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INDUCED MUTATIONS IN WHEAT IMPROVEMENTS ON
NUTRITIONAL QUALITY OF THE GRAIN

Genetic diversity is one of the most key factors for any crops improvement. Modern breeding process
has dramatically narrowed the variation of important traits in many food crops, especially among common
wheat cultivars which are widely used in breeding programs. Being essential bulk of nutrients in the human
diet, there is need genetic enhancement of wheat with more of important nutrients which is one of the most
cost-effective and powerful approach of diminishing global micronutrient malnutrition problem. Bioforti-
fication through plant breeding has multiplicative advantages. Over the years, intensive wheat breeding
programmes of common varieties which main focus was in replacement of traditional cultivars by modern
high yielding varieties, leaded to reduction of genetic diversity of breeding lines and varieties of common
mainly by end-use quality characteristics and nutrition quality. Mutagenesis is a powerful tool for crops
improvement and is free of the regulatory restrictions, licensing costs, and societal opposition imposed on
genetically modified organisms. The aim of mutation induction is to increase mutation rate in traits or genes
in a short duration that then can be readily exploited by plant breeders for developing new plant varieties
without any limitations. The article reviews the application of different kinds of mutagens such as chemical
alkylating agents, radiation and transposons which are used to introduce mutagenized populations and the
advantages of physical mutagens such as ionizing radiation as compared to chemical. Mutation induction
with radiation is the most frequently applied treatment to develop direct mutant varieties, accounting for
about 90% of obtained varieties (64% with gamma-rays, 22% with X-rays). In article the results obtained by
authors to use gamma irradiation doses for expanding the genetic diversity of spring wheat and searching
new mutation resource with improved biofortified capacity and for correlations between yield, grain size,
and quality parameters. For this purpose, the seeds of variety Almaken grown in Kazakhstan were irradiated
with 100 Gy and 200 Gy doses from a °°Co source at the Kazakh Nuclear Centre. Our investigation showed
considerable genetic variability in micronutrients such as Fe and Zn concentrations, and protein contents.
Some mutant lines, mostly from the higher dosed germplasm had 2 to 4 times higher grain Fe and Zn con-
centrations, and protein contents increased by 7-11 % relative to the parent. The article discusses the use
of lonizing radiation for wheat improvements on nutritional quality of the grain The data show wheat grain
properties can be improved without negatively impacting on crop productivity.

Key words: radiation, wheat biofortification, mutant lines of spring wheat, grain irdairon, zinc and
protein concentrations.
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buaai ASHiHIH HOPAIK canacblH reHeTUKAADIK, XKaKCapTyFa apHaAFaH
MHAYLMPAEHI€H MyTareHes

[eHEeTMKAABIK, aAYaHTYPAIAIK ABHAI AaKbIAAAPAbI XKakKCapTyAa €H MaHbI3Abl (DakTopAapAbIH, Oipi

GOAbIN CaHaAaAbl. 3amaHayu CEeAeKLMS KOMTereH AakblAAAPAQ, BCipece ceaekLms baraapAamManapbiHA
KEHiHeH KOAAQHbIAATbIH OMAAMABIH  KaparnambiM COPTTapbl apacblHAQ MaHbI3Abl  GEATiAepAiH
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reHeTUKaAbIK, BaprabeAbAIAITIH eAYip TOMEHAETTI. AAaM paLMOHbIHAQ HOPAIK 3aTTapAbl KOAAAHYAbIH
Herisi GOAbIM, MaHbI3Abl HOPAIK 3aTTapAblH Kern MeALLepi 60AaTbiH OMAANAbI TEHETUKAABIK, XKaKCcapTy
KAXKeT, OA 83 Ke3eriHA€ MUKPOHYTPMEHTTEPMEH KaTbIHACbIHAA aCKa >KapbiMay XKahaHAbIK MpobAemachIH
TOMEHAETYAIH 3KOHOMMKAABIK, TUIMAI >K8HE bIKMaAAbl XKOAAAPAbIH 6ipi GOAbIN caHaraabl. bruaanab
OCIMAIKTEPAIH KemerimeH OuodopTMdMKaLMIAaY KernTereH apTbiKWbIAbIKTapFa ue. Makaraaa
61Aat ABHIHIH HOPAIK CamnacbiH FeHETMKAABIK, XKaKCcapTyFa BarbITTaAFaH MHAYLMPAEHIEH MyTareHesAi
KOAAQHY TypaAbl MOAIMETTEP TaAkblAaHaAbl. Kenrteren >xbiapap 6o0Mbl 6MAQN  CeAEKUMSACBIHbIH
KapKbIHAbI GarAaapAamManapbiHAQ HETI3ri Ha3ap ASCTYPAI COPTTapAbl 3aMaHaym >Kofapbl 6HIMAIAepMEH
aAMacTbipyFa OOAIHAI, HOTMXKECIHAE ABHHIH CamaAblK, CMMaTTamacbiHAQ OAAPAbIH TFEHETMKAAbIK,
AAYaHTYPAIAITT TOMeHAeAl. MyTareHes AakbIAAAPAbI >KaKCapTaTbiH KyaTTbl KypaA GOAbIM CaHaAaAbl
JKOHE TeHEeTUKAAbIK, MOAVMUUMPAEHIEH OpraHU3MAEpre >KYKTEAETIH AMLEH3USIAQY MeH SAeYMEeTTIK
OMNMo3nuUMsIFa PErYASITOPABIK, LUEKTEYAEP, WbIFbIHAAPAbBI KaXKeT eTrneinai. MIHAYLMPAEHTeH MyTareHe3A H,
MakcaTbl KIATTIK GeArianepai 6aKkbIAAATbIH FTEHAEPAETT MyTaLms XKMIAITH XKOFapblAaTaAbl, aA apTbiHLLA
KbICKA YaKbIT apaAbIFbIHAQ OCIMAIKTEPAIH >KaHA COPTTAPbIH LbIFAPYAQ OHbl CEAEKLIMOHEPAEP KOAAAHA
anaabl. Makanapa XMMMSABIK AAKMAAEYLLT areHTTep, paAMauMs >KeHe MyTareHAl MOnyAsUMSHbI
reHepaumaAaiTbiH TPAHCMO30HAQP CUSKTbl aAyaH TYPAI MyTareHAEepAl KOAAAHY >eHe (PU3MKAAbIK,
MyTareHAEepAiH apTbIKLIbIAbIKTAPbI, SFHU XMMUSABIK, areHTTEPMEH CAAbICTbIpFAHAQ MOHM3aUMsAQyLUbl
COYAEAEHY KapacTblpblAaAbl. MoOHM3aLMsgAQyLbl COYAEAEHY Heri3iHAeri MHAYUMPAEHreH MyTareHes
MYTaHTTbl COPTTapAbI LbIFapyAQ 6Te >KMi KOAAQHbBIAAAbI, aAbIHFaH cOpTTapAbiH 90% Kypanabl (64 %
ramma-coyaenepmer, 22% X-cayaeaepmeH). Makarapa ASHHIH HOpPAIK camnacbl GoMbiHIWA GUMAANAbI
KakcapTyFa OafblTTaAFaH MOHM3aUMSAQYLLUbl COYAEAEHYAI KOAAAHY TaAKbIAAHAABI >KOHE >Ka3AbK,
6MAQNADBIH TEHETUKAADIK, aAYaHTYPAIAITIH KEHEMTYAE ramMmMa-CoOyAEAEHY AO3aAapblH KOAAAHFAH KoHe
ABHHIH >kOoFapbl 61MoopTUDUKALMIABIK, KabBIAETTIAIN 6ap MyTauMsiHbIH >KaHa PecypcTapbliH i3aey
>KOHEe OHIMAIAIK MeH ABH MeALlepi, COHbIMEH KaTap CaraAblK, NapaMeTpAep apacbiHAAFbl KOPPEASLns
HoTuxKeAaepi bepiareH. bya yuwin KasakcTaHaa ayAaHAACTbIpbIAFAH AAMaKeH COPTbIHbIH ASHAEPiH
%0Co kesiHeH 100 Ip >xaHe 200 [p Ao3aArapbiMeH cayaeAaeHAipreH. XKyprisiareH 3eptrey Fe >xaHe Zn
MUKPO3AEMEHTTEPI KOHLEHTpauMsAapbl MeH BEAOK MOALLIEPIHAE eAdYIp FeHEeTMKAAbIK, ©3repriwTikTi
kepcetTi. Kenbip MyTaHTTbl AMHMSIAAP, HerisiHae 200 [p repmonaasMasapbl ABHAEPIHAE aTa-aHaAbIK,
COPTIEH CaAbICTbIpFaHAa Fe >keHe Zn KoHUeHTpaumscbl 2-AeH 4 ece XKOoFapbl kaHe GEAOKTbIH MOALLEDI
7-11% >korapbl 60AAbl. HoTuxkeaep 6uaai ASHIHIH HOPAIK KacmeTTepi OHbIH OHIMAIAiriHe Kepi
BCEPIHCI3 >KaKcapaTbIHAbIFbIH KOPCETEA|.

Ty#in cesaep: paamnaums, 6maaii GroopTUKaLMiAAY, XKa3AbIK, OMAAN MyTaHTTbl AMHUSIAGD, aCTbIk,
canachl.
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MHAyu,MpOBaHHbIﬁ mMyTareHe3 AASl reHeTU4eCKOro yAyvllieHus
NMUTATEAbHOIo Ka4eCTtBa 3€pPHa NnilueHULLbl

[eHeTMyeckoe pa3Hoo6pa3me SABASETCAd OAHMM U3 HanboAee Ba>kKHbIX q)aKTOpOB AAA YAYyYLLIEHNA
3€PHOBbIX KYAbTYP. COBpEMeHHaﬂ ceAnekumnd CyueCtBeHHO YMEHbLINAA TEeHETUYECKYIO Bapl/la68/\bHOCTb
Ba>KHeMLWmnx NMPM3HaKOB BO MHOIMX KYAbTYypaXx, 0COBEHHO CcpeAn KOMMepYveCKMnx COPTOB MLUIEHULbI,
KOTOpPbIE WMPOKO WMCMOAb3YIOTCA B TMpPOrpaMmax ceAekummn Un AaBASAI0TCA OCHOBOM I'IOTpe6AeHl/I$I
NMNTaTeAbHbIX BeWEeCTB B palMOHE YEAOBEKa. B cBg3m ¢ atmm HeO6XOAVIMO reHeTn4yeckoe yAyduieHmne
nweHnubl C GOABLLIMM KOAMYECTBOM BaXKHbIX MUTATEAbHbIX BeweCTB B 3€pHE, KOTOPOE SBAAETCH
OAHUM N3 HanboAee 3KOHOMMYECKM 3CbeeKTVIBHbIX N AENCTBEHHbIX Crnocob0B CHUXXEHUS TAOBAABHOM
l'IpO6/\eMbI HeAOeAaHNA B OTHOLIEHNM MUKPOHYTPWEHTOB. EI/IOCDVILI,I/IpOBaHl/Ie MNueHMLbl MOCPEACTBOM
ceAekumn paCTeHMVI MMEET MHOXXECTBEHHbIE MNMpenmMyLlecTBa. B cratbe O6Cy)KAaeTCH MCMNOAb30BaHMe
MHAYUNPOBAHHOIO MyTareHe3a AA9d reHeT4eCcKoro yaydlueHnsd nMTaTeAbHOro Ka4eCTBa 3epHa nieHuLubl.
Ha MPOTA>)KEHNMN MHOTUX AET B MHTEHCUBHDIX NMPpOorpaMmax ceAekumn niueHmubl OCHOBHOW aKUEHT ObIA
CA€AaH Ha 3aMeHe TPaAMUMOHHBbIX COPTOB COBPEMEHHbIMUA BbICOKoypO)KaVIHbIMM, B pe3yAbTaTe 4ero
CHM3NAOCb UX TFeHeTn4yeckoe pa3Hoo6pa3Vle B Ka4eCTBEHHbIX XapPaKTepUCTMKax 3epHa. MyTareHe3
ABAAETCA MOLWUHBbIM MHCTPYMEHTOM AAS YAYULUEHUNS KYABTYPD U He nmMeet KakMx-AMbo PErYAATOPHbIX
orpaqueHMVl, 3aTpaT Ha AMUEH3MPOBaHne n COUMAABHOM onno3numn, HaAaraémblX Ha reHeTnu4veCcku
MOAVICbl/IU,leOBaHHbIX OpPraHM3mMoB. Lle/\bK) MHAYUMPOBAHHOIO MyTareHe3a 4BASEeTCd YBEAUYEeHUE
YaCTOTbl MyTaLI,VIVI B reHax, KOHTPOAMPYEMbIX KAIOYEBbIE NMPU3HaKN, KOTOPbIE 3aTEM B TEHEHNE KOPOTKOIo
CpOKa MoryT ObITb MCMOAb30BaHbl cenekuMoHepaMn AAS CO3AaHMA HOBbIX COPTOB paCTeHl/Il;l. B craTtbe
PacCMaTpnBaeTCda NpUMeHeHne pa3dAnYHbIX BUAOB MyTareHOB, TakKMX KakK XMMUYECKNe aAKMAnpyouine
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areHTbl, paAMaumMg WM TPAHCMO30Hbl, KOTOPbIE WCMOAb3YIOTCS AAS T€HEPMPOBAHMS MyTareHHoM
NOMYASILMM W MPENMYLLECTBA (DU3NYECKMX MyTareHOB, Kak MOHM3MPYIOLLLEE U3AYUEHME, MO CPABHEHMIO
C XMMMYECKMMM areHTamu. MHAYLMPOBAHHBIN MyTareHe3 Ha OCHOBE WOHM3MPYIOLLErO M3AYYEHMUS
HanboAee 4acTo MPUMEHSIETCS AAS CO3AAHMSI MYTAHTHbIX COPTOB, YTO COCTaBAsieT OKOAO 90% ot
MOAYYEHHbIX COPTOB (64 % ramma-Ayyamm, 22 % c X-Aydamm). B ctaTbe paccmaTprBaeTcst UCMOAb30BaHMe
VMOHU3MPYIOLLMX M3AYUEHUI AAS YAYULLEHMS MLUEHWLbI HA NMUTATEAbHble KauecTBa 3epHa U MPUBEAEHDI
pEe3yAbTaTbl, MOAyUYEHHble aBTOpPamM, C WUCMOAb30BAaHMEM AO3 FamMMa-OOAYUeHUS AAS pacLUMpeHus
reHeTMUYECKOro pa3Hoobpasms SIPOBOIA MLIEHMLbI M MOMCKA HOBbIX PECYPCOB MyTaLMI C YAyYLLEHHOM
6110HOPTUPULMPOBAHHONM CMOCOOGHOCTHIO 3EPHA M KOPPEASLIMM MEXKAY MPOAYKTUBHOCTHIO, PA3MEPOM
3epHa, a TakXKe MnapameTrpamu KauvectBa. AAS 3TOro cemeHa copta AAMakeH, pParnoHMPOBAHHOIO B
KasaxcraHe, obayyaam ao3amm 100 Ip m 200 [p ot *°Co mcTouHmka. [MpoBeaeHHOe MCCAeAOBaHMe
MOKa3aA0 3HAQUMTEAbHYIO FEHETUYECKYIO M3MEHUMBOCTb B MMKPO3AEMEHTaX, Kak Fe 1 Zn, KoHLeHTpaLumi
n coaep>kaHme beaka. Hekotopble MyTaHTHble AMHWMKM, B OCHOBHOM M3 200 [p repmonaasmbl MMEAK
B 3epHe KOoHueHTpaumio Fe 1 Zn ot 2 A0 4 pas Bbilie 1 yBEeAMYEHUE coaep>kaHust 6eaka Ha 7-11%
OTHOCUTEAbHO POAMTEABCKOrO COpTa. Pe3yAbTaTbl MOKa3blBalOT, YTO MMTATEAbHble CBOWMCTBA 3epHa

MLWEHMLbI MOTYT ObITb YAyULLIEHbI 6€3 OTPULATEABHOrO BAMSIHUS HA €e MPOAYKTUBHOCTb.
KatoueBble cAoBa: pasmaums, 6rodrumpoBaHme MileHWLbl, MyTaHTHbIE AMHMM MLIEHWULIbI IPOBOW

nueHnuUbl, Ka4eCTBO 3epHa.

Introduction

Bread wheat (Triticum aestivum L.) is a staple
crop with global importance for food safety and is
a major cereal source of nutrients in both human
and animal nutrition. Wheat provides 28% of the
worlds’ edible dry matter and it is the main power
engineer for human activities and affordable daily
food product (FAOSTAT 2008; http://faostat.fao.
org; Borrill et al. 2014:1). Insufficient consumption
of one of required nutrients for human’s metabolic
needs result in adverse metabolic violations leading
to sickness, bad health, depressed development in
children, and high economic expenses to society
(Branca and Ferrari, 2002:8-17; Campos-Bowers
and Wittenmyer 2007:1; Borrill et al. 2014:1; FAO,
2016; Hess, 2017). Agricultural systems necessary
to ensure sufficiently products having satisfactory
quantities of micronutrients with the aim of support
of healthy lives. However, in many countries
agriculture does not meet these requirements (Bouis,
2000: 351; Gibson et al. 2010:134)

At present time, over three billion people
are suffered with micronurtinient malnutrition
and the numbers are rising (Welch and Graham
2004: 353; Shahzad et al. 2014:329). There many
human diseases that are associated with nutritional
deficient and two-thirds of all childrents’s deaths
are related to malnutrition (Caballer, 2002). Being
essential bulk of nutrients in the human diet, there
is need genetic enhancement of wheat with more of
important micronutrients which is one of the most
cost-effective and powerful approach for preventing
global micronutrient malnutrition problem (Welch
and Graham 2004: 353; Balyan et al. 2013:446).
Biofortification through plant breeding has

multiplicative advantages (Velu et al. 2013: 261;
Borrill et al. 2014:1).

Successful breeding for improvement of many
agronomic important traits including grain quality
require genetic variation by those traits of the
accessions of target species, which should to be
separable from non-genetic impacts. However,
modern breeding process has dramatically narrowed
the variation of important traits in many food crops,
especially among common wheat cultivars which
are widely used in breeding programs (Stepien et
al., 2007: 1499; Carena, 2009: 426; Magallanes-
Lopez et al. 2017: 499). There are several reasons
for this situation. Over the years, intensive wheat
breeding programmes of common varieties which
main focus was in replacement of traditional
cultivars by modern high yielding varieties, leaded
to reduction of genetic diversity of breeding lines
and varieties of common mainly by end-use quality
characteristics and nutrition quality (Repository
(FAO Document 2015). The key desired traits
for world breeding were high yield and disease
resistance of common wheat and with two main
above-mentioned traits were performed negative
selection or full eliminations. It is also well-known
that the genetic variability of the major crops
had systematically decreased during last several
decades of intensive breeding for the increasing of
the crop yield as well as in recent times due to the
repeated utilization of the local adapted genotypes
in breeding processes which leads to the decreasing
of the wide genetic recombinations which may
posse the novel traits (Reif et al. 2005:859; Akfirat
and Uncuoglu 2013:223).

Mutagenesis is a powerful tool for crops
improvement and is free of the regulatory

6 Ka3YV xabapuusicel. Dxonorus cepusicsl. Ne2 (51). 2017
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restrictions, licensing costs, and societal opposition
imposed on genetically modified (GM) organisms.
The aim of mutation induction is to increase mutation
rate in traits or genes in a short duration that then can
be readily exploited by plant breeders for developing
new plant varieties without any limitations of GM
approaches.

Itiswell known that the occurrence of spontaneous
mutation frequency rate is very low and difficult to
use in plant breeding (Parry et al., 2009: 2817; Jain,
2010:88). Induced mutagenesis is used to broaden the
genetic diversity by treatments of different mutagens
for improving valuable traits in many crops. Physical
and chemical mutagens application generate genetic
variability from which desired traits can be selected
(Shu and Lagoda 2007:193). Different kinds of
mutagens such as chemical alkylating agents,
radiation and transposons are used to introduce
mutagenized populations. A wide types of chemical
mutagens are described, nevertheless, it difficult to
establish common rules and conditions for treatment.
Classification of chemical mutagens, methods of
treatment, post-treatment handling and selection
after treatment has been discussed for main crop
species in the literature (Jain, 2010:88; IAEA, 2011).
Among them, radiation and ethyl-methane sulphonate
(EMS) and dimethyl sulfate as chemical mutagens
are broadly applied for mutation induction because
of its effectiveness and ease of handling, especially
its detoxification through hydrolysis for disposal. To
use chemical mutagens in practical breeding there is
need to optimize the doses and the effectiveness is
also not high in plants for many traits.

Nuclear technology has benefited greatly
in genetic improvement of seed and vegetative
propagated crops (Parry et al., 2009: 2817). Exposing
plants to radiation is sometimes called radiation
breeding and is a sub class of mutagenic breeding.
Radiation breeding was discovered in the 1920s
when Lewis Stadler of the University of Missouri
used X-rays on maize and barley. In 1928, Stadler
first published his findings on radiation-induced
mutagenesis in plants (Smith, 2011:12). Mutagen
dose can either be high or low resulting mutation
frequency. The lethal dose (LD50 dose) is initially
determined, which is used as an optimal dose for
mutation induction. It is shown that the frequency of
mutation depends on the overall radiation dose and
dose proportionally. It is increasing doses occurs
twice more such mutations. The types of radiations
available for induced mutagenesis applications are
ultraviolet radiation (UV) and ionizing radiation
(X-rays, gamma-rays, alpha and beta particles,
protons and neutrons).

ISSN 1563-034X

The advantages of physical mutagens as compared
to chemical are the accurate dosimetry, allowing for a
sufficient reproducibility and, particularly for gamma
rays (Jane, 2005:113). Mutation induction with
radiation is the most frequently applied treatment to
develop direct mutant varieties, accounting for about
90% of obtained varieties (64% with gamma-rays,
22% with X-rays) (Jane, 2010:21).

Ionizing radiation has a higher and uniformer
ability to penetrate into tissues when compared with
ultraviolet radiation (250-290 nm). Due to these
capacities of penetration, ionizing radiation can cause
a great number of changes. The absorption of ionizing
radiation by living cells can directly alter atomic
structures of target macromolecules through their
direct interactions of radiation, producing chemical
and biological changes. lonizing radiation can also
act indirectly through radiolysis of water, thereby
generating reactive chemical species that may
damage nucleic acids, proteins and lipids (Azzam
et al., 2012: 48). Together, the direct and indirect
effects of radiation initiate a series of biochemical
and molecular signaling events that may repair the
damage or peak in permanent physiological changes
or cell death Emerging changes are expressed in
gene mutations and rearrangements of chromosomes
(Wilde, 2012:31).

The early biochemical changes, occurred during
or shortly after the radiation exposure, are responsible
for most of the effects of ionizing radiation in cells
(Azzametal.,2012: 48). However, oxidative changes
may continue to arise for days and months after the
initial exposure apparently because of continuous
generation of reactive oxygen (ROS) and nitrogen
(RNS) species. These processes occur both in the
irradiated cells and also in their progeny (Kryston
et al., 2011:193). Moreover, radiation induced
oxidative stress may spread from targeted cells to
non-targeted bystander cells through intercellular
communication mechanisms (Hie et al., 2011: 96).
The progeny of these bystander cells also experience
perturbations in oxidative metabolism and exhibit a
wide range of oxidative damages, including protein
carbonylation, lipid peroxidation, and enhanced
rates of spontaneous gene mutations and neoplastic
transformation (Buonanno et al., 2011: 405).

There are of different types of mutations, their
classification and effects have been reviewed in
the literature (Jane, 2010:88; Pathirana, 2011:1).
Mutations can be broadly divided into intragenic
or point mutations (occurring within a gene in the
DNA sequence), intergenic or structural mutations
within chromosomes (inversions, translocations,
duplications and deletions) and mutations leading
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to changes in the chromosome number (polyploidy,
aneuploidy and haploidy). In addition, it is important
to distinguish between nuclear and extranuclear or
plasmone (mainly chloroplast and mitochondrial)
mutations, which are of considerable interest to
agriculture.

Loss or gain of one or more base pairs is referred
to as deletions and insertions, respectively, and if
they do not occur in multiples of three nucleotides
in the sequence, it results in a frame-shift mutation
(within exons of coding regions). Therefore, deletion
or insertion of a single base pair or two may result
in a substantial effect, including the loss of function
through a shift within the reading code. However,
the effect of such a mutation can depend also on
the location where the change happens. Thus, a
frameshift mutation near the 3’ end of the gene will
result in only a change in the terminal part of the
polypeptide chain as translation takes place only in
a 5'—3' direction. Under such circumstances, even
a frame-shift mutation can result in a functionally
similar protein (Pathirana, 2011:1).

The other type of gene mutation is base-pair
substitution, common with chemical mutagens such
as alkylating agents. They result in the incorporation
of alternate bases during replication. The A-T base
pair can be switched to G-C, C-G or T-A. Thus,
one base of a triplet codon is substituted by another,
resulting in a changed codon. This change can lead to
an altered amino acid sequence, the result is a mutated
protein. If a purine base is replaced by another purine
base (G by A or A by G) or a pyrimidine by another
pyrimidine (T by C or C by T) the substitution is
called a transition. Transitions are by far the most
common types of mutations and C to T transitions
occur more frequently than any other base pair
substitutions (McCallum et al., 2000: 439). If a purine
base is substituted by a pyrimidine, or vice versa,
the substitution is called a transversion. McCallum
et al. (McCallum et al., 2000: 439). calculated that
in Arabidopsis, about 5% of mutations caused by
alkylating agent ethylmethane sulfonate (EMS) will
introduce a stop codon (non-sense mutation), 65%
will be missense mutations (a codon coding for one
amino acid is converted to a codon coding for another
amino acid), and 30% will be silent changes, where
the final protein product remains unchanged.

Radiation induces structural mutations which all
of them are associated with breaks of chromosome
and their rearrangements. lonizing radiation
results mostly in such changes (Kumar and Yadav,
2010:157). Four type of such rearrangements can be
distinguished: deletions or deficiencies, duplications,
inversions and translocations (Appeis et al., 1997:

87, Pathirana, 2011:1). The reason for this that
some of the features of the processes occurring
in the tissues are under the influence of radiation.
Radiation causes ionization in the tissues, as a result,
some atoms lose their electrons and other attached to
them, formed positively or negatively charged ions.
If a process intramolecular restructuring takes place
in the chromosomes it can cause their fragmentation.
About 90% of the chromosome aberrations brought
about by ionizing radiation are deletions and often
are lethal (Pathirana, 2011:1). However, some
deletions can block biochemical pathways and, for
example, if this happens in a pathway leading to the
synthesis of a toxic metabolite, such a deletion may
result in a useful non-toxic plant product.
Inversions (180° rotation of blocks of
nucleotides) and translocations are also common
in evolution of crop plants. For example, by
comparative mapping, Heesacker et al. (2009:233)
identified five translocations and two inversions in
cultivated sunflower during its evolution. Growing
evidence of the role of chromosomal rearrangements
in crop evolution suggests that crop improvement
can be quickened through the combination of distant
hybridization coupled with radiation breeding. The
first example of this application was demonstrated by
Sears by transferring a small section of an Aegilops
umbellulata chromosome containing a gene for
resistance to brown rust (Puccinia triticina) to
hexaploid wheat through a bridging cross employing
Triticum dicoccoides and irradiation (Sears 1956:1).
The mutagen treatment breaks the nuclear DNA
and during the process of DNA repair mechanism,
new mutations are induced randomly and heritable.
The changes can occur also in cytoplasmic
organelles, and also results in chromosomal or
genomic mutations and that enable plant breeders
to select useful mutants such as flower color, flower
shape, disease resistance, early flowering types (Jain,
2010:21). The use of induced novel genetic variation
is particularly valuable in major food crops that have
restricted genetic variability (Parry et al. 2009: 2817).
Gamma-irradiation has been shown to generate
a mix of small (1-16 bp) and large (up to 130 kbp)
deletion mutations in the genomes of Arabidopsis
and rice (Cecchini et al. 1998; Morita et al. 2009).
Recently, new methods for mutation induction
such as high-energy ((220 MeV) ion beam
implantations and low-energy (30 keV) ion beams
were used (Jain, 2010:88; Pathirana, 2011:1).
Mutation breeding sometimes referred to as
«variation breeding has one of the major advantages
that mutation resources with multiple traits can
be identified. Mutation breeding is the process to
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generate mutants with desirable traits (or lacking
undesirable ones) to be bred with other cultivars.
Plants developed using mutagenesis are often called
mutagenic plants or mutagenic seeds. There is no
difference between artificially produced induced
mutants and spontaneous mutants found in nature
(throught evolution). As in «traditional» cross-
breeding, induced mutants are passed through
several generations of selfing or clonal propagation,
usually through in vitro selection, desirable mutants
with useful agronomical traits.

The FAO/IAEA Mutant Variety Database for
period from 1930 to 2014 reported more than 3220
officially released mutagenic plant varieties of 214
plant species (http://mvgs.iaca.org/) that have been
derived either as direct mutants (70%) or from
their progeny (30%). Crop plants account for 75%
of released mutagenic species with the remaining
25% ornamentals or decorative plants (Parry et al.,
2009: 2817; Jane, 2010:88). Some of these mutant
cultivars have revolutionized agriculture not only in
densely populated developing countries but also in
agriculturally advanced countries (Pathirana, 2011:1).

Mutation induction with radiation was the most
frequently used to develop direct novel seed mutant
varieties for improvements of yield, tolerance to abiotic
stress such as drought (water shortage stress), water
quality, salinity, extreme temperatures-heat, cold,
flooding/water logging, gaseous pollution, alleviated
CO,, ozone layer depletion, acid soils, aluminum
tolerance, soil with heavy metals (phytoremediation),
herbicides, insecticides and fungicides. The mutation
techniques were applied for improving the characters
to biotic stress fungal diseases, bacterial diseases,
viruses, insects and pests. In the FAO/IAEA Mutant
Variety Database there is information using radiation
breeding to improve some traits such as earliness,
early maturation, late maturation, water logging
resistant, Plant architecture-tall, dwarf, semidwarf,
high yield, nutrition-lysine, straw quality, malting
quality, edible oil content, plant growth-vigour, seed
retention trait, seed size and quality, seed colour, pod
size and numbers, pod morphology, harvest index,
storage quality.

During the period 1930-2004, radiation-
induced mutant varieties were developed primarily
using gamma rays (64%) and X-rays (22%) (The
FAO/IAEA Mutant Variety Database). Gamma
radiation have provided a high number of useful
mutants (Predieri, 2001:185) and shows an elevated
potential for improving plants. In the case of wheat,
cv. Yuandong No. 3 wheat variety was developed by
IAEA in 1976 with gamma irradiation, and it possesses
a complete resistance to rust, powdery mildew and
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aphids and is also tolerant to saline, alkaline and other
environmental stresses. This variety is cultivated in
200,000 hectares, an increase from 1000 hectares in
1986. Heat-tolerant mutants of wheat and their yield
performance was much better than the heat-sensitive
types under the field conditions was developed in
India (Behl et al., 1993:349). The recent report in 2016
showed the recovery of cv. Binagom-1, in Bangladesh.
which is a salt tolerant and 10-15% higher yielder
than salt tolerant check variety wheat variety (The
FAO/TAEA Mutant Variety Database), Bangladesh.
This variety tolerates to 12 dS/m salinity during
vegetative till maturity stages. It matures in 105-110
days. Its auricle color is pink. Grain is amber colored.
Grains are comparatively small (1000 grain weight
is 36.6 g). It gives 2.2 to 3.5 t/ha with an average of
2.9 t/ha yield in saline area but in non-saline soil its
yield is 3.2 to 4.2 t/ha with an average of 3.8 t/ha. It
is expected that 40% of 1 million ha of land in the
saline area of Bangladesh could be brought under salt
tolerant wheat cultivation.

The induced mutants are present their new
potentials which to be realized and integrated into
established breeding programs. Thus, mutation
induction is a flexible, workable, unregulated, non-
hazardous and low-cost alternative to genetically
modified organisms (GMOs). The economic benefit
of nuclear and non-nuclear techniques is given
by Jain, 2010 (:88). Higher output from nuclear
applications over non-nuclear techniques such as
genetic engineering is described.

Traditional breeding in combination with other
techniques such as mutagenesis, biotechnology,
genetic engineering or molecular breeding use local
genetic resources for developing new cultivars
with helpful traits. In genetic improvement of
crops genetic engineering has a lot of potential.
But this technology may not readily be operational,
especially in the developing countries due to high
cost, absences of trained manpower and of isolated
genes, consumer acceptance of genetically modified
(GM) food etc.

In addition, transgenic approach is useful for
a single gene trait. One of the big problems facing
genetic engineers today is the regulation of transgene
expression, with the position of a transgene integration
within a genome which affects its expression. This
phenomenon is known as the genome position
effect. The insertion of multiple random copies of
a transgene in the genome can effectively cancel
its expression and the insertion of a transgene in or
close to another gene can result in the production
of an undesirable phenotype. Therefore, to ensure
long-term stable expression of a transgene post-
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transformation is a concept. The insertion of a single
copy of a gene into a location in the genome where
expression of transgene is not adversely affected
by the surrounding genomic sequences is desirable.
The most successful crop that was obtained through
genetic engineering is Bt cotton insect resistant (Jain,
2010:88). However, recent reports indicate that some
insects have developed resistance to Cry proteins
(responsible for insect resistance) as high as 250 fold
after 36 generations; and in some others seven-fold
increase after 21 generations. These resistant insects
can become a huge problem for sustainable crop
production and may either reduce or complete loss of
economic returns to the farmers.

The opportunity of survival of mutant varieties
are much higher under fluctuating climatic conditions.
It is considered that the use of nuclear techniques
for developing new varieties under climate changes
would be the most ideal approach before any new
cost effective techniques are developed which are
freely available without too many official regulations
(Jain, 2010:88). Molecular biology and transgenic
research are at the experimental stages for many traits

Table — Differences between transgenic and mutant plants

even though transgenic research has made substantial
progress for single gene traits, e.g. Bt cotton and
maize, herbicide resistant soybean. Therefore, there
is economic income. Transgenic crops may not
survive in the rapid changing climate, e.g. during
erratic drought and rainfall conditions or appearance
of new insect and pests or diseases as result of global
warming. Transgenic crops could be developed for
certain traits, for instance, nutrition (golden rice)
or shelf-life (tomato). Gene pyramiding or gene
stacking could be useful for the introduction of
multiple novel genes into plants by simple repeating
strategies. Plants containing several transgenes
can be produced by crossing parents with different
transgenes until all the required genes are present in
the progeny. An alternative repeating strategy is to
sequentially transform and re-transform plants with
different particular transgenes by several cycles of
transformation. This approach could be particularly
useful in asexual or vegetative propagated crops,
such as woody plants and trees.

The table shown below demonstrates the
differences between transgenic and mutant plants

Transgenic plants

Mutant plants

Uses tools of molecular biology to isolate,
clone and incorporate genes into plants

Mutation is a random event

It is a more precise technique than mutation

Requires large population for screening the best desired mutants

Transgene integrates into plant genome randomly

It cannot be directed to make changes at the DNA

Changes at both DNA and protein are well understood.

Mutants possibly can carry other changes in their DNA

It can add new gene/genes in plants. Gene(s) can be from any
source including animals, insect, plants, bacteria

Mutagenesis can only modify the genes of an organism. Mu-
tagen treatment fragments DNA first followed by DNA repair
mechanism, and that results in mutations

It requires tissue culture protocols for transgenic plant regenera-
tion

In vitro mutagenesis also requires tissue culture for plant regen-
eration of mutants

Consumer’s lack of confidence towards transgenic food

Consumers accept food derived from mutagenesis

Transgenic plants have less probability to carry other changes
in their DNA

Selection system is placed for agronomic desirable trait mutant
selection

Molecular techniques are used to confirm the integration of
transgene in plant

TILLING (Target induced local lesions in genomes), a new
strategy for reverse genetics

Costly research. Developing countries may have problem to
support it due to lack of infrastructure and finance to support
research . Most of the chemicals are imported.

Cheaper. International Atomic Energy Agency (IAEA, Vienna,
Austria) provides free services of gamma irradiation of experi-
mental material

Most transgenes are not readily available to anyone interested in
using them. The developing countries will be become dependent
on the supply of transgenes from abroad.

No problem with bio-safety

Bio-safety a big concern

No problem with bio-safety

Mostly single gene trait

Both single gene and polygenic traits

T-DNA mutagenesis or transposons leads to loss of function
through gene disruption

Gives rise to many different mutant alleles with different degree
of trait modification of plants

Concern of Intellectual Property Right (IPR)

Not a serious problem

As mentioned above, plant breeding efforts have pushed for higher agronomic yield and this can result
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in decreased nutritional quality. For example,
during the last 50 years in the UK, the use of
high vyielding semi-dwarf varieties has been
accompanied by decreased grain metal contents
(Fan et al. 2008: 315). Mutagenesis as a powerful
instrument for wheat improvement has been mainly
used for yield improvement, but the nutritional
quality of the grain including protein, iron and zinc
concentrations have been much less studied. In
FAO/IAEA Mutant Variety Database there are only
7 records describing its application for increasing
micronutrients concentrations in rice, oat, barley,
lettuce and vegetable pepper. The improved
attributes were high chlorophyll and amino acid
content. proanthocyanine-free content, low phytic
acid, high protein and lysine content and high
content of vitamic C.

In our study, gamma irradiation doses were used
to expand the genetic diversity of spring wheat. Seeds
of the spring bread wheat awn-less variety Almaken
grown in Kazakhstan were irradiated with 100 Gy
and 200 Gy doses from a %°Co source at the Kazakh
Nuclear Centre. Seeds were planted after irradiation
to raise M| plants grain weight per main spike The
M, generation was grown in the experimental field
of the Kazakh Institute of Agricultural and Farming
in near Almaty (43°15'N, 76°54'E, elevation 550 m
above mean sea level). Single spikes were harvested
from each plant for the M, generation, and selection
of the best lines based on the yield of individual
plants continued to M, generation. In the M, and
M, generations some seeds were grown with a
randomized block design for a Fusarium head blight
resistance screen (Kenzhebayeva et al. 2014:253).
Seed was gathered from the main spike; although
tiller number and size varied each plant produced
only a single main spike. Seeds from the best yielding
mutant lines were selected individually in each
generation. The selection criteria for mutant lines
was as grain weight per main spike and grain weight
per plant. The parent cv. Almaken and mutant lines
were grown in the same trial conditions. In 2011 the
parent line had mean grain weight per main spike
of 0.95+0.4 g and grain weight per plant of 1.7+0.2
g yield values. For the M, generation the threshold
criteria for selection were grain weight per main
spike >1.2 g and grain weight per plant > 2 g for
mutant lines. The initial number of lines in the M|
generation was 300 each for the 100 Gy and 200 Gy
radiation doses. In the M, generation, 61 lines (20
%) were selected from the 100 Gy radiation dose
population and 48 lines (16 %) were selected from
the 200 Gy dose. The same numbers of lines for each
radiation dose were selected for the M, generation.
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After harvesting the M, plants, 15 lines were from
the original 100 Gy radiation dose were selected.
Another 15 lines were selected from the 200 Gy
radiation dose. These two dose-treated populations,
selected from the two different levels of radiation,
were then used for further analysis. Grain samples
from each mutant line, together with the parent
Almaken were planted together in a field trial for
further evaluation (Kenzhebayeva et al. 2014). Our
investigation to estimate genetic variability in spring
wheat mutation resource showed that some mutant
lines, mostly from the higher dosed germplasm had
2 to 4 times higher grain Fe and Zn concentrations,
and protein contents increased by 7-11 % relative
to the parent. The irradiation generated lines with
significantly larger 1000-grain weight, area, length
and width, the largest were 30-40 % greater than the
parent (Kenzhebayeva et al. 2017:208).

It was important consider the association
between grain nutrients and yield. Interestingly, the
parent grain protein content showed significant and
positive correlation with 1000-grain weight, grain
width, ratio of grain length to grain width, and grain
number per main spike, but negative with grain area,
grain length, grain weight per main spike and grain
weight per plant. For grain chemical analysis, grain
protein content significantly positive correlated with
grain Fe concentration, while grain Fe concentration
and grain Zn concentration negatively correlated
with each other (Kenzhebayeva et al. 2017:208).

The highest correlations for the grain nutrients
were observed for grain area and length in high dose
mutants. Within the irradiated mutant lines there
was a significant positive relationship between grain
Zn and Fe concentrations, and protein content. The
highest correlation values for the grain nutrients were
observed for grain area and length in higher dosed
mutant lines, indicating these higher concentrations
may be related to these grain parameters. Mutant
lines with the highest grain area, length and width
were 32.0-42.3 %, 25.0-31.1 % and 32.0-42.3
% greater than the parent, respectively. The data
show wheat grain properties can be improved
without negatively impacting on crop productivity.
Although grain size can be increased by mutation,
the yield per plant or spike was not significantly
changed when compared with the parent. Based on
the mutants identified we discuss the contribution of
wheat yield-associated traits and grain properties in
improving micronutrient concentrations.

Our results showed that this mutant germplasm
developed on genetic background of cv. Almaken is a
genetic resource showing the potential to breed for the
improved grain nutritional quality and increased yield.
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EFFECT OF HYSSOP EXTRACT AGAINST
MICROORGANISMS ISOLATED FROM WHEAT GRAINS

The hyssop essential oils have been widely used as bactericidal, fungicidal, antivirus and insecticidal
agents. On the other hand, the main method to control bacterial contamination is using synthetic bacte-
ricide, but the development or conjugation of bacteria resistance to chemical products, the high opera-
tional cost and environmental pollution have created the need for developing alternative approaches to
control many microbial contamination, especially bacterial and in this sense the essential oils of hyssop
is an alternative to control many pathogenic bacteria.

Because of a growing concern about relationships between diet and diseases and a growing need to
improve the quality and safety of food supply, research is to define conditions that minimize the levels of
microbial effect compounds wheat germination and growth. Essential oil of hyssop (Hyssopus officinalis)
revealed one of the best biological compounds which control the pathogenic fungal, viral, bacterial and
insect contamination. The results of this experiment displayed essential oils were fully effectiveness on
bacterial inoculant and support the growth of wheat grain. It capable to eliminated the all pathogenic
bacteria which inoculated with seeds.

The experiment displayed that bacterial inoculant effected on seed germination, only two varieties
of wheat capable to geminate with Pseudomonas inoculated that was 40% in Ghory cultivar and 80%
in Sulh variety. Thus shown bacterial inoculated able to decrease 60 and 20 percentage germination of
the Ghory and Sulh varieties. Although in all other wheat cultivars hadn’t germination in bacterial in-
oculated variant, but in controls (inoculant of water, inoculated with essential oil of hyssop) had 100%
germination and also in treated variants had > 80% germinated and were greatly treated by essential oil
of hyssop (Hyssopus officinalis).

Key word: essential oils, environmental pollution, bacterial inoculant, wheat grain, hyssop.
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buaait AsHAepiHeH OOAIHIN aAbIHFAH MUKPOOPraHM3mMAepre
MCCOMN CbIFbIHABICBIHBIH, 9CEPiH 3epTTey

McconTbiH ahup Maraapbl GakTEPULMATIK, (OYHIMUMATIK, aHTUBMPYCTbIK, >KOHE MHCEKTULMATIK
areHT peTiHAE KeHiHeH KOAAAHbIAAAbI. HerisiHeH, apTypAai 6aKkTepursAbIK aypyAapMeH KypecyAiH 6acTbl
BAICI peTiHAe CUHTETMKAAbIK OGaKTEPULMATEDP KOAAAHbIAAAbI, aAaiad GakTepUsIAAPAbIH, XUMUSIAIK,
npenapatTapra TO3iIMAIAITIHIH, apTybl, XOFapbl 3KCMAYATALMSABIK LWbIFbIH X8He KOopLUaFaH OpTaHbl
AacTaybl MUKPOOTbI 3USHKECTEPAIH OCYiH OGaKbIAQMTbIH KOCbIMILIA KaHa YAEPICTi >acay KepekTiriH
KQXeT eTeAl, OCbl OparAa MCCONTbIH, 3(PUP ManAapbl ayblIALLAPYALLbIAbIK, AaKbIAAAPbIH KOpFayAa
HaFbl3 KaXeTTi aAiCTiH 6ipi peTiHae KapacTbipyra 60Aaabl. COHbIMEH KaTap, TOKCMHAI 3aTTap MeH
3USIHAbl MWMKPOOPraHM3MAEPMEH AaCTaHFaH TamMakTaHYAbIH paLUMOHbl Kas3ipri TaHaa eTe >Kofapbl
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AAQHAQYLLBIABIK, TYABIPbIN OTbIP. OCipece, MaToreHA| >XeHe LWapPTTbI-NATOreHAI MUKPOOPraHN3MAEPAIH,
Kebetoi apTYPAI aypyAapAbiH nanaa GOAybiHa aAbil KEAAi, OAap DAeTTe cakTay OapbiCbiHAA GMAan
ABHI MeH BuAan eHIMAEPIHIH >XXbiaaam OyAiHyiHe coraabl. Mccon (Hyssopus officinalis) adomp marbiHbIH
KYPaMbIHAQ CaHbIpayKyAakTap, BUpYCTap, 6akTeprsAap MeH CropaAapAblH 6CYiH LIEKTENTIH epekiue
OGUOAOTMSIABIK, KOCbIAbICTAp 6ap. XXyMbICTbIH HOTUXeEAepi 3(Up MaiblHbIH MUKPOOPraHM3MAEPAIH
©CYiH TOAbIK, TEXXENTIH >kaHe O1Aait TYKbIMbIHbIH ©CYiHE eLlIKaHAai Kepi acep 6EPMERTIHAIMH KOPCeTTi.
Toxipnbeae 6MAat TYKbIMAAPbIHBIH 6HYi MEeH 6CyiH 5 KyH 6apbiCbiHAQ BaKbIAGHADI.

AAbIHFaH HaTuXKeAep OMAalAbiH 6acka COPTTapbIMEH CaAbICTbIPFAHAQ TEK TYPU MEH CYAX
copTTapbl 6akTePUSAbIK MHOKYAST Pseudomonas sp. KaTbiCbiHAQ ©cyre KabiAeTTi eKeHAIriH KepceTTi,
TYKbIMAAPABIH 6HYi cankeciHwe 40% >xaHe 80% Kkypaabl. Oaarn 60Aca, Pseudomonas sp. 6akTepuschbl
KAETKAAAPbIMEH WMHOKYASUMSIAQHFAH OCIMAIKTEPAIH TYKbIMAQPbl ©Te TeMeH ecy KepceTKillTepiHe
ne 6oAAbl. Eryre AemiHri TyKbiIMAQPAbI MCCOMTbIH 3MP MalAapbIMEH OHAEY OHbIH ©HYi MEH Tambip
JKYMeECiHiIH ecyiH >80% 6eAceHAIpAl, 8pi MapPOMETPUSABIK, KOPCETKILUTEPIH ©3repiCiHe aAbIn KEAAI.

TyHin ce3aep: ahMp MarAapbl, KopluaFraH OpTaHblH AACTaybl, GaKTEPUSIAbIK, MHOKYASIT, GuAait
TYKbIMbI, UCCO.
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Msyqeuue BAUAHUSA IKCTPAKTA UCCOMAa HA MUKPOOPraHU3mbl,
BblAE€A€HHbIE€ U3 3€pPHa MNMLIEeHULbl

DupHble MacAa MCCoMa LWIMPOKO MPUMEHSIIOTCS B KavecTBe GakTepUUMAHbIX, (DYHIMUMAHDIX,
AQHTMBUPYCHbIX M UHCEKTUUMAHBLIX areHToB. C APYroi CTOpPOHbI, OCHOBHbIM METOAOM 60OpbObI C
6aKTePMAAbHBIMU  3260AEBAHUSAMM  SIBASETCS CUHTETUYECKMIA GakTepuuma, HO (opmmMpoBaHue w
pa3BUTHE YCTONYMBOCTU BAKTEPUI K XMMMUYECKMM Mpenapartam, BbICOKME 3KCMAYaTaLMOHHbIE 3aTpaThbl U
3arpsi3HeH1e OKPY>KAIOLLEe CPeAbl MOBbILLAIOT NOTPEOHOCTb B pa3paboTKe aAbTepHATUBHbIX MOAXOAOB
K MPOLLECCY KOHTPOASI MUKPOOHOM 06CEMEHEHHOCTU, M B 3TOM OTHOLUEHUM 3PMPHbIE MACAQ MUCCOMA
SIBASIIOTCS AOMOAHUTEABHbBIM CMIOCOBOM 3aLUMTbI CEAbCKOXO3SMCTBEHHbIX KYAbTYP.

Bce 6oAbluyi0 03a60UYEHHOCTb  BbI3bIBAIOT HE3AOPOBbLIM  PALMOH MUTAHWUS, 3arpsisHeHHble
TOKCMYECKMMM BELLECTBAaMM WM BPEAHbIMW  MUKPOOPraHnsmamu. [locaepHee KpariHe akTyaAbHO,
MOCKOAbKY C POCTOM MaTOMeHHbIX M YCAOBHO-TATOr€HHbIX GaKTEPUiA 3HAUMTEABHO YHACTUAUCH CAyYam
pasAnuHbIX 3aboAeBaHMI, a MX OOCEMEHEHHOCTb Bbi3blBAeT ObICTPYIO MOPYY 3epHa M MPOAYKTOB
npu xpaHeHnn. B coctase admpHoro macaa mccona (Hyssopus officinalis) o6Hapy>xeHo oaHO 13
AYULLMX GMOAOTMYECKMX COEAMHEHWIA, KOTOPOE KOHTPOAMPYET POCT MaToreHHbIX rpuboB, BUPYCOB,
GakTepuii 1 cnop. Pe3yAbTaTbl 3TOM paboThbl MOKA3aAKM, YTO I(MPHBLIE MACAA MOAHOCTbIO MOAABASIOT
POCT MMKPOOPraHM3MOB, MPU 3TOM He OKa3blBalOT HMKAKOro OTPULLATEABHOIrO BO3AEMCTBMS Ha 3epHa
NMPOPOLLEHHON MileHuLbl. B Xoae aKkcneprmeHTa NpoBOAMAMCL HABAIOAEHMS 3a NMPOPACTAaHUEM CEMSIH
B TeUEHMWe NATU AHEN.

[oAyueHHble AaHHble MOKa3aAM, UYTO TOAbKO ABa copTa nwenuubl F'ypu n Cyax crnocoGHbl
npopacTatb Mpu YCAOBUM HaAMUMs GAKTEPUAALHOTO MHOKYyAsTa Pseudomonas sp., passutue cemsiH
npy 3TOM cocTaBAsieT cooTBeTcTBeHHO 40% u 80%. Takum 006pasom, MokasaHo, YTO pacTeHus,
MHOKYAMPOBaHHble KAeTKamu Gaktepun Pseudomonas sp., MMetoT HM3KMiA Temn pocTa. [peanocesHast
ob6paboTka cemsH 3hMpHbIM MacAoM mccona (Hyssopus officinalis) nprBeaa K nNoBbilEHMIO aKTUBHOCTH
npopacTaHusi, pocta M pPasBUTUS KOPHEBOM cucTeMbl Ha 80% 1 M3MeHeHWe MOopdOMEeTPUYECKMX
rnokKasareAen.

KAtoueBble CAOBa: 3(hMPHbIE MACAQ, 3arpsi3HEHME OKPY>KAIOLLEH CPeAbl, GaKTEPUAAbHbIN MHOKYAST,
MLeHNnYHoe 3epHO, MCCO.

Wheat (Triticum aestivum L.) has taken place
as a staple food source for humanities since times
immemorial (Satish S., et al, 2010: 237-241). It
is considered as a major agricultural commodity
and dietary component across the world and it
is one of the most significant cereals in view of
nutritional value (Abd El-Baky H., et al, 2009:
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77-83). Pathogenic microbes cause root infection
(rots), wilts and damping off diseases which are a
huge problem in agricultural production worldwide.
Intensive production with successive cultivations of
susceptible crops often results in the arise of high
population densities of pathogenic microbes Soil-
borne pathogens cause economically important
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diseases in planted crops such as damping-off, root
rots, seedling blights, crown rots, foot rots, root
browning and wilts. The diseases may be caused
by more than 50 different fungal species, various
bacterial species and viruses. The damage evoked
by soil borne pathogens is usually under estimated,
since it appears below ground. Plant diseases caused
by pathogens below ground may be considered
as limiting factors of plant health and save yield
quantities and qualitatively. Function of fungicides
and bactericide to control soil-borne fungal and
bacterial pathogens, with the exception of seed
treatments, seems not to be appropriate for economic
and ecological reasons (Abawi G. and TL Widmer
2000: 37-47, Bonanomi et al., 2006: 571-578,
Macias et al., 2007: 327-348). Efficiency of field
crops should be increased to meet the rising global
demand for agricultural products. In agricultural
farms, pathogenic bacteria are responsible for
a sizable part of the economic loss by means of
reducing the quality and quantity of the products
(Rassaeifar M., et al., 2013: 73-81).

Infested wheat grains are the carry pathogens
which can have long-distance diffusion. The major
impact of seed-borne diseases in wheat is not only
yield reduction but also deteriorate of marketable
grain quality. Early detection of pathogens is a crucial
step in the diagnosis as well as for the management
programs in wheat (Majumder D., et al, 2013:
500-507). Seeds commonly contain high microbial
loads, ranging between 10* and 10° CFU/g which are
constituted mainly of pseudomonads, enterobacteria,
lactic acid bacteria and yeast (Prokopowich D. and
G. Blank 1991: 560-562, Randazzo, C., et al., 2009:
484-490 & Robertson, L.J., ef al., 2002: 119-'126).
These levels can increase during sprouting, reaching
populations as high as 10*-10"" CFU/g (Ghandi, M.
and K.R. Matthews 2003: 301-306, Penas, E., et
al., 2008: 698-705 & Peles F., et al., 2012:53-60).
Therefore, to minimize microbial contamination
of seedlings prior to consumption, initial microbial
load should be controlled (Akbas M. Y. and Olmez
H. 2007: 619-624).

Naturally happening wheat grains and their
products toxicants can antagonistically affect the
nutritional quality and safety of foods. Because
of a growing concern about relationships between
diet and diseases and because of a growing need
to improve the quality and safety of our food
supply, research is needed to define conditions that
minimize the levels of microbial effect compounds
wheat germination and growth. Thus, in order to
improve wheat grains safety, there is a need for
technologies to inactivate or inhibit pathogenic

microbes with essential oils of hyssop that is neutral
on environment and compatible natural compounds
and plant extracts.

Essential oils can act as prooxidants affecting
inner cell membranes and organelles such as
mitochondria (Betts 2001: 33-46, Pichersky
et al., 2006: 808-811). Depending on type and
concentration, they exhibit cytotoxic effects on
living cells but are usually nongenotoxic. Because
of the great number of constituents, essential oils
seem to have no specific cellular targets. As typical
lipophiles, they pass through the cell wall and
cytoplasmic membrane, disrupt the structure of their
different layers of polysaccharides, fatty acids and
phospholipids and permeabilize them. Cytotoxicity
appears to include such membrane damage. In
bacteria, the permeabilization of the membranes
is associated with loss of ions and reduction of
membrane potential, collapse of the proton pump
and depletion of the ATP pool (Knobloch et al.,
1989: 119-128, Sikkema et al., 1994: 8022-8028,
Helander et al., 1998: 3590-3595, Ultee et al.,
2002: 1561-1568, Di Pasqua et al., 2006: 2745-
2749, Turina et al., 2006:101-113) Essential oils
can coagulate the cytoplasm and damage lipids and
proteins. Damage to the cell wall and membrane can
lead to the leakage of macromolecules and to lysis
the pathogenic microorganisms (Bakkali F., et al.,
2007: 446-475).

Methods and materials

Experimental site and extraction of the essential
oils

The study was performed in the laboratory of
Microbiology at Department of Biotechnology,
Faculty of Biology and biotechnology al-Farabi
Kazakh National University. To prepare essential
oils, seeds of hyssop were collected from Panjshir
province of Afghanistan after the harvesting
process and storage at room temperature for 5
days (Shokouhian A., et al., 2016:13-17).-General
methods such as steam distillation or isolation with
water without any solvents are used in industrial
sectors obtain of hyssop essential oils (Jirasek V.,
et al., 1986: 15-16). To study the effectiveness
of vary solvents and their effect on the quantity
and composition of essential oil of hyssop was
isolated by petroleum ether, ethylene oxide and
dichloromethane. The time period of extraction
was from 1 to 90 minutes at temperatures of (in
petroleum ether 50°C, in ethylene oxide —5°C and in
dichloromethane 20°C. The best result was received
with petroleum ether at 50°C for 90 minutes. The
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method was more effective than other methods,
the essential oils production of hyssop raised from
0,92% extract ethylene oxide and dichloromethane
to 1,49% extracted by petroleum ether.

The isolated oily liquid 0,15-0,76% pigments
are light yellow in color, of pleasant spicy, herb-like,
slightly camphoraceous smell with p =0,917-0,965;
o =—0°to —25°% acid number < 4. According to some
scholarly sources the hyssop (Hyssopus officinalis)
contains more than 1% of'essential oil with maximum
content at the onset the flowering stage. The content
of essential oils (0,90-0,92%) in plants of Hyssopus
officinalis var. seravschanicus demonstrated grown
in the area Sukhandarya in Russia is almost in
agreement with the latter reference. Leaves had
the highest content of essential oil at the stage of
budding formation (Kizil S., et al., 2008: 273-279,
Diaconu P. and Birza T. 1991: 13-16). Newer papers
report higher contents — up to 7% — in relation to
genotype as displayed by analyses of the hyssop
(Hyssopus officinalis) population grown in 1985—
1990. The essential oil enable to find in 6 phenotype
representatives (corolla color from dark blue to
white) was conditioned by flower color (higher
content was found in darker-color individuals).
Shoots without leaves and non-green plant parts did
not contain any essential oil (Jankovsky M. and T.
Landa 2012:119-123).

Seed treatment and collection of the data

Petri-plates containing nutrient agar medium
were double streak technique and put into the
incubator for 24 hour and plates were incubated
at 37 °C. Already by using pour plate and spread
plate techniques isolated the bacterial contains
(Pseudomonas  aeruginosa, Bacillus  subtilis,
Staphylococcus aureus) of all wheat seeds varieties
(Mukawm, Chunta, Ghory, Sosan, Sulh 2002,
Akozet, Farblang and Parwa) and save into the test
tubes in cool temperature inside the freezer. After
re-cultivated of bacteria by adding 10ml of solvent
0.5% NaCl enable to pour from petri to test tubes
and 10 seed of wheat in each of specific tubes again
put to the incubator for 2 hour in 37 °C. Thus we had
four variant Control, bacterial inoculant, treated and
essential oils. Ten wheat seeds were kept in each
Petri plate containing two disks of Whatman No.1
filter and the experiment was conducted in duplicate
(Perello A., et al, 2013: 318-332). Observation
on seed germination was taken for five days. The
experiment was conducted at room temperature of 25
+ 1 °C and 12 hour light and the same darkness. The
germinated seeds were counted by emerging radicle
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elongating to 2 cm during 5 days of germination.
The number of germinated seeds in each Petri dish
was daily recorded. The germination percentage
was estimated using the following simple equation:

The number of germinated after five days
Ge = x 100
Total number of seeds

Indeed, the magnitude of the Ge index displays
a too degree of germination for treated seeds
representing high effect of essential oils on Ge.
(Rani B., et al., 2014: 1055-1063).

Results and discussion

The study was referred to four variant that
each of them had vary of each other effective on
wheat germination and growth. The best biological
compound which capable successfully controls
the pathogenic fungal, viral, bacterial and insect
contaminations is essential oils of hyssop (Hyssopus
officinalis). The results of this experiment revealed
essential oils were completely effects on bacterial
inoculant and support the growth of wheat grain.
It enables to eliminate the all pathogenic bacteria
which inoculated with seeds.

The experiment displayed that bacterial inoculant
effected on seed germination, only two varieties
of wheat capable to geminate with Pseudomonas
inoculated that was 40% germinated seed in Ghory
cultivar and 80% germinated seed in Sulh variety.
Thus shown bacterial inoculated caused to decrease
60 and 20 percentage germination of the Ghory and
Sulh varieties respectively. Although in all other
wheat cultivars hadn’t germination in bacterial
inoculated variant, but in controls (inoculant of
water, inoculated with essential oil of hyssop) had
100% germination and also in Treated variants
the wheat seeds germinated 80% and were greatly
treated by essential oils of hyssop (Hyssopus
officinalis) (Figures 1 and 2).

Thus clarified inoculated microbes enable to
reduced and eliminated the wheat germination and
very significant to inoculant with essential oils of
hyssop for combine and prevent this peril before
planting the wheat seed.

Mostly of these wheat grains after germination
had died and couldn’t capable to survive and growth
it replayed the colonization of bacteria that appeared
black spots around the hypocotyls and epicotyls of
wheat seed which caused interfering by pathogenic
bacteria that inoculated already with wheat grains
and amount of hazard in wheat field. Also effected on
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speed of growth which causes to delay the maturity
and harvesting process the growth conducted after
emerging radicles five days. Generally the wheat
germination of controls start at minimum 2 cm and

prolong during five days the highest length shoot
of controls variants among all of variants is Sulh
variety that had 17 cm in essential oil and 15.7c¢m in
distillate water (Figure 3).
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different variants contaminated with Erwinia, Pseudomonas and Bacillus
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Figure 2 — Percentage of two varieties of wheat grains germination in controls and
different variants contaminated with Erwinia, Staphylococci and Bacillus

Although among the bacterial inoculated
variant on four varieties of wheat seeds had result
that shown the resistance of wheat variety against
inoculated bacteria such as Pseudomonas inoculant
on Ghory and Sulh varieties, these cultivars could
germinate and growth by a little different with
control, the first day after germination respectively,

1. €. 3,5 and 5 cm but in the inoculated 2 and 2,5 cm
grew but the treated variants were satisfied because
they had the same length like controls variants but
a little different in Pseudomonas contaminated, i.e.
the first day 5,5 and 5 cm treated Pseudomonas
inoculated and in the controls 3,5 and 5 cm
(Figure 4).
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Figure 4 — Growth of Ghory and Sulh varieties in treated and inoculated during five days

But the treated variants had greatly growth
Chunta variety that had the highest growth among
the inoculated bacteria especially contaminated by
Bacillus then Staphylococci and Erwinia treated
varieties, so in the bacterial inoculated variant fully
eliminated all cultivars these bacteria colonized and
produced black spots the covered the wheat seeds.
Thus the elimination of seeds by colonizing of
bacteria revealed these bacteria enable to prevention
of germinating and finally destroy the yield
(Figure 5).
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In fact the growth of treated variants got speed
after third day of germination, so the essential
oils variants grow up day by day with hadn’t any
difference, it replayed the essential oils of hyssop
affected on bacterial inoculant during first until
third day of germination and then support the
growth process of wheat. And the all cultivars were
susceptible against all genera such as Pseudomonas,
Erwinia, Bacillus and Staphylococci but only two
varieties like Ghory and Sulh were resistance against
Pseudomonas.
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Figure 5 — Growth of Chunta and Mukawm varieties in treated and inoculated during five days

Conclusion

This study received among which bacteria
were sensitive against essential oils of hyssop,
although they had difference level effecting such
as Bacillus the highest sensitive versus essential
oils of hyssop in all varieties of wheat seeds
successfully controlled and the growth of wheat
seeds lengths the same in controls variant in case
the inoculated variant eliminated the wheat seed
for example in Chunta variety at the control was
grown during five days like 4,5cm 6,5cm §8,5cm
14,3cm and 15c¢m but on the treated variant also
was grown at the period of five days that consist

respectively as Scm 9cm 12cm 14,5cm  and
16,4cm. The Erwinia and Staphylococci genera
also were sensitive but not like Bacillus in Chunta
and Mukawm varieties.

Thus revealed inoculated bacteria were very
sensitive against essential oils of hyssop and the
extraction of essential oils of hyssop is not very
complex also by using of this compound we can
prevent of environmental pollution and other hazard
of using chemical compound that causing resistance
like bacteria via conjugation or transformation,
only we need to add 10.2 ml/lit of essential oil in
distillate water and inoculate the wheat seeds with
this solvent before cultivation.
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MOAEAUPOBAHUE 3AKOHOMEPHOCTEM BAUSIHUS
ASPOITOAAIOTAHTOB HA CTEINMEHb OYUCTKHA
BbIbPOCOB IPEATINPUATUA

[MpoBeAEeH MOHUTOPUHI COCTOSIHUS aTMOCEPDI M BbIMOAHEHO MOAEAMPOBAHME MPOLLECCA OUMCTKM
BbIOGPOCOB M OMPEAEAEHbI OMTUMAaAbHbIE YCAOBUS. [1pvMeHeH MeTOA MAAHUPOBAHMS 3KCMEPUMEHTA,
B OCHOBY KOTOPOrO MOAOXEHA HEeAMHelHAs MHOXXECTBEHHasl KoppeAdums. Ha oCHoBe AaTMHCKMX
KBaApPATOB COCTaBASETCHd MHOroakTopHasg MaTpuua MAAHMPOBAHWS, B KOTOPOWM 3aAaHbl YPOBHM
(p) n3yvyaembix ¢akTopoB (06bI4HO p=>5). CrpyKTypa MaTpuupbl TakoBa, YTO MPU MPOBEAEHWMU BCEX
3KCMEPUMEHTOB MO MAAHy N =P? unMcAO 3KcnepumeHToB (n) GyaeT n=52, ypoBeHb ADGOro akTopa
COYETAeTCs OAMH Pa3 C KaXKAbIM YPOBHEM BCEX OCTaAbHbIX (hakTOPOB. DTUM 06eCcrneumnBaeTcs ycpeaHe-
HME AENCTBUS M3ydvaemoro paktopa npu BbIBOPKE PE3yAbTAaTOB 3KCMEPUMEHTA Ha AOGON ypOBeHb
Ao6oro akrtopa. Kputeprem MOAHOTBI MPOTEKAHWs MPOLECCca SBASIETCS CTerneHb MpeBpatleHus
BELLLEeCTBA, B 9KOAOTMM — 3TO CTEMEHb 3arps3HEeHMS OKPY>KaloLLEel CpeAbl, B TEXHOAOTMYECKOM MpoLiecce
— 3TO CTerneHb MpeBpaLLeHns MCXOAHbIX BELLECTB C MEPEXOAOM B MPOAYKT, CTerneHb M3BAEYEeHUS
MOAE3HOIr0 KOMIMOHEHTA, CTerneHb KPUCTAAAM3ALMM U T.1I.

BbINMOAHEH aHAAM3 MOAEAEI AAS AATEBPAMYECKOrO ONMUCAHUS (PYHKLIMIA. AHAAU3 YACTHbIX (OYHKLMIA
MoKasaA, YTo HaMbOAEEe CMALHOAENCTBYIOLME (PaKTOPbl — 3TO KOHLEHTPALMS HEOPraHUUYECKON MbIAM
(X,), MPOAOAXKUTEABHOCTb B3auMoAenCTeKs (X,) 1 TemnepaTypa okpy>katouen cpeabl (X,).

