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TEPICAKKAH ©3EHI AAABbIHAAFbBI TOMbIPAK, LUAMBIAYbIH
bATAAAYAA XAYbIH-LWALLbIH KAPKbIHADbIADbITbI
KOO DOUNLMEHTIHIH, (R-OAKTOPAbIH) POAI

Kasipri TaHAa ToMbIpak, 3po3usicbiHa (LaibIAyblHa) GaNAAHbBICTbI TOMbIPAK, AErPAAALMSICbl ©3€KTi
SKOAOTUSIABIK, MOCEABAEPAIH, Oipi BOABIMN OTbIP. byA MPoLECTiH ayKbIMbIH HaKTbl GaraAay >KeHe aAAbIH
aAy LIapaAapbliH 83ipAey aca MaHpi3Abl. Torbipak, 3p03MaChl — TaOMFU >KOHE aHTPOMOreHAIK gakTop-
AQPAbIH 63apa 9peKeTTeCyiHeH TybIHAQNTbIH KypAeAi npouecc. OA XXepAiH KYHAPAbIAbIFbIH TOMEHAE-
TiM, ayblA LWAPYALUbIAbIFbIHA XX8HE YATTbIK, 3KOHOMMKAFa YAKEH 3UsH KeATipeai. LLbiFy TeriHe kapaw
TOMbIPaK, 3PO3USICbI €Ki Typre GeAIHEAI: KeA 3P03ULChI (AEMDAILMS) XKOHE CY 3PO3USChl (LIarbIAy). AT-
MochepanbIK, >KayblH-LIALLbIHHbIH KON MOALLEPi MeH YKOFapbl KAPKbIHAbIAbIFbI — Cy 3PO3USCbIH KyLUel-
TETIH Heri3ri (pakTopAapAbIH Oipi.

Ocbl 3epTTeyAiH MakcaTbl — TepicakkaH e3eHi araOblHAAFbI >KayblIH-LIALIbIH KAPKbIHABIAbIFbI KO3~
duruMeHTIHIH (R-hakTOPAbBIH) KEHICTIKTIK TapaAyblH aHbIKTarl, OHbIH TOMbIPaK, LWabIAYbIH CaHAbIK, O6a-
FaAayAaFbl POAiH ankbiHAQY. ByA MakcaTka »eTy yuliH reoaknapatTblk, Xyie (FTAXK) saictepi nanaa-
AQHbIAABI: XKaybIH-1LALLbIH GOMbIHLLA METEOAEPEKTEP MHTEPIOASLMSIAAHDIM, aAANTbIH ayMarbl 6OMbIHLIA
R-hakTOpAbIH MBHAEPI ecenTeAa,.

TepicakkaH e3eHiHiH aAabbl WbiFbICTaH 6aTbicka Kapan wamameH 130 KM, aA OHTYCTIKTEH COATYC-
Tikke Kapai 239 KM co3blAbIM xaTbip. OHbIH OHTYCTiK OOAIri — TOOEAI aliMak, aA COATYCTIK >Kafbl — XKa-
3blK, COHAbIKTaH >aybIH-LLIALLIbIH MOALLEPI OHTYCTIKTEH COATYCTiKKe Kapar keMuai. COATYCTiK-LLIbIFbIC
GeAiriHAe XayblH-LallbiH MeALLepi 302—-325 MM 60ACa, OHTYCTIK 6eAiriHae 137—176 MM LLAMaCbIHAQ.
EcenteAreH R-chakTop kepceTKilTepi A€ OCbl 3aHABIAbIKTbl KEPCETEAI: COATYCTIK-LbIFbIcTa — 151-162,
aA OHTYCTikTe — 68—88 apanblfbiHAQ. ByA KkepceTkiliTep »ayblH-ALIbIH KAPKbIHABIABIFbIHbIH CY 3p0-
3MSCbIHbIH AAMYbIHA LLELYLi 8Cep eTETIHIH ADAEAAENAI, BCIpece ManAa KYPbIAbIMAbBI TOMbIpaKTap MeH
JKEAAl aliMaKTapAa. 3epTTeyAiH FbIAbIMM MaHbI3bl-OCbl ayMak, 60MbIHLWA R-hbakTopAbl ecenTey apKblAbl
TOMbIPaK, 3PO3USICbIHbIH, KEHICTIKTIK 3aHAbIAbIKTapPbIH HaKTblAay GOACA, MPAKTUKAAbIK, MOHI — 3p03us
Kayrni >KoFapbl aiMakTapAbl aHbIKTar, TMIMAI KapcCbl LapaAapAbl XKOCMapAayFa MyMKIHAIK 6epyiHAe.

Tyiin ce3aep: e3eHi aaabbl, R-pakTop, >kayblH LWALLbIH MOALLEPi, reorpadusaAbiK, aknapaTTbik,
JKYI€e, 3p03Us YPAICI, UHTEPNOASLUMS.

N.Y. Ramazanova, G.N. Dametova*, A.E. Ayapbekova,
Z.M. Karagoishin, M.A. Alagudzhaeva, S.T. Toxanbayeva

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

The role of the rainfall intensity coefficient (R-factor)
in assessing soil erosion in the Terisakkan river basin

Currently, soil degradation caused by erosion (runoff) is a pressing issue that requires accurate as-
sessment of its scale and the development of effective preventive measures. Soil erosion is a complex
natural-anthropogenic process that leads to the loss of land fertility and causes significant damage to
agriculture and the economy. According to its origin, soil erosion is divided into two main types: wind
erosion (deflation) and water erosion (runoff). High intensity and heavy precipitation are key factors that
accelerate water erosion.

The goal of this study is to determine the spatial distribution of the rainfall intensity coefficient (R-
factor) and evaluate its role in the quantitative assessment of soil runoff in the Terisakkan River Basin. To
achieve this, GIS technologies were used: interpolation of meteorological precipitation data allowed the
calculation of R-factor values across the basin area.

The Terisakkan River Basin extends approximately 130 km from east to west and 239 km from south
to north. The southern part is located in a low mountainous zone, while the northern part lies in a flat
area. As a result, precipitation decreases from south to north. Maximum rainfall values (302-325 mm/
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year) were recorded in the northeastern part, while the minimum values (137-176 mm/year) were ob-
served in the south. The calculated R-factor distribution reflects this pattern: maximum values (151-162)
are found in the northeast, and minimum values (68-88) in the south of the basin. This confirms the
crucial role of the R-factor in the development of water erosion processes, especially in areas with fine-
grained soils and strong winds. The scientific significance of the study lies in clarifying spatial patterns
of soil erosion based on R-factor calculations for this territory, and its practical value is in identifying
high-risk zones and planning effective anti-erosion measures.

Keywords: river basin, R-factor, precipitation, geographic information system, erosion process, in-
terpolation.
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PoAb k03dhpuLIMEeHTa MHTEHCMBHOCTH 0CaAKoB (R-chakTopa)
B OLLEHKe CMbIBa No4Bbl B 6acceiiHe peku TepucakkaH

B HacTosllLee Bpems npobAema Aerpasalmm nouB BCAEACTBME 3P03MK (CMbIBA) CTOMT BECbMa OCTPO,
yTo TpedyeT TOUHOM OLLeHKM MacluTaboB 3TOro npotecca u paspaboTkn 3(heKTUBHbIX MPOMPUAAKTI-
yeckmx mep. [NouBeHHas 3p03ms IBASETCS CAOXKHBIM MPUPOAHO-AHTPOMOreHHbIM MPOLECCOM, KOTOPbIN
NPUBOAMT K MOTEPE NMAOAOPOAMS 3EMEAb M HAHOCUT CYLLLECTBEHHbIN ylepb CeAbCKOMY XO3SMCTBY M
3KOHOMMKeE. 10 MPONCXOXKAEHMIO PA3AMYAIOT ABa OCHOBHbIX BUAQ 3P0O3MM MOYB: BETPOBOM (AedAILMS)
M BOAHbBIN (CMbIB). BbicOKasi MHTEHCMBHOCTb M GOAbLLIOE KOAMYECTBO aTMOC(EPHbIX OCAAKOB — OAMH U3
KAKOYEBbIX (DAaKTOPOB, YCKOPSIOLLMX MPOLLECChl BOAHOM 3PO3MMU.

LleAb AQHHOrO MCCAEAOBAHUST — OMPEAEAUTb MPOCTPAHCTBEHHOE pacrnpeAeAeHne KoaddurumeHTa
MHTEHCMBHOCTM 0CaAKOB (R-hakTopa) M OLeHUTb ero poAb B KOAMYECTBEHHOM OLeHKE CMbIBa MOYBbI
B OacceiiHe pekn TepucakkaH. AAS AOCTUMXKEHUS STOM LLEAUM UCMOAb30BaHbl METOAbI FreOMHMOPMALIN-
OHHbIX CUCTEM: BbINOAHEHA MHTEPMOASILIMS METEOPOAOTMUYECKMX AQHHbIX 06 OCaAKax, YTO MO3BOAMAO
paccuntaTb 3HaueHus R-cpaktopa no TeppuTopmm GaccenHa.

baccenn TepucakkaH npoTarmeaeTcs npumepHo Ha 130 KM € BOCTOKA Ha 3anaa 1 Ha 239 km c tora
Ha ceBep. IO>Hag ero yacTb NPeACTABAEHA HM3KOrOpbem, a CEBEPHAS — PABHMHOM, BCAEACTBME Yero
KOAMYECTBO OCAAKOB PACMpPEAEASeTCs HepaBHOMEPHO: B CEBEPO-BOCTOYHbIX PalOHaX BbIMAAAET AO
302-325 MM B roa, TOrAa Kak B I0XKHbIX — AMLLb nopsiaka 137-176 mm/roa. Pacnpeaeaerune paccum-
TaHHOro R-hakTopa oTpaykaer 3Ty TEHAEHUMIO: MaKCMMaAbHble 3HaveHus (151-162) HabAloAalOTCS Ha
CeBepo-BOCTOKE, @ MMHUMaAbHble (68—88) — Ha tore H6accerHa. Takm 06pa3om, MOATBEP)KAAETCS pe-
LLAIOLLAS POAb KO3(P(MLMEHTA MHTEHCMBHOCTM OCaAKOB (R-thakTopa) B pasBuMTHM NpoLLeCcCOB BOAHOM
3p03uK: B 06AACTSIX C OBMABHBIMM AOXKASMU SPO3UOHHDIN CMbIB HAMGOAEE MHTEHCMBEH, 0COBEHHO Ha
MEAKOAMCIEPCHbIX MOYBax MPW CUAbHBIX BeTpax. HayuHasi 3HaUMMOCTb paboTbl 3aKAIOYAETCS B yTOY-
HEHWKM MPOCTPAHCTBEHHbIX 32aKOHOMEPHOCTEN MOYBEHHOM 3P0O3MM Ha OCHOBE pacyeToB R-hakTopa AAs
AQHHOM TEeppuUTOpUM, a NPaKTUYeCcKas LEeHHOCTb — B BO3MOXKHOCTM MCMOAb30BaHMNS MOAYYEHHbIX pe-
3YAbTaTOB AAS BbISIBAEHMS 30H MOBbILLEHHOIO PUCKA CMbIBA M MAQHMPOBAHWUS 3(D(DEKTMBHBIX MPOTUBO-
3PO3MOHHbIX Mep.

KatoueBble cAoBa: peuHolt 6acceiiH, R-hakTop, KOAMYECTBO OCAAKOB, reorpaduryeckast MHpopma-
LIMOHHag CUCTEMA, NMPOLLECC 3PO3NN, MHTEPNOAILINS.

Kipicne

OJEMIIK TOXKIpHOEe KOPCETKCHMICH, CYIBIH oce-
piHEH 0ONaTBIH TONBIPAK, SPO3HACH — Kep OeAepiHiH
JIerpajausChIHbIH €H MaHbI3IbI (PakTOpbl OOJIKII
TabbUIaAbl. AlamM3aT KbI3METI TOIBIPAK dPO3USUIBIK
NpOoIeCTEPl JKEJENCTIM, OJIAP/bIH KAPKBIHIBUIbI-
FBIH apTTBIPFaHbl aHbIKTadyna. Meicanbl, Poesen
(2018) xoHe opinTecTepi OTKEH FACKIpAa TOIBIPAK,
9PO3USICHIHBIH, aTapibIKTald YIIFalObIH KOPCETKEH,
an boppemnn xone T.6. (2021) ocel ypaic aremmik
CHUIIaTKa M€ eKeHiH aran kepcerkeH. Con cebenTi
Ka3ipri Ke3eH e TOMIPaK PECypCTapblH caKTay, Oa-

KbUIay JKOHE 0O0JDKAY SKOXKYHEHI TYPaKThl JaMbITy
YILiH epeKIilie MaHbI3Fa ue.

