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INFLUENCE OF NATURAL AND ANTHROPOGENIC FACTORS
ON THE DIGRESSION OF MOUNTAIN PASTURES
OF THE ASSY PLATEAU

The study considers the features of nature management of one of the large mountain pastures of
lle Alatau in the Asy River valley (Northern Tien Shan). Located on a mountain plateau at an altitude
of 2200-2800 m, the pasture is characterized by landscape and biological diversity, highly productive
plant communities. The state of plant associations of the Asy valley was studied in the second half of
the 1990s, when natural pastures were practically not used due to socio-economic collisions, which
ensured pronounced demutational and regenerative processes of grass phytocenoses. These restoration
processes took place against the background of unfavorable climatic changes: less precipitation and
higher air temperature in the warm period. Subsequent field work dates back to the period 2012-2020,
when the ecosystems of the Assy River valley experienced a powerful anthropogenic impact in the form
of overgrazing, press of tourists and poachers. At the same time, the vast majority of livestock breeders
do not consider the obvious degradation of pastures and do everything possible to increase the number
of livestock, violating the principles of sustainable use of pastures. In these conditions it is completely
unrealistic to organize works on improvement, phytoremediation of fodder vegetation. Undoubtedly, it
is necessary to carefully organize the use of highly productive alpine pastures and strict control over the
number of grazing livestock. Much awareness raising and organization of a harmonious balance between
economic and ecological components is necessary. Recommendations are given on the use of different
systems for monitoring, restoration and sustainable use of pasture ecosystems in the region.

Key words: ecosystem services, mountain pastures, lle Alatau, overgrazing, degradation and restora-
tion of plant resources, monitoring and phytoremediation, sustainable pasture management.
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Taburu xoHe aHTponoreHAK pakTopAapAbIH, ACbl YCTIpTiHAETI
TayAbl XXKaibIAbIMAApPFa AMIPECCUSIABIK, dCepi

3eptreyae Acbl 3eHi (CoaTycTik TaHb-LLlaHb) aAkabbiHAA OpHaAACKaH ipi >karbIAbIMAAPbIHbIH, Oipi
— Iae AaatayAbl namaasaHy epekLlieAikTepi KapacTbipblAaabl. TayAbl ycTiptte 2200-2800 M 6uikTikTe
OpPHAAaCKaH >XaMbIAbIM ©3iHE TOH AAHAWAMTLIMEH >XOHE OGMOAOIMSIAbIK, SPTYPAIAIFIMEH, >KOFapbl
BOHIMAI BCIMAIKTEP KAybIMAACTbIFbIMEH epekiueAeHeAi. 1990 XbIAAAPAbIH eKiHLWi XapTbICbiHAQ AChI
aAKaObIHAAFbl OCIMAIKTED KaybIMAACTbIFbIHbIH, XKaFAalbl 3ePTTEAAI. TabUFK >KaNbIALIMAAP SAEYMETTIK-
SKOHOMMKAAbIK, KaKTbIFbICTapFa GalAaHbICTbl iC XKY3IHAE KOAAAHbIAMAAbI, BYA ©3 Ke3eriHAe LWenTi
(PUTOLEHO3AAPABIH aliKblH AEMYTaUMSAbIK-KAAMbIHA KEATIpY MNpouecTepiH KamTamacbi3 eTTi. bya
KAAMbIHA KEATIPY MPOLIECTEPI KOAANChI3 KAMMATTbIK, ©3repicTep >KarAanmbiHAQ OOAABI: >KayblH-LIALLIbIH
a3aiblir, XbIAbl ME3riAAEPAE aya TemrepaTypacbl keTepiaai. Keaeci aanaabik >xymbictap 2012-2022
JOK., Mep3imiHe TueciAi. bya kesae Acbl ©3eHi aAKabblHbIH 3KOXYMECi MaAAAPAbIH, LLIEKTEH TbIC
>KalbIAbIMbl, TYPUCTEP MeEH BGpakOHbEePAEPAIH KbICbIMbl TYPIHAE KYLUTI aHTPOMOreHAIK oacepre ume
60oAAbI. ©3 Ke3eriHAe, MaALIbIAAPAbIH, KOTLWIAITT XKaMbIAbIMABIK, XEPAEPAIH alKblH AErpPaAaLMSChIH
eckepMen, MaA 6acbiH OCipy YLLIH >KalbIAbIMAAPAbIH TYPaKTbl MarlAaAaHy KarMAacbiH 6y3abl. byHaai
KaFAanaa 6CIMAIKTEPAI XKAKCapTy >KeHe (uTopemMeAnalmsAay XYMbICTAPbIH YAbIMAACTbIPY MYMKIH
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emec. Ocbl opanAa »oFapbl OHIMAI AAbMIAIK XaMbIABIMAAPABI MYKMST OMAACTbIPbIN, KOAAQHY >KoHe
>KaMbIAQTbIH MaA CaHAAPbIH KaTaH, 6akblAay KaXkKeT eKeHi CO3Ci3. DKOHOMUSIABIK, >KOHE SKOAOTUSIAbIK,
KOMIMOHEHTTEP apacblHAAFbl Terne-TeHAIKTI YAbIMAACTbIPbIN, TYCIHAIPY YKYMbICTAPbIH XKYPri3y KaxerT.
OHIPAIH >KarMbIABIMABIK, IKOXYMEAepiH GakbiAay, KAAMbIHA KEATIPY >KOHe TypakTbl MaiAaAaHyAbIH
BPTYPAI XXyMeAepiH nanaasaHy 60MbIHLLIA YCbIHbICTAp OepineA.

TyiiH ce3aep: 3KOXYMEAIK KbI3MeTTep, TayAbl >KarbIAbIMAAP, IAe AAaTaybl, MaAAbIH LIaMaAaH
TbIC XalbIAYbl, 6CIMAIK peCYpPCTapbIHbIH, AErPAAAUMSIChI KOHE KAATMbIHA KEATIPIAYi, MOHUTOPUHT >KoHe
huTopemMeAmaums, XXambIAbIMAAPADBI TYPAKThl MANAAAAHY .
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BAusiHME NPUPOAHBIX U AHTPOMOreHHbIX (PaKTOPOB
Ha AMIPeCcCHIO FTOPHbIX MacTOMLL, NAATO ACCbI

B uccaepOBaHMM paccMaTpMBaOTCS OCOOEHHOCTM MPUPOAOMOAb30BAHUS OAHOIO M3 KPYTHbIX
ropHbix nactouuy Mae Aaatay B aoamHe pekn Acbl (CeBepHblit TsHb-LLlaHb). PacnoAoxxeHHoe Ha
rOPHOM MAATO Ha BbicoTe 2200-2800 M nmacTéuile OTAMYAETCH AQHAWAMDTHBIM U GUOAOTMYECKMM
pasHoobpasnem, BbICOKOMPOAYKTUBHbBIMMU PACTUTEAbHbIMM COObOLEecTBaMK. M3yyaroch cocTosiHue
PaCTUTEAbHbIX acCcouMaumMii AOAMHBI ACbl BO BTOPOM MOAOBMHE 1990-X rr., KOraa ecTecTBEHHble
nactémuia, BBMAY COLIMAAbHO-DKOHOMMYECKMX KOAAM3MIA  MPAKTUYECKM HEe  MCMOAb30BAAMCH,
4YTO 00ECneyrmA0 SPKO  BbIPAKEHHbIE AEMYTaLMOHHO-BOCCTAHOBUTEAbHbIE MPOLECCHl  TPABSHbIX
pMTOLEHO30B. DTU BOCCTAaHOBUTEAbHbIE TMPOLECCHI MPOMCXOAMAM Ha (hOHE HeOAAronpUsATHbIX
KAMMaTUUYeCKMX M3MEHEHUI: CTaAO MEHbLUE OCAaAKOB WM BbIPOCAQ TemrepaTypa BO3AyXa B TEMAbIA
nepuoA. ocaeayioume noaesble paboTbl OTHOCATCS K nepuoay 2012-2020 rr., KOrAa 3KOCUCTEMb!
AOAMHbBI p. ACCbl MCMbITbIBAaAM MOLLHOE aHTPOMOreHHOe BO3AENCTBME B (DOpPMe MnepeBblnaca CKoTa,
npecca TypucToB U OGpakoHbepoB. [Mpu 3TOM, MoAaBAsiOLWAS YacTb KMBOTHOBOAOB HE CUMTAETCS C
OYEBMAHOM Aerpasaument nacTOMILHbIX YrOAMIA M AEAAQET BCE BO3MOXXHOE AAS POCTa MOrOAOBbS,
HapyLasl MPUHUMIbI YCTOMYMBOIO MCMOAb30BaHUS MNacTOMLL. B 3TMX YCAOBUSX COBEPLLEHHO HEpeaAbHa
opraHusaums paboT Mo yAyeHuio, hrtopemeamralmm KOPMOBOM PaCTUTEALHOCTU. HECOMHEHHO, UTO
Heob6X0AMMa NMPOAYMaHHasi OPraHM3aLMs MCMOAb30BAHMS BbICOKOMPOAYKTUBHbIX aAbMUIACKMX NacTOmLL
M CTPOIMI KOHTPOAb 32 YMCAEHHOCTbIO BbirMacaeMoro ckota. Heo6xoanma 6oAbLLAasi pa3bsiCHUTEAbHas!
paboTa M OpraHM3aumsi rapMOHUYHOIO PABHOBECUS MEXAY 3SKOHOMWMUYECKMM U 3KOAOMMYECKMM
COCTaBASIOLLMMHK. AQlOTCS PEKOMEHAALIMM MO MCMOAb30BAHMIO PA3AMYHBIX CUCTEM MOHWMTOPMHIA,
BOCCTQHOBAEHMS M YCTOMUYMBOTO MCMOAb30BAHMS MACTOMLLHBIX S3KOCUCTEM PErnoHa.

KAtoueBble CAOBa: 3KOCUCTEMHbIE YCAYTM, FOPHbIE NacTouia, MAe Aaatay, nepesbinac, Aerpasams
M BOCCTAaHOBAEHWME PaCTUTEAbHbIX PECYPCOB, MOHUTOPUMHI U dUTOpeMeamaLms, yCToMuYnBoe
MCMOAb30BaHWe nacTomLy,

Introduction

Natural pastures are the basis of pastoralism,
a way of life, and an important component of the
cultural heritage of many peoples. On the one
hand, grasslands provide numerous ecological
services such as climate regulation, soil and water
conservation, sand fixation, soil improvement,
and biodiversity support [1]. On the other hand,
grasslands also can clean the air, water, and soil of
pollutants through various physical, chemical, and
biological processes that maintain ecosystem quality
and human health [2].

However, years of anthropogenic overload
combined with the effects of climate warming

have led to a decline in the productivity of pasture
ecosystems and their resilience to natural hazards,
particularly drought [3]. It has been reported that
about 50% of the world’s pastures are degraded
[4-6], and temperate latitude pastures lost more
than 70% of their natural cover by 1950. [7]. In
Kazakhstan, the area of natural pastures is 180.4
million ha, of which more than 5.9 million ha have
been improved and 105.2 million ha are watered.
Accordingly, more than 111.1 million ha of pastures
are suitable for grazing [8]. At the same time, in
Kazakhstan, more than 80% of the total number of
farm animals is concentrated in private farmsteads,
whose owners, due to economic factors, graze their
livestock mainly within a radius of 5-7 km from
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their residence place. As a result of the so-called
near-settlement pasture digression, about 20 million
hectares of pastures are degraded, while some
remote pastures are almost not used [9].

Grazing has been an important economic
activity in mountain meadows for thousands of
years. At the same time, a significant part of alpine
meadows suffers from overgrazing due to unwise
management [10]. Many studies have shown that
overgrazing is what has led to severe degradation of
mountain pastures [11], reduction of biodiversity,
loss of natural habitat [12], acceleration of soil
erosion [13], and seriously threatens the balance of
soil-herb ecosystems and pasture productivity [14].
Several global quantitative reviews [15,16] have
shown that the impact of grazing on vegetation
is related to its productivity. The latter, in turn,
is controlled by abiotic factors such as climate
(precipitation, temperature) and topographic
conditions. Several works have shown that both
in humid regions with high productivity during
the growing season and in pastures of arid zones
with relatively low productivity, it is the amount
of precipitation that has the greatest influence on
plant productivity [17]. At the same time, other
researchers have described the priority effect of
grazing on pasture vegetation both in forest steppes
in northern Mongolia [18] and the desert-steppe
zone in northern China [19].

Considerable pasture massifs of Central Asia
are located in the mountains. A common feature
of all mountain systems is the vertical change
of soil and vegetation cover. At the same time,
each of the mountain systems has its features
conditioned by the height of ridges, their position,
exposure of slopes, geological structure, and
latitudinal zonality. Local topographic conditions
in the mountains, which may also interact with
the consequences of livestock grazing, should also
be considered [20]. Moreover, many studies have
shown that the primary production of individual
plants and communities can respond neutrally
or positively to herbivore grazing under certain
circumstances [21,22]. It follows from these studies
that the impact of herbivores on plant productivity
is complex and, in particular, depends to a large
extent on pasture load.

The purpose of our study was to investigate the
influence of contrastingly different levels of pasture
load and meteorological conditions on the vegetation
cover, its floristic composition, projective cover,
and condition of the main species of forage plants

of natural pastures of the Assy River valley in the
subalpine and alpine zones of the Ile Alatau.

Materials and methods

Study of the region

The natural pastures of the Asy River valley,
located in the subalpine and alpine zones of Ile
Alatau at the upper boundary of the coniferous
forest belt, with the transition to the subalpine
belt, were studied. Administratively, the territory
belongs to the Yenbekshikazakh district of the
Almaty region. The main coordinates are 43° 15’
N, 78° 03 E on the Assy plateau, altitude of 2200-
2800 m (Figure 1). The area is more than 40,000
ha. The Assy pasture stretches from west to east for
about 40 km with an average width of about 10 km.
Numerous small rivers and streams flow through
the pasture from the adjacent gorges into the Assy
River (flowing eastward). The southern slopes
surrounding the plateau are open, on the northern
slopes there are areas of spruce and juniper forests,
bedrock outcrops are not uncommon on the slopes,
and rocky outcrops occur on the ridges (Figure
2). These pastures provide important ecological
services, including biodiversity conservation,
carbon storage, and water regulation, as well as
ecosystem services such as distant pastoralism,
cultural heritage, tourism, and recreation at local
and regional scales.

Official meteorological data on temperature
and precipitation in the studied area obtained by the
workers of the Assy meteorological station located at
an altitude of 2260 m above sea level in the western
part of the Assy valley were used. According to
the altitudinal location, the Assy River valley is
characterized by a relatively cold and dry climate.
The mean annual air temperature for the 1990-1999
decade was +0.53°C and increased to +1.15°C in
the last decade of 2013-2022. The average monthly
temperature of July for the 1990-1999 decade
was +12.18°C and for the 2013-2022 period was
+13.26°C. The average monthly temperature of
January for 1990-1999 is. -13.1°C, and for the
period 2013-2022. -12,1°C. Active temperatures for
vegetation growing above +5°C in the Assy valley
start in May, +6.09°C in 1990-1999 and +7.36°C in
2013-2022, and end in September: +6.94°C in 1990-
1999 and +8.09°C in 2013-2022. That is, over the
last 33 years, a gradual noticeable warming of the
climate can be traced on the territory of the Assy
plateau.
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Figure 1 — Study region map

Figure 2 — Rocky outcrops, juniper forests, mountain meadows, and spruce forests on the Assy plateau

The amount of average annual precipitation
according to the data of the Assy weather station
has significantly decreased over the last 33 years
(approximately from 340 mm to 258 mm), with
summer precipitation prevailing to a large extent.

It should be noted that in comparison with other
mountainous areas of [le Alatau of similar altitudinal
belt, the Assy valley is characterized by relatively
low precipitation. Pastures in the Assy valley
have a very short growing season, limited by low
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temperatures and variable precipitation. Growth of
pasture vegetation begins in mid-May and mostly
ends in August. The duration of the frost-free period
is about 200 days. The snow cover is stable.

Methods of geobotanical surveys

Geobotanical surveys carried out by the authors
in 1998 and in 2012-2015 were conducted by the
route method by the Instruction on conducting large-
scale (1:1000 — 1:100000) geobotanical surveys of
natural forage lands of the Republic of Kazakhstan,
1996, developed in the system of land management
of the Republic of Kazakhstan [23]. In the course of
fieldwork, a map of the region was georeferenced
to the soil and vegetation cover on the ground
using pocket computers and GPS navigators, and
the boundaries of the studied types of biocenoses
were delineated based on fieldwork on the ground.
The phytoproductivity of plant communities
was determined using the mowing method with
subsequent drying of the collected phytomass.
Soil profiles and excavations were made as part
of the soil cover study. Vegetation communities
were described, GPS-coordination of description
points was carried out, photographs were taken,
and herbarium was collected to clarify the floristic
composition of vegetation of the study area. During
the vegetation study, the following was determined:
the floristic composition of plant communities;
their structure and spatial distribution; composition
of life forms; confinement to habitat conditions;
degree of anthropogenic impact on vegetation; and
projective coverage of soil by plants. During the
study of vegetation (on 100 m? plots) the species
composition of communities, projective coverage of
soil by plants, height of herbage, its development,
and visual productivity were determined. A total
of 50 sample plots of 100 m? were geobotanically
described. Yields of plant communities were
determined on cutting plots bounded by 1x1 m
square frames. In plant communities with uniform
projective cover, 1 m? harvesting plots were laid in
fourfold repetition, and in sparse herbage in eight to
tenfold repetition. Determination of projective cover
provides objective criteria for species ratio in the
community. The ratio of species characterizes the
dominance (prevalence) of plants in the community
and communities (phytocenoses) are named
according to the dominance.

Results and Discussion

According to remote sensing data, on the
territory of the Assy valley forest areas occupy

about 5%, shrubs — about 10%, rocky areas, and
river floodplains — about 5% in total, and grassy
open slopes used as pastures — 80%. The considered
altitudinal belt is the most favorable for the growth
of spruce forests on steep shaded slopes and
mountain meadows on more gentle slopes and
plateaus. In the warm period of the year in the Ile
Alatau mountains for every 100 m of ascent the
air temperature decreases by 0.6-0.7°C. On the
contrary, in the winter period in the lower part of
the mountains (up to the height of 1700 m), the air
temperature increases by 0.36°C for every 100 m of
ascent, which is caused by the flow of heavier cold
air downwards. At the same time, the general trend of
temperature decrease with altitude does not change.
Not only precipitation but also evapotranspiration,
which is related to air temperature, is considered for
the general characterization of climate [24]. This
general picture of climate dependence on altitude
belts in the Ile Alatau Mountains varies with slope
exposure. The west-facing slopes are close to the
southern slopes in terms of heat sum, while the
eastern slopes are close to the northern slopes. This
has a significant impact on vegetation: steep shaded
slopes of northern exposures are covered with
forest, gentle and warmer slopes — with meadow
vegetation, and slopes of southern exposures — with
steppe vegetation.

Anthropogenic factors have greatly changed
the appearance of the mountain ecosystems of Ile
Alatau, near which there are densely populated
cities and towns, including the city of Almaty.
Since the 1990s, due to a sharp decline in industrial
and agrarian production, deep changes in natural
and anthropogenic ecosystems have occurred in
Kazakhstan. Due to unauthorized logging and more
frequent fires, the area of forests and shrubs has
decreased. At the same time, due to a significant,
several-fold drop in the number of livestock and
the difficulty for most private subsidiary farms to
use remote pastures, the summer pastures (zhailau)
of the Assy valley were practically not used in the
1990s for 6-8 years. At the same time, due to sharply
reduced grazing on a significant area of distant
pastures in the 1990s, restorative succession of the
post-pasture demutation type took place (Figure 3).

Since 2000, animal husbandry in Kazakhstan has
been developing extensively, i.e. the increase in the
volume of production is due to a quantitative increase
in the number of livestock, both in large farms and in
small farms, where livestock farming is conducted
on an individual family basis. At the same time, due
to the predominant use of fodder by animals as the
most economically advantageous, the main load fell
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on natural pastures. Considering the rich grass and
abundance of water sources on mountain pastures,
they began to be used more and more intensively
for seasonal distant cattle breeding. At the same
time, the species structure of grazing animals was
changing. In Soviet times the most developed branch
of animal husbandry in the Republic of Kazakhstan
was sheep breeding and dairy cattle breeding. At
present, due to a sharp decline in fodder production
and a reduction in the volume of insurance fodder
procurement, herd horse breeding, and meat cattle
breeding have received the greatest development in

private farms. Thus, if in 2000 the number of horses
amounted to 976 thousand, in 2023 it reached 4,200
thousand heads [25]. Currently, sheep and horses, in
the ratio of approximately 1:1, and cattle are grazed
in the Assy valley. According to our calculations,
the total number of cattle during the study period
is about 300,000 heads, which significantly exceeds
the forage capacity of pastures. The grazing period
begins in mid-May and lasts until October, averaging
120-150 days. By the end of the season, in early
fall, a typical pasture digression picture develops
(Figure 4).

Figure 3 — Post-grazing demudation in the area of the observatory
in the Assy River valley, June 2000

Figure 4 — Digression of the same habitat as a result of overgrazing in fall 2020.
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At the same time, due to the explosive increase
of private vehicles, the valley of the Assy River is
experiencing a huge recreational load, primarily
due to the invasion of automobile and motorcycle
tourists, hunters, and fishermen in the warm season.
As a result, there is a decrease in productivity and
species diversity of plants (especially at the expense
of rare and endangered species), an increase in the
proportion of plant species in phytocenoses that are
poorly eaten by animals, impoverishment of fauna
(primarily commercial species), as well as animals
sensitive to the disturbance factor. Overgrazing,
especially on steep mountain slopes, causes soil
erosion and turf disruption. There is practically
no mountain landscape in the Assy valley that has
not been affected, at least indirectly, by human
economic or recreational activities.

According to the “Classification of natural
fodder lands of the Republic of Kazakhstan”, the
territory of the Assy plateau belongs mainly to
the mid-mountain steppe, partly high-mountain
subalpine and fragmentally (on the peaks) alpine
belt. The relief is represented by an intermountain
wavy-rolling plain sloping down to the Assy River
floodplain. The vegetation is subject to the laws of
vertical zonality and reflects natural and climatic
conditions of the mountain landscape related to
relief forms, slope exposure, soil diversity, and
climatic factors. The main life forms are perennial
and annual grasses, dwarf semi-shrubs, and shrubs.
Ephemerals and ephemeroids are seldom found. In
terms of relation to water regime, mesoxerophytes,
mesophytes, and xerophytes are predominant.
Hydrophytes and hygrophytes make up a very small
percentage of the flora. The vegetation cover of the
study area is typical for steppes and is diverse both
in terms of floristics and geobotany. It is mainly
composed of xerophilous (Stipa pennata L. and
Stipa capillata L., Festuca valesiaca Schleich. ex
Gaudin (tipchak) and Helictochloa Romero Zarco
genus species) and mesophilous (Poa L., Elytrigia
Desv., Bromus L., Hordeum L., Dactylis L. genera
species) grasses with significant presence and even
predominance in some places of various species of
xeromesophilous forbs.

Since the contrast of the soil and vegetation cover
of the northern and southern slopes is manifested
in the middle mountains, both xerophytes and
mesophytes are distinguished in the composition of
ecological types of the flora. Vegetation at the same
altitude on the southern slopes (warm and dry) is
more xerophilic and on the northern slopes (cold
and humid) more mesophilic. In addition, different
edaphic variants of communities are distinguished:
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pelitophytes — on loamy soils, litophytes — on stony
and gravely soils. Psammophytes and halophytes
are practically absent. Mid-mountain steppe
communities also vary in the richness of species
composition of their constituent plants. In some
habitats, there are mono-species communities, but
more often there are multi-species communities. In
polydominant meadow communities, which occupy
the first place by richness of species composition,
long-rooted mesophilic grasses predominate:
Hordeum vulgare L., Festuca pratensis Huds.,
Bromus inermis Leyss., Alopecurus soongaricus
(Schrenk) Petrov, Phleum phleoides (L.) H. Karst.,
Phleum paniculatum Huds., Elytrigia repens
(L.) Desv. ex Nevski, Poa pratensis L. They are
accompanied in great abundance by mesophilic
forbs: Achillea millefolium L., Medicago falcata
L., Sanguisorba officinalis L., Lathyrus pratensis
L., Pentanema britannicum (L.) D.Gut.Larr. et
al., Trifolium repens L., species of Alchemilla L.,
Astragalus L., Potentilla L., Geranium L., Myosotis
L. genera, and others. The total projective coverage
of soil by plants is high (70-80%, and in some places
up to 100%).

It should be noted that the steppe vegetation is
characterized by year-to-year fluctuations. In dry
years, xerophilous plant species develop better,
in wet years — less drought-resistant species. The
change of plant communities also occurs under
the influence of anthropogenic factors: pasture
succession leads to the formation of disruptions
and complete degradation of vegetation cover in
watering places, cattle wintering places, pens, and
settlements. Due to this, valuable fodder plants
disappear, and their place is taken by poorly eatable
or uneatable forbs and weeds. Stipa pennata, Stipa
kirghisorum P. A. Smirn., and Stipa richteriana Kar.
& Kir. are the most unstable to grazing and other
types of anthropogenic impact, so they easily fall
out of the herbage, being replaced by more stable
needlegrass (S. capillata) and then by tipchak (F.
valesiaca). With the predominance of needlegrass,
Stipa L. genus (feathergrass) — tipchak, and
needlegrass-tipchak-Artemisia L. genus community
typical for the western part of the Assy plateau.
Tipchak-grasses, tipchak-forbs, tipchak, tipchak-
grasses-Artemisia communities with average yields
of 2.5-3.6 c/ha are also widespread. They occur
throughout the territory, but the largest massifs of
tipchak communities are found in the central part.

Non-forested slopes are characterized by the
predominance of soft-stemmed grasses (Poa,
Dactylis, Bromus, Alopecurus L., Festuca L., Phleum
L. genera) and colorful, species-rich meadow grasses
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(Geranium, Alchemilla, Polygonum L., Astragalus,
Polemonium L., Ligularia Cass., Aconitum L.
genera), forming grass (Gramineae L. genus) — forb,
forb — grass and forb types of pastures. In the lower
part of the belt on the slopes of southern exposure, the
species composition of pastures significantly includes
steppe species of grasses (Poa stepposa Besser, F.
valesiaca, Helictochloa and Stipa genera) and forbs
(Phlomoides Moench, Achillea L., Origanum L.,
Astragalus, Dracocephalum L. genera). Yields of
mid-mountain meadow and meadow-steppe pastures
vary from 5 to 15 c/ha of dry matter.

The vegetation cover of high-mountain areas
is represented by colorful medium- and low-grass
subalpine and alpine meadows. Among high-
mountain pastures, the most widespread are kobresia
(Kobresia Willd.), sedge (Carex L.), forb — grass,
and fescue (Festuca) — forb — grass communities
with yield fluctuations from 2 to 9 c/ha of dry mass,
but more often it is 2-4 c/ha.

In the valley, fragments of alpine meadows with
islands of kobresia associations and low (5—12 cm)
forbs (Thymus L., Astragalus, Leontopodium R.Br.
ex Cass. genus) are common in the eastern part. In
general, the most characteristic for Assy plateau
are simple one- or two-component communities:
tipchak, bunchgrass — grass — forb, Stipa capillata-
tipchak, feathergrass—tipchak, tipchak —feathergrass
and grass — forb.

Their unstable modifications are weed-grass,
weed-forb with Poaceae Barnhart, weed, Cousinia
Cass., Descurainia Webb & Berth., Urtica L.,
Artemisia austriaca Jacq., and others. At the same
time, the fodder yield of the plants eaten is low
(0.5-2.0 c/ha of dry weight). Almost all feathergrass
pastures contain tipchak (F. valesiaca) — a small-
bunchgrass with a wide ecological amplitude. It
becomes the dominant plant cover in conditions
where feathergrass plants cannot maintain their
dominance due to a significant increase in rockiness
(for example, in the middle part ofthe valley) or under
the influence of grazing. Tipchak — feathergrass and
tipchak types of pastures are widespread; tipchak-
Artemisia (Artemisia sublessingiana Krasch. ex
Poljakov and Artemisia frigida Willd.) are rare. The
productivity of tipchak pastures is lower than that of
feathergrass type and averages 2.5-4.5 c/ha of dry
weight.

The species richness of the communities is
7-20 species, the projective cover of soil by plants
is 70—100%, the average height of the herbage is
15-50 cm, the yield of eaten plants ranges from
3-7(10) c/ha of dry mass. At the time of surveys
(1st decade of July), 20-30% grass loss by grazing
was observed practically everywhere, and 40-
50% near livestock camps. Cattle graze on slopes,
trampling trails completely devoid of vegetation
(Figure 5).

Figure 5 — Pasture erosion

Mechanical impact (trampling, biting, etc.)
occurring under the influence of grazing, especially
by cattle and small cattle, and recreational load are
worse withstood by representatives of herbaceous

perennials — grasses and forbs of subalpine and
alpine zones. Since the mountain pastures of the
Assy valley have been used since ancient times
for summer pasturing of cattle with a heavy
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load, their herbage has been heavily grazed and
trampled, which led to its degradation. Degradation
is expressed in the reduction of dominant species’
share (feathergrass and other grasses), which
lose the role of herbage edifiers and become
subdominant, then occur singularly and, finally,
drop out of the herbage altogether. There is a
change of dominants, for example, feathergrass to
tipchak, and, in turn, tipchak to poorly eaten species
of forbs. Thorny uneaten weeds such as Cousinia,
Urtica, and Onopordum L. genera, non-edible
Artemisia austriaca and annual poisonous weed
Descurainia sophia (L.) Webb ex Prantl grow on
particularly intensively and unsystematically used
plots. Changes in species composition and changes
in dominants lead to a decrease in yield. Pastures
degrade in 5-8 years under the influence of intensive
grazing. Relatively weakly disturbed herbaceous
vegetation under favorable conditions recovers in
5-6 years, while severely disturbed vegetation does
not recover for decades.

During the years of extensive economic
development in Kazakhstan, soil and vegetation
components of mountain pasture ecosystems,
experiencing significant stresses, were subjected
to degradation, but the number of state and private
livestock was relatively evenly dispersed over vast
pasture and hayfield territories. Livestock grazed
the above ground phytomass to a state of unclosed
vegetation cover and various stages of degradation.
In 1992-1994, after the disbanding of collective
farms, cattle were unevenly distributed among a

few large and numerous small private farms and
due to the impoverishment of the majority of the
population, collapse of the infrastructure of semi-
industrial livestock and fodder production, their
number decreased several times.

The sharp reduction of pasture load in the
Assy valley in 1993-1994 caused the processes
of vegetation restoration. The processes of
restoration proceed in reverse order and are
expressed in the fact that the plant communities
are again dominated or present in the vegetation
communities by feathergrass, tipchak and soft-
stemmed grasses, which previously completely or
partially disappeared from the herbage. Restoration
of vegetation in the valley is also evidenced by the
fact that there are quite a lot of juvenile specimens
of feathergrass, tipchak and other grasses in the
herbage. The herbage has high projective coverage
—70-100%, average height varies from 15 to 50 cm.
According to our observations, by about 2000 the
valley herbage had recovered after many decades of
intensive grazing, had a very good condition, high
growth, almost 100% projective cover and consisted
of well-catable grasses.

After 2000, the number of grazing livestock
began to grow rapidly, and signs of pasture
degradation increased. In disrupted areas near
yurts, wintering areas, and livestock camps, small
areas of Descurainia sophia (L.) Webb ex Prantl,
Cousinia polycephala Rupr., Urtica cannabina L.
and Onopordum acanthium L. gall are observed

(Figure 6).

Figure 6 — Cotton thistle Onopordum acanthium L.
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Discussion

Studies of the current state of ecosystems in
the alpine and subalpine zones of the Ile Alatau,
conducted on the high-mountain summer pasture of
the Assy plateau after 2013, revealed the negative
consequences of overgrazing, intensive recreational
load and climate changes. Practically, the change of
species in the series of herbage degradation on the
studied territory of the Assy plateau is as follows:
feathergrass Stipa (Poaceae family) — bunchgrass
Poaceae (feathergrass Stipa — tipchak F. valesiaca)
— tipchak — feathergrass and forbs — tipchak with
feathergrass and forbs — tipchak with forbs —
tipchak — forbs — forbs — tipchak — forbs — tipchak
F. valesiaca, with weeds — weeds — forbs — tipchak,
— weeds — forbs — weeds — disruption by cattle.
Changes in floristic composition and a change in
dominant plant species valuable for food lead to a
decrease in the yield and forage capacity of alpine
pastures.

The sharp drop in livestock numbers in the
region, as well as in Kazakhstan as a whole,
in the 90s was accompanied by demutational
processes of vegetation restoration. According to
our observations, by about 2000, the herbage of
the Assy valley had recovered after many decades
of intensive grazing, was in good condition, had
high growth, almost 100% projective cover, and
consisted mainly of well-eaten grasses. After 2000,
the number of grazed livestock gradually increased,
and its species structure changed, accompanied
by an increase in the number of horses and cattle,
and the load on pastures increased accordingly.
The vegetation is again subjected to intensive
overgrazing, large poorly eaten or un-eaten forbs are
growing — Asiatic dock (Rumex confertus Willd.),
bristly (Cirsium arvense var. integrifolium Wimm.
& Grab.) and boar thistle (Cirsium arvense (L.)
Scop.), buzulnik (Ligularia Cass.), European wand
loosestrife (Lythrum virgatum L.), purple loosestrife
(Lythrum salicaria L.), marsh spurge (Euphorbia
palustris L.), leafy spurge (Euphorbia virgata
Waldst. & Kit.), etc.

The main factors of anthropogenic impact and
processes of degradation of phytocenoses of the
Assy plateau are overgrazing and road digression, as
well as, to a lesser extent, fires and recreational loads.
In addition, the large crowding of livestock on the
plateau and the insufficient level of veterinary care
and vaccination creates an unfavorable epizootic
situation not only for domestic animals but also for
wild animals.

Conclusion

Regardless of the number of livestock and
climatic changes, the issue of rational use of natural
pastures is always acute in Kazakhstan. This requires
continuous and effective monitoring of pastures
condition, recording of their floristic composition
and fodder capacity in relation to climatic changes,
development of a set of measures to preserve and
improve the quality of pastures. It is known that the
foundation of rational use and protection of natural
fodder lands is compliance of the number and type of
livestock with the fodder capacity of the pasture, use
of pastures by seasons, haying and pasture rotation,
and paddock grazing system. Surface improvements
are necessary on already degraded areas, which
include reduction of pasture load and regulation
of grazing, application of fertilizers to meadows,
elimination of bunchgrass hummocks, sowing of
perennial grasses and grass mixtures in the turf of
natural herbage, improvement, and regulation of
water regime (snow retention, use of groundwater),
control of weeds and poisonous plants and shallow
soil loosening.

In the early 1990s, as a result of large-scale
socio-economic transformations, accompanied
by the destruction of agricultural infrastructure,
there was a sharp drop in the number of livestock
throughout the country. In the following years, the
number of livestock began to gradually recover,
with a significant change in its composition. During
the Soviet period, fine-fleece sheep breeding
dominated livestock production in Southeast
Kazakhstan and much attention was paid to fodder
production. In recent years, the number of horses
of indigenous breeds and their offspring (as the
most adapted to year-round herds on fodder) as
well as the number of camels, especially dairy, has
been growing rapidly.

In this context, at present the pressure
on public pasture lands (state fund lands) is
increasing unevenly and in all seasons. The
lands located close to settlements are especially
affected. There is also a pronounced increase in
pasture digression and rapid depletion of pastures.
If this trend persists, irreversible disturbance of
the natural environment balance, destruction of
soil and vegetation cover on vast areas of natural
pastures and strengthening of carbonization
processes may occur. Taking into account the
above-mentioned, as well as the fact that rural
residents make up 43% of the population of
Kazakhstan and livestock plays a significant role
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IPYIMIMMPOBKA TOPOAOB BAOADb PEKA APA3
MO 3KOAOI'MYECKOMY COCTOAHUIO

OCHOBHblE MCTOUYHMKM 3arpsi3HEHUS OKPYXKalollen CpeAbl PacrnoAOXeHbl B ropoaax. [Noatomy
M3yUeHne TOPOACKMX DKOCUCTEM SBASETCS BaXKHbIM BOMPOCOM. B xoae MCCAeAOBaHUSI Mbl U3YUMAM
passutre ropoaos Mmumiian, Caatabl 1 Cabupabaa, pacrnoAOXKeHHbIX Ha Geperax peku Apas, M mx
BAMSIHME Ha OKpY>Kalollylo cpeAy. Ha 3TOT pa3 Mbl OTAAAWM MPeANOYTEHWE COBPEMEHHbIM METOAAM.
BbiAn 3arpyskeHbl M 06paboTaHbl CMYTHUKOBbIE CHUMKM paiioHa MCCAEAOBaHWA. Bbianm o6paboTaHbi
CMYTHUKOBblE CHUMKM Landsat 5, 8 U 9 M npoaHaAM3MPOBaHbl PACTUTEALHOCTb, BOAOPA3AEA U
ApYyrve KOMMOHEHTbl UCCAEAYEeMON TeppuTopuu. Ha 3TOT pas Mbl MCMOAb30BAaAU TEXHOAOTUU Arc-
GIS. Mbl OTCAEKMBAAM KOMIMOHEHTbI OKPY>KalOLLEN CPeAbl C MOMOLLbIO MPOrpaMMHOro obecrieyeHns
ArcGIS 10.3.1. OnpeaeAeHO, YTO Ha MUCCAEAYEMOWM TEPPUTOPUM CUABHO M3MEHMAACH OKPY>KaloLLas
cpeaa. PesyAbTaTbl MokasaAu, UTO MAOLLAAb FOPOAOB, PACMOAOXKEHHbIX Ha 6Geperax peku Apas, 3a
nocaeaHue 40-48 AeT yBEAMUMAACH BABOE. DTO NMPUBEAO K YHUUTOXKEHWMIO BOAOEMOB, PAaCTUTEABHOCTU
M 3arpsisHeHuio Bosayxa. Mo Mepe yaaneHus oT 6epera peku Apas TemriepaTypa MOBEPXHOCTM
YBEAUMUMBAETCS U BAMSIHME peku ocAabeBaet. [1O3TOMY MOMyAsSiUMS CO BPEMEHEM MepemeLlaeTcs B
CTOpOHY Gepera peku.

KAtoueBble cAOBa: ropoAcKas 3KOCHCTeMa, CyTHUK Landsat, akoAornueckas cutyaums, peka Apas.

Sh.S. Amanova

Research Institute of Crop Husbandry Ministry of the Republic of Azerbaijan, Azerbaijan, Baku
e-mail: shahnaz.amanova@gmail.com

Grouping of cities along the Araz river according
to their ecological state

The main sources of environmental pollution are located in cities. Therefore, the study of urban eco-
systems is an important issue. During the research, we studied the development of the cities of Imishli,
Saatli and Sabirabad, located on the banks of the Araz River, and their impact on the environment. This
time we preferred modern methods. Satellite images of the study area were downloaded and processed.
Landsat 5, 8 and 9 satellite images were processed and vegetation, watershed and other components of
the study area were analyzed. At this time, we used ArcGIS technologies. We monitored environmental
components through ArcGIS 10.3.1 software. It was determined that the environment has changed a lot
in the studied area. The results showed that the area of the cities located on the banks of the Araz River
has doubled over the past 40-48 years. This has led to the destruction of water bodies, vegetation and air
pollution. As you move away from the Araz river bank, the surface temperature increases and the influ-
ence of the river weakens. Therefore, the population moves towards the river bank over time.

Key words: urban ecosystem, Landsat satellite, ecological situation, Araz river.

LLI.C. AMaHoBa
O3ip6aitkaH PecrnybAnkachbl ©OCIMAIK LapyallibIAbIFbl MUHUCTPAITiIHIH, FBIABIMU-3€PTTEY MHCTUTYThI,
O3sipb6aitxkaH, baky K.
e-mail: shahnaz.amanova@gmail.com
Apa3s e3eHi 60iibIHAAFbI KaAaAaPAbI
3KOAOIMSIABIK, )KaFAalblHa Kapak TONTacTbIpy

KopluaraH opTaHbl AaCTaWTblH Heri3ri Ke3aep KaAaAapAa opHanackaH. COHABIKTAH KaAAAbIK,
DKOXKYMEAEPAI 3epTTey MaHbi3Abl MaceAe GOAbIN TabblAaabl. 3epTTey GapbiCbiHAQ Apa3 ©3eHiHiH,
KaracblHAQ OpHaAnackaH Mmuwam, Caatabl kaHe Cabupabap KaAaAapblHbiH, AAMyblH, OAAPAbIH
KOpLLUaFaH opTara TWUri3eTiH acepiH 3epTTeaik. ByA >KOAbl 3amaHayu aaictepre 6acbiMAbIK, GepAiK.
3epTTey ammarblHbIH CMYTHUKTIK CypetTepi >KYKTeAirn, eHaeAAi. Landsat 5, 8 >xeHe 9 CrnyTHMKTIK
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CypeTTepi OHAEAAI KOHe 3epTTeAETIH ayMaKTbiH 6CIMAiKTepi, Cy aaabbl eHe 6acka KOMMOHEHTTepi
TaraaHAbl. Ocbl yakbiTTa 6i3 ArcGIS TexHoAOrMsAapbiH KoaaaHAbIK,. Bi3 ArcGIS 10.3.1 6araapAamanblk,
KYPaAbl apKbIAbl KOpLUaFaH OpTa KOMMOHEHTTEPIH OakbiAam OTbIPABIK. 3epTTeAeTiH aymakTa
KOPpLUAFaH OpTaHblH Kern e3repreHi aHblKTaAAbl. HeTuxkeaep confbl 40-48 >Kbiaaa Apas e3eHiHiH
»KaFacblHAQ OPHaAACKaH KaAaAapAblH ayAaHbl €Ki ecere yAFamFaHbliH KOPCeTTi. byA cy KoMaAapbIHbIH,
OCIMAIKTEPAIH, >KOMbIAYbIHA YKOHE ayaHblH AaCTaHyblHa 9KeAAi. Apa3 ©3eHiHiH >KaFacblHAH aAbICTaFaH
canbiH Xep 6eTiHiH TeMrnepaTtypachl KOTEPIAIM, ©3eHHIH acepi aAcipeiriai. COHABIKTAH XaAblK, yakbIT Te

KeAe ©3€H >KaFacblHa Kapan >KbIAXKMADI.

TyiiH ce3aep: KaAaAbIK dKOXYHe, AaHACAT CMYTHUT I, SKOAOTUSIABIK, XKaFAalr, Apa3 e3eHi.

BBenenue

Bbonee 78% BBIOPOCOB YITIEKHUCIOTO Ta3a B ro-
POJICKUX IKOCHCTEMaxX CBS3aHBI C aHTPOIOT'CHHOM
JIeSITENIbHOCTBIO [22]. DKOJOTMYEeCKU cliesi Topo-
JIOB MOXET PaclpOCTPaHAThCS 32 MpeJiesibl TOpoia
Ha CEJIbCKOXO3SIMCTBEHHBIC TOJIS, Jieca W BOJHBIC
UCTOYHUKH [4,7]. B pe3ynbrare 3T0 HEraTUBHO BIIU-
sA€T HC TOJIBKO Ha JIOKAJIbHYIO, HO 1 Ha PECTrhuOHallb-
HYIO U rio0anbHyo skocuctemy [18, 23].

l'oponckne manmmadThl SABISIOTCS HE TOIBKO
HEHTpaMH TOTpeOJICHHsT DHEPTHH, MaTepUalioB M
MIPOYETo, OHU TAKXKE SIBIISIOTCSI UCTOUHUKAMH OTXO-
JIOB, TIAPHUKOBBIX Ta30B, 3arpsi3HEHUS] BOJBI U BO3-
nmyxa [3, 25]. ITo Mepe pocTa TOPOIOB HX COITHOIOTH-
YEeCKUIN U DKOJIOTMYECKUH CIIE/] pacIpOCTPAHSIETCS Ha
OoJbIIIIe TEPPUTOPUH. 3a CUET ATOTO YMEHBINASTCS
Y TUTOIIAb TPYIHOJOCTYITHBIX MecT [8].

Hacenenne Mupa crajkuBaeTcsi C BaKHBIMU
HKOJIOTUYECKHMH TPOOIeMaMH, TAKUMH KaK H3Me-
HEHHE KJIMMaTa W 3arpsi3HEHHE OKPYKAIoIIeH cpe-
Iel [9, 16]. OCHOBHOW MPUYUHON ITOTO SIBISETCS
MOTPEOUTENBCKHIA CIIPOC HACENCHUS, MPOKUBAO-
mero B ropogax [1].

B Hacrosimee Bpemst 54% HaceneHusl MUpa mpo-
’)kuBaeT B roponax [2]. [lo oueHkam, K KOHILy CTO-
netust ta nudpa cocraButr 70% [6]. Takum obOpa-
30M, TOpO/ia CO3Jal0T U 00OCTPSIIOT ABE OCHOBHBIC
MPOoOIEeMBI. DTO MPOOIIEMBI OSTHOCTH 1 JIETpaTaIliu
okpy>katomeit cpensi [10].

Poct ropomoB okasbIBacT cepbe3HOE BIIMSHHE
Ha KaueCTBO BOJIbI, BO3yXa U pacTuTenbHocTu [13].
UTo0bI cripaBUTHCS ¢ MpoOIeMaMy, BO3ZHUKAIOIIHU-
MU IO MEpEe paCIIUPEHUS TOPOJICKUX TEPPUTOPUI,
CTpaHBI BCETO MUPA JIOJDKHBI OCYIIECTBIATE d(h(hek-
TUBHOC T'OPOACKOC INNIAHUPOBAHUEC U TINITAHUPOBAHUC
[11].

K mambonee BaXHBIM TpoOJIeMaM TOPOIOB OT-
HOCSITCSL:

- CUJIBHBIA POCT IUIONIAJIA U HACEIICHHS TOpPO-
JIOB TIPUBOAMT K TIpodiieme 6emnoctH [14]. Ucron-
HUTEJbHAS BIACTH TOPOJIa U JPYTUE TOCYIAPCTBEH-
HBIC OpraHbl UCTIBITHIBAIOT TPYJHOCTH C OKa3aHUEM
yCIIyr BceM xxurtessiMm [17].

- [loTpebnsiemas sHEpTUs NPUBOJIUT K JTaTbHEH-
meMy 3arps3HeHHI0 Bo3ayxa [15].

- I'a3bl, BEIOpachiBaeMbie B BO3JyX aBTOMOOH-
JISIMH, UCTIOJIB3YeMBIMH B TOPOJICKOM TPaHCIIOPTE,
BBI3BIBAIOT BEICOKOE COJIEpKAHUE CBHHIIA B BO3TyXE
ropoCKoit skocucTeMsl [19, 21].

- HeyOpannbpie 0TXOIBI B TOPOJCKUX pailoHax
MIPEACTABIISIIOT CEPHE3HYIO YIPO3Y 3IOPOBBIO JKU-
BBIX CYIIECTB [].

- KonmmaecTBo rmpo6iieM, BOSHUKAIOIINX ITPU pa3-
BHUTHH TOPOJICKUX dKOcHCcTeM, OeckoHeuHo [20,24].

Toraa mMbl Tak:Ke MOKEM YIOMSIHYTH PEIICHHUS.

- Coznanme pabouux MECT B IPUTOPOIHBIX paii-
OHax W, B KOHEYHOM UTOTe, 60phda ¢ OCTHOCTHIO.

- Mcnonp3yiiTe 3KOJIOTMYECKH YUCTBIA TpaHC-
noprt [17].

- [Ipumenenue 3eneHoi sueprun [5].

- VYBenuueHue IIOMAAN 3€JCHH, JIECOB U Map-
KOB U T.J. [12].

MarepuaJibl U METO/ABI

[Ipy n3y4eHnu TOpPOIOB HCIIOIB30BAJICS P
MeTOA0B. B mepByro oyepenpb 3TO BKIOYaeT B ceOs
METOA TOJIEBBIX HMCCIIENOBaHUN. B To Bpems B ro-
POJICKHX YCIIOBHSIX TPOBOJMIINCH ITOJIEBBIE HCCIIe-
JIOBaTeNbCKUE PA0OTHI, KOTOPbIC aHATM3UPOBAJIMCH
B KaMepaJbHbIX YcIoBUsIX. COBpeMEHHBIE METO/IbI
Ba)YKHBI IIPU N3YYEHHUH TOPOJICKHX JaHamadpToB. Ta-
KHM 00pa3oM, aHaJIu3 CITyTHUKOBBIX H300pakeHHH,
reoMH(pOPMAIMOHHBIX CHCTEM M JUCTAaHLIHOHHO-
r'0 30HAMPOBAHMS SIBIAIOTCA OAHUMHU U3 HanboJjee
MPENNOYTUTENBHBIX METOJOB U3YUYEHHS U ONpese-
JICHUS! IMHAMUKH TOPOJIOB 3a 0ojiee KOPOTKUI Iie-
puos BpeMeHu. MaTteMaTHKO-CTaTUCTUYECKUN Me-
TOJI TaKK€ BayKEH MPH NMPOBEICHUH aHAIN3A.

[Ipu pacuere Temneparypbl HOBEPXHOCTH CYIIN
MBI HCIIOJIB30BATN CIIEAYIONIYIO TIOCIEI0BATEhb-
HOCTb.

[Ipexne Bcero, HaM HY’>KHO PeoOpPa30BaTh UC-
xonubie DN TIRS B BepxHIO0 9acTh aTMOC(HEPHOTO
nznyuenus (TOAr). [Tostomy ucxoansie nudpoBsie
gucna (DN) muamasonoB TIR Landsat 8 mpeoOpa3y-
FOTCS B ApKOCTH [2]. Crenyromiee ypaBHeHue 1 mc-
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MOJIB3YETCsI TSl TIpeoOpazoBaHus UcxoqHbIX DN B
TOAr, xak Moka3aHO HHXKE:

TOAr=M * DN+B (yp.1)

M — MHOXUTEIb CUSHUS,

B — JloGaBnenue cusiHusL.

3nauennss M, B maxomarcs B (aiine MeramaH-
HbBIX JaHHBIX Landsat 8.

K1 u K2 — mapameTps! 30HHOI KOHCTAaHTHI Tep-
MHYECKOTO TTpeoOpa3oBaHusl.

[Tocne Toro, kak MbI momyuniu 3HaueHns TOAT,
Tenepb Mbl MOKEM PACCUUTATh IPKOCTHYIO TEMIIE-
paTypy, UCTIONb3ys ypaBHeHHE 2 Hike [1]:

TxensBun= K2/ In(K1/TOAr +1) (yp.2)

Ucnone3ys napamerpsl K1 u K2, Mbr mpeobpa-
3oBasin 3HaueHuss TOAT B TeMmepaTypy B rpagycax
KenpBuHa.

[Ipu pacuere Temmneparypbl IOBEPXHOCTH CYIIH
HaM Takke noHamoourca uuaexkc NDV. Ilo stoit
npuurHe uHjaeke NDV usydaics Ha OCHOBE CIYT-
HUKOBOTO CHHMMKa paiioHa Mccie0BaHMii, OTHOCS-
ierocst K ToMy e nepuony. B nanHowm ciyuae Ml
HCIIOJIb30BAJIN CIENYIONIYI0 (hOpMYILy.

NDVI=(NIR-RED)/(NIR+RED) (yp.3)

48“;20.
L
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VYpaBuenne NDWI BeImIsIIuT crieayommmM o0-
pazom:

NDWI = (Green — NIR)/( Green + NIR) (yp.4)

Green- 3enenbiii; NIR — Onvxanil nHGpakpac-
HBIN JHaIa3oH.
®opmyna MNDWI BeITnsauT cieayrommm 00-
paszoM:
MNDWI = (Green — SWIR) /
(Green + SWIR) (yp.5)

Green — 3enenbiii; SWIR — 3HaueHns nukceneit
13 KOPOTKOBOJIHOBOTO MH(PAKPACHOTO THATIa30HA.

PesynbTaTel 1 ux 00cy:KaeHHe

Pailon Hammx uccienoBaHUN OXBAaTHIBAET PEKY
Apa3 miomaasio 1306 km? u OydepHyro 30HY TUI0-
maneto 10 kM Bokpyr Hee (Pucynox 1). O0mias miu-
Ha peku Apaz B mpejenax UcCIelyeMOol TeppHUTO-
puH cocTaBisAeT 258 KM.

I'oponma Caatier, Cabupabdan u Mimummmu pacrio-
noxeHbl B OydepHoit 3oHe B 10 kM OT pekn Apas
(Pucynoxk 2).

Kax mpI 3HaeM, Ha Oeperax pek m3apesie (op-
MHUPOBAJIMCH MMOCEICHUS U JAPEBHHUE [TUBHIU3AIHU.
BbnaronpusTHBIC TPUPOAHBIEC YCIOBUS CO3/1AI0T LIH-
POKHE BOZMOXKHOCTH TSI aCCHMMUJISIITAH.

Apsenns

Pucynoxk 1 — O6nactp ucciienoBaHust
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HWnmnomm
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PHCyHOK 2 — Pacnionoxenue TOpO10B Ha TEPPUTOPUU UCCIICTOBAHUS

Amnanuzupyst uudpoByo MoJenb peibeda uc-
CIe1yeMOl TeppUTOPUHU, Mbl YCTAHOBUJIM, UTO 76
% Tepputopun HaxomauTcs Ha 10 M HIKE YPOBHS
Mopsi, a 24 % — Hajg ypoBHEM Mopst (Tad. 1).

Taoamua 1 — AOCOTIOTHBIE BBICOTHI

IInomans
AOCOIOTHBIE BBICOTHI (B M)

km? %

Mesnsiue — (-10) 520 40
(-10)-0 466 36

0-10 170 13

10-20 110 8

Bpre 20 40 3
HUroro 1306 100

Uctopudeckn oOuTaemble pedHbIe OacCeiHBI
MOJBEPrajucCh AHTPOIOTEHHOMY BO3JCHCTBHIO C
MOMEHTa NOABJIEHUS 4denoBeka. C TedeHueM Bpe-
MEHH, [0 MEpE Pa3BUTHA TEXHUKU U TEXHOJOTHH,
oTH 3¢ ekt cTanm Oonee MHTEHCUBHBIMU. [locie
OTIpEe/IETICHHBIX JTAllOB 3aMEeHa CEJIbCKUX Mocese-
HUH TOPOJICKUMH MTPUBOIMIIA K O0Jiee CHIIBHBIM (-
(hextam.

Jnst aHanu3a pa3BUTHsL 3THX TOPOJOB ObLia
u3ydyeHa auHamuka rpanHun B 1975 u 2023 rogax.
Y CTaHOBICHO, YTO TEPPUTOPHS TOPOAOB YBEIHUH-
Jlach BJIBOE 3a 48 JeT.

Ecnu mo tomorpaduueckomy miany 1975 roga
mowaas ropona CaaTnsl cocTaBisuia 8,9 kM2, TO
B 2023 rojy Ha OCHOBE pacIIu(PPOBKU adPOKOCMH-
YEeCKUX CHUMKOB OBUIO YCTaHOBIICHO, YTO TUIOLIAIb

ropoja pacumpmiach 10 18,4 kM?. DT0 03Hauaer,
YTO CPEeIHErof0BOI MPUPOCT TUIOMIAIA COCTABISET
2,27%. Ecau MBI TOCMOTPHM Ha HAIlPaBJICHHUE pac-
LIUPEHUS TOPOJIa, TO YBUJIUM, YTO OH PACIIUPSICTCS
MIPENMYIIECTBEHHO Ha I0r0-3amajie W ceBepo-3arma-
Jie. DTO CBSI3aHO C CYIIECTBOBAHUEM CEJIBCKUX TIO-
CCJICHUU B JAPYruX HAIPABICHUSX, YTO MPUBOIMUT
K OTPaHUYEHHUIO0 BO3MOXKHOCTEH ISl paCIIAPEHHS
U TPOXOXICHMSI BOJHOTO KaHaja 4epe3 dTOT paid-
oH. Eciiu mocMOTpeTh Ha CITyTHUKOBBIH CHUMOK, TO
MO’KHO YBHJIETh, YTO Ha IOT'€ U FOTO-BOCTOKE TOPOa
HAMEIOTCS TIaIlHU.

Jis aHanW3a TPOCTPAHCTBEHHON JUHAMUKH
ropojickoro nanamadTa ObUT BEKTOPH30BaH IIJIaH
ropoja Ha 1975 roza, o0paboTaHbl CIIyTHHKOBBIC M
kocmuueckue cHUMKM 3a 2010 u 2023 roxawl. XKu-
nasg wiomans Umunum B 1975 romy cocraBisiia
12,3 km2, 8 2010 romy — 17 kM2, a ceiiuac 3aHUMAET
mwomaas 22 km2. CpegHerogoBoi TeMI pocTa Io-
maau coctaBmi 1,1% B 1975-2010 romax u 2,5% B
2010-2023 ronmax. IIpuxoaum K BbIBOY, 4TO B X XI
BEKE TEPPUTOPHsI ropoJia pociia ObicTpee.

B 1975 rony nmomaas ropona Cabupaban co-
craBisia 7 KM%, a 3a 49 jeT oHa yBEIHUYMIIACH JI0
11,3 xm2. D10 o3Hauaer poct Ha 1,2% 3a rox (Ta-
oymma 2).

YBETUYNBACTCS HE TOJNBKO TEPPUTOPHUS TOPO-
JIOB, HO W HaceneHwue. Jlns cpaBHeHUs, eciau oOpa-
TUTh BHIMaHHUE Ha TIPUPOCT HACEIIEHUS TOPOJIOB, TO
Hacenenue ropoaa Mmummmu B 1959 1. coctaBisuio
9,5 ThIC. YenoBek, B 1970 r. — 17,8 ThIC. YCIOBEK, B
1979 r. — 21,3 TBIC. yemoBeK, B 1989 1. — 25,7 ThIC.
yesioBek, B 2014 r., 35,5 Tric. yenoBek B 2017 r. u
37 thic. yenoBek B 2023 r. [25].
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Ta6auua 2 — Jlunamuka ropojioB

ITnomans, km? Jlunamuka CpeHeronoBoii
Topona o
B1975r B2023r Km? % poct, %
J%0Y0%000M107 12,3 22 9,7 79 1,61
Caatnbl 8,9 18,4 9,5 106,8 2,27
Cabupaban 7 11,3 43 61 1,2

B 1944 rogy Mumuiel nomy4us ctaTyc nocen-
Ka TopojcKoro tuma, a B 1960 roxy — craryc ropoaa
paitonHoro noguuHeHus. B 2006 roxy B Mmunuim
npu uHBectuimsix Azersun Holding Ob11 oTKpBIT
NMUIIITMHCKUN caxapHbIi 3aBOJ] — KpyIHEHIINMA 3a-
BOJ Mo nepepaboTke caxapa Ha FOxxnom Kapkase.
Bcero B 3aBoj ObII0 MHBECTHPOBAHO 97 MHILIHO-
HOB J0JUTapoB. 3aBoj Oyaer mepepadateiBaTh 300-
350 TeIcs4 TOHH caxapa B roji, 1000 TOHH B CYTKH.
[locrme MONMOTHUTENHHBIX HWHBECTUIIMH B pa3Mepe
10 MIITHOHOB JOJUTApOB TepepadaTHIBAIOIITYIO
MOIIIHOCTb 3aBO/ia TNIAHUPYETCS YBEIUYUTD elle Ha
50%. Llrar 3aBona cocrasnser 1400 yenaoBex.