KAtoueBble CAOBa: MOAEAMPOBaHWE, MHOXKECTBEHHasi KOppeAdaumsi, pakTop, aspOMOAAIOTAHT,
maTpuLa NAQHMPOBAHMS, CTeNeHb 3arpsa3HeHns, YpoBHM (DAKTOPOB, YaCTHas 3aBUCUMOCTb.
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Modeling the regularities of an impact of air pollutants on the
degree of cleaning the wastes of company

In accordance with results of the monitoring was doing fulfilment the mathematical planning of
process of purifying of emissions on the enterprise and defined the optimal conditions of catching soil-
ing substances. It was used method of planning of experiments, which based on the non-linear multiply
correlation. On the basis of Latin squares created of matricx the mathematical planning and given levels
(p) of studied factors (usually p=5). The structure of the matrix is such, that if fulfil all experiments in
accordance to plane n= p2, numbers of experiments (n) will n=52 i.e. n=25 and of level any factor has
combination with level of other factor only one time. The criterion of completeness current of process is
degree interaction. In the ecology — degree of soiling of environment, in technology — is degree of turn-
ing of initial substances with forming ended product, degree crystallization et ctr.
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The analysis of modules for mathematical description of the functions is done.Analyses of the private
functions shoved, that the most effusion and strong influencing factors are concentration of the inorganic
dust (X1), duration of interaction (X3) and temperature of environment (X4).

Key words: modeling, multiple correlation, factor, air pollutant, matrix of planning, degree of pollu-
tion, levels of factors, private dependence.
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A3pOroAIOTAaHTTaPAbIH, KBCIMOPbIH KAAABIKTapbiH Ta3aAay AdpeXxeciHe
9cep eTy 3aHADbIAbIKTapPbIH YATiAEY

ATMOCepanblK, Xyriere MOHUTOPUMHI >KYPri3iAin, KaAAbIKTapAAH Ta3apTy MPOLLECi MOAEAAEHAI
>KOHe OFaH TUIMAI KaFAanmAap aHbIKTaAAbl. Herisi KenTik Cbi3blIKTbIK emMec 6aAaHbIC GOAbIMN TabblAATbIH
ToxipmbeHi xacnapAay aAiCi KOAAAHbIAFAH. AaTblH KBaApaTTapbl HEri3iHAE 3epTTeAeTiH dhakTopAap
KeseHaepi (p) 6epiareH (eaeTTe p=>5) KenakTopAbl XXOCMapAay MaTpuuachl >kacaAasbl. MaTpuuaHbiH
KYPbIAbIMbI MblHaAai: N = P2 >kocnap 60MbIHLIA )KacaAFaH GapAbIK, ToXKipubeAepAiH caHbl (n) n=52TeH,
Ke3 KeAreH pakTopAbIH Ke3eHi KaaFaH 6apAblK, (hakTopAapAblH 8p6ip Ke3eHiMeH 6ip peT yrAecTipiaeAi.
ByA Ke3 keAreH hakTOpAbIH, KE3 KEAreH Ke3€eHiHiH HOTUXKECIH TaHAQFaH Ke3Ae 3epTTeAeTiH (DakTOPAbIH,
SPEKETTIH opTallia MeHIH TabyAbl KaMTaMachli3 eTeAl. 3aTTbiH, aybICy ABPEXKEC], MPOLECTiIH TOAbIK XXYPY
KpPUTEPUSChbl BOABIN TabbiAaAbl. DKOAOTUSAA OA KOPLLAFAH OPTaHbl AACTAy ASPEXKECI, TEXHOAOTUSIAbIK,
npouecrte — 3aTTblH 6acTankbl KYMAEH GHIMre amHaAy ASpexkeci, maniAaAbl eHIMAI aAy ASpexxeci,
KPUCTaAAQHY ABpPEeXKecCi >KaHe T.C.

MOHUTOPUHITI TaAAQy HOTMXKECI 3KOXKyWere KaTTbl acep eTeTiH (pakTopAapAbl aHbIKTaWAbI.
DyYHKUMSHBI AATeOPaAbIK, CUMaTTaYAbIH MOAEAIHIH, TaAAQYbl aHbIKTaAFaH. XKeke hyHKUMSIAApAbI TAAAQY
(1) — (4) kaTTbl acep eTeTiH (PaKTOPAAPAbIH OernopraHMKaAbIK, WaH, KOHUEHTPaLMSCHI (X,), e3apa

dpeKeTTecy y3aKTblAbIFbl (X,) >KOHE KopLuaFraH opTa Temnepartypachl (X,) eKeHAIriH kepceTTi.
Tyiin ce3aep: MoAeAbaey, KOMTiK 6alAaHbIC, (DakTop, aspOMOAAIOTAHT, XacrnapAay MaTpMLACh,
AACTaHy Adpexkeci, (pakTop AeHreni, >xeke ToyeAAiAik.

MeTO}II/IKa MOAECIUPOBAHUA

B ocHoBe B3auMOAEHCTBUS B CJIOKHOH 3KO-
cUCTEME JIS)KUT HEKOTOpas MHOro(hakTopHas 3a-
BUCUMOCTh. [lmaHupoBaHWEe MHOTO(AKTOPHOTO
SKCMIEPUMEHTA TTO3BOJISIET HAUTH SIBHYIO (DYHKIIMIO
(MITUPUYECKYIO 3aBUCHMOCTH), OIHCBHIBAIOUIYIO C
MPUEMIIEMBIM MPUOIMKEHNEM BIUSHUE H3Y4aeMbIX
(hakTOpoB Ha KOHEUHBIH pe3yipTaT (Manblmes,
1989:34).

Hamu npuMeHeH MeToHx TUTAHMPOBaHUS DKC-
MepUMEeHTa, B OCHOBY KOTOPOTO TIOJIOKEHa He-
TUHEHHAsT MHOXKECTBEHHas Koppemsus. Kpome
TOTO, BO3MOXKEH KHHETHYECKHI aHalu3 Ipolecca
Ha OCHOBE OOOOIIEHHOTO ypaBHEHMs (MaTeMaTH-
yeckoit Mosienn). Ha ocHOBe JIaTHHCKUX KBa/paToB
COCTaBIseTCS MHOTO(AKTOPHAS MaTpUIla THIAHHPO-
BaHMs, B KOTOPOH 3aJaHbl YPOBHU (P) U3yIaCMBIX
¢daxTopoB (00b1YHO p=5). CTpyKTypa MaTpUIbl Ta-
KOBa, 4TO TPU MPOBEJCHUH BCEX IKCIIEPUMEHTOB
mo TuaHy n =P? 4uciio sKCIepuMeHTOB (n) Oymer
n=52, ypoBeHb JII000T0 (akTopa COYETACTCS OIMH
pa3 ¢ KaXJbIM YPOBHEM BCEX OCTAIBHBIX (DaKToO-

ISSN 1563-034X

pOB. DTUM 00OecrieunBaeTCcsl yCPeIHEHUE NEHCTBUS
n3ydaeMoro (akTopa TpH BBIOOPKE PE3yJIbTaTOB
JKCIIEPUMEHTA Ha JIF000H ypOBEHb JIH000r0 GakTopa
(Maunbimes, 1989:34; Kazosa, 2008:56-59; Draper
1965:473-478).

YpoBHU (aKTOPOB ONMPEACISIOT 00J1acTh (ak-
TOpHOTO TIpocTpaHcTBa. [Ipu MpoBEIEHUU HKOIIO-
THYECKHAX, XMMAYECKUX M TEXHOJOTHYECKHX OIKC-
MEPUMEHTOB HEOOXOJMMbI alpPUOPHBIC 3HAHWS,
4TOOBI 33/1aBaTh YPOBHU (DAKTOPOB B COOTBETCTBHUH
¢ TpeOOBaHMAMH ONTHMH3ANWHU TIporiecca. Kpure-
pHUEM TOJHOTHI IPOTEKAHMS TPOIlecca, KaK U3BECT-
Ho (Draper, 1965:473-478; Kazova, 2014:147-151;
[ennon, 1963:243-332; Mauprmes, 2009:126-
132), sBasieTcst cTENEHb MPEBpAICHUS BEIIECTBA,
B 9KOJIOTHH — CTETICHb 3arpsi3HEHUs OKPYKaIOIIeH
cpensl (OC), B TEXHOJIOTHIECKOM IIPOIIecCe — 3TO
CTCITICHD MPEBPAIICHHSI UCXOIHBIX BEIIECTB C Mepe-
XOJIOM B TIPOAYKT, CTEIICHb M3BJICUCHUS TIOJIC3HOTO
KOMITOHEHTA, CTENEeHb KPUCTAITH3AIUH U T.11. DTOT
KpUTEpUil — 3aBUCUMas BeJInurHa ((PYHKIUS Vp).

[lo pesynbraTam OIBITOB W3 MOJyYEHHOTO
MaccuBa SKCIIEPUMEHTANBHBIX 3HAYEHUH CTENeHH
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MO[IBJII/IpOBaHI/Ie 3aKOHOMepHOCTCfI BJIIMAHUSA a3pONOJUIFOTAHTOB Ha CTCIICHb OYUCTKH BBIGPOCOB MPEATNIPUATUS

npeBpamenus: BemecTBa (Y, %) MPOBOIUTCS BbI-
0OpKa COIIaCHO IUIaHy-MaTpule Ul HOCTPOCHUS
HYaCTHBIX SaBHCI/IMOCTeﬁ, OIIMCHhIBAIOIIUX BJIIMAHHC
OTACTBHBIX (DaKTOPOB (HAampUMep, TEMIEPaTyphl,
IIPOIOJKUTEIIBHOCTH, Kjlacca MaTepuajia M JIp) Ha
Y, Hocne onpenenenus 3aKOHOMEPHOCTEH NPOU3-
BOJUTCS allIPOKCUMALHSI C MOJYYCHUEM aHAINTH-
4ecKoil (hOpPMBI YaCTHBIX (yHKITHIA:

Y= f(X); Y, =f(x,)....7, = f(x,)

OObenuHeHne 4acTHBIX (PyHKIMN B 0000IIEeH-
HYI0 (DYHKIHIO:

M

Y=Y, Y,....Y /G, )
rae Yl, Y2. . ...Yn — YacTHbIE (DYHKIIHH,
X X, X — (hakTOpBI (HE3aBUCHMBIE TIEPE-
MCHHEIE),

n — 9uciio GakTopos,

G™!— reHepanbHOE CpesiHEE.

YacTHbIe 3aBUCUMOCTH aHAJTM3UPYIOTCS Ha 3Ha-
YUMOCTH C ITOMOIINBIO KO3 UITMEHTA HEITMHCHHON
MHOKECTBEHHON KOPPEJSIUU:

R=1-(N-1)x(¥y - %, )/(N-K -1)x(Y; - ¥, ) (3)

Bxoaut B popmMyiy 3HaUNMOCTH (DyHKINH:

; “4)

rie N — 4HCcII0 ONHUChIBaeéMbIX TOUYEK,
K — gucno nefictByromux (GakTopos,
Y — OKCIIEPUMEHTAIIBHBIN PE3yJIbTAT,
V. — TeopeTnyecKuii (pacueTHBIN) pe3yIibTar,
VY _—reHepalbHas CpEAHSIsL.

cp

I'enepanbHas cpemHssi — 3TO CyMMa BCEX pe-
3yJITATOB PACUCTHOI'O MACCHBA, JICJICHHASI HA YKC-
JIO MATPUYHBIX SKCIIEPUMEHTOB.

[lo pe3ymbraTaM MOHUTOPUHTA COCTOSHHS
atMocepsr  (Tuxomupon, 2003:350; Hecrtepos,
2002:247; Jyxwmn, 1998:270; Mansmmes, 2010:74-
82) (Tabnmia 1) BBIMOIHEHO MOJEIUPOBAHHE TIPO-
recca OYHCTKA BBIOPOCOB M ONpPEJCITICHBI OINTH-
MaJIbHBIC YCJIOBUS YJIaBIMBaHUS bl (Mabliies,
2011:307; Robie, 1978:456; Criupunonos, 1970:221;
Kern, 2002:421; Kovalczuk, 2008:94-100). B Tta-
Onuite 1 mpencTaBieHbl TaHHBIC 10 KOHIICHTPAIMU
3arpsiHsomyX BemecTs (3B) B BeIOpocax npeanpu-
atus ¢ ykasauueM Hopmatusoe (ITIK ., TIJAK )
(Masbmmes, 2009:126-132; Tuxomupos, 2003 350
Mansimes, 2009:2-8; Kazhikenova, 2012:335-337;
Topikos, 1982:187-208).

Taomua 1 — KoHreHTpaiuu 3arpsi3HsIOIIX BEIICCTB, BRIOpa-
CBIBAEMBIX B aaTMOC(epy MPeanpUsITUEM

Konuenrpauus B
No HaumenoBanne BO3IyXe, MI /M°
/I WHTPEIMEHTOB
HAK | IAK
[T HEeoprannueckas (SiO
1 |2070%) P (810, 0,1 0,3
2 | Okcupn ymiepona (ra3) 3,0 5,0
3 | Oxcup yrmiepona (MasyT) 3,0 5,0
4 | [Ieu1p acGecToconeprkaras 0,15 0,5
5 | Inokcup a3orta (ra3) 0,04 0,085
6 | duokcua azora (MasyT) 0,04 0,085
7 | Ymepon uepHbIii (caxa) 0,05 0,15
8 Oxcuy xenesa 0,04 -
Jons BKIIaJa WHIPEAUEHTOB IIOKAa3aHa B
Tabuue 2.

Ta6mauua 2 — Jlons BKIIaaa 3arpsi3HSIONINX BEIIECTB B BAJIOBOM BEIOpOCe

Ne HaunmenoBanwue BemiecTBa HI[KMP ’ Banosuiii Bribpoc Jons Briana, %
n/n mr/ m? T /cex T/ rox
1 | IIbwi» neopranmyeckas (SiO, 20-70%) 0,3 188,7 2976,904 43,52
2 | Okcup yrnepona (ra3) 5,0 14,12 222,669 3,26
3 | Okenp yriepona (Ma3yT) 5,0 10,52 166,035 2,43
4 | IIsu1b acGecTocoaeprkaras 0,5 208,2 3283,877 48
5 | Jlmokcun a3ora (ra3) 0,085 6,58 103,831 1,52
6 | duokcun a3ota (MasyT) 0,085 5,27 83,138 1,22
7 | Yoepon depHbIit (caxa) 0,15 0,16 2,581 0,04
8 | Okcup xenesa - 0,053 0,844 0,01
Bcero 433,603 6839,879 100

* IIpu T pabotsr o6opynoBanus = 4380 u/rox
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3KCHepHMeHTaJ'IbeIe JaHHbIE

OKCIepUMEHTAIIbHBIE MCCIICIOBAHMS SBISIOTCS
OCHOBHBIM MCTOYHHUKOM MOJYYEHHUS JIOCTOBEPHBIX
cBeleHHH 00 0o0BbeKkTax peasibHOro Mupa. Takue
MCCIIEIOBAHUS TIPOBOIATCS C IEIbI0 BHIOOpA pamu-
OHAJIBHBIX TEXHOJOTMYECKUX PEKHMOB (YHKIHO-
HUPOBAHUS WIHM ONTHMHU3ALMH ApaMETPOB CUCTEM,
OLICHKH CTENEHH BBHITOJIHEHUS 3aJaHHBIX TpeOoBa-
HUH K CO3/1aBAEMbIM H3/ICTHSM, BBISCHECHHS 3aKOHO-
MepHOcTel (YHKIMOHUPOBAHUS, aHATIN3a BIMSIHUS
(aKTOpOB Ha IMOKA3aTEN Ka4eCTBA.

Tadmuua 3 — O6nacTp (HaKTOPHOTO MPOCTPAHCTBA

B rtabmune 3 mpuBeneHsl ypoBHU (HaKTOPOB,
pacmpejielicHie MX Ha OCHOBE JATWHCKOIO KBa-
npara (Korovin, 2011:77-100; Cos0XeHKUH,
2014:263; Kasosa, 2015:273; Korovin, 1993:299-
305; Korovin, 2009:95; Riveros, 2001:27; Roine,
2002:91-98). DxcniepuMEeHTATBEHO OMpeneeHa CTe-
TIeHb 3arps3HEHUs cpejibl. B Tabnmie 3 npuBeneHs
ypOBHU (BaKTOPOB. METOANYECKH 3TO MOKHO OCY-
IIECTBUTh HAa OCHOBE 3aMEPOB B Hayalile ¥ B KOHIIC
skcriepuMeHTa. COMOCTaBUTENBHBIE aHAIN3 MTO3BO-
JIUJT ONPE/ICIUTh BBIXOJI 3arpsI3HSIONIETO BEIIECTBA
(Tabnuua 3).

DakTopbl YpoBHH (akTOpoB
1 2 3 4 5
SO,, X, mr/m’ 0,1 0,15 0,20 0,25 0,3
CO,, X, , mr/v’ 1,0 2,0 3,0 4,0 5,0
[IponomxkurenbHOCTh, X,, MUH. 2 4 10 15 20
Temmneparypa, X, °C 10 15 20 25 30

Tadmuua 4 — YetpipexdakTopHas MaTpHIla TNIAHUPOBAHUS SKCIIEPIMEHTOB

Konuenrpauus Konuenrtpauus
o é MIBUTH HEOPTaHUYECKOH, | MbUTH acOecTcomeprKaIei, Tponomxutenbrocts, TeMHep? Typa, CTeneHbo
L X e/t X M X, MUH. X,,C OYKCTKH, %0
5] 1, 22
VYpoBenb | 3HadeHHEe | YpOBEHb 3HaueHHe Vposens | 3nauenne | Yposenb | 3Hauenue | Y -3KCHEpHMEHTa
1 2 3 4 5 6 7 8 9 10
1 1 0,1 1 1,0 1 2 1 10 80,0
2 1 0,1 3 3,0 3 10 3 20 92,3
3 1 0,1 2 2,0 2 4 2 15 86,1
4 1 0,1 5 4,0 5 20 5 30 94,6
5 1 0,1 4 5,0 4 15 4 25 93,9
6 3 0,20 1 1,0 3 10 2 15 94,0
7 3 0,20 3 3,0 2 4 5 30 98,1
1 2 3 4 5 6 7 8 9 10
8 3 0,20 2 2,0 5 20 4 25 98,5
9 3 0,20 5 4,0 4 15 1 10 91,3
10 3 0,20 4 5,0 1 2 3 20 97,1
11 2 0,15 1 1,0 2 4 4 25 97,9
12 2 0,15 3 3,0 5 20 1 10 85,4
13 2 0,15 2 2,0 4 15 3 20 94,1
14 2 0,15 5 4,0 1 2 2 15 90,4
15 2 0,15 4 5,0 3 10 5 30 98,0
16 5 0,3 1 1,0 5 20 3 20 99,0
17 5 0,3 3 3,0 4 15 2 15 98,2
18 5 0,3 2 2,0 1 2 5 30 99,6
19 5 0,3 5 4,0 3 10 4 25 99,7
20 5 0,3 4 5,0 2 4 1 10 96,6
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Ipooonscenue mabruywvl 4

Konnenrpanus Konnenrpanus
o g IIBUIN HEOPTaHWYECKOH, | MbIIM acOecTcomepiKareii, TponomxutensiocTs, TeMnep? Typa, CTeHeHBO
< é X, wr e X, , ur e X, MUH. X,,C O4KCTKH, %o
YpoBenb | 3HadeHue | YpOBEHb 3HaueHme Vposenb | 3navenne | Yposenb | 3HaueHue | Y -dKCIEpHMEHTa
21 4 0,25 1 1,0 4 15 5 30 99,0
22 4 0,25 3 3,0 1 2 4 25 98,5
23 4 0,25 2 2,0 3 10 1 10 94,0
24 4 0,25 5 4,0 2 4 3 20 98,1
25 4 0,25 4 5,0 5 20 2 15 97,7
O00011eHHOE YpaBHEHHE, OIMCHIBAIOLLECE BIIMSI- Ta 23721
HHUE BCEX M3y4yaeMbIX ()aKTOPOB HA CTEIIEHb OUUCT- V=—= =049 5)
KW, BBIIJIAAUT CICAYIOINM 06pa30M: n 25
Ta6auna 5 — Pacuer 3HaueHU# 4aCTHBIX QyHKIHN
1 2 3 4 5 6
Ne ¢paxropa X, o
80,0 97,9 94,0 99,0 99,0
92,3 85,4 98,1 98,5 98,2
86,1 94,1 98,5 94,0 99,6
94,6 90,4 91,3 98,1 99,7
93,9 98,0 97,1 97,7 96,6
Uroro: 89,4 93,2 95,8 97,5 98,6 94,9
Ne ¢paxropa X,
80,0 86,1 92,3 93,9 94,6
94,0 98,5 98,1 97,1 91,3
97,9 94,1 85,4 98,0 90,4
99,0 99,6 98,2 96,6 99,7
99,0 94,0 98,5 97,7 98,1
Uroro: 94,0 94,5 94,5 96,7 95,0 94,9
Ne dakropa X,
80,0 86,1 92,3 93,9 94,6
94,0 98,5 98,1 97,1 91,3
97,9 94,1 85,4 98,0 90,4
99,0 99,6 98,2 96,6 99,7
99,0 94,0 98,5 97,7 98,1
HUroro: 94,0 94,5 94,5 96,7 95,0 94,9
Ne ¢paxropa X,
80,0 86,1 92,3 93,9 94,6
91,3 94,0 97,1 98,5 98,1
85,4 90,4 94,1 97,9 98,0
96,6 98,2 99,0 99,7 99,6
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Ilpooonaicernue mabauyot 5

1 2 3 4 5 6
94,0 97,7 98,1 98,5 99,0
Hroro: 89,5 93,3 96,1 97,7 97,9 94,9
BLI60pKa M3 DKCIICPUMCHTAIBHOTO MaCCHUBa IS IIOCTPOCHHUS YaCTHBIX (byHKLII/Iﬁ
Y,100 Y, 96

98

96

24

92

20

0,1 0,15 0,2 0,25 0,3

95

94

93

C (SO,), mr/m?

a) 3aBUCHUMOCTD CTECIIEHU OYUCTKH OT KOHUECHTpPALlUN SO2

v, 96

95

94

93

2 a 10 15 20

B) 3aBUCUMOCTHU CTCIICHU OYUCTKU OT MPOJAOJIKUTCIIBHOCTH

ITocrie BBIOOPKH SKCTIEPUMEHTATBHBIX TaHHBIX
nostyvenbl yactupie pynkiuu (Y, Y,,...Y,), onu-
CBIBAIOIINE BIHMSIHUAE OTICIBHBIX (PaKTOPOB Ha CTe-
TICHb 3arPSA3HEHNS OKPY KAfoMIel Cpebl.

ANNpoKkcUMAaNMs YaCTHBIX (QPYHKIUH

Onpenenenne  KO(QOUIMCHTOB  JIMHCHHBIX
Gynxuuii Y, Y,, Y, BBIIOJHEHO C NPUMEHEHH-
€M METOJa HaAUMCHBIINX KBaApaToB. DyHKIMA Y,
onuceiBaeTcss ypaBHeHueM Epodeea-Konmoro-
poBa, (Roine, 2002:91-98; Bakshi, 2010:76; Chen,
2010:85; Korovin, 2008:261-301).

ISSN 1563-034X

1

3

4

5
C{CO,), mr/m?

6) 3aBUCUMOCTDH CTEIIEHU OUYUCTKH OT KOHUEHTpPAlUN C02

v, 100

98

96

24

92

90

10

20

25

T, MUH TOC
I') 3aBUCHMOCTB CTCHICHH OYUCTKH OT TEMIIepaTyphbl
Pucynok 1 — Berbopka Ha Toueunsle rpaduku
Ta6auna 6 — Omnpenenenue KodP(UIMEHTOB YaCTHBIX
byHKImit
Ne toukn X Y X2 XY
1 0,2 89,4 0,04 17,88
2 0,25 93,2 0,0625 233
3 0,3 95,8 0,09 28,74
4 0,35 97,5 0,1225 34,125
5 0,4 98,6 0,16 39,44
> 1,5 474,5 0,475 143,485
29
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y=a + bx (6)
ngXY — X35V
C nzpX:-(3X): @)
5143485 — 1,5 - 4745 :5,675:45’4
50475 (15) 0,125
Y —bsX
o oK ®)
n
474,5 - 45;4 B 115
a= =81728
5
YpaBHeHue GyHKIIH:
Y =81,28+45,4X, €]

[To dhopmyte (9) paccunThIBaEM TEOPETUUECKOE
3HavYeHue (PyHKINU:

Y, =81,28+45,4:0,2=90,36
Y, ,=81,28+45,4-0,2592,63
Y, =81,28+45,4:0,3=94,9
Y, =81,28+45,4:0,35=97,17
Y, =81,28+45,4-0,4=99 44

Taéamnua 7 — Onpenenenne kod3GHUINEHTOB YACTHBIX QYHKLIUIA

Ne ToukH X Y X2 XY
1 0,3 94,0 0,09 28,2
2 0,35 94,5 0,1225 33,075
3 0,4 94,5 0,16 37,8
4 0,45 96,7 0,2025 43,515
5 0,5 95,0 0,25 47,5
> 2 474,77 0,825 190,09

ITo dhopmymnam (7) u (8) morygaem:

5-:190,09 —2-4747 1,05

—8.4
5 0825-(2) 0125 >

4747 — 8,4 - 2
4=—

=91,58

5

YpaBHenue GyHKIIUA:

Y =91,58+8,4X, (10)

ITo dopmyne (10) paccumTbiBaeM TeopeTHYE-
CKO€ 3HaUeHHUe PYHKIINU:

Y, =91,58+8,4-0,3=90,36
Y, =91,58+8,4:0,35=92,63
Y, =91,58+8,4-0,4=94,9
Y, =91,58+8,4-0,45=97,17
Y, =91,58+8,4-0,5=99,44

®yHKIMSA y,0MUCHIBAETCS ypaBHeHHEM Komnmo-

ropoBa-Epodeena
_krn
Y =1-¢ , (11

e Y, — CTENEHb OYUCTKH BEIOPOCOB, Y0;

T (X,) — NPOIOKUTENBHOCTL BO3JEHCTBHS,
MUH;

k, n — KO3 PUIKEHTHI ypaBHEHUS, XapaKTepH-
3yIOIIME KMHETHKY Tpolecca.

Anamusz  QyHKIMM y,, BKIIOYas JIMHEApU3a-

o ¢pyHkuuu B koopanHatax (Extraction process,
2008:261-299; Kazona, 2014:40-45).

log [— log(1— o:)] -logT

MMPUMCHUTEIILHO K YCJIOBUAM SKCIICPUMECHTA:

_krﬂ
€ =1-a, rae 0=y,

log(1 —a) =-kt"
kT = -log(l — )

logk + nlogt = log [— log(1— a)]

log [— log(1— a')] =logk +nlogt

Pacuer k0o puurenToB GyHKINHU Y, BBITOIHS-
eTcsl 110 IaHHBIM TaOJIHIB 8.

ITo dopmymam (7) u (8) moryaaem ko3 duru-
eHTBI JUIst QyHKIMH Y :

51,5943 388505609 57q5,

5:3,4326-(3,885)* _m=2,7985

::0,5609 _'2,7985 l3J385::éL0622

5

a
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Tabmmna 8 — Pacuer pynkimn y,

Tolzin T logT - l-o log{1 — @) | log [— log(1 — o:)] X2 XY
1 2 0,301 0,931 0,069 -1,1611 0,0648 0,0906 0,0195
2 0,602 0,954 0,046 -1,3372 0,1262 0,3624 0,0759
3 0,903 0,956 0,044 -1,3565 0,1324 0,8154 0,1195
4 10 1 0,953 0,047 -1,3279 0,1232 1 0,1232
5 12 1,079 0,950 0,05 -1,3010 0,1143 1,1642 1,2562
> 3,885 0,5609 3,4326 1,5943

Tab6auna 9 — Onpenencnne k03P HUINCHTOB YaCTHBIX (QYHKIUI

Ne Toukn X Y X2 XY
1 10 89,5 100 895
2 15 93,28 225 1399,2
3 20 96,1 400 1922
4 25 97,7 625 2442,5
5 30 97,9 900 2937
> 100 474,48 2250 9595,7

ITo hopmynam (7) u (8) moxydaem:

595957 — 100 - 474,48 5305
N 5.2250-(100)¢ 1250

=0,4244

47448 — 00,4244 - 100
a=

=86,408

5

Vpapnenue Qpynxuun:Y,=81,28+45,4X, (12)

ITo ¢opmyne (12) paccumtbiBaeM TeopeTHUeE-
CKO€ 3HaueHHe (PYyHKINU:

Y, =86,408+0,4244:10=90,6
Y, =86,408+0,4244:15=92,8
Y, =86,408+0,4244-20=94,9
Y, =86,408+0,4244:25=97,0
Y, =86,408+0,4244-30=99,1

Amnanus yacTHeIX QpyHKun# (1)-(4) moxaszain, 9To
HaunOoJiee CHIBHOACHCTBYIOIIUE (AKTOPBI — KOH-

LEHTpalus HeOpranudeckod neun (X)), mpomod-
JKUTEILHOCTh B3aMMOJIEHCTBHA (X,) U Temmepary-
pa okpyxatomen cpenpl (X,). OyHKuMs CcreneHn
OUYUCTKHU OT KOHICHTPAIIMK HEOPTaHUYECKOH IMBUIN
ONMCBIBACTCS JIMHEHHOHN 3aBUCUMOCTBIO C 3aMETHOM
KpPYTHU3HOM Bo3pacTanus (pucyHok 1, a). dakrop
BpPEMEHH BO3/ICHCTBYET Ha OKPYKAIOIIYIO CPEIy IO
9KCIIOHEHIIMAIBHOMY KHHETHYECKOMY 3aKOHY: MpH
MIPOAOJKUTENIBHOCTH § MUHYT HacTymHaeT CTabuiu-
3alus CTENICHW OYHMCTKU (PUCYHOK 1, B). YBenuye-
HUE TEeMIEpaTyphl IPUBOIUT K 3aMETHOMY BO3pac-
TaHHIO CTETIEHN OUYMUCTKH BEIOPOCOB B OKPYIKAIOLIYIO
cpeny (pucyHok 1,r). OG00IIEHHOE ypaBHEHHUE UC-
TIOJIB3YETCS 11l IPOTHO3UPOBAHUS CTETIEHN OUYNCT-
KU BBIOPOCOB NPU M3MEHEHWU HE3aBUCHMBIX Iepe-
MerHbIX (X, — X)), T.e. dynkmua ¥V = (X, X,, X,,
X, ) ONHMCBHIBAET IMHAMHKY MPOILECCA OYUCTKU BbI-
OpOCOB TIPEAIPHUATHS TIPU U3MEHEHUH H3y4YaeMbIX
HE3aBUCHMBIX (DAKTOPOB.

BriBoabI

B pesynpraTe MonmenmpoBaHHS TpoIecca BIIH-
SIHUSI adPOTIOJUTFOTAHTOB Ha COCTOSIHUE aTMOC(ephl
MOJIy4EHBI 3aKOHOMEPHOCTH, KOTOPHIC OMUCHIBAIOT-
Csl YaCTHBIMH ypaBHEHUSAMHU. BhIOIHEH aHaIM3 MO-
JeTiel Jist anreOpandeckoro onucanus QyHKInH.

BnusHue KoHIEHTpaluu HEOPTaHUYECKOU IIbI-
JU U TeMIEpaTypbl ONUCHIBACTCS JIUHEHHON 3aBU-
CUMOCTBIO, a 3aKOHOMEPHOCTh BO3IIEHCTBUS IPO-
JOJDKUTEIBHOCTA OTBEYACT SKCIOHCHUIUATBHOMY
3aKOHY.
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AYbIA LUAPYALUDBIADbIK KAAADBIKTAPbIHbIH,
LEAAIOAO3AADbI CYBCTPATTbIH, ALUBITKbl BAKTEPHMAAADI
KOHBEPCHUS )KOABIMEH XXEMAIK AKYbI3 ©HIMAEPIHE AEMIH
YTUANUSALUMAAAY

MuKpo6TbIK, aKybi3 MeH MnpobuoTukTepre 0Gail LEAAIOAO3aAbI  LLMKI3aTTbiH OMOKOHBEPCHSICI
— >KaHyap >k8He KYC llapyallbIAbIFbIHAAFbl >KEMHIH CarnacbiH >KakCapTyAblH dAicTepiHiH  6ipi.
MuKpoopraHusmaepAiH eki ToOblHbIH, OipikkeH KaTTbl (hasaAbl (hepMEHTALMSCHI COHFbI CyOCTPaTThIH,
6MOKOHBEPCHSIHbIH KYPaAbl peTiHAE MarnAaraHbiraAbl (Norman 2009: 268). Bya KOHBepCHsIHbIH aAFaLLIKbl
Ke3eHi peTiHAe — WMKi3aTTbiH, KaHTTaHyblH >Ky3ere acbipatbiH Bacillus (ueaAtono3anbik, hepmMeHTTEp
>K8HE aHTUMMKPOOTBIK, CyOCTaHUMSIAAPABIH, MPOAYLIEHTTEPI) TybICbIHbIH 6akTepuschl. EKiHwwici — akybI3
NMPOAYLEHTTEPI — allibITKbIAAPAbIH, apHaibl LUTAMMAQPbI.

LleAAtono3aAbl WMKi3aT — 6uaan KeberiH, KyHOarbiC KAAAbIFbIH >K&HE Kypill Kaybi3blH TOYAIKTIK
copriaabl  GakTepuanAbl  AAKbIAMEH MHOKYASITTaAbl.  AakbiApaayAbl 10 Tayaik  6oinbl  28-30°C
Temreparypaaa >ysere acbipaasbl. DepMeHTaumMsaHbIH TUIMAIAITT, aFHK Bacillus TybICbIHbIH, 12 WTaMbIHbIH
KaTTbl LIeAloAO3aAbl CybcTpaTTapAa ecy KabiaeTiH KypambiHaarbl 80% H,SO, xeHe 2% HCl-aa oHan
TMAPOAMBAEHETIH MOAMCAXaPUATI LIEAAIOAO3aHbIH ©3repyiMeH GarasaiAbl.

3epTTey 6apbICbiHAQ LIEAAIOAO3A XKOHE T'eMMUEAAIOAO3aHbIH LWbIFbIHbI: KebekTe — 2-6 %, Kypilu
Kaybi3biHAQ — 7-10 %, KyH6aFbIC KaAAbIFbIHAQ — 5-9%. 3 TYpAi aparac AaKbIA KypacTbipbiAAbl. Bacil-
lus Tybicbl 6akTepusinapbl MeH Pichia guilliermondii awbITkbiAapbiHaH TypaTbiH apaAac AakbIAAAPAbI
nanAaAaHy LEAAIOAO3aHbIH BY3bIAy TUIMAIAITiH 2-3 ece apTTbipAbl. ByaapAbIiH apacbiHAaFbl 6eACEHAIAEPI
KaTTbl CyOCTPATTapAA XKACYHbIKTbIH TMAPOAM3IH 20- 25 % >Kyprisai.

3 ToyAik iwiHae 8x10° KOE/r-ra aeiiH COHFbl cybcTpatTapaa ecyre KabiAeTTi, an aAAbIHFbl
GaKTepraAAbl KOHBEPCUS OAapPAblH ©cyiH 25% apTTblpFaH, aAAblH aAa OHAEAreH aulbITKpbl
LITaMMAAPbIHbIH, CyOCTPATTapbiH MHOKYASITTAAbI.

AAbIHFaH  HOTMXEAEpP  LEAAIOAO3aHblH — GakTepmaAAbl  KOHBEPCMS  >KOAbIMEH — aAblHATbIH
KaQHTTbl MaiAaAaHylibl aspoOTbl, LEAAIOAO3OAMTUKAAbIK Bacillus TybiCbiHbIH 6GakTepusiaAapbl MeH
LIEAAIOAO30AMTUKAAbIK, emec Pichia guilliermondii awbITkbiAapbl ©CiMAIK  CyBCTpaTbIHbIH, CaTbIAbI
blAbIpayFfa KabiAeTiH KepceTeAi.

Tyiin ce3aep: LEAAIOAO3aAbl WKMKi3aT, KaTtTbl hasaabl hepmenTtaums, Pichia guilliermondii,
MMKPOOTbIK, aKyhbi3.

"Kistaubayeva A., Savitskaya I., Shokataeva D., Zhabakova A., Kuli Zh.

Al-Farabi Kazakh National University,
Kazakhstan, Almaty, “e-mail: aida.kistaubaeva@kaznu.kz

Utilization of agricultural waste by yeast-bacterial conversion of
cellulose-containing substrates to protein feed products

Bio-conversion of cellulose containing raw materials into enriched with microbial protein and pro-
biotics is one of the ways to increase the nutrition of fodder for livestock and poultry. Bio-conversion of
initial substrates is a joint solid-phase fermentation by two groups of microorganisms. Saccharification of
raw materials is the first step of conversion performed by first group of bacteria from the Bacillus genus
(producers of cellulolytic enzymes and antimicrobial substances). The second step is performed by spe-
cial strains of yeast that produce proteins.
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Cellulose containing raw materials like wheat bran, sunflower meal and rice husk inoculated for 10
days within 24-hours at 28-300 ° C temperature in bacterial broth culture. Effectiveness of fermentation
based on growth ability of 12 Bacillus genus strains on cellulose containing solid substrates by changing
content of cellulose hydrolyzed by 80% H25S0O4 and easily hydrolysable polysaccharides (hemicellu-
loses) hydrolyzed by 2% HCI.

According to our research cellulose and hemicellulose in bran decreased to 2-6%, decrease in rice
husk is 7-10%, in sunflower meal is 5-9%. Three mixed cultures were constructed. Mix cultures based
on bacteria of the Bacillus genus and yeast Pichia guilliermondii increase cellulose destruction efficiency
by 2-3 times. The most active of them hydrolyzed 20-25% of cellulose on solid substrates.

Prefabricated substrates were inoculated with yeast strains that capable to grow on initial substrates
to 8 x 109 cfu / g during 3 days of cultivation, and preliminary bacterial conversion increases their
growth to 25%. The obtained results demonstrate the possibility of step-by-step degradation of the plant
substrate by aerobic cellulolytic bacteria of the Bacillus genus and non-celluloseolytic yeast Pichia guil-
liermondii, which use sugar obtained by bacterial cellulose conversion.

Key words: cellulose containing raw materials, solid-phase fermentation, Pichia guilliermondii, mi-
crobial protein.
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YTUAU3ALMS OTXOAOB CEAbCKOI0 X035IMCTBA NMyTEM APOXOKe-0aKTepuaAbHOM KOHBEPCUU
LLEAAIOAO30COAEPXKALLIMX CYOCTPATOB B 6EAKOBbIE KOPMOBbBIE MPOAYKTbI

BMOKOHBEPCHS  LIEAAIOAO30COAEPIKALLErO  Cbipbs B 00OrallleHHble MWKPOOHbIM  GEAKOM 1
npobuoTUKaMM — 3TO OAMH W3 MyTEeN MOBbIWEHWUS MUTATEABHOCTM KOPMOB AASl XKMBOTHOBOACTBA
M NTUUEBOACTBA. MHCTPYMEHTOM 6UMOKOHBEPCUM WUCXOAHbBIX CyOCTPATOB SIBASIETCS COBMECTHasl
TBepAOdasHas (epmeHTaums AByMs rpynnamm MMKpoopraHmamoB. IJTo 6akTepumn poaa Bacillus
(MPOAYLEHTbI LLEAAIOAO30AUTUYECKMX (PEPMEHTOB M aHTUMUKPOOHbBIX CyOCTaHLMIA), OCYLLLECTBASIOLLME
nepBblii 3Tan KOHBEPCMWM — OcaxapuBaHWe cCblpbs. BTopas — cneumasbHble LWITaMMbl APOXOKER —
NpPOAYLEHTbI GeAka.

Lleaatono30coaepkalliee Cbipbe — MileHUYHble 0TPY6OU, MOACOAHEUHbIN WPOT M PUCOBYIO LLEAYXY
— MHOKYAMPOBAAU CyTOUHOM BYAbOHHOW GakTepUaAbHOM KyAbTYPOR. KyAbTMBMpPOBaHME OCYLLIECTBASIAK
npu Temnepatype 28-30°C B TeueHre 10-Tn cyToK. DPHEKTUBHOCTb (hepMeHTaLmm, T.e. CNOCOBHOCTb
12-Tn wtammoB poaa Bacillus pactu Ha TBepABIX LieAAOAO30COAEPIXKALLMX CyBCTpaTax OLeHUBaAM Mo
M3MEHEHMIO COAEPIKAHMSA LIEAAIOAO3bI (KAETHATKM), TMAPOAN3yeMon 80% H,SO,, n AerkormapoAnsyembix
MOAMCaXapnAOB (FEMULEAAIOAO3), TMAPOAN3Yembix 2% HCI.

B xoAe MccAeA0BaHUS GbIAO YCTAHOBAEHO, UTO YObIAb LIEAAIOAO3bI U TEMULIEAAIOAO3bI B OTPY6SIX
cocTaBAdAa 2-6%, B pucoBol weayxe — 7-10%, B LUpOoTe NOACOAHEYHMKA — 5-9 % . BbIAO CKOHCTPYMpPOBaHbI
3 cMelliaHHble KyAbTYpbl. McnoAb30BaHMe CMeLLaHHbIX KyAbTYp Ha ocHOBaHuM GakTepuin poaa Bacillus
n apoxokamn Pichia guilliermondii yBeAnurBano apekTMBHOCTb AECTPYKLMM LIEAAIOAO3bI B 2-3 pasa.
Hanboaee akTMBHbIE M3 HUX TMAPOAM30BAAM KAETHATKY TBEPAbIX cybcTpatos Ha 20-25%.

[Npeao6paboTaHHble cybCTpaThl MHOKYAMPOBAAM LUTAaMMaMM APOXIKEN, CMOCOOGHbIX PacTu Ha
UCXOAHBIX cybcTpatax A0 8x10° KOE/r B TeueHue 3-x CyTOK KyAbTUBMPOBAHWS, a NMpPeABapUTEAbHas!
GaKTepmraAbHas KOHBEPCUSI YBEAMUMBAET MX POCT B cpeaHem Ha 25%. [loAyueHHble pesyAbTaTbl
AEMOHCTPUPYIOT BO3MOXHOCTb MO3TANMHOM AErpasaumy  PacTUTEALHOro cybcTpata  aspoOHbIMMI
LEAAIOAO30AUTMYECKMMI  GakTepuamu poaa Bacillus m HeueaatoA030AMTMYECKMMU ApOXKamu Pi-
chia guilliermondii, koTopble MCMOAL3YIOT caxap, MOAyYeHHbIi MyTem 6GaKkTepuabHOM KOHBEPCUM
LLEAAIOAO3bI.

KAtoueBble CAOBa: LIEAAIOAO30COAEPIKaLLee Chipbe, TBepaodasHas depmerTaums, Pichia guillier-
mondii, MUKPOGHbIN GEAOK.

Erin ankaOblHOa >KOHE MKBIPTBUIFAH aJKamTa
KaJABIpbUIFaH Oupmail keOekTepi, Kypill KaybI3bl
JKOHE KYHOAFbIC KaJIABIKTaphl KYPaMbIH/Ia KaCYHBIK
NeH KPEeMHHUH OpraHukajblK OailmaHbICTapIbIH
KATBIHACBIHBIH ~ KOFApPBUIBIFBIHBIH ~ HOTIIKECIH/IE
BIIBIPAYABIH Y3aK Mep3iMin KamTuabl (Kanochkina
2010:  236-237). CoHABIKTaH, KBIPTHUIATHIH

ISSN 1563-034X

kKabaTTapaa Oy KangblKTap 3-5 KbUT KeleMiHe
cakranagapl. Onap TOMBIPAKTBIH CYChI3aHybIHA
YKOHE a30T KO3AEPiHIH THIMIL )KyMcaIMayblHa aJlbIIl
Keneai. OCIMAIK KaJIbIKTapbIHBIH IIipy TPOIECiH
OMOKOHBEPCHUS apKbLIbI TE3AETYre O0JIaIbI.

Kazipri yakpiTra KazakcraH yiiiH MaHBI3JIbI
Macenenepaiy Oipi  aybUIIapyamIblIblK — ©HIIpIc
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AyI:IJ'I HIapyanblIbIK KaJIABIKTAPBbIHBIH EJITHJI03aJ bl Cy6CTpaTTLIH AlIbITKBI 6aKTepI/I2UI,IIBI KOHBEPCHUS JKOJIBIMEH ...

KEIICHIH/IeT1 MaliJallbl OHIMICP/IiH dPTYPIIi KaJIIbIK-
TapbIHBIH ~ MHUKPOOWOJOTHSJIBIK ~ KOHBEPCHSCHI.
Henrono3anblk OakTepHsIapAbIH KeKe TYpIIepiHiH
OHMOJIOTHSITBIK KYPBUIBIMBIH 3€PTTEY apKbUIBI, OYII
MHKPOOPTaHU3MIICPIiH OpTaHBI OCJICEHII 3aTTapra
OalBITHII, KEMIIK OHIMAEPIIH CalacklH apTThIPY
KBI3METIH aTKapaThIHbI Oenriti Oossl (Silas 2002:
541-545).

Xem canachIHBIH KaKcapybl MEH Te3 CIHIpiyi
MUKPOOTBIK aKybI3/Ibl TaliJalaHybIMCH THIFBI3 Oaii-
JIAHBICTBI. OJIETTE OJI YIIiH >KEMIe allbITKBI Oelto-
roid eHrizeni (Tian 2013: 17-23). KopekTik keMHiH
CamnachIHBIH JKOFapbUIAYBIHBIH TaFbl OIp JKOJBI —
aKyBI3JIBIK OHIMI€ OCIMJIIK ITUKI3aTBIHBIH TiKeIen
ouoxonsepcusicol (Yong 2011: 489-495).

Hactypni onebuertep OoiibIHIIA OHMOKOHBEP-
CHUSTHBIH HET13T1 KYpasbl peTIiHIE KEMIIK ITHKi3aTThI
aJMachaiThlH aMUHKBIIIKBUIAAD JKOHE BHUTAMHUH-
nepMmen OaiibitymMen Katap (Pratima 2012: 1-3),
Ooyamiakrta eciMAIK cyOcTpaTrTapblHAa —AalIbIT-
KbUTAp/IbIH ©CYy THIMIUIITH KOFapbUIaTaThlH KaHT-
TaHyJbI KaMTamachl3 etei (Barman 2011: 1-7).

bBacka »xarplHaH Kapacak, jKaHyap >KOHE Kyc
ecipy IapyalibUIbIFbIH]IA 3aMaHayH OHIIPICTIK TeX-
HOJIOTHSI YKOFaPhI TUIMJI1 ©6CY CTUMYJISTOPIIAPE MCH
OakTepualibIbl HHMEKINAFa Kapchl MpodrIakTHKa
KYpaJIZIapbIHChI3 JKYy3ere acmauThiH e1i. COHJIBIKTaH
Ka3ipri ke3ge MpOOMOTHKAJIBIK-(EepPMEHTATHBTI
MUKpPOOTBHI K€MK KOCBUIBICTApJbIH Kacalybl-
Ha MoH Oepinmyne (Han 2003: 119-153). Oumap-
Il JKY3€Te achIPY/bIH 3aMaHayHW OarbITTapPBIHBIH
0ipi — Bacillus TyBICBIHBIH OaKTepUsIAPBIH Taii-
nanany. OuapablH —apachlHIa IMaTOTEHIl JKOHE
IapTThl MATOTCHJII MUKPOOPTaHU3MAEPIe KapChl
AHTOTOHHUCTIK  OCJIICEHIITIKKE HWe  IITaMMIap
ke3neceai (Clayton 1995: 595-599). Ochl mpo-
IYLIEHT OakTepusuiap CHHTE3JCUTIH aMuiasa,
[IEJUTEOJIO3a, TIeKTHHA3a (PEepMEHTTepl KEMHIH
cinipityine kaOinerri (Clarridge 2004: 840-
862). buokoHBepcUsSHBIH OIpiHII  CATBICHIHJA
[IEJUTFOJIO30TUTHKAIBIK ~OaKTepusuiap CcyOcTparra
JKall KaHTTapJblH JKUHAKTAJIyblHA 9CEp €Te.i, COJ
ApKBLIBI CAXapOIUTUKAJIBIK AIIBITKBLIAP YIITH KOPEK
ke3iH maipragaiael (Tian 2013: 17-23). Omaii 60i1-
ca, Bacillus TybICBIHBIH LEILTIOI030IUTHKAIIBIK OaK-
TepUsIIapbl CyOCTpaTTapAblH KaHTTaHYbI apPKBLIBI
AIIBITKBIIAPIBIH  6CY THIMIUIITIH JKOFapbUIATHII
KaHa KOWMaH, jXeMJi aHTHMUKPOOTHI cyOcTaH-
nusIap MeH THIPOJIUTUKAIBIK (QEepMEHTTEPMEH
OaiipITaIbl.

OcbiFan  OaiiJaHBICTBl  JKYPri3ulinl  OTBIPFaH
3epTTEYAIH MaKCcaThl —KEeM/IiK-aKybI3/[bl OHIMACPIIH
HEJITFOJI030TUTHKAITBIK CYOCTPATTAPBIHBIH AIlIBITKbI-
OakTepuanbIpl KOHBEPCHUS TPOLIECIHIH MYMKIHIITH

9KCHEPUMEHTTI Typae nanenaey. On yuriH, OipiH-
[IiJIEH, LIEJUIFOJ030JUTHKANIBIK O€JICEHIIIKKE HeE,
Oescenainiri sxorapel Bacillus TybICHIHBIH OakTe-
pusl ITaMMIapeiH ipikTey. EkinHmmineH, 3eprren-
reH cyOcTpaTTapia THIMAI Typae OnomaccaHb
YKMHAKTANTBIH alllbITKI ITAMMJIAPBIH CYPBINTAY.

Marepuajaaap MeH dicrep

®epMeHTanMsl YIIIH IOHKIi3aT PETiHIE aybul
IapyanbUIblK OHAIPICIHIH eKIiHII PEeTTIK KaJIbIK-
Tapbl MaijanaHblIaabl: Oumall keberi, KyHOarbIC
KaJIIBIFBI )KOHE KYpIlll Kaybi3bl. DepMeHTANUSHBIH
OipiHIII caThICBIHAA YUBITKBI peTinae Bacillus Ty-
BICHI OaKTEpUSCHIHBIH 12 I[ITaMBIHBIH TOYIIKTIK
COpTACHIHBIH JTAKbUI CYCIICH3USCHIH MaialaHabl.
Bapneik mTampap SKOFapel JIEHTeiae maToreHmIl

JKOHE IIAPTTHI-NIATOTCHI 3HTEpPOOaKTepusIapra
Kapcbl aHTOTOHUCTIK Kabinetke wue (Cymkosa
2008: 117). Crepwiabpai MaimamaHFaH >KOHE e

putFanqanrad  mukizaTrel 107 KOE/r memmepe
YHUBITKBICHL Oap KroBeTajapra OipKeKi opHaac-
THIpaAbl. AJFalIKel TOYJiKTe ceOiHaiepai apa-
JIACTBIPBIN, KEeHiH craTWKanblk skarmaiiga 30°C-ta
nHKyOanustaiael. [llTamMmapaeiH KaTThl IIEIUTFO-
mo3anbl  cyOcTpaTTapia ecy KaOuleTiH CyHpuITy
omici apkpuiel, | T QepMeHTTeNreH Marepual-
Ja Tipuijikke KaOinmeTTi OakTepusuiapisl caHay
apKbUIBl aHBIKTalABI. CyOcTpaTTapapiH GepMeHTa-
1M THIMJIUTITIH Jakeuiaayasig ['yro-Mromep amici
APKBUIBI S-IIT1 TOYJIKTE [IEJUTFOJIO3aHbBIH IIBIFIHBIHA
Kapair Oaramaiinel (Han 2003: 119-153). Llemmo-
Jla3apl KemeHaeri (pepMeHTTepAiH OeCeHUIIrH
IITaMIap sl OPTYPIIl MEJUTIOI03AIIBIK, CyOcTpaTTap-
na (buIeTpIIeHreH Karasaa, KapOOKCHMETHIIIICIUTIO-
J103a/1a, MaKTaJ1a, [e/ui00no3aa) ecipreHHeH Keiid
JTAKBUIIBIK CYWBIKTBIKTA TY3UICTIH KaHTTap/IbIH pe-
JIyIIAPJICHTEH 9/1ici apKpUIbl aHbIKTaiinb! ([Ty3ankos
2000: 147-149).

Exinmi carbima  ¢epMeHTTeNTeH OakTepus
mukizateiHa 107 KOE/r MeniepiHaeri aIibITKbI
YHUBITKBICHI €HT131J1e/11. AIIBITKbUIAPABIH MHTEHCHBTI
Typae ecyi (hepMEHTTEITeH MaTepHallbl CYHBUITY
apkpiTbl CaOypo KOpEeKTIK OpTachblHAa ETiUIreHHEeH
KediH, 1 r cyOcTparTarbl TIpHIUTIKKE KaOineTTi
KIJICTKAIAP/bIH CaHbIMEH OafanaHajpl. OHIMAUTIIK
Koenpmans omici OoMbIHINIA aKyBI3 MOJIIIEPIMEH CH-
natTanaasl (Norman 2009: 268).

Iramaapaeiy uaeHTuduKanuscel 16S rRNA
reHi (hparMeHTiHIH HyKJICOTHITEPiHiH Ti30eKTenyiH
aHBIKTAy 91ici apKbuIbI Ky3ere acajsl (Kanochkina
2010: 236-237). byn wnykneotun Ti3oeringeri
xanbikapanblk GenBank nepek 0a3ackiHma cakTail-
FaH COWKECTIKTI aHBIKTAy apKbUIbI )KY3€re acajpl.
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Kucray6aea A. sxoHe T.0.

JHK Kate Wilson ofici apKpLibl O6JiHIT abIHa kI
(bopucenko 2012: 46-49).

[eHoTHnTey ONMApABIH TYPJIK KAKETTUIIKTEPIH
aHbIKTamel: Bacillus cereus (HII-1, II-5, XK-7);
Bacillus  subtilis (P-2, HII-7, C-10, HII-9),
Bacillus licheniformis YK-25, Bacillus pumilis P-5,
Brevibacillus brevis C-7, Bacillus pseudomycoides
C-17, Rhodococcus rhodochrous X-23, Candida
famata (A1, A3); Pichia guilliermondii (KB-4, 1S-7),
Pichia anomala P-12. bapneik mramaap Kazakcran
Pecnyonmukaceiaeiy PKM-ne cakranrad. AJBIHFaH
oencenni nakpuiaap Eyponansik ENA Mmymkiniri 0ap
reH Oankine sxoHe JKanonusueiH JIHK ren Gankinme
SUB2501869 Bacillus_P2 KY780502; SUB2501867
Pichia KB4 KY780500 xone SUB2501870
Bacillus ZH25 KY 780501 opHanacTbIpbUIIbI.

HQTI/I)RCJ'[C[) JK9HE 0J1apAbl TAJIKbBLIAY

Bacillus  TybICBIHBIH ~OakTepusiapsl IITaM-
JAPBIHBIH ~ LEJUTIOJIO03IUTHKANIBIK — OCJICEHIUIITTH
OeTTik KarThl (asanbl kargaiiga, OaxTepusuIapbl
65%-ra AediHri bUIFAJIIAHFAH KaTThl, KEYEKTI Ma-
Tepuangaps! (YH OHEpKICIOIHIH KalJIbIFbl, Mall DKC-
TPaKLUMOHBI OHAIPIC JKOHE 6CIMAIK IIapyalIbUIBIFbI:
Ommaii keObekTepi, KYHOAFbIC KAJIIBIFI KOHE KYPIIT
KaybI3bl) 0ap KOpPEKTiK opTaja ecipy apKbLIbl
aHbIKTaipl. KeOekTep *oHe KYHOArbIC KalJbIFbl

— JKaHyap JKOHE KYC LIapyallbUIbIFBIHBIH OapiIbK
TYpJEpiHIEC KOJAAHBUIATBIH JKOFAPFBI INPOTEHUHIL
eniM (JIeicko 2006: 54-55). Amnaiina, oJjap/biH
KYpaMbIH/a Kell MeJIep/e kacyHbIK Oomasl (Tpo-
sikoBa 2007: 52-54). Kypim kaysi3e1 — Kazakcran Pe-
CIyOJIMKaChIH/IA KYPIlll OHJIIPiCiHAeT] KOIT TOHHAX-
Ibl, KYpaMbIHJa OPraHUKaJbIK 3aTTapbl a3 KOCAIKBI
oHIM. OHBIH KypaMBbIHAAFbl IKACYHBIKTBIH KOl
meepae (38%-ra neitin) 00Jybl, Haimanbl yTH-
JM3anus peTiHe naiaanany MyMKIHIIT aKybI3IbIK
OHIM aJly YIIiH KYpIill KaybI3bIH carmajbl cydcTpar
petinne maimanaHyeiHbIH  Herisi  (Golowczyc
2009: 111-116). Anpiaran momimMerTep OOHBIHINA
OapipIK MmTamaap OSKCHEepUMEHTAIbAl CcyOcTpaT-
Tapaa ecy kaoOinerine ue. bipak Oupmaii keOerinmie
Pichia guilliermondii KB-4 xone Bacillus subtilis
P-2 xone Bacillus licheniformis )X-25 (matent Nel8
oromut. 30 sxenrokcan 2016 xpinan Oacrar) mram-
napel kakcel eceni. Pichia guilliermondii KB-4
nieH Bacillus subtilis P-2 mramMmMmumapsl KyHOArbIC
KaJIJBIFBIHIA JKOHE KYPIIl KaybI3bIHIA, Kypambl
YKOFapBbl MeJLIep/e LeJUII0I03ackl 0ap, Oipak Oacka
OpTraHUKAaIIBIK 3aTTap a3 cyocrparra Bacillus subtilis
P-2 xone Bacillus licheniformis YK-25 mramMmmaapsr
Oerncenai ecei.

3eprreneTin Oapiblk mTamMmmaap Oy cyo-
CTpaTTapJarbl LEJUIFOJI03aHbl  BIABIpaTa  anajbl
(1-xecre).

1-kecte — Bacillus TybICBIHBIH KaTThl (a3ayibl (epMEHTAIMAAAH KEeWiH MEJUTF0I03albl CyOCcTparTapia »KacyHbIK MOJIIepiHiH

TOMEHZEY1
HItamm Bunait keberi Kypimr kaybi3b KyHOarbic KanabiFsl
% 1enono3a % 1eono3a % 1etono3a
LIBIFBIHBI LIBIFBIHBI LIBIFBIHBI
P-2 7.03+2 202 [SS0sE N IE 1727+ 20,76
P-5 7.08+1 11,5 34.28+1 7.8 19.41+2 7,57
HII-1 7.4342 7,13 34.56+2 9,05 19.95+1 5
HIT-7 5.1542 31,6 35.11+2 7,6 19.17+1 8,7
HIT-9 6.1242 23,5 34.32+1 9,7 19.87+2 5,38
xK-7 7.18+2 10,25 33.28+2 12,42 19.57+1 6,8
K-25 5.4542 35,86 34.76+1 8,52 17.68+2 20,57
K-23 7.04+1 12 34.98+2 7.9 19.11£2 9
I1-5 6.55+1 18,13 32.34+1 10,89 19.36+2 7,8
C-7 7.30£1 8,75 35.30+2 7,1 19.15+1 8,8
C-10 7.1242 11 35.02+1 7.8 17.66+2 15,9
C-17 5.45+1 31,88 34.31+1 9,7 19.32+1 8
Eckepty: 1emuttono3anbi Ouaait keoerinaeri memiepi — 8+1%; kypim kaybi3biaaa — 38+1%; Kynoareic Kanapirbiaga — 21£2 %.
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CoHBIMEH Kartap, IIeJUIFOJIO3aHbIH MaKCHU-
MaJiabl IIBIFBIHBI Oupgai kxeOeringe 35,86 %-ra
neiin Oaiikanaasl. KyHOarbic KajJbIFbIHIA IIII-
mono3a Menmepi 15-20%-ra, Kypiml KaybI3bIHAA
10-15% azasael. by mraMMIapisH KOFaphl
crienu(PUKAIBIK KACHETKE M€ CKCHJIrH, SFHU
op TYpJli IIHKi3aT Ke3JepiHJeri MeJTI03aHbIH
bIIBIpay KaOineTinirin kepcereni. OHBIMEH Koca,
LEJUTINI03aHbIH  cyOcTparrapja bIAbIpay JHa-
na3oHsl Oipmama keH: 7,13% — 35,86% Owunaii
keberi, kypim Kaysi3biHAa 7,1%-man 14,2%-ra
JeiiH, KyHOarbic KanaeiFbiHga 5%-man 20,76%-
Fa JeuiH.

Kyrinrenmei, mraMMIapabiH OCBI JKOHE Oacka
Ja cyOcTpaTTapaa ecy KaOuieTi OHJaFbl IIEJUTHO-
032 JCHICHIHIH TeMeHJeyiMeH OalIaHbBICTHI,
OHbl  KOJJIAHBUIATHIH  IITAMMJIAPABIH  IIEJUTIO-
JI030JIMTHKAJIBIKOCIICEH TUTITIHOP TY Pl IopeKeciMeH
Tycingipyre 6onazapl. bipak OymapIbiH emKaniChIChl
OepinreH cyoOcrparTap CyphITaMachbiHAa IIEIUTIO-
JI03aHBl BUIBIPATy KaOlleTiHe Kapail «omOebam»
OoimaraHABIKTaH, Oacka Jna TYCIHIKTepre wue.
CyOcrpartapblH THIPOIM3MIK TEPEeHIIrl 1ei-

JIIOJa3/Ibl  KOMITJICKCTETi (epMEHTTepIiH OeyceH-
TIUTITIHIH KaThIHACBIHA KOHE CHHEPTHU3MHIH Oo0Iry-
piHa Toyennai (Plumed-Ferrer 2011: 1032-1040).
Coran OallaHBICTBI, MaKcaTKa CoWKec apaiac
JAKBUIABI  CyOCTpaTTapAblH  (epMEHTAIHSICHIH
XKYprizy, Heri3ri OeKiTiUIreH NPUHIUN OOWBIHIIA
op TypJii OachIMIBI LEUTIONI03abl THUOTEPAL Oip
ITaMM JTakbpuTFa OipikTipy. Llemmomo3onuTukamsik
(dbepmenTTep iy OernceHautiri gacTypi typae dhep-
MEHTAIUSIaH KeHiH TJIF0K03a CaHbl aHBIKTAIATHIH
op TYPJIi KACYHBIK TYPJEPiHiH BIABIPAY IEHIeHiMeH
Oaranananpl (Bautista-Gallego 2008: 1412-1421).
By ¢epmentTepain maiiaanany CHEeKTpi op Typii
HEJUTIONIo3alibl  cyOcTpaTTapiia  IITaMMIap/isl
OCIPIreHHEH KEHiH JaKbUIBIK CYUBIKTBIKTBI TY3€TiH
penyuupieHreH KaHTTap 9JiCiMeH aHbIKTaraH. by
yiriH ['eTYMHCOH KOPEKTIK OpTachlHa IIEJUTI0JI03a
KO3i peTiHe KapOOKCUMETHIILIEIITIONIO3aHbI, IeJII0-
Ono3anbl, MakTaHbl, GuibTp KarassiH KocThl (Filipa
2013: 5949-5961).

Iemnobuaza sxone C2 QepMmeHTiHIH OeJiceH-
mimiri OoiibIHIIA OapnblK OakTepusl IITaMMIAPBI
e3rermienieHoereH (2-kecTe).

2-kecTe — DepMEHTATUBTI OAKTEPHUsT KOMIUICKCIH/IC KEKE IIEIUTFOI03aIap IbIH KAThIHACH

— penyLUUpIIeHTeH KaHT (Mr/Mi1) Cx: 116: C2: Cl
Cx-pepmeHT Llennobunasa C2- pepment Cl-¢pepmenr
P-2 0.55+0,06 1.18+0,03 0.38+0,01 0.44+0,01 1.6:1:1,1:1.2
P-5 0.48+0,03 1.27+0,02 0.39+0,02 0.47+0,01 1.3:1.1: 1,1 : 1.1
HII-1 0.49+0,04 1.23+0,01 0.36+0,01 0.56+0,05 13:1.1:1:1.3
HIT-7 0,32+0,01 1.29+0,03 0.40+0,03 0.52+0,03 13:1.1:1,1:1
HII-9 0.35+0,02 1.21+0,01 0.36+0,01 0.56+0,02 1:1:1:1.3
K-7 0.46+0,03 1.30+0,02 0.38+0,02 0.43+0,03 13:1.1:1,1:1
K-23 0.50+0,01 1.17+0,04 0.41+0,03 0.46+0,02 1.4:1: 1,1: 1.1
K-25 0.55+0,02 1.29+0,03 0.39+0,02 0.42+0,01 1.6:1.1: 1,1: 1
I1-5 0.47+0,01 1.28+0,02 0.37+0,04 0.47+0,02 1.3:1.1:1: 1.1
Cc-7 0.51+0,01 1.20+0,01 0.36+0,01 0.52+0,01 1.5:1:1:1.2
C-10 0.49+0,02 1.22+0,05 0.41+0,02 0.48+0,01 14:1:1,1: 1.1
C-17 0.56+0,04 1.21+0,04 0.38+0,03 0.57+0,02 14:1:1,1: 1.4
Eckepty: Oipiik peTiHe op IITaMMHBIH )Keke pepMEHTIMEH IeJUTION03aHbIH bIABIPAYbI KE31H 1€ TY31ITeH ITFOKO3aHbIH a0COMOTTI
MaFrbIHA/Ia a3 KOPCETKIIIIH KaObUIIay KEepeK.