Kazakctanma 2021 >KbUFBI pecMu JiepekTep 00-
WpHIIA ericTik ankadbl 214 191,9 MbIH rekTapsl
KypaiTeiH Oosica, oHbIH miamMameH 11,3%-biHAa TO-
MbIpaK, dpo3usichl Oailikananel. byn kepcerkimrep
OHIPIIIK JICHICH/IC DKOJIOTHSUIBIK JKOHE SKOHOMMKA-
JIBIK MaHbI3BI Oap mpooneManapabl kepcereni. brikTik
YKOHE KOJI0ey MeJIIIepi, KaybIH-IIAIIBIH MOJIIIepi MCH
KapKbIH/IBUTBIFBI, Kap MEH asi3/bIH OallaHChI, OCIMJTIK
KOPBIHBIH CHIIaThl, COHBIMEH Oipre ajam KbI3METiHIH
KapKbIH/IBUTHIFBI TOMBIPAK dPO3HSICHIHA TIKeIeH ocep
eTeTiH Heri3ri GakTopnap OOJbI CaHANIA/IbI.
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KaszakcTaHHBIH KONTEreH OHipiepiHae KoHE
KOpIIi eJiep/ie TONbIPAK dPO3USICHIH Oaranay Moce-
aeci 3eprrenyne (Meicaibl, PamazaHosa xoHe T.0.,
2020, 2022; Kaliyeva xone T.0., 2024). Atam aiT-
kaHga, PamazanoBa men opintectepi 2020 x. XKa-
weIk e3eHiHAe RUSLE KommaHa OTBIPBINT TOIBIPAK
WIBIFBIHBIH KapTananbl, an 2022 k. DKOJOTHUSIIBIK
3eprreynepae IMOyITaToBKa aTkaObIHIa dPO3Hs MEH
peKpeanysi apachlHAAFbl OalIaHBICTBl TaJJlAdbI.
OchI 3aMaHFBI JKOHE KIIACCHUKAIIBIK OJIICTEPHIiH Op-
TaK KOPTBIHIBICHI — )KaybIH-IIAIIBIHHBIH KeHICTIKTIK
cunarel MeH R-(akTopabIH skepre KaThICTHI 63repyi
TOIBIPAK 3PO3USCHIH OOJDKAY YIIIH HMISHIYIi OOJIBII
TaObUTaaEl. by 3epTTeymin Makcarsl — TepicakkaH
e3eni anadpiaga ['MC wmerizinge R-¢akxropasr un-
TEPIOJISIIUSIIAY apKbUIBI TOIBIPAK 3PO3HSCHIHBIH
JIeHreliin Oarasnay 9iciH JaMbITy OOJIBII TaObIIa bl

byriari TaHma TOMBIpAaK SPO3WACHIH Oarajay
MeH OoJpKay YUIiH KOJIaHBUIATBIH €H TaHBIMall Ma-
TEMATHKAIIBIK MOJICITB/ICP MBbIHAJIAP:

- USLE — om0eban Tomblpak *OFaiTy TeHAEYi
(Wischmeier & Smith, 1978);

- RUSLE — kaiita xapanran emOeban TeHIEY
(Renard & Freimund, 1994);

- MUSLE — arbIH cynapabl ecernke anaTblH MO-
mudukarnusnanrad Teaaey (Williams, 1975);

- WEPP — cy spo3usiceiH Oomkay >xo0achl
(Foster & Lane, 1987);

- AGNPS — HykTemik emec nactaHy Ke3IepiH
Monenpaey xyheci (Young et al., 1989).

byn monenbnep kambikradn 3oHaTay (RS) KoHE
reoaknaparTeIk xyienepmer (['MIC) Gipre KoimmaHbUI-
FaHJIa KOFapbl HOTIXeEep Oepeni. MaceneHn, Maxa-
HOBa JxoHe opinTtectepi (2023) XKbmanapl e3eHiHIH
anabeHaa RUSLE Monenin naiinanaHpIi, 3po3usiIbIK
KayinTi aymanaapasl ArcGIS kemeriMeH aHBIKTaraH.
Axn Tokcanbaesa (2024) Hypa e3eHiniH OacceiiHiHe
USLE momemnin ['MIC HeriziHe KofaaHa OTIPHII, dpo-
3USTHBIH KeHICTIKTIK TapallyblH CUTIATTaFaH.

Xanpikapanbelk neHreize Borrelli xxoHe Oacka-
napsl (2021) men Wang J. (2024) Tombipax 3po3usi-
ChIH MOJETBICYIIH kahaHIBIK OiCTEepiH KYyHeer,
OJIApJIBIH THIMJILIITI MEH KOJIIaHY CaJlaChlH Tallja-
rad. An Filchev & Kolev (2023) reoakmnaparTbIK
JKOHE jkacaHpl MHTEIUIeKT (Al) amicTepiHiH KeMme-
TiMEH dpO3Us TOYCKEIiH OOKaydblH >KaHa OaFbIT-
TapblH YChIHFaH.

JKaybIH-1IAIIBIH - KAPKBIHABLIBIFBIHBIH (R-(ak-
TOPJIIH) TOMBIPAK, INAHBUTYbIHA SCEpi epeKIle Ma-
HBI3IBL. OpOip aiimak ymin Oyn xepcerkim ArcGIS
HeMmece 0acka reoaknaparTsK, miargopmaiap apKbl-
JIBI CAHJIBIK, TYPJE €CENTEIIII, PO3USTHBIH KEHICTIKTIK
3aH/IBPUIBIKTAPBIH aHBIKTayFa MYMKIHIIK Oepexi.

3epTTey MaTepuaJIIapbl MeH dicTepi

Tepicakkan e3eni — Kazakcranmarsl e3eH, Ep-
Tic amaObIHa KipeTiH ECUImiH cOl ’KaKTaFkl )KOHE €H
y3biH canackl. Kazakcran PecnyOnukaceiabsiH Ecin
Cy MapyanibUIBIFEl aJTA0BIHA KaTa bl
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Kazakcran Pecnyonukaceiabig Ecin cy mrapya-
IIBUTBIFRI AJTA0BIHA JKaTaAbl. ©3€¢H Y3BIHIABIFE — 334
KM, Cy JKMHally anaObIHbIH aynaHsl — 19 500 xm2.
YnpITay TaybIHBIH CONTYCTIK-IIBIFBIC ClIeMAepiHEH,
bakaHmalbIHIIAK TaybIHBIH ETETiHEH, [IaMaMeH
680 M OmikTikTe Oactay amansl. Epric amaObIHBIH
Ecin o3enine con karblHaH, AKMOJIa OOJBICBIHBIH
Kekcaif ayplmel MaHBIHIA, ITaMaMeH 246 M OWik-
TIKTE KYSJbl. ©O3€HHIH JKaJImbl OaFbIThI OHTYCTIKTCH
COJITYCTIKKE Kapai co3bliajibl. JKoraprbl aFbIChIH 1A
anrapsl Tap (3—5 kM), opTa KOHE TOMEHT1 aFbICHIH-
Jla aHFap KeHEeWII, jka3bIK Jajara mbiFaael. Herisri
cajanapsl: coll JkakTaH — YkaH, bana-TepicakkaH,
[ITabmap; oH xakTaH — Ambuibl, Kexmnekri, [1laman-
Kapacy. cy XHHay TopaObl 9iIci3 AaMblFaH, ce0eli
alMaKThIH KJIMMAaThl KYPFaK, )KOHE KOHTHHCHTAJIIbI.

3epTtTey aici

JKaybIH-11anIBIH Ke31H/1€ )KYPETiH TOTBIPaK, 3po-
3UACH 9/IETTE KBICKAa MEP3iMi cumarka ue 0omasl
YKOHE OHBIH Y3aKTBIFBl MUHYTTapMEH HEMECE caraT-
TapMeH oJIIeHeal. Ajaiaa MyHIall TpouecTepain
HOTW)KECIHJIE TIaWbUIFAaH TOMBIPAKTHIH MeJIIepi
Kap epyiHeH OONaThIH 3PO3HMSIMEH CaJbICTBIPFAH/IA
dIieKaiia Kem 00;Tysl MYMKiH, Keil jkarnaiaa Oip
reKTap ayMaKTaH OHAaraH TOHHAFa JCHiH JKeTel.

Iafipimy KeseMi TeK Cy aFbIHBIHBIH MTapaMeTp-
JepiHe FaHa eMec, COHBIMEH Karap XaHObIp Tam-
IIBUTAPBIHBIH, MOJIIIEPI MEH MaccachlHa Ja Tike-
neil OaimaHbICTBl. TaMIIbUTApABIH Maccackl MEH
KBUIIAMIBIFBI ApTKAH CaibIH OJap/bIH TOTBIPAKKa
9cep eTeTiH KMHETHKAJIBIK YHEPTHSICHI Aa KYLIeHei.
Tammibl TOmBIpaK, OeTiHE COFBUIFAHA, OJ1 OOJIIICK-
TepAl ycaKTal, Mamiblpay apKbUIbl TONBIPAKTHIH KY-
PBITBIMBIH Oy3ansl. byn Gemmexrepin Oip Gediri
ToIBIpaK, OeTiHe KaiTa Tycrel, yakpITiIa Cy aFbIH-
napeIMeH Oipre TaceiMangaHaapl. COHBIMEH Katap,
JKaHOBIP TaMIIbUIAPBI aFbIH CyFa TYCIM, TypOyIeHT-
TUTIKTI KYIICUTII, SPO3USUTBIK KOHE TachIMayuay
KaOinerin aprTeipansl (Pamazanosa 2022)..

Kap epyiHeH TybIHIAUTBIH 3PO3USIIBIK, MTPOIIEC-
Tep KaHOBIP BCEepiHEH OOJIFaH IPO3UsiFa KaparaHJa
Oasty eTemi, Oipak y3aK yakbITKa co3bUIanbl. Kap-
JIbIH KBUIJAM epyi Ke3iHJe TOIBIPAK YKOFaiTy Ke-
JeMi opra ecenreH Oip rekrapra OipHelIe TOHHaFa
xetyi my™mkin (/. W. Lernos, H. C. I'opOynosa,
2011: 3—4). TonblpaKThIH MIAWBUTYBl OHBIH KYPHI-
JIBIMJIBIK, %OHE (DU3UKAIBIK, KACHETTEPiHIH BJIcipeyi-
He okenemi. Erep 6eTTik maiibiuTyra Kapchl mapaiap
KOJIJIaHbIIIMaca, yaKpIT ©T€ KeJie SPO3HSIHbIH TEPEH-

niri 20-30 cm-re geiiin xetyi MmymKkiH (Pamasanosa,
2016: 30).

Tomplpak 3po3MsACHIH ecenTey OapbICHIHIA
JKaybIH-IIAIIBIH KAPKBIHIABUIBIFEI, JKep OemepiHiH
eHicTiri xoHe Oacka na Qakropiap ecKepiiMereH
JKaFmaia HoTrKeep 1o 0omMaraer. Con ceOenTi
KONTEreH MEMIICKETTEpAC IPO3USIIBIK IMPOLECTEp-
JIiH MHTEHCHUBTUIITIH ecentey yiriH Wischmeier men
Smith yceiaran emOe0an GopMyna KeHiHEeH KoJa-
HBLIa]IBI:

A=RXKXLXSXCXP (1)

MYHJa:

A — TONBIPAKTHIH OpTAalla KbULABIK dPO3USICHI-
HBIH 0OJKaM/Ibl MOJIIIIepi;

R — ’xaybIH-IIANTBIH KAPKBIHBUIBIFEL (9PO3Usi-
HBIH 3HEPreTUKANBIK (PaKTOpHI);

K — TONBIpaKkThIH 3PO3USUIBIK TYPAKTBUIBIK
k03¢ PUIHMEHTI;

L — xenbey y3bIHIBIFBIHBIH K03 pHIreHTi;

S — eHicTik 1BpexkeciHiH KOIDDHUITUCHTI,

C — oCIMJIIK KaMBUIFBICHI MEH TOTIBIPAKTHI OH-
Jey TocimiHiH K03} dumenTi;

P —sposusra Kapchl KONIaHBUTFaH MIapanapibliH
THIMILTIK K03 OUIHEHTI.

byn dopmymna Tombipak dpO3USCHIHBIH KOJIEMIiH
CaHJIBIK TYypAe OaranayFa jkoHe 9p aiiMaKTbIH TaOu-
FHU epeKIIeTiKTepiHe Kapai CaJbICTBIPMAaIIBl Talay
XKYprizyre MyMKiHIik Oepeni. Ocipece R-daxrops
MaHBI3IbI, OUTKEHI O Oenriii Oip ayMaKTarbl bUI-
FAIIJIBIIBIK, TICH JKaybIH-IIAIIBIHHBIH KapKbIHIBLTbI-
FBIH CHUITATTANIbI.

