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ENVIRONMENTAL, BIOLOGICAL AND GENETIC FEATURES
OF CERTAIN POPULATIONS OF GREAT GERBIL
(Rhombomys opius Licht., 1823) OF KAZAKHSTAN

Abstract. The main host of a number of especially dangerous zoomnotic infections in the arid zones of
Kazakhstan, covering an arca of about 1.1 million km?2, is the great gerbil (Rhombomys opimus). In the process of
formation in natural foci of the parasitic triad (pathogen-host-vector, mutual adaptation of all its members to
environmental conditions and their coevolution occurs. The article presents the results of a study of the intraspecific,
population heterogeneity of ecological-biological and some genomic features of the great gerbil in three foci of
zoonotic Infections: Pribalkash, Betpakdala and Predustyurt. The features of climate, soil and vegetation cover,
tendencies of their perennial and seasonal changes were studied. Differences in climatic conditions and
characteristics of vegetation between the 3 foci were revealed at a rather high degree of synchronization of the trend
of changes in air temperature and precipitation. Analysis of the cytB gene fragment from 88 individuals from three
autonomous plague foci identified 19 haplotypes that form three haplogroups, one of which is represented by
individuals from the populations of two autonomous plague foci Populations of great gerbils from Kazakhstan and
China are included in the same cluster and are genetically distant from the populations of Iran. Geographic isolation,
significant differences in climatic, landscape, and forage conditions, microevolutionary changes in the genomic
status determined the heterogeneity of three described populations of the great gerbil. A growing negative impact on
the population of the great gerbil and the epizootic status of natural foci of climate warming and an increasing
anthropogenic pressure, primarily in the form of overgrazing, on natural phytocenoses was noted.

Key words: great gerbil (Rhombomys opimus Licht., 1823), population genetics, microevolutionary factors,
cytochrome b gene polymorphism, ecological and biological features.

Introduction. The relevance of this study of the great gerbil populations is due to two circumstances:
the importance of this species in the functioning of arid ecosystems occupying about 44% of the territory of
Kazakhstan, and the fact that this rodent is a carrier of especially dangerous zoonotic infections, in particular,
plague, anthrax and other diseases that pose a danger to humans, domestic and wild animals [1,2].

Despite the keen interest from researchers, many important questions about the biology of great
gerbil, including its subspecies differentiation , interpopulation relations in various parts of their range,
many aspects of ethology, genetics and phenctic characteristics of populations that determine the
specificity of their relationships with pathogens and carriers of infections remain low studied [3,4]. Data

on the genomic characteristics of the great gerbil populations from ecologically and biologically
different natural foci are of fundamental importance [5,6].

Based on the foregoing, the purpose of our study was to analyze the polymorphism of the cytochrome
b gene of mitochondrial DNA in great gerbils, to study changes in ecological conditions, in particular, the
long-term, annual and monthly dynamics of air temperature and precipitation , dynamics of biomass of
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Phylogenetic analysis with nucleotide sequences of 19 haplotypes established in Kazakhstan and
nucleotide sequences of Cyr B of the R opimus gene captured in Iran and China formed three large
clusters (figure 3). The first cluster combined the sequences of R. opimus caught in Kazakhstan and China,
while the great gerbil caught in Kazakhstan is located in a separate clade. The second cluster is
represented by the nucleotide sequences of the subspecies R opimus sodalis from the “Sistano-
Baluchistan™ regional complex from the territory of Iran. The third cluster includes only sequences
subspecies R. opimus sargadensis from the "Central Iranian" regional complex located in Iran. The Elbrus
mountain system is a natural barrier between the two subspecies, which are well differentiated by
morphological characteristics, as well as by differences in the nucleotide sequence of the cyr B gene,
which reaches 10% between subspecies.