Backa QepmenTTepaiH OCNCeHUTIK JeHTeHiHe
0alTaHBICTHl INTAMMIAPABI 2 TOIKa Oenei: C,
— (epMeHTiHIH OesceHai O0achIMIBLIBIFBIHA HE:
HII-1, HII-9 xone Cx — ¢epMmeHTiHiH OenceHi

OaceIMIbUIBIFBIHA He: P-2, XK-25, C-17 (kapOokcume-
THIILEIUTEOJIO3aHbI BIIBIPATaIbl). Apaac JaKbLT Iel-
J1001a3bl xkoHe CX — (pepMEHTTEPIiHIH OaiIaHBICKAH
OeJIcCeHIUTIriHe ue MTaMMIapIaH TY3UIIL.
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3-kecte — LleuTr0I03aMUTHKANIBIK OaKTEPUsIIAP/IbIH apajiac JaKbUIBIMEH OCIMJIIK CYOCTpaTTapbIH KAaTThI (ha3aia TaKbuIIay

Bupnait keberi Kypiur kaysI3st KyHOarbIC KaIbIFbl
[Irammaap
Llenmronoza % UIBIFBIH Hemnmonosa, % % UIBIFBIH Hemmtonosa, % % UIBIFBIH
Baxpuay 43,00+3 - 38,00+1 - 21,00+2 -
HII-7 39,98+2 7 35,11+2 8 19,17+1 9
HIIT-9 39,66+1 8 34,32+1 10 19,87+2 5
HIT7+HIT-9 38,27+1 11 30,79+2 18 17,46+2 17
K-25 40,56+1 6 34,76+1 9 19,68+2
HIT-9 39,66+1 34,32+1 10 19,87+2
K25+HII-9 32,24+1 21 29,03+1 20 15,92+1 22
C-17 40,34+1 34,31+1 10 19,32+1 8
HII-9 41,24+2 4 34,56+2 9 19,95+1 5
C-17+ HII9 33,12+1 23 28,5+1 22 15,76+1 23
P-2 41,24+2 4 34,56+2 9 19,95+1
HII-1 39,54+2 34,29+2 10 19,57+1 7
P-2 +HII-1 36,76+1 15 31,36+2 17 17,02+2 19
xK-7 39,54+2 8 34,29+2 10 19,57+1 7
HIT-9 39,66+1 8 34,32+1 10 19,87+2
K-25 +P-2 42,97+3 25 38,39+4 24 22,79+1 25
xK-7 39,54+2 8 34,29+2 10 19,57+1
C-7 39,91+2 7 35,30+2 7 19,15+1
C-17 +HII-1 36,79+1 14 32,57+1 14 17,48+1 17
Eckepty: kectreae 100 rp mumkizaTTa 00JaThIH EIUTHON03a MCH TEMHIICIIIFOI03aHbIH MOJIIIIEPi KOPCETIITCH.

Htammaapael  Oipre  KojmaHy OapbIChiHAA
KEeOeKTeTi JKoHe KYpIill KaybI3bIHIA, KYHOArbIC
KaJJBIFBIHIA  LEJUTI0JIO3a  BIABIpAay  JICHTeHi
JKoFapbutaiiapl, Mbicansl JK-25+P-2 mramMmMaapbin
OipiKTipin 3epTTey HOTHMXKECiHIe Oumall xeberiHme
JKACYHBIKTBIH HIBIFBIHBI 25%, Kypilll KaybI3bIHA
— 24%, xyHOarbiC KauabirbiHaa — 25% OOJBL.
Ochl Ma3MyHFa COHWKeC IeJUTFOJIO3aHBIH MOJIIIEpi:
Kypim Kaybi3eiHIa — 38,39+4%; KauJbiFblHAa —
22,79+1 %, xebexre — 42,97+3%. backa Ty3uiren
apanac Jnakpuraap Owmmail kKeOeriHiH, KYpill Kaybl-
3BIHBIH, KYHOAQFBIC KaJJBIFBIHBIH JKACYHBIFBIH 11-
neH 23%-ra aeiiin runponmsneiini. Kebekreri men-
JIF0JIO3aHbIH 00y nuamaszoHsl: KypimTe — 39-41%,
Kypimr Kaye3biHIa — 29%-34% >koHe KyHOAarbIC
Kaaaereiaaa 5%-nan 23%-ra geiif.

Bapnblk chlHaKTaH ©TKEH accoLluanusiap Lem-
JFOJIO3aNIAp/Ibl  JKAKCHI  BIIBIPATaabl  (MOHOIAKBLI
4-ten — 10%-ra neitin).

ATBIHFaH HOTIKENep Bacillus TybICBIHBIH OaK-
TEpUsUTApbIH KaTaH ayblUl [apyanibUIbIK KaJlJIbIK-
TapJblH KaHTTaHYbIH/a KOJIaHy MYMKIHIIUTIKTEPiH
KepceTesi.

ISSN 1563-034X

OcimMik KamabIKTapbiHa Bacillus TYbICBIHBIH
OaKTepusUIaphIH CHIIPY KYpAeNi KeMipcylap/IbIH
CIHIpUTyIHE CeNTIriH THII3IN, OCIMIIK KaJJIbIK-
TapbIHBIH JHEPTEeTUKAIBIK KYHABUIBIFBIH 15-25
%-¥a KOoFapblUIaTaIbl.

Kyrinrenmen, >KeMIiK aKybI3Jbl ©HIMIEpIe
Bacillus subtilis P-2 Bacillus licheniformis Y-25
[ITAMM/IAPBIHBIH MYJIBTUIH3UM/II KOCBUTBICBHIH KOCY
ApKbLIBI )KEMIIK OHIMHIH THIMAUTITH 25%-Fa gelin
apTThIpyFa O0JIajIbl.

Bynan0acka, »kacyHBIKTHI Oip yaKbITTa bIIbIpaTa-
TBIH Tipi OaKTepHsIIApABIH KEeIlIeH] SHepronaToreH i
MUKPOOPTaHU3MCP KaThIHACHIH/IA AaHTOTOHHCTIK
pen arkapybl MymkiH (Leon-Romero 2015: 689—
695). OcbIFan 0alIaHBICTBl AybUI INAPYaNIbUIBIK
JKaHyapJiap MEH KYCTapJblH PallMOHbIHIA Oy mpe-
rapar XeMIiKk (EepMeHT JKoHe MPOOMOTHK CEeKiIi
2 Typai KeMIIK KocraHbl anMacTbipa anansl (Tati
2013: 3).

depMeHTTI KemeH Oupail keOeriHiH, KyHOaFbIC
JKOHE KYPIlll KaybI3bIHBIH KaJJIIFbIHBIH CIHIPUTYiH
JKOFApBbUIATA/Ibl JKOHE KEIIeH KYpPaMbIHAarbl TPO-
OMOTHKANBIK OakTepwsuiap MaTOTeHII MUKpOoopra-
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HUBMJIEpiH ocyiH Texeiai (Pratima 2012: 1-3),
COFaH opail jxaHyapJap/blH ac KOPBITY JKOJBIHIA
nainansl MUKpoQUIOpaHbIH Maiaa OoiyblHa dcep
eteni (Norman 2009: 268).

Kyprizinren  3eprrey  TanchlpMalapbIHBIH
0ipi — OHBIH KaHTTaHYbIH JKY3€re achlpaThlH Oak-
TEpUsUIapABIH  KaTBICBIHJA  LEJIIIOJIO3a]bl  IIH-
Ki3aTTaH aKybI3[bl aly MYMKIHAITIH dKCTIEpUMEH-
tanpai ganenaey. O yiiH apHaiibl SKCIIEPUMEHT-

Tep xyprizunmi. Llemmono3onuTukansik OakTepus-
JMapAablH JaKpUIAApeIH S5 Toymik Ooiber 30°C-Ta
KYHOAFbIC KaJJIbIFbIH/IA, KYPIIl KaybI3bIHA, Ouaii
keOeringe ecipai. Conan ketiin cyoctpartel Candida
woHe Pichia TybICBIHA JKaTaThIH allbITKBUIAP/IBIH
JAKbUIIApbIMEH HWHOKYJIATTaAbl. Ery mo3acel —
3x107 KOE/r. 27°C-ta 3 ToymiK IaKbLIJaHFAH
KeiiH (epMEHTTENIETIH AaIlbITKhl CYOCTPaThIHBIH
OHIMJIIITIH aHBIKTAbI (4-KeCTe).

4-kecte — 1[eIUTFONO30UTHKANBIK OaKTepHsUIap MEH allbITKBUIAPIBIH JCHISHIl TaKblIIay MPOLECIHIE OCIMIIK KaIBIKTaphIHIa

OGrnomacca MeH aKybI3/IbIH TY31Iyl

ATIBITKBI KIIeTKanapbiHbH Memepi, KOE/r

Kynbarbic Kanasrst

Kypim kays13bt

ALTBITKEI TYpi Kanrranyra neitin Kanrranynan keifin Kanrranyra neitin Kanurranynan keiin
LJIb LJTb LUTB 116

Candida famata A1 (3.5£0.1x10° (1.240.1)x10° (3.4+0.2x10% (2.2+£0.2)x10°
Candida famata A3 (3.9+0.2)x10* (3.6+0.3)x10° (3.1£0.2)x10® (3.8+0.4)x10°
Pichia guilliermondii KB-4 (4.9+0.3)x10* (8.8+0.5)x10° (3.1£0.1)x10* (6.6+0.4)x10°
Pichia guilliermondii 1S-7 (4.6£0.5)x10* (1.1£0.1)x10° (3.2+0.3)x10* (2.1£0.3)x10°
Pichia anomala P-12 (4.5+0.4)x10* (5.1£0.3)x10° (3.5+0.4)x10% (4.3£0.3)x10°

Bacranke! cyoerpar 0 0 0 0

[IuKi MpOTEHHHIH MaccalbIK yieci, %o

KynOarbic Kanapirbt

Kypinr kaybI3st

AIIBITKBI TYPi KanTranyra neiiin KanTranynaH keitin KanTranyra neitin KanTranynan keitin
LUTB LUTB LUTB LUIB

Candida famata A1 44.6+2.7 57.7+3.8 12.840.6 15.6+0.8
Candida famata A3 43.942.2 58.0+£2.8 13.1£0.7 17.1£1.6
Pichia guilliermondii KB-4 45.142.6 59.3£2.9 13.5£0.6 17.6£1.1
Pichia guilliermondii 1S-7 43.842.6 57.1+£2.8 12.9+0.8 15.6+0.9
Pichia anomala P-12 44.1+2.3 58.6+2.4 12.5+0.6 16.3+1.2
Bacranke! cyoerpar 37.6+2.1 37.6+2.1 4.08+0.1 4.08+0.1

AnviaraH HOTWKETe cail Pichia guilliermondii  umkiiMeH Tikenel OaitmaHbicThl. Criopamapabiy

KB-4 mrramMmmbr eHIMII 00JIBIT Ta0OBLIaAEL. bacTanke!
cyOcTparTa AambITKbl KJIETKaJapblHBIH KOHIICH-
tpanusicel 8.8%x10° KOE/r-ra 3 Toyimik KyJIbTHBUP-
JIeyIeH KeHiH XKeTemi. AJABIH aja OaKTepHabIbI
KOHBEpCHSIHBI TaialaHy ambITKbUIAPABIH ©CYiH
Oipmama aprreipanel (Marchal 2002: 205-217).
Kbenpaans 60iibIHIIIa OacTaITKBI Maccaa aKybI3abIH
MedIepi KaTThl (hazansl pepMeHTanusaa KyHOarbIC
KaJAbIFbIHAA opTama mamameH 45.1%, xypim
Kayb3piHAa — 13.5%.

AMUIIO- JKOHE TIIOKOIUTHUKAIBIK (EepMEeHT-
TepIiH OakTepusiiapMeH OeIiHyi oJlap/IbIH eMipIiK

TMICIT KEeTUTyl CBIPTKBI OpTara (DepMEHTTIH Kpax-
MaJJibl  KJICWCTepiH OejiHyiMEeH cumarrasia-
nel. BereratuBTi (hopManapaplH anmarsl OeliHyi
KaHTTaHy (epMeHTiHIH (TIIOKOIUTHKANBIK dep-
MeHT) Oeminyimen OaiinanbicThl (Reise  2000:
485 — 488). bakrepusmap Kopjaa IKUHAIFaH
KpaxMaJabl JKal MeTa0OMUTHUKAIBIK OeCeH/Il
KeMipcyJiapra aiHajaelpansl. bakTepusimapIbiH
JaKpUIIapbl KaWHATBUIFAH KpaxMajaH MOHOca-
XapuaTepre NediH KaHTTalmpl, omaH Oeyiek Oak-
TepusUIap CYHBIKTATaThIH JKOHE KAHTTaTaThIH
sk3ohepmentrepai Oeneni (Dale 2000: 287-291).
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Cou cebernti, CyOCTpaTThIH KAHTTaHYBIHAH KEHiH
IIEJUTFOJIO30TUTHKANIBIK OaKTepHsIap IIHKI3aTTHIH
KYpaMbIH/IaFbl IPOTEUH opTaiia meJiepae 25%-ra
apTapbl.

KopbIThIHABI

1es1r0/1030 M THKAJIBIK OaKTEPHSIAPIbIH KATThI
(hazasbl AaKbUIIAYBIHBIH J1A00PATOPHSUIBIK MOICII
JKacalpl. bapiblK mTaMmmaap eyUTFII03aIbIK KOM-
TUIEKCTICH TY3IITeH KeH CyOCTpaTThl crieruduKara
ue ekeHi adkbiHmanabl. KyHOarbic KalbIFbIH/A,
araml OJKOHKACBIH/A, KYpIII KaybI3bIHAA KATThI
Gdazanel  JaKpULIayla MOHOJAKBUIIBI  IIEIUTIOJO-
32 KOHBEPCHSICBIHBIH THIMIUTITT Oenriai OOk,
Jaxpuinayapiy S-mii ToyniriHae Oumail keOeriHze
[EJUTION03aHbIH KOHIIEHTpauusacel — 4-6%, kypim
Kayb3piHma — 7-10 %, kyHOarpIic KaaabIFBIHIA
5-9%-ra TOMEH e /II.

Lemmtono3a pIABIPAYBIHEIH THIMALUTITIH 2-3 ece-
re JKOFapbuIaTaThiH 6 apajiac JaKbULIap KYPbUILIbIL.
Apaiiac makpUIIApIBIH IMIHAETI eH OeyceHiiepi:
B.licheniformis XK-25 + B.subtilis HI1-9, B.cereus
C-17 + B.subtilis HI1-9, B.licheniformis XK-25 +

B.subtilis P-2, omap »acyHBIKTBI KaTTbl (ha3aiibl
cyOctparrapna 20-25%-ra rtuaponmmsneiimi. byn
TaOUFu a’poOThl OakTepus ITaMMJAPbIH arall
JKOHKACBIH OHE aybll IapyallbUIBIFBIHBIH KATThI
KaJABIKTAPhIH KaHTTayJa KOJNJIaHy MYMKIHIITiH
TYFbI3aJIbl.

AmbiTkpiapasiy  Pichia guilliermondii Kb-4
OHIM/IIPEK MTaMMAAPhI TAHAAIBIHBII aJBIHIBL. by
alIBITKBIIAP 3 TOYJIIK IIIH/E JaKbLIAay OapbIChIH/IA
Oacrankel cyocrparrapaa 8.8x10° KOE/r-ra aeiiin
ecyre KaOinerTi. ANIbH ana OaKTepHaibIbl KOH-
BEPCHSIHBI MakiagaHy UKI TPOTEUHHIH MacCabIK
yiiecin opra mramameH 25%-Fa JKOFapbUIaTaJIbl.
AnpiaFaH HOTWKENep Bacillus TybICHIHBIH 0Oak-
TepUsIapbl MEH MHKPOOTBHI IEJUTIOI03aJIbl KOH-
BEepCHUsl HOTH)KECIHJC aJIbIHFaH pPEIyIHPIICHICH
KaHTTHl  TMMaiJalaHaTBhIH  I[eJUTFOJIO3ATHUTUKAIIBIK
eMec ambITKpIapabiy Pichia xoue Candida Ty-
BICBI ©CIMAIK CYOCTpaTBIHBIH TOJBIK BLABIpAY
MYMKIHIITIH KOPCETE i,

AliTa KeTcek, OYJI KaIbIKTap bl KYC OHAIPICIHIC
JKEMTI'e KOCaJIbl )KOHE OChI ITAMM/IAP/IbIH HET131HIe
KEMJIIK TPOOMOTHKTEPAIH ajblHy MYMKIHIITIHIH
MIEPCIICKTUBACKIH alllajbl.
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KOPHIAFAH OPTA JJACTAYIUIBIJIAPBIHBIH
BUOTAFA ’KOHE TYPFBIHJIAP JIEHCAYJIBIF BIHA
OCEPIH GAT AJIAY

Paznen 2
OLIEHKA JTEUCTBUSI
3ATPSISBHUTEJIEN OKPYKAIOILIEN CPEJIbBI
HA BUOTY U 31OPOBBE HACEJIEHUS

Section 2
ASSESSMENT OF ENVIRONMENTAL
POLLUTION ON BIOTA AND HEALTH
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XUMUKO-AHAAUTHNYECKOE U3YYEHUE
BO3AEMCTBUSI MEAEMAABUABHOTO LIEXA
BAAXALUCKOIO TOPHO-METAAAYPITUYECKOTO KOMBUHATA (bI'MK)
HA COCTOAHME MNMOYBbI

Bo3aencrBme  METAAAYpPrMyeckoro  MnpeanpuaTMsi  Ha  OKPY>KAloLLylo  CpeAy  OTAMYaeTcs
MHTEHCUBHOCTbIO, pa3HOO6pasMem M 3HAUUTEAbHbIMU MacliTabamu. MIHTEHCMBHOCTb aHTPOMNOreHHOro
AABAEHMS Ha SKOCUCTEMY B FOPHO-METAAAYPIrMUYECKOM KOMIMAEKCE HEraTMBHO BAMSET HA 9KOAOTMYECKOe
paBHOBecKe. B CBA3M C 3TMM, aKkTyaAbHO CBOEBPEMEHHOE BbISIBAEHME M OLEHKA 04aroB Aerpapaumm m
OrMyCTbIHUBAHUS NMOYBEHHOIO MOKPOBA, M3yUeHUE re03KOAOrO-TEHETUUECKIMX NoKa3aTeAer, pa3paboTka
Hay4HbIX OCHOB peabMAMTALMM U OXPaHbl HAPYLUEHHbIX 3eMeAb, Pa3paboTKa 3KOAOTMUECKU UYMCTbIX
TEXHOAOTMIA AASI 06E3BPEXXUBAHUS U YTUAM3ALIMU OTXOAOB.

Lleab paboTbl — U3yuUMTb COCTOSIHME TEPPUTOPUM MEAHOTO TMPOM3BOACTBA AASl BbISIBAEHUS
BO3AENCTBUS NPeANpUsaTUS Ha AuTocdepy.

B cTaTbe nokasaHO COCTOsSIHME BO3AENCTBUSI reotexHuueckon cuctembl (FTC) Ha MOYBEHHBIN
MOKpPOB. B npoLiecce akcnAyaTauymm MECTOPOXXAEHWNI, TPAHCMOPTUPOBKM CbIPbS BbIIBAEHO 3arpsi3HeHue
MOYBEHHOrO MOKPOBa M OKpY>Kailolleil cpeabl Bbibpocamu B aTMocdepy, 3aCOoAeHus AMTocepbl
MMHEPAAM30BAHHBIMU MPOMbILLIAEHHbIMM CTOUYHBIMM BOAAMM, 3arpsi3HeHME MOUBbl CKAQAMPOBAHHbIMM
Ha MAOLLAAKAX BCKPbILUHbIMM MOPOAAMM, MEAKMMM (DPaKLIMSIMU Cbipbs U AD.

McnoAb30BaH MeTOA  CUMIAEKC-PELLeTHaToOro  MAaHMPOBaHUS  B3aMMOAEMCTBUS B MHOMO-
KOMIMOHEHTHbIX CMCTEMaXxX C MOCTPOEHMEM MO MaTPULLE MOAHOM AMarpaMMbl «COCTaB — CBOMCTBO».

PaspaboTaHa METOAMKA M3YUeHUS KOHLIEHTPALMM COAEN B NMPOLIECCE 3aCOAEHMs NMouBbl. [1prBeAeHbl
pe3yAbTaTbl XMMWKO-aHAaAMTUUECKOrO M3YUYeHUs COAEP>KaHMS MOAAIOTAHTOB, AAHHble CUMIMAEKC-
peLLeTyaToro NAAHMPOBaHMS BO3AENCTBUS COAEBbIX KOMIMOHEHTOB Ha MOYBY C MOAYYEHMEM AMarpamMMmbl
«cocTas — ceorcTBo» cnctembl NaCl(X,) -MgSO,(X,) - CaSO (X,). YcTaHOBAEHO, UTO HaMBOAbLLAS CTeNeHb
3aCOAEHMS MOUBbI MpW cooTHoweHun komnonenToB NaCl(X,) — MgSO,(X,) — CaSO ,(X,)=10:60:30.
B o6aacti oboraiieHHOM CyAbd)aTamMm CTereHb 3acoAeHust nousbl (A0 99,8%), B TO Bpemst Kak B
«XAOPUAHOM YTAY» CTereHb 3acoAeHUs Huxke (A0 70-80%). CHudKeHMe CTerneHu 3acoAeHus B 06AaCTH
XAOPUAOB 0OYCAOBAEHO OGOAbLLEN PACTBOPUMOCTLIO XAOPUAOB LUEAOYHbIX METAAAOB (B UACTHOCTM
XAOPUAQ HATPUSI) 1 GOAEE MHTEHCMBHOWM PACTBOPUMOCTBIO XAOPUAOB B CPABHEHMU C CyAbhaTamu.

[MpakT1ueckas LeHHOCTb 3aKA0HYaeTCs B pa3paboTke pEKOMEHAALMIA MO CHUXKEHMIO 3aCOAEHHOCTU
AMTOCHhEPDbI NMyTEM MCCAEAOBAHUS CUCTEMbI NMPUPOAHbBIX MUHeparoB raaAnT — NaCl, cyabdaT marHms
MgSO, 1 cyabbat karbums CaSO,.

OCHOBHbIe pe3yAbTaTbl MOAYYEHbI B MOAEBbIX UCTbITAHMUIX HA TEPPUTOPUU MEAEMAABUMABHOTO Liexa
BIMK, KoTOpble MOATBEPAMAN AaHHbIE AAGOPATOPHbIX MCCAEAOBAHMIA.

KAtoueBble cAoBa: NouBa, CMCTEMA, 3aCOAEHME, MOAEAMPOBaHUE, AQHALLAMT, MOAAIOTAHTbI.
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Chemical-analytical study of the impact of the cooper-smelting section of
Balkhash mining-metallurgical combine on the condition of the soil

The impact of the metallurgical enterprise— the copper-smelting section of the Balkhash mining-
metallurgical combine (BMMC) on environment are characterized by intensity, diversity and significant
scales. Intensity of anthropogenic pressure on ecosystem in mining and smelting complex has negative
impact on ecological balance. Due to this fact, identifying and evaluating focies of degradation is rel-
evant. Also, desertification of soil cover, researching geoecological-genetic indexes, creating scientific
bases of rehabilitation and protecting disturbed lands, creating ecologically clear technologies for detoxi-
fication and utilization of wastes is important.

The aim of the work is to research the condition of the copper production territory for identifying the
impact of the production on lithosphere.

Article shows the condition of the impact of geotechnical system (GTS) on lithosphere. There is a
pollution of soil cover and environment, salinization of lithosphere with mineralized industrial wastewa-
ter and contamination of soil stores on sites by overburden, small fractions of raw materials during the
process of exploitation of deposits, transportation of raw materials.

Methods of simplex-lattice planning of interaction in polycomponental systems with building the full
diagram «composition-property» by matrixes were used.

Method of researching the concentration of salts during the salinization of soil cover was created.
Results of chemico-analytical researching of the concentration of pollutants and the data of simplex-
lattice planning of interaction of salt components on soil cover with getting the diagram «composition-
property» of system NaCl (X,) — MgSO,(X,) — CaSO, (X,) were got. It is identified that the highest degree
of salinization occurs during the ratio of components NaCl (X,) - MgSO ,(X,) — CaSO, (X,)=10:60:30. In
sulfat-enriched area degree of salinity is the highest(up to 99.8%), whereas in «chloride angle» degree
is lower (up to 70-80%). Decrease of the salinity degree in chloride area is caused by huge solubility of
alkali metal chlorides( especially chloride of sodium) and huge intensive washout of chlorides in com-
parison with sulfates.

Practical value is about giving recommendations on decreasing the salinity of lithosphere by re-
searching the systems of natural minerals halite — NaCl, sulfat of magnesium MgSO, and sulfat of Cal-
cium CaSO,.

The main results were got in field trials in the area of mining and smelting enterprise, that proved the
data of laboratory experiments.

Key words: soil, system, salinization, modeling, landscape, pollutants.
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baAkalu Tay-KeH MeTaAAYPrUSIAbIK, KOMOMHATbIHbIH, MbIC OAAKbITY LLE€XbIHbIH,
TONbIPAK, KYHiHe aCepiH XMMUSIAbIK-AaHAAMTUKAADIK, TOCIAMEH 3epTTey

MeTaAAyprusAblK, ©HAIPICTIH KopluaraH opTara acepi KapKbIHABIAbIFbBIMEH, AAyaHTYPAIAiriMeH
KOHe YAKeH MacliTabbiMeH epekileAeHeAl. Tay-KeH METAAAYPrusiAbIK, KeLeHiHiH 3KOXyieciHe
AQHTPOMOreHAl KbICbIMHbIH, KApPKbIHABIAbIFbI 3KOAOTUSIABIK, Terne-TEHAIKKE >KaFbIMCbI3 ©Cep eTeAi.
OcbliFaH 6aAaHbICTbI, TOMbIPaK, KabaTblHbIH TO3ybl MeH 60CaHCy Ke3AepiH 6aranay MeH yakbITbiHAQ
aHbIKTay, [e03KOAOTMSAbIK-TEHETUKAABIK KOpCeTKilTepiH 3epTrey, OYAIHreH >XepAepAi KaAmbiHa
KEATIpDY MeH KOpFayAblH FbIAbIMM HEri3AEpiHiH 93ipAeMeci, KaAAbIKTapAbl KOO MeH KailTa eHAeyre
APHAAFAH DKOAOTUSIAbIK, Ta3a TEXHOAOTUSIAAPABIH 93ipAeMeci 63eKTi MaceAe GOAbIN TabblAAAbI.

2KYMBICTbIH MaK,CcaTbl — K8CiMOPbIHHbIH AUTOCEpPaFa 8CepiH aHbIKTay YLiH MbIC ©HAIPICI ayMaFbIHbIH,
KYWMiH 3epTTey.

Makanapa reoTexHUKaAbIK, >KyiMeHiH AMTOCepaHbiH ToMblpak, KabaTblHa TWriseTiH oacepi
kepceTiareH. KeH OopblHAQpPbIH ManAaAaHy YPAICIHAE WMKI3aTTbl TaCbIMaAAQy TOMbIPaK, KabaTbIHbIH
GyAiHyiHe, aTMOChepara TaCTaHABI Fa3AAPADIH LLbIFYbIHA, AUTOC(EPaHbIH OHAIPICTIK aFbIHAbI CyAapMeH
TY3AQHYbIHA, TOMbIPAKTbIH KOMMAAQHFaH 6OC XbIHbICTAPMEH >KOHE LLUIMKI3aTThiH yCak, (hpakLMSIAApPbIMEH
AaCTaHyblHa 9KeAirn COoFaAbl.
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«Kypam-kacmeT» TOAbIK, AMarpaMma MaTpmLachl OOMbIHLLIA KYPbIAFaH KON KOMIMOHEHTTI XyleAepAe
CUMITAEKCTI-TOPAbI XKOCTapAay 8AICi KOAAAHbIAFAH.

TonblpakTblH TY3AQHY YPAICIHAEr Ty3AapAbIH KOHLEHTPAUMAChIH SAICTEMECI KypPaCTblIPbIAFaH.
MoAAIOTAHTTapAbIH KYPamblH 3epTTeyAe XUMUSAbIK-aHaAnTHKaAbIK HaTxkeaepi, NaCl(X,) — MgSO,(X,)
— CaSO,(X,) xyrneaepi «Kypam-KacneT» AMarpammachbiH aAy apkblAbl, Ty3Abl KYPaMAAPAbIH TOMbIpakKa
BCepiH CMMMAEKCTI-TOPAbI Xocnapaay AepekTepi kepceTtiared. NaCl(X)) — MgSO,(X,) — CaSO,(X,)
=10:60:30 KypamAapbIHblH, apakaTblHACbIHAQ TY3AAHYAbIH €H >KOFapfbl AEHreri aHblKTaAFaH.
CyabhaTTapmeH OaibITbIAFAH arMMakTa Ty3AaHy AeHreni >korapbl (99,8% AeniH), COHbIMEH KaTap
XAOPAaHy OypbillibiHAQ Ty3AaHy AeHreni TemeH (70-80% AeitiH). XAOpPUATEP aymarblHAQ Ty3AaHy
AEHreliHiH TeMeHAeYi CIATIAIK MeTaAAQpPAbIH XAOPUMATEPIHIH >KaKCbl epirilwTiriHe HerisaeAreH (ochbl
JKaFAQMAQ HATPUIA XAOPUIAAI) )KeHE CyAb(haTTapMeH CaAbICTbIPFaHAQ XAOPUATEPAIH LLAMBIAFbILITBIFbIHbIH,

KAPKbIHABIAbIFbI YXOFapbl.

bepiAreH >XyMmbICTbIH ToXipnOEAiK KyHAbIAbIFbI TabuFn MuHepansap raaamt — NaCl, marnmii
cyAbbatbl MgSO, xxoHe Kaabumii cyabatbl CaSO, >KyneciH 3epTTey KOAbIMEH AMTOChepaHbiH Ty3AaHy
AEHreniHiH TemeHAeyi 6OMbIHLLIA YCbIHBIC GOAbIN TabbIAAAbI.

Herisri HoTuxxeAep baakall Tay-KeH KoCiMOpHbI TEPPUTOPMACBIHAA TY3AIK CbiHaKTap 6GoWMbIHLLA
AAbIHFaH, OA HOTMYKEAEP 3ePTXaHaAbIK, 3epTTeyAepMEH PACTaAAAbI.

TyiiiH ce3aep: TombIpak, >Kyie, TY3AaHy, MOAEAbAEY, AAHALLAMT, MOAAIOTAHTTAP.

BBenenue

BosnelictBue 0OCBOEHHSI MECTOPOXKIESHUM T0-
JIUMETAJUTMYECKUX PYJ] Ha OKPYIKAOIILYIO CPEy OT-
JMYAETCsl MHTEHCUBHOCTBIO, Pa3HOOOpa3ueM u 3Ha-
quTeNbHBIMA MacmTadamu (Kazosa, 2012:342-344;
Dewulf, 2005: 419-432). B niporiecce pa3paboTKH 1
AKCIUTyaTallMd MECTOPOXKICHHIMA, TPAHCIIOPTUPOBKH
CBIPBSI UMEET MECTO 3arpsi3HEeHHE MOYBEHHOTO II0-
KpOBa M OKPYIKaIOIICH cpeibl BRIOpOCAaMH B aTMOC-
(bepy, 3acosieHHE MHHEPAIU30BAaHHBIMU IPOMBIIII-
JIEHHBIMH CTOYHBIMH BOJIaMH, CKIIQJUPOBAHHBIMHU
Ha 1iomaaxKax BCKPBINIHBIMU ITOPpOAaMu, MECJIKUMHA
(bpakusMu ChIpbst ¥ Jip. MaciraObl 1 UHTEHCHB-
HOCTHb aHTPOIOTEHHOTO JaBJICHUS Ha JKOCHCTEMY
B T'OPHO-MCTAJLITYPIru4€CKOM KOMINIJIIEKCEC HETaTUB-
HO BIMSIOT Ha 3Kosorudeckoe paBHoBecue (Tvans,
1974:274-296). B sTOli CBA3M aKTyaJbHO CBOEBpE-
MEHHOE BBISBJICHHE M OILIEHKA OYaroB JCrpajaliu
Y OIYCTHIHUBAHUS TIOYBEHHOTO MTOKPOBA, H3yUCHHE
Te0IKOJIOTO-TEHEeTUYEeCKUX —TOoKa3aTelel, paspa-
00TKa HayYHBIX OCHOB peadMIUTAlMd U OXpaHbI
HapyIICHHBIX 3€Mejb, pa3pabOTKU IKOJIOTHYCCKH
YUCTBIX TEXHOJOTHH AJi 00E3BPEKUBAHUS U YTH-
nu3anu 0TXoa0B (Yepemuuuenko, 1997:192-202;
Yurapkun 2000:224).

Heo0xommumo coBepIieHCTBOBATh TEXHUKHU U TEX-
HOJIOTHH JJId NIPEAYTIPEKACHUA U CHUKCHU S OTpULla-
TEJILHOTO BO3JICHCTBUSI HA OKPYIKAIOIIYHO CPey pa-
00T 10 100BIYe U TIepepabOTKe METAILTYPTHIECKOTO
ChIpbs, AKTyaJIbHbI BOIIPOCHI ACTAJIbHOT'O0 M3Yy4YCHUSA
COCTOSIHUSI ITPUPOHOM CPEeibl B PaiioHE MECTOPOXK-
JIeHNs W TIPOMBINUIEHHOTO TPEINPHUSTHS, BbISBIIE-
Hue (pakropoB HeraTuBHOTO Bo3neiicTBus (Novinski,
2007:555-558; Kanatschning, 2004:202-208).

O030p TUTEPATYPHBIX UCTOYHHKOB IO OXPaHE
OKPYKaroIleH cpeJibl Ha MPOMBINUICHHBIX MPEAIPH-
ATHSAX TTOKA3aJl, 9TO HEJOCTATOYHO CBEJICHHIA TIO 13-
YUCHHUIO 3aCOJICHHOCTH TIOYB, BBISBJICHUIO 3arpsi3-
HEHUS METOJIaMU MOJICTUPOBAHUS BO3JCHCTBUS
nmoyutFoTaHToB Ha nutocepy (Liu, 2002:201-207;
Keijzers, 2002:349-359).

Ha ocHOBe MoJyieBBIX W JIAOOPATOPHBIX HKOJIO-
ro-aHAJIUTHYECKUX MCCIETOBAHNN M3ydeHBl XUMH-
YECKHE CBOWMCTBA 3arpsi3HEHHBIX U HAPYIICHHBIX
3eMelb. JTO TIO3BOJHUIIO OIICHUTh COBPEMEHHOE
9KOJIOTUYECKOE COCTOSTHAE TEPPUTOPHHU.

Heo0xouMo onpeneanTh COOTBETCTBUE 3HA-
YEHUU 3aCOJICHHOCTU 3aKOHOMEPHOCTH H3MECHE-
HUS COCTOSIHUS TIOYB T€OTEXHHYECKON CHCTEMBI,
BKJIIOYAIOIIECH MPOMBIIIICHHYIO IUIOMAIKy Me-
nennaBuibHOro 1exa BI'MK, BBIIBUTH 3aKOHO-
MEpPHOCTH HW3MEHEHHUs 3aCOJICHHOCTH TII0YB BO
BPEMEHH: YCTAHOBJICHO, YTO HauOOJee CHIIBHO
BIUSIONIME KOMITOHEHTBI — WMOH Kambius Ca*',
cyasdater [SO,*], xnop-uon [Cl], non maruus
Mg?*; METOIOM CHMITIEKC-PEIIEeTIaTor0 TIaHu-
pOBaHMsI BBINOJIHEH JUArpaMMHBIA aHAIU3 CH-
crembl NaCl — MgSO, CaSO, npu t” — 25°C,
HanOoJbIIas CTENEHBb 3acoeHHOCTH (10 99,7%)
HaxXoguTcsl obyacTu ¢ mpeoOnanaHueM cyibha-
TOB. METOOM CHMILIEKC-PEIIeTyaToro Moje-
JnupoBaHus B3aumojelicTBus B cucreme NaCl
— MgSO, CaSO, u3y4eHO BO3JCHCTBHE MpPEN-
MPUATHS Ha 3aCOJIEHHOCTH MOYBHI Ha apealie Me-
nenjaBuiibHOro 3aBoja BI' MK, npuMenen meton
UIEeHTU(PUKAIIMY MUHEPAJbHBIX KOMIIOHEHTOB
cucrembl NaCl — MgSO, CaSO,, pacueTsl Kpu-
CTaJUIOXUMHYECKUX Gpopmya muHepanos (Kazosa,
2012:257-259; I'mnunckas, 1975:7-63).
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Kamupbexosa A.A. u ap.

XapaKTepnchca COCTOAHUSA Opr)KalOIIIEﬁ
cpenbl

Dusuro-eeocpaguueckas  Xapaxmepucmuxa
meppumopuu 2ceomexuuueckoui cucmemst (I'TC)

ITo arporexnmdyecknM Xapaktepuctukam (YUu-
rapku, 2000:224), Tepputopus TeOTEXHUYECKOU
cucrembl (I'TC) MeneraBUIBHOTO MPOU3BOACTBA
¥ KOMOMHATa He MPHUToJHA IS UCTIOJIH30BAHHS B
CEIIbCKOM XO3SHCTBE, YTO MOATBEPKAACTCS, B TOM
YHCIIe, UCCIIE0BaHUSIMU VHCTUTYTa TOYBOBEICHUS
Hammonansaoit Akagemuu Hayk (HAH).

OCOOCHHOCTH T'€0JIOTO-TeOMOP(]OIOTHIECKOTO
CTpoeHHsT 00YCIIOBIIMBA€T KOHTUHEHTAJIbHBIA THII
knumata. HemoctaTok yBiiaXHEHUs, CPaBHUTEIHHO
BBICOKHI TEMITEPATyPHBIN (POH CIIOCOOCTBYIOT (hop-
MHUPOBaHUIO 3/IeCh IOJIYIYCTHIHHBIX THUIIOB JIAH/I-
madToB ([xanameena, 2001:163; bemos, 1986:344;
Wpanosa, 1974:399).

[Iutanue TPyHTOBBIX BOJ MPOUCXOAUT 33 CUET
MHQUITBTPANH aTMOC(HEPHBIX 0CATKOB U YaCTHUHO
— KOHJICHCAIIMHU BOJISTHBIX MapoB. Pasrpyska uaer B
COpOBBIE ITOHIKEHUS U B HIDKEISKAIIUNA BOJJOHOC-
HBII FOPU30HT XBAJIBIHCKUX OTJIOKCHHM.

Hanuune xopouiei akkyMyJIMPYIOIIEH Cpeibl U
HEPOBHBIH OapXaHHBIN penbed crocodCTBYIOT Gop-
MHUPOBAHUIO B TIECYAHBIX MAaCCHBAX 3HAYUTEIHHOTO
KOJIMYECTBA MOA3EMHBIX BOJI. OHHM OOBIYHO IPUYPO-
YEHBI K MEITKO-, TOHKO3EPHHUCTHIM, MECTAMU TIIUHH-
CTBIM TIECKaM, C TPOCIOSMH CYTIeCedl W CYTIIMHKOB
(Dewulf, 2005: 419-432).

brnarogapss Hanu4uio Xopoled aKKyMyJIupy-
OIIEeH cpenbl, B DOJIOBBIX MECKaX CO3MAIOTCS ecTe-
CTBEHHBIC YCJIOBHS JUIsl (JOPMHUPOBAHMSI TPYHTOBBIX
BoA. OTcyTCTBHE BOAOYIOPHBIX MOPOJ CIIOCOO-
CTBYET CMEUIMBAHHIO MPECHBIX BOJ MECUYAHBIX OT-
JIOKEHUH C COJICHBIMH BOJIaMU HIDKEIICKAIINX XBa-
JIBIHCKUX OTJIOKEHUH.

ITo xummudeckoMy cocTaBy KapOOHATOB, CYJIb-
(daToB, XJIOPHUIOB BCTPEUAIOTCSI BOJBI CAMBIX pas-
JIUYHBIX TUIIOB: OT TUAPOKAPOOHATHBIX U THIPOKAP-
OOHATHO-XJIOPUIHBIX HATPUEBBIX A0 XIJIOPUIHBIX
HATPUEBO-MarHWEBBIX, BIUIOTh JO XJIOPKAIbIHe-
BBIX PAacCOJIOB B 30HE Pa3TPy3KH TITYOMHHBIX BOJ
(Novosielski, 2007:99-102; Neuman, 1953:1-10).

OrneHka KadecTBa IMOA3EMHBIX BOJA JUIS TTHUTHS
orpeelisieTcs CoAep)KaHueM OMOTEHHBIX COCIUHE-
HUH, KOTOpPBIE COIEPIKATCS B CICIYIOIINX TIpeaeax:

HUTpaThl — oT 1 1 10 3.8 ™mr/i;

HATPUTHI — OT 0,02 1m0 0,4 MT-3KB/T;
BEJIMYMHA OOIIEN KECTKOCTH — 2,5 — 6,8 MI/11;
kapOoHaTHOH — 2,0 — 2,7 MT-3KB/1I.

ISSN 1563-034X

[Ipun yBenuueHUM MUHEPAIU3ALUU KECTKOCTh
BOJBI yBenmnuuBaercs 10 2-15 mr-sks/m. Tsoxenbie
METaJlIbl, KaK MPaBUIIO, OTCYTCTBYIOT WM COJEpP-
Karcsi B HHUYTOXKHBIX KOJHMUYECTBAX. XapakTep-
HO ciaboe pasButhHe pactutenbHOCTH (Dekkers,
2003:385-393).

[ToyBeHHO-PACTUTENBHBIH TOKPOB TPOMBIII-
JIEHHOM 30HBI COOTBETCTBYET MOJIYIIyCTBIHHOM Tep-
PUTOpPHUH, CaMBIMH PaCIPOCTPAHEHHBIMH MOYBAMHU
SIBIISTIOTCSL  COJIOHYAaKH KOpKOBO-myxJjble (Mueller
1964:267-269).

OmnwuceiBaeMasi TPOMBIIIUICHHAS! TUTOIIAIKA Te0-
TEXHUYECKOW CHCTEMBbl MEACIUIaBUIBHOIO LeXa
OTHOCHTCS K PaBHUHHOMY KJIacCy JaHMIIa(ToB, B
npezenax KOTOPOTO BBIJCNICH ONWH IOJKIAcC OT-
HOCUTENIBHO ONYHIEHHBIX paBHUH. [lo Xapakrepy
OMOKIMMAaTHYECKHX ToKa3ateneit apeasr bI'MK ot-
HOCHUTCS K TTyCTBIHHOMY THIY JIaHAIIa(TOB.

[lycTeiHHbIl THI JNaHamadTa 3aHAMAeT BCIO
TEPPUTOPHIO yyacTKa M POPMHUPYETCS Ha aKKyMy-
JSTUBHOM MOPCKOW paBHUHE W DJ0JIOBOH OyTpH-
CTO-TPAJOBOM paBHHUHE. AOCOJIOTHBIE BBICOTHI CO-
ctaBisitoT oT 10 1o 30 M. DTO CBSI3aHO, B MEPBYIO
ouepesib, C pa3BUTHEM T'e0J0ro-reoMopdoornye-
ckoro ¢pynnamenTa ([lepensman, 2000:764).

['myOwnHa 3aneraHusi TpyHTOBBIX BOJ HaXOUTCS
B ipeaenax 0,5 —4 m. 'pyHTOBBIE BOJBI CHIIBHO MU-
Hepamu3oBanbl (1o 150 — 180 r/x1), oOyciioBnuBas
pasznuune W XapakTep IMOYBEHHO-PACTUTEIBHOTO
MIOKpOBa ¥ pa3HoOOpasue JaH mapToB.

[TouBeHHBIH TOKPOB MPEJCTABICH CEPO-OyphIM
(OypbIM) THUTIOM TIOYB B KOMIUIEKCE C COJIOHYAKaMU
u cononnamu (Vevela, 2001:519-549).

Hccnedosanue nous 6 patione 2eomexHuieckoll
cucmemvl

BEIMOIHEHBI  XUMHKO-aHAIUTHUECKUE HCClie-
noBaHus ouB B paitone I'TC mo rpanuiie TopHOTO
OTBOJIa MECTOpPOXKIeHHs. Bo Bcex oOpasmax rpyH-
Ta OINpPENENUIN COJepKaHUe IIEIIOUHO-3eMETbHBIX
metaiioB (Ca, Mg), menounsix Metaiios (Na, K),
a Taxke xaopuna (Cl) u cymsgaros (SO,*) u Be-
mmunay pH. CpenHsis KOHICHTpAusl 3JEeMEHTOB
13 BEPXHUX MHTEPBAJIOB CKBAXXHHBI HE OTIMYAIIOCH
OT TIPOO MMOBEPXHOCTHOTO CJIOS TTOYBHI (B TIOIOIIBE
paspese nepBoro Merpa). Bo3pacranue conepxanus
JIETKOPaCTBOPUMBIX COJIEH OOBACHSETCS YCHIICHH-
€M IIPOMayYrBaHUs [TOYB W, KaK CIIEJCTBHUE, IPOMBI-
BaeMOCTH 1ouB (Tadsuua 1). 3a 3ToT nmepuo; 3aco-
JIEHHOCTbH BO3pocia Ha 2,5%.

Kak BugHo m3 Tabauuel 1, HaOIOmaeTcs Hau-
Oonpliiee 3arpsi3HEHUE I0YB  XJIOPHIAMH, Kallb-
LUEBBIM MOHOM M cynbdatamu 3a mepuon 2012-
2014 r.r.
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Tadmuua 1 — Cozneprxanue coneif B OypbIX COJTOHIEBATHIX MO-
yBax (nryOuHa 3a00pa mpoObI BO Beex dKcrepuMenTax — 20 cm)

Coneprxanue,
IMapameTpbl mr/100r

2012 2014 r.
Kammii (Kalium) [K*] 12,32 cm 13,40
Marnuit (Magnesium) [Mg*] 20,66 22,70
Harpwuii (Natrium) [Na*] 68,97 69,17
Xnop-non (Chloride) [Cl] 125,57 127,60
Kanpnuii (Calcium) [Ca?'] 236,47 242,38
Cynsarer (Sulphate) [SO, *] 662, 670.40
CymmMa coneit 912,00 942,47

3acoieHne Mo4B OIIEHNBAETCS: 110 TITyOnHe pac-
MOJIOXKCHUSI BEPXHEH TPaHMIBI COJIEBOTO TOPU30H-
Ta; MO COCTaBy COJel (XUMHU3MY 3acOJIeHHs); IO
CTEIEeHH 3aCOJICHUS; 110 MPOLECHTHOMY YYaCTHIO 3a-
COJICHHBIX MTOYB B IOYBEHHOM KOHTYpE.

[To rmyOuHe BepXHEil TrpaHuUIIbl COIEBOTO TOPH-
30HTa BBIJCISIOTCS: 3aCOJICHHBIE MTOYBEI, CO/IEpIKa-
[IMEe COJIM B BEPXHEM METPOBOM CIIO€ TIOYBEHHOT'O
poduis 1 rTyOOKO 3aCOJICHHBIE — BEPXHUE IPaHH-
16l 3aCOJIEHHOTO TOPH30HTA PACIIOJIOKEHBI BO BTO-
poM metpe. [ToTeHIIMaNbHO 3aCONIEHHBIE CONlEpKAT
JIETKOPAaCTBOPUMBIE COJM Ha MiIyOumHE 2—5 M, TO
€CTh B MOYBOOOPA3YIOIIMX M MOACTHIAIOMINX II0-
ponax.

[To cocraBy coneil (XUMHU3MY) TOUBBI ACTSATCS
Ha NPEHMYIIECTBEHHO XJIOPHAHBIC, HpEHMyIIe-
CTBEHHO CyJb(aTHBIE U COJIOBBIE (C y4acTHEM WU
npeolrajaHieM TUAPOKapOOHATOB WM KapOoHa-
TOB Hatpus). Hamboiee TOKCHIHBIM SBIISETCS CO-
JIOBOE 3aCOJICHUE.

AHalMTHYECKHE JTaHHbIC YCTaHABIMBAIOT 3aCO-
JICHUE YK€ B BEpXHEM FOPHU30HTE JIaHHBIX OB, I'/IE
Habmronaercs Oonee 1% JIErKOPaCTBOPUMBIX COJICH,
npudeM ¢ rIyOMHOH coJep)KaHUe COJICH yBEJH-
YHUBACTCS, TOCTUTAsl B CYTJIMHUCTBIX M TJIMHUCTBIX
npocioikax 8%, 1mo rioTHoMy ocrtaTtky. Ilo tumy
3aCOJICHUS 3TO CYJIb(ATHO-XJIOPUIHBIE COTOHYAKH.
Otnomenne Cl/SO, Gonbuie ennuunpl. U3 nyxsa-
JICHTHBIX KATHOHOB MarHUi MpeobiasaeT HaJl Kallb-
uueM. [louBbl kapOoHaTHBIE, 00MAAAIOT IEIOYHON
cpenoit (pH 9.25) mouenHoro pactBopa (Kazosa,
2013:40-45).

Pazpaborana MeTonnka MCCIEIOBAHUS CHCTEM,
BKJIIOYAIONIAsl TPUPOAHBIC MHUHEpAIbl (TAJUIUT —
NaCl, cynbdar marnus MgSO, u cynb(ar Kanblus
CaSO,). N3yvenne B3aUMMOJEHCTBHS B MOJOOHBIX
MHOTOKOMITOHEHTHBIX CHCTEMaX CTaBUT LIEJBIO TO-

Jy4eHHUE TOJHOW JHarpaMMbl «COCTaB-CBOHCTBOY:
CTETeHb 3aCOJICHHS.

W3Bectno (Homuk, 1967:840-847; Ka3zosa,
1990:3-7), 4TO MOCTPOCHHE MHOTOKOMITOHEHTHBIX
CHCTEM «COCTaB — CBOWCTBO» CBSI3aHO C OOJBITUM
00BEMOM 3KCIIEpUMEHTAIbHBIX paboT. Takue cu-
CTEMBI MOKHO U3yYUTh METOJIOM MaTeMaTHUYECKO-
0 MOJETUPOBAHUS: COCTaB (-MEPHOH CHCTEMBI
3ajaercs (q—N)-CUMIUIEKCOM, W (YHKIHUS, OTHCHI-
BaloIllasl BIMSHHE COCTaBa Ha CBOMCTBA CHCTEMBI,
MOXET OBITh BBIpaXKEHA TOJTMHOMOM HEKOTOpPOH
CTETNCHW OT 3HAYCHUH HE3aBHCHUMBIX MEPEMEHHBIX
X5 X,5..o. X ¥ rae X — KOJMYECTBO N-IO KOMIIO-
HEHTa B cMecH. JlJis citydasi, Korja CBOMCTBO CUCTE-
MbI (HarpuMep, CTETICHb pearupoBaHuUs, IPOUYHOCTh
00pasIoB U Jp.) 3aBIUCHUT OT COCTaBa CMECH, a HE OT
ee KOJIMYECTBA, TO SKCIIEPUMEHTATbHBIC TOUYKH pac-
[IOJIAralOTCs, 0 TaK HAa3bIBAEMBIM CHMILJICKCHBIM
pemrerkam (Sheffe, 1958:102-108; Kum, 1980:167-
172; HoBuk, 1967:840-847).

CHMILICKC-peIIeTYaThie IIaHbl SIBIISIOTCS Ha-
CBHINIICHHBIMU, T.€. COJICPKAT MHHUMAJIBHOE BO3-
MO>XHOE YHCJIO IKCTICPUMEHTATLHBIX TOYEK, HE00-
XOJIUMBIX JIJISl OLIEHKH KOA(PPHUITUSHTOB OJIMHOMOB.
[ToaToMy aeKBaTHOCTH MOTYYESHHBIX MOJIENICH OT1e-
HHBAETCS TI0 TOTIOJTHUTEIIBHBIM KOHTPOJBHBIM TOY-
KaM, BEIOOp KOTOPBIX MTPOU3BOJICH: OOBIYHO HX pac-
MOJIATA0T Ha TEX yYaCTKaX JUAarpaMMbl, U3y4aeMoe
CBOICTBO B KOTOPBIX M MIPEICTABIIICT HANOOIBITHH
WHTEpeC Al SKCIIEpUMEHTATOpa, MO0 BBIOOpP WX
OCHOBaH Ha BO3MOYKHOCTH HCIIOJIb30BAHHS OIIBIT-
HBIX JaHHBIX JJIS TIOCTPOCHHUS MOAETH Oojiee BBI-
cokoro mopsanka (Kazova, 2014:147-151; Kazoga,
2012:498-473).

AJIEKBaTHOCTb ONMCAHUS UCCIENYEMOr0 CBOM-
CTBa MOJIYYEHHON MOJEJIN B HEKOTOPOU TOUKE CUM-
TIeKCa OI[CHUBACTCS Pa3HOCTHIO:

AY= yaxcu- pacu’®

rae Y, - — 9KCIEPUMEHTAIbHOEC 3HAYEHHE CBOW-
cTBa; Y , — 3HAYCHHME CBOMCTBA, NOJIYYCHHOE IO
MOJIEIN.

[IpunsTa perinamMeHTUpOBaHHASI CYMMa HE3aBU-
cumbIx nepemennbix » X =1. Torma B paccmatpu-
BAaEGMBIX CHCTEMaxX M3y4aeMoOe CBOHCTBO — CTENEHb
3aCOJICHHOCTHU 3aBUCUT OT COCTaBa CMECH, HO HE OT
ee konmuectBa (Kadirbekova, 2015:169-174).

Takum 00pazoMm, cOcCTaBlieHa MaTpulla TUIAHH-
pOBaHUsl, B KOTOPOI HE3aBUCHMBIE IEPEMEHHBIE X |,
X,,...X  TpPEeCTaBJIAOT COOOH KOMIIOHEHTBI 3TOMH
cuctembl (tabmuma 2). s u3yvaemon 3-KoMIio-
HEHTHOM CHUCTEMbl PACCUUTAIA MOJEIb YETBEPTOH
CTETEeHH.
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st u3yyaeMoit 3-KOMIIOHEHTHOM CUCTEMBbI HaX0-
JIWTA MOJIENTh YETBEPTOM CTENEHH 10 TPHOIMKEHHIO.
Monens getBepToii creneHu (Saxena, 1976:643-645;

Uemitera, 1989:191-208; Horuk, 1967:840-847), onm-
CBIBAIOIIAs BJIMSIHHE COCTaBa HA CTCICHb 3aCONICHHUS
o6pasuos B cucreme NaCl-MgSO,-CaSO, umeer Bu:

V=BX+BX 4 BXAB, X X+ B8, X X+ 8, X X +y,+ X X (X X)ty, X X, (X, -X)+
Ty XX (X, S X)), X X (X, XA, X, X0 (X, - XM 4, XX, (X, - X))+

+B

1123

XZX X+B

1223

XX2X++B

XXX2

1233

X

B PE3YIbTATE BBIITOJIHCHUA SKCIICPUMEHTOB I10-
JyYCeHbI 3HAYCHUS CTEMCHH 3aCOJICHHsI 00pasIoB
npu u3ydaemoi temmneparype. CocTaBieHa MaTpH-
1a rjiIaHupoBaHus, B KOTOpOﬁ:HeSaBHCHNﬂﬂe nepe-

merHble X, X, X, IPEICTaBIsAIOT COOOH KOMIIO-
HEHTBI CUCTeMBI (Tabmumna 2).
Hamu wu3yueHo B3auMopeiicTBUE B CHUCTEME
0,
NaCl - Mg SO, — CaSO,, npu temneparype 25°C.

Tabauua 2 — Marpuna nanuposanus cucteMbl NaCl-MgSO ,-CaSO,

Howmepa Cocras cmecn HWnpexe Crerenb
OIEITOB KOHIIGHTpPALIMsI KOMIIOHEHTA B MaCCOBBIX ko3 dunmenta 3aCoyICHus
JIOJIU €IUHMIL N vy %
poueHTax, macc.% l.n
X, X, X, NaCl MgSO, CaSO,
1 1 0 0 100 0 0 v, 70,0
2 0 1 0 0 10 0 v, 90,2
3 0 0 1 0 0 100 v, 91,2
4 Ya Va 0 50 50 0 Y, 91,8
5 P2 0 Ya 50 0 50 Y, 89,3
6 0 Va Y 0 50 50 Y., 92,5
7 Ya Vi 0 75 25 0 Vi 95,9
8 Ya Ya 0 25 75 0 Vi 92,0
9 Ya 0 Ya 75 0 25 Vi 91,0
10 Yi 0 Ya 25 0 75 Vi 96,9
11 0 Ya Vi 0 75 25 Yo 97,8
12 0 Vi Ya 0 25 75 Yo 98,0
13 Ya Vi Ya 50 25 25 Vi 97,9
14 Yi Vs Ya 25 50 25 Vs 98,9
15 Yi Ya Ya 25 25 50 Vi 99,0

Ha aumarpamme, mocTpoeHHOM METOJOM CHUM-
TUIEKCHBIX PEIIETOK, HAaHECEHbl H30TEPMHUYECKHE
KPHUBBIE CTETIEHU 3aCOJICHHOCTH C BEISBICHHEM 00-
yacteld o0Opa3oBaHUs HauOOJIee 3aCOJICHHBIX TOYB
(pucyHok 1).

Hawnbonpias creneHp 3aCoNeHust TOCTUTAeTCs TIPH
cootHomennn kommonentos X X, 1 X, =10:60:30

ISSN 1563-034X
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(pucyHok 1). B o6mactu, oboraiieHHOH Cyib(araMu
MgSO, u CaSO,, crenenp 3acoineHns HaMOOIbIIAs
(mo 99,8%): B TO BpeMs Kak B B «yTIy» cyibdara
KaJbIus creneHb Hioke (10 70-80%), uTo 00yciioB-
aeHo Oonbuielr pacrBopumocthio NaCl Oonee uH-
TEHCUBHOW PachBOPUMOCTBIO XIIOpHZIA HATPHUSl B
CPaBHEHHH C CyJb(paTaMi MarHus U KaJIbIHSL.
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MgSO,

LA

968 982 98,1
Caso,

87,0 97,1

NaCl

Pucynox 1 — Vzorepmuueckuii pa3pe3 CUCTEMBI
NaCl-MgSO0,-CaSO,

Juarpamma «cocTaB-CBOMCTBO» IOCTpPOEHA IO
KommbloTepHoil mporpamme «Triangle — Simplex
Lattice» (Kadirbekova, 2015:169-174). PucyHok
CO3JIaH TI0 MPOrpaMMe KOMITbIOTEPHOU TpaduKu, B
MIPOTPaMMy BBEJICHBI PETIEPHBIC TOUKH.

BriBoabI

1. Mo pe3ynbpraTamM aHAIN30B XUMHKO-aHAJH-
tuaeckoi naboparopun BI'MK 3aconenune nabiro-
naetcst 6omee 1% JIerKOpacTBOPUMBIX COJICH, yxKe
B BepxHeM ropusonrte noys. Ortnomenne CuSO,/
MgSO, Gonbuie emunuubl. M3 1ByXBaJeHTHBIX Ka-
THOHOB MarHWd TpeoOiamaeT Hax KamprueM. Ilo-
YBBI KapOOHATHBIE, 00JIAIAIOT MIEIOYHON peakiuen
(pH 9.25) nmouBeHHOTO pacTBOpA.

2. Ha muarpamme NaCl-MgSO,-CaSO,, moctpo-
C€HHOU METOJIOM CUMIUICKCHBIX PEIICTOK, HAHECCHBI
M30TEPMUYECKHE KPUBBIC CTETICHU 3aCOJICHHOCTH C
BBIBIICHHEM 00JIacTeil oOpa3oBaHus HamOoJee 3a-
COJICHHBIX ITOYB.

3. Haubonpmiass creneHb 3acoleHUsl OCTH-
raercs  INpU  COOTHOIIEHWH  KOMIIOHEHTOB
NaClI(X,):MgS04(X,):CaSO4(X,) =10:60:30. B 006-
JIACTH, O0OTAIEHHOW CyJb(paTaMi MarHus ¥ Kallb-
IIUs CTETIeHb 3acolieHust HanOobmas (1o 99,8%), B
TO BpeMsl KakK B 00JIaCTH AUarpaMMel, coJiepKaliei
XJIOPHIBI, CTETICHb 3aCOJICHHS MOYBBI HIKE (10 70-
80%), 4Tto 00yCIOBIEHO OONBIIEH pPacTBOPUMO-
CTBIO XJIOpH/A HATPHS B CPAaBHEHHU C CyJibhaTaMu
MarHus U KaJbIus U 00Jiee MHTCHCUBHOM BBIMBIBA-
€MOCTBIO XJIOPHU/Ia HATPUSI B CPABHEHHH C Cyib]a-
TaMH Mar"duvs 1 KaJIbITUsd.
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BUOAOTIUAADIK MATEPUAA KYPAMbBIHAATDI
AYbIP METAAAAPADbIH, CAAbICTbIPMAADbI CAPANTAMACDI

3epTTey TakbipblObIHbIH aAFbl Co3i. Kasipri kesae KopluaraH OpTaHbiH AACTaHybl ©3eKTi MaceAere
alHaAbIN OTbIpFaHAbIFbl MOAIM. KP 6oMbiHILa ©CKemMeH KaAacbl KOpLlaFaH OpTacbl AaCTaHfaH KaAa
GOAbIN ecenTeAeai >kaHe BHAIPIC Ke3AepiHe XakblH OpHAAACKaH XKOHE ayblp METAAAAPMEH AacTaHy
AEHremni eTe KayinTi TOKCMKAHTTapAbIH MakCUMaAAbl CaHbIMEH CUMATTAAATbIH aliMaKTap Ke3AeCeA|.

Makcatbl, Heri3ri GafFblTbl >XOHE FbIAbIMM 3€pPTTEY YCbIHbICbl. DKOAOIMSChl AACTaHFAH aiMak,
TYPFbIHAAPbIHbIH 3KTOAEPMaAbAbI YATIAEPIHAETT ayblp METAAAQPAbBIH MOALLEPIH CAAbICTBIPDMAAbI TYPAE
3epTTey.

TbIpHaKTbIH,  XMMMUSABIK, KypaMbl alMaKTblH 3KOAOTMSAbIK, MBCEAECIH alKbIHAAWTbIH Heri3ri
KepceTKill 60Aa OTbIPbIN, 6EAriAI 6ip TYPFbIAbIKTbI XKEPre 3SAEMEHTTEPAIH >KMHAKTaAy epeKLIeAiKTepiH
KepCeTeTiH TabUFU-TEXHOreHA] OpTasa MHAMKATOPbI PETIHAE MaNAAAAHbIAA aAAAbI.

JKYMBICTBIH, FbIABIMW >K8HE NMPakTUKAAbIK, MaHbI3AbIAbIFbIHA KbICKallla cuMnaTTama. AAaam aF3acbiHAQ
MUKPOIAEMEHTTEP AeHreiliH 6araray VYWiH KaH, 38p CUSAKTbl AMArHOCTUMKAABIK, OGUOAOTUSIABIK,
cybcTpatTapmeH Gipre ThipHaK, Ta >KakCbl aknapaT Ke3i 60AbIN TabblAaAbl.

3epTTey aaicTeMeciHe KbiCKallla curnaTTama. DKToAepManbabl YA aay A.B. CkaAbHbI aaicTemeci
ApKbIAbI XKYPri3iAAi. ThipHaK, TaAAayAapbl YLWiH aTomMAblK-abcopOumsiabiK, crektpockonus (AAC),
BOAbTaMIEPaMETPAIK aHaAM3aToOp >kKaHe peHTreH-hAyopecleHTTi cnekTpockonusicbl (PMC) biHFaMAbI
aAicTep 6OAbIN TabblAAABI.

3epTTey >KYMbICbIHbIH, HOTMXKECi MeH capanTamacbl >8He KOPbITbIHAbICbL. ©CKeMeH >oHe
TaAAbIKOpPFaH KaAacbl TYPFbIHAAPbIHBIH, 3KTOAEPMaAbAbl YATIAEPIHAEr ayblp MeTaAA MeALlepiHe
CaHABIK, )K8HE CaraAblk, aHaAM3Aey GOMbIHLLIA 3ePTTey XKYPri3iAai.

AAC opici 06oMblHILA METAaAAYPrust CaAacbl AamblFaH ©OCKEMeH KaAacbl TYpPFbIHAAPbIHbIH
OMOAOTMSIABIK,  CyOCTPATbIHAAFbl  KOPFACbiH  MEH KaAMUMAIH MeAluepi  TaAAbIKOpFaH —KaAachbl
TYPFbIHA@PbIMEH CaAbICTbIPFAHAQ XKOFAPbl EKEHAIT aHbIKTaAAbI.

3epTTey O KYMbICbIHbIH KYHAbIAbIFbl.  AAaM  KaHbl, 38pi, YAMaAapblHAAFbl YAbl 3aTTapAbIH
KMHAKTAAYbIH 3epTTey — Tya BiTKeH aybITKyAapAbl AMArHOCTMKAAQYFa FaHa eMeC, OHepKacinTiK, sFHu
BHAIpIC epekLueAikTepiHe GaiAaHbICTbI KBCIOM aypyAapFa XKeHe KopliaFraH opTara KaTbICTbl aypyAapAbl
aHblKTayFa CenTiriH TUriseAi.

3epTTey HOTWMXKECIHIH MPakTUKAAbIK, MaHbI3AbIAbIFbI. TblpHaKTaFbl MUKPO3AEMEHTTEPAI 3epTTey,
ayPYAbIH aAAbIH aAy YILIIH MaTOAOTMSIABIK, MPOLECTEPAI aHbIKTayFa MYMKIHAIK 6epeai. Ayblp MeTaAra
AHAAMBAIK HOTUIKEAEPI 3epTTey XKYMbICTapbIHA KOCbIMLLA MBAIMET PETIHAE, S3KOAOTUSIAbIK, MOHUTOPUHI
KacayAa KOAAaHyFa 60AaAbl.

Ty#in ce3aep: 3KTOAEPMA, MHAMKATOP, TOKCUKAHTTAp, GMOAOTUSABIK, Cy6CTparT.
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Comparative analysis of heavy metals in biological material
Introductory word about the research topic. Nowadays pollution of the environment is an actual

problem. Because of closely located industrial enterprises, the environment of the city of Ust-Kameno-
gorsk is contaminated with the maximum amount of harmful toxicants of heavy metals.
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Purpose, main directions and ideas of scientific research. To give a comparative analysis of heavy
metals in the composition of biological material in ecologically polluted regions.

Carrying out a comparative analysis of heavy metals in ectodermal samples of the population of eco-
logically polluted regions, it appears that the chemical composition of ectodermal samples is an indicator
of the natural and man-made environment.

Brief description of the scientific and practical significance of the work. To determine the level of
microelements in the human body, the diagnosis of biological substrates is not only blood and urine, but
full information can also be obtained on the nails.

Brief description of the research methodology. To obtain ectodermal specimens, work was carried
out using the method of AV Skalnogo. The analysis of nails is carried out by the method of atomic absorp-
tion spectroscopy (AAS), voltampereametric analyzer and X-ray fluorescence spectroscopy (RFS).

Main results and analysis, conclusions of research work. Studies of qualitative and quantitative
analysis of ectodermal samples of heavy metals in Ust-Kamenogorsk and Taldykorgan cities have been
conducted. The AAS method showed that the lead and cadmium content in the biological substratum of
residents of the city of Ust-Kamenogorsk is higher than that of residents of Taldykorgan.

The value of the study. Investigation of accumulated harmful substances in the blood, tissues and
urine of a person is not only the diagnosis of hereditary abnormalities, but also for the identification of
occupational diseases and diseases associated with a polluted environment.

Practical significance of the results of the work. Determination of pathological processes for disease
prevention is the study of the composition of trace elements.

