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ANALYSIS OF NEW STATE DOCUMENTS
ON ENVIRONMENTAL AWARENESS ASPECTS
IN KAZAKHSTAN

Environmental awareness issues in Kazakhstan are one of the most undermined topics both among
the public community and in terms of state rhetoric. In the context of official state documents, so far only
two official environmental codes and national program called Zhasyl Kazakhstan were introduced in the
country in 2021. While on the one hand the Environmental Code was introduced with the purpose to
modernize, frame and enlist main legislative aspects on various sectors of environmental law in Kazakh-
stan, on the other hand the Zhasyl Kazakhstan Program has been implemented as a state program to
address with numerous environmental projects various environmental issues ranging from air pollution
to waste management as well as aspects related to ecological education and low environmental aware-
ness matters. In this regard, the main goal of this paper is to analyze critically the main content of both of
these documents with a particular focus on sections related to environmental awareness raising aspects.
For that, this paper applied a subjective-based content analysis in order to identify interesting insights on
regulatory legal aspects, future research streams, and uncovering of improved legislative frameworks in
the context of environmental awareness issue. Apart from that, five open-ended questions were send out
to the Ministry of Ecology, Geology and Natural Resources to obtain primary data on the state’s view in
regards to current previous, recent and future aspects of environmental awareness issue in the country.

Key words: Kazakhstan, environmental awareness, Environmental Code, Zhasyl Kazakhstan, con-
tent analysis.
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KMM3IT YHuBepcuTeTi, KasakcraH, AAMarThl K.
e-mail: yernazar.kumar@kimep.kz

KasakcTaHAaFbl 3KOAOTMSIABIK, ACNEKTIAEPAIH,
)KaHA MEMAEKeTTIK KY>KaTTapblH TaAAay

Ka3akcTaHAaFbl 9KOAOMUSIAbIK, CaHa MBCEAEAEPi — KOFaMAA AQ, MEMAEKETTIK PUTOPUKA TYPFbICbIHAH
A eH KabblK TakblpPbINTapAblH Oipi. PecMM MeMAEKeTTIK Ky>kaTTap ascCbiHAQ eAiMi3ae a3ipre Tek exi
PEeCMM 3KOAOTUSAbIK, KoAEKC reH 2021 xbiaFbl «XKacbia KasakcTaH» YATTbIK, 6aF AapAaMachl eHri3iAreH.
bya pette, 6ip >kafbiHaH, KasakCTaHAaFbl 3KOAOMMSIAbIK, KYKbIKTbIH SPTYPAI CaAaAapblHbiH, Heri3ri
3aHHaMaAbIK, acreKTIAepiH XKaHFbIPTY, pPeciMAeY >K8He LUOFbIPAAHAbIPY MakcCaTblHAQ DKOAOMMSIAbIK,
KOAEKC eHri3iace, ekiHLi >arbiHaH, «KacbiA KasakcTaH» GaFaapAamMachl MEMAEKET PETIHAE Ky3ere
acbIpblAAbl.  AyaHblH, AaCTaHyblHaH KAAAbIKTapAbl 6ackapyra AERiHri  KernTereH 3KOAOTUSIABIK,
MOCEAEAEPAIH, KOMEriMEH, COHAAM-aK, 3KOAOIMSAbIK, DiAiMre >koHe KopllaFraH OpTaHbl KOPFayAblH
TOMEH AeHreni maceaeAepiHe 6GaiAaHbICTbl SPTYPAI 3KOAOTMSIAbIK, XXO6GaAapAbl LIeWyre apHaAFaH
6araapAama. OcbiFaH 6aAaHbICTbl, GYA MaKaAaHbIH HEri3ri MakCcaTbl — 3KOAOMMSIAbIK, XabapAAPAbIKTbI
apTTbIPY acnekTiAepiHe KaTbICTbl GOAIMAEPTe epekLle Ha3ap ayAapa OTbIPbIMN, OCbl €Ki Ky KaTTblH HEri3ri
Ma3MYHbIH CbIHM TYPFblAQH TaAAQY. ByA yLiH oCcbl Makarasa KYKbIKTbIK, >KOHE HOPMATMBTIK acrekTiAep,
GoAalliak, 3epTTey GarbITTapbl TyPaAbl KbI3bIKTbl TYCIHIKTEPAI allly >KoHe KopluaraH opTaHbl KOpFay
MOCeAeCi KOHTEKCIHAETT XKETIAAIPIAreH 3aHHaMaAbIK, 6a3arapAbl aHbIKTAY YLUiH CyGbEKTUBTI Ma3MyHADI
TaAAQy KOAA@HbIAABI. COHbIMEH KaTap, EAIMI3AEr 3KOAOTMSIAbIK, CaHa NMPOBAEMAaCbIHbIH OYTiHI i 6TKeHi,
JKaKbIHAQFbI )KOHE KeAeLleKTeri aCnekTiAepiHe MEMAEKETTIH Ke3Kapachl TypaAbl aAFalLKbl MOAIMETTEPAI
aAy YLLiH DKOAOTMS, FEOAOTMS XKaHe TabuFn pecypcTap MUHUCTPAIriHe 6ec auliblk, Cypak >KOAAAHADI.

Ty#in ce3aep: KasakcraH, 5KOAOrMsAbIK xabapaap 60AY, IKOAOTMSAAbIK kKoAeKC, XKacbia KazakcraH,
Ma3MYHAbI TaAAaay.
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AHaAu3 HOBbIX roCyAadpCTBEHHbIX AOKYMEHTOB
Mo 3KOAOrM4YeckmMm acriektam B KasaxcraHe

Bonpockl akoAornyeckoro cosHaHus B KasaxcraHe 9BASIOTCS OAHOM M3 CaMblX 3aMaAuMBaeMbIX
TeM Kak B 00LECTBEHHOM COOOLIECTBE, TakK M C TOUKM 3PEHUs TOCYAAPCTBEHHOM pUTOpUKK. B paspese
0oMLIMAABHBIX FOCYAAPCTBEHHBIX AOKYMEHTOB MOKa B CTpaHe BBEAEHbl TOAbKO ABa OMULMAAbHbIX
3KOAOTMYECKMX KOAEKCA M HauMoHaAbHas nporpamma «XKacbia Kazaxctan» B 2021 roay. [pu 3T1oMm,
C OAHOW CTOPOHbI, JKOAOIMYECKMIA KOAEKC ObIA BBEAEH C LEAbID MOAEpHM3aLuM, ODOPMAEHUS
M 3aKpPErnAeHMs OCHOBHbIX 3aKOHOAATEAbHbIX aCMEeKTOB Pa3AMYUHbIX CEKTOPOB 3KOAOMMYECKOro
npasBa B Kasaxcrane. C apyron ctopoHbl, [Mporpamma «XKacbia KasaxcraH» 6blaa peaansoBaHa Kak
roCyAapCTBEHHas MporpaMma AAs peLleHrs C MOMOLLbI0O MHOTOUMCAEHHbBIX 9KOAOTMUYECKMUX MPOEKTOB
Pa3AMYUHBIX DKOAOTMYECKMX MPOOAEM, HauMHas OT 3arpsi3HEHUs! BO3AYXA M 3aKaHUMBasi yripaBAEHUEM
OTXOAAMM, @ TaK>Ke ACMEKTOB, CBA3AHHbIX C IKOAOTMUYECKMM 0OPA30BAHNEM U HM3KOI IKOAOTMUYECKOMN
OCBEAOMAEHHOCTbIO. B CBSA3M C 3TMM OCHOBHAS! LIEAb AQHHOM CTATbK COCTOUT B TOM, YTOBbI KPUTUUECKU
NpoaHaAM3MPOBaTb OCHOBHOE COAEp>KaHme 060MX 3TUX AOKYMEHTOB, YAEAMB 0CO00e BHUMaHMe
pa3AeAaM, CBSI3aHHbIM C aCMeKTamu MOBbILEHNS OCBEAOMAEHHOCTM 06 OKpy>KatoLLen cpeae. AAs 3TOro
B 3TOM CTaTbe ObIA MPUMEHEH CyObEKTMBHbIN KOHTEHT-aHaAM3, UTOObI BbISIBUTb UHTEPECHbIE MAEU O
HOPMATMBHO-TIPABOBbIX acCMeKTax, OYAYLIMX HAMPABAEHWUSX WCCAEAOBAHMI, a TAKXKe YAYyULIEeHHble
3aKOHOAQTEAbHbIE OCHOBbI B KOHTEKCTE MPOOAEMbl 3KOAOTMUYECKON OCBEAOMAEHHOCTU. Kpome Toro,
B MUHUCTEPCTBO 3KOAOTMM, FEOAOTMM M MPUPOAHBIX PECYPCOB ObIAM Pa30CAaHbI MSTh OTKPbITHIX
BOMPOCOB AASl MOAYYEHWMS MEPBMYHBIX AQHHbIX O B3rFASAE FOCYAApCTBa Ha MPOLUAbIE, HbIHELIHWE U

6yAyLLI,VIe aACreKTbl I'lpO6/\eMbl 3KOAOI'M4YeCcKoro Co3HaHu1a B CTpaHe.
KAroueBble caoBa: Ka3aXCTaH, 3KOAOI'Mm4yecCckad OCBEAOMAEHHOCTDb, DKOAOTMYECKMIA KOAEKC, Kacbia

Ka3aXCTaH, dHaAU3 COAEP>)KaHUA.

Introduction

Environmental awareness raising programs,
campaigns and projects all around the world are
important initiatives aimed to promote awareness
for the protection of natural environment and the
dissemination of pro-environmental information to
the public community. Such initiatives may include
the cultivation of pro-environmental knowledge
and values among pupils at different school levels
within the framework of ecological education
[1-4]; the training and retraining of ecological
specialists and teachers [5, 6]; or launch of specific
projects developed by local and international civil
society organizations [7-10]. One of the commonly
discussed solutions among scholars on how to more
effectively address low environmental issues was
the strong support for environmental education
processes [11]. Here, environmental education is the
attempt to re-educate the public to gain, cultivate and
develop pro-environmental competences, theoretical
knowledge and practical skills [12, 13]. Thus, an
environmentally aware population can be beneficial
for the public community as people become over
time better informed citizens on environmental
issues and are able to continuously cultivate pro-
environmental aspects that can be passed on to the
next generation of humans.

In the case of Kazakhstan, it being a post-
soviet state located in Central Asia, environmental
awareness raising aspects have gained a lot of
attention from the government and civil society
organizations, especially considering it within the
last several years and the introduction of the new
Environmental Code and the launch of the Zhasyl
Kazakhstan national program. Since the early years
of independence, the country has struggled with
dozens of environmental problems ranging from air
and water pollution to waste management as well
as radiation issues, which have been highlighted
by numerous local and international scholars. For
that, several awareness raising initiatives from the
government and civil society organizations were
introduced to address the issue of low awareness
levels for environmental problems. For instance, in
terms of government initiatives, these included the
provision of ecological education to preschool and
secondary schools, or the introduction of academic
courses for future ecologists at the University level.
Among civil society organizations, here early
approaches have focused on financing and supporting
ecological education processes, particularly via the
SPARE Program or GLOBE Program by the United
Nations (UN); formation of local environmental
associations and organizations; launch of pro-
ecological forums and formation of environmental



Analysis of new state documents on environmental awareness aspects in Kazakhstan

information basis for different population groups.
As of nowadays, more than 53 environmental civil
society organizations are active in the country and
several environmental awareness campaigns have
already been implemented, most notably under the
initiatives of civil society organizations such as the
UNDP, and the government via the nationwide state
program “Zhasyl Kazakhstan”.

The aim of the study is to evaluate via a content
analysis two official Kazakhstani documents: one
national program “Zhasyl Kazakhstan” and “New
Environmental Code”. A content analysis is a
method of analysis of written or recorded documents
or materials. In other words, researchers analyze
the content of the data, which in this case would be
two official documents, and give an interpretation
on them based on the subjective understanding of
the content. Such a content analysis could share
valuable insights into the details of how the state
understands, views and possibly deals with the
modern environmental issues in Kazakhstan.
Moreover, a content analysis is very helpful in
unpacking the hidden content elements of the
document that would allow scholars to analyze it

Table 1 — Open-ended expert questionnaires

thoroughly in order to identify new research gaps
and compare it to the previous old-dated versions.
Besides that, this paper also provided first-hand
primary data on the state’s point of view towards
environmental awareness aspects in Kazakhstan.
For that, five open-ended questions were prepared
and sent out specifically to the corporate email
of the Ministry of Ecology, Geology and Natural
Resources, where ecological experts provided
their written responses. The questions were sent
out in early December 2021 and written answers
were received late December in the same year.
Written responses were received in the form of a
word file. The list of the five open-ended questions
were provided in Table 1 below. The results of
our content analysis of two official documents
and the insights received from state’s point of
view towards environmental awareness aspects in
Kazakhstan could help not only on the one hand
scholars to identify new research streams and state
directions concerning environmental awareness
aspects, but also provide valuable critical feedback
on the content of these two official documents from
both a practical and theoretical viewpoint.

Question 1

From a government’s point of view, why do you think there is a problem of low level of ecological awareness among
the Kazakhstani society? Please list at least three reasons.

Question 2
How could the improvement be explained?

Has the problem of environmental awareness among the population improved since the early 1990s and early 2000s?

Question 3
years in the context of Kazakhstan, and why?

What specific environmental issues will be the most crucial ones to address in the future within the next five to ten

Question 4

What is the role of civil society organizations in environmental education projects in Kazakhstan? How will its role
change in the future: will it become more or less important? More importantly, why exactly?

Question 5

awareness in Kazakhstan?

How important are civil society and international organizations in addressing the problem of low environmental

Environmental issues in Kazakhstan

The Republic of Kazakhstan has been plagued
for many years with serious environmental prob-
lems ranging from air pollution matters to prob-
lems related to waste management aspects. Among
the most serious environmental problems accord-
ing to Alimbaev et al. [14] are environmental is-
sues related to state of air, water pollution, and
water resource shortage. This has especially been
exacerbated due to the growth of the country’s
economy, among them related to the aspects such
as industrial growth of production of coal, non-

ferrous and ferrous metallurgy; high level of ur-
banization and growth of transport routes [14]. For
instance, according to book “Yesterday was too
late: Ecological risks of Kazakhstan” that was pub-
lished under the scientific research project on writ-
ing Collective monograph about on environmental
issues of Kazakhstan, in terms of water resource
deficiency problem, one of the main factors for this
particular issue to occur are the irrational use of
water resources for agricultural use [15]. In terms
of air pollution, numerous cities are especially suf-
fering from this particular problem. For instance,
these include cities such as Temirtau, Karagan-
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da, Saran, Shakhtinsk, Almaty or Balkhash [14].
While the city of Karaganda is known for its coal
industrial complexes, Temirtau is known for har-
boring chemical and metallurgical industries [14].
The release of harmful chemical substances from
industrial companies have all been highlighted by
various local scholars, such as by Shakhova et al.
[16], Aiman et al. [17], Alimbaev et al. [18] or As-
sanov et al. [19]. Other more famously known en-
vironmental issues that are worth pointing out are
issues related to water pollution and water resource
shortages, where the latter is especially quite con-
cerning among Central Asian states. Besides the
historically known water pollution problems re-
lated to the Aral Sea and the Caspian Sea, water re-
source shortage concerns due to unregulated water
use, huge water discharges or intensive water use
by industrial and agricultural companies are also
considered as one of the main environmental prob-
lems in the country as well as the for entire Central
Asian region [14]. It is worth highlighting that Ka-
zakhstan being a developing state that had to dras-
tically transition from a state-planned economy to
a market economic system in the early 1990’s, its
overall growth of its economy and the increase of
industrial production had negatively impacted the
local environment and even made some environ-
mental problems worse than before [14]. Thus, it is
fair to say that on the one hand the country had no
choice but to accept fate and immerse themselves
fully into developing its economy and industrial
growth in the early 1990’s, while sacrificing for
that their environmental state.

Several research papers have addressed and dis-
cussed environmental problems in Kazakhstan in
detail in their research articles. Over the many years
since Kazakhstan had gained its independence, nu-
merous local Kazakhstani and international scholars
have analyzed environmental problems in Kazakh-
stan from various angles, such as in relation to water
pollution aspects [20-25]; waste management issues
[26-32]; air pollution [33-39]; Aral Sea issue [40-
46]; health effects by radioactive waste [47-54]; soil
and land degradation issues [55-61]; and issues re-
lated to ecosystem and biodiversity [62-67]. Thus,
plenty of research has been done in terms of analysis
of different ecological problems in the country. For
instance, while Ryabushkina et al. [64] have evalu-
ated the problems concerning the study and conser-
vation of flora biodiversity in the country, other re-
search articles such as those written by Kennessary
et al. [39] or Kennessariyev et al. [35] assessed the
impacts of air pollution levels to the health of the
population.

Nowadays, many local as well as international
researchers encourage the country of Kazakhstan to
keep implementing sustainable development poli-
cies and follow their subsequent pro-environmental
approaches that would allow the country to restore
the damage that was done to the environment, hu-
man population and the natural system [14]. At the
same time, the sustainable development process it-
self would also positively influence the social tran-
sition among the Kazakhstani society to become
more environmentally aware about ecological issues
in their home-country as well as globally via sup-
porting ecological education process, with which
they could catalyze new legislative changes and
implement public policies that would reinforce pro-
environmental policies in aspects related to natural
resources, techno-economic advancements, and so-
cio-cultural matters [14].

Environmental Awareness

Definition & Research Scope

Environmental awareness has been studied and
defined by many scholars throughout many years,
with its conceptual origin, according to Kokkinen
[68], having emerged back in the early 1970’s in
the USA after environmental activist movements
started to gradually grow into a serious wave of
national movements of ecological activists. In
terms of definition, environmental awareness can
be viewed like a social concept with an abstract
conceptualization [68]. According to Kokkinen
[68], environmental awareness can be defined
as the “state of a person’s awareness” for the
environment and problems related to them. Other
scholars have defined it differently by stating that it
is conceptualized as a social concept depicting the
attitude and perception of an individual towards the
environment [69]. However, some others such as
Handoyo et al. [70] provided a more comprehensive
definition by explaining environmental awareness
as an aggregate state of a person’s perception
towards the environment consisting of various pro-
environmental elements such as knowledge, inner
values and behavior. Here, environmental awareness
is made up of the aggregate pro-environmental
elements [70].

Research wise, the scope of its research varies
from studies to studies. For instance, as of now
there are plenty studies on corporate environmental
awareness [71-73]; studies of environmental
awareness in the context of ecological education
[74-76] and in relation to environmental protection
aspects [77-80]. Other prominent studies also
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included the effects of social media and traditional
media on environmental awareness levels [81-87]
and in relation to sustainable development practices
[88-92]. Thus, it is fair to say that the scope of
research area that the study on environmental
awareness touches is extensive and stretches wide
out to aspects of business, media, public policy and
education.

Research Progress in Kazakhstan

In terms of research progress in environmental
awareness studies, there are numerous research
articles published on this particular topic in the
context of Kazakhstan. For instance, these included
studies done by Zhurtbay [93] and Tursynbayeva et
al. [94] on the inter-related aspects of how the media
and national policy form environmental awareness
elements among different groups of the population in
the country. Another group of scholars approached
it from the context of ecological education and how
the process of pedagogical teaching affected the level
of awareness among different groups young people
[95-100], while other researchers looked at the
degree of awareness levels for various environmental
problems ranging from the role of NGOs and civic
society organizations [101-105], and from the point
of view of access to environmental information to
the public community [106]. However, most recent
studies included multiple environmental awareness
aspects that focused on ecological issues such as
waste management problem and air pollution, such
scholars include those by Karimova et al. [107],
Karaca et al. [108], and Sarbassov et al. [109].
Another popularly emerging topic in relation to
environmental awareness concerns the aspects
of environmental activism movement and role
of activists [110-111]. The most recent relevant
studies were done by Kumar [112, 113], who had
provided in one of the papers an extensive literature
review on eighty-two environmental awareness
studies in Kazakhstan [112], while on the other a
new conceptual framework to assess ecological
awareness level consisting of four main dimensions
were provided [113]. The author found out the
following literature review findings. First, the paper
revealed that 44% of studies related to the topic of
environmental awareness were written in Russian
language, while only 22% in Kazakh and 34% in
English [112]. Second, the study also found out that
the number of publications have increased from one
publicationbetween 1991-1999 to more than seventy-
five publications within the last twenty years [112].
Last but not the least, the literature review analysis
also has revealed that most papers (48.8%) focused

on aspects of environmental education followed
by studies on aspects concerning ecological-
environmental culture and case studies [112]. In the
case with the second paper by Kumar [113], this
particular paper focused on addressing the issue of a
lack of multi-dimensional conceptual framework for
assessing ecological awareness levels. According
to the author, the level of ecological awareness
consists of four main dimensions: affective,
altruistic, conative and cognitive [113]. In order to
assess each dimensions, the author had proposed
three different research instruments, which were
previously applied by different Western scholars.
These included the 15-item EEV Scale Model;
26-item Environmental Risk Perception Scale
Model; and the 18-item EAS Model [113]. Such
a new multi-dimensional conceptual framework
could help both local Kazakhstani researchers as
well as different researchers all around the world
to pinpoint differences in environmental beliefs,
values, concerns and perceptions about different
populations groups in a given context [113].

Evolution of State & NGO Projects

Since Kazakhstan had gained its independence,
there were several attempts carried out in terms of
government and non-government programs that
aimed to raise the level of environmental awareness
in the country. One of the earliest government-
initiated programs included the efforts in providing
environmental education among preschool kids,
secondary education students and students studying
at higher educational institutions [114]. This was
first laid out in the Resolution of the eleventh
session of the Intergovernmental Environmental
Council of CIS, which later was implemented in the
Environmental Education Program via the resolution
Ne 207/p of the Ministry of Natural Resources
and Environmental Protection in 1998 [114]. The
Environmental Education Program was then also
gradually incorporated in the Government Action
Plan of the Concept of Environmental Safety of the
Republic of Kazakhstan in 1998 [114]; within the
2002 Concept of Ecological Education [115] as well
as in the 2030 Strategy in the section on Environment
and Natural Resources [114]. However, only in
2002, the government recognized the importance to
integrate elements of environmental education and
sustainable development aspects into the educational
system and started to actively implement the
programs [115].

In terms of preschool and primary education,
the first government attempts focused on building
an ecological mindset among children, for which
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teachers were first trained in courses such as
environmental protection and preschool children
send to excursion at recreation centers outside urban
cities in order for them to experience the natural
world [114]. Besides that, the aim for preschool
children was to indoctrinate into their mindset a
holistic picture of the natural world [115]. Moreover,
a preschool curriculum on environmental education
was introduced that focused on providing lessons
to children on ‘Getting to know the world around
us’, where children could acquire knowledge on the
difference between animate and inanimate nature
as well as understand how plants functioned [114].
Despite all these efforts, little is known about other
government projects for preschool children and
often this age group is not given as much attention
as it is supposed to be provided [114].

In the case with secondary schools and higher
educational institutions, here the situation in terms
of state support is specialized and more course
oriented [114]. For instance, among secondary
school students, courses such as on Botany, Ecology,
Zoology, Natural History have been introduced
[114]. It should be noted that most public schools
provided one subject called Natural Science that
incorporated all environmental aspects [115]. Hence,
such specialized courses were only provided among
specialized schools or lyceums, which accounted
for about 5% of all schools in Kazakhstan [114].
For students at higher educational institutions,
training for teachers and courses for students were
offered [114, 115]. As of nowadays, around 45
higher education institutions prepare specialists in
environmental studies or ecology [115]. However,
its main issues have included the problem of
matching graduates with the demand of the labor
market, as often ecologists and environmental
science specialists face labor shortage problems
[114, 115].

Other environmental awareness programs
or projects were also prevalent also among civil
society organizations, such as the UNDP in the
form of financing ecological education processes.
At the beginning, in the early 1990’s NGOs worked
on formation of local clubs and environmental
societies. One of such early local environmental
organizations formed by local ecologists was the so-
called The Karaganda Edelweiss [114]. Considering
the fact that civil society organizations and non-
governmental organizations (NGOs) had seen a
huge growth in their impact on the society in late
years of 1990’s and have now become an important
pillar for driving the development of ecological

education in the country forward, it is fair to say that
their share of influence was crucial on par with the
public sector. For instance, back in 1998, a group
of NGO experts from Kyrgyzstan and Kazakhstan
were given an opportunity to visit the Netherlands
to obtain some form of firsthand experience via
seminars and lectures on the process of ecological
education and their pertaining activities [114].
Being financed by a Dutch NGO in the project called
Ecological Education and Sustainable Development,
the experts were able to produce a methodological
manual or guidance book about ecological education
[114]. Other international projects also included the
so-called SPARE Program financed by Norwegian
Society for Nature Conservancy in 2001 that aimed
at teaching Kazakhstani students and teachers on
aspects of energy and resource-saving technology; or
the UN financed GLOBE Program from early to late
years of 1990’s with the aim to support ecological
volunteer activists from more than 100 schools from
Kazakhstan and Kyrgyzstan by bringing them closer
to the activities of the NGOs [114].

Othersmall-scale projectswerealso carried outby
local civil society organizations. For instance, these
included the online publication of environmental-
biological magazines for children named ‘EcoWeek’
or ‘Temirkazyk’ six times annually in both languages
of Russian and Kazakhstan in order to motivate
children to read about technological advancement
in the niches of sustainable development and
environmental science [115]. Another local project
organized by National Educational and Health
Centre ‘Baldauren’ have launched in 2015 a forum
for young environmentalists on “Save the Green
Planet” and in 2016 another forum for young
environmental researchers ‘Focus on Eco-World’
[115]. On top of that, online environmental contests
on raising awareness for environmental problems in
the country were also organized by local civil society
organizations and international organizations, such
as the UNDP in June 2021 among Kazakhstani
media journalists on the topic “Change for Climate in
Kazakhstan” [116]. Nowadays, there are numerous
local environmental organizations and clubs in
Kazakhstan that engage in activities related to
raising environmental awareness or environmental
education process, most notably ECOJER, a Kazakh
association of regional environmental initiatives who
assist business, government and civil society projects
that are involved in environmental protection efforts.
According to the UNECE report from 2018, around
53 environment-related organizations operate in
Kazakhstan [115].
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Results & Discussion Section

Zhasyl Kazakhstan Program

Since mid-2021, a new government program
called Zhasyl Kazakhstan has been adopted and
implemented, where the word ‘Zhasyl’ stands
for ‘Green’ in English [117]. This program was
adopted on October 12, 2021 and has been given
an implementation period from 2021 to 2025
[117]. The entire volume of its finances for the
implementation period were estimated to be around
$5.829 million, or 2.5 billion tenge in local currency
[117]. Its main stakeholders included six ministries
(namely Ministry of Ecology, Geology and Natural
Resources; Ministry of Information and Social
Development; Ministry of Education and Science;
Ministry of Investment and Development; Ministry
of Healthcare; Ministry of Energy) and many
other government-affiliated enterprises and JSCs
such as Kazakhmys Smelting, Astana Recycling
Plant, Kazecotech, Clean City NC, ArcelorMittal
Temirtau or Samruk Energo [117]. However, the
main supervisor and responsible government body
for this program is the Ministry of Ecology, Geology
and Natural Resources [117].

The main goal of this program is to create a
favorable living environment for the population and
improve the environmental situation in the country
[117]. According to the content of the national
program, it consists of 4 different pillars of strategic
paths: Clean Kazakhstan; Economically Efficient
Kazakhstan; Nature Kazakhstan; and Ecological
Future Kazakhstan [117]. These four strategic paths
include government efforts directed towards the
improvement of quality of atmospheric air; efficient
management of waste production and use of water
resources; support for conservation of ecosystems
in lakes such as Balkhash and the North Aral Sea
region; reinforcing local environmental policies
in safeguarding biological diversity of rare plants
and endangered species of animals; introducing
specially protected natural areas and green projects;
promotion of renewable energy projects and eco-
friendly innovations and start-ups; modernization
of public consciousness for environmental issues
via environmental education and nurturing an
ecological-friendly culture [117].

By 2025, the government expects to reach from
this program the following long-term objectives.
First, a decrease in the volume of wastewater
discharges as well as a decrease in the level of
energy intensity based on consumption per unit
of GDP [117, 118]. Another expected positive
outcome concerns the greening projects of cities
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and creation of an interactive online geoportal map
that would allow the public community to be able to
monitor on the one side the effective planting of 2
billion trees, while on the other side check the risk
factors of forest fire tendencies and illegal logging
activities [118]. Besides that, the program expects
to see a decrease in air pollution levels among the
following ten cities: Temirtau, Nur-Sultan, Almaty,
Aktobe, Atyrau, Ust-Kamenogorsk, Karaganda,
Balkhash, Zhezkazgan and Shymkent [117, 118].
Furthermore, in terms of water security and water
resource management aspects, the President has also
assigned the government to update the legislative
framework on water use and conservation aspects
by introducing a new Water Code by 2022, which
would support the Zhasyl Kazakhstan Program even
more [119]. As the older Water Code did not include
legislative regulations on aspects of preservation
of water resources and its rational use, the new
upcoming Water Code will provide more concrete
and specific legal amendments [119].

In regards to environmental awareness
aspects, the focus on modernization of the public
community to become more environmentally aware
is considered as one of the long-term goals of this
government program and is the fourth pillar of the
national document. It consists of three main long-
term objectives. First, integration of environmental
awareness aspects into the education system and
the modernization of the quality of education [117].
Second, formation of an eco-oriented informational
basis in Kazakhstan [117]. And third, training,
retraining and provision of education for future
ecologists [117]. According to the main goal of
this fourth pillar, all these three objectives should
eventually cultivate values of ecological patriotism
among different groups of the population [117].
Regarding the first long-term objective to effectively
integrate environmental aspects into the education
system in the country, the program has outlined two
indicators that would effectively help to achieve the
goal. The first indicator concerned the coverage of
students with the course on ‘Ecology’ in secondary
school programs, which would involve students
starting from grade six on up until graduation from
high school [117]. And the second indicator would
be regarding aspects of ensuring students having
access to the best green practices and technologies
[117]. These two indicator would be measured
according to three government-initiated programs:
1) creation of networks of environmental education
centers around Kazakhstan. For example, this would
include the building of specific eco-stations; 2)
Introduction of a new elective course “Ecology” in
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the 6th grade curriculum of a secondary school; 3)
Holding annually a national competition on ‘The best
organization of eco-education’ [117]. The second
long-term objective concerned the formation of an
eco-oriented informational basis in Kazakhstan,
here the indicator would involve number of citizens
covered by the environmental information campaign,
for which two government programs are going to be
introduced: 1) Development and implementation
of a media plan for environmental education and
awareness through publications in traditional and
new media, holding action events at the local and
national level; and 2) Conducting on a systematic
basis the environmental government campaign
‘Birge-taza Qazagstan’ (transl. Together-Clean
Kazakhstan) to strengthen environmental values
[117]. Unfortunately, specific information or details
regarding the third long-term objective involving the
retraining and training process of future ecologists,
no information had yet been provided.

It is worth highlighting the fact that this national
program has put more emphasis to the first three
strategic pillars of Clean Kazakhstan, Economically
Efficient Kazakhstan and Nature Kazakhstan.
According to the official document, in the strategic
pillar regarding Clean Kazakhstan three specific
long-term goals were highlighted in detail with each
of them having specific short-term objectives and
their respective programs. Here, detailed program
information was provided, with one of the many
long-term goals of this pillar involving the reduction
emissions of pollutants into the atmosphere from
stationary sources in large cities by industrial
enterprises from 881,06 thousand tons to 503,4
thousand tons by 2025 [117]. These would directly
concern enterprises such as JSC ArcelorMittal in
Temirtau; JSC Astana Energy in Nur-Sultan; JSC
Almaty Power Station in Almaty; LLP PKOP in
Shymkent; for enterprises in Aktobe; one in Atyrau;
two in Ust-Kamenogorsk; and five others in four
additional cities [117]. Another goal for this pillar
concerned the management of waste production and
consumption, for which the document described
in detail the specific government actions needed
to address this particular issue. For instance, one
of the government-initiated programs to achieve
sustainable waste management processes in different
cities is via the purchase and installation of containers
for separate collection of waste; creation of landfill
areas, particularly in Pavlodar region, for the
collection of construction and bulky waste generated
by legal entities and the population to further
processing and disposal purposes; construction
of a hazardous medical waste disposal center in

Nur-Sultan; recycling of previously accumulated
phosphogypsum waste in the Zhambyl region;
and more than dozen other specific government
actions [117]. Thus, showing that the Zhasyl
Kazakhstan Program tries to solve more pragmatic
environmental problems surrounding air and water
pollution aspects, waste management issues and
aspects related to environmental control, and putting
less emphasis on raising environmental awareness.
However, ecological education and the formation
of a pro-environmental culture takes time and a lot
of effort to see its fruitful results, and this program
had set at least some tasks for the next three years.
Hopefully, it can be expected that this document
will be updated and revised in the future in order to
publish a more detailed and comprehensive report,
especially concerning aspects on environmental
awareness issues and their government programs.

New Environmental Code

Thenewandupdatedversionofthe Environmental
Code of the Republic of Kazakhstan was adopted on
the 2™ of January 2021, which replaced the previous
2007 version [118]. This new Environmental Code
brought in a new wave of legal updates, as according
to the recommendations provided by the OECD, the
legislative frameworks were outdated and several
new provisions needed to be added [120, 121].
According to, Eldos Abakhanov, who is the Deputy
Chairperson of the Kazakhstan Association of
Environmental Organizations, such new legislative
reforms were introduced in order to bring in the best
practical experiences from the European Union and
OECD countries, that could eventually optimize the
strength of the outdated environmental regulations
in the country and bring in line with the OECD’s
approach criteria’s [122]. Another local expert from
Grata International also highlighted the fact that
the new Environmental Code has tried to introduce
positive experiences from EU countries and
improve legislative aspects, particularly previous
shortcoming regarding ineffective environmental
impact assessment; irrelevant legal regulations on
waste management issues; weak public participation
mechanisms in environmental control; and systemic
evaluation of environmental damage [121]. As a
result, several new legal provisions were added.

For instance, these included the introduction of
legal principles concerning the responsibility for
restoring the damage caused to the environment
and new definitions in regards to polluters and their
classification into different categories depending on
the level of hazardous impact of their entrepreneurial
activities on the environment [ 120, 121]. One of such
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specific new novelties included the introduction of
the principle ‘polluters pay’, which once again was
re-integrated from the experiences of the OECD
countries and implied the introduction of high fees
to enterprises for environmental damages caused
[122]. Such new legal reforms, according to Eldos
Abakhanov, also brought in new legal pathways on
how to effectively reorient environmental revenues
generated from issuing environmental permits and
fees from violations of environmental emissions
towards the state and local budget [122].

Another interesting legal novelty included
the adoption of a new regulatory framework for
assessing environmental impacts of enterprises
as well as the introduction of a new waste
classification that corresponded to the European
catalog [120]. For instance, with the new waste
management classification, it aimed to tackle issues
related to reduction of waste generation; reuse of
waste; recycling process of waste; and aspects
related to landfill disposal matters [120]. Here, the
introduction of an environmental impact assessment
method also ensured that enterprises were subject
to compliance measures and check-ups before they
could be granted environmental permits [ 122]. Here,
environmental impact assessment methods included
the following types of impacts measurements: direct,
impacts, indirect impacts and cumulative impacts
[122]. Besides that, Makhmetova [121] also noted
that the violators in terms of waste management
aspects, were also subject to severe administrative
fines, penalties and liabilities.

Besides that, other significant legal changes
were made concerning new environmental aspects
related to the legal introduction on protection of
forests; protection of soils; environmental education
and awareness raising aspects; research and
development; management of radioactive waste;
and water security aspects in the northern part of
the Caspian Sea [120]. These new legal changes
in the New Environmental Code also had brought
in changes within the Code of Administrative
Offences, as amendments were carried out to tighten
liability for violation on laws related to tax code,
criminal code, forestry code, water code, land code
and entrepreneurial code, law on development of
agro industrial complex and rural areas, and several
others [120]. Moreover, it is worth noting that
new concepts on how to calculate environmental
damage; introduction of new methodological
assessment system of cross-border impacts aimed
to align with the standards of the 1991 Convention
on Environmental Impact Assessment in a Cross-
Border Context; and new method of assessing
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administrative fines for polluting enterprises [120,
121].

In terms of environmental awareness aspects,
which was stipulated in Articles 191-194, new
significant legal changes were introduced. First,
in terms of how the state now provided support
for ecological education to different population
groups and how environmental information became
publicly accessible [120]. In comparison to the
older 2007 version of the Environmental Code,
where in Article 184 the state support measures
were provided with very little specificities [123], the
newer version highlighted the importance of public
participation in the discussion of public awareness
for environmental issues and public access to
environmental information. For instance, in Article
194 on ‘state support for environmental education
and awareness’, the state now supported newly
introduced “training for climate change adaptation
specialists” and was obliged to “inform the public
about projected anthropogenic impacts, climate
change, human and environmental vulnerability
and climate change adaptation measures” [120].
Speaking of public participation, particularly on
how the public could voice their opinions and hold
public hearings, the new Code strengthened the role
of the public in decision-making processes [122].
Here, with the new amendments public hearings
will be now covered now in mass media; all stages
of the environmental impact assessment procedures
be posted on the official websites of the Ministry;
and the post-project analysis reports will ensure
high quality standards of projects development
[122]. These aspects regarding improved public
participation processes were particularly well
highlighted by Makhmetova [121], where the
local expert has outlined in detail the scope of the
environmental impact assessment procedures.

Other new state support measures for raising
the public awareness for environmental issues also
have included granting so-called ‘state contracts’
and ‘social contracts’ to support innovative
methodological practices in fields of environmental
education by non-profit organizations [120].
Speaking of environmental education process, the
new Environmental Code also introduced a new
academic discipline on ‘environmental protection
and use of natural resources’ as a state compulsory
educational curricula for specialized vocational
education [120].

Itis also worth noting that the new Environmental
Code also has introduced more precise classification
on what the state had to do in terms of tackling the
issue of public access for environmental information
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and how the public now was able to exercise
environmental control [120]. While the previous
2007 version did not stipulate the significance of
public disclosure of environmental information at
all, the new version in fact outlined the state to be
disclosing environmental information specifically
related to ambient air, waste management aspects,
energy balance issues, biodiversity problem, state of
water and land resources, and climate change issues
[120].

Besides that, the new Environmental Code also
introduced some new changes and amendments in
terms of main directions of environmental research.
The newer version introduced new concepts
and research focus such as natural ecosystems;
preservation of biodiversity; climate change impact
and mitigation; analysis of environmental impact on
public health; environmental safety; determination
of zonal threshold levels of man-made impacts on
ecosystems and landscapes; and many other niche
areas [120].

Thus, it can be concluded that the new
Environmental Code has indeed significantly
addressed previous shortcomings of the 2007
version in aspects regarding low efficiency of
environmental impact assessment; irrelevance of
legislative regulation of waste issues; limited public
and citizen participation in terms of environmental
control and environmental awareness; and non-
existent methodological economic assessment
system of environmental damage. This has also been
outlined in detail by both local ecological experts
Eldos Abakhanov [122] and the Leila Makhmetova
[121].

UNDRP'’s Joint Project

Besides these two official documents related
to environmental awareness aspects, civil society
organizations such as the UNDP in cooperation with
the Ministry of Education and Science, Ministry
of Ecology, Geology and Natural Resources
and JSC International Green Technologies and
Investment projects Center have also launched
since 2020 a four-year program called ‘Enabling
innovative ecological education towards the
country’s sustainable development’ in order to
teach more than six thousand teachers on aspects
of environmental education, and build a network of
ecologists, activists, students, teachers and parents
to effectively delivery an informational campaign
about the issue on low environmental awareness
among the public [124].

This joint project has also aimed to support
pre-school educational institutions by initiating

interactive games and cultivate via lessons an
eco-friendlier society [124]. This should nurture
an environment where pre-school and elementary
students would gain knowledge on aspects of
sustainable development, biodiversity conservation,
climate change and sustainable consumption [124].
The ultimate goal of this project is to build upon the
legal framework for incorporating in the future a
new subject on climate change in the Kazakhstani
educational system [124].

State’s View on Environmental Awareness
Problem

According to the five open-ended questions that
were sent to the ecological experts at the Ministry of
Ecology, geology and Natural Resources, their point
of view was summarized in the following way.

First, concerning the reasons why currently
a low level of environmental awareness exists
among the general population, the Ministry
provided their responses in the following manner.
According to the Ministry of Ecology, Geology and
Natural Resources, the issue with the low level of
environmental awareness are primarily caused as a
result of several factors. One of the factors included
the “low level of human culture driven by immoral,
irrational and consumerist attitude and behavior”.
Another factor was the issues with the “lack of
public knowledge on environmental education”. As a
result, the “Kazakhstani society with its consumerist
culture lacks a comprehension and understanding
in the symbiotic relationship between animate and
inanimate nature”.

Second, when asked about whether the
government did indeed view an improvement
in the levels of environmental awareness since
the early 1990’s and 2000’s, their response was
straightforward and to the point. According to their
response, the country has indeed experienced an
improvementin the level of environmental awareness
among the general population, particularly as a result
of the young population being influenced by the
principle of ‘global ecologization’, technological
advancements and the emergence of the Internet
with social media.

Third, when asked about the most critically
crucial environmental problems that needed to be
tackled in the near future, three main environmental
problems were pointed out. First, the problem of
air pollution was pinpointed. According to the
experts, the adoption of a new Environmental
Code with the Zhasyl Kazakhstan Program should
tackle this particular environmental problem more
effectively, especially in cities such as Almaty,
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Karaganda and Temirtau. The second issue that was
given attention by the experts was concerning the
waste management problem. And third, the aspect
concerning the climate change issue was mentioned.
According to the response, the Central Asian region
is the most prone region to global climate change
and rising global temperatures. It is mentioned that
“The availability of water resources is critical.
Nearly half of all water comes from outside. Thus,
all climatic changes will affect the availability
of water. These eco-problems have not lost their
relevance yet.”

The fourth and fifth question asked experts
about the current and future roles of the civil
society organizations in Kazakhstan and its
effectiveness and impacts on raising environmental
awareness levels among the general population.
Here, experts provided the following responses:
“To begin with, let me make it clear that drawing
attention to environmental issues and stimulating
environmental activity is the task not only of
environmental organizations, but of everyone,
including the citizens themselves, businesses,
industrial enterprises and of course the government.
The involvement and active participation of
civil society play one of the key roles in solving
environmental problems. In recent years, the Civil
Forum has become a stable dialogue platform for
discussing the most important and pressing socially
significant issues. It was noted that in recent years
the topic of ecology has been actively raised by
ordinary citizens who are not indifferent to the
topic of clean air and environmental protection.
In addition, civil society organizations, which are
important subjects of the public community, play
an important role in the formation of the ecological
information space and would definitely keep
playing a crucial role in the future in the context
of Kazakhstan. It should be noted that civil society
organizations proceed in their activities from
priorities determined by their own philanthropic
goals, and not from functions or responsibilities
established from outside. Therefore, their attention
is often focused on specific environmental problems,
and, as a rule, the problems supposed to be actual
and most stressing ones, representing a greater
public interest. Nowadays, the government’s main
focuses are mostly directed towards improving the
environmental situation in cities of Kazakhstan,
reforming environmental legislation, pursuing
a gradual transition to a greem economy and
building an informational basis for the public to
access crucial environmental aspects”.
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Conclusion

In a nutshell, our content analysis has shown the
following interesting findings. First and foremost,
in terms of the Zhasyl Kazakhstan Program that
has been introduced and implemented in 2021
for a four-year program up until 2025 with a
financial worth of 2.5 billion tenge, consists of
four strategic pillars with one of them specifically
designed to support state policy measure in raising
environmental awareness of the public community.
This particular pillar was named as “Ecological
Future Kazakhstan” and has outlined three specific
policy directions: 1) integrate environmental
awareness into the Kazakhstani educational system;
2) support state measures to improve informational
basis on environmental awareness aspects; 3) and
the process of training and retraining of specialists
and teachers of ecology. Each policy direction had
its own indicators and programs. For instance, in the
first policy direction, one of the program included
the introduction of the course on “Ecology” among
secondary school students. For the second policy
direction, so-called environmental information
campaigns through media events, publication
competitions and the implementation of the so-
called ‘Birge-taza Qazagstan’ project. Lastly, in
terms of the third policy direction, projects and
programs were still underway.

In terms of the new Environmental Code there
were several interesting insights drawn from our
content analysis of the document. First, the new
Environmental Code has updated the previous
2007 wversion with the following new legal
amendments: introduction of new legal provisions
regarding definitions of environmental damage
and environmental responsibility; classification of
enterprises into different categories depending on
the level of hazardous impact of their activities; and
introduction of legal novelties and methodological
assessment system for evaluating the environmental
impact of activities of enterprises. All these were
also highlighted in detail by two local experts named
Eldos Abakhanov [122] and Leila Makhmetova
[121], who provided their own viewpoint and analysis
regarding legislative novelties and their implication
to the society, enterprises and environmental state
policies. Besides that, significant legal amendments
were also introduced in relation to environmental
protection of forests, soils, water security and
tightening of laws for violation on laws related to
tax code, forestry code, water code and land code.
However, if we are speaking of environmental
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education and environmental awareness aspects,
here new changes were especially visible among
Articles 191-194 and Article 184. For instance,
more detailed information was provided in Article
184 on how state actions have strengthened the
public’s participation in environmental control and
monitoring (e.g. in public hearings), and removal
of limitations of public access to environmental
information on sensitive aspects related to air
pollution, waste management issues, biodiversity
problem, energy balance issues, land resources,
and climate change problems. Besides that, another
novelty of state support measures also included
the introduction of “state and social contracts” in
support for innovative methodological practices
in fields of environmental education as well as
in training of ecological specialists, particularly
climate change adaption specialists. Moreover,
regarding the aspects on environmental education,
it is worth noting that the new Environmental Code
has introduced the implementation of new academic
disciplines (e.g. environmental protection and use
of natural resources) within the curriculum of the
education system. Last but not the least, the new
Environmental Code also encouraged the focus on
new research areas such as on natural ecosystem;
biodiversity matters; climate change impact analysis
and mitigation efforts; and analysis of impact of
environmental problems to public health. With all
these new findings having summarized, it can be
concluded that indeed the new Environmental Code
had brought new waves of legal changes and legal
novelties that should in the long-run improve the
environmental state policies.

