ISSN 1563-034X; eISSN 2617-7358

OJI-OAPABU ateinparst KASAK ¥YJITTBIK YHUBEPCUTETI

XABAPIIIDBI

OKOJIOTHS CepUsICHI

KA3AXCKHWI HALIMOHAJIbHBI YHUBEPCUTET umenn AJIb-®APABU

BECTHHUK

Cepust sKoOTHYECKast

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EURASIAN JOURNAL

of Ecology

Ne2 (71)

AMaTel
«Kazax yHuBepcuTeTi»
2022



KazNU Science - Kaayy Fbmme\-HayKa KasHY

. XAbAPLLIbI

OKOJIOI'US CEPUSCBHI Ne2 (71) mayceim

ISSN 1563-034X; eISSN 2617-7358

>
I"

XABAPWHbI
BECTHMK
EURASIAN JOURNAL

I oz

04. 05. 2017 xc. Kazaxcman Pecnybnuxacvinviy AKnapam s#cane KOMMYHUKAYUS MUHUCIPIIZIHOE MipKeTeeH

Kyanix Ne 16501-)K

JKypnan srcounvina 4 pem sicapvikka uibleadst
(Haypwi3, MaycoiM, KbIPKYUEK, HCeNmoKcam)

KAYAINTHI XATHIBI
HOpuxosa O.10., PhD, cr.npenosaBarens,
E-mail: oksana.yurikova@kaznu.edu.kz (Kazaxcman)

PEJAKLUS AJIKACBI:

3asnan B.K., 6.F.1., npodeccop, KP ¥YFA akanemuri,
(FpUIBIMU penakTop) (Kazaxcman)

Koaym6aesa C.)K., 6.F.1., npodeccop (FBUIBIMH PEAAKTOPIBIH
opbinbacapsl) (Kazaxcmar)

Ky6anoBa A.A., 6.r.11., npodeccop (Kazaxcmar)
HlanaxmeroBa T.M., 6.f.1., mpodeccop (Kazaxcmar)
Ken:xebaena C.C., 6..1., npodeccop (Kazaxcmar)
Arab6aeBa C.JIx., 0.r.1., mpodeccop (Kazaxcman)
CapnpipoBa I A., 0.7.1., npodeccop (Kazaxcman)
AouueB C.K., 6.r.1., mpodeccop (Kazaxcman)
Taxu6aesa T.JI., 6.F.x., npodeccop m.a. (Kazaxcmar)

Mamuaos H.I., 6.f.x., noueHt (Kaszaxcmar)
Huenosa 3.A., 6.F.k., nouent (Kazaxcmar)
Kymnapenxo C.B., 6. x., nonenr (Kasaxcman)
Jurens U., PhD noxropsl, mpodeccop (I epmanust)
Matopun /1., 6.F.1., npodeccop (Peceir)

Paxman E., PhD, npodeccop (Kvimatr)

Tamo Tanysi, PhD, npodeccop (Kanonus)
Annaxsepaues Cyaeiiman, 6..1., npodeccop (Pecetr)
Kapumos b., 6.r.1., npodeccop (Ozbexcmart)

TEXHUKAJIBIK XATIIbI
AxmetoBa I'.A., oksITymst (Kasaxcman)

DKOJIOTHUS CepHsICHl KOPILIaFaH OPTaHbI KOPFAy *KOHE KOpIIAraH OpTara aHTPOIOTeHIK (paKkTopIapabiH ocepi,
KOpIIaraH OpTa JIaCTAayIIbUIAPBIHBIH OHOTaFa JKOHE TYPFBIHIAP ACHCAYIbIFbIHA OCEpiH Oaraay, OMOIOTHSIIBIK
AIyaHTYPIUTIKT CaKTayAblH ©3€KTi Mocesenepi OarbITTapblH KAMTH/IBL.

2 Crossref d

O pepe ccpasmmam v Content
vorpk Registration
KA3AK
YHHUBEPCHUTETI

BACMA Y#I

7Koda menekepi

Tynomupa [llaxkkosoea

Tenedon: +7 701 724 2911

E-mail: Gulmira.Shakkozova@kaznu.kz

Komnslorepae 6erreren
Atieyn Anoawesa

JKypnan asmopnvix pedaxyusmen Jcapblkka ublKnsl

DIGITAL

) POCCUVCKIN MHAEKC
HAYYHOTO UMTUPOBAHWSE

Science Index

4
HauuoHanbHeIi ueHTp
rocyaapcTeeHHoi
HaYUYHO-TeXHUUeCKOH
akcnepTuas

TTimimi 60x84/8. Kenemi 9,3 6.1.

On-Dapabu arbinaarsl Kazak yaTThIK YHUBEPCUTETIHIH
«Kasak yHuBepcureti» Oacna yifi.

050040, Anmars! Kanacsl, an-Dapabu 1aHFbUIEL, 71.
«Kazak ynuBepcureri» 6acna yiiHiH OacnaxaHachlHaa
6achI/Ibl.

© On-dapadu arsiHnarsl Kaz¥V, 2022



KOPIIAFAH OPTAHBI KOPFAY
"KOHE KOPIIIAFAH OPTATA
AHTPONOTEHAIK ®AKTOPJIAPIBLIH OCEPI

ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY

BO3JIENCTBUE HA OKPYKAIOIIYIO CPEY
AHTPOIIOTEHHBIX ®AKTOPOB
U 3AIIIUTA OKPYKAIOIIEN CPE/IbI



ISSN 1563-034X; eISSN 2617-7358 Oxomnorus cepusicel. Ne2 (71). 2022 https://bulletin-ecology.kaznu.kz

IRSTI 68.31.26; 68.31.27 https://doi.org/10.26577/EJE.2022.v71.12.01

a

Fin
E. Kholmatov', A.Kh. Karimov>" ** |
R. Kurbantaev?, Kh.Kh. Kushiev*

!Technological Institute, Uzbekistan, Tashkent
*National Research University, Tashkent Institute of Irrigation
and Agricultural Mechanization Engineers, Uzbekistan, Tashkent
3Institute of Soil Science of the Academy of Sciences of the Republic of Uzbekistan, Uzbekistan, Tashkent
4Gulistan State University, Uzbekistan, Gulistan
*e-mail: akmalkarimov040@gmail.com

ASSESSMENT OF EVAPOTRANSPIRATION
OF LICORICE UNDER SALINE ENVIRONMENTS:
CASE STUDY FROM GALABA FARM, UZBEKISTAN

Land salinization is widespread in countries of the arid zone, including in the Aral Sea basin, where
4 million hectares of irrigated land are salt-affected, causing high economic losses. Current saline soil
reclamation practices include soil leaching and deep drainage to remove excess water outside the irrigat-
ed zone. Growing pressure on limited water resources makes this practice ineffective. An alternative is
biological methods of salinity control, which are not widely used in the region. In this study, the licorice
plant was considered a potential crop for restoring the fertility of salt-affected soils. The study has two
objectives: (1) to assess evapotranspiration from licorice fields, and; (2) to track changes in soil chemical
properties as affected by the cultivation of licorice on irrigated land. The results of the study indicate high
evapotranspiration from licorice fields under irrigation. The total amount of soluble salts may increase
in the soil profile; however, after more than 10 years of cultivation of the crop, no accumulation of toxic
salts has occurred and there was no deterioration in the chemical and water-physical properties of soils,
while at the same time soil fertility has increased.

Key words: Soil salinization, Aral Sea basin, licorice, biological reclamation, soil fertility.

E. XoamatoB!, A.X. Kapumos?”, P. Kyp6aHTtaes?, X. Kyuines*

"TeXHOAOTUSIABIK, UHCTUTYT, ©306eKcTaH, TallKeHT K.
2YATTbIK, 3epTTey YHMBEpCUTETI, TALLKEHT ayblA WAPYyalbIAbIFbIH MppUraumsAay
>KOHE MEXaHMKAAAHABIPY MHXKEHEPAEPI MHCTUTYTbI, ©36eKkcTaH, TalkeHT K.
3O36ekcTaH Pecnybamkach! FbiAbIM akaAeMUSICbIHbIH TomnbIpakTaHy MHCTUTYTbI, ©30eKkcTaH, TallKeHT K.
‘TyanctaH YuusepcuteTi, ©36ekcrtaH, ['yancTaH K.
*e-mail: akmalkarimov040@gmail.com

Mus aakanTapbiHAQ Xep 6eTiHAeri 6yAaHy
)KoHe 6CIMAIKTEepAiH TpaHcnMpalms Ke3iHAe 60AaTbiH OyAaHYAbI OaFanay:
Ffaraba wapya chepmachiHbIH, MbicaAblHAQ, O36eKkcTaH

JKepaiH Ty3aaHybl KYprak, LIOAAT EAAEPIHAE, OHbIH iLiHAE ApaA TeHi3i 6acceniHiHAE KeH TapaAFaH,
OHAQ 4 MUAAMOH reKkTap >kep TY3Abl, OYA YAKEH SKOHOMUKAABIK, LbIFbIHAAPFA OKEeAEA|. TY3AbI TOMbIPAK b
MeAMopaUMIAayAbIH Ka3ipri 8AicTepi: TOMbIpakTbl TepeH, ApPeHaXk asCblHAQ KYY >K8He CyapMaAbl
aMaKTaH TbIC KOAAEKTOPABIK, — APEHaXKAAP apKbIAbl LWbiFapbin Tactay. Cy pecypcrapbl TanlblAbIFbl
ecyi >araanbiHAQ BYA BAIC THIMCI3 60AbIN Typ. Ty3aaHyFa KapCbl KOAAMAbI BUOAOTUSABIK, SAICKE OTY
KaxeT, Bipak OGYA 9AiC ekiHillke opar anMakTapAa KeH TapaAMaraH. bya 3epTreyae mus Tambipbl
TY3Abl TOMbIPAKTbIH KYHAPAbIFbIH KAAMbIHA KEATIPYAIH bIKTUMaA ©CIMAIri peTiHAe KapacTbIPbIAAAbI.
3epTTeyAaiH exki Makcatbl 6ap: (1) MMg aAKanTapbiHAQ 3BanoTpaHCNMpauusaHbl Garasay >xoHe; (2)
CyapMaAbl XXePAEPAE MMNS TaMbIPbIH 6CIPYAiH 8CepiHeH TOMNbIPaK TbliH XMMUSAbIK, KaCMETTePiHiH e3repyiH
6aKpblAay. 3epTTey HOTMXKEAEPi MUSI AAKAMNTAPbIH Cyapy >arAalblHAQ KAPKbIHAbI 3BarnoTpaHcn1paums
npouecciH kepceTeai. Tonbipak, NPOMUAIHAE epUTiH TY3AAPAbIH XKaAMbl MOALLEP] 6asty apTybl MyMKIH;
ananAa, AAKbIAAAPAbI ecipyaiH 10 >KbIAAQH acTaM YyakbITbIHAQ YAbl TY3AAPAbIH >KMHAAYbl >KoHe
TOMbIPAKThIH XMMUSIABIK, XXOHE CY-(PU3MKAAbIK, KACMETTEpPiHIH HallapAaybl BOAFaH XOK, COHbIMeH Bipre
TOMbIPAKTbIH XOFAPFbl KabaTblIHAAFbI KApaLLipiK MOALLEDPI apTThl.

TyHiH ce3aep: TOMbIPaKTbIH Ty3AaHybl, ApaA TeHi3i 6accemHi, Mus Tamblpbl, GUOAOTUSALIK,
MeAMopaLms, TOMbIPak, KYHAPABIAbIFbI.
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OueHKa 3BanoTpPaHCNMPaLMM C MOAEH AAKPULLbI:
Ha npumepe XossiictBa Naraba, Y3bekncraH

3aconeHre 3emMeAb LIMPOKO PacrpoCTPaHeHO B CTpaHaX apUAHOM 30Hbl, B TOM UMCAE B
6acceriHe ApaAbCKOro Mopsi, TA€ 4 MMAAMOHA ra OPOLUAEMbIX 3E€MEAb 3aCOAEHbl, YTO BEAET K
GOABLLIMM 3KOHOMMYECKMM MOTEPSIM. TekylliMe MEeTOAbl MEAMOPALIMM 3aCOAEHHbIX MOYB BKAKYAIOT
NMPOMbIBKY MOYB Ha (hOHE FAYOOKOro ApeHaXka U OTBOA KOAAEKTOPHO-APEHAXXHOIO CTOKA 3a MPEAEAbl
opoLaeMoit 30Hbl. B ycAoBUsIX HapacTatolero aemimMTa BOAHBIX PECYPCOB 3Ta NMPaKTUKA CTAHOBUTCS
Hea(hhEKTUBHON. AAbTEPHATUBOMN SIBASIIOTCS OBMOAOTMUYECKME METOABI GOPLOBI C 3aCOAEHMEM, KOTOPbIE
K COXXAAEHMIO He MOAYUMAM MOKa LUMPOKOrO PacrnpoCTpaHeHWs B pervioHe. B 3ToM mccaepoBaHmu
AAKpMLLA paccMaTpuBaAacb Kak MOTEHUMaAbHasi KyAbTypa AASl BOCCTAaHOBAEHMSI TMAOAOPOAMS
3aCoAeHHbIX MouB. MccaepoBaHme npecaeayeT ABe LeAr: (1) OLeHWUTb 3BanoTPAHCIIMPALMIO C MOAEN
AAKpULbl, U; 2) MPOCAEAUTb U3MEHEHWE XMMWMUYECKMX CBOWCTB MOYBbI MOA BAWMSIHUEM BbIPALLMBAHMS
AQKPULIbI HAa OpOLLIAEMbIX 3EMASX. Pe3yAbTaTbl UCCAEAOBaHWS CBMAETEALCTBYIOT OO WMHTEHCHMBHOM
3BANoTpPaHCMMpaLMU C MOAEN AAKpULbl B YCAOBUSIX OpolleHus. B mnouBeHHOM npodcurae MokeT
MEAAEHHO YBEAMUMBATbCs 06llee KOAMYECTBO PACTBOPMMbIX COAEl; OAHaKo 3a Goaee yem 10 Aer
BO3AEAbIBAHWNS KYAbTYPbl He MPOMU3OLUIAO HAKOMAEHUS TOKCUYUHbBIX COAe M YXYALIEHUSI XMMUYECKMX
U BOAHO-(hM3MYECKMX CBOWCTB MOYB, B TO XK€ BPeMsl COAEp>KaHue ryMyca B BEPXHEM CAOE TMOUBbl

YBEANYMAOCD.

KAtoueBble cAaoBa: 3acoaeHue Nno4s, 6acceitH /\pa/\bCKOFO MOp4, AaKpuua, 6uonormyeckas

MeAnopaund, NAOAOpoAME NMo4B.

Introduction

One of the main reasons for the low productivity
of 424 million (mln) hectares (ha) of topsoil in the
world is soil salinization (FAO, 2005; UN General
Assembly, 2015). Soil salinization is widespread
in India, Pakistan, Egypt, the western states of the
USA, and in the Aral Sea basin (Stavi et al., 2021).
The area of the irrigated land in the Aral Sea basin is
7.9 million ha, of which 28.5%, or 2.25 million ha,
are subject to moderate or severe salinity. Pankova
E.I. (2016) summarized previous studies in the
basin and made several important conclusions about
causes of land salinization. She noted that before the
intensive irrigation of lands in the middle of the 20th
century, automorphic soils did not experience the
active modern salt accumulation, although the soils
had easily soluble salts in their profile. Under natural
conditions, only hydromorphic soils experienced
the process of salt accumulation. After developing
the virgin land in mid-20™ century, because of low
efficiency of water distribution and use in conditions
of insufficient natural drainage, automorphic soils
pass into the rank of irrigated-hydromorphic soils,
subject to soil secondary salinization. According to
Karlykhanov and Toktaganova (2016), soil salinity
is a major cause of unsustainability in farming in the

lower reaches of the Amudarya River. Reclamation
of secondary saline lands under irrigation has
required their artificial drainage and intensive
leaching practices using extra water resources.
Increasing the water resources shortages makes it
difficult to supply the additional water for leaching
salts.

Another strategy is to adopt advanced irrigation
technologies, such as sprinkler or drip irrigation.
This measure intended to improve on-farm irrigation
and off-farm water distribution efficiencies, can
reduce groundwater recharge and gradually lower
the groundwater table. This long-term strategy is
not enough alone to deal with salinity issue and it
has significant barriers to be solved. For example, it
requires significant investments from the countries
of Central Asia to make wide-scale irrigation
modernization possible. This approach to salinity
management is itself a big issue and as shows the
experience of Spain and other European states,
implemented such projects, the intended objectives
may not be delivered (Berbel et al., 2019).

The third strategy discussed in this paper is the
use of bio-reclamation methods. Salt-tolerant crops
with a deep root system are able to intensively
transpire the available soil moisture and groundwater,
thereby reducing the level of groundwater, as well



Assessment of evapotranspiration of licorice under saline environments: case study from Galaba farm, Uzbekistan

as improving the water-physical and chemical
properties of soils. One of such crops is licorice.
Despite the great interest in this crop due to the
numerous products that can be obtained from it, its
water regime on irrigated lands has not been studied
enough, which is the main objective of this study.

There is 4 million (mlIn) hectares (ha) of
salt-affected land in the Aral Sea basin. Salinity
management practices on these lands include
intensive soil leaching and deep drainage to remove
excess water outside the irrigated area. Growing
pressure on limited water resources makes these
practices inefficient. An alternative is biological
methods to combat land salinization, which have
not been widely applied in the region. At the same
time, many studies indicate that biological methods
can reduce soil salinity levels and improve land
productivity.

Licorice is one of the native perennial plants that
grow in the salt-affected environments. Long-term
studies have shown that the introduction of this plant
into the agricultural land can contribute to obtaining
a crop from abandoned unproductive lands, improve
soil’s physical properties and increase the biological
activities of soils. On irrigated lands with shallow
1.5—2.5 m groundwater table, deep roots of the
plant reaches the groundwater, intensively pump out
water and transpire it to form big biomass, and at the
same time lower the groundwater level and perform
the biological drainage. Of particular interest are the
studies that took place in the farm Galaba, Bayaut
district, Uzbekistan.

In2007,an alliance of farmers in cooperation with
the Gulistan State University and the International
Water Management Institute established on a 100 ha
licorice site on abandoned lands of the farm. This
was preceded by the experiment of the farmer who
grew licorice on abandoned lands on an area of 4 ha.
The farmer started growing the native plant on the
abandoned land and after three years has found, that
the groundwater table went down and soil salinity is
reduced. After harvesting the roots of licorice in the
4" year, he sowed cotton seeds and received more
than 2 t/ha of raw cotton (Kushiev et al., 2015).
Following this experiment, the group of the farmers
planted the licorice roots on 100 ha area which
allowed them to lower the groundwater level and
arrest soil salinization. The outcome of these efforts
was establishing a joint venture near the farm for
the production of a primary extract from the licorice
roots for the subsequent extraction of glycyrrhizin
acid.

Even though the beneficial properties of
licorice have been well studied, the amount of

evapotranspiration of this crop on irrigated lands
remains uncertain, which complicates the planning
of its irrigation. The goal of this study is to promote
licorice-based bioremediation of salt-affected soils.
The research objective is two-fold: (1) assessment
of evapotranspiration from licorice fields, and; (2) to
track changes in soil chemical properties as affected
by the cultivation of licorice on irrigated land.

Materials and research methods

The studies were carried out in the Galaba
farm, Bayaut district, Syrdarya region. Climatic
conditions are typical for arid environments with
hot summers when the air temperature rises to 40°C,
and warm winters, when the air temperature is in the
range of (-5°C)...(+5°C). The amount of the annual
effective precipitation in some years drops below
100 mm. There is a strong wind in the spring season
from east to west and in the autumn from west to
east. The soils of the farm are compacted heavy
and medium loams by texture with medium and
high degrees of topsoil salinity. The soil has a high
content of coarse silt fraction (particles 0.05-0.01
mm), varying from 24 to 50% in the upper soil layer
of 0-50 cm. Groundwater is 2.5-3.0 m deep and has
total dissolved solids above 5000 mg/1.

The main objective of the study was to estimate
the evapotranspiration (ET) of licorice plants under
irrigation as affected by the age of the plants. Crop
ET was studied at the representative plot (N —
40°22°38.8”’; E — 68°50°54.7°"). From 1 March to 1
November 2020 soil samples were collected twice
per month to determine soil moisture content. Soil
samples were collected from soil intervals of 0-15,
15-30, 30-45, 45-60, 60-75, 75-90, 90-120, 120-
160 cm and 160 -200 cm and below after each 50
cm. Soil moisture content was determined by the
drying method. From the same depths, soil samples
were collected for chemical analyses including
total soluble solids (TSS) and organic matter
(humus). Soil texture is determined in laboratory
conditions. Soil bulk density is determined using the
cylinder method. Chemical analyses of soil samples
included: determining electro-conductivity of soil
water solution of 1:5; anions of HCO,, CI,, SO,?,
and cations of Na*, Ca™, and Mg™; exchangeable
cations of Na’, Ca™, Mg™, and; humus content.
The humus content is determined using the Tyurin
method. Soil properties are compared with data for
2014 (Kurbantaev et al., 2014), given for the same
site.

Crop ET is calculated using FAO method (Allen
et al,, 1998). Reference ET is estimated using
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Penman-Montheith method. Crop ET adjusted is
calculated using formula as follows:

ETa = (Ks *Kcb + Ke) * ETo

ETa — crop ET adjusted, ETo — reference ET,
Ks — stress coefficient, Kcb — crop coefficient, Ke —
evaporation coefficient from wet soil.

FAO Irrigation and Drainage Paper 56 (Allen et
al., 1998), a standard procedure is applied to compute
actual crop evapotranspiration under standard and
non-standard (stressed) conditions. Crop ET is
estimated using the excel-sheet developed by Allen
et al. (1998). In the spreadsheet, the root zone is
treated as a single layer from which water is depleted
by the crop. Since crop coefficient was not available
for licorice, in this study, the crop coefficient for
licorice is taken to be equal to the crop coefficient
for alfalfa, the other widespread legume crop. Soil
crop cover, crop height, and root depth are taken
from the field studies for different phases of the crop
development. Following indicators, expressing the
impact of soil alkalinity on soil physical properties
are calculated using results of chemical analyses of
soil water solution 1:5:

1) Sodium adsorption ratio (Wascom et al.,
2010):

SAR = Na* / (Ca™ + Mg™)**

This indicator accounts for changes in soil
filtration properties. If SAR exceeds 13 this
indicates poor filtration properties of the soil and
potentially, soil physical properties may affect crop
evapotranspiration and biomass.

2) Ratio of concentration of Mg*™ to Ca™. If
Mg'¥/ Ca* > 1 then the soil has excessive Mg"™
-ion that also can affect soil filtration properties and
reduce crop ET and biomass.

3) Percentage of exchangeable sodium in cation
exchange capacity (Corwin u mip., 2007)

ESP = Na*/ CEC * 100%

where Na* -~ exchangeable sodium in mg-equ/100g
of dry soil, CEC — cation exchange capacity, in mg-
equ/100g d.s.

If ESP > 15% it indicates poor filtration
properties of soils.

Results and their discussion

1. Evapotranspiration from licorice fields

For the period of 1.03.2020 through 31.10.2020,
reference ETo amounted to 1109 mm, crop standard
ETc 1272 mm, and crop adjusted ETca 1009 mm
(figure 1). Crop ETca was 20% less than optimal
ETc, which indicates a negligible influence of soil
salinity levels on crop evapotranspiration.
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Figure 1 — Reference ETo, crop standard ETc and crop adjusted ETca for licorice estimated
for the period of 1.03.2020 through 31.10.2020. Galaba farm
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2. Changes of soil chemical properties under
licorice plants

Changes in soil chemical properties under
licorice plants of different ages studied in 2014 are
given in Table 1 (modified from Kurbantaev et al,
2015).

The field data presented in Table 1 indicated
reducing soil salinity levels, low risk of soil
alkalinity increase, and improved soil organic
matter content under licorice plantations. Soil SAR
under the licorice plantations was less than under
the cotton field and significantly below the threshold

level, when occurs degradation of soil physical
properties. The EC value showed that the soil
salinity level reduced from low-saline to non-saline
under the licorice. At the same time, abandoned
soils were moderate saline in the top 0-15 cm layer.
Ratio Mg?/ Ca*" was less than 1 which indicated
no negative impacts of Mg?* ions on soil filtration
properties. These results showed that soil physical
properties were favorable for growing licorice, and
had no negative impact on licorice crop ET and
biomass. These findings were confirmed by the field
studies in 2020 (Table 2).

Table 1 — Selected soil chemical properties in top 0-50 cm soil layer as affected by the age of licorice plants. 2014. Galab farm

Age of licorice, Soil layer, EC CI/S0,? Mg*?/Ca™ SAR Humus
years cm dS/m [-] [-] [-] %
1 0-30 1.91 0.15 0.63 0.60 0.6
1 30-53 3.02 0.33 0.72 1.11 0.4
4 0-30 1.55 0.35 0.99 4.24 1.64
4 30-50 2.20 0.56 0.34 2.19 0.4
6 0-20 1.61 0.11 0.71 0.80 0.74
6 20-40 1.48 0.10 0.43 0.70 0.34
10 0-30 0.81 0.08 0.33 0.06 1.5
10 30-50 0.85 0.09 0.25 0.48 0.81
Cotton 0-35 0.65 0.18 0.49 1.13 0.93
Cotton 35-56 0.34 0.17 0.66 0.74 0.38
Abandoned soils 0-35 5.70 0.26 0.33 1.63 0.72
Abandoned soils 35-60 3.20 0.29 0.35 1.08 0.25

Notes: EC — electrical conductivity; SAR —sodium adsorption ratio

The field data from 2020 indicate minor
increasing total soluble solids in the topsoil;
however, none of the indicators considered show
negative impacts of soil chemical properties on
soil physical properties. For example, there are
reductions in CI/SO,> and Mg*/Ca*" ratios, and
SAR. Moreover, the humus content in the top

0-15 cm soil profile is increased from 1.03% under
3-years old plants to 1.58% under 5-years old and
1.86% under over 10-years old plants. The data
presented for two consequent periods indicates no
degradation of soil chemical properties and negative
effect of soil chemical properties on licorice ET and
biomass in long run.

Table 2 — Selected soil chemical properties in top 0-50 cm soil layer as affected by the age of licorice plants. 2020. Galaba farm

Age of licorice, Soil layer EC Cl/S042 Mg™/Ca™ SAR Humus
years cm dS/m [-1] [-1] [-1] %
3 0-15 1.61 0.36 0.79 1.59 1.03
3 15-30 1.67 0.24 0.80 1.29 0.70
3 30-50 1.26 0.25 0.76 0.97 0.53
5 0-15 2.19 0.34 0.66 1.95 1.58
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Continuation of the table

Age of licorice, Soil layer EC Cl/SO42 Mg*?/Ca*? SAR Humus
years cm dS/m [-] [-] [-1] %
5 15-30 2.33 0.12 0.43 0.96 0.91
5 30-50 2.07 0.10 0.42 0.82 0.30
10 0-15 3.20 0.15 0.52 1.59 1.86
10 15-30 2.70 0.09 0.31 0.79 0.70
10 30-50 3.20 0.06 0.28 0.61 0.38

A comparison of the soil chemical properties
for 2014 and 2020 showed a bioremediation effect
of licorice. There were no signs of degrading
soil’s physical properties, and the redistribution of
soluble solids in the soil profile was compensated by
increasing the organic matter content in the topsoil.

Conclusions

Licorice can contribute to the bioremediation of
salt-affected soils. This legume crop accumulates a
significant amount of nitrogen in the top 0-50 cm soil
layer, which is a base for forming high biomass and
gradual increase humus content in the soil profile.
High biomass and the deep-rooting system indicate
a high transpiration rate. Crop evapotranspiration
under optimal conditions amounts to 12,000 m?/

ha, while crop adjusted evapotranspiration exceeds
10,000 m*/ha. There is indicated a gradual increase
of'total soluble solids in the topsoil profile; however,
the content of the toxic solids is reduced. There
were no degradation of soil physical or chemical
properties and no negative impacts of soil salinity on
crop evapotranspiration and formation of biomass.
The results of this study show that licorice, with
its bioremediation and bio-drainage capabilities, is
a suitable crop for creating a fully circular water
use system on irrigated lands prone to salinity. The
estimates of crop evapotranspiration were based on
the assumption that the crop coefficient for licorice is
the same as for alfalfa. Further studies are needed to
refine the crop coefficient for licorice. It is expected
that the actual crop coefficient for licorice is higher
than accepted in this study.
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OCKEMEH AYMATbIHAA ©CIPIATEH
KOKOHIC AAKbIAAAPbIH 9KOAOTUSAADBIK BATAAAY

ByA 3epTTey >KyMbICbIHAQ OHEPKSCINTIK KaAa ayMafFblHAQ OCIpiAreH KOKeHIC AAKbIAAApPbIHA
SKOAOTUSIAbIK, 6ara OepiAreH. XUMMSAbIK, TaAAdyFa KapTon TYMHeri, Kbi3blAllA Tamblpbl, Co6i3,
opam>Karblpak, >keHe Kbl3aHak, ipikTeAai. CbIHaMaAap KaAaHblH AACTaHY AEHreni apTYPAI aiiMakTapbiHaH
AAbIHABI — COATYCTIK MHAYCTPUSIABIK, aiMaKTaH, COATYCTIK-LUbIFbIC OHEPKSCINTIK alMMakTaH, OpPTaAbIK,
TYPFbIH Y1 aiiMaFblHaH, KaAa MaHbIHAAFbl aliMaKTaH. KOKeHIC AaKbIAAAPbIHbIH AAMbIHAAAFAH YATIAEPIHAE
ayblp MeTaapapAbiH — Zn, Pb, Cu, Cd meAllepi aHbIKTaAAbl. XUMUSAbIK, TaAAdy HOTUXKeAepi ©ckemeH
TomMblparblHAQ OCIPIAETIH KOKOHICTep 3epTTeAin OTbipFaH ayblp MEeTaAAAPAbIH Kypambl OOMbIHLIA
aAMTapAbIKTal epeKkLleAeHEeTIHIH »KoHe Kenbip ayAaHAapAa TMrMeHaAblk HOPMaAaH acbin TYCETiHiH
KepceTTi. AiTa KeTy KepeK, TOMbIpaKTafFbl ayblp MeTaAAAPAbIH KOFapbl KOHUEHTPAUMSCHI 6CIMAIK
OHIMAEPIHAE TOAbIFbIMEH KopiHeai. Kbi3blAla MeH cobi3 ayblp MeTaAAAPAbl XKaKCbl XXMHAKTaMAbI, aA
Kbl3aHaK, OAAPAbI a3 MOALLEPAE >KMHaMAbI ekeH. bay-6akiia AaKbIAAAPbIHAA KAAMMWI MEH KOPFaCbIHHbIH
>KOFapbl KOHLIEHTPAUMAChl TabbiAFaH. ByA MakaAapa KOKeHIC AAKbIAAAPLIHAAFLI ayblp METaAAAPAbIH
e3repy weri GepiAreH, KMHaKTaAy Ko3(pUUMEHTTEPI MEH BUOAOTUSIALIK, CiHipy Ko3dduumeHTTepi
ecenTeAreH. YKepriAikTi >xaFaariAnapAa y3akK, yakbIT 6CipiAreH, KypaMblHAQ ayblp METAaAAAPAbIH >KOFapbl
MeAllepi 6ap 6aklua AaKbIAAAPbIH >Key, OAapAblH, GipTe-6ipTe aFr3apa >KMHAKTAAbIMN, HOTUXKECIHAE
TYPFbIHAQPAbIH A€HCayAbIFbiHA KEpPi 8Cep eTyi MyMKiH.

TyHin ce3aep: ayblp MeTaAAap, TOMbIPAKTbIH AACTaHybl, KOKOHIC AaKbIAAAPbI, 3KOAOTMSABIK,
Garaaay.

L.S. Boluspayeva'”, A.B. Abzhalelov',
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'L.N. Gumilyov Eurasian National University, Kazakhstan, Nur-Sultan
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Environmental assessment of vegetable crops grown
on the territory of Ust-Kamenogorsk

In this research work, an ecological assessment of vegetable crops that were grown on the ter-
ritory of an industrial city is given. Potato tubers, beet roots, carrots, cabbage heads and tomatoes
were selected for chemical analysis. Samples were taken in different pollution zones of the city — in
the northern industrial zone, in the northeastern industrial zone, in the central residential zone, in the
suburban zone. In the prepared samples of vegetable crops, the content of heavy metals — Zn, Pb, Cu,
Cd was determined.

The results of chemical analysis showed that vegetables grown on the soils of Ust-Kamenogorsk
differ greatly in the content of the studied heavy metals and in some areas exceed the hygienic norm. It
should be noted that high concentrations of heavy metals in the soil are fully reflected in plant products.
It turned out that beets and carrots are good accumulators of heavy metals, while tomatoes accumulate
them to a lesser extent. High concentrations of cadmium and lead have been found in horticultural
crops. In this article, the limits of variation of heavy metals in vegetable crops are given, the accumula-
tion coefficients and biological absorption coefficients are calculated.

Key words: heavy metals, soil pollution, vegetable crops, environmental assessment.
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IKOAOrMYeCKas OLLeHKa OBOLLHBIX KYAbTYP, BblpaLLLeHHbIX
Ha Tepputopmm I. YcTb-KameHoropcka

B AaHHOM MCCAEAOBATEALCKOM paboTe NpeACTaBAeHA SKOAOTMUYECKas OLIEHKa OBOLUHbIX KYAbTYP,
KOTOpble ObIAM BbIpalleHbl Ha TEPPUTOPUM MPOMBILLAEHHOIO FOPoAa. AAS MPOBEACHUS XMMUYECKOro
aHaAm3a 6biAM OTOOpPaHbl KAYOHM KapTOoeAs, KOPHENAOAbI CBEKAbl, MOPKOBM, KOYaHbl KamyCTbl U
ToMatbl. OT60p NPO6 NPOBOAMACS Ha Pa3HbIX yYacTKax ropoAad: B CEBEPHONM MPOMBILLAEHHOM 30He,
B CEBEPO-BOCTOUYHOM MPOMBILIAEHHOM 30He, B LIGHTPAAbHOIN CeAUTEOHOM 30He, B MPUrOPOAHOI 30He.
B NMOArOTOBAEHHbIX MPOGax OBOLHbIX KYAbTYP OMPEAEAEHO COAEP>KaHMe TIXKEeAbIX MeTaAroB -Zn, Pb,
Cu, Cd.

Pe3yAbTaTbl XMMUUYECKOTO aHaAM3a MOKa3aAM, YTO OBOLLUM, BbipallMBaeMble Ha rnoysax r. YCTb-
KamMeHOoropcka, CMAbHO PasAMHaloTCs MO COAEPIKAHMIO MCCAEAYEMbIX TSKEALIX METAAAOB 1 B HEKOTOPbIX
30Hax NPeBbIAIT rMrMeHnyYeckyio Hopmy. CAeAyeT OTMETUTh, UYTO BbICOKME KOHLIEHTPALMM TIXKEAbIX
METaAAOB B MOYBE B MOAHON MEpe OTPaXkaloTCA Ha PaCTUTeAbHOM NPoAYKLMM. OKa3aA0Ch, UTO CBEKAQ
M MOPKOBb SIBASIIOTCS XOPOLUMMM HAKOMMTEASIMU TSKEAbIX METAAAOB, B TO Bpems Kak, MOMUAOPbLI B
MeHbLUel CTEeNeHn akKyMyAMPYIOT UX. B OropoAHbIX KyAbTypax 06Hapy>KeHbl BbICOKME KOHLEeHTpaLmm
KaAMMS M CBMHLA. B AaHHOM cTaTbe NpuBEAEHbl MPEeAeAbl BapbMPOBaHMS TSXKEAbIX METAAAOB B
OBOLLHbIX KyAbTypax, pacCuMTaHbl KO3(MULMEHTbI HAKOMAEHNS 1 KO3(DMULMEHTbI BMOAOTMYECKOro

NnoraoweHn4d.

KAloueBble cAoBa: NMOYBa, OBOLHbIE KYAbTYPbI, THAXXEAbl€ METAAAbl, 3KOAOIrmM4yeCkasa OuUeHKa,

3arpsi3HeHue OKpY>KaloLLLen CPeAbl.

BBengenne

BricTpble TeMmbl pa3BUTHA MHOTHX OTpaciel
MIPOMBIIIUICHHOTO MPOU3BOJICTBA U YBEIIUYCHUE KO-
JIMYECTBa TPAHCIOPTHBIX CPEACTB MPHUBEIU K XU-
MHYECKOMY 3arpsI3HEHUIO OKpY>KaromIen cpensr [1].
Cpenn HUX HamOoliee OMACHBIMH 3arpsi3HUTEISIMU
SIBJISIFOTCSL TsDKenble MeTaiuiel [2]. U3-3a kymymsi-
THBHOTO XapakKTepa COICpKaHUE TSDKEIBIX METall-
JIOB B KOMITOHEHTaX OKPYKAIOIIEH CPeIbl YBEITUUH-
BaeTCs C KaXAbIM rogom [3].

OmpeneneHne KOHIEHTPAIMHA TSDKETBIX METall-
JIOB B TIOYBE SIBJISICTCSI OCHOBHBIM HAIPaBJICHHEM
AKOJIOTUYECKUX HCCIIEeNOBAHMNA. TSKeIble METaIIIbI
BCTPEUAIOTCS B TIOYBE B PacTBOPUMOU (GopMe U B
CBS3aHHOM COCTOSHUU. OIHAKO TOJIBKO PacTBOPU-
Mble, OOMEHHBIE M XeNaTHble ()OPMBI METAIIOB B
[0YBax MOJBMXHBI W, CIENOBATEIbHO, Oojee no-
cTynHbl Ansa pactenuit [4]. WccnemoBanus Bius-
HUS 3arps3HEHMS MTOYBBI HA MeTa0O0JIM3M PacTeHHH
ele J0JITroe BpeMsi OYAyT OCTaBaThCs aKTyaJIbHBI-
Mu. HakormieHue TSOKEIbIX METAaUIOB B CheIO0HBIX
4acTAX OBOIIEH MpeacTaBiIsAeT co00il MPSIMOH My Th
WX BKJIIOYECHHS B MHUIIEBYIO IIEMH YEJIOBEKA, MOTO-
My YTO OBOIIM TOTJIONIAIOT TSHKENBIE METAIUIBI U3
ITOYBBI, BO3MyXa M BOIBI [5]. OBOIM COCTaBISIOT
BaXXHYIO 4acTb MUIIIEBOT0 PAaLlMOHA YEJIOBEKa, B J10-
MTOJTHEHHUE K 3TOMY, OHH TaK)X€ CITy>KaT UCTOUHHUKOM
BUTaMHUHOB, Xelle3a W KaJblus. YTmoTpeOieHne B
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IUILY 3apaKEHHBIX OBOILEH MOXET MMeTh HeOia-
TOIPUSITHBIE MTOCIEACTBUA Ul 3/I0POBBS UEIOBEKa
[6], TOSTOMY PEKOMEHIYETCS COCPENOTOUUTHCSA Ha
npo0jeMe HaKOIUICHHUS HCCIENyEeMBbIX METalIoB B
OTOPOJIHBIX KYJIbTypaX, KOTOPbIC OBUTH BBIpaIeHBI
B KPYITHBIX [TPOMBIIIJICHHBIX TOPOAAax M UX BO3ICH-
CTBHH Ha 3I0POBbE XKUTeen [7,8].

lopon VYcre-Kamenoropck sBisieTcst OZHUM
W3 KPYMHEHWIINX MPOMBIIUICHHBIX HeHTpoB Kazax-
cTaHa. 31ech OOBEKTHl TEIUIOHEPIeTHKH, MallH-
HO- U TPHOOPOCTPOCHUS, IIBETHOW METaJUTypIHH,
aTOMHO-TIPOMBIIIJICHHOTO KOMILJIEKCa, TPAHCIIOPTa,
JIETKO# 1 NUIIEBON TPOMBIIUIEHHOCTH, CTPOMHUHLY-
CTpHH, JieconepepadoTKH, KOMMYHAIBHOTO XO3sIii-
CTBA JIOKAJIM30BaHbl HA OTHOCUTEIHHO HEOOIBIION
Tepputopuu [9].

[IpuroposHoe C€afgOBOACTBO SIBIAETCS HEOTH-
eMJIEMOW 4YacThlo roponckoro xossiicrsa [10,11].
Ecnu yuecth, 4TO B CpaBHUTENHHOW OIM30CTH OT
Metamnyprudeckux npeanpuatuii (TOO  «Kasz-
uHK», AO «YJIBOMHCKUI MeTauTyprudecKuil 3a-
Bom», AO «Ycrp-Kamenoropckuii TuTaHo-martue-
BBl KOMOMHAT») PACIONIararoTCs )KUIble KBapTallbl
WHAWBHUIyaJIbHOW 3aCTPONKH C TpUycaneOHbIMH
Oropo/iaMu, TJIe BBIPAIIMBAIOTCS OBOIIH, MpolIeMa
TSDKEJIBIX METANJIOB B T. Y cTh-KaMeHoropck npuo6-
peTaeT KOHKPETHBIA MPaKTHIeCKHA cMBICT. OCHOB-
Has Macca KapTodens ¥ APYTHX OBOLICH BO3IEIbI-
BAIOTCSI VISl JINUWHOTO MOTPEOJICHHS, YTO AaXe Mpu



JI.C. BonycmaeBa xoHe T.0.

c1aboM UX 3arps3HEHHH 32 MHOTOJICTHHUH NEPUON
MOXET OTPHULATEJIBHO CKAa3bIBaTbCsi HA 3/I0POBbE
HaceJIeHusl.

Tspxenble METalIbl JIETKO NEPEeHOCITCs U3 T0-
YBBl B PACTEHHsI, IIOITOMY B OBOLIHBIX KYyJbTYpax,
BBIPAILICHHBIX HA 3arps3HEHHON MOYBe, HaKaIlIH-
BAIOTCS TSDKEJIbIE METAJIbl M, B KOHEYHOM HTOTE,
MOIIA/IAl0T B OPTaHU3M YeJIOBeKa I10 MUIEBON 1IeTH
[12,13]. Takxe MOYBBI KPYMHBIX MPOMBIIUIEHHBIX
ropozpoB 3arpsisHensl Cd, Cu, Pb u Zn. Takum 00-
pa3oM, U3Y4YEHHUE COIEPKAHUS TSDKENBIX METAIIOB
B OTOPOAHBIX KYJIbTYpax UMeeT OOJbIIOE 3HAYCHUE
[14-17].

e |

Henpto wuccnenoBanuss ObUIO  ONpenesicHHUE
koHeHTpanuit ceuHna (Pb), xanmusa (Cd), meam
(Cu) v nuHKa (Zn) B OBOIIHBIX KYJIBTypax I'. YCTh-
KameHnoropcka u onieHKa X IPUTOAHOCTH VIS YIIO-
TpeOiaeHus.

MartepuaJibl H METOABI

[TpoObl OYB M OBOIIHBIX KYJIBTYP OTOMPAJIHChH
10 BceW TeppuTopuM ropoja Ycre-KameHoropceka.
Bbutn BBIIEIEHBI YeThIPE 30HBI: CEBEPHAs IPOMBIIII-
JICHHAs, CEBEPO-BOCTOYHASI MPOMBINUICHHAS, LEH-
TpaJibHas cenuTeOHas ¥ MPUropoIHas (PUCYHOK 1).

[Ipumeuanue: I — ceBepHas npoMsllIeHHas 30Ha, 11 — ceBepo-BocTOUHAs IPOMBILIICHHAS 30Ha,
III — uenTpanbHas cenuteOHas 301a, [V —npuropoanas 3oHa.
Pucynok 1 — Kapra — cxema 301 ropona ¥Ycrs-KameHnoropcka

IlepBasg 30Ha — ceBepHas MPOMBILIUICHHAs —
npuypodeHa k npommiomankam AO AES Vcrb-
Kamenoropckuit TOL, AO Ye0MHCKHI MeTaILTY -
rugecknit 3aBof, TOO «Ka3uuHk» 1 TeppuTOpHsIM,
HEINOCPEICTBEHHO NpuieraromuM Kk HuM. Creny-
IOlIas 30Ha — CEBEPO-BOCTOYHAS IPOMBILUICHHAS,
rae pacmnonarartcs Corpunckas TOIl u AO Ycrb-

KameHoropckuii THTaHO-MarHMEBBII KOMOWHAT.
Tpetbst — cenuTeOHAs 30Ha, CIOJAa BXOMAT YKHIIbIC
KBapTaibl 0OJACTHOTO ILIEHTpa: MHOTOXTaKHAsS 3a-
crpoiika. UeTrBepras 30Ha — IPUTOpOJHAas, CrOAa
BXOJIAT: palioH KOMOWHATa IMIETKOBBIX TKaHeH, Jle-
BBII Oeper, AGakeTKa M )KHITbIE MACCHBBI, TTPHUMBI-
karorue K Ycrh-Kamenorpckoit I'2C.
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[TpoObl mouB OTOMpANUCH C TIIyOWHBI TYMYCO
— akkyMmyssatuBHOTO (0-25 cM) cnos. CortacHo -
TEPaTyPHBIM JaHHBIM UMEHHO B 3TOM CJIO€ TIOYBCH-
HOTO MOKpOBa JOoKaiu30BaHo 1o 80% 3amacoB Ts-
JKEJIBIX METAJUIOB TEXHOTEHHOTO MPOUCXOXKICHUS.
OTtoOpaHHbIe TIOYBCHHBIE TPOOBI OOBEIHHSIINCE,
MePEeMEeNTNBAIINCH, TPOCEUBAINCH Yepe3 CUTO 1 MM
Y OTHPABJUINCH B TAOOPATOPHUIO ISl OTIPEICTICHUS
KOJIMYECTBEHHOTO COJICPKAHUS TSHKETBIX METAJIIOB
METOJIOM aTOMHOM abcopOuu.

Hamu Opina wmcmonb3oBaHa MOYBEHHAS KapTa
ropoaa Ycre-Kamenoropcka macmrata 1:25000.

OnpoOoBaHUIO ¥ aHATU3Y TOMJIEKATH HAn0O-
JIee ymoTpedisseMble B UMY OBOINW: KIIYOHH Kap-
TO(EIIs, KOPHEIUIONbI CBEKIIbI, MOPKOBH, KOYaHBI
KaIyCThl W TOMATHI, BbIpaliuBaeMble OOJBIITUH-
CTBOM TOPO’KaH ISl JIMYHOTO MOTPEOICHIS, KaK B
CBEXKEM BHJIE, TaK M B 3arOTOBKaxX BIPOK. B3sTyio
PaCTHTEIHHOCTh OCBOOOXKIAIH OT TIOBEPXHOCTHOTO
3arpsi3HEHMS TOYBOM U MBUIBIO, TIIATEIBHO MPOMBI-
BaJIM BOJIOIIPOBOIHOM BOJIOW U OINPBICKUBAIM JTUC-
THJLTUPOBAHHON BOZOH. 3aTeM 00pa3Ilsl N3MeNbya-
J1 ¥ BeICyIUBaH [18].

KonuvecTBeHHOE COJIepKaHUE TSKEIBIX Me-
TaJUIOB B HCCIIEAYyEMBIX OBOIIHBIX KYJIbTypax,
OTIPEICIISIIA ATOMHO-a0COpOITMOHHBIM METOIOM. B
o0pa3snax OBOIIHOW MPOJYKIIMH OTPE/ICICHBI CBH-
Hell, IUHK, MeIb U KagMuii. B kadecTBe TUTHEHU-
YeCKOT0 HOPMaTHBA UCIOJIH30BAIOCH IOMTYCTUMOE
ocraroyHoe konmuecTBO (JOK) Tspkenpix meran-
JIOB TSI OBOITHBIX KYJBTYpP (MI/KT CBIPOH MacCHhI)
[19].

Craructrueckyro o0pabOTKy TaHHBIX TTPOBOIH-
mu o H.A. [TnoxuHCKOMY.

Bputn paccunTaHbI ClIeAYIONINE SKOIOTO-TEOXH-
MHYECKHE MTOKa3aTelu:

sl olleHKH pacripefesieHHs] dJIeMeHTa MEXIy
JKUBBIM BEIIECTBOM W a0HMOTHYECKOW cpemoit
paccUuThIBaI KOG OUIMEHT OHOIOTHYECKOTO
nornomenus (KbIT)

KBII=C, /C,

i (] Cp- COJEPIKAHKE DJIEMEHTA B 30J1€ pacTenus, C
— BaJIOBOE COJICpXKAHME JIEMEHTA B ITOYBE B MECTE
MIPOU3PACTaHUSA PACTCHHMS.

Koaddunment HakomneHus, CiyKamuid KpH-
TEpHUEM OLICHKH KOJTMYE€CTBA METAaIIIA, TEPEIeIIIero
13 MOYBBI B PACTEHUE, PACCUNTHIBAJIH 110 (POpMYyJIe:

K;[ = Cp/Cxuc,rt
rae Cp — cojepKaHue daeMenTta B pactenuu, C
— cojAepKaHWE KHCIOTOPACTBOPUMON  (DOPMEI
MeTaJlIa B II0YBE.

Pe3yabTaTthl u ux o0cy:KkaeHue

[Ipenensl comepikaHUsS TSXKEIBIX METALIOB B
HCCJICTyEMbIX OBOIIHBIX KYJIBTYypax, KOTOPBIE ObLIH
BBIpallieHbl B pailoHe YcTh-KameHoropcka, CUiIbLHO
BapbUPYIOTCs. Bo MHOrMX mpo0ax colepkaHue Tsi-
JKEJIBIX METAJJIOB MPEBBINIAET UX T'MTHEHUYECKYIO
HOpMY (Tabmura 1).

Taéamua 1 — Tspxenble METaIIBI B OBOIIHBIX KYJIBTYpax M I04Bax I.YcTh-KaMeHoropcka, MI/Kr CIpoi Macchl

Banosoe co- Copnepxanue
JiepKaHue Ts- KHCJIOTOpac- OBolwHbIe KyIBTYPbI
Merany | KSIBIX META- | TBOPHMOIE ¢op- JIOK
JIOB B TIOYBE, MBI TSDKEITBIX
MI/KT METaJIOB B Kamycra Mopxkoss | Kaprodens Caexia Tomarsr
(n=328) MOYBE
2.2-24.3 2.8-34.3 3.8-26.7 3.1-39.5 2,1-28.3
Cu 84,742,1 15,8+0,3 10,7(4,2) 17,2(2,8) 9,41(6,4) 24,909,9) 10,4(2,1) 10
4.8-40.1 4.8-46,5 4.8-36.7 15.8-69.7 4,2-352
+ +
Zn 306,8+17 108,6x4.4 18,2(10,8) 26,1(4,8) 14,1(7,9) 35,8(17,9) 17,3(4,2) 10
0,02-0,53 0,04-0.69 0,04-0.32 0.05-0.87 0.02-0.41
cd 2:49+0,1 0,9+0,03 0,2(0,03) 0,21(0,04) | 0,12(0,03) 0,3(0,05) 0,11(0,03) 0,03
0.2-4,0 0.3-49 0.28-2.3 0.,6-5.8 02-32
Pb 59,5+0.9 12,540,2 1,3(0,2) 1,6(0,3) 1,1(1,8) 2,08(0,7) 1,04(1,1) 0,5

Ipumeuanue: 1) Hax yepToil — mpenensl KoaeOaHus, MOA YEPTOH — CpeHssA apupMeTHIecKas; B CKOOKax — (OH; 2) THTHEHUYECKUI
Hopmatus — JIOK mo [19].
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BrisiBneno, 4to coaep:kaHue MEIU B OBOLIHBIX
KyJbTypax Bapbupyetcs or 2.1 mo 39,5, uumHka —
4,2-69,7, ceunra — 0,2-5,8 u kagmus — 0,02-0,87 mr/
KT CBIPOM MaccChl.

Hccnenyemble OBOIIHBIE KYJIBTYpPBI paconara-
I0TCS 110 BEIMYMHE CPEJNHEW KOHLEHTPALUU B Clle-
JIYFOIIIEM YOBIBAOIIIEM PSITY:

Menp 1 IMHK: CBEKJIa > MOPKOBB > KamycTa >
TOMATBI > KapTo(eb;

Kaamuii u cBuHeI: CBEKJIa>MOPKOBb>KaIycTa™>
KapTodeap>TOMAaTHI.

lupoxwuii npeaen KoneGaHU| copep:KaHus Tsi-
JKEJBIX METAJJIOB B PACTEHHUSAX CBS3aH C GPU3NKO-XU-
MHUYECKUMH CBOMCTBAMH PAacCMAaTPUBAEMBIX HaMHU
3JICMEHTOB, Pa3HOW (PHU3UOJIOTHUECKON POJIbIO B

nporeccax Metaboan3Ma, 0COOCHHOCTSIMU B BO3/1e-
JIBIBAHHUY OBOIIHBIX KYJIBTYD, YPOBHEM 3arpsi3HEHUS
MOYBBI ¥ PA3InYHON UX Oy(pepHOH CTOCOOHOCTEIO.

YcraHoBIeHO, YTO KapTodesib W TOMAThl JIyd-
i€ OrPaHWYHMBAIOT MOCTYIUICHUE TSDKENBIX MeTa-
JIOB U3 3arpsA3HEHHOI MOYBBI B OPraHbl paCTEHUH, B
TO BpeMs KaK CBEKJIa M MOPKOBb HAKaIUIMBAIOT MX
B OOJIbIICH CTENECHHU, YTO TaKXKE MOJTBEPIKIACTCS
JaHHBIMH JIpYTUX HccaenoBaHuii [20].

Bricokne copmepkaHHS TSDKENBIX METAIIOB B
MOYBE HAILIM OTPAKEHHE B PACTUTEIBHOM MPOIYK-
uun. TakuM 00pazoMm, cpeiHee colepKaHue MEIH,
[MHKa, KaJMHi W CBHHIA BO MHOTHX oOpasmax
OBOIIHBIX KYJILTYP PaBHSETCS WU OOJbIIE JOMY-
CTHMOTO OCTaTOYHOT'O KOJTMUECTBA (PUCYHOK 2).