Conclusions. Analysis of climatic features revealed pronounced differences between the three
autonomous foci with a rather high degree of synchronization of the trend of changes in air temperature
and precipitation. At the same time, it should be noted a significant warming of the climate by 1.890C -
3.080C from 1941 to the present. The greatest increase in air temperature was noted on the territory of the
Betpakdala focus, less in the area of the Predustyurt focus and the smallest in the Pribalkhash focus. Since
the examined natural foci lie in the zone of northern deserts, tendencies of changes in the amount and
regime of precipitation were of particular importance for vegetation. For the period 1941 ... 2010, the
amount of precipitation in the Predustyurt and Betpakdala autonomous foci slightly decreased, while in
the Pribalkhash focus there was a slight increase in precipitation. On average in Kazakhstan, an increase in
the amount of winter precipitation and a decrease in the amount of precipitation in other seasons were
noted.

A close relationship is known between climate and the spread of infectious diseases [17]. Naturally,
the periods of intensive reproduction of the great gerbil were recorded simultancously over vast territories
and correspond to the cyclicity of the maximum amount of precipitation and the optimum temperature for
vegetation growth [18]. In years when during the cold months anomalously high precipitation, on average
more than 100 mm, fell out, the most intensive reproduction of great gerbils was noted. Less intensive
reproduction took place in years with rainfall close to the norm (63-70 mm). Low intensity of reproduction
is typical for dry years with 37.5 mm of precipitation. The most favorable conditions for the spread of
plague in the settlements of the great gerbil arise in years with warm and humid springs with abundant
vegetation [19].

The study of the nature of the soil and vegetation cover on the territory of the three surveyed
autonomous foci on multi-temporal satellite images with control showed that the vegetation index (NDVI)
adequately reflects the state of food resources of phytocenoses in the habitats of the great gerbil and
correlates with the temperature regime and precipitation (Figure 2¢). Analysis of the average monthly
fluctuations in the amount of precipitation in the territory of the three surveyed foci shows a synchronous
regime and rather close values of air temperature in the warm season ( IV - X ) and noticeable differences
in the cold season ( XI - IIT ). At the same time, pronounced differences are found in the average monthly
amount and mode of precipitation (Figure 2b). Based on the analysis of high-resolution satellite images at
different times and geobotanical work in the area, the processes of degradation of vegetation and
desertification of ecosystems were described, expressed in the depletion of their floristic composition, the
progressive loss of perennial forage plants from the grass stand with the dominance of annuals. The causes
of desertification were, first of all, overgrazing of livestock, growing moisture content of the soil and air.
The observed climate changes and the intensifying anthropogenic impact cause a negative transformation
of desert ecosystems and entail a depression in the abundance of the great gerbil.

Thus, genomic differences were formed in the studied foci in the studied populations of great gerbils
as a result of microevolutionary processes caused by genetic and ecological factors.
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KA3AKCTAH/IA MEKEHEATIH YJIKEH KYMTBIIIKAHHBIH
(Rhombomys opimus Licht.,1823) KEABIP TIOITY JISIIASICLIHBIH
IKOJIOT ISUILIK-BUOJIOTHSLTEIK )KOHE I'EHE THKAJILIK EPEKINEJIKTEPI

Annoramus. XXI racepaars! skahangany OapbICEIHIA KayinTi WHOCKUHAIAPABIH TAOHFH OMAFBIHIAFEI KOHTP-
THO31bI HHPCKIMANAH TYBIHIAWTHIH 3MHACMHUOIOTHSIIBIK KAYil apTTHI, COJI CEOCNTI KONTETCH FATBIMIAPABIH HA3aPhl
SH300THKAIBIK, ayMaKTapJarkl MAPA3HTTIK KYHCICP aCHCKTICIH 3epTTCYTC OAFBITTAIBIN OTHIP. YIKCH KYMTHIITAH
OIY SILWSICHIH 3¢PTTEYMiH 63eKTiMri eki OarbITIeH cumarTamamsl KazakcTaHesiH 1,1 MUIH KM® AyMAFBIH AJBII
JKATKAH apHATI 3KOCHCTCMAAAFBI ATAJFAH TYPAIH MAHBI3BL, CKIHINI JKAFBIHAH ATAJFAH TYP aca KayinTi WH(CKIHA-
JapIbIH TaOWFY OINAFBIHIA aJaMFa, )Kabalbl skoHE YH XKaHyapbIHA 3MSHABI Ci0ip sKapacsl MeH 00a Taparanpl. Tadurn
OINAKTapJa MAPA3UTTI TPHAJAHBIH (KO3ABIPYIIBI — TAPATYIIBI — TACKIMANAAYIIBI) KAJIBIITACYBI OaPhICBIHAA OapIIBIK
MYIICICPiHiH OPTA MKaFJaHbIHA OCHIMICITIN, KOIBOIFOLIS XKYPEi.

