 1] AN
GAC UCCCGACAL
(min'lA) 3! CUUUCUAGUG 5'

Figure 3 — Characteristics of binding sites of hsa-miR-6856-3p and TGFB1 obtained using program Diana Tools

It should be noted that interactions between = miRWalk program, and also confirmed by Tar-
TGFBI gene mRNA and hsa-miR-17-5p, hsa-miR-  getScan and miRDB programs. Most interactions
106A-5p, hsa-miR-744-5p have been experimen-  between TGFBI mRNA and miRNAs shown in Ta-
tally confirmed. The relationship between TGFBI  ble 2 are also determined by miRDB miRNA target
mRNA and hsa-miR-744-5p was demonstrated by  prediction database.
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Conclusion was shown that its expression is regulated by various

miRNAs. The efficiency of using mRNA of TGFBI

The analysis revealed that TGFBI gene, which  gene as a regulator of the development of atheroscle-

is responsible for the development of atherosclero-  rosis was also shown using miRWalk, miRTarBase,
sis, may become the most effective biomarker, and it ~ TargetScan, miRDB and Diana Tools programs.
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STUDY OF THE TOXIC AND GENOTOXIC ACTIVITY OF WATER
OF LAKE KOLSAI, LOCATED ON THE TERRITORY OF THE ALMATY
REGION OF THE REPUBLIC OF KAZAKHSTAN

An important step in assessing the state of natural environment is the identification of various en-
vironmentally hazardous factors that possess toxic, genotoxic and mutagenic activity. The appearance
in the environment of a new pollutants and an increase in the concentration of already present physi-
cochemical components that exhibit toxic and genotoxic properties contribute to environmental muta-
tional load on biota. In recent decades, due to the intensification of economic activity and the develop-
ment of the tourism sector, the anthropogenic load has significantly increased not only on terrestrial, in
particular mountain ecosystems, but also on natural water reservoirs. In this regard, the purpose of this
study was to investigate the genotoxic, mutagenic and toxic activity of surface water of the freshwater
lake Nizhny Kolsai, located on the territory of national park “Kolsai kolderi” in the Kegen district of the
Almaty region, Republic of Kazakhstan. For the first time, using a number of test systems (DNA comet
method, cytogenetic test for accounting for chromosomal aberrations and biochemical analysis of lipid
peroxidation products), water samples taken in 2018 and 2022 (spring-summer period) were studied at
the Mus musculus model facility. It was found that water samples induced DNA breaks in cells of bone
marrow and spleen of experimental mice, the level of which was significantly higher than in intact ani-
mals (p <0.001). Cytogenetic analysis of the bone marrow of mice treated with lake water also showed
a statistically significant increase in the frequency of aberrant cells and the number of structural chromo-
some aberrations per 100 metaphases (p<0.05). A biochemical study of lipid peroxidation products
(LPO) in the liver of experimental animals also revealed a statistically significant (p <0.05) increase in
the level of lipid hydroperoxide (HPL) and malondialdehyde (MDA). The results obtained indicate the
presence in the studied natural surface waters of chemicals with genotoxic, mutagenic and toxic activity.

Key words: natural surface waters, genotoxicity, organ specificity, chromosomal aberrations, comet
DNA assay.
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OA-Mapabu atbiHAaFbl Kasak YATTbIK yHMBepcuTeTi, KasakcraH, AAMaThl K.
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Kasaxctan Pecnybaukacol AAmaTbl 00ALICLIHLIH aymagbiHga opHarackaH Keacai keai
CYbIHbIH TOKCUKAADIK Yk9He 2eHOTOKCUKAAbIK GeAceHginiziH 3epTTey

Taburn opTaHbIH, >Ka-KyMiH 6arasayAblH MaHbI3Abl KE3€Hi — OHAAFbl TOKCMKAAbIK, FEHOTOKCMKAADIK,
>KOHE MyTareHAK 6EACEHAIAIKKE Me BPTYPAI SKOAOMMSIABIK KayinTi hakTopAapAbl aHbikTay. KopiuaraH
opTaAa >kKaHa KOMMOHEHTTEPAIH MaiAa GOAYbl YAbl XKOHE reHOTOKCMKAABIK, KacueTtepi 6ap usmka-
XMMMSIABIK, KOMIMOHEHTTEP KOHLEHTPAUMSCbIHbIH >KOFapblAaybl SPTYPAI 3KOXYMEAEPAiH OuoTacbiHa
KOpLLUaFaH OpTaHblH MyTaLMSIAbIK KbICbIMbIHbIH YKOFapbiAayblHa biKMaA eTeai. COHFbl OH >KbIAAbIKTapAA
SKOHOMMKAAbIK  BEACEHAIAIKTIH KYLLEIOIHE >K&HE TypuM3M CEKTOPbIHbIH AaMyblHa 6arAaHbICTbI
AQHTPOMOTEHAIK >XKYKTEME TeK >Kep YCTi, aTan anTKaHAQ, TayAbl 3KO >XYMEAepAE FaHA eMec, COHbIMEH
KaTap Taburn >kep YCTi CyAapblHAQ Aa aiTapAbikTai ecTi. OcbiFraH 0GalAaHbICTbI OYA 3epTTEYAIH
makcaTbl — Kazakcran Pecny6Amkacbl AAmMaTtbl 06AbICbl KereH ayaaHbIHAAFbI «KOACa KOAAEPI» YATTbIK
casbarblHbIH ayMarblHAA OpHaAackaH Temenri KeAcait Tylibl KOAI CybIHbIH FeHOTOKCMKAABIK, MyTareHAIK
>KOHE TOKCUKAAbIK BEACEHAIAITIH 3epTTey. Aaraw peT Mus musculus MoaeAbaik 06bekTiciHAe BipkaTap
cbiHak, XyreaepiH (AHK komertacbl aaici, xpoMocomManbik abeppaumsinapAbl ecernke aay 6owblHLLA
LUMTOrEHETUKAADIK TECT XKOHE AUMUATEPAIH aCKblH TOTbIFY OHIMAEPIHIH OMOXUMMUSIAbIK, TaAAdYbl) Nait-
AaAaHa oTbipbin, 2018 xeHe 2022 >KbiaAapbl (KOKTEM-Xa3 Ke3eHi) ipIKTEATeH Cy YATIAepi 3epTTeAA|.
2018 »xaHe 2022 XbIAAAPAAFbl CY YATIAEPi TaXipnBEeAiK TbILKAHAAPAbIH, CyMeK KemirimeH kek 6a-
ybIp >acywarapbiHaa AHK 6y3bIAbICTapbiH MHAYKLMSIAGFAHbl aHbIKTAAAbI, OHbIH, A€Hrei MHTaKTTbl
>KaHyapAapAaFbl aHAAOTUSIAbIK KOPCETKILUITEPAEH CTAaTMCTUMKAAbIK TYPFblAQH aMTapAbIKTal >KOFapbl
60AAbl (p<0,001). Kea cyblH KabbiAAaFaH ThILKAHAAPADBIH CYMEK KEMIriH LUMTOreHeTMKaAbIK, TaA-
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AayAa abeppaHTTbl »KacyllaAapAblH >KMIAIriHIH >xeHe 100 MeTadasara wWakKKaHAQ KYPbIAbIMABIK
XPOMOCOMAAAPAbIH OY3bIAbICTAPbIHbIH CTaTMCTUKAABIK MaHbI3Abl >KOFapblAayblH kepceTTi (p<0,05).
ToxxipnbeAik >kaHyapAapAblH 6GayblpblHAAFbl AMIIMATEPAIH ACKbIH TOTbIFY OHIMAEPIH OMOXUMMSIABIK,
3epTTeyi Ae AMNUATI rnaponepokcna (MTA) xeHe ManoHAMaAbAerMA (MAA) AEHIeliHIH CTaTUCTUKAAbIK,
MaHbI3Abl (p<0,05) >KOFapblAayblH aHblKTaAbl. 3epTTey 6apbICbIHAA aAbIHFAH HOTMXKEAEP 3epTTeA-
reH Taburn XXep YCTi CyAapblHAQ FEHOTOKCUKAAbIK, MyTare€HAIK »K8He TOKCMKaAbIK GeAceHAiAiri 6ap
XMMMSIABIK 3aTTapAbliH 6ap eKeHAIriH kepceTeai.

TydiH ce3gep: >kep yCTi TabWFKN CyAapbl, FEHOTOKCMKAABIK, OPraHoCreLngmrKablk, XPOMOCOMAABIK,
abeppaumsaap, AHK komeTa saici.

A.A. XKaama®, A.B. AosuHckas, C. K. Koaymbaesa, M.A. Cysoposa

Kasaxckmit HaUuMOHaAbHBIN YHMBEPCUTET MMeHU aab-Dapabu, KasaxcraH, r. AAMaThbl
*e-mail: aia.zhad@mail.ru

MccaegoBaHue Tokcuyeckoil u 2eHOTOKCU4eckoil akTUBHOCTU Bogbl o3epa Koabcail,
pacnoAoXXeHH0z20 Ha TeppuTopuu AamaTuHckol o6aacTu Pecnybauku Kazaxcran

Ba>kHbIM 3Tanom oLeHKM COCTOSHUS NMPUPOAHON OKPY>KaloLein CpeAbl IBASETCS BbiIBAEHME B Hel
Pa3AMUHbIX 3KOAOTMUYECKM OMacHbIX (DakTOPOB, 06AAAAIOLLMX TOKCUUYECKOM, FEHOTOKCUUYECKOM 1 My-
TareHHoM aKkTMBHOCTbIO. [ogBAEHME B OKpy>KaloLLler cpeAe HOBbIX U YBEAMUEHME KOHLIEHTpaLMn yxke
NPUCYTCTBYIOLMX (PU3MKO-XMMMYECKMX KOMMOHEHTOB, MPOSBASIOLLMX TOKCMYECKME UM FeHOTOKCUYe-
CKME CBOWCTBA, CMOCOBCTBYET YCUAEHMIO MYTALMOHHOIO AABAEHMS BHELLHE CpeAbl Ha GMOTy pas-
AMYHBIX 9KOCUCTEM. B nocaeaHWe AeCITUAETUS B CBA3UM C MHTEHCUMKaLMEN XO39MCTBEHHOM AESTEAb-
HOCTM M pasBUTUEM TYPUCTMYUECKOM Cepbl 3HAUYMTEABHO YBEAMUMAACH aHTPOMOreHHas Harpyska He
TOAbKO Ha Ha3eMHble, B YaCTHOCTU FrOpHble 3KOCUCTEMbI, HO WU Ha MPUPOAHbIE NMOBEPXHOCTbIE BOADI.
B cBSI3M C 3TUM, UEAbIO HACTOSILEr0 MCCAEAOBAHUS SIBMAOCb M3y4eHMe reHOTOKCMYECKOM, MyTareH-
HOM M TOKCMYECKOW aKTMBHOCTU BOAbI MPEeCHOBOAHOro o3epa HuxHMIM KoAbcali, pacrnoAo>KeHHoro
Ha TePPUTOPUM HaLMoHaAbHOro napka «Keacarkeaaepi» B KereHckom paoHe AAMaTMHCKOM 06AaCTU
PK. BrnepBble c nomolubio psgaa Tect-cuctem (Metoa AHK-komeT, upMtoreHeTmyeckmin TeCct no ydyery
XPOMOCOMHbIX abeppaumin 1 GUOXMMMUECKMIA aHAAM3 NMPOAYKTOB NEPEKMCHOIO OKUCAEHUSI AUTIMAOB) Ha
MOoAeAbHOM 06bekTe Mus musculus GbIAM M3yueHbl 06pasLbl BOAbI, oToOpaHHbie B 2018 1 2022 roaax
(BeCEHHE-AETHMIA NeproA). YCTAHOBAEHO, YTO Npobbl BoAbl 2018 1 2022 r.r. MHAYLUMPOBAAM B KAET-
KaxX KOCTHOrO MO3ra M CeAe3eHKM OrbITHbIX Mblllei pa3pbiBbl AHK, ypoBeHb KOTOpbIX CTaTUCTUYECKM
3HAUMMO MPEBbILIAA aHAAOTMYHbIE MOKa3aTeAM Yy MHTAKTHbIX >XKMBOTHbIX (p<0,001). LintoreHetnue-
CKMIA aHaAM3 KOCTHOIO MO3ra Mblllel, MPUHUMABLLMX O3epHYI0 BOAY, Tak>Ke MokKa3aA CTaTUCTUYEeCKM
3HaUMMOE YBEAMYEHUE YaCTOThbl aOePPaHTHbIX KAETOK M UMCAA CTPYKTYPHbIX HAPYLLEHWUIA XPOMOCOM Ha
100 meTadas (p <0,05). broxmmmnyeckoe nccaeA0BaHME MPOAYKTOB NEPEKMCHONO OKMCAEHUS AUMTUAOB
(MOA) B neyeHu onbITHbIX )KMBOTHbIX Tak>Ke BbISIBUAO CTaTUCTUYECKM 3HauMmoe (p < 0,05) yBeAnueHune
ypoBHS ruaponepekmcun Aamnunaos (IMA) u maroHoBoro amnanbaernaa (MAA). MNMoAyueHHble B xope UC-
CAEAOBaHUS pe3yAbTaTbl CBUAETEAbCTBYIOT O HAaAMUMM B UCCAEAYEMbIX NMPUPOAHbBIX MOBEPXHOCTHbIX
BOAAX XMMUYECKMX BELLECTB, 06AAAAIOLLMX FTEHOTOKCMYHOM, MyTareHHOM 1 TOKCMUYECKOM aKTUBHOCTbIO.

KAroueBble cAoBa: NOBepXHOCTHbIE MPUPOAHbIE BOAbI, FEHOTOKCMUYHOCTb, OPraHOCneungmuUyHOCTb,
XPOMOCOMHble abeppaumnn, metoa AHK komer.

Introduction

Escalating anthropogenic load leads to large-
scale pollution of the environment with various xe-
nobiotics, the number and range of which is increas-
ing every year. This situation, of course, causes rea-
sonable concern among specialists in various fields,
environmental services, and, above all, among
healthcare representatives [1-4].

Currently, the study of pollutants action on liv-
ing organisms is the main goal of environmental
monitoring, of which genetic monitoring is an inte-
gral part. Living organisms, including humans, are
constantly exposed to a variety of environmentally

hazardous factors of physical, chemical and biologi-
cal nature, the vast majority of which, as has been
shown in experimental studies, exhibit toxic, muta-
genic and carcinogenic properties [5-9].

Of particular danger are factors that possess
mutagenic activity. Environmental mutagens may
cause irreversible damage to DNA, disrupt DNA
replication and cause mutations leading to various
hereditary pathologies, as well as cancer [10,11].
The frequency of spontaneous mutations in normal
cells is estimated ranging from 10 to 10! per DNA
nucleotide [12]. However, various mutagens can
dramatically increase this frequency by several hun-
dreds of times [13]. The impact of mutagenic factors
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on the body contributes to an increase in the genetic
load in populations, which can cause a population
decline, extinction of entire species and an increase
in the frequency of hereditary diseases in the popu-
lation.

At present, when there is a rapid increase in the
world’s population, the state of natural environment
which is a direct habitat or a source of vital resources
is deteriorating significantly. Natural surface waters
located near settlements deserve special attention.
Therefore, the assessment of genotoxicity and mu-
tagenicity of water bodies is becoming increasingly
important [14,15].

Different levels of anthropogenic impact signifi-
cantly affect water quality and lead to pronounced
gradients of environmental pollution. Ecological
gradients have significantly affected the geographic
distribution of zooplankton biodiversity. In addi-
tion, along with the trend towards increasing envi-
ronmental pollution, indicator taxa associated with
habitats have shifted in constituent parts, chang-
ing from large species (for example, arthropods)
in lightly disturbed areas to small organisms (for
example, rotifers and ciliates) in heavily disturbed
areas. All this clearly demonstrates that water pol-
lution as a result of anthropogenic activity signifi-
cantly affects biological communities [16].

According to the surface water monitoring data
of the Republic of Kazakhstan for the 1% half of
2022, out of 134 water bodies, 27 rivers belong to
classes 5 and > 5 according to the Unified Water
Quality Classification, that is, water is not suitable
for all types of water use [17]. The main pollutants
of surface water bodies in Kazakhstan include the
main ions of the salt composition, biogenic and or-
ganic compounds, pesticides, oil and oil products,
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phenols, etc. Exceeding the quality standards for
these indicators to some extent may be due to the
natural and climatic features of the territory, then
in most cases, the cause is anthropogenic factors,
wastewater discharges from various economic en-
terprises and public utilities, etc. [17].

However, it should be noted that natural surface
waters that are not subjected to direct human activ-
ity are also exposed to pollutants. Popular tourist
and recreational areas are also experiencing anthro-
pogenic pressure. One of such picturesque places
is the Kolsai lakes (Upper, Middle and Lower), lo-
cated on the territory of the national park “Kolsai
Kolderi” in Kegen district, Almaty region, Republic
of Kazakhstan. The national park is included in the
UNESCO World Network of Biosphere Reserves.
Kolsai lakes are characterized by the biodiversity
of hydrobionts (phyto- and zooplakton, zoobenthos
and fish resources), and are popular places of out-
door activity, there are guest houses and campsites
nearby. Therefore, the purpose of this study was to
study the genotoxic and mutagenic potential of the
water of the Nizhny Kolsai Lake, located at an alti-
tude of 1800 m above sea level.

Materials and methods

The object of the study was the water from Low-
er Kolsai Lake, located in Kungei Alatau mountains
(South-Eastern Kazakhstan) on the territory of State
National Natural Park “Kolsai Kolderi” at an alti-
tude of 1800 m above sea level. Water samples were
taken in 2018 and 2022 (Figure 1). Collection, filtra-
tion and conservation of water samples were carried
out according to standard recommendations [18].

Figure 1 — Location of water sampling points:
Lake Kolsai- 42°59°29”N 78°19°36”E.
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The genotoxic and mutagenic activity of water
samples was studied on laboratory mice, 2-3 month
age, the average weight was 25 g. Intact and experi-
mental animals were kept in a vivarium on a stan-
dard diet. Laboratory animals were maintained in
accordance with state and international principles
[19]. Animals were sacrificed by cervical disloca-
tion. Samples of internal organs (liver, kidneys,
spleen, and bone marrow) were taken to study DNA
breaks using the DNA comet assay, bone marrow
— for cytogenetic analysis, liver — to determine the
content of lipid peroxidation products (LPO).

Laboratory mice drank sampled water for sev-
en days. An aqueous solution of standard mutagen
methyl methanesulfonate (MMS) at a dose of 40.0
mg/kg was used as a positive control, which was
administered intraperitoneally. Standard drinking
water was used as a negative control. The genotoxic
potential of water samples was studied using the
DNA comet assay, which makes it possible to de-
tect DNA breaks at the level of single cells. The fol-
lowing internal organs of laboratory mice were ana-
lyzed: bone marrow, liver, kidneys, and spleen [20,
21]. Giemsa stain was used for slides staining [22].
At least 100 DNA comets with non-overlapping
tails for each preparation were visually analyzed
using Olympus BX-43 microscope (Olympus Cor-
poration, Japan) at 40x magnification. DNA comets
were divided into five conditional types: class I: 0
—6.0%:; class II: 6.1 — 17%; class III: 17.1 — 35.0%;
class IV: 35.1 — 60.0%; class V: 60.1-100.0% sin-
gle- and double-strand DNA breaks in “comet tails”
[23]. The index of DNA comets (IDC) as the degree
of DNA damage was calculated using the following
formula:

Ong+ Iny+ 2nz+ 3ny+ 4ng

IDC = - ,

where n -n, — number of DNA comets in each class,
~n — sum of calculated DNA comets. The damage
index (DI) was calculated using the formula:

DI = IDC,/IDC,,

where IDC, — index of DNA comets in the experi-
mental group, IDC_—index of DNA comets in nega-
tive control [24].

To assess the mutagenic potential of water sam-
ples, a metaphase method for analysis of chromo-
some aberrations in bone marrow cells was carried
out [24]. Cytogenetic preparations were prepared 24
hours after the last injection and stained with azure-
eosin. Slides were analyzed using light microscope

under x1000 magnification. Cells with aberrations
of chromosome and chromatid types (single and
paired fragments of chromosomes, acentric and cen-
tric rings, point fragments) were counted.

To evaluate the toxic properties of water samples
for mice liver the content of primary (HPL — lipid
hydroperoxide) and secondary (MDA — malonic di-
aldehyde) products of lipid peroxidation (LPO) was
determined in liver homogenate [25, 26]. The meth-
od for HPL determining is based on measuring the
absorption of light by conjugated diene structures
extracted with a mixture of heptanes:isopropyl al-
cohol (1:1). The optical density of the heptane phase
was measured at a wavelength of 233 nm on Apel
PD-303 spectrophotometer (Japan). MDA was de-
termined by the 2-thiobarbituric acid method. Opti-
cal density was measured at 532 nm on Apel PD-
303 spectrophotometer (Japan).

Statistical data processing was performed using
StatPlus®5 Pro version 5.9.9.4/Core v6.7.3 soft-
ware (AnalystSoft Inc., USA). In all cases, mean
values (M) and mean errors (m) were calculated.
The statistical significance of the differences be-
tween groups was analyzed using Student’s t-test.
Differences were considered statistically significant
with a confidence level of 95% or more (p<0.05).

Research results and discussion

In recent decades, natural aquatic ecosystems,
being a habitat for many organisms, source of drink-
ing water and human economic activity, have been
subjected to powerful anthropogenic pressure. Most
environmentally hazardous factors possess not only
toxic, but also mutagenic and carcinogenic activ-
ity. Identification of potential mutagens and human
carcinogens in terms of genetic consequences is a
priority for biological assays. An increase in the
range and number of environmental pollutants with
mutagenic activity creates a real basis for enhanc-
ing genetic load and contributes to the rate of mu-
tation process. The current research is intended on
the investigation of genotoxic, mutagenic, and toxic
effects of water samples from Lake Kolsai on labo-
ratory mice Mus musculus.

Assessment of water samples genotoxicity using
DNA comet assay. Water samples from Kolsai Lake
were orally administered to mice for seven days. To
detect genotoxic activity, DNA comets were ana-
lyzed in cells of bone marrow, liver, kidneys, and
spleen. The indices of DNA comets (IDCs) in the
cells of the studied organs are represented in Table
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1. It has been found that the level of induced DNA
breaks is significantly higher in cells of the bone
marrow and spleen of experimental animals com-
pared to the negative control (p<0.001). At the same
time, in the cells of liver and kidneys, this index was
at the control level. No statistically significant dif-
ferences were found between similar indices in ani-
mals that received water samples collected whether
in 2018 or 2022.

The DNA damage index (DI) exceeding 2 indi-
cates pronounced genotoxic effect of the studied xe-
nobiotics. As a result of the experimental study, it was
found that in animals that received water from Lake

Kolsai collected in 2018, the damage index, which re-
flects the degree of genotoxicity, increased by 2.7 and
3.5 times in the bone marrow and spleen cells, respec-
tively, compared to intact animals. In animals that re-
ceived water samples collected in 2022, DI increased
only in the cells of the bone marrow (2.3 times), and
in the cells of the spleen, liver and kidneys it was be-
low 2 (Figure 2). Comparative analysis of DI in ani-
mals that drank water collected in 2018 and 2022 did
not reveal statistically significant differences between
the studied parameters, with the exception of DI in
spleen cells, which was below 2 in the experimental
group for 2022 water samples.