Key words: Ectoderm, indicator, toxicants, biological substrates.
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CpaBHMTe/\belﬁ AHAAM3 TSHKEAbIX METAAAOB B COCTaBe 6MOAOrMYEeCKOro mMaTepuasa

BcTtynuteAbHoe CAOBO O TeMe MCCAeAOBaHMS. B Halle Bpems 3arps3HeHne OKpy>KaloLlein cpeAabl
SBASIETCSl aKTyaAbHON MPOOAEMOit. M3-3a GAM3KO PACMOAOXKEHHBIX MPOMbILAEHHbIX MPEANPUATII
oKkpy>awouwas cpeaa ropoaa Ycrb-KameHoropcka PK 3arps3HeHa MakCMMAAbHbIM  KOAMYECTBOM
BPEAHbIX TOKCMKAHTOB TSIXKEABIX METAAAOB.

LleAb, OCHOBHble HanpaBAEHMS M MAEW HAyYHOr0 MCCAEAOBAHMUS: AATb CPaBHUTEAbHbIA aHAAM3
TSXKEAbIX METAAAOB B COCTaBe OMOAOIMUYECKOro MaTepmana B 3KOAOTMUECKN 3arpsi3HEHHbIX permoHax.

[pOBOAS CPABHUTEAbHbIN aHAAM3 TSXKEAbIX METAAAOB B DKTOAEPMAAbHbIX OOpasLax HaceAeHus
39KOAOIMYECKM 3arpsi3HEHHbIX PErnMoHOB, BbISICHSAETCS, UTO XMMMUYECKMIA COCTaB 3KTOAEPMAAbHbIX
006pasLOB ABASETCS MHAMKATOPOM MPUPOAHO-TEXHOTEHHOM CPEAbI.

Kpatkoe onucaHue Hay4YHOM M MPaKTMYECKOM 3HAYMMOCTM PaboTbl: AAS OMPEAEAEHMS YPOBHS
MMKPOSAEMEHTOB B OpraHM3mMe 4YeAoBeKka MpeAMeTamy AMArHOCTMKM OGMOAOrMYEecKMX CyOCTpaToB
SBASIIOTCSI HE TOAbKO KPOBb M MOYa, HO M HOT'TH, MO KOTOPbIM MOXKHO MOAYUYMTb MOAHYIO MH(DOPMALIMIO.

KpaTkoe onucaHWe MEeTOAOAOTMU WMCCAEAOBaHUS: AAS MOAyUEHMS SKTOAEPMaAbHbIX 00pasLoB
npoeeaeHa pabota no metoamke A.B. CkaabHOro. AHaAM3 HOrTel MPOBEAEH METOAOM aTOMHO-
abcopb6umoHHoi crnekTpockonum (AAC), BOAbTaMMEpamMeTpUUecKnM aHaAM3aTOPOM M PeHTreH-
dAyopecLeHTHbIM cniekTpockornom (PADC).

OCHOBHble Pe3yALTaTbl M aHAAM3, BbIBOAbI UCCAEAOBATEAbCKOM PaboThbl: MPOBEAEHbI MCCAEAOBAHMS
KauyeCTBEHHOI 0 M KOAMYECTBEHHOI O aHAAM30B 3KTOAEPMAAbHbIX 06PA3L0B TSIXKEAbIX METAAAOB XKUTEAEN
ropopoB Ycrb-KameHoropcka n TaaabikopraHa. Metoa AAC nokasaA, UTo COAEPIKaHWMS CBUHLA U
Kaamusi B B1MoAormyeckom cybeTpate xxuteaelt ropoaa Ycrb-KameHoropcka 6oAee BbICOKME, YeM Y
Kuteaewn r. TaaablikopraHa.

LleHHOCTb MpPOBEAEHHOIO MCCAEAOBAHMS: UCCAEAOBAHME HAKOMAEHHbIX BPEAHbIX BELLECTB B
KPOBM, TKaHSX M MOYE YeAOBEKa — 3TO He TOAbKO AMArHOCTMKA HAaCAEACTBEHHbIX OTKAOHEHWIA, HO 1
onpeAeAeHre NPogeccoHanbHbIX OoAe3Hel 1 BOAe3HEN, CB3aHHbIX C 3arpsA3HeHHON OKpy>KaloLuen
cpeaon.

[MpakTnyeckoe 3HadeHue MTOroB paboTbl: OMPEAEAEHME MATOAOTMYECKMX TMPOLIECCOB  AAS
NPOUAAKTUKM BOAE3HEN MYTEM UCCAEAOBAHMS COCTaBa MUKPOIAEMEHTOB HOMTEN.

KAtoueBbie CAOBa: 5KTOAEPMA, MHAMKATOP, TOKCUKAHTbI, GMOAOTMUECKMIA CyOCTpaT.
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Kipicne

Tagvipoinmer  mayoay — Hezizdemeci — dcaue
esexminici. Kazakcran PecmyOnukacel OoifbIHIIIA
OckeMeH Kallachl KOpIIaraH OpTachl JacTaHFaH
Kajia OOJIBIT ecerTee/li )oHe OCKeMeH KalachlHIa
OHJIpIC Ko3JlepiHe JKaKblH OpHANACKaH, ayblp
MeTaJIapMeH JIACTaHy JCHrell oTe KayilTi TOKCH-
KaHTTapbIH MaKCUMaJIbl CAHBIMEH CHITaTTaJIaThIH
aitmakrap kesmeceni (Baxenwn 2012:16). Tsip-
HAKThIH XHMUSJIBIK KYpaMbl alMaKThIH JKOJIO-
TUSUTBIK  MOCEJIeCiH aWKbIHIAWUTBIH HETI3rl  Kep-
ceTKim 0oia OTBIPhIN, Oenrimi Oip TYPFBUIBIKTHI
JKepre MEeMEHTTEePAiH KUHAKTATYy epeKIIeTIKTepiH
KOPCETETiH TAOUFU-TEXHOTEH/II OpTaaa HHINKATOPHI
peTiHme maimanaHepuia anaapl (XapucdapHUIIBUIH
2006:65).

OckeMeH KaJlaChIHBIH epEKIICIri ayblp Me-
TaJJIbIH HETI3ri TYCETIH Ke31 TYCTi MeTajuiyp-
TUSHBIH OHEPKOCIT OPBIHAAPHI Kalla dKOXYHECiH e
opHamackaH. COHIBIKTAH [1a, ar3aHbl JIACTAWTBHIH
aybpIp MeTalIapAbIH aiitMak OOMBIHIIIA TapaTybIHBIH
CaH/IBIK JKOHE CalallblK ePeKIICNITiH aHBIKTay
OYTiHT TaHa ©3€KTI Macese OOJIBII OTHIP.

3epmmey Hvicanvl. OckeMeH xxoHe TanabIKopraH
KaJlaChl TYPFBIHIAPBIHBIH SKTOACPMaJIbbl ThHIPHAK
YATiTIEP1 aTbIHIEL.

3epmmey JHCYMbICHIHBIY MAKCAMbl MEH MiH-
Oemmepi. DKOJOTHSICHI JACTaHFaH aliMaK TYPFbIH-
JIAPBIHBIH  3KTOACPMANBIbI  YITUISPIHIETT aybIp
METaJapblH MOJIIEePiH CalbICTHIpMAabl TYpIe
3eprrey.

OckemeH xoHe TanmpIKopraH allMaKTapbIHIaFbI
aybpIp METaNJIap/IbIH Tapalybl MoceJIeciHe apHallFaH
FBUIBIMU-3EPTTEY KYMBICTAPBIHA MIOJY YKacay KoHE
THIPHAK YJT1JIepi aJIbIHATHIH TYPFBIH/IAP bl aHBIKTAY.
AHBIKTalIFaH ~ TYPFbIHAAp OOMWBIHIIA  OJIAP/IBIH
TBIPHAK YATIJIEpIH ally, aHalu3re JalbIHAay KoHe
THIPHAK KYpaMBIHIAFel ayblp Metanmapra (Pb, Zn,
Cu) aromapr-abcopouusiblk (AAC) KoHE peHTIeH-
¢ayopecuentti cnekrpockonusi (POC) spicrepimen
aHaJM3 KYPri3in, ajJblHFaH HOTHOXKEIEPl capanTail,
KOPBITBHIH/IBLIAY .

3epmmey orcymbiceinbly  a0icmepi. TweIpHAK
VATICIH ajy eTe KaparaibIM jKoHe KaHmai ma Oip
ayBIPTIANBIKCHI3 JKY3€re AacaThIHIBIKTAaH, 3epT-
Teyre KaXeTTi KON JKeTiMzui cyOctpar 0okl
TaObUTabl. THIPHAKKA TYCKCH ayblp MeTaiuap
OJIapJIbIH ©6Cyi OapbIChIH/A KOraiMaiabl. ThIpHAK
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KYpaMmBbl ajiaM ar3achlHJIa aybIp MeTajiap JACHICHiH
TONBIK Kepceredi. TrIpHAK Tanmayiapsl YUIiH
aTOM/JIbIK-a0copOusibliK  criekrpockornust (AAC),
BOJIBTAMIIEPAMETPJIIK aHAIU3aTOp KOHE PEHTTCH-
(hayopecnentti ciekrpockomnusicel (POC) pIHFaNAIBI
omictep Oombin Tabbutazas! (Cranpabri 2008:255).

3epmmey AHCYMuICHIHbIY 2UNOME3AChl MEH JCY-
MbIC MAKbI30bLIbLIZLL. AZlaM aF3achlHIa MUKPODJIC-
MEHTTep ACHreliH Oaranay YIIH KaH, 30D CHSKTHI
JIMarHOCTUKAJIBIK OHMOJIOTHUSJIBIK CyOCTpaTTapMeH
Oipre TBIpHAK Ta JKaKCHl akmapaT Ke3i OOJIBIT
TaOBUTATHIH/IBIFBI 3epTTey YKYMBICBIMBI3]IBIH
HoTHXKeci OoWbiHma nonenaenyae (I'oprommmse
2006:60). Kan apkpuibl THIpHAK »acyllajJapblHa
TYCETIH 3JIEMEHTTEp aF3aHblH MHHEPAJIbl 3aT
ajMacyblHa aWTapJbIKTall KUBIHIBIK TYIbIPAJIbI.
THIpHAKTHIH aF3a/arbl €H HETI3rl TachIMalJayIibl
(hyHKIMACK KaHHAH —alBIPMAIIBUIBIFBL, OJIapaa
MUKPO3JIEMEHTTEP/IiH KOHIICHTPAIIUSCHI YKUHAJIA/IBI.
Kanmarbl ~ MHUKpPO3JIEMEHTTED  KypaMbl  aybIp
MeTallJIapblH JCHICHiHIH OCyiHe KayarThl, Oipak
OJIapABIH ar3aJarbl IIbIHANBl JCHTCHIH KOpCceTe
anMaysl MyMmKiH (Pate6 1999:2172), (TpaxTenbdepr
1994:125), (PeBuua 1990:65). ConapIikTaH, ar3agarbl
ayplp MeTalJaplblH JICHIeWiH aHBIKTay YIIiH
OMOJIOTHSITBIK, CyOCTpaTTapbl 3epTTey MaHbI3/IbI.

Mamepuan scone adicmepi. 3epTTEy KYMBICHI
OaprIChIHIA OCKEeMEH KoHe TalmbIKopFaH Kaylachl
TYPFBIHAAPBIHBIH SKTOAEPMAIbIBI THIPHAK YIATLIEPI
anpIHbI (1-KecTe), albIHFaH YITIep ayblp MeTalFa
aHaIM3JeHIi. YIIT1 aiayFa KaThICKaH aJaMJap/IbIH
kKackl 6,5-62 xac apabIFbIHAA OOJJIbI.

1-kecte — OckeMeH xoHe TanaplKopraH Kanaiapbl OOMbIHIIA

aIIBIHFaH 3KTOJEPMAIIb/bl YIT1IEp CaHbI

Yri anbiHFaH YIri anbiHFaH TeipHak
HBICAH TYPFBIHIAP CaHbl | YITUIEPIHIH CaHbI
OCKeMEH K. 23 23
TanneikopraH K. 25 25
Baprbirsl 48 48

2, 3-xectenepne OckeMmeH xkoHe TanabIKOpraH
Kaytajapbl OOWBIHINA ajbIHFAH YATUICPIIH CHITAaT-
Tamachl, aTan aiTKaHAa TYPFBIHAAPABIH KBIHBICHI
JKOHE KaJlaJa TYPy Mep3iMi KepCceTUIreH.

3-kecrene TamaplkopraH Kajackl OOMBIHIIIA
TYPFBIHJAP MEH YJITUIepAl KbIHBICHI KOHE Kalana
TYpy Mep3iMiHe OalTaHbICThI OOIiH/II.

Eurasian Journal of Ecology. Ne2 (51). 2017 57



Bronorusieik Marepurall KYpaMbIHAArbl aybIp METAJIAAPABIH CAaJIbICThIPMAJIbl CapanTaMachl

2-kecTe — OCKEMEH KaJlachl OOWBIHINA TYPFBIHAAP MEH YITIEp CaHBI

OcKeMeH KalachbIHa TYPFaH yaKbITHI
JKbIHBICH! JKanmer canst 10—15 15-20 20-25 25-30
1 — 5 xbIn 5 — 10 xpi1
JKBUT HKBUT HKBUT Kbt
TeipHaK yarici
Epxex 7 1 3 1 - -
Oiten 16 4 1 4 2 3
3-kecrte — TanapIkopraH Kaaackl OOMBIHIIA TYPFRIHAAD MEH YITLICp CaHBI
TanmeIKopFaH KaJacklH/Ia TYPFaH yaKbIThI
Kanmbr
JKbIHBICHI CAHBI 1-5 5-10 1015 15-20 20-25 25-30
KB KB JKBLT HKBUT KB HKBLT
TeipHaK yarici
Epxexk 2 1 1 - - - -
Oiten 23 14 2 1 - 2 4

[Ipodeccop A.B. CkampHBIH KYpri3reH 3epT-
Tey HOTIKeci OOWBIHINA aF3agaFbl XUMHSIIBIK
AIIEMEHTTEPAIH anMacy Kar/IaiblH KOHE JKEKe aybIp
METaJIapAblH YJIbl 9CEpiH aHBIKTAy YIIiH IIAIITHI
3epTTey MaHBBABl eKeHmiri Oenrim Oommbl. Ochl
KYPTi3ireH 3epTTeysiep MATIMETTepl ThIpHAKTAFbI
MeTajapblH Kypambl aF3aHbl OipTyTac aJiblil
KaparaHJarbl JIEMEHTTIK IOPEKECiH alKbIHIAIbI
KOHE  MHUHEpPAIJBIK  aJMacylblH  HWHTETPajIbl
KoepceTKimii Ooibim TaObuIafbl. AJaMHBIH DSKTO-
nepMaibabl yaricid amy A.B. CkanpHbIH XKyprizrexn
3epTTey oJicTeMeci apKbUIbl KY3€re achIpbUIIbI
(Ckainpabrit 2008:255).

TeipHaK yiTICIH ady eTe KapamailbIM KoHe
KaHgaid ga Oip aybIpTHANBIKCHI3 JKY3€re acaTblH-
IBIKTaH, 3epTTeyre KAKETTi KOJ )KeTiMIi cyocTpar
Oonbim  TaObwianbl. THIPHAKKA TYCKEH — aybIp
MeTajiap oJNapblH ecyl OapbIChIHIA KOFAIMaIbI.
TeIpHaK Kypambl aaM ar3acblHIa ayblp MeTaigap
neHreiin Tonbik kepcereni (badukosa 1990:209),
(bapanosckas 2003:18).

TeIpHaK OapiblK OH CayCaKTbIH ThIPHAKTapbIH
KHUBIIT ~ aly apKbpUIbl KHHaaabl. JKWHaIFaH
TBIPHAKTBIH cajMarbl 25-30 Mr-HaH KeMm OOyl
tuic. ThIpHAK YITLIEPiH KaKNarkl Oap TUTENbICpPre
caselll, 5 caraT 00lbI 3upMeH Kyaabl. ApacbiHia
3¢uUpAl aybICTBIPBIT OTBIPAABL. 5 caraTTaH COH
a¢upai Terim, yiTiHI OeirMe TeMmIepaTypachiHIa
kenripeni. TeIpHAK yITiIEpiH Kara3 KOHBEPTTEp-
ne cakraiinel. Cakray Mepsimi mekreyciz (Zhuk
1999:339).

TeipHaK VATICIH THUTENbre caibilm, | M
KOHIICHTPJII a30T KBIIKBUIBI koHE 0,5 M
KOHIIGHTPJII XJIOPJbI KBIIIKBUT KYSAbl. 24 caraTka
Kangaeipansl.  OchlmaH  KeWiH —epiTiHAiHI  KyM
MOHIIIACHIHAA OyJIaHIBIPBIN, KYpFam KaJfaHIIa
aKbIPBIHJAN KbI3ABIpAIbl. 1,5 M OUJAMCTUIICH-
TeH Cy KYHBIN, XBUIBITHIN, cy3eli. CyblFaH COH
30J16Ci3 (QUIBTP apKbUIBI OJIIIEYIIT KOJ0ara Cy3e/i.
Turenbai 2 peT cyMeH MIaMbII, CYy3iHIIre KYSJbI.
Epitingire 2 wmi-re >KeTKEHIIEe Cy KYSABI, erep
2 MII-ZIEH achIll KETCE COJl KOPCETKIMITI Ka3aJIbl
(1-cyper).

TeIpHAK TaNgayiapel YIIH aTOMJIBIK-a0copO-
usteIK cniektpockonus (AAC), BodpTaMIiepaMeTp-
JIK aHajau3aTop JKOHE PEHTreH-(PIyOpecleHTTI
cniekrpockonusichl (POC) prHFaiinb omicTep OOIBII
Tabbu1a bl (Xapucuapumsuian 2009:65).

3epmmey Homudceci. OCKEMEH KalacblHIa
1-5 oKbIT apanbIFbIHIA TYPATHIH aJaMJIap.IbiH
P®C capanramacel OoiibiHImIA THIpHAFBIHAA Fe,
Cu, Zn, Ni, Cr, Mn xone Ca 0ap. Keiibip POC
anammznepiage Ca-IbIH KepceTiiMeyi OHBIH ar3a-
aFel  KOHIICHTPAIMSChIHA  OaimaHbICcTBI.  5—10
JKBUT apalibIFbIHJIA TYPAThIH TYpPFeIHAApABIH PDOC
capantamachkl  OOWBIHIIA KeOip amamuapIbiH
ananm3inge Si 6ap exeH. byt o1 anaMHBIH KociOiHe,
TaMaKTaHybIHa OalTaHBICTBI OOTYbI MYMKIH.

2-cyperre OckemeH KanacklHaa 10-15 >xbu1
apanbIFbIHAA TYpaTeiH afgamuaapasiH POC capan-
TamMachl OOWBIHINA TBHIPHAK YITICIHIH camajibIK
aHaJN31 KOPCETUITEeH.
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1-cypet — ThIpHAK YITICiH aHAIU3Te TalbIHIAY
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2-cypet — POC capantamack! 6oiibIHIIa OCckeMeH KalachblHAa
12 KbIT TYpaTHIH €pKeK aJJaMHBIH THIPHAK YITICIHIH canajblK aHaIn3i

Kanana 10—15 >xb1 apaiibIFbIHAA TYPHBII )KATKAH
aJlaMHBIH ThIPHAK aHaiu3iHeH Si MeH As 0ap ekeHi
AHBIKTAJIBIIT OTHIP. By eki meramn na ThIpHAK
KypambIHaa Oonazel, Si-IiH 6ap 00Iybl KOJIMEH 9p
TYPJIi JKYMBICTap JKacaaThlH OOJIFaH/IBIKTaH HEMECe
TaMak, aya apKbUIBI Tycyl 901eH MYMKiH. Al As oI
aJ1aM ar3achl YIIiH 3USH METaJu1 OOJIBII TaOBLIA B

3-cyperrepae OckemeH KamackiHma 15-20
JKBUT apalibIFbIHAa TYPATBIH TYpFeIHAApAbIH PDOC
capantamachl OOWBIHIIA THIPHAK YITICIHIH camaibIK
aHaJIN31 KOPCETUITeH.

OckemeH KanackiHaa 15-20 KblT apalbIFbIHAA
TypatbIH TyprbiHaapasiH POC capanramachl 00ibIH-
11a KeiOip TYPFBIHAAPIBIH ThIPHAK KYpaMblHaa Zn,
Cu, Cr, Mn-tin xoK ekeHi Oaiikamanesl. Ececine,
Kanmazna 19 >KbuT TypaThIH €pKeK aJlaMHBIH THIPHAK
aHaym3iHeH Pb-HbiH O0ap exeHi aHbIKTanabl. On 63
Ke3eriHJe OMIpJIIK MaHbI3bl 0ap DIIEMEHTTEP/IiH
ar3aja asaloblHAa OKENINl COKTBIpaibl. OcKeMeH
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KajacblHAa 24 Kbl TypatblH agamMHblH POC
caparntamachl OOMBIHIIIA THIPHAK YJITICIHIH CcaIlaibIK
ananuzinen Ca-IoiH JKOK ekeHi Oaikamanel. By
aJlaMHbIH ackl yiras kene Ca-JliH ajiaM ar3achlHIa
asast OacraybiHbIH janeni. Con cebenTi, ap Typii
TipeK-KUMBLI allliapaThl )KYHECiHiH aypyJiaphl maiaa
Oomanpl, srHn Ca-IiH a3 Ooiybl JIEHCAYJIBIKTAFbl
aybITKyJ1apra OaiIaHbICThI 00JIYbl MYMKIH.

TanapIKOpFaH Kalachkl TYPFRIHAAPBIHBIH PDOC
capantamachl OOWBIHIIA TBHIPHAK KYPaMbIHIAFbI
MeTamiapia ©OCKeMeH Kanachl TYPFBIHIAPbIHBIH
capanTamManapblHaH albIpMalIbUIBIKTap OOJIMaIbl,
TEK KOPFAaChIH MEH acraT ewmoip TyprbIHHAH
aHbIKTaNIMaJbl. byJl KopliaraH oOpTaHblH —ajam
ar3achlHa eJI9Yip ocep eTETIHAIrIHIH JoJIelIi.

4-cyperre TangpikopraH KainacbiHaa 1-5
JKBUT apajbIFBIHIA TYpaThiH amaMuapiabiH POC
capamnTamMachl OOWBIHIIA TBIPHAK  KYPAMBIHBIH
carajblK aHaJIu31 OepiireH.
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3-cypet — POC capanramacsr 6oiibiHIa OcKkeMeH KalachlHa
19 KbIT TYpATBIH EPKEK aJJaMHBIH THIPHAK YJTICIHIH CaltaiblK aHAIN31
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4-cypet — TanabpIKOpFaH KajlachlHa 4 JKbUT TYPaThIH OMelT aaMHbIH
P®C capanramacs! O0HBIHIIA TRIPHAK KYPaMBIHBIH CAIlaIbIK aHATH31
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5-cyper — Tangpikopran KanachliHIa 8 XKbUI TYPaThIH dies aJaMHBIH
POC capantamacs! 60ibIHIIA TRIPHAK KYPaMbIHBIH CaNaJIbIK aHATH31
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5-cyperre Tanasikopran KanackiHaa 5—10 Kbl
apaJIBIFBIHAA TYPAThIH agaMHIH POC capanraMachl
OOMBIHIIA THIPHAK KYPaMBIHBIH CanallblK aHalu3i
Oepinrex.

TanapikopFaH KajlacblHAa 8§ KbUI TYPAThiH
agamublH P®C capanrtamacel OOMBIHIIA THIPHAK
KypaMbIH/Ia 0acka capanramaiapra KaparaHaa Zn

xoHe Ni-iH )K0K ekeHi Oaiikanansl. Kopuiaran opra-
HBIH Ta3a 00JybIHA OailTaHBICTHI OYJ1 METaIapIbIH
ar3aja a3z 00JIybl MyMKiH.

4-xecrene POC capantamace! OoiibiHIa OCKe-
MEH Kajlachl TYPFBIHIAPBIHBIH ThIPHAK YJTUIepiHAe
Ke3JleCeTiH MeTall TYPJEpiHIH canajblK aHan3i
KOpPCETIITEeH.

4-kecte — POC capanramacs! 6oifbiHIIa OCKEMEH Kalachl TYPFBIHAAPBIHBIH THIPHAK YIITUIEpiHIe Ke3AeCeTiH MeTal TyplepiHiH

canaJiblK aHaaIu3i
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S5-xkecrene POC capanramacer OoiibiHina Taii-
JIBIKOPFaH Kallachl TYPFBIHIAPBIHBIH THIPHAK YJITi-

JiepiH/ie Ke3/[eCeTiH MeTall TYPJIEPIHiH caraiblK

aHaIIN31 KOPCETLITeH.

5-kecte — POC capanramacs! 6oifbiHmma TanabIKopraH Kanackl TYPFRIHIAPEIHBIH THIPHAK YIITIIEpiHAe Ke3eCeTiH MeTasll TYpIepiHiy

calajbIK aHanmsi

Mertain DKTOJepMAaIIB/IBI YIITT HOMIpI

Typi No27 Ne30 Ne31 Ne3s Ne37 Ned6 Nod7 Ne48 Ne49 Ne50

Cu + + - + +

Zn - + + - + + + + + -

Ni - + + - + + + + +

Cr + + + + + + +

Mn + - + + - + + + -
PeHTreH-(yopeceHTTiKk  CHeKTPOCKOMHSICHI-  cajly 9JIiCiH KOJJaHy apKbUIbI KY3eTre achIpbLUIaIbl.

HBIH CalajblK capantaMachlHa CYWEHE OTBIPBIII,
ATOM/IBIK-a0COPOLIMSIIBIK ~ CIIEKTPOCKOIUS  9JIiCiH
KOJJIAHABIK.  ATOMJBIK-a0COPOIVSIIBIK ~ 3€PTTEY
OIIiC1 JKOFaphI Ce3rimTiriMen cunartananas! (Jly6o-
Boit 2009:370, Ballschmiter 1999:20-31, Josephson
1992:43, Boyle 1990:6).

byn onicnen 80-Henm actram osneMeHTTEpIl
aHbIKTayFa 0OJaJbl, OHBIH IMIIHAE TIPIIUIK YIIiH
MaHbI3abl anementrep Na, K, Mg, Ca, Cu, Zn, P
xoHe mukpodnementrep Cd, Hg, B, Pb, Sb, As, Mn
xoHe T.0. CaHIbIK 3epTTeyiep Kanuopiey rpadurin
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ATOMIIBIK-a0COPOIUSAIIBIK, CIIEKTPOCKOIINS JTici 00C
aTOMJIap/IbIH JKAPBIKTHl ©3iHE CIHIpYy KaOijeriHe
Heri3genreH. AOcopOuus  TIPOIECiHIAE  DJIeK-
TPOH HETI3r1 DHEPTeTUKANBIK JICHIEHACH enoyip
JKOFaphl JICHTEHre aybicajbl, MyHAaiaa OepiireH
JKULTIKTET1 KO3JBIPAThIH JKAPBIKTHIH WHTEHCHUBTITI
TOMEH/Iei11. ONIIeHeTiH KaphIK CiHIPY ITaMachIMEeH
AHBIKTAJATBIH  DJIEMEHT  KOHICHTPAIUSICHIHBIH
apaceiHnarel  OaimaneicTel  JlamOepT-byrep-beep
3aHBIHBIH KOMETiMeH epHekTeyre Oomanasl (Adams
1986:1113, Eduljee 1998:241, Kocan 1991:126).
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ATOMIBIK CIHIpYIiH IIaMacblH eJIley YILIiH
TYKBIPBIMJIAFaH €Ki IapT OPBIHIATYHI KaXKET: aTOM
KYITAPBIHBIH €H KON CiHIpyiHe CoWKec KeleTiH
TOJIKBIH Y3BIHJBIFBI COYJIC IIBIFapy KO3iHiH eH Kol
WHTEHCHBTITIHIH TOJKBIH Y3bIHIBIFbIHA TEH OOIYBI
KEpEeK; aTOM >KYNTapbIHBIH CIHIPY ChI3BIKTAPbIHBIH
XKapTbl €Hi, coyJe WIbIFapy Ke3iHIH €H Kell

WHTCHCHUBTITIHIH TOJKBIH Y3bIHJIBIFIHA TEH OOJYBI
kepek (Jiang P107, Koctoycosa 1991: 78, Orger no
HUP 1997: 3).

6-KecTe/ie ThIPHAK YITiIepiHAeTi MeTaliap/IbiH
CaHIBIK aHaIM31 OepinreH.

7-kecTesie ThIPHAK YIITIepiHAeT MeTallIap/IbiH
CaHJIBIK aHaJIN31 Oepiirex.

6-kecre — AAC capanramacs! 60ifbIHIIIA OCKeMEH Kalachl TYPFBIHIAPBIHBIH THIPHAK YITUIEpiHIETI METAIIAPIbIH CaHAbIK aHATN31

AHQIUTTIH OpTalia MeJmepi, M/
Yari .
HoMipi Zn Pb Ni Cd Cu
C, Mr/n C, mr/n S, % C, Mr/n C, mr/n S, % C, mr/n
Ne 1 <0,0013 0,18 0,32 <0,0011 0,007 1,45 <0,075
Ne 2 <0,0013 0,06 0,97 <0,0011 0,001 5,97 <0,075
Ne 3 <0,0013 <0,013 - <0,0011 0,002 5,26 <0,075
Ne 4 <0,0013 0,34 2,94 <0,0011 0,007 1,45 <0,075
Ne 5 <0,0013 0,06 1,69 <0,0011 0,002 8,18 <0,075
Ne 6 <0,0013 0,2 2,94 <0,0011 0,001 5,97 <0,075
Ne 7 <0,0013 0,06 0,97 <0,0011 0,001 6,19 <0,075
Ne 8 <0,0013 0,2 2,94 <0,0011 0,004 2,56 <0,075
Ne 9 <0,0013 0,14 7,14 <0,0011 0,002 5,26 <0,075
Ne 10 <0,0013 <0,013 - <0,0011 0,005 1,16 <0,075
Ne 11 <0,0013 <0,013 - <0,0011 0,002 5,00 <0,075
Ne 12 <0,0013 0,17 9,17 <0,0011 0,004 2,56 <0,075
Ne 14 <0,0013 0,12 4,68 <0,0011 0,002 5,00 <0,075
Ne 16 <0,0013 0,12 9,12 <0,0011 0,003 3,33 <0,075
Ne 17 <0,0013 0,1 5,97 <0,0011 0,002 2,94 <0,075
Ne 18 <0,0013 <0,013 - <0,0011 0,004 2,50 <0,075
Ne 19 <0,0013 0,28 3,57 <0,0011 0,002 5,00 <0,075
Ne 21 <0,0013 0,14 7,14 <0,0011 0,001 5,97 <0,075
Ne 22 <0,0013 0,06 1,67 <0,0011 0,001 5,97 <0,075
Ne 23 <0,0013 0,06 1,67 <0,0011 0,003 3,33 <0,075

7-kecte — AAC capantamachl 6oifpiHIIa TalXIsIKOpFaH Kajackl TYPFBIHIAPBIHBIH THIPHAK YITUIEPIHAETT METaNIapAblH CaHIBIK

aHanm31
AHAIUTTIH OpTalia MeJmepi, Mr/i
Yori ]
.. Zn Pb Ni Cd Cu
HeMipi
C, mr/n C, Mr/n S, % C, mr/n C, mr/n S, % C, mr/n
Ne 24 <0,0013 0,2 5,00 <0,0011 0,002 5,00 <0,075
Ne 25 <0,0013 0,3 3,33 <0,0011 0,002 2,84 <0,075
Ne 26 <0,0013 <0,013 - <0,0011 0,004 2,50 <0,075
Ne 27 <0,0013 0,2 5,00 <0,0011 0,002 2,84 <0,075
Neo 28 <0,0013 0,1 6,19 <0,0011 0,003 1,90 <0,075
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7-KecmeHiny JHcanzacul

' AHaNIHTTIH OpTalla MeJIepi, Mr/I
HZEI‘M Zn Pb Ni cd Cu
C, Mr/n C, mr/n S, % C, Mr/n C, mr/n S, % C, mr/n
Ne 29 <0,0013 0,2 2,84 <0,0011 0,002 5,00 <0,075
Ne 30 <0,0013 <0,013 - <0,0011 0,003 1,95 <0,075
Ne 31 <0,0013 0,15 6,67 <0,0011 0,001 5,59 <0,075
Ne 32 <0,0013 0,063 1,59 <0,0011 0,004 1,46 <0,075
Ne 33 <0,0013 0,3 1,95 <0,0011 <0,00075 - <0,075
Ne 34 <0,0013 0,32 3,13 <0,0011 0,002 4,76 <0,075
Ne 35 <0,0013 0,08 7,53 <0,0011 0,001 597 <0,075
Ne 36 <0,0013 0,13 4,56 <0,0011 0,002 5,00 <0,075
Ne 37 <0,0013 0,4 2,50 <0,0011 0,004 2,50 <0,075
Ne 38 <0,0013 0,2 2,84 <0,0011 0,003 1,95 <0,075
Ne 39 <0,0013 0,15 6,67 <0,0011 0,007 0,83 <0,075
Ne 40 <0,0013 0,21 2,79 <0,0011 0,002 2,99 <0,075
Ne 41 <0,0013 0,21 4,46 <0,0011 0,004 1,47 <0,075
Ne 42 <0,0013 0,02 5,00 <0,0011 0,001 597 <0,075
Ne 43 <0,0013 0,12 8,33 <0,0011 <0,00075 - <0,075
Ne 44 <0,0013 0,21 4,76 <0,0011 <0,00075 - <0,075
Ne 45 <0,0013 <0,013 - <0,0011 0,003 3,33 <0,075
Ne 46 <0,0013 0,13 7,69 <0,0011 0,006 1,67 <0,075
Ne 47 <0,0013 0,07 0,83 <0,0011 0,002 5,00 <0,075
Ne 48 <0,0013 0,2 2,94 <0,0011 0,006 0,97 <0,075

ATOMIBIK-a0COPOIUSIIBIK CITEKTPOCKOTHS  Ca-
pantamachIHBIH KOPBITHIHIBICH OOMBIHIIIA DKTOACP-
MaJIbbl YITUIEpIETi KOPFAChIH JKOHE KaJAMUUIIIH
Mommepi AAC oficiHIH aHBIKTAy JHAra30HbIHA
KIpEeTiHAIri, MBIC, MBIPBIII, HHUKEIb, XPOM JKOHE
MapraHentiH Mmemmepi AAC OmiciHIH aHBIKTay
JIana30HbIHAH TOMEH CKCH/IT1 aHbIKTaJIbI.

3epmmey namudiceci OoUbIHWA CATLICMBIPMA-
Jbl capanmama

OckeMeH koHe TalJIbIKOpFaH Kallachl TYPFbIH-
JAPBIHBIH SKTOJEPMaIbbI YITIJIEpiHACTI aybIp Me-
Tagap KepCceTKilTepi HeTi3iHae:

8-kectene AAC capanramackl OOWBIHIIIA OCKe-
MEH >koHe TaJJIbIKOpFaH Kanachkl TYPFBIHIAPBIHBIH
9KTOACPMalbbl yiriepinaeri Pb-HeiH Memmepi
KOPCETIITeH.

9-kectene AAC capantamacel  OOHBIHIIA
OckemeH koHe TanIblKOpraH Kajachl TYPFbIH-
MApBIHBIH 3KToMepManbabl yiaritepinaeri Cd-apiH
MeJIIepi KOPCETIITeH.

MBpIC, KOPFachlH OHE MBIPBIII CUSKTBHl aybIp
MeTaJap aaaM ar3achlHBIH TIHAEpI MEH OMip-
JIK MaHbI3Abl OpraHjapblHIa >KOFapbl KyMYJIs-
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TUBTIK KaCHETKe M€ OOJIBI, CO3BIIMAIBI HHTOKCH-
karusra yisipataasl (@emopor 1993:35), N 2.
Geneva: WHO, (1976); (2000) Xenesa, BO3. M.:
Memummaa 98, (Otuer 2010:3), am om o3 Kese-
TiHIE OHKOJOTHSJIBIK aypyiapra, >KYpeK, KaH
TaMBIPJIAPHIHBIH aHOMAJUSICBIHA OKEJIN COKTHI-
paner. 2013 xeutel Ockemenne 1 mpiH 100 amam
OHKOJIOTHSUIBIK aypyJaH KalTeic Ooibl. OHKO-
JOTHUSJIBIK  ChIpKaTTap OolibiHIIa ©OckemeH Ka-
3aKcTaHga 2-opelHAa Typ ekeH. COHIBIKTAaH 1a
ajJlaM ar3achlHAAFbl ayblp METaIJapiAblH KOHIICH-
TPALMSACHIH aHBIKTAy MaHBI3BI 1a, KYPAETIl MiHJIET
oomei TadbuTanE! (Ishankulov 2008:387, Syracuse
research corporation 2000, Under contract 1999:945,
Cincinnati NIOSH 1997:25).

IIeireic Kazakcran oONBICH JKoHE OCKeMeH
KaJlachIH/Ia JJaCcTaylIbl 3aTTapAbIH HET13T'1 IIBIFapbIH-
JBUTAPHI €H ipl TOPT 3ayBIT — Y101 METauTy prUsiIbIK
3ay®IThl, TuTaH-Maranii KOMOMHATEL, «Corpay xKoHe
«Ka3MpIppI 3aybITTaphl KblUTbIHA 60 TOHHA 3USH-
IIbI KaIIBIK Oeiesi. JleMek, KanaHblH op TYpPFBIHBI
JKBUTBIHA €Ki IeHTHEep Y *KyTansl (Reynber 2004:15,
Ed. S.Safe 2001, Harvey 1976:203).
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8-kecre — OckemeH xkoHe TaniblKopraH Kajlachl TYPFbIH-

JIapBIHBIH SKTOJEPMalIbIbI YIITiiepinaeri Pb-ubH Mesmepi

OcKeMeH K. TanplKopraH K.
Typy mep3imi
TeIpHAK ChIHAMACKI MI/JT

1-5 0,11-0,2 0,06 -0,32
5-10 0,06 -0,28 0,18-0,2
10-15 0,06 -0,17 0,013 -0,28
15-20 0,06 -0,14 <0,013
20-25 0,013-0,13 0,013-0,2
25-30 0,06 -0,2 0,13-0,21

9-kecre — OckeMeH xoHe TanablKOpraH Kajlachbl TYPFbIH-

JApBIHBIH AKTOEpMalTbbl yirinepinaeri Cd-abH Menmiepi

o OCKeMeH K. TanabIKopFraH K.
Typy mep3imi
ThIpHAK ChIHaMachl

1-5 0,0007 — 0,007 0,0008-0,006
5-10 0,001 — 0,003 0,001-0,003
10-15 0,001 — 0,004 0,0007-0,002
15-20 0,001 — 0,004 <0,00075
20-25 0,0007 — 0,002 0,001-0,004
25-30 0,001 — 0,007 0,001-0,003

KopbIThIHABI

OckeMeH xoHe TannbIKopFaH Kajachl TYPFBIH-
JAPBIHBIH AKTOJEPMaNbIbl: THIPHAK YITLIEpl aybIp

MeTaJlFa aHaIU3AECH/1:

1. OckemeH sxone TannblKOpraH aliMaKTapbIH-
JaFpl aybplp METANNApABIH Tapalybl MoceleciHe
apHAIFaH FHUIBIMU-3EPTTEY JKYMBICTAphIHA IIOTY
JKACaJIBIHBIM, THIPHAK YJTLIEPi albIHATBIH TYPFHIH-
Jlap aHBIKTAJIBIHIIB.

OckemeH xoHe TanJbIKopFaH Kajlachl TYPFBIH-
JAPBIHBIH  OKTOJCPMANbIbl  YITUIEPIHIET aybIp
METayl MOJIIepiHe CaHABIK JKOHE CamaiblK
aHanmu3ey OOWBIHINA 3ePTTEY KYPri3iii.

2. DKTomepMabAbl YITiIEpre >KaTaThlH THIP-
HAKThIH OapiblK caHbl 48 0OJaThIH OMOJIOTHSIIBIK
cyOctparTtapsl 48 TypFeIHAAPIAH ATBIHBII, aHATH3TE
nmansHanapl. 48 OWonormsielK cyoctpar POA
xone AAC ozictepi OOMBIHINIA aHATU3ICH]II.

Buonorusmelk cydcTparrapaa ayslp MeTainap
typigeH PDA omici Ooiterama Pb, Cu, Zn, Ni, Mn,
Cr xouHe Cd ameikTamnsl. PDA opxici OoiblHIIA
OMONOTHSUTBIK CyOCTpaTTaFbl ayblp METaJLI MOJIIIEPi
KBIHBIC ~aWBIPMAIIBUIBIFBIHA ~TOYEJICI3  eKeHZITi
AHBIKTAIIIBL.

DKToIepMaNbIbl YITUIEpAeri KOPFAChIH >KOHE
kagmuiinin  memmepi AAC  oficiHIH aHBIKTay
JIMaria30HbIHA KIPETIHAIr, MBIC, MBIPBIII, HUKEb,
XpoM koHe MapraHeutiH menmepi AAC oficiHiH
aHBIKTAy JWANa30HBIHAH TOMEH €KEHJIIT1 3ePTTEeIi.

3. TelpHaK KypaMbIHIArbl ayblp MeTaJapra
(Pb, Zn, Cu) atomapi-abcopoumsuibik (AAC) xoHE
pentres-QayopecuenTTi cnekrpockonust (PDC)
oJlicTepiMEH aHaNM3re capantama KacaJbIHIbI.
Sruu, AAC onici OOHBIHIIA METAJUTYPrHsl cajachl
JaMblFaH OCKEMEH KaJlachl TYPFbIHIApPbIHBIH
OMOJIOTHSUTBIK  CYOCTpaThIHAAFBI KOPFAaChblH MEH
KagMUAAiH Menmiepi TannelkopraH Kajlachl TYp-
FBIHIAPBIMEH  CalbICTBIPFAHAA JKOFaphl  EKEH-
JUTi aHBIKTANIBl. Bys KoplmaraH oprara TYCETiH
ayblp MeTajJ TYpJCpiHIH ajgaM ar3acblHa XKHHAK-
TaJIaThIHABIFBIH ailKbIHIANIbI.

Buonorusimelk  cyOCTpaTTarbl KOPFAachblH MEH
KaJIMHUUZIH MeJIepl ajJaMm >KachlHa KOHE JKBIHBI-
CBIHA TOYEJICi3 eKeHIIT1 Oenriim OobI.

ThIpHAKTaFBI MUKPODJIEMEHTTEPII 3epTTey, ay-
PYABIH aJ/IbIH Ay YIIiH THICTI TY3€TYJep eHri3yre,
KJIIMHUKaFa JIEeWIHTI KE3CHIE MaTOJOTHSIIBIK IIPO-
LeCTepl aHbIKTayFa MYMKIHIIK Oepesi. OCBIHBIH
09pi KeNTereH aypyJapblH ajIblH any YIIiH YIKeH
MaHbI3Fa He.
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CUPEK XXOHE DHAEM OXYTROPIS ALMAATENSIS BAJT. ©CIMAITI
UEHOMONMYAAUMNAAAPBIHDbIH,
I3KOAOTO-BUOAOTUAADBIK EPEKLUEAIKTEPI

Makana cupek, sHaem Oxytropis almaatensis ©CIMAIriHIH LIEHOMONYASUMSAAPbIH  KeLLeHAI
3epTTeyre XoHe >afaarblH GaFarayFa apHaAFaH. XKypris3iAreH 3epTrey >KyMbICTapbiHbIH HOTUXKECIHAE,
O.almaatensis  LEHOMONYASILMSAAAPbIHBIH, ~ 3KOAOrO-GMOAOIMSIAbIK,  YLITACTbIFbl  €peKLIeAiKTepi
aHbIKTaAAbl. 3ePTTEAreH TYPAIH YL MOMyASaUMsCbl Aa IAe AAaTaybiHbIH COATYCTIK GeTkeniHiH 6aTbiC
3KCMO3MUMACBIHAAFDI LLBMHAIAEPAE XKOHE ©3eH OOMbIHAAFbI yCaK, TacTbl yiiHAiAepae 1200-aeH 2400
M? acnamTbIH KEHICTIKTI aAbIn »KaTaAbl. LIeHONONYyASUMSIHBIH, CAHAbIK, KOPCETKILUiH, ThIFbI3AbIFbIH YKOHE
SKACTbIK, CMEKTPIH, KAAMbl PEMPOAYKTMBTIK CaHbIH aHbIKTay, KOMLiAiriHe 6ip MakCUMyMbl 6ap »acTbik,
CMEKTP TOH eKEHAIriH KOpCeTTi, ac reHepaTMBTIK XXoHe reHepaTMBTIK MaKCUMyMbl Gap 6UMOAAAbADI
cnekTp Tek 5-6 ueHononyasuusaapra ToH. Oxytropis almaatensis 6CiMAIriHiH LEHONOMYAIUMSAAAPbIHbIH
€H >KOoFapfbl TbiFbi3AbIFbl N26 (13,5 + 3,1 AaHa/M?), eH TemeH N°4 (6,3 £ 0,5 AaHa/M?) LeHoNoNyAIUMsIAQ
€KEeHAIr aHbIKTaAFaH.

Oxytropis almaatensis 6CiMAIriHiH MOMYASILMSAQPbIH 3€PTTEYAIH HOTUXKECIHAE, LLEHOMONYASILIMSAAD
©3iHiH LeriHAeri onTMMyMAQ OPHAAACKAH XaHe OYA TYPAIH >KOMbIAYbIHA TIKEAEI TOHIM TypFaH KayinTiH
SKOKThIFbl aliKbIHAAAFaH. AereHmeH, Oxytropis almaatensis eciMAIri TapaAy apeaAbl LLIEKTEYAI, Tap SHAEM
TYp 6OAFAHABIKTAH, KEAECI LapaAapAbl >KYPri3y ycbiHbiAFaH: 1) Iae AaaTay YATTbIK Taburu napki lae
AaatayblHaarbl Oxytropis almaatensis eciMAiriHiH GapAbIK YL MOMYASILMSIAQPbIHBIH, XafAaiibl GOMbIHLLA
6aKblAQy >KOHE MOHUTOPMHI KYMbICTAPbIH XKYPri3in OTbIpYbl KQXKET eKeHAIr; 2) AAMaTbl KAAACbIHAQFbI
boTaHuka >keHe (UTOMHTPOAYKUMS MHCTUTYTbiHA OXxytropis almaatensis eciMairiH Tapaay apeaabl
LLIEKTeYAl, Tap SHAEM, CUPeK TYP PeTiHAE 63AEPiHIH KOAAEKLIMSCbIHA €Hri3y.

Tynin ce3aep: nonyaaums, LEHOMOMNYyAsILMS, OCiMAIKTEp 6ipAaecTikTepi, eciMAIKTEpPAIH TipLiAik
hopMarapbl, 3KOAOrUSAbIK, TUMTEPI.
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Ecological and biological features of cenopopulations of rare and
endemic species Oxytropis almaatensis Bajt.

The article is devoted to the complex study of the cenopopulations of the rare endemic species
Oxytropis almaatensis and to the cenopopulations assessment. As a result of the conducted studies, the
features of the ecological-cenotic confinement of the cenopopulations O.almaatensis were revealed. All
three populations of the studied species are located on the axes of the northern macroslope of the Trans-
lli Alatau mountains and on stony-gravel deposits along rivers occupying by small areas ranging from
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1200 to 2400 m?. Studying the number, density and age spectrum, determining the general, reproduc-
tive power of the cenopopulations showed that most of them have an exceptionally high coefficient, only
the populations of 5-6 have a bimodal spectrum with the maximum imposed vegetative and generative
individuals. The highest density of Oxytropis almaatensis species was noted in the cenpopulation N26 —
13.5%3.1 pcs./m? the smallest in the coenopopulation N4 - 6,3 £0,5 pcs./m?.

As a result of the study Oxytropis almaatensis cenopopulations was revealed that they are located
within their optimum, there is no special threat of extinction for this species. However, due to the fact
that Oxytropis almaatensis is a narrowly endemic species with a limited range, we recommend the
following activities: 1) lle-Alatau National Natural Park should keep control and constantly conduct
monitoring work for all three populations of Oxytropis almaatensis in Trans-Ili Alatau mountains; 2) The
Institute of Botany and Phytointroduction should be introduced into its collections Oxytropis almaaten-
sis species as a narrow endemic, rare species with a limited range.

Key words: Population, cenopopulation, plant communities, plant life forms, ecological types.
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DKOAOro-6MoAOrMYecKkmMe 0COOEHHOCTH LIEHOMOMYASILIMIA PEAKOrO U
aHAeMHnuHoro Buaa Oxytropis almaatensis Bajt.

CraTbs NOCBSLLEHA KOMIAEKCHOMY M3YUYEeHUIO LEHOMOMYASILMIA PEAKOTrO SHAEMUYHOrO Buaa Oxy-
tropis almaatensis 1 oLEHKe COCTOSIHMS LEHOMONyAsiuMiA. B pesyAsTate MpoBEAEHHbIX MCCAEAOBAHMIA
ObIAM  BbISIBAEHbI OCOGEHHOCTM 3KOAOTO-LIEHOTUYECKOM MPUypoYeHHOCTM LeHononyasumii O. al-
maatensis. Bce Tpu nonyasiuMm nsydyaemoro BMAa pacrioAaraAMcb Ha OCbINSX 3anasHOM 3KCMO3ULMn
CEBEPHOr0 MaKPOCKAOHA 3aMAMICKOro AAatay M Ha KaMEHMCTO-LEeOHMCTbIX HaHOCaX BAOAb PEYKM,
3aHMMast HebGoAbLLME y4acTKM MnaoLasbio oT 1200 Ao 2400 M2, M3yyeHne YMCAEHHOCTH, MAOTHOCTU U
BO3PACTHOr O CMEKTPa, ONpeAeAeHne 00LLEN, PEMPOAYKTUBHOM YMCAEHHOCTU LIEHOMOMYASILIMI MOKa3aAo,
4YTO GOABLUMHCTBO M3 HMX MMEIOT BO3PACTHOM CMEKTP C OAHUM MaKCHMMYMOM, TOAbKO LIEHOMOMYASLIMIA
5-6 MMEIT OMMOAAAbHBIN CMEKTP C MakKCMMyMamM Ha MOAOAbIX BEreTaTMBHbIX M TeHepaTMBHbIX
pacteHmsix. Hanboabluas naotHocTb pactenmin Oxytropis almaatensis oTMevaeTcst B LEHOMOMyASLMM
N°6 — 13,5+ 3,1 wr./mM?2, HaMmeHbLas B LeHononyAsiummn N24 — 6,3 £0,5 wr./m2,

B pesyabrate umccaepaoBaHusi LeHononyadumin  Oxytropis  almaatensis BbIIBAEHO, YTO OHM
pacrioAaraloTcs B MpeAeAax CBOEro OnTmumyma, 0CoBOM Yrpo3bl MCUYE3HOBEHMSI AASI 3TOMO BMAA
3AeCb HeT. TeM He MeHee, B cBsi3u C TeM, uyto Oxytropis almaatensis SBASIeTCS Y3KO3HAEMMUYHbBIM
BMAOM C OFpaHMYEHHbIM apPeaAOM, Mbl PEKOMEHAYEM TMPOBOAUTL CAeAytolme Meponpusatus: 1) Mae-
AAaTayCckoMmy HaLMOHAAbHOMY MPUPOAHOMY MapKy HEOOXOAMMO AEP>KaTb MOA KOHTPOAEM M MOCTOSIHHO
NMPOBOAUTb MOHUTOPMHIOBYIO PabOTy MO COCTOSIHMIO BCex Tpex nonyasumii Oxytropis almaatensis B
3anamiickom Aaatay; 2) MHCTUTYTy 60TaHMKM M (PUTOMHTPOAYKLMM HEOOXOAMMO BBECTM B CBOMU
KOAAEKLIMM B BOTAHMUECKOM Caay . AAaMatbl Oxytropis almaatensis kak y3KO3HAEMMYHDBIA, PEAKMIA BUA,
C OrpaHMYeHHbIM aPEAAOM.

KAroueBble CAOBa: MOMYASILMS, LEEHOMOMYASILMS, PACTUTEABHOE COOOLIECTBO, XKM3HEHHbIE (POPMbI
pacTeHmin, SKOAOrMYECKMe TUTbI.
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YKOHE TIPIIUTIKTIH aca MaHBI3IbI KO31H THIMII Tai-
Jlaiany ©3eKTi Mocenenepain Oipi. Oy kenrTeH ai-
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ThUIbIN Keneni. TinTeH OHbI agam3arThlH Oacka
npoOeManapbIMeH CaJbICTBIpyFa KeiaMmenmi. by
eciMAiKTepre e, aHyapiapra 1a 0ipael KaThICThI
Macere.

Ke3 xenren (akropnapislH ocepiHEH CH-
PEK Ke3/leceTiH OWONOTHSIBIK TYPIiH KOHBLIYBI
FaTaMIbIK TIpoOiemMa OonbIll TaObLIambI, cebeli
OMOJIOTHSUTBIK, TYPIIiH KOWBLTYB! OYJT KalTasaH op-
HBIHA KEJIMEHTIH KYOBUIbIC, ©TKEHI TEHOTUIITEP €Il
yakpITTa KaWTtananOaiael. COHABIKTAH a3, TYPAIH
KOUBLTYBIMEH Oipre, OHBIH ©31HE TOH OUOIOTHSUITBIK
KaCHeTTEepiHIH OaplibIFbl MOHTIJIIKKE IKOFaJajibl.
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OcCBIHBI ecKepe Kemil, OcCIMIIKTepre KaThICThI
10.A. 3n06uH xoHe T.6. (3100mH 2013: 439) Obunait
ner xa3nbl: «CHpeK Ke3leceTiH oCIMIIK TYpJIepiH
CaKTay >KOHE OJIapJIbIH YKOMBUIBIN KETIHeyiHe >KOJ
Oepmey, OyIT anieMIiK TpooieMa, COHIBIKTaH OapITbIK
9KOJIOTTap MEH OMOJIOT FAIBIMIAPABIH FEUILIMU KO-
Oanapsl OCbl Macesere OarbITTaaFaH OOTybl KEPEK».
byn nmep kesinme adThUIFaH OH, ce0edi oCIMIIKCI3
TIPIILIIK OK, COHJIBIKTaH OCIMJIIK TYPJIEPIH XKOHE
OCIMJIIKTEep JKAaOBIHBIH Ka3 KalllIbIHJAa CaKTay aca
MAaHBI3IbI MIHJIET.

FO.A. 3no6unHiH (3m06uH 1989: 146) mikipiHie
OCIMIIKTEPIiH CHpPEK Ke3JEeCeTiH TYpJepiH 3epT-
Tey OapbIChIHAA TOMYJSALMUSUIBIK JIGHIed oTe
MaHpBI3Ibl. OWTKEeHI KOeNTereH ociMaiK Typiepi
tTaburarTa JepOec >KepriliKTi MOMyJSIHs PeTiHae
ke3meceni. TypaiH >KOWbUTYBI OyJl TaOHWFaTTa
KE3/IeCETIH JKEPTiTIKTI MOMYJISIUSIIAPIbIH KOUbI-
aybl. COHIBIKTAH CHPEK KE3[IeCETiH OCIMIIKTep.i
MOMYJISIUSIIBIK ~ JICHTelie  3epTTey  HOTHXKeCl
CYpaHBICKa He€.

OciMaiKTepAiH TaOUFU NOMYJISIMSATIAPBIH 3€PT-
Tey — Kazipri Ke3jeri OWOJIOTHUSHBIH MaHBI3IIBI
OarbITTapBIHBIH O1pi. Ocipece CUPEK KOHE KOFAIIBII
Oapa KaTKaH eCIMIIKTEep MOMYJISLUICHIH 3epTTey.
Conpnaii Typaepain 0ipi, 613iH 3epTTey 00BEKTIMI3
— CHpEK, Tap DJHJIEeM, JSpUTiK ANMarhl Kekipeci
(Oxytropis almaatensis Bajt.) 6omnbin TaObIIa B

TMJ emmepi TEeppUTOPHACHIHIA KEKipeHIH
300-nen actam TypJepi Ke3Jeceli, OHbIH IIIiHJe
Kazakcran, Opta Asus xone CiOipaiH Tayibl ay-
maagaperHaa 119 1yp kesmecemi, oHBIH 36 Typi
(32,5%) sugemukrep, an 10 Typi Kpi3eun kitamka
enrizinren (Ke3bin kitam 2014: 439). Kekipenepnain
SHAEMIIK Typiepine Oaii ayman Contyctik TsaHB-
lanb ¢uopackiaga Oxytropis TyBICHl TYpIep CaHbI
KarplHaH AcTparajjapiaH KeHiH eKiHIIl OpbIHIa
(UBamenko 2015: 30).

Kopmiaran oprara aHTpomnoreHIik (akropiap
OCepiHiH KYIICIiHe 0aiIaHBICThI CUPEK KEe3JIeCEeTiH
OCIMJIIKTEp TYPJIEPIH caKTay ©Te MaHBI3/Ibl ©3€KTi
MocelieHiH OipiHe adHangsl. buoamyaHTypiimikTi
THIMZI TainanaHy Kasipri Ke3lle SKOJIOTHUSHBIH
JKOHE OWMOJIOTHSHBIH MAaHBI3IBI MIHICTTEPiHIH Oipi
OOJIBINT OTHIP, OHBI CAaKTay TYPHAIH TOMYJISIIUSIIBIK
OHMOJIOTHSCHIH KaH-KAKThl 3ePTTEYJI Tajam eTeli
(I'mmsipos1990: 191, Kynukosa 1992: 103, SlroBku-
Ha 2010: 20).

Cupek KeszeceTiH ©CIMAIK TYpJEpiH cakTay
CTpATErusChIH JKacay YIIiH, OJap/blH MOMYJIsIus-
CHIHBIH T'CHETHKAIBIK ~IyaHTYPJUICiH — alJblH
ama 3eprrey KaxkeT. CHpeK Ke3lIeceTiH ecCiMJIiK
TYpJepiHiH TeHO(pOH/IIHA TOHETIH KayinTi Oaranay
MEH OJlap/ibl CaKTay CTPaTerusChlH Kacay YIIiH

MOMYJSIIMA  apaJIbIK  KOHE TOMYJISALUS  1HIJTiK
KOMIIOHEHTTEPIHIH TEeHETHUKAJBIK alyaHTYPJLUIIK
TypaJibl MOJIIMETTEP/Ii TEHOMIAPIbI MOJICKYJIISIPIBIK
Mapkepiey Herisinzme amyra Ooxangsl (Caujape-
Castells 2008: 99, McCauley 2010: 745, Lebeda
2010: 113, Lauterbach 2011: 667). Ilomymnsuus
KYPBUIBIMBIH 3€PTTEY OCIMIIKTI OpHBIKTHI Makiia-
JaHy MEH CcakTayFa OarbITTajFaH, Oackapy »ocra-
pBIH Kacayra Heri3 Oona amaabl (Mohamed 2013:
97, Brinkmann 2009: 1035, Coomes 2007: 27,
Hildebrandt 2007: W10411).

Ochbl arajraH Mocelenepre OaiylaHbICThI 013-
oiH Oy Makanajga anfa KOWFaH MakKCaThIMbI3
— Oxytropis almaatensis ©CIMAITIHIH 3KOJIOTO-
OMOJIOTHSUTBIK ePEKIICTIKTEPIH OPTaHU3MIIIK JKOHE
MOMYJISIMAIIBIK JCHIeH e 3epTTell, ONapbIH Ka3ipri
Ke3JIeri JxaraiibiHa 6ara Oepy 00BN TaObLIa k.

Byn Makcarka >keTy YIIiH Kelleci MIHIETTEp
KOUBLIIBI:

1) AmMaTthel Kekipeci ©CIMIITiHIH JKOJOTHS —
LEHOTUKAJBIK ~ YIITACTBIFBIH  (TMPUYPOUYEHHOCTD)
AHBIKTAY;

2) 3epTTenTeH IEHOMOMYIANUsIAPABbIH JIeMO-
rpaQusUIbIK TapaMeTpiiepiH aHBIKTay (CaHbl, ThI-
FBI3JIBIFbI, )KACTBIK CIIEKTP1)

3) AimMatbl KeKipeciHiH OpTYpJi SKOJOTHS-
HEHOTHKAJIBIK JKaFaiJarbl BETeTaTHUBTIK MYIIese-
piHiH MOp]o-aHATOMUSIIBIK, OenriiepiniH OnoMer-
PUSUTBIK epeKIIeNTiKTePiH aHbIKTaY;

4) AnMaTbl KeKipeci MomyJIsiusIapbIHbIH T'eHe-
TUKAJIBIK QJTyaHTYPJIUTITH )K9HE TIOMYJISIINS apajIbIk
nudhepeHnnanys 19peKeciH aHbIKTaYy.

3epTTey MaTepHaJAapbl MeH dicTepi

OCIMIK TOMYJISIUIIAPEl  MAPIIPYTTHIK-PEKO-
THOCITUPOBUKANBIK dfici OobiHma GPS HaBura-
oy TpHOOPBIH TMalgamaHa OTBIPBIT JKYPTi3LIIi.
OCIMIIKTIH IECHOTUKAIBIK TMMOMYJISIUACHIH 3epT-
TEy JKOHE OFaH reo0OTaHMKANIBIK cumarrama oepy
KOITCH KOJIAHBUIBII JKYPreH IOCTYpl oIic-
tepmeH PaGortHoB (Pabotno 1950: 7), YpaHoB
(YpanoB 1975: 7), T'onyGeB, Momuanos (Iomy-
o6es 1978: 7), 3ayronpHOBa (3ayrombHOBa 1994:
70) okyprizuigi. OCIMAIKTEpAIH aHATOMUSIIBIK
KYpBUIBbICHL Kanmnbl KoigansnatelH M.H. IIpo3una
(ITpozmaa 1960: 208), A.M. Ilepmsxos (Ilepms-
koB 1988: 58), P.I'. bapsikuna xone T.0. (bapbiku-
Ha 2004: 312), MOphONOTHAIBIK KOpCEeTKIITepIi
cratuctukanblk oHuey [.d. Jlakun (Jlakun 1990:
352) sxxone H.JIL. Y aonsckasusiy (Y aonbekas 1976:
83) omictepimen skoHe Microsoft Office Excel
OarmapiiaMachl OOWBIHIIIA JKYPTi3inmi. OciMmik Ma-
tepuanbiHad JIHK momudukarusuianran (Sramko
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MyxutanHoB H. sxoHe T.0.

2014: 1609) CTAB omici apKbUIbl OOJIIHIIT aJIbIH-
nmel. I'emomael JIHK-H ammumdukanuscer Applied
Biosystems Veriti 96-Well Thermal Cycler PCR
MalluHacklHAa Kyprisinai. AFLP mapkepnepinin
©3TePTIlITITIH Talaay KYMBICHI V0s koHE T.0. oici
Ooifprama aHeIKTANAR (Vos 1995: 4407). Ansiaran
JHK d¢parmentrepi aBromarTsl cexBeHartop 310
Genetic Analyzer (Applied Biosystemps, AKILI)
apkpUIbl axbipateuiabl. GENALEX 6.502 (Peakall
2012: 2537) OarnmapiaMachl apKbUIBI MOTUMODP(-
THI JOKycTapasiH % (P) koHe momymnsiusuiapabiH
TCHETUKAJIBIK aPaKAIIBIKTHIFBI aHBIKTAJI/IBL.
Oxytropis almaatensis Bajt. cupek ke3neceriH
sugeM 1yp. Cratychl Il kareropus (KpI3pur kitam
2014:439),xanpIKk Me TUIIMHACHIHTA TaliJaTaHbLIa bl
(I'pynsunckas 2014: 200). Ine Anataysinaa TayasiH
opra OelaeysepiHaeri TOMBIPAFbl KUBIPIIBIKTHI-
yCaK TacThbl OSTKEHIICPIH IET] IAIFBIHAAPAA, Oy TalIbI
eciMIIIKTepaiH apackiHga kesneceni. CabakchI3
KOIDKBUIABIK ©cCIMIiK, Ouiktiri 30 cM-re aeiiH,
MOICHUJICH IIPIIMET€H, IEKOPOTUBTIK JKOHE JIOPLITIK
MaHbp3bl Oap. KaszakcranueiH KpI3buT KiTaObIHA
CHTI3UITCH, OCIMIIK apeaNbIHBIH Oip Oemiri A-
MaThl KOPBIFBIHAA KOpraiyna. TaOurarta TYpAiH
canbl azaroia. Herisri mekreymni (akTop eckeH
xepirepinae mai xaro (Kerzpur kitan 2014: 439).

3epTTey HITHKeIePi :KIHe 0JIapbl TAIIAY

Ine Anarayeinna Oxytropis almaatensis Bajt.
OCIMIIriHIH VI MOMyJISIHUACH TaObUIBIN, ajFa
KOWBUIFAaH MakKcaT »JKOHE MIHICTTEpre COMKeC
KOMITJIEKCTI 3€pTTeY JKYPri3iungi. Op NOMyJsIus-
JIaH 2 IIEHOTIOMYJISIIHSI, OAPIIBIFEI 6 IEHOTOMYJISIIHS
3eprrenmi. Kypameiana O. almaatensis ©CiMIiriHig
3epPTTENTCH  IICHONOMYJBIIUSUIAPEl  Ke3JIeCeTiH
OCIMJIIKTEp KaybIMIapblHa Te000TaHUKAJIBIK CHUTIAT-
TaMa XYPTi3UIiIl, HOTHXKECIHAC OJapIbIH dKOJIOTHsI-
LEHOTHUKAJIBIK YIITACTHIFbI aHBIKTAJI/IBL.

