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RICE (ORYZA SATIVA L.) ANDROGENESIS IN VITRO

Rice (Oryza sativa L.) is a cereal crop cultivated mainly in tropical and even some subtropical
countries and provides food for more than half of the world’s population. Nowadays, haploid biotech-
nology (gynogenesis and androgenesis) is used in breeding practice as one of the tools to improve rice,
preferably in vitro androgenesis. The method of in vitro cultivation of male gametophyte is one of the
promising biotechnological approaches in crop breeding research, including rice. This method is based
on the biological phenomenon of androgenesis — formation of haploid regenerant plant from anther and
microspore cells, whose development switches from gametophytic to sporophytic pathway. However,
the wide application of these technologies is limited by the existing two problems associated with the
genotype-dependence of plant regeneration and formation of albino plants in many cases in in vitro male
gametophyte culture of rice. The need to eliminate these restrictions has been and remains. This requires
continued research in this direction to develop and optimize the technology of cultivation, pre-treatment
of anthers and components of the nutrient medium, universal for all rice genotypes. This review consid-
ers a number of factors that affect the efficiency of rice androgenesis in vitro.

Key words: Rice (Oryza sativa L.), androgenesis in vitro, anthers culture, isolated microspores cul-
ture, limiting factors.
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In vitro xaraanbiHAaFbl Kypiwl (Oryza sativa L.) aHAporeHesi

Kypiw (Oryza sativa L.) AyHWe >Ky3i XaAKbIHbIH >KQpTbICbIHAH aCTaMblH a3blK-TYAIKMNEH KaMTaMachi3
eTeTiH MaHpbI3Abl ABHAI AAKbIA GOAbIN TabblAaAbl, Kenbip TPOMMKTIK, TINTi CyOTPOMUKTIK eAAepAe
ecipineai. Kasipri yakbiTTa ranAOMATbl GMOTEXHOAOIMS (TMHOTEHE3 XXOHE aHAPOIreHEe3) CEAEKLIMSIAbIK,
Toxipmbeae KypilTi XXakcapTy KypaAAapbiHbIH, 6ipi peTiHAe in Vitro-Fbl aHAPOreHe3Ae KOAAAHbIAGADI.
In vitro aHApOreHe3AH ASCTYPAI CEAEKUMS BAICTEPIMEH CAAbICTbIPFAHAQ apPTbIK LWbIAbIFbI FEHOTUITE aTa-
aHaAblK, (hopMarapAbIH, SKOHOMMKAAbIK, KYHAbI GeAriAepiH cakTanTbiH 1-Wi YprakTbiH, FOMO3MIOTaAbl
TYpakTbl 6YAQHAAPbIH a3 yaKbIT apaAblFbIHAQ aAy MYMKIHAITT GOAbIN TabblAaAbl. ATaAbIK, raMeToUTTI
in vitro >xarAariblHAQ ©CIpY 8AICI ayblA LAPYALUbIAbIFbl AAKbIAAAPbBIH, OHbIH, iLIIHAE KYPILTi 3epTTeyAeri
NepcrnekTMBTI OMOTEXHOAOTMSIAbIK, TOCIAAEPAIH Oipi 6OAbIN TabbiAaabl. ByA 8aic aHAporeHesaiH
OMOAOTUSIAbIK, KYObIAbICbIHA HEri3AEAreH — rametoUTTi >KOAAAH CrOopPOUTTI >KOAFA aybiCaTbiH
TO3aH >K8HEe MMKPOCMOopa >KacyllaAapblHaH FanAOMATbI PEreHepaHT eCIMAIKTIH Ty3iAyi. AAanaa, Gya
TEXHOAOTUAAAPAbI KEHIHEH KOAAAHY OCIMAIKTEPAIH pereHepaumsiCbiHbiH, FeHOTUMNKE TayeAAIAiriMeH
>KOHE KOmNTereH >kKarAanAapAa in vitro KypillTiH To3aH »K8He MMKPOCMOPaAbl AAKbIAbIHAA aAbOMHOC
OCIMAIKTEPIHIH KaAbINTaCybIMeH 0alAaHbICTbl €Ki MOCeAeMeH LeKTeAeAl. BbyA wekTeyaepai oto
KaXKeTTIAIr GOAAbI XkaHe 6OAbIN Kara 6epeai. ByA KypilTiH 6apAblK reHoTUNTEpI yLiH ambeban ecipy
TEXHOAOTMSCbIH, TO3aHAAPAbI AaAAbIH aAa BHAEY >KOHEe KOPEeKTIK OpTaHblH KypamblH 93ipAey >KoHe
OHTaMAQHABIPY YLUIH OCbl GaFbITTarbl 3€PTTEYAEPAI XKAAFACTbIPYAbI TaAan eTeai. bya woayaa in vitro
>KarF AaMbIHAAF bl KYPiLll aHAPOreHe3iHiH TMIMAIAITIHe acep eTeTiH GipkaTap hakTopAap KapacTbIpbIAaAbl.

Ty#in ce3aep: Kypiw (Oryza sativa L.), aHaporeHes in vitro, To3aHKan AaKblAAQY, OKLUAyAaHFaH
MUKPOCMOpPaAapAbl AAKbIAAQY, LLIEKTEYLLI pakTopAap.
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AHaporeHes puca (Oryza sativa L.) in vitro

Puc (Oryza sativa L.) — BaxxHast 3epHoBast KyAbTypa, obecrneumsaiolLas nMraHnem 60Aee NMOAOBUHbI
HACeAEHMs 3eMHOrO LIapa U BbipaLLMBAEMas FAaBHbIM 06PA30M B TPOMUUECKUX U AAXKe B HEKOTOPbIX
cyb6Tponuueckux ctpaHax. B HacTosuee Bpems ranaomMaHas GUOTEXHOAOMMS (TMHOTEHe3 1 aHApore-
He3) UCMOAb3YeTCs B CeAEKLIMOHHOM MPAKTUKE KaK OAMH M3 MHCTPYMEHTOB YAYYLLIEHUS prca, NpenmMy-
LLLeCTBEHHO aHApoOreHesa in vitro. MeToA KyAbTMBMPOBaHMS in Vitro My>KCKOro rametoduTa 9BAgeTcs
OAHVM U3 NMEepPCreKTUBHbIX OBUOTEXHOAOTMUYECKMX MOAXOAOB B CEAEKLIMOHHbBIX MCCAEAOBAHMSIX CEAbCKO-
XO3$IMCTBEHHBIX KYAbTYP, B TOM YMcAe puca. [penmyliecTBo aHApOreHesa in Vitro Mo cpaBHeHWIo ¢
TPAAMUMOHHBIMU METOAAMU CEAEKLIMM 3aKAIOYAETCS B BO3MOXHOCTU ObICTPOrO MOAYUYEHUSI rOMO3M-
FOTHbBIX KOHCTAHTHbIX TMOPUAOB 1-rO MOKOAEHMSI, COXPAHSIOLLMX B FEHOTUME XO39MCTBEHHO-LIEHHbIE
MPU3HAKM POAMTEABCKMX (DOPM. DTOT METOA OCHOBaH Ha OMOAOTMUYECKOM SIBAEHWMM aHApOreHesa — 00-
pa3oBaHMM U3 MbIABHUKOB M KAETOK MMKPOCTIOP FanAOUMAHOIO pacTeHUs-pereHepaHTa, pasBuTme KoTo-
poro nepekAlYaeTcs C raMeToMTHOro MyTH Ha CnopoUTHbIN. OAHAKO LLIMPOKOE NMPUMEHEHME 3TUX
TEXHOAOIMIA OrPaHMUMBAETCS CYLLECTBYIOWMMU ABYMSI MPOOAEMaMM, CBA3AHHBLIMM C FEHOTUMMYECKOMN
3aBMCMMOCTbIO pereHepaLmMm pacTeHunii 1 hOPMMPOBAHMEM BO MHOMMX CAYyYasix pacTeHUI-aAbOMHOCOB
B KYAbTYpPe MbIAbHMKOB in Vitro 1 Mukpocnop puca. Heo6XoAMMOCTb yCTpaHEeHUs 3TUX OrpaHUueHUiA
OblAa M OCTaeTcst. ITo TpedyeT NMPOAOAXKEHUSI MICCAEAOBAHMIA B 3TOM HarpaBAE€HMM Mo paspaboTke M
ONTUMM3ALMM TEXHOAOTMM BblpalLMBaHWsl, NMPEABAPUTEALHON 06PabOTKM MbIABHUKOB M COCTaBa NUTa-
TEAbHOWM CPEAbl, YHMBEPCAAbHOM AASl BCEX FEHOTUMOB puca. B AaHHOM 0630pe paccMoTpeH psia dak-

TOPOB, BAMSIOWMX HA 3(PEeKTUBHOCTb aHAPOreHe3a puca in vitro.
KaroueBble caoBa: puc (Oryza sativa L.), aHAporeHes in vitro, KyAbTypa MbIAbHUKOB, KyAbTypa
MN30AMPOBaHHbIX MUKPOCTIOP, AUMUTHPYIOLLME (DaKTOpbI.

Introduction

Haploid plants in rice were first discovered by
Morinaga and Fukushima in 1931[1], and in 1968
Niizeki and Oono obtained the first haploid plants in
rice anther culture [2].

Since then, there have been many studies aimed
at improving the efficiency of various aspects of the
male gametophyte in rice and the use of dihaploids
in breeding. Currently, there is a lot of information
in the literature about rice androgenesis in vitro [3-
8]. The purpose of this article was to analyze the
literature data devoted to the study of a number of
factors affecting the processes of androgenesis in
vitro in rice.

Androgenesis in vitro is the reprogramming
of the development of the male gametophyte
from the gametophytic to the sporophytic path of
development with the formation of regenerated
plants with a haploid set of chromosomes. The
use of androgenesis significantly accelerates the
production of homozygous constant lines carrying
economically valuable traits and representing
valuable material for selection [3-8].

At the same time, there are problems that
reduce the effectiveness of this method and its
widespread use in breeding practice. However, the

wide application of these technologies is limited
by the existing two main problems associated with
the genotypic dependence of plant regeneration
and the formation of albino plants in many cases in
rice anther and microspore cultures in vitro. Until
now, the need to eliminate these restrictions has
been and remains. This requires continued research
on the optimization of cultivation technology,
anther pretreatment and components of the nutrient
medium.

Techniques of androgenesis in vitro

There are two approaches to obtaining haploid
plants by inducing androgenesis under aseptic
conditions. The first is anther culture, in which
isolated anthers are cultured on a solid nutrient
medium. Second, microspores culture, in which
pollen grains are released from the anther, and then
cultivated on a liquid nutrient medium. Thus, in this
article, the term androgenesis in vitro is used in a
broad sense, including the culture of anthers and
microspores.

Factors affecting the androgenesis of rice in
vitro

An analysis of the literature data revealed that
the success of the cultivation of rice anthers and
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microspores is influenced by numerous biological,
chemical and physical factors.

Among the biological factors, androgenesis of
rice in vitro is strongly influenced by the donor plant
genotype, its physiological state and developmental
stage of the male gametophyte.

Among the chemical factors influencing the
success of androgenesis in vitro are the mineral
composition of nutrient media, growth stimulants,
vitamins and organic additives. Physical factors
include the state (type) of the nutrient medium,
temperature and radiation pretreatment of the
planting material, temperature and light conditions
of cultivation.

Biological factors

Donor plant genotype. The genotype of the initial
material is one of the important factors determining
the positive results of cultivating isolated anthers
and microspores. Therefore, the identification and
selection of genotypes responsive to cultivation
conditions is a primary task [9-12].

Due to the strong dependence on the genotype,
some researchers suggest that the starting material
for androgenesis should be crossed with well-
regenerating varieties [13, 14]. Since this is not
always possible, an alternative solution is to select
optimal cultivation conditions for each individual
rice genotype [15].

Donor  plant  physiological  state.  The
physiological state of plants at the time of cultivation
is one of the key factors influencing the induction of
androgenesis in vitro [3-8, 11].

Healthy donor plants, their shoots and ears are
the first important factors in the implementation
of accelerated production of dihaploids. Two
commonly used methods (controlled conditions in
a greenhouse or phytotron chamber; favorable field
conditions in the nursery) help breeders to work
in this direction. Controlled light and temperature
conditions (greenhouse, phytotron chamber) allow
growing donor plants throughout the year [16].

Some researchers prefer materials grown in
the field for their work. Generally, the capacity for
androgenesis in vitro of anthers and microspores
from donor plants harvested from the field is
significantly superior to that of plants grown under
controlled conditions. They form more shoots with
a developed spike, large anthers and microspores
inside the anthers [16].

This is mainly, as experiments show, the number
of viable microspores formed in anthers depends
on the donor plant physiological state and on the
nutritional status of anther tissues [11].

Phase of male gametophyte development. The
phase of development of pollen grains in anthers plays
a decisive role in the induction of morphogenetic
processes up to the production of haploid regenerants
[3-8, 11]. Therefore, before cultivating anthers, it
is necessary to determine the development stage
of the male gametophyte. The stage of microspore
development can be determined by morphological
and cytoembryological characteristics [3, 11]. It was
found that the level of starch content in microspores
is the best cytological marker in comparison with
other morphological features [12].

For rice, the best stage for the induction of
embryogenesis is the middle or late single-core
stage of microspore division [8, 17, 18]. Probably,
microspores at this stage are poorly differentiated
and have an increased morphogenetic potential for
the induction of callusogenesis, embryogenesis and
organogenesis and recovering of the whole plant
[18].

It is important to note that in many cases,
mononuclear microspores from the early to late
stages of maturation of the male gametophyte are
more responsive to the induction of androgenetic
processes. However, the most appropriate stage of
microspore development may differ for different
genotypes.

Chemical factors

Components of the nutrient medium. A very
important factor affecting androgenesis in vitro is the
components of the nutrient media. In particular, the
concentration and combination of phytohormones or
plant growth regulators (PGR) play a certain role. In
various experiments, the addition of the following
components is used: macro- and microelements,
vitamins, carbohydrates, amino acids, activated
carbon, various organic additives. Modified
Murashige and Skoog [19], Gamborg B5 [20], N
[21] and others basic nutrient media are used for
the cultivation of isolated anthers and microspores
[3-8].

Carbohydrates are necessary in media for the
cultivation of anthers and microspores as an energy
source and as osmotic agents [18]. The use of one
or another group of carbohydrates greatly influences
the response of cultivated anthers. The correct
choice of the carbon source greatly influences the
reaction of the anther. A number of researchers have
noticed that the use of maltose instead of sucrose
has a positive effect on increasing the efficiency of
induction of androgenesis in rice in vitro [11, 22].

Sucrose has a toxic effect on androgenesis in
vitro. Since, when sucrose is added to the nutrient
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medium, it breaks down with the formation of
glucose and fructose. As is known, microspores are
very sensitive to fructose [11].

The type and concentration of PGR in the
induction nutrient medium is very important
for changing the pathway of development of
microspores from gametophytic to sporophytic. It
has been established that not only the combination
of growth regulators, but also the auxin/cytokinin
balance play a significant role in the regulation of in
vitro androgenesis in rice [3-8].

Physical factors

The physical state of the nutrient media.
Usually, rice anthers are cultivated on solid nutrient
media. However, there is evidence that cultivation
on a solid medium leads to increased necrosis of
the anther tissue. Liquid nutrient media are often
used to monitor anther and micropore that have
limited access to nutrients and growth regulators
[3-6, 8, 11, 12]. Agar is widely used as a gelling
agent of solid nutrient media. It has also been
shown that the replacement of agar with gelrite or
starch increased the efficiency of androgenesis in
vitro [11, 23].

Pretreatment conditions of rice anthers for
androgenesis in vitro. According to literature
data, pre-stress treatment of anthers plays a key
role in reprogramming microspores to the path of
sporophytes, which practically means the induction
of embryogenesis in vitro.

It has been established that pre-treatment of
planting material at low positive temperatures has
a positive effect on the induction of androgenesis in
rice. By inhibiting the processes of destruction of
male gametophyte cells [3-6, 11, 24]. At the same
time, it was noted that sensitivity to cold treatment
varies among different genotypes. It has been shown
that in rice, 8 days of cold stress at §-10°C stimulates
the induction of morphogenetic processes [25], and
11 days of pretreatment reduces the yield of albino
seedlings [26]. In some cases, a combination of
osmotic stress with cold pretreatment is used to

induce androgenesis in vitro in rice. It was found
that changes in the level of endogenous auxin under
osmotic stress caused by exposure to low positive
temperatures increase the induction of callusogenesis
[27]. In rice, pretreatment with cold can be partially
replaced by sugar starvation to obtain the frequency
of embryogenesis and regeneration of seedlings
during androgenesis in vitro [28, 29].

The use of low doses of radiation improved
callus induction and plant regeneration in resistant
varieties but increasing the radiation dose had
the opposite effect. It has been noted that the
effectiveness of radiation exposure varies among
different rice genotypes [32] and depended on the
stage of development of the male gametophyte at
the time of inoculation [33].

Conclusion

The effectiveness of androgenesis in vitro
depends on biological, chemical and physical
factors, including: the genotype of the mother plants,
the physiological state of the starting material, the
degree of maturity of the male gametophyte, the
composition and type of nutrient media, exposure to
low temperatures and radiation.

To improve the efficiency of androgenesis in
vitro, it is necessary to conduct a comprehensive
study of the structural features and cellular
mechanisms of the reprogramming processes of
anther cells from gametophytic to sporophytic
pathway and their responsiveness to cultivation
in vitro, and this technology still requires the
development of a universal nutrient medium for all
rice genotypes.
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AHAAN3 SKOAOTMNMYECKOTO COCTOSAHUA U TNMEPCIEKTUBDI
PA3BUTHUA OCObO OXPAHSIEMbIX
NMPUPOAHDBIX TEPPUTOPUU KbIPTbI3BCTAHA

OAHMM 13 OCHOBHbIX HanpaBAE€HUIA 3KOAOTMUYECKON MOAUTUKM KbIprbi3CcTaHa, SIBASETCS CO3AaHMe
M pasBuTHe 0CO60 OXpaHSeMbIX MPUPOAHbBIX TEPPUTOPUIA, UIPAIOLLMX BAXKHYIO POAb B obecreyeHunm
3KOAOIrMUECKOM 6e30MaCHOCTHM B KaXKAOM PErvoHe CTPaHbl. HeycTonumBble CoLMarbHO — SKOHOMUYECKME
npeobpasoBatus B Kbiproi3ctaHe 1 B permoHax 06yCAOBUAM YBEAMYEHUE NPecca Ha MPUPOAHYIO CPEAY.
Ha TteppuTtopun pecnyOGAMKM YCUAMAMUCH MPOLLECCHI MHTEHCUMBHOIO OCBOEHUSI 3eMeAb, PACralika,
3po3us MOYB, 3arpsi3HEHUE BOAbI M aTMOC(EPHOrO BO3AyXa, MPOM30LLIAA AErPaAALIMSl M COKpaLLeHue
€CTeCTBEHHbIX AQHALWAMTOB. B 3TMX ycAOBMSX HaspeAa HEOBXOAMMOCTb OMpPEeAEAeHust CTpaTerum
ApanbHerwero passutust OOTT Kbiprbi3cTaHa, M3bICKaHUME HOBbIX MOAXOAOB U MOAEAEN YNpPaBAEHMS
umu. LleAblo MCCAeA0BaHMI SIBASIETCS aHAAM3 COBPEMEHHOrO COCTOSIHUS CUCTEMbI 0COB0 OXPaHSeMbIX
NPUPOAHBIX TeppuTopui Kbiprbi3cTaHa, BbISIBAEHWE CUAbHBIX U CAABbIX CTOPOH YNPABAEHUS CUCTEMON
1 pa3paboTka NepcrneKkTUBHbIX HarpaBAeHuit ee pas3suTus. CobpaHa u npoaHaAn3upoBaHa MHpopMaLms
006 3KOAOTMUYECKOM COCTOSIHMM KQueCTBEHHbIX M KOAMYECTBEHHbIX MoKasaTeAeil 0Cco60 OXpaHSembIx
NPUPOAHbBIX Tepputopmii Kbiprbi3cTaHa. AHaAM3 MOAYYEHHOM MHOpMaLMmM CBUAETEAbCTBYET O
AOCTUXXEHMU CYLLECTBEHHbIX PEe3yAbTAaTOB B AEAe OpraHusaummM M (PyHKUMOHMPOBaHUS 0Co60
OXPaHSeMbIX TMPUPOAHBIX TeppuTopuii KbiprbidcTaHa. Hapsiay C MOAOXKMTEAbHbIMKM  CTOPOHaMu
OCBeLLAeMoro Bomnpoca 6biAM BbisIBAEHbI MPOOGAEMbI, TpedytoliMe He3aMEAAMTEAbHOrO peLleHUs.
Ha ocHoBe npoBeaeHHOro aHaAu3a npobAemM MPUPOAHO — 3aroBeAHOro (QOHAQ, MPEAAOXKEHDI
PEKOMEHAALMM N0 ONTUMMU3ALMM AQAbHENLLIEN AESTEABHOCTU M COBEPLLIEHCTBOBAHMIO CUCTEMbI 0CO60
OXPaHseMbIX MPUPOAHbBIX TEPPUTOPUIA PECTTyOAMKM

KAtoueBble cAOBa: 3KOAOTMsl, 0COH0 OXpaHSIEMbIE NPUPOAHbBIE TEPPUTOPUU, 3aKAZHWUKM, NMAMATHUKM
NPUPOAbI, CETb 0COB0 OXPAHSIEMbIX MPUPOAHbBIX TEPPUTOPUIL.
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Analysis of the ecological status and prospects for the development
of specially protected natural territories of Kyrgyzstan

One of the main directions of Kyrgyzstan’s environmental policy is the creation and development
of specially protected natural areas, which play an important role in ensuring environmental safety in
each region of the country. Unstable socio — economic transformations in Kyrgyzstan and in the regions
have led to an increase in pressure on the natural environment. Intensive land development, plowing,
soil erosion, water and atmospheric air pollution have intensified on the territory of the republic, degra-
dation and reduction of natural landscapes have occurred. In these conditions, there is a need to define
a strategy for the further development of protected areas of Kyrgyzstan, to find new approaches and
models for their management. The purpose of the research is to analyze the current state of the system
of specially protected natural territories of Kyrgyzstan, identify the strengths and weaknesses of the man-

12 © 2024 Al-Farabi Kazakh National University
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agement system and develop promising directions for its development. Information on the ecological
status of qualitative and quantitative indicators of specially protected natural territories of Kyrgyzstan
has been collected and analyzed. The analysis of the information received indicates that significant re-
sults have been achieved in the organization and functioning of specially protected natural territories of
Kyrgyzstan. Along with the positive aspects of the covered issue, problems requiring immediate solution
were identified. Based on the analysis of the problems of the nature reserve fund, recommendations are
proposed for optimizing further activities and improving the system of specially protected natural ter-
ritories of the republic.

Key words: ecology, specially protected natural areas, nature reserves, natural monuments, network
of specially protected natural areas.
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KbIpFbI3CTaHHDIH, epeKLle KOpPFaAaTbiH TaOUFU ayMaKTapbiHbIH,
3KOAOTUSIABIK, XKaFAQiibl MEH AQMy NepCrnekTUBaAapbiH TaAAdy

K bIpFbI3CTaHHbIH KOAOTUSIAbIK, CasiCaTbIHbIH, HETi3ri GarbITTapblHbIH 0ipi €AIMI3AIH op6ip eHipiHAe
SKOAOTMSIABIK, KayiMCi3AIKTI KaMTamMacbl3 eTyAe MaHbI3Abl POA aTKapaTbliH epeklle KOopFaAaTblH
TabWFM ayMakTapAbl Kypy >OHe AambITy 6GoAbin Tabblraabl. KbipFbi3CTaH MeH aimMakTapAarbl
TYPaKCbI3 SAEYMETTIK — 3KOHOMMKAAbIK, e3repictep Taburn oprtara 6acnacesain kebeiiHe ceben
6oAAbl. Pecnybanka aymarblHAQ >KEPAI KApKbIHAbI Urepy, >kep >KbIpTy, Torblpak, 3po3usicbl, Cy
MeH aTMOCMepaAblK, ayaHblH AaCTaHybl KYLLIENin, Taburn AQHAWADTTAPAbIH TO3Ybl MEH KbICKapybl
Gaiikaaabl. bya >xkaraanaa KpiprbisctanHbiH EKTA — Hbl 0AaH 8pi AaMbITy CTPaTernscbiH aHbIKTay,
oAapAbl 6acKapyAblH, >kKaHa TOCIAAEPI MEH MOAEAbAEPIH i3AEY KXKETTIAIN TyblHAQAbL. 3epTTeyAin
MakcaTbl KpbIpFbI3CTaHHbIH, epeklie KOpFaAaTbiH TabWFM ayMakTapbl >KYMECiHiH Kasipri >karAaiibiH
TanAQy, XKyieHi 6ackapyAblH KYWTi >XOHE OACI3 >KaKTapblH aHbIKTay >K8HE OHbl AAMbITYAbIH
NepCcrekTUBaAbIK, GaFbITTapbiH 83ipAey 60AbIn Tabbiraabl. KbIpFbI3CTaHHbIH, epekiie KOpFaAaTbiH
TabWFM ayMaKTapbiHbIH CaMaAblK, XOHE CaHAbIK, KOPCETKIWITEPiHiH 3KOAOrMSAbIK KaFAaibl TypaAbl
aKnapaTt KMHaAAbI XKaHe TaAAQHAbI. AAbIHFaH aknapaTtTbl Taaaay KbIpFbI3CTaHHbIH epeKLle KOpFaAaTbiH
TabUFN ayMaKTapblH YMbIMAACTbIPY KOHE XKYMbIC ICTey iCIHAE €AEYAI HOTMXKEAEPre KOA >KETKi3reHiH
KyoAaHAbIpaAbl. 2KapusaAaHaTblH MOCEAEHIH OH >KaKTapbIMEH KaTap, Aepey LeLllyAi TaAan eTeTiH
npob6AemManap aHblKTaAAbl. TabUFK — KOPbIK, KOPbIHbIH MPOOGAEMAAapbIHA >KYPri3iAreH Tarpay HerisiHae
pecryOAMKaHbIH epeKiLe KOPFaAaTblH TaBUFM ayMaKTapbl XXYMECiHIH 0AQH 8pi KbI3METIH OHTANAQHABIPY
JKOHE XKETIAAIPY )KOHIHAE YCbIHbIMAAP YCbIHbIAABI.

Ty#iH ce3aep: 5KOAOT 1S, epekiie KopFaAaTbiH TabUFK aymMakTap, KOpbIKTap, Taburat eckepTKiluTepi,
epexiie KOpFaAaTbiH TabWFM ayMaKTap >KeAici.

BBenenune

KsIpreiscran — 3To ropHas CTpaHa, He IMEIOIIast
BBIX0/1a K MOPIO U PacIloJIOKEHHas B BOCTOYHOI Ya-
ctu LlenTpansHo — A3marckoro pernoHa. B penbe-
(e cTpaHbl TPe00ITaNal0T OCTPBIC TOPHBIC BEPIITHHEI
¢ neaHukamMu U jposnuHamMu. Okono 90 mporeHToB
TeppuTopun KbIprbI3cTaHa pacrosio)KeHO Ha BbI-
cote 1500 meTpoB Ham ypoBHeM Mops. OmHUM W3
OCHOBHBIX HAIPaBJICHUN YKOJIOrMYECKOU ITONIUTHKU
KeIprei3crana gBiseTcsl CO3AaHNAE U Pa3BUTHE OCO-
00 0XpaHSIEeMbIX TPUPOTHBIX TEPPUTOPHIL, KOTOPHIE
UTPAlOT BAKHYIO POJIb B 00ECIICUCHUN DKOJIOTHYE-
CKOM 0€30MacHOCTH B Ka)KIOM PEruoHe CTpaHbl. B
MEXIYHapOIHON NPUPOJAOOXPAHHON MPAKTUKE Ha-
e otpacieit OOIIT pasHoro ypoBHS (MeXmy-

HapojHas, ¢penepanbHas, peTHOHAIbHAS U MECTHAs )
— noHsaTHe He HOBOE [1]. B TO e BpeMs pernoHab-
HBI YPOBEHb, KaK MPaBUIIO, UMeeT OOJBIIYIO TIIO-
1a/1b ¥ BEITIOJTHSIET BaKHEHIIINE IPUPOAOOXPAHHBIE
(YHKIIMU B CTpaHax, IJie 3eMJIsl HCTOPUYECKH TPH-
HajJe)kana rocyaapctBy. s cpaBHEHHUs, B €BpPO-
nerickux crpanax OOIIT 3anumaroT B cpegnem 10
—15% ot obmeit momanw [2]. OTaenbHBIE TPUPO-
HBIC TEPPUTOPUHU PECITyOIUKH HOCST CTaTyC 0C000
oxpaHseMbIX. VX 11enp — coepedb YHUKaIbHbIE TPH-
poaHbIe 00pa3oBaHMs, MOICPKATH OHOIIOTHYECKOE
u JaHgmagTHOE pazHooOpa3ue, COXPaHHUTh T'€HO-
(hoHIT AMKUX paCTEHUH 1 KUBOTHBIX [3].
Heremnsisi cucreMa 0cob60 OXpaHsieMbIX TpH-
poanbIX Tepputopuil Kblprei3crana ciioxuiach B
YCIIOBHUSIX OOIIEroCyIapcTBEHHOW COOCTBEHHOCTH
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Ha 3eMJII0 M LEHTPAJIM30BAHHOTO YIpaBJICHUS, B
CBSI3U C 3TUM 3Ta CUCTEMa IPUPOJOIIOIb30BAHUS HE
OTBEYAET COBPeMEHHBIM TpeOoBaHusIM. COlHaIbHO
— 3KOHOMHYECKHE M3MeHeHHs B KbIproiscrane u B
peruoHax BbI3BIBAIOT YCHJICHHE JAaBJICHUS Ha IpH-
POIIHYIO CpEey, B HACTHOCTH YCHJIMIIUCH IIPOIIECCHI
HWHTEHCUBHOTO OCBOCHHSI 3€MeJIb, BCTIAIIKH, SPO3HN
II0YB, 3arPsI3HEHUS BOBI U aTMOC(HEPHOI0 BO3yXa,
MPOUCXOIT ACTPAALUH U HCTOLICHUE TPUPOTHBIX
00BEKTOB. B Takux ycnoBusx HE0OX0IUMO onpee-
JIeHne cTpareruu nanpHeimero pasutust OOIIT
KeIpreizcrana ajst HAX0KJEHNs HOBBIX METOJIOB U
MOZeJel ynpaBlieHus uMu [4].

Lenpro HAMIMX MCCIIEAOBAHUN SBISETCS TPOBE-
JICHHE aHaJ13a COBPEMEHHOI'O COCTOSIHHSI CCTEMBI
0c000 OXpaHsIeMBIX IPUPOAHBIX TeppuTopuii Koip-
I'bI3CTaHa, BBISBICHUE CHIIBHBIX U CJIA0BIX CTOPOH
yIpaBlieHHS CUCTEMOW U pa3paboTKa MepCHeKTHB-
HBIX HAIPABJICHUH €€ pa3BUTHA.

MatepuaJibl U METOABI UCCIETOBAHMS

B Hacrosmiee BpeMsi CyHIeCTBYeT pasziUYHBIC
METO/Ibl, IO3BOJISIONINE OIpPENENsITh NPUPOIHBIE
npoueccsl WK sBiaeHusi. OCHOBY Hay4HBIX HCCIIE-
JIOBAaHWH COCTaBJISIET MPOBEJACHHE MHOTOJIETHETO
MOHMTOPHUHTIA, B 33Jlady KOTOPOTO BXOAUT MaKCH-
MAQJIBHOE CJIEKEHHE W3MEHEHUS! MPUPOAHBIX KOM-
mwiekcoB Ha OOIIT B Teuenue Bpemenu. OreHKa
3G PEKTUBHOCTH MEpP OXPaHbl TEPPUTOPUH B LIETIOM
[I03BOJIMT IJIAHUPOBATh 3a7auH.

Matepuansl W METOJAMKAa HCCIEAOBaHUSI CO-
CTOUT M3 HECKOJIbKMX YacTel, Kaxaas U3 KOTOPBIX
npeaHasHayeHa it oueHku otaenbHbix OOIIT u
WX TIPUPOJIOOXPAHHBIX (DYHKINH, KOTOpasi HAMH HC-
MI0JIb30BaHa I OLEHKH UX CPAaBHUTEJILHOTO aHa-
nm3a. OHa BKIIIOYAET METOABI OLIEHKH PErHOHAIIb-
Heix cuctem OOIIT u mpenBapuTenbHON OLIEHKH
Bcex oOpasyromumx ux kareropuit OOIIT, npencras-
JIEHHBIM B TabimuHOW hopme [S]. AHaMNU3 MPOTHO-
CTHYECKOH OIIEHKH MPHUPOJ00XPAaHHBIX (QYHKIUH U
s dexTrBHOCTH nepenekTuBHbIX cucteM OOIIT, a
METOAMKA Oa3upyercsi Ha HKCIEPTHOM OLCHKE Ha-
0opa ucxoHbIX (0a30BbIX) MOKa3aTelNeH, OCYIECT-
BISIFOILICICSI B COOTBETCTBHU C MPEIJIOKCHHBIMU
kareropusmu OOIIT [6].

Pe3yabTaThl Hccile10BaAaHUS U UX 00CYK/IeHHE

Cospemennas cuctema OOIIT Ksiprezera-
Ha (opMupoBajach Ha MPOTSKEHUM MHOTHX JICT,
U B COOTBETCTBUU C KiacCU(UKALUEH, NPUHA-
TOH MeXyHapOJHBIM COK30M OXPaHbl IPUPOLI

(MCOII) otHOCcsTCS K 4 Kateropusm: | kaTeropwust
— 3aIOBEJHHUKH, TIe 3ampelleHa Kakas — Ju0o Xo-
3STICTBEHHAs M MHAs JeATEIbHOCTh, HAPYyIIArOIIas
€CTECTBEHHOE Pa3BUTHE MPHUPOJHBIX KOMITJIEKCOB.
Ha navano 2021 rona o6mas miomaab 0cobo ox-
paHsAEeMBbIX TPUPOIHBIX TEPPUTOPUI COCTaBUIIA
1305,3 TBIC. TEKTapOB (6,5 TIPOIIEHTA OT BCEH Tep-
putopuu cTpansl) [7].

Ha naugano 2021 roma B Mupe Ha 0co00 oxpa-
HSEMBIX TPHUPOIHBIX TEPPUTOPHUSIX UUCIO 3apeTHh-
CTPUPOBAHHBIX OXPAHIEMbBIX KUBOTHBIX COCTABHUIIO
6omee 67 TeicsA Y (M3 HUX OoJyee 16 THICSY KPACHOK-
HIKHBIE), O60ee 60 ThICSY NTUIl (OKOJIO 5 THICSY
KpacHOKHIKHbBIC). [IpouspacTano okoso 11 TeicsSY
BUJIOB Pa3JIMYHBIX pacTeHui [§].

[To wroram HalUMOHAJIBHOW WHBEHTapU3ALUU
necoB 2011 roma, oOrmiast TUIOIIA L JECHOTO (POHAA
Keipreizckoii PecriyOmmkn coctaBisieT 2,6 MITH. TeK-
TapoB, U3 KOTOPOH Ha ILJIOMIA]b, TOKPHITYIO JIECOM,
npuxoautcs 1,1 MiH. rekTapoB, Wix 5,6 MpoOLEHTA
OT OOMIeH IIIomAaau CTpaHbl. PerysapHo ocymiect-
BIISIIOTCS JIECOBOCCTAHOBHUTEIbHBIE PAaOOTHI B Jiecax
roCyJapCTBEHHOI0 3HaueHus. B mocnenHue rojabl
Ha TEPPUTOPHUH PECITYOJIMKH JIECOBOCCTAHOBJICHHE
MIPOBOJIUTCS HA TUIOMIAAH B Tipenenax 10 ThIcsS Y rek-
TapoB. Oxo0J10 50 MPOIEHTOB IJIOLIAIH JIECOBOCCTA-
HOBJICHUS TIPUXOJUTCS Ha Teppuropuio Jlkamam —
Abajckoii 00J1aCTH, OKOJIO TPETH — Ha TEPPUTOPHIO
Omickoii u Hapeiackoit obmaceii [9].

B cpennem mo pecrmybnuke B ropojgax M Hace-
neHHbIX myHkTax Ha 1 000 yenoBek mpuxomutcs 1,5
reKTapa 3eJeHbIX HacaxjeHuil. Ha ¢oHe cTabnib-
HOT'O 3HAYEHHUS TAaHHOTO ITOKa3aTessl B pETHOHAX, B
ropoje bumikek u Uccwik — Kynbckoit obsiactu Ha-
Omoaercs ero cHmkeHne. Kak o1Ho u3 ciiencTBuid,
B 2020 romy 3adMKCHPOBAHO MPEBHIIICHHE YHCIIA
CIy4yaeB MPEeACIbHON AOMyCTUMOM KOHIIEHTPAIUU
JTMOKCHJIA a30Ta B MHAYCTPUAIBHBIX paiioHaX TOpo-
na bumkek (32 nporieHTa K 001ieMy 4yucity HaoJIro-
JICHHI), a TaKKe B CHaJbHBIX palioHax (15 mpouen-
TOB K 001IeMy uucity HaOmonenuit) [10].

B Hacrosee BpeMs: Ha TEPPUTOPUH PeCITyOH-
K# pacniosiaraercs 11 rocygapcTBEHHBIX IPUPOTHBIX
3al0BEIHUKOB U 13 rocyaapCTBEHHBIX MPUPOIHBIX
napkoB [11]. HabGnromaercst paciimpeHue miomnaam
0c000 OXpaHsSEeMbIX TPUPOAHBIX TeppuTOpHid. Tak,
B 2016 rogy mpuHATHI mocTaHoBieHUs [IpaBuTen-
ctBa KwIpreizckoit PecriyOnukn 00 oOpazoBanun
rOCYJapCTBEHHBIX MPUPOIHBIX MAPKOB — «XaH —
Tenupu» u «Aunarai». JluHamuka mOKa3aTeseH,
XapaKTepU3YIOIUX COCTOSHHE KOJMYECTBEHHBIX
nokazateneil OOIIT Keipreizcrana, npeacraBieHa
B Tabymie 1 u Ha pucyske 1.
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Pucynoxk 1 — Kapra 0co60 oxpaHsieMbIX IPHPOIHBIX Tepputopuii Keipreizcrana

Taéauua 1 — lunamuka mwiomaei 0co6o oxpaHseMbIX TpUpoaHbIX Tepputopuii Keipreizcrana (OOIIT) (2010-2017 rr)

Iloxa3zarenn 2010 2015 2016 2017
Yucnno mpupoIHbIX 3aII0BETHUKOB 10 11 11 11
HX IUIOIIA/b, THIC. Ia 503,9 608.6 608.6 608.6
Yucno rocyapcTBEHHbBIX IPUPOAHBIX 1APKOB 9 10 11 13
MX IUIOMIAMb, THIC. Ta 300,0 392,0 7247 7247
Jlons B 001Iel TUTOMIa i CTPaHbI, B IPOLICHTAX 4,0 4,7 6,5 6,5

Hawubonee neiicTBeHHBIME B JeJie OXpaHBl BU-
JIOB U OMOJOTMYECKUX COOOIIECTB OCTAIOTCS 3aro-
BEIIHUKH, HO OHH TakK)Ke PacIpeieiIeHbl HepaBHO-
MepHo. [lo dmcimy 3amoBETHUKOB HaMWOOIBIICE
quciI0 HaxoauTes B Jkamam — AbGaackoi ooacT —
4 3zamoBenauka (Capel — Yenekckuii, berm — Apaib-
ckuii, [lageima — Atunckuii u Jammanckuii). [1o
nBa 3anoBenHuka — B Mccbik — Kynbekoit (Mccbik —
Kynbsckmit u Caperuat — Dpranickuit) u Hapsrackoi
(Haporackuii u Kapatan — JKamsipsikckuit) o0na-
ctsix. [lo ogHOMY B OCTaNIBHBIX 007acTsIX B OIICKON

(Kynynartunckuit), barkenckoit (Cypmaramickuil)
u Tanacckoit (KapaOyypunckuit) [12]. Xapaxrepu-
CTHMKA 3al0BeAHUKOB KbIpreI3craHa mpencraBieHa
B Ta0ymLe 2.

II Karteropuss — HauuOHAJIbHBIE MPUPOIHBIE
mapku, ux B Keiprerzcrane — 9. O01mas miomaas Ha-
LMOHAJIBHBIX ITPUPOJIHBIX MMAPKOB cocTaBiseT 287,2
TBIC.TA, B KOTOPBIX YCTAHOBJICH TU(PepeHINPOBaH-
HBIM IO y4acTKaM pPEXUM OXpaHbl (3aroBEIHBIH,
30HBI OTABIXA U T.J.) ¥ UCHIOIBb30BAHHS TPUPOIAHBIX
KOMILJICKCOB;
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Ta6auna 2 — ocynapcrBenHble 3anoBeHUKN KbIpreizckoii PecyOmiku

Ne HazBanue IInomans, ra T'on o6pazoBanus
1 Capsbl — Yenekckuit 0nocepHbIil 3a110BETHUK 23868 1959
2 bemr — Apanbckuil rocy1apCcTBEHHbIH 3al10BEAHUK 112018 1979
3 HapeiHckuii rocy1apcTBEHHBIH 3aII0BETHUK 91023,5 1983
4 Kaparan — JKanblpbIKCKuii roCyapCTBEHHBIH 3aII0BEIHUK 36449 1994
5 Hccepik — Kynbeknil rocynapcTBeHHbIH 3a110BeIHIK 19661 1948
6 Capbruar — DpTalICKuil TOCYJapCTBEHHBIH 3alI0BETHUK 134140 1995
7 [TagplaTHHCKUI roCy1apCTBEHHBIH 3aI10BETHUK 30556,4 2003
8 KynynartuHckuii rocynapcBTCHHBIH 3aII0BEIHUK 274342 2004
9 KapaOypuHCKHii ToCcy1apcTBEHHBIH 3aIT0BETHUK 59067 2005
10 CypMaTanicKuii TocyaapCcTBEHHBIN 3aII0BETHUK 66194 2009
11 JlarmmMaHckuit Tocy1apCTBEHHBIHN 3aI0BEHUK 8189,6 2012

Uroro: 608600,7 -

locynapcrBennsie npupognsle mapku (I'TIIT)
00ecreynBalOT BBINOIHCHNE CIIEAYIONIUX OCHOB-
HBIX 3a/la4: COXpaHEeHHe JaHImadTOB, BOJHBIX
00BEKTOB, (PIIOpHI, (payHBI, TAMITHHKOB UCTOPUHU U
KYJIBTYPBI, CO3JIaHHE YCIOBUH JIsl pa3BUTHS TYPU3-

Ta6auua 3 — ['ocynapcrBeHHble HaLMOHANBHBIE Tapku KP

Ma, OTAbIXa, 3HAKOMCTBA C MPUPOJON HALMOHAIIb-
HOTO Tapka, pa3paboTKW W BHEAPCHUS HAYIHBIX
METOJIOB COXPAHEHUsI MPUPOAHBIX KOMIUIEKCOB B
YCJIOBHSIX PEKPEAMOHHOIO MPUPOJONOIb30BaHUS
(Tabmmma 3) [13].

Ne Ha3paHune HaMOHAIBLHOIO MapKa T'ox oOpa3oBanus ILromane, ra
1 Ana — Apua 1976 16484,5
2 | Koipre — Ata 1992 11172,0
3 bem — Tam 1996 13731,5
4 |Kapa —Illopo 1996 14440,2
5 Kapakosckuii HallMOHATBHBIA TAPK 1997 38095,3
6 Your — Kemun 1997 123654,0
7 | Caitmanyy — Tam 2001 32007,2
8 Canxsiz — Top 2001 10419,0
9 | CapkeHT 2009 39999.4
10 | Kapa— byypa 2013 615439
11 |Kan — Auyy 2015 30496,5
12 | Anaraiickuii HAIIMOHAIBEHBIN MapK 2016 568264
13 | Xan — Tenupu 2016 275800,3

B HacTosiiee BpeMsi BefeTcs: paboTa mo opra-
HH3AIMN TIPUPOIHBIX TMApKOB «Amaity B Omickoi
obnactu (368,4 TIc.Ta), «Xan — Tenrpm» B HMccbik
— Kynbckoit oonactu (187,5 teic.ra), u I'TII «AB-
netuM — ATta» (6onee 45,0 ThIc.ra), pacHIMPEHUIO
Tepputopur [lafplaTHHCKOrO Troc3anoBeIHHUKA
(ma 15,8 TeIC.TQ).
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[TamMsITHUKY TPUPOBI (THII 0COO0 OXPaHSIEMbIX
MIPUPOJTHBIX TEPPUTOPHI1) — €TUHCTBEHHBIE B CBOEM
pozie, HEBOCIIOJIHUMBIE, LIEHHBIE B HKOJIOTMYECKOM,
HAy4YHOM, KyJBTYPHOM M 3CTETHYECKOM OTHOLICHH-
SIX TIPUPOHBIE KOMITJIEKCHI, a TAK’KE OOBEKTHI ecTe-
CTBEHHOI'0 WJIM HCKYCCTBEHHOI'O IIPOUCXOKIECHUS
[14].
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Taomuua 4 — [Namarauku npupoast Ksipreizcrana

Bononax Abup — Ata

Apxunaap — YHKIOp

[Nemepa Ana — MpIIbIK

Kanwson At — bamn

[emepa bonbsimme Bopora (baputsr)

Bononan bapckayn

[Temepa Yunp — Maiipam

Yuab — YeryH

Kanbon [lanru

Cxaunbl [Ixxeru — Ory3

ITemepa Jxuiinenu

Kan —u—Tyt

Ckansl Kapa — Xpirau

Koryuxon — Cyrar (ITumxun)

Kanbon Kok — [bxeptu

ITemepa Coron — Tam

Bononan Terepex

Bomonan blceik — ATa

B kauecTBe maMATHUKA MPUPOABI MOXKET OXpa-
HATBHCS BOJONAJl, METEOPUTHBIH KpaTtep, HEoObI-
HOE TeoJIOTHYecKoe OOHa)KeHHUe, Teliepa Wi, Ha-
npumep, penkoe aepeBo. VMHorzma K maMsITHUKaM
NPUPOJBI  OTHOCST TEPPUTOPUHM  3HAYUTEIBHBIX
pa3mepoB — Jieca, FTOpHbIE XpeOThl, y4acTKu Moode-
pexuil u nonuH. Ha teppuropun IlamstHrka npu-
pOIIbI HE BBLICICHBI 30HBI C PA3IUYHBIMU PEIKH-
MaMH OXPaHbl M HCIIOJb30BaHUs. B ero rpanmmnax
3aIpelaeTcs BCsKasi X03sHCTBEHHAsI 1A TEIbHOCTD,
yrpoKarolias COXpPaHEHHIO U COCTOSIHUIO OXpaHsie-
MBIX TPUPOJHBIX KOMITJICKCOB U OTIEIBHBIX BUI0OB
JKMBOTHOT'O M PacTUTEIBHOTO Mupa. B Takom ciry-
Yae OHM UMEHYIOTCSl YPOUHUILIAMH MU OXPaHSIeMbl-
mu nanamadramu (tabnuna 4). Ha tepputopun
NaMsTHUKA NPUPOJBI pa3pernacTcs 0e3 HaHeCeHUs
yiepba OXpaHseMbIM HPUPOJHBIM KOMILIEKCAM
NPOBEJIECHUE MEPOIPUATHI: MPUPOAOOXPAHHBIX
(poBeneHe HEOOXOMUMBIX TIPHUPOIOOXPAHHBIX U
MPOTHUBOTIOKAPHBIX MEPOIPHUATHI B COOTBETCTBUU
C JIECOXO3AHCTBEHHBIM PErJIAMEHTOM U JIECHBIM
IJIaHOM); Hay9HBIX (mmpoBenenne HVIP u sxomoru-

Ta6auna 5 — T'ocynapcrBennsle 3akaznuku KP

YEeCKOTO MOHHUTOPHWHTA, B TOM YHCIE C U3BATHEM
OHMOJIOTHUYECKUX PECYPCOB B HE3HAYHUTEIBHBIX 00h-
eMax); 3KOJIOT0 — IPOCBETUTENHCKUX (IIPOBEACHIE
y4eOHO — M03HABATEIbHBIX 3KCKYPCHH, CO3/IaHIE U
00yCTPOWCTBO IKOJIOTHUECKUX YUSOHBIX TPOII, CHSI-
THE BUIEOPMIEMOB, (hoTOrpadupoBaHUE C IEIBIO
BBINIYCKa MOJUrPpaUUSCKON MPOIYKIUH); pPEKpe-
AIMOHHBIX (IKCKYPCHOHHO — TYPHUCTUYECKasl U pe-
KpealoHHas JesTeIbHOCTh, B TOM YHCIIe KylaHHe
B TPAJMIIMOHHO CJIOKUBIIMXCS MECTaX, JHOOUTEIIb-
CKHi1 J10B pbIOBI) [15].

l'ocynapcTBeHHBIE 3aKa3HUKH CO3/IAIOTCS B
LEeJsIX COXPAaHEHHWs, BOCIPOM3BOJICTBA, BOCCTa-
HOBJICHUS MTPUPOIHBIX KOMILJICKCOB U OTICIBHBIX
KOMITOHEHTOB €T0 COCTAaBIISIONIUX [IJISI BBITIOTHE-
HUsI, TIOCTABJICHHBIX IEepe]l 3aKa3HUKOM MPUPOJIO-
OXpaHHBIX 3a7a4. B o0miem, Ha nexadps 2009 rona
B Keipreizcrane 0bu10 06pazoBano 10 iecHBIX, 23
OoraHuyeckux, 19 reojgorunyeckux, 2 KOMILIEKC-
HBIX U 14 OXOTHUYBUX (300JIOTUYECKUX) 3aKa3HH-
KoB oOmieit momanbio 241 498,7 rekrapoB (Ta-
osinna 5) [16].

OX0THUYBH (300JI0THYECKHE)
3aKa3HUKH

JlecHble 3aKa3HHKH

borannveckue 3aKa3HUKH

Barpaxanckuii iecHoi

3aka3HuK «AKOyypa»
3aKa3HHUK,

YarkanbCKuii 00TaHWYECKUI
3aKa3HHUK

Baiinamranbckuii
OOTaHMYECKUI 3aKa3HUK

benynunckuii necoi
3aKa3HUK,

YUuKaHCKHUH 3aKa3HUK

borannueckunii 3aka3HUK YslparnaHnckuii 00TaHUUECKUI

«Yanax»

3aKa3sHUK

JlarmmaHckwmii IecHOM 3aka3Huk «Kazp»

3aKa3HUK,

Jxan — YakTuHCKAN
0OTaHWYECKUH 3aKa3HUK

Borannueckwmii 3aKka3HUK
«JxenTubec»

JKBUITBIHABIHCKUH JIECHOU
3aKa3HUK

JI)KepFaJ'IL‘IaKCKI/Iﬁ 3aKa3HUK

Boranuueckuii 3aka3HHUK
«JIxen — Jlxxubecy

XainapkeHckui
0OTaHMYECKHI 3aKa3HUK

JlecHoii 3anoBe1HUK
«Ubipucyy»,

3akazHuk «['ymsaa»

Ko — Texkupckuit
OOTaHMYECKUI 3aKa3HUK

Ksiprezarunckuit
0OTaHMYECKHUI 3aKa3HUK
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Ipoooncenue mabauyvl

OX0THHYBH (300JI0THYECKHE)
3aKa3HUKH

JlecHble 3aKa3HUKH

Bborannyeckne 3aKa3HUKHU

KaiibIHIbIHCKUI JIECHOM

3axa3Huk «Ken — Cyy»
3aKa3HUK,

Keiprei3 — 'aBckuit
0OTaHMYECKHUIT 3aKa3HUK

Koapin (Yanaw)
OOTaHMYECKHUI 3aKa3HUK

Kypy — Kynbckuit necnoit
3aKa3HHUK,

3aka3Huk «Cangaania

Borannyeckuii 3aka3HUK
«MuHKy1ID»

Borannueckwmii 3aKka3HUK
«Jletinexy»

JlecHoii 3aka3HuK «MeCKeH —
Caii»,

3akaznuk «Tory3 — Topo»

3aka3zHuk «l'opa Alryns —

OWKanHCKUN OOTaHUYECKHUI
Tary

3aKa3HUK

JlecHoit 3aka3HuK «Y3yH — Tronckuii 3aKazHUK

Axmary,

Capsl — Moronbckuid
0OTaHMYECKHUI 3aKa3HUK

CyIOKTHHCKHN O0TaHIMYECKHHA
3aKa3HHUK

KomruiekcHbIe 3aKa3HUKH

Ak — Cyyckuii KOMIUIEKCHBIH 3aKa3HUK

Tanmacckuii KOMITIEKCHBIN 3aKa3HUK

Oco00 oxpaHSeMble TPUPOIHBIC TEPPUTOPHUH
(OOIIT), 3aHuMarOT B COBPEMEHHBIN MEPHO 0CO-
Oyl poib B WHHOBAallMOHHOM pa3BUTHU KbIPTbI3-
CTaHa, MPEIoJIararoIee MOMCK HOBBIX HCTOYHUKOB
JUISL yCKOPEHMSI SKOHOMUYECKOI0 POCTa.

OddexTuBHOE yIpaBlieHUE HHHOBAIIMOHHON
nestenbHOCTEI0 OOIIT pa3nmuuubeIX Kateropuil He
TOJILKO Ba)KHEHIIWH (akTop pa3BUTUSI MPOU3BOA-
CTBEHHOTO IMOTEHIIMAIa, HO U HEOOXOIUMOE YCIIO-
BHE 00ECIICUCHHS YCTOWYHUBOTO pa3BUTH KbIpTbI3-
crana B XXI Beke. TpaquIIMOHHBII KPYT BOIIPOCOB,
CBSI3aHHBIX C aHATM30M TEKYIIETO COCTOSIHUS U TIep-
CIIGKTUBAMH HCIONb30BaHus moTeHimana OOIIT,
ONpe/eNI0O BHUMAaHHE HccienoBaTeNiel K Tpo-
OmemaM (OpPMHPOBAHHUS MEXaHW3MOB YIIPABICHUS
YCTOHYMBBIM HHHOBAIMOHHBIM PA3BUTHEM pErH-
OHOB, BHEIPEHUSI OPraHU3alMOHHO — HYKOHOMHYE-
CKMX WHHOBAIINH B TIPOIECCHI YIIPABICHHS ACSITEIh-
Hoctbio OOIIT, pa3paboTku KpUTEPHEB /IS OLIEHKH
3G PEKTUBHOCTH  B3aMMOCBS3EH JKOHOMHYECKUX
CyOBEKTOB B IIENISAX YCTOWYMBOTO HMHHOBAIIHOHHOTO
pa3BUTHS.

Peanuzanusi Takoro moaxoaa TECHO CBsI3aHA C
pa3BUTHEM HHCTUTYLMOHATIBHBIX (popM, d3PPeKTHB-
HBIX CTPYKTYP U CUCTEM YIIPABJICHHSI MHHOBAIMOH-
Hoit nesitenbHOCThI0O OOINT, crmocoOCcTByOMMX X
CTaHOBJICHHIO B Ka4eCTBE MOJHOIIPABHOTO CYOBEK-
Ta WHHOBAIMOHHOTO PAa3BUTHsI OTICIBHBIX PErHo-
HOB U PECITyOJIMKH B LIEJIOM.

IIpoBenénnbIii aHAIU3 MOKA3bIBAET, YTO OCHO-
BOW JUTSL petieHus] npo0ieM CTUMYJIMPOBAHMS HH-
HOBAIIMOHHOU JIESATEIbHOCTH MOXKET CTaTh UCIIOJb-
30BaHHE KJIacTepa — 0COo00H HMHCTHUTYIIHOHATBHON
(dbopmbl, TipeacTaBIsIoONIeH dPPEKTUBHBIA HHCTPY-
MEHT Pa3BHUTHUS OTPACIiell M pErHOHOB, CIIOCOOCTBY-
omuid Tpancdepy 3HAHWK W CO3MAHUIO CHHEPTe-

THYECKOro 3(QeKTa OT AeSTSITBHOCTH BCEX €ro
Y4aCTHUKOB.

Heo0xoamMocTh moncka coBpeMeHHBIX (POopM H
HaIpaBJIeHUH MHHOBAIIMOHHOIO IpoLEecca B LENIX
oOecrieyeHus1 yCTOHYNBOrO0 SKOHOMHYECKOI'0 pocTa
Ha PErHOHAIILHOM YPOBHE U OOBEKTHBHAS TIOTPEO-
HOCTb B COBEPIIEHCTBOBAHMH MEXaHM3MOB YIIPaB-
nenust pazsutueM OOIIT nmns ctumynupoBaHus
WHHOBAIIMOHHON JESITeILHOCTH ONPENEIHIN aKTy-
aIbHOCTH HAIIETO UCCIIEJOBAHNUS.

[IpoGriembl ympaBieHUsT HHHOBAIIMOHHOW Jesi-
tenpHOCThIO OOIIT moka He MOTYyYHITH JOCTATOY-
HOr'0 OTpa)KEeHMs B Hay4yHOU JuTepaType. Bmecrte ¢
TE€M HEKOTOPBIE BOIPOCHI YIPABJICHUS U PA3BUTH
OOIIT, naHOBAIMi! B yHIpaBIEHUH PUPOIOTIOIH30-
BaHUEM, YCTONYMBOTO MHHOBAIIMOHHOTO Pa3BUTHSA
paccMaTpUBaOTCSl B KOHTEKCTE HECKOJBKHX JKO-
HOMMYECKUX HampaBieHUH (MHHOBAI[MOHHBIA Me-
HEPKMEHT, PEerMOHaJIbHAs SKOHOMHUKA, SKOHOMHKA
[IPUPOAOTIONB30BaHNSA, YKOHOMUYECKas reorpadus,
9KOJOTHYECKUN MeHEeKMEHT) [17].

Pa3zpaboTka KOMIUIEKCAa Hay4YHO — OOOCHOBaH-
HBIX M NPAKTUYECKHA 3HAYMMBIX MPEUIOKEHAN IO
(OPMHPOBAHHIO CHCTEMBI yIpaBICHUS WHHOBAIIU-
onHoil nesarenpHOCThIO OOIIT Ha ocHOBe co3ma-
HUS HOBBIX HHCTUTYLMOHAJILHBIX ()OPM U CTPYKTYP
YIIPaBJICHUS SBIIETCS C€Yac OYE€Hb BaXKHbIM. JJis
OCYILIECTBIICHUSI ATOM LieJIn HEOOXOAMMO IOCTEI0-
BaTeJIbHOE PEIICHNE CIEAYIONINX OCHOBHBIX 3a]1a4:

— IPOAHAIM3UPOBATH CYIECTBYIOIINE HAYYHO —
METOJI0JIOTUYECKHE OCHOBAHUS TEOPUU MHHOBAIUH
JUTSL ICCTIEIOBAHUSI CICTEMBI YIIPABIIEHUS yCTONYIH-
BBIM MHHOBaIMOHHBIM pa3ButueM OOIIT;

— PaccMOTpeTb OCOOCHHOCTH MHHOBALMOHHOM
nestenbHOCTH OOIIT B 11E715X pemIeHnst COIUaIbHO
— SKOHOMHUYECKUX TPOOJIEM PETHOHA;
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— OXapaKTepHU30BaTh CYIIHOCTh U BUJIbI OPIaHU-
3aL[MOHHO — SKOHOMUYECKUX UHHOBALIUW B CUCTEME
YIpaBIeHHUs yCTONUMBBIM WHHOBALMOHHBIM Pa3BU-
tem OOIIT;

— PacKpbITh COICpkKAHUE, IPUHLUIIBI U HAPAB-
neHust (popMHUPOBAaHUSI PETHOHAIBHOTO KiacTepa
OOIIT kak 0co00if MHCTUTYLIMOHAIBHON (OPMBI U
3 (PEeKTUBHOHN CTPYKTYpHI YIPABJICHUS WHHOBAIH-
OHHOMH JIeSITEIHLHOCTH,

— pa3paboTaTh cHCTEMY TOKa3aTese, aleKBat-
HO OTPaYKAIOMIYI0 COCTOSIHUE U OCOOCHHOCTH Pa3BH-
Tus peruonansuoro kiacrepa OOIIT B pamkax ero
MHTErpalyy B UHHOBALIMOHHOE Pa3BUTHE PETHOHA;

— pa3paboTaTh MPaKTUYECKHE PEKOMEHIAINU
M0 CTPAaTEeruy Pa3BUTHUS PErHMOHAIBHOTO KiacTepa
OOIIT cTpassbl.

K mnHacrosimemy BpemMeHH ONBIT (YHKIIHOHH-
poBanus cuctemsl ynpasieHus OOIIT mno3Bomnu-
JY BBIICIHTD Pl IPOOJIEMHBIX HMPUHIUITHATBHBIX
MOMEHTOB, TPeOYyIOIMMX He3aMeIJIUTEIHHOIO pe-
meHus: xossiicrBenHas uzossanus OOIIT, orpanu-
YEeHHOCTh OropkeTHOro (uaancupoBanus OOIIT,
cnabo pasBuTas WHPPACTPYKTypHast MOJJICPIKKa
MHHOBALIMOHHOTO U ycToiunBoro passutus OOIIT,
OTCYTCTBHE IPAKTUKU MOATOTOBKH KaJIPOB JUIsl CU-
CTeMBbl YIpaBJIEHUS WHHOBAIIMOHHOM JIeATENbHO-
cteto OOIIT u ap.

Peanu3zanusi ”HHOBAIIMOHHOM TEepEeOPUEHTALIUN
3KOHOMHKH, 0003HaUCHHOM KaK rj100aibHas 11eIb BO
MHOTHUX CTPaTErn4ecKuX JTOKYMEHTaX CTpaHbl U e
OTIETHHBIX PETHOHOB, TPeOyeT pa3paboTKH U MpH-
MEHEHHsI HOBBIX IOJXO/J0B K CO3JaHUIO CHCTEMBI
YIPABJICHUS] YCTOWYUBBIM MHHOBALIMOHHBIM Pa3BU-
THEM PETMOHOB M CTpPaHbl B 1IeJIOM. B 3T0il CBsI3H,
B paMKax HCCIIEIOBaHUSA PaCCMOTPEHBI JIOTHYECKHE
B3aUMOCBSI3M OCHOBHBIX MPUHILUIIOB MHHOBALIMOH-
HOTO PAa3BUTHUS, KOTOPBIE, HAXOISAT OTPAKEHHUE B
OCHOBHBIX TNPHUHIMIAX YCTOWYMBOIO DPAa3BUTHS, B
pe3yibTaTe Yero BO3HUKAIOT JOMOJHUTEIbHBIE BO3-
MOKHOCTH M Cpe/ia JJisl PETHOHAIBHOTO PAa3BUTHSI.

Cucrema ynpapieHHs] yCTOMYUBBIM MHHOBAIIH-
OHHBIM Pa3BUTHEM BKJIOYAET CIEIYIOIINE OCHOB-
HBIE DJIEMEHTHI: MEXaHW3M YIPaBJICHUS, yIPaBIIs-
IOIIYI0 CUCTEMY B CTaTHKE M B AMHAMHUKE, a TaKXKe
MOJICUCTEMBI HH(PACTPYKTYPHOTO OOECIICUeHHs U
np.

VYcroliunBoe pa3BUTHE IpearojaraeT Hernpe-
pBIBHOE M3MeHeHue (yIydllIeHne) KayecTBa yrpas-
JIEHWsI Pa3BUTHEM, BKIIIOYAIOMIETO Pa3UYHbIC
aCIeKThl — DKOHOMMYECKHE, COLMAIbHBIE, IKOJIO-
TUYECKHe M XapakTepusyercs: 1) crnocoOHOCTHIO
YIOBIETBOPSTH OOIIECTBEHHBIE TOTPEOHOCTH, 00B-
€KTHUBHO 3a HMM 3aKpEIUIEHHbIE B pE3yJbTaTe Tep-
PUTOPHATFHOTO pa3JielieHusl Tpyaa; 2) OpraHu30-

BBIBaTh HAJ/IeKHOE BOCIPOU3BOJICTBO, BHYTPEHHUI
SKOHOMHUYECKHI 000poT U ¢ mpuemiemMon 3ddek-
TUBHOCTBIO yJIOBJIETBOPATH OTPEOHOCTH MECTHOTO
coolmiecTBa; 3) co3gaBaTh ycIoBHUs (pecypcHBIE,
collMabHbIE, OPTraHU3ALMOHHEIE U JIp.), TapaHTHPY-
FOIIUE JTOCTOMHYIO KU3HEIEATEIbHOCTh HE TOJBKO
JKUBYIIIUM, HO U OyJIyIIUM MOKOJICHUSIM. Y CTOWYH-
Boe nHHOBanuonHoe pazsutue OOIIT opueHTUpO-
BAHO HA UX UHTETPALUIO B XO35HCTBEHHOE PA3BUTHE
permoHa B KayecTBE aKTUBHOTO CyOBEKTa Pero-
HaJbHOM MOJIUTUKU U SKOHOMHUKHU.

Cozmaane OOIIT obecneumBaOT COXpaHEHHE
YHHUKQJIBHBIX U HEBOCIIOJIHUMBIX PECypCOB, MO3TO-
My OOIIT mpencrasisier pecypcocOeperaronryo
cucremy. C yu€ToM HEOOXOANMOCTH Pa3BUTHS UH-
HOBAIIMOHHOTO MOTEHIIMAala ¥ TOBBIIIEHUS KOHKY-
penTocniocobnoctn pernona, OOIIT HeoOxoanmo
OIIEHMBATh B KAYECTBE PECYPC pPa3BUBAIOIICH CHCTE-
MBI, a, CIeJJOBaTeNbHO, U (pakTopa PEerHOHAIBLHOTO
pa3BUTHSL.

Nmnynbehl K MHHOBAMOHHOM J€ATENbHOCTU
OOIIT mayT xak U3BHE, TaKk U U3HYTpH. BHemHuM
AMITYJTECOM SIBJISIFOTCS, C OJJHOW CTOPOHBI, OTPEO-
HOCTH PBIHKA, UMEIOIINECS WM MPOTHO3UPYEMEIE,
B npoaykiuu u ycayrax OOIIT, Bkiarodas u sKosto-
THYECKAN Typu3M, 00pa3oBaTeibHBIE MPOTPAMMEI,
CYBEHHpPHYIO TIpoayKuuio u np. C apyroit — uHHO-
BallMM MOTYT MHULIMHUPOBATHCSA IPYIMMU BHEIIHU-
MU [PUYUHAMH HEPBIHOYHOI'O CBOMCTBA, KOTOPbIE
BBIPAXKAIOTCS Yepe3 COIMAIbHYIO MOJUTHKY TIoCy-
JapCTBa WM OOLIECTBEHHBIX MPUPOJIOOXPAHHBIX U
9KOJIOTHICCKUX NBYOKCHUH [ 18].

BryTpeHHUME UMITyIbCaMU SBIISIOTCS HEOO0XO-
JUMOCTB BBITIOJIHEHUSI OCHOBHOTO MPEIHA3HAYEHUS
OOIIT — coxpaHeHHE KauecTBa OKPY>KAIOIICH TpH-
POIHOI Cpenpbl.

dopMUpOBaHHUE CTPATETUU PAa3BUTUSI HOBON HH-
CTUTYLIMOHAJIBHOW CTPYKTYphl JOJDKHA BKJIHOYATh
CJIeIYIOIIME dTAMbL: 1) OlleHKa BHEIIIHETO U BHYTPEH-
HEro NOTEHLHANa OPraHu3alliOHHO — YIPABJICH-
YECKOI'0 MEXaHW3Ma YINPABIEHUS PErMOHAIBHBIM
KJIACTEPOM; 2) BBISIBJIICHUE MPOOJIEM U BO3MOMKHBIX
BapHaHTOB UX pelleHus; 3) pa3paboTKka MOIX010B
K ymnpasneHuio; 4) ¢opMHUpoBaHHE OCHOBHBIX Ha-
MpaBJeHUH 00IIeH U QYHKIHOHATBHBIX CTpaTerui
pa3BHUTHS; 5) UX OIEHKA U AJIbTEPHATUBBI Pa3BUTHS,
6) opranuzanusi QyHKITHOHHPOBAHUS HOBOW HHCTU-
TYLMOHAJILHOW CTPYKTYphI 7) 3KclepTH3a Leneil u
pedexcust pe3yibTaToB; §) eciu pe3yabTaT He CO-
OTBETCTBYET O)KMJAHHSIM, TO BBIIIOJIHSAETCS TIOBTO-
pEHUs OHOTO WM HECKOJbKUX ATamnos [19].

AHanM3 1mory9eHHOW WHPOpPMAIH CBUACTEIh-
CTBYET O JIOCTHKEHHUHU CYIIECTBEHHBIX PE3yJIbTaTOB
B JeJie OpraHu3aiiy U GYyHKIUOHHUPOBAHUS 0CO00

19
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OXpPaHAEMBIX MPUPOIHBIX TeppuTOpHuil KpIpreizcra-
Ha. Hapsiay ¢ TMONOXHUTETHHBIMH CTOPOHAMH OC-
BEI[aeMOT0 BOIMPOCa OBUTH BBISBICHBI MPOOJIEMEI,
Tpedytromue HezaMmenauTenbpHoro pemenus [20]. K
YHUCITy TaKUX TTPOOIIEM MOYKHO OTHECTH CIIAYIOIIHE
[21 - 23]:

1. B KbIprei3crane OTCyTCTBYET €IMHBIN yIIpaB-
JIAIOUIUN U KOHTposnpyrouuii nesrensHocts OOIIT
rOCyJapCTBEHHBII OpraH.

2. YacTto B 3eMENbHOM 3aKOHOJATENIbCTBE OT-
CYTCTBYET o0co0asi HPUPOJOOXpaHHAS KaTeropus
3€MeEIb, YTO CO3AAET MPABOBYIO HEOMPEAEIEHHOCTh
U He coryiacyercst ¢ 3aKoHOM 00 0000 0XpaHsIeMbIX
MIPUPOJIHBIX TEPPUTOPHSIX.

3. 3HauuTeNpHOE CHW)XEHHE (PUHAHCUPOBAHUS
cTaso mpuunHOil cokpamenus mTara OOIIT u
JUKBHUJAIMHA OOJBIIOTO YHCIa HAayYHBIX OTIEINIOB.
OcraBimecs: OTAEbl UCTIBITHIBAIOT JeHUIUT 1a00-
paTopHOTO 000pyIOBAHUS U TIOJIEBOTO CHAPSKEHUS.

4. Opranuzauusg HoBbix OOIIT u nognepxanue
MIPUPOJIOOXPAHHOTO PEKHUMa B CYILIECTBYIOUINX Ya-
CTO BBI3BIBAET KOH(IMKTHI C MECTHBIM HacellEHHUEM,
JUIsL KOTOPOTO Hucmosb3oBanue pecypcos OOIIT
OKa3bIBAETCS €AMHCTBEHHO BO3MOXKHBIM CITOCOOOM
BBDKMBAHMS.

5. B 1ensx oueHKu COBPEMEHHOIO COCTOSAHUS U
YCTaHOBJICHUS TPAHUI] U TUIOMIAACH TOCYIapCTBEH-
HBIX TPUPOJIHBIX 3aKa3HUKOB HEOOXOIMMO NpPOBE-
JICHUE 3EeMJICYCTPOUTENBHBIX Pa0dOT M KOMILIEKC-
HBIE JKOJOTMYECKHEe OO0CIeOBaHUS ONpPEACTHUThH
crienmuuKy pexuMa uX 0coO00U OXpaHbI C yUETOM
CJIO’KMBILIETOCS] COBPEMEHHOT'O 3€MJICTIOIb30BaHMS.
Ha Tteppuropun 3aka3HUKOB TPOBECTH (HYHKIIHO-
HaJIbHOE 30HUPOBaHUE.

6. IlaMATHUKM TPUPOJBI COCTABIISAIOT BAXKHYIO
4acTh TYPUCTCKO — PEKPEarMoOHHOTO MOTEHIHA-
na KeIpreisctana M HIMPOKO HMCHONB3YIOTCA Kak
O00BEKTHI TIO3HABATEIHHOTO, JICYEOHO — 03/I0POBH-
TENBHOTO W HKOJIOTUYECKOr0 Typusma. BBumy ux
0c000ii 3HAYMMOCTH | JUIsI OLIGHKH COBPEMEHHOTO
COCTOSIHHSI HEOOXOMMO TIPUHSATH pEelIeHre TIPOBe-
CTH KOMIUIEKCHOE 3KOJIOTHYECKOe OO0CIeI0BaHne
BCEX MaMATHUKOB MpHpoibl. C 1ebio oOecredeHns
YCTAHOBJICHHOI'O PEXHMMa OCOOOH OXpaHbl MaMsT-
HUKOB 3allJTaHUPOBAaTh HM3TOTOBJICHHE IacIOPTOB,
OXpaHHBIX 0053aTENbCTB M Tepeiaya MaMsITHUKOB
O] OXpaHy B COOTBETCTBHH € 3aKOHOM «O0 0co00
OXpaHAEMBIX MPHUPOIHBIX TeppuTopusx». IIposo-
JUTH pabOThI IO OPraHU3aIH YKOJIOTUIECKUX TPOIT
Y TIPUBJICUYCHUIO TYPHUCTOB [24].

7. OTCYTCTBYIOT COTJIACOBaHHBIE TTEPCIIEKTHBBI
n yetkue kputepuu paszputus cucreM OOIIT pe-
CIyOJIMKaHCKOTO U PETHOHAIBHOTO YPOBHEH, B TOM
YHCIIe CO3JJaHMsI HOBBIX OXPaHSIEMbIX TEPPUTOPUH U
YBEJNWYCHHS YUCIIa UX KaTEeTOPUiA;
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8. HeanexkBaTHOCTh MMEIOIIUXCSI MaTEPHAIBHO
TEXHUYECKUX M (PHHAHCOBBIX PECYPCOB PEaTbHBIM
norpedrnoctsam OOIIT;

9. HecoBepiiienHast nmpaBoBasi 1 HOpMaTHBHAs
6a3p1 ynpasienus cucremoit OOIIT u oTaensHBIMI
TEPPUTOPHUAMH, HATNIHE TPOTHUBOPEUHH B IEHCTBY-
OIIIEM 3aKOHOAATEIhCTBE [25];

10. Heuetkoe pasrpannyeHue cep OTBETCTBEH-
HocTH 3a ynpasienue OOIIT mexmy BemoMcTBaMu
U CTPYKTYPaMH Pa3HbIX YPOBHEH, HEIOCTATOYHOCTh
MEKBEJOMCTBEHHOTO U MEKCEKTOPHOTO B3aWMO-
JeHcTBUS B 9TOH 00nacTy.

3akjIouyeHne

Ha nam B3risga, onTUMM3alUs JajibHEHIIEH
JESITEIbHOCTH 110 COBEPILICHCTBOBAHUIO CHUCTEMBI
0c000 OXpaHsSEMBIX NPUPOAHBIX TEPPUTOPHH pe-
CITyOJIMKY BHJIUTCS B CIIETYIOIIEM:

BBenenne MexaHHW3MOB NPHBIICUCHHS CPEICTB
13 BHEOIOPKETHBIX HCTOYHUKOB;

Hcnonp30BaHuE MEKAYHAPOIHOTO OIMbITA U T10-
TEHIIMAIa MEX/TyHAPOAHBIX IPOCKTOB B Pa3BUTUH U
¢byaxkunonuposannu OOIIT Keiprezcrana;

CoBepIICHCTBOBAaHUE CUCTEMBI OLIEHKH AP QeK-
TUBHOCTH YIPAaBIEHUS U ACATEIHHOCTH 0C000 OX-
paHsEeMBbIX IPUPOAHBIX TEPPUTOPUI;

YckopeHue mpoueaypbl rocy1apcTBEHHON pe-
THCTPALMM 3€MEJIbHBIX YYaCTKOB B 3aKa3HUKaX, I'71e
OHa HE 3aBepIIeHa, U MEKEBaHUE C IPYTUMHU 3eMJIe-
MOJIE30BATEINSIMU C BEIHOCOM T'PAHUI] B HATYPY;

Opranuzanus HoBeIX OOIIT Ha coxpaHEHHBIX
MPUPOJHBIX TEPPUTOPHSIX, B TOM YHCIIE PECITyOiH-
KaHCKOT'O 3HAa4CHMUS;

Ompenenenue ponu u mecta kaxaoi OOIIT B
CHCTEME COLMAIBbHO — IKOHOMUYECKUX OTHOLLICHUN
Keipreizcrana Ha ocHOBE pacdera O0IeH SKOHOMHU-
YECKOU OILICHKH;

YcuneHne NpoCBETUTENBCKOM U BOCIHMTATEIb-
ot Qynkmuu OOIIT pecnyOnuku, onpeneneHue
[IPaBOBBIX MEXAaHU3MOB Pa3BUTHS IKOJOIHMUECKOIO
TypU3Ma Ha TEPPUTOPHAX 3aKA3HUKOB U MaMITHH-
KOB TPHPO/IBI;

Peanuzanus KomImjiekca Mep IO Pa3BUTHIO
Mayioro Ou3Heca B cepe OpraHu3alu Typu3Ma U
pekpeanuy Ha 0co00 OXpaHsIEMbIX IPUPOJHBIX TEP-
PUTOPUSIX, IPHUJIAHUE IPOLIECCY ITPABOBOIO CTaTycCa.