The interview results have also revealed for us
new findings. First, the government recognizes that
the problem with the low environmental awareness
exists due to various factors, particularly consumerist
culture of the Kazakhstani society and lack of public
knowledge in environmental education. Second,
the Ministry of Ecology, Geology and Natural
Resources do agree to the fact that the country
has experienced an improvement in the level
of environmental awareness among the general
population since 1990’s and early 2000’s. Third,
according to the Ministry, ecological problems
such as air pollution, waste management problem,
and climate change were and can be regarded
within the contemporary and future time period as
the most serious environmental problems to deal
with. Fourth, the Ministry does acknowledge the
weight of importance for not only the civil society
organizations in raising environmental awareness
levels among the population, but also the active

role and participation of the public in catalyzing
pro-environmental changes within the society.
According to them, the triad relationship between
the public community, civil society organizations
and the government is very important to generate
socially significant changes and effective pro-
environmental policies. In conclusion, the Ministry
does not undermine the issue of environmental
awareness problem in the country and considers it
as a serious matter alongside air pollution, waste
management problem, and climate change issues.
At the same time, the Ministry believes that the
public has become more environmentally aware
compared to two and even three decennials ago and
is now able to solve the environmental awareness
issue more effectively with the help of civil society
organizations.

All in all, as already noted, the environmental
situation in Kazakhstan requires urgent attention by
both the government and civil society organizations.
The introduction of the new Environmental
Code alongside the Zhasyl Kazakhstan national
program have come timely to tackle some of
the ecological issues in the country. While on
the one hand the new Environmental Code laid
out updated and improved legislative changes
and strengthened the regulatory frameworks on
aspects such as efficiency of environmental impact
assessment, waste management issue, and public
and citizen participation in environmental control
and environmental awareness; on the other hand
the Zhasyl Kazakhstan program on the other hand
provided some preliminary state programs to
achieve specific environmental objectives on four
specific strategic paths, with one of them particularly
addressing the issue of low environmental awareness
level among the public. As some local experts such
as Makhmetova [121] and Abakhanov [122] have
evaluated in detail the previous shortcomings of
the older 2007 version of the Environmental Code
with the new 2021 version, they have highlighted
the new path the state has now taken to strengthen
the regulatory and legislative aspect concerning
environmental aspects in Kazakhstan. With that
said, it is fair to say that both local experts view
first of all the new Environmental Code as a
successful successor of the 2007 version. According
to Abakhanov [122], the new Environmental Code
has introduced some of the best practices and
experiences of the OECD and European countries in
how they have tackled and still tackle environmental
issues in their country, and such a re-adoption and
re-adaptation of legislations could ‘speed up’ the
state’s pro-environmental modern approaches to
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environmental problems. According to his opinion,
the legislative changes of empowering the public
community in being able to monitor state projects
or activities of enterprises via environmental control
should allow the public to become more responsible
and actively involved in monitoring environmental
issues. Also, such an empowerment brings in the
idea to educate the public on environmental control
mechanisms as well as on current adverse impacts
of enterprises on the environment. This is especially
true if we also infer the statements provided by the
experts of the Ministry of Ecology, Geology and
Natural Resources on the crucial ‘triad’ role of the
public community, civil society organizations and
the state in raising environmental awareness levels.
Besides that, Abakhanov [122] also stressed out
the strong impact the new Environmental Code
had on enterprises, by which enterprises were now
under strict surveillance while also at the same
time given more responsibility to improve the
quality of industrial environmental control. All
these new legislative novelties should strengthen
the institutional and regulatory framework on how
environmental issues were to be effectively tackled
in Kazakhstan.

What concerns the research limitation, there
are several to highlight. First and foremost, the
results of the content analysis of two official
documents to a certain degree can be said to be
based on the subjective qualitative analysis of
the researcher. Objectivity of research analysis
of the researcher is a controversial aspect of
content analysis; as qualitative document analysis
involves data interpretation that is subjective
[125]. In other words, the main tool in case of
a qualitative content analysis is the research
himself [125]. Thus, it might be difficult to assess
the validity of the analysis.

Secondly, it is also worth mentioning that our
primary data findings from our interview results
only provided one side of the coin. In other words,
our primary data only depicted the point of view of
the government regarding environmental awareness
aspects. Thus, this paper did not include the
viewpoints of other relevant actors, such as members
of the local civil society organizations; members of
the international NGOs; or the general public.

And lastly, a third research limitation is that our
study mainly focused on national state documents.
Hence, our paper did not evaluate in detail the
projects or programs provided by the civil society
organizations or NGOs, particularly those presented
by UNDP or UNEP.
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Further Research Suggestions

For further research suggestions, this paper
suggests the following recommendations. First and
foremost, it would be very valuable to get primary
data on the level of environmental awareness
among local Kazakhstani and international civil
society organizations (e.g. employees from
UNDP Kazakhstan, ECOJER, or Green Women
Association), Kazakhstani civil servants or
employees of private enterprises. Being able to
collect information from such a diverse range of
group of the population could enrich the research on
environmental awareness studies by extending the
data findings to other groups of the society, which
could give us a clue on how different societal groups
perceive and understand environmental awareness
issues in comparison to others. This should help
to tinker effectively environmental state programs
as well as target effectively the environmental
awareness raising needs, shortcomings and
objectives of each group of the society.

Another research suggestion concerns the idea
to write a follow-up paper on whether citizens
assess environmental awareness programs at both
local and national level as effective or ineffective.
This concerns particularly the national program
‘Zhasyl Kazakhstan’. Such a research would bring
additional valuable insight to the citizen’s point of
view towards environmental state policies, as such
studies are rather extremely rare to non-existent
in the context of environmental awareness studies
in Kazakhstan. Thus, it could help policy makers
to understand their own implementation flaws and
shortcomings from the eyes of the individual citizen.

And lastly, it would be very wvaluable to
conduct an impact assessment of environmental
awareness programs, particularly involving the
‘Zhasyl Kazakhstan’ program. By definition, an
impact assessment measures the effectiveness of
organizational or program activities and judges the
importance of changes brought by them to various
sectors of the economy, state and society. A paper
on impact assessment of a program could shed
light to aspects such as whether the short-term and
long-term objectives of the program were reached
and what important changes it brought with it for
the target group. Moreover, it could also provide
us some information on the positive and negative
impact of the program to the target groups; help us
to uncover the intended or unintended long-term
results of the program; and assess the relevance of
program strategies and whether current strategies
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contribute to the overall goal. It should also be noted =~ Kazakhstan [115]. Thus, studies or state programs
that overall governmental funding for research  related to environmental awareness aspects need to
and development (R&D) remains quite low in  be encouraged in Kazakhstan in the future.
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ECOLOGICAL EVALUATION OF SOILS
OF THE MUGAN PLAIN OF AZERBAIJAN

Anthropogenic impact on soil occurs due to environmental factors that affect the process of soil
formation, the survival and functioning of soil organisms, energy and mass exchange, and determine the
general ecological state. Therefore, when assessing the ecological state of soils, a comprehensive study
of soil-biological, geomorphological, geochemical, geophysical, and other factors and parameters that
determine the state of soils is required. In this regard, there is a need for comprehensive studies to assess
the ecological state of soils of the Mugan Plain. According to the results of analyzes and mathematical-
statistical processing of soil-field and laboratory studies conducted in the Mugan steppe in 2016-2020,
as well as fund and literary soil materials, the bonitet scores of soils in the study area were calculated. Ac-
cording to the methods of D.Bulgakov, G.Mamedov, S.Mamedova, special assessment scales have been
developed for the compliance of individual soil characteristics with the environmental requirements of
agricultural plants cultivated here. Using these assessment scales, an ecological assessment of the soils
of the Mugan Plain was carried out, the main limiting factors affecting the fertility of the soils of this zone
were determined, and the ecological scores of the soils were calculated. It was found that the limiting
factors for the soils of the Mugan Plain are the salinity of the territory (20-60 scores) and the aridity of the
climate (70 scores). The highest ecological scores in the study area were obtained by dark gray-brown
(91 points), ordinary gray-brown (90 points) and dark gray-meadow (87 points) soils.

Key words: Mugan Plain, environmental assessment, limiting factors, special assessment scale.

LLI.B. ©Anzane

Baky MemaeketTik YHuBepcuteTi, ©3ipbarkaH, baky K.
e-mail: shafa.huseynova@mail.ru

O3epOaiKaHAAFbl MYFaH XKa3bIfbIHbIH,
TOMNbIPAKTAPbIH 3KOAOTMSIAbIK, Gararay

Tonblpakka aHTPOMOreHAIK 8cep eTy Tomnblpak, TY3iAy MpoLeciHe, Tomnblpak, OpraHM3MAEpiHiH,
TIPWIAIri MeH KbI3MeT eTyiHe, 3Heprus MeH Macca aAMacyblHa ©Cep €TiM, >KaArbl 3KOAOTUSABIK,
JKarAaMAbl aHbIKTaMTbIH 3KOAOTUSIALIK, (PaKTOPAApPAbIH acepiHeH 60Aaabl. COHAbIKTAH TOMbIPAKThIH
3KOAOTMSIABIK, dKaFAaibiH Gararay Ke3iHAE TOMbIPAKTbIH, KYMiH aHbIKTANTbiH TOMbIPAK-GUOAOTMSAbIK,
reoMopOAOrMSAbIK, TEOXMMUSIABIK, FeohM3NKaAbIK, >KeHe 6acka Aa hakTopAap MeH NMapameTpAepAi
KaH-KaKTbl 3epTTey KaxkeT. OcbiFaH 6ariAaHbICTbl MyFaH >asblfbl TOMbIPaKTapbIHbIH, 3KOAOTUSIABIK,
XaFaamblH 6aFanay YLWiH KelleHAI 3epTTeyaep KaxeT. 2016-2020 >Kblapapbl MyfaH AaAacbiHAQ
XKYPri3iAreH TornbIpak-AaAAAbIK XOHE 38PTXaHAAbIK 3ePTTEYAEPAiH, COHAA-AK KOP XKaHe 9461 TonbIpak,
MaTeprasAapbIHbIH, TaAAAyAapPbl MEH MATeMaTMKaAbIK-CTAaTUCTMKAAbIK, BHAEY HaTWMXeAepi GoMbiHLIA
3epTTEAETIH alMakTarbl TOMblpakTapAbliH 6oHUTET Gaarsapbl ecenteaai. A.byarakos, I'.Mameaos,
C.MamepoBa saicTepi 60MbIHILIA MyHAQ BCIPIAETIH ayblALLIAPYaLLbIAbIK, OCIMAIKTEPIHIH, XXeKe TomnbIpak,
epeKLUeAiKTEPiHIH 9KOAOTUSIAbIK, TaAarnTapFa COMKECTIriHe apHaibl 6aFaaay LWKaaAapbl xacaaraH. Ocbl
GaraAay LIKAAAAAPbIH MaiAaAaHa OTbIpbIn, MyFaH XasblfbIHbIH TOMbIPAKTapbiHA SKOAOTMSAbIK, GaFasay
XKYPri3iAAi, OCbl 30Ha TOMblparblHbIH, KYHAPAbIAbIFbIHA 8Cep eTeTiH Herisri LekTeyui dakTopaap
aHbIKTaAAbl, TOMbIPaKTaPAbIH 3KOAOTUSABIK, GaAAAapbl ecenTeAAi. MyFaH >Ka3blFbIHbIH, TOMbIpakTapsbl
YLWIiH WwekTi hakTopAap ayMakTbiH TY3AbIAbIFbI (20-60 6aAA) )KoHE KAMMATbIHBIH, KYPFakTbiFbl (70 6aAA)
eKeHi aHbIKTaAAbl. 3epTTEAETiH ayMaKTarbl eH >KOFapbl SKOAOTMSAbIK, GAAAABI Kapa CYp-KOHbIp (91
6aAA), KBAIMri cyp-KOHbIP (90 6aAA) xeHe Kapa Cyp-LUaAFbiHAbI (87 GaAA) TOMbIPAKTAP aAAbI.

Tyiin ce3aep: MyraH >asbifbl, 9KOAOTUSIAbIK, GaFasay, LekTeyli hakTopAap, apHambl Gararay
LLKAAACBbl.
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JKoAormyeckas oueHka noyvs
MyraHcko# paBHMHBI A3ep6aiiakaHa

AHTPOMOreHHoe BO3AENCTBME Ha MOYBY MPOMCXOAMT 3a CYeT (PaKTOPOB BHELUHEN CpeAbl,
onpeAeAsiiolnx obllee 3KOAOrMUYECcKOe COCTOSHME M BAMSIOLIMX Ha MpoLecc nouBoobpasoBaHus,
BbIXKMBaHME U (DYHKLMOHMPOBAHME MOYBEHHbIX OPraHM3MOB, Ha OOMEH aHepruneit 1 maccoi. [oaTomy
MpU OLEHKE 3KOAOTMYECKOrO COCTOSIHWS MOYB HEOOXOAMMO KOMIMAEKCHOE M3YyueHue MOYBEHHO-
OGUOAOTMYECKMX, TFEOMOPMOAOTMUECKMX, TEOXMMUYECKMX, FeoduUanyeckmx M Apyrux GakTopos
M MapameTpoB, OMPEAEASIIOLIMX COCTOsSHME MOoYB. B CBA3M C 3TMM BO3HMKAET HEoO6XOAMMOCTb
KOMMAEKCHbIX MCCAEAOBAHWI MO OLleHKE 3KOAOMMYECKOro COCTOSIHMSI MOYB MyraHCKOM pPaBHMHbI.
Mo pesyAbTaTaM aHAAM30B M MATEMATMKO-CTATUCTMYECKOM 0OpaboTKM MOYBEHHO-TIOAEBbIX U
AabOPaATOPHbIX MCCAEAOBAHMI, MPOBEAEHHbIX B MyraHckom ctenm B 2016-2020 rr., a Tak>ke POHAOBbIX
U AUTEPATYPHbIX MOYBEHHbIX MATEPUAAOB PACCUMTaHbI GaAAbl HOHMUTETA MOYB M3YUYAEMOI TEPPUTOPUMN.
o meToamkam A. byarakosa, I'. Mameaosa, C. MameA0BOIM pa3paboTaHbl CrieLMaAbHble OLEHOYHbIE
LIKAAbl  COOTBETCTBUS MHAMBUMAYAAbHbIX XapaKTEPUCTUK MOYB  3IKOAOTMUECKMM  TpeGoBaHMSM
BO3AEAbIBAEMbIX 3AECb CEAbCKOXO3SMCTBEHHbIX pacTeHnin. C MCMOAb30BaHMEM 3TUX OLEHOYHbIX LUKaA
NMpoBeAEeHa 3KOAOrMYeckas oLeHKa NnoyuB MyraHCKoM paBHMHbI, ONPeAeAeHbl OCHOBHbIE AMMUTUPYIOLLME
hakTopbl, BAMSIOUIME HA MAOAOPOAME MOYB 3TOM 30Hbl, M PACCUMTAHbI IKOAOrMUEcKMe OaAAbl
noyB. YCTaHOBAEHO, YTO AMMMTUPYIOWMMKM (DAaKTOpaMmM AAS MOYB MyraHCKOWM paBHMHbI SBASIOTCS
3aCOAEHHOCTb TeppuTopumn (20-60 GaAAOB) M 3acylIAMBOCTb KAMmarta (70 6aaros). Haumsbicuime
3KOAOTMYECKME OLEHKM HA UCCAEAYEMON TEPPUTOPUM MOAYUMAM TEMHO-CEPO-KOpUUHEBble (91 6aan),

Cepo-KOpUYHEBble 0ObIKHOBEHHbIE (90 GAaAAOB) M TEMHO-CEPO3EMHO-AYTOBbIE (87 GAAAOB) MOYBHI.
KatoueBble cAoBa: MyraHckas paBHMHA, 3KOAOrMYeckasl OLeHKa, AMMUTUpYloLmMe akTopsbl,

crneunaAbHag oueHOYHasa LWKaAa.

Introduction

Until the middle of the last century, soil sci-
entists usually carried out research on the state of
natural and agricultural lands and their use in agri-
culture. The spread of degraded, polluted and tech-
nogenic soils with the development of industry and
the exacerbation of environmental problems has led
to the systematization of lands in zones subject to
environmental stress, the study of ecological func-
tions and properties of soils.

In modern times, scientists and soil specialists
carry out numerous works to study the features and
determine the direction of natural and anthropogen-
ic processes occurring in natural ecosystems [1- 6].
Numerous studies have shown that as a result of con-
stantly changing soil-environmental conditions and
increased anthropogenic impact, there is an increase
in the impact of the physicochemical properties of
soils on the environment, since any changes in the
soil cover lead to a change in environmental condi-
tions. Currently, it is relevant to develop a system
of soil properties used in soil assessment, while the
selected features must meet the following require-
ments: 1) Quantitative assessment of soil suitability
should be carried out, 2) Depending on the direction
of land use, soils should be assessed for resistance to
collapse, degradation and destruction.

The emergence of the scientific direction “Soil
ecology” in Soil science began in the 50-60s of the
last century, due to the increased anthropogenic im-
pact on the environment, including the soil cover,
and the aggravation of environmental problems as-
sociated with land use; and since the 1950s, there
has been a rapid development of this area. Since the
beginning of the 90s of the last century, the scien-
tific direction “Ecological evaluation of soils” has
been developing within the framework of the sci-
ence “Soil ecology”, the scientific- theoretical foun-
dations and methodology of this area of Soil science
have been created [7].

For the first time in the former Soviet Union,
the term “Soil ecology” was introduced into the Soil
Science and scientific- theoretical principles were
developed by the outstanding soil scientist of Azer-
baijan Academician Volobuev [8]. In the early 90s
of the 20th century, Academician Mamedov devel-
oped the scientific, theoretical and methodological
foundations for the ecological evaluation of soils
[9].

As a preliminary stage of these studies,
ecological evaluation maps were developed. Maps of
ecological assessment of soils differed significantly
from other previous soil maps in the combination of
ecological features of soils. These maps have taken
an integrated approach to assessing environmental
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resources. The method of an integrated approach
has simplified the identification of areas with a
homogeneous  lithological, = geomorphological
structure, soil cover and climatic conditions on
maps of ecological evaluation of soils. Later, in
Azerbaijan, under the leadership of academician
Mamedov [9], comprehensive studies were carried
out in the field of ecological evaluation of soils [10-
12].

At the beginning of the 21st century, with the
development of the scientific field of soil ecology,
it became necessary to develop new concepts and
methods in the field of environmental evaluation
of soils [13]. Studies on the ecological evaluation
of soil in Republic of Azerbaijan were carried out
according to the method of Mamedov until 2005,
when Mamedova [14] proposed a new concept in
this area. The methodology of Mamedova [14] was
more perfect, because in previous studies, when
assessing the soil-ecological parameters of soils
in accordance with environmental requirements,
the concepts of “high”, “good”, “medium”, “low”,
expressing quality, were used, but here it was
scoring system used. A formula was suggested
for calculating the ecological scores of soils, these
scores were calculated on the basis of the ratio of
the plant to the appearance degrees of the separate
soil signs. At present, numerous studies are being
carried out all over the world in this direction,
where methodological approaches to assessing the
ecological state of soils are being improved [15-27].

Materials and methods

The object of research was the soils of the
Mugan Plain of Azerbaijan, the total area of which
is 455332.5 ha. In the course of the research,
materials on the soil cover of the Mugan Plain,
fund and literary materials of the Institute of Soil
Science and Agrochemistry of ANAS, the soil map
of the Mugan Plain created by us on a scale of 1: 100
000 (2021), fund materials of the Azerbaijan State
Institute of Land Management, as well as the results
of soil-field and laboratory studies conducted by us
in 2016-2020 were used.

Studies on the ecologicaal evaluation of the soils
of the Mugan Plain were carried out in accordance
with the methods of Bulgakov [13], Mamedov [9],
Mamedova [14] in the following sequence:

1. The main soil-ecological factors affecting
the fertility of the soils of the Mugan Plain were
identified and a mathematical- statistical analysis
was carried out to clarify the reliability of the data
obtained;
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2. A qualitative assessment of the soils of the
study area was carried out, the basis bonitet scale
was developed;

3. Special evaluation scales have been developed
for the appearance degrees of the separate soil
features in accordance with the environmental
requirements of plants;

4. The ecological scores of the soils of the
Mugan steppe were calculated.

When compiling the basis bonitet scale, we
adopted a 100-score comparison system, where we
calculated according to the following formula (1)
[28]:

-100 (1)

where, B — the bonitet score of the soil parameter;

Ma — the actual value of the soil parameter;

Ms — the value of the same feature of the soil,
taken as a standard.

In accordance with the methodology for
calculating the ecological scores of soils, the
following formula was used, in which the parameters
of a particular soil characteristic were compared
with special rating scales for the appearance degrees
of these characteristics and a value expressed in
points was obtained [14].

__ (e;teziez+---tey)+Bs+(S1+Sp+53++5y) @)
= 5,

Es

where, E — the ecological score of a particular soil;

e, e, e, ..e — indicators of environmental
factors involved in the assessment, in scores;

Bs —bonitet score found on the basis of the main
diagnostic indicators of the soil (humus, nitrogen,
phosphorus, the sum of absorbed bases);

s, S, s,..s — indicators of other soil factors
involved in the assessment, in scores;

S —number of ecological assessment criteria.
Results and discussion

The Mugan plain is located in the southeastern
part of the Kur-Araz lowland, the arid zone of
Azerbaijan. The Mugan plain borders the Kur and
Araz rivers in the north and northeast, the Kur-
Akusha and Lenkoran plains in the southeast, and
Islamic Republic of Iran in the south and southwest.
The Mugan Plain occupies an area of 455332.5 ha
and is located in the form of a plain (slope 0.0001—
0.0003) from northwest to southeast and below sea
level [29]. The climate is semi-arid subtropical.
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The Mugan Plain consists of alluvial deposits with
underlying marine deposits, the thickness of which
reaches 10-12 cm. Modern alluvial deposits consist
mainly of clayey and loamy deposits, as well as
sandy and layered ones.

Volobuev, Mamedov, Salayev, Babayev and
others studied of the soil cover and reclamation
features of the Kura-Araz lowland and the Mugan
plain [30]. The following types of soils are common
in the study area: gray-brown, gray-meadow,
meadow-gray, alluvial-meadow and boggy-meadow
soils [29].

Gray-brown soils are located in the western and
southwestern parts of the Mugan Plain at an altitude
of 200-300 m above sea level. According to the
morphological structure, these soils are characterized
by an average thickness, a humus profile (40-50 cm),
and a dense structure. The amount of humus in the
upper layer ranges from 2.78 to 3.15%, the amount
of total nitrogen ranges from 0.20 to 0.24% in the
upper layer and from 0.17 to 0.20% in the half-meter
layer in proportion to humus. The amount of bases
absorbed by gray-brown soils: 24.13 — 41.80 meq.
pH indicates that the soil medium is slightly alkaline
-6.9-8.0.

The fertility of gray-meadow soils is lower than
that of gray-brown soils. The amount of humus is
2.0-2.92% in the upper layer, 1.00-2.2% in the
50-centimeter layer, the amount of total nitrogen
fluctuates in the range of 0.16-0.19%. The amount
of absorbed bases varies considerably in the upper
layer from 18.75 to 38.80 meq depending on the
composition of the absorbed bases, in these soils is
marked weak salinity.

The amount of humus in the meadow-gray soils
was 1.90-2.2% in the upper layer (0-20 cm), 1.2-
2.0% in the half-meter layer, 1.04-1.76% in the
meter layer. There is also a gradual decrease in the
amount of total nitrogen with depth: in the 0-20 cm
layer — 0.10-0.17%, in the 0-50 cm layer — 0.10-
0.15%. The availability of total phosphorus in these
soils is low: 0.16-0.23% According to the degree
of availability of absorbed bases, these soils are
classified as medium and highly saturated: 30.10-
53.40 meq.

Alluvial-meadow soils stretch along the banks
of the Kur-Araz River in the form of a narrow
strip. These soils form on young alluvial deposits
with low levels of ground moisture and no stagnant
surface water. Due to the amount of physical clay,
these soils are clayey and heavy. The content of

humus in the upper layers is 2.5-2.7%, nitrogen
0.15-0.18%. The sum of saturated bases in these
soils is 28-30 meq per 100 g of soil. Among them,
calcium predominates.

In accordance with the methodology, the
soil fertility level of the research object was first
determined, then a qualitative assessment of the soils
was carried out, a bonitet scale was compiled, where
dark gray-brown soils were taken as a standard, and
quality indicators of other soils were determined
from it. Below is the basis bonitet scale of the soils
of the Mugan Plain (Table 1).

At the next stage, special rating scales were
prepared for the appearance degrees of individ-
ual soil features in accordance with the envi-
ronmental requirements of plants. It should be
noted that the ecological evaluation of soils is
carried out using specially prepared ecological
scales that provide differentiated information
about various parameters of environmental con-
ditions. Ecological scales include data on relief
and soil-forming rocks, geology, climatic and
hydrological conditions, soil cover, vegetation,
etc.

According to Mamedova’s methodology [14],
for the first time we prepared an assessment scale for
the appearance degrees of individual soil features of
the Mugan Plain in accordance with the environ-
mental requirements of agricultural plants cultivated
in this area (Table 2).

The ecological evaluation of the soils of the
Mugan Plain was carried out using the above-
mentioned special assessment scales.

Calculation of ecological scores for soils in the
Mugan Plain

Three groups of data were used in calculating
the ecological scores of the soils of the Mugan Plain:

1. Environmental factors that form the soil and
its fertility (altitude, slope steepness, precipitation,
Md index; £T> 10°C);

2. Bonitet score calculated on the basis of stable
diagnostic indicators of soils;

3. Other soil parameters (pH, particle size
distribution, salinity) that have not been accepted as
criteria for soil evaluation.

Using all three groups of indicators, an ecological
scale of soils in the study area was compiled, taking
into account the ecological requirements of the main
plant formations and an ecological evaluation map
(scale 1:100,000) of the soil cover of the Mugan
Plain was compiled (Figure 1).
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Table 1 — Basis bonitet scale of the soils of Mugan plain

t/h Sum of absorbed
Humus, score Nitrogen, t/h Phosphorus, L/ b meq
score score ascs,
Soils score Bonitet
0-100 score
0-20 cm| 0-50 cm _cm 0-20cm | 0-50 cm | 0-20 cm |0-50 cm | 0-20 cm | 0-50 cm
75,60 173,88 284,70 6,00 12,60 6,72 15,2 38,10 36,41
Dark gray-brown — 100
100 100 100 100 100 100 100 100 100
Ordinary 71,7 151,20 247,00 5,28 11,34 6,00 13,23 32,0 32,53 28
gray-brown 95 87 87 88 90 89 88 84 89
Light gray- 48,48 108,36 200,20 3,84 8,82 4,80 10,71 29,32 28,07 70
brown 64 62 70 64 70 71 71 77 77
52,48 116,28 213,00 3,58 8,84 4,86 11,56 37,94 37,50
Meadow-gray -/ -/ -/ 76
69 67 75 60 70 72 76 99 102
Lght meadow- | 45,57 106,76 186,02 3,33 7,48 4,35 9,52 34,37 35,27 68
gray 60 61 65 56 59 65 63 90 97
Dark gray- 64,50 161,93 247,38 5,00 10,8 5,95 13,34 33,47 33,08 %7
meadow 85 93 87 83 86 88 88 88 91
Ordinary gray- | 58,07 140,34 206,15 4,52 9,53 5,24 11,43 31,60 31,21 77
meadow 77 81 72 75 76 78 76 83 86
Light gray- 41,17 92,08 159,60 3,33 7,62 4,05 9,53 28,35 27,97 60
meadow 54 53 56 55 60 60 63 74 77
38,06 87,00 141,45 3,08 6,96 3,74 8,12 25,35 24,45
Boggy-meadow - - - -/ i o 54
50 50 50 51 55 56 54 66 67
Alluvial-meadow | 48,72 104,55 184,15 3,94 9,23 5,57 12,30 34,40 33,05 7
64 60 65 66 73 83 81 90 91

As a result of our research, a map of the
ecological evaluation of the soils of the Mugan
Plain at a scale of 1: 100 000 was prepared. As
can be seen from the legend of the map (Figure
2), 10 types and subtypes of soils belonging to
different regions (Saatly, Sabirabad, Imishli,
Bilasuvar, Salyan) are common in the study
area. The main bonitet scores were calculated
according to the fertility of these soils, and dark
gray-brown soils (100 points) were taken as a
standard soil.

If we look at the legend of the map, we see that
only dark gray-brown soils have a bonitet score
lower than the ecological score, and the rest of the
soils have higher ecological scores. This indicates
that only dark gray-brown soils are sufficiently
fertile, and factors such as climate aridity (Md 80
points) and salinity (80 points) play a negative role
here, leading to a decrease in the ecological score of
these soils (92 points).
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According to the ecological indicators of the
ordinary gray-brown soils of the area, these soils,
located at an altitude of 500 m, received 85 points
for height, 95 points for particle size <0.01 mm, 80
points for climate aridity and salt content, which
led to a slight increase in the ecological score (90
points) compared with a bonitet score.

For light gray-brown soils, the main limiting
factors were soil salinity (60 points) and fertility
indicators (70 points). Optimal environmental
characteristics and the reaction of the soil solution
led to an increase in its ecological score (85 points).

If we look at the ecological assessment of
meadow-gray soils, we will see that the salinity
factor is the main limiting factor in both subtypes
of these soils (20 scores). Other limiting factors
include heavy particle size distribution (80 scores)
and arid climate (70 scores). Due to the low fertility
of'these soils, the final environmental scores of these
soils were low — 77 and 78 points.
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Table 2 — A special rating scale for the appearance degrees of individual soil characteristics of the Mugan Plain in accordance with

the environmental requirements of plants

pH > T>10°C
Characteristic Evaluation, score Characteristic Evaluation, score
6,0-6,5 70 <2000 <50
6,5-7,0 80 2000-3000 80
7,0-7,5 100 3000-4000 90
7,5-8,0 100 4000-5000 100
8,0-8,5 95 >5000 100
8,5-9,0 80
Height, m, a.s.1.

Dry residue, %

Characteristic Evaluation, score
Characteristic Evaluation, score 1000-1500 20
<0,10 100 500-1000 40
0,10-0,25 90 200-500 85
0,25-0,50 80 >28-200 100
0,50-1,00 60 L
1.002.00 20 Precipitation, mm
Soil texture (particles <0.01 mm, %) Characteristic Evaluation, score
<200 <30
Characteristic Evaluation, score 200-300 70
20-30 70 300-500 90
30-40 100 500-700 100
40-50 95 700-1200 85
50-60 80
60-70 60
Md index
Characteristic Evaluation, score
<0,10 <50
0,10-0,15 80
0,15-0,25 100
0,25-0,35 90
0,35-0,45 85
>0,45 <50
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Map of ecological evaluation of soils of
the Mugan Plain

Scale 1: 100 000

The map was compiled by Sh.V. Alizade
on the basis of cartographic fund
materials of the Institute of Soil Science
and Agrochemistry of the National
Academy of Sciences of Azerbaijan
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Figure 1 — Map of the ecological evaluation of soils of the Mugan Plain

LEGEND

Color Name Height, |Precipitation,| Md | T>10C |Bonitet score | <0,01mm,% | pH | Dry Ecological
of m mm of soil residue, % | score
soils

Dark 500 316 015| 4000 4121
gray-brown 85 90 w0 | oo 100 RIS 7.7 0.36 01
80 95 100 80
Ordinary 500 316 0.15| 4000 55 41,8 7.7 0,41
gray-brown 100 90
85 90 80 95 100 80
Light 300 316 [0.15| 4000 49.24 79 0.58 55
gray-brown 85 20 80 100 70 05 100 60
Mesdoveray 200 294 01| 4200 55,17 8.1 1,06 s
100 70 80 100 76 80 95 20
Light 200 204 0,1 | 4200 59,41 8.2 12 .
meadow-gray 100 70 s0 | 100 68 50 95 20
Dark 200 2904 | 01| 4200 50.18 80 | 085 87
gray-meadow 100 70 80 | 100 87 95 100 60
Ordinary 100 25 | 01| 4400 - 49.2 80 | 101 $5
gray-meadow 100 70 30 100 05 100 60
Light 50 230 0.1 4460 60 52,61 8.1 1.16 76
gray-meadow 100 70 80 100 80 95 20
Boggy-meadow 30 250 0.1 4460 48,3 8.1 1,06
a8y 100 70 |80 | Too 54 95 95 20 76
Alluvial-meadow 50 250 0,1 4460 7 41,75 81 0,51 87
100 70 80 100 95 95 80

Figure 2 — Legend of the Map of the ecological evaluation of soils of the Mugan Plain



Sh.V. Alizade

If we consider gray-meadow soils, although
the lack of precipitation is a limiting factor for the
cultivation of agricultural crops on these soils (70
points), the height above sea level and the sum of
active temperatures were optimal (100 points).
Of the soil indicators, only the reaction of the soil
solution is at the optimal level (100 points), the
rest of the indicators are below optimal. In the final
assessment, both the quality index and the ecological
score of dark gray-meadow soils were 87 scores,
while for ordinary gray-meadow soils it increased
by 8 points and reached 85 scores.

The situation is somewhat different in light gray-
meadow soils, where the main limiting factors are
soil salinity (20 scores) and low fertility (60 scores),
as a result of the combination of other environmental
and soil factors, the ecological score of these soils
was 76.

The optimal values for boggy-meadow soils
are only the height factor and the sum of active
temperatures (100 scores). The most important
limiting factors for these soils are soil salinity (20
points) and low soil fertility (54 points). Since the
rest of the ecological and soil indicators are also
below optimal (between 70-95 points), boggy-
meadow soils can be attributed to the soils with the
lowest ecological indicators for the Mugan Plain (76
scores).

The situation is somewhat different in
alluvial-meadow soils, where a small amount of
precipitation (70 scores) is considered a limiting
factor. These soils are quite fertile (72 points),
slightly saline variants of these soils are also
found in this area (80 points), the altitude data
and the sum of active temperatures are optimal
(100 scores), the granulometric composition
and reaction of the soil solution are satisfactory
(95 points). As a result of the total impact of all

environmental factors, the ecological score of this
soil increased to 87 scores.

In conclusion, considering the ecological state of
the soils of the Mugan Plain, it can be summarized
that the most ecologically suitable soils for growing
crops in this area are dark gray-brown (91 scores)
and gray-brown (90 scores) soils, but dark gray-
meadow and alluvial-meadow soils are quite suitable
(87 scores) soils.

Conclusion

1. A qualitative assessment of the soils of the
Mugan Plain of Azerbaijan was carried out, the
main bonitet scale was compiled, while dark gray-
brown soils were chosen as the standard (100
scores) and relative to it the bonitet scores of the rest
of the soils were determined. Ordinary gray-brown
soils received 88 points, dark gray-meadow soils —
87 scores, but boggy-meadow soils have the lowest
fertility (54 scores).

2. A special assessment scale has been prepared
for the appearance degrees of individual features of
the soils of the Mugan Plain in accordance with the
environmental requirements of the crops cultivated
here.

3. Ecological evaluation of the soils of the Mugan
Plain was carried out using special assessment
scales, the main limiting factors affecting the
fertility of the studied soils were identified, and
the ecological scores of the soils were calculated.
It was established that the highest ecological scores
in the study area were obtained by dark gray-brown
(91 scores), ordinary gray-brown (90 scores) and
dark gray-meadow (87 scores) soils. As a result of
the research, an ecological evaluation map (scale
1:100,000) of the soil cover of the Mugan Plain was
compiled.
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MEPEXOA OT TPAAMLUMOHHOWM SHEPTETUKU
K BO3OBHOBASIEMbIM UCTOYHUKAM SHEPTUU (BUD):
OLIEHKA BKAAAA BUD B COKPALLLEHUE SMUCCUN
MAPHUKOBbIX TA30B HA NMPUMEPE EPEMMEHTAYCKOM
BETPOBOM SAEKTPOCTAHLIMU (BIC)

KasaxctaH nMmeeT BbICOKMIA MOTEHLMAA AAS CO3AAHMS 3EAEHOM IHEPreTUKM MeXAYHapOAHOro
KAACCa, HO Ha AQHHbIA MOMEHT aAbTEPHATUBHbIE PECYPChbl SHEPTUM UCTMIOAb3YIOTCS B MaAOM ob6beme
M3-32 Pa3AMYHbIX TEXHUYECKMX, aAMMHUCTPATMBHBIX, COLUMAAbHbBIX M 3KOHOMMYECKMX MPEnsSTCTBUMA.
B AaHHOIM pa6oTe MpPOBOAMTCS aHAaAM3 AOAM BblpabaTbiBaeMon 3AeKTposHeprun BUMD B obuiem
o6beme NpPoM3BOACTBA IAEKTPUUECKONM dHeprun B KasaxcraHe, OLEHEHO KOAMYECTBO MPOU3BEAEHHOM
IAEKTPUYECKON aHeprum obbekTamm BUI. Takske B HacTosLEN paboTe NpoBeAeHa OLeHKa CoKpatleHui
BbIGPOCOB MapHMKOBbIX ra30B Ha NpuMepe KpynHenwen B Ka3axcraHe BETPO3HEPreTMUYECKON CTaHUUM
MolHoCTbio 45 MBT B 1. EperimeHTay.

MeToAOM CpaBHEHUSI OLEeHEeHa AOAS BO30OHOBASIEMbIX MCTOUYHUKOB SHEPIMM B SHEPreTMUYECKOM
GanaHce cTpaHbl. COMOCTaBAEHbl €XKEroAHble AaHHble MO BblpabOTKEe 3AEKTPUYECKON 3Heprum
oObekTammn B3 32 2016-2021 roabl COrAaCHO CTaTUCTUYUECKMM AaHHbIM Pecry6amkin Kasaxcran (PK).
[MpeArO>KEH METOAOAOTMYECKMIA MOAXOA AAS pacyeTa COKPALLEHUIA SMMCCUIA MAPHMKOBbIX ra30B Ha
ocHOBe 6a30BOro CUeHapusl, KOTOPbIA MOXKET GbITb MCMOAb30BaH B KaYeCTBE METOAMKM MO pacyeTy
COKpALLEHMI BbIGPOCOB MapHUKOBbIX ra3oB Ha o6bekTax B3,

OLeHKa COKpalLLLeHNI SMUCCHI MaPHUKOBBIX Fa30B B pe3yAbTaTe peaAm3aumm npoektos B nmeer
BaXKHOE 3HaueHMWe Kak AAS pacyeTa HaUMOHAAbHOIO YrA€POAHOro GaAaHca CTpaHbl B LLEAOM, TakK U AAS
TOYHOrO NMOACYETa EAMHML, COKPALLLEHWNI, MAAQHUPYEMbBIX K Bblaaue B pe3yAbTaTe peaAn3alim AQHHbIX
npoekToB. BerpoBas aaekTpocTaHums r. EpeimMeHTay MOMOXEeT CyLeCTBEHHO COKPaTWUThb BbIGPOCHI
NapHWKOBbIX ra3oB B Ka3zaxcTaHe u IBASETCS BEPHbIM HanpaBAeHuem PK B AOCTMXKeHMM MOCTaBAEHHbIX
LeAen, Tak1xX Kak yBeAndeHue AoAn B3I n cokpaleHmne BbIGPOCOB AMOKCMAA YTAEPOAA.

KAtoueBble cA0Ba: BO30OHOBASIEMbIE MCTOUHMKM 3HEprum (BM3), cokpallieHre amMmnccui, BeTpoBast
DAEKTPO3HEPrusl, MapHUKOBbIE rasbl, KO3QMUUMEHT BbIOPOCOB.

M.T. Kozhikov®, B.A. Irasylova

The L. N. Gumilyov Eurasian National University, Kazakhstan, Nur-Sultan
*e-mail: Marat087@mail.ru

Transition from traditional energy to renewable energy: assessment
of the contribution of renewable energy in greenhouse gas emissions reduction
on the example of the Yereimentau wind farm

Kazakhstan has a high potential for creating international-class green energy, but at the moment
alternative energy resources are used in a small amount due to various technical, administrative, social
and economic obstacles. This work is devoted to the analysis of the share of renewable energy gener-
ated in the total volume of electricity production in Kazakhstan, the amount of electricity produced by
renewable energy facilities is estimated. Also in this paper, an assessment of greenhouse gas emissions
reductions was carried out on the example of the largest wind power plant in Kazakhstan with a capacity
of 45 MW in the city of Yerementau.

The share of renewable energy sources in the country’s energy balance was estimated by compari-
son. The annual data on the generation of electric energy by renewable energy facilities for 2016-2021
are compared according to the statistical data of the Republic of Kazakhstan. A methodological approach
to the calculation of greenhouse gas emissions reductions based on a baseline scenario is proposed,
which can be used as a methodology for calculating greenhouse gas emissions reductions at renewable
energy facilities.

Assessment of reductions in greenhouse gas emissions as a result of the implementation of renew-
able energy projects is important both for calculating the national carbon balance of the country as a
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whole and for accurately calculating the units of reductions planned to be issued as a result of the imple-
mentation of these projects. The Yerementau wind power plant will help the Republic of Kazakhstan in
achieving the goals set ahead — increasing the share of renewable energy sources and reducing carbon
dioxide emissions.

Key words: renewable energy sources (RES), emission reduction, wind power, greenhouse gases,
emission factor.
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ABCTYpPAI sHEepreTMKaAaH >KaHApPTbIAATbIH 3Heprus ke3aepive (KIK) kewuy:
EpelimeHTay e anekcTpocTaHumsacbl (KI3C) mbicaabiHAA
NapHUKTIK ra3Aap LWbIFapbIHAbIAAPbIH a3aiTyAafFbl JKIK-TiH yAeciH 6aFaray

KaszakcraH XaAblKapaAblk, ABpPeXeAeri »acblA 3HepreTMkaHbl Kypy YLiH >KOFapbl aAeyeTke ue,
6ipak, Kasipri yakbiTTa 6aramabl 3HEPTUSt KO3AEPI DPTYPAI TEXHUKAABIK, SKIMLLIAIK, BAEYMETTIK >KaHe
9KOHOMMKaAbIK, cebentepre GalAaHbICTbl a3 KOAEMAE MaiAaraHbiAasbl. bya makasa KasakcraHaa
YKaAMbl BHAIPIAETIH AeKTP aHeprusicbiHaH )KIK-TeH aAblHATbIH SAEKTP SHEPrUSACHIHbIH YAECIH TaAsayFa
apHaafaH, XXOK o6bekTirepi 6HAIPreH 3AeKTp 3HEeprusicbiHbiH MeAllepi GararanFaH. CoHaan-ak,
ocbl >KymblcTa EpeiiMeHTay KaAacbiHAaFbl KyaTbl 45 MBT KasakcTaHaarbl eH, ipi XKeA 3HepreTukaAblk,
CTaHUMSICbIHbIH MbICAaAbIHAQ MAPHMKTIK ra3Aap LUblFapbIHABIAAPbIH a3anTyAbl 6aFaAay XKYPrisiAAi.

CanbICTbIpy  BAICI  apKbIAbl EAAIH 3HEepreTMKablk, GaAaHCbIHAAFbl YKAHAPTbIAATBIH  3Heprus
Ke3AepiHiH yAeci 6araraHabl. KP cTatucTukanbik aepekTtepite caiikec, 2016-2021 biaaapbl XKIK
06beKTIAepi apKbIAbl IAEKTP SHEPIrUSCbIH OHAIPY GOMbIHLLA XKbIA CalblHFbI AEPEKTEP CaAbICTbIPbIAABI.
XKOK obbekTinepiHAE MAapHUKTIK ra3aap LWblFapbiHABIAAPbIH a3aliTyAbl ecenTey dAiCTeMeci peTiHAe
nanAaAaHbiAybl  MYMKiH 6a3aAblk, CLEHapuil Heri3iHAe MapHUKTIK ra3aap  LWblFapbiHAbIAAPbIH
KbICKQPTYAbl ecenteyre apHaAFaH 8AiCHaMaAbIK, TOCIA YCbIHBIAABI.

KOK >xobanrapblH icke acbipy HOTMXKECIHAE MAPHUKTIK ra3Aap LUblFapbIHABIAAPbIHBIH, KbICKAPYbIH
GaraAay TyTacTal aAFaHAQ eAAIH YATTbIK KeMipTeri 6aAaHCbiH ecenTey yiliH A€, OCbl )Xo6arapAbl icke
acblpy HaTuxeciHae GepineTiH KemipTeri GipAiKTepiH ABA ecenTey YiliH Ae MaHbi3Abl. EperimerTay
KaAaCbIHAAFbI XKeA DAeKTp cTaHumschl KP-AblH aaFa KoWblAFaH MakcaTTapbiHa KOA >KeTKidyiHe — XK3K

YAECiIH apTTbIpyFa >KoHe KeMipTeri AMOKCUAI LbIFapbIHAbIAQPbIH a3aiTyFa KOMeKTECeAI.
Ty#iH ce3aep: kaHapTblAaTbiH 3Heprus ke3aepi (XKIK), WbiFapbiHAbIAAPABIH KbICKAPYbI, KEeA
DAEKTP 3HEPruschbl, MAPHUKTIK ra3aap, LWblFapbiHAbIAAP KO(MULMEHTI.