YIKeH KyMTHINTAH KAJOHMACBHIHIA dpAAHbIM aca KayinTi MH(EKIsIap TIpIILTK eTedi, omap kKeiae OyKin
KYMTHIIITAH KAJOHMSCHIHBIH KBIPBIIyBIHA ceOem 0onanpl. FanbiMaap KbI3bIFYIIBIIBIK TYABIPCA 13, YIKEH KYMTHIII-
KaH OMOIIOTHSCHIHBIH KONITETEH MAHBI3IBI MACENENEpI, acipece, TYPIIUIK Tu(epeHIHANMICH, MCKEH €Ty apealibIH-
JAFBI TOMYLIAAAPAIBIK KAPBIM-KATHIHACKL, O JLIIISHBIH TCHETHKANBIK JKOHE ()CHETHKANBIK CPEKINCIIKTEP] dIICi3
3EPTTEIICH.

Kazipri yakpITTa YIKCH KYMTHIIIKAHHBIH TYPJIi SKOJOTHITBIK-OHOIOTHAIBIK AyMAKTAPAa OPHATACKAH OIIAFBIH-
J1a KaJbINTACKAH TYPJICPiHIH (DHIOTCHETHKAIBIK MOIIMETTEPL XKOHE OJAPABIH MMAPA3UTTI YINTIKTIH O0acka MymIeiepi-
MEH apaKaTHIHACHIH AHBIKTAY YJIKECH MAHBI3Fa ME. By TCOPHIBIK 'KOHE NMPAKTUKAIBIK MAHBI3BI 0Aap CYpaKTapIbIH
’KayaOBIH ay YIOiH KIACCHKAJIBIK SKOIOTHSLIIBIK-OHONOTHSIBIK JKOHE MOP(OOHOIOTHAIBIK SAICTEPMEH KOCA, COHFBI
SKBITAAPBI TCHETHKAIIBIK SKOHE MOJICKY JLIPIIBI-ONOIOT HSLTBIK SJICTEP KCH KOJJAHBUIBII KEJICII.