TakuMm 00pa3oM, 5KOJIOTHYECKasl OLIEHKA Cy-
mectBytomei cucreMel OOIIT B Keipreiscrane
SIBIISIETCSL OCHOBOM ISl BBISIBIICHUSI [TPUOPUTETOB,
pa3paboTKH MPOTrpaMM M IUIAHOB MEPOIPUATHH 1O
PasBUTHIO TPHUPOJHO — 3aMOBEAHOrO (GOHAA pe-
CIyOJIMKH, COBEPIICHCTBOBAaHHMIO HOPMATHBHOIO,
MPaBOBOTO M OPTaHU3ALMOHHOTO 00ECTICYEeHUs €ro
(YyHKIIMOHUPOBAHUS, KOTOPOE, B CBOIO OYEpEb,
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00eCIeUnT OJTHO M3 aKTYaJIbHBIX U IMEPCIICKTHBHBIX
HaIlpaBJICHUM 1711 yCTOMYMBOIO COLMAIBHO — 3KO-
HOMHUUYCCKOT'O pa3BI/ITI/I$I KI)IpFI)ISCTaHa B IICJIOM.

Baaronapuoctu

ABTOpBI cTaTbU OJIaroJapHbl 1eNapTaMeHTy Co-
XpaHeHHs OHOpPa3HOOOpa3us U 0CO000 OXpaHIEMBIX
IIPUPOAHBIX TEPPUTOPUI MHUHHCTEPCTBA NPUPOJI-
HBIX PECYPCOB, HKOJIOTUU U TEXHUUYECKOTO HAJ[30pa
Keiprezckoii PecrryOnmukn 3a TIeHHBIC peKOMEHIA-
WU I10 HAITMCaHUIO CTAaTbHU.

HMcTouyHUK (PMHAHCHPOBAHUSA

Paboma evinonnena 6 coomeemcmesuu ¢ mema-
MU4ecKum NIaHOM HAYYHO — UCCIe008amelbCKOll
pabomul Kagpeopvl 3KOI02UU U OXPAHBL OKPYIHCAIO-
wetl cpedbl OUICKO20 MeXHOIOSUYeCK020 YHUsep-
cumema um. M. M. Aoviwesa. Cpedcmesa, npeo-
YCMOmMpeHbl 8 pecnyOIUKAHCKOM Oroddiceme Ha
Qunancuposanue pazgumus Hayku u mexuuxu. Pu-
HaHncupoganue npeoocmasieno Munucmepcmeom
obpazosanus u nayku Kuvipewvizckoil pecnyoiuku
PAMKAX HAYUHbIX NPOSPAMM.
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DISTRIBUTION OF THE MEDICINAL SPECIES
AJANIA FASTIGIATA (C.WINKL.) POLJAKOV
IN KAZAKHSTAN

The study of the distribution of medicinal plants has a special weight in many preliminary analy-
ses, places where it is possible to dominate and have a larger population to know is very important.
Particularly if the resource base of the raw plant material is to be identified. Many literature sources
give inaccurate habitat data, or give too large an area, which makes it very difficult to determine where
the population is concentrated, i.e. the predominant population of the plant in question. The Asian
genus Ajania includes about 43 species, depending on the authors, with a large number of representa-
tives in China and Japan, as well as native to Afghanistan, Kazakhstan, Kyrgyzstan, Mongolia, Northern
India, Russia and Tajikistan. Ajania fastigiata (C.Winkl.) Pojakov is a promising medicinal plant, which
is undemanding and does not require special conditions of growth, thereby excluding the possibility
of deterioration of the population during the collection of plant raw materials. The aim of the work
is to identify the exact distribution of the studied species by means of actual herbarium specimens.
As a result, a map of the studied species’ habitats is drawn and the concentration of habitats where
the species is most common is seen. According to our data the studied species is often found in the
southern part of Almaty city and goes well up to Terskey Alatau, as well as in the north-eastern part of
Dzungarian Alatau.

Key words: Asteraceae, Ajania fastigiata, medicinal plant, ecology, habitat, herbarium.

IA. AMepTaeBa', A.T. Mamyposa', b.b. OcmMoHaAn'2*

'OA-Dapabu atbiHAaFbl Kasak, yATTbIK, yHMBepcuTeTi, KasakcraH, AAMarthi K.
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KaszakcraHaa Aapiaik Ajania fastigiata
(C. Winkl.) Poljakov TypiHiH, TapaAybi

3epTTey ASPIAIK 6CIMAIKTEPAIH TapaAybl KAl >KepAe Ken Ke3AeCeTiHiH aAAblH-aAa TaApayAdp Ad
epeKile CaAMaKKa Me, MyHAQ DaCbIM >KOHE MOMYASLMSIAAPbIHbIH, KAl >KepAe Ker O0AaTbiHbIH OiAy eTe
MaHbI3Abl. Ocipece, erep ecimMAiK LIMKIi3aTbIHbIH, PECYPCTbIK 6a3acbiH aHbIKTay KaXkeT 6boaca. KentereH
aAebMeTTEPAE TIPLWIAIK €Ty opTachl TypaAbl HAKTbl MOAIMETTEP KOPCETIAMEreH Hemece TbIM YAKEH
aymak, 6epiAreH, OyA KeiHHEH JkekeAapaAap LLOFbIPAAHFaH XXePAI aHbIKTay 6Te KMbIH, IFHU 3ePTTEAETIH
OCIMAIK MONyASUMSCbl 6aCbiIM OpTaHbl. A3USIAbIK, Ajania TybICbl TYPAI aBTOpAapfa 6anAaHbiCTbl KbiTai
MeH XKarnoHusAa, CoHbIMeH KaTtap AyraHctaH, KasakcrtaH, KbipFbisctaH, MoHFoAMs, COATYCTIK YHAICTaH,
Pecein xoHe ToxikcTaHAa eceTiH 43 Xyblk Typi 6eariai. Ajania fastigiata (C.Winkl.) Pofakov — 6ya
nepcrnekTMBaAbl ABPIAIK ©CIMAIK, OA epekLle eCy >KafAaMAApbIH KaXKeT eTrnerAil, oCblAailla eCiMAIK
LUMKI3aTbIH YKMHAY Ke3iHAE MONYASUMSAHbIH HalapAay KayiriH 60AAbIPMariAbl. JKyMbICTbIH, MakKcaTbl —
3epPTTEAETIH TYPAIH repbapuin YAriAepi apKbiAbl HAaKTbl TapaAy alMMakTapbiH aHbikTay. HaTuxkeciHae
3epTTeAeTiH TYPAIH OCETIH >XepAepiHiH HYyKTeAepiHiH KapTacbl >KacaAaAbl >X8He OCbl Typ €H, Ko
Ke3AECETIH HYKTEAEPAiH KOHLEHTPAUMSChl KOpiHeAi. bisaiH AepekTepimi3 GoMbiHLLIA 3€PTTEAETIH Typ
AAMATbI KAaAaCbIHbIH OHTYCTIK OOAIriHAE XKMi Ke3aeceai xoHe Tepickein AaaTayblHa, COHAaM-aK, KoHFap
AAaTayblHbIH, COATYCTIK-LLbIFbIC GOAINHAE >KAKCbl OERIMAEATEH.

Tyiin cesaep: Asteraceae, Ajania fastigiata, AopiAik 6ciMAiK, 3KOAOTUSI, TapaAy arMarbl, repbapuit.
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PacnpocrpaHeHne AekapCTBEHHOro BUAA Ajania fastigiata
(C. Winkl.) Poljakov B Kazaxcrane

M3yyeHne pacnpocTpaHeHue AeKapCTBEHHbIX pacTeHUMI MMeeT 0cobblii BeC BO MHOIMX
npeABapUTEAbHbBIX aHaAM3aX, MECTTAE MOXET NMpeobAaAaTb M MMETb BOAbLLEE MOMYASLMM 3HATb OYEHb
BaXkHO. B 0co6eHHOCTN eCAM HEOOXOAMMO BbISIBUTb PECYPCHYIO 6a3y PaCTUTEABHOMO Cbipbsi. Bo MHOIMX
AUTEpaTypPax YKasbIBalOTCS HE TOUHbIE AAHHbIE M0 MECTY OOMTaHMS MAM XKE AAETCS CAMLLKOM GOAbLLAs
TEPPUTOPUS, UTO BMOCAEACTBMM OUYEHb CAOXHO OMPEAEAUTb, TA€ CKOHLEHTPMpPOBAHA CKOMAEHMWe
ocobeil, TO eCcTb MPEenMyLLECTBEHHO MPeobAAAAIOT MOMYASILMM M3YHaeMOro pacTeHusi. A3MaTCKMiA
poa Ajania BKAKOYAET OKOAO 43 BMAOB, B 3aBMCMMOCTM OT aBTOPOB, C OOAbLIMM KOAMYECTBOM
npeactaButeAert B Kutae u fAnoHum, a Takxke npowuspactaiowmx B AdraHuctaHe, KasaxcraHe,
KbiprbizcraHe, MoHroammn, CesepHoit Muammn, Poccumn mn Tapxxukuctade. Ajania fastigiata (C.Winkl.)
Pofakov sBAsieTCS NepCrnekTMBHBIM AEKapCTBEHHbIM PACTEHUS, KOTOPbIA HEe MPUXOTAMB M He TpebyeT
0COObIX YCAOBUM MPOM3PACTaHMsl TEM CaMbiM, MCKAKOYAs BO3MOXXHOCTb YXYALLEHMS MOMyASLMM NPU
cbope pacTUTEALHOIO Cbipbs. LleAbto paboTbl IBASIETCS BbISIBAEHMS TOUHbIX aPEAAOB PACipOCTPaHeHs!
M3y4aeMOro BMAQ NMOCPEACTBOM hakTUueckmx repbapHbix 06pasuoB. B ntore coctaBaeHa kapTa Touek
MECT MPOoU3pacTaHmm N3y4aemoro BUAQ, M BUAHA KOHLIEHTPALMS TOYeK, rae GOAbLLE BCEro BCTPeYaeTcs
AA@HHbIM BUA. [To HAWMM A@HHBIM M3YyYaemblii BUA YaCTO BCTPEYAETCS B KOXKHOM YacTu roposa AAMaThl

1 XxopoLlo MaeT Ao Tepckeit Aaatay, a Takxxe B CeBepo-BocTouHor yactn AxxyHrapckoro Aaaray.
KaoueBble caoBa: Asteraceae, Ajania fastigiata, AekapcTBeHHOE pacTeHue, 3KOAOrMs, apeaa,

repbapuii.

Introduction

The genus Ajania Poljakov is a perennial
herbaceous plant, usually grayish, without shortened
vegetative shoots, with erect or often ascending
and branched, well-developed, densely lobed
stems. Leaves are ordinary with dissected laminae
covered with appressed bipartite, sometimes with an
admixture of simple, hairs.

The Asian genus Ajania includes about 43
species, depending on the authors [1; 2; 3; 4],
with a large number of representatives in China
and Japan, as well as growing in Afghanistan,
Kazakhstan, Kyrgyzstan, Mongolia, Northern India,
Russia and Tajikistan. This genus was separated
from Artemisia by Polyakov [5]. And it is indicated
that Ajania originated from ancestral taxa closely
related to Dendranthema, and that the adaptation
of Ajania to Central Asian steppes and deserts led
to high similarity with representatives of Artemisia
inhabiting these areas. To explain the similarities
among the three genera, Bremer and Humphries
[1; 6; 7; 8] suggested that the independent lineages
descended from the same dendranthema of a single
ancestor. Three species were excluded from Ajania
to form a separate new genus Phaeostigma by A.A.
Muldashev [9]. Two species of Ajania and one
species of Phaeostigma were recently studied from
the palynological point of view (for Ajania fastigiata

and A. fructiculosa; for Phaeostigma salicifolium)
[10; 11].

Because of its complex taxonomic history with
numerous species movements between the two
major groups of Artemisiinae, Ajania and individual
genera are a particularly interesting group to study.
Species of the genus 4jania cover most of the entire
distribution range in Central Asia, with Ajania
in China (from northwestern to northeastern and
southwestern parts), Korea, Japan, and the Far East
[12; 13; 14; 15; 16].

Despite a number of cladistic studies based on
morphological and molecular information, there
remain quite a few taxa whose systematic position
in the subtribe Artemisiinae is unclear [1; 10; 17; 18;
19; 20; 21; 22; 23].

The genus includes 30-40 species [1; 2; 3; 4;
5] with an eastern Palaearctic range. In Kazakhstan
there are 3 species with 1 endemic: A. korovinii
Kovaleusk. (Kurgiz Alatau).

According to the genus monograph by
A.A. Muldashev, “the emergence of at least most
species of the genus occurred at the end of the
Neogene”. However, it is possible that the formation
of the genus occurred earlier, at the beginning of the
Neogene [24].

Ajania fastigiata — perennial herbaceous plant.
It grows on fine-grained and rubbly, stony slopes, in
thickets of small bushes, on steep slopes, in grassy-
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grassy-grassy, grassy-typchak steppes from high
foothills to the middle belt of mountains. Flowering
is from July to August, depending on the place and
climate of growth, sometimes in September, fruiting
comes to the months of August and September,
sometimes even in early October [25; 26].

The purpose of this research work is to identify
the exact range of Ajania fastigiata (C.Winkl.)
Poljak species and its ecological habitat to certain
environmental conditions. Data analysis will help to
develop a route for further studies of the resource
base of the population of the studied species in the
future.

Materials and Methods

The object of the study is a species of the genus
Ajania from the family Asteraceae — Ajania fasti-
giata (C.Winkl.) Poljak.

To identify points of actual growth of the stud-
ied species, available herbarium specimens were
reviewed: Herbarium Fund of the Institute of Bot-

any and Phytointroduction, Herbarium index AA;
Herbarium Fund of the Lomonosov Moscow State
University (MW), V.L. Komarov Botanical Insti-
tute of the Russian Academy of Sciences (LE),
Institute of Botany of the Academy of Sciences of
the Republic of Uzbekistan (TASH). V.L. Koma-
rov Botanical Institute of the Russian Academy
of Sciences (LE), Institute of Botany of the Acad-
emy of Sciences of the Republic of Uzbekistan
(TASH). QGIS 3.28 program was used for data

mapping.
Results and Discussion

According to the examined herbarium
specimens the data of labels related to the territory
of Kazakhstan were written out, besides, the map of
actual places of growth of the investigated species
was made (Table 1; Figure 1).

All marked actual points are visually represent-
ed in a map (Figure 1), which is almost similar to the
data set out in classical botanical literature:

Table 1 — Information from herbarium specimens AA, MW, LE, TASH

Ne Collection location (label data) Collectors Date f)f
collection
Dzungarian Alatau
1 | Dzungarian Alatau, near Topolevka village Lipsky V. 14.07.1909
2 | Meadow-steppe area on the slope of a rocky escarpment in the Chulak tract Pavlov N.V. 16.07.1928
Dzungarian Alatau Ridge. The area between Sarkand and Kopal villages.
3 | Sarkand and Kopal, valley between Dzheldy-Karagai and Suok-tau Shipchinskiy N.V. 02.08.1928
mountains, on a ravine slope
4 Kazakhastan, northern slope of Dzungarian Alatau, Shrub thickets in Gubanov LA 13.07.1967
Ananyevaya gorge, near Sarkand, 1000 m
5 | Dzungarian Alatau, near Topolevka village Kukenov M.K. 23.08.1969
6 D;ungarlan Alatau, valley of the Maly Baskan River, right bank in the Sdobodobinina A.. Kluikov E. | 21.06.1974
middle part of the valley
7 ]?zungarlan Alatau, left bank of the Koksu River, Ulkenkotyrkoy nepo Kamelinskikh L., Gusev M. 30.07.1975
ridge. Semenovskoye settlement.
Headwaters of the Karatala River. South of the forest cordon at the Danilov M.P., Shormanova
8 | confluence of the Chizhi River with the Kara River. Meadow slopes near A.A., Kurmantayeva A.A., 18.06.2015
the key. Height 1100 m. Bilibayeva B.K.
. L Danilov M.P., Shormanova
9 ]]:zpzﬁzlﬁy g:i;”{: itlngi Sl;’eﬁfl:;fntt};e road at the pass between A.A., Bilibayeva BK., 19.06.2019
P Y POIEVSKY Kenesbai A.H.
Trans-Ili — Kungei Alatau
1 | Right bank of the Turgeni River, uroch. Karach. Grassy slope Karelin G., Kirilow J. 1841
2 | Foothills of Zailiyskiy Alatau, northern loess slope of «Verigina» mountain Sokalsky N. D. 22.07.1907
3 Dzhalanash gorge near the village. 2000 m. Along the southern steppe Geld AL 02.07.1933
stony slopes
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Ne Collection location (label data) Collectors C(]))li‘et:t?ofn
4 | The stalls behind the Botanical Gardens, amongst the wormwood. Rubtsov N.I. 10.07.1934
5 ?1(?};21:2?;2 Orti;lfielllrsvalley in the vicinity of Dzhalanash settlement. Dry Geld AL 22.08.1934
6 |Faithful Solodovnikova V.S. 22.08.1936
7 |Ridge. Turaigyr Ridge, southern slope Solodovnikova V.S. 31.08.1936
8 | Kaskelen Gorge, eastern herbaceous slope Dmitrieva A.A. 24.08.1937
9 | Floodplain of the Tau-Chilik r. near the village. Kutyrgy, on sand Polyakov P.P. 15.09.1940
10 | Ushch. Kulsai, steppe eastern slope Polyakov P.P. 11.07.1941
1 g:pt:,l: right bank plateau from the Sarybulak River valley, mountain Rubtsov N I 29.07.1947
12 g; Stilztzlg)é): of loess foothills near Turgeni village, among wormwood- Myrzakulov P.M. 26.08.1947
13 Iz\/iiélgllilcourse of the Kurmekty River. south-eastern steppe slope. Height Goloskokov VP, 13.08.1952
14 | Slopes to the Poganka River behind the B. garden Roldugin LI 20.06.1953
15 | Chet-Merke Gorge Myrzakulov P.M. 15.08.1967
16 | Right bank of the Turgen River. Dry grassy slope Myrzakulov P.M. 18.08.1967
17 | Zailiyskiy Alatau, Aksai, est. of Sataldy r. Sataldy; southern slope Myrzakulov P.M. 30.08.1967
18 | Alma-Ata oblast. Chiliksky district, near Kuram r. Myrzakulov P.M. 03.09.1967
19 | Ushelie of the Kurmekty River. Eastern slope. H-2000 m. Stepanova E.F. 07.09.1973
20 ;\P}rn:(a:;ytrr:égsion, Zailiyskiy Alatau, Assyu valley bottom, upper boundary of Sobolev L. 22.07.1974
21| oekeleear. Kaskele. rose anden on th slope oforthen exposure Kiyuikov E. 14081979
” ;&l(l)rgg-Ata vicinity. Stalls in the area of MIA approach, meadow on NW Krasnoborov .M. 02.09.1988
Almaty region, about 250 km northeast of Almaty, Near Rudnichny
23 | settlement, Valley of the right bank of the Koksu River. Hill slope, on stony Sukhorukov A. 19.08.2008
substrate
Ketmen-Terskey Alatau
1 | Tien-Shan, Ketmen Ridge, Mount Teternik, southern rubbly slopes, 1230 m Rubtsov N. 12.09.1912
2 | Terskey Alatau ridge, ul. Kurkapak, stony slopes Mikhailova V.P. 20.08.1937
3 | Ketmen Ridge, Kumirchi tract Polyakov P.P. 13.07.1938
4 |Ketmen Mountains Koshechkina G. July 1948
5 | Ketmen Ridge, Narynkolsay Nook. Narynkolsai Arystangaliev S.A. 19.08.1962
6 | Shol-Adyr Mountains, steppe south slope Arystangaliev S.A. 08.08.1963
7 ;Flzr;};:y Alatau Ridge, 1 km north-west of the Kurykakpak River, stony Arystangaliev S.A. 12.06.1964
8 | Terskey Alatau. Headwaters of the Big Kokpak River Lushpa O.W. 18.07.1968
9 | Ketmen Ridge, Karagaily Gorge Kukenov M.K. 23.08.1969
10 |Tien-Shan. Ketmen ridge. Mount Teternik, southern rubbly slopes, 1230 m. Mikheeva N.N. 16.09.1973
11 | Western end of Ketmen-Tau, Tuyuk-Su Gorge, steppe slope Danilov M.P. 07.08.1978
Kyrgyz Alatau
| Kirghiz Ridge, Ushch.r. Suyundyk-Sai, eastern rocky slope, altitude 2000 Lipshits S.Yu. 05.08.1928

m.
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Ne Collection location (label data) Collectors Date f)f
collection
2 | Ushch. Aspara near Char, southern rocky slope Rubtsov N.I. 12.09.1946
Western Tien Shan
1 Talas A}ate}u, Aksai River valley (eastern boundary of the Reserve). In the Danilov M.P. 19.08.1962
belt of junipers

Figure 1 — Map of Ajania fastigiata distribution points in Kazakhstan according
to actual QGIS herbarium specimens

Flora of Kazakhstan (1966) — Floristic re-
gions:18. Balkhash-Alakol, 23. Tarbagatai, 24.
Dzungarian Alatau, 25. Trans-Ili — Kungei Alatau,
25a. Ketmen-Terskey Alatau, 27. Kyrgyz Alatau,
29. Western Tien Shan [18].

Central Asia Plant Identifier (1993) — Dzun-
garian Alatau, Tien Shan (Chu-Ili mountains, Ket-
men-tau, Trans-1li, Kungei, Terskey, Kyrgyz, Talas
Alatau, Ichkeletau, mountains in the middle reaches
of the Naryn River), Pamir-Alai [17].

Analyzing all data on Ajania fastigiata species,
we give the following explanation on distribution:
The studied species is found in the extreme South-
Eastern part of Kazakhstan and spreads over 4
southern regions: The largest concentration of the
species is in Almaty region, where it occupies the
whole southern and eastern part of the region. Most
of the collections were made in the territory of the
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Trans-1li Alatau Ridge. Trans-Ili Alatau. In the Ket-
men and Terskey Alatau ranges there are few collec-
tions, but enough to confirm that this species is also
quite common there. In Zhetysu region 4jania fas-
tigiata occupies the southern part, also for Zhambyl
region, and slightly affects Turkestan region from
the south-eastern part. In the ridges of the Kirghiz
and Western Tien-Shan the studied species is less
frequent, most likely it is an extremely western part
of the Ajania fastigiata range (Figure 2).

Regarding floristic areas of Kazakhstan, Ajania
fastigiata exactly confirms its distribution in the
mentioned areas in the Flora of Kazakhstan [18].
It is recommended to harvest Ajania fastigiata in
the ranges of the Trans-Ili Alatau, in particular in
the Karasay and Zhambyl districts, as well as in the
Sarkand district, which belongs to the range of the
Dzungarian Alatau.
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Figure 2 — Map of the actual distribution of the study species

Conclusion

Ajania fastigiata is found most of all in the
South and South-Eastern part of Almaty oblast,
in particular it is the territory of Trans-Ili Alatau
ridge, to a greater extent this species prevails in
Karasay and Zhambyl districts of Almaty region,
as these districts cover dry mountain slopes. Also,

it prevails in the North-Eastern part of Dzungarian
Alatau (in the Eastern part of Zhetysu region,
Sarkand district). Particularly speaking about
ecological habitat, Ajania fastigiata is found most
of all on stony gray-chestnut soil, especially on dry
mountain slopes, and can rise up to 2000 m above
sea level, but the most optimal altitude is 1000-
1200 m above sea level.
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COTAbI LUATAHDbI (FRAXINUS SOGDIANA BUNGE)
ATALL ©CIMAIKTEPI KATbICATbIH KAYbIMAACTbIKTAPADIH,
DPAOPAABIK K¥PAMbI

JKombIAbIN KeTy Kayrni TOHreH PeAMKTi afall ©CiMAIKTEpiH 3epTTey 6MoaAyaHTYPAIAIKTI cakTay
CTpaTerunsCbiHbiH, HEri3ri Kypamaac O0eAikTepiHiH 6ipi 60Abin Tabbiraabl. OcbiFaH 6GalAAHbICTbI
3epTTeyAiH MakcaTbl AAMaTbl 0OAbICbIHAAFbBI «LLIapbiH» MEMAEKETTIK YATTbIK, TaOWFK NMapKi ©3eHAEPIHIH,
aHFapAapbiHAQ ©CETIH PeAMKTI COFAbI LaraHbiHbiH (Fraxinus sogdiana Bunge) nonyasiumsiaapbiHbiH,
Kasipri >karAaambiH Oararay OOAbIN TabbiAaabl. Makarapsa 2023 XKbiAbl OCbl alMMakka >KYPrisiAren
IKCMEAMUMST HOTMXKECI KeATIpIATeH. Op MonyAsuMssa TpaHcekTaAap Mealepi 20x20 wapuibl
METPAEH 3epTTeAai. bipiHwi nonyasums LLlapbiH ©3eHiHiH OHTYCTIK XaraAayblHaH, GipiHLLi >KarblAMa
TeppacaaaH aabiHAbL. GPS 6ornbiHWwa koopanHatTapbl: N 43.543551° E 079.286874°, TeHi3 AeHreitiHeH
OMIKTIri 722M. AA, ekiHwi nonyasumst TeMipAiK ©3eHiHiH OHTYCTIK >KafaAayblHaH, OipiHWi >KarblAMa
TeppacaaaH aabiHAbI. GPS 6orbiHWwa koopanHatTapbl: N 43.359546° E 079.164989°, TeHi3 AeHreitiHeH
OmikTiri 951m. «LllapbiH» MeMAEKeTTIK YATTbIK, TabuFu napki aymarbiHaa F. sogdiana aralibiHbiH,
LLlapbiH >xaHe TeMipAik MonyAsUMSAapbiHbiH, FreorpadmsaAbIK, OpHbl aliKbIHAAABIM, OCbl 2 MONyASUMS
AEHreriHAeri eciMAIKTep KaybIMAACTbIKTAPbIHbIH, (DAOPAABIK, Kypambl aHblKTaAAbl. LLIapbiH >keHe
TeMipAik e3eHAEpiHiH aHFapAapbiHAAFbl COFAbI LAFaHbl MOMYASILMSAAAPbIHbIH, Ka3ipri >karAaibiHa 6ara
6epiAin, TapaAy KapTacbl >kacaAblHAbL. bipiHwi LLIapbiH nonyasumscbiHAa 12 Tykbimaac, 12 Tybic, 13
TYP Ke3AecTi. AA ekiHWwi TemipAik nonyasumacbiHaa 13 TykbiMaac, 14 Tybic, 15 Typ aHbikTaaabl. CoFAbl
LAFaHbl KYPFaKLWbIAbIK, MEH bICTbIKKA TO3IMAI, COHAbIKTaH GMOaAYaHTYPAIAIKTI cakTay, keraAAaHAbIPY
>KOHE IKOXKYMEAEPAI XKaKCapTy YLLUiH yCbiHyFa GOAAAbI.

Tyiin ce3saep: «LLlapbiH» MemMAeKkeTTiK YATTbIK, Taburn napki, Fraxinus sogdiana Bunge, peamxr,
LLIapbiH, TeMipaik.

A.R. Aldibekova', M.S. Kurmanbayeva', G.N. Nysanbayeva?

'Al-Farabi Kazakh National University, Kazakhstan, Almaty
2State National Natural Park «Sharyn» MENR RK, Kazakhstan, Almaty region
*e-mail: Almagul.Aldibekova@kaznu.edu.kz

Floristic composition of communities with participation
of woody plants of Sogdian ash (Fraxinus sogdiana Bunge)

The study of endangered relict woody plants is one of the key components of the biodiversity con-
servation strategy. In this regard, the aim of the study is to assess the current state of populations of relict
ash tree (Fraxinus sogdiana Bunge) growing in the river valleys of the State National Nature Park «Sharyn»
in Almaty region. The paper presents the results of an expedition to this region in 2023. A 20x20 square
meter transect was studied in each population. The first population was sampled from the southern bank
of the Sharyn River, from the first floodplain terrace. Coordinates N 43.543551° E 079.286874°, eleva-
tion 722 m above sea level. And the second population was taken from the southern bank of the Temirlik
River, from the first floodplain terrace. GPS coordinates: N 43.359546° E 079.164989°, altitude 951 m
above sea level. The geographical position of Sogdian ash Temirlik populations of F. sogdiana in the
territory of the SNPP «Sharyn» was determined, as well as the floristic composition of plant communities
at the level of these two populations. The current state of Sogdian ash populations in the valleys of the
Sharyn and Temirlik rivers was assessed. In the first Sharyn population 12 families, 12 genera and 13
species were found. And in the second Temirlik population 13 families, 14 genera and 15 species were
found. Sogdian ash is resistant to drought and heat and can be recommended for biodiversity conserva-
tion, landscaping and ecosystem improvement.

Key words: State National Natural Park «Sharyn», Fraxinus sogdiana Bunge, relict, Sharyn, Temirlik.
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dDAropUCTUUECKMIT COCTAB COOOLLECTB C y4yacTUEM
APeBeCHbIX pacTeHui siceHs coramiickoro (Fraxinus sogdiana Bunge)

M3yueHne HaxOASLWMXCS TMOA Yrpo30M WMCYE3HOBEHUS PEAMKTOBbIX APEBECHbIX pPaCTeHWH
SIBASIETCSI OAHVMM M3 KAIOYEBbIX KOMIMOHEHTOB CTPATernn coxXpaHeHus G1opazHoobpasms. PEAUKTOBOIO
coramnckoro siceHs (Fraxinus sogdiana Bunge), npouspacTaiouiero B AOAMHaX PeK rocyAapCTBEHHOIro
HALMOHAABHOTO MpPUPOAHOro napka «LLlapbiH» B AAMATMHCKOM o6AacTU. B 3Toil CBSI3U LEAbIO
MCCAEAOBAHMS IBAFETCH OLLeHKA COBPEMEHHOTO COCTOSHMS MOMYASLNI PEAMKTOBOM 9CEHM COTAMMCKOMN
(Fraxinus sogdiana Bunge), npowuspacraiouiern B AOAMHax pek [0CyAapCTBEHHOrOo HaLMOHAAbHOIO
npupoaHoro napka «LLlapbiH» B AAMaTMHCKOM 06AacTM. B cTaTbe NpeACTaBAEHbl pPe3yAbTaTbl
3KCneAMUMmn B 3TOT pervoH B 2023 roay. B Kaxkaon monyAsumm M3y4vaacs TPaHCEKTbl pa3mMepom
20x20 kBappaTHbIX MeTpoB. [epBas nonyasums otobpaHa ¢ 1oxxHoro 6epera peku LLlapbiH, ¢ nepsoit
normeHHon Teppacbl. KoopanHatsl N 43.543551° E 079.286874°, BbicoTa 722 M HaA YPOBHEM MopS.
A BTOpas nonyasums OblAa B3siTa C t0XKHOrO Gepera p. TeMUPAMK, C MEPBOM MOMMEHHOM Teppachbl.
KoopanHatbl GPS: N 43.359546° E 079.164989°, BbicoTa 951 M. Haa ypoBHeM mops. OnpeaeseHo
reorpaduryeckoe noaoxkerue LLlapbiHckoi 1 Temmpamkcekon nonyasumin F. sogdiana Ha Tepputopmm
THIIM «Lapbit», a Takke AOPUCTUHECKMI COCTAB PACTUTEAbHbIX COOOLLIECTB HAa YPOBHE 3THX ABYX
nonyAdumii. OLeHeHo COBPeMeHHOEe COCTOSIHME MOMYASILMIA CEHS COTAMMCKOro B AOAMHax pek LLlapbIiH
1 Temmpauk. B nepsoi LLIapbiHckon nonyasiumm obHapys>keHo 12 cemencts, 12 poAos 1 13 BUAOB. A BO
BTOpPO TeMMPAMKCKOM NonyAsumn BbisiBAeHO 13 cemeincTs, 14 poaoB 1 15 BUAOB. SICeHb COr AMIMCKMIA
YCTOMUMB K 3acCyxe M >Kape M MOXEeT ObiTb PEKOMEHAOBaH AAsSl COXpaHeHusi OGmopasHoobpasus,

O3eAeHeHNd 1 YAyULleHNd SKOCUCTEM.

KAroueBble cAOBa: roCyAapPCTBEHHbIN HaLMOHAAbHbIN MPUPOAHBINA napk «LLIapbiH», Fraxinus sogdi-

ana Bunge, peankT, LLIapbiH, Temmpaunk.

Kipicme

KahaugplKk KIMMaATTBIH €3repyi JKarnaibiHIa
JKBUIBIHY MEH KYPFaKIIBUIBIK KYIIeHe TyCy/e.
Kyprakmwbeislk  — ©CIMOIK  KYpPBUIBIMBI ~ MEH
KBI3METIHE OCEep C€TETiH MaHBI3ABl JKOHE KUl
Ke3J/IeCceTiH a0uOoTUKaJIbIK (hakTop OOJBII TaObLIA-
JIbl J)KOHE OJ1 OpMaH PKOXKYHECiH Iyphic OaKplIayra
KUBIHIBIK TYIbIpanst [1,2].

KypbuTbIMABIK KOHE KOMITO3UIMSIIBIK KYp/Je-
JTri MEH alyaHTypJiuririne OalIaHBICTHI, KYp-
JBIKTAFBl TIPIIUTIK €Ty OPTACBHIHBIH KEH CIeK-
TPiHIH IIIiHAE OpMaHAap MEH OpMaH aJKaIlTapbl
OMOJIOTHSUIBIK ’KOHE TeHETUKAJIBIK TYPFhIIaH eH 0ai
60pImTa0bLTa B! TYpKYpaMbI OMOATYaHTYPILTIKTIH
MaHbBI3[bl CHIATTaMachbl OOJNFaHbIMEH, OpMaH
KYPBUIBIMBI OMOAITyaHTYPJILUTIKTI OaFaiay YIIiH o1aH
Jla MaHBI3ABI 00JIYBI MYMKIiH, OUTKCHI 03 Ke3€TiH/Ie
KOeOIpeK TypJepAl OpHAIACTHIPATBHIH JKOHE KOJIa
Oap pecypcrapibl THIMIIPEK TaianaHyFa bIKIAI
eTeTiH dpTapanTaHIbIPBIIFaH KYpbUIbIMIAa KeOipek
Tayaraiap 0oJysl MYMKiH [3].

OpmMaHIapIsIH OMOATYaHTYPIILTITIH CaKTay IbIH
4 Herisri 6arbIThl Oap: OYJNIHTCHHEH KEHIHTT opMaH
nanmmadTTapblHIa TYPJIEPIiH cakTaly KaOineri,
TUTAHTAIUSUIApAbl  KYPYIBIH OMOATyaHTYPILTIKKE

ocepi, ©3TepTUITeH araiml ecipy XKyHenepiHiH op-
MaH KYPBUIBIMBIHA THIMJIUTITI, OCIMIIK KYpaMbl MEH
OMOTaChl KOHE OpMaHAAp/bl KECy MEH OpT Kaylli
apachIHIarbl Oaimanbic [4].

KnumatTeiH e3repyl OpMaHIap/blH ecyiHe
ocep ereTiH MaHbI3Abl (aKkTOp OOJNBIN TaOBLIAIBI.
CoHppIKTaH KIUMATTHIH ©3TepyiHiH OpMaHHBIH
ecyiHe oCepiH 3epTTey Jerpajalusra YIlblparaH
JKEpICPiH KaFJalblH JKaKCapTy KOHE OpMaH
IapyambUIBIFBIHBIH  TaMYyBIH  JKENENeTy YIIH
YJIKeH MaHbI3fa ue. JKayblH-IIAIIbIH aFaliTapiblH
ecyiHe ocep eTeTiH Heri3ri MeTeOpPOJIOTHSIIBIK
(hakTOp OOJNBIT TAOBUTAIBI, al TEeMIIEpaTypa MEH
aTMoc(epaliblK KbICHIM aFallTap/blH ©CyIMeH Jie
aliTapipIKTail OalmaHbICTHI [S].

OCIMIIIK >KaMBIIFBICBIHBIH Ka3ipri >KaFTaibIH
rTangay JaHAmMAQTTRl  KOCHAPJIAyJbIH  KEIIeH I
3epTTey OaFaapiiaMachIHBIH aKbIpamac Oediri 0o-
JIBITT TaOBUIABI, OJT OCIMIIKTEPIIH ITHHAMHUKACHIH,
aAyMaKThIK U PEpeHIIUAIMSICHIH, OUOIOTHSIIBIK
AyaHTYPIUTITiH, ayMaKThIK KaybIMIACTBIKTap IbIH

OY3BUTy  JIOpEXKECiH IKOHE  OJlapabl  cakray
MYMKIHJIKTepiH aHBIKTAHIbI [6].
XKepni  Oakpuray  gepektepi  OOHBIHIIA

OMOATyaHTYPIIUTIKTI OarajayaelH >KaHaMma omici
CIEKTPJIIK ©3reprilliTik TUIOTe3achl OOJBII Ta-
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Obutafpl. CHEKTPIiK ©3TeprilliTIK KaIIbIKTHIKTaH
30HITAy KE3iHIEe ONTHUKAJIBIK KECKIHHIH CIEKTPIIK
PEaKIMsCHIHBIH KEHICTIKTIK ©3TeprillTiri HEFYPIIbIM
JKOFapbl 00JICa, KOJ JKETIMJI 3KOJOTHSUIIBIK Tay-
amrajap CaHbl COFYPJBIM KeIl OONaTHIHBIH JKOHE
OChUIaiIIa  KapacTBIPBUIBIT ~ OTBIPFAH — ayMakTa
OMoamyaHTYPJIUIIK JKOFapbl OOJIATHIHBIH KepceTemi
[7].

Ime Tay apanmblk KazaH IIYHKBIPBIH —aJIbIIl
KaTKaH Oipered JNaHAMAPTHIK alyaHTYPIUTITiMEH
epekmeneneTiH «lllappIm» MEMIIEKETTIK VJITTBIK
taburn napki («lapetn»y MYTII) AnmaTer 00-
JIBICBIH/IA OKOJIOTHSIIBIK, TapUXHU-FBUIBIMHU, 3CTe-
THKAJIBIK TaOWraT OaWJIBIFBIH KaJIblHA KEJTI-
py okoHe cakray MakcaTteiMeH 2004 KbUIbI
yiisiMaacteipeurad.  Kazakcran —PecnyOnmkachr
Ykimerinin 2009 sxpurrsl Ne 121 OyiipbIFbIMeH
MapK ayMarbl KEHEUTLI/Ti, Ka3ip JKasmbl aymMarsl 127
050 ra.

«lapera» MYTII eciMaik KaMBUIFBICHIHBIH
KEHICTIK TeTepOreHJITiri amaca Taynapisl, Tay
OoKTepiHzer] Ka3bIKTapbl, KYpFaK-/JIeHY IaIlUsITBIK
YCTipTTep/Ii, JIEITFOBUAITIBI-TTPOITY BUATIJIbI
Ka3bIKTapbl, €XKENTl aTIOBHANABI JKa3bIKTap.bl,
KaHBOHJIAp MEH KYPFaK KaHaaapasl, TeMipilik )koHe
[lapeiH e3eHAepiHiH aHFapiIapblH, aHTPONOTCHIIK
aybUIILIAPYaIIbUIBIK Keprepai KaMTH/IBL.
Jlangmadrerk  oprypmimik  «Illaperay MY TII
ayMarbIHbIH JKOFapbhl OOTaHUKAJBIK OPTYPJILIIriH
Kepcereqi. AyMakThlH 0acThl  OOTaHUKAJBIK
epekrmeniri — «CapbIToFaily IMIaTKAIBIHAA PETAKTI
1araH OcCIMIITIHEH TYpaThlH TOFaIbIH OOJYBHI.
Hlaran Toraiipl Taburar eckepTkimi petinze 1964
JKBUTIAH Oepl MEMJICKET TaparblHaH KOPFaJIIbl.

Corapl maransl (Fraxinus sogdiana) «a-
peiE» MY TII-ne, apeaniblH CONTYCTIK IIeKapachIH-
Ila, TAJICOTEeH JIOyipiHEH Oepl CaKTalbIM, OcCil Kele
JKATKaH CUPEK PEITUKT Typ. O1e0u MaiMeTTep 00ii-
prHIA, 1926 xpael marad 1100ra, 1943 xputel —
410 ra xemim, 1981 xbinra Kapaii 812 ra meiiin ocTi.
Kasipri yakpitTa Fraxinus sogdiana ajpin xaTKaH
aymak 5,014 mbIH ra xKypaiasl [8]. OciMIiKTiH CH-
pek OoNybl TYPJHiH CTEHOTONTHUIBIFBIHA, AFaIlIThIH
YKOFapbl canachlHa )KOHE KapKbIHIbI SKOHOMHUKAIBIK
naigananyra OaiiaHeICThI [9].

Aramtap — op Macmradra opTypii (QyHKIH-
sTmapAbl  OHTAMNAHIBIPYFa MYMKIHAIK — OepeTiH
KacuerTepi Oap MOAynbaik opranm3muep. Omap
KOFaMfa 3KOXKYHEIIK KbI3METTEP/IIH KCH ayKbIMbIH
YCBIHA/IBI XKOHE KOpIIaFraH OpTa MeH JaHamadr cu-
MaThlH KanbmTacTeipanbl. Ochl (yHKIUSIIAPIBIH
IIIHAEC KEHICTIKTI Urepy >KOHE JKapbIKTHI YCTay,
ararITap/blH OHIMIUII MEH eMip CYPYiHIH KYIUTi
JIEeTepPMUHAHTTAPBI OOJBINT TaObUTAABI. AFAIll TOITY-
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JISIUSUTAPBIH KOHE OJIapIbIH KJIMMATThIH ©3repyiHe
0aliIaHpICThl, TO3IMJAUITIH Talnjay o[CTTE aral
KaybIMJACTHIKTApPbIHA HEMECe OpMaH aralmTapblHa
OarpiTTasFaH [10, 11,12].

YTTHIK MapK ayMarblHBIH JKOHE OFaH ipreiec
JKaTKaH yJacKeJIepIiH KIUMaThl KOHTHHEHTTIK |13,
14]. On KoHbBIpXKall KIMMATTBIK Oenjeyre Kipei
(kUMaTTBIH CcyOOOpeanbabpl TYpi) KOHE OHBIH
MYXUTTapAaH aNbICTBIFBI, TOMEH CHJIIK JKaFIaifbl,
COHJIali-aK aTMoc(hepaliblK allHaJbIM JKaFaalIapbl
MaTEePUKTIH IIIHJET ayMaKThIH Te0rpaQusLIbIK Op-
HaJIacybIMEH aHBIKTAJIaIbI.

Fraxinus  TybICBIHBIH  KONTereH  TypJiepi
JKarbIpaKThl aramrap MeH Oyranap. Onap HerisiHeH
Contycrik  Amepukanan Eypomnara sxone Tasy
Ieireicran KpiTait Men  JKanowusira  Jieiinri

KOHBIP)Kail KOHE CONTYCTIK JKapThl IIApIarbl
opManmapaa eceni. bipreme Typi Opraibik
AMepuKaHbIH TPOTIMKAJIBIK aiiMakTapbIH/Ia,

YHpicranna xoHe YHIIKBITAWIBIH Oip Oedirinme,
an exi Typi Contycrik Adpukana kesaeceai. bynap
OpMaHIAPABIH TYPAKTHIIBIFBIH KAMTAMAachi3 €Ty
YIIiH YJIKEH KBI3BIFYIIBUTBIK TYBIPAbI, OUTKEHI
ollap KaWTa ecill MIBbIFY YIIiH THIHBIIITHIK KYHJIETi
BEreTaTUBTI OypLIiKTepAi OeJICeHIipy apKbLIbL,
OpPTTEH HeMece KYPFAKIIBUIBIKTaH aMaH Kalybl
MYMKiH [15,16].

3eprreyaiH MakcaTthl AnMarhl OOJIBICBIHAAFBI
«laperm»y MY¥TII e3eHmepiHiH aHFapiapblHIa
oceTiH penukTi F. sogdiana momynsiysiapbIHbIH
Ka3ipri skaraiibiH Oaranay OOJIBIIT TaObLIA b

3epTTey MaTepua aapbl MeH daicTepi

3epTTey KYMBICHIHBIH HBICAHBI OOJIBIT TaOblIa-
TBIH PENUKT TYp F. sogdiana araiiblHbIH OWIKTITi
30 merpre XybIK, alIbIK-CYp KaOBIFBIHAAFBI ChbI-
3arTapbl ycak. byTakrapbl KbBI3FBUIT-KOHBIP, Kac
OyTaKTapbIH KbICKa TYK OackaH. J{iHi IIanibIpaHKBI.
JKanbIpakTelH ~ Y3BIHABIFBI 2CM, Kapama-Kapchl
OpHAaJIaCKaH, TaK, CHUPEK XY KaybIpCHIHABI (3-6
xkynTan). JKamplpakimanap SKYMBIPTKa — TOpi3Ji
JIAHLETTI YIITaFaH, )KueKTepi Ticueni. [y Imorsipst
IanraK ToPi3ai, Y3BIHABIFEI 5 cM- Te neiin. ['ymmepi
morbIpaa 2-3 TeH. XKemici CO3bIHKBI- 3JUTUTIC TOPI3/i,
Y3BIHJIBIFRL 3,5 cM-Te JeiiiH, TyOi con FaHa OypaiFaH.
MamMebIp-MaychIMIa TYIICTI, ITUTIEC JKeMic Oeperti.
BereraTuBTi TYp/e *oHE TYKbIMBIMEH KoOeHei.
O3eH aHFrapJiapbhIHBIH TEKIIeJepiHae, Keine amna-
ca TaymapiaelH OeTkeWsepiHze, Tay eTeriHjeri
JKasbIKTap/a, e eseni 6accelininge; [llapwin xoHe
Temiprik e3eHepiHiH TOMeHT arbichiHaa; Chipa-
pus Kaparaysinna; bopanmait ezeni GacceliHinze;
Tamac Anaraywinna; Jloy0aba, Akcy e3eHIEpiHiH
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apanbiFeiHAa eceni. Optanblk Asusanga ecipiiemni
[17].

['eoboTaHuKanbIK —3epTTeyliep 3  Ke3eHMEH
JKYPri3inmi: AalbIHABIK, MalaliblK, KaMepaJbJIbIK
KE3eHAED.

JlafbIHIBIK Ke3€HIH/I€ COF/IbI IIaFaHbl KE3CCETIH
napK aymarblHa 9/1e0u Tanjay xacanbi, botannka
KOHE (PUTOMHTPOAYKLMS HHCTUTYTBIHBIH repOapuit
KOPBIH/IA 3€PTTEY KYMBICTAPBI KYPri3uiai. AnasiH
ajia MapIIpyTTapbl HAKTBIIAHIBI.

Jananelk ke3eHi OolibiHIma 2023 KBUIBI IIUIIE
aiibiaa Anmatel oOnbIchl, ¥irelp aynansl, «llla-
pein» MYTII aymarpiHa SKCIETUIS KYPTi3UIIT.
[llaran Toraiibiama F. sogdiana Bunge aramibIHBIH
apein xone Temipiik e3eH aHFapiapbl OOHbIHIIA
€Ki MOIyJSUUACH Kapauibl. Op MHOMyJISLUSAAFbI
yuactok wmemmepi 20x20 (1-cyper). 3eprrey

aiimakTapbIHbIH KoopauHaTTapel Garmin GPSMAP
66S HaBuraTops! KeMeriMeH anbsiHasl. Nikon D7500
caH/bIK (hoToanmapaTThIH KOMETiMEeH (POTOCYypeTKe
tycipinni. bipiami nomymsmus lapei e3eHiHiH
OHTYCTIK JKarajayblHaH, | oKaifpuiMa Teppaca-
naH aneiHael. GPS OofibiHIa KoOpauHATTAphl: N
43.543551° E 079.286874°, TeHi3 neHreiliHeH
OmikTiri 722m. An, exiHumi nomyssinus Temipiik
©3CHIHIH OHTYCTIK JKarajayblHaH, | xaiibuiMa
Teppacaman anelHOBl. GPS  OofipiHImA KOOPIH-
Harrapel: N 43.359546° E 079.164989°, Teni3
neHreiiined omikriri 951m (2-cyper). 2 nomyssiuus
ayMarblHaH KaybIMAACTBIKTBIH (DIOPabIK Kypambl
3epTTeyre aibiHAbl. JKyMbIC OapbIChIHAA ©CIMIIIK
KayBIMIACTBIKTapblHA Te€000TaHUKAJIBIK CHIIATTa-
Ma JKoHE (IIopanblK Tayjay >Kalrbl KOJJaHbUIBII
JKYPreH TociaepMeH kyprizinai [18,19].

1-cyper — a) Lllapsin sxoHe 0) Temipiik ©3eHAEpiHIH OHTYCTIK KaFajaynapbl
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2-cyper — a) [llapsin xoHe 0) Temipiik e3enaepi

«llapera» MY¥TII aymareiama F. sogdiana
Ka3ipri yakpITTarbl Tapaly KapTachlH jkacay YIIiH,
FApBIIITBIK ~ CypeTTepIiH KeMeTiMeH AJMaThl
OOJIBICHIHBIH OpMaH alKaNTaphlH (aTam adTKaHIa
«Iapein» MYTII aymarsl) 3epaeney >koHe Taj-
nay oKkyprizy ywiH Sentinel-2 cHoyTHHKTEpiHiH
FApBIITHIK CYpPEeTTepiH MaijanaHy BIHFAWIel 00-
onapl. bynm kapramel skacay ymiH 0i3 ArcGis
OarmapiaMainblK — JKacaKTaMachlH — KOJJAHBUIIBI.
SlrEM, ocel  OarmapiamMaHBIH  JKYMBIC — YCTeli
reoaKnaparThIK Kyiecinae skyprizingi. Kapranapast
xacayra KaxerTi Oapiblk cyperrep ArcGis Desktop
OarmapiamacbiHa ummoptranabl. ArcGis Desktop-
ICOKCHICTIKTIK ~ aKMaparThl JKacayra, OHJeyre,
BU3yalM3allMsIayFa, TajjayFa J>KOHE >Kapusilayra
apHarmraH Jkymbic ycreni ['AXK OarmapiaMaibik
Kypabl. by 6arapiaManbik JkacakTaMaHbIH 0aCThl
apTHIKLIBUIBIFEl — OarmapiaMaiblK KacaKTaMaMeH
KaTap opTYpJIi MOAYJIBICP SKCHITIHIE.

apbIx m1aran OpMaHBIHBIH ayAaHbl KILIKEHTAH,
cox cebenTi KoIMeH nemudpiiey jKoHe BEKTOpiay
KOJIIAHBLIABL. Bys1 o1ic 0OBEKTIHIH IICKapachlH
JIOITIPEK ChI3yFa MYMKIH/IK Oepei, Oyl HaKThI XKoHE
ayKbIM/IbI TAKBIPBINITHIK KapTagapApbl Kypy YIUIiH eTe
MaHbI3/IbI.

38

3epTTeyAiH KaMepalibIblK KE3CHIHIE, 3KCIIe-
JUIMS Ke3iH/Ae KUHAKTaraH repOapuiiik MaTepu-
annap exaenai. ['epbapuit MaTepuangapblH KUHAY
sone kentipy A.K. CKBOpIIOB OOHBIHIIIA KYPTri3imi
[20]. ®nopanbik Kypambl OOHbIHIIA MaTepUaLAap-
bl eHyey OapbichiHma «KazakcTaH eciMIiKTepiH
WITIOCTPATUBTI aHBIKTAybII» jkoHe «KazakcTan
®ropachl» KiTanTapbIHBIH THICTI TOMAAPbI Haiaa-
JMaHBUIARL. OciMaikrepain Ti3iMi «lLmantapmym»
[21] »xone Plants of the World online [22] GotibiH-
mra an yu tijzgeri ataysl C.A. Apbictanranues [23]
ces3miriMeH Oepimnmi.

3epTTey HITHIKeIepi )KIHE 01apAbI TANIAY

[apblH  e3eHiHIH >KaHbLIMACBIHIAFbl IlIaFaH
OpMaHbIHbIH Oipereil MaccuBiH KaJlblHa KEITIpY
OOMBIHITIA YITKEH JKYMBICTAp KYpri3iami. Kenreren
JKYMBICTap IaFaH OpPMaHIapbIH CaKTay YIIiH, TAOUFU
KaJIIbIHA KEJNTIPY KOHE OpPMaH IIapyallbUIbIFbl Ia-
panapsina OarsITTanFan [24,25].

«IlappiH» MEMIEKETTIK YITTBIK TaOUFU
NapKiHAe cakTalFaH pelIukT Typ F. sogdiana
aFaIbIHBIH KapacTBIPBUIFAH €Ki MOIMYJISIHSCHIH]A
Ccy pexumi aTMochepanblK KayblH-IIALIBIH, XKEp
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acThl CyJapbIMEH peTTeneai. 3epTTey HyKTenepi
Ooiipramra,  1-momynsmust  lllapeiH  e3eHiHIH
OHTYCTIK JKarajiayblHAa OCiMIIK kaObIHBL: 70-
75% xypaiinbl, an Temipiik e3eHIHIH OHTYCTIK
JKarajaybIHIAFbl 2-TIOMYJISITUAIA ©CIMIIK KAOBIHBI
90% Kypansl.

Aramrsl sipyc Omikriri 1-momynsinusiga 12-30m
Oomca, 2-nomymsimusaaa 1,9-28M apacbrama OOJIEL.
Byrans! sipyc Omiktiri 1-nomymsmusaa 120-200cw,
an 2-nonynsiusina 150-160cM apasbIFbIH KOPCETTI.
Ilentecin  sipyc Owmikriri 1-momymsmumsga:  10-
150cm, 2-nomysinusia: 20-80cM 60k,

Bipinmi monmynsmusma: maraHABl — TEPEeKTi
(Fraxinus sogdiana Bun., Populus talassica Kom.)
— Oyransl (Lonicera iliensis Pojark., Berberis
iliensis Popov., Rosa iliensis Chrshan) — temeHri
Typii menTecin sApyctsl (Trachomitum lancifolium
(Russanov) Pobed, Glycyrrhiza uralensis Fisch.
ex DC., Thalictrum minus L., Galium aparine L.,
Cynanchum sibiricum (Willd.) Rech., Leymus

multicaulis (Kar. & Kir.) Tzvelev., Asparagus
officinalis L., Rubus caesius L.).

ExiHmn momynsiusiia: IMaFaHIbl — TEPeKTi
yieHkimMeH (Fraxinus sogdiana Bun., Populus
talassica Kom., Acer tataricum ssp. semenovii
(Regel & Herder) A.E. Murray) — Oyraisl
(Berberis iliensis Popov., Rosa iliensis Chrshan)
— TOMEHTI1 TypJi mentecid spyctol (Chenopodium
album L., Suaeda linifolia Pall., Cannabis sativa
L., Lactuca tatarica (L.) C.A. Mey., Cicerbita
azurea (Ledeb.) Beauverd, Zygophyllum fabago L.,
Leymus divaricatus (Drobow) Tzvelev, Asparagus
officinalis L., Thalictrum minus L., Equisetum
arvense L.).

Exi nonymsumsga [Hapem xone Temipiik
©3CHICPIHIH aHFapIapbIHIaFl KalblIMa YCTi Tep-
paccanapbl aJbIHFaH.

F. sogdiana ecimuiri nonmyasUMsIapbIHBIH
(hmopabIK KypaMbl MEH aTayiaphl YII Tijame 1-ke-
CTeJe KEeNTIpiUIreH.

1-xecte — F. sogdiana Bunge eciMairi nomysmusuIapbHEIH (GIOpaiblK KypaMbl

Beuim, kiace, TYKbIMIAC, TYBIC, TYP

Fsogdiana nonynsimusicer

N JlaThiHITa, KA3aKIa jkoHe OphICIIA aTaynaphl Nel momynsuus | Ne2 nomynsiuust
[apsin e3en1 | Temipiik e3eH1
Magnoliophyta — YKa0Obik TykbeIMIBLTap OmiMi ([TokpeITOCEMEHHBIC)
Magnoliopsida — Koc sxapuakTbuiap kinaccsl (/IBynoabHbIC)
I Oleaceae —3diiTyHaep TyKbIMaacsl (MacJHHHbIE)
1 Fraxinus — [llaran TybIchI (SIcenb)
1.1 Fraxinus sogdiana Bunge- Corapl maransl, SICeHb COTIUCKUI | + | +

I Salicaceae — Taaaap TykbiMaacs! (BoBbie)

1 Populus — Tepexk Tybics! (Tomosns)

1.1 | Populus talassica Kom.- Tanac teperi, Tonons Tanacckuii | + | +

1 Aceraceae — Yiienkijep TykbiMaacsl (Kinenossbie)

1 Acer L. — YiieHki tysichl (Kiten)

Acer tataricum subsp. semenovii (Regel & Herder) A.E.Murray — Kapa yiteHki,

11 Knen rarapckuit ) *
IV | Caprifoliaceae — Yukarrap tykbimaacsl (KiimosiocTHbIe)

1 Lonicera L. —Ymxar tysicsl (QKumonocTs)
1.1 | Lonicera iliensis Pojark. — Ine ymkatsl, JKumonocTs nnniickas | + | -
\Y Berberidaceae — Boepikapakarrap (bap6apucoBbie) TYKbIMAACHI

1 Berberis L. — bepikapakat (bapbapuc) TybIchl
1.1 | Berberis iliensis Popov- Ine 6epikapakars, bapbapuc mmmiickuii | + | +
VI Rosaceae — Paymanrynaep tykbsivaacsel (Po3oBbie)

1 Rosa — Paymran tysice (I1lumoBauk, Po3a)
1.1 | Rosa iliensis Chrshan — Ine paymansi, [llnnoBauk niniickuit | + | +

2 Tankypaii Tysicel (ExeBuka, manuHa)
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Kecmeniy orcaneacwr

Fsogdiana nonynsuusicel
Ne BoitiM, KITACC, TYKLIMIAC, TYBIC, TYP Nel nonmymsiuumst | Ne2 nmomysnsust
JlaTbIHIIIA, Ka3aKIIa )KOHE OpBICIIA aTayliapbl Y Oy
IHapein e3eHi | Temipinik o3¢H1
2.1. | Rubus caesius L. — Koxxakar Tankypaiibl, ExxeBuka + -
VII | Apocynaceae — Kenaipiiep Tykbimaace! (KyTposbie)
1 Apocynum L. — Kennuip Tybicsl (Kenapipsb)
11 Trachomitum Zzzncifolium (Russanov) Pobed. — K131 kenaip, Kenasips n )
JIAHIIETOJINCTHIH
VIII | Fabaceae — Bypmakrap tykbivaacel (bodoBbie)
1 Glycyrrhiza — Mus Tysicsl (Conmoaka)
1.1 Glycyrrhiza uralensis Fisch. ex DC. — Opan musicel, Coonka ypaabckas | + | -
IX Ranunculaceae Juzz- Capraiaaakrap TykbiMaacs! (JIloTHKOBbIE)
1 Thalictrum L. — Mapasots! Tysics! (Bacmuctark)
1.1 Thalictrum minus L. — Aiinap mapanotsl, BacunucTHuk Mamblit | + | +
X Rubiaceae Juzz — Pusannap tykpimaacel (MapeHoBbI€e)
1 Galium L.- Ke3pui6osy Tysics! (ITonMapeHHHK)
1.1 Galium aparine L. — )KaObickak KbI3pU10051y, [loIMapeHHHK IETKHIA | + | -
XI Asclepiadaceae L. — TyiiembipmaybIKTap TYKbIMIACHI (JIacTOBHEBBIE)
1 Cynanchum — [{#HaHXyM TYBICHI
11 Cynanchum acutum subsp. sibiricum (Willd.) Rech.f.- Cibip nunanxymsl, N )
LluHaHXy™M cHOUpCKHUit
XII | Chenopodiaceae L. — Anadyrajap Tykbimaacbl (MapeBble)
1 Chenopodium L — Anabyra Tysicsl (Maps)
1.1 Chenopodium album L. — Ax anabyra, Maps Oenas | - | +
2 Suaeda Forsk. — Akcopa tysicel (CBena)
2.1 | Suaeda linifolia Pall. — KemxkamnbipakTsl akcopa, CBena TbHOTUCTHAS | - | +
XIII | Moraceae L. — TyrTrap TykbiMaachl (TyToBbie)
1 Cannabis L. — Kenenmen Tybicht (KoHorst)
1.1 Cannabis sativa L. — Ericrik kenenie0i, Konoris moceBHas | - | +
XIV | Asteraceae — Kypaeairyaainep tykbimaacsl (ActpoBblie, Ci105KHOLBETHBIE)
1 Lactuca L. — Accyrrires Tysichl (JIaTyk, canar)
1.1 Lactuca tatarica (L.) C.A. Mey. — Tarap accyrriresi, JIlaryk tarapckuii | - | +
2 Cicerbita L — [{uuep6ura Tysics! (Lumepoura)
2.1 Cicerbita azurea (Ledeb.) Beauverd — Kekurin nunepoura, L{unepoura nazopenas | - | +
XV | Zygophyllaceae — Tyiieradanaap TykbiMaachl (IlapHoucTHUKOBbIE)
1 Zygophyllum — Tyiieradan tysicsl (ITapHONTNCTHHK)
1.1 | Zyvgophyllum fabago L. — Konimri Tyiietaban, IlapHOTUCTHUK OOBIKHOBEHHBIN | - | +
Liliopsida — Monokottap, JInnmuncuarep kinaccsl (OQHOIONBHBIC)
XVI | Poaceae — AcTbIK TYKbIMAACHI (3/1aKH)
1 Leymus —Kusik Tybich! (KogocHSIK)
11 Leymus multicaulis (Kar. & Kir.) Tzvelev — Capsl kusik, Bonocher N )
MHOTOCTEObHBIH
12 Leymus divariccztus (Drobow) Tzvelev — LllamakTsl Kusik, BomocHer ) N
PacTONBIPEHHBI
XVII |Liliaceae Juss. — Jlagaryaaep Tykbsivaacs! (JInieiinbie)
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Kecmeniy orcanzacwi

Beuiim, ki1ace, TyKbIMAAC, TYbIC, TYP
JlarbiHina, Kazakiia »oHe opbicila aTaysapbl

Fsogdiana nonmynsiusicel

Nel nomynsuus
[Hapeix e3eHi

Ne2 nonynsauus
Temipiik e3¢Hi

1 Asparagus L. — Kackpipskem Tybichl (Criapxka)

1.1 | Asparagus officinalis L. — Utirysr, sxabaiibl KacKelpxkeM, Criapyxa 0OBIKHOBEHHAs! + +

Equisetophyta — KpipbikOysia Topizainep 6emimi (XBoleBuIHbIC)

Equisetopsida — kmacsr (XBoIoBbIe)

XVIII

Equisetaceae — KpipbIKOybIHAap TYKbIMAACHI (XBOLIEBBIE)

1 Equisetum L — KpipbIKOybIH TyBICHI (XBOIT)

1.1 | Equisetum arvense L. — Jlana KbIpbIKOYBIHBI, XBOIII IOJICBOM - +

6 typ (Fraxinus sogdiana Bun, Populus talassica
Kom., Berberis iliensis P, Rosa iliensis Chrshan.,
Asparagus officinalis L., Thalictrum minus L.)
eKi momyisuusia la Kesneceni xoue F. sogdiana
Bun. nomunant, Populus talassica Kom. cyonomu-
HaHT OOJIBIT TaOBIIaAbl. F. sogdiana HETI3TI opMaH
KYpyLIblIap peTiHae YCTEMIIIK eTeIi.

[TonynsuusiHBIH CaHbl MEH THIFBI3/IBIFBI OHBIH
KACHETTepiH CHUIATTAWTBIH HETi3Tr1 KepceTKimTepi
OOJIBITT CaHAJATBIHIBIKTAH, 3€PTTEIATeH €Ki TOIy-
TS OOWBIHINA KACTHIK CIIEKTPIIEPl aHBIKTAIIBI.
[lapema xoHe TeMipiik e3eHAepl aHFaphIHAH YII-
ymreH 6 TpaHcekTa xkacanabl. Mbicansl, Hlapbin
©3¢HI aHFapBIHAAFBl YII TPAHCEKTala Ja KaJIbl
OCKiH, IOBEHWJIB/IIK, IMMAaTypJBIK, BUPTHHUIBIIK,
TeHEPaTUBTIK Ke3eHaepaeH F. sogdiana napakrapsl
TabbLICca, CyOCEHMIIB/IIK JKOHE CEHHIIBIIK Ke3eH TEeK
2 TpaHcekTana 1-meH Ke3aecTi.

1 — monymsitmsina: F. sogdiana eckin — 41 napax,
IOBeHWIBIK — 1x1=126 napak, ummarypisik-10
Japak, BUPTHHWIBIIK — 21 mapak, opTa >KacTarbl
TeHEpaTuBTIK-54  napaxk, CyOCEHWJIBAIK JKOHE
CEHMITBIIK Oip-0ipeH Ke3/1ecTi.

I-tpancektana Temipiik e3eHI aHFapbIHIAFbI
2 — nonynsuusna: F. sogdiana eckin — 2 napax,
IOBeHWIBAIK — 1x1=12 papak, WMMaTypIIbIK-
I1x1=6 pmapak, BupruHwibaik — 10 napak,
KapTaiifaH T'eHEpaTHBTIK-27 napak, CyOCCHMIBIIK
JKOHE CEHHIIIBIIK Oip-OipmeH kesmecti. Temipiik
©3CHI aHFapbIHJAFbl YII TpaHCEKTala Ja JKai-
MBI, MMMATYPJIBIK, BHPTHHUIBIK, TEHEPAaTUBTIK
ke3eHaepaeH F. Sogdiana napaxTtapbl TaObLICA,
OCKIH, IOBEHWIBJIK JKOHE KapTalifaH KE3CH TeK
1 TpaHcekranga raHa OakputaHibl. lllapeiH xoHE
Temipiik e3eHIepi aHFAPBIHAAFBl OPKANHCHICHIHAH
JKacaJFaH yII TPAHCEKTaJlaH opTala MOH/Ii )KaCThIK
CIEKTp 3 CypeTTe KeNTipiidi.

Kanmer  TpaHcekTara  KipMereH — IOCTTe-
HEPaTUBTIK Kypar 0apa xxatkaH napakrap «lapbra»

MY¥TII aymareiana ke3fecti. Conmapasie Oipi 300
JKacTarbl penukT F. Sogdiana apHaiibl Kopiayra
QIBIHFaH, OUaMmeTpi 3-MeTpre KybIK, Owiktiri 30
Metpre xereni (4 cyper).

[lapeta e3eHi aHrapeiHAa F. sogdiana Tio-
MyJISAIUSACHL  KaFJaibl KaHaFaTTaHAPJIBIK, OCKIH
KE3eHiHIH 6Te KOl Aaparbl Ke3/IeCyi, 6Cy OpPTAChIHBIH
KOJaMIBIFBIH KepceTedi. KacThIK CIEKTpiH Kypy
OapeicbiHa  OalikaraHbIMbI3, TeMmipiik  e3eHi
aHFapbIH/A OCKiH, FOBEHWIBIIK Ke3eHIHIH Map/IbIM-
ChI3 a3 HeMece MyJiieM OoJIMaybl, TYPUCTTEPIiH
KOIl IIIOFbIPIaHybIHAH 00JTybl BIKTUMAI.

Okcniequnust O6apbichiHaa F.sogdiana aramibi-
el [lapeia sxoHe Tewmipiik e3eHaepi >Kaibul-
MaJapblHJIaFbl  MONYJSIVSUIAPBIHAH — JKWHAIIFaH
repbapuii ynrinepi Kazakcran PecmyOmukachiHbIH
DKoutorusl xoHe TabuFH pecypcTap MUHHCTPIITiHE
kKapacTtbl, OpMaH IIapyallbUIBIFBI JKOHE JKaHY-
apiap nyHHeci KOMHTETiHIH «boranmka xoHe
(PUTOUHTPOAYKIMS HWHCTUTYTBI»  IIAPYallbUIBIK
KYPTrizy KYKBIFBIH]IAF bl pecIyOIINKaIbIK
MEMJICKETTIK KOCITIOPHBIHBIH TepOapuii KOpPBIH
(AA-xanpikapanblk  uUHAEKC) JkoHe Kazaxcran
PecniyOnukacbiabiH FeiTbIM KoHE KOFapbl OimiM
MHHHCTPIITI, 071 — Papadu aTerHAarsl Kazak YITTHIK
yauBepeuteTiHig (KeAK), buonorus xone dnorex-
Hoyorusl (PaKyIbTeTiHIH, broamyaHTYpIiTiK *KoHE
ouopecypcrap KadeIpachlHBIH FBUIBIMUA TepOapuit
KOpJIapbl TOJNBIKTRIPABL. F.sogdiana ecimuiri bora-
HUKa WHCTHTYTTHIH repOapuii KOphIHIA €H ajFall
1899 xbimn1 13 TambI3na, BepHbrit Katackl MaHBIHAH
10. Y. KunnomaHMeH TipKeJTreH YATiCi cakTaifaH,
[HaperH e3eHi MaHalibiHAH 1951 KBUTBI KUHATFaH
F.sogdiana repbapuiiin 1964 xowiier H.JI. Cemuo-
TpoueBa TY3€TKEH YIrici 0ap. A, YHUBEPCHTETTIH
FBUIBIMU TepOapuil KopbiHaa F.sogdiana eH anrami,
1937 xbeuiel 31 tamenga M.I. Tlomosmen Illa-
pPBIH ©3€HI MaHbIHAH KMHANBIN, TipKeITreH YJrici
caKTayFaH, COHFBI yITi AnMatsr Kanackl, K. baticen-
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TOBa KeleciHeH 1966 >xputnl 31 mIiyiaene >KUHAJIBIII
OTKI3LITCH CKCH.

Taburu >K0HE aAHTPOIOTCHJIK ©3repicTepre
YIIbIpaFaH OpPMaH [IapyallbUIBIFbIHBIH FAPBIIITHIK
MOHUTOPHUHT MaHBbI3 bl pen aTKapasibl.
Fappuurteik  TycipimiMai maiinanaHa  OTBIPHIIL,
«1lapbiH» MEMIIEKETTIK YIATTHIK TAOUFH MapKiHJIe
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AfawTap caHbl, AaHa
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==@=LllapblH 63€H aHFapbl

F. sogdiana arambiHbIH Tapany KapTachl >Kacai-
Iel (5-cyper).

Teppaccanap THAPOMOPGTHl  BUTFAIIAHIBIPY
PEKUMIHIH MHTPA30HAJIbIbl TONBIPAKTAPBIHBIH Oa-
CBIM OOJYBIMEH, op TYPJIi TY3IaHyMeH CUIaTTaia-
nel. HerizineH, skoxyieHiH OyiHyi Man skaldbUTbl-
MBIHA TOYEJIi.

K

g2 g3 ss

=== TeMipniK e3eH aHFapbl

3-cyper — Fsogdiana >xacTbIK Ky#nepinig ciekTpi: 1 — IllapbiH e3eHiHIH aHFapbIHAATBI TOITYIISIINS;
2 — TeMipiik ©3eHiHIH aHFapBIHIAFBI MOMYISIUS (P-6CKIiHAED; j-IOBESHIIBIIK KYHi; im-IMMaTypasblK KyHi;
V-BUPTHHHIIBIIK KYHi; g2-0pTa skacTarbl TeHEPaTHBTIK JapakTap; g3-KapTaliFaH TeHepaTuBTIK AapaKTap;
$S-CyOCEHHMIIBIIK AapaKTap; S-CEHIIB/IK JapaKTap)

4-cypet — «Hapein» MY TII aymarsianarst 300 sxacTarsl penukT F. sogdiana
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@  [lananuik cunartay HykTenepl
alllapeits M¥TT wekapacsl

Corap waranel (Fraxinus sogdiana Bunge)
T
Ve

T
e

TIseE

Dananuik cunarray HykTenepi

Corabl waraHel (Fraxinus sogdiana Bunge)

T
EERLE

T
7TE

5-cyper — «lapsin» M¥TIIna a) Hlapein 6) Temipiik e3en anrapiapbiaia F. sogdiana tapaiy KapTachl
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Kapranbl pocimzey >koHE TOJBIKTBIPY YIIiH
BEKTOPJIBIK KabaTTapra enii MeEKeHIep, Typdi
TUNTEri  JKojmap, Tuaporpadus,  ayaaHjgap
HIeKapagapblHbIH OKiMIIIK aymarbl, «lLlapbra»
MEMJICKETTIK VJITTHIKTAaOWUFM TIApKi ayMaFbIHBIH
hIeKapachbl, JKepycri 3eprreynep Kochuiabl. Calbii
KenreHae, F. sogdiana TapanyblHBIH aHBIK IIeKa-
paylapblH KOpPCETeTIH ayKbIMJIbI FapBIII KapTaaapbl
JKacabIH/IbI

KopbIThIHABI

Corapl maransl (Fraxinus sogdiana Bunge)
araribl KaThICATBIH KayBIMIaCTHIKTaPIBIH
(bnopaiblk KypaMbIH 3epTTEy HOTHXKECiHae, AJ-
Matbl 00ubichl, «lapeia» MYTII aymars, Illa-
pBIH TIIaFaH OpMaHBIHAAFBl F. sogdiana aramibl
2 NOmyJSIUSCHIHBIH  (DJIOpajblK  KypaMbIHIa
18 TykpiMzmac, oHbIH imiHge 21 Tyeic, 22 Typ
AHBIKTANIBI JKOHE 3 aramr TYKbIMIacel, 3 OyTa
TYKBIMJIACTAPhI, KOIDKBULIABIK KOCKAPHAKTHLIAD,
JapakapHaKTbLIap JKOHE KBIPBIKOYBIHIAD
KE3IeCEeTIHITT alKbIHIAIIbI.

lappiH  e©3¢HIHIH  JKaWBUIMACBHIHAAFBI  II0-
MyJSOUsia  KACTHIK — KYWJIEpiHIH  CHeKTpiepi
COJIFa Kapai >KbUDKUTBIHIABIFBIH OaiikaiimMbi3. by
MIOMYJISIIIUSTHBIH «OKACTBIFBIH» KOPCETEe/ i, KapTaliFaH

KOHE eJin Oapa KaTKaH JapakTapblH a3 OOyl
epeceK aramTapiblH EpPTEPEeKTe IIapyallbLIbIK
KOKETTUTIKTEpl VIIIH KECUITeHIH HaKThUIANIbI.
Temiprik e3eHiHIH >KaHbIIMACHIHAAFBl TTOMYJIISAIIH-
sIla JKACTHIK KYHJICPIHIH CIEKTpJiepl OHFa Kapail
JKBUDKHJIBI, OCKIH KE3€HI MYJJIEeM >KOK OOJybIHA
opaif, COHIal-aKk KapTaiFaH Ke3CHIEpiHiH eTe a3
00JTyBI aHTPOTIOTEHTIK (haKTOPFa TIYEJIIi.
Faponutelk TycipimiMaepMeH AanajiblK 3epT-
teynep Herizinae «lllapbiH» MEMIIEKEeTTIK YITTHIK
Taburu napkinge F. sogdiana xka3ipri yakeITTarbl Ta-
pany kaprtachl >kacansiaabl. Kapra 6oiipiama, [la-
PBIH XoHE TemipItik e3eHaepi KalblIMaIapbIHIaFbI
COF/Ibl IIIaFaHBIHBIH TapaJyblH CAJBICTHIPY Oaphbl-
ChIHJA, F. sogdiana aralbIHBIH Ke3ecy >KULIITi
[laperH ©3eHI JKaWBUIBIMBIHAA, TeMipiik e3eHi

aHFapbIMEH CaJIbICTBIPFaHa JKOFapbl EKEHMIriH
AHBIKTAJIJIbI.

AurbIc €03

Kazakcran  PecnyOnumKachlHBIH ~ DKOJIOTHS

KOHE TaOUFU pecypcrap MHUHHCTPAIriHiH, Op-
MaH IIapyallbUIbIFBl JKOHE J>KaHyapiap JIyHHeCl
KoMHTeTiHe KapacThl «lllapbrH» MeMIIeKeTTiK
WITTBIK TaOWFW TapKi KbI3METKEpJiepiHe aJiFbIc
OinipeMiH.
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IAE AAATYbIHbIH, TYPTEH LLUATKAAbI OPMAHADbI BEAAEYIHAE
SHAEMAIK TYP ROSA POTENTILLIFLORA CHRSHAN.
ET. M. POP. KE3AECETIH ©CIMAIKTEP KAYbIMAACTbIFbIH
FT’EOBOTAHUKAADIK TYPFbIAAH TAAAAY

T.b. Pbickaiu , A.C. HypmaxanoBa

Makanaaa Ine AaataybiHbiH TypreH wartkabiHAQ cupek, aHaemaik Rosa potentilliflora Chrshan.
et M. Pop. TypiMeH Ke3aeceTiH eCiMAIKTEP KaybIMAACTbIKTapblHA re0O0TAHNKAABIK, TYPFbIAAQH TaAAQy
>KacaAblHFaH. Iae AAaTybIHbIH TypreH wartkaabl OpMaHAbl 6EAAEYIHAE CUPEK KE3AECETIH, TapaAy aliMarbl
wekTeyAi, aHaeMAiK Rosa potentilliflora Chrshan. et M. Pop. ecimairiHiH ylW LeHONoNnyASIumMSHbIH
accoumaumsacbl MeH OCIMAIKTEP >abbiHbIHbIH, Manbi3AbIK, KOPCETKILUTEPI, SPYCTapAblH, OCIMAIKTED
>KaMbIAFbICbI CMMaTTaAFaH. p uUeHononyAsums weridae 10 10 m? 6oAaTbiH OALLIEMAI TpaHcekTa
CaAblHFaH, 3epTTey OObEKTICIHIH KaCTblK Kypambl aHbiKTaAFaH. [Ae AAaTybiHbiH TypreH LaTtkabi
opMaHAbl  GeaaeyiHaeri OyA TYPAIH MOMYASUMSICbIHbIH, - AaMybl  KaAbIMTbl >KaFAanAa eKEHAIriH
kepceTeai. Y LeHONoNyAdUMsIHbIH, XKaFAaiibiHA Aa Rosa potentilliflora ecimairitin eckitHen 6actan,
TOAbIK, )KETIAreH reHepaTUBTIK AapakTap KyHi Ke3aecTi. Iae AAaTyblHbIH TypreH wwaTkaAbl OpMaHAbI
6eapeyiHae Rosa potentilliflora ecimairiHii nonyasumsacbiHa TiKeAer TOHIM TypraH Kayin >KOK, Aer
aNTyFa TOAbIK Heri3 6ap. bipak 6GYA TYPAIH 6Te CMpeK Ke3AECETIHIHE XKOHE aAbIM XKaTKaH >Kep KOAEMIHiH
A3AbIFbIHA KO3 KETKi3iAAl. AHbIKTaAFaH 0acTbl TapaAy anMmakTapbl alKbIHAAAFAH, MOMYASUMSHbIH
opMaHAbl BEAAEYAIH, HEri3ri TeK KYH XakCbl TYCETIH OpTaAa 6Cyre KAAbINTackaH, OHTYCTIK — LWbIFbIC
3KCMO3MNLUMACbIHAQ 6CETIHAIM aHbIKTAAAbI.