Table 1 — The level of DNA comets in the cells of mice that received water from Lake Kolsai

Index of DNA comets in the cell (M£SE), %
Experimental groups Bone marrow Liver Kidneys Spleen

Drinking water (negative control) 0,17 +0,05 0,23 £0,04 0,43 +£0,03 0,22 £ 0,04
Positive control 3,38 +£0,33* 3,1+0,3* 2,7+0,16* 3,14 +£0,24*
(MMS — methyl methanesulfonate)

Lake Kolsai, 2018 0,61 +£0,17* 0,33 +0,04 0,48 £0,12 0,61 £ 0,04*
Lake Kolsai, 2022 0,42 +0,02* 0,32 +0,07 0,33 £ 0,04 0,43 £0,08*

Note — * — p<0.001 in comparison with the negative control

EKolsay 2018 ®Kolsay 2022 mMMS _

arbitrary unit
)

DNA damage index,

Bone marmrow

Liver

Kidneys Spleen

Figure 2 — Index of DNA damage in the cells of laboratory mice that received water from Lake Kolsai

In terms of sensitivity to DNA-damaging ef-
fects of water samples from 2018 and 2022, the
studied organs can be arranged in the following
order: bone marrow > spleen > liver > kidneys.
The results obtained demonstrate the presence of
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genotoxic properties of the Kolsai water samples,
collected in 2018 and 2022. In addition, the organ-
specificity for genotoxic effect was established.
The most sensitive were cells of the bone marrow
and spleen.
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The study of mutagenic activity of water sam-
ples from Lake Kolsai by chromosome aberration
test. To study the mutagenic activity of water from
Lake Kolsay, we carried out a cytogenetic analy-
sis of bone marrow cells of laboratory mice that
orally took the studied water samples. The analysis
was carried out using a chromosome aberration test
(metaphase method). The results of cytogenetic test
for mutagenic activity of water samples in mice are
presented in Table 2.

As can be seen, in intact animals (negative
control), the frequency of aberrant bone mar-
row cells and the number of structural muta-
tions per 100 metaphases were 1.33+0.25. The

classical mutagen methyl methanesulfonate
(MMS) induced aberrant cells in the bone mar-
row of experimental animals and the number of
chromosome rearrangements per 100 metaphas-
es, which was statistically significantly higher
than in intact animals. Thus, the frequency of
aberrant cells in MMS-treated mice increased
by 4.3 times (p<0.001), and the number of
chromosome aberrations per 100 metaphases
increased by 5.4 (p<0.001) times. All types of
chromosome rearrangements increased statisti-
cally significantly. The most pronounced was
the frequency of chromosomal aberrations of
chromatid type.

Table 2 — The frequency of structural chromosome aberrations in bone marrow cells of mice treated with water from Lake Kolsai

Experimental groups Metaphase | Frequency of Number of chromosome aberrations per 100 metaphases
studied aberrant (i)ells Total Chromosome | Chromatid type Point
(M=+m %) aberrations type fragments

Negative control (H,0) 525 1,33+0,25 1,33+0,25 0,37 +0,25 0,59 + 0,27 0,38 + 0,26
Positive control (MMS — 520 5,73+0,91°° 7,15+0,95°°° 1,35+£0,27° | 4,06+0,45°° | 1,74+0,42°
methyl methanesulfonate)
Water from Lake Kolsai 517 2,91+0,50°* 3,10£0,42¢** | 0,58 +0,27 2,13+£0,41° 0,39 +0,27
(2018)
Water from Lake Kolsai 544 2,39+0,26° 2,58+0,38°* 0,38 £ 0,26 1,47 +0,26° 0,72 + 0,20
(2022)
Note: ® —p<0.05; @@ — p<0.01; eee — p<0.001 compared to the negative control (H,0);
* — p<0.05; ** — p<0.01 in comparison with the positive control (MMS).

In an experimental study of water samples col-
lected in 2018, the frequency of aberrant cells, as
well as the number of aberrations per 100 metaphas-
es, increased significantly compared to the nega-
tive control. Single cells containing a polyploid set
of chromosomes were noted, which were absent in
intact animals. The frequency of aberrant cells in-
creased by 2.2 times (p<0.05), and the number of
chromosome aberrations per 100 metaphases in-
creased by 2.3 times (p<0.01). At the same time,
these indicators were statistically lower than for the
positive control (MMS). In the spectrum of chromo-
some alterations, rearrangements of both chromo-
somal and chromatid types were registered. Struc-
tural mutations of the chromosomal type were rep-
resented by paired terminal deletions, while those
of the chromatid type were represented by single
acentric rings, single terminal fragments, and point
fragments were also found (Figure 3). A similar pic-

ture was observed in the experimental study in 2022.
The frequency of aberrant cells increased by 1.8
times (p<0.05), and the number of chromosome ab-
errations per 100 metaphases increased by 1.9 times
(p<0.05). In the spectrum of chromosome disorders,
rearrangements of the chromosomal and chromatid
types were also noted. In experimental animals that
took water collected in 2018 and 2022, a statistical-
ly significant increase in structural mutations of the
chromatid type was observed, which is typical for
most mutagens of a chemical nature. There were no
statistically significant differences in the frequency
of induced chromosome aberrations in animals that
took water samples collected in the lake in 2018 and
2022. However, in experiments conducted in 2022,
there is a decrease in the absolute number of the
aberrant cells and chromosome aberrations, which
may be due to a decrease in the tourist number dur-
ing the pandemic years (2020-2022).
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Figure 3 — Structural mutations in bone marrow cells of mice induced by water
samples from Kolsai Lake in Almaty region, x1000

Because of cytogenetic studies, it was found that
the water from Lake Kolsai exhibits mutagenic ac-
tivity. In laboratory animals that received lake wa-
ter, there was a statistically significant increase in
the frequency of aberrant cells and the number of
chromosome aberrations per 100 metaphases. The
results obtained indicate the presence in the stud-
ied natural waters of chemicals with mutagenic and
genotoxic activity.

Study of the influence of Kolsai lake water on
the processes of lipid peroxidation. A free radicals
of chemical nature play a crucial role in damage to
the nuclear genome as is indicated by a number of
works. The authors note that LPO secondary prod-
ucts, including MDA, can cause cross-links in bio-
polymers, which disrupts their structure and func-
tions [27-31].

This paper presents the results of a spectropho-
tometric analysis of lipid peroxidation products in
the liver of laboratory mice that took water from the
Nizhny Kolsai Lake (Table 3). The level of lipid hy-
droperoxide (HPL) in the liver of experimental ani-
mals exposed to lake water in 2018 and 2022 was
0.52+0.18 and 1.49+0.35 mmol/mg, respectively.
These data show that in animals that received na-
tive water samples in 2022, the HPL is significantly
higher, by 2.59 times than in the control. The level
of malondialdehyde (MDA) in the liver of animals
was statistically increased by 2 times (2018) and
1.38 times (2022) compare to control values. An in-
crease in the content of HPL and MDA in animals
that received lake water indicates an enhancement
of free radical processes in the liver of experimental
mice.

Table 3 — The content of lipid peroxidation products in the liver of laboratory mice

Experimenta Igroups HPL content MDA content
Negativ econtrol (H,0) 0,58 +£0,14 10,16 £0,56
Positive control (MMS) 3,01 £0,58%* 25,34 £ 0,84*
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Continuation table

Water from Lake Kolsai (2018)

0,52+0,18 20,53 + 1,84*

Water from Lake Kolsai (2022)

1,49 £ 0,35* 14,03 + 1,48*

Note: HPL — lipid hydroperoxide, MDA — malondialdehyde;
* — p<0.05 in comparison with the negative control

It is known that lipid peroxidation occurs under
the action of free radicals, which are active charged
molecules [32]. At the first stage of lipid peroxi-
dation, diene conjugates of fatty acids are formed,
when exposed to hydroxyl radicals, lipid hydroper-
oxides are formed. At the same time, lipid peroxida-
tion products cause conformational changes in phos-
pholipids and phospholipid complex, which leads to
disruption of the functions of cells organelles, or-
gans, and then the whole organism. At the sites of
attachment of peroxide radicals, fatty acids break
into fragments containing aldehyde groups, which
are known to be highly reactive. When broken on
both sides, malonic dialdehyde is formed. MDA, re-
acting with the SH- and CH3- groups of proteins,
inhibits the activity of a number of enzymes [33].

Due to the continuous growth of the world pop-
ulation and the growth of consumption, all natural
ecosystems are exposed to negative factors of vari-
ous nature. Aquatic ecosystems, especially fluid
ones (rivers, streams), are subjected to powerful
anthropogenic pressure, as a result, a decrease in
the diversity of aquatic organisms is observed. Wa-
ter and soil pollution occurs due to industrial, agri-
cultural, household waste, fertilizers and pesticides
used by farmers, oil spills and radioactive materials
[34]. Polluted water and soil pose a serious threat to
living organisms, including humans, since they can
have toxic, mutagenic, carcinogenic, teratogenic,
and other negative effects [35]. In the complex of
influence of pollutants on the body, genetic conse-
quences are important. For any population, includ-
ing humans, an increase of mutagenic factors in the
environment is undesirable, since a real basis is cre-
ated for increasing the genetic load and changing the
rate of the mutation process.

According to the CAS (Chemical Abstracts Ser-
vice, USA), by September 2018, 144 million chemi-
cal compounds were registered, and by October
2022, already 201 million [36]. All of them can end
up in the air, water, soil, food. As a result, several
dozens of compounds that can be found in the tis-
sues of humans and other organisms can enter the
body at the same time.

Among many chemical elements, heavy metals
are of particular importance due to their association

with human activities — vehicle exhausts [37], do-
mestic and industrial wastewater discharges. Met-
als such as Pb, Cr, Zn, Cu, Cd, and Ni are typical
potential pollutants of water and bottom sediments
in urban areas [38,39]. Concern about the distribu-
tion of these elements in the environment is grow-
ing worldwide because they are persistent, bioaccu-
mulative and toxic [40]. In addition to the fact that
they contribute to the occurrence of morphological,
behavioral, reproductive, genotoxic, and mutagenic
damage in representatives of aquatic biota [41], they
can also adversely affect human health.

The combined effect (synergy) of the chemical
compounds can negatively affect the body even at
low concentrations [42]. The genotoxic, mutagen-
ic and toxic activity of the water of Nizhny Kolsai
Lake (2018 and 2020), established in our studies on
laboratory mice, is apparently due to the complex
action of various chemical components of aquatic
environment, which may include organic and inor-
ganic compounds.

Thus, the studies of native water samples of the
Nizhny Kolsai Lake carried out on the Mus muscu-
lus in 2018 and 2022 revealed genotoxic, mutagenic
and toxic activity. Water samples collected 2018
and 2022 induced DNA breaks in cells of the bone
marrow and spleen of experimental mice, the level
of which was statistically higher than in intact ani-
mals (p<0.001). Cytogenetic analysis of the bone
marrow of mice treated with lake water also showed
a statistically significant increase in the frequency of
aberrant cells and the number of structural chromo-
some disorders per 100 metaphases (p<0.05). Bio-
chemical study of lipid peroxidation products (LPO)
in the liver of experimental animals revealed a sta-
tistically significant increase (p<0.05) in the level
of lipid hydroperoxide (HPL) and malondialdehyde
(MDA). The results obtained indicate the presence
in the studied natural surface waters of chemicals
with genotoxic, mutagenic and toxic activity.

Conclusion
Environmental pollution by environmentally
hazardous factors has become global in nature and

1s observed even in uninhabited areas where there is
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no economic activity. Most contaminants exhibit a
potential mutagenic and carcinogenic hazard to liv-
ing organisms. To solve this problem, first of all, it is
necessary to take strict control over the processes of
environmental pollution, prevent the expansion of
pollutants, reveal the nature of their action and find
ways to protect against their influence. Ecotoxicants
have a negative impact on all components of natural
ecosystems and lead to an increase of genetic load in
natural and human populations. Therefore, the prior-
ity task is to assess the genetic consequences of the
impact of pollutants on living organisms, as well as
to find ways to protect against their negative effects.

In connection with the development of tourist
and recreational activities in Kazakhstan in recent
years, aquatic ecosystems, including high mountain
lakes, have been intensively exploited. Therefore,
the state of water bodies, which play an important
role both in the nature water cycle and in the nation-
al economy, deserves special attention. The study of
waters and bottom sediments of ecosystems of wa-
ter bodies is important for studying their toxic and
mutagenic effects, since the general recent trend is
known — the active distribution of toxicants in the
aquatic environment and their accumulation in bot-
tom sediments [43, 44].

As noted earlier, natural environments that are
not subject to direct human economic activity are
also polluted. Tourist and recreational areas are also
experiencing anthropogenic pressure. These include
the national park “Kolsai Kolderi”, located on the
territory of the Almaty region, Republic of Kazakh-
stan. On the territory of the park, within the heights
of 1800-3500 meters above sea level, there are
unique landscapes rich in flora and fauna. The main
attraction is the cascade of Kolsai lakes, located in

a beautiful gorge, the tract of the tributary of Shi-
lik River, the Kolsai River. These are three unique
mountain lakes of tectonic origin — Upper, Middle
and Lower Kolsai.

Kolsai lakes are characterized by the biodiver-
sity of hydrobionts (phyto- and zooplakton, zoob-
enthos and fish resources), are a tourist attraction,
there are guest houses and campsites nearby. Ac-
cording to the Institute of Hydrobiology and Ecol-
ogy of the Ministry of Education and Science of the
Republic of Kazakhstan [45], in accordance with
the hydrochemical characteristics of reservoirs, wa-
ter in terms of chemical composition and content of
biogenic elements is a favorable habitat for hydro-
bionts. Nevertheless, for the first time in 2018 and
2022, cytogenetic, molecular genetic and biochemi-
cal studies of water at the model object Mus mus-
culus revealed its genotoxic, mutagenic and toxic
activity. Further studies are planned to identify the
main inorganic and organic pollutants in Lake Kol-
sai and the sources of genotoxic water action.

As noted earlier, genotoxic and mutagenic fac-
tors present in the environment can increase the
evolutionary level of mutation for each species and
genetic load in the population of living organisms,
including humans. Therefore, it is very important
to carry out genetic monitoring of various natural
media, including water, to detect mutagenic activity
in order to reduce the level of pollution by environ-
mentally hazardous factors that pose a threat to biota
and human health.

This research has been funded by the Science
Committee of the Ministry of Education and Sci-
ence of the Republic of Kazakhstan (Grant No.
AP05130546, A.V. Lovinskaya is the Project super-
visor).
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CKPUHUHT SO PEKTUBHbLIX MUKPOCKOITUYECKMUX TPUBOB,
CrOCOBCTBYIOLUMNX YAYHLUEHNIO POCTA U1 PA3BUTUNA PACTEHUA

CoBpemeHHble TEXHOAOTMU, MCMOAb3YEMbIE B CEAbCKOM XO3SMCTBE, FAaBHbIM OOPa3OoM OCHOBaHbI
Ha MPYMEHEHUM XMMMUYECKMX CPEACTB 3alUMTbl PACTEHWI, UTO HEM3GEXHO MPUBOAMT K 3arpsi3HeHMto
NPOU3BOAMMOMN MPOAYKLIMM M OKPY>KAIOLLLEN CPEAbI. B CBSI31 C3TMM pa3paboTka v npuMeHeHUe 3KOAOrMUeCcKm
6e30MacHbIX GMONPENapaToB, OCHOBAHHbBIX HA UCMOAb30BaHUM MUKPOOPraHWM3MOB, YAYULLIAIOWMX POCT U
pa3BUTHE PACTEHUI, IBASIOTCH aKTYaAbHOM 3aAave COBPEMEHHOIO PacTEHMEBOACTBA.

B Hacrosillee Bpemsl MMKPOOPraHusMbl, OOAaAQIOLIME COBOKYMHOCTbIO MOAE3HbIX — AAS
PaCTEeHUI CBOWMCTB, NPUHATO o6o03Havatb kak PGPM (ot Plant Growth-Promoting Microorganisms —
MMKPOOPraHv3mbl, CrMOCOOCTBYIOWME POCTY pacTeHui). MccaepaoBaHMS 3TOM MEPCreKTUBHOM AAS
NPaKTUYECKOrO MCTOAb30BAHWS TPYMMbl MUKPOOPraHM3MOB BbI3bIBAIOT G0AbLION MHTepec. Cpeau
PGPM pa3AMYHbIX TaKCOHOMMYECKMX FPYMM LWMPOKMM HABOPOM MOAE3HbIX AASl PACTEHUI CBOWMCTB
BbIAGASIIOTCS MUKPOMULETbl. OHU SBASIOTCS MOTEHLUMAAbHbIMM 0ObeKTaMM arpo6MOTEXHOAOTUU AAS
pa3paboTkM GUOAOTMUECKMX CPEACTB 3alMTbl paCTEHMIA OT (DUTOMATOreHOB, a TakxKe GuonpenapaTos,
CTUMYAMPYIOLLMX POCT M MOBbILLAIOLLMX MPOAYKTUBHOCTb PAaCTEHWIA.

B cratbe npeACTaBAeHbl AaHHble M0 OT6OPY LITAMMOB MWKPOMMLETOB, BbIAEAEHHbIX W3
arpoLeHO30B 3ePHOBbIX M KOPMOBbIX KyAbTYp Ka3axcTaHa, yAyyluaoLmMx pocT pacTeHMin M 06AaAQIOLLMX
CMOCOBHOCTbIO MOBbIWATb AOCTYMHOCTb AASl HUX DAEMEHTOB MuUTaHus. B pesyAbTaTte nMpoBeAEHHOro
CKPUHMHIa 13 44 WwraMmoB 6bIA0 0TOBpaHO 2, NoKa3aBLIMX HaMBOAbLLYIO aKTUBHOCTb M 0OAaAQIOLLMX
Cpasy HECKOAbKMMMW LeHHbIMM CBOMCTBaMU. OTobpaHHble 3¢peKTUBHbIE MUKPOMMLETHI OKa3biBAAM
MOAOXMTEAbHOE BAMSIHWE Ha (DM3MOAOTMYECKME NPOLLECChI PACTEHN (MOPOMETPUYECKME NMOKa3aTeEAN
1 POTOCMHTE3), a TaK>XKe MOBBILAAU AOCTYMHOCTb SAEMEHTOB NuUTaHus (poccop 1 Kaamin).

KaloueBble cAOBa: COAOOMAM3ALIMS KaAMs, MMKPOMMLETbI, POCTCTUMYAMPYIOLLAS aKTUBHOCTb,
docaTtmobuansaums.
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Screening of effective microscopic fungi that contribute to the improvement
of plant growth and development

Modern technologies used in agriculture are mainly based on the use of chemical plant protection
products, which inevitably leads to contamination of manufactured products and the environment. In
this regard, the development and application of environmentally safe biological products based on the
use of microorganisms that improve the growth and development of plants is an urgent task of modern
crop production.

Currently, microorganisms with a set of beneficial properties for plants are commonly referred to as
PGPM (from Plant Growth-Promoting Microorganisms — microorganisms that promote plant growth).
Studies of this promising group of microorganisms for practical use are of great interest. Among the
PGPs of various taxonomic groups, a wide range of useful properties for plants are distinguished by
micromycetes. They are potential objects of agrobiotechnology for the development of biological plant
protection products against phytopathogens, as well as biological products that stimulate growth and
increase plant productivity.

The article presents data on the selection of strains of micromycetes isolated from agrocenoses of
grain and feed crops of Kazakhstan that improve plant growth and have the ability to increase the avail-
ability of nutrients for them. Because of the screening, out of 44 strains, 2 were selected that showed the
greatest activity and had several valuable properties at once.The selected effective micromycetes had a
positive effect on the physiological processes of plants (morphometric parameters and photosynthesis),
as well as increased the availability of nutrients (phosphorus and potassium).
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OcimgikTepgiH 6cyi MeH gamybIH XaKcapTaTbIH TUiMgi
MUKPOCKONUSIAbLIK CaHblIpayKyAaKTapgbl CKpUHUH2TeY

AybIA  lLIApYaLbIAbIFbIHAQ KOAAQHBIAATbIH 3amMaHayM TEXHOAOIMSIAAP HEri3iHEeH ©ecCiMAIKTepA|
KOPFayAblH XUMMSIABIK KYPAAAAPblH KOAAAHYFa HerisaeAreH, GyA ©OHAIPIAETIH eHIM MeH KopluaraH
OpTaHblH, AaCTaHyblHa oKeAeTiHi ce3ci3. OcblFaH 0aiiAaHbICTbl OCIMAIKTEPAIH ©CYi MeH AamyblH
JKakcapTaTblH MUKPOOPraHM3MAEPAI KOAAAHYFa HEri3AEAreH 3KOAOTUSIAbIK Kayirci3 OMOAOTUSIAbIK
BHIMAEPAI 83ipAey XaHe KOAAAHY — Kasipri CIMAIK LapyallblAbIFbIHbIH 6aCTbl MIHAETI.

Kasipri yakpiTTa eciMAaikTepre mnamaaAbl KaCMETTEPAIH >KUbIHTbIFbI 6ap MMKPOOPraHM3MAEp
aaetrte PGPM peTtinae Geariaereai (Plant growth-promoting microorganisms — ©cimaikTepai ecyiHe
bIKMaA €TeTiH MMKPOOpraHMamaep). MukpoopraHmMamaep TOObIH Toxipnbe YiliH KOAAAHyFa OCbl
nepcrekTUBaAbl 3epTTeyAep YAKEH KbI3bIFYLIbIAbIK TYAbIPaAbl. OPTYPAI TaKCOHOMMSAABIK TOMTAPAbIH
PGPM apacbiHaa ecimaikTepre nanAaAbl KacMeTTepiHiH KeH CNeKTPi MUKPOMMLETTEPMEH epeKLLIEAEHEA].
Onap ecimMAiKTepAI huTonatoreHAEpAEH OMOAOTUSIAbIK KOPFayAbl, COHAAM-aK OCIMAIKTEPAIH ©cyiH
bIHTAAQHABIPATBIH >KOHE OHIMAIAITIH apTTbipaTbiH OMOAOIUSIAbIK GHIMAEPAI 83ipAeyre apHaAfaH
arpoOMOTEXHOAOTUSIHbIH DAEYETTi HbiCaHbl.

Makanapa 6OcCiMAIKTEPAIH ©OCYiH >KaKcapTaTblH >KOHE OAap YLWIiH KOPEKTIK 3AEMEHTTEPAIH
KOAXKETIMAIAITIH apTThipy KabireTi 6ap KasakCTaHHbIH aCTblK >KOHE MaA a3bIKTblK AAKbIAAAPbIHbIH
arpoueHo3AapbiHaH GeAIHIeH MMKPOMMLETTEP LITaMMAAPbIH iPIKTeY >KOHIHAEr AepekTep OepiAreH.
KyprisiAreH CKpUHMHI HOTUXKECIHAE 44 LiTaMMHaH eH >KOoFapbl 6BEACEHAIAIKTI KOpceTKeH >kaHe bipaeH
GipHelle KyHAbl KacreTke Me 2 WTaMM TaHAAAAbl. TaHAAAFaH TUIMAI MUKPOMULETTEP 6CIMAIKTEPAIH
(U3MOAOTUSABIK MpouecTepiHe (MOPPOMETPUSIALIK KepceTKiliTep MeH (POTOCMHTE3) OH acep eTTi,

COHbIMEH KaTap KOpeKTiK 3aTTapAblH, ((Pocop MeH KaAni) KOAKETIMAIAITIH apTTbIPAbI.

Tydin ce3gep:
docdarmobuansaums.