LnHk Menb
40 358 30
— 24,9
35 o5
a A
g 30 26,1 8
= 251 - g2 7.2 N
= = ]
g 20+ 18.2 473 — g 15 —
] 14,1 ] a 10,7 10,4
S 151 . _— S 9.41 il 104 ||
£ = ]
s 107 ] H
5 — 5 |
0 T T T T 0 T T
MopkoBb KapTodbens Kanycta Tomatbl Ceekna MopkoBb KapTodbens Kanycta Tomatb! Ceekna
Kaamwnin CeuHey
0,35
03 25
a 0,3 ) 2,08
S 0,25 — a
: i 02
0,2 [ g —
,§_ = 1.5 1.3
z 0,15 0,12 — =3 1,1 — 1,04
o 0,11 S
i 011 3 4 —
c 01 — C
B £
= [
0,05 =05
0 T T T T
MopkoBb  Kaptodens Kanycrta Tomarthbl Ceekna 0 T T T T
MopkoBb KapTtodens KanycTa TomaTts! Ceekna

IIpumeuanne: nomyctumoe ocrarogHoe komnaecTso (JJOK)
Pucynok 2 — [IpeBbimenne JJOK TsoxensIx METaUIOB B OBOIHBIX KYJBTypax I. YcTh-KaMeHoropcka, Mr/kr

HyxHo npuHATH BO BHUMAaHHE, YTO IPECTaB-
neHHple TurueHndeckue HopmatuBbl (J{OK) sB-
nsrotest yeinoabeiMu. Tak, IOK B Kazaxcrane ms
kaamus B oBoulax xectue IIJIK, npuHATHIX B Apy-
rux ctpanax (0,03 nporus 0,05 Mr/kr).

Brissiieno, uto B 100 % wuccienyemsix mpod
cToyioBoil cBekibl cBuHel mpessimaet JOK (0,5
MT/KT).

B 100 % wuccnenoBaHHBIX MPOO MOPKOBH, CTO-
JIOBOM CBEKJIBI U KapTodens, B 90,4 % mnpolb kamy-

cThl U B 78,8 % mpob TomMaTa HaOIrOIaeTCs TPEBhI-
menue JJOK o kaamuto (0,03 mr/kr).

Hunak npeswimaet JJOK(10 mr/kr) B 100 % npo6
CTOJIOBOI CBEKJIBI I MOPKOBH.

Menp npessimaer JJOK(10 mr/kr) B 90 % wuc-
clleyeMbIX mpob cTonoBoi cBekisl U 80 % uccie-
yeMBIX TIPOO MOPKOBH.

HccnenoBanus nokasaiu, 4To B podax oropoj-
HBIX KYJBTYp CpellHee COJiepKaHne CBUHIIA TIPEBEI-
mano GOHOBEIN YPOBEHB OT 2,9 110 6,5 pasa, KagMus
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ot 3,6 1o 6,6 pa3a, nuaka ot 1,6 no 5,4 pasza, meau
ot 1,5 1o 6,1 pas.

[lpuHuMass BO BHHMMaHHE OTCYTCTBHE OTEYe-
CTBEHHBIX CHCTEMAaTU3MPOBAHHBIX CBEACHUHU O (ho-
HOBOM COJICPKaHUH TSDKENBIX METAIIOB B OTOPOJI-
HBIX KyJIbTypaXx, JJis CPaBHEHUS TIPUBOJIUM JaHHBIC
pOCCHICKUX aBTOPOB (Tabmuna 2).

AHanM3 TIONMy4YEHHBIX HAMHU JIAHHBIX KOJIMYECTBA
TSDKEITBIX METAJUIOB B OTOPOJTHBIX KYJIbTypax T. YCTb-
Kamenoropcka nokassIBaerT, Yto COACPKaHHE B HUX HC-
CIIETyeMbIX DJIEMEHTOB 3HAYUTENIHHO BBIIE (POHOBBIX

IToMumMO BIMSHUS NOYBEHHBIX (aKTOPOB, IO-
TJIOIIEHUE METaJUIOB Pa3sHBIMU PACTEHUSIMH TaKKe
HeoanHakoBo. OOHapysKeH 3HAYUTEIBHBIH pa3dopoc
KOHIICHTpaIMi METaJJIOB B 3aBUCUMOCTH OT HX JIO-
KaJI3allui B TKaHSIX PacTeHUM, BUJIOB PACTEHUN U
Jlayke COPTOB OJHOTO U TOTO ke Bua [22].

Pe3ynbpTaThl 1a00paTOPHBIX MCCIIEIOBAHUH TO-
Ka3bIBAIOT, YTO pa3HbIe BUABI OBOIIHBIX KYJIBTYP
HaKaIUIMBAIOT PA3JINYHOE KOJTMUYECTBO TSKENBIX Me-
TaJJIOB AAXKE C YUYETOM HX IPOU3PACTAHUS B OTHUX
U TeX JKE YCIOBUSIX OKpYKarollel cpensl (Tabnuia

3HAYEHU, NPEI0KEHHBIX POCCUHCKUMHU YYEHBIMU.

3,4).

Tabauua 2 — GoHOBOE CoiepKAHNE TSHKENIBIX METAJIOB B KapTo(elsie  0BOIIaX, MI/KT ChIpoi Macchl (n=8-12) [21]

R Cu cd Zn P
Kaprodens 0,21-0,50 0,01-0,06 1,3-3,1 0,04-0,19
Kamycra 0,11-0,23 0,005-0,04 0,8-1,9 0,05-0,29
Tomar 0,18-0,69 0,005-0,03 1,1-2,3 0,06-0,15
Cgexkna 0,67-1,44 0,03-0,07 4,1-5,5 0,07-0,21
MopkoBb 0,23-0,68 0,005-0,04 1,8-2,7 0,07-0,20
Jlyx 0,28-0,89 0,005-0,06 1,8-4,2 0,04-0,24

Taéauua 3 — Tspkenbie METaUTbl B OTOPOJHBIX KyJIBTypax U3 CEBEPHOIM MHIYCTPHAIbHOM 30HbI YeTh-KaMeHoropeka, Mr/Kr chIpoit

Macchl (TI0YBa JIyroBO-4EpHO3EMHAs CYTIIHHUACTAS)

OropoaHas KyJasTypa
Tspxenble MeTabl
Kamnycra Kaprodens MopxkoBb Caexiia Tomarsl
7n 16,8-40.1 10,6-36.7 24.,5-52.9 36.7-69.7 15.8-35.2
29,2 20,9 35,1 52,68 22,5
C 10,2-24.3 6.4-26.7 13,1-38.6 19.8-59.7 8,3-28.3
4 18,03 12,7 25,5 36,63 16,86
cd 0.10-0,53 0.07-0,32 0,18-0.69 0.19-0.87 0,08-0.41
0,29 0,1 0,37 0,46 0,17
Pb 1,1-4.0 0,71-2.3 1,6-4.9 1,.9-5.8 0.8-3.2
2,15 1,4 2,8 3,4 1,74

Ta6auna 4 — Tspkenble METaUIBl B OTOPOAHBIX KYJIBTypax W3 BOCTOYHOHM IPUTOPOIHON 30HBI YcTh-KameHoropcka, Mr/Kr colpoit

MaccChbl (HO‘{Ba JIyroBaTo-4€pHO3CMHAsL Tﬂ)KeJ'IOCyFJII/IHI/ICTaﬂ)

Kynsrypa
OneMeHT
MopkoBb Kaprodens Kanycra Tomars! Caekia
c 2.8-12.1 3.8-12.5 2.2-7.5 2.1-8.9 9.9-20.4
4 13,1 6,2 4,4 5,34 14,82
7n 4.8-24.3 4.8-132 4.8-132 4.2-15.7 17.5-29.2
16,42 8,8 9,4 10,24 22,76
Pb 0.3-1.1 0.32-1.46 0.2-1.3 0.3-1.1 0.6-1.9
0,66 0,9 0,62 0,68 1,16
cd 0,04-0.21 0,08-0.18 0,02-0.16 0,03-0,20 0,05-0,28
0,11 0,1 0,06 0,05 0,16
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JI.C. BonycmaeBa xoHe T.0.

HaunOonpine KOHIEHTpAMK TSKETBIX METaj-
JI0B 0OHApY>KEHBI B OBOIIHBIX KYJIbTypaX, KOTOpPhIE
OBUIM BBIPAIEHbl HA JAaYHBIX yYacTKaxX, PacIoio-
JKEeHHBIX OJM3KO K CEBEPHOM MPOMBILUIEHHOHN 30HE
Ycrp-Kamenoropcka.

W3 naHHBIX TaOMHMIBI BUIHO, YTO B HCCIEAYye-
MBIX KYJbTYypax, KOTOPBIE BBIPAIIEHbl B CEBEPHOU
MPOMBIIUIEHHON 30HE, CPelHEE COAEPKAaHUE TSKe-
JIBIX METaJJIOB MPEBBIIIAET Kak TaKOBOE B BOCTOY-
HoM npuropoae B 1,0- 4,8 pasza.

CpenHee copepkaHHE TSKEIBIX METaIOB BO
BCEX HCCIENOBAaHHBIX KYyJNbTypax C TEpPPUTOPUU
CEBEPHON MHIYyCTPHAIBHOW 30HBI ropojga ¥YCTb-
Kamenoropcka mpeBbIIIaeT JOMyCTHMOE OCTaTOY-

HOE KOJIMYECTBO I10 CIEeIYIOIINM oKka3aTensMm: Pb-
B 2,8-6,8 pasa, Zn- B 2,09-5,3 paza, Cu-1,3-3,7 paza,
Cd-B 3,3-15,3 paza.

KonmuectBeHHOE cotepikaHue TSKEIBIX MeTal-
JIOB BO BceX o0OpasliaXx M3yYeHHBIX KYIbTYp U3 Ce-
BEpHOU MHAYCTpUaNbHOH 30HBI, mpessiaeT JOK.
CpenHee coneprkaHie MEIH B MOPKOBH IIPEBBIIIA-
et IOK B 2,5 paza, B kaprodene-1,2 pasa, B Kary-
cre—1,8 pasa, B cBexiie —3,6 pasa.

Y u3ydaeMBbIX OTOPOIHBIX KYJIBTYD Pa3InyaroT-
cs1 K03 HUIIMEHTHI OHOJIOTUYECKOTO MOTJIONMICHYS,
KOTOpBIE MO3BOJISAIOT KOCBEHHO CYJIUTh U O TIOBEJE-
HUW XUMHUYECKHX 3JIEMEHTOB B CHCTEME TI0YBa-pac-
TeHue (Tabnuma 5).

Tabauma 5 — Cpez[HHe K03(1)(1)I/IHPIGHTI)I OHOJIOTHYECKOTO TMOTJIOMICHUST XUMHUYCCKUX IJIECMEHTOB OrOPOAHBIMU KYJIBTYpaMHU

OneMeHT MopkoBb Kaprodens Kamnycra Tomarsl Caekia
Zn 0,09 0,04 0,06 0,06 0,17
Cu 0,20 0,11 0,13 0,12 0,29
Cd 0,03 0,02 0,02 0,02 0,03
Pb 0,08 0,05 0,08 0,04 0,12

JlaHHBIC TIpeACTaBICHHEBIE B TabIHIe 5, K03d-
(1)I/IHI/IGHTI)I OHMOIOTHYECKOTO IOTJIOIICHUA TsXKC-
JIBIX METAJIJIOB U3YYECHHBIX PACTCHUH UMEIOT KOJe-
oanus ot 0,02 mo 0,29. B cooTBeTCTBUY ¢ psimaMu
OMOJIOTMYECKOT0 TOTJIOMIeHUsT 37eMeHToB A.U.
[lepenpMana [23] u3zyyaeMble TSXKEIbIE METAJIIbI
OTHOCSTCA K IBYM psnam. [lo BemnunHe kodddu-
UeHTa OWOJIOTHYECKOTrO IMOTJIONICHUsI CBHHEI,
KaJMAWA W IIUHK BO BCEX KYJIBTypaX OTHOCHUTCS K
pAoy IeMEHTOB ci1aboro 3axBaTa u c1aboro HaKo-

Taéanua 6 — Kosgdumnuent 3arps3HeHus HCCIETyEMBIX KYIETYp

IJICHUSI, 32 UCKITIOYeHneM Kod¢duImeHTa 01oo-
TUYCCKOr'o NOIrjIomEeHUs NUHKA B CBEKJIC — CPCIHC-
ro 3axBaTta W cnaboro HakoruieHus. K anementam
CJTabOT0 HAKOIUICHUS M CPETHEr0 3aXBaTa OTHOCST
U ME/b.

B uccrnenoBanusx Apyrux aBTOPOB TAKKE UMe-
IOTCA AaHHBIC O BBICOKOM COACPKAHHNU U3YyHACMBIX
XUMHYECKUX JIEMEHTOB B OTOPOJHBIX KYJIBTypax,
KOTOPBIC BBIPAIICHBI HA 3arPA3HEHHBIX TEPPUTOPH-
ax [24-26].

HaunmenoBanue MopxkoBb Caexiia Kaprodern Tomartsl Kamycra
Zn 2,6 3,6 1,14 1,73 1,82
Cu 1,72 2,49 0,9 1,04 1,07
Cd 7,0 10 4,0 3,6 6,6
Pb 3,2 4,2 2,2 2,08 2,6
> Kszarp. 14,5 20,3 8,24 8,6 12,1

HccnemoBarHabple OrOpOJHBIE KYJIBTYpPhI COTIIAC-
HO cpeanemy kodddunuenty 3arpsznenus (Ksarp.)
COCTABIISIIOT CJICAYIOIINI YOBIBAIOIINH P CBEKJIA
(20,3)>mopkoBs (14,5) > xamycra(12,1) > ToMaThI
(8,6) > xaptodens (8,24) (tabmuna 6).

B cooTBeTCTBHH C IPOBEIACHHBIMU HCCICHO-
BaHUSMH, y Pa3HBIX OTOPOJHBIX KYJIbTYp CTE-
nens Hakomiaenus Zn, Cu, Cd, Pb 3aBucur or
OMOJIOTHYECKUX OCOOCHHOCTEH KYIBTYpPHI (Ta-
onuna 7).
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CornacHo Tabnuue 7, y CBEKJIBI 1 MOPKOBHU BBI-
SIBJICHBI CaMble BBICOKHE KO3()(DUIIMEHTH HAKOILIe-
HUS, a I TOMAaTOB XapaKTepHbI camble Hu3kue. [1o

BeNMUYMHE KOI(D(PUIIMCHTOB HAKOIUICHUS TSKEIIBIC
METaJUTbl MOYKHO MPEACTaBUTh B CIIEAYIONIEM yOBbI-
BaromeM nopsiike: Cu>Zn>Cd>Pb.

Taéanua 7 — Cpennue ko3 GUIUESHTH HAKOIUICHUS TSDKEJIBIX METaJIOB OTOPOAHBIMH KYJIBTYpaMy

Xumueckuii Kanycra Caekia Kaprodens MopkoBb Tomarsr
JIIEMEHT
Zn 0,21 0,33 0,16 0,3 0,16
Cu 0,68 1,57 0,59 1,09 0,66
Cd 0,22 0,33 0,13 0,23 0,12
Pb 0,1 0,17 0,09 0,13 0,08

H3yuaemple OrOpOAHBIC KYJIBTYphl COTJIACHO
K02 PUITMEHTY HAKOIUICHHUS pa3MeMIaloTCs B Clie-
IOYIOUIMK P CBEKJIa™> MOPKOBB >KaIlycTa™> KapTo-
(henp >TOMATEHIL.

BuiBoabI
1) HccnemoBaHWs ToOKa3zajaw, YTO CpEI-

HEe coleprKaHHue TAXKENbIX METAJIOB B MpO-
0ax CBEKJIbl, MOPKOBH, KamycThl, KapTode-

JsT ¥ TOMaTOB NPEBHIIAIOT TUTHEHUYECKYIO
HOPMY.

2) HanGonpmmim akKyMyJISITOPOM TSDKEJIBIX Me-
TAJIJIOB SIBIISIETCS CBEKJIA U MOPKOBb, HAMMEHBIINM
TOMATBHI.

3) Haubosnee 3arps3HeHHBIME OKa3aJIHCh OTOPOA-
HBIE KYJIBTYPBI, BBIPAILICHHBIE B CaJI0BO-OTOPOIHBIX
KOOTIEPATHBAX M B YACTHOM CEKTOPE PUIIETAFOIIHIX K
CEBEPHOW POMBILIIIEHHOH 30HE, YTO BHI3BIBACT SKO-
JIOTUYECKUHA PUCK AJISI 310POBbsl HACETICHUSL.
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OMNPEAEAEHUE UHTEHCMBHOCTU 3PO3MOHHDbIX NMPOLLECCOB
Mo METOAUKE SMITH BACCEMHA PEKU OAEHTDI
3ANMAAHO-KA3AXCTAHCKOU OBAACTH

B ctaTbe B3siTa akTyaAbHasi TeMa AAsl HACTOSILLErO BPEMEHU 1 MPOBeAEeHa paboTa no onpeAeAeHmto
MHTEHCMBHOCTM 3PO3MOHHBIX MPOLIECCOB MO MeToaMke Smith 6GacceiHa pekn OAeHTbl 3anapHo-
KasaxcraHckor obaactu. Lleabio AaHHOM paboTbl SIBASAOCH OMPEAEAeHME MPOoLEecca pa3mbiBa MOYB
6acceriHa pekn OAEHTbl AAS PA3AMYHBIX BUAOB 3EMAEMNOAb30BaHUS. AAS OMPEAEAEHUS! CMbiBA MOYB
ObIAM  MCMOAb30BaHbl: 3PO3UOHHbIA MOTEHLUMAA OTAOXKEHWI, TUM TMOYBbI, MEXaHWYEeCKWid COCTaB,
KPYTM3Ha CKAOHOB, PACTUTEABHOCTb, TUMbl BCMALLKM, 3PO3MOHHAS MPOrHO3HAs MOAEAb, YHUBEPCAAbHOE
ypaBHeHue notepb nousbl 1 nporpamma ArcGlIS 10.4. KOxHas yacTb 6acceiHa pekn MMeeT rnokasarteAb
cMbiBa noys o1 0 A0 0,06 T/ra B roa. T 3eMAM B OCHOBHOM MCTIOAb3YIOTCS MOA MacTbuia u HeboAbLne
y4acTKu TEPPUTOPUM MOA CEHOKOC, PACMOAOXKEHHbIE B BOAbLUMHCTBE CAYUAEB Ha KaLLITaHOBbIX MOYBax
M COAOHLIAX MEAKMX COAOHYAKOBATbIX, MO MEXAaHWUYECKOMY COCTaBy B OCHOBHOM MPEOOAAAAET TSXKEAbIN
CYrAMHOK. Tak>ke 3Ta TeppUTOPUS PacroAaraeTCsl Ha PaBHUHHOM YacTi 6accernHa v MMeeT HauMeHblee
KOAMYECTBO OCaAKOB MO GaccerHy peku. AaHHasi TeppuTopus 3aHnMMaeT okoao 40% Bcero bacceiHa
peku. LleHTpaAbHas M ceBepHas 4YacTU MMEIOT pa3AMYHbIE MOKA3aTeAM U KOAEBAIOTCS OT CaMmblx
HaMMeHbLUMX MOKa3aTeAer AO CamblX HaMBbICLLIMX, TaK Kak TEPPUTOPMM 3TUX 3eMeAb 3HAUMTEAbHO
OTAMYAIOTCS APYr OT ApYyra, Kak Mo TUMy MOYB, TaK M MO MEXaHM4YeCKOMY COCTaBy MOYBbl, UMEIOT
Pa3AMYHBIA YKAOH M CaMoOe FAABHOE MMEIOT Pa3AMUHble BUAbI 3eMAEMNOAb30BaHMS. CaMblii BbICOKMI
rnokasaTeAb CmbiBa noys 1,57 — 5,96 1/ra B roa MMEIOT MallHM, PACMOAOXEHHbIe B OCHOBHOM Ha
KaLUTAHOBbIX MOYBaxX, MMEIOLLME MEXAaHWUYECKMI COCTaB, NMPeoBAAAAIOLLMI U3 CPEAHErO M TSIXKEAOrO
CYFAMHKQ, eLlle MallH1, UMEeIoLLME HaMBbICLLIMIA MOKa3aTeAb XapakTepU3YIOTCS TEPPUTOPUEN C BbICOKMM
KOAMYECTBOM OCAAKOB 1 6OAEE KPYTbIM YKAOHOM. AaHHble nokasaTeas cMbia noyus ot 0,45 Ao 1,57 1/ra
B rOA TaK>Ke MPUHAAAEXaT MaLIHSAM, HO B OTAMUME OT MPEAbIAYLLErO KAACCA 3TW MALIHM PACMOAOXKEHDI
B OOAbLUMHCTBE CAYYaeB Ha MOYBaX, M0 MEXaHNYECKOMY COCTaBY OTHOCSLLMXCS K CPEAHEMY CYTAMHKY.
o pe3yAbTaTam MCCAEAOBaHMS HAaMBOABLLMI MOKA3aTEAb CMbIBA MOYB MPUXOAMTCS HA MaLLHW, CPEAHWIA
rokasaTeAb okoAo 1,50 T/ra B roa, YTO COOTBETCTBYET «AOMYCTUMOMY YPOBHIO MOTEPM».

KaroueBble cAoBa: 3po3moHHble npoueccsl, 6acceitH peku, 3KO, TMC, nousa.

N.E. Ramazanova, S.T. Toxanbayeva“, Zh.O. Ozgeldinova,
T.T. Tursynova, K.M. Asylbekov, A.M. Zhumabay, A.A. Ahmedova

Eurasian National University named after L.N. Gumilyov, Kazakhstan, Nur-Sultan
*e-mail: sabina.toksanbaeva@mail.ru

Determination of the intensity of erosion processes by the Smith method
of the Olenty river basin of the West Kazakhstan region

The article takes an actual topic for the present and carried out work to determine the intensity of
erosion processes using the Smith method of the Olenty River basin of the West Kazakhstan region. The
purpose of this work was to determine the process of soil erosion in the Olenty River basin for various
types of land use. To determine soil flushing, the following were used: erosion potential of sediments,
soil type, mechanical composition, slope steepness, vegetation, types of plowing, erosion forecast mod-
el, universal soil loss equation and the ArcGIS 10.4 program. The southern part of the river basin has a
soil flushing rate from 0 to 0.06 t/ha per year. These lands are mainly used for pastures and small areas of
territory for haymaking, located in most cases on chestnut soils and small salt marshes, the mechanical
composition is mainly dominated by heavy loam. This territory occupies about 40% of the entire river
basin. The central and northern parts have different indicators and range from the lowest to the highest.
The highest rate of soil flushing is 1.57 — 5.96 t/ha per year are arable lands located mainly on chestnut
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OmnpeneneHne HHTEHCUBHOCTH SPO3NOHHBIX MPOIECCOB 0 MeToanke Smith Oacceifna pexu OJICHTHI ...

soils, having a mechanical composition dominated by medium and heavy loam, and arable lands with
the highest rate are characterized by a territory with high rainfall and a steeper slope. These indicators
of soil flushing from 0.45 to 1.57 t/ha per year also belong to arable land, but unlike the previous class,
these arable lands are located in most cases on soils that are mechanically related to medium loam.
According to the results of the study, the highest rate of soil flushing falls on arable land, the average is
about 1.50 t/ha per year, which corresponds to the “acceptable level of loss”.

Key words: erosion processes, river basin, WKO, GIS, soil.
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batbic KasakcraH 06AbICcbl OAeHTI 63eHi 6acceiiHiHiH, Smith aaicTtemeci 60ibiHILA
3PO3MSIABIK, NPOLLECTEPAIH, KAPKbIHABIAbIFbIH aMKbIHAAY

Makanaaa Kasipri 3aMaH yLiH ©3eKTi TakpbIpbIn aAbiHAbI XKaHe baTtbic KasakcTaH 06AbICbl ©AeHTi
e3eHi 6acceiiHiHiH Smith aaicTemeci GoMbIHLIA 3PO3UNSABIK, MPOLECTEPAIH KAPKbIHABIAbIFbIH aHbIKTay
GOMbIHLLA >KYMbIC XXYPri3iAAi. BYA >KYMbICTbIH, MaKcaTbl 8p TYPAI Kep namaasaHy ywiH OAeHTi e3eHi
6aCcCenHiHiH TOMbIPaFblH Yy MPOLECIH aHblkTay GOAABI. TOMbIPAKTbIH, LWAMbIAYbIH aHbIKTAy YLLUiH:
LeriHAIAEPAIH 3PO3MSAAbIK MOTEHLMAABI, TOMbIPAK, TYPi, MEXAHUKAABIK, KYPaMbl, 6ETKENAEPAIH KOAGeYi,
BCIMAIKTED, >Kep >KbIPTY TYPAEPI, 3PO3UAABIK, GOAXKAMABI MOAEAD, TOMbIPAK, WbIFbIHAAPbIHBIH aMbe6an
TeHaeyi >kaHe ArcGIS 10.4 6arpapAaMacbl KOAAAHbIAAbL. ©3eH 6GacCerHiHiH OHTYCTIK GeAiriHae
TOMbIPAKTbIH XbiAbiHA 0-aeH 0,06 T/ra-Fra AeiiH wanbiAy kepceTkiwi 6ap. bya >kepaep HerisiHeH
XKanbIAbIMAAP MeH WWAObIHABIKTAP YWiH MaiAAAAHbIAAAbI, KOM >XaFAalAd KallTaH TOrMblpakTapbliHAA
>KOHe ycak, COpTaHAAPAbIH, COPTTapblHAQ OPHAAACKaH, MEXaHUKAABIK, KypPaMmbl HEri3iHeH ayblp ca3AaybIT
6acbim. CoHaan-ak, 6yA aymak, 6accemHHiH >a3sblk, GOAIriHAE OpHAaAACKaH >koHe 63eH BacCenHiHAe eH
a3 >KayblH-LlalbiHFa ne. byA aymak, 6ykia e3eH 6accerHiHiH, 40% Kypanabl. OpTabik, xoHe COATYCTIK
GOAIKTEP OPTYPAI KOPCETKILLTEPre Me XKOHe eH TOMEHTT KOPCEeTKILLUTEPAEH eH XKOFapbl AeHreire aAemit
e3repeAi, 6MTKEHI OYA XEPAEPAIH ayMakTapbl TOMbIPAK, TYPi MEH TOMbIPAKTbIH MEXaHUKAAbIK, KYpPaMbl
XarblHaH Oip-6GipiHeH alTapAbIKTaln epeKklleAeHeAl, ap TYPAI KeADey xoHe eH 6acTbiCbl ap TYPAi Xep
namAaAaHy TypAepiHe ve. Tonblpak, LWanbIHABICbIHbIH, €H XKOFapbl KepceTKilli XbliAbiHa 1,57 — 5,96 T/ra
ericTik >kepAep 6ap, oAap HerisiHeH KalluTaH ToMbipakTapbiHAQ OPHAAACKaH, MEXaHMKAAbIK, Kypambl 6ap,
opTalla XeHe ayblp ca3pakTaH 6acbiM, COHbIMEH KaTap eH >KOfapbl KOPCEeTKIlIKe Me eriCTik >kepAep
»KayblH-LIALLIbIH MOALLIEP] KOFapbl XKaHe Koabey. TonbipakTbiH XXYbIAY KOPCETKILLiHIH AepeKTepi KblAbIHA
0,45-TeH 1,57 T/ ra-ra aeitiH ericTikke »kaTaabl, 6ipak, aAAbIHFbI KAACKa KaparaHaa GyA ericTiktep ken
Karpanaa MEXaHWMKAAbIK, Kypambl 60ibIHILA OopTalla Ca3AaKKa >KaTaTblH TOMbIpakTapAa OpHaAackKaH.
3epTTey HaTMXKeAepi GoWbIHILA TOMbIPAK, LWalbIHABICbIHLIH, €H, XKOFapbl KOPCETKIlLi ericTik xepAaepre
TUeCiAl, opTalua kepceTkiw >XblAbiHa 1,50 T/ra XyblK, OYA ©<KOA GEPIAETIH WbIFbIH AEHreniHe» carkec
KeAeA|.

Tyiin ce3aep: a3po3usiabik npouectep, e3eH 6acceiti, BKO, FAX, Tonbipak.

BBenpenne

[Ipomecc cMBIBa TOYBBI SBISETCS HK30TCH-
HO ONACHBIM SIBIGHUEM. DpO3Usl MOYBHI CHIKAET
MIPOAYKTHBHOCTh TAIlleH CEJIhCKOTO XO3SAHCTBA B
pe3yabTaTe CHIDKEHHUS TUIOIIANeH ITUTOAOPOIHBIX
tepputopuii [1-4]. Taxke cCHMKEHHE BOJOHEIPO-
HUI[A€MOCTH TTOYBHI 1 CHUKEHHE BIAKHOCTH 3EMITH
HE TaeT BIUTHIBATHCS BOE, M3-32 UETO MOBBIIIACTCS
puck 3atoruieHus. [Ipouecc 3po3un OpuBOIUT K 3a-
TPA3HEHUIO PEK U 03€P, YTO COOCTBEHHO MPUBOJIUT K
YMEHBITICHUIO YUCIICHHOCTH PBIO U JPYTHX BOTHBIX
JKUBHOCTEH [5-7]. Dpo3uoHHAs TOYBa, HACKILIICHHAS
YAOOpEHMSIMA W TIECTUIMIAMU XHUMHYECKHUX CO-
CTaBOB B BOJHBIX 00BEKTaX HAHOCUT KOJIOCATBHBII
yiep0 U ypoH okpykaroriei cpene [8].
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[ToaToMy oOmHa M3 CaMbIX CEPBE3HBIX YIPO3
B DKOJIOTHYECKOM M 3KOHOMHYECKOM CEKTOpax B
MHUpPE CTaHOBUTCS NpoOJieMa KaK BOJHAS 3PO3Usl.
ObocTpsiercs qaHHAs TPO0IIeMa B CBS3H C U3MEHSIO-
IIFMHCS yCIIOBHSIMH B cpepe 3eMIIeToNIb30BaHus. B
HACTOSIIEM BpeMs 3a MPOLIeLINE CTO JIET TPOU30-
IIeJT pe3KHil CKaYOK B OCBOCHUH 3eMelTb IIETMHHOTO
Y 3QJIC)KHOTO TUTIA B CEBEPHBIX M CEBEPO-3aIIaTHBIX
yactax PecnyOnuku KazaxcraH, 4to npuBeso Kk ce-
PBE3HBIM YKOJIOTHIECKUM MPOOIIeMaM, B YaCTHOCTH
MMEIOIIHE CBSI3h ¢ KAYECTBOM MTOBEPXHOCTHBIX BOJT
[9-13].

HccnenoBanne 3pO3MOHHBIX IMPOIECCOB SBIISI-
JI0OCh BeChMa MPHUBJIEKATENbHBIM I UCCIIEOBaTe-
ne#t u yuensix [14-17]. [louBeHHas u BogHas cpena
SIBIITIOTCS. OCHOBOTIOJNIATAIONUME (DaKTOpaMH KH3-
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HenesTeNnbHOCTH (uiopsl U payHbl 3emau. B cBsa3u
C 3TUM UCCJIEA0BAHUEM YPO3HOHHBIX IIPOLIECCOB 3a-
HuManuchk Muorue [18]. B kadecTBe mpumepa MOXK-
HO IIPUBECTHU TAKMX HccienoBaTeneil kak Jlappnonos
I'.A., 3aHIMATOTIHIICS BOTIPOCAMH DPO3HH H eDIIs-
uuu nouys, Mupuxynasa LIL.E., uccienoBaBumii Bo-
JHYIO 9pPO3HI0 U METOJUKY €€ pacuéToB, BopoHuH
A.Jl., Ky3uernor M.C. u mHOTHE npyrue [19-22].

HccenenoBanust »po3HOHHOrO mpouecca B Pe-
cnyonuke KazaxcraH HOCAT JOKANBHBIA XapakTep.
Mmuorue Tepputopun PecmyOmmku Kazaxcram pa-
Hee He UccleoBaInCh. VcecnenoBaHUsIME 3PO3HOH-
Horo mpouecca CesepHoro Kazaxcrana, B 4aCTHO-
CTH AKMOJHMHCKOH 00JIaCTBIO 3aHWUMAaach ydeHas
AxusinoBa ®@.)K. Ee onHa M3 OCHOBHBIX paboT Mo
HCCJEeI0BaHUIO 3PO3UOHHOrO npouecca «IIpouecchl
apo3un U AeISIITIH TOYB AKMOJMHCKOW 00JIacTH B
YCIIOBUSIX arjioOMepallMOHHOTO Pa3BUTHSA PETHOHA
[23].

Taxxe MOXHO OTMETHTh YYEHBIX U HCCIEJO-
Bareneil Poccuiickoit denepanuu, 3aHUMAOLIUXCS
HCCIENOBaHUAMH 3PO3UOHHOTO mpouecca. OgHuM
U3 SIpKUX MNpeacTtaBuTesed Poccuilckux uccneno-
Bareneil sBisiica 3acnaBckuiit M.H. — coBerckuit
MTOYBOBE/, KOTOPBIN H3ydas MPoOIeMbI TTOYB U OBLI
WHHUIIMATOPOM BBIJICTICHUSI 0CO00H OYBOBEAUECKON
JUCLUIUIMHBI — 3po3uoBeneHue. MoHorpaduu u
y4ueOHbIe m3manusa 3aciaBckoro M.H. mmo ceit meHs
HCIOJB3YIOTCS B Ka4eCTBE OCHOBHOM JIUTEPaTypHl
Ha 3aHATHUSIX NTOYBOBeneHus [24, 25].

B Kazaxcrane BompocamMu BOJHON 3pO3UH B
pasnuuHble ToabI 3aHuManuch babdaer K.b. (1970),
Terucos T.A. (1975), Uopranckuit A.. u banra-
oexoB K.b. (1979). Ot paboThl OBLUTH TOCBSIIICHE
YCIJIOBUSIM TIPEJTOPHOM 30HBI, MOJ00HBIE PabOTHI,
T.€. HCCJIEIOBAHMS 10 BOJTHOW PO3UU U BHIPAOOTKE
PEKOMEHAIMU 110 OCYILIECTBIECHUIO IPOTUBOAPO3H-
OHHBIX MEpOTIPUATHH paHee MPOBOIUINCH, HO HE B
MoJIHOM Mepe. Bee uccnenoBanust B 3TUX perHoHax
(A.M. bapaeB) ObuH TIOCBSIIEHBI BBIPAOOTKE MeEp
IIPOTUB BETPOBOH 3po3uu. I1o nanusiM Moprancko-
ro A.W. u banrabexosa K.b. (1979), no mepe yBenu-
YEHHSI CMBIBA TIOYBBI YMEHBINIAETCS COJIEpKaHHe Ty-
Myca B TaXOTHOM CJIO€ U CHHXKAETCS ypOKaliHOCTh
CEJIbCKOXO3SIIICTBEHHBIX KYIbTYp [26].

OO0BEKTOM HCCIEeOBaHUSA CTal 0acceiH peku
Onentsl 3amangHo-Kasaxcranckoil o0macTd U €ro
3pO3UOHHasA cocTapiisiomasn. Pexka OneHThl pacno-
naraercsi B CeIppIMCKOM paiioHe 3amagHo-Kazax-
craHckoii oonactu. [Tnomanp 6accelina peku Onen-
ThI cocTaBligeT 5481 KBapaTHBIX KUIOMETPOB.

HccnenoBanus GBI OCHOBAaHBI HA MaTepHaliax
BOJIHO-3PO3HOHHBIX TPOLIECCOB, MPOBOAMUBIIUXCS
0 SMITAPUYECKUAM OTIBITAM U MHOTOJIETHUM HaOJIIO-

JICHUSIM 110 MeTOIMKe Smith, BKirouaroiee yHuBep-
casnbHOe ypaBHeHne RUSLE.

YuusepcaibHoe ypaBHeHue RUSLE sBnsiercs
ypaBHEHUEM, KOTOPOE OBIIO MPEI0KEHO YISHBIMH
u3 Amepuku CMutoM u YiliMedepoM B MOCHEN-
cTBUU AopaboranHoe Penapmom nm @ocrepom. Bri-
I€yKa3aHHOE YpaBHEHHE YHHUBEPCAIbHBIX MOTEPh
nouBsl RUSLE mo3BosisieT JaBaTh OLICHKY MOABEP-
JKEHHOCTH SPO3WH TIOYB B BOJOpaszelne, pazpabdo-
taHHbIM B CIIIA Ha OCHOBE JaHHBIX 00 IPO3HU II0-
4BBI, cOOpaHHbIX ¢ 1930-x ronos Cinyx00i 0XpaHbl
moyB MUHHUCTEPCTBa CeNbCKOro Xo3siicta CIIA
(uprHe Ciyx0a oXpaHbl IPUPOAHBIX pecypcoB Mu-
HHUCTEPCTBA ceNbcKoro xozancTea CLLA).

Mopenp MCTONB30BANIACH B TEUEHHUE JECITHIIE-
THW I Leneil MPUPOJOOXPAHHOIO IUIAHUPOBAHUS
kak B Coeaunennsix IllTatax, roe oHa BO3HHUKIA,
TaK ¥ BO BCEM MHPE, U UCIOIB30BANIACH JISI Peaji-
3anuyM MHOroMuiumapaHod mporpammsl CIIA 1o
COXPaHEHHUIO.

MarepuaJibl 1 METOAbI HCCIACAOBAHMI

B kadecTBe MaTepuaa ucciieJoBaHus OBLIH HC-
MOJIH30BAHBI:

- KOCMHYECKHE CHUMKH 10 IU(POBOH Moaenn
penbepa SRTM miast co3manus OacceliHa peKd C
nomomptlo [MC-TexHONOrHMiI M KOMIBIOTEPHBIX
METOOB;

- CTATHCTHYECKHE TAHHBIC KOJUIECTBA OCAIKOB
o MereonocrtaM 3anaaHo-Kazaxcranckoi oomactu
JUIsl UHTEPIOJISILIMY U CO3/IaHUS KapThl OCAJAKOB I10
Oacceitny pexu OJNECHTEHI;

- KapTorpadu4IecKuii MaTepuall o MOYBEHHOMY
TTOKPOBY JJISI CONIOCTABJICHUS M aHAJIN3a II0YBHI Oac-
ceiiHa;

- TAaHHBIE TIO CKJIOHY U peibedy.

beun mcnonp3oBaHbl METOABI Jemn(pHpoBa-
HUS KOCMHYECKUX CHUMKOB. T0 €CTh IPOLIECCHI T'€0-
HHGOPMALMOHHOTO KapTorpadupoBaHus 6acceiHo-
BBIX TEPPUTOPUH, KOTOPBIE COCTOST U3 HECKOJIBKHUX
STaIoOB M MPOBOJATCA MO METOIUKE, BKIIOUYAOIIEH
MepBUYHYIO 00pabOTKY JaHHBIX, aHAIIU3 KapToTpa-
(hnyecknx MaTeprantoB W KOCMHUYECKHX CHHMKOB,
(hopMupoBaHue eUHON 0a3bl Ie0JIAHHBIX, & TAKKE
yIIyONeHHbI MOp(HOMETPUYECKUN aHalu3 Ha OC-
HOBe 1dpoBoi Moaenu penbeda (LIMP).

Taxxke OBUIM TIPUMEHEHBI PETPOCHIEKTHBHBIN
aHalIu3, CPAaBHUTEIbHBIN aHallU3, CHCTEMHO-CTPYK-
TYPHBIN MOJXOJ, TUIIOJOTMYECKUM MOAXOJ, METO/I
aHaJorui.

MeTon0N0THYecKOil OCHOBOW JaHHOW pPadOTHI
sBiseTcs 3eMenbHbIN Kojeke PK, a Takke peko-
MeHpanuu yaéusix 1 HUU B obnactu 3emiieyctpoii-
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OmnpeneneHne HHTEHCUBHOCTH SPO3NOHHBIX MPOIECCOB 0 MeToanke Smith Oacceifna pexu OJICHTHI ...

CTBa, METOJIbl MOJCITUPOBAHUS CTOKA TaJBIX BOJA U
BOJIHOM 3PO3MHU B IEPUOJ CHETOTAsIHUS.

B xoze uccrnenoBanus 3po3HOHHBIX MPOIECCOB
Ha OCHOBe ypaBHeHus nmoteps noussl (RUSLE) no
Meroauke Smith B 6acceitre pexu ONEHTHI IS pac-
yera koddduimenta ocaakoB R ucmonb3oBan me-
ToJ uHTEepronAnuu nporpammsel ArgGIS 10.4 u ans-
TepHaTUBHAs GopMyIIa AT BEIUUCICHUS GakTopa R
(R = 0,548257P-59,9; rne P — 310 cpenHeromnoBoe
KOJINYECTBO OCA/IKOB).

Pacuer ¢akTopa 3poanpyeMOCTH MOYBHI C IIO-
Mosio nporpammel Excel, ArgGIS 10.4.

[lokaszarenn mo pa3MbIBAEMOCTH TOYBHI OBLIN
SKCIIOPTHUPOBAHBI B CIIOM IKOJIOTHYECKHUX IJIOMIa-
JOK B mporpaMMHoM obecnieuenun ArgGIS 10.4 na
OCHOBE COEAMHEHMS TaOIHL 1 HHTEPIOJIALUH C TO-
MOIIIBI0O METO/Ia €CTECTBEHHON OKPECTHOCTH B Ha-
0ope nHCTpyMeHTOB Spatial Analyst.

Jiia aHanW3a TPUPOAHBIX YCIIOBUI OacceitHa
pexu OJeHTHI KCIONB30BaH TomMorpado-Kaprorpa-
(uueckuit MeTos1, OCHOBaHHBI Ha reoMOopQOIOoTU-
YEeCKOM aHanu3e YOPMBbI M PACIION0XKEHHSI TOPU30H-
Tajel, a TaKkKe MaTeMaTH4ecKoM, rpadoaHanInuTH-
YECKOM U APYTHX METOJIOB.

Taxoke UCIOIb30BaH METOJ OLIEHKH CMBIBA I10-
YBBI, TPETHA3HAYCHHBIH ISl BBISABIICHUSI U TIPUHS-
THSL MEp MO BO3HUKHOBEHHIO PHCKOB, a TAKXKe IS
CBOEBPEMEHHOTO M 3()(PEKTHBHOTO peardupoOBaHHS
Ha J1I00bIe OTKJIOHEHMS.

Pe3yabTarhl u 00cy:x1eHue

Pannue npotuBo3po3noHHbIe Mephl B Kazaxcra-
He OBLTH HaIpaBJIeHBI POTHUB BETPOBOW IPO3HH, a O
BpeJIe BOJHOM SPO3UHU B IEPHUOJI CHETOTAsHUSA 0CO00
He mpuaaBaiy 3HaueHus. [IpakTuka mokasana ommu-
0OYHOCTH TakoTro moaxoaa. Haykoit mokazaHo, 4To
B CMBITBIX TIOYBaX YPOXKaWMHOCTH CEIIbCKOXO3SM-
CTBEHHBIX KyJIbTYyp cHIbKaeTcs 10 80%. 1o naHHBIM
yueHsix Poccun n CIIIA B miporiecce BOHOM 3po3un
B TIEPHUO/] CHETOTASHUSI CMBIB ITOYBBI JOCTUTAET JI0
15 TH/ra 3a Heckoubko aHel. B Kasaxcrane BogHas
3pO3US U3ydaslach € pa3padOTKOM MPOTHBOIPO3HOH-
HBIX MEp JIUIIb B IPEATOPHBIX U TOPHBIX 30HAX.

B Kazaxcrane, Tak e Kak 1o BceMy 3anaaHo-
My PErHoHYy Mepbl, HallpaBlieHHbIE Ha YIIPaBICHIE
TaJbIMU BOJAMU U COKPAICHUIO BOJHOM 3pO3HUH,
OTHOCIT K aKTyaJbHBIM 3amadaM. be3 wu3ydeHus
JTAHHOTO BOIIPOCA, HEBO3MOXHO 3(DPEKTUBHO pe-
aIU30BaTh MPOEKTHl 1O MEPEBOAY 3EMIICIONB30-
BaHUS HA JIAHTIA()THO-IKOJIOTUYECKHE OCHOBBI, a
ClIeI0BaTeIbHO, HEBO3MOXKHO OyneT A00uThes 00-
niee 3PPEKTUBHOTO M YCTOWYMBOTO MEPEBOJIA CEITb-
CKOXO3SHCTBEHHOTO 3€MIICTIONB30BAHMS Ha HKOJIO-
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rudeckyd 0e30macHyl0 OCHOBY, COKPATHUTh WU TpPea-
YIPEeIUTh ACTPAAALHUI0 H OITyCTHIHUBAHHE 3€METIb.

CoxpaHeHHe MI0JOPOIUsS TTOYB, UX MEITHopa-
Ul — BOMIPOCHI MOCTOSHHOTO BHHMAaHUS U 3a00-
Thl MHOTHX MEXIYHApOIHBIX OpraHU3alli, TaKHUX
kak ®AO (IlpomoBONBCTBEHHAST W CETHCKOXO3SH-
CTBCHHAsT OpraHu3anus OOBESTUHEHHBIX HAIH),
IOHECKO (Opranuzanus 0O0beAMHEHHBIX HAIlHi
[0 BOIPOCAaM TPOCBEIICHHS, HAYKA U KYJIbTYpHI),
FOHEII (ITporpamma OOH mo oxpy»katomiei cpe-
ne), MKW/ (MexnyHapoaHasi KOMHCCHUS TIO HPPH-
TaIuy U IPeHAXKY).

IMo cBegenusim M. Kupkbu u K. Moprana
(1984). B CIIIA Ha 04HCTKY BOIBI OT WJIa TPATUTCS
OKOJIO OJTHOTO MIJUTHOHA JTOJIAPOB B JIeHB [4].

Kakx ormeuaror [I.IL.Cypmau (1979) [5],
B.J.1Banos (1985) [6], M.C.Ky3nuenos (2002) [7]
W JAp. BOTHAS DPO3Ms TOYB SIBIAETCS CIIECICTBHEM
CJIO’KHOTO B3aUMOJICHCTBHSI IPUPOJHBIX (HaKTOPOB
(xnmuMmara, penbeda, MOYBbI, PACTHTEIHHOCTH) U XO-
3S1ICTBEHHOM JIESITEIbHOCTH YEI0BEKA.

PaccmatpuBasi OCHOBHBIE (aKTOPHI DSPO3UH,
BBI3BIBAEMON CTOKOM TaJBIX BOJ, CIEAYeT OTMe-
THUTh, YTO CMBIB TIOYBBI MPU CHETOTASHUM CBS3aH,
npexiae Bcero, ¢ (OPMHPOBAHHUEM CHEKHOTO MMO-
kpoBa (I'.IL.Cypmau, 1967, 1971, B.M.Bacunnega,
2.C.Xepcouckuii, 1977, A.B. IlaBnos,1979 u np.)
[8-11], rmyOuHO#1 mpoMep3aHusl, YBIaXKHEHUEM T10-
YBBI, CKOPOCTBIO €€ pacTauBaHHS, dPOIUPYIOICH
CIOCOOHOCTBIO TaJbIX BOAHBIX MOTOKOB, peibeda,
arpo¢oHa, TPOTUBOIPO3UOHHON CTOHKOCTH IOYB
u np. Cpenu 3THX (QaKTOPOB YIIPABISIEMBIM SIBIISI-
ercs arpodon. Tak mo nmamaeiM M.C.Ky3nemosa
u B.B.Jlemunosa (2002) [12] yBenuueHHIO BBICO-
THI CHEKHOTO TIOKPOBa M 3aIlacoB BOJBI B HEM IIO
CPaBHEHHIO C OTBaJBHOU BCIIAIIKOM CIIOCOOCTBYIOT
MPUMEHEHHUE Ha CKIIOHAX MJIOCKOpEe3HOH 006paboTKu
MTOYBHI C COXpaHEHNEM CTEPHHU Ha MOBEPXHOCTH I10-
YBHI (COOTBETCTBEHHO Ha 3,5-4,5 cM u 7-10,8 Mm),
MOCEBBI O3UMBIX 3€pHOBBIX KyJabTyp (11-13 cM nu
10,8-18,5 MM) U MHOTOJETHHUX TpaB l-ro u 2-T0
rojia moiap3oBanus (7-8,5 cMm u 22,6-28,8 Mm). Ycra-
HoeiieHo (M.C. Kysuenos, I'.Il. ['ma3zynoB, 1996 u
IIp)., 9TO IJISI CEBEPHBIX PalOHOB ATOT ITOKA3aTeNb
BBIIIIE, YeM /171 F0KHBIX: B [IoIMOCKOBBE OH COCTaB-
nsiet 0,065 Mmm/MuH, B TO BpeMs kKak Ha KybOaHu ero
BenuuuHa Beero aumb 0,015 MMm/MuH.

Bonpoc o nmomycTHMBIX MOTEpsiX MOYBHI eIlle
MEeHee W3y4YeH, YeM pacyeTHas BEIMYMHA CMBIBA.
[lo cBemenunsm M.B.3apyGaeB (1976), Bennumna
JIOIYCTHUMOT'0 CMBIBA MOXeT Kosiebatbest ot 0,2 110
25 t/ra/ronm [13].

B paccmotpenHbIX paboTax pEeKOMEHIYIOT-
Cs BECbMa BBICOKHE JIOIYCTHUMBIE HOPMBI 3PO3HUH.
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Kax Benmka, Hampumep, 3Ta «HOpMay sl YEPHO-
3€MOB, TOKa3bIBaeT Takod npumep. Ilo pacuyeram
A.I'.PoxkoBa (1981) B LleHTpanpbHOYEPHO3EMHON
30HE CPEIHETOI0BOIM CMBIB MOYBHI 32 BECh MEPUO]L
KCTIOJL30BaHUA TAITHU Ha CKJIOHaX Kpyde 1° cocTa-
Buia 3,9 1/ra [14]. CienoBarenbHo, (haKTHUSCKUI
CMBIB ITOYBBI 32 COTHH JIET OBLT HUXKE PEKOMEH Tye-
Mo HopMbl. HO, Kak M3BECTHO, TAKOW TEMIT CMbIBA
MOYBHI HE KOMIICHCHUPOBAJICS.

Hawnbonee npuemiieMbIMH, 10 MHEHUIO MHOTHX
aBTOPOB SIBJISIOTCS B HACTOSIEE BpEMS pealbHbIC
C OPAKTUYECKOM M IKOJIOTMYECKOW TOYKHU 3pPEHHS
PEKOMEHAINH 110 HOpMaM CMBIBA, pa3paboTaHHEIE
I'.I1. Cypmauem (1992): 0,5-2,0 1/ra B rox (0,05-0,2
MM/TOJI TIPY TIOTHOCTH CIIOXKEHHS TOUBbI 1 T/M°) B
3aBUCUMOCTH OT THIA MOYBHI, CTEIICHU €€ CMBITO-
CTH M TUIOTHOCTH MaTEPUHCKOM moposl [15].

Pa3pabarbiBacMasi Hay4YHO-TEXHHMYECKash MpO-
IYKIMsI COOTBETCTBYET aKTyalIbHBIM MpoOieMam
Kazaxcrana, Tak 1 cTpaH, pacloJI0KEHHBIX B aHAIIO-
THYHBIX KITUMATHYCCKUX YCIOBUSAX Y KpauHbl, MoJi-
noBbl, LleHTpanpbHO-A3UATCKUX CYBEPEHHBIX T'OCY-
JapcTBaXx M A OTHEIBHBIX FOXKHBIX TEPPUTOPHI
Poccun, a Takke s CTpaH JaIbHEroO 3apy0eiKbs.

BrmsiHue monmydeHHBIX pe3yibTaTOB Ha Pa3BU-
THE HAayKH U TEXHOJIOTUHA U OXKHUAAECMBIN COLMAIIb-
HBbII U DKOHOMMYECKHH DPE3YyJIbTAT BBIPAXKAETCA B
TOoM, uTo npuMeHnenue moaenu RUSLE ¢ meTonamu
reoo0paboTku sABISETCS 3PPEKTUBHBIM METOIOM
OIICHKHU IMOTEph MOYB B BOJOpa3ieiax, CeIbCKOX0-
3SICTBEHHBIX YTOJBAX.

Pe3ynbrarel mpenaraeMoil TeXHOJIOTHUH TT0JIe3-
HBI JUIsl TIOTIOJTHEHUSI CTPATErHii 0OpHOBI ¢ ApO3uci,
a TaKXkKe IJIS CO3MIAaHUS M pean3alud MPUPOTI00X-
paHHBIX TPOTPaMM B ITOW OOJACTH OKPY’KaroImIeh
Cpelbl U 3aCiIyKHUBAaeT MOBCEMECTHOTO BHEAPEHUSL.
Pe3ynpTaTel MOMOTYT JIydIlle MOHATH TEKYIIYIO CH-
TyaIuio ¥ OTHOIIEHHUS ITOTEPh MOYB, TaK Kak Kazax-
CTaH SABJISETCS arpapHON CTPaHOM.

B pabote mokazaH X0l ¥ alTOPUTM HCIOIB30-
BaHUs MeToauku Smith B Oacceline peku OJICHTHI
JUTsE pacueTa KoddduirenTa ocaakos R ¢ mpumene-
HUEM YCOBEPIIIEHCTBOBAHHOTO ypaBHEHUs. ViIMeHHO
9TO SABIISAECTCS HOBU3HOM, IPAKTUIECKAs 3HAUMMOCTh
3aKJII0YAETCsl B MPUMEHEHUU TaHHOTO aaropuTMa B
BOTIPOCAX A3PO3MOHHBIX MpoIeccoB B MuHHCTEp-
CTBE CeNIbCKOoro xo3siicTBa Pecniyonmku Kazaxcras,
MECTHOTO YIPaBJICHUS, KPECThSIHCKUX XO03AUCTBaX
U T.I. YUpeXXIeHWSIM W OpraHHu3alisM 3anHTepe-
COBaHHBIX B MOJYYEHUU KAYCCTBEHHOW pPa3HOILIA-
HOBOW WH(OpPMAIMH, OTPaKAIOIIEH COBpPEMEHHOE
COCTOSIHHSI TOYBEHHOTO ITOKPOBA CENTbX03 YTOANM.

Bnaronmapst »QexTuBHOMY yHpaBICHHIO 3e-
MEJBHBIME PECYPCaMU MOXKHO AOCTUTHYTH IENHU IO

YBEJIUYEHHUIO YPOKaHOCTH M TapaHTUPOBAHHO I10-
Jy4aTh BHICOKHE TOXOJbI B TOW WUIIM HHOW OOJIACTH.
Jnst BBIYMCIIEHUS] TEPPUTOPUH OacceilHa peku
B niporpamme ArcGIS Ovimn ucnonb3oBansl SRTM
CHHMKH, B KOTOPBIX €CTh JaHHBIE [10 BEICOTAM.