TyiiH ce3aep: hAOpa, SHAEM, AOMMHAHT, MOMYASLMSI, LLEHOMOMYASLMS, acCoupmaums.

Ch.Zh. Aldassugurova*, A.A. Ametov, A.Zh. Childibaeva, A.S. Nurmahanova,
T.B. Ryskali, A. Kazhikenova

Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: aldasygyrova.chinar.77@gmail.com

Geobotanical analysis of plant communities of the endemic species
Rosa Potentilliflora Chrshan. Et. M. Pop. in different forest Belt lle-Alatau

The article contains a geobotanical analysis of the types of plant communities with the participation
of the rare endemic species Rosa potentilliflora Chrshan. et M. Pop. in the Turgen Gorge of the Trans-lli
Alatau. Rosa potentilliflora Chrshan. et M. Pop. It is rare, has a limited range and is endemic to the forest
belt of the Turgen Gorge of the Trans-lli Alatau. Associations of three plant coenopopulations and the
percentage of projective design of vegetation cover are described, divided into tiers of plant communi-
ties. Within each cenopopulation, a transect measuring 10 10 m? was laid out and the age composition
of Rosa potentilliflora was determined. The development of the population of this species in the forest
zone of the Turgen Gorge of the Trans-Ili Alatau is under normal conditions. In all three coenopopula-
tions, the state of fully mature generative individuals was established, starting with seedlings of the Rosa
potentilliflora plant. There is every reason to believe that there is no immediate threat to the Rosa poten-
tilliflora population in the forest belt of the Turgen Gorge of the Trans-Ili Alatau. We were convinced that
the species is very rare and occupies a small territory. The main distribution zones have been identified,
it has been established that the population grows in the southeastern exposure of the forest belt, the main
one is formed for growth only in an environment with good sunlight.

Key words: Flora, endemic, dominant, population, coenopopulation, association.
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Ine Anarysiasir Typres markais! opMaHs! Oeeyinae sHueMIik Typ Rosa Potentilliflora Chrshan. ...

Y.K. Aapacyryposa*, A.A. AmeTtos, A.K. Ynaamnbaesa, A.C. HypmaxaHosa,
T.b. Pbickaamn, A. KaxkukeHoBa

Kazaxckuit HauMOHaAbHbIN yHMBEpCUTET uMeHn anb-Dapabu, KasaxcraH, r. AAmarbl
*e-mail: aldasygyrova.chinar.77@gmail.com

leo60TaHMYECKMI aHAaAM3 PACTUTEAbHbIX COOOLLLECTB SHAEMMUYHOTO BUAA
Rosa Potentilliflora Chrshan. Et. M. Pop. B pa3AnuHbIx AecHbix nosicax Mae-Aaatay

B ctatbe npoBeAeH reo60TaHMUYeCKM1 aHAAU3 TUMOB PACTUTEAbHbIX COOBLLECTB C yYaCTUEM PEAKOTO
aHAeMmuHoro Buaa Rosa potentilliflora Chrshan. et M. Pop. B TypreHckom ylieAbe 3aMAnincKoro AAaTay.
Rosa potentilliflora Chrshan. et M. Pop. BcTpevaeTcs peAko, MMeeT orpaHMUeHHbIn apeaA U SBASETCS
SHAEMMKOM AECHOM MOAOChI TypreHbckoro yueAbs 3anannckoro Aaatay. OnmcaHbl accoumaumm Tpex
LeHOMOMYASLMIA PAaCTEHMI U MPOLIEHTHOE COAEPIKAHUE NMPOEKTUBHOIO MPOEKTUPOBAHUS PACTUTEALHOTO
MOKPOBa C Pa3AEAEHMEM Ha SIPYCbl PACTUTEAbHbIX COOOLLECTB. BHYTPU KaXkAOM LIeHOMONYASILMM ObIA
3aA0XeH TpaHcekT pa3mepom 10 10 M2 1 onpeaeAeH Bo3pacTHoi coctaB Rosa potentilliflora. Pazsutue
MonyASLUMM AQHHOTO BMAQ B A€CHOWM 30He TypreHbCKOro yiieAbs 3aMAMIMCKOro AAatay HaxOAMUTCS B
HOPMAAbHbIX YCAOBMSX. Bo Bcex Tpex LeHOMonyAaumax yCTaHOBAEHO COCTOSIHME MOAHOCTbIO 3PEAbIX
reHepaTMBHbIX 0COOOM, HauMHas C cesqHLeB pacTeHns Rosa potentilliflora. ECTb Bce ocHoBaHMS noAaraThb,
UTO HEMoCpeACTBEHHOM yrpo3bl nonyAsumm Rosa potentilliflora B AecHom nosice TypreHbCKOro yieAbs
3amanitckoro Aaatay He umeetcs. Mbl YOEAMAMCb B TOM, YTO BWMA BCTPEYAETCS OYEeHb PEAKO W
3aHMMaET HEBOAbLLIYIO TEPPUTOPUIO. BbISIBAEHBI OCHOBHbIE 30HbI PACMPOCTPAHEHUS!, YCTAHOBAEHO, YTO
MOMNyASILMS MPOM3PACTAET B OO0 — BOCTOUYHOM 3KCMO3ULMM AECOMOAOChI, OCHOBHOM CCDOPMUPOBAH AAS
pOCTa TOAbKO B CPEAE C XOPOLLUMM COAHEYHbIM CBETOM.

KAtoueBble caoBa: d:)/\opa, 3HAEM, AOMUHAHT, NMONyAdauUmsd, LeHONonyAdaumsa, acCounaum4.

Kipicme

II.IT.CemenoB — ToaHBIIAHCKHH  aJIFaIIKbI
per lme AmnartayblHBIH ©CIMIIKTep >KaOBIHBIMEH,
OHBIH (DJIOpaJIbIK KYpaMblH OHIKTIK OeljeyepiHe,
JKOTaHBIH OeTKeHepiHe, SFHU HKCHO3UIHSICHIHA
OailTaHbICTEI op Oacka OOJIBIT KaJBITITaCaTBIHBIH
atan kepcerkeH. Jlamanel Ouikrik Oennmey Lie
AnartaybIHBIH €TETiHE JIeHiH TeHi3 IeHrerineH 153 —
612 M OHIKTIK apaJIBIFBIH aJIBII XKaTBIP; byJr OMiKTIK
oennmeyni akagemuk H.B.ITaBnoB (1948) menni
30HaFra XaTKpI3ajel. [1,2].

Ime  AnaTtayelHBIH  OpMaHIIBI
OCIMJIIKTEPIH erken TerKenl
OortanukTepiy Oipi Ponmyrun [3].

Ine AmaraysIHBIH OpMaHABI OHWIKTIK Oeneyi
OCIMJIIKTEp KaOBIHBI MEH ()JIOPAJIBIK KYypaMbl Oacka
OMiKTIK Oem/IeyIepMEH CalIBICTBIPFaH/Ia epeKIIe aa-
paJaHBII TYPAIbl. OCIMAIKTEp )KaOBIHBIHBIH HET131H
OyJ1 ’KepJ/ie TSHBIIAaHb IIBIPIIACEIHAH TYPATHIH Op-
MaHJap Kypaumibl.

Ine AnartayeiaeiH opmaHmbl Oemaeyi 1700 —
1800Mm aOcamrorik OwmiktikmeH, 2500 — 2700 M
OMIKTIK apaJbIFbIH aJIBII )KATHIP.

Conrsl  ke3gepi lme AmnaTayblHBIH CHPEK
KE3JIeCeTiH, OJHIEMJIK JKOHE PEJUKT TYpJIepiH
TIOMYJSIIHASIIBIK  IEHTele 3epTTey KOJFa allbl-
HbIN Keneqi. byn Typrbyian anranaa oan — dapa-
Ou arbiHmarel Kazak YJITTBIK yHHBEPCUTETiHIH
buomorns xoHe OmoTrexHONOTHS  (DaKyJIbTETI,
BuoanyaHTypiinik sxaHe Ouopecypcrap kadeapacsl

oenmeyiHig
3epTTereH
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FaIILIMJIAPBIHBIH YJiieci oTe 30p. HakThipak aiiTKaH/a,
0.r.11., mpoeccop H.M.MyxuTnuHos, 0.F.K., TOIIEHT
A. AMETOBTHIH KaThICybIMEH e AnaraybeiHma cu-
PEK Ke3/IeceTiH, Tapajly aiiMarbl LIeKTeyJI OipKarap
SHACMIIK JKOHE PEITUKT TYPJIEPIiH Ka3ipri Ke3meri
JKaFIalblH TOMYJIAIUSIBIK JIEHIeHe 3epTTeil
kenei. [4,5,6,7]. Jlomockl GarbiTTa Inne AnarayblHbIH
Oipkatap suaemaik Typiaepin M.M.Kokopesa [8,9]
Oacraran OipkaTap OOTaHMKA WHCTHUTYTBIHBIH
FAIIBIMJIAPBl  TIOMYJIALUSUIIBIK JICHIeHe 3epTTei.
Omnapnery Oipkatapsl Anmatsel bac 00TaHHUKAIBIK
OaFbIHBIH YKaFJaibIHIa HHTPOIYKIUSFA SHIIPIIIL.

Ine AnarayblHga DOMyJISIUUSUIBIK —JIE€HrEHzae
3epTTEIIMETeH OCIMIIKTEp OIije KOITel caHaa-
nel. OchbIHAAN Tapany ayMmarbl IISKTEYJ, CHUPEK
Ke3J/IeCeTiH, PHIIEMIIK TypAepAiH Oipi Rosa potentil-
liflora Chrshan. et. M. Pop. byi1 ecimmikTig 6ip mo-
MyJSIIUsChIH 0131ep TypreH IaTKalbIHBIH OpMaH-
IIbI OeIIeyiHeH TaIlThIK,.

Typren martkansl — Ine AnartayblHbIH €H
y3bIH opi keH matkaibl. [llarkanasiy Tepickeid cy
e3eHiHeH baraH markaneiHa Aeifinari Oeiri Tap, opi
TepeH, OHBIH TEPEHMIIT1 Keibip kepnepine 1,5 kM —
re xereni [10,11].

Kazipri ke3me eciMaikTepaiH TeHO(MOHIBIH
KOpFay JKOHE THIMII TMaiianady, OHBIH IMIiHIE
CHUPEK Ke3JIeCeTiH, Tapaly aiMarbl IIeKTeYi,
SH/IEMIK JKOHE PEeNHKT TYPJEpAl 3epTTey ©3eKTi
MocenenepAiH 0ipi 6ok oThip. OFaH KOJ KETKi3y
VIIIH CHUPEK Ke3JECeTiH, SHICMJIK TypiepIiH
TaOWFW TOMYJSIIHASIAPBIH 3€pPTTEYMEH Katap, COJ



Y. K. AngacyrypoBa xoHe T.0.

MIOMYJISIAS ACHTCHIHIETr1 OJIapJbIH IEHOIOIYJIs-
[USUTApBIH 12 3€PTTEYIiH KaKETTUIIr TyBIHAANW b1
[12,13].

KymbicTeiH MakcaTel: [ne Anatayel Typren
maTKaJIbIHIA CUPEK, dSHAeMOIK Rosa potentilliflora
Chrshan. et M. Pop TypiMeH Ke3/1eCeTiH oCIMIIKTep
KaybIMJIACTBIFBIH T€000TaHNUKAIIBIK TYPFBIIAH 3€PT-
Tey.

3epTTey MaTepHaapbl MeH dficTepi

3epmmey nvicamsi: Rosa L. TyBICHIHBIH Tapairy
aiiMarbl LIEKTEYJi, SHAEMIIK TYp Rosa potentillif-
lora Chrshan. et. M. Pop.

Ine AnaraysiHplH TypreH maTkajablHIa CHpEK
Ke3J/IECeTiH, Tapally aliMarbl MIEKTEYNi, JHIAEMIIK
Rosa potentilliflora ecimairi TOMYJATHSIAPBIHBIH
repOapuiiiepin JKUHAY JKOHE OJapibl KenTipy
AK. CkBopuoB omicimeH kyprizimmi [14].
JKorapbel caThImarel OCIMIIKTEPHAiI aHBIKTaynma 9
tomablk «Kazakcran Quopace» [15], 2 TOMIBIK

«KazakctaH = ©CIMIIKTEPiHIH  WILTIOCTPALIUSIIBIK
AHBIKTAFBIIBY  [16]  KiITTEpl  KOJIAHBUIIBL
AHBIKTaIFAaH ~ OCIMJIIKTEP/IH  Ka3aklia aTaysl

C.A.ApsicranranueB, E.P.PamazanoBteiH (1977x)
OOTaHMUKANBIK CO3IKTepiMeH Tekcepinmi [17].
Teobomanuxanvix 3epmmey adicmepi. OpoOip
[EHOTTOMYJISIIAAIAFBl KACTHIK KYPBUIBIMBIH 3€pT-
Tey, OHbIH IIekapaigapsl HO.A.37100uH oiciMeH
anbikTanael  [18]. JKymbic OapbichiHAa KaIbl
(Nt), pempomaykTtuBTik (Nr), TaiMai (Ne) caHABIK
ecenreyynep  okyprisuigl.  LleHOmoOmynsIusHBIR
(LID) >kacTBIK KYpBUIBIMBI ~KalIlblHA KENTIpy
uapekcrepin  (Iv)  aHpIKTayMeH  CHIIaTTayIbl
[19]. Llenomomynsuusi Typiiepi MEH JKIKTENlyiH
anpikTay T.A.PadotnoB [20], }O.A.3mobun [18],
JLA KuBoToBckuit [21] OoiBIHIIA JKy3ere achl-
PBULIBL. OciMaik KayBIMIACTHIKTAPBIH/IAFbI
TYPJIK KYpaMbl JK9HE OCIMIIK >KaMBUIFBICHI
aHbIKTaIAbl [22]. Tlomynsmusagarsl eCiMIIKTEPIiH
TIpIIUTIK KYHIH aHBIKTAy >KOHE OFaH CHIaTTaMa

oepy T.A.PabotHoBTHIH [23], A.A.YpaHOBTHIH
[24] omicTemenepi HeTi31HIe JKYPTi3uIi.
L{eHomomy IsIIUSTHBIH KACTBIK KYpambl

T.A.PadotHoB [23] xoHe A.A.YpaHoB. [24]
omicTepi OOWBIHINA AHBIKTANABL. [lOMyIAIIUSHBIH
JKACTBIK KYWiepin 0eny A.A.YpaHOBTBIH YCHIHFaH
omici 6oiiprHIIA XKYpri3inai [25]. YKacTeIK KypaMbiH
aHBIKTayma 3epTTenreH opOip uHykreae 10x10
M?  TpaHCEKTanap CalblHAbL.  [IOMyNIAMAHBIH
TBIFBI3MBIFBI | M? ayJaHAaFbl TYP/IiH JapaKTap CaHbl-
MeH Oaranannsl. [lomymsuusinapasiy GPS xoopam-
Hattapbel «GARMIN 60CSx» (Garmin Ltd., AKIII)
GPS HaBUTaTOPBIHBIH KOMETIMEH aHBIKTAJIIbI.

OJIeMHiH 0apiIbIK enjiepine Rosa L. TybICBIHBIH
KeHbip Typiepi SHASMIIK OCIMIIIK pETiHIEe epeKIe
KOpFay/ibl KaXeT eTe/li, OHbIH Janeli petinae Eru-
nierte Rosa arabica Crep. eciMIiTi TeHI3 JeHIeHiHeH
1700 sxome 2350 ™ OWIKTIK JWANMa30HBIHA
kesneceli. Rosa arabica Crep onemjeri eH KayinTi
100 TypmiH Ti3iMiHE EHTI3UIMI JKOHE KOWBLIBII
KeTy Kaymi Oap mem Oaramannsl [26,27,29,30,33].
Byn Typre Taburu Qaxropnap (y3akka CO3BUIFaH
KYPFaKIIbIIBIK JKOHE KIMMATTBIH ©3repyi) KoHe
azam opekeTi (ImamMaaaH ThIC )KUHAY, IITaMaIaH ThIC
MaJll Kalo) cajiapblHaH YJIKeH Kayill TeHIN Typ.
By TypaiH 5KOHOMHKAIBIK MaHBI3BI 0ap, OUTKeHi
JKaTBIPaKTapPBIHBIH, TYJIEPIHIH jKoHE KEeMiCTepiHIH
CBIFBIHIBICHI OUOJIOTHSLIIBIK OCJICeH/II 3aTTapra Oaii,
COHJIBIKTAaH, MEIUIIMHAA KEHIHEH KOJIaHBLIAIIbI
[28,29].

[erenmik >koHE OTAHIBIK FAIBIMIAPIBIH Rosa
L. TybiceiabiH Rosa arabica Crep xoHe Rosa II-
iensis Chrshan TypnepiHiH CHUPEK KE3ICCETiH, Ta-
pany aiMarbl MICKTEYJi, DHACMIIK TOITYJISIUs-
CBIH 3€pTTEreH. 3epTTey Heri3iHAe aHATOMUSIIBIK
KYPBUIBIMJIAPbIHAH TPUXOMAHBIH JKOHE YCThHIIA
CaHbUIAYbl CAHBIHBIH apTYybIH alKblHAaFaH [26,34].
Rosa lliensis Chrshan TYpiHIH BET€TaTHBTI,
reHEepaTHBTI MYILEIEPiHIe OMONOTUSIIBIK OCJICeH i
3aTTap/lblH KUHAKTATYbI, VIIKBIII A(PUPMaHbIHBIH
Ty3inyi, C mOpyMeHiHIH JKHHAKTaJy JICHreHiH
aHbIKTaFaH [28,29,35].

3epTTey HOTH:KEIEPi JKIHE 0JIapPABbI TAJIIAY

bi3 3eprreyre amraH cupek Ke3JIeceTiH, Tapa-
Ty alMarbl MIeKTeyJl, SHAeMIIK Typ Rosa poten-
tilliflora Chrshan. et. M. Pop ecimairin izgecripy
MakcateiHaa 0i3ep 2023 xbUIIbIH ka3 alibiHaa [ne
AnatysiabiH TYpreH maTkaisl OpMaHAbl Oemeyine
apHaiibl SKcIeIuUUsl YHUBIMIACTBIPABIK. Rosa po-
tentilliflora Chrshan. et. M. Pop ecimairinig 0ip
momy simusAchl  TypreH IMaTKadbIHBIH —OpPMAaHIIbI
OesnjieyiHeH, OChI MATKAJIBIH OIp TapMarbl OOJIBII
TaObUTATHIH baTaH IIaTKaJbIHBIH MaHBIHAH TEHI3
nerreitined 1650 — 1750 m ab¢.OMIKTIK apaibIFBIHAH
tabbuiabl. GPS HaBuratop kepcerkimi OOHBbIHIIA
koopauHathl: N 43°24°33.5" ce. E 77°76736.8"
1.6. [omystiust meHreiinae i IeHOMOMy JISIHsIFA
reo0O0TaHUKANIBIK CUITATTaMAJIaP YKACAIBIH/IBL.

Op ueHononynsusra Rosa potentilliflora
OCIMITIHIH ACTBIK KYHIH aHBIKTAy MaKcaThIHIA
emmemi 10 x 10M 2 GomaTeIH €Ki TpaHCeKTaaaH
calpIHABL. Op TpaHCeKTa imiHaeri Rosa potentil-
liflora eciMIiTiHIH JNaTEHTTIK Ke3eHiHeH Oacrarl,
ITOCTTEHEPATUBTIK Ke3eHIHEe ICHIHTI JapaKTapbIHBIH
CaHbIH €CEIITEI MIBIKTHIK.
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Ine Anarysiasir Typres markais! opMaHs! Oeeyinae sHueMIik Typ Rosa Potentilliflora Chrshan. ...

bipinwi yenononyniayus oprypii mwenti —
OyTanbl eCIMIIKTep KaybIMJACTHIFBIHAH TYPaIbl
(ass Rosa potentilliflora, Rosa beggeriana, Spi-
raea hypericifolia — Patentilla orientalis, Aegop-
odium podagraria, Scaligeria setaceae, Galium
aparine, Thalitrum collinum). KoopauHatTapsl
GPS nHaBuratop npuOOpBIHBIH KepceTyi OOMbIHIIA
tomenzerigeii: N 43°14°36"" c.e.; E 77°45'44"
m1.0. Teni3 neHreiiinen OuikTiri 1680 M. OcimaikTep
xep Oetin 100 % >xaybin Typaasl. OciMaikTep xa-
OBIHBIHIIA TOPT SPYC AWKBIH Oaifkamansl. bipiamri
SpycThl Typiiask Oepikapakat (Berberis het-
eropoda), berrep paymanwl (Rosa beggeriana),
Kastabanrynai uTMypeiH (Rosa potentilliflora),
maiKypai JKarbIpakThl TOOBUIFEI (Spiraea hyper-
icifolia), Anetman ymkatel (Lonicera altmanni)
ty3eni, OmikTiri 160 — 195 cm. Exinmi sipycTs
Burtpok payramsl (Rheum wittrocii), Wik Tapan
(Polygonum cariarum), TSHb- IIIaHb WIBIPHIIIHI
(Eremurus tianschanicus), TYpKiCTaH CacHIKIIOO1

(Leonurus turcestanicus) owikriri 100 — 150 cwm.
YuriHon SpycThl THIIKAH CUBIPKOHBIIKAcH (Vi-
cia cracca), neH Ka3ramarel (Geranium collinum),
nopimik Ty#exxoHsimka (Melilotus officinalis), ca-
pwi0ac xoHpIka (Medicago falcata) 6uikriri 70 —
90 cMm. TepriHi sipycThl OyaaH 6o3kinem (Sedum
hibridum), meireic Ka3tabausl (Potentilla orienta-
lis) ouikTiri 15 — 20 cm. Ochl 1ICHOMONYJISLUSIaH
Rosa potentilliflora eciMairiHiH KacTBIK CIIEKTO-
PBIH aHBIKTay MakcaThiHAa pasmepi 10 x 10 m? 60-
JIATHIH €Ki TPAHCEKTa CaJbIHABL. bipiHIIi TpaHCek-
TajgaH 3 oCKiH, 24 OBUHWIBIIK, 23 UMMATYPJIbIK,
20 BepruHWIBAIK, 7 ’Kac TEHEPaTUBTIK, Oip
TOJBIK JKETUITEH T'€HEPaTHUBTIK Oapak Ke3JecCTi.
CyOceHunbi, CEHWIbII Japakrap Ke3Jaecheii.
Exinmi tpancektanan 18 eckiH, 18 IOBHHHIBIIK,
12 wmvmmatypaeik, 10 BHpruHUIBIIK, 6 XKac
ICHePATUBTIK Japakrap Kes3zecTi. bynm Tpanc-
€KTaJaH TOJBIK JKETUITeH, CYOCEHWIBIIK >KOHE
CEHHMJIBIIK JapaKTap Ke3IeCIemi.

1-kecte — R. potentillifiora eciMuiriHig OipiHIII IEHOMOMYISIIHACHIHBIH KACTBIK CIIEKTP1

Ienonomymsanus 1
Kesen JKacTbIK xarnaiaapsl
Tpancexkra 1 Tpancexra 2
JlaTeHTTI (aFamIKbI TyKbIM ) i
THIHBIIITHIK KYIii) (Se) ¥K

Ockinnep (P) 3 18
IOBenunbaIK (J) 24 18
Buprusmms i Wmmarypisix (Im) 23 12
Bupruannsaik (V) 20 10

Kac reneparusrik (G1) 7 6

. TomnbIk sxerinreH renepatusTik (G2) 1 -

PernponykTusri

Kapraiiran reneparusrik (G3) - -

Cenmibai (Kapraiiras, Cybcenmbik (Ss) - -
PENpOYKTHBTI eMec) Cennnbaix (Se) - -

Exinwi yenononyaayus OyTaisl opTYpPJIi MWLOITI
OCIMIIIKTep KaybIMIACTHIKTAPBIHAH TYPaabl (ass.
Rosa potentilliflora, Rosa beggeriana, Spiraea hy-
pericifolia — Galium aparine, Achillea millefolium,
Ajania fastigiata, Dipsacus azureus). KoopnuHaTra-
pbt GPS HaBuraTop npuOOpBIHBIH KOPCeTyi OOHBIH-
ma temeneriaeii: N 43°14°37" c.un.; E 77°45°43"
m1.6. Teni3 nerreiinen omikTiri 1700 M. OciMaikTep
xep 0etin 90 — 95 % xaybIn Typajbl.

Byn ueHomomymsimusaH TOPT SPYCThl alKbIH
Oaiikayra Oomnampl. bipiHmn sApycTBl Typitiask
Oepikapakar (Berberis heteropoda), berrep pay-
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manbl (Rosa beggeriana), Ka3TabaHTYI/II HTMYPBIH
(Rosa potentilliflora), xapaxemicti wsipraii (Coto-
neaster melanocarpus) Ty3eni, ouiktiri 150 — 190
cM. Ekinmi spyctel Buttpox payrambr (Rheum
wittrocii), TAHb — IIaHb WBIPBIIB (Eremurus
tianschanicus), tarap akcyrrireni (Lactuca fasti-
giata), llpeckor ommneni (Chaerophyllum prescot-
tii) Tyzent, 6miktiri 100 — 150 cm. YmiHmm SpycTsl
KallkaH epHekwen (Ajania fastigiata), »xaObICKaK
Kb3pu00sty  (Galium  aparine),  MANFBIHIBIK
KoHbIpOac (Poa pratensis), capblOac KOHBIIIKA
(Medicago falcata) ecimpikTepi Ty3emi, OWIKTIri
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50 — 80 cMm. Teprinmi sipyctsl Oyaan 603kizem (Se-
dum hibridum), anaca xaszraban (Potentilla supina),
kusikeieH (Carex sp.) ©CIMAIKTEpi TY3€Mi, OMIKTIri
10— 15 cm.

Exinmi neHonomymsnusanan  Rosa  potentil-
liflora eciMAIriHIH >KacTBIK CIIEKTOPBIH aHBIKTAY
MakcaTbiHaa pazmepi 10 x 10 > 0onateiH eKi TpaHc-
eKTa anmaelK. bipiammi TpaHcekTamaH 12 eckin, 20
IOBUHWIIB/IIK, 15 UMMaTypIibIK, 12 BepruauibIik, 22
JKac TEeHEPATHUBTIK, 4 TOJBIK JKETUITeH reHePaTUBTIK
nmapak kesnecti. CyOCeHWIbi, CEHHIIBIl JKaCTBIK
KyHiH kesgecripmenik. ExiHmi —TpaHcekTamaH
11 eckiH, 20 OBHHWIBIIK, 25 WMMAaTypibIK, 20
BUPTHHIIBIIK, 13 ’kac TEHEpaTHUBTIK, 13 TOJIBIK

JKETUITeH TeHEePaTUBTIK JIapak Ke3zaecti. by TpaHc-
eKTalaH CYOCCHWIBIIK >KOHE CCHIJIBIIK JKACTBIK
KYHIIepiH Ke3AecTipMeIiK.

Ywinwi yenononynayus 6yTansl SpTYPI MONTI
— Oyrambl ©CIMIIKTEp KaybIMIACTHIKTapbIHAH
typanel (ass. Spiraea hypericifolia, Rosa poten-
tilliflora, Rosa beggeriana, Cotoneaster melano-
carpus — Thymus praximus, Lappula occulatata,
Onobricus alatavica, Eremurus tianschanicus).
Koopnunarrapst GPS HaBuratop mnpuOOpBIHBIH
KepceTyi OoifpiHIa Temenpaerigei: N 43°41°37"
c.e.; E 77°45°44"" m.0. TeHi3 neHreiined OUIKTIr1
1750 m. Ocimaikrep xaObIHBI kep OeTiH 95 —
100 % >xaysIim TYP.

2-kecte — R. potentilliflora eciMAiriHiH eKiHII IEHONOMYISIUACHIHBIH KACTBIK CIIEKTPI

Kesen

JKacThIK karmaitnapsl

Lenonomymnsms 2

Tpancekra 1 Tpancexra 2

JlareHTTi (aFariKsl

TBIHBIIITHIK KYiii) (Se) Tyxen ) )
Ockinzep (P) 12 11
OBenumb ik (J) 20 20

Buprusuisai Wmmarypasik (Im) 15 25
Bupruamisaix (V) 12 20

Kac reneparusrik (G1) 22 13

PenpoykTusti TonbIk sxerinren renepatusTik (G2) 4 13

Kapraiiran reneparusrik (G3) - -

Cenwmnbi (KapTaiiraH,

CyOceHmbik (Ss)

PENPOIYKTUBTI eMec) Cenninbik (Se)

Byn neHononyssimusAal TOPT APYCThl Oeyre
Oomanpl. bipiHmi sSpycTsl malKypail >KambIpaKThl
ToOBUTFBl (Spiraea hypericifolia), berrep payma-
HBl (Rosa beggeriana), Ka3TabaHTYIIi WTMYPBIH
(Rosa potentilliflora), Burtpok payrarubl (Rheum
wittrocii), TAHb — IUaHb WBIPHILL (Eremurus
tianschanicus), kimi koxakeHaip (Dipsacus azureus)
ty3eni, Oumikriri 150 — 180 cm. EkiHmi sipycTs
Ipeckor onmewni (Chaerophyllum prescottii), ana-
tay acnapreti (Onobricus alatavica), manFeIHIBIK
koHbIpOac (Poa pratensis), HaFbI3 KbI3bLIOOSY
(Galium verum), xpuiTaHakch3 apmabac (Bromus
inermis) omiktiri 100 — 135 cm. YmriHmi spycTsl
mieren xoiianbacel (Dracocephalum peregrinum),
KaHaTThl caObIHKOK (Scrophularia alata), axcapbl

woHbIIKa (Medicago ochroleuca) Ty3eni, OMIKTIT
60 — 90 cm. TepTtiHmi spycTbl OynmaH Oo3KiieM
(Sedum hibridum), xuskenen (Carex sp.) OMIKTIri
10— 15 cm.

byn nenononyssiiusira pasmepi 10 x 10 m? 60-
JaThIH €Ki TPAHCEKTa CajbIH/bl. BipiHIi TpaHCek-
tagaH 10 eckiH, 12 OBUHHIBAIK, 11 ©UMMAaTypIIBIK,
10 BepruHmibAiK, 15 Xac TeHEpaTHUBTIK, 3
TOJILIK JKETIITEH TEeHEPAaTHBTIK JapaK Ke3JecTi.
CyOceHWbIiK, CEHWIBJIIK JapakTap Ke3JIecCIesi.
Exinmn  TpaHceKkTamaH ecCKiHIEpAl Ke3mecTipe
aNIMaJbIK. 6 FOBUHWIBIIK, 5 HIMMAaTYpIbIK, 9 BUPTA
HWJIBJIIK, 5 jKac TeHEPATUBTIK, 16 TOJBIK KETIITeH
TEHEPATHUBTIK mapak ke3gecTipaik. CyOCeHMIBIIK
JKOHE CEHWIBJIIK JapaKrap Ke3/IecCIe/i.
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2-kecte — R. potentilliflora eciMAIriHIH YIIIHII HEHOTOMYJISUSICHIHBIH )KaCTBIK CIIEKTPI

Lenonomymsmus 2

Kesen KacTbIK xaraaiaapbl
Tpancexra 1 Tpancexra 2
JlaTeHTTi (aJFamiKel Tykbi i i
TBIHBIIITHIK KYiii) (Se) ¥K

Ockinzep (P) 10 -

IOBenunpaik (J) 12 6

Buprusuisai Wmmarypasix (Im) 11 5
Bupruanneaik (V) 10 9

JKac reneparusrik (G1) 15 5
. TomnbIk sxetinreH renepatusTik (G2) 3 16

Penponyxrusri

Kapraiiran reneparusrik (G3) - -

Cenmibai (Kapraiiras, Cybcenmnbaik (Ss) - -
PETPOAYKTUBTI emec) Cenmbaik (Se) - -

R. potentilliflora ecimuiriniy Ine AnataybiHbIH
TypreH marKaiblHaH TaOBUIFAH MOMYJISIIHSACKHI-
Ha JKYPTI3UITeH 3epTTeyNiepiH HOTHXKECI MbIHA-
HBI KepceTTi. R. potentilliflora eciMairi KaJbIIThl
JKaFJaina ecim mamybl ymriH Oenrimi 6ip MHKpO-
KJIUMAaT KaxxeT. DBIpiHIIieH oy JKepHaiH TeHi3
neHredinen OwikTiri 1680 — 1750 M abcomoTTik
OWIKTIK apanbpiFel OOdyel mapT. ExiHmmigeH,
[IATKAJIJIBIH aFaliTap MYJIIEM OCIEeHTIH, KYH KaKChI
TYCETIH, OHTYCTIK JKOHE OHTYCTIK IIBIFBIC JKCIIO-
SUIMACHIHIA, OCIMIIKTEp KAOBIHBI TEK OyTaibl
JKOHE IIONTECIH KaybIMJIACTBIKTApAaH TYPAThIH
xepraepae rana eceni. [lomymsmus peHrewinmeri
LEHOTIOMYJIAIHSIIapFa CAbIHFaH TPAaHCEeKTaapAarbl
R. potentillifiora eciMIIriHIH aCThIK CIEKTO-
pBIHA JKOHE ONapABIH CaHIBIK KOpPCETKIMTepiHe
JKYPTI3UITeH TanaaylapIblH HOTHKEIepI MBIHAHBI
KepceTei.

Ym ueHonomymsmusgaH ga R. potentillifiora
OCIMITiIHIH 0apibIK JKACTHIK KYHIH ©cKiHeH Oa-
CTar, TOJBIK JKETLIIN KaJbINITACKAH TIeHEPATUBTIK
JapakTapblHa JEHiH Ke3MecTipIik. OCIMIIK Kb
caifplH TyJzern, xemic Oainan typ. byn merenimis
R. potentilliflora ecimairi yuiin Ine AnaraybHBIH
opMaHAbl OenjeyiHiH KYH JKakChl —TYCETIiH,
OHTYCTIK JKOHE OHTYCTIK IIBIFBIC JKCIIO3UITUS-
Chbl, OHBIH YcTiHe TypreH miatkaiabl aca KOJaujibl
opra Oombim TaObUTANBl. ©Op TPAHCEKTAJarbl
OCIMJIIKTIH ~ AaCThIK  CICKTOPBIHBIH  CaHJIBIK
KOPCETKIIITEPIHCTI a3/laFaH aybITKyJIap/lbl MbIHA-
MeH TyciHmipyre Oomnanbl. TaynbiH >karnaiibiHIA,
Kail OKCIIO3WIMSHBI allblll Kapama, kep Oenepi
Oipaeii emec. Coran OaiiaHbBICTBI JKep Oenepinaeri
azJaraH aybITKYIIBUIBIKTAPABIH ©31, OHIarel R.
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potentilliflora 6ciMIIITIHIH >XKacTBIK CIIEKTOPHIHBIH
CaHJIBIK KOpCeTKiTepine eneydi acep ereai. Cededi
Kep OenepiHzeri aybITKYIIBUIBIKKA OaiIaHbICThI
OJI KepJiH TOMBIPAFbIH/IAFbl BUIFAIIBIH MeJIIepi
e3repin otbipajabl. CoraH OalIaHBICTBI ©CIMIIKTED
JKaOBIHBIHIA J]a KOHE OHBIH TYPJIIK KypamblHAA
a a3ael — KONTI e3TepicTep OpBIH ajbIll OTHIpa-
Ibl. Bynm momynsiusiFa, IEHOTOMYJISIUSITAPABIH
OapibIFbIHAH ~ CYOCEHWIBJIIK JKOHE  CEHIUIBIIK
mapakTapablH — KesmecnieyiH R, potentilliflora
OCIMJIITHIH TaMbIpcabaKThl OCIMIIK OOJYBIMEH
TyciHaipyre 6oxanbl. TaMbIpcaOaKThl OCIMAIKTEPIIH
JKEPACTHI OCKIHIAEPIHIE JKBUT CABIH KOMTETEH OHIM
Oypurikrepi skerinemi. Onap kenemierinige jxaHa
kepOeTi epkeHnepin Oepeni. Ocburaiitia 6ip Tyn
aHaJBIK OCIMIIKTIH 631 KB CalibIH JKaHa OpKCHIEP
Oepe OTBIPBIN YIAKSHAI — KIOIJ KJIOH Ty3emi.
Kenemrerinne 6y kiongap 0ip — 6ipiMeH jKaFachII
KaJblH Komara aiHamanbl. MyHJai >KblIMa Kb
JKaHAPBIN OTHIPATHIH KJIOHHAH CYOCECHWIIBIIIK JKOHE
CEHWIBJIIK JapakTapbl Ke3JAeCTipyAiH MYMKIHIIT
0osta Oepmeiii.

KopbIThIHABI

KopbIThIHABUIAH KEAreHAe CUPEK Ke3[EeCETiH,
Tapany aiiMarel IIEKTeyJi, OJHIEMAIK Rosa
potentillifiora Chrshan et M. Pop ecimuiriniyg yur
LEHOMOMYJISIUACBIHA TpaHCEKTa Ccally apKblJbl
KYPTI3TeH 3€epTTeY >KYMBICTapbIHBIH HOTHIKEIEpi
Ine AnatysinbiH TypreH mraTkaasl OpMaH[bI
Oenneyingeri Oy TYypHiH NOMYJSIUSCHIHBIH Ja-
MyBI KaJBINITHl JKaFgaiila eKeHJIriH KepceTesi.
Ym ueHonmonmydsiUMSHBIH >KaraadblHga npa R
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potentilliflora eciMuiriHiH eckiHiHeH Oacrarl,
TOJBIK JKETUITGH TEHEPaTUBTIK JKACTBIK KYyHiHe
JICHIHT1 JapakTapblH KEe3JISCTIpAiK. OCIMIIK KbLI
caiielH Tyizen, kemic Oepim typ. EH Oactbichl
oy xepae R. potentilliflora ecimairinig moIys-
LUsAChIHA TIKEJEH TOHIN TypraH Kayim koK. Tek
OHBIH aJIbIll JKAaTKaH J>Kep KOJEMiHIH Y3BIHIBIFBI
450 — 500 m — gen, an eni 300 — 350 m acmaii-
nbl. COHIIBIKTAH Jia KaJifbl3 Kayin oy epT. Erep
OpT OpBIH aJbIll JKaTca MYHJAl asFaHTal xKep-
Jle FaHa Ke3MIeCEeTiH OCIMIIKTI TYTEIMEH JKOUBII

Kibepyi o0/1eH MyMKiH. bipak Ta [ne AnaTayblHbIH
Typren, baran, bosken markannapsl Typren
OpMaH IIapyallbUIbIFBI MEKEMECIHE Kapaiibl.
ConppikTan ga Oyin kep KaTaH Oakpuiayma. by
JKepre Majl JKailyra ThIMbIM CajblHFaH. Tek Ty-
pUCTEep FaHa eTe anajibl, OHJA Jla apHAWbl PYKcaT
Kara3jgapel Oonysl mapT. bi3miH 3eprreyimizmiH
HOTHXKeCl KepceTkeHaew, TypreH IaTKaiablHBIH
OpMaH/Ibl OeJ/ICYiHIH OHTYCTIK JKOHE OHTYCTIK —
IIBIFBIC AKCIIO3UIMSICH R. potentilliflora ecimairi
YIIiH €H KOJIAHIbI OpTa OOJIbIN TaObLIa b,
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EVALUATION OF EFFECT OF EXOGENOUS MOLYBDENUM
AND TUNGSTEN ON SEED GERMINABILITY
AND ON SYMPTOMS OF VIRUS INFECTION IN PLANTS

Crop production is the basis of agriculture in Kazakhstan. Soils in Kazakhstan suffer from molybde-
num deficiency. Molybdenum deficiency in plants is characterized by the stunted growth, poor seed
setting, fruit deformation and reduced plant resistance to diseases. Molybdenum catalyzes key steps
in the metabolism of nitrogen, carbon and sulfur. It promotes the biosynthesis of the phytohormones
of abscisic acid and indole-3-butyric acid. An increase in molybdenum concentration leads to an
increase in aldehyde oxidase activity. Aldehyde oxidase generates hydrogen peroxide during viral in-
fection; hydrogen peroxide triggers a hypersensitive response, strengthens cell walls and prevents the
spread of viral infection. Molybdenum is biologically inactive until a special complex called molybde-
num cofactor is formed. For the formation of the latter it is necessary for molybdenum to be in the state
of molybdate anion. There are five known plant molybdoenzymes: aldehyde oxidase, sulfite oxidase,
nitrate reductase, xanthine dehydrogenase and mitochondrial amidoxime resuctase. The aim of this
work is to find the optimal concentration of molybdenum for aldehyde oxidase activation. The objec-
tives of the conducted experiment are: — to apply an efficient and cost-effective method to replenish
molybdenum deficiency in the experimental plant; — to demonstrate the effect of molybdenum on the
development of virus infection of the infected plant. As a result, it was proved that with the increase
of concentration from 0.1 mM to 1T mM, the activity of aldehyde oxidase increases, which contributes
to the increase of seed germination. The optimal concentration for seed germination is 1 Mm molyb-
denum concentration. As the concentration of molybdenum increases, the resistance of adult plants to
virus infection also increases. Thus, T mM molybdenum concentration is optimal for seed germination
and resistance to virus infection.

Key words: molybdenum; tungsten; N. benthamiana; spraying; aldehyde oxidase.

A.C. Tokawesa'", P.T. Omapos?

'E.A. bekeToB aTbiHAaFbl KaparaHAbl MemaekeTTik yHuBepcuTeTi, KasakcraH, KaparaHab! K.
2A.H. TymmnaeB atbiHAaFbl Eypasuns yaTTbIK, yHuBepcuTeTi, KasakcraH, AcTaHa K.
*e-mail: dana041193@mail.ru

TyKbIMAQPADBIH, GHTILITIriHEe BOAbDPAaM MeH MOAUDAEHHIH, 9CepiH aHbIKTay
)K9HE 0Cbl ME€TAaAAAPAbIH, 6CIMAIKTEPIHAE BUPYCTBIK, XKYKNna GeArirepi AamybiHa
3K30reHAIK acepiHiH, HaTHXecCi

OcimaiK WapyallbiAbiFbl KasakcraH aybiA LWAPYyaLLbIAbIFbIHbIH HEri3i 60AbIN Tabbiraabl. KasakcraH
ayMarblHAAFbl TOMbIPaK, MOAMBAEH TarlbIAbIFbIHAH 3apAan wWerin oTbip. ©cimaikTepaeri MoAnbAeH
TanlbIAbIFbl ©CYAIH TEXXEAYiHeH, Hallap TYKbIM CaAyblHaH, >XEMICTepAiH AedopMaLmsacbl MeH
OCIMAIKTEPAIH aypyAapFa TO3IMAIAITIHIH TemeHAeyiHeH Oaiikaraabl. MoAMOGAEH a30T, KemipTek
>KOHE KYKIPT aAMacyblHbIH, HErisri KaaaMAapbiH KaTtaamsaenAi. OA abcums KbIWKbIAbI MEH MHAOA-3-
MaM KbIWKbIAbI (PUTOrOPMOHAAPbIHBIH, OMOCUHTE3IHE bIKMaA eTeAl. MOAMOAEH KOHLEHTPAUMSICbIHbIH
JKOFapbIAAybl  aAbAEIMAOKCMAA3a OEACEHAIAIMHIH, JKOFapblAayblHa 8KeAeAl. AAbAErMAOKCMAA3A
BMPYCTbIK, MH(EKUMSFA YilblparaH Ke3Ae CyTeri ackblH TOTbIFbIH TyAblpaAbl, CyTeri acKblH TOTbIFbl
JKOFapbl CE3IMTaAAbIK, PEAKUMSCBIH TYAbIPaAbl, Xacylla KabblpFaAapblH HbIFANTaAbl XXOHE BUMPYCTbIK,
MH(EKUMAHBIH, TapaAybiH 60AAbIPMaiAbl. MoAMOGAEH KOaKTopbl Aen atay 6epiAreH apHaibl KelleH
nanaa 6oAFaHFa AEMiH MOAMOAEH BMOAOTUSIABIK, BEACEHAI emec. MoAnOAEeH KOaKTOPbI KAAbINTacy
YWiH MOAMBAEH aHMOH MOAMBAATBI KYMiHAE BOAYbI Kepek. OCiMAIK MoAMBAODEpPMEHTTEPIHIH, beceyi
GeAriAl — aAbAEIMAOKCUAA3A, CYAb(UTOKCUAA3A, HUTPAT PEeAyKTasa, KCaHTUHAErMAPOreHasa >KeHe
MUTOXOHAPMSIAbIK, aMUAOKCMMapesyKTasa. ByA >kymbicTa 6i3 aAbAErMAOKCUMAA3aHbIH €Ki Herisri
KbI3METIH KaQpaCTbIPAbIK: TYKbIMHbIH, OHTILUTIF MEH BUPYCTbIK, MHeKUMara Te3iMAIAIriHe acepi. bya
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SKYMBICTbIH, MakcaTbl AO GeACEHAIPY YLUIIH MOAMBAEHHIH OHTaMAbl KOHLUEHTPAUMSICbIH i3Aey GOAbIM
TabblAAADI.

OTKI3IAreH 3KCMNepuMEHTTIH MIHAETTEpI: — 3KCMEePUMEHTTIK OCIMAIKTEri MOAMBAEH TarlUbIAbIFbIH
TOATBIPY YLWIiH TUIMAI >K&HE 3KOHOMMKAAbBIK, YTbIMAbI SAICTI KOAAQHY; — >KYKTbIPbIAFAH ©CIMAIKTIH,
BUPYCTbIK, MH(PEKLMSACBIHBIH, AaMyblHA MOAMBAEHHIH oCepiH KepceTy GoAbIn Tabbliraabl. HaTmkeciHae
KoHUeHTpauusiHbiH 0,1 MM-aeH 1T MM-re aeiiH >korapbiAaybl HaTMxeciHAe AQ GeACEHAIAIrT ae
JKOFaPbIAAMTBIHbI ASAEAAEHAI, OYA TYKbIMHbIH OHTILITIFiHIH >KOFapblAaybiHa bikNaA eTeAi. TyKbIMHbIH
OHYI YLiH OHTaMAbl KOHUEHTpaums — 1T MM MOAMBAEH KOHLEHTpaumsiCbl. MOAMBAEH KOHLIEHTPALMSIChbI
>KOFapblAaca, epecek eCiMAIKTEPAIH BUPYCTbIK MHPeKLMsFa Te3iMAIAIM Ae apTaabl. OcbiAaiwa, 1T MM
MOAMBAEH KOHLIEHTPALMSIChbl TYKbIMHbIH, ©HYi KOHE BUPYCTbIK, MHPEKLMsFA TO3IMAIAIT YLIiH OHTaNAbI
6OAbIN TabbIAQADI.

Ty#in ce3aep: MoanbaeH, Boabbpam, N. benthamiana, cy 6ypky, aabaerna okcuaasa.
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OnpeaeaeHue BAUSIHUS BoAbppamMa U MOAMOAEHA HAa BCXOXXECTb CeMSIH
1 3ppeKT 3K30reHHOro BO3AEHCTBUSI AQHHbIX METAAAOB
Ha pa3BuTHE BUPYCHOrO MH(PULMPOBAHUSI B PACTEHMSIX

PacTeHneBOACTBO 9BASIETCS OCHOBOM CeAbCKOro xo3anctBa KasaxcraHa. [TouBbl Ha TeppuTopumn
KasaxcraHa cTtpapaioT aenumtom MoanbaeHa. Aedrumnt MoAnbAeHa y pacTeHMI XapakTepusyercs
33AEp>XKKOM pOCTa, MAOXOM 3aKAAAKOM CeMsaH, AedopMaumenn MAOAOB U CHUXKEHMEM YCTOMYMBOCTM
pacteHuit K 3aboAeBaHMAM. MOAMOAEH KaTaAM3MpyeT KAlOYeBble 3Tarbl MeTaboAM3Ma asoTa,
yraepoaa v cepbl. OH croco6cTByeT 6UOCUMHTE3Y (DUTOFOPMOHOB abCLM30BOIM KUCAOTbI M MHAOA-3-
MACASIHOM KMCAOTbI. YBEAMYEHME KOHLIEHTPALMM MOAMOAEHA MPUBOAMT K YBEAMYEHMIO aKTMBHOCTM
AAbAEIrMAOKCUMAA3bl. AAbAEIMAOKCUAQ3A MPY BO3AECBUE BUPYCHOM MHEKLIMN FreHepupyeT nepekuch
BOAOPOAQ, NMePEeKNCb BOAOPOAQ 3aryCKaeT rmrnepuyBCUBUTEAbHbIA OTBET, YKPENASIET KAETOYHbIE CTEHKM
M NpeAoTBpaLlaeT pacnpoCcTpaHeHne BUPYCHOM MHADeKUMN. MOAMBAEH KaTaAM3MPYEeT KAOYUEBbIE 3Tarlbl
mMeTaboAM3Ma asoTa, yraepoaa u cepbl. OH crnoco6CTByeT GUOCMHTE3Y (PUTOrOPMOHOB abCLM30BONA
KMCAOTbl U MHAOA-3-MAaCASIHOM KMCAOTbl. YBEAMYEHME KOHLIEHTpaLMM MOAMOAEHA MPUBOAMT K
YBEAMUEHMIO AKTMBHOCTM aAbAEIMAOKCUMAA3bl. AAbAETMAOKCUMAA3A MPU  BO3AENCTBMW BUPYCHOM
MH(eKLMM reHepupyeT Mepekmcb BOAOPOAQ, NMEPEKMCb BOAOPOAQ 3aryCKaeT rmnepyyBCUBUTEAbHbIN
OTBET, YKpEernAsieT KAeTOUYHble CTEHKM W MPeAOTBpaALLAEeT pacrpocTpaHeHue BUPYCHOM MHGEKUMM.
MoAnbaeH BMOAOTMYECKM HEAaKTMBEH AO TeX Mop, rnoka He CHOPMMPYETCS CrieLMaAbHbIA KOMITAEKC,
Ha3BaHHbI KOaKTOP MOAMBAEHA. AAS (DOPMMPOBAHUS MOCAEAHErO HEOGXOAMMO, UYTOObI MOAMOAEH
HaXOAMACS B COCTOSIHMM MOAMBAAT aHMOHA. M3BECTHO MSATb PACTUTEAbHbIX MOAMBAOMDEPMEHTOB
—  aAbAEIrMAOKCMAQ3a,  CYAbPUTOKCMAQA3Q, HUTpATPeAYKTa3a, KCaHTMHAErMAporeHasa u
MUTOXOHAPMAAbHasi aMMAOKCMMapesykTasa. B AaHHOM paboTe Mbl pacCMOTPEAM ABE TAaBHbIE
PYHKUMN aAbABTMAOKCUAA3bI: BAUSHME HA BCXOXECTb CEMSAH W YCTOMYMBOCTb K BUPYCHOM MH(EKLMN.
LleAab AaHHOI paboTbl SIBASIETCS MOMCK OMTMMAAbHOM KOHLUEHTpaumini MoAMOAeHa AAs akTmBaummn AQO.
3apayamMm MPOBEAEHHOIO 3KCMEPUMEHTA 9BASETCS: — NpUMeHeHne 3(hpPeKTMBHOrO M 3KOHOMUYECKM
BbIFOAHOIO METOAA AASl BOCMOAHEHUS AeduumMTa MOAMOAEHA B 3KCMEPUMEHTAAbHOM PaCTEHMM; —
NPOAEMOHCTPMPOBATb BAUSIHME MOAMOAEHA HA PAa3BUTME BUPYCHOM MH(DEKLMM 3aPaXKEHHOIO PaCTEHUSI.
B pesyAbTaTe 6bIAO AOKa3aHO, YTO C MoBblleHMeM KoHueHTpauumn ot 0,1 MM k 1T MM noBbiwwaercs
akTmBHOCTb AO, 4TO CrOCOOCTBYET MOBbIWEHMIO BCXOXECTM cemsiH. ONTUMaAbHOM KOHLEHTpaLmein
DAl BCXOXKECTU ceMsiH sBAsieTcsl TMM KoHueHTpaums MoArbAeHa. C MoBbIEHMEM KOHLEHTPALMM
MOAMBAEHA MOBbILLAETCS M YCTOMUYMBOCTb B3POCAbBIX PACTEHWUI K BUPYCHOM MHpeKLMM. Takmm 06pasom,
1 MM KOHUEHTpaUus MOAMBAEHA ABASIETCS OMTUMAABHOM AAS MPOPACTAHNA CEMSIH M YCTOMUYMBOCTM K
BMPYCHOM MHpeKUMU.

KatoueBblie caoBa: MoanbaeH, Boabdpam, N. benthamiana, onpbickuBaHme, aAbaerna okcraasa.
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Introduction

It has long been known that molybdenum is
important for the nutrition of higher plants [1].
Molybdenum in small quantities improves the
growth of barley, lettuce, asparagus, tomato and
other agriculturally important plants [2].

Freemolybdenumionsareinactive. Molybdenum
in plants occurs in the form of Mo042- anion [3].
In all organisms, molybdenum binds to pterin in a
complex called molybdenum cofactor (MoCo) [4].
MoCo is identical in all molybdoenzymes (except
for nitrogenase) [5]. The main function of MoCo is
catalytic [6, 7].

The antagonist of molybdenum is tungsten (W)
[8]. Despite its similarity to molybdenum, tungsten
has a toxic effect on plants [9]. It leads to the stunted
growth of seedlings, reduced biomass of roots
and shoots and dysregulation of gene expression
associated with the planned cell death (apoptosis)
[10]. Tungsten and molybdenum bind to the same
ligand in enzymes. Tungsten as a chemical analogue
of molybdenum can substitute molybdenum in the
active center of molybdoenzymes, making them
inactive. This function of tungsten is used to study
the structure and properties of molybdoenzymes
[11].

Molybdenum deficiency in young plants is
characterized by chlorosis, leaf deformation,
grayish discoloration, leaf rot and stunted growth
[12]. Deficiency also leads to seed deformation in
oats and wheat, undergrowth of berries in grape
clusters, undergrowth of pollen grains in corn, and
poor pollen germination [13].

Molybdenum is a vital trace element as
it is required for the normal plant growth and
development [14]. The results of many years of
research at the Institute of Soil Science of the
National Academy of Sciences of the Republic of
Kazakhstan confirmed that the molybdenum content
in our soils is three times less than the necessary
critical concentration (0.1 mg Mo/kg for temperate
zone soils) for the normal plant development [15].
Molybdenum is necessary for the work of five plant
enzymes — sulfite oxidase, mitochondrial amidoxime
reducing component, xanthine dehydrogenase,
nitrate reductase and aldehyde oxidase [16, 17].

In this work, functions of aldehyde oxidase were
considered.

Aldehyde oxidase (AO) is an enzyme containing
flavin adenine dinucleotide (FAD), a cofactor of iron
and molybdenum, as prosthetic groups [18]. It be-
longs to the family of molybdenum-containing hy-

droxylases [19]. Aldehyde oxidase plays an impor-
tant role in plant life as it is involved in the defense
response to TBSV (tomato bushy stunt virus) attack.
The mechanism of reduction of viral infection by al-
dehyde oxidase is associated with the generation of
hydrogen peroxide, which initiates intense oxidative
stress that causes damage and cell death at the site of
virus entry [20]. H202 promotes cell wall strength-
ening: papillae are formed, lignification process is
activated, and hydroxyproline/proline-rich proteins
are cross-linked. These processes limit the spread of
viral infection [21].

It has been previously proven that an increase in
molybdenum concentration leads to an increase in
aldehyde oxidase activity and, consequently, posi-
tive growth and development of barley is observed
[22].

The object of study of our work is a plant of the
nightshade family (Solanaceae) — Nicotiana ben-
thamiana.

The aim of this work is to find the optimal con-
centration for aldehyde oxidase activation.

Main objectives are:

- to apply an efficient and cost-effective method
to replenish molybdenum deficiency in the experi-
mental plant;

- to demonstrate the exogenous effect of molyb-
denum on aldehyde oxidase activity against virus
infection.

Materials and methods

Seed priming and planting.

Priming of Nicotiana benthamiana seeds in 0.1;
0.5 and 1 mM concentration of sodium molybdate
dihydrate (Na,M0O,*2H,0), sodium tungstate dihy-
drate (Na,WO,*2H,0) and molybdate with sodium
tungstate dihydrate was performed. Distilled water
was used as a control [23]. Since the seeds are small,
priming was carried out for 1.5 hours.

After the seeding process, the seeds were dried,
thirteen seeds were selected from each group and
sown in pre-moistened soil in a specially equipped
growth chamber. Universal soil (“Terravita”, Rus-
sia) for sowing seeds was sterilized in an autoclave
for 30 minutes at a pressure of 1 atmosphere. Op-
timal conditions for seed germination were main-
tained in the growth chamber: air humidity of about
78% and air temperature of 28 °C. All pots were
sealed with parafilm and covered with foil to cre-
ate the best conditions for seed germination: dark-
ness and humidity. After seven days, the germinated
seeds were counted.
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Performing native gel electrophoresis of seeds.

The remaining seeds were homogenized in pre-
cooled porcelain mortars with the addition of the
extraction buffer at 1:3 ratio to perform native gel
electrophoresis under the non-denaturing condi-
tions. The extraction buffer included 250 mM su-
crose, EDTA, L-cysteine, DTT and TRIS-HCI, pH
8.5 [24]. The separation and loading gels were used
for electrophoresis.

The separation gel consisted of acrylamide, bi-
sacrylamide, TRIS-HCI pH 8.5, TEMED, APS,
and distilled water. The loading gel also consisted
of acrylamide, bisacrylamide, TRIS Base pH 6.8,
TEMED, APS and distilled water. Samples were
loaded into these gels at 4:1 ratio using the loading
buffer, and the process itself was performed in the
electrode buffer containing TRIS-HCI, TRIS-base
and glycine solution with pH 8.89 [25]. Before the
main electrophoresis, “pre-phoresis” was performed
on an idle gel for 30 minutes under the same condi-
tions as the main electrophoresis (110 V and 50 mA).
“Pre-phoresis” was necessary to clear the gel of re-
sidual unpolymerized reagents. Electrophoresis was
performed at 110 V and 50 mA current for 3.5 hours.

Determination of aldehyde oxidase activity of
seeds.

To determine the aldehyde oxidase activity of
seeds in gel that had undergone the seeding process
in the previously mentioned solutions, a reaction
mixture was prepared. This mixture included 2.5 ml
of 50 mM TRIS-HCI (pH 7.4); 15 mg vanillin, 10
mg indole-3-carboxaldehyde, 6 mg thiazolyl blue
tetrazolium bromide (MTT), and 1 mg phenazine
methosulfate (PMS). The total volume was brought
to 25 ml with distilled water. The gel was incubated
in the prepared substrate in a thermal shaker for 30
minutes at 37°C in the dark until violet bands ap-
peared. These bands characterized the activity of
aldehyde oxidase [22].

Cultivation of Nicotiana benthamiana plants in
soil.

After counting the germinated seeds, twelve
seedlings were replanted into individual pots with
soil mixed with vermiculite. Plants were grown in
the same specially equipped growth chamber under
conditions simulating a 17-hour day and a 7-hour
night. Artificial lighting was provided by Klaus
LED lamps with a spectrum of 6400 K. Watering
was carried out every 3 days with 40 ml of distilled
water for each plant [26].

Cultivation of Nicotiana benthamiana plants on
a hydroponic unit.
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Twelve seedlings were placed on small pieces of
mineral wool and put in plastic boxes with pre-pre-
pared solution for “Tripart/Flora Series” hydroponic
unit made in France.

The” Tripart/Flora Series” solution contains to-
tal nitrogen, potassium oxide, calcium oxide, iron
chelate 6% EDDA — 11% DPTA, copper chelate
EDTA, zinc chelate EDTA, boron and manganese
chelate EDTA.

Treatment of plants with tungsten, molybdenum
and tungsten-molybdenum solutions and inocula-
tion of wild-type Tomato bushy stunt virus (TBSV).

Month-old N. benthamiana plants with initially
similar morphological characteristics such as height,
lamina development and total vegetative mass were
selected for infection.

Ten month-old N. benthamiana plants with sim-
ilar morphological features were sprayed with three
pre-prepared concentrations of molybdate dihy-
drate, tungstate dihydrate and a combined concen-
tration of 14 ml per plant. Distilled water was used
as a control. Spraying was performed one day before
infection. Infection of wild-type Tomato bushy stunt
virus (TBSV) plants was carried out through the me-
chanical damage to the mid-tier leaves.

Infected plants were grown under identical con-
ditions until symptoms appeared. Morphological
changes were observed on the third and seventh day
after infection.

Homogenization of samples for horizontal gel
electrophoresis.

300 mg of each of the leaves of control and inoc-
ulated N. benthamiana plants with wild-type TBSV
were homogenized in TE buffer consisting of TRIS
pH 7.4 and EDTA pH 8 at 1:2 ratio (mg/ul buffer
sample) on ice in sterile porcelain mortars. After
homogenization, the samples were centrifuged [20].

Results and discussion

Determination of aldehyde oxidase activity
in native gel after seeding at 0.1; 0.5 and 1 mm
concentrations

As aresult of enzymatic staining, three isoforms
of aldehyde oxidase (AO1, AO2 and AO3) were
detected in the seeds. Figure 1 shows that all three
concentrations of tungsten decreased the activity of
AOl isoform.

The effect of aldehyde oxidase activity
enhancement was more intense in samples incubated
in molybdenum solutions compared to combined
concentrations and concentrations with tungsten.
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Mo+W
0,1 mM

Mo+W Mo+W Mo

Control 0,5 mM 1mM 0,1 mM

Mo Mo W w w
0,5 mM 1 mM

0,1 mM 0,5 mM 1mM

Figure 1 — Determination of aldehyde oxidase activity in gel after electrophoresis
in non-denaturant conditions in N. benthamiana seeds

Previously, three AO isoforms in pea plants
(PAO1, PAO2 and PAO3) were identified by a
number of scientists. PAO1 was most active in
the leaves of seedlings and young leaves of adult
plants. In roots, PAO1 was found only in seedlings.
As pea plants aged, this isoform disappeared.
PAOI plays an important role in the germination
and development of pea plants [27]. The above-
mentioned article supports our findings, since with
increasing tungsten concentrations, the intensity
of staining of AO1 isoform decreases, and after
planting, the germination of seeds incubated in
tungsten concentration decreases (Fig. 2).

The opposite result was obtained when
seeds were incubated in molybdenum solutions.
Increasing the molybdenum concentration increased

Mo 0,1 mM
(12 from 13)

Control
(11 form 13)

W 0,1 mM
(11 from 13)

the activity of aldehyde oxidase. Also, molybdenum
had a positive effect on seed germination (Fig. 2).
The data obtained by us are consistent with earlier
studies [28, 29], according to which molybdenum
is vital for the normal growth and development of
plants.

Seed germination results

Priming is a cost-effective way to replenish
the lack of essential trace elements for the good
plant growth and development [30]. Therefore,
we applied this method to replenish trace element
deficiency.

A week after sowing the seeds that had
undergone the seeding process, the germinated
seeds were counted in comparison with the control.
Thirteen seeds were planted in each pot (Fig. 2).

Mo+W 0,1 mM
(12 from 13)

Mo 0,5 mM
(12 from 13)

W 0,5 mM
(11 from 13)

Mo+ W 0,5 mM
(13 from 13)

Mo 1 mM
(13 from 13)

W 1mM
(4 from 13)

Mo+W 1 mM
(12 from 13)

Figure 2 — The growth of N. benthamiana after priming with various concentrations
of Mo, W and Mo+W on day 7 of cultivation

From the result obtained (Fig. 2) it follows that

the most optimal concentration for seeding is 1

Mm concentration of sodium molybdate dihydrate

(Na,MoO,*2H,0), i.e. at this concentration, absolute
seed germination is observed (13 out of 13). Studies
conducted on barley confirmed that molybdenum has
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a beneficial effect on the growth and development of
seedlings [22].

Morphological signs of infection of plants with
wild-type TBSV grown in soil

Three days after inoculation, the first signs of
infection appeared in the form of slight curling of the
upper tier leaves. Symptoms were weakly manifested,
the only exceptions being 0.5 and 1 mM concentrations
of Mo and 1 mM concentration of W. Plants sprayed
with the above mentioned concentrations showed

necrosis of the mid-tier leaves (Table 1, Fig. 2). It
is difficult to predict the dynamics of virus infection
spread based on the results of the third day.

Subsequent observation of the development
of symptoms was performed on the day after
inoculation.

On the seventh day, there was an increase in
infection symptoms. Control plants showed stan-
dard infection symptoms characteristic of wild-type
TBSV (Fig. 4, Table 2) [31].

Table 1 — Symptoms of virus infection on the third day after inoculation of soil-grown plants

Metattes / 0.1 MM 0.5 MM 1 MM
Concentrations
Control Curling of the upper tier leaves, chlorosis of the lower tier leaves
Mo Slight curling of the upper tier leaves | Necrosis of the mid-tier leaves Necrosis of the mid-tier leaves
W Slight curling of the upper tier Slight curling of the upper tier Necrosis of the mid-tier leaves
leaves leaves
Slight curling of the upper tier Slight curling of the upper tier Curling of the upper tier leaves,
Mo +W ; .
leaves leaves chlorosis of the lower tier leaves

1 mM

Figure 3 — The morphological signs of plant infestation treated
with 0.1, 0.5, 1 mM concentrations of Mo and Mo+W 3 dpi.

leaves, curling and mosaic of the upper tier leaves.
With the increase of tungsten concentration, plant
resistance to virus infection decreases (Table 2, Fig.

Plants sprayed with 1 mM tungsten concentra-
tion showed the most striking symptoms of infec-
tion: apical necrosis, death of the mid- and lower tier
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4). The obtained result is supported by research data,
according to which tungsten has a deleterious effect
on plants: it causes deformation of cell components,
disrupts the cell cycle and gene expression [32, 33].

An increase in molybdenum concentration from
0.1 to 1 mM increases plant resistance to virus in-
fection. Plants sprayed with 1 mM concentration of
molybdenum showed minimal symptoms of infec-
tion (Table 2, Fig. 4).

It has already been proven that molybdenum
helps to increase yield and improve the quality of
fruits [34], so it is often used as a fertilizer [35].
Batyrshina states that molybdenum increases the ac-
tivity of AO in barley leaves [22]. According to Yer-
galiyev, virus infection also increases the activity of
AO enzyme in N. benthamiana leaves, which leads
to an increase in H,O, production. This was the first
demonstration of the participation of plant AO in
defense mechanisms against virus infection [20].

Thus, molybdenum promotes aldehyde oxidase
activation, increasing plant resistance to biotic stress
(virus infection).

Plants sprayed with combined solutions showed
a slight increase in symptoms toward increasing
concentrations. In general, the symptoms of infec-
tion of the combined concentrations were similar to
those of the control plant.

Detection of virus infection in inoculated soil
plants by agarose gel electrophoresis

Virions are infectious virus particles. They con-
sist of proteins, envelope (lipid membrane) and nu-
cleic acid: DNA or RNA [36].

Virions were detected in infected plants by aga-
rose gel electrophoresis (Fig. 5) [37].

Detection of genomic RNA virus in gel under
UV light was performed using the Mego Bio-print-
1100/20M gel documentation system and ECX Vil-
ber Lourmat ECX transilluminator (France).

This gel analysis showed that all inoculated
plants were infected. This method is particularly
important for infected plants pretreated with three
molybdenum concentrations, since wild-type TBSV
causes mild symptoms of infection compared to
tungsten-treated and control plants.

Table 2 — Symptoms of virus infection on the seventh day after inoculation of soil-grown plants

Morphological signs of infection of plants with
wild-type Tomato bushy stunt virus (TBSV) grown
on a hydroponic unit

On the third day after infection, the main
characteristic of virus infection spread is the
appearance of numerous side shoots (Table 3,
Fig. 4). This sign of virus infection spread is an
indicator specifically for TBSV [38].

Afterspraying withthree tungsten concentrations,
plants were characterized by the stunted growth.

Plants sprayed with molybdenum and
combined concentration continued to grow even

Metattes / 0.1 MM 0.5 MM 1M
Concentrations
Control Curling of the upper and mid-tier leaves, death of the lower tier leaves
Curling of the upper tier leaves Curling of the upper tier leaves . . .
. . . light curl f th t
Mo and small areas of necrosis on the | and mosaic pattern on the mid- Slight cur mlisves ¢ upper tiet
mid-tier leaves tier leaves
. . Curling of the upper and mid- Ap ! cal necrosis, d.eath of the
Curling of the upper tier leaves, . mid- and lower tier leaves,
W o . tier leaves, death of the lower . .
wilting of the lower tier leaves . curling and mosaic of the upper
tier leaves .
tier leaves
Curling of the upper tier leaves Curling of the upper and mid-tier Curling of leaves and mosaic
Mo +W and small areas of necrosis on the leaves, small areas of necrosis pattern on the mid-tier leaves,
mid-tier leaves on the mid-tier leaves necrosis of the lower tier leaves

after inoculation. It has already been proven that
molybdenum enhances the oxidative tolerance of
plants by increasing the activity of antioxidant
enzymes and the production of abscisic acid
(ABA) [39]. Therefore, plants treated with
molybdenum continued to grow. The stunted
plant growth after spraying with tungsten
is a toxic effect characteristic of this metal
[40].

Subsequent observation of the development
of symptoms was performed on the day after
inoculation.
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Control

Mo + W

Figure 4 — The morphological signs of plant infestation treated
with 0.1, 0.5, 1 mM concentrations of Mo , W and Mo+W 7dpi

Mo W R + W M W Mo + W Mo w Bl + W
Control 0,1 m 0,1 mha 0,1 mh 0,5 mm 0,5 mM 0,5 mM 1mm 1 mM 1mM

"Lkl L Saf L

Figure 5 — Detection of RNA molecules in agarose gel from soil-grown plant samples:
(A) using gel-documenting system Mego Bio-print-1100/20M, (B)
using transilluminator ECX Vilber Lourmat (France)

On the seventh day after inoculation, plants treat- Tungsten is a heavy metal [42]. Heavy metals
ed with 1 mM concentration of tungstate showed  (such as lead and copper) stimulate virus infection
clear symptoms of infection. The lower tier leaves  and lead to the virus population doubling [43]. Per-
died. It has been documented that excess tungsten  haps tungsten has a similar effect on the plant de-
can cause programmed cell death (PCD) [41]. fense system.
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Table 3 — Symptoms of virus infection on the third day after inoculation of hydroponically grown plants

M
etattes / 0.1 MM 0.5 MM 1 MM
Concentrations
Control Curling of the upper tier leaves, necrotic lesions on inoculated leaves
Appearance of numerous side Appearance of numerous side Appearance of numerous side
Mo shoots (bushy appearance), curling | shoots (bushy appearance), curling | shoots (bushy appearance), curling
of the upper tier leaves, necrotic of the upper tier leaves, necrotic | of the upper tier leaves, necrotic
lesions on inoculated leaves lesions on inoculated leaves lesions on inoculated leaves
Stunted growth, curling of the Stunted growth, increased curling
Stunted growth, curling of the upper tier leaves and necrotic of the upper tier leaves, presence
w upper tier leaves and necrotic lesions on inoculated leaves, of necrotic areas on the upper tier
lesions on inoculated leaves appearance of numerous side leaves, appearance of numerous
shoots (bushy appearance) side shoots (bushy appearance)
Appearance of numerous side Appearance of numerous side Appearance of numerous side
Mo + W shoots (bushy appearance), curling | shoots (bushy appearance), curling | shoots (bushy appearance), curling
of the upper tier leaves, necrotic of the upper tier leaves, necrotic | of the upper tier leaves, necrotic
lesions on inoculated leaves lesions on inoculated leaves lesions on inoculated leaves
0,1 mM 0,5 MM 1mM
Mo
Control
W
Mo + W

Figure 6 — Morphological signs of infection in N. benthamiana plants grown on a hydroponic

unit and treated with 0.1, 0.5, 1 mM concentration 3 dpi.

The symptoms of infection of plants sprayed Plants sprayed with three concentrations of
with the combined concentration are similar to the ~ molybdenum also showed symptoms of infection.
symptoms of virus infection in the control plant.  Despite this, we discovered a trend: the higher the
Chlorosis of the lower leaves in plants treated with ~ concentration, the weaker the symptoms of infec-
0.5 and 1 mM concentrations of Mo+W is a charac-  tion. The weakest symptoms of infection were char-
teristic sign of heavy metal impact on plants [44]. acteristic of 1 mM concentration of molybdenum.
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It has already been proven that treatment of plants
with non-toxic concentrations of the heavy metal
cadmium can inhibit the spread of virus infection by
blocking virus exit from the vascular tissue [45]. This
experiment demonstrated that a 1 mM concentration
of molybdenum is capable of delaying the spread of
viral infection. This fact is explained by the activation
of the aldehyde oxidase enzyme, which has a defense
property against virus infection [46].

Necrosis of inoculated leaves of plants treated
with 0.5 and 1 mM concentrations of molybdenum
is a defense mechanism to block the spread of vi-
rus infection. According to Tapan K. and Yergali-
yeva T., AO can serve as an important biological
source of reactive oxygen species (ROS), which
perform defense functions during the pathogen
invasion by blocking the spread of virus infection
[20].

Table 4 — Symptoms of virus infection on the third day after inoculation of hydroponically grown plants

Metattes / 0.1 MM 0.5 MM 1 MM
Concentrations
Control Curling and mosaic of the upper tier leaves, complete necrosis
of inoculated mid-tier leaves and wilting of the lower tier leaves
Curling of the upper tier leaves,
increased shoot growth, necrosis Slight curling of the upper tier Slight curling of the upper tier
Mo of shoot leaf tips, mosaic and leaves and necrosis of inoculated | leaves and necrosis of inoculated
increased curling of the upper tier leaves leaves
leaves

Mosaic and increased curling of the
W upper tier leaves, increased shoot
growth, necrosis of shoot leaf tips

Curling of the upper tier leaves,
shoot leaves curling, necrosis
of inoculated leaves. Intense

chlorosis of the lower tier leaves.

Increased curling of the upper tier

leaves, curling and necrotic lesions

on the mid-tier leaves, dying off of
the lower tier leaves

Mosaic and increased curling of the

Curling of the upper tier leaves
and necrosis of inoculated leaves.

Curling of the upper tier leaves,
necrotic lesions on inoculated mid-

Mo +W upper tier leaves, increased shoot . . . .
PP . . Intense chlorosis of the lower tier | tier leaves. Intense chlorosis of the
growth, necrosis of shoot leaf tips .
leaves. lower tier leaves.
0,1 mM 0,5 mM 1mM
Mo
Control
W
Mo + W

Figure 7 — Morphological signs of infection in N. benthamiana plants grown on a hydroponic unit
and treated with 0.1, 0.5, 1 mM concentration 7 dpi.
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Detection of virus infection in inoculated plants
grown on a hydroponic plant using agarose gel
electrophoresis

Mo W

Contral DdmM 01 mmM

.....

Bl + A Mo

Virus particles acids that glow under UV light.
Wild-type TBSV can be seen as single bright bands
on traces with samples isolated from leaves of
infected N. benthamiana plants (Fig. 8).

W Mo + W Mo W
0,5 mM 0,5 mM 1 mM 1

..........

Figure 8 — Detection of RNA molecules in agarose gel from plant samples grown on a hydroponic unit:
(A) using gel-documenting system Mego Bio-print-1100/20M, (B) using transilluminator ECX Vilber Lourmat (France)

Conclusion

Molybdenum deficiency leads to deterioration
in the quality of crop products, and the impact of
such abiotic stress as virus infection damages the
entire agriculture of the Republic of Kazakhstan.
Exposure to one stress affects the response of plants
during another stress. These two issues formed the
basis of our article.

Molybdenum deficiency in plants was
replenished by priming. The optimal concentration
for seed saturation is 1 mM molybdenum
concentration, since it is this concentration that
promotes absolute seed germination.

Plants deficient in a vital trace element such as
molybdenum become the most vulnerable to virus
infection.

Our study confirmed that molybdenum
application can enhance plant defense mechanisms
against virus infection by activating the
molybdoenzyme, aldehyde oxidase. Aldehyde
oxidase promotes the production of hydrogen
peroxide, which helps to inhibit the spread of virus
infection in experimental plants.

Aldehyde oxidase produces H202 during the
oxidation of aromatic and aliphatic aldehydes.
Oxidation electrons are transferred to molecular
oxygen in a two-electron transfer step, resulting in
the reduction of molecular oxygen to H202.

H202 performs several sequential functions: it
initiates intense oxidative stress, accompanied by
damage and cell death at the site of virus penetration,
then peroxide acts as signaling molecules, induction
of plant protective genes, glutathione S-transferase
(GST) and glutathione peroxidase (GPx), which
contribute to the formation of adaptive mechanisms
and strengthen the cell wall: papillae are formed,
lignification process is activated. As a result,
the supply of nutrients to neighboring tissues is
restricted, which leads to inhibition of the spread of
viral infection.