ArcGIS cekimii TeoakIaparThlK, JKyHelepiae
('AX) Oynm kepceTkimTepili aHBIKTAy YIIH HWH-
TEpHoJSIUKs dIICTepl KongaHbuiaabl. MHTEpnomns-
st — Oenrim Oip mapameTpaiH (MBICAIBI, KaybIH-
IIAIIBIH MOJIIICPiHIH) apajblK MOH/ICPIH aHBIKTayFa
MYMKIHAIK O€peTiH MaTeMaTHKaJIbIK-CTaTHCTHKA-
TBIK, TOCUT. OCBI BIIIC apPKbUTbI KEHICTIKTET1 HYKTe-
JIK AepeKTep HeTi3iH/Ie )KaybIH-ITaIIBIHHBIH Tapay
Kapranapsl >kacanansl. ArcGIS opraceiaga R-dak-
TOPIBI ecenTey OipHele KapamnaibsiM KaaaM apKbl-
JBI KYy3ere acaipl: OacTamKbl METEOPOJIOTHSUIBIK
JIEPEKTEp C€HTI3UIel, KEHICTIKTIK WHTEPIOSIUS
KYpri3izeni, HOTHKECIH e )Kay bIH-IIAIIBIHHBIH Kap-
KBIH/IBUTBIK, WHJICKCI CaHJIBIK, TYpIIE aHBIKTAaJlbl.
Ocpbutaiiia anplHFaH AEPEKTEP TOMbIPaK IPO3USCHIH
0omkay MEeH KapTorpadusiiayaa >KOFapsl 9K Oe-
peli oHe aybul MapyallbUIBIFBIH JKOCTIapiay, po-
3USFa KApChl IMapaiapasl xodaay iciHae KeHiHEH
konmnanbiaas! (Ranzi 2012)..
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3epTTey HOTHKeJIePi KOHE TAIKBLIAY

Heri3ri maTeMaTUKaJIbIK amajjiap/bl Kojja-
Ha OTBIPHIN, OipHeIIe mapameTpiep/i Kepceryre
xoHe ArcGIS-ke jkayblH-IIAMIBIHIBL €CEeNTeyIi
KOCy YmIiH Oip-OipiHe colikec KenTipe OTBIPHII
KOJI ’KeTKizyre Oosasl. JKayblH-IIaIIBIH KaAPKBIH-
JBUIBIFBIH aHBIKTAy YIIIH KeJleci aJrOpuTMAEp
OPBIHIAIIIIBI:

1) JKaypIH-IIaIIBIHHBIH OpTaIla KON JKbUIIABIK
MOHIH aHBIKTAay MaKCaTbhIHJa ajial ayMarblHAa Op-
HamackaH Ar6Gacap, Erinmiken, Ekinin, bipik,
XKaxcer, AurytacTsl, YJbpITay METEOCTaHIHSAIAPHI-
HBIH JepeKTepi naigananbuiasl. MeTeoponorusibiK
monimertep Kaszakcran PecryOnnkachbiHBIH YATTHIK
THIPOMETEOPOSIOTHSITBIK,  KbI3MeTi — «Kasruapo-
Mer» PMK ycpiaFan Oakputay Marepuaiiapsl Heri-
31HJIe aNBIHIIBI (2-CypeT).

T

TepicakkaH e3eH aadbl METEOCTAHLMAIAD KAPTACHI
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2-cypert — TepicakkaH ©3¢Hi alaObIHIaFBl METCOPOIOTHSITBIK
CTaHIMSUIAP MEH TUAPOIOTUSUIBIK OEKeTTep KapTachl
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A\ He sawmuwero  ecodata kz:3838/dm_climat_ru/

£ NMpenucrosve

OAHHBIX

>NUCOK CTaHLMiA

Ob6nacTb: CraHuus:

osicCHEeHne Kz-uLy A Ynbitay v

2 1CpoyHble AaHHble

loa: Mecsu:

2025 v 1 hd

Tabn.3.1 Cpeaxve Tabn.3.2 M

CyTO4HbIE aHHble
Excel

2 3 [lekagHble faHHbIe .
Tabn.3 [laHHble HabnoaeHwit 3a aekany

NbHble Tabn.3.3 MuHUManbHble 3Ha4eHmns

Search:

Temnepatypa, rpaa.

echuunt
OTHOC. BRaH. Aeduu

BO3ayXa
Yucno

MNapu. HacbllWeHus
npou.
MOBEPXH. NoYBbI nasn. Ma

cpeq. Makc. MUH.

cpen. Makc. MUH. MUH. rMa

TOUKN
pocbl cpea.

soa.n

cpea. MUH. cpea. ma

1A -6.4 -3.0 -10.1

2a -6.4 -3.3 -9.5

3a -12.0 -8.7 -15.6

== -8 -18 -18.2 213 76 68 0.65 0.

-10 -5 -14 -14.7 2.64 76 67 0.85 1

3-cyper — «Kasruapomer» PMK caiiTel OolibIHIIIA MBITIMETTEp ATy YIIrici
(http://ecodata.kz:3838/dm_climat _ru/)

2) AHBIKTaJIFaH CTaHIFsIIap OOMBIHIIIA KOPCETINI-
TeHJICH KaybIH-IIAIIBIHHBIH P alJIbIH KOIIKBUIIBIK
kepcetkimi «Kasrumpomer» PMK pecmn mapakiira-
ChIHAH AJIBIHJBI. AJIbIHFaH MalliMeTTepal Microsoft

Excel OarmapiamacblHa €HTI3IM, opTamia >KBUIIBIK
MoHI ecenTenmin wmbFapbUiael. COHBIMEH Karap,
ArcGIS OarmapmamackiHa €HTI3y YIIIH METEOpOIIO-
THSUIBIK CTAHUMSUTBIPABIH KOOPAMHATACHI Ka3bUIIbL.

1-kecte — TepicakkaH ©3¢H aadbl OOMBIHINA JKaybIH-IIAIIBIHHBIH OpTala KOTHKBUIIBIK MOHI

MeTeocTanIus Engnik BoilIbIK Oprama m(iZI;;H_mambm
Artbacap 51.841993 68.363441 312
Eringsiken 51.053143 69.495523 298
Exinin 49.534342 66.129315 205
Bipnik 49.816791 69.548725 228
JKakcer 51.913169 67.337652 306
AunryTactsl 50.113908 66.370637 296
Ybitay 47.839222 67.618556 31

JKaybIH-111a1IbIH MeTIepi OOUBIHIIA SH YKOFaphI
KOPCETKII METCOPOJIOTUSIIBIK, CTAHIIUS JIEPEKTEPi-
He coiikec 2020 pUTFa THEC1IT, Oy MOHIEP THICIH-
mre 471 mm xone 491 MM mamaceIHIa OOJIIbI.

JKorapbia arajaraH KeCTENiK JEpPeKTep KeHic-
TIKTIK Tajjnay Kyprizy makcarsigaa ArcGIS reoak-
MapaTThIK XKyhecine eHrizimmi. O ymriH Oarmapia-
MaHbIH Heri3ri MazipineH ®Paiin — MoamiMeTTepai
KOCY KOMaHJachl KOMAaHbLIbIM, «KecTeHl Tanaay»
YSIUIBIFBIHA aJIJ[bIH ajla JIalbIHJAJIFAaH METCOPOJIO-
TUSUTBIK JIepeKTep kecteci xkykrenmi. Kecreni ke-

HICTIKTIK HBICAHFa TYPJICHIIPY OapbICBIHIA KOOp-
JIMHATAIBIK, epicTep peTiHae X jxoHe Y MOHIepi
TaHJAJBII, METEOCTAHIMSIIAP/IBIH OpHATIACY HYKTe-
nepi kapra Oerinze OeitHeneH i (cypert 4).

Aunanr aymarpl OOWBIHIIA YKAyBIH-IIAIIBIH MOJI-
HICPiHIH KEHICTIKTIK TapalyblH aHBIKTAy MaKca-
TBHIHJIA MHTEPHOISAIMSIAY ©JIici KOITaHBIIIBL. by
kezeHne ArcToolbox Kypammap Tepes3eci alibUIbI,
Spatial Analyst — Wnarepnomsiius — OBP (Spline)
AITOPUTMI MaiIanaHblIIbl. ATaNFaH dJIic JepeKTep
apachIHJIAFBI Y3/IKCi3 OETTI KaJIBIITACTRIPYFa MYM-
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KiHgik Oepeni koHE HYKTENiK Oakbuiay IepeKTepi
HETi31HIe MOHACPIiH ayMaKTBIK e3repiciH OeliHe-
neyae keHineH Konpanbutagsl. «OBP (Spline)» ma-
pameTpIep Tepe3ecin/ie MIBIFbIC HYKTENIK HhICAaHAap

Q r factor - ArcMap

peTiHze ajam ayMarblHAa OpHajJacKaH METEopOJIo-
THSIJIBIK, CTAHIIMSUTAP/IBIH IEPEKTEepl TAHIAIBII, HO-
THOXKECIH/IE KaybIH-IIAIIBIHHBIH HHTEPIOJISLUSIIAH-
FaH KEHICTIKTIK O€Ti alnbIHAbI (CypeT 5, 6).
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5, 6-cypet — ArcToolbox Kypanmap Tepeseci
JKOHE OJIIIEHTeH KabIKTHIKTE oHAeY (OBP) Tepeseci

Tepicakkan e3eHi anaObl ayMarblHIA JKayblH-
[IAITBIH MOJIIIEPIHIH KEHICTIKTIK Tapaly epeKIe-
JKTepl aHBIKTaNAbl. AJIANTHIH KIMMAaThl LIYFBUI
KOHTHHEHTTIK cunarka wue. JKaybIH-IIanibIHHBIH
Tapaiybl OOMBIHIIA CONTYCTIK-IIBIFBIC OOJIriH-

Jie eH korapel MoHAep 302-325 MM apalbIFbIH/A,
aJ OHTYCTIK OeiriHae eH TOMEHTi KepCeTKiITep
137-176 mm mamaceiHna Oailikanansl (cyper 7).
Tepicakkan e3c¢Hi anaObl ayMarbIHAA >KaybIH-TIIA-
IIBIHHBIH KEHICTIKTIK Tapayybl ep OelepiHiH
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Kbl MOPQOJIOTHSUIBIK, KYPBUIBIMBIMEH TBIFBI3
OallTaHBICTBI. AJIANITBIH COJNTYCTIK Oediriame Oa-
CBhIM OOJIATBIH CaJBICTBIPMAJIBl TYP/E JKAHIMaK, KkoHe
BIICI3 TUTIMACHTEH peibed BUIFANIABIH KUHATYBIHA
KOJIAHJIBI JKaF1ail KaJIbINTacThIPBII, JKaybIH-IIAIIBIH
MOJIIIIEPIHIH apTyblHA BIKMAT €Teldi. AJl OHTYCTIK
Oomikre penbedTiH KypAeJeHE TYCyi MEH KbIpart-

TBI-KOH/IBI MITHACPIIH KeH Tapalybl KINMATThIH
KYPFaK KOHTHHEHTTIK CHITaThIH KYILIEHTII, KaybIH-
MIambIH KOJEMIHIH a3aroblHa okeemi. HoTmxkecid-
Ie skep OefepiHiH ayMaKTBIK aidbIpMAITbLIBIKTAPBI
ajar meriHeTi bUIFall PSKUMIHIH KaJIbIITaCybIH/Ia
afiKpIHAay sl (haKTopIapaslH Oipl peTiHae KepiHic
Tadabl.