Maxkanaga ym reorpadusIisIK OKIIAy TaHFaH omakrarsl (bermaknana, baakam MaHb! skoHE Y CTIpT MAaHBI) YIKCH
KYMTHIIIKAH TCHOMBIHBIH IO UIIFSIBIK CPEKIICTIKTEPIH 3€PTTEY HOTIDKENEPl KepceriareH. JKorapbima aramsin
OTKCH ABTOHOM/BI OINAKTAFbl YIKCH KYMTHIIKAHHBIH MUTOXOHApHanbal JHK-HbH b muroxpoM reH mommmop-
(u3MiHe aHATH3 Kacanabl. YJIKCH KYMTHIIKAHHBIH MCKCH €TY OPTACHIHAAFBI CAHBIHBIH ©3TCPYIHE (KITOIT ISR
TOIIKBIH») 9CEP ETETIH IKOJIOTHUIBIK-ONOIOTHAUIIBIK >KAFAAHBIHBIH, OHBIH IONHAC aya TEMIICPaTypPachl MCH KAy bIH-
IDAIOBIH MOJIICPi, ITONMTCKTSC OCIMAIK >KAMBLIFBICHI OHOMACCACBHIHBIH AWJBIK, JKBUIABIK JKOHC KOIDKBLIIBIK
JUHAMHUKACBIHBIH ©3TCPYyiHE aHAIN3 >KAcajIbl. 3ePTTCY HOTIKECIHAC YII TAOMFH OIIAKTHIH KIMMATTHIK YKaFJaibl MCH
KOPEKTIK 6CIMIIK >KAMBUFBICHIHBIH AWBIPMANIBUIBIKTAPBI AHBIKTAIABL. bermakmana skome YCTYpr MaHpl TaOWFd
OMIAKTApPHI ©3apa TaOuru OercTicH OemiHOCTCHIITI AHBIKTANABL. bamkarmm MaHbl TAOWFH OIMAFBl KYMTHIIKAHOAP
MHUTpanys OapbICHIHAA ACHI 6T¢ AJTMANTHIH TaOWFHM KeACpriicpMeH, sFHH lne skoHe Kaparanm eseHAEpiMEH »KoHE
Bankam kexiMeH OKmayTaHFaH. OpOip OMAKTAFbI METEO YKaFIAMIAPABIH 63TepPyl YII METCOCTAHIMS MAJICMETTEPIHIH
OpTAaIIAaHYbl HCTI3IHAC CHOATTANFAH, KyYMTHIIKAH KOMOHWACHIHAA Kockimma Kestrel 4500NV  moproTusri
METECTAHIMACHL APKbUIBI aTMOC(EpaNblK KbICHIM, SKEIIIH >KbUITAMIBIFBI, BIIFANIBUIBIK, aya TEMIIEPATypPachl
OIMIICHAI. 3CPTTCITCH HYKTC KoopauHataiaapsl Garmin 62 GPS- HaBuTaToOphl apKeuIbl OCKiTinai. YKeurer Me3rimmeri
ayaHbIH OpTama TeMrmepaTtypachl YCTIpT MaHbl McH bermakmana omarbiga baakam MaHb! ommarblHA KaparaHzaa
SKOFaphl OONATHIHABIFBI KepceTiunmi. JKbUImbIH CYBIK ME3TLTIHAC €H TOMEHII aya TEMIIEPaTypachl AHBIKTAIIBL
Bermakgama meH banikam MaHBIHA COMKECTITI KOPCETLAIL.

YCTipT MaHBI OINAFBIHAA ATMOC(CPAITHIK KAy BIH-MIAIMBIHHBIH, YKBUTTHIK, YICCIHACTI OIpiHIN MAKCHMYM COVipIILTIC
aifbIHA, a7 eKIHII MAKCHMYM Ky3ze, Ka3aH-Kapamia aiblHa CoHkec Keleni, beTmakaana omarbHIa MAKCHMYM HaypbI3-
MaMBIP KOHC KA3aH-KCITOKCAH afiblHA, bamkam MaHBl OINAFBIHAA HAYPBI3-IILUTAC JKOHC KA3aH-KApama aiblHA COHKeC
kemeni. bynm mmemmi afiMakrapaarbl eCIMOIKTCpPOIH BCTCTAIMUIBIK MAKCHMyMBIHA COHMKeC keneai. OOaHBIH TapasHTTI
TPHAJA CAHBIHA dya TCMIICPATYPACHL, >KAYBIH-INAMNBIH MOJINCPI MCH 6CIMAIK KAMBUFBI KOJICMIHIH OCCP CTYiHC
GaitmanbicThl KochiMma NDVI BereTanusiisIk HHACKCI aHBIKTAIIBL. 3PTTEICTIH ayMaKThIH YIKSHIITIH eckepim, MODIS-
MOD13A1v006 xocMOCTHIK armaparsHbIH 16 kyHaik opramanasrad NDVI 500 kepceTKilneH anbIHIpL