In this case, even infected plants continue
their growth and development. The optimal
concentration for increasing plant resistance to
virus infection is also 1 mM concentration of
molybdenum. This study confirmed that 1 mM
concentration is optimal for seed germination and
resistance to virus infection.
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OUEHKA COBPEMEHHOTO COCTOSIHUS
APEBECHO-KYCTAPHMKOBOW ®AOPbI
HEKOTOPbLIX PAMOHOB IOPOAA ACTAHA

Tun
|

BnaoBoe pasHoobpasme pacTUTEABHOrO MMPA, MPEACTAaBAEHHOTO AEPEBbIMM M KyCTapHUKaMM
B yp6aHM3MPOBAHHOM CpPeAe, MMEET HEMaAOBaXKHOE 3HAuyeHWe B MOAAEP>KAHWMU 3KOAOrMUYECKOro
6anaHca. [1ocpeACTBOM APEBECHBIX M KYCTAPHUKOBbIX HACAXKAEHMI Ha YAMLIAX rOPOAA PELIAeTCs psiA
9KOAOTMYECKMX BOMPOCOB, TAKMX KakK CHWXKEHWE YPOBHS 3arps3HeHus aTMOCEPHOro BO3AyXa OT
MOAAIOTAHTOB M MbIAEBbIX YaCTULL, 0OYCAOBAEHHOE ra30- U MbIAE YCTONUMBOCTbIO PACTEHUI; CMSrYeHme
LIYMOBOro 3arpsidHeHns 6Aaroaapst LYMOW3OAUPYIOLEN CMOCOOGHOCTU APEBECHO-KYCTapHMKOBbIX
pacTeHun.

B AaHHOM cTaTbe npuWBEAEHbl aKTyaAbHble CBEAEHWSI COBPEMEHHOrO COCTOSHWMS ApPEBECHO-
KYCTapHUKOBOWM (hAOPbI OTAEAbHbIX PaliOHOB ropoAa ACTaHa, pa3bUTbIX Ha 5 OCHOBHbIX Y4YaCTKOB.

B xoae MHBEHTapM3aLMM 3eAEHbIX HACAXKAEHUIA HA MCCAEAYEMbIX YYacTKax Hamu ObiA BbISIBAEH
BMAOBOM COCTaB A€HAPOMAOPBI, NPEACTaBAEHHDIN 36 BUAAMM, 13 HMX 21 BUA APEBECHbIX MOPOoA 1 15
BMAOB KyCTapHMKOB. Ha Bcex yuacTkax NpoBeAEH aHaAM3 BKAQAQ 3€AEHbIX HaCaXK AeHMI B (HOPMMPOBaHME
3KOAOTMYECKM KOMPOPTHDBIX YCAOBUIN AAS HaceAeHus. B cBsi3uM C 3Tum npoBeaeHa (OyHKUMOHaAbHAS
OLleHKa MPUMEHEHUS APEBECHO-KYCTAPHMKOBBLIX PACTEHUI B PA3AMUHbIX TUMAX O3EAEHUTEAbHbIX
CTPYKTYp, TakKMX KakK rpynnoBble MOCaAKW, AaAAen, XXMBble U3ropoAn, OAMHOYHbIE MOCAAKU U Apyrue
KOMOMHaumu. B pesyAbTate GbIAO YCTAHOBAEHO: PYMMOBbE HACAXKAEHMUS MPEACTABAEHbI 25 BUAAMM
M3 KOTOPbIX 64 % COCTaBASIOT ApPeBECHbIE MOPOAbI M 36 % KyCTapHWKMW; aAAen XapakTepusytotca 11
BMAAMM 13 KoTopbix 81,8 % aepeBba 1 18,2 % KyCTapHWKK; B BUAE OAMHOYUHbIX MOCAAOK (COAUTEPDI)
BbIIBA€HO 10 BMAOB, 13 HUX 90 % aAepeBbs U 10 % KyCTapHUKU; B BUAE >KMBbIX M3rOPOAUNIA MPUMEHSIOTCS
7 B1uAOB — 14,28 % aepeBbs 1 85,72 % KyCTapHUKU.

KAtoueBble cAOBa: BMAOBOM COCTaB, AEHAPOMAOPA, APEBECHbIE M KYCTapPHWKOBbIE PACTEHMS,
3eAeHble HacaXKAeHUs.
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Assessment of the current state of the tree and shrub flora
of some districts of the city of Astana

The species diversity of the plant world represented by trees and shrubs in an urbanized environ-
ment is not unimportant in maintaining ecological balance. By means of tree and shrub plantings on the
streets of the city, a number of environmental issues are being solved, such as reducing the level of at-
mospheric air pollution from pollutants and dust particles caused by the gas and dust resistance of plants;
mitigating noise pollution due to the noise-insulating ability of woody and shrubby plants.

This article provides up-to-date information on the current state of the tree and shrub flora of certain
districts of the city of Astana, divided into 5 main sections. During the inventory of green spaces, in the
studied areas, we identified the species composition of the dendroflora and compiled an assortment of
plants represented by 36 species, represented by 21 species of tree species and 15 species of shrubs. The
analysis of the contribution of green spaces to the formation of environmentally comfortable conditions
for the population was carried out at all sites. In this regard, a functional assessment of the use of woody
and shrubby plants in various types of landscaping structures, such as group plantings, alleys, hedges,
single plantings and other combinations, was carried out. As a result, it was found: group plantings are
represented by 25 species of which 64 % are tree species and 36 % are shrubs; alleys are character-
ized by 11 species of which 81,8 % are trees and 18,2 % are shrubs; in the form of single plantings
(tapeworms) 10 species, of which 90 % are trees and 10 % are shrubs; in the form of hedges there are 7
species, 14, 28 % trees and 85,72 % shrubs.

Key words: species composition, dendroflora, woody and shrubby plants, green spaces.
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AcTaHa KaAacCbIHbIH, Kerbip ayAaHAAPbIHbIH,
araw-0yTta cpAopacbiHbIH, Ka3ipri )kai-KyiiH 6araray

YpbaHu3aumsAaHFaH opTasa araliTap MeH OyTaAap YCbIHATbiH OCIMAIKTED ©OAEMIHIH TYpPAIK
SPTYPAIAITI SKOAOTUAABIK, TEMEe-TEHAIKTI CakTayAa MaHbI3Abl POA aTkapaAbl. Kaaa kelleaepiHaeri aralu
>koHe ByTa ekrneAepi apKbiAbl GipKaTap 3KOAOTMSIAbIK, MOCEAEAEP LIEWIAEAl, MbICaAbl, OCIMAIKTEPAIH
rasz 6eH waHra Te3iMAIAIriHe 6aMAaHbICTbI MOAAIOTAHTTAP MEH LaH GeAlleKTepiHEH aTMOCGepaAbk,
ayaHblH, AaCTaHy AEHremiH TOMEHAETY; afawl — OyTa OCIMAIKTepiHiH Wy okayAay KabiAeTiHiH
ApPKACbIHAQ LYAbIH, AACTAHYbIH a3anTy.

byA Makaraaa 5 Herisri yuackere 6eAiHreH AcTaHa KaAacCblHbIH KEKEAEreH ayAaHAAPbIHbIH, aFalll-
6yTa pAOpaCbIHbIH Ka3ipri »Kan-KymiHiH ©3eKTi MOAIMETTEpi KeATIpiAreH. XKacbIA >kxeAekTepAi TyreHaey
6apbICbIHAQ, 3EPTTEAETIH yuackeaepae 6i3 AEHAPOMAOPaHbIH TYPAIK KypamblH aHbIKTAAbIK, >KoHe
36 TYpAEH TypaTblH OCIMAIKTEPAIH aCCOPTMMEHTIH >kacaablk, 21 araw Typi MeH 15 OyTa TypimeH
YCbIHbIAFaH. bapAbIK yuYackeAepAe >KacblA eKNeAepAiH XaAblK, YLLiH SKOAOTMSABIK KOAAMABI KaF AaAapAbl
KAABINTACTbIPyFa KOCKAH YAECiHe TaaAay >Kyprisiaai. OcbiFaH 6aiAaHbICTbl  TOMTHIK,  eKMeAep,
aAAEsIAAp, KOPLUAYAQp, >KAAFbI3 eKneAaep oHe 6acka Aa KOMOMHaUMSIAAD CMSIKTbl KOraAAQHABIPY
KYPbIABIMAAPbIHbIH PTYPAI TYpAEPiHAE aFall-0yTa 6CIMAIKTEPIH KOAAAHYAbI (DYHKLIMOHAAABIK OaFasay
XKYPri3iaai. HoTmxkeciHAe MblHAA@p aHbIKTaAAbl: TOMTbIK, eKneAep 25 TYPAEH Typaabl, OAapAbIH, 64 %
aral TypAepi xoHe 36 % Oytasap; aaresaap 11 TypimeH cumnatTasaabl, OAapAbiH 81,8 % arawrap
koHe 18,2 % OyTaaap; >kKaArbi3 ekneaep TypiHae 10 Typi, oHbiH 90 % arawTap xeHe 10 % OyTasap;
arawtap MeH GyTaaapaaH Kopliay (xeAxxupaey) 7 Typi 6ap — 14,28 % arawutap >xaHe 85,72 % OyTasap.

Ty#in ce3aep: TYp Kypambl, AEHAPOAOPA, afalll XXaHe OyTa eCiMAIKTEpI, XXaCbIA KEHICTIKTep.

BBenenue

3eNeHplii MacCMB TOPOJA, IIPEICTABICHHBIMA
napKamu, CKBepamH, aJiesiMu, OyIbBapaMu, )KUBbI-
MU HU3TOPOJSIMU U NPUIOPOKHBIMU MMOCAKAMU Ha-
XOJIATCS B CJIO’KHBIX DKOJIOTHIECKUX YCIOBHSIX CPe-
JIBI, TIOCTOSTHHO HUCITBITHIBAET HA ceOe BO3ICHCTBUE
BBICOKMX KOHIIEHTPAI[Ui BBIXJIOMHBIX Ia30B, IbLIH,
CaXXH OT TPAHCIIOPTA, MOBBIMICHHYIO PEKPEAIOH-
HYIO Harpy3Ky M pe3Koe KoJicOaHue TeMIepaTyphl
Bo3myxa. OmHaKoO, NPEBECHBIE W KyCTapHHUKOBEHIC
pacTEHUSI UTPAIOT BAXHYIO POJIb B JKU3HHU TOpOJa
u 00namaT MoNMU(YyHKIIUOHATBHBIMU CHOCOOHO-
crsaMu. OHH SIBIISIOTCS OCHOBHBIM COCTABJISIOLIAM
3JIEMEHTOM 3€JICHBIX TEPPUTOpUN B ypOaHU3UPO-
BaHHOM cpene. JpeBecHble U KYyCTapHUKOBBIE pac-
TEHHS CIIOCOOHBI YIJIABIIMBATh U aKKYMYJIHPOBATH
MOJUTIOTAHTHI, CO3/1aBasi OJArONPUSTHBIE YKOJIOTHU-
YECKHE YCI0BUS. PacTeHUs BBIMOIHIIOT HECKOJIBKO
(GbyHKINNA. Bo-TIepBBIX, OHU CITYy)KAaT €CTECTBEHHBIM
(UIBTPOM, MOTJIOINIAs BPEIHBIC BEIISCTBA U3 BO3LY-
Xa W CHW)Kasi YPOBEHb 3arpsisHEHUsI. DTO 0COOCHHO
B)KHO JIJISI TOPOJICKUX KUTEJICH, KOTOPBIC TTOIBEP-
TaloTCs BO3JCUCTBUIO BBIXJIOMHBIX TA30B U JPYTHUX
TOKCUYHBIX BetecTs [1, 2].

B mHacrosee BpeMs MPOUCXOIUT YBEIUMUCHUE
KOJIMYECTBA TOPOJOB MU METaloJMCOB, UTO MpHU-
BOJIUT K HapYIICHWIO KOJOTHYECKOTo OanaHca u
YMEHBIIEHUIO 3€JIEHbIX 30H. B 3TOI CBsI3U MpoOBO-

JIUTCSI MOHUTOPUHT APEBECHO-KYCTaAPHUKOBOH ()J10-
PBI HEKOTOPBIX paiioHOB ropojyia Acrana. OCHOBHas
[IeJTh MOHUTOPHWHTA — OIEHHUTH COCTOSHUE pPacCTH-
TCJIIBHOCTHU W HAJIMYHUC JKOJIOTHYCCKUX HpOGJIeM B
pailoHax ropoja.

B xozne nccnenoBanns ObUIO BBIABICHO, YTO B
CEBEPHOM YacTH ropojia UMEETCs BRICOKUN YPOBEHb
3arpsi3HCHMsI BO3JyXa, YTO OTPUIATEIHHO CKa3bl-
BaeTCsl HAa PaCTUTENBHOCTH. B TO ke BpeMs ObLIO
BBIABJICHO, YTO B HeHTpaJ]bHOﬁ qacTh ACTaHBI ape-
BECHO-KYCTapHUKOBasi (priopa HaxoawTcs B Oojee
OJIArOTIPUATHBIX YCIOBUAX (TTapKoBas 30Ha). MOHH-
TOPUHTI' COCTOSIHHS JAPEBECHO-KYCTAPHUKOBOMN (JI0-
PBI ACTaHBI TOMOYKET BHECTH PETYJIUPYIONIUE MEPHI
JUTS 3aIIATHI OKPYKAIOIIEH CPE/b U CIEeNaTh TOPO/T
OoJiee SKOJIOruIecKy 0e30MaCHBIM.

JlepeBbs M KyCTapHUKH WTPAIOT BXKHYIO POJIb
B PEryJsIIUA BJarn B atMocdepe, CIIoCOOCTBYS
KOHJACHCAIIUHM BJIarkd Ha CBOUX JIMCTBAX IPU ITOBBI-
IIEHHON BIJIAYXKHOCTH W BBIJIEISIS BJIary oOpaTHO B
BO3JIyX B YCIOBHUSX €T0 3aCyIIINBOCTH [3, 4]. Bax-
HOCTb U3YUYCHUA pa3H006pa3H;I BUIOB JEPCBLEB U
KYCTapHUKOB B TOPOJICKHX YCIIOBHSX, OCOOCHHO B
KOHTCKCTC BJIMAHHA Ha CO31aHUC 6.HaI‘OHpI/I$ITHOI\/II
9KOJIOTMYECKON CUTYyallUH, AKTyalIU3UPYETCS B CBE-
Te TuX (yHKIMA. Tak, aHAIU3 BUIOBOTO COCTaBa
1 MOP(OIIOTHY JINCTHEB JIPEBECHBIX U KyCTAPHUKO-
BBIX HACa)JICHWH B AcTaHe NpPEJCTaBIIICT COOOW
HOBATOPCKHI MTOIXO/] K OLIEHKE X BKJIaJa B TOPOJI-
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CKYIO 9KOJIOTHIO, UTO JAeJaeT JaHHOE UCCIIeI0BaHNE
YHUKAIBHBIM.

B cBs3m ¢ BBIIICYKAa3aHHBIM LCJIbIO HALICTO UC-
CJICIOBAHMS SBISIOCH ONpENeeHUe pa3HooOpasus
JIPEBECHO-KYCTapHUKOBOW PACTUTENFHOCTH B OT-
JACJIBHBIX paﬁOHaX ACTaHI)I, C LICJIBIO BBISABJIICHUA UX
BUOBOTO COCTAaBA.

Kraccudukarmst TOpOACKHUX 3eIeHbIX Hacaxk-
JICHUH OCHOBBIBaeTCS Ha HMX (YHKIMOHAILHOM
Ha3HAUYCHWH, KOTOPOE BIMSET Ha IJIOTHOCTH pac-
MIpeNleIeHnsl IePEeBbEeB U KYCTapHUKOB. ['opojackue
3eJIeHble MPOCTPAHCTBA KIACCU(UIMPYIOTCS Ha
0O0IIECTBEHHBIE, OTPAaHUYEHHOTO JIOCTYIIA U CHelH-
ann3upoBaHHbIe TUTBL. K 0OIIeCTBEHHBIM OTHOCAT
MapKH, casibl, CKBEPHI, OyJIbBaphl, a TAKKE 3€JICHBIC
30HBI BIOJH yiuil. [IpocTpaHCcTBa OrpaHUYEHHOTO
JIOCTYyTIA BKITIOYAIOT B Ce0s1 3€JICHBIE 30HBI Y 00pa3o-
BaTeNbHBIX, METUIIMHCKUX U JIPYTUX YUPEKACHHMH,
a TaKk)Ke Ha TePPUTOPUSIX MPEANPUSTHA U YaCTHBIX
nomosiiagenuil. K criennann3npoBaHHbBIM HacaXie-
HUSIM OTHOCSITCS CAHUTAPHO-3aIUTHBIC 30HBI, 00Ta-
HUYECKHE W 300JIOTMUECKUE CaJIbl, a TAK)KE KOMMY-
HaJbHBIC X035HcTBa [5 — 7].

OyHKIMK U 337a4H, BBIIOJHSAEMbIC 3€JICHBIMU
HacaXJIEHUSIMH B TOPO/IE

JlpeBecHbIe M KYyCTapHUKOBBIC )KH3HEHHBIE (Op-
MBI 00JIa/IaI0T IIUPOKUM CIIEKTPOM CBOMCTB M Ka-
YEeCTB U BBITIOJHSIOT CIEyIoIne (QyHKINN:

I. Commanpasie: 1) o3m0poBIEHNE HACEICHMUS,
2) pexpeanusi, 3) BOCHUTaHUE TOAPACTAIOIIETO M0-
KOJIeHUs, 4) TIO3HaHUE TIPUPOIBI POTHOTO Kpasi.

II. DOxomnornueckue: 1) OHONPOAYKTUBHBIE,
2) MO4YBO3AILUTHBIC, 3) KIUMATOPEryJIUPYIOLIHE,
4) BOIOOXpaHHBIE U BOJIOPETYIHPYIOIIHE.

III. KynerypHble: 1) nekopaTuBHOE 3HaueHHE,
OKHUBJISICT TOPOJ, 2) 03€JICHEHUE MECTHOCTH.

IV. CanurapHo-rurneHndeckue: 1) morsorie-
HUE YTJIEKUCIIOrO ra3a, 2) BbIAeNIEHHE KHCIOPO/a,
3) ouncTKa BO3AyXa OT BPEAHBIX IpUMeceii, 4) BbI-
Jenenne (GUTOHIUIOB, 5) 3alIUTa OT IIyMa U paju-
anuu, 6) NOHU3AIKUS BO3TyXa.

3eJIeHHBIE HACaKACHUs Ha OCHOBHBIX YJIHIAX
B TOPOJCKOM JaHAmadTe, HECYyT BECOMBIH BKIA[
B CHIDKEHHME JKOJIOTHUECKOH Harpys3ku. O3eneHu-
TEJIbHBIE CTPYKTYPBI B CTapoil yactu ropoja Acra-
Ha ObLTH BeIcaskeHBI 25-30 et Hazax. B aroif wactn
ropojga HeoOXOIUMO MPOBOIUTH OOHOBJIEHHE 03€-
JNIEHUTETBHBIX CTPYKTYp [8-10].

MarepuaJjibl 4 METOAbI HCCIIEI0BAHUS

HccnenoBanue 0XBaTbIBAJIO JIPEBECHBIE U KYy-
CTapHUKOBBIE HAaCAKACHMA, NMPOMU3pPACTAIOIINE HA
yauLax ropoga ACTaHbl B [IATH UCCIEAYEMbIX paii-
OHax.

N3y4aemMble y4acTKH BKIIIOYAIOT:

1) ynuiy JKupenraesa B 4 MUKpopaiioHe, paiioH
CIII Ne 22, xoropasi sBIseTCA y4acTKOM OTpaHH-
YEHHOTO MOIb30BaHus Ne 1;

2) ropojckoil mapk YKepyHbIK Ha IOr0-BOCTO-
Ke TOpojia, KOTOPBIH SIBISETCSI Y4aCTKOM OOIIero
moJib30BaHus Ne 2;

3) ymumy CapkaH, MapajuIeTbHYI0 TPOCTIEKTY
M. JKymabaeBa, pacnooKeHHYIO Ha I0Tr0-BOCTOKE,
KOTOpas ABISAETCS BHYTPUKBAPTAJIBHBIM yYacCTKOM
Ne 3;

4) ymuity AK %O0J — Y4aCTKOM OOIIETo MOJIb30-
Banust Ne 4, naHHas yiauia OTHOCUTCS K TPAH3UTHOM
TEPPUTOPHUHU C IIOBBILIEHHOHN 3arpy>KEHHOCTbIO;

5) NpOMBIIIJIEHHYIO 30HY B paiioHe yiuusl [lo-
CMyXaMeayJIbl, KOTOpast ABIISAETCS y4aCTKOM CIEIH-
albHOrO HazHadeHus Ne 5.

Pucynok 1 — PacnonoxxeHnue n3y4aeMbIX y4acTKOB Ha KapTe ropoja:
a) 1 — ymuua JKupenraeBa 4 Mukpopaiios, paiion cpeaueit mkonsl Ne 22; 2 — ropoackoii mapk JKepyiibik; 3 — ynuna Capkas;
0) 4 — ynuna AK K0, TpaH3UTHAasI 30Ha, OKUBIICHHAS Tpacca; 5 — MPOMBIIUIEHHAs 30HA B paiioHe ynuibl JlocMyxameyIbl.
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B xoxe wucciieoBaHUE HCIONB30BAICS METOJ
MapHIpyTHOH pEKOTHOCIIMPOBKH IS U3yUEHUS Tep-
PUTOPHH, BKITFOUAIOLIUH B CE0s1 IOKYMEHTHPOBAHHUE
MECT HaXOXJICHUS JPEBECHBIX W KYCTaPHHKOBBIX
pactenuii, mx coop u maeHtudukaruo. Hadmrome-
HUS 32 3€JICHBIMU HACAKICHUSIMU OCYIICCTBIISUIUCH
B IIEPUOJI ¢ BeCHBI 10 oceHb 2021-2022 rr. IIpensa-
PUTETBHYIO HIESHTHU(PHUKAINIO PACTEHUI TPOBOIH-
JIM HA MECTe, 00pa3libl PaCTCHUI COOMPAUCH IS
co3maHus repOapus U JaIbHEHIIEro OIpe/IeeHuUs
WX BUIOBOW mpuHamiexkHocT [11,12]. s coopa
JIAHHBIX O JIaHaIadTe TPUMEHSIICS KapTorpaduue-
CKHW aHaim3, JAeland GOTOCHUMKH JIEPEBHEB U KY-
crapHukoB [13].

Pe3yabTaTthl Hcc/ie10BAHUSA U UX 00CYKIEHHE

B mnactosimee BpeMst B ropojae Ais OTAbIXa
HaceleHusT uMmeroTcst 12 mapkoB u oguH borta-
HUueckuit cam. B paiione «Anmatey — «lIpe3u-
NeHTCcKu», «CTyneHueckuit», «3amuTHuKkoB OT-
euecTBay, «Kepyiblky, «Kepyilbik-2», «Ilapk um.
Baysipxana Mowmbitrymey, «XKerticy». B paitone
«Ecunp» — mapk «Apait», «Brarobaenabix», «Cto-
JUYHBIA NapK KyJbTYpbl U OTIbIXa», « TpHATIOH
napk Acrtanay, [lapk Bpoas p. Ecuib (seBbrit Oe-
per). U3 vux Tpuatnon, [IpesuaeHTckuii mapk u
napk Ha HaOepexHoW peku Ecmib o0benHUHBI B
OJHY MapKOBYIO 30HY | 00IIeH rmomanpio 250 ra.

[lanaexani:

OO0miee KOMMYECTBO CKBEpOB B ropone 117, B ro-
poje 1mecTh OyJIbBapoOB, CaMblii OOJIBIION M3 HUX
— Bogno-3enenslii OynbpBap B paiione «Ecuimby —
13 ra, OynmeBap mo yn. KynaeBa — 4,5 ra. B paii-
OHE «ANMAaTBD» MOXHO HacJaJuThCA OYyIbBapOM,
MpOJICTAIONIMM TI0 TNPOCHeKTy AolnaiixaHa, ero
IJIOMAZh COCTABISET 2 Ta, a Takke OyJIbBapoM
Ha ynune llymkuna-KpaBuoBa, kKoTopelii 3aHH-
Maet 2,3 ra. B paiione Capblapka MBI BCTpedaeM
Cupenesnrit OympBap miomanpio 0,93 ra u Oyib-
Bap Ha ynune AoOas-Kenecapsr miomaneo 1,43
ra. Exeromno Oyzer OmaroycTpaumBaThCsl OKOJIO
200-250 MecTHOCTH KaK CKBEPHI, OYIbBApHI, TApPKU
C OMHCAHUS KIIOYEBBIX (PaKTOPOB, BIUSIOUIMX Ha
pacTUTeNbHBIE COOOIIECTBa, BKIIOUAs TEMIIEPATy-
Py, OCaJKd W KOHIIEHTPAIMIO YTIEKHCIOTO Tasa,
MPEKIe YeM BBIJCIUTH THUIIBI BUIOB U DKOCUCTEM,
KOTOpBIE B HANOOJBIIIEH CTENIEHU MTOABEPIKEHBI PH-
CKy m3MeHeHus knmumara [14, 15].

Buoosoii cocmas oenopoghnopvl uccredyemvix
yuacmros

[lepBoHaYampbHBIM 3TAaNlOM HAIIUX HCCIENI0Ba-
HUH SIBJISTIOCH OIPENICIICHUN BUIOBOTO pa3HOOOpa-
3WsI IPEBECHBIX M KYCTAPHUKOBBIX PACTCHUH Ha BbI-
OpaHHBIX yyacTKax. Bce yuacTku xapakrepusyrorcs
LIMPOKOM BapHadEeIbHOCTBIO BUAOBOTO COCTaBa,
YTO CBSI3aHO C Pa3HBIMH THITAMH JIaHAMA(TOB, He-
OJIHOPOJTHOCTBIO AHTPOTIOTEHHOMN Harpy3kH Ha 3e-
JICHbIE HACaXICHHS.

Pucynok 2 — 3yuaembie ydacTKu: a- paiioH 22 mkoisl yii. JKupeHraesa;
0-mapk otabixa JXKepyibik
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Ha Bcex mccnenoBaHHBIX y4yacTKax OTMEYEHBI
OCHOBHBIE, HACTO BCTPEYAIOIINECS IPEBECHBIE ITOPO-
JIIbl, Takue Kak. Populus nigra, Populus balsamifera,
Acer negundo L., Betula pendula, Pinus sylvestris n
1p. JIJist KyCTapHUKOBBIX pacTeHUH HEOOXOIMMO OT-
METHTh CIICAYIOIINE JOMUHUpYoUe BUuabl: Ulmus
minor, Lonicera tatarica, Malus sibirica (xycrap-
HuukoBas popma), Syringa josikaea v T.11.

CrutomHble IpeBEeCHO-KYCTapHUKOBBIC HAaCaXk-
JICHYsI, 3aHUMAFOIIHEe OOJBIINE YIaCcTKU, 00pa3yroT
MaccuBbl. OHHM 00pa3yrOT OCHOBHOE SAPO TapKa U
MOMOTAIOT YJIyYLIUTh MUKPOKJINMAT U CAHUTAPHBIC
yCIIOBHsSL BO BceM peruoHe. [IpoBenst anamms pac-
YEeTHBIX JIAHHBIX O COCTOSHHH 3€JICHBIX HaCakJe-
HUI B ropoje AcTaHa, MOXHO C/eJIaTh BBIBOJ, YTO
cutyauus yiayummiace [16, 17, 18].

Ha xax oM uccneayeMoM yaacTke ObITu codpa-
HBI TepOapHble 00pa3Lbl IJIs ONpeeICHHS BUIOBO-
r'o pa3HOOOpa3us IPEBECHBIX U KyCTAPHUKOBBIX Ha-
cakieHuil. B mabopaTopHbIX yCIOBUSAX ONPEACIISIT
pacteHus 10 BHIA, 0POPMIISLTH repOoapHu.

CoBpeMeHHOE COCTOSIHHE JIPEBECHO-KYCTApHH-
KOBOW (pJIOpBI  XapaKTepU3yeTCsl CHIILHBIM BIIHSI-
HUEM YeJIOBEYECKOH NeSTEIbHOCTH U U3MEHEHHEM
KJIIMMAaTUYECKUX YCIOBUA. MHOrMe BUIbl pacTEHUN
CTOJIKHYJIUCH C YTPO30ii BBIMUpaHHS U3-3a Jerpa/ia-
LU TPUPOTHBIX SKOCHCTEM, MPOMBIIIJICHHOTO 3a-
TPA3HEHUS W HEXBaTKH BOJBL. OJHAKO HEKOTOPHIE
BUJIBI OOpen HOBBIC >KU3HEHHBIE BO3MOXKHOCTH
Onarozapsi aganTalndud K HOBBIM ycloBHsM. [Ipo-
TpaMMBI OXPaHbI IPUPOJIBI ¥ BOCCTAHOBIICHUS KO-
CHCTEM MIPAIOT Ba)KHYIO POJIb B COXpaHEHUH Jpe-
BECHO-KYCTapHUKOBOH ()JIOPBI, HO OCTAETCsl MHOT'O
paboTHI s TPEeOTBPAIIEHHUS JATBHEHIIINX yTPO3 U
MoJIepKaHuss OMOIOTHUECKOTo pazHoobpasus [19,
20, 21, 22]. CoxpaHeHue JECHBIX 3alI0BEIHUKOB U

CO3/I1aHNEe KOPHUIOPOB JIJIsl COSAMHEHNS (hparMeHTH-
POBaHHBIX JIECOB B KauecTBE Crocoda yydIleHHUs
COXpaHEHUs pa3HOOOpa3Hs JAPEBECHBIX PACTEHUI B
Tponuyeckux Janmamadrax [23, 24, 25].

BunoBoii cocraB yuactka Nel mpepacrasien 12
BHUJAMH JIEPEBhEB M KYCTapHUKOB. B 1memom nen-
npoduiopa cocTaBieHa ciemyromuM odpaszom: 75%
(9 BuioB) coctaBisitoT nepeBbs u 25 % (3 Buaa) Ky-
crapaukd. OCHOBHAsI OISl IPUXOUTCS HAa HE O0ITb-
M€ IPYIIOBbIC MOCAKU APEBECHBIX MOPOJI, TAKUX
Kak Acer negundo L., Populus nigra, Populus py-
ramidalis. KycTapHUKOBBIE pacTeHHS TIpeCTaBIe-
HBI )XUBOH M3TOpOAbIo U3 Lonicera tatarica, Malus
baccata (mu3ropocinasi opma — quuka) u Rosa spi-
nosissima B GpopMe MapooOpa3HbIX MPHIOPOKHBIX
HACaXJCHUI.

MaxkcuMallbHBIM pa3HOOOpa3ueM BUJIOB Jpe-
BECHBIX M KYCTApPHUKOBBIX PACTEHHI IMPEICTaBICH
uccienyemMblii yuactok Ne 2 — TropoJcKoil mapk
Kepyitpik (FOro-Boctok). Iapk «XKepyiibik» ca-
MbIW KPYMHBIA NapK, MJI0IIab KOTOPOrO COCTaBJIs-
et 88 ra. BumoBoii coctaB yuacTka cocTaBiseT 36
BHJIOB JIPEBECHO-KYCTAPHUKOBBIX PACTCHUH MECT-
HOH 1 mHOpaiioHnpoBaHoi (iopsl. Bee BUIBI 0Tpa-
J)KeHbI B Tabimie 1.

Ha yuactke Ne 3 — yn. Capkan, pacroiio-
JKEHHAsI ImapajuieIbHo ¢ mpocrekToM M. JXKXymabae-
Ba (FOro-BocTok) oTMeueHbl NPUAOPOKHBIE JKUBBIE
M3TOPOJIH, TPEICTABICHHBIE KYCTAaPHUKOBOH (op-
MO SI0JIOHM ATOIHON M MIMIIOBHUKA KOJIOYEHIIE-
ro. /IpeBecHble MOpOJBI PACIONOKEHBI XaOTHUYHO
B OOJIBIIIEH YacTH B KHJIOM MAacCUBE, IPOHU3pACTa-
IOIIME CIOPAJANYHO. BRI OTMEUEeHBI CleayIomye
Bunsl: Thuja occidentalis, Picea pungens, Betula
pendula n npyrue Buapl. Beero 9 BUnoB nepeBbeB u
KYCTapHHUKOB.

Pucynok 3 — Cxema ygactka Ne3 yn. Capkan
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VYyacrok Ne 4 — mnpupopoxHas TEppUTOPHS
Mo Y7 AK JKOJI IPOTSHKEHHOCTHIO 35-40 MeTpoB u
YaCTUYHO XWIOW MaccuB. HauvanpHas Touka OT-

cueta npegnpustue AO «KazArpounHoBanus» 1o
cnemyromero kpymaoro npeanpusatus AO «llecna
AcTtpik». Beero npouspacraet 7 BUJIOB.

Pucynok 4 — ygactox Ne 4 yi. Ax xom, 6 — ygactok Ne 5 mpoMbIIuIeHHast 30Ha yiI. JlocMyXaMeyiis

JaHHBIM y4acTOK XapaKTepU3yeTcss BBICOKUM
MMOTOKOM aBTOMOOWMJIEH 1 TPY30BBIX MAIITHH, YTO He-
COMHEHHO CKa3bIBAa€TCsl Ha COJIEPKAHUE 3arpsi3Hs-
IOIIUX BEIIECTB B aTMOC(hEpe U COCTOSTHUH 3€JICHBIX
HaCaXJEHHUH B IeTOM. ACCOPTUMEHT JPEBECHBIX U
KYCTapHUKOBBIX PACTCHUH Ha ynuile AK >KOJ TIpe.l-
CTaBJICH 7 BUJAMU PACTEHUN, XapaKTEPU3YIOLIUMU-
Cs1 BBICOKOM YCTOMYHMBOCTBIO K IIBIJIEBOMY 3arpsi3He-
HHUIO BO3/1yXa.

I'pynmoBeiMu ~ mocazkamMu  NPEACTABICHBI
Populus nigra BeicayxeHHBIN BAOIb JOPOKHON Maru-
cTpanu. B psaoBeix mocankax Beicaxkena Caragana
frutex, Lonicera tatarica w Ribes aureum B BUme
’KUBOU M3ropoau. Ha jaHHOM ydacTke BCTpedaroT-
csl OJIMHOYHBIC pacteHust Pinus sylvestris u Acer
negundo L. BunoBoil coctaB 3e1eHbIX HACAKICHUN
Ha ydacTke Ne 5 He oTin4aeTcs OONBIINM Pa3HOO-
OpasueM. Ha 1aHHOM y4acTke pOHM3pacTaroT 7 BH-
JIOB pACTEHUH B BUJIE IPYTIIOBBIX PSIIOBBIX IOCAIOK
Populus nigra, Acer negundo L. n Pinus sylvestris
U KUBBIX U3ropofeil Lonicera tatarica, uepenyercs
¢ Ribes aureum.

W3 anann3a gaHHBIX, IPEICTABICHHBIX B TAOIH-
e 1, CTAaHOBUTCS OYEBHJIHBIM, YTO JCHIpOdIIopa

HCCIIETyeMbIX YJIUI] ACTaHbI M TOPOJICKOTO TapKa
KepyWbIK MPEUMyIIECTBEHHO COCTOUT M3 JpEeBeC-
HBIX pacTtenuil. [Ipu sToM nepeBbst (opMHPYIOT
59% (21 Bun) oT Bcero pasHooOpasus BUIOB, TOI A
Kak KycrtapHukoBbie — 41% (15 BumoB).

Bnons nmopor mpeoGiagaioT TpYMIOBBIE IO-
CaJIKM JICPEBhEB TAKHX BUJIOB, Kak Populus nigra,
Populus balsamifera, Populus alba, Acer negundo
L., Pinus sylvestris, B T0 Bpems kak Crataegus
sanguinea, Betula pendula n Picea pungens BcTpe-
qaTcss MeHee 4acto. KycTapHHKOBbIE pacTeHHS,
BKJIroyast Lonicera tatarica, pa3nuuHble BUIBI Rosa
u Ribes aureum, BbICaXEHBI TUHUSMHA BAOJIH JOPOT
Ha tepputopusx Nel, Ned, Ne5, a Taxke oOpasyror
Hebonpme rpynnsl (Mallus baccata, Juniperus
sabina, Syringe Vulgaris).

B mapkoBoil 30HE JpeBECHbIC BUJABI TaKKe
MPEUMYLIECTBEHHO  MPEACTAaBICHBI  TI'PYIIOBBI-
MU HACaXJICHHMSIMUA U aJliesiMH, BKItouast Flaxinus
pennsylyanica, Betula pendula, Pinus sylvestris,
Quercus robur u npyrue. Cpeau HUX CIIOPATMUSCKH
Bcrpevarotest Pinus sylvestris, Tilia cordata, Thuja
occidentalis, Betula verrucosa n IOIOJHUTENBHBIE
BHUJIbI.
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Ta6auma 1 — AccopTuMeHT AeHApODIOPH! N3YYEHHBIX yIacTKOB

Ne HasBanue pacrenus Kusnen- [Ipumenenue B Berpeuaemocts
/H (Ha pycckom) (Ha MATHHCKOM) Has JopMa | 3eJCHBIX HACKACHUIX | BHJA HAa y4acTKax
1 KieH sicenencTHRIN Acer negundo I I'pynmsr 1,2,3.4,5
2 Tomnomnb yepHbIit Populus nigra pi§ ['pynms 1,2,4,5
3 Tomomnp Gamp3amMudeCKHi Populus balsamifera a AJnien, TpyIITb 1,2,3,4
4 Torosb mupaMuIaTbHbIH Populus pyramidalis I Auned, rpymisl 2,3,4,5
5 Bsi3 mepaBsrit Ulmus glabra a ConuTtepsl, TPYIIIBI 2,4
6 Bsi3 kapauKoBbIit Ulmus pumilla K Conutepbl, TPYIIIIbI 1,2,3,4,5
7 CocHa 0OBIKHOBEHHAS Pinus sylvestris A ConuTtepsl, TPYIIIBI 2,3,5
8 Enb xomouas Picea pungens pil| AJuten, conuTtepbl 2,3
9 | BosphIHUK KpOBaBO-KPaCHBIN Crataegus sanguinea pi [pynmst 1,23
10 Bepesa moeucnas Betula pendula pi ConmuTtepsl, TPYIIIBI 1,2,3,5
11 Bepesa 6oponasuaras Betula verrucosa pi Conutepbl 2,3
12 SlceHb neHbCUIIBBAHCKUI Fraxinus pennsylyanica pil Anneu, TpynIibl 1,2,4
13 S16moHst cubupcekast Malus sibirica K JKuBble u3ropoan 1,2,3,4
14 S16mons siromHas Malus baccata pi JKuBsble m3ropoau 1,2,3,4
15 IIumOBHUK KOMIOYEHIITHI Rosa spinosissima K JKuBbie uzropoau 1,2,3,4
16 IIunoBHuK cobaumit Rosa canina K JKusble n3ropoau 14,5
17 JKumonocts Tarapckas Lonicera tatarica K I'pynmbl, u3ropoau 1,4,5
18 Kaparana xycrapaukoBas Caragana frutescens K JKussle n3ropoaun 1,2,3
19 Kaparana npeBoBuiHas Caragana arborescens I Auuteu, rpyninbl 2,3
20 Jlox ocTpormonHbIi Elaeagnus oxycapra pl| ['pymnmsl, conmutepbt 1,2,3,5
21 JIox y3KOIHUCTHBIH Elaeagnus angustifolia bl ['pynmsl, comutepbl 24,5
22 CMopoanHa 30JI0TUCTas Ribes aureum K JKussle nzropoau 1,2,3,4,5
23 CMopozarHa yepHas Ribes nigrum K JKussle uzropoau 2,3
24 TaBonra ropongarast Spiraea crenata K Hebonpimme rpynmst 2,5
25 Tonoss Gebrit Populous alba Pl Agneu, Tpynisl 2,3
26 Yepemyxa 0ObIKHOBEHHAsI Prunus padus pil| Agneu, Tpyniisl 1,2,3
27 Bumins xycrapHukoBas Prunus fruticose K He6omnpmme rpymmst 2,3
28 Obnenuxa KpyIIMHOBU/IHAS Hippophae rhamnoides K HeGomnbiime rpymmsl 2,3
29 CupeHb BUPTUHCKAs Syringe vulgaris K AJnewn, TpyTITBI 1,2,3,5
30 Jluna cenueBuHas Tilia cordata I Comutepbl 2,3
31 JlucTBeHHUITa CHOMpCKAst Larix sibirica pil| AJnewn, TpyTITBI 2,3
32 Axarus xenras Caragana arborescens K Auten, rpynnbl 1,2,3
33 MosxKeBENbHUK Ka3alKui Juniperus Sabina K Hebonpmue rpymmst 2,3
34 Tyst 3ananHast Thuja occidentalis bl Comutepbt 2,3
35 Jy6 yepenruarsrii Quercus robur pl AJnewn, TpymIisl 2
36 CHe)KHeﬂrOHHHuK Symphoricarpus orbiculatus K Hebonpmne rpynmnst 2.4
OOBIKHOBEHHBIH

Hapsiny ¢ nuaBeHTapu3anueil BUJOBOrO cOCTaBa
JIPEBECHO-KYCTAPHUKOBBIX PACTEHUN ropoga HaMU
M3y4aioch (YHKIIMOHAIBHOE 3HAUYCHUE U TIPUMEHE-
HUE KaXXJO0TO BHA B O3JIEHUTEIHHBIX CTPYKTypax

78

ropona. Takum o0pa3om, pacTeHHs, 0OCIeIOBaH-
HbIC Ha NPCIAMET HUCIIOJIb30BaHWsA B JIaHI[IHa(i)THI)IX
KOHCTPYKIUSX,  PACHPENEIUINCh  CISAYIONIHM
00pazoM:



AJ1. dykenbaesa, M.Jl. AnpxaHoBa

- B BHJIE TPYNIIOBBIX MOCAIOK MpUMEHsIETCs 25
BUJIOB JEPEBbEB M KYCTAPHUKOB, U3 HUX 16 mepe-
BbEB U 9 KyCTapHUKOB,

- B KQUeCTBe ajulel ucroib3yercs 11 BuIoB, u3
HUX 9 BUJIOB IPEBECHBIX TIOPOJ, 2 BUAA KyCTapHH-
KOB;

- COJIMTEPHBIE MIOCAKU B TOPOJIE MPEACTABICHBI
10 Bumamu neHapodopsl, U3 HUX 9 BUIOB jaepe-
BbEB M | BHJ KYCTapHHKOB;

- Ha UCCIIEIOBAHHBIX yYacTKax JKUBbIC U3TOPO-
I TIPEICTABIICHBI 7 BUIAMU, M3 HAX JIEPeBbEB | B
1 6 BUJIOB KYCTapHUKOB;

I'Ipou.eHTHoe COOTHOLWEeHMNE OepeBbEB N KYCTAapPHWMKOB MO KaTeropmam

BN [lepeBbA
EEE KycTapHUKWK

MpoueHThI

pynnbl Annen

90.0

XKunsble niropogmu ConuTepsbl

Pucynok 5 — [Ipumenenue nepeBbeB U KyCTaPHUKOB B 03€JIEHUTENIbHBIX CTPYKTypax I. AcTana

3akaiouenue

Takum 00pa3oM, NPOBEACHO KOMILJICKCHOE H3-
YU€HHE COBPEMEHHOIO COCTOSIHUSL JEHIPO(IOPHI
HEKOTOPBIX YJUI] I'. ACTaHa Ha IpUMepe S5 uccieso-
BaHHBIX YYaCTKOB:

1. belna mpoBeneHa MHBEHTapU3alUsl BUIOBO-
ro pa3Hoo0pa3usl Ha ISTH UCCIEIYyEeMBIX Y4acTKax
B ActaHe. CoCTaBI€H acCCOPTHUMEHT APEBECHO-KY-
CTapHUKOBOU (DIIOPHI, TPEACTABICHHBIN 36 BHIaMU,
u3 HUX JepeBbeB 21 Bug (59%) u 15 Bunos (41%)
KyCTapHUKOB.

2. OmnpezeneHo (GYHKIMOHAIBHOE 3HAYCHHE
pacTeHMii Ha HCClelyeMON TeppUTOpHUU: TPYIIO-
BbIC HACAXKICHUS MPEACTABICHBI 25 BUIAMU U3 KO-

TOpBIX 64% cocTaBiseT ApeBecHbIC MOPOALl U 36%
KYCTapHUKOB; ajjien Xapakrepusytorcea 11 Bugamu
n3 kotopsix 81,81% nepesbs u 18,2% KycTapHHUKH;
B BHJIC OJAMHOYHBIX M0caaoK (comutepsl) 10 BUIOB,
n3 Hux 90% nepeBbs u 10% KycTapHUKH; B BUAE
JKUBBIX M3rOpOAMH BcTpedatorcs 7 BunoB, 14,28%
nepeBbs u 85,72 % KyCTapHUKH.

3/ HauOompIrast 4acToTa BCTPEYAEMOCTH BHIOB
MIEPEUUCIICHHBIX PAacTCHUH B TaOsMile | BBISBICHO
Ha y4acTKe 2, pacrojoXeHHOM B TOPOJICKOM Iap-
ke XKepyiipik, FOro-Bocrok. Yacto ucmnonp3yembie
JpEeBECHBIC TOPOABI, Takue Kak: Populus nigra,
Populus balsamifera, Acer negundo L., Betula
pendula, Pinus sylvestris BcTpedanuch Ha 1, 2 u 4
y4acTKax.
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UCCAEAOBAHUE BO3AEMCTBUS HEGTEMPOAYKTOB
HA MUKPOBHYIO ®AOPY MNMO4BbI

MccaepoBaHME  MOCBALEHO OLIEHKE BAMSIHMIO PA3AMUHBIX KOHLIEHTPALMI  yrA€BOAOPOAHBIX
pakeTHbIX TOMAMB B MOYBE, BblPAaXXEHHOE B KOAMYECTBEHHOM M KauyeCTBEHHOM COCTaBE OCHOBHbIX
NpeACTaBUTEAEN MOYBEHHOrO OMOLEHO3a M aKTMBHOCTM (DEpMEHTOB. AASl 3TOro MNpPOBEAEHbI
MMKPOOMOAOTMUECKME UCCAEAOBAHMS KAUeCTBEHHOr0 UM KOAMYECTBEHHOrO COCTaBa MOYBEHHOWM
MKKpoAOpbI B 11-TK 06pasuax nousbl, 06pabOTaHHbIX PAaKETHbIM YTAEBOAOPOAHbBIM TOMAMBOM MApKM
T-1 n PI-1, c wncppamm K1, T-1-1, T-1-2, T-1-3, T-1-4, T-1-5, PI-1-1, PI-1-2, PI-1-3, PT-1-4, PI-
1-5. OueHka MMKPOBUMOAOTMYECKOW AaKTMBHOCTM MOYBbI MPOM3BOAMAMCH HAa OCHOBE MOKa3aTeAen
UYMCAEHHOCTM MMKPOOPraHM3MOB, BbIPaXKEHHbIX B KOAOHMeobpasyowmx eamHnuax (KOE) Ha 1 rpamm
nousbl. OnpeaeAeHne YNCAEHHOCTU MUKPOOPraHNM3MOB MPOBOAMAMCH MyTEM PSAAA MOCAEAOBATEAbHbIX
10-Tn KpaTHbIX pasBeAeHur B cTepuAbHOM 0,9 %-HOM (DU3MOAOTMUECKOM pacTBOpe U BbiCEBa WX
B arapu3oBaHHble MUTaTeAbHblEe CPeAbl C MOCAEAYIOLMM MOACYETOM BbIPOCLUMX KOAOHMI. AAS
onpeaAeAeHnst 06L1ero MMKpo6Horo umcaa (OMY), pacTylumx Ha OpraHMYeckom asoTe, MPOU3BOAMAMCH
KOAMYECTBEHHbIN BbICEB M3 Pa3BeAEHUIM MOYUB B CTEPUABHOM 0,9 %-HOM (hU3MOAOrMUYECKOM PAacTBOPE Ha
KOMMEPYECKOI CTaHAAPTU3MPOBAHHOM CPEAE nMTaTeAbHbI arap (M001) komnanmmn Himedia (MHams).
B pesyabTaTe MpOBEAEHHbIX HAyUHbIX MCCAEAOBaHWM, B OGOAbLUMHCTBE 3KCMEPUMEHTAAbHbIX TPy
HabAIOAQAOCH CHUXKEHME UMCAEHHOCTM OCHOBHbIX MOUBEHHbIX MPEACTaBUTEAEN MUKPOOPraHU3MOB,
YTO MOXET SIBASTbCS CAEACTBMEM BO3AENCTBUS YTAEBOAOPOAOB.

KAtoueBble cAOBa: pakeTHOE TOMAMBO, YTAEBOAOPOA, NMOYBA, rpurbbl, MUKPOOPraHM3Mbl, GakTepus.

E.A. Bekeshev'2*, A.M. Bapyshev?, E.Yu. Stepanova?,
A.B. Dzhumagazieva?, K.B. Bekesheva?
'Almaty University of Power Engineering and Telecommunications named after G. Daukeev, Kazakhstan, Almaty
2Branch of RSE “Infracos” in Almaty, Kazakhstan, Almaty
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*e-mail: Chemist_e@mail.ru

Study of the impact of petroleum products
on soil microbial flora

The study is devoted to assessing the influence of various concentrations of hydrocarbon rocket
fuels in the soil, expressed in the quantitative and qualitative composition of the main representatives
of the soil biocenosis and enzyme activity. For this purpose, microbiological studies of the qualitative
and quantitative composition of soil microflora were carried out in 11 soil samples treated with rocket
hydrocarbon fuel grades T-1 and RG-1, with codes K1, T-1-1, T-1-2, T-1 -3, T-1-4, T-1-5, RG-1-1, RG-
1-2, RG-1-3, RG-1-4, RG-1-5. The assessment of the microbiological activity of the soil was based on
the indicators of the number of microorganisms expressed in colony-forming units (CFU) per 1 gram of
soil. The determination of the number of microorganisms was carried out by a series of consecutive 10-
fold dilutions in sterile 0.9% saline solution and seeding them into agarized nutrient media, followed
by counting the grown colonies. To determine the total microbial number (TMN) growing on organic
nitrogen, quantitative seeding was performed from soil dilutions in sterile 0.9% saline solution on a
commercial standardized medium nutrient agar (M001) from Himedia (India). As a result of scientific re-
search, in most experimental groups there was a decrease in the number of the main soil representatives
of microorganisms, which may be a consequence of exposure to hydrocarbons.

Key words: rocket fuel, hydrocarbon, soil, fungi, microorganisms, bacteria.
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TonbipakTbiH, MUKPOOTbIK, dAOpaCbIHA
MYHai1 6HIMAEpiHiH 9cepiH 3epTTey

3epTTey Tonbipak, 6UOLEHO3bIHbIH, HEri3ri eKiAAEPiHIH CaHAbIK XKOHE CamnaAblK, KypambIMeH >KoHe
hbepMeHTTEPAIH GEACEHAIAINIMEH KOPCETIAreH TOMbIPaKTaFbl KOMIPCYTEKTI 3blMblPaH OTbIHAAPbIHbIH
SPTYPAI KOHLIEHTPaUMSCbIHbIH, 8cepiH 6aFarayfa apHaaraH. OA ywin K1, T-1-1, T-1-2, T-1-3, T-1-4,
T-1-5, PI-1-1, PI-1-2, PT-1-3, PI'-1-4, PT-1-5 wndppaapbimeH T-1 >xeHe PI-1 mMapkaAbl 3bIMbIpaHABIK,
KOMIPCYTeKTi OTbIHMEH ©HAEAreH TOMbIPpakThbiH 11 YAriciHAE TomnblpaK, MUKPOAOPACHIHbIH, CarnaAbik,
>KOHE CaHABIK, KYPaMbIHAa MUKPOBUOAOTUSIABIK, 3€PTTEYAEP XKYPri3iAAL. TOMbIPAK ThIH MUKPOBUOAOTUSIABIK,
GeAceHAiAIriH GaFraray T rpamm ToMblpakTarbl KOAOHUS Ty3yLi Gipaiktepaeri (KTB) MukpoopraHusmaep
CaHbIHbIH KepCeTKilTepi HerisiHae >Yprisiaai. MUKpPOOpraHM3MAEpPAIH CaHbIH aHbIKTAy CTEPUAbAI
0,9% (hU3MOAOTUSIABIK, ePITIHAIAE AdMeKTi 10 ece epiTy XX8He oAapAbl arapAbl KOpekTik opTara ceby,
COAQH KeMiH eCKeH KOAOHMSIAAPAbI CaHay apKblAbl >KYpridiaai. OpraHMKaablk, a30TTa ©CETIH XaArMbl
MUKpOOTbIK caHabl (OKMC) aHbikTay viiH Himedia (YHAiICTaH) KOMMaHMACBIHbIH KOMMEPLMSIABIK,
CTaHAApTTaAFaH KopekTik arapbl (MOO1) opTacbiHaa cTepuabai 0,9% U3MOAOTUSABIK, epiTiHAIAe
TOMbIPaK, €3iHAIAEPIHEH CaHABIK Ce0Yy XYPri3iAai. XKYPri3iAreH FbiIAbIMU 3epTTeyAepAiH, HOTUXKECIHAE
3KCMEPUMEHTTIK TOMTAPAbIH KOMWIAINIHAE MMKPOOPraHM3MAEPAIH HEri3ri TomMblpak, OKIAAEPiHiH,

CaHbIHbIH TOMEHAEYI GaiikarAbl, BYA KOMIPCYTEKTEPAIH 8cepiHeH GOAYbI MYMKIH.
TyiiH ce3Aep: 3biMblpaH OTbIHbI, KOMIPCYTEK, TOMbIPAK, CaHblpaykKyAaKTap, MUKPOOPraHU3MAEP,

GakTepusAap.

BBenenue

B mocnenmnee Bpemsi MOTEHIWAN YTJIEBOJIO-
POMHBIX 3arpsi3HUTENCH TPUBIICKAeT Bce OoJbIee
BHHUMAaHUE, BbI3bIBas 0COOYI0 03a00YCHHOCTh B BO-
JIHOM, MOPCKOM M HazeMHOU cpene. VccienoBaHus
MOKa3aJik, 4YTO YTIJCBOJOPOJbI MOTYT OKa3bIBaTh
CYIIECTBEHHOE HETaTUBHOE BO3/ICHCTBHE HA SKOCH-
creMbl [1]. YTimeBogopomHOe 3arps3HEHUE TPHUBO-
JUT K YXYJIICHUI0 (DYHKIIMOHUPOBAHUS YKOCHCTE-
MBI, €€ KUBBIX ((DayHbl) U HEXKUBBIX KOMIIOHEHTOB
[2]. Kpome Toro, KOTIa yTIAEBOAOPOILI MOMANAIOT
B I0YBY, OHH MOTYT MPEIMATCTBOBAThH CHA0KECHUIO
BOJIOH, MUTATEIILHBIMH BEIIECTBAMH, KHUCIOPOJIOM,
CBETOM W JPYTMMH BEMIECTBAMH OHMOIOTHYECKUX
MIPOIIECCOB. DTO MOKET MOBIHUATH Ha IUIO0POANE
MOYBHI (POCT PACTEHUH M BCXOXKECTh CEMSH) U, Cle-
JIOBAaTeIbHO, Ha TPOTYKTHBHOCTH CEIHCKOTO XO-
3stiicTBa [3, 4, 14]. YrieBogopoHble 3arps3HEHUs
BEI3BIBAIOT HEME/ICHHBIE WU CKPBIThIC 3(h(EKTHI,
TaKHUe KaK FeHETHYCCKUE MyTallu1, UMMYHOTOKCHY-
HOCTh, TEPATOI'€HHOCTh, KAHIICPOTEHE3, BBICOKHIA
MOTEHITUANI OMOAKKYMYJISIIIUY, a TAaKXKe yXyAIICHUEe
(YHKIIMOHUPOBAHUS 3KOCUCTEMBbI W HAPYIICHHUS
JKU3HU JKUBOTHBIX M pacteHwii [5]. Kcenobuoru-
yeckasi (hopMa yrieBoIOpOIOB TAKKE MOMKET COp-
OupoBaThcs B OOTaTbIX OPraHUKOW MOYBAaX W OT-
JIOXKEHUSIX, HAKAIUIMBAThCA B OpraHm3max (pbroax,

pacTeHHSX U APYTUX OpraHu3Max), epeaaBaThCs B
MUIIEBYIO IIEMb M CHJILHO HapyIllaTh BO3JCHCTBUE
MOABEPTIINXCA BO3JACHCTBUIO OpraHu3MoB [3].
Kpome Toro, yriieBomopoaHoe 3arpsi3HEHHE U €ro
TOKCHYHOCTh YMEHBIIAIOT BUIOBOE OOraTcTBO, O1-
HOPOJHOCTh M (DMIIOTEHETHYECKOE pazHooOpasme,
B pe3yJbTaTe 4ero COOOIECTBO OKa3bIBACTCS B 3a-
TPsI3HEHHOI TOYBEHHOH cpene [6].

BakTepuanbHblii METaOOJIMYECKUI MMOTSHIIUAT
C pa3HOOOpPa3HBIMH M COOTBETCTBYIOUIMMH MeTa-
0OJIMUECKUMU MYTAMU SIBJSICTCS KITFOYSBBIM (DaKTO-
poM Jnerpajaanuu, TpaHchopMali U MUHEPaU3a-
MW Pa3IMYHBIX YTIEBOJOPOTHBIX 3arpsa3HUTENEH
B mouBe [7]. Buasl MUKpoOOB, CIIOCOOHBIE yTHIIN-
3UpOBAaTh TOKCHUYHBIC 3arpsi3HEHUS, CTaHOBITCS
JOMUHUPYIOUIMMH Ha 3arps3HEHHBIX TEPPUTOPHUSIX
[8, 15-18]. Onu Takxke pa3BuBaT 3pPekTuBHYIO
KaTabOJMYECKY aKTUBHOCTh IIyTEM CHHTE3a BHY-
TPHUKJIETOYHBIX WA BHEKJIETOYHBIX (DEPMEHTOB,
creu(pUUHBIX JIsl HIMPOKOTO CIEKTPa CyOCTPaToB:
Karaja3, OKCUTeHa3 (MOHOOKCHI€Ha3 M JUOKCHIe-
Haz), IETUAPOTEHas, IeJUTI0Na3, THAPOIa3, IpoTeas
u ap. [9, 10, 19]. Otu pepmenTs! 6bUTH UACHTH -
[IUPOBAHbl B Pa3IMYHBIX POJax OaKTEepPHi, TaKWX,
Kak Pseudomonas spp., Sphingomonas spp., Coma-
monas spp., Alcaligenes spp., Acinetobacter spp.,
Burkholderia spp., Rhodococcus spp., Nocardioides
spp., Mycobacterium spp., Klebsiella pneumoniae.
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Enterobacter cloacae, Bacillus spp. u Burkholderia
spp. [11, 20-22].

Buonoruueckasi akTHBHOCTb TIOYBBI, BKIIOYast
MOYBCHHYI0 MHUKpOOHYI0 Omomaccy u (epmeHTa-
TUBHYIO aKTMBHOCTb, HAXOAWTCS IIOJ BJIMSTHHUEM
psina QU3HKO-XUMHYECKHX, DKOJIOTMYECKUX Mapa-
MeTpoB [12, 23-25]. TlosToMy MUKpOOHasi aKTHB-
HOCTb ITOYBBI OOBIYHO UCIIONb3YETCS TSl OLIEHKH €€
3arpsi3HEHHOCTH.

OCHOBHOH LIENBIO JAHHOI'O HCCIECIOBAHUS SB-
JISIeTCsl OLIEHKA BIIMSHUS Pa3IM4YHbIX KOHLIEHTpa-
LU yTJIEBOJOPOJIOB B MOYBE, BhIPAKEHHAS B KO-
JIMYECTBEHHOM M KaueCTBEHHON COCTaBE OCHOBHBIX
IIPEJCTAaBUTENICH [TOUBEHHOTO OMOLICHO3a U aKTHB-
HOCTH (pepMEHTOB.

Jnst 3TOro mpoBeAEeHBl MHUKPOOMOJIOrMYECKHE
WCCIIE/IOBAHNSI KAQUYECTBEHHOI'O M KOJMYECTBEHHO-
ro cocTaBa MOYBEHHON MHUKpoQuopsl B 11-Tn 00-
pasnax MouBbl, 0OpaOOTAHHBIX PAKETHBIMH YTJie-
BOJIOPOJHBIMU TOTIMBaMU, ¢ mmudpamu K1, T-1-1,
T-1-2, T-1-3, T-1-4, T-1-5, PT"-1-1, PI'’-1-2, PT"-1-3,
PI’-1-4, PT"-1-5.

MatepuaJibl U METOABI UCCIEIOBAHUS

Jist MEKpOOHMOJIOTUYECKUX — WCCIICOBAHMI
ObuT0 JoctaBieHo 11 oOpasmos mous. Bee 11 00-
pastoB ObTH 00pabOTaHBI pa3IMYHBIMUA KOHIICH-
TPAaIUsIMH YTJIEBOIOPOIOB!

T-1-1 (108,5 mr/kr), T-1-2 (587,5 mr/kr), T-1-
3 (1087,5 wmr/xr), T-1-4 (4625,0 wmr/kr), T-1-5
(14925,0 wmr/kr), PI-1-1 (84,75), PI'-1-1 (600,0),
PI-1-1 (895,0), PI’-1-1 (4325,0), PI'-1-1 (5800,0),
KonTposns (1,08).

Pabora ¢ oOpa3siiamu ObuTa HayaTa cpa3sy IocCie
JOCTaBKH 00pa3LoB B J1a00PaTOPHIO.

OrneHKy MUKPOOHOJIOTHYECKON aKTUBHOCTH TI0-
YBBI IPOM3BOAMIIMCH HA OCHOBE TOKAa3aTelNel umc-
JICHHOCTH MHKPOOPTaHU3MOB, BBIPQKECHHBIX B KO-
norueoopasyromux eauaunax (KOE) Ha 1 rpamm
MOYBBI:

- obmee mukpoOHOe umciao (OMY), BkIrO4a-
JIO: YMCII0 MUKPOOPTaHU3MOB, BBIPOCIIIUX HA CpeJie
obmero Hazuadenusi (MITA), yncino aMmMOHH3HPY-
IoIMX OaKTepuid, BRIpoCHIMX Ha cpeae (nentoH — 10
r/i; Na,HPO, — 2 r/i; NaCl - 3 r/it; pH = 7,8), uncna
HUTPpUDUTIMPYIOMINX OaKTepuii, BEIPOCIINX Ha Cpe-
ne (NH,)2S80, — 2,0 r/;; K, HPO,12H,0 — 1,0 r/;
MgSO, - 0,5 r/n; FeSO,-7H,0 - 0,01 r/n; NaCl —
2,0 r/m; CaCO, - 1,0 r/m; pH = 7.5).

- YHCJIO aKTHHOMHMIIETOB, BBIPOCIINX HA KpaX-
MaJIbHO-Ka3eMHOBOM CPEJIE;

- MHKPOCKOIHMYECKUX TPUOOB, BBIPOCIIUX HAa
cpene Calypo ¢ xs1opaM(EHUKOIIOM;
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- CIIOPOBBIX MHKPOOPTaHU3MOB, YHCIO MHKPO-
opranu3MoB, BeIpocmux Ha cpege CHROMagar
Orientation, mociie MnpeJBapUTeIbLHOI0 HarpeBa Ha
BoxsiHoH OaHe npu 80°C B Teuenue 20 MUHYT.

B3BemmBanne MOYBEHHBIX 00pa3IOB MPOBOIH-
Ju Ha aHanutudeckux Becax ALC-210.4 (Sartorius,
Iepmanus).

Omnpenenenne YUCIEHHOCTH MUKPOOPTaHU3MOB
MIPOBOAMIIMCH YTEM psijia MocienoBarenbHbIx 10-
TH KPaTHBIX pa3BefeHH B ctepuiabHOM 0,9 %-HoM
(DU3NOIOTUIECKOM PACTBOPE U BhICEBA WX B arapu-
30BaHHbIC MUTATENILHBIC CPEAbl C MOCIEAYIOUINM
MOJICYETOM BBIPOCIINX KOJIOHUH.

Jlns ompenenenust o0IeTo MUKPOOHOTO Yncia
(OMUY), pacTymux Ha OpraHU4YecKOM a30Te, MPOU3-
BOJIMJINCH KOJIMYECTBEHHBIN BBICEB W3 pPa3BEICHHIA
nmouB B crepmiibHOM 0,9 %-HOM (hr3monornyeckom
pacTBope Ha KOMMEPUYECKOW CTaHAapTH3MPOBAH-
HOW cpene muTarenbHBIN arap (M001) kommnanum
Himedia (Mugus).

Jlisi BBISIBJIGHUSI KOJIMYECTBA CHOPOOOpa3yro-
X MUKPOOPTaHW3MOB BBICEB MTOYB TIPOBOIMIIHCH
MocJIe UX NpPeIBAPUTENBHOTO POrpeBa Ha BOJISHON
Oane B Teuenue 20 MuH npu Temrepatype 80+1 °C.

Jns ompeneneHusl YMUCIEHHOCTH aKTHHOMHU-
[IETOB HCIIOJIb30BATINCh KpaxMalbHO-Ka3WHOBYIO
cpely, MMEIOLIYI0 CIEAYIONIMA COCTaB: Kpaxmall
pactBopumbiii — 10,0 1/, kasenn — 0,3 r/i1, KNO, —
2,0 r/n, MgSO,-7H,0 — 0,05 r/n, K.HPO, — 2,0 r/m,
NaCl - 2,00 r/n, CaCO, - 0,02 r/n, FeSO, x7H ,0
— 0,01 r/n, Arap Oaktepuonornueckuii — 18,0 /1.

[ns ompeneneHus YHCICHHOCTH MHKPOCKO-
MUYECKUX TPUOOB HA CTaHAAPTU3UPOBAHHOW KOM-
MEpUECKOU cpesie ucroib3oBauck arap Cadypo ¢
xyopamdenukoiom (M1067) xkommannun Himedia
(Munus).

KynbTuBrpoBaHre MUKPOOPTraHU3MOB MPOBOJIH-
muck B Tepmoctate (Binder, 'epmanus) mpu Temre-
patype —37 = 1 °C B TeueHue 3 CyTOK 1is OaKTepHid,
mpu 22 £ 1 °C B TedeHne 7 CyTOK Ui BBISIBICHHS
AKTHUHOMHIIETOB M MUKPOCKOITHIECKUX TPHOOB.

[lo oxOHYaHWHM BpEeMEHHU KYJIbTHBUPOBAHUS
MPOBOJIMJINCH TIPSIMOM ITOJICYET BBIPOCIINX KOJIO-
Hui Ha cuetymke Konouuit Scanl00 (Interscience,
Opanuus).

Pe3yJ’ll)TaT]>I HCCJICJOBAHUSA U UX 06cym;1elme

Bo Bcex mccnenyembix oOpasnax MouB, BbISIB-
JIEHO pa3HOOOpa3re MUKPOOPTaHU3MOB B TOM YHC-
Jie MUKPOCKOIMYECKHX TPHOOB, aKTHHOMHIIETOB U
cnopoBbIx (opMm Oakrepuid. PesynpraTel uccieno-
BaHUH TIpe/CTaBIeHbI B Ta0numax 1-2 u Ha pHUCYH-
Kax 1-4.



E.A. Bekemies u np.

B kontponsHOM o6pasue noussl (KoHTpomb)
cpenuuii mokazatens OMY (Bkirouass aMMOHHU(H-
MUPYIOIIHEe U HUTPUPHIUPYIOIIUE OaKTepUH) CO-
orBercTByeT 3HaueHuto 206,25 teic. KOE/T, akTu-

a) Kontpons

r) T-1-3

HomuIieTsl coctaBisitoT 87,750 teic. KOE/r. Kpome
TOr0 0OHAPYKEHBI MUKPOCKOITUYECKHE TPUOBI B KO-
muectse 12,360 teic. KOE/T 1 ciopoBsie OakTepun
— 119,50 teICc. KOE/T.

k) PI-1-4

) PT-1-5

Pucynox 1 — ITokazarenn OMY (na MITA) B uccenyemsix obpasiax mous
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OTMeueHo, YTO MpHU BHECEHHU B 00pas3mpbl IMO-
YBBI PA3IMYHBIX KOHIIEHTPALIUH YTIeBOIOPOIOB Ha-
OmomaeTcst TeHACHIMSI CHIKCHUST 00IIeH YHCieH-
HOCTH MHUKPOCKOITMYECKUX TPHOOB U 001Iero uncna
OaxTepuii BO BCEX DKCIIEPUMEHTAIBHBIX 00pasiax.
KomnuectBo AKTUHOMUIICTOB U MUKPOCKOIMNMYECKUX
rpuOOB TaK)Ke CHWKAIOTCS B OTHENBHBIX IPYMIax,
OJTHAaKO HE HAOJII0IaeTCsT T0303aBUCUMOTO d(pdeKTa.

[Tokazarens OMY (Bkimrouyas aMMOHUQHIUPY-
oye U HUTpuuupyromme 6akrepun), B o0pas-
e T-1-1 camxaercs ua 42 %, B oopasne T-1-2 Ha

28 %, obpasnax T-1-3, T-1-4 u T-1-5 — na 40 %,
3% u 41 %, COOTBETCTBEHHO.

B o6pasnax PI'-1-1, PI'-1-2, PI'-1-3 u PI'-1-4
MIPOIEHT CHWXeHHs KommdectBa OMY (BKirOUas
aMMOHHUGDUIIUPYIOIIHE W HUTpUPHUIHPYIONTHE OaK-
Tepun) Bapbupyet ot 40 % 1o 58 %. B o6pazue PT'-
1-5 oTrMedaeTcss HaMMEHbIIEE CHIDKCHUE HAaHHOT'O
rokaszarens — 15 %.

PesynbTathl onpenencHus mokaszarens oOIIero
YHUCIIa MUKPOCKOITMYECKUX TPHUOOB IPEICTaBICHBI
Ha pUCyHKe 2 (a-1).

K) PI-1-4

) PT-1-5

Pucynok 2 — [Toka3arenp 00IIero Yruciia MUKPOCKOIMUYECKUX TPHOOB B HCCIICAYEMbIX 00pa3iiax movys
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ITo pesynbTaTam NPOBEACHHBIX HCCIICIOBAHHIA
YCTaHOBJIEHO, YTO BO BCEX 00pa3iax MOYBHI (KOH-
TPOJBHOTO M SKCIIEPHMEHTAJIbHBIX) OOHapYIKUBa-
FOTCSI MUKPOCKOITUYECKHE TPUOBI, TTPEICTABICHHBIC
pomamu Penicillum, Aspergillum, Mucor, Tricho-
derma wn np. OHAKO, TIO CPABHEHHIO C KOJIMYECTBOM
BBIPOCIIUX TPUOOB M3 KOHTPOJIBHOrO 00Opasia Io-
YBBI, IAHHBIN NIOKA3aTellb 3HAYUTEIBHO CHIDKEH (0T
43 % no 75 %) BO Bcex 3KCHEPUMEHTAIBHBIX 00-
pasiax.

B KkonmMuecTBEHHOM BBIPRKEHUHM HAaWMEHBIIICe
YHCII0O MUKPOCKOITMYECKUX IPUOOB BBISBICHO B 00-

%) PT-1-1

K) PI-1-4

6) T-1-1

pasuax T-1-3 (4,37 teic. KOE/T), T-1-4 (4,08 TBIC.
KOE/r), PI'-1-2 (3,51 teic. KOE/r) u PI'-1-4 (4,58
teic. KOE/T). Hanbomnbias yiucaeHHOCTh TPUOHBIX
KOE O0puta BeisiBieHa B oOpasnax mous PI-1-1 u
PI'-1-5 u cocrasuna 7,05 teic. KOE/r u 6,08 ThIC.
KOE/r, cootBercTtBenHo. B o0pa3uax mousst T-1-1,
T-1-2, T-1-5 u PI'-1-3 4ncno MHKpOCKONMHYECKUX
rpu00OB HAXOAWIOCH B mpemenax — 5,0-5,85 Teic.
KOE/r.

Ha pucynke 3 (a-11) npencTaBieHbl pe3yIbTaThl
OIIpeJeNIeHUs 4MCila aKTMHOMULETOB B 00paslax
KOHTPOJIBHOM U 9KCIIEPUMEHTAIBHBIX [TOYB.

u) PI-1-3

1) PI-1-5

Pucynok 3 — O01mmee KOMM4ecTBO aKTHHOMHIIETOB B HCCIIEAYEMbIX 00pa3Iax MOYBbI
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Bo Bcex MOHUTOPHUHTOBBIX M KOHTPOJIBLHOM 00-
pasiie mo4B oOHapy>KeHbI aKTHHOMHUIIETHL. B 6 u3 10
00pasloB MOYB, MOABEPTHYTHIX BO3JCHCTBUIO pa3-
JIMYHBIX KOHLEHTPALUi yIiIeBOJOPOAOB, HalOmo1a-
eTCsl CHIDKEHHE COJIep)KaHHs aKTHHOMHIIETOB, OJI-
HAKO JJ0303aBUCHMOI KOPPEJISIIMU HEe HAOTI01aeTCsl.

Tak, KOJIMYECTBO AKTWHOMHIIETOB B 00Opas-
e T-1-1 camxaercs uHa 14 %, B oopasne T-1-2 Ha
11 %, obopasuax T-1-3 u T-1-5 —wa 5 % u 10 %,
cooTBeTcTBeHHO. OOpaTHBIN 3 (eKT — yBenndeHne
KOJIMYECTBEHHOTO COAEPKAHMUS aKTHHOMHIIETOB Ha-

ommronaetcst B o0pasie T-1-4 u cocraBisier 41 %, 1o
OTHOIIIEHUIO K KOHTPOITIO.

B o6pasuax PI'-1-1, PI'-1-2 u PI'-1-3 nabmro-
JTAETCSl YBEIWYCHHE KOJIMYECTBA aKTHHOMMIIETOB.
Jlanusiii mokazatens Bapsupyet oT 7 % 10 62 %.
B o0pasnax PI'-1-4 u PI'-1-5 oTMeuaeTcst HAUMEHbB-
1Iee CHIKEHUE JaHHOTO MMoka3zareis Ha 3 % u 2 %.

Ha pucynke 4 (a-1) mpeacTaBieHbl pPe3yIbTaThl
OTIpe/ICTICHHSI YUCIIa CIIOPOBBIX OakTepuil B 00pas-
1IaX KOHTPOJBHOH W MOHHUTOPWHTOBBIX yYaCTKaX
IIOYBHEI.

K) PI-1-4

) PI-1-5

Pucynoxk 4 — O01ee KOJIMYECTBO CIIOPOBBIX OAKTEPHI B HCCIETyEeMBIX 00pa3nax MOYBbI
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PesynbraThl wccrenoBaHUS TOKa3ajdd, YTO
HanOOJIbIIEe KOTUICCTBO CITOPOBBIX OAKTEPH 00-
Hapy)keHo B oopazuax nous T-1-3, T-1-4 u PI'-1-4
— 123,50 teic. KOE/r, 122,25 tBIc. KOE/T 1 127,0
teic. KOE/T uto Ha 3%, 2% u 6% Oolbiie, uem B
KoHTpoJie. HeoOX0o1MMO OTMETHTh, YTO yBEIUYE-
HUE JIOJIA CIIOPOBBIX MUKPOOPTAHU3MOB B JIaHHBIX
oOpasmax, MOKET yKa3blBaTh Ha YXyHAIIEHUE yC-
JIOBHIA XHM3HH B mouBe. B o6paszmax T-1-1, T-1-2,
T-1-5, PI'-1-2 u PI'-1-5 3adukcupoBaHO HAUMEHb-
mee KOJMWYECTBO CIIOPOBBIX OakTepwit — 39,250
teic. KOE/T, 84,001R1c. KOE/T, 86,00 THIC. KOE/T,
89,50 teic. KOE/r 1 91,50 thIc. KOE/T, COOTBET-
CTBEHHO.

B KoHTpOIEHOM 00pasIie MOYBHI KOJIMYECTBO CIIO-
POBBIX OaKTepuii COOTBETCTBOBAIO 3HaYeHu0 119,50
toic. KOE/r. YBenuuenue 1011 CiopoBBIX MUKPOOP-
TaHW3MOB B JIAHHBIX 00pa3lax yKa3bIBaTh Ha YXY-
IICHUEC YCHOBI/Iﬁ JKM3HA B IOYBE. JTO YKa3bIBaC€T Ha
TO YTO B KCHEPUMEHTAIILHBIX TPYIIax HaOIo1aeTcs
CHIDKEHHE YHCIICHHOCTH OCHOBHBIX TIOYBEHHBIX TTPEI-
cTaBUTENEH MUKPOOPIraHnu3MOB, YTO MOXKET SBJIATHCA
CIIEICTBHEM BO3/ICHCTBUS YIIIEBOJOPOIOB.

B Tabnmme 2 yxazaH TpoueHT (yBenWdeHHs/
YMEHBIIEHUS) MHUKPOOPTaHU3MOB  JKCIIEpPUMEH-
TaJIbHBIX 00pa3OB M0 CPAaBHEHHUIO C KOHTPOJIbHBIM
(KoHTpop) 3HAYEHHEM YHCIICHHOCTH MHKPOOpPTa-
HU3MOB.