Jnst BeIYMCIIEHUS TpaHul OacceifHa PeKH BbI-
[IOJIHEH AJITOPUTM JAeUCTBUM. Bo-mepBbIX, HCIIOJIb-
3oBaH nHCTpyMeHT 3anonuenue (Fill), 31eck mpouc-
XOAMT MPOLIECC CIIIAXKUBAHUSA CHUMKA. CleyIonmM
JIeiCTBUEM SBISIETCSl co3llaHMe KapThl Harpasie-
nue ctokoB (Flow Direction). IloaroroBneHHbIN
pacTp COIOepKUT B KaXKJOM MHKcene HH(HOpMaLnio
B nenouunciaeHHom sune (1,4,8,16,32,64,128) o Ha-
MPaBJICHUU CTOKOB [0 CTOPOHAM CBETa. 3aTeM, HC-
IOJIb3yeTCsl MHCTPYMEHT cyMmMMmapHbI cTok (Flow
Accumulation) ans uneHTUdUKaMUA pycen pek. B
UTOTE€ CHUMOK OyZeT UMEeTh YepHBIi IBET, HA KOTO-
poM OyAyT BHIHEI peku 6emoro meera. OgHaKo mjis
OoJiee OTYETIMBOTO TPEACTABICHHS PEK HCHOIb3Y-
eTcs pacTspkka cHuMKa. [locie sToro, ykaspiBaeTcs
OTIOpHAs TOYKA, OT KOTOopout ArcGIS OymeT Ucmoib-
30BaTh QPYyHKIMIO «BbIprcoBBIBaTEY AJisi OacceitHa
pexu. [t aTOro Henoias3yeM HHCTpyMEHT Pucosa-
aue (Drawing). B koHEYHOM UTOTE IS BHIICTICHUS
rpaHuil 6acceiHa peKu UCIOIb3YEeTCsl BOIOCOOpHAs
obmacte (Watershed).

Kapty cMbIBa IO4B CTPOAT Ha OCHOBE YHHBEp-
CaJIbHOTO YpaBHEHHS CMbBIBA MTOYB 10 OpMyIIe:

A=R*K*LS*C*P,

rae R — gaxrop xonmuecTBa ocakoB

K- xoaddunueHT pa3MbIBAEMOCTH ITOYBBI

LS — dakrop: L- xoaddunmeHT nHbI, S- KO-
a¢durmeHT yKiIoHa

C — K02 GUITUEHT 3eMIICTIONHE30BAHIS

P — dakTop nmpoTHBO3PO3UOHHBIX MEPOIIPUSTHH.

Hns onpenenenus pakropa R cpeaneromzosoro
KOJINYECTBA OCAQJIKOB HCIIOJIb30BAIMCH CHUMKH B
pactpoBoM (hopmare W ObLIa POBEJEHA WHTEPIIO-
msuus. B pesyibraTe momydmin 3Ha4€HUS] OCAAKOB
JUISL MCCIIEyeMOT0 y4acTKa, Ha OCHOBE KOTOPBIX
CTpOoWJIach KapTa CpEeIHEroJJOBOr0 KOJIMYEeCTBA
ocankos (Puc.1).

st co3fanust IOYBEHHON KapThl M MeXaHHue-
CKOTO cOCTaBa IMOYB OBUTM B3STHl OTCKaHHUPOBAH-
HbIE TIOYBEHHBIE KapThl TEPPUTOPUH OacceiiHa pekn
OJeHTBI, KOTOPBIE UCTIOB30BATUCH JIJISI TIOJIOKKA
npu onudpoBke nouBeHHOH KapThl (Puc.2). Onud-
POBKY NIPOU3BOIMIIN II0 KOHTYPY, B IEHTPE KaX 10K
STYEHKH HMENHCh 0003HAYCHUS, K KOTOPBIM MTPUCBO-
€H THII NIOYBHI U e MexaHu4yeckuii coctas. Hampu-
mep, 12B — 310 cBeTyIoKaITaHOBBIE MOYBbI, UMEIO-
M€ MEXaHUYECKUI COCTaB U3 CPEHEr0 CYTIIMHKA.
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Pucynok 2 — OnudpoBanHas KapTa MEXaHUIECKOTO COCTaBa MOYBHI peKH ONECHTHI

Jlanee o qaHHBIM U3 TaOIUIBI HAXOJUM 3Haue-
Hus s kodddunmenta K no tuny MexaHu4eckoro
coctasa mouBHI (Puc. 3).

Ha ocHoBe 3THX JaHHBIX OITyYaeM KapTy Mexa-
HHYEeCKOTo coctaBa mous (Puc. 4).

Hns pacuera LS (¢akropa HCIONB30BAICS
SRTM-CHUMOK TEpPUTOPHH, IO KOTOPOMY OBLIT BBI-

26

CYMTaH YKJIOH, a YK€ Jlajiee 1o TabauIe ObUT Cliean
pacuer LS (Puc. 5).

®aktop C MOXKHO ONpPENeTUTh, BEIOPAB METO
THMa moceBa u o0Opabotku mousel (Tabmuma 1 u
Tabmuma 2, cooTBeTcTBeHHO). UTOOBI BBIYHCIHUTH
KO3 GUITMEHT 3eMJICTIONB30BaHMUs, ObLTH BHIOPAHBI
3HAYCHUS U3 TAOJHUIBI | ¥ YMHOXKEHBI UX Ha 3HAYE-
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HUE U3 TaOIUIBI 2, B PE3yJIbTaTe MOIyYeHBI KOA(]- st mamHu, Ha KOTOpOM MpOHM3pacTaroT 3ep-
¢unuments! pakropa C. HOBBIE KYyJIBTYPBl U TIPOBOAUTCS 30HAJbHAs 00-

Hampumep, st mactouma ko3dduuuent C 0y-  pabotka mnouBel koddduiuent C OyaeT paBeH
net 0,25 * 0,02 = 0,005; 0,25 * 0,40 =0,1.

Table 3. K Factas Dats

Taxtural Class tﬂﬂﬂl!ﬂ'rl:.rgt%m‘
Avarage OBC e Lot Thain 3% CHC Mora than 3G QML
Clay 0.4% (0,23} 0-5&(0.24) 047 (0.21]
Clay lam 9.6 {9.20) .78 [03d] 040 [ou2i]
Cobris sandy ioam 9,16 {2.07) " 0.36 (0.07]
Firse adnd Q.18 [0,08) 0.3 [ 0.08) 0.1 [ 0L08)
Firss fandy beam 9,40 {0,178} 040 [0.22) OB (G17]
Heawy clay 0,38 {0.17) 0.43 (0.19) 034 (0.15]
Loam 057 (10,30) 0.76 (0.34) 058 (0.26)
Leaerry fine sand 0.2% (0,18} 0.34 (0.15) 020 (0.09)
Loaeny sand 0.0% [10.04) 0.11 (0U05) 009 (0u04)
Learry very fing sand 0.87 (0.38) 0.5 [B44) 0.56 (0.25)
sl 9,04 (0,03} 0.0F [0.00] 003 [Gu1]
Frdy clay lakm 9,45 (0,39} - 045 {0.29]
Saradty bm 0.2% {0.13) 031 ([0.14) 0u2F (0L1d)
ST bauen 0.85 (9.3} 0.92 [0.41) GUBd (0.37)
Sy elay 0,38 [9.28) 0.51 [6.27] 0.8 [0.28]
Sty €lay lokm 0.72 (0.32) 0.7 [0.25] 087 (0,307
Very fine sand 058 {0,43) 103 (BAS) 083 (0.37)
Very fine sandy loam 0.79 [0,35) 092 [BA1] 074 [0.33)

Pucynok 3 — Jlaansie xoaddurmenta K

-+

———

Pucynok 4 — Kapra mexannueckoro cocrasa 1nous 0acceitna peku OneHTsI
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Pucynok 5 — Viiion 6accelina pexu OneHTbI

Tabba AA. LS Pictor CRltulities
Sdaga Lamgth: ms [1%) Slope=n %) & Factor
1.8
1.0
0.a%
0.5
0.4
0.1
0,35
0,83
b.aF
1,55

-
¥

368 (105

e R | e | o

a
o

| 1.41
0.5%
0.1
053
0.3%
D.3%
o.ud
0.0
3.7
1.5
1.98
1,87
]
053
0,38
0. 30
0.0

&1 1300}

i ujlw|Elw|m-

"
L

1X3 {405)

o e B | o | o |

Pucynok 6 — [lannsie koadpdunnenra LS
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Pucynoxk 7 — Kapra LS — ¢axropa 6acceiina pexu OneHTbI

Tadauua 1 — ®akTop BUAOB CENbCKOXO3IUCTBEHHBIX KYJIBTYp

KapTa LS-chaciopa Baccaf-db g Ohanmn

Ta6auua 2 — ®axkrop 1 MeToAbI 00padOTKH MOYB

Bunbl cenbCKoX03sIHCTBEHHBIX KYIBTYP daxrop Merton 06pabOTKH MOYBBI ®dakrop
3epHOBEIE KyIBTYPHI 0.40 OceHHee IIyroBaHue 1.0
Cyroc KyKypy3bl, 000BI ¥ KamycTa 0.50 Becennee miyrosanue 0.90
Kpymsl (BeceHHHE U 3UMHHE) 0.35 MynsuupoBaHue 0.60
CazioBbI€ KYJIBTYpBI 0.50 XBocToBast 00pabOTKa MOYBHI 0.35
ODpyKTOBBIE 1EPEBHS 0.10 3oHanbHas 00paboOTKa MOYBEI 0.25
CeHoKoC 1 macTouma 0.02 Her nouBoo6paboTku 0.25

P — dakTop mpoTHBO3PO3UOHHBIX MEPOIPUS-
THH, 3HaUYeHHe JaHHOro (akropa cocrapiser 0,25.
MEpPOTPHUSTHUS
ce0sl KOMILUIEKC OpraHW3allMOHHO-XO03HCTBEHHBIX,
arpoTEeXHUYECKUX M TUAPOTEXHUYECKUX padOT st

IIpoTuBO3pO3HOHHBIE

CHMIKCHUS CTCIICHU 5PO3UHU IIOYB.

BKIIIOYaKOT

pexu OJeHTHI.

BerauciuB ko uIMeHTH BceX (aKTOpOB,
C TIOMOIIBIO YHUBEPCAILHOTO ypaBHEHHUSI CMBIBA
oy, onpexenstorcs pakrop A (A=R * K * LS *
C * P) 1 noiy4aeTcs KapTa CMbIBa ITOYBBI JJIS CENb-
CKOXO3SICTBEHHBIX yTOOUH TEPPUTOpUH OacceiiHa
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3akiaouenune

W3 pe3ymbTaToB BHIHO, YTO IOXKHAS YacTh
OacceitHa peku MMeeT MOKa3aTellb CMbIBA TIOYB OT
0 mo 0,06 1T/ra B roa. DTH 3eMJIK B OCHOBHOM HC-
MTOJIB3YFOTCS IO/ TTACTOMINA M HEOONBITHE YIACTKH
TEPPUTOPHH T0]T CCHOKOC, PACIIOJIOKEHHBIE B 0OJTh-
[IMHCTBE CITy4aeB Ha KAIITAHOBBIX ITOYBAX U COJIOH-
I1aX MEJKUX COJIOHYAKOBATHIX, IT0 MEXaHHYCCKOMY
COCTaBy B OCHOBHOM MPEOOIaIaeT TSXKEIbIH CY-
rHOK. Takke 3Ta TeppUTOpUS pacIioyiaraeTcs Ha
paBHUHHON YacTH OacceifHa W MIMeeT HanMEHbIIee
KOJIMYECTBO OCAJIKOB 10 Oacceiiny peku. JlanHas
Teppuropus 3aHuMaeT okoio 40% Bcero OacceiiHa
pEKH.

IentpanbHas v ceBepHast YaCTH UMEIOT Pa3INy-
HEBIE MIOKA3aTENH U KOJIEOIIOTCS OT CaMbIX HAUMEHb-
IUX TTOKa3aTeed 0 caMbIX HAaWBBICIINX, TaK Kak
TEPPUTOPUH ITUX 3EMEIIb 3HAYUTEIHBHO OTINYAIOTCS
JIPYT OT IpyTa, KaK 10 THUITy TT0YB, TaK ¥ 10 MEXaHH-
YECKOMY COCTaBY MOYBBI, IMEIOT Pa3INIHBIA YKIOH
U caMoO€ TJIaBHOE MMEIOT Pa3lIMYHbIC BHUJBI 3eMIIC-
mojib30BaHus. CaMbIii BRICOKHMI ITOKAa3aTelb CMBIBA
nmouB 1,57 — 5,96 T/ra B TOJ] UMEIOT NAIIIHHU, PACIIO-
JIO)KEHHBIE B OCHOBHOM Ha KaIlITAHOBBIX ITOYBaX,
MMEIOIIe MEXaHHIECKUH COCTaB, TIPe00IIaaaronuit
W3 CPETHEr0 U TKEJOTO CYTJIMHKA, CIIe TalllHU,
MMEIOIME HAWBBLICIIMNA IMOKa3aTellb XapaKTepusy-
FOTCSI TEPPUTOPHEH C BBICOKUM KOJMIECTBOM OCaI-
KOB U 00Jiee KpyThIM YKJIOHOM. [laHHBIEC TTOKa3aTes
cmbiBa ouB ot 0,45 no 1,57 1/ra B roj Takxke mpu-
HaJUTIeKAT TAITHIM, HO B OTJIMYHE OT IIPEIBIIYIIETO
KJIacca dTHU MAaIHU PACIOJIOKECHBI B OOJBITHHCTBE
CIIy4aeB Ha IOYBaX, M0 MEXaHUYECKOMY COCTaBY
OTHOCSIIUXCS K CPETHEMY CYTJIHHKY.

Hawumenbmuii nokasarens 0,06 T/Ta B rox OTHO-
cutcs k macrouman: 0,3649 (LS) * 0,67 (K) * 0,005
(C) * 200 (R) * 0,25 (P) = 0,06 (A). Haubomprmmit
rmokasareib 5,96 T/Ta B TOJ OTHOCUTCS K IALIHSIM:
1,1858 (LS) * 0,67 (K) * 0,1 (C) * 300 (R) * 0,25
(P)=5,96 (A).

AHanu3upys JaHHBIE PACUETOB, MOXKHO JIETKO
CKa3aTh, 4TO OOJIBITMHCTBO CMBIBA [TOYB IPUXOAUTCS
Ha oOpabaThiBacMbIe MMOYBHI. Y CPEIHUB, MOKAa3aIN
IS KaXJIO0TO BHJA 3eMJIEMOb30BaHUSA, MOYKHO
YBUAETH, YTO HAWOOINBIINE TOKa3aTeld CMbIBA
MOYB NPUXOAATCs Ha mamHu — 1,50 1/ra, nanee Ha
oropojsl — 0,6 T/ra, ceHokoc — 0,05 T/ra, nactOuria
—0,03 1/ra.

ITo pesynmpTaTam wuCCIeOBaHUS BUAHO, UYTO
HaUOOJNBIINI TIOKAa3aTelh CMbIBA ITOYB PUXOIUTCS
Ha TIAIllHH, CPEIHUI ToKa3areias okojo 1,50 1/ra B
TOJl, 9YTO COOTBETCTBYET «IOMYCTUMOMY YPOBHIO
oTepu».

CenbCKOXO03SIICTBEHHBIE YTObSI M BCE HEOOXO-
JMMBbIE MOKa3aTeNny OTACIbHBIX (aKTOPOB OIpere-
JIeHBl Ha OCHOBE JAHHBIX TMCTAHIMOHHOTO 30H[H-
poBanus 3emun (/[33) ¢ nanpHeimen 06paboTKOM
B cpene ['UC.

Y COBepIICEHCTBOBAaHO YHUBEPCAIBHOE ypaBHe-
Hue notepb mouBbl (RUSLE) ¢ BHEceHnem n3meHe-
HUH, TA€ MPEeIIoKEHO MOJIEPHU3UPOBAHHOE YHH-
BepCcallbHOE YpaBHEHHE TIOTEPH TIOYBHI C BBEIEHHEM
HoBoro (hakropa Kpususns! (Factor Cu) k Tomorpa-
¢uueckoMy (akTopy, KOTOPBIH COCTOHUT U3 IBYX
(hakTopoB: mmHB ckioHa (L), KpyTH3HBI CKIIOHA
(S) m noGaBnenHoMy (akTOpy KpHBH3HA CKIIOHA
(Cu). Ilpu ompenenennn LSCu-dakropa ucmosns-
3oBaHa 1udpoBas Moaenb penbeda. Koaddhunuent
LS monyuen u3 ypasaenust CroyHa nu XunbopHa.

C ToMOIBI0 WHCTPYMEHTOB MPOTPaAMMHOTO
obecrieuenust ArcGIS 10.1 Ha ocHOBe mH(pPOBOI
MOJIeNIN penbeda U CITyTHUKOBBIX TAaHHBIX C IPUMe-
menueMm ['MIC texHonoOTHiA Mpon3BeneHa o0padboTka
KocMHU4ecknx cHUMKOB SRTM Teppuropuu u npo-
Be/leHa MICHTU(HKALNS BHIOB 3€MJICTIONB30BAHUS
¢ onu(poBKOH KapTorpapUuecKuX MaTepHaoB.
[oxroroBieHsl TpeABapUTENbHBIE KapThl JJISI I0-
JeBbIX paboT ¢ oumM(POBKOM KapTorpapuyuecKux
MaTepHasoB 10 KapTe PacTUTEIHFHOCTH, KapTe 3eM-
JICTIONIb30BAHUS, 0CAIKaM, MEXaHUYECKOMY COCTaBY
MOYBBI, BEKTOPHOH MMOYBEHHOH KapTte 3amagHo-Ka-
3aXCTaHCKOW 00acTy.

B 3ananno-Kazaxcranckoil o6macTi B CBA3M C
OCBOCHHEM LEJIWHHBIX 3€Melb, CTPOUTEIHLCTBOM
JIOPOT, TIPOMBIIIUIEHHBIX 00BEKTOB, THAPOTEXHUYE-
CKUX COOPY)KEHHH 3a TOCIEBOCHHBIE TOJIbI MOXHO
ObUIO OKMJATh WHTCHCHUBHOE Pa3BUTHE 3PO3UOH-
HBIX mporieccoB. [1o qaHHBIM TOYBOBEIOB 3ama HO-
Kazaxcranckoro ['ocymapcTBEHHOTO Hay4HO-TIPO-
H3BOJICTBEHHOT'O LIEHTpPA 3€MENbHBIX PECYPCOB MU
3emuteyctpoiictsa (I'JII1 I'ocHIII[3ema) u 3anmagHo-
KazaxcraHcKoro rocyIapcTBEeHHOTO YHHUBEPCHUTETA
(BKT'Y) Bcero B 005acTu MOABEPKEHO MOYBEHHON
apo3un 3967,2 TeIC.ra 3eMeNb, 9TO COOTBETCTBYET
26,3 % ux 0o0IIero KOJIn4ecTBa.

Kpaiine BaxxHO 3HATh BHUJ APO3HUH: BETPOBOI
WJIM BOAHBIH, a TAK)KE WX PaCIpOCTPAHEHUSI.

B ycnosusix 3anannoit Cubupu s o0pa3oBa-
HUS CTOKa TP OOJBIINX CHErax M BOJOCOOPHBIX
IUIOMIAMX TI0 3aMep3Iieil TOoYBEe BECHON ObIBaeT
JIOCTaTOYHO YKJIOHA Jake Ha 1°.

Bopnast apo3ust B iepro1 CHETOTasTHUS ISl 9KO-
HOMMKH 3€MJIETIONB30BaTENEN U B IIEJIOM BCEH cTpa-
HBI HAHOCHUT OTPOMHBIH yiep0 (oTepst ypoxkas J10-
cturaet 10 10-70% 1u1aHoBOTO).

BaxHO OTMETHUTH, YTO BMECTE C TaJIOK BOJIOM C
MaIIHU HAapsLy ¢ MEIKO3eMOM cMbIBaeTcs ot 10 1o
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30% BHOCHMMBIX YHOOpPEHHH W MECTULHIOB, YXYA-  YYHBIX MCCIEIOBaHUN 1o Jgorosopy Ne 171/36-21-
MIAIONTUX JKOJIOTHYECKOE COCTOSHHE Hmkenexka- 23 oT «13» ampens 2021 1., mo teme: AP09260232
UMX TeppuTopuu. PacumcTka BONOXpaHMIMIN, Ka-  «YCOBEPIIEHCTBOBAHNE YHHBEPCAIBbHOTO ypaBHe-
HAJIOB U PEK OT MPOAYKTOB BOJHOMW 3po3uu Tpedyer  Hua moteph nouBsl (RUSLE) s omnenku cMbiBa
OOJIBIINX KaNIUTaIbHBIX BIOXKEHHH. MIOYBBI CEJIBCKOX03AUCTBEHHBIX yroauil Kasaxcrana

Hannoe wuccnenoBanue Obuio mpoduHancupo- ¢ npumeHeHreM [ MMC-TeXHOIOrui U CIy THUKOBBIX
BaHO II0 POEKTY I'PAHTOBOTO (prHAHCHUPOBaHMS Ha-  JaHHBIX» Ha 2021-2023 rox.
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BO3MOXHOCTHN UCIMTOAb3OBAHUA
TEPMAAbHbIX U MMHEPAABbHbBIX UICTOYHUKOB
PECITYBANKUN KA3AXCTAH
KAK CPEAbI AASI KYABTUBUPOBAHUSA MUKPOBOAOPOCAEN -
MPOAYUEHTOB BUOAU3EAS

MukpoBoAOPOCAM XapakTepu3yloTcs ObICTPbIM (DOTOABTOTPO(HBIM POCTOM U BbICOKOWM CKOPOC-
TbIO HaKOMAeHUsi 6MOMACChl, MX PAcCMATPMBAIOT Kak aAbTEPHATMBY CbIPblO AASl MOAYYEHUS BO306-
HOBASIEMbIX MCTOYHMKOB 3HEPruu, Taknx Kak 6noamseab. MccaeaoBaHus GBUOTOMAMBA 3TO HE MPOCTO
BOMPOC O HAaXOXKAEHWW MPABUABHOIO TUMA Gromacchbl U nNpeobpasoBaHue ero B TOMAMBO, HO Tak>Ke
HaX0>XAEHMe 3KOAOTMYECKM WM 3IKOHOMMYECKM OOOCHOBaHHbIX BapuaHToB. B paboTe npuBeaeHbl
pe3yAbTaTbl MICCAEAOBAHUIA MO UCMOAb30BAHMIO TEPMAAbHbBIX U MUHEPAABHbBIX UCTOYHUKOB KaK CPEAbl
AASI KYABTUBMPOBaHMS MUKpoBoaopocaeit Parachlorella kessleri DZP-5, Parachlorella kessleri B2 n An-
kistrodesmus falcatus B5.

BbIAO NOKa3aHO YTO NPU UCMOAb30BAHMU BOAbI M3 FOPSYEro MCTOUYHMKA «ApLLaH» U COAEHHOT 0 03epa
«baaxal» AAs pazbaBaeHus cpeabl Tamms B cOOTHoLWEHWM 50:50 MOXKHO MOAYUMTb MHTEHCUBHDIA POCT
KYAbTYP MMKPOBOAOPOCAEN WM MPU 3TOM COXPAHUTb OCHOBHbIE XapaKTEPUCTUKM MUKPOBOAOPOCAEN
NPOAYLIEHTOB GMOU3EAbHOrO TOMAMBA. Tak)ke MPUBEAEH COCTAB >KMPHbIX KUCAOT TPeX MCMbITYeMbIX
LUTAMMOB MUKPOBOAOPOCAEN, KOTOPbI MOKa3aA MX MNOTEHLMAA KaK MPOAYLEHTOB GMOAM3EAS.

KAtoueBble cAOBa: MMKPOBOAOPOCAM, TEPMAAbHbIE M MUHEPAAbHbIE MCTOYHMKM, KYAbTUBMPOBAHKE,
NPOAYLIEHTbI BOAM3EAS], XKMPHbIE KUCAOTbI.

F.K. Sarsekeyeva*, K. Bolatkhan, E.S. Saparkhan, S.K. Sandybayeva,
A.T. Amantayeva, B.K. Zayadan
Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: fariza.sarsekeyeva@kaznu.edu.kz
Possibilities of using thermal and mineral springs
of the Republic of Kazakhstan as a medium for the cultivation
of microalgae — biodiesel producers

Microalgae are characterized by rapid photoautotrophic growth and a high rate of biomass accu-
mulation and are considered as an alternative feedstock for renewable energy sources such as biodiesel.
Biofuel research is not just a matter of finding the right type of biomass and converting it into fuel, but
also finding environmentally and economically viable options. The paper presents the results of studies
on the use of thermal and mineral water sources as a medium for the cultivation of microalgae Parachlo-
rella kessleri DZP-5, Parachlorella kessleri B2 and Ankistrodesmus falcatus B5.

It was shown that when using water from the «Arshan» thermal water source and the Balkhash salt
lake to dilute the Tamiya medium in a ratio of 50:50, it is possible to obtain an intensive growth of
microalgae cultures and at the same time preserve the main characteristics of microalgae producers of
biodiesel fuel. The composition of fatty acids of three tested strains of microalgae is also given, which
showed their potential as producers of biodiesel.

Key words: microalgae, thermal and mineral springs, cultivation, biodiesel producers, fatty acids.
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KaszakcraH Pecny6AMKaCbIHbIH, TEPMAAbADbI XKOHE MMHEPaAAbI Cy KO3AepiH
61M0AM3EAb NMPOAYLLEHTI MUKPOOAAABIPAAPADI AAKbIAAQY YLUIH
naiAaAaHy MYMKIHAIKTepi

MukpobaaabipAap XbiAAaM (POTOABTOTPOMTHI ©CYMEH >KOHE 6GMOMACCaHbIH, XKOFapbl >KMHaK-
TAaAYbIMEH CUMATTaAaAbl >koHe OMOAM3EAb CUSIKTbl >KaHAPTbIAATbIH JHEPrUst KO3Aepi ywiH Garama
LIMKi3aT PeTiHAE KapacTbIpblAaAbl. BMOOTbIHABI 3epTTey — GMOMACCaHbIH, AYPbIC TUMIH Taybir, OHbl
OTbIHFa alMHAAABIPY TYPaAbl FaHa eMeC, COHbIMEH KaTap 3KOAOTMUSIAbIK, )KOHE S5KOHOMMKAABIK, TYPFblAQH
HerisAeAreH HyckaaapAbl Taby 60Abin Tabbiraabl. Xymbicta Parachlorella kessleri DZP-5, Parachlorella
kessleri B2 >xoHe Ankistrodesmus falcatus B5 mMmkpoGaaAblipAapbiH ©Cipy 0pTachbl peTiHAE TePMaAAbI
>KOHE MMHEPAAADI CYy KO3AEPIH NanaasaHy GOMbIHLIA 3ePTTEYAEPAIH HOTUXKEAEPi BepiAreH.

Tamums opTacbiH 50:50 KaTbIHACbIHAA CYMbIATY YLLIH «ApLIaH» TepMaAAbl ByAarbl MEH baAkali Ty3Abl
KOAIHIH CyblH MaMAaAaHFaH Ke3Aae MUKPOOAAAbIPAAP AAKbIAAAPbIHbIH, KAPKbIHAbI ©CYiH aAyFa >XoHe
COHbIMeH 6ipre, GMOAN3EAbAI OTbIHHBIH MPOAYLIEHTTEPI MUKPOBAAABIPAAPAbIH HETi3ri c1naTTamaAapbIH
cakTayra 6oAaTbiHbl KepceTiaai. OfaH Koca, MUKPOOAAABIPAAPABIH, YL CbIHAAFaH LUTaMbIHbIH Mait
KbILIKbIAAAPbIHbIH, Kypambl 6epiaai, 6yA OAapAblH 6GMOAM3EAb MPOAYLEHTTEPI pPeTiHAEri oAeyeTiH

KOpCeTTi.

Ty#iH ce3aep: MUKPOBAAABIPAAD, TEPMUSABIK, XXOHE MUHEPAAABI CY KO3AEPI, AAKbIAAQY, BUOAM3EAD

NMPOAYLEHTTEPI, Mal KbILLIKbIAAAPBI.

BBenenue

MukpoBogOpOCIH SIBISIIOTCS Hauboznee 3¢-
(hEKTUBHBIM OMOJIOTHUECKUM IPOIYIICHTAM €CTe-
CTBEHHBIX YTJIEBOAOPOJOB B (¢opMe >KHPHBIX
KHCIIOT, a 3HAUYUT — M YHHUBEPCAJIbHBIM B0300-
HOBJISIEMBIM MCTOYHHMKOM OHMOMACCHI, IPUTOAHON
Uit ObIcTpoli mepepaboTku B Ouoamsens [1,2].
CopepxaHue TUNUIO0B B KIETKaX MUKPOBOJIOPOC-
7€l 3aBUCUT OT HECKOJIBKUX (PaKTOPOB, TAKUX KaK
MOCTYIJICHUE DHEPruu, MTaMMa MUKPOBOIOPOC-
Jel, yCcIoBUI KyIbTUBUPOBAaHUSA U T.I. B manHoe
BpPEMsI UCTIOIB3YETCS OTPOMHOE KOJMYECTBO CIIO-
c0o00B KyJIbTHUBHUPOBAaHUS (OTOTPOPHBIX MHKPO-
OpraHU3MOB, HO HE BCE€ OHHU MOTYT OOeCHeYuT
HU3KYI0 Ce0ECTOMMOCTH IMONy4aeMOW MPAYKIUU
[3,4]. TepmanbHble U MUHEpaJbHBIE UCTOYHUKH,
KOTOpPBIMH OoTrara Hamra pecryOauka MOTIH OBl
MOMOYb YJEIIEBUTh TEXHOJIOTHIO TIONyUeHHUsT OHO-
MacChl MUKPOBOLOPOCIIEH.

brnaromaps 0coO0eHHOCTSIM NPHUPOIBI I'€0JIO0TO0-
TEKTOHHYECKOTO CTPOSHHS TeppHuTopusi Pecrry6mu-
ku Kazaxcran oOnmamaer BecbMa YHHKaJbHBIM M
JaKe B KAKOM-TO CMBICJIE PEAYaMIINM IO XUMHYE-
CKOMY COCTaBYy IMOJ3EMHBIX HCTOYHUKOB TE€PMAab-
HBIX ¥ MHUHEpaNbHBIX BoA. Ha ceromnsmHuii geHp
COIJIaCHO JaHHBIM oTAena Kypopronoruu KazsHUN,
B pecryOiinke n3ydeHo okojo 500 UCTOYHHUKOB MHU-
HEpaIbHBIX BOJ, 78 rpsA3eBbIX 03ep U 50 KIMMaTH-
yeckux mectHocteil. Ha tepputopun PK BhIsiBIIE-
HBl TepMalibHbIe CYIb(aTHO-THIAPOKAPOOHATHBIE

HaTpHeBbIE U HONOOPOMHBIC, XJIOPUIHBIC KalbIH-
€BO-HAaTPUEBBIE BOABI, TEPMalbHbIE pPaJOHOBBIC
XJIOPUTHO-CYNb(aTHbIE HATPHEBBIC, COIEepIKAIIHe
aszor Boxel [5]. Tak B pecmyOnvKe HMEIOTCS BCE
BHIBI OaNBHEOJOTHUECKUX TPYHI MHUHEPaIbHBIX
BOJ, 32 MCKJIIOYEHUEM TPYMIIbI YIIEKUCIBIX. boib-
LIMHCTBO U3 HUX OTHOCHUTCS K OalbHEOIOrn4ecKon
rpymnme Boa 0e3 crenuPuIecKuX KOMIIOHEHTOB
cBoiicTB. B Viirypckom paiione AinMaTHHCKOW 00-
JaCTH, Y TOAHOXKbsI KETMEHBCKHX TOP U BIOJIb PEKH
WNnm mumeeTcst GoibIIoe KOTMYECTBO TEPMaIbHBIX
apTe3UaHCKUX MCTOYHUKOB CO CIIa00 MHHEPaIH30-
BaHHOU paJoHOBOM BOIOH. Bo BCe 3TH UCTOUHUKHU
IIOCTyHaeT BOJA, MOAOTPETas C MarMaTH4YeCKIMH
HWHTPY3USIMU B PailOHax akTUBHOIO ByJIKaHW3Ma. B
JAHHOM MECTHOCTH HacuuThIBaeTcsi okono 140 Tta-
KHX apTe3MaHCKUX TePMaIbHBIX UCTOYHUKOB, TEM-
neparypa KoTopsix konebnercs B npenenax ot 20°C
o 100°C [6].

Cenexius MITaMMOB U UX XapaKTEPUCTUKA, 10-
3BOJISIFOT MCTIONIB30BaTh BOAHBIE PECYPCHI pa3IU4HO-
r0 Ka4ecTBa BOJBI IS KYJIbTHBHPOBAHUS IIITAMMOB
C JKeNaTeNbHBIMH ()EHOTHUIIAMH, a TaKXKE HIPAIOT
Ba)XHYIO POJIb B IEPCIIEKTUBHOCTH MOyYeHUsT OHO-
JU3ETHHOTO TOTUTUBA M3 MUKPOBOZAOPOCTEH.

B cocTtaB muTaTenpHBIX Cpen, HCIONIb3YyeMbIX
IIpU KyJBTUBHPOBAaHUU MHUKPOBOAOPOCIEH, BXOIAT
Makpo- M MHKPOIJIEMEHTHI, OHH OOEeCIeYHBAIOT
HOPMAJIBHYIO KU3HEAEATENbHOCTh U POCT KIIETOK.
Ho xaxnpIil sneMeHT UMeeT CBOM IpeNensbl JOIy-
ctumort konneHtpanuu (I1IJIK), mpu HapymeHnn
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KOTOPBIX KJIETKH MHUKPOBOAOPOCIEH MpeKpaIiaioT
Pa3MHOXKAThCS WITH JK€ HACTYIIaeT WX THOeIb [7].

Bce MUKpOOpPraHusmel, B TOM 4MCJIE U MUKPO-
BOJOPOCIH, MMEIOT CBOWCTBO MEHATH OMOXHUMH-
YeCKUH COCTaB KJIETOK, TAaKUM 00pa3oM, pearupys
Ha M3MCHCHUEC KOHLCHTpALUN GI/IOI‘GHHBIX DJICMCH-
TOB B HUTaTeNbHOH cpene. ConepkaHnue OCHOBHBIX
KOMITOHEHTOB KJIETKH, TAaKMX KaK ONKH, YIIIeBOIBbI,
JIUTIUABI U IP. MOXET MCHATHCA B OYCHDL 6OHI)HII/IX
npenenax. Tak, mpu neduiuTe a30Ta MOXET 3Ha-
YUTETHHO yMEHBIIATCs KIeToyHas OnoMacca u co-
Jep>KaHue 30JbHBIX BELIECTB B KJIETKE, COACPKaHHE
xyopodmiia U Oeka B OPraHUYeCKOM BeIIeCTBE,
HO TIPY 3TOM YBEIHMYUBACTCS KOJIHMYECTBO YIJIEBO-
A0B U JIMIINA0B, TEM CaMbIM YBCINYHBast CyXOﬁ BEC.
[Ipu nmedummTe cepwsl paspymraercs XIOPOQUILI,
YMEHBINAETCS COJiepKaHue OenKa, HO, TeM He Me-
Hee, MPOMCXOANT YBEIMYCHHUE CPETHETO pazMmepa
OJIMHOYHOM KIIETKH 32 CYET PEe3KOTO YBEIUYCHUS
CoACpKaHusd JIMIIUIO0B. (DaKTOpBI MHHEPAJIBHOTO
MUTaHUS MOYKHO Pa3ieIuTh Ha IBE OCHOBHBIE IPYII-
mel. B mepByro rpymmmy BXomsT a3oT m cepa. Ilpm
HEAOCTATKE MOaHHBIX OJJICEMCHTOB HE IIPOHUCXOAUT
HEMEUICHHOTO MpeKpalleHus OHOCHHTETHYECKUX
MPOIIECCOB B KIIETKAX MHUKPOBOIOPOCIEH, HO 3a-
MEJUUISIFOTCSL TIPOIECCHI JETICHUSI U OCTaHaBINBACT-
Csl pa3BUTHE KJIETKH. B WTOre KileTka HaKaIIMBaeT
OpraHWYecKHe BEIIeCTBa U YBEIHMUMBaeTCs e€ Bec.
Tak xak npu geuuUTe a30Ta MPOUCXOAUT MOITHOE
MOJaBJICHNE CHHTE3a Oelka, TO KJICTKU HaKarlIuBa-
10T 0€3230THUCTHIE COSMHEHNS TaKUe KaK YIIIEBOJIBI
H JIMITUABI.

Bropast rpynma 31eMeHTOB COCTOMT u3 (hoc-
(opa, mMaramsa, kxanws, kene3a. Hemocrtarok 3Tmx
3JIEMEHTOB OKa3bIBaeT OTPUIATEILHOE JICHCTBUE B
MIEPBYIO OYEpe/Ib Ha MPOoIiecChl aHaboIM3Ma, TO €CTh
Ha OHMOCHMHTE3 OCHOBHBIX KOMIIOHEHTOB KJIETKH,
TOTJa KaK AeJICHHE KJIETOK MPOUCXOANUT OOBIYHO (32
WCKITIOYEHUEM HEJ0CTaTKa MarHus) HopMaibHO. B
UTOT€ MOKHO 3aMETHTh 3aMeJUICHHE POCTa KIIETOK
" HAKOIUICHHUEC CyXHX BCHICCTB KJICTKAMHU MUKPOBO-
nopocneii. Takum 00pa3oM, MOXKHO OTMETUTH, YTO
MOTUDUIMPYST 1 U3MEHSSI JIIEMEHTHBIN COCTaB IH-
TaTeIbHOM Cpellbl, MOYKHO MOIy4aTh NPOAYKT HYX-
HOTO COCTaBa € XKeJaeMbIM COOTHOIIEHHEM OelKa
xupoB. Tak, Ha cpexe OoraToil a30ToM, MHKPOBO-
JIOPOCIN MOTYT HakaruBarh oT 40 10 88% ceiporo
npotenHa u 5% jkKHpa, a IpU HEJAOCTaTKe a30Ta H
n30BITKE yINIepoAa B MHUTATENbHOH cpene, Hao0o-
pot, — 88% xwupa u 5% mnporeuna [8,9]. CorracHo
AKCIIEPUMEHTAIBHBIM JaHHBIM TPEI0CTABICHHBIMH
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atopamu [1.Xenna u H.b. AyxanoBoit 0b110 ycTa-
HOBJICHO, YTO Ha OMOXMMHYECKHH COCTaB KIETOK
MHKPOBOAOPOCIIEHl OCOOCHHO CHJIBHO OKAa3bIBA€T
BIMSIHME HEJOCTATOK a30TCOIEpKaIllMX BEILIECTB,
CTUMYJIMPYIOIINH HAKOIUIEHHE BHYTPHUKJICTOYHBIX
HEUTpaNpHBIX JIMIUAOB — TPHALMINIHLEPUAOB
(TAT), xak 3amacHBIX MUTATENBHBIX BELECTB, KOJIH-
4eCTBO JIMIIUAOB yBenuuusaercs B 1,7 — 15 pas.

MaTepI/IaI[])I H METOAbI HCCTICAOBAHUA

OObeKTaMu JaHHOW padOTHI SABJISUIHCH KYJIBTY-
pul — Parachlorella kessleri B2 w Ankistrodesmus
falkatus B5 BeIneneHHbIe U3 TEPMAIBLHOTO HCTOYHH-
Ka YHUTrypckoro pailoHa u o3zepa banxam u Kosiek-
OUOHHEIN mTaMM — Parachlorella kessleri DZP-5
U3 KOJUIEKIMH (DOTOTPOGHBIX MUKPOOPTaHU3MOB
nmaboparopun 6morexHonornu KasHY umenu anb-
®dapabu

JlaHHBIE IITAMMBI COTIIACHO YKUPHOKHCIOTHOMY
COCTaBy JIMMTUAOB W MPUPOCTa OMOMACHI SIBIAIOTCA
MOTEHIUANTBHBIMU MPOAYIIEHTAMH OHOJU3EsI.

Bona st ombiTa oTOMpanack W3 TOPSYETO HC-
TOYHHKA «Apiman» (ATMaTrHCKas o0nacTb, YHUryp-
CKHil paiton) Mecto HaxoxkaeHus 300 kM oT ropona
AnMarel B BOCTOYHOM HAITPAaBIEHUH U B BOCTOYHOM
yacTi o3epa banxam (BOmu3u ucroka peku Jlernchsl,
AnMatuHCKOH 00JacTH).

OpraHoJenTudecKue HUCCIEAOBaHMUS TOPSIETO
WUCTOYHHKA «ApIIaH» ITOKa3bIBAIOT, YTO BOAA HE
UMeeT NMpUMecel, Ha IIBeT Mpo3padHas, Ha BKYyC-
MUHEpaJbHas, Ha Oy nb-KupHas. OOmii XuMude-
CKUI aHaNM3 U DJIEMEHTHBIH COCTaB COMIACHO JIH-
TepaTypHbIM naHHBIM [10] npuBeneHsl B Tabnunax
lu?2.

Ta6anua 1 — OOl XUMHYECKUHI aHaTINU3 BOIEI

KoMIIOHEHTEI Enunnna dakTuuecku
H3MEpEHHS TIOJTyYeHO

pH pH 8,2

Xnopuapt Mr/n 173,25
Cynbdarbr Mr/n 225,5
IlenounocTh Mmons/n 6,4

OO0111as 3KeCTKOCTh Mr/n 1,3

I'mnpoxapGoHaTEI Mr/n 974,32
Cyxoii ocTaTok Mr/n 858,0
Munepanu3zanus Mr/n 558,0
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Tao6anna 2 — DJIeMEeHTHBIH COCTaB BOJBI

If;“x;;;ii};ﬁe Enunnna dakTHyecKu
leMeHTa H3MEpeHHs MOJTy4EeHO
Harpuii Mr/n 9874,44
Marumii Mr/n 93,25
AnroMuHAI Mr/n 38,66
Kpemunit Mr/n 6485,58
Dochop Mr/n 634,13
Cepa Mr/n 4763,13
Kanuit Mr/n 121591
Kanbumit Mr/n 8488,7
Turan Mr/n 46,72
Banaguii Mr/n 3,14
Xpom Mr/n 3,72
Mapranen Mr/n 2,77
Keneso Mr/n 112,81
KobGaser Mr/n 0,008
Huxens Mr/n 0,18
Mens Mr/n 1,85
Tunk Mr/n 14,77
Tepmannii Mr/n 6,86
MBEIIIBSIK Mr/n 3,28
Pyounuit Mr/n 1,52
CrpoHuwuit Mr/n 6,25
Monubnen Mr/n 34,23
Cepebpo Mr/n 0,65
Kanmuit Mr/n 0,03
OnoBo Mr/n 32,53
Cypbma Mr/n 3,58
Bapuit Mr/n 2,23
CauHen Mr/n 2,08

[lo nannpIM TaOnuuBl 2, BOAA U3 TOPSIYETO MC-
TOYHUKA «Apaman» Oorara 3JeMEHTaMHM Kak Ha-
TpUil, KPEMHMH, KaJIUi, KaJlbLIUi, cepa, ¥KeJe3o,
¢docdop, Marauil U T.J1. HEOOXOIUMBIE JUIS TIOJTHO-
[EHHOTO KYJIbTHBUPOBAHUS MHUKPOBOJIOPOCIICH.

MuHepanuzauusi BOAbl B BOCTOYHOM YacTu
o3epa banxam, cornacHo aMTEpaTypHBIM JaHHBIM,
cocrapisieT oT 3,5 mo 6 r/m. OpraHomenTHyecKue
MCCIIeTOBaHUsl TOKA3bIBAIOT, YTO BOJA HA BH/ MOy~
npo3padHas, 0e3 JMIIHUX NPUMEceH, Ha BKYC MH-
HEepaJbHO-COJICHHAsA, Ha OLIyIb Moy >kupHas. [o-
KazaTeJar MHUHEpaIn3aluil HOHHOTO COCTaBa 03epa
banxam, noxydeHHbIE W3 JIMTEPATYPHBIX IAHHBIX
[11] npuBenens! B TabmuIe 3

Tadmuua 3 — ITokasarenu MUHepaIM3allid MOHHOIO COCTaBa
o3epa banxam

KommonenTsI Emummia DaKTHICCKH
V3MCPCHHUS MOJTYYCHO

Cl MOJIb/M? 19,5

S0,* MOJIb/M? 21,8
HCO,+CO,” MOJIb/M? 8,7
Ca* MOJB/M? 0,4

Mg’ MOJTB/M? 14,6

Na™+K" MOJIb/M? 35,0

BripamuBanue npoBOAWUTIOCH METOJOM HAKO-
TUIEHUS TIPU COOJIIOICHUH ONTHUMANIBHBIX YCIOBUH
00ecreunBaloInX pocT U Pa3BUTHE MHUKPOBOJIO-
pocielt, cobromany TeMreparypHbIid PeKuM U OcC-
BellleHHe. B kauecTBe nuTaresbHONU Cpebl, 11 BbI-
palMBaHusA KOHTPOJIS, UCTIONB30BaH cpeny Tamust.
[nst onpeneneHus: YUCIEHHOCTU KIIETOK HCIOJIB30-
Baiu kamepy lopseBa. Omnpenensnyu 4UCIEHHOCTh
MpSMBIM NOACYETOM. YUeT Benu Ha 3, 7 1 14 cyTku
MPOBEICHHUS SKCIIEPUMEHTA.

Jia moacuera KJIETOK HCHOIB30BAIU Kamepy
TopsieBa U CKOpPOCTH poCTa MO YBEIMYEHUIO UYHC-
Jla KJIETOK B | MJI CyCIIEH3WH SKCIIEPUMEHTaIbHBIX
kyasryp. Koad¢uiuent ckopoctu pocra mo mnpu-
POCTY YUCJICHHOCTH KJIETOK B SKCHEPUMEHTAIbHBIX
KOJI0axX, MCHBITYEMBIX KYJIBTYp MHKpPOBOAOPOCIEH
paccunThiBanu 1o Gopmyse [12].

1 il o
k==In—,
F Mg
rae NO_ HCxXogHas YMCIICHHOCTD KIICTOK,
N, — Y4HCIEHHOCTD KIIETOK Yepe3 Bpem t.

Onpenesienne JANAI0B B KJIeTKAX MEUKPOBO-
JaopocJei

Knetkn wmukpoBogopociedi otOupain B CTa-
IMOHApHOW (ha3e W KOHIIGHTPHPOBAIM OHOMaccy ¢
nomMoniplo 1eHTpudyru. [lomydeHnyro Omomaccy
MUKPOBOJIOPOCIICH BBICYIIMBAIN 10 BO3AYIIHO-CY-
XOTO COCTOSIHHA. {7151 oTmpeneneHnst TUMUI0B — Ha-
BECKy Maccoit 15-20 Mr 3KCTparupoBajii CMECHIO
XJIOpo(OpPM-METaHO B COOTHOMEHUH 2:1 (peakTus
®domga). CyMMapHOE OTIpeIeIICHHUE JINTTAIOB ITPOBO-
nunoch o Merony B.A Illysaesa u ap [13]. Uepes
CTEKJISIHHBIN (DUIIBTP JBaXKIBI IPOBOAMIACH JICKaH-
Taus XUAKOCTH U ee¢ prpTpanmst. CMemmBaiu
NEPBUYHBIA M BTOPUYHBIA (PUIBTPAT W OTTOHSIIU
pacTtBoputens. [lonmyueHHY0 CMECh JTUIHIOB BHICY-
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muBanu npu temneparype 100-102°C, ocaxnanu u
B3BELIMBAJIM HA aHAINTHYECKUX BECax.

Onpenesienne KAPHOKUCJIOTHOIO COCTaBa
KJIETOK

s pazneneHust OMOMAacChl OT )KUPHOU CMECH,
MIPUTOTABIMBAIOTCS YeThIpe pacTBopa (A, B, C, D).
Janee mpou3BOANM SKCTPAKIIAIO OMOMACCHI TIPUTO-
TOBJICHHBIMHU pacTBopamu: K 40 Mrp. HaBecku (cCy-
X0l O6momaccer) mobasisiem 10 mit. p-pa A u mepe-
MEIINBAaeM U CTaBUM B BOASHYIO Oanio (95-100°C)
5 MHH.- TIepeMeNIBaeM — BojsHas OaHs 25 MUH.-
octyxaeM. Jlob6asisem 2 M. p-pa B u kumsitim Ha
BONSIHOM OaHe 25 MuH.- ocTyxaem. Jlobasmsiem 1,22
M p-pa C — nepememmBaeM 10 mun. J{oGansem 3
MILp-pa D, nepemmBaem 5 MUH. — CylIepHATaHT Tie-
penrBaeM B MPOOUPKU U MOMEIIAeM B YCTPOMCTBO
BBO/Ia mpoObl xpomarorpada. s momaun ra3os-
HOCHUTENel B xpomarorpad, ycTaHaBIUBaeM OIIpe-
JeTICHHOE JIaBJICHNE ra30BhIX OaJNTIOHOB.

Broxumudeckuii aHanu3 KUPHBIX KUCIIOT OTIpe-
JIeJsUICS Ha Ta30BOM xpoMatorpade Agilent 6890N,
HP 5- MScolumn [14,15].

Pe3yJ'ILTaTbI HCCJICA0BAHUA U UX 06cy>1cz1elmﬂ

braronaps 0COOCHHOCTAM MPUPOIBI TE€OJIOTO-
TEKTOHHYECKOTO CTpoeHusl Tepputopus Kazaxcrana
o0NaiaeT BeChbMa YHUKAIBHBIM M JaXXe B KAKOM-TO
CMBICITE PEAYANIITIM [T0 XUMHYECKOMY COCTABY TO]I-
3eMHBIX HCTOYHUKOB MHHEPAJIbHBIX 3aIacoB Boj. B
LEJIAX YICIIEBUTh TEXHOJOTHIO TONyYeHHs Ouo-
Macchl MHKPOBOJOPOCIeH HaMH OblTa MOCTaBJICHA
3aa4a pa3pabOTKU TEXHOJIOTUH KYJILTHBAPOBAHUS
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papmamr 1

sl HEHT

Andkastrodeomut falcatus BS

apmeamt 2

m Pprachiareds besden DIP-5

IITAMMOB MHKPOBOIOPOCTICH MPOAYIICHTOB OUOIM-
3€J1s1 Ha TePMaJIbHBIX ¥ MHHEPAJIbHBIX HCTOYHUKAX.
Tak Kak MITaMMBI UCTIBITYEMBIX MUKPOBOIOPOCICH
OBLTH BBIJICJICHBI U3 TOPSYUX UCTOYHUKOB UyHIKBI
n o3epa banxam OpuTO 1IETECO00PA3HO B3ATH B Ka-
YECTBE HCTOYHUKOB BOAY M3 JIAHHBIX HCTOYHHUKOB.

YroObl OMpeAeTUTh ONTHMAIBHYO KOHIIEHTpA-
LIMIO BOZBI M3 MCTOYHUKA «APIIAH» IS KYJIbTHBH-
POBaHUS MUKPOBOAOPOCICH, OTOOpaHHBIE IIITAMMEBI
MHKpoBomopocieit Parachlorella kessleri DZP-5,
Parachlorella kessleri B2 w Ankistrodesmus falcatus
BS5 xynsTHBHpOBaNIKCH Ha TPEX PA3IUYHBIX CpPEllax:
BapuaHT 1- BoJa U3 UCTOYHKKA + MUTATENbHASI Cpe-
na Tamus, B coorHomeHnu 50%:50%, BapuanT 2-
BOJIa U3 UCTOYHUKA U BAPUAHT 3 — MUTATEIIbHAS Cpe-
na Tamus. MakyOanwsi mpon3BOAUIACE B TCUCHHE
14 nHell ¢ HaYaJILHBIM YHCIOM KIIETOK -1*10° xi/
MII B cycrieH3un. Ha pucyHke 1 moka3aHbl kKodpdu-
IUEHTHI CKOPOCTH POCTA UCTBITYEMBIX IITAMMOB B
3 BapuaHTax.

CornacHo quarpamme, Bce UCCIeyeMble Kyib-
Typbl UIMEIOT UHTCHCUBHEIH POCT B TPEThEM BapH-
anre u wia mramma Parachlorella kessleri DZP-5
pasen 0,35, Parachlorella kessleri B2 — 0,32 u
Ankistrodesmus falcatus B5 -0,3. CornacHo 3Tum
pe3ylibTaTaM U COOTHOIICHHUEM COJICH B MHUTATEIh-
HOU cpelle MOXHO YTBEPIKIaTh, YTO cpeaa Ooraras
MUHEpaIbHBIM COCTABOM M MHKPO — M Makpo3Jie-
MEHTaMHU CHOCOOCTBYyeT yCcKopeHHio pocta. Ho B
TO K€ BPEMs MOXXHO OTMETHTh M OYCHb XOPOIIHUil
pOCT MpH KyTETHBUPOBAHWU HA cpele ¢ Jo0aBiie-
HUEM BOJBI U3 MHUHEPAJILHOIO TOPsSYEro MCTOYHH-
Ka «Apmany, ansa mramma Parachlorella kessleri
DZP-5 pagen 0,3, Parachlorella kessleri B2 — 0,28
u Ankistrodesmus falcatus B5 -0,25.

B paeaut 3

Parachlorely kessieri B2

Pucynok 1 — KoapuuueHTs! ckopocTn pocta 0TOOpaHHBIX
IITaMMOB, KYJIbTHBHPOBaHHbIE Ha PA3JIMYHBIX Cpelax
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UroObl OnpeeuTh ONTUMAIIEHYIO KOHIICHTpa-
IO BOJBI W3 MHUHEpaILHOTO o3epa bamxam s
KYJBTUBUPOBAaHUSI MUKPOBOAOPOCIICH, OTOOpaHHBIC
ITaMMBbl MUKpoBofopocneid Parachlorella kessleri
DZP-5, Parachlorella kessleri B2 n Ankistrodesmus
falcatus BS KynbTUBUPOBAIKCH HAa TPEX PA3IMYHBIX

cpenax: BapuaHT 1- Boja u3 o3epa banxami, Bapuant
2- mutarenbHas cpena Tamus u BapuaHT 3 — BoJa U3
o3epa banxam + nurarensHas cpena Tamus, B cOOT-
HomeHuu 50%:50%. Knetkn MukpoBozapocneil us-
KyOupoBanu B TedeHue 14 nHei ¢ Ha9aabHBIM YHC-
JIOM KJIETOK -1*10° k1/MJ1 B cycrieH3un (pUCYHOK 2).

Bapmuanr 3

BapuanT 2

Bapuanr 1

Parachlorella kessleri DZP-5

Bapmuanr 3

Bapwuanr 2

Bapmuanr 1

Ankistrodesmus falcatus B5

Bapmanr 3

FELLLE T
wln

Bapwuanr 2
Parachlorella kessleri B2

BapuanT 1

Pucynok 2 — Poct 0TOOpaHHBIX IITAMMOB MHKPOBOZOPOCIEH B 3 HCHBITYEMbIX BapHAHTAX:
BapuaHT 1- Boza u3 o3epa banxaru, BapuaHT 2- nuTaTeNbHas cpefa TaMus U BApUaHT
3 — Boza u3 o3epa banxam + nurarensHas cpena Tamus, B cootHomeHnu 50%:50%.