Ka3zakcTaHHBIH Kep KOJACMiHIH maMaMeH 1,1 MITH Imapmibl MAKBIPHIMBIH ATBIN YKATKAH ApPUATI aHMaKTapaarsl
KayinTi 300HO3ABIK HH()EKIMAIAPABIH HETI3r TACBIMANAAYMIBICHI — VIIKEH KYMTBIUKAH (Rhombomys opimus).
Tabwuru omakTapia mapazuTTi TPHAJAHBIH (KO3ABIPYIIBI — TAPATYIIBI — TaCHIMAIAYIIbI) KAIBIITACYbl OapBICHIHIA
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GapIBIK MYIIECIHIH OpTa >KarAaiibIHa OCHIMIENIN, KO3BOMFOLMS Kypeai. Makanaga 3aHO3ab!I HH(D)EKIHMSIIAPABIH YII
taburn omarbHAarsl (betnakmana, bankam MaHbL, YCTIPT MaHBI) YJIKEH KYMTHIIIKAHHBIH TYPIIILTIK, O JUIIHSIIBIK
TCTCPOTCHII KCJICTIHIH KOHC KCHOIP TCHOMIBIK CPCKIICTIKTCPIH 3CPTTCY HOTIKEICpi kepcerinreH. CoHmai-ax
3EPTTEJTEH ayMAKTa KIMMAT >KOHE 6CIMIAIK-TOIBIPAK >KAMBUIFBICHIHBIH CPEKIICTIKTEPI MEH OJAPAbIH KOILKBUIIBIK
JKOHE MAayCBIMIBIK 63TepicTepi, TCHACHINLLIAPHI 3eprTeinal. KaybH-IIamblH MEH aya TEMIepaTypachl e3repic
TPEHATEPIHIH JKOFAPFHI CHHXPOHM3AMACHHA OAMIAHBICTHI aTAJFAH YII TAOWFH OIMAKTHIH KIMMATTHIK XKAFJaibl MCH
TOTIBIPAK-6CIMIK >KAMBLUIFBICBIHBIH, AHBIPMAIIBUIBIFG AHBIKTATABL. YIO ABTOHOMIBI OINAKTAH AIBIHFAH YJIKCH
KYMTHINIKAHHBIH 88 JaHACHIHBIH cy!B reHiHiH (parmenti 19 rammorunti kepcerri. by rammorunrep e3apa ym
ramorpymmna Kypaiiasl. Kazakcran MeH KpIralimslH yIIKEH KyMTBHINIKAH TTOMYIIIFSCH Olp KIacTepre >KaTazpl KIHE
TCHETHKANBIK TYPFbIa MpaH momyIsMumsachIHAH OKINAYJIAHFAH. | eorpaisaiblK OKIIAYJIBIK, KIMMATTHIK, JaHamad-
THIK JKOHE KOPEKTIK KaFTaHIapAbIH CPEKIIEITi, TEHOMIBIK OPHBIHBIH MHKPO3()OTONUSUIBIK 63T€PIiCl CHIATTAIAThIH
YII DOMYJIIUUSHBIH TSTCPOTCHIUNTIH aHBIKTaAbl. YJIKCH KYMTHIIIKAH MOIYJUINMSICHIHA KOHE TAOWFH OINAKTAPIbIH
SMHU300TOJOTHAIBIK JOPSIKCCIHE KEpi OCCPHiH YIFAHFaHBl AHBIKTAIABL. TaOwrm (DUTOICHO3AAPFA AHTPOIIOTCHIL
KbICHIM MAJIIbI INAMAAH THIC KAHFAHIBIKTAH APTHIIT OTHIP.

Tyiiin cezaep: ynken xymreimkad (Rhombomys opimus Licht.,1823), momyIsauusuiblk TeHETHKA, MHKPO3BO-
mouwst (pakTopiapsl, b TUTOXPOMBI TSHIHIH HOTAMOP(U3MI, IKOTOTHSIIBIK-OHOIOT HAIBIK EPEKIICTIKTED.
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IKOJIOI'0O-BUOJIOTHMYECKUE U TEHETHYECKHE OCOBEHHOCTH HEKOTOPBIX
nmonyJjadanui 60JbIIOU MECYAHKH (Rhombomys opimus Licht.,1823) KASAXCTAHA