Taoaunua 1 — KomnuecTBEHHBIH U Ka9€CTBEHHBII COCTAB ITOYBECHHBIX MUKPOOPTaHNU3MOB B 06pa3uax MOHHUTOPHUHTOBBIX U KOHTPOJIb-

HBIX Y4aCTKOB

OMUY (Bxurouas Hennronaso-
Muxpockonu- CriopoBele
Iudp obpasua aMMOHH(UIH-PYIOITHIEe AKTHHOMHIIETHI, JTUTHYECKHE
4YecKue rpuobl, Gakrepuu,
[10YBbI " HUTpHUIHpYIOmue . KOE/ teIc. KOE/T c. KOE/ Gakrepuu,
6akrepun), Teic. KOE/T TRIE: : TRIE: ’ teic. KOE/T
KonTposbHas nousa
KonTpoib 206,25+0,057 12,360+0,240 87,750+0,003 119,50+0,017 23,7548,13
DKCIepUMeHTaIbHbIe 00pa3Iibl OB
1 T-1-1 119,75+0,210 5,620+0,035 75,50+0,011 39,250+0,042 3,75+1,8
2 T-1-2 147,75+0,023 5,110+0,017 78,50+0,005 84,00+0,014 4,25+1,8
3 T-1-3 124,75+0,166 4,370+0,009 83,50+0,204 123,50+0,048 15,75£9,5
4 T-1-4 201,50+0,044 4,080+0,011 147,75+0,297 122,25+0,007 9,50+2,8
5 T-1-5 123,50+0,199 5,250+0,009 79,750+0,002 86,00+0,005 3,25+2,8
6 Pr-1-1 124,25+0,180 7,050+0,003 94,00+0,325 101,25+0,019 4,25+1,8
7 Pr-1-2 115,50+0,039 3,510+0,008 118,25+0,081 89,50+0,015 4,50+3,2
8 PIr-1-3 87,500+0,071 5,850+0,146 229,25+0,006 109,25+0,026 4,75+2,1
9 PT-1-4 105,75+0,028 4,580+0,026 85,50+0,028 127,00+0,018 11,00+7,1
10 | PI-1-5 6,080+0,240 86,50+0,005 91,50+0,024 5,250+1,8

Taﬁ.mma 2-— HpOL[eHT yBeJ’II/I'-IeHI/ISI/yMeHBH_IeHI/IH MUKPOOPraHMu3MOB SKCIIEPUMEHTAJIbHBIX 06pa3u013 TTOYBBI 10 OTHOIICHUIO K KOH-

TPOJILHOMY 00pasiry

IToka3arenn

Hccrnenyemblie 00pa3iibl MOYBbI

T-1-1 | T-1-2 [ T-1-3 | T-1-4 [ T-1-5 | PP-1-1 | PI-1-2 | PI-1-3 | PI-1-4 | PI-1-5

OMU (B ToM unciie HUTpUGULHpPYOLHE U aMMoHKpuLupytomue), Tic. KOE/r

IIponenT yBenuueHus (1)/CHIDKCHUS
(]) mokazatest Mo OTHOIICHHIO K 42| 28| 40| 31 41| 40| 44| 581 49| 15]
KOHTPOJILHOMY 00pa3Ity MOUBEL, %o
Axtunomunetsl, Toic. KOE/r
IIponent yBenuuenus (1)/CHIDKeHUS
() mokasaresst o OTHOIICHHUIO K 14] 11} 51 4117 10} 71 261 621 3] 2|
KOHTPOJIbHOMY 00pasIty MOYBEI, %o
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Ipooonocenue mabauywvl

Hccnenyemble 00pa3ibl TOYBBI
Ioxkasarenn
T-1-1 | T-1-2 | T-1-3 | T-1-4 | T-1-5 | PI-1-1 | PI-1-2 | PI-1-3 | PI-1-4 | PI-1-5
Muxkpockonnaeckue rpudsl, Teic. KOE/T
[MpouenT yBennueHus (1)/CHIKEHHS
(]) mokasaress 1o OTHOILIEHUIO K 55] 59| 75| 67| 58] 43] 72] 53] 63| 51)
KOHTPOJIbBHOMY 00pa3Ily IMo4BEL, %
Hemmronozonuruueckue 6axrepuu, Teic. KOE/r
[MpouenT yBennueHus (1)/CHIKEHHS
() moka3arensi Mo OTHOIICHUIO K 85] 82| 34] 60] 86 82] 81| 80| 54| 78]
KOHTPOJILHOMY 00pa3ily IOUBEL, %o
CriopoBeie 6aktepun, Toic. KOE/T
[MponenT yBenmuenus (1)/CHIKEHUS
(]) mokasaress o OTHOIICHHIO K 67] 30) 317 21 28] 15] 25) 9] 61 23|
KOHTPOJIBHOMY 00pa3ily OUBEI, %
W3 naHHBIX, TpeJCTaBICHHBIX B Tabmuie 2 3aKkjoueHne

BUIHO, YTO B OOJBIIMHCTBE HKCIEPUMEHTAIBHBIX
rpyni HaOJrofaeTcss CHU)KEHHE YUCICHHOCTH OC-
HOBHBIX TOYBEHHBIX NpEACTaBUTEIECH MHKpOOpra-
HHU3MOB, YTO MOJKET SIBJITHCSI CJICACTBUEM BO3JCH-
CTBHSA yTJI€BOI0poI0B. ClelyeT TakKe yUUThIBATS,
YTO B COOOIIECTBAX IOUBEHHBIX MUKPOOPIaHU3MOB,
0COOEHHO TIPY BO3IEUCTBHHM KCEHOOMOTHKOB, TIPO-
HCXOIST CYKIECCUH, 3aHUMAIONINE TI0 BPEMEHU OT
JIECATKOB YacoB JI0 IEPBBIX JECATKOB CYTOK, B X0O/1€
KOTOPBIX MOKET CYILIECTBEHHO MEHSThCS U CyMMap-
Hasl YUCJIIEHHOCTh MUKPOOPIaHMU3MOB, U COOTHOLIE-
HHUE TMPEICTABUTENCH Pa3In4HBIX KOJIOTO-TPOQH-
yeckux rpynn. B nccnenoanmsax T.P. Kabuposa
TaK)ke yCTAHOBJICHO, YTO HEe()Th NMPH BHECCHHU B
[IOYBY OKa3bIBaC€T HA MHKPOOPraHW3MbI YTIHETAI0-
iee JieiicTBre, PONOPIHOHATILHOE KOHIIEHTPAIHN
3arpsisHuTens. Haumbonee ObicTpo rerepoTpodHas
4acTh MUKPOOHOTO KOMIIJIEKCa BOCCTAHABJIMBACT-
Csl IpHU Majiol KoHIeHTparuu 3arps3autens (1%).
VYraeBogoponasl He()TH, MOMABLINE B IOYBY, MOTYT,
BEPOSITHO, MCIOJIb30BATHCS KaK CBEXKUI OpraHu-
YecKHi Marepuall, 4To M OOYyCIOBJIHMBAET DKOJIO-
rHYecKylo cykneccuio. Ilpu cpeqHHX M BBICOKHX
KOHIICHTpAIUAX HePTH Takoro ¢ dekTa He HaOII0-
JlaeTcsl, TaKk KaK TOKCHYECKUH Mpecc OOJIBIIOTO KO-
JIMYECTBA TOJUIIOTAHTa MEPEKPHIBACT BO3MOXKHYIO
BBIFOJy OT YTHJIM3ALMH €0 KOMIIOHEHTOB, U BOC-
CTaHOBJICHHE YHCJIEHHOCTH TeTepoTpodoB mpowmc-
XOAUT MeieHHo [13].

92

[Tpu BHEeceHMM B 00paslbl MOYBBI PA3TMYHBIX
KOHIICHTpAIMH YTICBOJOPOIOB HAOIOACTCS TCH-
IEHITS CHIDKEHUs o0mmei uncnennoctn OMY (B
TOM 4YHCIE AMMOHH(DHUUIUPYIOIUX H HUTPUDH-
MUPYIONUX ~ OaKTepuif), EIUTFOI030IUTHUECKUX
OaKkTepuil 1 MHKPOCKOIIMYECKHUX TPHOOB BO BCEX
9KCIIEPUMEHTANIbHBIX oOpasuax. KoamuyectBo ak-
THHOMHIIETOB ¥ MUKPOCKOMUYECKUX TPUOOB TaKXKe
CHIDKAIOTCS B OT/ICIBHBIX T'PYIIaxX, OJJHAKO HE Ha-
Omo1aeTes 10303aBUCcUMOro 3 dekra.

OTH JaHHbIE MOTYT OBITh HCIOJb30BaHBI MPU
IKOJIOTHYECKOM HOPMHPOBAaHUH COJCPIKAHHS He-
(TENpPOAYKTOB B TIOUBE U MPOBEACHUH OLICHKU KO-
JIOTHYECKOTo yIepda, HAHOCHMOTO OKpYKaromien
cpelie pu HEPTSIHOM 3arpsI3HECHUH.,

BaaropgapuocTs

Hccredosanus nposedenvl npu noddepoicke Ko-
mumema Hayku Munucmepemea HAYKU U 6biCULE2O
obpazosanus Pecnyonuxu Kazaxcman 6 pamxax
epanma Ne AP19679969 «Hccredosanue npoyec-
€08 udeHmupuKkayuu paKemHozo yeieeo000poOHOZ0
MONAUBA 6 NOUBAX PALIOHOG IKCHIYAMAYUU PAKEN-
Hocumernell u paspadomra ux eUSUeHUUecKo2o Hop-
MAamueay, NOCIYIHCam OCHOBOU pA3pabOmMKU HOP-
MAMUBHOU MEMOOUYecKoll OA3bl.
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CPABHUTEAbHbIU AHAAU3 SOPEKTUBHOCTU
NCMOAb3OBAHUS PACTUTEADHOM TECT-CUCTEMbI ALLIUM CEPA
AASl OUEHKN PAAMALUMOHHOTO BO3AEUCTBUA

AHaAU3 PaAMALMOHHOIO BO3AEMCTBUS BKAIOYAET GUOAOrMUECKYIO MHAMKALMIO M GMOAOTMYECKYIO
Ao3umeTpuio. NpoBeaeHMe TakMX MCCAEAOBaAHMIA C UCTIOAb30BaHMEM KAETOK YeAOBEKa U >KMBOTHbIX
B YCAOBMSIX in VivO U1 in Vitro He Bceraa BO3MO>KHO M H6e30mnacHo. McrnoAb3oBaHMe BbICLIMX pacTeHMiA
B KauecCTBe TECT-CUCTEM AASl OLIEHKM BO3AENCTBMS MyTareHHbIX (DakTopoB B OKpy)kalollel cpeae
MMEET MHOTrOUYMCAEHHbIE MPEUMYLLECTBA M MePBUYHAsS GMOMHAMKALMS PAaAMALMOHHOIO BO3AENCTBUS
C MX WCTMOAb30BaHMEM MOXeT OblTb Becbma BoCTpeboBaHa. [M03TOMYy MPOBEAEHO CPaBHWUTEAbHOE
LUMTOreHeTUYECKOe UCCAEAOBaHWE PAAMOYYBCTBUTEABHOCTU ABYX TECT-CMCTEM — pacTUTeAbHOM Al-
lium cepa 1 TpaAMLIMOHHOM — KyAbTYpa AMMOLIMTOB nepudepryeckoit KpoBn YeaoBeka. [NMpoBeaeHa
OLIEHKa LIMTOreHEeTUYECKMX MOBPEXKAEHUI, BbI3BaHHbIX KPATKOBPEMEHHbIM BHELLHVM OOAYYEHMEM B
AunanasoHe Maablx Aox 0,01-0,7 Ip. MNMpeacTaBaeHHas paboTta nokasasa BbICOKYIO YyBCTBUTEAbHOCTb
Allium-TecT no MHAYKUMKM LMTOreHeTuUYeckmnx 3hheKToB B MEPUCTEMATMUYECKMX KAETKAX KOPHEN AyKa.
Haunbonaee achpekTMBHO OTBET Ha MOHM3MpPYIOLLee 0OAYUYEHNE AEMOHCTPUPYET MHAYKLIMS MUKPOSIAEP
B MHTepdasHbIX kaeTkax. [okaszaHa AOCTOBEpHAas MOAOXMTEAbHAs KOPPEASLMS MeXAY 4acTOoTOM
XPOMOCOMHbIX HAapyLUeHWI1 B AMMOLMTAX M MUKPOSAPaMK B MHTepdasHbIx kKaeTkax (+0,87), a Takxke
YaCTOTOM XPOMOCOMHbIX HapyLleHui B MeTadhazax AMMMOLMTOB U KOPHSX Ayka (+0,93). INoayyeHHble
pe3yAbTaTbl MOATBEP>KAAIOT BO3MOXKHOCTb MCMOAb30BaHUS TecT-cucTeMbl Allium cepa B kauectBe
MOAXOASLLErO MHAMKATOPA AASl TEPBUYHOM BMOAOTMYECKOM OLLEHKN FeHOTOKCUMYHOCTH, BO3HMKAIOLLE
Npy BHELLHEM BO3AENCTBUN Y-U3AYUEHMS.

KatoueBble cAoBa: XpoMOCOMHble abeppauunn, mukposiapa, Allium-test, uHTepdasHble KAETKH,
MOHU3MpYIOLLIEe U3AYUYEHME.

O.G. Cherednichenko*, S.K. Nuraliev, A.L. Pilyugina, D.E. Azizbekova

Institute of Genetics and Physiology, Kazakhstan, Almaty
*e-mail: cherogen70@mail.ru

Comparative analysis of the effectiveness of Allium cepa plant test system
for the detection of cytogenetic disorders in radiation exposure

Radiation exposure analysis includes biological indication and biological dosimetry. Conducting
such studies using human and animal cells under in vivo and in vitro conditions is not always possible or
safe. The use of higher plants as test systems for assessing the impact of mutagenic factors in the environ-
ment has numerous advantages and primary bioindication of radiation exposure using them may be in
great demand. Therefore, a comparative cytogenetic study of the radiosensitivity of two test systems was
carried out — the plant Allium cepa and the conventional — a culture of human peripheral blood lympho-
cytes. An assessment was made of cytogenetic damage caused by short-term external irradiation in the
range of low doses of 0.01-0.7 Gy. The presented work showed the high sensitivity of the Allium test for
the induction of cytogenetic effects in the meristematic cells of onion roots. The most effective response
to ionizing radiation is demonstrated by the induction of micronuclei in interphase cells. A significant
positive correlation was shown between the frequency of chromosomal abnormalities in lymphocytes
and micronuclei in interphase cells (+0.87), as well as the frequency of chromosomal abnormalities in
metaphases of lymphocytes and onion roots (+0.93). The results obtained confirm the possibility of us-
ing the Allium cepa test system as a suitable indicator for the primary biological assessment of genotoxic-
ity arising from external exposure to y-radiation.

Key words: chromosomal aberrations, micronuclei, Allium-test, interphase cells, ionizing radiation.
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CoyAeneHy Ke3iHAEri LUTOreHeTUKAAbIK, 6Y3bIAbICTApAbI AHbIKTAY YLUiH
Allium cepa eCiMAIK TeCT XXyHeCiH KOAAQHY THIMAIAITIH CaAbICTbIPMAADbI TaAAQY

PaaraumsabiK acepAi TaAAdy OMOAOTMSIAbIK, MHAMKALMSHDBI XKOHE AO3UMETPUSIHbI KamMTuAbL. In
VIVO 8He in Vvitro »karAanblHAQ aAaM MEH >KaHyapAap KAETKAAapblH KOAAQHbIM 3epTTeyAep >KYprisy
KOMWIAIK >KafAalMAa MYMKIH eMeC >XoHe Kayincia 6oAmManapbl. KopliaraH opTaHbiH MyTareHAik
hakTopAapbIHbIH 8CepiH Haraay YLIiH TECT->KYMe PEeTIHAE >KOFapbl CaTbIAAFbl 6CIMAIKTEPAI NaiAaAaHy
KenTereH apTbIKIIbIAbIKTAPFa Me XXOHEe OAapAbl KOAAQHY apKbIAbl PAAMALMSIABIK, CEPAIH GacTankbl
OMOMHAMKALMSCHI 3epTTey YAKEH CypaHbicKa me OGOAybl MyMKiH. OcblfaH 0GalAaHbICTbI, €Ki TecT-
KY€ apKblAbl, SFHM ©CIMAIK HerisiHaeri Allium cepa >keHe ASCTYPAI, aaaMHbIH, NeprdepusiAbIK, KaH
AMMOLMTTEPI KYAbTYPaCbIHbIH PAAMOCE3IMTAAABIABIKKA CAAbICTbIPMAAbI LMTOrEHETUKAABIK, 3epTTey
Kypriziaai. 0,01-0,7 T'p TeMeH A03aAap AMANasoHbIHAQ KbICKA Mep3iMAi CbIPTKbl COYAEAEHYAEH
TybIHAQFAH LMTOreHeTUKaAbIK, Oy3biAbicTapra 6ara 6epirasi. ByA >kymbicTa nusi3 TambipAapbiHbIH
MEpUCTEMAAbIK, KAETKAAApPbIHAQ LIMTOTEHETUKAABIK, 8CEPAEPAT MHAYKUMsAayaa Allium Tect >korapsbl
Cce3iMTaAAbIAbIK, kepceTTi. MoHAQyllbl CoyAeAeHyre eH TWMIMAI >kayan MHTepdasa KAeTKaAapblHAQ
MMKDPOSIAPOAAPABIH,  MHAYKUMSCbl  apKbIAbl  KepCeTiAeAi.  AnmMdountTepAeri - XpoOMOCOMAAbIK,
AYbITKYAQPABIH, >XMIAITT MeH MHTepdasanblK, KAETKaAapAAFbl MMKPOSAPOAAPAbLIH >kuiairi (+0,87),
COHAQM-aK, AMMCOLMTTEP MEH MWSI3 TamblpblHbIH MeTagasacbiHAQ XPOMOCOMA  aybITKYAApPbIHbIH
>KUiAiri (+0,93) apacbiHAQ aiTapAbIKTark OH KOPPEeAsiLMst KepCeTiAAi. AAbiHFaH HaTuxeaep Allium
cepa TeCT XXYMECiH y-COYAEAEHYAIH CbIPTKbl 8CEPiHEH TYbIHAANTBIH FEHOTOKCMKAABIK, 8CEPAiI 6acTankbl

OGMOAOTMSABIK, BaFraAay YLIiH KOAAMAbI MHAMKATOP PETIHAE ManAaAaHy MYMKIHAIMIH pacTanAbl.

TyHiH ce3aep: XpoMoOCOMaAblk, —abeppaumsiaap,

KacyluaAap, MOHAQYLLbI COYAEAep.

BBenenue

Ha npotsbkeHuu Bcet HICTOpUM CYIIIECTBOBAHUS
JKUBBIX OPTaHMU3MOB Ha 3eMile OHM MTOCTOSTHHO TO/I-
BEPraroTcsi BO3JCHCTBUIO €CTECTBEHHOTO (poHa MO-
HU3UPYIOLWEro u3aydeHus. OIHAKO TEXHUYECKUN
IIPOrPECC U aHTPOIIOTE€HHAS IEATENBHOCTD YEI0BEKa
(ucnbITaHUsl SACPHOTO OPYKUsl, A0ObIYA pagroaK-
TUBHBIX Py, OKCIUTyaTallls aTOMHBIX JJIEKTPOCTaH-
Ui, aBapuifHbIE CUTYallMU C BHIOPOCOM PATUOAK-
TUBHBIX H30TOIOB, HCIIOJIB30BAHNE HCTOYHHKOB
HMOHH3HPYIOIIETr0 U3JIy4YeHHUs B IPOMBIIUICHHOCTH U
MeMIIMHE) BBI3bIBAIOT MTOBBILIEHHE NCKYCCTBEHHON
paZiloOaKTUBHOCTU. DTO MPHUBOAUT K HETaTUBHOMY
BO3JICHCTBUIO MOHMU3UPYIOLIErO M3JIyYEHHUs Ha JIH0-
neit, uopy u dayny [1]. s HEKOTOPBIX PETHOHOB
Kazaxcrana (teppuropun ObiBiiero CUII, paitoHs
JOOBIYH M 3aJIeTaHusl YPAHOBBIX PY[ U JIp.) NaHHAS
npobieMa 0COOEHHO aKTyaslbHa.

PagnannoHHO-MHIyIIHPOBAHHBIE MTOBPEkKACHUS
JHK siBsitoTCS IEpBUYHBIM ITPOSIBJIEHUEM Hapylile-
HUI OMOJTIOTHYECKUX CUCTEM, IPUBOASALIMM K PHUCKY
KJIETOUYHOH TIubenu, MyTareHe3y, KaHLEpOreHesy,
BO3HHKHOBCHHIO TE€HETHYECKOH HECTAOMIBHOCTH U
np. Ha xierounom ypoBHe 311 noBpexaenust JJTHK
MOJKHO BH3YyaJHM3UpOBaThb B BHIE XPOMOCOMHBIX
abeppanmii Ha cTaauu MeTadasbl BO BpeMst JACJICHUS
KJIETOK. HEeckonbKko onmocpeoBaHHbBIM, HO B TO XKeE

Mukposiapoaap, Allium-tect, dasaapanbik,

BpeMs 0oJiee yHUBEPCAIbHBIM CIIOCOOOM yueTa BO3-
HUKAIOIIUX TIOBPEKICHHUI SIBISCTCS PErHCTPALUs
MHUKposiiep. B OCHOBHOM OHHM SIBIISIIOTCSI CIIE/ICTBH-
€M XPOMOCOMHBIX HapyUIeHUI U NPEerMYILECTBEH-
HO BO3HHMKAIOT U3 allCHTPUYECKUX (PParMEeHTOB WU
MOBPEKICHHBIX XPOMOCOM (MyTareHHbIH 3 QeKT)
WIN OTCTAaBIIMX B aHadaze XpoMocoM (aHeyTreH-
HBIH 2 (PEKT), HO TaKKe MOTYT OBITh PE3YJIBTATOM
JaecTpykuuu uHTepdasHoro xpomaruna [2]. T.e.,
MHUKpOSiIpa SIBJISACH PE3yJIbTaTOM IOBPEXKICHUS
JHK moryT ObITh BH3yalu3upOBaHbl B UHTEpda3-
HBIX KJIETKaX pa3IMYHOTO THIIA, ACTIEHUE B KOTOPBIX
HaOmoAaTh (IS aHaIM3a XPOMOCOMHBIX abeppa-
[Uil) TEXHUYECKH HEBO3MOXKHO. [1oaTOMY TecThl Ha
MHUKpOSIpa Hapsly ¢ XpOMOCOMHBIMH a0epparusi-
MH TIPUMEHSIOTCS KakK 2(h(PEeKTUBHBIC TeHETUICCKIE
CHCTEMBI OMOaHaIN3a U OMOUHIUKALAH.
BoszaelicTBre MOHM3HPYIOLIETO HM3JIyYCHHs Ha
KJIETKH YeJIOBEKa M3Y4YEHO JOCTATOYHO ILIUPOKO.
Knaccnueckoii n 00s13aTeNbHOM TECT-CUCTEMOM ISt
OLICHKU BIIMSIHUSL PaJMAllMOHHOTO BO3/ACHCTBUS B
CHUCTEeMax in Vvitro M in vivo sBigroTca JTuMpoIu-
TBI TIepUQepruecKoll KpoBH yenoBeka. OIHUM U3
JOCTOMHCTB 3TOW TECT-CHUCTEMBI SBISIETCS TO, UTO
o HaOJ0aeMbIM THIIAM a0eppaiuii MOXKHO J0-
CTaTOYHO OIpPEENICHHO HICHTU(UIMPOBATH THUI
MyTareHHoro BozneicTBus. Hammume B crektpe
MOBBIIIIEHHOTO YPOBHS abepparuii XpoMOCOMHOTO
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THUMA (IAPHBIX Pa3phIBOB U (parMeHTOB, AULEHTPH-
YECKUX XPOMOCOM U LIEHTPUYECKUX KOJIEI) MOXKET
CBUJICTEIHCTBOBATh O PATUAIIMOHHON MPHUPOJIE Te-
HOTOKCHYHOCTH, Iipeodiiaanue adeppauuii xpoma-
TUHOTO THUIIA CBUIETEIBCTBYET O €€ XUMHUYECKOH
Wi BUPYCHOM mpupoje. lcmnonbp3oBanue 3TOro
TecTa JaJieKo HE BCErJa TEXHUYECKU MpPUEMIIEMO
u 1enecoodpasno. Kpome toro, mist uaeHTHpUKA-
LIMHU, XapaKTePUCTUKH U CTETIEHN T€HOTOKCUYHOCTH
uccneayeMoro (akropa, Kak MpaBHIIO, HCIIONb3Y-
€TCs HECKOJIBKO TECT-CUCTEM a/IEKBAaTHOI'O YPOBHS
YYBCTBUTEJIBHOCTH M YTO HE MaJlo Ba)KHO, Pa3HOIO
YPOBHSI OMOJIOTHYECKON OpraHu3aLuH.

Hcnonp3oBaHue BBICIINX PACTEHUH B KaueCTBE
FeHETUYECKUX MOJIEIEeH U TECT-CUCTEM /ISl OLIEHKH
BO3JICUCTBUSI 3arpsS3HUTENEH B OKpyXKaroUlei cpene
MMeeT HEKOTOPBhIE MMPENMYIIIECTBA, TI0 CPABHEHHIO C
KUBOTHBIMH MoJiesiMu. OHU CBSI3aHBI HE TOJBKO C
UX YyBCTBUTEJIBHOCTBIO K MyTareHHbIM (hakTopam,
HO M OCOOEHHOCTSAIMHU PENPOIYKTHBHON CHCTEMBI,
BO3MO>KHOCTBIO HCIIOJIb30BaHUS YCIOBUH in vivo U
in vitro 6e3 ITHYECKUX OTPAaHUYCHUH U BO3MOKHO-
CTBIO OIEHKM HECKOJBKHUX T€HETHYECKHX Mapame-
TPOB B KJIETKaX Pa3HbIX OPraHOB M TKaHEeH (JINCTbS,
KOPHH, TaMETOI'€HE3, IbUIBLEBBIC 3€pHa M Ap.).
Taxxe cyriecTBeHHOE 3HAUEHUE UMEeT CTaHAapTH-
3alMsl METOJIOB B KOHTPOJIMPYEMBIX JJa00OPaTOPHBIX
YCIIOBHSIX, HE TpeOyromas OONbIINX 00beMOB 00-
pas31oB M HU3KOH ce6ECTOMMOCTEHIO.

W3ydenne BO3MEHCTBUS paguallid Ha pacTe-
HUS TIPECTABISCT UHTEPEC VISl CEINbCKOTO XO35IH-
CTBa, DKOJOTMM M KOCMHMYECKHX HCCIIeT0BaHMIM.
EctecTBeHHO pacTeHUs] HE MOTYT HPOSBISITh TAKHE
Ke cToxacTUieckue 3(P(GeKThl Ha MOHU3UPYIOIINE
M3IIYYCHHSI, KaK MJICKOMHUTAIONINE U 4eloBeK [3],
OJIHAKO MX HCIIOJIb30BaHHE MOXKET MPEIOCTABUTH
ajlekBaTHbIe MH()OPMALMOHHBIE IAHHBIE, KOTOPBIE
OyAyT CIIy>)KUTh OTIPABHOW TOYKOH AJISI HCHOIB30-
BaHUs JIPyTux, Ooyiee CIOXKHBI M JOPOTOCTOSIIIUX
ounonornueckux cucreM [4]. U1 B HEKOTOpBIX JH-
TEpPaTypHBIX HCTOYHHMKAX IPOJEMOHCTPUPOBAHBI
COIOCTaBUMbIE PE3yJbTAaThl 0 BO3HUKAIOLIUM Te-
HETHYECKUM aHOMAJIMSIM B PACTUTEIHHBIX U KHBOT-
HBIX CHCTEMax IMpH aHAJIN3€ XUMHUYECKUX Me€HOTOK-
CHUKaHTOB [, 6, 7].

JI1st OTICHKY pauaIiiOHHON TOKCHYHOCTH O00h-
€KTOB OKpY’KaroIlel cpepl mpeuiaraeTcs UCOib-
30BaTh cucremy Allium-test [8, 9, 10]. 3akoHOMEp-
HOCTHU POCTa U Pa3BUTHA KOpHEU Allium cepa TecHo
CBS3aHBI C YPOBHEM 3arpA3HEHHH TECTHPYEMBbIX
00BEKTOB; (pa3bl MUTOTHUECKOTIO IMKJIA YETKO BBI-
PaXEHBI ¥ UX JIETKO HIEHTH(PHUIIMPOBATE; IYK UMEET
HEeOONBIION M cTaOMIBHBIM KapuoTun (2n = 16) ¢
KPYITHBIMH U MOP(JIOTHYECKH XOPOLLIO Pa3InIUMBbI-
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MU XpoMocoMamu. [Ipu 3ToM crioOHTaHHBIE XPOMO-
COMHBIE MOBPEXKIECHUS BCTPEUYAIOTCS JTOCTATOYHO
penxo [4, 11]. bomee Toro B mocneaHue TOABI Ha-
OupaeT MomyJIsIPHOCTh TaK Ha3bIBAEMbIH ITATOMHBIN
aHaJln3, KOTOPBIM OCHOBaH Ha PErHCTpaLdU sIiep-
HBIX aHOMANWK B MHTEP(A3HBIX KIETKaX, KOTOPHIE
TaK)Ke JeMOHCTPUPYIOT YETKYIO peaklHio Ha ypo-
BEHb TECTHPYEMBIX 3arps3HUTENCH OKpYKaroIleH
cpensl. Takum 006pa3zoM, MUTOTEHETHIECKIE MapKe-
pul Allium cepa BKIIOYAIOT MUTOTHYECKUH HHICKC,
MUKpPOSIpa, XPOMOCOMHbBIE abeppalliy U [IUTOTeHE-
TUYEeCKHe HapYIIeHHUs Ha Pa3HbIX CTAAMIX MHUTO3a
U siiepHble aHoManuu. Ha ocHOBaHMU 3THX KpuTe-
pueB Allium-test, cran moxxojsIield TeHeTHIeCKOi
MOJIEJBIO ISl OI[EHKH ITUTO-TEHOTOKCHYECKOTO T10-
TEHIMaNa 3arps3HSIoMUX (HaKTOPOB, PEKOMEH/IO0-
BaH BO3 kak cTaHaapT B UUTOr€HETUYECKOM MOHU-
TOPUHTE 3KOJOTHYECKUX (PaKTOPOB M OBUT MPUHAT
MeskayHapoJHOH TporpaMMoi o OHoaHaIu3y pac-
tenuii (IPPB) [12, 13].

Allium-test MO)XKHO MCIIOJIB30BaTh B JABYX Ba-
puaHTax, aHaJIu3 JyKoBHIl U cemsH [14, 15]. IIpu
WCITOJIb30BAaHUM JYKOBWI[ B aHAIIM3 BKIFOYAIOTCS
TaKue JOTOJTHUTENbHbIE TapaMeTpbl, KaK CKOPOCTh
pocTa M niauHaA KopHed. B aTom ciyuyae HOIKHBI
WCITIOJIB30BaThCSl HEOONBIINE JIYKOBUIBI WU ITy-
KOBHMYHBIM CEBOK MPHUOJIMU3UTENHHO OJHOTO pas-
Mepa u Macchl. CemeHa y100HO UCTIOIB30BAaTh, TAK
KaK OHH SIBJISIFOTCSI OMOJIOTHYECKU MOKOSIIMMICH,
TeHETUYCCKH M (U3HOJIIOTUYECKH OJTHOPOTHBIMHU
TecT-o0bekTaMu. Kitaccmuecku ucciemgoBaHusi ¢
HCIIOb30BaHueM Allium-test IpoOBOAAT AJI OTEH-
KU XUMHUYECKOM TeHOTOKCHYHOCTH [9,16], Bo3neii-
CTBHE MOHU3UPYIOIIETO M3JIy4eHHUs Ha 3TOH TecT-
CHCTEME HM3yJaeTcs JOBOJBHO peako [4, 17, 18].
Tem He MeHee, ucnonb3oBanue A/lium-test mokasa-
JIO XOpOIIIUEe Pe3yJbTaThl IPU OI[EHKE ITUTO- U Te-
HOTOKCHUYHOCTH Y-MU3ITy4YeHUS U OBICTPBIX HEUTPO-
HOB [19, 20], TsKEIBIX MOHOB BBICOKUX SHEPrUit
[21] u 2JAE€KTPOMArHUTHOrO H3nydeHus [22, 15]
M0 TaKUM KPUTEPHSIM, KaK JUIMHA KOPHS, XpPOMO-
COMHBIE abdeppannuu, MUKPOsIpa 1 MUTOTHYECKUN
unaekc [23, 24]. OgHako B 3THX HUCCIEIOBAHUAX
aBTOPBI MCTIOIB30BAIN BBICOKHE 03Bl OOIyUEHUS
(Bpire 1,5-2 I'p). M3yuenne BO3EHCTBUS MabIX
103 WOHU3WPYIOIIUX W3IYyUYeHUH MPOBOIUIHCH
JUIIb B €IMHUYHBIX ciay4asx [25, 26, 27, 28] u BbI-
SIBUJIO IIMUTOI€HETHUYECKHIl OTBET MPOPaCTAIOIINX
KopHe# cemsiH Allium cepa.

Llenp HACTOAIIETO MCCIEAOBAHUS 3aKII0YAIach
B OLICHKE BIIMSHHUS HHU3KOJ030BOTO Y-O0Iy4YEeHUs
(0,01-0,7 I'p), Ha HMUTOTEHETHUYECKHE IMapaMeTphl
MpopacTaronux KopHed cemsH nyka (Allium cepa)
U CPaBHEHHE WX YYBCTBHUTEJIBHOCTH C Kiaccuye-
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CKHAM TECTOM Ha XpOMOCOMHEBIE abeppaluu B Kyilb-
Type TUM(OIMTOB YeTOBEKa.

OTH NaHHBIE MMEIOT OOJIBIIOE 3HAYEHHE, II0-
CKOJIBKY MOTYT ITOKa3aTh OMOJIOTHYECKYIO PEAKIIHIO
MEPBBIX KIETOYHBIX MOTOMKOB PACTCHHS Ha BO3-
JICHCTBHE paidallii U BO3MOYKHOCTh €0 UCII0JIb30-
BaHUs JJIs IOCTPOCHUSI KPUBBIX JI03a-pEaKius U B
JMagpbHEHIIeM MepBON W OBICTPON MACHTH(PUKAIINN
BCJIMYMHBI paIuallUOHHOTO BO3I[CI\/'ICTBI/I$[, mpoBcae-
HUSI OMOJIO3VMETPUU U OLICHKH PAHMOIKOIOTHYC-
CKHUX TIOCJICICTBUH, CBSI3aHHBIX C BEIOPOCOM pajino-
AKTUBHBIX MaTePHAJIOB B OKPYIKAIOIIYIO CPEY.

MaTepI/laJ'lbI U METOAbI HCCJICA0OBAHUA

BozzaeiicTBre HU3KHUX 103 Y-H3Iy4YECHUS UCCIie-
JIOBAJIM C IOMOILBIO JIBYX TECT-CUCTEM — U3yUeHHE
OUTOTEHETUYeCKUX HapyueHuit B Allium-test Ha
PasHbIX CTAAUAX KIETOYHOTO LHKJIA U aHAJIU3 XPO-
MOCOMHBIX abeppanuii B KyJIbTypax JTUMMOITUTOB
YesoBeKa.

Allium-test. JIns M3y4eHUs] LUTOICHETHUECKUX
HapymeHuit B Allium-test oOiydeHHBIE pa3HBIMU
JI03aMH  Y-M3JTy4yeHHUs] CEeMEHa JIyKa MpopaluBa-
au B yvamkax Ilerpu npu temmnepatype 22-24°C
(B Teuenme 48-72 gacoB). Y 2-3 cM KOpEIIKOB OT-
pe3anu KOHYMK AMUHON 1-2 cM u QukcupoBanu B
ynpouieHHoM (ukcatope Kapnya (96% >TunoBsiii
CIUPT: JieAsHasg YKCcycHast kuciorta — 3:1) B Tede-
Hue 4-24 4. l'uaponuzanuto B 1N HCI npoBomnu B
teueHue 8-10 mun npu 60°C u npombIBaId B AHC-
TWITUPOBAaHHONW Boje. OKpalMBajal pPacTBOPOM
Opcenna B kumsieil BoasHoi Oane 6-12 MuHYT,
OTpe3aJId T'yCTO OKPAIICHHbIA KOHYMK JUIMHOU 1-2
MM ¥ TOTOBUJIN JIaBJICHBIC TipenapaThl B 45% yKkcyc-
Hol kucaote [10, 29]. [luToreHeTHYECKUI aHaIN3
MIPOBOIMIM TIOJ MHUKpockomoM ZeissAxioLabA.1
Y YYUTBHIBAJIM BCE BCTPEUAIOIIMECsS HapyIIeHHUd Ha
PasHBIX CTaausIX KJIETOYHOIo JAeleHus ¢ horomo-
KyMEHTaIel HanboJsiee XapakTepHbBIX HapyIICHUH.
B nHTEep(ha3HBIX KIETKaX 4acTOTy MHKPOSJEp pac-
YUTBIBAJIM K OOLIEH CyMMe NpOaHAIN3HPOBAaHHBIX
knetok (Ms,%). Ha cramgum meradaspl yauTeBanu
MUKPOSIIpa, BBIMABIINE XpOMOCOMBI U C-mMeTadasbl.
B ana-tenodasznom ananuse QUKCHPOBAIN YaCTOTY
OTCTABILIMX/BBINABIINX XPOMOCOM ¥ MOCTOB Ha 3THX
CTaJusIX K 001Iel cymme aHa-Tesnogas Ha Ipernapare.
Taxoke BO Bcex BapHaHTax MPOBOJMIIN pacueT MUTO-
tryeckoro uHAekca MI=(Z(P+M+A+T)/n)*100%,
rae (P, M, A, T) cymma KJIETOK HaxoHsIIMXCS Ha
CTa/INAX KJIETOYHOTO JeneHus (mpodasa, metadasa,
aHadasa, tenodasza, COOTBETCTBEHHO), N — o0Iiee
YHCIIO0 MPOAHATU3UPOBAHHBIX KIIETOK.

Kynomusuposanue numghoyumos uenogexka u
npucomosnenue npenapamos. OOpazen LeNIbHON
kpoB# (0,5 M) 100aBISIIH B KYJIBTYPAIBHYO CPEILy
(4,5 M), cocrosimryto u3 76% mUTATETHFHOU CPEIbI
RPMI-1640 + royramun (2 MM) (Sigma Aldrich,
CIIA), 24% ¢eranpHON ObIubEl CHIBOPOTKH
(Sigma Aldrich, CIIIA) n nmeHUIMIUIMHA/CTPEITO-
mutuHa 100 EJI/mn. Beiienenne muMQouToB cTH-
myauposanu 2% PHA (Gibco). Kinerkn nakyOupo-
Banu B Teuenne 48 1 B CO2-unky6atope mpu 370 C.
3a 2 4 10 puKcanyu B cpeay J00aBISITH KOJIXHUIIMH
(ITar DOxo, Poccus; koneunas xonmneHaTpanus = 0,8
MKr/Mit). [ MIIOTOHUYECKY0 00pabOTKy KIETOK HPO-
Boagmwu 0,075 M KCI na BoasiHOU Gane mpu 37°C
B TEUYCHHE 15 MHH C TIOCIEAYIOMIECH TPEXKpaTHOM
(bukcanueil CMEChbI0 METHIIOBOI'O CIIUPTA W JIEHs-
HOM ykcycHOU kucnoTsl (3/1). IlomrorosneHHyro
KJIETOUHYIO CYCIIEH3WI0 HAHOCHIIM Ha 00e3)KUpEH-
HbIC, BIIAYKHBIC, OXJIAXK/ICHHBIC TPEIMETHBIC CTEKJIA.
[IpemapaTsr MeTadasHBIX XPOMOCOM pPaBHOMEPHO
okpamuBain 4 %-HbIM pacTBOpoM PomaHOBCKOTO-
I'umser (Merck, ['epmanns) B TedeHue 5 MuH, Tpo-
MBIBJIN JUCTUNTMPOBAHHON BOOH M BBICYIIINBAIIH
[30].

Lurorenernueckuii  aHanmu3  MeTadasHBIX
XPOMOCOM TPOBOJAWIN TOJ MHKPOCKOMOM Zeiss
Axioscop 40 ¢ MacisHOW UMMepcuel U yBelude-
HueMm 16x100 u MOTOPU30BaHHBIM MHUKPOCKOIIOM
Zeiss Axiolmiger Z.2 ¢ mporpaMMHBIM o0ecrieue-
HueM Metafer-4 ¢ maciissHOH UMMepcuUel U yBeu-
gegueM 10x63. OueHuBanu KOJIUYECTBO KIETOK C
abepparusiMu, a TaK)Ke COOTHOIICHHE KOJIMYECTBa
u tunos abeppauuii Ha 100 aHANM3UpPyEeMbIX Me-
taa3. [logcuuTeiBaIM BCE THUITBI XPOMOCOMHBIX
AHOMAJIUH, BBISBISEMbIX MPU PYTHHHOM OKpAIIIK-
BaHMH. MUKPOCKOTIMYECKHUI aHanu3 MeTada3HbIX
MIJJACTUHOK TIPOBOIMIICS B COOTBETCTBHH C OOIIIe-
MPUHATHIMA KPUTEPUSIMHU OTOOpa M aHain3a Ipe-
mapatoB. Jlis kaxmoro oOpasiia aHaTU3UPOBAIH
10 200 xnerok. ITpu aHanu3e noay4eHHbIX JaHHBIX
HCIIOJIb30BAJIA CTaHAAPTHBIE METOJIbI CTaTUCTHYE-
CKOT'0 aHaJIu3a.

Obpabomxka y-usnyyenuem. Cemena Allium cepa
B CTaJIUM MOKOSI U 00paslibl LEIbHON KPOBU A00PO-
BOJIBHBIX 3JI0POBBIX JIOHOPOB IOJIBEpPTaid pajua-
[IMOHHOW 00pabOTKe B IIACTHKOBBIX (hJaKOHAX Ha
arnrapare JUCTaHLUMOHHOW JydeBoi Tepanuu «Te-
param» ¢ 3apsgom Co®, HOMHHAIBHOW dHEpruei
yCcKopeHHbIX 2JekTpoHoB 1,5 MOB (HUU onkoio-
TUH U pagnoioruu, Anmatel, Kazaxcran). beiam mc-
nojas3oBanel 10361 — 0,01; 0,03; 0,07; 0,1; 0,3; 0,7
I'p ¢ MmomHOCTEIO 0,1T'p/MUH 1 TemMnepaType OKpy-
»karonieit cpeanbl +20-25 °C.
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Pe3y.]'[I>TaTbI U UX 06cy>lc)1elme

VBenudyeHue paadalliOHHOW HArpy3ku U
YXyAIICHUE Ka4ecTBa OKPYKAIONIeH Cpelbl BIIHU-
SIIOT U Ha JI0JEeH U Ha OpUpPOAy, YTO MPUBOIUT K
YBEJIIMYECHHUIO MYTAallHOHHOTO MPOIlecca U TeHEeTH-
YECKUM U3MEHEHUSIM OMoopraHu3MoB. JlJis oneH-
KU pUCKa M OINpEJEeICHUs CTEIICHH MOBPEKISHUS
JKUBBIX CYIIECTB pa3pabOTaHbl pa3IMIHBIE MOJIE-
KYJISIpHBIC, TEHCTUYCCKUC U 6I/IOXI/IMI/I‘-ICCKI/IC TE-
cTbl. OTHAKO MHOTHE U3 HUX JOPOTH, TPYAOCMKHI
" 3aHUMAIT JOCTAaTOYHO MHOT'O BpEMCHU. B stom

CMBICJIE, KPaTKOCPOUYHBIE U MPOCTHIE OHMOTECTHI,
BBISIBJISIIOLME HAPYLICHMS, BBI3BIBAEMBIE HCCIE-
nyeMbIMU (aKTopamH, IMONy4aloT Bce OoJbliee
pacopocTpaHeHHe, 0 KpailHel Mepe, Ha MEPBOM
dTare WCCICNOBAaHUM WIIH JJIs1 OBICTPOM OIICHKH
BO3HHUKINEH cuTyauuu. 1 pacreHus yHUKaIbHBI B
CBOEM CTIOCOOHOCTH, CIYXHTh B KaUeCTBE WHJIH-
Kartopa in situ i TEHOTOKCUKAaHTOB OKpYXKaro-
e cpeas [34].

Pe3ynpTaThl HUTOT€HETUYECKOTIO aHaJIU3a BO3-
JIEHCTBUS Pa3HBIX 03 Y-U3NydeHus B Allium-test
npezcTaBieHbl B Tabnuie 1.

Taduuua 1 — Bo3aeiicTBre pasHBIX 103 Y-U3TY4YEHUs ¢ TOMOILbI0 A/lium-test

Hosa O?i;)yqum’ Bcero kierok WuTepdasa, % Meradasza, % Amna-tenodasa, % MI

0,01 3000 0,11+0,06 0 0 10,1£0,55
0,03 3000 0,22+0,10 0 0 9,7+0,54
0,07 3000 0,23+0,08 1,1£0,10 2,17+0,27* 13,6+0,62
0,1 3000 0,45+0,07* 2,5+0,28 3,57+0,34* 9,94+0,55
0,3 3000 0,5620,10% 6,67+0,30 8,3340,20* 10,7+0,56
0,7 3000 0,69+0,15* 13,3 8,89+0,52* 12,9+0,61

KOHTPOIIb 1500 0,08+0,07 0 0,3+0,10 19,00+1,00

*p<0,01

B Allium-test yauTsIBaIn BCE BCTPEUAIOIITHECS
[IUTOTCHETUYCCKUE HApPYIICHUS Ha pPa3HBIX CTa-
JUSX KJIETOYHOTO JelieHus. B kierkax Ha craiuu
nHTep(a3pl MPEUMYIIECTBEHHBIM THUIIOM HapyIie-
HUH ABJISLITUCH MUKposinpa. Ha craausx meradassl,
aHadassl u Tenodassl KpOMEe MHKpOSIEp BCTpeya-
JINCh TaK)K€ 1 XPOMOCOMHBIC HAPYIICHISI, KOTOPBIC
ObulM TIpesCTaBleHbl (parMeHTaMu (pe3yJbTar
Pa3phIBOB, AETEIHA U TPAHCIOKAIIHiA), MOCTAMHU U
OTCTaBIIMMHU WJIM BBIMABIIUMH XPOMOCOMaMHU. DTH
TUTIBl HAPYIICHHUN CBSI3aHHBI C HE PACXOXKJICHUCM,
HarpuMep, JUINEHTPUIECKHX XPOMOCOM, HapyIle-
HUEM TIOBEJIEHHUSI XPOMOCOM Ha BEpETeHE JIeJICHUS
WU C TOBPEXKICHUEM CaMOT0 BEpeTeHa JeJCHUs
(Pucynoxk 1).

OcHoBHbIe 3P deKThl Y-00TyUeHus, HaOIr0aae-
MbIE B MEPHCTEMATHYCCKUX KJIETKaX KOpPHEH Mpo-
pacTaromux ceMsH Allium cepa, BKIIOUAIOT yCHIIe-
HUE UHIYKIIUH MUKPOSIIEP B MHTEP(]a3HBIX KIICTKAX,
XPOMOCOMHBIX HAPYIICHUI Ha CTaqul MeTa(as3bl U
IMTOTEHETUYECKUX HapYIIeHW B aHa-Teno(dasax.
KonudecTBo ucciemnyemMpix aHOMaauii HOCUT XOTh U
J0303aBUCHUMBIN, HO HEJTMHEHHBIN XapakTep U J0-
CTOBEPHO OTJIMYAETCS OT KOHTPOJIBHOTO ypoBHS. B
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nuamnasone uccienyemsix 103 (0,01-0,7 I'p) wactora
MUKpPOSIJIEp JOCTATOYHO TOYHO OIMCHIBACTCS I10-
JTUTHOMHAIBHBIM ypaBHeHHeM (Pucynox 2). MuTto-
TUYECKUH MHIEKC KIETOK MOCIe O0IyueHHsI CEMSIH,
HECKOIIbKO CHIDKEH, HO HE TIPOSBIISCT 3aBUCHMOCTH
OT JT03BI OOTYUCHUSI.

Pe3y.]'IBTaTI>I OUTOI'€CHETHYCCKOI'O aHain3a BO3-
JIEHCTBYSI Pa3HBIX J03 Y-M3ITyYCHUS Ha JIUM(OIUTHI
nepudepruIecKoil KpOBU YEIIOBEKA MPEACTABIICHEI B
Tadnure 2.

B mmMmdornuTax deloBeka YYHTHIBAIH BCE
abeppaluu XpoMOCOM pEerucTpupyeMble Ha crTa-
nuu Metadaszbl. CHEKTp YYUTHIBAEMBIX aHOMATHI
OB JIOCTaTOYHO MIHUPOK W BKIIOYAN abepparuu
XPOMOCOMHOTO M XPOMAaTHJIHOTO THIIOB. Abep-
panuu XpOMOCOMHOTO THIA ObUIH MPEACTaBICHBI
JIBOWHBIMH pa3pblBaMH # (parMeHTamu, IIeH-
TPUYCCKUMU U allCHTPUYCCKUMHU KOJbUOaMH, OU-
LHEHTPUKAMU U TPAHCIOKAIUSIMH, XPOMATUIHOTO
THIIA — OJUHOYHBIMH pa3pblBaMu, (hparMeHTaMu
u obmenamu. Yacrora abeppaunuii XpoMocoM B
muM@onHTaX YeI0BEeKa 0XKHUIAEMO HOCHUT J10303a-
BUCHMBIA XapakTep ¢ miato B obmactu mo3 0,1-
0,3 I'p [31,32,33].
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Pucynoxk 1 — Tunsl quTOreHeTHIECKUX HApPYIICHNH pH mpoBeneHnH Allium test
1 — uHTEepda3HBIe KIETKH C MUKPOSIPAMH; 2 — MHKPOSIZIPO B TIpodase; 3 — MEKPOSIpo B MeTadase;
4 — BpIMaBIIas XpoMocoMa B aHadase; 5 — XpoMOCOMHBIH MOCT B Tenodase; 6- MUKpOsIpo B Tenodaze

Pucynok 2 — MozenupoBanue 103a-3Q(GEeKT 1acToThl MUKPOSLAEP
B UHTEep(]a3HBIX KIIETKaX B TecT- cucteme Allium cepa
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Ta6anua 2 — Bo3nelicTBre pa3HBIX 103 Y-U3ITydeHHs Ha JIUM(OLUTHI TepU(pEepUIecKoil KPOBH YelIoBeKa

Jlo3a obnydenus, ['p Bceero abepparmii (%) XpomocomHoro tumna (%) Xpomaruauoro Turma (%)
0,01 3,9+0,61 2,4+0,48 1,5+0,38
0,03 4,3+0,64* 2,9+0,53%* 1,44+0,38
0,07 5,4+0,71% 3,340,56* 2,140,44
0,1 6,0+0,75% 3,740,61* 2,340,47
0,3 6,1+0,76* 3,9+0,61%* 2,2+0,46
0,7 14.2+1,10% 12,141,03* 2,140,44
KOHTPOJIb 1,58+0,39 0,67+0,26 0,91+0,30
*p<0,01

B npoBeneHHOM HcciienoBaHuU 00a CpaBHUBA-
eMBIX TeCTa MOKa3aJHl CXOXKYIO0 CTENeHb IIUTOTCHe-
THUYECKOTO OTBETa, HE CMOTPS Ha UX Pa3HyIO pajno-
YYBCTBUTENBHOCTh. Allium-test nokasan 00801bHO
BbICOKYIO YYECMBUMENLHOCIb NO Kpumepuio 00-
PA308aHUSL MUKPOAOED 8 UHMePDA3HbIX KIemKAX.
Hcnonvzosanue Allium-test ¢ aHaTM30M MHKPOSIIICP
B MHTep(a3HbIX KIETKaX U aHaJIu3a HapylIeHH Ha
cTagusix aHagasbl-Tenopasbl Ha ITHX Ke Mpernapa-
Tax siBgeTcs Haubosee onTuManbHbIM. OH SIBIISCT-
cs1 0oJiee OBICTPBIM U TEXHHUUYCCKU MEHEE CJIOKHBIM,
10 CPaBHEHUIO C aHAJIIM30M XPOMOCOMHBIX abeppa-
Uil Ha craauu Meradasbl C IPUMEHEHUEM KOJIXH-
LUHA.

UyBCTBUTEIBHOCTD U KOPPEJSALUS TECT-CHCTEM,
KOTOPbIE HCIOJB3YIOT JUIS OLIEHKH BO3MOXKHOH
OTACHOCTH PaJMallMOHHOTO BO3JEHCTBUS WU (hak-
TOPOB OKPY’KalOIIEH Cpe/ibl, UMEIOT I1E€PBOCTEIICH-
HOE 3HayeHue Juis OoJjiee TOYHOTO OIpeCICHHUs
MOTEHIMATBHBIX PUCKOB HJIM JKCTPAIOJSIHUU I0-
JIy4CHHBIX DPE3yJIbTATOB Ha JAPYI'He OpPraHU3Mbl U
YenoBeka B TOM 4Hciie. UyBCTBUTEIBHOCTh HCTIONb-
3yeMBIX TECT-CUCTEeM paznnuHa. OHa 3aBUCHT OT
pasperaronield CocOOHOCTH CaMOl TEeCT-CUCTEMBI
[35], HO TakKe HEMaJOBaKHOE 3HAUCHIEC UMEECT THIT
MYTareHHOTO BO3JCHCTBHSI, BHI aHAIU3UPYEMbIX
KJIETOK, UX HpojudepaTiBHas aKTUBHOCTb U [P.
[ToaTOMY OBLT BBITIOJIHEH KOPPEISIIMOHHBIN aHaAIIN3
pe3yIabTaTOB MPOBEICHHOTO TECTUPOBAHMS Ha CH-
CTeMax Pa3HOro ypOBHs OpraHuzanuu. BuisBieHa
KOPPEISIHS MEXIy YacTOTOW XPOMOCOMHBIX Ha-
pyuIeHuii B tuM@onuTax 1 4acTOTOH MHKpOSIEp B
nHTepda3Hpx kieTkax (+0,82), a Takke 4acToTon
XPOMOCOMHBIX HapylIeHHH B MeTada3zax TuMQorm-
TOB M KOpHsX Jiyka (+0,94). AHaoTn4YHbIE JaHHBIC
10 KOPPEJSILIUU ITUX TECT-CUCTEM OBbUIN BBISIBICHBI
MpU aHajJu3€¢ TCHOTOKCHMYHOCTH 3arpsi3HEHUH 00-
pas3noB BOABI U BOJAHBIX BBITSDKEK IOYB PErHOHA
r.Kenray Ha KynabTypax 1MM(OLUTOB 4YelIOBEKa U
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4acTOTON HapyIICHUH B MeTa(a3e KICTOYHOTO ITHK-
na ripu npoBeneHun Allium-test — 0,81 u 0,68 coot-
BeTcTBeHHO (p<0,01). A Takxe KOPPEIAIUI MEKTY
4acTOTOW XPOMOCOMHBIX abeppanuii Ha KyJIbTypax
TUM(OIMTOB YeIOBEKa W YaCTOTOW MHKPOSIEP B
nateppaze — +0,72 (p<0,01) [36]. BrriBnenusie
B3aMMOCBSI3U COTJIACYIOTCSI C JIaHHBIMU JINTEPATY-
PBI, MOKA3bIBAOIINMH, YTO IIUTOI€HETHYECKNE Ha-
PYLIEHHS B PACTEHHSIX CIIOCOOHBI KOPPETUPOBATH C
KJIETKaMH 4YeJloOBeKa 1 )KMBOTHBIX. Harpumep, kiet-
KM KOHYMKOB KOpHEH Lactuca sativa NpeCTaBIIOT
€000 JOCTOBEPHYIO MOJIENb JJIsi OOHAPYKEHHS T10-
Bpexxaennit JIHK, BbI3BaHHBIX MyTareHamu, u COOT-
BETCTBYIOT HapyIICHHUAM, HAOJIIOAAEMBIM B JICHKO-
[IUTax 9eJI0BEKa, CTIOIb3yEeMbIM B Ka4eCTBE MOJICIH
B aHAJIOTMYHBIX TecTax [37]. HapymeHnus B kineTkax
Allium cepa npu TeCTUPOBAHUM CTEIIEHH I'€HOTOK-
CUYHOCTH BO3JIEHCTBUI XOPOIIO KOPPEIUPYIOT IIPU
AQHAJIOTMYHBIX BO3AEUCTBUAX C IUTOI€HETHYECKUMHU
HapyLICHUSIMH B KJIIETKaX MIEKONHUTAIOUINX U YeII0-
Beka [38,39]. Takxke mokazana koppensuus B 82% B
OTHOIIIEHUH TECTa Ha KaHIIEPOT€HHOCTD Y TPHI3YHOB
u Allium-test [40, 41].

3aKkjIoueHne

PacturennHble KIIETKU MOTYyT 6LITI) mpeaJIoxe-
HBI B KAUECTBE BAXKHOU CHCTEMBI I OICHKH TOK-
CHKOJIOTHYECKOTO PHCKA AarcHTOB OKPYXKAaroIIei
cpenbl. B uwactHocTH, Mcnosib3oBaHue Allium-test
MMeeT BaKHOE 3HAUYCHUE [T TIEPBOTO CKPUHHH-
ra PUCKOB, CBSI3aHHBIX C MOTCHIIMAIBHO T'€HOTOK-
CUYHbBIMU arcHTaMu, KOTOPBLIC MOTYT IIOIAaCTb B
OKPYXKAIOIIYI0 Cpely, HampUMep HOHU3HUPYIOIIee
U3JIy4CHHUE B PEKMME HOPMAIBHOMN IKCIUTyaTarnu
aTOMHOM CTaHIIUMW WJIM TIPU BO3MOXHBIX HCHITAT-
HBIX cUTyanusix. [IpoBeieHHOE HCCIEeI0BAaHUE MO~
Ka3aJI0 XOPOIIMH MOTEHIIHAT W BO3MOXHOCThH HC-
MOJIB30BAHUS MEPUCTEMATUYECKUX KIIETOK KOpPHEH
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Allium cepa B KadecTBe MOAXOMSIIECIO MaTepuaa
JUTs1 OMOJIOTHYECKOW MHANKAIIMY TeHOTOKCUYHOCTH,
BO3HHKAIOIIEH IPH KPaTKOBPEMEHHOM BHEIIHEM
BO3/ICHCTBUN Y-M3nMydeHus. K OCHOBHBIM LUTOTE-
HETUYECKUM HapyIICHUSM, HaOJII0aeMbIM B KJIET-
Kax KOpHEBOW MepHucTeMsl Allium cepa, oTHOCATCA
YBEJIMYEHHE YaCTOThl MUKPOSACP B MHTEP(Aa3HBIX
KJIeTKaX, HapyIIeHUs] Ha Pa3HBIX CTaJUAX KJICTOU-
HOT'O LIUKJIa U XPOMOCOMHBIE abeppalui.

HcTouyHUK (PMHAHCHPOBAHUSA

Paboma evinoanena npu ¢unancosoii noo-
oepoicke Komumema nayxu Munucmepcmea gvicuie-
20 obpaszosanus u Hayku Pecnyonuku Kasaxcman,
6 pamxax epanma NeAP14869771 «I enemuueckuii
cmamyc u cocmosiHue UHOUKAMOPHLIX epynn ¢hio-
Dbl U (hayHbl Ha meppumopuL Aeapul paKemoHoCU-
mens «/[Henpy.
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RECENT AVIFAUNISTIC ANALYSIS IN THE FLOODPLAINS
OF THE KARA YERTIS (BLACK IRTYSH)
AND YERTIS RIVER IN THE PAVLODAR REGION

This research focuses on studying the avian populations in the floodplains of the Kara Yertis and Yer-
tis River in the Pavlodar region, Kazakhstan. There are notable gaps in our understanding of the avifauna
in these areas, highlighting the need for continued ornithological research. The primary goal is to address
these limitations, with a focus on the Zaysan depression in the East Kazakhstan region and the Pavlodar
region. Global climate change and anthropogenic impacts, such as hydroelectric power stations and
reservoir construction, are identified as potential contributors to environmental changes in the region.
One significant impact is the potential shift in the timing of spring nesting due to climate change, affect-
ing different bird species in varying ways. To investigate these dynamics, field studies were conducted
in May and June of 2023, covering seven sites along the Kara Yertis and Yertis River in the Pavlodar
region. The study adhered to standardized protocols, taking into account the phenological aspects of
bird life cycles. The density of bird species was estimated using route accounting on permanent inven-
tory plots. The study identified a total of 127 bird species across 16 orders in the two model areas. This
included species listed in the Red Book, highlighting the importance of conservation efforts. In the Irtysh
River of the Pavlodar region with a high humidity level, compared with the Kara Yertis, there were fewer
anthropogenic impacts and more bird species (103 species). This study shows that, taking into account
climate change and anthropogenic impacts, it is necessary to constantly monitor this region and develop
conservation and adaptation strategies.

Key words: Birds, Avifauna, Biodiversity, Yertis River, Zaysan depression, Kara Yertis, Pavlodar
region.
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Kapa Epric nex NaBAoAap 00AbICbIHAAFDI
EpTic aAkabbiHbIH, aBUdpayHaCbIH TaAAdy

byA >xymbic Kapa Eptic neH NaBaopap 00AbiCbiHAAFbI EPTiC ©3€Hi KyCTapbiHbIH, MOMYASLUMSACHIH
3epTTeyre apHaAfraH. byA ariMakTapaarbl KycTap hayHachl TypaAbl MOAIMETTED TOAbIK, EMeC, COHAbIKTaH
OPHUTOAOTMSIABIK, 3epTTEYAEPAI >KaAracTblpy Kepek. Herisri Makcat — LbiFbic KasakcTaH >kaHe
[NaBAoAap 0OAbICTapbIHAAFbI 3aicaH oMnaTbiHa Ha3ap ayAapa OTbIpbin, aBMdayHachl TypaAbl GiAIMAj
TOAbIKTbIPY. KahaHABIK KAMMATTbIH ©3repyi, MAPO3AEKTPOCTAHUMSIAADP MEH CY KOMMAAApPbIHbIH,
KYPBIABICBI CUSKTbl aHTPOMOreHAIK (hakTopAap ariMakTarbl 3KOAOTUSIAbIK, e3repicTepre acep eTeTiH
bIKMaAAbl (hakTOpAap caHaAaAbl. MaHbI3AbI CarA@pAbIH, Gipi — KAMMATTbIK, ©3repicTepre 6aiAaHbICTbI
BPTYPAI KYCTapAbIH KOKTEMri ysiAdy YakbITbIHbIH, ©3repin KeTyi. 2023 >bIAAbIH MaMbIp XX8He MayCbIM
anaapbiHaa Kapa Eptic nen NaBaoaap eHipiHiH EpTic e3eHi 6GoibIHAAFbI XKETi aiMaKTbl KAMTUTbIH
AQAAABIK, 3epTTey >KYPri3inai. 3epTTey KyCTapAblH ©MIPAIK LIMKAIHIH, (DEHOAOTMAABIK, epeKLUeAiriH
eckepe OTbIpPbIN, CTAaHAAPT dAicTep GoibIHILA XXYPri3iAai. KyC TypAepiHiH TbIFbI3AbIFbI TYPAKTbl CaHak,
ayMaFblHAQ MapLUPYTTbIK CaHak, >Xyprisy 6onbiHwa GararaHAbl. 3epTTey 6apbiCbiHAQ €Ki MOAEAbAIK
aymakTa 16 oTpsiaka >kataTtbiH 127 KyC Typi aHbikTanAbl. OAapabiH apacbiHaa Kbi3blA KiTanka
EHTI3IAreH TYpAepAiH B6OAYbl — OAGpPAbI CaKTayfFa Kyll CaAyAblH MaHbI3blH KepceTeai. blaraa aeHreiti
>korapbl [aBroaap 06AbicbiHbIH EpTic e3eHiHae Kapa EpricneH caabiCTbipFaHAa, aHTPOMOreH acepi
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azAay >KeHe Kyc Typi kebipek (103 Typ) ke3aecTi. byA 3epTTey KAUMATTbIH ©3repyi MEeH aHTPOMOreHAIK
8CepAi eckepe OTbIpbIM, aTaAFaH alMakTbl yHemi 6akblAamn, TabWUFaTTbl KOpFay >eHe OeriMaery
CTpaTermsAapblH >kacay KeperiH KepceTeAi.

Tyiin ce3aep: Kyctap, ABudayHa, buoanayaHabik, EpTic e3eni, 3arcaH ownnatbl, Kapa Epric,
[TaBAOAQP OOABICHI.

N.I'. ®ponos’, b.T. bepankyaos!?*

"MHcTuTyT 300A0rMKM MUHUCTEPCTBA HAayKK U Bbicluero o6pasoBaHus Pecny6Ankn KasaxcraH,
KazaxcTaH, r. AAmaTbl
2Ka3axcKuit HaUMOHAAbHbIN YHMBEpCUTET MMeHu aab-Dapabu, KasaxcraH, r. AAMaThbl
*e-mail: bertalbek@gmail.com

CoBpemeHHblit aBU(PayHUCTUHECKMIt aHAAU3 B MOMMax
Yéproro Mprbiwa u NMaBrosapckoro MNpuupTtbiwbs

ITO UCCAeAOBaHME MOCBALLEHO M3YUYEHUMIO MOMYASUMA NTUL B noriMax YépHoro MpTbiwa m Nas-
Aopapckoro MpunpTbibs. CylecTByiOT 3HaUMTeAbHble MPO6GeAbl B Halllem MoHMMaHMK ayHbl NTMLL
B 3TMX PErmMoHax, YTo MoAYepkMBaeT HEOOXOAMMOCTb MPOAOAXKEHMS OPHUTOAOTMHYECKMX MCCAEAOBA-
HMii. OCHOBHas LeAb — 3aroAHWTb 3TU MPOOEAbI, YAEASS BHMMaHMe 3ancaHCKOM BriaamHe B Boctou-
Ho-KasaxcraHckon 1 MaBAropapckon obAacTax. [A0GaAbHOE MBMEHEHME KAMMAaTa M aHTPOTOreHHble
BO3AENCTBUS, TakKne Kak CTPOMTEAbCTBO MMAPO3AEKTPOCTAHLMIA U BOAOXPAHUAMLL, ONpeAeAeHbl Kak
noTeHUMaAbHble (DaKTOpbl, BAMSIOWME HA 3KOAOTMUYEcKMe M3MeHeHns B pernoHe. OAHUM M3 Cyllle-
CTBEHHbIX MOCAEACTBUI SIBASIETCS MOTEHUMAAbHOE M3MEHEHMEe CPOKOB BECEHHero rHe3p0BaHMs M3-3a
KAMMaTUYeCKMX U3MEHEHMIM, KOTOPOEe B Pa3HOW CTEerNeHW BO3AENCTBYET Ha pasHble BUAbI MTUL.

AAS M3ydeHMs 3TON AMHaMKKK B Mae 1 nioHe 2023 roaa ObiAM MPOBEAEHbI MOAEBbIE MCCAEAOBA-
HWS, OXBaTbIBalOLLME CEMb YYaCTOK BAOAb YepHoro MpTbiwa m NaBaoaapckoro MpunpTbiwbs. Mccae-
AOBaHMeE MPOBOAMAOCH MO CTAaHAAPTU3UMPOBAHHbBIM MPOTOKOAAM C YY4eTOM (PEHOAOrMYECKMX acreKToB
>KM3HEHHOro UMKAQ NTUL. NAOTHOCTb BUAOB MTUL, OLLEHMBAAACh C MOMOLLbIO MAPLUPYTHOrO y4yeTa Ha
MOCTOSIHHbIX YUYETHbIX MAOLLAAKAX.

B xoae mccaea0oBaHMS ObIAO BbISIBAEHO oblilee KoAMYecTBo 127 BMAOB NTML M3 16 OTPSIAOB Ha
ABYX MOAEAbHbIX Tepputopusx. Cpean HMX OblAM BMAbI, BHECEHHbIE B KpacHYl0 KHMUIY, YTO noAvep-
KMBAET BaXXHOCTb YCMAMI MO MX coxpaHeHuto. [MaBaoaapckoro MpumpTbilbs ¢ 60Aee BbICOKMM YPOB-
HEeM BAQXXHOCTM, MO CpaBHeHMIO C YepHbiM MPTbIloM, ObIAO MEHbLLIE aHTPOMOreHHbIX BO3AENCTBUI 1
npuBAek 6oAee pasHoobpasHoe coobuiectso ntumy (103 BMAA). ITO MCCAEAOBAHME MOKA3bIBAET, UTO C
YUYETOM M3MEHEHMsI KAMMaTa M aHTPOMOreHHOro BO3AENCTBUSI HEOOXOAMMO MOCTOSIHHO HabAOAATh 3a

YKa3aHHbIM PErvoHOM 1 pa3pabaTbiBaTb CTPATErMM COXPAHEHUS M aAAMTaALLUMN.
KaroueBbie caoBa: [tuubl, OpHutodayHa, bropasHoobpasme, Peka MpTbili, 3aiicaHckas KOTAOBU-

Ha, YepHbint MpTbiw, MNMaBaoaapckas 06AaCTb.

Introduction

The floodplains of the Kara Yertis (Black Irtysh)
and Yertis (Irtysh) River in the Pavlodar region
serve as crucial habitats for diverse avian species of
Kazakhstan. The choice of this topic is substantiated
by the fact that, despite prior research efforts,
there are notable limitations in our understanding
of the avian populations in these floodplains.
Taking into account the discovered problems and
insufficiently studied aspects of the avifauna’s state,
the continuation of ornithological research in the
Zaysan depression of the East Kazakhstan region
and in the Pavlodar region seems relevant and
important for the development of strategies for the
conservation and management of bird populations.
Such strategies may include measures to protect and
restore habitats, reduce human impacts, and improve
the environmental situation.

Global climate change can significantly impact the
populations of individual species [1]. Changing the
timing of the beginning of spring may lead to a shift
in the appearance of birds in the nesting territory and
a change in the onset of nesting. In the case of a warm
spring, certain bird species take advantage of more
favorable conditions and begin breeding earlier than
usual [2]. For some species, the early onset of spring
is favorable for reproduction, but for others, it is not.

The change in the hydrological regime of
the Yertis River, as a result of the construction of
reservoirs in the recent past, has led to a process of
change in the avifauna in the areas of the reservoirs.
According to some studies, the avifauna of the
Shulba Reservoir has been replenished with 7 new
species of birds [3]. To understand qualitative
and quantitative changes in avifauna parameters,
monitoring of both individual species and bird
populations as a whole is necessary.
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Regular and long-term studies will provide
a more complete understanding of the dynamics
of changes in the avifauna associated with
anthropogenic impacts and climate change, as
well as assess the effectiveness of proposed
measures for the conservation and management of
bird populations [4]. The results of such studies
will be useful for determining priorities in nature
conservation and developing adaptive strategies for
conserving biodiversity in a changing environment.

Research Question: How have the avifaunal
species compositions in the floodplains of the
Kara Yertis and Yertis River changed over the past
decades, particularly with regard to Red Book-listed
species.

Hypothesis: The avifaunal diversity in the Kara
Yertis and Yertis River floodplains has significantly
decreased over the past decades, with particular
declines in Red Book-listed species, primarily due
to anthropogenic changes such as construction of
hydroelectric power stations and reservoirs, and
global climate change impacts.

Materials and Methods

The study area was presented with two distinct
model sites: the Kara Yertis and the Yertis River
in the Pavlodar region. A total of seven specific
locations within the study area were chosen for
further investigation. The choice of the seven areas
within the study region was strategic, ensuring
a representative and diverse sample for detailed
examination.

Field studies were executed, spanning from May
23 to 25, 2023, for the Kara Yertis model site, and
from May 28 to June 1, 2023, for the Yertis River in
the Pavlodar region model site. Each site underwent
three-morning route surveys, complemented by
evening surveys conducted on selected sites. The
chosen timeframe for expeditionary studies, falling
within May and June, aligns with key seasonal
aspects of avian behavior, migration patterns,
and breeding activities. This enhances the study’s
relevance and provides an understanding of the
avian dynamics in the selected model sites. The
detailed information is presented in Table 1.

To maintain methodological consistency, the
morning route surveys adhered to standardized
protocols, covering each site. Evening censuses were
applied to capture potential variations in avian activity
during different times of the day. All field activities
adhered to the predetermined calendar plan and
considered phenological aspects of bird life cycles.

The method used for estimating bird species
density involved route accounting on permanent
inventory plots without restriction on transect width,
following the Hayne principle [5], and with detection
distance groups [6]. For birds observed flying,
adjustments were made based on their average
movement speed [7]. The sizes of the inventory
plots range from 1.5 km? to 6.0 km?, with shapes
being rectangular or close to rectangular. Inside each
plot, a curvilinear route with constant geometry is
laid out [8]. The length of one route is 5 km. Bird
species identification was carried out according to
the guide-determinant by V.K. Ryabtsev [9].

Table 1 — Dates and locations of route bird counts in the floodplain of the Yertis River on the territory of model areas, May — June

2023
Model Area* Site Route Survey Date Local Time - Coordinates -
Number Latitude (N) Longitude €

1.1 25.05.2023 5:10 47,9816 85,3041

| 1.2 25.05.2023 5:10 47,9816 85,3041

1.3 25.05.2023 5:10 47,9717 85,3149

1.4 22.05.2023 17:05 47,9717 85,3149

2.1 23.05.2023 5:00 47,9806 85,1748

22 23.05.2023 5:00 47,9806 85,1748

: 2 23 23.05.2023 5:00 47,9809 85,1671

2.4 24.05.2023 17:50 47,9809 85,1671

3.1 24.05.2023 5:20 47,9059 84,8883

3.2 24.05.2023 5:20 47,9059 84,8883

: 3.3 24.05.2023 5:20 47,9069 84,8899

34 23.05.2023 17:35 47,9069 84,8899
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Table continuation

Model Area* Site Route Survey Date Local Time - Coordinates -
Number Latitude (N) Longitude €
4.1 28.05.2023 5:25 50,8380 78,4375
4 42 28.05.2023 5:25 50,8380 78,4375
43 28.05.2023 5:25 50,8386 78,4389
44 27.05.2023 17:20 50,8386 78,4389
5.1 29.05.2023 5:15 51,2988 77,9489
5.2 29.05.2023 5:15 51,2988 77,9489
> 5.3 29.05.2023 5:15 51,2982 77,9532
2 54 28.05.2023 17:10 51,2982 77,9532
6.1 01.06.2023 5:15 52,5055 76,7490
6 6.2 01.06.2023 5:15 52,5055 76,7490
6.3 01.06.2023 5:15 52,5047 76,7384
7.1 31.05.2023 5:15 53,5173 75,2049
. 7.2 31.05.2023 5:15 53,5173 75,2049
7.3 31.05.2023 5:15 53,5166 75,2026
7.4 30.05.2023 16:00 53,5166 75,2026
*Note — 1 — Kara Yertis; 2 — Yertis River in Pavlodar region; the table provides coordinates of the centroids of route surveys with
a reference length of 2.5-5.0 km.

Literature review

The East Kazakhstan and Pavlodar regions are
among the regions of Kazakhstan characterized by
rich species diversity of birds [10, 11]. This diversity
is attributed to the variety of landscapes, climatic
conditions, and ecosystems [12]. The wetlands of
the Zaysan depression and the floodplain of the
Yertis River provide a convenient habitat for nesting
birds and serve as convenient stopping places for
migrants during the migration period [13, 14, 15].

According to literary sources, the Zaysan
depression hosts 176 bird species that nest in the
area. Additionally, there is information about 22
bird species for which the confirmation of nesting
is required. In the Kara Yertis floodplain, there are
122 species with confirmed permanent nesting and
15 species for which the nesting status is yet to be
precisely established [16]. The Pavlodar region is
reported to be home to 253 bird species throughout
the year [17]. However, the nature of their presence
is not clear for all species. For the territory of the
Pavlodar region, the number of nesting species is
not known for certain. In subsequent years, data
were published only on certain species.

One of the primary anthropogenic factors
influencing the species composition and size of
bird populations in the study area is the exploitation

of the Yertis River’s water resources through the
construction of hydroelectric power stations and
reservoirs. The construction of the Bukhturma
hydroelectric power station dam led to a sharp rise
in the water level on Lake Zaysan and the Kara
Yertis delta, impacting colonial and semi-aquatic
bird species. Consequently, this led to a decrease in
their species diversity—in meadows, it decreased
from 58 to 26 species, and in reed areas, it decreased
from 35 to 26 species [18].

By the end of the 1970s, the delta of the Kara
Yertis had formed within the currently existing
boundaries. However, annual fluctuations in water
levels caused by backwater and the release of water
at the Bukhturma hydroelectric station led to the
destabilization of the ecological situation along
the entire coast of the reservoir. This phenomenon
caused the death of waterfowl and semi-aquatic
bird clutches, and a delay or even cessation of their
nesting [19].

The flooding of the Yertis River valley after
the creation of the Shulbinsky reservoir resulted
in a reduction in the area of the floodplain with
poplar-willow groves, wooded islands, and mixed-
grass meadows. However, it increased the reed-
cattail thickets with willow and poplar groves.
Changes in the water regime of the Yertis River
and adjacent water bodies brought alterations to the
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ornithocomplex composition, making the territory
more attractive for nesting shorebirds [20].

The shallowing of the Yertis River bed in
the second decade of the 21st century led to a
deterioration in the habitat conditions of birds in the
floodplain area between Oskemen and the Shulbinsk
reservoirs [21]. Increased exploitation of the coastal
zone, associated with the development of residential
and non-residential buildings, construction of
recreational facilities, grazing of livestock, and
active use of the river water area by small vessels,
increases the level of disturbance among nesting
birds. An additional factor reducing the water level
in the Yertis River is an increase in water intake
upstream of the river [22].

The processes of aridization, gaining relevance
since the end of the 20th century, together with
global climate change and the level of climate
continentality, lead to changes in the phenological
timing of bird migrations [23]. For several birds,
trends in the timing of spring arrival and the
beginning of breeding have been described [24]. For
certain semi-aquatic bird species, the inability of the

species to adapt to the changing timing of the spring
season is indicated as the reason for the decline in
numbers [25].