Ha pucynke 3 moka3aHbl KO3(QQHULIUEHTHI CKO-
POCTH POCTa UCHBITYEMBIX LITaMMOB B 3 BapuaH-
Tax: BapuaHT l- Boja u3 o3epa bamxami, BapuaHT
2- nutarenbHas cpeaa Tamus u BapuaHT 3 — BoJa U3
o3epa banxam + nurarensHas cpena Tamus, B COOT-
Homrennu 50%:50%.

ITo muarpamMme BHUAHO, BCE MCCIICAYEMBbIC KYIIb-
TYPbl UMEIOT WHTEHCHUBHBIA POCT U B TPEThEM Ba-
puante Parachlorella kessleri DZP-5 pasen 0,41,
Parachlorella kessleri B2 — 0,38 u Ankistrodesmus
falcatus BS -0,35, moutu HapaBHE C Kak MPH KyIb-
TUBUPOBAHUU TOJIBKO Ha cpene Tamus, 4To CBUJE-
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TEJIBCTBYET O TOM YTO BapUaHT 3 — BoJa U3 03epa
banxam + nurarensHas cpena Tamusi, B COOTHOIIIE-
aun 50%:50% sBisteTCS DKOHOMHYECKH BBITOIHBIM
pelieHuem.

Poct KymeTyp 0TOOpaHHBIX MHKpPOBOIOPOCHIEH-
MIPOIYIICHTOB OMOIN3EIILHOIO TOILUTUBA AET XOPOILIHiA
PE3YNIBTaT NP BRIPALIUBAHUY €€ KaK Ha TepMaIIbHBIX

BOJIaX W3 WUCTOYHWKA «Apiian» (BOnmm3u . UyHmka,
Vifrypckoro paiioHa, AJIMaTHHCKOM 0ONacTH) TakK H
MHHEPAIBbHOIO UCTOYHHUKA U3 BOCTOYHOM YacTH 03epa
Banxam (BOmm3M nctoka pexu Jlercel, AIMaTHHCKOM
obnactr) B cootHomennn 50%:50% (Boma u3 ucTod-
HUKa «ApInany + nurarenbHas cpena Tamus u Bona
n3 o3epa bamxamr + murarensHas cpena Tamus).

I-\.

Pucynok 3 — KoahpunueHTsI CKOPOCTH pocTa 0OTOOpaHHBIX IITAMMOB,
KyJIETUBHPOBAHHbIE HA Pa3iIMYHBIX Cperax

CocraB IMMUIOB B KJIETKaX BO MHOTOM 3aBHCHT
OT BHJIA U YCIIOBHI KYJILTUBUPOBAHUSI MUKPOBOJIO-
pocaeii. s mpou3BoACTBa OMOTOIUIMBA MEPCIEK-
TUBHBI Maclia, Oorarble HEHTPaIbHBIMU JTUIHIAMH.
[Ipu aKTHBHOM POCTE KIIETOK, B OCHOBHOM ITPOHC-
XOIAT mporecchl (OTOCHHTE3a U HaKOIUIEHHE Ono-
MAaccChl, TTIO3TOMY B Hallle BCEro NMPUCXOJUT CHHTE3
MOJISIPHBIX JUMHJOB, K npuMepy Gocdo- U mmKo-
JMMUABI, HEOOXOIUMBIE sl (POTOCHHTETHUYECKUX
mporieccoB. Ho mpm HenmocraTke WM OTCYTCTBHH
OCHOBHBIX NHUTAaTEJbHBIX, B TOM YHUCJE a30Ta, CHU-
JKaeTcsl CKOPOCTh pocTa KIeTok [16] HO mpu 3TOM
HauWHAeTCs] aKTUBHOE HaKarTMBaHNE HEHTPaIbHBIX
TunuaoB. B cBA3mM ¢ 3THM 1ienecooOpa3Ho ObLIO
MIPOBEPUTH KOJIMYECTBEHHBI U KaYECTBEHHBIN CO-
CTaB HEUTPANBHBIX JHUIHOB HCIBITYEMBIX IITaM-
MOB MUKPOBOJIOPOCIEN.

Metonom Ta30BOil xpomarorpaduu ompene-
JIEH XHUPHOKUCIIOTHBIH COCTaB KJIETOK aKTHBHBIX
ITaMMOB MUKpOBojiopociieit Parachlorella kessleri
DZP5, Parachlorella kessleri B2 u Ankistrodesmus
falcatus B5 (Pucynok 4). Pesymerar anammza co-
Jep KaHUsl JKUPHBIX KUCIIOT KJIETOK IITAMMOB TIPEA-
CTaBJICHBI B TaOmHIIE 4.

B pesynbrare omnpeneneHus >KUPHOKHUCIOTHO-
ro cocTaBa KIeTOk mrtamma Parachlorella kessleri
DZP-5 nanbomnpime MpoIeHTHBIE TToKa3aTeI cpe-
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1 BCEX MPOAHATU3UPOBAHHBIX >KUPHBIX KHCIOT,
HaOTIOAKMCH Y TAIbMUTHHOBOM KUCIIOTHI- 36,45%
U y JIeHOJIEUHOBOW— 15,2%, ObLIM IpoaHaIU3HPO-
BaHBbI 12 )XUpPHBIX KUCIOT, cpeau kotopeix HXKK co-
craBisroT — 65,86%, a ITHXKK cocrabisiior 27,92%.

OCHOBHBIMH METHJIOBBIMH 3(HpamMu KHPHBIX
KHCTIOT, HabmonaemeiMu y P Kessleri B2, Obuin
rpaHaudIopeHoBas  KHCIOTa, NaJIbMHUTHHOBAS
KHCJIOTa, TeNTaJeKaHOBasg KHCJOTa, OJIEMHOBAS
KHCJIOTA U CTEapHHOBAasl KHUCJIOTa, B TO BpeMs Kak
BTOPOCTEIIEHHBIMU JKUPHBIMHU KUCIIOTaMU OBLTH Dii-
ko3aneHTacHoBas kuciora (EPA), 6eH3oliHas Kuc-
JIoTa, JlaypuHOBas KHUCJIOTa, TPUJAEKAHOBas KHCIO-
Ta u 1-eHaHTpEeHKApOOHOBAsI KHCIOTA. KHCIOTA.
Hawmbonpmas mmomaap nrka Oblla OTMEYEHA IS
OKTaJICIICHOBON KHUCIIOTHI (CTEapUHOBOM KHUCIIOTHI)
Ha ypoBHe 16,86%, mioniaae BTOPOro MO BEINYNHE
nuka 15,12% Oputa 3aduKkcHpoBaHa M3-3a MPHUCYT-
CTBUSl H-TEKCAJEKaHOBOM KHCJIOTHI (MaJbMHUTHHO-
BOM KHCIJIOTHI), @ TPpETUH NHK ObLT ipH 6,85% oKTa-
METHILUKIIOTeTpacuiIokcana. [IoMuMo HECKOIbKUX
HACBIIICHHBIX W HEHACHIIICHHBIX KHPHBIX KHUCIIOT
or C6 nmo C20, y P. kessleri Taxke Obiti 00Hapy-
KEHBI CMOJISIHbIE KHCJIOTHI/TUTEPIICHOUIbI, TaKHUe
Kak aOMeTHHOBAs KUCJIOTA, MAJFOCTPOBas KUCIIOTA
Y KaJUIMCTPUHOBAS KUCJIOTA, 4TO cocTaBiser 21,8%
0T 00IIero KOJMYECTBA JKUPHBIX KHCIIOT.
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PucyHok 4 — ['a30BbIe XpOMaTOrpaMMbI METHIIOBBIX 3()PUPOB JKUPHBIX KUCIOT TPEX N3YIEHHBIX BUJOB,
a- Ankistrodesmus falcatus BS, 6- Parachlorella kessleri B2, s-Parachlorella kessleri DZP-5

Tabauna 4 — CoctaB )KUPHBIX KUCIIOT TPEX UCIBITYEMbIX IITAMMOB MUKPOBOAOPOCIICH

JKupHokucnotHslit coctas (% w/w)
Haumenosanne KK Parachlorella kessleri | Ankistrodesmus falcatus | Parachlorella kessleri
DZP-5 B5 B2
Hexadecanoic (manemutuHoBas, C16:0), 36,45% 30.08%, 15.12%
Hexadecanoic acid, methyl ester 3,6% ND 6.72%
Octadecanoic acid (cteapunosas, C18:0), 3,96% 7.26% 16.86%
9-Octadecenoic acid (oneunosas, C18:1) 1,78% 33.27% ND
JlureprieHOu/IbI, TAKHE KaK aOUeTHHOBAsS
KHCJI0Ta, TAJIIOCTPOBAsi KUCIIOTa U 15,9% ND 21.08%
KaJTUCTPUHOBAsSI KUCIIOTA.
Tpouwne 38% 30% 40%
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Ankistrodesmus falcatus B5 Takxe TpOJeMOH-
CTpHUpPOBaJ OOJBIION MOTEHIIHAN B KAY€CTBE UCTOY-
HHMKOB OJIEMHOBOW KUCJIOTBI, CTEAPUHOBON KHUCIOTHI
¥ NAJIBMUATHHOBOM KHMCJIOTHI IS BO30OHOBIISIEMBIX
BUJIOB TOILIMBA, TaKUX KaKk OMOIM3€EINb, MOCKOIb-
Ky WX 3aMETHBIC MUKW ObUIM OTMEUYCHBI HA YPOBHE
33,27%, 7,26% u 30,08% cOOTBETCTBEHHO.

CpaBHHUTETBPHOE W3MEHEHHE KOJMYECTBEHHOTO
COCTaBa HEUTPATHHBIX JTUTTUAOB U3MEPSIIH IO METO-
ny ®omya. [logydeHHbBIE pe3yNbTaThl aHAIN3a OUO-

MacChl UCTIIBITYEMBIX IITAMMOB, BBIPOCHIMX Ha IH-
TarenbHOU cpene Tamusi, cO CTaHAAPTHBIM COCTa-
BOM COJIEH W Ha cpenax pa30aBJIeHHBIX C BOIOW U3
TOpsSiYero MUCTOYHUKA «Aprran» u o3epa «bamxam
MOKa3aJIi He3HAYUTEIFHOE HAKOTUIEHUE JIMIH/IOB B
konuaectBe — 140 mr, 150,2 mr u 146,8 MrHa 1 1
CYXOT0 Beca COOTBETCTBEHHO (puUCYyHOK 5). Ho yuu-
ThIBast KOA((UIIMEHT TOTPENIHOCTEN KOJIMYECTBO
HAaKOIICHUS JIUMIUIOB HAXOJATCA B MpEeiIax ONu-
HAKOBBIX MTOKA3aTeNeH.

PﬂcyHOK 5- CpaBHI/ITeIII)HaSI JUHAMHKa KOJIMYCCTBA JIMITUAOB B KJIICTKaxX lITaMMOB
HUCHBITYEMBIX MPIKpOBOZ[OpOCIIeﬁ 1Ipy KYJIbTUBUPOBAHUU HA MOZ[I/I(i)I/IIII/IpOBaHHLIX cpenax

Tak, HaMy OBUTO TIOKA3aHO YTO IIPH HUCIOIB30-
BaHWH BOABI U3 TOPSUETO WCTOUYHHKA «APIITaH» U
COJICHHOTO 03epa «banxarnm i pa30aBieHus cpe-
Ibl Tamus B cootHoweHUU 50:50 MOKHO HOTYYUTh
WHTEHCHUBHBIH POCT KYJIBTYp MHKPOBOAOPOCIEH U
IIPU 3TOM COXPAHUTH OCHOBHBIE XapPaKTEPUCTHUKHU
MHUKPOBOJIOPOCIIEH TPOAYIEHTOB OHOAM3EIEHOTO
TorinBa. To eCTh, Takass MOAUMUKALINS TUTATEIIb-
HOU cpenbl i1 KyIbTUBUPOBAHUS MUKPOBOIOPOC-
JIel He BIMSET Ha dKUPHOKUCIIOTHBIN COCTaB U KOJIU-
YECTBO JIMITHUJIOB M MOXET JIaTh XOPOIIUNA MPUPOCT

6I/IOMaCCBI, HO B TO K€ BpPEMsA MOXKET YyACHICBUTH
TEXHOJIOTHIO BbIpalllMBaHHA TaK KaK AacT BO3MOXK-
HOCTb 3KOHOMHUTBH Ha AOPOroCTOAIINX MHUHEPAIb-
HBIX 3JICMCHTAaX IMUTaHUA.

Hccnedosanue evinonneno npu noooepoicke
Munucmepcmea obpazosanus u nayku Pecnyonu-
ku Kazaxcman 6 pamxax npoexma AP0852481
«Paspabomxa mexnonozuu noayuenus 6uoouse-
JIsl HA OCHOBE AKMUBHBIX WMAMMO8 MUKPOBOOO-
pocetiy

Jluteparypa

1. Moucees U., Tapacos B., Tpycos JI. DBomonus 6uosHepretuku Bpems Bopopociueii / The Chemical Journal. — 2009. — T.

12. - C. 24-29.

2. LiY., Horsman M., Wu N., Lan C.Q., Dubois C.N. Biofuels from microalgae // Biotechnol. Prog. — 2008. — Vol.12, No 24.

—P. 815-820.

3. Tesoprus P.I, lllaxmaroB A.Il. YcTaHOBKa A7 KYJIBTUBHPOBAHUS MOPCKUX MHUKpOBOxopociel // Dxomorus mops. — 2005.

—Ne 67.-C. 44 —47.

4. Typesuu 1O.JI. YcTOHYHMBOCTE M perynsnus pasMHOKEHHS B MUKPOOHBIX momymsanusix. — HoocuOupck — 1984. —c. 161.
5. Munepansuble Bomel Kazaxcrana [smexktpoHHBI pecypc]: http:/filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-

kazahstana.html

6. Topstume ucrounnku Kazaxcrana [amextponHsiit pecypce],http://springhot.ru/goryachie-istochniki-kazahstana.html

42


file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%20%202-2022/%d1%81%d1%82%d0%b0%d1%82%d1%8c%d0%b8%20%d1%81%20%d0%b4%d0%be%d0%b8/../../../../Users/AIZHAN/Downloads/: http:/filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-kazahstana.html
file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%20%202-2022/%d1%81%d1%82%d0%b0%d1%82%d1%8c%d0%b8%20%d1%81%20%d0%b4%d0%be%d0%b8/../../../../Users/AIZHAN/Downloads/: http:/filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-kazahstana.html
file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%ad%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f%20%202-2022/%d1%81%d1%82%d0%b0%d1%82%d1%8c%d0%b8%20%d1%81%20%d0%b4%d0%be%d0%b8/ 

®.K. Capcexkeesa u ap.

7. Hsopeukwuii 1.C., [IBopeukuit C.U., Temuos M.C., [lemxoBa E.B., Akynuaun E.W. Texnonorust nosryuyeHus: JUMUIOB U3
MUKpoBozopocie [Dnexrponssiii pecypc]: @I'BOY BIIO TI'TV. —2015.

8. Held P. Determination of Algal Cell Lipids Using Nile Red — Using Microplates to Monitor Neutral Lipids in Chlorella
Vulgaris. — 2015.- P.205

9. AymxanoBa B.K. Mopdonorndeckue n cucreMaTnieckie XapakTepiCcTHKH Xitopeutsl. Ee npousBoacTBo u npuMenenue //
Hayunwii secmuux. —2014. Nel. — C. 113 — 126.

10. Muthulakshmi C., Gomathi D., Kumar D. G., Ravikumar G., Kalaiselvi M., Uma C. Production, purification and character-
ization of protease by Aspergillus flavus under Solid State Fermentation // Jordan Journal of Biological Sciences.- 2011.- Ne 3. —P.
137-148.

11. Umunosa /I.E., HypxansikoB M.A. AHanu3 XMMHUECKOTO COCTaBa BOJbI TEPMAJIbLHOIO UCTOUYHUKA «Apalian» YHIypcKoro
paiiona Pecrryomuku Kaszaxcran // Monoooii yuenwiil. -2016.- Ne5.- C. 4-8

12. TapacoB M. H. I'ugpoxumus o3zepa banxam. — M.: AH CCCP, 1961. —c. 225.

13. Cupenko JI.A., CakeBnu A.J. MeTonsl pU3HOI0r0-OHOXMMUYECKOTO UCCIICIOBAHHS BOIOPOCIICH B THAPOOHOIOTHYECKOM
npakruke. — K.: Haykosa nymka, 1975. — c. 248.

14. Open H.M. buoxumus nmununos. — M.: BI'Y, 2007. — c. 35.

15. Jayasree N.B., Aneesh. T.P, Visakh P. GC-MS, HPLC and AAS analysis of Fatty acids, Amino acids and Minerals in Red
algae Ampheroa anceps // International Journal of Pharmacy and Pharmaceutical Sciences. — 2012.- Ne 4. P. 459-468.

16. Cmamesckuii H.JI. [Ipaktikym o ¢usronornu pacteHuit. — A.: oM «AcTpaxaHCKHH yHuBepcuTeT», 2011. — c. 42.

17. Singh A., Nigam P.S., Murphy J.D. Mechanism and challenges in commercialisation of algal biofuels // Bioresour. Technol.
—2011. — Ne102. — P. 26-34.

References

1. Moiseev, I., Tarasov, V., Trusov, L. “evolyuciya bioenergetiki vremya vodoroslei [Evolution of bioenergetics the time of
algae].” The Chemical Journal, no 12 (2009): 24-29. (In Russian)

2. Li, Y., Horsman, M., Wu, N., Lan, C.Q., Dubois, C.N. «Biofuels from microalgae». Biotechnol. Prog.12, no 24 (2008):
815-820.

3. Gevorgiz, R.G., Shahmatov, A.P. “Ustanovka dlya kultivirovaniya morskih mikrovodoroslei [Installation for the cultivation
of marine microalgae].” Ecology of the sea, no 67 (2005):44 — 47. (In Russian)

4. Gurevich, Yu.L. Ustoichivost i regulyaciya razmnojeniya v mikrobnih populyaciyah [Stability and regulation of reproduction
in microbial populations]. Novosybyrsk Press, 1984 (In Russian)

5. Mineralnie vodi Kazahstana [Mineral waters of Kazakhstan]: http:/filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-
kazahstana.html (In Russian)

6. Goryachie istochniki Kazahstana [Hot springs of Kazakhstan]: http://springhot.ru/goryachie-istochniki-kazahstana.html (In
Russian)

7. Dvoreckii D.S., Dvoreckii S.I., Temnov M.S., Peshkova E.V and Akulinin E.I. Technology for the production of lipids from
microalgae. FGBOU VPO TGTU Press, 2015. (In Russian)

8. Held P. Determination of Algal Cell Lipids Using Nile Red — Using Microplates to Monitor Neutral Lipids in Chlorella
Vulgaris, 2015

9. Audjanova, V.K. “Morfologicheskie i sistematicheskie harakteristiki chlorelli. Ee proizvodstvo i primenenie [Morphological
and systematic characteristics of chlorella. Its production and application]”. Scientific Bulletin,no 1 (2014):113 — 126. (In Russian)

10. Muthulakshmi, C., Gomathi, D., Kumar, D.G., Ravikumar, G., Kalaiselvi, M., Uma, C. «Production, purification and charac-
terization of protease by Aspergillus flavus under Solid State Fermentation». Jordan Journal of Biological Sciences, no 3 (2011):137-
148.

11. Iminova, D.E., Nurhalikov, I.A. “Analiz himicheskogo sostava vodi termalnogo istochnika «Arashan» Uigurskogo raiona
Respubliki Kazahstan [Analysis of the chemical composition of the water of the thermal spring “Arashan” of the Uygur district of
the Republic of Kazakhstan]”. Young scientist, no 5 (2016): 4-8

(In Russian)

12. Tarasov, M. N. Gidrohimiya ozera Balhash [Hydrochemistry of Lake Balkhash]: Moscow: AN SSSR Press, 1961. (In Rus-
sian)

13. Sirenko L.A., Sakevich A.l. Methods of physiological and biochemical investigation of algae in hydrobiological practice:
Kiev: Scientific thought Press, 1975. (In Russian)

14. Orel N.M. Lipid Biochemistry. Minsk: Belarusian State University Press, 2007. (In Russian)

15. Jayasree, N.B., Aneesh, T.P, Visakh, P. «GC-MS, HPLC and AAS analysis of Fatty acids, Amino acids and Minerals in Red
algae Ampheroa ancepsy». International Journal of Pharmacy and Pharmaceutical Sciences, no 4(2012).459-468.

16. Smashevskii N.D. Workshop on plant physiology. Astrakhan: Astrakhan State University Press, 2011 (In Russian)

17. Singh, A., Nigam P.S., Murphy, J.D. «Mechanism and challenges in commercialisation of algal biofuels». Bioresour Tech-
nology, no 102 (2011).

43


http://filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-kazahstana.html
http://filtrofinfo.ru/o-vode/mineral-ny-e-vody-i-istochniki-kazahstana.html
http://springhot.ru/goryachie-istochniki-kazahstana.html




KOPIIATAH OPTA JIACTAYUIBIJIAPBIHBIH
BUOTAT' A ’KOHE TYPI'BIHJAP
JAEHCAVYJ/IBITBIHA 9CEPIH BATAJIAY

ASSESSMENT OF ENVIRONMENTAL
POLLUTION ON BIOTA AND HEALTH

OLIEHKA JEUCTBUS
3ATPABHUTEJIEN OKPYXKAIOIIEN CPE1bI
HA BUOTY U 31O0POBBE HACEJIEHUSI



ISSN 1563-034X; eISSN 2617-7358 Oxomnorus cepusicel. Ne2 (71). 2022 https://bulletin-ecology.kaznu.kz

IRSTI 578.834.1 https://doi.org/10.26577/EJE.2022.v71.i12.05

B.S. Usserbayev* “' | Ye.D. Burashev ', N.S. Kozhabergenov ',
A.M. Melisbek ', M.Zh. Shirinbekov ', Ye.O. Abduraimov ',
K.D.Zakarya

"Ministry of Education and Science of the Republic of Kazakhstan Science Committee
«Research Institute for Biological Safety Problemsy,
Zhambyl region, Kordai district, uts.Gvardeiskiy, Kazakhstan
*e-mail: usserbayev.bekbolat@mail.ru

DYNAMICS OF THE SPREAD
OF SARS-COV-2 VARIANTS AND CLADES

In the XX century, discovered Human Coronavirus, including HCoV-229E, HCoV-NL63 from the
genus Alphacoronavirus and HCoV-OC43, HCoV-HKU1 from the genus Betacoronavirus have long
been considered insignificant pathogens for humans, causing infections in the upper respiratory tract
in adults. However, at the beginning of the XXI century, highly pathogenic coronaviruses of the se-
vere acute respiratory syndrome (SARS-CoV) and coronavirus of the Middle East respiratory syndrome
(MERS-CoV) caused global epidemics and eventually led to death. In December 2019, Wuhan, China,
revealed another new Human CoV-2019. On March 11, 2020, WHO announced a new global pan-
demic of Human CoV — 2019 due to its global spread within a short time. As of September 23, 2021,
according to WHO data, a total of 229,858,719 confirmed cases of COVID-19 and 4,713,543 deaths
were registered. The emergence and global spread of SARS-CoV-2 coronavirus variants remain largely
unknown. But the spread of COVID-19 around the world increases interest in the disclosure of genomic
mutations of a new variant of the coronavirus SARS-CoV-2. Data on the epidemiology of diseases, in-
cluding the number of cases and mortality in different parts of the world and the Republic of Kazakhstan,
are presented. The schematic nomenclature of GISAID, Nextstrain, and Pango lines is compared. The
sequence of the SARS-CoV-2 genome submitted to the GISAID database for the Republic of Kazakhstan
was analyzed concerning genomic clades and their geographical, age and gender distribution.

Key words: COVID-19, SARS-CoV-2, clade.
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M.K. LLnpunbekos, E.O. Abaypanmos, KA. 3akapbs
«BroAOrMSABIK, Kayinci3aik npo6AemMarapblHbiH FbIAbIMU-3epTTeY MHCTUTYTbI» LLIDKK PMK KP BfM fK,

>Kambbia 06AbICbI, Kopaait ayaaHbl, [Bapaenckmi Kyk, KasakcraH
*e-mail: usserbayev.bekbolat@mail.ru

SARS-CoV-2 BapuaHTTapbl MeH KAAMATapbIHbIH, TapaAybIHbIH, AMHAMMUKAChI

AnHotaumsa. XX facbipaa awbiAFaH Human Coronavirus, coHbiH iwiHae Alphacoronavirus
TyKbIMAACbIHaH 6oAFraH HCoV-229E, HCoV-NL63 xxeHe Betacoronavirus TykbiMaacbiHaH 6oaran HCoV-
0C43, HCoV-HKU1 epecek apamAapAbiH XOFapbl TbIHbIC aAy >KOAbIHAQ MH(EKUMSI TYAbIPFAaHMEH,
y3aK, yakblT 60Mbl apAamMAap YLiH Kayinci3 natoreH caHaaabl. Aaanaa XXI| f. 6acbiHAQ TyblHAQFaH
>KOFapbl MATOreHAI, KaHyap pe3epByapblHaH LbIKKAH KOPOHaBMPYCTap ayblp >XEAEA PECrMPATOPABIK,
cMHAPOM (SARS-CoV) >keHe Tasy LbIFbIC PECNMPATOPAbIK, CUHAPOMBIHBIH, KOpoHaBupycbl (MERS-CoV)
BAEMAIK 3MMAEMUS TYAbIPbIN, COHbl BAIMIe aAbin KeAAi. 2019 XK. )KeAToKCaH alblHAQ YXaH K. KXP,
Tarbl 6ip >kaHa Human CoV — 2019 aHbIKTaAAbl. A3 yakbIT iliHAE FaAaMAbIK, TapaAybiHa opan, 11
Haypbi3 2020 xx AACY >xaHa Human CoV — 2019 aaemaik naHAemns >xapusaaabl. 2021 XbiaFbl 23
kbipkyrekteri AACY manimeTTepi 6oibiHwa 229,858,719 aaam COVID-19 KyKTblpFaHbl pacTaAbir,
4,713,543 apaMHbIH, ©AIM XXaFaanbl TipkeAreH. SARS-CoV-2 KOpOHaBMPYCbIHbIH, MariAa G0Aybl XKoHe
FaAaMAbIK TapaAybl a3ipuwe 6eariciz. bipak, COVID-19-HbiH 6ykia aaemae Tapaaybl SARS-CoV-2
KOPOHABMPYCbIHbIH, »KaHa HYCKACbIHbIH, FEHOMAbBIK, MYTAUMSICbIH allyFa AEreH KbI3bIFYLLbIAbIKTbI
apTTbipyAa. byAa Makanaaa aypyAap annmAEMMOAOTUSCbIHbIH AePeKTepi, COHbIH, iliHAE 9AeM MeH KP-HbIH,
BPTYPAI BBAIKTEPIHAET XKaFAaMAAp MEH BAIM-XKITiM CcaHbl yYCbiHbiAFaH. GISAID, Nextstrain >kaHe AnHUS
Pango 6oMblHILA CXEMaAbIK, HOMEHKAQTYPAChl CaAbICTbIpbIAAbL. KP 6oibiHwa GISAID aepekkopbiHa
yCbiHbIAFaH SARS-CoV-2 reHOMbIHbIH, FEHOMADBIK, KAAMATapFa >XKeHe OAapAblH, reorpadmsAbIk, >Kac
>KOHEe reHAEpPAIK TapaAyblHa KaTbICTbl PETTIAIrN TaAAQHADI.

Tyiiin ce3aep: COVID-19, SARS-CoV-2 , kAaliA.
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AMHaMKKa pacnpocTpaHeHUsl BapUaHTOB M KAAMA0B SARS-CoV-2

B XX Beke o6Hapy>keHHble Human Coronavirus, Bkatovass HCoV-229E, HCoV-NL63 u3 poaa
Alphacoronavirus 1 HCoV-OC43, HCoV-HKU1 n3 poaa Betacoronavirus A0OAroe Bpemsi CUMTaACs
HeCyLeCTBEHHbIMM MATOreHaMM AAS UYEAOBEKA, BbI3blBasg WMHMEKUMM B BEPXHWUX AbIXaTEAbHbIX
nyTax y B3pocAbix. OaHako B HayaAe XXI| B. BbICOKOMATOreHHble KOPOHABMPYCA TIXKEAOro OCTPOro
pecnunpatopHoro cuHapoma (SARS-CoV) m kopoHaBmpyca 6GAMMKHEBOCTOUHOIO PECnMpPaTOPHOro
cHapoma (MERS-CoV) Bbi3biBaAM FAOGaAbHbIE SMMAEMMM, A B KOHLE KOHLIOB MPUBEAM K CMepTH. B
Aekabpe 2019 roaa. r. YxaHb, KHP, BbisiBAeH ele oanH HoBbIt Human CoV-2019. 11 mapta 2020
roaa BO3 o6bsBrAa 0 HoBoM raobasbHOM naHaemum Human CoV — 2019 B ¢BS3M C ee rA0O6aAbHbIM
pacrnpocTpaHeHWEM B TeYEHUE KOPOTKOro BpemeHu. 1o cocTtosiHmio Ha 23 ceHTsa6ps 2021 r. coraacHo
AaHHbIM BO3 3apeructpuposaHo B obuiein CAoXKHOCTM 229,858,719 NOATBEPXKAEHHbBIX CAy4aeB
COVID-19 un 4,713,543 AeTaAbHbIX MCXOAOB. Bo3HMKHOBeHMe M raobaabHOe pacrnpocTpaHeHue
BapuaHToB kopoHaBupyca SARS-CoV-2 ocrtaloTcd B 3HAUMTEAbHOM CTerneHM Hem3BecTHbiMu. Ho
pacnpocTtpaHeHne COVID-19 no BceMy MUpPY YBEAMUMBAET MHTEpPeC K PaCKpbITUIO FEHOMHbIX
MyTaUuMi HOBOro BapuaHTa KopoHaeBupyca SARS-CoV-2. B 37011 0630pHOIM CTaTbe NMpeACTaBAEHbI
AQHHbIEe 3MMAEMUOAOTMK 3a00AEBAHMIA, B TOM YUCAE KOAMUYECTBO CAYUAEB U AETAAbHOCTM B PasHbIX
vactax mupa u PK. ConocraBaeHa cxematnyeckas HomeHkAaaTypa GISAID, Nextstrain 1 anHmin Pango.
[MpoaHaAM3MpoBaHa NocAepAoBaTeAbHOCTb reHoma SARS-CoV-2, npeactaBAeHHOro B 6a3y AaHHbIX
GISAID no PK, B OTHOLIEHMM FrEHOMHbIX KAQMAOB 1 MX reorpamyeckoro, BO3pacTHOro M reHAEPHOro

pacrnpeAeAeHust.

KatoueBble caoBa: COVID-19, SARS-CoV-2, kaana.

Abbreviations

SARS-CoV-2 — Severe acute respiratory
syndrome-related coronavirus 2; COVID-19 -
Coronavirus disease 2019; WHO-World Health
Organization.

Introduction

Coronaviruses (CoV; Coronaviridae family) are
a group of very diverse, enveloped, single-stranded
RNA viruses that cause respiratory and intestinal
diseases of varying severity in a certain types of
animals, including humans /I]. According to the
classification of the International Committee on
Taxonomy of Viruses (ICTV), currently, according
to phylogenetic clustering, the Orthocoronavirinae
(Tab.1) subfamily includes four genera of
coronavirus: Alphacoronavirus, Betacoronavirus,
Deltacoronavirus, Gammacoronavirus [2,3].

According to Table 1, before the new variant
of the SARS-COV-2 coronavirus in 2019, only six
representatives of the coronavirus were known

to have infected people and caused respiratory
diseases. HCoV-229E and HCoV-NL63 from the
genus Alphacoronavirus and HCoV-OC43, HCoV-
HKUI from the genus Betacoronavirus cause only
mild upper respiratory tract diseases. Severe Acute
Respiratory Syndrome coronavirus (SARS-CoV) and
the Middle East Respiratory Syndrome coronavirus
(MERS-CoV) can infect the lower respiratory tract
and cause a severe respiratory syndrome in humans
[3-7].

In December 2019, several patients with
pneumonia of unknown etiology were identified in
Wuhan, Hubei Province, China. With the help of
molecular genetic analysis revealed a new etiological
agent coronavirus called “severe acute respiratory
syndrome coronavirus 2 (SARS—CoV-2)”. SARS-
CoV-2 is a single-stranded positive (+) RNA virus,
measuring 29903 bp (GenBank number MN908947)
in length and encodes 9860 amino acids [8,9]. SARS-
CoV-2 belongs to the subgenus Sarbecovirus, genus
Betacoronavirus, subfamily Orthocoronavirinae,
belong to the family Coronaviridae in the order
Nidovirales [2].
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Table 1 — Taxonomy of the subfamily Orthocoronavirinae (https://talk.ictvonline.org/).

Avian coronavirus 9203
Duck coronavirus 2714

Subor- Fam- Sub- ,
Order der ity Ty Genus Subgenus Species
Duvinacovirus HCoV 229E
Setracovirus Human coronavirus NL63
NLG63-related bat coronavirus strain BtKYNL63-9b
Colacovirus Bat coronavirus CDPHE15
Bat coronavirus HKU10
Decacovirus Rhinolophus ferrumequinum alphacoronavirus HuB-
2013
Luchacovirus Lucheng Rn rat coronavirus
(%2}
£ Minacovirus Mink coronavirus 1
-
§ Minunacovirus Miniopterus bat coronavirus 1
3 Miniopterus bat coronavirus HKUS
Q
%. Mpyotacovirus Mpyotis ricketti alphacoronavirus Sax-2011
= Nvctacovirus Nyctalus velutinus alphacoronavirus SC-2013
4 Pipistrellus kuhlii coronavirus 3398
Porcine epidemic diarrhea virus
Pedacovirus
Scotophilus bat coronavirus 512
Rhinacovirus Rhinolophus bat coronavirus HKU2
Soracovirus Sorex araneus coronavirus T14
Sunacovirus Suncus murinus coronavirus X74
S . .§ Tegacovirus Alphacoronavirus 1
3 _§ 7§ § Sarbecovirus SARS-CoV: SARS-CoV-2
S N i S
5 2 8 S HCoVHKI; HCoVOC43
§ § § g Betacoronavirus 1
= é S < Embecovirus China Rattus coronavirus HKU24
3 “ Murine coronavirus
§ Mpyodes coronavirus 2JL14
S MERS-CoV
S Hedgehog coronavirus 1
Q M 1
S erbecovirus Pipistrellus bat coronavirus HKUS
_ Tylonycteris bat coronavirus HKU4
Eidolon bat coronavirus C704
Nobecovirus Rousettus bat coronavirus GCCDC1
Rousettus bat coronavirus HKU9
Hibecovirus Bat Hp-betacoronavirus Zhejiang2013
Andecovirus Wigeon coronavirus HKU20
2 Bulbul coronavirus HKU11
s S Common moorhen coronavirus HKU2 1
3 S Buldecovirus Coronavirus HKU15
S g Munia coronavirus HKUI3
o White-eye coronavirus HKU16
Herdecovirus Night heron coronavirus HKUI19
. Brangacovirus Goose coronavirus CB17
g § Cegacovirus Beluga whale coronavirus SW1
8
g 5 . Avian coronavirus
S 3 Igacovirus
Q
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Methods

Analytical review of the literature

An analytical review of the literature was carried
out with the help of PubMed Central and GISAID,
to identify relevant foreign articles published to
date. Search queries included coronavirus, severe
acute respiratory syndrome coronavirus 2, 2019-
nCoV, SARS-CoV-2, SARS-CoV, MERS-CoV and
COVID-19.

Statistical data of COVID-19

Data on the epidemiology of the disease,
including the total number of confirmed cases and the
total number of deaths in different parts of the world
and the Republic of Kazakhstan, were obtained from
the WHO COVID-19 situation monitoring panel,
available at https://covidl9.who.int.

Schematic comparison of nomenclatures of
the SARS-COV-2

For a global schematic comparison of the
nomenclature of coronavirus infection, the following
main databases were used htps:/www.gisaid.
org/, https://clades.nextstrain.org/ and https://cov-
lineages.org/lineage list.html (Table 1).

Metadata of the SARS-CoV-2 genome

Genome analysis included geographic location
information, human gender, human age, and viral
genome clades. The global distribution of genomes
included in this study was as follows: In the current
study, the global distribution of SARS cov 2
genomes according to the GASAID database was
obtained from six regions of the world, specifically
Asia (n = 234,132), Africa (n = 49,929), Europe (n
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=2,093,605), North America (n = 1,203,992) South
America (n =72,290), Oceania (n = 32,250) (https://
www.epicov.org/) (Figure 3).

Sequences of all SARS-CoV-2 genomes by the
Republic of Kazakhstan were sent to the GISAID
database (https:/rwww.gisaid.org/CoV2020)),
accessed on September 23, 2021. Only the genomes
of viruses isolated from humans and those for which
genomic clades were indicated (n = 397) were
selected for analysis (Figure4).

For age-based comparisons in this article,
the indicator of people’s ability to work was used
https://geographyofrussia.com. www.gisaid.org
the number of relevant patients of the Republic of
Kazakhstan (397) was given on the website and,
depending on age, divided into 3 groups: including
children (up to 14 years old), adults (15-64 years
old), elderly people (65 years and older) and people
of unknown age (Table 4).

Results and discussion

Static data of a new type of coronavirus
infection in the World

On March 11, 2020, 114 countries registered
more than 118000 cases of infection and about 4000
deaths. Taking into account these results, the number
and geographical distribution prompted the World
Health Organization (WHO) to declare the COVID-19
outbreak a pandemic caused by SARS-Col-2 [10].
As of September 23, 2021, according to WHO data,
a total of 229,857,955 confirmed cases of COVID-19
and 4,713,530 deaths were registered (Figure 1). The
estimated global mortality rate (CFR) was 2.05% [11].

m Cwnulanve cases  ®Cumnilanve dearhs

| % &7H 18]
B 10 747 Lh LR L]
Lastemn Westermn Afrca
Madsteranean Pacific

Regiens of the World according 1o WHE disinibusion

Figure 1 — The number of deaths and confirmed cases of COVID-19 in the World.
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As can be seen in Figure 1, according to WHO
data, the largest number of COVID-19 cases from all
regions was registered on the American continents,
where 88625600 infected COVID-19 were detected.
The number of deaths was 2,182,373. This is followed
by Europe, where a total of 68,926,385 cases of
COVID-19 were registered, 1,320,356 deaths, and the
estimated mortality rate (CFR) was 1.9%. Africa had
a high estimated mortality rate (CFR) of 2.4% [11].

Schematic comparison of nomenclatures of
the SARS-COV-2.

Since the onset of coronavirus infection at
the end of 2019, simultancous circulation of

various variants of the SARS-CoV-2 virus has been
established. On May 31 of this year, WHO identified
the main variants of coronavirus infection, marking
them with Greek symbols [10,12]. Currently, there
are many different variants of SARS-CoV-2 that
can be combined into larger groups, including lines
or branches [13], but three main nomenclatures
for SARS-CoV-2 have been proposed, which are
GISAID  (https://www.gisaid.org/),  Nextstrain
(https://clades.nextstrain.org/) and Pango lines
(https.//cov-lineages.org/). A schematic comparison
of the nomenclatures according to the main database
is presented in Table 2.

Table 2 — Schematic comparison of GISAID, Nextstrain and Pango line nomenclatures

WHO label Pango lineages Neg‘z‘;zain GISAID clade
- A.1-A.6 19B S
- B.3-B.7;B.9 -B.10; B.13-B.16 . =
- 19A (0}
- B.2 = \
- B.1.5-B.1.72: B.1.620; B.1.160; B.1.258; B.1.22.1 20A
Eta B.1.525 21D G
Kappa B.1.617.1 21B
Delta B.1.617.2; AY.1; AY.2 21A GK
- B.1.9; B.1.13; B.1.22; B.1.26; B.1.37; B.1.367. 20€
- 20G
Beta B.1.351; B.1.351.2; B.1.351.3 20H GH
Epsilon B.1.427; B.1.429 21C
Iota B.1.526 21F
- B.1.1;B.1.1.519; B.1.1.318; B.1.1.277; B.1.1.302. 20B
- C.36.3; C.36.3.1 20D
Mu B.1.621 21H
- B.1.1 20F GR
Lambda C.37 21G
Gamma P.1;P.1.1;P.1.2 20J
Zeta P2 21E
Alpha B.1.1.7 201 GRY
- B.1.177 20E GV

Note: « —» The official name is not approved by WHO

The data in Table 2 indicate that in September
of this year, 10 main warehouses (S, O, L, V, G, GH,
GR, GV, GK and GRY) were presented according to
the GISAID database. In 2017, Hadfield et al. We
have developed a Text string database designed
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to track the evolution of pathogens in real time.
As of September 2021, Nextstrain has identified
20 main slides (19A-B, 20A-20J and 21A, 21H).
In November 2020, Rambaut et al. proposed
PANGOLIN lineages that track the transmission and
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spread of SARS-CoV-2. The development team wrote
about this in the article “A dynamic nomenclature
proposal for SARS-CoV-2 lineage to assist genomic
epidemiology” [14].

Over time, all viruses, including SARS-CoV-2
change, but most mutations practically do not affect
the properties of the virus. Some mutational changes
affect the characteristics of the virus, such as the rate
of its spread, the severity of the associated disease
or the effectiveness of vaccines, therapeutic drugs,
increased morbidity, deaths, etc. Variants that relate
to one or more of these criteria may be designated
as “options of concern” or “designated options of
interest”. Options of concern include Alpha (GRY),
Beta (GH/501Y.V2), Gamma (GR), Delta (GK). Eta
(G/484K.V3), lata (GH/253 G.V1), Kappa (G/452
R.V3), Lambda (GR/452 Q.V1) and Mu (GR) belong

to the designated SARS-CoV-2 variants of interest
[15,16].

Accordingtothe GISAID system of nomenclature
for the exchange of all influenza data, currently most
of the sequenced SARS-CoV-2 genomes have been
grouped into one of the ten main clades [17]. Such
clades include L, to which the reference strain of the
SARS-CoV-2 virus belongs (Wuhan-Hu-1, GISIAD
access identifier: EPI ISL 402124 [3] ), S, O, V,
G, GH, GR, GV, GK and GRY. SARS-CoV-2 clades
differ little from the original reference strain. Clade
“S” differs from the original strain S76S in NSP4,
L84S in ORFS. Clade “V”’ will be determined by the
corresponding current mutations L37F in NSP6 and
G251V in ORF3a, respectively [18]. Currently, the
total mutational variability of SARS-COV-2 clades
according to GISAID data is presented in Table 3.

Table 3 — Current definition of characteristic mutations of SARS-CoV-2 phylogenetic categorization systems (www.gisaid.org)

GISAID {’ango Amino acid sequence substitutions
clade lineages
A, B & B.2 |N501S; V445F; K458R; E484Q; Y473H; V445A; G504S; S494L; F456L; G446V; S477N F490L;
G GK B.1, Y495H; N501T; G476S; T478R; G446A; K417M; N501Y; G446L; V503A; P499R; E484K; E484V;
&’ Gr B.1.617.2, [K417R K458N; ; ; Q498R; G504V; E484G K417N; V503F; Y453F; A475S; E484A;
AY* & T500F; S477G; Q493E; K417E; A475V; G485V, F490S; ; G476D; P499L; F490V; V445T;
B.1.177 L455F; G446S; E484D; P499S
GH B.1.* Q493R; K417N; N501Y; E484K; N439K; ; G485R,; Y453H;
GR B]'; '11 '11 7& K417T; F4861; N501Y; E484K; ; Y449H; ; F490S; Q493K ; Q498R;

As can be seen from Table 3, the substitution
of amino acid sequences T478K, F490F and
E484K was repeated by G, GK, GV, GH, GR
clades of SARS-COV-2. The alternation of amino
acid sequence substitutions S494P and Q498R
was repeated in G, GK, GV, GR clades, and the
alternation of amino acid sequence substitutions
S4771, E484G and K417N was repeated in G, GK,
GV clades. The alternation of amino acid sequence
substitutions S4771, E484G and K417N was
repeated in GH, GR clades.

Continental distribution of the clades SARS-
CoV-2.

According to GISAID, the most common
treasure in the world is GK (32,6%), followed by
GRY (25,3%), GR (13,9%), GH (12,5%), G (8.9%)
and GV (4,7%). Lower prevalence was noted among
O, L, S and V warehouses, 1,1% 0,1%, 0,18% and
0,18% were identified, respectively. Analysis of
the continental distribution of SARS-Col-2 clades
(Figure 3) showed thatthe GK clade is often identified

among genomes from two continents, namely from
Europe (36,02%) and North America (30,02%). The
GH warehouse dominated in Africa (32,47%). GR
clade was most common in Asia (35,1%), South
America (70,2%) and Oceania (44,1%) (https://
www.gisaid.org/CoV2020/).

On March 13, 2020, the first cases of the
previously unknown coronavirus SARS-ColV-2,
which causes atypical pneumonia, were officially
recorded in Kazakhstan [19]. On September 23,
2021, according to WHO data, a total of 944,733
cases, 15,503 cases of death were registered in
Kazakhstan [11]. Clade GRY is most common
in our country, where its share is 43,5%. Other
contributions, including GR, G, O, S and GK, were
relatively 18,6%, 17,6%, 8,06%, 8,06%, 4,7% and
5%, respectively (Figure 4). A lower prevalence
was noted among the warehouses of GH, GV and
L and identified 1,5%, 0,25% and 0,5% of the total
genomes presented, respectively (https.//www.
gisaid.org/CoV2020/).
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Figure 3 — Continental distribution of various S4RS-CoV-2 warehouses

As shown in Figure 4, the distribution of SARS-
CoV-2 clades across the Republic of Kazakhstan
showed that the GRY clade is most often identified
among the genomes represented from seven regions,
namely from Almaty region (70,7%), Karaganda
region (59%), Kostanay region (53%), Zhambyl
region (53%), West Kazakhstan Region (50%),
Mangystau region (50%), Pavlodar region (100%).
Clade G was most common in the region of Aktobe
region (60%), Kyzylorda region (45%), Turkestan
region (100%). The GR clade is the most registered
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among genomes in Atyrau region (68%) and East
Kazakhstan Region (57%). In the Petropavlovsk
region, the GK clade prevailed (60%). The treasure
of O and § is widespread among the dwarves in
the city of Nur-Sultan 38% and 25%, respectively
(https://www.gisaid.org/CoV2020)).

Distribution of the corresponding genomes
according to the GISAID database belonging to
different clades in different age groups, 397 genomes
were analyzed, which were found in the Republic of
Kazakhstan (Figure 5).
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Figure 4 — Analysis of the distribution of various S4RS-CoV-2 clades across the Republic of Kazakhstan
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Figure 5 — The spread of the SARS-CoV-2 clade to various gender groups

53



Dynamics of the spread of SARS-CoV-2 variants and clades

As can be seen from Figure 5, as a result of
the analysis of the distribution of SARS-CoV-2
warehouses among males of the most common
clades GH and O, their share was 83,3% and 75%,
respectively. The CRY and S clades are often
identified among the female, provided genomes
for 55,5% and 52,6 %. The remaining treasures G
(66,19 %,), GK (50%), GR (64%), GV (100%) and

Table 4 — Age group distribution of the SARS-CoV-2 clade

L (100%) correspond to an unknown clade (https://
www.gisaid.org/CoV2020/).

According to GISAID data, up to September 23,
397 SARS-COV-2 isolates belonging to different
clades in different age groups were registered in
the Republic of Kazakhstan, the indicator of which
is provided in Table 4 (https://www.gisaid.org/
CoV2020)).

SARS-CoV-2 clades
Age groups
G GH GK GR GRY GV L o S
Children 8,5% 33,3% 10% 18,9% 12,1% - - - 21,05%
Adults 57,1% 66,6% 45% 40,5% 69,9% - - 90,6% 68,4%
Elderly 14,2% - 10% 9,4% 16,7% 100% - - 5.2%
Unknown 20% - 35% 31,08% 1,1% - 100% 9,3% 5,2%

Note: « —» genomes not found in the GISAID database

As can be seen in Table 4, SARS-CoV-2 clades
registered in GISAID were more common in
adults. GV clade is the most common among the
elderly compared to others. As shown in table 4,
clade L is the most common among unknown age
people.

Conclusion

In December 2019, several patients with
pneumonia of unknown etiology were identified
for the first time in Wuhan, China. With the help
of molecular genetic analysis , a new variant of
coronavirus was identified from an unknown
etiological agent. The rapid spread of a new variant
of the SARS-CoV-2 coronavirus prompted WHO
to declare the COVID-19 outbreak a pandemic.
Currently, according to WHO data, a total of
229,858,719 confirmed cases of COVID-19 and
4,713,543 deaths have been registered in the world.
In the Republic of Kazakhstan, there were a total
of 944,733 confirmed cases, 15,503 cases of death

[11].

This analysis provides statistical data on the
ongoing evolution of SARS-CoV-2. According to
GISAID data, it presents 10 clades, including G, GH,
GK, GR, GR, GV, L, O and S. Currently, the SARS-
CoV-2 clade is the most common worldwide clade
GK (32,6%), followed by GRY (25,3%), followed
by GR (13,9%). The most common genomes in the
Republic of Kazakhstan are the GRY clade (43,5%),
followed by the GR clades (18,6%), and G (17,6%)
(https://www.gisaid.org/CoV2020)).

Analysis of the distribution of SARS-Col-2
clades among males in the Republic of Kazakhstan
is most common clades GH and O, and among the
female clades GRY and S were often identified. The
spread of various SARS-CoV-2 warehouses was
more common in adults. Clade GV was found only
in the elderly. Clade L belongs only to people of
unknown age.

The work was carried out within the framework
of the grant funding project AP09058338 “Study of
antiviral activity of drugs in relation to the SARS-
COV=-2 virus in vitro and molecular epidemiological
analysis of circulating COVID-19 strains”.
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TMCTOIMATOAOI'MSA OPTAHOB BEAOTIO AMYPA
(CTENOPHARYNGODON IDELLA) U3 PEKU UAE
M KATTLLUATANMCKOTIO BOAOXPAHUAULLA

IkocncteMbl Mae-baaxalickoro pervoHa B MOCAeAHME TOAbl MOABEPralOTCS aHTPOMOreHHOMY
MPECCUMHIY, UYTO MPUBOAMT K CHUXEHMIO OMOpasHoobpasusi, B TOM YUCAE, MPOMbBICAOBbIX pbli6. B
HaCTOSILLIEM MCCAEAOBAHMM C TMOMOLLBIO METOAA aTOMHO-abCOPOUMOHHONM CreKTPOCKoNnuMM 6bIA
OMnpeAeAeHO COAEpP>KaHME TIKEAbIX METAAAOB B MOBEPXHOCTHBIX BOAAX M AOHHbIX OTAOXKEHUSIX peKu
Mae (BepxHee TeueHue, [MaHMUAOBCKMIA paMoH, AAMATMHCKas 0OAACTb) M IOrO-BOCTOYHOM 4acTu
Kanuwaraickoro sBoaoxpaHmamuia. M3 9 onpeaeasiembix TM npesbiwenne MAK 6bia0 ycTaHOBAEHO
s Fe > Zn > Pb > Cd. Hakonaenue aaHHbix TM o6Hapy>keHO Takxke B opraHax (>kabpax,
reyeHn, TOACTOM KMULLIEYHMKe, NMoYkax) y ocobert HeAoro amypa, OTAOBAEHHbIX Ha PasHbIX ydacTkax
nccaeAyembix BoaoeMoB. C MOMOLLbIO FTMCTOAOTMYECKMX Y MOPOMETPUYECKMX METOAOB OLLEHMBAAOCH
MOPhOYHKLMOHAAbHOE COCTOSIHME GEAOrO aMypa U BbISIBAEHbI AECTPYKTUBHbIE M3MEHEHUS B 3THX XKe
opraHax. ['lpy 3TOM yCTaHOBAEHO, UTO XapakTep 1 KOAMYECTBEHHbIe MoKa3aTeAr FMCTONATOAOrMYeCKMX
M3MEHEHUI1 3aBUCST OT YPOBHS HakornAeHus TM 1 mecTta oTaoBa. [Mpu 3TOM HanbOAbLLIME CTPYKTYPHbIE
M3MeHeHns obHapy>keHbl B opraHax y ocobeint 6eaoro amypa u3 peku Mae (BepxHee TeuyeHue)
Mo CpaBHEHWIO C pblbamu M3 Oro-BOCTOYHONM YacTu Kanwaraickoro BoaoxpaHuaumia. B xabpax
BbISIBAEHbI TMMEPNAA3US, CAMSHME MAACTMHOK, HEKPO3 M OTeK >abepHoro 3nuTeaus. B neueHu
06HapY>KeHbl PacCLUMpPEHUs NMPOCTPAHCTB AMCCE, CUHYCOMAOB, AMCTPOMUS M HEKPO3 renaToLmTosB,
MHOIOUMCAEHHbIE MeAAHOMaKpOoaraAbHble CKOMAEHUS. B TOACTOM KMLLIEYHMKe — pacCAOeHWe TKaHel
CTEHKM: MbILLEYHOM, CEPO3HOM, MOACAU3UCTOM M CAM3UCTON OCHOBbI, HEKPO3 3HTEPOLMTOB. B noukax
HabAIOAQAMCH: CMOPLLMBAHME M PACXOXKAEHME KArMWAASIPOB B COCYAMCTBIX KAyOOUKaX, yBEAMUeHWe
6OYMEHOBOro MPOCTPAHCTBA, AUCTPOOUUECKME U HEKPOOUMOTUUYECKME WM3MEHEHUS 3MUTEAMOLMTOB
NMPOKCUMAABHBIX M AMCTAAbHbIX MOYeYHbIX KaHaAbLeB. CAEAQHO 3aKAOUYEHVE O TOM, UTO TSXKeAble
MeTaAAbl, BMOAKKYMyAMPOBaHHbIE B TKaHSX M opraHax 6eAoro amypa, BMOCAEACTBUMM YXYALIAIOT MX
rMCTONATOAOrMYECKOE COCTOSIHUE U, TaK1M 06Pa30oM, BAUSIIOT Ha COCTOSIHWE 3A0POBbsI pbl6. BbisiBAEHHbIE
rucronatorormyeckue 3ahhekTbl MOTYT SIBASTHCS GUOMapKepamm COCTOSIHMS BOAHOM CPeAbI.