KaAUAIH  epyi,

BBenenue

3arpsi3sHeHHe OKpY’Kalollel cpeapl U abuoTH-
YECKHUE CTPECCHI SIBISIOTCS OCHOBHBIMHU IJI00ANb-
HBIMH TIpoOJeMaMH, BIMSIONIUMH Ha Ipopac-
TaHUE CEeMsH, IIOSIBICHUE BCXOAOB M OJHEPIHUIO
MpopacTaHus ¥, B KOHEUHOM cueTe, ypoxad [1]. Otu
HeOJIaronpusTHBIE YCIIOBHS OKa3bIBalOT CEPhE3HOE
BIUSHHE HAa MHOTHE CeJIbCKOXO3SIHCTBEHHBIC
paiioHbI 0COOEHHO 3aCyIUIMBBIX U IT0JTy3aCyIIIMBbIX
KIIMMAaTHYECKUX 30H [2]. AOHOTHYECKHE CTPECCHI
BJMAIOT Ha POCT PACTCHHMH W YpPOXKalHOCTH 3a
CYeT 3aJepKKW Hayajla MPOpPacTaHWs M CHHUXKe-
HUE CKOpOCTH pocTa pacteHui [3]. OTO0 Taxke
BO3/ICHCTBYET HA TIOYBEHHYIO OMOTY, YTO MIPUBOIUT
K 3HAYUTEIbHBIM SKOHOMHYECKHM HoTepsiMm. py-
TUM OTPaHWYEHHEM YPOXKANHOCTH SIBISETCS IUIO-
Xasi JOCTYMHOCTb MUTATENbHBIX BELIECTB B MOY-
Be [4]. Bce 310 cTUMynupyeT MOWCK HOBBIX TOA-
X0Z0B K 00paboTKe CeMsIH ¢ MOMOILIbIO IPdeK-

THUBHBIX MHKpOOpFaHI/ISMOB — CTI/IMYJBITOpOB
pocrta pacTeHWil, areHTOB OWOKOHTPOISL WM
ounonecturnoB. Cenbckoe xo3sgictBO B Ka-

MNUKPOMMLETTEP,

OCYAl  bIHTAAAQHABIPATbIH  OEACEHAIAIK,

3axCcTaHe UMeeT MOTPeOHOCTh B MPOCTOH, 3ddek-
TUBHOM M YIpPaBISIEMOM TEXHOJOTUH MJIs YJIyd-
LICHUSI TPUKUBAEMOCTH W YPOXKAWHOCTH CEJb-
CKOXO3SUCTBEHHBIX KYJIBTYP B PA3JIMYHBIX IKOJIO-
FHYECKHX yCIOBUsX. Mcrnonbp3oBanue Ouomnpe-
rmapaToB Ha OCHOBE 3(DQPEKTUBHBIX MHKPOOpPTa-
HU3MOB KakK Uil CTUMYJISIIMK pOCTa, TaK M JUIs
3alUTHl PACTEHUH OT PA3INYHBIX OHOTHUYECKUX
U aOMOTHYECKHX (AKTOPOB SIBISIETCS OJHUM U3
MIPHOPHUTETHBIX HANpaBICHUH B OHWOTEXHOJIOTHH
U 3allUTe OKpyKarolled cpeiasl. B HacTosiee
BpeMs UCCIIEZIOBaHUSI HANpPaBIEHBI HA TMOIydYEHHE
MHOTOKOMITOHEHTHBIX OHONpEenapaToB IIUPOKOrO
criekTpa aedctBus. X CylIHOCTH 3aKIIIO4aeTcsl B
noa0ope MHUKPOOPTraHU3MOB, OOJIAAAIOUIMX KOM-
IUIEKCOM OWOJIOTHYECKHX CBOWCTB; BBISICHEHHUH
MEXaHU3MOB HX [MOJOXHUTEJIBHOIO JIeHCTBUSI Ha
PACTeHHS; U3YYCHUU WX KOJOHU3WPYIOUIEH W KOH-
KYPEHTHOH CHOCOOHOCTH, BIUSHUS Ha PE3UCHTHYIO
MUKpoQIopy prsocdepbl U PU30IUIaHBI PACTEHHIT;
OLICHKE TEXHOJOTHYHOCTH U 3P PeKTUBHOCTH [5-7].

O06paboTKa TOCEBHOI'O0 MaTepHayia, a TaKKe
KOpPHE M TMPOPOCTKOB PACTEHUl HEKOTOPhIMHU
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mraMMaMu PGP MUKpOMHIIETOB MOXET cylec-
TBEHHO CHIKaTh MOPaXEHHOCTh pacTeHuid (uro-
MaTOTEHAMH M YBEIHYMBATh YpPOKaHOCTH CEJb-
CKOXO3SIICTBEHHBIX KYJIbTYD. MIcriosb30BaHMEe TaKUX
IITAMMOB B CEJIbCKOXO3IHCTBEHHOH MPAKTHKE,
10 MHEHHWIO MHOTHX HCCIJIeJIOBAaTeNel, yKe B Ou-
JkKaillee BpeMs HalileT IIHMPOKOe NPUMEHEHHE B
COBpEMEHHOH arpoOMOTEXHOJIOTHH. B HEKOTOphIX
CIy4yasX BO3MOKHO HCIIOJIb30BAHUE CMELIaHHbBIX
npernaparoB COBMECTUMBIX MHUKPOOPTraHU3MOB, B
TOM YHCJE PA3IUYHBIX TAKCOHOMHYECKHX TpYMII
C 00s3aTeNIbHBIM BKJIIOYCHHEM MUKPOMUIICTOB
[8-10].

Llenpro HACTOAIIETO MCCIEAOBAaHUS OBII CKPH-
HUHT MHKPOMHMLETOB, OO0JaAalomMX OHWOTEXHO-
JIOTUYCCKU IICHHBIMH CBOMCTBAMH H OIICHKa IOajib-
HEHIIEro X NMPUMEHEHHUs IS CTUMYJILIUKN POocTa
CEIbCKOXO3SIMCTBEHHBIX KYJIBTYD.

MaTepnaﬂu U METOAbI

O0bekThl HccaeaoBanusa. O0beKTaMHU HCCIIe-
JIOBaHUS CITY KU 44 mTaMMa MUKPOMHUIIETOB, BbI-
JICJIICHHBIX U3 arpOIICHO30B 3€PHOBBIX U KOPMOBBIX
kynbpTyp Kazaxcrana.

JIJis OLIEHKM BJIMSIHMS MHKPOMHIICTOB Ha pac-
TEHUS UCTIOJIH30BAII CEMEHA TYMEHS COpTa «ApHay
(Hordeum vulgare).

Onpedenenue cnocooHOCMU MUKPOOPZAHU3-
MOG K COIOOUIU3AUUU KANUA

Uccnenyembie MUKPOOPraHW3MBI HHKYOHPO-
BaJM Ha arapu3OBaHHOW THTATEIBHOM cpexe
Anexcannposa [11]. Hltammsl, oGmagaromme crio-
COOHOCTBIO K COJIIOOMIM3AMU KajWsl, BBISBISUTH
MOCTIOCOOHOCTH (hOPMHUPOBATH 30HBI Taj0 (30HBI
MIPOCBETIICHHUS) BOKPYT KOJIOHHHA. AKTMBHOCTB H30-
JISITOB OLICHMBAJH, BBIUUCISS cOOTHONIeHHe Kxan-
nenapkapa = d 30HbI IpocBeTIeHN/d KOJIOHHU.

Buviasenenue gpocpammoodunusyrowieii akmue-
HOCIMU RPU POCHIE MUKPOMUUWENOE8 HA NJIONMHOI
numamenvnou cpede NBRIP ¢ unouxamopom
opomepunonosvim cunum

MHUKpOOpraHu3Mbl KyJIbTUBHUPOBAJIM Ha ara-
pu3oBaHHOM nuTaTtenbHOU cpene NBRIP cormacHo
Mmetoxay Jayadi M. u ap.[12]. B xauecTBe nHOMKaTOpa
ncrnonp3oBa  OpomMpenonoBsiii cuanii (BPB) B
komumuectBe 0,025 r1/m. Illtammel, oOnamarornue
CIOCOOHOCTHIO K como0mmm3anuu ¢Gocharos, BbI-
SIBIISUTM TIOCTIOCOOHOCTH (DOPMHUPOBATH 30HBI IPO-
CBETJICHUSI BOKpYT KojoHmid. CrocoOHOCTh K
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¢dochaT-MOOMTU3AMK OLIEHUBATIH ITyTEM BBIYHC-
nenus uHAekca comoommsanun MC mo gopmyire
(1) 1 o sdpdextuBHOCTH comobummzanuu IC 1o

dhopmyme (2):

NC = amamerp 30HBI TPOCBETICHU/AUAMETP
kostonnu (1)

OC = nuameTp 30HBI TPOCBETICHU/AUAMETP
kosonnnx 100  (2)

Buviasnenue ghocpam-moounusyroweii akmug-
HOCMU npu pocme MUKPOMUUEMOE 8 MHCUOKOIU
numamenvbHoil cpede 08YXCMAOUIIHBIM MENOOOM

Hns nmanpueiimero wm3ydenus ¢docdar-mooOu-
JU3YIOUIe AaKTUBHOCTH MHKPOMHUIETOB HCCIIe-
JIOBaHUSI TIPOBOJIVIIN B JKUJIKOH MUTATENILHONCpEIe
(PVK), comepxamieit HepacTBOpuMBIH (docdar,
B KayecTBE KOTOPOTO HCIOJIb30BAIH TpPUKAIb-
nuiidochar (TKD, Ca3(PO4)2). B kauectBe uctou-
HUKa yTIepoia UCTIOI30BAIH TITIOKO3Y.

CopeprxaHre HepacTBOPEHHOTO (ochopa orpe-
JIENSUT  KOJIOPUMETPUYECKUM JIBYCTAIMHHBIM Me-
TOJIOM C WCIIOJIb30BAaHUEM MOJUOIaTa aMMOHUS
U JBYXJIOPHUCTOTOO0JIOBA C go0aBieHreM TBUHA-80
[13].

Onpedenenus nooOGUNCHLIX cOeOUHERUIl oc-
¢opa 6 nouge

Onpenesnenne MOABHKHBIX COEOUHEHUH Qoc-
(hopa ObLT IPOBEACH MO MeTOAY UnpHUKOBa B MOJIU-
¢ukarnuu [unao [14].

Pocmcmumynupyrowana akmusnocms mMukpo-
MUYemoe

O0paboTKy ceMsiH MPOBOAMIM KYJIbTYypaIbHON
KHUJIKOCTHIO, pa30aBICHHOW CTEPUIIBHONH BOJIO-
MIPOBO/IHOM BomO# nopasBeneHus 1:5. B xadectse
KOHTPOJISI HCIIOJIb30BAIM CEMEHa, 3aMOYeHHBIE B
CTepUIbHON BoponpoBojgHOW Bojae. llocie dero
WHOKYJIMPOBAHHBIC CEMsTHA BHOCHIIU B TI0UBY [15].

Cnexmpoghomomempuueckuili anaius gomo-
CUHME3UPYIOUIUX NUZMEHNO0G

Conepxxanne (POTOCHHTETHUECKUX MUTMEHTOB
OTIpENIeJISUIM COTJIACHO METOJIMKE, MPEeATOKEeHHON
LIneix ¢ coaBTopamu [16].

KonnuecTBeHHBIE JaHHBIC MOJBEPraidl CTATH-
CTHUYECKON 00paboTKe ¢ HMCHOJIB30BAHMEM OOIIIe-
MPUHATBIX MaTeMaTHYeCKHX METOAOB IS BHI-
YeCJICHUSI CPeHEr0 apu(METHUECKOro 3HAYCHHS,
CPEHEro KBaApaTHUYHOTO OTKJIOHEHUS M CpeaHen
KBaJIpaTUYHON OITHOKH.
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CKpUHUHZ KQIUH-MOOUIUZYIOWUX MUKPOMU-
uemog

B mouBe TpHCYTCTBYIOT BCe HEOOXOIMMBIC
JUIl PacTeHUIl MUHEpaJbHBbIE BELIECTBA B JOCTa-
TOYHOM KOJIMYECTBE, OJHAKO CTEIEHb HUX YyCBOE-
HUs orpaHnueHa. Huskue ko3¢ duumeHTs! nenomnsb-
30BaHMSI PACTCHUSIMH DJIEMEHTOB TMUTAHUS U3
MOYBBl M YNOOpEHHH B 3HAYUTEIBHOM CTEIICHU
00yCIIOBJINBAIOTCS WX CJIA00W TOJBMKHOCTBIO U
MPOCTPAHCTBEHHBIM Pa300IIEHIEM KOPHEBOM CHC-
TEMBl M MECT COpOIMM THTATEJbHBIX BEIECTB
B nouBe. CylIecTBEHHBIH BKJIaJ B CTUMYJISALHUIO
pocTta arpokyibTyp BHOCHT CIIOCOOHOCTH MHKPO-
OpPraHU3MOB K IOBBIIICHUIO OHOOCTYITHOCTH 3JI€-
MEHTOB MHWHEPaJbHOTO NHUTaHus. M3BecTHO, 4TO
HEKOTOPBIE MUKPOOPTAaHU3MBI CIIOCOOHBI MOOWIN-
30BaTh M MEPEBOIUTH HEIOCTYIHBIN (ocdop u Ka-
it B moctymnHyto dopmy [17-19].

LlITamMBbI, 00514 A2FOIINECTIOCOOHOCTBIO K COJTFO-
OWIM3aIui  KaJWsl, BBIIBISUT IO CIIOCOOHOCTH
(hopMUpPOBATH 30HBI TPOCBETIICHUS BOKPYT KOJIOHUN
IpyH WHKYOMpPOBAaHWM Ha MHUTATEIBHOW cpefe
AnekcannpoBa. AKTHBHOCTh U30JIATOB OIICHUBAJIH,
BBIYHCIISIS COOTHOIIICHHE Kxannmemapkapa
[20-21].

W3 44 xynbTyp MHUKPOMHIIETOB 9 TpOSBUIH
CIIOCOOHOCTh K COJIOOWIIM3ANNN Kalus, U3 HUX 2
mTaMma Jpoxoked M 7 mTaMMOB MHUIICIHAIBHBIX
rpuboB. [Ipu pocTe Ha cpesie AllekcaHpOBa U30JISATHI
dopmupoBany 30HBI TpocBeTIeHUS oT 6,3+0,3
no 48,8+2,4 mm. CootHomenue Kxanpemapkapa
BapbsupoBao B nuana3one ot 1,02 mo 1,45. Cnenyet
OTMETHUTh, YTO MHIICTHAIBHBIC TPUOBI B OOJbIICH
CTETICHU O00JIalay CIOCOOHOCTHIO MOOWIM30BATh
Kalluil TMOCPAaBHEHUIO C JPOXIKEBBIMU IlTaMMa-
mu (Pucynok 1). CoorHomenne Kxannemapkapa
JIOCTUTAJI0O MAaKCHMAaJbHBIX 3HAYCHUH Yy INTAMMOB
P. bilaiae T8 u A. ustus T5

= Mune.Ha/IbHbIe TPHOBI

= J[posxiku

Pucynok 1 — CooTHOMmEHNE aKTUBHBIX MUIIEINATBHBIX TPUOOB U APOAKIKEH 1O CIIOCOOHOCTH MOOUIH30BaTh Kamnii, %

PesynbpTaThl MpOBEACHHBIX HCCIEIOBAHUN TI0
W3YYCHUIO KaJIHi-COMOOMIN3UPYIONIEH CIIOCco0-
HOCTH MHUKPOMHMIICTOB COTJIACYIOTCS C JaHHBIMU
npyrux aBtopoB. Tak, B pabote Prajapati etal.
cooOriaercst 00 AKTUBHBIX IIITAMMAaX MUTISTHATBHBIX
rpuboB pona Aspergillus, y KOTOPBIXCOOTHOILICHHE
Kxannmemapkapa cocrasmsuio ot 1,04 mo 1,87 [22].
B wuccnenoBanusx Rosa-Magri u nip. mpojemMoHc-
TPUPOBaHa CIOCOOHOCTH JIPOXIKEBOTO INTAMMA
Torulaspora globosa k comoOWIM3alUU KU
[23].

Cxkpununz ocgam-wodbunusyromux MukKpo-
Muyemos

Uzydenne docdar-moOmmsyromneil akTHBHOC-
TH MHKPOOPTaHW3MOB OCYIIECTBIISUIM B J[Ba 3Tara.
[lepBbIif 3Tam cocTOST M3 HPAMOrO0TOOpPa MHK-
POOPraHU3MOB TIOCTIOCOOHOCTH pacTd Ha IJIOT-
HOU MNUTATEIBHOW cpene, coaepxkalled TpyAaHO-
pactBopumblie GocaThl Kanbius, H GOpMUPOBATH
30HBI T'aJI0 (30HBI IPOCBETJICHHSI) BOKPYT KOJOHHH.
HasropomaTare u3y4aiu criocoOHOCTh 0OTOOPaHHBIX
LITaMMOB PAacTBOPSTH Heopranuyeckue Gocdats
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B JKMIKOW MHTATEIBbHOM cCpelne MOoCoAepKaHUIO
OCTaTOYHOTO KoJimdecTBa ocdopa.

[Ipu w3yuyeHWH CIIOCOOHOCTH INTAMMOB MHK-
pomuiieToB K (ochar-MoOUIM3aMK TOKA3aHO,
yro 10 u3 44 wuccrenyeMbIX KyJIbTyp aKTHUBHO
MOOWJIM30BAIN  TPYIHOPACTBOPUMBIE  (ochaTsl
kanbius. [Tpu comroOumm3anuy MUKpoopraHu3MaMu

¢docdaroB KambIMs, COACpPKANUXCI B Cpee,
MIPOUCXOAUI000pa30BAHKE 30H rajio Ha H3HAYAJIBLHO
MYTHOH cpeJie, YTOCBUACTEIhCTBOBAIO0 HAINYHH
dochar-mobunusyromieit  akTuBHOCTH. JnameTp
30H TaJo BappUpoBal B Tmpenenaxor 8,8+0,4
no 88,344,2 MM B 3aBUCHMMOCTH OT IITaMMma
(Pucynoxk 2).

Pucynok 2 — ®opmupoBaHue 30H Trajio LTaMMaMid MUKPOMHLIETOB IIpH pocTe Ha cpeae NBRIP

Cpenu 10 akTHBHBIX HITAMMOB, 00JaJarOIIUX
HanOonbIneil gocdar-MoOUAM3yIOmIEeH aKTUBHOC-
ThIO, 3 IITaMMa OTHECEHbI K Jpoxokam (4. pullu-
lans T1, A. pullulans T3, M. Pulcherrima T2) n 7

[ITaMMa — K MHUIIeTHaIbHBIM TpubaMm (P. bilaiae TS,
A. sydowii T12, A.ustus TS5, Trichoderma sp. T10,
P. bilaiae C11, Penicillium sp. T7, P. dipodomyico-
la T4) (pucyHoxk 3).
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Pucynok 3 — CiocoOHOCTh aKTHBHBIX MHKPOMUIIETOB PACTBOPSTH TPYAHOPACTBOPUMBIH (ocdaT kamsrms (/1) (p<0,05)
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MaxkcuManbHOW  CIIOCOOHOCTBIO  PACTBOPSITH
dochater B cpeme obnamanu 2 ImTaMma MUIIE-
nuanbHbIX TpuboB 7. viride T10 n P. bilaiae T8
(KoHIIEHTpaMsl HEepacTBOpeHHOTO docdopa B
JaHHBIX BapHaHTaX COCTAaBUJIA COOTBETCTBEHHO
0,55+0,03 r/m u 0,54+£0,03 r/n) m 2 mTamma
JIPOXKKEBBIX KyIbTYp A. pullulans T1 n A. pullulans
T3 (0,80+0,04 u 0,88+0,04 r/mnr/).

BnusiHue MUKpOMHIIETOB Ha POCTOBBIE Xapak-
TEPUCTHKH PACTCHUI B MOJICTBHBIX SKCIIEPUMEHTAX

B pesynbrare mpoBeIeHHBIX HCCIEIOBAHUN
n3 44 mramMMoB ObUTH OTOOpaHsl 2 Hamboiee
akTUBHBIX — P. bilaiae T8 u A. pullulns T1. B
KauyecTBe TECTOBBIX pACTEHUH HCIOJIb30BAIN
cemMeHa suMeHsi copTta «ApHa» (Hordeum vul-
gare). CemeHa 3aMadMBajd B KyJIbTypaJdbHOUH
KUAKOCTH HCCIeNyeMbIX KynbTyp. Kontponem
CIIYXWIH CeMeHa, 3aMOYCHHBbIC B CTEPHIIBHOU
BOJOTIPOBOIHOM Bosie. Pe3ynbpTaThl SKCIIepuMeHTa
MpecTaBICHBI B Tabmure 1.

Ta6auua 1 — BiausiHie MUKPOMUIIETOB Ha POCTOBBIC KAUE€CTBA STUMEHS

Bapuant KonuuectBo Jnuna cTebns, cm JlinHa KopHS, cM Macca crebmst, T Macca xopHs, T
MIPOPOCILIHX CEMSH,
%
KoHtpois 75 20,0+1,0 6,8+0,3 0,211+0,011 0,089+0,004
Pbilaiae T8 95 23,3+1,2 9,1+0,5 0,277+0,013 0,132+0,007
A.pullulns T1 100 25,5+1,3 12,1+0,5 0,293+0,015 0,145+0,007

ITpu 06paboTke ceMsiH KyIbTypaMu MUKPOMHU-
[[ETOB OTMEYCHO YBEJINYCHHE JJIUHBI cTeOIIs Ha 3,3
— 5,5 cM, nnuHbBl KOpHA Ha 2,3 — 5,3 cM 1o cpas-
HEHUIo ¢ KoHTpoJieM. KonnuecTBo mpopocuiux ce-
MSH B OIIBITHBIX BapuaHTax cocTaBuio 95 — 100%,
TOrJla Kak B KOHTPOJIE 3TOT MOKa3aTellb COCTaBUII
75%. Takxe mokazaHo, 4yTo Ouomacca KOpHEH M
cTebreil BbIlIe y TeX pacTeHHH, ceMeHa KOTOPBIX
OBUIM MHOKYJIMPOBAaHbI IITAMMaMH MHKDPOMHMIIE-
TOB.

TakuM 00pa3oM MOJSyYeHHBIE JAaHHbBIC CBH[E-
TEJILCTBYIOT O TOM, YTO 00paboTKa CeMsiH IITaM-
Mamu P. bilaiae T8 u A. pullulans T1 oxazana mo-
JIOKHUTENIHOE BIHMSIHAE Ha MOp(oMeTpryecKre
napameTpbl pacTeHHi. BeposiTHO, 3TO CBs3aHO C
BBIPa0OTKOI MUKPOMHIIETAMU aKTHBHBIX BEIIECTB,

KOTOPbIC aKTHBH3UPYIOT OMOXMMUYECKUE MPOIEC-
CBI B PaCTCHUSIX.

B xoje skcrepuMeHTa OBUIO YCTAHOBIICHO,
YTO PACTCHHUsS SIUMEHS, KOTOPHIC BBIPAIUBAIIUCH B
OTBITHBIX BapUaHTaX OTJINYAINCH COJCPIKAHUEM
U COOTHOIICHHWEM xyopopwia a W b ot
KOHTPOJIbHBIX. Tak, HapuMep, COJCPIKaHHE XII0-
poduuia aB BapuaHTe ¢ 00pabOTKOWM CEMsIH IITaM-
MoM A.pullulansT1 cocraBuno 0,997+0,049 wmr/r,
xyopodpmwia b 0,470+0,024 mr/r. B KOHTpOJILHOM
BapuaHTe 3TU nokazarenu cocrasuiu 0,770+0,039
u 0,415+0,021mMr/r cooTBeTCTBeHHO. Takke ycTa-
HOBJICHO, YTO CYMMapPHOE KOJIMYECTBO XJIOPOQHILIIA
—awub B onbiTHEIX BapuanTax Ha 0,239 — 0,282mr/r
OOJIBIIIE 1O CPABHEHUIO C BApUAHTOM 0€3 WHOKYJISI-
UM ceMsiH (Tabnuua 2).