In  anthropogenic landscapes, significant
changes in the species composition of birds are
often associated with significant changes in the
biotope. For example, in the city of Pavlodar over
the past five decades, its green zone adjacent to the
Yertis River has shrunk by five times. Of the 38
bird species that previously lived in this area, only 7
remain today [26].

Results and Discussion

Sites and Routes

Favorable weather conditions were exploited
for supplementary bird counts, resulting in a total
of 27 route surveys, exceeding the initially planned
14. The morning route surveys covered an average
distance of 5.15 kilometers, with an average duration
of 3 hours and 32 minutes.

Below are maps of sites, routes 1 and 2 in each
profile are indicated in orange, route 3 is in yellow.

Site 1

Site 2

Site 3

Figure 1 — Bird survey routes on Sites of the first Model Area
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The Figure 2 shows the routes of bird counts on
the sites of the Yertis River of the Pavlodar region.
Orange indicates routes 1 and 2 in each site, yellow
indicates route 3.

Avifauna of Yertis River

Based on the outcomes of field studies
conducted in the two model areas, the habitats
of a total of 127 bird species were identified, as
detailed in Table 2. These species span 16 different
orders. Specifically, within the floodplain of the

e e e

e

e

Site 4

1
1:50 000

Site 6

Kara Yertis, observations revealed the presence
of 74 bird species representing 11 distinct orders.
Individual profile analyses further specified the
habitat range for each profile, ranging from 39 to
52 bird species.

In the Yertis River in Pavlodar region, a diverse
avian community was documented, encompassing
103 bird species across 15 orders. Individual profile
assessments provided amore granular understanding,
identifying habitat preferences for each profile with
species counts ranging from 44 to 64.

085 1w
1

L
1:50 000

Site 7

Figure 2 — Bird survey routes on Sites of the second Model Area (Yertis River in Pavlodar region), May — June 2023

Table 2 — The avifauna species richness in the model areas of the Yertis River Basin during May-June 2023

Number of Species
Order name ) Yertis River in Total Species
Kara Yertis Pavlodar region
Podicepediformes Grebes - 4 4

Pelecaniformes Pelicans - 1 1

Ciconiiformes Storks - 2 2

Anseriformes Waterfowl 6 12 12
Falconiformes Birds of Prey 7 6 9
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Table continuation

Number of Species
Order name ) Yertis River in Total Species
Kara Yertis Pavlodar region
Galliformes Fowl-like birds 1 1
Gruiformes Cranes 1 3 4
Charadriiformes Shorebirds 8 13 14
Pterocletiformes Sandgrouse - 1 1
Columbiformes Pigeons and doves 3 2 4
Cuculiformes Cuckoos - 1 1
Strigiformes Owls 1 - 1
Apodiformes Swifts 1 1 1
Coraciiformes Kingfishers 2 1 2
Piciformes Woodpeckers 1 2 2
Passeriformes Passerines 43 53 67
Total: 74 103 127

We identified six Red Book listed bird species,
constituting 4.7% of the total bird count [27]. These
species include the Whooper swan (Cygnus cygnus)
recorded in 6 out of 7 sites, White-tailed eagle
(Haliaeetus albicilla) appearing in sites 1, 3 and
6, Peregrine falcon (Falco peregrinus) observed in
site 2, Common crane (Grus grus) noted in the 7th
site, Demoiselle crane (Grus virgo) documented in
the 2nd site, and Pallas’s sandgrouse (Syrrhaptes
paradoxus) identified in the 7th site.

Game birds, as defined by the approved rules
[28], constitute a total of 19 species, representing
15.0% of'the overall bird species list. These include
the following species: Ruddy shelduck (Tadorna
ferruginea), Common  shelduck (7Tadorna
tadorna), Mallard (Anas platyrhynchos), Gadwall
(Mareca strepera), Eurasian wigeon (Mareca
penelope), Northern pintail (4Anas acuta),
Garganey (Spatula querquedula), Northern
shoveler (Spatula clypeata), Common goldeneye

(Bucephala  clangula), Smew  (Mergellus
albellus), Common quail (Coturnix coturnix),
Pheasant  (Phasianus  colchicus), Northern

lapwing (Vanellus vanellus), Ruff (Philomachus
pugnax), Common snipe (Gallinago gallinago),
Woodpigeon (Columba palumbus), Rock pigeon
(Columba livia), Turtle dove (Streptopelia turtur),
and Oriental dove (Streptopelia orientalis) (see
Appendix, Figure 3).

To deepen the examination of avifauna, an
analysis was conducted using data retrieved from
the Global Biodiversity Information Facility (GBIF)
database [28], encompassing bird observations
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spanning the period from 2010 to 2022. It is
noteworthy that the dataset for the territory of the
Republic of Kazakhstan is conspicuously less
extensive within the GBIF compared to observations
from neighboring countries.

Birds of Kara Yertis

During the fieldwork conducted in the Kara
Yertis region, a total of 74 bird species were
discovered. The most numerous species encountered
in the Kara Yertis region include the Hume’s leaf
warbler (Phylloscopus humei), Common nightingale
(Luscinia megarhynchos), Azure tit (Cyanistes
cyanus), Great tit (Parus major), and Chaffinch
(Fringilla coelebs). These species inhabit riparian
thickets and nest both in woody vegetation and in
steppe and desert landscapes, actively utilizing
the water resources of the river. Red Book species
include the White-tailed eagle, Peregrine falcon,
Demoiselle crane. In the GBIF database, the bird
species listed above are listed for adjacent territories,
but are not observed directly in the Kara Yertis
floodplain.

Birds of Pavlodar region’s Yertis

According to GBIF, there are records of 119
bird species in this area. The potential emergence
of 100 additional species is conceivable. However,
due to the absence of observations, the exact count
of breeding bird species cannot be ascertained.
Notably, 47% of the total identified breeding species
were discovered in 2023, and 87% from the entire
potential breeding species list.
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The most numerous bird species in the Pavlodar
region’s Yertis include the Skylark (4lauda arvensis),
Tree pipit (Anthus trivialis), Golden Oriole (Oriolus
oriolus), Booted warbler (Iduna caligata), Common
whitethroat (Curruca communis), Greenish warbler
(Phylloscopus trochiloides), Common rosefinch
(Carpodacus erythrinus).

Compared to the Kara Yertis, the higher moisture
levels in the Pavlodar region’s Yertis attract a greater
variety of steppe bird species. The presence of thickets
also facilitates the breeding of woody and shrub species.

Among the rare species, it is noteworthy to
highlight the Yellow-breasted Bunting the global
abundance of which has significantly declined in
recent years [29]. The reasons for the decline in
the species’ numbers remain poorly understood.
However, we have identified a relatively high
density of these species (10-53 individuals/km?) in
this region.

As a result of our work, we calculated the
population density indicators for each species,
which are presented in Table 3.

Table 3 — Population density of bird species (individuals/km?) in the model areas of the Yertis River basin, May — June 2023

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 EE s | s | s | 7
Order Podicepediformes
Tachybaptus ruficollis (Pallas, 1764) 0 0 0 0 0 0,21 0
Podiceps nigricollis C.L. Brehm, 1831 0 0 0 0 0 0,82
Podiceps auritus L., 1758 0 0 0 0 0 0,21
Podiceps cristatus (L., 1758) 0 0 0 0 0 0 0,46
Order Suliformes
Phalacrocorax carbo (L., 1758) 0 o | o | w8 | o [ o [ o003
Order Ciconiiformes
Botaurus stellaris (L., 1758) 0 0 0 0 0 0,42 0,38
Ardea cinerea L.,1758 0 0 0 0 0 0 0,01
Order Anseriformes
Cygnus cygnus L.,1758" 0 0 0 0 0 0,14 0,28
Tadorna ferruginea (Pallas, 1764)! 0,66 0,27 3,15 0 0,03 0 0
Tadorna tadorna L.,1758'! 0 0 0 0 0 0,02 0
Anas platyrhynchos L.,1758! 0,06 0,71 0,11 4,99 1,67 0,03 5,54
Anas strepera L.,1758 ! 0 0,02 0 2,63 8,81 4,86 1,19
Anas penelope L.,1758! 0 0 0 0,10 0 0 0
Anas acuta L., 1758! 0 0 0 0,11 0 0 0
Anas querquedula L.,1758! 0 0 1,04 6,11 1,30 2,83 2,08
Anas clypeata L.,1758! 0,08 0,04 1,66 3,44 5,01 0 0
Aythya ferina L., 17581 0 0 0 0 0 0,35 0
Bucephala clangula L., 1758 0,23 0 0,17 0 0,61 0,21 0
Mergus albellus L., 1758" 0 0 0 0 0 0,49 3,58
Order Falconiformes
Milvus migrans Boddaert, 1783 2,17 0,71 1,12 0,46 0,68 0,01 0,05
Circus cyaneus L., 1766 0 0 0,64 0 0 0 0
Circus aeruginosus L., 1758 0 0 0 0 0 0 0,02
Accipiter nisus L., 1758 0 0 0,37 0 0 0
Buteo buteo L., 1758 0,05 0 0 0 0 0 0
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Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 2 3 4 5 6 7
Haliaeetus albicilla L., 1758 " 0,60 0,01 0,53 0 0 0,14 0
Falco peregrinus Tunstall, 1771 0 0,02 0 0 0 0 0
Falco subbuteo L., 1758 0,20 0,72 0,84 0,77 0,02 0,88 0,05
Falco tinnunculus L., 1758 0,57 0,03 0,51 0,01 0,01 0
Order Galliformes
Coturnix coturnix L., 1758 0 0 0 0,39 3,92 1,88 7,93
Phasianus colchicus L., 1758! 1,50 4,56 0,41 0 0 0 0
Order Gruiformes
Grus grus L., 1758 0 0 0 0 0 0 0,01
Anthropoides virgo L., 1758V 0 0,01 0 0 0 0 0
Porzana porzana L., 1766 0 0 0 0 0 0,14
Crex crex L., 1758 0 0 0 0 0 0,35
Order Charadriiformes
Charadrius dubius Scopoli, 1786 0,56 0,28 0 0 0,62 0 0
Vanellus vanellus L., 1758' 0 0,02 0,01 0 0 0,18 0,05
Himantopus himantopus L., 1758 0 0 0 0 0,07 0
Haematopus ostralegus L., 1758 0,05 0 0 0 0,02 0,56 0
Actitis hypoleucos L., 1758 0,03 0 0 0 0 0 0
Philomachus pugnax L., 1758! 0 0 0 0 0 0 0,13
Gallinago gallinago L., 1758! 0 0 0 0 0 1,12 1,90
Larus minutus Pallas, 1776 0 0 0 0 0 0 0,01
Larus ridibundus L., 1766 0,04 1,56 0 0,03 0,03 0,44 0,07
Larus heuglini Bree, 1876 0 0 0 0,02 0 0,01 0,17
Larus cachinnans Pallas, 1811 0 0,01 0 0,02 0,01 0,68 0,01
Chlidonias leucopterus Temminck, 1815 0,02 1,04 0,02 0 0 0,87 0,44
Sterna hirundo L.,1758 0,05 0,05 0,04 0,08 0,03 0,93 0,04
Sterna albifrons Pallas, 1764 0 0 0 0 0,01 0 0
Order Pterocletiformes
Syrrhaptes paradoxus Pallas, 17731V o | o | o | o | o o | 009
Order Columbiformes
Columba palumbus L., 1758! 0 0 0,15
Columba livia Gmelin, 1789! 0 0,15 0
Streptopelia turtur L., 1758! 0,03 0 0 0
Streptopelia orientalis Latham, 1790" 0,04 2,02 0,11 0,12 0,58 0,05 0
Order Cuculiformes
Cuculus canorus L., 1758 o | o | o | 256 | 453 | 112 | 365
Order Strigiformes
Otus scops L., 1758 o o | o | o | o o | o
Order Apodiformes
Apus apus L., 1758 o | o | oo | 048 [ o o | o
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Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1] 2 | 3 4 | s | 6 | 7
Order Coraciiformes
Alcedo atthis L., 1758 0 0,23 2,67 0 0 0
Merops apiaster L., 1758 0,01 0,05 0,02
Order Piciformes
Junx torquila L., 1758 0 0 0,52 0 0
Dryocopus martius L., 1758 433 0,66 0 0,21 0,19
Order Passeriformes
Riparia riparia L., 1758 0 0 0,15 0 8,03 2,08 0
Hirundo rustica L., 1758 5,63 0 0,78 9,08 0,11 0,02 0
Melanocorypha yeltoniensis J.R. Forster, 1768 0 0 0 0 0 0 0,19
Alauda arvensis L., 1758 2,26 1,51 0,50 5,46 17,40 10,86 3,27
Anthus campestris L., 1758 2,31 0,72 2,46 0 1,24 0 0
Anthus trivialis L., 1758 0 0 0 9 9,66 5,12 17,31
Motacilla flava L., 1758 0 0 0 0,37 0 0,42 13,72
Motacilla citreola Pallas, 1776 0 0 0 0 0 0 1,09
Motacilla alba L., 1758 0 0 0 0 0 0 2,37
Motacilla personata Gould, 1861 0 0 1,25 0 0 0 0
Lanius cristatus L., 1758 0 1,04 0 0 0 0 0
Lanius collurio L., 1758 0 1,04 0 0 0 0,04 0
Lanius minor Gmelin, 1788 0 2,08 0 0 0 0 0
Oriolus oriolus L., 1758 1,88 7,36 3,43 2,58 498 6.9 1,55
Sturnus vulgaris L., 1758 0 1,61 0,41 0 0 0 0,03
Sturnus roseus L., 1758 0 0,04 1,54 0 0 0 0
Acridotheres tristis L., 1766 0 0 1,25 0 0 0 0
Pica pica L., 1758 0,23 4,28 0,02 0 0,31 0,14 0,02
Corvus monedula L., 1758 0 0 3,09 0,01 0 0 0
Corvus frugilegus L., 1758 0 0,05 0,03 0 0 0 0,5
Corvus corone L., 1758 0,60 10,32 11,99 0,38 0,37 0,07 6,69
Corvus cornix L., 1758 0 0 0 1,12 0,03 1,20 1,51
Cettia cetti Temminck, 1820 0 0 0 4,31 0 0,68 0
Locustella certhiola Pallas, 1811 0 0 0 0 1,85 0 0
Locustella naevia Boddaert, 1783 5 12,5 0 6,76 9,03 5,63 8,16
Acrocephalus schoenobaenus L., 1758 0 0 0 0 2,99 2,09 10,08
Acrocephalus dumetorum Blyth, 1849 12,31 14,73 4,64 2,50 15,60 0 0
Acrocephalus palustris Bechstein, 1798 0 0 0 4,35 2,99 0,70 13,54
Acrocephalus scirpaceus Hermann, 1804 0 0 0 1,45 0 0 0
Acrocephalus arundinaceus L., 1758 0 0 0 0 0 5,15 0
Hippolais icterina Vieillot, 1817 0 0 0 5,88 0 0 10,40
Hippolais caligata Lichtenstein, 1823 0 0 0 66,36 47,33 16,57 0,46
Sylvia atricapilla L., 1758 0 1,04 0 3,27 5,30 0 12,31
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Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 2 3 4 5 6 7
Sylvia communis Latham, 1787 5,20 2,85 0,02 40,98 58,83 26,94 4,40
Sylvia curruca L., 1758 0 0 0 7,41 16,13 14,21 1,42
Phylloscopus collybita Vieillot, 1817 0 3,51 0 16,17 0
Phylloscopus trochiloides Sund., 1837 5 5,40 19,39 52,14 0 2,94
Phylloscopus humei Brooks, 1878 21,75 14,51 7,37 7,60 0,02 0 2,51
Muscicapa striata Pallas, 1764 2,33 0 0 0 0 0 0
Saxicola torquata L., 1766 0 0 0 0 0 0 11,03
Monticola solitarius L., 1758 0 0 0,15 0 0 0 0
Phoenicurus phoenicurus L., 1758 0 0,32 0 1,82 0,60 0 0
Luscinia megarhynchos C.L. Brehm, 1831 16,89 6,10 16,51 0 0 0 0
Luscinia luscinia L., 1758 0 0 0 1,53 0 0 0
Luscinia svecica L., 1758 0 4,15 0 1,82 14,4 4,05 4,66
Turdus pilaris L., 1758 0,02 0 0 1,84 3,35 9,32 5,83
Turdus merula L., 1758 0 0 0,99 0 0 1,37 0,71
Turdus iliacus L., 1766 0,15 0 0 0 0 0 0
Turdus philomelos C.L. Brehm, 1831 0,65 0 1,92 1,45 0 0 0
Remiz pendulinus L., 1758 4,30 0 0 0 0 0 0,42
Remiz coronatus Severtzov, 1873 3,66 1,28 0 0 0 0 0
Parus caeruleus L., 1758 0 1,04 2,95 0 0 0 0
Parus cyanus Pallas, 1770 10,51 24,23 5,07 1,25 0 0 0
Parus major L., 1758 40,21 41,38 20,90 0,80 0,62 0,68 0
Sitta europaea L., 1758 0 0,68 0,99 0 0 0 0
Passer domesticus L., 1758 0 0 0,05 0 0 5,39 0,84
Passer montanus L., 1758 0 0 5,89 0 0 0 0
Fringilla coelebs L., 1758 39,18 41,11 13,21 1,15 19,59 18,19 9,17
Carduelis carduelis L., 1758 0 0 0 1,25 0 0 0
Carduelis caniceps Vigors, 1831 1,16 3,94 0 0 0 0 0
Acanthis cannabina L., 1758 0 5,7 1 1,45 2,99 0 0
Carpodacus erythrinus Pallas, 1770 0 5,69 0 35,19 34,71 6,57 4,89
Uragus sibiricus Pallas, 1773 0 0 0 0 0 5,39 0,84
Emberiza citrinella L., 1758 0 0 0 0 0 0 1,92
Emberiza schoeniclus L., 1758 0 0 0 0,73 0 0 0,98
Emberiza aureola Pallas, 1773 0 0 0 0 2,46 23,57 21,06
Emberiza hortulana L., 1758 0 0 0 1,09 0 0 1,01
Total 39 52 48 53 47 58 63

Note* — Roman numerals indicate status categories of bird species according to the Red Book of the Republic of Kazakhstan:
I — endangered or possibly already extinct, IT — catastrophically declining, III — rare, found in small numbers, IV — uncertain

(insufficiently studied) [Red Book, 2010]; 1 — hunting and commercial bird species [28].
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During field studies of the avifauna of the
Kara Yertis floodplain in 2023, 74 species of birds
were identified, which is 54.0% of the total list of
137 species presented in the work of Berezovikov
[16] for this area. In contrast to the 2004 data, the
2023 observations revealed the inability to detect
several Red Book species, including the Great
white pelican (Pelecanus onocrotalus), Dalmatian
pelican (Pelecanus crispus), Eurasian spoonbill
(Platalea leucorodia), Black stork (Ciconia nigra),
Swan goose (Anser cygnoides), White-headed
duck (Oxyura leucocephala), Osprey (Pandion
haliaetus), Booted eagle (Hieraaetus pennatus),
Great bustard (Otis tarda), Yellow-eyed pigeon
(Columba eversmanni), and Eurasian eagle-owl
(Bubo bubo).

It is significant to highlight species with
uncertain nesting status in 2004 Berezovikov, but
confirmed in 2023, such as the Common buzzard
(Buteo buteo), Pheasant, Eurasian scops owl
(Otus scops), Blyth’s reed warbler (Acrocephalus
dumetorum), and Fieldfare (Turdus pilaris). The
verification of their presence allows for a definitive
identification of their habitat within the floodplain of
the Kara Yertis.

Of the six bird species previously recorded
Berezovikov in Kara Yertis (Peregrine falcon,
Pallas’s fish eagle, White-headed duck, Whiskered
tern, Merlin, Crested lark), we found only the
Peregrine falcon.

In 2023, we discovered 25 species in Kara Yertis,
which are not previously recorded by Berezovikov
in 2004. These include the Hen harrier (Circus
cyaneus), Peregrine falcon, Rock pigeon, Collared
Dove (Streptopelia decaocto), Black Swift (Apus
apus), Brown shrike (Lanius cristatus), Rosy Starling
(Pastor roseus), Common Myna (Acridotheres
tristis), Grasshopper Warbler (Locustella naevia),
Blackcap (Sylvia atricapilla), Greenish Warbler,
Hume’s leaf warbler, Spotted flycatcher (Muscicapa
striata), Blue rock thrush (Monticola solitarius),
Common redstart (Phoenicurus phoenicurus),
Blackbird (Turdus merula), Redwing (Turdus
iliacus), Song thrush (Turdus philomelos), Blue
tit (Cyanistes caeruleus), Eurasian Nuthatch (Sitta
europaea), Chaffinch (Fringilla coelebs), Common
linnet (Linaria cannabina), Common rosefinch (see
Figure 5).

The relatively high population density of the
Yellow-breasted bunting (Emberiza aureola)
indicating successful reproduction within the Yertis
River in the Pavlodar region in 2023 calls for
attention to the imperative of habitat protection for
this rare species, since this species has significantly
decreased trends in neighboring region and this area

if Yertis River may be an important reproduction
site for this bird [24].

Conclusion

In summarizing our comprehensive study
on the avifauna of the Yertis basin, we observed
considerable shifts in species compositions over
the past decades. Our survey documented a total
of 127 bird species, a testament to the region’s rich
ecological diversity. Notably, 6 of these species
are listed under the Red Book, highlighting their
conservation significance. In the Kara Yertis region,
we recorded 74 bird species, of which 25 were
documented for the first time. This reflects a dynamic
change in avifaunal diversity, possibly influenced
by environmental factors and human activities.

The hypothesis positing a decline in avifaunal
diversity, particularly among Red Book-listed
species, is partially supported. While we observed
a decrease in some Red Book species, the overall
avifaunal diversity has not diminished significantly.
The decline in certain Red Book species aligns with
our hypothesis, indicating the adverse impacts of
anthropogenic changes such as the construction of
hydroelectric power stations, reservoirs, and global
climate change. This observation is particularly
evident in the Kara Yertis region, where habitat
modifications have likely contributed to these shifts.

Conversely, the Pavlodar region’s Yertis, with
its lower human disturbance and varied biotopes,
exhibited a more diverse avifaunal community,
including 103 bird species. This underlines the
critical role of habitat preservation in maintaining
avian biodiversity.

Our findings underscore the importance of
ongoing monitoring and research to understand the
evolving dynamics of these ecosystems. The observed
changes call for a reevaluation and strengthening
of conservation strategies, particularly for the Red
Book-listed species, to mitigate the impacts of
anthropogenic and environmental changes. This study
contributes insights for the sustainable management
and conservation of avian populations in the Yertis
basin, highlighting the need for adaptive strategies in
the face of changing environmental conditions.
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MTOIM U NMEPCIMNEKTUBDI
OPHUTOAOTUYECKOTO MOHUTOPUHTA
B TOCYAAPCTBEHHOM MPUPOAHOM MAPKE
«KOACAM KOAAEPI»

MoHUTOPHMHI pa3HOOOPA3Ms M UUCAEHHOCTM MTULL MMeeT OOAbLIOE MPAKTUUECKOe 3HauyeHue
M Hay4HbIn uHTepec. B cTaTbe NpeACTaBAEHbl pe3yAbTaTbl M3yueHWs MTWL Ha TeppuTopun
[0CYyAQpPCTBEHHOTO HALMOHAABHOIO TMPUPOAHOrO rmnapka «KeAcam KeAAepi», PacrnoAOXKEHHOro B
CeBepHom TaHb-LLlaHe. MprBeaeHbl AaHHbIE MO XapaKTepy pacrnpeAeAeHus U UYMCAeHHOCTU 81 Buaa
ntuu. B pesyabTate npoBeaeHHbix B 2022-2023 rr. MCCAEAOBAHMI BbISIBAEHO, UTO B 3TM ABA roaa
UYMCAEHHOCTb TaKMX BMAOB MTWL, Kak ropHas Tpsicoryska Motacilla cinerea, 3eaenas nenouka Phyl-
loscopus trochiloides, ceaoroaoeas ropuxsoctka Phoenicurus caeruleocephalus, aAposaa aepsiobl Tur-
dus viscivorus 1 koHonasHkM Acanthis cannabina 6biana CTabUAbHOM, @ Y OCTaAbHbIX — MOABEP>KEHA
KoAebaHMsSIM. BOAbILMHCTBO obuTaTeAenn BOAHO-GOAOTHBIX YrOAMIA M36eralT BCTPeY C YEAOBEKOM,
OAHaKO Ha TepputopmM napka orapu Tadorna ferruginea He GOSIAMCb YeAOBEKA M BbiNpallMBaAK
KopMm. MocelleHne pa3HooOpasHbiX GUOTOMOB M PAOHOB MO3BOAMAO AOMOAHWUTH CMMCOK MTULL MapkKa
BCTPEYaMM HOBbIX BMAOB TaKMX, Kak 00Abwwon GakaaH Phalacrocorax carbo, umMpok-cBuMcTyHOK Anas
crecca, cepbint xypaeab Grus grus, Abicyxa Fulica atra, ubuc Vanellus vanellus n xoayaoununk Himan-
topus himantopus, noATBepAMTbL rHe3A0BaHMe 60AbLLIONM Bbinv Botaurus stellaris n kambiwnmusr Galli-
nula chloropus. 'He3aoBaHMe AbiCyxu 1 unMbuca Brnepeble oTMedeHo B ropax CesepHoro TsHb-LLans. B
MeCTax COCPEAOTOUEHUS TYPUCTOB U UX MPOXXMBAHMS B KEMIMMHIAX M IOPTAX YBEAMUMAACH YUCAEHHOCTb
kopuwyHa Milvus migrans, cusoro roay6s Columba livia, maint Acridotheres tristis, copok Pica pica u
yepHbIx BopoH Corvus corone. 13 BUAOB, BHeceHHbIX B KpacHyto KHury KasaxcraHa, oTMeueHbl cepblit
>kypaBab, 3meesip Circaetus gallicus 1 opea-kapamk Hieraaetus pennatus.

KatoueBble caoBa: ntuubl, CeBepHblii TsaHb-LLlaHb, ropbl, HaUMOHAAbHbIA MPUPOAHbBIA MapK,
UMCAEHHOCTb, Pa3HOO6pasne, aHTPOMOreHHOEe BAUSIHUE.

E.S. Chalikova', S.Kh. Zaripova'", A.Zh. Abaev?, B.B. Arynov?

Republican state enterprise with the right of economic management “Institute of Zoology” of the Science
Committee of the Ministry of Science and Higher Education of the Republic of Kazakhstan, Kazakhstan, Almaty
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Results and prospects of ornithological monitoring
in the State Natural Park “Kolsay Kolderi”

Monitoring the diversity and location of birds is of great practical importance and scientific interest.
This manuscript presents the results of a study of birds carried out in 2022-2023 on the territory of the
State National Natural Park “Kolsay Kolderi”, located in the Northern Tien Shan. 81 species of birds has
been identified and data on the distribution are provided as obtained results of these investigations. The
study showed that in these two years, the abundance of such birds as the Grey Wagtail Motacilla cine-
rea, Greenish Warbler Phylloscopus trochiloides, Blue-headed Redstart Phoenicurus caeruleocephalus,
Mistle Thrush Turdus viscivorus and Linnet Acanthis cannabina were stable, and the rests there were
fluctuating fluctuations. Most inhabitants of wetlands avoid encounters with humans, but in the park,
Ruddy Shelduck Tadorna ferruginea was not afraid of humans and begged for food. Visits to various bio-
topes and areas made it possible to supplement the list of birds in the park with encounters of new spe-
cies such as the great Cormorant Phalacrocorax carbo, Green-winged Teal Anas crecca, Common Crane
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Htorn n TNEPCIEKTHUBBI OPHUTOJIOTMIECKOIO MOHUTOPUHTA B rOCyIIapCTBeHHOM MIPUPOJHOM IMapKe «Kemcait Kennepi»

Grus grus, Coot Fulica atra, Lapwing Vanellus vanellus and Black-winged Stilt Himantopus himantopus,
and confirm the nesting of Bittern Botaurus stellaris and Moorhen Gallinula chloropus. Nesting of coot
and lapwing was recorded for the first time in the mountains of the Northern Tien Shan. In places where
tourists are concentrated and live in campsites and yurts, the number of Black Kites Milvus migrans, Rock
Dove Columba livia, Common Mynahs Acridotheres tristis, Magpies Pica pica and Carrion crows Corvus
corone has increased. Of the species included in the Red Book of Kazakhstan, the Common Crane Grus
grus, the Short-toed Eagle Circaetus gallicus and the Booted Eagle Hieraaetus pennatus are recorded.

Key words: birds, Northern Tien Shan, mountains, national natural park, numbers, diversity, anthro-
pogenic impact.
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«KeAcai keapepi» MemaekeTTiK TabuFu napkiHAeri
OPHUTOAOTUSIABIK, MOHUTOPUHI HATHXKEAEPi MeH GoAaLLaFbl

KycTapAbiH 9pTYPAIAIri MeH KenTiriH 6akblAayAblH MPAKTUKAAbIK, MaHbI3bl >KOHE FbIAbIMM
KbI3bIFYLWbIAbIFbI 30p. Makaaaaa CoaTycTik TaHb-LLlaHbaa opHarackaH «<KeAcain Keaaepi» MEMAEKETTIK
YATTbIK, TaOMFU MapKiHiH aymarbiHAQFbl KYCTapAbl 3epTTey HaTvxkeAepi OepiareH. 81 KyC TypiHiH
TapaAy cunaTtbl MeH KeMTiri TypaAbl aepekTep KeATipiAreH. 2022-2023 K. 6TKE3IAreH 3epTTeyAep
HOTUXKECIHAE, OCbl €Ki XXbIAAA KEAECi KyCTapAbIH Tay wwakuakaibl Motacilla cinerea, »kacbiA capbikac
Phylloscopus trochiloides, 6036ac otkynpbik, Phoenicurus caeruleocephalus, kbiFbiaTna carpak, Turdus
viscivorus »eHe woHarnHak, Acanthis cannabina caHbl e3repmeai, aa 6ackasap aybiTKyAapFa yllblpanAbl.
CyAbl-6aTnakTbl >KEPAEPAIH TYPFbIHAAPbIHbIH, KOMLWIAIri apaMAApPMEH KE3AECYAeH Kallaabl, Oipak,
casibakTa capblarakas Tadorna ferruginea anamaapaAaH KOpbIKMan, KOPbIKTbl CypaAbl. TypAi 6roTonTap
MEH anmakTapfa 6apy HaTMXeciHAe casbakTarbl KyCTapAblH Ti3iMiH YAKEH cyKy3fbiHbl Phalacrocorax
carbo, bicbiAAaK, yperen Anas crecca, cyp TbhipHa Grus grus, kackaaaak, Fulica atra, kbisebiw Vanellus
vanellus >xeHe y3biHCcupak, 6aAlbikwbl Himantopus himantopus crskTbl kaHa TYPAEPAIH Ke3AecyimeH
TOABIKTbIPYFa MYMKIHAIK 6EpAi, YAKEH KeAbOyKaHbIH Botaurus stellaris xxeHe Kbi3biAKacka cyTapTapAblH
Gallinula chloropus ysinaraHbiH pactaabl. COATYCTiK TaHb-LLaHb TayAapbiHAQ aAfall peT KaCKaAAak,
MeH KbI3FbILWTbIH VS CaAybl TIpKeAAL. TYprCTep Ker LOFbIPAAHFaH XXeHe KEMIMUHITEP MEH KUi3 yiAepAe
TypaTbiH >KepAepAe Kapa KeskynpbikTbiH Milvus migrans, kek kentepaid, Columba livia, capbixaraa
Kapartopranabit Acridotheres tristis, cayckaHHbiH Pica pica xxeHe kapa kapraHbiH Corvus corone catbl
eckeH. KasakcTaHHbIH Kbi3bIA KiTabblHa eHreH TypaepAeH cyp ThipHa Grus grus, >KblAaH>Keriw OypKiT
Circaetus gallicus >xaHe 6akaATak 6ypkiT Hieraaetus pennatus ke3aecTi.

Ty#in ce3aep: kyctap, CoaTycTik TaHb-LLlaHb, Tayaap, YATTbIK Tabuen napk, caHAap, 8pTYPAIAIK,
AQHTPOMOreHAiK acep

BBenenue

[Itume! — caMblii pa3HOOOPA3HEI Kacc Ha3eM-
HBIX TI03BOHOYHBIX. OHH SBJISIOTCS BIUATCIBHBIMU
YJIeHAMU KOCHCTEM M BBIMOJHSIOT pa3HOOOpas3HbIe
aKocucTeMHbie ycryru [1-3]. PazHooOpasue nTwil
3aBUCUT OT HAJIMYUS M COCTOSHHS CCTECTBEHHBIX
9KOCHCTEM, arpojaHAmadToOB ¥ aHTPONOT€HHOI'O
BO3JICHCTBHs B MecTax oOutanus [4, 5]. Bozmeii-
CTBHE YEJIOBEKa IMOBCEMECTHO MPHUBOIUT K (par-
MEHTAIINH, Jerpajallii U HAPYIICHUI0 MECT O0U-
TaHUS TTHII, TTO3TOMY TTHIIbI SBISIOTCS OAHUM U3
XOPOIINX IKOJIOTMYECKUX HHIUKATOPOB COCTOSTHUSA
3KocHucTeM [6-8].

OnHOM M3 OCHOBHBIX 333y 3alOBEHUKOB U
HaIlMOHANBHBIX MapkoB Kaszaxcrtana siBisercs co-
XPaHEHHUE €CTECTBEHHBIX SKOCUCTEM U MOHUTOPHUHT
MPOUCXOISIIIMX B HUX U3MeHeHui. Ha nepBom sTa-
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1e MPOBOAMTCS MHBEHTapu3alus (ayHbl, 3aTeM
MPOBOJIUTCSL KOJMYECTBEHHBIH YYET OTIEIbHBIX
BUI0B. PecmyOimnkaHcKkoe TOCy/lIapCTBEHHOE Yd-
pexxaenue ['ocyaapcTBeHHBIH HAIMOHAIBHBIA MPH-
ponubrit mapk (I'HIIIT) «Kemcait xemnepi» cozmax
B 2007 r. mocranosnenueM lIpaButensctBa Pecrry-
omuku Kazaxcran ot 07 despanst 2007 roga Ne 88
B CeeproM Tsmb-1llane (xpeber Kynreit Anaray)
Ha Tepputopun Kerenckoro u Tanrapckoro paiio-
HOB AJIMaTWHCKOM oOmactu. Ero mnenbro sBisercs
COXpaHEHNE W BOCCTAHOBJICHNE YHHUKAIBHBIX IPH-
POIHBIX KOMIUIEKCOB, UMEIOIIUX OCOOYIO 9KOJIOTH-
YEeCKY0, HCTOPUYECKYI0, HAyYHYI0, ICTETHYECKYIO
M pEeKpeanruoHHyI0 IIEHHOCTh, W OOecTieueHne HuX
JlaJbHENIIee pa3BUTHE.

B HacTositiee Bpemst Ha TEPPUTOPUU MTapKa Be-
JTyTCSl MHBEHTapU3aIIMOHHBIC NCCIICIOBAHNS, HAPaB-
HE C KOTOPBIMH HEOOXOAUMO CIICAUTH 32 H3MECHEHH-
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SIMH YHUCIICHHOCTH OOBEKTOB OXxpaHbl. Tem Oomee
3TO aKTyaJbHO MPHU €KEroJHOM HapacTaHW! TIOTO-
Ka TYPHUCTOB, YHCIO KOTOPBIX B IIPUPOJTHOM TapKe
«Kerncail kenmepi» TpEeBHIIIaET TaKOBOE BO BCEX
BMECTE B3STHIX 3allOBEAHMKAX M HAI[MOHAIBHBIX
napkax Kaszaxcrana. KonmuuecTBeHHBIH ydeT HE0O-
XOIUM JUIsl BBIACHEHUS W3MEHEHUH YUCICHHOCTU
¥ COOTHOIIEHUS PAa3INIHBIX BUAOB B COOOIIECTBAX
B pe3yibTaTe W3MEHEHUH okpyxaromeil cpeabl. K
COKaJICHUIO, B OOJIBIIMHCTBE CIIy4aeB OH OTpaHH-
YUBAETCS CIEKEHUEM 32 YHCICHHOCTHIO TOJIBKO He-
KOTOPBIX OXOTHUYBE-TIPOMBICIIOBBIX BUIOB JKUBOT-
HbIX. OJTHAKO MEXTYHAPOIHBIA OMBIT MTOKA3hIBAET,
YTO MHTEPECHBIC PE3YIHTATHl MOXKHO TOJNYYHUTh U
M0 IPYTUM BUJAM, B YaCTHOCTH 10 nitumam [9-11].
IlepBoie cBeaenus o ntunax Kynreit Anaray B
Hagasie XX Beka coopan B.H. lllautaukos [12], a
B ero cepenune — M.H. Kopenos [13]. Ha Teppu-
TOPHUH HBIHE CYIIECTBYIOIIETO MapKa MaTepHAIIbI 110
opuutodayne cooupanu B 1968 r. A.®. Kosmaps u
I0.H. I'paues [1, 14], B 1978 r. b.l. Kyiiko [15], B
1977,1996 u 1999 rr. H.H. bepe3oBukos [16, 17], B
otnenbHbie Tobl — b.M. I'youn [18, 19] u O.B. be-
nsio [17, 20]. Ilocne opranu3anuu mapka cBeje-
Hus 1o opaATO(ayHe ¢ 2012 T. Ha ero TeppuUTOpUU
nmornotHMT A.JK. AGaeB BMecTe ¢ KoJlJleraMu, KOTO-

phle BRI 00o0maromnieit Monorpadueii [21] u o1-
JICJIbHBIMH Ty OJTMKAIMSIMK 110 MHTEPECHBIM BCTpE-
yaM U KPaCHOKHIDKHBIM BujaM ntull [20, 22].

B 2022-2023 rr. 66110 TIPOBEICHBI HAOTIOACHIS
3a pa3HoOOOpa3veM W YUCIEHHOCTBIO MTHIl HAa Tep-
puropuu I'HIIIT «Kesncaii kenpepi». B crarbe npen-
CTaBJICHBI TIOJYYCHHBIE PE3YIbTAThl B CPABHEHHUH C
JMAHHBIMH TPEIBITYIINX UCCICTOBAHUIA.

Marepuaibl 1 METOIBI CCIICTOBAHUS

[ToneBbie paboOTHI HA TEPPUTOPHUH MTAPKA TPOBE-
nenbl 17 — 19 mas, 13 — 14 aBrycra 2022 1. u 14-
17 uronst 2023 r. beum u3yuens! ymenss Tannel,
Komnbcaii, Carbl, KamanOynak, Kaunnel, moiima p.
Tay-Uunuk, a Takke MpeAropHas 4acTb CEBEPHBIX
ckionoB Kynreit Anaray (Pucynok 1 — Kapra-cxe-
Ma pailoHa UCClIeI0BaHUM C yKa3aHUEM MapLIPyTOB
yaeToB niTuIl). B paifone 03. Hmkuuit Konbcaii 3a-
JIOKWJIN JIBa MOHUTOPUHTOBBIX MapuIpyTa, Ha KOTO-
PBIX HEOOXOIUMO TPOBOJIUTH PETYISIPHBIC YYETHI.
Paiion 3axmagky MapIpyToB BEIOpaH HE CITy4aiHO,
MOCKOJIBKY 3TO 03ep0 KpPYTJIOrOAWYHO Haubojee
rnocemnaemMo TypucraMu. Kak 3To MOXXET MOBIUSAThH
Ha YKUBOTHBIN ¥ PACTUTEIIBHBIN MUP TTOKAXYT TOJb-
KO €KeroTHbIe HAOJIOACHHSL.

Pucynok 1 — Kapra-cxema pailioHa HcCII€IOBaHUH ¢ yKa3aHHEM MapIIPyTOB y4ETOB IITHIT

B paiione 03. Hmxuuii Konbcaii Obu10 3amosxe-
HBI 1Ba MOHUTOPUHTOBBIX MapUIpyTa, Ha KOTOPBIX
npoBezieHo 4 yuera nrtuil. Mapupyt 1 (Pucynox 1
— Kapra-cxema paiioHa uccieoBaHuil ¢ ykazaHueM
MapUIpyTOB yUYETOB ITHUI]) HAUMHAETCS OT aBTOMO-

OomnpHON cTossHKH oTens «Konbcaity (42.988879
c.m., 78.331421 B.1.), pacmooKeHHOTO Ha 3araj-
HOM CKJIOHE OJIHOMMEHHOTO YIIEJIbs, 10 KOTOPOIo
MIPOJIOKEHA TI0JIEBasi JOPOTa, BEIyIlas CepriaHTH-
HOM BHU3 TI0 YIIEITBIO 10 MOCTa Yepe3 pexy. Ha Bcem

129



Htorn n TNEPCIEKTHUBBI OPHUTOJIOTMIECKOIO MOHUTOPUHTA B rOCyIIapCTBeHHOM MIPUPOJHOM IMapKe «Kemcait Kennepi»

MPOTSKEHHUE JIopora HJIET 4epe3 MOXOBOM E€JIOBBIN
nec. IlepBoHauanbHO OH pa3pekeH W MOMUMO JIH-
CTBEHHBIX KYCTapHHKOB 10 00OYHMHAM JOpPOTH pa-
CTYT OTJENbHBIE KYCTBl apYOBOTO CTJIAHMKA, KOTO-
pHIii B OoJiee yBIIAXKHEHHBIX Y4acTKaxX JIyra CMEHSIET
moJisiHa ¢ 3apocisiMu WBHIL. Jlanee mopora mpoio-
JKEHa TI0 TYCTOMY €IIOBOMY JIeCy, Ha Pa3peKeHHBIX
ydacTKax KOTOpPOTO TMPOJOJKAeT BCTpeyaThbes ap-
YOBBIM CTJIaHWK. Ha TOJOrux IyroBBIX ydacTKax
MECTO T'YCTOTO Jieca 3aMEHSIET pa3peKeHHBIH MOJIO-
JIOM, HO KPYThI€ CKIIOHBI TaK YK€ MOKPBITHI CTAPBIMH
essiMi. OOOUYMHBI IOPOTH 3apPOCIU MBOM, )KUMOJIO-
CTBIO U g010HeH. Elie HiKe eJIOBBIi JIeC CTAHOBUT-
cs 6osee pa3peKeHHBIM, a Ha TOJIOTUX y4acTKax
TPYNIIIaMHA PACIIOIOKEHBI UCKYCCTBEHHBIE MTOCAIKH
Monoaeix eneil. B xonme mapmpyta (43.006630
c.ar., 78.339968 B.1.) mopora BeAET HA KAMEHHUCTOE
LIMPOKOE JHO YIIENbs, 3apOcCIlee B/10JIb PEKH UBOI,
00JIeTMX0H, OCHHOM, YKIMOJIOCTRIO U OapOaprcoM.
Mecramu BIIOJIb CKJIOHA Ha THO YIIENbsl CITyCKa-
FOTCSI €ITh, o0pa3ys BMECTE C OCHHOHW HeOOoJbIINe
pouunpl. [IporsikenHocTs MapuipyTa 3.9 kM, nua-
ma3oH BeICOT OT 1750 1o 1920 M Hax ypoBHEM MOpSI.
[loneBass nopora, Mo KOTOPOH OH MPOJIOKEH Halle
WCTIONIB3YeTCSd aBTOMOOWIISIMA BBICOKOW IPOXOJIH-
MOCTH, Y€M TICIIUMHU ¥ KOHHBIMU TYPUCTaMHU.

MapuipyT 2 pacroyiokeH Ha BOCTOYHOM CKJIO-
He yul. Komnbcaii. IlepBoHauyalbHO OT aBTOMO-
OWIBHON CTOSHKH OH HIET 1O acaibTHOW I0-
pore (42.994852 c.m1., 78.326574 B.1.), a OImKe K
CKJIOHY TIpH CITyCKe K jJiaM0Oe Ha o3epe, MepexoauT
B moseByro. OKpauHa JIOPOTH TOKPHITA KyCTapHU-
KOM: KHMOJIOCTh, TaBOJITA, IIUIOBHUK, KPYIIUHA,
Oapbapuc u psiOuHA. Brilie 1o CKIOHY CKalbHUK,
KOTOPBIA MECTaMHU 3apocC €JIbl0, a TI0J] HUM PacIio-
JIOKWIIMCh HEOOJIbIINe poIny OcHHEL. [lamee mopo-
ra IepexoauT B TPOITy, UAYIIYIO TO BBEPX, TO BHU3
Bronb 03. Konbcail. KycTapHuku mnpencTaBieHbl
TEMH K€ BHJIaMH, BBIIIE 110 CKJIOHY CKaJlbl MOKPbI-
THI €JIbI0, HI)KE HEOOJbINE OTKPBIThIE TYXKalKN U
OCBINH, Oeper o3epa 3apoc OCHHOH H einblo. [lanee
CKaJIbl CMEHSIOT JIYT C PEIKUMHU KyCTapHUKaMH, ap-
YOBBIN CTJIAHUK C APEIPOii, eIOBBIN JIEC CTAHOBUT-
Csl TYIIE W TPOIa CITyCKaeTcs K peKe, BIajaromien
B 03epo. Baonbp Hee MBOBBIN Tyrai, a 4yTh BBIIIE
I10 CKJIOHY PacTyT psiOnHa, OCHHA U eIlb (42.976117,
78.319933). IIpoTsKeHHOCTh MapLIpyTa COCTaBIIsI-
et 2.2 kM, nepemnanasl BeIcoT 1820-1890 M. IlepBas
4acTh MapluIpyTa MPOXOAUT MUMO KOTTeIKEH, Kade
Y TIPUBSI3U JIOMIa/ieH, UCTIONB3yEeMbIX IS KaTaHWS
TYpUCTOB. B cBeTioe BpeMsi CyTOK MOTOK JIFOJEH K
03epy 1 00paTHO HECKOHYAEM: IO TPOTIe UX MEHb-
1€, HO OTMEUYEHBI KOHHBIE TPYIIIIHL.

130

Ha mapripyTe nTHIl YYUTBIBATH MO CTaHIAPT-
HOW METOJIMKE, a BHE MapuipyTa — IO TSATUMH-
HYTHBIM OTpe3kaM BpemeHnH [1, 9, 23]. Bo Bpems
YYETOB JISl BCEX BCTPEUYCHHBIX IITHII OTMEYajcs
pamuyc mepBoro OOHAPYKEHHsI, UX KOJMYECTBO U
0COOCHHOCTH OOHApPY)XEHUSI — IEHHUE, I'OJI0C, «CH-
JISIIasy, B MoJieTe U T. 1. [Ipu npoBeIcHUH Y4ETOB
JIETaIbHO OMHCHIBAJIMCH MECTA WX MIPOBEJICHHS: THIT
9KOCUCTEMBI, peiibed, CTereHh KAMEHHCTOCTH, pac-
TUTEIBLHOCTb, CTENEHb €€ MOKPBHITUS W TOTOJHBIC
ycnoBus. YUCIIEHHOCTh BHJIa OLICHUBAIACH YUCIIOM
ocobeil, BCTpeueHHBIX B TeueHUe vaca (oc./dac). B
2022 r. nposeaeHo 123 u B 2023 — 227 takux yuéra.
Jlnst HaOnroieHuit UCToIb30Baliu OMHOKIL 8 X 30.
C paspelieHus: COTPYTHHUKOB HAIIMOHAIBHOTO Tap-
Ka B CTaTbe TaK)Ke HMCIOJIb30BaHbl HanOOJIee HTE-
pECHBbIC Pe3yNbTaThl UX HAONIOJCHNUH 32 ITUIIAMH B
2023 r.

Pe3y.]'leaT]>I HCCJICJOBAHUA U UX 06cym11elme

3a mepuon WccIeIOBaHUN COOpaHbl JaHHBIE
[I0 XapaKTepy paclpenesieHusi U YUCIEHHOCTH §1
Buaa ntui. IITuiel, B oTIn4Me OT APYTHX KUBOT-
HBIX, JIOCTATOYHO MOOWIJIBHBI, MMOCKOJIBKY CBOOOJ-
HO TEepeJIeTaloT ¢ OJHOr0 MecTa Ha apyroe. OgHu
BHJBI TIPUCIIOCAONINBAIOTCSA K KU3HHU PSIAOM C dUe-
JIOBEKOM, APYTHe MOKHIAIOT TaKUe PaioHbI, Mpe-
MOYNTAas KUTh B YEIWHEHHBIX MecTax [24-26]. Ha
KOPOTKOM IIPOMEKYTKE BPEMEHH HaM yJanochk yoe-
uThCs B 3ToM. OcoOEHHO 3aMeTHBI H3MEHEHUS pa3-
HOOOpa3us U MoBeIeHHs NTHL B HanboJIee rmocemia-
eMBIX TYpHCTAaMH MECTaX, IJie YHCICHHOCTh MTHII,
MUTAIOLIMXCS MUIIEBBIMU OTOpocamMu, pacteT. Tak
B paiione 03. Komnbcaii B 2022 r. nepxainocs 6, a B
2023 r. — 8 cusbix ronyoeit (Columba livia), cooT-
BETCTBEHHO 3 U 9 maiiH (Acridotheres tristis), 12 u 9
copoxk (Pica pica), 21 u 22 gyepHbix BopoH (Corvus
corone). U3BecTHO, 4TO uepHBId KopiuyH (Milvus
migrans) OOBIYHO KOPMHTCS Ha MYCOPHBIX CBaJ-
kax. B 2022 r. ero B paiione o3epa He HaOIIOJaTH, B
2023 r. 3mech mepikalioch He MeHee Tpex ocoOeit. B
TOKe BpeMs Ha 03. KanHpl, TJie IOTOK TYpHCTOB HE
MEHBIIHH, HO HET BPEMEHHBIX U ITOCTOSIHHBIX MECT
MpOXKUBaHMS 4esloBeKa, B aBrycre 2022 r. Bce 3TH
BUABl OTCYTCTBOBAJIHM, 3a WCKJIIOUYEHHEM BCTpEYU
OJIMHOYHOM YepHoi BopoHbI. KopuryH Obu1 MHOTO-
YHCJICH U PSIJIOM C HACEJICHHBIMU MyHKTaMH. TOJb-
ko B 2022 r. on otmeueH 17 u 19 mas y c. Koknex
(2 m 1 nrumen), B . Cater (1); 17, 18, 19 masg u 13
aBrycTa MeXy MocjaeIHuM cenoM M yil. Konbcait
(9,1, 6 u 1), 18 masg no moiime p. Tay-Umnmk (2),
19 mast — B yctbe p. Konbceait (2), mexxay c. Catel u
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c. KapaOymnak, c. Kapabynak u c. XKanamam (1o 1).
B 2023 r gucno BcTped ObT0 MeHbIIEe — 16 HIOHS
c. Catsr (1) 1 omHOMMEHHOE yIienbe — 16-17 utoHs
(o 3).

[IpucmocoOuiics K KU3HH PSAIOM C YEIIOBEKOM
orapb (Tadorna ferruginea). Ha 03. Konbcait 17-18
Mast 2022 1. 3TH NTUIBI U30ETaTH BCTPEY C JIFOIbMH,
npsiyachk B 3apocisix. B 2022 r. Bce mTULBI NpsiTa-
JIUCh, XOTS YACIO 0COOEH B ATOT W MOCIEAYIOTHIA
roJi Ha o3epe ObUIO CTAOMJILHO — COOTBETCTBEHHO
11 u 13. Ho yxe 15-16 utons 2023 r. ogHa u3 nap
BBINPAIIKBAia KOPM Y JIIOJCH, MPOIUIBIBAIOIINX B
nonkax. [lepBoHa4ambHO TOAIIIBLT CaMell, 3aTeM
caMmKa, KoTopasi, yOeJUBIIUCH B OTCYTCTBUH OIlac-
HOCTH, Io3Bajia 6 nTeHUoB. [ITHLbI mOAIIIBIBAIN K
K0 JIoJiKe, He 0o0sich yelioBeka. J[pyras mapa
TIPH TTOSIBIICHUH JIFOJIEH YBea yTAT B 3aPOCIIH.

Ha meHpmmx mo pasmepaM BOAoOeMax W IpH
MEHBIIIEH aHTPOIMOreHHON HAarpy3Ke YHCIIO MTHI]
He noctosiHHO. Ha Bojoxpanwnuie Catel 15 mas
2022 r. mepkamoch He MeHee 22 ocobei (B3poc-
nble ¢ nteHuamu), a 14 uronst 2023 r. — Bcero 10.
Omnako ypoBeHb BOAel B 2023 r. OBII 3aMETHO
HIDKE. MHOTOYHMCICHHOCTBIO NTHL MOPAa3Hio 03.
TampIpcas, pacronokeHHOe Ha BRIPOBHEHHOU Tep-
pace mexay ymenbsimu Komnscait u Kopmetsl. Bona
3[Iech COOMpAeTcsl B TIEPHOJ CHETOTasIHbS M K KOH-
Iy JeTa UCHapsercsi, HO U1 OKPY’KaIOIIEro 03e-
PO TUIOTHOHM CTEHOM TPOCTHHKA €€, MO-BUAUMOMY,
xBaTaeT. HecMOTpsi Ha HE3HAYUTENHHYIO TUIOMIAIb
o3epa, 14 utons 2023 1. Ha BOJHOW MOBEPXHOCTU
Y HA JIyrax BOKPYT HETO JIEep’KalIHuCh 22 B3POCIBIX
orapst u 6onee 50 ytaT. J[Ba mociemHUX BomoeMa
HAXOJASTCS Ha TPaHUIIE MapKa, ¥ B UX OKPECTHO-
CTSIX Yallle BCTPEYaeTCsl JOMAIIHUKM CKOT, HEKEIN
yenoBek. KpsikBa (Anas platyrhynchos) moka Toxe
n3beraer yenoBeka. B mae 2022 r. Ha 03. Konbcait
HabOmonanmm caMky ¢ 8 yrsaramu (12 aBrycra — 12
oco0eif), KoTOpasl ellle W3Jalu, 3aBUJCB JIIOJCH,
ckpbliack. 14 urons 2023 r. 351ech JieprxKanach JUIb
onHa B3pocias nrtuua. Ha Bomoxpanmnuine CaTbl
KpsikBa ObuTa 00b19HA B 2022 1 HEMHOTOYHCIICHHA B
2023 rr. (10 u 3 cooTBeTcTBEeHHO). Ha 03. TambIpcas
B 2023 r. BUIeTH OBYX B3pOCHBIX U 12 yTAT. 31eCh
JKe BCTpeTHH JbIcyXy (Fulica atra) — 4 B3pocibie
NTUIIBI ¥ 7 ITEHIOB (BEPOSITHO, B BBIBOAKE UX OOJIb-
nre), a taxke napy uubucos (Vanellus vanellus).
Cyns 1Mo moBeIeHUI0 YHOWCOB, Y HUX TOXKE OBLIH
NTEHIBL. 26 Masi B paliloHe o3epa HaOIonau mnapy
ceprIx xypasien (Grus grus) ¢ ITeHIoM. BeTpeua
B ropax Ha THE3/I0BaHWH TIEPBBIX JIBYX BUJIOB YHH-
KaJibHa, TIOCKOJIbKY B Ka3zaxcTaHcKoi gactu Cesep-

Horo Tsmp-1lans uxX BCTpeyanu JUILL HA IPOJIeTe
WM Ha THE3JIOBAHUU B MIPETrOPhsX, & VIS TPETHEro
— THE3JI0BaHKE U3BECTHO TOJIBKO Ui 03. Ty3K0Jb B
Hentpansaom Tsup-lllane [26]. Ynupka-cBUCTyHKA
(Anas crecca) Tax ke He OTMEYAU HA THE3/IOBAaHUN
B ropax Kazaxcrana, a B mapke — gake Ha MpoJieTe.
Ha o3. Konbcaii mapy ocobeit u camky Buzenu 15,
16 utonst 2023 1., mpuYeM MOCHETHSS IPUACPIKUBA-
J1ach OJTHOTO MECTA, YTO YKa3hIBAET HA BEPOSITHOCTh
HAXOXKJICHUs TaMm THe3ga. Ha BoxoxpaHWmuie
Carbl 17 urons 2023 r. 3aMeTHIA TPOJETAIOLIETO
oosbinoro 6axana (Phalacrocorax carbo), a Ha p.
Tay-Uunuk Hanpotus ¢. CaTbl 4 utons 2023 r. — xo-
nynounuka (Himantopus himantopus). 9T0 TiepBbIe
BCTpEUH BUIOB Ha TeppuUTOpHH mapka. Kpome toro,
kampimanna (Gallinula chloropus) Oblna u3BecTHA
Kak 3aJIeTHBIN BUJL, a 15 masg 2022 r. B3pochyto NTU-
1y ¢ 4 nreHnaMu (BO3MOKHO OOJblIe) BUACIH Ha
Bomoxpanwmiie Catel. Tam xe, HO 17 mrons 2023
T. CIBIIIAIU BBIb (Botaurus stellaris), koTopast Be-
POSITHO 371€Ch THE3INIACh. ITOMY CIIOCOOCTBOBAIH
OOIIMpPHBIE 3apOCIM TPOCTHHKA, pa3poclIMecs Ha
MeJKOBOJIbe. PaHee rHe3oBaHNE BUIa B 3TOM paii-
OHE TOJIBKO Mpemnoaranocs [21].

VYdeTsl NTUI] HA MapUIpyTax MPOBEACHBI B pa3-
Hoe BpeMs: Ha mapuipyte 1 — 13 aBrycra 2022 r.
u 15 wmions 2023 r., na mapupyte 2 — 17, 18 mas
2022 r. u 16 utonsa 2023 r. B nepBsIii rox Ha yuyetax
BcTpeueHo 33, Bo BTopoi — 38, a Bcero 48 BUI0OB
ntull. X oTHOCHTENbHAs YUCIEHHOCTh B OTH JIBa
rojia okasanack rnocrossHHon — 47.2 u 47.5 oc./4ac.
JlaHHBIE O BCTPEYAEMOCTH Pa3IMYHBIX BUJIOB MTHII
npe/cTaBiicHbl B Tabauie. OTHOCUTENILHO CTaOUIIb-
HOM YHCIIEHHOCTh ObIJIa JIUIIb Y 6 BUIOB: TYCKIIOH
3apHUYKH, 1eps0bl, TOPHON OBCSIHKH, TOPHOW Tpsi-
COTY3KH, CEJIOTOJIOBOM TOPUXBOCTKH M KOHOTUISTHKA
(tabmuua 1). B 2022 r. BcTpeyaeMOCTh ObLIA BBIIIIS
y 11 BunoB no cpaBuenuro ¢ 2023 r. B 2023 r. no
CPaBHEHHUIO C MpPENUIECTBYIOUINM TOJIOM BO3pOC-
7a 9uciaeHHocTh 4 BunoB. Ciemyromune BHIBI, I10-
BUAMMOMY, B yiI. Konbcaii THe3sTCS IeprHoanye-
CKU: TIEpPETENATHUK, MEPEeBO3YNK, OOBIKHOBEHHAsS
KYKYILKa, TPEXMaJbIi IATel, IECHOM KOHEK, CaB-
Ka-3aBHPYIIKa, OOBIKHOBEHHBIH CBEPYOK, apyo-
Basl YyeueBHUIIA M NpOcAHKa. Takue BUABI Kak (a3an
(Phasianus colchicus), OOBIKHOBEHHAsI ITyCTENIbra
(Falco tinnunculus), 4epHblii cTpyx (Apus apus),
CKaJlbHAas JIacTouka (Ptyonoprogne rupestris), po30-
BBII cKkBOpen (Sturnus roseus), albIIAACKasl rajika
(Pyrrhocorax graculus) m OOBIKHOBEHHBIN BOPOH
(Corvus corax), oTMEUeHHBIC Ha y4eTax, 3TOT pai-
OH TTOCEIIAIOT JUIIb Ha KOUEBKaX.
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Ta6auna 1 — Berpewaemocts nrun Ha Tepputopun I'HITIT «Kencait kemuepi»

HasBanue BuoB 2012 r, o Hamm nannsie (oc./49ac) TenneHus
TpuBuanapHOE Hayunoe AanHbM [20] 2022t 2023 M3MEHEHHIT
MEPEBO3YHK Actitis hypoleucos 0 0.1 0 ?
0oIbIas Topanna Streptopelia orientalis + 0.4 2.7 1
(azan Phasianus colchicus + + +
OOBIKHOBEHHAs! KyKyIIIKa Cuculus canorus 0.1 1
TpeXHabli AiTel Picoides tridactylus 0 0.1 T
YerI0K Falco subbuteo + 1.0 0.1 l
OOBIKHOBEHHaAsI ITyCTEIIbra Falco tinnunculus + + ?
HepenessITHUK Actitis hypoleucos 0.2 0 l
TyCKJIast 3apHUYKa Phylloscopus humei 2.3 2.6 stable
nepsada Turdus viscivorus + 0.9 0.8 stable
YepHBIN apo31 Turdus merula 0.9 0.1 !
TOpHasi OBCSHKA Emberiza cia + 0.7 0.7 stable
MPOCSIHKA Emberiza calandra 0.1 ?
JKEITYHAsT OBCSIHKA Emberiza bruniceps + + + l
TOpHast TPSICOTY3Ka Motacilla cinerea 0.5 0.5 stable
CeIIoTOJIOBasi TOPUXBOCTKA | Phoenicurus caeruleocephalus + 0.4 0.5 stable
KOHOIUISTHKA Acanthis cannabina + 0.4 0.3 stable
MOCKOBKa Parus ater + 3.9 0.3 1
Oernast 1a30peBKa Parus cyanus + 1.8 0.7 !
MHANICKAs IEHOYKa Phylloscopus griseolus 2.0 0.2 !
3eNeHas IeHOYKa Phylloscopus trochiloides 9.0 2.6 l
JKENITOTOJIOBBII KOPOJIEK Regulus regulus 0.5 0.1 !
OOBIKHOBEHHBIH CBEPYOK Locustella naevia 0.1 0 ?
KPaCHOLIAMIOYHBIN BHIOPOK Serinus pusillus 4.0 1.8 !
cepast ciaBKa Sylvia communis 2.8 1.8 !
TOpHas CIaBKa Sylvia althaea 1.0 0.5 !
CJ1aBKa-3aBHpYIIKa Sylvia curruca 0 0.3 )
KEIPOBKa Nucifraga caryocatactes 0.6 0.3 !
O0OBIKHOBEHHASI YCUCBUIIA Carpodacus erythrinus 2.8 8.1 i
ap4oBas YeueBuIa Carpodacus rhodochlamys 0 0.3 i
CE/IOTOJIOBBIH MIETOJ Carduelis caniceps + 0 3.0 i
cepasi MyX0JIOBKa Muscicapa striata 0 0.5 i
JIECHOH KOHEK Anthus trivialis 0 0.1 ?
YEepHBIH CTPIK Apus apus + + + l
CKaJIbHas JIACTOYKa Ptyonoprogne rupestris + + ?
PO30BBII CKBOpeL] Sturnus roseus + + ?
aJbITUICKas Tanka Pyrrhocorax graculus + + ?
0OBIKHOBCHHBIN BOPOH Corvus corax + + 1
YyepHas BOPOHA Corvus corone + + ?
rajka Corvus monedula + + ?
TypPKECTaHCKHH JKyTaH Lanius phoenicuroides 0 0 ?
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TIpooonacenue mabauyvl

Ha3zBanwue Bug0B 2012 1, o Hamm nannsie (oc./9ac) Tennenuus

TpusuanbHOE Hayunoe nauHbiM [20] 2022 r. 2023 r. H3MCHEHHUIA
OOBIKHOBEHHAS OJISITIKA Cinclus cinclus + + + ?
YEepHOTOJIOBBIH YeKaH Saxicola torquata + + + 1

— YUCJICHHOCTh CTa0MIbHA

IIpumeuanue: + — Buja oOHapyKeH, ? — TEHASHLUS HE ICHA, | — YUCIEHHOCTh yBEJINUHIIACH, | — YHCIEHHOCTh YMEHBIINIIACH, Stable

Cpasuenue nomydeHHsix Hamu B 2022 12023 1.
Pe3ybTATOB C AaHHBIMHU B HAa4aJbHBIH TIEPHOA Op-
raHu3allMd HaluuoHanbHOro mapka [20] mo3Bonu-
JIO BBISIBUTh M3MEHEHHS B COCTaBE W YMCICHHOCTH
nTull. B jecHslx OmoTomax, KyjAa BKIIOYEHBI JIH-
CTBEHHBIE M XBOWHBIE Jieca, U B TOT, U JIPYTOH Tie-
pro GOHOBBIMHU BUAMH SIBUIINCH 3€JICHas! TICHOUKA
(cootBetcTBeHHO 8.3 M 9.3%, OT BceX BCTPEUEHHBIX
NTHUI]), OOBIKHOBeHHast 4eueBnna (8.7 u 6.1%) u
ceporonoBelii meron (7.2 u 4.7%). B nocneannii
NepuoJ B UX YUCIO BOILIA M 4yepHas BopoHa (2.1
u 6.8%), KoTopas TeEepBOHAYAIBHO ObLIa JIUIIb
o0bruHa. K gnciy oObIYHBIX BHIOB OTHECEHBI Kpac-
Homano4yHsli Beropok (1.2 u 3.5%), cepast cnaBka
(2.3 u 3.1%), 60ompmas ropauna (1.3 u 2.4%) u xo-
HOIUIIHKA (Acanthis cannabina, 2.1 n 1.0). Eciu B
2012 r. 0OBIYHBIMH BHJIAMH cuuTamu derioka (1.1
u 0.6%), xkeaposky (1.5 u 0.5%), cemoronoByto ro-
puxBocTKy (1.8 u 0.5%), KenTorosoBoro Kopoib-
ka (1.2 u 0.3%) u Typkectanckoro xynana (Lanius
phoenicuroides, 1.3 u 0.2%), To B 2022-2023 1T.
OHU OBLIM JIMIIb HEMHOTOYUCICHHBI U JIAXKE pej-
k. Ho B mocienHuii mepuoj; 0OBIYHBI — MOCKOBKA
(Parus ater, 2.0 %), 6enas nazopeBka (1.9%), neps-
0a (1.5%), ropuas cnaBka (Sylvia althaea) v ropHas
oBcsHKa (1m0 1.1%).

Ha pexax u o3epax B 2012 r. orapb ObI1 00BIUCH
(4.0%), B 2022-2023 rr. — muorouuciieH (7.0%),
ropHast Tpsicory3ka — o0bruHa (2.4 u 1.9), 00BIK-
HOBEHHas oJisinka — o0bpraHa 1 penka (1.6 m 0.2%).
B ckanax u oOpbIBax B NMEPBBIH M BTOPOH MEPUONT
0OBIYeH YepHBIl cTpuXk (Apus apus, 8.0 u 3.9%) n
ranka (Corvus monedula, 3.4 n 4.5%), oObIYHBI U
pelKu Ha Jyrax — 4epHOTOJIOBBIN uekaH (Saxicola
torquata, 1.2 n 0.3%) u xxemuHas oBcssHka (Emberiza
bruniceps, 1.0 u 0.2%).

B nepunoa Hammx HaOII0ACHUH IPU MOCEIEHUH
JIPYTHX PaiOHOB TapKa COCTOSUIMCH BCTPEYH H C
pEeIKMMU BUJIaMH IITHI, KOTOpbIE BHECEHBI B Kpac-
Hyto kaury Kazaxcrana [27]. 9T0, mpexe BCero ce-
PBIN )KypaBIlb, 0 KOTOPOM COOOIIIEHO BBIIIE, 3MEesiT
(Circaetus gallicus) — onuHouka BcTpeueHa 17 mas

2022 r. y c. Kananam, u open-kapnuk (Hieraaetus
pennatus) — 16 uronst 2023 1. mapa Kpy>kKuia B paiio-
He Bogoxpanuuina CaTsl.

[Tomy4yeHHble MaHHBIE MMOKA3aJiH, YTO PAa3HOO-
Opaswe W YHUCIEHHOCTh MTHUI[ Ha TEPPUTOPUU Ha-
[IHOHAJLHOTO TMapKa MEHAIOTCSA. 3MeHeHHs BU-
JIOBOTO COCTaBa U YWCJICHHOCTH TOMYJISIUN TTHII
OTMEUYEHBI Ha 0CO00 OXpaHSIEMBIX TEPPUTOPHSIX
B pazNMYHBIX pernoHax mupa [8, 10, 11, 25, 26].
[IpuumHON STOTO SBISAIOTCS KaK €CTECTBEHHBIC
(HamM9IMe WIN OTCYTCTBHE KOPMOBBIX OOBEKTOB,
YPOKaHOCTh NIEPEBhEB U KYCTAPHUKOB, KIUMa-
TUYECKUN W BOJHBIA PEKUM, MEKBUIOBBIC OTHO-
EeHUus W T.JA.), TAK U aHTPOMOTEHHbIE (DAKTOPHI
(u3MeHeHHe OHMOTONOB, MPSIMOE YHHUYTOXKCHHUE,
0ecrnoKOCTBO, KOpMIIEHUE U T.1.) [24-26, 28]. 1o-
HSATb MPUYUHBI IPOUCXOISIINX U3MEHEHUIN TOMO-
TYT JIMIIb PEryJIipHbIE MOHUTOPUHTOBBIC UCCIIC]O-
BaHus. C 3TOH LEJIbI0 Ha 3aJI0KEHHBIX B palloHe
03. Kousibcail 1ByX MOHUTOPUHIOBBIX MapLIpyTaXx,
HEO0OXOMMO TTPOJIOJIKUTH MPOBOJIUTH YUETHI ITHII
€XKEeTOAHO B TEpHOJ THE3OBaHUS (Mal-HIONb).
Y4uThIBaTh NTHUIl HA HUX JOJIKEH YeOBEK, 00Jia-
JIAIOIIUH CTIeIIMAIbHBIMU 3HAHUSIMU, OTINYAFOIIHIA
BHJIBI IPYT OT JIpyTa Kak MO BHEITHEMY BH]Y, TaK
10 T0JIOCaM U TIOBE/ICHHUIO.

3akaoueHne

Habmonenus 2022 u 2023 rr. mokasanad, 4TO
HapacTaHUE W CHIDKCHHE YHCIICHHOCTH BHIA 3aBHU-
CAT OT AQHTPOIIOTEHHBIX (PAKTOPOB, YPOBHS BOJIbI B
pekax U o3epax. ITO B MEPBYIO OUEpEIb KacaeTcs
MITHII, TIEPEIIeANINX Ha MMATaHUE OTOPOCAMH KHU3-
HEJCATSIIPHOCTH 4YeJIOBeKa W BHJOB, CBSA3AHHBIX
C BOJIHO-OONIOTHBIME YrojbsiMu. [locemenue pas-
HOOOpa3HBIX OMOTOIOB M PaliOHOB ITO3BOJIHIIO JO-
MOJIHUTH CITMUCOK IITHUII TAPKA BCTPEUAMHU HOBBIX JJIs
ATOW TEPPUTOPHH BHJIOB: OOJBIION OaKiIaH, YHPOK-
CBHCTYHOK, CEpBIH KypaBib, JIbICYXa, YHOUC, XOIY-
JIOYHUK, W TTOITBEPAUTH THE3/I0BAHUE KAMBIIITHUIIBI
U BBIIIH.
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THE INFLUENCE OF THE PROTECTED AREAS
ON THE PRESENT DISTRIBUTION OF THE HIMALAYAN BROWN BEAR
(URSUS ARCTOS ISABELLINUS HORSFIELD, 1826) POPULATION
IN THE TRANS-ILI ALATAU, SOUTH-EAST KAZAKHSTAN

The aim of this study is to assess the current distribution of the Tian Shan brown bear (Ursus arctos
isabellinus Horsfield, 1826) in two study areas: the Almaty State Nature Reserve (ANR) and in the adja-
cent territories of the Ile-Alatau State National Nature Park (IANP) between 2005 and 2018. Both areas
are characterized by different degrees of anthropogenic transformation and conservation measures.

Data collection was carried out using two techniques: ground survey (GS) in 2005-2013 and a cam-
era trapping survey (CT) in 2013-2018.

The comparison of the data obtained by the two methods, GS and CT, showed that the CT data is
more extensive as it confirms and supplements the data collected with traditional GS methods.

The Kilometric Abundance Index (KAI) was 0.56 (+0.33) individuals per km in the ANR and 0.41
(£0.23) individuals per km in the IANP. Using CT, the average occurrence index was 4.4 registrations
per 100 trap days in ANR, while 2.9 registrations per 100 trap days in IANP. We observed the bears
to have different daily activity patterns in the two study areas, with the bears appearing to be active
throughout the day in ANR, and mainly active during the night and early morning in IANP.

This study outlines the role of the territory of the ANR as the nucleus for the settlement of brown bear
individuals in the Trans-Ili Alatau Mountain range, due to the abundance of the species remaining high
for 40 years. The high observation rate (photos and direct observations) suggest that the bear population
has a healthy conservation status. The territory of the IANP can serve as a buffer zone where individual
groups of bears can function successfully, provided that they are afforded good protection and that low
anthropogenic impact is maintained. On the other hand, the presence of bears in the IANP was mainly
observed in sectors with low level of human activity.

Key words: Tian Shan (Himalayan) brown bear, Trans-1li Alatau Mountain range, protected areas.

C.C. KaHTap6aes'?", A.A. I'paues'?, lO.A. ['paueB?, H.O. buxaHosa'*?

'KasakcraH Pecriy6AnKkach! FbIAbIM XKoHe >KoFapbl GiAIM MUHUCTPAIrT FbIAbIM KOMUTETIHIH «300A0TMSI MHCTUTY Thbi»
LIAPYaLUbIABIK, XYPri3y KYKbIFbIHAAFbI PECTTYOAMKAABIK, MEMAEKETTIK KaCinopbiHbl, KaszakcraH, AAMarbl K.
29A-Mapabu atbiHaarbl Kasak YATTbIK, YHuBepeuteTi, Kasakcran, AAMaThl K.

*e-mail: sanzhar.kantarbayev@zool.kz

OnrycTik-LUbirbic KazakcTaHHbIH, Ine AAaTaybIHAQFDI
Tanb-LUaub koHpip atobl (Ursus arctos isabellinus, Horsfield, 1826)
NONYASILMSACBLIHBIH, Ka3ipri TapaAyblHa
epekxilie KOpFaAaTblH TAOMFU ayMaKTapAbIH, dcepi

byA 3epTTeyain Makcatbl 2005 xbiapaH 2018 >XblAFa AeMiH XXYPri3iAreH 3eptrey HeridiHAe TaHb-
LLlaHb KOHbIP AlObIHbIH €Ki 3epTTey aymarbl: AAMaTbl MEMAEKETTIK Tabuiun Kopblrbl (AMTK) >kaHe Iae-
AAaTtay MEMAEKETTIK YATTbIK TabuFu napkiHin (IA MYTI) ipreaec aymakTapbliHAQFbl 3aMaHyM TapaAybiH
baranay 60AbIN TabbiraAbl. EKi aymak, ap TYypAi ASpeKeAeri aHTPOMOreHAIK e3repicTepmMeH >KeHe
KOpFay pexXMMiMeH cunatTarasbl. MaAiMeTTepAi XKMHay eki aaicneH xypriziaai: 2005-2013 xbiapap
apaAbIFbIHAQ XKYPri3iAreH AQAAAbIK, 300A0TUSIAbIK, 8AiCTep >kaHe 2013 XbIAAAH 6epi KOAAAHbIAbIM KeAe
>KaTkaH (poToKaKNaHAAPAbl KOAAAHY apKblIAbl Tipkey.

AaAaAblK,  >K8He KallbIKTaFbl ©AICTEPMEH aAblHFaH MOAIMETTEPAI CaAbICTbIpY HeridiHAe
poTOKAKMaHAAPAAH aAbIHFAH aAblHFaH AEPEKTEPAIH HEFYPAbIM  ayKbIMAbl >KOHE TUIMAI €eKeHi
AHbIKTaAAbI, OAAP ABCTYPAI AAAAABIK, BAICTEPMEH aAbIHFaH AEPEKTEPAI pacTaiAbl >KOHE TOAbIKTbIPAAbI.
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Typaepain, kentiri nHaekci (KAI) AAMaTbl KOpbIFbl YiWiH MapwpyTTbiH, 1 kM-iHe 0,56 (£0,33) aapa,
Ine-Anatay yATTbIK napki ywin 1 km-re 0,41 (+£0,23) aapa 60Aabl. KOPbIKTa aloAbIH, KE3AECY MHAEKCI,
oprauua ecenneH, 100 dpoTokaknaH/TayAikke 4,4 TipkeAy 60AAbl, aA ¥ATTbIK napkTe 100 choTokaknaH/
TOyAIKKe 2,9 TipKeAy KypAbl.

3epTTeAreH eki aiMakTa aloAapAbIH KYHAEAIKTI GeACeHAIAIriHIH ap TypAi ekeHi 6aiKaAbIHAbIL:
AAMATbI KOPbIFbIHAQ atoAap KYHAI3 6eaceHal 6oaca, IA MYTIT aymarbiHAQ OAQp HETi3iHEH TYHAE XXoHe
TaHepTeHri yakbITTa (POTOKAKMAHAAPFA TIPKEAAI.

byA 3epTTeyae Ine Aaataybl >KOTaCbIHAAFbI KOHbIP alo AapaAapblHbIH TapaAy e3eri peTiHAe AAMaThbl
KOPbIfbl ayMarblHbIH POAI KEpCETIAreH. AAMaTbl KOpPbIFbl OYA TYpAiH Iane AAaaTaybiHaa 40 >KbiA 6OMbI
CaHbIHbIH, KeMNTiriHe OOAbIN CaKTaAyblHa 30p YAECIH KOCyAa. TipKeyAiH >koFapbl AeHreni ((poTtocypeTrep
koHe TikeAen 6GakblaayAap) a0 MOMYyASUMSCbIHbIH, TypakTbl TaburFaTTbl Kopfay MeprebeciHe wue
ekeHAIriH kepceteai. 1A MYTIT aymarbl >KakCbl KOpPFaAFaH >X8He TOMEH aHTPOMOreHAIK >KYKTeMeHi
yCTaraH >KarAariAa aloAapAbIH >KeKe TONTapbl TYPaKThl TIPLIAIK eTe aAaTbiH GyepAaik aimak, peTiHae
KbI3MeT KepceTe anaabl. backa »xarbiHaH, |A MYTIT aymarbiHAQ aloAap apaM GEACEHAIAIriHIH TemeH
AeHreni 6ap cekTopAapAa kebiHece HGaiKaAAbl.