Hacenenue Hanpsmyro TOBJHSJIO Ha BOJHBIN
OacceifH, a TakKe Ha TeppUTOpuUIO cymu. MHaekc
MNDW (Modified Normalized Differense Water
Index) ObUT MpoaHATU3UPOBAH JJISi U3YUYCHHUS BIIH-
SIHUSI TOPOJIOB Ha BOjiopaszen OacceliHa pekn Apas.
M5t 3TOr0 OBUTH MOTYYEeHBI U 00padOTaHbl MyJIBTH-
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CIIEKTpalibHbIe M300paKeHHs palioHa HCCienoBa-
HUH co crryTHUKOB Landsat 5 1989 roga, Landsat 8
u 9 2023 roxa. [IpoBeneHHBIN aHATH3 TOKA3BIBACT,
YTO Mokazarenu uHaekca Huxke — 0,16 pe3ko BO3-
pociu. OcTalbHBIC TOKa3aTelW, HA00OPOT, CHH-
3WJIMCh. YBEIMYEHHE OTPULATEIBHBIX KOd(UIm-
€HTOB CBUJIETEIBCTBYET O TOM, YTO YPOBEHB BO/IBI
CHU3MWIICA, Taxe peka Apa3 Ha HEKOTOPBIX ydacTKaxX
nepecoxJia, B pe3ysibTaTe 4Yero 3TH TEPPUTOPUH ITPe-
BPATHIIUCh B CTPOUTENBHBIC TIIOMIAIKH TOPOJCKUX
M CENbCKHUX MOCEICHUH. JTO, KOHEYHO, JIOKa3bIBa-
€T, 4TO B OJIMOKaiiiieM OyayIieM, TOMUMO 3THUX Ha-
CEJICHHBIX ITYHKTOB, C HEXBATKOH MPOOBOIHCTBHS
CTOJIKHYTCS M PaiiOHBI, CHAOKaeMble IMPOIOBOIb-
CTBHUEM U3 3TUX palioHOB. [ToTOMy uTO B pe3yibTare
pacmmpoBKH KOCMUYECKNX CHUMKOB OBLIO yCTa-
HOBJIEHO, YTO OKPECTHOCTH 3THUX PEK OTHOCATCSH K
CeJIbCKOXO3SIICTBEHHBIM TOJISIM, HCIIOJIb3YEMbIM B
CeNBbCKOXO03sIcTBeHHBIX 11ensX (Tabmuma 3).
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Taoanua 3 — Uugekc MNDW

UTOMIA/b
WUnnekc MNDW km? % km? %
B 1989 r B2023r

Menbuie- (-0,24) 1 0,5 53 4
(-0,24)- (-0,22) 8 0,5 124 10
(-0,22)- (-0,2) 40 3 251 19
(-0,2)- (-0,18) 107 8 344 26
(-0,18)-(-016) 205 15,5 270 21
(-0,16)- (-0,12) 725 56 175 13

(-0,12)-(-0,07) 176 13 38 3
(-0,07)- 0,03 27 2 31 2,5

0,03-0,07 7 0,5 13 1
0,07-0,24 9 0,5 7 0,5

Beime 0,24 1 0,5 -

HUroro 1306 100 100

Ha ocHoBe aHanu3a CIYTHHUKOBBIX CHHMKOB
palioHa MCCieOBaHUN TakXe ObUI U3YYEeH MHJICKC
NDV (Normalized Difference Vegetation Index)
paiiona (PucyHok 4).

Hnst sToro Obutn 00pabOTaHbl CIYTHHKOBBIC
cHUMKH MecTHOcTH 3a 1989, 2014 m 2023 ronpsl.
[Tnomank y4acTKOB ¢ OTPUIIATEIBHBIM HHICKCOM

48°%

yBenmamiack Ha 50% 1o cpaBHeHUIO ¢ 1989 romgom,
a yuacTtkoB ¢ 0-0,2 ymensiminacek. B paifonax c BbI-
COKHMM HHJICKCOM BHOBb HAOJIONAETCS POCT. ITO
ele pa3 MOJATBEPKAACT, YTO MYCTYIOIIUE TEPPUTO-
puu B Oydepnoii 3one B 10 kM oT pexu Apaz Obun
3aMEHEHbI 3aCTPOMKAMH, & TAKIKE CENbCKOXO3SIH-
cTBeHHBIMU ToJisiMu (Tabmuta 4).
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Tadonuma 4 — Uunexc H/AB

[Tnomane
Wunexc HAB km? % 2 % km? %
B 1989 r B20l4r B2023r

Mesnbiie-- 0 8 0,5 0,2 11 1

0-0,1 198 15 4 51 4
0,1-0,2 670 51,5 455 35 353 27
0,2-0,3 326 25 608 47 474 36
0,3-0,4 94 7 174 13 300 23
0,4-0,5 9 0,5 0,8 110 8,5
Beiie 0,5 1 0,5 - 7 0,5
HUroro 1306 100 1306 100 1306 100

CpaBuenne wuHaekca HJIB moxaspiBaer, 9To
yuactku ¢ uHjaekcom 0,1-0,3 Oosiee MHTEHCHUBHO
cMensmuck unaexcom 0,3-0,4 B paitone peku Apas.
DTO TMOKa3bIBaeT, 4TO MOCEBHBIE IJIOMIANN CTaHO-
BATCS OoJiee MIIOTHBIMH. MIHTEHCHBHO 3aca)KeHHBIC
TEPPUTOPHUH TAKIKE BBI3BAJIN 3PO3UIO MOUBHI.

s MOHUTOpPUHTA M3MEHEHUN MUKPOKIMMAaTa
Ha TEPPUTOPUHU HCCIICIOBaHMN ObUIM 00pPabOTaHBI
CIIlyTHUKOBBIE CHUMKHM TEPPUTOPUH 3a UIOHb 1989
r. ¥ uto"b 2023 T. ¥ COCTaBIIEHBI KapThl MPU3EMHOMN
temnepatypsl  (Pucynox 5). Ilocne awnanmsa
ATUX KapT pa3iuyus ObUIM WCCICIOBaHBI MyTEM
pasMerieHdss WX Apyr Ha Jpyre. YCTaHOBJICHO,

YTO TIOBBIINIEHWE TEMIIEpaTyphl HaOIIOAaeTcs Ha
3HAYUTEIIBHOM YacTU TEPPUTOPHM HCCIIENOBAHUM.
Ecim B 1989 romy MmuHHMManpHas Temrmeparypa
cocrapmsma  21,1°C, 10 B 2021 romy oTOT
nokazarens yBemmuwicsa no 23,4°C. IloBwimieHue
Ha 2,3°C Ha mepBbI B3MIAJ MOYKET IOKa3aTbes
HE3HAYHUTEIHHBIM, HO OHO TPEACTaBIsAeT COOOM
cpenneronoBoe yBenuuenne Ha 0,07°C 3a 32 rona.
[lpn nHaOmomeHMH 32 JWHAMUKOM H3MEHEHUs
Temriepatypsl B OydepHoii 30e B 10 KM OT pexu
Apa3z ycTaHOBIIEHO, YTO T€MIepaTypa IMOBbICHIIAChH
Ha mromanau 1088 xMm?, a HEOOIBIIOE MMOHMKEHUE
TeMITepaTypsl ONpeIeNieHo Ha rroman 218 km?.
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Kak n3BectHO, pexa Apa3 npoTeKaeT 1o Teppu-
topuu 4 crpan: Typuuu, Mpana, Memena u Asep-
Oaitkana. Hapsay ¢ roponaMu, pactoiosKeHHBIMHU
Ha Oeperax Apakca, Ha ypOBEHb BOJIBI B PEKe, a TaK-
JKE HA SKOJIOTHYCCKYIO CUTYAIIMIO BIHUSIOT TOPO/Ia,
pacrioNioXeHHbIe Ha Oeperax ero mpaBoro U JIEBOTO
pykaBoB. OTHUM M3 SKOJOTHYECKH HaNpsKEHHBIX
JIEBBIX TIPUTOKOB peKH Apa3s siBisiercs peka Paznan,
MPOXOJISIasl Yepe3 OCHOBHBIC MPOMBIIIICHHBIE T'O-
poaa ApMEHUH, B PE3YJIbTATE YETO MPOMBIIIICHHBIE
U OBITOBBIC OTXOJIbI BMECTE CO CTOYHBIMH BOJAMH
YXyIIA0T 3KOJIOTHYECKYIo cuTyanuio. Peka Apas
npoxo Ut 4yepe3 ropog Cabupaban Ha mpaBoM Oe-
pery u Bragaet B pexky Kypa.

Eme B 2010 roay Oe3pimsinHast crapuna (0,25
KM?) B FOTO-BOCTOYHOH YacTH ropoja BBICOXJA H
cTana WibiM MaccuBoM. ClielyeT OTMETHTb, YTO

3TO0 OE3BIMSHHOE 03€pO SIBISETCS CTapUICH pEeKH
Apas.

3akiouyenne

B pesynbTare wuccienoBaHUs yCTaHOBIEHO,
YTO IUIOMIAJb TOPOAOB HCCIEAYEMOW TEpPPUTOPHUH
YBEJIWYHUIIACH B/IBOE.

VYBenuueHne  HaceleHuss U TEePPUTOPHH
TOpPOJIOB MPHUBENO K Pa3pyLIEHHIO OKPYKAIOIIUX
CEJIIbCKOXO3SIMICTBEHHBIX ~ yrOAMM. OTO  MOXKET
co3llaTh MPOOJIeMy HEXBAaTKH MPOJIOBOJLCTBHS B
OyaymieMm.

3anocnennue 40 1eT TeMIepaTypa mOBEPXHOCTH
MOBbICKJIACh. Pa3BuUTHE TOpPOJOB TMPUBEIO K
MIEPECBIXaHUIO pyCel peK. ODTO MOXKET BBI3BATh
M3MEHEHUSI MUKPOKINMATA.
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RESEARCH ON QUANTITATIVE EVAPORATION
OF WATER FROM THE KOSHKAR-ATA TAILING DUMP

The Koshkar-Ata tailings dump, with a volume of accumulated waste of more than 105 million tons
today, poses a potential danger to the health of the population of nearby settlements when the wind
blows toxic dust from the dried surface. Currently, due to the decline in production rates, a significant
part of the dried pulp waste has been exposed, forming “dusty beaches”. In order to minimize the nega-
tive impact of tailings dumps and improve the environmental situation, it is necessary to develop and
implement highly efficient and cost-effective solutions. Solving the issues of stabilization of the water
phase level and dusty “beaches” is a difficult task in terms of technical solutions, capital and operating
costs.

The article presents the results of experimental and computational studies to determine the evapora-
tion rate in the Koshkar-Ata storehouse. According to the literature data, the average annual air tempera-
ture of the regions of the Mangyshlak region is +9.05 ° C. It was necessary to determine the average
level of evaporation of water from the Koshkar-Ata tailing dump at an air temperature and a water tem-
perature equal to +9 ° C. The results of the experiments established that there is a direct dependence
of water evaporation on temperature, regardless of the content of mineral salts, and the average level of
evaporation of water from the Koshkar-Ata tailings dump at air and water temperatures equal to + 9 °
Cis 0.3 cm.

According to calculations over the past fifteen years, the value of water losses for evaporation and
filtration in the settling pond of the Koshkar-Ata tailings pond is 1,201 m/year. It can be tentatively as-
sumed that the share of filtration waters accounts for about 9-10% of the total losses, then these losses
in height will amount to 0.106 m, i.e. 8.8% of the total loss level.

Key words: pond, evaporation, water inflow, temperatures, tailings, process modeling, dry air, water
vapor, temperature, element.
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Kowikap-Ata KaAAbIK, KOMMACbI CYbIHbIH,
CaHADIK, 6yAaHybl 60MbIHLLA 3epTTeyAep

ByriHri TaHAQ >XMHAKTaAFaH KAAABIKTApAbIH KeAaeMi 105 MAH. TOHHaAaH acaTbiH «Kolukap ATa»
KAAAbIK, KOMMACbIHbIH, KYPFaK, GETIHEH YKEAMEH YAbl LUaHAbI TapaTybl KE3iHAE >KaKblH MaHAAFbl €AAI
MeKEHAEPAIH TYPFbIHAAPbIHbIH, A€HCayAbIFbIHA bIKTUMAA Kayin TeHaipeai. Kasipri yakbiTTa eHaipic
KapKbIHbIHbIH TOMEHAEYiHEe GANAAHbICTbI KEMNTIPIAreH KAAAbIKTapbiHbIH €A8YIP GOAIri aLlbIAbIM, «LLAHAbI
>Karakanaap»nanaa 60AAbl. KaaabIk KOMMaAAPbIHbIH TEPIC 8CEPiH a3aiTy XKOHE SIKOAOTUSAIK, XKaF AANADI
JKaKCapTy YLLUiH )KOFapbl 3KOAOTMSIABIK, )KOHE 3KOHOMMKAABIK, TUIMAI LLELIMAEPAI ©3ipAeY XXBHe eHrisy
kaxxeT. Cy hasachblHbIH AEHreliH YKaHe LaHAbI «wKaFayKaAapAbly TYPAKTaHABIPY MOCEAEAEPiH Lelly
KYPAEAI XK8HE ManAaAaHy LWbIFbIHAAPbI TYPFbICbIHAH KYPAEAT TEXHMKAABIK, LIELMAEP GOAbIN TabblAAAbI.

Makanapa Kouikap-Ata KaAAblK, KOMMaCbiHbiH 6OYAQHY >KbIAAAMADBIFbIH aHbIKTay 6OWMbIHIWIA
SKCMEPUMEHTTIK JKOHE eCENTiK 3epPTTEYAEPAIH HOTMXKEAEPI KeATIpiAreH. Oaebu AepekTepre comkec
MaHrbiwaak, 06AbICbI BHIPAEPIHIH OpTallia XbIAAbIK, aya TemnepaTypacbl +9,05°C. IKCNepuMEHTTIK
3epTTeyAep HOTMXKECIHAE MMUHEpPaAAbl TY3AAPAbIH KypamblHA KapamacTaH CyAblH OyAaHYbIHbIH
TemriepaTtypara TiKeAel TOYeAAIAIri XXeHe aya Temrnepartypacbl MeH CyAblH TemrepaTtypacbl +9°C-ka
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TeH 60AFaH ke3ae Kolikap ATa KaAAbIK, KOMMAaChl CyblHbIH opTalia 6yAaHy AeHreiti 0,3 cM KypanTbiHbl
AHbIKTAAADI.

CoHfbl OH 6ec XbIAAaFbl ecenTeyAep OoribiHia «Kowkap-ATa» KaAAbIK, KOMMACbIHbIH TYHABIPbIAFAH
TOFaHbIHAQ OyAaHyFa XK8He Cy3yre CYAbIH LWbIFbIHbI XKbiAbiHA 1,201 M KyparaH. Cy3ri cyAapbiHbIH YAECI
LIbIFbIHAAPAbIH, >KaATbl KOAEMIiHIH wamameH 9-10% Kypanabl aAen 60AxayFa 60AaAbl, COAAH KeniH OyA
LWbIFbIHAAP OMiKTIr 6orbiHWA 0,106 M, SFHM XKAATbI WbIFbIH A€HreniHiH 8,8% KypanAbl.

TyiiH ce3aep: Kolwkap ata KaAAbIK KOMMAachl, HEraTUBTI ©cepAep, Cy TemrepaTypachbl, CyAblH
OGyAaHybl, KAaAAbIK, 6T, yCaK, LLaH, >XEAAETY.
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NUccaepoBaHns MO KOAMYECTBEHHOMY MCMAPEHHIO
BOAbI XBOCTOXpaHMAMLLA Kowikap-ATa

XBocToxpaHuamiue Kolikap-Ata, ¢ 06beMOM HAKOMAEHHbIX OTXOAOB Ha CeroaHst 6oaee 105 MAH.
TOHH, NMPEACTABASIET MOTEHLMAAbHYIO OMACHOCTb AASl 3AOPOBbS HAaCeAeHUs1 BAM3AEXKALLMX HAaCeAEHHbIX
MyHKTOB MpPW pa3HOCe BETPOM TOKCMYUECKOWM MbIAM C BbICOXLUEN MOBEPXHOCTU. B HacTosee Bpems B
CBSI3M CO CMAAOM TEMIMOB MPOM3BOACTBA, OOHAXKMAO 3HAUYMTEABHYIO YaCTb BbICOXLLMX MyAbMOOTXOAOB,
006pa3oBaB «MbIASLLME NASKM». AAS AOBEAEHWUS AO MMHUMYMa HEraTMBHOIO BAMSIHWS XBOCTOXPaHUAMLL
M YAYULLEHWS 9KOAOTMYECKoi 06CTaHOBKM, TpebyeTcs pa3paboTka 1 BHeAPeHUe BbICOKOI(MEKTUBHbIX
M 3KOHOMMYECKM BbIFOAHbBIX pelleHuii. PelleHne BONpoCcoB CTabGMAM3aLMKM YPOBHSI BOAHOM (hasbl U
MbIASILLIMX «MASDKEN» SBASIETCS CAOXKHOWM 3aAaueit C TOUKM 3PEHMsl TEXHUYECKMX peLleHnid, 0O6beMoB
KanUTaAbHbIX M 3KCMAYaTaALMOHHbIX 3aTparT.

B cratbe npeacTaBAeHbl pe3yAbTaTbl 3KCMEPUMEHTAAbHbIX M PACYETHbIX MCCAEAOBAHMI MO
OMNPEAEAEHMIO CKOPOCTM MCMApeHus XBOCTOXpaHuAamile Kowkap-ATta. CoraacHoO AuTepaTypHbIM
AQHHbBIM CPEAHEroAOBasl TEMMEpPaTypa BO3AyXa PervoHoB MaHrucrayckoi obaactv pasHa +9,05°C.
Heo6x0AMMO 6bIAO OMPEAEAUTL CPEAHUIA YPOBEHb MCMAPEHUS BOAbI XBOCTOXpaHMAMLLA Kolikap-ATta
npy TemnepaType BO3Ayxa W TemrepaType BoAbl, PaBHON +9°C CPaBHUTEAbHO C AUCTUAAMPOBAHHOM
BOAOW. Pe3yAbTaTamm 3KCNEPMMEHTOB YCTAHOBAEHO, YTO MMeeT MeCTO NPIMas 3aBUCUMOCTb MCMapeHunst
BOAbl OT TemnepaTypbl, HE3aBMCMMO OT COAEP>KaHMS MWMHEPAAbHbIX COAEN U CPeAHMIA YypPOBEHb
MCrapeHns BOAbl XBOCTOXpPaHMAMLLA «KoLkap-ATa» Npu TemrnepaType Bo3AyXa M BOAbI, paBHoM + 9°C
( H_) coctasasie 0,3 cm.

[1o AaHHbIM pacyeToOB 3a MOCAeAHME MATHAALATb AT BEAMYMHA MOTEPb BOAbl HA MCMAPeHMe M
bMAbTPaLMIO B OTCTOMHOM MNpyAe XBocToxpaHuAmia «Kolukap-ATta» coctaBasgeT 1,201 m/roa. MoxHo
OPUEHTUPOBOYHO MPEAMNOAOXMUTb, UTO Ha AOAID (DUABTPALMOHHbLIX BOA MPUXOAMTCS OKOAO 9-10 %
OT 06LLEN BEAUYMHBI MOTEPb, TOrAA 3TU NOTEepU Mo BbicoTe cocTasat 0,106 M, T.e. 8,8 % oT obuero
YPOBHS NOTEPb.

KatoueBble caoBa: XBocToxpaHuaniwe Kouwkap ATa, oTpuuateAbHble 3(pdekTbl, Temneparypa
BOAbI, CMapeHne BOAbI, MOBEPXHOCTb XBOCTOXPAHMAMLLA, MEAKOAMCNEPCHDIN MblAb, BEHTUASLIMS.

Introduction

Formed by discharges of waste from the
Caspian mining and metallurgical plant, sulfuric
acid plant and untreated household waste, Koshkar-
Ata tailings, with the volume of accumulated waste
today is more than 105 mln. tons, currently due to
the decline in production rates, exposed a significant
part of the dried pulp waste, forming «smoky
beaches», representing a potential health hazard
for the population of nearby settlements when
the wind blows toxic dust from the dried surface.
To minimize the negative impact of tailings and
improve the ecological situation, it is necessary

to develop and implement highly effective and
economically beneficial solutions. This question,
as a priority of environmental policy, was reflected
in the main documents of the economic and social
development of the Republic of Kazakhstan for the
period until 2030.

Created by industrial wastes of the Caspian
mining and metallurgical combine, sulfuric acid
plant and untreated household sewage, Koshkar-
Ata tailing pond, with more than 105 million tons of
accumulated waste as of today, currently, because
of the decline in the rate of production, uncovered
a considerable portion of the dried pulp wastes,
creating «dusty beachesy», potentially damaging to
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health of the population of nearby settlements as the
wind spreads toxic dust from the dried surface [1].

The ecological situation in the area of the tail-
ings dump determines the nature and degree of im-
pact on the environment of the industrial toxic waste
accumulated in it. Numerous studies conducted by
various scientific organizations have not allowed to
solve the problems of reducing the harmful impact
of tailings in a complex way.

Water level movements may be considered as
some phenomena of the global scale. On the basis
of these researches, the following statement is ob-
tained. Thus, for the considered sedimentation pond,
water balance equalization can be valid:

W_[Ub(f)_gb(t)}s(t), (M)

dt  \ S(H)

where: V' — the volume of the reservoir at the mo-
ment of time #; U, (¢) — water inflow per unit time;
E, (1) — visible evaporation layer (E, = E — P), lost
per unit time; £ — vaporization; P — precipitation; S
(f) — pond surface area.

Meanwhile, considering the absence of incom-
ing drains, the water balance equation can be pre-
sented in form below:

dH _Uy(1)
dt  S(H)

E,(1) > (2)

where™ H — is water level in the pond at the time ¢,
S(H) — the surface area of the pond for determining
the value of H.

Consider that the success of the study will de-
pend on both the accuracy (methodology) of deter-
mining the components of the water balance, and the
causes of their changes, the inflow of water, the area
of the pond, as well as the water level in it are mea-

Table 1 — Evaporation intensity for evaporation ponds, g/m?

sured instrumentally and only evaporation is calcu-
lated. The lack of study of evaporation leads to the
highest uncertainty in the use of water balance equa-
tions. Vaporization intensity is greatly influenced by
the air flow formed over the water surface. If new
masses of air with low water vapor content enter the
free water surface, evaporation can intensify. How-
ever, with evaporation from large water surfaces, a
significant influx of dry air is limited.

It is known that an increase of temperature by
only 1 ° C, under otherwise unchanged conditions
increases the process of evaporation of moisture by
a factor of 10 [2]. In this regard, to achieve condi-
tions of minimum evaporation from the surface of
toxic water, it is necessary that the temperature of
the outside air was higher than the water tempera-
ture by 1-3°C. The following parameters are set for
evaporation ponds: air temperature 28-30°C, water
temperature 25-28°C, relative air humidity 65-70%.
Evaporation of moisture from the water surface of
the tailings, in addition to the environmental load,
also entails an impact on the humidity of the sur-
rounding air. The intensity of evaporation, will de-
pend on the area of water surface, water tempera-
ture, air humidity and airflow rate. There are quite a
few calculation formulas for calculating the amount
of moisture evaporating [3].

According to experience, empirical dependen-
cies derived from measurements most fully take into
account changes in moisture conditions (in closed
ponds). Hence Table 1, and graphs to determine the
amount of moisture evaporating from 1 m? of the
surface of the evaporation pond (figure 1).

Numerous literature sources point out the diffi-
culty of modeling water evaporation under labora-
tory conditions. It is known that when water evapo-
rates, its molecules form water gas called water
vapor. The atmosphere also contains water in the
liquid state in the form of cloud droplets and rain-
drops [4].

Air tempe- 24 25 26 27 28 29 30
Water |rature, °C
tempe- -
rature, °C | Ratio
moisture, | 50 60 50 60 50 60 50 60 50 60 50 60 50 60
%

22 204 | 182 | 197 | 174 | 190 | 165 | 185 | 156

23 217 | 194 | 209 | 187 | 203 | 178 | 199 | 169 | 187 | 158

24 230 | 208 | 223 | 200 | 216 | 191 | 211 | 182 | 118 | 172 | 192 | 162
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Table continuation

Air tempe- ) 25 26 27 28 29 30
Water |rature, °C
tempe- -
rature, °C | Ratio
moisture, | 50 60 50 60 50 60 50 60 50 60 50 60 50 60
%
25 235 | 213 | 229 | 204 | 221 195 | 213 185 | 205 175 196 | 169
26 244 | 219 | 236 | 210 | 228 | 200 | 220 | 190 | 211 | 179
27 250 | 223 | 243 | 215 | 235 | 205 | 226 | 194
28 259 | 230 | 250 | 221 | 241 | 209
29 268 | 238 | 259 | 227
30 277 | 244
300
" 250 |
&
o 2001
E
5 1150 A —— toe = 24°C 0= 50% -
] —B to. = 24°C ,p=60%
§ 100 | —k— toc =27°C ,p=50% -
-
; : tor =27°C 0= 60%
= A —H— o = 30°C 0= 50%
=

22 23 24 25

26

—— toc = 30°C ,p=60%

27 28 29 30

Water temperature,”C

Figure 1 — Dependencies of evaporation intensity of the evaporation pond on temperature and humidity

Unlike most other gases in the atmosphere,
the content of water vapor can vary greatly. It
depends on air temperature and the condition of the
evaporating surface (water, wet or dry soil, ice). In
very cold and therefore dry air, water vapor can be
present in small, barely measurable amounts; in hot
air, its content can reach up to 4 percent of the air
volume and then such air becomes humid [5].

In this regard, to determine quite accurately the
amount of moisture evaporated a laboratory unit is made
(figure 2) [6]. The tank itself with the liquid (water) is
made of vinyl plastic sheet (thickness 10,0 mm). As
a level to determine the volume of the liquid is used
mounted on the tank from the outer side of an ordinary
ruler with the divisions, the division value is 1.0 mm.

Part of the cylindrical space along the length of
the ruler is made of plexiglass, which allows to fix

the liquid volume in the tank without any difficul-
ties. The volume of liquid in the tank is 30,0 dm?, the
upper level of the liquid is opposite to the mark «0».
The price of each division by the height of the fluid
(from top to bottom) is 0,1 dm? (100 cm?®), which al-
lows you to quickly take readings when conducting
experiments.

The device works in the following way. The lig-
uid is poured into the tank (1) up to the zero mark.
At the contact thermometer (1-3) by means of the
upper washer set the set temperature at which the
liquid must evaporate (for example, + 20°C ; +
25°C and etc.). After turning on the starter P-6 into
the mains there is a gradual heating of the liquid to
the preset temperature, and then the relay (device
on thermostors) is activated and the liquid heating
is switched off.
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220 E IJ

— 1

— 1

1 — pond; 2 — level for determination of liquid volume; 3 — heating element; 4 — contact thermometer;
5 — thermometer; 6 — starter P-6; 7 and 8 — racks; 9 — exhaust ventilator (10x air exchange per day).

Figure 2 — Device for determining water evaporation

The reference thermometer (1-4) allows you
to record the desired temperature of the liquid. Af-
ter carrying out the experiment (it is calculated in
days) switch off heating of liquid, its temperature
is brought to 20°C and take readings. The proposed
technique makes it possible to clearly determine the
amount of water evaporated from the surface of the
liquid per unit time, as well as to estimate this figure
by introducing into the evaporated liquid surface-
active and other substances that could slow down
the process of evaporation of water from the speci-
fied liquid.

The average annual air temperature for the region
of Mangistau region is 9.05 °C. Nevertheless, during
five months (May-September) it fluctuates within an
average of (+20 o + 28) °C. Considering the fact that
it is advisable to carry out environmental activities in
the comparatively warm time of the year, it was nec-
essary to choose specified temperature parameters
for the experimental works. After analyzing average
monthly and annual air temperatures in this area we
came to the conclusion that the parameters on water
evaporation should be set at the temperatures of (+20,
+25, 430 and +35) °C. Evaporation of distilled water
results are presented in the table 2.

From table 2 we can see that, as one would ex-
pect, when the temperature rises, the amount of wa-
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ter evaporated increases within 3,7 — 7,4 dm¥/day.
For calculating the specific evaporation of water
from the surface we proceed from the fact that the
area of the circle (S) is determined by the formula

[7]:
S=r R, 3)

where R — circle radius.
Since the tank in the device has a radius of 17.7
cm, the area of the evaporated surface will be:

3,14 - (17,7)2 =3,14 - 313,29 —
—983,7306 - 983,7 cm’= 0,09837 m*

During calculations it is necessary to divide
average quantity of evaporated water by the
specified area. The obtained experimental data show
that specific evaporation of water from the surface
increases in the range from 37.6 to 75,2 dm*/m?*day,
and degree of water evaporation will increase within
the range from 3.7 to 7.5 wt %. It should also be
taken into account that experimental works were
carried out on one system, practically containing
no mineral salts. Figure 3 shows graphically
dynamics of distilled water evaporation depending
on temperature [8].
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Table 2 — Quantitative evaporation results of distilled water at elevated temperatures and over time

Air Water . Quantity of Average water Sgszgii;t‘ifzfr Degree
Ne experience | temperature, | temperature, EYaporatlon evaporated evaporation, from the ofwa}ter
oC oC time, day. . w}ater, dm?’ /day surface evaporatl(?n per
m? /day. dm¥/miday day, %
1. 12 20 1,0 4,0 3,7 37,6 3,76
2. 12 20 1,0 4,0
3. 12 20 1,0 4,0
4. 12 20 1,0 2,8
1. 12 25 1,0 3,6 4,1 41,7 4,17
2. 12 25 1,0 4,0
3. 12 25 1,0 4,0
4. 12 25 1,0 4,8
1. 12 30 1,0 6,4 6,4 65,0 6,5
2. 12 30 1,0 6,4
3. 12 30 1,0 6,4
4. 12 30 1,0 6,4
1. 12 35 1,0 7,6 7,4 75,2 7,5
2. 12 35 1,0 7,6
3. 12 35 1,0 7,6
4. 12 35 1,0 7,6

Itis remarkable that for all 4 types of experiments
there is a direct correlation of quantity of evaporated
water with its temperature. Thus, the higher
temperature of water, the straight line is closer to the
abscissa axis characterizing quantitative parameters
of liquid.

Experimental works to define the degree of
evaporation on the water taken from the «Koshkar-

Atay tailings pond were carried out according to the
developed method on the above-mentioned device.
Meanwhile, as in the case of distilled water, we took
the same temperature regimes (+20, +25, +30 u
+35)°C. Experimental works to define the degree of
evaporation on the water taken from the «Koshkar-
Atay tailings pond were carried out according to the
developed method on the above-mentioned device.

degree of evaporation for a series of experniments, %%

water,dm® day

== o

Amount of evaporated distilled

g

= 130

25wt

n fpp= 295

w b= 0%

LL T

3 L]

experiment numbers

Figure 3 — Evaporation dynamics of distilled water over time as a function of air temperature
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Meanwhile, as in the case of distilled water, we
took the same temperature regimes (+20, +25, +30
u +35)°C.

The obtained data on water evaporation of the
tailings pond are presented in the table 3.

The graphical dynamics of water evaporation of
the tailings dump “Koshkar-Ata” depending on the
temperature is shown in Figure 4.

It can be clearly seen that for all four types of
experiments there is a direct dependence of the
evaporation of water on the temperature of the
environment. The higher the water temperature,

the more the straight line approaches the abscissa
axis characterizing quantitative indices of water
evaporation [9]. It is established that when the
outside air temperature in the “pond” of the tail-
ings pond is within 28-30°C and 70% air humid-
ity, the amount of moisture evaporated is 200 g/
m? an hour.

Comparing the results on evaporation of distilled
water and Koshkar-Ata tailings pond water and
dynamic dependence of evaporation on temperature
(Fig. 4,5) it is seen that evaporation rate practically
does not depend much on temperature.

Table 3 — Experimental results on quantitative water evaporation of the «Koshkar-Atay tailings dump at elevated temperatures and

over time
Air Water . Quantity of Average water ngeggiiazzfr Degree
Ne experience | temperature, temperature, EYaporatlon evaporated evaporation, from the of we.lter
oC oC time, day. ; w}ater, dm® /day surface evaporau;)n per
m® /day. dmmiday day, %
1. 12 20 1,0 2,8 3,12 31,7 3,17
2. 12 20 1,0 3,6
3. 12 20 1,0 32
4. 12 20 1,0 32
1. 12 25 1,0 3,6 4,1 41,7 4,17
2. 12 25 1,0 4,0
3. 12 25 1,0 4,4
4. 12 25 1,0 4.4
1. 12 30 1,0 6,4 6,3 64,0 6,4
2. 12 30 1,0 6,0
3. 12 30 1,0 6,4
4, 12 30 1,0 6,4
1. 12 35 1,0 7,5 7,575 77,0 7,7
2. 12 35 1,0 7,6
3. 12 35 1,0 7,6
4. 12 35 1,0 7,6

Particular evaporation for both variants differs
very little at the same temperature. For instance, at
temperature +25°C specific evaporation of distilled
water from the surface is 41,7 dm /m-day, and water
from the tailings pond also 41,7 dm’*/m*day, and at
a temperature of +30 °C these data are consequently
65,0 dm*/m*day. and 64,0 dm3/m? -day. As for the
water from the «Koshkar-Atay tailings dump, there
is also a direct dependence of water evaporation on
temperature, regardless of the content of mineral
salts [9].
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According to the above data, the average annual
air temperature of the regions of Mangyshlak oblast
is +9,05°C [10]. It was necessary to determine
the average level of evaporation of Koshkar-
Ata tailings dump water at air temperature and
water temperature equal to +9°C. Since such air
temperature was established in the room where
experimental works were carried out, we carried
out the following preparatory operations for
the experiment. Water from the «Koshkar-Atay
tailings pond was placed in the device (Figure 2)
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up to the «zero mark» (total volume of 30,0 dm3),
and then disconnected the relay of the contact
thermometer. Two coils connected to the thermostat
were lowered into the tank of the device and the
water temperature was set to +9°C. Air flow was
carried out by exhaust ventilation and fan. The
observation data of the above experiment are given
in table 4 and the corresponding graphs are plotted
(Fig. 6). Proceeding from data of table 2, average

mpRty
PRty

npite

Ft et

mpite

evaporation level of «Koshkar-Ata» tailing pond
water at air and water temperature equal to + 9°C
(AH_.) is 0,3 cm. Conventional transfer of this
result to the annual time, the fall of the average
annual water level (AHav.y.) is:

AH, . =0,3 mm- 365 days =
=109,5 mm/y = 1,095 m/y.

e =12°Cm tp=20°C
e =12°Cw tp=25°C
e =12°Cn = 30°C

e =12°Cu tne=35°C

The amount of evaporated water Koshkar-Ata

——degree of evaporation for a series of experiments, %

3

experiment numbers

Figure 4 — Dependence of quantitative evaporation of tailings pond water

average amount of evaporated water, dm® day

—+— distilled water
—B—tailings storage water

day

Figure 5 — Average amount of evaporated water of the tailings pond
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Table 4 — Findings of the dependence of the level of evaporation of the tailings dam water on the air temperature, water equal to +

9°C, and time

Ne Air Water Height of initial Evaporation Height of water Average vs.fater
i 0 o . evaporation,
experience temperature, °C | temperature, °C | water level, cm time, day. level, cm 3
dm?® /day
1. 9,0 9,0 300 1,0 298 0,2
2. 9,0 9,0 1,0 295 0,3
3. 9,0 9,0 1,0 292 0,3
4. 9,0 9,0 1,0 288 0,4
S. 9,0 9,0 1,0 285 0,3
6. 9,0 9,0 1,0 282 0,3
7. 9,0 9,0 1,0 279 0,3
AHav.=0,3 cm
height of the initial water level, em
305

g aw

(5

=) \

2 2%

: '\\

g 290

? AHep=0,3cm \\‘

] 785 —

’é” _ 7 '\

;é' 280 Evaporation time 1 day N

g 275 "—'_“_The evaparation level of the tailings

—E 270 — fwater at a water and air temperamure of 8°C

=

= 265

1 2 3 4 5 6 7
experiment numbers
Figure 6 — Level of evaporation per day at equal temperatures
of the tailings pond water and the environment
Conclusion the tailings pond “Koshkar-Ata” is 1.201 m/year.

In this way based on calculations for the
last fifteen years, the value of water lost to
evaporation and filtration in the settling pond of

Approximately 9-10% of the overall losses can be
assumed to be filtration water, then these losses
by height will be 0.106 m, i.e. 8.8% of the total
level of losses.
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EFFECTIVENESS OF THE DENITE®CR
FOR BIOLOGICAL RECULTIVATION
OF HEAVY METALS CONTAMINATED SOIL

It is known that heavy metals have high biological activity, ability to bioaccumulate and move along
food chains. In this regard, plants that directly absorb heavy metals from the soil play an important role
in their accumulation and delivery to the human body, which poses a huge threat to human health.

At the Department of Genetics and Molecular Biology, Kazakh National University. Al-Farabi carried
out comprehensive studies to study the effect of cadmium chloride (CdCl,) and heavy metal immobiliser
Denite’CR on two varieties of soft wheat: Kazakhstanskaya-19 and Samgau. The studies were carried
out at the cellular, tissue and organism levels. The object was 14-day-old seedlings of two varieties. The
work used cytogenetic, botanical, histological methods, morphometry, biochemistry and biostatistics.

The paper shows that Denite’CR: (i) reduces the toxic effect of cadmium on cell division of the
root system, restores the values of the mitotic index, almost to control values; the binding of cadmium
ions contributed to the adaptation of wheat plants to growth in soil contaminated with cadmium at a
concentration five times higher than the Maximum allowed concentration; (ii) statistically significantly
increases the thickness of the primary root coat up to 31.89% with neutralization of Cd (Maximum al-
lowed concentration + Denite).

Key words: heavy metals, immobilisation, toxic effect, reclamation, disturbed lands.
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AybIp MeTaAAQpPMEH AaCTaHFaH TOMbIPAKTbl GMOAOTUSIABIK, Ta3apTy YLUiH
Denite’CR MMMO6MAM3ATOPbIHbIH, TMIMAAITIH 3epTTey

AybIp MeTaAAAPAbIH OMOAOTUSIABIK, GEACEHAIAIT >KOFapbl, BUOXKMHAKTAY >KOHE KOPEKTIK TisbekTep
6orbIMEH KO3FaAy KabiaeTi 6ap ekeHi GeAriai. OcbifaH 6aiAaHbICTbI ayblp METaAAAPAbI TOMbIPaKTaH
TiKeAeM CiHIpeTiH eCIMAIKTEP OAapAbIH >XMHAAbIM, aAaM ar3acblHA XXETKI3iAYiHAE MaHbI3Abl POA
aTkapaAbl, OYA aAamM AEHCayAbIFbIHA YAKEH Kayin TOHAIpeAi.

OA-PDapabm atbiHaarbl KasYVY reHetvka >koHe MOAEKYAaAblK, OMOAOTMS KadpeApacbiHAA >KYMCaK,
6mnpaanAbiH eki copTbiHa: KasaxcraHckas-19 xaHe Camray copTTapbiHa kKaamuin xaopumai Ty3bl (CACI2)
>K8He ayblp MeTaAA MMmobuamsatopbl Denite’CR acepiH 3epTTey OoibliHILA KelleHAl 3epTTeyAep
JKYPri3ai. 3epTTeyAep »acyLaAblK, TIHAIK XXOHE aF3aAblk, AEHIeMAe XXYprisiaai. HblcaH eki copTTbiH,
14 KyHAIK eckiHaepi 60AAbl. JKymbICTa UMTOreHeTUKaAblK, BOTaHMKaAAbIK, TMCTOAOIMSIABIK BAICTep,
MopdoMeTpus, BUOXMMMS >koHe BUOCTATUCTMKA KOAAAHBIAADI.

Denite’CR: (i) Tamblp >KyMecCiHiH >KacyllaAapbiHblH OGOAIHYIHE KAaAMUMAIH YbITTbl 8cepiH
TOMEHAETE OTbIPbIN, ©CIMAIK >KaCYLLIAAAPbIHbIH, >KaAMbl TiPLWIAITIHIH Herisri kepceTKilli — MUTO3ABIK,
MHAEKC MBHAEPIH KAAMbIHA KEATIPETiHI XXyMbICTa ABAEAAEHAI. AEPAIK MBHAEPAI Backapyfa; KaaMMIA
MOHAQPbIHbIH 6aAaHbICYbl OMAA BCIMAIKTEPIHIH MakCMMaAAbl PYKCaT eTIAreH KOHUEHTpaumsAaH 5
ece >Korapbl KOHUEHTPaUMaAA KAAMUIMMEH AACTaHFaH TorbipakTa ecyre 6eniMaeAyiHe biknaa eTTi; (i)
Cd (Makcumanabl pykcaT eTiareH koHueHTpaumus + Denite’CR) 6ertapantaHablpy KesiHae 6acTarkbl
TY6ip KabblFbIHbIH, KAAbIHABIFbIH CTAaTUCTMKAABIK, TYpAe 31,89%-Fa AeiliH apTTbipaAbl.

Tyiin ce3aep: ayblp MeTaAAap, MMMOOMAM3aLMS, TOKCUMKAAbIK, 8cep, MeAMopaums, Oy3bIAFaH
>KepAaep.
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UccaepoBanme adpchekTMBHOCTH MMMOOKMAM3aTopa Denite’CR
AASl BUOAOTMYECKOH PEKYAbTUBALLMM 3arPsA3HEHHOM TSHKEAbIMM METAAAAMM MOUBbI

M3BECTHO, UTO TsXKEAbIE METAAAbI MMEIOT BbICOKYIO GMOAOTMYECKYIO aKTUBHOCTb, CMOCOBHOCTb K
610aKKYMYASILIUM 1 NIePEMELLLEHMIO MO MULLEBbIM LIEeMNsiM. B CBS31 € 3T1M, Ba>KHYIO POAb B MX HAKOMAEHUM
M AOCTaBKe B OpPraHvM3M YeAOBeKa WMrpaloT pacTeHus, HEerMmoOCPEACTBEHHO MOrAOLLAloLIMe TIKeAble
METaAAbI U3 MOYBbI, UTO NMPEACTABASIET OFPOMHYIO YIrPO3y AAS 3A0POBbS YeAOBeKa.

HaKadeapereneTtukmnmmonekyaspHoi rororum KasHY nm. aab-Dapabu npoBeseHbl KOMMIAEKCHbIE
MCCAEAOBAHMS MO M3YUEHMIO BAMSIHMSI COAM xAopucToro kaammst (CACL) 1 mmobramsaTopa TsxKeAbIX
meTaaroB Denite®CR Ha aBa coprta markon nuenHuubl: KasaxcraHckas-19 u Camray. MccaepoBarms
MPOBEAEHbI HA KAETOUHOM, TKAHEBOM M OPraHU3MEHHOM YypOBHSIX. OBbEKTOM CAYXMAM 14-AHEBHbIE
MPOPOCTKM ABYX COPTOB. B paboTe MpuUMeEHsIAM LMTOreHeTUYeckme, 60TaHnUYeckue, rMCTOAOrMYeCcKme
METOAbI, MOP(POMETPUM 1 BUOCTATUCTUKM.

B pabote ycrtaHoBaeHo, uto Denite’CR: (i) cHMXKas TOKCMUYECKOE BAMSIHME KaAMMs Ha AeAeHue
KAETOK KOPHEBOW CMCTEeMbl, BOCCTAaHAaBAMBAET 3HAUEHWS MUTOTMYECKOTO MHAEKCA, MPaKTUUYeckn A0
KOHTPOAbHbIX 3HAuYeHWii; CBSI3blIBaHME MOHOB KaAMMSI CMOCOBCTBOBAAO MPUCMOCOBAEHMIO PACTEHMI
MweHnUbl K POCTYy B MOYBE, 3arpsi3HEHHOM KaAMMEM B KOHLIEHTpaLMM, B MSTb pa3 MnpeBbllaloLLen
NPeAEAbHO AOMYCTUMYIO KOHUeHTpaumio; (ii) CcTaTUCTMUeCKM AOCTOBEPHO YBEAMUMBAET TOALLMHY
nepeuuHor 060A0UKM KopHer A0 31,89% npu Hentpaamsaumm Cd (MpeAeAbHO  AOMYCTUMYIO

KoHueHTpaumio + Denite’CR).

KAtoueBble CAOBa: TIXKEAbIE METAAAbI, IMMOOMAM3ALIMS, TOKCUUYECKOE AENCTBUE, PEKYAbTUBALIMS,

HapyLLIEHHble 3eMAU.

Introduction

Heavy metals have a negative impact on human
life and health. Which is aggravated by their ability
to accumulate in body tissues due to the cumulative
effect [1,2]. One of these metals is cadmium and its
salts, which have no physiological functions in the
human body. The toxicity of cadmium is manifest-
ed, among other things, in promoting the develop-
ment of cancer, osteoporosis, liver disease, kidney
disease, etc [3-5].

This is especially important for some areas of
Kazakhstan, where high levels of cadmium are not-
ed, usually around industrial cities, metallurgical,
chemical and other enterprises [6].

As a result, the legislation of different countries
has taken measures to monitor, regulate, and reduce
emissions of cadmium and its salts into the environ-
ment [7]. Despite the fact that there is positive expe-
rience in reducing the concentration of heavy metals
as a result of the introduction of such regulations
as, for example, the maximum permissible content
of cadmium in food products [8], more and more of
these chemical compounds continue are emitted by
various industrial enterprises, cars and other sources
of emissions into the environment [9,10].

In this regard, there is a need to reduce the con-
centration of cadmium and its salts in the environ-
ment. The main methods for achieving this goal are,
firstly, the reduction of cadmium emissions, and
secondly, the neutralization of cadmium already ac-
cumulated in the environment. The latter includes
immobilization of cadmium in soil by means of spe-
cial chemicals, for example, Denite®CR [11].

The purpose of this study was to determine the
efficiency of binding of cadmium salt (CdCl,) by
Denite®CR through the use of indicators of plant
seedlings sensitive to pollution (bread wheat), which
are a clear indicator of environmental pollution [12],
provided that the level of pollution does not exceed
the maximum extreme points (according to the cor-
responding indicator of tolerance to cadmium).

Materials and Methods

Study design

In this study, cadmium chloride salt (CdCl))
was used as a cadmium compound simulating soil
cadmium contamination. This choice is justified by
the increased toxicity of this compound compared to
pure cadmium [13].
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Effectiveness of the Denite®CR for biological recultivation of heavy metals contaminated soil

To fulfill the purpose of the study, the experi-
ment was divided into one control (C) and four ex-
perimental variants:

(C) Control — blank soil (no treatment).

Adding of 0.5 mg/kg of CdCl, (equivalent of
one Maximum allowed concentration (MAC) to soil
[14].

Adding of 2.5 mg/kg CdCl, (equivalent of five
MAC) to soil.

Adding of 0.5 mg/kg of CdCl, and 30 g/kg of
Denite®CR to soil.

Adding of 2.5 mg/kg of CdCl, and 30 g/kg of
Denite®CR to soil.

This division into five variants of three repli-
cates is necessary to establish the effect of CdCl, on
wheat seedlings (compared to the control), and to
determine whether Denite®CR is able to immobilize
CdCl, by binding it.

The objects of study of the effects of these
chemical treatments were seedlings of two Kazakh
wheat varieties (7riticum aestivum L.) — Samgau
and Kazakhstanskaya-19. Adding of CdCl, into soil
was carried out prior to sowing wheat seeds. The
study of the influence of the treatments was carried
out on the 14th day after seed germination.

Mitotic index

To study the effect of CdCl, on wheat seedlings,
their indicators were used. The first indicator of the
condition of the seedlings was cell division of the
root meristem. It was studied by determining the
mitotic index (MI). The MI is determined by the
number of dividing cells at all stages of mitosis — in
prophase, metaphase, anaphase and telophase:

M= P+M+A+T =100%
[+ P+ M+A+T
where:
M — mitotic index
P — prophase

M — metaphase
A — anaphase
T — telophase
1 — interphase

Anatomical structure of plants

In addition to MI, morphometric indicators
of the internal anatomical structure of wheat
seedlings leaves and roots served as indicators in
this study. The study of morphometric indicators

38

of leaves was carried out according to the
following indicators:

- the thickness of the lower and upper epidermis
of the leaves

- the thickness of the leaf blade itself

- general area of conductive vessels

- area of conducting xylem vessels.

When studying the effect of cadmium ions on
the anatomical structure of the roots the following
indicators were considered:

- the thickness of the primary root membrane

- thickness of the endoderm (inner cortex)

- diameter of the central cylinder

- area of xylem.

Results and Discussion

Effect of CdCl, and CdCl, + Denite®CR on cell
division activity (MI) of plant root meristem

In the Control of Samgau variety, the MI index
was 73.54% (Table 1). Introduction of CdCl, at a
concentration of one MAC reduced MI to 58.34%,
and at five MAC — to 55.24%. Therefore, CdCl,
reduces the cell division activity of the wheat root
system by 20.67% at concentration of one MAC and
by 24.89% at concentration of five MAC.

Introduction of CdCl, caused severe decrease of
MI in wheat seedlings cells. However, the applica-
tion of Denite®CR neutralized this negative effect.
Denite®CR increased MI to 71.26% at a soil cadmi-
um concentration of one MAC and to 70.85% at a
cadmium concentration of five MAC.

Mitotic index of control seedlings of wheat va-
riety Kazakhstanskaya-19 was 80.12% (Table 2),
being slightly higher than that of Samgau variety.
Mitotic index of control seedlings of wheat variety
Kazakhstanskaya-19 was 80.12% (Table 2), being
slightly higher than that of Samgau variety. The
concentration of CdCl, at one MAC reduced MI to
65.32%, and the concentration of CdCl, at five MAC
to 56.94%.

The introduction of CdCl, into the soil had a
negative effect on the MI of plant roots, cell division
decreased by 18.48% at a cadmium concentration of
one MAC and to 28.94% at five MAC of cadmium.

Similar to the Samgau variety the treatment of
cadmium-contaminated soil with the Denite®CR im-
mobilizer led to an increase in MI almost to the con-
trol values: at one MAC mitotic index was 79.10%,
at five MAC — 77.46%.
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Table 1 — Effect of Cadmium Chloride and immobiliser Denite®CR on the Mitotic Index of Samgau wheat

The number of cells in the stages of division (mitosis) Mitotic Index
Experiment Interphase N ’
prophase metaphase anaphase telophase %o
Blank (Control) 370 375 369 372 534 73.54
Cd 1 MAC 255 249 256 255 724 58.34
Cd 5 MAC 165 145 164 163 516 55.24
Cd 1 MAC +
Denite*CR 285 279 283 284 456 71.26
Cd 5 MAC +
Denite*CR 261 275 269 267 441 70.85

Table 2 — Effect of Cadmium Chloride and immobiliser Denite®CR on the Mitotic Index of Kazakhstanskaya-19 wheat

The number of cells in the stages of division (mitosis) Mitotic Index
Experiment Interphase N ’
prophase metaphase anaphase telophase Yo
Blank (Control) 361 365 363 362 360 80.12
Cd 1 MAC 224 211 212 218 459 65.32
Cd 5 MAC 158 127 157 155 451 56.94
Cd 1 MAC +
Denite®CR 260 265 269 268 280 79.10
Cd S MAC +
Denite®CR 276 268 271 269 315 77.46

Effect of CdCl,and CdCl,+ Denite®CR on the
anatomical structure of leaves and roots of wheat
Samgau

Cadmium Chloride at a concentration of one
MAC and five MAC had a statistically significant
effect on the thickness of the lower and upper ep-

idermis, and are of xylem vessels of Samgau vari-
ety (Table 3). Thus, the experimental variants with
CdCl, at one MAC + Denite®CR and at five MAC
+ Denite®CR statistically significantly increased the
area of xylem vessels by 25.0% and 10.0%, relative
to the Control.

Table 3 — Effect of Cadmium Chloride and Denite®*CR on the Morphometric Indices of the Internal Anatomical Structure of Samgau

wheat leaves

. Leaf epidermis thickness, pm The thickness of Area of conductive Area of xylem
Experiment vessels, g
the leaf blade, pm PO vessels, x10~*mm?
upper lower x10°mm

Blank (Control) 24.19+0.37 21.52+0.06 217.22+4.36 44.02+2.59 2.25+0.11
Cd 1 MAC 26.214+1.28%** 22.59+0.14 211.6+5.39 44.36+1.32 2.65+0.08
Cd 5 MAC 25.22+40,29%*** 22.53+0.14 214.85+21.69 43.57+8.67 2.70+0.065
Clgielnitl\/é?CCRJr 22.85+0.67 20.87+0.18*** 187.52+4.52 46.48+4.40 2.82+0.04*
Clgeiitl\/e[Q(SR+ 24.29+0.31 20.08+£0.48*** 221.71+4.97 45.20+4.69 2.48+0.07

* — P<0.05; ** — P<0.01; *** — P<0.001 vs. blank
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Effectiveness of the Denite®CR for biological recultivation of heavy metals contaminated soil

Variants of the experiment with the introduction
of Denite®CR into the soil statistically significantly
reduced the thickness of the lower epidermis. Thus,
cadmium at a concentration of one MAC reduced
the thickness of the lower epidermis to 20.87+0.18
pm, a concentration of five MAC to 20.08+0.48 pm.

Introducing of cadmium slightly affected the
thickness of the leaf blade. However, the variant
with CdCl, at one MAC + Denite®CR significantly
thinned it, i.e., 187.52+4.52 uym vs 217.22+4.36 um
in Control.

The thickness of the primary root coat and en-
doderm significantly increases by 31.89% and 6%
under the treatment of one MAC (Table 4). The

effect of different concentrations of cadmium on
Samgau variety, in general, manifested in an in-
crease in the diameter of the central cylinder, and
decrease of xylem vessels’ area. However, for at
one MAC + Denite®CR the xylem vessels’ area sta-
tistically significantly increased to 2.42+0.01x10-
Smm?,
Besides the xylem vessels, this experimental
variant resulted with increase of all parameters,
especially the primary root coat (to 134.81+18.58
um). While CdCl, at five MAC + Denite®CR variant
resulted with significant decrease of all parameters.
For example, the thickness of the endoderm is
statistically significantly reduced by 22.85%.

Table 4 — Effect of Cadmium Chloride and Denite®CR on the Morphometric Indices of the Internal Anatomical Structure of Samgau

wheat root
Thickness of the Thickness of the Thickness of the
. . . Area of xylem vessels,
Experiment primary root coat, endoderm, central cylinder, <10°mm?
pm pm pm
Blank (Control) 102.21£3.46 18.29+0.11 182.16+9.77 2.17+0.02
Cd 1 MAC 118.714+4.35* 19.44+0.35%* 194.28+2.01 1.88+0.01
Cd S MAC 102.82+2.93 18.67+0.18 186.87+1.12 1.70+£0.01*
Cd 1 MAC + enite®CR 134.81+18.58* 19.97+0.22 192.46+7.39 2.42+0.01*
Cd 5 MAC + enite®CR 80.81£5.14* 14.11£5.01%* 128.10+8.65* 1.01+0.11
* — P<0.05; ** — P<0.01; *** — P<(0.001 vs. blank

Kazakhstanskaya-19

Just like Samgau variety, with an increase in
MAC, Kazakhstanskaya-19 variety observed a
gradual thickening of the lower and upper leaves
epidermis (Table 5). For example, 22.314+0.15 pm

for upper epidermis in control and 30.82+0.61 pm
at five MAC. However, both variants of Cadmium
Chloride + Denite®CR demonstrated a statistically
reliable reduction in the upper epidermis of the leaf,
bringing it to Control parameters.

Table 5 — Effect of Cadmium Chloride and Denite®CR on the Morphometric Indices of the Internal Anatomical Structure of Kazakh-

stanskaya-19 wheat leaves

) Leaf epidermis thickness, pm The thickness of Area of conductive Area of xylem
Experiment vessels, SR
upper lower the leaf blade, pm <10°mm? vessels, x10”°mm
Blank (Control) 22.31£0.15 19.14+0.23 164.58+0.94 48.22+1.26 2.29+0.06
Cd 1 MAC 22.1+1.02 20.2340.26** 147.3446.82 44.70+1.22 2.25+0.07
Cd 5 MAC 30.82+0.61 29.134+0.28 217.3243.80 62.64+10.06** 3.56+0.13*
cdl MAC u 21.44+0.91%* 19.99+0.31** 193.31£1.74 45.33+1.91 2.58+0.06*
Denite®CR
Cds MAC " 22.36+0.04 20.98+0.27 196.43+1.52 53.39+4.03* 2.42+0.12
Denite®CR
* —P<0.05; ** —P<0.01; *** — P<0.001 vs. blank
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It should be noted that the area of conductive
vessels increases, at both five MAC variants were
significantly higher than control, i.e., 62.64+10.06
pum at five MAC and 53.39+4.03 pm at five MAC
+ Denite®CR versus 48.22+1.26 um in Control.
While, at both one MAC variants these parameters
were lower than the in Control.

In Kazakhstanskaya-19 experimental vari-
ants, as the cadmium content in the soil increased,
an increase in the thickness of the primary root
coat was observed, e.g., CdCIl, at one MAC

—144.73£10.54 pm versus 135.31£9.7 pum for
Control (Table 6).

As for the Samgau variety, CdCl, at five MAC +
Denite®CR variant led to a significant decrease of all
parameters, except xylem vessels’ area which resulted
in increased to 1.99+0.09 versus 1.59+0.04x10*mm?
in Control. While variant of one MAC + Denite®CR
resulted in increase of all parameters, especially
the primary root coat (151.42+3.74 um), central
cylinder (213.64+7.72 um) and area of xylem vessels
(1.88+0.03x10*mm?).