Ta6/una 2 — Brusare MUKPOMHIIETOB Ha COAEpKaHHe XIopoduiia a u b B IMCTBAX STIMEHS, B MI/T

Konnuecto xmopoduna KomnuuectBo Conepxanue 00I1Iero OrtHoeHne
Bapuant a, Mr/t xsopodmnta b, mr/r xsopodunia, Mr/t xnopodmia a x b
KonTpons 0,770+0,039 0,415+0,021 1,185+0,006 1,855
A. pullulans T1 0,997+0,049 0,470+0,024 1,467+0,007 2,121
P. bilaiae T8 0,958+0,048 0,466+0,023 1,424+0,007 2,056

B BapmaHTax WHOKYJISIMM IITaMMaMu A.
pullulans T1 u P. bilaiae T8 HabGnromanu 3HAYU-
TeTbHOE YBEIMUYEHHE KOJMYECTBAa PACTBOPUMBIX

dhopm docdopa B mouBe. MakcuMaIbHOE COMEPIKa-
HUe cBOOOmHOTO (hocdopa ormeueHo Ha 30 CyTkH
(0,795 u 0,720 x10° MKT KI'™! COOTBETCTBEHHO).
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3akioueHne

HOHy'-ICHHI)Ie JaHHBIC TTOKAa3bIBAIOT, YTO U3Y-
YeHHbIC 3QPEKTUBHBIC MUKPOMHUIICTHI OKA3bIBAIOT
IIOJIOKUTCJIBHOEC BJIUAHUEC Ha (1)I/I3I/IOJ]OFI/I‘-I€CKI/IC
MPOIECChl pacTeHuil (MophoMeTprUECKUe MoKa-
3aTend ¥ (OTOCHHTE3), a TAKKE TMOBBIIIAIOT J0-
CTYITHOCTh 3JIEMEHTOB nmuTaHus. X nanapHeiinee
HCIIOJIb30BaHUE B COCTaBE OMompenapara obecrie-
YUT YCKOPEHHUE POCTA, MOBBIMICHUE YPOKAHHOCTH
1 KayecTBa BBIPAIIMBAEMBIX arpoKyIbTyp. Kpome
TOTO, CYIIECTBCHHBIM HMX JIOCTOUHCTBOM OyIeT
ABJISATBCA 6€3Bp€I[HOCTI> JJIs1 4€JI0BEKa, KHUBOT-
HBIX, TIOYBEHHBIX OPTaHU3MOB U OKPYXKarolei
Cpebl.

DuHAHCUPOBAHHE

PaGota BpIONHEHa B  paMKax MPOEKTa
AP09261262 «buoTtexHoIOTHS CO3MaHUS MHUKPOO-
HOW KOMIIO3UIIMU JJIsi CTUMYJIHPOBAHUS POCTa U
MOBBIIICHNUST AJaNTHBHOTO TOTCHIIMANa CEIhCKO-
XO3SUCTBEHHBIX pacTCHUIT», puHAHCHpyeMOH Mu-
HUCTEPCTBOM OOpa30BaHWs W Hayku PecmyOnmku
Kazaxcras.

Kon¢paukr nurepecon
ABTOpBI CTaTb MOATBCPKAAIOT OTCYTCTBUC

(bMHAHCOBOW MIIH KaKON-T1O0 WHOW TIOIEPIKKH UC-
CJICIOBAHMSI, WA KOH(IJIUKTa HHTEPECOB.
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PACIMTPOCTPAHEHHOCTb AMUXOPAAKU KY
B IOXKHOM PETMOHE KA3AXCTAHA

Anxopaska Ky (kokcreaaes) — 300HO3Hast MHdpekuysi, Bbidbisaemon GakTtepuer Coxiella (C.) burnetii, ko-
TOpast MOXET UHPULMPOBATb MHOTME BUABI MAEKOMUTAIOLLMX, BKAIOYAs YeAoBeKa. DTa paboTta HarpaBAeHa
Ha MccaepoBaHWe pacnpocTpaHéHHocT C. burnetii cpean AOMaLLHEro ckoTa M HaCEAEHUS! I05KHOMO perroHa
KaszaxcraHa ¢ nomoLpio MMMyHobepMeHTHOro aHaansa (MMDA). AAS CEpOAOrMUECKOrO MOHUTOPUHIA MPo-
BeaeH cbop 06pasuos cbiBopoTkM y 100 >xkuteaern XKambbIACKOM 06AACTM B 3MUAEMUOAOTMYECKMIA CE30H
2021 r. BbisBAEHO, uTO 061125 ceponpeBareHTHOCTb IgG k C. burnetii paBHa 3,3%. Takke npoBeAeH cepo-
AOTMYECKMI aHaAn3 282 06pasLioB cbiBOpoTkM Kposm oT Capra hircus, Ovis aries 1 Bos taurus, cobpaHHbix B
TypkecTtaHckom n >KambblACKom o6AacTsx. [MokasaHo, UTo 06Lias ceponpeBareHTHOCTb aHTuTeA K C. burnetii
Y CEAbCKOXO3SIMCTBEHHBIX XKMBOTHbIX COCTaBASIET 32,2% 1 23,0% B TypkecTaHCKoi 1 XKamBbIACKOM 06AaCTSIX
COOTBETCTBEHHO. [1pOBEAEH 3MMAEMMOAOIMYECKMIA aHAAM3 AQHHBIX CEPOMOHUTOPMHIA AOMALLHEro cKoTa.
[NokasaHo, UTo BMAOBasi MPMHAAAEXKHOCTb Capra hircus K >keHCKoMy MoAy m obutanue B banambexckom,
CaitpamckoM, Kasbiryptckom paroHax TypkecTaHckoi 06AacTu 1 B paiioHe T. PoickyAoBa XKambbiAckoi 06-
AQCTU SIBASIOTCS chakTopamm prcka Hdmumpoanms C. burnetii B ioxkHOM pervoHe KasaxcraHa. [MoAyveHHble
pe3yAbTaTbl FOBOPSIT O HEOOXOAUMOCTHM MPOBEAEHMSI AAABHENLLIErO MCCAEAOBAHMS B 3TOM HarpaBAEHWUU AASI
BbIAEAEHMS BO3OYAUTEAS M MAEHTUUKALIMM €r0 OCHOBHbIX PE3EPBYapPOB.

Katouesbie caosa: Coxiella (C.) burnetii, KokcMeAaes, 3MMAEMMOAOTUS, UMMYHOEPMEHTHbIN aHa-
AM3, CbIBOPOTKA.
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Prevalence of Ku fever in the Southern region of Kazakhstan

Q fever (coxiellosis) is a zoonotic infection caused by the bacterium Coxiella (C.) burnetii that can
infect many species of mammals, including humans. This work was aimed at studying the prevalence
of C. burnetii among livestock and people in the southern region of Kazakhstan using enzyme-linked
immunosorbent assay (ELISA). For serological monitoring, serum samples were collected from 100 resi-
dents of the Zhambyl oblast in the epidemiological season of 2021. It was found that the total serop-
revalence of 1gG to C. burnetii is 3.3%. A serological analysis of 282 blood serum samples from Capra
hircus, Ovis aries and Bos taurus collected in the Turkestan and Zhambyl oblasts demonstrated that the
total seroprevalence of antibodies to C. burnetii in livestock is 32.2% and 23.0% in the Turkestan and
Zhambyl oblasts, respectively. An epidemiological analysis of livestock seromonitoring data was carried
out. It was shown that the species belonging to Capra hircus, female sex and habitat in Baidibek, Sairam,
Kazygurt districts of the Turkestan oblast and in T. Ryskulov of the Zhambyl oblast are risk factors for C.
burnetii infection in the southern region of Kazakhstan. The results indicate the need for further research
in this direction to isolate the pathogen and identify its main reservoirs.

Key words: Coxiella (C.) burnetii, coxiellosis, epidemiology, enzyme immunoassay, serum.
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Ky 6e3zeziHii oHTYCTiK Ka3akcTan eHipinge TapaAaybl

Coxiella (C.) burnetii 6akTepuscbiMeH Ko3abIpbiAaTbiH Ky 6e3reri (kokcreaaes) — CYTKOPEKTIAepAIH
KenTereH TYPAEpiH, KyCTapAblH, OYbIHASKTbIAAPAbBIH >XOHE AAAMAAPAbIH KOCa >XKYKTbIpy Kayni 6ap
300H03AbIK MHeKUMs. ByA sxymbic TypkicTaH sxaHe XKaMOblA 06AbICTaPbIHbIH TYPFbIHAAPbI MEH LLapya
MaAblHbIH, apacbiHaa C. burnetii TapaayblH MMyHa depmeHTTiK Taaaay (MDT) kemerimeH 3epTTeyre
GarbiTTarFraH. CepOAOTMSIAbIK MOHMTOPMHI >kKacay MakcaTbiHAA 2021 >KbIAFbI 3MMAEMUOAOTUSABIK
MaycbiMaa KamObiA 0OAbICbIHBIH 100 TypFbiHbIHAH capbiCy YAriAepi aabiHAbL. IgG-aiH C. burnetii-re
>KaAMbl cepornpeBaAeHTTIAIr 3,3% ekeHi aHbikTaaabl. CoHaar-ak Capra hircus, Ovis aries >xeHe Bos
taurus KaH capbiCyAapblHbiH 282 YATFiAepiHE CEPOAOTMSABbIK TaAAQY >KacaAAbl. AybIA LIAPYALUbIAbIFbI
>kaHyapaapbiHaa C. burnetii-re aHTMAEHEAEPAIH XKaAMbl ceponpeBaAeHTTiri TypkictaH >kaHe XKambbiA
o6AbICTapbiHAA 32,2% xoHe 23,0% ekeHi kepceTiaai. LLlapyallbiAblK MaAAPbIHbIH, CEPOMOHUTOPUHI
AepeKkTepiHe 3MMAEMMOAOTMSABIK TaAAAy >KYPrisiaai. OHTYCTIK eHipiHaeri TypkicTaH OBAbICbIHbIH,
bonaibek, Carpam, KasbiFypT ayaaHAapbiHAG XoHe YKamOblA 06AbICbIHBIH T. PbICKYAOB ay AaHbIHAAFbI
aHaAbIK TypiHe xaTaTtblH Capra hircus-TiH MekeH eTy opTacb! C. burnetii-mMeH MHeKLUSIAQHYAbIH, Kayin
chakToOpAapbIH apTTbIPaTbiHbl KOPCETIAAI. HaTuxeaep KO3ABIPFBILITHI OKLIAYAQY >KOHE OHbIH, HEri3ri
pe3epByapAapblH aHbIKTay YLiH OCbl 6aFbiTTa KOCbIMLLA 3ePTTEYAEp XKYPri3y KaXKeTTiriH KepceTTi.

Tydin cesgep: Coxiella (C.) burnetii, kokcreaaes, annaeMMUOAOTMS, UMYHOEPMEHTTI TaAAay,

capbicy.

BBeagenne

Jluxopanka Ky (kokcuesies) — 300HO3HasI WH-
(dexnysi, XapaKTepu3yromasics MHOKECTBEHHOCTHIO
HUCTOYHUKOB MU (aKTOpOB mepenaud. 3aboieBaHue
Be3bIBacTcs Coxiella (C.) burnetii, cTporo BHyTpHU-
KJIETOUYHOW TpaMOTpULATENbHON OakTepue, KOoTo-
pasi MopaXkaeT CEeNbCKOXO3IUCTBEHHBIX KHUBOTHBIX
u uenoseka [1, 2]. C. burnetii MoxeT WHOUITUPO-
BaTh MHOT'ME BHJbI KMBOTHBIX, BKIIIOYas MJICKO-
MMUTAIOIINX, MITUI] ¥ WICHUCTOHOTUX. Y JKUBOTHBIX
napexus C. burnetii mpoTekaeT 0OBIIHO OecCUM-
NITOMHO, HO Y MJICKOITUTAIOIIUX OHA MOXET IMpH-
BECTH K a0OpTaM M MEPTBOPOKICHUIO. Y CEIbCKO-
XO3SIICTBEHHBIX JKUBOTHBIX ITHEBMOHHS, aOOPTHI,
MEpPTBOPOXKJICHHE U POXKJICHHE c1aboro MmoToMcTBa
SIBJITFOTCSL HAN0O0JIee YaCThIMU KJIMHUYECKUMH TIPH-
3HaKamMH. B GonbpIIMHCTBE ciydaeB abopT Mpouc-
XOJIUT B KOHIIE OEPEMEHHOCTH 0€3 0COOBIX KIMHU-
YEeCKUX MMPU3HAKOB MOJOOHO TOMY, KaK 3TO HaOJFO-
naercs npu Opyueniese uiu xjaamuanose. Yacrora
aboptoB BapeupyeT oT 3 10 80% y nHOHUIMPOBaH-
HBIX caMoK [3].

JluarHocTMKa KOKCHeIUle3a 3aTpylHEeHa He-
CHelM(PUUECKUMU  KIMHUYSCKUMH  CHMIITOMaMU
y JoJied W acUMIITOMAaTHYECKHM TEeUeHHEM 3a00-
JICBaHMSI Y JKUBOTHBIX, OOOCTPSIOIIUMCS TOJIBKO B
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nepuo OepeMeHHOCTH U poJioB. PaboTHHKY cdeprr
3/[paBOOXpAHEHUs MO NPUYMHE HEOCBEIOMIIEHHO-
CTH HE MPOSBJISIIOT BHUMAHUS K TaHHOM HH(EKINH,
YTO, B KOHEYHOM HTOre, MPUBOJIUT K €€ HeJocTa-
TOYHOH BBIABIISIEMOCTH, AWArHOCTHYECKUM OIINO-
KaM ¥ HECBOEBPEMEHHOMY JIeUeHHUI0 00JbHBIX. He-
CMOTp# Ha TO, YTO Nuxopazaka Ky peako npuBoauT k
JIETabHOMY HCXOY, OHa 9acTO MOKET IPHUBOIUTH
K HMHBaIMIM3ALMH, AaXE B Cllyyae NPOBOAUMOHN
Tepanuu aHTHOMOTHKaMH. TeKylHe SIHAECMHO-
JIOTHYECKHE HCCIICAOBAaHMS IOKAa3bIBAIOT, YTO JIHU-
xopanky Ky cmenyer paccmatpuBaTh Kak mpoOiie-
My OOIIECTBEHHOTO 3[PAaBOOXPAHEHHS] BO MHOTHX
cTpaHax, Hanpumep, B BenukoOpurtanuu, cnanuu,
I'epmanun, @panuuu, I'penuu u ap. [1], a Takke Bo
MHOTUX JApPYTUX CTpaHax, rae iuxopaaka Ky pac-
MIPOCTpPaHEHa, HO HE Paclo3HaHa U3-32 OTCYTCTBUS
SMHUEMHUOJIOTHYECKOTO Ha/30pa 3a 3a00JIeBaHUEM.
Hanpumep, B CLLIA nuxopanka Ky nonnexxur peru-
CTpaluy Toybko ¢ 1999 r., uTo mpuBesno K yBennde-
HUIO YMCIa cilydaeB 3aboneBanus mojeit Ha 250%
B niepuon ¢ 2000 r. mo 2004 r. Gmaromapss MOHHTO-
puHTY naHHOW WHGeKnuu [2]. 3aMeTHBIH MOIbEM
3200J1eBaEMOCTH KOKCHEIJIE30M PETHCTPUPYETCS BO
MHOTHX CTpaHax [4], 4TOo, HO-BUIUMOMY, CBSI3aHO C
WHTEHCHBHBIM pPa3BUTHEM XXHUBOTHOBOJICTBA U BBO-
30M CKOTa M3 HEOJIAaromnoaydHbIX 10 KOKCHEIULIE3Y



10.B. Ilepdunbesa u ap.

ctpaH. Tak, moka3aHo, 4TO MOKYIKa AaKe HECKOJb-
KHX )KHBOTHBIX U3 3apa)KEHHBIX UCTOYHHUKOB MOKET
NPUBECTH K BO3HHWKHOBEHHUIO KPYHHBIX BCIIBIIIEK
[4].

Jns Kokcuemnie3a THIMUYHO HaJW4Yhe MPHPO-
HBIX 04YaroB MH(MEKIWH, Te BO30YyIUTENh CcOoXpa-
HSIETCS y pa3HbIX BUIOB MKCOJUIOBBIX, apracoBBIX,
raMa3zoBBIX M KPacHOTEIKOBBIX kiemied. Tak, C.
burnetii Ovia oOHapyxeHa y Ooinee, uem 40 BUa0OB
knemei. Knemu 3apaxatorcs C. burnetii ¢ KpOBBIO
BO BpeMsI KOPMJIEHUS OT HH(HUIMPOBAHHBIX )KUBOT-
HBIX ¥ MOTYT TIepeaBaTh OaKTEPUN APYTHUM MIIEKO-
MUTAIOIINM BO BPEMsI CIIEIYIOIIEro KOPMIICHHS WIN
MyTeM a’pOTeHHOTO PACIpPOCTPAaHEHHs BBICYIICH-
Horo kienia [S5]. YuuTeIBas, YTO HEKOTOPHIE BHUIBI
KJIeImel MOTYT TepefaBaTh KOKCHEIT TPaHCOBaPH-
albHO, MOYKHO TIPEATIONIOKUTE, YTO UMEHHO KJIEIIH
SIBJISIIOTCS OCHOBHBIM pe3epByapoMm C. burnetii B
npupozae [6]. B uupkymsiuuto C. burnetii B npupoe
BOBJIEKAIOTCS TaK)Ke MHOTHE BHJBI TEIUIOKPOBHBIX
JKUBOTHBIX — OT KPYNHBIX KOIBITHBIX (TaKHX Kak
OJIeHU, JUKEHPAHBI U T.1I.), 10 METKUX MBIIIEBUIHBIX
TPBI3YHOB, a TAaKXKe NTHLEI [7].

UenoBek wyaie BCEro 3apa)xaeTcs KOKCHeIUIe-
30M OT CEJIbCKOXO3SIMCTBEHHBIX XHUBOTHBIX (KpyI-
Horo (KPC) m menkoro poraToro ckoTa, JIOIIaeH,
BepONIIOJIOB M CBHHEH). 3apa)keHHBIE >KUBOTHBIC
BeIACIAIOT C. burnetii B OKpyKaroIIyo Cpey ¢ Ka-
JIOM, MOYOH, MaTOYHBIMU BBIJEICHUAMH M MOJIO-
koM. [lepenada maToreHa 4enoBeKy MOXKET TPOMC-
XOIHTH TPEMsI OCHOBHBIMH Iy TSIMU: TIPU BABIXaHUH
a’po307iel, uepes NMHIEBAPUTEIBHYIO CUCTEMY TIPH
YIOTpeOJICHNN 3apa’KeHHBIX MPOAYKTOB (HemacTe-
PU30BaHHOE MOJIOKO WJIH TACTEPU30BAHHOE B TeUe-
HHE KOPOTKOTO BPEMEHH) U Uepe3 KoKy (Hampumep,
YKyCBl KIJIEHIEW WM TPH KOHTAKTE 3apaKeHHBIX
NPOLYKTOB C KOXHBIMH si3Bamu) [8]. Okomnoruion-
HBIC BOJIBI W IUIAlleHTa WHOUIIMPOBAHHBIX KUBOT-
HBIX COAEPKAT BHICOKYIO KOHIICHTPALIUIO OaKTepHH,
KOTOpBIE MOTYT PacIpOCTPAHATHCSA B OKPYKAIOIIeH
CpeJie a3pOreHHO, OCTaBasCh BUPYJIECHTHBIMU B Te-
YeHHe HEecKONbKHX MmecaneB [9]. beumm ommcansr
Cllyda, KOT/Ia MCTOYHHUKAMH BCHBIIICK SIBIISUINCH
HaBo3 [10] u 3arps3HeHHas (QEKaTUIMU IIEPCTh
[11]. Ilepemaua OT yenoBeKa UYEIOBEKY pEIKa, HO
BO3MOXKHA TIPH TIEPEITMBAHIH KPOBH [8].

XapakTtepHoit ocodenHocTbio C. burnetii sBs-
€TCs X BBICOKasi yCTOMYMBOCTD K (pakTOpaM BHEII-
HEH cpenpl, K BHICYLUIMBAHUIO U HarpeBaHUIO. JTO
CIOCOOCTBYET peaim3aliil Pa3InYHbIX MyTed 3a-
paKeHHS — BO3IYIIHO-TBUIEBOIO, AJIMMEHTApPHOTO
[12], xoHTakTHOTO (3apaXkeHHe Yepe3 KOXKY U CIH-
3ucThIe 0007104KH) U Apyrux. MHdexkunonnas no3a

C. burnetii coctaBnsier Bcero 1-10 MuUKpoopraHus-
MOB, YTO JIelaeT 3Ty OaKTephi0 OJHUM W3 CaMbIX
BHUPYJIEHTHBIX U3 U3BECTHBIX MMaToreHos [13]. Aspo-
TeHHBIA MyTh niepenadn C. burnetii MOXKET 00BsIC-
HATH nosiBJeHue Ky-1uxopasku y ®uUTenei ropo-
CKHX pailOHOB, OTPHUIIAIOIINX TPSMBIE KOHTAKTHI C
XKUBOTHBIMHU [14]. Tak, camast kpynHasi U3 HU3BECT-
HBIX 3apEeTHCTPUPOBAHHBIX BCHBIIIEK JIAXOPAIKH
Ky, npousomenmas B 2007-2010 rogax B Hunep-
nmaHmgax u oxBatuBmas okoio 4000 cioydaeB 3a00-
JICBaHMs JIFOJICH, ObUIa TPEAIONIOKHUTEIBHO CBSI3a-
Ha C 3apakeHHWEM Yepe3 BO3AYIIHO-TBIICBON IMTyTh
B CBSI3U C HAaXOXJCHUEM MOJIOYHBIX KO3BUX (hepM
BOJIM3M TYCTOHACEIIEHHBIX paifoHoB. O0muit yiepo
OT BCHBIIIKK OLieHuBaeTcs B 161-336 MUILIMOHOB
eBpo. Camoii GOIBIION TIPOOIEMO CTAJI0 CHIDKE-
HUE KayecTBa XHM3HU IMAlUEHTOB W HETPYJOCIIO-
COOHOCTBH TIOCTPAJABIINX OT MHPEKIINH, YTO OBLIO
OIICHEHO Ha CYMMY OK0JI0 67—145 MUILITHOHOB €BpO
[15]. Bo03MOXHOCTH ad’pO30JHLHOTO 3apa’keHHUS,
YCTOMYMBOCTH K OKpY>Karollleil cpesie U OUeHb HU3-
Kas nHQeKInoHHas no3a aenatot C. burnetii TOTCH-
[IHAJBHBIM areHTOM Ouojorndeckoii BonHbsl (CDC,
kateropus B).

Takum o00pa3oM, BBICOKAas WHBa3UBHOCTh U
YCTOWYHUBOCTh B OKpyxaromeh cpexe C. burnetii,
MHOKECTBEHHbBIE MYTH MEPeJavyu JaHHOTO MaTore-
Ha JIIOSM W CEIbCKOXO3SIMICTBEHHBIM >KHBOTHBIM,
BKJIFOUAsi a3pOTCHHBIN IMyTh INEpeiayd, a TaKKe
crioco0HOCTh C. burnetii BBI3BIBATh XPOHHUIECCKUE
3a00IeBaHus, KOTOPbIE MOTYT MPUBOJUTH K WHBa-
JTUIN3aNNN, ONPEIesTioT 3HAYUTEIbHYIO aKTyallb-
HOCTb U3yUYeHHS JaHHOTO 3aboneBaHus. [Ipu aTom,
Ha HaIll B3TJISI, B CHITy Pa3BUTOTO KHBOTHOBOJICTBA
Y BBICOKOW T'YCTOHACEIIEHHOCTH HauOOIbIIUI UHTE-
pec npeacTaBisieT 10KHbIN pervon Kazaxcrana.