Tynin cesaep: TaHb-LLlaHb KOHbIp aiobl, lae AaaTaybl XoTacbl, epekile KOpFaAaTbliH Tabuin
aymakrap.

C.C. KaHTap6aes'?", A.A. I'paues'?, lO.A. I'paues?, H.O. buxkaHosa'?
PecrnybANKaHCKOE roCyAQpPCTBEHHOE MPEANPUSTHE Ha NMpaBe XO35MCTBEHHOrO BEAEHUS «MHCTUTYT 300A0TMM»
KomuteTa Haykn MuHUCTEpPCTBA HAayku 1 Bbicliero obpasosanus Pecriy6ankm KasaxcraH, KasaxcraH, r. AAmMarbi
2Ka3axckmm HaLumMOHaAbHbIN yHUBEpCUTET nMmeHn aab-Dapabu, KasaxcraH, r. AAamarsl
*e-mail: sanzhar.kantarbayev@zool.kz

BAusiHe 0c060 oxpaHsieMbiX NMPUPOAHBIX TEPPUTOPUIA
Ha COBpeMeHHOoe pacrnpocTpaHeHue NMonyAsilMu THb-LLAHbCKOro OYporo MeABeAs
(Ursus arctos isabellinus Horsfield, 1826) B 3anauiickom Aaaray,
IOro-BocTtouHbiit Kazaxcran

LleAblo HacToOSLLEr0 MCCAEAOBAHMS SBASETCS OLEHKA COBPEMEHHOrO pPacrpoCTpaHeHus TSHb-
LIAHbCKOro BYpOro MeABeAsl Ha ABYX M3y4Yaemblx TeppUTOpPUSX: AAMATMHCKOM TFOCYAAPCTBEHHOM
NprMpPoAHOM 3arnoBeAHMKe (AIT13) 1 conpeaeAbHbIX TeppUTOpUsX MAe-AaaTayCcKOro rocyAapCTBEHHOro
HaUMOHaAbHOIO npupoaHoro napka (MA THIM) B neproa ¢ 2005 no 2018 rr. Obe TeppuTOpUM
XapaKTEPU3YIOTCS PA3HOM CTEMEHbIO aHTPOMOreHHOM TPAHCHOPMALIMM MU PEXXMMOM OXPaHbl.

C60p AQHHbIX OCYLLECTBASIACS C MCMOAb30BAaHMEM ABYX METOAOB: MOAEBble 300AOrMYecKue
MeToAbl, npoBoamBlumecs ¢ 2005 no 2013 rr., n perncrpaums C UCNOAb30OBaHMEM (DOTOAOBYLLEK,
KoTopas npumeHsiaacb ¢ 2013 no 2018 rr. CpaBHeHME AQHHbIX, MOAYYEHHbIX ABYMS MOAEBbIMU U
AVCTAHUMOHHbBIMM METOAAMMU, MOKA3aA0, UYTO AdHHbIE C POTOAOBYLIEK HOAEe 0BLLMPHDI 1 3 HEKTUBHDI,
TaK KakK MOATBEPXKAQIOT M AOMOAHSIOT AQHHblE, MOAYUYEHHbIE TPAANMLMOHHBIMU MOAEBLIMMU METOAAMM.

MHaekc 06umans Buaa (KAI) coctaBna 0.56 (£0.33) ocobeit Ha 1 KM MapLupyTa AASt AAMAaTUHCKOTO
3anoBeaHnka n 0.41 (£0.23) ocobm Ha T KM AAg MAe-AAaTayCckoro HaumMOHaAbHOrO napka. MHaekc
BCTPEYAEMOCTM B CPEAHEM AAS 3aroBeaHuKa — 4.4 permctpaumnii Ha 100 pOTOAOBYLIKO/CYTOK, AAS
HaLMOHAAbHOIO napka — 2.9 perncrpaumii Ha 100 (hOTOAOBYLLKO/CYTOK.

OTMeYeHo, UTO MeEABEAM MMEIOT PA3AMYUHDBIN XapakTep CYyTOYHOM aKTUBHOCTM B ABYX MCCAEAYEMbIX
pernoHax: MeABeAM MPOSBASAM aKTMBHOCTb B TeueHue AHs B AlT13, Toraa kak B MA THII oHwn
pPernMcTpupoBaAmCb B OCHOBHOM HOYUbIO M PAHHUM YTPOM.

B AaHHOM MccAeaoBaHMM 0603HaueHa poab Tepputopmn AlT13 kak sapa pacceaermnst ocobern 6yporo
MeABEAS B TOPHOM MaccuBe 3aMAMIMCKOro AAaTtay, B CBS3M C T€M, YTO UYMCAEHHOCTb BMAQ OCTaeTCs
BbICOKOM B TeueHue 40 AeT. Bblcokmit ypoBeHb permcrpaumm (dotorpadmm m HenocpeACTBeHHble
HaOAIOAEHUS) MO3BOASIET MPEANOAOXKMWTD, UTO MOMYASILMS MEABEAEN UMEET YCTOMUMBbLINA OXPaHHbIN
ctatyc. Tepputopusi MA THIITT MoxeT cAy>kuTb 6ydepHO 30HOM, B KOTOPO OTAEAbHbIE TPYIMbl
MEABEAEN MOTYT YyCrewHo (hyHKUMOHMPOBATbL MPU YCAOBMM OBGECreveHrs UM XOpOoLLei OXpaHbl U
COXPAHEHMSI HU3KOWM QHTPOMNOreHHom Harpy3kn. C Apyroi CTOPOHbI, NMPUCYTCTBUE MeABeAel B MA
HIIM B 0CHOBHOM HabAIOAAAOCH B CEKTOPAX C HM3KMM YPOBHEM aKTMBHOCTM YEAOBEKa.

KAtoueBble CAOBa: THb-LIAHbCKMI GYPbi MEABEAb, TOPHbIA MAacCMB 3aMAMIMCKOro AAartay, 0co60
OoXpaHsieMble MPUPOAHbIE TEPPUTOPUM.

Introduction large and connected populations, as well as in small
and isolated ones, which has resulted in the exis-

The brown bear (Ursus arctos) has the larg-  tence of several subspecies (U. a. horribilis Ord,
est range among the bears (Family Ursidae, Order  1815; U. a. horribilis middendorffi Merriam; U. a.
Carnivora) worldwide [1, 2], and is present in both  pruinosus Blyth 1854; U. a. isabellinus Horsfield,
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1826; U. a. jeniseensis Ognev 1924). In Central
Asian populations, there is an uncertainty about
the level of isolation of the bear populations in the
Tian Shan Mountains of Kyrgyzstan, Kazakhstan,
Uzbekistan, and Xinjiang (Northwest China). Tian
Shan bears are considered to be separated from
bears in the Altai Mountains of Northeastern Ka-
zakhstan and Russia by the Dzhungarian (Zhetisu)
mountain system and the less mountainous plains
in Northeastern Kazakhstan [3, 4]. Therefore, as
a preventive management approach to ensure re-
gional conservation objectives in Kazakhstan and
other Central Asian countries, — Uzbekistan, Ta-
jikistan, and Kyrgyzstan, the Tian Shan brown bear
(Ursus arctos isabellinus Horsfield, 1826) is listed
in the Red Data Books. In the latest edition of the
Red Data Book of the Republic of Kazakhstan, the
Tian Shan bear is listed in the 3rd category (“with
the declining range and numbers”) [5]. In 2017, the
Tian Shan brown bear was included in the IUCN
Red List as a Vulnerable subspecies for the Tian
Shan mountains and included in Appendix I of the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES). One of
the challenges for the coming decades is the neg-
ative impact of climate change on the quality of
Tian Shan bear habitats and consequently to its dis-
tribution [6]. In this regard, the primary challenge
is to better understand the present distribution and
potential of currently available habitats to host the
present population, the existing limiting factors as
well as human-bear relationships.

The Tian Shan brown bear was common in the
Trans-Ili Alatau range before 1900s, and became
rare in the valleys of Big and Small Almatinka Riv-
ers in the 1920s and 1930s. By the 1940s, the bear
was exterminated in the Syrdarya Karatau ridge [1,
7], and has not been observed in the region since
1960s. In Kazakhstan, the Tian Shan brown bear is
currently found only in the Tian Shan and Dzhun-
garian Alatau mountain regions. Following the cre-
ation of the Ile-Alatau State National Nature Park
(IANR) on this territory and the improvement of the
conservation measures, bear sightings began to be
registered in the Big Almatinka Gorge, becoming
increasingly regular [8].

The latest and most comprehensive studies of
Tian Shan brown bear ecology in the Almaty State
Nature Reserve or Almaty Nature Reserve (ANR)
were carried out by V.A. Zhiryakov [9]. According
to his data, the brown bear population density was
0.7-1.0 individuals per 10 km? in the spruce forest
belt of the reserve. In the first half of the summer
(June-July), the animals were distributed more or
less evenly across all the high-altitude zones of the

mountains, from deciduous forests to alpine mead-
ows. In the second half of summer and autumn,
bears would move to apricot apple forests, where
their density reached 5 individuals per 10 km?. The
total number of bears in the reserve at that time was
estimated at 25 individuals [10].

According to the legislation of the Republic of
Kazakhstan, the protection status is established over
the entire territory of ANR, with the prohibition
of any economic, recreational and other activities
(hunting, collection of useful plants and mushrooms
etc.), considering the peculiar properties of the area.
On the territory of the IANP following zones are
distinguished: natural reserves, environmental sta-
bilization zones, tourist zones, recreational activity
zones and limited economic activity zones. Some
limited grazing, red deer (maral) breeding, haymak-
ing, non-professional picking of mushrooms, fruits
and berries, and gardening are allowed in the limited
economic activity zones. Hunting had also been per-
mitted until a moratorium was introduced in 2017.

This study was conducted in two study areas —
the Almaty Reserve (ANR) and in the adjacent terri-
tories of the Ile-Alatau National Park (IANP) in the
period between 2005 and 2018, where both areas are
characterized by different degrees of anthropogenic
transformation and conservation status.

Our hypothesis regarding the current distribu-
tion is that there has been no change towards an in-
crease in the area used by bears as a result of natural
and anthropogenic barriers. We assume that the bear
population of the ANR is higher than in the [ANR
as a result of the bear population of the IANR be-
ing influenced by the metropolitan city of Almaty
in recent decades due to its constant population
growth and expanding infrastructure. The observed
negative dynamics can lead to their complete disap-
pearance from their ancestral habitats in the future.
The primary reasons for this negative phenomenon
are the factor of anxiety as a result of an excessive
recreational load, accompanied by the construction
of resorts and various infrastructure as well as an
unregulated (spontaneous) flow of tourists. In 2018,
the IANR set up hiking trails and installed covered
gazebos for tourists in the hard-to-reach gorges of
Ayusai and Prokhodnoye. This measure made some
parts of the mountains which were constant brown
bear habitats increasingly accessible to humans.

Due to the different conservation statuses and
the effect of anthropogenic transformation, we de-
cided to test our hypothesis about the differences in
daily bear activity in these two territories. In particu-
lar, our goal was to understand, describe and com-
pare the following data between ANR and IANR:
(1) the relative abundance index, (2) the age and sex
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structure, (3) temporal activity and behavioral char-
acteristics.

Study area

In order to achieve our goals, the study area
which extended over several mountain belts was di-
vided into 6 pilot sites where field monitoring stud-
ies were carried out in the mountain gorges of the
Trans-1li Alatau: the Right Talgar River, Middle
Talgar River, Big Almatinka River (including the
Prokhodnoye River) and the Ayusai, Aksay and
Kargaly Rivers (Figure 1).

The Almaty Nature Reserve is located in the
south-east of Kazakhstan (N 43° 06’00, E77° 19°00)
in the central part of the Trans-Ili Alatau ridge of
the Tian Shan mountain system. The reserve has a
surface area of 717 km? and the altitude ranges from
1500 to 4979 m above sea level. The main part of
the protected area is located on the northern macro
slope of the ridge in the basins of the Talgar, Yesik
and Turgen Rivers. The western border of the terri-
tory runs along the Left Talgar River, the northern
border along Right Talgar River and the eastern bor-
der along the crest of a high spur dividing the val-
leys of the Yesik and Turgen Rivers. The southern
part of the border passes near Toguzak pass and ex-
its through the Bogatyr glacier to the upper reaches
of the Shelek River. Data collection was conducted
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mainly in the Middle Talgar Gorge, rarely visited
by people, with human disturbance practically ab-
sent. We will consider the reserve as a reproductive
nucleus where the largest group of bears inhabits the
Trans-1li Alatau.

The Ile-Alatau National Park (N 43°04°00, E
77° 10°00) is located in the central and the eastern
parts of the northern macro slope of the Trans-Ili
Alatau. The total area of the park is 2000 km? and
the altitude ranges from 600 to 4540 m above sea
level. The bears are more negatively affected by
humans in this area.

The park has a developed network of walking
routes, buildings (campsites, sanatoriums and
residential buildings), pastures and roads, including
two major roads — to the Big Almatinka Lake in
the Big Almatinka Gorge and to the Small Almaty
Gorge, with developed infrastructure and residential
buildings around the perimeter. The Kargaly Gorge,
with a length of 18 km, is located to the west of the
Big Almatinka Gorge. Our research was carried out
in the basins of the Big Almatinka, Ayusai, Kargaly
and Aksai Rivers.

The Big Almatinka River is composed of two
sources — Prokhodnoye River and Big Almatinka
River itself. In the south, the state border with
Kyrgyzstan runs along the main ridge. The area of
the Big Almatinka River basin within the mountains
is 282.4 km?.
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Figure 1 — Map of the research area with places of visual bears meeting, bear signs and installed camera traps
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The basins of the Right and Middle Talgar,
Aksai, Kargaly and Big Almatinka Rivers are
occupied mainly by Schrenk’s spruce (Picea
schrenkiana). The protective conditions for bears
are good (Figure 2). The slopes are covered
with thickets of sea buckthorn (Hippophae

rhamonides), hawthorn (Crataegus almaatensis),
barberry (Berberis sphaerocarpa), wild rose
(Rosa canina), wild apricot (Armeniaca vulgaris)
and Sievers’ apple tree (Malus sieversii). Their
fruits are the typical feeds of the Tian Shan brown
bear.

Figure 2 — The habitat of the Tian Shan brown bear in the Trans-Ili Alatau

Materials and Methods

Field work was carried out from 2012 to 2018
on the territory of the ANR and from 2016 to 2018
in the adjacent territories of the IANR. It was also
analyzed, collected by the ANR Researchers Saltore
K. Saparbayev and Altynbek D. Dzhanyspaev, dur-
ing the accompanying field trips from 2005 to 2013,
as well as in 2015 and 2018. The observations were
made from April to July (the spring-summer season)
and from September to November (autumn season).
In the ANR ground surveys were conducted in a
total of 37 days of observation. The ground IANP
surveys were conducted over a total 40 days of ob-
servation.

Data collection was carried out using traditional
methods of (1) track and signs ground survey and
(2) direct visual observations for mapping the bear

presence. The data obtained using these traditional
methods was used to plan and develop a working
protocol for (3) the camera trap monitoring activi-
ties. Due to the field work conditions in the IANR
we focused on recording bear signs, while using di-
rect observation in the ANR. Camera trapping was
used in both ANR and TANR.

Track and signs ground survey

We used the footprint measuring method to
monitor the bear presence using our ground survey
for tracks [11-15]. We used this method to estab-
lish the presence of bears at the pilot sites and esti-
mate their relative abundance. The full footprint of
a brown bear’s front paw on the ground includes the
fingerprints of five fingers with claws, a print of a
large transversely located palm cushion and a little
behind it, closer to the outer edge, the print of a small
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round pillow. The large transverse cushion (“cal-
lus”) on the forepaw is called a palmar (from the
Latin word “palma”, i.e. palm). Its greatest length,
lying almost across the track as a whole, serves as
the most suitable indicator for measuring the tracks
of a bear. This value varies less than others depend-
ing on the soil and the speed of the bear. For the
sake of simplicity, we will call this measurement the
“palm width” in the rest of the manuscript (Figure
3). The front and outer edges of the large palmar
cushion and middle fingers leave the best imprints,
while all of the other elements may be unclear and
completely absent. When a bear is being “tracked”,
the measurements of those prints where the edges of
the palm are quite clearly visible are used.

The data collection protocol included: the es-
tablishment of the teams for field work composed
by 1-2 individuals; planning and mapping the moni-
toring routes (considering various types of land use
— forest plantations, rocky talus, alpine meadows
along the main river valleys, along river banks on
long-term animal trails as well as taking the strong-
ly rugged terrain of the Tian Shan mountains into
account, where long-term animal trails usually run
along river valleys and there is a high concentra-
tion of material for ground survey observations);
preparation of cartographic materials for GPS units,
verification of equipment and instruments; training
on safety rules. Observers were provided with GPS
units on which spatial information about the bears
tracks and signs was recorded. A special training
session was conducted to explain the proper method
for the measurement of tracks and to avoid measure-
ment errors by making sure that only undistorted
impressions of the plantar corns of the forepaw were
measured.

All bear tracks were recorded, while the number
of tracks, the degree of their freshness, the direction
of movement of the animals and the width of the
footprint of the plantar callus were registered and
used to determine individual bears. We also regis-
tered signs of marking activity (scratches, tears and
bites on trees).

The data collected was used to calcuiate Kilo-
metric Abundance Index (KAI) using the & formula,
where n = total life traces and L = track length.

Direct visual observations

The direct visual observation method was used
to determine the relative abundance and sex-age
composition of the animals. In mountainous condi-
tions, in places where it is possible to view a large
area from the elevations of the slopes of the moun-
tains and ranges, we observed bears directly using
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binoculars (Bushnell brand — 12x). Given the direct
correlation between the number of traces of animal
activity and the number of animals recorded visually
throughout the entire research period, we mapped
traces of animal activity and noted visual encounters
[16-18].

The observation routes were surveyed once ev-
ery 2-3 days, using the following time intervals: 8.00
—12.00 and 15.00 — 20.00. Historical observation
showed that bears are inactive between the 12.00
and 15.00. At the time the animals were inactive be-
tween 12.00 to 15.00, the observers moved as far
as possible along the track for the greatest possible
coverage of the territory. Observations were con-
ducted with good visibility from early April to early
June. During the visual observation of the bears, the
place and time of the observation, the number of dif-
ferent individuals, their relative position to the ob-
server (the distance and orientation) were recorded.
We also opportunistically registered the size, color,
gender, direction of movement and type of activity
at the time of the observation.

Among the animals encountered, two groups
were distinguished: females with cubs and solitary
animals (adult and semi-adult males and spring
females, which cannot be reliably distinguished).

Camera trapping material

Special studies of different species including
bears were carried out using automatic camera trap-
ping cameras [19-22]. Using this method, we tried
to obtain primary data on the relative abundance of
bears in the territory, their distribution in different
biotopes, sex and age composition and daily activ-
ity.

Two camera trap surveys have been conducted
in the ANR. The first took place between 2013-
2014, where 15 automatic security cameras were
installed and provided data for 802 camera trapping
days, while the second survey carried out in 2014-
2015 resulted in 615 camera trapping days.

10 camera traps were also installed in a sector
of the IANP of 150 km? in 2016-2018, and they re-
mained active for 956 camera traps-days.

Automatic security cameras (brands Reconyx,
Bushnell Trophy Cam HD and Bushnell Trophy
Cam HD Aggressor were used and placed within
the forest belt at altitudes from 1770 m to 3083 m
above sea level. Camera traps were installed in plac-
es where any signs of bear activity were discovered.
The traps were placed on trees with flat areas under
the crown, if possible and attached at a height of 50-
60 cm (the average height at the withers of the Tian
Shan brown bear). The main indicators of the opera-
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tion of camera traps and the successful capture of
animals are as follows: the number of camera trap-
ping days per camera; the number of passes / regis-
trations of individuals; the total number of camera
shots; and the animal occurrence index.

When analyzing the data, we performed calcu-
lations according to the generally accepted method
to determine the animal occurrence index [23, 24].
The animal occurrence index per 100 camera trap-
ping days was determined by the formula: X="= X1
, Where n = the number of passes of animals and M
= total number of camera trapping days.

Results and Discussion

Results of traditional approach

In the ANR, bears we registered bears visually
more often than in the IANP. A total of 37 bears
and 6 animal traces were recorded, such as broken
anthills (n =2), digs (n = 1), consumed grass (n = 2)
and traces of eating carcasses (n = 1).

We registered 38 signs of bear presence in the
territory of the IANP, including two visual contacts

and four “bear trees” with bites and scratches
(Figure 3) [25, 26]. On different substrates, we found
footprints of brown bears (n = 17). In the fall, before
lying in a den, bears eat apple and apricot trees,
inflicting some damage to them. We found broken
branches and damaged young trees (n = 10). During
our observation in the Kok-Zhailau plateau (a site
between the Big and Small Almatinka Rivers) we
did not find any signs of brown bear activity during
the entire research period, which was also confirmed
by earlier studies in this territory [27, 28].

The Kilometric Abundance Indices (KAI) in the
Almaty Nature Reserve, based on visual observa-
tions and in the Ile-Alatau National Park, were de-
termined based on the recording of bear tracks and
signs. Two research sites with different conserva-
tion statuses and animal habitats as a result of an-
thropogenic transformation are presented in Table
1. The relative abundance of bears, according to
photographic registration and the number of visual
encounters of animals, is noticeably higher in the
Almaty Reserve as a result of its long-term conser-
vation status.

Figure 3 — Footprints and scratches on the bark of a tree left by bears

The camera trap method made it possible to ac-
curately determine a date when the bear entered its
den in the Middle Talgar River on November 16 in

2013. During heavy snowfall, a single bear moved
up arocky slope. After this date, there were no bears
registered with camera traps.
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Camera trapping results

Relative abundance

18 bears were registered over 189 camera
trapping days in the Almaty Nature Reserve in
2013, from August to November, with an average
of 3.92 per 100 trap days. In 2014, from April to
August, there were 15 registrations per 343 camera
trapping days, with an average of 4.4 per 100 trap

days. From August 2014 to April 2015 there were
31 registrations with an average of 4.8 per 100 trap
days.

28 bears were registered in the Ile-Alatau
National Park between April and November 2016-
2018 over 956 camera trapping days at an average
of 2.9 per 100 trap days.

The animals were all registered at an altitude of
1879 to 2480 m above sea level (Figure 4).

Bushngll % Camcia Name 791»25'(: . 04 11 2015 13:02:32

Figure 4 — Bears in the field of vision of camera traps

Age and sex composition

In the Almaty Reserve in 2013, the 18 bears
recorded on the camera traps included 15 (83.3%)
single animals and 3 (16.7%) female bears with cubs.
The 15 registrations in 2014 consisted of 12 (80%)
single animals and 3 (20%) female bears with cubs.

Of the females recorded by the camera traps in
2013, two had 2 cubs and one had 1, with an average
of 1.6 cubs per female. In 2014, three females had
one cub each.

In Ile-Alatau National Park in 2016-2018 out of
28 meetings, 26 (92.8%) were single animals and

2 (7.2%) were female bears with cubs. Of the two
females, one had 1 cub, the second — two, an average
of 1.5.

Daily activity

An analysis of the camera trap data for the entire
observation period in the ANR has shown that 6
(9%) of the sightings were registered in the morning,
23 (34.4%) in the afternoon and 38 (56.7%) of the
animal encounters were recorded at night (n = 67).
Bears are mainly active from 18 p.m. to 6 a.m.
(Figure 5).
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The data for the IANP shows that 6 (18.2%)
were recorded in the morning, 5 (15.2%) in the
afternoon and 22 (66.7%) encounters took place at
night (n = 33) (Figure 6).

To assess whether the pattern of activity differs
between the two study areas, we applied the Pearson

chi-square test (Statistics 10.0 After plotting the
diagram (Figure 7)), which showed that the level
of statistical significance between the difference
in ANR and IANP did not show the statistical
significance of the chi-square test (P = 0.339559) in
Table 2.

Figure 5 — Daily activity of bears in the Almaty Reserve (% of the number of encounters)

Figure 6 — Daily bear activity in the Ile-Alatau National park (% of the total number of encounters)
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Table 2 — Results of the significance of the Pearson chi-square test

Summary table: Expected Frequencies
Marked cells have counts > 5
Pirson chi-square: 0.912106; df=1; P=0.339559

Daily activity Daily activity
Study area dark light Row totals
ANR 40.2 26.8 67.0
IANP 19.8 132 33.0
Total 60.0 40.0 100.0
Circle diagramm
_ ney
e 4 "
Daily activity: darck Daily activity: light
Stady area
Figure 7 — Diagram of the difference in daily activity in ANR and [ANP
Discussion animals also occur during the day, which may be

The group of Tian Shan brown bears occurring
on the territory of the ANR has remained stable over
the past 40 years due to the isolation of the locations
they inhabit, as well as the conservation status of the
territory and the restrictions on human incursions.
There is no increase in the effect of the presence
of humans there. The high level of registration of
animals by camera traps and the frequent visual
sightings give reason to believe that the bears are
relatively evenly distributed over the entire territory
suitable for the species habitation. The Kilometric
Abundance Index (KAI) of visual animal encounters
was 0.56 (= 0.33) individuals per 1 km of the route.
This is confirmed by the available data on bear
activity mainly taking place in the hours of the
early morning, evening and night [27]. However,

related to weather and food conditions, as well as
the disturbance factor. The occurrence index for
camera traps showed 4.4 registrations per 100 trap
days for the reserve on average.

Bear concentration in the TANP is observed
mainly in inaccessible areas with good forage
supply and protective conditions where there are
practically no traces of human activity. For the Ile-
Alatau National Park, the occurrence index was
2.9 registrations per 100 trap days. The Kilometric
Abundance Index (KAI) by traces of animal activity
was 0.41 (£ 0.23) individuals per 1 km.

As a result, the hypothesis about different
daily activity levels in territories with different
conservation statuses was not confirmed. However,
this difference can be clearly traced and may possibly
be associated with other environmental factors (the
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forage supply, territorial distribution and protective
factors). We plan to find this out in our further
studies. It was shown that in the territory with a
lower conservation status the activity of animals is
noticeably reduced in the daytime.

Our study concluded that the spatial dynamics of
the brown bear population in the specially protected
nature areas of the Trans-Ili Alatau show that two of
the key areas of its habitat where bears live mainly
in gorges have been identified as areas with different
levels of anthropogenic transformation. Their daily
activity in the two pilot sites remains the same,
which indicates a low disturbance factor both in the
ANR and in the IANP. The role of the territory of the
ANR can be defined as the nucleus for the settlement
of individuals of the brown bear in the mountains
of the Trans-Ili Alatau, since the abundance of the
species there has remained high for the last four
decades. The territory of the IANP can serve as a
buffer zone, where, subject to good protection and
low anthropogenic impact, individual groups of
bears can function successfully. The first covers
the Kaskelen, Kyrgauldy, Aksai, Karagalinka,
Prokhodnoye, Ayusay Gorges and part of the left
bank of the Big Almatinka River in the Ile-Alatau
National Park. The second is concentrated within
the Left, Middle and Right Talgar, Issyk, Turgen
and Shelek Gorges (the entire territory of the Almaty
Reserve). The insulating barrier between the two
groups is an extended section between Small and
Big Almatinka Rivers, with a developed network of
roads, residential buildings, ski resorts, recreational
lodges and other infrastructure with an increased
disturbance factor for bears.

Early data from field studies by other theoretical
scientists such as S.I. Ognev and A.A. Sludsky for
the western part of the Trans-Ili Alatau ridge and in
the valleys of the Big and Small Almatinka Rivers
shows that Tian Shan brown bears were already
quite rare in 1930-1939 [29, 30]. Later references
from the 1980s report on the absence of brown bears
in the valleys of these rivers. In the mountains of
the Trans-Ili Alatau, bears were rare in the valleys
of the Small and Big Almatinka Rivers, although
animals were still found in the neighboring gorges
[27]. After the creation of the Ile-Alatau National
Park on this territory in 1996 and an increase in their
conservation status, rare visits of bears began to
be noted in the Big Almatinka Gorge and then the
permanent settlement of bears in the area [31]. At
present, a permanent stay of a brown bear is noted
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in the Ayusai and Prokhodnoye Gorges within the
basin of the Big Almatinka River. These gorges
are part of the recreational zones where bears
regularly encounter humans and traces of their life.
In our work, we tried to supplement the previously
conducted research using new technologies (camera
traps). Prior to this, there had been no special
studies with the use of camera traps conducted in
Kazakhstan, so we decided to use this method.

This provided us with results that allowed us to
assess the current state of the brown bear population
in the territories of two protected areas in the Trans-
Ili Alatau in terms of their relative abundance and
daily activity.

In September 2018, we discovered abear’s den in
the Banditsai canyon (upper reaches of the Karagaly
canyon) (Figure 8). The den was among the rocks
in a stone cave with a depth of around 2.5-3 meters
and with the width of its forehead (entrance) being
80x80 cm. Inside the den, old branches (litter) and
a hollow in the ground were discovered, serving as
the place for winter hibernation. The den is located
7 km away from local housing estates, at the exact
GPS coordinates of N43° 03.886° E76° 52.141° and
at a height 2654 m. In the spring, traces of 4 different
bears were noted in this area at once. According to
our assumptions, several dens can be located in this
biotope, since there are many rocky niches and caves
on this site, which can potentially serve as shelters.
for bears.

It is known from a previous publication that
bears in the Tian Shan mountains prefer biotopes
characteristic of what we found in the Karagalinka
canyon at altitudes of 2600-3600 m above sea level
[27]. This site is important during the den-building
period, which is a key part of the life of brown
bears.

However, in the process of conducting out
research, limitations to the study of the demographic
and spatial structures of the population of this
species became apparent. The limited resources and
information available have also made it necessary
for the authors of this work to continue their research
and monitoring of brown bear groups in the Trans-
Ili Alatau and throughout its range in Kazakhstan.

As the observations show, an increase in the
number and an expansion of the bear’s range in
those areas where it lived earlier are predicted. In
this regard, the most acute problem is the occurrence
of conflicts with humans, which will become a threat
to both sides.
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Figure 8 — View of the bear’s den from the outside and from the inside,
September 2018. Photo by M. Bespalov

The main reason for the occurrence of possible
conflicts between bears and humans is the increasing
tourist load, and, as a result, the large amount of
garbage that tourists leave. On the main trails in
all the areas studied by us within the recreational
areas, garbage and food debris were discovered. It
is known that garbage attracts bears and they can
eventually lose their fear of humans and traces of
their life. To date, we do not know of any cases of
bear attacks on humans in the territory of the Ile
Alatau National Park. However, we do not exclude
that such undesirable confrontations may occur in
the near future.

Conclusion

The need for a systematic study of brown bears
within their range in our country is long overdue. The
last review article on the bear in Central Asia and
Kazakhstan was published in 1994, but it is based
on materials from the 1970s. Since then, no systemic
monitoring studies have been carried out, with the
exception of our preliminary attempt to assess the
current population of bears in Kazakhstan [32].

The brown bear, as an inhabitant of the mountain
forests of Central Asia, plays a comprehensive
and substantial biocenotic role: as a predator, as a
consumer of a large number of species and number
of invertebrates, as well as a distributor of seeds of
wild-fruited plants, including rare and endangered
species such of apple and apricot trees.

The outlined theses allow us to believe that the
research being carried out is relevant, high-priority

and important both in scientific and practical terms.
The goals and objectives set here correspond to the
requirements of the Convention on Biodiversity
(1992) provisions of the “National strategy and
action plan for the conservation and balanced use
of biological diversity” (1999) and “Ecology of
Kazakhstan for 2010-2020” national programs.
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USE OF RAT GRIMACE SCALE IN PAIN RESEARCH

Since its introduction in 2011, the Rat Grimace Scale (RGS) has proven to be a valuable tool for pain
assessment in preclinical studies. This scale includes the assessment of four functional units to quantify
pain responses in rats. By observing and assessing changes such as orbital tightening, nose/cheek flat-
tening, ear changes, whisker change researchers can objectively assess the severity of pain experienced
by animals. In our article, we offer an overview of a various studies applying this method across surgi-
cal and postoperative pain models, inflammatory pain models, orthodontic and orofacial pain models,
neuropathic pain models, and others. This study specifically investigates the effectiveness of the RGS
in assessing pain in rats, with a particular focus on a nitroglycerin-induced migraine model. The article
underscores the humane and non-invasive nature of the RGS, aligning with current ethical standards in
animal research. Additionally, it explores the potential application of the RGS across diverse disciplines,
including neuroscience, pharmacology, and veterinary medicine. The study also addresses limitations
and biases in the current pain assessment methods, proposing future research directions to enhance
accuracy and ethical practices in animal pain research. The development of an automated RGS system
capable of identifying facial action units in rat images and predicting RGS scores has become imperative
to to reduce the labor intensity of the image acquisition and scoring process.

Key words: rat grimace scale, pain, migraine, preclinical study.
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AybIPCbIHYAbI 3€pTTey Ke3iHAe ereyKyMpbiKTapAbIH,
bet-aAneti LLIkaracbiH KOAAQHY

2011 XbIAbl eHrisiareHHeH 6acTar, EreykyipbikTapabiH, bet-aaneti LLkaaackl (EBLL) kanHuMKara
AENiHr  3epTTeyAepAeri - ayblpCbiHyAbl  0aFraAayAblH  KYHAbl  KypaAblHa aiHaAabl. ByA likaAa
ereyKympblKTapAarbl ayblPCbiHY peakuMsSAapbiH CaHAbIK, 6araAay YLiH TOPT PyHKUMOHAAAbI BipAIKTi
6ararayAbl KaMTuAblL. OpOUTaAAbIK TapbIAY, MYPbIH MEH LLLEKTIH, TEriCTEAYI, KYAaK MeH MypTTbiH e3repyi
CUSIKTbI e3repicTepai 6akbiaay >keaHe 6araray apKbiAbl 3epTTeyLiAep XKaHyapAapAbIH, ayblPCbIHYbIHbIH
aybIPAbIFbIH OOBEKTMBTI TypAe Oararar anaabl. Bi3aiH Makarapa 6i3 GyA 8AiIC XMPYPrUsIAbIK, XKoHe
ornepauusiaaH KemiHri ayblpCbiHy YATIAEpiHAE, KabbiHy aypybl YAriAepiHAE, OPTOAOHTMSIAbIK, >KoHe
aybi3-6eT aypybl YAriAepiHAE, HEBPOMATUSIAbIK, aYbIPCbIHY YATIAEPIHAE XKOHE T.6. KOAAAHbBIAFAH BPTYPAI
3epTTEYAEpre WOAY XKacaMbi3. 3epTTey ereykynpbikTapAarbl ayblpCbiHyAbl 6ararayAa EBLL TUimaiAiriH
KepceTeAi, HUTPOrAMLIEPUHMEH WMHAYKUMSAQHFAH MUIpeHb YATiCiHe epeklle Ha3ap ayAapblAaAbl.
JKaHyapAapAbl 3epTTeyae Kasipri 3TMKaAblK, CTaHAQPTTapFa COMKEC KEAETIH N'YMaHUTapPAbIK, MHBA3UBTI
emec aaic petiHae EBLL peai atan eTiAeai. HelpofbiAbIM, hapMakOAOrMs >KeHe BeTepMHapUsIHbI Koca
aAFaHAa, apTypAi neHaepae EBLLI koaaaHy aAeyeTi 3epTTeseai. 3epTrey ayblpCbiHyAbl GararayAblH,
KOAAQHBICTaFbl ©AICTEPIHAErN LUEKTEYAEPAI KapacCTblpaAbl, aybIpCbiHYAbl 3epTTeY CaAaCbIHAAFbI
ABDAAIKTI XKaKCapTy XXOHEe 3TUKAAbIK epeXxxeAepAi cakTay YiLiH 6oAallak 3epTTeyAepAiH 6arbITTapbiH
YCblHaAbl. Ereykympblk KeckiHAepiHAEeri (pyHKUMOHaAABIK, BipAikTepAi aHbikTayFa >keHe EBLLI
GararayAapblH GoAXKayFa KabiAeTTi aBToMaTTaHAbIpbiAFaH EBLL >xyreciH a3ipAaey KeckiHAEpAI aAy
>KaHe Baraay NMPOLECiHiH KYPAEGAIAITIH a3anTy yiiH Ka>keT 60AADI.

Ty¥iH ce3aep: ereyKymnpbIKTapAbiH OET-9AMETI LKAAACDI, ayblPCbIHY, MUTPEHb, KAMHUKaFa AEMiHTi
3epTTey.
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Mcnoab3oBanue LLkaabl pumac KpbiCbl
B MCCAEAOBAHUSAX 6OAM

C MomeHTa cBoero BHeapeHns B 2011 roay Lllkaaa Tpumacbl Kpbic (LUTK) ctasra ueHHbIM
MHCTPYMEHTOM AASI OLEHKM BOAM B MPEKAMHUYECKMX MCCAEAOBAHMSIX. JTa LWIKAAA BKAIOYAET OLEHKY
yeTbipex (PYHKLMOHAAbHbBIX € AVHULL AASI KOAMUYECTBEHHOM OLLeHKM GOAEBbIX peakLmii y Kpbic. Habatoaast
M OLLEHMBAs TaKMe U3MEHEHMs Kak OpOUTAAbHOE Cy>KEHME, YTMAOLLEHME HOCA U LLIEK, U3MEHEHUE yLleit
M YCOB, UCCAEAOBATEAM MOTYT OOBEKTUBHO OLEHUTb TSXKECTb GOAU, KOTOPYIO UCTIbITHIBAIOT KUBOTHbIE.
B Halweit cTatbe Mbl peAoCcTaBAsieM 0630p Pa3HOOOPA3HbIX MCCAEAOBAHUI, B KOTOPbIX AQHHbIA METOA
MPUMEHSIACS B XMPYPIrUUECKMX U MOCAEONEePALMOHHbIX MOAEASIX BOAM, BOCMIAAUTEABHBIX MOAEASIX BOAM,
OPTOAOHTMYECKMX M OpOPaLMaAbHbIX MOAEASX OOAM, HEBPOMATUUECKMX MOAEASIX 60AM U Apyrux. B
NCCAEAOBaAHMM AeMOHCTpupyeTcst addpekTrBHOCTb LUTK npm oueHke 60AM y KpbiC, 0cO60€ BHMMaHMe
YAEGASETCS MOAEAM MUIPEHU, WHAYLIMPOBAHHOM HUTPOrAMUEpuHOM. B cTaTbe mnoauvepkumBaeTcs
poab LLTK kak ryMaHHOro, HeMHBa3MBHOIO METOAQ, COOTBETCTBYIOLLENO COBPEMEHHbBIM 3TUUYECKMM
CTaHAQPTaM B MCCAEAOBAHMAX Ha >KMBOTHbIX. Kpome Toro, nayyaercs noteHuman npumerenmns LLITK
B Pa3AMYHbBIX AMCLIMMAMHAX, BKAIOYAS HEMPOHAyKy, )apMakKOAOrMio 1 BeTepuHapuio. MccaepoBaHue
TaKKe pPacCMaTpuBaeT OrpaHuWueHus B CYyLLECTBYIOWIMX METOAAX OUeHKM 00AM, MpeaAsaraer
HanpaBAeHUS GYAYLUMX UCCAEAOBAHUI AAS MOBbILEHUSI TOYHOCTU M COBAIOAEHMS 3TUYECKMX HOPM
B 00AaCTM MCCAeAOBaHMin 60An. PaspaboTtka aBTomatmsmpoBaHHoOi cucTembl LUK, crnoco6Hom
MAEHTUDULMPOBATL (DYHKLIMOHAAbHbBIE EAMHMLBI HA M306PAKEHUSAX KPbIC M MPOrHO3MPOBATb OLLEHKM
LLTK, cTarna HEOGXOAMMOM AASI YMEHDbLLEHWS TPYAOEMKOCTHM MPOLIECCA MOAYUEHUS M300PAKEHNIA U 1X
OLLEHKM.

KAtoueBble CAOBa: LKAAQ FPUMAChI KPbIC, 6OAb, MUTPEHb, MPEKAMHUYECKME MCCAEAOBAHUS.

Abbreviations
RGS — rat grimace scale, NTG — nitroglycerin
Introduction

It is imperative to employ a diverse range of
methods for assessing pain in animal models. This
necessity arises from the fact that animals lack
the ability to provide feedback on their pain in the
manner humans do during a medical examination.
A similar challenge is encountered in studies
conducted on non-verbal patients, such as children
who have not yet learnt to speak. In such cases,
pain assessment is often relies on analyses of facial
characteristics. Drawing on Darwin’s observation
that animals exhibit changes in facial expressions
analogous to humans when expressing emotion
[1], a mouse grimace scale [2] was developed in
2010. Subsequently, in the following year, a similar
rat grimace scale was introduced to evaluate the
pain state of rats [3] This progression was logical,
considering that the number of studies utilizing rats
in pain research has consistently outnumbered those
employing mouse models (Figure 1).

The rat grimace scale is utilized to assess rat
head images based on four distinctive features
[3]:

1. Orbital Tightening: This involves the
narrowing of the orbital area, manifesting either
as (partial or complete) eye closure or eye
“squeezing”;

2. Nose/Cheek Flattening: This feature observes
the reduction inbulging of the nose and cheek,
eventually leading to the absence absence of the
crease between the cheek and whisker pads;

3. Ear Changes: Ears exhibit folding, curling
and angling forwards or outwards, resulting in a
pointed shape, and the space between the ears may
appear wider;

4. Whisker Change: Vibrissae move forward
(away from the face) from the baseline position,
tending to bunch and giving the appearance of
whiskers standing on end.

The manifestation of these characteristics varies
in relation to the presence and severity of pain, as
depicted in Figure 2. Each of the four functional
units is assigned a score on a 3-point scale: 0
indicates no change, 1 indicates moderate change,
and 2 indicates marked change.

155



Use of Rat Grimace Scale in pain research

(A) 2500 (B)
=3 Rat (n=25 837, 55%)
§ 2000+ Hl Mice (n=21543; 45%)
O
& 1500
N
[=]
@ 1000
2
£
2 500+
0

1T 17T 17T 17T T T°1
D N S Mo 0 A %
AT R R s
Year

Figure 1 — Number of articles in the PubMed database for the keywords “pain” and “rat”
or “pain” and “mice” for 2010-2023. (A) Articles by year ; (B) Total number for the period.
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Figure 2 — Comparison of rat grimaces without pain (left) and with pain (right).

A comprehensive search of the PubMed database  scale in various pain models, assess its suitability for
was conducted, covering articles up to October 23,  gauging pain status, and determine the optimal timing
2023, using the keywords “rat grimace scale” and  for obtaining photographs post-surgery or injection.
“pain” The aim was to analyze the utilization of the =~ The article selection workflow is outlined in Figure 3.

Figure 3 — Scheme for selecting articles for analysis.
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The application of the rat grimace scale and postoperative pain models, inflammatory pain
extends to various pain models, which can be models, orthodontic and orofacial pain models,
broadly categorizedinto five main types: surgical  neuropathic pain models and others (Table 1).

Table 1 — Studies that have used RGS to assess different pain models

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 6
Sotocinal et al. (2011) [3] hours, with the highest level observed at 6
hours
Yes, there was a significant increase until 8
Chi et al. (2013) [4] hours, with the highest level observed at 4
hours
Yes, there was a significant increase until 8
Kawano et al. (2014) [5] hours, with the highest level observed at 4
hours
Waite et al. (2015) [6] Yes
Laparotomy .. . .
Thomas et al. (2016) [7] Yes, there was a significant increase until 8
hours
Gao et al. (2017) [8] Yes

Yes, all surgical groups developed significant
Guo et al. (2017) [9] acute pain starting 2 h postoperatively and
recovered to baseline level 12 h after surgery

Yes, with the highest level observed at 0.5 hour

Klune ez al. (2019) [10] post-operatively

Surgical apd Koyama et al. (2019) [11] Ees, Wl;h the }klnlgh?st levgl (()ibserved at2,4,6
postoperative ours after inhalation perio
pain models

Yes, there was a significant increase until 8
Implantation surgery Oliver et al. (2014) [12] hours, with the highest level observed at 4
hours

Yes, there was a significant increase at 6 hours

De Rantere et al. (2016) [13] and 9 hours

Incisional pain Kawano et al. (2016) [14] Yes, there was a significant increase at 2 hours

Yes, there was a significant increase at 2 hours

Yamanaka et al. (2017) [15] L
post 1incision

Yes, animals exhibited a significant increase in
Schneider et al. (2017) [16] average grimace score 20 sec after the acetone
application

Yes, presence of pain was evident until Day 7

Krishnan ef al. (2019) [17] in the conventionally spinal cord injured group

Laminectomy
Harikrishnan ez al. (2021) [18] Yes
Yes, all rats exhibited pain, which diminished
Pal et al. (2022) [19] by 10 days and stayed low
Semita et al. (2023) [20] Yes
Craniotomy model Tsaousi et al. (2022) [21] Yes
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Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 24
Sotocinal ef al. (2011) [3] hours, with the highest level observed at 6
hours
Complete Freund’s Yes, the RGS score was significantly increased
adjuvant (CFA) model from the baseline at 6 hour, day 1 (the highest)
Asgar et al. (2015) [22] and day 3 and returned to the baseline level by
day 7
De Rantere et al. (2016) [13] Yes, the highest increase was at 4 hours
Sotocinal ef al. (2011) [3] Yes, there was a significant increase at 3 hours
lnﬂ.ammatory De Rantere et al. (2016) [13] Yes, there was a significant increase at 6 hours
pain models and 9 hours
Kaolin/carrageenan

carrageenan model

Leung et al. (2016) [23]

Yes, there was a peak in carrageenan-induced
pain at 6 hours

Leung et al. (2019) [24]

Yes, with an expected peak in carrageenan-
induced pain at 6 hours

Lipopolysaccharide-

induced dental pulp Nurhapsari ef al. (2023) [25] Yes
inflammation

Exper.1 meI}tal AC ute Lovrenci¢ et al. (2020) [26] Yes, within 40 minutes after injection
Rhinosinusitis

Orthodontic and
orofacial pain
models

Tooth Movement

Liao et al. (2014) [27]

Yes, there was a significant increase on day 1
and day 3

Long et al. (2015) [28]

Yes, it started to increase on day 1, peaked on
day 3, maintained at the increased level on day
5 and day 7, and returned to baseline level on
day 14

Gao et al. (2016) [29]

Yes, RGS scores were significantly higher on
day 1, day 3, day 5, and day 7

Guo et al. (2019) [30]

Yes, there was a significant increase until 7
days, with the highest level observed on day 3

Jaw loading

Sperry et al. (2018) [31]

Yes, there was a significant increase until 7
days, with the highest level observed on day 5

Force-induced pain

Thammanichanon et al. (2021) [32]

Yes, there was a significant increase until 3
days

Orofacial Pain

Long et al. (2017) [33]

Yes, the pain levels were the highest on days
1 and 3

Neuropathic pain
models

Cervical Radiculopathy

Philips ef al. (2017) [34]

Yes, RGS values were the highest at 6 hours
after cervical nerve root compression

Trigeminal neuropathic
pain

Akintola et al. (2017) [35]

Yes, RGS scores 10 days 27 days after CCI
were higher in experimental group

158



A.K. Zhantleuova et al.

Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Goder et al. (2021) [36] Yes
Burn model
Goder et al. (2022) [37] Yes
Model of intracerebral Saine et al. (2016) [38] Yes
hemorrhage Wilkinson e al. (2020) [39] | Yes
Model of e
No, RGS lacked the sensitivity to successfull
Chemotherapy-Induced George et al. (2019) [40] discriminate pain in this mo dgi y
Mucositis
Yes, a significant increase in the RGS score,
. which was sustained for 2 weeks or more after
Model of fibromyalgia Nagakura et al. (2019) [41] the induction of fibromyalgia-like state by
Other pain reserpine injection
models

Tanei et al. (2020) [42]

Yes, RGS score for reserpine-induced
fibromyalgia-like rats was significantly higher

Model of fibromyalgia
Traumatic Injury compared to that for control group
Uddin et al. (2019) [43] Yes
Traumatic Injury Kudsi et al. (2023) [44] Yes

NGF-Induced
Trunk Mechanical

Reed et al. (2020) [45]

Yes, RGS scores increases reached significance

Hyperalgesia on Day 5 +4h
Temporomandibular Yes
joint osteoarthritis Liu et al. (2022) [46]
chronic pain
Endometriosis model Chen et al. (2024) [47] Yes

In terms of the number of scorers, vary in
their approach, ranging from a single experienced
scorer to several researchers trained in the use of
the scale but lacking prior experienceexperience
in image assessment. It is crucial to highlight
that these scorers analyzed the images blindly,
without information about the groups or conditions
of the study. Data analysis commonly involves
calculatingthe mean values of each scorers’ scores
for each of the four functional units, followed by
averaging these values across all assessors. This
method ensures the generation of reliable and
objective results, minimizing the potential impact
of subjective assessments by individual scorers.
In cases involving multiple assessors,statistical
measures such as Cronbach’salpha are often
employed. Ponterotto and Ruckdeschel [48]
proposed that alpha values exceeding 0.75 are
excellent for scales with a small number of items.
Two methods are employed for obtainingimages
of rats: video recording of rats over a period of a

specified period, followed by photo extraction, and
direct photography of rats. It’s worth noting that
both frontal and profile images of rats can be used
for grimace estimation. Following photography,
the images wundergo processing, including
randomization and the removal of removing all
identifying features, before being presented to
assessors for evaluation.

The RGS has emerged as a valuable tool for
pain assessment in laboratory rats, offering several
advantages over other methods. Most of the methods
assess pain by evaluating responses to nociceptive
stimuli like mechanical, thermal, and chemical
reactions or overall changes in behavior such as
weight loss and socialization pattern changes.
Although these tests offer valuable insights into the
well-being of rats, conventional evaluations of pain
responses face challenges in establishing a direct
correlation between behavior and the actual pain
experience. Many of these tests primarily monitor
secondary responses to pain, such as withdrawal
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latency from a stimulus, rather than directly
capturing the subjective pain experience itself.

The RGS measures characteristic changes in
facial expressions associated with pain, providing
a non-invasive means of pain evaluation. This
method has been shown to be sensitive in different
pain models, demonstrating its its versatility and
effectiveness in different pain contexts. Compared
to other pain assessment tools, the RGS has been
noted for its ability to capture spontaneous pain,
representing the animal’s affective response to
pain [32]. This is a crucial advantage, as the RGS’s
remarkable ability to measure spontaneous pain,
particularly in conditions like migraine characterized
by this type of pain, holds immense potential for
successfully translating basic science findings into
clinically relevant applications.

The RGS provides ethical advantages in the
assessment of pain in laboratory rats. By offering a
non-invasive method for quantifying pain through
facial expressions, the RGS reduces the need for
invasive procedures or distressing manipulations that
may be involved in other pain assessment methods.
This aligns with the ethical principle of minimizing
harm and distress to research animals, as the RGS
allows for pain assessment without subjecting the
animals to additional stress or discomfort.

The primary goal of this study was to
investigate the potential of the RGS as a tool for
pain assessment across diverse scientific research
contexts. Subsequently, the secondary aim was to
reassess the effectiveness of the RGS in evaluating
pain in rats, with a specific focus on a model of
nitroglycerin-induced migraines. Lastly, the tertiary
objective aimed to advocate for the integration of
technological advancements in pain assessment
methods.

Materials and Methods

Ethical approval.

All experiments conducted in this study received
ethical approval from the local Ethics Committee
of Al-Farabi Kazakh National University located
in Almaty, Republic of Kazakhstan. Approval was
granted with the permission number IRB-377 on 24
February 2022.

Animals and their housing.

The study utilized sexually mature male
white laboratory mongrel rats born and bred in
the educational and scientific laboratory base of
Al-Farabi Kazakh National University. Animals
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were housed under natural light conditions at a
temperature of 21-22°C, in cages with hard floor and
soft bedding. Food and water were provided to the
animals ad libitum. Prior to behavioral tests, animals
underwent a one-week acclimatization period and
were familiarized with the test equipment and
procedures. All tests were conducted between 8:00
to 14:00.

Migraine model.

To induce and chronicize migraine, five
intraperitoneal injections of nitroglycerin at a dose
of 10 mg/kg were administered every other day for
ten days, using an insulin syringe with a 30G needle.
Animals in the control group received injections of
0.9% saline solution in the same volume The injected
volume was determined by measuring the weight
of the animals on the day of the study. Following
injection, animals were placed in recovery cages
and observed for several minutes.

Rat grimace scale.

The rat grimace scale was employed to quantify
pain. Photographs were manually taken 30 minutes
after each of the five injections. Evaluation was
based on the image that best depicted orbital
tightening, based on a 3-point scale (0 — no change,
1 — moderate change, 2 — obvious change). Two
independent investigators, unaware of the groups,
performed these evaluations.

Methods of statistical processing of data.

Data were statistically analyzed using GraphPad
Prism version 10.0.3 and SPSS 29.0 software.
Results are presented as mean values (MEAN)
with standard error (SEM). Two-way ANOVA was
employed to determine the statistical significance of
the behavioural results, with significance defined as
P<0.05.

Results and Discussion

Image collection

A total of 60 images (see Figure 4A), gathered
from 12 rats on each of the 5 days during the
induction of migraine episodes, were selected for
analysis. The scores were averaged across the two
raters to derive an overall pain score for each rat.

Reliability assessment

Reliability varied based on the action unit being
rated. The overall inter-rater reliability, as measured
by was Cronbach’s alpha, was 0.89 (see Figure 3B).
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Grimace scores and stability

Grimace scores were consistently higher in the
NTG group, remaining relatively stable over the
course of the 5 test sessions when compared to the
control group (refer to Figure 3C).

ANOVA results

A two-way ANOVA conducted on this dataset
revealed substantial main effects for Treatment
[F(1,10) = 63.00, p < 0.0001] and the Treatment
x Test Session interaction [F(4,40) = 2.755, p =
0.0409]. However, the Test Session [F(2.970,29.70)
=2.741, p = 0.0613] did not reach significance.

In the context of migraine research, the RGS
proves to be a valuable tool for evaluating pain
in various pain models, demonstrating consistent
patterns in response to nitroglycerin across multiple
migraine episodes. Among the four functional
units comprising the Rat Grimace Scale, orbital
tightening emerges as the most observable and
quantifiable in this rodent migraine model. The data
reveal the highest inter-rater agreement in assessing
orbital tightening. According to the Harris et al
[49], orbital tightening may represent a behavioral
manifestation of acute hyperalgesia related to

( A) 1 injection 2 injection
2
S
2
g
O
o
£
5
=
(B) Cronbach a
RGS overall 0,893
Orbital tightening 0,965
Nose or cheek 0,693
flattening
Ear position 0,790
Whisker change 0,690

3 injection

migraine photosensitivity. On the other hand,
Yamamoto et al. study in 2016 [50] offers evidence
supporting the idea that nausea can influence the eye
action unit.

However, there are several critical aspects
surrounding the application of grimace scales in
rats that should be considered. Notably, in both the
original study and subsequent investigations, no sex
differences were identified in grimace responses
among rats. However, a notable observation is that
the majority of grimace studies in rats appear to
have been conducted in a singular sex, signifying
a potential gap in our understanding of sex-specific
responses. Furthermore, external environmental
factors, such as the presence of observers, have been
shown to influence grimace responses in rodents.
The study by Sorge ef al. suggests that the gender
of the observer can affect grimace scores, with
significant decreases recorded in the presence of
male observers, indicating a potential physiological
stress response [51]. This finding prompts questions
about the potential confounding effects of external
stimuli on grimace scales and underscores the
necessity for careful consideration of environmental
factors in experimental design.

5 injection

4 injection
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Figure 4 — (A) Representative images used to evaluate the RGS, (B) Internal consistency
of scoring (Cronbach a)) among 2 blinded raters, (C) RGS across 5 test sessions. Values represent mean+SEM.
*Indicates p<0.05, ** indicates p<0.01, **** indicates p<0.0001. Sample size was n=6 per group.
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While grimace scales offer valuable insights into
pain assessment in rats, the discussion underscores
the need for a comprehensive exploration of factors
influencing grimace responses, including sex
differences and external environmental stimuli.

Conclusion

In conclusion, the field of rat grimace scale in
biomedical research holds immense promise, with
the potential to transform both preclinical pain
research and veterinary pain management. Despite
a decade of investigation, widespread adoption has
been hindered by labor-intensive methodologies
involving manual image extraction and scoring.
However, recent advancements, particularly the
integration of Artificial Intelligence (Al) and object
recognition technologies, offer exciting possibilities
for automation and efficiency.

The future trajectory of grimace scales is poised
to benefit significantly from Al, streamlining
tasks such as image selection, parameter
randomization, data reassembly, and statistical

processing. Al systems have the potential to
excel in key areas, including selecting optimal
photographs, standardizing images, and conducting
measurements. This technological evolution not
only enhances efficiency but also opens avenues
for large-scale implementation, addressing practical
challenges associated with dealing with substantial
numbers of animals.

Furthermore, the success demonstrated in mice,
as evidenced by Tuttle et al. [52] convolutional
neural network achieving a remarkable accuracy
of approximately 93%, underscores the viability
and reliability of machine learning and Al in
grimace recognition. As these technologies
mature, they hold the promise of making rat
grimace scale scoring a routine outcome measure
through facility-automated systems, addressing
public concerns about ethical decision-making in
biomedical research. The integration of Al is not
just a technological advancement but a pivotal step
toward unlocking the full transformative potential
of grimace scales in advancing pain research and
management.
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OLIEHKA COPBUPYIOLLLIMX CBOMCTB LLUPOTA KOPHEM KATPAHA
KOYU (CRAMBE COCHIANA) U CBEPBUIM BOCTOYHOM
(BUNIAS ORIENTALIS L.) U3 CEMEMCTBA KAMYCTHbIE
(BRASSICACEAE B.)

Mpob6AaeMa 3arpsi3HeHMs OKPY>KAIOLWEN CPeAbl SIBASIETCS FTAOBAAbHOM U MMEET MHOrOCTOPOHHMWE
nocaeactsms. OAHO M3 HWX — MoOMaAaHWe TOKCMKAHTOB B OpraHM3m YeAoBeKa C MUTbEBOM BOAOM
M MNPOAYKTaMM MNUTaHUS. XPOHMUYECKAs WMHTOKCUMKAUMS TIKEAbIMA MeTaAAaMK  MPeACTaBASET
ype3BblyalHyI0 ONMACHOCTb 3A0POBbIO YeAoBeKa. B CBS3M € 3TM, pa3paboTku 1 MOUCK MyTei BbIBEAEHMS
M3 OpraHM3mMa TOKCUKAHTOB M HEMTpaAM3aumn MX HeBAarornpsiTHOro BO3AEMCTBMSI HA OpraHu3Mm He
TepseT akTyaAbHOCTW. Ha CeroAHsILWHMN AeHb HA OCHOBE MHOTOUYMCAEHHbIX MCCAEAOBAHMIN U NMPAKTUKM
MOXHO YTBEPXAATb, UTO HOAbLLAS YaCTb PACTUTEALHOIO ChIPbSIM UX OTXOAOB SBASIETCS MCTOUHUKOM
AASI TOAYYEHUS pasHbIX MPOAYKTOB, K MPUMepY MULLEBbIX BOAOKOH, KOTOPble HAaxXxOAAT MpPUMEHeHne
B KauectBe copbeHToB. Halle mMccaeaoBaHme BbIAO HaMpPaBAEHO Ha OLEHKY COPOMPYIOLLMX CBOMCTB
M3 LWpOTa KOPHEN TakKMX HETPAAMLIMOHHBIX BMAOB MULLEBbIX pacTeHuit M3 cemeiictBa KanycTHble
(Brassicaceae B.) kak katpaH Koum (Crambe Cochiana) n cep6ura BoctouHas (Bunias orientalis L.)
MO OTHOLLEHUIO K COASIM CBMHLLA M KaaMms. Kak nmokasaAm MCCAeAOBaHUS, MULLEBbIE BOAOKHA KOPHeMN
AQHHbIX pacTeHWI1 06AAAAIOT COPOLUMOHHOM aKTUBHOCTBIO MO OTHOLLEHMIO K MOHaM CBMHLLA U KaAMMS.
KopHu 060ux pacTeHuini o6Aasaam GOAbLIMM CPOACTBOM K MOHaM KaAMMS, Tak>Ke BbISIBAEHO, 4TO
COPOLMOHHBIM MOTEHUMAA LIPOTA KOPHEN CBEPOUIM HECKOAbKO BbllE, YeM Yy KaTpaHa, XOTs Mnpu
MCCAEAOBAHMM OOPA3LOB Ha HAAMUME MULLEBbIX BOAOKOH B KOPHSX CBEPOUIrM BbIAO OBHApY>KeHO MX
MeHblLiee CoAEp>KaHMe.

KAloueBble CAOBa: TSKEAblE METaAAbl, COPOLMS, MULLEBble BOAOKHA, COPOLMOHHA €MKOCTb,
KOHCTaHTa paBHOBeCHS.

A.N. Aralbayev

Almaty Technological University, Kazakhstan, Almaty
e-mail: altayaralbayev@gmail.com

Evaluation of the sorption properties in crambe Kochiana
and bunia orientalis (Brassicaceae B. family) roots’ meals

The problem of environmental pollution is global and has multilateral consequences. One of them
is the ingestion of toxicants into the human body with drinking water and food. Chronic intoxication
with heavy metals poses an extreme danger to human health. In this regard, the development and
search for ways to remove toxicants from the body and neutralize their adverse effects on the body
does not lose relevance. Currently, based on numerous studies and practice, it can be argued that most
of the plant raw materials and their waste is a source for obtaining various products, for example, di-
etary fibers, which are used as sorbents. Our study was aimed to evaluation of the sorption properties
in katran Kochiana and bunia orientalis roots’ meals on lead and cadmium salts. Studies have shown
that the dietary fibers from the roots of these plants have sorption activity in relation to lead and cad-
mium ions. The roots of both plants had a greater affinity for cadmium ions, and it was also revealed
that the sorption potential of the bunias roots’ meals was slightly higher than that of katran Kochiana,
although when examining samples for the presence of dietary fibers in the roots of bunia orientalis,
their lower content was found.

Key words: sorption, heavy metals, dietary fibers, sorption capacity, equilibrium constant.
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KblipbikkabatTap (Brassicaceae B.) TyKbIMAACbIHA XaTaTbiH Kouu KaTbipaHbl
(Crambe Cochiana) meH wbiFbic Maipakeodici (Bunias orientalis L.) TambipAapblHaH KaAFaH
LUPOTTbIH, COPOLMSIAQYLLIbI KACMeTTepiH Gararay

KopuwaraH opTaHbiH AacTaHybl >kahaHAbIK AEHremAeri KerkakTbl caapapbl 6ap npobaema. OA
CarAApAapAbIH Gipi aaaM aF3acbiHa TOKCMKAHTTApAbIH, aybi3 Cy >KOHE Tamarbl apKblAbl TyCyi. Aybip
METAAAAAPMEH Y3aK, yakbIT 60Mbl YAAHY aaaM A€HCAYAblFbiHa opacaH 30p Kayin TeHaipeai. Coa cebenTi
aF3aAaH YbITTbl 3aTTAPAbI LLbIFAPY KOHE OAAPAbIH KEAEHCI3 8CepiH TOMEHAETY KOAAAPbI MEH BAICTEPIH
i3AECTIpin 3epTTey MBCEAECI ©3EKTIAITIH XXOFaATNan OTbIp.

byriHri TaHaa KenTereH 3epTTeyAep MeH Toxipubere cyreHe OTbIpbIn, ©CIMAIK LWMKi3aTbIHbIH
Ke6iCi >KoHe 0AAPAbIH KAAABIKTapbl 9PTYPAI OHIMAEPAI, MblCaAbl, COPOEHTTEP PETIHAE KOAAAHbIAATBIH
AMETAAbIK, TAALLBIKTAPAbI aAy ke3i GOAbIN TabblAaaabl Aen aTyra Heri3 6ap. bisai 3epTreyaepimis
KOPFacblH MEH KaAMMIA Ty3AapbiHa KaTblCcTbl Koun katbipabl (Crambe Cochiana) MeH wibiFbic Marpake6ici
(Bunias orientalis L.) cuKTbl ASCTYPAI 6OAbIN TabbIAMAMTbIH TaFamAbIK, 6CIMAIKTEP TamblpAapbiHaH
KaAFaH WPOTTbIH COPOGEHTTIK KacueTTepiH OararayFa OarblTTaAAbl. 3epTTeyAep KOPCETKEHAEN,
OYA OCIMAIK TambIpAApPbIHbIH AMETAAbIK, TAALLIbIKTApbl KOPFACblH MEH KaAMMIA MOHAAPbIHA KaTbICTbI
copbumsAbIK, GeAceHAiAikke re. Eki eciMAiK TypAepiHiH A€ TambIpAapbiHbIH KaAMMIA MOHAAPbIHA
AereH appuHAiri >korapbl 60AAbl. COHbIMEH KaTap MaipakebiC TaMblpbIHbIH, KYPaMbIHAAFbl AUETAAbIK,
TAAWbIKTapAbIH MOALIEpi KaTblpaHMeH CaAbICTbIpFaHAQ a3 6oACa Aa, COPOUMSABIK MOTEHLIMAADI

GipLIamMa >KorFapbl EKEHAITT aHbIKTaAAbI

Tyiin ce3aep: copbums, ayblp METAAAAAP, TaFaMAbIK TaALIbIKTAP, COPOLMSIAbIK, CbIMbIMABIABIK,

Teﬂe—TeHAi K KOHCTAHTaChbI.

CoxpameHusi ¥ 0003HAYEHUS

TM — Tspxensle MeTamibsl, I1B — nuineBsie BO-
1okHa, Pb ?* -uonsl ceunna, Cd ?" -HOHBI KaaMus

BBenenune

IToBcemecTHOE yXyaIIEHHE IKOJIOTHIECKOM 00-
CTaHOBKH HAOJIIOJIaeTCs TOJ OT Troja. Pa3suTue ar-
POIIPOMBIIIIICHHOTO CEKTOPA, BEICOKUE TEMITHI ypOa-
HU3AIWHN 1 WHIYCTPHUATU3AINN OOIECTBA TPUBEITH
K MTOBBIIICHUIO TOTPEOICHIS SHEPTUH U PECYPCOB U
KaK CJIEJICTBHE YBEIUYEHHUIO cOpoca oTxoJoB. [1].
M3BecTHO MHOXKECTBO BEIIECTB PA3IMUHON MIPUPO-
JIbI TIPEJICTABIISIONINX MTOTCHIIMATBHYIO OMTACHOCTh B
TUTaHE 3arpsi3HEHHUST 00BEKTOB OKPYIKAFOIIEH Cpe/Ibl
1 UMEIOINX CEPhE3HBIC TOCIEACTBUS, KaK IS Cy-
[IECTBOBAHUS YKOCUCTEM, TaK U HAMIPSIMYIO I Ue-
noBeka. [loaTomy npoOremMa HEraTUBHOTO BIUSTHHS
XUMUYECKAX COCITUHEHUN MCKYCCTBEHHOTO ITPOWC-
XOKJICHUS HA 3JJOPOBBE JIIOACH U KUBOTHBIX AKTY-
anbHa 1o ceil aeHs [2]. Cpeau pa3nUyuHbIX MOJUITIO-
TaQHTOB B OTJCIHHYIO TPYIIITY BBIJCIISIOTCS TSHKETBIC
METaJUIbl U UX COCTUHEHUS, KaK OPTaHUYECKOH, TaK
Y HEOpPTraHWYEeCKOU MpHUpobl. [t HUX XapakTepHa
OompImast pacrpoCTPaHEHHOCTh, TOKCUYHOCTD, IS
OOJIBIIMHCTBA U3 HUX —CIHOCOOHOCTD K KyMYJISILIUA
B OpraHm3Max 3arps3HeHHe OKpYKalomled Cpessl
TsoxensiMu Metaiiamu (TM) mpoucxoauT Bo BceM

MHpE, 3TO CBSI3aHO C UX ITUPOKUM HCIIOTH30BAHUEM
B MPOMBILIUICHHOM MPOU3BOJACTBE HAPSIy CO Clia-
OBIMHU CHUCTeMaMHt OYHCTKU. TM momnamarmT B OKpy-
JKAIOIIYIO CPENly ¢ OBITOBBIMU CTOYHBIMH BOJIAMU, B
pe3yabTaTe BBHIIAACHUS adPO30JIbHBIX OTXO0I0B MPO-
MBIIIJICHHBIX U TOPHOJOOBIBAIOIINX TIPEIIPUATHH.
TM moryT 00pa3oBbIBaTh CTaOMJIbHBIE OpraHHYe-
CKHE COCIUHEHUS, C BBICOKOH PACTBOPUMOCTBIO ,
YTO CITIOCOOCTBYET MX MHUTpaluu B Boje [5-8]. Pac-
TEHUS HAKAIUTUBAIOT TSDKEIbIE METAJUIBI U3 Pa3HBIX
HCTOYHUKOB — BCIICACTBHE 00PaOOTKY MECTHUIIH/IOB,
W3 pacTBOPUMBIX OTXOJIOB, OPOILIEHUEM CTOYHBIMU
BOJIaMU U T.J1. B KOHEUHOM pe3ysbTaTe TAKEIbIE
METaJUIbl OMAAal0T MPOAYKTHI MUTAHUS, 3arPs3HSs
n otpaBisig uX. C pacTUTENFHBIM CBIPHEM OHH I10-
MajaloT B OPraHU3M CEIhCKOXO3SICTBEHHBIX JKU-
BOTHBIX U yenoBeka. [9-10] .

Tsokenble MeTauibl — TpyINa IIAPOKO pac-
MPOCTPAHEHHBIX SKOTOKCHKAHTOB, OKAa3bIBAIOIIMX
HeOIaronpusaTHOE AeWcTBUE Ha opraHu3M. Ha ce-
TOJHAIIHUN JI€Hb TSKENBIE METAIIBI OTHOCATCS K
MIPUOPUTETHBIM 3arPSI3HAIONIMM BeUIECTBaM. s-
KENble METAJJIbl YK€ ceilluac 3aHMMarT BTOPOE
MECTO I10 CTCTICHH OMACHOCTH, B TIPOTHO3E KE OHU
JIOJDKHBI CTaTh caMbiMu onacHbIMU [11]. Beicokum
MTOTEHIIMAIIOM PHUCKA IS 3/I0pPOBBSI O0JIAJIAI0OT CO-
eIMHEHUsT XpoMma , KobOaimpTa, MaprHama, HUKEIs,
LIMHKA, KaMUs, MEIU, CBUHIIA U MBIIIbsIKa. Takue
MEeTaJIbl KaK MapraHell, IIMHK, MeIb W K0OaJabT
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SIBIISTIOTCSL 9CCEHIHMAJIbHBIMH U HYKHBl OpraHH3-
My B MaJIbIX KOJIMYECTBaxX AJIS MOANEPIKAaHUS €ro
(GyHKIME B HOpME, TOTJa KaK COeIMHECHUS KaJMus,
CBHUHILIA, MBIIIbSIKA, XpOMa M HHUKENS TOKCHYHBI U
SBIISIFOTCS NPUUYUHON PA3IUYHBIX MATOJIOTHYECKUX
coctosiauii [12].

JlocTaToyHO MHOTO MCCIIECAOBAHUN MOCBAIICHO
TOKCHUYHOCTH TSDKEJIBIX METAJJIOB. TSDKENble MeTa-
bl MHIYUUPYIOT pa3ludHble MOpQosoruueckue,
¢uznonornyeckue U OMOXUMHUYECKHE OTKIOHECHUS
HanpsMyl Ju0O0 OIOCPEOBAHHO M B KOHEYHOM
cyeTe NPUBOAAT K NOBpexaAcHUsAM. TM BIHSIOT
MIPAKTUYECKN Ha BCE CHCTEMBI OPraHU3Ma, OKa3bl-
Basg TOKCHYECKOE, aJuIepTuIecKoe, KaHIIEPOTeHHOE,
roHaoTponHoe aelcTBue. JlokazaHo SMOPHOTOK-
cudeckoe aeiicreue TM depes (eroraneHTapHyto
CHUCTEMY, a TaKK€ WX MYTareHHOE BO3JIEHCTBHE.
MHorue TsKenble MeTallTbl 00J1aJal0T TPOITHOCTHIO
— n30upaTeNbHO HAKAIUIMBAIOTCS B ONpPEIeJICHHbBIX
OpraHax W TKaHsX, CTPYKTYpHO U (DYHKIIMOHAIHHO
Hapymas ux [13-14] . TloaTomy Bompoc AeTOKCH-
KallUM OpraHu3Ma Ipu nocTyrieHun TM He Tepsier
CBOEH aKTyaJIbHOCTH.

TpaauuuOHHBIM €cIIOCOOOM BBIBEICHUSI COCIHU-
HEHMH TSDKEJIBIX METAJIJIOB U3 OpraHu3Ma sBISETCS
HCTIOJIb30BaHHUE XeNAaTHUPYIOIIUX areHTOB, KOTOphIE
00pa3yrloT MeHee TOKCHYHBIC KOMIUIEKCHI C HOHa-
MU TSDKEJIBIX METAJIJIOB U BBIBOJSTCS U3 OpraHn3Ma
[15].

OnHuM U3 CIOcOO0B AETOKCHKALIMK OpraHu3Ma
SBJISIETCS] IPUMEHEHHUE Pa3IMYHbIX BEIIECTB UMEIO-
mmx copoupyromuit 3¢pdext. MoHsl MeTamioB Mo-
I'YT CBA3BIBaTb TaKHe HNPUPOIHBIC COCIUHECHUS KaK
L€OJIUThl, KapparvuHaHbl, ajlblMHATBl U HUX MOIM-
($unMpoBaHHBIE Mpenaparhl. JKCIEPUMEHTAIBLHBIE
JJaHHBIC TIOKA3bIBAIOT, YTO HA3BaHHBIC COCAMHEHHUS
MOTYT OBITh 2((EKTHBHBIM CPEICTBOM BBIBEICHUS
TOKCHUHOB U3 opranusma [16 -19].

OnHUM U3 BUAOB HATYPaJIbHBIX COPOECHTOB MO-
I'YT BBICTYIIATh MMHUIIECBbIC BOJIOKHA, KaK HEPACTBO-
pumble (LIEJUTI0NI03a, XUTHH), TaK U PacTBOPUMEBIE
(MeKTUHBI, UHYJIMH), COAEPIKAILIMECs B MPOAYKTAX
PACTHTEIBHOTO MPOUCXOXKJICHHS (3/1aKax, OBOIIAX,
¢dpykTax, sronax, BOAOPOCIIX, MXax, rpubax, ape-
BECHBIX OINMJIKAX, KOPE JI€PEBbEB, MIICHUYHBIX OT-
pyOsiX, THbHSHOM BOJIOKHE U JIp.). BONbIIMHCTBO U3
HUX cIIOCOOHBI (P PEKTHBHO CBSI3bIBATH MOHBI TSKE-
JbIx Mmetamion [20-21].

Llenpro HaImero wmcciaenoBaHMs SBHIIACH OIECH-
Ka COpOMpYIOIINX CBOMCTB LIPOTa U3 KOpHEW He-
TPaJUIIMOHHBIX THUILIEBBIX PACTEHUN W3 ceMercTBa
Kanyctuble (Brassicaceae B.) — xarpana Koun
(Crambe Cochiana) u cBepOuru BoctrouHol (Bunias
orientalis L.)
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MaTepl/laJ'll)I U METOJAbI HCCJICAOBAHUSA

B ¢Bs131 ¢ TOCTaBIIEHHOI IIETBIO OBIIO TIPOBEIE-
HO HCCIIeJIOBaHNE 0Opa3IOB HAa HATMYNE MUIICBBIX
BOJIOKOH M CIIOCOOHOCTH TOTJIONATh HOHBI TSXKE-
JIBIX METAJJIOB U3 PACTBOPOB.

s mccnenoBaHus MPUMEHSIUTA IIPOT U3 KOP-
HEWl pacCTeHMH MONMYYEHHBIA IOCJIC BBIMBIBAHUS
Kpaxmana. {7 u3BIeueHus Kpaxmajaa U OoJbIiei
YaCTH PACTBOPUMBIX BEUIECCTB KOPHU PACTCHUU U3-
MeNbUaId U CMEIIMBAIIN C BOJON B COOTHOIICHHH
5:1, MOy9EeHHYIO CYCIIEH3HWIO CO B3BECHIO MEJIKO-
JIUCTICPCHBIX YACTHI] OTACISUIA OT MIPOTa PHIILTPO-
BaHUEM uepe3 cuTo. LLpoT msITukpaTHO MIPOMBIBAIH
BOJIOM W TOJICYIIMBAINA Ha TOBEPXHOCTH olecte-
YUBArOIIe CBOOOHYIO IUPKYJISAIUIO BO3AyXa MPH
temneparype 40 °C B cylmiabHOM mKady.

HccnenoBanne B cofep aHUs KOPHAX TEKTH-
Ha MPOBOJAWIM 1O MeToay yTBepxkaeHHoMmy ['OCT
29059-91 u xneruatku o 'OCT 31675-2012 [22-
23].