Table 6 — Effect of Cadmium Chloride and Denite®CR on the morphometric indices of the internal anatomical structure of Kazakh-

stanskaya-19 wheat root

Experiment fil:ll;l:‘ne:;ootfct;l:t Thickness of the Thickness of the Area of xylem vessels,
p P );lm ’ endoderm, pm central cylinder, pm x10*mm?
Blank (Control) 135.3149.7 19.09+0.22 174.21£5.91 1.59+0.04
Cd 1 MAC 144.73+10.54 18.7440.13 194.84+3.24 1.77+0.01
Cd 5 MAC 146.45+1.72 18.65+0.81 196.02+2.06* 1.79+0.02
Cd 1 MAC +
Denite®CR 151.42+3.74 19.714+0.47 213.64+7.72 1.88+0.03
€ds MéC u 134.97+5.18 17.73+0.44%* 162.18+5.67 1.99+0.09
Denite®CR
* — P<0.05; ** — P<0.01; *** —P<0.001 vs. blank

Contamination of soil with cadmium and its salts
negatively affects the growth and development of
plants. Thus, since the mitotic index is an important
predictive indicator of the overall survival of liv-
ing organisms and the activity of their cell division
under the influence of negative environmental fac-
tors [15,16], its decrease in wheat seedlings of both
varieties in experimental variants with the introduc-
tion of cadmium compared to the control (Table 1
and 2) allows us to conclude that soil contamination
with cadmium inhibits the growth and development
of plants at the cellular level. The most likely ex-
planation for the increase in MI of plant seedlings
growing in soil with CdCl, and Denite*CR is that
CdCl, was immobilized by Denite®CR as stated by
the manufacturer [11,17].

It is also figured out that Kazakhstanskaya-19
variety is more resistant to the cadmium contamina-
tion, compared with the Samgau variety, e.g., Ml =
65.32% versus M1 = 58.34% at one MAC (Tables 1
and 2). However, it might be explained by the gen-
erously higher MI of Kazakhstanskaya-19 variety
in control, i.e., MI = 80.12% versus MI = 73.54%
(ibid.).

Another proof of the negative impact of cadmi-
um and its salts was the reaction of plants, expressed
in changes in several of their anatomical and mor-
phological parameters in variants of the experiment
with soil contaminated with CdCl,. Thus, thicken-
ing of the lower and upper epidermis of the leaves
of both varieties was observed (Table 3 and 5). The
increase in the thickness of plant integumentary tis-
sues apparently is a protective reaction of plants to
the abiotic stress caused by the toxic effect of cad-
mium CdCI?, since these organs perform a protec-
tive function for plants [18]. This protective reaction
is a typical response of plants to soil contamination
with heavy metals. [19]. However, in all of the
above variants of the experiment with the addition
of cadmium CdCl, + Denite®CR, these parameters
returned to the Control values. This, as well as the
increase in MI, can be explained by the immobiliza-
tion of CdCl, by Denite®CR.

It is also interesting to see some parameters of
the anatomical structure of leaves and roots. Thus,
with the Kazakhstanskaya-19 variety, both variants
of the experiment with and without a concentration
of at five MAC + Denite®CR reliably increased the
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area of conductive vessels in the leaves (Table 5).
And also, there was an increase in the thickness of
primary root coat of Kazakhstanskaya-19 variety
(Table 6), and an increase in xylem vessels’ area of
Samgau roots’ variety at one MAC + Denite®CR.
As a consequence, the immobilizing abilities of
Denite®CR may be questioned, or the immobilized
CdCl, may still have toxic properties. Moreover,
the decrease in all root parameters at one MAC +
Denite®CR (ibid.) in both wheat varieties can be
explained be the combined inhibitory effect of both
Cadmium and Denite®CR, in which both varieties in
the variant at low Cadmium concentration can still
resist to the toxic effect of CdCl, and Denite®CR.
With its increase they approach the upper limit of
endurance and enter the pessimum zone. The mech-
anism of such a combined inhibitory effect remains
unclear and requires further investigations.

Samgau and Kazakhstanskaya-19 varieties also
demonstrated differences in anatomical structures.
Thus, the differences between the area of conduc-
tive vessels in leaves in various variants of experi-
ment at Samgau were insignificant (Table 3), while
at Kazakhstanskaya-19, at five MAC and five MAC
+ Denite®CR variants conductive vessels were sig-
nificantly higher than in Control (Table 5). This can
be explained by the greater resistance of the Samgau
variety, since an increase in the area of xylem ves-
sels increases the plants’ resilience to stress [20—22].

Cadmium and its compounds are easily absorbed
by plants, and as a result, at their high concentra-
tions on cultivated agricultural lands, they pose a
particular danger to human health and well-being
[23]. Determining the ability of Denite®CR to im-
mobilize cadmium compounds in soils where one of
the key crops that meet the energy needs of mankind
grows [24, 25] is relevant.

In the future, the use of Denite®CR is possible
for the immobilization of other heavy metals (for
example, lead), given that the spread of cadmium
pollution is associated with pollution by other heavy
metals in Kazakhstan [6], which negatively affects
the health of the population of these areas [26, 27].

Conclusion
Introduction of Denite®CR into the soil resulted

in decrease of the toxic effect of cadmium on cell
division of the root system.
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Heavy metal immobilizer Denite*CR led to an
increase in the synthesis of the antioxidant enzyme
catalase and thus neutralized the toxic effect of
CdCl, during the growth of wheat seedlings.

The obtained data on the study of the effect of
cadmium chloride and Denite®CR immobilizer on
Samgau and Kazakhstanskaya-19 varieties wheat
seedlings led to the following conclusions:

It was found that Denite®CR, reducing the toxic
effect of cadmium on cell division of the root meris-
tem, restored the values of the main indicator of the
overall survival of plant cells — the mitotic index,
almost to Control values; the binding of cadmium
ions contributed to the adaptation of wheat plants
to growth in soil contaminated with CdCl, at a con-
centration up to five times higher than the maximum
allowed concentration;

Introduction of Denite®CR into the Cadmium-
contaminated soil statistically reliably increased the
thickness of the upper and lower leaves epidermis of
wheat sprouts of both varieties; showed a significant
increase in the area of the conductive vessels and the
diameter of the central cylinder of the roots of both
varieties;

Introduction of Denite®CR into the soil contami-
nated by Cadmium salt at a concentration five times
higher than the maximum allowed, resulted the inhi-
bition of the development of seedling roots, without
suppressing the anatomical and morphological char-
acteristics of leaves and the mitotic index of both
wheat varieties compared to the option without add-
ing Denite®CR.

Thereby, despite the last conclusion the data ob-
tained give grounds to believe that Denite®CR effec-
tively immobilises cadmium ions, thereby neutralis-
ing its toxic effect on the growth and development
of plants and can be recommended for use for land
rehabilitation on lands contaminated with cadmi-
um. However, the inhibitory effect of simultaneous
introduction of cadmium chloride and Denite® CR
into the soil requires further study.

We believe that studies of the effect of De-
nite®CR immobilizer on the growth and develop-
ment of plants in the presence of other heavy metals,
including mercury and lead, need to be continued.
At the same time, the emphasis of research should
be directed to the effect of the immobilizing ability
of Denite®CR, on metabolism, elements of agricul-
tural plant productivity.
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ELEMENTAL COMPOSITION OF THE ASH OF POPLAR LEAVES
AS AN INDICATOR OF TECHNOGENESIS ON THE EXAMPLE
OF THE TERRITORY OF SOUTH KAZAKHSTAN

One of the most important problems facing the community is the progressive pollution of the en-
vironment by technogenic factors. To obtain a general picture of pollution and the degree of impact on
the environment, an integrated approach is required when studying the ecological state of the territory
of Southern Kazakhstan. The article presents original data on the ecological and geochemical character-
istics of the distribution of chemical elements in the ash of leaves of pyramidal poplar (Populus nigra f.
pyramidalis), since this substrate accumulates pollutants from the environment. Analytical studies were
carried out in the laboratory of Tomsk Polytechnic University using the INAA method (instrumental neu-
tron activation analysis). Statistical parameters showed that Ca, Rb, Sr have a normal distribution, uneven
distribution is typical for: As, Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. The conducted
cluster analysis showed 7 significant associations of chemical elements. In order to identify regional
specifics, geochemical series were built relative to the clark of the noosphere, the relative average com-
position of living matter and literature data. The results of the analysis showed that the specific elements
in the ashes of the pyramidal poplar leaves collected in the territory of South Kazakhstan are Na, Ca, As,
Sr, Ag, Sb, Ba, Ta, U.

Key words: elemental composition, South Kazakhstan, bioindicator, pyramidal poplar leaf ash (Pop-
ulus nigra f. pyramidalis), instrumental neutron activation analysis.
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OnrycTik KasakcraH TeppuTOpPUSIChIHBIH, MbICAAbIHAQ
TEeXHOTeHe3AH, KepceTKilli peTiHAeri Tepek XKanblpaKTap KYAiHiH,
3AEMEHTTi Kypambl

Koram anAbiHAQ TypFaH MaHbI3Abl MaCeAeAepAiH Oipi — KopliaraH OpTaHblH TeXHOreHAIK
dakTopAapMeH YAEMEAI AacTaHybl. AaCTaHYAbIH >KaAMbl KOPIHICIH K8He KOopllaFaH opTaFa acep ety
AdpexkeciH aay ywiH OHTycTiK KasakcTaH ayMarbiHblH 3KOAOTMSAABIK, >KaFAalblH 3epTTey KesiHae
KeLIeHA] TACIA KaxkeT. MakaAaaa nMpammaanbik, tepek (Populus nigra f. pyramidalis) ><anbipakTapbiHbiH
KYAIHAETT XMMMSIABIK, SAEMEHTTEPAIH, TapaAYbIHbIH, 3KOAOTUSABIK, >KOHE F€OXMMUSIAbIK, CMMaTTamaAapsbl
TypaAbl TYMHYCKA AEPEKTEP KEATIPIAreH, erTkeHi 6yA cybcTpar KoplLiaraH OpTaAaH AacTayLbl 3aTTapAbl
>KMHaMAbIL. AHAAUTUKAABIK 3epTTeyAep TOMCK MOAMTEXHUKAABIK, YHUBEPCUTETIHIH 3epTxaHacbiHaa INAA
BAICIMEH (HEMTPOHAbI aKTUBTEHAIPYAIH acnanTblk, TaAAQYbl) KOAAAHBIAADI.

Cratuctukanbik, napamerpaep Ca, Rb, Sr kaAbinTbl TapaAybiH KepceTTi, GipkeAki emec Tapaay: As,
Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au saemeHTTepiHe ToH. XXyprisiareH KaacTepaik
TAAAQY XMMMUSABIK, SAEMEHTTEPAIH 7 MaHbI3Abl aCCOLMALMSICHIH KOPCETTI. AMMAaKTbIK, epeKLLIEAIKTEPAI
aHbIKTay YIUIH KAApPK HoocdepacbiHa, Tipi 3aTTblH CaAbICTbIPMAAbl OpTallla Kypambl MeH aaebuet
AepeKTepiHe KaTbICTbl FEOXMMMSABIK, KaTapAap CaAblHAbL. Taapay HeTwxkeci OHTycTiK KasakcraH
ayMarblHAQ XXMHAAFAH NMMPAMMAAABIK, TEPEK >KarblpakTapbiHbIH KYAiHAeri epekiue anemeHTTep Na, Ca,
As, Sr, Ag, Sb, Ba, Ta, U ekeHiH kepceTTi.

Ty#in ce3aep: sAeMeHTTiK Kypambl, OHTYCTiK KasakcTaH, 6MOMHAMKATOP, NMMPaMUAAAbIK, Tepek
>kanblpak, KyAi (Populus nigra f. pyramidalis), HeMTPOHABI aKTMBTEHAIPYAIH acnanTbik, TaAAQybl.
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Elemental composition of the ash of poplar leaves as an indicator of technogenesis on the example ...
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DAEMEHTHbII COCTaB 30Abl AMCTbEB TOMOASI KaK MHAMKAaTOpa TeEXHOreHe3a
Ha npumepe Tepputopun KOxHoro Kasaxcrana

OAHOM 13 BaxkKHeWLMX MPOoOAeM, CTOSLWMX Mepes COOBLIECTBOM, SIBASIETCS MPOrpeccupylolee
3arpsisHeHME OKPYXKAIOLLEN CPeAbl TEXHOr€HHbIMM (haKTOpamm. AAS MOAyYeHUs, O6Lern KapTWHbI
3arpsi3HeHNs U CTeneHu BO3AEWCTBMSI HA OKPYXKAIOLLYIO CpeAy, HEOOXOAMM KOMMAEKCHbIA MOAXOA
MpY M3yYeHUH IKOAOTMYECKOro cocTosiHus Tepputopun tOxHoro KasaxcraHa. B ctatbe npuBeaeHbl
OPUIMHAAbHbIE AaHHble 06 3KOAOrO-TEOXMMMUYECKON XapaKTEPUCTUKE PACMPEAEAEHMS XMMWYECKMX
DAEMEHTOB B 30A€ AMCTbEB TOMOAS NMMpammaasbHoro (Populus nigra f. pyramidalis), Tak Kak AaHHbI
cybCTpaTt akkyMyAMpyeT B cebe 3arpsisHeHMs U3 OKpy>KaloLein cpeabl. AHAAUTUYECKME MCCAEAOBAHMS
npoBeAeHbl B AabopaTopum  TOMCKOrO MOAMTEXHMYECKOro YyHMBepcuteTa MeTtoaoMm MHAA
(MHCTPYMEHTaAbHbIN HEMTPOHHO-aKTMBALMOHHbIN aHaAM3). CTaTUCTMYECKMe NapaMeTpbl MOKa3aAu, YTo
Ca, Rb, Sr umeloT HOpMaAbHOE pacrpeAeAeHne, HEPaBHOMEPHOE PACNPeAEAEHME XapaKTEPHO AAS: As,
Ag, Nd, Tb, Yb, Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. [MpoBeAeHHbI1 KAQCTEPHbI aHAaAM3 TMOKa3aA
7 3HaUMMbIX ACCOLMALIMI XMMUYECKUX IAeMeHTOB. C LeAbIO BbISIBAEHWS PErMOHAAbHOM CrieumduKkm
ObIAM  MOCTPOEHbI TEOXMMMUYECKME PSIAbI OTHOCUTEAbHO KAapKa HOOCKEpbl, OTHOCUTEAbHOrO
CpPeAHEro CocTaBa >KMBOIO BELLECTBA U AMTEPATYPHbIX AaHHbIX. Pe3yAbTaTbl aHaAM3a nokasaAu, 4to
cneundUYHbIMI AEMEHTAMK B 30A€ AUCTbEB TOMOAS MUPAMMAAABHOTO COOPAHHOIO Ha TeppUTOpPUM

IOxHoro KasaxcraHa seasitiotcs Na, Ca, As, Sr, Ag, Sb, Ba, Ta, U.
KatoueBble cAoBa: sAnemMeHTHbIN cocTaB, KOxHbI KaszaxcTaH, GMOMHAMKATOP, 30Aa AUCTbEB TOMOAS
nMpammaasbHoro (Populus nigra f. pyramidalis), MHCTPYMEHTAAbHbIN HENTPOHHO-aKTMBALMOHHDIN

aHaAU3.

Introduction

Environmental pollution is a major problem of
the modern world. Natural and anthropogenic factors
negatively affect the state of ecosystem components,
causing an urgent need to monitor and assess the
quality of the natural environment. A special role
is played by contamination of atmospheric air and
changes in its chemical composition in connection
with developed processes of technogenesis, which
is the most important risk factor for human health.
For example, trace elements coming from industrial
enterprises are persistent and widely dispersed in
the environment. They interact with various natural
components and have a toxic effect on the biosphere.
They are emitted into the urban atmosphere as
airborne particles of different sizes in the form of
solid or liquid particles [1, 2].

Higher plants are used as biondicator as
organisms that contain information about the
qualitative assessment of the environment. With the
help of indicator plants, it is possible to distinguish
the degree of pollution, distinguish pollution sources
and their impact zones, identify polluting chemical
components and map metallic air pollution in urban
areas [3, 4].

Many researchers have proved that poplar is
one of such plants [5-9]. Poplar leaves accumulate
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heavy metals and are mainly used in biomonitoring
studies [10-12].

The elemental composition of plants depends
on environmental factors, climatic and landscape-
geochemical growing conditions [13,14]. Chemical
elements (CE) play a significant role in the growth
and development of a plant organism at all stages
of the plant life cycle. Many domestic and foreign
scientists have studied the elemental composition of
plants [15-20].

The purpose of the work was to conduct an
environmental assessment of the content and
characteristics of the accumulation of chemical
elements in the leaves of pyramidal poplar (Populus
nigra f. pyramidalis) using the example of Southern
Kazakhstan.

Materials and methods

As an object of study, we took the leaves of the
plant Populus nigra f. pyramidalis, which we selected
in Southern Kazakhstan. The reason for choosing
poplar is its frequent use for landscaping purposes.
Also the peculiarity of the leaf plate structure allows
them to accumulate chemical elements.

Poplar leaves were sampled in dry weather at a
height of 1.5-2 m according to the recommendations
[21]. Poplar is widespread in green plantations
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in South Kazakhstan. Trees from which leaf
samples were taken were selected on the basis of
approximately the same age and height. All the
trees studied are about 50 years old. Poplar trees
are commonly planted along streets and in park
plantings. A total of 37 samples were collected.
Sample preparation (sampling, packing, drying to
constant weight, averaging samples before further
studies) allowed representative samples to be
obtained. Poplar leaves were sampled using the
mean sampling method, at each location leaves
were collected from 3 rows of growing trees of
approximately the same age and height. The leaves
were packaged in paper bags. They were dried at
room temperature to a constant sample weight.
Next, they were pulverized and weighed. Then they
were ashed at 450 °C by dry mineralization method
for 5 hours to constant weight. This procedure
allowed us to calculate the ashing ratio. Then
further calculations were carried out on dry mass
according to the requirements of State Standard
26929-94 [22].

The amount of dust settled on the plant
under study can be directly related to the level
of air pollution with heavy metals such as lead,
mercury, cadmium, etc. However, the presence of
rain or changing seasons significantly affects the
amount of dust settled. Therefore, according to the
methodology, in order to determine the pollutants
trapped on the surface of leaves, samples are not

washed but dried immediately at room temperature
in a ventilated room.

Results and Discussion

During the study, 28 chemical elements were
studied and analyzed in the ash of poplar leaves
(Populus nigra f- pyramidalis). Most elements
had an uneven distribution, which is confirmed by
statistical data (Table 1).

According to the data obtained, the elements
calcium, rubidium and strontium have a normal
distribution, which is noticeable by the slight
variation in the maximum and minimum values,
as well as the correspondence of the average and
median values. The elements sodium, scandium,
iron, cobalt, zinc, lanthanum, cerium, hafnium,
thorium, uranium can also be classified as elements
with a distribution close to normal.

So on insignificant scatter and correspondence
of average to median value we can judge about
normal distribution of elements Ca, Rb, Sr, and also
close to normal for elements Na, Sc, Fe, Co, Zn, La,
Se, Hf, Th, U. Uneven distribution with coefficient
of variation more than 70% can be observed for
elements As, Ag, Nd, Tb, Yb and elements with
coefficient of variation more than 100% — Cr, Br,
Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au. Uneven distribution
of chemical elements most likely indicates the
presence of an anthropogenic factor.

Table 1 — Statistical parameters of distribution of chemical elements in ash of leaves of poplar pyramidal (Populus nigra f. pyramidalis)
on the territory of South Kazakhstan.

Elements Mean Standard Geometric Median Moda min max V, %
error mean

Na 20924 1898 18822 21010 38940 7700 40000 48
Ca 115079 6958 109726 110000 106400 46800 181900 29
Sc 0,58 0,06 0,51 0,5 0,3 0,17 1,3 52
Cr 11 3,541 4,88 4,7 Multiple 0,07 92 213
Fe 2141 221 1922 2010 Multiple 760 5550 51
Co 16 1,7 15 14 22,8 3.3 36 50
Zn 956 131 786 922 1210 138 3261 68
As 5,7 0,87 4,5 4,5 7,52 1,1 19 73
Br 33 0,85 1,53 2,0 2 0,05 18 138
Rb 30 2,7 27 25 25 10 59 46
Sr 3480 249 3243 3473 2515 1494 6566 35
Ag 1,2 0,21 0,81 0,95 0,15 0,15 3,5 89
Sb 0,31 0,08 0,23 0,22 0,12 0,08 2,3 138
Cs 0,54 0,33 0,19 0,22 0,05 0,04 6,4 244
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Table continuation

Elements Mean Standard Geometric Median Moda min max V, %
error mean

Ba 130 44 82 64 Multiple 24 1051 150
La 1,7 0,19 1,5 1,5 1,53 0,55 4,7 56
Ce 3.9 0,50 3,2 3,5 3,43 1,0 9,7 66
Nd 1,8 0,30 0,96 1,2 0,45 0,11 5,6 97
Sm 0,22 0,05 0,1 0,16 0,02 0,01 1,05 107
Eu 0,03 0,008 0,01 0,02 0,003 0,001 0,12 101
Tb 0,02 0,005 0,02 0,01 0,01 0,002 0,10 84
Yb 0,13 0,02 0,1 0,12 Multiple 0,004 0,47 72
Lu 0,02 0,004 0,01 0,007 0,003 0,002 0,08 102
Hf 0,19 0,03 0,15 0,14 0,09 0,04 0,43 63
Ta 0,04 0,009 0,02 0,02 0,005 0,005 0,18 126
Au 0,02 0,007 0,007 0,006 0,002 0,0002 0,16 162
Th 0,53 0,065 0,5 0,5 Multiple 0,11 1.4 58
U 1,08 0,11 0,8 0,96 0,41 0,23 2,8 61

To characterize the intensity of biological ac-
cumulation of chemical elements by leaves of py-
ramidal poplar (Populus nigra f. pyramidalis) from
underlying surfaces, we calculated the coefficient
of biological absorption (BAC), which was calcu-
lated relative to A.N. Grigoriev [23]. According to
the results of the calculation, a series of biological
accumulation of chemical elements by poplar leaves

was constructed:

BAC=Sr13 -7Zn13 - Agll —Au5 —Ca3 — Nal

—Asl.

According to the series of biological uptake of
elements according to A.l. Perelman, strontium,
zinc, calcium, and sodium are included in the group

emissions from thermal power plants (Lu, Sm, Hf,
Th, Yb, Fe, La, Sc), to petrochemical production
(Ag, Rb, Br). The association of barium, antimony,
arsenic may indicate barite deposits in the study
area, the presence of these elements on the surface
of the leaf lamina most likely indicates their ingress
from atmospheric air. For example, the maximum
values of barium — 1051mg/kg were recorded near
the city of Shymkent in the village of Arys, which is
located near the Badam barite-fluorite deposit.

When normalizing the content of chemical ele-
ments in ash of poplar pyramidal to the noosphere
clark [25] and to the average composition of living
matter [26], the biogeochemical series of accumula-
tion looks as follows:

of strong biological accumulation, its CBA value
varies from n to 10n. Vital elements are calcium,
sodium, zinc; arsenic is conditionally essential ele-
ment; strontium, gold and silver are toxic elements
or abiogenic with strontium can substitute calcium
in living matter [24].

To understand the nature of accumulation of
chemical elements and the associations they form,
we conducted a cluster analysis (Figure 1), which al-
lowed us to identify several significant associations
of chemical elements: 1 — Ta, Ce; 2 — Lu, Sm, Hf,
Th, YD, Fe, La, Sc; 3 — Ba, Sb, As; 4 — Tb, Ca; 5 —
Ag, Rb, Br; 6 — Nd, Cr; 7- U, Na.

Several groups of associations are clearly identi-
fied, among which we can single out elements relat-
ed to dust-aerosol industrial emissions, for example,

Kc relative to the noosphere clark — Sr., > Au,
= Ag24 = Zn2l = Ca7.2 = BaS.6 = Asl.9 = Sbl.Z = Nal,l'

Kc relative to the average composition of living
matter — Zn , > Sr_, > Na > Co, > Ca,, > Fe, >
Asl9 = Rb6 = CSS.4 - Ba4.3 = Br2.2'

As can be seen from both biogeochemical se-
ries, the common chemical elements are sodium,
calcium, zingc, arsenic, strontium, barium, which ac-
cumulate in fairly high concentrations in the ash of
the leaves of Populus nigra f. pyramidalis

High concentrations of zinc, sodium and calci-
um can be explained by the fact that they are essen-
tial elements involved in the regulation of metabolic
processes and the maintenance of general homeosta-
sis in the plant.
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Figure 1 — Dendrogram of correlation matrix of geochemical spectrum of chemical elements in ash
of leaves of poplar pyramidal (Populus nigra f. pyramidalis) growing on the territory of South Kazakhstan

Strontium, barium and arsenic can be classified
as toxic elements. High concentrations of these CEs
in a plant may indicate the influence of a techno-
genic factor. Sources of pollution can be industrial
enterprises, vehicles, waste burning, etc. Also, these
elements can be actively absorbed from water, for
example, strontium is a specific element for salt
formations in drinking water in the study area [27].
The presence of high concentrations of barium can
be explained by the fact that this element is concen-
trated by plants, and also under conditions of envi-
ronmental pollution with sulfur compounds, many
elements form poorly soluble sulfides, as a result of
which strontium and barium remain in soil solutions
[25]. In general, the reasons for the high concentra-
tions of barium, arsenic and strontium in the leaf ash
of Populus nigra f. pyramidalis can be complex and
influenced by many factors, including geological,
anthropogenic and biological.

To identify regional geochemical features, the
results obtained were compared with literature data
[28-30]. According to the results of comparison with
the average content in plant ash the following bio-
geochemical series was constructed:

K o, Alekseyenko, 2000 — Sr, > Hf, > As >
Ta, > Sb., > Sc, > Ca, > U, >Ba >Ag”>Zn

= Th > Na = C0 > Rb . = Cs > Fe, 02 Cro,04
Ceo 04 > BrO,OZ 002 NdO 02 0,0 = SrnO,OOZ =
Yb. . >Fu > Tb >Lu

0,001 0,0003 0,0002 0,0002°

<p1 ., Tkalich, 1969 — Sr, > As,, > Ta, >Sb

a,,=Hf, . >U, > Ba >Ag12>C0

11

=Th,, > Na, >Rb —Cs >Fe Cr004 Ce004
> BrO,OZ = La0,02 = NdO,OZ = Au 0,0 > SmO,OOZ > YbO 001
Eu() ,0003 > TbO,OOOZ = LuO,OOOZ'

K Markert, 1992 — Na .. > U. > Th

(plant.) 139 108 106
Co >Sr o> As,, > Ta, >Sc o> Au, >7Zn, >Fe

>Ca >Nd >La >Ce >Cr >Lu >Yb >
Ag6>Sm >Hf >Eu >Ba >Sb >Cs
Tb, > Br, > Rb

Spe01ﬁc to the reglon under study, relative to the
literature data are the following elements sodium,
uranium, thorium, cobalt, strontium, arsenic, tan-
talum, zinc, calcium, silver, hafnium, barium, anti-
mony.

We also carried out a comparative analysis of
the data with the results obtained for some regions
of Kazakhstan and Russia (Figure 2).

Figure 2 shows the results of comparison of
elemental composition of poplar leaves grow-
ing on the territory of South Kazakhstan, Pavlo-
dar region, Tomsk region (Russia). Relative to
other regions, the ash of poplar leaves sampled
on the territory of South Kazakhstan is charac-
terized by an increased level of Na, Co, As, Sr,
Ag, Cs, Ce, Nd, and U (p<0.001). The presence
of the above elements in poplar leaves possi-
bly indicates polymetallic, iron and uranium
deposits.
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Figure 2 — Elemental composition of poplar leaf ash in some territories of Kazakhstan and Russia.

The results of the biogeochemical indicators of
the study are summarized in Table 2. Chemical ele-
ments that are more often repeated in the biogeo-
chemical indicators are highlighted in bold. Ca-As-

Table 2 — Complex of biogeochemical indicators

Sr —repeated four times, Na-Ag-Sb-Ba-Ta-U — three
times, which indicates a specific accumulation of
CE data in the studied substrate on the territory of
Southern Kazakhstan

Biogeochemical indicators

Chemical elements

Coefficient of variation more than 100%

Cr, Br, Sb, Cs, Ba, Sm, Eu, Lu, Ta, Au

Biological absorption coefficient

Ca, Zn, Sr, Ag, Au,

Associations of significant correlations

Na, Ca, Sc, Cr, Fe, As, Br, Rb, Ag, Sb, Ba, La, Ce, Nd, Sm,
Tb, Yb, Lu, Hf, Ta, Th, U.

Concentration coefficient relative to clarke according to M. A.
Glazovskaya (2007) and A.P. Vinogradova (1932)

Na, Ca, Zn, As, Sr, Ba.

Concentration coefficient relative to literature data

Ca, As, Sr, Sb, Hf, Ta, U.

Concentration of chemical elements relative to data for
Kazakhstan and Russia

Na, Co, As, Sr, Ag, Cs, Ce, Nd, U.

Conclusion

According to the complex of biogeochemical
indicators and their comparison with the data on
poplar leaf ash in Pavlodar region (Kazakhstan) and
Tomsk region (Russia) geochemical specificity of the
studied region was established. The concentration of
the following chemical elements: sodium, calcium,
arsenic, strontium, silver, antimony, barium, tantalum,
uranium is significantly higher in the studied region.
It is assumed that the spectrum of the above elements
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is associated with the mining of polymetallic and iron
ores, petrochemical production and uranium mining.
However, the source of the studied elements in the
ash of the plant under study has not been fully studied
and requires additional extensive research.
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BAUAHMUE TNbIAU TUTAHOBOT O LUAAKA
HA BUOXUMUYECKHUE 1 MOPD®OAOTIMYECKUE MOKA3ATEAU
B SKCINEPUMEHTE

TuTaHO-MarHMeBbIM KOMOMHAT PaCroAOXKeHHbIM B BocTtouHo-KasaxctaHckon o6Aactu B ropoae
YcTb-KaMeHOropck — SIBASIETCS OAHWUM U3 MEePEAOBbIX MPEANPUSTUIA B pecrnybAnke. Tak>ke OH SIBASIETCS
OAHUM 13 BeAylmx npeanpusatuii no CHI no Aobblye Cbipbsi, KQUECTBY MOAYYAEMOM MPOAYKUMU U
METOAMKE M3BAEYEHWMSI PAa3AMUHBIX METAAAOB. Tak Kak B AMTepaTypax OTCYTCTBYIOT MCCAEAOBAHMS
M MaTeprabl N0 GUOXMMMUECKOMY M3YUEHMIO peakLMu OpraHmama K npocteCcCMOHaAbHOMY CTPeccy
HamK BbIMOAHEHA PaboTa, a MMEHHO 3KCMEPUMEHT HA KMBOTHbBIX C MHMAASLIMOHHbIM BBEAEHWUEM TMbIAU
TUTAHOBOIO LWAAKA. AAS M3yUeHUs NMoKa3aTeAen a30TUCTOro 06MeHa KPOBM M BbIAEAEHUSI OKCUTIPOAMHA
npu AENCTBMU Ha OPraHU3M OAHOTO M3 OCHOBHOIO HEGAAronpusaTHOro akTopa, NbIAEBOro (hakTopa
Ha OpraHm13m AabopaTOPHbIX SXMBOTHbIX. IKCMEPUMEHT MPOBOAMAM MyTEM BBEAEHUS MbIAM TUTAHOBOIO
LIAAKQ, @ KOHTPOAbHbIM >XMBOTHbIM BBOAMAM U3MOAOrMYEeCcKMi pacTBop. OLeHKy nokasaTeAen
a30TUCTOro 0OMEHa KPOBU, OMPEAEASIAM C MOMOLLBIO TakUX MOKa3aTeAer Kak MOYeBMHA, OCTAaTOUHbIN
a30T, KPEaTUHWH, COAep>KaHMe OKCUMPOAMHA B CYTOYHOM MOYE, a TakXKe LMTO — MOPOAOrMYyecKme
MCCAEAOBAHUSI BHYTPEHHUX OpraHoB. B pesyAbTaTe npoBeaeHHOro skcnepumeHta 6blAa BbiSIBAEHA
OAHOHAMNPABAEHHOCTb M3MEHEHMIN MOKa3aTeAel a30TUCTOro o6MeHa KPOBM M OKCMIPOAMHA B MOYe C
LUMTOMOP(OAOrMYECKMMIN M3MEHEHMSAMMN B MOYKAX.

KAtoueBble cAOBa: TMTaHO-MarHWEBOE MPOM3BOACTBO, AABOPATOPHbIE >KMBOTHbIE, MOKa3aTeAu
a30T1CTOro obMeHa KPoBU, OKCUMPOAMHA U LLUTO-MOPOAOrMUYECKME AQHHBbIE.

K.Zh. Dakieva', G.Y. Saspugayeva?, Zh.B. Tussupova?,
S. Kumarbekuly', Z.K.Tungyshbayeva'
Sarsen Amanzholov East Kazakhstan University, Kazakhstan, Ust-Kamenogorsk

2L.N. Gumilyov Eurasian National University, Kazakhstan, Astana
*e-mail: sanat_kv@mail.ru

The influence of titanium slag dust on biochemical
and morphological indicators in the experiment

Titanium-magnesium combine in East Kazakhstan region, namely in Ust-Kamenogorsk city is one
of the most advanced enterprises in Kazakhstan and one of the leading enterprises in CIS on extraction
of raw materials, technique of extraction of metals and quality of the received production. In a view of
that in literature there are no materials on biochemical studying of reaction of an organism to occupa-
tional stress we executed work, namely experiment on animals with inhalation introduction of a dust
of a titanium slag. To study the indices of blood nitrogen exchange and oxyproline excretion under
the action of one of the main adverse factors, the dust factor on the body of laboratory animals. The
experiment was carried out by introducing titanium slag dust, and control animals were injected with
physiological solution. Assessment of the indices of nitrogenous metabolism in blood, was determined
by such indicators as urea, residual nitrogen, creatinine, the content of oxyproline in daily urine, as
well as cyto-morphological studies of internal organs. As a result of the experiment, the unidirectional
changes of blood nitrogen and urinary oxyproline parameters with cytomorphological changes in the
kidneys were revealed.

Key words: titanium-magnesium production, laboratory animals, indicators of blood nitrogen me-
tabolism, oxiproline and cyto-morphological data.
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TuTaH KOXbl LAHbIHbIH, 3KCMIEPUMEHTTEr 6MOXUMUSIABIK,
»KdHe MOpPOAOrUSIAbIK, KepCeTKiluTepre acepi

LLbiFbic KasakcTaH OOAbICbIHAAFBI, aTan anTkaHAa ©OCKeMeH KaAaCblHAAFbl TUTaH-MarHui
KoMOMHaTbl KasakcTaHAarbl eH 03blK, KaCiNopbIHAAPAbIH Oipi KoHe WKMKi3aT eHAIpY, MeTaAAapAbl
aAy DAICTEMECI XKOHE aAblHATbIH OHIMHIH canacbl 6oibiHWa TMA-AaFbl >keTeklli KaCinopbiHAAPAbIH
6ipi 60AbIN TabblAaAbl. DAEOMETTE aF3aHblH KOCiOM CTpeccKe peakumsiCbiH OMOXMMMSABIK, 3epTTey
6OMbIHLLIA MAaTEPUAAAAP >KOK EKEHIH eCKepe OTbIpPbIr, 6i3 TEXKIPUOEAIK KYMbIC KacaAblK, aTan anTKaHAQ
»KaHyapAapfFa TUTaH KOXXbIHbIH LUAHbIH MHFAASLMSIABIK, eHIi3yMeH Taxipnbe >kacaablK. 3epTXaHaAbIk
>KaHyapAapAblH afF3acbiHa HEri3ri KoAancbi3 hakTopAapAblH 6ipi, WwaH (akTopbl 8Ccep eTKeHAe KaHHbIH
a30T AAMaCybIHbIH >K8HE OKCUIMPOAMHHIH OOAiHYiHIH KepceTKilwTepiH 3eptrey. Toxipube TuTaH
KO>KbIHbIH, LLAHbIH EHTi3y apKbIAbl XXYPri3iAai, aa 6akplAay >KaHyapAapblHa Ty3Abl €PITIHAI eHri3iAAi.
KaHHbIH, a30T aAMacyblHbiH KepceTKiluTepiH 6araray HecenHap, KaAAbIK, a30T, KPeaTUHUH, TOYAIKTIK
39pAEri OKCUMPOAMH MOALLEPi, COHAaM-akK, ilKi ar3aAapAblH LMTO-MOPOAOTUSAbIK, 3epTTEYAEpI
CUSIKTbl KOPCETKILITEPAIH KOMEriMeH aHbIKTaAAbl. XKypri3iAreH sKcrepuMeHT HaTUXKeCiHAE BypekTeri

LMTOMOP(OAOTMSIAbIK, ©3repiCTepMeH HecenTeri

A30TTbl KaH MeH OKCUMPOAMH aAAMACYbIHbIH

KepcCeTKilITepiHAEri e3repicTepAiH, 6ip 6aFbiTbl aHbIKTAAADI.
TyiiH ce3aep: TUTaH-MarHWM GHAIPICi, 3epTXaHaAblK >kaHyapAap, a3oTTbl KaH aAMaCybIHbIH
KOpPCETKILLITEPI, OKCUMPOAMH YKOHE LIMTO-MOPOAOTULABIK, AEpeKTep.

BBenenue

Ha cerogusmnuii ieHb KOHTPOJIb 3a COCTOS-
HUEeM YyclnoBuid Tpyna B PecnyOmmke Kazaxcran
BEAETCSI MOCPEIICTBOM O0S3aTENbHBIX TMTHEHHUYE-
CKMX HOPMAaTHBOB, CaHUTAPHBIX IIPaBUI U HOPM,
KOTOpBIE MPAKTHYECKH OXBATBIBAIOT BCE OTPACIU
npousBojcTBa. Hanbosnee BaKHBIMU SIBIISIOTCS €M~
CTBYIOIINH TOKyMEHT «CaHUTapHbIE HOPMBI TTPOEK-
TUPOBAHUS MPOMBIIIIEHHBIX MPEINPUATHH, coaep-
JKale TpeOOBaHMs K MIPOEKTaM TEXHOJIOTHUECKUX
MIPOIIECCOB U 000PYAOBaHUS, 3MAHUNA U MPOU3BO-
CTBEHHBIX momereHui» (2006 r.). B atom xe 1o-
KyMEHTE COJEPXKHTCSI CAaHUTapHasl KIacCUPUKALUI
IIPOU3BOJICTB, HOPMBI TEMIIEPATYpPhl, OCBEIICHHO-
CTH, OTHOCUTEJIBHON BIIAYXKHOCTH, CKOPOCTH JIBUIKE-
HUSI BO3yXa B paboueil 30He, IpeenbHo AOIMyCTH-
MbI€ KOHILICHTpAlUU BPEIHBIX BELIECTB B BO3AYXE
[IPOU3BOJACTBEHHBIX IOMEIICHUM U IpeeiIbHbIE
YPOBHHU IlIyMa, BUOpaLusi U APYrux (akTopoB Ha
paboueM mecrTe.

Baxnelimmm GpakTopoM yCTOHYHUBOTO COLHATIb-
HO-9KOHOMHYECKOTO pa3BUTHUS CTPAHBI SIBISIETCS
3JI0pOBBhE PAOOTAIOIETO HACEJCHHs, KOTOopas JaeT
BO3MOXHOCTb TPYJSILEMY COXPAHUTH 3J0POBYIO U
MPOAYKTUBHYIO KH3Hb, HE TOJBKO B MPOLECCE aAK-
TUBHOW TPYJIOBOM AESATEIBHOCTH, & TAKKE B TEUe-
HUE BCEU KU3HU.

JIroOble MPOrHO3UPOBAaHUS B NMPO(HECCHOHATIb-
HOW JICATENILHOCTH U paboTe JIIOJICH CTPOUTCS C TO-

MOIIbI0 MaTEMAaTHYECKUX Mojened. DT Moxenu
OCHOBAaHBI Ha HCIIOJIb30BAHUU BEPOATHOCTHBIX Xa-
PaKTepUCTUK YacTOThI MOOOYHBIX pEaKLUWi, oTpa-
KAIOLMX BIMSHHUE BCEeX (DAaKTOpPOB, BO3ACHCTBYIO-
IIMX Ha YeJI0BeKa M Ha ero okpyxenwue. [Ipu omenke
pUCKa THEBMOKOHHMO30B, KOTOpas MPOBOAMIACH
BEIYIIMMH OTEUECTBEHHBIMH HCCIIENOBATENSIMH [ 1-
3], 6puT0 TIOKA3aHO, YTO 1O HEKOTOPHIM YCIOBUSAM
Tpyaa (HampuMep, 0 KOHICHTPAUH IbUIH, €€ CO-
CTaBy, APYI'MM IIOKa3aTesiM) MOXKHO PacCUUTaTh
«0e3omacHbIi cTax» pabOThl B KOHKPETHBIX 3aIlbl-
JIeHHBIX ycioBusAX. COCTOSHUS, TPU KOTOPBIX PUCK
3a005IeBaHU CKITIOYEH C JJOCTOBEPHOCTHIO 95%. B
pe3ynbTaTe WCCIIEeI0BaHNUHN, TPOBEIEHHBIX aBTOpa-
MH, YCTaHOBJIEHA TpsMasi 3aBUCUMOCTb BBIPAYKEH-
HOCTH THEBMOKOHHOHMYECKUX NU3MEHEHHH B JTIETKUX
OT BEJINYHMHBI MTBIJICBON HATPY3KH, a TAKXKE TUTEIh-
HOCTH HaXO0K/IEHUS TBUIM B JIETKUX. 3HaUEHHE Bpe-
MEHHOTO (haKTOpa B MPOSIBJICHUH ATOI'€HHOT'O JeH-
CTBUS TTBUTA HEOJHOKPATHO TIOJTBEPKAATIOCE.
CambIM HEONMaronpuaTHbIM (PaKTOPOM C THIH-
eHn4eckoi Touku 3peHus (axropom Ha OA «YK
TMK» sBisIeTcsl y9acTOK OTPaOOTKH CEPHOU KHC-
JIOTHl U KayCTHYECKOTO MarHe3uTa IpH MPOU3BOJ-
cTBe cynb(ara Maraus. B Bo3myxe paboueill 30HBI
KOHIICHTpAITUs a3p0o30Jieii Marue3uTa B 3-5 pas mpe-
BBIIIAET 3HAYEHHUE IMPEJIeNbHO-I0MYCTUMON KOH-
LEHTpauuu. 3UMOH Ha 3TUX K€ PabdodyMx MecTax
(huxcupyetcst Temneparypa Bozmyxa ot 18 go 20°C.
Ha pabounx Mectax-o4ucTKa, yaleHle pacTBopa u
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BiusiHye MBUIH TUTAHOBOTIO IIJIAKa HA OMOXMMUYECKHE U MOpq)OJIOl"I/I‘IeCKI/Ie TIOKa3aTeJIu B OKCIEPUMEHTE

¢upTpanys cynabdara Maruus, Bce paboThl MPOBO-
JSITCSL B YCJIOBHSIX IIPOIPEBAIOLIETO MUKPOKINMATA,
a TeMmepaTypa BO3JyXa JIETOM MOXET JOCTUTaTh
38-40°C. A mpH MBIThE, CYIIKE, YNAKOBKE IIpe-
rapara BO3MOXEH JIUTEIbHBI KOHTAKT C KOXKEH.
HebnaronpustHble MUKPOKINMATHICCKHE YCIIOBHUS
U 3arpsa3HeHUe Bo3ayXa pabouynx 30H pa3iIuYHbIMU
PEIKMMH BEILECTBAMU 3aBUCST OT PaOOTHI IPUTOY-
HO-BBITSDKHOW BEHTHIISIINHU [6-7].

ABTOpBI HCCIIEIOBAHUS HAa YKUBOTHBIX YCTaHO-
BWJIM, YTO SHTEpaJbHOE BBEICHHE Cyib(daTa Mar-
HUs B 103¢ 10 I/KT CHMKAET COJICpIKAHKUE TITFOKO3bI
B CBIBOPOTKE KPOBH TMOBBIIAS YPOBEHb MUPOBH-
HOTPaJHOW KHUCIIOTHI. BrusHme cynbdara Maraus
Ha J>KUPOBOW OOMEH BBIPAXXaloCh B HAKOTUICHHU
B-TMIONpPOTENHOB, MPEANoNaraeTcss 4To 3TO CBS-
3aHO C YBEJIMUYCHHMEM COJEpXKaHUS HEHUTPAIBLHOI'O
JKHpa U3-32 YBEIMUYCHUS COJICPKAHUS TPUTITULICPH-
JIOB B CBIBOPOTKE KpoBH. [Ipu 3TOM cynbdar Maraus
CIIO0COOCTBOBAJI MOBBIILICHUIO aKTUBHOCTH aclapTa-
TaMHHOTpaHCc(epasbl, B HOPME CIIOCOOCTBOBA I10-
BBIILICHUIO aKTHBHOCTH aJlaHUMHAMUHOTpaHC(epasbl
u JakrargeruaporeHassl. HaGumronanock yxyarie-
HUE (YHKIHOHAIBHOTO COCTOSHHS MOYEK, YTO Xa-
paKTepu3yeT CHIKEHHE AWype3a, MOBBIILICHUE OT-
HOCUTEJIbHOH IJIOTHOCTH MOYH U INOSIBIICHUE Oerka
K KOHILY OITbITa, YTO CBHJIETEIHCTBYET O HAPYIIICHH-
SIX MPOLECCOB peadcopOIMy B MOYCUHBIX KaHAIb-
max [8-10].

MarepuaJibl H METOABI

OKCIepUMEHTHI MPOBOAMIN Ha J1abOpaTOPHBIX
KUBOTHBIX (KpbIcax-caMiax JUHUH « Wister»). DKc-
IIEPUMEHT MTPOBOIMIN ¢ CEHTIOPs 1o HosiOps 2019
roja.

Omnpenensny B KPOBH COAEPKaHUE MOYCBHHBI,
OCTaTOYHOTO a30Ta, KPeaTHHWHA W OKCHIIPOJIMHA B
CyTO4YHOM Mode mo Metonam [lanwmmosoit JLLA. [4].
ConepxaHue 3THUX a30TUCTBIX MOKaszaTesedl mpo-
BOJWJIM B OCTPBIN ITepuos (2 HeIenu), MOI0CTPhIH
nepuoa (4uenenu), xpoHnueckuiit nepuon (12 He-
JIeTTb) TOCTIe BBEJICHHS B TPAXCIO MBLUTH THTAHOBOT'O
[TaKa, KOTOPBIH ObUT pacTBOpeH B 1 MIT GH3HOII0-
TUYECKOro pacTteopa. JKMBOTHBIM W3 KOHTPOJIBHOM
rpynisl ObIIO BBEAEHO B Tpaxeo | miu ¢usnono-
THYECKOTO PAacTBOpPa W HCCIEOBAHUS OBLIM TIPO-
BOJIMHBI B 3TH CpokH (2; 4 u 12 Hexens), KOTOpbIE
COJICP)KAINCh B OTIEJILHON CBETIION, MPOBETPHBAC-
MO koMHaTe. Mo4y coOupaiy B TeYeHHE CYTOK B
OOMEHHBIX KJIETKaX.

B cocraB mputn BXOIUT HAaUOOJBIINN MPOLICHT
TiO, — 84,7%, a pasmep IbUIEBBIX YaCTeH 2MK CO-
ctaBuiu 95%.

56

CTaTUCTHUYECKUI aHATN3 TIOJYYCHHBIX JaHHBIX
npoBoamIcs 1o meroay Pedposoii O.10. [5].

[TpoBoauan UTO-MOP(OIOrHUESCKUE HCCIEIO0-
BaHUsI BHYTPCHHUX OPTaHOB.

OOBEKTOM HCCIICIOBAHUS SIBUINCH TTOYKH (Op-
raH BBIBEACHHS NPOAYKTOB JETOKCUKAIMH). Mu-
KPOCKOIUYECKUN aHajau3 OpraHoB MPOBOJIUIN C
WCTIOJIb30BaHUEM THICTOJIOTHYECKIX U MOP(OJIOTH-
YeCKHX METOJIOB MCCJIeJOBaHUM. [ McTojornueckue
METO/Ibl UCCIIEJOBAHUS BKIIIOYAJIN OKPACKY CPE30B
OpPraHoOB C MOMOIIBI0 TEMOTOKCHIIMH — DO3MHA TI0
Metony Ban-I'm3ona (Mepkynos I'.A., 1969). Bei-
SIBJISUIA SIIPA, KJICTOYHBIC DJIEMEHTHI U BHEKIJIETOU-
HBIE CTPYKTYPBI M3y4aeMbIX OpraHoB. MHUKpPOTOM-
HBIE CPE3Bl OPTaHOB OBLTH TONIIUHON 5-7 MKM.

Pe3yabTathl u 00cyx1eHue

Hamu BBISIBIICHO, UTO B 3KCTIEPUMEHTE Y )KUBOT-
HBIX B OCTPOM TIEPHOJI€ OCTATOYHBIN a30T MMOBBIIIA-
etcst Ha 10% (18,0+0,3), a y KOHTPOJNBHBIX KUBOT-
HbIX coctaBmi 17.0+0,4 MM/1, p<0,05.

B nmogoctpom neproe orMevaeTcs yBeInIeHIE
ocTtatouyHoro aszora Ha 12% mo 19,0 £0,2 MM/1, o
cpaBHeHHUto ¢ koHTposieM (17,0+£0,3), p<0,001, a B
12 HenenpHBIM CPOK SKCIEPUMEHTA YBEINUUBACTCS
Ha 16% a0 21,0+0,3MM/5n, 110 CpaBHEHUIO ¢ KOH-
Tposiem (18,0 £0,5), p<0,001.

BrisiBieHHbIE M3MEHEHHS] OMOXUMHUYECKOTO TI0-
Ka3aTeist (OCTaTOYHOTO a30Ta), XapaKTepU3yroT BCE
CTaJIMM TIPOU3BOJICTBEHHOTO cTpecca (yIIOBIETBO-
pUTenpHas ajanTanus, Pe3UCTEHTHOCTh, HEYJ/OB-
JIETBOPUTETHHAS aJanTaIus).

Omnpe/erieHue KOHIICHTPAMU MOYCBUHBI SIBIISI-
€TCsI ToKa3aTelleM COOTHOIIEHHS MTPOIeCCOB aHa0o-
JIU3Ma M Kataboju3Ma OCJIKOB B TKAHSX, OH CIIY)KUT
TJIABHBIM KpUTEpUEM (PYHKIIUU TICUCHHU U MTOYEK.

Hamu BBISIBIIEHO Yy OSKCIIEPHUMEHTAIBHBIX KH-
BOTHBIX ITPY BBEJICHUU B TPEXECIO MbUIH TUTAHOBOI'O
IJIaKa YBEJIMYCHUE MOYCBHHBI.

B ocTpslii mepuoj omneiTa ypoBEeHb MOYEBUHBI
noBsicuiics Ha 20% g0 4,89+0,1 mm/n, p<0,01 1o
CPaBHEHMIO C KOHTpOJIbHOH rpymmoi (4,0+0,1). B
MOJIOCTPBIA TIEPUOJ] OMBITA COACPIKAHNE MOYCBH-
HbI yBenuuniaock Ha 20% mo 5,0+0,3 mwm/i, p<0,01
(xoHTpOIH 4,040,2).

B xpoHndeckuii meprnos MO4YeBHHA OBLIO yBe-
smaeno Ha 30% 1o 6,0 0,2 MM/11, a B KOHTPOJIBHO#
rpynrme 4,59 £0,3, p<0,001. 3to o3Hauaer, 4yTO MpU
MIPOBEJICHUH DKCIIEPUMEHTa HAMH BBISIBICHO Ha-
KOIUICHHE a30TUCTHIX BELISCTB, B OCHOBHOM MOYe-
BUHBI, KaK KaK MbUIh TUTAHOBOTO IIIJIaKa BHI3BIBACT
KOJIMYECTBEHHBIE M KaYECTBEHHbIE U3MEHEHHSI a30-
THUCTBIX BEILIECTR.



K.K. lakueBa u zp.

Taomuua 1 — Asotuctsiii 00MeH kpoBu 1 Ol B MOU€ )KUBOTHBIX, [TPU BBEICHUH MBLTH TUTAHOBOTO IILTAKa

Iloka3aresu B xposu
Ne n OcTtaTouHbIii Mouesnna Okckpenus OII,
n/n Cepun azor era;p;mn, MKT/24 uac
MKM/a
KUBOTHBIX MM/
KonTpois: 10
OcTpblil meproa 17,0+0,4 4,0+0,1 58,8+1,2 18,6 0,5
! [Honoctperii nepuon 9 17,0+0,3 4,0+0,2 62,0+1,5 21,1+£0,8
XPOHUYECKHI Iepros 9 18,0+0,5 4,59+0,3 68,3£1,9 29,2+0,7
[Tbu1b OT THTaHOBOTO 1ITaKa SOMT 1/
:t XX :t XX :t
TanGaJEBHO 9 18,0+0,3 4,89+0,1 64,0+3,2 32.440,9%
5 | Ocrpeiii nepuon
[Monoctperii nepuon 8 19,0+0,2 xxx 5,0+0,3* 75,2+£2,9% 58,68+1,1
XpOHUYECKHI TTEPHOL 8 21,040,3 ¥ 6,0+0,2 91,9+1,8 % 63,8£1,6
IIpumeuanue —
*—p<0,01;
™ —p<0,001
12 Hepenb —
4 Hepenu .
2 Hegenu r
0% 50% 100% 150% 200% 250% 300%
2 Hepenu 4 Hepenu 12 Hepenb
OKCHMPOJUH 70% 270% 220%
B KpeaTUHUH 0 20% 30%
B MOoYeBHHA 20% 20% 30%
M OCTaTOYHLIR a30T 10% 12% 16%
OKCWMMPO/IMH M KPeaTMHWH B MO4YeBMHA M OCTAaTOYHbIW a3oT

Cpoxu skcniepumenTa: [ — 2 nenenu, 11 — 4 nenenu, 111 — 12 nengens
Pucynoxk 1 — M3MeHeHus nmokasaresnei a30THCTOr0 0OMeHa M OKCHIIPOJINHA Y J1TaO0PaTOPHBIX )KUBOTHBIX

Hamu BBISIBIEHO B OCTpPOM IIepHOAC DKCIIe-
pUMEHTa TIOBBIICHUE YPOBHS KpEaTWHUHA IO
64,0+3,2 MM/ (koHTpOIH — 58,8+1,2), B ocTpOM
Meprojie ypOBEHb KpeaTWHWHA yBEIMYHUBAIICA Ha
20% no 75,242,9 (kouTpoar — 62,0£1,5 MM/n),
p<0,01, a B XpOHHUYECKOM MEPUOJEC — YBEJIHYE-
HHE TIpoaokanoch mo 91,9+1,8 (B koHTpome —
68,3+1,9), p<0,001.

B pesynabrate NpoOBEAEHHOIO 3KCIEPUMEHTA
HaMHu OBLIO BBISIBIICHO, UYTO Yepe3 2 HEJEIH YPOBEHb
OII yBenmuwiicst Ha 70% no 32,440,9 (a B KoHTpOIIE
oH mokaszan 18,6+0,5), p<0,001. Uepes 4 nenenn mo-
CJIe MHTpaTpaxeabHOTO BBeAeHUS S0 MT MIJIaKOBOM
nblTH AKcKkpenns OC ¢ cyTOUHON MOUYOH yBEIHYH-
nach Ha 270% 1o 58,68 £ 1,1 MKT/CyT (B KOHTPOJIb-
Ho#t rpynmne mo 21,1 = 0,8 MxM/cyT), p<0,001. Ha
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12-i1 Henene ypoBeHb dkckpenun OIl mpomomxan
yBenmauBaThes Ha 220 % mo 63,8 £ 1,6 MkM/24 g
(o cpaBHenwuto ¢ koutposeM 29,2 = 0,7), p <0,001.
Taxkum 06pa3oM, HAMU YCTAHOBJICHO IPOTPECCHPY-
fouiee yBenudenue OlIl, yTo cBUAETENbCTBYET O €ro
HEOOXOMMOCTH JIsl 00pa30BaHMs BOJIOKOH (CKJIe-
pO3a) BHYTPEHHHUX OPraHOB: MOYEK, KaK IMyTeH HITH-
MHUHALUU KCEHOOMOTHKOB.

[Ipr TUCTONIOTHYECKOM HCCIEIOBAHHN TT0YEK
yepe3 2 HeJeTM SKCIIEPUMEHTa ONPEIeIIsiIach MOJH-
MopdHast KapTHHA, KOTOPasi OTpaskaiia, Kak OCTPYIO,
TaK M TOAOCTPYIO (a3bl pazBUTHI TOKCHYECKOI'O
TyOynouHTepcTuaibHoro Hedputa. Ha done

WHTEPCTUIMAIBHOTO OTeKa KaK KOPKOBOTO, TaK U
MO3TOBOTO BEIIECTBA, OOHAPYKUBAIOTCS 04aroBO —
JNIICCUMUHUPOBAHHBIC BOCHATUTEIHEHO-KICTOYHBIC
MHQUIBTPATHl U3 MOHOHYKJICAPHBIX KIIETOK, OCO-
OCHHO BO BHYTPEHHHX M CPEIHUX KOPTHKAIbHBIX
30Hax (puc. 2).

B wierounbix mHQUIBTpaTaX OOHAPYKHBAKOT-
Cs D03MHOMIIIBI, JTUMMOIUTEI U TUTa3MaTHICCKUE
KIIETKH C IPUMECHI0 HEUTPODUITBHBIX JICHKOIIUTOB.
KreTku snurenust kKaHAIbIEB, TaK K€ OBUIH CO 3Ha-
YUTETHHBIMH  TUCTPOPHUECKUMH H3MEHEHUSIMH,
B BHUJIE€ TMAJIMHOBO-KANEJIbHON W THUAPONHUYECKON

muctpogun (puc. 3).

PucyHok 2 — OuaroBast 1uM(OUIHO-KIETOYHAS HHPUIBTPALUS CTPOMBIL.
Jluctpopuyeckre 1 HEKPOTHYECKHE H3MEHEHNUSI KaHAJIbLEBOTO SMUTENIU
(yB.280, oKpaIieHo TeMOTOKCUIMHOM H 303UHOM)

PucyHok 3 — BocnananTenbHO-KIETOYHAs MHGUIBTPALUS [IIOMEPYIT
(yB.112, okpamieHo reMOTOKCHIIMHOM U 303HHOM)
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Y OTHenbHBIX JKUBOTHBIX B MHOKECTBEHHBIX
MHTEPCTUIHAIBHBIX HHOMIBTPATaX, KOTOPBIE OBLTH
Oosiee BBIpaKEHBI B KOPKOBOM CJIO€ U B KITyOOYKaX,
0o0OHapy)uBaroTCs TMM(OICHKOIUTapHbIE HHOUITb-
TPaThl, IUIOTHO KOHTAKTHUPYIOIINE C TYyOyJIsIpHON
OazanpHOM MeMmOpaHou. KaHanblieBbll 3muTENHN
BBIPa)KEH, YIJIOMIEH C SIBJICHUSIMH aTpoduu.