Bipinmni nomynsnus — YnkeH AJIMaThl MIaTKa-
JIBIHIA TeHi3 AeHrerineH 2158-2160 M OMIKTIKTE
HIBIPIIAJTBI OpMaHIbl OenyieyiHiH OaTbic OeTKeiiHeH
Tabbuabl. byn yyackene Oipinmi 1 oHe 2 1eHomo-
MyJSAUSIIap 3epTTEII:

bipiami nenononymnsimms (LIT 1) Ynken Adn-
MaThl maTKanbiHaa KymOenbcy ©3¢HIHIH OH
JKaFaJIaybIHJAFbl TAy >KOTACHIHBIH IMIBIPIIAIBI Op-
MaH bl Oesyieyinie, OeTKeliH 0aThIC KOTAChIHBIH
TikTiri 70° mamaceinga, TeHi3 aeHreiined 2160 m
omiktikTeH TaOpLIABI, GPS koopmuHaTtTaper N
43°04864', E 076°59604. Byt yueckeHiH oCiMIIIKTED
KaOBIHBI KOHBIPOACTBI-KEKIPETi-opTYpJli  IenTep
KaybIMIacTeIiFbiHaH  (ass.  Geranium  collinum,
Thymus marschallianus, Ziziphora interrupta,
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Origanum vulgare, Achillea millefolium, Oxytropis
almaatensis-Festuca valesiaca, Festuca rubra,
Phleum  phleoides, Poa bulbosa) Typamsl.
TonbIparsl — Taynbl Kapa TONbIpaK, Kapamipiri as.
XKep Oerine ynken tactap 30% neiiin skaysim xKa-
TBIP. OCIMIIKTEPIH KaMbl TMPOSKIMSIIBIK Ka-
obibl 75-80%. llenomomynsuus aynaHbl IIaMa-
MeH 1300-1500 M. BeTkelinin »xoraprbl GeJirinme
Picea schrenkiana opmaHbI k0HE KaJbIH OyTamap
(Juniperus sibirica xone Juniperus sabina 6acbim)
eckeH. by xepae Picea schrenkiana xeneHkeney,
JKETKUTIKTI BUIFAJIAaHFaH JKepiepae, an Juniperus
TYpJepl alibIK TacThI-yCaK TacThl OeTKeusepie
eceni. XKotanblH ererine TamaH Salix starkeana,
Salix tianschanica xoue Sorbus tianschanica
eciMIIIKTepi Ke3aece/Ii.

HII 2 — Oxytropis almaatensis 6ipiHIIi 1IEHOIIO-
NyJISIUsiFa  KakplH ~ [e  AJlaTaybIHBIH — TacCThl
COJNTYCTIK OWIK JKOTachIHBIH (OCTKEWIIH TIKTiri
75-80°) Gatpic OeTkeiiHme opHanmackaH. beTkehain
TacThUIBIFBL  55-60%, GPS xoopamHatTaper: N
43°04853 xone E 076°59578’, ydackeHiH TeHi3
neHredinen Owmiktiri 2159 m. I'pyHT KaTThl emec,
CyChIMaJibl, Mai1a JKoHEe 1pi TacTap ChIHBIKTAPbIHAH
JKOHE Maiiia TombIpakTapjaH (MEJIKO3eM) TYPaJbl.
OcwiHIa OOPHIBUIIAK, BUTFAIIBI JKYMCAK TPYHT-
Ta eciMaikTepaiH  (OIpiHII  [IEHOMOIYJISIIHS-
MEH CalbICTBIPFaHAa) KeWOip TypJepiHiH mnaii-
na OodybIHA, MOJBIpAK OoJybIHA OKarmail Oap.
Omnapabiy Katapeina Alfredia nivea xxoue Oxytropis
almaatensis ©CIMAIKTEPIH KaTKbI3yra OOJaJbl.
Byn ecimuixTep yuyackeHiH OapiiblK HYKTEIepiHIe
Ke3zece/li JkoHe OachbM. EKiHINT TEHOMOMyISus
y4JacKeciHiH ayaaHbl mamameH — 2500-2800 m?.
Byn yuwackene eciMmiKTep KaMBUIFBICHI OpPTYpIi
IO TI-KOHBIPOACTHI-eMTIKEH accoruausAChIHAaH
TYPaATBIHABIFB aHBIKTANABl (ass Alfredia nivea-
Elymus tschimganicus, Poa stepposa, Festuca

valesiaca, Calamagrostis  paviovii, Oxytropis
almaatensis, Aquilegia atrovinosa, Sisymbrium
crassifolium, Hypericum perforatum, Echium

vulgare). TIpoekusuibIK sxa0biabl 70-75%. Exinmi
LEHONOMYJISIIKs TaObUIFaH YYacKeHiH (IopaibiK
Kypambl 34 TykeiMzaac, 99 Ttyeicka jxataTbiH 123
TYPJCH TYPATBIHIBIFBI aHBIKTAJI/IBL.

Oxytropis almaatensis ©CIMIITIHIH 3epTTEIN-
red OipiHII Tomynsanus meHOepiHae eciMIiKTep
KaybIMJIACTBIKTAPbIHBIH ~CUCTEMATHKAJIBIK Kypa-
MbeiHAa Gymmnospermatophyta GeximineH 1 Typ,
Angiospermatophyta Genimines 123 Typ, oHBIH 22
Typi Monocotiledoneae, 101 typi Dicotyledoneae
KJIACCTApbIHA JKATATHIHBI aHBIKTAIIBL. BipiHT morry-
TISIIHST Ke3eCeTiH yJacKe/Ie KeTeKIll TYKbIMIacTap
Asteraceae 21 Ttyp (16,5%), Poaceae 13 T1yp
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(10,3%), Caryophyllaceae 9 typ (7,4%), Lamiaceae
koHe Rosaceae opKachIChIHAH 8 TYpAeH, Fabaceae
7 typ, Brassicaceae 6 Typ. OCbl aTaJiFaH KETEKII
TYKBIMJIACTAP/IaH JKAJIIbl OChl y4yacke (hiIopachiH-
ma 50,5% xe3meceriHmiri aHBIKTAnABl. Kanrax
TYKbIMJIACTap/IaH OapJibIFbIH KOCKaHJIa (hJIOpaHbIH
49,5% ke3neceni.

Tipmrimik GopmalapelHaH TEMHKPHITO(GUTTED
HEMECe KOIDKBULIBIK MIONTECIH oCIMIIKTepAiH Oa-
CBIM eKeHJIir1 aHbIKTaIBI — 97 TYp (77,6%). Exinmi
opbrHaa TepodutTep (0ip-eKi KBUIABIK O6CIMIIKTED)
— 17 typ (14,04%), mukpodanepodurrep (OyTanap
xoHe Oyramanap) — 9 Typ (7,4%), meropanepoput-
TepaeH Oip raHa TYp Sorbus tianschanica, Jlnana-
napjaH Oip Typ Atragene tianschanica Ke31ecTi.

OKONOTHIIBIK, THITEpAeH Me3oputrrep — 120
TYp (95,2%), Me3okcepoduTTep XKOHE KCEpOPUT-
tepaeH 3 typ (4,8%), runpodurrepaer 1 Typ 6ap
E€KEH/II aHBIKTAJIIbI.

Bipinmn momymsimusana Ke3JeceTiH oCiMIiKTep
kayeiMaapbiaaa H.A. [laBioB kinaccu(uKanuscel
OoWBIHINA Makjalbl eciMaiKTepAiH 12 ToOBI Tip-
kenmi [30]. 1) Dppo3usra Kapebl eciMaikrep — 107
(80,5%); 2) ManassIkTeik — 60 (40,4%); 3) banmet
— 50 (30,9%); 4) Apammentep — 30 (20,4%); 5)
Hopimix — 23 (10,9%) »xoHe T.0. eciMIikTep TOMTAa-
pHBI eKinzepi ke3aeceai. Mpicanbl, Wik 3arTsl (12),
a¢up-maiinsl (9), connik (7), BuTaMuHaik (6), yias
(4) xome T1.0.

Oxytropis almaatensis ©CIMJITiIHIH CKIHII T0-
nyssinusichiH Kinn AnMaten maTtkaneiaaarsl Capbl-
cail caiipiHma TeHi3 nmeHreiineH 2012-20557272m
omikTikreH TaObUIbl. On ywacke Kimi Asmats
TikTiri 45-50° e3eHiniH OH jkaranmaybsiHma Kirri
AnMaThl TIATKAJIBIHBIH ~ OHTYCTIK-OAQTBIC  JKOHE
COJITYCTIK-0aThIC SKCIIO3UIIUACHIHIA 45-50°
OeTkeifiHJie OpHAJIACKaH. by momysiust 1mekapa-
CBhIHJA 3 JKoHE 4 TIEHOTOMYIISIHS 3ePTTEIIi.

HIT 3 — O. almaatensis Capbl-caii camacbhIHBIH
OH KarayaybiHaa Ouik Tayibl « | 1IbIMOYIIaKy HIaHFbI
0a3acelHaH TOMEHIPEK OpHAJACKaH ydacKelep/eH
TaObuIbl. byn yuacke Tiktiri 35-40° OeTkeiaiH
OHTYCTIK-0aTBIC OHE CONTYCTIK-0aThIc OeTKeHiHIe
opHainackad. GPS koopaunarraper N 43°08,490°
xkone E 077°04,198°. Tombiparsl — Tayibel Kapa
TOIBIPaK. OCIMIIKTEp KaMBUIFBICHIH SPTYPJIi IIOMNTi
— KOHBIPOACTBI OCIMIKTEp KaybIMIACTBIFBI (ass.
Festuca sulcata, Koeleria gracilis, Poa stepposa,
Dactilis glomerata— Eremurus robustus, Polygonum
songoricus, Dianthus tianschanicus, Erysimum
transsilvanicum, Oxytropis almaatensis) Kypaiapl.
[poexuusmbik xa0bHbI 95-100%. Tay K0TachIHBIH
Conrycrik Oetkedtinne Picea schrenkiana opman
Ty3in ecemi. OpMaH MaHBIHIA KOJICHKE CYMIII

JKOHE KOJIEHKEre To3IMJl IIOINTECIH KOIDKBUIIBIK
ecimzikrep Oap. [LIsIpIrams opMaHHBIH IETTEPIHIE
contycrik Oetkeiinne Rosa alberti, Spiraca
hypericifolia, Cotonaester alatavica xoue Lonicera
microphylla Oytamapel 6ap TOFairap Ke3meceni.
Berkelinig OaTbic OOJIIH KaJblH IIAJFBIHIBIK
TY3ETiH OpTYp:il IenTep aubil Karbip. Onapabiy
iminnge acipece Ligularia macrophylla, Polygonum
songoricum, Roegneria canina, Milium effusum,
Phleum phleoides, Dactylis glomerata, Campanula
glomerata,  Origanum  vulgare,  Pedicularis
zhinathadea cuSKTBI TYPIEPIIH JapaKTapbIHBIH
CaHIBIK KepceTKimi ©acka TypiepaeH KeOipek.
JYKoTtaubsiH 0aThIC OCTKEHIHIH MPOCKITUSITBIK JKaObI-
ub1 100%.

YUriHm IeHOMOMyJISIUsS OpHAIACKAH ydYacKe
OipHerIe eciMIIKTep KaybIMIACTHIKTApP apalIbIFbIH A
opHamackaH koHe 1mamMameH 1200-1500 map-
bl METp ayJaHNbl ajblll KaThlp. byn yuwackene
Oxytropis almaatensis ociMJIiT1 HEri3iHEH KapbIK
KaKChl TYCETiH, alllblK, ipi Tacrap >kep OeTiHe
IIBIFBINT KATKAH ydackenepre OeHiMIeNTeH IiTiH
KepeMmis.

HIT 4 — O. almaatensis Ine AnaTayblHBIH
conTycTik OeTkeliHiH Oatbic Oerkeiinme Capsbl-
Caii  caimaceiHga, TeHi3 AeHreinen 2055m
ouikrikre TaObuABl. Koopmunarraper GPS 06oii-
piHma N 43°08.421°, E 077°04.358°. TomnsIparsl
— TayJbl Kapa TOMBIPAK, TACTAKTBIFbI IIaMaMCH
10-15 %. OcimaikTep MKaMbUTFBICHI 9PTYPJIi IIONTi-
KOHBIPOACThI KaybIMJACTHIKTApJaH TYpaabl (ass.
Festuca sulcata, Poa stepposa, Phleum phleoides,
Dactylis  glomerata, Ferula kelleri, Ferula
akitsnkensis, Echium italicum, Nepeta pannonica,
Ziziphorabungeana, Verbascumthapsus, Hypericum
perforatum). IpoekusuIbIK x)a0bIHbI 95-100%. By
y4ackelle KOTaHBIH CONTYCTiK OeTkeHinme Picea
schrenkiana opMaHbIH KepeMi3. OpMaH MIETTEPiHIIC
Sorbus  tianschanica,  Spiraea  hypericifolia,
Cotonaester alatavica, Lonicera microphylla xone
Rosa alberti OyTamapslHaH TypaThlH TOFaWIIap
ke3neceni. bipak, KOTaHBIH CONTYCTIK, WIBIFBIC
JKoHe OaThic OeTkeiinepinne Oxytropis almaatensis
Ke3gecneimi. MyHmali OWIKTIKTEpAEe O TeK KYH
coyJIeci JKaKChl KbI3JbIPAThIH, AllIbIK, YIKSH TacTap
JKep OeTiHe IUBIFBIN JKaTaThbIH JKepieple ©Ocei.
MyHnpmaii xepiiepae men KadaThl OHIA OHiK 00JI-
MaWJIbl J)KOHE HEri3iHeH KcepoMIbAUTIK Oenrinepi
OaliKaaThIH TYPJIEPJICH TYPAJIbL.

Oxytropis almaatensis ©CIMIITiIHIH  eKiHIII
TIOITYJISIIIUSICHI ayMarbIHaFbI eciMIiKTep
Oipiectikrepinae 29 TykbpIMaac xoHe 86 TybICKa
)kataTelH 106 eciMaikTep Typiepi >KHHAJIBIIL,
aHbIKTanAbl. JKeTekmn TYKpIMAacTap KaTapblHa:
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1) Asteraceae 17 typ (16,9%); 2) Poaceae 11
typ (10,47%); 3) Lamiaceae 10 typ (9,52%); 4)
Brassicaceae 8 typ (7,62%); Caryophyllaceae
(7 typ), Scrophulariaceae (7 TYp), Apiaceae (5
TYp), Rosaceae (5 Typ) xoHe Fabaceae (4 Typ)
JKATaThIH/IBIFbI aHBIKTAJIIBI.

Tipminik GopManapblHaH TeMUKPUNITODUTTED,
SIFHA KOTDKBUIIBIK IIONTECiH eciMIikTep — 79 Typ
(75,2%) xonHe TepodutTep (OIpKBUIABIK HEMECE eKi
KBULIBIK menTeciH ecimuikrep) — 21 Typ (20, %)
SKCHJIIT aHBIKTAIIBI. byTranap oHe OyTamibIkrap
(MukpodanepopuTTep) OTE a3 eKeHJiri, Oap
Oonranbl 5 (4,67%) TYp eKeHIITT aHbIKTanAbl. Ma-
kpodanepodurTepacH Oipae Oip Typ Ke3mecIei.

OKOJIOTHSUTBIK TUNTEPACH MYHJA TacThl KOHE
yCaK TacThl KepJiepie NeTpopuTTep 0achiM Kelesi,
SKiHINI OpBIHIA JamamblK eciMaikrep. Omap-
JlaH KEHWIH IIaJFbIHJBIK, OpPMaHIbI-IIAaJFbIH/IBIK
OCIMJIIKTEP1 eKeHIITHE KO3 KETKI3IIK.

JKoTaHBIH JKapbIK JKaKCBI TYCETIH OHTYCTIK-
0arbIC, OHTYCTIK YKOHE OHTYCTIK-IIBIFBIC OeTKelIe-
pinne kcepoputrrep OGaceiMm. Kcepodurrepain
Kebip Typnepi, Meicainbl, Festuca sulcata, Festuca
rubra ©CiMIIKTEpi HEri3iHEeH KbIPKAHBIH JKOFapFbI
Oeniringe kesnmecemi. Jlapak CaHBIHBIH MOJIIBIFBI
JKaFeIHaH Me30(UTTEp MEH Me30KcepoduTTepi Oa-
CbIM €KEHIr OalKaJIIbl.

Oxytropis almaatensis ©CIMIIIT1HIH €KiHIII1 IOy -
JSAUSACH ayMarbIH/Ia OCIMIIIKTEp OipiecTiKTepiHe
H.B. IlaBmoB (1947) xmaccudukaruscel O0¥-
BIHIIIA TAWmanbel eciMiikTepai 16 Tomka Oesik:
1. Dppo3usra Kapcwl TYPaThIH ociMmikTep — 70 Typ.
OsapbIH HETi31H KIHIK TaMbIPJIbl KOIDKBLIIBIKTAp
KypaJpl, IIallaK TaMbIpJbUIapiaH TeKk 9 Typ;
2. Mana3pIKTHIK eciMaikTep — 60 Typ; 3. bammer — 19
TYp; 4. Apammentep — 15 Typ; 5. Conaik — 10 Typ;
6, 7. TaramMzbIK XoHE 3()UP-Maibl — SPKAHCHICHI
6 Ttypmen, 8, 9. WMmik 3aTThl JKOHE OOSFBIII
opKaiicbichiHAaH 5 TypAeH; Apbl Kapail ynel (4),
BUTaMuHAI (3), WIBIHBI Maiibl, KpaxMalabl KOHE
XOI micTi eciMikrep. Yr Typ lme AnaTtaybslHbIH
sHAeM/Iepi, onap: Oxytropis almaatensis, Saussusea
robusta,  Hieracium  kumbelicum.  Oxytropis
almaatensis ©CIMIIT1 TIOMYJISIMSCHIHBIH JKaFIaibl
Oy ydJackele KaHaraTTaHAPIBIK Aeyre OOJaibl.
JlerenMmeH, amiblK, KyH COyJieCci KakKChl TYCETIH,
Omik menTep KOK JKepliepae, epeKine KeIpaTTapaa
— ceBarrap (KapeIkTap) Oap Kepiepae anama-
Thl KeKipeci JKakchl eceli. MyHmai xepiepie
OHBIH JapakTaphl YJIKEH OOJBII OCilm KeNTereH
TeHEPaTHBTIK ©pKeHaep Oepeni. Omap op KbUIbI
ryjizgeini xone xemic Oepexni. byn momymsuusina
OPTYPJTI KACTBIK KYHJIEPiH JKac BETeTaTHBTIKTEH
OpTa TeHepaTUBTIKKE JeWiH Ke3aecTipyre Oomajbl.

ISSN 1563-034X

Byt xepae ociMIIKTIH KaJbIHA KTyl O1p KaJbINThI,
SIFHU TIOTMYJISIMSIHBIH KaFJaiiblHa Kayil JKOK JIeyTe
Oomazpl.

Ywinmi nonymauus. Oxytropis almaatensis
OCIMITIHIH YIIiHIII TOMYJSIIHACE YJIKEeH AJMa-
ThI MIATKAJIBIH/IA, IIBIPIIAIBI OCN/ICYiH/IE, JKOTAHbBIH
Oateic Oerkeitinge KymOenbcy e3eHiHiH YIKeH
AnMaThl ©3¢HIHEe KYAp KEpiHEH TOMEHIpeK Y JIKeH
Anmatbl e3eHiHIH anKaOblHAa TaObUIALl (TEHI3
nenreiiined Oumikriri 2012-2038 ™). Byn momyss-
nusl meHOepinae exi meHonomysnus (5 xone 6)
3epTTEJIII, TalIay Kacalbl.

LIT 5 — KymOenbcy e3eHiHiH YJKeH AJMaThl
©3€HIHE KYATHIH )KepiHEeH TOMEHIPEK OH JKaralaybIH-
na opHanackad. GPS xoopaunarrapsr N43°04.705°,
E076°58.896°, teni3 menreiinen Ouiktiri 2012 wm.
by ydackeHiH eciMIIKTep XKaOBIHBI KOHBIPOACTHI
— IIBIPADKBIH JKYCaHJbl — KEKIpe KaybIMACTHIFbI
(ass. Oxytropis almaatensis — Artemisia dracunculus
— Dactylis glomerata, Calamagrostis pavlovi, Poa
nemoralis) NeN CUMATTAIABI, aFallTapIbIH >KOHE
OyTanapabIH KaTbICybIMeH. [IpoeKIusIIbIK KaObIHBI
45-50%. TombIparsl — aJTIOBHAIIBI-ITAFBIH]IBIK
merinaiiep. by ydacke aymansiaga 60-70% ipi
TacTap IIBIFBINT JKAaThIp. Aramrapnan Populus
tremula, Betula tianschanica, Oipmi-x)apsiM Picea
schrenkiana eciMIITiHIH XKac qapakTapbl, Oyranap
(Lonicera stenantha, Salix starkeana, Salix
viminalis) xe3necesi. beciHI EHOTOMyIAIUSIHBIH
JKaJIIbl ayAaHbl, mamamer 1400 m2.

AnMaTsl KekipeciHiH NoS LeHONOmyJIsIIusCh
opHaackaH ecimuikrep Oipiaecririnme 91 Tybicka
xoHe 32 TYKpIMJIacKa xataTbiH 99 eciMIik Typiepi
0ap eKeH/IIr1 aHBIKTAJIIBL.

LT 6 — Yaken AlMaThl ©3€HIHIH OH KarbIH]Ia,
JKOTaHBIH 0aThIC OeTKeHiH e, TIKTITT 50-55° xepinze
tabbiabl. GPS  koopamnarraper  N43°04.700°,
E076°58.936°, teni3 neHreiinen Ouiktiri 2038 m.
Tormbiparsl — Taybl Kapa TOTMIPAK, TaCTHUIBIFHI 70-
80%.

OCIMIIKTEp KaAMBUIFBICHI OPTYPJIi MIONTi — MIbI-
PAIDKBIH JKyCaH/bl — KEKipe KaybIMJACTBIFBI (ass.
Oxytropis almaatensis — Artemisia dracunculus,
Alfredia  nivea, Echium vulgare, Geranium
collinum, Hypericum perforatum) nern aHbIKTaJbIII,
cunarraiabel. [Ipoekiusuibik  xaObHbl  95-100%.
byn ywackenmeri ecimmiktep Oipnecriringe 90
TybICKa JkoHe 39 TyKbIMacka sxataTbiH 101 ecimtik
Typyiepi Oap eKeHIIri aHbIKTaaAbl. AJTHIHIIBI
LEHOTIOMYJISAIMSIHBIH Kbl ayJaHbl, [IaMaMeH
2200 mrapmisl MeTp.

Oxytropis almaatensis eCIMAIriHIH  yLIiHII
MOMYJISIIAACE  3€PTTEITeH ydacKele OCIMIIKTep
OipiecTikTepiHiH  (JIOpachIHBIH ~ CHCTEMaTHKa-
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JABIK  Kypambl:  Polypodiophyta — 1 TyD,
Gymnospermatophyta — 1 T1yp, Magnoliophyta
— 127 typ. Omnby iminge Monocotiledoneae 15,
Dicotyledoneae — 112 Typ. Kanme! anranaa yurismmi
nonyjsiuua aymarbiHaa 40 Tykeimpacka, 110
TybICKa aTaTbIH 128 eciMik Typepi 6ap eKeHiri
anbIKTa bl JKerekii TyKpiMaacTap: Asteraceae 27
TYp (21,77%), Poaceae, Rosaceae xone Fabaceae
— 30 1typ (24,20%) opxaiiceiceinan 10 Typrew;
Caryophyllaceae 9 (7,26%), Lamiaceae — 6 Typ,
Ranunculaceae — 5, Caprifoliaceae — 5. Tipmrimix
(dopmanapeiHaH TOMYJSANHUAIA TEeMHOKPUITOPHT-
Tep (68,54%) xone Ttepodurrep (16,43%) Oa-
CBIM EKEHIIT1 aHBIKTaIAbl. Mukpodanepodurrep
(10,48%), makpodanepodurrep (2,08%).

Axkanemuk H.B. TlaBnoB kmaccudukanus-
Chl OOWBIHINA VIIHII TOMyISAMUS OCIMIIKTEp
KaybIMJIapbIH/Ia KE3JICCETIH Maiaaibl OCIMIIKTep i
18 Tomka Gengix: 1) Dppo3usra Kapchl ©CIMIIKTEP

90; 2) ManaspIKTBIK ©CiMIIKTep 28; 3)
Hopinik ecimaikrep — 20; 4) Bamubr ecimuikrep
— 18; 5) Conpuik ecimaikrep — 15; 6) Buramunmi
ecimaiktep — 12; 7,8) Ddup-Maliasl xKoHE OOSFBIIIT
(14), opxkaiiceicbiHan 7 TypaeH; 9) TexHUKaIBIK
ecimaikrep — 5. Kanran tontapaa 1 me 2 Typniep
FaHa. DKOJIOTHSUIBIK TOINTAphl OOWBIHINA YIMiHIIT
MOMYJISIMSL  [IeKapachlH/ia HETI3iHeH Me30(HTTep
(90%) OGacpim. OnapaaH KeiiiH Me30KcepoduTTep
(8%), xcepodurrepnen 3 Typ 6onabl. Onap Festuca
sulcata, Festuca rubra xone Achillea millefolium.

Oxytropis almaatensis ociMIITT TICHONOITYJIS-
LUSUTAPBIHBIH  9KOJIOTO-TIEHOTHKANBIK  ePeKIIeITiK-
Tepi Nel kecrtesie KeATipiareH.

Ine  Anaraysiga — kesgeceriH — Oxytropis
almaatensis ~ Bajt.  ecCIMIITiHIH  BEreTaTHUBTIK
MYILICJICPIHIH ~aHATOMUSJIBIK KYPBUIBICHI  YKOHE
OMOMETPUSIIBIK ~ KOPCETKIINTEepi  aHBIKTAJIFaH.
BupruHuipmik, jkac JKOHE opTalia TeHEPaTHBTIK
JapaKkTap/blH AHATOMUSUIBIK KYPBUIBICHI CaJIbIC-
TBIPMaJIBl TYpHe >Kyprisingi. bapieik momyss-
nusga BUPTHHWIBIIK JKACTBIK KYWIHIE TambIp
KaOBIFBI Kac JKOHE OpTallla ICHEPATHBTIK JKACTBIK
KE3CHJICPIMEH CaJIBICTBIPFaH/la KaJbIH EKEH/IIT1
aHBIKTAAbl. JKamblpak TaKTaChIHBIH aHATOMUSITBIK
KYPBUIBICBIH ~ CaJIBICTBIPY ~ OapbIChIHIA, OPTYPJIi
JKACTBIK KE3CHIHJETi JapakTap/blH OapJibIFbiHA
JIOP30BEHTPATBABI, OMIaTepATbIbI ME30(MHIUT TOH
SKeH/IIT1 aKkpIiHaam bl JKanbipak Herisri (POTOCHH-
TE3re KAThICATHIH ©CIMIIK MYIIECi OOJIFaH/IbIKTaH,
JKaTbIpaK ~ TAKTaChIHBIH  IMIKI  KYPBUIBICHIHBIH
epeKIIeNiKTepi, ocipece XJIOPOPWUIAL yima —
Me30(WUIAIH KaJBIHIBIFBl ©CYy OPTAaChlHA, OHBIH
IIiHE KapbIKKa Toyen i O0Tybl MYMKIH €KeHIri
anbikTanrad (Almerekova 2016: 4).

KopbIThIHABI

ConpimeH, I[ne Amataypl jkarmaiibIHIA CHpPEK
KE3JIeCeTiH, Tapany adWmarbl miekTeym Oxytropis
almaatensis eCIMAITIHIH YII TOMyJSAIUSACHL Y JIKSH
Ammater kxoHe Kimri AnMarel maTkammapblHAH
tabbuibl.  Onapra  OOTAHUKANBIK  TYpPFbIJIaH
JKaH-)KaKThl 3epTTeyjep >Kyprizinai. EH OacTbl-
Chl OCBHI VI TIOMYJISAIUS KE3MIECETiH OCIMIIKTep
KaybIMJIACTBIKTApblHA Te€O00TAaHUKAJIBIK CHITATTa-
Masiap Oepinimn, ¢uopacbiHa Tangay KacalbIHIbL.
CoHbIMeH Oipre, momyJsius aeHreiinne Oxytropis
almaatensis ~ oCIMIITIHIH  KaCThIK KYHJIEPiHIH
CaHJIBIK KOPCETKIIITEPiH €CerTel, ojlapra capanTa-
Ma skacanapl. OCBl 3epTTEyNIEePAiH HOTHXKEIEPl MBI-
Ha/lall KOPBITBIHABLIAD JKacayFa MYMKIHIIK Oepeti.
Ine Anataysl xarnaiiiana Oxytropis almaatensis
OCIMIITIHIH TOMYJIAIUSIAphl KAJIBIITH JKaFmaaiaa
JKOHE OJIapFa TIKeJIeH TOHII TypFaH Kayir oK. Oaii
JIEeUTiHIMI3, OWI Typ TayJblH LIBIPIIAIBGI OpPMaH/bI
OenmeyiHiH KOFaprbl OOJITIHAE TEHi3 IeHTCHIHCH
2158-2160 m OuikTikTe Ke3neceai. by man xaitbii-
MalTBIH, aJIaMHBIH asiFbl J)KE€Te OCPMEHTIH OWIKTIK.
OHpIH  ycTiHe, Ime AmarayslHBIH YJIKCH JKOHE
Kimi Anmarel matkanaapsl lne Anaraysl ¥JITTBIK
napkiHiH aymarsiHa Kipeni. Con cebenti, Oy xep
epeKIle KOPFalaThIH JKOHE TYPaKThl OaKbLIaymaFrsl
TEPPHUTOPHUSL.

Oxytropis almaatensis ©CIMAITIHIH OCHI YII
TTOMYJISIIASCHIHBIH JKaFmalbiH OipAeit mem aiTyra
Kenmeini. Ocipece, YJIKGH AJMaThl IIATKAIbIHIA
Ke3JleceTiH OipiHII OHE YIIHII MOMyJsusiap
TaOWUFH YKOJIMEH ©3TepiCTepre VIIbIpan OTHIPYHI
o6aen Mymkin. Ce6eOi, OipiHIIT TOMyJsIIust OHWiK
Tay >KOTaChIHBIH €TeriHjeri TpyHTBl 0oc kepui
aJbIM XKaThIp. Byl skeplie KbUl CallblH KbICTa JKOHE
epTe KOKTeMJIe Kap KOIIKiHI Kl OPbIH aJIbIll OThI-
panel. by TaOUFATTBIH THUIICHIM KYII (pU3HMKAIBIK
3aHABUTBIKKA FaHa TOyeni, 0acka 3aHFa MYJIIEM
OarpiHOalinel. Kap KemkiHI KOFapblaaH e3iMeH
Oipre ipimi-ycakTbl TacTapAbl TOMEH Kapai Jo-
MajaTaabl, TITeH TOMBIpaK OeTiH Oipkarap ChI-
JBIPBIN, eTekke Tycipeni. Ocbutaiiiia TayIbIH
JKarmadblHIa Kap KOIIKiHI 3pO3us  TYJbIPabl
JKOHE OWIK KBIPAHBIH €TETiH jkKaHa IeTiHmiep Oa-
caznpl. byn ce3 koK ochl xepae eceTiH Oxytropis
almaatensis oCIMAITIHIH TOMYJSAUACHIHA Kayill
teumipeni. [lomymsmust AeHTeHiHIEe TEeHEPATHBTIK
YKOHE CEHWIIB/IIK JapaKkTap/IblH a3 Ke3/leCyiH Hemece
MYJIZIEM Ke3AeceyiH OCBIMEeH TYCIHAiIpyre 0oiabl.
YIiHII MOmyJISIusIFa KeJICeK, 0T Kap KemKiHi 0o-
JIBIT TYPATBIH OWiK )KOTAHBIH ETET1HJIC )KOHE Y JIKCH
Anmatel ©3¢HIHIH aHFapbIHIAFbl TYPAKChI3 CYO-
cTpaTTa Ke3mecesi.
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Cupex xaHe YHIEM oxytropis almaatensis bajt. CIMIITT IEHOIOMYIISIHSUIAPBIHBIH KOJIOT0-OMOTOTHSIIBIK ePeKIIeITiKTepi

Byt nonymsiuus Oip jkarbIiHaH Kap KOIIKiHIHEH
3apzar Kepce, eKiHIIIIeH Cy TACKbIHBIHAH (CEI/IeH)
3usiH 1eredl. TaCKbIH/bI CYJIbIH KOWKBIH KYILIIHCH
0OJaTBIH amaTThiH 3apAalbl, Kap KOIIKiHIHeH
ne aprTeiFeipak Oomaapl. COHIBIKTaH, Tay ©3€Hi
aHrapbiHaarel Oxytropis almaatensis ©CIMIITiIHIH
MOMYJISIIASACET TYPAaKThl OoJjia KoiMaiiibl. TacKbIH
CYJIBIH JKOMKBIH KYIII, dcipece TayablH MaHaWbIH/Ia
IIONTEKTEC  OcIMIiKTepai  Obutali  KoHFaHa,
aramTapAblH ©31H KYJIATHIN, >KaIlbIPBIT KETe/l,
TINITEH ©3€H apHACKIH 0acKa jkakKa OypbIT Kibepyi
ne MyM™KkiH. Bipak, Oxytropis almaatensis eciMuiri
OCBIHJAall Typakchl3, 0Ooc cyOcTpaTTa epeKiie
JKAKCHI O©Cell )KOHE OJl OCBIHJAM JKepliepre JKaKChl
Oetiimaenred. blmrane! sKeTKUTIKTI, 00C MIOTIHIIHIH
ycrine TyckeH Oxytropis almaatensis eCiMIITiHIH
TYKBIMBI T€3 OHIN, 6CKiH Oepe anampl. COHIBIKTAH,
Oyl JKepiepae Kap KOIIKIHIHEH JKOHE TacKbIH
CyJapJIbIH OCEpIHEH JKOWBUIFaH CEHWIBIIK >KOHE
CyOCeHIJIBIIK JapakTapipl, KaHa Makfa OoiFaH
JKac JapaKkTap aJMacThIPbII OThIPAJIbI.

An, Oxytropis almaatensis ecimairinig Kimri An-
MaThl MATKAJbIHAH TAOBIIFAH CKIHII IOMYJISIINS-
Chl MyJiJieM Oacka »kariaiija ecin Typ. by xxepne
3epTTeyre alblHFaH OCIMJIK TMOMYJISIUACH Tay
YKOTACBIHBIH KBIPKACHIHIAFbI OHiK XKepIiepae, eH 0ac-
TBICBI KaTThl cyOcTparta eceni. COHJIBIKTAaH, OFaH
Kap KOIIKiHi JIe, Cy TACKbIHBI JIa €Il 9Cep CSTIeH .
By en Typakrtel nomynsmus. bip rana xayim 6ap.
O oChl IONYJISAIUSHBIH TAy IAHFBIChIHA aPHAJIFaH
[IemMOyIaK CHIOPTTHIK 0a3ara JKaKbIH OpPHAJACYHI.

COHJIIBIKTaH, OCBI MOMYJISIHSI KE3AECETIH JKepiepre
OosamakTa KOTTeKAEP calblHybl MyMKiH. OCbIFaH
xon 0epmey kepek. On yinin Oxytropis almaatensis
OCIMIIri Ke3/leCeTiH JKepJepiHiH KOOpAUHATTA-
pBI, OHBI cakTayra OaiymaHBICTBI Asatay ¥JITTBIK
napKiHe YCBIHBIC Oepine.

Oxytropis  almaatensis  TOMyJSIIUSIIAPBIHIAFBI
TEHETUKAIBIK ~ ayaHTYPIUNK  JKOHE  TIOMYJISIHS
apanblK  JuGQepeHIMsICbl  IOPEKECIH  3epTTey
HOTW)KECI, ©3TePrillITIKTIH >KOFaphl JIeHreli eKiHI
nonyJAsia  Oaiikanca, a3 e3repriluTik  OipiHm
JKOHE  VIIIHIN  MONMyJISIUsUIapia  alKbIHIAJFaH.
3eprrenren  nomysinusiapga  AFLP - mapkepnepi
5% monymsanms apaiplK JkoHE 95% momynsamms
IIITIK - e3reprimTikTi KepceTkeH. EXiHI momysis-
st 1 xoHe 3 momyssiuusiapiaH albIpMaIlIbUIBIFR]
reorpausUIbIK  KAIBIKTBFBIHA ~ COMKEC CSKCHIITIH
KepcerTi. [ eHeTMKabIK  KalbIKTBIKTEI ~ AFLP
MapKepiepi HeTi3iHAe aHbIKTay MOMYJIALHsIAPAbIH
reorpausUIbIK KallbIKTHIFFIMEH HAKTHI, aHBIK KOppe-
JSIUsIA eKEHIIINH KepceTTi. by MiHgeT OoibIHIIA
AJIBIHFaH HOTIDKEIIEP/Ii apHAKMbI FRUTBIMU IIOJTY JKacall,
KeJleleKTe XallbIKapasblK )KypHAIIA )KapHsIaiMbI3.

Herenmen, Oxytropis almaatensis ecimairi cu-
PeK KoHE apeasibl LIEKTEYJi BHAEM OCIMIIK 00J-
FAHJIPIKTaH, KEJENIEKTe JKOFANbIN KeTIeC VIIiH
KeJleci mapanap/sl Kypri3yai yceiHambiz: 1) bap-
JBIK YII TOMYJIANUsIapFa Ja TYPaKThl MOHHUTO-
PUHT JKYMBICBIH XKYprizy Kaxker. 2) Kazakcran
PecniyOnukacbiHIarel  OOTaHMKANBIK — OakTapiaa
WHTPOIYKLUSIFA CHIIPY KaXKeT.
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PACINTPOCTPAHEHUE AKTUHOBAKTEPUM
B HEKOTOPDBIX NMOYBAX KABAXCTAHA U
MX 3KOAOI'MYECKUE OYHKLUUA

B AaHHOM cTaTbe 06CyKAQIOTCS BOMPOChI CrieumnrKm pasHoo6pasmns akTMHOMULETHbIX KOMIMAEKCOB
pasHbIx TMMOB noys KasaxcraHa. M3BeCTHO, UTO NoYBa IBASIETCS reTEPOreHHON CPpeAoit 06MTaHUS U B
Hel CoAepIKaTCs pa3AMyUHbIe TPYMibl U BUAbI MUKpPOOpraHuamoB. Cpear MUKPOOPraHn3MoB Hanboaee
pacrnpoCTpaHeHHbIMW  SIBASIOTCS  MOYBEHHble aKTMHOMMLIETbI. VIMEHHO B MOYBE COAEPXKUTCS UX
OCHOBHOE KOAMYeCTBO. KaXkAblii TUIM MOYBbI OTAMYAETCS MO COCTaBY MUKPOOHOIO LIeH03a, YTO CO3AaeT
BreYaTAeHMe CyLLeCTBEHHOM AMHAMKKIM B X YUCAEHHOCTU. [1o pe3yAbTaTam ornpeAeAeH st YACAEHHOCTH
aKTMHOOaAKTepMil B MoYvBe MOXKHO cKasaTb 00 MX 0OMAMM M BOraTCTBe, AaHHbIE MOKa3aTeAM 3aBUCST
OT TAYOUHbI M TMNa mnoys. KOAMYECTBO aKTMHOMMLIETOB B MCCA€AYeMbIX 15 MouBeHHbIX o6pasuax
KasaxcraHa coctaBmao ot 10° oo 10° KOE/r nouBbl. AKTUHOMULETHbIE KOMIMAEKCbI MCCAEAYEMbIX MOYB
OTAMYAIOTCSI 3HAYUTEABHO BOABLLMM TaKCOHOMMYECKMM pa3dHoobpasmem. OT YacTOTbl BCTPEYAEMOCTH
AKTMHOMMLETHbIA KOMIMAEKC AMgdepeHLMpoBaAn Ha Ipynnbl BUAOB: AOMUHMpYloWmMe (> 85 %),
TUMUYHbIE YacTble (> 60 %), TMNnMuHble peakre (> 40 %) 1 cayyarHble (< 40%). Takxe BbISBAEHO,
YTO CYKL€CCUOHHbIE 3MEHEHNS B KOMMAEKCEe aKTMHOMMLIETOB B OAHOM W TOW >Ke MOoYBe CyLLLeCTBEHHO
3aBUCAT OT €€ BAAXKHOCTU. B M3yueHHbIX MOYBEHHbIX KOMMAEKCAX aKTMHOMMLIETOB B OOAbLUMHCTBE
CAyYaeB HauboAee CTaBMAbHBIMU 1 AOMUHMPYIOLLMMM SBASIIOTCS CTPENTOMULETbI. B X0A€ BbINOAHEHUS
paboTbl onpeaeAeHa GMOCHHTETMYECKas aKTUBHOCTb y 338 M30ASTOBa aKTUHOOAKTEPHMIA. YCTAaHOBAEHO,
yto 94 wramma 06AAAAAM MPOTEOAMTUYECKOWM aKTMBHOCTHIO, LIEAAIOAO30AMTUYECKAs aKTUBHOCTb
BbISBAEHA Y TMpeACTaBuUTeAell poAa Streptomyces. Bblpa’keHHasi aMMAOAMTMYECKAs aKTUBHOCTb
XapakTepHa AAst poAOB Actinomadura n Streptomyces. Cnoco6HOCTb K huKcaumm a3oTa yCTaHOBAEHa Y
poaoB Actinomadura vt Chainia. O606u1as pe3yAbTaTbl MICCAEAOBAHMIA, MOXKHO OTMETUTb, YTO KOMIAEKC
AKTMHOMMLLETOB B Pa3AMUHbIX TMMAx noyBax KasaxcraHa npeacTaBAeH poaamu Streptomyces, Micro-
monospora, Streptosporangium, Actinomadura v Chainia.

KAtoueBble CAOBa: aKTMHOMMLIETbI, CTPENTOMULETbI, (POCHATMOOMAM3ALLUS, LLIEAAIOAO30AUTMYECKAS,
aMMAOAMTMYECKAS!, a30TUKCUPYIOLLLAS aKTUBHOCTY.

Berzhanova R.Zh., Mukasheva T.D., Ignatova L.V.,
Sydykbekova R.K., Bektyleuova N.K., Omyrbekova A.A.

Al-Farabi Kazakh National University, Almaty, Kazakhstan, e-mail: raihan_07_77@mail.ru
Distribution of actinobacteria in some soils of Kazakhstan and their ecological functions

This article discusses the specifics of the diversity of actinomycete complexes of different soil types
in Kazakhstan. It is known that the soil is a heterogeneous habitat and it contains various groups and
types of microorganisms. Among the microorganisms, the most common are soil actinomycetes. It is in
the soil contains their basic quantity. Each type of soil differs in composition of the microbial cenosis,
which creates the impression of significant dynamics in their numbers. The purpose of this study was to
study the quantitative and qualitative composition of actinomycetes of the main soil types in Kazakh-
stan, identify the dominant groups and determine their biological significance. When determining the
number of actinobacteria in the soil, one can say about their abundance and richness, and these indica-
tors depend on the depth and type of soils. The number of actinomycetes in the studied 15 soil samples
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in Kazakhstan was from 103 to 105 CFU / g soil. The actinomycete complexes of the investigated soils
are distinguished by a considerably greater taxonomic diversity. The frequency of occurrence of the
actinomycete complex was differentiated into groups of species: dominant (> 85%), typical frequent (>
60%), typical rare (> 40%) and random (< 40%). It was also revealed that the succession changes in the
complex of actinomycetes in the same soil essentially depend on its moisture content. In the studied soil
complexes of actinomycetes, in most cases, the most stable and dominant are streptomycetes. The main
background in the soils was composed of representatives of the genus Streptomyces. In the course of the
work, biosynthetic activity was determined in 338 isolates of actinobacteria. It was found that 94 strains
had proteolyticactivity,cellulosolytic activity was detected in representatives of the genus Streptomyces.
The expressed amylolytic activity is characteristic for the genera Actinomadura and Streptomyces. The
ability to fix nitrogen is established in the genera Actinomaduraand Chainia. It was found that most
strains produced IAA in the amount of 3 yg/ ml to 15 ug/ ml, they can be classified as inactive. The re-
maining 55 strains produced IAA in excess of 25 ug/ ml. As a result of the studies, many members of the
genus Streptomyces have found a phytohormone-like effect, more closely related to auxin-like activity.
They also have the ability to synthesize the enzymes of the cellulase complex. 42 strains of actinobac-
teria actively producing acid metabolites are selected. These strains can be attributed to phosphate-sol-
ubilizing cultures of representatives of the genus Streptomyces. Summarizing the results of the studies, it
can be noted that the complex of actinomycetes in various types of soils in Kazakhstan is represented by
the genera Streptomyces, Micromonospora, Streptosporangium, Actinomadura and Chainia. As a result
of the work carried out, new microbiological fertilizers will be developed, which, being environmentally
friendly, can provide increased yields of crops, improve their health and promote the production of
improved quality. The work was done within the framework of the project N2 0211PK01075 «Develop-
ment of a scientific and methodological and information database on microbiological diversity of soils
in Kazakhstan» under the program: «Scientific and methodological support for the creation of inventories
of biological resources of the Republic of Kazakhstan», funded by the Ministry of Education and Science
of the Republic of Kazakhstan.

Key words: Actinomycetes, streptomycetes, phosphate mobilization, cellulosolytic, amylolytic, ni-
trogen-fixing activities.
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Ka3zakcTaHHbIH, Keibip TonbipaKkTapbiHAAFbl aKTUHOGAKTEPUSIAAPAbIH, TAPaAYbl XKoHe
OAApPAbIH, 3KOAOTMSIABIK (PYHKLMSIAQPDI

ByA Makanapa KasakCTaHHbIH, 8pTYPAI TOMbIpaKTapblHAAFbl aKTMHOMULETTEPAIH, AYaHTYpPAIAiTiHe
KaTbICTbl MOCEAEAEep TaAKblAAHaAbl. Torbipak reteporeHAi opra OOAFaHAbIKTaH, OHAA MMKPO-
OpraHM3MAEPAIH BPTYPAI TOMTapbl MeH TypAepi TipLWIiAiK eTeAi. MUKpoopraHM3MAepAiH, apacbiHAQ
aKTMHOMMLIETTEP eAdYip keH TapaAraH. OAapAblH HEri3ri MeAllepi HakTbl TormblpakTa GOAaAbl.
TOMbIPAKTbIH 8P TYPi OHAAFbl MUKPOOBTBIK, LEHO3AbIH KypaMblHa 6aiAaHbICTbI epeKLeAiHETIHAIKTEH,
OAAPAbIH CaHbIHbIH, 6eAriAi 6ip AMHAaMMKACbIH KyparAbl. TorblpakTarbl akTMHOOAKTEPUSIAAPAbIH CaHbIH
aHbIKTAy Ke3iHAeri KepceTKiluTepAiH MOAIMETTepi TOMbIPaKTbiH, TYPI MeH TepeHAiriHe GaiAaHbICTbI
60Aaabl. 3epTTeaiHred KasakcTaHHbiH 15 TypAi Tonblpak, YAriAepiHAEri akTMHOMMUETTEPAIH, CaHbl
10° HeH 10°aeitiH KTB/r Tonbipak, 60AAbl. 3epTTeAiHreH TorMblpakTapAarbl akKTMHOMMULETTI KelleH
TAKCOHOMMSABIK, aAYaHTYPAIAITIMEH eABYip epeKLueAeHAl. AKTUHOMMLETTI KelleH Ke3Aecy >KMiAiriHe
Kapan TYPAEPAIH MblHaAa@M TOMTapbiHA XKIKTEAAI: AOMUHMpPAeYLi (> 85 %), keaiMri cupek (= 40 %) >koHe
Ke3Aencok, (< 40%). CoHbIMEH KaTap, akTMHOMMUETTEP KeLUEeHIHAET CYKUECCUSIAbIK, ©3repyAep GeAriAi
6ip TOMbIPAKTbIH bIAFAAABIAbIFbIHA TOYEAAT GOAAADI. 3EPTTEAreH TOMbIPAKTAPAA AKTMHOMMUETTI KeLeHAE
CTPENTOMULETTEP KOMTEreH >KaraamAd eAdyip TypakTbl >keHe AOMMHUPAeywi 6GOAAbL.  PKyMbICTbI
OpbIHAQY 6apbICbIHAA 338 M30AATTbIH GMOCUHTETUKAABIK BEACEHAIAITT aHbIKTaAAbl. OAApPAbIH, apacbiHAA
94 WTaMHbIH MPOTEOAUTUKAABIK, GEACEHAIAITT 6ap eKeHAIr KepceTiAAi, Streptomyces TybICbIHbIH
OKIAAEPIHAE LIEAAIOAO3AAMTHKAABIK, OEACEHAIAIK 6ap ekeHAIri aHblKTaAAbl. Actinomadura >keHe Strepto-
myces TybICTapblHAQ aMUAOAMTUKAABIK, BEACEHAIAIK aikbiH GanKaAAbl. A30TTbl (huKcaumsAay KabiAeTTi
Actinomadura >xaHe Chainia TybicTapbl kepceTTi. JKyprisiAreH 3epTTeyAepAi KOPbITbIHAbIAAM KEAe,
Ka3akcTaHHbIH, 8pPTYPAI TOMbIpakTapblHAAFbl aKTUHOMMLETTI KelleHAepiHAe HerisiHeH Streptomyces,
Micromonospora, Streptosporangium, Actinomadura >xsHe Chainia TybICTapbiHbIH OKIAAEPI KYpaAbl.
AAbIHFaH HOTMXKEAEp OMOAOTUSIAbIK, GEACEHAIAIr >KOFapbl GuonpenaparrTap >kacayAa KOAAAHbIAQAbI.
XKacaaraH Guonpenapartap KP ayblAlapyallblAbiFbl MUHUCTPAIFiHE >KoHE Liapya KOyKaAblKTapblHa
TOMbIPAKTbIH, KYHAPAbIAbIFbIH aPTTbIPY YLUIH KOAAQHYFA YCbIHbIAQADI.

Ty¥iiH ce3aep: akTMHOMULIETTEP, CTPENTOMMLETbI, (hOCHATMOOUAUBHPAEY, LEAAIOAO3AAMTUKAADBIK,
AMUAOAMTUKAABIK, a30T(UKCUPARYLLT BEACEHAIAIK.
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BBenenune

1 MEKpOOpTaHN3MOB B TIOYBE, 32 CUET €e Te-
TEPOTEHHOCTH, CO3aeTCsI MHOXKECTBO CpeJ] oouTa-
Hus (3BarunIneB, 1987:256: JlobpoBonbckuii, 2009:
1222-1232). OtmeuaeTcsi, 9YTO B TOYBaX pPa3HBIX
tunoB Oonee 90 % MHUKPOOHOI OMOMAacChl Tpe-
craBnero rpubamu (IlomstHckast u gp., 1995: 322-
328: Arifuzzaman et all., 2010:4615-4619), uuc-
JeHHOCTh KOTOpbIX pocturaer 8—1000 toic. KOE/r
no4Bbl. UHCIEHHOCTh aKTHHOMHIIETOB U OaKkTepuit
cocrasiusgeT ot 0,1 — 35 no 3 — 90 mun. KOE/r no-
YBBI COOTBETCTBEHHO (UepHukoB u np., 2000:536).
Wrak, akTHHOMUIIETHI WJIA aKTHHOOAKTEPUU SIBIISI-
FOTCS HEOTHEMJIEMBIM KOMIIOHEHTOM IOYBEHHOTO
MUKpoOoteHo3a (3BsrunieB u 3enosa, 2001:257:
Stackebrandtetal, 1997:479-491), ciocoOHBI kK (op-
MHUPOBAaHHUIO BETBSIIETOCS MUIENNS, Pa3MHOXKAT-
csi pparmMeHTamMu munenus u cnopamu (badbeBa u
3enosa, 1983:248). K uunciy ¢dakropos, onpenens-
IONNX COJIep)KaHNe aKTHHOMHIIETOB B TIOYBE, OT-
HOCSITCSI: THIT OMoreorneHo3a (3eHoBa M 3BSITHHIICB,
2002:132), cezonnocth (ApucroBckas, 1980:187),
TUHAMAKA TIOCTYIUIEHUS B TIOYBY OpPTaHHMYECKHX
BEIIECTB, TUAPOTEPMUUECKUN PEKUM (3BATHHLIEB
u 3enosa, 2007:109), kucnorHocts nouBsl (I1Iu-
poxux u [upokux, 2004:332). YcraHOBII€HO, YTO,
B KayecTBE MOCTOSHHBIX MPEJCTaBUTENCH aKTUHO-
MHIIETHBIX KOMILJIEKCOB IIOYB JIECHBIX OHOreole-
HO30B BBICTYTAIOT CTPENITOMHUIICTHI (3€HOBA W Ip.,
1996:1347-1351), Torma xak MpeACTaBUTEIN poja
Micromonospora 4acto SIBISIOTCS MUHOPHBIMHU
KoMItoHeHTamMu (3eHoBa U 1p., 1994:553-560: I'pa-
yeBa, 2004). Takke aBTopamu ObIJIO MOKA3aHO, YTO
B CTPENITOMHUIIETHBIX KOMIUIEKCAX JIECHBIX OMOTe0-
[IEHO30B TOMUHUPYIOT (0T 65 %) mpeacraBuTenu
cexuuu Cinereus Achromogenes, a B Ka4eCTBE TH-
MUYHBIX YaCThIX OTMEUAIOTCS BUIbI, IPHHAIICKA-
e K ceknusaM u cepusim Cinereus Chrysomallus,
Albus Albus, cexuuu Imperfectus (3BIruHIICB U 3e-
HOBa, 2001:257).

ITo TakCOHOMHIYECKOMY COCTaBY aKTHHOMMIIET-
HBIX KOMIUIEKCOB MO’KHO COCTABUTb MPEJICTABIICHNE
00 ux skostornueckux pynkumsax. Tak, npeobiana-
HUE B ITyCTHIHHBIX MTOYBAX OaKTEPHUH aKTHHOMHIIET-
HOW JIMHUU, OOJIBIIMHCTBO M3 KOTOPBIX 00JIAar0T
THIPOJINTHYECKONH aKTUBHOCTBIO, KOPpEIUpyeTcs
¢ OBICTPBIMH TEMITAMHU JECTPYKITMH PACTUTEIHHOTO
orajia B MyCThIHHBIX dKocucTeMax (oOpoBosbckas
u ap., 2009:1222-1232: JloOpoBoabckuid 1 Huku-
tiH, 2012: 412: Torsvik and Ovreas, 2002:240-
245). Takum o6pa3oM, H3ydeHHe OaKTepHaIbLHOIO
pasHooOpasusi B IMOYBaX PasHbIX MPHUPOAHO-KIIH-
MaTHYECKHX 30H MTO3BOJIUT COCTABHUTH TPEICTaBIe-
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HUe 0 QYHKUUSAX OaKTepHalbHBIX COOOILECTB, CBSI-
3aHHBIX C UX Y4aCTHEM B IIPOLIECCAX PA3JIOKECHHUS
PacTUTEIBHOTO OMajga M KPyroBOPOTa pa3iIMYHBIX
JJIEMEHTOB B OmoreoueHose. bakrepuansHoe pas-
HOOOpasue pa3HbIX TUIIOB I10YB ONPEAEISETCS MHO-
MU DKOJIOTMYECKHMHU (aKTOpaMU: COAEpIKaHHEeM
OpPraHUYECKOTO BEIECTBA, BIAKHOCTBIO, KUCIOTHO-
CTBIO CPEeJibl, KOHIIEHTpaIuel coyiel. OT coueTanus
9THX (PaKTOPOB, ONPEAETSIIOIIUX THIT IIOYBOOOPA30-
BaHUsl, 3aBUCHT COOTHOILICHHE TAaKCOHOB B OakTe-
pHaTBHBIX KOMIDIEKCAX Mo4YB. B HacTosmei padore
JIeJIaeTCsl aKIeHT Ha XapaKTepUCTUKE MUKPOOHOTO
pasHooOpa3usi B Ipefenax IMOYBEHHOTO spyca Le-
JMHHBIX TUIOB nouB Kazaxcrana.

Lens manHOM pabOThl — HW3yYEHHE KOJIHYe-
CTBEHHOT'O U Ka4e€CTBEHHOI'O COCTaBa aKTMHOMMUIIE-
TOB OCHOBHBIX TUIIOB 1104B Ka3axcTaHa, BbIsIBICHHE
JOMUHHPYIOIIUX TPYIII U ONpeAesiecHne X OHOoIo-
THYECKOM 3HAUMMOCTH.

MaTepnaJI U METOAbI UCCJICAOBAHUA

OObekTaMu HWCCIIeZIOBaHUS CIYyXWiIu 15 1o-
YBEHHBIX 00pasnoB (tabnuua 1), OTOOpaHHBIX B
JICTHUH NEepUo.

IInTaTtenbHble cpeAbl: Ka3eHH-TVIMLEPUHO-
Bas Cpesia; cpesa ¢ MPONMMOHATOM HATpPHUS; OBCSHAs
cpezaa; OpraHuyueCKUi arap 2; rIMIepuH-HUTpaTHAs
Cpena; MENTOHHO-IPOXIKEeBas C HKEJIe30M Cpela;
MuHepaibHbIil arap 1 (3Bsrunnena, 1991:304).

Yucnennocms  axmunoMuyemos OIpPeeIsn
METOAOM I[I0CEBa U3 PA3BEICHUI MOYBEHHBIX Cy-
CIeH3Uil Ha arapu3oBaHHbIe cpenbl (MeToas! mo-
YBEeHHOW MHKpoOHosoruu, 1991). PogoByro cTpyk-
TYpY KOMIUIEKCOB XapaKTEpU30BaJIM Ha cpene ¢
MIPONMOHATOM HATPHsI, BUAOBYIO CTPYKTYpYy poja
Streptomyces — Ha Ka3eMH-TIMLEPUHOBOM arape
(KT'A) (3enoma, 2002). Ilepen moceBoM 0Opa3Ibl
nouB nporpesanu npu 70°C B Teduenue 4 4acoB s
OTpaHUYCHHS POCTa HEMHULETUAIBHBIX OaKTEepHH.
Yamkn ¢ moceBamu HHKyOupoBanmu npu 27°C B Te-
yenue 2-3 Henenb (3psaruniena, 1991:304: Stephen,
2014:136-140)

buopa3zHooOpa3ue akTHHOMMLIETHBIX KOMILJIEK-
COB ONpEeNsI METOJIOM I0CEeBa M3 pa3BeACHUN
MTOYBEHHBIX CYCIIEH3MH Ha arapu30BaHHBIE CPEHBI.
Mopdomorndeckne CBOWCTBA HCIIONB30BATH IS
OTHECEHHS] aKTUHOMHIIETOB K OIpe/eIEHHBIM TaK-
coHaM (3Bsaruniena, 1991:304).

Jughghepenyuposannoiti yuém KoaoHutl aKmu-
HOMUYemosg, TIPOBOJIMIIA B CBETOBOM MHKPOCKOIIE
buonam P-11 mpu yBenanuenun x120 u x600. Mop-
(onoruyeckre CBOWCTBA MCIIOIb30BAIM Ul OTHE-
CEHHs aKTHHOMMIIETOB K OTpPeIeTIEHHBIM TaKCOHAM.
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Taomuma 1 — Tun nmo4B U Mecta B3sATHS 00pa3IOB

Tun no4ssl
UepHozem

T Hb YepHozem Temuo- Caetyio- Bypsre Cepo-Oypsie

. OOBIKHOBEHHBIH KaIlITaHOBBIE KaIlITaHOBBIE MyCTBIHHBIE ITyCTBIHHBIE

MaJIOTyMYCOBBIH
MecTa B3sTHS 00pa3IOB
N AKMONIMHCKas
Kocranaiickas o011., Kaparanaunckas Kaparanaunckas
AKMOJIMHCKast 00T, N 00J1aCTh, AnmaruHckas 00i1.,
o Kocranaiickuit . 00171., 3amajHee 0071., 3amaiHee ..
L. Ypblcait . Kapxaunckuit banxamckuii paiion
paiion . AKcCy-ATOIBI Axuatay
paiion
. Cesepo-
Kocranaiickas o0, Kasaxcramcka AxmonuHcKast 0011., | Kaparananackas ArtsIpayckast o0J1. JKamObr1cKas
.. XCTaHCKast . . N
Kocranaiickuit P EpeiimenTayckuii | 00i1., ceno KbI3pur- JKbinbroickuii o011., 3amaHee
. 1., 3amaH . . N N
aliOH aliOH Cait allOH c.Akcyiiek
P ¢. MamiroTka P P ¥
Bocrouno-
AKMonHHCKas 0011, Kaparanaunckas

epe K Kazaxcranckas OOLL.. COBCDHEE

HIIMHCKHUN J1., CEBEPH

P N 00:1., TOO ’ p
paiioH r. banxam
«3apedHoey
KonnuecTBo npoBepeHHBIX 00pa3IoB
2 3 3 2 | 2 | 3

[IprHanIeKHOCTD, BBIACICHHBIX KYJIbTYD aK-
THUHOMHUIIETOB K poxay Streptomyces ONPEACISIN Ha
OCHOBAaHUM XapaKTEPHBIX MOP(POJIOTHMYECKHX MpPHU-
3HAKOB: HE(QpParMEHTHPOBAHHBIA MHLENIUHN, AJTUH-
HBI€ IIETIOYKH CTIIOP — Ha BO3AYIIHOM M OTCYTCTBHE
CHOp — Ha CyOCTpPaTHOM MHLEIWU. AKTHUHOMHUIIC-
T, UMEIOLINE OAMHOYHBIE CIIOpHI Ha CyOCTpat-
HOM MHIIEIHNH, JHUIIEHHBIE WA CO CIabbIM pas-
BUTHEM CTEPUIIBHOI'O BO3JAYIIHOTO MHUIENUS, C HE
(parMeHTUPOBAHHBIM MHLEIMEM IPEIBAPUTEILHO
WACHTU(OUIMPOBATM KakK TMpeICTaBUTeNel poja
Micromonospora. KynbTypbl, npuHaaiexanme K
pony Streptosporangium, onpenensiau 110 HATUIHIO
BETBAIIETOCS, HE (ParMEeHTHPOBAHHOTO CyOCTpaT-
HOT'O MMIIEJHSI, HE HECYIIETO CIIOPBI, U BO3AYLIHBIX
rud ¢ Henovykamy CHOp U CHOPAHTHSAMHU. AKTHHO-
MUIIETHI, 00pa3yIolie OJMHOYHbIE CIIOPHI Ha BO3-
JQYUIHOM MHLENINH, TUO0 KOPOTKUE LETOUKU Oosee
KPYITHBIX, Y€M CTPENTOMHLETHBIE, CIIOP Ha BETKaX
BO3JYITHOTO W/WIW CyOCTpaTHOTO MHIIETHS 00b-
SIMHSUIM B TPYINILy OJHUIOCIIOPOBBIX aKTHHOMHUIIC-
toB (Jx. Xoynt u ap., 1997:800: I'ayse u np., 1983:
248).

Onpedenenue cmpykmypbl KOMAIEKCA HOYGEH-
HbIX AKIMUHOMUYEmMOo8. XapaKTEPUCTUKY CTPYKTYPBI
KOMIUIEKCOB ITOYBEHHBIX aKTHHOMHIIETOB TIPOBO/IH-
JI1 Ha OCHOBaHMH CHHIKOJIOIMYECKUX IOKa3aTeneit
(uacToTa BCTPEYaeMOCTH, [10JIEBOE y4acTHUE BHUJIOB
U POJOB B KOMIUIEKCE), HCIIOJIb3YEMBIX TPH TIPO-
BEJICHUM CPaBHUTEIBHBIX ITOYBEHHO-IKOJIOTHYE-
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CKuX wmcchenoBanuii (3BsruHIeB, 3enosa, 2001).
3a yactoty BcTpeuaemocTs (UB) nmpuHumany otHo-
HICHUE YHCiIa 00pa3loB, B KOTOPHIX TAKCOH BCTPE-
qaercs, K OOLIeMy 4YHCIly HpPOaHAIU3HPOBAHHBIX
00pa31oB. B 3aBUCHMOCTH OT 4aCTOTHI BCTPEYaEMO-
CTH KOMIUIEKC UG PepeHINPOBAIN HA TPYIIIbI BH-
JIOB: JOMUHUpYomwme (> 85 %), THITHYHBIE YacThIe
(= 60 %), Tunmansie penkue (> 40 %) u cirydaiiHbie
(<40%).

[IpenBapuTenbHy0 BUAOBYIO MACHTU(DHUKALNIO
MpeJICTaBUTENeH poxa Streptomyces TPOBOINIH
B COOTBETCTBUU ¢ ompenenureneM [aysze (I'ayse
u np., 1983) ¢ ucnonb3oBaHUEM KYJIBTYpPalbHBIX
u MOp(OJOTHIECKUX TPU3HAKOB, YUUTHIBAEMBIX
Ha JIMarHOCTMYECKUX CpeJax: MUHEpaJbHbIM, OB-
CSHBIM, TNHMLEPUH-HUTPATHBINA, OpraHUYecKuu 2,
MENTOHO-APOXKIKEBOU arap ¢ xesne3oM. s ornpe-
JIeJIeHNs. BUJIOB CTPENTOMMIIETOB HCIIOJIb30BAIN
JIUAarHOCTUYECKHE MPHU3HAKU: a) MOP(HOJIOrHIECKHe
— 1) dbopma 1ienovex; 6) KynbTypanbHble — 1) okpa-
CKa BO3JIyIIHOTO MUIIENHUS; 2) OKpacka cyOCcTpaTHO-
ro MULEeNnus; 3) HaTMYue PaCTBOPUMBIX ITUTMEHTOB;
4) Hanu4yne MENaHOWIHBIX MUTMEHTOB (3BATHH-
ueB u 3eHona, 2001: 257: I'ayze u ap., 1983:248:
Jeffrey, 2008:3697-3702 ).

Onpedenenue  OuOCUHRMEMUYECKOU — AKMUG-
HOCMU U30JAMO8 cmpenmomuyemos. AHTHONO-
THYECKYI0 aKTHBHOCTb aKTMHOMHLETOB K Ipudam
OTIpECTISII METOZIOM arapoBbIX OJ04YKOB. B kadge-
CTBE TECT-KYJbTYp HCHOJb30BAIU MHUKPOMMIIETHI:
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Fusarium graminearum w Alternaria alternate. Mu-
KpOMMIIETHI BbIpaluBaiu Ha arape Yaneka — Jlok-
ca. AHTHOMOTHYECKYIO aKTUBHOCTh OIICHUBAIIU TI0
JIUaMETPy 30HBI MMOJIABIICHUS POCTA TECT-KYJIBTYPhI
Ha BTOpBIE — YeTBEpPThIe CYTKHM HHKyOarmm. Kax-
JIbIM TECT MPOBOJMIIM B TPEXKPATHONW MOBTOPHOCTH
(Eropos, 1979:455: Kumar et all., 2010:12: Oskay
et all., 2004:441-446 ).

AKTHUBHOCTBH TIPOTEa3bl OMPEICISUTH C TIOMO-
b0 MOJU(UIIMPOBAHHON MPOLEIYPhI, OCHOBAH-
Hoit Ha Metoze (Tsuchida et all., 1986:7-12).

JJist IepBUYHOTO 0TOOPA TETUTIOI030IUTHICCKH
AKTUBHBIX IITAMMOB HUCIOJB30BaIN cpeay [ eTunn-
coHa. Ha cnoit arapusupoBaHHOUW cpejipl momenia-
JIU CTEPUIIbHBIC JIUCKU U3 (PUIBTPOBAIBHON OyMma-
i (UCTOYHMK LIEJUTION03b1), HA KOTOPBIC BHICEBAJIH
«IOJIOCKOM» akTuHOMMIETHI. [0 Hamuuuio pocra B
JTAHHBIX YCJIOBHSX CYAMIN O HAIWYUH EJITI0I030-
JUTHYECKOW aKTMBHOCTH y aktuHoMuileToB (Ero-
poB, 1979:455).