OreHKa COpOUPYIONIUX CBONCTB THIIEBBIX BO-
JIOKOH M3 KOpPHEW pacTeHHU MPOBOJIMIIACH HOHOME-
TPUIECKUM METOIOM JI0 ¥ TIOCTIE KOHTAKTa PacTBOpa
C MUIIeBbIMU BOJIOKHAMU. CKOPOCTH COpPOLIMU O11e-
HUBAJIM TIOCPEJIICTBOM H3MEPEHHS KOHIICHTPAIHH
CoJICH KaJMusl ¥ CBHHIIA B JIECATUMHUHYTHBIX IPO-
MeXyTKax BpeMmeHU. COpOIMOHHYH CHOCOOHOCTH
HCCIIeyeMbIX 00pa3IoB OLEHUBAINA [0 W TIOCIE
B3aUMOJICUCTBHSI TTUIICBBIX BOJOKOH C PACTBOpPaMHU
COJICH METaJIOB C BO3pacTarolleil KOHIICHTpaluen
Ha ripoTsbkernd 100 munyT [24] . B skcriepuMenTax
WCIIOJIB30BAJIM BOJHBIC PACTBOPHI HUTpAaTa CBUHIIA
(Pb ?* ) u cynedara kaamus (Cd*"), mokazatens pH
pacTBOPOB HEUTpaIbHBIA. {11 OIEHKH COpPOITMOH-
HO CITOCOOHOCTH PACTUTEIBHOTO CHIPhS UCTIOIB30-
BaJI PACTBOPBI TSHKEIBIX METAJUIOB B CJICIYIOIIUX
koHneHnTparusax: 0,05 mmons/n, 0,1 Mmmomns/n, 0,25
MMOJIE/11, 0,5 MMOae/1, 1 MMOIE/I, 2,5 MMOJL/T,
5 mmonb/n, 10 mmonw/n. Bpems skcriosunu — 24
gaca, MpoOBl MEPHOANYECKH BCTPSIXUBAIHA W TIepe-
MemuBanu. [lpu mocTmwXeHUn COPOIIMOHHOTO PaB-
HOBECHs 4Yepe3 CYTKHM PacTBOP OTAEISUIA OT COp-
ocnra nentpudyrupoarrem mpu 10000 06./MuH. 1
OTIpEICIISUIH PABHOBECHBIC KOHIICHTPAIIMH aJicopOa-
TOB. [0 OKOHYaHWH TIPOBOIMIIM MOHOMETPHUECKOE
M3MEpPEHNE KOHIICHTPAITUH PacTBOPOB.

CopOIMOHHY0 CIIOCOOHOCTD PACCUNTHIBAIH 110

¢dopmye:
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rae C— UCXo/iHast KOHIEHTPAIUs MFOHOB (MMOJIB/JT);
C — KOHIICHTpAaIXs HOHOB ITOCJIe cOpOIny (paBHO-
BecHasi KOHIeHTpalus) (MMOJIb/1); V — 00beM pac-
TBOpa (J1); m — Macca copOenTa (T).

B 00paboTke maHHBIX TMPUMEHSIIN ypaBHEHHS
JIBHrMmiopa.

YpaBuenue JIsurmiopa B 0011eM BUAE :

(=4 be
.’_J_:Q'b-l_c

rae, A, — npenenpHas(O0eckoHeuHass) aacopOuus
WM TIpeIeTIbHas EMKOCTD aJIcOpOeHTa, b — KOHCTaH-
Ta paBHOBecHs, C- paBHOBECHAs! KOHIICHTPAILIHSL.

st onpeneneHus YMCIOBBIX 3HAYCHHUH Hapa-
METpOB b M A WCIONb30BANIN JIMHEHHYIO (HopMy
ypaBHeHus JIeHrMIopa 1 CTpOoIu rpaduecKyro 3a-
BrcHMOCTh 1/a =f(1/c)

VYpasuenue JIsurMropa B TMHEIHOHN Gopme:

1 1 1 1
® —

_l_
."i J‘.i = _"i ] IIJ c

BenuunHy nipeiesibHOM aicOpOIMK BRIYUCIISITH
U3 OTpe3Ka, OTCEKAEMOro Ha OCH OPJMHAT, U Jajiee
BEJIMYMHY KOHCTaHTHI PAaBHOBECHS TyTeM Tpeolpa-
30BaHusl Gopmyisl [25].

s ompeneneHusl CKOPOCTH COpPOLMU TpUMe-
HSJTH PacTBOPHI ¢ KoHIleHTparueid 10 MmMons/im. B

konOy emkocthio 200 mu momemtamu 100 mut pac-
TBOpa coJied Tsokenbix MeTauioB U 500 mr mpora
KOpHEH pacTeHHii, KoJIOy ¢ COAePKUMBIM IePHUOIH-
YECKHU BCTPSAXMBAIU U nepemerinBaiy. Konnenrpa-
LIMIO MOHOB U3MEpsUIH KaxkJible 10 MUHYT B TeUeHUE
100 munHyT.

Pe3yabTarhl HCC/1€I0BAHMS H UX 00CYKAeHHE

B cooTBeTcTBHE € MOCTABICHHOM 1IETBIO B MEP-
BYIO Ouepellb HaMH OBLIO TPOBEIEHO HCCIeI0Ba-
HUE COJEpP’KaHUs MUIIECBBIX BOJOKOH M NMEKTHHA B
IpOTe KOpHEH KaTpaHa u cBepOuru. Kak mokazanu
pe3ysbTaThl AKCHEPUMEHTAIBHBIX HCCIIEOBAHUH,
B KopHiX kaTpaHa Koum ynenpHOe copepikaHue
MMUIIEBBIX BOJIOKOH cocTaBuio 12,24% wu nexTtuHa
2,28% ot olwell mMaccsl cyxoro Bemectsa . Jlis
KOpHEW CBepOMIM BOCTOYHOW NTaHHBIM MTOKA3aTelb
cocraBun 9,28% u 1,27%. Takum oOpa3oM, B KOp-
HSX KaTpaHa KOYM COJIepyKaHHe MUIEBBIX BOJIOKOH
MIPEBHIIIAET TAKOBOE B KOPHIX CBEPOUTH MIPAKTHYE-
ck# B 1,5 pa3a 1 IEKTHHA MTPAKTHICCKHU B 2 pasa.

HccnenoBanus KOJIMYECTBEHHOTO COJEpPKAHUS
MULIEBBIX BOJIOKOH HEJOCTATOUHO JJIsl OLICHKH J1aH-
HOTO PAaCTUTENFHOTO CHIPhSI B KauecTBE COpPOEHTa.
s monmyueHus: OoJiee TIOJTHON KapTUHBI ITPOBEIC-
HBI DKCTIEPUMEHTBHI JUTS OLEHKH COPOIIMOHHOM CITO-
COOHOCTH M3MEJBUYEHHOTO MIPOTa KOpHEH KaTpaHa
1 CBepOUTH 1O OTHOILICHHIO K MOHAM CBUHIIA U KaJ-
Mmus (pUcyHOK 1-2).

A, MMOJB/T
1
0.8 —l— u
O— —O
0,6 fu
? —&— RaTpaH
0.4 —8— cBepbnATA
0,2
0 T T 1
0 10 20 30 ymoaw/a

ITo ocu abcuuce: xkounentpanust Pb 2*; ancopOipontast eMKOCTb COpOEHTa, MMOJIB/T

Pucynok 1 — Ancop6uuonHast CltocoOHOCTB MIPOTa KOPHEH 110 OTHOIIEHHIO K MOHAM CBHHIIA

171



OmueHka copOMpyYIOMUX CBONCTB mIpoTa KopHel karpana Koun (Crambe Cochiana) i cBepOUTHE BOCTOIHOH ...

B xone uccnenoBanuii BBISBICHO, YTO IPU BHE-
CEHUM IIPOTa KOpHEH pacTeHU B PacTBOPBI COJIU
CBHHIIa MaKCUMaJIbHas BEJINYHNHA COp6HI/II/I KakK ajist
IpOTa KOpPHEW KaTpaHa, TaK W JUIs CBEPOUTH CO-
craBuio 10 mmons/n. [TokazaTens aacopOIMOHHOM
eMKOCTH JiIsl KaTpaHa coctaBui 0,67 Mmouis/T. Kak

BUJHO W3 PHUCYHKa, IOKa3aTelb aJCOPOIMOHHON
€MKOCTH JJIsSI CBEpOUTH B TAHHOM TOYKE OBLT BBIIIE,
4yeM y karpaHa Ha 22 % u coctasisiia 0,82 MMOJIB/T.
B mepecuere BenmmumHa agCcOpOIMOHHOM €MKOCTH
10 IOHAM CBHHIIA JIJIS KaTpaHa COCTaBiseT 14 Mr/T,
Jutst cBepOuru 17,1 mr/r.

A, MMOJIB/T

1,2

0,8

0,6

—O— KaTpaH

—0 —— cpepoHATA

0,4

02 -

20 30 MMO.Ib/JI

ITo ocu a6ermce: koHnenTpais Cd 275 ancopOLUHOHHAasS eMKOCTh COPOSHTa, MI/T

PucyHok 2 — AnicopOirioHHast cniocoOHOCTh MIPOTa KOPHEH M0 OTHOILICHUIO K HOHAM KaJMUS

AHaJIOTUHBIE JKCIIEPUMEHTBI MPOBEIEHBI U C
pacTBOpamM# CONM KaaMHA. MakcUMyM copOIuu
JUIsL MCCTIelyeMBIX 00pas3IoB ObUI JOCTUTHYT MpU
KOHIIEHTpauu 25 MMoJb/1. Benuunna aGcopOmm-
OHHOH CIOCOOHOCTHM KOpHEW KaTpaHa COCTaBHWIIA
0,68 Mmmomw/T, B IepepacdeTe 13,7 Mr/r, Torma kKak
abcopOLMOHHAsT EMKOCTh KOpHEH CBEpOHUTH paBHsI-
nace 0,83 mmoas/r nin 16,8 Mr/r.

VYpaBHeHue JIpHrMropa SBISETCS YypaBHEHU-
€M MOHOMOJICKYJISIPHOH a/icOpOLUKN U TOIHOCTHIO
OIHCHIBACT U30TEPMY aJICOPOIMH Ha TBEPJIOM aj-
copbente. Ha ocHOBe MONy4EeHHBIX SKCHEPUMEH-
TaJIbHBIX JIAaHHBIX ObLIA TOCTpoeHa rpaduyeckas
3aBucuMOCTh 1/a =f(1/c), ¢ TOMOIIBIO KOTOPOW
orpejesieHa MaKCUMaNbHasi COPOIIMOHHAsT EMKOCTh
a/IcOpOCHTOB M MPOBEACHBI PacueThl KOHCTAHT al-
copbumu (pucyHok 3-4).

[penenbHas copOIMOHHAS EMKOCTh XapakTe-
pHU3yeT KOJMYECTBO CBS3BIBAIONIMX LEHTPOB Ha
azcopOeHTe, TorJa Kak KOHCTaHTa PABHOBECHS BbI-
CTymaeT mokasaresieM ad(GUHHOCTH ancopOeHTa U
ajcopOara [26-27].

Kak moka3zam paccueTHbIi aHaiW3, BEIHMYUHA
[pEeACIbHONM €MKOCTH IIPOTa KOpHEH KaTpaHa I10
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OTHOIICHUIO K MOHaM cBHHLA paBHa 0,4 MMOJbB/T
(8,3 mr/r), k monam kxammus 0,6 mmoubs/T (12,5
Mr/T). COOTBETCTBEHHO KOHCTAHTHI PABHOBECHS CO-
craBwin BenuuuHbl 8,17 u 13,13, Takum oOpazom,
MOJKHO 3aKJIIOUHTh, 4TO [IB KopHe# kaTpaHa Oonee
3(h(PEeKTUBHO CBSI3BIBAIOT MOHBI KaJMUSI 1T0 CpaBHE-
HUIO C MOHAMH CBHMHILIA, TaK KaK MPOSBISIOT 0OJb-
10€ CPOJICTBO.

AHAJIOTUYHBIE pacyeThl JKCIEPUMEHTAb-
HbIX U TrpadUyYeCKUX JIaHHBIX TOJYYCHHBIX B
XOJIe WICCJIEIOBaHUSI KOPHEH CBEpOWTH BBISBUIIH,
YTO TOKa3aTelb MpeNebHOH COpOIMOHHON eM-
KOCTH JaHHOTO oOpasma coctaBmwi 0,3 MMOJIB/T
(6,3 Mr/T) IO OTHOIIEHHWIO K WOHAM CBHWHIA H
0,4MMomnb/T (8,3 MI/T) IO OTHONICHHWIO K MOHAM
kaamus. KonctanTel paBHOBecust paBHBI 17,0 u
14,0 COOTBETCTBEHHO, YTO CBHUJAETEIBCTBYET O
6onpmielt apUHHOCTH MIPOTa KOPHEH cBepOUTH
K MOHAM KaJMHs.

[Ipu cpaBHEHUH MONYYEHHBIX TaHHBIX C JIUTE-
paTypHBIMH HMCTOYHWKAMH, MOXHO CKaszaTh, 4YTO
[0 BEJIMYMHE MPEACIbHON COPOIMOHHON €MKOCTH
HIPOT U3 KOPHEH HMCCIIeIOBAaHHBIX PACTEHUH HE SB-
JISIeTCSl CHIIBHBIM HATypalbHBIM aJCOPOEHTOM Kak
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JIPEBECHBIN YToJib, HEKOTOPHIE BUJIBI KapparnHaHOB
U WX HAaHOMOU(UIMPOBAHHBIC IPOU3BOIHBIC, TEM
HE MEHee, JaHHbIe O0pa3lbl MOXHO IPOTHBOIIO-
CTaBUTh HEKOTOPHIM MPHUPOJHBIM 00BEKTaM 00Ja-
JAOIINX COPOIMOHHOW aKTHBHOCTHIO [16, 28-29].
B nomnosnHeHue, 3KCIePUMEHTAIBHO TOKAa3aHO, YTO
COpOIMOHHAsT aKTUBHOCTh Pa3IMYHBIX COPOCHTOB
3aBHCHUT M OT TakuX (HaKTOpPOB Kak mokasarenb pH,
TEMIIEPaTyphl PAcTBOPa M BPEMEHH SKCIIO3UIUH

[30]. B Hamem uccienoBaHuu, Moka3aTeib KUCIOT-
HOCTH pacTBopa Kojebancs B mpeaenax 6.8 — 7.0 ,
[I03TOMY M3MEHEHHE COPOIMOHHONW AaKTHUBHOCTH
AHAIIM3UPYEMBIX 00pa3lloB B 3aBUCHMOCTH OT TEM-
repatypbl u mokasarenst pH TpeOyer mampHeHmmx
HU3bICKAHUH.

Pesynbrarhl viccienoBaHUS CKOPOCTU COPOITHH
HOHOB TsDKENBIX MeTautoB Ha 1B oOpasmos mpen-
CTaBJIEHBI HA PUCYHKaX 5-6.

12 /é
10
- — < cBHHE
8 PL 1
< 5 = B xammit
- ,/{
4 7 — Jluneiinag
o (cBHHEII)
2
&g ------- JInmeknasn
0 (xamMHuit)
0 0.5 1 1.5 2 2.5
1/c

Pucynok 3 — M3zorepma agcopOuny B TMHEHHBIX KOOpAWHATAX ypaBHEeHHs JIeHTMIopa
(mpot u3 KopHeil kKarpana Koum)

14
12
10 + < CBHHell
8 - -
- e KaMHH
- o
6 7
A — JluHeHHaa
4 a4 (cBHHeI)
e e e e e O Jlnneiinaa
2 ?/{ (KazMHiL)
0
0 0,5 1 L5 2 2,5
1/c

Pucynox 4 — M3otepma agcopOin B TMHEHHBIX KOOpAUHATAX ypaBHeHMs JIeHrMiopa
(IIpOT U3 KOpHEH cBepOUTru BOCTOUHOMN)
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MMO.IB/.I

6 | L4i——i —a—8—5—8—p -—O—KanaH

—&— cBepOHra
4
2
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 MHHYTH

Mo ocu abcuuce: BpeMst B3anMOJAESHCTBUS a1cOpOeHTa U ajicopbaTa, MUHYTHI;
10 OCH OpJIMHAT: KOHIIEHTpauus Pb >, MMoIb/it

Pucynox 5 — M3meHeHne KOHIEHTPAlMK HOHOB CBUHIIA B BOJIHOM PacTBOpe

W3 pucyHka 5 BUAHO, paBHOBECHAsI KOHIICH-
Tpalus MOHOB CBHMHIIA B PacTBOPE AOCTHUIajach
rmociie 30 MHHYT aOCOpPOIIMH TMHUIEBHIMH BOJIOK-
HAMU U3 LIPOTa KOPHEH UCCIIENYEMBIX PACTCHUN.

Creayer OTMETHTB, YTO Tporiecc copbiuu Pb *
MUIICBBIMA BOJIOKHAMHU IIPOTa CBEPOUTH MPOTE-
kani ¢ dextuBHee Ha 17 % 1O CpaBHEHHIO C KOP-
HSMU KaTpaHa.
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[To ocu abcmmcec: Bpems B3auMoneiicTBUS afcopOeHTa u agcopdara, MUHYTHI,
1o ocu opauHar: kouuentpamus Cd >, MMoIb/it

PucyHnok 6 — I13MeHeHne KOHIIGHTPAIIMA HOHOB KaJIMUsI B BOIHOM PacTBOpe
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CorylacHO KHHETHYECKOM KpHBOW MpencTaB-
JICHHOM Ha pHUCYHKEe 6, MOXHO cJieJiaTh 3aKJIto-
YeHHE, YTO BpEMSl JOCTHIKCHUS PABHOBECHS B
UCCIIEeIyEMBIX CHCTEMax afcopOar-acopOeHT co-
crapisieT 20 MUHYT. DPGPEKTUBHOCTD CBSI3BIBAHUS
MOHOB KaJMHS HIPOTOM M3 KOPHEH CBEpOUTH W
IpoTa W3 KOPHEHW KaTpaHa OKaszalach MpPaKTHYe-
CKH Ha OJJTHOM ypOBHE.

3akaoueHne

B pesynbrare mccienoBaHHsS BBISBICHO, YTO
HIPOT W3 KOPHEH CBepOMIM M KaTpaHa MpPOSBIISIOT
a/IcCOPOIIMOHHBIE CBOMCTBA 110 OTHOIICHHIO K COJISIM
TaKUX TSOKEIBIX METAIJIOB KaK CBUHEL U KaJIMHA.
IIpu cpaBreHnn 3(h(PeKTHBHOCTH COPOLIUU TAHHBIX
METaJUIOB Ha MUIIEBHIX BOJIOKHAX M3 IIPOTa KaTpa-
Ha U cBepOUTH MOKHO OTMETHUTh, YTO MOHBI KaJMUS
CBSI3BIBAIIMCH 00JI€€ MHTEHCHBHO, O Ye€M CBHJICTEIIb-
CTBYET MEHBIIEE BPEMsl, 3aTpadnBacMoe Ha JOCTHU-
JKEHWE PAaBHOBECHOW KOHIEHTPALUH M BEJIWYHUHBI
KOHCTaHT paBHOBecusi. COpOIIOHHAsT eMKOCTb ITH-
NIEBBIX BOJIOKOH M3 IIPOTa KOPHEW CBEpOMTH Ipe-
BBIIIIAJIA JJAHHBIN MTOKa3aTeIb KOpPHEH KaTpaHa, XOTs

conepxanue I1B 1 nmekTrHa B KOpHIX KaTpaHa He-
CKOJIBKO BBIIIIE, YeM B KOpPHSX cBepOWTrH. JlaHHBIN
(hakT MOXKET CBUAETENBCTBOBATh O HEOAHOPOTHON
xumuyeckoil crpykrype [1B nuccnemyemoro ceipbs.
MO’KHO TIPEATION0KHTh, YTO Ha TIUIIEBBIX BOJIOKHAX
13 IIPOTa KOpHEH CBepOUTH MPUCYTCTBYET OObLIee
KOJINYECTBO OTPHLATENBHBIX  (DYHKIMOHAIBHBIX
TPYNI CIIOCOOCTBYIOIIMX CBSI3BIBAHUIO KaTHOHOB
TSKEJNbIX METAJUIOB.

Kak mokaszamo wuccinenoBaHue, IOKa3aTelu
COpOLIMOHHON EMKOCTH ¥ KOHCTAHT PABHOBECHS JJIs
KOpHEH KaTpaHa M CBEpOMTH HE OBbLIM 3HAYUTEIb-
HBIMH 110 CPAaBHEHHUIO HEKOTOPBIX BHJI0B COPOESHTOB
MIPUBEJICHHBIX B PA3IMYHBIX HCTOYHHUKAX JIUTEPATY-
PBI, YTO TOBOPHUT 00 UX CIIA0OBBIPAKEHHOW COPO-
OUOHHON aKTHBHOCTH. MccieoBaHUsS B JaHHOU
cdepe TpeOyroT 00JIee JeTaTbLHOIO Pa3peIICHUS BO-
mpoca aist 3P GHEKTUBHOTO MPUMEHEHUS pacCcMaTpH-
BaeMOI'0 BHJA ChIpbsi. TeM He MeHee, [10JyUYeHHBIE
pe3yabTaThl MOTYT JIaTh OOOCHOBAaHHUE JUIS MTPUME-
Henus [IB w3 kopHel ucclieqoBaHHBIX pacTEHUN
IIPU KOMIUIEKCHON NETOKCHKAllUU OPraHu3Ma, Kak
JOTIOJTHSIFOIIIET0 KOMIIOHEHTa M MCTOYHHKA OHMOIIO-
T'MECKU aKTHBHBIX BELICCTB.
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BAUAHUE OAMHOYHbLIX U KOMBMUHNPOBAHHOIO
ABUOTUYECKUX CTPECCOB HA USMEHEHME BUOCHUHTE3A
OEPMEHTATMBHbBIX AHTUOKCHUAAHTOB
Y CHENOPODIUM QUINOA L.

PacTteHns, apanTMpoBaHHble K BbICOKOM MHCOASLMU U 3aCYLUAMBBIM YCAOBMSM, NMPOSBASIOT BbICO-
KYIO akTMBHOCTb hepmeHTa (SOD). AKTMBaUMS aHTUOKCUARHTHBIX (DEPMEHTOB, TakMX KaK CyrnepoKCUA-
amcmyTasza (SOD), urpaeT KAIOUYEBYIO POAb B CHMXXEHMM OKMCAMTEABHOrO CTpecca Y pacTeHWin KMHoa
. B xAoponaacrax, rae npomcxoamT OTOCUMHTES, BO3HMKAIOT akTUBHblE (DOPMbI KUCAOPOAQ. YPOBEHb
akTnBHocTK SOD noBblwaeTcs npu AeuumTe BOAbI U NMMTATEAbHbIX BELECTB, YTO YKa3blBaeT Ha ak-
TMBALMIO @aHTMOKCUAQHTHOM 3aLLMTbl XAOPOMAACTOB eLle A0 MOSIBAEHUS BUAMMbIX MPU3HAKOB (hr3no-
AOrMyeckoro crpecca. lepexoa OT HOPMAAbHOIO COCTOSIHUSL K CTPECCOBOMY, BEPOSITHO, NMPUBOAUT K
NOAABAEHUIO aHTMOKCUMAAHTHBIX MPOLLECCOB, COMPOBOXAQEMOMY YyMeHblUeHneM akTuBHocTn SOD. B
KOHEYHOM MUTOre KOTOPOro B KMHOA 06pasyeTcsl HAbop BTOPUUHBIX METAOOAMTOB, CMIOCOOHbIX CUHTE3M-
pOBaTb Pa3AMyUHbIE COEAMHEHUS C OBLLUMPHBIM CMEKTPOM BMOAOrMYECKOI aKTUBHOCTY.

B aaHHOM abCTpakTe MpeACTaBAEHbl PE3YAbTaTbl MCCAEAOBAHUIA U3MEHEHUSI aKTUBHOCTM TakKMX
(hepMeHTaTMBHbIX aHTMOKCMAQHTOB, KakK CynepokCMAAMCMYTa3a M MepoKcMaasa Y MOAOAbIX pac-
TeHnin Chenopodium quinoa L B 0TBeT Ha OCMOTMYECKMI, COAEBOM MU KOMOWMHMPOBAHHbIA CTPECChl.
[NoAyyeHHble AQHHble AEMOHCTPUPYIOT CBS3b MEXAY YPOBHEM aHTMOKCMAAHTHOM 3alMTbl B CUCTEME
Chenopodium quinoa L 1 ee cnoco6HOCTbIO CNPaBASTLCS C Pa3AMYHbIMU BMAAMM CTpecca. PesyabTartsl,
MOAYYEHHbIE NMpr KOMOMHUPoBaHHOM Bo3aencTBmM 200 MM NaCl + PEG Ha MOAOAbIE pacTeHMS KMHOAQ,
CBUAETEAbCTBYIOT O NMePeXoAe OT MOAOAbIX PACTEHUI KMHOA dycTpecca K AUCTPecCy.

KAtoueBble cAoBa: KMHOQ, (hepMeHTaTUBHblE aHTMOKCUAAHTbI, OCMOTMYECKUI CTPecC, COAEBOM
CTpecc, KOMOMHMPOBAHHbIN CTPECC, 3YCTPECC, AUCTPECC.
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Influence of single and combined abiotic stress on changes
in the biosynthesis of enzymative antioxidants in Chenopodium quinoa L.

Plants adapted to high insolation and dry conditions exhibit high enzyme activity (SOD). Activation
of antioxidant enzymes such as superoxide dismutase (SOD) plays a key role in reducing oxidative stress
in quinoa plants. In chloroplasts, where photosynthesis occurs, reactive oxygen species appear. The level
of SOD activity increases with water and nutrient deficiency, indicating activation of chloroplast anti-
oxidant defenses even before the appearance of visible signs of physiological stress. The transition from
a normal state to a stressful one probably leads to a suppression of antioxidant processes, accompanied
by a decrease in SOD activity. Ultimately, a set of secondary metabolites are formed in quinoa, capable
of synthesizing various compounds with a wide spectrum of biological activity.

This abstract presents the results of studies of changes in the activity of enzymatic antioxidants such
as superoxide dismutase and peroxidase in young Chenopodium quinoa L plants in response to osmotic,
salt and combined stress. The findings demonstrate a link between the level of antioxidant defense in
the Chenopodium quinoa L system and its ability to cope with various types of stress. Results obtained
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from the combined exposure of young quinoa plants to 200 mM NaCl + PEG indicate a transition from
eustress to distress in young quinoa plants.

Key words: quinoa, enzymatic antioxidants, osmotic stress, salt stress, combined stress, eustress,
distress.
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Chenopodium quinoa L. pepMeHTTIK aHTUOKCUAQHTTaPbIHbIH,
6MOCHHTEe3IHIH, e3repyiHe TY3AbI CTpecC
)KoHe apaAac abMOTUKAABIK, CTPECTiH, acepi

YKorapbl MHCOASILMSIFA XXOHE KypFak, >XaFAaiAapra 6erMiMAEAreH BCIMAIKTED >KOFapbl (DEPMEHTTIK
6eaceHAIAiKTI (SOD)kepceteai. CynepokecuaamncmyTasa(SOD) crsKTblaHTMOKCUMAQHTTbIK (DEPMEHTTEPAI
6eACEHAIPY KBUHOA BCIMAIKTEPIHAET I TOTbIFY CTPECCIH TOMEHAETYAE MaHbI3AbI POA aTkapaabl. DoTocut-
Te3 XKYPETIH XAOPOMNAACTTapAa PEAKTUBTI OTTeri TypAepi nanaa 6oaaabl. SOD GeACEHAIAIMHIH AeHreni
CYy MeH KOPEKTIK 3aTTapAblH >KeTicreyluiAiriveH aptaabl, 6yA (DU3MOAOTUSIAbIK, CTPECCTIH KOpiHEeTiH
GeArinepi naiaa 6oAFaHFa A€MiH XAOPOMAACTTbIH, aHTMOKCMAAHTTbIK, KOPFaHbICbIHbIH OEACEHAIPIAYiH
kepceteai. KaAbInTbl XKaFAalAaH CTPECCTIK Kynre eTy, MyMKiH, aHTMOKCUMAQHTTBIK MpoLecTepAiH 6a-
CbIAybIHA 8KkeAeAi, 6yA SOD GeAceHAIAIriHIH ToMeHaeyimeH Gipre >kypeai. Canbin KeAreHAe, KBUHO-
aAa OMOAOTUSIAbIK, BEACEHAIAIKTIH KEH CriekTpi 6ap apTYPAI KOCbIAbICTapAbl CMHTE3Aeyre KabiAeTTi
KanTarama MeTaboAMTTEp >KMbIHTbIFbI Ty3iAeai. Bya 3eptrey >kymbicTapbiHaa >kac Chenopodium
quinoa L eciMaikTepiHAEri OCMOCTbIK, TY3AbIK, >X8He apaAac CTpeccke »ayar peTiHAEe CynepoKCUA-
AVMCMyTa3a >KaHe MepoKcrAaasa CUsSKTbl (DEPMEHTTIK aHTMOKCUMAAHTTAPAbIH, GEACEHAIAIriHIH e3repyiH
3epTTey HaTMXKeAepiH ycbiHaabl. HaTxkeaep Chenopodium quinoa L >xyneciHaeri aHTMOKCUAAHTTbIK,
KOPFaHbIC AEHreni MeH OHbIH 8PTYPAI CTPecC TypAepiHe TeTen 6epy KabiAeTi apacbiHAAFbl GarMAaHbl-
CTbl kepceTteai. XKac kBuMHoa ecimaikTepiHit 200 MM NaCl + PEG 6ipikTipiAreH 3KcrnosmumsicbiHaH

AAbIHFaH HOTMXXeAep »ac KBMHOA 6CIMAIKTEPIHAE 3YCTPECCTEH KYM3eAiCKe 8TyAl KepceTeA,.
Tyiiin ce3aep: kBMHOA, (DEPMEHTTIK aHTMOKCUAAHTTAP, OCMOCTbIK, CTPECC, Ty3Abl CTPECC, apaAac

CTpecc, 3CTpecc, ANCTpecc.

BBenenue

CoBpeMeHHOE pa3BuUTHE (apMaleBTUIECKON
WHAYCTPUHU OTIpENETseTCS CTpeMIIeHHeM OO0Hapy-
JKUTh HOBBIC UCTOYHUKH JICKAPCTBEHHBIX CPEICTB,
M3BJICKAEMBIX M3 PACTUTEIFHOIO MHpa M COIep-
KaIUX Pa3HOOOpa3HbIe OMOJOTHICCKH aKTHUBHBIC
coeanHeHNs. BakKHBIM acmeKTOM TaKXkKe SBISICTCS
pa3paboTKa METOJIOB, KOTOPBIE MTO3BOJISIOT IIeJICHA-
MIPaBIEHHO CHHTE3UPOBATh IIEHHBIE OMOJOTHIECKU
AKTHUBHBIC BELIECTBA, XapaKTepHBIE I TOTO WU
WHOTO BHJIa PACTCHUN.

W3BecTHO, UTO BCE pacTeHus, Jake Te, KOTOpbIe
0OBIYHO pacCMaTPUBAIOTCS KaK «JICKAPCTBEHHBIEY, B
MIEPBYIO OYepe b TPOU3BOIAT OMOIOTUIECKH aKTHB-
HBIC COCTMHCHUS IS CBOMX COOCTBEHHBIX ITOTPEO-
Hocteir [1]. Hampumep, pacrenus Chenopodium
quinoa L (kuHOAQ)- 3TO O/IHOJIETHEE PaCTEHUE, OTHO-
csimeecst kK kiaccy C3, siBistronneecs: pakynbTaTHB-
HBIM TalopUTOM U TceBro3nakoM. [IpuHamiexur
CEeMEICTBY aMapaHTOBBIX M M3BECTHO CBOEH BBICO-
KOH a/IalTHBHOCTBIO K HEOIAroNnpHITHBIM YCIIOBH-
SIM BbIpamuBanus [2,3] U CIIOCOOHBI CO3/IaBaTh HE

MeHee 193 paznuyHbIX BUAOB BTOPUYHBIX MeTa0o-
JIUTOB, KOTOPBIC BBIIOJHSIIOT pa3Hble (DYHKUUU B
X (HU3HOJIOTUM W B3aMMOJICHCTBUH C OKpYKaro-
mei cpeaoi. DTH MEeTa0OIUThl BKIIIOYAIOT B CEOS
(eHONbHBIE KUCIIOTHI, (pIIaBOHOUABI, TEPIICHOMUBI,
CTEpPOUIBl U a3zoTconepkamue coenuHenus [1].
OOBIYHO 370POBBIM YEIOBEYECKUH OpPraHU3M pac-
IoJTaraeT CBOCH COOCTBEHHOW BHYTPCHHEH CHCTE-
MOW aHTHOKCHJAHTOB, KOTOpas MOXeET OOpOThCs
¢ M30BITKOM CBOOOAHBIX paankajioB. OIHAKO, IpU
BO3HUKHOBEHHH YpPE3MEPHOr0 0Opa3oBaHUSA CBO-
OOIHBIX PaUKAIIOB, BAKHYIO POJIb UTPAET BHEIIHSS
4acTh aHTHOKCHAAHTHOH CHUCTEMBI, TO €CThb aHTH-
OKCHJIaHTHI, TOJTy4aeMble W3 MuImu. Tak Kak pac-
TEHHS 00JIaIat0T CII0KHONW MHOTOYPOBHEBOM CHCTE-
MOW AaHTHOKCHJIAHTHOW 3alllUThl U CIIOCOOHOCTBIO
MOJIEPKUBATh ~ BHYTPUKIIETOYHBIII  TOMEOCTas,
BKJIIOYasi (pepMEHTATHBHBIE M HeQEepMEHTATHBHBIC
KOMIIOHEHTBI, Ha MPOTSDKEHUH BCEH MCTOPUH Yello-
BEYECTBO HCIOIB30BAJIO ATH aanTallid pacTeHUN
K 9KCTpPEMaJIbHBIM YCIOBUSAM Cpefbl KaK MCTOUHUK
II0JIE3HBIX OMOAKTUBHBIX COEIMHEHUI B pa3iiny-
HBIX Qopmax [4-6]. PacTuTenbHbIC aHTHOKCHIaHTHI
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CIIOCOOHBI PETYJIUPOBATh Pa3IMYHbIC (PU3UOJIOTH-
YECKHE CHCTEMBI YEJIOBEYEeCKOTO OPTaHN3Ma U CHU-
JKaTh PUCK PA3BUTHS XPOHHUECKHX 3a00JICBAHUU,
BBI3BaHHBIX CBOOOJIHOPAIUKAIBHBIM OKHCICHHEM
[7, 8].

B wuccrnenoBannu, NpoBEJEHHOM C y4YacTHEM
JOJIeH, TOTpeOISIBIINX (DYHKITMOHATBHBIN HAITUTOK
Ha OCHOBE KHHOAQ, OBLJIO BBHISBICHO 3HAUMTEIHHOE
YBEJIIMYCHUE YPOBHEH OMOXMMHYECKUX AHTHOKCH-
JTAHTOB, TAKUX KaK CYMEPOKCUIINCMYTa3a U MEePOK-
cumasa [9].

CynepokcuanucmyTaza (SOD) u mepokcunasza
(POD) cocTaBisiOT BaXKHYIO YacTh aHTHOKCHJIAHT-
HOM CHCTEMBI PAacTEHHUH, KOTOpas MNpPeroXpaHseT
KJIETKH OT OKUCJIUTEIIbHBIX TOBPEXKIeHU . D11 (hep-
MEHTBI TIOMOTAIOT PACTEHUSM IPHUCIIOCA0INBATHCS
K Pa3JIHYHBIM CTPECCOBBIM YCIIOBHUSM, TaKUM Kak
SKCTpeMajbHbIe TEMIIEPaTyphbl, UHTCHCUBHOE COJI-
HEYHOE U3JITY4YCHHE U PYTHe areHThl OKPYKaIOIIeH
Cpenbl, CIIOCOOCTBYS UX BBIKUBAHUIO U 3JI0POBOMY
pocty [10]. CynepokcuaaucMyTasa UrpaeT KpUTH-
YEeCKH BAXHYIO POJIb B PACTEHHSIX, 0OECTIeunBas uxX
BBEDKHBAHUE U CITOCOOHOCTD aJIalITUPOBATHCS K pas3-
JUYHBIM OKPYKAIOUIUM YCIOBUSIM. DTOT (PepMEHT
MTOIIEPKUBAET IIEJIOCTHOCTH KJIIETOK, MTOBBIIIAET UX
YCTOMYHBOCTB K CTPECCY M 00ecreunBaeT HOpMaib-
HOE pOCT U pa3BuTue pactenuil. [lepokcuaaza takxke
BBITIONHSIET HEMAJIOBAKHYIO (DYHKIMIO B PAacTEHU-
X, ycTpanss nepexuch Bogopona (H,0,), obpasy-
IOLIYIOCS. B MPOIIECCE PA3IMYHBIX OMOXHMHYECKUX
peaknuii B KJIeTKax. DTOT (epMEHT CHOCOOCTBYET
oIepXKaHUI0 OajaHca MeXITy OKHCIUTEISIMH |
AHTUOKCUIAHTAMH, TMPEAOTBpaIias HaKOIJICHUE
Tokcuynoro H,O,.

UccnenoBanns mOKa3bpIBalOT, YTO 1uera, 0o-
ratasi pacTUTEIHHBIMH AHTHOKCHIAHTAMHU, MOXET
CHU3UTh PHUCK Pa3BUTUS MHOXKECTBa 3a00JICBaHUIA,
BKJTIOUAsT BOCTIATUTENLHBIC, CEPJICTHO-COCYIUCTEIE,
pak, nuaber u apyrue. ITo AelaeT pacTUTEIbHbIC
AHTHOKCUJIAHTHI BaXKHBIMU IS XUMHUOTIPO(DUITAKTH-
YEeCKUX J00aBOK M aHTUCTPECCOBOM aHTHOKCHIAHT-
HOU Teparuu [6, 11].

Takum o0Opa3oM, 3HAHHE O CHCTEME aHTHOKCH-
JAHTOB B PACTUTEIHHBIX MPOAYKTaX M JIEKApCTBEH-
HBIX PACTCHHSIX CTAHOBHUTCS UYPE3BBIYANHO IICHHBIM.

B ycnoBusix HeOCTATOYHOTO YBIaKHEHUS WITH
3aCOJICHUS 3€MeThb, YXYIAIMICHHBIX H3MCHCHUEM KITH-
MaTa, pacTeHHs] aKTUBHPYIOT AHTUOKCHUIAHTHBIC
MEXaHH3MBI JIJIS 3aIIUTHI OT CTPECCA, YTO MTPUBOTUT
K METa0OJIMYECKUM W3MEHEHHSIM. DTH H3MEHEHUS
MO3BOJISIIOT PACTECHUSIM MPOU3BOAUTH BBICOKOKAUE-
CTBEHHBIE ceMeHa U OMOCUHTE3UPOBATh IICHHBIE CO-
SIMHEHMS, UMCIOIIHE 3HAYCHNE T (DapMaIieBTUKH
U MUIIEBOM npombinuieHHocTy [12, 13].
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B Hacrosimee Bpemst pa3paboTka METOJOB, Ha-
MPaBIEHHBIX Ha YIIyYIlIEHHE CHHTE3a BTOPUYHBIX
METa0O0JIMTOB MYTEM YIIPABICHUS CTPECCOBBIMU
(akTOpaMu Npu BHIPAIIUBAHUN KOMMEPUYECKH LICH-
HBIX PacTeHUH, ABISAETCS BaXXHBIM CTUMYJIOM [14,
15]. I'mobanbuble abuoTHYEecKHE (aAKTOPbI YacTo
BO3ACHCTBYIOT Ha PaCTEHUsI OJHOBPEMEHHO, BbI3bI-
Bas KOMIUIEKC CTPECCOB, BKIIIOYast HIOHHYIO TOKCHY-
HOCTb, OCMOTHYECKOE JaBJIE€HHE, OKHCIUTEIBHOE
MOBPEKACHUE U HEJIOCTATOK IIUTATEIbHbIX BELIECTB
[16]. KommiekcHoe BO3ACHCTBHE HECKOIBKHX
CTPECCOB OJTHOBPEMEHHO MOTYT CHIIbHO OCJIOXKHHTb
YKU3HEHHBIN UK pacTeHuit [17].

Peakuuu pacrenuii Ha cTpecc 3aBUCSAT OT MHO-
JKecTBa (PAaKTOPOB, BKIIIOYAs] TUII M MHTEHCHUBHOCTD
cTpeccopa, AJUTEIbHOCTD €r0 JeHCTBHS, COCTOSIHUE
pacTteHus B MOMEHT cTpecca, U 0OCOOCHHOCTH BHUjIa
[18]. Tak, mpeacTaBUTENIN CEMEHCTBA aMapaHTO-
BBIX, Takue kak Chenopodium quinoa L, mpencras-
nsiroIme co0o0ii BaXKHBIH HCTOYHHMK ICCEHIMATIBHBIX
AQHTUOKCHIAHTHBIX PACTUTEIbHBIX METa0OJIUTOB
[19, 10], oGmagaroT OYeHb XOPOIIeH CIOCOOHOCTHIO
aJanTHpPOBaTbC K Ppa3IUYHBIM  aOMOTHYECKUM
ctpeccoBbiM (pakTopam [20, 21]. Ho coBmecTHOE
JIEHCTBHE HECKOJBKUX CTPECCOBBIX (PAKTOpOB dHa-
cTo OoJiee pa3pyLIMTENBHO, YeM KaXXIblid U3 HUX B
OTAENBHOCTH [22, 16]. DTO MoKa3zaiu HaIIKW HEJAaB-
HUE UccIIeIoBaHUs MOP(OIOTHU U aHATOMHUH (HOTO-
CHHTETHYECKUX OPTaHOB MOJIOJIBIX PACTEHUM KHHOA
[23].

Hcxons W3 BhIIIECKa3aHHOTO, JlaHHAs pabora
HalleJIeHa Ha U3y4eHUe BO3JeMCTBUA OJUHOYHBIX U
KOMOWHHPOBAHHBIX CTPECCOB Ha (pepMEHTATHBHEIE
AQHTUOKCHJIAHTHBIE MEXaHHU3Mbl B (DOTOCHHTETH-
YEeCKHX OpraHax MOJOABIX pacTeHHi jedensl. Mbl
MIPEIO0JIaraeM, YTO CTPECC BhI3bIBAET KOJIMUECTBEH-
HBIC ¥ KaUeCTBEHHbIC N3MECHEHHS TakuxX epMeHTa-
TUBHBIX aHTHOKcUAAHTOB Kak SOD u POD B pac-
TEHUSX KUHOA. DTH HW3MEHEHHUS, B CBOI OUYepElb,
MOTYT OBITh CBSI3aHBI C aJanTaiuell PacTeHHH K
CTpeccy M ONTUMH3alKell CHHTEe3a LEHHBIX (QuTO-
XMMUYECKUX KOMIIOHEHTOB, UMEIOUINX (apMales-
TUYECKYIO WM NUILEBYIO IIEHHOCTh. MccaenoBanus
B 3TO# 00JIaCTH MOTYT CIIOCOOCTBOBATH OoJiee TITy-
OOKOMYy IIOHMMAaHMIO TOTO, KaK PAacTeHHs pearu-
PYIOT Ha CTpecc, U KakuM 00pa3oM OHHM MOTYT HC-
M0JI30BATh CTPECCOBBIE (PAKTOPBI IS YIyqIICHUs
CHHTE3a IIEHHBIX OMOAKTUBHBIX COETUHEHHH.

MarepuaJjbl 1 METOABI HCCJITOBAHUS
Pacmumenvhulit mamepuain.

B n1aHHOM WCCIETOBAHUKM HCTIONB30BAIN COPT
kuHOoa (Chenopodium quinoa L.) TamKukcko# ce-
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nekimu «Baxmat»y. CeMeHa KMHOA /ISl UCCIIE0BA-
HUSI ObIIH MTpeoCcTaBlieHbI [[eHTPOM reHeTHUECKIX
pecypcoB Ta’KUKCKOW akaJeMUH CEJIbCKOXO3s5i-
ctBenHbix Hayk (L[I'P TAAC). Jns npoBeneHus
SKCIIEPUMEHTOB HUCHOJb30BaNM 40-IHEBHBIE MO-
JIOJIbIC PACTEHUsI, KOTOPbIE ObLIH Oe3 cemsiioyied U
HUMEITH YeThIpe Psijia Pa3BePHYTHIX U (DYHKIMOHH-
pyrommx JMcTheB. sl WccnenoBaHus OTOMpan
JIBa BEPXHHUX Pa3BEPHYTHIX JIUCTA M YaCTh CTEOJIS
MEXTY HUMHU.

Ycnosus pocma.

PacTenus ObUIM BBIpAIEHBI B KOHTPOJIUPYEMBIX
YCIOBUSIX B KIMMaTH4ecKoil kamepe. OcBeleHue
OCYIIECTBIISUIOCH C HCIIOJIb30BAHUEM JIIOMHUHEC-
LEHTHBIX JIAMII C MHTEHCUBHOCTBIO CBETOBOI'O IOTO-
ka 200 mukpomons/m? B cekynay (PAP) mpu ¢oro-
nepuose 16 yacos u Temneparype 25°C. CaxeHIbl
TAKXX€ BBIPAIIMBAINCH TIOA LHUPKaIHBIM OCBEIICHH-

€M, HCITONIB3Ysl KOMMEpPYECKHEe JTaMITbl Oeoro CBe-
ta, ipu hotomepuomae 10/14 yacoB, HHTEHCUBHOCTH
cBeToBoro noroka 200 MHKpOMOIB/M? B CEKYHAY
(®AP), uzmepeHHoi ¢ moMoIIbl0 Jitokemerpa LI-
205 (Li-Cor, CILIA), n ipu Temmeparype 25 + 5°C.

[Ipotiecc BeIpanuBanus HAUUHAJICS C POPALTHU-
BaHUs CeMsH B yamkax [leTpu, HanmoJTHeHHBIX TUC-
TWUTMPOBAHHOW BOJOW, B TEUEHUE 5 mHEU. 3aTeM
CaKCHIIbI IEPECAKUBAIIUCH B TUIACTUKOBBIE TOPILKHU
pasmepoM 24 cm B aiuHy, 20 cM B mupuHy u 10
CM B TIIyOuHY, 10 20 Ca)KEHIIEB B KaXKJIOM TOPIIIKE.
KaxxnpIil maacTUKOBBIM TOPIIOK MOMEIAJICS Ha OT-
JIeIIbHBIN IIJIACTUKOBBIN ITOTHOC.

CaxeHIIbI BBIPAIIMBAIKNCH B TeUeHUE 26 IHEH
¢ nob6asnenuem 50% muTarenbHOro pactBopa Xo-
rJaHga B KaKIbIM IIJJACTHKOBBIM JIOTOK. 3aTeM, B
TEUCHHUE CIeAYomux 14 nuei, mpoBOAMINCEH UCTIBI-
TaHUs ¢ 100aBJICHUEM CTPECCOBBIX areHTOB B COOT-
BeTcTBUH ¢ Tabnumei 1 (Tabmuma 1).

Ta6auna 1 — DxciepuMeHTanbHbIe yenoBus BeipamuBanus Chenopodium quinoa L.

Bapuant onbita Ha3zpanue Ha pucyHkax VYenoBus
1 KOHTPOJIb 14 nueit Ha 50% p-pa Xormanga
5 PEG 10 nueit Ha 50% p-pa Xormanga
+ 4 nust Ha 12,5% (Bec/o6bem) PEG-6000
100 Na 14 mueii Ha 50% p-pa Xornanaa + 100 mM NaCl
4 200 Na 14 nueit na 50% p-pa Xormanga + 200 mM NaCl
300 Na 14 nueit Ha 50% p-pa Xormanga + 300 mM NaCl
6 100 NaP 10 nneit Ha 50% p-pa Xornanna + 100 mM NaCl
+4 s Ha 12,5% (Bec/o6vem) PEG-6000
= o/
7 200 NaP 10 nueit Ha 50% p-pa Xormarga + 200 mM NaCl
+ 4 nust Ha 12,5% (Bec/o6bem) PEG-6000
10 nneii Ha 50% p-pa Xormanaa + 300 mM NaCl
8 300 NaP + 4 s wa 12,5% (Bec/o6bem) PEG-6000

Jns aHanM3a aKTUBHOCTH aHTHOKCHIAHTHBIX
(hepMEHTOB OBLTH TPEATTPUHSITHI CIICTYIOITIE MIATH:

1. Coop ¥ mOAroTOBKa OOpPAa3IOB: 3aMOpO-
JKEHHBIE TI00ern pacteHuit Maccoir 0,3 T ObUIH
romorennsupoBansl B 0,1 M tpuc-HCI (pH 7,4),
cogepkamieM 1| MM gutnorpeutona (JATT) u 0,5
MM dernnmeruncyabpormndropuga (PMCD) B
JAMCO. I'omoreHm3aIus MpoBOIMIACH C UCITOJIB30-
BaHUEM MPEABAPUTEIBHO OXJIAKIACHHOM CTYNKH U
nectuka. [lomydeHHble roMOreHaTsl ObIIM LEHTPU-
¢yruposans! ipu 4°C u 10000 g B Teuenue 15 mu-
HyT. CynepHaTaHT (BEpXHUH CIIOH) HCTIOIB30BAJICS
IUIs TpoBeieHus! GepMEeHTHBIX aHaau30B. Coxepxka-
Hue Oelka B cylepHaTaHTe OINPeesyIoch [0 METO-
ny bpandopaa, ucnonssyst ObIYMI CHIBOPOTOUHBIN

anpOymuH («Sigma-Aldrichy, CIIIA) B kxauectBe
crangapra [17].

2. Omnpenenenue aKTUBHOCTH CYNEPOKCHIANC-
myTasbl (SOD): AxtuBHOcTe SOD ompenensiacsk
C HCIIONIb30BAHUEM PEAaKIIMOHHOW CMECH, BKJIIOYAs
0,1 M tpuc-HCI (pH 7,8), aurpocunero terpaso-
must (NBT, xoneunas xonmentparust 50 MmxM), 10
MM L-metnonuna, 0,025% Tpuron X-100, 3 MmxM
pubodnasura n 100 MK hepMEHTHOTO SKCTpaKTa
cormacHo MeTtony bomamma m @pupoBmua [24].
AxtuBHocts CO/] Bripakanacek B equnauiax (U) Ha
MuuMrpamm Oenka (Mr-1 Oenka).

3. AxtmBHOCTH mnepokcuaazsl (POD; EC
1.11.1.7) usmepsnu, HaOmonas yBeTUYEHHE IO-
rnouieHus npu 470 HM BO BpeMsi OKUCJICHUSI IBasi-
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koza [18]. Peaknuonnsiii pactsop coaepxan 0,1 M
Tpuc-HCI (pH 7,4), 7 MM rBaskona, 4 MM H202
u 20—40 MK epMEHTHOTO 3KCTPaKTa. AKTUBHOCTb
BBIPYKAJIM B MKMOJTb TBasiKOJIa(MUH MT OeIlKa).

PeByJ’[BTaTbI u oﬁcymelme

PesynbTaTthl  MCClEOBaHUS TIOKa3ajH, YTO
CTPECCOBBIE YCJIOBHUSI OKa3bIBAIOT Pa3HOOOpazHOe
BO3JICHCTBHE HAa AaKTUBHOCTh aHTHOKCHJIAHTHBIX
(hepMeHTOB B pacTeHUsX kuHoa (PunyHOK1).

W3 naHHBIX, MpenCTaBICHHBIX Ha pUCYHKE |
CJIEyeT, YTO OCMOTHUYECKUH CTpecC HE OKa3all BH-
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OUMOro BiausHUS Ha akTUBHOCTEL SOD u POD mo
OTHOIIEHHUIO K KOHTPOITIO.

Brersisneno, uto aktuBHOCTH SOD ocTaBanach
Ha YpPOBHE KOHTPOJBHBIX 3HAYCHUW NP KOMOUHHU-
poarnHOM ctpecce 100 MM NaCl + PEG. I1uk mak-
cumaiibHOM aktuBHOCTH SOD 1 POD 0bL1a 00HApY-
skeHa pu KoHuenTpauuu 200 MM NaCl B ycnoBusix
COJIEBOTO ¥ KOMOMHHPOBAHHOTO CTPECCOB, HO TPH
KOMOMHHPOBaHHOM CTpecce aKTUBHOCTH 3THX (hep-
MEHTOB ObIJla 3aMETHO BbIIe. Bo BceX ocTanbHBIX
BapHaHTaX OMBITA OTMEUYCHO CTATHCTUUCCKH 3HAUN-
MO€ CHW)XEHHE (PepMEHTATHBHON aKTUBHOCTU KaK
s SOD, Tak n st POD.

—N] 4
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BapHaHTsI CIIBITa
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AxTHBHOCTE POD, mMol/mg protein
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6

Pucynox 1 — V3MeHeHHe aKTUBHOCTH aHTHOKCHIAHTHBIX ()EPMEHTOB OT CTPECCOBBIX YCIIOBHIA:
a. cynepokcuamucmyTasa (SOD); 6. mepokcuaaza (POD)
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Hwuskass akTHBHOCTH ()epMEHTOB NPH HEBBICO-
KOM YPOBHE CTPECCOBOT'0 BO3ICHCTBHUS MOXKET OBITH
CBSI3aHO KaK C HAJIWYHEM HEOOJBIIOr0 KOHCTHUTY-
TUBHOTO MyJa epMeHTa, TaKk U ¢ TeM, YTO IPH OT-
HOCHUTEIFHO HU3KOM YPOBHE cTpecca 3TH (hepMeH-
ThI HE UTPAIOT CYIIECTBEHHON POJIM B Pa3IOKECHUH
nepekucH B nmoderax. 7ax, aHATOTHYHOE CHUKEHUE
aKTUBHOCTH aHTHOKCHUIAHTHBIX ()EPMEHTOB IIPH 3a-
COJICHUH TOKa3aHO JJISi HEKOTOPBIX COPTOB KHWHOA
[25, 20].

Kax mpaBwuiio, BeICOKass akTUBHOCTH 3THX (ep-
MEHTOB SIBJISCTCSl aJalTHBHBIM MEXaHHU3MOM U
yKasbIBaeT Ha Oosiee d((EKTUBHYIO 3alUTy KIle-
TOK OT TIOBPEIKJICHUH, BBI3BAHHBIX CBOOOHBIMH
paauKagaMu U OKUCIIUTENBHBIM cTpeccoM [26, 27].
YBenuueHne akTUBHOCTH TPU KOMOWHHUPOBAHHOM
ctpecce 200 MM NaCl + PEG, BeposiTHO, obecrie-
YMBAaeT CHUHTE3 HOBBIX MOJEKYJ] (pepMEeHTOB WM
M30(EpPMEHTOB. DTOT CHHTE3 MOT OBITh HHUITUHPO-
BaH CaMUM O0pa3yroIMMCs MEPOKCHIOM B CBSI3H
C M3BECTHOM CHTHAJBHOM POJIBIO ATOTO BELIECTBA.
OTMmedeHHBI THK (EepMEHTaTHBHOW aKTHBHOCTH
MO3BOJISICT TIPETOIOKHTE, YTO 3Ta HHTEHCHUBHOCTh
cTpecca MOKET OBITh MOTEHIMAIBHO KPUTHYHON
JUISL MOJIOZIBIX PACTEHHUM KUHOA, U AalIbHEHIIEE yBe-
JMYCHHUE CTPECCOBOM HATPY3KH MOXKET MPUBECTH K
HEOOpaTUMBIM M3MEHEHUsM [16].

OTMEUYEHHOE CHW)KCHHE AaKTHBHOCTH (epMEH-
TOB TpPU TIOBBIIICHUU CTPECCOBOTO BO3/CHCTBHS
MOYHO OOBSICHUTH YPE3BBIYAHO BBICOKUM YPOB-
HeM ADK nimm ux OBICTpON MHAKTHBAITHEH B XOJE
Katanusupyemon peakuuu [20].

Ha ocHoBaHMM paHee MPOBEACHHOI'O HAMHU HC-
ciemnoBaHus [23], TMOCBSIIEHHOTO MOPGOPU3HOIO-

THYECKAM O0COOEHHOCTSIM KMHOA, OBIJIO yCTaHOBIIE-
HO, YTO IIPHU HCIIOJIb30BAHUHM KOHIICHTPAIMU COJIU
200 MM NaCl napymarorcsi ”HAMBHIYyalbHbIC Me-
XaHW3MBI aalTalrl, B TO BpeMs Kak Ipy KOHIIEH-
tpauuu 300 MM NaCl HaOro1ar0TCsl 3HAUNUTEIIBHBIC
W3MEHEHUsS] B BOJAHOM OajaHce pacTeHHH, CBsI3aH-
HBIC C CTPYKTYPHBIMH MTOBPEKICHUSIMH KIIETOK.

3akIouyenne

Takum 00pa3om, MOXKHO clenaTh BBIBOJ, UTO
BO3/IEMICTBHE OJMHOYHOTO CTpecca OKa3aloch Me-
Hee CYIIECTBEHHBIM IO CPaBHEHHIO C IPPEeKTOM
KOMOWHHMPOBAHHOTO CTpecca, a pe3yJIbTaThl, MOIy-
YeHHbIE TIPU KOMOWHUpPOBaHHOM Bo3zeiicTBun 200
MM NaCl + PEG, cBHIETENBCTBYIOT O TEpexojie
0T 3ycTpecca («IIOJOXKHUTENbHBINY) CTpece, croco0-
CTBYIOIIMH afaInTalunm) K JucTpeccy («OTpULIaTeIIb-
HBII» CTPECC, BBI3BIBAIOIINI HAPYIIICHUSI) Y MOJIO-
JIBIX pACTEHUH KHUHOA.

BrIABIEHHBIE 3aKOHOMEPHOCTH B N3MEHEHHH
AKTHUBHOCTH (DEpMEHTATUBHBIX AHTHOKCHJIAHTOB
110J] BO3/IEMCTBUEM OJIMHOYHOTO U COYETAHHOI'O
cTpecca CHOCOOCTBYIOT JydlleMy IOHUMaHHUIO
MEXaHU3MOB CTPECCOYCTOMYMBOCTU KHHOA. Tak
KakK HM3y4aeMble AHTHOKCHUAAHTBl MOTYT HaWTH
NIPUMEHEHHE B IPOU3BOACTBE IHIIEBBIX MPO-
IYKTOB U B (papMakoJoruu, yiydiias KadecTBO
MPOAYKUUU U OOecrevynBas 3aluTy OT OKHCIIH-
TEIBHOTO CTpecca, MOJyYEeHHbIE HAMH pe3yJIbTa-
Thl MOTYT TOCIYXKHTh OCHOBOH JJisi pa3paboTKu
METOJIOB II€JIEHAIIPaBIECHHOIO CUHTE3a MOJIE3HbBIX
(hepMEHTOB-aHTHOKCUIAHTOB PacTUTEIBHOTO
MIPOUCXOKEHUS.
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JIoJKeH cocTaBiATh He MeHee 1 500-7 000 c1oB Ui eCTeCTBEHHOHAYUHBIX M TEXHUUYECKUX HAIpaBICHUN.

v' Tlpu nojade CTaTbH aBTOPHI JOJDKHBI OTIPABHUTDH 3alOJHEHHYIO 3asBKY, CONMPOBOMUTENBHOE MUCHMO M PYKOIMCH CTAThH,
0(opMIIEHHYO TIO HIDKEYKa3aHHBIM HPaBHIIaM.

v Asropsl B OBSA3ATEJIBHOM nopsizike JTOJKHBI yKa3arh B CONMPOBOAMTEILHOM THchMe B cucteme Open Journal System
wmn Editorial Manager o Tom, uTo HanpasisieMasl CTaThs/pyKOIICh HUTAE paHee He IMyOMKoBalack, M YTO B CTaTbe OTCYTCTBYIOT
3aUMCTBOBAaHHbIE ()parMEHTHI TEKCTa U3 IPYIHX paboT Oe3 CCHUIOK Ha HUX.

v' TIOpAIOK OIUIATHI M CTOMMOCTD 32 TTyONHUKAIMIO CTAThH yCTAHABIMUBAETCS M3IATENBCKUM JoMOM «Kasak YHHBEpPCHTET» U
MPOU3BOJIUTCSI ABTOPOM TIOCIIE 0Z00PEHHS] BHEITHUMH PEIIEH3eHTaMH 1 HayYHBIM PEIaKTOPOM.

CTpyKTypa cTaThu:
PaGotel, oopmieHHBIE €3 COOMIOIEHNS STUX MPABUII, BO3BPAILAIOTCS 03 PACCMOTPEHHSI.

Ilepsaa cmpanuya:

IlepBasi crpoka — Homep MPHTHU
Ha3Banmue crarbu (3arojioBok)
ABTOpP(BI) CTATBH

Opcua ID Homepa aBTOpOB
Coxpanienusi 1 0003Ha4YeHHSs
AHHOTAIUS

KiroueBbie ¢/10Ba/c/10BOCOYCTAHUS

IlepBasi crpoxka — nomep MPHTH (B ncximountensHbix ciydasx Y/IK), BeIpaBHHBaHHE — IO JIEBOMY Kparo, MpUPT —
nonyxupasiii. Homep MPHTU HeoGxonnmo HaliTu Ha caiite http://grnti.ru/.

Ha3Banmue cTaTbu (3arojioBoK) JOJDKHO OTpaXkaTh CYTh U COJEP)KaHUE CTAaThU M NPUBJIEKaTh BHUMaHHe untaressi. Ha3paHnue
JIOJDKHO OBITh KpaTKUM, HH(OPMATHBHEIM U HE COJEPIKaTh KAProHN3MOB WK ab0peBuatyp. OnTUManbpHas JUIMHA 3arojiloBKa — 5-7
cJI0B (B HEKOTOPBIX cirydasx 10-12 cio). Ha3Banne cTaTbu JOJDKHO OBITH MPECTABICHO HA PYCCKOM, Ka3aXCKOM M aHITIMHACKOM
s3pIKax. Ha3BaHue craTthy IpeCcTaBIsIeTCs MOMY)KUPHBIM IIPU(GTOM CTPOUYHBIMU OyKBaMH, BEIPABHUBAHHE — I10 IIEHTPY.

v ABTOP(BI) CTATHH — KOJIUYECTBO ABTOPOB HE OTPAHUYEHO. B CIMCOK JOMKHBI BXOIUT JaHHBIE aBTOPOB, KOTOPHIE MMEIOT
IpSIMOE OTHOIICHHE K HAIMCAHWIO CTAaThH, T€ KTO BBIMOJHSUI AKCIEPUMEHTHI M MOJyYHII JaHHBIE U PEe3yJbTaThl, OTPAKECHHBIC B
CTaTbhe, TE KTO SIBIISICTCS] aBTOPOM OCHOBHOMW HMJICU ITyOIHKaIIUH.

CeeneHust 00 aBTOpax MPEJCTABISIFOTCS OOBIMHBIM IIPU(PTOM CTPOYHBIMM OyKBaMH, BBIPAaBHHBaHHE — IO LEHTPY.
[prHaAICKHOCTH aBTOPOB K OTPEICICHHOMY MECTY pabOThI YKa3bIBACTCS B BUE HAJACTPOUHBIX HHACKCOB 10 hammiinu 3 ABTOpPBI
U3 OJHOW W TOW e OpraHM3allH YKa3bIBAIOTCS TIOJ OJAMHAKOBOW HajcTpouHou mu¢ppoit. s aBropoB KasHY obs3arambHOE

ykazanue ID nomepoB ORCID ¢ ucnonb30BaHUEM THUINEPCCHUIKA B 3HAYKE @ , JUISL aBTOPOB CTOPOHHUX OpraHu3aluid 1o
sKenaHnio. KoppecnoHIeHTHBIN aBTOp 0TMEYAETCs HAJICTPOYHBIM 3HAKOM™.

"Munumanet u hamvunust, *MHunmae: 1 hamunus™
'MecTo pabotsl (adduinaiust), crpata, TOpos
2mecto paborsl (adduirarms), crpaHa, ropoj
*KoppecrnoHJeHTHBIN aBTOp — e-mail

KOppeCHOHZ{eHTHLIM AaBTOPOM SABJISIETCS TOT aBTOP, KOTOpBIﬁ BCJICT MEPEIUCKY C penakuneﬁ J10 U IIOCJIC M€YaTu U OTBEYACT Ha

BCEC 3aMCYaHus U UCIIPABJICHUS 110 CTAThHE. Baxno yKazatb ﬂeﬁCTByIOH_IPIﬁ SHGKTpOHHLIﬁ aZp€C MU KOHTAKTHBIC JAaHHBIC IPU IOJAa4u1
CTaTbU.
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1. CoxpaumieHus 1 0003HAYEHHS — €CIIU UMEIOTCSL.

v' Aunotauusi o6beMoM He Menee 150 ciioB, He 6osiee 300 CJIOB Ha PYCCKOM, Ka3aXCKOM U aHIVIMICKOM A3BIKAX.
o Crpykrypa anHotanun Bkiarodaet B cebds cnenyronme OBSI3ATEJIbHBIE nyHkThI:

1. BerynuTenbHOE CI0BO O TeMe UCCIIEIOBAHUS.

2. Llenb, OCHOBHBIE HAINPABIEHHUS U UAEH HAYYHOTO UCCIICOBAHMUSL.

3. Kparkoe onricanvie HayYHOH U MPAKTUYECKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanyue METOI0J0THH UCCIIEIOBAHUSI.

5. OCHOBHbIE Pe3yJbTAThl U AHAJIN3, BHIBOJIBI HCCIIEIOBATEIBCKON paOOTHI.

6. LleHHOCTH IPOBEICHHOTO MCCICIOBaHMS (BHECECHHBIN BKJIA]] TAHHOW paOOThI B COOTBETCTBYIOIIYHO 00JIACTh 3HAHUH ).
7. IlpakTmyeckoe 3HaYCHHE UTOTOB PAOOTHI.

v' KiioueBble CJI0BA/CJI0BOCOUETAHUSI — KOJIMUECTBOM 3-5 Ha PYCCKOM, KA3aXCKOM M aHTIIMHCKOM SI3bIKaX.

Hocnedyrowan cmpanuya (nosas):
Beenenune

Marepuajbl u MeToabl
Pesynbrarel n O0cyxaenue
3akiI0ueHne, BbIBOJbI
Baaropapnoctn

Hctounuk puHAHCUPOBAHUSA
Konduauxkr narepecos
Jlureparypa

BBeeHue COCTOUT U3 CIEAYIONMX OCHOBHBIX 2JIEMEHTOB:

v' OGocHOBaHWE BBHIOOPA TEMBI; aKTYyalLHOCTh TEMbI WM NpobiieMbl. B 000cHOBaHNM BHIOOpA TEMBI HA OCHOBE OMMCAHUS
OTBITA MPENNICCTBCHHUKOB COOOMIACTCS O HATMYHK MPOOIEMHOM CUTyaIiu (OTCYTCTBHE KaKUX-JIMOO HMCCIICIOBAHUIA, TIOSIBICHUE
HOBOTO O0BEKTA U T.JI.). AKTYaJIbHOCTh TEMBI OIPENENISCTCS OOIUM HHTEPECOM K U3YYCHHOCTH JAHHOTO 00BEKTa, HO OTCYTCTBHEM
HMCYEPIBIBAIONINX OTBETOB HA MMEIOLIMECS BOIIPOCHI, OHA JOKA3bIBAETCS TEOPETUUYECKON MIIM MPAKTUUYECKON 3HAYUMOCTHIO TEMBI.

v' B ceKuuu D0/KHBI ObITH OXBadeHbl (DyHIAMEHTABHBIE W HOBBIE TPY/IBI M0 MCCIEAYEMON TEMATUKE 3apyOekKHBIX aBTOPOB
Ha aHTIIMIICKOM si3bIke (HEe MeHee 15 Tpy[oB), aHa M3 AaHHBIX TPYIOB C TOUKH 3PEHUSI MX HAYYHOTO BKJIAJa, a TAKKe MPOOEITbl B
HCCIIeIOBaHNU, KOTOpBIe BEI TomonHsieTe B cBoei craThe.

v' Omnpenenenre o0beKTa, MpeaMera, ILeNied, 3a1ad, METOIOB, TOAXOAO0B, TUIOTE3bl M 3HaueHHs Bauiedl paborel Llennb
HCCIICIOBAaHMsI CBSI3aHA C JIOKA3aTeIbCTBOM TE3HCA, TO €CTh MPEACTABICHHEM IMPEIMETa HCCIICIOBAHUS B M30pPAaHHOM aBTOPOM
acIieKTe.

Marepuanabl 1 MeToabl — JODKHBI COCTOSITH W3 ONMCAHMS MaTepHajoB M Xoia paboThl, a TAaKKe ITOJHOTO OIHCAHMS
HCIOJIb30BAHHBIX METOJIOB.
v’ XapakTepuCTHKa MM OTICAHIE MaTepuajia HCCIE[OBAHNUS BKITIOUAET €r0 MPEICTABICHHIE B KAYECTBEHHOM U KOJIMYECTBEHHOM
OTHOIICHNH. XapaKTepUCTHKa MaTepraja — OUH N3 (JaKTOPOB, ONPEACIISIONINH JOCTOBEPHOCTE BBIBOIOB M METO/IOB HCCIICIOBAHMS.
v’ B 9TOM pasiene OMKMCHIBAETCs, Kak TMpoOneMa Obuta W3ydeHa: moapoOHas wH(opMmanus Oe3 MOBTOPEHUs paHee
OITyOJIMKOBAHHBIX YCTAHOBJICHHBIX IPOLENYP; HCIIONB3yeTCs HASHTU(GHKAIUS 000pyJoBaHHs (IPOrPaMMHOTO OOECIIeueHus) n
OIMCaHNe MaTepUajIoB, C 00sI3aTeEHBIM BHECEHNEM HOBH3HBI IIPH HCIIOJIb30BAHIH MaTEePUaoB U METO/IOB.
Hay4Hast MeTO0I0THsI TOJDKHA BKJIIOYATh B CEOs:
- ICCIIE/IOBATEIILCKUIT BOIIPOC(-BI);
- BBIIBUTAEMYIO THITOTE3Y (TE3HC);
- 9TaIlbl UCCIIEIOBAHNUS;
- METO/Ibl HCCIIE0BAHNUS;
- pe3yabTaThl UCCIEIOBAHMUS.
HEJZIOITY CTUMO Hanu4ne MHOXECTBa CCBUIOK, HE HMEIOIINX OTHOIICHHUS K paboTe, MK HEYMECTHBIE CY)KAEHHS O BaIlINX
COOCTBEHHBIX JJOCTH)KEHHUSIX, CCHUIKH Ha Bamm npenpiymue padboTsl.

AV NN N NN

Pe3y.m,TaT1,1 u Oﬁcy;wlelme — [IPUBOAUTCA aHAJIU3 U 06Cy)KZ[eHI/Ie NOJYYCHHBIX BaAMU PE3YJbTATOB UCCIICAOBAHUS. HpI/IBOZ[ﬂTCSI
BbIBOJY IO IOJYYCHHBIM B XOJAC UCCICHOBAHHS PE3yJbTaTaM, PAaCKpPbIBAE€TCSA OCHOBHasA CYTb. W 3T0 0oMH M3 CaMbIX BaKHBIX
pas3aciioB CTaTbu. B Hem H€O6XOZ[I/IMO IIPOBECTU aHAJIU3 PE3YJIbTATOB cBoeH pa60TLI u o6cy>1<,z[eH1/Ie COOTBETCTBYIOIIUX PE3YIbTATOB
B CpaBHEHHU C NPEAbITYITUMU pa60TaMI/I WHOCTPAHHBIX U OTCYETCBCHHBIX aBTOPOB, aHAJIM3aMU U BbIBOJJaMU.

3aki0ueHne, BHIBOIBI

O000IICHHEe U TOABEJACHUE UTOTOB pabOThl HA JAHHOM 3Talle; MOATBEPKICHUEC MCTUHHOCTU BBIJIBUTAEMOTO YTBEPXKICHHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKIFOUCHHE aBTOpa 00 M3MEHCHHUH HAYyYHOTO 3HAHUS C YYETOM MONYUYCHHBIX PE3y/bTaTtoB. BeIBOIBI He
JIOJDKHBI OBITh a0CTPAKTHBIMHU, OHH JIOJDKHBI OBITh HCIIONB30BaHBI JIJIsl 000OIICHNUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM WM WHON
HAyYHOU 00aCTH, C OMMCAHUEM MPETIOKEHHII HITH BO3MOXKHOCTEH JabHEHIIEH padoThI.

CrpyKTypa 3aKII04eHUs I0JIKHA COIePKaTh CleyIole Bonpochl: KakoBbl e U MeTobl uccnenoBanus? Kakue pesynbsrars
nony4eHbl? KakoBbl BEIBO/IbI? KaKkoBBI MEpCHEKTUBBI M BO3MOKHOCTH BHEIPECHUSI, IPUMECHEHHS pa3padoTKu?
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KoH(uIMKT HMHTepecoB — »eJlaTelbHO yKa3aTh HMeEIomuecs KOH(QIMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTeJIbHO MaTepuajIoB cTaTbi. ECIM HET HUKaKUX KOH(IMKTOB K OIMyOIMKOBAaHUIO MATEPHANIOB B CTAThe, yKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaropapuocrn — IlepeuncnuTe Jitonei, KOTOpbIe OKa3aJld MOMOIb BO BpEeMs HCCIEIOBAaHUS (HarpuMep, MPefoCTaBIIN
MOMOIIIb B IEPEBOJIE, TUCHMEHHYIO OMOIIb WIIH TIPEIOCTABHIIN MaTepuas/o00pya0BaHue Ui paboThl U T.1.)

Hcrounuk ¢unancupoBanus — Crexyer ykasaTb B paMKax Kakoro MpOEKTa WM IporpaMMbl OblIa BBIIIOJIHEHA padoTa,
yKa3arb TOJl U HOMEP JI0roBOpa o NPOEKTY/IIporpamMmme.

Jluteparypa

CrmcoK MCTob3yeMoil uTeparypsl, win bubnuorpaduuecknii CIUCOK COCTOUT W3 HE MeHee 25 HaMMEHOBAHHUH JIUTePaTyphl
JUISL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHX HAIPAaBICHUH U U3 OOIIEro 4ncia HAMMCHOBAHMN Ha aHIIMHCKOM S3bIKE JOJKHO OBITH
He meHee 50%.

JUi1s eCTeCTBEHHOHAYYHBIX CTaTeH CChUIKM OhOPMIIIIOTCS B KBaIPATHBIX CKOOKAX C YKa3aHHEM HyMEpalUH [0 Mepe MOsIBIISCHHS
HUTHPYEeMBIX paboT B Tekcte. CTuiib odopmieHus crucka autepatypsl cortacio [OCT 7.1-2003 «bubnuorpaduyeckas 3amuch.
bubnuorpadpuyeckoe onucanue. OOiue TpeOOBaHus U IpaBUiia COCTaBICHHs» (TpeOoBaHHe K M3IaHHUIM, BXOSIIUX B MEpeYeHb
KKCOH).

[Hanee cnenyet BTopoii crincok nuteparypsl (References, koTopblif go/mkeH ObITH MpegoCTaBlIeH B ApYyroil popMe, TO ecTh —
pomaHH3upoBaHHBIM andasutom (TpaHciutepais). References TOJIBKO Te paboTsl, KoTOpbIe UTHPYIOTCS B TekcTe. Reference
oopmitsiercst B anaBUTHOM mopsiake!

PoMaHU3MPOBaHHbIH CIUCOK JINTEPATYPbI JOIDKEH BBINIAACTH B CIEAYIONIEM BHUAE /Ul HCTOYHUKOB Ha KMPUILTHIE: aBTOP(-bI)
(TpancauTepanys) — (rof B KpyIIbIX CKOOKax)—Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [[I€PEBOJ HA3BAaHMS CTaThbU
Ha aHIVIMHCKUIL SA3bIK B KBA/IPATHBIX CKOOKAX ], HA3BaHUE PYCCKOS3bIYHOTO HCTOYHUKA (TPAHCIUTEPALMS, MO0 aHIINIICKOE Ha3BaHUe
— €CJIH €CTb), BHIXOIHbBIE IJaHHbIE ¢ 0003HAYEHUSMU Ha aHIJIMHCKOM SI3bIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb odopmiiennss POMaHH3MPOBAaHHOTO CIMCKA JINTEPATYPhl N3 HCTOYHUKOB HA aHIIMICKOM (JIPYroM HHOCTPAHHOM) SI3bIKE
JUTS1 €CTeCTBEHHOHAYYHbIX U TeXHUYecKuX Hanpasnenunii — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0UMO YUeCTh:

- IlutupyroTcs OCHOBHbIE Hay4HbIe IyOJIMKAllMM, MEPEeOBble METOABI MCCIEN0OBaHMs, KOTOPbIe NMPUMEHSIOTCS B JaHHOMN
00s1acTy HayKu M Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- U30eraiiTe upe3MEpHBIX CAMOLIMTHPOBAHHM.

- MU30eraiite upe3mepHbIx ccbiiok Ha myOmukamuu aBropoB CHI/CCCP, ucnonssyiite muposoii omsit (Pubmed, Web of
Science). He creyer cchuiaThCst Ha SHIMKIIONEANH, MOHOTpad MK, TUCCePTALIMU U MAaTEePUaIbl, Ha KOTOPbIE HET OOIIEero A0CTyIa.

- bBubnuorpaduuecknii Ciucok JOMKEH conepkarb (QyHIaMeHTaJIbHble U HauOosee aKTyalbHbIe TPYAbI, OMYOINKOBAHHbIC
U3BECTHBIMH 3apyOeKHBIMH aBTOPAMH M HCCIIEI0BATEISAMHU 110 TEME CTAThH.

Croumocts mydaukanuu — 2000 TeHre/cTpaHuia
PexBu3nTBI:

Hexommepueckoe akunonepHoe o0mecTBo «Kazaxckuii HAMOHANBHBIN yHUBEpCUTET UMeHH Anb-Dapaduy
Hugexc 050040

azapec: . Anmarsl, mmp. anb-®apadu 71

BUH 990140001154

KBE 16

AO «First Heartland Jysan Bank»

NHMK KZ19998CTB0000567141 — Tenre

NHMK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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