OTaenbHbIE KaHANBIBl KUCTO3HO PACIIMPCHEI.
JlucTanpHbIe KaHABIIEI TTOPAXKEHBI B OOJIBIIICH CcTe-
NEHU, YEM IMPAKCHUMAJILHBIC. bazanpubie MeM6paHLI

WX YTOJIIICHBI, KOHTYPBI Pa3MbIThl, MECTAMH UME-
I0TCS pa3psIBhL. JIumbonnuTel, HHQUIBTPUPYIOIITHE
OTHW YYaCTKH, MHOT'Za BBIXOIAT B MPOCBET KaHaJlb-
ues (puc. 4 u 5).

gl S TOF Sy

Pucynok 4 — Jlucrpoduieckue H3MEHEHHsI KAHAJIBIIEBOTO SITHTEIINSL.
JImmdonHo-knerounas nHGuUIbTparys (yB.112, okpameHo reMOTOKCHIMHOM U 903UHOM)
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PucyHok 5 — BoipakeHHas [IepUBACKYJIIpHAs TUM(OUTHO-KIICTOUHAS HHOUIBTPALUS
(yB.280, OKpaIIeHO TeMOTOKCHIIMHOM H Y03UHOM)

Yepes 4 Henene dKCepUMEHTa TUCTOJIOTHYeE-
CKOE HCCIIEJJOBAHME II0KA3aJ0 CTHXaHHE OCTPBIX
NpPOSIBIICHHH  MOP(OJIOTHIECKUX W3MEHEHUH U
TpaHcHOPMALIUIO TTOCIIEAHNX B XPOHUYECKUH TyOy-
JIOMHTEPCTULMATIbHBIA HEQPUT.

WHuTepcTuimii CTAaHOBUTCSI MEHEE OTEYHBIM, 00-
Jiee TUIOTHBIM C BBIp@XEHHOU (PUOpOmIacTHIecKon
peaxmueit. Knetounas wHMIBTpanus yMeHbIIA-

€TCsl, CTAHOBUTCSI MEJIKOOYaroBOH, C COXpaHEHHEM
JUCCUMHHUPOBAHHOT'O XapakTepa.

CTeHKH COCYJIOB YTOJIIEHBI, CKICPO3UPOBAHBI.
BuyTpennuil cioil mepoxoBatTblii, SHAOTENNN Ha-
OyXImuii, e30praHn30BaHHBIN.

Bwmecre ¢ 3TUM BBIABISIOTCS MEJIKHE OYaru
pyO1eBaHus, KOTOpble Kak Obl 4epeayloTcsl C He-
W3MEHEHHOW TapeHXuMo#. OTnenpHble KITyOOUKH
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WIIEMAYECKH CMOPIICHBI WM CKJICPO3HPOBAHBL.,
4TO FOBOPHUT O Hayalie Mpolecca ¢ BTOPHIHBIM BO-
BJICUCHHEM B HEro KIyOOUYKOB, ¢ mposndeparnuen

SH/IOTEIUANBHBIX U ME3aHTHATBHBIX KIIETOK U 00pa-
30BaHMEM MEKKANMWISAPHBIX CIACK U BBIPAKCHHOU
¢ubpormacTuueckoii peakiueit (puc. 6 u 7).
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Pucynok 6 — MmemMuueckoe cMOPIIMBAHUE KITyOOUKOB. ATpO(hHUECKUEe N3MCHEHUS KaHAIIBIICB
(yB.112, okpaiieHo reMOTOKCHIIMHOM U 303HHOM)

Pucynoxk 7 — OuaroBast TuM(pOUTHO-KIETOUHAST MHPHUIBTPALIUST CTPOMBIL.
CkJ1epo3UpOBaHHUE U CMOPIIMBAHUE OTJEIbHBIX KJIyOOUKOB. MeXKanMUIApHbIE CIIaliKu
¢ pparmenTanueii momepy (yB. 280, OKkpalieHO TeMOTOKCHIMHOM M 303HHOM)

OOIIMMU TUCTOIOTUYECKUMU MPU3HAKAMU SIB-
JII€TCSl COXpaHEHHE HHPUIHTPAIIUN CTPOMBI JTHUM-
(doruTamMu, 4acTo JIOKATH3UPYIOLIAsCS MEePeryio-
MEpYJISIPHO U MEePEBACKYISPHO, TUCTPOPUUCCKHE
u arpoduyeckre H3MEHEHHs KaHaiublleB. [Ipo-
LeCC CKIEPO3UpPOBaHUs, aTpohuu M TUCTPOdH-
YeCKUX M3MEHEHHUM 3aXBaTbIBaJl MO3TOBOM CIIOH
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C IpHU3HAKaMH KanmWJUISIPHOTO Hekpo3a. MHTep-
CTHIIMAJbHBIC N3MEHEHNUs OBLITN ¢1a00 BBIPaKECHBI
(puc. 8).

OnuTenuii  coOMpaTelbHBIX TPYOOUEK TaKke
nmojBepraics AUCTPOGUIECKIM U aTpPOPUIECKUM
HU3MCHCHUAM CO 3HAYUTCIIBHBIM CKJIICPO3UPOBAHUEM
CTPOMBI.
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Pucynok 8 — /lucrpoduyeckue u arpouieckrne N3MEHEHUS KaHAIBLIEBOTO AIIUTEIHSL.
Oyaru cKiIepo3upoBanus U GuOPo3a MO3TOBOTO CIIOS
(yB.280, OKpaIeHo reMOTOKCHINHOM U 303UHOM)

K xonny skcnepumenrta (12 Henenb) oTmeua-
JIOCh UCTOHYEHHE KOPKOBOTO CJI0s1, aTpodust U 00-
JTUTepaIys KaHAJIbIIEB, 0COOCHHO TPOKCUMAITbHBIX.
VYToJieHrne 1 CMOpIIMBaHKE 0a3aJbHBIX MeMOpaH
AMUTETUATBHBIX KIETOK, UX THATHHOBOE TIEPEPOIK-
neHne W ciaymuBanue. Pa3BuBamuck muddys3HbIe
CKJICPOTHYCCKUE U3MCHECHHUSI HHTCPCTHIIUA.

BocnanurenbHo-ki1eTouyHas MHOWIBTpAIUs HO-
CHJTa YMEPEHHBIN WITH CJIA00 BEIPYKCHHBIN XapaKTep.

WzmeHenns: B ki1yOoukax HapacTaiu 1o ¢u-
OpO3HOMY THITY C MOCIEAYIOIeH rudenbo Hedpo-
Ha W 3aMEIICHHE MX COCMHUTEIHLHON TKAaHBIO, U4TO
MIPUBOJIMIIO K aTPO(HHU TIOUEK.

bnaromapst pyOIoBOMY CMOpIIMBaHHIO MHTEp-
CTHUITHST ¥ MAacCOBOM THOENHM KaHAIBIIECB, KITyOOUKH
pacronaraiuck OJNM3KO JIPYT K JIpyry, U CO3/aBa-
Jach BUIUMOCTh YBEIMYCHHS MX KOJIHYECTBA (PHC.
9u 10).

Pucynoxk 9 — [luddysnsie arpoduueckie N3MEeHEHHs KaHAIbIEB
¢ pubpo3om MHTEpCTHINATBHON TKaHU (YB.112, OKpameHo reMOTOKCHIIMHOM H 303HHOM)
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Pucynoxk 10 — Inuddysnas ¢pudpormracTuaeckas peakiusi B KOPKOBOM CII0€ TOUKH
C TIEPEeX0IOM B CKIIEPO3UPOBAHHE H (PUOPO3 IMapEeHXUMBI
(yB.112, OoKpaIIeHO FeMOTOKCHIIHOM U S03WHOM)

B pesynbTare, MHTpaTpaHXEAILHOTO BBEICHHUS
[BIJIM TUTAHOBOT'O MIJIAKa BBI3BIBAIO Y KHBOTHBIX
pasBUTHE OCTPOTO TOKCHYECKOTO TYyOYJIOMHTEPCTH-
IUaTBFHOTO He(pUTa € MTOCIeAYIONIEH XpOHn3aen
rporiecca ¢ ucxoaoM B nuddy3HsIii Heppockiiepos
K KOHILY 9KCIIEpUMEHTA.

Takum oOpa3oM, aHamu3 MOP(OIOTHYECKUX
HCCIIEJOBAHUN TKAaHM MOYEK JaOOpaTOPHBIX KH-
BOTHBIX IOCJIE WHTpATpaxeallbHOW 3aTPaBKU ITbI-
JBI0 TUTAHOBOTO IIIJIaKa BBISIBHJI 3HAYUTEIbHBIC
CTPYKTYpPHBIC M3MEHEHHsSI B ATHX OpraHax Kak B
paHHHE, TaK U B TO3JIHUE CPOKU DKCIEPUMEHTA.
Jloka3zaHo, 4YTO HAKOTJIEHUE TOKCHKO-XHMMUYECKUX
BELIECTB, BXOJSIINX B COCTAB IBUIM THUTAHOBOI'O
[JIaKa MPOUCXOJNUT MPEHMYIIECTBEHHO B TEX Op-
raHax, IJie OCYIIECTBJISIOTCS MHTCHCUBHBIC OHO-
XUMHMYECKUE MPOLECCHl — B IOYKAX, OKa3bIBasl KaK
MECTHOE, TaK U 00IIETOKCHYIECKOE BO3/ICHCTBUE HA
OpraHu3M 5JKCIIEPUMCEHTAIbHBIX >KUBOTHBIX, MOJI-
TBEP)KICHHE 3TOMY M3MEHEHHsI TOKa3aTesei a3o-
THUCTOTO OOMEHa KPOBH, TaKHE KaK OCTATOYHBIN
a30T U3MEHWJICH B 2-X, 4-X 1 12TH HeeNbHbIE CpPO-
KM 3KCIIEPUMEHTA, A TAKXKE B 3TH CPOKU M3MEHUII-
Csl YPOBEHb MOUYEBHHBI, KPEATHHUHA W DKCKPEIUS
OKCHUIPOJIMHA

CrenoBaTenbHO, SKCIEPUMEHTAIbHAsT MOJIEIb
(ocTporo, MmoIOCTPOTO W XPOHHYECKOTO BO3ICH-
CTBHS TMBUTM THTAHOBOTO IUIAKa) TOATBEPIUIIA
TOKCHUYHOCTb JICHCTBHS NBUIM TUTAHOBOIO IIJIAKA,
COJIepIKaIllero B CBOEM COCTaBe KOMIUIEKC XHMHUYe-
CKHUX BEILIECTB, HA BHYTPEHHHE OPTaHbl.

[Ip11b COCTOMT M3 MHOTHX YacTHLl U XapakTe-
pu3yeTcs JUCTepCHOCTRI0. Hambomee maToreHHOM
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SIBJISIETCSI  MEJIKOJUCIIEPCHAs] TbUIb (T€ MBUICBBIC
YaCTHUIIBI, KOTOPBIE UMEIOT pa3Mep MeHee 5 MK). B
AKCIIEPUMEHTE HCIIOJIb30BAIA TTOPOIIOK THTAHOBO-
ro IIIaKa, pa3Mep 4acTHIl mopouka B 95% ciydaes
— 2 MK.

N3menenust, BOSHUKAIOMINE B OPTaHAX JTBIXAHHS
[IpU BO3JEHCTBUU a’pPO30JI€M MATHUEBBIX CILIABOB,
XapaKTePU3YIOTCSl PA3BUTHEM BOCHAIUTEIBLHOTO
nporiecca. K HeMy OTHOCSITCS, HAapUMep, TPaXCHuTa,
OpOHXUTa, THEBMOHHH, SM(PHU3EMBbI JIETKUX, C BOC-
MAaJUTENbHBIM MIPOLIECCOM B JIETKUX, NEPEXOISALIUM
B muQy3HbIi mHEBMOCKIepo3 [11-14].

UccnenoBanust mokaszaau, 4YTO OJHOKPATHOE
HWHTpaTpaxealbHOE BBEACHHUE 25 MI I€3UHTETPUPY-
FOIIETO a’PO30JIs JTUTUH-MarHUEBOTO CILIaBa TPHU-
BOJIUT K 3a00JICBAaHUIO YMEPCHHBIMU U3MEHCHHUSIMH
OpPraHOB JIbIXaHUS, BO3HUKAIOIIMMHU MO BIUSHUEM
KOHJICHCUPYIOILIUXCST a3p030JieH, JaHHBIA IpoLecc
pasBuBaeTcs MeyieHHo [15-18].

K npumepy, Obuib aarOMHUHHEBO-MarHUEBOTO
CIJIaBa MOXET BBI3BIBATH YMEPEHHBIM ITHEBMOKO-
HHUO3HBIN Mpouecc, HO MTHEBMOKOHMO3, BbI3BaHHBIN
BJIBIXaHUEM aJIOMUHHUEBO-MarHUEeBOM CBAPOUYHOU
MBUTH, PAIAKATbHO OTIMYACTCS OT DKCIICPUMEH-
TaJbHOTO CHJIMKOTHYECKOTO IPOIecca OTCYTCTBH-
€M TUNHYHBIX CHJIMKOTHYECKHUX Y3EJIKOB, a TaKkKe
OTHOCHUTEIHLHO OJIarONPHUATHBIM TCUCHUEM, CIa0BIM
Pa3BUTHEM COCAMHUTEIHLHON TKaHU B MapeHXHUME
serkoro [19-20].

Marnuif MoXeT 00JaaTh MOJUTPOITHEIM JICH-
CTBUEM, HO MEXAHU3M €r0 JCHCTBUS HA OPTaHU3M,
a TakKe Ha OT/CJIbHbIC OPTaHbl U CUCTEMBI U3YUYEH
HEIOCTATOYHO. /[0 HACTOSIIETO BPEMEHH IaTore-
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HE3 BO3MOXHBIX TOKCHYECKHX 3(()EKTOB HE BBI-
SIBJICH.

VYCTaHOBIEHO, YTO IMOPOIIOK MarHus B J103€
1000-10000 mr/kr mpu nepopajbHOM BBEICHUHU HE
BBI3BIBAET THOENH KUBOTHBIX. [lopomrok maraus B
KoHmeuTparmmu 5,9. 8,3, 60,7 u 95,0 mr/M® He BBI-
3BIBAIOT JICTAJILHOTO Mcxoja [21-22].

Marmuwii B koHneHTpanusx 3,8 mr/m® £0,06 mr/v?
MOJKET BBI3BIBATh HE3HAUUTEIHHOE CHIDKCHUE YPOB-
us PHK B Teuenue MecssaHOro neproia BO3aecTBUSI.
OnmHako 4yepe3 6 Mec B JISTOYHOW TKAHW KHBOTHBIX
ObUTO OOHAPY)KEHO HEKOTOPOE CHMKEHHE CONeprKa-
Hust [IHK. Takue n3MeHeHus BO3BpaIlllaIiCh K HOpME
B KOHLE Nepuoja BocctaHoBIeHUs. [Ipu BapIxaHuu
HOpOIIIKAa MarHusi B KoHUeHTpauuu 84 £ 5,0 mr/m?
KOJIMYECTBO OKCHUIIPOJIMHA B JIETKUX TOJOIBITHBIX
JKUBOTHBIX OKAa3aJ0Ch 3HAUMTEIBHO BBILIE, YEM Y
’KUBOTHBIX B KOHTPOJBHOM rpymme. Takxe Habmroqa-
nock yBenmmdenue konmuectsa PHK. HaubGornee BbI-
PaKEHHBIC M3MEHEHUSl COJEPKAaHUS HYKJIECHMHOBBIX
KUCJIOT HaOMIOJaINCh B 3-MECSIMHOM TIEpHOJIE, a B
KOHIIE PKCIIEPHMEHTa HAOJIOaI0Ch OBICTPOE CHHU-
skerue ypoBas PHK u JIHK [23-24].

Y MHOTHX XMBOTHBIX, KOTJa B OpPraHH3ME HE
XBaTaeT MarHus MOXET OJIMKHpPOBAThCS MeMOpa-
HOCBSI3aHHBIE ()EPMEHTHI M YTO TIPUBOJUT K TTOBBI-
LIEHUIO coepxkaHus B KpoBU TT', XHIIOMUKPOHOB,
JIITHII. ITpu HEXBaTKe MarHus B MUILEBOM PallOHE
MOJKET MOBJIUATh HA COCTAB )KUPHBIX KUCIIOT, KOTO-
pBI€ IPUBOIUT OJIOKHPOBAHUIO CHHTE3a apaXHI0HO-
BOM KUCTIOTHI [25-26].

OTH HCCIICOBaHUS CITOCOOCTBYIOT pa3padoTKe
HAyYHBIX MEPONPUATHNA MO YIYUIICHUIO U O03/0-
POBIICHUIO 370POBbS PAOOTHUKOB TPOMBIIIICHHBIX
MPENPUATHMN.

3akiaoueHne

OKCIEpUMEHTAIbHOE MOJIEJIUPOBAHUE C [IOMO-
L[bI0 OJHOKPATHOI'0 UHTPATPAXEAIBHOTO BBEICHUS
IbUIA THUTAHOBOI'O IJIAKa SKCHEPUMEHTAIBHBIM
JKUBOTHBIM TI0/1 JETKUM 3(QUPHBIM HApKO30M BbI-
SBWJIO BBIpa’KEHHBIE M3MEHEHUs IMOKa3aTesel azo-

THUCTOTO0 OOMEHa KPOBHU M AKCKPELMH OKCHUIIPOIMHA
B CyTO4HOH Mode. B octpom mepuoze (2 Hemenn),
nojiocTpoM (4Henens) u xpoHndeckoMm (12 Henenn)
BBISIBIICHO JOCTOBEPHOE YBEIHMUCHHUE YPOBHS MOYE-
BHHBI 110 CPAaBHEHUIO C KOHTPOJIEM, YTO YKa3bIBAIOT
Ha YMEPEHHOE HAKOIUICHUE a30THCTHIX BEIIECTB, &
3HAYUT MbUTh TUTAHOBOTO IIJIAKA BBI3BIBACT Kade-
CTBEHHBIE M3MEHEHUS a30THCTHIX BemlecTB. B xome
IMMPOBCACHUS SKCIICPUMCHTA BBIABJICHO YBCIMYCHUC
YPOBHS KpEaTUHHHA, YTO CBUACTEIILCTBYET O CKIIOH-
HOCTH TIOBBIIIIEHHOTO paciana kpearnHuHpocdara,
KOTOpBIE OCYIIECTBISIFOT 3alIUTy JHEPTeTHYECKHX
3aTpar MouYeK. YBEIMYCHUE COJEPKAHUS OKCHUIIPO-
JMHA XapaKTepU3yeT O €ro HEeoOXOAWMOCTH IS
(¢ubprHOOOpa3oBaHUsI BHYTPEHHHX OpPraHOB, B
YaCTHOCTH MOYEK KaK OpraHa BbIBEJICHHSI KCEHOOH-
OTHUKOB. B moaTBepkaeHne Kk 3ToMy IIUTO- MOp(ho-
Jorudeckue M3MeHeHus. Hamu oOHapykeHo, uTo
HHTpaTpaxeajbHOE BBEACHUE MBUTM THUTAaHOBOI'O
[UIaKa BBI3BAJIO PAa3BUTHE OCTPOTO TOKCHYECKOTO
TyOYJIOMHTEPCTUIIHATBHOTO HEQPUTA C MOCIEIYI0-
el XxpoHu3aluen mporecca.

Takum o0pazom, B pe3yibTare MPOBEIACHHBIX
OKCIIEPpUMEHTOB, HaMH BbBIABJICHBI U3MCHCHUSA I10-
Kazaresed a30THCTOro oOMeHa KPOBU U SKCKpelHus
OKCHUIIPOJIMHA C CYTOYHOM MOYOM, KOTOpBIE KOp-
pEeNUpOBai ¢ MUTO — MOP(HOJIOTHUYECKIE H3MEHe-
HUSl BHYTpEHHHMX opraHoB. CienoBaTenbHO, JKC-
MepUMEHTaNbHAsT MOJIENb (OCTPOTO, ITOJOCTPOTO
U XpOHUYCCKOI'O BO3I[efICTBHH IIbIJIK TUTAHOBOI'O
L1aKa) NOATBEPANIa TOKCHYHOCTD ACHCTBHS IBUIN
TUTAHOBOTO IIITAKA, COJIEPIKAIIETO B CBOEM COCTABE
KOMIUICKC XMMHYECKHUX BCUICCTB, Ha BHYTPCHHUEC
OpTraHsbl.

BaaronapHocTh, KOHQJIMKT HHTEPECOB

ABTOpBI BBIP@XAIOT 0JIArOAPHOCTh AMHUHU-
ctparuu AO «YK TMK)» 3a npeioctaBieHHYI0 BO3-
MO>KHOCTH ITPOBEJIEHHS SKCIIEPUMEHTA B YCIOBUSX
KoMOuHara.

ABTOpBI MOATBEPKIAIOT OTCYTCTBHE KOH(IHK-
Ta UHTEPECOB.
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XUMUKO-AHAANTHUYECKOE U
BUOMNHAUKATUBHOE UCCAEAOBAHUE
BOAHbIX PECYPCOB 1 INMOYB TOPOAA AAMATDI

AAS YAYULLEHMSI COCTOSIHMS BOAbI M MouBbl B Pecriy6amnke KasaxctaH HEOGXOAMMO PeryAsipHO
NPOBOAMTb MOHUTOPUHI. CTaTbsl COAEPXKMT 0630p, aHaAM3 U OLIEHKY COCTOSIHMSI BOAHbBIX PECypCoB
M MOYBEHHOro MokpoBa r. AAmarbl. [1pOBEAEHO XUMMMKO-aHAAUTMYECKoe U OUOMHAMKALMOHHOE
UCCAEAOBaHME BOAHbBIX PECYPCOB U MOYB B I'. AAMATbl AAS OLIEHKM SKOAOTMYECKOr 0 COCTOSIHMS ropoAa. B
paboTe MCMOAb30BAACT XUMMKO-aHAAUTUUYECKMIA METOA UCCAEAOBAHMS CHEXXHOMO MOKPOBA C BbISIBAEHMEM
HanboAee 3arpsi3HeHHbIX TOYEK FOpPOAQd; METOA MPOpalIMBaHMS KPeCcC-caAaTta, B LEASX MHAMKALUM
BOAbI 1 MouBbl. [TpOBEAEHUE UCCAEAOBAHMIA BOAHBIX PECYPCOB M MOYB B I'. AAMaTbl M MX MOHUTOPUHT
MO3BOASIT MOAYYUTb KApPTUHY COCTOSIHMS OKPY>KAIOLLLEN CPEAbI, BbISIBUTb MOTEHLMaAbHbIE MPOBAEMBI 1
MPUHATb MEPbl AAS YAYULLEHMS KayecTBa BOAHbIX PECYPCOB M MOYB. Hamayulime nokasaream pocrta
Kpecc-canata HabAIDAAIOTCS Ha UCCAeAyeMol (hOHOBOM ToUke Meagey. o pesyAbTaTaM MCCAEAOBAHMS
YCTAHOBAEHO KPUTMUYECKOE COCTOSIHME BOAbI, MOUBbI B HUXKHEM YaCTW ropoAa M B MECTax BbICOKOM
KOHLIEHTPALMX TpaHCMopTa. BbiCOkMe KOHLEHTpALMM B3BELUEHHbIX 4acTul, AMOKCUMAQ YrAepoAa
1 HedTENPOAYKTOB BbISIBAEHbI B paroHe AAb-(Dapabu, ¢ GOAbLIMM MOTOKOM aBTOMALLUMH B TeyeHue
CyTOK. Pe3yAbTaTbl MOTyT 6bITb MCMOAL30BaHbI MPY MOHUTOPUHIE OKPYXKAlOLLEN CpeAbl U pa3paboTke
Mep MO CHUXKEHMIO 3arpsi3HeHMst BOAbI M MOYBEHHOIO MOKPOBA Kak B I'. AAMATbl, Tak 1 B pecrybAmKe.

KAtoueBble CAOBa: BOAHbIE PECYPCbl, MOHUTOPUMHT OGBLEKTOB OKPY>KAIOWEN CPeAbl, XUMMUKO-
AHAAUTUYECKOE UCCAEAOBaHME, OMOMHAMKATMBHOE MCCAEAOBAHME.

M. Temirbekova', Z. Tukenova?, D. Tamabay*"

'Almaty University of power engineering and telecommunications named after G. Daukeev, Kazakhstan, Almaty
2Institute of Zoology of the Ministry of Higher Education and Science of the RK, Kazakhstan, Almaty
3National Engineering Academy of the RK, Kazakhstan, Almaty
“e-mail: dtamabay@gmail.com

Chemical-analytical and bioindication study
of water resources and soils of Almaty

To improve the condition of water and soil in the Republic of Kazakhstan, it is necessary to con-
duct regular monitoring. The article contains an overview, analysis and assessment of the state of water
resources and soil cover of Almaty. A chemical-analytical and bioindication study of water resources
and soils in Almaty was conducted to assess the ecological state of the city. The work used a chemical-
analytical method of studying the snow cover with the identification of the most polluted points of the
city; the method of sprouting watercress, in order to indicate water and soil. Conducting studies of water
resources and soils in Almaty and monitoring them will allow to get a view of the state of the environ-
ment, identify potential problems and take measures to improve the quality of water resources and soils.
The best growth rates of watercress are observed at the studied background point of Medeu. According
to the results of the study, the critical condition of water, soil in the lower part of the city and in places
of high concentration of transport was established. High concentrations of suspended particles, carbon
dioxide and petroleum products were detected in the Al-Farabi area, with a large flow of cars during the
day. The results can be used in environmental monitoring and the development of measures to reduce
water and soil pollution both in Almaty and in the republic.

Key words: water resources, monitoring of environmental objects, chemical-analytical research,
bioindicative research.
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AAMaTbl KaAaCblHbIH, CY pecypcrapbl MeH
TOMbIPAFbIH XMMMSIABIK-TAAAAMAADIABIK, )KdHE 6MOMHAMKALMSIAbIK 3epTTey

KasakcraH Pecny6AmKacbIHAAFbI Cy MEH TOMbIPAK ThIH XKan-KYMiH >KaKcapTy YLIiH YHEMI MOHUTOPUHI
XKYPrisy KaxkeT. Makaraaa AAMATbl KAAACbIHbIH CYy PeCypCTapbl MEH TOMbIpak, >KaMbIAFbICbIHbIH, >Kaii-
KYMiHE LLOAY, TaAAQy >koHe OaraAay KaMTbIAFaH. KaAaHbIH 9KOAOMMSABIK XKaF AarbiH OaraAay yiliH AAMaTbl
KaAaCbIHAAFbl CYy PecypcTapbl MEH TOrMbIpaKkTapFa XMMMSAbIK-TAAAAMAABIK, XKOHE OMOUMHAMKALIMSIABIK,
3epTTey XKYpriziaai. >)KyMbICTa KaAaHbIH €H AaCTaHFaH HYKTEAEPiH aHbIKTai OTbIPbIM, Kap KaMbIAFbICbIH
3epTTeYAiH XMMMUSAbIK-aHAAMTMKAADBIK, SAICI KOAAQHBIAABI; CY MEH TOmMbIpakK, MHAMKALUMSCBIH KepceTy
MaKcaTblHAQ Kpecc-caAaT ecipy ©AiCi KOAAAHbIAAbL. AAMATbl KaAacblHAQ Cy pecypcTapbl MeH
TOMblpakTapFa 3epTTeyAep >KYprisy >KeHe OAapAblH MOHWMTOPWHII KOpLUaraH OpTaHbIH >Kal-KyriHiH
cunaTTaMacbiH aAyFa, bIKTMMAA MOCEAEAEPAl aHbIKTayFa >K8He Cy pecypcTapbl MeH TOmMbIPaKThiH
canacblH >KakCcapTy YWiH wapaAap KabbiaaayFa MyMKIHAIK Oepeai. Kpecc-caaaTTbiH eH >KakcCbl ecy
KapKbIHbl 3epTTeAETIH MeaeyAiH (POHABIK, HYKTeCiHAe OailkaAaabl. 3epTTey HoTuxKeAepi GoiblHLLA
KaAaHbIH TOMEHTT BOAIrIHAE >KOHE KOAIKTIH, >KOFapbl LLOFbIPAAHFAH >KEPAEPIHAE CYAbIH, TOMbIPAKThIH,
CbIHM >KaFAambl aHblKTaAAbl. CaAMakTbl OOALIEKTEPAIH, KOMIPKbIWKbIA TasblHblH, >KOHE MyHai
OHIMAEPIHIH >KOFapbl KOHUEHTpauusacbl aA-Papabu ayAaHblHAQ TOYAIK ilIHAE aBTOMOOMAbAEPAIH
YAKEH afblHbIMEH aHbIKTaAAbl. HeTukeAep KopluaraH oOpTaHbl MOHMTOPUHTIAEY >KoHe AAMaThbl
KaAacbliHAA AQ, pecryOAMKaAa Ad CY MEH TOMbIPaK, KaMbIAFbICbIHbIH AACTaHYbIH TOMEHAETY XXOHIHAETI
LIapaAapAbl 93ipAey Ke3iHAe nanAaAaHbIAYbl MYMKIiH.

Tyiin cesaep: Cy pecypcrapbl, KoplaraH opTa OObeKTIAepPiHiH MOHMTOPMHIICI, XMMMSADIK-
aHAAUTMKAABIK, 3epTTey, OBMOMHAMKATUBTI 3epTTey.

BBenenune

Kazaxcran BHYTpUKOHTHHEHTaJbHAs CTpaHa C
PECYPCOOPUEHTUPOBAHHOM KOHOMHUKOW, KOTOpPas
SBIIIETCS HAanOoJee yA3BUMOW. AHTPOIOTEHHEIC U
KIIMMaTHYeCKue (aKTOpbl OKa3bIBAIOT BIUSHHE Ha
pecypcsl pedHBIX BOJOEMOB, M 3a nepuoxa ¢ 1974
mo 2008 rom OHM COKpaTWIUCHL Ha 23,8 KyOmde-
CKHX KHJIOMETPOB B roJi (uto coctasiseT 21%). K
2030 rogy HexBaTKa BOJIHBIX PECYpPCOB MOKET JI0-
CTUTHYTh 9 KyOWYECKHMX KHJIOMETPOB B TOM, a K
2050 rony — 1o 19 KyOMUYECKHX KHIOMETPOB B TOJI.
[lepemenbl KIMMaTHYECKHX YCJIOBHM, aKTHBHOE
TasiHUE JIEJHUKOB M MHTCHCHUBHAsl XO3sMCTBEHHAs
JeSITeNbHOCTh B TPAHCIPAaHUYHBIX OacceiiHax mpu-
BOJAT K Pa3IUuYHBIM (hakTopaMm aecTaOMIN3aLHH.
Ha nansblif MOMEHT 0Kko0J0 180 MIIIJIMOHOB reKTa-
POB TEPPUTOPUH CTPaHbI, U3 001IeH momayu 272,5
MWIJIMOHA TEKTapoB, IOJBEPraioTCsi pPa3uuHBIM
CTETICHSM OITyCTBIHUBaHWMS, a 27,1 MAJUTHOHA TeKTa-
POB M3 HUX SIBJISIFOTCS TACTOMIIAMHU, KOTOPhIE MOTYT
ObITh KpaliHe aerpaaupoBansl [1]. Ananus coctos-
HUS IOYBEHOTO IIOKPOBA IIOKA3bIBACT, YTO IIPOMC-
XOAMT UHTEHCUBHBIN MPOLIECC JeTPagaluy MOYB TI0
Bcell Teppuropun Kazaxcrana, 4To OTpHLATENBHO
CKa3bIBAa€TCsI HAa SKOJIOTHUM IOYBEHOIO MOKpoBa. B
LEeJIOM, OMOUHTUKATOPHOE UCCIICOBAHNUE MTO3BOJIS-
€T MOJY4UTh OoJiee MOJNHYI0O KapTUHY 3KOJIOTH4e-
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CKOTO COCTOSIHHS BOJHBIX M TIOYBEHHBIX PECYPCOB
r. AJTMAaThI, YTO MOXET TIOMOYb B MIPUHSTUU PeIlIe-
HUH IO OXpaHe OKpY’KaIoIe cpeibl U yCTOMUUBO-
MY HCITOJIb30BAaHUIO TIPUPOIHBIX PECYPCOB.

B coBpeMeHHOM 0011I€CTBE BOJIA UTPAET KITIOUe-
BYIO POJIb B OOECIIEYCHUH YyCTOMYMBOIO Pa3BUTHUS
CeNIbCKOTO XO3A1CTBA, JHEPreTHYECKOTO CEKTOpa
Y TPOMBIIIEHHOT'O CEKTOpa, a TAaKXKEe COXPaHEHUU
OKpy2Karolel npuposl. McceienoBanue, mpoBeaeH-
Hoe BcemupHoOl opraHuzanuend 31paBOOXpaHEHUS
(BO3), moka3bIBaeT, 4TO HEAOCTATOK U 3arPSI3HCHUE
MMUTHEBOW BOJIBI SIBIISIOTCS OCHOBHBIMHU (paKTOpa-
MU, BIHSIIOIIMMHU Ha yXyAUICHUE 3I0POBBS JIOACH
10 BCEMY MHPY. BBICTpBIIl pOCT HacelleHHus cOo3/1a-
eT JIOIOJHUTENIbHBIC TPOOIEeMbl MIPU 00ECTIEYCHUI
YCTOWYMBOI'O JIOCTyNa K MUTHEBOM BOJIE U CTaBUT
nepes HaMH 3KOHOMHYECKHe BbI30BBI. Ha koHpe-
pennmu Opranuzanuu O0beanHEeHHBIX Hanwmii 1mo
3alMTe oKpyxaroiieit cpeae B 1992 roay, koropas
npoxoauia B Puo-me-XKaneitpo, MexmayHapomHoe
C000IIECTBO MPUAAIO MPUOPHUTET YNPABICHHUIO BO-
JHBIMU PECypCaMH U OCO3HAJIO0 BAYKHOCTH ITHX pe-
CypCOB B IIPEeIIBEPUN HOBOTO CTOJIETHSI.

B PecnybOnuke Kaszaxcran cymiecTByroT 3Ha-
YUTEIIbHBIE TPOOJIEMBI, CBSI3aHHBIC C NE(OHUIIUTOM
BOJIbI, KOTOPBIF MOKET OBbITh BbI3BaH KOJICOAHUSIMHU
B 3aBHCHUMOCTH OT C€30Ha, a TAKKe 10 TEPPUTOPH-
aJBbHBIM TPU3HAKaM BOJHBIX pecypcax. Kazaxcran
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HaXOJUTCS Ha HW)KHEM TEUEHUHM OCHOBHBIX TpaHC-
TPaHUYHBIX BOJHBIX 0aCCEHHOB, YTO CYIIECTBEHHO
BJIMSIET Ha €r0 BOJIHBIC pecypchl. [1ooBuHA MoBepX-
HOCTHBIX BOJIHBIX pecypcoB Kazaxcrana mocrynaer
¢ Tepputopuii Kuras, Y36ekucrana, Keipreizcrana
u Poccun. HemocraTtok BOAHBIX pecypcoB BO MHO-
TUX peuHbIX OacceiiHax MPHUBEN K MOJIHOMY HCUEp-
MAaHUIO BOJHBIX PECYpPCOB, KOTOPBIE MOIHOCTHIO
HCIIOJIB3YROTCS JUIsl XO3sIMCTBEHHBIX HYk 1. [Ipu Te-
KyILlEeM YpOBHE MOTpeOICHUS BOJBI B OyvbKalIieM
OynymieM OXKHAAeTCs TOCTOSHHBIA Ne(UIUT BO-
IHBIX pecypcoB. B Ctparerun no passutuio Pecry-
onmuku Kaszaxcrana mo 2030 roga mpHOpUTETHBIM
CTAHOBHUTCS PEIICHNE MPOOIEMBI 00€CIICUeHUS BO-
nocHaOxeHusi. B Hacrosiiee BpeMsi oco0oe 3Haue-
HHUE MPUIAETCS] MEKTOCYIapCTBEHHOMY COTPYIHH-
YECTBY C IEJII0 COBMECTHOTO U II€JIeCO00pa3HOTO
UCIIOJIb30BaHMSl PEK MPHJICTAIOIUX K TpaHCTpa-
HUYHOHM 30HE, a TaKke 0acCeHOB ApajbCKOTO U
Kacnuiickoro mopei. B ¢Bsi3u ¢ BBICOKMM CIIPOCOM
Ha BOJIHBIE PECYpPCHI H TAKKE C BBICOKHM POCTOM
MOTPeOHOCTEN CYIIECTBYET HEOOXOIMMOCTh pa3pa-
OOTKM TIICIICHAINIPaBICHHOW W OCHOBOITOJIATAIOMICH
MOJIMTUKU PETYJIMPOBAaHUsI BOJHOTO MOTEHIIMANA,
KOTOpasi Oy/IeT YUUTHIBAaTh pa3HbIE acleKThl BOJO-
obecrieueHusT HACEIICHUs, Pa3HOOOPA3HBIX OTpac-
el 9KOHOMUKH CTPaHbI M IIPHUPOTHBIX KOMIUIEKCOB.
JlaHHBIC aclIEKTHI UMEIOT OOJIBIIYIO BaKHOCTD, I10-
TOMY KaK HCIOJIb30BaHHUE BOJHBIX PECYPCOB YaCTO
CTaJKUBACTCSl C MHOTOUMCIICHHBIMH TPOTHBOPEUHSI-
MU, KOTOPBIE MOTYT BO3HHUKATh Ha MEXOTPACICBOM
YPOBHE, a TAK)KE TEPPUTOPUATBHBIM U MEXTOCYAaP-
CTBEHHBIM 0COOEHHOCTSM. Borpocsl, cBsi3aHHBIC C
oOecriedeHneM BOJIOCHAOXKEHHUS, TECHO CBS3aHBI C
npobiieMaMi MEXTOCYJapCTBEHHOT'O HCIIOJIh30Ba-
HUSI TPAHCTPAHUYHBIX PECYpPCOB IMOBEPXHOCTHBIX U
MOJ3EMHBIX BOJ. Takke BaKHBI PUCKH, CBS3aHHBIC
¢ KOH(pIUKTaMH B 00JIaCTH THAPOIHEPTETUKH B HP-
pUranmy, a Takke HeJOCTaTOYHas CHUcTeMa yIpaB-
JIeHWs1 BOAHBIMH pecypcamMu. Ha naHHbelli MOMEHT
HEOOXOAMMO TIPOBOJIUTH MEKIUCIUTUTHHAPHBIE MC-
clieZIoBaHMs BOJHBIX 00bekToB B Kazaxcrane ¢ yue-
TOM SKOJIOTHYECKHX COCTaBISIOIUX. [ aHanmza
COCTOSIHHSI BOJHON HH(PPACTPYKTYPHI, BKIFOUAS T10-
BEPXHOCTHBIE BOJHBIE PECYpPCHI, HEOOXOIUMO TPO-
BECTH OOHOBJICHHE M aKTyaJHM3alUI0 C HCIOJb30-
BaHHEM COBPEMEHHBIX METOJI0B MaTeMaTHYECKOTO
MOJICTUPOBaHUST U TUIaHUpOoBaHus. CIIEIHAaIuCTH,
3aHUMAIOIINeCs BOJHBIM XO3SHCTBOM B pecIly-
0JIMKe, CTaJKWBAIOTCS C MPOOJIEMOW OTCYTCTBHUS
WHQOPMAIH O KOHKPETHBIX peKax W UX XapakTe-
PHCTHKaX, TO3TOMY TpeOyeTcsl POBeICHHUE JIeTalb-
HOH TTacIopTHU3aIMK BCEX BOIHBIX 00BEKTOB. Baxk-
HOM 3aja4uell 1l TUIPOMETEOPOTIOTUUECKON HAYKH!

CTAHOBUTCS TINATECIbHBIA MOHUTOPUHT, OLCHKA U
MIPOTHO3UPOBAHNE COCTOSIHUS BOJHBIX PECYpPCOB
[2].

[IpakTuka perynupoBaHus MOKa3bIBAET, YTO 3a-
Jladd, KOTOpBIE 3aTparuBaeT Ae(PHUINUT BOJHBIX pe-
CYpCOB CTaHOBATCS Bce 0ojiee KOMIUIEKCHBIMH U
TECHO B3aUMOJICUCTBYIOT U C JPYTUMHU Ba>KHBIMU
OTpaciisiMH, B YHACIO KOTOPHIX OTHOCSATCS CEIhCKOE
XO34MCTBO, SHEPTETUUECKUIN CEKTOP, MPOMBIIIIEH-
HOE TPOM3BOJCTBO, TPAHCIOPT, KOMMYHHKAIMH
n CcBs3b. CONMANBHBIN CEKTOP, BKIIOYAs 00pa3o-
BaHUE, OKPYXAIOIIYI0 Cpefdy, 3ApaBOOXpaHEHHE U
CEJIbCKOE WIIM PErMOHAJIBHOE Pa3BUTHE TaKKe UMe-
FOT MPSIMOE OTHOIICHHE K TaHHOM mpodireme [3-4].

B mponutom Bexke B ANMaTMHCKOW o06iacTu
ObUIM TIOCTPOCHBI HECKOJIBKO THAPOTEXHHUUYECKHX
coopykeHuid, Takux kak Kammaraiickas 1'9C,
BonpImoii AnMaTuHCKUI KaHA U TJIOTUHA HAa PEKe
Kaparaiinsl. OnHako B HacTosIIee BpeMsl 3TH CO-
OpY)KEHHUSI HAXOAATCS B IUIAYEBHOM COCTOSHHH.
Kanmaratickast ['3C 6sm1a moctpoena B 1980 romy
1 UMEET YCTaHOBJICHHYIO MoIIHOCTh 364 MBT (110-
cie mepeMapkupoBku B 1994 rony). OgHako m3-3a
9KOJIOTMYECKUX W XO3AWCTBEHHBIX OrpPaHUYEHUMH,
CBSI3aHHBIX C 00BbEeMaMH COPOCOB BOJbI B HUIKHUHN
oped, I'DC HE MOXKET IOJHOCTHIO HCITOJIB30BATh
CBOM MOTEHIMAJ IO MOIIHOCTH M TPOU3BOJCTBY
anektpo3Heprun. Kammaraiickags ['DC sBusercs
IJIOTUHHOTO THITA.

[TpobGneMbl BOTHBIX pecypcoB B ATMAaThl BCeraa
CTOSUIM Ha 33/IHEM ITIaHe 110 CPaBHEHUIO ¢ TpooIie-
MaMH BO3/yXa, MOYBbI U o3ejeHeHus. OmHako He-
MIPaBUIILHOE CTPOUTENHCTBO, BO3JIEHCTBHUE YellOBe-
YeCKOro (akTopa M MPOU3BOACTBEHHBIEC MPOIECCH
MIPUBOJIAT K 3arPSI3HEHHIO BOJIBI U YTPO3€ 3A0POBBIO
ropoxat. [11oxoe xkauecTBO BOJbI CTAHOBUTCS MPH-
YUHOW pa3IMYHBIX 3a00JICBaHMA, TaKMX KaK aHe-
Mmus, quapes, rematuT E u A, a Taxoke OOTyiH3M.
Hnst obecriedeHus: BOJOW OpOIIAEMBIX 3eMeNb U
OCBOCHUSI HOBBIX TEPPUTOPHN B AJIMaTHHCKOH 00-
nactu ObuT co3niad boibimoit AnMaTHHCKUN KaHaI.
B nauane 1980-x ro10B kKaHa1 ObLT IOJTHOCTHIO BBE-
JICH B KCIUTyaTallUIO U SIBISUICS MOCICTHUM KPYII-
HOMAacITaOHBIM TPOEKTOM COBETCKOTO TIEpHOJIa B
Kazaxcrane. Ero mporskeHHOCTHh cocTaBisieT 168
kM. OgHako Ha maHHbIM MoMmeHT boibpmioit Amnma-
TUHCKWH KaHaJl HaXOIUTCSA B Y)KACHOM COCTOSTHHH:
€ro TeppUTOpHs 3aCTPOeHa YaCTHBIMH JOMaMH, a
crcTeMa BOJIOOTBEICHHMS 3a0UTa WIOM yXxe Ooiee
30 ner.

B nacTosiee BpeMs KaHail He CIYXHT IS J10-
CTaBKHU BOJIbI B TOPO/I, @ CTaJ MPOCTBIM MECTOM ISt
cOpoca OBITOBBIX O0TX0MI0B. TakuMm oOpa3om, boib-
1ol AJMaTMHCKMNA KaHall, KOTOPBI H3HAYaJIbHO
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OBUT TIpeHA3HAYCH JUISl PEIICHUsS MPOOJIEeMbI He-
XBaTKH BOJBI B AJIMATHHCKOM 00J1aCTH, TPEBPATHII-
cs1 B Ipo0JIeMy, HE BBIITOJIHSIOLLYO CBOKO (DYHKIIHIO,
Y CTaJl MECTOM HAKOTUICHUS OOJIBIINX 00hEMOB ObI-
TOBBIX OTXOJIOB.

B Bepxuell wactu ropoma AIMaThl HaXOIUT-
cs TUAPOTEXHUYECKOE coopyskenue — Kaparaiinbl
(Kapranunka) am6a. JlmmHa mamMOBI COCTaBIIA-
eT 57 kM, Korja Kak BOJOCOOpHas IUIOIIaJb CO-
craBisieT — 98 km?. Pexa Kapranunka mmeer 15
HEOOIBITNX TPUTOKOB, OOIMIEH MPOTSIKEHHOCTHIO
27 KM, KOTOpBIE MTUTAIOTCA U3 POAHUKOB. B HacTo-
see Bpemst u3-3a cens 2015 roma 3to njamba He
(hyHKIMOHUPYET M CAaHUTAPHOE COCTOSHHE PEKU
OIICHMBAETCS KaKk HeyJOBJIEeTBOpUTENbHOE. [3-3a
OTCYTCTBHUS IUIOTUHBI M3MEHMIICS KiaumaT B Ha-
ypbI30aiickoM paiioHe, CTallo 3aMeTHO Teruiee U
TTOSIBUJTUCH KOMaphI [4].

B pamkax BbmmosHsgemoro asropamu IO
NeBR 18574148 «Pa3Butne reoumH(pOpMaIHOHHBIX
CHUCTEM M MOHHUTOPHHIAa OOBEKTOB OKpYIKarolien
Cpeb» UCTIONb3YIOTCS MATEMATUIECKOE U KOMITBIO-
TEPHOE MOJIEIIMPOBAHNE IKOJIOTUIECKUX CUTYAIHH,
KOTOPBIN SIBISETCS BAKHBIM WHCTPYMEHTOM B CO-
BPEMEHHOM MPOCKTUPOBAHUU THUAPOTEXHUYECKUX
coopyxenunii. PaspabareiBaemast [ UC cnocobOcTBy-
eT Oosiee TIyOOKOMY MOHMMAaHHIO KOJOTHYECKHX
B3aMIMOCBSI3€H M TPUHSATHIO 0OOCHOBAaHHBIX pelle-
HUWA JUIsI COXpaHEHUs NpUpOJHOM cpenbl. Hapsny
C MpoOJIeMaMH TEXHOJIOTHUECKOTO OOCTYKHBAaHUS

Tao6auna 1 — MeToapl XMMHYECKUX aHAIIN30B

KPYIIHBIX BOJIOPECYPCHBIX COOPYKEHUH, CyIIECTBY-
€T Tpo0JieMa TEeXHOTEHHOTO 3arpsA3HECHUS BOJIBI U
MOYBBI OT TSDKENBIX adpo3oiiell BeimemsieMbix TOL,
MIPOMBIIICHHBIX TPEANPUSITHI, CTPOUTEILCTBA, aB-
ToTpaHcnopTa. JlaHHas cTaThs SBJISETCS OJHOU U3
3a/1a4 BBIMIOJIHSIEMOU TPOTPAMMEI U COJEPIKUT pe-
3yJbTaThl U3YUCHUS 3arPSI3HEHUS BOAHBIX PECYPCOB
¥ TIOYBEHHOT'O COCTaBa. bBITO MpoBEACHO aBA DKC-
MepUMEHTa, T/Ie OBUTH PacCMOTPEHBI XUMHKO-aHa-
JIUTUYECKOE MCCIACIOBAHUE CHEKHOTO MOKPOBA U
MIpopaIniuBaHue Kpecc-cajarTa.

Pe3yabTathl u 00cy:K1eHue

1. XMMHKO-aHAJUTHYECKOE WCCIeJ0BaHNe
CHE;KHOT'0 MOKPOBA

B pabotax mo aHanmmzy XWMHUKO-reorpadude-
CKOT'0 COCTOSIHUIO CHEra W CHEXHOTr'O IMOKpOBa IMO-
Ka3aHO, YTO NPH BBIMAJACHUN CHETa KOJINYECTBEH-
HBIC TIOKA3aTelId KOHIICHTPAIUH BEIIECTB, KOTOPBIC
OTHOCSITCSl K KIIACCY «3arps3HUTENIN» OObIYHO Ha
2-3 nopsiika OoJkIle, 4eM B aTMOc(epe, TaKUM 00-
pa3oM XMMHUYECKHUE aHAIU3bl HA HAJIHYHE JAHHBIX
BEIIECTB C BBICOKOH CTENEHBIO TOYHOCTH OBLITH TIPO-
BEJCHBI B J1a0OpPaTOpUH XUMHKO-aHATUTHUYECKUX
uccnenoBannii TOO «MHCTHTYT THAPOTEOTIOTHH H
reodkosiorud uM. ¥ .M. Axmencaduna. YncinenHon
00paboTKOW pEe3ylbTaTOB XMMHYECKOTO aHalu3a
MoJydeHa onu(ppOBaHHAS KapTa pacnpoCTPaHCHUS
BPEITHBIX BEIIECTB HA TEPPUTOPUH FOPOJA.

HanMeHoBaHKMe XUMHYECKOTO BELIECTBA Envnunna usmepenus Merton ucnbITaHus
Bonopoanblii mokazareins enuHuIBl pH CT PK ISO 10523-2013
B3Beniennrlie BelecTna mr/om3 CT PK 2015-2010
Juoxcun yrepoga* mr/am3 ['OCT 26449.3-85
CepoBomopon mr/om3 T'OCT 26449.3-85; .3
HedTtenponykrsl, cyMmMapHO Mmr/mm3 KZ.07.00.01667-2017
Hutpurst mr/om3 T'OCT 33045-2014
Cynbdatsr mr/am3 CT PK 1015-2000
Ceunern (Pb, cymmapho) Mmr/mm3 CT PK UCO 8288-2005
Hunk (Zn2+) mr/am3 CT PK UCO 8288-2005
Mens (Cu, cymmapHo) Mmr/mm3 CT PK UCO 8288-2005
Kaamuii (Cd, cymmapHo) mr/am3 CT PK UCO 8288-2005
Ko6ansr(Co) mr/om3 CT PK MCO 8288-2005
Huxkens (Ni, cymmapHo) mr/am3 CT PK UCO 8288-2005
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B Tabnuue | mpencraBieHbl METOABI XUMHYE-
CKUX aHaJIM30B, KOTOPbIE IPUMEHSINCH JUIS KX I0-
ro KOMIIOHEHTA.

Cuer Beman B r. Anmatel 10 sHBaps 2023
roga. IIpoObl penpe3eHTaTHBHOrO BHIA <JIEXkKa-
noro» cHera Obutn otodpansl 20-21 saBaps 2023
rona B 22 toukax ropoja. 20 Touek oTdbopa CHe-

ra COOTBETCTBYIOT PAacCIIOJIOKEHUIO aBTOMATH3H-
pOBaHHBIX cTaHIUH MoHuTOopuHTa (ACM) TOO
«9xocepBuc-Cy» (tadmuna 2). TOO «3Ikoceppuc-Cr»
nmeet Bcero 20 akonorunueckux moctos ACM (ta-
Ommra 1) B ropose AMaThl, TaHHBIE KOTOPBIX Pa3-
MeniaroTcss Ha caiite http://185.125.44.116:8085/
Maps/AlmatyFree.

Tadmuua 2 — Anpeca noctoB ACM, pacrionokeHHbIe 10 TOPOAY AJIMATHL, TI0 KOTOPBIM COOMPANCH 00pa3Ibl CHEXHOTO TOKPOBa

Ne Anpeca pacnonoxenus noctos ACM Ne Anpeca pacnonoxenus noctop ACM
001 Scnu-can Nel30 012 yi1. boketixanosa 97

002 Scmu-can Nell 013 ya. [TaBnomapckas 33

003 Scnm-can Ne 184 014 ya. Caragan Hypmaramberosa 150, HTA
004 Knan6ume Kencaii 1 015 yi. Canyakacyinsl, 1. 47, mk. Nel76
005 [xona Ne52 016 Aura0ac, yin. Annusipa 16 (k. Ne 185)
006 Slenmmn-cam Nel49 017 KazHMY, Tone ou

007 Ikoma Ne150 018 Kepeit Kanubex Xanmap 276

008 IMlona Nol44 019 yiL TaTI/I6eKOBé,e ;q) 2},1 I(IEESIMOTeKa um. C.
s o | T oo e e o
010 Scnn-can Ne66 021 HW3BecTkoBbIi

011 Kynpmxunackuii Tpakt, Dxonoct yman 022 Brons mpocniekra anp-Dapadbu

Jst hoHOBOM KOHIICHTpPAIIMK BBIOpAH palioH
N3BecTroBeIil BhImie 1. Kackenen (tabmuma 2). [
CPaBHHUTEIBHOTO aHAN3a OTOOP CHEXHOTO TOKPO-
Ba TIpOBEJeH B HamOollee 3arps3HEHHOM paioHe
o npocnekty Anb-®apadbu nepen Kazaxduabmom
(Tabnuma 2). OTO0p cHera MpOBOAMICS U3 ILIOMIA/IN
Im? maactMaccoBoil nomaTkoi. ITpo6GBI CHEKHOTO
MMOKPOBA TasUTM TIPH KOMHATHOM Temreparype, na-
Jiee TaIyIO BOJIY OT(UIBTPOBBIBAIIH.

Crangapt CT PK ISO 10523-2013 B TOYHO-
CTU COOTBETCTBYET MEXIYHApOTHOMY CTAaHAAPTY
ISO 10523:2008, KOTOpBIN OTHOCUTCS K Ka4ECTBY
BOJIbI M onpeneneHnto pH. MexayHapoaHbiil craH-
napt ISO 10523:2008 6bu1 pa3padoran TexHuue-
ckuMm komuteroM ISO/TK 147, u3BeCTHBIM Kak
«KauecTBO BO/BI», B paMKax Mex1yHapOIHOM Op-
ranuzanuu no cragaapruzanuu (ISO).Hactosmmit
CTaHJApT YCTaHABIMBAaeT NPOIEAYPY OMpe/eie-
HUsl ypoBHEH pH B pazIMUHBIX UCTOYHHUKAX BOJIBI,
BKJTIOYAs TOKAEBYIO BOMY, TUTHEBYIO BOTY, MUHE-

pajpHYIO BOAY, BOJY B TIaBaTENbHBIX OacceiHax,
MOBEPXHOCTHBIE BOJbI, TPYHTOBBIC BOJIbI, TOPO/I-
CKHE CTOYHBIC BOJABI, MPOMBIIUICHHBIC CTOYHBIC
BOJIBI M 3arpsisHeHHY10 Boay. uanazon pH, oxBa-
THIBAEMBI HACTOSIINM CTaHAAPTOM, COCTaBIISET
oT 2 1o 12 pH, npu noHHOM cuiie pacTBopa HHUXKE
nma paBHOW 0,3 MOJB/KT. DIIEKTPOIPOBOTHOCTH
nomkHa 0biTh MeHee 2000 MKC/m npu 25°C. ua-
M1a30H TeMIlepaTyp JUIs aHaiau3a coctaiseT oT 0°C
1o 50°C. Onpenenenne pH mocTuraeTcs myTeM u3-
MEpeHHs] Pa3HOCTH MOTEHI[HAIOB raJlbBaHUYECKO-
r'o 3JIEMEHTa ¢ IOMOILbI0 oaxoasiero pH-metpa.
BaxHO OTMETHTBH, 9UTO U3-32 PABHOBECHSI THCCOIIH-
anuu Ha 3HadeHue pH oOpasua BiuseT Temmnepa-
Typa. CienoBaTensHO, HapsLy ¢ u3mMepenuem pH
BCET/a ompeenseTcs Temieparypa odpasma.Cro-
UT OTMETHUTBH, YTO BCE JIPYTHE METOJIbl XUMUYECKO-
ro aHaIM3a pa3INYHbIX KOMIIOHEHTOB, ONIMCAHHBIC
B HACTOSIIEM CTaHAApTe, TAKXKE COOTBETCTBYIOT
MEXTyHapOHBIM CTaHJapTaM.
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Pucynox 1 — Bopoponusiii mokasarens (pH)

Pucynok 2 — Iokasarens B3semenHsx yactuil (PM, , PM, ), Mr/om’
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Pucynox 3 — Iloxasarens nuokcuna yriepona (CO,), mr/mm?
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Pucynok 4 — IToka3aresnb He()TEPOLYKTOB, MI/aM?
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Pucynoxk 6 — ITokasarens csunna (Pb), mr/am?
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PucyHok 7 — [Tokasarens nuHKa (Zn), Mr/am?
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PucyHok 8 — [Tokazarens kagmust (Cd), mr/om?
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Ha rpaduxax (pucynku 1-8) npeacraBieHsbl pe-
3yJbTAaThl XUMHUKO-aHAIUTHYECKUX HCCIIETOBAHUIM,
HaTpaBJICHHBIX Ha ONPeIeTICHNE YPOBHS Pa3IMYHbBIX
3arpsI3HSIONIMX BEIISCTB, BKIIOYAs B3BEIICHHBIC
BEIIeCTBa, JHOKCHA yTiepona, He(TempomayKThl,
cyibdarsl, ceunen (Pb), munk (Zn2+), kaamuii (Cd)
u napyrue. JlaHHbIe TIOKa3aTenei, Takux Kak cepo-
BOJOPOJI, HUTPUTHI U TSKEIbIe MeTaluThl Meb (Cu),
ko0anbT (Co) u Hukenb (Ni), 1160 He OblIH 00HA-
pyXeHbl, 1100 ObLTH OOHAPYKEHBI B HEOOJBIINX U
0e30macHBIX KOJIMUECTBAX. [ MAPOXUMHUUCCKHI aHa-
JIU3 TI0KA3aJ1, YTO YPOBEHB 3arpsI3HSIIONINX BEIECTB
B CHE)KHOM TIOKPOBE, COOpPaHHOM Y aBTOMAaTH3UPO-
BaHHBIX CTAHI[MI MOHHTOPWHTA Ha HEKOTOPHIX YIIH-
1ax ropoa, ObUT 3HAYUTEJIBHO BBIIIIE, YEM B APYTUX
Toukax coopa. OJHaKo Ha ynuiax, Takux kak Cany-
akacyiel 47 (k. Nel76), Kepeit XKananbex Xanmap
276 u B ipupoAHOM napke Mejey, ObLTH MOJTyYEHBI
HU3KHE MTOKA3aTENN 3arPS3HSIONINX BEIIECTB.