Onpedenenue konuvecmea gpumozopmona UYK.
Konnuectso VK, nponyuupyemoil Mukpoopra-
HU3MaMHU, OTIPENIEIISUIA KOJIOPUMETPHIECKAM METO-
JIOM C WCTOJIb30BaHueM peakTiBa CanbkoBckoro. 1
MII cynepHataHnTa ((QuiabTpaTa) CMEIIUBaIN ¢ 2 MII
peaktuBa Canbkosckoro (1 M 0,5 M FeCl, B 50 mn
35% HCIO,). Bpems pasBuTHs OKpacku COCTaBJIsi-
10 30-40 mMuHyT. ONTHYECKYIO IJIOTHOCTH OKpa-
MIEHHBIX TPO0 M3MEpPsUTH Ha CIEeKTPohOoTOMETpe
npu anuuae BoiHBI 540 HM. KonTpomem cmyxuia
HEWHOKYJIMPOBAaHHAsL Cpejia ¢ J00aBJICHUEM pPeak-
tuBa. Konnentpanuto UYK onpenensuin no xanu-
OpoBOYHOMY IpadUKy, TIOCTPOCHHOMY B JHana3oHe
koureHTparuii BemectBa 10® — 102 r/n. Konrnen-
tparuio YK Beipakanu B Mkr/mi (Gordon, 1951:
192-195).

Onpeodenenue cnocoOHOCMU MUKPOOP2AHUZMOS
K ocham-mobunuzayuy. MUKPOOPTaHU3MBI KYJTh-
THBUPOBAJIM HA arapu30BaHHOW MUTATEIBHON cperne
NBRIP crneayromiero cocrasa (r/m): riroko3a 10,0;
MgCl,x6H,0 5,0, MgSO,x7H,0 0,25, KCI 2,0,
(NH,),SO, 0,1; Ca,(PO,), 5,0; arap 20,0. B kauecte
WHJIMKATOPa UCIIOIB30BAIN OpOM(DEHOIOBBIA CHHHIA
(BPB) B kommmaectse 0,025 r/m. Illtammer, 001amaro-
HIMe CIOCOOHOCTBIO K comoOmm3anun Gpocdaros,
BBISIBJISUIU IO CIIOCOOHOCTH (hOPMHUPOBATH 30HBI TIPO-
CBeTIIeHnsT BOKpYT KojoHwmid (Jayadi m Baharuddin u
np., 2013:68-73: Patel and Parmar, 2013: 438-441:
Mehta S and Nautiyal S.C., 2001:51-6).

Cmamucmuueckas obpabomka OanHblX OBLIA
BBITIOJIHEHA C WCIIOJIb30BAaHUEM MAKETa MPOorpamMm
Excel u STATGRAFICS Plus Bepcus 7.0. Pacue-
Thl CPEIHUX 3HAYEHWH, MOTPEIIHOCTH U3MEPEHUH,
MOCTPOCHUS UarpaMM U rpa)uKoB ObLIH BBITOJ-
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HEHBI C WCIOJb30BaHMEeM mporpammbl Excel (Jla-
kuH1990:352).

Pe3yabTaThl u 00cy:KI1€eHUE

AKTUHOMMUIIETHI SIBJISIIOTCS] BECbMa pacrpocTpa-
HEHHOH B MPUpPOAE TPYIIIONH MHUKPOOPTaHU3MOB, HO
OCHOBHBIM MECTOM HX OOMTaHMS SIBJISICTCS IIOYBA.
Onm obOmagaror OonbIIMM HAO0OpPOM (HEepMEHTOB,
Onarojapsi KOTOPsIM MOTYT yCBauBaTh pa3HOOOpa3-
HBIE BELIECTBA JOCTYIIHbIE AJISI HEKOTOPBIX MHUKPO-
oprann3moB. [lo KoJM4ecTBY W pPa3HOOOpa3uio
AKTHHOMMLETHI 3aHUMAIOT TIEPBOE MECTO CPEAN MHU-
kpoomosornyeckoro Hacenenus (Goodfellow and
Williams S., 1983:189-216).

B paboTtax MHOTHX Ka3axCTaHCKHX HMCCIIEAOBa-
Tenel OBLIO YCTaHOBJICHO, YTO OCHOBHOW (pakTop,
OTIPEIEIISIONINN  paclpOCTpaHEHUEe aKTUHOMHUIIE-
TOB, HE TeorpaduuecKuii, a IKOJIOTHIECKHUil, U pac-
IIpeJesICHUE UX HE CIIy4aiiHo, & TECHO CBSA3aHO C yC-
JIOBUSIMH Cpelibl. B pacnpocTpaHeHHH MOYBEHHBIX
AKTHHOMMLIETOB M3BECTHA CIICAYIOIIAS 3aKOHOMEP-
HOCTb: YMCJIO UX YBEJIMYHMBAETCS C YMEHBIICHHEM
KOJIMYECTBA OCAKOB U MOBBIIICHUEM TEMIIEPATYPhI
OKpy>Karomeil cpeapl, u, Ha00OPOT, YeM MEHbIIE
BJIard W HWXKE TEMIEpaTypa, TeM aKTHHOMMLETOB
menbiie (MprHOaeBa, 1965: 27-31: YopmoHOoBa u
[IpeoOpaxenckas, 1981: 341-345: UynakoBu Te-
IsKkoBa, 1956: 64-68).

[Ipu moceBe Ha arapu3oBaHHbBIC CPEJIbI TOYBEH-
HBIX 00pa3loB, OTOOPAHHBIX B Pa3IMYHBIX (YHK-
LUOHAIBHBIX THUIMAX MOYB, OOIIas YUCICHHOCTb
AKTHHOMMIIETOB M3MeHsTach B npeaenax 10° — 103
kononuneodpasyromux eauaul (KOE) B 1 1 cy0-
cTpara.

Haubonee BbICOKasi YMCICHHOCTh aKTHHOMHIIE-
TOB OOHApYKeHO B YepHO3eMax Ha rimyoune 0-10 cm
u 10-20 cM, a B 6osee TIyOOKHX CIIOSX TTOYBHI Ha-
OmoaeTcst pe3koe CHUYKEHUE KOJIMYECTBa MUKPO-
OpPTaHU3MOB 3TOM 3KOJIOTO-TPOUUECKON TPYIIIIHI.
CepoOypsle MyCThIHHBIC U CPEIHEKAIITAHOBbIE 110~
YBBI XapaKTEPU3YIOTCS OCTHBIM COACPIKAaHHEM aK-
TUHOOAKTEPUH, YTO COTIACYETCS C JIUTEPATYPHBIMU
JaHHBIMU.

Ompenenenue 4acTOThl BCTPEUAEMOCTH M OT-
HOCUTEIBHOTO OOWIINS TPECTaBUTENCH OTACTBHBIX
POIOB aKTMHOMHMLETOB B II0YBAX ITO3BOJIMJIO OXa-
paKTepu30BaTh UMEIONIMECS OTJINYHS B CTPYKTYpe
HX KOMIUIEKCOB. TaKk B MOYBEHHBIX KOMILIEKCAX MO
4acTOTE BCTPEYAEMOCTH aKTMHOMMLIETOB TOMHUHH-
pOBaJM TIPEICTABUTENN poja Streptomyces B Kaue-
CTBE MOCTOSIHHBIX MPEACTaBUTENCH aKTHHOMHIICT-
HBIX KOMIUIEKCOB II0YB, TOIJa KaK IPEACTaBUTEIN
pona Micromonospora 4acTo SIBISIFOTCS MUHOPHBI-
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MU KOMIOHeHTaMHu. OmnpeaeseHne 4acToThl BCTpe-
YaeMOCTH M OTHOCHUTEIIbHOTO OOWIIMS TPEJICTaBH-
TeJlel OTACTBHBIX POJIOB aKTHHOMHUIIETOB B MTOYBAX
MO3BOJIMIIO OXapaKTEePHU30BaTh MMEIOLINECS OTIIH-
YU B CTPYKType MX KOMIUIeKcoB. Tak, Hamboiee
LIMPOKOE POJOBOE pa3HOOOpazue CTPENTOMHUIIETOB
HaOJIIOJJAJI B TOYBAaX YEePHO3EMax M B KalllTaHO-
BBIX. B OyphIX mouBax pazHooOpaszne CTPenTOMH-
LIETOB, TaK K€ KaK UX JIOJSl B KOMILJIEKCE, 3aMETHO
CHIKAJIOCH (Tabmuia 2).

B 3aBuCHMOCTH OT 4aCTOTHI BCTPEYaEMOCTH aK-
THHOMUIIETHBIH KOMIUIEKC nu(p(epeHIIUpOBaIn Ha
IpYMIBI BUJIOB: AOMHHUpYIomue (> 85 %), Tunny-
HbIe yacThie (> 60 %), Tunmmunble peakue (> 40 %) u
ciyqaiinsie (< 40%).

B cTpenTtoMUIETHBIX KOMIUIEKCAX IOYB J0-
MuHupoBasd (0T 65 %) TpencTaBUTENN CepHUH
Cinereus Chromogenes, Helvolo-Flavus Flavus n
Cinereus Achromogenes, a B KaueCTBE THIIUYHBIX
9acThIX OTMEUAIOTCA BHJBI, NpPHHAISKANNE K
cepusm Cinereus Chromogenes, Helvolo-Flavus
Flavus, Cinereus Violaceus, Albus Albus, cex-
uun Imperfectus. C MeHbBIIEH YacTOTOW BCTpe-
YaJIuCh BUIBI, TPUHAMNEKAIIUE K cepun Albus
Albocoloratus, cepun Imperfectus, cepun Helvolo-
Flavus Helvolus n cepun Roseus Ruber. CtpenTo-
MUIETHBIH KOMILJIEKC B CepoOyphIX U OypbIX IO-
9yBax OBUI MPEJCTABICH BUJIAMH BOCBMH CEpUH, B
KaIlITAHOBBIX M YEPHO3eMaX — BHJIAMHU JIEBSITHIO
cepuil.

Taﬁ.ﬂnua 2 - Pacnpez[eneHI/Ie AKTUHOMHUIETOB JTOMUHAHTHBIX POJAOB B PA3JIMYHBIX TUIIAX IMOYBAX

B % k obuiemy unciy
Tunet nous . Actino- | Micromono- | Streptospo-
Streptomyces | Chainia .
madura spora rangium
cepo3eM OOBIKHOBEHHBIH, AMaTHHCKas 00:., bamxamckuii 18.1 12 23
paiioH ’ ’ ’
cepo-Oypast mycThiHHAs, JKamObLICKas 00I1., 3amaaHee
. 19,2 3,9 2,3 - 1,3
c.Axcyiiek
cepo-Oypast medHucTas1, KaparanauHckas o0i1., ceBepHee 211 12
r. banxam ’ ’
cepo-Oypast yCThIHHAS, AJIMAaTHHCKAst 00T 19,8 - - 2,3 -
Oypas mycTteiHHasA, Kaparanauackas o0, 3anagHee Axdaray 21,6 - - 0,9 -
CBETIIO-KalTaHoBas mieOHucTast, Kaparananuckas o6i., 259
3anaaHee AKCY-AOIb ’
cpenue-karmranoBas, Kaparananuckas o0i1., ceno Kei3put- 243 23
Cait ’ ’
TEMHO-KaIlITaHOBasi KapOoHaTHast, AKMOJIMHCKAast 00JacTh, 235 12
JKapkauHckuii paiion ’ ’
TEeMHO-KaIlITaHoBasi, AKMoIHHCKas o011., Epeiimenrayckuit 238 12
paifon ’ ’
TeMHO-KamTaHoBast, Bocrouno-Kaszaxcranckas ooi., TOO 219 15
«3apednoe» ’ ’
Bypsie mycteiaHBIe ATBIpayckast 0071. JKbUIbIOMCKUi paiioH 19,8 4,9 0,2 - 10,1
YEPHO3EM FOXKHBIH, AKMOIUHCKas 0071., . YpbIcait 31,2 5,1 56 - 2,3
yepHO3eM [oxHEIH, KocTtanaiickas o6:m., Kocranaiickuit
o 29,6 23 - 8,9
paifon
4yepHO3eM 0ObIKHOBeHHBIN, CeBepo-KaszaxcTanckas oo, 33,8 4.5 23 - 5,4
yepHOo3eM 0ObIKHOBeHHBIH, CeBepo-KazaxcTanckas oo, 35.6 32 45 41
3amajgHee ¢. MamiIroTKa ’ ’ ’ ’
YepHO3eM OOBIKHOBEHHBIH, AKMOJIMHCKAsI 00I.,
Lo 35,9 2,8 4,5 2,3
3epeHAMHCKU pailoH
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CyKIIECCHOHHBIE HCCIEIOBAaHUS OTHOCSTCS K
paspsiny OMOAMHAMHUYECKHX W BO MHOTOM OOBSC-
HAIOT OMOIMHAMHUKY To4YB. HecMoTpsi Ha MHKpO-
30HAIBHOCTh ITOYB, CYKIIECCHOHHBIE COOBITHS TPO-
XOJSAT CUHXPOHHO BO BCEW MOYBEHHOHN Macce, eciiu
areHT — YBJIAKHEHUE, BBI3BIBAIOIIECE CYKIIECCHUIO,
JIEUCTBYET OJHOBPEMEHHO BO BCEl MOYBEHHOM Mac-
ce. TpaaAMLIMOHHBIN OAXO0/1 K U3YUYEHHUIO CYKLECCUU
MIperoaraeT HMCCISIOBaHUE XapaKTepa H3MEHe-
HHS BUAOBOI'O COCTaBa.

BrIsiBIeHO, YTO CYKIIECCHOHHBIE HW3MEHEHHS
B KOMIUIEKCE aKTMHOMHIIETOB B OJHOM U TOU Ke
MOYBE CYIIECTBEHHO 3aBUCAT OT €€ BIAXXKHOCTH.
CyKIECCUOHHBII aHalIu3 aKTHHOMULIETHOIO KOM-

IJICKCa TMOYB MO3BOJWI YTBEPKIaTh, UYTO CUMUTAIO-
ecs peAKUME POJIbl aKTHHOMHIIETOB, B YaCTHO-
ctu Micromonospora u Saccharomonospora, npu
OTIPE/ICTICHHBIX YCIIOBUSX (BIQXKHOCTD IOYBBI, 3TaIl
CYKIIECCHW) MOTYT UMETHh PaBHYIO CO CTPENTOMHUIIE-
TaMHU YHUCJIEHHOCTh B KOMIIJIEKCE aKTHHOMHIIETOB.
YucieHHOCTh aKTMHOMHUIETOB B X0J€ MUKPOOHOMN
CYKIIECCHH B TIOYBE, BBI3BAHHOH YBIa)KHEHUEM, T10-
CTENEHHO yBenmunBaetcs Ha 10 cyTKu BO Bcex HC-
CJIGIOBAaHHBIX TMMOYBEHHBIX 00paslax U MPUMEPHO
BO3pacTaeT B 2 paza. MakcumaiabHOE BO3pacTaHue
YUCIEHHOCTH AaKTMHOMHIIETHOTO KOMIUIEKCca Ha-
omopmaercst Ha 40 cyTku cykueccuu U Ha 90 cyTKu
MUKpPOOHOI cyKiieccuu (Tabmuua 3).

Tadmuua 3 — J[nHaMUKa MO SIIUOHHON IIOTHOCTH aKTHHOMHLIETOB B Xonecykieccu (KOE/r mouBbr)

Topu30HT, Yucnennocts akTuHOMHLETOB (B TbIc.KOE Ha 1 1 mouBbI)
Turnbl ous
™M 0-e cyTkn 10-e cyTku 40-e cyTKH 90-e cyTKH
cepo3eM OBBIKHOBEHHbIH, AMaTHHCKAs 001, 0-10 31,2+ 1,4 59,3+1.3 103,5+1,4 50,8+0,9
banxamickuii paiion 10-20 11,3+ 0,04 43,840,7 66,5+1,2 38,2403
cepo-6ypast mycThiHHAs, JKaMOblickas o0., 0-10 228+ 1,12 38,4+0,2 98,5+4,1 33,7+0,2
3anajiHee ¢.AKcyiiex 10-20 0,9 +0,02 26,1+0,2 48,8423 21,1+0,09
cepo-6ypas mebuucTas, Kaparanauackas o6, 0-10 28,2+0,2 65,1+0,7 87,3+2,1 49,8+0,2
cesepHee I. baixauia 10-20 14,3+ 0,44 39,8+0,5 45,4412 12,3+0,07
0-10 0,03 0,001 11,3+0,5 62,11,1 172,3+0,04
cepo-Oypast mycTeIHHAsA, ATTMaTHHCKast 001
10-20 0,5+0,01 15,1£1,1 51,3+0,01 111,5+0,09
Oypast mycthiHHas1, Kaparananuckas o071, 0-10 0,02 + 0,001 21,240,2 46,5+1,3 18,7+0,02
3anajiHee Akdaray 10-20 0,3+0,12 10,5+0,5 11,2+3,7 12,3+0,7
CBETIIO-KALITAaHOBAs LIEOHUCTAS, 0-10 28,2+ 1,68 82,3+0,8 128,7+2,8 67,1£0,3
Kaparanausckas o011., 3amagHee AKCy-ATOIbI 10-20 36,1+1,72 69,1+1,3 103,1+1,1 70,1+0,5
cpenHe-kamTaHoBas, Kaparanaunckas o6., 0-10 34,5+1,28 91,1+1,1 131,943,3 64,3+0,5
ceno Keispi-Cait 10-20 19,1+ 0,12 68,8+0,8 102,8+3,1 44,9+0,2
TeMHO-KallITaHOBAas KapOoHaTHasA, AKMOTHHCKAS 0-10 10,1 +4.8 121,4+1,3 204,3£3,3 85,1+£0,5
obumactb, JKapkanHckuii paiion 10-20 24,0+ 1,0 87,3+1,5 112,4+1,1 60,1£1,2
TeMHO-KallTaHoBas, AKMOTMHCKas 001L., 0-10 340,1+£5,6 | 202,1+1,9 614,8+7,1 367,9+0,8
EpetimenTayckuii pation 10-20 180,1 +5,2 112,1+0,8 312,64+2,4 141,240,1
kamraHosas, BocTouno-Kaszaxcranckas o611, 0-10 43,8+2,3 190,8+1,5 22727434 1075,3+1,1
TOO «3apeunoe» 10-20 18,9+3,42 184,6+1,1 1105,4+1,5 968,1=1,1
JIMMaHHO-ITyroBasi, AThIpayckas 06J1., 0-10 1123+ 1,5 114,9+0,5 385,545,1 188,8+0,6
c. Epkunkana 10-20 54,6+ 1,24 107,2+0,8 157,3+2,2 91,6+0,3
0-10 560,3+ 4,1 180,1£1,8 3021,245,8 116,1+1,7
HEPHOCM IOXHEIH, AKMOTHHCKAA 0B, 10-20 112,8£32 | 140,405 24213424 129.2+0.2
I. YpbIcait
20-30 28,5+ 1,04 96,1+1,7 768,4+4,2 66,2+0,5
0-10 700,0 £7,1 351,4+1,8 3813,443,8 177,3+0,8
eprosem iokitbiil, Koctanajicias 061, 10-20 2100513 | 197,112 | 2580,6:23 | 1474421
Kocranaiickuii paiion
20-30 46,0+1,4 99,7£1,2 1564,3+5,7 70,5£1,3
ISSN 1563-034X Eurasian Journal of Ecology. Ne2 (51). 2017 87



PaCHpOCTpaHeHI/Ie aKTI/IHO6aKTepHﬁ B HCKOTOPBIX ITOYBaxX Kazaxcrana u uX KOJIOTHUECKHE q)yHKIII/II/I

Ipooonscenue mabruyvt 3

TOpH30HT, Uncnennocts aktuHomuneTos (B Toic.KOE Ha 1 T mouBbr)
Tumnbl nous
M 0-e cyTkH 10-e cyTkn 40-e cyTku 90-e cyTkHn
4epHO3eM 0GBIKHOBEHHDIH, CeBepo- 0-10 602,0+ 3,3 239,9+0,8 5083,2+3,5 130,1+0,5
Kasaxcranckas 00i1. 10-20 89,7+ 0,08 148,2+0,2 2564,3£2,0 69,2+0,09
0-10 680,1+1,8 346,1+1,8 4569,6+5,1 2411,2+1,3
HepHo3eM OObIKNOBHIL, Cenepo- 1020 | 500,194 | 199,3+1,1 2988,3+1,1 | 1097,9:0,9
Kazaxcranckas o0m., 3amagnee c. MaMIIoTKa

20-30 21,1+0,41 119,4+0,9 1081,4+2,4 1083,1+0,5
0-10 480,1 +7,2 581,5+2,2 3158,1£3,8 1103,5+2,1
YepHO3eM OOBIKHOBEHHBIH, AKMOJIUHCKAsI 00I., 10-20 3101 42.1 244941 4 992,942 1 189.240.9

3epeHUHCKUH pailoH 2 2 S i i
20-30 298,1 +0,9 218,1+0,2 817,2+1,8 178,1+0,4

AKTHHOMI/IHCTHLIP'I KOMIIJIICKC CHC]_[I/I(l)I/I‘-IeH CTPYKTypa AOMUHUPOBAHUSA, KaK OBLIO ITOKAa3aHO

JJIs1 BCEX HMCCICOOBAHHBIX IIOYB, KOJUYCCTBO BBI-
SABJICHHBIX POJOB COXPaHUJIOCH Ha IMPECKHEM YpPOB-
HEC. O,Z[HaKO O6Hapy>l(eHI:I HOBBIC pOJAbI, paHEC HEC

naeHTH(UIUpOBaHHbIe. J|OMHHAHTHI

YyepHO3eMa

MIPEACTABICHEI B OCHOBHOM pPOIIOM Streptomyces.
Ero moas B akTHHOMUIIETHOM KOMILIEKCE BBICOKAS
u coctaBuia 89%. Cy0qOMIHAHTOB TPEICTABUTEIH
pona Streptosparangium. AXTHHOMAaAyp B MOYBaX
YBEJIIMYUBACTCS MPH JIBUKCHUU OT CEBEPHBIX ITOYB
K I0)KHBIM, JOCTHTas MaKCHMyMa B 4epHO3eMaX H

cepo3emMax.

Takum 06pa3oM, Ipu U3y4eHUH KOMITIOHEHTHOTO
cocTaBa aKTHHOMUIIETHOH (DIIOPHI HCCIIE Ty eMBIX IT0-
YBEHHBIX 00Pa3I[0B YCTAHOBIICHO, YTO COCTaB JIOMH-
HUPYIOIIUX POJOB CIACAYIOIIUN: Streptomyces cepuun
Cinereus Chromogenes, Streptomyces cepuu Albus
Albus, Streptomyces cepun Cinereus Violaceus,
Streptomyces cepun Helvolo-FlavusFlavusu poJis
Actinomadura, Micromonospora, Chainia. Taxas

panee (3BarunneB u 3eHosa, 2001: 257; upokux
u Hlupoxux, 2004: 332), u xapakTepHa It MHOTHX
THUIIOB TTOYB.

W3 m3ommpoBaHHbIX 338 M30JISTOB aKTHHOOAK-
Tepuii 94 oOnagany TPOTCOTUTHUCCKOU aKTUB-
HOCTBIO, YTO cocTaBuio 27,8 % oT 00IIero 4mc-
na. HawnGonee BbIpakeHHas NPOTEOIUTHUYECKAS
aKTUBHOCTH XapakTepa Il pona Streptomyces.
CKpUHUHT LITaMMOB, OOJIaJaroIIuX LIEJUII0II030-
JINTUYECKON aKTUBHOCTBIO, Mokazan, 4to 31,9%
M3 BCEeX M3YYEHHBIX aKTHHOOAKTepUH MPOSBHIN
CHOCOOHOCTh K THAPOIU3Y UEIUIION03bl U30JIs-
TBl pona Streptomyces. Hanbosee BpIcOKash amMu-
JIONIUTUYEeCKass aKTHUBHOCTh ObUIa BBISBICHA Y
Actinomaduran Streptomyces. B pesynbrare us-
Y4EHHUsl a30THUKCUPYIOIIEH aKTHBHOCTH OBIIO
YCTaHOBJIEHO, YTO OOJIBIIMHCTBO MpECTaBUTENCH
ponoB Actinomaduran Chainia o0nananu crocoo-
HOCTBIO (hUKCHPOBATh a30T (Tabnuma 4).

Tadmuua 4 — KonmudecTBo H305TOB, 00magaronux GepMEeHTaTHBHON aKTHBHOCTBIO

O6miee Yrcio KosinuecTBO akTHBHBIX IITAMMOB
Poru mTamMMOB MIPOTEUHA3Bl | IEIUTIONA3EI amMuiIassl | HUTPOTEHAa3bl
Actinomadura 31 - - 15 12
Micromonospora 30 12 - - -
Chainia 32 11 - - 33
Streptosporangium 31 12 8 12 -
Streptomyces cepun Cinereus Chromogenes, 58 35 12 32 -
Streptomyces cepun Albus Albus 59 29 21 33 -
Streptomyces cepun Cinereus Violaceus 45 27 13 32 -
Streptomyces cepun Helvolo-Flavus Flavus 42 25 13 32 -
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B pesynbraTe NpOBENCHHBIX HCCICAOBAHHUN
cpeny NOMHMHAHTHBIX HM30JIITOB aKTHHOOAKTepuit
ObUIM OTOOpaHbI MITAMMBI C BBICOKOW OMOIOTHYE-
CKOM aKTHBHOCTBIO.

N3 338 u301ATOB aKTUHOMHIIETOB POCTCTH-
MyJHpyIollas aKTHBHOCTh ObUIa BBISIBICHA Y
99, cnoCOOHOCTBIO TMOAABISATH POCT W Pa3BUTHE
(huromaroreHoB oOmamanmu 46 W30IATA B OTHO-
menun Fusariumgraminearum n 40 B OTHOIIe-

Huu Alternariaalternate (Saravanakumar et all.,
2011:203-9: Hardoim et all., 2008:463—471)

Cnocobnocts k npoaykiuu UYK cpeau mram-
MOB aKTHHOOAKTepwii pasiuyHa. BBISBIEHO, YTO
OOJBIIMHCTBO ITaMMOB mpoaynupoBain UYK B
KOJUYECTBE OT 3 MKI/MII 70 15 MKI/MII, ©X MOYKHO
OTHECTH K MaJloaKTUBHBIM. OcCTallbHbIE 55 mITaM-
MoB npoayipoBaiii UYK cBerme 25 mkr/mi (Ta-
osuna 5).

Tadmuua 5 — KonmdecTBo M30JTOB, 00IaJa0NIMX POCTCTUMYIIUPYOLICH i aHTATOHUCTHYECKOW aKTHBHOCTBIO

Konm4ecTBo akTHBHBIX IITAMMOB
O6mmee yncio AHTaroHucTHYECKast
Pozer IITAMMOB Cunres Docdar - -
YK MOGHIH3YIOWIAs Fi usariumgra- Alternariaal-
minearum ternate

Actinomadura 31 2 2 2
Micromonospora 30 4 3 3 2
Chainia 32 2 2 2
Streptosporangium 31

Streptomyces cepun CinereusChromogenes 58 12 11 9 8
Streptomyces cepuu Albus Albus 59 11 13 11 9
Streptomyces cepun Cinereus Violaceus 45 10 11 9 8
Streptomyces cepun Helvolo-Flavus Flavus 42 9 10 9

[Ipy KynbTUBUPOBAHUM aKTHHOOAKTEPU Ha
cpeae NBRIP-BPB 6butu oToOpans! 42 mraMma ak-
TUHOOAKTEPHI, aKTUBHO TPOAYIHUPYIOIIUX METa0o-

KonTpons (cpena 0e3 HHOKYISAINN)

JIUTBI KUCJIOTHOTO Xapakrtepa (pucyHok 1). JlanHbie
IITaMMBbI MOYKHO OTHECTH K (hoc(haTCOoIOOITH3UPY-
FOIIHUX KYJBTypaMm.

I/IHOKyJ'I}H.II/Iﬂ mTaMMaMu

Pucynoxk 1 — ®opMupoBaHue 30H rajJoKyIbTypaMHi aKTHHOOAKTEPUIMH
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PaCHpOCTpaHeHI/Ie aKTHHO6aKTepHﬁ B HCKOTOPBIX ITOYBaxX Kazaxcrana u uX KOJIOTHUECKHE q)yHKIII/II/I

3akiaouenue 15 MKr/mi, UX MOXXHO OTHECTH K MaJIOAKTHBHBIM.
OcranpHpie 55 mrTamMoB mpoxyrupoBamn UYK
Hacrosimee  uccnenoBaHume  ObIIO  MOCBS-  CBBINIE 25 MKI/MIL.
OICHO HW3yYCHHI0 KOJIMYECTBEHHOIO M  Kade- - B pesynbrare mpoBENEHHBIX HCCIICAOBAHUI
CTBEHHOI'O  COCTaBa aKTMHOMHIIETOB OCHOB- Yy MHOTHX IpeJCTaBUTelNei poja Streptomyces 00-
HeIXx TunoB mous KasaxcraHa, BBIABICHUIO  Hapy)XeH (UTOrOPMOH-TIOJOOHBIN 3P PeKT, B 00Ib-
JOMMHHPYIOIIUX TPYMIl U ONPENEeNICHUI0 X OHO-  IIei CTerneHHW CBS3aHHBIA C ayKCHH-TIOJZOOHOM aK-
JIOTHYECKOH 3HAYUMOCTH. AHalIM3 pe3yjibTaTOB  THBHOCTHIO. TakKe Yy HUX BBISIBICHA CIIOCOOHOCTH
HCCIICIOBAHNH TIO3BOJISICT NMPUNUTH K 3aKIIOUCHHIO, K CHHTE3Y (PepPMEHTOB LEJUTFOJIA3HOTO KOMIUIEKCA.

YTO KOMIUIEKC aKTMHOMHLIETOB B IIOYBAX IIPE]- - OroOpansl 42 mTaMMa aKTHHOOAKTEpHUil, aK-
CTaBJieH pojaamu Streptomyces, Micromonospora,  THBHO NPOAYIHPYIONIMX META0OJUTHI KUCIOTHOTO
Streptosporangium, Actinomadura n Chainia. xapakTepa. [laHHBIE MTaMMBI MOXKHO OTHECTH K
Pe3ynpTaTel NpOBENEHHOIO UCCIENOBAHUA MO-  (ochaTCONOOMIN3UPYIONIUM KyJIbTypaM MpeacTa-
3BOJISIFOT CJIENATh CJICYIONIUE BHIBOJIBI: BUTENEH poaa Streptomyces.
- OOmas 4YMCIEeHHOCTh aKTHHOMHUIIETOB B HC- Pesynbrarel paboThl OyayT MCIIOIB30BAHBI IS

CJIEIOBAHHOM psi/ly TIOYB M3MEHSUIACh B TNpejenax  pa3paboTku Ouompenapata ¢ BBICOKOH OHOJIOTH-
10°~10° KOE/r. OcHoBHO# (OH B IOYBaX COCTaBH-  YECKOM AKTUBHOCTHIO. Pa3paboTaHHBIN Impemapar
T aKTHHOMHUIIETOB pojaa Streptomyces. OyZer mnpeuiokeH MHHHCTEPCTBY CEJIBCKOTO XO-

- BeIsiBIICHO, 4TO OOJBIIMHCTBO IITAMMOB TIpo-  3stiicTBa PK M KpecThIHCKUM XO3siCTBAM ISl MO-
nynupoBam UYK B xommdectBe ot 3 MKr/mi Jo BBILICHUSI TUIOJIOPOJIME TTOYB.
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3HAYUNMDIE, PEMPESEHTATUBHbIE M YHUKAAbHbBIE PACTUTEAbHbIE
COOBLUECTBA INMPOEKTUPYEMOIO TOCYAAPCTBEHHOTO
MPUPOAHOIO PE3EPBATA «<bOKEMOPAA»
3ANMAAHO-KA3BAXCTAHCKOM OBAACTU

AaHHas paboTa nocasieHa npobAeMam oxpaHbl OKpy>Kaiollei cpeabl KazaxcrtaHa Ha npumepe
NMPOEKTa, FAe MPUBOASTCS pPe3yAbTaTbl HAYYHOr0 OOOCHOBAHUS MPOEKTUPYEMOrO rOCYAAPCTBEHHOMO
npupoaHoro pesepsara «bokeropaa» 3anapHo-KasaxcraHckon o6AacTy.

B pe3yabTare nccaeAOBaHMIA M3yUYeHO COBPEMEHHOE COCTOSIHME PAaCTUTEABHOIO MOKPOBA, BbISIBAEHO
HaAMUME YHMKAAbHbIX M 3HAUYMMbIX PACTUTEAbHbIX COOOLLECTB HAa TEPPUTOPUM MPOEKTUPYEMOro
roCyAQpCTBEHHOrO MpUpPOAHOro pesepBaTa «bokeitopaa» 3anaaHo-KasaxcraHckor obaacty AAs
COXPaHEHUsI MecTa OOMTaHUSI PEAKMX M BHAEMMUHbIX BUMAOB OMOpa3sHOOOpasusi BCero pervoHa.
MccaeA0BaHMS BbITIOAHSIAMCh B pamMkax npoekTa [NpasuTteabcTBa Pecriybanku KasaxcraH 1 Thob6aabHOro
3KoAormyeckoro oHaa Mporpammoit passutus Opravmsaummn O6beamHeHHbix Haumin «CoxpaHeHune
M YCTOMYMBOE YrMpPaBAEHWE CTerHbIMW 3KOCMCTEMamM», HArNpPaBAEHHOTO Ha YBEAWYEHWE CTerHbIX
SKOCUCTEM.

[NpounsBeaeHa 3akAaAKa MOHUTOPUHIOBBIX MAOLLAAOK C HAHECEHMEM MX AAQHHBIX Ha TOMOOCHOBY U
3acpmkenpoBaHbl GPS-aaHHble MO nAouaakam. [poBEAEHO KapTMPOBaHME MECT OOMTaHUSI KAOUEBbIX
BMAOB PacCTeHWil, OLieHKA BO3AENCTBUS HEeraTMBHbIX (DAaKTOPOB Ha OMOAOrMyeckoe pasHoobpaswe,
TA€ Ha OCHOBE 3KOCMCTEMHOro aHaam3a m [MC-TexHOAOrMM OrnpeAeAeHbl HamboAee BaXkHblE AASI
coxpaHeHus 61MopasHO0Opa3ns yuacTku, ONpeAeAeHbl rpaHuLbl pe3epBaTa.

YuutbiBasi, uto B 3anaAHo-KazaxcTtaHckon 06AAcTM B HacTosllee Bpemsi OTCyTCTBYIOT 0co60
OoXpaHsieMble TPUPOAHbIE TEPPUTOPMM CO CTPOrMM  PEXMMOM OXPaHbl, OpraHu3aums HOBOro
NMPUPOAOOXPAHHOIO YUPEXKAEHMS MO3BOAUT B MOAHOM Mepe He TOAbKO 06ecrneunTb COXpaHeHue
BOCCTAHOBAEHME CTEnHOro 61MopasHoobpasusi permoHa, HO M YAyYLNTb COLMAAbHO-3KOHOMMYECKMe
YCAOBMSI Yepe3 CO3AaHME AOMOAHUTEAbHbIX PabouMx MECT, pa3BMTME 3KOAOTMYECKOro Typusma M
T.A. B 3HauMTeAbHOM cTeneHn 3ToMy OyAeT crnoco6CTBOBaTb CO3AAHME KPYMHOIO rOCYAAPCTBEHHOMO
npupoAHoro pesepata «bokeiopaa» 1 KOMMNAEKCHOrO roCcyAapCTBEHHOrO MPUPOAHOMO 3aka3HuKa Ha
3anaae 3anaaHo-KasaxcraHckom o6AacTu.

KAtoueBble cAOBa: pacTuTeAbHble COOOLLEeCTBA, 0COOO OXpaHsiemble MPUPOAHbIE TEPPUTOPUH,
crenu, buopasHoobpasmne, hAopa, MECTOOOUTAHUE, IKOCKCTEMA.

Salikhov T.K., Tynykulov M.K., Salikhova T.S

L.N. Gumilyov Eurasian National University,
Kazakhstan, Astana, e-mail: salikhov_tk@enu.kz; tuatai_76@mail.ru

Significant, representative and unique plant communities
of the projected state nature reserve «Bokeyorda» in West Kazakhstan region

This work is devoted to the problems of environmental protection in Kazakhstan by the example of
the ongoing project, which shows the results of the scientific justification for the projected state nature
reserve «Bokeyorda» in the West Kazakhstan region.As a result of the research, the current state of the
vegetation cover was studied and the presence of unique and significant plant communities in the ter-
ritory of the projected state nature reserve «Bokeiord» of the West Kazakhstan region was identified to
preserve the habitat of rare and endemic species of biodiversity throughout the region. The studies were
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3Ha‘H/IMLIe, PEIPE3CHTATUBHBIC U YHUKAJIbHBIC PACTUTCIILHBIC coonecma MPOCKTUPYEMOTO TOCYJapCTBEHHOTO ...

carried out within the framework of the project of the Government of the Republic of Kazakhstan and the
Global Environment Facility of the United Nations Development Program «Conservation and Sustainable
Management of Steppe Ecosystems», aimed at increasing steppe ecosystems.

The monitoring sites have been bookmarked with the application of their data to the topographic
map and the GPS data on the sites have been recorded. The mapping of the habitats of key plant spe-
cies, assessment of the impact of negative factors on biological diversity has been carried out. Where
on the basis of the ecosystem analysis and GlS-technologies are identified the most important areas for
biodiversity conservation, the boundaries of the reserve are defined.

Given that currently in the West Kazakhstan region there are no specially protected natural areas
with strict protection regime, the organization of a new environmental institution will allow not only
to ensure the preservation and restoration of the steppe biodiversity of the region, but also to improve
social and economic conditions through the creation of additional workers Places, development of eco-
logical tourism, etc. To a large extent this will be facilitated by the creation of a large state nature reserve
«Bokeyorda» and a complex state nature reserve in the west of the West Kazakhstan region.

Key words: plant communities, specially protected natural territories, steppes, biodiversity, flora,
habitat, ecosystem.
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bartbic KasakcraH o06AbICbIHAQ X0bGaAaHFaH «bekelopaa»
MEMAEKETTIK TaOUFU pe3epBaTbIHAAFbl MaHbI3AbI, OKIAAIK JKdHe
Gipereit ecimMAiKTep KaybIMAACTbIKTapbl

ByA FblAbIMM 3epTTEYAED XKYPri3iAin OTbipFaH )06a MbiCaAbiHAA Ka3akCTaHHbIH KOpLUaFaH OpTachIH
KOpFay MaceAeAepiHe apHaAFaH. byA )kymbicTa baTbic KasakcTaH 06AbICbIHAQ >kobanaHFaH «bekeropaa»
MEMAEKETTIK TabuFn pe3epBaTbiH FbIAbIMM 3€PTTEY HEri3AEMECi KEATIPIATeH.

Batbic KasakcraH 06AbICbiHAA )KOOaAaHFaH «bekenopaa» MEMAEKETTIK TabUFK pe3epBaThiH 3epTTey
HOTUXKECIHAE OCIMAIKTEPAIH Kasipri Kesaeri xan-KyiiH 3eptTen, 6ipereit >xaHe MaHbI3Abl 6CIMAIKTED
KQybIMAQCTbIKTapbl aHbIKTan anMaKTafFbl CUPeK >K8He DHAEMMUKAAbIK, OMOAOTMSIABIK, aAyaHTYPAIAITiH
MEKEHAEY OpTacblH cakTay. fblAbiIMM-3epTTey >XymbicTapbl KasakcrtaH Pecry6avkacbiHbiH, YKiMETI
asiCbIHAQ XaHe FaAaMAbIK, BKOAOTUSIABIK, KOP «AaAaAblK, SKOXKYMEAEPAT CaKTay MEH OPHbIKTbI Gackapy»
BipikkeH YATTap ¥ibiMbIHbIH Aamy BafaapAamachl apKbiAbl AaAa SKOXKYMEAEpPiH apTTbipyFa GaFbiTTaAFaH.

TonorpadmsaAbIK, Heri3iHAe OAQpPAbIH, AepeKTepPiH KOAAAHY XaHe nAaaTdopmaapAa xasbiaraH GPS
AEpeKTEPMEH BHAIPIAreH KOMbIHABICBI MOHUTOPUHT yYackeAepi >kacaAblHAbI. Herisri eciMaiK TYpAepiHiH
TIPLWIAIK €Ty opTacblH KapTara TYCipy. BMOAOrMAABIK, BPTYPAIAIK TypaAbl Tepic hakTopAapAbIH 8cepiH
Garanay. DKOXYMEAIK Taaaay >keHe TAXK TEXHOAOrMSCHI Heri3iHAE BpaAyaHABIABIKTbI CaKTay YLUiH eH
MaHbI3AbI yYackeAepi MeH pe3epBaThbl LeKapaAapbl aHbIKTaAAbI.

Barbic KasakcraH 06AbICbIHAQ Ka3ipri yakblTTa KOpFayFa KaTaH peXKMMAEri elkaHAa KOpFaAaTbIH
ayMakTap >KOKTbIFbIH eckepe OTbIPbIM, >KaHa dKOAOTUSIAbIK, MEKEMEAEPAIH, YABIMAACTBIPY TOAbIFbIMEH,
06AbIC AaAa BMOBPTYPAIAIKTI CakTayAbl XKOHE KAAMbIHA KEATIPYAI KaMTamachl3 €Ty yuliH FaHa emec,
COHbIMEH KaTap KOCbIMLLIA >KYMbIC OpPbIHAAPbIH KYPY apKbIAbl 9AEYMETTIK-3KOHOMMKAABIK, >KarAanblH
)KaKCapTy OpbIHAAPbI, T.6. 3KOAOTMSIABIK, TYPU3MAIT AaMbITY, OyFaH eABYIp YAKEH ABpEXXe HOTUXKECIHAE
YAKEH MEMAeKeTTiK Taburu pesepBaTbiHbiH «bekeliopaa» Kypy >keHe batbic KasakcTaH 06GAbIChIHbIH
6aTbICbIHAQ KELIEHAT MEMAEKETTIK TabUFK KOPbIKLIACHI bIKMaA €TeTiH 60AaAbI.

TyHiH ce3aep: eciMAIKTEp KaybIMAACTbIKTApbl, epeKlle KOpFaAaTblH TabWFM aymakTap, Aasa
anmarbl, GMOAAYaHTYPAIAIri, (pAOpa, MEKEH OPTachl, IKOXKYHe.

BBenenue

CoxpaHeHne OHOJOTMYECKOI0 pa3zHOoOpasus
9KOJIOTUYECKUX CHUCTEM, YHHKAJIBHBIX MPUPOIHBIX
KOMILJIEKCOB, OOBEKTOB  NPHUPOTHO-3AMOBEIHO-
ro ¢oHAa, KyJIbTypHOIO M NPUPOAHOTO HACIEAUs
PecnyOnukm Kazaxctan — ofjHa M3 BaKHBIX 3aj]a4
rocysapcTBa Ha COBpEMEHHOM 3Tane. B nensax co-
XpaHEHUS ¥ BOCCTAHOBJIECHUS OMOJIOTHUYECKOIO
pasHooOpa3usi M EeCTECTBEHHBIX OJKOJIOTHYECKUX

cucreM Ilocranosnenuem IIpaBurenscrBa Pecmy-
6muku Kazaxcran onodpena «Konuenuus pa3Butus
M pa3MelieHrs, 0co00 OXpaHSAEMbIX MHPHUPOIHBIX
tepputopuii Pecnyonuku Kazaxcran g0 2030 r.»,
HalpaBJIeHHAas HA COXpPaHEHHE OHOJOTHYECKOro
paszHooOpasus, ompezeNieHHass HAcTOsImEeH KOH-
Lenuuend — 3To, MPEekIe BCEro, COXPaHEHUE BCETO
MHOTr000pa3usi MUKPOOPIaHU3MOB, PaCTUTEILHOTO
U JKUBOTHOTO MHpPA, a TaKXKE €CTECTBEHHBIX 3KO-
JIOTUYECKUX CHUCTEM, HEJOMYLICHUE UX IOTEPh B

94 Bectauk KazHY. Cepust sxonorudeckas. Ne2 (51). 2017



Camuxos T.K. u T.1.

pe3yibTaTe XO3sIMCTBEHHOM U MHOHM JEesSTEIbHOCTU
(Kontenmuu pa3BUTHS B pa3MEIICHUS 0CO00 0Xpa-
HSI€MBIX TIPUPOJHBIX TEPPUTOPHUH. .., 2000).

[IpuponHsie TEPPUTOPUN JOTKHBI OBITH 3aIIH-
IIeHBI OT PAa3IMYHBIX PUCKOB, TaKMX, KaK 3arps3-
HEHUe, OTpaBJIeHHE PacTeHHH, HaJIN4HUe OMACHBIX,
JUKUX )KUBOTHBIX U Ap. Bce mpupoansie pecypcesl,
SBIISISICh  HOCHTENSIMHA DJHEPTrUu W WH(OpMaImm,
BBICTYNAIOT B POJU TYPUCTCKO-PEKPEarlmOHHbIX
pecypcoB HIMpOKoro auanazoHa. Hamwuwme mnpu-
POIHBIX PECYPCOB SBISIETCS TEPBBIM YCIOBHEM
pa3MeneHus: Mporu3BOAUTEIBHBIX CHUJI Ha TEPPUTO-
puu pernona. KonnuectBo, kadecTBO U cOUETaHHE
PECYPCOB OTPENEISAIOT MPUPOTHO-PECYPCHBIN TT0-
TEHIMAJl TEPPUTOPUH, KOTOPBIH SBISETCS BasKHBIM
(akTOpOM pazMelICHUs] HACEICHUS U XO31CTBEH-
HOH JeaTenbHOCTH. [IpupoagHo-pecypCcHbIl MOTEH-
muan cdepsl TYPUCTCKO-PEKpPEAIlMOHHBIX yCIyT
OKa3bIBacT BJIMSHUE HA €€ PHIHOYHYIO CIICLHANIN-
3aIfI0 ¥ MECTO B TEPPHUTOPHAIBLHOM pa3JeiIeHHUH
TpyJa.

B nacrosiiee Bpems cuctemMa 0cobo oxpaHsie-
MBIX TIPUPOJIHBIX TeppUTOpHUit 3anagHo-KazaxcraH-
CKOI1 06J1acTH pe/IcTaBlIeHa 3-MsI FOCy1apCTBEHHBI-
MU MIPUPOAHBIMU 3aKa3HUKAMH PECIyOJIMKaHCKOTO
3HadeHus U 7 OOIIT obmacTHOTO 3HAYEHHS, CyM-
MapHas IUIOHIa b KOTOPBIX cocTaBnseT 188,7 Toic.
ra man 1% ot Bcel momann obixactu. Bmecte ¢
teM, B obmactu otcyrcTBytor OOIIT co crporum
PEKHMOM OXpaHbl U CO CTaTyCOM IOPHUAMYECKOTO
muna (Ilerpenko, 1998).

MaTepnanbl U METOJAbI HCCJICAOBAHUSA

Opranm3amusi pesepBara B MeCTax OOWTaHHS
YPaIbCKOHW TMOMYJISIUA CaUTakOB OCOOCHHO aKTy-
anbHa TOCJe CiIydas MacCoBOHM r'mOesln OT macTe-
pemre3a 12 teicsd ocobeit B mae 2010 roga u 6oiree
400 ocoGeii B mae 2011 roaa, B pe3ynbraTe KOTOPO-
IO YUCJICHHOCTH MOMYJISALUHN COKpaTHiach ¢ 39 Thic.
1o 27 teic. ocobeit (Otuer, 2011).

Lens uccrnenoBanusi: U3y4eHHE COBPEMEHHOTO
COCTOSIHUSI PACTUTEIBHOTO TIOKPOBA, BBISBIICHUE
HAJIMYMS YHUKAJIBHBIX W 3HAYMMBIX PACTHTEIHHBIX
COO0OIIECTB HA TEPPUTOPHHU MTPOSKTHPYEMOTO I'OCY-
napctBenHoro npupoanoro pesepsata (I'TIP) «bo-
keopma» 3amagHo-KazaxcraHckod o0iacTh s
COXpaHCHUSI MeCTa OOMTaHUS PEAKUX M IHIACMHUY-
HBIX BUIOB OMOpa3HOO0pasus BCETO PErHOHA.

HccnenoBanus BHIMONHAIUCH B PaMKaxX MPOEK-
ta [IpaBurensctBa Pecnyonmku Kazaxcran u ['no-
OanmpHOTO 3KONOTMUEcKoro (ouna Ilporpammoit
pasputusa Opranmzanun OObequHEeHHBIX Harmit
«CoxpaHeHue U yCTOWYHMBOE YTpaBJIEHUE CTEITHBI-
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MU JKOCHCTEMaMH», HAIpPaBICHHOTO Ha YBEJIHYe-
HHE CTEITHBIX DKOCUCTEM.

B komiuiekce MpoOBEICHBI T'e000TAHUYUECKHUE,
(hmopucTHYECKHE U AKOCHCTEMHBIC UCCIICIOBAHMS Ha
MIPOCKTHON TEPPUTOPUH C FKCITOJIH30BAHUEM OOITIe-
NPUHATBIX MeToMK (AHAapromeHko, 1958; Anexuw,
1983; Jlap6aesa, 2002; MeTtoauveckue ykazaHHs O
BeJCHUIO JleTormrcH mpupoIsl B 0CO00 OXpaHIeMbIX
NPUPOJHBIX TEPPUTOPUSIX CO CTATyCOM FOPHUJINYC-
ckoro juia, 2007; Camuxos, 2016; Salikhov, 2016;
Atasoy, 2014; Galay, 2014; Charles, 2010; Massenov,
2017; Mendybayev, 2015; Cxusiperko, 2012; Shanin,
«Biology Bulletin,» 260-268; KpacHast kaura Kazax-
ctaHa, 2010). I[IpousBenena 3akianka MOHUTOPHHIO-
BBIX IIIOIIA0K C HAHECEHHEM MX JAHHBIX Ha TOITOC-
HOBY 1 3aukcupoBanbl GPS-maHHbBIE IO TUIOMIAAKAM.
[IpoBemeHo kapTHpOBaHUE MECT OOUTAHMS KITFOYEBBIX
BUJIOB PACTEHUM, OLIEHKA BO3JIEHCTBUSI HETaTUBHBIX
(hakTOpoB Ha OHOJIOTHYECKOE Pa3HOOOpa3He.

PeSyJIl)TaTI)I u oﬁcyswle}me

[Ipoextupyemas Ttepputopust ITIP «bokei-
opJa» pacrojiokeHa Ha 3amajae 3amagHo-Kazax-
CTaHCKOW oOmactu B mpexaenax teppuropun Ka-
HHOekckoro, bokeiopauHckoro, KasramoBckoro
paiionoB. OO1ias mioma b UCCIEIOBaHHOTO PEru-
oHa cocrtaBisieT 690,929 TrIC. Ta, wan okoio 4,5%
tepputopun obmactu (puc. 1). Teppuropus ['TIP
«boxkelop1a» pacIoioKeHa B CEBEpO-3amaJ HON Ja-
ctH [Ipukacnuiickoil HUI3MEHHOCTH.

[To xapaktepy penbeda oHa IPEACTABISAET TOY-
TH TIOJIOTO-TIOCKYIO U CITa00BOJIHHUCTYIO PaBHUHY
CO CIIa0bIM HAKJIOHOM K IOTY. DJTa paBHUHA TpE/-
CTaBJIEHA MECTaMHM 3alaJIiHAMH, CCOPAMH W JIPEB-
HUMU pycJaMu BPEMEHHBIX BOJOTOKOB. Ha Teppu-
TOPUU TPUPOIHOTO pe3epBara THAporpaduieckas
ceTh pa3BuTa BechMa ciabo. Ha BocToke mpoek-
TUPYEMOW TEPPUTOPUHU MPOTEKAET peKa AIbIO3eK
C HECKOJIBKUMH TIPUTOKAMH, CPEIH KOTOPHIX Hau-
Oosee kpymHble — mpaBoOepekHbie mpuToku lle-
pembercaii, Tarkencaii, XKamancaii, Oanka Actay-
cairal, peka beprrapai; neBoOepeKHbBIC MPUTOKU
— Konnmer6aiicait, Tepekcaii, BaeBaromme B KpyImrHOE
03epo Apaicop. B cBsizu ¢ 4acThIM uepeoBaHHEM
YCIIOBHI TMMOYBOOOPAa30BaHUS, TIOYBBI TEPPUTOPHH
OTIIMYAIOTCS OOJBIIOW TIECTPOTOM W MO3aWIHO-
CTBIO, & TAK)KE KOMIUIEKCHOCTBIO. OJTHAKO B TIpejie-
JaxX OT/AETBHO B3STHIX YacTel Tepputopuu Oymy-
IeT0 MPHUPOTHOTO pe3epBaTa Ha BOAOPA3ICIHHBIX
MPOCTPAHCTBAX OTMEYACTCS BBIPAKCHHOE IPeO0-
JaJlaHue 30HATBHBIX THUIIOB ITOYB — OOBIKHOBEHHBIX
KaIlITAHOBBIX, CBETJIO-KAINTAHOBBIX M OYypHIX (AH-
JIPIOIICHKO, 1958).
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Pucynox 1 — Kapra npoextupyemoro I'TIP «boxketiopaa»
SananHo-Kaszaxcranckoi odimactu

Tepputopuss TPOEKTHPYEMOTO TOCYAapCTBEH-
HOTO MpHUpPOAHOTO pe3epBaTa «bokeiopaa» 3aman-
Ho-KazaxcraHckoil 00iacTu pacroyiokeHa B JIByX
MIPUPOJIHBIX 30HAX CTEITHOW (TTO/A30HA MOYKyCTap-
HUYKOBO-/IEPHOBUHHO3JIAKOBBIX  OITYCTBIHEHHBIX
CTeleil Ha CBETJIO-KALITAaHOBBIX IOYBaX) W Iy-
CTBIHHOM (CeBepHas MOA30HA MOJIBIHHBIX W MHOTO-
JIETHECOJISIHKOBBIX IMYCThIHb Ha OYpBIX MOYBAX).
Cesepnas yactb Tepputopun I'TIP «bokeliopaa» B
CTEIHOM 30HE, a F0KHAas B MyCTHIHHOM.

B cucreme GoTaHHKO-TeOrpauuecKoro pano-
HupoBanus tepputopust I'TIP «bokeliopaa» mnpen-
craBieHa EBpoasnaTckoit cremnoit u Appo-Asnar-
CKOM IyCThIHHOM oOnacTsiMu. CTernp MpecTaBieHa
HauOosee 3acCylUIMBON MOM30HOW — 3aBOJDKCKO-
Kazaxcranckoit  MojayKyCTapHUYKOBO-JEPHOBHH-
HO3JIAKOBO! OITyCTBIHEHHOM CTEIbIO, K KOTOPOH
OTHOCSTCS CEBEPHAs YacThb TEPPUTOPHIA, a IMyCThIHS
— HauMEHee 3aCyIJIMBOM CeBepo-3alajHON OKpa-
nnoit Ilpukacnmiickoit mpoBuHIE CeBEpOTypaH-
CKOM OCTENTHEHHOM MyCTHIHEH, K KOTOPOM OTHOCHUT-
cs1 OompImas 9acTh llpukactuiickoit HU3MEHHOCTH.
CrenHble COOOIIECTBAa OTIIMYAIOTCS 3HAYUTEILHBIM
¢dnopuctryeckuM pazHoodOpasueM. B ux cocrase
MIPUXOIUTCS HAOTIOMATh (PUTOIICHO3HI, CIIOKCHHBIC
KaK TUITUYHBIMHA OOUTATEIISIMU CTENe, TaKk U pacTe-
HUSIMH, HaXOJAIIMMHUCS Ha TPaHMLIE CBOETO apeaa.
Ee pacturtenbHblil TOKPOB UMEET YEPThI, XapaKTep-
HBI€ 711 9TOH MTOA30HBI — B HEM JJOMUHHUPYIOT IEPHO-
BHHHBIC 311aKku (Stipa sarentana, Festuca valesiaca,
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Agropyron desertorum), u c OONBIINM OOWIH-
€M BCTPEYAIOTCS TONyKyCTapHUUYkH (Artemisia
lerchiana, Artemisia pauciflora, Kochia prostrata)
(JIaBpenko, 1954; Salikhov T K., 2017; CadpoHona,
2005; Goncharova, «Russian Journal of Ecology,»
309-316; Lisetskii, «Biology Bulletin,» 169-176).
[TomMuMO 3TOro0, pacTUTENBHBIN MOKPOB U3y4aeMOH
TEPPUTOPUH XaPAKTEPU3YETCSI KOMIUIEKCHOCTBIO,
00yCII0BIEHHON KOMIUIEKCHOCTBIO TIOUB, U PACIIpPO-
CTpaHCHHEM TaJOo(PUTHBIX COOOIIECTB, OTINYAIO-
IIUXCSI BBICOKUM Pa3HOOOpa3HeM.

Hamm moneBble 00cnenoBaHusl IOMOIHSIOT
JTaHHBIE UCCIICI0BAHUS HOBBIM (DAKTUUECKUM MaTe-
puanom. [Ipu mpoBeeHNH MOJIEBBIX PAOOT HCIOIb-
30BAJIMCH OOILETPUHSTHIE U YTBEPKICHHBIE METO-
IUKH TeoboTaHmdeckux ucciemnoBannii (Olonova,
«Zhurnal Obshchei Biologii,» 64-69; Tchebakova,
«Biology Bulletin,» 570-578; Polyakova, «Russian
Journal of Ecology,» 207-210).

3aKOHOMEPHOCTH pPAaCHpEeACICHUSI PaCTUTEIhb-
Horo mokpoa Ha Ttepputopuu [TIP «boxeiiop-
J1a» BBIMJIAIAT cienyromuM odpasoMm. Teppuropus
I'TIP «boxkeliopna» ciaabo pacuieHEeHa CHCTEMOU
0aJoK, OBparoB M MX MHOTOYHCIICHHBIMH OTBEPIL-
KaMu. banku u oBparu TSHyTCSI C ceBepa Ha 10T U
OHU SIBJISIFOTCSI IPUTOKAMH peku Amipio3ek. [Touo-
00pasyromye mopoJibl OTHOCSATCS K YeTBEPTHUHBIM
OTJIOKEHUSIM KOHTHHEHTAIbHOTO IPOUCXOXKICHUS
W TIpeACTaBJIEHBI JKENTO-OyphIMU KapOOHATHBIMU
TTIUHAMU U TSOKETBIMH cyrnuHKamu. [louBooOpa-
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3YIOIUMH TIOPOJIaMHU TI0 THUINAM 0OalloK U OBParoB
SIBJISTEOTCS QJUTIOBHAJIBHBIE OTIIOKEHUS (pHC. 2).

Nerenpa
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123456789
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Pucynox 2 — Kapra pacrurensnoctu I'TIP «bokeiiopna»
3amagno-Kazaxcranckoil obnmactu

JIOMUHUPYIOIIMMH ~ SIBJISIFOTCSL  PACTUTENIBHBIC
coo0mecTBa ¢ mpeoOiaaHueM IEPHOBUHHBIX Y3-
KOJIMCTHBIX 371aKOB. PacTeHust CTEMHBIX COOOIIECTB
MPUYPOYCHBI K KAIlITAaHOBBIM CYIJIMHUCTBIM I10O-
yBaM. B pacTUTENbHOM TOKpPOBE MpeodIaaroT
JICPHOBUHHBIC 3JIaKHU, CPEAM HHUX JIOMHUHAHTaMH
ABISIFOTCS KOBBUIb BosiocaTHk (Stipa capillata L.),
koBbUTh Jleccunra (S. lessingiana Trin. & Rupr.),
oBcsiHUIA Banmucckas (Festuca valesiaca Gaudin).

Bo Bnaxsbple TOIBl OYCHb OOMJICH MSTIIHK JIy-
KOBHYHEIN (Poa bulbosa) Ha COJOHIIAX MHUKPOIIO-
BBIIICHUI M KaIlITAHOBBIX MMOYBAX MHKPOCKJIOHOB.
ITo xapaxTepy penbeda TeppuTopus 00CICIOBAHHS
MIPEJICTABIIICT COOOH BONHUCTYIO PaBHHUHY, HHOT/IA
U3pe3aHHyo casMH. [1axOTHBIX 3eMelb 371ech He-
MHoro. HejoctaTouHoe KOJIMYEeCTBO OCAIKOB SIBIISI-
€TCsl MPENSATCTBUEM IS 3eMJISIEIHS, XOTS TIPUTO/-
HBIX I10 peJibe()y U MOUBEHHBIM YCIOBUSM YYaCTKOB
JIOBOJIbHO MHOTO. Hambosiee pacnpocTpaHeHHBIMU
CTETHBIMH COOOIIIECTBAMHU Ha PaBHUHE SIBIIAIOTCS:
Festuca valesiaca-Poaceae, Festuca valesiaca-
Artemisia Agropyron-Poaceae coobmectBa. Ha
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3alie)Kax BBUICISIOTCS KUTHSKOBBIE COOOIIECTBA
¢ cyOnoMuHaHTOM Artemisia austriaca. 31ech K
KaIlITAHOBBIM U CBETJIO-KAIIITAHOBBIM TIOYBaM IPH-
YpOUYCHBbI KOBBUIKOBBIE (OpMaluu ¢ HeOOraThiM
CTEITHBIM pa3HOTpaBheM. Hambomee dwacTel Stipa
lessingiana — S. capilata, S. Lessingiana — Festuca
valesiaca coobiiectBa. Ha KalTaHOBBIX CHIIBHO
COJIOHIIEBATO-COJIOHYAKOBBIX IMOYBAX BCTPEYAIOT-
csl OTACTBHBIMH HEOONbIIMMHU (parmeHTamu dop-
MaluMu TpyAHUUbl MoxHatou (Crinitaria villosa).
Onn mnpencraBieHsl  Crinitaria villosa-Festuca
valesiaca, Crinitaria villosa-Tanacetum achilleifo-
lium (Bieb.) Sch. Bip-Caragana frutex (L.) C. Koch
cooOmiecTBaMu. B CIOXKEHUU PACTUTENBHBIX CO-
OOIIECTB TakK e y4acTBYIOT Agropyron cristatum
(L.) Beauv., Artemisia. lerchiana Web. ex Stechm.
Cpemu OOWJIBHOTO KpPAacOYHOTO PAa3HOTPaBbsl OT-
meueHsl Dianthus leptopetalus Willd., Filipendula
vulgaris Moench, Fritillaria meleagroides Patrin ex
Schult. et Schult. fil., Galium verum L., Matricaria
perforata Merat, Medicago falcata L, Salvia step-
posa Shost., S. tesquicola Klok. et Pobed., Trifoli-
um arvense L., T. medium L., T. montanum L., Vicia
cracca L., Verbascum lychnitis L., pso agpemepou-
006 Adonis wolgensis Stev., Gagea lutea (L.) Ker
Gawl., G. minima (L.) Ker-Gawl., G. pusilla (F.W.
Schmidt) Schult. et Schult. fil., Iris pumila L., Tulipa
schrenkii Regel, T. biebersteiniana Schult. et Schult.
Fil v npyrue BUIBIL.

KotnoBrHa 03. Apajcop pacroyioxeHa Ha rpa-
HUIIC TOJIYNYCTHIHHOM W TMYCTHIHHOW OOTaHUKO-
reorpaduIecKoi 30H. 3a CYET CHIIBHOTO 3aCOJICHUS
JTHHIIA KOTJIOBUHBI 37IeCh BCTPEYAIOTCSl PACTUTEIb-
HBIE COOOIIECTBA, CII0KECHHBIC BUAMH OOJIUTaTHBIX
rao(UToOB U3 CEMEHCTBA MapeBbIe, HITH JIEOSOBBIC
(Chenopodiaceae) — pacTeHuii, mprUCIOCOOTCHHBIX
K KM3HH Ha COJIOHYaKax. THIMHYHBIM TalOPUTOM,
JIOBOJILHO IIHUPOKO PACIPOCTPAHEHHBIM HA TEPPH-
topuil I'TIP «boxkeliopia» SIBISETCS COJEPOC €B-
poneiickuii Salicornia europaea L. — ogHoneTHee
TPaBSHUCTOE CYKKYJICHTHOE PAaCTeHHE, HMEIoIee
BOJI03aIacamlnylo TKanb B credne. [Ipopacranue
CEeMsIH COJIepoca 4YacTO HaUMHAETCsl BECHOM 0] BO-
JIOM, KOI/1a COOTBETCTBYIOIIUN YYAaCTOK MOBEPXHO-
CTH KOTJIOBHHBI €IlIe TIOKPBIT CIIOEM COJICHOH BOJIBI
iryounoit o 0,5 m. [ToGeru conepoca eBporieiicko-
r'0 MpPSIMbIE WJIH PACpPOCTEPThIC, YICHUCTBIC, COY-
HbIE, CYPOTUBHO BETBAIIUECS, HECYT CHIIBHO Pey-
LIMPOBaHHBIC U [TOYTH HE 3aMeTHbIE JIUCThA. K oceHH
pacTteHust coiepoca 0OBIYHO CHIILHO KPACHEIOT.

B cocTaBe conepocoBbIX cOOOIIECTB COBMECTHO
C 3TUM JIOMUHUPYOIIUM BHJIOM BCTPEYAFOTCS CBE/Ia
B3ayTOIUIONHAs Suaeda physophora (Pall), Sweda
acuminata (S.A.Meyer) Mogq., Atriplex verricifera
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Bieb., Halocnemum strobilaceum (Pallas) Bieb.,
Ofaiston monandrum (Pallas) Mog. 1lo Bepxaemy
Kparo CKJIOHOB O3€PHOM Teppachl Ha HAPYIICHHBIX
ITOYBEHHBIX IOBEPXHOCTSIX, OOBIYHO TIO OKpPaWHE
OCTETMHEHHBIX  3JIAKOBO-Pa3HOTPABHO-COJIOAKOBBIX
JIYTOB BCTPEUAIOTCS OJJMHOYHBIC SK3EMIUISAPHI CEIU-
tpsauku loGepa Nitraria schoberi L. (Nitrariaceae).