TepicakkaH e3eH arabbl OOHBIHIIA opaTalia

A KOIKBLIABIK JKaybIH-HIALbIH KAPTACH]

TapTTel Gearinep

MHayblH-IUALIBIH, MM

I 137.0516357 - 176.9187909
| [ 176.918791 - 209.4031396
V[ 2004031397 - 2315515591
[ ] 231.5515592 - 250.0085754
[ ] 250.0085755 - 267.7273 111
| [ 267.7273112 - 2854460467
4[] 285.4460468 - 302.4265017
@[] 302.4265018 - 325.3132019

0 5 10 20 30 40
T — m—

7-cypet — JKaybIH-IIAIIBIH KOPCETKIIITEPiHIH
TepicaxkaH e3eHi anadbl OOWbIHIIA Tapay KapTackl

7-cyperTeri opramia KeIDKbUIIBIK JKaybIH-Ia-
LIBIH KOPCETKILITEPiH Maiianana OTbIPbII, KaybIH-
NIANIBIHHBIH KapKbIHABUIBIFBL (R—(akTop) Temen-
zeri GopMyia apKbUIbl aHBIKTAJIIBL:

R = 0,548257 * P-59.9 2)

MYHAarbl P — >KaybIH-IIAIIBIHHBIH KOIDKBIIIBIK
oprama kepcerkimi. Bbyn (2)-hopmyna Kermxbui-
JIBIK, JKayBIH-IIAIMIBIH Meiiepi 850 MM-/IeH TeMeH
(P < 850 mm) GornFaH xaraiaa KOiIIaHbUIAIbL.
Ecenrey xymbicTapbiH opbiHAay yuriH ArcGIS
10.4 Oarmapnamacsingarel ArcToolbox kypasigap
Tepeseci naganansuiasl. OHOa Keneci KoMaHanap

Ti30eri opbiHAanAb: Spatial Analyst Kypamgapsl —
Kapta anrebpacer — Pactp kanbkymstopsl. «Pactp
KaJIbKYJISITOPBI» TEPe3eCiHe JKOFaphlia KeNTIpLIreH
hopmyma (2) eHrizimui.

Ecenrey notmxkecinge Tepicakkan e3eHi ana-
OBIHBIH JKep MaiiianaHy KaTeropusjiapbl OOHBIHILA
JKaybIH-IIAIIBIH  KAPKBIHABUIBIFBIH  CHIIATTANTHIH
R—dakrop kaprack! ansias! (8-cypeT). KepHekinik
MaKcaThIHJIa KapTaja OpTYpIl TyCcTep KOJIIaHbUIBIIL,
ajan ayMarblH/A >KaybIH-LIALIBIH KHWI TYCETiH ai-
MakTap alKbIH KepceTinai. MyHnai BU3yanu3amus
JKaybIH-TIAITBIHHBIH KEHICTIKTIK Tapary epeKIIeiK-
TEPiH TYCIHYTE KOHE IPO3USIIBIK, KAyilTi ayMaKTap-
IIbI aHBIKTayFa MYMKIHJIIK Oeperti.

11
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8-cypetke coiikec, TepicakkaH ©3eHiI anaObl  TIK-IIBIFBIC OOJITiIHJE MaKCHUMAJJbl KOPCETKIIITED
OoribiHIIIa R—(pakTOpbIH MOHAEP] COATYCTIK-IIbI-  151-162, am oHTYCTIK OeJiriHae MUHUMAIIIbl MOH-
FBICTAH OHTYCTiKKe Kapaili Temenzeimai. Conryc- nep 68—88 mamMachiHIa aHBIKTAJbL.

| Tepicakkad e3¢H aTabeHEH R dhakTop Kap’racm‘
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8-cyper — TepicakkaH e3¢Hi ajaObIHBIH JKaybIH-IIAIIBIH KOd(dUINEHTIHIH MOHIEP]
(R-¢axrop) kapracs

9 cyperre kepcerinrenneil TepicakkaH e3eHi  rinae amnanTbiH 3,51%-bIH anbin xatelp. byn Ho-
anadObl OolbiHIIA R — hakTopapiH MOHAEP] CONTYC-  THIKENEp JKaybIH-IIANIBIH KapKbIH/BUIBIFBIHBIH Ke-
TIK-IUBIFBICTAH OHTYCTIKKE Kapail e3repill OThIpa-  HICTIKTIK TapajybIHbIH TONBIPAK APO3Hs KOpLIaFaH
Jibl. CONTYCTIK-IIBIFBIC OOJITIHAC MAKCUMAJIIBl MOH ~ OpTachlHA OCEPIH aHBIKTAyFa MYMKIHIIK Oepei.
151-162 xepcetkimi xanmnsl anantel 12,73 %-piH,  YKaybIH-IIAIIBIH MeJIILIEpPi TONBIPAKTHIH >KYbUTYbI-
aJl MUHMMAJIJIbI KepceTKilm 68-88 OHTYCTIK 0ei-  HbIH HEri3ri KO3Faylibl PaKTOpPbI OOJIBIN TaObLIA b

[
OBJECTID* | SHAPE™ area F_ r_factor r
18 [MonuroH 681.1365|3.51 % |68-88 1
1|MonuroH 864.7111|4.46% |88-104 2
13 |MonuroH 562.7236|12.90% |104-115 3
15|MonuroH 1197.766(6.18% [104-115 3
14 [MonuroH 2705633|13.95% [115-125 4
8 |Monurox 2014.266|15.02% [125-133 5
7 [MonuroH 3562.702|18.36% |133-142 6
3|MonuroH 4444 124|122 91% [142-151 7
2|NonuroH 246959(12.73% |151-162 8
»

9-cypet — TepicakkaH e3eHi anaObIHbIH JKaybIH-IIAIIBIH KO UIMEHTIHIH MOHEP]
(R-taxrop) aTpubyTTHIK KecTeci
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Monzepai aliKplH KepceTy MakcarblHAa 9-cy-
peTTe KepceTUIreH aTpuOyTTHIK KecTe HeTi3ze
10-cypetTeri quarpamMma KypacTbIPbUIIbL.

TepicakkaH e3eHI amaObIHBIH KaJIbl ayJaHbl
19 500 xm? kypaiiabl. TAXK Garmapnamacel apKel-
Bl KYPBUIFAH aTPUOYTTHIK KECTEHIH KOMETIMEH
JKaybIH-IIAIIBIH - KApKBIHABUIBIFBIHBIH  (R-akTop-
JIBIH) ©p TYpPJi MOHAEPIHIH anan ayMarblHIa Tapa-
JyBI €CETTeNill, CAHABIK JIepPEeKTep amblHAbL. by ne-
PEKTepAiH KEHICTIKTIK epeKIIeTIKTepiH aWKbIHIay
MakcaTblHIa Auarpamma o3ipieHin, cyper 10-ma
KOPCeTIi.

R- factor (%)

68-88

88-104

104-115
m115-125
m125-133
m133-142
m142-151
m151-162

10-cypet — TepicakkaH e3¢eHi aqaObIHBIH KAy bIH-IIAIIBIH
xoaddunmentinin mouep (R-dakrop)

R-daxropasiy 142—-151 apanbiFpiHAaFsl MOH/IE-
pi ananteiy mamamMeH 4 447 km? ayMarbIH KaMTH]IBI,
Oy xanmbl aymMakThiH 23%-bIHa TeH. byn kepcet-
Killl 3epTTENIN OTBIPFaH aMaKkThIH endyip Oeuiri
JKOFaphl 3PO3MSUIBIK Kayill aliMarbIH/Ia OpHaIacKa-
HBIH KepceTeni. Al 68—88 apasbIFbIHIaFbl €H To-
MEHT1 MOHJIep alanThiH TeK 681 KM? KepiH HeMece
3,51%-b1H Kypaiinel. MyHIali aymakTap Heri3iHeH
OHTYCTIK OeJiKTepre TOH KoHe ojapia >KaybIH-Ia-
HIBIH MOJIIepi a3, dpo3usi Kaymi CalbICTHIPMabl
TYpZAE TOMEH.

Byn tanmay HoTwkesepi 3po3us KayIli JKOFa-
pBI J)KOHE TOMEH aliMaKTapAbl I 06l KepceTy-
re MyMKiHIiK Oepemi. OcblFaH COUKEC, TOIIPAK-
THI CaKkTay MEH OHJEY CTpaTeTHsIIapblH SpTYpIi
aliMaKTap YIIH KEKe-KEeKe Kocapiay MaHbI3JIbI.
ConbiMeH KaTap, OyIT akrmapar Oonanrakra aybuiiia-
PYalIbUIBIK, Kepiiepi 0acKapy MEH 3KOJIOTHSIIBIK
MOHHTOPHHT KYPTi3y Ke3iHe Heri3 Oola anajpl.

KopbITBIHABI

Ocsl 3eprTey OapbichiHIa TepicakkaH o3eHi aa-
OBIH/IAFBI JKAYBIH-TIAITBIHHBIH KEHICTIKTIK Taparysl
MEH OHBIH TOIBIPAaK KYBUIybIHA 9cepi IHU(PIBIK
Typae OaramaHipl. Ycak TYHIpIIIKTI TOTBIpaKTap
JKaybIH-IIAIIBIH MEH JKEJIIiH KbUIIaMJIBIFbI JKOFaphI
afiMakTap/a TOMbIpaK IaibUTybIHA KOOIPEK YIIIbI-
paiinel. KapKbeIHIBI 3p0o3Hs TMpOIECcTepi TOMBIpaK
KYHapJIBUTBIFBIHBIH TOMEHJICYIHE, ETiCTIKTep MEH
KaWbUTBIMAAP/IBIH CallachIHBIH HalllapiayblHa DKe-
neni. MyHBIH Oopi aybUIIIAPYAITBUIBIFBIHA YIIKSH
3UsAH KedTipeni. bynm Makana ockl Mocenere Haszap
ayJapbUIBIN JKOHE KAYBIH-INAIIBIH KAPKbIHIBLUTbI-
reiH (R dakropsr) anbikray ymin AX Texaomo-
TUSICHIHIAFBl UHTEPIONSIMS OJIiCi KOJJIaHBUIFaH.
COHBIH HOTHKECIHJIC aJIalThIH COJTYCTIK-IIBIFBIC
0eJiri TOmBIpaK dpo3us KayIi JKOFaphl aiMak, pe-
TiHAE TaHBULABI. 3epTTey HOTHXKenepi Tepicakkan
©3CHI aa0bIHBIH AybUTIIAPYAIIBUIBIK aJKANTaPbIH-
na OolipiHIIa R — (akTopAbiH MOHAEP] IIBIFHICTAH
Oarpicka Kapaii e3repin oTeipaabl. CONTYCTIK-TIIbI-
FEIC Ooirinae MakcuManasl MoH 151-162 Goica, an
MUHUMAIIBI KopceTKim 68-88 oHTYCTIriHAEe O6i-
riHe TEH.

Anan ayMmarbIHJIaFbl Cy 3PO3HACBIMEH Kypecy
YIIiH Keneci OaFrbITTap YChIHBIIABI: ATPOTEXHUKA-
JIBIK, IIapanap — JKayblH-IIANIBIH MEH aFbIH CYIbIH
ocepi KoFapbl OOJIATHIH CHICTEY aliMaKTapa (ocipe-
Ce€ CONTYCTIK-TIBIFBICTA) ETICTIK aJKamTapAbl KOH-
TYPJIBI KBIPTY, TOMBIPAK, KaOAThIH sKa0y YIIIiH IIOTTi
HeMmece Oypmiak TYKbIMIAC MaKbUIIAp/bl ery, ceOy
JKOIIBIMEH Kopray. byn omicrep KaybIH-IIAIIBIH
CYBIHBIH JKepre CIHYiH KaKcapTaJibl )KOHE aFbIHHBIH
KBUTTAM/IBIFBIH OOCCHICTE/].

MenuopanusuIbIK, [iapanap — 3po3usl KayIi kKo-
rapsl yuackenepze (151-162 R-dakropnbik 30Ha/12)
JKbIpajap MeH caiapibl OEKITY MaKCaThIH/IA IIOT-
Tep, OyTayiap >KOHE aramTap OTBIPFBI3Y YCBHIHBIIA-
Iel. Byl eciMIikTep TaMbIp JKyienepi apKbUIbI TO-
IBIPAKTHI YCTAIll, INAHbUTyaH KOPFaN/bL.