Jns peuHoil BOJbI BOJOPOJHBIN IOKa3aTelb
(pH) Bapweupyetcst Mexay 3HadueHusiMu 6,5-8.5, B
JOKIEBOM BoJie U TajaoM cHere — 4,6—6,1, B 60J10T-
HOM Xujakoctu — 5,5-6,0, B Mopckoi Bojae — 7,9—
8,3. Ilokazarenn pH cBumerenbcTBYeT O TOM, YTO
BOJIa HEHUTpaIbHAS.

[Tokazatens B3BemeHHBIX dacTur (PMI10,
PM2.5), muokcupa yraepopa (CO,) u medrenpo-
JYKTOB UMEET BBICOKYIO KOHIICHTPAIIMIO B PaliOHE
mpocnekta Anp-@apadbu (Kazaxduism), rne ypo-
BEHb MAIlMH 3HAYMTEIBHO BBICOKUH B 4YacChl IHK.
CpenHecyTOYHas TIPEICIIBHO JIOMYCTHMAas KOHIICH-
tparus (ITJK) cocraBiaser 0,035 mr/m® (PM2.5) u
0,06 mr/v* (PM10); makcumanbHast pazoBast — 0,16
mr/M® u 0,3 mr/m3; cpemneromoBas — 0,025 mr/m?
u 0,04 Mr/M® COOTBETCTBEHHO, COTJIACHO TPpaduKy,
KOHIIeHTpalusi coctasisiet 0,7 Mr/am?.

[lokazaTenu HePTEIPOIYKTOB HMEIOT J0CTa-
TOYHO BBICOKME KOHIICHTPAIIMHA B TOYKaX MPUPOJ-
Horo mapka Meney, yi. Caranan Hypmaramberosa,
Knanbume Kencaii. Bricokne KOHIIGHTpALIUU CYThb-
(haToB W KagMHSA HAONIOMAIOTCS B Toukax 12 m 13
(yn. boxketixanoBa 97 u yn. [laBnogapckas 33 coot-
BETCTBEHHO), YPOBEHb CBHHIIA B CHEXKHOM IOKPO-
B€ B JAHHBIX TOYKAX TOXKE 3HAYUTEIHHO BBICOKHM
B OTJIMYMM OT Ipyrux Touek. [lokaszarenu CBUHIIA
B TOYKE BJIOJIb TpoctiekTa Anb-dapabu Toxe ume-
€T JIOCTaTOYHO BBICOKMH MokaszaTesnb. Ha Toukax
cOopa cHexXHOro nokpoBa KynbHKHHCKOTO TpaKTa
u bubmnorexku um. C. Ceitdynnuna HadOmogaroTcs
BBICOKHE KOHIICHTPAIINH [TUHKA.

2. 3arpsi3HeHHUeE MO4B

XHUMUKO-aHATUTHYECKOE W OWOWHIUKATUB-
HOE WCCIIEZIOBAaHUE IMOYB T. AJMAThl WMEET Bax-
HOE 3HAa4YCHHE JISi OXPaHbl 3JI0POBbs HACEIICHHMSI.
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Ecnau mouBwl 3arpsi3HEHBI, 3TO MOKET MPUBECTH K
HEOJarOMPUATHBIM TTOCJICICTBUSAM IS 3IO0POBBS
YCJIO0BCKA, TAKUM KakK YXYZ[HICHI/IG KayeCTBa IMUTHEC-
BOH BOJIBI, PUCKH 3a00JICBaHUS PAaKOM U JIPYTHMH
3a00JI€BaHUSMU.

OCHOBHOI LEIBI0 XUMHUKO-aHAIIUTUYECKOTO U
OMOMHIMKATUBHOTO HCCJIEIOBAHUS MOYBEI SIBJISET-
sl OTIpeZieTIeHNE YPOBHS 3arpsi3HEHUS Pa3TNIHBIMA
BC€IICCTBAMH, TaKMMHU KaK TSXKCJIBIC MCTAJJIbI, IIC-
CTUIMJIBI, TEPOUIUABI U JPYyTUE XUMHUYECKUE CO-
€IMHEHUS, KOTOPhIE MOTYT OKa3bIBaTh CYIIECTBEH-
HOE BIIUSIHUE HA COCTOSTHHE YEJIOBEKA U IKOCUCTEMY
B 1ICJIOM.

YenoBeueckoe 370POBbE 3aBUCUT OT OKpYIKa-
IOIIEH cpelibl, B KOTOPOH MbI )KHBEM. Mbl OOBIYHO
oOpaiiaeM BHHMaHUE Ha Ka4eCTBO MUTHEBOU BOJIBI
1 aTMOC(epHOTO BO3yXa, KOTOPBIMH IMOJIE3yeMCH,
HO pez[Ko 3aI[YMBIBaeMC$I O BJIIUAHHUU COCTOAHUA I10-
YBBI Ha Haie 370poBbe. [louBa sSBISETCS BasKHBIM
9JIEMEHTOM B OHMOr€OXMMHMYECKOM IHIIEBOM LIENH
nu HepBLIM ATAaIlIoOM nepenatm TAXKCIIBIX MCTAJIJIOB B
CUCTEME, TJIe IIET0YKa MOKET ObITh IPE/ICTaBIICHA B
CJICYIONIEM BHJE «II0YBA — PACTCHUE — >KHBOTHOE
— IIHIIA — 4YejioBek». ITouBa 1 ee COCTOSIHUE MOIKET
OKa3blBaTh CYIIECCTBEHHOE BIUSHUE Ha 370POBBE
YellOBeKa, IIOCKOJBKY SIBIIIETCS OCHOBOIIOJIAra-
IOIIAM PEeCypcoM B CEIBCKOM XO3SUCTBE, a TaKkKe
OKa3bIBaCT BIUSIHHUE KaK HAa PACTUTEIHHYIO MTPOIYK-
A0 W YKUBOTHOBOJICTBO[S5].

CymiectByer Oe3yClIOBHAsl CBSI3b MEXKAY CO-
CTOSTHUEM IIOUBBI U 3/I0pPOBbEM ueioBeka. [1ouBbl
SIBJISIFOTCSL OCHOBHOM CpefioN JiJisi HAKOTUICHUS Ts-
JKEJTBIX METAJIOB, KOTOPHIE MOCTYIAIOT U3 aTMOC-
(epbl, 0TaIoB, PACTUTEIBHBIX M KUBOTHBIX OCTaT-
KOB ¥ JIPyTUX UCTOYHHUKOB. B oTimume ot Bo3myxa
1 BOJBI, ITOYBKI HOI[Bep)KeHI)I CI/IJII)HOMy BO3IICI>1-
CTBHIO TOPOJACKOW CPe/Ibl U OBICTPO IOTIIOMIAFOT 3a-
rpsi3HUTENH [6,7].

3an$I3HeHI/Ie IIOYBCHHOTO HOKpOBa TAXKCIIBIMU
MeTaJlJIaMH, OCOOCHHO B OOJIBIIMX TOpojax u Obl-
CTPO PAa3BUBAIOIINXCS MPOMBIIIICHHBIX IIEHTpaX,
SIBIISIETCS] OJTHOM M3 aKTyallbHBIX pobiieM Kazaxcra-
Ha KOJIOTUYECKOro Xapakrepa. TsKenble MeTasuibl
AMEIOT aJCOPOITMOHHEBIE CITOCOOHOCTH W aKTHBHO
B3aUMOJICUCTBYIOT C OPTaHUIECKOU YACTHIO ITOYBHI,
00pasyst Ipu STOM COSJMHEHUS MAJIOPACTBOPUMOTO
xapakTepa. bonpias 9acTh METAJIIIOB B IIOYBAX MO-
JKET HaOJII0IaThCsl Ha paccTostHuu 1-3 Kk [8].

TpancnopTHble CpeacTBa HrpacT OTPOMHYIO
POJIb B 3arpS3HEHUH TOYBEHHOTO ITOKPOBA TOPOJIOB,
KOJTMYECTBO KOTOPOTO B C KaXKIBIM TOJOM 3HAUHU-
TEeNbHO yBenuuuBaeTcsi. OCHOBHBIC O4Yaru CUJIbHO-
TO 3arps3HCHUS IMOYB OT PaOOTHI MPOMBIIIIICHHBIX
npeanpuiaTuii  chOPMUPOBAIKMCH B OKPECTHOCTSIX
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ropogoB Anmatsl u Ycrb-Kamenoropcka. B nan-
HBIX TOPOJIaX COJIep)KaHUe CBUHIA, MEH, IIMHKA U
KaJIMUs B IOYBE B HECKOJIBKO pa3 MPEBBIIIAIOT IIpe-
nenapHo pomyctuMyto konuentpanuio (ITJIK) [9].

IIpoBeneHHbI aHaMU3 TEKYLIETO COCTOSIHUS
MTOYBEHHOTO TOKPOBA CBHJIETENIILCTBYET O WHTEH-
CHUBHBIX IIpoleccax Jerpajalud W YXyALICHUH
9KOJIOTMM MOYB Ha Bcell Teppuropuu KazaxcraHa.
CornacHo OIEHKE KadyecTBa 3eMelb, B PecryOnnke
Kazaxcran, 6onee 90 MIJUTMOHOB TEKTapOB 3eMEIlb
MOJIBEPKEHBI DPO3UH M DPO3NOHHON OMACHOCTH, U3
KOTOPBIX (DaKTHUECKH DPOJTUPOBAHHBIMU SIBIISIOTCS
29,3 mwinnoHa rexrapoB. [lox Bo3zaelicTBueM Be-
TPOBOM 3po3un (medsanun) HaxomuTes 24,2 MUI-
nuoHa rektapoB mwin 11,3% cenbcKoX03s1iCTBEH-
HbIX yroauii [10].

OCHOBHBIMH UCTOYHUKAMH aHTPOMIOTEHHOTO 3a-
TPSA3HEHUS TOPOA TSKEIIBIMHA METaJJIaMH SIBIISIOTCS
NPOMBIIUICHHBIC TPEANPHSTHUS, TETIIOBBIE JIEKTPO-
CTaHIIMH, aBTOTPAHCIOPT, XMMHYECKHE CpEICTBa
JUIS 3alllUThl CEJIbCKOXO3SMCTBEHHBIX YIOAMM OT
BpEIUTENICH, a TaKXKe pa3luuHble 0TXOAbl. Tonbko
3a MOCJIEHUIA ToJT B aTMOc(epy TOpPOJ0B OBIIIO BHI-
Opomeno Gosiee 107 ThICSY TOHH 3arpsi3HSIOLIMX
BemiecTB. IIpu atom menee 50% BBIOpPOCOB mpH-
XOJIUTCSI HA aBTOTPAHCTIOPT, OK0JI0 46% CBsI3aHO C
nestensHocThio TOLI-2, TOLI-3 u apyrux npeanpu-
satuit, a 4,3% NpUXOIUTCS HA YacTHBIM cekTop. Ha
JTAaHHBII MOMEHT B ropojie AJIMaThl 1EHCTBYET OKO-
710 1,5 ThICSIUM MPOMBIIIIEHHBIX TTpeanpuaTuit [11].

Hcxons w3 UMEIOLMXCS AaHHBIX, OYEBUIHO,
YTO aHTPOTIOTCHHAS JIEATENIbHOCTh YeIOBEKa OKa-
3BIBAET 3HAUMTENILHOE BO3JIEHCTBHE Ha OKpPYKaio-
myro cpexy. Ha momo TeXHOreHHBIX MCTOYHHKOB
npuxoautcst 94-97% BeIOpocoB cBuHIA, 84-89%
BBIOpOCOB Kaamus, 56-87% BBIOpOCOB Menu, 66-
75% BBIOpOCOB HHKENsT U 58% BBIOPOCOB PTYTH,
a OCTaJlbHAs YacTh IMOCTYMAaeT M3 MPUPOJHBIX HC-
TOYHUKOB. OCHOBHBIM HCTOYHHUKOM 3arpsi3HEHHS
aTMoc(epsl U TIOYBbI, KaK YIIOMUHAJIOCh PaHee, sB-
JSeTCSl IeATENBHOCTh aBTOTpaHcnopTta. [Ipombrm-
JICHHBIC BBIOPOCHI BBIICISIOT TSDKEIbIE METaJlIbI
B OKpYKaIOLIYI0 Cpely, U 3TH COEAMHEHUS 4YacTo
0ojiee pacTBOPHMEBI, YeM HUX IPHPOJHBIC aHAIOTH
[12-13]. CnemoBaTenbHO, KOTIa 3TH XUMHUYECKHE
COCAMHEHHS TOMNaJal0T B MOYBY, OHM HaKarjHBa-
IOTCSl ¥ TIOCTENIEHHO M3MEHSIOT XUMHUYEeCKUe U (Pu-
3MYECKUE CBOMCTBA ITOYBHI. DTO HAKOIUIEHHE TAKKe
NPUBOJUT K COKPAILICHHIO OMOJIOTHYECKOT'O Pa3HO-
obpasmsi U CHIKeHHIo poxmaemoctd [14]. Bomee
TOT0, 3TU TSKEJbIe METaJUIBI ITOMaIal0T B PACTEHUS,
JKUBOTHBIX U, B KOHEYHOM CYETE, B OPraHU3M UeJIo-
BEKa, 4TO MPHUBOJUT K OTPABJICHUSM U Pa3IHIHBIM
3a00JIeBaHUSIM. XOTSl CTEIEHb POJU >KUBOTHBIX B

TPAHCIIOPTUPOBKE BEIIECTB B Ha3EMHBIX IKOCHCTE-
Max eIie He 70 KOHIIA TIOHTA, B IMOCIIeTHEE BPEeMS
0c000e BHUMaHHE YACISICTCS M3YYeHHUI0 Me3o(day-
HbI. VccnenoBarenu npu3Halid BaXHOCTh Me30(day-
HBI JUTS OTICHKH ITOYBEHHBIX ycioBui [15].
Bnarononyuue B 001acTé 0€30MaCHOCTH MHIIE-
BBIX TIPOJYKTOB M TJIOOAIBHOW IKOJIOTUW HAIPs-
MYIO CBSI3aHO C COCTOSIHHEM IOYBHI. VIMEeHHO mpu
HOTpeGJ’IeHI/II/I IMUIIA TAXKCEIIBIC METAJlJIbl B IICPBYIO
ouepe/Ib MOMAAA0T B OPTaHU3M YEIOBEKa U )KUBOT-
HbIX. Pa3/inyHbple HCTOYHUKH YKA3bIBAIOT, 4TO OT 40
1m0 80% moTpebneHus TAKEIbIX METaJIOB MPOUC-
XOJIUT C MUIIEH, B TO BpeMs, Kak Tojbko 20-40%
MOCTyNaeT u3 aTMOC(HEpPHOTO BO3/yXa U BOJHBIX pe-
cypcoB [16]. CnenoBatensHO, ypOBEHb HAKOTIICHHS
TSOKEIIBIX METAJUIOB B PACTCHHSIX, MCIOIb3yEMbIX
B IUILY, UTPAET PEUIAlONIyI0 POJIb B ONpEACICHUH
COCTOAHUA 340POBbS HACCIICHUA. Korna XUMHNYC-
CKHE COCJIUHCHHS IIOTaJIAal0T B TOYBY, OHU HaKa-
IDTMBAIOTCS ¥ TIOCTETICHHO BBI3BIBAIOT M3MECHEHUS B
ee XUMHUECKHX U (PU3NUECKUX CBOMCTBaX. JTO Ha-
KOIUICHUE TAKXKE MIPUBOANT K CHIDKCHUIO OUOJIOTH-
YECKOT0 pa3Hoo0pa3us U GepTHIbHOCTH [14]. Yan-
ThIBas1, 4YTO IMOYBaA ABJIACTCA BaXXHBIM KOMIIOHCHTOM
MIPUPOJIHBIX SKOCUCTEM, CTAHOBUTCS HEOOXOIUMBIM
WCCIIEIOBATh M3MEHEHHS B €€ HBIHEITHEM COCTOS-
HUH B pe3yJIbTaTe JCATCILHOCTH YEIOBEKA.
Hcnonp3oBaHre KOMOWHAIIMM XHMUKO-aHAIH-
TUYECKHUX 1 OMOMHIUKATOPHBIX METOJIOB TIO3BOJISIET
MOJIyYUTh 00JIee TIOJHOE MPEICTABICHUE O COCTOS-
HUU TOYBBI U OLICHUTH €r0 BO3JICHCTBUE HA DKOCH-
ctemy B 1iesioM. [IpMeHeHne Takux MEeTOI0B MOKET
OBITH MOJIE3HBIM JUTS Pa3pabOTKH CTpaTeruii coxpa-
HEHUS ¥ YIIPaBJICHHS TOYBEHHBIMU PECYpCaMHu.
BronHnrKkaTuBHBIE METOBI BKIIFOYAIOT UCTIONh-
30BaHUC KMUBBIX OPTaHU3MOB, TAKUX KaK PaCTCHHA,
0aKTepuu U HACEKOMBIE, JIJISl ONPE/ICIICHUST YPOBHS
3arps3HeHMsI T0YBbl. OIMH U3 TPUMEPOB OHOMH]IN-
KaTOpOB, UCIIOJIB3YEMbBIX B XUMUKO-aHAJIUTUICCKOM
1 OWOWHJMKATUBHOM HCCIEIOBAaHUM TOYB, — 3TO
Kpecc-cajar, KOTOPhIi MOYKHO BBIPAIWBATh B II0-
YBax, ‘-ITO6I)I OLICHUTDH YPOBCHDL 3arpA3HCHU A I1IOYBEI.
Takum 00pa3oM, XWMHUKO-aHaJIUTUYECKOE U
OMOMH/INKATHBHOE WCCIICZIOBAHUE IIOYB SBIISIETCS
BaXXHBIM MHCTPYMEHTOM IJId OHCHKH Ka4€CTBa I10-
YBEHHOU CPEJIbI U OIIPEJICIICHUS €€ BIMSHUS Ha YKO-
CUCTEMY W 3/I0poBbe HaceneHus. OHO TO3BOIISIET
BBIABJIATH HpO6HeMLI, CBS3aHHBIC C 3arps3HCHUEM
IOYBHI, U Pa3padaThIBaTh MEPHI 110 €€ YITyUIICHHIO.
3. DKcnepuMEHT ¢ Kpecc-caaaToM
XUMHUKO-aHAIUTUUECKOE U 61/IOI/IH,Z[I/IKaTI/IBHOC
WCCIICIOBAaHNE BOJIHBIX PECYpCOB W IMOYB T. AnMa-
THI OBUTO CBSI3aHO C HCCIIEIOBAaHMEM Kpecc-cajiaTa
(Lepidium Savitum L.), KOTOPBIH SBISETCS OHUM U3
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BHJIOB PACTEHUH, 4aCTO UCIOIb3YEMBIX B KaUeCTBE
OMOMH/INKATOPOB ISl OIIEHKH Ka4eCcTBa BOJIHBIX pe-
CYpCOB U TI0YB, SKCIIEPUMEHT MTPOBOAMIICS B Jabo-
paTopHbIX yciaoBusX. B kauecTBe OnoTecTa HCIOIb-
30BajM pacTeHus Kpecc-canara. Kpecc-camar — 3to
TPaBAHUCTOC PACTCHUE C T'OJUYHBIM XW3HCHHBIM
LUKJIOM, XapaKTepu3yIolleecss HEBBICOKUM POCTOM
ot 20 o 50 cM B daze cozpeBanms. ETo TUCThs nMe-
0T MEPUCTO-PACCEYEHHYIO CTPYKTYpPYy, IIPpU 3TOM
BEPXHHE JINCThS KAXYyTCs NPsIMBbIMH. Pactenne 00-
JaJaeT TOHKAM CTePKHEBBIM KOPHEM.

Kpecc-canar (Lepidium Savitum L.), obnamaet
0COOCHHOH YyBCTBUTEIBHOCTBIO K 3arps3HEHUSIM
BOJBI M TIOYBBI M MOXET OBITh HCIIONB30BaH IS
OLIEHKH YPOBHS 3arps3HEHHS DPa3/IMYHBIMU BeEIlle-
CTBaMHU, TAKUMHU KaK TSKEJbIC METAJUIbI, MECTULIU-
IIbI ¥ IPyTHE XUMHUYECKHe COeTUHEeHns. B kauecTBe
OMOMHAMKAaTOpa Kpecc-cajaT HCIOoNIb3yeTcs s
cOopa JaHHBIX 0 KOHLEHTPALUHU Pa3IMNIHBIX 3arpsi3-
HUTEJIEH B OKpyXaroueil cpene.

JlaGopaTopHBIN 3KCIEPUMEHT TPOBOIMICS B
YCIIOBHUSIX €CTECTBEHHOI'O OCBEIICHHUs IPU TeMIle-
patype ot +23°C mo +25°C. Ero nenbio ObUTO0 U3-
YUMTh BIIMSHUE YPOBHEW 3arpsi3HEHUsS] TalOW BOMbI
B pa3jMYHbIX MecTaX AJMaThl Ha MPOpACTaHUE Ce-
MsH Kpecc-canata (Lepidium sativum L.). O6pa3mpl

cHera ObutM coOpanbl B 22 Toukax AMaTthbl ¥ BIIO-
CJIEJICTBUH MOABEPTHYTHl XUMUYECKOMY AaHAIHU3Y B
naboparopun TOO «MHCTHTYT THAPOTEOJIOTHH H
reodkosnorud uM. Y.M. Axmencadunay.

DKCHepUMEHT BKJIOYal nomenienue mo 10
CeMsH Kpecc-cajlaTa B KaXIyI0 M3 MEJUIMHCKUX
CTEKJISIHHBIX OaHOK BMecTe ¢ 30 MJ Tajoil BOABI.
JleBsTH 00pa3IoB OBLIM MOATOTOBJICHBI M HCCIIC-
noBaHbl 22 suBaps 2023 roga, B To BpeMs Kak 14
00pa31oB OBLIM MOATOTOBIICHBI U HCCIIeT0BaHbI 23
ssuBaps 2023 roga. CeMeHaM Kpecc-cajaTta J1aBaiu
MpOpacTH B TAJIOW CHErOBOM BOJIE U3 Pa3HBIX MECT
cbopa B Teuenue 7 gHeit. [lapamerpsl, oleHeHHBIE
B XOZ€ HKCIEPHUMEHTA, BKIIIOYAJIN 00IIee KOJude-
CTBO IOCESHHBIX ceMsiH, 0003HaueHHoe Kak 100%,
U TPOLEHT MPOPOCIINX CEMSH, IPEJICTaBICHHBIN
kak X%. by MccnenoBaHbl CakeHIBI U3 COOT-
BETCTBYIOIIMX MPoO Tanmoil Boxbl. IIpuMeuaTens-
HO, 4TO CEMEHa Hayaju IpopacTaTh y>Ke Ha Tpe-
THW JE€Hb DKCIIEPUMEHTA, & 3apPETUCTPUPOBAHHEIE
KOJIM4ecTBa OBUTH 33 JOKyMEHTHPOBAHbI U MTOKa3a-
HBl Ha pucyHke 9. Kpome Toro, Obutn n3mMepeHsbl
U CpaBHEHBI UTMHBI KAK Ca)KEHIIEB, TAK U KOPHEH
pacTeHui, Kak rmokasaHo Ha pucynke 10. B xaue-
CTBE KOHTPOJIbHOM TOUYKM B HTOM 3KCIEPHUMEHTE
paccMaTpuBaics oopaserr 23.

Sprout and root of watercress seeds

23

B3 Seed Characteristics
= Sprout
—— Root

Pucynoxk 9 — KonudecTBo BhIpaIIEHHBIX JIUCTBEB Kpecc-canara no 23 odpasiam Boabl
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Seeds that have risen by date

Seeds that have risen i

. 21.01.2023

I 26.01.2023 9
. 0.01.2023

&8

Number of seeds

7 8 9 10 1
Seed number

12 13 14

10 100

15 16 17 18 19 20 21 22 23

Pucynoxk 10 — J[siuHBI IPOPOCTKOB M KOPHE# Kpecc-canara 1mo 23 obpasiam BObl

B pesynprate skcriepuMenTa, NCXOAs U3 TabIu-
bl IPOPACTAHUSI CEMsSH, BBISBICHO YTO, HAWIY4-
TIIHE TIOKa3aTeH POCTa CEMSH Kpecc-cajaTa Halro-
natorcs Ha Tepputopun Meney u 009 Hlkomnsr 86.
[Hanee 80% npopactanus BeIABIEHBI B Toukax 018
Kepeit n XKanubex Xanmap, 015 yi. Camyakacyibt
n.47,mk. Nel76, 017 KasHMY. 70% npopocmmx
cemsiH HaOmogarorest B Toukax 013 yiu. [TaBnonap-
ckas 33, 001 Kynpmxunckuii Tpakt, 001 Scnu-can
Nel30. Camble HM3KME TOKa3aTeIu MPOPACTAHUS
KaK BUJTHO W3 TaOIUIIBI HaOronatoTest B paiione 002
SAcmu-Cag Nell.

B xonme HaOmropenus crnenyrmomux 14 mpoo,
MOJKHO CJIEJIaTh CJIECAYIOIIUE BBIBOABI: HAWITyUIlINe
MOKa3aTeNll TPOPACTAHHUS CEMSH HaONIONalINCh B
KOHTPOJIbHOM 1poOe u B nipode ¢ Touku 014 Cara-
nar HypmaramberoBa. 90% mnpopocmux ceMmsH B
mpobax 021 Nzsectroserii n 008 I1Ikoma Nel44. TTo-
KazaTesau MpopocCIInx ceMsiH B mpobax 012 Bokeii-
xanoBa, 007 IlIkona Nel150, 004 Kinanoumie Kencait
1 cocraBumm 80%. B aByx mpoGax 006 Slcmm-can
Nel49 u 003 Scnu-cam Nel84 mporeHT mpopoc-
mwmx cemstH — 70%. 60% cemstH mpopociu B mpodax
005 Ixoma Ne52 u 019 Tatubekosa. [Ipopactanue
cemsiH B oOpasuax 010 fAcmu-cax Ne66 u 022 mip.
Anp-Dapabu Bcero 50%. Haumenbiuuii nokasarens
MIpopacTaHus cajaTa BEIBJICH B pooe 016 Anrabac
(40%).

TakuMm 00pa3oM, XHMHKO-aHATUTHYECKOE H
OMOMHINKATHBHOE HWCCIEIOBAHNE BOJTHBIX PECyp-
COB U ITOYB I'. AJIMaThl, B TOM YHCJI€ UCTIOJIb30BAHNE

Kpecc-caliata Kak OMOMHIUKATOPA, SIBISIETCS BaXK-
HBIM 3TaliOM B HM3YYEHHH HKOJOTMYECKOTO COCTO-
SIHUSI JaHHOTO PETHOHA. DTH MCCIEIOBAaHUS MOTYT
OBITh HCIIOJB30BaHBl Ul Pa3pabOTKH CTpaTeruit
[0 OXpaHe OKPY’KaloIIel Cpelpl, a TAKKe A KOH-
TPOJISL 32 3arps3HEHHEM BOJHBIX PECYPCOB W IIOYB
r. AnMarsl.

OTO WccaenoBaHUE BaKHO [UII MOHUTOpPWHTA
1 OLICHKH 3KOJIOTHUECKOI'O COCTOSIHUS BOIHBIX pe-
CYPCOB H TOYB I'. AJIMaThI, TaK KaK Kpecc-cajar siB-
JSIETCS] YyBCTBUTENILHBIM K U3MEHEHUSIM OKPYXKato-
LIel cpesibl U MOKET ObITh UCIIOJIb30BAaH B KAUECTBE
WH/IMKATOpa 3arps3HEHUs] BOJIHBIX M IOYBEHHBIX
pecypcoB. JlaHHbBIE HUCCIIEI0OBaHUsI MOTYT OBITH HC-
II0JIb30BaHbl B Pa3pabOTKe Mep MO CHUKECHHUIO 3a-
IpSA3HEHHS BOJHBIX PECYpCOB W IOYB T. AJIMATHI,
a TaKkKe B KOHTPOJIC 3a COOJIOEHHEM CTaHAAapPTOB
9KOJIOTMUYECKON 0€30MacCHOCTH.

3akiouyenne

Pecypcel BOABI M HX PALMOHAIBLHOE HCIOIb-
30BaHME, HANpPSAMYIO BIHMSIET Ha OJaromnoiayyue,
MOJIEPKKY HMPUPOAHOrO MOTEHIMANa U OOJbLIYIO
4yacTh BKJIaJ[a B HAIMOHAIBHBIN TOXOJ CTPaHbI.

B pesynbrare mpoBeAEHHBIX 3KCIEPUMEHTOB,
MOJKHO CIEJIaTh BBIBOJ UTO B LIEJIOM 3KOJIOTUYECKast
CUTYyaIusl BOAHBIX PECYpCOB U ITOYBEHHOT'O MOKPO-
Ba B ropojie Anmartsl HeyaoBieTsopurenbHad. Co-
IVIACHO XMMHKO-aHAIUTHYECKOMY aHAJIN3y Ha Pas-
JMYHBIX TOYKax (Tabmuma 1), rae ObuM 0TOOpaHbI
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XUMHKO-aHATUTHICCKOE 1 GI/IOI/IHIII/IKaTI/IBHOC HCCIICN0OBAaHUE BOAHBIX PECYPCOB U IIOYB IropoJa AnmaTel

po0OBI, YPOBEHb 3arps3HEHUsI BBHICOKHMUA. B 3aBu-
CUMOCTH OT TOYEK cOOpa CHEKHOTO TTOKPOBA, ypO-
BCHb 3arps3HAONNX BEUICCTB Pa3HUTCA, JOIIYCTUM
BBICOKHE KOHIICHTPAIIMH B3BEIICHHBIX YaCTHII, JH-
OKCHJIa yTiIepoJa U HeQTEepOoIyKTOB HAOIIOIAI0T-
cs B paiione mpocnekra Anb-DPapabu, 4TO MOKHO
CBsI3aTh C OOJIBIION IJIOTHOCTHIO MAIIIMH B TSYCHUE
CYTOK.

B xo0/1¢ OMOMHAMKATHBHOTO 3KCICPUMEHTA C
Kpecc-calaToOM BBISIBIICHBI TOYKH HauOosee Oua-
TOTIONYYHOTO COCTaBa CHEXHOTO IMOKPOBa (Tajlou
BOJIBI), TIe KOJTMYECTBO MPOPOCIINX CEMSH UMEEeT
BBICOKHE TTOKa3aTeIH, COTIIACHO PE3yJbTaTaM 3TO
tepputopust Meney u llIkoner Ne86, HaumeHb1IEE
KOJIMYECTBO MPOPOCIINX CEeMsIH B TO4Yke cOopa
CHEXXHOTO TMOKpoBa Aunra0ac, 4YTO CBHJICTCIIb-
cTByeT 00 YpOBHE 3arpsi3HEHHUS BOJBI B JaHHBIX
paiioHax.

XHUMUKO-aHAJTUTHYECKOS ¥ OMOWHIUKATUBHOEC
WCCIICIOBAHNE BOJHBIX PECYPCOB M MOYB I'. AnMa-
Thl ABJIACTCA BAXHBIM MHCTPYMCHTOM IJIA OLICHKHU
9KOJIOTUYECKOW CHTyallMd B PErHMOHE U pa3paboT-
KU CTparerui mo ee ynyurieHuro. OJHAKO s J10-
CTWIKCHUA PCAIbHBIX W3MEHEHHNH HeO6XOI[I/IMO HE
TOJIBKO TIPOBOJIUTH UCCIICJIOBAHNS, HO M IPUHUMATh
Mepbl Ha TOCYJapCTBEHHOM YPOBHE JIJISI COKpaIle-
HUSl BBIOPOCOB 3arpsi3HSIONIMX BEIIECTB U 3allUTHI
OKpY>KaloIlel Cpeibl.

BaaropapHocTs

[annoe nccnenoBanne (huHaHcupyercst Komure-
TOM HayKd MHHHCTEPCTBA BBICIIEr0 00pa3oBaHUs H
Hayku Pecrry6nuku Kazaxcran (rpant Ne BR18574148
«Pa3BuTHe TeoMH()OPMALIIOHHBIX CUCTEM M MOHHTO-
pHHTa 00BEKTOB OKPYIKAIOIIEH CPEIbD»).
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INDUCTION OF LIGNINOLYTIC ENZYMES
OF THE FUNGUS SCHIZOPHYLLUM COMMUNE

The study focuses on the induction of ligninolytic enzymes that can replace alkaline solutions used
to separate lignin from cellulose. Schizophyllum commune pure rot fungus culture was identified as a
producer and wheat was used as a substrate in the solid phase fermentation process. The experiment
was carried out in three parallels: a control sample without a biological object, a sample with the S.
commune fungus, a sample with the S. commune fungus and an inductor in the form of CuSO, at 30 +
2°C for 30 days, the moisture content of the nutrient substrate was 70%. Every 10 days, a sample was
taken from each sample for quantitative analysis of lignin, which was carried out according to the Klar-
son method modified by Komarovsky. The initial amount of lignin in the control sample was 20.16% on
the 30th day, the content of lignin with the S.commune fungus without the inductor was 10.15%, while
in the sample with the glaucoma and the introduction of the CuSO, inductor, a decrease to 8.6% was
observed, which much more efficient. The high activity of ligninolytic enzymes produced by the fungus
during induction proves the possibility of partial or complete replacement of chemical reagents with
natural enzymes, which will significantly reduce the amount of toxic emissions into the environment
pulp and paper manufacturing.

Key words: S.commune, ligninases, manganese peroxidase, lignin peroxidase, inductor, copper,
ecology, toxic emissions.

A.B. AaTeken', A.A. Canap6ekosa'’, A.A. MaTuaHoB?,
H.P. MoaoakmHa?, A.A. EcumkyaoBa’
M. Oye30B atbiHAarbl OHTYCTiK Ka3akcraH yHuBepcuTeTi, KasakcraH, LLbIMKeHT K.

2 Akapaemuk A.C. CaablKOB aTbiHAAFbl GMOOPTraHMKAABIK, XUMUSI MHCTUTYTbI, ©36eKCTaH, TalKeHT K.
3CaHkT-TleTepbypr aknapaTTbik, TEXHOAOTUSIAAP, MEXAHUKA KOHE OMTHUKA YATTbIK 3epTTey YHUBEPCUTETI,
Pecei1, CaHkT-INetepbypr K.
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Schizophyllum Commune caHblpayKyAarbIHbIH,
AMTHMHOAMTHUKAABIK, (DepMEHTTEPIH MHAYKLIMSIAQY

ByA 3epTTey AUrHMHAI LLeAAIOAO3aAaH BOAY YILIH KOAAQHBIAATBIH CIATIAI epiTiHAIAEpAI aAMacTbipa
aAaTblH  AMFHUHOAMTMKAAbIK, (DEPMEHTTEPAIH, CUMHTE3iH MWHAYKUMSAQYFa apHaAFaH. AK,  LWipiK
KO3abIprbilbl Schizophyllum commune Tasa caHblpaykyAak, AakblAbl MpoAlocep peTiHae GeAiHin,
KaTTbl (pasaAblK, albITy MpoueciHAe Guaan cybcTpar peTiHAe MalAaAaHbIAAbL. DKCMEepUMEHT YLl
MapaAAEAbAE XKYPFi3iAai: OMOAOTMSIAbIK, OObEKTICI3 GakblAay YATiCi, S.commune caHblpayKyAarbl 6ap
YAri, S.commune caHbipaykyAafbl 6ap xeHe CuSO, TypiHaeri MHAYKTOp YATi. Yariaep 30 £ 2°C
Temnepartypasa 30 KyH CakTaAAbl, KOPEKTIK CyOCTPATTbIH bIAFaAAbIAbIFbI 70% Kypaabl. KomapoBckumii
e3repTkeH KAapcoH oaaici GOMbIHILA AMIHMHHIH CaHABIK TaApaybl yuwiH apbip 10 KyH caiibiH ap
YATIAEH CblHama aAblHAbl. bakpiAay YAricCiHAE AMIHMHHIH Gactankbl MeAwepi 20,16% kypaabl, 30-
Wbl KyHi MHAYKTOPCbI3 S.commune caHblpayKyAakTapbl 6ap AMrHuH meatuepi 10,15% 6oaabl, aa
S.commune >xaHe CuSO, MHAYKTOPbIH eHri3y yAriciHae 8,6%-Fa AeliH TemeHaey Gaiikanabl, 6yA
aAAeKanAA TUIMAL. MIHAYKTOPABI KOAAQHY Ke3iHAE CaHblpayKyAaKTap WblFapaTbiH AUTHUHOAMTUKAABIK,
hepMEeHTTEPAIH >KOFapbl GEACEHAIAIM XUMUSIABIK, peareHTTepAi Taburn hepmeHTTepre iliHapa Hemece
TOABIK, aybICTbIPY MYMKIHAITIH ABDAEAAENAI, BYA KOPLIAFaH OpTara (3KOXKYHere) yAbl WblFapbIHABIAAPADI
anTapAbIKTal a3anTaAbl) LEAAIOAO3A-KaFa3 eHAIpICi.

TyiiiH ce3aep: S.commune, AWrHWMHa3aAap, MapraHel, MEPOKCMAA3a, AMTHUHIEPOKCMAA3A,
WHAYKTOP, MbIC, 3KOAOTUSI, YAbI LUbIFapbIHABIAQAP.
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MHAYyUMpPOBaHWE AMTHUHOAMTHUYECKUX (DePMEHTOB
rpu6a Schizophyllum Commune

AaHHOE MCCAeAOBaHME MOCBSALEHO MHAYLIMPOBAHMIO CMHTE3a AMIHUMHOAMTMYECKMX (DEPMEHTOB,
CMOCOGHbBIX 3aMEHUTH LLLEAOYHBIE, BPEAHbBIE AASI OKPY>KatOLLEen CPEAbI PAaCTBOPbI, MCTIOAb3YEMbBIE AASI
OTAEAEHMSI AVTHMHA OT LIEAAIOAO3bI. B KauecTBe npoayLeHTa 6blAa BbIAEAEHA UMCTas KyAbTypa rpmba
BO36yAmUTeAs 6eaor rHmAamn Schizophyllum commune a B kauecTBe cy6GCTpaTa MCMOAb30BaAM MLLEHUYHYIO
COAOMY B npoLecce TBepAOdasHOM epMeHTaumm. IKCNEPUMEHT MPOBOAMACS B TPEX MAPAAAEASIX:
KOHTPOAbHbIN 06pasel, 6e3 61oobbekTa, obpasel, ¢ rpubom S. commune, obpasel, ¢ rpubom S. com-
mune n nHAyKTopom B Buae CuSO, npu 30 + 2°C Ha npotsikeHnn 30 CYTOK, ypOBEHb BAQXKHOCTU
nuTaTeAbHoro cybcrpara coctaBasiaa 70%. Kaxapie 10 AHeN ¢ Kakaoro obpasua otébmpasach npoba
Ha KOAMYECTBEHHbIN aHaAM3 AMIHMHA, KOTOPbIA NPOBOAMACS Mo MeToay KaapcoHa B Moaudmkaumm
Komapogsckoro. M3HauaAbHOE KOAMYECTBO AMIHMHA B KOHTPOAbHOM Ob6pasue coctaBasAa 20,16% Ha
30-e cyTKM coaepykaHue AMrHMHA C rpubom S.commune 6e3 nHAykTopa coctaBuao 10,15%, Toraa
Kak B obpasLie ¢ rpubom 1 BHeceHnem MHayktopa CuSO, HabAIOAAAOCH CHIKeHMe A0 8,6%. Bbicokas
AKTMBHOCTb AMTHUHOAMTUYECKMX (DEPMEHTOB, MPOAYLMPYEMbIX TPMOOM MPU BHECEHUM WMHAYKTOPA,
AOKa3bIBaeT BO3MOXKHOCTb YaCTUYHOW MAM TMOAHOWM 3aMeHbl XMMWUYECKMX peareHTOB Ha MpPUPOAHble
bepPMEHTbI, UTO 3HAUMTEABHO COKPATUT KOAMUYECTBO TOKCMUHbBIX BbIGPOCOB B OKPY>KAIOLLYIO CPEAY B
LIEAAIOAO3HO-6YMa>kHOM MPOM3BOACTBE.

KAtoueBble cAoBa: S.commune, AUIHWHA3bI,
MHAYKTOP, MEAb, 9KOAOTUSl, TOKCUYHbIE BbIOPOCHI.

MapraHeunepokcnAaala, AMrHMHNEPOKCHNAA3Q,

Introduction

Biotechnology is currently at the peak of its pop-
ularity in various fields of human activity: health,
agriculture, processing, food processing, etc. One of
the industries in need of biotechnology is pulppa-
permaking. Currently, more than 390 million tons of
paper and paperboard [1] are produced worldwide,
which entails a huge amount of toxic emissions that
adversely affect the environment.

The key stage of pulp and paper production is
the separation of the target product — cellulose from
lignin. Today, two methods are most often used to
achieve this goal: less mechanical, more chemical.
However, both methods have the same enormous
negative environmental impact. For example, me-
chanical method implies separation of lignin from
cellulose using high temperature and pressure [2-
3], with thermal emissions to the atmosphere, and
chemical method requires use of chemical reagents,
alkaline solutions [4-5] which then drain into waste-
water, polluting the hydrosphere and the soil layers
of the lithosphere. branches.

The walls of plant cells consist of structural
components which are represented as cellulose, lig-
nin and hemicellulose. The dry mass of the cell wall
is 40-60% cellulose, 20-40% hemicellulose and 20-

35% lignin, depending on the plant, so soft wood is
25-35% lignin and deciduous wood 20-25% [6].
The chemical structure of lignin is represented
by a highly branched polymer molecule consisting
of many monomers, the base of which is phenyl-
propane. Three types of alcohol are involved in the
synthesis of lignin: p-coumaryl alcohol (I), coniferyl
alcohol (II), and sinapyl alcohol [7]. By determining
the content of alcohols, it is possible to determine
the nature of the origin of lignin. For example, three
types of lignin are distinguished: the lignin of co-
niferous plants consists practically only of coniferyl
alcohol; hardwood lignin includes coniferyl and
sinapyl alcohols; Lignin of herbaceous plants con-
sists of absolutely all alcohols [8]. Lignin is a mac-
romolecule that includes many functional groups,
such as hydroxyl (-OH), methoxyl (CH3-O), car-
boxylic (-C=0-), carboxylic (-COOH) and gasoline
(C,H,), which increases its uniqueness [9]. In par-
ticular, their ratios depend on the source and extrac-
tion methods. The presence of a covalent bond be-
tween lignin and cellulose and hemicellulose makes
it practically impossible to completely purify lignin
from impurities [10]. The inability of hydrolytic
enzymes to break down lignin is due to its bulky
three-dimensional structure and the heterogeneity of
C-C and C-O ether bonds. Also, enzymes with low
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potential, for example, plant oxidases, which initi-
ate the process of lignin polymerization, are not able
to oxidize non-phenolic aromatic subunits of lignin
[11].

Lignin acts as a link in the cellulose-hemicellu-
lose matrix through the network structures of lignin-
carbohydrates, providing rigidity to cell walls and
gluing cells together, thereby protecting polysac-
charides from microbial degradation. Due to its hy-
drophobic property, lignin acts as a dam, preventing
water from penetrating into internal structures. The
above biological properties of lignin make it unique
and one of the most resistant to enzymatic degrada-
tion of natural compounds [12].

Despite the fulfillment of important functional
properties, lignin is a by-product of such industries
as the pulp and paper industry and the production
of bioethanol. One aspect of biotechnology is the
replacement of the traditional separation of cellu-
lose from lignin by a method using biological fa-
cilities to reduce toxic emissions. For example, on
the example of decaying trees, it can be concluded
that tree-destroying fungi have the ability to bio-
degradate components of the plant cell wall. Sci-
entists have carried out research on the pathogens
of white and brown rot and the enzymes synthe-
sized by them [7-8,13]. In the course of research,
it was revealed that white rot fungi differ from
brown rot fungi in their ability to produce phenyl-
loxydases that accelerate the oxidative processes
of phenols contained in lignin [14]. Wood affected
by the white rot fungus acquires a white color due
to the biodegradation of lignin and bleaching of
wood during oxidative reactions occurring under
the action of fungal enzymes [15]. To date, such
enzymes as lignin peroxidase (LiP), manganese
peroxidase (MnP), laccase (Lac) are known to be
capable of biodegradating lignin [16]. The men-
tioned enzymes are synthesized by both bacteria
and fungi, including fungi that cause white rot.
Some of the most common white rot fungi are:
Trametes versicolor, Phanerochaete chrysospo-
rium and Schizophyllum commune. T. versicolor
affects many angiosperms, but sometimes it also
affects gymnosperms. This type of fungus is es-
pecially widespread in countries with a temper-
ate climate. P. chrysosporium affects the wood of
broad-leaved and coniferous trees and is common
in countries with a temperate climate [17]. Of the
above-mentioned fungi, Schizophyllum commune
is common in the South of Kazakhstan [18-19]. Its
ability to synthesize lignin-destroying enzymes has
been repeatedly proven: manganese peroxidases,
lignin peroxidases and laccases [20-22].
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The last mentioned enzyme, laccase, is wide-
spread in higher plants, is also present in insects,
bacteria [23] and cyanobacteria [24], but their
abundance is observed mainly in white rot fungi
[25], especially Schizophyllum commune produces
laccases with wide industrial and biotechnological
applications. The widespread use of laccase can be
evidenced by its use from the food industry [26] up
to bioremediation of the soil, and the production of
paper [27]. Due to the multidisciplinary use of lac-
case, there is an urgent need to stimulate its expres-
sion and productivity.

Thanks to genetic engineering methods, a large
number of transgenic microorganisms with altered
expression of genes responsible for lignin synthesis
have been obtained [28-29], however, such methods
are somewhat more expensive than the use of chem-
ical inductors. Another advantage of inductor metals
is the absence of the need for special equipment and
easy accessibility, which significantly reduces eco-
nomic costs. Among the numerous laccase induc-
ers, copper is the most common. The prerequisites
for this are: the need for copper by microorganisms
is met by very low concentrations, within 1-10 mi-
crons [30] and their easy availability. Binding and
absorption of copper in fungi usually consists of
two phases: first, surface binding, independent of
metabolism, and then an energy-dependent influx of
metal [31].

In this paper, we investigated the process of bio-
degradation of straw lignin by the white rot fungus
Schizophyllum commune, and the importance of
copper in the synthesis of ligninolytic enzymes.

Materials and methods

1. Isolation of a pure culture of the fungus S.
commune

A sample of the fungus was taken from the sur-
face of the tree in a sterile bag, the next day under
sterile conditions it was transferred to Sabouraud’s
solid nutrient medium and thermostated for five
days at 25°C. The resulting mycelium characteris-
tic of the fungus Schizophyllum commune was re-
seeded five times until a homogeneous growth was
obtained, indicating the purity of the culture. The
inoculum was obtained by washing off the Schizo-
phyllum commune culture from the surface of the
Sabouraud nutrient medium with 0.9% sodium chlo-
ride solution.

2. Straw sampling for microbial treatment

Straw samples were collected in wheat fields
near the city of Shymkent, cut into pieces 3-5 cm
long and then crushed in an electronic laboratory
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mill LK-200 to a size of 100 microns. The particle
size was determined by the grid method.

3. Fermentation

Solid phase fermentation was carried out in 250
ml Erleinmer flasks in three parallels: a control sam-
ple without inoculum, a sample with inoculum, and
a final sample with inoculum and 1.5 mM CuSO,
inducer.

The nutrient substrate containing the inductor
contained 20 g of the obtained straw powder moist-
ened with distilled water to provide 70% humidity,
0.5 g of glucose and 0.05 g of CuSO,. The com-
position of the substrate without the inductor was
characterized by the absence of CuSO,, the control
sample contained only 20 g of straw powder with
70% humidity. All three substrates were autoclaved
at 121°C for 15 min.

Sterilized substrates were inoculated with a 20%
(wt) suspension of fungal mycelium and incubated
at 30 + 2°C for 30 days.

4. Lignin content

Samples were taken for analysis at intervals of
10 days for 30 days. 2 grams of the sample were
taken for quantitative analysis of lignin according to
the Clarson method modified by Komarovsky using
72% sulfuric acid. Pre-dried 1 g of sample (a) was
poured into an Erleinmer flask, poured into 150 ml
of deionized water and brought to 90-100°C, kept
for 1 hour, then the solution was filtered, washed
with 300 ml of hot distilled water, and dried to con-
stant weight. The dried precipitate was added to a
flask with 150 ml of 1IN H,SO, and brought to 90-
100°C after 1 hour, the solution was filtered and
washed with 300 ml of hot distilled water, dried
to constant weight (s). The resulting dry precipi-
tate was moistened with 10 ml of 72% H,SO, and

left for 4 hours at room temperature, then 150 ml
of IN H,SO, was added to the mixture and kept at
90-100°C for 1 hour, then the solution was filtered,
washed with 400 ml of distilled water, and dried in
oven at 105°C to constant weight (d). Then the same
precipitate was dried to ash and weighed (e).

The calculation was performed according to the
following formula:

% cellulose = ? X 100%,
P i—e
% lignin = — x 10004,

where: a is the weight of the sample,

¢ — weight of the mass at the second weighing,

d — weight of the mass at the third weighing,

e is the weight of the ash.

Scanning electron microscopic analysis

Examination of samples and images were
obtained using an electron microscope at an
accelerating potential of 20 kV with a magnification
of 100 times.

Results and discussion

Identification of S. commune

S. commune isolate was identified based on
morphological features obtained by microscopic
method. The growth of the isolate was rapid at 28° C.
on Sabouraud’s solid growth medium and the resulting
colonies were white. Microscopically, mycelium was
found in aggregated hyphal bundles. The hyphae
system was monolithic and non-agglutinated (Fig.
1). The morphological characteristics of the obtained
were similar to the morphological characteristics of
the S. commune culture.

a

b

Figure 1 — a) Growth on a Saburo nutrient medium;
b) S. commune under a microscope (% 100)
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Lignin content

During solid-phase biodegradation of straw
lignin by S. commune. within 10, 20, and 30
days, degradation of 21, 42, and 48% of lignin,
respectively, was recorded. Regarding the

Table 1 — Lignin content in samples on days 10, 20, 30

samples with the addition of the inductor, lignin
degradation was 21, 48, 58% on days 10, 20,
and 30, respectively. Comparative data with the
control sample are presented below (Table 1)

(Fig. 2).

Sample Substrate with S. commune (%) Substrate with S. commune and CuSO, inducer (%)
Control 20,16 20,16
10th day 16,9 15,9
20th day 11,5 10,4
30th day 10,5 8,6
Biodegradation of lignin straw
25
=X
'E 20,16 20,16 20,16 20,16
2 20 20,16 @ -5 e ¥ ®
g | \' 1 1
E ! 1..16,9 ' '
o 1 15, ' 1 1
E © | ?\: :
= 1 1 1 1
2 99 : : 10, '011’5\1_: 10,5
€ I | I ¢
- 1 I 1 1
g5 | | | |
o 1 1 1 1
(%] 1 1 1 1
E 0 1 I 1 1
5" 1th day 10th day 20th day 30th day
Duration of biodegradation (day)
=== Control Substrate with S. commune ==g== Substrate with S. commune and inducer

Figure 2 — Lignin content in samples on days 1th, 10th, 20th, 30th

Examination of samples under a scanning
electron microscope

The process of biodegradation of straw samples
exposed to S. commune mushroom culture for
30 days was studied using a scanning electron
microscope JSM-6490LM with an energy dispersive
X-ray microanalysis system Energy INCA 350 and
the HKL Basic system.

On scanned electron micrographs of straw
samples degraded for 30 days by the culture of the
fungus S. commune, a coating of fungal spores was
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observed that occupied cell cavities and small cell
breaks. Some fungal hyphae were also scattered
over the surface (Fig. 3a). Samples degraded for
30 days by the fungus culture S. commune with the
addition of an inductor in the form of CuSO, showed
the most loose structure of cells and cell walls on
the surface (Fig. 3b). In some places, you can see
the glow of crystals of the CuSO, inductor. Scanned
electron micrographs of control straw samples (Fig.
3c) showed the correct cell structure without any
damage to cells and cell wall components.
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Figure 3 — Samples of straw under magnification of electron raster microscope

Conclusion

The presented results of this work indicate the
possibility of considering CuSO, as an inductor for
the synthesis of lignin-degrading enzymes by the
fungus S. commune. According to the studies, on
the 30th day of cultivation of the fungus at 30 + 2°C,
in the sample without the addition of the inductor,
the lignin content decreased from 20.16% to 10.5%,

while in the sample with the addition of the CuSO,
inductor, a decrease was observed from 20.16% up
to 8.6%. The addition of inductors to microorganism
nutrient media will increase the enzyme exposure,
which proves the probability of replacing alkaline
solutions during the process of separation of lignin
from cellulose on natural ligninolytic enzymes, that
have no adverse impact on the ecosystem of our
planet.
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HERBARIUM AS TOOLS IN STUDY OF PLANT DISTRIBUTION
AND ECOLOGY (ON THE EXAMPLES KAZAKH SPECIES
OF LEONTICE AND GYMNOSPERMIUM)

The article provides data on the distribution and ecology of Kazakh species Leontice L. and Gym-
nospermium Spach. (Berberidaceae Juss.) based on analyses of herbarium specimens from four major
scientific institutions in Russia and Kazakhstan. A total of 196 herbarium sheets were processed, 116
from herbarium collections of the V.L. Komarov Botanical Institute of the Russian Academy of Sciences
(LE) (St. Petersburg, Russia) and 42 from the Noah’s Ark (MW) depository of living systems of the digital
herbarium of the Moscow State University named after M.V. Lomonosov (St. Petersburg, Russia). Lo-
monosov Moscow State University (Moscow, Russia), 25 from the herbarium collection of the Institute
of Botany and Phytointroduction (AA) (Almaty, Kazakhstan), and 13 from the scientific depository “Vir-
tual Herbarium ALTB” (ALTB) of the South Siberian Botanical Garden of Altai State University (Barnaul,
Russia). Most specimens were collected 100 or more years ago, a minor number in the 50s—80s of the
last century, and quite fewer modern, which are mainly represented in the scientific depository of the
South Siberian Botanical Garden of Altai State University. All herbarium samples were found in the most
ecologically typical habitats of the species. The distribution of Gymnospermium altaicum (Pall.) Spach.
in the mountains of Tarbagatai and Dzungarian Alatau is uncertain, as the only confirmation of the pres-
ence of this species in Tarbagatai is only two herbarium sheets collected in 1840 by Karelin et Kiriloff.
As regards the Dzungarian Alatau, no herbarium sheets of this species collected there were found. The
results of the research show the possibility of using herbarium specimens to clarify the distribution and
ecology of the studied species, as well as the need for additional research, as in the case of the rare spe-
cies Gymnospermium altaicum.

Key words: herbarium, Berberidaceae, Leontice, Gymnospermium, Kazakhstan.
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Fep6apuit ecimAIKTEpAiH TapaAybl MeH 3KOAOTMSICbIH 3epTTey KypaAbl peTiHAe
(Ka3akcTaHApbIK, Leontice xxone Gymnospermium TYPAEPiHiH, MbICAaAbIHAQ)

Makanrapa Peceit MeH KasakCTaHHbIH ipi TOPT FbIAbIMU MEKEMEAEPIHIH repbapmii KOAAEKLMSIAAPbI
YATIAEPIH TaaAQy HerisiHAe KasakcTaHAblK, Leontice L xxeHe Gymnospermium Spach. (Berberidaceae
Juss.) TYpAepiHiH TapaAybl MEH 3KOAOIMSICbl TYPaAbl MBAIMETTEP KeATipiAreH. bapabirbl 196 repbapuin
naparbl BHAEAAI, OHbIH iwiHAe 116 repbapwmii naparbl B.A. Komapos PFA (LE) aTbiHAafbl BoTaHMKaAbIK,
MHCTUTYTTbIH, repbapuin KopbiHaH (CaHkT-Ietepbypr K., Pecer), 42 — M.B. AOMOHOCOB aTblHAAFbI
Mackey MemMAeKkeTTiK yHMBEepCUTETIHIH, UMPAbIK, repbapuniHib, «Hyx kemeci» (MW) Tipi yreaep
Aerno3uTapuiiiHeH (Mackey K., Peceit), 25 — boTtaHuka >keHe (OUTOMHTPOAYKLUMS MHCTUTYTbIHbIH, (AA)
repbapuit KopbiHaH (AAMaTbl K., KasakcraH) xxeHe 13 — AATail MEMAEKETTIK yHuBepcuTeTiHiH OHTYCTIK
Cibip 6oTaHMKaablk, 6arbiHbiH, «Virtual Herbarium ALTB» (ALTB) fbiAbiIMM Aeno3uTapuitiHeH (BapHaya
K., Pecei). Yariaepain kebici 100 XbIA >XoHe 0AaH Aa acTam yakbIT OypblH, a3aar ©TKeH FacbIpAbIH,

90 © 2024 Al-Farabi Kazakh National University


https://doi.org/10.26577/EJE.2024.v78.i1.09
https://orcid.org/0000-0001-7916-4531
https://orcid.org/0000-0003-1645-0340
https://orcid.org/0000-0002-8526-4296
https://orcid.org/0000-0003-3114-6013
https://orcid.org/0000-0001-5883-6108
https://orcid.org/0000-0001-5520-0307
https://orcid.org/0000-0003-1476-2463
mailto:karime_58@mail.ru
mailto:karime_58@mail.ru

K.T. Abidkulova et al.