[lepBbie cooOmmieHUss B MeYaTH O JIMXOpPaj-
ke Ky B Kazaxcrane (m B CCCP) Opumn crenanbl
E.H.baptomesuu B 1946 r., korga oHa omwucala
KpaTKOBPEMEHHBIE JINXOPaJ0YHbIe 3a00JIeBaHIS,
BCTPEYABLIMECS B CENbCKOM MECTHOCTH CPEIH KH-
Tenel 1oxxHoro peruoHa Kazaxcrana, B janbHE-
IeM OHU OBUIH CEPOJIOTUYECKH UACHTU(DUIUPO-
BaHBl Kak Kokcwmemie3 [16]. B 1953-1954 rr. mu-
xopanka Ky Obuta moarBepklieHa B Y30ekucraHe,
Tamxukuctane u Keipreizctane. B nocnenyroiiem
B pabotax X.)K XKymatoa, A.M. Kypoukuna, A.®D.
[lerpoBa, u IpyTuX AaHO OMMCAHHE ITUPOKOTO pac-
npoctpaneHus 3roii mHbpeknuu B Kazaxcrane. B
Kazaxcrane monuTopunr jiuxopaaku Ky He npoBo-
qutest ¢ 1980-x rr., Takke OTCYyTCTBYET U MHUEMHU-
OJIOTHYSCKHI Ham30p 3a dToi mHpekuei. Takum
o0pa3oM, Ha TaHHBIH MOMEHT OTCYTCTBYET HH(OP-
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MaIusi 0 PaclpoCTPAaHEHHOCTH NaHHOW WH(EKIHH
CpEN CEIbCKOXO3AMCTBEHHBIX YKUBOTHBIX U JIIO/IEH
B Kazaxcrane, B TOM 4mcIIe, B FOKHBIX 001acTsax Pe-
CITyONTUKH, T, B HACTOSIIIEE BpPEeMs, UICT WHTCH-
CHUBHOEC Pa3BUTHUE >KUBOTHOBOAUYECKOU OTPACTH.

Ocobyto TpeBory BbI3BIBacT TOT ¢akt, ¢ 1995
rojia cpeu kutemnei 1xHoro peruona Kasaxcrana
OTMEYAaETCs POCT YHUCIIA CIIy4aeB JIMXOPAI0K HEBBI-
SICHGHHOM STHOJIOTHH, MPH 3TOM, B OOJBIIWHCTBE
CIIy4yacB JIMAarHO3 YCTAaHABIMBAETCS HAa OCHOBaHUU
KIIMHUKO-3TTHIEMUOJIOTUIECKHUX JTaHHBIX Oe3 mabo-
paToOpHOTO MOATBEPKJAEHHUS. B 3TOM rpynmne Moxer
B 3HAYUTENILHOM J]0JIe IPUCYTCTBOBATH U JINXOPAIKa
Ky. Takxe, B perHOHE pErUCTPUPYETCS 3HAUUTEIb-
HOE€ KOJMYECTBO CIydacB Opyleiie3a, y4UThbIBasi,
YTO KJIIMHUYECKasd KapTUHA U 3MUJIEMUOIOTUYECKUE
(bakTOpHI y 3THX JABYX MH(EKIIHIA 3a4acTyI0 HE pa3-
JINYKMBI, B 3TOM TPYIITE TaKKe MOXKET MPUCYTCTBO-
BaTh U Juxopanuka Ky.

MarepuaJibl H METOABI

Oobvexkmut uccnedosanusn

B pabote wucmoip30BaHBI CHIBOPOTKH KPOBH,
MOJTy4YCHHBIE U3 MEepUPEpUIecKOil KpPOBH KUTEIECH
1o)kHOTO pernoHa KaszaxcraHa, a Takke LeiIbHAS
KpOBBb, CBIBOPOTKA CEIBCKOXO35HCTBEHHBIX KUBOT-
veix (KPC, oBen m ko3). Ha mpoBenenne maHHBIX
HCCJIEIOBAHMIN TOJyYEHO pa3pelleHUe 3THUYECKOTO
komuteta ipu PI'TI «HIIb» B cooTBeTCTBUM C ycTa-
HOBJICHHBIM TOpsiAKoM (Beimucka w3 mpoTokona
Ne4 ot 08.09.2020).

PaboTbl ¢ MOTEeHIMAIBHO OMACHBIM OHOJIOTH-
YEeCKUM MaTepHajoM MpPOBOIWINCH B CEPTUHHUIN-
poBaHHBIX mIKadax OHONOrHYecKoW 0e30MacHOCTH
II ximacca A2, SterilGARD (Baker, CILIA). YTumm-
3anusl OMOJIOTMYECKHX MAaTepHanoB MPOBOAMIACH
C WCIOJNB30BAHWEM MapOCTEPHIIN3aTOpa AmSCo
Century Scientific (Steris, CLLIA).

3abop 6eHO3HOI KPOBU U ROO2OMOBKA KPOBU K
ucci1ed08anuI0

UccnepoBanre mnpoOBOAMIOCH COTNIACHO 3TH-
YECKUM MOJIOKEHUAM XelbCUHCKOM Jlexnaparuu.
[lepen 3a00poM KpoBH BCe AOHOPBI MPEOCTABUIH
MMICEMEHHOE WH()OPMHUPOBAHHOE COTJIACHE HAa HC-
cienoBanre. BeHO3HY0 KPOBb 3a0MpaH ¢ UCTIONh-
30BaHMEM CHCTeMBI 3a00pa kpoBu Venosafe (BD) B
CTepWIIbHBIC BaKyyYMHBIC 6 MJI IpOOMpPKH Vacutainer
(BD) ¢ akTHBaTOpOM KOAryJsIH HATOMIAK M3 JIOK-
TEBOM BEHBI, OTCTaWBajach B TeueHHe 3-4 4acos,
uentpudyruposamn 5 muayT npu 2000 g, mocie
Yero MPOU3BOAMIICS OTOOP CHIBOPOTKH U €€ aJTHKBO-
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TUpoBaHue B mpoobupku Ha 1,5 M (Eppendorf). O6-
pasipl CBIBOPOTOK XPaHWIN B IBYX aJIMKBOTax MpU
temmepatype -20°C.

Takxe mnpoBojmics 3a00p KPOBH JIOMAaIIHUX
ogerl (Ovis aries), ko3 (Capra hircus) u kopoB (Bos
tartus). JIns 3TOrO, HA MECTE, T1IE NMPEANONIaraeTcs
MPOU3BECTH MPOKOJ, BBICTPHUTANU INEPCTh, KOXKY
nesuHpuimpoBau 5%-HbIM PacTBOpOM Hona. 3a-
00p KPOBHM OCYIIECTBISUIM W3 SIPEMHOM BEHBI JKHU-
BOTHBIX B IIPOOMPKH [T cOOpa eTsHON KPOBH (CO-
nepxkamue K2 EDTA) 1 mpoOupKu 17151 CBIBOPOTKH
(comepkaiue akTHBATOp Koaryssiuu) Venosafe,
ocHameHHble OezomacHoi urinoit (Venoject Quick
Fit Needle). [y momydeHus: CBIBOPOTKU MTPOOHPKH
Venosafe ¢ coOpanHoii B HUX KPOBBIO TTOCIIe 00pa-
30BaHMs CrycTKa HeHTpudyruposany npu 2000 x g
B TEYEHUE 5 MUH.

Hmmynogpnyopecyenmnutii ananusz (H®A)

AHanu3 ChIBOPOTOK KMBOTHBIX Ha CoOJIepKaHUe
agtuten 1gG k C. burnetii IpOBOIWIN C MTOMOIIBIO
HabopoB “ID Screen® Q Fever Indirect Multi-
species” (IDVet, ®panmmsi) 1 CBIBOPOTOK YEIOBEKA
— ¢ noMomipio HabopoB «TecT-cucremMa MMMYHO-
(epMeHTHas 1 BRIABICHHUS aHTUTEN Kiacca [gG k
anTureHam kokcuemt bepueray (M®A-antu-Ky-G)
(OPBYH HUMU s>nmneMuosorddl 1 MEKPOOHOIOTHH
nmenn Ilacrepa, Poccusi) cormacHO WHCTPYKIIH-
M TIPOM3BOJIMTEIICH M COTJIaCHO pa3paboTaHHOMY
COIl Ne CRL-NCB-SA-SOP-055 «IIpoBenenue
Henpsamoro UDA Ha BeisiBienne antuten k Coxiella
burnetii ¢ momonipto Habopa ID Screen Q Fever
Indirect Multi-species». [lepex npoBenennem DA
BCce 00pasibl CHIBOPOTOK HMHAKTUBHPOBAIHM CTaH-
JTAPTHOM TepMUYECKOH 00pabOTKOW, BBIICPKHUBAs
20 muH nipu 56°C.

Xpomarorpaduieckyro peakLnio aHaIn3upoBa-
i npu 450 M Ha mtaHmetHoM MDA ananuzatope
BioTek (BioTek Instruments, CIIIA). UuTepmpe-
TaIUIO TOJYYEHHBIX PE3yJIbTaTOB MPOBOAUIIH Clie-
nytouM crocoOoM. Ilpu aHanmmse CHIBOPOTOK ye-
JIOBEKa, €CJIM OTHOIIEHHE ONTHYECKOH IIOTHOCTU
(OIT) uccnemyemoro obpasma CEHIBOPOTKU K YCPEII-
HeHHOMY 3HadyeHH10 Ol KOHTPoOJIsA OTpUIIATETEHOTO
ObLT0 paBHO WM MpeBbimalo 3, u npu 3toMm OIT nc-
ciemyemoro odpasma mpesbimano 0,50 o.e., To 3TOT
pe3ynbTaT pacIleHUBAIN KakK IOJIOKUTENBHBIH, TO
€CTh CBIBOPOTKA COJAEPKUT aHTUTena kiacca IgG k
C. burnetii. Pe3ynbraT oleHUBaIN KaK OTPULIATEIIb-
He1i, eciu otHOmeHUe Ol o6pasima k Ol koHTpOIA
oTpurarensHoro 0buto Mensine 3 uinu Ol uccnemy-
eMoii ceiBopoTKH ObLT0 HIKE 0,50 0.€.



10.B. Ilepdunbesa u ap.

[Ipu aHanm3e CHIBOPOTOK >KUBOTHBIX, JUCKPH-
MUHAIMIO TOJ0XHUTEIbHBIX U OTPHUIIATEIBHBIX ChI-
BOPOTOK MTPOU3BOMIHN 110 (hopmyiie (1):

oI = (OI1

KpUT obpasua

x100%
(D

— OIlk-)/(OIlk+ — OIlk-)

rae Ollk- — 3nHauenne OIl oTpuIaTenbHOrO KOH-
TpospHOTO 00pasmna, Ollk+ — 3Hauenue OII momo-
JKUTEIBHOTO KOHTPOJIbHOTO oOpasua. Pesymbrar
CYATANCs OTPHIATEIBHBIM, eciiu 3HadeHue OIl | B
COOTBETCTBYIOIIEH sUeiike ObUIO HMXKE MM PaBHO
40%. Pe3ympTaT pacrieHuBajICsI Kak COMHUTETHHBIN,
ecm 40% < OIL_ < 50%; pe3ysbTaT pacleHHBaI-
Cs1 KaK TOJIOKUTENbHBIN, ecrn 50% < OIT < 80%
1 KaK CHJIbHOIOJIOKHUTEIbLHBIA, €CIIH Or[KpHT > 80%.
Bamunanmio MDA HabopoB MpOBOAMIM 1O 3HAYE-
a0 OIl KOHTPONBHBIX 00PA3LOB.

CmamucmuyecKkuii ananu3 OaHHbIX

buocratucTuueckuii aHanu3 NpOBOIWIN C MPH-
MEHEeHHEeM IporpaMMHoro obecredenust Epilnfo
7 (CDC). Ceponorndeckas pacrpoCTpaHEHHOCTh
pacCUMTHIBAIACH KaK JIOJS JIFOJICH/)KUBOTHBIX, ¥ KO-
TOPBIX OOHAPYXUBAIMCH aHTHTENA, ¢ 95% mnoBepu-
TEJNEHBIM HHTEPBAIOM. J[JIs OLIEHKH CTaTUCTUIECKOM
3HAYMMOCTH BBISABJICHHBIX ACCOIHAIIUI HCIIONB30-
BalM TOYHBIN KpuTepnil ®Pumepa. 3HaUUMOCTb IS
BCEX aHAM30B ObLIA ompeaesneHa Ha yposae p<0,05.

Pe3y.]'ll)TaTl)I u oﬁcymﬂeﬂue

Pe3ynomamuol ceponozuueckozo ucciedo8anus
00pa3n06 col8OPOMKU JHcumenell 10CHO20 Pecuo-
na Kazaxcmana

Jlst mpoBenieHNsT aHan3a 10 PacipOCTPAHESHHIO
KOKCHEIUIE3a CPeId HACETICHNS I0)KHOTO pernona Ka-
3axcTaHa ObLI OPraHW30BaH M MPOBEICH COOp CHIBO-
POTOK OT KuTelel peruoHa. B sanuaemuonornaeckuit
ce30H 2021 r 66110 cobpano 100 CBIBOPOTOK OT KHTeE-
neit r. Tapaz XKamoOpuickoit obmactu. Coop 0Opa3Ion
MIPOXOMII B OOJIEHHIIAX U TTOIUKIMHUKAX TOPOJIA.

st UDA 65110 0TOOpano 92 o6pasia CIBOPOT-
ku. CpenHuit Bo3pacT ucciemyeMbprx Obi1 33,7+8,7
net (mmamazon 23-50 ner), u3 HUX 42 KEHITMHBI
(56,1%) u 45 myxuns (43,9%), 11 5 TOHOPOB 10T
ObuT He U3BecTeH. M3 92 mpoaHaTn3npoBaHHBIX 00-
pasuos 3 (3,3%; 95% CI: 1,1-9,2%) ObuTH TO3UTHB-
HeiMu 110 1gG x C. burnetii. Pe3ynapTaThl aHanmza
MPEJIIONaratoT, YTO HeIb3sl YIYCKATh U3 BUIY BO3-
MOXXHOCTh IUPKYJSIuu C. burnetii cpenu JIIOCH B
10)kHOM peruone KazaxcraHa.

Ceponocuueckuit ananus col6OpoOmMoK Kpoeu
CebCKOXO03AUCMEEHHBIX HCUBOMHBIX U INUOEMU-
05102Uu4eCKUll AHAIU3 NOJIYYEHHbIX OAHHbIX

C 1enpio U3y4eHUs CTENEHN PacpoOCTPaHEeHUs
BO30YJHUTENs] KOKCHEIIE3a M €ro dIMUAEMUOJIOTH-
YeCKHUX OCOOCHHOCTEH B 10KHOM perunone Kazax-
CTaHa HaMH OBUIO MPOBEJEHO KPOCC-CEKIMOHHOE
cepojyorudyeckoe obcienoBaHue 282 CEIbCKOXO-
3IMCTBEHHLIX JKUBOTHBIX. McciegoBaHue Ha Ha-
anuue aHturen K C. burnetii IpOBOAMUIIOCH C HC-
MIOJIb30BAHUEM KOMMEPYECKON BaJIUAUPOBAHHOMN
tect-cucteMbl “ID Screen® Q Fever Indirect
Multi-species”, HCHIONB3YIONICH COPOMPOBAHHBIC
Ha tutamke antureHsl Gassl | u gaser 11 C.burnetii.
ITockonbky C. burnetii SBISIETCS €IUHCTBEHHBIM
MaTOTeHOM, OTHOcAIMMcs K pony Coxiella cemeii-
ctBa Coxiellaceae xnacca Gamma-proteobacteria,
[0 AHTUICHHBIM CBOMICTBaM JaHHas OakTepus
CYIIECTBEHHO OTJIMYAETCS OT JPYTHX MHKPOOp-
TraHU3MOB U HE HMMEET NEPEKPECTHBIX aHTHUI'CHOB
C JAPYTMMH POACTBEHHBIMH MHKPOOPTaHHU3MAaMH.
[MoaTomy anTmTena kmacca IgG, oOpasyromiue-
Cs B OpraHuM3Me Iociie 3apakeHHsd KOKCHEIJUIaMH,
ABISIIOTCSL BhICOKOcTeunuuHbIMU. Tak, coriac-
HO oTduery npoussoaureins, IDvet o BHyTpeHHENR
MIPOBEPKE UYYBCTBUTEIBHOCTh M CHELU(PUIHOCTH
tect-cucteMbl “ID Screen® Q Fever Indirect
Multi-species” coctaBnser 100%. Takxke, cornac-
HO MHCTPYKILHUSAM, BO3MOXKHBIE Hecnennu(uuecKkue
peaKkuuu CHIBOPOTOYHBIX aHTHTEN, CIOCOOHBIX HUH-
TepdepupoBaTh ¢ KOKCHEIIIE3HBIMH aHTUTEIaMH U
JaBaTh JIOXKHOIOJIOKHUTEIbHBIEC PE3yJIbTaThl, OTCE-
KaJIMCh TIPU pa3BeIeHUH UCCIETyEMBIX CBIBOPOTOK
B 50 pas.

Hnst uccnenoBanusi ObUTM MCTIONB30BAaHbI ap-
XUBHBIE 00pa3Ibl CRIBOPOTKH KPOBH OT 247 momari-
Hux osel (Ovis aries), 25 ko3 (Capra hircus) n 10
KopoB (Bos taurus), coOpaHHbIE B paMKax BBITIOJ-
HeHus apyrux npoektoB A® HIIb B snunemuosno-
ruueckuil ce3oH 2019 r. B Typkecranckoit u XKam-
OBUICKOW 00JIaCTSIX FOKHOrO peruoHa Kazaxcrana.
CaiiTer cOopa 00pa3IloB MpEACTaBIEHBI HAa puUC. 1.
Bceero 65110 00cinenoBano 40 cen, HaXOAAMIUXC Ha
TeppuTopun 6 paiioHoB: baiimnbexckuii (43 )KUBOT-
Horo), baitzakckuit (51 xuBoTHOE), Kazpryprckuit
(55 xwuBoTHBIX), MepkeHcknii (24 KUBOTHBIX),
Caiipamckuii (45 )XMBOTHBIX) U PrIickynoBckuit (64
XKHUBOTHBIX). Bce 00pa3ipl CHIBOPOTOK XpPaHMIIMChH
mpu -20°C u panee He pazMopakuBanuch. CpeaHuit
BO3pacT HCCIEeAYeMbIX )KHBOTHBIX ObLT 2,9+1,3 met
(mmamazon 1-8 ner). Beero 6su10 00ciaenoBano 232
caMKi ¥ 39 camiioB, mig 11 >KHBOTHBIX HOJI HE OBLIT
U3BECTEH.

103



PaCHpOCTpaHeHHOCTB JIMXOpaaKn Ky B IOJKHOM PETUOHE Kazaxcrana

B pesynbrare OO MOKa3aHo, 4TO OOIIas ce-
pono3uTuBHOCTH K anTHreHaM | u 11 C.burnetii cpe-
JIM CEIIbCKOXO3SMCTBEHHBIX KUBOTHBIX COCTaBUIIA
27,7% (29,0%; 78/282; 95% CI: 22,8-33,2%), nipu
STOM HaWOOJbIIEe KOJUYECTBO CEPOTIOIOKHUTEITh-
HBIX KHBOTHBIX OBIJIO BBISBIEHO B TypKecTaHCKOU
obmactn (32,2%: 46/143; 95% CI: 25,1-40,2%)
ipu cpaBHeHNH ¢ JKamObuicKoit oomacteio (23,0%;
32/139; 95% CI: 16,8-30,7%). CBoaHBIC IaHHBIC
aHanm3a mnpeacTaricHsl B Tabmume 1. XoTs pa3HU-
[1a MKy UCCIEAYEMBbIMU OOJIACTIMH HE JIOCTHTa-
Jla CTATUCTHYECKH 3HAYMMBIX pazmmunii (OR=1.6,
95% CI: 0,9- 2,7; p=0,1), ognako, B TypkecraH-
CKOH 00JIaCTH CEpOTO3UTHUBHEIC JKUBOTHBIC OBLITH
0o0OHaApYKEHBI BO BCEX TPEX MCCIEIYEMbIX palioHax,
B oTimane oT JKamMOBIICKO#M o0nacTw, Tae u3 Tpex
WCCIICIOBAHHBIX PalOHOB, CEPOIO3UTHUBHBIC KH-
BOTHBIC HE OBLTH 0OHAPYKEHBI B MEpKEHCKOM paii-

AxTiobunckas
obaacte.

Kunisnutopmneras
obaacTL

MOAMHCKAS
obmacTs.

Kaparanauneras ofaacin

JKamObrickas |

one (0%; 0/24); Hu3Kasi ceponpeBaIeHTHOCTh OblIa
npoaeMoHCTpupoBaHa st baiizakckoro paiioHa
YKambpuickorr obmactu (1.96%; 1/51). HauGoms-
mast A0Sl CePOTOIOKHUTENBHBIX KMUBOTHBIX OBLITa
noka3aHa B baiianOexkckom parione TypkecTaHCKOM
obmactu (65,1%; 28/43; 95% CI: 50,1-76,6), rae ce-
POTIO3UTHUBHBIC )KUBOTHBIC OBLTH HalIeHBI BO BCEX
7 00CceI0BaHHBIX Cellax/CelIbCKUX OKpyrax. Takue
pasiauuus MeXAY UCCICIOBAaHHBIMU pallOHAMU MO-
TYT OBITH OOBSICHEHBI PA3TUIHON TUIOTHOCTBIO JKHU-
BOTHBIX, BBIIIACOM CKOTa OOJBIIMMHU WM MaJIbIMH
oTapamu, NHUPKYJSAUeil BO30yAUTENs B KIIEMax, a
TaKkKe KIMMATUYCCKUMH YCIOBUSMH, OJaronpusT-
CTBYIOIIMMH PacIpoCTpaHEHHIO martoreHa. Harmpu-
Mep, B baiingnbexckom paiioHe 4acTo OyIOT CHIIbHBIE
BETPHI (apbICTAHIBI-KapabacCKUi) CO CKOPOCTHIO
30—35 M/c, 4TO MOXKET CIIOCOOCTBOBATH aKTUBHO-
My MIEpEHOCY MaTOreHa BO3AYIITHBIMHU MTOTOKAMH.

&
X
J‘é\‘

»Bocrouno-Kazaxeranckas
& obaacTn

e R

AnmaTanckas
06aacTe

2

\

06:1acTE,

{aseiryprekuii paiion

Pucynoxk 1 — Touku c60pa 00pa3noB KPOBH CEIECKOX03IHCTBEHHBIX )KUBOTHBIX B JKaMOBIUICKOH
(A. MepkeHnckuii paiion. b. PrickynoBckuii paiion. B. baiizakckwuii paiion) u TypkectaHckoi
(T'. baitnu6exckwuii paiion. /1. Calipamckuii paiton. E. Kassiryprckuii paiion) obnactsix Kazaxcrana
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10.B. Ilepdusesa u mp.

N3 78 cepononoXUTENbHBIX XHUBOTHBIX, 66
MpuHaIIeKa K oBraM u 12 x ko3am. Iloso-
JKUTENbHBIE 00pa3ibl HE OBLIU BBHISBICHBI CPEAU
KPYITHOTO pOTaToro CKOTa, 4TO, BO3MOXKHO, OBLIO
CBSI3aHO C MaJbIM KOJIMYEeCTBOM BEIOOpKHU (n=10).
AHanu3 AaHHBIX O BUJIOBOM NPUHAMIECKHOCTH
CEIIbCKOXO3SHCTBEHHBIX »KHUBOTHBIX BBISBHJI CTa-
TUCTUYCCKUA 3HAYMMBIC pAa3IMuds B CEPOIO3H-

THBHOCTH KO3 M OBell. Tak, ObLIO MOKa3aHO, YTO
Capra hircus B aBa ¢ TOJOBUHOH pa3 dare WH-
dunupyrorcs C. burnetii (48,0%; 12/25; 95% CI:
30,0-66,5%) o cpaBHeHuto ¢ Ovis aries (26,7%;
66/247; 95% CI: 21,6-32,6%) (OR=2.5, 95% CI:
1,1- 5,8; p=0,03), 9T0 TOAYEPKUBAET POJIH KO3 KaK
OYCHb BAXKHOTO pe3epByapa C. burnetii B F0)KHOM
perunone KazaxcraHa.