B cocraBe maHHOTO COOOINECTBA OTMEYEHO
23 Buma. OcHoBHOU (oH coznator Chenopodium
album L. n Artemisia absinthium. ACUEKT KenTo-
3CJICHBIH. B JIepXOIMOIBIHHEIX COOOIIECTBAaX B Ka-
YECTBE COJOMHUHHPYIOIINX BUIOB IPUHUMAIOT y4a-
ctue Poa bulbosa, Kochia prostraia, Tanacetum
achilleifolium; obunenbl Ferula caspica, Prangos
odontalgica, Tulipa biebersteiniana, T. biflora,
Gagea  bulbifera,  Alyssum  turkestanicum,
Ceratocephala testiculata, Lepidium perfoliatum,
Filago arvensis, Bunpl pona Petrosimonia. Xu3z-
HEHHOE COCTOSIHHME PACTCHUH B OOJbINEH CTENCHH
xopouee. Ha jgHumax copa Apaicop Ha TakbIpo-
00pa3HBIX MOKPBIX COJIOHYAKAX PACIPOCTPAHEHBI
capca3aHHUKU. DKOJIOTUYECKUH psijl, HAYMHAS OT
PaBHHHBI, TPEICTABJICH CICIYIONIMMHU COO0IIeCTRa-
MH: MSTJIMKOBO-0EJIOMOJBIHHO-THIPCOBOE COOOIIIE-
CTBO, MOPTYKOBO-COJISTHKOBBIE COOOIIIECTBA, MST-
JTUKOBO-0EIIOTIOIBIHHO-KOKIIEKOBOE  COOOIIECTBO,
Pa3HOTPABHO-KEPMEKOBO-ITYCTHIHHO-)KUTHIKOBBIC
COOOIIECTBA HA CKJIOHAX, Pa3HOTPABHO-THIPCOBO-
TaBJIOTOBBIC COOOIIECTBA IO JIOTAM U COJIEPOCOBO-
capca3aHoBBIE COOOIIECTBA 10 OKPanHaM COPOB.

HauGonbiiee BugoBOE pa3sHOOOpa3ue B Jiorax
M OBpaXKax, WAYIIUX K CCOpaM, B CBSI3U C HX JI0-
MOJIHUTEIILHBIM YBJIakHeHueM. [lo joram u okpa-
MHaM OOpBIBOB PacCIpOCTpaHEeHA JPEBECHO-KyCTap-
HUKOBAasl PaCTHTENLHOCTh — Elaeagnus commutata,
Spiraea hypericifolia L., Rhamnus cathartica L.,
Tamarix ramosissima, Salix caspica.

Ha moBepXHOCTH MOYBBI OTMEUECHBI HAKHUITHBIC
nutmaitnuku — Diploshistes scruposus, Acarospora
schleicheri, mectaMu 00pa3yrOT acHEKT 3€JICHBIC
numaiHuky — Parmelia vagans, Parmelia ryssolea.
[To yioraM W CKJIOHaM OTMEYEHBI JOXJEBBIC TPH-
Ob1 — (¢emnopunus wumkoBaras (Phellorinia
strobilina), 3Be3mMOBUK YepHOTONOBBIN (Trichaster
melanocephalus) 1 MUIEHACTPYM TOJICTOKOXKHM
(Mycenastrum corium).

[lonmkenns n AHANIA OANOK 3aHSATHI JIyTOBOM
pacTUTENBHOCTEIO — Bromus inermis (Leys), Poa
pratensis L. VI3 pasHOTpaBbsl 3IeCh MPeo0IaatoT
Vicia cracca, Tanacetum achilleifolium, Thimus
marschallianus Wiulld, Salvia pratensis L., Poten-
tilla bifurka L, P. argentea L. v npyrue BUAbI.

Ha teppuropuun I'TIP «bokeliopaa» oTMedeHO
HaJIMYUe HE MCHee 4 YHUKAJIbHBIX U 3HAUUMBIX pac-

TUTEIBHBIX coo0mecTB. OHM NPEACTaBISIOT cOOOH
CBOe0Opa3HOe OPUTHHAIIEHOE OOTaHUKO-Teorpadu-
YecKoe SIBICHUE U BBITIOJHSIOT BAYKHYIO cpeioodpa-
3YIOLIYI0, BOAOPETYJIUPYIONIYI0, BOJOOXPAaHHYIO,
MOYBO3ALIUTHYIO U JIpyrue poiu. MIMeHHO 31ech B
pe3yJbTaTe MOBCEMECTHOM pachaiiku GpparMeHTap-
HO COXpaHWJINCH HEOOJBbIINE 3TAJIOHHBIC YYacTKU
MEPBO3/1aHHBIX 30HAJBHBIX CTEHHBIX KOMIIJIEKCOB
— ypouuie Illepembercaii, Terucrmiackas KoM-
TUIEKCHAsl CTelb, Apajcopckas cTenb, KapaoOuH-
CKasl TUITYAaKOBasi CTETIb.

[TosTOMYy mpobnemMa COXpaHEHHs 30HaJbHBIX
CTEMHBIX JIAHAMIA()TOB ABISETCS OCHOBHOM r€03KO-
nmorudeckoit 3amadert (YnbOmnes, 1999). Jlnsa ocy-
HIECTBJICHUSI ATOM 3a7auyll HEOOXOJMMBI CPOYHBIC
MEpHBI 17151 BBISIBJICHUSI 1 OPTaHU3allid OXPaHbl TEX
YYacTKOB 30HAJIbHBIX CTENHBIX KOMIUIEKCOB, €
elle COXPaHMINCh OCHOBHBIC YEPTHI MPUCYIIUX UM
NEepBOOBITHON PaCTUTENBHOCTH M dKUBOTHOTO MHUDA.
[l cTenHbIX MaMATHUKOB IPUPOBI IPELyCMaTpH-
BaIOTCsI pa3HOOOPa3HbIe PEKUMBI IPUPOIOTIOIH30-
BaHUsI C COXpaHEHUEM PEryJUpOBaHHOTO BbITIAca U
HE MCKJIIOYAIOLINE OTPAHNUYEHHOE CeHOKoLIeHue. B
COOTBETCTBHH ¢ IipescTaBienueM (JIeBbikun, 1997;
Sheremet’ev, «Zhurnal Obshchei Biologii,» 459-
483) 30HATBHBIMHA CTEITHBIMH ATAJOHAMHU CUHUTAIOT-
Csl yYaCTKH MPOCTPAHCTBA, B HAMOOJIBIIEH CTETICHN
OTpa’KarollMe THUIUYHBIC 30HAJBHBIC YEPTHI MO-
YBEHHOTO ITIOKPOBA M OMOTHI B YCIOBHUSIX IJIAKOPHBIX
MECTHOCTEH, XapaKTepu3yIOIIUXCcs IITyOOKHM 3aje-
raHUEeM TPYHTOBBIX BOJl U OTCYTCTBUEM 3HAYUTEb-
HOT'O CMbIBa U HAMBIBA MUHEPAJIBHOTO BELIECTBA.

[lomymycThlHHAs 30Ha MEHee IocTpajaja OT
pacnamek. OcoOEHHOCTH MPUPOTHOTO PasHOOOpa-
31U U YHHUKaJbHbIC NPHUPOAHBIE OOBEKTHI I103BO-
10T B npenenax reppuropuu I'TIP «bokeitopaa»
BBIJICJINTh YHUKAIbHBIC CTEMHbIC Y4YacTKU. YHH-
KaJbHbIE CTENHBIE YYaCTKU U IPYI'e YHUKAJIbHbIC
MPUPOIHBIE OOBEKTHI BBIIEICHBI HA OCHOBE KOJUICK-
tuBHON MoHorpaduu (Ilerpenko, 2001), a Taxxe Ha
OCHOBE HAIlIMX 3KCIECANLUOHHBIX HAOIIOACHHH.

Vpouume Ilepembercaii. Y aBTOMOOHIBHOM
noporu JKannbOek-TanoBka k 3amamy oT ayna Te-
THUCIIAJI B BEpPXOBbAX TpoToka lllepembercaii Ha
POBHOM CTEITHOM y4acTKe MPOU3PACTACT SHAEMHUK
tora eBpomneiickoil uactu Poccuiickoit @enepanuu,
3a"HecéHHbI B KpacHyto knury Kazaxcrana — maii-
kaparan Bosnkckuii (Calophaca wolgarica). Ito xy-
CTapHUKOBOE PACTEHHUE yKa3bIBACT Ha OOILYIO CBSI3b
MIPOMCXOXKICHHUS ITyCTBIHHO-CTEIIHBIX 3JIEMEHTOB.
JlexopaTBHOE 3aCyXOYCTOWYHBOE pPACTEHHE BbI-
coroii 20-100 cm cemeiicTBa 0000BbIX (Fabaceae).
BricTpo ucuesaer mnpu BCIAILKE U YPE3MEPHOM BBI-
race CKoTa, Io3TOMY TpeOyeT CTporoi oxpaHsl. Bun
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NPOM3PAcTaeT B BUIC HEOONBIINX KYPTHH, CHIBHO
HAIIOMUHAIOMINX 3apOCH TaBOJTH 3BEPOOOEITUCT-
HOH 10 cTemHbIM 3amaguHaM. OgHaKO MO TyCTOM
MOPOCIBI0 MallKaparaHa BOJDKCKOTO 3aMETHBIX JIJIst
rina3 MHUKPOIOHMXKEHUI He oTMmedeHo. Ilmomans
MIPOU3pacTaHusl OKOJIo 2 KM?, TeppuTopusi bopchin-
CKOro ayypHOro okpyra JKanumOekckoro paioHa.
Tun mamsaTHUKA — OOTAaHMYECKUH.

Terucmmickas KOMIUIEKCHast crenb. CTerHbie
y4acTKH o0pazoBaiuch Ha ckioHax [IpeaceipToBo-
To yCcTyna pa3HbIMH PacTUTEIBHBIMH COOOIIECTBA-
MU (puc. 3). Ha 3T0if Tepputopuu B pacTUTETLHOM
MOKPOBE JAOMHHHUPYIOT THUIYAKOBBIE COOOIIECTBA,
rae ux jpous cocrasiser 60-70%. Ha MuUKponoBsI-
HICHUSX TUITYAKOBBIE aCCOIMAINU Ha KalITaHOBBIX
COJIOHIIEBATBIX TOYBAX BCTPEUAIOTCA B KOMIUICKCE
C YEpHOTIOJBIHHUKUMHU Ha coyioHIle Menkom (10-
20%), a B 3amaJinHHAx — TABOJTa 3BepOOOEIUCTHAS
(Spiraea hypericifolia) ¢ eTUHHYHBIMA KyCTaMHU
KPYIIUHBI CIa0uTeNnsHOU (Rhamnus cathartica) Ha
myroBo-KamTaHoBbIX mouBax (10-20%). Bunosoii
COCTaB PACTUTEIBHOCTH MEHSIETCS B 3aBUCHMOCTH
OT TpeoONafaloNMX TPYNIHUPOBOK. B depHOIO-
JIBIHHBIX ACCOIMAIUSIX BCTpedaroTcsi kamdopocma
(Camphorosma monspeliaca), rpynauna (Linosyris
vulgaris), pomamauk (Tanacetum achilleifolium),
yepHasi NoJbiHb (Artemisia paucifiora) n 1.1. Cpe-
JIM 3apociieii TaBOJIrH OOBIYHBL: KUTHSK (Agropyron
desertorum), ToukoHor (Koeleria cristata L.), xo-
ctpert  (Bromus inermis), mouepHa (Medicago
falcate), rBo3puku (Dianthus) u apyroe pasHOTpa-
Bbe. XapaKTepHBIM TPEXWICHHBIM KOMILIEKCOM
SBIIIETCSl YYacTOK CTemed B 6 KM 3amajaHee ayJsa
Terucumi, Henaneko OT MOBOPOTa Ha 3TOT ayi C
Tpaccel JKannbek-Tanoska. [Imomanpe ygactka 5 ra,
Teppuropus bopceiHCcKOTrO aynpHOrO OKpyra YKaHu-
Oekckoro paiiona. Tun namsiTHUKA — TaHaIa(THO-
0OTaHMYECKUH.

KapaoOunckas tundakoBas crenb. Ha cesepo-
3anajge KasranoBckoro paiioHa, B MOJYIYyCTBIHHOM
30HE, C(hOPMHUPOBAINCH HA MOBBIIICHHBIX YIaCTKaX
IIpukacnniickoli HU3MEHHOCTU THUITYAKOBBIE CTe-
Y Ha KamTaHoBoW mouBe. OHM 3aHUMAIOT 3/1€Ch
OTPOMHYIO TEPPUTOPHIO C TOHWKCHHAMH (3ara-
IUHAMH), TJIe Pa3BUBAIOTCS PAa3HOTPABHO-3JIAKO-
BbIE C€OOOIIECTBA CO CTEMHBIMH KYCTapHHKAMHU
(TaBONTOM W MecTaMH KPYUIMHON CIaOWUTEIbHOMN)
Ha JIyTOBO-KAIITAHOBBIX TOYBax. Ha HEKOTOpPBIX
y4acTKax BCTPEYAIOTCSI BOJIOCATHUKOBO-THITYAKOBBIC
accolMaluy Ha KamTaHoBoM nouse. [IpoexTuBHOE
MOKPBITHE PACTHTEILHOCTH THITYAKOBBIX CTerel
cocraBisier 60-70%. llennHHBIE cTEmHBIE yyacT-
KM COXpaHWIHCh B 15 kM 3amannee ayma Kapaoba.
[Tnomazns 50 ra, reppuropus KapaoGuHCKOTO ayib-
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Horo okpyra Kasramosckoro paiiona. Tunm mamst-
HHKa — JaHaAmadTHO-00 TAHNIEeCKHIA.

Pucynox 3 — Terucmmickas KOMIUIEKCHAs CTEIb

Apancopckas crenb. OIHO U3 KPYITHEHIIINX CO-
JeHbIX o3ep 3ananHo-Kazaxcranckoit obmactu o3e-
po Apaiicop. O3epo uMeeT CeprnoBHIHYIO (OpMY,
Oepera KpyThble, OOPBIBUCTBIC, BHICOTOH 10 6-7 M.
Hlupuna o3epa xonednercst oT 3 no 8 km. [Ipowmc-
XO0XJICHHE COJICHBIX 03€P CBSI3aHO C COJICHOKYIOJb-
HOW TEKTOHUKOW. B 1leHTpanbHOM 1MOIyOCTPOBHOM
4acTU 03€pa PacrojoraeTcsi COJISTHOMW KyIon He-
OoubIIoi BbICOTHI. Ha 3TOM monyocTpoBe B X0je
COBMECTHOM AKIEAUIUH C COTpyJHUKaMu MHCTUTY-
ta ctenin YpO PAH B 2000 rosy BBISIBIIEH y4acTOK
FOXKHBIX OMYCTHIHEHHBIX CTEMed Ha OYphIX MOTYITY-
CTBIHHBIX TOYBax. [Ipeobnanaromias pacTUTeNbHAS
accolmanysi OeNoNOBIHHO-TTYCTHIHHOKUTHAKOBAS
¢ obunmem tronmenana lpenka (Tulipa schrenkii).
O6mas npoexTuBHOE OKpBITHE — 60-70%.

Ozepo Apancop TIMHUCTOE C BBIIOTAMHU CO-
nei. ITo mepudepun pa3BUBAIOTCS OJHONETHE-
COJISIHKOBBIE COOOIIECTBA C YYacTHEeM cojiepoca
eBporneiickoro (Salicornia europaea), cBell POX-
KOHOCHOH (Suaeda corniculata) w npocreptoit (S.
prostrata), obpaiicToHa OMTHOTEIYHHKOBOTO (Ofaiston
monandrum), MECTaMHi MOHOJIOMUHAHTHBIE 3apOCIIN
obpasyer knumakonrepa (Climacoptera brachiate).
Ha conmonvakax mo Oeperam TakXe BCTpPECUAIOT-
c1 M MHOTOJIETHE-COJISTHKOBBIE COOOIECTBa, 00-
pasoBaHHbIe TATO(GUTHBIME BHAAMHU: KyCTapHHY-
KOM capca3aHoM IIUIIKOHOCHEIM (Halocnemum
strobilaceum), nonykyctapHuukamu jebeaon 0o-
ponaBuaroii (Atriplex verrucifera). B roxxHO# Ha-
CTH 03epa PacipoCTpaHeHbl COOOIIECTBA MyCThIH-
HBIX KyCTapHHUYKOB — €KOBHHKa COJIOHYAKOBOI'O
(Anabasis salsa), nebenwl cemoii (Atriplex cana),
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cBeIbl B3y TOILIONHOM (Suaeda physophora), siBnsi-
FOIIUECS PEJIMKTOBBIMU HA JJAHHOU TeppuTopuu. [1o
KOpPEHHOMY Oepery o3epa pa3BHBAIOTCS THITYAKO-
BO-TBIPCOBOKOBBIJIBHBIE CTEIH C Y4acTHEM JIeOe bl
cenoui (Atriplex cana), HallOUBCHHBIC JTUITAWHUKH
nokpeIBatoT A0 60 % rmiomanu. Ha cononmax B co-
CTaBe IMOJBIHHO-IOMKOKOJIOCHHUKOBBIX COOOIIECTB
Y4acTBYIOT JIEPHOBHUHHBIE 3JIaKH U KCEPOPUTHBIE
MOIYKYCTaPHUYKH. OTH COOOIIECTBA SIBIISIFOTCS
MEePEXOIHBIMU OT CTEMHOr0 K IYCTHIHHOMY THILY
pacTHTENhHOCTH. B WX cocTaBe BcTpedaeTcs €XKOB-
HUK COJIOHYAKOBbIN (Anabasis salsa), kampopocma
MoHcnenuiickas (Camphorosma monspeliaca), a
TaK)K€ BU/Ibl HAIIOUBEHHBIX JUIIAMHUKOB. B 102kHOU
4acTH 03epa MOJYUHIN pa3BUTHE TIOHWKEHUS Kap-
CTOBOT'O IPOUCXOKJIEHUS C MBIPEHHON pacTUTEb-
HOCTBIO Ha JIyTOBO-OYPBIX MOYBAX, MUCIIOIH3yEeMbIe
T10JT CEHOKOC.

OTaloOHHBIN CTEMTHOW y4acTOK PACIIONIOKEH Ce-
BepHee 3uMOBKHM Illanabpikon B 7-8 KM, miiomanab
okojio 1,5 Teic. Ta, Teppuropus bucenckoro ayib-
HOro okpyra bokeiopauHckoro paiiona. Tum ma-
MATHUKA — JTaHITa( THBIA.

Kpome ocobeHHOCTEW MOYBEHHOTO MOKpPOBA M
penbeda, ycioBuil yBIaKHEHUS Ha 3aKOHOMEPHOCTH
pacnpezenieHie paCTUTETFHOCTH BIHSTHAE OKa3hIBa-
€T W aHTPONOTeHHHBIH (akTop. Bonbinoe BiusiHUE
Ha (OPMHPOBAHUE COBPEMEHHOT'O PACTHUTEILHOI'O
MIOKpOBa Ha TEPPUTOPUU pe3epBaTa OKaszal
WHTEHCUBHBIN BBINIAC CKOTA, KOTOPBIH, KaK IMPaBUIIO,
HAYMHACTCS paHHEH BECHOM U 3aKaHYMBACTCS
MO3JHEH  OCEHbI. 3HAYUTENbHbIC  IUIOLIAIU
9KOCHCTEM pErHoHa B pe3ysbTaTe€ HHTEHCHUBHOTO
n 0EecCUCTEMHOr0 MacTOMIIHOIO HCIOJIb30BaHMUS
COMTHI, 3aCOPEHBI SIMOBUTHIMH (HUTCETeK Anabasis
aphylla, necxypenus Descurainia Sophia), mi1oxo
noenaeMbiMi  (TIOJIBIHL ~ aBCTpHIACKast Artemisia
austriaca) pacTeHUSIMHU.

[Hupokomy pacmipocTpaHeHHIo COPHBIX
pacteHuii cnocoOCTBOBaJl OECCHUCTEMHBIN BBIOOD
MacTOWIIHBIX YYacTKOB TIOJ JIETHUH 3a0THBI
U CTOSHKU. [louTH €XEeromHo MEHSUIHCh WX
MECTOHAXOX/JEHUs, B pe3yJbTaTe 4Yero cendac
MOJIe3HAss  TUIOIIAAbh  MACTOWIN  3HAYUTEIHHO
cHu3mack. JIyroBele cOOOIIECTBA HCTIONIB3YIOTCS
ol CceHokomleHue. Ha HEKOTOpBIX yuacTKax

OCEHBIO U paHHEH BECHOMU BbImacaeTcsi CKOT. Takoe
HEYMEPEHHOE HCI0JIb30BaHHE JIYyTOBBIX TPABOCTOEB
nopoauiIo iebenoBbie cO0i, 00pa3oBaHHbIE IeOe 01
TaTapcKOH ®  A(PEMEPOBBIMH  TPYNIIHUPOBKAMH,
o0pa3oBaHHBIME JecKypeHuer u mariaukoM (MBa-
HOB, 1958).

DKoJIorn4ecKasi pecTaBpalds CTEHHbIX JaH[-
ma)ToB, B TOM YHCJIE BOCCTAHOBIJIEHHE THUIMYHBIX
CTEMHBIX M KYCTapHHKOBBIX IKOCHUCTEM, Oaiipau-
HBIX, KOJOYHBIX M TOHNMEHHBIX JIECOB, BOJHO-00-
JIOTHBIX Yroaui (3aKpeIuleHHE pa3BEeBaeMbIX Iie-
CKOB B I0KHOHM YacCTH UCCIIETYyEeMOM TEPPUTOPHH).

3akiaouenne

Opranuszanys U oCyIIEeCTBIEHHUE MTPOEKTa rocy-
JIapCTBEHOT0 MPUPOJHOTO pe3eprara «bokenopaa»
3amagHo-Ka3zaxcTanckoit obmacT crocoOCTByeT B
MEPCIIEKTUBE COXPAaHEHUE YHUKAIBHBIX IPUPOAHBIX
00BEKTOB M PEAKUX M MCUE3AONUX BUAOB pacTe-
HUI U KUBOTHBIX 3aHEeCeHHbIX B KpacHyro Kuury
Kazaxcrana, a Takke reo’KOJIOrHYECKYIO CTaOUIIb-
HOCTb B Ipejienax Tepputropuu 3amajaHo-Kazax-
CTaHCKOW o0acTy.

VYuuTsiBas, uro B 3anagHo-Kasaxcranckoi 00-
JACTH B HACTOAIIEE BpEMS OTCYTCTBYIOT 0cC000
OXpaHseMble IIPUPOIAHBIE TEPPUTOPUU CO CTPOTUM
PEKMMOM OXpaHbl, OpraHu3alysg HOBOTO NMPUPOIO-
OXPaHHOTO YYPEXKICHHUS TIO3BOJHT B MOJIHOW Mepe
HE TOJBKO 00ECIeYNTh COXPAHCHHWE U BOCCTAHOB-
JICHHWE CTEeMHOro OMopasHooOpasusi peruoHa, HO U
VIIYYIIUTh  CONMATBHO-DKOHOMHYECKUE  yCIIOBHS
4yepe3 CO3JaHue JIOMOIHUTENBHBIX pabouux MecT,
pa3BUTHE JKOJIOTMUYECKOro TypusMa M T.A. B 3Ha-
YUTEIHHON CTETeHN ATOMY OyNeT CIIOCOOCTBOBATH
CO3/1aHNE KPYMHOTO TOCYAapCTBEHHOTO MPHPOIHO-
ro pesepBata «bokelopa» 1 KOMIUIEKCHOTO IoCy-
JTAPCTBEHHOTO TPHUPOJHOTO 3aKa3HMKA Ha 3arajie
3ananno-Kazaxcranckoit obnactu.

K HacrosimeMy BpeMeHM Ha KpyMHEHIIEM KOH-
tuHeHTe EBpasuu tonpko Kazaxcran u MoHromus
00Majaf0T y4acTKaMu CTeredl W IONYIMyCThIHb B
€CTECTBEHHOM COCTOSIHMH, TE€PCIEKTHBHBIX IS
OXpaHbl M BOCCTAHOBIICHUS PEAKUX W MCUYE3aEMBIX
BHUIOB )XMBOTHBIX M PACTCHUHU, a TAKIKE IJId COXpa-
HEHUs SKOCUCTEM B LIEJIOM.
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BbIABAEHUE HAMBOAEE ONMTUMAABHOM CTEMEHU
M3MEAbYEHUS PYADbI AASI DODEKTUBHOIO M3BAEYEHNA 30AO0TA
MUKPOBUOAOTUYECKUM METOAOM

KasaxctaH, o6Aaaast AOBOAbHO BHYLUMTEAbHbIMM 3aracamu 30A0Ta, NMPOM3BOAMT OKOAO 20 TOHH
€XEeroAHO, UTo He oTBevaeT noTpebHoCTaM Pecnybamku. [NprurHa — HU3KOE M3BAEUEeHME 30A0Ta M3-3a
OTCYTCTBUSI HAAEXKHON TEXHOAOTMM U MOBbILIEHHOM YMOPHOCTU PYA Ka3axXxCTaHCKMX MECTOPOXKAEHUIA.

McrnoAab3oBaHMe TPAAMLMOHHBIX METOAOB MepepaboTKM PyA 3a4acTylo He AQeT >KeAaeMblxX
pe3yAbTatoB. LLIMPOKO M3BECTHble METOAbI OGMOOKMUCAEHMS Takxke He 3(PMEeKTUBHbI MO MpUYMHe
cneumurUeckon TOKCMYHOCTU Ka3aXCTaHCKMX PYA MO OTHOLLUEHMIO K aUMAOMDUAbHBIM MUKPOOPIraHU3-
Mam. B cBS3M C 3TuUM paspaboTka OpUrMHAAbHbLIX METOAOB GUMOOKUCAEHUSI PYAbl, OCHOBAHHbIX Ha
MCMOAb30BaHUM aGOPUreHHbIX LLITAMMOB, OCTAeTCS aKTYaAbHOM NPoB6AemMont. PaHee GbiAM OCYLLIECTBAEHDI
MOUCKM aumMAOUAbHBIX MUKPOOPraHM3MOB — aKTUBHbIX OKUCAUTEAEN 30A0TOBMELLAIOLLIMX MUHEPAAOB
Ha psiAe MecTopoXkaeHui KasaxctaHa M noAyyeHbl mx ahdekTrBHble accoumaumm. B HacTtosuee
Bpemsi 0TpabaTblBalOTCS MapameTpbl OGMOXMMUYECKOW TEXHOAOTMU M3BAEUYEHUS 30A0Ta M3 PYAbl
MecTopoxAeHust boabluesuk. Lleab HacTosuero muccaepaoBaHus — Bbibop HanboAaee ONTUMAAbHOM
CTerneHW W3MEAbUYEHUSI 30AOTOHOCHOM PYAbl MECTOPOXAEHMS BoAblIEBUK AAS 3(PdeKTUBHOro
M3BAEYEHMS 30A0Ta C MCMOAb30BAHNEM TEXHOAOMMM ABYXCTAAMAAbHOIO BbllLieAQUMBaHUS. B pesyabraTte
AQHHOTO MCCAEAOBaHUSI GYAET CAEAaH BbIBOA O HEOOXOAMMOCTM CBEPXTOHKOrO M3MEAbYEHUS PYAb,
4YTO MO3BOAWMT CIKOHOMWTb 3HEPreTMUeckure 3atpatbl. B paboTe MCMoAb30BaHbl TPAAMLIMOHHbIE
MUKPOBMOAOTMYECKME N TMAPOMETAAAYPIUUYECKME METOADI.

KAtoueBble cA0Ba: 6MOXMMIMUYECKOE BblllleAQuMBaHME, accoumalmmn 6akTepuil, TMOCYAb(AT, 30A0TO.
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Reviling of the most optimal ore disintegration scale for
effective gold extraction by microbiological method

Kazakhstan possesses impressive stocks of gold. But production of gold is for about 20 tons annu-
ally. It does not meet requirements of the Republic. The reason of this situation is in low extraction of
gold because of the absence of reliable technology and the raised persistence of the Kazakhstan deposits
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ores. The use of traditional methods of ores processing frequently does not give desirable results. Widely
known methods of biooxidation also are not effective because of specific toxicity of the Kazakhstan ores
in relation to acidophilic microorganisms. In this connection working out of original methods of biooxi-
dation of the ore, based on native strains use, remains an actual problem. Earlier searches of acidophilic
microorganisms — active oxidizers gold-bearing minerals on a number of deposits of Kazakhstan have
been carried out. Active strains of acidophilic bacteria were isolated and investigated and their effective
associations are received. Now parameters of biochemical technology of gold extraction from Bolshevik
deposit ore are investigating. The purpose of the present research was a choice of the optimal degree of
gold-bearing Bolshevik deposit ore crushing for effective extraction of gold. The technology has been
based on two-stage bio-leaching. On first stage a biooxidation of crushed ore with two perspective as-
sociations of acidophilic bacteria were conducted. On the second stage the chemical extraction of gold
with thiosulfate solution takes place. As a result of the given research the conclusion will be drawn on
necessity of super thin crushing of ore that will allow saving power expenses. In work traditional micro-
biological and hydromet-allurgical methods are used.
Key words: biochemical leaching, bacterial association, thiosulfate, gold
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MMUKpPOOUOAOTUSIABIK, DAICTIEH AATBIHABI TUIMAIT OHAIPY YLUiH
KEHAEPAi yCaKTayAblH, €H, OHTaMAbl A€HIeiiH aHbIKTay

KasakcraH aATbiH KoOpbl GoibiHWA PecnyOAMKaHbIH, TaAanTapbiHa Cail eMeC, SFHWU >KbIA CailblH
20 TOHHa aATbiH eHAipiaeai. Ceben — KasakCTaHAbBIK KeH OpPbIHAAPbIHbIH KEHHIH KATTbIAbIFbI MEH
AATbIHAbI OHAENTIH CEHIMAI TEXHOAOTMSAAPAbIH, a3AblFbl. KeHAI 6HAENTIH ABCTYPAI dAiCcTep OH
HOTMXKe KepceTnenai. Ken TapaaraH GUOTOTbIFY 8AICTEPI A€ Ka3aKCTaHAbIK, KEHAEPIHIH aUMAOQUAbA
MMKPOOPraHn3MAEpre 3usHAbIAbIK, cebebiHeH ahdekTnsTi emec. OcbiFaH GanAaHbICTbl aBOpUreH
LITaMAapPFa HerispAeAreH GMOTOTbIFY SAICTEPAIH KOAAAHbIAYbl ©3€KTi MaceAe OOAbIN OTbIp. byaaH
epte KasakCTaHHbIH KEeH OpPbIHAAPbIHAAFbI AATbIHAbI OEACEHAI TOTbIKTbIPATbIH aLUMAOMUAbAI
MWKPOOPraHM3MAEPAI i3AECTIPYi KapacTbIPbIAFAH XXOHE OAAPAbIH TMIMAI accouMaumsiAapbl aAbIHADI.
Kasiprike3ae boAbLLEBMK KEH OPHbIHAH AAbIHFAH aATbIHAbBI OHAIPYAIH GMOXUMMSIABIK, TEXHOAOTUSICIHBIH
napameTpAepi eHaeAyae. bya 3epTTeyain MakcaTbl — bOAbLIEBUK KEH OPHbIHAH aATbIHAbI €Ki CaTbIAbI
LIaMMaAay SAICi apKblAbl 3MEKTUBTI )KOAMEH OHAEY. 3epTTey HOTMXKeCi OOMbIHLLIA KEHHIH ycakTay
KAXXETTIAIM TypaAbl KOPbITbIHAbI >KAaCaAAbl, OA KEHHiH 3HepreTuKaAblK, LWbIFbIHbIH 3KOHOMAAYFa
MYMKIHAIK Gepeai. YKymbICTa ASCTYPAI MUKPOOMOAOTUSIABIK, XKOHE TMAPOMETAAAYPIUSABIK, DAiCTEP
KOAAQHbIAADI.

Ty#iin ce3aep: GMOXMMUSIABIK, LLaMaAdy, OaKTepMs aCCOLMALMSAAAPDI, TMOCYAbDAT, AATbIH.

BBeaenue

3a mocieaHue rojbl MPOMBIIIICHHOES MpUME-
HEHHE MHUKPOOPTaHHU3MOB C IICJIbIO H3BJICUCHHUS
IIEHHBIX KOMIIOHCHTOB U3 pyI[ JOCTHUTJIO IHI/IpOKI/IX
MaciiTaboB B pasHBIX CTpaHax Mupa. B paszmud-
HBIX CTpaHaxX BEAYyTCS HCCIACAOBAaHMs IO OaKTe-
pnaanOMy BBIIIICJIAYUBAHUIKO METAJIJIOB U3 yHOp-
HBIX Py, & TaKXKe OTXOJOB OOOTAIlCHUs, MHUIH,
nUIakoB W T.1. Pa3pabarpiBaroTcss CIocoOBl Oak-
TEPHUATHHOTO BBINIEITAYUBAHIS 30JI0Ta, MapraHIia,
[BETHBIX METAJIOB. BHeapeHue GakTepHaaIbHOro
BBIIICIAYMBAHUSA, KAK U JP. TUAPOMETATyprude-
CKHX CII0CO0OB MOOLIYM META/IOB UMEET OOJIb-

moe HKOHOMMYECKOe 3HaueHue. Pacmumpsiorcs
CBIPBEBBIC PECYPCHI 3a CUET MCIIOJIB30BAaHUS Oej-
HBIX U NOTEPSIHHBIX B HeIpax pyd U T.X. buossl-
nienavyrBanrie odecrneynBacT KOMILIEKCHOE U 00-
Jiee OJTHOE MCII0JIb30BaHNE MUHEPATIBHOTO CHIPbS,
MOBBIIIAET KYJIbTYPY NPOU3BOACTBA, HE TpeOyer
CO3/JaHUS CII0KHBIX TOPHOI00BIBAIOIINX KOMILJIEK-
COB, OJarompusiTHO Uil OXpaHbl OKpYXKaromen
cpensr (Brierley, 2001:233; Bhakta, 2002:31; Mu-
Hees, 2005:8; Zammit, 2012:45). B npombinuieH-
HBIX MacmTabax OakTepuaibHOE BBILICTAYNBAHUE
MPUMEHSIETCS Ul M3BJICUCHUS MeaAM U3 3alanaH-
coBeIx pya B CHIA, Ilepy, Ucnanuu, [loptyranumu,
Mexkcuke, ABctpanuu, FOrocnasuu u Jp. cTpaHax.
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B psne crpan (CILIA, Kanana, FOAP) Gakrepun
MCTIONIB3YIOTCS JJIA BhINenadnBanus ypaHa (Tace-
keeB, 2008:98; Kapansaiiko, 2000:20; banisikosa,
2003:251; Clark, 2006:9).

Bonpuioil NmpakTUYECKUH OMNBIT 3KCILTyaTalluu
OMOTEXHOJIOTUUECKUX TIPOMBIIIICHHBIX YCTAaHOBOK
JOOBIUM 30JI0Ta 32 PYOEKOM MMOKa3al BEICOKYIO 9KO-
HOMHUYECKYTO 3((EKTHBHOCTH 32 CUET CHIKCHHUS Ka-
MUTATBHBIX 3aTPaT U YMEHBILICHHUS SKCIUTyaTal[OH-
HBIX PAcX0JI0B MPH YBEIUUCHUHU U3BJICUCHUS 30J10Ta
W OKOJIOTHYHOCTH, TPHYeM, JUII OMOTEXHOJOTHYe-
CKOTO TIPOIecCa YPOBEHb DKCILTyaTallMOHHBIX pac-
XOJIOB caMbIii HU3KuUH. [lanbHeliiee pa3BUTHE STOU
OTpaciH MPON3BOJICTBA IPENICTABIISIET HECOMHEHHBIN
[IPAKTUYECKUI HMHTEpEC. YCTAaHOBJIEHO, YTO YIOp-
HOCTb PYyZIbl HA MECTOPOXKICHUSIX 0OyCJIOBIICHA Iie-
JBIM HaOOpoM (PaKTOpPOB, TIOATOMY H TepepadboTKa
TaKUX PyJ C HMCHOJNB30BAaHHEM MHKPOOPTaHW3MOB
TpeOyeT KOMIUIEKCHOrO mojaxona. B cBs3u ¢ 3TuM
OCHOBHOM TEHICHIMEH pa3BUTHS OMOTCOTEXHOJIOTHI
B HACTOSIIIEE BPEMsl SIBIISICTCSI MCIOIB30BaHUE CME-
HIaHHBIX KyJbTYp auuaoQUIbHEIX Oakrepuii (Yang,
2007:141; Zeng, 2010:68). Kax mpaBuio, mpu anan-
Taruy JJabOpaTOPHBIX KYJIBTYP K pyJle KOHKPETHOTO
MECTOPOXKACHHUS PEKOMEH/IYETCs TPUMEHEHHE acco-
[IAAITIH MUKPOOPTAaHU3MOB, COCTOSIIICH 13 OaKTepHit
A. ferrooxidans, A. thiooxidans, L. ferrooxidansu
Sulfobacillus (Cenenpaukosa, 2005:59; Zaulochny,
2010:527). EBporeiickue ucciaeqoBaTeNd, yYUThI-
Bas CE30HHBIC KoOJeOaHUsl TakuX (HaKTOpOB, Kak
TeMIieparypa U KUCJIOTHOCTb CPEJibl, OCYLIECTBHIN
3P PEeKTUBHYIO TPeBAPUTEIHHYI0 00paObOTKY 30JI10-
TocojepKarero Konmentpara (Spasova, 2011:600).
B nmocnennee Bpems Bce Gomblliee BHUMaHHUE HCCIIE-
JoBateTn obparmarot Ha 6akTepuu poja Ferroplasma
(Acidiplasmasp.), kak HanOoJIee SHEPTUIHOTO OKUC-
matens kenesa (Hill, 2011: 1021; Harrison, 2011:
818).

bakrepuansHOe BbIIENIaYMBaHIE OCHOBAHO Ha
pasyiokeHuH Cyab(GHUI0B auuAoPHILHBIME OaKTe-
pusimu. [lociie GakTepruanbHOTO BCKPBITUS CYTb(hH-
JIOB 30JI0TO 3HAYHMTENILHO JIeT4e HM3BIICKACTCS LUa-
HUpoBaHUeM. V3BiedueHnue 30510Ta 6aKTepUaIbHBIM
BEIIIIETAYUBAHIEM MOXET OBITH MOBBIIIEHO HA Je-
CATKU TIPOLIEHTOB, a MHOT/Ia MHOTOKpaTHO (Baitn-
mrrerid, 2011: 11; Hukepk, 2015:1).

MexaHn3M OKHCIIEHUS OCHOBHBIX 30JI0TOBMeE-
HIAIONIMX MHHEpajIoB Xopomro wu3ydeH (Johnson
2009:201). Ilo coBpeMEHHBIM TPEICTABICHUSIM
MUKPOOHBIE KYJIbTYPHl OKHCISIIOT HEPACTBOPHUMBIC
CyIb(QHIHBIE MUHEpaIbl MPSIMO JHOO KOCBEHHO.
B ciydae npsiMoro OkHcIeHHs pa3pyLICHUE KpH-
CTAJTMYECKON CTPYKTYPHI CYIb(QHUIHOTO MUHEpaIa
MPOMCXOAMT 33 cYeT (ePMEHTATUBHBIX CHCTEM W3
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KHUBBIX MHUKpoopranusmoB. KocBeHHOe oOkwucie-
HUE CyIb()UIHBIX MUHEPAJIOB CBSI3aHO C ACHCTBU-
em nona sene3a (III), koTopsiid, B cBOIO OYepenp,
SIBIISICTCS. TIPOJYKTOM OaKTEpHAIbHOTO OKHCIICHHUS
coenuaeHni Jkenmeza (II) m skemezocomeprkamux
cynbhuanbix mMuHepanoB (Rohwerder 2003: 239;
JKusaesa, 2007:253; Min, 2002:142).

Kazaxcran, o0nazas [OOBOJIBHO BHYIINTEIb-
HBIMH 3amacaMd 30J10Ta, MPOU3BOIUT OKoJIo 20
TOHH €XErofHO, YTO HE OTBEYAeT MOTPEOHOCTAM
PecrryOnmku (Mupommanuenko, 2002: 216; Tycy-
noBa, 2014:191). IIpuunHoii ABISETCS U3BJICUEHUE
30JI0Ta U3-3a OTCYTCTBHUSI HAACKHOH TEXHOJOTHU
1 TOBBIILICHHOM YHNOPHOCTH PYyJA Ka3aXCTaHCKUX
MeCTOpOXKIeHNH. cronp30Banne TpagullMOHHBIX
METOAOB NepepaboTKH PyJ 3a4acTylo HE JaeT XKe-
JaeMbIX pe3ynpTaToB. LIInpoko n3BecTHbIE METOIbI
OMOOKHUCIIeHHsI Takke He dPPEKTUBHBI IO TPUIHHE
crienn(pUUecKod TOKCHYHOCTH Ka3aXCTAHCKUX PY.I
10 OTHOLIECHUIO K alMI0(UIBHBIM MHUKPOOPraHH3-
MaM. B cBsi3u ¢ THM pa3paboTKa OpHTHHATBHBIX
METOAO0B OMOOKHUCIICHHSI Py/Ibl, OCHOBaHHBIX Ha HC-
[10JIb30BAHUM a0OPUIEHHBIX LITAMMOB, OCTaeTCs
aKTyaJqpHOW Tpobnemoil. MukpoOuogornueckue
oOclieloBaHusl psiia Ka3axCTAaHCKHX MECTOPOK/e-
Huit B 2015 r. mokasanu, 4to BBUAY cruenuduye-
CKUX 0COOEHHOCTEH cocTaBa Py Ha TaKHX MECTO-
poxneHusx, kak AkOakail, bectobe, bonbmeBuxk,
[IPEUMYLIECTBEHHOE  PaclpOCTPaHEHUE  IOJIy-
YU BUIBI  alUJAOPUIBHBIX MHKPOOPTaHH3MOB
Leptospirillum u Sulfolobus. Takue sHeprudHbIC
okucauresnn kak Acidithiobacillus oxasamuch uH-
rubuposanbl (Kanayev 2016:1051; Konysbayeva
2016:39). AxtuBu3anysi a0OPUTEHHBIX MITAMMOB
Acidithiobacillus B accommarmu ¢ Acidiplasmasp.
3HAYHUTENILHO YCHJIMJIA BO3JCHCTBHE HA 30JI0TOB-
MEIIAIoIe MUHEpalbl ¥ TpUBENa K YBEIMYCHUIO
M3BJICYCHUS OJIArOPOJHBIX METAJIOB. bbIaM moiry-
YeHbI IEPCIIEKTUBHBIE aCCOLUAIINT XEMOIUTOTPO]-
HBIX MUKpoopranu3moB (Kanaesa, 2015:323).

B nacrosiee Bpems oTpabaTbIBarOTCs rapame-
TPbl OMOXUMHUYECKON TEXHOJIOTUH HM3BIICYCHUS 30-
JI0Ta U3 PyAbl MECTOPOXKACHUs BoblieBUK.

ens paboThl: BEIOOp HamboJIee ONTHUMATBLHOM
CTETIEHH HU3MENIbYCHUsS] 30JI0TOHOCHOH pYyIbl Me-
cropokaeHusi bonpueBuk anst 3pGEKTHBHOTO U3-
BJICUCHHS 30JI0Ta C HCIOJIb30BAHUEM TEXHOJOI'MU
JIBYXCTaIMATBHOTO BBIIICIAUYUBaAHHUSI.

MatepuaJibl 1 METOAbI
B kauecTBe 0OBEKTa WCCIEIOBAaHUM BBIOpaHa

MBIIIbSIKOBUCTAsL 30JI0TOCOAEpIKALIAsl pylia MECTO-
poxnenus boinbiieBuk. Mectopoxaenue boiib-
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meBuK Haxoautcs B JKapmuHckom paitone Boc-
touHo-Kazaxcranckorr oOmactu. bmmkadmmvu
HACCJICHHBIMU ITYHKTaMHM ABJIAIOTCA CTaHIUA IMIa-
nabaii U TocenoKk Ay330B, KOTOPBIC PACIIOJIOKEHBI
B 2,3 kM H 5,0 KM 0ro-3anaay u BOCTOKY OT MECTO-
poxknenus bonpimesuxk (puc.1).

[To reonornueckoit XxapaKTepUCTUKE MECTOPOXK-
neHne bonplieBHMK OXBaThIBACT 3amagHBIN 3,5-Ku-
JIOMETPOBBII 0Tpe30K KBI3BIIIOBCKOM 30HBI, 3aKIIO-
YeHHBIH Mexay 3anaaHo-KanOumHckuMm pazinoMom
Ha 3amajie u yuacTkoMm BocTtouHnas 3arazika Ha BOC-
Toke. Ha MecToposkIeH!H 110 0COOSHHOCTSIM CBOETO
BHYTPEHHETO CTPOCHUSI UCTOPUUYECKU BBIICISIIOTCS
4 ydacTka (¢ 3amaja Ha BOCTOK) C IMPOMBIITUICHHBIM
opyAcHeHHeM: 3anaaaeiii bonabieBuk, boabeBuk,
Yanoobaii u Xonoausiid Kirou.

Ilnomans MectopoxkaeHusi boibleBUK cio-
JK€HA TEPPUTreHHO-OCAIOYHBIMH TIOPOJaMH  Ka-
MEHHOYTOJIBHOM CHUCTEMBI, KOPAMU BBIBETPUBAHHS
Pa3BUTHIMH HaJ] HUIMH M YaCTHYHO TPETUYHBIMHU U
YCTBCPTUYHBIMU OTJIOKCHUAMMU. B nexauem 60Ky
Kb3bp110BCKON  30HBI MPEUMYILIECTBEHHO pPa3BU-
THI TI€CYAHO-CJIAHIIEBHIE OTJIOKEHWUS, a B BUCSYEM
60Ky — IOJIMMUKTOBLIC PAa3HO3CPHUCTLIC MCCHAHU-
KU BEpXHEU MOATOJIINAIEBPOIUTO-TIECUAHUKOBON
tommu (C,S2-C2b). B paspese camoii KbI3pu10B-
CKOM 30HBI CMSATHSI TIPEO0IIaIat0T TIeCYaHO-CIIaHIIe-
BBIC OTJIOKEHUS OaKbIpunkckoi cButhl (C3) (Mupo-
mrHIYeHKo, 2002: 216).

Kax HN3BCCTHO, IIOBBIICHHEC TEXHOJIOINYEC-
CKHX TIOKa3aTeJed BhINIEIaYMBaHUSI BO MHOTOM
3aBHUCHUT OT CTENIEHW PACKPBITHA MHUHEpaIoB. 3a-
Aaqy pacKpbITUA B TCXHOJOTMYCCKUX CXEMax pe-
AT omepauuu pyraonoarotroBku. [lokazatenu
BBIIIEIAYMBAHAS 3aBUCIT HE TOJBKO OT TOHUHBI
IIOMOJIa, HO M OT CEJIEeKTUBHOCTU pPa3pyLICHUS
cpocTkoB. Ha 3Tame pyaonoAroToBKU HCMOJIb30-
BaJIM MAPOBYIO MEIBHHUITY, TaK KaK 3TOT THII 000-
pyJOBaHUs HaJAEKHO 3apPEKOMEHI0BAN ceOs IS
CHIDKCHUS TOHMHBI MOMOJIa PyAbl. Y MEHBLICHHE
pa3MepoB YacTHUIl PYAHOTO Tela M0 TpeOyembIxX
pa3MepoB JOCTHUTAIOCH MYyTEM MEXaHUYECKOTO
BO3/eicTBHS B 0apaOaHHOW MEIbHUIIC U3 CEPHUH
VBM co crajnbHBIMHU IIapaMH, KOTOPbIE HAIOJIO-
BUHY 3alOJHAIOT MCJIbHHUIY W NCPCKATBIBAIOTCA
B OapabaHe Mpu €ro BpalleHUU BOKPYT MPOJI0JIb-
HoOH oc (puc. 2). KpymHOCTh YacTuIl pyasl ocie
IMOMOJIa Ha MEJIbHUIIAX KOHTPOIUPOBAIN HA KJIac-
cuukarope (puc. 3).

W3menbueHue pynbl 10 pazmepos rpanyi 0,074
MM ¥ 0,2 MM NPOBOJMIN B COOTBETCTBUH CO CXEMa-
MU, H300pKEHHBIMU Ha PHC. 4.

Kak wu3BecTHO, riaBHbBIM CBOHMCTBOM, KOTOPOE
OTIpeNIeIsIeT METAUTYPIHUeCKYI0 IIEHHOCTh 30J10-

TOHOCHOM pY[bl, SIBISETCS COAEp’KaHHE 30JI0Ta B
pyze. B Tabmn. 1 ykazaHO COCTOSTHHE 3a11acoB 30JI0Ta
Ha Mectopoxaeaust bonpmesuk (Tycymosa 2014:
191).

s mpoBenieHNs SKCIIEPUMEHTOB TI0 OWBHIIIIE-
JIAYMBAHUIO 30JI0TA U3 Pyl MECTOPOXAeHUS boib-
LIEBUK HCIIOJB30BAJIM JIBE MOJyYCHHBIC paHee aK-
THUBHBIE aCCOITUAIMANINY aluA0(DUIHHBIX OaKTepHil:
Ne 1 — Acidithiobacillus ferrooxidans u Acidiplasma
sp.; Ne 2 — Acidithiobacillus caldulansu Acidiplasma
sp.CooTHOLIEHHE BXOASIIUX B COCTAB aCCOLMALINI
KyJIbTYp ObLIO paBHBIM. [{iis KynbTyp Oaktepuid A.
ferrooxidans u A.caldulans ucrions3zoBanu cpeny 9K
CunsBepmana u Jlynarpena, a ans Acidiplasma sp.
— cpeny 9K CunbBepmana u JlyHarpeHa ¢ 100aB-
KOH JIpoAcKeBOro skcrpakTta B kKosnmdectse 0,02%
(Silverman 2009:642; Golyshina 2000:997). baxTe-
pUM KyJIbTUBHPOBAJIM B TeUeHUH 14 CyTOK, B Teue-
HHUE KOTOPBIX KOHTPOJHMPOBAIH HAKOIUICHHUE TpPEX-
BaJICHTHOTO JKeJe3a U TUTP OaKTepHii B Cpeie.

OKHCIUTEIbHYI0 ~ CIIOCOOHOCTh ~ HMCXOJHBIX
LITAMMOB, BBIpALIMBaeMbIX Ha cpeae CrinbBepMaHa
n Jlynarpena 9K, ompenensuin €xecyTOYHO KOM-
mekconomerpudecku (JKusaena, 2007:253).

PeSyﬂbTaTbI HCCJIeJOBaHUA

W3BnedyeHne 30510Ta U3 3070 TOMBIIIBIKOBACTON
cynb(OUIHON PYyIBl MecTOpoXIeHus bonpieBuk
SIBJIICTCS] BXXKHOU mpoOsieMoit. B pyne comepkutcst
muput (FeS2) u apcenonupur (FeAsS), npencras-
JISIONINE OCHOBHYIO TPYIHOCTH TIPH M3BJICUECHUHN
30JI0Ta CYHIECTBYIOUIMMHU criocobamu. [Ipu sTom
apCCHONHMPUT UMeEeT OoJiee HU3KHUU SJICKTPOHBIN
MTOTEHITUAN ¥ CEJIEKTHBHO BBIIIEIAYNBACTCS B IIEp-
BYIO Ouepe/b. BBICBOOOAMBIIUICS MBIIIBSIK TOK-
CUYCH JUIsl OaKTEpHid, TTOATOMY BaXKHO OIPE/ICIHUTh
ONTHMAJBHYIO CTENEeHb HW3MENbYCHHUS DPYABI, TaK
KaK CIIMIIKOM MEIIKOE U3MeIbUeHne OyIeT CIoco0-
CTBOBaTh PACTBOPEHUIO HMEHHO 3TOT0 MUHEpaJIa.

OCHOBHOH 3amaueli Ha MaHHOM JTare pabdoT
SBIISIETCSL BCKPBITHE 30]I0Ta IYTEM OKHUCIICHHS
Cynb(UIHBIX MHUHEPAIOB. DKCIEPUMEHT HaudaH
C M3y4YeHHUs] XUMHYECKOTO COCTaBa PYIbl, TO €CTh
C BBISICHEHUS] KOJIMYECTBEHHOTO COJICPKAHUS dJIe-
MEHTOB B pyze. B mporecce xumuueckoro aHanmsa
OBIJIO OIpENeNIeHO, YTO MPOOBI 30J0TO-MBIIILIKO-
BHUCTOH PyJZibl MECTOPOXKIECHUS BONBIIEBUK COAEp-
JKaT 30JI0TO B Koynmdectse 2,9 r/T. OTMEYeHO 3Ha-
guTenpHOe KonmuecTBo (3,4%) jxenesa, HeOombIIoe
konuectBo (0,02%) mean. Takxke B pyzie OTMEUEHO
MPUCYTCTBHE DJIEMEHTOB Pa3IUYHBIX T'€OXHMUYEC-
ckux rpym: S — 1,2%; As — 0,91%; C — 1,4% mpu-
OJIM3UTENIBHO B OJMHAKOBOM KOJIMUECTBE (pHC. 5).
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Pucynok 1 — Kapra pacronoxxenus MmectopoxaeHus: bonpmeBuk

Pucynox 2 — JlabopatopHast 1apoBast
MenbHHULa cepu VBM

B MupoBoii npakTuke Ui BbILIETAYUBAHUS 30-
JI0Ta U3 30JI0TOCOAEPKALUX Py LIUPOKO IMPUMEHSI-
eTcd nuaHupoBaHue. HecMoTps Ha mperMyInecTsa
nepes IpyruMH PacTBOPUTENISIMHU, BBICOKAsi TOKCUY-
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Pucynoxk 3 — JlaGoparopHsIit
KIaccu(HUKaTop pazMepa rpaHyI
HU3METBYEHHON Py/Ibl

HOCTb LIMAHMJIOB BBIHYKIAET MCKaTh aJlbTEPHATHB-
HBIE PACTBOPUTENH 30JI0TA, YIOBJIETBOPSIOLIHUE YKE-
CTOUCHHBIM 3KOJIOTMYECKUM TpeboBaHusiM. Cpenu
TaKHX METOJIOB BBIJICISIETCS] THOCYIIb(aTHBIN.
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NexopHas
30/10TOHOCHa#s pygda
MeCTOpOoMHAeHWA
Boablesuk

NexonHas
3010TOHOCHas pyaa
MecTopoXaeHus
Bonblesnk

OpobneHwne pygbi

Opobnexnue pygpi

v

v

CuTOBOM aHanus no
KPYMHOCTbO

CuToBOW aHanus no
KPYMHOCTbIO

. 4

~

OpoBneHHbIl NpoayKT
kpynHoctbio 0,074 mm
g

OpobneHHbIi NpoayKT
KkpynHocTbio 0,2 MM
4

a)

Pucynok 4 — Cxema qpo0GiieHHs] 1 H3MEITBICHNS 30JI0TOHOCHOM

6)

pyzsl MecTopokieHus: bobiieBuk
(a— 1o pasmepa rpanyn 0,074 MM, 6 — 10 pasmepa — 0,2 Mm)

& Fe
uCu
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Pucynok 5 — Xumuueckuii cocTaB 30JJ0TOHOCHON py/Ibl
MeCTOpOXkIeHUs bombleBuk

Tabauna 1 — CocrosiHue 3aacoB 30J10Ta 10 MECTOPOXKICHHIO bonbieBuK

3aracsl 110 PYJIHBIM TellaM
Ne 6510ka 1 Kareropust pyna, CpeziHee ColepIKaHne CpeiHee coslepKaHne [pnveqanne
3aracoB TBIC. T Au, T/T 30J10Ta, KT
C 1909,638 7,0 13422 0OajaHCOBBIE
C, 3004,000 6,1 18260 Cynb(UIHBIC PYIIBI
C+C, 4913,638 6,4 31682
C, 38,000 2,9 109 3a0a1aHCOBBIE PY/IBI
C, 281,562 1,1 324 OCTHBIC OKHCIICHHBIC PYIBI

TuocynbdaTrHOoe BHIETaYNBAHUE 30JI0TOCO-
JepKameit pyapl IMeeT OOJBITION TMOTCHIIHAI IS
CHIKCHUSI BO3JICHUCTBUSI HA OKPYIXKAIOIIYIO CPEy.
B oTnmume ot npiaHuga, KOTOPBIA SBISETCS BBICO-
KOTOKCHYHBIM DJIEMEHTOM, XUMHUYECKHE BEIECTBA,
HCIIOJIb3yEMbIE B IPOLECCE THOCYJIb()ATHOTO BHI-
mienaynBaHus, 0€30MacHbl. JTa TEXHOJIOTHSI UMEET
OOJIBIIION TTOTEHIIMAJT B TE€X 00JIACTAX, IJE UCIOIb-
30BaHUE [IMAaHUa a0COIFOTHO 3aIPEICHO WU 110/
Bepraercsi WHTEHCHBHOMY HETaTHBHOMY OCBeIIe-
Huto B CMU mo mpuywHe BPEIHOTO BO3IACHCTBUS
Ha OKpY’Kalollyto cpeny. B GoibImIMHCTBE ciiydaeB
B XOZ€ ATOTO MpOIecca W3BIICYCHHUE TPOBOIUTCS
MPaKTUYECKA WACHTUYHO IHaHupoBaHuio. [lpu
OTIepallisAX W3BJICUCHUS, B KOTOPHIX YUUTHIBACTCS
MIPUPOJIHAS COPOIMOHHAS AKTUBHOCTH YTIHUCTHIX
KOMITOHEHTOB PYIbI, HCIIOH30BAHUE ATOTO METO-
Jla BBINISIAYMBAHKS 3HAYUTEIBHO J(PPEKTUBHEE,
YeM HCII0NIb30BaHue MaHua. TruocynshaTHOE BhI-
[ETAYNBAHUE XOPOIIO TIOJXOMUT JIJIST MHHOBAIIU-

OHHOM TEXHOJIOTUU M3BICUEHHS 30JI0Ta 1O NPHH-
numy «cMouta B mmynbiie» (RIP). Ipomecce sBasieTcst
HIEJIOYHBIM, OOBIYHO BBINOJIHAEMBIM B JHMara3oHe
pH ot 8 1o 10, moaTOMy npu BBIIOJIHEHUU W3BIIE-
YeHHS HEe MOKET BO3HHKATh OECITOKOWCTB MO TTOBO-
Iy kopposun obopynosanus. K mpenmymiectBam
€ro OTHOCHUTCS TaK)Ke MHEPTHOCTb K €CTECTBEHHBIM
YTIEPOICOACPKAIIM  aACOPOSHTaM ITHAHUTHBIX
KOMIUIEKCOB. OCHOBHBIMM XHMHYECKMMH KOMIIO-
HEHTaMH Mpolecca THOCYIb(ATHOrO BbIIIENAYH-
BaHUs (THOCYIb(AT aMMOHHSA U CYTb(haT aMMOHHS )
ABISIIOTCS OOBIYHBIE YAOOpEeHHs. DTO OTKpHIBAET
JIOTIOJTHUTENIbHYIO BO3MOYKHOCTD ISl MCIIOJIB30Ba-
HUSl PAaCTBOPOB OTXOJZIOB HIAXT B CEIHCKOM XO3SH-
CTBE U B TEX PETHOHAX, I/Ie COOIIOAAI0TCSI HKOJIOTH-
yeckue HopMbl (Fleming, 2003: 3; Wan, 2003:311;
SGSMineralservices, 2008:1).

B Hammx skcniepuMeHTax Mbl OCTAaHOBHJIUCH HA
THOCYIb(aTe KaKk HA MEHEe TOKCUYHOM PacTBOPH-
Tese 30510Ta. Vcmonp30Bancs MeTo | aruTalioOHHO-
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ro BhINIENIaYMBaHus. JlaHHOE HCCIIeIOBAaHUE SIBIIS-
eTCs TIPeBapUTEIbHBIM 3TAallOM TEXHOJIOTHYECKUX
UCCIIeIOBaHNH, KOTOPOE MO3BOJISIET Ha HEOOIBIIOM
o0beMe MaTepuaia BEIOpaTh ONTHMAIbHBIN BBIIIC-
JIAYMBAIOIUI PEeareHT W YCTAHOBUTh MaKCUMAIIbHO
BO3MOXKHYIO CTETICHb M3BJICUCHUS 30JI0Ta U3 PYIbI
Mmectopoxkaenust bonpmesuk. Ha puc. 6 npencras-
JIeHa cXeMa JIByXCTaJHaJbHOTO OMOXHMMHYECKOTO
BBIIIENIAYNBAHHS 30JI0Ta U3 PYJIbI MECTOPOXKICHUS
BosnbieBuk.

OKCIEPUMEHTBI IPOBOJWIH C PYIOH, HU3MEIb-
yeHHoU 1o kimaccoB kpymHoctH 0,074 mm — 80%
u 0,2 mm — 80%. HaBecky pynst 80 1, cmemuBanu
¢ OakTepradbHBIM PAacTBOPpoM B oO0Beme 400 Mt
[Mony4yeHHyI0 CyCHEH3HIO PYABI MOABEpraiu Ouo-
BbIIeNaunBanuto npu temneparype 20°C, pH 2,0,
MHTEHCHUBHOCTH TiepeMermuBanms 120 06/MuH B Te-
YeHUeE TISITH CyTOK. McX0JHOe KOTMUecTBO OaKkTepH-
aIBHBIX KJIETOK BO BCEX BapHaHTax coctaBisut 107
KJI/MJI, ICXOTHOE COZEpIKaHWE OKUCHOTO JKele3a —
9,0 r/n. Ilocie MOIHOTO BOCCTAHOBICHUS KOJIHUYE-
CTBa TPEXBAJICHTHOT'O JKEJIe3a B BBINIEIAYHBAIOIIEM

pacTBope MpoBOAMIN (QUIBTPOBAHKE JAHHOTO pac-
TBOpA AJIS €70 PETeHEPALINN.

Hanee, oTUILTPOBAHHBIA TBEP/ABIH OCTATOK —
KEK MOATOTOBHIIM K THOCYJNb()AaTHOMY BBILICTAYH-
Banuto. s 3roro, mocne mpouecca GUIbTpanuu
MIOJIYYEHHBIH K€K NPOMBIBAIN AUCTHIIMPOBAHHOMN
BOJOM C ILIENBbIO JOBEJEHHSA KHCIOTHOCTU PACTBO-
pa no HeWTpampHOro 3HadueHus (pH 8,0). Ilocre
3TOTO TBepI[LIﬁ KEK MIoABEprajin BhIIICTIaYMBaHUIO
pacTBopoM THOCyNb(ara HATPUsl B KOHIEHTpPALMN
20,0 r/n. JINIMTEeNNbHOCTH OMBITAa COCTaBIIsIIA 72 yaca
C JIBYXKpaTHOW 3aMEHOM BBIIIEIAYUBAIOIIEIO pac-
TBOpA uepe3 Kax/iple 24 Jaca sl JOCTUKEHHS TITy-
OOKOro pacTBOPEHUS 30JI0TA.

B kadecTtBe KOHTPONS CIYKWIO XHUMHYECKOE
BBIIENIAYMBAHIE THOCYJIb()ATOM HATpHUs, B KOTO-
pOM pyZIa He NOJBEprajach IMpelBapUTEIbHOMY
OunookucieHnio. Beero mpoBeneHo Tpu BapuaHTa
OMBITA, U3 HUX KaXJbIH BapHaHT COCTOSUI U3 JIBYX
Bapualuid, KOTOPbIE IPOBOAWINA C PYyAOH, U3MEIIb-
yeHHOH 10 kiacca kpynHoctu 0,074 u 0,2 mm. Pe-
3yJbTaThl IPUBEJCHBI B Ta0MI. 2.

Taﬁ.mma 2-— BaKTepPIaJ'[bHO—XPlMI/I‘{eCKOG BbIIICJIAYUBAHUE 30JI0TAa aCCOLUUATUBHBIMU KYJIbTYpPaMU THOHOBBIX 6a1<Tepm‘/'1 B 3aBUCUMO-
CTU OT UIMTEJIBHOCTH U KJlacCa UBMEIJIBYCHUS PYAbl MECTOPOXKIACHUA BonbmeBuk

Jnurens- Tutp W3Bnedenue 3o0mo0ta, % Tutp
No Kiacc N .
KDYIHOCTH HOCTb BbI- | posp | oc H GakTepuii 10 GakTepuii mo-
124 | menauusa- ‘ ’ P OTIbITA, accomna- | accomHa- 1\ oom, | cite omira,
HUSL, 4ac KI1/MIT st Nel | st Ne2 KJ1/MIT
52,9 59,0 34,0
1 0.074 24 1:5 20 2,0 107 10°
0,2 40,4 435 30,4
68,3 74,2 55,5
2 0,074 48 1:5 20 2,0 107 10?
0.2 63,3 70,4 51,5
78,4 86,5 65,4
3 0,074 72 1:5 20 2,0 107 10?
0,2 72,1 75,8 60,3

Kak crienyer u3 TaOIuUIbl, CTETICHD U3BJICUCHHUS
30JI0Ta B PacTBOP € KJIACCOM M3MENbYEHHUS PYIBI 10
0,074 MM Tpu JIUTEIBLHOCTH BHIMICTAYUBAHUS 24
yaca ¢ acconmanued kynpTyp Nel mumxe (52,9%),
yem ¢ accormanmeit No2 (59,0%). B koHTposIbHOM
BapHaHTe BhIlenaynBaercs Bcero 34,0% 3omota B
pacTBOp. AHaJIOTM4YHAs TEHACHIUS HaOJIIOJIAeTCsI
B BapuaHTE OIBITa C KJIACCOM M3MEIbUEHUS PYIbI
no 0,2 mMm. KojinuecTBO M3BIIEUEHHOI'O 30J10Ta B
pacTBOp B BapHaHTE OINbITA C acCOIMAIUCH KYJIb-
Typ Ne2 cocrasnser Ha 3,0% u 14,0%, Gonbmie (Au
—43,5%), uem c accoumanueii KyapTyp Nel (Au —
40,4%) u B KoHTpONbHOM Bapuante (Au — 30,4%)
OIIbITa COOTBETCTBEHHO.

ISSN 1563-034X

B xoze skcriepuMenTa BBISIBICHO, YTO CTEICHb
M3MeJIbYCHUS PyAbl Iepe]l BhILIeJaunBaHUEM OKa-
3bIBacT CYIICCTBEHHOE BIMsHUE Ha 3PPEKTUBHOCTD
IIOCJIEIYIOLIEro U3BJICUEHUsI MeTauia. Yem menbue
rpanynsl pyast (0,2 mm — 0,074 MM) 1 JuinTenbHEE
BbINeTayuBanue (24 vac. — 48 vac. — 72 yac.),
TEM BBILLIE CTEIIEHb U3BJICUECHUS 30JI0Ta B PACTBOP.