50-80 >KbIAaAPbIHAQ YKMHAAFAH, aA Ka3ipri 3aMaHFbl YATIAEp eTe a3, oAap Heri3iHeH AATain MEMAEKETTIK
yHuBepcuteTiHiH oHTycTik Cibip 60TaHMKaAbIK, GaFbiHbIH FbIAbIMM Aeno3uTapuiiiHae 6ap. bapabik,
repbapuii YATiAepi TYPAEPAIH 3KOAOIrMsFa ToH TIPLIAIK €Ty opTacbiHAQ >KMHaAAbl. Tapbaratait meH
>KoHrap AAataybiHbiH TayAapbiHaa Gymnospermium altaicum (Pall.) Spach. Tapaaybl KyMaH TyAblpaAbl,
cebebi Tapbaratanaa OyA TypAiH 6ap ekeHAIriHiH >kaArbi3 asAeAi 1840 xbiabl Karelin et Kiriloff.
>KMHaFaH eki repbapuii yArici 60AbIn TabbiraAbl. )KOHFap AAaTaybiHa KeAeTiH 6oAcak, BGyA Tayaapaa
>KMHaAFaH OCbl TypAiH 6ipae-6ip repbapumii naparbl TabbiAMaAbl. 3epTTey HOTMXKEAepi 3epTTeAeTiH
TYPAIH TapaAybl MEH 3KOAOTMSICbIH HaKTbIAQY YLIiH repOapuim YATIAepiH ManAaAaHy MYMKIHAIMIH,
COHbIMEH KaTap cupek kesaeceTiH Gymnospermium altaicum TypiHAEriaAein KOCbiMLIa 3epTTeyAep
JKYPri3y KaXXeTTIiAIrH KkepceTeAl.
Ty#in cesaep: repbapumii, Berberidaceae, Leontice, Gymnospermium, KasakcraH.
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lep6apuit Kak MHCTPYMEHT U3Yy4Y€eHHUs pacrpoCTPpaHEeHUsl U SKOAOTUM PaCTEHMIA
(Ha npumepe KasaxctaHckux BUAOB Leontice u Gymnospermium)

B cTtatbe NpMBOASITCS AQHHBIX MO PACNPOCTPAHEHMIO M SKOAOTMM Ka3axCTaHCKMX BUAOB Leontice L.
n Gymnospermium Spach. (Berberidaceae Juss.) Ha ocHoBe aHaAM3a 06pa3LoB repbapHbIX KOAAEKLMIA
YeTbIpEX KPYMHbIX HayuHbIX yupexxaeHuii Poccumn n KasaxcraHa. Bcero ob6paboTtaHo 196 repbapHbix
AMCTOB, 116 — 13 repbapHbIX poHAOB boTaHmueckoro nHcTuTyTa M. B.A. Komaposa PAH (LE) (r. CaHkT-
IMetepbypr, Poccus), 42 — n3 aeno3utapus xmBbix cuctem «<Hoes Kosuers (MW) umudposoro repbapus
MOCKOBCKOro rocyAQpCTBeHHOro yHmBepcuteTa nmenn M.B. AomonocoBsa (r. Mocksa, Poccus), 25
— 13 repbapHoro oHaa MHCTUTYTa 60TaHUKM M UTOMHTPOAYKUMM (AA) (r. AamaTbl, KasaxcTaH), u
13 — u3 HayuHoro aAenosuTapust «Virtual Herbarium ALTB» (ALTB) KOxHo-Cubupckoro 60TaHnyeckoro
capa AATaMCKOro rocyAapcTBeHHoro yHnesepcureta (bapHaya, Poccusl). BoAbluMHCTBO 06pasLioB 6biam
cobpatbl 100 1 6oAee AeT Ha3aA, HeMHOro — B 50-80 rr. MPOLIAOro BeKa, U COBCEM MaAO COBPEMEHHbIX,
KOTOpble B OCHOBHOM MPEACTaBAEHbl B HayuHoMm AenosuTtapum KOxxHo-Cnbupckoro 60TaHMYeCcKoro
caAa AATalCKOro roCcyAapCTBEHHOrO YHMBepcuteTa. Bce repbapHble o6pasubl cobpaHbl B Hanboaee
TUMUYHBIX MO 3KOAOTMM MecTax obuTaHus BnaoB. COMHeHMWe Bbi3blBaeT pacrnpoctpaHeHne Gymno-
spermium altaicum (Pall.) Spach. B ropax Tap6aratas u A>kyHrapckoro AaAatay, T.K. eAMHCTBEHHbIM
MOATBEPXKAEHUEM HAaAMUMSI AQHHOTO BMAQ B Tapbaratae siBAseTCs BCero Apa repbapHbix obpasua
cobpanHble B 1840 r. Karelin et Kiriloff. Yto kacaercs AykyHrapckoro Aaatay, He GbIAO HAMAEHO HM
OAHOro rep6apHOro AMCTa 3TOrO0 BMAQ, COOPAHHOrO Tam. Pe3yAbTaTbl MCCAEAOBAHMIA MOKa3blBalOT
BO3MO>XHOCTb MCMOAb30BaHMsI repbapHbIXx 0O6PasLOB AAS YTOUHEHMS PACMPOCTPAHEHMS M DKOAOTMM
MCCAEAYEMbBIX BUAOB, a TakXKe Ha HEOOXOAMMOCTb AOMOAHUTEAbHbIX MCCAEAOBAHUI Kak B CAyvae C
peakum Bruaom Gymnospermium altaicum.

KaroueBble croBa: repbapmin, Berberidaceae, Leontice, Gymnospermium, KasaxcraH.

Introduction

Herbaria are collections of plant specimens
collected from different regions of a country and
from other countries. The specimen data stored in
herbarium collections supports research in a wide
range of different disciplines. Most of the data are
used in research in species identification, taxonomy,
and systematics [1-5]. Herbarium specimens
are also very helpful for genetic studies related
to phylogeny, comparison of past and current
biodiversity, conservation biology, investigating
global environmental change, etc. [6-15]. In
various areas of botanical research, as we’ve seen,

herbariums can be successfully used. For that
purpose, it would also be possible to use information
from the herbarium in order to obtain an early
understanding of the distribution and ecological
characteristics of a species being studied.

The family Berberidaceae Juss. in Kazakhstan
is represented by shrubs and perennial herbaceous
plants. According to S.A. Abdulina [16] and M.S.
Baitenov [17], the family includes 8 species of the
genus Berberis L., one monotypic genus Bongardia
C. A. Mey with a single species B. chrysogonum
(L.) Spach, distributed in the countries of Western
and Central Asia; the genus Leontice L., mainly
characteristic of the Mediterranean countries,
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Western Asia, and Iran-Turan region, with two
species Leontice inserta Pall. and L. ewersmanii
Bunge; and the genus Gymnospermium Spach,
occurring in temperate Eurasia, also with two
species: Gymnospermium alberti (Regel) Takht. and
G. altaicum (Pall.) Spach.

Botanists have been studying representatives
of this family for more than a hundred years [18—
31]. Originally, the genus Leontice was described
by C. Linnaeus [32] and included three species,
now belonging to three different genera: Leontice,
Caulophyllum Michx., and Bongardia [33]. The
genus Gymnospermium was described by the
French botanist E. Spach in 1839 and originally
belonged to the genus Leontice; its independence
was repeatedly disputed by various botanists. The
history of division and distinguishing features of
these two genera by the structure of seeds and fruits
were described in detail by A.L. Takhtajyan [34],

noting that the currently established independence
of the genera was first accepted in the “Flora of
Europe” [35].

There is only general information on the
distribution of each species in Kazakhstan [36].
The aim of our study was to clarify and supplement
information on the location and ecology of Leontice
and Gymnospermium species in Kazakhstan
based on data from large herbarium collections in
Kazakhstan and Russia.

Materials and Methods

The objects of our research are the Kazakhstan
species Leontice and Gymnospermium (Fig. 1),
which are components of both semi-arid, arid, and
forest mountain ecosystems; moreover, one of them,
G. altaicum, is listed in the Red Book of Kazakhstan
[37].

Leontice ewersmanii

Leontice inserta

Figure 1 — Species of Gymnospermium and Leontice in Kazakhstan
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To clarify the distribution of these species
in Kazakhstan, we have analyzed the herbarium
specimens from the collections of the Institute
of Botany and Phytointroduction (AA) (Almaty,
Kazakhstan), the V.L. Komarov Botanical Institute
of the Russian Academy of Sciences (LE) (St.
Petersburg, Russia), the scientific depository
“Virtual Herbarium ALTB” (ALTB) of the South
Siberian Botanical Garden of the Altai State
University (Baraul, Russia) (http://altb.asu.ru/index.
php), and the depository of living systems “Noah’s
Ark” (MW) (https://plant.depo.msu.ru) of the
digital herbarium of the Lomonosov Moscow State
University (Moscow, Russia). The Latin names of
species have been given according to the summary
by S.A. Abdulina [16].

Results and discussion

In total, we analyzed more than 196 herbarium
specimens (Table 1). As a result of the analysis of
specimens from herbarium collections, the possible
places of their distribution and ecology these four
studied species were clarified. Below, we give their
synopsis according to the habitats identified during
the analysis of these herbarium collections. All
descriptions of the locations were given according
to the herbarium labels. Unfortunately, not all
descriptions were included in the synopsis due to
the impossibility of correct identification of some
herbarium labels due to their wear and tear, and
lack of other additional information, apart from
the species name. All entries on the labels were
translated from Russian except for those left in the
original language — German. We tried to organise
herbarium specimens of the studied species
according to geographical (mountains, deserts) or
administrative (regions) criteria, as it is not always
possible to follow only one of them.

Table 1 — Number of herbarium specimens of Kazakh species of
the genus Leontice and Gymnospermium available in the above
mentioned scientific herbaria of Kazakhstan and Russia

) Herbarium Acronym
Species name
AA | LE | MW | ALTB

Gymnospermium alberti 7 6 13

(Regel) Takht.

G. altaicum (Pall.) Spach. 8 48 7 13
Leontice ewersmanii Bunge 8 49 10

L. inserta Pall. 2 13 12

Total: 25 116 42 13

Family Berberidaceae Juss.

Genus Gymnospermium Spach

Gymnospermium alberti (Regel) Takht.

Ephemeroid, herbaceous perennial with a
globular tuber. Blooms in March-April. Grows on
mountain slopes among shrubs, deciduous trees and
junipers in the lower and middle belt of the southern
mountains. It occurs in the Kyrgyz Alatau, Karatau
and Western Tien Shan [36]. For Kyrgyzstan, the
species is listed as subendemic [38].

Herbarium of the Institute of Botany and
Phytointroduction (AA)

Karatau mountains: grassy foothills slopes
of Kaz-gurt mountain near Chimkent 12.V.1930,
Pavlov N.V.; 1720 m, southern slope, 18.V.1973,
Myrzakulov P.M.; Khantali gorge 23 km from
Khantali village, left bank of Khantali river,
09.V.1985, Myrzakulov P.M.

South Kazakhstan region: stony debris at the
place of snow spot at Aksar-saya peak near Nanai
village, 23.V1.1948, Pavlov N.V.

Talas Alatau: surroundings of Novonikolayevka
village, eastern slope of Taldy-Bulak gorge,
01.1V.1937, Masalsky A.P.

Karzhantau: Arkabai gorge, under forest
canopy on north-western slope, 29.V.1988, V.A.
Samoylova.

Western Tien-Shan:
at foothills on clayey soils,
Samoylova, A.A. Ivashchenko.

Sary-Aigyr Mountains,
13.V.1989, V.A.

Herbarium of the V.L. Komarov Botanical
Institute, Russian Academy of Sciences (LE)

Talas  Alatau: Aksu-Dzhabaglin  reserve,
beginning of B. Kaindy gorge, 15.VII.1958, Soskov
Y.D.

Karatau Mountains: rocks near Babai-Kurgan
village, 21.1V.1930, Lipschitz S.; in dry channel on
meadow slope under Bukuy-Tau peak, 03.VII.1931,
Pavlov N.V.; Kara-Uzen gorge, in upper reaches of
Boyaldyr river basin, 09.V.1977, Kamelin. R.V.,
Mikhailova M.A., Mishenkova A.P., Safronova
IN., Solov’ev V.I.

Southern Kazakhstan: Syr-Darya region, aul
between Antonovka and Kornilovka, 07.111.1912;
Prichuisky Moiynkum, eastern slope of Suluter
gorge at the height of 200 m, meadow steppe belt,
03.VI1.1930, Zapryagaeva F.L.

Depository of Living Systems «Noah’s Ark»
(MW)

Karatau Mountains: grassy foothill slopes of
Kaz-gurt mountain near Chimkent, 19.V.1939,
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Pavlov N.V.; Turkestan district, north-west of
Kurnash village, steep south-eastern stony slope,
24.1V.1935, G.V. Tekutyev; Turkestan district,
behind Koch-ashik village, rubbly stony slope,
03.1V.1930, Lipschitz S.; Turkestan district, rocks
near Baban-kurgan village, 21.1V.1930, Lipschitz
S.; Turkestan district, rock near Baban-kurgan
village, 21.1V.1930, Lipschitz S.; in shrubs on stony
slope of mountains, in upstream of Kulan-su river,
18.V.1932, Pavlov N.V.; in a dry streambed on a
meadow slope of Bukuy-tau peak, 03.VII.1931,
Pavlov N.V.; under a snow spot on the top of
Kazgurt mountains, 20.V.1939, Kuznetsov N.M.

South Kazakhstan region: Bostandyk, Ugamskiy
ridge, Boguchal-say est. Boguchal-say, under
canopy of walnut forest, 1200 m, 10.V.1954, Pavlov
N.V.; stony upland steppe below Aksar-saya peak
near Nanai village, 23.V1.1948, Pavlov N.V.; stony
debris at the place of a snow spot at Aksar-saya
peak near Nanai village, 23.V1.1948, Pavlov N.V_;
Bostandyk, along the slope of a ravine above Sidkak
village, 03.V1.1953, Pavlov N.V.; Sairam district,
artificial forest plantation 3 km south of Karamurat
village (28 km south of Belye vody), 22.111.1962,
Vlasov M.

Gymnospermium altaicum (Pall.) Spach

Ephemeroid, herbaceous perennial plant with an
almost globular tuber. Flowering in late March-early
April. Grows on mountain slopes among shrubs, in
apple and fir (Altai) forests. It occurs in Irtysh Land,
Zaisan, Altai and Tabagatai Mountains, Dzungarian,
Trans-Ili, Kungei and Terskey Alatau, Ketmen
ridge, Chu-1li Mountains [21]. In Russia, it is listed
in the Red Book of Altai Krai as a rare and endemic
plant with a limited area of distribution [39].

Herbarium of the Institute of Botany and
Phytointroduction (AA)

Trans-1li Alatau: rock benches near the barracks,
01.IV.1930, Pavlov N.V.; north-eastern slope of the
steep slope, upper part of the ridge, apple-tree forest,
1550 m, IV.1975, Rodionov B.S.; surroundings of
Alma-Ata, upwards from the pioneer camp “Orlenok”™
on rock benches, 1100 m, 27.1V.1976, Kosenko V.N.;
surroundings of Issyk village, 30.IV.1976, Kosenko
V.N.; Almaty, rock benches in the area of Kensai 2
cemetery, elevation 960 m, 31.I111.2017, Veselova,
Mukhtubaeva, Kudabaeva (2 sheets).

East Kazakhstan region: Altai, Narym ridge,
south-western spurs, in surroundings of Svinchatka
village, shrubby piedmont steppe, 05.V.1985,
Bidullaeva; Kalbinsky ridge, in surroundings of the
upper post, 23.V1.1957, Stepanova E.F.
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Herbarium of the V.L. Komarov Botanical
Institute, Russian Academy of Sciences (LE)

Trans-1li ~ Alatau:  Semirechensky region,
surroundings of Verny city, 15.1V.1891, Killoman;
Semirechensky region, surroundings of Verny city,
19.1V.1890, Killoman; surroundings of Verny city,
29.111.1892, Killoman; Semirechensky region, Verny
district, 26.111.1905, Sokalskiy N.D.; Semirechensky
region, Verny district, 1906, Sokalskiy N.D.; Prope
urbem Alma-Ata in decliviis argilossis herbosis
supra urbem, 06.V.1934, Popov M.G. (2 sheets);
Semirechensky region, foothills surroundings of
Verny city, zone of various grasses steppe, altitude
500 m, 1916, Abolin R.; Semirechensky region,
foothills to the east of Verny city, 25.111.1911,
Skorobogatov; Semirechensky region, basin of
Malaya Almatinka river, 01.IV.1904, Ivanov P.;
Semirechensky region, northern slopes of Alatau
from Verny to Kastek pass, 16.111.1896, Ladygin
V.0O.; Semirechensky region, gorge to the east from
Verny, 12.1V., Poyarkov A.; surroundings of Alma-
Ata, about 2,5 km from pioneer camp “Orlyonok”,
27.1V.1976, Kosenko V. (2 sheets); surroundings of
Talgar village, among ephemeral motley grasses,
03.V.1976, Kosenko V. (3 sheets); surroundings of
Issyk village, on the rock benches among ephemeral
motley grasses, 30.1V.1976, Kosenko V. (2 sheets);
surroundings of Turgeni village, near the brickyard
on the rock benches, 08.V.1976, V. Kosenko
(2 sheets); bottom of a gorge in loess foothills to
the south-east of Verny in a belt of deciduous
forest, 16.IV.1916, V.D. Gorodetsky; bottom of a
gorge in loess foothills to the south-east of Verny,
also on northern slopes in a belt of deciduous
forest, 27.111.1916, V.D. Gorodetsky; Almatinka,
28.111.1877, Regel A. (2 sheets); Maloalmatinsky
gorge, shrub thickets, 23.IV.1913, Shishkin B.,
Genina V.; Werny, 17.111.1877, Regel A. (3 sheets);
Werny, Almatinka, 20.111.1877, Regel A.; Werny,
Kleine Almatinka, 10.IV.1877, Regel A.; near
Verny, gorge to the east, 18.111.1914. Poyarkov
A.; Semirechensky region, surroundings of Verny,
04.V.1887, Killoman.

Tarbagatai: in ruperstribus montium Tarbagatai,
praesertim ad torrentem Tscheharak-Assu frequens,
1840, Karelin et Kiriloff.

Eastern  Kazakhstan: ~ Ust-Kamenogorsk,
Prigonnaya mountain, northern shrubby slope,
29.V.1931, Shishkin B., Steinberg E., Sumnevich
G.; Kalbinsky ridge, Ulan district, Asybulak village,
south-western ravine of the mountain, among grass,
24.V.1939, Grubov V.; Kaljirskaya valley, on the
left side of Kaljira river, Alekseevskiy village,
13.1V.1908, Keller B.A.
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Depository of Living Systems «Noah’s Ark»
(MW)

Trans-1li Alatau: foothills, surroundings of
Verny city, zone of various grasses steppe, altitude
500 m, 20.1I1.1916, Abolin R.; Alma-Ata, rock
benches near military town, 12.IV.1939, Pavlov
N.V.; rock benches in surroundings of Alma-Ata,
northern slope with shrubs, 04.V.1936, Goloskokov
V.P.

Altai: village Shemonaikha, on Mokhnataya
hill, 26.1V.1901, Krylov P.;

Eastern Kazakhstan: 40 km to the south of
Ust-Kamenogorsk city, surroundings of village
Skalistoe, valley of steppe stream, 20.IV.1987,
Smirin V.M.;

Tarbagatai: in ruperstribus montium Tarbagatai,
praesertim ad torrentem Tscheharak-Assu frequens,
1840, Karelin et Kiriloff.

Scientific depository “Virtual Herbarium
ALTB”

East Kazakhstan region: Kalbinsky ridge,
surroundings of Samsonovka village, foothill of
southern slope, in shrubs, 08.V.1970 (2 leaves);
Kalbinsky ridge, 12 km to the north-west of
village Panteleymonovka, 07.V.2009, Sherin LA.,
Galkin A.V. (3 sheets); 5 km to the south of Ust-
Kamenogorsk city, left bank of Ablaketkariver, stony
slope of southern exposure, 10.1V.1997, Shmakov
A.l. (2 sheets); 4 km from Shemonaikha village,
bridge over Uba river, eastern slope, 15.1V.1990;
Kurchum district, western spurs of Narymsky
ridge near Kaznakovskaya crossing on Bukhtarma
reservoir, scrubby, turfy slopes, N 48°44', E 83°28’,
05.V.2001, S.A. Dyachenko; Kurchum district, spurs
of Kurchum ridge, Kukumbai mountains, 42 km from
Kurchum village, rubbly slopes of gorge, N 48°27,
E 84°10’, 06.V.2001, Diachenko S.A.; Kurchum
district, southern spurs of Azutau ridge, Bulgar-
Tabatty mountains, slopes of northern exposure with
juniper, N 48°16’, E 85°22', 08.V.2001, Diachenko
S.A.; Kolba, Chechek Pass, 24.1V.1988, Tsyganov
A.P.; Ulansky District, Kalba Range, eastern macro-
slope of mount Medvedka, elevation 1200 m, N
49°34'50", E 82°37'12", 30.V.2006, Smirnov S.V_,|
Kutsev M.G., Kurilo A.I., Skalozubov R.G.

Genus Leontice L.

Leontice ewersmanii Bunge

A strong perennial plant with an ovoid tuber.
Blooms in March-April. It grows on clay and sandy
soils in the desert plains and foothills, sometimes
as a weed in crops, wastelands and roadsides.
Distribution: in the Kzyl-Orda region, Muyun-kum,

Lake Balkhash Region, Kyzyl-kum, Turkestan,
Dzungarian, Trans-Ili Alatau and Kungei Alatau,
Ketmen-Terskey Alatau (Syugaty valley), Chu-Ili
Mountains, Kyrgyz Alatau, Western Tien Shan [21].

Herbarium of the Institute of Botany and
Phytointroduction (AA)

Dzungarian  Alatau: south-western spurs,
Chulak, Moncha-sai mountains, along steppe fine-
grained places in the middle part of the gorge,
28.V.1928, Goloskokov V.P.

Kyzyl-Kum: Syr-Darya district, northern slope
of Balyk-tau mountain, 23.1V.1930, Golovanov;
Central Nuratau, 800 m elevation, 27.I1V.1975,
Baitenov M.S.; Shubarbaital gorge, south-eastern
stony slope, 05.VI.1980. Kudabaecva G.M. (2
sheets).

Trans-1li Alatau: Kastek mountains, Kurdai
pass, western slope, fine-grained lowlands,
18.V.1976, Nelina N.V.; Kastek mountains,
Kurdai pass, in lowlands, 21.IV.1976, Eremina
N.H.; Kastek mountains, Kurdai pass, 21.1V.1976,
Karmysheva N.K.

Herbarium of the V.L. Komarov Botanical
Institute, Russian Academy of Sciences (LE)

Dzungarian  Alatau: south-western spurs,
Chulak, Moncha-sai mountains, along steppe fine-
grained places in the middle part of the gorge,
28.V.1955, Goloskokov V.P. (3 sheets)

Trans-1li  Alatau:  Semirechensky region,
Pishpek uyezd, Kurdai pass, plateau at the top of the
pass, 19.1V.1913, Shishkin V., Genina V. (3 sheets);
Kurdai pass, 20-21.111.1879, Fetissow A. (4 sheets);
Kurdai pass, right in the mountains, 13.V.1976,
Kosenko V.N.; Kurdai, 15.IV.1880, Fetissow;
Semirechensky region, Pishpek uyezd, in foothills
of Chu-Ili range, village Georgievskoe, Sovetkina
M.; Kendyk Tas mountains, 07.V.1886, Krassnow
(2 sheets); Semirechensky region, Pishpek uyezd,
between Konstatinovskaya-Syugatinskaya stations,
28.V.1909, Mikhelson A.; Semirechensky region,
Pishpek uyezd, Kamyshansk village, 23.VI.1916,
Tsingerling Yu;

Southern Kazakhstan: in the surroundings
of Kabud-say station of Arys-Tashkent railway,
wormwood steppe, 26.111.1962, Gubash 1.; Syr-
Darya region, hilly foothills of Western Tien-Shan
in the area of borders of Tashkent and Chimkent
uyezds, surroundings of Suksuk-kuduk well on
steppe escarpments, 28.1V.1926, Yarmolenko A.
(2 sheets); Syr-Darya region, Arys station, steppe,
29.111.1911, Dimo N.A., Sprygin LI, Shulga
I.A.; Turkestan, Tashkent uyezd, Suksuk-kuduk,
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02.V.1926; hilly foothills of the Western Tien-Shan
near Tashkent (Syr-Daryaregion) between the village
of Kazanskiy (Chigerino) and the railway station,
04.V.1926, Yarmolenko A.; slopes of flat loess hills
near Kabul-say junction of Arys-Tashkent railway
25 km south of Arys station, thickets, 07.V.1961,
Vlasov MLI. (2 sheets); in the surroundings of Kabul-
sai junction, Arys-Tashkent railway, wormwood
steppe, 26.111.1962, Vlasov M.; between Kabul-say
station and 42nd junction of Arys-Tashkent railway,
22.V.1956, Soskov Yu.; Syr-Darya region, Tashkent
uyezd, crops between Keles station and Darbazy,
17.1V.1916, Kultiasov M.; between 42-43 junctions
of Tashkent railway, on the road from Arys station
to Tashkent, 19.V.1958, Soskov Y.D. (2 sheets);
Chingildy station, 21.V.1877, Fetissow (2 sheets);

Kyrgyz Alatau: northern slope, south-eastern
slope of Sulutur river gorge, 1900 m high, 31.V.1930,
Igolkin G.I.

Kyzyl-Kum: foothills between Sherekty and
Kara-tau, in steppe, 13.V.1932, Rusanov F.;
wormwood steppe 4 km west-southwest of Kurak-
Bai village, 22.V.1932, Afanasyev K.

Semirechensky region: Pishpek uyezd, right
bank of the Chu river, open grassy steppe on slightly
elevated place near Ulan-Tumsuk mountain, 20.
V.1916, Somatkina M., Chausova S.

Depository of Living Systems «Noah’s Ark»
(MW)

Western Tien-Shan: on clay hills of Kaplanbek,
06.1V.1923, Korovin V.

Karatau: Ak-tau mountain, steppe slope. Near
Leontievka village, 16.V.1934, Chilikina L.

Trans-1li Alatau: Kurday pass, dry steppe,
26.V.1939, Pavlov N.V.; dry steppe at Kurday pass,
16.V.1939, Pavlov N.V.

Southern Kazakhstan: South Kazakhstan region,
near Arys station, between 42nd passing-track
and Kobulsay, 07.V.1961, Gubanov 1.A.; between
Chimkent, Tashkent and Syr-Darya, 23.IV.1975,
Pimenov M.G.; the steppe in 20 km to the south-
east from Arys, 19.V.1958, Gubanov L.A.; Syr-
Darya region: Kaplanbek tract, bogara, 28.111.1922,
Vvedensky A.l; Dzhambul region, surroundings
of village Chernorechenskoe, Chu river valley,
06.VI1.1969, Pimenov M.G.

Central Kazakhstan: Karsakpai district, on
mountain slopes near Karsakpai plant, 01.V.1930,
Smirnov E.

Leontice inserta Pall.

Ephemeroid. Perennial herbaceous plant with an
ovoid or globular tuber. Flowering in April. It grows
on rubble slopes of low mountains, on sandy, clay
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and saline soils in deserts, and in saxaul thickets.
It occurs in the Caspian Sea region, Mugodzhary,
Emba, Turgai, Western Kazakh Uplands, Zaisan,
northern Ustyurt, Aral Sea region, Kzyl-Orda
region, Betpakdala, Muyunkum, Balkhash lake
region, Dzungarian Alatau, Ketmen, Terskey Alatau
[21]. In China, this species is regionally included in
the List of Key Protected Wild Plants of Xinjiang
Province [40].

Herbarium of the Institute of Botany and
Phytointroduction (AA)

Betpak-dala: eastern end of the desert, loamy,
moist soil, 21.1V.1976, Orazova A.O.

Balkhash lake region: 9-12 km from Bakanas
village eastwards to Birlik village, among
wormwood-rhubarb-saxaul vegetation, altitude 403
m, N 44°48'37.7" and E 076°35'53.1", 29.1V.2015,
Ramazanova M.

Herbarium of the V.L. Komarov Botanical
Institute, Russian Academy of Sciences (LE)

Aral sea region: area of Aralsk, mounds of
small gopher, spring 1958, Vartavsky; Aral Sea,
Auzy Kum-aral, 09.V.1902, Berg L.

South Kazakhstan: Syr-Darya region, sands
among saxaul forest between Bil-kora tract and old
Chu river bed, 30.V.1916, Sowtypkina M.; Syr-
Darya region, Kazalinsk, Ak-suat, 01.V.1903, Berg
L.; Boktagaryk wormwood sand steppe, 14.V.1905,
Abramov V.A.; Syr-Darya region, Perovskiy uyezd,
sands of Taigakum station, 16.1V.1906, Nikolskiy
V.V.; island of Asche-Kul lake, 09.V.1905,
Abramov V.A.; near Baylakum station, 100 versts
from Perovsk, 1908, Malyshev S.1.

Balkhash lake region: Eastern Betpak-dala,
western shore of Balkhash lake, near Myn-Aral
village on solonets, 07.V1.1949, Goloskokov V.P.
(2 sheets).

Depository of Living Systems «Noah’s Ark»
(MW)

Atyrau region: clay desert on the shore of Lake
Inder, N 48°30'50"”, E 51°52'30", 05.V.2011,

Onipchenko V.G.

Karatau: north-eastern foothills of the eastern
part of the ridge, Kur-Shabakty tract, wormwood
semidesert, 17.V.1936, Chilikina L.; Transkaratau
desert, wormwood-boyalish plain between river
Uzen and Ak-sumbe, 12.V.1939, Pavlov N.V.; Pre-
Karatau desert, in saxaul thickets near Chiyli station,
16.V.1939, Pavlov N.V.

Aktobe region: south of Zharkamys village,
Chirkola ridge, chalk outlier Kaban-kulak, on a
plume, 25.V.1967, Tscherkassova G.1I.
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Balkhash lake region: Uch-Tyube, Eskeldy,
28.V1.1929, Berezin V.A.; in desert steppe near
Myn-aral, 20.V.1951, Pavlov N.V.; in saxaul
forest between 5 and 6 pickets of Karaganda tract,
17.V.1951, Pavlov N.V.

Northern Aral Sea region: sandy steppe,
11.V.1931, Serova E.; clay steppe, 28.V.1931,
Serova E.; clay steppe at the foothills of mountains,
10.V.1931, Serova E.

Mangyshlak region: Ustyurt plateau, 70 km
south-east of Beineu village, 06.V.1983, Rusanovich
LIL

The maximum information on the distribution
of Leontice and Gymnospermium species in
Kazakhstan was obtained thanks to the herbarium
of V.L. Komarov Botanical Institute of the Russian
Academy of Sciences (116 sheets), followed by
the digitized collection of Lomonosov Moscow
State University (42 sheets). The least of data was
obtained from the collections of the Institute of
Botany and Phytointroduction and the scientific
depository “Virtual Herbarium ALTB” (25 and 16
sheets, respectively). According to species, the data
were distributed in the following order: the largest
number of specimens of Gymnospermium altaicum
(76 sheets), followed by Leontice ewersmanii
(67 sheets), Leontice inserta (27 sheets), and
Gymnospermium alberti (26 sheets). In terms of the
time of collection, specimens collected 100 and more
years ago predominate. Not too many specimens are
dated 50-80 years from the last century, and only a
few modern herbarium specimens, most of the latter
are presented in the Scientific depository “Virtual
Herbarium ALTB”.

Gymnospermium altaicum. Most of his finds are
from the foothills of the Trans-Ili Alatau, especially
in the surroundings of the former town of Verny
(currently Almaty), and from the Altai mountain
ranges in eastern Kazakhstan. Only 2 herbarium
sheets were collected in the Tarbagatai Mountains
and dated 1840. More recent finds of the species
date from the late 1990s and early 2000s.

Leontice ewersmanii. Most of the herbarium
specimens were gathered in South Kazakhstan
in loess hilly foothills, in wormwood steppes. A
significant herbarium was also collected in the area
of the Kurdai Pass. Only a few herbarium sheets

refer to the Dzungarian Alatau (Chulak Mountains),
Kyzyl-Kumam, Central Kazakhstan and Kyrgyz
Alatau.

Leontice inserta. The herbarium was collected
in desert areas of the Balkhash Lake region, the
Aral Sea region, in South Kazakhstan, in the west
of Kazakhstan (Mangyshlak, Atyrau and Aktobe
regions). The most recent finds in 2015 were noted
in the Balkhash Lake region.

Gymnospermium alberti. The main finds were
found in the mountain ranges of the Western Tien
Shan in South Kazakhstan, mainly the Karatau
Mountains.

Conclusion

We critically analyzed more than 196 herbarium
specimens from large herbarium collections of four
scientific organizations in Russia and Kazakhstan.
All of the botanical specimens were collected
within the most typical natural environments of
the species, which supports the data presented
in the literature regarding the geographical
distribution and ecology of the Kazakhstan species
Leontice and Gymnospermium. The distribution
of Gymnospermium altaicum in the mountains of
Tarbagatai and Dzungarian Alatau is questionable,
because the only evidence of its presence in
Tarbagatai is the only two herbarium specimens
collected in 1840 by Karelin et Kiriloff. The
distribution of Gymnospermium altaicum in the
mountains of Tarbagatai and Dzungarian Alatau is
questionable, as the only evidence of the presence of
this species in Tarbagatai is the only two herbarium
specimens collected in 1840 by Karelin et Kiriloff.
Also, in these four collections, we were unable to
find any herbarium sheets with this species from
Dzungarian Alatau. In our opinion, it is needed
additional research to clarify the occurrence of rare
species Gymnospermium altaicum in the mountains
of Tarbagatai as well as Dzungarian Alatau. It is
also necessary to monitor this species in the foothills
of the Trans-Ili Alatau (surroundings of Almaty),
where, according to herbarium data, it was often
found in the late XIX—early XX centuries. The last
herbarium specimens were collected in 2017 only in
the surroundings of Kensai cemetery.
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ANALYSIS OF ENVIRONMENT USE AND BEHAVIOR
OF BUBO BUBO IN THE WESTERN TIEN SHAN,
SHAKPAK PASS USING GPS/GSM TELEMETRY

The study focuses on the habitat use and behavioral characteristics of the Eurasian eagle-owl (Bubo
bubo) at Shakpak Pass, located in the Western Tien Shan. This work is the first detailed research on the
spatial behavior and habitat use of this species in this vital migratory corridor. The goal was to map
the tagged Eurasian eagle-owl’s range, identify habitat preferences, and analyze behavioral adaptations
using a mixed-methods approach that combines quantitative GPS tracking with qualitative behavioral
observations.

The findings show the eagle owl’s significant localization of movements, demonstrating its attach-
ment to specific nesting and hunting territories. The analysis reveals the eagle owl’s capacity to adapt to
various hunting and roosting habitats, indicating a high degree of ecological plasticity. Distinct diurnal
and nocturnal activity patterns were identified, highlighting the owl’s specific hunting times and pre-
ferred habitats, ranging from open areas to rugged terrains.

The temperature analysis and daily activity tracking over nine days show that the eagle owl is more
active at lower temperatures, particularly at sunset and dawn, with peak activity periods from 7 pm to
11 pm and during dawn hours from 4 am to 7 am. This research provides valuable insights into the be-
havioral ecology of the Eurasian eagle-owl. The findings hold practical significance for avian ecology and
conservation science and can be useful for future research in the Tien Shan and analogous ecosystems.

Key words: Bubo bubo, bird behavior, nocturnal birds, GPS telemetry, GSM transmitter, habitat use,
bird conservation.
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300A0rms HCTUTYTbI, KasakcTtaHn Pecny6amkachl FbiAbIM >kaHe YKorapbl GiAiM MUHUCTPAIr,
KasakcTaH, AAMaThbl K.
2300A0runs MHCTUTYThbI, KbiTai FoiabiM Akaaemuscol, Kpitar, beixiH K.
*e-mail: bertalbek@gmail.com

batbic TsaHb-LLlanb, LLlaknak, acybiHAQ Ke3AeceTiH YKiHiH, Bubo Bubo
KOpLLaFaH OpTacbiH NaMAaAaHy epekiLleAiKTepiH
GPS/GSM TeaemeTpus apKbiAbl TAAAQY

byA 3epTtTey xymbicbl batbic TaHb-LLlaHbaa (TeHipTayaa) opHaAackaH LLlaknak acybiHAAFbl YKiHIH,
(Bubo bubo) TipuiiAik eTy opTachl MEH MiHE3-KYAbIK, €peKLLEAIKTEPiH TYCiHyre apHaAFaH. byA XXymbicTa
aanraw pet GPS/GSM TpekuH KOAAQHbIABIM, YKiHiH MaHbI3Abl KOLWIi-KOH ASAI3i caHaAaTbiH Lllaknak,
acyblHAQ TIpWIAIK eTyi Typaabl erxen-TerkerAi aknapar 6epirai. XKyMbICTbIH MakcaTbl — YKiHiH
TapaAy anMarblH KapTaFa TYCipy, TipLiAiK eTy opTacblHa TaAanTapblH aHbIKTay, CAaHAbIK, )KOHe canaAblk,
aAicTepai GipikTipeTiH apaAac aAiCTepAl KOAAAHY apKbIAbl MiHE3-KYAbIK, OEMIMAEAYIH TarAdy GOAABI.

AABIHFAH HOTMXKEAep YKi KO3FaAbICbIHbIH, MaHbI3Abl MapLUPyTTapblH, OHbIH Y8 CaAaTblH >KOHe
aH ayAaMTbiH ayMaKTapFra OGaFbIHbIWTbIAbIFLIH KOpCeTeAi. YKiHiH aHWbIAbIK, >K8HE TYPAI MekeHAey
opTacbiHa Genimaeny KabiAeTiHe Kapan, OAapAbIH 3KOAOTMSIAbIK, MKEMA] TYP eKeHiH Giayre 60AaAbl.
YKiHiH aH, ayAay yakbiTbl MEH allblK, >XEPAEPAEH OMAbI-KbIPAbI AAHALLATapFa AeliH MEeKeHAENTIH
>KepAepi aHblKTaAAbl. KYHAEAIKTI OEACEHAIAIMH >KoHe TeMmnepaTypara TOYEAAIAIriH Taaaay 6apbiCbiHAQ,
YKiHiH TOMEHri TemnepaTtypaaa kebipek aHFa LWbIFaTbiHbI, bIMLIPT MEH TaH aTkaHAa 6eACeHAl GOAATbIHDI
HaKTbIAQHADI.

Ykini GPS Tpekep apkblAbl 6akblAdy 9 KyH 60Wbl XKYPri3iAAi, kaHe TayAikTeri eH 6eACEHAl Ke3eHi
19.00-peH 23.00-re AeiiiH XoHe TaHfFbl caraT 4-TeH TaHfbl 7-re AeriH 60AAbl. Bya 3epTTey ykiHiH
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MiHE3-KYAbIK epeKLIeAiKTepi TypaAbl KyHAbl aknapaT 6epeai. HaTuxeaep KycTapAblH OMOAOIMSChbI
MeH TabuFaTTbl KOPFay FbIAbIMbIH 3epTTeyre npakTMKaAbiK, MaHbi3bl 6ap, 6yA TaHb-LLIaHb MeH yKcac
3KOXYMeAepae boAallak, 3epTTeyAepre Heris 60AaAbl.

TyiiH ce3aep: YKi, Kyc akoAaorusicbl, TyHri Kyctap, GPS TeaemeTpus, GSM TapaTKkpblilibl, TipLiAiK
eTy OpTacblH NanAaAaHy, KyCTapAbl KOpFay.
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AHaAM3 MCNOAb30BaHUS CpeAbl U noBeAeHus cpuamnba Bubo Bubo
B 3anapHom TsHb-LLlaHe, Ha nepeBaAe LLlaknak
¢ nomouupto GPS/GSM TeremeTtpum

McecaepOBaHME MOCBSILLEHO MCTIOAB30BAHMIO CPEAbl OOMTaHMS U MOBEAEHUYECKMM OCOBGEHHOCTSIM
manta (Bubo bubo) Ha nepeBane Lllaknak, pacnoao>keHHoM B 3anaaHom TsHb-LLlane. 9To nepsoe
AETaAbHOE UCCAeAOBaHVE NMPOCTPAHCTBEHHOIO MOBEAEHMWS BUAA U UCTTOAb30BaHUSI CpeAbl 06MTaHUS B
3TOM BaXKHOM MUTPALIMOHHOM KOprAOPpe. Lleabio 6bIA0 COCTaBUTb KapTy apeasa NnomMeveHHOro hMAmHa,
OMPEAEAUTb MPEATNOUTUTEAbHbIE MECT OOMTaHMS 1 MPOAHAAM3MPOBATb MOBEAEHUECKYIO aAanTaumio,
MCMOAb3YSl CMELLaHHbI MOAXOA, KOTOpbIM coveTaeT B cebe KoanuecTBeHHoe GPS-oTcaexumBaHue C
KAueCTBEHHbIMU HABAIOAEHMSIMM 32 MOBEAEHMEM.

Pe3yAbTaTbl MOAUYEPKMBAIOT 3HAUNTEABHYIO AOKAAM30BAaHHOCTb NepemeLleHns hUAMHA, NoKasbiBas
€ro MpuBSI3aHHOCTb K FHE3A0BOM M OXOTHUYLEM TEppPUTOPMU. AHAAM3 MOKa3blBAET CrOCOGHOCTD
(PUAMHA aAANTMPOBATHLCS K Pa3HOO6BPA3HbIM CPEAAM OOUTAHMS AASt OXOTbI M HOUEBKM, UTO YKA3bIBAET Ha
3KOAOTMYECKYIO MAACTUYHOCTb. BbIAM BbISIBAEHBI OTUETAMBbBIE MOAEAM AHEBHOM M HOUHOW akTMBHOCTH,
AEMOHCTPUPYIOLLME KOHKPETHOE BPEMSI OXOTbl 3TOF0 BUAA U MPEANOUTUTEAbHbIE MECTA 0BUTAHUS: OT
OTKPbITbIX TEPPUTOPUIT AO MEepeceyeHHON MECTHOCTU.

AHaAM3 CYTOUYHOM aKTMBHOCTM M 3aBMCMMOCTM OT TemrepaTypHOro pexkuma nokasblBaeT, UTo
MAMH aKkTMBEH Npu 6oAee HM3KMX TemrnepaTypax, Ha 3akaTe U Ha paccBete. OTCAeXXMBaHWE CYTOYHOM
AKTMBHOCTU MPOBOAMAOCH B TeueHune 9 AHel, B pe3yAbTaTe OblA BbiBAEHbl HanboAee aKTMBHble
yacbl — € 7 Beyepa A0 11 HOUM, a B pacCBETHble Yacbl — C 4 A0 7. DTO UCCAEAOBaHUE AQET LEHHYIO
MH(OPMaLMIO O NMOBEAEHYECKMX 0COBEHHOCTSX PUAMHA. Pe3yAbTaTbl MMEIOT NPaKTUYeckoe 3HaueHue
AAS M3yueHWs OMOAOIMM AQHHOTO BMAQ MTWULL M MPUPOAOOXPAHHOM HayKM, MPEAAArasi OCHOBY AAS

OYAYLLMX MCCAeAOBaHMI Ha TaHb-LLIaHe 1 MOAOOHbIX 3KOCUCTEMAX.
KAroueBble caoBa: hrAMH, noBeaeHWe NTul, HouHble NTuubl, GPS TeanemeTpus, GSM nepeaatumk,

MCMOAb30BaHNe CpeAbl O6MTaHM$I, OXpaHa NTuu.

Introduction

The Eurasian Eagle-Owl (Bubo bubo),isaspecies
of notable conservation interest, yet its behavioral
patterns and habitat utilization in the Western Tien
Shan region remain insufficiently understood.
The choice of topic is driven by both a theoretical
interest in the ecological adaptations of Bubo Bubo
and a practical concern for its conservation status,
especially given its classification as rare and red-
listed in Kazakhstan.

The objectofthis study is the ecology, particularly
habitat utilization and behavioral dynamics of Bubo
bubo within the Shakpak Pass where located in
Western Tien Shan. This area, known for its unique
topographical and ecological characteristics, serves
as a crucial corridor for migrating birds, offering a
rare opportunity to study the species in a migratory
bottleneck.

Our research aims to fill the existing knowledge
gap by providing detailed insights into the spatial
movements, habitat preferences, and behavioral
patterns of Bubo Bubo, utilizing first time
cutting-edge GPS/GSM telemetry technology.
The objectives include mapping the home range,
identifying key habitat components, and analyzing
behavioral adaptations to the environment and
human disturbances.

This study employs a mixed-methods approach,
integrating quantitative GPS tracking data with
qualitative observations of behavioral patterns.

The significance of this study is to enhance our
understanding of the Eurasian eagle owl’s ecology
and behavior. By exploring these areas, we aim to
gain insights into the species’ survival strategies
and habitat requirements. This knowledge is for
developing effective conservation measures to
protect the owl and its environment.
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The Eurasian Eagle-Owl (Bubo bubo) is a large
owl species found in various habitats across Europe
and Asia. It is a rare and red listed bird [1] nests
and is found in wintering grounds throughout almost
all of Kazakhstan [2, 3]. They are found in a wide
variety of areas, including flat and hilly areas with
rocks and cliffs, in river valleys, in dense deciduous,
coniferous or mixed forests, in the Tien Shan at an
altitude of up to 3000 meters above sea level. It nests
in separate pairs, very far from each other. Nesting
territories are stable and, in the absence of external
disturbance, are used by birds year after year [4].
Within the administrative borders of Kazakhstan in
the Aral-Caspian region, at least 1200-1500 pairs
of ecagle owls are known to nest [5]. In southern
Kazakhstan in 1985-1988, 6 cases of nesting of the
eagle owl Bubo Bubo were recorded [6]. In Eastern
Kazakhstan, the population of the eagle owl has
been declining; once common two decades ago, it is
now one of the rarest species in the region [7].

Research by Heggoy et al. (2021) utilized GPS
satellite telemetry to investigate space use and
movements of Eurasian Eagle-owls in Norway.
The study found that adult breeding eagle owls had
a mean home range size of 42.9 km? and exhibited
long excursive movements away from their
breeding territories during the post-breeding season,
highlighting the species’ wide-ranging behavior [8].
Van Nieuland et al. (2019) also conducted a habitat
suitability assessment for Eurasian Eagle-Owls in
Limburg, the Netherlands, using GPS tracking data to
validate the model. The assessment identified quarries
and vegetation structures as primary attractors for the
species, emphasizing the importance of these features
for conservation efforts [9].

A study explored the behavior of Eagle Owls
in an operating quarry in Hungary, discovering that
the tracked female owl was not disturbed by regular
human activities, but unexpected and non-regular
disturbances proved to be more disruptive. This
finding highlights the adaptability of Eagle Owls to
human-modified environments while also pointing
out potential stressors [10]. Another investigation
delved into the potential of bioacoustic methods for
monitoring individual Eagle Owls, demonstrating
that individuals could be identified by their calls.
This has significant implications for understanding
population dynamics and informing conservation
strategies [11].

The adaptability of the Eurasian Eagle-Owl
to human-altered landscapes has been studied,
showing that breeding pairs prefer territories at
lower elevations and closer to human activities,
despite the associated risks such as electrocution,
indicating a complex balance between benefits and
costs in these environments [12].

Materials and methods

Study Area

The study was conducted at Shakpak Pass,
located at longitude E70.60549° and Ilatitude
N42.53038°, at an altitude of 1161 meters. This
location is a well-known geographical bottleneck
for migrating birds between Karatau and Talas
Alatau in the Western Tian Shan region (Fig 1). The
area is significant as a habitat for both migrating and
non-migrating birds, offering a diverse landscape
that encompasses open areas, agricultural lands, and
rocky terrains.

/b[) 5 10 km

|

Figure 1 — Map of study area
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Trapping and Tracking

During the annual migration monitoring on
September 7, 2022, an adult Eurasian Eagle-Owl,
weighing 2300 g, was captured at the Shakpak
ornithology station using a stationary Heligoland-
type trap [13]. This marked the sixth capture of
this species at the station in 58 years, with the last
capture occurring in 1995 [14].

The Eurasian Eagle-Owl was equipped with the
GPS satellite transmitter model Global Tracking
HQBG1815S to monitor its movements, habitat use,
and activity patterns. This transmitter is designed as
a backpack unit, weighing between 15-18 grams,
and measures 63 by 23 by 18 millimeters in length,
width, and height, respectively. It boasts a substantial
storage capacity of 2,600,000 fixes and utilizes
multiple positioning modes including GPS, BDS,
and GLONASS, ensuring a positioning accuracy of
5 meters. The transmitter is solar-powered, and is
designed to have a lifespan of more than 5 years.
Additionally, it is waterproof up to 10 ATM, making
it resilient in various environmental conditions. The
transmitters were designed to record geographical
location, altitude, flight speed, exercise, validity,
and temperature at 1-hour intervals [15].

Data Collection

The tracking device was attached to an adult
Eurasian Eagle-Owl at Shakpak Pass, initiating data
collection on September 7, 2022. Over 8.3 days,
until September 15, 2022, 193 GPS data points
were recorded. Key quality indicators assessed for
each data point included the number of satellites
connected, Horizontal Dilution of Precision
(HDOP), Vertical Dilution of Precision (VDOP),
and the validity status of the data.

Data Analyses

For the movement analysis, the total distance
traveled, average speed, and home range arca
were calculated using the GPS tracking data.
The collected data were then imported into
QGIS v.3.26.2. for detailed spatial analysis and
mapping [16]. To understand the home range
and occurrence patterns, motion models from
the ctmmweb v. 0.2.10 online application were
employed [17, 18]. The selection of the best model
was based on several factors including the delta
Akaike Information Criterion corrected (dAICc)
value, degrees of freedom (DOF) metrics, and the
performance characteristics of each model, such
as area, speed, and diffusion. The dAICc value
is important for comparing models to minimize

information loss and identify the model that most
closely represents the true mechanism.

Further analysis of the data was conducted to
identify diurnal behavior patterns, hunting times,
and preferred habitats. This step involved noting
periods of high speed and rapid altitude changes,
which served as indicators of hunting activity.
Altitude data were meticulously analyzed to deduce
vertical habitat use, differentiating between flying,
perching, and ground-level activities.

Temperature Correlation: The relationship
between the owl’s activity levels and environmental
temperature was examined to assess how temperature
influences behavior, especially in terms of mobility
and hunting strategies.

Results and discussion

Tracking Data Quality

The starting point of GPS tracking for Bubo
bubo at Shakpak Pass was recorded on September 7,
2022, at 10:17 AM. Key quality indicators assessed
included the number of satellites connected at
each data point, Horizontal Dilution of Precision
(HDOP), Vertical Dilution of Precision (VDOP),
and the data validity status. The majority of the data
points (approximately 85%) were collected with a
satellite count of 6 or more, ensuring a high level
of positional accuracy. The distribution of GPS data
quality grades, ranging from ‘A’ for excellent to ‘D’
for satisfactory. The HDOP values, predominantly
ranging between 1.1 and 2.2, and VDOP values,
generally around 0.8 to 0.9, further corroborated the
precision of the location data. The validity status of
the data was also examined, with all of the points
marked as ‘Valid’. This 100% validity rate indicates
a robust and reliable dataset.

Migration Patterns

The Eurasian Eagle-Owl traveled a total distance
of 106.786 km at an average speed of 12.8 km/
day during 8.3 days (Fig 1). The OUF anisotropic
model, with a perfect dAICc score of 0, accurately
captures the movement of Bubo bubo. According to
the model, the bird covered an area of 20.26 km?.
Tau metrics reveal that the owl’s location remained
consistent for approximately 28.47 hours, with speed
changes occurring roughly every 12.77 minutes.
There was no evidence of long-distance migration;
instead, the owl’s movements were localized,
staying within approximately 0.05 degrees from the
tagging point, indicating a stable utilization of the
area during the study.
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Figure 2 — GPS tracking map of Bubo bubo at Shakpak Pass. The numbers
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During the tracking period, the Eurasian Eagle-
Owl prefers Shakpak Pass, exhibiting localized,
non-migratory movement patterns within a

Altitude
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1100-1300 m sea level altitudinal range, which
corresponds to the topographic characteristics of
the area (Fig 2).
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Figure 3 — Flight altitude of Bubo bubo at Shakpak Pass recorded by GPS transmitter (Sea level)
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Habitat Use and Activity Patterns

The data on the Eurasian Eagle-Owl at
Shakpak Pass revealed distinct diurnal behavior
patterns, highlighting its ecological and
physiological adaptations. Active primarily
from early evening until morning, the owl

engaged in hunting across diverse habitats such
as open areas near railways, agricultural lands,
rocky terrains, and areas close to water utilities
(Table 1). Hunting times, identified by the owl’s
peak nocturnal speeds, reflect its adaptability to
different environments.

Table 1 — Daily Activity Patterns of a Eurasian Eagle-Owl at Shakpak Pass.

Day Activity time Inactivity time Hunting time and habitat* Roosting site
September 7 9pm-—7am 10 am — 8 pm 11pm, open area near railway Forest belt near highway
September 8 7pm—3am 8 am — 6 pm 9 pm, open area near tree Trees in the ravine
September 9 7pm—7am 4 am— 6 pm 11 pm, agricultural land Trees in the ravine

September 10 8 pm—7am 8 am—7 pm 7 am, rocky open space Shrubs near the forest belt

September 11 9pm-—7am 8 am — 8 pm 9 pm, op ensgﬁi}? near water Shrubs near the forest belt

September 12 8 pm—7am 8 am—7 pm Forest belt near highway

September 13 9pm-—7am 8 am — 8 pm 10 pm, agnfzultural land near Forest belt near highway
highway

September 14 9pm—7am 8 am — & pm 6 pm, rocky open space Forest belt in the ravine

September 15 7 pm—7am 8 am— 6 pm Forest belt in the ravine

*Hunting times were identified based on periods of the owl’s highest recorded speeds during nighttime

Hunting Behavior
Speed bursts, coupled with rapid altitude
changes, were key indicators of hunting activity.

The data showed these bursts were most frequent
in the hours just after sunset and before sunrise,
suggesting crepuscular hunting habits.

Speed - Time
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Figure 4 — The flight speed of Bubo bubo recorded by GPS transmitter
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Figure 5 — The daily activity of Bubo bubo recorded by GPS transmitter

Roasting sites

Locations where the owl remained stationary for
prolonged periods, during daylight, were pinpointed
as likely roosting sites. Observations indicated a
preference for natural shelters such as forest belts
near highways, trees in ravines, and shrubs close
to forested regions for these rest periods. These
chosen sites imply a deliberate selection for areas
that provide safety from predators and disturbances,
while being close to hunting territories.

Temperature Effects on the Behavior

The temperature’s impact on the activity of
Bubo bubo was analyzed by correlating the owl’s
movements with temperature readings from the
GPS tracker. The owl was more active at cooler
temperatures, showing increased movement at dawn
and dusk. Higher temperatures were associated with
reduced movement, suggesting the owl was resting
or avoiding heat. Hunting was more dynamic at
comfortable temperatures, with the owl utilizing a
variety of altitudes. Extreme temperatures, however,
seemed to restrict hunting to specific altitudes where
conditions were likely more tolerable. Temperature
fluctuations had a limited effect on roosting.

Discussion

To calculate ground level information, we
compared a digital elevation model (DEM) with
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GPS data. The middle ground level altitude was
22 m.

The altitudinal data from the GPS tracking of
Bubo bubo at Shakpak Pass offer insights into the
owl’s vertical use of its environment. The recorded
altitudes range from 0 to 468.6 meters above ground
level, with numerous readings indicating ground
level (0 meters), which can be associated with
roosting or hunting behaviors.

Significant altitudinal changes were noted,
with the owl reaching a maximum of 468.6 meters,
which likely corresponds to flight behavior. Periods
of sustained high altitudes, notably readings such
as 169.3, 193.9, 204, and 150.6 meters, suggest
active flying, potentially for hunting or territory
exploration. Conversely, numerous instances of
low altitude readings, especially the consistent
0 meters, suggest ground-level activities. These
could be indicative of the owl’s interaction with
the terrain, such as hunting or roosting at ground
level or near it. Intermediate altitude readings, such
as 11.3, 17.8, 43, 52.4, and similar, may represent
perching behavior, where the owl is likely resting
or observing the area, possibly in preparation for
hunting. Fluctuations between these intermediate
altitudes and higher values may indicate the owl’s
take-off and landing patterns, which are essential
for understanding its hunting strategies and energy
expenditure. Furthermore, the frequency of 0-meter
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readings at night could suggest preferred roosting
sites. In contrast, the daytime readings with greater
altitude variation could reflect the owl’s active
period, engaging in hunting and territorial defense.
The sporadic high values, such as the singular peak
at 468.6 meters, might signify exceptional events,
perhaps disturbances that prompted an unusually
high flight, or could be anomalies in the data
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ALGOFLORA BIODIVERSITY
OF THE SORBULAK SEDIMENTATION LAKE
AND THE RELEASE OF TOXIN-PRODUCING CYANOBACTERIA

The vast diversity of microorganisms offers an immense and untapped source for uncovering poten-
tially valuable new species. The purpose of this article is to study the abundance of algoflora and the
isolation of potential toxin producers from the Sorbulak reservoir. 153 species of microalgae have been
identified in the Sorbulak reservoir. The greatest diversity is observed among green algae (44%), which
is typical for polluted aquatic ecosystems. In terms of quantitative composition, diatoms occupy the
second place (24%). Of the certain species in the ecosystem of the Sorbulac reservoir, 20% are cyano-
bacteria and 11% are eugenic algae. Among certain cyanobacteria, 15 are potentially toxigenic organ-
isms. 4 pure cyanobacteria cultures have been isolated from the Sorbulak reservoir. Out of the various
strains of cyanobacteria that were isolated, it was found that the Microcystis aeruginosa strain exhibited
the highest toxicity towards the A.salina test organism. In the biomass extract of the cyanobacterium
Microcystis aeruginosa, three structural variants of toxins—microcystins with specific molecular weights:
microcystine-LA — 910.61 m/z, microcystine-RR — 1038.52 m/z, microcystine-YR — 1045.47 m/z were
detected.