BBenenue

PecniyOnuka Kazaxcran siBisieTcs KpyImHEUITHM
SMUTTEPOM TAPHUKOBBIX Ta30B B lleHTpanbHOM
Asuu ¢ 06vemom BbIOpocoB 246 Meratonn CO, 3a
2018 rox [1]. DHepreTrueckas OTpacib ¢ €€ ycTa-
HOBJICHHOW MOIIHOCTBIO TipuMepHo B 18 I'BT (Te-
IJIOBBIC dJIEKTpocTaHUU — 87,5%, THIPOIICKTPO-
craniuu — 12,4%) sBaseTcss OAHUM U3 OCHOBHBIX
UCTOYHMKOB BbIOpocoB CO, B cTpane [2]. Duepre-
tuka Kaszaxcrana opmeHTHpOBaHa B OCHOBHOM Ha
HCIIONIb30BaHNE YIVIEBOAOpOAHOTrO TormiuBa. Ilo
onienkaM skcreptoB [IPOOH, Bknan sHepreTuku B
obmre BRIOPOCH MapHUKOBBIX Ta30B B PK cocras-
nseT He MeHee 78,5%, uTo AenaeT 3Ty oTpaciab Hau-
Oozee yriepomoeMkoi [3]. BRIOpOCH yriiekucaoro
rasza, obpasyromuecss B pe3yibTaTe MOTPeOICHUs
TOIUINBA, SIBJSIOTCS OJHUMHU M3 Ba)KHBIX B BOIPO-
caxX U3MEHEHHs KJIIMMaTa.

B or1oif cBsi3u, pa3BUTHE BO30OHOBIISIEMBIX
HMCTOYHUKOB PHEPTHH — OJIHA U3 aKTyalbHBIX 3a-
Jad 3JeKTpodHepreTuku. Ha mpaBHUTENbCTBEHHOM
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YPOBHE IPUHATHI CTPATETMYECKHE U IPOrpaMM-
HbIe JOKYMEHTHI B MOJAEPKKY pa3BuTust BUD mia
YBEJIMYCHHUS JIOJHM aJbTEPHATHBHBIX HCTOYHHKOB
sueprun B Kazaxcrane. B 2013 r. Kazaxcran npu-
Hs1 «Konnenmuro o nepexoay PK k «3enenoit sxo-
HOMHUKe»». Briepenu rinoOanbHast 1eib — MOBBICHTh
JIOJII0 AJIBTEPHATUBHBIX MCTOYHHUKOB, B YaCTHOCTU
COJIHEYHYIO M BETPOBYIO JHEPrHIO, B BBIPaOOTKE
anextposnepruu 10 30% k 2030 rogy u 50% x 2050
roxy [4]. [ToMmumMo MHOKECTBa MPOTPAMMHBIX HO-
KYMEHTOB, HalpaBJIE€HHBIX HA MPSIMYIO HOJAECPKKY
BUD, B Peciyonuke Kazaxcran ¢ 2013 roma neii-
CTBYET CHCTeMa TOProBJIM BEIOPOCaMU MAPHUKOBBIX
ra3os [5]. B pamkax 1aHHON CUCTEMBI IPEANPUATHS,
BeIOpackiBatomye cBbime 20 000 TOHH yriIeKucio-
ro raza B Tof [5], momy4aroT KBOTH (JTUMHUTHI) [6]
Ha BbIOpochl. CHcTeMa MpHU3BaHA CTHMYJIHPOBATH
OPEANPUITUS Ha CHW)KEHHE BBIOPOCOB MapHHUKO-
BBIX ra30B IIyTeM IPUIAHUS KBOTE CTaTyca TOBapa
Y BO3MOXXHOCTH TOPTrOBaTh KBOTaMH Ha Oupxe [7].
ITomumo OGecrmatHoro pactpenencuus kBot, CTB
PK mpenycmaTpuBaeTr BO3MOXKHOCTh TE€HEpAIUU
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€IMHUI] COKPAIIECHHsI BHIOPOCOB MapHUKOBBIX Ta30B
(3TO eanHULIBI, IOTYUYECHHBIE B PE3YJIbTaTe peannsa-
IIUU TIPOEKTOB [8]), HanpaBIEeHHBIX Ha COKpAIeHNe
SMHUCCHI MapHUKOBBIX ra3oB. Y MHUIMATOPOB MPO-
ektoB BID ecTh BO3MOXHOCTH IPO/IaBaATh HA yIJIE-
POZHOM PBIHKE MOJTy4YeHHbIE O()CETHBIC SINHHIIBI.

AKIIEHT HaCTOSIILIETO UCCIIEIOBAaHNS COCPEIOTO-
YeH Ha 3JICKTPOIHEPIHH, BbIpadaThIBAEMON BETPO-
BOW 3HEPruUeil, W MOTEHLMale JAaHHOW SHEPruu B
cHmkenun Beiopocos CO,.

MaTepnanbl U METOJbI

Meromuka BKIIOYAeT aHadW3 JOJH BO300-
HOBJIIEMBIX HCTOYHHUKOB BJHCPIrUHM B DHCPICTUYC-
CKOM OayiaHce CTpaHbl, B YaCTHOCTH, BBIPAOOTKY
AJIEKTPOIHEPTHH OT BETPSHBIX AIIEKTPOCTAHIMNA U
MOCTpOEHUE 0A30BOTO CIICHAPUS MPOEKTA BETPOd-
HEPreTUYECKON CTaHLIMU Ha MPUMEpE CTAHLUU B T.
EpeitmenTay, AKMOIUHCKasT 00JIaCTh, C MTOMOIIIBIO
YEro MOKHO OLICHUTb PE3YJIbTAaT COKPALLEHUN BbI-
OpocoB mapHHUKOBBIX ra3oB. CokpaleHue BBIOPO-
COB OyZIeT TIOCTUTHYTO 32 CHYET TEXHOJIOTHH MPOECK-
Ta C UCIOJIb30BAaHUEM UCTOYHUKA BO30OHOBIIIEMOM
SHEPTHH BETpa JUIS BBIPA0OTKH AJICKTPOIHEPTHH.
Jlns pacuera cokpamieHni BRIOPOCOB MAPHUKOBBIX
ra3oB HUCIONIb30BaHa MeToaoiorust CDM ACMO0002
«BrIpaboTKa MEKTPOIHEPTUH U3 BO3ZOOHOBIISIEMBIX
MCTOYHHUKOB, COEJMHEHHAS C AJIEKTPOCETHIO», OJ10-
opennass PKHUUK OOH [9]. Pe3ynbrarel ananuza u
pacyeToB MPUBEICHBI HUXKE.

Ananus passumus emposoii snepeemuxu ¢ PK

Kazaxcran oOnagaer camMbIM BBICOKUM TIOTEH-
[MAJIOM BETPOBOM »sHepreTuku B lleHTpanbHOM
Azun —354 000 mBTt [10], Tepputopust cTpaHsl 1I0-
rapio 6osee 50 000 KM? UMeEeT MOIIHBIN BETPOBOM
pecype (7-8 m/c) [11]. 3a 20 neT skcruTyaTanum Be-
TPOIHEPreTUYeCKOW TypOUHBI (CpeIHsST MOIIIHOCTb
1 MBT) sxonomutcst npumepHo 29 000 ToHH yrus,
i 92 000 6appeneii HeTH, 9TO MO3BOIACT U30e-
)aTh BeIOpocoB 1800 TOHH AuOKcHIa yriepoaa, 9
TOHH JHOKCHUJIA Cephbl U 4 TOHH OKcuzaa azota [12].
xyHrapckue Bopora, Uy-Wnuiickue ropel, Man-
rHCTaycKas 00acTh SBISIOTCS Hanbolee mepcrek-
TUBHBIMH JUIsl Pa3BUTUS BETPOIHEPICTUKH C IIO-
MOIIBI0 BETPSAHBIX TypOuH. J[KyHTrapckue BopoTa
MMEIOT CPEHIOI0 CKOPOCTh BeTpa oT 7 10 9 MeTpoB
B CEKYHY, IPOU3BOJICTBO JIEKTPOIHEPTUN OKUIA-
ercst okono 1,3 tpiaa kBTt*4ac B rox [13], ogHako
WCIIONb3yeTCs JIMIIb HEe3HAuWTeNbHas dYacTh IIO-
TEHIMalIa BETPOdHEepPreTuku. OCHOBHBIC MPUYHUHEI
—BBICOKHE TICHbI Ha BETPOBBIE TypOWHBI W HHU3KHE
Tapu(bl Ha dIEKTpOIHEPruto. Hampumep, cpenHss

CTOMMOCTB OJJHOTO BETpOT€HepaTopa BapbHpyeTCs
ot 2000 mo 2500 momr./kBr*uac [13].

Kazaxcran sBisiercs crpaHoll, MpUCOETUHHB-
meiics k Kuorckomy mpotokony u I[lapmxckomy
COIJIAIIEHHUIO, — 3TO OJMH U3 BeAyluX (akTOpoB
1utst pazsutust BUD. B cBete 3asBMeHHO# cTpaTeruu
10 TIepexXoay K 3eJIeHOH SKOHOMHUKE U YBEINUEHUIO
JIOJIM B TE€HEpalMu JIEKTPUUIECKOH 3HEPruM uepes
BO300HOBIIsIEMbIE UCTOUHHKH dHeprun B PK akTus-
HO MJET pa3BUTHE CEKTOPa BO30OHOBISIEMBIX HC-
TOYHHMKOB 3Hepruu. JlaHHOe pa3BUTHE CEKTOPa MO-
XKeT ObITh A(PPEKTHBHO UCIIOJIL30BAHO B KaueCcTBE
HWHCTPYMEHTA 110 COKPAILEHHIO BEIOPOCOB MAapPHUKO-
BBbIX T'a30B M IIOMOYb B AocTmxeHun KaszaxcraHom
B3ATBIX 00S3aTENBCTB 10 COKPALICHUIO BHIOPOCOB
MApPHUKOBBIX ra30B (MuHYC 15% OT ypoBHS SMHC-
cuit I[1I" 1990 roga x 2030 roxy).

B Pecny6nuku Kazaxcran Bo3MokHa peannsa-
LUSI TPOEKTOB COKPAIEHHUsI BBIOPOCOB MAapHUKOBBIX
ra3zoB. B DkonoruueckoM KoAekce npeaycMOTpPEHO
OCYIIECTBJICHHE YTIIEPOJIHOTO oceTa B THOOBIX CEK-
TOpax dKOHOMHUKH C LEbI0 COKPAIICHHsI BEIOPOCOB
[IAPHUKOBBIX TA30B U (WJIM) yBEJIUYEHHS IOTJIOLIE-
HUH TAPHUKOBBIX Ta30B [5]. [laHHBIE MEpBI HAMIpaB-
JICHBl Ha CTUMYJIHMPOBAaHHE CHMKEHHUS BBIOPOCOB
IIAPHUKOBBIX TA30B.

3aKOHOAATEIHCTBOM  YTBEP)KICHBI  MpaBuia
pa3paboTKH MPOEKTOB COKpauieHus [§], HO, K co-
KAJICHUIO, OTCYTCTBYIOT €IUHbBIE YTBEP)KICHHBIC
METOJIMKH U MOJIXObI IO PacUYeTy COKPAIEHHUH BbI-
OpOCOB MapHUKOBBIX Ta30B, CICHEPUPOBAHHBIX B
pe3yibTaTe peaau3anny IPoeKTa.

OfHMM M3 TIEPBBIX MPOEKTOB COKpAIEHUS B
cpepe BUD sBnsercs mpoekt cokpamenus TOO
«IlepBass BeTpoBas 3JEKTpUYECKas CTAHLMS», 3a-
PEeruCTPUPOBAHHBIM HA TOCYAapCTBEHHOM YpPOBHE.
TOO «IlepBast BeTpoBast 1eKTpUUecKast CTaHIUSI»
ocHoBaHo 27 nuroHs 2011 roma [14] B cOOTBETCTBUH
¢ 3akoHoMm «O0 anekrposnepreTuke» Ne 588 ot 9
ntonst 2004 roga. Mecto pacnosyioKeHus! MPOeKTa —
AKMOIHMHCKas: 001aCTh, K FOr0-BOCTOKY OT ropoza
EpeiiMenTay, mpuMepHO B 2 KM OT LIEHTpa ropoja
u 150 xM Ha BocToK OT Actansl [15]. OcHoBHOMI
BUJI JESITEIbHOCTH — IPOU3BOJCTBO 3JIEKTPUUECKON
SHEPTUH BETPOBBIMH 3JIEKTPOCTaHIUAME [16].

[IpoexT siBnsiercst mepBoii B PecyOnuke Kazax-
CTaH BETPOBOM AJIEKTPOCTAHIIUEH B IPOMBIIIIIEHHOM
MacinTabe. BOY BreIpabaThIBaeT 3JIEKTPOIHEPTUIO
IIPU CKOPOCTHU BeTpa OT 3 70 25 M/c, HOMUHAJIbHAS
MoiHocTh BOY nocTturaercss mpu cKopocTH Be-
Tpa ot 12 m/c. Cornacio TOO MOLIHOCTH CTAHIMH
BOC Epeiimentay — 45 MBT, Beipabotka — 172 min
kB1*a B rox [17]. 'omoBoit sxBuBaieHT — 100 THI-
¢y ToHH yris. Ha ruomasnke Berpomapka pacrio-
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JIO’)KEHBI 22 BEeTpo3HepreTudeckue yctaHoBku WTU
2.0 mpomsBoacta Furhlaender WindTechnology
[17], enuaIuHO# MotHOCTRIO 2,05 MBT.
BerposHepreruueckass ycTaHOBKa —ImpeoOpa-
30BBIBAET KHUHETUYECKYI0 BETPOBYIO JHEPIHIO B
AIEeKTpodHepruto HanpspkeHueM 690 B [17] mytem
BpallleHusl BaJla, COEAMHEHHOTO C TEHEpaTOpOM
yactotoil 50 I'i. IIpousBoaumasi 37I€KTPOIHEPTUs
TIOBBINIACTCA 10 HampspkeHus 35 kB ¢ momomisio
CHJIOBOTO TpaHc(hopMaropa, pacrojioKeHHOTo Ha

2013

2014

2015 2016

2017

K101 BeTpsiHOH TypOuHe. Bes BeipaOaThiBacMast
JIEKTPUYECKasi 3HEPrusi Mojaercsl yepe3 Kabenb-
HBIE JIMHUH Ha nojctaHnuto 220/35 kB myTtem nips-
MOM TpPaHCIIOPTUPOBKH B HallMOHAIbHBIE ceTH AO
«KEGOC» o Bo3mymrHoit muann 220 kB.

Pe3yabTathl u 00cy:k1eHue

Bknao 60306H06715eMbIX UCTIOYHUKOS dHEPSUU 6
obwetll eenepayuu dnekmpuyeckou suepeuu 6 PK

3,69

2018 2019 2020 2021

Pucynox 1 — Jlons BeipabatbiBaeMoii aekTposneprun BUD
B 00111eM 00beMe MTPOM3BOICTBA ICKTPHUCCKOM dHEPTUH, Yo

CoriacHo HanMoOHAJIbHBIM JaHHbIM 2013 rona,
nons BUD B Kasaxcrane cocrasuna 0,57% ot 00-
mero o0beMa IPOW3BENEHHOW JIEKTPOIHEPTHH.
JaHHBIN TOKa3aTeab CTPEMUTEIBHO PACTET, TaK B
2021 roay on yBenuuuics 10 3,69% [18]. YBenuue-
HUE BBIPAOOTKH 3JIEKTPUIECKON IHEPTHH O0OBEKTa-
mu BUD 3a 2021 rox no cpaBuenuto ¢ 2020 ronom
cocrtasisiet 23%.

Ha pucynke 2 npezcraBieHa BBIpaOOTKa IJIEK-
TPOdHEPruH OOBEKTAMH BO30OHOBIISIEMBIX HCTOY-
HUKOB DHEPTUH: BETPOBBIE AleKTpocTaHu — BOC,
Majbie THApOodJIeKTpocTanmuu — ['DC, comHeTHbIe
anektpoctanimu — COC u O6uosnekrpocranuuu. B
2016 rony B PecniyOnuke Kazaxcran Obuto mpowus-
BeneHo 262,04 miH. kBT*uwac sHeprum ot BeTps-
HBIX 2JIEKTpOCTaHImi, a yke B 2021 roay 3TOT 110-
Kazatenb BeIpoc B 6,5 pa3 u goctur 1776,41 muH.
kBr*uac. Heo6XxoamMoO OTMETHTH, 9TO THIPOIJICK-
Tpoctanimu B KaszaxcraHe Hamboniee pa3BUTHI B
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CpPaBHEHHU C JAPYTUMH BUJAMH aJbTEPHATHBHBIX
HUCTOYHUKOB 3Hepruu. B 2016 roay cymma Beipa-
6ortannoit 3nexTposneprun '9C cocraBuna 577,2
MiH. KB1*4ac, B 2019 roy noka3aTelib BBIPOC M0Y-
™ B 2 paza u goctur 1105,3 muH. kxBr*4ac, HO B
MOCTIEIHAE TOABI HAaOJIOMaeTCsl CHIKEHUE TIPOU3-
BogutenbHocTu ['DC. HanpoTus, comHeyHbIE dIEK-
tpoctaniuu (COC) pa3BUBaOTCA B CTPEMUTEIIEHOM
Temre. DnekTposHeprus, npousseneHHas COC B
Pecny6nuku Kazaxcran B 2021 mocturia 1641,09
MiH. kBT*uac. buoanekrpocraniu B Kazaxcrane
pa3BHUBAIOTCA B MEUIEHHOM TeMIIe, HaONI0aeTCst
3HAYUTENLHBIA POCT BBIPAOOTKH 3JICKTPOIHEPTUH B
2019 rony — 14,9 muH. kBt*4ac.

Oyenka pe3yibmamos COKpaujeHusi 8biopocos
NAPHUKOBBIX 24308 NPOEKMA

CornmacHo PykoBOASIINM TIPUHIMIIAM HAaIlH-
OHANTPHBIX WHBEHTApW3allMil TapHUKOBBIX Ta30B
MI'DHUK, 2006 [19] pacueT BEIOPOCOB MapHUKOBBIX
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ra3oB OCYIIECTBISICTCS] ITyTEM YMHOXKEHUS IOTpe-
0JIEHHOTO TOIUIMBA HAa COOTBETCTBYIONINI KO3 Pu-
IIUEHT BHIOPOCOB.

Br16pockr = [loTpebiieHHOE TOIIMBO X
x Koaddumment Boid6pocon (D

rjie:
BrIOpockl — BBEIOPOCHI TIAPHUKOBBIX Ta30B, B
ToHHax okBuBanenta CO,;
[ToTpebneHHOE TOTUIMBO — UCKOIAEMOE TOTLIH-
BO, COXOKEHHOE B TIPOIIECcCe BBIPAOOTKH dIIEKTpHYe-
CKOW HEepruu, B TOHHAX;

BripaboTka 371eKTpo3Heprun

1776 - 1776
1440 -
1105

1080 4 1077
2
3
4 807 12 799
; 717
B 7204 649
' 577

402
360 - 332
262
0 1.86 0.06 1.3 14.9 6.6 3.04
2016 2017 2018 2019 2020 2021

® B3C @ r3cC

C3C @ Buo3NeKTpocTaHUUA

Pucynok 2 — Beipabotka snekrposneprun BUD, mina kBr*4ac

Koadpumuent BoiOpocoB — ko3 duiment,
MPE/ICTABNISIONIMNA KOJMYECTBO BBIOPOCOB TApHH-
KOBBIX T'a30B, KOTOPBIE BEICBOOOKIAIOTCS B PE3YIIb-
TaTe 3TOM JNEATEIIBHOCTH 10 THITY UCKOIIaeMOTr0 TO-
mmBa, TonH CO,/TJIx.

Memoouxa oyenxu coxpawenuii eviopocos 1117
1O NPeOdCmAaBIeHHOM) NPOEKMY

B memsix ompenmeneHUS COKpamieHWN BBIOPO-
COB MApHUKOBBIX Ta30B B MPOEKTaX, CBA3aHHBIX
¢ wucnoap3oBanneM BUD, wmeromonormesi CDM
ACMO0002 «BpIpaboTKka 3JIEKTPOIHEPTHH W3 BO3-
OOHOBJISIEMBIX MCTOYHHKOB, COCIMHEHHAs C AJIEK-
TpoceTbto» [9], ucnons3yercs noustue bazoBoro
cuieHapusi. ba3oBbIil CleHapui CIy’)KUT OCHOBOM
IUISL CpaBHEHHSI. DTO TEOPETUUYECKUN CLIEHAPHH, KO-
TOPBIA OTpaXKaeT TO, YTO MPOU3OUJIET B OTCYTCTBHE
ocyImiecTBIeHHs MpoekTa. [Ipu momomu Hero orie-
HUBAETCSl JOCTUTHYTHIM OOBEM COKPALICHUS BBI-
OpOCOB WIJIH TIOTJIONICHNS MAPHUKOBBIX Ta30oB [20].
Cuenapuii 6a30BOi TUHUU OCHOBBIBACTCS HA TIPEII-
MOJIOKEHUH, YTO, €CIIM MPOEKT He OylIeT peann3o-

BaH, TO HE MPOU30MU/ET 3aMEILCHHsI PHEPTUH, BbIPa-
OaThIBAEMOH B pe3yJIbTaTe MCIOJIB30BAHUS YIS, U
JNIEKTPHYECKasi SHEPIus, MOCTYIAIOMIAsl B CETh, TaK
u OyzaeTr BbIpaOaTHIBAThCS B PE3yJbTaTe CKUTAHMUS
yrs. CorylacHo 0a30BOMY CIIEHApHUIO, BBIOPOCHI
PacCUUTHIBAIOTCS CIIETYIOMNM 00pa3oM:

B,=3,x9,, 2)

rue:

B_,—cokpaleHHEIC BEIOPOCHI TAPHUKOBBIX Fa308;

2 o 00BEeM yCTaHOBIEHHOTO KO3 dHUIIEHTa
BBIOPOCOB JIBYOKHCH yTJIEpoja IUIsi POHM3BOACTBA
3JEKTPOIHEPTUU deKkTpoctanuusamMu — 0,844 ToHH
CO,/MBT1*4. [lanubli ko>hpduuueHt paccuutan
o 3akazy EBpomeiickoro 0aHka peKOHCTPYKLHUH U
Pa3BHUTHS Ha OCHOBE UCCIIEOBaHUS 0a30BOTO YPOB-
Hs BBIOpocoB B Kazaxcrane ot 2012 roma u mpen-
cTaBlieH B oTuere «JlmHamuka pazButust Kodddu-
[IMEHTOB BEIOPOCOB YTIIEpOAa IpPH IMPOU3BOJCTBE
JJIEKTpUIeCcKoi 2Heprun B Pecryonmke Kazaxcram»
[21];
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D .. — KOJIHMYECTBO TPOU3BEIACHHOM DIIEKTPO-
SHEPTUH 32 OTYETHBIH TEPHOJ, TIOATBEPKICHHOE
YTBEPKICHHBIMU €KEMECSYHBIMU OanaHcamu Mpo-
W3BOJICTBA M TMOTPEOJICHUS 3JIEKTPOIHEPTUH, THIC.
MBt*q

CoryacHO KOHIIEIINH TpoekTa EpeiiMeHTay-
ckoit BOC, mpencrasnennoii Ha caiite TOO «Ilep-
Basi BETpoBas AJIEKTpHUeckasi cTaHusy [17], mra-
HOBBI 00BEM MPOM3BOJCTBA DIICKTPOIHEPTHU 32
OJIH OTYEeTHBIH To11 cocTtaBuT 172 000 MBT1*4. I1pn
9TOM, TUTAHOBBIE O00BEMBI COKpAIEHUN BBIOPOCOB
CO, 10KHBL COCTABUTB:

B, =0.844 1. CO /MBT*‘I X
x 172 000 MBT1*y = 145 168 Tonn CO,  (3)

dakTryeckas cyMMapHas BbIpaOOTKa 3JIEKTPO-
sneprun TOO «llepBast BeTpoBasi 3neKTpUUecKas
cranusi» ¢ 20 Hos0pst 2020 roma mo 20 HOsSOps
2021 roma cocrasusier 143957,22 MBTt*4. VYcra-
HOBJICHHBI SMHCCHOHHBIN (aKTOp Ui MPOEKTOB
10 COKpameHuto Beiopocos — 0.844 TCO,/MBT1*u.

KosndecTBO COKpalIeHHBIX BEIOPOCOB IBYOKH-
CH yIJIepoJa PacCUUTAHO CIEAYIOLUIUM 00pa3oM:

B,, = 0.844 1CO,/MBt*u x
x143 957,22 MBT*'—I =
=121 499,894 tonn CO, 4)

Taxum 006pa3oM, B pe3ysbTaTe peaiu3aiuy mpo-
ekTa (pakTrueckuii 00beM COKPAIICHHBIX SIUHUIL 32
nepuoj ¢ 20.11.2020 no 20.11.2021 coctaBun 121
499.,9 tonn CO,,.

[IpuumnHa pa3HUIBI MEXIY (PAKTHYSCKON BHI-
paboOTKOW W TIAHOBOW — yMEHBIICHHE CKOPOCTH
BETpA.

Cpok ciyx0b1 00opymoBanusi coctasiusier 20
net. Takum 00pa3zom, 3a MepHoJ MIIAHOBOTO CPOKa
City’)k0bl 000PYZI0BaHUSI BETPOBOM 3JICKTPUUECCKON
CTaHIIUY C UCTIOJIb30BaHUEM JaHHBIX O (DaKTUYECKON
BBIpabOTKe 2JIeKTpodHepruu 3a 1 rox padorsr BOC
cokpamienue Beiopocos CO, cocTaBur:

Bey =121 499,894 Tonn CO, x 20 ner =
=2429 997,88 tonn CO, %)

Kak BuaHO W3 TIPUBEACHHOIO pacyeTa,
ucroyipb3oBanue BUD BHOCUT OO0JBINON BKIAA B
COKpAIICHHE BEIOPOCOB IMAPHUKOBBIX I'a30B.

3ak/ouyeHne

HecmoTtpst Ha Bbicokuit noteHiuan, B PK gomns
BO306HOBJI5[€MI>IX HNCTOYHUKOB OHEPrud B CpaB-
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HEHUH C TPAJUIUOHHBIMH HCTOYHUKAMU SHEPTHH
HE3HAYHTEIbHA, OJTHAKO €KETOJHO JaHHBIA IMOKa-
3arens pacter. B mepuon ¢ 2013 mo 2021 rox xonu-
YeCTBO 3JIEKTPOIHEPTUH, NTpou3BeieHHOH Ha BUD,
YBEJIMYMIIOCH B 6,5 pa3.

CorsnacHo nmanaeiM 2018 roma, yrosb o0e-
crneunBaeT okoyno 70%, a mpupoaubiii raz 20%
BBIPA0OTKH DJIEKTPOIHEPTUHU, ITO TPHUBOJHUT K
CYIIECTBEHHBIM BBIOpOCAM IMapHUKOBBIX Ta30B
[22]. OcuoBa npoektoB BUD 3akntoyaercs B 3a-
MEHE OJJEKTPOIHEPTHH, BbIpadaThIBAEMON TIpH
CKUTAHWUW TOIUJIMBA, HA JJIEKTPOIHEPTHIO, BBI-
pabarbiBaemyto 0e3 TomnuBa. [lpu mnomomu
BETPOTEHEPATOPOB, SIBISIOMUXCA OECTOIINB-
HBIM BO300HOBIJISIEMBIM HCTOYHUKOM JHEPTHH,
MPOU3BOJIUTCS  DKOJOTMYECKH YHCTas DJHEp-
rusi. BeiOpochl BpemHBIX BEIIECTB B aTrMocdepy
MOJTHOCTBIO ~ OTCYTCTBYIOT, YTO  IIO3BOJISET
YTBEPKAaTh, YTO OTPULIATEIBHOTO BO3ACHCTBUSA
Ha OKPYKAIONIyI0 Cpeay dIEKTPOCTAHIIMH Ha OC-
HOBE BETPOBOM SHEPIrUU HET.

CoriacHo mpaBUJaM IMOJXYYCHHs] OQCETHBIX
eIUHUII, 3aIBUTENh MPOEKTa pa3padaTviBaeT Me-
TOJUKY KOJIMUYECTBEHHOTO OIpEeesIeHNs COKpa-
HICHHS BBIOPOCOB MapHUKOBBIX Ia30B 110 OTHOIIE-
HUIO K 0a30BOMY clieHapuio mpoekTa. [IpoexTHas
JIOKYMEHTAIUS U TUIaH MOHUTOPHHTA MIPOEKTa CO-
KpallleHHsI pa3pabaThIBAIOTCS HA OCHOBE MeTOIuK
M0 pacyeTy BHIOPOCOB W TOTJIOMIEHUS MapHUKO-
BBIX T'a30B, YTBEPKICHHBIX MPUKa30oM MUHHCTpa
9KOJIOTUH, T'€0JIOTUU U MPUPOJHBIX pecypcos Pe-
crryonmmku Kaszaxcran ot 13 centsops 2021 rona,
WU MEXIyHapOJHbIX METOJHMK B COOTBETCTBUHU
¢ 3akonom Pecny6nuku Kazaxcran «O patudu-
kanuu [laprkckoro corjameHuss» U 3aKOHOM
Pecnyonuku Kazaxcran «O partudukamun Kuor-
CKOT0 MpoTOKoJa kK Pamounoit kouBenuu Opra-
Huzanun OO0beauHeHHBIX Hamuit 00 m3meHeHnn
kmuMmartay [8]. K cokanenuto, B Hamieil cTpaHe
HET €IMHOM COrjacoBaHHOW METOAMKH [IJIsl pac-
YETOB €IMHHI] COKPAIIeHUsI BRIOPOCOB MapHUKO-
BBIX Ta30B.

Hcxonst m3 pe3ynbTaToB JaHHOTO HCCIEIOBa-
HUS, MOKHO CJeJaTh 3aKII0YEeHHEe, YTO BETPOBas
3jeKkTpocTaHuus T. EpeliMeHTay MHOMOXKET cylie-
CTBEHHO COKPAaTHTh BBIOPOCHI MMAPHUKOBBIX Ta30B
B Kasaxcrane — cokpaimeHue BBHIOPOCOB THOKCH-
na yraepoma 3a mepuoxn 20.11.2020-20.11.2021
coctaBuio 1214999 toun. Ilpu MuHHUManbHON
TOJIOBOM  BBIPAOOTKE  DIIEKTPOSHEPTHH  HA
BeTpodHepreTndeckor ctanuuu r. Epelimentay 143
957,22 MBT/4 03xxuiaeMble €XKETo/THbIC COKPAIICHUS
BBIOpOCOB coctasar 2 429 997,88 Tonn CO, 3a 20
JIeT paOOThI CTAHIINH.
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duHaHCHPOBaHUE Konduauxt narepecon
Pabota BeITIONTHEHA O€3 TIPUBJICUCHUS (PUHAHCH- ABTOpBI CTaThbWl TOATBEPKIAIOT OTCYTCTBHE
poBaHMsL. (uHAHCOBOI MITH KaKOH-TM00 MHOW MOIICPIKKH HC-
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MONITORING OF HYDROGEN SULFIDE CONTENT
IN WINTER IN THE OBSERVATION POINTS OF ATYRAU CITY

The article analyzes the monitoring of hydrogen sulfide content in the air of Atyrau in the winter
period of 2021-2022. The purpose of this study is to study the hydrogen sulfide content in the air en-
vironment of the city of Atyrau, which has been increasing in recent years as a result of anthropogenic
impact. The monitoring results were analyzed according to the data of Kazhydromet observation points,
including 15 observation points. Monitoring of the study showed that among 15 observation points,
there are exceedances of the maximum permissible concentrations of hydrogen sulfide in all three winter
months, but however, it can be observed that the highest concentrations are observed in December and
February, whereas in January these data are close to the MPC. Especially high rates are characteristic of
points located near the Atyrau Oil Refiner, which is probably the main source of hydrogen sulfide. At the
same time, the excess of the MPC for hydrogen sulfide and at points in the territories of the city exceeds
more than 5-15 times. An important step towards optimizing the monitoring of the effects of hydrogen
sulfide emissions at the Atyrau Refinery is the monitoring of atmospheric air quality and the introduction
of modern technologies and dust and gas cleaning equipment. At the same time, it is possible to reduce
the emission of hydrogen sulfide as a result of measures aimed at the reconstruction and overhaul of the
sewage system in Atyrau.

Key words: hydrogen sulfide in the air, Atyrau, monitoring, winter period, Kazhydromet observation
points.
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ATbIpay KaAacblHbIH, 6aKbIAQy MYHKTTEPiHAE KbICKbl KE3eHAE
KYKipTCyTeri KypamblHbIH, MOHUTOPMHIICI

Makanaaa 2021-2022 XbIAFbl KbICKbl Ke3eHAe ATbIpay KaAaCbIHbIH ayaCblHAAFbl KYKipTCYTEKTiH
KYpamblHa MOHUTOPUHI GOMbIHLLA TAAAQY XKYPri3iAAi. ATaAFaH 3epTTeyAiH MakCaTbl COHFbl XbIAAAPbI
AQHTPOMOreHAIK 9Cep HOTMXKECIHAe apTbil KeAe >KaTKaH ATblpay KaAacCblHblH aya OpTaCbIHAAFbI
KYKIpTCYTEKTiH KypambiH 3epTTey 6GOoAbin TabbiAasbl. MOHUTOPUHI HaTuKeAepi KasruapomerTin
GakblAay MYHKTTEPiHIH AepekTepi 6oMbIHLIA TaAAAHADI, OHbIH iliHAE 15 6akbiAay NyHKTI 6ap. 3epTTey
MOHMTOPUHrI 15 6GakbiAay MyHKTIHIH apacbiHAQ GAPAbIK, YL KbIC alblHAQ KYKIPTCYTeri KypamblHbIH
pYKCaT €TIATeH LLEKTI LOFbIPAAHYbIHbIH, APTKaHbl 6aiKaAaTbiHbIH KOPCETTI, aAaNAQ HEFYPAbIM >KOFapbl
KYPaM >KEATOK CaH X8He aKaH anAapbiHAQ 6AaNKAAATbIHbIH, aA KaHTapAa 6yA aepektep LLIDKK-Fa sxakbiH
eKeHiH barkayra 60AaAbl. Ocipece >korapbl kepceTkiwTep AMO3-re xakblH OpHaAacKaH NMyHKTTepre
ToH, BYA KyKipTCYTeKTiH Herisri ke3i 60AbIn TabbiAaabl. bya petTe, kykipTcyTeri 6oibiHwa LLIDKK apTybi
JKOHe KaAa ayMakTapblHAAFbl NMYHKTTepAe 5-15 eceaeH acaabl. ATblpay MyHall eHAey 3aybITbIHAQ
KYKIPTTI CyTeK LbIFapblIHAbIAAQPbIHbIH, ©CEP €Ty MOHUTOPWHIIH OHTANAQHABIPY >KOAbIHAAFbl MaHbI3AbI
KaAaM aTtMocdepaAblk, aya canacblHa MOHWTOPWHI XXYPri3y >KeHe Kasipri 3aMaHfbl TEXHOAOrMSAAAP
MeH LWaH MeH ra3 TasaAay >abAbiKTapbiH eHridy 60Abin Tabbirnaabl. COHbIMEH KaTap, ATbipayAafbl
KOpi3 >XYMECIH KamTa >aHapTyFa >X8He KYPAEAlI >XeHAeyre OafFblTTaAfaH LIApaAap HOTUXKECIHAE
KYKIpTCYTEKTIH, LibIFApbIAybIH a3ainTyFa 60AaAbl.

TyiiH ce3aep: ayaparbl KYKipTCyTek, ATblpay, MOHWUTOPUHI, KbICKbl Ke3eH, KasrmapometTi
6aKbiAay MyHKTTEpI.
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MOHUTOPHHI coAep>KaHUS CEPOBOAOPOAA B 3MMHMI NMEPUOA,
B MyHKTaX HaOAIOAEeHUS TopoAa ATbipay

B cTaTbe npoBeAeH aHaAM3 MO MOHUTOPUHIY COAEP>KaHMS CEPOBOAOPOAR B BO3AYXE rOpoaa ATbIpay
B 3UMHMIA nepuoa 2021-2022 roaa. Lleabio A@HHOroO MCCAEAOBAHMS SIBASETCS M3yUYeHUe COAEPXKaHUS
CEpPOBOAOPOAQ B BO3AYLUHOM Cpeae ropopa ATbipay, KOTOPOe 3a MOCAEAHME FOAbl MOBbILLAETCS
B pe3yAbTaTe aHTPOMOreHHOro BO3AENCTBMS. Pe3yAbTaTbl MOHMTOPWMHIa MPOAHAAM3MPOBAHbI MO
AaHHbBIM 15 MYHKTOB HabAloAeHMs KasrmapomMeT. MOHUTOPUHT MCCAEAOBaHMS MOKasaA, uTto cpeamn 15
MYHKTOB HAOAIOAEHMS OTMEYAIOTCS NPEBbILLEHUS MIPEAEABHO AOMYCTUMbIX KOHLIEHTPALMIA COAEPIKaHUs
CEPOBOAOPOAA BO BCEX TPEX 3MMHUX Mecslax, Mpu 3TOM HanboAee TMOBbIlLEeHHble COAEP>KaHWS
OoTMeYaloTCsl B Aekabpe 1 eBpase, Toraa Kak B siHBape 3Tu AaHHble 6AM3ku K TAK. OcobeHHo
BbICOKME MOKa3aTeAM XapakTepHbl AASI TYHKTOB, PACMoAOXKeHHbIX BOAM3KM AHI3, KoTopbIi, BO3MOXKHO,
M 9BASETCS OCHOBHbIM MCTOYHMKOM MOCTYMAEHUS cepoBoaopoAa. pu aTom npesbiwenne MNMAK no
CEePOBOAOPOAY M Ha MYHKTAX, PACMOAOXKEHHbIX HA TEPPUTOPUM FOPOAQ, COCTaBASeT 5 — 15 pa3. BaxkHbiM
LIAroM Ha NyTu OMTUMM3ALMKM MOHUTOPUHIA BO3AEMCTBUS BbIOPOCOB CEPOBOAOPOAA HA ATbIPayCKOM
HedpTenepepabaTbiBalOLLLEM 3aBOAE SIBASETCS MPOBEAEHUME MOHWMTOPMHIa KavyecTBa aTtMOChepHOro
BO3AyXa M BHEAPEHME COBPEMEHHbIX TEXHOAOTUI M MbIAE- M Fa3004MCTHbIX 060pyAOBaHMi. B TO
K€ Bpemsl YMEHbLUMTb BbIOPOC CEPOBOAOPOAA BO3MOXHO B pe3yAbTaTe€ Mep, HarpaBAEHHbIX Ha

PEKOHCTPYKLMIO M KarnuTaAbHbI PEMOHT KaHAAM3aLMOHHOM CUCTEMbI B ATbIpay.
KatoueBble cAOBa: cepoBOAOPOA B BO3AyXe, ATbIpay, MOHWTOPWHI, 3MMHWIA MEpUoA, MyHKTbI

HabAloAeHns Kasrmapomer.

Introduction

One of the air pollutants is hydrogen sulfide.
Hydrogen sulfide is one of the main compounds
involved in the natural sulfur cycle in the environment
[1]. It is contained in volcanic gases and is formed
by the action of bacteria during the breakdown of
both plant and animal protein. Bacteria can also
produce it by direct reduction of sulfate. Significant
concentrations of hydrogen sulfide are observed in
some natural gas fields and in geothermally active
areas.

The amount of H,S emitted into the atmosphere
from human activity is difficult to quantify worldwide
due to a lack of comprehensive data and/or reporting
[2]. Hydrogen sulfide can be formed whenever
elemental sulfur or sulfur-containing compounds are
exposed to organic materials at high temperatures.
In industry, it is usually produced as an undesirable
by-product, although it is an important reagent or
intermediate in some processes. Hydrogen sulfide is
formed as a by-product in the production of coke
from sulfur-containing coal, the processing of
sulfur-containing crude oil, the production of carbon
disulfide, the production of viscose fiber and in the
crafting process for the production of wood pulp
[3-4]. Although hydrogen sulfide concentrations in
urban areas can sometimes reach 0.050 mg/m® with
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an average time of 30 mm/h, they are usually below
0.0015 mg/m?. Peak concentrations reaching 0.20
mg/m’ have been recorded near point sources [5].

Therefore, in 2017, 367 cases of high hydrogen
sulfide pollution were recorded in Atyrau from
10 to 49 — exceeding the maximum permissible
concentration (MPC) and 75 HPs (high pollution)
from 20 to 102 — exceeding the maximum permissible
concentration. In 2018 — 1102 cases of HP with
hydrogen sulfide — from 10 to 68, exceeding the
MPC, 177 cases of EHP (extreme high pollution)
from 50 to 178 exceeding the MPC, in 2019 — 758
cases of HP from 10 to 49 exceeding the MPC,
EHP — 60 cases of EHP from 50 to 178 exceeding
the MPC, in 2020 — 161 cases of HP from 10 to 49
exceeding the MPC and 2 cases of EHP from 50 to
178 exceeding the MPC. Most of the facts of HP
and EHP with hydrogen sulfide were recorded in the
direction of the wind at the ecological post “West
Oil”. This station is located in an industrial area near
the evaporation fields “Rotten Beam” at a distance
of 840 meters [6-9].

Materials and methods
Monitoring of the state of the atmosphere in

Atyrau is conducted at 5 stationary posts (three of
them are automatic, two are manual). It is carried
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out according to 13 indicators: suspended particles
(dust), sulfur dioxide, nitrogen oxide and dioxide,
hydrogen sulfide, carbon oxide and dioxide,
phenol, ammonia, formaldehyde, etc. In addition,
Kazhydromet analyzes data from the existing
network of observations and posts of NCOC (North
Caspian Operating Company N.V.) and AOR LLP.
In Atyrau, NCOC has 9 stationary posts and 4 Atyrau
Oil Refinery posts. Compared with 2007, when
there was a low level of air pollution, there is a high
level of pollution for the period 2018 to 2020. The

Observation point
Steaming AOR
Himposelok AOR
Mirny AOR
Reshuffling the AOR

POP (Pollution Observation Point) No. 5 (Kursai, Karabau Street, building 12)
POP (Pollution Observation Point) No. 9 (Bereke Industrial Zone area, Gurievsnab Street)

NCOC No.103 (Chagall)
NCOC No. 108 (TKA)
NCOC No. 109 (Vostok)
NCOC No. 110 (Privokzalny)
NCOC No.111 (Zhilgorodok)
NCOC No.112 (Akimat)
NCOC No.113 (Avangard)
NCOC No.114 (Zagorodnaya)

POP (Pollution Observation Point) No. 1 (Zhanbai village, Nysanov Street, plot 96)

Results and discussion

The analyzed area is characterized by a low
frequency of calm, weak and comfortable winds.
Winds are unpleasantly active most of the time of
the year. Wind speeds in the range of 2.6-3.7 m/s are
observed in almost 100% of cases. The highest wind
speeds are observed in the winter and spring periods
of the year, when even the average monthly values
of speeds are 3.6 — 4.1 m/s (Table 1). The average
annual wind speed is 3.2 m/s [12].

Table 1 — Average repeatability of wind direction and calm (%)

N NE E SE S SW W | NW
11 12 14 17 9 13 10 13

air is polluted with substances such as suspended
particles (dust, PM — 10, PM — 2.5), nitrogen oxide
and hydrogen sulfide. Meteorologists, according
to the Regulations on the procedure of RSE
“Kazhydromet”, assess the state of the atmosphere
according to two criteria: high pollution (HP) and
extremely high pollution (EHP) [10]. Now we will
give figures and facts on hydrogen sulfide.

Monitoring of hydrogen sulfide content in
winter from December 1, 2021 to February 28, 2022
was carried out on 15 points [11]:

Location coordinates

47.0726660,51.9508610
47.0887220,51.9352780
47.0754720,51.9107500
47.0685280,51.9052210
47.0668850,51.8864810
47.1558350,51.9814530
47.1117740,51.9221670
47.1645230,52.0275220
47.0947250,51.9250130
47.1261730,51.9472360
47.0988520,51.9006170
47.1050630,51.9164730
47.0930470,51.8869910
47.1415560,51.8959480
47.1394540,51.9646640

NW

SW

Figure 1 — Wind Rose
In the study area, the prevailing, on average
for the year, is the southeasterly wind direction
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Figure 2 — The Map of Atyrau city

Figure 2 shows a map of the location of
observation points and the Atyrau Oil Refinery.
Atyrau Oil Refinery is located in the northwestern
part of the city. All observation points from the
Atyrau oil Refinery are located in the north-western,
northern and north-eastern directions, where the
average repeatability of the wind direction is from

— 11 to 13 m/s. Thus, the emissions of hydrogen
sulfide from the Atyrau Oil Refinery are evenly
distributed across all observation points within the
city.

The results of monitoring the hydrogen sulfide
content for three winter months in Atyrau can be
viewed in Figures 2-4 and Table 2.
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Figure 3 — Monitoring of hydrogen sulfide content in the air of Atyrau in December 2021

Figure 3 shows a diagram of monitoring the
hydrogen sulfide content in the air of the city of
Atyrau in December 2021. As can be seen from
the diagram, the maximum values were observed
at NCOC points No.109 (Vostok) — 46 mgm/m?,
Reshuffling the AOR — 39 mgm/m’, Mirny AOR
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— 34 mgm/m3, NCOC No.113 (Avangard) — 31
mgm/m?, NCOC No.112 (Akimat) — 25 mgm/m?,
NCOC No. 110 (Privokzalny) — 22 mgm/m’ and
at NCOC No. 111 (Zhilgorodok) — 21 mgm/m3.
However, at other points there is an excess of the
MPC in terms of hydrogen sulfide content, except



D. Ryskalieva et al.

for POP No. 9 (Bereke Industrial Zone area,
Gurievnab Street), where the maximum value is
3 mgm/m?>.