AHanu3 TONYyYEHHBIX pPe3ylbTaTOB MOKa3al,
gT0 acconmanus KynbTyp Ne2 obecreumBaeT Oosee
BBICOKOE H3BJICYCHHE OJaropoAHOro MeTajiia Kak
nipu knacce kpynHoctu 0,074 mm, Tak u ipu 0,2 M.
C yBenM4YeHHEeM AIUTEIBHOCTH BhILEIAUUBAHUS 10
48 gacoB ¢ npeno0paboTKON accouuanuent KyabTyp
Ne2 3omoTa nzBnekaercs 6omnbine (74,2% c xmaccom
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kpymaoctr 0,074 mm u 70,4% — 0,2 MM), 110 cpaB-
HEHUIO C BapMaHTaMH C accouuaruei Kynptyp Nel
(68,3% wm 63,3% COOTBETCTBEHHO) M KOHTPOJIEM
(55,5% u 51,5% cOOTBETCTBEHHO). AHAJIOTHYHAS

TEHJICHIIMS HAOJOaeTCS B BapUaHTE C IMPOJIOJI-
JKUTEJILHOCTBIO 72 yaca. B 11ej10M, MCII0JIb30BaHKE
MPEIBAPUTEIHLHOTO OMOOKUCIICHUS PY/IbI 00eCTIeU -
BaeT Ha 12-15% OoJbliiee U3BICUCHUE METaIIA.

Pyna |
|

Wsmenbuenne no xiacca 0,074 u 0,2 Mmm

i |

l BaKTepna_ﬂbﬂoe BbIIICJIAYUBAHUEC ‘

‘ ®uibTpoBaHUE }

PactBop

W3Bneuenne
30J10Ta

| IIpombiBKa BOJIOM

TuocyabpaTHoe BbilenaynsaHme

L

| (unpTpOBaHIE ‘

Au coxeprxammuit

THOCYJIB(ATHBIN PacTBOP

!

KCK

Pucynok 6 — Cxema AByXCTaIHaTbHOTO OMOXUMHYECKOTO BhIIICIAUHBAHNUS
30J10Ta U3 PyJIbl MECTOPOXKICHUS bonbIeBrK

[Toxcyer koMUeCTBa JKU3HECTTOCOOHBIX KIETOK
OakTepuil METOZIOM CEPUMHBIX Pa3BEJCHUN B cpejie
CunbBepMana u Jlyanrpena 9K mo u mociie BbIIe-
JIAYMBAHUS THOCYJIH(ATOM TIOKa3all, YTO TOCIE IKC-
Ho3UIMU 24 YacoB KOJHMYECTBO JKM3HECIIOCOOHBIX
KJIEeTOK yMmeHbluaercs 10 103 xin/miu. B BapmanTtax
C TIPOJOJKUTEIBHOCTHIO BBINIETaunBanust 48 u 72
yaca KOJIMYECTBO KU3HECITOCOOHBIX KIJIETOK HE Tpe-
BoIaet 102 kii/mi. B jaHHOM cily4ae MOKHO TOBO-
pUTH 00 YCTOMYUBOCTH U IPUEMIIEMON aKTHBHOCTH
LITaMMOB B IPUCYTCTBUH THOCYJIb(ara (Tadm. 1).

Takum 00pa3oM, HawjydIlHe pe3yJIbTaThl Ha-
ONoJaNICh B BapuaHTe C acCOIUAlfeld KYyJbTyp
Oaktepuii Ne2 mpu M3MenbYEHUH PyABI A0 Kiacca
kpynaoctr 0,074 mMm. HccnemoBanHBIE OakTepuu
COXPaHsUTH CBOIO KH3HECIIOCOOHOCTh U aKTUBHOCTh
IIpH THOCYNIb(ATHOM BBIIIETAYNBAHUH.

3ak/ouyeHne

B pesyinbrate npojienanHoi paboThl ObUIH I10-
Jy4eHbl JIaHHBIC, IOJHOCTHIO TIOATBEPIKIAIOIIHE

110

MPaBUIBHOCTh BBIOOpA MOAXOAOB K IepepadoTKe
YIOPHOH pyZAbl MECTOPOXKIECHUS BOJIBIIEBUK.

Hcnons3oBaHne akTUBHOW acCOLMALIMH alUI0-
¢uIbHBIX OaKTepUi Ha OCHOBE aJanTUPOBAHHBIX
mramMMoB poxa Acidithiobacillus B coueranmm c
SHEPTUYHBIM OKHCIMTENEeM M3 poja Acidiplasma
3HAYUTENFHO YCHWIMJIO BO3ZEHCTBHE HA PYAY, UTO
BBIPa3WJIOCh B YBEJIMUEHUH U3BJICUEHUS 30J10Ta 00-
nee ueM Ha 10%. [Ipu 3TOM He OBUTO HEOOXOAMMO-
CTH CBEPXTOHKOTO m3MenbueHus pyast (0,045 Mm),
KaK 3TO MPAaKTUKYIOT Ha psijie 30J0TOU3BIICKATEb-
HbBIX (paOpukax. BeIOpaHHBIE MHUKPOOPTaHU3MBI
OKa3aJIUCh YCTOMYMBBIMH K TAKOMY PAaCTBOPUTEIIIO,
Kak THOCYJb(]aT, U MPOJIOHTUPOBATIH CBOE BO3JCH-
CTBHE Ha PyIy BO BPEMS XUMHUYECKOI'O U3BJICUCHUS
3oiota. [Ipn nenoap30BaHNM TMAHUAA STO OBLIO OB
HEBO3MOXHBIM. TakuMm 00pazoM, MPOBEACHOE HC-
CJICZIOBAaHME TIOKA3al0 IEPCHEKTUBHOCTH MPOAOI-
KEHUsI pa3pabOTKU TEXHOJOTHMH OMOXUMHUYECKOTO
BBILLENIAUNBAHMS 30JI0Ta U3 YIOPHOH PyJIbl C HC-
MOJIb30BAaHUEM ACCOLMALUI a0OpPUIeHHBIX ILITaM-
MOB a0 MIEHBIX OaKTepHid.
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THE EFFECT OF ISOLATED CYANOBACTERIA ON
RICE SEED GERMINATION AND GROWTH

Cyanobacteria make a major contribution to the fertility of soil. It has been suggested that cyano-
bacteria assist higher plant growth by supplying growth substances. There are numerous works about
effect of cyanobacteria in paddy soils and rice growth in the world but very little research has been car-
ried out in Afghanistan. In this research, cyanobacteria Anabaena sp were isolated from paddy soils of
Baghlan Province of Afghanistan. The isolated cyanobacteria Anabaena sp was used as inoculums on
three common varieties of Afghanistan’s rice separately for two hours. After 10 days the result revealed
that inoculation of rice seeds by cyanobacteria extracts can enhance seed germination, plant height and
length of root in all treated seeds in comparing seeds control by water. In the next stage, seeds under
experiment separately inoculated by cyanobacteria extracts and cultivated in nonorganic silt soil as well
as treated by cyanobacteria extracts. After 12 days the morphological view showed differences in shoot
height of treated plants in comparing to plant controlled by water. Therefore cyanbacteria Anabaena sp.
recommended as an effective biofertilizer in paddy fields of Afghanistan.

Key words: Cyanobacteria, inoculation, biofertilizer, Baghlan, Shamarg, Chashmaishir.

12°Xabuom A., '3asaar B.K., 'baimkurmutosa A., "Aaemsap C., 'bayeHosa M.O.
'BMOTEXHOAOTMS KacheApachl, GBUOAOTUS KaHe OGUOTEXHOAOTMS (DAKYAbTETI,
OA-Dapabu aTbiHAaFbl Kasak, yATTbIK, yHMBepcuTeTi, KasakcraH, AAMathbi K.

2ArpoHomMns KadpeApachl, ayblALLIAPYaLLbIAbIK, (PaKyAbTETI,
baraan Ynusepcuteti, AyraHctaH, baraaH k.
e-mail: ainullah.habibi1@yahoo.com

KypiwuTiH, ©Cyi MeH TYKbIMHbIH, 6HYiHe OOAIHIN aAbIHFAH
LMaHOOAKTEpUSIAAPADIH, BCepi

LinaHo6akTepusiAap TOMMbIPAKTbIH KYHAPAbIAbIFbIHA YAKEH YAECIH Kocaabl. LinaHoGaktepusiaap
OCIMAIKTEPAIH >KOFapbl AEHIEMAE ©cCin AamyblHa oCep eTETIHAIr >KalAbl MaAiMeTTep 6ap. OAem
OoMbIHLLIA LMAHOBAKTEPUSAAAPADIH, KYPILLTIH ©CYyiHe >XoHe TOmMbIpakKa ocepi >KalAbl >KYMbICTap oTe
Ken Ke3peceai, aAereHmeH AyraHcTaHaa OyA 3epTTeyaep eTe a3 >kyprisiareH. bya 3eprtreyae Ana-
baena sp. unaHoGakTepMaChl AyFaHCTaHHbIH bafAaaH KaAacbl MPOBUHLUMACBIHbIH TOMbIParbiHaH GOAIHIN
aAbIHAbI. BeAiHin aAbiHFaH Anabaena sp.umaHO6GaKTEPUACHI KYMbIAFAH bIABICTA, AyFaHCTaHHbIH, YL
TYPAI KypiwTepi eki carat 0oibl yCTaAbiHAbI. 10 TOYAIKTEH COH, LMAaHOOAKTEPUSI 3KCTPakTiCiHAE
YCTaAbIHFaH Kypill ABHAEPiHIH, ©CIMAIKTIH Y3bIHAbIFbl YKBHE Tamblp Y3bIHAbIFbI, CYAQ YCTaAblHFaH
ASHAEPMEH CaAbICTbIPFAHAQ, apTKaHbl Garkaaabl. ToxxipnbeHiH Keaeci KeseHiHAe Kypill AsHAepi
UMaHoOaKTEPUsIMEH GaMbITbIAFAH TOMbIPAKTa XKOHE CyMeH OaibITbIAFAH TOMbIpaKTapAa ecipiAai. 12
TOYAIK ©TKEH COH LMaHOobaKTepusIMeH BaMbITbIAFAH TOMbIPAKTa ©CKEH OCIMAIKTIH, CyMeH OaibITbIAFaH
TOMbIPaKTa ©CKEH OCIMAIKTEH Y3bIHAbIFbIMEH, MOP(OAOTMACHl GOMbIHLIA SPTYPAIAITIH KepCeTeA|.
CoHabikTaH, Anabaena sp upmaHo6aKTeprsaChl AyFaHCTaHHbIH KYPilll aAKanTapbiHa TUIMAT GUOTbIHANTK bILL
peTiHAE YCbIHbIAQ aAAAbI.

Ty¥iin ce3aep: umaHO6aKTEPUS, MHOKYASILMS, OMOTbIHANTKbIW, baraan, LLlamapk, Yawmaniump.

© 2017 Al-Farabi Kazakh National University



Habibi A. et al.

12"°Xabunobum A., '3agaad b.K., 'barxurmutosa A., 'Aremsip C., 'bayerosa M.O.

'kaheapa 6UOTEXHOAOTMM, (DAKYAbTET BUOAOTMM U OGUOTEXHOAOT UM,
Kasaxckuit HauMOHAAbHbIN YHMBEPCUTET MMeHM aab-Dapabu, KasaxcraH, r. AAMaTsbl
2kacheApa arpoOHOMUU, CEAbCKOXO3SMCTBEHHbIN (DakyAbTET,
YHuepcuteT baraaHa, Adranucran, r. baraan
e-mail: ainullah.habibi1@yahoo.com

BAusiHME BblA@AEHHbIX LLMAHOOAKTepMit Ha NMpopacTaHue CEMSIH M POCT puca

LinaHob6akTeprn BHOCAT GOAbLLIOM BKAAA B MAOAOPOAME MOUBLI. [TokasaHo, YTO UMaHobakTepum
CMHTE3UPYIOT BEWECTBa, CTUMYAMpYIoLME GOAee BbICOKMI pocT pacTteHuit. CylecTByeT MHOXKECTBO
paboT 0 BAMSHMM LUMaHOBAKTEPUIA HA YPOXKAMHOCTb PUCOBBIX MOAENM, HO OYEHb MAAO MCCAEAOBaHWIA
npoBeaeHo B AdpraHucraHe. B 3ToM mccaepoBaHumu umaHobakTepmns Anabaena sp. OblAa BblAEAEHA
M3 PUCOBBIX MOAEN MPOBUHUMM baraaH, AdpraHucraH. BbiaeAeHHyto umaHobaktepuio Anabaena sp.
MCMOAb30BaAM B KaueCcTBe MHOKYASTA Ha TPeX Pa3HOBMAHOCTSX puca AdraHucTaHa B TeUEHWe ABYX
yacoB. Mo ncteyeHnio 10 cyTok ObIAO MOKA3aHO, YTO MHOKYASILMS CEeMSIH puca LmaHobakTepueit
YAYULLMAQ BCXOXECTb CEMSIH, POCT PAaCTEHWIA M AAMHY KOPHSI BO BCEX OOPaBOTaHHbIX CeMeHax Mo
CpaBHeHMIO C KOHTpoAeM. Ha caeaylolemM 3Tare 3KCrnepuMMeHTa CemeHa MOABEPraAu pasAeAbHOM
MHOKYASILMM 3KCTPaKTaMM LMaHOBAKTEPUM M KYABTMBMPOBAAM B HEOPraHW4eckon WMAOBOW TMOYBe.
Yepes 12 AHEN pe3yAbTaTbl OMbITa MOKA3aAM Pa3AMumns B BbicOTe NMo6eros o6paboTaHHbIX PaCTEHMI
MO CPaBHEHMIO C KOHTPOAEM. B cBsi3M € 3TuM umaHbakTepus Anabaena sp. pEKOMEHAYETCS B KauecTBe
3(phekTUBHOrO BMOYAOOPEHMS AAS PUCOBBIX MOAEN AdpraHncTaHa.

KaroueBble croBa: LpaHobakTepums, MHOKYASIUMS, 61oya00perms, baraan, LLlamapk, Yawmanwmp.

Introduction

Cyanobacteria are photosynthetic prokaryotes
and colonizing microorganisms that are found
throughout the world and they are exceptionally
well adapted to a wide array of environmental
conditions (Paerl et al., 2000:11-26, Karthikeyan et
al., 2008:87-91 and Kirlwood et al., 2008:453-465).
These organisms are one of the major components
of the nitrogen fixing biomass in paddy fields. The
agricultural importance of cyanobacteria in rice
cultivation is directly related with their ability to fix
nitrogen and other positive effects for plants and soil.
After water, nitrogen is the second limiting factor for
plant growth in many fields and deficiency of this
element is met by fertilizers (Malik et al. 2001:1217-
1220). The excessive use of chemical fertilizers has
generated several environmental problems including
the greenhouse effect, ozone layer depletion and
acidification of water. These problems can be tackled
by use of biofertilizers (Choudhury and Kennedy
2005:1625-1639, Rai 2006:1-28). Biofertilizers,
more commonly known as microbial inoculants,
include bacteria (Azotobacter), cyanobacteria and
mycorrhizal fungi; they are natural, beneficial and
ecological friendly, they also provide nutrients for
the plants and maintain soil structure (Board 2004:9-
49). Over the past six decades, reports have been
published on the use of cyanobacterial inoculants
(algalization) to enhance biological N2 fixation in
wetland rice fields. Cyanobacteria play an important
role in maintenance and build-up of soil fertility,
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consequently increasing rice growth and yield as a
natural biofertilizer (Song et al. 2005:131-140). The
acts of these algae include: (a) Increase in soil pores
with having filamentous structure and production
of adhesive substances. (b) Excretion of growth-
promoting substances such as hormones (auxin,
gibberellin), vitamins, amino acids (Roger and
Reynaud 1982:147-168, Rodriguez et al. 2006:1-
4). (c) Increase in water- holding capacity through
their jelly structure (Roger and Reynaud 1982:147-
168). (d) Increase in soil biomass after their death
and decomposition. (e¢) Decrease in soil salinity.
(f) Preventing weeds growth. (g) Increase in soil
phosphate by excretion of organic acids (Wilson
2006:9-10). The indirect promotion of plant growth
occurs when cyanobacteria prevent or counter
deleterious effects of one or more phytopathogenic
microorganisms (Moussa and Shanab, 2001:267-
281, Rizk, 2006:212-215, Kim, 2006:138-142,
Abo-Shady et al., 2007:3029-3038, Tassara et al.,
2008:487-492, Kim and Kim, 2008:242-248).
Several studies have reported that cyanobacteria
can improve the plant growth by improving the soil
structure as they have potential to secrete extracellular
polysaccharides that help in soil aggregation and
water retention (Hill et al., 1994:126-148, Mazor et
al., 1996:121-130, Maqubela et al., 2009:79-92). In
addition, the use of cyanobacteria can increase the
carbon and nitrogen status of soil (De Caire et al.,
2000:1985-1987, De Cano et al., 2002:2421-2431,
Azia and Hashem, 2004:309-3011, Pandey et al.,
2005:451-457, Malam Issa et al.,, 2007:209-219,
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Obana et al., 2007:641-646, Nisha et al., 2007:49-
56, Swarnalakshmi et al., 2007:307-313, Maqubela
et al., 2009:79-92, Saadatnia and Riahi, 2009:207-
212, Maqubela et al., 2009:79-92). Most paddy soils
have a natural population of cyanobacteria which
provides a potential source of nitrogen fixation at
no cost (Mishra and Pabbi 2004:6-10).The paddy
field ecosystem provides a favorable environment
for the growth of cyanobacteria with respect to
their requirements for light, water, high temperature
and nutrient availability. This could be the reason
for more abundant cyanobacteria growth in paddy
soils than in upland soils (Roger and Reynaud
1982:147-168, Kondo and Yasuda 2003:105-111).
In this research we studded the effect of isolated
cyanobacteria on seed germination and plant growth
on three common varieties of Afghanistan’s rice (IR
rice, Long red rice and Medium red rice)

Materials and methods

The aim of this research was effect of isolated
cyanobacteria as a biofertilizer on three common
varieties of rice plants in Afghanistan.

Soil samples were collected from the depth of
0-5 cm of soil surface in paddy fields of Shamarq
and Chashmaishir villages of Baghlan province
in the north east of Afghanistan in August,
2016. Soil sample transferred to the laboratory
of photobiotechnology, Faculty of Biology and
Biotechnology, al-Farabi KazNU. Standard
microbiological and algological research methods
carried out for isolation and purification of nitrogen
fixing cyanobacteria used the bellow nutrient
mediums.

Gromov’s No6 nutrient medium consisted
of (per liter of distilled water) NaNO,(1g),
K HPO, (0.2g), MgSO4 x 7H,0 (0.2g), CaCl,
(0.15g), NaHCO3(0.2g), EDTA (1ml), solution of
microelement' (1ml ) and solution of micoelement?
(1ml).

BGll1nitrogen free medium consisted (per
liter of distilled water) K,.HPo (40mg), MgSO, x
7TH20(75mg), CaCl,x2H,0(36mg), Na,CO3(20mg),
Citrate Na(6mg), FeNH4 Citrate(6mg), Solution of
microelements!, Iml) and solution of microelement?,
(1ml). The collected soil was cultured in Petri dishes
with a sterile Gromov’s No6 liquid nutrient medium.
After 14 days of cultivation, green algae grown on
the surface of cultured medium in Petri dishes.

Green specimen of microalgae from the surface
of cultured medium took by loop and transferred
to the sterile liquid nutrient medium in the sterile
flasks under the condition of lab box. The cultured

flasks were placed under the light (2000 lux) for 10
days. After 10 days the cultured growth and made
the color of liquid nutrient green. For dilution and
repeating the culture, 1ml of specimen from the
liquid culture was took by pipette and transferred
to sterile liquid nutrient medium in conical flasks,
while the liquid was poured into the flasks in such a
way that the volume occupied was not more than 1
/ 3 — 1/4 of the volume of the flask. The culture was
placed under the same intensity of light for 12 days.
The specimen from the growth culture took by loop
and transferred to the new sterile BG1 1nitrogen free
medium in the sterile flasks and placed under the
same light condition 2000 lux. Algological pure
culture was isolated by proper microscoping control
(Gollerbah et al., 1951,644). The cultures in the
liquid medium were hand shaken daily to prevent
sticking of the cyanobacteria to the wall of the
container.

To evaluate the activity of cyanobacteria, a
suspension of cyanobacteria . A volume of 1 ml or
more, depending on the purity of the storage culture,
was transferred immediately to Petri dishes on
frozen nutrient agar mixed with Gromov’s medium
and distributed on the surface of the agar with a
sterile spatula.

For purification of cyanobacteria 0.1gr antibiotic
(ampicillin) added to 1ml of water. 30 micro liters
from the suspension antibiotic were distributed on
the surface of each Petri dish with a sterile spatula.

The Petri dishes were placed in the light until
the colonies formed. From the grown colony,
specimen was transferred again to a liquid medium
by loop. Pure culture of cyanbacteria Anabaena sp.
was grown in conical flasks 250 — 1000 ml under
the light (2000 lux) and temperature of 27 — 28 c°
. Microscopy of isolated cultures of cyanobacteria
is carried out with the help of MX 300T ( Austria)
and Axio Imager Al(«Carl Zeiss», Germany)
microscopes (Gollerbah et al., 1951,644).

- Germination of seeds: Three variety of
common rice (IR rice, medium red rice and long
length red rice) collected from Baghlan province
of Afghanistan and transferred to the laboratory
of photobiotechnology, Faculty of Biology and
Biotechnology, al-Farabi KazNU.

Petri dishes were prepared in the following
way: sterile filter paper corresponding to the size
of the cups bottom was placed at the bottom of
sterile cups. Petri dishes were put in autoclave for
one hour. Seeds of rice were soaked for two hours
in suspensions of cyanobacteria extracts and in
sterile water (control), and then seeds were placed
in Petri dishes in the amount of 8 pieces in each
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cup. Cultured seeds were placed under the light
for 10 days and every 24 hours the seeds under
experiment were treated with 1ml of sterile water.
After 7 days germination of seeds, total length of
shoots and roots measured by ruler in each Petri
dish and counted the number of not germinated
seeds for each cup.

- Seed cultivation on soil: Nonorganic silt soil
were incubated and put in plastic cups not occupied

more than 3/4 parts of the cups. As previous new
seeds of the test plants were soaked for one hour in
suspensions of cyanobacteria and in sterile water to
control. Then the amount of 10 seeds cultivated in
soil of each cups. Cups were placed under the light
for 12 days and every 24 hours the cultivated seeds
in experiment were treated with 10 ml cyanobacteria
extracts and sterile water to control for 12 days
(Saadatnia and Riahi., 2009:207-212).

Culture of Cyanobacteria anabaena sp (Zoom. 1x 100)

Figure 1 — The morphology of isolated cyanobacteria, Anabaena sp.

I+ aier - [II+Anabaena

Figure 2 — Three varieties of rice (I-IR rice , II-Long red
rice and I1I-Medium red rice) inoculated by cyanobacteria
Anabaena sp. and soaked by water to control
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Result and discussion

Intheresultofconducted research onsoil of paddy
fields in Afghanistan (Shamarq and Chashmaishir
villages of Baghlan province). Pure culture of
cyanobacteria of Anabaena sp. was isolated with
the help of standard microbiological and algological
research methods and morphologically identified
with the help of MX 300T (Austria) and Axio Imager
Al («Carl Zeiss», Germany) microscopes (figurel).

According to the evaluation of conducted
research, isolated cyanobacteria Anabaena sp
had positive effect on three common varieties
of Afghanistan’s rice (IR rice, Long red rice and
medium red rice). These varieties have good
adaptation in Baghlan province. Germination of
Inoculated seeds by caynobacteria extracts after
10 days compared to water control, the percentage
of germinated seeds was 100 (figure 2). The result
shows that caynobacteria Anabaena sp. had a
positive effect on the growth of rice (germination,
height of shoot and length of root system). The root
length and plant height of one of the average plant
from each experimented variety was measured by
ruler, showed differences (figure3) as well as the
graph of measuring showed differences (figure4).

Inthe nextstage new seeds of the three common
varieties Afghanistan’s rice was separetely
cultivated in nonorganic silt soil and every 24
hours the cultivated seeds under the experiment
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were treated by 10 ml cyanobacteria extracts and
sterile water to control. After 12 days the result
showed that there are morphological differences

in height of treated plant by caynobacteria
Anabaena sp. in comparing to plant treated by
water (figure5).

118

Seeds inoculated by
Anabaena sp.

Figure 3 — The average effect of cyanobacteria Anabaena sp.
on the root length and plant height of three varieties of rice
(I-IR rice , II-Long red rice and III-Medium red rice)
in comparing to water control

Seeds socked by
water

OCHOBHOM
OcHoBHOW

OCHOBHOM
OCHOBHOM

OCHOBHOM

OCHOBHOW

OCHOBHOM

OCHOBHoﬁO

OCHOBHO# B Root length
OcHOBHOW R

OCHOBHOMA m Plant height

Root length and plant height (cm)

Figure 4 — The average effect of cyanobacteria Anabaena sp. on the root length and
plant height of three varieties of rice ( IR rice , Long red rice and Medium rice)
in comparing to water control
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I+ Water

[+ Anabaena

[I+ Water

[11+ Water

II +Anabaena

IIT +Anabaena

Figure 5 — Shows the morphological comparing of
three varieties of rice
( I-IR rice, II-Long red rice and III-medium red rice) treated
by Anabaena sp. and compared to water treated seeds from the
same variety in soil

Conclusion

Cyanobacteria  are  photosynthetic ~ and
prokaryotic microorganisms they are found in all
over the world. They contribute the growth of plant
by supplying growth substances. In this research,

cyanobacteria Anabaena sp was isolated from
paddy soils of Baghlan Province in Afghanistan and
used as inoculums on three common varieties of
Afghanistan’s rice (IRric, Long red rice and medium
red rice). The result revealed that treatment of rice
seeds by cyanobacteria extracts can enhance seed
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germination and plant growth in all treated seeds as  in shoots height of treated plants as compared to
compared to control. In the next stage, cyanobacteria  control by water. Therefore cyanbacteria Anabaena
as inoculums experimented on cultivated rice in soil.  sp. is recommended as an effective biofertilizer in
The morphological view also showed differences  paddy fields.
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MOP®OAOTINYECKASA UBSMEHYNBOCTDb
CEPOT'O BAPAHA (VARANUS GRISEUS) B KABAXCTAHE

B paboTe npuBeaeHbl AaHHble MO MOPGOAOrMYECKON M3MEHUYMBOCTM CEpOro BapaHa Varanus
griseus 13 lOxHbIX 1 KOro-BoctouHbix KbidbiankymoB (FOxHbIn KasaxcraH, 16 camok, 14 camuos, 7
MOAYB3POCAbIX U 7 IOBEHWMAbHbIX 0co6er). OTMeUeH MOAOBON AMMOPU3M: CaMLibl 06AaAAIOT BOAbLLIMMM
pa3mepamm TYAOBMLLA, FOAOBbI M XBOCTA. AHAAM3 BO3PACTHbIX M3MEHEHMIA Pa3MEPOB TeAa NMoKasaa, YTo
C BO3PACTOM OTHOCMTEAbHAsi AAMHA TOAOBbI YMEHbLLIAETCS: nokasaTeAb Lc/L y oBeHuAbHbIX 0,25, y
noAyB3pocAbix — 0,20, a y B3pocabix — 0,17 1 0,18. BbigBAeHa npgmast MOAOXKUTEAbHAS KOPPeAsLMs
MEXXAY AAMHOM TYAOBMLLA M AAMHOM XBOCTA. B nccaeayemoit BbIGOpKE BbIAEAEHbI YeTbIpe pa3mepHble
rpynmbi: 1) 0cobu ¢ AAMHOM TyAoBuia A0 15 cM, 2) ot 30 A0 38 cM, 3) oT 40 A0 48 cm 1 4) oT 50 c™m
n Bbllwe. [NprBeAeHbl 0COOEHHOCTM PUCYHKA BEpPXHEl CTOPOHbI TEAA CEPOro BapaHa C TeppuTopumn
IO>Horo KasaxcraHa. o BCTpeyaeMoCTu pasHbIX TUMOB PUCYHKA HEKOTOPOE OTAMUME HabAloAQeTCS
MeXAY BbiOopkon ¢ tora Kbi3bIAkyMOB (3amnaatbiii 6eper p. Cbipaapus) M M3 OKPECTHOCTEN rop
Aapb6asa (BocTouHblii 6eper p. Cboipaapms). OTMEUYEHO CXOACTBO B BapuauMsix pUcyHka ocobei n3
IOro-BocTtouHbix 1 3anaaHbix Kbi3bIAKYMOB.

KatoueBble caoBa: Varanus griseus, KasaxctaH, mopdoaornyeckass M3MeHUMBOCTb, MOAOBOM
AMMOPMM3M, pa3mepbl TeAa.
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Morphological variability of the desert monitor (Varanus griseus)
in Kazakhstan

Annotation. The paper presents data on the morphological variability of the desert monitor (Varanus
griseus) from the South and South-East Kyzylkums (Southern Kazakhstan, 16 females, 14 males, 7 semi-
adults and 7 juveniles). We observe sexual dimorphism: males have larger body, head and tail sizes.
Analysis of age-related changes in body size showed that with age, the relative head length decreases:
the Lc/ L index in juvenile 0.25, the half-adult 0.20, and in adults 0.17 and 0.18. A direct positive cor-
relation was revealed between body length and tail length. Four size adjusted groups were distinguished
in the investigated sample: 1) individuals with body length up to 15 ¢cm, 2) individuals — from 30 to 38
cm, 3) from 40 to 48 cm and 4) from 50 cm and above. We presented the peculiarities of pattern of
upper side of the body of desert monitor from the territory of Southern Kazakhstan. According to the
occurrence of different pattern types, there is some difference between the sample from the south of the
Kyzylkum (west bank of the Syrdaria River) and from the vicinity of the Darbaza mountains (east bank of
the Syrdaria River). Our data suggest similarities in pattern variations of individuals from Southeast and
Western Kyzylkums.

Key words: Varanus griseus, Kazakhstan, morphological variability, sexual dimorphism, body size.
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Ka3akcraHaarbl cyp keceaAiH, (Varanus griseus)
MOPOAOTUSIABIK, KYObIAMAAbIFbI

Kymbicta OHTYCTiK XoHe OHTYCTiK-wbIFbIC KbI3bIAKYMHaH Cyp KeAecTiH Varanus griseus
MOPOAOTMSABIK, KYObIAMAAbIFbI TYpaAbl MOAIMETTEp KeATipiareH (OHTycTik KasakcraH, 16 ypraiubiaap,
14 epkek, 7 >kapTblAail epecek >koHe 7 Kili >kacTarbiAap). >KbIHbICTbIK, €PEeKWeAiK 6GeAriAeHreH:
epKEKTEPAIH KeyAe, 0ac >koHe KyMpbIK OALleMAEPi YAKeH. JKacka GaiAaHbICTbl AEHE CaAMarbiHbIH
e3repyiH Taapaybl OOMbIHIIA 0ACTbIH CaAbICTbIPMAAbl Y3bIHAbIFbI TOMEHAEMAI: Lc/L MHAEKCH Kiwi
>KacTarblaapAbiH 0,25, xapTbiAan epecekTepain, 0,20 skaHe epecekTepaiH — 0,17 xaHe 0,18. KeyaeHiH,
Y3bIHAbIFbI MEH KYIMPbIK, Y3bIHAbIFbI apacbiHAQ TiKeAei OH e3apa GaiAaHbIC aHbIKTAAAbl. 3epPTTEAETIH
ipikTEMECIHAE TOPT OAllEMAl TomnTap epeklleAeHreH: 1) KeyAeHiH Y3blHAbIFbl 15 cMm-re aAeiiH
TapTTbipaTbiH AapakTap, 2) 30-aaH 38 cMm-re aentiH, 3) 40 cM-AeH 48 cm-re aeliiH >kaHe 4) 50 cm-aAeH
>Kofapbl. OHTYCTIK Ka3akcTaH ayMaFblHAQFbl CYP KECEAAIH AEHECIHIH XKOFapFbl XKaFblHAAFbl CYPETiHIH,
Herisri esrepmeAi HyCKaAapbl KEATIpIAreH. Op TYPAi CypeTTiH TypAepi Ke3AecCeTiHAIK 6oiblHLIa
KbI3bIAKYMHbIH OHTYCTIriHiH (CbipAapus ©3eHiHIH COA >KaK, >kKaFaAaybl) ipiktemeci >koHe Aap6asa
TayAapbiHbIH MaHarbiHAAFbI (CbipAApPUSt ©3EHIHIH OH >KaraAayhbl) ipikTemMeci apaAbIFbIHAQ Kenbip e3reAik
6aikanaabl. OHTYCTIK-LIbIFbIC >koHe 6aTbiC Kbi3bIAKYMAAFbl AapaKTap apacbiHAA CYPETTiH ©3repMeAi
HYCKaAapbIHAQ YKCACTbIK, OEATIAEHA.

Tyiin cesaep: Varanus griseus, KasakctaH, MOPGOAOTMSABIK, KYObIAMAABIK,, XKbIHbICTbIK, €PEKLLEAIK,
AEHe CaAMarbl.

BBenenne

Cepsiii Bapan Varanus griseus (Daudin, 1803)
— camas kpynHas swmepuna Cpenneit Azun u Ka-
3axcrana (puc. 1). Apear Buga oxsatbiBaeT CeBep-
Hyto Adppuky, Uunun, FOxnyto u FOro-3amagnyio
u Cpennioro Aszu. M3BectHo Tpu noasuna: Varanus
2. koniecznyi Mertens 1942 n3 [lakucrana u Uamum,
V. g griseus Daudin 1803 u3 CesepHoii Adpuku,
Apaguiickoro mnonyoctpoBa, bimxnero Bocrtoka
(Bximrouast Upak) u V. g. caspius Eichwald 1831
n3 TypaHckoil HU3MEHHOCTH, MpaHCKOro miuato u
MpHUISKAIX paiioHOB adranucrana u llakucrana
(Mertens, 1954; Bennett, 1995: 88; Ananjeva et al.,
2004: 115; Sindaco, Jeremcenko, 2008: 206). ITox-
BUJBl PA3IMYArOTCS TJIaBHBIM 00pa3oM IO OKpa-
cKke, a Takxke Gopme xBocTa U pazmepam (Mertens,
1954). OtmerumM, yto B 2015 rogy Ha OCHOBaHHMHU
MOp(HOJIOTUYECKUX TPU3HAKOB ¢ TeppuTopuu Wpa-
Ha OBLJT ONMCaH HOBBIM BHUJI BapaHa, KOTOPBIA paHee
JMarHoctupoBajcs kak V. griseus (Bohme et al.,
2015: 44).

B Kazaxcrane oOuTaer 3aKacCMICKUI TOIBUL
ceporo BapaHa V. g. caspius. 31eCh pacroioKeHbl
camble CEeBEpHbIC NOIyISAIUU BUuaa. Bun BHeceH B
Kpacuyto xkaury Kazaxcrana (bpymko, Ynpukosa,
2010: 66) kak COKpallalIIUCS B YUCICHHOCTH
By (Il kareropus), a Taxke B [Ipunoxenne I Kon-
Bernmu OOH o MexayHapoIHO# TOPTOBIIE BUAAMHU
¢utopel 1 QayHbI, HAXOISIMMHUCS TIOJ] YTPO30U HC-
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gesnoBeHnus (CITES). Ha tepputopun Kaszaxcrana
Mopdoorniyeckass W3MEHUYMBOCTh CEpOr0 BapaHa
M3y4eHa HEJOCTaTOYHO. VI3BECTHBI JaHHEIE 110 Pa3-
MepaM JJIMHBI TYJIOBHUIA U XBOCTa 15 B3poCibIX
ocobeit u 4 momys3pocisix (bpymko, 1995: 200), a
TaKKe 00IIee ONMUCaHNe PUCYHKA B3POCIBIX 0CO0CH
(ITapackus, 1956: 90-91). JIpyrux cBeACHUI HET.

s =0 z A &H i ROV ;&‘
Pucynox 1 — Buemnuii Bua ceporo Bapana u3 Kazaxcrana
(®Doto Ynpuxosoit M.A.)

B 3agaun naHHOTO MCCI€IOBaHUS BXOAMIIO U3-
yueHHe BHEUTHEe-MOP(OIOTHIECKO N3MEHYMBOCTH
BHJIa HAa CEBEPHOM nepudepun apeana uis JajlbHeH-
IIeTO U3YyYEHUS] MEXKIOMYISIIUOHHBIX U BHYTPHIIO-
MyJISLUOHHBIX TPYNIHUPOBOK. B 1aHHOMN cTaThe MBI
OIMCBIBAEM U3MEHYMBOCTb PA3MEPOB TEJa, OCOOCH-
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HOCTEH pUCYHKa, a TaKXKe MOJOBOH ITumMopdusM u
BO3PACTHbIE U3MEHEHHUS 3TUX IIPU3HAKOB Yy CEPOro
BapaHa M3 NomyJsiuid, oouraromux B Kazaxcrane.

MarepuaJibl 1 MeTOAbI HCCJIEA0BAHM

Hamu 0b110 m3yuyeno 16 camok, 14 camios, 7
TTOJTYB3POCIBIX M 7 IOBEHWJIBHBIX ocolelt m3 FHOx-
HbIX 1 FOro-Bocrounbsix KbI3bUIKYMOB, Ha TeppH-
topun Kazaxcrana. OnmucaHue pHCyHKa CIENaHO
1o 35 sx3emiusipaM ¢ Tepputopur KbeI3pUikyMoB, U
Ut 6 SK3eMIUISIPOB ¢ npaBodepexbs p. Ceipaapus,
u3 okpectHocTel rop Hapbasa.

B TekcTe HCIonb30BaIKCh CIEAYIOLINE COKpa-
meHns: L — [uiMHa TyJoBUIA OT KOHYMKA MODJIBI
10 aHanmbHOTO OTBepcTHs; Led — mmHa xBocTa OT
aHAJBHOTO OTBEPCTUS [0 KOHYMKAa XBOCTa, Lc —
JUTHHA TOJIOBBIL. CTaTUCTUYECKHI aHAIN3 BBHITIOJTHEH
¢ nomoteto nakera nporpamm STATISTICA 10.
Kpurnueckoe 3HayeHUE YPOBHSI CTATHCTHYECKOU
3HAYUMOCTH TIPHU TPOBEPKE HYJIEBBIX T'HIIOTE3 MPH-
Humanock paBHeIM (,05. IlpoBepka HopMasbHO-
CTH pacupeieeHns] KOJMYECTBEHHBIX IPHU3HAKOB
B OTJENBHBIX TPyIIax CPaBHEHHUS MPOBOIMIACH C
ncrnonbp3oBaHueM KputepueB Kommoroposa-Cmup-
HoBa. JlIs1 BceX KOJIMYECTBEHHBIX INPH3HAKOB B
CPaBHMBAaE€MBIX TpyMIax MPOU3BOAMIIACH OLIEHKA
cpeaHux apu(METHYECKUX U (CTaHIAPTHBIX) OMIU-
0ok cpenHero. CpeaHue 3HAYEHUS] U JOBEPHUTEIIb-
HBI HMHTEpBaN TpejicTaBlieHbl B rpadukax. [e-
CKPHUITHBHBIE CTATUCTUKU B TEKCTE MPECTABICHBI
kak M+m, rme M — cpenHee, a m — omnOKa cpeIHe-
ro, min — MUHUMaJbHOE 3HAYEHHUE MPHU3HAKa, max
— MakcumaneHoe. /s rpaduueckoro orobpaxke-
HUS MCIIOJIb30Bajachk AuarpamMma paccesHus. [lon
OTIpe/IeTIsuICsA MyTEeM BBIJABIMBAHUSA T€MHIIEHUCOB,
MIOCKOJIbKY, KakK ITOKa3aja MpakTUKa JPYTHX HC-
CJIEZIOBaHUI, CEKCUPOBAHHE C ITOMOILBIO 30Ha (110
riyOMHe TMPOHUKHOBEHHs) HE Bceria JaeT OJHO-
3HauHbIe pe3ynbratel (Llemtapuyc u ap., 1991: 68).

O030p auTEpPaTypHI

3akacnuiCKUil NOJBU — CaMblil KpYITHBIN cpeau
(dhopmM ceporo Bapana. 1o JuTepaTypHbIM JaHHBIM,
MaKCUMaJIbHasl JAJIMHA TYJIOBHILA BMECTE C XBOCTOM
coctraBmsuia 1550 mm (Ceprees, 1939: 897, bannu-
KOB ¥ Ap., 1977). B 3ananueix Kei3puikymax B Y3-
OekHcTaHe caMblil KpYNHBIA caMel] J0CTUTal JUId-
HeI TynoBuma 60 cm (Llemmapuyc u ap., 1991: 71), B
Typkmenucrane — 58,5 cm (ILlammaxkos, 1981: 144).
Torma Kak y [OKHBIX MOJBHIIOB, Camble KPYITHBIC
camIlbl OBITM 3HAYHMTEIHHO MEHBIIE 10 pa3Mepam:
B Uzpamne — 46 cm (Stanner, Mendelssohn, 1987:

155), B Typuuu — 44,7 cm (Ilgaz et al., 2008: 174), B
[Nakucrane — 36,5 cm (Auffenberg et al., 1990: 28).
Jns apyrux BUIOB poja Varanus W3BECTHBI 0O0JIb-
IMe pa3Mepbl CaMIlOB 10 CPaBHEHUIO C CaMKaMH
(Shine, 1986: 125; Auffenberg et al., 1990: 28-30;
Auffenberg, 1994: 14-15; Pianka, 1995; Tsellarius
et al., 1995: 160; Thompson, Withers, 1997; Llexn-
nmapuyc, Lemmapuyc, 1999: 623), onnako ans Ba-
paHoB U3 Bocrounbsix KbI3bUIKYMOB 710 CUX MOp HE
ObLT TOKa3aH noJjioBoi qumopdusMm (bpymiko, 1995:
200). He uckmroueHo, 9To 3TO OBUIO CBSI3aHO C He-
JIOCTaTOYHBIM KOJIMYECTBOM BBIOOPKHU.

Janneie Mo 0coOEHHOCTSIM BHemIHeW Mopdo-
JIOTUYECKON HM3MEHYNBOCTH FOBEHHUJIBHBIX OCOOEit
¢ teppuropun Kazaxcrana orcytcTByloT. C 10XK-
HBIX TEPPUTOPHUH apealia O IBUIa HOBOPOXKICHHBIC
ocobu B ampene-mae gocturanmm 10-12 cm (ATaes,
1985: 133; Lennapuyc, Yepnun, 1994: 44), a B ceH-
Ts0pe-okTsi0pe — 18-20 cm (Ataes, 1985: 133). Pac-
YeT JJIUHBI TYJIOBHUINA Ha OCHOBAHWU KOPPEJSAIHH
JUIMHBI TYJIOBHIIA M pa3Mepa cieaa B 3amajHbIX
KbI3p1uTkyMax mokasai, 94To K OKTSOpIO JJIMHA TYJIO-
BHUIIA y 0COOEH MepBOro rofia )XU3HU MOXKET JOCTH-
rath 25 cM (emmapuyc u ap., 1991). Cxoxue nan-
Hele nonyuens! st FOxuoit Typkmennn (Ceprees,
1939: 896-897). B HeBoJie 3aperucTpupoBaH Oojiee
MeJUIeHHBIN pocT — oT 113 mMm B amperne 1o 173 mm
B aBrycre (Ataes, 1985: 133).

Hanmnume pa3HBIX BO3pAcTHBIX TPyHn B IIO-
MyJSIUU — OJIMH M3 BAXKHBIX IOKa3aTeleH JeMo-
rpacduun. s TouHOTO OMpeAeNeHUs BO3PACTHBIX
TPYNIT YCIIEIIHO HWCIOJB3YIOT TaKOW METOH, Kak
ckeneroxponosnorust (Smirina, Tsellarius, 1996:
131; Smirina, Tsellarius, 1998: 157; bynaxoBa u
np., 2007: 52). OgHako MpUMEHEHUE dTOTO METOa
TpeOyeT b0 ymepiuBieHue ocodeit, 1mdo coopa
MOruoOMMX K3eMIUTIPOB. [1oCKOIBKY Cephlil BapaH
BHeceH B Kpacuyio xumry Kazaxcrana, To Gonee
MPUEMJICMbIM METOJIOM, Ha HAll B3IV, SBJSICTCS
METOJI BBIJICTICHHUSI BO3PACTHBIX KJIACCOB M OMpee-
JIEHHsI BO3pacTa 1o u3ydeHuto 1uuHbl Tena (Ileckos
u ap., 2013: 3055). Y HEKOTOpPHIX BHIOB SIIECPHUIL
PaCTSIHYyTOCTh CPOKOB SIMIICKIIAKH U BO3MOXKHOCTb
HECKOIIbKHUX KIIQJI0OK B TOJ, HHIUBUAYAIbHbBIE pa3-
JUYUSL CKOPOCTH POCTA, CHIDKCHHE TeMIla POCTa
M0 JTOCTHKEHHUH TIOJIOBO3PETIOCTH — BCE ATO AeaeT
METO/I OTIPEJICIICHUS] BO3pacTa PENTWINN 110 JITHHE
Tena HeHaaexkHbIM (CTpenkoBa, Dmnosa, 2016: 52).
VY ceporo BapaHa, 10 HAIlIUM H JIUTEPATYPHBIM JIaH-
HBIM, KJaJIKa JIITH OJWH Pa3 B TO, IPUYEM €€ CpPO-
KH, BEPOSITHO, IOBOJIBHO CIKAThI, IIOCKOJIBKY ITEPHUO]T
cnapuBanus oueHb kopotkuit (10 gueit) (Tsellarius,
Men’shikov, 1994: 122), moaToMy MBI OXHIAEM,
4TO pa3Opoc OyAeT He OUYCHb CHIIbHBIM.
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Jnst u3ydeHus: TOMYJISIIMOHHBIX pa3inyui, a
TaKXKe MHIUBUIYaJbHOTO MEYEHHsI BapaHOB BECh-
Ma YIOOHBIM MPU3HAKOM SIBIISIETCS PUCYHOK BEpX-
Helt cropons! Tynosuma (Tsellarius, Cherlin, 1991:
105). OgHako 10 cUX MOP HET MOAPOOHOTO OIHCa-
HUSI U3MEHYMBOCTH PUCYHKA BAPaHOB C TEPPUTOPUHU
Kazaxcrana.

Pe3y.]'ILTaTI>I u 06cym;[elme

Pasmepvr mynosuwa. JliinHa Tyja0BUILA U XBO-
CTa B3POCJIbIX CAMIIOB ¥ CAaMOK TpUBEJIeHa B TaOIH-
ne 1. JAnuHa TyJI0BHUILA B3POCIBIX BapaHOB BApPbH-
pyer ot 40,5 no 57 cMm, nnuHa xBocta — ot 48,0 1o
71 cm. Camas KpymnHas 0co0b UMEET OO0 IITHHY
127,0 cM ¢ anmHOM TysnoBUIIa 57 ¢M, 4TO B LIEJIOM
COOTBETCTBYET MaKCUMYyMY JUIsI IOABUA (CCBUIKH).
[Ipennonaraem, 4to 31O ObLIA caMas crapas U3 H3-
MepeHHbIX ocoleil (camen). BeiBox o 3HaumMTEND-
HOM BO3PAacTe 3TOr0 3K3EMIUIAPa MbI CIIEJIaIN Ha OC-
HOBAHHUU COCTOSIHUS 3yOHOM CUCTEMbI BapaHa, 3yObl

KOTOPOTO MOPaKEHBI KapHECONoJ00HBIM 3a00J1eBa-
HUEM, a KOYKHBIC IIOKPOBBI TeJla M XBOCTA OBLIH I10-
KPBITBI OOJIBIIUM KOJIMYECTBOM IIIPAMOB, C pa3HON
CTETICHBIO JIAaBHOCTH HAaHECEHUs, HAHOOJIBIINE TI0
pasMepy KpyITHbIE YClIyH Ha IIee, 10 CPABHEHUIO C
JIPYTUMH CaMIlaMH, ¥ 001ee COCTOsTHIE 0COOH.

[lockonbKy pacnpenesceHue OKa3ajloch HOp-
ManmsHBIM JIs U1t Led, L/Led, To cpaBHEHHE MEK-
Iy caMIlaMd U CaMKaMH ITPOBEIU TI0 t-KPUTEPHUIO U
kputeputo ManHa-YutHu. CpaBHEHUE C HWCIOJb-
30BaHHEM t-KPHUTEPHUsSl [OKA3aJI0 CTATUCTUYCCKU
3HAUUMOE OTIn4ue 1o anuHe tynosuma (p=0,04),
xBocta (p=0,01) u ronoser (p=0,0006). Ilpu wuc-
MOJIb30BaHUU KpuUTepus MaHHa-YUTHU CTaTUCTH-
YeCKH 3HAYNMOE OTJIMYME BBISIBICHO TI0 JIJTMHE XBO-
cta (p=0,007) u nnune ronossl (p=0,002). Paznuune
B COOTHOIICHUH JIJIMHBI TYJIOBHIIA K JUIMHE XBOCTA
U JITTMHBI TOJIOBBI K JUTMHE TYJIOBHILA HE BBISIBICHO.
Takum o0pazom, Ha COOpaHHOM HaMU MaTepHuale
CaMKH 00JIaaii MEHBIIUMH pa3MepaMu TYJIOBHU-
113, TOJIOBBI U XBOCTA.

Tab6auna 1 — BapuaGenpHOCTh pa3MepoB TyJIOBHINA cepbix BapaHoB B Kazaxcrane (FOro-Bocrounsie Ke3puikymen)

IIpusnax L Led L/Led Lc Lc/L

Min-max 40,50-56,50 48,00-67,50 0,68-0,94 7.0-8.70 0,17-0,19

Camku (16)
M:m 46,23+1,32 59,06+1,27 0,78+0,01 7.83+0.002 0,18+0,002
Min-max 41,00-57,00 56,70-71,0 0,72-0,84 7.0-10.30 0.13-0.19

Camusr (14)
M+m 51,21-1,22 64,78+1,15 0,78+0,01 9.28+0.27 0.17+0.004
Tosyespocisre Min-max 28,00-38,00 38,5-51,00 0,63-0,85 6,00-8,70 0,18-0,22
ocobu (7) Mém 34,07-1,27 46,55-1,67 0.73-0.03 6.97+033 | 0,20+0,005
Min-max 11,7-12,4 142-15.6 0,77-0,82 2,90-3,20 0,23-0,27

OBenunnbHbIe (7) 14 é 510 ’18

M+tm 11,98+1,11 ’ ’ 0,80+0,006 3,10+0,04 0,25+0,004

JmiHa TyJOBHMINA FOBEHIIBHBIX 0cOoOeH B arpe-
ne 2017 r. cocraBuna 11,7-12,4 cm (Tabmuua 1). Bo
BTOpOIi monoBuHe utosst 2009 r. Oblia HaiiieHa 10Be-
HWIbHASI 0COOb ¢ UTMHOM TYJOBHUINA 14 cM U JITHHOM
xBocta — 20 cM. OcoOu TakuX ke pa3MepoB HAOIkO1a-
JIHCB B IpyTux pernoHax Cpeaneil A3uu B arpene-Mae
(Araes, 1985: 133; Llemmapuyc, Uepmur, 1994: 44).

Pesynbrartel m3MepeHUs] IOBEHHWJIBHBIX, IONY-
B3POCIIBIX M B3POCIBIX 0COOEH MOKa3at, 4To C BO3-
pacToMm MoKa3aTeidb COOTHOIIEHHS pa3MepoB TOJIO-
BBl K TYJIOBHUIIY YMEHbBIIACTCSA. Y IOBEHUIHHBIX B
CpeIHeM 3TOT Moka3aTenb coctaBui 0,25, Toraa Kak

ISSN 1563-034X

y moyB3pocisix yxe 0,20, a y B3pocisix — 0,17 u
0,18 (tabn. 1). Ha Hamem HeGonbIIOM MaTepuale
MO0 HEMOJOBO3PENBIM 0COOSIM, Y KOTOPBIX HaMm JI0-
CTOBEPHO YIAJIOCh ONPEACTUTh 1MOod (3 caMKu U 2
camila ¢ JUIMHOM TyjnoBuia 32-38 cMm), paznuuuit
MO0 COOTHOIIICHHIO JUTHHBI TOJOBBI K JUTUHE TYJIOBH-
1[a He OTMEYECHO.

BrisiBneHa npsiMasi MOJIOKUTENIbHAs KOPpEJis-
IUST MEXY UTMHOW TYJOBHINA M JIJTMHOW XBOCTA!
koddumument Crmmpmana 0,8474 (p<0,05). I'padu-
YEeCKH 3TO OTYETIIMBO OTOOpaXKaeTcsl Ha AuarpamMmme
paccestaus (puc. 2).
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Pucynok 2 — /lnarpamma paccesHus 1o npu3HakaM ananHa Tynosuiia (L) u amuna xBocta (Led) ceporo Bapana
(mpsiMasi monoXKUTeNbHAs Koppessus). OBanoM 00BeAEeHb! pa3MepHBIE TPYIIIBI

Ha pucyHke 2 MOHO BBIICIHUTH YETHIPE pas3-
MepHbie Tpynmbl: 1) 0coOu ¢ UTMHOM TYJIOBHIIA 10
15 cM, 2) ocobu — ot 30 mo 38 cMm, 3) ot 40 mo 48
cM u 4) ot 50 cm u Bbitie. OUeBUIHO, YTO €CTh I
OJlHA TPYIITA, U3 KOTOPOH HaM BCTPETHIIACH TOJIBKO
omHa 0c00b — oT 15 mo 30 cm (HaiimeHHas B HIOIE,
BO3pacT — OKoJo 2-x jeT). OMHAaKo B CBSI3U C HE-
JIOCTATOYHBIM KOJMYECTBOM SK3EMILISIPOB Ha JlaH-
HOM JTare 3Ta 0co0b BKJIIOUYE€HAa HAMH BO BTOPYIO
rpymiy.

Ha ocHOBe monydeHHBIX pa3MEpPHBIX TAHHBIX B
paiioHe HWCCIIeTOBAaHWN BCTPEUCHHBICE HaMH OCOOH
SIBJISIFOTCS  TIPEJICTABUTEIISIMU KaK MUHUMYM TpPEX
803pacmmubix TPyMIL: 1) TOZOBUKH, T.€. 0COOH, Tepe-
3UMOBABIIIHE OJHY 3UMY (110 25 cM), 2) ocobu Tpe-
Thero roja (MOIyB3pPOCIEIE, MOCHE BYX 3UMOBOK
(¢ mmmnHoi TynoBuma 30-38 cM) u ocobu crapie
Tpéx 7er (6omee 40 cm). IlockompKy cumTaercs,
YTO TOJIOBOH 3PEIOCTH BapaHbl TOCTUTAIOT K KOHILY
TPETHEro T0/Ia )KU3HHU, MOXKHO TIPEATIONIOKHTh, YTO
COOTHOIIEHHE BO3PACTHBIX TPYII B BBIOOPKE cClie-
IyIoIiee: IOBEHUIBHBIC | TOYB3POCIBIC ;| B3POCIbIC
= 1,33:1:6,33, T.e. HaOmOMaeTCS TIPEBATUPOBAHIE
B3pOCTBIX ocobel Ham Mojonpio. B mmrepatype
TaK)Ke YKa3bIBACTCS, YTO MOMYJISIIUU CEPOTO BapaHa
B lOro-BocTtounbix Ke3blikyMax cOCTOST B OCHOB-
HOM W3 B3pOCJBIX H ITOJyB3POCIBIX 0COOEH, a Mo-

JIOJIbIE MTPEJCTABIISIIOT JIMIIb HEOOBIIYI0 UX YacTb
(bpymko, 1995: 207, 2007: 9). OxHako, B CBS3H C
HEOOJBITON BEIOOPKOM ATH TaHHBIE MOTYT paccMa-
TPHUBATHCS JIMIIb KaK [IPEBApUTEIbHBIC.

Pucynox mena. BepxHsisi CTOpOHA Tella CEPOTO
BapaHa CBETIO-KOPHUYHEBOTO, CBETIO-KUPIMYHOTO
[BeTa, a ONKE K XBOCTY — KPacHOBATO-KOpPHYHE-
BOTO WJIM KpacHO-ceporo mBera (puc. 1). B3pocisie
0co0m ceporo BapaHa MMEIOT IIECTh, TOPa30 pexe
CeMb IOMEPEYHBIX TEMHO-OYpbIX MOJOC Ha CIH-
HE MEeXIy NMEPEeTHUMH W 33JHAMUA KOHEYHOCTSIMH.
[lepBast ciuaHas nosoca (pactoyoXeHa MeXIy Te-
pEeHMMU JIallaMM) Yallle BCero MMeeT 1o 2 pa3BeT-
BIICHHSI TIO KPasiM, YXOJISIIHE B TIOIMBIIIIEUHBIC BIIa-
JIUHBI U K TIEpETHAM KOHEYHOCTsIM. BTopas momnoca
00BIYHO OTHOCHTENBHO poBHasl. [losockl ¢ TpeTheit
Mo TATYH HamOosee BapuaOenbHBI. Habmiomaercs
WX PenyKIus K cepenuHe cnuubl (puc. 3: 2,4, 11),
MIPEePBIBUCTOCTD (pHC. 3: 6), KPYTH BHYTPH I0JIOC IO
HEeHTpy cruHbI (puc. 3: 8, 9), CUIIbHBIN U3rHO B paii-
OHE cepeuHbI cruHEI (puc. 3: 4, 10), kpectooOpas-
HOE rnepecedyeHue nojoc (puc. 3: 12), pa3BeTBicHue
OT CeperHbI CIIUHBI MOJIOCH! HajBoe (puc. 3: 5, 7,
11). [ectast unm ceapmasi MOJIOCH, PACTIONOXKEH-
Hble MEX]y 3aJHUMH JarnaMmu (B 3aBUCUMOCTH OT
00I1ero KoJM4YecTBa TOJOC, Yalle Ha KPEecCTIe), B
OOJBIIMHCTBE CITydaeB POBHBIE. MeXAy TeMHBIMU
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MOJIOCAMU — OECIIOPSIIOYHO PACIIONIOKEHHBIE MEJ-
KM€ TeMHBbIE MATHRIIKK. Ha XBocTe Habm0geTCs
13-15 nonoc. Konel XBocTa — CBETJIO-)KEIITHIN, 0€3

£
5

B 1L])) (o ] (=

IIATEH U I0J0C. Y OJHOIO JK3eMILISIPa OCHOBAaHUE
XBOCTa O4YeHb TEMHOE, noutu Oyporo msera. Hus
TeJla CBETIIO-0SKEBBIN HITH I'PSA3HO-)KEITOBATHIMH.

2 8¢
2ot

Pucynoxk 3 — Bapuanuu pucyHka BepXHel CTOPOHBI TyJI0BUILA ceporo BapaHa B Kasaxcrane

BcerpeyaeMocTh  BBIBICHHBIX — Bapualuid B
BBIOOpKaxX W3 Tpex pernoHoB (for KbI3BUIKYMOB,
okpectHOocTH TOp Kapakray, OKpecTHOCTH TOpPBI
Jlap6a3a) npexncrasinena B tabmuie 2. Tombko Ha
ore KI)I3I)UIKYMOB BCTPCTWINCH Bapualus C IByMs

Pa3BETBIAIONTUMHUCS MojocaM (puc. 3: 5) u ¢ paso-
pBanHO# moJockoi (puc. 3: 6). Hanbompimmii mpo-
LIEHT 0CO0EH C KpyraMH B IIEHTPE CITUHBI OTMEUAIICS
B OKpecTHOCTAX Jlap6a3sl 1 B okpecTHOCTIX Kapak-
Tay.

Taéanna 2 — BerpeuaemocTs Bapuanuii pucyHKa CIIMHBL ceporo Bapana B Kasaxcrane (B %)

Howmep Bapuanuu
Bribopka
1 2 3 4 5 6 7 8 9 10 11 12
IOr Kezpuikymos (n=11) | 27,3 9,1 - 9,1 9,1 9,1 36,3 - - - - -
Kapaxray (n=24) 37,5 | 16,6 | 4,16 | 4,16 - - 8,3 4,16 4,2 4,2 4,1 12,5
Hapbaza (n=06) 16,6 - - - - - - 16,6 33,3 - - 33,3

Hexoropoe ominune Bo BCTpeyaeMOCTH pa3HbIX
THUIIOB PUCYHKa uMmeercss Mexay KeI3bUIKyMCcKOH
u Jlap6a3sckoii BeiOopkamu (Tadum. 2). OgHako, He-
0O0JIBIIIOE KOJIMYECTBO OCOOEH B BBIOOpKax HE TO-
3BOJISIET TOBOPHUTH O JIOCTOBEPHOCTH ITHUX Pa3iH-
ynii. OTMETHM, YTO BapHaLHsi C KPYTOM B CEpeaHHE
TEMHOH IOJIOCHI 110 LIEHTPY CIHHBI, PEAYKLHS 110-
JI0C, WJIM UX pa3BETBICHHE paHee oTMedanach B Kbl-
3pUTKyMax ¢ Teppuropun Y3oekucrana (Tsellarius,
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Cherlin, 1991: 105). To ecTb, 10 pUCYHKY BepXHEH
CTOPOHBI TYJIOBHIIA HAOIIOIAETCS CXOACTBO MEKIY
MOMYJISIUSIMU CEPBIX BapaHOB C BOCTOYHOH W 3a-
nagHoi yactell KbI3bUIKyMOB.

VY I0BEHWJIBHBIX O0COOEH PHCYHOK CXOX CO
B3pOCJIBIMH, OJTHAKO OH 00jee KOHTPAacTHBIN (pHC.
4), MeXly I0JI0CaMHU CIIMHBI €1Ie HET KPanHOK, HO
c1abo MPOCIEKUBACTCS MOTIEPEUHBIA PSII CBETIIBIX
MSTHBIILEK, MECTAMH COEAWHEHHBIX APYT C JPyroM
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B TMOJIOCKY. Bapuanuu pucyHKa CIMHBI Y MajlCHb-
KHUX BapaHUYMKOB TaKHE K€, KaK U y B3pociblx. OT-
MeuaJlich KOJbla Ha CIIMHE, KPeCcTO00pa3Hoe Cius-

HHUC MOJI0C, aACUMMETPUYIHOC CMCIICHUC TTOJIOC.

: : : mama oy [
Pucynoxk 4 — FOBeHMIBHBIE 0COOH CEPOTrO BapaHa
(®oro 3uma 10.A.)

Ha xoHurke MOp/ibl U HUKHEHN 4ETI0OCTH UMEIOT-
Cs TIOTIepEYHbBIE TEMHBIE IMOJI0CH. Ha XBocTe moso-
CBI BBIPQXKEHBI 10 CAMOT0 KOHUKKa. VX KOIU4ecTBO
cocrasister 23-27, game 24. C BO3pacToM IMOJIOCHI
Ha KOHYHMKE XBOCTa M HA TIEPETHEM Kpae MOP/IBI TI0-
CTEICHHO MCYE3al0T.

3akiaouenue

Hamm ganHble OATBEpAWIN, YTO OCOOU C ce-
BepHO# nepudepnu apeasna MoABUAA JOCTUTAIOT Ta-
KHX K€ KPYIHBIX Pa3MepoB, 4TO U ¢ Ooee I0KHBIX
Tepputopuil. s HUX XapakTepeH MOJOBOM Iu-
Mopdu3M B pazmepax Tena: caMKu 001agaloT MEHb-
MMM pa3MepaMy TYJIOBHIA, TOJIOBBI M XBOCTA.
AHanu3 BO3pacTHBIX H3MEHEHHMH pa3MepoB Tela
[I0Ka3all, YTO C BO3PACTOM OTHOCHUTENbHAs JUIMHA
TOJIOBBI YMEHBIIAETCS, TOr/la KaK MEXIY UIMHOM

TYJIOBHIIA U JUIMHOW XBOCTA BBISIBIICHA MpsIMast 10-
JIOXKUTEJIbHAST KOPPEISLHAL.

Ha ocHoBe pazMepHBIX JaHHBIX MOKHO MPEATIO-
JIOKHTh, YTO COOTHOIICHUE BO3PACTHBIX TPYMI Ha
ceBepHOii nepudepun apeana B Boctounsrx Ke3pii-
KyMax B arpelie-uioHe CIEAyIoNias — IOBeHWIbHbIE
: moJryB3pocible : B3pociabie = 1,33:1:6,33. Onnako
B CBSI3U C HEAOCTATOYHBIM 00BEMOM BBIOOPKHU 3TH
JAaHHBIC MOYKHO paCcCMaTpuBaTh JIMIIb KaK IMpeaBa-
pUTENbHBIC.

ITo BcTpeyaeMoCTH pa3HBIX THIIOB PUCYHKA He-
KOTOpOE OTJINYME HaOI0aeTCsi MEKAY BBIOOPKON
¢ tora Ke3puikyMOB 1 U3 okpectHocTel JlapOass
(mpaBoOepexse p. Celpmapus), OJHAKO W3-3a He-
0OJNBIIOTO KOJIHMYECTBA HCCIIEAOBAaHHBIX 0co0ei
TOBOPHTH O JIOCTOBEPHOCTH Pa3uuuil Henb3s. CKo-
pee Bcero, Celpaapus He SIBISIETCS M30JIMPYIOLINM
OaprepoM. M3BecTHO, 4TO BapaHbl XOPOIIO IJIaBa-
1oT (Bennett, 1995: 90), a yposens Coipmapun Obl-
BA€T JIOBOJIbHO HEBBICOKMM M Oepera COeIUHEHBI
HECKOJIBKUMH MOCTaMU. CXOZICTBO B Bapuanusax
pucyHnka ocobeii n3 lOro-BocTounsix u 3amamHbix
KbI3bIIKYMOB OATBEPKAACT CBSI3b MEKAY yKa3aH-
HBIMHU IMONYJIALIUAMUA.

OueBuaHa HEOOXOIUMOCTH JAIBHEHIINX HC-
cleoBaHU  MOP(OIOTHUECKON  M3MEHUYNBOCTH
IOBEHUIIBHBIX 0c00eH, KOTOpasi II03BOJUT MOJTYYHTh
JIOTIOJTHUTENbHBIC CBEICHHS 110 TeMIIaM pOCTa MO-
JIOOM Ha CeBepHOH mepudepuu, a TakkKe HAINYHIO
pa3sHBIX BO3PACTHBIX I'PYIIILI B PA3HOE BPEMs JKHU3-
HEHHOTO [TUKJIa BapaHa.

Bnaromapuoctu: Aemopwr 6nazooapsm lle-
cmosa M.B., Kosanenxo A.B., l'aspunosa A.3.,
Ipauesa A.A., Baiioaeremosa E.P., [[Imvieanesa H.
u Jaynemoga A.3. 3a nomowp 6 9KCHeOUYUOHHBIX
pabomax u uzmepenusax cepozo eapara. Omoens-
Hyto baazodapHocms evipadicaem K. J[. Muremo 3a
yennvie 3ameuanus no pykonucu. HA. Ipuwuny u
C.X. 3apunogy 6razooapum 3a nomowjp ¢ nepeso-
oom pestome. Paboma 6vina evinoineHa npu noo-
oepacke ¢ponoa Pygpdhopoa (The Rufford Small
Grants Foundation 2012 (10048-1), 2016 (19111-2)
u pecnyonuxancrkoeo epanma MOH PK 2200/’ ®4.
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