AHHOTAmHsI. YUATHIBAS, YTO B Mporecce rmodamm3anui B X XI-0M BEKE PE3KO BO3POCITH MHACMHOJIOTHUSCKAC
PHUCKH KOHTArHO3HBIX HH(EKIMH U3 MPHPOAHBIX OUAroB, HHTEPECHI HCCICAOBATEICH U3 MHOTHX CTPAH HAINPABJICHBI
B HACTOSINEGE BPEMSl HA M3YUCHHE PA3MMYHBIX ACIEKTOB NMAPAa3HTAPHBIX CHCTEM HA JH300THYHBIX TCPPUTOPHSIX.
AXTyanpHOCTh HCCICIOBAHHHA IOMYJSIIMK OONbImoN mecuaHku (Rhombomys opimus), OOyCIOBICHA IBYMS
0OCTOSITEIECTBAME: 3HAUCHUEM JAHHOTO BHAA B (JYHKIMOHHUPOBAHUM APHIHBIX 3KOCHCTEM, 3aHMMaromux B Kazax-
CTaHe MIomAIk OKONIO 1,1 MJTH. KM°, M TEM, UTO 3TOT MACCOBBIH BHI ABIACTCA OCHOBHBIM HOCHTEJIEM B IPHPOTHBIX
ouarax 0co00 OIACHBIX 300HO3HBIX WH(EKIWH, B YACTHOCTH, UyMbI, CHOMPCKOHM SI3BBI M IPYTUX 3a00JCBaHMH,
TIPEICTABIIOIIIX OMACHOCTh AJISI HYEJIOBEKA, JOMAIMTHHUX M JUKHX JKUBOTHBIX. W3BECTHO, WTO A1 KJIACCHYECKHUX
TIPUPOTHBIX 0YAroB 0C000 ONMACHBIX 300HO3HBIX HH(EKIMH XapaKTePEH HCTOPUICCKUH MPo1ece (JOPMHUPOBAHUS T.H.
Mapa3suTapHOH TPHAZB! (BO3OYIUTCITH — MCPCHOCUYMK — HOCHTCINB), AJANTAINA H KOMBOTIOIHA BCEX €C WICHOB K
CPEAOBBIM YCIOBHIM. FIMECHHO B KOJIOHMSIX TECUAHOK, OCOOCHHO OONBIION IMECUAHKH, MEPMAHCHTHO NEPCUCTUPYIOT
BO30yIuTEIH 0COO0 OMACHBIX MH()EKIHH, BBI3BIBAIONINE, B TOM YHCIIC, JMH300THH CPEIN CAMHUX IIECUAHOK, HHOTJA
VHHUTOKAIOIIME HACCIICHUE IICTIBIX KOJIOHHH 3THX 3BEpPbKOB. HECMOTpS HA NMPHCTANBHBIH HHTEPEC CO CTOPOHBI
HCCIECA0BATENCH, MHOTHE BAXKHBIC BOIIPOCH! OHMOJIOTHH OOJBIION NMECYAHKH, BKIFOYASI €¢ MOABHAOBYIO Au((epeH-
[UALIIO, MEXKITOIY IIIIIMOHHBIC OTHOIICHMS B PA3JIMYHBIX YACTAX apeana, Psi STOJIOTHYCCKUX ACHEKTOB, TCHETHYCC-
KHe W (DCHETHYECCKHWE XAPAKTCPHUCTHKU MOIYJLINWH, ONPEC/BIOMIE CIeIM(BUIHOCTh MX B3aHMOOTHOIICHHH C
BO30YIUTEISIMH M IIEPEHOCUYMKAMH MH(EKUMH, CYIIECTBEHHBIM 00Pa30M OIPEIACIIOIIE YPOBEHb YH300THIHOCTH
TIPUPOJHBIX O0YArOB, OCTAIOTCS CJIA00 H3YUYCHHBIMH. |IpHHIMNHMANEHOE 3HAYCHHE MMCEIOT JAHHBIC O (ryiorcHHH
Pa3MYHBIX NOABUAOBBIX 00PA30BAHUIT OOMBIION MECUAHKH M3 PA3THYHBIX B SKOJOTO-OMOJOTHYECKOM OTHOIICHHH
TIPUPOJHBIX OYArOB W B3AMMOCBS3AHHBIX C HUMH APYTHX COWICHOB MAPAa3HTApHOM Tpuanbl. /sl BEUICHEHHS 3THX,
BAKHBIX B TCOPETHHUECKOM H IMTPAKTHUECKOM OTHOIICHHUH BOIIPOCOB, HAPSAY C KIACCHUCCKUMHE 3KOJIOT0-OHOIOTHYEC-
KHMH B MOP(OTOTHUECKIMH METOJAMH, B TIOCICTHIE TOIbI AKTHBHO MCIOJIB3YIOTCSI TCHETHIYECKUE W MOJICKY JBIPHO-
OHMOJIOTHICCKHUE METOIBL.