I'uApOTEeXHUKATIBIK Iapaiap — Cy TACKBIHBI KU1
XKYpeTiH Oedjikrepie (MbICasbl, KapTala KaybIH-
[IaIIBIH KON TYCETiH 30Ha) IIarblH Oererrep, cy
aFBICHIH PETTEHTIH KaHAIIap XKOHE apbIK JKykenepi
CHSIKTBI HHXKEHEPITIK KYPBUTBIMIAp Ccaly KaxeT. byn
KYPBUIBICTAp CY aFbIHBIH OaKbUIal, TOIMBIPAK KYY
KOJIEMiH a3alTajibl. ATanFaH Iapaiap TOMbBIPaK-
TBIH Cy DPO3USCHIHA YIIBIPAY JACHTCHIH TOMEHIETIIL,
OHBIH KYHAPJIBUTBIFBIH CAKTayFa MYMKIHJIIK Oeperti.
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AAMATbDBI KOPbIFbl AYMATbIHAA CHUBEPC AAMA ATALLDbIHDbIH,
(MALUS SIEVERSII LEDEB. M. ROEM)

byA Makaaa AAMaTbl MEMAEKETTIK TabuFn KOpbiFbl aymarbiHAaa CrBepc aaMacbiHbiH, (Malus sieversii
Ledeb. M. Roem) ecyiH 3epTTeyre apHaaraH. CMBEPC aAMacChl — SAEMAIK MaHbI3bl Gap PeAMKTTI Typ,
Kasipri MOAEHM aAMaHbIH, KOMLWiAIK CypbINTapbIHbIH aTaTteri GOAbIN TabblAAAbl XOHE CEeAeKLMSI MeH
6MOaAYaHTYPAIAIKTI cakTayAa Giperer reHeTMKaAblK KyHAbIAbIKKA Me. Kopblk, aymarbiHAQ OyA Typ
Taburn xarpanaa ecin, Coatyctik TaHb-LLlaHbHbIH opmaH GeaaeyiHAe XKeke aAkanTap MeH TonTap
Kypanabl. 3epTTeyAit MakcaTbl — Malus sieversii-aAiH Kasipri apeaapapbiH aHbIKTay, OMIKTiIK 6OMbIHLLA
TapaAyblH, CAaHAbIK, MOALLIEPIH, MOMYASLMS KYPbIAbIMbIH XK8HE XKac KypaMblH aiKbiHAQY. MakaAaaa aama
OpMaHAaPbIHbIH CaKTaAybl MEH >KaHaPYbIHa 8CeP ETETIH SKOAOTUSIAbIK, )KaF AaAap KapacTblpPbIAaAbl, OFaH
KAMMATTbIK, epeKLLIEAIKTeD, TOMbIpak dakTopAapbl, TYP apaAblk 63apa KaTbiHACTap XXKOHE aHTPOMOreHAIK
bIKMaA >kaTaAbl. 3epTTey CMBEpC aAMaCbIHbIH TaOWFK KAATbIHA KEAY MOCEAEAEPIHE XKOHE apearAapbIHbIH
KEHEIOIH LeKTENTIH Heri3ri Kayin-KkatepAepAi aHbikTayFa 6arbiTTaAraH. 3epTTeyAiH 63eKTIAIr >kabarnbi
JKEMIC->KMAEK TYPAEPiHIH reHO(OHABIH CaKTayAblH KaXKeTTIAIriMeH OaiAaHbICTbl, OAAPAbIH, ilLiHAE
Malus sieversii MoaeHM aama hopmanapbl YiLiH TE3IMAIAIK neH GeniMAIAIKTIH Oipereit ke3i 60AbIN Ta-
6blAaAbl. ZKYMbICTbIH, FbIAbIMM >KaHAAbIFbl — KOPbIK, ayMarbiHAaFbl CMBEPC aAMaChl MOMYASILMSAAAPbIHbIH
KA3ipri >karAalblH HaKTblAQy, COHAQM-aK, OAQPAbIH 6MipLIEHAITT MEeH AMHAMMKACBIH aHbIKTANTbIH hak-
TOPAAPAbI aMKbIHAQY. AAbIHFAH HOTMXKEAEPAIH MPaKTMKAAbIK, MaHbI3bl — aAMa OpPMaHAapbIH TabuFn
Karpanaa cakTay GOMbIHLIA LapaAapAbl 93ipAeyAe oHe AAMaTbl MEMAEKETTIK TabuFn KOpPbIFbIHbIH
OGUOAOTMSIABIK, BPTYPAIAITIH KELEeHAI MOHUTOPUHITEY YLUiH FbIAbIMM HETi3 KAAbINTACTbIpyAd KOAAAHY
MYMKIHAITIHAE.

Ty#in ce3aep: CrBepc aamachl, Malus sieversii, AAMaTbl MEMAEKETTIK TaOMFU KOPbIFbl, apeaa, no-
nyAsums, 61MoaAyaHTYpAIAIK, cakTay.

D.B. Abilganiyev, M.Zh. Duisebayeva”

RSE «Almaty State Nature Reserve», CFandW MEandNR of the RK, Talgar, Kazakhstan
*e-mail: bioreserve.almaty@gmail.com

Distribution of Sievers apple tree (Malus sieversii Ledeb. M. Roem)
in the territory of the Almaty Nature Reserve

This article is devoted to the study of the distribution of the Sievers apple (Malus sieversii Ledeb.
M. Roem) within the territory of the Almaty State Nature Reserve. The Sievers apple is a relict species
of global importance, considered the ancestor of most modern cultivated apple varieties and possessing
unique genetic value for breeding and biodiversity conservation. Within the reserve, this species occurs
under natural conditions, forming separate stands and groups within the forest belt of the Northern Tien
Shan. The aim of the study is to identify the current habitats of Malus sieversii in the reserve, determine its
altitudinal distribution, population size, structural composition, and age dynamics. The article examines
the ecological conditions affecting the preservation and regeneration of apple forests, including climatic
features, soil factors, interspecific interactions, and the degree of anthropogenic impact. The research
pays particular attention to the processes of natural regeneration of the Sievers apple and the identifica-
tion of key threats that limit the expansion of its habitats. The relevance of the study is determined by
the urgent need to preserve the gene pool of wild fruit species, among which Malus sieversii occupies a
central place as a unique source of resilience and adaptability for cultivated apple forms. The scientific
novelty of the work lies in the refinement of data on the current state of Sievers apple populations within
the reserve, as well as in the identification of factors that determine their viability and dynamics. The
practical significance of the results is expressed in their potential application for the development of
measures aimed at preserving apple forests in their natural state and in the creation of a scientific basis
for comprehensive monitoring of the biological diversity of the Almaty State Nature Reserve.

Keywords: Sievers apple, Malus sieversii, Almaty State Nature Reserve, distribution, population,
biodiversity, conservation.
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A.B. Abuaranmes, M. K. Ayrncebaesa”

PTY «AAMaTMHCKWMI rOCyAQPCTBEHHbI NPUPOAHDIN 3anoBeaHUK» KAXXKM M2aulP PK, Taarap, KasaxcraH
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Mpouspocrtanme s16A0Hn Cusepca (Malus Sieversii Ledeb. M. Roem)
Ha TeppPUTOPHMM AAMATHMHCKOrO 3anoBeAHMKa

AaHHas CcTaThsl MOCBSLLEHA MCCAEAOBaHMIO mpowu3pacTaHus s6aonm Cusepca (Malus sieversii
Ledeb. M. Roem) Ha TeppuTOopmn AAMaTMHCKOrO rOCYAAPCTBEHHOTO MPUPOAHOrO 3arnoBeAHMKa. S16A0-
Hs CrBepca NpeACTaBASET COO0N PEAMKTOBbIN BUA MUPOBOTO 3HAYEHUS, SIBASIIOLLMIACS NMPEAKOM GOAb-
LUMHCTBA COBPEMEHHbIX KYAbTYPHbIX COPTOB 96A0HM 1 06AAAQIOLMIA YHUKAABHOW FeHETUYECKON LIeH-
HOCTbIO AASl CEAEKLIMM M COXpaHeHus 6ropasHoobpasus. Ha Tepputopru 3anoBeAHMKa AQHHbINA BUA
BCTPEYaeTCs B €CTECTBEHHbIX YCAOBMSIX MPoOM3pacTaHms, (POpMMpPYs OTAEAbHbIE MAaCCHBbI U TPyMMbl B
npeaeAax AecHoro nosica CesepHoro TaHb-LLIaHs1. LleAblo McCAeAOBaHUS SIBASIETCS BbISIBAEHWE COBpe-
MEHHbIX apearoB Malus sieversii B npeaeaax 3anoBeaHUKa, ONPEeAEAEHUE BbICOTHOMO pacrpeAeAeHus,
YMCAEHHOCTHU, CTPYKTYpPbl MOMYASILMIA M BO3PACTHOIO COCTaBa HacaXkKAeHWi. B cTaTbe paccmaTpumBatoT-
CSl IKOAOTMYECKME YCAOBUS, BAUSIIOLLIME HA COXPAHHOCTb U pereHepaumio s6A0OHEeBbIX AECOB, BKAIOUas
KAMMaTM4eckne oCO6EHHOCTH, MOYBEHHbIE (DAKTOPbI, MEXXBUAOBbIE B3AMMOOTHOLLEHWS 1 CTENeHb aHT-
POMOreHHOro BO3AENCTBUS. MCCAeAOBaHME YAEASET BHUMAHKME BOMPOCAaM €CTEeCTBEHHOro BO306GHOB-
AeHust 16A0HM CuBepca M BbISIBAEHUIO KAIOUEBbIX YIPO3, OrpaHMUMBAIOLLIMX pacliMpeHue eé apeanos.
AKTYaAbHOCTb MCCAEAOBaHUS 00YCAOBAEHA HEOOXOAMMOCTbIO COXPaHEHUs reHO(OHAA AMKOPACTYLLIMX
MAOAOBbBIX MOPOA, CpeAM KOTOPbIX Malus sieversii 3aHMMaeT KAIOUeBOe MECTO Kak YHUKAAbHbIA MCTOY-
HMK YCTOMYMBOCTM M AAQNTUBHOCTU AAS KYABTYPHbIX (DOPM 16AOHM. HayuHasi HoBM3Ha paboThbl 3ak-
AKOYUAETCS B YTOUHEHUM AQHHBIX O COBPEMEHHOM COCTOSIHUM nonyAsumin s6AoHn CrBepca B npeaesax
3aroBEeAHOM TEPPUTOPMM, @ TakXKe B BbIIBAEHMU (DAKTOPOB, OMPEAEASIOWMX X SKM3HECTIOCOBHOCTD
M AMHamumKy. [pakTrnyeckas 3HaAUYMMOCTb MOAYYEHHbIX PE3YAbTATOB BbIPAXKAETCS B BO3MOXXHOCTU MX
MCMNOAb30BaHUS MpU pa3paboTke Mep Mo COXpaHeHUI0 IOAOHEBbBIX AECOB B €CTECTBEHHbIX YCAOBUSIX U
CO3AQHMM HAyYHOM OCHOBbI AASI KOMMAEKCHOIO MOHMUTOPUMHIa BUOAOrMUEcKoro pasHoobpasms Aama-
TMHCKOrO roCy AQPCTBEHHOIO MPUPOAHOrO 3arnoBeAHMKa.

KatoueBblie caoBa: 56A0Hs CuBepca, Malus sieversii, AAMaTUHCKMI rOCyAQPCTBEHHbIN MPUPOAHDIIi
3arnoBeAHUK, apean, nonyasums, 6ropasHoobpasme, coxpaHeHue.