Figure 4 shows a diagram of monitoring the
hydrogen sulfide content in the air of Atyrau in
January 2022.

As can be seen from the diagram, the maximum
values were observed at the points of Reshuffling the
AOR -29 mgm/m?, Himposelok AOR — 27 mgm/m°.
Mirny AOR - 21 mgm/m?, NCOC No. 109 (Vostok)

— 19 mgm/m’, NCOC No. 110 (Privokzalny) — 17
mgm/m? and at NCOC No. 112 (Akimat) — 16 mgm/
m?3. However, at other points there is an excess of the
maximum permissible concentration of hydrogen
sulfide, except for the POP No. 1 (Zhanbai village,
Nysanov Street, plot 96), where the maximum value
is 4 mgm/m°.

Figure 5 shows a diagram of monitoring the
hydrogen sulfide content in the air of Atyrau in
February 2022.
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Figure 4 — Monitoring of hydrogen sulfide content in the air of Atyrau in January 2022
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Figure 5 — Monitoring of hydrogen sulfide content in the air of Atyrau in February 2022

As can be seen from the diagram, the maximum
values were observed at NCOC points No.109
(East) — 63 mgm/m?®, Himposelok AOR — 53 mgm/
m3. NCOC No. 110 (Privokzalny) — 33 mgm/m?,
NCOC No. 112 (Akimat) — 33 mgm/m?, NCOC
No. 111 (Zhilgorodok) — 26 mgm/m?* and at NCOC

No.114 (Zagorodnaya) — 23 mgm/m’. However,
at other points, there is an excess of the maximum
permissible concentration of hydrogen sulfide,
except for POP No. 9 (Bereke Industrial Zone area,
Gurievsnab Street), where the maximum value is 4
mgm/m?.
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The analysis of the observation points shows
that on certain days the maximum hydrogen sulfide
content in the air was observed. For example:

in the Himposelok point of AOR the maximum
values are observed on the 5" of February (53 mgm/
m?3), the 19" of February (49 mgm/m?), the 21 of
February (28 mgm/m?®), the 31* of January and the
I*t of February (27 mgm/m?), on the 25" of February
(26 mgm/m?®) and the 26™ of February (22 mgm/m?),
which, when the MPC is equal to 4 mgm/m?, exceed
by more than 5-13 times;

in the Mirny AOR point the maximum values
are observed on the 17" of December — 34 mgm/
m?, the 31* of January — 21 mgm/m® and the 2™ of
February — 16 mgm/m?;

in the Reshuffling of AOR point increased
contents are observed on the 17" of December — 39
mgm/m?, the 31% of January — 29 mgm/m® and the
22" of December — 19 mgm/m?;

in NCOC item No. 109 (Vostok) is characterized
by increased contents in December (from 2 mgm/m?
to 46 mgm/m?®) are observed on the 25" of February
—63 mgm/m? (15.75 MPC), the 6" of December — 46
mgm/m* (11.2MPC), the 21* of February — 42 mgm/
m? (10.5 MPC), the 17" of December — 35 mgm/m*
the 15" of February — 30 mgm/m?, the 4" of December
— 24 mgm/m® and the 1% of February — 20 mgm/m?;

in NCOC point No. 110 (Privokzalny) elevated
concentrations were observed on the 26™ of February
— 33 mgm/m?® (8.25 MPC), the 15" of February —
27 mgm/m® (6.75 MPC), the 21* of February — 21
mgm/m? (5.25 MPC) and the 6™ of December — 22
mgm/m? (5.5 MPC);

in NCOC point No. 111 (Zhilgorodok) elevated
contents are observed on the 28" of February — 26
mgm/m? (6.5 MPC);

in NCOC point No. 112 (Akimat) elevated
contents are observed on the 21% of February — 32
mgm/m? (8 MPC), the 15" of February — 28 mgm/
m?® (7 MPC), the 25" of February — 26 mgm/m?
(6.5 MPC), the 6" of December — 25 mgm/m? (6.25
MPC), the 12" of February — 22 mgm/m? (5.5 MPC);

in NCOC item No.113 (Avangard) increased
contents are observed on the 4" of December — 31
mgm/m? (7.75 MPC);

in NCOC item No.114 (Zagorodnaya) elevated
contents are observed on the 21 and 26™ of February
—23 mgm/m?® (5.75 MPC) and the 27" of February —
20 mgm/m? (5 MPC).

A comparative analysis of the average hydrogen
sulfide content in the air of the city of Atyrau from
2020 by 8 points was also carried out, since there
were only eight observation points until 2021
(Figure 6).

4,68
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Figure 6 — A comparative analysis of the average hydrogen sulfide content in the air in 2020 and 2022
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Overall, it can be seen that the content of the
hydrogen sulfide in 2020 is almost similar to the H,S
concentration in 2022, the average levels of which
were 1,64-4,38 mgm/m* (0,82-2,19 MPC) and
2,16-5,79 mgm/m* (1,08-2,89 MPC) respectively.
Himposelok AOR and Mirny AOR experienced
an increase in the content of the hydrogen sulfide
approximately to 2,89 and 2,1 MPC accordingly.
Meanwhile in NCOC No.111 and NCOC No. 113
points the H,S concentration decreased by twice
and almost remained within the MPC. As for other
points the hydrogen sulfide content was nearly stable
in both periods.

One of the most important environmental
problems of the region is the pollution of the
Atyrau air basin, including intense unpleasant
odors that are periodically recorded [13]. There
are several potential sources of bad-smelling
substances in the city, the main of which are:
industry, sewage treatment plants and silt sites
[14]. Monitoring of atmospheric air quality in
the zone of influence of industrial enterprises
located in Atyrau, especially for hydrogen sulfide,
which is formed during the processing of oil and
petroleum products by the Atyrau Oil Refinery,
could be an important step towards optimizing
the monitoring of the impact of emissions of
industrial enterprises. It is necessary to introduce
modern technologies and dust and gas cleaning
equipment at all enterprises of the region. First of
all, this applies to enterprises that have hydrogen
sulfide in their emissions [15-17]. Reduction of
hydrogen sulfide emissions can also be expected
as a result of measures aimed at the reconstruction
and overhaul of the sewerage system in Atyrau,
which was launched in 2021 and the project is
funded by the European Bank for Reconstruction

and Development, with which AOR signed an
agreement for $80 million [18].

Conclusion

Monitoring of hydrogen sulfide content in
Atyrau in winter showed that the month of February
is the most polluted, for example, February 4-6 and
especially the end of the month after February 21-
27, then December, in which December 4-6 and
December 17 can be distinguished, and January
is the most unpolluted month, except the 31* of
January. The analysis by observation points shows
that the most elevated concentrations are observed
at points located near the AOR, these are the
Himposelok AOR, Mirny AOR and Reshuffling
the AOR. Among the observation points in the city
itself, one can distinguish such as NCOC No. 109
(East), NCOC No. 110 (Privokzalny) and NCOC
No. 112 (Akimat).

Thecontentofhydrogensulfideintheatmospheric
air creates an increased non-carcinogenic risk
to public health in acute and chronic admission,
which indicates the need for early environmental
measures [19-21]. As part of these studies, elevated
levels of hydrogen sulfide in the atmosphere were
recorded. The greatest danger to the population is
represented by oil products processing facilities
located in the immediate vicinity of settlements.
Thus, the conducted studies indicate that the
ecological situation in the settlements in the area of
oil production needs improvement [22-25].
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B cBS93M C eXeropHbIMM yBeAMUMBaIOWMMU OGbemMamMmn A0ObIUM U nepepaboTkM HedTH |
HepTENPOAYKTOB YBEAMUMBAETCS BEPOSTHOCTb 3arpsi3HEHMS SKOCUCTEM TIXKEAbIMU YTAEBOAOPOAAMM.
Ha ceroaHsiluHee BpemMsi UMEHHO 6GMOAOrMUYECKME METOAbI OUMCTKM MOUBbLI SBASIOTCS Hamboaee
nepcrnekTUMBHbIMW METOAAMM KaK C SKOAOTMYECKOM, TaK U C IKOHOMMYECKOM TOUKM 3peHns. OCHOBHble
pervoHbl AOGbIUM XapaKTEPUBYIOTCS XKapKMM KAMMATOM U MOBbILLEHHOM COAEHOCTbIO NMOYBbI. M3BECTHO,
3(PPEKTUBHOCTb MPUMEHEHUS MUKPOOPraHM3MOB-AECTPYKTOPOB BO MHOIMOM 3aBMCMT OT BHELUHMX
(hakTOpoB OKpyKaloWen cpeabl. AGMOTMYecKMe (haKTopbl TemrepaTypbl OKpy>Kaloulen Cpeabl M
COAEHOCTM MCXOAHOW MOYBbI HEMOCPEACTBEHHO BAMSIIOT HA METaBOAMYECKME MPOLECChI GaKTEPUN.

LleAblo AaHHOM pa6oTbl ObIAO M3ydeHue CrnoCOGHOCTU CBOBOAHBIX M MMMOOMAM30BAHHbIX Ha
GMOHOCUTEASIX MMKPOOPTaHM3MOB AErPaAMpoBaTh HEMTb MPM PasHbIX TEMMNEPATYPHbIX YCAOBUSIX M NP
pa3HbIX KOHLEHTPaLUMIX MUHEPAAbHbBIX COAEl B NMoyBe. YCTAaHOBAEHO, UYTO C MOBbILIEHWMEM COAEHOCTU
cTeneHb AECTPyKUuMM cHuxkaetcd. OAHAKO C MOBbILEHWEM TemrepaTypbl YPOBEHb AECTPYKLIMU
COXPAHSIACS Ha TOM >Ke ypoBHe, uyto npu 5% NaCl. Ha cTeneHb AeCTpyKUMM BAMSIET TEMMEpPATypPHbI
hakTop. Camblii BbICOKMIA PE3YAbLTAT AECTPYKLIMM NMOKA3aAM LITaMMbl, MIMMOOMAM30BaHHbIE HAa PUCOBO
Ay3sre. Toraa Kak WTamMbl, MMMOGMAM30BaAHHbIE HA FPEYHEBON LEAyXe, U CBOOOAHbIE KAETKM Mpu
MOBbILEHUN COAEHOCTM M TemrepaTtypbl MOKasblBalOT MaAylo CTerneHb OuMCTKM. Mmmobuamnsaums
LUTAMMOB Ha TBEPAbIX OPraHMYECKMX HOCUTEASX 3aLUMLLAeT OT BHELHUX BO3AENCTBUI U OT KoAeGaHus
TemrepaTypbl OKpy>KatoLLei CpeAbl.

KAtoueBble caoBa: Guopemeamaumns, MMMOOMAM3ALMS, Temriepatypa, 3aCOAEHHOCTb, pUCOBast
AY3ra, LeAyXa rpeymxm, MMKpPOOpPraHU3Mbl-AeCTPYKTOPbI.
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Assessment of the influence of ambient temperature and soil salinity
on the degree of destruction of oil by free and immobilized microorganisms

Due to the annual increasing volumes of oil and petroleum products extraction and refining, the
probability of ecosystem pollution with heavy hydrocarbons is increasing. At present, it is biological
methods of soil purification that are the most promising methods from both an ecological and an eco-
nomic point of view. The main mining regions are characterized by a hot climate and high salinity of the
soil. It is known that the effectiveness of the use of destructive microorganisms largely depends on exter-
nal environmental factors. Abiotic factors of ambient temperature and salinity of the initial soil directly
affect the metabolic processes of bacteria.

The purpose of this work was to study the ability of free and immobilized microorganisms on bio-
logical carriers to degrade oil under different temperature conditions and at different concentrations of
mineral salts in the soil. It was found that with an increase in salinity, the degree of destruction decreases.
However, with an increase in temperature, the level of destruction remained at the same level as at 5%
NaCl. The degree of destruction is influenced by the temperature factor. The highest destruction result
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was shown by strains immobilized on rice husk. Whereas strains immobilized on buckwheat husks and
free cells with increasing salinity and temperature show a low degree of purification. Immobilization
of strains on solid organic carriers, protect from external influences and from fluctuations in ambient
temperature.

Key words: bioremediation, immobilization, temperature, salinity, rice husk, buckwheat husk, de-
structive microorganisms.
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KopluaraH opTa TemMneparypacbl MeH TOMbIPAK, TY3AbIAbIFbIHbIH, €PKiH
»KOHe UMMOOUAM3ALIMSAAHFAH MUKPOOPraHM3MAEPMeH
MYHaKABI bIAbIPATY AeHreiiHe acepiH 6afaAay

MyHaii MeH MyHall 6HIMAEpPIH OHAIPY MeH OHAEYAIH >KbIA CalblHFbl KOAEMIHIH YAFaloblHA
6anAaHbICTbl KOXKYMNEAEPAIH ayblp KOMIPCYTEKTEPMEH AACTaHy bIKTMMAAAbIFbI apThin kKeAeai. Kasipri
yaKbITTa TOMbIPAKTbl Ta3aPTYyAblH OMOAOTMSIABIK, OAICTEPI SKOAOTUSIABIK, )KOHE SKOHOMMUKAABIK, TYPFbIAAH
eH MepcrekTUBaAbl sAicTep 6GOAbIN TaObiAaAbl. OHAIPICTIH Heri3ri alMakTapbl bICTbIK, KAMMATIEH
>KOHEe TOMbIPaKTblH TY3AbIAbIFbIMEH CMMATTaAdAbl. AeCTPYKTUBTI MUKPOOPraHM3MAEPAI KOAAQHYABIH,
TUIMAIAITT  KebiHece KopllaFraH OpTaHbiH CbIPTKbl (hakTOpAapbiHa 6GaliAaHbICTbl eKeHi  BGeAriAi.
KopluaraH opTa Temneparypachl >koHe 6acTarkpbl TOMbIPAKTbIH TY3AbIAbIFbl aOMOTUKAAbIK, (DaKTOPAapbI
GakTeprsiAapAbIH MeTabOAMKaABIK, MPOLIECTEPIHE Tepic acep eTeAi.

ByA >KYMbICTbIH MakcaTbl OpTYPAI Temrepatypa >XaFAalblHAQ >K8He TorblpaKTaFbl MUHe-
paAAbl  TY3AAPAbIH OPTYPAI  KOHLEHTPAUMSICbl Ke3iHAE epKiH >XoHe 6MoTacbiMaAAayLiblIAapAa
UMMOOMAMBAUMSIAQHFAH MMKPOOPTraHU3MAEPAIH MyHalMAbl HalapAaTy KabiAeTiH 3epTTey 6GOAAbI.
Ty3ABIABIKTbIH XKOFapblAQybIMEH YKOMbIAY A€Hrelni TOMEHAENTIHI aHbIKTaAAbl. AAaiAa TeMepaTypaHbIH,
>KOFapblAaybIMeH >XOMbIAy AeHreiti 5% NaCl aeHreiiHae cakTaaabl. XKoo AspeskeciHe Temneparypa
dakTopbl ocep eTeai. YKOAbIH €H >KOFapbl HOTMXKECI Kypiw KabbiFbiIHAQ MMMOOMAM3ALMSAAAHFAH
wrTamaap kepcetTi. Kapakymblk KabblFblHa MMMOOMAM3ALUMSAAAQHFAH LUTAMAAP >KOHE TY3AbIAbIK MeH
TemMnepaTypaHbIH >KOFapblAaybIMeH 0OC >KacyllaAap TasapTyAblH TOMEH ADPEXeCiH kepceTeai. KaTTbl
OPraHMKaAbIK, TaCbIMAAAAFbILUTAPAAFbI LUITAMAAPAbIH MMMOOMAM3ALMSCBI CbIPTKbl 8CEPAEPAEH XKOHE
KOpLUaFaH opTa TeMrnepaTypacbiHbIH, aybITKYbIHAaH KOPFaiAbI.

Tyiin cesaep: Ovopemeamaums, MMMOOMAM3ALMS, TemrnepaTypa, TY3AbIAbIK, Kypill Kaybi3bl,

KapaKyMbIK, Kaybl3bl, MUKPOOPraHU3MAEP-AECTPYKTOPAAP.

BBenenue

Esxeronnoe yBenuueHne HedTenoObMH NpH-
BOIUT K 3arpsi3HEHUSIM OOIIMPHBIX TEPPUTOPUIN
Kak ChIpod He(ThIO, Tak M HeTenpoaykTamu. B
pe3yibTaTe HapyllaeTcs eCTECTBEHHBIM 0OMEH Be-
IIECTB, HAHOCUTCS HETONPaBUMBIN yIiepOd OKpy-
JKarollen cpejie. 3a MocaeaHui roj; 00beM J00bIYH
Hegtu B Kazaxcrane cocraBnsier 87,5 MJIH TOHH,
obveM mepepaboTkn — 17,1 MIH TOHH M 00BEM
NPOM3BOJICTBA HEPTENPOMYKTOB — 13,1 MJIH TOHH.
CornacHo nanubM, oT 1,0 10 18,2 % HedTH u He-
(TEnpOIyKTOB TepsieTCsl BO BpeMsi JOOBIYM, TOA-
TOTOBKU K NepepaboTKe W TPaHCTIOPTHPOBKH. [1pu
Jno0bIYe OCHOBHAs HE(TSHAS OpraHHKa BBIOpAchI-
BaeTcs B arMoc(epy, MoasaeT B BOIHBIE pecyp-
cel 30% u B mouBy 20%. BeIOpOCHI 3arpsA3HAIONINX
BEIICCTB B arMoc(epy ocemaloT Ha MPHOPEKHBIX
paiioHax ¥ BTOPUYHO 3arpsi3HAIOT BO3LYX U IIOYBY.

Chipast He)Th COCTOUT U3 CJIOKHBIX 10 COCTABY Pa3-
JUYHBIX aU(ATHUECKUX U apOMATHYECKUX COCIIH-
HeHUil. Meron Onopemennanuu MpeCTaBIsAeT CO-
00# MpUBIEKATENBHBIN METOJ OYHCTKH HE(PTAHBIX
3arpsI3HEHUI MMOYBBI KaK MaJlo BO3JIECUCTBYIOILNNA U
Henoporoi Meron [1]. OgHako ycneumHocTh NpuU-
MEHEHHMSI METOJIa 3aBHUCHUT OT JKM3HECIIOCOOHOCTH
BBEACHHOI'O YTICBOJAOPOJOKUCISIIONIETO IITAMMA.
NMmMoOmu3arus Ha OMOJIOTHYECKHX HOCUTEISX SIB-
nseTcsl OMOTEXHOJIOTHIECKUM HHCTPYMEHTOM JIJISt
MOJIJICPXKAHMSI JKU3HECIIOCOOHOCTH IITAMMOB IPH
HEONIarOMPHUATHBIX YCIOBHSIX OKPYKAIOIIECH CpeIlbl
U TIPEIOTBpAIIaeT MOTePU CBOOOTHBIX KIIETOK MPH
onopemenuanuu. [yis najapHEWIEro yrpaBJICHUS
Y WCIIOJI30BaHUSI UMMOOWIIM30BAHHBIX MHKPOOP-
TaHU3MOB B TIOJIEBBIX HATYPHBIX paboTax O0ibIIOE
3HAYEHHE MMEET Jerpajanus He(Tu Mmpu pasHbIX
YCIOBHSIX OKpY’Kalollel cpeabl, Takux Kak pH,
TeMIlepaTypa, YPOBEHb COJICHOCTH IOYBHI. Y CIICIII-
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OL[eHKa BIIMAHUSA TEMIIEPATYPbL Oprmanmeﬁ Cp€Abl U COJICHOCTH IOYBLI HA CTCIICHDb ACCTPYKIIUU He(l)TI/I

HOE HCIOJIb30BAaHUE OMOpEeMENUaIlui 3aBUCUT OT
JAHHBIX ¥ TTapaMeTPOB, KOTOPHIE 3a/IeHCTBOBAHEI B
OMOpPa3IoKEeHUU 3arpsi3HuTened [2, 3].

B nannolt pabote ncciemoBacs mpoiecc Ouo-
pemMennanui CBOOOAHBIMU Y IMMOOWITN30BaHHBIMHU
MHUKpPOOPraHU3MaMH IPH Pa3IMYHbIX KIUMaTH4e-
ckux ycnoBusix. [l wWccrnenoBaHUsS TMOBEACHUS
0aKTepuaNbHOTO COOOIIECTBAa HCKYCCTBEHHO CH-
MYJINPOBAJIM Pa3HbIC YPOBHU KOHIICHTPAI[UH COJICH
NaCl u MgSO, B nouse [1, 4, 5]. IIponecc necTpyk-
LMW YTIIEBOJOPOIOB HMEET HEMOCPEICTBEHHYIO 3a-
BHUCHUMOCTh OT TEMIIEPATyPbl OKPYKAIOIICH CPeJIbl.
Ha oxucnuTenbHyr CIoCOOHOCTh MUKPOOPTaHH3-
Ma BJIHSIFOT MHOTHE (DaKTOphI, KaK COJIEHOCTh, pH,
TeMIepaTypa OKpyKarolei cpensl u ap. [6, 7]. [lpu
pa3paboTKe KpUTEpPHEB OHOpEMEMAlUU TEPPHUTO-
puii, 3arps3HEeHHBIX HEPTHIO U He(PTEMPOAYKTaMHU,
BRXXHYIO pOJIb UIPACT W3yuEHHUE IOBEIACHHUS HM-
MOOMJIM30BAHHBIX IITAMMOB MHKPOOPTaHH3MOB B
IIMPOKOM TeMIlepaTypHOM auamna3zone. CoriiacHo
naHHeIM Lin Z. m coaBTopoB [8], Temmneparypsl B
mpenenax ot +6 °C mo 30 °C smnstorcst Hanbosee
ONaronpuUATHBIMA TEMIIEPATyPHBIMHA  PEXUMaMU
JUTSL TIPOBEJICHUST OMOJIOTHYECKON OYUCTKU. [lenpio
JTAHHOTO WCCIICJ0OBAaHUSI OBUIO HM3y4YeHHE CII0CO0-
HOCTH MMMOOMIN30BAaHHBIX MHKPOOPTaHU3MOB K
OuopeMeaualuy MPH Pa3jIMYHbIX TEMIIEPATyPHBIX
YCIIOBUSIX U MPY MPUCYTCTBUU PA3ITUYHBIX KOHIICH-
Tpaluii MUHEPaJIbHBIX COJIEH B MTOYBE.

Cpenu CyHIECTBYIOIIMX METOIOB OYUCTKH HE-
(bTe3arps3HEHHBIX TPYHTOB OMOJIOTUYECKHIA METOT
sIBISIETCSL HanOosiee dY(PPEKTUBHBIM B MEHEE dHEp-
rosarpaTHbiIM MeT0j0M. COBPEMEHHBIE METOIbI
OnopeMeual OCHOBaHbI Ha IPUMEHEHUU OUOJIO-
THYECKH TOTOBBIX MPETNapaToB, COCTOSIINX U3 CIIe-
LHUATU3UPOBAHHBIX MUKPOOPIaHU3MOB, CIIOCOOHBIX
pacIIeIuUIsITh YTIIEBOAOPOIBI B COCTaBe HEPTH Kak
SIUHCTBECHHBIM McTOUHUK | [9, 10]. Dddek-
TUBHOCTh IlITAMMa MHUKPOOPraHHW3Ma 3aBUCUT OT
€r0 OKHCIISIONIUX CBONCTB M CIIOCOOHOCTH MPOTH-
BOCTOSATh aOMOTHUYECKHUM (haKTOpaM OKpY KaIoIIeH
cpensl. Qin X. u coaBTopsH! [11] mpoBenu ucciemo-
BaHUE TI0 Pa3I0KCHUI0 He(PTSHBIX YTIIEBOAOPOIOB
W CcIeNnaid BBIBOJA, YTO CTENEHb OWMOAETpaIalIliu
3aBUCHUT OT: 1) ONTUMANBHBIX YCIOBHUA OKPYKAIO-
e cpefpl ISl MUKPOOPTaHU3MOB; 2) mpeoodiaa-
IOIIETO THITA YTIIEBOIOPOIOB B CMECH; 3) a TaKKe
OMOIOCTYITHOCTH YTJIEBOJOPOJIOB ISl MUKPOOpra-
HU3MOB. OHUM W3 TIEPCIICKTUBHBIX HAIPaBICHUM
HCCIEAOBAHUN SIBIIICTCA M3Y4YEHUE U JallbHeHIee
NPUMEHEHUE  aJCOPOIMOHHON HMMMOOMIH3AIH
kieTkor Hocutensimu [12]. Hocurensimu st uMMo-
OMTM3aIui BBICTYNAIOT aKTHBHBIE WM WHEPTHBIC
BEIIIECTBA, KOTOPBIC JOJDKHBI 00J1a1aTh XOPOIIUMU
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COpOIIMOHHBIMU KayeCTBaMM, a TAKXKE BBICTYNATh
OMOCTHMYIISATOPaMH IECTPYKIIUU HEPTH.

JlecTpykmus yrieBOAOPOIOB B 3arpsS3HEHHOMN
MOYBE 3aBHCUT OT YETHIPEX OCHOBHBIX YCIIOBHIA:
MIPUCYTCTBHE MHUKPOOPTAHMU3MOB CIIOCOOHBIX K Jie-
CTPYKIUHU He(PTHU, ONIPEICIICHHBIC YCIOBHSI OKPYXKa-
IOIIEH Cpelbl, CIIOCOOCTBYIONINE aKTHBHOM Jerpa-
JTAITNH, BUJT YTIIEBOJAOPOIHOTO 3arpsi3HEHS B TIOYBE
U OHOJOCTYIHOCTh 3arpsA3HSIONIUX BEINECTB JIs
necTpykiuu Mukpoopranusmamu [13]. I[Hotenmuan
ITOYBECHHOW MHKPOOHOM CHCTEMBI JJIs JeTpaiaIlii
YTJIEBOJOPO/IOB 3aBUCUT OT pa3Mepa MOMyJISInun
MHUKPOOPTaHU3MOB, a TaKK€ OT KaTabOIMYECKOU
aKTHBHOCTH. MUKpO]IIOpa ITOUBHI BKITIOYACT B CeOs
pa3zHo00pa3HOE KOJIMYECTBO OaKTEpPHUi, BOJIOPOCIH,
TpUOBI, TPOCTSHIITNE U AKTUHOMUIIETHI, KOXKIBIN U3
HUX 00JamaeT pa3iMYHBIMH YPOBHSAMH JIerpaja-
MU yIIIeBoA0po0B. Kittouerbie (hakTOpbI, BIHSIO-
IIFe Ha CKOPOCTh, C KOTOPOH MHUKPOOBI pa3iiararot
YTIIEBOIOPO/IBI, BKIIOYAIOT JIOCTYITHOCTh 3arpsi3Hsi-
FOILIUX BEIIECTB ISl MUKPOOPTaHU3MOB, 00J1a1at0-
IIMX KaTabOJINYECKOl ClIOCOOHOCTBIO pasiiararth ux,
KOJIMYECTBO pa3iaralonux MUKPOOOB, TIPUCYTCTBY-
IOIUX B MOYBE, aKTUBHOCTh pa3jiararoiinux MUKPO-
OpPraHW3MOB U MOJICKYJSIPHYIO CTPYKTYPY 3arpsis-
Hurens [14, 15].

TpeOyeMoe KOJWYECTBO MNPUCYTCTBYIOIIUX B
MOYBE MUKPOOPTaHU3MOB, HEOOXOIMMBIX JUIS JIO-
CTID)KEHHUS YCIEIIHOTO TIpoliecca OMojerpanalu,
00BIYHO HaxoauTCsl B jauamnaszoHe ot 104 mo 107
KoE; mpu 3TOM 3TOT moKa3aTesib He JIOJDKEH OBbITh
Hwke 103 Ha rpaMm nouBkl. Eciiv 3TOT TokazaTeib
MHUKPOOPTraHU3MOB Ha TpaMM IOYBBI COCTaBJISICT
Menee 103 KoE, To 3T0 yka3biBaeT Ha TO, UTO KOH-
[EHTPAIlMN OPTaHWYECKUX WIN HEOPTraHWYECKUX
3arpsI3HSIONIMX BEUISCTB HAXOASTCS Ha TOKCHYHOM
yposHe [16].

AKTHBHOCTh MHKPOOPT@HH3MOB B TIOYBE 3a-
BUCHUT OT KJIMMAaTHYECKHUX YCJIOBHH (TEMIEpaTyphl
W BIQXHOCTH), pH MOYBBI, HANWYUS TTUTATEIHHBIX
BEIIECTB | T.J. B yMEpeHHOM U TPONMYECKOM KJIH-
MaTe JOCTYIHOCTh MUTATEJIbHBIX BEIIECTB, BJArd
Y KHCJIOPOa OOBIYHO SIBJISIETCS OCHOBHBIM (DaKTO-
POM, OTPaHUYMBAIONINM Pa3I0KEHHE MCKYCCTBEH-
HBIX coequHeHni [17]. OgHako HU3Kast TeMIepary-
pa siBnsieTcst HarboJiee BaKHBIM OTPaHUYHBAOIIIM
(hakTOpOM B CEBEPHBIX MOYBAX W TOJSPHBIX PETrH-
onax [18, 19]. [nurensHocTh U 3h(HEKTUBHOCTD
Pa3joXKEeHHUST OPraHUYECKHUX BEIIECTB 3aBHUCHT OT
¢GyHKIIMHE TeMmepaTypsl. TemrmepaTypa HampsMyro
BIIUSICT Ha JMana3oH OWOXMMHUYECKHX AKTHBHO-
cTeil. bonmpImMHCTBO OakTepuil pacTyT B HaWIyd-
IIUX YCJIOBUAX, KOTJa TeMIepaTypa ONTHMH3HPO-
BaHa I JAHHOTO Bujaa. TemmepaTypa BO MHOTHX
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NPUPOAHBIX CPEAax MEHSETCS B 3aBHCUMOCTH OT
CE30HAa, B TO BpeMs KaK HAWIyylled TemIlepary-
poH st pocTa OakTepHil SBISETCS TUAra3oH TeM-
nepatyp 25-40 °C [20]. Temneparypsl, OJU3KUE K
3aMEpP3aHuI0, 3aMEUIIOT WM 3aJepPKUBAIOT POCT
MHUKPOOOB, 1 MUKPOOBI HAXOAATCSI B COCTOSTHUH 3a-
ctosi. [TockonbpKy hepMeHTH HE MOTYT MPOHHUKATh
U3 KJIETOK B XOJIOJHYIO CPeLy, CIIeA0BaTEIbHO, OMO-
peMeuanus MpouCcXouT MeieHHo. Hanbonbias
AKTUBHOCTb MHUKPOOOB HAOIIOAAETCs B AMAana3oHe
temnepatyp 20-33 °C, u OOJBIIMHCTBO MUKPOOOB
MOTYT pazjaraTh yIJI€BOAOPOIBI B 3TOM JMaNa3oHe
temneparyp [17, 18]. bonee OvicTpast kaTanuTHUe-
CKasi aKTUBHOCTh OAaKTepHAIBHBIX ()EPMEHTOB yBe-
JMYUBACTCS. C KAXKIBIM ITOBBIIICHUEM TEMIIepary-
pet Ha 10 °C [21]. OnTtumansHas TeMneparypa Juis
ouomerpamanuy Macia cocrasisieT 30-40 °C; 601b-
HIMHCTBO OaKTepui, paznararoimmx HedTh, KUBYT
B 3TOM TeMIlepaTypHOM auana3oHe. Temmeparypa
BIHMSET Ha OWOJOTHYECKYIO Jerpafamnuio HedTH,
BJIMSAS Ha coYeTaHHE (PU3MYECKHX M XUMHUECKHX
CBOWCTB He)TH, CKOPOCTH MeTaboIn3Ma yIriieBOI0-
POZIOB 3a CYET MUKPOOPI'aHU3MOB M COCTaB MUKPOO-
HBIX cooOIecTB. Huzkue temmeparypsl MOTYT 3a-
MEIJISITh BA3KOCTh Maciia, a Takke CyOnuMaiuio u
UCIIapeHUE HE(PTAHBIX YIJIEBOJIOPOIOB, U CKOPOCTh
pasiiokeHusT OOBIYHO CHIDKAETCS € MOHWKEHHEM
temnepatypsl [18, 19]. B apyrom uccinenoBanuu
OBLIO 3asBIICHO, YTO TEMIIEpaTypa BIHieT Ha Ono-
JIOTHYECKYIO JIETPaJalfio U CKOPOCTh, C KOTOPOM
YIJIEBOAOPOIBI  METaOOIM3UPYIOTCS MHKpPOOpra-
HU3MaMH, codeTaHue (U3UUECKUX U XUMHUYCCKHX
XapaKTepUCTUK HE(PTH, a TAKKE COCTAB/CTPYKTYPY
MUKpoOHOTO coobmiecTBa [22]. Takxke H3BECTHO,
YTO NPU HU3KUX TEMIIEPATypax BA3KOCTb U OUHCT-
Ka (MCTapeHne) TOKCUYHBIX MIEJTOYHBIX LeMel U X
pPacTBOPUMOCTH CHIDKarOTcsa. B pesynbrare Onone-
rpajganus yrieBogopoaos 3amemisiercs [23]. C mo-
BBIIIEHUEM TEeMIIepaTypbl CKOPOCTh MeTabosn3Ma
YIJIEBOOPOJIOB JOCTUTAET MaKCHUMyMa, OOBIYHO
HNPOMCXOASIIETO MPH TEMIepaTypax B AHMana3oHe
ot 30 1o 40 °C. Ilpu Gosee BBICOKHX TeMIIepaTypax
KOJINYECTBO TOKCHYHBIX YTJICBOJOPOAOB YBEIH-
yuBaercs. KinuMaTuueckue ycinoBust U pasjinuHble
CE30HBI TAaK)K€ BIUSAIOT HA TOMYJSAIUIO0 COBMECTH-
MBIX MHUKpoopranu3moB [16, 17]. TepmoduibHble
YCIIOBHSI MOTYT YCUJIMBATh PA3jI0KEHHUE YIJIEBOMIO-
POZIOB ¥ MOT'YT OBITh JIETKO OCYILIECTBIICHBI B OHO-
peakTopax myTeM HarpeBaHus OYBBI WIM BHECCHHUS
opraHnueckux peuiecTB. Cie0BaTeNIbHO, BHICOKHE
TEMIIepaTypbl MOYBBI MOTYT YBEIHYUTH CKOPOCTH
Jerpajalnry TMouBbl. Pa3nolkeHue yrieBoIopooB
HNPOMCXOANT MEAJICHHO IPU TEeMIIEpaTypax HIDKe 5
°C [24].

Tadsmua 1 — OntuManbHas TeMIeparypa pasjioKeHus yriieBo-
JIOPOJIOB B Pa3IMYHBIX cpeax

OnTumanbpHas TeMIeparypa

Cpena ()
IlouBenHas cpena 30-40
IIpecnoBonHas cpena 20-30
Mopckas cpena 15-20

MarepuaJibl 1 METOAbI

B nanHoif paboTe B KauecTBe COPOCHTOB WC-
MIOJIB3YIOTCSL  PAaCTUTEIbHBIE OTXOABI — IIeIyXxa
IPEYMXU U PUCOBAS JIy3ra. AKTHBHBIMH MHUKPO/IC-
CTPYKTOpPaMH BBICTYIAIOT IITAMMBI MHUKPOOpra-
HU3MOB, mpenaocTtaBieHHble TOO «3OkocTaHaapT»:
Rhodococcus erythreus AT7 u Dietzia maris 22K.
JlanHbple mTamMMbl ObUTH JICIOHHPOBaHBI B Peciry-
OJIMKAHCKON KOJUTEKIMH MHKpooprann3mMoB MOH
PK o Homepom B-PKM-0769 u B-PKM-0768, co-
OTBETCTBEHHO.

[ITaMMBI MUKpPOOPTaHU3MOB KYJIbTHBHUPOBAIN
B KUAKON cpene BopoummioBoii-J[naHoBoit ciie-
nyromero cocrasa, r/i1: NaCl — 10, K. H PO, — 1,
MgSO, * 7H,0 - 0,2, CaCl, - 0,01, NH,NO, - 1, ¢
nmobaprieHreM 1 JT TUCTUIUTUPOBAHHON BOJBI. ABTO-
KJIABUPOBaHUE MPOBOMIIM MPH | aT™M. B TeueHue 15
muH. O0e33apaxuBaHre CBIpO HePTH U KEPOCHHA
MIPOBOJIMJIM TAKKE B ABTOKJIABE B TEPMETHUHBIX CTE-
KIISIHHBIX amIyiax o0bemoM 10 mMit, KOTOpbIe ObLIH
MOMEIIIEHbl B METAJNINYECKHue KOHTeHHephI npu 1,5
atMm. B TeueHue 30 muH. KoHcopuuym ObLT BbIpa-
IIeH C JI00aBIIEHUEM aBTOKJIIABHPOBAHHOM ChIPOW
HedtH (5 MII/IT) B KadecTBE €AMHCTBEHHOTO MCTOY-
HUKa yIJiepoja W SHEPTUH B TEPMOCTATE MPU TEM-
nepatype 28 °C.

[ns moaroroBku Hocuteneil 1000 rp. menyxu
rpeunxu (ILI") u pucosoii my3ru (PJI) npomeiBatoT
YU TIOMEIIAIOT B COOTBETCTBYIOIIHUE CTEKIISTHHBIC
k0J10b1. KoJIOBI TOABEpraroT aBTOKJIABHUPOBAHHIO
npu 1,5 atm. B Teuenue 30 mun. MMMoOumn3a-
LU0 MPOBOAMIM HA TEPMOCTATHPYEMBIX IICHKe-
pax Ha 20 MuH. MUKPOKOCMOCHI TOATOTABINBAIN
ciuenyromuM o0pa3oM: B MOYBY A00aBisutH 5%
HedTH, a Takke 3,5 u 10% NaCl. [lnsg otaenbHO
B3ATHIX MUKPOKOCM BHOCHJIH JOTIOJHATENBHO 0,5
u 1% MgSO, Jlns nposenenus mpoiecca Ouo-
peMenuanu B MUKPOKOCMBI JTOOABUIIU IITAMMBbI
MHKpPOOPTaHu3MoB Rhodococcus erythreus AT7 u
Dietzia maris 22K, nmMmoOunu3oBanusie Ha ['111
u PJI. MukpokocMbl OBUIH ITOMEIIEHBI B TEPMO-
CTaT MpU TeMIepaTypHbIX auamazonax +4 °C,
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+20-22°C, +28 °C na 7 cyrok. KonuuecTBeHHOE
norpebsieHre HeTH ONPEACIISIIA TPaBUMETPHUUC-
CKUM MeToaoM [9].

Pe3yabTaThl Hccie10BaHuil U 00CyKAeHUE

Kax yxe usBectHo, mouBbl 3amagHoro Kazax-
CTaHa OTJIHMYAIOTCS TOBBINIEHHONW COJICHOCTHIO W
CyXUM apHUIHBIMU KIAMATHUYCCKUMH YCIOBHSIMH
[23]. Tun 3acoseHust — XJOPUAHO-HATPHEBOE U
cynshaTHO-MarHueBoe 3acosieHue. CBS3M € 3TUM
H3ydajach 0COOCHHOCTh OHOpEeMeTnaIlud UMMOOH-
JIN30BAaHHBIX MUKPOOPTaHU3MOB Ha OMOHOCHTEIISIX

B YCJIOBHSX MOBBIIIEHHON COJIEHOCTH M IIPH Pa3HbBIX
TeMIIepaTypax OKpyKarolled cpeabl. AHanu3 cre-
TIeHH JIECTPYKLMHU TMOKa3all, YTO BCE UCCIIEAyeMble
BapHaHThl OMNBITOB IOKAa3alM XOPOUIYI0 JECTPYK-
THBHYIO aKTUBHOCTh Tpu +4 °C, HO, KaK ciemyer
3aMEeTUTh, C YBEINYEHHEM COJIEHOCTH CTETEHb Jie-
CTPYKIIMU HE3HAYUTEIHHO CHIDKaeTcs (Tabnuua 2).
HauOonbiiee cHIKEHUE AECTPYKLHUN YCTAHOBICHO
npyu CBOOOJHBIX KIIETKaX MHKPOOPTaHU3MOB TpPH
KoHIeHTparuu conu B 10%. Xopoine pe3ynbTaTsl
JIECTPYKLHUH MOKa3aJIy IITaMMbl, UMMOOUIN30BaH-
HbIC Ha pHCOBOIi Jy3re npu +4 °C ¢ npucyTCTBHEM
10% naTpuii xaopa.