Key words: biodiversity, cyanobacteria, algae, algoflora, toxin-producing cyanobacteria.
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OA-Dapabm aTbiHAarbl Kasak, YATTbIK YHuBepcuTeTi, KasakcraH, AAMaThl K.
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CopoOyAakK, KeAiHIH, aAbrodpAOpPaCbIHbIH, GMOAAYAHTYPAIAIr
)K9He TOKCUH TY3eTiH LiMaHobakTepusianapAbl 6eAin ary

MukpoopraHmnamaepaiH 61MoaryaHTYPAIAIr )aHa NePCreKTUBTI MUKPOOPraHN3MAEPAIH TYPAEpiH
aHbIKTAY YLIIH MaiAAAaHbIAMAFaH eH YAKeH pe3epByap 6O0AbIN caHaaaabl. MakaaaHblH MakcaTbl
CopbyAak KeAiHiH aAbroAOaCbiH 3epTTey XKOHE TOKCUH Ty3yre KabiAeTTi uMaHobakTepusiaapAbl 6OAin
any. Copbyaak, KeAiHeH MUKPOBAAAbIPAAPAbIH, 153 Typi aHbIKTaAAbl. AacTaHFaH Cy 3KOXYyHeAepiHe
TOH >KOFapbl aAyaHTYPAIAIK (44%) >kacbin GaaAblpAapAd aHbiKTaAAbl. CaHAbIK, Kypambl GOMbIHIWIA
eKiHLLI OpbIHAbI AMATOMAbI GaAabipAap (24 %) araabl. CopOyAak, Cy KOMMAChIHbIH 3KOXYMeCciHeH
aHblkTaAFaH TypAepaiH 20% umaHobakTepusAap >xoHe 11% 3BraeHaabl GaAablpAap. AHbIKTaAFaH
LMAHOOAKTEPUAAAPABIH, illiHEeH 15 Typi MOTEHUMAAAbI TOKCUTEHA] OPraHn3mMAep GOAbIM CaHAAAAbI.
Copbyaak, keAiHeH 4 Ta3a umMaHobBakTepus AAKbIAAAPbI BOAIHIN aAbliHAbL. LinaHo6akTepusiaapAbIH
OKlIayAaHFaH WTaMAAPbIHbIH, iWiHAe A. salina cbiHak, 06beKTICiHE KATbICTbI €H YAbl LMaHoBaKTepUs
Microcystis aeruginosa wTammbl 60AAbI. Microcystis aeruginosa umMaHoOGaKTEPUSICbIHbIH, GrMomacca
CbIFbIHABICbIHAH TOKCUMHAEPAIH 3 KYPbIAbIMABIK HYCKacbl aHblkTaAAbl. OAapAbIH MOAEKYAQABIK,
caAMarbl: MUKpoUUCTUH-LA — 910,61 m/z, mmukpoumctnH-RR — 1038,52 m/z, MMKpOUUCTUH-YR —
1045,47 m/z.

TyHin cesaep: 61M0aAyaHTYPAIAIK, umMaHobakTepusiaap, 6arabipAap, aAbropAopa, TOKCUMH Ty3eTiH
umaHobakTepusAap.
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Algoflora biodiversity of the sorbulak Sedimentation lake and the release of toxin-producing cyanobacteria

C.H. Ceninbek, A. Konbicban, H.P. AkmyxaHosa*, b.K. 3asaaH,
A.B. EnamaroBa, 1.b. A6rnbyanaesa, H.E. Buaaryaosa

Kazaxckuit HauMOHaAbHbIN yHMBEpCUTET uMeHn anb-Dapabu, KasaxcraH, r. AAmarbl
*e-mail: akmukhanova.nurziya@gmail.com

buopa3sHoo6pasue arbrocpaopbl o3epa-otcroiiHuka CopOyAaak
M BblAeAeHME TOKCMHOOOPa3yoLLMX LMaHOBaKTepui

BriopasHoobpasme MUKPOOPraHM3MOB MPEACTaBASeT COOOM OrPOMHbIA U HEMCNOAb30BaHHbIN
MCTOYHUK AASl BO3MOXKHOTO OGHAPY>KEHMs HOBbIX MEepPCrnekTUBHbLIX BUAOB MUKPOOPraHmMamoB. Lleab
AQHHOWM CTaTbM M3yYeHME UMCAEHHOCTWM aAbrOMAOPbI U BblAEAEHME MOTEHLMAAbHbIX MPOAYLEHTOB
ToKcMHa M3 BoaoxpaHmamiia Copbyaak. B Boaoxpanmamine Copbyaak onpeaeaeHo 153 BMAOB
MMKPOBOAOPOCAE. Hanboabliuee pasHoobpasne OTMeYaeTcs CpeAu 3eAeHbiX BoAopocAen (44 %),
YTO XapaKTEPHO AAS 3arpsi3HEHHbIX BOAHBIX 3KOCUCTEM. [10 KOAMYECTBEHHOMY COCTaBy BTOPOE MECTO
3aHMMalOT AMATOMOBbIE BOAOPOCAM (24 %). M3 onpeseAeHHbIX BUAOB B akocucTeme Bopoema Copbyaak
20 % umaHobakTepuin U 11 % 3BraeHoBble BOAOPOCAU. Cpean OnpeAeAeHHbIX uuaHobakTepuin 15
SBASIOTCS MOTEHLMAABHO TOKCUIEHHbIMM OpraHuamMamu. M3 BoaoxpaHmamita CopbyAak BbIAEAEHbI
4 uncTbIX KYAbTYp UMaHobGakTepuii. Cpean M30AMPOBAHHbLIX LUTAaMMOB LMAHOOAKTEPUIt BbISIBAEHO,
yTO WTaMM Microcystis aeruginosa IBASETCS HaMboAee TOKCMUHbIM AAS TecT-opraHu3ma A. salina. B
aKCTpakTe GrMomMacchbl LmaHobakTepum Microcystis aeruginosa MAEHTUMUUMPOBAHbI 3 CTPYKTYPHbIX
BapMaHTOB TOKCMHOB—MMKPOLMCTUHOB C MOAEKYASIPHOM MacCom: MukpoumctnHa-LA — 910,61 m/z,

MukpoumcTmHa-RR — 1038,52 m/z, mukpoumctuH-YR — 1045,47 m/z.

KaloueBble  cAoBa:  6uopasHoobpasue,
TOKCMHOOGpasyioLLMe LMaHoOaKTepUil.

Introduction

Wastewater is the result of most human
activities that require the use of water. According
to the data from the UN World Report, the amount
of produced wastewater and its total pollution is
continuously increasing worldwide. The problems
of wastewater disposal fully apply to Kazakhstan
with a climate-related shortage of water resources.
One of the largest artificial reservoirs for technical
purposes not only in the Republic, but also in the
world are wastewater storage facilities in Almaty
and the region (Sorbulak and ponds of the Right—
Bank Sorbulak Canal — Pskov). They store large
reserves of fresh, but insufficiently clean water,
which can potentially be used for economic
purposes. However, wastewater storage facilities
may contain nutrients of natural and anthropogenic
origin, creating conditions for eutrophication and
exponential growth of microalgae.

Blooming occurs when the ecological balance
1s disturbed, as in uncontaminated natural reservoirs
and also in reservoirs under the influence of
anthropogenic eutrophication. One of the primary
and perilous agents in the occurrence of water
“blooms” is cyanobacteria. Usually, the proliferation
of cyanobacteria in water is associated with the
emission and buildup of various bioactive substances
and toxins. [1]. These toxins can be categorized
into two groups based on their activity: biotoxins
and cytotoxins. In terms of chemical structure and
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mode of action, biotoxins are further classified
into hepatotoxic cyclic peptides (hepatotoxins) and
neurotoxic alkaloids (neurotoxins) [2]. Hepatotoxins
exert their influence on hepatocytes and exhibit
carcinogenic properties. Neurotoxins interfere
with the functions of the nervous system, housing
market to experience rapiddeath within minutes due
to respiratory muscle paralysis. Cytotoxins affect
individual cell functions, primarily by inhibiting
enzymes, without lethally affecting multicellular
organisms. Cyanobacterial toxins are categorized
structurally into three main groups: peptides,
alkaloids, and lipopolysaccharides. The mechanisms
of action of cyanobacteria toxins encompass a
spectrum of effects, ranging from hepatotoxic and
neurotoxic consequences to genotoxicity [3].
However, despite the fact that these secondary
metabolites of cyanobacteria pose a danger to
humans and animals, some of them at the same
time may be interesting for agrobiotechnology as
a source of various agrochemical preparations. For
example, Microcystis strains are known to produce
cyclic heptapeptides that have algicidal, larvicidal
and herbicidal activity [4]. Anatoxin-a(c) is a potent
acetylcholinesterase inhibitor belonging to the
organophosphate class, and it is produced by strains
of Anabaena flos-aquae and A. lemmermannii. This
particular form of endotoxin induces hypersalivation
and bloody tearing in vertebrates [5]. This is the
only natural organophosphate with an insecticidal
effect and a new generation of pesticides can be
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created on its basis. It is noteworthy that synthetic
organophosphates, employed over an extended
period, exhibit a propensity to dissolve in lipids and
accumulate within cell membranes across diverse
organs in both humans and animals. In contrast,
anatoxin-a(c) demonstrates solubility in water,
rendering it more amenable to biodegradation.

The use of these compounds as biocides (such as
algicides, herbicides and insecticides) is predicted to
be more beneficial compared to synthetic biocides
from an environmental point of view. Due to the
numerous problems caused by synthetic pesticides,
the development of biogenic pesticides with a
reduced risk potential is desirable [6]. Drugs with
biological origin have one undeniable advantage
over “artificial” ones. It consists in the fact that
natural compounds are “honed” by evolution in terms
of the qualitative and quantitative correspondence
of their components to each other and are easily
biodegradable and safe for the environment [7].

The biodiversity of the algoflora of the Sorbulak
Lakes and ponds of the Right-Bank Sorbulak
Canal was studied in detail in the laboratory
of Photobiotechnology of the Department of
Biotechnology of the Al-Farabi Kazakh National
University. But little is known about toxic
cyanobacteria, as cases of cyanobacteria blooming
in Lake Sorbulak have been repeatedly recorded in
the summer, leading to the appearance of toxins.
In this regard, the purpose of this article is to study
the abundance of cyanobacteria and the isolation of
toxin producers from the Sorbulak reservoir.

Materials and methods

The object of the study — the Sorbulak settling
lake (43.675830, 76.576168) located in the Ili
district Almaty region (Figure 1).

Water samples were taken in the summer months
of 2022. A total of 40 algological samples were
collected, including samples of plankton, benthos,
and periphyton. Samples were collected at shallow
depths, in places with pronounced vegetation of
algae. All collected samples were carefully labelled.
The labels indicated the sample number, the
time and place of collection, and the name of the
collector. In the course of the study, field collections
and laboratory analyses were carried out using
methods generally accepted in algological practice,
quantitative samples were taken using a frame
(S = 0.01 m2). The fouling was scraped off the
substrate with a brush, fixed with Lugol’s solution
modified by G.V. Kuzmin [1]. Cyanobacteria were
studied using Premere and MicrosAustria light

microscopes with magnification from x40 to x100.
About 30-40 fields of view were viewed from
each water sample on at least 5 preparations. The
results obtained were expressed in the number of
cells per 1 ml of water. Cyanobacteria species were
determined in the native and fixed cell states. At
the same time, formaldehyde and iodine solutions
were used as a fixative. Cyanobacteria species
were determined using determinants x 8-9]. The
number of organisms was estimated on a frequency
scale after enumeration into 100 visual fields. The
frequency of occurrence was taken into account
according to a nine—point six—step frequency scale
with the following designations: 1 — very rare; 2 —
rare; 3 — often; 5 — often; 7 — very often; 9 — mass.
The types of microalgae indicators were determined
according to the determinants indicated in the list of
references. The saprobity index of the reservoir was
calculated using the Pantle and Bucca method [10].

Figure 1 — Map of Sorbulk lake (43.675830, 76.576168)

The accumulation culture of cyanobacteria
was obtained according to the traditional method.
Standard microbiological methods were used
to isolate an algologically pure culture from
accumulation cultures [11]. Algologically pure crops
were obtained from the obtained accumulative crops
by the method of repeated successive replanting
into appropriate nutrient media. Cyanobacteria
monocultures were obtained by inoculation with
a stroke and using a micropipette. The algological
purity of the isolated cultures was checked by
microscopy [11]. Cyanobacteria were grown in
500 ml flasks under sterile conditions. The mineral
media of Gromov and Zarruka were used.
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To determine the toxicity of cyanobacteria
biomass, lyophilic drying was performed in a Telstar
lyophilizer. The toxicity of cyanobacteria was
studied by short-term experimentation with a test
object on an Artemia salina test object [12]. For the
experiment, three-day mature female crustaceans of
medium size without parthenogenetic embryos were
selected and the experiment was carried outaccording
to the following scheme: a series of concentrations
(10.0 mg/ml, 1.0 and 0.1 mg/ml) of lyophilized
cyanobacteria biomass in glass glasses (100 ml)
with a medium volume of 20 ml were compiled. The
control was the option without adding biomass [13].
The degree of toxicity (percentage of death of test
organisms A%) was determined according to the
method [14], where A<10 is non-toxic, 10<A<25 is
slightly toxic, 25<A<35 is low toxic, 35<A<50 is
medium toxic, and A<50 is highly toxic;

Cyanobacteria extracts underwent separation
and analysis employing a high-performance liquid
chromatograph, specifically the HP 1100 Mass
Spectrometer MSDSL-lonTrap [15]. The separation
of cyclic peptides occurred on a Zorbax XDB C8
analytical column (4.6 x 150 mm). The mobile phase
comprised a methanol-water mixture, with a linear
gradient ranging from 30% to 100% methanol over
a 30-minute period, and a flow rate set at 0.6 ml/
min-1, maintained at 30°C. An aliquot of 20 pl from
the analyzed extract was utilized. The peaks at the
column outlet were recorded using two detectors: an
ion-trap type mass spectrometer and an ultraviolet
polychromatic detector (PDA). Detection of cyclic
peptides transpired at 230 nm with a retention
time falling between 10 and 25 minutes. The mass
charges (m/z) of ionized molecules (MSI) were
ascertained through tandem mass spectrometry.
Toxin identification was achieved by comparing the
molecular weights (mass charges) of compounds
and aligning them with their retention times on the
chromatogram.

Results and discussion

Algoflora of the Sorbulak settling lake and
isolation of pure cyanobacteria cultures

The Sorbulak settling lake is a natural closed
basin northwest of the city of Almaty, used for
collecting, post-treatment and storage of the city’s
wastewater. The deterioration of water quality and
the ecological state of Lake Sorbulak settler has
been repeatedly noted. A disaster for water users are
situations that arise in the summer period of the year
associated with intense “blooming” of water, which
causes an increase in the color, tastes and smells of
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water, as well as the incidence and death of fish in
the reservoir.

The analysis of the dynamics of algoflora
development did not differ significantly from the
data obtained in 2001-2005, the biodiversity of
algoflora was within the range of average values
over a long period. 153 species of microalgae
have been identified in the Sorbulak storage lake.
The greatest diversity is observed among green
algae (45%), which is typical for polluted aquatic
ecosystems (Fig. 2). Diatoms occupy the second
place in terms of quantitative composition (Fig. 2).
Of these, the leading role is played by species of the
Pennatophyceae class, in addition, it should be noted
the great species diversity of the genera Navicula,
Nitzschia. Species of the order Discoidalis developed
in large numbers: Cyclotella Kuetzingiana Thm.,
Stephanodiscus Hantzschii, Pennatae: Stauronies
anceps Ehr, Synedra ulna (Nitzsch) Ehr. 20% are
cyanobacteria from all the certain species in the
ecosystem of the Sorbulac reservoir. In addition to
them, euglenic algae (17 species) were noted in the
waters of the Sorbulac, which played a secondary
role in the formation of algocenosis of water.

Of the certain species of cyanobacteria in the
ecosystem of the Sorbulak accumulator, there
are species of Chroococcales: Gloeopcapsa
minor (Kutz) Hollerb, Microcystis aeruginosa
[ pseudofilamentosa, Microcystis aeruginosa f
sphaerodictycides Elenk, Microcystis aeruginosa
[ flos-aquae, Microcystis aeruginosa f aeruginosa,
Merismopedia glauca ( Ehr)Naeg (Table 1).
Anabaena variabilis Kutz, Anabaena flos-aquae
f minor (Lyngh) Breb, Anabaena constricta, as
well as species of Oscillatoriales developed from
Nostocales: Oscillatoria irrigua (Kutz), Oscillatoria
brevis (Kutz) Gom., Oscillatoria planctonica
Wolosz, Oscillatoria angustissima W. et. G.S.
West, Oscillatoria Villa Garden., Spirulina major
Kutz, Spirulina meneghiniana, Spirulina maxima
A. Wurtz. According to the results of our study,
31 species of cyanobacteria were identified in the
Sorbulak storage lake (Table 1).

As is known, the determination of the biodiver-
sity of microalgae of various reservoirs allows us to
assess the degree of contamination of each reservoir
with a high degree of reliability. Along with the
numerous functions of algoflora, algae, due to the
stenotopy of many species, their high sensitivity to
environmental conditions, significantly contribute
to the biological analysis of water. Thus, the change
in their state from highly polluted to moderately
polluted is accompanied by quantitative shifts in the
species composition of algae, i.e. The development
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of various types of microalgae largely depends on
changes in environmental conditions. Therefore,
investigating the microalgae biodiversity within the
reservoir and assessing the saprobity index enables
the determination of its ecological condition. Rep-
resentatives of B — mesosaprobic microalgae spe-
cies such as Ankistrodesmus minutissimus, Qocystis

Euglenophyta
11%

Cyanophvta
20%

Bacillarioophvta
24%

crassa, Nitzschia Hantzschiana, Microcystis aeru-
ginosa, indicator microalgae of oligosaprobic zones
are found in smaller numbers — Synedra pulchela,
Achnantes minutissima, Cyclotella Kuetzingiana,
Scourfilla complanata, the saprobity index is 2.5,
i.e. the reservoir is characterized by the type of or-
ganic pollution as § -mesosaprobic.

Chlorophvta
45%

Figure 2 — Quantitative ratio of microalgae species in the Sorbulak storage lake

Table 1 — Species composition of cyanobacteria of the Sorbulak storage lake

Occurrence

Composition of cyanobacteria

January

Saprobity | Toxigenicity

april July october

Aphanizomenon flos-aquae

1

3 5

8N
1

Anabaena variabilis Kutz

Anabaena flos-aquae f minor (Lyngh) Breb

Anabaena constricta

|+ ]+

Dolichospermum sp.

Gloeopcapsa cohaerens (Breb) Hollerb

Gloeopcapsa minor (Kutz) Hollerb.

Nostoc commune

Nostoc muscorum

Nostoc calcicola

Microcystis aeruginosa f sphaerodictycides Elenk

Microcystis aeruginosa f flos-aquae (Wittz)Elenk.

Microcystis aeruginosa f aeruginosa Kutz Elenk
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Merismopedia glauca (Ehr)Naeg.

Merismopedia punctata
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Table continuation

Occurrence

Composition of cyanobacteria

Jjanuary

Saprobity | Toxigenicity

april July october

Merismopedia tenussima Lemm.

2

2 3 2 a—p -

Phormidium foveolarum (Mont) Gom.

o -

Phormidium ambiguum

Phormidium tenue (Menegh) Gom

Pseudanabaena sp.

Oscillatoria irrigua (Kutz)

Oscillatoria brevis (Kutz)

Oscillatoria planctonica Wolosz

Oscillatoria tenius Ag

Oscillatoria willei Garen

Spirullina major Kutz

Spirullina meneghiniana

Spirullina minima A. Wurtz

Synechocystis sp

Synechococcus sp

NN W ~[N[W|lW N |wW NN |~ |~]|N

Ll | NN N W N NN N [N
N (N[ [NV |INN|w N[ W NN |
ULl | N[~ wW|lWwWlUy|N[WwW N |Www|w|w
'
1

In comparison with the spring period, the species
composition and frequency of cyanobacteria increased
in summer (Table 1). The frequency of occurrence of
all certain cyanobacteria in the summer period was
higher. If in the spring, representatives of the genus
Microcystis in the algoflora were very rare, then in the
summer, representatives of this genus dominate the
frequency of occurrence over the rest of the species.
Cyanobacteria stand out as pivotal producers of
allelochemical substances and toxins in freshwater
environments [ 16]. As aresult, they have the potential to
shape the dynamics of competition and the prevalence
of algal communities in aquatic environments by
selectively inhibiting the growth of other algae
[17]. The phytoplankton composition in freshwater
ecosystems, particularly in eutrophic waters, exhibits
variability and commonly encompasses cyanobacteria
and green microalgae as predominant constituents [17].
In eutrophic lakes such as Lake Taihu, cyanobacteria
and green algae exhibit seasonal succession [18]. Our
study also showed that seasonal dynamics is observed
between cyanobacteria and green algae in the Sorbulak
reservoir, and Microcystis aeruginosa actively
develops during the summer season [19].

Presently, approximately 50 cyanobacterial species
are recognized for their capability to produce toxins
[20]. However, toxigenicity is a characteristic specific
to individual strains rather than the entire species [21].
Field observations and laboratory investigations of
cultures have revealed that certain cyanobacterial types
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may encompass both toxigenic and non-toxigenic
strains [22]. Within the cyanobacteria of the Sorbulak
accumulator, 15 organisms are identified as potentially
toxigenic (Table 1).4 algologically pure cyanobacteria
cultures were obtained from the Sorbulac accumulator

(Figure 2).

Cyanobacteria toxicity assessment at the
Artemia salina test facility

To assess the toxicity of cyanobacteria,

an experiment to determine acute toxicity was
conducted at the Artemia salina test facility. Acute
toxicity testing is the main method that can provide
information about the effects of cyanobacteria on test
subjects. This method does not provide information
about the mechanism of inhibition, but the death
of the tested organisms is quantified. Unlike other
invertebrates used in toxicity tests, Artemia salina
larvae do not require feeding during the first 72
hours, so any change in their growth during testing
can be attributed to exposure to a toxic substance.
By testing for acute toxicity with the Artemia salina
test strain, we can determine the concentration of the
toxin at which 50% of the test strains die (LC,).

According to the experiment to assess the
biotoxicity of isolated cyanobacteria, in the case
of Phormidium foveolarum and Spirulina minima
at biomass concentrations of 0.1 mg/ml, 1 mg/ml,
10 mg/ml, no changes in the appearance of the test
object and mortality were recorded within 12-24
hours (Table 2).
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Microcystis aeruginosa SP

Nostoc commune

Phormidium foveolarum

Spirullina minima

Figure 2 — Algological pure cyanobacteria cultures

Table 2 — Artemia salina survival test at various concentrations (mg/ml) of dry cyanobacteria biomass, %

Test time, h
2 | 24 | 12 | 24 | 12 | 24
Ne Culture Concentrations of dry cyanobacteria biomass (mg/ml)
0,1 1 10
1 Phormidium foveolarum 0 0
2 Spirullina minima 10 0
3 Microcystis aeruginosa 10 20 30 60 80 100
4 Nostoc commune 0 10 10 20 30 40

At a concentration of 10 mg/ml of dry cells
in Nostoc commune cultures, 40% A. salina was
observed to die within 24 hours. At a biomass
concentration of 1 mg/ml for 24 hours, more than
50% of 4. salina mortality was detected in Micro-
cystis aeruginosa variants (Table 2). Microcystis
aeruginosa culture showed high toxicity, causing
100% mortality of A. salina at a biomass concen-
tration of 10 mg/ml for 24 hours. Morphologi-
cal changes were also observed in the test object
(Figure 3).

Cyanobacteria cultures subjected to biotesting
using A4. salina were classified according to the
degree of toxicity [14] as follows:

Class I — refers to crops with high toxicity.
This includes a dedicated culture of Microcystis
aeruginosa, which caused the death of 100% of test
objects within 24 hours at a biomass concentration
of 10 mg/ml.

Class IV — represents cultures with moderate
toxicity. This class includes Nostoc commune
with moderate toxicity, where 35 <A < 50 during
biotesting.

Class V — refers to non-toxic crops. This
includes cultures of Phormidium foveolarum and
Spirulina maxima, during biotesting of which no
changes in the concentration of these cultures in the
vital activity of the test object were detected.
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Figure 3 — Morphological changes in crustaceans Artemia salina after testing the dry biomass
of Microcystis aeruginosa, a — control, b, ¢, d — at a concentration of Microcystis aeruginosa biomass
of 10 mg/ml. Optical microscope with x10 magnification

Thus, among the cyanobacteria strains isolated
by us, the Microcystis aeruginosa strain turned out
to be the most toxic in relation to the 4. salina test
object.

The composition of toxins produced by the
cyanobacterium Microcystis aeruginosa

Extracts from the biomass of the cyanobacterium
Microcystis aeruginosa contained three clearly
recognized  compounds, microcystin-LA = —
molecular formula — C, H_N.O , molecular mass —
910,61 m/z., microcystin -RR — molecular formula

- C,H.N.O, molecular mass — 1038,52 m/z.

497775

microcystin -YR —molecular formula—C_H N O .
molecular mass — 1045,47 m/z (Figure 4).
Microcystins are the mostcommon cyanotoxins
in freshwater. More than 65 microcystin
derivatives have been identified. Structurally,
these molecules are cyclic heptapeptides with a
special amino acid characteristic of this group
of molecules, as well as nodularin. Microcystins
are powerful inhibitors of protein phosphatases,
this inhibition causes a violation of the cellular
architecture, the main target of which is
hepatocytes due to the active transport of this
compound by bile acid transporters [23].
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Figure 4 — HPLC chromatogram of extracts of lyophilized biomass of Microcystis aeruginosa.
The numbers indicate the molecular weights of toxins (m/z): microcystin -LA — 910,61 m/z,
microcystin -RR — 1038,52 m/z, microcystin -YR — 1045,47 m/z

These compounds are pervasive in the natural
environment and play a crucial role in maintaining
ecological  equilibrium through interspecific
interactions, and their symbiotic relationships,
spanning across different trophic levels [24, 25].
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Exhibiting a diverse array of biological properties
[26], these metabolites actively engage in numerous
processes within aquatic reservoirs [27].

According to the results of the study, 153 species
ofmicroalgae wereidentified in the Sorbulak storage
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lake. The greatest diversity is observed among green
algae (44%), which is typical for polluted aquatic
ecosystems. In terms of quantitative composition,
diatoms occupy the second place (24%). Of the
certain species in the ecosystem of the Sorbulak
reservoir, 20% are cyanobacteria and 11% are
eugenic algae. In the spring, representatives of
cyanobacteria in the algoflora were very rare,
but in the summer, cyanobacteria dominate the
frequency of occurrence over the rest of the
microalgae, especially Microcystis aeruginosa
actively develops in the summer season. Among
certain cyanobacteria, 15 are potentially toxigenic
organisms. 4 pure strains of cyanobacteria
have been isolated from the Sorbulak reservoir.
Among the isolated strains of cyanobacteria, the
Microcystis aeruginosa strain turned out to be the
most toxic in relation to the A. salina test object.
Within the biomass extract of the cyanobacterium
Microcystis aeruginosa, three structural variants of

toxins, specifically microcystins with discernible
molecular weights, were successfully identified:
microcystin-LA  with a molecular weight of
910.61 m/z, microcystin-RR with a molecular
weight of 1038.52 m/z, and microcystin-YR with a
molecular weight of 1045.47 m/z. The exploration
of cyanotoxins as potential reservoirs of biocidal
agents is of interest in the context of advancing
novel and effective methodologies for pest and
pathogen control in agricultural, aquatic, medical,
and industrial domains.
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TMNMOABOP MUTATEAbBHOWM CPEADI
N YCAOBUN KYABTUBNPOBAHWA MUKPOOPITAHU3MOB
AASl CUHTE3A NMMOAUTUAPOKCUAAKAHOATA

B cBs13M € HabAIO AQEMONM TEHAEHLIMEN POCTa NMPOU3BOACTBA MAACTUKOBOM MPOAYKLMM OCTPO CTOUT
BOMPOC O 3aMeHe MNAACTMKA Ha HeDTEXMMMYECKOM OCHOBE Ha G1opasAaraemMblie MoAMMEPbI MMKPOOHOTO
NPOUCXOXKAeHUs. Hanboaee pacnpoCTpaHeHHbIMM OMOMOAMMEPAMM MMKPOBHOIO MPOUCXOXKAEHUS
SABASIIOTCS MOAUTMAPOKCHMAAKaHOaThI. [1py npoBeAeHMM CKPUHWHIA MPUPOAHbBIX LUITaMMOB MOYBEHHbIX
GaKkTepuin Mo CNOCOBHOCTM CUHTE3UPOBaATb MNOAMIMApoKcMbytupart (I1b) B kavyectBe Hamboaee
NPOAYKTMBHOro otobpaH wwTtamm Pseudomonas flavescens A5, obecneumBaiowimii BbIxos GMOMacCChl
n noamacmpa 9,15+0,37 r/a n 1,61+0,06 r/A, cooTBETCTBEHHO. [TpOBEAEH CPAaBHUTEAbHbI aHAaAM3
CNoCcoOHOCTM OTOOPAHHOTO LWTamMMa HakanAmBath [I'b Ha pasAMUHBIX MO COCTaBY MMTATEAbHbIX CPEAAX:
MSM, rAIOKO30-MEeNTOHHOM, CUHTETUYECKON, MOAMMULMPOBAHHOM MSM, aueTaTHOM, MUHUMAABHOM,
AM3BMH-aLEeTaTHON, cpeabl TapaHa n MSM ¢ MoueBMHOM. MakcrmanabHoe koandecTso NI'b HabAoAaAOCh
Ha cpeae MSM. Hanboaee GAAronpusiTHbIMM MCTOYHMKAMM YIAEPOAA M a30Ta AAS YBEAUYEHNS BbIXOAA
[MI'b 9BASIOTCA FAOKO3a B KOHUEHTpauun 5% u HUTpaT aMMoHMs. [1poBeaeHa apanTaumsa WTamma
Ps. flavescens A5 K nNo6OYHOMY MPOAYKTY MULLEBOrO MPOM3BOACTBA — rAMUEPUHY. [lokasaHo, 4To
depmeHTaums wramMma-npoayueHTta N6 Ha cpeae € MCNOAb30BaHMEM FAMLIEPUHA B TEYEHME 5 LMKAOB
KYAbTMBMPOBAHUS YBEAMUYMBAET BbIXOA MPOAYKTa B 1,3 pasa, OAHOBPEMEHHO CHMMKasl 3aTpaTtbl Ha
WMCTOYHMK YIAEPOAQ.

KAroueBble cAOBa: MUKPOGHbIE MOAMMEPDI, MCTOYHMKM YTAEPOAA, MCTOUYHMKM a30Ta, ONTUMM3aLIMs
nMTaTeAbHOM CpeAbl, MOAUIMAPOKCHMAAKAHOAT.

L.V. Ignatova, E.V. Brazhnikova, A.A. Omirbekova,
S.N. Omarova, N.K. Tulanova, R.Ch. Shamsutdinov”, Zh.K. Urazova

Al-Farabi Kazakh National University, Kazakhstan, Almaty
‘e-mail: ruslanshamsutdinov13@gmail.com

Selection of nutrient medium and conditions for cultivating microorganisms
for the synthesis of polyhydroxyalkanoate

In connection with the observed growth trend in the production of plastic products, the issue of re-
placing petrochemical-based plastic with biodegradable polymers of microbial origin is urgent. The most
common biopolymers of microbial origin are polyhydroxyalkanoates. When screening natural strains of
soil bacteria for their ability to synthesize polyhydroxybutyrate (PHB), the strain Pseudomonas flaves-
cens D5 was selected as the most productive, providing biomass and polyester yields of 9.15+0.37 g/l
and 1.61+0.06 g/l , respectively. A comparative analysis of the ability of the selected strain to accumu-
late PHB on nutrient media of various compositions was carried out: MSM, glucose-peptone, synthetic,
modified MSM, acetate, minimal, lysine-acetate, Taran’s medium and MSM with urea. The maximum
amount of PHB was observed in MSM medium. The most favorable sources of carbon and nitrogen for
increasing the yield of PHB are glucose at a concentration of 5% and ammonium nitrate. Adaptation of
the Ps strain was carried out. flavescens D5 to a by-product of food production — glycerin. It has been
shown that fermentation of the PHB producer strain on a medium using glycerol for 5 cultivation cycles
increases the product yield by 1.3 times, while simultaneously reducing the cost of the carbon source.

Key words: microbial polymers, carbon sources, nitrogen sources, optimization of nutrient medium,
polyhydroxyalkanoate.
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KopekTik opTaHbl TaHAQY YKdHE MOAMIMAPOKCHMAAKAHOAT CUMHTEe3i YLUiH
MMKPOOPraHU3MAEPAI 6Cipy XaraaiAapbl

[aacTmacca 6y171blMAapblH eHAIpyAe 6arikaAraH ecy TeHAEHUMSCbIHA 6GaliAQHbICTbI MYHam-
XUMMSI HEri3iHAEeri MAacTMacCaHbl MMKPOOTBIK, TeKTi OMOAOTMSABIK, bIAbIPANTBIH MOAMMEPAEPMEH
aybICTbIPY MaceAeci ©3ekTi GOAbIN TabblAaabl. MUKPOGTBIK, TEKTI €H Kemn TapaAraH OMOMOAMMEPAEP
NMOAUTMAPOKCHMAAKaHaTTap 0GoAbIN TabbiAaabl. Tomblpak, OakTepUsAapbiHbiH, TabUFM  WTaMAAPbIH
0AaPAbIH, noAnrnapokenbytmnpat (MIb) cuHTesaey KabiaeTiHe CKpuMHUHI KesiHae Pseudomonas fla-
vescens D5 wrammbl cavikeciHwe 9,15+0,37 r/a xeHe 1,61+0,06 r/aA 6romacca >keHe MoAnaUp
LIbIFbIMABIABIFbIH KaMTaMachl3 eTeTiH eH eHiMAI BOAbIN TaHAAAAbI. . TaHAAAFaH LUTAMMHbIH, BPTYPAI
KYPaMAbl KOpeKTik opTarapaa: MCM, rAlOKO3a-MenToH, CUHTETUMKaAbIK, MoanrKaumsaaHFaH MCM,
aueTaT, MMHUMAAABI, AM3WH-aueTat, TapaH opTacbl >k8He HecernHapmeH MCM KoOpekTik opTaasa
>KMHaKTay KabiAeTiHe CaAbICTbIPMAAbI TAaAAAY >KYPTi3iaai. [T MakcMaAAbl MeALLiepi MSM opTacbiHAA
6arkanabl. B WbIFbIMABIAbIFbIH aPTTbIPY YLIIH KeMipTeri MeH a3oTTbiH €H KOAarAbl ke3aepi 5%
KOHLEHTPaUMSAAFbI TAIOKO3a )KOHE aMMOHMIA HUTPaTbl GOAbIM TabblAaAbl. Ps WTaMMbIHbIH GeiliMaeAyi
Kyprisiaai. flavescens D5 Taram eHAIpiCiHiH >kaHamMa eHiMi — ravuepuHre AeriH. II'B npoAyUeHTiHiH
LUTaMMbIHbIH TAMLEPUHAI MaiAaAaHaTbiH OpTasa 5 KyAbTMBAUMS UMKAI YILIiH allbiTybl 6ip Me3riaae
KeMipTeri Ke3iHiH KYHbIH TOMEHAETE OTbIPbIN, OHIM LWbIFbIMbIH 1,3 ecere apTTblpaTbiHbl KOPCETIATEH.

TyiiH ce3aep: MMKPOOTbIK, MOAMMEPAEP, KeMipTeri Kesaepi, a3oT Ke3Aepi, KOPEeKTiK OpTaHbl

OHTaMAQHAbIPY, MOAUIMAPOKCMAAKAHOAT.

BBenenne

[ToBbIIEHNE YMCIEHHOCTH HACEICHUS U Macco-
Basi MHTeHCH(DUKAIIHS TPOU3BOICTBA MPOYKTOB I10-
TpeOJIeHns, a TaKkXKe yBEJIWYeHHE MPON3BOJICTBEH-
HBIX OTXOJIOB TIPUBENIM K HAKOIUICHHIO OOJBLIOTO
o0bema 3arpsi3HUTENeH B OKpykaroled cpene. Ha
CETOHSATITHUHN JeHh 0COOCHHO IPOOIeMaTHIHBIMA B
KOHTEKCTE 3arps3HEeHNUs KOJIOTHH SBJISIOTCS Hepas-
Jararolecs ¥ ciadopas3iararoninecs riacTHKOBEIC
otxoapl. B 2021 rogy MupoBO€ MMPON3BOACTBO TIIa-
CTUKOBOM mpoaykiuu gocturio 390,7 MIH TOHH.
Jna cpaBuenus, B 1976 rony MUpoBO€ NMPOU3BOJ-
CTBO IJIACTHKA HACYUTHIBAIO OKOJO 50 MIH TOHH.
[InacTukoBOE 3arpsi3HEHUE MPU3HAETCS CEPbE3HOMN
aHTpONOreHHo# mpobdnemoi. [locrosiHHOE yBENYe-
HHUE TIPOU3BO/ICTBA IJIACTUKOBOM MPOIYKITUN BEIET
K YXYALIEHUIO 9KOJIOTHYECKOT0 COCTOAHUA. OHUM
W3 OYEBUHBIX HETATUBHBIX IOCIICJCTBHHA SBISET-
Csl HapyIIeHHE CTPYKTYPHI B (PYHKIMH dKOCHUCTEM.
JlaBHO JI0Ka3aHO, 4TO M30BITOK IJIACTUKA 00yCIaB-
JIUBAET CEPhE3HBbIE IKOJOTHMYECKHUE KaTacTpO(bl C
pacTymeii yrpo3oii 6mopazHooOpa3nuio U IKOHOMH-
ke [1].

B cBa3u ¢ HaOnromaeMoil TeHIEHIMEW pocTa
MPOU3BOJCTBA TUTACTHKOBON TMPOIYKIIMH OCTPO
CTOUT BONPOC O 3aMEHE IJIaCTUKa Ha He(PTEXUMH-
YecKOW OCHOBE Ha OuopasjaraeMble TMOJIMMEPHI
MHKpOOHOTO TIporcxokneHus [2]. Hambomnee pac-
NPOCTPaHEHHBIMH OHOMOIIMMEPAaMH  MHKPOOHOTO

MIPOMCXOXKICHUS SIBIIIIOTCSL  TTOJIMTUAPOKCHANIKA-
Hoatel. [lomuruapokcuankanoatsr (III'A) — xmace
noJIM3()UPOB, CHHTE3UPYIOIINICS Pa3InYHBIMUA MH-
KpPOOpPraHU3MaMHM B KaUeCTBE 3al1aCHOI'0 HCTOYHUKA
yriaeposia B KJE€TKaxX B YCJIOBHSAX C MOBBIIIEHHBIM
coJiep)KaHUEM yriepoJa U MOHMKEHHBIM COJepiKa-
HUEM IHUTATENIbHBIX BEIECTB. MOHOMEPHBIEC 3BEHbS
[I'A knaccuuIUPYIOTCS Ha JIBE TPYIIIBI B 3aBH-
CHUMOCTH OT KOJIMYECTBAa aTOMOB YIJiepoJia B LIEIH:
C KOPOTKOH W cpemHel mmHOH 1enu. OCHOBHBIM
MPEICTaBUTEIEM JIAHHOTO Kilacca OHOIIOJIIMMEPOB
sBasiercst nonu-3-rugpokcudytupat (I1I'B), mupo-
KO MCIIOJIb3YEMBbIN ISl IPOM3BOJACTBA OHOpa3iara-
romerocs miactuka. III'b nmeer psaa npenmyiiecTs
B CPaBHEHHUH C MOJMMEpaMHU Ha HePTEeXUMHUUECKON
ocHoBe. bapbepnas nponutaemocts [1I'b npeBocxo-
JIUT TIOJIMMEPBI Ha OCHOBE MOJIMATHIIEHA U TTOJTUTIPO-
MWICHA, B CPABHEHUH C MOJUITWIICHTEpe]TanaTom
¥ TTIOIMBUHIIXJIOpUAOM [3]. B ecTecTBeHHOI cpere
nporecc 6MoAerpagay IPOUCXOIUT B Pe3yJIbTaTe
(hepMeHTa MHOTUMHU BUAaMH OakTepuil, rpuboB
U IPYTHUX PEIyIICHTOB M OMOAeCTpYKTOpOB [4]. Jle-
MOJTUMEPasbl JaHHBIX MUKPOOPTaHU3MOB CIIOCOOHBI
paznarats [1I'b 10 oMromMepHBIX, TUMEPHBIX U MO-
HOMEPHBIX OCTAaTKOB C HOCJIEAYIOIIUM Pa3JI0KeHH-
eM 10 3-TUAPOKCUMACIISTHON KUCTIOTHI [5].

OnHako, Ha CErOAHSIIHUI JCHb OHMOMOJIMMEp-
Hble Marepuasibl Ha ocHoBe I[II'b He mnomyunnu
IIMPOKOro pacnpocTpaHeHus. OCHOBHBIM JTUMHU-
TUPYIOIMM (PaKTOpPOM MPOMBIIIIEHHOTO CHHTE3a
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OMOMOIIMMEPOB MHUKPOOHOTO TPOUCXOMKACHUS SIB-
JSieTcsl TOPOrOBU3HA HX IPOU3BOJACTBA. AKTHBHO
pa3pabaThIBalOTCSl CTPATETUH TMPUMEHEHHS HOBBIX
JIOCTYTIHBIX HCTOYHUKOB yriepoja. s mponsBoa-
ctBa [II'b ucnone3yercs ri0Ko3a U Apyrue caxapa.
HekoTopsle BBl 6akTepuil CIIOCOOHBI MCIOIB30-
BaTh OTXOJIbl Pa3JIMYHBIX MPOU3BOJICTB B KaUECTBE
WCTOYHHKA yTieposia [6]. DTo O3BOISET COKPATHTH
3aTparel Ha npoussoxactso III'b, nenast mpouecc
MIPOM3BOJCTBAa OHOMONMMEpa Oosee AOCTYIHBIM,
YTO B CBOIO OYEPEb CIIOCOOCTBYET CHIPKECHHIO CTE-
[IEHU 3aTrPsI3HEHUS OKPY KAIOIIEeH CPeIbl.

MarepuaJibl © MeTOAbI

OOBbeKTaMu HUCClIeN0BaHMi ObLIH 3 IITaMMa I10-
YBEHHBIX OakTepuil Stenotrophomonas maltopholia
Al, Bacillus megaterium A2 w Pseudomonas
flavescens J15, paHnee BBIJICIICHHBIC U3 TEMHO-Kalll-
TaHOBOM MOYBBI TOpoja AJMaThI.

Mertoapl uccnenoBaHuid. M3yueHue BIMSHUSA
cocTaBa NMUTaTeNbHOM cpenbl Ha mpoaykuuto [1I'b

Ha »stame mombopa mUTATENBHBIX cped It
KyJbTUBHpOBaHUsA Oaxtepuil-tipogyuentos I1I'b,
WCIIONIB30BAIA CPEJIbl CIIEAYIOMIEro coctaBa (T/1)
[8-13]:

1. muHepansHO-coneBas cpeaa (MSM) (rroko-
3a 10,0, NH,NO, 1,0; K,HPO, 1,73; KH, PO, 0,68;
MgSO, 0,1; NaCl 4,0; FeSO, 0,03; CaCl, 0,02);

2. Tmioko3o-mentoHHas (rmoko3a 1,0; mentoH
0,25; npoxokesont skcrpakr 0,25; KH,PO, 0,05;
NaCl0,01; MgSO, 0,02);

3. cunrernyeckas cpexa (KH, PO, — 0,0085,
K, HPO, - 0,0218, Na,HPO,-2H,0 - 0,0221, NH,CI
- 0,19, CaCl, -2H,0 - 0,0364, MgSO,"7H,O0 —
0,0225, FeCl, — 0,0025, B kayecTBE MCTOYHMKA
yraepoja godasisiiack caxaposa — 1,0);

4. momudunmpoBaHHAS MHHEPATHLHO-COJICBAS
cpena (caxaposa — 15, (NH,), SO, — 2,0, KH,PO, -
2,0, Na,HPO, — 1,8, MgSO,-7H,0 - 0,5, FeSO, —
2,0, CaCl,-:2H,0 - 2,0, ZnSO,7H,0 - 0,1);

5. anerarnas cpema (CH,COONa - 13,6,
(NH,),SO, — 2,2, MgSO,7H,0 - 0,45, KH,PO,
- 1,31, Na,HPO,2H,O - 1,68, FeSO, — 2,0,
CaCl2H,0 - 2,0, ZnSO,7H,0 - 0,1);

6. MunMManbHas cpezia (rmoxosa — 30,0, NH,Cl
-0,5,KH,PO, - 2,8, Na,HPO, - 3,32, MgSO,-7H,0
- 0,025, ZnSO, - 1,3, FeSO, - 0,2, CaCl-2H,0 —
0,2);

7. nm3uH-anieTaTHas cpema (m3uwH — 3,8,
(NH,),SO, — 0,02, CH,COONa - 4,0, npoxxe-
BoM okcrpakrt — 2,0, KH,PO, - 0,5, K.HPO, —
0,5, MgSO,/7H,0 - 0,2, CaCl,-2H,0 - 0,053,
MnSO,-5H,0 - 0,0012);
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8. cpena Tapana (rmoxosa — 2,0, NH,Cl - 0,2,
K,HPO, - 0,004);

9. MSM ¢ MOYEBMHONW B KayeCTBE MCTOYHHKA
a30Ta W JIOMOJIHUTEILHOTO HMCTOYHHUKA YTIJIEpO/a.
Cpena comepxana (r/m): moueBuHy — 1,0, mpoxk-
KeBoi skcTpakT — 0,16, rmokosy — 40,0, KH, PO,
-1,52, Na,HPO, - 4,0, MgSO,-7H,0 - 0,52, CaCl ,
-0,02, FeSO,-7H,0 - 0,02, ZnSO,-7H,0 - 0,13.

KynbTypbl BhIpalMBaJii B TEUCHHE 2-X CYTOK
npu 150 06/mun u 28°C.

Buidenenue noaueudpoxcubymupama

[Monusdup BeLACTANN U3 KIETOK OakTepuid ¢
WCIIOJB30BaHMEM THIOXJOopUTa HaTpus. KieTkn
MHUKPOOPTaHU3MOB OTHENSAIU OT KYJIbTypajdbHOU
JKUAKOCTH LEHTpU(YTrUpOBaHHEM B TedeHHe 15
MuHyT npu 6000 xg. Dxcrpakmuto 11I'b u3 Oak-
TEPUANBHBIX KIETOK IPOBOJMIM IyTeM 00padoT-
KM OMOMAacchl CMEChIO ropsyero xjaopodopma u
THUITOXJIOpUTa B cooTHomeHuu 1:1. 3ateM Owmo-
Maccy, CMENIaHHYI0 C JAETEePTeHTOM, MOMEIIaIn
B TepmocTaT Ha 60 munyT npu 30°C. [lomyuen-
HYIO CMECh CHOBa IEHTPU(YTrUpOBAIH B TEUEHUE
10 munyT npu 6000 xg ¢ monyueHueMm Tpex das.
BepxHioto u cpenHio0 (a3sl aKKypaTHO yAalsin
nozaropom. III'B ocaxnanu cmechro aleToHa U
sTaHona B cootHomenuu 1:1 mpu 40°C B Teuenue
24 yacos.

Bec 6uomaccs! onpenensiiu o ¢popmyie (1):

M = (A—B)x100

— (1)
rae M — Bec Ouomaccel B /71, A — BeC OyMa)KHOTO
¢unpTpa c ocagkoM B T, B — Bec OymaskHOTrO uIib-
Tpa 6e3 ocagka BT, V — 00BEM KyIIbTypaIbHOM KU/
KOCTH, B3SITBIH /ISl IEHTPU(PYTHPOBAHUS B JI.

1l0060op ONMUMATBLHLIX UCTMIOYHUKOS Yenepood
u asoma

B kauectBe (hoHOBOI cpe/ibl ObLIA B3sTa Cpeia
MSM. B nensix olleHKH BIUSHUSI UICTOYHUKOB YIJIe-
poJia 1 a30Ta Ha HAKOIJIEHHE MOJIMAI(PHpa B KIIETKAX
OakTepuii N3MEHSUTH KOMIIOHEHTBI CPebl U MO 0u-
pasii UX ONTUMAaJIbHBIE 3HAYCHUS, IPU KOTOPBIX KO-
JUYECTBO HAKOIUIEHHOTO MITaMMOM-TIPOIYIICHTOM
[I'b ObLTO HAUOOJIBIINM:

1. 17151 OLIEHKM BIMSIHUS YTIIepoa Ha MPOU3BO/I-
ctBo I1II'b ncnonbs3oBanu 3 UCTOYHUKA yriepoaa B
KkoHueHTparuu 1, 3 u 5%: riroko3y, caxapo3sy, are-
TaT HATPUS;

2. IS OUIEHKH BIIMSHUS WCTOYHHMKA a30Ta Ha
Hakoruienue [II'b monGupann 6 MCTOUYHUKOB a30-
Ta: MENTOH, APONOKEBOH SKCTPAKT, MoueBHHY, NH-
,NO,, NH,CI, (NH,),SO,;
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Hccneoosanue  cnocobnocmu — npupoouvix
UWIMAMMO8 NOYBEHHBIX MUKPOOPSAHUZMO8 CUHME3U-
posamy III'b na cpeode c enuyepurnom. Kynbtypy Bbl-
pammBaiy B (EPMEHTALOHHBIX KOJIOaX 00BEMOM
250 mu Ha comeBoit cpene lllnerens cremyroiero
cocrasa (r/m): Na,HPO,H,O - 9,1; KH PO, — 1,5;
MgSO,-H,0 - 0,2; Fe,CH,0,-7H,0 - 0,025; NH,Cl
— 1,0. MUKpO3I€MEHTHI T00aBISITH B CPeLy T10 TIPO-
nucH Xoaryanjia u3 pacyera 3 Mil CTaHIapTHOTO pac-
TBOpa Ha 1 11 cpenbl. CTaHIAPTHBIN PaCTBOP MUKPO-
snemenToB copepkut (r/m): CuSO,-5H,0 — 0,008;
ZnSO,'7H,0 - 0,176; H,BO, - 0,228; CoCl,-6H,0 —
0,03; MnClL,-4H,0 - 0,008; NiCI - 0,008. B kauecTe
€IMHCTBEHHOT'O UCTOYHHKA YTIIEPOJIa HCIOIh30BAIN
TJIMIEPUH B KOHIIGHTparwu 15 /1. B xadectBe oc-
HOBHOT'O MCTOYHHMKA a30Ta J00aBJSUTH MOYCBHHY B
xouteHTparym 0,7 r/m [14].

Jng amanTanuy mraMMa K TIUIEpUHY JeNaiu
€ro Inepeces B TeueHue 5 HUKIOB. bakrepuu Kyiib-
THBHPOBAIN B TeueHne 48 yacoB. Hammume Oakrte-
PHAIIBHOTO POCTa OMPEIEISIN U3MEPEHUEM OIITH-
YEeCKOW TUIOTHOCTH KYJIBTYPaIbHON JKUJKOCTU TPU
JiHe BoJiHbL 460 HM 1 BeiceBoM Ha MITA ¢ nocne-
JIYIOIIUM TOJICYETOM KOJIOHUH.

Coop u cmamucmuueckas 06pabomra OaHHbIX

J10CTOBEPHOCTD TMOTYYCHHBIX PE3YJITATOB MPO-
BEPsUIM C MOMOIIbIO CTATUCTHYECKUX MaTeMaTude-
CKUX METOJIOB U pacyeTHBIX (popmMyil. PaccunThiBa-
JIU CpeHue apu(METHUCCKUE 3HAUCHUS U CPEIHUE
KBaJIPATUYHbBIE OTKJIOHEHUS

Pe3yJII)TaTI)I H UX 06cy>lcz1e}me

Ilpooykyusa III'F 6 3aeucumocmu om cocmasa
numamenvbHo cpeovl

[II'b mMoXxeT ObITb CHHTE3UPOBAH B KaueCTBE
3aImacHOTO0 MHUTATEIHHOTO BEIIECTBA MHOTHMH MHU-
KpPOOpTraHU3MaMH, B TOM YHUCIIe TIOYBEHHBIMHU Oak-
tepuaMu. Monekyinsl [II'b HakanuBaroTCst BHyTpH
KJIETOK OaKTepHUi B YCIOBHSIX M300WIIHS YTIIEPOI-
HOTO cyOCTpaTa ¥ OrpaHHUYCHHS MMHTAHHS 110 a30Ty
[9]. CnenoBarenbHO, yCIOBHSI POCTa UTPAIOT NEPBO-
CTETICHHYIO POJIb B JOCTIKEHUH BBICOKOH MPOIYK-
uu I1I'B.

Jlis u3yueHus BIUSHUS COCTaBa IMHUTATEILHOM
cpeasl Ha BeIXOA III'B ompexpensuin HakormiieHue
OroMacchl, KOJUYECTBO 0oOpasyemoro mnoimddupa,
KOJINYECTBO YTHJIM3UPOBAHHOIO CyOcTpaTa M pac-
CUMTHIBAJIN OMOTEXHOJOTHUCCKHUN TTOKa3aTellb d(h-
(eKTHBHOCTH Ipoliecca — 3KOHOMHUYECKUH KOI(-
(uruent. GepMeHTAIMIO TIPOBOIWIIN B TeUeHHE 48
gacoB TIpH Temrieparype 28°C u Ha4aJIbHOM 3Hade-
Huu pH cpenst 7,5.

Ha nepBom srame Oblia mnpoaHaln3upoOBaHa
CIOCOOHOCTh K TMPOAYKIHHA BHYTPUKIETOYHOTO
noiamdpupa Tpems MTaMMaMH TTOYBEHHBIX OakTe-
puit Stenotrophomonas maltopholia Al, Bacillus
megaterium A2 n Pseudomonas flavescens J15. Tlo
pe3yabTatam, MpuBeACHHBIM B Tabmuie 1, Bce uc-
MBITYEMBbIE IITAMMBI IIPOSIBUIIN CIIOCOOHOCTH K TIPO-
nykuuu 11D Ha cpene ¢ mroKo30il B Ka4eCcTBE UC-
TOYHHUKA yTiepoaa

Taomuua 1 — [Mpoxykuus [1I'b mramMmmamy moYBeHHBIX OAKTEpHil HA Cpee ¢ IIFOKO30M

. . IKOHOMUYECKUH
ramm Cyxoii Bec KJIETOK, 1/ (X) Cyxoii Bec IIT'B, r/x1 (P) Kospumment PIX, %
S. maltopholia A1 8,74+0,35 1,27+0,05 14,53
B. megaterium A2 9,42+0,38 1,55+0,06 16,45
Ps. flavescens 15 9,15+0,37 1,61+0,06 17,60
HawmGonpme#t  mpoayktuBHOCTRIO — oOnaman  cuManbHOro Hakorwierwus [1I'B. IIpoBoawmmu cpas-

mramMm Ps. flavescens J15, cuntesupyrommii Ha 2
cytku pepmentaryu 1,61+0,06 T/1 BHYTPUKIETOY-
Horo nonmdupa. Hanmenee npoyKTHBHBIM IIITaM-
MOM okasancs S. maltopholia Al, HakaTTHBAIOITUI
1,27+0,05 r/n I1I'b. B pe3yibraTe npoBEACHHBIX HC-
cienoBaHuii ObLT 0TOOpaH mtamm Ps. flavescens J15
Kak akTuBHbIN npoayueHt II'b.

CraenyromuM 3TanoM padOThl SBISUICS TOA-
0Op ONTUMANBHOW MHUTATEILHOW CPEIbl I Mak-

HUTEIBHYIO OLICHKY TPAJAUIIMOHHBIX MUTATEIHHBIX
Cpen /ISl KyJIbTUBUPOBAHUS MTOYBEHHBIX OaKTEepHii-
npoayueHTos III'b: MSM, riatoko30-IeNTOHHOM,
CUHTeTHYeCKOU, MoauduiupoBanHoi MSM, are-
TaTHOM, MMUHMMAJIbHOM, JM3UH-allETaTHOHU, cpeabl
Taparna u MSM ¢ MOYEBHHOM.

[IutarenpHbIC CpEObl SBIAIOTCS OTHUM U3
[JIaBHBIX (DAaKTOPOB, BIUSIOMIMX Ha POCT OaKTEepH-
ANBHBIX KJIETOK M OnocuHTe3 B HUX Mousekyn I1I'b.
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3aBUCHMOCTh TPOAYKIHU MONUA(pUPA OT COCTaBa
MUTaTEeITFHON Cpefibl 00YCIIOBJICHA TEM, UTO CEeJeK-
TUBHBIMHU YCJIOBUSAMU 3aITyCKa JAaHHOT'O IIpoIecca
SIBIITFOTCS. M30BITOYHOE KOJIIMYECTBO B CPElEe WC-
TOYHHUKA YTIEpo/ia W OTpaHUYCHHE KOHICHTPAIHH
HUCTOYHUKOB a30Ta u Gochopa. [Toaromy usyueHue
BIIUSTHUSL KOMITOHCHTOB IUTATEILHOW Cpebl Ha
npousBoaAcTBO III'b cTaHOBUTCS OJHUM U3 MEPBBIX
OTaloB IIPH YBEJINYCHUHN €TI0 BbIXOAA.

HauOonpiiee KOIM4eCTBO HAKOIUIEHHOTO BHY-
TpHUKJIeTOUHOrOo Toimddupa mrammom Ps. flaves-
cens J15 nabmoanock Ha cpeae MSM ¢ riiroko30i
B KadecTBe UCTOYHHUKA yriepoga. Beixox III'b co-
craBui 1,60+0,06 /1, mpu 3TOM HaKOIICHHAs OHO-
Macca mocruria 9,14+0,37 1/1, a SKOHOMHUYECKHUI
ko3 uument 17,51% nokazan 3¢pHekTHBHOCTD HC-
MOJIL30BAHUS JAHHOM Cpelbl ISl HAKOIICHU Ono-
iactuka (Tabnuna 2).

Taéanua 2 — Dddexrusnocts npoxykunu [1I'b mrammom Ps. flavescens J15 Ha pa3MuHBIX MUTATENBHBIX Cpelax

Ne IMuTarensHas cpena Cyxoli Bec KIETOK, 1/1 (X) nyof;; i;)HFR Koaj(gg?;:;:z??"i)
1. MSM 9,14+0,37 1,60+0,06 17,51
2. ['mroko30-1menToHHas 14,69+0,79 1,48+0,06 7,52
3. CuHTeTHYCCKAs 7,51£0,31 0,46+0,02 6,13
4. Monudumposannas MSM 8,05+0,32 0,93+0,04 11,55
5. ArnerarHast 8,34+0,33 0,75+0,03 8,99
6. MuHuMabHas 7,92+0,32 0,64+0,03 8,08
7. JIuzun-anerarHas 9,87+0,39 0,57+0,02 5,78
8. Cpena Tapana 12,56+0,51 0,21+0,01 1,67
9. MSM ¢ Mo4eBHHOIA 8,96+0,36 0,97+0,04 10,83

MOHO OTMETHUTh BBICOKHME 3HAUEHHs HaKO-
mieHHo Omomaccel (14,69+0,79 1/1) M BBRIXOHA
MI'B (1,48+0,06 /1) Ha TIIOKO30-TIENTOHHOH cpe-
JI€, OJHAKO MpH BBIYMCICHUM SKOHOMHUYECKOIO
koa(uIerTa OblT MOTYYeH HU3KUH 1TOKa3aTeib,
YTO TOBOPUT O HEd(P(PEKTUBHOCTH OMOCHHTE3a Ha
naHHoW cpene. Haummenbiueidl >¢pQeKTHBHOCTBIO
Tporiecca MoydeHus] TOIUTHAPOKCHOyTHpaTa Xa-
pakTepu3oBajiach cpefaa TapaHa, Ha KOTOPOU OBLIO
BoiesieHo 0,2140,01r/n nonusdupa, npu HUZKOM
sKOHOMHUYecKkoM ko3 dunmente 1,67%. Taxue pe-
3yJbTaThl MOKA3bIBAIOT, YTO MaKCHUMAaJbHOE HaKO-
IieHue OmoMacchl B Hpolecce KyJIbTHBUPOBAHHUS
HE BCErlla COOTBETCTBYET MAKCUMAJILHOMY BBIXOAY
[II'b oTHOCHTENEHO YKOHOMHYHOCTH U d(PPEKTHB-
HOCTH IIPOU3BOJICTBA.