Kipicme

3epTTeynep AnMaThl MEMIICKETTIK TaOUFH KO-
PBIFBIHBIH ayMaFbIHIA KYPTi3inmi. AIMaTel MeM-
JIEKETTIK TaOWFH KOPBIFBI 1931 KBUTBI KYpPBUTFaH
JKOHE COJl YaKbITTaH Oepi KaTaH KOpFay peXMMiH-
ne cakranein kenemi. Kasipri Ime Amaraysr, Ken-
cait kenzepi, Lllapein sxoHe AnThiH EMen ynTThIK
MMapKTEpiHiH ayMakTapbl, coHpai-ak Kerem meH
[lenek opmaH ImapyambUIBIKTApBIHBIH Oip Oeiri
OacTamnkpiIa OChl KOPBIKTHIH KypaMbIHAa OOJFaH.
Byrinne on Anmartel oOibICchIHBIH Tanrap ayaa-
HBIHBIH OHTYCTIK-0aThic Oedmirinme, lne Amataysl
xortacelHblH  (Contycrik Tsub-1llanp) opTanbik
Oemiriame, TeHi3 aeHreiinen 1200-gen 5000 metp-
re JiediHri aOCONIOTTIK OWIKTIKTE OpHAallaCKaH.
Kannet aymaret 71 700 rektapbsl Kypaiabl, OHbIH
inriage opman ankantapel — 13 211 ra (coHblH
imiame 12 435 ra opMaHMeH XaOBLTFaH), all Op-
MaHCBI3 xKepiaep — 58 489 ra. Kopblk aymarsl exi
yuackere Oemineni: Tamrap ydackeci (40 094 ra)
xoHe Ecik yuackeci (31 606 ra). bapibik aymak
KaTaH KOPBIKTHIK PEXHMIre He.ATMaThl KOPBIFbI-
HBIH TaOWFH KeuleHaepi OipHenie OMIKTIK Oenney-
JIepiH KAMTHIBI:
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- OyTambl-opTypil IIeNTeciH
1600 M-re nmeiin;

- meIpiansl opmangap — 1600-2500(2700) m;

- cybanbminik 6enaey — 2700-3000 w;

- anbriik oenaey — 3000-3500 m;

- MY3IBIK-HUBAIIBIK Oenaey — 3500 m-z1eH xo-
Faphl.

AyMarbIHBIH €H OWik HyKkTeci — TanFap mIbIHbBI
(4978,8 ™). (Enkebaitynbr XK., CorimOexyibsr P.,
Kanapynsr b. 2007: 85-87.) (b. XKanapysi, C. Ma-
meToB 2006: 3 —7)

Kopsbix ¢uopacs! 415 TybICTBIKKA %oHE 85 Ty-
KBIMJIACTHIKKA JKaTaThH Imamamed 960 TypaeH
Typazsl, onapably imiuage 29 Typ KP Kei3bur kirta-
ObiHa eHrizinreH. JKanyapnap ayHuecinge 41 cyr-
KopekTinep Typi, 177 Kyc Typi, coHmaii-ak Oaybl-
PBIMEH KOpFaaymbiiap MEH KOCMEKeHIep Oap.
(K.H.baiityp6aes, A.Jl. XKanbicniae, C.K. Canap-
6aeB, A.B. Bumnesckas 2011: 14 — 16.)

KopbIk sK0Kylienepinae epeKiie OpblH alaThlH
ecimMaix — Cusepc anmacel (Malus sieversii Ledeb.
M. Roem). Byn — enemaik MaHpI3bl Oap penuk-
Ti TYp, Ka3ipri MOJCHU alMa COPTTAPBIHBIH apFbI
Teri periHfge MoubIHAanFaH. Kaszakcran ocbl 0i-
pereil TYpHAiH MIBIFY OPTAJBIFBl OOJBIN CaHATAIBI,

nanamap —



J1.b. Abunranues, M.K. [lyiicebaeBa

onbly monynsiysapel Tsab-1llans men JKonrap
Anataypl TaynapblHAa cakTainrad. KInMaTTBIK ©3-
repicTep MEH aHTPOTOTEH/IIK KbICHIM JKaFIaibiHIa
Malus sieversii TeHO(OH/IBIH CaKTay CTPATETHSIIBIK
MaHbI3Fa He.

bakpimay oO6bekrici 6ombin TabbutaTein CuBepe
anmacel (Malus sieversii) 1200-1934 M OwuikTik
MATNa3oHbIHIAa HETI3IHEH apajiac *ambIpaKThl Op-
MaH/ap KYpaMbIH/Ia ©Celli JKOHE KCKCJICTCH JKaF-
Jlaiiia KbUIKAH JKaIlbIpaKThl IIBIPIIAIEI OpMaH OeJI-
neynepinne kesgeceni. Taburm kopwelk — CuBepc
aJIMACBIHBIH TaOUFH OPTACHIH CaKTay MEH KOpray,
opi 3epTTey OOMBIHINIA MaHBI3 b AliMaK.

Cusepc anmmaceiH 3eprrey Tapuxbl XVIII ra-
CBIP/IBIH COHBIHAH Oacrtamanbl. 1793 KbUIBI HEMicC
O0otannri Morann ABryct CuBepc amramr pet Oyi
Typai cunmarran kasfaH. 1930-xeuimapbl akaje-
muk H.M. BaBumoB Malus sieversii-ii CEIEKIHS
YIIIH MaHbBI3Jbl TCHETHKAIBIK MaTepuall Ke3i pe-
TiHAe aTtam oTTi. bynm Typai 3eprreyre akageMuk
AWM. YanranueB 30p yiec KOCHIIM, KapThl FACBIP-
JlaH acTaM YaKbIThIH >Ka0aibl ajJMaHbl 3epTTEyre
apHagel. 1997-2000 XbUmgapbl OHBIH OaCIIBLIBI-
FBIMEH aMEPHUKaHJbIK FajabIMAApIbIH KaThICYbIMCH
Malus sieversii-fii cakTay MakcaTbIH/Ia XaJIbIKapa-
JIBIK, AKCHEIUINS YHBIMIACTHIPbUIABL. XX FachIp-
JIBIH COHBIHAA OYJI Typre IMICTENIIK FaIBIMIAPIbIH
Jla Hazapbl apTa TycTi. Ocipece Okcdopa yHHUBEP-
cuteTiHiH npodeccopsl bappu [[xyHurnep epexiie
pen atkapzasl. On 2002 KBUTBI XKYPTi3iITreH MOJIEeKy-
JaNBIK-TeHETUKAIIBIK, 3epTTeynep Herizinae Malus
sieversii Ka3ipri MoJICHH aiMa COPTTapBIHBIH Oap-
JIBIFBIHBIH apFBI TET1 eKeHiH aaneneni. OHbIH 3epT-
TeyJepi MOJICHU COpPTTap baTeicka FaceIipiap OOMBI
TapaJiFaHbIHA KapamacTaH, OJIAPJIbIH TeHETUKAJBIK
KYPBUIBIMBI jKa0aifbl alMaMeH COMKECTIriH cakTarl
KaJIFaHBIH KepceTTi. byn nmepekTepal eypomnaibik
FapIMIap ToOBI ToNBIKTaK pactanel. (A. . Jxan-
ranueB 1977; A J1. Txanramues 2003: 29:63-303).

Ocpuraiiima, AaMaTbl MEMJIEKETTIK TaOUFU KO-
PBIFBI — TUTAHETAPJIBIK MaHbI3bl O0ap CuBepc anma-
CHIHBIH TaOWFH TOMYJISAIUSIAPBl CaKTalFaH Oipe-
reit Taburn aymak OoJibill TaObUTAB. byn 3epTTey
Malus sieversii-miH Ka3ipri apeaagapblH aHBIKTAYFa,
OHBIH OMIKTIK OOMBIHIIIA TapallyblH, CaHJIBIK >KOHE
MOMYJISILUSIBIK, KYPBUIBIMBIH, COHAAW-aK TYPAiH
CaKTaJyblHA XOHE TAOWFU KAJIbIHA KeIyiHe acep
eTeTiH (haKkTopiapasl alKeIHIAyFa OaFbITTAIFaH.

MarepuaJijiap MeH aicTep

3eprTey KYMBICTapbl AJTMaThl MEMJICKETTIK Ta-
Oury KOpBIFBIHBIH aymarbiHaa 2023-2025 sxpuiga-

pwl kyprizingi. bakeuiay oobekrici peringe Cusepe
anmvacsel (Malus sieversii Ledeb. M. Roem) anbramsr.
Hanansik, 3eprreynep HerizineH Ecik sxone Tanrap
yuackenepiaae, 1200-1934 M aGCOMOTTIK OMIKTIK
apanbIFbIHAA KYprizingi. byn aifimakTtap HeriziHeH
apanac JKambIpaKThl OpMaHIAapMeH, Kehoip xep-
Jep/ie KbUIKAH JKaIlbIPaKThl WIBIPIIATIBGI OpMaH Oe-
JeyJepiMeH cumnarTaianpl. OpOip ChIHAK alaHBIHIA
aJIMaJIap/IbIH KaJIIbl CaHbl, OJIAP/bIH )KAaCTBIK KYPbI-
JBIMBI, OHWIKTITT MeH auametpi Tipkenmdi. Ilomyss-
LUSHBIH TaOUFU >KaHAPYBIH aHBIKTay MaKCaTBIHIA
JKac MIBIOBIKTAP MEH OPKEHACPIIH CAaHBI €CCIITEIIIi.

['eoboTanukanslk cunarramaza TYPIiK Kypam,
OCIMJIIK KaybIMJIACTBIKTAPBIHBIH KaMBLUIFBICHI JKOHE
IKOJIOTHSUIBIK, JKaFdaiiaapsl eckepingi. /Jlamansik
MaJiMeTTepal )kuHay OapeicbiHna GPS-koopanHat-
Tap, opOip ydackeHiH OMIKTiK Oeneyi, SKCIO3UIHSI-
Chl MEH eHICTIT1 Oenriyenai. Daopanblk KypamIbl
TOJIBIKTBIPY MakcaTblHAa repOapuil yirinepi xu-
HAJIBIIN, KOPBIKTHIH FBUIBIMH KOPBIHA TaIICHIPBIIJIBL.
AJBIHFaH IePEKTEP CTATHUCTHKAIBIK OHICYACH OTKi-
3UTiM, TTOTMYJISIUSHBIH Ka3ipTi JKaFaaibl, apeaiablH
Tapaiy epeKIIeTiKTepi )koHe OMIKTIK OoiibIHIIa 06-
JiHY AMHAMHUKAChl aHBIKTAJBL. 3epTTey OapbhICHIH-
na CuBepc anMacblHBIH (DEHONTOTUSUIIBIK, (a3amapsl
na 6axplIayra anelHAel. byFan OypirikTeny, Tyne-
Hy, TYWIH TY311y %OHE )Xemic Oepy, COHIal-aK xa-
MTBIPAKTAPABIH CAPFAIOBI MEH TYCY Ke3CHAEpl Kipi.
bBuikrik Genpeynepi MeH aya paiibl Jkarnainapeina
OaitraHbICTEI OpOip (Pa3aHbIH OacTary yakbITBI MEH
Y3aKTBIFBI TAAaHa6l. Marepuangapasl )KUHAY MEH
Tanjay TOMyJSAIUSHBIH Ka3ipri KarJaibH, apeai-
JIbIH TapaslyblH, OMIKTIK OOHBIHIIA OOiHYyiH, TAOUFH
JKaHaPy KOHE IKOJIOTHSUTBIK, ©3apa OPEKETTECTIKTe-
piH aHBIKTayFa MYMKIHJIK Oepi.

AnMaTBl MEMJICKETTIK TaOWFU KOPBIFBI ayMa-
FBIH/IA KOFaphl caThlgarbl eciMaikTepain 960 Typi
ke3neceni. Omapasa 29 TYpi KbI3bUT KiTanka eHri-
sinren. (Kpacuas xaura Kaxacrana. M.O. baiityaun
I'.T. Cutmmaea. 2014: 452), (I'ocynapcTBEeHHEBIH Ka-
nactp pactenuil IOxxHo-Kazaxcranckoil oOnacTw.
Kpacnas Knura. [Iukopacryuiue penkue U u3ye-
3aroue BuAbl pacteHuid. M3n. «Feiisivy, AnMarsl,
2002.)