B craree mpeacTaBneHBI PE3yIBTATHI HCCICAOBAHMSA ITOIYJLIIIMOHHBIX OCOOCHHOCTEH TEeHOMA OOIBINOM
TIECYAHKA U3 TPEX reorpapmueCKu H30IMPOBAHHBIX ABTOHOMHBIX MPHUPOIHBIX 04aros: Ipubanxamckoro, bermakaa-
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muHCKOTO U [Ipenycrioprckoro. BrimonHeH aHamm3 mommMopdu3Ma reHa muroxpoMa b muroxoHapuamsaoit JJHK
00PIIMX IECYAHOK, a4 TAKKE M3YUCHA MHOTOJICTHSSI JUHAMHMKA M3MCEHCHUH 3IKOJIOTO-OMOJIOTHUYECKHX YCIOBHH HX
MECTOOOUTAHUM, ONPEACIHIFOINX KOJCOAHHS YUCICHHOCTH (KIOIYJUIIHOHHBIC BOJHBD)) TECYAHOK, B YACTHOCTH
MHOTOJICTHSIS, TOJ0BASI M MECSIMHAS JHHAMHKA TEMIIEPATyPhI BO3MyXa M KOJIMYECTBA OCAIKOB, KOJICOAHUS OHOMACCHI
TPABSHUCTOH PACTHTEIBPHOCTH B OIMCBHIBACMBIX ABTOHOMHBIX IPHUPOAHBIX OYArax. BBIIM BBISBICHBI PasTHIHsA
KIMMATHYCCKAX VCIOBHH M OCOOCHHOCTEH BETeTAMH KOPMOBOH PACTHTEIBHOCTH MEXKIY 3-MS O4araMu IpH
JIOBOIIBHO BBICOKOI CTEIICHH CHHXPOHM3ALMH TPEHJA W3MCHCHHH TEMIICpATyphl BO3AyXa M OCATKOB. BBLICHHIACH
BaYKHAs POJb TOTO, uTo bermaxkgamuuckuil u [IpeyCTIOPTCKHH MPUPOAHBIC OYATH HE M30IMPOBAHBI €CTCCTBCHHBIMEI
mperpagamu. Toraa kak [TpuOankanickuit MpUPOIHBI 0YaT H30IHPOBAH HCMPEOIOTHMBIMHE T MATPALUH TCCYAHOK
mperpagaMu: 03epoM banxam, 6oxpmmmvu pexamu Mne u Kaparan. U3MeHCHHA METCOYCIIOBHH B KOKIOM H3 OUaroB
OTIMCAHBI 10 YCPETHEHHBIM JAHHBIM TPEX METCOCTAHUWH. JIOMOTHHUTEIHHO HA TEPPUTOPHUSIX KOJOHHH NMECUYAHOK C
TMOMOMIBI0 TOPTaTHUBHOHM MereocTanumu Moaenm Kestrel 4500NV m3Mepsimch CKOPOCTh BETPa, BIAKHOCTS,
TeMIIepaTypa, atMocepHoe mapiacHHe. KoopauHaTel 00CIeI0BAHHBIX TOUCK PETHCTPUPOBATINCH ¢ momommbio GPS-
Hasuraropa Garmin 62. Bpino mokazano, 4to 60ee BEICOKHE CPEIHUE TEMIIEPATY PBI BO3IyXa B TCILIBIA IIEPHO TOA
THOUIHBL A [IpeaycTropTckoro U beTmakaamuHCKOTO 04aroB MO CpaBHCHHIO ¢ [IpmOamxamckmM. B xomogHbIi
MCPHO TOAa OCOOCHHO HH3KHC TCMIICPATYPHI XapakTepHs! Ml bermakmanuackoro u [Ipubamxamckoro ouaros. B
TOJ0BOM X0/ arMOC(EPHBIX 0CAAKOB MEPBBIH MAKCHMYM B [IpeayCTIOPTCKOM OUare MPUXOAMTCS HA alpeJib-HIOIIb,
a BTOPOHW MAKCHMYM OCAIKOB HAOMIOAAETCS OCCHBIO — B OKTAOpE-HOsAOpe, B bermakmaiwmHCKOM odare MakCHMYMbl
0CaZKOB MPHUXOIATCS HA MApPT-MaH W OKTAOPb-Ackadpb, B banxanickoM — Ha MapT-HIOIb M OKTAOPb-ICKa0ps, T.¢.,
COBIIA/IACT C BCTCTAUMOHHBIM MAKCHMYMOM ITyCTBIHHOM PACTHTEIBHOCTH. B CBA3M C TEM, YTO HA YHCICHHOCTH
TIOTLY JSIMUH Yy MHOM Apa3UTapHON TPHAIBI HEMOCPEACTBEHHO BIIMIOT KOJHMUYCCTBO OCAIKOB, TEMIIEPATypa U 0OnIme
PACTHTCIHHOCTH HA OOCICIOBAHHON TCPPHTOPHH, TAKKS OMPEACIUICA BETCTAHOHHBIA HHACKC — NDVI. YumTsiBas
OoNpOIyI0 IUTOIMATM OOCIHCIOBAHHBIX TEPPHUTOPHH, ObLTH BHIOpaHB! 16-TH gHEBHBIE ycpemHEéHHBIE NDVI C
paspemermeM 500 MeTpos kocMudeckoro ammapara MODIS-MOD 13 A1v006.