AHAJIOTUYHO TIOJYYEHHBIM pe3yJbTaTaM, B
paHee TIPOBEACHHBIX MCCJIEOBAHMIX TTOKA3aHO
BIIMSIHUE cocTaBa cpelnpl Ha HakomieHue III'B.
Tax, Nygaard D. ¢ coaBTOpamMu MONy4IniINn MaKCH-
ManbpHOe Konudectso III'b mpu KyJIbTHBHpOBaHUU
LITAMMOB-TIPOJYLIEHTOB Ha MOAU(DUIUPOBaHHON
MSM —4,6 r/n1, 9T0 B 2,5 pa3a BBIIIE TI0 CPABHCHHIO
¢ pepmenranueit Ha MSM. B kadecTBe MCTOUHHKA
yIJIepoAa MCIOJIB30BAIM TEXHUYECKYIO (PPYKTO3Y,
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a B KayeCTBE MCTOYHHUKA a30Ta CyJb(aT aMMOHHS
[8]. B mccmenoanmu Getachew A. m Woldesenbet
F. Beixon I1I'b cocrasisin 6,1-6,8 r/n npu dpepmen-
Tanuy Ha cpeae MSM ¢ TiII0K030i B KauecTBe MC-
TOYHMKA yriaepoaa [13].

Brusinue ucmounuxa yenepooa u azoma Ha npo-
OYKYUI0 NOAUSUOPOKCUOYmUpama

[TockombKy yIIIepo u a30T SIBJISIFOTCS KU3HEH-
HO Ba)KHBIMU NMUTATEIBHBIMU JICMEHTAMHU B METa-
Oonm3me OakTepuwii, Ha CIEIYIOIIEM dTare MPOBO-
JIAJTA TIOI00p ONTUMATBHBIX UCTOYHUKOB YIJIEpOIa
U a3oTra s MakcuMaiibHoro HakorieHus I11'B.

B kauecTBe MCTOYHHMKaA yriepojia paccMaTpu-
BaJIU TJIIOKO3Y, Caxapo3y U HATPUEBYIO COJIb YKCYC-
HOW KHCHOTHL. ['7II0K03a M arneraT sSBIISIIOTCS OoJiee
JIOCTYIHBIM CyOCTpaTOM Uil OaKTephaTbHBIX Kile-
TOK, OHH CIIOCOOHBI OBICTPO M JIETKO BKJIFOUATHCSI
B Merabonunueckue mytu [15]. Caxaposa siBisercs
JIACAaxXapyuioM U IpH €€ TUAPOIH3E MOJ JeHCTBUEM
OaKTepUaJIbHBIX KJIETOK OHA pa3jiaracTcsi Ha IIIO-
KO3y H (PPYKTO3Y, BKIIFOUASICh TAKXKE B KJIICTOUHBIH
MeTtabonm3m [16].

PesynpTaTel mokazanu, 9To HauOoOJbIIee HAKO-
rienue 6uomaccs! U Bbixoj [1I'b MoxxHO mony4nTh
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MIPH UCTIOJIF30BAHUY TJTFOKO3bI B KAUECTBE UCTOYHH-
ka yriepoaa. Ha cpere MSM c¢ riroko30ii 5% Ob110
BbiieeHo 1,64+0,07 r/n I[II'B, npu atom noctura-

JUCh MaKCUMAITbHBIC TIOKA3aTeIl OMOMACChI KIIETOK
(10,01£0,40 r/7) 1 S5KOHOMHYECKOTO KO3 (HUIIHCH-
ta (16,38%) (Tabmuua 3).

Tadomuua 3 — DpdexruBHocTs npoxyknuu [1I' mrammom Ps. flavescens /15 Ha cpene ¢ pa3muyHBIME HCTOYHUKAMH YIIIEpOa

. . DKOHOMUYECKHI
HcTounuk yrnepona Cyxoii Bec KieTok, /1 (X) Cyxoti Bec II'G, /1 (P) koo(prment, (%)
T'mroxo3a 1% 9,22+0,37 1,29+0,05 13,99
I'mroxo3a 3% 9,76+0,39 1,55+0,06 15,88
T'mroxo3a 5% 10,01+0,40 1,64+0,07 16,38
Caxapoza 1% 7,35+0,29 0,83+0,03 11,29
Caxaposa 3% 7,72+0,31 0,94+0,04 12,18
Caxaposa 5% 7,94+0,32 1,02+0,04 12,85
Arerar 1% 6,12+0,24 0,55+0,02 8,97
Anerar 3% 6,49+0,26 0,64+0,03 9,86
Armerar 5% 6,88+0,28 0,71+0,03 10,32

[lonydyeHHble maHHBIE COTJIACYIOTCS C pe-
3yJbTaTaMH JPYTUX HCClemoBaTenei. Sriyapai
T. ¢ coaBTOpamMu M3ydaiu BIUSHUE UCTOYHUKOB
yraepona Ha 6uocunTe3 III'b. Tlo nmpencraBnen-
HBIM JaHHBIM OBIJIO YCTAHOBJIEHO, YTO KOHIICH-
tpamuss [II'6 Obina makcumanpHO# (2,63+0,06
T/1T) IPA MCTIOJTb30BAHUHM UMHU TIIOKO3BI B Kade-
cTBe nctounuka yriepona [14]. Cornacuo Lase-
mi ¢ coaBtopamu, nponykuus I1I'b Obina mak-
CHMaJbHOU MPH KOHIIEHTPAIUK TIIFOK036I 50 /11,
OJIHAKO IMPH yBeJIH4YeHUU €€ 10 60 1/1 CKOpOCTh
notpebiaeHus cydocTpaTta U pOCT KICTOK CHH3U-
nuck. [17].

Haunmensbias s¢pdextuBHOCTh OMocunTe3a [1I'b
mramMmmoM Ps. flavescens J15 ormeueHa Ha cpene
MSM c aneratoM HaTpusl, B3SITOTO B KOJUYECTBE
1% ot oOBema cpenasl B KauyecTBE CIMHCTBEHHO-
ro ucrounuka yraepoga. Beixon III'G cocrasui
0,55+0,02 1/, Tpum MUHUMAIBFHOM HAKOIJICHUU
ouomaccel (6,12+0,24 1/71). DKOHOMHYECKHIA KO-
3¢ dunmeHT TaKkKe HMeNl HauMeHbIlee 3HAueHHUE
— 8,97% (Tabmmma 3). Cormacao Zhou W. mis He-
KOTOpBbIX HTamMMoOB-nipoayueHToB III'b ykcycHas
KHCJIOTa WIHA €€ COoJIU (HampuMmep, aleratr HaTpHs)
SIBIISIIOTCS ONITUMAITBHBIMA UICTOYHUKAMH YTIIepoJia
st MakcumanibHoro Bbeixosia III'B. IlpuBenensbie
UM pe3yibTaThl MOKA3aJM, YTO MPU KOHIICHTPAIU-
sax 0,5-1% anerata B cpeae Beixoa I1I'b mocturan
4,50+0,09 1/1, 9TO HE HCKIIOYAET BO3MOXXHOCTH
HCIIOJIb30BaHUS YKCYCHOM KUCIOTHI B KAYECTBE UC-

TOYHMKA yriepona Ay npoussonactea III'b npyru-
M mTammamu [9].

Hcrounuk a3ota cyuTaeTCsl OrpaHUUYUBAIOIIIM
(haxropom B cunTese [1I'b. B ycnoBusx HemocTaTka
a30Ta MOYBEHHBIC OAKTEpUN HAYMHAIOT TIPeoOpas3o-
BBIBATH PA3IMYHBIC UCTOUHUKHU yTIAEPOa, BKIOYAs
ux B cunrte3 I1I'b. Takke kauecTBO M KOJIUYECTBO
nosryyaemoro I1I'b HanpsiMy*o CBSI3aHO ¢ AOCTYITHO-
CThIO a30Ta (CBOOOHAS (POpPMA MM KOMILICKCHAS).
[18]. st moucka moaxoAsiero HCTOYHMKa a30Ta B
cpey MooYepeHO 00BN TIEITOH, IPOKKEBOM
skerpakTt, Mouesury, NH,NO, NH,Cl u (NH,),SO,.

[lo pe3ynpTaTamM, yka3aHHBIM B TadmuIle 4, BUI-
HO, YTO HAWIYYIINM MCTOYHUKOM a30Ta IS TTONY-
4yeHUsl MakcuMalibHOro konumyectsa [II'b ctan Hu-
TpaT amMoHusa. Ha cpene ¢ TaHHBIM MCTOYHUKOM
azora mramm npoaynuponain III'b B koHueHTpauu
1,55+0,06 1/n mpu HauBBICHIEM SKOHOMHUYECKOM
nokazareine 16,09%.

Haumensbiiedt a¢dexkruBHOCTRIO OMOCHHTE32
[I'b mramMmm o6naman Ha cpesie ¢ IPOAIKEBBIM IKC-
TPaKTOM B KadyecTBE MCTOYHHMKA a3zoTa. [Ipm sTom
ObuT0 BbLIEaeHO Beero 0,56+0,02 r/nm monmadupa
(Tabnumua 4).

Kak mnoxa3blBaloT pe3yabpTaThl ONBITOB, Hau-
0osiee OJArONPUATHBIMA HMCTOYHUKAMHU YIJIEpoOja
u a3ota Juis yBenudeHus Beixoga III'D sBustoTcs
[JII0KO3a B KOHLEHTpauuu 5% U HUTpAT aMMOHHUSL.
Ha cpene ¢ rmokosoit u NH NO, 6b110 HakoruieHo
u BeIgeneno 1,62 r/n I[1I'B.
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Ta6auna 4 — [Ipoxykiuu [1I'b mrammowm Ps. flavescens /1S Ha cpenie ¢ pa3TMYHBIMI HCTOYHHKAMH a30Ta

Hcrounuk azora Cyxoif Bec KIIETOK, /11 (X) Cyxoii Bec I1I'B, /1 (P) ii?;g:::;:ﬂ?

, /0
ITentox 16,54+0,66 1,48+0,06 8,95
JposxokeBoi aKCTpakT 10,33+0,41 0,56+0,02 5,42
MoueBuHa 8,97+0,36 0,85+0,03 9,48
NH,NO, 9,63+0,39 1,55+0,06 16,09
NH,Cl1 7,31+0,29 0,60+0,02 8,21
(NH,),SO, 8,82+0,35 0,73+0,03 8,28

Ipooykyus [1I'B na cpede ¢ enuyepurnom

['munepuH — oAWH W3 OCHOBHBIX KOMIIOHEH-
TOB OPraHUYECKUX OTXOJOB IIPU TPOU3BOJCTBE
OMOTOIIMBA, MHINEBOW M KOCMETHYECKOH TIpo-
nykiwd. [ IpoBepKH THIOTE3BI O BOZMOYKHOCTH
HCTIOJIH30BAHUS TVIMIIEPUHA B KAY€CTBE OCHOBHOTO
C-cyOcTpara OblIa MpOBe/IcHA aanTalus TaMMa
Ps. flavescens J15 k riuniepruHy B TeYEHHUE 5 TIUKIOB
KyJIbTUBApOBaHUS. [10 OKOHUAHUN KaXXIOTO IUKIIA
OMPEIEISUIA TTOKA3aTeIN ONTHUYECKOU TNIOTHOCTU U
KOJJMYECTBO JKM3HECTIOCOOHBIX KIJIETOK Ha IIOTHOM
MUTATEJILHOU cpelie.

[lo nmaHHBIM TaOMUIBI 5 MOKHO CHENaTh BbI-
BOJ, YTO M3HAYAJIHHO KYJBTUBHPYEMBIH Ha Cpeie
¢ mIroKo30u mramm Ps. flavescens J15 nocterneHHO
aganTupoBaics K pocty u cunresy I1I'b na cpene ¢
TJIALIEPUHOM.

-

Tadmuua 5 — Apantanus wramma Ps. flavescens D5 x
DIALEPUHY

Maccasx KonnuecTBo XU3HECTTOCOOHBIX KIIETOK,
KOE/n
Nel 24107
Ne2 26:10°
Ne 3 42-10"
Ned 48-101
Ne s 6010"2

CpaBHUBas XapaKTEPUCTHKH KYJIbTYpaJbHON
JKMIKOCTH TIEPBOTO MacCaka M IMSATOTO BUIHO, YTO
CITyCTsI 5 TIEPECEBOB, KOJIMYECTBO KUZHECTIOCOOHBIX
KJIETOK Bo3pociio ¢ 24:107 no 60-10'2 KOE/.

Pucynox 1 — Poct 6akTepuii, afanTHpOBaHHBIX K ITIHLEPHHY
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Kak BHUJHO W3 JaHHBIX TPEJCTABICHHBIX B Ta-
onmie 6, Ha cpene ¢ TIIMICPUHOM INTaMMOM Ps.
flavescens J15 0pu10 HakorieHo 12,2540,49 r/n 6uo-
Mmaccel U 2,15 r/n III'B, mpu 3TOM 3KOHOMHUYECKUI
koaddurrent nmen 3aaveHue 17,55 %, 4To npeBbI-
I1aeT 3Ha4eHus, oJTy4YeHHble Ha cpeae MSM.

eprHa, TCM CaMbIM YBCIIMYMUBAS BBIXOJ MNPOAYKTaA
1 CHMKas 3aTpaThbl HA UCTOYHUKHU yTj€poza.

3akiouyenne

[IpoBenennbIe Hccaen0BaHus 10 TOA00PY KOM-

[IOHCHTOB THTATEIILHOW Cpelbl Ui YBEIUYCHHS
nponykmuu [1I'b mouBeHHBIMI OaKTEpUSIMU MTO3BO-
JSIFOT BBIPA0OTATh HOBBIE MOJIXOBI, CIIOCOOCTBYIO-
LIMe CHU)KEHUIO 3aTpaT Ha ero npou3BoiacTBo. [1o-
noOpaHa onTuMaibHas cpena MSM auis mpoyKium

Taéauua 6 — DpdexruBHocTs npoxykuuu [1I'6 mrammom Ps.
Sflavescens J15, anauTHPOBaHHBIM K TIULEPUHY

Cyxoii Bec knetok, | Cyxoit Bec III'B, | DxoHoMMYecKuit [I'B. Tloka3zana 3¢ PeKTUBHOCTH aJanTaI[|K ILITaM-
rur o/ KodpPuumeHTt, % Ma Ps. flavescens ]IS x cpene ¢ TIIUIIEPUHOM.
12,2540,49 2,15+0,09 17,55

Paboma evinonnena 6 pamxax npoexma I'®
AP19679444 «Paspabomxa Ouonpenapama npo-
JIOH2UPOBAHHO20 OeliCBUsL HA OCHO8E NOIUMEPHOU
mampuybl ¢ 3PHEeKMUSHLIMU MUKPOOPSAHUSMAMU
01 CIMUMYIUPOBAHUS POCTNA ASPOKYILINYD».

[losnydeHHble pe3yabTaThl MO3BOJIAIOT CAETAThH
BBIBOZ, 4TO (DEpPMEHTALUIO IITaMMa-IPOLYLEHTa
III'b BO3MOKHO IPOBOJUTE C UCIIOJIB30BAHUEM TJIN-
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OHTYCTIK KASAKCTAH ©HIPIHAE ©CIPIAETIH XEPTIAIKTI
ELUKI T¥KbIMbIHbIH, CYT ©HIMAIAITIH NMPOBNUOTUKTAP
KOAAAHY APKbIAbI APTTbIPY TEXHOAOTIMACDI

Kasipri ke3ae eLKi cyTiHe ilKi X&He CbIpTKbl HapblKTa CypaHbIC eTe >ofapbl. KasakcraHaa eLuki
CYTiH OHAIpPY ©6Te TOMEeH AEHrerAe >KoHe eLllKi CYTiHiH Heri3iH epriAikTi ewki TyKbIMAAPbIH ecipy
APKblAbI, BHAIPIATEH CYT OHIMAEPI HapbIKTa CTUXMSIABIK, XKY3ere acblpblAyAQ.

OcblfaH opairt, OHTycTiK KasakcTaH eHipiHAe ©cCipiAeTiH >XEepriAikTi ewki TYKbIMbIHbIH CYT
OHIMAIAITIH NPOOUMOTHKTED KOAAAHY apKbIAbI aPTTbIPY OTE ©3EKTi MOCEAECT 3ePTTEAAI.

TypkicTtaH 06AbIChl, TyAKiGac ayAaHbIHbIH MallaT aybIAbIHAQ OPHAAACKAH >KEPiAIKTI eLKi TyKbIMbIH
ecipeTiH «MALLIAT» wapyauubiabiFbiHaa 108 6ac caybiH ewwkiaepre 1 Kr TipiAei caAmMarbliHa ap TYPAI
npo6uotukTep «Betomm 1,1», «benTobak» >xaHe «MoAOUHBIN MacTep» 0,25 mr, 0,5 mr, 0,75 Mr XXoHe
1,0 Mr mMeAlepae GepiAin, OAAPAbIH TOYAIKTIK >koHe 4 al cayblHAQ CYT MOALIEPIH, CYT MANAbIAbIFbIH
KOHE aKybl3 Kypambl aHblKTaAAbl. bakbiray To6bl peTiHAe NPoOMOTHK KoapaaHbGaraH 12 6ac caybiH
eLIKiAep aAbIHABI.

3epTTey HOTUXKECIHAE KOAAAHbIAFAH MPOOMOTUKTEPAIH TEriHe XaHe Ao3acbiHa GAMAAHBICTbI eLlKi
CYTiHIH canacblHa OH 8cep eTeTiH NPOOMOTUK «MOAOUHBIN MacTep» 0,75 Mr 1 Kr Tipiaei caamakka
A03aCbl TUIMAT BOAABI.

«MOAOUYHBI MacTep» NpenapaTbiHbIH, CayblH eLKiAepAiH, 1 Kr Tipiaein caamarbiHa 0,75 Mr MeALLepi
TOYAIKTIK cyTTi | AakTaumspa 2,49+0,024 «r, Il Aaktaumsaa 2,68 +0,031 kr xoHe Il AakTaumsiaa
2,55+0,052 kr xeTki3in, 4 ai caybiHaa | AakTaumsaaa 298,8 +0,017 kr, Il aAaktaumsiaa 321,6+0,016 kr
oaHe Il AakTaumsiaa 306+ 0,018 Kr )KeTKi3eTiHAIN ADAEAAEHAI.

[pobuoTHKTapAbiH TeriHe 6GariAaHbICTbl CYTTIH MaMAbIAbIFbI MEH aKybI3blHbIH €H >KOFapfhbl
KepceTKilli «MOAOYHbIA MacTep» NpenapaTtbiH KOAAAHFAHAQ CYTTiH MaiAbIAbIFbl | AakTaumsaa 5,57-
5,74%, Il AakTaumspa 5,54-5,77% xoHe Il Aaktaumssa 5,65-5,80% 60Aca, aA akybl3 Kypambl |
AakTaumaaa 3,62-3,71%, Il aaktaumsaaa 3,70-3,80% >xoHe Il aakTaumsaaa 3,61-3,72% 60AAbI.

«MOAOUHBI MacTep» npenapaTbiH OHAIPICKe eHri3y cayblH Ke3eHAepiHAe elukirepaeH — |
AakTaumsaa 298,8 mbiH Tenre, Il aakTtaumsaa 321,6 mMbiH TeHre >koHe Il aakTaumsgaa 306 MbiH TeHre
Hakbiray TOObIHA KapaFaHAQ (MPOBUOTMKCI3) apThikK, TabbIC aAyFa MyMKIHAIK GepeAi.

TyHiH ce3Aep: eLlKi WapyallblAbIFbl, XXEPriAiKTi eLKi, cayblH eLKi, MPoBUOTUKTEpP, CYT OHIMAIAITI.

U.A. Narsha'*, N.N. Alibaev’, Yu.A. Yuldashbaev?, O. Beketauov'
M. Auezov South Kazakhstan University, Kazakhstan, Shymkent
Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Russian Federation, Moscow
*e-mail: dana-94n@mail.ru

Technology of increasing milk production of local breed goats grown
in the South-Kazakhstan region using probiotics

At present, the demand for goat milk in the domestic and foreign markets is very high. The produc-
tion of goat milk in Kazakhstan is at a very low level, and the basis of goat milk is the breeding of local
goat breeds, and the dairy products produced are sold spontaneously on the market.

In this regard, a very urgent problem of increasing the milk productivity of goats of local breeds
grown in the South Kazakhstan region through the use of probiotics has been studied.

At the MASHAT farm, which breeds goats of local breeds, located in the village of Mashat, Tulkibas
district, Turkestan region, 108 dairy goats were given various probiotics Vetomm 1.1, Bentobak and
Dairy Master 0.25 mg, 0.5 mg per 1 kg of live weight, 0.75 mg and 1.0 mg and determined the amount
of milk, the content of milk fat and protein during their daily and 4-month milking. As a control group,
12 dairy goats were taken, which did not receive probiotics.
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As a result of the study, the probiotic «Dairy Master», which has a positive effect on the quality of
goat’s milk, depending on the type and dosage of probiotics used, was effective at a dose of 0.75 mg
per 1 kg of live weight. In the amount of 0.75 mg per 1 kg of live-weight dairy goats «Dairy Master» gave
2.49 + 0.024 kg of daily milk for the first lactation, 2.68 + 0.031 kg for the second lactation, and 2.55
+ 0.052 kg for the third lactation. It has been proven that for lactation it gives 298.8 +0.017 kg, for Il
lactation — 321.6+0.016 kg, for Il lactation — 306 +0.018 kg.

Due to the origin of probiotics, the highest rate of milk fat and protein when using the Milk Master
preparation is 5.57-5.74% for the first lactation, 5.54-5.77% for the second lactation and 5.65-5.80% for
the third. lactation and the protein content in the first lactation was 3.62-3.71%, in the second — 3.70-
3.80%, and in the third lactation — 3.61-3.72%.

The introduction of the drug «Dairy Master» into the production of goats in the dairy period — 298.8
thousand tenges for the first lactation, 321.6 thousand tenges for the second lactation, and 306 thousand
tenges for the third lactation — compared with the control group (without probiotics).

Key words: goat breeding, local goats, dairy goats, probiotics, milk production.

Y.9. Hapwa'’, H.H. Aan6aes’, IO.A. lOapawbaes?, O. bekeTtayos'

"fO>HO-KasaxcraHckuin yHuBepcuteT M. M. AyasoBa, KasaxcraH, r. LLbiIMkeHT
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TexHOAOr 1Sl MOBbILLIEHUSI MOAOYHOCTH KO3 MECTHOI MOPOAbDI, BbIpaLLMBaeMbIX
B lOxHo-Ka3axcTaHckoi 06AacTH, C UCMOAb30BaHMEM NMPOOGUOTHUKOB

B HacToglLee Bpems CNpoC Ha KO3beé MOAOKO Ha BHYTPEHHEM WM BHELUHEM PbIHKax OYeHb BbICOK.
[Mpon3BOACTBO KO3bero MoAOKa B Ka3axcTaHe HaxOAMTCS HA OUYEeHb HU3KOM YPOBHE, @ OCHOBY KO3bero
MOAOKQ COCTaBASIET pa3BeAEHME MECTHbIX MOpPOA KO3, a MPOM3BEAEHHAs MOAOYHAS MPOAYKLMS
peaAm3yeTcs Ha pblHKE CTUXMIAHO.

B cBS131 C 3TMM M3yUeHa BeCbMA akTyaAbHasi MPOOGAEMA MOBbILLEHMS MOAOYHOM MPOAYKTUBHOCTM KO3
MECTHbIX MOPOA, BbipatumBaembix B KOxkHo-KaszaxcTaHckom 06AacTH, myTem nprMmeHeHus mpo6MOTUKOB.

Ha dpepme «<MALLIAT», 3aHMMatoENCS pa3BeAEHMEM KO3 MECTHbIX MOPOA, PACMTOAOXKEHHOM B CeAe
Matwar, Tyakmnbacckoro paitoHa, TypkectaHckorm o6aacti, 108 AOMHbIM KO3aM A@BaAM Pa3AMUHble
npo6moTnkn «Betomm 1,1», «<beHtobak» 1 «MoAouHbIM MacTep» 0,25 mr, aaBaan no 0,5 mr Ha 1 kr
>KMBoOM Macchbl, 0,75 mMr 1 1,0 Mr 1 onpeAeAsAM KOAMYECTBO MOAOKA, COAEP>KaHME MOAOYHOIO >KMpa
1 6eAka Npu Mx CYTOYHOM M 4-MECSIUHOM AOeHUW. B KauecTBe KOHTPOAbHOM rpynibl ObiAM B3sTbl 12
MOAOYHbIX KO3, KOTOPbIM HE MPUMEHSIAU MPOOUOTHKM.

B pesyAbTate McCAeAOBaHUS MPOOUMOTMK «MOAOUHBIM MACTEpP», OKA3bIBAIOLLMIA MOAOXKUTEABHOE
BAMSHME HA KayeCcTBO KO3bero MOAOKA B 3aBMCMMOCTM OT BMAQ M AO3MPOBKWM MCMOAb3YEMbIX
NPOOMOTUKOB, OKa3aAcs 3pekTUBHbIM B A03€e 0,75 Mr Ha 1 KI >KMBOro Beca macca.

B koamnuectBe 0,75 Mr Ha 1 Kr >KMBOWM MacCCbl MOAOYHbIX KO3 «MOAOYHBINM MacTep» AaBaan 2,49
+ 0,024 Kr cyTOUHOro MOAOKA Mo nepBom AakTaumu, 2,68 = 0,031 kr no BTopon AakTaumm u 2,55 +
0,052 kr no TpeTbei AakTaumm. AoKa3aHo, UYTO 3a AakTaumio oHa aaeTt 298,8 £0,017 «r, 3a |l AakTaumio
—321,6£0,016 «r, 3a lll AakTaumio — 306+£0,018 kr.

BAaroaaps NpomncxoxKAeHUo NPOGMOTUKOB HAMBLICLLIMIA MOKA3aTeAb MOAOYHOIO XMpa 1 6eaka npu
npuMeHeHun npenaparta «Mnak Mactep» coctaBageT 5,57-5,74% no nepBow AakTaummn, 5,54-5,77% no
BTOPOM AakTauuu n 5,65-5,80% Mo TpeTbei. AaKTalumMm, a COAEp KaHWe NpoTerHa B MEPBYIO AaKTaLMIO
cocTtaBuAo 3,62-3,71%, Bo BTOpyto — 3,70-3,80% m B TpeTbio AakTaumio — 3,61-3,72%.

BHeapeHre npenapata «<MOAOYHBI MacTep» B MPOM3BOACTBO KO3 B MOAOYHbIA neproa — 298,8
TbIC. TEHre MO NepBoM AakTauuu, 321,6 TbiC. TeHre no BTOPOM AakTaumun 1 306 TbIC. TEHre Mo TpeTben
AQKTaLMKU — MO CPABHEHMIO C KOHTPOAbHOW rpynmnoi (6e3 npo6uMoTUKOB).

KAtoueBble cAOBa: KO30BOACTBO, MECTHbIE KO3bl, MOAOYHbIE KO3bl, MPOBUOTUKM, MPOU3BOACTBO
MOAOKA.

Kipicne

KazakcTana Man mapyanibUTbIFbIHBIH JOCTYPITI
callachIHbIH Oipi — eIKi mapyambuibiFbl. EmiMizne
KEHIHT1 JKbUIAphl CIIKi CaHBIHBIH KeJieMi 3 MITH-
nail Oac, HakThUIan aiTKaHga 2915MbeIH Oac sxoHE
OHBIH Tapayiybl Op TYpPJIi aiMaKTap/abl KAMTH OThI-
PBII, HETi31H )KEPriTiKTi emKijep Kypaiasr [1].
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Kasipri ke3ze emiki mapyambUIbIFbIHBIH HEeT131 —
ycak Tayapislk eHaipic. lllapya KoskanbIKTapbIHBIH
caHaTTapbl OOMBIHINA eIIKI TOIMYJISITUSICHIHBIH
KYPBUIBIMBIH/IA €H KOII yJIecl Y IIapyalibUIbIFBIHIIA
— 69,8%, aypul IIapyallbUIBIFBI YHBIMIApbl —
30,16% Tuecini.

Ka3zakcTaHHbIH OHTYCTIK OHIpi TaOWFH-
KJIMMATTBIK JKOHE >KalbUIBIMABIK JKaraaiaapblHa



Y.O. Hapma xone T.6.

OailaHbpICTHI eIIKi ecipyre KOJIaMIIBI
aiMaxTapaeH Oipi O6onbIm TaOBIIAnEl. ATanraH
OHIpJle eIIKI ecipyMeH HeTi3iHeH ipi emec,
opTa, ycak IIapyambUIBIKTap >KOHE JKeKe YH
MIapyanIbUIBIKTAp aliHAIBICAIBL.

Kasipri ke3lie HapbIKTa €IKi eHIMAEPiHiH apa-
CBIH/Ia JKOFapbl CypaHbICKa e — CYT eHiMIepi [2-
5]. Ocpiran opaif, Man mapyambUIbIK, OHIMICPIH
OHJIIpYIILIEp SIIKi IapyalbUIBIFBIH CYT OaFBITHIH/IA
JaMBITYFa >KOFapbl bIHTAJIBL.

Kazakcranna emki cyTiH eHIIpYy eTe TeMeH
JICHTel/Ic JKOHE CIIKI CYTIH TYTBIHY KbUIbIHA
ecen rpamMMFa JiediH Oapajipl, HEri3iHeH OHBIH Oa-
CBIM KOMIILUIITIH JKEPTiTKTI emKi TYKbIMIAphIH
ecipy apKbLIbl, OHAIPUITEH CYT OHIMAEPI HapBIKTa
CTHXMSUTBIK, KY3€Te€ achIpbLTy/Ia.

CyrtTi GaFbITTaFb! CHIKUIEPII OCIpY KOHE ycTay
NpoIleciHe 3aMaHayd TEXHUKAIBIK YKaHAIBIKTapIbl
SHTI3Y/JIH TUIMJAUIITIH SJEMHIH KONTereH eljepi
Oaranarm ynrepai. Atarm aiiTkaHaa, CyT OaFbITBIHAAFBI
elIKI [IapyalIbUTBIFBIH JIAMBITYABIH HOTHXKECIHIIE
lNomnanausina emki CyTiH TYTBIHY KbUIbIHA 20 JINT-
pre *KeTkeH [6].

KazakcTaHHBIH OHTYCTIK OHIpiHJAE OcipiieTiH
JKEPTiTIKTI elmKijep oHipAeri TaOUFH-KINMaTThIK,
Kaibln-0ary, a3bIKTaHIOBIPY JKOHE ©3 TeJIIHEH
KeOer Karmaiyapra eTe OceifiM, jKOHE OJap.blH
OoCcbl OHOJIOTHSUIBIK ~EpeKIIe KacHeTTepi emIKi
MIapyalIbUIBIFBIHIAFEl CYT OQFBITBIH JaMBITY/IBIH
THIM/]TI TCHETHKAJIBIK KOPJIaPhI OOJIBII €CenTeTiHe 1
[7-8].

OcpIiran opaid, OCHI OHIpJe >KEPTiTKTI emKi
TYKBIMIAPBIHBIH CYT OHIMALUIITIH JaMBITYIIbI 3€pT-
TEy 6Te¢ MaHBI3/IbI ©3eKTi Maceeci [9].

JXorapbeiga alThUTFAHIAPIBl €CKEPE OTBIPHII,
0i3miH  3eprreynepiMi3miH  MakcaTthl  OHTYCTIK
Kazakcran eHipiHae ocipiieTiH KeprimiKTi emki
TYKBIMAAPBIHBIH CYT OHIMIALIIH MOpOOHOTHKTAp
KOJIZaHy apKbIIbI apTTHIPY.

3epTTey MaTepHaJaapbl MeH djicTepi

3epmmey Hvicanbi

FputbIMu 3epTTEY AKYMBICBIHBIH 3€PTTCY HBICAHBI
petiane Typkictan obmbichl, Tynkibac ayaaHbIHBIH
Mariar aybuIbIHIA OpHAJIACKAH CIIKI ©CIpeTiH
«MAUIAT» mapyambuIbIFBIHBIH JKEPTiTIKTI eHIKi
TYKBIMBI QJIBIHBI.

3epTTey MaTepHanapsl eiki CyTi xkoHe IpoOu-
OTHUKTEP.

Emki ecipetin «Mamar» mapyamnbUIbIFbL
OpHalacKaH JKep Taylbl aiiMaklieH CHIaTTa-
neim, Tamac Anaraysl Tsub-lllaHbHBIH CONTYCTIK
JOFACBIHBIH KOTaJIap JKYHeciHe jKaTajbl )KOHE eIKi
MAJIbIH 6CipyTe oTe KOJaiibl OHIp.

FputbIMU-3epTTey JKYMBICHI Ke3iHAE NpOOHO-
TUKTEP/II KOJIaHy Kejecisiel chi30amMeH JKypri3iimi
(Cyper 1) .

Freumeimu-3eprrey xymbicta 120 6ac sxeprimikri
caybIH eIIKi TYKBIMBI, OHBIH imiHae 40 6ac 2 »xacap
(I maxrammst), 40 6ac 3 xacap (Il maxTarmms) >xoHE
40 Gac 4 sxacap (III makranust) ansiael. ToxipOue
Kyprisy ymra «Berom 1.1», «benrobak», «Mo-
JIOUHBIA MacTep» MPOOHMOTUKTEPl TAHIAI aJbIHIbI.
[IpobuoTukTapasl cayblH emkizepaiH | kr Tipi
canMmarbiHa OavnanbeicThl 0,25; 0,5; 0,75 xoHe 1 Mr
J103a]1a JKEMI'e apajacThIPbIN CayblH JIAKTAIIMSHBIH
10 xyninen O6acran 5 kyH 1 pet 6epinzi (Cyper 2).

1-cypet — [IpoOHOTHKTEPI KOJIaHYFa HETi31ey
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Bakplnay ToOBI peTiHae MPOOUOTHKCI3 ADCTYPII
CYT OHJIpY TEXHOJOTHIChIMEH 12 0ac caybIH emiKi
anpIHabl, 1-mmi O6akepuiay TOOBI- | makTarmust caybiH
emkizep 4 6ac, 2-mi Gakpuiay ToObl — I makranus
cayblH ewmkinep 4 Oac, 3-mi Oakputay ToObl — III
JIAKTaIs cayblH emmkinep 4 Oac.

CayplH CYTTIH MOJIIEpiH aHBIKTAy VIIiH
TOYyJITiHE 2 per emkinep caybuibil, 10 KyH caii-
BIH OJapJblH CYTiHIH MeJIIEPiH, MaWIbUIBIFbIH,
akye3biH,  kepcerkimrepin ~ JIAKTAH  1-4
KYPBUIFBICBIMEH aHBIKTANEI [10].

3epTreyre anblHFAH YATUICPIiH THIFBI3/IBIFBI
Jlaktan 1-4 (Peceii) cyT aHanmM3aTOphIHIA OJIICHII.
Toxipubue keMm JereHie 5 KaWTamama >Kacalbll,
opramma apuQMETHKAIBIK MOHI aJIBIHABI. bapIibik
HOTHXKEIIEP apeoMETp TpajyCcTapbIMEeH Oepiii.

Cyr maiinbuieirsl Jlaktan 1-4 (Peceif) cyT ana-
JMU3aTOpPBIHAA emnmmeHai. Toxipubue keMmiHze 35
KaliTamama >XacaJlbIHBIN, opTama apru(MeTHKAIBIK
MOHI anbIH/IBL. Bapiblk HOTHIKENIEp MaccallbIK, Mai-
BI3JapMEH KOPCETIII.

AJIBIHFaH CaHIBIK MOIIMETTEP i OMOMETPHSITBIK
DJIICIIEH OHAEeN .

3eTTey HOTH:KeIePi :KoHe 0J1apAbl TATKbLIAY

[IpoOnoTukTepain TypiHe OaiIaHBICTBI 8P
JMaKTalMsIIaFel CayblH elIKiiepre Tipiged Ikr
canMarbiHa OaiitnaneicTel 0,25 mr, 0,5 mr, 0,75 mr
xoHe 1,0 MT Memnmiepae Oepy HOTIKECIH OaKpLIay
TOOBIHAAFBI Op TYpJi JAKTAaUWAIAFbl CaybIH
CIIKIIEPMEH TOYJIKTIK CYT OHIMJIUITIH XoHEe 4
ail cayblH CYT OHIMIUIIrIH canbicThipranna (1 xe-
CTe), ONMapabIH THIMII Typi «MOJIOYHBIH MacTep»
JKOHE KojmaHy medmepi 0,75 MI/Kr aHBIKTAIIBII,
TOYJIIKTIK CYT OHIMAUNK Oakpuiay TOOBIHA
kaparanga | makranusana — 1,22 xr, Il nakramnus-
na -1,34 xr, Il nakranusga -1,32 xr aptein, 4 ai
cayergma | makramusama — 298,8 kr, Il makraru-
sma -321,6 kr, 11 makranusaa -306,0 Kr skoFapsl
KYpaJbl.

KonpanpuiFan =~ mpoOOMOTHUKTEPIiH  apachlH-
na «MoONOYHBIM MacTepy NpenapaTbIHbIH THIMII
Oepy Meutiepi CYTTiH TOYJIKTIK xoHe 4 ail cayblH
OoiibiHma «Betoml1,1» mnpenapaThIHBIH KOFapbI
KepceTkimTepineH | makranusnga TOYMIKTIK CYT —
0,63 T xoHe 4 aii caysiH cyTi — 80,4 kT *xoFapsl, 11
JIaKTaIusaa Teoymiktik cyt — 0,56 r xxoHe 4 aii ca-
ybIH cyTi — 67,2 Kr xorapsl xoHe Il makramusina
ToymKTIK cyT — 0,53 r skoHe 4 aii caybIH cyTi — 63,6
KT JKOFapbl.
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ToxipOue HOTHKECIHAE CayblH CHIKiIepAe CH
TOMeHTi KepceTkim «beHToOak» MPOOHOTHTIHIE
Oonmpl. Atam aiiTkanma 0,25Mr emikiiep TOOBIHIA
I nakranusina Toymiktik cyt — 1,37+£0,027 kr xoHe
4 aii caybiH cyti — 164,440,021 xr, Il nakranusga
TOYMKTIK cyT — 1,5440,032 k1 >x0He 4 aii caybIH CYTI
— 184,840,018 xr, Il makTamusaga TOYIIKTIK CYT —
1,48+0,016 kr xoHe 4 aii caybiH cyTi — 177,610,017
kr. byn kepcerkimrep 0,75 Mr emxinep TOObIHIA
enpyip kertepiminm | makramusama TOYIIKTIK CYT —
1,45+0,025 xr xoHe 4 aif caybia cyTi — 174,0+0,019
kr, Il makrammsga ToymikTik cyt — 1,58+0,029 kr
skoHe 4 ait caywsiH cyTi — 189,640,016 kr, III nak-
Tanusaa TeYMKTIK cyT — 1,5540,026 kr xoHe 4 ait
caybid cyTi — 186,0+0,024 kr.

Onrycrik  Kazakcran eHipiHAe IKEpriliKTi
SIIKIJIEPAIH CYT OHIMIUIrH apTThIpyna «Moiou-
HBII MacTepy IMpernapaThiHbIH CayblH eMKiTepain 1
KT Tipige# canmarsiaa 0,75 Mr Memnmiepi TOyIiKTIK
cyrri | nakramusina 2,49+0,024 xr, 11 nakranusiga
2,68+0,031 kr xone III makramusana 2,554+0,052 kr
XKeTKi3im, 4 aif caysiaga | makranmsaga 298,8+0,017
kr, II makranmsiga 321,640,016 kr sxone III makra-
musiaa 306+0,018 Kr xxkeTKIZETIHAIT A0 IeH .

Onrycrik Kaszakcranmarbl >KeprilikTi emiKi-
JIEpJIiH TIOMYJIANUSACHIHBIH CaybIH CIIKUIEPiHIH CYT
KYPaMbIHBIH MalJIbUIBIFbIH )KOHE Ky bI3bIH TOXKIpOHE
TonTapbiHAa (MIPOOMOTHKTAP KOJIAHBUIFAH) KOHE
Oakputay TOOBIHAA (MTPOOMOTHKCI3) 3epTTEreHJIC
(xecTe 2), CYTTiH MaIBUTBIFBI TKIPO¥E TONITAPHIH-
na 4,69-5,80% apansireiama 60ca, akybl3 Kypambl
3,42-3,80% apaJIbIFbIH KYpaabl

[IpoGuoTHKTapIBIH TEeriHe 0ailIaHBICTHI
CYTTiH MaWJIBUIBIFBI MEH aKyBI3BIHBIH €H JKOFAPFBI
KepceTkim «MOJOYHBI MacTep» TpenapaThiH
KOJIaHFaHJla CYTTIH MalibUIbIFbI | Jlakranusiga
5,57-5,74%, 11 nakraumsga 5,54-5,77% sxone III
makranusna 5,65-5,80% OGonca, an akybI3 Kypamsl |
makTarusana 3,62-3,71%, 11 nakrarusga 3,70-3,80%
skone 111 nakranmsga 3,61-3,72% Oob!.

bakpulay TOOBIHAA cayblH eIIKIJIEp CYTiHIH
MaibUIbIFbl 4,05-4,30% apanblFblHaa, an aKybl3
memmepi 3,51-3,56% nenreitin Kypart, « MoJIOTHBIH
MacTep» TNpemnaparblHbIH IKr Tipigei caJiMarbiHa
0,75mr anran caysiH emkizgepaeH 1,5% MalIbUIbIFbL
xoHe 0,24% aKyb3 TOMEH JAopexeae OOIbI.

Kopeita aiitkanma, Omnryctik Kazakcran
OHIpIHJIE OCIpIJeTIH JKEPriuliKTi EeMKUIepAiH CYT
OHIMIIIITIH apTThIpyaa «MOJIOUHBIA MacTep» Impe-
MapaThlH CayblH eHIKiTepre 1Kr Tipigei cammarbiHa
0,75 Mr Memmepae KOJIaHy oTe THIMII.
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Onrycrik KazakcTan oHIpiH/e 0CIipileTiH KepTiTiKTi eIIKi TYKBIMBIHBIH CYT OHIMJIUIITIH MPOOHOTHKTAD...

1-kecte — XKeprinikTi cayblH eMIKIIEPIiH CYT OHIMIHE TPOOHOTHKTEPAI KOJIJaHy IbIH HOTHKECI.

« [Mpobuotux Memmepi -2
A E( Cyt E
Taymapet % MeJIepi, Kr NS
5 0,25 mr 0,5 mr 0,75 mr 1,0 mr g,
=
Toymixtik | 1,43+0,025 | 1,67+0,030 | 1,82+0,035 | 1,90+0,034 -
I
4 ait 171,6+0,015 | 200,4+0,018 | 218,440,014 | 228+0,02 -
Toymikrik | 1,58+0,021 | 1,74+0,025 | 2,12+0,051 | 2,15+0,043 -
Berom 1.1 II
4 aii 189,6+0,021 | 208,8+0,17 |254,4+0,018 | 258+0,021 .
Toymikrik | 1,60+0,035 | 1,78+0,031 | 2,02+0,028 | 2,08+0,030 -
il
4 ait 192,6+0,019 | 213,6+0,018 | 242,440,017 | 249,640,016 -
Toymikrik | 1,37+0,027 | 1,400,026 | 1,45+0,025 | 1,40+0,017 -
I
4 ait 164,440,021 | 168,040,020 | 174,040,019 | 168+0,018 -
i Toymikrik | 1,54+0,032 | 1,560,026 | 1,58+0,029 | 1,61+0,047 .
oKipuode
Benrobak 11
Torrapet 4 ait 184,840,018 | 187,240,015 | 189,620,016 | 193,2+0,017 -
Toymikrik | 1,48+0,016 | 1,530,012 | 1,55+0,026 | 1,67+0,030 -
11
4 ait 177,6+0,017 | 183,640,016 | 186,040,024 | 200,4+0,017 -
Toymikrik | 1,82+0,036 | 2,15+0,061 | 2,49+0,024 | 2,350,070 .
I
4 ait 218,440,015 | 258+0,017 |298,8+0,017 | 282+0,017 -
M y Toymikrik | 1,94+0,048 | 2,24+0,072 | 2,68+0,031 | 2,54+0,064 -
OJIOYHBIN H
MacTep 4 aii 232,840,018 | 268,8+0,018 | 321,640,016 | 304,80,019 -
Toymixtik | 1,83+0,092 | 2,08+0,059 | 2,55+0,052 | 2,52+0,079 -
il
4 ait 219,620,021 | 249,6+0,020 | 30620,018 | 302,40,019 -
ToymikTik - - - - 1,13+0,051
I
4 ait - - - - 135,640,015
Baksiiay ToGs, . ToymikTik - - - - 1,34+0,022
mpoduoTHKCis 4 aii . . - - 160,8£0,017
Toymikrik - - - - 1,23+0,074
il
4 ait . . . - 147,620,018
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2-kecte — XKeprinikTi cayblH eMIKUIEPAIH CYT OHIMIHIH MaHIBUIBIFEI MEH aKybI3 MeJIepi,%.

. g IIpobuotuk Mesiepi é
S e =
Artaynapbr § E X ‘E
g % 0,25 mr 0,5 Mmr 0,75 mr 1,0 Mmr g
<2 =
MaibIFbl 4,71 4,68 4,69 4,72 -
I
AKybI3 3,48 3,62 3,57 3,68 -
MaitnbFst 4,73 4,78 4,79 4,80 -
Berom 1.1 11
AKybI3 3,52 3,59 3,69 3,57 -
MaiinbIFbl 4,69 4,70 4,98 4,87 -
1
AKybI3 3,58 3,60 3,70 3,65 -
MaitnbFs 5,32 5,33 5,41 5,47 -
I
AKybI3 3,54 3,48 3,65 3,61 -
MalbIFsl 5,43 5,31 5,49 5,42 -
Toxipubde Benrobax 1T
TOITapbl AKybI3 3,42 3,48 3,52 3,57 -
MaitnbiFst 5,44 5,47 5,43 5,48 -
11
AKybI3 3,48 3,59 3,64 3,70 -
MaitnbFs 3,58 5,64 5,74 5,57 -
I
AKybI3 3,64 3,67 3,71 3,62 -
Monousbiit MaiibIFs! 5,69 5,65 5,77 5,55 -
MacTep II
AKxybI3 3,70 3,70 3,80 3,70 -
MaibIFsl 5,73 5,65 5,80 5,74 -
1
AKybI3 3,72 3,69 3,64 3,61 -
MaiibIFI, - - - - 421
I
AKybI3 - - - - 3,56
Bakpiiay ToObI, - MaibiFsl, - - - - 4,05
MPOOUOTHKCI3 AKyBI3 _ _ _ _ 3.51
MaiibIFsI, - - - - 4,30
111
AKybI3 - - - - 3,52
[TpoOroTHKTEpTi KOMIaHy TEXHOJOTHUSICHIH eIIKi KopbIThinabI

CYTIH OHIpyJle OHBIH OH/IPICTIK JaMyblHa >XKOHE
OKOHOMHKAJIBIK THIMJIUTIIIHE ©cepi JKOFapbl. Artar
aliTKaH/1a, cayblH Ke3eHepiH/Ie elkiaepacH — I nakra-
musina 298,8MeIH TeHre, 11 makranmsma 321,6MbIH TeHre
sxone 111 nakrarmsa 306MbIH TeHre OaKbLIay TOObIHA

KaparaHaa (MpoOUOTHKCI3) apThIK, TAOBIC aTbIHIIBL.

3epTTey HOTIKECIHAEC KOJIAAHBUIFAaH MPOOHO-
TUKTEPJIIH TEriHE JOHE J[03achlHA OalJIaHBICTHI
CIIKI CYTIHIH camachlHa OH 9Cep €TETiH MPOOHOTHK
«Momounsrit Mmactep» 0,75 Mr 1KT Tipige# caiMakka
J103aChl THIM/I1 OOJIJIBI.
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Onrycrik KazakcTan oHIpiH/e 0CIipileTiH KepTiTiKTi eIIKi TYKBIMBIHBIH CYT OHIMJIUIITIH MPOOHOTHKTAD...

«MoIouHBIII MacTep» TpenapaThIHBIH —Cay-
BIH emKinepain 1 kxr tipime#t canmarbHa 0,75 Mr
MeJepi ToymiKTik cyTti | makranusina 2,49+0,024
kr, I nakranmsaga 2,68+0,03 1 kr sxone 111 nakTamms-
na 2,55+0,052 kr xkeTKi3im, 4 aif caybraaa | makramm-
siga 298,840,017 kr, II makranusna 321,6+0,016 xr
skone Il maktanmsiga 306+0,018 Kr keTKI3eTIHAITT
JIOJIEIIIECH/II.

[TpoGuoTHKTAPIBIH Terine OaiIaHbICThI
CYTTiH MaWJIBUIBIFEI MEH aKybI3BIHBIH €H YKOFapFbl
KepceTKimi «MOJIOUHBIH MacTep» MpenapaTbiH

KOJIaHFaHJla CYTTIH MaWibUIBIFBI | Jakranusiga
5,57-5,74%, 1l nmakrauusnma 5,54-5,77% sxone III
nmakranusaa 5,65-5,80% 0osica, an aKysI3 Kypamsr [
nmakranusga 3,62-3,71%, 11 nakranusga 3,70-3,80%
»kone 111 nakranmsga 3,61-3,72% Oosiabl.

«MomnoyHBIl MacTep» TpenapaTblH eHIipicKe
SHTi3y caybIH Ke3eHJIepiHe emmKinepaeH — [ nakra-
musaa 298,8MerH TeHre, II makramumsga 321,6MbIH
teHre koHe I maktanmusaga 306MbIH TeHTe OaKbLIAY
TOOBIHA KaparaHaa (MpOOMOTHKCI3) apThIK TaObIc
ayFa MyMKIHAIK Oepeti.
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ABTOpJIAp YIIiH aKnapar

«Ka3Y'V¥ xabapuibIChl. DKOIOTHS CepUACH )KypHaIbI 1992 sKblbl KypbUTFaH. JKypHaIIbIH KYPbUITAUIIBICH XKOHE IIBIFAPYIIBICHI
on-Dapabu areiniarsl Ka3ak yaTThIK yHUBEpCUTETI 00JIbIN TadbLIa bl JKypHAaIIbIH )KOFaphl OKY OPHBI KOPCETIIIeH MyKabachl MeH
TUTYJJIBIK TapakTapbl, wWbFbic aepekrepi, ISSN, eISSN, penakiusuibK anka Kypambl, peIakIUsUIbIK, cascaThbl, )KapHsIaHbIMIBIK,
9THKACHI )KOHE BeO-caiiThI Oap.

KypHau sxplbIHa 4 PeT MIBIFAPbUIA/IbL.

XKypHai aBropiapIbIH >KapUsIIAHBIMAAPBIHBIH AKIAPATTHIK AIIBIKTBIFI KOHE KOJ JKETIMIUIr cascaThiHa CoOiikec Keleni,
Makasnanap XXypHaJIblH calThIHa OpHaIacThpbUIaas! https://bulletin-ecology.kaznu.kz yiur Tinge TOAbIK MOTIH/I KODKETIMILTIKTE

JKypHa/IbIH MaKcaThl — 3KOJIOTHS XOHE TaOMFU PecypeTap CallaChIHAAFBI alJIBIHFBI KATapiibl 3epTTEYJIEpAiH HOTHKeIepi
MEH XaH-)KaKThl KOPCETITIMIH KaMTamachl3 ety. JKypHasl SKOJOTHsUIBIK IpodiemManap MeH KOpIIaraH OpTaHbl KOPFayFa FhUIBIMH
KbI3BIFYLIBLIBIK, TAHBITATBIH FBUIBIMH KbI3METKEpJIEpre, OKBITYIIBUIAPFA, JOKTOPAHTTAP MEH TYpPJi MaMaHABIKTaFbl CTYACHTTEpre
apHAJIFaH.

JKypuaa minaerrepi:
e DKOJIOTHS XKOHE KOPIIIaFaH OPTaHbl KOpFay OObIHIIA (DyHAAMEHTAI b )KOHE KOJIIaHOAIbI FBUIBIMHBIH TYPJI caanapblHia
MaHbI3/Ibl MOHTC H€ JKaHa FhUIBIMU HOTHIKEIIEP/Il KapHsiIay.
e JluccepTauusiapabl KOPFayFa JKoHE FhUIBIMH MAMaH/IBIKTAp OONBIHINA FEUIBIMH JOPEKEIep allyFa YMIiTKEp MaruCTPaHTTap
MEH JIOKTOPaHTTap/IbIH FHUIBIMH )KYMbBICTAPBIHBIH HOTHIKEIIEPIH KEH jKapUsUIay/blH AIIbIKTBIFBI MEH KOJI KEeTIM/UIr OPTAaChIH KYPY.
e  FhulbIMM KOFaMJACTHIKTBIH, COHJAH-aK »ac JKOHE JKaHa OacTaraH FaJIbIMIAPABIH OKypHAJFa JIEr€H TYPaKThI
KbI3BIFYLIBUIBIFBIH KAJIBIITACTBIPY, OHBIH 3KOJIOTHSI MOCEJIENICPIH 3ePTTEHTIH MaMaHIapAblH KOCciOW OpTachlH/a OCil Kele )KaTKaH
KQKETTLTITH KaJIbIITACTHIPY.
XKypHan Mmarepuanaapbl SKOJOTHs JKOHE KOpIIaraH OPTaHBIH JIACTaHYbl CalachIHAAFbl NPOOJIeMaIapiblH KeH ayKbIMbIH
KaMTuabl. Makananap 3K0JI0TrUsIHbIH KeJleci TAKbIPBINTBIK 06J1iMaepi OOibIHINA KapUsTaHAbL:
e JKep Typaisl FaibIM;
Kopiiiaran opTaHbl 1acTay oHe KOpFay;
DKOJOTUSIIBIK, OMOTEXHOJIOT S,
AnaMm, eciMaiKTep, jKaHyapiap )KoHe MUKPOOPTaHU3M/IEP IKOJIOTHSCHI;
KaumarThiH FanaMablk e3repyi, Cy pecypcrapbiH 6ackapy,
By3butFaH KOXKYienep/ii KaJlblHa KenTipy;
Kopiaran opra xoHe KeIlli-KOH;
Kananap »oHe KIMMATThIH 03repyi;
DKOJOTHANIBIK OffJIay XKoHE aJjamM3aT CTPATerHsCHI.

«Ka3YV xabapuibiCbl. DKOJOTHS CEPUsChI» KYpPHAJBIHBIH TaKbIPBIITHIK OarbITTapblHa COHKEC KEJIETiH JKOHE KOKa30aHbI
pecimzey Tananrtapbl OOIbIHIIA KaTaH peciMJIereH, aBTOP/IbIH (aBTOPIApAbIH) Ka3akK, OpbIc HEMece aFbUILIbIH TULIepiHae OypbIH
JKapusilaHOaFaH MaKanajgapbl KaObUIIaHaIbL.

«Ka3YV xabapIubICbl. DKOIOTHS CEPUSCHI» KYPHAJbl ABTOPJIAP/IbIH FHUIBIMH JKYMBICKA KYKBIFBIH CAKTal/Ibl %OHE XKypHaIIFa
OipiHIIi XKapusiay KYKBIFBIH JKYMbICTIeH Oipre Oepeni, onsl 6ip yakpitra Creative Commons Attribution License (CC BY-NC-ND
4.0) GoifbIHIIA JIMICH3USITANIBI.

XKapusinay mpoueciHiy OapiblK KaThICYLIbLIAphl, aTan aWTKaH[a, opOip aBTOpP, FBUIBIMM PENAKTOp, PELEH3CHT, JKAyamThl
xaribl, «Ka3YV xabapmibichl. DKOIOTHS CEPUSICh» FHIIBIMH JKYPHAIIBIHBIH PEJAKIMSIIBIK aIKACBIHBIH MYILIEIepi MIHACTTI Typae
Kapuslay STUKACBIHBIH KaruAallapblH, HOPMalapbl MEH CTAHIAPTTApbIH YCTaHyFa MIHIETTI. DTHKAJbIK KaFHaJap/bl cakray
FBUIBIMH JKyPHAJIJIIH CallaChlH KaMTaMachl3 €Ty XOHE CaKTay YIIIH Jie, JKapusiay MpoleciHe KaTbICyIIbuIap apachlHIa CeHIMAi
KOHE KYPMETTI KapbIM-KaThIHAC KYPY YIIIH 1€ MaHbI3/bL.

MakasaHbl JkapHsiIay TeJeMi TeK peJakIUsHbIH MaKalaHblH KaObUIIaHFaH IIelIiMi XxabapiamMachiHaH KeiiH FaHa KYpPri3iaesi.
Kapusinansiv kKyHbI — 2000 Terre/6er WORD dopmarsinaa (mpudt 12, Times New Roman).

PexBusurrep:

«On-Dapadu areiaaarsl KazY Y» KOMMepIUsUIBIK eMec aKIHOHEPITiK KOFaMBbl
Hunexc 050040

Mexkenxaiibl: AnMaThl Kanacsl, On-Papabu naHFbLIbL, 71

BWH 990140001154

KBE 16 «bipinmi Heartland Jusan Bank» AK

UK KZ19998CTB0000567141 — tenre

NHK KZ40998CTB0000567151 — AKII nomnapst

BUK TSESKZKA
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HNudopmanus 11 aBTopos

Kypunaa «Bectuuk KasHY. Cepusi sxosiornyeckas» Obu1 ocHOBaH B 1992 romy. Yupeaurtenem M U3AaTeNeM >KypHaja
spisiercst Kasaxckuil HannoHanbHBINH YHUBEPCUTET UMeHH anb-DPapadu. XKypHan nmeer pa3padoTaHHBIE U YTBEP)KACHHBIE 00JI0KKY
Y TUTYJIHBIE JIUCTHI C yKa3aHUEM By3a, BBIXO/IHbIE JaHHbIe HOMepa, ISSN, eISSN, cocraa peaxoieriu, peaakinoHHYO TTOJIUTHKY,
MyOIMKALMOHHYIO STHKY M BeO-callT. JKypHaul BBIIIyCKaeTcsl IEPUOJUYHOCTHIO 4 pasa B TOf.
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