Ta6uuna 1 — Jlanasie UPA 1o Hanu4Hio y cenbCKOX03IHCTBEHHBIX )KUBOTHBIX F03KHOTO perioHa Kazaxcrana anturen k C.burnetii

& Bl = . Pesynbrar UDOA OR
3 § G Ceno / cenbeckuii (€.) OKpyT Bun OO, coMHHT. | merar. Kon-Bo (95% CI)
T / O. aries 3 - 4 7
ceno Tanarap / ¢. OKpyr C hircus ) i a 0
Anrabac
B. tartus - - - 0
0. aries 2 - 3 5
ceno asu / M C. hircus - - - 0
B. tartus - - 1 1
%K Sac/ 0. aries 4 - 1 5
ceno XKapeixbac/ c. okpyr C hircus N i a 0
Anmaiel
= B. tartus - - - 0
é 0. aries 5 - - 5
5 ceno LBIOBIT / €. OKpyT ;
© C. hircus - - - 0
= JKamObL1
= B. tartus - - - 0
3 O. aries 5 - - 5
ceno AkOynak C. hircus 1 - 1 2
B. tartus - - - 0
5 / O. aries 3 1 2 6
ceno Bupiuk / ¢. okpyr C hircus > i _ )
MpiHOynax
A B. tartus - - - 0
Q
= O. aries 3 1 1 5
‘€ ceno Arbibet / c. okpyr Arbioer C. hircus - - - 0
N
e B. tartus - - - 0
£ 28 2 13 43 93,3
% Bcero mno paiiony (%) (65,1%) 4,7%) |(30,2%) (11,7;744,5),
é p<0.0001
= KapaG / O. aries - - 5 5
ceno KapaOynak / c. okpyr C hircus B § 0 |
Kapabymnak
B. tartus - - 1 1
O. aries 2 3 5
¢. okpyr JKnbek xoJb C. hircus - - 2 2
B. tartus - - 1 1
q / O. aries 3 - 2 5
= ceno YepHOBOJCK / €. OKpYT C hircus a § | 1
5 Kapacy
S B. tartus - - 1 1
é O. aries - - 5 5
S C. OKpYT AKCYKEHT C. hircus - - - -
B. tartus - - 1 1
O. aries - - 5 5
C. OKpyr MaHKeHT C. hircus - - 1 1
B. tartus - - 1 1
K / O. aries 3 - 2 5
cerno LIsLIchy C. OKpyT C_ hircus 5 1 5 5
Caiipam
B. tartus - - - -
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10 1 34 45 14,3
Bcero 1o paiiony (%) (22,2%) 2,2%) | (75,5%) (1,7;116,7),
p=0.003
IIanG / O. aries 1 - 4 5
ceno apOymnak / c. okpyr C hircus - N § N
— apOymak
B. tartus - - 2 2
A i O. aries - - 5 5
I celno Aranaii / ¢. OKpyT C hircus § N § ;
apOymak 3
. tartus - - - -
O. aries 1 - 4 5
cesto AbIOyIak / c. OKpyT C_ hircus 1 1 ) 4
Kazpirypt BI
. tartus - - - -
O. aries - - 5 5
ceno Kasrypr c. okpyr C hircus | § i 1
Kazpirypr :
= B. tartus - - - -
cE K / O. aries - - 5 5
& ceno Kesbuiauxas / ¢. OKpyr C hircus - § - i
& Typbar 3
2 . tartus - - - -
§ o / O. aries - - 5 5
ceno Ouupuc / ¢. OKpyT C hircus i i _ _
Typbar 3
. tartus - - - -
O. aries - - 5 5
ceno Typbar / c. okpyr Typbar C. hircus - - - -
B. tartus - - - _
O. aries 2 - 4 6
ceno 3anrap c. okpyr Kakmak C. hircus - - -
B. tartus - - - -
O. aries 1 - 4 5
ceno Kakmaxk / c. okpyr Kakmak C. hircus 1 1 - 2
B. tartus - - - -
8 2 45 55 8,5
Bcero mo paiiony (%) (14,5%) (3,6%) | (81,8%) (1,02570,7),
p y
p=0.03
O. aries - - 3 3
ceno XKamObL1 / €. OKpyT C hi i i i )
JKamObL1  Hreus
B. tartus - - - -
O. aries - - 4 4
ceno Cypar / c. okpyr Cypar C. hircus - - - -
B. tartus - - - -
O. aries - - 4 4
)E ceno Akapai / ¢. oKpyr Akapai C. hircus - - - -
" % B. tartus - - - -
g g C / O. aries - - 7 7
g ﬁ ceno CapbiMoraaes / ¢. OKpyT C hircus - - § B
] CapsI-MoJ1/12eB
g B. tartus - - - -
5 A / O. aries - - 3 3
g ceno AKTorat / ¢. OKpyr C hircus - - - :
= AxTtoran B
5 . tartus - - - -
= O. aries - - 3 3
ceno T. PeickyinoB / ¢. okpyr C hir - - - :
T.PeickynoB B' tl jus
. tartus - - - -
. 0 0 24 24 1}
Bcero o paiiony (%) 0%) (0%) (100%)
. O. aries 6 1 - 7
§ 2 ceno Koxsonen / ¢. okpyr C. hircus - - - -
g = Koxnonen -
= B. tartus - - -
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O. aries 4 1 2 7
ceio JKakchUIbIK / €. OKpyT C hircus - - i i
Kownoren B. tartus - - - -
O. aries 5 - - 5
ceno Korepius / ¢. okpyr C hircus ) ) ) i
Korepuun B tartus : : : :
O. aries 1 - - 1
c. okpyr Korepmmn C. hircus 3 - - 3
B. tartus - - - -
O. aries 4 2 - 6
§ ceno Kynan / c. okpyr Kynan C. hircus - - - -
éw B. tartus - - - -
E O. aries 3 - 3 6
e ceno Kapaxkar / c. okpyr Kyran C. hircus - - - -
B. tartus - - - -
O. aries 5 1 8 14
c. OKpyT AGaii C. hircus - - - -
B. tartus - - - -
ceno Kopararsl / ¢. okpyr o a.ries = = 6 6
Kopararsr ; ZZZ; - - - -
. O. aries - - 9 9
ceno AKkaitHap / ¢. OKpyr C_ hircus N N a §
é Koparater B tartus : : : :
g 31 (48,4%) 5 28 64 46,9
: Bcero (%) (7,8%) |(43,8%) (6,1;360,9),
g p<0.0001
Q
= O. aries - - 4 4
‘g ceno bazap6aii / /o Baiitepek C. hircus - - - -
;? B. tartus - - - -
O. aries - - 4 4
ceino baiitepek /o baiitepex C. hircus - - - -
B. tartus - - - -
O. aries 1 - 6 7
ceno Capbikemep / ¢. OKpyT C hircus - ) ) _
Capbikemep B, tartus . . . .
O. aries - - 9 9
= | ceno Yaruau / ¢. okpyr Yiruiu C. hircus - - - -
E:) B. tartus - - - -
’g ceno Kokysek / ¢. okpyr O. aries - - 8 8
3] ' C. hircus - - - -
Korysex B. tartus - - - -
O. aries - - 7 7
ceno Bypsut / ¢. okpyr Bypsut C. hircus - - - -
B. tartus - - - -
O. aries - - 6 6
ceno KyMEH;(I))”l;j J]/ C. OKpyT C hircus ) ) ) i
B. tartus - - - -
O. aries - - 6 6
ceino blaTRIMAK / €. OKPYT C hircus ) ) ) i
blaTeIMaK B tartus . . . .
Bcero no paiiony (%) (2’(}%) 0 (98?(())%) S Ped.
78 10 194 282
BCETO: (27,7%) (3,5%) |(68,8%)
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WntepecHo, yto mpu aHanu3e oOIIeH MomyJs-
LMW )KUBOTHBIX, PUCK CEPOTIO3UTUBHOCTH OBLT B 5
pa3 BeIme y camios (59,5%; 22/37; OR=5.2, 95%
CI: 2,4-10,7; p<0,0001) mo cpaBHEHHIO ¢ cCaMKaMH
(22,1%; 50/226) (B pacuer He Opanuch 0OpasLbl,
MTOKa3aBIINe COMHUTENBHBIN pe3ybTar). Ta e ac-
coLManusl COXpaHsUlach MPH pacueTe AAHHOTO MO-
Kazaress y 0apaHoB (66,7%; 42/204; OR=7.7, 95%
CI: 3,2-18,4; p<0,000001) u osen (20,6%; 9/27)
(B pacuer He Opammch 00pa3Ilpl, MOKa3aBIINE CO-
MHUTENBHBIA pe3ynbratr). Y Capra hircus caMku
(50,0%; 8/16) m cammsr (66,7%; 4/6) wHbUITEPO-
Banuck C. burnetii IPUMEPHO B PaBHOW CTENCHH.
[Mony4yeHHbIe AaHHBIE IPOTUBOPEUWIIN JIUTEPATYP-
HBIM, COTJIACHO KOTOPBIM CaMKH JKHMBOTHBIX OoJjee
noBep)keHsl pucky uHbunuposauus C. burnetii,
4yeM camiibl ko3 [ 17]. B ¢Bs3u ¢ 3TM HaMu OBLIT TIPO-
BeJIeH JAIbHEHIINNA MYJIbTH()AKTOPHBIN aHaIH3, B
XOJI€ Yero OBLIO BRIACHEHO, 4T0 92.3% (36/39) Bcex
CaMLIOB B MCCJIEIOBAaHUU Npoucxoauau u3 baiinn-
OeKcKoro paiioHa, re Oblia BEISIBIICHA camasi BBICO-
Kast MPEBAIIEHTHOCTH CPEH BCeX 6 McCie0BaHHbBIX
paiionos. [Ipu 3ToM aHaIM3 pUCKa CEPOTIO3UTHBHO-
ctu B baiinnbexkckom paitone Obu1 B 11 pa3 Beime y
camok (85,7%; 6/7, OR=11.0, 95% CI: 1,2-102,3;
p=0,003), gem y cammoB (35,3%; 12/34). Takoii
Oonee BricOokMid prck uHpupoBanus C. burnetii
y CaMOK CBSI3bIBAIOT C TPOMHM3MOM IaToreHa K IJa-
LEeHTE M TUM(aTHUECKUM y371aM MOJIOUHBIX Kelle3
[17].

BeposTHOCTE Cepono3UTUBHON peaky OCTO-
BEpHO HE YBEIWYMBAJach C BO3PACTOM: aHTHTEIA
BBIIBISUIHCE Y 31,7% (58/183) MOMOABIX KHUBOTHBIX
B Bo3pacte < 3 yiet o cpaBHeHuto ¢ 20,2% (20/99)
B3pOCJIBIX JKUBOTHBIX (B Bo3pacte > 3iet) (OR=1.7;
95% CI: 0,9-2,9; p=0,09). aTEpEeCHO OTMETHUTH,
YTO U3 78 CEpONONOXKHUTEIbHBIX MUBOTHBIX, 48
(61,5%) wmenn oO4YeHb BBICOKHE THUTPHI AHTUTEI
(OIlxpur > 80%), 4TO MOTJIO CBUICTEIHCTBOBATH O
MPOTEKAHUH OCTPON MHPEKITHH.

IOxmnb1i pernion Kazaxcrana, a wactHoctu Typ-
KecTaHCKas U AIMaTHHCKas 00JIacTH, H B HECKOJb-
KO MeHbIel mepe, KamObuicKas 001acTb, sIBISET-
sl INJEPaMU KUBOTHOBOJUECKOM oTpaciu B Kazax-
crane. Tak, o JaHHBIM MMHHUCTEPCTBA CEIBCKOTO
xo3siictBa PK B Typkectanckoit obmactu 3a mo-
ciexgnue 20 JeT YUCICHHOCTh CKOTa YBEJIMUNIACh B
3 paza u ipeBbIicHia 1udpy B 6 MitH. Takoe HHTEH-
CHBHOE pPa3BUTHE >KUBOTHOBOJCTBA, B YaCTHOCTH
pa3BeqieHNE IIJIEMEHHOTO CKOTa, 3a49acTyI0 Tpedyto-
11ee 3aB03a )KUBOTHBIX U3 OJHM3NIEXKAIUX CTPaH WK
EBpormsbl, TpedyeT yCHICHUS STTHIEMHOIOTHYECKOTO
Ha/30pa 32 300HO3HBIMH MH(EKUUSMH, B YaCTHO-
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CTH, 32 KOKCHEIUIE30M, YTO, B OYIYIIIEM MOXKET Ipe-
MOTBPATUTh YKOHOMHYECKHE TIOTEPH B CEIHCKOM
XO3SIUCTBE MyTEM TMPOBEACHUS CBOCBPEMEHHOMN
BaKITMHAITNH )KHBOTHBIX B DHIACMHUYHBIX palioHax. B
EBporne xokcuenies oTHECEH K MHPEKIUSAM, KOTO-
phIe TPEOYIOT CIICITUATBHOTO HA30Pa U TIPABIIT JJIS
yBemomiieHus U otTuetHocTH. OgHako B Kasaxcrane
KaKOH-THOO MMHUIEMUOIOTHYECKUI HAI30p W pe-
TUCTpaLUi KOKCHEIIE3a Y CEIbCKOXO3SIICTBEHHBIX
JKUBOTHBIX OTCYTCTBYIOT, B TO XK€ BPEMsI CBOJIHBIC
JIAaHHBIE O PACIPOCTPAHEHHOCTH WH(MEKIUU HEeoO-
XOJIMMEI JUTSI KOJTMIECTBEHHOM OTICHKU BO3ACHCTBUS
MaTOTreHa Ha KUBOTHBIX B PETHOHE U MPEICTABIISIIOT
co00¥ TIEPBBIA AT IS TMPUHITHS HEOOXOIUMBIX
pelIeHU MPaBUTEIBCTBEHHBIMU OPTaHAMH.

IIpoBeneHHBIE HaMU CEPOMOHUTOPUHI IIOKa-
3aJ1, 9TO 00MIast ceporpeBaieHTHOCTD K C. burnetii
Y CEJIbCKOXO03IMCTBEHHBIX JKUBOTHBIX B TypKecTaH-
ckoll n JKamObIIcKoi obmacTsax cocraBuna 32.2%
u 23.0%, 9TO CBUICTENBCTBYET O TOM, UTO FOJKHBIH
peruon Kazaxcrana, ocobenno TypkecTanckas
00J1aCTh, SIBISICTCSI BBICOKODHIEMHUHON IO KOKCH-
emnesy Teppuropuei. McciemoBanue, mpoBelCH-
HOe B I0)kHOM pernoHe Kazaxcrana B 1984 r. Lloi
Hon-Uen u koieraMu, mokasanao, 4TO CeponpeBa-
neHTHOCTh K C.burnetii y cebCKOXO03SHCTBEHHBIX
JKUBOTHBIX ocTurana B cpeaeM 13,8% u 14,1% B
Typkectanckoir u XKambpuickoit obmacTsx Kazax-
cTaHa, cOOTBETCTBEHHO [18]. CpaBHEHUE ATUX NaH-
HBIX C pe3yJIbTaTaM{ HAIIeTO UCCICIOBAHMSI MOYKET
yKa3bIBaTh Ha yBenuueHue nupkynsuuu C. burnetii
B perroHe. OIHAKO CIIETyeT MPUHATHL BO BHUIMAaHHUE,
YTO B IaHHBIX pab0Tax UCIOIB30BAINUCH PA3THYHBIC
meToasl. Tak, B uccienoBannu L{oi Jlon-Uen wuc-
M0JIb30BAIACh METOJUKA CBSI3bIBAHUS KOMILTUMEH-
ta ¢ autureHoM C.burnetii, B TO BpeMs Kak B Ha-
IIeM HCCIeI0BaHNM ObLlIa NCTIOIh30BaHa METOIUKA
NDA. Tem He MeHEe, MBI TaK)KE HE MOXKEM OTPH-
1IaTh BO3MOXKHOCTH PaCIIUPEHUs apeaia BO30YIu-
TeTsl ¥ aKTUBU3auu upkysiiun C. burnetii cpenu
JIOMAIIHETO CKOTa W, BO3MOXHO, JIIOJCH B pailoHe
WCCIICTOBAHMUS.

3akjouyenmne

IIpoBeneHHBIN CEPONOrMYECKUI aHAINU3 YyCTa-
HOBMJ, 4TO B TypkecTtanckoil u XKaMObuICKO# 00-
nactsx Kasaxcrana 3HaunTenbHas 10J1s TOMAITHETO
ckota (27,7%) umeer anturena k C. burnetii, 4To
CBUJIETETBCTBYET O JOCTATOYHO IIMPOKOI pacmpo-
CTPaHEHHOCTH KOKCHEIIe3a CPeAH CEIbCKOXO3si-
CTBEHHBIX JKHBOTHBIX Ha 00CIIeTyeMOH TEPPUTOPHH.
IIpu sTOM, Hambojee 3MHU300THYECKH AKTHUBHBIC



10.B. Ilepdunbesa u ap.

ouard BbIsABIIEHBI B baiianOekckom, CalipaMCcKoM U
KazsirypTckom paiionax TypkecTaHCKOW 001acTH U
B paiione T.PrickynoB XKamObuickoii obmacTu.

BrigBiieHHEe pETHOHAIBHBIX  OCOOEHHOCTEH
SMUAEMHOJIOTUN KOKCHEINIE3a MOKa3alo0, YTO PUCK
CEpOITO3UTHBHOCTH B JIBa C TIOJIOBUHOW pa3 BhIIIE
y Capra hircus, 4To mpennoiaraer, 4yTo JaHHBIA
BHJl KUBOTHBIX SBJSETCS Oojee YA3BUMBIM s
uHpunuposanus C. burnetii. Tem He MmeHee, Oonee
MHOTOYHCIIEHHOE TIOTOJIOBBE OBEIl B pPEruoHe U
Habm0gaeMas ceporpeBaleHTHOCT 26,7% cpenun
Ovis aries TOTYEPKUBAIOT aKTUBHOE yIaCTHE ITO-
ro BUJa B IMPKYJSALUHU NTaTOr€Ha B pailoHe nccie-
JIOBaHUS.

Cepostornueckuii aHann3 00pas3oB CHIBOPOTKH,
MoJTy4eHHOH OT kutenei 1. Tapas JKaMObicKkoit 06-
JlacTy, MmokKasai, YTo UMeeTcs HeOOobIas mpoCiIoii-
Ka HacelleHus, uMmeromas anturena kK C. burnetii
(3,3%), 4TO CBUIECTENBCTBYET O 3aKOHOMEPHOM BO3-
MOKHOCTH 3apaxenus moaeit C. burnetii B paiione
UCCIICZIOBAHUSI.

Takum 00pa3om, MONy4YeHHBIE B paMKax BbI-
MOJTHEHUSI MCCIIEAOBAaHUS JaHHBIE IPENINOIararT

AKTUBHYIO HUPKYJSIMIO BO30YIUTENS JTUXOPAIKA
Ky na teppuropun XKamOpuickoir u TypkecraH-
CKOI1 oOnacTeil roxxHOrO pernoHa Kazaxcrana, 4to
MMOATBEpKIaeTCS HammaueM aHTutel K C. burnetii
y JIFOJIeH W KUBOTHBIX B PailOHE HCCICHIOBAHUS, U
CBUJCTEIBCTBYIOT O HEOOXOIMMOCTH HPOBEACHUS
JAJTEHEHTIIETO MCCIIEIOBAHUS B STOM HAIPaBICHUH
JUISL BBIZICTICHUS BO3OYAMTEIS M HMICHTH(QUKAIMH
€r0 OCHOBHBIX PE3€pBYapoB.

DuHAHCHPOBAaHHE

PaGora BoImomHeHa B paMKax MPOEKTa
AP09259105 «M3yuenue pacnpOCTPaHEHHOCTH H
renotunos Coxiella burnetii B 1o’xHOM pernone Ka-
3axcraHa» GpuHaHCHpyeMOi MUHHUCTEPCTBOM 00pa-
30BaHMA U Hayku PecyOnuku Kazaxcran.

Kon¢gaukr narepecon
ABTOpBI CTaTbU MOATBEPKJIAIOT OTCYTCTBHE

(hMHAHCOBOI MITN KaKOH-TN00 MHOM TTOIIEPIKKH HC-
CJICIOBAHUS, MIIM KOH(IIMKTA UHTEPECOB.
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TY3KOA KOAIHIH ULUAHOBAKTEPUSAAAPbIHbIH BUOAAYAHTYPAIAITI
XIOHE bOAIHIN AAbIHFAH AAKbIAAAPABIH MOP®OAOTIUNAADIK,
AAKDbIAADbIK KACHUETTEPIH 3EPTTEY

AAMaTbl OOAbICbIHbIH OHTYCTIK-LbIFbICbIHAQ, PaiibiMbeKk ayaaHbliHAQ, LLIapbiH ©3eHiHiH >XoFapFbl
COA >KaFaAayblHAQ OpHaAackaH TyY3KOA KOAIHIH LmMaHOBaKTepUsSAapPbIHbIH TYPAIK aAyaHTYPAIAiri
3epTTeAAl. MUKPOOpraHM3MAEpAiH GMOAAYaHTYPAIAIN — OYA MUKPOOPraHM3MAEPAIH OoAaLLIarbl MOA
KaHa TYpAepiH allyFa apHaAFaH eH YAKEH MaiAaAaHbIAMaraH pesepByap GOAbIN caHaAaabl. 3epTrey
>KYMbICbIHbIH, MaKcaTbl — TY3KOA KOAIHIH TYPAIK aAyaHTYPAIAITiH 3epTTey >keHe LmaHobakTepusAapAblH
MOA TypiH 6eain aay. LuaHobaktepusirnapabl (Cyanobacteria) 3epTrey HoaTuxkeAepi 6oiblHLLA
MAAQHKTOHHaH 12 Typ, nepuduToHHaH 15 Typ aHbikTarAsbl. LlMaHo6GakTeprsrapAbiH, raAOGTbIAbIFbIHA
KaTbICTbl 3EPTTEAETIH KOAAIH IKOAOTMSABIK CMMATTaMachl FaAOUAbAI TYPAEPAIH 6acbiM GOAYbIMEH
KOAAIH TyY3AbIAbIFbIH - KepceTTi. CoHbIMEH KaTap KOAAE OpTaHbiH Ty3AblAblFbiHA 6GaMAQHbICTbI
umaHobakTepusinapAbiH, MHAMMDDEPEHTTI TypAepi Ke3AeceTiHi aHbiKTaaabl. LlMaHo6akTepusAapAbIH
70%-bl — Canpo6TbIAbIK MHAMKATOPAAPbI. TY3KOA KOAIH (PUTOMAAHKTOHHbIH MHAMKATOPABIK TYPAEpPi
6oribiHIA 6aranay, OHbIH OAMIro-6eTame3ocanpoOTbl caHaTTapFa >KaTaTbiHAbIFbIH KepceTTi. [laHTAe
»aHe bykka aaici 6oMblHLLA canpo6Tbik MHAEKC 1,4-ke TeH, GyA Ty3KeA KOAiHAEri AacTaHy GeAriAepiHin
SKOKTbIFbIH ADAEAAENATL. TY3KOA KOAIHEH aAbIHFAH CbIHAMAAAPAAH 2 aAbIFOAOTUSIALIK Ta3a AAKbIA GOAIHIN
anbiHAbL. Linanob6akTepusaapAbiH 66AiHIM aabiHFaH Aakbiaaapbl BG-11 — kopekTik opTacbiHaa, 30-32°C
TemnepaTypaaa »xaHe 6000 AK XapblK KAPKbIHABIAbIFbIHAQ XOFapbl OHIMAIAIK KOpCeTeTiHi aHbIKTaAAbI.

TydiH ce3gep: TypAiK Kypam, GMOaAyaHTYpAIAiK, LmaHoGakTepus, Ty3KeA KeAi, canpoOTbIAbIK,
AABFOAOTUSIABIK Ta3a AAKbIAAD.