Tabauna 2 — Pe3ynbraTsl [eCTPyKINH aKTHBHBIX IITAMMOB CBOOOTHBIX M MMMOOMIN30BAaHHBIX OaKTEPHH IIPU PA3INIHBIX JHAMa30-

Hax TeMneparypsl 1 kKoHneHTpauid NaCl

Crenenb necTpykuuu Heptu, %
BapuaHTbl 0nbITOB 3% NaCl 5% NaCl | 10% NaCl
+4 °C
Rhodococcus erythreus AT7 + Dietzia maris 22K 65,6+1,25 53,6+1,28 37,2+0,95
Rhodococcus erythreus AT7 + Dietzia maris 22K + 1llemyxa rpednxu 83,2+0,60 74,17+0,95 68,0+0,85
Rhodococcus erythreus AT7 + Dietzia maris 22K + Pucosast y3ra 83,8+0,74 78,2+1,54 64,0+0,89
Kourponb 5,6+0,52 4,3+0,27 3,8+0,18
+32°C
Rhodococcus erythreus AT7 + Dietzia maris 22K 71,6£1,25 69,6+1,28 59,2+0,95
Rhodococcus erythreus AT7 + Dietzia maris 22K + 1llemyxa rpednxu 76,2+0,60 73,17+0,95 75,0+0,85
Rhodococcus erythreus AT7 + Dietzia maris 22K + Pucosast iy3ra 86,3+0,74 80,2+1,54 83,0+0,89
Kourponb 8,9+0,52 7,3+0,27 6,8+0,18
+42 °C
Rhodococcus erythreus AT7 + Dietzia maris 22K 78,6£1,25 48,6+1,28 37,2+0,95
Rhodococcus erythreus AT7 + Dietzia maris 22K + 1llemyxa rpednxu 71,2+0,60 67,17+£0,9 54,0+0,85
Rhodococcus erythreus AT7 + Dietzia maris 22K + Pucosast iy3ra 85,5+0,74 81,3+1,54 78,4+0,89
Kourponb 10,7+0,52 8,3+0,27 6,8+0,18

[Tpu Temneparype +32 °C orHaKOBbIE CTETICHN
JEeCTPYKLHMH ITOKa3aJIid UMMOOMIM30BaHHbIE MUKPO-
opraHusMsl 75,5 u 76,8 mpu HanOOIBIIEH KOHIICH-
tpauuu NaCl. B cpaBHUTENBHOI OLIEHKE OTMEYEHO,
YTO YBEJIMYECHUE COJCHOCTH HETaTHBHO BIUSET Ha
IecTpyknuio HepTn cBOOOAHBIX KJIETOK. Tak, mpu
nobasnernn 10% NaCl necTpyKuusi CHU3UIACH 10
42,2%. Ilpu yBenuueHun temrepatypsl 1o +42 °C
JECTPYKLMsI TAaKKe yMEHBIIWIACh NPH IIPUMEHE-
HUU CBOOOJIHBIX KJIETOK Ha 37,2 U MOBBICKIACH MTPH
HCTOJNb30BaHUM HMMMOOMIM30BAHHBIX KJIETOK 10
78,4%.
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Bo BTOpOoM BapuaHTe HCCIEAOBaHUS B MHUKPO-
KOCMBI ¢ 1mo4Bo# BHeciu 0,5 u 1% MgSO, u npo-
BOJWIN JECTPYKLHUIO IPU Pa3HbIX TEMIIEPaTYPHbIX
ycIIoBUSIX. Pe3ynbTaTsl 1€CTPYKLUMH NPUBEACHBI B
pucyske 1. [Tokazano, uto npu +42 °C Handonbmi
MOKAa3aTeNb AECTPYKIMU MOKA3ald MUKPOOPraHU3-
MBI, IMMOOHMIIM30BaHHBIC HA PHCOBOW Jy3re Mpu
BCEX JMAla3oHax TeMIIepaTyp U o0beMax MarHui
cyiab(ara. BaxHO OTMETUTb, YTO KOHLIEHTpaLus
COJIM HE NOBIHATA Ha CIIOCOOHOCTh PacTH U OKHC-
JSITH yIAeBOAOpobl. Takke, JTOBOJIBHO XOPOLIMH
MIPOLIEHT OKUCIIEHUI IIOKA3bIBAJIM IITAMMBI, a1COPO-
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[UOHHO MPHUKPETUICHHBIC K IMISTyXe TPEUUXH, MPU
+4 °C, 0,5% MgSO, pesymprar cocrasun 62,3%,
OJHAKO IPU IOBBILICHUU TEMIIEPATYPhI IIPOLICHT
JIECTPYKIIUH YBEITUUUBAJICS, YTO CBHICTEIBCTBYET
0 TOM, YTO OHOJOTMYECKHE HOCHTEIM SIBJIIOTCS
C€CTCCTBCHHBIMU 3aIllIlUTHBIMHU O6OJ’IO‘IK3MI/I MI/IKpO-
OpPraHU3MOB-JICCTPYKTOPOB. B 1enom, coriacHo

MIPOBEJICHHBIM JKCIIEPUMEHTaM, MOKHO INPEAIO0JIO-
XKHTb, UYTO JAHHBIC BUABI OAKTEPUN CHPABIISIOTCS C
JecTpyKie HedTH Mpy pa3HbIX KOHIEHTPALUSIX
coJiel, HO IMMOOMIM3alMs UX Ha HOCHUTEISIX yCH-
JMBAET UX JECTPYKTUBHYIO CHOCOOHOCTH. [Ipu 3TOM
Ha JICCTPYKTHBHYIO CHOCOOHOCTH BJIMSI TeMIIepa-
TYPHBIH (DaKTOp SKCIIEPUMEHTA.
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OAT7+ 22K BAAT7 + 22K+lenyxa rpeunxu BAT7 + 22K+PucoBadaysra M KouTpons
PucyHnoxk 1 — Pe3ynbrarsl 1eCTPYKINU aKTUBHBIX IITAMMOB CBOOOIHBIX M HMMOOHIIH30BaHHBIX OaKTEepUit
HpH Pa3JIMYHBIX IUaNa30Hax TEMIIEpaTypbl U KoHIeHTpauui MgSO,
3akiouenne CBS3aHO C BIIMSIHAEM TEMIIEpPaTyphl HA CTPYKTYPY

W3BecTHO, uTO KIMMAaT B HE(TEIO0OBIBAIOIINX
pernoHax Ka3axcraHa pe3ko KOHTUHEHTAJIBHBIH, a
MOYBBI XapaKTEPU3YIOTCA BBHICOKUM COJEPKaHUEM
coneii. Tak, ObIIO yCTaHOBJIEHO, YTO C MTOBBILICHU-
€M COJIEHOCTH CTENEHb AECTPYKLIUU CHHUXKAETCS.
N3BecTHO, 4TO HAIMUKE COJIEH B NTOYBE yXY/IIAET
MeTabO0JINYEeCKyI0 aKTUBHOCTh MUKPOOOB, TEM ca-
MBIM CHMXKasi CKOPOCTb OMoaecTpykuuu. B gact-
HOCTH, OBIJIO BBISBIEHO, YTO COJEHOCTH IUIOXO
BJIMSET Ha AKTUBHOCTH HEKOTOPHIX (hepMEeHTOB,
YTO CHIDKAET CKOPOCTh paszyiokeHus: Heptu. On-
HAaKO C MOBBIIIEHHEM TeMIIepaTyphl BEICOKHM ypo-
BEHb JIECTPYKIMU COXPaHSIICS Ha TOM K€ YpPOB-
He, yto U npu 5% NaCl. Ha ctenens pectpykunu
BIIMSUT TeMIiepatypHeiii ¢akrop [19-21]. Veennu-
YeHHE CTENEeHH OKHUCIEHHS MMKPOOpraHU3Ma-
MU-JIECTPYKTOPaMH YIJIEBOAOPOIOB MOXKET OBITh

KJIETOYHBIX KOMIIOHEHTOB. YCKOPEHHE pPEeaKIuil
MeXIy OelKaMy W JIMMUIAMHU 3aBUCUT OT Haubo-
Jjee ONTUMAJIBHOM TeMIlepaTypbl, MPUBOISAIIECH K
yckopeHuro paznoxkerust Hedru [23]. CaMblii BBI-
COKMM pe3ynbTaT AeCTPYKIHUH MOKA3aIU IITAMMBI,
MMMOOWMIN30BaHHBIEC HA PUCOBOM Jry3re. Torma kak
CBO60}Z[HBI€ KJICTKH IIPU NOBBINICHUU COJICHOCTU U
TeMIIepaTyphl MOKa3adu HU3KHUE pe3yibTaThl. Hc-
MOJIP30BaHUE OMOJIOTHYECKHUX areHTOB B Ka4eCTBE
HOCHUTEJIEN MOBBIIIAET YCTOMUMBOCTH MUKpPOOpPTa-
HHU3MOB K BHEIIHUM YCJIOBHUSIM OKPY’KaroIlei cpe-
ne1. IMMoOUIM3anus mTaMMOB 3aIUIIaeT MUKPO-
OpraHU3MbI OT KOJIeOaHUI TeMIepaTyphl, a TakKe
OHU SBJISIIOTCS JOTIOJHUTEIbHBIMU HUCTOYHUKAMU
MOJIE3HBIX BemecTB. lcnonb30Banre MHKPOOHOM
accolualy TakKe TO3BOJUT YBEIMYUTH Onoje-
rpaJlalliOHHYI0 CIIOCOOHOCTh, MTOCKOJIBKY JTAHHBIC
cooOmiecTBa 0ojee rmOKHE, YE€M HCIOJIL30BaHUE
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OTJENBHBIX BHUJOB [25]. BaxHylo posib urpaer ¢ NEPCHEKTUBHBIMU JUIS JAIbHEHIIETr0 U3y4eHUs
NMMOOMIN3aLNS JaHHBIX IITAMMOB K HOCHUTENSIM  OHMOTEXHOJOIMYECKOTO IOTEHIMajga HCIOJIb30Ba-
MY aJlanTallly K BHEIIHUM YCIIOBUSIM cpelibl. Pe-  HHS WMMOOWIM30BaHHBIX MHKPOOPTaHHU3MOB Ha
3yJbTAThl HCCIIEIOBAHMS JAHHOU paOOTHI SBJISIOT-  CEIBCKOXO3SHCTBEHHBIX OTXOaX.
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ASSESSMENT OF THE EFFECT
OF ELECTROMAGNETIC RADIATION FROM CELL PHONES USING
THE DAPHNIA MAGNA TEST OBJECT

Currently, the problem of electromagnetic safety of the population has acquired social significance
and is an urgent issue for the modern development of the Republic of Kazakhstan, as well as for other
countries of the world. Environmental exposure to radiofrequency electromagnetic fields from mobile
phones has rapidly increased in the last two decades and this trend is expected to continue. Modern
technologies have become a source of electromagnetic pollution generated electromagnetic fields. Due
to the increase in technogenic processes and their influence on the Earth’s electromagnetic field, the
topic of the influence of electromagnetic radiation on living organisms has been increasingly studied. All
sources of electromagnetic fields, as a rule, are a source of complex electromagnetic radiation that affects
plants, animals, insects and soil flora in the zone of influence of electromagnetic fields.

The effect of the electromagnetic fields emitted from cell phones on living organisms and human
health have become one of the most important topics for research because cell phones are widely used
all over the world. In many countries, cellular communication occupies a special place among anthro-
pogenic sources of electromagnetic radiation. A cell phone is a small-sized transceiver operating in the
900/1800 MHz range, which refers to damaging environmental factors.

The influence of electromagnetic radiation of cell phones on the abundance of Daphnia magna
was investigated. Radiation effects are clearly evident in the toxicology study with Samsung Galaxy J7
and Vivo V 20 cell phones. During the experiment, the radiation of these models of cell phones was
established, and the abundance under the influence of Vivo V 20 was higher than under the influence of
Samsung Galaxy J7, but lower than in the control group.

Key words: electromagnetic radiation, electromagnetic fields, cell phone, Daphnia culture, amount,
hydrobionts.
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¥siAbl TeAechOHAAPABIH, SAEKTPOMArHUTTIK COYAEAEHYiHiH, acepiH
Daphnia magna cbiHak, 06beKTiCi apKbIAbl Gararay

Kasipri yakbiTTa XaAbIKTblH 3AEKTPOMArHWUTTIK KayincCi3Aik MpoOGAeMacbiHbIH — SAEYMETTIK
MaHbI3AbIAbIFbI KaszakcTaH PecrybAnKacbIHbIH, COHAAN-aK, AEMHIH 6acka eAAepiHiH Kasipri AamMybl yiLiH
©3eKTi MaceAeci 60AbIN Tabbiraabl. COHFbI €Ki OHXKbIAABIKTA YsSIAbI GaAaHbIC XKacaFraH PAAMOXMIAIKTI
DAEKTPOMArHUTTIK ©PIiCTepAiH KOpLUaFaH opTara acepi apTbil KeAeAi XoHe BYA YpAIC KaAracaabl
Aen kyTiayae. Tarpa OOAFaH BDAEKTPOMArHUTTIK OpICTEPAEH Kasipri 3amaHfbl TEXHOAOTMsIAAP
DAEKTPOMArHUTTIK AACTaHy KO3A€epiHe alHaAAbl. TexXHOreHAIK MpOLECTEPAIH, KYLUEloiHe >KaHe
OAapAbIH KepaiH 3AEKTPOMarHUTTIK epic acepiHe GarAaHbICTbl DIAEKTPOMArHUTTIK COYAEAEHYAIH Tipi
opraHM3mAepre acepi TakblpblObl 3epPTTEAYAE. DAEKTPOMArHUTTIK epicTepAiH 6apAbIK KO3AEpPI, 9AeTTE,
DAEKTPOMArHUTTIK OpICTEPAIH, 8cep €Ty alMarblHAAFbl OCIMAIKTEpre, >KaHyapAapFra, >X8HAiKTepre
XKOHe Tomnblpak, (PAOpPaChIHA 8Cep eTETIH KYPAEAI IAEKTPOMArHUTTIK COYAEAEHY KO3i GOAbIM TabblAaAbl.

YsaAbl TeredDOHAQP LWblFapaTblH 3AEKTPOMArHUTTIK OpICTEPAIH, Tipi OpraHM3MAep MeH apAam
AEHCayAbIFbIHA 9Cepi 3epTTeyY YiLiH MaHbI3AbI TaKbIPbINTaPAbIH 6ipi GOAAbI, GIMTKEHI YSIAbI TEAEOHAAP
OYKIA 9AEMAE KEHIHEH KOAAAHbIAAAbl. KenTereH eAAepAe 3AEKTPOMArHUTTIK  COYAEAEHYAIH
AHTPOIMOreHAIK Ko3AepiHiH apacbiHAA YsIAbl GaAaHbIC epekile OpbiH aAaAbl. YaAbl TeaedoH 900/1800
Ml AmManasoHbiHAQ >KYMbIC ICTEMTIH LWaFblH raGapuTTi KAObIAAAFbILI XXOHE OA KOpLUAFaH OpTaHbl
3aKbIMAANTBIH (hakTopAapAbliH 6ipi 6OAbIN CaHaAAAbI.

YaAabl TeaecpoHAapAaH BGOAATBIH DAEKTPOMArHUTTIK CoyAeAeHyiHiH Daphnia magna caHbiHa
acepi 3epTTeAAi. DAEKTPOMArHUTTIK CaYAEAeHYAiH acepi Samsung Galaxy J7 >xeHe Vivo V 20 ysiAbl
Tene(POHAQPbIHbIH 8CEPIHEH TOKCMKOAOTUSIABIK, 3€PTTEYAE aMKbIH KOPIHEAI. DKCMepPUMEHT Ke3iHAe
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YSIAbl TeAepOHAAPABIH OCbl MOAEABAEPIHIH CayAEAEHYi aHbIKTaAAbl >keHe Vivo V 20 acep eTkeH Ke3ae
0AapAbIH caHbl Samsung Galaxy )7 acepiHe kaparaHaa >KOFapbl 60AFaHAbIFbI, Bipak, 6akbiAay TOObIMEH
CaAbICTbIPpFAHAQ TOMEH BOAFAHABIFbI aHbIKTAAADI.

TyiiH ce3Aep: SAEKTPOMArHUTTIK COYAEAEHY, SIAEKTPOMArHUTTIK epicTep, ysiAbl TeAedOH, AadpHMS
MOAEHMETI, MOMyASLMS CaHbl, TMAPOOMOHTTAP.
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OueHKa BAUSIHUSI IAEKTPOMArHUTHBIX U3AYUYEHUI COTOBbIX TeAe(hOHOB
C nomoLupto TecT-o6bekTa Daphnia magna

B Hactosiiee Bpems npobGAemMa 3IAEKTPOMAarHWTHOM 06e30MacHOCTM HaceAeHus npuobpesa
COLMAAbHYIO 3HAUMMOCTb U1 IBASIETCS aKTyaAbHbIM BOMPOCOM AASI COBPEMEHHOT O pa3BuTus Pecnybamku
KaszaxcraH, a Takxke AAS9 APYrmMx CTpaH mMupa. 3a NMoCAeAHME ABa AECATUAETMSI PacTeT BO3AENCTBME
PaAMOYACTOTHBIX IAEKTPOMArHUTHBIX MOAEN, CO3AABAEMbIX MOOMALHOM CBSI3bi0, HA OKPYXKAIOLLLYIO
CpeAy M 0XXKMAQETCS, UTO 3Ta TeHAEHUMS coxpaHuTcs. CoBpeMeHHble TEXHOAOTMM CTaAU UCTOUYHMKaMMU
SAEKTPOMArHUTHOIO 3arpsi3HeHus, M3AYYaloLWMMKU SAEKTPOMarHUTHble MOoAsl. B cBg3M C ycuaeHnem
TEXHOTEHHbIX NMPOLLECCOB M UX BAMSIHUS HA SIAEKTPOMArHUTHOE MOAE 3eMAM BCe GOAbLLE U3YUaeTCs Tema
BAMSIHMS SAEKTPOMArHMTHOTO M3AYYEHMS Ha XKMBble OpraHm3mMbl. Bce MCTOYHMKM 3AEKTPOMArHMUTHbIX
MOAeN, Kak MPaBUAO, SIBASIOTCS MCTOYHMKOM KOMMAEKCHOIO SAEKTPOMArHUTHOIO U3AYYEHMS, KOTOpoe
OKa3blBaeT BO3AEMCTBME Ha PACTEHMS, >KMBOTHbBIX, HACEKOMbIX M MOYBEHHYIO (PAOPY B 30HE BAUSHUS
SAEKTPOMArHUTHbIX MOAEN.

BAMSHME 3AEKTPOMArHUTHBIX MOAEN, M3AYyYaeMbIX COTOBbIMM TeAepOHaMM, Ha XKMBble OPraHU3Mmbl
M 3A0POBbE YeAOBeka CTAaAO OAHOM M3 CaMbIX BaXKHbIX TeM AAS MCCAEAOBaHMIA, TaK Kak COTOBble
TeAeOHbl LLIMPOKO MCMOAB3YIOTCS BO BCeM Mupe. Bo MHOrmMx crpaHax cpean aHTPOMOreHHbIX
WUCTOYHMKOB 3IAEKTPOMArHWTHbIX M3Ay4YeHui ocoboe MecTo 3aHumaeT coToBas cBsizb. COTOBbIiA
TeAreOoH MPEACTaBASET COOOM MaAOrabapuTHbIM MpUemMornepeAaTunK, paboTaloumii B AuanasoHe
900/1800 MTI'1, KOTOPbIN OTHOCUTCS K MOBPEXAAIOLLMM (DAaKTOPaM BHELLIHEN CPEAbI.

McCcAeAOBAHO BAMSIHME 3AEKTPOMArHUTHOrO M3AYYEHMsI COTOBbIX TeAe(OHOB Ha UMCAEHHOCTb
Daphnia magna. 3ddexTbl M3AyUYEHUS YETKO BbIPAXKEHbl B TOKCMKOAOIMYECKOM MCCAEAOBAHMM
BO3AENCTBMS COTOBbIX TeanedpoHoB Samsung Galaxy J7 n Vivo V 20. B pesyabTaTe akcrnepumeHTa 6b1A0
BbISIBAEHO M3AYUYEeHUE AQHHbIX MOAEAEi COTOBbIX TeAehOHOB, Mpu 3TOM BAusiHue Vivo V 20 6biA0

Bbillle, Yem npu Bodaencteum Samsung Galaxy 7, HO HMXe Uem B KOHTPOAbHOW rpynne.
KAroueBble CAOBA: 3AEKTPOMArHUTHbIE M3AYUYEHMS, SAEKTPOMArHUTHbIE MOASl, COTOBbIN TeAeOoH,

KYAbTYpa AaOHUIM, YNCAEHHOCTb, TMAPOBUOHTBI.

Introduction

Living organisms, both plants and animals, ex-
ist under the constant influence of the environment
through environmental factors. Sustainable devel-
opment of each country affects the quality of life
and human health, which depends on the state of the
environment, the quality of food and drinking water
[1-3].

Currently, a large amount of data has been ac-
cumulated indicating the adverse effect of electro-
magnetic fields on biological objects [4-7]. The
electromagnetic field, as a factor of production and
the environment, is a risk factor for human health
[8, 9]. New technologies have dramatically changed
the biotechnological environment, thereby bringing
EMF sources closer to living objects.

The ecological significance of electromagnetic
fields is dramatically increasing in the modern world
and is becoming the subject of special study [10].

In 1995, the World Health Organization (WHO)
coined the official term “global electromagnetic
pollution of the environment.” WHO pays special
attention to the problem of negative effects of elec-
tromagnetic fields. WHO has included the problem
of electromagnetic pollution of the environment
among the priority problems of mankind [11]. In re-
cent decades, many researchers studied the impact
of an environmentally unfavorable environment on
the physical development and functional state of the
human body. It should be noted that negative factors
of anthropogenic impact contribute to a decrease in
health resources at the individual and population
levels. As it has been argued by some researchers
consider data that each ecological situation contrib-
utes to the formation of a certain phenotype [12].
Having entered our lives in parallel with rapid
developments in technology, electronic devices
have facilitated our lives and borough some health
problems due to the electromagnetic fields they
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emit. Research on the influence of electromagnetic
fields on human health is of considerable interest.
It must be underlined that the negative factors of
anthropogenic impact contribute to a decrease in
health resources at the individual and population
levels. Among the sources of technology-related im-
pact of electromagnetic radiation on the population,
the most common are cell phones [13-15].

In the research of O.V. Vorob’yeva and her
co-authors the effects of continuous and amplitude-
shift-keying low-intensity EMF of the 10-m range
with on—off cycling on fertility, offspring quality,
and linear body size was studied in the plankton-
ic crustacean Daphnia magna. Single exposure of
1-day-old crustaceans was shown to affect their re-
productive characteristics, causing fetal abnormali-
ties in the offspring and the linear dimensions of the
body [16].

V. Krylov in his studies used the developing
parthenogenetic eggs of Daphnia magna as a test
system to assess the impact of a number of low-
frequency electromagnetic fields with a density of
75 uT. Two blocks of EMF acting frequencies were
found in the studied series — 45, 110, and 175Hz,
and 435 and 500Hz. The developing parthenoge-
netic eggs of Daphnia magna exposed to EMF with
the indicated parameters showed an accelerated rate
of embryonic development. Females that developed
from open eggs showed productivity deterioration
in the first brood [17].

In their work El-Maleky and his co-authors re-
vealed an increase in the level of hepcidin with a
subsequent deterioration in iron parameters during
chronic exposure to EMF of mobile phones. The au-
thors studied the effect of EMF action of phones of
different durations on hematological parameters and
the level of serum hepcidin in male rats [18].

L. Aleksandrova and her co-worker presented
results of the impact of AMF in the immunogenesis
organs (thymus, lymphoid formations in the intes-
tine, somatic lymph nodes). It was established that
the morphologic changes in the central and periph-
eral lymph organs of rabbits upon single and repeat-
ed (chronic) exposure to anthropogenous electro-
magnetic fields are of different nature [19].

Tamoyoki Shirai and his colleagues conducted
a study in which pregnant rats and their newborn
offspring were exposed to communication signals
from various electromagnetic radiations. Thirty-six
pregnant 10-week-old Sprague-Dawley rats were
divided into three groups of 12 rats. They were
control and two experimental groups. The entire
body of mother rats was exposed to RF-EMF for 20
hours per day from the 7th day of gestation to wean-
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ing. The offspring rats were exposed up to 6 of age
weeks for 20 hours a day. No deviations from the
norm were observed in either females or offspring
of F1 exposed to RF EMF, or in offspring of F2 for
any of the parameters assessed. As a result, under
the conditions of that experiment, the simultaneous
exposure of the whole body to eight different EMF
communication signals at frequencies from 800
MHz to 5.2 GHz did not have any adverse effect on
pregnancy or development of rats [20].

In the studies of Morioka Y and her co-authors,
the effect of high-frequency electromagnetic radia-
tion on cells in vitro was examined. Rat’s fibroblasts
were cultured and exposed to continuous frequency
wave from mobile phones for 5 days. The results of
their experiments showed an insignificant effect of
the EMF of a cell phone with a power of 10 W/m2
at 800 MHz on cell polypheration and destruction.
The results also indicate the possible influence of
the electromagnetic wave on cell arrangement and
protein synthesis in cells [21].

E. 1. Sarapultseva and her colleagues analyzed
the result of direct and transgenerational effects of
RF-EMF on the model organism of crustaceans
Daphnia magna. The cytotoxicity of exposure as
well as survival, fertility and teratogenic effect of
directly exposed daphnids and their progeny across
three generations were analyzed. The results of
study showed that exposure of RF-EMF at juvenile
period can significantly affect the fertility and size
of irradiated daphnids and their offspring of the first
generation. The decrease in fertility may be associ-
ated with a cytotoxic effect on the cells of irradiated
animals [22].

Despite the fact that there are various studies
devoted to the influence of EMF on living organisms,
a lot of aspects are not sufficiently studied. In recent
years, attention has been drawn to experiments on
aquatic organisms for the toxicological assessment
of this physical factor [23, 24]. Currently, much
attention is paid to risk assessments and biological
effects of electromagnetic radiation in biota. Daphnia
are one of the most used test objects when studying
the influence of external environmental factors
on aquatic organisms, especially in toxicological
studies.

We have studied the effect of electromagnetic
radiation from cell phone on the course of germina-
tion of Siberian spruce’s seeds and the growth dy-
namics of seeds’ seedlings in the laboratory condi-
tions. For the test version, the cell phone Samsung
S3 (SAR 0.34) was used as a permanent source of
radiation. as a result of the conducted research, the
effect of the stimulating effect of the electromag-
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netic radiation of a mobile phone on the growth
of seedlings of Siberian spruce has been reliably
established [25].

In this work, the aim of this research was to
study the effect of electromagnetic radiation of cell
phones Samsung Galaxy J7 and Vivo V20 on the
amount of Daphnia magna.

Materials and methods

It is advisable to study the effect of ultra-
low doses of various substances on biological
objects using a test object such as daphnia. The
experiments were carried out on crustaceans of
the species Daphnia magna. The crustaceans of
the species Daphnia magna are larger and their
use in toxicological experiments is preferable. The
indicators of the life activity of crustaceans, which
include mortality, fertility, and the anomalies in the
offspring, have great importance for researchers.
Experiments with daphnia must be carried out in a
room free of chemical volatile substances.

In the experiments it was used crustaceans
Daphnia magna grown at a laboratory under
standard conditions. 200 ml of non-chlorinated
water was poured separately in 3 beakers with a
capacity of 500 ml. From the start of the experiment,
4 specimens of a mature daphnia species were placed

Table 1 — The scheme of the experiments

in each container at a temperature of 21+2°C. Each
beaker was placed in a separate room, where they
were influenced by cell phones. Irradiation with cell
phones was carried out from the upper side of the
experimental glasses with crustaceans. Cell phones
Samsung Galaxy J7 and Vivo V20 were used as a
radiation source.

The experiment took 21 days. From day 3, the
results were recorded. In addition, on the day of the
tests, the aquatic organisms were fed with cultures
of 2 ml of green algae (Chlorella sp).

In the experiment, to identify the effects of
radiation, observations were made over the control
group, as well as under the influence of Samsung
Galaxy J7 and Vivo V20 cell phones. 4 large
individuals were seated in 3 glasses: the control
group was not irradiated, while the second group was
irradiated with a Samsung Galaxy J7 cell phone, and
the third group was irradiated with Vivo V20 (table
1). During the experiment, the control group did
not receive any dose of electromagnetic radiation,
the second group was exposed to the ringing of a
Samsung Galaxy J7 cell phone for 10 minutes, every
10 minutes; the third group consisted of daphnia,
which were exposed to the ringing of the Vivo V20
cell phone for 10 minutes, every 10 minutes. The
total irradiation time of crustaceans was 3 hours in a
silent mode [26].

Groups Control group Under the irradiation of Under the irradiation of Vivo
Samsung Galaxy J7 V20
Number of experiments 3 3 3
Number of Daphnia magna 4 4 4
Duration, hours 3 hours 3 hours 3 hours
Exposure 10 minutes 10 minutes 10 minutes
Break 10 minutes 10 minutes 10 minutes
Mode silent silent silent

Results and Discussion

The results of the survey revealed that under the
conditions of this experiment, changes in growth
occurred in all groups. During the work, it was found
that when exposed to electromagnetic radiation from
cell phones Samsung Galaxy J7 and Vivo V20, the
development of daphnia does not result in a decrease
in their survival.

The experiment showed that large crustaceans,
compared with the control group, demonstrated
changes in the abundance on the 15th day after
exposure to the Vivo V20 phone, and on the 17th
day after irradiation with the Samsung Galaxy
J7 phone, the difference of a delay of 2 days
did not affect the total amount on the 21st day.
Thus, during the study, the following values were
obtained (Fig. 1).
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Figure 1 — Change in the number of large individuals of Daphnia magna after irradiation
with Samsung Galaxy J7 and Vivo V20 phones

The observed values are changes in the growth
of daphnia. At the beginning of the experiment, large
crustaceans remained in number, but on the 15th
day under the influence of the Vivo V20 cell phone
there was an increase. The same happened on the
17th day under the influence of the Samsung Galaxy
J7 phone. This indicates that electromagnetic fields
contribute to a change in the population of aquatic
organisms.

Further in the work, the changes in number of
young daphnia exposed to electromagnetic radiation
were investigated. Irradiation of young crustaceans
under the conditions of this experiment has little
effect on their amount: the decrease in growth is
higher when exposed to the Samsung Galaxy J7
phone from the control level, and when irradiated
with the Vivo V20 model, the decrease was even
less. Data on the effect of irradiation on the fertility
of daphnia during 21 days of observation is presented
in Fig. 2.

The experiment revealed that exposure to the
Samsung Galaxy J7 phone resulted in decrease of
33% on the 3rd day, and 41.2% on the 21st day;
while a significant decrease of 63% occurred on the
13th day. Also, the crustaceans exposed to the Vivo
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V20 showed decrease of 66.7% on the 3rd day, and
29.5% on the 21st day. It was also noted that under
the influence of the Samsung Galaxy J7, the number
of young crustaceans decreased more than in the
control group and the group exposed to the Vivo
V20 model.

In the course of the experiment, it was
established that the irradiation of the Samsung
Galaxy J7 cell phone led to the growth of daphnia
on days 2-21, while the irradiation of the Vivo
V20 phone resulted in higher growth of daphnia,
but both groups showed less growth than the
control one. The amount of growth of 2-7 days
old crustaceans was 8 under the influence of the
Samsung Galaxy J7, while this value in the Vivo
V20 group was 6.64. On days 8-13, the amount of
growth was 16.3 in the Samsung Galaxy J7 group,
and with the Vivo V20 phone, this figure was 8.97.
The group of 14-21 days old crustaceans showed
the amount of growth of 26.75 under the influence
of the Samsung Galaxy J7. In the same age group,
the amount of growth was 0.84 under the influence
of Vivo V20. A more detailed consideration of the
dynamics of the number of young crustaceans is
given in table 2.
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Figure 2 — Growth of young Daphnia magna under the influence
of Samsung Galaxy J7 and Vivo V20 cell phones

Table 2 — The amount of Daphnia magna in an EMF study exposed to Samsung Galaxy J7 and Vivo V20 cell phones

Age of the irradiated Control group Under the influence of Under the influence of Vivo
crustaceans Samsung Galaxy J7 V20
1 day old 4+0,01 440,03 440,05
2-7 days old 19,3+0,035 11,33+0,14* 12,66+0,348*
8-13 days old 41,3+0,14 25+0,408* 32,33+0,125%*
14-21 days old 54,5+0,192 27,75+0,603** 53,66+0,553
Note — * — p< 0,05; ** —p< 0,01; *** — p< 0,001 compared with control species

The results show that electromagnetic radiation
has an impact on daphnia abundance, with the Vivo
V20 having a higher impact on daphnia growth
than the Samsung Galaxy J7. The results of the
study showed that the irradiation of cell phones
provided the reliable data on its effect on the number
of crustaceans Daphnia magna. The only minor
exception was the group that was exposed to the
Vivo V20 phone on days 14-21.

Conclusion

The  literature  references  show  that
electromagnetic radiation is manifested when
certain parameters of radiation and the physiological
state of living objects coincide, which determines
its sensitivity to the action of radiation. Thus,

according to the above changes, it can be noted
that the results of the experiment with daphnia
do not allow us to assert the negative effect of
electromagnetic radiation, since under the influence
of the Samsung Galaxy J7 and Vivo V20 phones,
the growth of daphnia occurred. Based on the results
of the growth dynamics of aquatic organisms for 21
days, the influence of the cell phones frequencies
on the growth rates of aquatic organisms can be
clearly established. All 3 variants demonstrated the
increase in the number of crustaceans. However,
when exposed to the Samsung Galaxy J7, the
number of daphnia was lower. In general, the
experiment indicates that one cannot but take into
account the effect of electromagnetic radiation on
the development of daphnia, as this poses a threat to
aquatic organisms.
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AAMATbI OBABICbIHbIH, ATPOBMOCTAHLIMSA XXAFAAUBIHAA
OCIPIATEH LINARIA VULGARIS MILL ASPIAIK ©CIMAITIHIH,
OUTOXUMUSAADIK K¥PAM EPEKLUEAITI

A8PpIAiK ecimaikTep epTe 3amaHHaH 6epi XaAblK, MEAMLMHACBIHAA KEHiHEH KOAAaHbIAFaH. Kasipri
yakbITTa OYA 6CIMAIKTEP AEHCaAyAbIK, CaKTay >XoHe hapMaleBTMKa CaAacCbiHbIH, MaHbI3AbI KypamAac
GeAiriHe amHaAAbl. ABPIAIK KacreTTepi 6ap eciMAiIK TypAepiHiH Ker O60AybliHA GaiAaHbICTbI Kenbip
eALEPAE ABCTYPAI MEAMUMHAHbIH KeHiHeH Aamybl Garkasabl. KasakcraH Aaopachl Aa KAMMATTbIK,
>KaHe reorpamaAbIK epeKkLeAiriHe Kapai FbIAbIMU-TIPAKTUKAAbIK, MaHbI3bl 6ap ABPIAIK 6CIMAIK TypiHe
6ait. ConapabiH, 6ipi, CabbIHKEKTEP TYKbIMAACbIHA >KaTaTblH LUMMAAbIK, KACMETIMEH epeKLIEAEHEeTIH,
XaAblK, eMiHAe >aHe papmaueBTMKa CaAaCblHAAFbl CMHTETMKAABIK, ASPIAEPAIH LIMKI3aTbl peTiHAe
namaaAaHaTbIH KaAiMri cusikek (Linaria vulgaris Mill) ecimairi. Kasakcranaa Linaria vulgaris Mill agpiaik
OCIMAITI FbIAbIMM TYPFblAQH TOAbIK 3epTTeAmereH. COHABIKTaH, AAMaTbl OOAbICbIHbIH, arpoOMOCTaHLMS
KaraambiHaa ecipiareH Linaria vulgaris Mill agpiAik eciMAiri 3epTTey HbiCaHbl PETIHAE aAblHbIM,
PUTOXMMUSIABIK, epeKLLeAIriHe TaAAdy >KacaAbiHAbl. OCbl 3epTTey HOTMXKECIHAE arpoOMOCTaHLMS
KaraambiHaa Linaria vulgaris Mill ecimairiHiH, TipLWiAik Kyii TOAbIK, reHepauMsIAbIK, KE3eHHEH OTeTiHi
JKOHE XMMMUSIADIK, KYPaMbIHAQ aMMH KbILLKbIAAAD, DAQBOHOMATAP, TEPI MAETiLL 3aTTap >KaHe KemMipcyAap
CbIHAbI BMOAOIMSIABIK aKTUBTI 3KCTPAKTMBTI 3aTTapAbiH, 6ap ekeHi aHbiKTaAAbl. Bya maaimertep Li-
naria vulgaris Mill eciMairiHiH 60TaHMKaABIK CMMaTTaMaCblH TOAbIKTbIPbIM, OHbl UHTPOAYKLMSIAQY SKSHE
LUIMKI3aTTbIK, KOPbIH KEHENTYAE, MEAMLIMHA, COHbIMEH KOCa (DapMaLleBTMKa CAaAaAapbIHAQ >KaH-KaKTbl
nanAaAaHyAa MaHbi3Abl OOAbIM CaHAAAAbI.

Ty#in ce3aep: Linaria vulgaris Mill, keaiMri cnsikek, akcTpakT, ABPIAIK ecimaikTep.
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'Al-Farabi Kazakh National University, Kazakhstan, Almaty
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Characteristics of phytochemical composition of Linaria vulgaris Mill
medicinal plant grown in agrobiostation of Almaty region

Medicinal plants have been widely used in folk medicine since ancient times. Today, medicinal
plants have become an important component of healthcare and pharmaceuticals. Due to a large number
of species of plants with medicinal properties, in some countries, there is a wide development of tradi-
tional medicine. The flora of Kazakhstan is also rich in species of medicinal plants that have scientific
and practical value depending on its climatic and geographical features. One of them, Common toadflax
(Linaria vulgaris Mill), a plant belonging to the genus Toadflax, is used in folk medicine and as a raw ma-
terial for synthetic drugs in the pharmaceutical industry. However, no full research has been conducted
in Kazakhstan on the medicinal plant Linaria vulgaris Mill. Therefore, the analysis of phytochemical
features of the medicinal plant Linaria vulgaris Mill grown in the conditions of agrobiostation in the Al-
maty region was carried out. As a result of this study, it was determined that the chemical composition
of Linaria vulgaris Mill contains biologically active extractives: amino acids, flavonoids, tannins, and
carbohydrates. These data complement the botanical characteristics of this plant and are important for
its introduction and expansion of raw materials, and its comprehensive use in medicine, as well as in the
pharmaceutical industry.

Key words: Linaria vulgaris Mill, Common Toadflax, extract, medicinal plant.
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Xapakrepucruka (oMTOXMMHUYECKOr0 COCTaBa A€KAaPCTBEHHOIO pacTeHus
Linaria vulgaris Mill,
BbIPALLLMBAEMOr0 B arpo6MoCcTaHL MM AAMATUHCKON 06AaCTH

AeKapCTBeHHble PACTEHMS LUMPOKO MCTOAb3YIOTCS B HAPOAHOM MEAMLIMHE C APEBHWMX BpPEMEH.
CeroaHst AeKapCTBEHHble PaCTEHNS CTaAM BXKHbIM KOMMOHEHTOM 3APABOOXPAHEHNS U (hapMaLLeBTUKM.
BAaaroaapsi GOAbLIOMY KOAMYECTBY BMAOB pacTeHMil, 06AAAQIOWMX AeuveOHbIMM CBOWMCTBaMM, B
HEKOTOPbIX CTpaHax HABGAIOAQETCS LIMPOKOE Pa3BUTME HAPOAHOM MeAmumHbl. Daopa KasaxcraHa
Takxke 6orata BMAAMM AEKAPCTBEHHbIX PACTEHWI, MMEIOWMX HAYYHOE M MPaKTUYEecKoe 3HaueHue B
3aBMCMMOCTM OT ee KAMMaTo-reorpadmueckmx ocobeHHocTen. K npumepy, AbHSIHKA 0ObIKHOBEHHas
(Linaria vulgaris Mill) — 310 pacTteHue, oTHOCsLLEeCS K POAY AbHSIHKM, MCMOAb3YETCsl U B HapOAHOM
MeAMUMHE, M KaK Cblpbe AAS CMHTETMYECKMX AEKApPCTB B (hapMalleBTUUECKON MPOMBILUIAEHHOCTY.
OAHaKo, MCCAeAOBaHUIM AEKapCTBEHHOrO pacTeHus Linaria vulgaris Mill B KasaxcraHe He NpoBOAMAOCH.
B cBsi3n € 3TMM ObIA MpOBEAEH aHaAM3 (OUTOXMMMYECKMX OCOOEHHOCTEN AEKapCTBEHHOIO pacTeHus
Linaria vulgaris Mill, BbipawmBaemoro B ycAoBuSIX arpobuocTaHummM AAMATMHCKOM ob6AacTu. B
pe3yAbTaTe MPOBEAEHHOr0 MCCAEAOBaHMS YCTAHOBAEHO, UTO B XMMMYECKOM cocTase Linaria vulgaris
Mill npucyTcTBYIOT 6UOAOrMYECKM aKTUBHbIE SKCTPAKTUBHbIE BELLECTBA: aMUMHOKMCAOTbI, (DAQBOHOUARDI,
AYOMAbHbIE BELLLECTBA, YIAEBOAbI. DTU AAHHbIE AOMOAHSIOT GOTAaHMUYECKYIO XapaKTEPUCTUKY 3TOro
pacTeHWs M MMEIOT Ba)KHOE 3HAUYeHWe AAS ero MHTPOAYKLUMW M paclumMpeHusi CbipbeBoi 6asbl,

BCECTOPOHHErO UCMOAb30BaHUS B MEAMLIMHE, @ TakKXKe B (PapMaLEBTUUECKON MPOMbILIAEHHOCTY.
KaoueBble caoBa: Linaria vulgaris Mill, AbHsiHKa 06bIKHOBEHHasl, 3KCTPAKT, AeKapCTBEHHblE

pacTeHus.

Kipicme

MeIHIaFaH KbUIIAp OOWBI agamuap aypyliapbl-
MEH KypecyIe opTYpIIi JoPLTiK OCIMIIKTEPIi OpTYpaIi
Jopexesie maijanansn Keneai. JyHnexys3imik xa-
Oaifpl TaOMFAT KOPBIHBIH JKOHE TaOUFATTBI KOpFay
VHABIMIAPBIHBIH CTAaTHCTHKAIBIK MOJIIMETI OOWBIH-
ia IIMIMAJIbIK KacueTi 0ap Tyl eCIMIIKTep/IiH
50-80 mbIH TYpi Ke3mecemi [1]. An JlyHUexy3imik
JIEHCAYJIBIK CaKTay YUBIMBIHBIH MOJIIMETI OOM-
BIHIIIA JKep OCTIHJEr! XaJIbIKTapblH 85% mopiiik
OCIMJIIKTEp HEri3iHje KacajFaH Iopi-TopMeKTepi
nmainaranansl. by A3us MeMJieKeTTepiHAe, MbI-
canbl Keiraid, Xanonus, YHIICTaH CHSIKTBI €JJIep-
Jie aHblK Oaiikamanel [2]. Jlopinik eciMmikTepiH
Tapaiybl op eNIiH reorpadHusIbIK OpHAIacybl MEH
KIIUMATTBIK SPEKIIEITIriHe Kapal epeKIeIICHe .

EBpasusi kypabirbiHIa oOpHanackaH —Kazak-
CTaHHBIH KeH TeppuTopusackiHaa (2727 MBIH KM?)
MYXUTTaH aJibic OOJiyblHA OallJIaHBICTBI allyaH
TYpAl KIMMATTBIK OKaFdail KajbllTacalubl, Oy
nmauamadTeIH TYPITi O0TyBIHA ocep eTill, OCIMIIKTEp
JKaOBIHBIHBIH TYPJIIK KypaMblH OaiibiTamsl [3].
Kazakcranupiy (hiaopacblHIa >KOFapbl CaThIIAFbI
ocimaikrepmig 6000-ra >KybIK Typi Ke3meceni,
onmapapiH imriHeH 500 Typi Jopimik eciMaikTep
peTinne cunarranas [4]. JlereHMeH, OChI ITUITaIbIK
KacweTi Oap OCIMIIKTEepAiH pPEecMH MEIUIIMHAIA
TeK 50-re KyBIK TYpPl JKOHE XaJIbIK MEIUIIUHACHIH-

na 200-mei Typi FaHa KojjaHbuiaael [S]. XKai-
bl KazakcTaHHBIH Ke3 KeNreH 30HACBIHAH KYHIBI
TOPUTIK ©CIMIIKTEP T Ke3ACCTipyTe 00IahI.
XaJblK MEIMIIMHA CaJIachl IOPUIIK OCIMIIKTEep i
AHBIKTAY/IBIH KOHE OJIapJ(bl CHUIIATTAyJIbIH HETi3Ti
ke3i OompIm TabbuTanbl. OCBIHAAN XaBIK apachlH-
Jla IIUTANIBIK KACUETIMEH €PEKIICICHETIH OCIMJIIK-
TepliH Oip Typi, SKCTPaKTBIH J>KOHE BETETATHBTI
MYIIENIepiH MEIWIINHAAa acka3aH IIMeK aypylia-
pBIHA, 1IITI, HECENTi, ©T alIalTBhIH IOpl PETiHJIe
napananatei  Linaria  vulgaris Mill  ecimmiri
[6, 7]. Linaria vulgaris Mill mopinik ecimairi xa-
ObIK TyKbIMIbLIAp Oeiimi (Magnoliophyta), xoc
xapHakTbuiap knacel (Dicomyledoneae), actpa
TOpi3Iizep Kiacce TapMmarbl (Asteridae), caOBTHKOK
ryaaep kartapel (Scrophulariales), caObIHKOKTEp
TYKbIMaACH (Scrophulariaceae Juss), Linaria Tybl-
CBIHA JKaTaThIH TYp. Linaria vulgaris Mill ecimairi
OOTaHUKANBIK >KaFbIHAH IKIIIIe TOPI3Ji TaMBIPbI
0ap KOIDKBUIIBIK, KOCKBIHBICTBI, KOC >KapHAKTHI
eciMaik peTinae cumarranansl. CabakTapsel TY3y,
JKarbIparbl JIAHIIET HEMece Tacma MmimiHal 0o-
JBII KeNedi, TyJd KyJTeci capbl TYCTi, OHWIKTIri
30-70 cm. Tipmriytik opTacel opTypli, HETi3iHEH
KYMJIBI JlaNiajia, KyMJIaK JKepje, OpMaH JKarachlH/a,
Kaparaiiabpl OpMaHJa, MIAJFBIHJBI, TAaCThl Taylap
OaypalipiHza, ©3¢H aHFapiapbiHaa ecexdi [8]. Jynune
XKY3iHIE ociMIIKTIH Oy Typi Peceiinin eBpomanbik
Oemnirinne, 6ateic ci0ipiHae, KUBIP LIBIFBICTA, YKpa-
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nHa, benapyc TeppuropusiapeiHIa KEH TapaliFaH
[9]. An Kazakcranna Linaria vulgaris Mill ecimairin
ToOwin, Ecin e3ennepinin OobibiHga, Cemeid,
KekmerayaplH Kaparailnel opMaHbIHAa, Kacmmii
oMmareiana, AkTeoe, Topraii, CapblapKaHBIH OATHIC
Oemirinae, ¥Yneitay, Kapkapainel, 3aiican, bankar,
Anaxen, Aunraii, TapOararaii, Xonrap, Kernes,
Tepickeli Amnaraysiama, Conrycrik Kazakcran
ayMmarblHaH Ke3jectipyre 6onaast [10, 11].

Linaria  vulgaris  Mill  emumik  ecimumik
peTiHIe XaJbIKTap apachlHIA EXKENIeH KeHIHCH
Kosmanbliaabl. OHBI agamjaap Hecel aiiarbil,
TEPIETKINI, IMIEK KypTTapblHA Kapchl JKOHE OT
aljarpImn, imr OKYpri3eTiH Kypan periHme T.0.
Makcartapra maigananraH. OCbhl  ©CIMJIKTIH
TYHJIBIPMAChl acKa3aHHBIH JKYMBICBIH JKaKCapTaJlbl
JKOHE IIeKTepIe, dcipece, METCOPU3M Ke3iHae ras-
JIapJIbl JKOSI/IbI, KAOBIHY MPOIIECTEPIH TOMEHIETE/I
Hemece Tokrataabl [7, 12]. An dapmanentuka
yutie Linaria vulgaris Mill ecimairi CHHTETUKAIIBIK
JIOPINepiH MHUKI3aT Ke31 00kl Tadbuiazbl. OHBIH
(UTOXUMUSITBIK, KypaMbIHa KipeTiH aJKoJohaTap
(meranuH T.0.) KaH KBICBIMBI TOMEHJIETY KacCHETiHE
ue. A G1aBOHOMITAPhI a3bIH-ayJIaK KaH KbICHIM/IbI
JKOFapbUIATa/bl, COHBIMEH Oipre, OWIIIBIK eTTiH
TOHYCBHl MEH JKYPEKTIH J3JEKTp OCICeHIITIKTepiH
JKOFapbllaTa OTBIPBIN Kymieite amangsl [13, 14].
Ocpl eciMIIiK HETi3iHAe allbIHFaH I9PIIiK mpenapar-
Tap KaH KBICBIMBIH )KOHE BIPFaKThI PETTEY, COHBIMEH
Oipre ilIeKTEp/iH TOHYCHIH )K9HE OHBIH TEPHCTAIb-
TUKAChIH KOFapbhUIATy MaKCaThIH/Aa KOJIJAaHBLIA]IbI
[15]. Kazakcran aymarwslHAarel Linaria vulgaris
Mill eciMzirine KaTbICThl FHUIBIMU 3EPTTEYJIED
TOJIBIK KYprizimered. COHIBIKTaH, OyJ1 TYpZi 3epT-
Tey MEJIHWIMHA MEH (papMarieBTHUKa YIIIH MaHBI3]IbI
caHaiajpl.