14 Typ MHIUKATOPIBIK TYP OOJBIN TaObLIabI.
Cusepc anmacs! (Malus sieversii) anemueri 6apibIK,
MOJICHU alMalapblH apFbl aTackl OOJBIN TaOblIa-
ne1. 2016 xputFel OpMaH OpHANIACTHIPY KOCHApbI-
Ha coiikec, CuBepc anMacbl AlMaTbl KOPBIFBIHIA
23.9 rexTap xepre Tapanra. (JlecoycTponTenbHbIi
MpoekT PecnyOimKkaHCKOTO TOCYAapCTBEHHOTO Y4-
pexIeHus: « AIMaTHHCKUN TOCYJapCTBEHHBIN TpH-
POIHBIA 3amoBeHUK» TaKcalMOHHBIC ONUCAHHUS
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Tanrapckoro yyactka. TOM 3. Anmarst 2016 ron)
O KBI3FBUIT capbl TYCIIEH OENTUICHII, HETi3iHeH
On Tanrap markansiHaa xoHe Con Tamrap mat-

KaliblHAa eceni. byn aiimakTapabi Tay OeTkeinepi
MCH 63CH aHFapJIapbl aJIMaHBIH 6Cy1 YIIIH €H KOoJIai-
JIbI MEKEH OOJIBIT TaObLIa b,

1-cypeT — Anmarsl KOpBIFBI ayMarbiHa CHBEpC aJIMachIHBIH Tapally aiMaKTapsl

Cusepc anmacel (Malus sieversii) — Onosorus-
JIBIK, OPTYPJIUTIKTI caKTay TYPFBICBIHAH MaHBI3BI
ete 30p. CuBepc anmachl TOIBIPAKTHI IPO3UsAAH
KOpFayFa, ayaHbl OTTETIMEH OaiBITyFa JKOHE JKO-
JKYWEHIH Tele-TeHJITH CaKTayFa KeMEKTece/I.
Kyprakmbuibikka, asi3ra jkoHE 3HUSHKECTepre To-
3IMIUTIFIMEH epeKIIeseHeai, Oy onapabl CeIeKIus
JKOHE JKaHa COpTTap IIbIFapy YIIiH KYHIBI T€HETH-
KaJIbIK MaTepuall eKeHiH alKbHaai sl by Typain
epeKIe KYHIBUIBIFBEI — OJ1 Oipereit ypuIK IiazMa-
CBIHBIH CaKTayIIBIChl, OapJIbIK COPTTApiIbIH apFbl
atacel ( Harris, Robinson, Juniper, 2002; Morgan,
Richards, Dowle, 2002). AramtbiH opTama emip
cypy Y3akTeIFel 50 — 100 sKkpIiapl Kypaiasl. Aama
KEeMiCTepiH TaOUFH JKaFaaiaa skabaiibl xKaHyapiap,
ocipece, aroiap, Kycrap »oHe 0acka ga OpMaH Me-
KEHJISYIIIepi YIIH a3bIK K631 OOJbI TaObLIaIbI.
CuBepc ajaMachIHBIH JKEMICTepl MIUIIE MEH KhIp-
KYHek aiinapbl apanblFbiHaa miceai. JKemictepiHin
KeJIeMi, TYCl, MIIiHi )XOHE TOMi OpTYpPJIi OOJIBIT Ke-
nedi. AramThiH OwikTiri 3-13 Merpre aeliin ecei.
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JKameipakrapsl ipi, jKanmak, KaHIaybIpina HilmiH/Ii,
an cabarel TYKTI. ['ynmepi ipi, nmamerpi mamameH
0,8-1 cM, ak TycTi )k0HE IIATBIP TOPI3/i MaIaKTap-
Fa )KUHAJIFaH.

CuBepc aamacbinbIH (Malus sieversii) To3an-
JaHy K9HE TapaJly MeXaHu3m/epi

byringe xopeik «lme Aumarayery, «Kesmcait
KeJiJepi» YATTHIK napkrepiMen mekreceai. (M.C.
AiinabekoB, P. M. TypexanoBa, A.A. MBamieHko
2012: 238-241; M.C. Aiinatdekos, P.M. TypexaHo-
Ba 2015;15-16)

Kazakcranaarsl el MCKEH/ICPMEH IIEKTECTICH-
TiH JKaJIFBI3 MEMJIEKETTIK KOPBIK PETiHAe AMaThI
KOPBIFBI TaOWUFM OPTAHBIH Ta3ajbIFbIH CaKTayda
epekie pern atkapaabl. byl aymak IIeIH MoHIHIE
TeHETUKAJIBIK, pe3epBar Oouibin TaObuiaapl. Kemre-
TeH aiiMaKTapja oCiMIiK TYKbIMIAphl MYTaIHSITBIK
e3repicTepre yiiblparan 0oJica, AMaThl KOPBIFbIH-
Ja TaOuFK Kammbl Oy3pIIMaraH, TeHETHKAIBIK TYp-
FBIJIAaH Ta3a MOIYJISAUsIIap cakTaiFad. Ocipece Cu-
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BEPC aJIMACBIHBIH OCHI )KEPJAETi TeHETUKAIIBIK, KOPBI
OJIEM/IIK JICHIeIiIe MaHbI3IbI.

AnMaTbel MEMIJICKETTIK TaOWFM KOPBIFBIHBIH
alfHalIaChIHJa aybUT MIAPYaIIBIIBIFB JKEPIIEPiHiH
00JMaybl aHTPOTIOTEHIIK KBICBIMIBI TOMEHJIETI,
OCIMIIK KaybIMIACTHIKTAPBIHBIH TAOWUFH JaMybIHA
KOJIAMIIBI JKaFIal jxacaiiibl. MyHIarel ©ciMIIiKTep-
IIiH TO3aHIaHYbl TEK TAOWFU KOJIMEH — KOHIIKTEP
apKBUIBI XKYy3ere acajpl. byn jkarmaiina To3aHIaH-
JBIPYIIBI SKOHJIIKTEP aJaM apaiacybIHCHI3, TAOUFH
OpTaJia ecim NIBIKKaH Ta3a eCIMIIKTep Il FaHa TO3aH-
nmauaeipansl. CoHbIH HoTHKeCiHAe CHBEpC amMach
(Malus sieversii) men Oacka aa ecimzIik Typiepi
MYTalMsIIBIK, ©3repicTepre yIblpamaii, OacTarksl
TEeHETUKAJIBIK KanmbiH cakran keneni. . (Cory S.
Sheffield, Hien T. Ngo, Nadine Azzu 2016: 5-12)

CuBepc alMachIHBIH TO3aHJaHYbl HETi3IHEeH
SHTOMO(DHMIUSIIBIK JKOJIMEH, SFHU JKOHIIKTEPIiH
KaThICybIMEH Kypeai. Bbynm KyObuibic ©CIMAIKTIH
ryJ MOp(hOJIOTHUACHIMEH JKOHE OHBIH IKOJIOTHSIIBIK
OeliiMaeny cTpaTerusuiapbIMEH THIFBI3 OaiijaHblc-
Thl. COHBIMEH KaTap TYKbIMIAPbIH TapalyblH-
Jia >KkaHyapiapaelH pesti ae aipeikma. AKII-TeiH
Kopuenn ynmBepcuterinin mpodeccopsr  Herb
Aldwinckle >xyprisreH 3eprTeynepiHae KOHBIP
atonapaety, (Ursus arctos) XKETeH KEMICTepiHiH
TYKBIMJIapbl ac KOPBITY XYHECIHEH 3aKbIMIaHOail
OTIN, OHTIMITIK KACUETIH Y3aK YaKbIT OOWBI caKTaii-
THIHBI aHBIKTAJFaH. Byl Jepek 300XOpUsIIBIK Ta-
paily MEXaHM3MIHIH THIMAUIITIH XOHE >KaHyaplap
MEH OCIMJIIKTEp apachIHIaFrbl CHMOMOTHKAJIBIK ©3a-
pa OPEKETTECTIKTIH MaHBI3IBUIBIFEIH JTOJICIICHII.
(Alberto Garcia-Rodriguez, Jorg Albrecht, Sylwia
Szczutkowska, Alfredo Valido, Nina Farwig &
Nuria Selva 2021: 1282)

Anmatbl KOpbIFbl aymarbiHga CHBEpC aaMachl-
HBIH T€HETHKAJIBIK Ta3aJbIFbl TEK KaTaH KOpPFay pe-
YKUMIHIH HOTIDKECIHJIE FaHa eMeC, COHBIMCH KaTap
TaOWFU TO3aHJIAaHY MEH TYKBIMJIIAPJIbIH JKaHyaplap
apKBUTBl TapaJybIHBIH ©3apa YHIeCIMAUTITIHIH ap-
KaChIH/Ia KAMTaMachI3 €TiJIeIi.

ATnMaThl MEMJIEKETTIK TaOWFHW KOPBIFBI ayMa-
FBIH/IA KYPTi3iareH Oakpliaynap J1a Ocbl AEPEeKTep-
Ii Kyattaiael. Malus sieversii TYKbIMIaphl KOHBIP
aroJIapjblH ac KOPBITY KYHECIHEH OTKCHHEH KeWiH
Jle TIPIIUTIK KaOUIeTiH >KOFanTHai, TaOMFu opTana
cotTi eHemi. KopbIk aymarbiHAa Ka3ipri TaHIa Iia-
MameH 40-ka xxybIK Tsub-1ans KoHbIp atosl (Ursus
arctos isabellinus) mexenaeiai. Onap xeMic xuHay
OapbIChIH/IA aFAIThIH OyTaKTapbIH CHIHABIPHII, KO-
OiHe ipi opi TOTTI XeMicTepAl Tanaamn xenai. MyH-
Jlaif CEJICKTUBTI KOPEKTECHY TOCIII TYKBIMIAPIBIH

QJIbIC KAIIBIKTHIKTApFa TapalyblHa BIKIAd eTell.
(Cagatay Tavsanoglu, Duygu Deniz Kazanci, Anil
Soyumert, Alper Ertiirk, Cihan Unal Degirmenci
2021: 137-147; B.E. Juniper 2007: 44)

CoHBIMEH KaTap, HSHTOMOXOPHSUIBIK TETiK-
TiH KOCQJIKBI 3JIEMEHTI PETiHIC KOHKOHBI3IAPIBIH
(Scarabaeidae) peni epekiie. Onap xanyapiapabiH
HOXICIMEH Oipre TYCKeH aiMa TYKbIMJIAPBIH TOIIbI-
paKka KeMil, OpraHuKasbIK 3aTTapra Oail opraaa
OCKIHIEPIiH Maii1a O0IybIHA )KaFaal xacaiiapl. by
03 Ke3erinje TYKbIMIapAbIH TaOUFH jKaHAPYbIH KY-
HICUTIN, MOMYJISIUSUIAP/IBIH TYPAKTHUIBIFBIHA KOJI-
Jay KepceTei.

Ocel Kypaeni e3apa OpEKeTTECTIK >KYHECiHIH
noTwkecinge CuBepc ajaMachlHBIH TaOWFH apeabl
KeHeHin, Kasipri xabailbl amMa OpMaHIapBIHBIH
Heri3i KamaHraH. J[eMek, KOHBIp arojap TeK KeMic
TYTBIHYIIBICKl FaHa €MeC, COHbIMEH Karap TsHb-
lanp sxoxyienepinaeri Malus sieversii momyiisi-
LMSITAPBIHBIH TeHETUKAJIBIK, OPTYPIIIITIH XKOHE Ke-
HICTIKTIK JUHAMHUKACHIH KAMTAMacChl3 €TETIH HETI3r1
TapaTyIIbl areHTTep OOJBI TaObLTAIBI.

JKyprisiniren relIbiMu 3eprTeyiiep. Cusepc
anmaceiHbiH (Malus sieversii) ¢eHosorusibIK
(dazamaper. Cusepc anmmaceiHa (Malus sieversii)
JKYPTi3UITeH (EeHOJIOTHSUIBIK, OaKbuIayiap oCiMIiK-
TiH JJaMyBIH/IaFbl TOPT HETI3ri (pa3aHbl aHBIKTayFa
MYMKIiHAIK Oepai. byn ¢azanap eciMaikTin 6noso-
THSJIBIK, CPEKILENIKTEPiH KOHE TaOWFaTTarbl May-
CBIMJIBIK, e3repicTepai kepcereni. DeHOTOTHSITBIK,
(azanapasiH Oactay yakbIThl TCHOTUNTIH OpHana-
cy OmikTirine Toyemni Ooinbim, apOip OMiKTIK Oe-
Jeye KbUI MEe3risli MeH aya paiiblHa OailIaHbBICTHI
alTapiBIKTal ©3repim OTHIPAIBI.