S.N. Seiilbek, N.R. Akmukhanova®, K. Bolatkhan, S.K. Sandybayeva, A.K. Ermekova, D.M. Akimetova
Al-Farabi Kazakh National University, Kazakhstan, Almaty
"e-mail: akmukhanova.nurziya@gmail.com

Species composition of cyanobacteria of lake Tuzkol and study of morphological
and cultural properties of isolated cultures

The species diversity of cyanobacteria of Lake Tuzkol, located on the left bank of the upper reaches
of the Charyn River in the Rayymbek district in the south-east of the Almaty region, was studied. Micro-
bial biodiversity represents the largest untapped reservoir for the potential discovery of new promising
species of microorganisms. The aim of the study was to study the species diversity of Lake Tuzkol and
identify promising cyanobacteria species. According to the results of the study of cyanobacteria (Cyano-
bacteria), 12 species were found in plankton, 15 species in periphyton. The ecological characteristics of
cyanobacteria in relation to halobacteria indicate the salinity of the lake under study, there is a predomi-
nance of halophilic species. In addition, it was revealed that there are cyanobacteria species in the lake
that are indifferent to the salinity of the environment. Indicators of saprobicity were 70% of cyanobac-
teria. The assessment of the state of the lake water by indicator species of phytoplankton showed that it
belongs to the category of oligo-betamezosaprobnaya. The saprobic index according to the Pantle and
Bukka method is 1.4. According to the results of work on the isolation of pure cultures from samples
taken from the Tuzkol lake, 2 algologically pure cyanobacteria cultures were obtained:. The isolated
cultures of cyanobacteria showed high productivity in the nutrient medium BG -11, at a temperature of
30-32°C and a light intensity of 6000 lux.

Key words: species composition, biodiversity, cyanobacteria, Lake Tuzkol, saprobicity, algologi-
cally pure cultures.
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Ty3KeI KemniHiH IHaHO0aKTEePUSITAPBIHBIH OHOATyaHTYPIILTIT] KoHE OOJiHIN aJbIHFaH JaKbUIIAP/BIH ...

C.H. Cenabek, H.P. AkmyxaHoBa", K. boaatxaH, C.K. CaHabl6aeBa,
A.K. EpmekoBa, A.M. AkumeToBa
Kasaxckuit HauMOHaAbHbIN YHUBEpcUTeT uMeHn anb-Papabu, KasaxcraH, r. AAmaTbl
“e-mail: akmukhanova.nurziya@gmail.com
buopasHoo6pa3ue yuaHobakTepui o3epa Ty3koAb u usyvyeHue
MOpPPOA020-KYALTYPaAbHLIX CBOUCTB BblJEAEHHbIX KYALTYP

M3yueHo BraOBOe pasHoobpasue LumaHobakTepuii 03. Ty3KOAb, PaCNOAOXKEHHOE Ha AeBOBEpeXKbe
BepxoBUit pekn YapbiH B PaiibiMbEKCKOM parioHe Ha 1oro-BocToke AAMaTuMHCKOM obAacTtu. buopas-
HOOOpa3Me MMKPOOPraHM3MOB MPEACTaBASIET COBOM KPYMHEMLLMIA HEMCTIOAb30BAHHbIN Pe3epByap AAS
NMOTEHLMAABHOIO OTKPbITUS HOBbIX MEPCMNEKTUBHbIX BUAOB MMKPOOPraHM3moB. Lleablo nccaepoBaHms
ObIAO M3yueHMe BUAOBOIO pasHoo6pasus o3epa Ty3KOAb U BbIAEAEHME MEPCNEKTUBHLIX BUAOB LiMa-
HobakTepuu. o pesyabTaTam nccaepaoBanus n3 umaHobaktepuin (Cyanobacteria), B nAaHKTOHe 06Ha-
py>keHo 12 BUAOB, B nepucutoHe — 15 BUAOB. DKOAOTMUECKAs XapaKTepucTuka LpuaHobakTepumn no
OTHOLLEHMIO K TaAOBHOCTM YKa3biBAaET COAEHOCTb MCCAEAYEMOro 03epa, HabAloaaeTcs npeobAaasaHue
raroMAbHbIX BUAOB. KpoMe TOro, BbISIBAEHO, UYTO B O3epe BCTPEYAlOTCS BUAbI LMAaHOOAKTEPUIA, MH-
A depeHTHbIE MO OTHOWEHMIO K COAEHOCTM cpeabl. [okasateAasmu canpobHocTm aBAsAMCb 70 %
umaHobakTepun. OLeHKa COCTOSHUS BOABI 03epa Mo MHAMKATOPHbIM BUAAM (PUTOMAAHKTOHA Nokasaaa
ee NMPUHAAAEXHOCTb K KaTeropnm oAmMro-6eramesocanpo6Hon. Canpo6Hbiii MHAEKC Mo MeToAy [MaHTAe
n bykka paseH 1,4. Mo pe3yabTaTam paboT Mo BbIAEAEHMIO YMCTbIX KYAbTYP M3 P06, 0TOGPaHHbIX U3
03epbl Ty3KOAb, MOAYUEHbI 2 aAbIOAOTMYECKM UMCTbIE KYAbTYpPbI LMaHo6GakTepuit. BoiaeAeHHble KyAb-
TYpbl LMaHOOAKTEPWMIA NMOKA3aAM BbICOKYIO MPOAYKTMBHOCTb B MUTaTeAbHol cpeae BG-11, npu Temne-
patype 30-32 °C 1 nHTeHcmBHOCTH cBeTa 6000 AK.

KAloueBble cAOBa: BMAOBOM COCTaB, OuopasHoobpasus, umaHoOakTepusi, 03epo  Ty3KOAb,
CanpoBHOCTb, AAbIOAOTMYECKM YMCTbIE KYAbTYPbI.

Kipicnoe DKOJIOTHSUIBIK, KYHIBUIBIFEI 0ap TaOWFU akTHB 00-
nein ecenteneni. bipak Ty3asl kengep Oykin anem-
Muxkpoopranu3mMaepaiH OunoanmyaHTYpPIUIrl  Jie Ke3JleceTiHiHe KapaMacTaH )KoHe Cy KelieMi xka-

JKaHa, MEPCIEKTUBTI OMOTEXHOJOTUSIIBIK OHIMIEp-
Il aHBIKTayFa apHaJFaH OpacaH YIKeH Maijana-
HBIJIMaraH pe3epByap eceOiHae KapacThIPbLIabl.
CoHrbl yakbITTa oTe xorapbl pH MaHAl XoHe Ka-
HBIKKAH JICHTelre JeiiH JKOFaphl Ty3 KOHIICHTpa-
OUSCBIMEH CHITATTANIATBIH TY3[bIIAY JKOHE TY3IIBI
KeJJIep ©3€KTI 3epTrey OOBEKTICIHE aiHaJJbI,
cebebi MyHIal Keyjep MUKPOOTHIK SPTYPIUTIKTIH
OPTaJIBIKTAPhI JKOHE €peKIIe PEeNUKTI MHUKPOOTHIK
KaybIMJIaCTBIKTApABIH CaKTally OpPBIHIAPHI OOIBII
caHajajbl, OJIApJbIH JOMUHAHTTBI HETi3ri Typiepi
nuaHoOakTepusiiap 001bIT TadbIans! [ 1-3].
Bipereii kemmepmiy Oipi OONBIN ambI-TY3]bI,
Tay apaiblK olmnarrta TeHi3 JeHreidinen 19589
MeTp OWIKTIKTe OpHaJIaCKaH aFbIHChI3 Ty3Kel
kol O0oxpin TadbuIanel. IIeiFeicEIHAa Ko Eimig-
Byiipeik TaynmapbiMeH, OHTYCTIiriHIe AWOBIpKa
xoHe JKaOblpTay TaynmapbIMEH, CONTYCTIiK-IIBIFbI-
ceina T3ren-Kapartay TaynapbiMeH, IIBIFBICBHIH/IA
Anmarel oOnbIchIHBIH KereH xoHe PailpimMOex
ayJlaHIapbIHAaFel AWFBIPKON TayJIapbIMEH IIICK-
teceni. Cybl eTe Ty37bl, Oipak TY3ABUIBIK JEHTeiHi
KBIT CaliblH e3repinm oThipaabl. Cyaarbl TY3IbIH
eH »xorapbl MoHI nutpine 300 r-ra >xerenmi [4].
Ty3nel Keuyjiep MaHBI3IBl KOMMEPIIMSUIBIK JKOHE
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FBIHAH TYIIBI Cy 3KOXKYHeJIepiMeH calbICTHIpMaibl
Oipmeii OonFaHBIMEH 7€, TYIIBI CyJiapFa KaparaHia
CaJIBICTBIPMAJIBl TYPAC a3 3epPTTENreH Kyienep 0o-
eIt TaObLTazs! [5,6].

[{nanoOakTepusuiap e3repMeni KopliaraH opTa
KaFJaimapeiHa epekime Oeiimuinikke ue, cebebi
Oipkarap (hM3HOJIOTUSIIBIK SPEKIICTIKTePiHIH, SFHU
OKCHUTECH/II XKOHE aHOKCHTEHAI (DOTOCHHTE3i, Te-
TepOTPO(THl (POTOACCUMMIIALUSIHBL KY3€Te achl-
Py MYMKIHAIT, MOJEKYJaJIbIK a30TThl OEKiTy, Ky-
KIPT KOCBUIBICTApPBIH TOTBIKTHIPY XOHE KONTEreH
OpraHHKaJBIK CyOCTpaTTapasl KO0 MYMKIHIIKTe-
pinin OomybiHa OainanbicTel. LlnanoOakTepusinap
KTl JKarJaiiia opTYpIi SKOJMOTHSIBIK KybICTapia
JOMHUHAHTTBI TIPLIUTIK €TEeTiH OpraHu3MIep OOJbII
TaObUTAEI. Byl TONTHIH KeNTereH oKuImepi dyka-
PHOTTBI MHKPOOPTaHU3MAEDP TOTEI Oepe anaMailThIH
KOpIIaFaH OpTa JKarJaiapbIHBIH KEeH CIIEKTpIiHE,
COHBIH IMIIHAE SKCTPEMaJJIbl JKaFaainapra Te3iM i
ar3ajap Ooibin cananmanpl. KeOiHece TeMeH >KoHE
JKOFaphl TeMIlepaTypara Te3IMIIIK KalineTi onap-
IIBIH OPTYPIl IKCTPEeMaNIbIIbI IKOKYHenaepae mo-
MUHAHTTBUIBIK POJIH aHBIKTaWael. OJap BICTHIK
Oynmaktapna na [7], xapracrapga Hemece IIel-
NIep/liH BICTHIK TOMBIpaKTapbiHaa [8] xkoHe ¢oTo-
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TpodTapAbIH KOMUIIri eMip cype alMaiThiH
MY3JIaTBUTFaH TOJSIpIbl TYIBl Cy TOFaHAapbIHA
oeceni [9,10]. LlmanoOakrepusnap oTe KBI3BIKTHI
OMOJIOTHUSITHIK, OCJICEH I KOCBUIBICTAPABIH TaOWUFH
ke3i 0okl Tabbuaabl. COHFBI KBUTAAPHI OYII KO-
CBUTBICTAp TIPHIUTIK Typajsl FBUIBIMHBIH OpTYpIi
cajlanapblHIa KOJAaHy MYMKIHJITiHe OallnaHBICTBI
3epTTEYIIIICPAiH epeKIe Ha3aphlH ayaapTa dacra-
Ib1. Onapasl KOJIJaHy asichl a3bIK-TYJIIK OHIMAEPi MEH
KeM allyFa Ouomacca eHuipyaeH Oacram, 8p Typii
cayianap yLIiH OMOJIOTHSIIBIK, OSJICEH I KOCBUTBICTAap
eHmipyre neitin Tepoeneni. [{nanobakTepusiapapy
OuoanyaHTYPIIUIIriH )kOHE TeHIIK HHXCHEpHUs caa-
CHIH/IaFbI COHFBI JKETICTIKTEP/II e€CKepeTiH OoJcak,
MHUKPOOPTraHM3MICPAiIH Oya TOOBI >XKaHa ©HIMIEp
MEH OJIapAbl KOJIAaHYABIH TEPCICKTUBTI TaOWFU
Ke31epiHiH 0ipi Oombin Tadbutaas! [11].

Ocpiran 0alIaHBICTBl Oi37iH 3€pTTEy KYMBI-

ITyaHTYPJIUTINH 3epTTey >KOHE NHaHOOaKTepus-
JapJBIH MEPCIIeKTUBTI TYpiepiH Oeim amy 0ok
TaObLIa IBL.

3epTTey MaTepHaJgapbl MeH dicTepi

3eprrey HBICaHBI — AJIMaThl OOJBICHIHBIH
OHTYCTIK-IIBIFBICEIHAA  PaiieiMOex  aymaHbIH-
na llapeiH e3e¢HIHIH JKOFapFbl  aFBICHIHBIH

CONl JKaralayblHIa OpHamackaH Ty3kenm ke
(43°00°10»¢.e.79°59°30» m1. 6.) (1-cyper). Kennin
nepumetpi 14387 wmetp, aymansl 7,01 mapmisr
makelpeiM. KenaiH Y3BIHABIFB 5,3 MIaKbIPBIM,
OpTAJIBIK, OOJITIHAETI €H YIKEH €Hi 2,5 MaKbIPhIM.
EH ynxen tepenmiri 3 MeTp, opTama TepeHAIri
0,3 metp. Kenain xopekreHyi HeriziHeH EmmmiH-
Byiippik TaynapblHa XakblH OpHalacKaH KeJIiH
OaTpIc OediriHe MOFBIpIaHFaH OyJaKTap CysIMEH

CBIMBI3IIBIH, MakcaThl Ty3Kes KeJiHIH TYpIik  JKy3ere acasisbl.
J 2>
5 ‘-‘
TyswonsQ

1-cyper — Ty3ken kemniHiH kaptacel (43.005197, 79.986523)

Ty3ken kemineH 2022 KbUIIBIH KOKTEMT] JKOHE
JKa3Fbl Ke3€HiHAE CYAbIH TyHOa IIeriHaijepiHeH
KOHE MHUKPOOTHIK TOCCHIIMTEPICH ChIHAMAJIAp
anblHabl. bapneirel 30 anbrojOTUSsIIBIK ChIHAMA,
OHBIH 1MIiH/AE TUTAHKTOH, OeHTOC, Mepu(UTOH YITi-
Jepi )KUHANBL. YIITiIep Tas3 TepeHIiKTe, Oanbip-
JapabeIH OeNiceH/Il OCKeH aiiMaKTapblHAH ajIbIHABI.
ATBTOJIOTHUAIBIK, ChIHAMANIAPIbI ATy Ke3iHAe CYIbIH
temreparypackl 18-20° C, pH §,8-9,3, menmipmiri
0,5 — 1 ™, tepenairi 0,5-ten 1,5-2 M apanbIFpiHAa

0onnpl. bapnblk KWHAJIFaH YiATIep MYKHAT 3atT
taHOanan k1. JKarceipmaiapia CllHAMaHbIH HOMIPi,
JKHHAY YaKbIThl MEH OPHBI JKOHE KHHAYIIBIHBIH TETi
KepceTineni. 3epTrey OapbIChIHAA ABIOJIOTHSIIBIK,
TOXipuOeae KanmeIKaObUTIaHFaHBIICTEP I KOJIJaHa
OTBIPBI, JaIANIBIK, YITUIEPl aldy MEH 3epTXaHaJIbIK,
3eprreynep xyprizinmi. Canaplk ceiHamamap (S =
0.01 M2) >xakrayasl naiganaHa OTBIPBIN iPIKTENII.
OciHminepai cyOcTparTapiad IETKAMEH KBIPHIT
anbIHAbL, yarinepai Oexity I'.B.Ky3pMuHHIH Moau-
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¢ukanmaceinga JIoronp epiTiHAiciMeH Kyprizinai
[12,13]. LwmanobGaxrepusimap 40-tran 100 ecere
JIEHIH YIKeWTIIeTiH OOBEKTUBTEPAl MaiaanaHa
OTBIpBIT «Premere» xoHe «MicrosAustriay *KapbIk,
MHUKPOCKOIITAPBIHBIH KeMeTiMeH 3epTreii. CynbiH
ap yuricinen keminze 5 npenaparra 30-40-Ka *KybIK
Kepy epici 3epTTenyi. AJbIHFaH HOTHXKenep 1 M
CyJIaFbl JKacyIajap CaHbl MOJIIEPiHAC KOPCETUIII.
HunanoGakrepusnapasiH canbl 100 kepy epiciHe
KaiiTa ecemTenreH Ke3[e JKUUTIK IIKajmacel Ooii-
piHIIa Oaramanabl [14]. LmanobakrepusiapabiH
TYpJEpiH aHBIKTAy HATHBTI XOHE OEKITLIreH mpe-
nmapaT TypiHze Xyprisinai. byn xarmaiina ¢uxca-
TOp peTiHae GopMambICTHI TICH WOa epiTiHaiIepi
KOJTaHBUIIBL. [[manoOakTepusiapIbiH TYpIiepi ap-
Halbl aHBIKTAYIIBIIAPABl KOJIaHy apKbUIbI aHBIK-
tanasl [15-17].

[{nanoOakTeprsUTapABIH JKHHAKTAYIIIBl JTAKbII-
JapelH aly J9CTYpJi dnicTeMe OOWBIHIIA XKYp-
Ti3UTal. AJBrOJOTHSUIBIK, Ta3a JaKbUIMAPABI JKU-
HaKTayllbl JAaKkbUIgapAaH Oelin amy YLIH CTaH-
JAPTTHl MUKPOOHOIOTHSITBIK, ICTEP KOJITAHBUIIBI.
lnanoOakrepusnap 3alalChi3laHFaH JKaraaija
kenemi 500 mur xonbanapma ecipinmi. [lmano6akre-
pusiIapap! ecipy YIIiH KOPEKTIK OpTaHbIH YII TYpi
3eprrenmi: ['pomos, 3appyka xone BGI11. Ima-
HOOAKTepHsIapIbIH OMOMAaCCaChIHBIH OCYl TiKeJeH
OIIIIey DMICIMEH a0COJOTTI KYpPFaK 3arThl (a.0.C.)
aHBIKTAy apKbUIbI Oaranansl [18].

3epTTey HOTHKeIePi JKoHe 0J1apAbl TAJKBLIAY

Xep Oeringe TipIIiiK €TETIH Ke3-KEJNTeH ar3a
OMOIICHO3TapABIH KypaMbIHAa epeKine Oenriii Oip
OpBIH aNajbl, OJap aIMaCTBIPBUIMANIBI )KOHE MY-
KUSAT 3epTTeyre JalbIK. Amaiiaa 6nochepaHbiH 3B0-
JFOLMSCH MEH TipIILTIriHAe KeHOip TonTapasIH peti
epeKIe MaHBI3ABl OONBIN TaOBUIANBL. 3aMaHAyH
FBUIBIMHU JICpEKTEpre COWKec, MYHNal TONTapIbIH
0ipi mmanoOakTepusuIap OOIBIT TAOBIIAIBI.

1-kecte — Ty3Ke:n kel MaHOOAKTEPUSIIAPBIHEIH Ti3iMi

[{naHoOakTepusIap reOXUMHSIIA MAHBI3BI PO
aTKapajbl KOHE HETI3TI OMOTCHIK AJIEMEHTTEPIIH
MUKIJIEpiHEe aWTapibIKTai yJIeC KOCaJbl, ®WTKEHi
oJIap OpraHUKAJBIK 3aTTapAbIH HETI3r Ke31 O0JbIT
tabbuiaapl [19]. Dxcrpemannsl SKoXyHenepreri
UAHOOAKTEPUSIApABIH  JKOFaphl  (DYHKITOHAIIBI
OeNceHniiri oiapAplH e37epiHe ToH (PU3UOIOTHSI-
JIBIK MKEMJILTITIHE )KOHE KOpIIaFaH OpTaHBIH (Pr3nKa-
XMMUSUTIBIK, TIapaMeTpiiepiHiH e3repyiHe >KbUIAaM
peaknmsi Oepyine OaimanpicTel. Byn opranmsmuaep
(dotocuHTE3NI 3epTTEeyAe, aTMochepaliblK a30TThI
OckiTye, *acymaHblH OeiHyiHIE, CyTerl amyna
JkoHe Oacka na OipkaTap ipreii *oHe MPaKTHKAJIBIK
MOcCeIeIep/li MIeNTy1e MOISIbAl  HbIcaHmap 00-
JIBITT TaOBLTA B, By €H anmbIMeH oiapabl ecipyIig
KaparaibIMIBUTBIFBIMEH, JKOFaphl 6CY KAPKBIHBIMEH
JKOHE METa0OJIM3MHIH YJIKeH MYMKIHIIKTepiMeH
KamMTaMace3 etinemi. Kemreren aBTopiap mumaHo-
OakTepusIapabl ©p TYpAl OMOJOTHSIBIK OenceHmi
3aTTap/IbIH K031 peTiH/ie mai1anany nepcreKkTrBaia-
puI poneneneHred. lluanobakrepusiapaan OemiHin
aJBIHATEIH  OWOJIOTHSUTBIK,  OCJICeHIII  3aTTapablH
Kelibipeynepi ¢apMaleBTUKAIBIK, KOCMETHKAIBIK
OHIMICP/II, XKaHyapIapIblH OHIMIUIITIH XOHE Na-
KBUIAPABIH ~ OHIMJIUITH  apTThIPAThIH  KYHJIBI
mmKizaT 6oa amaasl [20].

Lnanobakrepusuiapasl (Cyanobacteria) 3epT-
Tey HOTWXeNepi OOWBIHINA IMIaHKTOHHAH 12 Typi,
nepupuToHHad — 15 Typi TaObuigsl. Bapneirsr 4
TYKBIMAACTBIH 14 TybICBIHA KapalTeiH 27 TYp
aHbIKTANIb! (2-cypet, 1-kecre). Tysken kemiHaeri
TUTAHKTOH/Ia [IMaHOOAKTEPUSITAPIbIH KEH TapallFaH
Oscillatoria TybICBIHBIH TYPJEpi, COHAAN-AK, TY3bI
cy exiummepi Synechocystis salina, Trichormus
variabilis,  Synechocystis  aquatilis ~ Sauv.,
Aphanothece salina Elenk. Chroococcus minutus
(Kiitz.) Ndg.,Gloeocapsopsis crepidinum (Thur.)
Geitl, Lyngbya limnetica, Phormidiumam biguum
Gom, Spirulina tenuissima Kiitz, Oscillatoria tenuis
C. Ag. ex Gom. KeH IaMbIFaH.