OcpIFaH AeHiHT1 3epTTey KYMBICHIHAA AJMa-
Tbl OOJIBICBIHBIH arpoOWOCTAaHIUS >KaFdalbIHIa
ecipiired Linaria vulgaris Mill ecimairidix
OHTOMOP(]OreHe3IiK epeKIIeNiKTepiHe 3epTTey
xacanraH [16]. by 3eprreyain makcarsl AiMa-
Thl OOJIBICBIHBIH arpoOMOCTAHIUS JKaFAadbIHIa
ecipinren Linaria vulgaris Mill ecimairinig
(bUTOXUMUANIBIK KypaMblHA Tanjmay jkacay O0o-
JIBIT  TaOBUIABL. 3epTTeylNe aJjblHFaH CaHJBIK
JKOHE camlaiblK MOJIMETTep OChl ©CIMJIIKTiH
OOTaHMKAIBIK CHUIATTAMAChIH TOJBIKTBIPHIT, OHBI
MEIUIIMHAMa, OHBIH imiHAe (apMaieBTHKa ca-
JachIHAA JKAaH-)KAKTHl MaijalaHyFa MYMKIHIIK
Oepeni. CoHpmaii-ak, IOpUTIK OCIMIIKTEPIiH
JKOMBUTYBIHBIH aJJBIH ajy, THIMII TaijgaiaHy
YKOHE KOPBIH CaKTay YIIiH MaHBI3/IBl MOJIIMETTEP i
Oepei.
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3epTTeyaiH MaTepualbl MeH dicTepi

3epmmey uvicamnacvl dcone mamepuanvl. OI-
dapabu ateiHgarel Kazak YITTBIK YHUBEPCHUTETI,
arpoOMoOCTaHIUAIa ayMarblHAa ecipiireH Linaria
vulgaris Mill ecimairi. XuUMHUSIBIK pEaKTUBTEP:
Karaznel xpomarorpadusira apHaifaH epiTKiTep
kyteci:1) Byranon: cipke Kpiukpuisl: ¢y (BCC), 2)
6%-Tik cipke KbIIKbLTBL. Karazaerxpomarorpadusira
apHaNFaH alKpHAareTap: 1) AMOMUHAR XITOPHI
(1%-1i  amOMUHWA  XJIOpUIIHIH  STaHOJIAFbI
epiTiHmici, (dIaBoHOMATAPABl aWKBIHIAY  VIIIH
KOJIaHbIIaabl); 2) Jua3oTTanFad M-HATPOAHUIUH
(A3ITHA); 3) o-tonmyumusH aWkbiHAArbIbl (96%-
nbIK 10 Mi13Tanoaaa 0.4 T cauIini KbIIIKBUIBIH )KOHE
0.5 M o-TonmywamMHII epiTeni, OyJ1 KeMipcyJap/Ibl
alKpIHAYy YIIIH KOJmaHbutael); 4) Hurruapunmi
peakTnB (HUHTHAPWHHIH aIleTOHIAFel  5%-IBIK
EpITIH/ICI, aMUH KbIIIKbUIIAP/Ibl alKbIHIAY YIIiH
KoNJaHbianel); S5) Banwnuiinai peaktuB (Ty3
KBITITKBUTBIHAAFE! | %-IBIK BAHWIMH €PITIHIICI, Tepi
WJICTIII 3aTTap/bl aliKbIHIAY VIIH MaijaiaHblia-
Iiel); 6) AMMuak Oyl ((hIaBOHOMATAP/IBI AWKBIHAAY
ymrin) [17].

Linaria vulgaris Mill eciMiK HIHKI3aThIHBIH
BUIFAJIZIBUIBIFBIH  @HBIKTAY. 1T KENTIpUIreH KoHe
yHTaKTanran Linaria vulgaris Mill OGuomacca-
ceiH 100-105°C temmeparypama apHailbl KenTipy
KYpallbIHJa TYPaKThl CaJIMaKKa MKETKeHre JIeHiH

KYpPFaTbUIIbI, albIHFaH MACCaHBIH BUIFAJJIbIFbI
TeMeHIeri (hopMyIta OOMBIHIIIA aHBIKTAJIIBI:
A—B)x100
X = L . (1)
A

A — anpiarad Linaria vulgaris Mill mukizat
cajMarsl (T);

B — kenripinreHHen keiinri Linaria vulgaris
Mill canmarst (T).

Linaria vulgaris Mill KxypaMBIHIAFBI dKCTpPaK-
THUBTI 3aTTapjblH MeJjuiepin Oaramay. 0.2 T
yHTaKranrad Linaria vulgaris Mill mmukizaTtst 50 M
kobamarer 30 M 80% cMpT epiTiHICiHE CaTBIHBII
caJIMarbl OJIIIIeHE/ Tl )KoHe OeJIMe TeMIIepaTypachIHia
O0ip carat caxranaapl. KeliHHEH SKCTPaKTHI €Ki
caraT OOWBI apHAMBI 3epTXaHAIBIK CY MOHIITACHIH/IA
xKail KpI3abipapl. CyBITBUIFAH EPITIHAIHIH ay3blH
JKaybIn canMarbiH enmeiini. XKoranran canmaxk 80%
CITUPT EPITIHAICIMEH TOJBIKTHIPEUIILI. AJBIHFAH
EpITIH/IIHI )KaKChI apaIacThIPBIIT KaFra3 CY3T1 apKbLIbI
50 mut kombara Kysiiel. 15 Mit cy3inreH epitinaineH
Kyprak dapdop yamkara Kydeim, Linaria vul-
garis Mill epiTiHaici 3epTXaHalBIK Cy MOHIIaIaA
OymaHeIpbUIbl.  AnbiHFaH  Kaigelk  100-105°C
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TYPaKThl Maccara JIeiiH KypraTeuiaabl. Linaria vul-
garis Mill KypaMbIHIAFBI SKCTPAKTUBTI 3aTTapABIH

NabI3ABIK  KypamMbl TeMeHJeri  (opmynameH
eCenTeIHIl:
_ M3x200x100
T Mox100-W) )
Myx{100-W)

M, —Linaria vulgaris Mill IMKi3aTTHIH caMarbl
(r);

M, — Linaria vulgaris Mill xyprak 3aTbIHbIH
cajMarsl (T);

W — Linaria vulgaris Mill muki3atbiH KenTipy
Ke3iHeri xoranrad Macca (%).

Linaria vulgaris Mill ecimaix mmki3aTsl Kypa-
MBIHJIaFbl aMUH KBIIIKbULIAPBIH (HPOTOMETPHUSIIBIK
oaic apkbuIbl capanTay. KanuOpmi rpaduk TYprezy
VIIIiH CTAaHIAPT PETiHIEe AMUH KBIIIKBLUTBIHBIH KacaH-
JIbI KOCTIAChl KOJIIAHBUIABI. OCIMIIK KYPaMbIH/AFbI
aMUH  KBIIKBUIIAPBIH  aHBIKTayFa HUHTHIPUH
peakTHUBl MaigamaHbUIARl: 4 T HUHTHIAPUH, 150 Mt
nuokcan, 50 mut aneratr 0ydepi (pH=5.0) >xone 76
MT KaJIalbl XJIOPHUII.

Linaria vulgaris Mill ecimuirigig 1 r mmki3aTTs
(HaKTBUTBI MOJIIIE OJIIIeMi) anbIHbI, 20 Mi cyaa 24
caraTka Kauaelpbiiaabl. COCBIH ©CIMIIIK AKCTPAKTI
cysimin, 10 My HUHTHAPUH peakTrBi 10 M ociMIiK
9KCTpakTiHe KochuThil, 80-85 °C  3epTxaHaibIK
CyJIbI MOHIIIACBIHAA 15 MHHYT KbI3ABIPBUIIBI KOHE
CybIThUIIBL. KelliHHeH peakuusIblK Kocmaaad 2 Ml
epiTiH/Ii ANBIHBII, CyMeH 50 MII-Te AeiiH CYHBITHUIIBI.
AnpiaFaH epiTiHaiHiH TIFbIBABIFE DOK-Te 540 HM
ne emmreHai. AOcomoTTi Kyprak Linaria vulgaris
Mill muKi3aTTarsl aMUH KBIIKBUIBIHBIH TANBI3IBIK
KypaMbIH ToMeHeri (hopMyia OOHBIHIIIA €CeTTeI/Ii:

_ CxB0<Z5x100 3
Vxi0=W ( )

W — Linaria vulgaris Mill mmKi3aTTeIH caMarbl
(r);

C — peakIusuTbIK KOCIAHBIH OITHKAIBIK ThI-
FBI3IBIFBL;

V —anwiarad Linaria vulgaris Mill sxcTpakTinig
KeJsieMi (Mir).

Linaria vulgaris Mill eciMIiK TIHMKi3aTTBIH
KypaMblHaH KOMIpCyJIap/ibl CaHJBIK aHBIKTay.
KanuOp:i rpaduk TYpreI3y YLIIH cTaHIApT peTiHIe
OipHerre KeMipCylapAblH CTaHAAPTTHl KACAHIBI
KOCIIAChl KOJMIAHBUIABL. 2 T YHTaKTainraH Linaria
vulgaris Mill ecimaik mukizartst 100 Mt koOara ca-
JbIHbIN, oFaH 70-80 MuT BICTBIK CY KYUBLIBINT | carat
0oiibl KalHATBUINBL. EpITIHAI CYBITBUIBIN YCTiHE
5 vt 10% KoprachlH aleTar epiTiHaici KOCBUIA b
KoHe KeseMi cymeH 100 mur-re meiiiH keTKisinmemi
JKOHE aJblHFaH epiTinai cysineni. Ocbl KocmajgaHn

10 ma ameim, 100 mMa 3TaHONIMEH ULEHTpUdYyTaiay
apKBUTBI TYHIORIPEUTAEL. [laiina 6onran TyHOa 25 M
cyMmeH epitiiai. Ochkl 3KCTPAKTTaH | MIT aNblll, OFaH
1 M 5%-1b1 peHon xoHe 5 MIT KOHIIEHTPIIl KYKIpT
KBIIIKBUIBl KOCBUIBII TOJIBIK apajiacThIpblibin 490
HM OITUKAJIBIK ThIFbI3/IBIFbI AHBIKTAJIBI. AJI, CAJIbIC-
TeIpMaJIbl epiTiHai peringe 1 mu cnuptie 1 Mt 5%-
II6I (DEHOIT YKOHE S5 MJI KOHIICHTPITI KYKIiPT KBIITKBITBI
naiinananeuiael.  Linaria vulgaris Mill  eciMuik
IIUKI3aTTBIH KYpPaMblHAH KOMIPCYJap/bl CaHJIBIK
aHBIKTAy TOMEHJIET1 (popMyTaMeH ecenTeii:

Dx25x100
490x1x2x(100—W)

4

D — skcTpakTTan HBIKTaNaTiH Linaria vulgaris
Mill eciMaiK IMIMKI3ATTBIH 3aTThIH ONTHKAIBIK
TBHIFBI3/IBIFBI,

490 — TONKBIH Y3BIHABIFBL,

W —Linaria vulgaris Mill eciMlik MUKi3aThIHBIH
(PUTFANIIBLTBIFBI) JKOFATY Maccachl.

Linaria vulgaris Mill mmkizar KypaMbHaH
WICHTIII 3aTTapjbl [EePMaHTaHATTHl TOCIIMEH
aHbIKTay. YHTakranraH Linaria vulgaris Mill
OCIMJIIK MIMKI3aThIHBIH 2 T Meumepi 125 wn
KOHYCTHIK KOJI0aFra CaJIbIHBIN, YCTIHE KaiiHaraH
90 °C cyman 65 M Kocamsl Ja, Kepi TOHA3BITKBIII
kemeriMeH 30 MuH. OOWBI 3epTXaHAIBIK Cy MOH-
macklHIa Ke3ABIPEULAbL. COCBIH, ajbIHFaH epITiH/I
cybIThUThIT 200-250 MIT KOHYCTBIK KOJIOara MakTa
apKbLUIBI CY31TiN KyHbUI1a1b1. OChI TalibIH €PITIHIIICH
62 M anbim, 125 mi ¢y, 6.25 M UHIUTOKBIIIKBLIBI
KOCBIIFaH Koj0ara KYHBUIAJbI, OChl KOCIIAHBI Ka-
i miepMaHraHatel epitingicimed (0.02 moub/i)
TUTpIICHAl (capbl-)Kacbul TYC Talga OoJFaHIIa).
Baxpinay peringe ansiaFaH ToKipuOeae 1 mur kamwid
NepMaHraHaThl ePITIHIICIHE TAHHUHTE eCelTereH e
0.004157 Tepi unerinr 3aTTap THICTI KeIeIi.

Linaria vulgaris Mill eciMaik MUKi3aTbIHBIH
KYpaMbIHIAFbl ~ WJICHTIII  3aTTapAblH  MeJepi
TeMeHier1 hopmysa OOMBIHIIA ecenTemIi:

V-V x0.004157 625100100

X =
M=625x{100—W)

)

V, — Kypambiuna Linaria vulgaris Mill ecimoix
HIMKi3aThl 0ap epiTiHAiIHI TUTPJEYTre KeTKeH KalInui
nepMaHranatsl epitinaicinin (0.02 Mosb/i1) KexeMi
(mim);

V, — Gaxpuiay TOKIpHOECIHIE TUTPIIEYTE HKyM-
cairad kanmuii nepmanraHatbiHbH (0.02 MOIB/m)
KeJeMi (M1);

M — 3eprreyre anbiafan Linaria vulgaris Mill
IIUKi3aT Maccackl (T);

W — Linaria vulgaris Mill mki3aTeiH KeNTipy
Ke3iHeri xoranrad Macca (%).
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Kgepuerun OoiibiHina Linaria vulgaris Mill
OCIMIIK KypaMBIHIAFbl (IIABOHOUATAPIBIH CAHIIBIK
MOJIIEepiH aHblKTay. | T yHTakrairaH Linaria
vulgaris Mill muxkizatts 1% HCI 6ap 30 mut 90%-161
CyJIBI CIUPT epiTiHaicine cambraabl (150 M konda
Kos11aHbL1Ibl). COChIH Kepi TOHA3BITKBIIIKA KOCHIII,
30 MUH. 3epTXaHAJIBIK CyJIbI MOHIIACHIH/IA KOJ0a
KaifHaThUIIBL. CyBITBUIFAHHAH KEHiH AKCTPAKT Karas
cy3ri apkpuibl 100 M1 kosibara KyiHbLIaibl, KajaFaH
Oexiri 90% cnuprneH Oenrire AeiiH KeTKi3inenmi
(A epitingici). A epiTiHmiciHeH 2 MJI aNbIHBII, 25
MJI KoJibara KYs/Ibl )KoHe oFaH 95%-IbIK crimpTTeri
QTIOMUHMNA  XJOpUIiHIH 1%-IBIK  epiTiHAiciHeH
1 M xocampl, Kanran Oediri cmupriieH 20 mir-re
JKETKI3eMi3. AJIBIHFaH EepPITIHIIHIH ONTHUKAJIBIK
THIFBI3ABIFBIH 430 HM J1e aHbIKTaIaa6l. AOCOIIOTTI
Kyprak Linaria vulgaris Mill eciMaik mMKi3aTTarsl
(raBoHOMITApABIH MeJIIepi ToMeHIeri Gopmyia
ApKBLUIBI €CETITEHIi:

Dx2ox 100100

X = . 6
T64.6x2 M= (100—W) (6)
D - njalieilHmanFaH epiTIHOIHIH ONTHKAIBIK
TBIFBI3BIFEI;
M - amemwrad  Linaria  vulgaris  Mill

ITUKI3aTBIHBIH CaJIMAFEI (T);

W — Linaria vulgaris Mill muKi3aTeiH KeNTipy
Ke3injeri xoranran macca (%).

764,6 — 430 HM TOJKbIH Y3BIHJBIFbIH/IA aJIO-
MUHUN  XJIOPHJIIHIH KAThICYbIHAAFbl KBEPIETHH
KELICHIHIH KYTBhLTY MOHI.

3epTTey HITHIKeIEPi )KIHE TAJIKbLIAY

ATpOOMOCTaHIIMSITBIK ~ JKaFgaiima  ecipiireH
Linaria vulgaris Mill ecimairinig Ouomaccachl
xuHanael. Kasipri yakpITTarbl JICHCAYIBIK CaKTay
cajachIHIAFbl MOJIIMETKE CYHeHcek, (papMarieBThKa
callachlHJIa CHHTETUKAIBIK Hopitepaid 80% mbiry
Teri eciMaikTepaeH anbiHaabl [2]. by mmukizaTka
acipece, T9piITiK OCIMAIKTEpre CYPaHBICTHIH apTYhI-
Ha, OHTPOQAreHJiK, TEXHOTCHIIK (aKTOpIapIbIH
TaOWFaTKa 3USHIBl OCEPiHIH KYIICIOIHE OKEIIi.
CTaTHCTHUKAIIBIK MOJIIMETTEpre CYMEHCEK, oJeMIe
TabuFu  JOpUTiK  ecimaikTepain imiHge 15000-
Fa JKYBIK TYPiHE >KOWBUITY Kaymi TOHIN Typ *XoHE
OJIap/IbIH Kabalbl pecypcTapsiHbIH 20% amam norry-
JISIIHASICHI MEH OCIMIIKTEP/Ii TYTHIHYIBIH OCyiHe Oali-
JIAHBICTBI Ka31p/IiH e3iH/1e soraibin 0apassr [1]. by
Kayin oHJaraH Kputaap 00iisl Oenrisi OoiFaHbIMEH,
IYHUE OKY3iHAE TYPJIEPHIiH JKbUIAM IKOFaIybl
JKOHE TIPIILUTIK €Ty OPTACBIHBIH >KOUBLTYBI, TOPITIK
OCIMJIIKTEepIiIH JKOMBUTY KayIliH apTTBIpIABL. by
ajlaM3aT aJJIbIHIArel ©3eKTi MaceneHiH Oipi. Kazip
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naijanbel ©CIMIIKTEP/IiH KOPBIH CaKTal KalyJlbIH
OPTYpPJIi mIapayapel KapacTeIpbliafpl. OmapIIbIH
0ipi — eciMIIKTEP 1 arpOOHOCTAHIIUSIIBIK YKaFai1a
ecipy apKbUIbI TYPJIEp/Ii cakTan Kainybl. COHIBIKTaH,
arpoONOCTaHIMSUTBIK KaFaanarel Linaria Vulgaris
Mill popinik eciMIiriHiH epeKIIeNiria 3epTTey 00ii-
BIHIIA aJIbIHFaH MOIIMETTEp, O©CIMAIKTEpIi Kopray
CaNachIHIAFbl JKYMBICTApFa ©3 VIECIH KOCYBI
MYMKIiH.

JKyprizinreH ®yMBICTBIH HOTWXKECiHIE, Linaria
Vulgaris Mill ecimuirin 6akpuIay OHBIH TIPIILTITI
OCKIHMIK (p), FOBEHWIbAIK (j), HMMATYPJIBIK
(im), »xac BereraTtuBTiK (V), TCHEPATHBTIK (g)
TIpIIUTIK KYHJIEpACH OTETiHI JKOHE OHBIH 0opi Oip
BereTalMAIbIK KE3EH 1€ OTETIHI allKbIH1anAbl. AJlaii-
na, Linaria Vulgaris Mill KeImKbIIIBIK ©CIMIIK 00JI-
ca J1a, KeJieci JKbIIBIHIA OJI TOJIBIK OChI BET € TAIlHSIITBIK
¢dazanpl  KadTasan  ecemi.  DUTOXUMUSIIBIK
Oaranayra TeHEpaTHBTIK TipLIUIK Kyire (g) xer-
KeH ocCIMIiK mainanansiael. byn Linaria Vulgaris
Mill eciMIIKTIH BEreTaTUBTI MYILIEICPIHIH TOJIBIK
JlaMbIll, cabak BEreTaTWBTI MYyIIEIEpiHAC KaHama
cabakTapel OoNMaIIbl Tapamaaybl Mmaijga OOJIbI.
CalarplHIa KE3eKTEeCIll OpHAIACKAH CBHI3BIKTHI-
JAHIIETTI  JKalbIpaKTapbl TOJBIK  KAJBIITACTHI.
CabakTtan 6-7 cabak OyTaKTaJIbIII, OJIapIbIH OpTaIia
ouikriri 15-40 cm Gopl, Kirmine Topi3zi Oip TaMbIp
10-16 cm, an exiHmI PeTTiK >KaHaMa TaMbIpJIapbl
4-5 cm-re Tepermeni. ['yin Kayamarsl Y3bIH, DIITUTIC
MIIHAL, KYATEeHIH eKi epHi Oip-OipiHe oTe jKaKbIH,
JKeMici — Kopariia, TYKbIMIapbl OpTachbiHaa OOJIIbL.
[inme aifbIHBIH COHBIHAH TaMbI3 albIHBIH OacblHA
JIeHIH TYJIJICH I, TaMbl3 albIHBIH COHbI KbIPKYHEK
albIHBIH OachiHma jkemic Oepemi. |'eHepaTHBTIK
Tipmriik kyii 40-50 kyHre co3putas (1-cyper).

Ocvl  monvlK  6ecemayusivl — Ke3eHHeH
emxen Linaria Vulgaris Mill ecimairi sxunai-
IIbI JKOHE KYHHIH TIKeJNed TYCyiHeH KOpFraiFaH
20-25  TemmepaTypajblK ~ OpbIHIA  KeNTipiii
JKOHE BUIFAJIJIBIFBl aHBIKTANIBL. Linaria vulgaris
Mill mMKIi3aTTBIH BUIFAIALUIBIFEI, OJ ©CIMIIKTIH
MaccCachIHBbIH TYPaKThl Maccara JCHiH KeNTipreHie
aHBIKTANIATBIH, TYPAaKChI3 3aTTap ocepiHeH 0o0-
JATBIH MaccaHbIH e3repyiH Oimmipemi [18]. Ocwr
HIMKI3aTThIH bUFIIBLIBIFBL 7,19+2,1% Gomabl. by
Ka0iMel cusakex eCIMAITiHIH KypaMmbIHJa TYPaKChI3
3aTTapAbIH MOJIIEPiHIH 0ap eKeHIH KOPCETE i,

DKCTpaKTUBTI 3aTTap — OCIMAIK OOBEKTiIEpiH
CyMeH HeMmece Oenriii Oip epiTKiTepMeH SKCTpak-
[UsTay apKbUTBl AIIBIHATBIH TOMEH MOJIEKYJIAJIbI
OpraHMKAJIbIK 3aTTap. OJKCTPaKIUsUIAHFaH 3aTTap
OCIMJIIIK KYpaMBIHJAFbl OCJICeH/I OWOJIOTHSIIBIK
3aTTapAbplH  MOJIIepiH Kepcerenmi. by 3arrap
OpTYpJIl OpPraHUKaJbIK KOCBUIBICTAP OOJyBl KOHE



H. A6xomna xoue T.0.

epiTkimrepre OaiaHBICTBI ©3repyi MYMKiH. Al
Linaria vulgaris Mill mmki3aTbIHBIH KYPaMbIHIAFbI
9KCTPAKTHUBTI 3aTTap bl aHBIKTAY Ke3iHae 80% 3Tui
CHMPTI MaijaiaHblUIAbl, Oy Ken KOJAaHbUIATHIH
epitkimrepaiy Oipi. 3epTTey HoTIXKeciHne Linaria
vulgaris Mill eciMJiK HIMKI3aTTaFbl YKCTPAKTUBTI
3artapabiH - memmepi  15,3+3,2%  OoJsiaThIHBI
QHBIKTAJIIBI.

1-cypert — Linaria vulgaris Mill eciMairidin reHepaTuBTiK
TIPIILTIK KYHi

Linaria vulgaris Mill eciMiik MUKi3aThIHIA
aMUH KBIIKbLIIAPIHBIH 0aphl CaIlaIbIK aHBIKTAJIJIbL.
KonmiMri cHsiKeK WIMKI3aThIHBIH KYPaMbIHAFbI
aMUH KBIIKBIIIAPBIH aHBIKTAYy YIIiH 0i3 3epTTey-
re ajJiaM OpPraHW3Mi YIIIH MaHbI3JbUIBIFBI KOFaphI
OipHelle aMUH KBILBLIAP TYPIHE Tajjay Kacai-
nel. bynm ymie mwkizaterbH 50% CymibI-cimpT
9KCTPAKTHI JIAlbIHIAIBI, OHBI Oip JKYHeIi Karasbl
xpomatorpadusira aMUH KbIIIKbUIIAPBIHBIH CTaH-
JAPTTHI METYMKTEPIMEH KaTap TaMbI3aMbI3 14, Xpo-
matorpadusasl BCC xyliecine KOWBII, SKCTPAKTBIH
xpomartorpadgusi OOMBIMEH KOTEpiTyiH KyTeMis,
COCBIH XpOMATOTpaUSIHBI aNBI KENTipeMi3 e,
HUHTUJIPUHHIH aleTOHAaFbl 5%-BIK epITIH/ICIH
ceyin, 70-80 °C-Ta KbI3OBIPABIK, COM KE37E XPO-
MaTorpadusga amMuH KBIIIKBUIAAPBIHBIH KYJTiH
TycTepi naitna 6omaasl (2-cypeT), COCBIH AKCTPaKT-

Ta MIBIKKaH aMUH KBILKBUIIAPBIHBIH R MoHmepin
ecenTenik, naiaa 6osrran rycrep MeH R, Moniepinen
KaHJall aMUH KBIIIKbUIBI eKeHl Oosmkanel (1-kec-
T€). AHBIKTIFaH aprHHUH, METHOHHH, TJIOTaMHUH,
BaJIMH, ANAaHWH, JICHIIMH aMHH KBIIIKbUIIAPBI Op-
raHu3MJIe MaHbI3/Ibl (QYHKUIUSHBI aTKapasl. by
Linaria vulgaris Mill ecimuiriHig mopimik cuma-
TBIH TOJNBIKTBIPA Tycelll. AMHH KbIIIKBUIIAPHI
TIPIIUTIK YIIIH MaHBI3JBl CHHTE3 3aTTaphl, oJap
OCIMJIIKTEp 1iH OapJIbIK MyIIIEeIepiHIe Ke3aece/Ii, Ke3
KEJNTeH OMOJIOTHSIIBIK MOJIEKYJIAaHBIH iprelti HeTi3iH
KYpalThIH KapanaiblM OpPraHUKaJIbIK KOCBUIBICTAp
JKOHE OJlap OpPTaHWU3M METa0OJU3MIHIH KaJIbIIThI
OTYiHIH MaHBI3IbI KYPBUTBIMIBIK 06JIiT1 O0IBIT TaObI-
nanel. AlaM eHCAYIIBIFBI YIITH aMUHKBIIIKBUTIAPBI
KaHa JKacyllalapAsl KypyFa »KoHE 3aKbIMJIaJIFaH
yiIrmanap/s! KaJblHA KeNTipyTe, OYJIIIBIK eTTep MEeH
HIEMIPIIEK KAHKAChIH HbIFANTYFa KaXKeTTI KYPbUIbIC
MaTtepuanbl 0ombn TaObutanel. Onap coHmai-ak
JICHCAYJIBIKTBl HBIFANTyFa, TOPMOHAAPJBIH, AHTH
JICHENepIiH KoHe (epMeHTTepHIiH OHIipiciHe
BIKITaN eteni [19].

Linaria vulgaris Mill eciMaix mmMKi3aThIHIA
IIII0K03a Oapbl aHbIKTAABL. Linaria vulgaris Mill
LIMKI3aTbIHBIH ~ KYpPaMbIHIAFbl — KeMipCyJap/sl
aHBIKTAy YIIiH OCIMIIK MHUKi3aTeHBIH 50% CyIbl-
CIIHPT SKCTPAKTIH aJbll, OHBI Oip Kyien Kara3bl
XpoMatorpadusira KeMipcylapAblH CTaHAapTThI
METUUKTEPIMEH KaTap TaMbI3aMbI3 Ja, XpOMAaTo-
rpadusabel BCC xkylieciHe KOWBIN, 3KCTPAKTTHIH
xpomatorpadusi 00MbBIMEH KOTepiTyiH KyTeMi3, co-
CBIH XpoMaTorpadusHbI ajJblll KenTipemi3 ae, Oy
XpoMaTtorpammansl o-moayudur (0.4 T canuuun
KBIIKBLIBI MeH 0.5 MII O-TONYWAMHHIH 96%-1bIK
10 M >TaHONAAFBI €PITIHAICI) aKBIHIAFBIIIBIMEH
eHzern, kenripim, 5 MuHyT 105° Temneparypa-
Ja KbI3ABIpajabl, CON Ke3zle Xpomartorpadusiia
KOMIpCyIapAblH op Typii Tycrepi maiima Ooma-
nel. IbIKKaH TycTep OeNriii cTaHAapTThl KOMIpCY
YJIrisiepiMeH cabICThIPY apKbUIbI aHBIKTANIBI (3-Cy-
PET), COChIH JKCTPAKTTa MIBIKKAH KOMIpCYIapAblH
R, Momznepin ecentenmik, maijga OonFaH TycTep
MeH R, MoHzepiHe coliKeC WIMKi3aT KypaMbIHZIAQ
TEeK TIIOKO3a Oap eKeHi alKpHAanAsl (2-Kecte).
Kemipcymnap ecimiaikTepie €H KeIl TapajifaH 3aT-
tap. Onap (GoTOCHHTE3NIH HEri3ri eHiMAepl KoHe
TBHIHBIC ATYIBIH HETI3r cyOcTpaThl OOJBIN TaOblIa-
nel. Onap tambIpiapia, TYHHEeKTep/e, TYKbIMaapaa
KOl MeINIepAe IKUHANBIN, KEWiH KOPEKTIK
3aTTap peTiHAe MalJanaHeUiaAbl.  AJaMHBIH
TaMaKTaHYbIHIa KeMipcyJap/biH peJi 30p. Onap eH
KOJDKETIM/I1 SHEPTETHKAIIBIK MaTepHaIIIbl OUTAIpe/i,
SIFHU KAJIOPUSJIAP]IbIH HeTi3Ti Ke3i.
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2-cyper — Linaria vulgaris Mill eciMIiK MINKI3aThIHAAFBl AMHH KBIIIKBUTIAD
Gip xyiteni Kara3sl XpoMaTorpaduscht

1-xecre — Linaria vulgaris Mill muki3aTTa aHbIKTallFaH aMHMH KBIIIKBLIAAPABIH R MoHIEp

8-OcimIiK MIMKi3aThIHAAFbI AMUH
Yori Crangapr aMuH KbIIKBULAAP, R, KBIKELTAD, R,
AMWH KBIIIKBLIBI
6-ApruHuH 0,29 0,3
1-Meruonua 0,34 0,36
4-I'moramMuH 0,41 0,41
9-Banmu 0,50 0,49
3-Cepun 0,37 0,35
5-Jletinuna 0,61 0,60

3-cyper — Linaria vulgaris Mill eciMaik muKi3aTbIHIAFBI KOMipCYIapIbIH
Oip Kyifeni Kara3Isl XpoMaTorpaduscel

76



H. A6xomna xoue T.0.

2-kecte — Linaria vulgaris Mill mmkizaTTa aHbIKTaaral keMipcynapabH R Monzepi

Yori Cranpmapr kemipcymnap, R, 6-OciMJliK MIMKi3aTBIH/IAFBl KOMipeynap, R,
Kewmipcynap
1-Caxopo3a 0,23 -
2-Apabunosa 0,35 -
4-Kcunoza 0,37 -
5-MankTo3a 0,26 -
7-T'moko3a 0,28 0,29
8-Jlakro3a 0,21 -
9-PamHo3a 0,43 -
Linaria vulgaris Mill eciMuik mmKi3aTeiHIA  OEIOKTapABIH (YHKIIMOHANIBIK ~ TONTapbIMEH

wieHrimr 3arrap Oap. Linaria vulgaris Mill
HIMKI3aThIHBIH KYpPaMbIHAAFbl WJICHTIII 3aTTap/bl
aHBIKTAY YIUiH ©CIMIIK MHUKi3aThIHBIH 50% cyibl-
CIHUPT DKCTPAKThIHAH | MJI ChIHAYBIKKA KYWBII,
yctire 0,5 M1 TY3 KbIIIKbUIBIHAAFBI 1%-1bIK BaHU-
JIUH epiTiHAICIH KyIFaH/a Kapa KoK Tyc maiaa 0oJ-
Jibl, 013 Oy/1aH KOHJICHCUPJICHIECH Tepl WJIETiI 3aT-
Tap Oap exeHi Ooymkanel (4-CypeT), YHTaKTalFaH
HIMKI3aTThIH KypaMblHAarbl OHbIH Menmepi 0,5%
KYpaHTBIHBI IEPMAHTaHATThl TOCIIMEH aHBIKTAJI/IBL.

Ocimaik  Taburatel  monudenonasl  Ooa-
THIH, WJIETIl KacheTi Oap OpraHUKalbIK 3aTTap-
naH Typaabl. [IpakTHUKaNbBIK TYpFBIIAH KaparaHja
0apJbIK 6CIMIIKTEp KypaMbIHJIA THPOJIU3/ICHETIH,
KOHJICHCAIMSIIAHFAH ~HEMece apajiac  MJICHTIII
3arrap Ooiajpl. Onap TaHUHIEDP JIEN Te AaTablIl,
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4-cypert — Linaria vulgaris Mill eciMaik TINKi3aThIHIAFbI
WJICHTIIT 3aTTap/IbIH CAIAIBIK aHAJH31

KYIITI XUMHSIIBIK OaiiaHbIc Ty3e anaTbiH (heHOI-
JIbl KOCBUIBICTAp TOOBI, METUIIMHAAA TYTKBIP 3aTTap
peTtinae Kommanputa st [20].

ArpoOMOCTaHIIUSJIBIK ~ JKaFjaijaa  ecipiireH
Linaria vulgaris Mill ecimuirinig Kypambiaa ¢ua-
BoHoWATap Oap. KomiMmri CHSKeK MIMKi3aThIHBIH
KYpaMBbIH/IaFbl (raBoOHOHUITAP/IBI aHBIKTAY
YIIiH eciMIiK muMKi3aTeiHbIH 50% cynbl-ciupt
OKCTPAKTIHEH 5 MII CHIHAYJIBIK KYpalblHA KYHBIM,
YCTiHE 3 MJT aTFOMUHUHN XJIOPUIiHIH 96% dTaHON 1aFbI
ATIOMHHANA  XJOpUAiHIH  1%-JbIK  epiTiHAiCiH
KYyHFaH[a capbl TYC maiaa 60el, 0i3 OynaH ¢aBo-
HoujTap Oap ekeHiH Oine anambi3 (5-cypet). CoHbI-
MEH KaTap YHTaKTaJFaH MIMKi3aTThIH KypambIHIA
onbIH Meumepi 1,06% kypaiirbiabl KBepuerun 0oii-
BIHIIIA AHBIKTAIIBI.

5-cypert — Linaria vulgaris Mill eciMaiik MIAKi3aThIHIAFBI
(hraBoHOMITAPIBIH aHATH31
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draBoHOMATAP OCIMIIKTEP/IIH OPTYpIl MYIIe-

JepiHAe  Ke3meceTiH, (CHOMABIK  KYPBUIBIMBI
e3repMeni  OonmaThlH  OCIMIIKTIH  KaiTtamama
MeTaOOJNIUTTEPiHIH KIAchlHA JKaTaThlH TaOWFH

OHIMACPIIH MaHBI3ABI KJIaChl OOJBIT TaOBLIAIbI.
Kazipri yakpitTa QuaBoHOMATAp OPTYpJi Taram-
IBIK, (DapMaleBTUKAIBIK JKOHE KOCMETHUKAIBIK
KOJIJAHbICTapJia TaNThIPMac KOMIIOHEHT pEeTiHjIe
KapacThIpbUIa b, by onapablH aHTHOKCHAAHTTHIK,
KaObIHYyFa KapChl, aHTUMYTareHIiK )KOHE aHTHKaH-
LIEPOTEeH/IIK KAaCHEeTTepiHe JKOHE OJapiblH >Kacy-
abIK (EPMEHTTEPIH HETI3rl KbI3METIH MOIYJIs-
nusiay  KaOureriHe — OainmaHpIcThl.  OnapnbiH
OCIMIIIKTEp IiH KypaMbIH/Ia OOIYBI, OJIap bl KaTepi
icik, AnblreiimMep aypysl (AJl), aTepockiiepos KoHe
T.0. CHSAKTBI OpTYpii aypyjapMeH OaiIaHBICThI
oOp TYpJi KOJIAWIBI OMOXHMMISUIBIK >KOHE aHTHOK-
CUJIAHTTBIK acepiiepi Oap MOTCHIMAIIbI MpernapaT-
Tap peTiHje naiaananyra MyMKiHIiK Oepeni [21].

KopbIThIHABI

AnMaTel  OOJIBICBIHBIH  arpOOMOCTaHITUSIIBIK
KaraaiblHaa ecipuiren Linaria  vulgaris Mill
©CIMAITHIH XUMHSITBIK KYPaMbIHAaF bl OMOJIOT USUTBIK
aKTHBTI 3aTTapIblH MOJIICPIH CAHIBIK KOHE
canaJblK TaJiay Ke3iHe SKCTPAKTUBTI 3aTTap IbIH —
15,3%, amun xprmkpuiaap — 1,37%, dbaaBonounrap

— 1,06%, Tepi mnerim 3artap — 0,5%, kemipcynap,
OHBIH 1miHAe riaoko3anblH 0,29 % OonaThIHBI
aHBIKTABI. Byl anblHFaH MoyliMeTTep, OyFaH
NIeliH oneduerTep/e cunaTtanran Linaria vulgaris
Mill eciMairiHiH (GUTOXUMHUSIIBIK EPEKIIeIiriHe
HETi3IHEeH CcolKec Keyedi. 3epTTey IKYMBICBIHBIH
HOTIXeNepi enimizzeri eceTin Linaria vulgaris Mill
OoCIMIITIHIH OOTAaHHUKAIIBIK JKOHE (HUTOXUMUSIIBIK
CUMATTAMAaChlH  TOJNBIKTBIPBIN, OYJ  ©CIMIIKTI
KOpFay, JXEpCIHIIpy MeEH IMKI3aTThIK 0a3achiH
KeHelTysle o3 yieciH Kocanbl. COHBIMEH Kartap,
MaHbI3/Ibl  OWOJIOTHSUIBIK ~ OCJICEHI  3aTTap.IbIH
OCIMJIIK KYpaMbIHJa aHBIKTATybl, OHbI PECMHU Me-
JMIIMHA MeH (hapMaIieBTHKa cajachlH/Ia KOJIAHbLTY
MYMKIHITIH KeHEHTeIl.

Mynjaesep KaKThIFbICHI
Bapnbik aBTOpiap Makaia MOTIHIMEH TaHBIC

YKOHE oJ1apia MyAJIEEp KAKThIFbICHIHBIH KOKTBIFbIH
pacraiizbl.

Kapxblianabipy
Kympeic Kaszakcran PecnyOnukacel  binim
’KOHE FBUIBIM MUHHCTPIIT  KapsKbUIaHABIPATHIH

OR11465447 reubiMu 3epTTey Oarmapiamachl as-
CBIHAA XKYPri3inmi.
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CHUPEK, ASPIAIK ADONIS TIANSCHANICA (ADOLF) LIPSCH. TYPIHIH,
TAPAAY AUMATBIHAATDBI TABUTU-KAUMATTDBIK XKATFAAUADIH,
O3IEPICTEPIHE MOHUTOPUHT

Makanaaa cupek, aspiaik Adonis tianschanica Lipsch (Adolf). TypiHiH TapaAraH anmakTapbiHAAFbI
KAMMAaTTbIK, e3repictepAai reoaknapattblk, kyneaep (FAX) 8AiCiHIH KeMeriMeH MOHUTOPUHT
KyprisiareH. Typ TapaaraH anmMakrap: nonyaaums 1 — Keren acybl, nonyasiums 2 — XKoHrap AAaTaybl
(Texkeni), nonyasiuma 3 — Tepickeir AaaTaybl. Makaraaa KAMMATTbI CUMATTANTBIH 19 TypAi MeAiMeTTep
6asacbl KapacTbipbiAFaH XKaHe 6apAblK AepekKopAap 6asacbiHa CiATeMe OGepiAreH.

AepekkopAaap 6asacbiHblH, ekeyiH caabicTbipy ywiH CHELSA 2.1 (CA) men WorldClim v1, v2
(WC) TaHaan aAblHAbL. AepekTep 6asacbiHblH CMMaTTamMacbiHAQ KEHICTIKTIK aknapart (AepeKkTepAi
PYKCaTTbIAbIFbl MEH KEHICTIKTIK MacluTabbl), Ke3eHAep (KaMTbIAATbIH KE3EHAEP MEH AEPEKTEP XKMIAITI),
Herisri MaHbI3Abl KAMMATTbIK, aKnapaTTap (Temneparypa, »ayblH-LALlblH) ecenke aAblHAbL. AepekTep
>KMbIHTbIFbI aliAap OOMbIHLLIA KOA >KETIMATI BOAFAaHAQ, CaAbICTbIPY YLIIH y3aK, MepP3iMAI opTalla MaHAEP
ecenTteAai (1980-1999, 2000-2018 »ok.). KapTanap caHblH a3alTy YWiH TeK >XbIAAbIK, MBHAEP
CaAbICTbIPbIAADI.

OprTalla aya TeMrepaTypachl >K8HEe >KayblH-LUaLLbIHHbIH, TYCY MOALLEPi GOMbIHLLA OCbl KE3EHAEPAEH
(1980-1999, 2000-2018 >>K.) 2 MaAiMeTTep Hasa GoibiHIA 16 KapTa KYpPbIAAbI, OAAPAQ KEATIPIAreH
MOAIMETTEP CaAbICTbIPbIAAbI X8He 6ara 6epirai. Aya Temnepartypachbl 60MbiHILIA — opTawa >XeHe
opTalla MakCMMaAAbl, aiblpMalLbIAbIKTAPABIH, MalbI3AbIK, KOPCETKILLTEPi, MaKCUMaAAbl, MUHUMaAAbI
TemMnepaTtypasap >arnAbl aknapartap 6epiaai. XKayblH-walibiH MeAlwepi 6ombiHwa 1980-1999, 2000-
2018 »>K. apaAbIFbIHAAFbl — OpTaLLa >KayblH-LIALLbIHHBIH, TYCY MOALLEPIHIH MBHAEPI KEATIPIAAIL.

MyHAQ CaAbICTbIPY AEPEKKOPAbBI TEKCEPY EMEC eKEHIH aiTa KeTyimi3 kepek. IKcrnepTTik Giaimre
CoMKec TMICTI yAecTipiMi 6ap aiHbIMAaAbIAAPAbI FaHa CaAbICTbIPbIM, YCbIHA aAaMbl3 XXeHe BackarapaaH
aNTapAbIKTan epekleAeHeTiH MBAIMETTep GasacbiHaH ayAak, 60Aa aAaMbi3 (MbICaAbl, TEMMEpaTypa YLLiH
WorldClim v2).

Tyiin ce3aep: Adonis tianschanica Lipsch (Adolf), aHaem, nonyasums, kanmat, XKoHrFap AAaTaybl,
Tepickein Aaataybl, TemrepaTypa, >KayblH-LUALbIH.
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Monitoring of natural and climate changes in the distribution area
of the rare medicinal species Adonis Tianschanica Lipsch (Adolf)

The article monitors climatic changes in the distribution zones of the rare, medicinal species Adonis
tianschanica Lipsch using the GIS method. Distribution areas of the species: population 1 — Kegen Pass,
population 2 — Dzungarian Alatau (Tekeli), population 3 — Terskei Alatau. The article discusses 19 dif-
ferent databases describing the climate, and provides a link to all databases.

To compare the two databases, CHELSEA 2.1 (CA) and WorldClim v1, v2 (WC) were selected. The
description of the database took into account spatial resolution (data tolerance and spatial scale), periods
(covered periods and frequency of data), the main important climatic information (temperature, precipi-
tation). When the data set was available by month, long-term averages were calculated for comparison
(1980-1999, 2000-2018). To reduce the number of maps, only annual values were compared.

According to the average temperature and the amount of precipitation for these periods (1980-1999,
2000-2018), 16 maps were compiled for 2 databases in which the data were compared and evaluated.
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According to the air temperature — the average and maximum average, information is given about the
percentage of differences, maximum, minimum temperatures. According to the amount of precipitation
1980-1999, 2000-2018, information on precipitation on average for the period is provided.

We have to say that such a comparison is not a database check. According to expert knowledge,
we can compare and represent only variables with the appropriate distribution and avoid databases that
differ significantly from others (for example, WorldClim v2 for temperature).

Key words: Adonis tianschanica Lipsch (Adolf), endem, population, climate, Dzungarian Alatau,
Terskey Alatau, temperature, precipitation.
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MOHUTOPUHI KAMMAaTHYECKMX U3MEHEHUIi B apeaAe PacrnpoCTpaHeHus
peAkoro AekapctBeHHoro Buaa Adonis Tianschanica Lipsch (Adolf)

B cTaTbe npoBeAEH MOHUTOPUHI KAMMATUUYECKMX M3MEHEHMIA B 30HAX PACNpPOCTPAHEHNSI PEAKOTO
AekapcTBeHHoro Buaa Adonis tianschanica Lipsch ¢ nomouibio metoaa F'MC. Apeaabl pacnpocTpaHeHms
BMAQ: nonyadaums 1 — nepesBan KereH, nonyagumsa 2 — A>kyHrapckuii Aaatay (Tekeam), nonyasums 3
— Tepcken Aaartay. B crtatbe paccmoTtpenbl 19 pasAmuHbix 0a3 AaHHbIX, OMMCbIBAIOLLIMX KAMMAT, M
NpUBEAEHa CCbIAKA Ha BCe 6asbl AQHHbIX.

AAsl cpaBHeHMs ABYX 6a3 AaHHbIX BbiGpaHbl CHELSA 2.1 (CA) u WorldClim v1, v2 (WC). B onucanun
6asbl AQHHbBIX YUYMTbIBAAMCb MPOCTPAHCTBEHHOE paspelieHre (AOMYCTMMOCTb M MPOCTPAHCTBEHHDIN
mMaclutab AaHHbIX), MEPUMOAbl (OXBaTbiBaeMble MEPUOAbI M 4acTOTa AAHHbIX), OCHOBHast Ba)kHas
KAMMaTMyeckass nHgopmaumst (temneparypa, ocaaku). Koraa Habop AaHHbIX 6bIA AOCTYMEH MO
MECSILLAM, AAS CPaBHEHMS ObIAM pacCuMTaHbl AOAFOCPOYUHbIE CpeAHMe 3HauveHust (1980-1999, 2000-
2018 rr.). AAS yMeHbLUEeHNS KOAMYECTBa KapT CPaBHMBAAMCb TOAbKO FOAOBbIE 3HAYEHMS.