KaloueBble caoBa: peka Mae, Kaniarainckoe BOAOXPaHMAMLLIE, TSXKEAbIE METaAAbI, OEAbIN amyp,
TUCTOMATOAOIUS.
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Histopathology of organs of grass carp (Ctenopharyngodon idella)
from the lle river and the Kapshagay reservoir

The ecosystems of the lle-Balkhash region have been subjected to anthropogenic pressure in recent
years, which leads to a decrease in biodiversity, including commercial fish. In the present study, using
the method of atomic absorption spectroscopy, the content of heavy metals in the surface waters and
bottom sediments of the lle River (upper reach, Panfilovsky district, Almaty region) and the southeastern
part of the Kapshagay reservoir was determined. An excess of MPC among the 9 determined HMs, was
found for Fe > Zn > Pb > Cd. The accumulation of these HMs was also found in organs (gills, liver,
large intestine, kidneys) of grass carp caught in different parts of the studied water bodies. With the help
of histological and morphometric methods, the morpho-functional state of grass carp was assessed and
destructive changes in the same organs were revealed. At the same time, it was found that the nature
and quantitative indicators of histopathological changes depend on the level of HM accumulation and
the place of capture. At the same time, the greatest structural changes were found in the organs of grass
carp from the lle River (upper reach) compared with fishes from the southeastern part of the Kapshagay
reservoir. In the gills, hyperplasia, fusion of the plates, necrosis and edema of the gill epithelium were
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revealed. Expansion of spaces of Disse, sinusoids, dystrophy and necrosis of hepatocytes, numerous mel-
anomacrophage accumulations were found in the liver. In the large intestine — stratification of wall tis-
sues: muscular, serous, submucosal and mucous bases, necrosis of enterocytes. In the kidneys, wrinkling
and divergence of capillaries in the vascular glomeruli, an increase in the Bowman space, dystrophic
and necrobiotic changes in the epitheliocytes of the proximal and distal renal tubules were observed. It
was concluded that heavy metals bioaccumulated in the tissues and organs of grass carp subsequently
worsen their histopathological state and, thus, affect the health of fish. The revealed histopathological
effects can be biomarkers of the state of the aquatic environment.
Key words: lle river, Kapshagay reservoir, heavy metals, grass carp, histopathology.
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Ine e3eHi xaHe Kanwafai cy KoMMacbIHAAFbl aK, aMyPAbIH,
(Ctenopharyngodon idella) opraHaapbIHbIH rMCTONAaTOAOIMSCbI

Ine-baAkall eHipiHiH, 3KOXXYMEeAepi COHFbl >XKbIAAAPbl aHTPOMOreHAIK KbICbIMFa YilbipayAa, OYA
6GMOaAyaHTYPAIAIKTIH, OHbIH iliHAE KOCINTIK GaAbIKTapAblH a3alobliHa aAbil KeAeai. Bya 3epTreyae
ATOMAbIK, aBCOPOUMSABIK, CMEKTPOCKOMNMS SAICIH KOAAAHA OTbIPbIN, |Ae e3eHiHiH, (KoFapfbl aFfbiChbl,
AAMaTbl 06AbICbI [TaHMAOB ayaaHbl) XeHe Kanwarai cy KOMMacbiHbIH OHTYCTIK-LUbIFbIC GOAIrIHAETI
>Kep YCTi CyAapbl MEH TYM LWeriHAIAepIHAETI ayblp METAaAAAPAbIH MOALLEPI aHbIKTaAAbl. AHbIKTaAFaH
9 ayblp MeTaAAbIH iwiHeH Fe > Zn > Pb > Cd ywiH LLIPK apTbIKTbIFbl aHbIKTaAAbl. 3€PTTEAETIH CY
arMaKTapblHbIH 8P >XepiHEH ayAaHFaH amyp GaAbIKTapbIHbIH ar3aAapbliHaa (keAbesiHae, GayblpblHAR,
TOK, iweriHae, GymperiHae) Ae KMHaKTaAFaHbl aHbIKTaAAbl. [MCTOAOTUSIABIK, XKoHe MOP(OMETPUSIALIK,
dAICTEPAIH KemeriMeH amyp 6GaAblKTapbliHbiH MOPMO-YHKUMOHAAABIK, KaFAaibl 6GaraAaHbin, COA
MYLLEAEPAETi AECTPYKTMBTI e3repicTep aHbikTaaAbl. COHbIMEH Gipre rMCTOAOTMSIAbIK, ©3repiCTepAiH
CUMaThbl MEH CaHABIK, KOPCETKILLTEPI ayblp METAAAbIH XKMHAKTAAY AEHreriHe KaHe 6aAbIK, ayAay OpHbIHA
GaAaHbICTbI ekeHi kepceTiaai. Bya perte Kanwarai cy KOMMacbiHbIH OHTYCTiK-LIbIFIC GOAIriHAETI
GaAbIKTapMEH CaAbICTbIpFaHAA |Ae e3eHiHiH (KoFapfbl aFbiC) aK, amypbiHbIH OpraHAApbIHAA YAKEH
KYPbIAbIMABIK, ©3repicTep aHblkTaaabl. JKeAaGesekTepae runepraasus, naacTMHKaAapAblH, 6ipiryi,
XKeAbe3eK 3MUTEeAMIMIHIH HEeKPO3bl XoHe iCiHyi aHbikTaaabl. baybipaa Disse keHicTikTepiHiH KeHeloi,
CUHYCOWATAp, renatoumTTepAiH AUMCTPOMUACHI MEeH HEKpPO3bl, KenTereH meAaHomakpodartapAbiH
XKMHAKTaAYbl aHbIKTaAAbl. TOK illekTe — Kabblpra TIHAEPIHIH CTpaTUMKAUMSChI: GYALLLIKETTI, CEPO3AbI,
WhbIPbIWTbI aCTbl XX8HE LWbIPbIWTbI HEri3Aep, IHTEPOLMTTEPAIH, Hekpo3bl. bylpekTepae: TaMblpAbl
FAOMEPYAQAQ KaMUAASIPAAPABIH MbIXKbIAYbl KOHE AMBepreHumschbl, boymaH KeHiCTiriHiH, YyAFaiobl,
MPOKCHMMAAbAbI >KOHE AMCTaAbAbl OyMpeK TYTIKWEAepiHiH 3MUTEeAMOUMTTEPIHAE AMCTPOMUSABIK,
XKOHEe HEeKPOOMOTMKaAbIK, e3repicTep GaikarAbl. AMyp GaAbIKTapbIHbIH YAMAAApbl MEH MyLUEAepiHAe
>KMHaAFaH ayblp MeTaAAap KeriHHEeH OAapAblH TMCTOMATOAOTMSAbLIK, KYMIH HallapAaTasbl >KeHe
ocblaania GaAbIKTapAbIH, AEHCAYAbIFbIHA 8Cep eTeAl AereH KOpPbITbIHAbI >KACaAAbl. AHbIKTAAFaH
rMCTOMATOAOTUSIABIK, 8CEPAEP CY OPTACbIHbIH, XKaFAaMblIHbIH, 61OMapKepAepi 6OAYbI MyMKiH.

Tyiiin ce3aep: Ine e3eHi, Kanwaran cy KoMmMachl, ayblp METaAAApP, ak, aMyp, TMCTOMNMATOAOTUS.

BBegenne

Tpancrpanuunas peka Wne, koropas ¢opmu-
pyercst Ha Tepputopun CHHBLBSH-YHTYpCKOTO
aBTOHOMHOro paitona Kwuraiickoii Haponnoit Pe-
CIyOJIMKH, TIe 715l HyKZ OpOILIaeMOT0 3eMJICIeIUs
U DHEPreTHKH IOCTPOCHBI M IMPOAOJDKAIOT BO3BO-
TUTHCS KPYIHBIE THAPOTEXHUYECKHE COOPYKEHHS
[1]. UpesmepHblit 3200p BOABI B BEpXHEM TEUCHHU
PEKH U ee 3arps3HEHHE Pa3lTuuYHBIMU KCEHOOMOTH-
KaMH MOXKET TPHUBECTH K PE3KOMY COKPAIICHHUIO
BUJIOBOT'O pa3HO00pasus U, 0€3yCIOBHO, CKa3aThCs
Ha 3JJ0pOBbE MECTHOT'O HaceneHus [2]. Pexa e siB-
JII€TCSl OCHOBHOM BOJTHOM apTepuei 10ro-BOCTOYHO-
ro peruona Kazaxcrana. Pexa obecrnieunBaet 10 80

58

% Bcero mpuTOKa BOABI B 03epo bamxar, Bmagas B
3amaaHyio 9acth o3epa. B 60-70-e roasr mist pery-
JTUpOBaHUs CTOKa peku Mie 6but0 moctpoeno Kam-
maraiickoe BoJIOXpaHwiMile. B Hactosiee Bpems
3TOT UCKYCCTBEHHBIA BOJIOEM — BTOPOM MO BEJU-
yuHe B Kaszaxcrane, siBIsieTCS HE TOJIBKO HCTOY-
HHUKOM THJIPaBINYECKOW SHEPIHH, MOTydyaeMol Ha
Kanmaraiickoit '9C, HO u HCTIOTB3YETCS IS HY KT
WppUTalliK, PHIOOBOJCTBA W SBISIETCS pPEKpearu-
OHHO-KYPOPTHOM 30HOW IS )KUTEJIEH MeramnoJuca
Anmatel 1 AnMmatuHCKOW oOnactd. Ilo maHHBIM
PTTI «Ka3srugpomer» MuUHUCTEpCTBA 3KOJIOTHU,
T€0JIOTHH U IPUPOIHBIX pecypcoB Pecry6mmku Ka-
3axctaH 3a | moxyroaue 2020 r. Ka4ecTBO BOJBI B
peke Une u Bomoxpanunuma Kammaraii oneHvBa-
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ercs kak 2 u 1 knacc cornacHo ExquHol cucTeMbl
KJTacCH(DUKAITMN KauyeCcTBa BOJBI B BOJIHBIX OOBEK-
Tax [3]. HeratuBHOE BO3/EHCTBHE HA KOCUCTEMBI
Wne-bankamickoro OacceliHa oka3ajl0 HE TOJIBKO
cTpouTenbcTBO Kammmaraiickoro BoAOXpaHUIIUIINIA,
HO W XO3SUCTBEHHAS AEATEIHLHOCTh KPYIHBIX Ha-
CEeJICHHBIX IMyHKTOB — cena bakanac u r. Kanmarait
(aetae Konaen). B paiione cena bakanaca pacmona-
raetrcs OONbIION AKIATUHCKUN MacCHB pHCOCEs-
Husl. CTeneHp 3arps3HEHHOCTH MOXET MEHSTHCS B
3aBUCUMOCTH OT CE€30HA U XO35IHCTBEHHOM aKTHBHO-
CTH MECTHOTO HaceJIeHHUs.

BodbIIMHCTBO BOJMHBIX OOBEKTOB, TIOIBEPKEH-
HBIX aHTPOIIOTCHHOW Harpy3Ke, MOTYT COJAEpXaTh
pa3HOOOpa3HbIe 3arps3HSIONINE BEIISCTBA C TOK-
CHYECKOH aKTHUBHOCTBIO, KOTOPBIE MOTYT IIepeMe-
aTbCs B BOAHOHM cpene Ha OOJIBIINE PAaCCTOSHUS
oT ucTovyHwmka 3arpsizHenus [ 4 |. OcobeHHyro onac-
HOCTB ISl THIPOOHOHTOB TMPEJICTABIISAIOT TSKEIbIC
MeTaJlTbl, KaK Hepa3jlaraeMble 1 HaKaIUTHBAIOITHECS
B opranusme [ 5 |.

Bce BhImmeckazaHHOE CBUAETEIHCTBYET O BaXK-
HOCTH U HEOOXOAMMOCTH MPOBEICHUS KOMILTIEKCHO-
0 UCCIEOBAHUS COCTOSIHUS BOJIbI, JOHHBIX OTJIO-
JKeHUH, TuAPoOrOHTOB peku Mie n Kamnmrarafickoro
BOJIOXPAHIIIUINA, BOJBI KOTOPHIX aKTUBHO MCIIOJb-
3YIOTCS HACETICHUEM B Pa3lIUYHBIX chepax JAesITelb-
HOCTH, B TOM YHCJIC, IJIsT PHIOOpa3BEACHHS.

Lenbio HacTosMIeH pabOTHI SBHJIOCH HCCIEIO-
BaHUE COJICPIKAHUSI TSDKEIBIX METaJNIOB B MOBEPX-
HOCTHBIX BOJAX W JOHHBIX OTIOXKEHUAX peku Wie
u Kammaraiickoro BOJOXpaHWIUIIA, & TAKXKE B Op-
raHax OJ{HOTO M3 IPOMBICIIOBBIX BHJIOB PBIO — OeJio-
ro amypa (Ctenopharyngodon idella) n onenka ux
TUCTONATOJIOTHYECKOTO COCTOSTHUS.

MarepuaJj u MeTOAbI UCCJIEIOBAHUSA

Memoouku cbopa 600bl u cedumenmos

B 10 KOHTpOJBHBIX TOYKaX HCCIEAYEMBIX
Yy4acTKOB BepxHero TeueHus peku Mne ([Tanpunos-
CKuil palioH, AMaTHHCKas 00J1aCTh) U I0r0-BOCTOY-
HoM vactu Kamiaralickoro BojOXpaHUJIUIIA MPO-
W3BOIWIIM cOOp, KOHCEPBALMIO U XpaHEHHE MpPoO
MOBEPXHOCTHBIX BOJ COMJIACHO MeXIyHapOIHBIM
crangapraMm U yreepkaeHabpM ['OCTam [6-7]. Ot-
00p mpoOkI BojbI ocylecisuiy Ha rryoune 0,5-1,0
M. [IpoGooTOOpHUKaMU SBISUTUCH XUMHYECKH CTOM-
KM€ YUCThIEe 1-5 JTUTPOBBIEC MIACTUKOBBIE EMKOCTH.
XpaHeHHe U AOCTaBKY /0 JJabopaTopuu mpoO BOJbI
OCYILIECTBSUIM TNpU HU3KUX TeMmieparypax 0°C
B CyMKax-XxosoawibHHUKax. llepex xpaHeHmem u
KOHCepBalueil BoAy MpPOLEKUBAIN OT BOAOPOCIEH
yepe3 Menkonopucroe cuto. Ilepen ordbopom mpod

BOJBI M CEJIMMEHTOB IMPOW3BOJWIN OIpeeliCHHE
psiia mapamMeTpoB BOJBI C MOMOILIBIO CIIEAYIOIINX
prOOPOB: TeMIlepaTypy, OONIYI0 MUHEPATH3AIIHIO
(pacTBOpeHHBIE B BOJE COJIHM) M DIIEKTPOIPOBOJI-
HOCTh M3MEPSUIM C MOMOIIBIO MOPTATHBHOTO aHa-
mm3atopa TDS&EC-metrpa (Barry Century, Ku-
Tail), 3HaueHne pH— mopTaTuBHOrO aHajIM3aTOpa
pH-metpa PH-009(I) (Barry Century, Kuraii),
OKHUCIIUTEIbHO-BOCCTAHOBUTENFHBI MOTEHIHAT —
nopratuBHOro aHanmmzatropa ORP-merpa ORP169E
(Barry Century, Kurait), conep:xanue pacTBOpEH-
HOTO KHCJIOpPOJa — MOPTAaTHBHOTO aHanu3aropa DO-
metpa DO-pen type (Alvin Instrument, Kurait).

B Tex ke Toukax McciIeqoBaHUs TAKKE B COOT-
BETCTBUU ¢ MeXTyHapOJHBIMU CTaHIAPTAMU U YT-
BepxkaeHHbIMU ['OCTamu [8-10] ocymecTBasM OT-
0Op TIOHHBIX OTJIOXKEHUI (CEIMMEHTOB) Ha TITyOWHE
oT 1 10 2 METPOB ¢ TOMOIITLIO JHOUEPITATENIeH, Kpar
U CTpaTHMETPOB (TpyOOK Pa3IHYHBIX TUAMETPOB).
B 3aBuCHMOCTH OT aHAIM3UPYEMBIX 3aTPA3HIFOIINX
BEIIECTB ¥ CBOMCTB IOHHBIX OTJIOKEHUH Mepe]t Xpa-
HEHHEM B ITPOOBI JOOABIISIIN pa3IMYHbIe KOHCEPBH-
pyroiue BemiecTBa (KUCIOThI). I[IpoObI JOHHBIX OT-
JIOKEHUH XpaHWIN B OXJIaxAeHHOM (0T 0 10 MUHYC
3°C) cocTOSIHUH.

Memoouku xumuuecko2o aHaiu3a 600bl U ceou-
MEHMO8, 0p2anos pulh u amuduil Ha cooepiicanue
MANCENbIX MEMAILI08

BaxneluM MokasaTeseM KadecTBa Cpelbl
oOUTaHUsI THUIPOOWOHTOB SIBIISICTCS CTENECHb YH-
CTOTHI MTOBEPXHOCTHBIX BOJ M JOHHBIX OTJIOKECHHUN
110 COACPIKAHUIO TSHKENbIX MeTawioB [11]. B cBsi3u
C 9TUM BO BCEX COOpaHHBIX MPOOax BOABI U CEAU-
MEHTOB OBLTH OTpeAeNeHbl TSHKEIbIe METAIIIBI CO-
[JIaCHO TpaKTH4YecKuM pykoBoiacTBam u ['OCTawm.
Omnpenenenue TM nmpoBOAUIN TIOCIIE COOTBETCTBY-
foIel mpoOOMOATOTOBKH Ha aTOMHO-a0COPOITMOH-
HOoM crnekTpodoromerpe MI'A-915 M/ (r.Cankr-
[erepOypr) [12-14].

Kpome xumudeckoro ananmsa mpoO BOJBI U Ce-
JMMEHTOB, MPOBOJIN (DU3NKO-XMMHUYECKUH aHa-
U3 mpod pas3IMyHBIX TKaHEH W OpraHoB (KaOphl,
JIETKWE, MBIIIIEI, TeYeHb),0emoro amypa (Cteno-
pharyngodon idella). Conepxanue TM onpenerns-
79 B IpoOax OMOIOTHYECKUX 00Pa3LoB C TOMOILBIO
METOJa aTOMHO-a0COPOIMOHHOM CITEKTpOohOoTOME-
TpUH, Ha BBILIEHa3BaHHOM Tpubope. Jlis onpexnene-
HUA KOHUeHTpauuu TM KycouKd OpraHoB U TKaHEH
B3BEIIMBAIN ¥ BBICYIIUBAIN MPH KOMHATHOW TEM-
nepatype. Kycouku opraHoB momemanu B ¢GTOp-
IJTACTUKOBBIA CTaKaH CO CMECHIO 2 MJI KOHIICHTPH-
posannoil HNO, m 1,5 M1 KOHUEHTPUPOBaHHOMH
HCIO,. ®TopmiacTUKOBBIA CTakaH yCTaHABIMBAJIM
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B TEPMETHYHO 3aKPBIBAIOIIMIICS CTAIBHON CTaKaH,
KOTOPBIA CTAaBWJIM B CYIIWIBHBIA mKkad Ha 3 yaca
npu Temmneparype 105°C. Ilocne oxnaxnaeHus mo-
Jy4eHHBIH pacTBOp HepeTuBalid B IPOOUPKY, 1OBO-
I 00bEM PacTBOpa AUCTHIITUPOBAHHON BOIOW JIO
10 Mt [15 - 16].

W3mepenune xkonnentpauun TM npoussoamin
Ha aTOMHO-a0COpOIMOHHOM cIeKTpodoTomMeTpe
MI'A-915 MJ (r. Canakt-IleTepOypr) B aTOMHO-
a0COpOLIMOHHOM pEXHME NpHU IJIMHAX BOJIH, CO-
OTBETCTBYIOIIMUX KaXJOMy HCCIEAYEMOMY Me-
TaJIy.

ConepxaHue MeTallla BBIPaKaJIN MKI/T ChIpOH
TKaHH, UCTIONB3y# dopmymy (1):

C = yVk/P (1)

rae C-comepxaHue MeTaia; Y — KOHUeHTpauus; V
— 00beM pacTBOpa, MiT; k — K03 duireHT paszdasiie-
Hus, KkpaTHeiit 10; P — HaBecka TkaHu, T.

Memoouka npueomosnenus 2UcmonosuieckKux
npenapamos

Kycouku opranos pasmepom 5 x 5 x SMm Quk-
cupoBanu B 10% HeiiTpansHOM (hopMaliHe B Tede-
uHue 10 nueit. [lociie ¢ukcanuu KyCOYKH OPraHoOB
[IPOMBIBAJIUCH B IPOTOYHOM BOJE B TeueHue 12-24
yacoB, 3aTeM ob6Oe3BoxuBamu 90% wu3ompomnmio-
BBIM CIIMPTOM W 3anuBanu B napadun [17]. 3arem
M3rOTABIMBAJIUCH CPE3bl TOJNIIUHON 5-7 MKM, KO-
TOpBIE TOCNIEe yJaneHus napaduHa ¥ MpPOBEICHUS
[0 CIIMPTaM BOCXOJSIIEH KPernocTH, OKpaIIBalIn
KpacKoW TeMaTOKCHIIMH M D03WH. 3aTeM 3aKIIo-
Yanuu TOJ TOKPOBHOE CTEKIO B CHHTETHYECKYIO
cpeny Bio-Mount (Bio-Optica, Italy). Ananus
OKpAIIeHHBIX TUCTOJIOTUYECKUX MPErapaToB M HX
(oTorpadupoBaHre NPOUZBOIMWIM C MOMOIIBIO
Mukpockona Leica DMLB2 ¢ uudpoBoii kamepoit
Leica DFC 320 (Germany) npu pa3iH4YHBIX yBe-
TUYCHUSX.

Memoouxa cmamucmuueckou obpabomku pe-
3YILMAmMos

Pe3ynbraTel KOJTMUYECTBEHHBIX HCCIIEIOBaHUN
MOIBEPTANCH CTATUCTHYECKOW oOpaboTke. Bo
BCEX CIlydasx OINpeJessUId CpeJHUE 3HAYCHHS U
omnOKy cpenHed BeauuuHbl. JlocTOBEpHOCTH pas-
JUYAN CPEAHMX BEJIMYMH OLEHUBAIH, HCIIOJIB3YS
t-kputepuii CtbplogeHTa. Paznwums cuutanucek
JOCTOBEPHBIMU TIPH JTOBEPUTEIILHOM BEPOSTHO-
ctu paHo# 0,95. CrarucTudeckyto oOpaboTKy U
rpaduyeckoe TNpeACTaBICHHE MaTepHAIOB OCY-
LIECTBISUIM C TOMOUIBIO MpHIIOKeHUsT Microsoft
Exel 7.0.
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Pe3yabTaTthl u ux o0cy:kaeHue

Cooepoicanue madxicenvix Memaulos 6 nosepx-
HOCHHbBIX 800aX U OOHHBIX OMJI0NCEeHUAX peku Mnu
(6epxnee meuenue, Ilanghunosckuil pation, Aima-
MUHCKAsi 001acmu) u 0eo-eocmounou yacmu Kan-
wazaiicko2o 6000XPAHUIULYA

Pe3ynmbTaTel JaHHOTO WCCIIEAOBAHMS TIPEACTAB-
JIeHsl Ha puUcyHKax 1-2. B cooTBeTcTBHE C exeMe-
CSYHBIMHU JaHHBIMA MUHUCTEPCTBA YKOJIOTHH, T€0-
JIOTUH | TIPUPOJHBIX pecypcoB Pecrybnuku Kazax-
CTaH O COCTOSIHUU OOBEKTOB OKPYKAIOIIEH CpeJibl,
MIPEJICTaBICHHBIMU B BBITTycKax MHpopMaImoHHOTO
DKOJIOTHIECKOTO BECTHHKA, MHOTHE BOgOoeMbl Ka-
3axcTaHa, B TOM uucie p.Mie, 3arpsi3HeHsl B 001b-
mend cTeneHu TsxkeabMU Metaymiamu [1]. B cBszu
C 3TUM TIPOBOJMIOCH UCCIICIOBAHNE B TIOBEPXHOCT-
HBIX BOJIaX U JOHHBIX OTJIOKEHUAX peku Wne (Bepx-
Hee Teuenue [landmnoBckuit paiion, AnMaTHHCKas
0071aCTh) U F0r0-BOCTOYHOM yacTu Kammaraiickoro
BOJOXPAHWIKIIA HA COACPKAHUS TSKEIBIX MeTall-
J0B. [Ipu 3TOM omnpenesnsanuch Kiiacchl OacHOCTen
n IIJIK (mpenenbHO- nomycTHMas KOHIEHTPALTHS)
ATHUX TSAKEIBIX METAIIIOB [Tl pPhIO0X03HCTBEHHBIX
BOJIOEMOB, YCTaHOBJIICHHBIX B cooTBeTCBU ¢ [[OCT.
17.4.1.0283 [2]. Beisenenune TM B TOBEpXHOCTHBIX
BOJIaX U CEIUMEHTOB MPOBOJIUIIOCH C IIOMOIIBIO BbI-
COKOYYBCTBHUTEILHOTO METOJIa aTOMHO- abcopOIn-
OHHOM crekTpockonuu. beuto onpeneneno 9 TM:
Pb, Cr, Co, Mn, Ni, Cd, Cu, Zn, Fe.

Kak cnenyer u3 npejcTaBieHHbIX Ha pucyHKkel
nanubix npesbitenue 11K BeisaBieno y 4 u3 9 uc-
cnenoBanHbIX TM. Ilpuuem npessimenue K nns
Pb, Cd, Zn, Fe B mOBepXHOCTHBIX BOJaX BEPXHETO
teuenus p.Mne (IlandunoBckuii paiion, AnMaTuH-
cKasg 00JIacTh) 1O CPaBHEHUIO C TIOBEPXHOCTHBIMH
BOJIaMH FOro-BOCTOYHOM "yacTu Karmmaraiickoro Bo-
JIOXPaHWIHILA COCTABISET COOTBETCTBEHHO 1.4, 1.5,
1.9 u 2.1 paza. 13 pe3ynbTaToB HACTOSIIETO HCCIIe-
JIOBaHUsSl BUAHO, 4TO TipeBbiiieHne TTJK Tsxenbix
METaJUIOB PaCIpEeeseTCs B CISAYIOMIEM MOPSAKE:
Fe > Zn > Pb > Cd xak 11 mOBEpXHOCTHBIX BOJI
BEpXHEro TeueHus p.Mie, Tak u AJI1 I0T0-BOCTOY-
Holl yactu Kammaraiickoro BogoXpaHUIUIIA, HO B
MOCIIETHEM B MEHBIIIEH CTENIEHH.

ConepxaHue TSHKETBIX METAIIOB B JJOHHBIX OT-
JIO’KEHUSIX, TaKKe, KaK U B IOBEPXHOCTHBIX BOJAX,
npesermano [IJIK mma Pb Cd, Zn, Fe. Ilpu stom
npeBbimenue [1JIK mist 3THX MeTanioB B TOHHBIX
OTIIOKEHUSX BepXHEro TeueHus p. Mne 6puio B 1.5,
1.4, 1.9 u 1.5 pa3 no cpaBHeHuto ¢ yposHem TM B
ceqMMEHTaxX M3 IOro-BOCTOYHOM udactu Kamrmarai-
CKOI'0 BOJOXpaHUIIUIIA.
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Pucynok 1 — Coznepxanre TM B MOBEpXHOCTHBIX Bofiax peku Miu (BepxHee TeueHue,
IMan¢unosckoro paifoHa AJIMaTHHCKOH 001aCTH) U FOr0-BOCTOYHON YacTH
Kammraraiickoro Bogoxpanuiuniia, 2021-2022 rr., Mr/n

Pe?)y.]'II)TaTBI OTOro HCCICIAOBAaHUA CBHICTCIIb- BEPXHETro TCUCHUA P. Wne B GombIIeM KOJIHMYECTBE
CTBYIOT O TOM, YTO TSKCJIbIE MCTAJJIBI COACPIKATCA o CPaBHCHHIO C IOTH 0-BOCTOYHOM 4acThio Kamima-
B INOBEPXHOCTHBIX BOAAX U B JOHHBIX OTJIOKCHUIAX rackKoro BOJOXpaHUJIUILIA.
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Pucynok 2 — Conepxanue TM B TOHHBIX OTIIOKEHUSX peku M (BepxHee TeueHue,
TlandunoBckoro paiioHa ATMaTHHCKO# 00JaCTH) U FOTO-BOCTOYHOM YacTH
Kamyaraiickoro Bogoxpanmiuiua, 2021-2022 rr., Mr/x
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Cooepoicanue msdiceavix Memaulos 8 Op2aHax
u mranax pwvlo uz pexu Hne (eepxnee meuenue,
Hangunosckuii paiion, Anmamunckas oboracmo) u
10e0-6ocmounoli yacmu Kanwazatickoeo 6000xpa-
HUIUWa

B opranax u TkaHsx pei0 u3 peku Mne (Bepx-
Hee TCUCHHE) U I0ro-BOCTOYHOM yacT Kammmaraii-
CKOTO BOJOXPaHWUJIUIA OBUIH ONPENETICHO COMEep-
skanue TM, mpesbrimatonux [1/IK B moBepxHOCT-
HBIX BOJaX U ceauMeHTax, To ecTb Pb, Cd, Zn, Fe.
Pe3ynbpTaThl JaHHOTO HCCIICIOBAHUS MIPUBEICHBI B
tabmure 1.

Tspkenble MeTajulbl HAKaIUIMBAJIUCh BO BCEX
HCCIIelyeMbIX OpraHax: »abpax, MeYeHH, TOJCTON
KHUIIKe, MoYKax y pei0 kKak u3 p.Wne, Tak u u3 Kamn-
nraraiickoro Bogoxpanwnuma. Ilpum stom, cpas-
HUTEJBHBIA aHaJIM3 MoKa3all, uTo cojiepxkanue P,
Cd, Zn, Fe B opranax u TkaHsax Oenoro amypa u3
pexu Une (BepxHee TeueHHE) NPEBBILIAECT YPOBEHb
y ppib6 u3 roro-soctouHod yactu Kammmaraiickoro
BOJOXPaHUIHUILA. DTO TAKKE TOATBEPKAAETCS HaH-
6onpmum nipessienrneM [1/IK mpaktudeckn B nBa
pasa s 3TUX METaJUIOB BO HMCCIIEAYEMbIX OpTraHax
y pb10 u3 pexu Wie (BepxHee Teuenue) (tabauua 1).

Ta6auna 1 — Conepxanue TM B opranax u Tkansix Oenoro amypa (Ctenopharyngodon idella) n3 pexu Une (Bepxuee tedenue [lan-
(uToBCKHi paiioH, ATMaTHHCKas 00IaCTh) M F0r0-BOCTOYHOM yacTu Kammaraiickoro BoJ0XpaHHIUINA, MKI/T.

OObekT Beuneiit amyp (Ctenopharyngodon idella)
ITyHKTHI HCCENOBAaHMS ™ Pb Cd Zn Fe
ITOK Mkr/r4 1,0 0,2 40,0 30,0
JKaOpbI 1,80 £ 0,13* 0,43 +0,07* 117,20 + 4,54* 112,60 + 4,20*
> TIJIK 1,80 2,15 2,93 3,75
Bepxice resenre p Hie NevYeHb 1,94 £ 0,16* 0,49 £0,07* 130,50 = 4,30* 142,24 + 5,42%
(ITan¢mnoBckuii paiioH, > HJIK 1,94 2,45 3,26 4,74
AJMaTHHCKas 001aCTb) TOJICTas KUIIKA 1,98 £0,13* 0,36 +0,08* 124,30 + 3,90* 130,44 + 4,80*
> TIJIK 1,98 1,8 3,10 4,35
TIOUKH 1,68 £0,10* 0,46 + 0,06 123,30 + 5,20% 138,22 + 5,40*
> TIJIK 1,68 2,30 3,08 4,61
JKaOpbI 0,90 + 0,08 0,28 £ 0,06 58,60 + 1,90 56,94 + 3,62
>TIIK 0,90 1,40 1,46 1,89
ne4yeHb 0,97 0,12 0,25+0,09 65,25+3,42 71,24+ 3,80
IOro-BocTo4Has yacTsb > HIK 0,97 1,25 1,63 2,37
Kamaraficioro BOZOXpaHWIHINA | goncras KuuKa 0,99 +0,16 0,18+0,06 62,18+2,24 65,40+ 2,80
>TIJIK 0,99 0,90 1,55 2,18
TIOYKH 0,86 0,11 0,23+0,06 61,60+2,80 69,20+ 3,92
>IIIK 0,86 1,15 1,54 2,31
Ipumeuanne: AT1JIK B ceipoii psibe; * P>0,05 o cpaBHeHHIO ¢ mOKazaressiMu y poid n3 FOro-socrounoit vactu Kammaraiickoro BOJOXpaHmInIIa.

Hccnedosanue  cucmocmpykmypvi  0peanos
benoco amypa u3 pexu Hne (gepxnee meuenue,
Tanghunosckuii  paiion, Aamamumnckas obaacms)
u 1weo-eocmounou wacmu Kanwaeaiickoeo 6000-
Xpanunuwa

B xabpax Oemoro amypa u3 pexu Wne (Bepx-
HEe TCYCHME) HAOJIIOMATUCh TaKue TMCTONATOJIO-
TUYEeCKUE M3MEHEHUS KaK THIepIIa3us, CIHSHHE
IUIACTUHOK, 3MUTENUANIbHBINA HEKPO3. Y OCHOBaHUS
IJJACTUHOK B TIOKPHIBAIOIIEM UX BTOPUYHOM Ka-
OepHOM sruTeNNH (JTaMellTbl) HaOIIoqannch OTE-
ku (pucynok 3, A). Kpome toro, B psae Jrament
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ObUTa OTMEYeHa JECTPYKIUS COCYIUCTOTO CJOs, B
BHJIE KPOBOMBIHUSHUN U TTONHOKpOoBHS. [logoOHbIE
W3MEHEHHs B xKabpax ObUIM 3apeTHCTPUPOBAHBI Yy
pasHBIX PBIO U3 MPECHOBOIHBIX BOJOEMOB, MO-
BEPTIINXCS BO3JIEUCTBUIO TSXKEIBIX METAIOB. [18
— 21]. Takum oOpazom, sMUTETHATbHAS BHICTHIIKA
IJIACTHUHOK PhIO MOXKET pearupoBaTh Ha MPHUCYT-
CTBYIOIIUE B TOBEPXHOCTHBIX BOJAX M CEJUMEHTaX
TSOKEJIbIe METaJIJIBI, CO3/1aBasi B TKaHIX OCMOpETY-
JATOPHBIN aucOanmaHc [22-24]. DTH NeCTPYKTHB-
HBIE TPOIIECCHI, MTO-BUANMOMY CBSI3aHBI, CO 3HAUH-
TeJIbHBIM HaKoIUIeHHEeM B xkabpax Pb, Cd, Zn, Fe,



JI.A. Tactan u nip.

0Cco0eHHO y pbI0 U3 peku Mie (BepxHee TeUeHUE).
VY poe10 U3 1oro-BocTouHOM yactu Karmmaraiickoro
BOJIOXpaHWINIA B jka0pax MOHAOOHBIC IECTPYK-

TUBHBIE M3MEHEHHsS NEPBUYHOTO M BTOPHUYHOTO
KabepHOTO AMUTENNA He OBIITHM OOHAPYXEHBI (pH-
cyHOK 3, b).

A —I'uneprnasus, CIUsIHUE TIACTHHOK, HEKPO3 U OTEK XKaOEPHOTo SITUTEINHs,
B — IlepBuuHbIi U BTOPHYHBIN SMHUTEIHI 03 N3MEHEHHH.
Pucynok 3 — 'ucrocTpykrypa xabp Oenoro amypa: A- u3 pexu Mie (BepxHee TeUeHHUE),
b — u3 1oro-Bocrounoii wactu Kamnmraraiickoro Bogoxpanunuia. Okpacka: reMaToKcuiInH-303uH. X 200.

OgarM W3 BaXHEHIINX OPTraHOB >KU3HEIES-
TEJILHOCTH PbIO, YYacTBYIOIEM B MIpoleccax HOp-
MaJBPHOTO THINEBAPEHUS U JETOKCUKAIUU JHNIO- U
9K30T€HHBIX BEIECTB, SABJSETCS TedeHb. Pe3ynpra-
ThI UCCIICJIOBAHUS THCTOCTPYKTYPBI TICUCHU OEIIOro
amypa u3 peku Une (BepxHee TeUeHHE) U I0T0-BOC-
ToyHOM 4acTu Kamiiaraiickoro BOJOXpaHWIIAILA
MpeJICTaBJIeHbl HA pucyHke 4, A,b. Y Genoro amy-
pa u3 BepxHero TeueHus peku Mie HabmogaroTcs
3HAYUTENbHBIE M3MEHEHHS B MHKPOCKOIHYECKOM
CTPOCHUU OpTraHa: KJIETKHU MaPECHXUMBI MEUCHU U3-
MEHWIN DPaJUallbHOE PACIONOKEHHE W XaOTHYHO
(hopMHpOBaNIH CTPYKTypy OpraHa H3-3a PE3KOro
pacmupenus npocTpaHcTB Jluicce, CHHYCOMAOB M
HEKpo3a OOJBIIMHCTBA TEMATOIHUTOB (PUCYHOK 4,
A). DTH y4YacTKH BBISBIIUINCH KaK CBETJIBIC WU
«1ycThiey». B mapenxumMe oprana 0OHapyKUBAIHUCh
[EHTPHI CKOTUICHHSI ¥ OT/IENbHBIE JIeXKalllue Meia-
HOMakpodaru. MenaHoMakpodaraibHble IEHTPBI
— 3TO CKOIUICHUS MECTHBIX MaKpogaros, cojaepixka-
M€ TUTMEHT TeMOCHIEPHH, M3-32 YETO OHH BBITIIS-
ST Oypo-KpacHbIMH Ha (hOHE PO30BO OKpAIlIEHHBIX
renaronuToB, X MHOrOYHCICHHOCTD B IIEYEHH PHIO
CBUJETEIBCTBYIOT O MIPUCYTCTBHH B BOJHOI cpeje
TOKCUKAHTOB [25]. V pBIO U3 FOr0-BOCTOYHOMN YaCTH
Kammaraiickoro BoJoXpaHWIHINA KaKUX-THOO Ta-
TOJIOTHI, KpOME NEPUBACKYJIAPHOrO OTEKA OJHOIO

13 KPYHHBIX KPOBEHOCHBIX COCYZIOB, OOHapy’>K€HO
He ObUI0 (prCcyHOK 4, B).

B crenke TosicTON KMIIKM Oenoro amypa u3
pexu Une (BepxHee TeueHne) 00HAPYKUBAIOCH pac-
CIIOCHUE TKAHEW: MBIIIEYHOM, CEPO3HON, IOICIU3U-
CTOH M CIIM3UCTOI OCHOBHI (pHCYHOK 5,A). Kak u3-
BECTHO, CTPYKTYpPHO-(QYHKIIMOHAIBHON eJIMHUIICH
CIIM3UCTON OOOJIOUKHM TOHKOW M TOJCTOH KHIIKH
SIBJIAETCSI KOMIUIEKC KpHIITa-BOpCHHKA. B TOncTOM
KHIIEYHHUKE KPHUIITHI 00JIee pa3BUTHI, YeM B TOHKOM
kumevHrke. OHM pacrnosararoTcs IJIOTHEe, YeM B
TOHKOW KUIIIKE U UMEIOT 0oJiee IMIMPOKHUI IPOCBET,
cofepKaT KaMOWalbHBIC 3JIEMEHTHI SIHUTCIUS. Y
Oenoro amypa MX BepXHEro TeueHus: pexu Wne nHa-
OrogaeTcst N3MEHEHNE COOTHOILEHHSI KPHIIT U BOP-
CHHOK B pe3yJbTaTe yTpaThl OTAEIbHBIX BOPCHHOK.
Kpome toro, HabmogaeTcss MHOTOYHCICHHBIE OOKa-
JIOBHUJHBIE KJIETKH, KOTOPBIMH, KaK U3BECTHO, Oora-
Ta ToJicTas Kuika. Ho B 1aHHOM cilydae 3TO MOXET
CBHUJIETENILCTBOBATH TAKXKe O (YHKLIMOHAIBHOU Ha-
rpy3Ke Ha OpraH, Tak KakK IIPOCBETE OpraHa BHIHBI
OKpallleHHbIE D03MHOM HeIepeBapeHHbIE PO30BBIC
pacTUTeIbHBIE BOJIOKHA. benblil aMmyp, Kak U3BecT-
HO, SIBJISIETCS MCKIIOYUTENHHO TPABOSTHOW PHIOOWM
U TIONAJA0INe ¢ MUIIEH NOJUTIOTAHTBI MOTYT KOH-
LEHTPUPOBATLCSI AAHHBIMH BOJIOKHAMH, HaKarJiu-
BaThCs, BBI3BIBAS TOKCHUYECKHUH 3(PPeKT.
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A — Pacumpenune npoctpancTB Jlucce, CHHYCOUIO0B, TUCTPO(US U HEKPO3 TeNaTolUTOB,
MHOTOYHCJICHHBIE MeJIaHOMaKpodaransHble ckoruieHus; b — TpyOuaroe cTpoeHre MapeHXUMBbI IIEYEHH COXPAHEHO,
BHYTPHUIICYEHOYHAS SK30KPUHHAS TKaHb HODKEITYIOYHON JKeJe3bl, allMHyC OPraHU30BaH CTOIOYaTHIMU
LINHIPUYECKUMH KJIETKaMU 0e3 KaKUX-TH00 MaTooTHid, HepUBACKYISPHBINH OTEK KPYITHOIO KPOBEHOCHOTO COCY/Ia.
Pucynok 4 — I'uctoctpykrypa nedenu 6enoro amypa: A- u3 pexu Wie (BepxHee TedeHue),

B — u3 1oro-BocTouno# yactu Kammaraiickoro Bogoxpanmmmima. Okpacka: TéeMaToKCHIHH-303uH. X 200.

B Toncroii kuike 6enoro amypa mu3 Kro-Boc-
ToyHOM wactu Kammraralickoro BOJOXpaHWIHINA
00HapyKMBaJIOCh OTCIIOEHUE MBIIIEYHOTO CIIOSI U
CEpO3HOU 000JIOYKH HE MOBCEMECTHO Kak y phI0
U3 BEpXHEro TedeHus peku Mme, a TOIBKO B OT-
IeNbHBIX y4acTKax (pucyHok 5.b). Ecmu y peid
W3 BEPXHEro TeueHHs peku Mie marojoruueckue
MPOLECCHl OXBATHIBAIM BECh OpPraH, TO y PbIO U3

[0ro-BocToyHoi wactu Kammraraiickoro Bojo-
XpaHWIHIIA — OTHEJIbHBIE KHUIICYHBIE BOPCHHBI.
[Iponudepamnus kamMOHaTbHBIX 3JIEMEHTOB Ha JIHE
KpPHUIITBl aKTHBHAsA, BUIAHBI pACTyILIHE BOPCHUHKH,
YTO CBU/IETENBCTBYET O BHICOKHX PEreHepPaTOpHbIX
BO3MOJKHOCTSAX OpraHa. bokalloBHAHBIE KIIETKH
PaBHOMEPHO pacHpOCTPAHEHBI IO KUIIEYHBIM BOP-
CUHKaM.

A — PaccnoeHne TKaHEH CTCHKH TOJICTOM KUIIKU: MBIIIEYHOH, CEPO3HOM, TOACITU3UCTON 1 CIIU3UCTON OCHOBEIL.
MsHorouncneHHbIe OOKaTOBUIHbBIEC KICTKH M PaCTUTENIBHBIE BOJIOKHA B IPOCBETE OPraHa.
b — Orcnoenne MBIMIEYHOTO CIIOS M CEPO3HOIT 000JIOUKN HA OTAEIFHOM Y9acTKe U
HEKpO3 SHTEPOLIMTA Ha OIHOM KUIIIEYHOW BOPCHUHE.
PucyHok 5 — ['uCTOCTpYKTYpa TOJICTOH KUIIKH Oeoro amypa: A — u3 pexu Wie (BepxHee TeUeHue),
b — u3 1oro-Bocrounoii yactu Kammraraiickoro Bogoxpanumnuma. OKpacka: reMaToKCHIMH-303uH. X 200.
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[Toukwu, SIBIISASICH OPraHOM BBIBEACHUS MPOJTYK-
TOB MeTabonm3Ma W TOCTYMAIONIMX B OpPTaHU3M
OpraHWYECKMX W HEOPraHMYEeCKHX COCIAMHEHHH,
CTaHOBATCSA MHINEHBIO JuUIs HUX. HMccnemoanue
TUCTOCTPYKTYpPHI moduek Oenoro amypa (Ctenopha-
ryngodon idella) w3 BepxHero TeueHus pexu Mie
U 0ro-soctouHord wyactu Kammaraiickoro Bomo-
XpaHWIHIIA MIPEJICTABICHB Ha pUCyHKax 6, A,b. ¥V
Oenoro amypa M3 BepxHero TeueHus: pexu Wie Ha-
Omoganch U3MEHEHUs] B KOPKOBOM BEILECTBE MO-
YeK: HEpaBHOMEPHOE PACIIPENEIICHNE COCYIUCTBIX
KIyOOYeK W pa3pyllIeHHE B BHIC CMOPIIUBAHUS U/
WIN CUHEXMH (PacXOXAEHHs KalwuILIpOB), YBEIH-
yeHrne OOyMEHOBOTO MPOCTpaHCTBa. JlecTpyKTHB-
HBIE MPOLECCHl 3aTparkBajiil MPOKCHUMAIbHBIE W

JIUCTANBHBIC TOYCUHbIE KaHATBIIBI B BUJE JIUCTPO-
(hUYECKUX ¥ HEKPOOHMOTHYECKUX U3MEHEHUH dITUTE-
JHOIUTOB (PUCYHOK 6, A). VI3MeHeHUs B CHCTEME
KpPOBOOOpAIllCHHS 3aKTIOYAIUCh B TMOJHOKPOBHUHU

COCYJIOB M KPOBOM3IUSHUAX. B mapeHxuMe opraHa
00HAPY)XKMBAJIUCh BOCIAIUTEIbHBIE HHOUIBTPA-
THI U3 JIEHKOUUTOB, TUM(OLNUTOB, TUCTUOLUTOB. Y
HEKOTOPBIX 0co0el Habmomancs OTéK MapeHXHUMBI
oprada B BHUJE€ PACIIMPCHHBIX HWHTCPCTUIHAIBHBIX
MIPOCTPAHCTB MEXAY MOYCUHBIMH KaHaJbLaMHU. Y
pBIO U3 orO-BOCTOYHOW YacT Kammmaraiickoro Bo-
JIOXPaHUJIMIIA THCTOCTPYKTYPA MOYEK MO OOJIbIICH
yacTH coxpaHeHa (pucyHok 6, Bb). Mukpockomnu-
YEeCKOe CTPOCHHE COCYIHUCTBIX KIyOOUKOB M IIO-
YCYHBIX KaHAJIBLIEB B IIPpEACIaxX HOPMBI. IToueunrie
KaHAJIbLBI IPUJIEKAT APYT K IAPYTy. DOUTEITHOLUTHI

MPOKCUMAJIHHBIX KAaHAIBIICB UMEIOT XapaKTepHYIO
BBICOKYIO TMPU3MaTHYECKyl0 (opMmy, a JucCTalb-
HBIX — HU3KY10. [{UTomnasma snuTenuanbHBIX Kiie-
TOK KaHaJbIIeB TOMOTEHHO OKpaIlleHa B PO30BBIN
LBET 203UHOM, a siJipa — TEMAaTOKCHJIUHOM B CUHUIA
uBer. fapa pacmonmararotcs Ommke K 0a3albHOM
MeMOpaHe.

A — PazpymieHne cocyanuCThIX KIyOOUeK B BHJE CMOPIIMBAHUS W/MIM CHHEXHH (PacXOKIEHHS KalHUISIPOB),
yBeIH4IeHHe 60YMEHOBOTO IIPOCTpaHCTBa. JucTpodudeckne 1 HEKpOOHOTHUESCKHE H3MEHEHUS AIIUTEINOIUTOB
IIPOKCUMAJIbHBIX U JUCTAJIbHBIX IOYEUHBIX KaHabLeB. II0IHOKpOBUE COCYNOB, KDOBOU3IHSAHU.
Bocnanurensubie HHOUIBTPATH U3 JICHKOITUTOB, TUM(ONUTOB, THCTHOLUTOB;

B — Mukpockonudeckoe CTPOSHHE COCYIUCTHIX KIIyOOUKOB M IIOUEYHBIX KAHAIBIIEB B IIpeelIax HOPMBEIL.
Pucynok 6 — I'icrocTpykrypa nouek 6eoro amypa: A — u3 pexu Uie (Bepxuee TeueHue),

B — u3 roro-Bocrounoit wactu Kammaraiickoro Bogoxpanunuina. Okpacka: reMarokcimH-303uH. X 200.

Takum 00pazom, CpaBHUTEIHHOE UCCIIEIOBAHNE
MHUKPOCKOITUYECKOTO CTPOEHHUSI OpraHoB OeJoro
amypa u3 pexu Wie (BepxHee TeUeHHE) U FOT0-BOC-
ToyHOM 4actu Kamiaraiickoro BOJOXpaHWIIUILA
BBISIBWIO THCTOIATOJIOTHYECKHE U3MEHEHUS B pas-
HBIX OpraHax Oeyioro amypa, mpu4yeMm y pbl0, oOu-
TaOIMNUX B BEepXHEU dacTu peku Uie, B Oonbiieh
CTEICHU T0 CPaBHEHHIO ¢ 0co0simu u3 Karmmraraii-
COro BOJOXPaHWINING, YTO, MO-BUIAUMOMY CBSI3aHO

¢ HaubobIMM HakoruieHueM y Hux Pb, Cd, Zn, Fe
(Tabmuma 1).

st nokasarennCTBa BU3YaJbHBIX HaOJHOJIC-
HUW OBUIH TIPEANPUHSATH KOJIMYECTBEHHBIE MOP-
(homeTpuueckne  HWCCIENOBaHUS, pPE3yJIbTaTHI,
KOTOpOro mnpuBejeHbl B Tabmuie 2. BugHo, uTo
00beM OTEYHOW TKaHH XaOEepHOTO SMUTENHS U
KPOBOM3IHUSHUHN y ON0oro aMmypa U3 BEepXHETO Te-
yeHus pexku Une B 4,9 u 2,2 pa3a mpeBhIIIacT, a
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JUTHHA JaMeJll, Hao0opoT, B 2,1 pa3a HUXKe TaKuX
K€ TIOKazarenedl y pbl0 M3 I0r0-BOCTOYHON YacTH
Kammaraiickoro BOIOXpaHIIHINA, YTO COOTBET-
CTBYET I'MCTONATOJIOTHYECKUM U3MEHEHUSIM B JaH-
HOM oprane (pucyHok 3, A, b). B Toncrom kumred-
HUKE y 0€JIOro amypa W3 BEPXHEro TCUCHHS PEKH
Wne BpicoTa BopcuHOK B 1,8 pasza cHIKalach Mo
CpPaBHEHHWIO C PBIOAMH W3 IOTO-BOCTOYHOHW HaCTH
Kanmaraiickoro BoioXpaHuiIHINa 3a CUET CIYIIH-
BaHMsI SIUTENHS HA BEPXYIIKaxX, a TIyOWHA KPUIT
¥ TOJIITMHA CTEHKHW B 2,8 m 1,7 pa3a yBeaudmBa-
JI0OCh, COOTBETCTBEHHO. B meueHu y 6enoro amypa
13 BEpXHEro TeueHus: pexu e mo cpaBHEHHIO ¢
peibamMu w3 FOro-BOCTOYHOW dacTtm Kammaraii-

CKOTO BOJOXPAaHWIMIIA YHCIO MHTAKTHBIX (HEMO-
BpEXICHHBIX ) TEaTOMTOB B 1,6 pa3a CHIKAIOCH,
a KOJIMYECTBO IUCTPOPUIECKH U3MEHEHHBIX U He-
KPOTH3UPOBAHHBIX KIETOK pe3Ko Bo3pactaio. [1pu
3TOM, MHOTOKPAaTHO YBEJIMYHBAIOCH KOJIUYECTBO
MeIaHOMaKpo(aroB u BOCHAIUTEIbHBIX WHPUIb-
tpatoB (Tabmumna 2, Pucynok 4,A.b). B moukax y
Oenoro amypa U3 BEpXHEro TedeHus: peku Mie mo
CpPaBHEHHUIO C PBHIOAMH W3 FOTO-BOCTOYHOH YacTu
Kamnmraraiickoro BoOJOXpaHWUJIUINA JIHAMETP CO-
CYIIUCTHIX KIyOOUYKOB yMEHbIIANOCH B 1, 2 pasa,
BHUIMMO 33 CYET CMOPIIUBAHMS, a TUaMETp Noyed-
HBIX KaHAJIBIIEB BO CTOJBKO XKE Pa3 YBEINIUBAIOCH
n3-3a OTEKa.

Ta6auua 2 — MophomMeTpuueckue okasareiy B opranax oenoro amypa (Ctenopharyngodon idella) w3 pexku Une (BepxHee TeueHne
[andunosckuii paiioH, ATMaTHHCKas 00JIaCTh) U FOTO-BOCTOYHOM yacTh Karmaraiickoro BogoXpaHHIHIIa

IOro-BocTounast
yacth Kammaraiickoro

Pexa Une (BepxHee TeueHuE,
[Man¢unosckuii paiioH,

JnuHa namenn

Oprassl [oxazarenu
AJIMaTHHCKast 00J1aCTh) BOZIOXPAHHUITHIIA
Ortex 8,1 +7,1* mm? 1,65 £ 0,59 mm3
KpoBousnusitue 7,75 £ 1,74* mm? 3,46 = 1,11 mm?
XKabpsr

73,37 + 33,34 MkMm 157,17 £ 26,39* mxm

Bricora BopcuHOK

1143,67 +£2 98,317* Mxm 2021,29+335,873 Mkm

I'imy6una xpunra

456,013+133,053* mxm 163,897+84,571 mkm

Toncras kumika Oy —

164,507+43,804* MM 94,976+19,221 MM

Konmu4ecTBO MHTAKTHBIX TENaTOLUTOB 12598 + 96** 19598 + 78
KonmuectBo nuctpoduyeckux 790 4 5% 1445
TeraTonuTOB
KonnuecTBo HEKpPOTU3UPOBAHBIX 264 + 38 i
rernaToLlruTOB
KonmgectBo menanomakpogaros 184 + 40** 68 + 15
[Teuens
Bocnanurensabie HHOHUIBTPATHI 34+9 -
JlyaMeTp IUCTaIbHBIX KaHAIBIEB 170,178+25,102 Mxm 175,814+26,736 Mkm
Juamerp npokcuMasbHBIX KaHAJIbLICB 201,314421,943* mxm 167,64+18,414 Mxm
JlaMeTp coCyauCTHIX KIIyOOUKOB 276,861+£26,386* MKkM 325,987+32,846 MkMm
Tlouxu JmnHa 60yMeHOBa IPOCTPAHCTBA 47,377+7,76* Mxm 26,462+8,13 Mmkm

[Ipumeuanue: n3MepeHne NPOBOAMIOCH HA 5 penaparax oT 5 ocobeit B 10 ciaydaitHbIX nonsax 3penus npu x400.
* P<0,05; ** P<0,01 ,*** P<0,001 o cpaBHEHHIO C MOKa3aTesIMU y PbIO N3 HIOKHEW yactu pexu Wie

3ak/aouyeHnne

UccnepoBanue coaepkaHds TSDKEJbIX METal-
qoB: Pb, Cr, Co, Mn, Ni, Cd, Cu, Zn, Fe B moBepx-
HOCTHBIX BOJIaX M CEIMMEHTAX U3 Pa3HbIX YYaCTKOB
peku Mne (BepxHee TeueHHE) W FOTO-BOCTOUHOM
yactu Kamniraraiickoro BOJOXpaHUIIUILA BBISIBUIO
npessiienne [JIK qmst gyetsipex ux vux: Fe > Zn >
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Pb > Cd. Otu meranisl 00HapyKUBaJINCh B Pa3HbBIX
opranax o6enoro amypa (Ctenopharyngodon idella),
OTJIOBJICHHBIX B HCCIICAYCMbIX Yy4YaCTKax, U BBI3bI-
BaJM T'HCTONATOJIOTNYECKUE HU3MEHEHUS, COOTBET-
CTBYIOLINE YPOBHIO UX HAaKOIJIEHUS. Y CTAHOBJICHO,
YTO HamOOJIbIIEMY TOKCHKOJIOTMYECKOMY BO3[EH-
CTBHIO OBLTH IOABEP>KEHBI THIPOONOHTHI, B YACTHO-
CTH, pBIOBI B BepXHEM TeueHnn peke Wme. Boasr u



JI.A. Tactan u nip.