No Cyanophyta ["anoOThUIBIK, CanpoOTBUIBIK,
Anabaena spiroides uHaupPepeHT o
Aphanothece salina Elenk. lanodun 0
Chroococcus minutus (Kiitz.) Ndg., - o-ff
Gloeocapsopsis crepidinum (Thur.) Tanodun -
Lyngbya limnetica lanodun -
Merismopedia minima - -
Merismopedia punctate Meyen TFanodun S
Merismopedia tenuissima lanodun p-a
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Kecmeniy sicaneacwr

Microcystis flos-aquae - s
Microcystis aeruginosa lano¢un 0-a
Microcystis aeruginosa f. flos-aquae nuuddepent -
Oscillatoria tenuis C. Ag. Ex Gom. Tlanodun -0
Oscillatoria amphibia Tlano¢un 0-a
Oscillatoria limosa Tanogun -a
Oscillatoria mutilissima - a
Oscillatoria planctonica nHAnGGepeHT p
Oocystis crassa nnuddepeHt -
Planktolyngbya limnetica Tlanodun 0-
Phormidium ambiguum Gom, nauddepent s
Phormidium autumnale - 0-a
Phormidium foveolarum - a
Phormidium tenue nHAnGGepeHT b
Spirulina tenuissima Kiitz, - -
Synechocystis salina, lanodun -
Synechocystis aquatilis Sauv - p-a
Synechocystis minuscula Woronich. - -
Trichormus variabilis Me3oranob p

[lepuduToHABIK  KayBIMAACTBIKTBIH  HETi3iH
Phormidiaceae (4 typ), Oscillatoriaceae (5 Typ)
TYKBIM/IACTaPBIHBIH ITHAHOOAKTEPUSIIAPHI KypaiIbl,
oNapibiH 9 Typi aHBIKTAIABI, OYyJ1 HepU(UTOHHBIH
OapJyibIK 3epTTeNreH TypiepiHiH 56,2% Kypaiast
(2-cypert, 1-kecte). llnaHOOAKTEPHUSIIBIK TOCEHIIII-
TEp 3epTTENreH KoJl TYOIHIOEe OpHalacKaH, Keroip
JKeke OeKTepl FaHa CyIbIH OCTiHEe KAJIKBII IIIbI-
raipl. [lmaHoOaKTepPUSIIBIK TOCSHIITEPAIH 3Uuu-
karopiapsl Oscillatoriaceae TYKbBIMIACBIHBIH KiIl-
meni UMaHoOaKTepHs OKIUIAEPIHIH TpUXOoMaiaphl
0ip OipiMeH OalIaHBICHIN JKOHE IIBIPHIII OOJyiHe
0alIaHBICTHI, Y3UTyre TO3IMAl THIFBI3 KaObIKIIaIap

Ty3eni (3-cyper). LlmaHoOakrepusnapAblH aHBIK-
TajJFaH TYKbIMIACTapbIHBIH NepuUTOHIa OachiM
Tapanybl TAaOWFU 3aHIBUIBIK OOJBIN TaOBLIAMIbI,
OWTKEHI OJIapAbIH KypaMbIHA KIPETiH KOITEreH
Typiepi LHaHOOAKTEPUSUIBIK TOCEHIIITEpIi Ty3Y
KaOineTiHe ue ar3anap 00bin TadbuIaabl. OChIHAM
epeKlIe TIPIIUTK eTy armaiiapbiHa OeiliMaerne
OTBIPBIN, [MAaHOOAKTEpHsIAp TY3Ibl KOJICPIiH
TIpLWIUTIriHAE ©Te YIAKEH pon aTkapaabl. [{lnanobak-
TepUsUIap TY3ETiH OpraHWKallblK Macca MEH cyza
epireH TY3JapAblH KONl MeJIlepi OChl Kejaepre
TOH OipKaTap epexiie OHOXUMHMSIIBIK YIASPICTEPIiH
cebe6i 6o TadbbuTamer [21,22].

2-cypet — Ty3ke:n keiHiH cy TyOiH/eri [HaHOOaKTEPUSITBIK TOCEHIIITepi

115



Ty3ken KemiHiH IHaHOOAKTEePHUIApBIHBIH OHOATyaHTYPIILNIr] XKoHe OOIIIHII aJbIHFAH JaKbUITAPABIH ...

llnanoGakTepusIapIbH - apachlHia CYIbIH Ty3-
JBUIBIFBIHBIH, MHIUKaTopapbl ranoduinep (11 Typi),
me3oranooTap (1) sxene unmMbdepeHtTep (6 Typi)
ne OaceiM Oomypl. [lpaHoOakTepusiIapablH Tralo0ThI-
JBIKKA KATBICTBI SKOJOTMSUIBIK CHIIATTaMachl 3epT-
TENeTiH KON CYbIHBIH TY3/IBUIBIFBIH KOPCETE/l, OHT-
KEHI IMaHOOAKTepPHUSUIAPIbIH ~ AaHBIKTAIFAH —TypJie-
piniH 11 Typi ranodunmepre xatajpl. AHBIKTAIFaH
paHoOakTeprsuiapaAbiH  70%-bl  CYABIH  CampOOTHIK

KOPCETKILI aF3ajiap KaTapblHA Kapaiibl, OJapiblH
IIIiHzIe onvrocanpoOTapabiH (2 Typi), OIMTo-BETTA carl-
pOTBI — 2, BerTa asnbga canpoOTsl — 4, BeTTa canpoOThl —
5, anbda canpoOTsI — 2, oHro-abga—canpooTapabH 3
TYpi aHBIKTAIIbI. PHUTOIITAHKTOHHBIH WHIMKATOPIIBIK,
TYpJiepi OOWBIHIIA KeJI CYBIHBIH Kai-KyWiH Oarajiay
OHBIH OJIUT0-0eTaMe30canpoOThl CaHaThIHA JKaTaTbl-
HbIH Kepcerti. [lanmie mMen Bykka omici GolibiHIIA
carnpoOThIK MHIEKC — 1,4-Ke TeH.

3-cyper — Ty3kei keJli [[HaHOOAKTEepUUIApBIHBIH TYPIIK Kypamsl a, b — Tysken ke,
c-h — 3eprrenren cerHamanap npemnapatrapsl. Liudpaapmen 6enrinenren: 1 — Lyngbya, 2 — Oscillatoria,

3 — Anabaena, 4 — Phormidium, 5 — Merismopedia, 6 — Synechocystis (x100 ynkei#rinren)
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Kenmen  umaHoOakTepusiap  JaKbUIIApbIH
Oeuimm amy OOMBIHINA XKYPTi3UITeH dKCIEPUMEHTTIK
JKYMBICTapAbIH HoTIkeciHAe Ty3ken keimiHeH 2
AIBTOJIOTHSUIBIK Ta3a JAKbUT OOJIIHIN aJIBIH/IEL.

HunanoGakrepusinapaslH O6TiHIeH JaKbUIIApbI-
HBIH MOP(OJIOTHUSACHIH 3€PTTEY HOTIDKECI OOMBIHIIA,
CC — 1 nmakpUIBI-KINl TOPI3fl, MIBIPBIIITH Ka0AThI
JKaKChl aWKBIHAANFaH, TPUXOMaaphl >KaFbI3, Oip
KaTapJbl, KOIO K&K — ¥KaChLI TYCTI, )KacyIa MeJiiepi
2,2-2,4 X 4,2-5,9 mxm. Tpuxomaap CaTbICTEIPMaITBI
TypAe Tapauielh OpHAIACKAH KIIMIIenepai Ky-
paiinel. Tpuxomamap Ty3y, KeJjieHEH Oemimuaepnae
con e3repTinreH, eHi 4-10 MKM, alibIK KOK-)KaChL,
Keiiae yimrapel con uiared. JKimmenepaeri »acy-
manap yY3bIHIBIFBI 2,6-5 MKM, SFHM eHiHeH 2-3

ece kpicka. Kemnenen Oemimaepzeri TyHipiuikrep
aiikpiH Kepinexdi. JKirmme COHBIHIAFHI JKacyIanap
a3/1bl KONTI alKbIH XapThl IIap TOpi3Ai, Keiae con
KaJIBIHAATBIIFAH  KaObIKIIacel Oomanpl.  beminy
0ip ’Ka3pIKTBIKTa >KYpedi, Oysn >KacymiajmapIblH
CBI3BIKTHI OpHANACybIHA OKememi. Tycl KeK-Kachul,
xacymanap konba TyOiHe TyHOamanOaiabl. KarTel
KOPEKTIiK oOpTaja Hamap ©celi, KacylraaapblH
ecyl makpurnayabiH 8-10 ToymiriHme OakbpLIaHAIBL.
ABroTpodThI IITamm. Ocy Temmeparypachl 22-30°C,
I'poMOB CYHBIK BHE arapiibl KOPEKTiK OpTaapbIHIa
Jkakcel  ecemi  (3a-cyper).  MopdoIOTHSUTBIK
cunarramanapsl Oovibiaina- Kiacc: Oscillatoriophy-
cideae Karap: Oscillatoriales, Tykeimpac: Oscillato-
riaceae, Tybic: Oscillatoria.

4-cyper — Beninin anpHFaH HaHOOAKTEPHSIIAP JaKBUIIAPEIHBIH MUKPO(MOTOTpadHICH
CC -1 (a), CC-2 (6), (x100 ynkeiTinren)

CC-2 nmakpuibl — TpUXOMAIapbl TEpili, KyKa,
OO3FBUIT KOK-XKachUL. Tpuxomanapbl Kucaiifa,
KeJIJICHeH apajibikTapja Oip-OipiMeH KHBbLIBICKAH,
yIITapblHa Kapai KeciireH >koHe Ty3y, eHi 0,6-0,8
MKkM. KpiHaObl Tycci3, 6ip-OipiMeH xabbickaH. JKa-
Cylianap LWIMHADP TOPI3/i, OJNApABIH Y3BIHIIBIFbI
eHiHeH 2-8 ece yJKeH, KejjieHeH OelikTepi TyHip-
IIKTeIIMEreH. bapiblk y3bIHIBIFEI OOMBIHIA KiIl-
mienepi Oipiei KaJbIHIBIKTA, Kacyllla TpUXOoMa-
JapbIHBIH IIETTepl FaHa COJ TapbUIFaH HeMece a3
raHa Maiibickad. COHFBI jKacylla JIOFall KOHYCTHI.
beniny Oip XKa3bIKTBIKTa JKYypemi, Oya XKacy-
IIajap/blH ChI3BIKTHIK OpHAJIacybiHa oKenemi. Tyci
KOK-)KaChUI, JKacyliajap ecy OpTachlHIa TyHOa
Ty30eiiai, Konba merTepiHe NIBIHBIFA OSKiHII 6CeIi.
Kartel opraga ecyi Hamrap, makeuigayasiH 8-10
TOYJIIriHAC FaHa ece OacTaipl. 3appyKa CYHMbIK Op-
taceiHaa 22-30°C TemmepaTypachlHIa )KaKChl ©ce/i
(36-cyper.) Mopdonorusuibik Oenrisepi OoibIHIIA

Oscillatoriophycideae ¥nacChlHBIH KU peTiHIE
aHBIKTANBI, OHBIH itiHne Oscillatoriales xatapsl,
Phormidiaceae TykpiMaacel, Phormidium TybICHL.
[unanoOakTepusinapplH MEPCIEKTUBTI TypJie-
pi Men mTamaapel kenteren enaepre (AKLI,
XKanon, TaiiBanb, Peceit, bomrapus) seprtremnim,
KoJmaHbuiaapl. [{naHoOakTepusaapAbl NpakTHKA-
JBIK KOJIaHy OMomacca airy >kKOHEe OHBI DKOJIOTH-
sia, aybUl IIapyambUIBIFBIHIA, (apMaKoJIOTHs/a,
napgroMepusiia maiganaHy MakcaThIHIA OJapIbl
OHEPKOCIMNTIK OcipyieH TYpaabl. OHAIPICTIK TaKbLI-
Ja OUaHOOAKTepHsUIapAblH OcyiH >KeIeNAeTeTiH
HETi3Ti (paKTopiapra KapbIKThIH KAPKBIHIBUIBIFBI,
TeMIlepaTypa oHe KOPEKTIiK OpTa kKaTabl.
[{nanoOakTepusiiapabl oCipy/IiH 3aMaHayH oJIic-
Tepi KaHIIATIBIKTHI €PEKIIENICHCE [IE, OJapAbIH OapIIbIFbI
Kacylanap/ipl JKETKUTIKTI JKapbIKIIeH, KOMIPKBIIIKBLUT
ra3bIMeH XoHe 0acKa KOPEKTIK 3aTTapMeH KaMTaMachl3
eryre HerizgenreH. llpaHoOakTepusapablH ecyiHe
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TeMIieparypa yJIKeH ocep erefii. TemrepaTypaHbIH KO-
FapbUIaybIMEH 1TMAHOOAKTEPUSUIAPIBIH 6CY KapKBIHBI
apThIT, ONAP/BIH JKapbIK ONTHMyMbI apTajpl. Ho-
TWKECIHIE, OHIIPICTIK MaKbUFa [UaHOOAKTEpHsLIap-
JIbl TAaHJAFaH/A, OJIAPIBIH TEePMOQIIBIUIIIIHE Kol
keHUT Oeminemi. I{uaHoOakTepusuiapra ocep €TETIH
MKAPBIKTHIH KAPKBIHIBUIBIFBI ONAP/IBIH 6CY KAPKBIHBIH,
(hoTocuHTE3 OCNICEH IUTIMH YKOHE KaCYIIaHBIH MaHbI3-
Il OMOTONMMEPINIEPIHIH >KUHATYBIH —OaKbUIAHTHIH
MaHBI3/IbI (haKTOpIIapabIH O0ipi OOk TadbUIa ! [23].

lnanoOakTepusiapbIH 6CyiHEe KOJaiiIbl KO-
PEKTIK OpTaHbl TaHjaay yiuiH ['pomoB xoHe 3ap-
pyka, BG11 kopekTik opramapblHIa AaKbLIAAy
xkyprizingi.  [{uaHoGakTepusiapablH — ©HIMILIIT
OOMBIHIIIA OHTAMIIBI ©CY OPTAchl €Ki JaKbUI YIIiHAe
BG11 xopektik oprackiHma OakputaHmbl. ['pomMoB
KOPEKTIK OpTachbIHIa 3EpPTTENTeH €Ki JNaKbUIIbIH
nIa Ouomacca Ty3y KaOimeTi 3appyka sxone BG11
KOPEKTIK OPTaCHIMEH CAJIBICTHIPFaHIla TOMEH 00JI-
IIBI (2-KecTe).

2-kecte — l{naHoOakTepusIapaplH OKIIAyJIaHFaH IITaMMIAPBIHBIH OPTYPIl KOPEKTIK opTanapaa Ouomacca KuHay KaOireTi

Jaxpin BG11 kopekTik opracsl I'poMOB KOpEKTiK OpTachl 3appyka KOPEKTiK OpTachl
Kypraxk canmax 1/
CC-1 1,768+0,01 0,813+0,03 1,289+0,01
CC-2 1,758+0,02 0,769+0,02 1,259+0,01

3epTTeyiMi3IiH Keleci Ke3eHIHAE TemIepa-
TypaHbIH, XapbIK KAPKBIHABUIBIFBIHBIH THAHOOAK-
TEpHUAIapJAbIH OKIIayJIaHFaH HITaMAapPbIHbIH ecyiHe
acepi 3eprrenai. On yIiH HHaHOOAKTEPUSIIApIbIH
OKIIayJaHFaH IITaMAapbl YOI TYPJIi JKapbiK
xarmaieraga: 2000, 4000 xone 6000 k., 28°C Tem-
neparypaja ecipijiii

OPTYPIi KAPBIKTAHIBIPYIAFbl [IHAHOOAKTEPUSI-
JIApJBIH 6Cy KapKbIHBI OOMBIHINA albIHFAH JCpPEK-

0,2
0,18
0,16
0,14

Koy PuIHeHTI

0,12

YV ABLITAMABIFBIHBIH

Oc¢
[}

2000 nk

Tepai canbicThipManel Tangay -2000 JK Kapbik
KapKbIHIBUIBIFBIHAA OapiblK IIMaHOOAKTEepHs Oa-
KpUTIapeiHaa ecy Kapkbiasl 4000 sxone 6000 JIK
JKapbIKTaHBIPY MOHAEPIMEH CANIBICTBIPFaH 1A aliTap-
JIBIKTall TeMeH OoJFaHbIH Kepceremi. lluanoOak-
TEpUsUIapAbIH 6CY KApKbIHbI OapiibIK JaKbUIIApIaFsl
JKapBIK, KAPKBIHABUTBIFBIHBIH )KOFApbUIAYbIMEH apTa-
1s1, 6000 JIK-1a ecy KapKbIHBIHBIH KO3(QUIMeHTi:
CC-1 mrrammer — 0,18, CC-2 - 0,16 (4-cyper).

0,1
0,08
0,06

2 0,04
0,02

4000 nk 6000 nk

mCC-1 mCC-2

5-cyper — [luaHoOaKTepusuIap/IbIH OKIIAyJaHFaH ITAMMIAPIHBIH OPTYPIli

JKapBIK JKarIalbIHAA ©CY KbULIaMABIFBIHBIH KO3 QUITHEHTTEP1
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3epTTeyMizaiH Keneci Ke3eHiHme Ty3ken Ke-
JIIHEH OKIIIayJIaHFaH [[MaHOOAKTePHUSIIAPIbIH OCyiHE
TeMIeparypanblH ocepi  3eprrenmi. [luanoOak-
Tepusiap opTypii Temrepartypana 2°C apaibIKIieH
ocipingi. llnaHoOakTepusIapAbH OHTAWIBI TEM-
nepaTypacel peTiHAE OHIMILIIT JKOFapbl OOJIFaH
Temmneparypa KaOburmannel. llmanoOaktepusiiap
YIIiH OHTaMIIbI TEMITEpATypaibik, ontumyM 30-32°C
apaibIFbIHAA OOJIIBI, OWTKEHI Oya Temmeparypana

2,5

4 |

2]

l.’

%3]

praxK OHoMaccar

=

Ky

=)
[%a]

22-24

OapipIK IMAaHOOAKTEpUsS NaKbUIIaphl 0acka TeM-
repaTypaiblK, MOHIEpAETi Omomacca IIBIFBIMIBI-
JBIFBIMEH CaJIBICTBIPFaHIa KYpFaKk OMOMAacCaHbIH
JKOFaphl TIBIFBIMIBIIBIFEIHA UE OONIBI (5-CypeT).
TemmepaTypaHbIH >KOFapbUIaybIMEH OaplibIK IUa-
HOOAKTepHs NaKbUIIAPBIHBIH OHIMILIIN IpOIop-
nuoHanapl Typae ecrti. COHABIKTaH IuaHOOaKTe-
pUsLTapIbIH AaMybIHA TEMIepaTypaHblH IKOFaphl-
Jaysl OH 9cep eTei.

0 II II II

26-28

30-32

Temmepatypa °C

mCC-1 mCC-2

6-cyper — llnanoGaxTepusuIap IbIH OKIIayJIaHFaH MITaMIAPEIHBIH OPTYPII TeMIepaTypaaa Gromacca XuHay KaoineTi

3epTTey HOTHXKeNepi OOWBIHIIA IMAHOOAKTE-
pUsITapaBIH  OKIIayinanFaH gakpuigaper  30-32°C
Temneparypazna xoHe 6000 1K kapbIKTaHABIPYAA
JKOFaphl OHIMIUTIK KOpCeTKeH1 aHbIKTaabl. OChI-
naiima, Ty3kea keniHeH OeJiHIN ajblHFaH LUAaHO-
OakTepHsIap alroJOTHSIBIK Ta3albIKTBl TYPAaKTHI
TYPAE cakTailapl, KypAeni ecipy aFaaiiapbl MEH
MUHEpaJAbl TY3JaplblH KOl MeJIepiH KaxkeT
ernefigi. Onmap eH a3 OeiliMaeny yakbITBIMEH,
JKOFaphbl 6Cy KaPKbIHBIMEH JKOHE OHIMILIITIMEH CH-
naTTanafpl.

OKCTpeMaNIbIK JKaFAaiiap, oAeTTe, TYPIEpIiH
alyaH TYPJAUINIH IIEKTEHTiH mIekTeymn  ¢ak-
TOp peTiHIE CHUMarTajaibl, al TY3Ibl Keijepie
OnoaTyaHTYPIILTIK 9P TYPAIH TY3IbUIBIK CTPECCIHE TO3Y
KaOIeTiMeH MmeKTeseai, Oyl rajJoToJIepaHTThIK, Jer
aranazsl. 3epTTey KOPBITBIHABICH! OoibIHIIa Ty3Kemn
KemiHae 4 TYKbIMIAcKa KaTaThlH 14 TybICTBIH 27
TYpi aHbIKTaNAbL. [lepuduTOHABIK KaybIMIACTHIKTHIH

Heri3iH Phormidiaceae (4 typ), Oscillatoriaceae (5
TYP) TYKBIMIIACTaphIHBIH ITMAaHOOAKTEPHSIAPHl KY-
paiinel, Oyn mnepuHUTOHHBIH OapibIK 3epTTeNreH
TYpiepiHiH 56,2% Kypaiijapl. Onedu moiiMerTepre
colikec, LMaHOOAKTEpHsIAp KONTEreH TY3AbUIBIFBI
oTe YKOFaphl Kejepe 0achiM KoHE MHUKPOOTHIK TO-
CEHILITEep/iH HeTi31H Kanaylbl aF3anap OOk TaOblI-
naabl. MUKpPOOTHIK TOCCHIIITEPIIH KOFAPFHI KOHBIP
KabaTbIH LMAaHOOAKTEpUsUIapAbH KeH TapauFraH Oip
Kacymajiabl Aphanothece TYKbIMIACBIHBIH OKLIAEPI
Kypaiiapl. Onedu MamiMerTep OolbiHIIa Aphanothece
TYKBIMIIACKIHBIH TYPJIEpi kKOHE oJlapFa ykcac Oip xa-
cywansl 1uaHoOakTepusiap YikeH Tysael kemne,
OJ1i TeHI3/1e YKOHE KacaH bl TOFaHIap/ia aHbIKTaFaH
[24]. Conpaii-ak, apTypii *kim Topi3ai IMaHOOAKTe-
pusutap, Meicaibl, Oscillatoria, Phormidium CUSKTBI
Oscillatoriales  KaTapblHBIH — IHaHOOAKTEPHUSIIAPEI
TY3ABUIBIFBI OTE )KOFAPhI KOJIEPET] dKaChUT TOCCHIII-
TEpiH EKiHII Ka0aThIH/IA XKaKChI JaMUIIbI [25,26].
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KopbIThIHABI

AnMatel  OONBICHIHBIH, ~ OHTYCTIK-IIBIFBICHIH/IA,
PaiteimOex aynansiima, LapeiH e3eHIHIH JKOFapFBI
COJI JKaralayblHOa OpHalackaH Ty3Ken KeliHiH
MAHOOAKTEPMSUTAPBIHBIH ~ TYPJIIK — ATyaHTYPIILIITi
3eprrenai. LlmanoGakrepusinapael  (Cyanobacteria)
3epTTEY HOTWXKENIepi OOWBIHINA IUIAHKTOHHAH 12
TYp, mnepuduroHHaH 15 TYp aHBIKTAIOBL Alb-
roQJIOpaHblH,  AKOJIOTHSUIBIK-TeorpadsibK,  Taj-
naybl Tysken kemiHae rajgoduubai Typrepaid Oa-
CBIMIBUTBIFBIH KopceTTi. COHBIMEH Karap, Kelje
OpTaHbIH TY3[IBUIBIFbIHA OaiilaHBICTH IMaHOOAK-
TeprsUIapasIH THANGGEPEHTTI TYpIIepl e Ke3AeCeTiHi
aHbIKTaNAbl.  paHoOakTepusapabl, — aHBIKTATFaH
Typaepiniy 70%-b1 canmpoOTBUIBIK HHAWKATOPIAPHI
Ooubin TaObUTAABL. TY3KOI Kelli CYBIHBIH KaFIaibIH
VHIUKATOPIIBIK, TypJiep OoiibIHIIa OaFanay, OHBIH OJH-
ro-0erame3ocanpoOThl CaHaTTapFa >KAaTAThIHABIFBIH

kopcerti. [lantne sxone bykka omici OoifbiHIna
canpoOTHIK wHACKC 1,4-Kke TeH, Oy Ty3Ken kemiHaeri
JacTaHy —OCNTUIEpiHIH  KOKTBIFBIH  JIOJICIICHIL.
Ty3Kken KeiHeH aJlbIHFaH ChIHAMAJIap/IaH Ta3a JaKbLT
airy eHIH/IET1 )KYMBICTBIH KOPBITBIHIBICHI OOWBIHIIIA,
OMOTEXHOJIOTHIa KEHIHEH KOJIaHy MakcaThlHaa 2
ANBTOJIOTHSUTBIK, Ta3a JAKbUT OOJIHIM albIHIBL 3epT-
Tey HOTWXeJepi OoibiHIma Ty3Kemn KeliHeH OeiHiI
aNbIHFaH 1aHoOakTepus nakpuiaapbl BG11 KopekTik
opraceiama 30-32°C temmeparypana xone 6000 K
JKapbIKTAaHIBIPYAa >KOFaphl OHIMALTIK KOpPCETETiHi
AHBIKTAJIIEL.
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