Mo cpeaHel Temnepatype BO3AyXa M KOAMUYECTBY BbIMAAEHUS OCAAKOB 3a 3T nepuoabl (1980-
1999, 2000-2018 rr.) cocTaBA€HO 16 KapT no 2 6a3am AaHHbIX, B KOTOPbIX CPABHUBAAUCH U OLIEHMBAAMUCH
npurBeAeHHbIe AaHHble. [1o TeMnepaType BO3AyXa — CPEAHSIS M MaKCMMAAbHAs CPEAHSIS, AQHbl CBEAEHUS
O NPOLEHTaxX pa3AMUMii, MaKCMMAAbHBIX, MMHUMAAbHbIX TemnepaTypax. 1o koanuecTBy ocaakoB 1980-
1999, 2000-2018 rr. npuBeAeHa MHOPMALMS O BbIMAAEHUM OCAAKOB B CPEAHEM 3a MEPUOA.

Mbl  AOAXKHBI CKasaTb, UTO TaKOE CpaBHEHME He SBASETCS MPOBEPKOM 0asbl AaHHbIX. B
COOTBETCTBMM C 3KCMEPTHBIMU 3HAHWSAMM Mbl MOXXEM CPABHMBATb U NMPEACTABASITH TOAbKO NMEpPEMeHHbIe
C COOTBETCTBYIOLLMM PacrpeAeAeHnem u n3beratb 6a3 AaHHbIX, KOTOPbIE 3HAYMTEABHO OTAMYAIOTCS OT

Apyrux (Hanpumep, WorldClim v2 aas temnepatypbi).
KatoueBbie croBa: Adonis tianschanica Lipsch (Adolf), nonyasums, kaumar, AskyHrapckuii AaaTay,

Tepcker AaaTay, TemrepaTtypa, OCaAKM.

Kipicne

CoHFBl  yakbITTa 9JE€M >KYPTIIBUIBIFBIHBIH
IKOXYHeIep MEH OJIApABIH KeKe KOMIIOHCHTTEPIiHIH
KIIMMATTBIH ©3repyiHe PeaklUsIChIH 3epTTeyre Je-
ICH KbI3BIFYIIBUIBIFBl JKE€P IIAPBIHBIH KONTEreH
aiiMaxTapbIH/1a OOJIBII KATKaH KBUIBIHY/IBIH Calla-
PBIH Oaraay >koHe OChI IPOIIECTEP/IiH KAIFACybIMEH
ouocdepamarbl MYMKiH OOJaThIH e3repicTepliH
FaslaMIBIK MOJIENTIH Kacay KaKeTTLTIr Tyy/a.

Tay oskoxyienepi OprTanblk A3HUSAAFEl KITU-
MaTThl peTTeyJie MaHbI3[bl Peil arKapalbl. OTKEeH
FaceIp/la KIMMATTBIH ©3Tepyi OCHI JIKOXKyHenepre
afTapibIKTail acep €TTi, OV TEK TayJbl Kepiepe
HEMece OJapIblH JKaHBIHIA TYpPaTbIH ajaMaapra
FaHa eMecC, COHBIMEH Oipre OYKiT aiiMakka acep
eremi [1].
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buix Taynel aiimMakTapAbpIH ASKOXKyienepi MeH
KaybIMIACTBIKTaphl KJIMMATTBIH ©3repyiHe eTe
ce3iMTal, eHUTKEeHI oJap SKCTPEeMajibl KIMMATThIK
KOHE TONBIpAK-Kep OKargailblHAa ecemdi, ai
TEPMUSUIBIK TPaTUCHTTEP MEH OJIapMEH aHBIKTaJIFaH
OCIMJIIK aliMaKTapbIHBIH IIeKapaiapbl Oip-OipiHeH
©Te KbICKa KAIIBIKTHIKTA OpHaiacKaH. COHIBIKTaH
temneparypanbl 3°C-Ka KeTepilnyl KIMMAaTTBIK
LIeKapagapAblH  JKY3IEreH MeTpre KeTepilyiHe
oKeyl MYMKiH, OyJI )KeKe ociMIIKTep OenaeyaepiHin
opTama €HiHEH achlll TYcedl »oHEe OuoTamarbl
MaHbI3/bl ©3repiCTepi aHBIKTaMIbl, Oy KeNTereH
Taymbpl TYPJAEPIiH, ocipece amaca TaylapIblH
HIBIHJIAPBIMEH HICKTENTeH JKOXKYHeTIepAiH >KOUBI-
JyBIHA OKeIyl MyMKiH [2].

Conrycrik Tsaup-1llans — Ketmenray, Ine Ana-
taybl, Kynreii Amnatay, Tepickedl AnaTaybIHBIH



K.K. Kymeimber xone T.0.

conryctik Oerkeinepi, Tamac Anaraysl MeH
Kapatayzapl KaMTUTBIH YIKEH Tay xydeci. Kynrei
AnartaysiabiH Ka3zakcTanFa OHBIH IIBIFBIC OOJIITHIH
CONTYCTIK OeTKeiepi raHa kipeni. JKoTanslH opTa-
ma OumikTiri TeHi3 aeHredinen 3500 M-meH acnaii-
Il JKOHE TeK jkekenereH mbrHmap 4500 M xoHe
OJIaH KOFapbIFa, ajl €H TeMeHTi Hykrenepi 1600 m
OMIKTIKKE KETEI.

KnumaTTeiK sxarmaiiapra aOCOJIIOTTI OHMIKTIK,
9KCTIO3UIMSL KOHE OeTKeinepaiHn Kenbdeyl yJKeH
ocep eredi. AyaHbIH OpTalla XbUIABIK TEMIIEpa-
Typacel 5-6°C; miingeneri opramia Temieparypa
+15°C; KbICKBI Ke3eH e opTaiia Temmneparypa -5°C-
Ke TeH [3].

Kynreii men Tepickeit AnaraybiHia Keiine Ta-
MBI3JIa Kap JKayblIll, KATTBl CybITanbl. TinTi MamMbIp-
MayChIM aimapbiHaa Aa as3 kui 0onaapl. Harbi3 ka3
nriyeae raHa keneni. Kern sxaybIH-IIAIIBIH MaMbIp
alpIHA TYCEeI.

lite AnataybIHBIH CONTYCTIK O€TKeHiHIe TimTi
KbIC aflJIapbIHBIH ©31H/I€ KbUIbI KYHIEP KU1 00JIa b,
Kynniz xap epuni, TyHAE IIAIMIBIKTapAbl My3 0a-
CBITT KaJabl. Aya-pailbIHBIH MYHIIAll KYpT ©3repyi
Tay KbIHBICBIHA JIECTPYKTHUBTI 9cep eTeIi.

’ )
¥aelHaraw |

~ .‘Tag‘p,pu{o'puﬂ'

“Tekeni
. Capel@sex

..LI.IEJ'IBK @ Wokwmesl

Xonrap AjarayblHBIH COJTYCTIK MakpoOer-
KeWep bUIFajibl CONTYCTIK-OaThICTarbl aya arbIM-
Japbl YIIiH aliblK JKOHE CKPUHUHITIK TOCKAyBUI
ocepiH aTkapajbl, COHABIKTAH BUIFaIJIbl KIUMAT-
IIEH epeKIIeiIeHeal (KayblH-IIalIbIHHBIH, JKbUIIBIK
meutepi — 400-500 mm) [4-5].

PenbedTiH, KIMMATTBIH, aHAJBIK >KBIHBICTAP-
IIBIH YKOHE TOTBIPAKTHIH airyaH Typaaitiri ConTycTik
Tsap-11lanp eciMaiKTepiH/E YIIKEH O3reprillTiK Ty-
asipaznsl. 3eprreyurinep JI. I'pubanos, U. Jlaros [6]
Conrycrik Tsab-111aHb ociMaiKTEpiHIH OipeTeHITiTiH
atarm oTTi. ABTOpiIap MyHJIall epeKIIeNiKTi Mal
JKarOMeH, OpMaH epTTEepIMEH KoHE Kap KOUIKiHIHIH
OpeKeTiMEeH TYCIHIipesIi.

3epTTey MaTepHaJaapbl MeH dicTepi

3epTTey HbICaHBl peTiHue A. tianschanica
TYPiIHIH TONYJAIUSIIAPBIHIAFBl  KIUMATTHIK

e3repicTep amblHABI. AJIMAaThl OOJBICH OOWBIH-
ma 3 momyasSIuschl aHBIKTAIAbl: KereH acysl
(momynsiums 1), Tekeni, Xonrap Anarays! (mo-
nynsius 2), Tepickeit Anaray (momynsamus 3)
(1-cyper).

.. Nanynad) il’l:t 2

Haprent
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@ Yori opeiHaapel

v = Temip #o0n AMHWANEPLI
Monynauyua 1
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1-cypet — Anmartsl 06abIchIHAaFEl Adonis tianschanica Lipsch (Adolf).
TYPIHIH 3epTTENreH ailMaKTapbl
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Cupexk, nopinik Adonis tianschanica (adolf) Lipsch. TypiniH Tapaiy aiMarbIHAAFbl TAOUFHU-KIMMATTHIK XKaFJalIbIH ...

A. tianschanica TypiHiH Tapainy adMarblH-
narbel COHFBI 40 XKb1garsl KIUMATTBIK JKaF 1aibl
MEH ©3repicTepiHe TreoaKlapaTThiK XKyHelep
(CAX) onmiciH KoJiiaHA OTBIPHIII MOHHTOPUHT
KYPTrizimi.

Frutbimu oiebuerTepieri 3epTreyiep i KojigaHa
OTBIPHII, 0i3 asieMTiK MacinTadTa Ko xxerimMai ['AXK
JMEPEKKOPJIAPBIH TYTCHIEIIK JKOHE oOJlap opTypdi
KpUTepuiiepre coiikec OarajaH/Ibl:

1) KosgaHpicTarbl — KIUMATTBIK — TapaMeT-
paep; 2) KeHiCTIKTiK pyKCaTTBUIBIFEI (resolution);
3) Kesenmep. byn wmomiMmertep Oa3achiHaa Ka-
YBIH-IIAIIBIH, OpTallla TeMIepaTypa MXoHE Kap,
BUIFAIIZBUTBIK  CEKUII  KJIIMMATTBIK —TapaMeTpiiep
0osybl kepek. JKorapbl KEHICTIKTIK PYKCATTBUIBIK
0i3re HAKThI aKIapar Oepe/ii, COHBIKTaH aiiMaKThIK
KCHICTIKTIK ©3repicTepi CHUIIATTAaHTBIH aKmapaTThl
taOy ere MaHbI3Abl. bi3 Tapnanran maaimerTep Oa-
3aChIH 25 KM-Te JIeliH KeHICTIKTIK pYKCATThUIBIKIICH
meKkTenik. MyHIarel MaKCcaThIMbI3, KEHICTIKTIK
PYKCATTBUIBIKTBIH JIQJJIIT  KAHIIAJIBIKTBl TOMEH
Oosca (KM), OHIAFbl JAEPEKTEpIiH Iypbic 0oy
BIKTUMAJIABUTBIFBI apTalbl.

Bizgi  y3ak yakbIT OOWBI  aiJIBIK  YaKbIT
AyKbIMBIHJIA KOJI JKETIMI MOJIMETTEP YKUBIHTHIFBI
KBI3BIKTBIP/IBI. BapIibIK OCBI MOTIMETTED KUBIHTHIFBI

OaramaHjpl, Oipak MYyMKiH OOJFaHbIHIIA, 013
IepeKTep i aliap OOWBIHIIA 13JSTiK.

JlepekTep IKHUBIHTBIFBl aimap OOHMBIHIIA KOJI
JKeTiMII  OONFaH Ke3Jlle, CajbICTBIPY YIIIH Y3aK
Mep3iMi opTarra MoHAepai ecenteaik (1980-1999,
2000-2018 >xk.). Kapranap canblH azaiiTy yIiH TeK
JKBUIIABIK MOHJIEP CaIBICTHIPBUIIIBL.

ArcGIS spatial analyst xypamgapblH KoJigaHa
OTBIPBIN TaHJAI aJbIHFAH KIMMATTBIK MOJIMETTEP
0a3achl KOHE O KEpACH AJMAaThl OOJIBICHIHBIH
TEPPUTOPHSACHIH KHWBIIT Ay, CallBICTBIPY JKOHE
3epTTENIETIH ayMaKThIH KIMMATTBIK e€peKIIeNiKTepi
OaKbUIaHbL.

3epTTey HITHIKeIepi )KIHE 0J1apAbI TANIAY

bi3 xaumaTTel cumaTTadTRIH 19 TYpm Moi-
MetTep 0azachlH KapacTeIpAsIK (1-kecte). 1-kecte-
Je KON KeTiM/I MapaMeTpiepi MeH cinremenepi
Oap MomiMerTep ©Oa3zacel KepceTinreH. Jlepexrep
0a3achIHBIH CHIIATTAMACHIH/IA KEHICTIKTIK aKmapar
(mepeKkTepAiH PYKCATTBUIBIFBI MEH KEHICTIKTIK
MacmTabbl), eprol (KaMTBUIATBIH KE3CHISpP MEH
JIEPEKTEP JKHUUIIri), HEri3ri MaHBI3/Ibl KIMMATTBIK
akmaparrap (memnepamypa, — HCAYbIH-UUAULLIH)
€CeIKE ANTBIH/IBI.

1-kecte — KitmMaTThI KabInTacThIpy KOMIOHEHTTEpl Typassl [AXK MamiMeTTep »KUBIHTEIFHI [7-22]

Kenicrik Kezennep Knumatteik kputepuit
)Ifll/lililiisz‘il Jona. (Macur.| JKeupmap | XKwuinik | Tum TeMnep‘aTypa Ko K SO
max | min | opra

1 | CHELSA2.1 lxm | GL | 1979-2018 | Ait A * * * * (Karger et al. 2017)
2 | CHELSAcruts | 1km | GL | 1901-2016 | Ai A * * * (Karger et al. 2017)
3 | CM SAF 25km | GL | 1983-2005 | Aii A * | (Pfeifroth et al. 2019)
4 | CPC-Global S0km | GL | 1981-2010 | Ky | O * (Xie et al. 2007)
5 |[CRUTSv4.02 |S0km | GL | 1901-2017 | Ai A * * * * (Harris et al. 2014)
6 | ERA-Interim |80 km | GL | 1979-2010 | Ait (0] * * | (Berrisford et al. 2011)
7 | GHCN-M v3  [500xm| GL | 1880-2019 | Ait o * * * * (Lawrimore et al. 2011)
8 | Global-AEZ 50km | GL | 1961-1990 | Ait o * * * * (Fischer and Heilig 1997)
9 | Gl-Aridity/ETO | 1xm | GL | 1970-2000 | A o (Trabucco and Zomer 2018)
10| Gl-Aridity/PET | 1xm | GL | 1950-2000 | A o (Trabucco and Zomer 2018)
11 | Global-SWB Ikm | GL | 1950-2000 | Aii o * (Trabucco and Zomer 2019)
12| GPCC/FD M |25xm | GL | 1891-2016 | Aii (0] * (Rudolf2018)
13 | ISCCP D 30km | GL | 1983-2006 | A A (Schiffer and Rossow 1983)
14 | NCEP/NCAR |210km| GL | 1948-2019 | Kyu | O * * * * (Kalnay et al. 1996)
15| PRECL 50km | GL | 1948-2019 | A# o * (Chen et al. 2002)
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Kenictik Kezennep KnmumarThik kputepuit
Hepekrep o Temneparypa Onebuerrep
JKUBIHTBIFRL | JTomp. (Macmr.| JKeuimap | XKuinik | Tum - KII| K
max | min | opra

16 | TerraClimate 4xm | Gl | 1958-2015 | XKemr | K * * * * (Abatzoglou et al. 2018)
17 | UDEL data 50km | GL | 19002017 | A (¢} * * * * (Menne et al. 2012)
18| WorldClimvl |25xm| GL | 1960-2018 | Aii (¢} * * * * (Hijmans et al. 2005)
19| WorldClimv2 |25xm| GL | 1970-2018 Al (0] * * * * (Fick and Hijmans 2017)

Eckepmy: Nann. — nepexrep panairi; Macur. — macmrad: GL — anempaik macira6, XKeuinap — ko sketimai sxsuiaap; JKuinmik. —

nepekrep xuiniri; Tun: A — 6ip aitnbik gepexrep, O — opraia aepexrep, XK — xbuabik aepextep; JKII — xaypin-mansig; K — kap

AnpikTanran 19 gepexkopnap  0a3achIHBIH
ekeyin canbicTeipy ymin CHELSA 2.1 (CA) men
WorldClimv1,v2 (WC) tanaan anbsiaasl. OHja 6i3re
KXKETTi TapameTpep, KeHICTIKTIK PYKCATThUTBIFBI
(25 xkM-Te Jeliin) )KoHE THICTI Ke3SHIEP KOJI KETIMII
Oonbl.

Anmamer  obnvicor  botibinwa  1980-2018
ACLLIOAPOALHl OpMAWIA ayad MeMNnepamypacbiibly
(topm ) JICHLIObIK, KOpCemKiumepin Canplcmoipy.

Ocbl Ke3eHe KIMMATTbhIH 63repyi Typajibl MaJi-
MeTTep Oazachkl apaceiHgarbl T°C albIpMAaINIbUIBIK-
Tap/pl Oaranay yiiH 8 KapTa Kypbuiasl (2, 3-cyper).

1. WorldClim T °C (1980-1989)
3. WorldClim T °C (1990-1999)

-
Bl -0
B -0-s
[ =s-0
[ e-s
s

I 2. Chelsa v2.1 T°C (1980-1989)
4. Chelsa v2.1 T°C (1990-1999)

--:.IE
| |EIFEE
-
I =-3
[ s-2
B 2-7
-
-

0 175 700 w0

350
1

2-cyper — Anmarsl oOnbickiHAarsl T°C (1980-1999 xok.) opraiiia KbUIIBIK TEMIIEPaTypachiH
WorldClim v2 wone CHELSEA v2.1 nepexrep 6a3acbIMEH CalbICTBIPY
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1. WorldClim T *C (2000-2009)
3. WorldClim T°C (2010-2018)

-
| EIESU
o5
[0
L s
;-0
-

O Yari

* 2 Chelsav2.1 T°C (2000-2009)
4. Chelsa v2.1 T°C (2010-2018)

-
Feo I 13- s

| 3.2

L L 1 1 1 L 1 1 |

3-cypet — Anmarts! o6asiceiHIarsl T°C (2000-2018 xoK.) opTaria KbIIIBIK
temneparypacsid WorldClim v2 xxone CHELSEA v2.1 nepextep 6a3acbIMEH CaBICTBIPY

CHELSA 2.1 1979 xpingan 6actar >KbUT caii-
BIH aiiylap TypaJsbl aklnapaTrka ue >KoHe MaKCHMal-
IIbI, MHHHMAJJBI JKOHE OpTamia TeMIiepaTypara
ne. CHELSA 2.1 wmoanimerrep 0a3achblHBIH
KYpbUIbIMBbIHA OaiinanbicThl 013 1980-2018 xbui-
nap (39 kbt 12 aif O0HMbIHIIA) apaTBIFBIHAAFE OP-
Talra JXpUIABIK TEMIIEpaTypaHbl €CenTey YIIiH 468
KapTa KYKTEIliK.

WorldClim v2 1970 xpuiman 6acram op KbLI
YIIiH aiinap Typalbl aknapaTka he KOHE TeK Mak-
CHUMaJJbl JKOHE MHHHMAIABI TeMIlepaTypara Hue
OOJFaHABIKTaH, 013 MAKCUMAIIBI )KOHE MUHUMAIIIIBI
TeMIIepaTypaHbl eCenTey apKblIbl OpTalla TeMIepa-
TypaHbl aJbIK.

1980-1999 sxone 2000-2018 sxpu1aap apanbFbIH-
JIaFbl OpTallla alJIbIK TeMIIepaTypaHbl eCenTey YIIiH
(1980 -2018) i3 T, sxome T 936 kapra xKyKTey
apkpuIbl ecentenik. HakTeipak, op0ip *Kbuigapaarbl
12 aii OOWBIHIIA MAaKCUMYM JKOHE MHUHUMYM
MOJIIMETTEPI KYKTEIiH/I.

Oprama >koHE oOpTama MaKCUMalabl MoH
apachlHJarbl KaTbIHACTAp 2-KECTEeAe KENTIPUIreH.
Kecreze op0ip 10 sxbuibIKTap OOMBIHINA aya TEMIIC-
patypacbl KapacTeipbutrad. COHbIMEH KaTap, opTaria
MOH MEH OpTallia MaKCHMAJJIbl albIPMAITBUIBIKIICH
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KOCa OJIapABbIH apachIHAAFbl aibIPMAIIBIIBIKTAPIBIH
MaNbI3IBIK KOPCETKIMITEPI JIe KopceTinreH. Makcu-
MaJIJIbl OpTaira MoH — Oy op0Oip 10 xbut itmiHgeT
oprama aya TeMIepaTypachlHbIH MaKCHMAJIIbI
KOpCETKIIIi.

WorldClim v2 nepexrep Oa3acbiHIarel 0i3
amran  1980...2018 ok. OOWBIHINA KIMMATTHIK
KOPCETKIIITep TOMEHE KopceTiireH (4-cyper).

WorldClim nepexrepi OoiibiHina nomyssiuus 1 —
W1, nonynsinust 2 — W2, nonysisitust 3 — W3 peringe
mpreHreH KoHe KBUITapAbIH Aa 0acTalKkel caH-
Japbl FaHa KepcerinreH, mbicanel: W1-80-World-
Clim 1980-1989 k., 19)1 OCBI peTiieH OacKaiapsl
na opHanacteipbuirad. Keren acysl 6oiibiama (W1)
aya TeMIepaTypachlHbIH JKBUIBIHYBI ~KOpiHEI.
Haxkreipak, Keren acys! Ootibiama 1980-2018 sxok.
apaJpIfbIHa oOpTalla aya TeMIepaTypachIHbIH
+1,1°C neitin ketepinyi Oaiikananpl. /a1 OCHI peT-
men JKomrap Amartaysl (W2) OoilipiHIma ma aya
temneparypacel +0,2°C apTtkaH. Tepickeir Amara-
ye1 (W3) aya temrieparypachkiHblH o3repyi +0,9°C
KepceTe/i.

Maxkcumanael aya TeMmIiepaTypachl OOHbIHIIA,
W1:+10,89°C —+11,73°C, W2: +7,4°C — +8°C, W3:
+7,81°C — +8,66°C neliiH apTKaH.



K.K. Kyieimber xoHe T.0.

2-kecte — 1980-1989, 2000-2009 >xpuinapmarel (oxkachur) xkoHe 1990-1999, 2010-2018 xpunapaarsl (KeK) aepekrep 0Oazanapbl

apacbIHJIarbl aya TEMIIEPATYpPaChIHbIH OpTallia aﬁblpMaHIHJ'ILIKTapLI

JHepexrep Makcumaiisl oprama . AWBIpMAIIBUTBIKTAPIbIH
o OpTaU_Ia aI/ILIpMaH_H)IJ'H)IK " ..
0asacel afBIPMAIIIBUTBIK NalbI3ABIK KOPCETKIILI
1980-1989 1990-1999 1980-1989 1990-1999 1980-1989 1990-1999
1.1,86 1.2,18 1.1,05 1.1,15 1. 44% 1.47%
0, 0
CHELSA a1 2.121 2.1,54 2.0,42 2.0,61 2.65% 2. 60%
3.0,73 3.0,91 3.-0,31 3.-0,06 3.57% 3.93%
1.5,80 1.6,13 1.4,80 1.5,20 1.17% 1.15%
2.2,50 2.2,75 2.2,00 2.1,70 2.20% 2.38%
WorldClim v2 3.2,40 3.2,70 3.1,50 3. 1,80 3.37% 3.33%
2000-2009 2010-2018 2000-2009 2010-2018 2000-2009 2010-2018
1.2,35 1.1,82 1.1,60 1. 1,40 1.32% 1.23%
2.1,30 2.2,13 2.0,85 2.0,89 2.35% 2.58%
CHELSA v2.1 g ; ’ >
v 3.0,77 3.133 3.0,18 3.025 3. 76% 3.81%
1.6,47 1.6,53 1.5,90 1.5,90 1.9% 1.9%
. 2.2,95 2.2,98 2.2,30 2.2,20 2.22% 2.26%
1 1 2 b b 9 9
WorldClim v 3.3,11 3.3,12 3.2,50 3.2,40 3.20% 3.23%
14
12 — —
10 |
8 - - - T R T - T
6 | L | “Tae |
Em | B e E ” E ”
4L |
. F'Be BB BB BB
2
" i i ] - - - 4
5

Al MUHUMAIIIBI

W1-80 Ww2-80 W3-80 W1-90 W2-90 W3-90 WI1-00 W2-00 W3-00 W1-10 W2-10 W3-10

(Eckepry: H- JKOFaphI CHI3BIK OpTallla MAKCUMaJIbl TEMIIEPATypa,
TOMEHTI ChI3bIK OpTallla MUHUMAJI/Ibl )KOHE OPTaHFbI CHI3BIK OpTAllla TeMIeparypa,

— MakKCUMaJIJibl TEMIIEpATYypa,

— MUHUMAJIJIBI TeMIIepaTypa)

4-cypet — 1980-2018 xpurnapaarst WorldClim v2 6a3acel 0oiibIHIIIA AJTMAThI
OOJIBICBIH/IAFBI OpTAIlla aya TeMIIEPaTypachl

aya TeMmIepaTypachl:

(5-cypet). CHELSEA v2.1 nepextepi OoHbIHIIA TO-

-1,14°C — -0,17°C, W2: -4,58°C — -3,72°C, W3:
-4,84°C — -3,84°C peiiin e3repred. Hakrbipak,
W1: +0,9°C, W2: +0,8°C, W3: +1°C ketepinyi
OalikaraH.

CHELSEA v2.1 nepextep ©6a3zacwl OoifbIHIIIA
1980-2018 kpuimapaarbl KIMMATTBIK ©3repicTep

nymsinus 1 — CAl, nonynsuus 2 — CA2, nonyns-
mus 3 — CA3 petinae KpICKapThUIabl. KereH acysl
(CAl) Ooitbiama 1980-2018 sxk. apanbIFbIHIA
oprama aya TemieparypacbiiblH +0,55°C neliin
keTepinyl Oaiikannel. Jom ocel pernen YKonrap
Amnarayel (CA2) OoifpiHIIa aa aya TemIepaTrypa-
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Cupexk, nopinik Adonis tianschanica (adolf) Lipsch. TypiniH Tapaiy aiMarbIHAAFbl TAOUFHU-KIMMATTHIK XKaFJalIbIH ...

col +0,47°C peitin 2010-2018 >kpuimapbl apTKaH.
Tepicketi Anarayst (CA3) aya TemmnepaTypachlHBIH
esrepyi +0,56°C xepcerenmi. bapueik T~ Typa-
nel akmapartap 1980-1989 xeuimapmen canbic-
THIPBUIIBL.

Makcumanjsl aya TeMmIiepaTrypachl OOWBIH-
ma CAl: + 6,94°C — +7,42°C, CA2: +5,42°C —
+6,29°C, CA3: +5,21°C — +5,95°C neitin apTKaH.
Munumanasl aya temrneparypacel: CAl: -5,82°C
—-5,34°C, CA2: -4,62°C — -4,06°C, CA3: -7,05°C

— -6,41°C peitin esrepredH. Hakteipak, CAl:
+0,48°C, CA2: +0,56°C, CA3: +0,64°C neiiin
KOTEpiJIreH.

CHELSA nepextep 06a3acel AnMaTrhl OOJBICHI
VIIiH ipiKTen TaHOaldFaH Oa3aHbIH Oipi koHe 013
onap AnMatbl 00J1bICH OOWBIHIIIA METEOPOIOT HSLITBIK
CTaHIMSIIAP/IBIH HEFYPIIBIM KOJIAWUIIbl JKUBIHTHIFBIH
raiiamana bl IeT 00JDKal araMbI3 )KoHe oyrap Oacka
Jla QJIEM/IIK JIEpPEeKKOpJIapFa KaparaHia aHarypJibIM
©3€KTi JICPEKTEP/Ii YChIHA aJIa]Ibl.

10

CA1-80 CA2-80 CA3-80 CA1-90 CA2-90 CA3-90 CA1-00 CA2-00 CA3-00 CA1-10 CA2-10 CA3-10

(Eckepry: H- JKOFaphl CBI3BIK OpTallla MAKCUMAJ/Ibl TEMIIEpaTypa,
TOMEHT ChI3bIK OpTaIlla MUHUMAJIJIbl )KOHE OPTaHFbI CI3BIK OpTallla TeMIIeparypa,

- MHHUMAJIIBI TEMIIEpaTypa)

5-cypet — 1980-2018 sxpunapnarst CHELSA v2.1 6a3ackl OoiibIHIIA
AJMatbl OOJIBICBIHIAFEI OpTAIlla aya TeMIIepaTypachl

i
-8
- MaKCUMaJIJIbI TeMHepaTypa,
Anmamer  obnvicer  Oouvinwa  1980-2018

aHcHLIOAPOasbl ap Mypai O0epekkezoep OoubIHUA
HCAYLIH-ULAWBIHHBIY — JCHLIObIK  KOPCEMKIUMepiH
CanviCmuipy.

Erep temmieparypa y3mikci3 mama Gosca, oHIa
JKayBIH-TITAIIBIH TUCKPETTI KYObUThIC. COHIBIKTAH
0i3  TemmeparypaHbl  Tajjay  Ke3iHJCTiIeH,
KapacThIPbUIBIIT ~ OTBIPFaH  aWMAaKTbIH  ayMarbl
YIIiH OIpKeIKUTIKTI ana amMaabIK. AJIMarTbl 0OJbI-
chl OOMBIHIIA >KBUIIBIK KayblH-IIAIIBIH MOJIepi
1980...1999 xone 2000...2018 xpuigap Ke3eHiHIe
CaNBICTBIPBUIABL. bi3 8 KapTaHbl CaNbBICTHIPHIM,
oJlapAbIH  albIpMaIlbUIBIKTAphIH  Oaraiaasik (O,
7-cypet). CHELSA v2.1 WorldClim v2-re xaparannia
JKaybIH-IITAITBIHHBIH KOFapbl MOHIH KOPCETTI.

88

WorldClim v2 xa3plKk Kepiueple >KaKChl
COMKeCTIKTI KepcerTi, Oipak Taylbl aiiMakTa
CHELSA v2.] aWtapibIKTail »KOFapbl MOHIEPII
KepceTesi.

CHELSA v2.1 nepekkopsl OackamapmeH
CAJIBICTBIPFAHJIa MAaHBI3Abl  AHBIPMAIIBUTBIKTAP B
KepCeTTi, TayJarbl aWplpMambuibKTap 200 MM-
JIeH acybl MYMKiH. 6-7 cyperre 0i3 WorldClim v2
YIIiH €H a3 opTama alblpMallbUIbIK TaObUIFaHBIH
Oalikaiimbi3. byn 3-kectenme aoiipex pacTaiiFaH.
Kannel, CHELSA v2.] ockl yakbIT IIKaJachl-
MEH CaJBICTHIPY YIIiH OacKajapiaH anTapibIKTai
epeKUICTICHETIH MOHAEPII KOpCeTTi, KeM JereH-
ne CHELSA v2.1 xayblH-IIAIIbIHHBIH KIUMAaTThIK
KOPCETKIMTIHE YKaKbIH 00JIIBI (3-KecTe).



K.K. Kymeimber xone T.0.

%

1. Worl dClim sese (1980-1989)
3. Worl dClim s (1990-1999)

2. Chelsa v2.1 mu (1960-1989)

4. Chelsa v2.1 an (1990-1999)

-
-«
B s0-90
90120
120150
I 150- 180
Il - s

0 208 410 820 k4

6-cypet — WorldClim v2 sxane Chelsea v2.1 nepexrep 6a3acbiHaH AJMaThl
00mbIchIHAAFBI KBULIBIK (1980-1999 »0K.) KaybIH-IIAIIBIH MEJIILIEPIH CANIBICTBIPY

%

1. Worl dClim ss (2000-2009)

3. Worl dClim w (2010-2018)

‘

2. Chelsa v2.1 sm (2000-2009)

4. Chelsa v2.1 in (2010-2018)

-‘JU

Bl o
B s0-90
B ¢0- 120
[ 120150

150 - 180

7-cypet — WorldClim v2 wone CHELSEA v2.1 nepexrtep 6a3acblHaH AJIMaThI
00BICBIHAAFBI KBUIIBIK (2000-2018 kK. ) yKaybIH-IIAIIBIH MOJIIIEPIH CABICTBIPY
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3-kecte — 1980...2018 xoumapmarer WorldClim v2 scone CHELSA v2.1 nepextep 0a3anapbl apachlHIArbl OpTalla JKaybIH-
IIAIIBIHHBIH TYCY MeJIepi

Jepekrtep Opraria >xaybIH-IIAIBIHHBIH TYCY MeJIepi
Gazachl 1980-1989 1990-1999 2000-2009 2010-2018

1.42 1.42 1.43 1.52

CHELSA v2.1 2.89 2.93 2.84 2. 110

3.36 3.43 3.48 3.65

1.52 1. 49 1.57 1.55

WorldClim v2 2.46 2.44 2.50 2.50

3.44 3.42 3.48 3.48
WorldClim v2 xaypiH-IIaIIbIHEL ATIMATBI Tay- MyH1ali cajbICTBIPY ISPEKKOP/IbI TEKCEPY EMEC
Nbl  afiMarbIHIAFbl Oacka JepekTep 0a3achIMEH — GKCHIH ecTe YCTaybIMbI3 Kepek. bi3 capamramalbik
canbictoipranna (CHELSA) TeMeH MOHJCPMEH CH-  OUTIMIe CoiKec THICTI yJecTipiMi Oap ailHbBIMAJIbI-
natrangsl (6, 7-cyper). JIapJIbl FaHA CANTBICTHIPA YCBIHBII XKOHE OacKaiap/iaH

Atita xety kepek, WorldClim v2 xa3pIKk aii-  aWTapibIKTall epeKIIeIeHeTiH MalliMeTTep 0a3achl-
MakTap/a JKakKblH KIMMATTBIK KOPCETKIIITepAl  HaH ayjakK OoJjia ajambl3 (MbICAJbI, TEMIEpaTypa
KepceTei. ywin WorldClim v2).

100 CAZ2-90
o -:Aisn °
80
70

60

50 W2-80 o eemvessssssseesas

40 ® CA3-80 ® L]
30
20
10
o 1 2 3 4 5 6 7 8 9 10 11 12

8-cypet — 1980-1999 sxpimap apanbIFbIHAAFB AJIMATHI OOJIBICH OOMBIHIITA
KaybIH-LIAIIBIHHBIH TYCY MOJILIepi
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9-cypet — 2000-2018 xputaap apanbiFbIHAAFbl AJIMaThl OOIBICH OOMBIHIIIA
KaybIH-IIANIBIHHBIH TYCY MeJILIepi

KopbITbIHABI

Adonis tianschanica cupex Ke3IeceTiH oCIMIIK
TYPIHIH  MONYJSIMICBIHBIH — TaOUFU-KIMMATTBIK
e3repicTepi Typaibl MOIIMET OJapAbIH  OMip
CYPY TepCIEKTHUBANAPbIH HAKThUIAyFa Kaxer.
XKyprizinren 3eprreynepuin  Hotmkeci Adonis
tianschanica TYpiHiH YII TOMYJISAIMSICBIHBIH TaOUFH-
KIIMMATTBIK ©3repic jKarjaigapblHa MOHHTOPHUHT.
Byt skyMbIcTa KITMMAaTTBl CUIIATTAUTRIH 19 opTypii
JiepekKop Oazanapsl KapacTeipbuirad. OHBIH imIiHIe
Chelsa xone WorldClim onemaik MacimTaOTarsl
JEPEKKOpIIap CANBICTBIPBUIIBI.

1. Anmater oOmbicel OoitpiHmra 1980-2018
KBUIAp/IaFbl  OpTalia aya TeMIepaTypachIHbIH
JKBUIIBIK KOpCETKITepi 2 JaepexTep Oaszanapsl
Ooribiama caneicThipbuiabl (Chelsa, WorldClim).
Ochl Ke3eHJie KIMMATTBIH ©3repyl Typalbl Je-
pexTep 0Oaszachl apachlHAArbl TEMIIeparypaiap
alBIpMAIIBUTBIKTAPABl  Oaramay ymiiH 8§ Kapra
KypbuUIIbl. KOPBITBIHABICHIHA, OpTaIlla TEMIIEPAaTy-
panapgan Oesiek, MUHUMAIABI KOHE MaKCHMaJJlbl

TeMIepaTypajiap, MaKCUMalllbl OpTalia, MUHIMAJI-
JIbI OpTallia TeMIIepaTypantap Typallbl 1a MOITIMETTEP
AJIBIHJIEL.

2. Anmatel o0apIcel OoibiHIma 1980-2018
KBUIIApAarsl  op TYpJdi Jepekke3nep OOMbIH-
1a JKaybIH-IIAIIBIHHBIH JKbUIIBIK KOPCETKIIITEPi
CAJIBICTBIPBUIIBL.  AJIMaThl  OOJBICKI  OOMBIHIIA
JKBUIBIK KaybIH-IambH Meuepi 1980-1999 xone
2000-2018 >xpuTmap KE3CHIHIE CaNBICTHIPHUIIEL.
By yiin e 8 kapTa KypbUIbIIL, 0J1ap CalbICThIPbLI-
JIbI )KOHE aibIpMaIIbUIBIKTAphl Oarananabel. Chelsa,
WorldClim-re  xaparanma  >KaybIH-IIAITBIHHBIH
JKOFapbl MOHIH KepceTe/li.

bi3 AmmaTel OONBICH YIIIH TeMmepaTtypa, *Ka-
YBIH-IIAIIBIH TypaJibl €H JKaKChl JIEPEKTEp KO3iH
aHBIKTay VIIH 2 JEPEKKOPIbl CAJIBICTHIP/IBIK,
Temmepatypara keneriH Oozicak, 0i3 AJIMmarbl 00-
neicel yuriH CHELSA v2. 1 yceiHaMbI3, ©ATKEeHI OHIA
KEHICTIKTIK PYKCAaTTBUIBIFBI 1 KM Kypalabl »oHe
WorldClim v2 xaparaHia qonipex MoHIEp KOpiHei.
Conpait-ak AnmMatbl OOJBICHIHIA JKAyBIH-IITAIIBIH
yutin CHELSA v2.1 naiifananyra 0oJiajbl.
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MOP®OBNOAOTNYECKAA XAPAKTEPUCTUKA
_ N OLUEHKA COCTOSIHHUA ABYX NOMNyAAaUnNA
PEMHOU AbbOTUHbI ABBOTTINA RIVULARIS (BASILEWSKI, 1855)
B bACCEUHE P.UAE (bBAAXALLUCKNU BACCEUH,
PECITYBAUKA KA3AXCTAH)

B pesyAbTaTe HAMEPEHHOM M CAYYaHOM MHTPOAYKLIMM Yy>KEPOAHbBIX BUAOB Pblb B GOAbLIMHCTBE
BoAoeMoB KOxHoro n KOro-BoctouHoro KasaxcraHa npou3oLlAO CyLeCTBEHHOe M3MEHeHWe cocTaBa
nxtrocayHbl. Yy>KepoAHble, MaAOLIEHHbIE BUABI Pbl6 CTaAM MHOMOUYMCAEHHbIMW BO MHOMMX MaAbIX
BoAoemax 6accerHa. B 2019-2021 rr. 6bIAO MPOBEAEHO M3YyUeHMe PaCcpPOCTPAHEHUS PeYHOM ab6OTHHBI
Abbottina rivularis (Basilewsky, 1855) B HeCKOAbKMX MaAbix Bopoemax bGaccenta p. Mae. Leab
NCCAEAOBaHUI: M3ydeHne MoOPdOBUOAOrMUECKOM XapaKTEPUCTUKM ABYX MONMYASILMIA pevHOn ab60TUHDI
B GaccerHe p. MAe 1 oueHKa Ux COCTOsHMS. BroAaornyeckmii 1 MopOAOrMUECKMIA aHaAM3bI BbIGOPOK
NpoBeAeHbl M0 HaMbGoAee pacnpoCTpaHeHHoM cxeme. M3yyeHa M3MEHUMBOCTb 33 nmAacTuyeckux u 7
CYETHbIX MPU3HAKOB ABYX BbIGOPOK. AASl OLLEHKM YCAOBMIA CYLLLECTBOBAHMS MCMOAB30BAAM MOKA3aTeAb
dAyKTYMpyloLwen acummeTpun. B pesyAbTaTe npoBeAEHHbIX MOP(OMETPUYECKMX WM3MepPeHUi
pbl6 13 20 nokaszaTeaeil MAACTUUECKMX MPOMEPOB YCTAHOBAEHblI AOCTOBEPHbIE W3MEHeHust Mo 9
(45%) NAACTMYECKMM Mpu3HaKam MO CPABHEHMIO C MATEPUHCKMM BOAOEMOM. Y pblb yBeAMUMAACH
aHTeAOpCaAbHoe paccTogHue (aD) Ha 6%, AAMHA OCHOBaHMS CNMHHOTO NAaBHuKa (ID) Ha 25%, BbicoTa
cnnHHoro naasHuka (hD) Ha 6,3%, AAMHa aHaAbHOro naaeHuka (IA) Ha 51,4%, AAMHA TFPyAHOro
naastuka (IP) Ha 10,8%, AAMHa OpiowHoro naasHuka (IV) yBeanumaacb Ha 18%. AAMHA roAOBbI (C)
yBeAnumaacb Ha 11,2%, Hamboabluas BbicoTa Teaa (H) ymeHblumaach Ha 5,3 %, HaMMeHblLasi BbICOTa
TeAa (h) yBeanumaach Ha 26,4%. HecMOTps Ha 3HaUMTEAbHbIE HAapYLLIEHWS FOMeOoCTas3a B PasBUTUM,
pbibbl B MPyAax AocTuratoT 6oAbLIMX pa3dmepoB. bakaHacckasi opocMTeAbHAst MPPUraLMOHHAsS CUCTEMA
MOXET BAATbCS MOCTABLUMKOM MOAOAM peUuHOm ab60TUHBI AAs . MAe. PasmepHO-BeCcoBble nokasaTeAn
MCCAEAOBAHHbIX MOMYASLUMIA peyHoi abbOTHHbI U3 ABYX BbIGOPOK MoKazaAn 6oAee HU3KUe 3HaueHwus
NMpu CPaBHEHWWM C aHAAOTMYHBIMW AAHHbIMU K3 p. Mccbik (1975) n MaTepuHCKMM BOAOEMOM p. AMYp
(1956).

KAtoueBble CAOBa: akKAMMATM3aUMs, Uy>KEPOAHbIM BUA, pedHast abboTuHa, baaxaw-Manickuin
6accert, MaAble BOAOEMbI, MOP(OMETPUYUECKAs XapaKTEPUCTMKA, (DAYKTYMPYIOLLAS aCUMMETPUSI.

G.B. Kegenova

Al-Farabi Kazakh National University, Kazakhstan, Almaty
e-mail: gkegenova78@gmail.com

Distribution and morphobiological characteristics
of the chinese false gudgeon Abbottina rivularis (Basilewsky, 1855) in the lle river basin
(Balkhash basin, Republic of Kazakhstan)

As a result of intentional and accidental introduction of alien fish species in most reservoirs of
Southern and South—Eastern Kazakhstan, there was a significant change in the composition of the ich-
thyofauna. Alien low-value fish species have become numerous in many small reservoirs of the basin. In
2019-2021, the distribution of the river abbottina Abbottina rivularis (Basilewsky, 1855) was studied in
several small reservoirs of the lle River basin. The purpose of the research: to study the morphobiologi-
cal characteristics of two populations of river abbotina in the basin of the lle and give an assessment
of their condition. Biological and morphological analyses of samples were carried out according to the
most common scheme. The variability of 33 plastic and 7 counting features of two samples was studied.
An indicator of fluctuating asymmetry was used to assess the conditions of existence. As a result of mor-
phometric measurements of fish, out of 20 indicators of plastic measurements, significant changes were
found in 9 (45%) plastic signs compared to the mother reservoir. In fish, the antedorsal distance (aD)
increased by 6%, the length of the dorsal fin base (ID) by 25%, the height of the dorsal fin (hD) by 6.3 %,
the length of the anal fin (IA) by 51.4%, the length of the pectoral fins (IP) by 10.8%, the length of the
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ventral fin (IV) increased by 18%. The length of the head (c) increased by 11.2%, the highest body height
(H) decreased by 5.3%, the lowest body height (h) increased by 26.4%. Despite significant violations of
homeostasis in development, fish in ponds reach large sizes.The Bakanas irrigation irrigation system can
be a supplier of juvenile river abbotina for the lle River. The size and weight indicators of the studied
populations of the river abbotina from two samples showed lower values when compared with similar
data from the Issyk River (1975) and the mother reservoir of the Amur River (1956).