CeIUMEHTHI I0T0-BOCTOUYHOM yacTh Kanmraraiickoro
BOJIOXPaHUIINILA, XOTh COJEPKaT BhIsIBJICHHbIE TM,
HO B 3HAYNTEIHHO MEHBIIICH CTEIIEHH IO CPABHEHHIO
¢ BepxHUM TeueHueM peku Uine. Mopdo-dynkumo-
HaJBHOE COCTOSTHUE 0eoro aMmypa M3 I0ro-BOCTOU-
HO#1 yactu Karmaraifickoro BOJOXpaHMIHINA TAaKKE
CBUJICTEILCTBYET O 0OJIee OJIaroNnpUsITHBIX yCIOBH-
SIX BOOHOU CpEeIbl IS PHIO.

Kak wu3BecTHO, MaTO(U3MOIOTHYCCKUM Me-
XaHU3MOM JI€UCTBUA TSAXKEIBIX METAVIOB MOTYT
OBITh OKHCIUTEILHO-BOCCTAHOBHUTEIBHBIC pPEaAK-
MU C 00pa3oBaHUEM CBOOOIHBIX PATUKAIIOB M,

CJIEJOBATEIbHO, CIIOCOOHBIC BHI3BIBATH OMOXHMU-
yeckre M Mopdoiornueckne u3MeHenus [26-27].
XapakTep BBI3BaHHBIX MOP(O-(QYHKIHOHATBHBIX
0CcOOCHHOCTEH B OpraHu3Me pbI0 MOXHO ILIHPO-
KO WCITOJIb30BaTh JIJISl OIIEHKH COCTOSTHUS BOJHBIX
skocucTteM. TakuM 00pa3oM, OHM MOTYT CIYXHTh
OromapkepaMu 3arpsA3HEHHS OKPY’KAIOLICH Cpeabl
[28]. B psage TOKCHKOIOTHYECKHX HCCIETOBAHUMA
OBLIO MMOKA3aHO, YTO U3MEHEHHSI B pa3HBIX OpraHax
PpBIO ABISIOTCS HanboJee PacpoCTpaHEHHBIMU pe-
aKIMSIMH Ha 3arpsS3HUTENH OKPYXKAIOUIEH cpezsl
[29-30].
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COXPAHEHUE B KPUOBAHKE ObPA3LIOB I'PELIKOTO OPEXA
N3 HECKOAbBKUX MNMONMYAAUNU CAUPAM-YTAMCKOIO
T’OCYAAPCTBEHHOTIO HAUMOHAABHOTO NMPUPOAHOI O INAPKA

I'peukuii opex (Juglans regia L.) 9BAS€TCS OAHOM 13 HaMBOAEE IKOHOMMYUECKM BASKHbBIX OPEXOMAOAHbIX
KyAbTYp. B Ka3axcraHe AMKopacTyLias nonyAsaums rpeLkoro opexa 3apermcrpmpoBaHa Ha tlore CTpaHbl
M oxpaHseTcs Ha Tepputopmn Caipam-Yramckoro rocyAapCTBEHHOrO HaLMOHAAbHOIO MPUPOAHOIO
napka. B pesyabtare akcrneamumin 2018-2019 r.r. npoBeaeHo onucanune 136 o6pasuos Juglans regia no
AeckpunTopam Me>KAYHapOAHOrO MHCTUTYTa M3YYeHUS TeHETMUECKMX pecypcoB pacteHui (Interna-
tional Plant Genetic Resources Institute), cobpaHbl A0Abl 73 06pa3LOB rpeLKoro opexa, OTAMYAIOLMECS
BbICOKMM pa3HOOOpa3nem Mo pasmepy, popme 1 Macce OPexoB, BbIXOAY SAPA, OKPACKe U TeKCType
CKOPAYTIbI U APYTVM MapameTpam. AAs coxpaHeHus 6uopasHoobpasus Juglans regia 6bia pa3paboTtaH
3 PeKTMBHBIN METOA KPMOKOHCEPBALMM M30AMPOBAHHBIX 3apPOAbILLIEBBIX OCeN. [locAe MOBEPXHOCTHOWM
AesnHdekumn 0,1% pacTBOPOM CyAeMbl U MPOMbBIBAaHUS CTEPUAbBHOM AMCTUAAMPOBAHHOM BOAOW,
3apOABILLIEBbIE OCU BbICYLUMBAAM B MOTOKE CTEPUABHOIO BO3AyXa B AaMmHap-6okce B TedveHue 1 vaca
AO OTHOCUTEAbHOM BA@XHOCTU 12,1%, NMOMELLLAAM B KPUONPOOMPKM M MOrpy>kan B Cocya Apbtoapa
SKMAKMM a30TOM. Y 72,4% 3apOAbILLEBBIX OCEN NMOCAE KPUOTEHHOIO XpaHEHWS OTMEYeHa pereHepawms
pacTeHW Ha NuTaTeAbHON cpeae Apainsepa-KyHbioku ¢ 1 Mr/A 6-6eH3uaamutonypuHa u 0,01 mr/a
MHAOAMAMACASIHOM KMCAOTbI. Co3aaHa KpUOreHHast KoAAeKLMS 73 06pasLoB rpeukoro opexa. Bnepsbie
reHeTuueckuin matepuan Juglans regia, npovspactaiowmii B KazaxcraHe, CoxpaHeH B KpMOreHHoOM bGaHke
npu Temnepatype -196°C.

KatoueBble caoBa: Juglans regia L., opex rpeukuii, KpMokoHcepsauusi, KpMobaHK, M30AMPOBAHHbIE
3apOAbILLEBbIE OCU
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Caripam-Orem MeMAEKeTTIK YATTbIK, TAOMFU NAPKiHiH,
GipHeLue nonyAsiuMsiAapbIHaH aAbIHFaH rpek
YKaHFaK YAriAepiH KpUobaHKTe cakTay

['pek >xaHFarbl (Juglans regia L.) — SKOHOMMKAAbIK, MAaHbI3AbI KaHFAK, KYAbTYPACbIHbIH, 6ipi 60AbIMN
Tabblraabl. KasakcraHaa >kabaibl ©CETIH IPeK >KaHFarblHbIH MOMYASLUMAHbI €AIMI3AIH OHTYCTIriHAE
TipkeAreH >xaHe Caripam-Orem MEMAEKETTIK YATTbIK TabuFK MapKiHiH aymMarbiHAQ KOpPFayFa aAblHFaH.
IKCneAnUMaAapAbiH HaTHKeciHAE 2018-2019 k. XaAblKapaAblK 6CIMAIKTEPAIH FrEHETUKAAbIK PeECYpCTap
MHCTUTYTbIHbIH, (International Plant Genetic Resources Institute) aeckpuntopAapb! 6oiibiHWwa Juglans
regia-HblH 136 Typi CMMATTaAAbI, >KaHFaKTapAbIH MOALLEPI, MilliHi MEH CAaAMaFbl, SAPO LLbIFbIMABIAbIFbI,
KabbIKTbiH TYCi MEH KYpblAbIMbl OOMbIHILIA ©6TE BPTYPAI rpeKk >KaHfFarblHbIH 73 TYpiHiH >KemicTepi
SKUHAAAbIL. Juglans regia 6UOBPTYPAIAIriH cakTay YLUiH OKLIAYAQHFaH YPbIKTbIK OCbTEPAI 3(hhekTUBTI
KpUOKOHCepBaLMsAay dAici a3ipaeHai. 0,1% cyArema epiTiHaiCiMeH 6eTiH Ae3MHgEeKUMAAAN, CTEPUABAI
AVUCTUAAEHTEH CYMEH LanFaHHAH KeliH YPbIKTbIK OCbTEpAi AamuHap GOKCTIiH ilHAE CTepUAbAI
aya arbiHbiHAQ 1 carat 6oibl 12,1% CaAbICTBIDMAAbI bIAFAAABIABIKKA AEMiH KenTipiAAi COCbIH
KpMOonpo6upKara CaAbin CyMblK, a30Tbl 6ap Abloap caybiTbiHa GaTbIPbIAAbL. YPbIKTbIK OCbTepAiH 72,4%
KpUOTreHAl cakTayAaH keniH Apaisep-KyHiokm KopekTik optasa 1 Mr/A 6-6€H3MAAMUHOMYPUH >KaHe
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0,01 MIr/A IHAOAMAMAN KbILLKbIAbI 6ap 6CIMAIK pereHepaumscbl 6ankaAbl. 73 rpek >kaHFak, YATICiHiH
KPMOTEeHAIK KOAAEKLMSICbI >KacaAabl. KasakcraHaa eceTiH Juglans regia TyKbIMbIHbIH FEHETMKAAbIK,
MaTepuaAbl aAfFalll peT KproreHaik 6aHkTe -196°C Temneparypasa CakTaAAbl.

Tyiin cesaep: Juglans regia L., rpek >kaHrafbl, KPMOKOHCEpBaUMs, KpMOOaHK, OKLIayAaHFaH
YPbIKTbIK, OCbTEpP
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Preservation in a cryobank of Juglans regia L.
accession from several populations
in the Sairam-Ugam State National Natural Park

Persian walnut (Juglans regia L.) is one of the most economically important nut crops. In Kazakhstan,
the wild-growing population of Juglans regia is registered in the south of the country and is protected on
the territory of the Sairam-Ugam State National Natural Park. As a result of expeditions in 2018-2019
136 accessions of Juglans regia were described according to the descriptors of the International Plant
Genetic Resources Institute, fruits of 73 accessions of walnuts were collected, which are highly diverse
in terms of size, shape and weight of nuts, kernel yield, color and texture of the shell and other param-
eters. To conserve the biodiversity of Juglans regia, the efficient cryopreservation technique has been
developed for isolated embryonic axes. After surface disinfection with 0.1% mercuric chloride solution
and rinsing with sterile distilled water, the embryonic axes were desiccated under laminar flow 1 hour
to moister content of 12.1%, placed in cryovials, and immersed in a Dewar vessel with liquid nitrogen.
In 72.4% of embryonic axes after cryogenic storage, plant recovery was noted on the Driver-Kuniyuki
walnut medium with 1 mg/l 6-benzylaminopurine and 0.01 mg/l indolylbutyric acid. A cryogenic collec-
tion of 73 Juglans regia accessions has been established. For the first time, the genetic material of Juglans

regia, growing in Kazakhstan, has been stored in a cryogenic bank at -196°C.
Key words: Juglans regia L., walnut, cryopreservation, cryobank, isolated embryonic axes

BBenenue

Opex rpeukwnii — Juglans regia L. oTHOCUTCS K
cemeiictBy Opexosie (Juglandaceae A. Rich. Ex
Kunth.), pacnpocTpaneH B yMEpeHHBIX U CyOTpO-
MUYECKUX PETMOHAX CEBEPHOTO Moiymapus. Bun
COXPaHWIICS B TUKOM COCTOSTHUH B 3amagHoM TSHb-
[Tane [1-3], B Kuprusuu penukroBrie jueca J. regia
JI0 CHX TIOp 3aHUMAIOT 3HAYUTENbHEBIE TEPPUTOPHUH
— ok0710 47 000 ra, XoTs B OCJIEAHUE TECATHICTUS
OTMEYaeTCs 3aMETHOE COKpallleHHEe apeaja 3TOro
Buja [4]. B Kazaxcrane opex rpeukuii oxpaHsaercs
Ha Tepputopun CaifpaM-YTaMCKOTO TOCYIapCTBEH-
HOT'O HAIIMOHAJILHOTO MPHUPOJHOTO TapKa, Iie Ha-
XOJUTCSI TUKOPACTYIIAs IOMYJISIIHS B TTOWME PEKH
VYram (Yramckuii ouar). 3necs Juglans regia ue 00-
pa3yeT KpYIHBIX 3apociieil, AepeBbs (POPMHUPYIOT
HEOOJIBITNE TPYIIIHI TUIoMaabio 0,6-8 Ta 1 cocpeno-
TOYEHBI B HanboJjiee BIaKHBIX MecTax [3, 5].

Opex TperKuil OTINYaeTCs] BBICOKUM TOJTHUMOP-
¢dbr3MoM, pazHOOOpazue HopM IIPOSBIIIECTCS IPEKIE
BCETO B MOP(OIOTUIECKUX MPU3HAKAX TUIOJIOB: pa3-
Mepax, popme, OKpacKe U TOJIIUHE CKOPIYIIBI, BbI-
XO[Ty SIpa, a TAKXKE COAEPIKAHUIO KHUPA U IPYTUX XHU-
MUYECKHX coeuHeHuii [6]. bonbmoe paznooOpasue

[0 MHOTUM MOP(]OIOTHYECKUM XapaKTEPUCTHKAM,
B TOM 4YHCIIe pa3Mepy U (opMe OpexoB, TONIIHMHE
U TEKCTYpe CKOPIIYTHBI, Macce Aapa ObIJI0 OTMEYEHO
pu 00CIeI0BaHUM YraMcKoi monyJsaiyu [S]. Bei-
COKHH ypOBEHb TEHETHUECKOTO Pa3HOOOpa3us ObLI
BBISIBJIEH HAa OCHOBE MCIOJIB30BaHMs § MUKpocaTe-
mutHbeIX J{HK-mapkepoB (SSR-mapkepoB) B 11 uc-
CIIEIOBAHHBIX MPUPOAHBIX MOMysusax Kupruzun
[4]. ®opMbl Opexa TPEIKOTro TaKXKe Pa3IUdaroTCs
[0 CPOKaM IIBETECHHUS, YCTOWYMBOCTH K OOJIE3HIM,
YPOXKaWHOCTH, PETYISPHOCTH TUIOJOHOIICHHUS W
Ip. Ha ocHoBe OOIIMPHBIX MOJIEKYJSPHO-TCHETH-
YeCKUX W MOpP(HOMETPHUYECKHUX HCclenoBaHuil 44
MPUPOJHBIX NOMYJISUUN €BpPa3uiiCKOro KOHTHHEH-
Ta HanOoJsee BRICOKOE TeHEeTHYeCKoe pa3zHooOpasue
OBUIO BBISBJICHO B MOMYJISIUAX TPENKOTO opexa B
ITakucrane u Unauu, 4To Jajao BO3MOXKHOCTh MPEI-
MIOJIOKUTh, YTO 3TH IOKHOA3MATCKHUE TMOMYJISALNU
coJiepKaT TPEIOI0KHUTEIHHO MIPEIKOBbIE (POPMBI
opexos [7, 8].

BaxkHOCTh COXpaHEHUs TEHETUYECKOTO Pa3HOO-
Opasus TUKOPACTYIIETO TPEIKOTo opexa 00yCIoB-
nuBaetcsa (aKTOM, UYTO CENEKIHS ITOH OpeXOIlIof-
HOM KyJIBTYpBI 4aCTO OCYIIECTBISETCA METOAOM OT-
0opa BBICOKOYpPOKaWHBIX M yCTOMYMBBIX K CTpecC-
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CoxpaHeHue B KproGaHKe 00pa3IloB IPEIIKOT0 Opexa 3 HECKONBKUX romyisiiuii CaifpaM-YramMckoro...

(dakTOopaM pacTeHWH W3 NPHUPOIAHBIX HOMYJISIIUH.
Bricokoe pazHooOpazwe MOPQOIOTHUSCKHX TIPH-
3HAKOB y TPELKOro opexa YTaMCKOW MOMYJISIUU
CBHUIIETENLCTBYET O YPE3BbIUAHOI BaXKHOCTH 3TOTO
TeHETUYECKOT0 MaTepuana Uil CEJeKIMH IIEeHHOH
OPEXOIUIOAHOW KYJBTYPBl M HEOOXOIUMOCTH €ro
Ha/IC)KHOTO COXPAaHEHUSI.

B Hacrosimee Bpemsi KpHOKOHCEpBalHA CUH-
TaeTCs E€IUMHCTBEHHBIM METOJOM JOJTOCPOYHO-
IO COXpaHEHUs IIEHHBIX T'€HETUYECKUX PEeCypcoB
pactenwuit [9, 10]. Jlng MHOTHX BaKHBIX CEIHCKO-
XO3SIICTBEHHBIX KYJBTYpP, TaKUX KakK 3JIaKd, Xpa-
HEHHE CEeMSH MpelCcTaBlseT co00i ITOCTaTOYHO
pyTHHHYIO 3amady. [IpomoBosibcTBeHHas M Celb-
CKOXO3sficTBeHHass opranu3aius OObeInHEHHBIX
Hannii (The Food and Agriculture Organization of
the United Nations, ®AQO) pa3paboraia cranmap-
Thl COXPAHEHHS TAKUX OPTOIAOKCAIBHBIX CEMSH,
XOpOIIIO TIepeHOCIUX 00e3BokuBaHue. OOpasIsl
CeMsH TOJCYIINBAIOT B KOHTPOJUPYEMBIX YCIIO-
BUsX npu Temneparype 5-20°C mpo 10-25% otHo-
CUTENBHON BIAXHOCTH, B 3aBHCHUMOCTH OT BHJA,
U TIOMEIAIOT Ha JOJITOCPOYHOE XpaHEHHE IpHu
temnepatype -18 + 3°C (0a30Bble KOJUICKLHH).
AKTHUBHBIE KOJUIEKIIMM CEMSH COXPaHAIT B yC-
JIOBHSAX CPEAHECPOUYHOTO XpAaHEHHS IMPH HU3KHX
MOJIOKUTENBHBIX Temneparypax 5-10°C u oTHo-
cutenbHON BiaxkHoctu 15 £ 3°C [11]. B oTiamame
OT CEMSsIH, BETreTaTUBHO Pa3MHOXKaeMbIe KYJIbTYPbI
ropasfo TpyAHEE COXPaHWUTh B TEUCHHE JIUTENb-
HOorO BpemeHH. [lo MHEHHIO MeXITyHapOIHOTO
Hay4YHOTro cooOlIecTBa, KpUOKOHCEPBAIHS — 3TO
€AMHCTBEHHBIH CIOCO0 JOITOCPOYHOIO COXpaHe-
HUS MHOTHX II€HHBIX IJIOJOBBIX, SITOJHBIX, OBOIII-
HBIX U OPEXOIUIOJAHBIX KYJIBTYp, Pa3MHOKAaEMbIX
BereraTuBHO [12-15]. HezaMenum 3ToT MeTO NpHU
HEOOXOJAMMOCTH COXPaHUTh Ha JIONTHH CPOK KO-
POTKO>XXMBYIIIME CEMEHA, HapUMep, TPELKOT0 WU
JIECHOTO OPEXOB, Y KOTOPBIX MOCIE OJHOTO-TIONY-
TOpa JIeT XPaHEHHSI CYIIECTBEHHO CHUKAETCS K13~
HecrmocoOHOCTh [16]. Opexu HeInKOM HEBO3MOX-
HO COXPaHUTH B )KHJIKOM a30Te H3-3a UX OOJBIIOTO
pasMepa 1 BBICOKOTO conepykaHus kupa. OgHako
3apOJBIIIEBBIE OCH, W30JMPOBAHHBIE M3 CEMSH,
OKa3aJIMCh TOIXOAIINM SKCIUIAHTOM JUISL KPHO-
koHcepBanuu [17]. lns ycnenrHoit KpuoKoHCepBa-
WU W30JIMPOBAHHBIX 3apOABIILIEBBIX Oceil TpeOy-
€TCSl UX TOJCYIINBATh B aCENTHYECKUX YCIOBHSX
JTaMHUHAP-00KCca 10 ONTUMAIBHOW OTHOCHUTEIHLHON
BiaxkHoctu [18-19].

Iensro HacTosIIEH pabOTH SBHIIaCh pa3padoT-
Ka MPOTOKOJa KPHOKOHCEPBAIMH H30JMPOBAHHBIX
3apOBILEBBIX OCeil M co3anne KpruodaHka o0pas-
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IIOB TPEIKOTO Opexa, OTOOPAHHBIX U3 HECKOJIBKUX
nonynsiuuid Caiipam-YraMcKoro rocyJapCTBEHHOTO
HaIlMOHAJIBHOT'O IPUPOAHOIO HapKa.

MarepuaJibl H METOABI

Mopdonorudeckoe onrcanue 00pasIoB rperKo-
ro opexa (AepeBbs, JIMCThA, II0b1) OBLIO MPOBEC-
HO C HCIIOJIF30BaHMEM JIECKPUIITOPOB, PEKOMEHIO-
BaHHBIX MEXKIyHApOJIHBIM HHCTUTYTOM H3Y4CHUS
TeHEeTHYECKHX pecypcoB pacteHuil (International
Plant Genetic Resources Institute (IPGRI) [20]. B
MOJIEBBIX YCIOBUSX KOOPAHMHATHI YYaCTKOB TPOU3-
pacTtaHus OpexoB HAa MECTHOCTU (PHKCHPOBAIUCH C
nomomeio GPS-nasuraropa ETREX (Garmin).

CoOpannsie B CaifpaM-YramMcKOM Trocyaap-
CTBEHHOM HAIlMOHATILHOM ITapKe OpexH 10 Hadya-
Jla 9KCIIEPHMEHTOB XPAaHWINCHh MPH TeMIepaType
+10£2°C. [ns uzonupoBaHus 3apOIBIIIECBLIX OCEH
OpexH MPOMBIBAIM B MBUILHOM PacTBOPE U OCBO-
00oXKIa spo (3apoJIBIIT) OT CKOPIIYIEL. B acerntu-
YECKHUX YCIIOBHAX JIAMHHAp-00Kca M3 SIEP OPEXOB
BBIJIETISUT 3apOJIBIIIIEBBIE OCH C TPUJIETAIONIel Ya-
CTBIO CEMSIONICH, TOBEPXHOCTHO ME3UMHQHUITUPO-
Banmu B 0,1% pacTBOpe CyleMbl B T€UEHUE 7 MUH,
MOCIIE YeTO TPYIKIBI TIPOMBIBAIH CTEPHIIBHOM TC-
TUTMPOBAHHOW BOJI0M. McciaeqoBanu BIUSIHUE BbI-
CYLIMBAaHUSI M30JMPOBAHHBIX 3apOABIMIEBBHIX OCel
Ha WX >KA3HECIIOCOOHOCTh M PETEHEpAINI0 pacTe-
HUH Tocie KPHOKOHCEPBAIMH B XKUAKOM a3ore. 1o
10 3apoapleBsIX oceld moMemmany B yaku [letpu
Y TIOJICYIIMBAIIA B TIOTOKE CTEPUIILHOTO BO3/AyXa B
nmamuHap-0okce B Teuenue 0, 1 wiu 2 gac, 3aTeM 1e-
PEHOCHIIM B KPUOTIPOOUPKH U TIOTPYKal B COCYIbI
Jproapa Ha 1 gac. PasMopakuBamy KpHOIIPOOUPKH
mpu Temieparype +4°C, mocie 4ero u30IupOBaH-
HBIE 3apOJBIIIEBEIE OCH TMOMEIIAIN B MPOOUPKHU C
nuraTenbHOU cpenoi paiisepa n Kyasioku (DKW)
[21] ¢ mobaBnenuem 0,1 Mr/n 6-0eH3MaAMHUHOITYpH-
Ha (BAII); 0,01 Mr/n MHAOTUIMACISIHON KHCIOTHI
(UMK); 4 r/n1 arapa; 1,75 v/n mxenpaiita, 20 /1
caxapo3sbl, pH 5,7. IIoBTOpPHOCTb 3KCIIEPUMEHTOB
TpeXKpaTHasi, KOJMYECTBO 3apOJBIIIEBBIX OCEH B
Ka)XIOM BapHaHTE OMbITa cocTaBiswio 30 miT.

[ onpeneneHus] OTHOCUTENBHON BIaKHOCTH
o 10 3aponpIIeBBIX OCEH B TPEXKPATHOM MOBTOP-
HOCTH, TTOACYIIEHHBIX JIJAMHHAP-00Kce B TeueHue 0,
1 u 2 gac, momeniany B CTEKISIHHbIE OIOKCHI C TPHU-
TEPTHIMH KPHIIIKAMH U BBIICPKUBAIU B CyX0XKapo-
BoM mikady npu temneparype 103°C B teuenne 16
gac. OTHOCHUTENBHYIO BIaKHOCTh ONpPEAEIsUTH KakK
pa3HUIy MEXOYy ChIpOH U cyxod Maccoil [22] mo
cienyroiei popmyie 1:



C.B. Kymmapenko u zp.

% OTHOCHUTEIBHOU BIAKHOCTH =
— [(CeipM — CyxM) / (CoipM)] x 100% (1)

rae CeipM — chIpast Macca H30JMPOBAHHBIX 3aPO/IbI-
IIIEBBIX OCEH;

CyxM — cyxast Macca H30JIMPOBAaHHBIX 3apPOJIbI-
IICBBIX OCCHi;

Cratuctuueckyro 00paboTKy MoTydeHHBIX JaH-
HBIX TPOBOAMJIM C WCIOJIb30BAHUEM CTaHIAPTHBIX
MeToqoB. JlJis CpaBHHTEIBHON OLIEHKHA CPEIHUX
BEITMIMH OBLT UCIIOJIE30BaH {-Kputepuii CThI0IeHTa
[23]. CraTucTudecku 3HAYUMBIMU CUHTAIUCH pa3-
mnaus npu P<0,05.

PesynbTaThl M 00cy:KI1eHNe

B pesynpTaTe Hay4yHON SKCIETUITNH B CEHTSIOpe
2019 r. OBLIO MIPOBEJACHO OOCIIECOBAHUE HACAKIIC-
HUA U cOOp PacTUTEIBHOTO Marepuayia TPEelKOoro
opexa Ha Tepputopun Caiipam-YTaMCKOTO TOCy-
JApCTBEHHOI'O HAIIMOHAJIBHOTO MPUPOTHOTO Mapka
B TronbkybacckoM punmane B ymenbax KokOynak u
Mamat. B Hagane 50-x romoB mpommioro CTOICTHS
ObuIa MpoM3BeIeHa MOCaaKa B 9TUX YIIEIbIX Tpell-
KOTO OpeXa CeMEHaMU U3 MIPUPOIHBIX MOMYIISALHUI.

Bce uccrnenoBannbie AepeBbs ObUIM TPOHYyMeE-
pOBaHbI U, B COOTBETCTBHH C Jieckpurropamu [20],
ObuIO omucaHo 65 nepeBbeB (0OPasLOB) IPELIKOTO
opexa (pucyHok 1).

O0cenoBaHHbBIE MOMYJISIUA HAXOIATCS B yIIe-
mee KokOynak Ha BeicoTe 778-860 M Hajg ypoBHEM
MoOpsi U B yuienbe Maiat — 647-671 m. Y 34 006-
pa3uoB ObUIM COOpaHBl OpEXW AJIS U3YUECHHUSI MOP-
(hosrorMYeCcKMX XapaKTEPUCTHK IIIOJIOB U COXpaHe-
HUSI B KpHOTeHHOM OaHke. PacTuTensHOCTD B MecTe

cOopa mpencTaBiIeHa B OCHOBHOM pa3pesKEHHBIM
necoMm (61,5%), nnorna ryctsiM iecoM (23,1%), xy-
cTapHUKOBBIMU 3apocisivu (10,8%), TpaBsiHHCTON
PaCTHTEIHHOCTHIO C PEIKUMHU AEPEBBIMHU H KyCTap-
Hukamu (4,6%) (puc. 1 a, 6). ['peukuii opex B oc-
HOBHOM TIPE/ICTABIICH MOJIOABIMU >KU3HECITOCOOHEI-
MU CHIIbHBIMHA 01THO- (53,8%), pexe nByx- (27,7%),
Tpex- (12,3%) u 4eThIpeXCTBOJIBHBIMHU JIEPEBbSIMH
(6,2%). B cpennem nuaMeTp OCHOBHOTO CTBOJIA CO-
craBisger 137,9+53,2 cM, muameTp BTOpOTO CTBOJIA
— 110,7431,3 cM, Tperbero — 111,5+£50,2 cm. Bos-
pact nepeBbeB 60-70 et (72,3%), pexe Gonee mMo-
noneie pepeBbs (27,7%). @opma KpOHBI — BEITSHY-
tas (38,5%) u packugucras (35,4%), 4yTb B MCHb-
el creneHu okpyrias (26,2%) (puc. 1 6). [Ipesa-
JUPYIOT BBICOKHE NiepeBbs (Oomee 20 M — 72,3%),
nepeBbs BeicoTol OT 10 10 20 M cocTaBsitoT 24,6%,
HU3KOPOCHBIX epeBbeB MeHee 4%. [lobern Heorry-
[IEHHBIE, I[BET MOJIOJIBIX OJHOJIETHUX TOOETOB — 3€-
JIeHbIE, 0OJIee CTaphIX — KOPUYHEBbIC, TJIABHBIN Ye-
pemIoKk — 3eneHoro nBera. /[MMHa CII0XKHOTO ITMCTa
BapbupoBaia ot 23,4 no 59,9 cm, cpemHee 3Hade-
nue — 39,1544,39 cm; mmmpuna — ot 13,2 1o 44,1 cm;
cpennee 3HaueHue — 26,05+3,07 cm. Ha cioxxHom
JINCTE PACIIONIONKEHO 5, 7 Wiu 9 IMPOCTHIX MIHUPOKO-
AJUTUNTHYECKUX JIMCTOYKOB C IEIbHOKpAaHHUMHU
KpasMU TIUIACTHHKH. J[JTMHA TIPOCTBIX KOPOTKUX
JIUCTOYKOB Koyieoiercs ot 2,0 mo 13,3 cM, cpenHee
3HaueHue — 6,14+1,76; miuuHa NPOCTHIX ATUHHBIX
JTUCTOYKOB KoseOsercs ot 8,2 no 30,7 cM, cpenHee
3HaueHue — 15,68+2,74. llupuna y3KuX KOPOTKUX
MIPOCTBIX TUCTOYKOB HAXOAMUTCS B Muana3one ot 1,0
mo 11 cm, cpennee 3Hauenne — 3,8+0,87; mmpuna
HIUPOKUX JINCTOYKOB KoJjie0sercs ot 5,7 1o 17,2 cm,
cpenHee 3HaueHue — 9,94+1,41.

a, 0 — B3pOCIIBIE IIOOHOCSIIIE AepeBbs, 00pa3ubl Ne 20 u 54; B — ruros!
Pucynok 1 — Opex rpenxwuii B CaiipaM-YraMCKOM roCyIapCTBEHHOM HAIIMOHAJIHHOM MPHUPOITHOM TTapKe,
Tronbkybacckuii Gpusman, yui. KokOymak
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[InmomoHOIIEHNE B OCHOBHOM cllaboe, OTMeve-
HO y 63,1% obpasmos, y 23,1% — orcyrcTByer,
THUII TUIOJOHOIICHHSI B OCHOBHOM BEPXYIICYHBIH.
Opexu pa3nuyanuch 1o Macce, pasmepy, popme u
OKpacke CKopJiynsl. [1510/161 B OCHOBHOM OKPYTJION
(86,0%), pexe kopotko- (12,0%) u yaauHEHHO-
TpaneuesuaHou (2,0%) dopmsl (puc. 1 B). Hnu-
Ha OpeXoB BappHupoBana ot 24,9+2,1 mo 40,1+3,1
MM; IupuHa coctasisa ot 20,9+1,6 no 33,8422
MM. TekcTypa CKOpJIyIBbl OpexXOB OUYEHb rpy0dasd,
HepoBHas (78,0%), penxo cpemrsis (14,3%), eme
pexe mepoxosaras (7,1%). LlBer ckopiynsl TeM-
HbIl (42,0%) u ouenp temHBI (36,0%) penko
cpeanuit (14,0%) u ceetnsiii (8,0%). Macca ope-
XOB €O CKOpJynoil BappupoBana oT 6,2+1,2 1o
13,1+£2,7 r. Macca sgpa — ot 1,5340,7 no 6,8+2,1
T; BBIXOJ sapa cocTaBui 24,9-65,8%. Jlms xom-
MEpPYECKUX COPTOB TPEIKOTO OpeXa HMEITCS
omnpenelieHHble TpeOOBaHWS B OTHOIICHHH Ka-
yecTBa MIoa0B. Tak, Macca OpexoB JOJKHA Ha-
XOIUThCA B mpedenax 12-18 r, mpu 3TOM, BBIXOA
siapa moymkeH ObITh He MeHee 50% [24, 25]. B uc-
CJICZI0BAHHBIX JUKOPACTYIIUX MOMYJISAIUIX ObLIN
BBISIBJICHBI 00pas3Ilbl, COOTBETCTBYIOIIHNE BHIIICY-
Ka3aHHBIM IMapaMeTpam.

B npouecce pa3paboTKu NPOTOKOJIA KPUOKOH-
cepBallMd HW30JIMPOBAHHBIX 3apOABIINIEBBIX OCEH
W3ydalld BJIMSHUE OTHOCUTEIBHOW BIAXXHOCTH /
JUINTENIBHOCTH BBICYIIMBAHUS OCEH B IOTOKE CTe-
PWIBHOTO BO3[yXa B JJAaMHUHAp-OOKCE HAa MX BBIKH-
BaeMOCTb IOCJIE KPUOKOHCepBalMu. PaccuntanHas
OTHOCHUTEJIbHAS BJIAXKHOCTh 3apOJBIIIEBBIX Ocell 6e3
BBICYIIUBaHMs cocTaBisuia 16,3+0,4%; mocne ogHO-
ro 4aca BBICYIIMBAaHUS cHUXanach A0 12,1+0,9%;
rmociie IByx 9acoB — jmo 7,140,6%. XXuzHecmoco0-
HOCTb 3apOJBIIIEBbIX OCEHl mocie 3aMopaXMBaHUA
B KMJKOM a30T€ CYIICCTBEHHO 3aBHCENIa OT MJIH-
TEJIBHOCTH BBICYIIMBAaHUS WX B JIaMHHap-OOKce.
Tak, 6e3 BeIcymuBanus TOJIbKO 60% 3apoIbIIIeBbIX
ocell BBDKHBAJIU IOCJIE KPHOKOHCEPBALMH; BBICY-
[IFMBaHKWE B TeUYeHHE | 4ac JOCTOBEPHO MOBBIIIATIO
MPOLIEHT >KU3HECTIOCOOHBIX OCEH, pa3BUBAIOIINX-
csl B pacteHus, 1o 72,4% (puc. 2). BeicymuBanue
B TE€YEHHE JBYX YaCOB CHIDKAJIO MOCTKPHOTEHHYIO
JKU3HECTIOCOOHOCTh Ocell B cpenHeM 10 56,7%, npu
aTOM 110 36,7% BO3pacTana A0y HEKPOTHU3UPOBaH-
HBIX JKCIUIAaHTOB, HE CIOCOOHBIX K AajbHEHIIEMY
PasBUTHIO, 110 CPAaBHEHMIO C BapUaHTaMHU Oe3 BbI-
CYLIMBAHUS WIM BBICYIIMBAaHHEM B TeueHue | yaca

(puc. 2).
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PucyHnok 2 — Pe3ynbTaTsl KpHOKOHCEPBAIMHU 3apOABIIIEBBIX OCEH IPELIKOTO Opexa
IOCJIE Pa3JIM4YHOM JUIMTENLHOCTH BBICYLLIMBAHUS B JIAMUHAP-OOKCe.
Jlanuble, 0003HaYCHHBIE Pa3IHYHBIMU OyKBaMH, JOCTOBepHO oTnuyatorcs npu P<0,05. (KA — xuakuit a3ot)

76



C.B. Kymmapenko u zp.

Takum 00pazoMm, onTUManbHAs AITUTEILHOCTH
BBICYIIIUBAHUS 3apOJBIIIEBBIX OCe B TeueHHe |
gaca JI0 AocTkeHus umu 12,1% oTHOCUTEIbHOI
BIIQXKHOCTH TIO3BOJIMJIA TOJNYYUTh BBICOKHN TIPO-
[EHT pereHepaIii PacTeHUH mocie KpHOKOHCepBa-
uuu. B cpennem 72,4% 3aponpIieBeIx oceil mocie
UKIa 3aMOpPaXKMBAHUSA-OTTAUBAHMS OCTaBAJIHCh
JKU3HECTIOCOOHBIMH U Ha IUTATENBHOMN cpene ¢op-
MUPOBaJIM TOJHOIICHHBIE pacTeHus (puc. 3). Jtot

]
N

A

MPOLCHT XHU3HECIOCOOHOCTH 3apOJBILIEBBIX OCEH
BIIOJIHE COOTBETCTBYET JAHHBIM JIUTEPATyphl. Tak,
or 70 no 90% mnpopoOCTKOB Pa3IUYHBIX KYJIbTYP
ObUIM TOJTyYeHBl M3 KPHUOKOHCEPBHPOBAaHHBIX 3a-
POABILIEBBIX OCEM C OTHOCUTEIBHON BIAXKHOCTBIO
7,8-11,5% [18, 19]. B paboTe amepHKaHCKHX WC-
cienoBareseil coodmaercss o coxpaHeHuu 75-96%
XKHU3HECIIOCOOHOCTH II0CIe KPUOKOHCEPBAIUU 3a-
POIBIIEBHIX Ocel pasnuuHbIX BUnoB Corylus [17].

©

a — M30JIMPOBAHKE 3aPOABIILIECBON OCH (II0Ka3aHO CTPEJIKOi) C MPHIIErarolIei 4acTbio CeMAI0NCH;
0 — IOACYIIMBAHKE 3aPOABIIIEBBIX OCEH B IOTOKE CTEPUIBHOTO BO3yXa B JIAMHHAP-OOKCE;
B — KPHOKOHCEpPBALs 3apOBIIEBbIX 0ceil B cocyne Jproapa; r-e — pa3BUTHE PACTCHUH 110C)Ie HOMEIIECHUS
3apoJbIIeBEIX oceil Ha nuTtarenbHyio cpeaxy DKW ¢ 0,1 mr/n BAIT u 0,01 mr/n UMK (1),
4epe3 ofHy Henenmto (1) u onuH Mecsr (e). [lkana ysenuuenus 1 cum.
PucyHok 3 — Dranbl KpHOKOHCEPBALUK U30IMPOBAHHBIX 3aPOBIIIEBBIX OCEH IPELIKOro opexa
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B xpuorensslif 6aHK Ha AJIUTENBHOE XpaHEHHE
OBLTH TTOMEIICHBI 73 o0Opasiia, 0ToOOpaHHBIC U3 pa3-
TUYHBIX momyisanui CaitpaM-YraMcKoro rocyaap-
CTBEHHOI'O HAIlMOHAJBHOTO NMPHUPOJHOTO MapKa, B
ToM gmcie 39 obpasnos, coopanueix B 2018 romy
B noiiMe pexu Yram B ymenbe bak-1llennex (Yram-
ckuii ¢unman) [5] u 34 obpasua — U3 HacaKACHUN
B ymenbsix KokOynak m Mamat (TrompkyOacckuit
¢wmman). Co3aHa KpUOTEHHAS KOJIJIEKIINS, COCTOSI-
mas u3 73 o0pa3noB Aukopactyero Juglans regia
(411 3apoasImieBEIX OCEit).

3aKkioueHne

Hukopacrymiass nonynsuus Juglans regia B
Kazaxcrane, oxpansemas Ha TeppuTopuu Calipam-
YramMcKkoro TOCYAapCTBEHHOTO HAaIHOHAIBHOTO
MPUPOTHOTO TMapKa, MPEeACTaBIseT cOO0H camylo
CEBEpPHYI0 YacTh €CTECTBEHHOTO apealia T'PerKo-
ro opexa. B paboTe mpencTaBieHBI Pe3yJIbTaTHI
[0 OMHUCAHUIO U cOOpY IUKOPACTYIUX 00pasiioB
TPElKOr0 Opexa, OTIWYAIONINXCS BBICOKUM TIO-
nuMopdu3zMoM 1o pasmepy, hopMe u mMacce ope-
XOB, BBIXOJY SIAPA, OKPAacKe U TEKCTYPe CKOPIYIIBL,
a Takke OpyruM mapamerpam. s coxpaHeHus
3TOr0 IEHHOT'O0 TEHETHYECKOro MaTepuajia pas-
pabotaH 3 heKTUBHBIA METOJ] KPUOKOHCEPBAIIUU
3apOABIIIEBBIX OCEH, M30IMPOBAHHBIX HX CEMSH

rpeukoro opexa. PazpaboTaHHBIH MPOTOKOJ KpH-
OKOHCEpBAIMH TO3BOJISIET COXPAHUTH B CPEIHEM
72,4% »u3HecOCOOHBIX 3apOJBILIEBBIX OCEH, 1Mo~
clle pa3MOpakMBaHMA CIOCOOHBIX (HOPMUPOBATH
TIOJIHOIIEHHBIE PAacTeHHsA Ha NUTATEeNbHON cpee.
CoznaHa KpHOTreHHas KOJUIEKIUs 73 JHUKOpacTy-
mux obpasuos Juglans regia. lleHHBIN reHeTHde-
CKHIf MaTepHaJ TpPeLKoro opexa, Ipou3pacTaroliie-
ro Ha Tepputopuu Kazaxcrana, BepBble COXpaHeH
Ha JUIMNTEIbHOE BpeMs B KpHOTeHHOM OaHke MH-
CTUTyTa OMOJOTMU W OHMOTEXHOJIOTHH DPACTEHHUU
npu temneparype -196°C.

BaaropapHocTs

PaboTa BEITIONTHEHA TTPH TTOAIEep kKe MUHHCTEP-
cTBa 00pa3oBaHus U Hayku PecnyOnuku Kazaxcran
B pamkax npoekta AP08855758 «Pa3pabotka 3¢-
(heKTUBHOW TEXHOJOTHH MHUKPOKIOHAJIHHOTO pa3-
MHO’KEHHSI KOMMEPUECKHU [IEHHBIX COPTOB IPELIKOT0
opexa JUisl MPOM3BOJCTBA BBICOKOKAYECTBEHHOIO
[I0CaJI0YHOTO0 MaTepuaia, agalTUPOBAHHOIO K yC-
JIOBUSIM oro-BocToka Kazaxcranay.

ABTOpBI BBIp2XKAIOT OJaroJlapHOCTh COTPY/I-
Hukam  CaiipaM-YTaMCKOTO  TOCYIapCTBEHHOTO
HAallMUOHAJIBHOT'O IMPUPOAHOI0 IapKa 3a IMOMOIIbL B
OpraHM3aIliy IKCIEeIUIN 1 cOopa pacTUTEITHLHOTO
Marepuana.
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ECONOMICALLY VALUABLE SPECIES GROWING
IN NORTHERN KYZYLKUM AND THEIR SIGNIFICANCE
FOR PRACTICAL USE

Unique genetic resources of plant biodiversity are concentrated in Kazakhstan. Economically im-
portant species make a significant contribution to the structure of the Earth in comparison with taxa with
insignificant or unknown economic use, many economically valuable species of Kazakhstan are of global
importance.

The purpose of this work is to identify economically valuable species of Northern Kyzylkum within
the Republic of Kazakhstan. Objects and methods of research: To collect and identify species, classi-
cal botanical, route-reconnaissance; ecological-systematic; ecological-geographical methods were used.
The main groups of useful plants of economically valuable flora species of Northern Kyzylkum were
identified: woody, food, medicinal, fodder, decorative, technical species.

During the research, it was revealed that 310 economically valuable species belonging to 62 fami-
lies and 196 genera are found in Northern Kyzylkum within the Republic of Kazakhstan. According to
the results of the classification, the dominant families are determined: Poaceae Barnhart has 34 genera,
58 species; Asteraceae Dumortier — 24 genera, 46 species; Chenopodiaceae Vent. — 19 genera, 30
species; Fabaceae Juss. — 11 genera, 23 species. The study analyzed 200 types of medicinal, 100 types
of fodder, 22 types of decorative, 11 types of sand fixers, 9 types used for fuel according to significant
economic valuable characteristics. According to the classification of economically valuable species by
life forms, tree forms were identified in 6 species: Salix alba L., Populus diversifolia Schrenk, P. pruinosa
Schrenk, Acer negundo L., Elaeagnus angustifolia L., Haloxylon persicum Bunge ex Boiss., 44 shrubs and
semi-shrubs, 155 perennials, 105 biennial and annual plants.

Key words: economically-valuable species, Northern Kyzylkum, fodder, medicinal, useful, decora-
tive.
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OA-Dapabu atbiHaarbl Kasak, yATTbIK yHMBepcuTeTi, KazakctaH, AAMarthl K,
*e-mail: adil_06.1996@mail.ru

Coatycrik KbI3bIAKyMAQ 6CETiH LIapyallbIAbIKKA KYHAbI TYPAED
)K9He OAapPAbI NPAKTUKAABIK, KOAAAHY YLUIH MaHbI3bl

KasakcTaHaa 6CIMAIK OMOaAyaHTYPAIAIriHIH, 6iperert reHeTMKaAblK, PecypcTapbl LIOFbIPAAHFaH.
DKOHOMMKAABIK, MaHbI3Abl TYPAEP MaMAAAbIAbIFbI a3 HeMece GEeArici3 TakCOHAAPMEH CaAbICTbIPFAHAQ
Kep KypblAbIMbIHA aMTapAbIKTal YAeC KocaAbl, KasakCTaHHbIH KenTereH LapyallblAbIK-KYHAbI
TYPAEPiHIH 9AEMAIK MaHbI3bl 6ap.

XKymbicTbiH  Makcathl  KasakcraH Pecnybamkacbl  aymarbiHaa — COATYCTIK  KbI3bIAKYMHbIH,
LLIAPYaLLbIAbIK-6aFaAbl TYPAEPiH aHbIKTay 6GOAbIN TabblAaabl. 3epTTey o6bekTiAepi MeH dAicTepi:
TYPAEPAI XKMHay >KOHe aHbIKTay YiliH KAQCCUKAAbIK, 60TaHMKAAbBIK, MApLLPYTTbIK-PEKOrHOCLIMPOBKAABIK;
SKOAOTUSABIK-XKYMEAIK; 3KOAOTUSABIK-TeorpadmsAbiK, dAicTep nanaasaHbiasbl. COATYCTIK KbI3blIAKYM
(PAOpACHIHbIH 3KOHOMMKAABIK, TYPFbIAAH KYHAbI TYPAEPIiHiH MaiAaAbl ©CIMAIKTEPIHIH Herisri TonTapbl
aMKbIHAQAADI: araluTap, ASPIAIK, XXeMLLer, COHAIK, TEXHUKAABIK, TYPAep.

3eptTey 6GapbichiHaa Kaszakcran Pecny6avKacbiHbiH, COATYCTiK KpI3bIAKYMAQ 62 TyKbIMAACKA
aTatbiH 310 wapyauiblAbIK, KYHAb! TYpi Ke3AEeCeTiHi aHbIKTaAAbl. XKikTey HaTuxeci GorblHLLIA 6AChIM
TykbiMAacTap: Poaceae Barnhart — 34 tybic, 58 Typ; Asteraceae Dumortier — 24 Tybic, 46 Typ; Cheno-
podiaceae Vent. — 19 1ybic, 30 Typ; Fabaceae Juss. — 11 TybIiC, 23 Typi aHbIKTaAAbl. MaHbI3AbI KYHAbI
Geariaepi GorbiHLIA Taasdy HaTMXKeciHAE 200 Typ — AdpiAik, 100 Typ — XemwenTik, 22 Typ COHAIK, 11
TYP KYM YCTaTbiH, 9 TYp OTbIHFa NaiAAA@HbIAATbIHbI HAKTbIAAHAbBI. DKOHOMUKAABIK, KYHABI TYPAEPAIH
TiplwiAik popmanapb! 6ovbIHIIA XKiKTeAyiHe coarkec: arawTap 6 Typ Salix alba L., Populus diversifolia
Schrenk, P. pruinosa Schrenk, Acer negundo L., Elaeagnus angustifolia L., Haloxylon persicum Bunge ex
Boiss, 44 Typ >apTblAan GyTarap meH Bytaaap, 155 Typ KeOmxKbIAAbIK, 105 Typ eKi XbIAABIK, KaHe 6ip
>KbIAABIK, ©CIMAIKTED EKEHIH KOPCETTi.

TyiiH ce3aep: WapyaubIAbIK, KYHAbI TYpAep, COATYCTiK KbI3bIAKYM, YKeM-LUeM, ASPIAIK, MalAaAbI,
COHAIK.
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Kasaxckuit HaumoHaAbHbIN yHUBEpCUTET MMeHM anb-MDapabu, KasaxcraH, r. AAMarhbl
*e-mail: adil_06.1996@mail.ru

X035 CTBEHHO LLeHHble BUADI, NpouspacTtaowine B CeBepHom Kbisbinkyme,
M UX 3HaUYeHUe AASl MPAKTUYECKOr0 UCMOAb30BaHUS

B KasaxctaHe CKOHUEHTPMPOBaHbl YHWMKAAbHble TFEeHeTUYecKnMe pecypcbl PaACTUTEAbHOIO
61opasHoobpasns. DKOHOMMUYECKM BaXKHbIE BUMAbI BHOCST 3HAUMTEAbHbIN BKAAA B CTPYKTYPY 3€MAM
MO CPABHEHMIO C TAKCOHAMM C HE3HAUYUTEAbHbIM UAU HEM3BECTHbIM 3KOHOMMUYECKMUM UCMOAb30BAHMEM,
MHOTIMe X039MCTBEHHO-LieHHbIe BUAbI Ka3axcTaHa MMeloT MMPOBOE 3HAaYeHMe.

LleAbio AaHHOWM PabOTbl SIBASIETCS BbISIBUTb XO3SIMCTBEHHO-LIEHHbIE BUABI CeBepHOro KbisbiAkyMa
B npeaeAax Pecnyb6ankn KasaxcraH. O6GbekTbl M METOAbI MCCAEAOBaHMS: AAst cbopa M ONpeAeAeHUs]
BMAOB, MCMOAb30BAaAMCb KAACCHUeckme 60TaHMYEeCKMe, MapLLPyTHO-PEKOrHOCLMPOBOYHbIE; 3KOAOMO-
cucTeMaTUyeckune; 3KOAOro-reorpadmyeckme MeToAbl. bbiAM BbIAEAEHBI OCHOBHbIE FPYITbl MOAE3HbIX
pacTeHMin 3KOHOMMYECKU LieHHbIX BMAOB haopbl CeBepHoro Kbi3biAKyMa: ApPeBeCHble, MULLEBbIE,
AEKapCTBEHHble, KOPMOBbIE, AEKOPATUBHbIE, TEXHUUYECKNE BUADI.

B xoae mccaeaoBaHMin 6bIAO BbisiBAEHO, 4TO B CeBepHoM Kbi3biAkyme B npeaseAax Pecrny6ankim
KasaxctaH BcTpevaoTcs 310 X0354CTBEHHO LEHHbIX BUMAOB, OTHOCSLLMXCS K 62 cemencTtBam u 196
poaam. o pesyAbTatam KAaccuMKaLMM ONPEAEAEHbI AOMUHMPYIOLME cemencTBa: Poaceae Barnhart
HacumTbiBaeT 34 poaa, 58 BMAOB; Asteraceae Dumortier — 24 poaa, 46 Bnaos; Chenopodiaceae Vent.
— 19 poaos, 30 Bnaos; Fabaceae Juss. — 11 poaoB, 23 BMAOB. B nccaeaOBaHMM NpoaHaAM3MpoBaHbl Mo
3HAUYMMbIM XO3SMCTBEHHDBIM LIeHHbIM Npu3Hakam 200 BUAOB AekapcTBeHHbIX, 100 BUAOB KOPMOBBIX, 22
BMAQ AEKOpaATMBHbBIX, 11 BUAOB 3aKpenuTeAen Neckos, 9 BUAOB, UCMTOAb3YyEMbIX AASt TOMAMBA. COrAacHO
KAAQCCUPUKALMM XO3MCTBEHHO-LIEHHbBIX BUAOB MO >KM3HEHHbIM (pOpMam, ObIAM BbISIBAEHbI APEBECHbIE
dopmbl y 6 BMaoB: Salix alba L., Populus diversifolia Schrenk, P. pruinosa Schrenk, Acer negundo L.,
Elaeagnus angustifolia L., Haloxylon persicum Bunge ex Boiss., 44 KyCTapHMKOB M MOAYKYCTapHUKOB,

155 MHoroaeTHukoB, 105 ABYAETHMX M OAHOAETHUX PACTEHMIA.
KAtoueBble cAOBa: XO35MCTBEHHO-LieHHble BUAbI, CeBepHbiii KbI3bIAKYM, MOAE3Hble, KOPMOBbIE,

A€KapPCTBEHHbIE, AEKOPAaTMBHbIE.

Introduction

Plants are globally recognized as a vital part of the
world’s biodiversity and as one of the planet’s most
important resources. Many thousands of wild plants
are important economically and culturally, providing
food, medicine, fuel, clothing and shelter, medicine,
fuel, clothing and shelter worldwide. Plants play a key
role in maintaining the Earth’s ecological balance and
the stability of its ecosystems because of their high
ecological and economic values and functions. Recent
ongoing climate change is undoubtedly affecting the
distribution of species of economic importance, not
only in Kazakhstan, but worldwide.

The solution tasks is to conserve endangered
plant species in their natural habitat. Solving this
problem will be an important step forward in halting
the loss of diversity in the spread of endangered
species. Endangered species include various
medicinal plants, tree species and wild relatives of
crops that are important for life support.