OuoreHeTHUCCKHIT aHaIM3 (PparMeHTa cyfB reHa oT 88 0co0eH U3 TPEX aBTOHOMHBIX 04aroB YyMbI ONPEICIAT
19 ramroTHnoB, KOTOPBIE (DOPMUPYFOT TPH TAIIOTPYIIIbL, OJHA W3 KOTOPBIX IPEICTABICHA OCOOSIMH W3 MOy IIIUH
JIBYX aBTOHOMHBIX 04aroB 4yMslL [lomymmm 6opmmx necuaHok u3 Kazaxcrana m Kuras BXoIT B OJMH Ki1acTep U
TCHETHYECKH OTJANCHBI OT momyJuinuii Mpana. bosee nim MeHee BBIpaskeHHAS reorpaduHeckas H30IHs, 3HAYM-
TEJIbHBIC OTJIMYHUSA B KIMMATHYCCKUX, JAHTMAPTHBIX M KOPMOBBIX YCIOBHAX, MHKPO3BOIFOIMOHHBIC H3MCHEHHS
TECHOMHOTO CTaTyca O0YCIOBHIM T€TCPOTCHHOCTh TPEX OIMCHIBACMBIX IOILY LINHH OONBIIONW mecyaHkd. OTMEUCHO
pacTymice HETATHBHOE BO3JCHCTBHC HA IOMYJLINUH OONBINOH NMECYAHKH W SMH300THYCCKHH CTATYC HMPHPOIHBIX
OYaroB IMOTCIUICHUS KJINMATa M YCHJIMBAOIIUKCS AHTPOIIOTCHHBIH IPECC, Ha KOPMOBBIC PECYPCHI E€CTECTBEHHBIX
(pPUTOLIEHO30B MIPHUPOTHBIX 04Ar0B, MPEKAC BCETO, B (DOPME IIEPEBHINAca CKOTA.

KmoueBnie caoBa; Oompmas mecuyanka (Rhombomys opimus Licht.,1823), momynaumoHHAS TCHETHKA,
(haKTOPBI MEKPOIBOIFOLHH, ITOTMMOP(U3M reHa DUTOXpoMa b, 3K0IOT0-OHOTOTHIECKHE OCOOCHHOCTH.
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