Key words: acclimatization, alien species, river abbotina, Balkhash — Ili basin, small reservoirs, mor-
phometric characteristics, fluctuating asymmetry.
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Ine e3eHi 6acceiHiHaeri (baakaw 6accerni, Kasakcran Pecny6amnkachoi)
Abbottina rivularis (Basilewski, 1855) e3eH a660THHACbIHbIH, €Ki MOMYASLUSCbIHbIH,
MOpPhO6HMOAOTUSAABIK, CUMATTAMAChI XKOHE XKai-KYHiH Gararay

OHTycTik s)oHe OHTycTiK-LUbiFbic KazakcTaH cykorManapblHbIH, KOMLWIAIriHAe 66TeH TeKTi GaAblk,
TYPAEPIH 8Aeli XKeHe Ke3AEMCOK, eHridy HaTMXKeCiHAE MXTMOMayHa KypaMblHAQ eAeYAi e3repictep
60AAbI. BaccernHHiH kenTereH Killi cykonmaAapbiHAaa 66TeH KYHAbI 6aAbIK TypAepi ken 60AAbl. 2019-
2021 >biAAapbl ©3eH 6acceiHiHiH GipHewe Kilwi cykormasapbiHaa Abbottina rivularis (Basilews-
ki, 1855) 6aAbIfbiHbIH TapaAybl 3epTTeAal. 3epTTeyaiH, MakcaTbl: IAe e3eHiHiH GaccenHiHAeri e3eH
a6060TMHACBIHBIH, €Ki MOMYyAIUMSCbIHbIH MOP(OOBMOAOTMUSABIK, CUMATTaMAChiH 3€PTTEY XKOHe OAapAbIH
KarFpanblH 6aFaray. YAriaepAi GMOAOTUSABIK, XXKoHE MOPGOAOTUSIABIK, TAaAAQY €H KOr TapaAfaH cxema
6OoMbIHLIA XKYPri3iAAl. EKi yAFiHIH 33 NAQCTUKAABIK >KaHe 7 ecenTik GeAriAepiHiH e3repriwTiri 3epTTeAa;.
TipwiAik eTy >kaFpanAapblH 0GaFasay YiliH TepOeAMeAi acUMMETPUS MHAMKATOPbl KOAAQHbIAADI.
BaAblkTapAblH  MOPMOMETPUSIABIK,  OALLIEYAEPIHIH HOTUXKECIHAE MAACTMKAAbIK, ©AlleyAepAiH 20
KOPCEeTKIlliHiH ilWiHAE aHaAblK, CyKOMMAacbiMEeH CaAbICTbipFaHAa 9 (45%) naacTukaAblK, OeAriaep
GoViblHIIA CeHIMAI ©e3repicTep aHblKTaAAbl. baAbikTapAa aHTEAOPaAbAbl KalbIKTbIK, (aD) 6%-fa,
apKa KaHaTbIHbIH, Heri3iHiH y3biHAbIFbI (ID) 25%-Fa, apka KaHaTtbiHbiH, 6uikTiri (hD) 6,3%-Fa, aHaAb
KaHaTbIHbIH y3bIHAbIFbI (IA) 51,4%-Fa, KeyAe KaHaTblHbIH, Y3bliHAbIFbI (IP) 10,8%-Fa, Keyae KaHaTbIHbIH
y3bIHABIFbI (IV) 18%-Fa apTThl, 6aCTbiH Y3blHAbIFbI (C) — 11,2%-Fa 6CTi, AEHEHIH eH, >KoFapbl OUIKTIri
(H) — 5,3%-Fa ToMeHAEAI, AeHeHiH eH TemeHri 6uikTiri (h) — 26,4%-ra ecTi. ToraHAapAa GAAbIKTbIH,
rOMeoCTasblHbIH eAdYip 6Y3bIAyblHA KapamacTaH, OAapAbIH Y3bIHAbIK-CAAMAKTbIK, KOPCETKILLTepPi YAKEH
MeALLepre xeTeai. bakaHac cyapy sxyneci Iae e3eHiHe a660TMHA WabaKTapbiH XKeTKi3yLi 60Aa aAaAbl.
Eki cblHaMaAaH aAblHFAH ©3eH aB0OTUHACBIHbIH, 38PTTEATEH MOMYASIUMSChIHbIH, OALIEMAIK-CAAMAKThIK,
KepcetkiwTepi Ecik e3eHiHeH (1975) keHe AMyp ©3€HiHiH aHaAblk, CyKoiMacbiHaH (1956) aAblHFaH
YKCaC AepeKkTepMeH CaAbICTbIPFAHAQ HEFYPAbIM TOMEH MOHAEPAI KOPCETTI.

Tyiin ce3aep: >XepciHAipy, 6eTeH Typ, e3eH abb6oTuHachl, baakau-lae 6accerHi, warblH cy
anAbIHAAPbI, MOPOMETPUSIABIK, CUMATTaMaChl, (PAYKTYaLMSIAbIK, RCUMMETPMUSI.

BBenenue

W3ydyeHne CcOCTOSIHUSI COBPEMEHHOM HXTHO-
¢dayHbl Manblx BojoeMoB baixamickoro OacceliHa
SBIIICTCSI BQXKHOM COCTABHOM YacTbIO B PEIIECHUU
npo0JeM 10 COXpaHEHWIO BUIOBOTO pa3zHooOpa-
31 a0OpPUIeHHOW UXTHO(AayHbl U YCTOHYUBOTO UC-
M0JIb30BaHUsI OMOPECYPCOB MalblX U KPYHHBIX BO-
noemoB banxamickoro 6acceiina. Hecmotps Ha To,
4YTO OMOJIOTHUECKUE MHBA3MM B HACTOSILEE BPEMS
CUMTAIOTCSl OHOW M3 IVIaBHBIX YI'PO3 €CTECTBEHHO-
My OHOJIOTHUECKOMY Pa3HOOOpa3uio M 0JIaromnoiy-
YHIO MPHUPOAHBIX dKocucTeM [1], pasHooOpasuio u
COCTOSIHUIO TOIYJISILUIM HHBa3UBHBIX BUIOB PBIO HE
yAeTseTCs TOIHKHOTO BHUMAHHS.

Peunas a000THHA — MHBAa3UBHBIN BUJ, SIBIISICTCS
Yy»XEepOJHbIM BCeJIeHLIeM 151 BonoeMoB Kazaxcra-

Ha, IIPOMBICIIOBOTO 3HaYCHHsI HEe uMmeeT. B mepuon
1956-1958 rr. mpu aKKIUMaTH3allUd PACTHTEIb-
HOSTHBIX pbIO U3 BogoemoB KHP nanHbId Buj ObLT
3aHECEeH ClIy4yallHO B NpyAoBble xo3siicTBa Ka3zax-
crana u Cpenneit Asun. [lna banxamickoro Oac-
ceifHa OCHOBHBIM PacCaJHUKOM COPHBIX BUAOB PHIO
SIBJSUICS. AJIMATUHCKOE MPYAOBOE XO3scTBO [2-5],
s Apanbckoro OacceifHa — AKKYpraHCKHHA pbI-
oonutoMHUK [6-9]. Tarxke 3TOT BUJ OOHapyKeH B
pekax Capeicy, Tanac u Uy. ITo muenuto B.I1. Mu-
TpodaHoBa, BO3MOXKHO, peuHasi ab00THHA 00pazy-
eT TuOpuaHbIe POPMBI C TYPKECTAaHCKUM IECKapeM
[10].

Bun otHocutrcs k otpsagy KapmooOpas-
veix  (Cypriniformes),  ceMEWCTBY  Kapmo-
BeIX (Cyprinidae), Buny Abbottina Rivularis
(Basilewski, 1855). Panee ab0oTrHa oTHOCHIIACH
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Kk Buny Pseudogobio rivularis — amypckuil jmke-
neckaps [11], ogHAKO COTIACHO MTOCIETHUM CBOJI-
KaM, 3TOT BHJ OTHOCUTCS K poxy Abbottina. B
CBSI3U C YTOYHEHHEM POJIOBOM NPHHAJJIE)KHOCTH
(pom AGOOTHHBI) pyccKOe Ha3BaHHE BHJA aMyp-
CKHH JoKeneckapb — Pseudogobio rivularis Opuio
3aMeHeHO Ha peuHas ab0otuHa — Abbottina rivu-
laris [12]. [lo MHEHUIO HEKOTOPBIX HCCIIEIOBATE-
Jied, BO3MOXKHO, YTO SIMOHCKAs U KOHTUHEHTAb-
Hast (opMbl aOOOTHHBI SIBJISIFOTCS OTJ/CIIBHBIMH
moaBugamu [11].

Lenp uccnepoBanusi — U3y4UTh COBPEMEHHOE
pacmnpocTpaHeHue U MOPQOIOTUIECKYI0 N3MEHYH-
BOCTh PEYHOM a000THHBI B Oacceitne p. Uie.

MaTepnanu H METOAbI HCCJICAOBAHUA

W3ydyeHrne COBPEMEHHOTO pacHpOCTpaHEHUS
peuHoii a600THHBI IpoBOANIH B iepuo ¢ 2017 no
2021 r. B pa3nmu4HBIX BojoeMax OacceiiHa p. Uie,
B TOPHOH, NPEArOpHOW M PaBHUHHOM 30HAX peEK
Cawmcel, Kackenen, Mamast AnmaTtusaka, Boinbias

Anmvarunka, bec-Aram, Hcceik, Typrens, JlaBap,
Uwnuk, Yapeia, Ycek, bopoxynsup, Wie, Boiue u
Hmke Kammaraiickoro BomoxpaHwmmma, Jas u3-
yaeHust MOppOMETpHYECKUX U OMOJIOTHYECKUX T10-
Ka3aTeleil NCIOIb30BaId MaTepHall, OTJIOBICHHBIN
W3 WPPUTAIIMOHHOTO KaHana BONM3M moc. bakanac
(puc. 1) u npyna Kanmaraiickoro HepecTo-BbIpoCT-
HOTO XO35ICTBA.

OT1I0B pBHIO MPOBOJHIICS C MOMOIIBIO MaIIbKO-
BOro OpeaHs ¢ siueeid 4 MM U PBIOOJIOBHOTO cayka
¢ s;ueeid 5 MM. VIXTmosornueckuii mMaTepuan s
uccienoBanuii pukcuponaics B 4%-Hom Gopmaiu-
He, JanbHelnas o0paboTKa BBINONHEHA B J1abopa-
Topuu Kadeapsl OnopazHooOpasus U OHOpecypcoB
KazHY um. anp-®Papadu. VxTuonorndeckuii Mate-
pHa MmoABepraju MOJIHOMY MOpdomeTpudeckomy
1 OMOJOrMYEeCKOMY aHalIHu3y IO TPaJULUOHHBIM
HUXTHOJIOTHYECKUM MeToaukam (tadi. 1) [13]. dus
OLIGHKM YPOBHSI CTaOMJIBHOCTU Pa3BUTHS IOIYJIS-
[IMOHHO-OMOJIOTHYECKUX ITOKa3aTenel pbl0 UCTIONb-
30BasIM MeTO| hyKTynpytomiei acummerpuu (OA)
o 3axapoBy [14-15].

Kigaly'

Pucynoxk 1 — Paifons! cOopa HXTHOJIOTHYECKOTO MaTepHaa:
1 — mepekpecTok KaHaJoB HIDKe T. bakanac;
2 — npyx Kanmraraiickoro HepecTo-BEIPOCTHOTO X035 CTBa

Tabauna 1 — Madopmarys o MecTax c6opa UXTHOIOTHIECKOTO MaTeprasa

o Hassanne mecta 06/108a phi Koopnunarst Jlara cobopa | bunomormuecknit | Mopdorormuecknit
IIYHKTOB OTJIOBA MarepHana aHAI3 aHaIIN3
44°49°39”N
1 |IlepexpecTok kaHanoB Huxe I. bakanac 7601553 " 12.10.2019 27 27
Kammraraiickoe HepecTo-BEIPOCTHOE 43°42°56”N
2 X034ICTBO 77°23'19°E 14.10.2021 16 16
Bcero: 43 43
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Bcero npoananu3upoBanbl 43 3K3eMIUIIpa PHIO
1o 33 TIaCTUYECKUM U 7 MEPUCTUYECKUM IpU3HA-
KaM. BOJBIIMHCTBO TIJIACTUYECKUX TMOKa3arenel
BBIYMCIICHO B MPOIICHTaX K JJIMHE Teja, a IUPHHA
n6a, TuaMeTp TIiasa, 3ariaa3sHIUYHBIA OT/IeN TOJO0BHI,
BBICOTa TOJIOBBI — B ITPOIICHTAX K JIJTMHE TOJIOBHL.

Juis o0o3HAuUCHUS niacCmMuyecKux NpusHaKos
WCTIOJIB30BaHbI CIeIyIolne cuMBONBL: aD — aHTe-
JIOpcaJbHOE PAcCTOSIHHE (PACCTOSHHUE OT PhUIA JI0
crimaHoro TiaBauka (D)); pD — moctoopcanbHOe
paccrosiHue (pacCTOsHUE 10 aHAJIBHOTO TUIABHHUKA
(aA)), aP — anTenekTpanpbHOE paccTOsSHUE (PaccTo-
sIHUE OT pblia A0 rpyaHoro miasHuka (P)); aV — an-
TEBEHTpPAJIbHOE PACCTOSHUE (PACcCTOSHHUE OT KOHIIA
IpYJHOTO 10 Havyasna OpronrHoro ruiaBHuka (V)); aA
— aHTeaHaJbHOE PACCTOSHUE (PACCTOSIHUE OT KOHIIA
OproIIHOTO IJIaBHUKA JI0 Hadaja aHaJIbHOTO TLIaB-
Huka (A)); lc — amunaa xBoctoBoro miuaBauka (C);
H — naumGonpmas BwicoTa Tena; h — HauMeHbIIas
BBICOTA Tela; C — JIJIMHA TOJIOBBI; a0 — JUTMHA PhLIA;
0 — JMaMeTp TJa3a TOPU3OHTAIBHBIN; Op — 3arias-
HUYHOE paccTosiHre; md — [UTHHA HUYKHEH YeTFOCTH;
mXx — JTHHA BEpXHeH yemocT; hco — BrICOTa TOMIO-
BBI Uepe3 ri1a3; hc — BpICOTa I'OJIOBBI Y 3aThUIKA; 10
— MEXTJIa3HUYHOE PAcCTOsSHUE; IUpHHaA pTa, D —
JUIMHA CTIMHHOTO IIaBHUKa; hD — BeICOTa CIUHHO-
ro IJIaBHUKA; 1A — [MHa aHaIBHOTO MIaBHUKa, hD
— BBICOTAa aHAIILHOTO TUIaBHUKA; IP — mmmHA Tpyn-
HBIX TUIABHUKOB; |V — /UIMHA OPIONTHBIX TUTABHUKOB;
Cs — ymna BepxHei momactu xBocta; Cm — amuHa
cpenHux Jrydeit xBocra; Ci — JyIMHA HIKHEH Jioma-
CTH XBOCTA.

HazBanue pbIObI IPUBOANUTCS B COOTBETCTBUH C
Kottelat M. (2007) [16] u uH()OPMAITHOHHO-TIOHC-
koBoii cuctemoit Fish Base [17].

CraTHcTHUYECKYI0 00pabOTKy NPOBOAMIHM IO
obmenpunsaTor Metomuke (Jlakun, 1990) [18] ¢
HCIIOJIb30BaHUEM KOMITBIOTEPHOUN MporpamMmbl MS
Excel u PykoBOJCTBY 110 OHOJIOTHYECKOH CTaTUCTH-
ke [19]. s 0003HaueHUs CTAaTUCTHYSCKHX TT0Ka3a-
TeJel MCTIOIH30BaHbI CHMBOJIBI: Min — MUHAMAIIh-
HOE 3HaYeHHE, Max — MaKCHUMalbHOE 3HaueHue, M
— cpelHee 3Ha4YeHUE, +m — omHOKa CpeJHero, +s
— crangaptHoe oTkinoHeHne, CV — kodddummeHt
BapHalud. 3HAYMMOCTh Pa3IMYMii OlIEHWBANach C
MOMOIIBIO KPUTEPUEB MOABUI0BOTrO pasznuuus CD
[20] m Mdiff [13]. Jls1 OIIEHKH TOCTOBEPHOCTH pa3-
Tuari ucronb3oBad kputepuil CteiofeHTa (Tst) ¢
ypoBHeM 3HauuMocTH 95% (p < 0,05).

Pe3y.]'ILTaTI>I HCCJICJOBAHUA U UX 06cym21elme

Abbottina Rivularis (Basilewsky, 1855) pacmpo-
cTpaHeHa OT OacceiiHa peku AMyp U pek OacceitHa

SnmoHckoro Mops Ha for 10 MekoHra, oOuTaeT B BO-
noemax Kuras, Ha nonyoctpoe Kopeu u B Slnonun.
Kak 1 MHOrue npeacraBUTENN aMypCKOM HXTHO-
(aynsl, peunas ab00THHA — TeTIOMI0OMBas poiOa.
OnTuManbsHas TemrnepaTtypa Uit pocTa U pa3BHTHUS
pBIOBI HaxoauTes B mpeaenax 23 — 28 °C [21]. Bun
o0UTaeT HA MEJKOBOJBSIX C THXUM TECYCHHUEM H B
CTOSYMX BOJIaX, BCTPEUYAETCS Ha MEJIKOBOBSIX y Oe-
peroB Bojoema U B nipyaax [22]. B nactosmiee Bpe-
Ms pedHasi a00OTHHA BCTPEYASTCS BO BCEX MaJbIX
BOojZioEMax, TMpPyAax, PaBHUHHBIX peKax, TJEe €CTh
YMEpPEHHOE TeUeHHEe BOJBI U TeMIIepaTypa BOJbI —
1o 23-25 °C.

B ecrecTBEHHBIX BOOEMaxX UCCIEIYEMBbId BU
HIMPOKO pacrpocTpaHeH B bacceitHax pek Mne, Ka-
CKEJICH, Ha PaBHMHHBIX y4acTKaX pek boubmias u
Manast AlMaThHKa, TaKK€ OTMEUYEHBI AIU30J1Ye-
CKHE IMOUMKH JaHHOTO BUJa B peke Ecenraii Ha Tep-
putopuu ropoaa Anmartsl [23]. B uckyccTBEHHBIX
BOojZioEMaxX, B MpyJax pedHas a00OTHHA SBISETCA
MacCOBBIM, MHOTOUHCIIEHHBIM COPHBIM BUJIOM. Pac-
MIPOCTpaHEHa BO BCEX MPYIOBBIX xo3siicTBax bai-
xarIckoro 6accetina [24].

Peunas a000THHA KaKk HOBBII BHI B BOJOEMax
Banxam-Mnuiickoro 6acceiina Obliia 3aMeUeHa emie
B 1968 rony. IlepBoHauanbHbIe CBeIeHUST O OUOIIO-
MM BUAA U ero MOP(GOJIOTHYECKONH M3MEHYHBOCTH
coOpaHbl ¥ ONMCaHbl B 5-TOMHOH cBOAKE «PBIOBI
Kazaxcrana» Ha nmpumepe momysinuu peid n3 ba-
xam-Mnuiickoro Gacceiina. B padore baumberosa
A.A. n Mutpocganosa B.I1. Obi1 onucan amypckuit
JoKeTieckaph U3 peku Mccrwik (0acce. p. M), ABTOpBI
OTMEYAIOT, YTO IMOCIe aKKIMMAaTU3alllHd y PhIO W3-
MEHWJINCH TTapaMeTPhl KaK BBICOTA Tella, XBOCTOBOM
cTebenb, yCUKM W TapHbIE TUIABHUKH, yYMEHBIIH-
JIMCh JJTMHA TOJOBBI U BBICOTA HEMApHBIX TUIABHH-
koB [25]. [1o nanueiM MenbaukoBa B.A., B p. nu
peuyHas ab0OTHHA Tomagana depes AKITaTHHCKHA
MacCUB OpOIICHHMS, TJI¢ BUJ aKTHBHO Pa3MHOKall-
Csl M 10 COPOCHBIM KaHajaM I0TaJial B PYCIOBYIO
gacTh peku [26]. B HacTosmee Bpems, kak u 50 et
HazaJl, pevHas ab0OTHHA ocTaeTcsi HambojIee MHO-
rouyncieHHol B bakanacckoli cuctemMe OpoIIeHusl.

Bremnmnii Bua peIOBI  COOTBETCTBYET paHee
npuBeeHHOMY omnucanuio [27-29]. ®opma Tena y
pevHOIt a00OTHHBI Y/UIMHEHHAS, TOKPBITa CPETHETO
pa3Mepa derryei, OKpacka Teia phIObI TTOX0Xa Ha
OOBIKHOBEHHOTO TECKapsi, Y OCHOBAHUSI XBOCTOBO-
O MJIaBHUKA UMEeTCs sipKasi yepHasi Touka. OqHIM
W3 CHCTEeMATHYECKHUX TIPU3HAKOB PEUHON aOO00THHBI
SIBIISIETCSI HANTMYHE Y PbIO TEMHBIX ISTEH Ha TeJe U
0JIOC Ha XBOCTe (Tabi. 2).

I[To OGokam y pBIO HACUUTHIBAIOTCS OT 7 IO
9 TEeMHBIX MATEH, PACIOJIOKEHHBIX B OIWH PsI.
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CouHHON M XBOCTOBOM IUIABHUKH IMECTPbIC U3-3a
rmos1oc. KoauaecTBO paciooKeHHBIX B PSIT TIOJIOC
Ha XxBocte Bapeupyer ot 2.50 mo 6.50. ITo dopme

phUIa B UCCIICIOBAHHON BBIOOPKE OBLIN MpECTaB-
JIEHBI 0COOU C YUIMHEHHBIM M YKOPOUCHHBIM PhI-
noMm (puc. 2-3).

Ta6manua 2 — KonnvecTBEeHHBIC IaHHBIC TSITCH | TI0JIOC HA TEJIC PeYHOI aO000THHBL

Mecrto o1ii0Ba: nepexpecTok kaHajaoB Huxke I. bakanac, 2019

[Ipuznaku CratucTu4ecKue moKa3aresn
Min — max M=+m +s s2 CV, %
HMCIIO TATCH 7-9 7.44+0.56 0.64 0.41 8.60
Ha TeJie
HHCIO TOTI0C 2.50-6.50 3.61£0.60 0.87 0.76 24.08
Ha XBOCTC

Pucynoxk 2 — BHemnmii BuJ| peqHoit aO00THHEI
n3 Kanmaralickoro HepecTo-BEIPOCTHOTO X03sHiCTBa

VY wuccnenoBaHHbIX pei0 w3 Kammraraiickoro
HBX 0bu10 mpocYnTaHO KOJUYECTBO HAIIIa3HUY-
HEIX (CSO), moarnazangasix reanomnop (CIO), mopsr
Ha npeakpsiiie (COP) u nuwxkneit yemocta (CMD).
[losrydeHHbIe AaHHBIE MPENCTABICHBI B TadIUIlE 3.
Y pedHoit aOOOTHHBI TEHHUOTIOPHI PACIIOJIOKCHBI
BOKDYT TJia3, Ha TpeKaOepHON KPBIIIKe U HIKHEH
4enocTy (puc. 4).

W3BecTHO, YTO TEHHOMOPHI BBITOIHSAIOT PO
CEHCOPHBIX KaHAJIOB, ¢ TIOMOILIBIO KOTOPBIX pbIOa
cB0OO/IHO opueHTHpyeTcsi B mpoctpaHcTee [30], B
JTUTEPATYPHBIX HMCTOYHUKAX CBENEHUS O KOJHMYe-
CTBEHHBIX JIaHHBIX T'C€HUOIIOp y peuHOW aOOOTHHBI

PucyHnoxk 3 — Peunast aG00THHA ¢ YKOPOUCHHBIM PBLIOM

HaMU HE OOHapyXKeHbl. B Hammx wucciaemoBaHUIX
YICIIO CEHCOPHBIX KaHAJIOB y PBIO BapbHpPyeT BO-
KpyT TJa3a oT 4 10 9, a Ha MPEIKPHIINIKE U HIDKHEH
YeNIOCTH — 0T 3 10 8 (Tabin.3).

VY uccnemyemMoro Bua riiaza pacioioKeHbl BbI-
COKO, a PBUIO TIepea HO3IPSIMH KPYTO OITyCKaeTcs
BHU3. Dopma pacroioKEHUs pTa — HIIKHEE, TyObl
TOJICThIC, HU)KHSA r'y0a He TpepBaHHasl, COCTOUT U3
Tpex Jonactei. MIMerTcs KOPOTKHE YCHKU CBET-
noro ngera (puc. 5). B onucanusx Jlebenesa B./I.
(1969) u Becenosa E.A. (1977) ormeuaercs, 4TO
JUTMHA YCHKOB paBHA AMAMETPY 3padka y pbwlO, a
[IBET YCUKOB TEMHBIH [28-29].

Tabauna 3 — KonndecTBeHHAs XapaKTEPUCTUKA TEHUOIOP Y peYHON aO00THHBI

KonugectBo renuonop y peid (n=16)
[Tokazarenu
CSO CIO CMD COP
Min-max 4-7 5-9 3-6 6-8
M+m 6.69+0.51 6.69 +0.81 4.19+043 6.75+0.47
CV,% 11.86 15.17 15.64 8.55
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Pucynox 4 — PacnionoxxeHue rnojariasHuIHbIX
TCHUOIIOP PEYHOM a00OTHHBI

buonmornueckne moka3aTeian peuHON aOOOTHHEI
MPUBOMSTCS JIJIST ABYX MOMYJISIUN pHIO: M3 KaHama
Bakanacckol OpOCUTEIIBHOM CUCTEMBI M BBIPOCTHO-
ro npyzaa Kanmaraiickoro HepecTo-BbIPOCTHOTO XO-

Pucynok 5 — ®opma pacnonoxeHus pra
peuHoit a000THHBL

3siicTBa. B Tabimmax 4-5 npeacraBieHb 00001IeH-
HBIC CBCICHUS II0 U3MCHYHNBOCTU OHMOJIOTHYECKHUX
rokasatesied peyHol aO0OTHHBI B MPOCTPAHCTBECH-
HO-BPEMEHHOM aCIIeKTe.

Ta6auna 4 — CpaBHUTENBHASI XapaKTEPUCTUKA OHOIOIMYECKHX IOKa3aTeneil pedHoil ab0oTHHbI U3 KaHana bakanac (mara cOopa:

okTs16pB, 2019 1)

Bbaxanacckas o
[lepekpecTok KaHAJIOB, HUXKE opocHTeIbHas cuctema | P Awmyp. (Hukonbsckuii,
r. Bakanac (2019) n=27 p 1956) [31]
ITokazarenn (1984) [32]
Cmamucmuueckue noxkazamenu
min-max M+m CV, % min-max M+m Min-max M+m

O6mmas amunHa tena (L), MM 34-66.5 42.1+5.1 17.9 37-68 419 45-89 -
Jlnitna Texa peiG or poiia 10 26.0-52.5 | 33.0£3.9 | 179 - -
XBOCTOBOTO TIaBHUKA (1), MM
Oo6mias macca poid (Q), r 0.3-2.0 0.6+ 0.2 61.0 0.9-1.6 1.3
Koadpunument ynmuranHocti 12-25 16+ 02 183 ) )
o ®ynsrony (F)

Tadomuua 5 — bruonornyeckue mokasareinu peyHoi ab0oTHHBI u3 Kararaiickoro HepecTo-BRIPOCTHOTO XO3siCTBa (ara cOopa:

OKTSI0pB, 2021 1)

Craructudeckue nokasarenu (n=16)

[Tokazarenu min-max M tm CV, % C, nucnepcus
O6mmas amuna tena (L), MM 64-90 78.5616.67 10.00 61.73
JliuHa Tena peId OT phlia 0 XBOCTOBOrO MmiiaBHUKa (1), MM 51-74 63.00 +6.13 11,49 52.40
O6mast macca poi6 (Q), T 2.22-6.60 443+ 1.07 29.23 1.68
Koadduument ynurannoctu no dynsrony (F) 1.49-2.04 1.74 +0.11 7.88 0.02
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Maxkcumanbheie pazMeps! (1) momynsmum ped-
HOH a000THHEI B cOopax m3 bakaHacckoro opocu-
TENBHOTO KaHajia JOCTUTIHN 52.5 MM, a U3 BBIPOCT-
Horo npyna Kammaraiickoro HepecTo-BbIPOCTHOTO
X0351icTBa — 74 MM C MakCUMaJbHOW Maccoi Teia
(Q) 2 r m 6.6 T COOTBETCTBEHHO, YTO HMXKE CO
CpPaBHHBACMBIMU JaHHBIMH M3 MaTEpUHCKOTO
Bogoema p. Amyp [31].

B bakaHacckoli OpOCUTENIBHOM CHCTEME YIU-
TaHHOCTb MCCJIEJOBAaHHBIX PO 1Mo DymnbTOoHY B
cpeaHeM coctaBwiia 1.62, 4To HaxOAUTCS B Tpeje-
JlaX W3BECTHBIX HaMm 3HaueHu# (s bakanacckoit
opocutrenbHoil cetn — 1.7-1.8 mo ®ynpTony). B
Kanmaralickom HepecTO-BbIPOCTHOM XO35IHCTBE KO-
3G GUIMEHT YITUTAHHOCTH PHIO B CPEJHEM JOCTHTIIA
1.74 n oka3anach BbIIIE U3BECTHBIX JAHHBIX, TA€ KO-
3¢ HUIMEHT yITUTAaHHOCTH PBHIO B MPEIBITYIINX UC-
cnenoBaHusAx A Kammaraiickoro BogoXpaHuiIUIna
B cpeanem coctapisui ot 1.3 mo 1.5 [32].

[Ipn cpaBHWBaHWM CpeAHUX 3HAYCHHHA O0O0-
meid umHbel Tena (L) wmexay BeiOopkamu U3
opocuTtenbHoro kanana bakanac 2019 rona u mate-
puaiom 1984 roma [32] pa3nuuuii HE BBISIBICHO.

B cbopax u3 BeIpocTHOTO Npyna Kammaraiicko-
IO HEPECTO-BBIPOCTHOTO XO3SAHCTBa IONaJaINCh
CPaBHHUTEBHO KPYIHBIE 0cO0U peuHOl aOOOTHHEI,
YTO, BO3MOXKHO, OOBSICHSETCSI OCEHHUM IEPUOJIOM
cbopa Marepumana, Korga pblObl JOCTHTAlOT Mak-
CUMAaIIbHBIX TIOKa3aTeJiell Macchl Tena Onaromaps
JIOTIOJIHUTENIbHOMY KOPMJIEHHIO HCKYCCTBEHHBIMH
KOpPMaMH MTPOMBIIICHHBIX BUAOB PIO B IIPyAaXx.

J1ns ONleHKH yPOBHS CTAaOUIBHOCTH Pa3BUTHUS
MOMYJSAIHOHHO-ONOIOTHYECKIX  ITOKa3aTele
pei6 u3 Kammaraiickoro HBX wucnonb3oBanu
Meton Quykryupytomeit acummerpun (DA) mo
MATUOATUTPHON IIKajJe OIEHKH OTKJIOHEHUH CO-
CTOSIHHSI OpTaHW3Ma MO0 BEIWYUHE HHTETPANThb-
HOT'0 TIOKa3aTeisl CTAa0WIBHOCTH Pa3BUTHUS PBIO
(Tabu. 6).

Tab6anua 6 — IlsrubanabHas IIKajga OIEHKH CTAOMIBHOCTH
pasButus st poio [15]

Benwunna moka3zaresst
bann
CTaOMIIBHOCTH Pa3BUTHS

1 (4ucro) <0,30
2 (OTHOCHUTEIBHO YHCTO) 0,30-0,34
3 (3arpsi3HEHHE) 0,35-0,39
4 (rps1310) 0,40-0,44

5 (BBICOKOE 3arpsi3HCHHE) >0,44

CTabuIbHOCTh pa3BUTUS OpPTaHHW3Ma OIEHH-
BaJach MO LIECTH OWJIATEPaIbHBIM CUETHBIM IPH-
3HaKaM: CEMCMOCEHCOPHBIE CUCTEMBI T0JIoBbl: CSO
— YUCNIO HaAriIa3Hu4yHbeIX mop, CIO — dmcno mon-
rIazHUYHbIX 1op, CMD — unciio mop HuKHEH yento-
cti, COP — gncio mop Ha npemkadepHoi KPBIIIKe,
qrciIo uemryii B 0okoBoit muauu (11), uncio mydeii B
rpyasbix (P) nnaBaukax (tadm. 7).

Tabauna 7 — OneHka ypoBHsI CTAaOMIBHOCTH Pa3BUTHSI OMOJIOTHIECKUX TTOKa3aTesell peaHoit abootunsl metogom DA (Kammaraii-

ckoe HBX, oxts0ps, 2021)

CrarucTudeckue moKas3aTenu
IMoxasarenu: Min-max M+m +s CV, % C, mucriepenst n
1 32-39 35.44+2.51 2.78 7.85 7.73 16
11, 33-39 36.50 = 1.56 1.86 5.10 3.47 16
CSO, 4-7 6.69 +0.51 0.79 11.86 0.63 16
CSO, 4-8 6.63 £0.64 0.89 13.36 0.78 16
CIO, 4-8 6.69 +0.81 1.01 15.17 1.03 16
CIO, 5-8 6.69 +0.55 0.70 10.53 0.50 16
CMD, 3-6 4.19+0.43 0.66 15.64 0.43 16
CMD, 3-5 4.00 +0.38 0.63 15.81 0.40 16
COP, 6-8 6.75+0.47 0.58 8.55 0.33 16
COoP, 6-7 6.38 +0.47 0.50 7.84 0.25 16
P, 10-13 11.44 £ 0.69 0.81 7.12 0.66 16
P, 10-12 10.94 + 0.59 0.77 7.06 0.60 16
As 0.17-0.83 0.42+0.12 0.16 38.64 0.03 16
L1 — uncno wemryii B 6okoBoit muaum; CSO — yucno HaamasHuuHbIX mop; CIO — yneno noamasHugHbix mop; CMD — gucno nop
HwkHel gemoctr, COP— uncno nmop Ha mpemkadepHoi KpbIiike; P — unciio sryyeil B rpyaHbIX 1aBHUKAxX; L u R — neBble u npaBbie
CTOPOHBI
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ITo pe3ynbpTaTaM MpPOBEACHHBIX HCCIEI0BA-
Hui 3HaueHne OA s monmynsuuu peid U3 mMpy-
na Kammaraiickoro HBX cocraBuio B cpennem
0.42, 4TO TOBOPUT O NOCTATOYHO TPSI3HOU, 3a-
TPYyKEHHOU BOJHOM cpelie, U OoLeHUBaeTCs Ha 4
Oayna.

CpaBHuTenbHas MOPPOMETpUYECKAsT XapaKTe-
pUCTHKa TIOMYJISAIUN peyHoW ab0oTwHBI u3 baxa-

HACCKOM OpOCHTEILHOW CHUCTEMBI MPUBE/ICHA B Ta-
Onmre 8.

OreHKa JOCTOBEPHOCTH Pa3IUYUN I1aCTHYC-
CKUX IPHU3HAKOB IpHBeJIcHA B Tabmuie 9. 3Ha4yu-
MOCTh Pa3IMYMil OLIEHHBAJIACh C IIOMOILIBIO KPH-
TepueB nonBua0Boro pasnuuus CD u Mdiff. [ns
OIICHKH JIOCTOBEPHOCTH Pa3IMYUil HCIIOJIb30BaH
kputepuit Cteronenra (Tst).

Ta6auna 8 — CpaBHUTEIBHEIH MOP()OMETPHIESCKUH aHAIN3 pEeIHON a000THHEI

& MecTto omiI0Ba: epekpecTok kaHanoB Huxke I. bakanac, 2019 JluteparypHsie nqaHHbIe
é S CTaTuCTUYECKUE MOKa3aTeNn p. Uccoik (1975) [33] p- Amyp (1956) [31]
= min-max M+m | +s | s2 | Cv min- max M+ m min- max M
6 % om onunvl mena, |
aD 40.91-60.63 | 49.42+2.97 3.97 15.76 8.04 43.5-49.3 46.56+0.25 43-50 46.6
pD 31.22-46.91 40.8+3.25 4.04 16.36 9.91 35.8-46.3 41.33+0.29 - -
aP 21.43-32.12 27.242.20 2.71 7.33 9.96 - - - -
aV 31.30-55.41 49.8+£3.54 5.46 29.86 10.97 - - - -
aA 71.01-83.72 78.4+2.28 2.85 8.11 3.63 - - - -
Ica 8.41-33.33 24.00+6.92 7.91 62.55 32.92 - - - -
ID 9.22-27.62 18.03+£3.06 4.29 18.38 23.83 14.00-19.20 | 15.9440.18 10-18 14.4
hD 14.31-30.00 | 23.52+3.81 4.57 2091 19.44 17.31-29.62 | 20.93+0.42 18-26 22.1
1A 4.12-17.20 10.60+2.25 3.15 9.92 29.65 5.41-8.90 6.97+0.12 4-10 7.0
hA 6.32-23.11 15.94+£3.55 4.40 19.40 27.71 11.12-19.51 | 14.37+0.28 12-19 15.6
1P 13.70-32.71 | 23.53%3.02 3.99 15.95 17.00 | 20.70-26.90 | 22.93+0.20 17-25 21.2
v 14.51-25.83 18.3242.62 3.09 9.53 16.86 15.71-19.20 | 17.1940.15 12-19 15.5
Cs 22.52-38.51 | 30.40+2.88 3.87 14.95 12.71 - - - -
Ci 17.31-34.50 | 27.21£2.85 3.87 15.00 14.24 - - - -
Cm 16.11-29.62 | 21.93+£2.88 3.68 13.55 16.79 - - - -
c 22.81-40.43 | 29.81+2.84 3.85 14.86 12.93 | 23.00-29.00 | 25.63+0.20 23-31 26.8
H 10.61-21.40 | 17.82+1.80 2.53 6.38 14.17 | 20.30-27.00 | 23.48+0.21 15-23 18.8
hca 2.93-17.72 10.2242.42 3.31 10.96 32.34 - - - -
h 6.41-15.44 11.00£1.69 2.14 4.57 19.35 8.52-11.70 | 10.03+0.12 6-11 8.7
6 % om OnuHblL 2010801, C
ao 38.90-66.00 | 52.31£5.63 7.41 54.90 14.17 - - - -
o 22.21-42.21 | 30.51+£3.47 5.06 25.61 16.57 - - - -
op 33.32-48.80 | 41.50+4.30 4.99 24.87 12.02 - - - -
hop 38.13-66.71 | 52.00+9.83 10.73 115.14 20.65 - - - -
hco 40.00-66.72 | 52.32+4.61 6.18 38.22 11.82 - - - -
he 35.32-59.80 | 44.41%6.77 7.77 60.41 17.50 - - - -
Imx 23.51-33.30 | 28.60£2.52 3.15 9.94 11.03 - - - -
Imd 18.83-35.61 | 23.2243.95 5.40 29.18 23.26 - - - -
io 23.50-55.61 | 29.81+5.78 8.59 73.80 28.80 - - - -
mupuHa pra | 25.00-40.02 | 31.52+3.32 4.14 17.16 13.15 - - - -
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B pesynbrare mpoBeOeHHBIX MOpQoOMeTpHUe-
CKHX M3MepeHM pbid u3 20 moka3aTenei IuracTh-
YEeCKHUX MPOMEPOB TYJIOBHUIA YCTAHOBJIEHBI W3-
MeHeHust o 9 (45%) miuacTH4ecKuM TMpH3HAKaM
[0 CPaBHEHHUIO C MATEPHHCKHM BOJIOEMOM: y DPBIO
YBEIUYWIIOCH aHTeAOpcallbHOE paccTosiHue (aD) Ha
6%, IUTMHA OCHOBaHUS CIIMHHOTO TaBHUKa (1D) Ha

25%, BeIcoTa cnmHHOTO IiaBHUKA (hD) Ha 6,3%,
JUTMHA aHanpHOTO TutaBHUKA (1A) Ha 51,4%, nmuHa
rpynaHoro raBHukoB (IP) na 10,8%, nmwHa Oprom-
Horo minaBHUKa (1V) yBenmuuunace Ha 18%. JlnuHa
roJjioBHl (c) yBenmumumiach Ha 11,2%, HambombIras
BbicoTa Tena (H) ymenpmmnacs Ha 5,3%, HauMeHb-
nras Beicota Tena (h) yBenuunnace Ha 26,4%.

Taomuua 9 — OneHka 10CTOBEPHOCTHU pa3nnIuii MOP(HOIOTHIECKHUX MTPU3HAKOB PEUHOIT aO0OTHHBI

[Ipusznaku Tst Mdifft CD
aD 3.70 0.001 0.95 0.65
pD 0.66 >0.05 0.16 0.12
ID 2.47 0.45
hD 2.93 0.67 0.50
1A 6.02 0.001 1.62 1.10
hA 1.80 >0.05 0.32
IP 0.72 >0.05 0.19 0.13
v 1.89 >0.05 1.50 0.34
Ic 5.63 0.001 1.47 1.01
ao 2.14 0.59 0.39

0 10.12 0.001 2.56 1.86
op 4.56 0.001 1.42 0.82
he 4.19 0.001 0.98 0.74
H 31.43 0.001 3.12 1.99
hca 0.60 >0.05 0.60 0.11

Co BpeMeH CiIy4JailHOM aKKIMMAaTHU3alUUd Pey-
HOW a00OTHHBI B BOAOEMBI PECHYOJMKH IMPOLIIO
yxe Oonee 50 yer. 3a Takoe UIMTEITHLHOE BpeMs
MOJKHO CYJIUTh O IIPOMCIIEAIINX MOP(OIOrHUECKUX
M3MEHEHUSX B HOBOM JJIsl BUA apeale.

B pesynbrare mnpoBeAEHHBIX UCCIEIOBAHUN
YCTAaHOBJIEHO IIUPOKOE paclpOCTpaHEHUE ped-
HOI a00O0THHBI BO BCeX TUNax Bojoemax bamxari-
Wnutickoro Gacceitna. Kak ogwH 13 MIUPOKO pac-
MIPOCTPAHEHHBIX COPHBIX BHJIOB H3y4aeMbIid BUJI
BCTpeUaeTcsl B MajbIX peKaxX, KPYIHBIX 03epax,
BOJOXPaHWINIIAX W UCKYCCTBEHHBIX Mpyaax [34].
Bueurnuii Buji peiObl COOTBETCTBYET paHEe MPHUBE-
JEHHOMY OIMUCAHUIO. 3HAUECHUSI Pa3MEPHO-BECOBBIX
rnokazarejiel MCCJIeOBaHHbBIX TMOMYJISIUNA pedyHOn
a000THHBI U3 JIBYX BBIOOPOK ObLIN 0OJiee HU3KUMU
10 CPABHEHUIO C PaHee MCCIIeI0BaHHBIMU BRIOOPKa-
mu 13 p. Mcewik (1975) n MmaTeprHCKOTO BOoJOEMa P.
Amyp (1956). IIpu cpaBHEHUU OHOIOTHUECKHUX IT0-
Kazarenel mexnay nomyisuusMu u3 bakanacckoit
OpPOCHUTEBHON CHCTEMBI M3 Pa3HOTO BPEMEHHOTO
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MMPOMCEIKYTKa CYHICCTBCHHBLIC pa3/indusl HE BBIAB-
JICHBI.

IIpn oueHke ypoBHsS CTAaOMIBHOCTU Pa3BUTHUS
OMOJIOTHUYECKHX TIOKa3aTeleil peuHol aO00THHBI 3
npyzaa Oblja yCTaHOBJIEHA BBICOKASI 3aTPSI3HEHHOCTh
BOJIHOM cpeapl Karmmaralickoro HepecTo-BhIPOCT-
HOro Xxo3siiicTBa. BojgHas cpepa NaHHOrO XO3siid-
CTBa, COTJIACHO IIKaJe, OlleHMBaeTcs Ha 4 Oana Kak
«TpsI3HAS.

[To mpoBeneHHBIM aHaNU3aM MOpQoMeTpHUe-
CKUX M3MepeHuil pri0 u3 20 moxaszaresnel IacTu-
YECKUX MPOMEPOB TYJOBHIIA YCTaHOBJIEHBI [0-
CTOBEpHBIE M3MeHeHus 10 9 (45%) mmactudyeckum
MPU3HAKaM IO CPaBHEHHIO C MAaTEPUHCKHM BOJO-
eMOM.

3aKkioueHne
[To pesynpTaTamM TPOBENCHHBIX HCCIEI0OBA-

HUW MOXHO CUHMTATh, YTO peuHas aO00THHA ajar-
THPOBAJNIACh IOJ] pa3HbIe YCIOBUS OOUTAHUS, YTO



I'b. Kerenoa

MO3BOJIAET CYJIUTh O €€ BBICOKOM MIACTUYHOCTH.
B nurepaTypHBIX UCTOYHMKAX OTCYTCTBYIOT CBE-
JIEHUsI O BCTpeYaeMOCTH a0OOTHHBI B NMHUTAHUH
XHUIIHBIX PBIO BBUAY CXOXKECTH CIEKTpa MUTAHUS
C LEHHBIMU NIPOMBICIIOBBIMU BHJAMHU PbIO, CUNTA-
eTCsl HeXKeNaTeIbHBIM BUIOM B UXTHO(ayHE KaK B
p. AMyp, Tak ¥ B BOJIO€Max CJIy4allHOTO BCEJICHHUS

[4-5, 22, 31, 35-36]. Janublii BUA, SBISISICH COP-
HBIM BHJIOM B NPYyJAaX, MOXET HAHOCUTh yuepo
INPyAOBBIM XO3d4iicTBaM. JleTalbHOE H3y4YEHHE
OMOJIOTUU U SKOJOTHUHU BUJA MO3BOJIHUT OIPAHUYH-
BaTh YHUCICHHOCTH PbIO B BOJZOEMAX U IPABUIBHO
nox0upaTh MeTObl OOPHOBI B MPYIOBBIX XO3S5H-
CTBaX.
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