One of the most pressing problems of our time
is therefore the depletion of plant resources. The
protection and rational use of economically valuable
species consists in a proper, rationed collection
that eliminates the possibility of depletion.This
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problem is most relevant for arid territories, which is
associated with a whole complex of negative factors.
The main ones among them are: climate warming and
anthropogenic load. Anthropogenic factors affecting
the state of vegetation cover include: livestock (the
impact of grazing on pastures); plowing of land
for crops; haymaking; pyrogenic; technogenic,
including transport; residential; harvesting of plant
raw materials. The impact of the human factor in
arid climate conditions is especially great in river
valleys, which are characterized by high population
density. Economically important species of plants
are organisms that are well established in culture
or are of potential use to humans, i.e. species that
are at some stage of domestication and have traits
and characteristics that are of practical interest for
utilization in human livelihoods.

The Kyzylkum desert is located in the interfluve
of the two largest Central Asian rivers the Amu
Darya and the Syr Darya on an area of more than
300,000 km?. Its eastern borders run along the low-
mountain ranges of Pistalitau, Nuratau and Aktau,
extending to the Sundukli sands in the south-east.
The Amu Darya is a natural border in the south, west
and northwest, separating Kyzylkum from Karakum.
The modern territory of Kyzylkum has increased by
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about 4 million hectares in the north-west due to the
drying up of the Aral Sea. Moreover, this territory
is mainly represented by powerful salt marshes and
marching sands, and less often by elevations, bumpy
sands, which are also characteristic of the entire
north-western Kyzylkum. According to the botanical
and geographical zoning, E. I. Rachkovskaya et al.
(2003) [1] refers the main part of Kyzylkum to the
South Turan province. At the same time, its small
territory from the north (the south-eastern part of
the Aral Sea) and the south-east are assigned to the
North Turan and mountain-Middle-Asian provinces,
respectively [2] (Fig. 1).

The Kyzylkum is the largest pasture region at the
current level of development of productive forces in

agricultural production. It is dominated by pastures
of year-round use, which make up almost 80% of
the total area of the district [3].

This vast desert area is diverse in geological
and geomorphological terms: powerful sand
formations (ridges, mounds, dunes); remnant
mountain territories; plains, depression pits. Most
of Kyzylkum consists of flat plateaus and low-lying
clay plains. Flat plateaus are based on Cretaceous
rocks covered with a cloak of sand and gravel
deposits. Kyzylkum is also characterized by the fact
that some of its massifs lose their typical features —
flatness; in particular, numerous ravines, low hills
or other relief formations become more frequent in
places.

Figure 1 — Kyzylkum (Northern Kyzylkum within the Kyzylorda region)

There are also alluvial low plains in the
geomorphology of Kyzylkum, and the relief of the
Priaralsk part was formed under the influence of the
Aral Sea. The deposition of loose and fixed sands
characterize the eastern shore.

The sands of Kyzylkum are the product of
centuries-old destruction of the sediments that make
up the plateau itself. They have a characteristic
reddish colour, which owes its name to the entire
Kyzylkum desert [4].

In one word, according to the nature of the
relief forms and their composition, there are
Aeolian, ridge-bumpy sands, inter-ridge plains,
outlier hills, depressions, undulating plains, etc.
The local population usually divides the territory of

the Kyzylkum desert into two ecologically distinct
zones: sandy Kyzylkum, simply called “Kyzyl” and
non-sandy Kyzylkum [4].

Sandy elevations usually alternate with sandy
depressions, or between ridge plains. The length of the
sand formations varies from several meters to several
kilometers. The most height of the ridges often reaches
12-15 meters or more. The depressions and plains
between the ridge elevations differ in the occupied
areas, and they are more often randomly designed.

The profile of desert-sandy soils and formations
is poorly differentiated into genetic horizons with or
without an inconspicuous crust on the surface. They
contain little humus (about 0.5%), which is more
often formed at a certain (5-6 cm) depth [5].
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Kyzylkum has features peculiar to the Turan
agro-climatic province [6, 7].

The variety of ecological conditions of the
Kyzylkum desert also left its mark on the vegetation
cover, especially on its sandy massifs, which led to
the development of psammophiles. The ecological
regime and, accordingly, the plant conditions in the
sandy desert are determined by the water-physical
properties of sand, this kind of substrate [8].

The distinctive ecological environment of the
sandy part of the desert naturally leaves a certain
imprint on the formation of the vegetation cover, its
composition and structure. Thus, the total number
of plant species in different regions of the sandy
desert of Central Asia is different: it is 215 species in
Muyunkum, 275 species for the Ural-Emben sands,
Kazakhstan sand deserts — 718 species [9, 10].

M. G. Popov [11] notes that the sandy deserts
open up before us “an amazing, incomparable
landscape, full of grandeur and beauty. In front of
the naturalist, they additionally discover the original
biological environment and the corresponding
world of organisms of adaptations unknown in
other landscapes™ (p. 100). These epithets of the
famous botanist — geographer about the sandy
deserts, first, refer to the Kyzylkum desert with
good reason.

Shrubs and trees play a dominant role in the
vegetation cover of the Kyzylkum sandy desert.
These include saxaul (white, black), sand acacia,
species of the genus Calligonum, conifer, astragalus
[4].

If there are 320-718 species in the flora of the
sandy deserts of Central Asia, then the sandy part
of Kyzylkum accounts for 320 species of flowering
plants belonging to 31 families and 134 genera [10,
12, 13].

Among the variety of pasture types in the region,
about 2 million hectares account for pastures on
saline lands. It is this factor that is the main cause
of botanical poverty and the relative sparseness of
the vegetation cover of these pastures. The use of
forage lands of the solyanka desert of Kyzylkum is
of a narrow seasonal (autumn—winter) nature, their
productivity is 60-70% lower than other types of
pastures. In order to increase the feed productivity
of the low—productive karakul-growing pastures of
Kyzylkum, it is necessary to develop and improve
the technology of phytomelioration of these
pastures. Halophytic vegetation certainly plays an
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important role in solving this important national
economic problem.

Relevance ofthe work. The study of economically
valuable species has increased many times in the
last decade, as most people have recently begun
to pay attention to more natural foods, medicines,
etc. Especially in medicine, they have begun to
develop new drugs from plant raw materials. Also,
in the agricultural business, the interest began to
take their turn in pasture plants and the omission
of pastures at the expense of natural vegetation. Of
course, the use of vegetation is more understandable
in mountainous areas, and the species population is
naturally much larger. Vegetation is used in a very
peculiar way in desert areas, not counting forage
species. The Kyzylkum desert (Kazakhstan part) is
chosen as an example and a selection of groups of
historically used species.

Novelty of the study: In Northern Kyzylkum
(within Kazakhstan) there have not yet been works
on the characteristic species for this territory, and in
particular the economically valuable species that are
given in our work have not been given.

The purpose of the work: Identification and
analysis of valuable species in economic application
within the Northern Kyzylkum.

Materials and Methods

Economically valuable species growing
in Northern Kyzylkum within the Republic of
Kazakhstan.

In the course of research, classical botanical
(route-reconnaissance; ecological-systematic;
ecological-geographical) methods were used. The
herbarium material of the (AA) Institute of Botany
and Phytointroduction’s collectionswas studied.
The herbarium was collected based on the method.
Fundamental summaries were used to identify the
collected material. A new scheme of floral zoning
has been adopted to indicate the distribution of
species within the territory of Kazakhstan [13-20].

Vegetation was studied using traditional
methods of field geobotanical studies. Standard land
area: in the steppes and deserts — 10x10 sq.m. or
15x15 sq.m.

Literary data and expedition materials of 2017
and 2020 were used, as well as herbarium samples of
the Herbarium Fund of the AA “Institute of Botany
and Phytointroduction” were viewed (Fig. 2).
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Figure 2 — Working moments during the expedition period and in the Herbarium Fund
of the Institute of Botany and Phytointroduction (AA)

Results and Discussion

During the expedition works, 25 points
indicating vegetation of this location were recorded
(coordinates that were recorded (Fig. 3, Table 1).
Based on the results of the expedition, an analysis
of economically valuable species of the Northern
Kyzylkum within Kazakhstan was carried out, a list

Table 1 — GPS-coordinates

of families with the number of genera and species
was compiled (Table 2) and herbarium specimens
from the herbarium collection of the Institute of
Botany and Phytointroduction were also used. As
a result of the research, 310 economically valuable
species belonging to 62 families and 196 genera
were found in Northern Kyzylkum in the Republic
of Kazakhstan.

N Latitude Longitude | itudeabove | ) 402750.860 | E 63°46'36.61» | h-95m
sea level

1| N44°3425207 | E62°58°14.60» h-95m 14 | N44°26°682» | E63°47'14.78» | h-75m
2 | N45°09°31,5" | E63°12'23.3» h-112m 15 | N44°25'895» | E63°48°49.26» | h-105m
3| N44°50°33.67» | E63°13°15.73» h-102m 16 | N44°252839% | E63°50°6.52» | h-100m
4 | N44°51°5150» | E63°12°38.77» h-118m 17 | N44°2423.04» | E63°52°41.02» | h-lllm
5 | N44°49°2334» | E63°18°0.95» h-105m 18 | N44°24°56.19» | E63°54'15.10» | h-90m
6 | N44°37°30.14» | E 63°24°20.20» h-100m 19 | N44°30°49.46» | E65°37°15.80» | h-103m
7 | N44°%41°3129» | E 63°30°40.98» h-85m 20 | N44°30°53.28» | E65°33°37.64» | h-102m
8 | N44°42°14.98» | E63°33°42.80» h-103m 21 | N44°27°4357» | E65°37°54.73» | h-92m
9 | N44°%441.14» | E63°39°27.69 h-98m 22 | N44°29°3438» | E65°39°37.63» | h-9m
10 | N44°452242» | E 63°45°16.42» h-101m 23 | N44°26'5.84» | E65°%42°43.02» | h-90m
11 | N44°31°57.93» | E 63°38°37.75» h-110m 24 | N44°25'3991» | E65°43'3.02» | h-105m
12 | N44°30°5.11» | E63°43°13.38» h-80m 25 | N44°25'8.82» | E65°41°57.36» | h-100m
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Figure 3 — Map showing the points marked in 2017 and 2020

Table 2 — Families of economically valuable species identified from expedition and herbarium (AA) data

Ne Family Amount of genera in the Family | Amount of species in the Family
Ephedraceae Dumort. 1 2
Nymphaeaceae DC. 1 1
Ceratophyllaceae A. Gray. 1 1
Ranunculaceae Juss. 4 6
Berberidaceae Torr. et Gray 2 3
Papaveraceae Juss. 3 4
Hypecoaceae (Dumort.) Willk. 1 1
Fumariaceae DC. 1 1
Caryophyllaceae Juss. 7 7
Amaranthaceae Juss. 1 1
Chenopodiaceae Vent. 19 30
Polygonaceae Juss. 6 11
Limoniaceae Lincz. 1 2
Hypericaceae Juss. 1 1
Primulaceae Vent. 2 2
Tamaricaceae Link. 1 6
Salicaceae Mirb. 2 4
Cucurbitaceae Juss. 1 1
Brassicaceae Burnett 6 6
Malvaceae Juss. 4 4
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Continuation of the table

Family

Amount of genera in the Family

Amount of species in the Family

Cannabiaceae Endl.

1

1

Urticaceae Juss.

Euphorbiaceae J. St.-Hil.

Thymelaeaceae Juss.

Rosaceae Juss.

Lythraceae Jaume.

Onagraceae Juss.

Haloragaceae R. Br.

—_ === =N =

—— =~

Fabaceae Juss.

—
—

Aceraceae Lindl.

Rutaceae Juss.

Peganaceae Tiegh.

Oxalidaceae Lindl.

Biebersteiniaceae 1. Agardh

—_ == w | =

Elaeagnaceae Lindl.

[

Apiaceae Lindl. (Umbelliferae)

Rubiaceae Juss.

Apocynaceae Juss.

Solanaceae Juss.

Convolvulaceae Juss.

Cuscutaceae Dumort.

Boraginaceae Juss.

Scrophulariaceae Juss.

Plantaginaceae Lindl.

Lamiaceae Lindl. (Labiatae Juss.)

A=Wl |—= =B~ |[=|[ND|ON|[—=—=]|—=]|—=]=]=

N[ LR N AN W | WA= ]|W]| W

Asteraceae Dumortier

[N}
EN

N
(=)}

Butomaceae Rich.

Alismataceae Vent.

Potamogetonaceae Dumort.

Najadaceae Juss.

Melanthiaceae Botsch.

Iridaceae Juss.

Liliaceae Juss.

Alliaceae J. Agardh

Ixioliriaceae Nakai

Asparagaceae Juss.

Cyperaceae Juss.

W ===~~~ ]=|~|N]|~

N | = [ = | W|[|~= === ]|N]| =

Poaceae Barnhart

[o%)
=

Araceae Juss.

—_

Lemnaceae F. Gray

Sparganiaceae Rudolphi

Typhaceae Juss.

Total amount

196

310
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This table shows that the dominant species
from the families Chenopodiaceaec Vent., Fabaceae
Juss., Asteraceac Dumortier, Poaceae Barnhart,
Polygonaceae  Juss.,  Brassicaceac = Burnett,
Ranunculaceae Juss., Caryophyllaceae Juss., Apiaceae
Lindl. and Lamiaceae Lindl. The family Poaceae has
the highest number of economically valuable species
58 and the Asteraceae family 46 species.

A list of 310 economically valuable species
was compiled, taking into account their life forms
6 woody species, 44 semi-shrubs and shrubs,

155 perennials, 105 biennials and annuals were
identified. Woody plants of the Northern Kzylkum
include Salix alba L., Populus diversifolia Schrenk,
P. pruinosa Schrenk, Acer negundo L., Elaecagnus
angustifolia L., Haloxylon persicum Bunge ex
Boiss, fig. 4

The analysis of the studied species for their
economic value revealed that 200 species had
medicinal properties, 100 were fodder plants, 22
were used as ornamental plants, and sand fixers and
plants used for fuel were also identified, Fig. 5.

Number of species by plant hife forms

-=fs

Figure 4 — Classification of economically valuable species by life forms

sand fixers

-
fuel 'g

decorative lzz

forage

medicinal

.
—_—

Figure 5 — Number of species by economically important characteristics

Fodder species mainly are the families Poaceae,
Fabaceae, Chenopodiaceae [21-36]. The main
value of course for the food base is the family
Poaceae (all species (Echinochloa crusgalli (L.)
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Beauv., Setaria viridis (L.) Beauv., Stipa caucasica
Schmalh., S. caspia C. Koch., S. lessingiana Trin.,
S. hohenackerana Trin., S. sareptana Becker.,
Crypsis aculeata (L.) Ait., Phleum paniculatum
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Huds, Alopecurus ventricosus Pers., Polypogon
semivertillatus (Forssk.) Hyll., Agrostis gigantea
Roth., Calamagrostis epigeios (L.) Roth., C.
pseudophragmites (Hall. f.) Koeler, etc.)) and
Fabaceae (half of species (Trigonella grandiflora
Bunge, Melilotus officinalis (L.) Pall., M. albus
Medik., Trifolium repens L., Halimodendron
halodendron (Pall). Voss, Astragalus flexus
Fisch., A. campylorrhynchus Fisch. et Mey., A.
commixtus Bunge, A. filicaulis Fisch. et Mey.,
A. rytilobus Bunge, A. paucijugus C.A. Mey., A.
turczaninowii Kar. et Kir., etc.). A forage species of

D-Kalidium foliatum

B- Atriplex cana

E- Salicornia europaea

the family Chenopodiaceae (mainly annual species,
sometimes perennials and shrubs (Chenopodium
glaucum L. (Fig. 6A), Atriplex cana C.A. Mey.
(Fig.6B), Halimione verrucifera (Bieb.) Aell.,
Krascheninnikovia  ewersmanniana  (Stschegel.

ex Losinsk.) Botsch. et lkonn., Kochia prostrata
(L.) Schrad. (Fig. 6C), K. scoparia (L.) Schrad.,
Agriophyllum squarrosum (L.) Moq., Kalidium
foliatum (Pall.) Mogq. (Fig. 6D), Salicornia europaea
L. (Fig. 6E), Petrosimonia sibirica (Pall.) Bunge
(Fig. 6F), Nanophyton erinaceum (Pall.) Bunge and
etc.).

C-Kochia prostrata

F- Petrosimonia sibirica

Figure 6 — Fodder plants

The main ornamental species of Northern
Kzylkum are used in urban landscaping and botanical
gardens located in the desert zone. Ornamental
species are not only woody shrubs, but also perennial
herbaceous species (Tamarix litvinowii Gorschk.
(Fig. 7A), T. laxa Willd. (Fig. 7B), T. hispida
Willd., T. leptostachys Bunge, T. smyrnensis Bunge,
T. ramosissima Ledeb., Lavatera thuringiaca L.,
Hibiscus trionum L., Halimodendron halodendron
(Pall). Voss, Nepeta micrantha Bunge, Antirrhinum
majus L., Ziziphora tenuior L., etc).

In the desert zone, the most valuable economic
parameters are sand fixers and fuel ones. Of course,
the sand fixers did not have much significance in
its history, but now such species are necessary for
deserts. The main anchorage of the sands is still the
saxaul (Haloxylon persicum Bunge ex Boiss.), but
there are other species (Dendrostellera arenaria
Pobed., D. macrorhachis Pobed., Halothamnus
subaphylla (C.A. Mey.) Aecll., Salsola richteri
(Moq.) Kar. ex Litv., Elaeagnus angustifolia L.,
etc.)
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A- Tamarix litvinowii

Figure 7 — Ornamental species

According to a survey of the population of
desert zones and in historical terms, fuel species
((Krascheninnikovia ewersmanniana (Stschegel.
ex Losinsk.) Botsch. et Ikonn., Haloxylon persicum
Bunge ex Boiss., Populus diversifolia Schrenk (Fig.
8A), P. pruinosa Schrenk (Fig. 8B), etc.) are plants
that are used mainly in cold periods of the year,
but are harvested almost all year round. It was also
revealed that these species are used not only for the
firebox, but also for fencing vegetable gardens or
cattle pens, and even as a palisade near the house
(Populus diversifolia Schrenk, P. pruinosa Schrenk,
Elaeagnus angustifolia L. etc.).

Interesting facts about the species Populus
diversifolia Schrenk, P. pruinosa Schrenk, these
species are included in the Red Book of the
Kyzylorda region, and P. pruinosa Schrenk. is in
the Red Book of Kazakhstan. These species usually
grow near rivers, but sometimes they can be seen
in harsh deserts, which means that ground water is
close enough under these trees.

The valley of the ancient Zhanadarya Delta is
the border of the Kyzylkums in the subzone of the
southern deserts of the South Turan province. In the
Kyzylkums of the Kyzylorda region, psammophyte-
shrub-white Saxaul communities and sagebrush
groups on broken sands dominate. Of the plants,
the most characteristic are Calligonum eriopodum,
Anisantha tectorum, Ferula foetida, Secale sylvestre,
Mausolea eriocarpa etc.

For all elements of the relief, especially in the
floodplain, vegetation of salt marshes is represented
on soils with excessive salinization by depressions,
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with a low level of saline water occurrence, where
hypergalophytes from the Chenopodiaceae family
settle. These are: succulent perennial succulent
pickles — Halocnemum strobilaceum at the edges of
the sores, Kalidium foliatum, K. caspicum on plump
salt marshes, Halostachys caspica and Suaeda
microphylla in places of secondary salinization;
annual pickles, such as S. crassa and others,
Salicornia europaea on wet (black) salt marshes, as
well as representatives of the genera Climacoptera
and Petrocimonia.

Among the useful species there are many
rare plants that are protected and in need of state
protection. Of the economically valuable species of
the desert part of the Syrdarya river valley, listed in
the Red Book of Kazakhstan (2014), it should be
noted the species of gray-leaved poplar (Populus
pruinosa). It is found on the terraces of rivers, and
sometimes on the churts of sands.

In the lower reaches of the Syr Darya, turang
groves were marked by churrot sands and lake
terraces. Currently, the tugai forests have been
greatly reduced due to the drying up of the Aral Sea
and the associated lowering of the groundwater level,
the regulation of runoff by a system of hydraulic
structures, the intake of large volumes of river water
for irrigation of fields, forest fires, man-made winter
water discharge and a number of other environmental
problems of our time. There is an increase in the
activity of Elaeagnus oxycarpa. Tugai forests,
confined to river valleys, are the most economically
used territory. It is here that a significant number of
weed species are concentrated, some of which are
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of economic importance. Despite the considerable
diversity of flora species of the Syrdarya river valley
with useful properties, the analysis of the demand

for work to assess their resource potential and actual
harvesting over the past 10-15 years indicates the
inefficient use of plant raw materials.

A-Populus diversifolia

B-Populus pruinosa

Figure 8 — Wood fuels

So, the most popular species, both in the Soviet
and modern periods, is Glycyrrhiza glabra. Taking
into account the wide distribution (in the form of pure
thickets and as a subdominant) and, accordingly,
large reserves of this species in the Syrdarya River
valley, a licorice root processing plant was built in
the Kyzylorda region.

Conclusion

In conclusion, it was revealed that 310
economically valuable species are found, which
belong to 196 genera and 62 families in the Northern
Kyzylkum within the Republic of Kazakhstan.
The calculation of significant economic values
was carried out: medicinal — 200 species, forage
— 100 species, decorative — 22 species, anchors —
11 species, fuel — 9 species. Also, fuel-based tree-
shrub species are used as palisade, fences, etc.,
and the species Populus diversifolia Schrenk, P.
pruinosa Schrenk can serve as indicators of close
groundwater. Moreover, according to the data
shown by literary, herbarium (AA) and expedition
work, this territory still needs to study economically
valuable species and protect some rare species that
are not used rationally.
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AHAAWN3 PUCKOB PACITPOCTPAHEHUA
OCI1bl BEPBAIOAOB B KA3AXCTAHE

BepbAIOAOBOACTBO  SIBASIETCS  BaXKHbIM ~ HanpaBAEHMEM OTEYECTBEHHOrO >KMBOTHOBOACTBA.
3HaunTeAbHble TeppuTopumn KasaxcrtaHa 3aHSATbl MYCTbIHSMWM, a BEePOAIOAbI — OAHM U3 HEMHOIMX
AOMALLIHMX XKMBOTHbIX, CMOCOOHbIX K >KM3HM Ha Takmx 3emasdx. Ocrna BepOAIOAOB SBASIETCS CamoOM
BA)KHOM B 9KOHOMMYECKOM MAaHe BUMPYCHOM GOAE3HbIO MO30AeHOrMX. PaHee Ha TeppuTOpUM CTpaHbl
MPOMCXOAMAM 3MU300TUM STOM MHEKLMM. BaxKHO, UTO NOCAeAHEE AECATUAETUE MOFOAOBbE BEPOAIOAOB
B CTPaHe NoCTOSIHHO YBEAMUMBAETCS, MO3TOMY PUCKM, CBSI3aHHbIE C BO3SHMKHOBEHMEM HOBbIX 3IMM300THNA,
MHOroKpaTHO Bo3pacTaioT. AAst obecrneveHns 3pheKTUBHbBIX MEP MO KOHTPOAIO 3TOW onacHom 60Ae3HM
BEPOAIOAOB HEOOXOAMMO NPOBECTM TOTAAbHbIN MOHUTOPUHI BCEN TEPPUTOPUM CTPaHbl. Criopasmyeckme
CEPOAOrMUYECKME MCCAEAOBAHUS NPOBOAMAMCH MPEXKAE TOABKO B MaHrmucrayckon o6AacTu, ypoBeHb
CEPOMNPEBAAEHTHOCTU K BO36YAMTEAID OCMbl BEPOAIOAOB AAS APYTMX OOAACTEN CTPaHbl HE OMPEAEAEH.
KpuTHUHO, YTOObI TaKOM MOHUTOPUHI ObIA MPOBEAEH AO CTapTa KOMMaHMK Mo BakUMHaLMM BEpOAIOAOB
BaKLMHOM OTEYECTBEHHOMO MPOU3BOACTBA, YTOObI MOXKHO ObIAO OLIEHUTbL 3PMEKTUBHOCTb MPOBOAMMON
BakUMHauuu. B cratbe NMpUMBOASTCS AaHHbIE MO aHAAM3Y PUCKOB, CBSI3aHHbIX C PacrpoCTpaHeHWeM
ocrnbl BepbAI0AOB B KasaxcTaHe, a TakKe pe3yAbTaTbl MOAFOTOBUTEAbHbIX PaboT AAS MPOBEAEHUS
MOHUTOPUHIra TEPPUTOPMM CTPaHbI B OTHOLLEHMM OCIbl BEPOAIOAOB.

KatoueBble cAoBa: ocrna BepbAIOAOB, BUMpPYC ocrbl BepbAaioaoB, Orthopoxvirus, anmMsooTororums,
3MUAEMMOAOTUS.
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Analysis of the risks of the spread of camelpox in Kazakhstan

Camel breeding is an important area of domestic animal husbandry. Significant territories of Kazakh-
stan are occupied by deserts, and camels are one of the few domestic animals capable of living on such
lands. Camelpox is the most economically important viral callus disease of camelids. Previously, epizo-
otics of this infection occurred in the country. It is important that the number of camels in the country
has been constantly increasing over the past decade, so the risks associated with the emergence of new
epizootics are multiplying. To ensure effective measures to control this dangerous disease of camels, it is
necessary to carry out total monitoring of the entire territory of the country. Sporadic serological studies
were previously carried out only in the Mangystau region, the level of seroprevalence to the camelpox
pathogen for other regions of the country has not been determined. It is critical that such monitoring is
carried out before the start of the camel vaccination campaign with a domestically produced vaccine,
so that the effectiveness of the vaccination can be assessed. The article presents data on the analysis of
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risks associated with the spread of camelpox in Kazakhstan, as well as the results of preparatory work for
monitoring the country’s territory in relation to camelpox.
Key words: camelpox, camelpox virus, Orthopoxvirus, epizootology, epidemiology.
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KasakcTaHAa Tyie LieLleriHii, TapaAy ToyeKeAAepiH TaaAay

Tyvie wapyalblAbiFbl — OTaHAbIK, MaA LUApyallblAbIFbIHbIH, MaHbl3Abl CaAacbl GOAbIN TabblAAAbI.
KasakcraHHbIH, eAeyAl ayMakTapblH LeAerTTep 6achin XaTtblp, aa Tyhe GOACa MyHAAR >KEPAEpPAE
TipWiAik etyre KabiAeTTi caHayAbl yil >aHyapAapbiHbiH, 6ipi 60AbIN TabbiAasbl. Tyie weweri —
cipiTabaHAbIAAPAbIH, SKOHOMMKAABIK, TYPFbIAQ €H MaHbI3AbI BUPYCTbIK aypybl GOAbIN TabblAaAbI.
ByraH AeiiH eAiMi3AiH aymMarblHAQ GYA MH(EKUMSHBIH, 3MM300TUSIChl OpbiH aAfaH 6oaatbiH. COHfbl
OHXbIAABIKTA €AiMi3Ae Tyre 6acTapbiHblH, CaHbl YAFaloblHa 0AMAAHBICTbI, XaHa 3MM300TUSIAAPAbIH
namnaa 6oAybiHa GaNAQHBICTbI TOYEKEAAEPAIH €CeAern apTybiH eckepreH MaHbi3Abl. TyMeAepAiH OChl
KAyinTi aypybIMEH KypecyAe TMIMAI LapaAapbiH KaMTamachi3 eTy YLUiH, eAiMi3AiH 6apAblK, ayMaFbiHAQ
TOABIK, MOHUTOPUHT XKYpri3y KaxkeT. CnopaaMKaAbIK, CEPOAOTUSIAbIK 3epTTeyAep OypbiH Tek MaHFbiCcTay
06AbICbIHAQ KYPri3iAreH, pecrnyOAvKaHbiH 6acka aimakTapbl YLWiH Tyhe LWeweK KO3AbIPFbILbIHbIH
CeponpeBaAeHTTIK AeHreri aHblKTaAaMmaraH. MyHAQl MOHWTOPMHITIH, OTaHAbIK, BakUMHaMeH Tyiere
ery HaykaHbl 6acTaAFaHFa AeMiH >KYPrisiAyi ete MaHbI3Abl, ce6ebi ByA ekneHiH TUIMAIAITIH Garasayra
MYMKiHAIK 6epeai. Ocbl Makarapa KasakcraHaa Tyre LieleK aypybliHblH TapaAybiHa 6GaiAaHbICTbI
TOYEKEAAEPAIH TaAAdy AepekTepi, COHAal-ak, Tyihe Lelek aypyblHa KaTbICTbl €A ayMarblHAQ
MOHUTOPUHT >KYPri3yre AaiblHABIK, XXYMbICTAPbIHbIH, HOTUXXEAepi KOpCeTIAreH.

Ty#iH ce3aep: Tyie WeLleri, Tyie Wwewlek BUpycbl, Orthopoxvirus, 3nM300TOAOrMs, SMTMAEMUOAOT USI.

BBenenune

Ocmna BepOmron0B (camelpox) — BRICOKO KOHTaru-
03Hasi 0OJIe3Hb MO30JIEHOTHX, XapaKTepU3YIOIAsiCs
yBENMUYeHUEM JHM(ATHIECKUX Y3JIOB, JIMXOPAIKOH,
pa3BUTHEM KOXKHBIX 00pa3oBaHMNA (Y3EJIKOB, TAITyI,
chimu), abopramu U rudensio momonHska [1]. bo-
TIe3Hb SHIeMuyHa Ha bmkHeM Boctoke, B Adprike u
B A3uu. B kauecTBe 00JIe3HN KUBOTHBIX OCIa BEp-
osro1oB BrItoueHa MOB (MexayHapoHOe 31H30-
oTHYecKoe OI0pO) B CITUCOK OOJNe3Her 00s3aTeb-
HOH aekmaparuu [2].

Bupyc ocner BepbmonoB (Camelpox virus,
CMLYV), Bo3OyanuTens BepOITI0KbEH OCIIBI, SIBISIET-
ca nipeacrasurenem poaa Orthopoxvirus (OPXV),
noxacemeiictBa  Chordopoxvirinae  ceMelicTBa
Poxviridae [3]. IlokcBupychl — camble KPYIIHBIE B
MHUPE BUPYChHI; UX BUPHOHBI UMEIOT KUPITHUEe00pa3-
HYIO WIH OBOUAHYIO ¢opMy. ['eHOM NOKCBHPYCOB
npejcraBieH AByHutTeBoi nuneitnoit JIHK, cep-
HYTOH B TaHTENENoM00HBIE CTPYKTYPBI, U TIOKPBIT
IByXcIoWHbIM KancuaoM. ['enom CVLV (205 719
TBIC. TTAp OCHOBaHWI) TipeacTaBieH 211 oTmensb-
HBIMH TeHamu. Hykieokarcuj OKpyXkaeT IBYX-

ClIOiHAas junonporenHas 000JI04Ka, B KOTOPYIO
BCTPOCHBI (UOpPHI BOPOHKOOOpa3Hoi Gopmbl. Bu-
PYyC peILIUIUPYETCS B HUTOMIIA3ME B TaK Ha3bIBae-
MBIX TeJIbLIaX BK/IIOUEHUs. Ero BUpHOHBI 4yBCTBU-
TEJIbHBI K JIETEpreHTaM U Je3uHdexrantam [1].

OnHUM U3 OCHOBHBIX OTIMYHUNA OPTONOKCBUPY-
COB OT JPYTUX IOKCBUPYCOB SBJISIETCA UX CHOCOO-
HOCTh K reMarritotuHanuu. K poxy mokcBupycos
nomumMo CMLYV oTHocATCS BUpYC KOPOBBEH OCIIBI
(CPXYV), Bupyc HaTypanbaoi octisl (VARYV), Bupyc
ocrnoBakiuHbel (VACV), ocnbl 00e3bsiH (MPXV),
ocrioBupyc eHotroB (RCNPV), ocnosupyc mnoie-
Bok (VPXV), ocrioBupyc ckyHcoB (SKPXV) u MbI-
muHbIA BUpyc skTpoMenuu (ECTV) [6]. U3 Bcex
ITOKCBHPYCOB, CITOCOOHBIX 3apaxkarh ckoT, CMLV
reHeTUYeCKH HanboJiee OJIM30K K BO30YIUTEITIO Ha-
TypansHOU ocmibl, Variola major [1], npudyem 3tu
IBa BUpyca OJM3KM 1O HEKOTOPBIM OPYTUM OHO-
JIOTUYECKUM M TaTOJOTHYEeCKHM mpu3Hakam [1].
CMLV MoxeT 3apaxaTh el U NPUBOAUTH K
YMEPEHHBIM KIMHUYECKUM MPOSBICHUSM B BHJIE
KOXKHBIX BBICBHITIAHWH, TeMIepaTypbl U PBOTHI [4,
5]. Ilo aT0i1 MpHYKHE €TO OTHOCAT KO BTOPOM IpyTI-
I1e pucKa A HHPEKIU YeloBeKa.
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OcHOBHOM IyTh Mepeadyn BUpPyca — KOHTAKT-
HBIW. 3apa3HbIMU ABJISIOTCS] BUPYCCOAEPIKALIIE HC-
TedeHus (ciu3b) U abopTuBHBIN Marepuan. CMLV
TakXe OBl IETEKTUPOBAH B OCHOBHBIX DKTOIApA-
3UTaxX BepOMIonoB, Kiemax Hyalomma dromedarii
[6], HO TpaHCMUCCHBHBIN MyTh MEpeNayu, €Clu U
CYILECTBYET, HE UIPAEcT MEPBOCTENIEHHOIO 3HaYe-
Hus [1].

Ocny BepOIt01I0B HEOOX0AMMO JudhepeHIIH-
poBaTh OT HeKpoOanmsuiesa, Srypa, IPUOKOBBIX
MOpaXKeHUN KOXKU, YECOTKH, KOHTaruo3HOW 3KTH-
MBI, MAMUJIOMaBUPYCHON MH(EKIUU U OpyLeiésa,
a TaKkXe OT YKyCOB WiICHHCTOHOrux. Jms meneit
JTUATHOCTHUKH HCIIONIB3YIOT IMIUPOKHUI CIIEKTpP cepo-
JIOTHYECKUX METONOB, Takux kak PTI'A, peakiuto
HeWrpanuzanuu, UDA, a Takke NOpsIMbIE METO-
Jbl M30JSIUMK BUPYyca U MeToAbl Ha ocHoBe IIIIP.
Bce opTomokcBHpYCHl CEpPOJIOTHYECKH SBISAIOTCA
KpOCC-peakTUBHBIMU B Ipeaenax poaa [2, 7]. B To
kKe BpeMsl, KITHHUYECKHE CUMIITOMBI Y BepOIIo0B
MOXET BbI3bIBaTh TObko CMLYV [2, 7]. [Topaxkato-
mye BepOIroI0B NapalOKCBUPYCHl M MAIMIOMaBH-
pyCHl HE UMEIOT KPOCC-PEaKTUBHOCTH C BHUPYCOM
BepOIIOKbEH OCITBI, IOITOMY 3TH JBE MH(eKuInu
4eTKO MU HEepeHITUPYIOTCS 0T BEPOIIOKBEH OCITBI
CEPOJIOTHYECKUMHU METOJaMHU.

Crenuduueckoro JiedeHus He MPelyCMOTPEHO,
XOTS Ha )KHBOTHBIX MOJIEIAX MTOKa3aHa 3P (heKTHB-
HOCTH B TIOJJaBJIEHUH BUPYCa HEKOTOPBIX MPOTUBO-
BHUPYCHBIX mpemnapaToB [8]. B kaudectBe mpodu-
JIAKTUKU MCTIOJIB3YIOT BaKLUUHALMIO: B MUpPE Pa3-
paboTaHbl KaK JKWUBbIC, TaK U WHAKTHUBUPOBAaHHBIC
BakUMHBL. OTHOCHUTEJIBHO BBICOKYIO 3((deKTuB-
HOCTb II0Ka3aJIi BaKI[MHBI HA OCHOBE BUPYCa OCIIO-
BaKIUHBI [2]. ATTeHyHpOBaHHbBIE BaKIMHBI Ooee
3(hpeKTUBHBI, BEI3BaHHBIA UMH HMMYHUTET OoJee
IIPOAOJKUTENIEH B CPABHEHUU C MHAKTHBHPOBAH-
HBIMHM BakIMHaMHU. B To jxe Bpems, MIMpoOKoe UX
MIpUMEHEHNE Ha CBOOOAHBIX OT BUpYCa TEPPUTOPH-
AX COTPSDKEHO ¢ OOJNBITMMH PUCKaMH pacipocTpa-
HEHHUS ME30T€HHBIX IITaMMOB BUpPYCa B 3JOpPOBOM
MOMYJIALNHN, YTO MOXET CONPOBOKIATHCS CHUXKE-
HUEM TPOAYKTHBHOCTH BepOIO/I0B (MTIOHM)KCHHEM
yI0EB B CKOPOCTH HA0Opa Beca JKUBOTHBIMH).

Lenpto Hacrosimed paboOTHI SIBISETCS BBISC-
HEHUE BIHU300TOJIOTHUYECKOM cuTyanuu B Kazax-
CTaHe 1O ocme BepOroA0B, MPOBEICHUE aHAIN3a
PHUCKOB IJIsl YCTaHOBJICHHMS pailoHOB, Haumbonee
MO/IBEP)KEHHBIX 3aHOCY BHpycCa M3BHE W PacIpo-
CTpaHEHHMIO MH(EKIHU BO BpeMs BCIIBILIEK, Opra-
HH3aIMs coopa 00pas3IoB OT BepOIIOI0B B paMKax
MOHUTOPUHTOBON MpPOTpaMMBl JUIsI NPOBEACHUS
71a00paTOPHBIX TECTOB, a TAKXXE ONTUMHU3ALIUIO J1a-
00paTOPHBIX METOJIOB aHAJIN3A AJISl PyTUHHON Ana-
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THOCTUKH STOM OHNACHOH OO0JIE3HH MO30JIEHOTHX
JKMBOTHBIX.

MaTepI/la.}IbI U METOAbI

Onudemuonocuueckue memoosl

Bce pacueThl 3MUAEMHUONIOTHYECKUAX Iapame-
TpoB npoBoAuiKch B nporpamme Epilnfo v. 7.2.2.2
(CDC).

OOmwmii pazMep BBIOOPKH JJIsi TIPOBEACHUSI MO-
HUTOPUHTOBOTO UCCJIEIOBAHUS B OTHOLICHUH OCIIBI
BepOJTIOI0B OBLT OMpeEIeIICH 10 hopMyIIe:

Pasmep BeIOOpKH (n) = N* [Z2 * p *
*(1-p)/e2]/[N-1+(Z2*p * (1-p)/e2] (1)

rae N — pa3mep Moy,

Z — KpUTHYECKOE 3HaYeHNe HOPMAIBHOTO pac-
npefieNieHrss npu TpeObyeMOoM YpOBHE JOCTOBEp-
HOCTH;

P — OKUIaeMbIi YpOBEHH MPEBAIIEHTHOCTH, %0

€ — JIOIyCTUMasl TOTPEIIHOCTb.

Cbop 0bpaszyos om HUBOMHBIX

COop 00pa3iioB OT BEpOJIIOJIOB MPOBOAMTCS B
pamMKax TOCyIapCTBEHHOW MOHHUTOPWHTOBOW MpO-
rpaMMbl, (puHAHCHpYeMOoi MUHHCTEPCTBOM CEITb-
ckoro xo3siicTBa Pecriyonmkn Kazaxcran. [Tomyde-
HO 3aKkitoueHue stuueckoit komuccuu PI'TI na IIXB
«HarmoHansHBI MEHTP OMOTEXHOJIOTUM» (TIPOTO-
kon Ne4 ot 3.12.2021).

CO0Op KpOBH U CHIBOPOTKH MPOBOJIHIICS KBAJU-
¢unmpoBaHHBIMH BeTepuHapamu. Ha mecrte, Tre
MPEAIoIarajoch MPOU3BECTH MPOKOJ, BHICTPUTAIN
HIEPCTh M KOXKY Je3nHPHUIUPOBATH 5% pacTBOPOM
oma. 3a00p KpOBH OCYIIECTBISUTH W3 SIPEMHOMN
BEHBI )KUBOTHBIX B MpoOupku Venosafe mis cbopa
uenbHoi kposu (coneprkanme K. EDTA) u npobup-
KU JIJ1s CBIBOPOTKU (COJepIKaIe aKTHBATOP Koary-
JISIIUH ), OCHAIIICHHBIEC Oe3omacHoi urioii (Venoject
Quick Fit Needle). st moirydeHHst CBIBOPOTKH TIPO-
oupku Venosafe ¢ coOpaHHOH B HHX KpPOBBIO TO-
cie o0pa3oBaHUs CTyCTKa HEHTPU(YTUPOBaIH MPH
1200 x g B Teuenue 10 mun npu 4°C.

Ananu3z puckos

Jns aHanmza pucka W TPOTHO3MPOBAHHS WC-
MOJIb30BAIM  HAJCTpoiiky B Microsoft Excel —
Decision Tools Suite 6.0 Professional (Palisade).

AHanu3z HyK1eomuousix nociedogamenpbHocmel
BripaBHUBaHWE HYKJICOTHIHBIX TIOCIEIOBaA-
TenpHOCTEH TeHa A T1P, KOTUpYIOMEero 0eI0K BKITHO-
yenust A-tuna (A-type inclusion protein) u CI8L,
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KOJUPYIOIIEro aHKUPUHOBBIN Oernok (ankyrin repeat
protein), BugoB OPXV 1 WX T€HOTHUIIOB TPOBOIVIIN
nocpeactsom anroputMa MUSCLE B mporpamme
MEGA-X.

Honumepazuas yennas peaxyus (I1L[P) u snex-
mpoghopes J[HK

ITo 2,5 mxx o6pasmnos JIHK anammsupoBainch
MeToaoM kiaccuyeckoi IIIIP c¢ umcmosb3oBaHuem
HotTaq JHK-nomumepaszesr (CuOOH3UM) 10 METO-
nke TpousBoguTersi. O0beM peaKIMOHHBIX CMe-
ceit cocrapisin 20 M. TemmepaTypHbIil pexum: 8
MmuH 1pu 95°C — 1 muxin; 30 cek npu 94°C; 30 cex
pu 58°C, 1 muH nipu 72°C — 40 TUKITIOB; 5 MUH TIPH
72°C, 5 muH nipu 4°C — 1 nuxiI.

Onexrpodopes JHK npoBonmm B cucreme s
anektpodopesa EasyCast D2 (Fisher Scientific). ITo
10 MKI peakIMOHHBIX cMmecedl HaHnocwm Ha 1,5%
arapo3Hblii renb, comepxkammid 0,2 Mr/mim Opomu-
cToro stuaus (Sigma) ¥ TIPOBOIMIH 3IEKTPOGo-
pe3 B 1x TAE-Gydepe (Thermo Fisher Scientific).
Busyanmzanuro mosoc MpoBOIWIA B MPOXOSIIEM
Y®-cBeTe Ha resab-JOKYMEHTUPYIOIIEH CHCTEME
(Bio-Rad).

Pe3y.]'ll)TaTl)I u 06cy)l<)1eﬂne

Ananus snuzoomonoeuuecxoii cumyayuu ¢ Ka-
3axcmanue no ocne 8epo10008

Ha Teppuropun Hamieit cTpaHbl 3HAYUTEIb-
HBIE BCTBIIIKK OCTBI BEpOIIIO/I0B (DUKCHPOBAIUCH,
gaunHag ¢ 1930 roma. MoOIIHBIE DIIM300THUA OCIIBI
BepOII00B HAOIOJAINCh TIEpUOANYECKH B MaH-
rucraycko u Ateipayckoit obmactax KasCCP: B
1930, 194243 rr., 1965-1969 1. [9] 1 B 1996 T.
[10]. DT 511M300THH COMPOBOKAAIUCH CYLIECTBEH-
HbIM YMEHBIIIEHHEM TIOTOJIOBbS BEPOIOOB B pec-
nyOuuKe.

B mapte 2020 r. Havamach 3MUAEMUS OCIIBI
BepOmonoB B beliHeyckoMm paiioHe MaHrucTa-
ycko# obmactu. 3aboneno Ooyee TPUALATH KH-
BOTHBIX. JIeTalnbHBIX CIIydyaeB Cpeau B3POCIHBIX
ocobeit 3apukcupoBano He ObUTO. Habmomanuch
MEPTBOPOXKJICHHBIC BEpOJII0KATA U BBIKHUJIBIIIHN Y
O0epemennbix camok. B beitneyckom, TaxkeHckoM
n CBIHTBIPIAYCKOM CEIbCKUX OKpyrax paiioHa
ObuT BBeJieH KapaHTuH [11]. OTu coObITHS yKa-
3BIBAIOT Ha ITUPKYJIAIUIO BHPYCa B 3TOW 00JIacTH
Kasaxcrana.

B xonme 2020 roga crapToBaia mporpamma o
BaKIIMHAIIUH TIOTOJIOBBS BEpOIIIOJIOB B CTPAHE C HC-
MI0JIb30BAHUEM OTEUYECTBEHHOM aTTEHYUPOBaHHOMN
BakuuHbl [12]. K Hacrosmemy BpeMEHU NPUBUTHI

JKUBOTHBIE M3 OTBITHBIX TPYMIT U3 MaHTHCTAayCKOM
1 AKTIOOMHCKOM 00JlacTeid, HO B Oymkaiiiei mep-
CIIEKTHBE -NIPOBEICHUE IIUPOKOMACIUITA0OHON Bak-
[IMHAIINA BEpOJIIOIOB B PHUCKOBBIX IO HH(EKITNU
paiionax crpaHbl. UToObl B jAanbHEHIIEM MOKHO
OBLTO OTIEHNUTH A (HEKTUBHOCTH 3TOH MPEBEHTUBHON
Mepsl O0pBHOBI C OPTOIMOKCBHPYCOM BepOIIIO/IOB,
JOJDKEH OBITh POBECH CEPOJIOTMYECKUI MOHHUTO-
PHHT KUBOTHBIX.

Amnanuz pucka 3anoca umpexyuu Ha meppumo-
puio cmpamvl

Haunbonee BeposATHO NMPOHHKHOBEHHE WH(QEK-
uun u3 Typkmenucrana. [Ipexne, korga ata crpana
pxoauina B coctaB CCCP, Ha ee TeppUTOpUHU MHPO-
MCXOJUIIN KPYIIHBIE 3MHU300TUH OCIBI BepOIIIO/IOB,
“MeHHO oTTyna Ha Tepputopuro KasCCP pacnpo-
CTpaHWIach naHHas wHekmus B 1965-1969 rr.,
BBI3BAB SMNHM300THI0 B MaHTHUCTayCKOH 00JacTH.
B 2018 u 2019 rr. B bankanckom Benasite, rpaHu-
gameM ¢ Manrucrayckoir obmacteio KazaxcraHa,
¢ukcupoBanocs 3a0ojeBaHue BEpOIIOOB C Maje-
JKOM KaK MOJIOJIHSIKA, TaK U B3POCIBIX ocooeit [13].
XoTs majziex CKoTa ObUT OOBSICHEH B O(DHUIIHATBHBIX
MCTOYHMKAX T'OJIOJIOM CPEIH KUBOTHBIX, OMChIBae-
MbIe KJIMHUYECKUE PU3HAKH TOTHOCTHIO YKa3bIBa-
T Ha ocmy BepOmronoB. TypKMEHNCTaH TPAaHUYIHUT C
WpaHoM, rie BCIIBIIIKA 3TON MHPEKIUN PETUCTPH-
pytoTcs exerogHo [ 14].

B V30ekuncrane npexe Taxxke GUKCHPOBAJIICH
CHopaJldyecKue cilydyad U AaKe AMHU300THM OCIIBI
BepOII0JIOB, HO B HACTOAIIEE BpeMs Kakas-ITH0o
nH(pOpMaIs B OTHOLIEHUH 3TOTO TOCYIapCTBa OT-
cyrctByer. B Poccun Oonbie Bcero BepOIoaoB
¥ HauOoNpmas X TUIOTHOCTh — B ACTpaxaHCKOM
obmactu (3aechk cocpenorodeHo a0 70% Bcex Bep-
omonoB P®), rpannyarneii ¢ neyms oonactsamu Ka-
3axcraHa, ATelpayckoil u 3anagHo-KazaxcTaHCKOM.
Tam B OCHOBHOM Pa3BOISIT OAKTPHUAHOB KAJIMBIITKOM
nopozasl. ITocnenHue ronel cuTyamus ¢ ocroi Bep-
Orro1oB Ha ceBepe Kacmus criokoifHasi, HO B COBET-
CKO€ BpeMs 3/iech (DUKCHUPOBAIIMCH BCIBIIIKH TON
HHQEKIHH.

OdwunmansHeie TaHHBIE B OTHOIIIEHUH CITydaeB
ocIisl BepOIroIoB Ha TeppuTopun Kutas oTcyTcTBY-
10T, OIHAKO HEJIb3Sl MCKIIoYaTh PacHpocTpaHEHHE
nHpEKIMH Ha npurpanndHeie ¢ Kurtaem paiioHb
Anmarunckoit obnactu PK B ciydae pacnpoctpa-
HEeHMA ocnbl BepOmro1oB B rpanuyaiieM ¢ PK Cunb-
13sH-YUTypCKOM aBTOHOMHOM paione Kutas, rae
BEpOJIIOJIOBOJICTBO PACIPOCTPAHEHO; KPOME TOTO,
TaM pacHpOCTPaHEHbl U JUKHE ABYropOble Bep-
OJIFOIBI.
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AHanm3 pUCKOB pacIpoCTpaHeHHs OCIbI BepOmonoB B Kasaxcrane

Iozonogve u nromunocms 6epoI0006 ¢ Kasax-
cmane

Puck BO3HHMKHOBEHMSI SMU300TUHA OCIBI BEp-
ONIIOJIOB M CKOPOCTH paclpocTpaHeHHus HH(]EK-
LMW TEM BEHIIIIE, YeM BHIIE TUIOTHOCTH BEPOIIO0B
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B 3aJlaHHOH MecTHOCTH. HawmBbIcmiasi IUIOTHOCTB
BepOIIOZ0B B Hameill cTpane — B MaHTHCTayCKOH
obmacTy, Jajee MO STOMY IOKa3aTelio CIeAYIOT
Keseutopaunckas, Typkectanckasi, ATeipayckasi U
Kaparanauackas obmactu (pucyHok 1A).

Pucynox 1 — /laHHbIe 110 IUIOTHOCTH U IOTOJIOBBIO BepOMon0B 1Mo odnactsam. A — [I10THOCTS BepOIronoB.
b — O6uiee noronoBse BepOnonoB o obiactsam. [pencrasienst qanHbie Ha 1 pespans 2022 roga [15].

BakHBIM 3MHUIEMHOJIOTHUECKAM TTOKa3aTeIeM
TaKKe SBISAETCS 00IIee TOroJI0Bbe BOCIIPUUMYHUBO-
ro K BHPYCY CKOTa, MOCKOJBKY OH MOXET yKa3arTh
Ha HOTCHHI/I&JILHBIﬁ PUCK S3KOHOMHYECKHX IOTEPD,
CBs3aHHBIX ¢ uH(peknued. HambGonpmas yucneH-
HOCTBH BEpOJIIOZI0B B CTPaHE COCPEIOTOUEHA Ha Tep-
putopuu MaHrucrayckoil odiacty; fanee cienyroT
Ke3putopaunckas, TypkecraHckasi, ATbIpayckas u
AxTtroOnHCcKas obmactu (pucyHok 1B). ITocne mo-
CJIeTHEH BCIBIIKYA UH(EKIUH B 1997 T., MOr0oNoBbe
BepOITI0JIOB B HAIIIEH CTpaHe eKEroAHO PacTET (PH-
CYHOK 2), 9TO TIOBHIIIIAET PUCKH, CBSI3aHHBIE C OBI-
CTPBIM PaclpoCTPaHCHUEM UH(EKIUH B CIyYae Io-
SIBIICHUSI €€ 0YaroB Ha TePPUTOPUH CTpaHbl. Kpyt-
HBIC BCITBIIIKH TTOKCBUPYCHBIX WH(EKIHHA OOBIYHO
HMMEIOT [MKJIMYHBIN xapaktep (C MOBTOPSHHEM Ha
onHoi Teppuropuu uepe3 20-25 ner [3, 10], no-
3TOMY MMEHHO B HACTOSIIIee BpeMs clieayeT Oojee
TIIATEILHO OTCJICKUBATH JHOOBIC MPOSBICHUS WH-
(heKM B pUCKOBBIX IO O0JIE3HU paiiOHaX.

Uro Kkacaercsi CTPYKTypHl 1O KaTETOPUH XO-
3AUCTB, TO U3 2434 TBIC. TOJOB IO COCTOSHHIO Ha
1 ¢espans 2022 r. Ha KpyIHBIE TOCYJapPCTBEHHBIC
npennpustus npuxoamiock 10,5% (25,6 Teic. ro-
JIOB), Ha KPECThSHCKUE U (epMEpPCKUE XO035HCTBA
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—19% (46,2 ThIC. TOJIOB), 2 HAa YaCTHBIE XO3AUCTBA
HaceneHus — 70,5% (171,6 TbIC. TOJIOB) BCEro Mmoro-
T0Bbs1 BepOro1oB. TakuM 00pazoMm, MoIaBIIsIoice
KOJINYECTBO >KUBOTHBIX JUCIOUUPYETCS B YACTHBIX
MOJBOPBSIX, TJ€ OIPAaHUYEH KOHTPOJIb 33 HUX Iepe-
MelleHreM U MpopuIakTHIeCKUMu Mepamu. B Kui-
3BUTOPAMHCKON 0bnacTu OoJiee 4eM B Kakoil Apyroi
oOmactu Kazaxctana xapakrepHa MpeuMyIIeCTBEH-
Has JIOKanu3amnusi BEepOIOAOB B MEJKUX YaCTHBIX
nonBopbsx (81,7%; 44,2/54,1 Teic. ronos) [15].

Ananuz puckog 3samoca u pacnpocmpaHeHus
ocnbl 6epb0006 Ha meppumopuu Kasaxcmana

[lockonmpky ocma BepOMOJOB He SBISAETCA
TPaHCMHCCUBHON MHQeEKIHeH, a mepenaéres B oc-
HOBHOM KOHTaKTHBIM CIIOCOOOM, IPHU OLEHKE PH-
CKOB BO3HHMKHOBEHUSI BCITBIIIIEK 3TOW OOJIE3HU Iep-
BOCTENEHHOE 3HAYeHHE HMMEIOT TaKhe IOKa3aTeln
KaK IUIOTHOCTh BOCIIPUUMYHUBBIX K OOJI€3HU )KUBOT-
HBIX, JIOJIA JKUBOTHBIX, JIOKATH3YIOIIUXCA B HYacCT-
HBIX MEJIKHUX MOABOPBSX, a TaK)Ke HAJTU4HUe TpaHH-
LBl CO CTPaHaMH, B KOTOPBIX OcCIa BepOIIOIOB SB-
JIAE€TCsl DHJEMUYHON. Pe3ynbTarhl aHain3a pUCKOB
BCIBIIIEK OCITBI BEPOIIOA0B Ha TEPPUTOPUH CTPAHBI
MIPEJICTaBICHBI HA PUCYHKE 3.
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Pucynok 2 — 3MeHenune noroioBbs BepoOmonos B Kazaxcrane 3a 1990-2022 rogpr [15].
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Pucynox 3 — 3onupoBanue Teppuropur Kazaxcrana B OTHOIIEHHH PUCKA 3aHOCA
U pactpoCTpaHEHHUs OCIIBI BepOIonoB (coracHo qanHbM Ha 1.02.2022 [15])

Onpeodenenue pasmepa 6vl60pKu u coOop noe-
8bIX 00PA3Y0OE ONIsi MOHUMOPUHEA OCNbL 8ePOTI0008

Kak BuTHO U3 TaHHBIX, IPEICTABIICHHBIX HA PH-
cyHKe 3, HanOoJee PUCKOBBIMY IO HH(EKINH OKa-
3anuch MaHrucTayckas, ATblpayckas, AKTIOOHH-
ckad, Kepummopaunckas, TypkecTanckas, 1 Aiama-
THHCKas oOmactu. MIMeHHO B 3THX 001acTax ObLTO
pelieHo npoectu cOop 00pasIoB.

Jns ompenenenust o0Iero pasmepa BBIOOPKH
JUTST TIPOBEIEHUS IMPOKOMACIITA0HOTO MOHHTO-

puHTa 10 ocre BepOmomoB B Kazaxcrane oOriee
MOTOJIOBE BEPOIONOB OBUIO TMPHHATO PaBHBIM
241513 ronoB (Ha 1 depans 2022 r.) [15]. Hnsa
3MMUIEMHUOJIOTHYECKUX HCCIIEIOBAHUI 1OBEPUTEIb-
HBId WHTEpPBaJ B TMOAABISIONEM OOJBIINHCTBE
CIIy4aeB MpUHUMAETCS paBHBIM 95%, MO3TOMY IpH
pacderax HCIIOJNIb30BaJH 3TO 3HadeHHe. Bemmanny
JIOTTyCTUMOI TIOTPEIIHOCTH MPUHSUIM paBHOU 5%.
B 2010 romy Obl1 mpoBeZieH orpaHUYEHHBIH CEpo-
JIOTHYECKUHA MOHHUTOPUHT TI0 OCIe BepOJIIOJIOB B

99



AHanm3 pUCKOB pacIpoCTpaHeHHs OCIbI BepOmonoB B Kasaxcrane

Manrucrayckoit 006J1acTH, CEpONPEBAIICHTHOCTh CO-
crasuna 37% [10]. Omnako, mis apyrux obmacteit
9TOT TIOKa3aTellb Npexke He onpexaessuics. Kpome
TOTO, 33 12 NIEeT ypOBEHb CEPOITPEBAICHTHOCTH B Ca-
Mol Manrucrayckoi 00JacTH MOT U3MECHHTHCI. B
9TOH CBSI3W MPH pacueTax MoJaraju, 4YTO OXKHJac-
Masi IPEBAJICHTHOCTh B TOMYJISIIUN BEPOIIOIOB Ha
tepputopun Kazaxcrana coctasmser 50% (cormac-
HO pexkomenaanusmM MOB). O0mwmii pazmep BHIOOP-
ku coctaBu 400 )KMBOTHBIX (B TOM ClIydae, €CII B
OJTHOHM TOUKe cOopa OTOMPAIOCH OT TISATH A0 TPHI-
LIATH KUBOTHBIX). VICXO/s U3 pe3ybTaToOB aHAIH3a
PHUCKOB BCITBIIIIEK, OBLIO PEIIEHO MMPOBECTH cOOP 00-
pastoB 1o 001acTsIM, Kak yKa3aHo B Tadymre 1.

Tadmuua 1 — [Tnan mo c6opy 00pa3oB OT BepOIONOB s
1es1eit MOHUTOPHHTa

0omen | |y o | ronen
Masnrucrayckas 80499 100
Ke3bunopansckas 53596 100
TypkecraHckas 34837 100
ArtbIpayckas 33928 100
AKXTIOOMHCKas 18207 50
AnmatuHcKkas 7900 50
HUroro: 500

OO01ee unciio 3aeficTBOBaHHBIX B MCCIIEJOBAHUN
JKMBOTHBIX OBUIO pelieHo yBenuduth 10 500 9ToObI
00€ecreunTs BO3MOKHOCTH OTOPaKOBKH 00pa3LoB (Ha-
MPUMEP, TEMOJIM3UPOBAHHBIX CBIBOPOTOK).

K mMomeHTy Hamucanus ctatbu cOOp 0OpasIoB
3aBepiieH B TypkecTaHCKOH, AKTIOOMHCKOW U ATHI-
payckoit 006JacTsx u mpoBoAuTCS B MaHTHCTayCKOM
oOacTr; coOpaHbl 00pa3Ibl KPOBH M CBIBOPOTKH OT
300 >KUBOTHBIX.

Bovibop ouacnocmuueckux memooos 011 npoge-
OeHUs MOHUMOPUH2A

Jns mpoBeneHns CepoJOrHYECKUX HCCIIE0Ba-
HUH JUIS BBIABJICHUS aHTHTEN K OCIE BEpOJIIOJ0B
OBLIO peIIeHO UCIoNb30BaTh Habop Camelpox Virus
Antibody (CMPV-Ab) ELISA Kit (Abbexa Ltd).

Tak kKak BUpyC KOPOBBbEH OCIIBL, XOTSI U HE CIIO-
coO€H BBI3BIBATH KIIMHUYECKHE MPOSBICHUS Y MO-
30JICHOTHX, MOJXET DPa3MHOXKATbCSI B OpPTaHH3ME
BEpOJIIOJIOB, JIJIsl TOATBEPXKICHUS MPUCYTCTBHUS Yy
#uBOTHEIX CMLV Heo0XoauMo mpoBOIUTH AH]-
tdhepermmuanuio ero or CPXV cexBeHnpoBaHmem
YYaCTKOB BHPYCHOTO T€HOMa WM METOJaMH Ha

100

ocHoBe II[P. Tak kak HE UCKIIIOUEHO IPUMEHEHUE
Ha TEPPUTOPUHU CTPaHBl BaKIWHAIMHA BepOIIOI0B
C MHCIIOJIb30BAaHUEM IIPENapaToB Ha OCHOBE BH-
pyca OCHOBaKLUMHBI, Ba)KHO HUMETb BO3MOXHOCTbH
mudpdepennmpoBare CMLV u or VACV. B aroii
CBA3M AN LieJed MpsAMOro BBISABIECHUS BHUPYCHOM
JHK wmeromom I[P mommmo BHmocmemudmdie-
ckux mpaitmepoB k Jokycy CI8L (CMLV-C18L-F
(5’-GCGTTAACGCGACGTCGTG) u CMLV-C18L-R
(5’-CCGGAGATATCATACTTTACTTTAG)
[16], OBLTO pEIIEHO HCITOJB30BaTh U PEKOMEHIO-
BaHHble MObB ponocnennduveckne mnpaiMepsl K
nokycy ATIP optonokcsupycos: OrtoPOX ATI-F
(5’-GACAAATACAAGGAGGAWCT) u OrtoPOX
ATI-R (5’-GTAGAACTTAACTTTTTCTTTCTC)
[2]. B mocnennem ciydae mo pasmepy aMIuingu-
KaTta MOXHO nru(PepeHIHpPOBaTh Pa3TUIHBIC BHIBI
OpPTOMOKCBUPYCOB [16] M maxe OTIMYATH BaKIIWH-
Hple mTamMmMbl CMLV 0T moneBbIX HEBAaKIIMHHBIX
[18, 19].

Mueny k 06enM napam npaiMepoB ObBUIH MPO-
TectupoBaHsl B mporpamme MEGA-X, yuuThiBas
HaJM4ecTByomuye B 60aze manueix GenBank momHO-
TeHOMHBIE TI0CJIE0BATEIHLHOCTH OTEUECTBEHHBIX
monaroB CMLV; mucmatdyedl M HHBIX HECOOT-
BETCTBUU HE BBISBIICHO: MpaliMepbl NOJIXOAMIA KO
BCEM MPOTECTUPOBAHHBIM HYKJICOTHIHBIM TIOCHE-
noBaTenbHOCTSIM. CHHTE3MpOBaHHbBIE MNpalMepsl
OBUTH POTECTHPOBAHBI HA KOHTPOJIBHBIX 00pa3max
CMLV u VACV. Pe3ynprarel npeicTaBieHbl Ha
pucyHke 4.

#

CANILA
VALY
1kb plus
ML
VALY
Neg

Bild mio

= BT

4] maw -

CrtaOX_ATLF?
il P _ATILR

UNMLV-UTSL-F
CHLAV IR

Pucynoxk 4 — Orpa6ortka I11IP ¢ ucnons3oBannem CMLV-
cner¢uueckux (“CMLV-C18L-F” / “CMLV-C18L-R”)

u opTonokcBupyc-crnenupudeckux (“OrtoPOX ATI-F”/
“OrtoPOX_ATI-R”) npaiimepor. O6o3Hauenus: “Neg.” —
oTpuLarenbHblil KoHTpouib; “CMLV” — JIHK u3 Bupyca ocnsl
BepOmonoB; “VACV” — JTHK u3 Bupyca ocrioBakuussr; “1kb
plus” — IHK-mapxep.
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Kak u crnemoBano oxuiate, BUpocmenuduye-
ckme TpaiMepbl cpabotasm Toiapko misi CMLYV,
TOT/Ia KaK pofocienupuuecKue — st 000MX BUPY-
COB C 0)KHJa€MBIM Pa3MEPOM aMILTU(PHUKATOB.

3akiaouenue

Takum 00pa3oM, MPOBENICH aHAU3 SMH300TOJO-
TUYECKOW CUTYaIHH IO OCTie BEpOIIOI0B Ha TEPPUTO-
pruu KazaxcraHa 3a mocieiHue IeCSTh JIET, TpoBecHa
OIICHKA PUCKOB B OTHOIIICHUH 328HOCA M PACTIPOCTPaHE-
HUsI MHQEKIIMY B CTPaHE, ONPECIICH Pa3Mep BHIOOPKU
JUTSL TIPOBEJICHNS] MOHUTOPHHTA TI0 OCTIe BepOIIIOIOB,
MIPOBOIUTCS COOp OMOJIOTMYIECKOTO MaTepraa OT KH-
BOTHBIX, IIPOBEICH BEIOOP TMATHOCTUIECKUX METOTUK
1 TIO/IXOJIOB JIJISI TIEJICi MOHUTOPHHTA.

DuHAHCHPOBaHHE

PaGora BbIIONHEHAa B paMKax [POrpaMMbl
BR10764899 «M3yunTh 53MU300TOJIOTHYECKYIO
XapaKTEePUCTUKY TEPPUTOPUH CTPaHBI MO 0C000
OTIacHBIM OO0JIE3HSIM M pa3paboTarh BETEpUHAPHO-
CaHUTApHBIE MEPONPHUATUS IO MOBBIILIEHUIO HX
s exTuBHOCTHY», (UHAHCHUpYeMOW MuHHCTED-
CTBOM CeNbCKOro Xo3stiicTBa Pecny6nuku Kazax-
CTaH.

KoHdumkT naTEepecos
ABTOpBI CTaTbU MOATBEPKIAIOT OTCYTCTBHE

(hMHAHCOBOI MITN KaKOH-TN00 MHOM TTOAIEPIKKH HC-
CJICJIOBAHUS, WM KOH(IIMKTA UHTEPECOB.
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M3YYEHUE COAEPXKAHNA XAOPOD®UAAA U KAPOTUHOUAOB
B AUUCTbAX TAY-CAIbI3A (SCORZONERA TAU-SAGHYZ LIPSCH ET BOSSE)
M3 PASANYHDBIX 9KOAOT O-TEOTPAD®UYECKMNX MECT OBUTAHUA
B TOPAX KAPATAY AAf OINMPEAEAEHUSA CBA3U
C HAKOIAEHMEM KAYYYKA B KOPHSIX

HaTtypaabHbIi KayuyK — 3TO pPaCTUTEAbHbI OGUOMOAUMEp, KOTOPbIA WCMOAb3YETCS BO MHOIMX
OTPACASIX MPOMBILLAEHHOCTH, HAaNpuUMep, B MEeAMLIMHE, MAlLMHOCTPOEeHMU U T.A. Tay-carbi3 (Aat. Scor-
zonera tau-saghyz Lipsch et Bosse) — noAykycTapHuk, npouspacraiowmii Ha Tepputopun KOxHoro
KasaxcTaHa, cnoco6HbI MPOU3BOAMTL M HAKAMAMBATbL HAaTYPAAbHbINA KayuyK B KOPHSX. IKOHOMUYECKas
LEeHHOCTb Tay-Carbi3a OMNPEAEAsSeTCS KOAMYECTBOM M KAauyeCTBOM CMHTE3MPYEMOro HATypaAbHOro
kayuyka. COOTBETCTBEHHO, AASl BBEAEHWs Tay-carbi3a B KYAbTYPY M CO3AaHWMS 3KOHOMMYECKM
>KM3HECTOCOOHOM KYAbTYpbl KayuyKOHOCa, orpeaseAeHue (DakTOpOB, CBSA3aHHbIX C MOBbILLEHHbIM
coAep>KaHMeM Kayuyka SIBASIETCS nepBocTeneHHoW 3asaveit. 1o ytBepxkaeHunio M.B. KyabTmacosa
«Yem 6oAblLIe pa3BMTa AMCTOBAsl Macca, TeM BOAbLLIAsS KOPHEBAs Macca AOAXKHA e COOTBETCTBOBATb,
T.e. AUCTOBasl Macca SIBASIETCS KOCBEHHbIM KpUTEPMEM Yypo>kas KOpHeBOM Maccbl. OTCloaa CAeayeT
BbIBOA: AWMCT MOXET CAYXWTb KPUTEPUMEM OLEHKM HaKOMAEHUs Kayuyyka B KOPHEBOW Macce».
[MoCKOABKY OCHOBHasi (DyHKLMS AUCTbeB-(DOTOCMHTE3, TO B CBSI3M C 3TUM B HALUMX 3KCMEpPUMEHTax
KOAMYECTBO (POTOCMHTETUUECKMX MUIMEHTOB B AMCTbSIX ObIAO BblGpaHO B KauyecTBe pakTopa,
BO3MOXXHO, KOPPEAMPYIOLLErOONPEAEASIOLLErO YPOBEHb HAKOMAEHMS Kayuyka B KOPHSX. Takum
06pa3om Hamu BbIAO BbIGPAHO 3 rpynrbl PACTEHWI M3 PA3AMUHbBIX MECT 0OUTaHMS (CEBEPHDbIN CKAOH,
BOCTOUHbI CKAOH, I0>KHbIN CKAOH XpebTa Tepuc-akkaH). M3 oTobpaHHbIX 06pasLLoB AUCTbEB aLETOHOM
3KCTPArMpoBaAn (POTOCUHTETUYUECKME MUTMEHTbI, @ M3 KOPHEN 3TUX e 006PasLLOB C UCMTOAb30BaHMEM
reKkcaHa 3KCTparnpoBaAM KayuyK. [TOAyuyeHHble AaHHble KOAMYECTBEHHOrO aHaAM3a MpPOBEepsiAU C
UCMOAb30BaHMEM CAEAYIOLMX CTAaTUCTUYECKUX METOAOB: T-kpuTepusi CTbloaeHTa M KO3 durumeHTa
Koppeasumn NupcoHa. Pe3yAbTaTbl MOKasaAM HaAMUME CTAaTUCTMUECKM 3HAUYMMOM Pa3HMLLbl MEXAY
rpynnamMm B KOAMYeCTBe (DOTOCMHTETUUECKMX MUIMEHTOB, a TakyKe MokKa3aAu OTCYTCTBME PasHMLbl
MeXAY rpyrnnamm B KOAMYecTBe Kayuyka. KOppeAsiMOHHbIA aHaAM3 MoKa3aA OuveHb CAabyilo CBSi3b
MEXAY KOAMYECTBOM MUIMEHTOB B AUCTbSIX M MPOLLEHTHbIM COAEP>KaHUEM Kayuyka B KOPHSIX BO BCeEX
Tpex rpynnax. Takum 06pa3om, NoKasaHo, YTO KOAMYECTBO (DOTOCUHTETUUECKUX MUTMEHTOB HE BAUSIET
Ha MPOLLeCCbl HAKOMAEHUS KayuyKa B KOPHSIX.

KaroueBble croBa: Tay-carbi3, AUCTbSl KOPEHb, MATMEHTBI, KayuyK, KOppeAsiLms
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Study of the content of chlorophyll and carotenoids in the leaves
of tau-saghyz (Scorzonera Tau-Saghyz Lipsch Et Bosse) from various ecological
and geographical habitats in the karatau mountains to determine the relationship
with the accumulation of rubber in the roots

Natural rubber is a plant-based biopolymer that is used in many industries, such as medicine, engi-
neering, etc. Tau-saghyz (Scorzonera tau-saghyz Lipsch et Bosse) is a semi-shrub growing in the territory
of Southern Kazakhstan, capable of producing and accumulating natural rubber in the roots. The eco-
nomic value of tau-saghyz is determined by the quantity and quality of the synthesized natural rubber.
Accordingly, in order to introduce tau-saghyz into the crop and create an economically viable rubber
crop, determining the factors associated with increased rubber content is of paramount importance. Ac-
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HN3ydenne copepkaHus XJIOpoQHIIIa M KapOTHHOUIOB B JIUCTBSIX Tay-carsia (Scorzonera tau-saghyz lipsch et bosse)...

cording to M.V. Kultiasov “The more developed the leaf mass, the greater the root mass must correspond
to it, i.e. leaf mass is an indirect measure of root mass yield. Hence the conclusion follows: the leaf can
serve as a criterion for assessing the accumulation of rubber in the root mass. Since the main function of
leaves is photosynthesis, in connection with this, in our experiments, the amount of photosynthetic pig-
ments in the leaves was chosen as a factor, possibly correlating, determining the level of rubber accumu-
lation in the roots. Thus, we selected 3 groups of plants from different habitats (northern slope, eastern
slope, southern slope of the Teris-akkan ridge). Photosynthetic pigments were extracted from selected
leaf samples with acetone, and rubber was extracted from the roots of the same samples using hexane.
The obtained quantification data were verified using the following statistical methods: Student’s t-test
and Pearson’s correlation coefficient. The results showed a statistically significant difference between
groups in the amount of photosynthetic pigments, and also showed no difference between groups in the
amount of rubber. Correlation analysis showed a very weak relationship between the amount of pig-
ments in the leaves and the percentage of rubber in the roots in all three groups. Thus, it was shown that
the amount of photosynthetic pigments does not affect the processes of rubber accumulation in roots.
Key words: Tau-saghyz, leaves root, pigments, rubber, correlation
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Kaparay TayAapblHAAFbl SPTYPAI 3IKOAOTUSIABIK-TEorpacpmsIAbIK
MeKeHAEeY OpbIHAAPbIHAH Tay-cafbi3 (Scorzonera Tau-Saghyz Lipsch Et Bosse)
»KanblpaFbiHbIH, KYPAMbIHAAFbl XAOPOPUAA MeH KaPOTUHOUATAPAbBIH, KYPaMblH 3epTTey,
TaMbIPAAPAA KAay4yKTbIH, )KUHAAYbIMEH OaiAAHbICbIH AHbIKTay

Taburn Kayuyk — 6CiMAIK TEKTEC BMOMOAMMEP, OA MEAMLMHAAQ, MaLLMHA XacayAa xeoHe T.6. Tay-
carbi3 (AaT. Scorzonera tau-saghyz Lipsch et Bosse) — OHTyCTik KasakcTaH aymarbiHAQ ©CETiH, TaMbIpbIHAQ
TabUFKN Kayyuyk LiblFapyFa >XaHe >XMHakTayFa KabiAeTTi xxapTbiAar O6yTa. Tay-carbi3AbIH SKOHOMMKAADIK,
KYHABIAbIFbI CUHTE3AEATEH TabuFK KaydyKTbiH CaHbl MEH CaracbiMeH aHblKTaAaAbl. TWiCiHLIE, eriHre
Tay-Carbi3Abl EHAIPY YK8HE 3KOHOMMKAABIK, TUIMAI pe3eHKe AaKbIAbIH >Kacay YLUiH pe3eHKe KYPaMbIHbIH,
>KOFapblAayblHa OaiAaHbICTbI (DAaKTOPAAPABI aHbIKTay MaHbi3Abl 60AbIN Tabbiraabl. M.B. Kyatnacos
«XKarblpak maccacbl HeFypPAbIM AamblfaH GOACA, COFYPAbIM TamMblp MaCCacCbl OFaH COMKEC KEeAyi Kepek,
SIFHW. >KarblpPaK, MaCCacCbl — TaMblP MACCACbIHbIH LLbIFbIMABIAbIFbIHbIH >KaHaMa eALLIeMi. OCblAQH MbIHaAAM
KOPbITbIHADI LLbIFAAbI: >Karblpak, TaMblp MaCCaCblHAAFbl PE3EHKEHIH >XMHAAYbIH Oarasay KpuTepuii
60Aa araAbl. JKanbipakTapAblH Herisri Kbi3MeTi (pOTOCMHTE3 GOAFAHABIKTaH, OCbiFaH OaMAaHbICTbI
6i3AiH ToaXiprbeAepiMisAe >KanbipakTapAarbl (POTOCUHTETUKAADBIK, MUIMEHTTEPAIH MOALLEP], MYMKIH
KOPPEASLMSABIK, TaMbIpAAFbl KayYyKTbIH XMHAAY AEHrelriH aHbIKTalTbiH (DakTop peTiHAE TaHAAAADI.
Ocblnaniiua, SpPTYPAI MEKEHAEY OpblHAApPbIHAH (COATYCTIK 6eTkeri, wbiFbic GeTkeii, Tepic-akkaH
>KOTaCbIHbIH OHTYCTiK 6eTkeii) eciMAIKTepAiH 3 TOObIH TaHAAAbIK. TaHAAAFaH Karblpak, YAriAepiHeH
(hOTOCUMHTETUKAABIK, MMTMEHTTEP aLETOHMEH, aA FeKCaH KOMEriMEH COA YATIAEPAiH TaMblpbIHAH KayuyK
AAbIHABI. AAbIHFaH CAaHABIK, AEPEKTEP KEAECi CTAaTUCTUKAABIK, BAICTEP apKblAbl Tekcepirai: CTbIOAEHTTIH,
t-TecTi »aHe lNupcoH koppeaaums koaddurumeHTi. HaTuxeaep poTOCMHTETUKAABIK, NMUIMEHTTEPAIH,
MeALLepi GoMbIHLLA TOMNTap apacbiHAA CTAaTUCTUKAABIK, MAHbI3AbI alblPMALLbIAbIKTbI KOPCETTi, COHbIMEH
KaTap peseHke mMeALlepi 60MbIHLIA TONTap apacbiHAQA ELUKAHAAM albiPMaLLbIAbIK, XKOK,. KOppeAsiumsAbIK,
Taraay 6apAbIK, YL TOMTaFbl >KarblpakTapAaFbl MMIMEHTTEPAIH MOALLEPI MEH TamMbIPAAPAAFbl KayUyKTbIH
Marbi3bl apacbiHAAFbl ©TE ACI3 6aAaHbICTbl kepceTTi. OcblAaiiLa, POTOCMHTETMKAABIK, NIMIMEHTTEPAIH,
MeALLepi TaMbIpAapAa KayuyKTblH >KMHAAY NpOLIeCTepiHe acep eTnenTiHi KOPCETIAAI.

Ty#iH ce3aep: Tay-caFbi3, >Kanblpak, Tamblpbl, MMIMEHTTEP, Kay4yK, KOPPEASLMS

CokpameHusi 1 0003HAYEHUST
HK-HatypanbeHslii kaydyk.

BBenenue

Harypanpasiii kayuyk (HK) — 3T0 pacTuTenbHbII

ouononumep, 00NAIAIONINI CBOHCTBAMH, KOTOPBIC
Ha JAHHBIA MOMEHT HEBO3MOXKHO 3aMEHHUTL CHHTE-
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TraeckuM kayayko [ 1]. HK ucnons3yercs mpu mpo-
n3Boactee Oonee yem 40 000 mpomyKTOB BKITIOUAs
MEIUIMHCKAE TIePYaTKH, aBTOMOOWIIBHBIEC IUHBI H
1.4. [2]. [locTosiHHO pacTylliee MUPOBOE MOTpedIIe-
Hue HK Bezer k moBbImeHu o 1ieHb! Ha Hero [3]. Cre-
JIyET OTMETUTD, 4TO U3 Toutr 2500 BUIOB pacTeHUN
cnoco6HbIX K cunTe3y HK, nuimp Heckonbko BUIOB
CIOCOOHBI MTPOU3BOJUTH 3HAYUTEIBHYIO MAacCy BbI-
COKOMOJIEKYJIIPHOTO Kayayka [4].
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Ha nanHBIi MOMEHT OCHOBHBIM HCTOYHHUKOM
HK sBnsercs reses, (Hevea brasiliensis), npesec-
Has KyJIbTypa, pOJUHON KOTOPOTO SIBISIETCS TPOIH-
yeckuih peruoH IOxHoit Amepuku. B nHacrosmee
BpEMsl OCHOBHBIC IUIAHTAI[MHM T€BEH PACIIOJIOKEHBI
B lOro-Bocrounoit Aznu. OgHaKo NOCKONBKY reBes
ABJISIETCS. OCHOBHBIM W NPAKTHYECKH €IUHCTBEH-
HBIM IPOM3BOAMTENIEM KaydyKa, €€ IUIaHTaluu
OUYCHB IIEHHBI U B TO K€ BpeMsI OYCHb YSI3BUMBI K T1a-
toreHaMm [5,6]. Takke kIuMaTHIeCKue TpeOOBaHHUS
reBeU CHWJIBHO OTPAHUYMBAIOT BO3MOXKHOCTH €€ BbI-
paliyBaHus 3a NpeaesaMu TPOIUYECKUX PEerMOHOB
[7]. Hpyro#i mpoOieMoii SBISIOTCS OENKU ajuiepre-
HBI, COZIeprKalfecs B JIATEKCe T€BEH M BBI3BIBAIO-
mue IgE-onocpenoBannyto amnepruto [8]. Uwmcio
AIJIEPTUYECKUX PEaKIMi yBETUYWIOCH B IIOCIHEA-
HUE TOJBl B cpeqHeM 10 1-6% cpenn HaceneHUs U
1o 21.8% cpenu memuiuHCKUX paboTHHKOB [9-11].
ITo 3TuM npuunHaM Bce OOJIbIIE UCCIEI0BaHUH MO-
CBAIIAETCA TIOMCKY aJbTEPHATHBHBIX HCTOYHHKOB
HK. B HacTodmiee BpeMsi AOCTYITHO JHILIb HECKOJIb-
Ko amprepHaTuBHBIX HcTouHnkoB HK. Hambomee
B2XHBIMUA M TIEPCIICKTUBHBIMH SIBJISIFOTCSl TBAIOJIa
(Parthenium argentatum), PYCCKMH OZyBaHUUK
(Taraxacum kok-saghyz) u Scorzonera tau-saghyz
(Lipsch. et Bosse) [12].

Scorzonera tau-saghyz (Lipsch. et Bosse) aro
SHAEMUK, BKIOYeHHbIH B KpacHyto kHury Pecmy-
6nmkn KazaxcraH, Kak pacTeHHE C COKpAaIlaiOIIH-
Mucs 3anacamu [13]. Tay-carel3 npeacrasiser co-
00if MHOTOJICTHHI TOJIYKYCTapHHUK, Pa3MHOXKaI0-
muiics B ropax Kaparay B 0CHOBHOM BereTaTUBHBIM
CHoco0OM U B HE3HAYMTENIBHBIX MaclTadax — ce-
MEHAaMH, MPEACTABUTENIb CEMEWCTBA CIIOXKHOILBET-
HbIX [14]. Tay-carsi3 oOUTaeT Ha KAMEHUCTO-IIE0e-
HOYHBIX CKJIOHaX W FOPHBIX IIaTo Ha BbicoTe 500-
2000 m mHanm ypoBHeM Mops [15]. Apean oOuTaHMsA
BKIItouaeT ropel Kaparay, Mamat u Jlay6ata [16].
S. tau-saghyz mokasan cebs Kak IMEpCHEKTHBHBIN
ucrounuk HK, xpaHst ero B OCHOBHOM BHYTpH MO/~
3eMHOrO cTedist u kopHs. Conepxkanne HK moxer
nocturatb 40% ot cyxoil Maccel kopHs [16]. HK
MOJKHO HaOJIOAATh B U3JI0ME KOPHS MM KayZeKca.
Kayuyk mosiBisieTcs Ha IOBEPXHOCTH JIPEBECHHBI B
BUJI€ TOHKHUX, 3JIaCTUYHBIX BOJIOKOH (PucyHoxk 1).

HK 5310 1uc-1,4-n0auu30MIpeHOBRIN TOIHMED,
COCTOSIIIMH M3 M3OMEHTEHWIBHBIX MOHOMEpPOB,
MONTyYeHHBIX W3 W3omeHTeHmmmupodocdara [17].
CymiecTByeT 1Ba OCHOBHEIX Iyt OmocuaTe3a HK:
MeBanoHaTHbIN (MVA) 1 MmeTrwimspurputoiadocdar-
ueiii (MEP). ITo MV A myT nzonesreHummpodoc-
¢at obpasyercst u3 anetmin-KoA 3a cuer akTUBHO-
CTH THIPOKCHI-METHWI-TIyTapui-KoA-penykTassl
[18]. B mytu meTrmputpurondocdara (MEP) uzo-

neHTeHwInupodochar obpasyercss B pe3yibTare
peaKLK MEXy MUPYBaTOM U D-riunepanbaerui-
3-pocaroM, dYTO TPHBOTUT K OOpPa30OBAHHIO
1-ne3okcu-D-kenmynozo-5-docdara, koTophlii 3a-
TEM KOHBEPTUpPYETCA B H30NeHTeHmInupodocdar
moa nehcTBHEM 4-THAPOKCH-3-MeTHIOYT-2-eH-1-
winudocdarpenykraser [19]. M3BectHO, YTO M30-
neHTeHuInpodocdar ucrnoabp3yeMblii B OMOCHHTE-
3¢ Kayuyka npuxoauT u3 MVA [20]. OxHako HO-
BBIC JAHHBIE [TOKAa3bIBAOT, 4yTO0 MEP Takxke Moryr
y4acTBOBAaTh B OMOCHHTE3E HATYPAIBHOTO Kay4yyKa.
[peniecTBEHHUKH N30TPEHOMIOB, IPOUCXO/ISTIIHE
u3 MEP, MoryT OBITh S5KCIIOPTUPOBAHBI B IUTO30JIb
C TIOMOII[BIO CHCTEMBI UMIIOPTA TUTACTH/HBIX MIPOTO-
HOB M Y4acCTBOBaTh B OWOCHHTE3€ Kayuyka [19-22].
DTOT BOIPOC OBLT MCCICIOBAH B OIMBITaX C UCIOJb-
30BaHHMEM YTJIEKUCIIOTO ra3a, MEUEHHOTO H30TOMOM
yriepoaa *C. B pesynsTare paboThl OBLT CueidaH
BBIBOJ, YTO JIATEKCHBIH yTIIEPOA, KOTOPHIA BOBIIE-
YeH B OMOCHHTE3 KaydyKa, HE SIBISICTCS [TPOU3BO-
JIHBIM HETMOCPEICTBEHHO (DOTOCHHTE3a, a IPOHC-
XOAMT U3 CMEIIAHHOTO ITyJia YTIEBOAOB B PACTCHUN
[23].

Pucynok 1 — BojokHa HaTypaibHOTO KaydyKa
Ha U31I0Me KOpHe# Scorzonera tau-saghyz

[Tepen Hamu ObUIa TOCTaBIICHA 33/a4a HAWUTH
MPOCTOH M JTOCTOBEPHEIN cIIOc00 0TOOpa B MPUPO-
Jie TPOAYKTHUBHBIX JIMHUM Tay-carbl3a ¢ BBICOKHM
COZIep)KaHUEeM Kaydyka B KOpHSX. 32 OCHOBY OBLI
B3SIT DKOJIOrO-reorpaduueckuii MeTos muddepen-
LUAlM{ UCXOAHOTO MaTrepuana JUKUX (GopM mpu-
poxnsl. [lo BHemHemy Buay (habitus) 3apocnu Tay-
carbi3a BBIICNAIOTCS TPeoONialaHueM Pa3InIHbIX
[0 CBOEMY BHEIIHEMY BHAY pacteHuil. llpuzemu-
CTBbIe, HeOOJIBIINE MOAYIIKH Tay-carbi3a ¢ Y3KHMH
JMCTBSIMA  XapaKTEPHBI IS BOCTOYHBIX CKJIOHOB
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(mockoropwuii). Ilogymiky, BO3BBIMIAIOIIMECS Hal
3eMJIed, XapaKTepHbl IS IOKHBIX CKIOHOB. [l
CEBEPHBIX — XapaKTEPHBI PACKUIUCTHIC IMOIYIIKH,
peIXJBIe, KpynHbIE. Takum 00pa3oM, 1o BHEITHEMY
Buny (habitus) paznmmuarorcst GpopMel: 1) IpSIMOCTO-
suue, 2) packuaucTeie, 3) mpuxkartele. Jlanee mpu
HCCIIEIOBaHUY apeatia Scorzonera tau-saghyz obuia
ycTaHoBJIeHa AuddepeHIanis GopM JIHUCTHEB 10
peo0JIaZlaHnI0 UX Ha CKIIOHAX Pa3IMYyHON DKCIIO-
s3unud. Ha 1oHBIX ckiloHax xpeOTa mpeoOmamaeT
JINCT IIMPOKOJAHLICHTHBIA U JIAHLICHTHBIM, Ha ce-
BEPHBIX CKJIOHAaX — JIMHEHHBIN JIUCT, @ HA BOCTOY-
HBIX CKJIOHaX (TUIOCKOTOPBS) Y3KO-IITMIIOBHUIHBIH
unu y3konuHedHbid. [lo npenmonoxenuto M.B.
KynbTracoBa, oT KOJHUYECTBA U POPMBI JTUCTHEB Ha-
MPSIMYIO0 3aBHCUT HAaKOIUIEHHWE KaydyKa B KOPHSX.
Ota runore3a OblIa IPOBEpeHa U YCTaHOBJICHO, UTO
4yeM OOJIBIIE JINCTOBBIX CIIEAOB, TEM OOJIBIIE MIICU-
HUKOB, TeM OOJIbIlIe KaydyKa B KOPHAX. JTa THIIO-
Te3a JI0JDKHA ObLiIa OBITh IPOBEPEHA B KYJbTYPE Ha
IUIAHTAIUSAX Tay-Carbi3a, OJIHAKO TAKUX JAHHBIX MBI
He Hanuti. Bo3MOXHO, WX TpocTo HET. B cBs3m ¢
STUM B HAIINX JKCIEPUMEHTaX OblIa MpOBEepeHa
HaIlla TUIOTe3a O KOPPEIALUU MEXKIY HAKOTUICHH-
€M KaydyKa B KOPHSIX K MHTEHCUBHOCTHIO (DOTOCHH-
te3a. [IpupogHbie 3apociu Tay-carbi3a SIBIISIFOTCS
reHO()OHIOM MHPOBOTO YPOBHS M IPEICTABIISIFOT
co00H OCCIeHHBIM WCXOMHBIA MaTephai Ijisl ce-
JISKIIMOHHBIX pa0oT Onaromapss MHOr00Opa3uio ero
(dhopmM. B cirygae orGopa popm TOIBKO 1O coaepxa-
HUIO KaydyKa B KOPHSAX HE JAOT JOCTOBEPHBIX pe-
3yJITAaTOB, MOCKOJbKY HEOOXOIMMO OOHpaTh pac-
TEHUS TPUMEPHO OJHOTO BO3PACTa, C YBEIHYCHHEM
pa3Mepa KOpHS YBEIWYEHHE COAEPIKaHMS KaydyKa
HE SBJISICTCS 00513aTEIbHBIM.

B cBsi3U ¢ BBHIIIEU3IOKEHHBIM B HAITUX JKCIIE-
puUMeHTax OBIJIO BBIJEIEHO TPU OCHOBHBIX apeaia
MpOU3PACTaHUs Tay-carbi3a (CEBEPHBIC CKIIOHBI,
FO’KHBIC, BOCTOYHBIE), OBLT YCTAHOBJICH ONpeeIicH-
HBIH TIEPHUOJ Pa3BUTHS pacTeHUi (I[BETEHHE, KO-
Hel, Mast), KOJIM4eCTBO 00pa3IoB B KaXKIIOM OIIBITE
(100). Onpenenena cTanmapTHAS METOIUKA OIIpeIe-
JICHUS TATMEHTOB M DKCTPAKIIHS KaydyKa.

MartepuaJibl U METOABI

Pacmumenvnvii mamepuan

OO6pa3upl JTUCTBEEB W KOPHEH IMKOPACTYIIUX
dbopm Tay-careza (Scorzonera tau-saghyz) OBLIH
coOpansl B ropax Kaparay Ha Teppuropun Kapa-
tayckoro l'ocymapcrsenHoro Ilpupoanoro 3amo-
Beguuka (I'TI13), Typkecranckuii pailoH B mepHOA
LIBETEHUS U TJIOJOHOIIECHUS PAacTeHUH (KOHeIl Mas
— nIoHb), Xxpedet Kypmanrac, ymense Tepuc-akkaH.
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PacturensHble 00pa3ibl OTOMPANHN IO SKOJIOT0-TE0-
rpaguecKoMy TPHHLUITY: PAcTeHUs] Ipouspac-
TaroIIMe F0YKHOM, CEBEPHOM M BOCTOYHOM CKIIOHE
xpebta. CoOpaHHble 00pasiibl ObUIH 3aUKCHPO-
BaHBl B JKMAKOM a30Te€ U JOCTaBJIEHHI B J1aboparo-
puto KasHY um. anp-®apabu (r. Anmarsrn). [locne
JIOCTaBKH OOpa3Ilbl XpaHWIN B KEJIbBUHATOPE IPH
temmeparype -70 °C.

Memoo sxcmpakyuu nuemeHmos

Copep:kaHre MHTMEHTOB HCCIEIOBAA C HC-
MOJIb30BAaHUEM OMYyOIMKOBAaHHOTO MeToma [24].
OnuH rpaMM JIMCTHEB PACTUPATH C AO0ABICHUEM 5
M1 90% anerona. [lomydeHHBINH 3KCTPaKT MUTMEH-
ToB HeHTpudyruposanu npu 5000 o6/MuH B Teue-
Hue 5 MuHyT. ONTHYECKYIO TUIOTHOCThH CyTepHa-
TaHTa 3aMepsUTH TIPH JUTHHE BOJHEBI 644, 662 u 441
HM. J[aHHBIE TIO CBETOMOTIIOMIEHHIO 00pa3ioB OBLIH
WCIIONB30BaHbl I JalbHEHINEro pacdyera couep-
*KaHusg MUTrMeHToB. CojepKaHne MUTMEHTOB OBIJIO
paccyrTaHo ¢ moMoIIbo GpopMyisl poH Berriireii-
Ha-XosbMma (1957) [25].

(trfn) = 9.784(4_ ) — 0.990(4,.,)

Mg L

&
Cyp (Mrfa) = 21426(A,,.) — 4650(A,,)
C

£

rr G LMT/D) = 5134(A,., ) — 20.436(A,,,)
Corapos (MT/7) = 4,695(A,,,) — D,268(Cy, )

e A, — IOTJIONIEHHE CBETA Ha JUIMHE BOJIHBI 662 HM
A, — TIOTJIOIIIEHHE CBETA HA JUTHHE BOJIHBI 644 HM
A 44y — TIOTJIOIIEHHE CBETA HA JUTUHE BOJIHBI 441 am
[Tepepacuér comepxaHusi MUTMEHTOB HA FPAMM

JucTa OBLT BRIIOJHEH 10 (popmye [25]:

o= ﬂ
Im
TJie C — COJepKaHNe MUTMEHTOBB JUCTHAX (MI/T)
C, — KOHIEHTpAlHWs IMHUIMEHTOB B aJIHUKBOTE
(mr/m)
V — 00beM 3KCcTpakTa (M)

m — Macca 00pasIoB JUCTHEB (MI)

Dxempaxyus kayuyka 2excamom

4 T. TpeABapUTENbHO W3MENLYCHHBIX KOpHEH
MOMECTHJIH B K0JI0y ¢ 50 MII. TekcaHa. DKCTpaKIus
[POBOJMJIACH B TEUCHHE 2 AHEH NpPU MOCTOSHHOM
nepememBanuy (40 06/MUH.) TP KOMHATHON TeM-
nepatype. M3numku rekcana yaaisiii ¢ HCIOJIb30-
BaHHEM POTOPHOTO HCHAPHUTENSI C BOASHOW OaHel
npu 30°C B Teuennu 20-30 muH. [Tocne 3Toro 06-
paslpl CYIIMIN B BaKyyMHOH cymmike npu 24°C B
TedeHue 2224 u.
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Cmamucmuueckuil anaius

PasHuny B comepaHnu MUTMEHTOB M KaydyKa
MEXJy TPYIIIaMU HCCIIEAOBAIN C TOMOIIBIO JIBY-
CTOpOHHero T-Tecta. KoppensuuoHHBIH aHamu3
MEXIY COIEpPKAHUEM IHMIMEHTOB M COAEP’KaHUEM
KaydyKa BBITIOJIHEH C UCIIOIB30BaHUEM KOA(DPUIIH-
edrta koppensuuu [Tupcona. Pacuetsr mpoBoamm ¢
WCITOJIb30BaHUEM HaICTPOUKH 11 Microsoft Excel:
XLStat (Addinsoft).

Pe3yabtatbl 1 O0cyxaeHue

Paznuuua mesncdy epynnamu 6 coodepoicanuu
NUSMEHMO8 U KAYUYKa

B o0pasuax ¢ BOCTOYHOTO CKIIOHA OBLIO 3a(HK-
CHUPOBaHbl HaWBBICIIEEC 3HAYCHHE MEIMAHHOTO CO-
nepkaHus XJropoduiuia, a, 06, a+6 1 KapOTHHOHUIOB,
pasusie 0,064, 0,034, 0,098 u 0,026 Mr/r. COOTBET-
CcTBeHHO. B 00pasiax ¢ 10’KHOT0 CKIIOHa MEIUaHHOE
cojaepxanue murMeHToB Oplia paBHa 0,059, 0,030,
0,090 u 0,024 mr/r. coorBeTcTBeHHO. B 00pa3iax
C CEBEPHOTO CKIIOHA OBLIO 3aUKCHPOBAHO camoe
HU3KOE MEIMAaHHOE COICPXKAHHE IUTMEHTOB, PaB-

COAEPHAHWE NMIMEHTOR (MT/T)

1 el |
- I I . -
e

¥ Bacrok Cesep M BT 3

i B | L) M, L =[

Has 0,051, 0,027, 0,078, 0,021 mMr/r. COOTBETCTBEH-
HO (PucyHnoxk 2).

CraTUCTHYECKUIl aHaNU3 C WCIOJIb30BAHH-
€M T-TecTa IOKa3all CTATUCTUYECKH 3HAYUMYIO
(P <0,05) pa3uuiy B cojepxaHuu xjopoduiiia-a
mexay ckiaoHamu Boctok-Cesep u IOr-Cesep.
Conepxanue xjiopoduiia-o6 3HAYATEITFHO Pa3iu-
yaioTcs Mexay rpynmnoit Boctok u Cesep. OGiee
coJiepkaHue XxJopoduiia pasindanoch MEXAY
ckiionamu BocTtok-Cesep u IOr-Cesep. Conepixa-
HUE KapOTHHOWJIOB Pa3iMyalioch MEXIY CKIIOHA-
mu Bocrok-Cesep u HOr-Cesep. BepositHolt mpu-
YUHOW PaszNIU4uil MEXIy TPYIIaMd MOXXET OBITH
pa3HUIAa B CYTOYHOH CBETOBOW JKCIIO3UIIUU pac-
TEHU, MOSBUBILASCS B pe3yJIbTaTe 0COOCHHOCTEN
nmaanmadra. ['pymma CeBep mokasaBiias HAMMCHb-
iee cpegHee coepiKaHue MUTMEHTOB HaX0IUIach
B JIOJIMHE, OKPYXEHHAs TOPaMH, B Pe3yJIbTaTe 4ero
CyTOYHAas CBETOBAs HKCIIO3HUIHS ObLIa CYyIIeCTBEH-
HO CHHMJKEHA, 110 CPABHEHUIO C APYTUMH IPYTIIaAMHU.
C npyroii ctoponsl, rpynna FOr nokasasiuas Hau-
BBICIIIEE CpeTHEE COJIep)KaHNe TUTMEHTOB HaXOH-
J1aCh Ha OTKPBITOM CKJIOHE.

W% Bocto & Wir BT Caag

i A el I e T H e e

Pucynok 2 — Menuanuoe cozep>kaHrie MUTMEHTOB B JIUCTBSIX S. tau-saghyz

MenuaHHbIe 3HAYCHUS TIPOLICHTHOW JIONH Kay-
YyyKa OT CYyXOH MacChl KOPHS Pa3iMyalioch Cado u
coctaBisiio 22.625 ans Bocroka, 21.96 nns Cesepa
n 22.60 msa HOra (Pucynok 3).

CratucTHYeCKHH aHalIu3 C HCIOJIb30BAaHHEM
T-T€CTa HE TOKa3aJl CTATUCTHYECKH 3HAYNMOU pa3-
nunpl (P <0,05) B comepkaHMM KaydyyKa MEXKAY
rpynnamu. B otnndme oT comepikaHusl IMTMEHTOB,

107



W3zydenne conepxanus XIopohuiuia ¥ KApOTHHOUIOB B JIUCTHSIX Tay-carbiza (Scorzonera tau-saghyz lipsch et bosse)...

KOTOpBIC 3HAYHMTEIBHO Pa3HWINCH CPEIu TPYIIIL.
OCHOBHBIMH  (paKTOpaMH, BO3JEHCTBYIONINMH Ha
KOJINYECTBO Kay4yKa, SIBISIFOTCS KOJHYECTBO OCA-
KOB, COJHEYHBIA CBET, OTHOCUTEIbHAs BIAYKHOCTD,
TeMITepaTypa, COCTaB MmouB [25].

Koppenayuounuiii ananus npoyenmuoeo cooep-
HCAHUS KAYUYKA U COOEPIHCAHUSL NUSMEHINOG.

JlaHHbIE KOPPESIMOHHOIO aHallu3a MEXIy
coJiep’KaHMEM KaydyKa B KOPHAX U COAEpKaHHEM
[IUTMEHTOB B JIUCTHSX S. tau-saghyz NpeacTaBiIeHbl
B TaOmure 1.

BeposiTHOM npUYMHON OTCYTCTBUSL Pa3HULIBI
MEXIy IpyIIaMH MOXET ObITb CXOJICTBO B 3K30-
TCHHBIX a0MOTHYECKUX (aKTOpax, 3a MCKIFOUEHH-
€M KOJIMYECTBA IMOCTYIAIOIIEr0 COJIHEYHOTO CBETa
OCTaJTbHBIE (PaKTOPHI CPEIbl OBLTH OMHAKOBBI.

COnemsaHde ayayea | )

Pucynox 3 — MenuaHHbIi MPOIEHT JOIH KaydyKa
OT CyXOH Macchl KOpHs B S. tau-saghyz

Tabauna 1 — Pe3yasTaTsl KOPPETALHOHHOTO aHATN3a MEXITY COAEPKAaHUEM MUTMEHTOB B JIUCTBAX U COAEPKAHMEM KaydykKa B KOp-

HAX B 00pa3max ¢ pa3IM4YHbIX CKJIOHOB XpeOTa Kaparay

[lepemennsie Kayayx
CKJI0HBI Cesep Bocrok IOr
Xnopobumt a 0.169 -0.090 -0.263
Xnopodwut b 0.094 -0.088 -0.286
Xnopodwuin a+b 0.150 -0.088 -0.293
Kaporunonsst 0.225 -0.098 -0.099

Hannsie Tabnuiel 1 nokaseiBarot, 4to (GoTo-
CUHTETHUYECKUE MUTMEHTHl UMEIOT OYEHb CI1adyIo
CBA3b C HAKOIUICHHWE Kaydyka B KopHAxX. HTepec-
HO, 4YTO B IrpyImmnax ¢ BOCTOKa M rOora MMCHOIIUMHA
HaWBBICIIEE MEJIUAHHOE COJEPKAHHE MUTMEHTOB
ObuTa OOHApY’)KeHAa HETaTHBHAS KOPPEISANHs, HO B
IpyIIe ¢ CeBepa ¢ HAUMEHBIIUM MEIUaHHBIM CO-
Jep’)KaHWeM MUTMEHTOB ObLTa OOHapy’KeHa TO03H-
TUBHAs Koppensiius. OJHaKO TOCKOIBKY KOPpEIs-
oA ABJIACTCA OUCHDb cna601‘/'1 MBI IIpeAnojaracMm OtT-
CYTCTBHE CBSI3U MEXIY KOJIMYECTBOM IHTMEHTOB
B JIUCTHSIX W HAKOIUICHWEM KaydyKa B KOpHSX S.
tau-saghyz.

OpHOll W3 TPUYHMH OTCYTCTBHUS KOPPENSIHAN
MOXET GI)ITB KOHKYPCHIMA 3a HU3O0NCHTCHUIIINPO-
dbocdar Mexay IHC-OJUU3ONPEHOBON BETBBIO
U JpYrUMH BETBSMU CHUHTE3a TepHeHounoB [21].
[MpuHumas BO BHUMaHUE TOT aKT, YTO Kay4dyK sB-
JIIETCS BTOPUYHBIM METaOOJIMTOM, IPEaIoiaraet-
Csl, UTO TIEPBOCTETNICHHOE 3HAUEHHWE ISl pacTeHUU
OyJeT uMeTh CUHTE3 Apyrux BemiecTB [26]. bonee
TOTO, IOCKOJILKY 00pas3Iibl JINCTHEB ¥ KOPHEH 0TOU-
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panu B (aze UBETEHUS Tay-carbi3a, 3aTPaTHBIN MPo-
mecc OWocwHTe3a Kaydyka mogasisuics. OmHako,
H.B.KynbTnacoB yka3piBaeT HECKOIBKO (a3 pa3BH-
THUS Tay-carbi3a, OHA U3 KOTOPBIX — (pasza mokosi, BO
BpeMs KOTOPOI HakoIUIEHHEe OMOMAacChl B pacTEHH-
sIx pesko cHmkaercs [27]. [Ipeamnonaraercs, 4To Ha
3TOM 3Talle HAaKOIUICHHE KaydykKa OyIeT yBelnudu-
BaThCS U3-3a OTCYTCTBUS KOHKYPEHIIMHU 332 OpraHu-
YeCKHEe COeTMHCHUSI.

3akiaouenne

HatypanbHblil Kaydyk- 3TO OpraHMYECKH IO-
JMMeEp, KOTOPBIN IIMPOKO HUCIONb3YETCA B PE3HHO-
BOW TPOMBINUIEHHOCTH. S. fau-saghyz — TONyKy-
CTapHHK- PACTEHUE KOTOPOE MOKHO HCIIOJIB30BATh
IIUISL TIOCEBa B IMTPOMBITIUICHHBIX MaciiTadax u coopa
HaTypaJbHOTO Kay4yyKa 4TO B IIEPCIIEKTUBE oOecte-
YUT TOCTOSIHHBIE TOCTaBKH CTPATErHYECKOTO IMO-
JUMepa, 9TO OJIarOTBOPHO MOBIIHSAET HA YKOHOMHUKY
Kazaxcrana. B Hammx uccnenoBanusix s otoopa
NEPCHEKTUBHBIX JMHUN Kay4dyKOHOCA, MCCIIEeN0Ba-
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HBI MTPOLIECCH] HAKOIIJIEHUS MUTMEHTOB U UX CBA3b C
OMOCHHTE30M KaydyKa.

Pe3ynbpTaThl CTaTHCTHUYECKOIO aHANIM3a IOKa-
3aJIM 3HAYMMYIO Pa3HUILY B KOJUYECTBE MUTMEHTOB
MEXAy TPyNIIaMy, TPOU3PACTAOIUMHU Ha Pa3HBIX
ckioHax xpebTa Kapatay, B TO jxe BpeMs pa3HHUIIbI
MEXy IpyNIIaMH B HAKOIIJICHUH Kay4dyKa He ObLIO
oOHapyxeHo. [lepBoHadanpHO MpPEANOIATaIoCh,
YTO 3a CYET BO3MOXKHOCTH IIE€PEX0A, U30IPEHOHU-
JIOB TIPEKYPCOPOB U3 METUI3pUTpuTOidochaTHo-
ro myTu OMOCHHTE3a, IPOXOASIIEr0 B IIACTHIAX,
B MEBAJIOHATHBIN MyTh OMOCHHTE3A, MIPOXOAAIIETO
B IIUTO30JI€, a TAK)KE€ yBEIMUYEHUS KOIMYECTBA 3a-
MacaeMbIX yTIIEBOAOB, KOJIUYECTBO (POTOCHHTETH-
YECKUX IMUIMCEHTOB MOXKET UMCTh IMOJIOKUTCIBHOC
BIIMSIHUE Ha HaKOIUIEHHE Kaydyyka. OgHaKko u3yda-
€MBbIC q)OTOCI/IHTeTI/I‘IeCKI/Ie IDUTMCHTHBI ITOKa3aJlnu
OueHb CJIa0dyIo CBA3b C HAKOIUICHWEM HaTypajbHO-
ro kaydyka. IlosydeHHblE NaHHBIE MTOKa3bIBAIOT,

YTO KOJIMYECTBO MUTMEHTOB B JIMCTHIX HE MOXET
HCTIONB30BaH KakK CIoco0 oTOOpa JTWHUMA C BBICO-
KUM COJIEp)KaHWEeM Kaydyka B KopHsX. s cos-
JIAaHWsI KOMMEPYECKH JKU3HECTOCOOHOM KyIbTYpHI
Kay4dyKOHOCa, TPeOYIOTCS HCCIEIOBaHUS JPYTHX
(akTopoB.

KoHdumKT HHTEpECcoB

Bce aBTOpBI MPOYHUTAIN U O3HAKOMUIIHCH C CO-
ACPKAaHUEM CTaTbu U HE UMCIOT KOH(i)J'II/IKTa HUHTC-
pecos.

HMcToyHNK (pMHAHCHMPOBAHUSA

Pabora BhIMOJHEHAa nHpu (PUHAHCOBOM MOA-
JepkKke MHHHCTEpCTBA BBICIIETO0 OOpa30BaHUS H
Hayku PecnyOonuku Kazaxcran B pamkax rpanrta Ne
AP08053131.
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