Bererauusiiblk KeseH. byn keszeH Oypuiik-
TepAiH iCiHIN, ambUTyBIHAH OacTamansl. bakpuiay
HOTHIKECIHJIC OJI HAayphl3 albIHBIH COHBIHAH COYIp
alBIHBIH OpTachiHA JciiH Oaiikammer. 1326—1628
M OMIKTIKTE OpHANacKaH yJriiepae OypIIiKTiH *ka-
pyst 8-13 xynre, rynaeyain 6acramysl 7—10 kyH-
re, TYJIACYAiH askTanysl 3—11 KyHTe, an KeMICTiH
MiCIim-KeTiTy Ke3eHi 15 xkynre meitin e3repmai. ['yin-
Jey KYHi aiMa eHJIpici YIIiH MaHBI3bl KOPCETKIII
OOJIBIIT TAOBLIAABI JKOHE TEHOTHUIIKE OallIaHBICTBI
aiitapneikTail e3repeni. Kem rymaeiitin anmanap
kokTeMri ycikke a3 ymsipaiinel (E.Eccel, R.Rea,
A.Caffarra, A.Crisci 2009: 53:273-286.). Berera-
LUSHBIH 0acTallybl TOMBIPAKTBHIH JKBUIBIHYBl MEH
KYH Y3aKTBIFbIHA TBIFBI3 OaiyaHbICTBl. Ke3eHHiH
COHBI XKaIbIpaKTap bIH CapFarobl MCH TYCYIMEH CH-
naTTanajbl, MPOLecC KbIPKYHEKTiH COHbIHAH Ka3aH
AWBIHBIH OPTAChIHA JICHIH CO3BLIAIBI.
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2-cypet — Tsup-1lans koHpIp atobiHbH (Urbus arctos
isabellinus) sxabaiibl anma aranIbIHBIH KeMIiCTepiH )KEereHHEH
keitinri voxici. Con TanFap maTkaisl

BypuikTeny ke3deHi. bypmrikreny cayip aiibl-
HBbIH COHFbI OHKYHJIITIH/Ie 0acTasblll, MaMbIp ailbl-
HBIH aJIFaIllKbl KYHIepiHe meiiin sxamracaabl. OcChl
Ke3eHJ1e OYpIIIKTEp YIFalbII, CHIPTKbI KAOBIKTaphI
JKapBUIBI, TYd Oyprrikrepi Ty3utemi. Ilporectin
Y3aKTBIFBl aya paiiblHa TOYEINi, KOKTEMI1 YCIKTEep
MEH TeMIlepaTypaHblH KYpPT TOMEHJEYi acep eTyi
MYMKIiH.

I'ynneny ke3deni. ['yiaeny MambIp aiibIHBIH Oa-
ChIHJa OacTaibil, mamMameHr 10—15 KyHre co3bULIbI.
['ynmaepi xomr micTi, ak HEMeCe aIlbIK, KBI3FBIIT TYC-
Ti, Oan apanapsl MeH Oacka Jja TO3aHAaTKbIII KOH-
mikrepni tapTanel. Ke3eHHIH Y3aKTBIFBI aya TeM-
[epaTypachkl, bUIFAIJIBUIBIK KOHE KEJJIIH 0OJybIHA
0ailJTaHBICTBI ©3TePIITl OTHIPAIBL.

Tyiiin Ty3inyi :keHe xemic Oepy ke3eHi. Ma-
MBIP alBIHBIH COHBIHA Kapal TYJIIeH KeWiH TYHiH-
Jiep TY31IiI, MayChIM—IIijJIe aliIapbiHaa KeMicTep-
IliH ecyl MeH Iicyi kanracaabl. Herisri xxkemic 6epy
KE3€HI TaMbI3—KBIPKYHEK aijapblHJa asKTajlajbl.
[Tmonmer ycak, muamerpi 3—5 cM, TYCi JKachlUI-capbl
HeMece KbI3FBUIT PeHKTI, opTama canMarbl 20—60 .

/KanpipakTapaplH capralobl MeH Tycyi.
KpIpkyHekTiH opTacklHaH OacTam KamblpaKTap
capraibIn, OIPTIHIC TYCEHdi, IMPOIecC Ka3aH aibl-
HBIH OpTachlHa JIeHiH co3buiaabl. JKanblpakTapabiH
caprarobl ©CIMJIIKTIH THIHBIIITHIK Ke3eHiHe OTYiHiH

22

3-cypet — CuBepc anaMa aralibHHBIH
aroJiap ChIHIBIPFaH OyTaKTaphl

JKOHE KelleCli MayChIMFa JaibIHAaTybIHBIH Oenrici
0OJIBII TaOBUTAIEI.

Kopbik aymarbiagarsl CUBEpC  ajqMachIHBIH
(Malus sieversii) opTYpJIiliri OHBIH YKOFapbl I'eHE-
TUKAJBIK, OJIEYETiH KOpCeTe/al JKOHE aTajfaH Typ-
nepai 6onamakra TabuFyu opTaja oerimaen, XuMusi-
JIBIK, KYPaMbl JKaKCapThUIFaH )KaHa COPTTap MIBIFAPY
MaKCaTBIHJIAFbl CeNEKUMSUIBIK —OarnapiaManapa
KEHIHEH KOJIJTaHyFa MYMKIHIIK Oepeti.

Kaszipri yakpiTTa AJNIMaThl MEMJICKETTIK TaOUFH
KopbIFbIHBIH ContycTik TsHb-11Ianb opTasnbiFbiH-
narel Oy Tanrap MmAaTKaIBIHAAFBl TOMYJISIIUSCHI
CuBepc anMa araniblHbIH MEPCIeKTHBAIbI TeHETH-
KaJbIK pe3epBarbl 00JbIN Tadbuiaabl. byn momys-
[Usia aFamTap/slH ©31H-031 )KaHAPTYHI YaKbIT OTe
KeJie KapKbIHABI Typae apryaa. COHFBI JKY3 KbUI-
JIBIKTa OPMaH IapyamIbUTBIFBIH THIM/L XYpri3zoey-
JliH caJiIapbIHaH ajiMaibl OpMaHAap/AbIH ayMaFbl aii-
TapJbIKTal KbICKAp/Ibl, OYJ1 TaOWFH KaJblHA KETy
yaepiciHig Oy3butybiHa okeii. OcblFaH OaiiiaHbIC-
TB Malus sieversii Typi Kazakcranubsry KeI3pur ki-
tabbiHa (2014) enrizimin, XaiblKapaiablK, TaOUFAT
kopray omarel (IUCN, 2007) tapambiHaH Kopraja-
TBIH TYp peTiHIE TaHbULABL. byl opMaHmapasl cak-
Tay >kahaHIBIK a3bIK-TYIIK KayilCi3firine oHe
Oay-0aKia mapyanbUIbIFBIHBIH TYPAKThl JaMybIHA
KOCKaH MaHBI3/IbI YJIeC OOJIBIT TaObLUTaIbI.
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4-6-cypet — CuBepc anMachiH (HEHOIOTUSIIBIK, OaKbLIay

2022 *)pUTbl AJIMAaTBl MEMIIEKETTIK TaOUFU KO-
poirbl  aymarbiHga CuBepc anmaceiHblH (Malus
sieversii) )keMiCTepiH )XKHHAy OOWBIHINA apHABI FhI-
JBIMH-3€PTTEY JKYMBICTAphl KYpri3ingi. 3eprreyre
A J1. ’KanranueB aTbIHIAFBI )KEMiC OCIMIIKTEPiHIH
TeHJIIK KOPBIH )KOHE HHTPOIYKIMSCHIH KOPFay 3epT-
XaHACBIHBIH MaMaHAAPbl KATBICTl. ApHalbl TEXHO-
JIOTHSUIAp HETi3iH7e MaiblHAAIFaH TYKbIMIApaH
OCIpUITeH KOILeTTep TI'CHETUKAIBIK OPTYPIUTIKTI
caKTay jkoHe OalbITy MaKcaThIHIA KOJIAHBUIIHI.
CoHBIMEH KaTap, KOIIETTepAiH TaOUFH OpTa Karaa-
fibIHa OCHiM/IeITy MYMKIHJIITT 3epC/ICH I,

2024 >XpUIIBIH Ka3aH aWbIHBIH COHBIHIA AJIMa-
Thl KOPBIFBIHBIH FBUJIBIM OOJIIMIHIH KbI3METKEpJIEpi,
«borannka xoHe (UTOMHTPOMYKLMS MHCTHTYTHDY
MaMaHJapbIMeH Oipre KOpbIK ayMarblHBIH Tairap
oemimieciniyg Con Tanrap markaneiHa OapbIT, FhI-
JBIMU 3epTTey meHOepinae CuBepc ajaMachiH Kak-
Ta TaOUFK opTara OeriMIelry MyMKIHIITIH 3epTTey
JKYMBICTapBIH Kyprisred. byn makcarra, Con Tan-
Fap MATKaJBIHBIH 5 opaM, 9 Temimre OapibiFel 15
Tyn CuBepc anMa arambiHbIH | KBUIIBIK KOIeTTepi
OTBIPFBI3bUTFAH. Ochbl 15 Tynm ajama aralllbIHBIH TY-
KBIMJIApPbl KOPBIK, ayMaFbIHAH JKMHAJIBII, FBUIBIMU
3epTTey MaKcaThlHAa boTaHWKa WHCTUTYTBIHBIH
3epTXaHachIH/Ia OCipiJIi.

2025 xbuUTFBI OakpuTay OapbICBIHIA FHUTBIMA
3eTTey MaKCaThIHAA OTBIPFBI3BUIFAH KeWOip jkac
ajMa aFallTapbIHBIH KalblpaKTaphl >KapThUlall oc-
nereH Hemece MYJIJieM OoJMaraHbl Oalikanubl. Kac
ajJiMa aFalibIHAA KaNbIPAKTAPABIH IIBIKNAYBI-
HBIH OipHele cedenTepi O0JTybI MYMKIH:

1. Tamplp :kylieciHiH 3akbIMIaHybI JKac anma
arallbIHBIH OCYyiHIH Oasynaybl HEMece JKarbIpak-

TapJIbIH MYJe OoMaybl TamMblp JKYHECiHIH OY3bI-
JybIMEH OaiiaHbICTBI 00ITybl MYMKiH. By xxarnaii-
IIBIH HETi3Ti cebenTepi — TOMBIPAKTHIH IIaMajaH
TBIC KYPFaybl HeMece KepiciHIle, NIaMaiaH ThIC
BUTFAIIIAHYBI, COH/AN-aK OTHIPFBIZY HeMece KalTa
OTBIPFBIZY OapbICBIHAA TaMbIpIApAbIH MEXaHUKa-
JBIK, 3aKbIMAAaHybl. MyHAAl *KaFnaiiia aramTa xa-
MBIPAKTap SJICI3 HEMeCe COJNBIHKBI KYHe TaMUJIbI,
KeMjie MyJIJIe IbIKITan b1

2. AypyJap MeH 3eHi nHdeKusIap

Xac anma aramTapelHIA KAMBIPAKTHIH TO-
JBIK,  KaJIBIIITACTIAybIHA (UTOMATOTCHIIK aypyJiap
Jla ocep eTyi MyYMKiH. MoaceneH, (y3apnos, TambIp
mripiri, OaKTEPUsUIBIK KYHIK CEKUIIl aypysap eciM-
JIKTIH TipLIik opekeTiH Texenni. byn aypymap-
MeH 3aKbpIMJaHFaH araluTapia epKeHIep KapaublIl,
JKaTbIpaKTap Kyparl Kajaabl, ajl CIMIIKTIH ecyi Je-
(dhopMarsIaHFaH TYPAE KYPei.

3. 3usiHKecTepAiH dcepi

JKanbipakrapaslH OypMallaHybl, TOJBIK JaMbl-
Maybl HEMeCe >KapTbUIall KeTiyi 3USHKECTePAiH
9CEpiHEH OpBIH allybl MYMKiH. MBbICajbl, TS, ©p-
MEKIITi KeHE JKOHE KaOBIK)KET1 KOHBI3IAP IbIH IEPHO-
clijepi )kac OecKiHJepre 3HsH KENTIpil, *Karblpak-
TapJIbIH TYPBIC KAJIBINTACyblHA KEJepri jkacaiipl.
By xarnaiina sxansipakrapaa Oypaiysap, Tecikrep
HeMece MayTHHaiIap OalKanaipl.

4. KoJsaiiceI3 aya-paiibl skaFaaiaapbl

Kekremri kemr ycikrep, KaTTbl Kell HeMece
y3aKKa CO3bUIFAH KYPFaKIIBUIBIK CHUSKTHI TaOWUFH
(hakTopnap na aramThiH (DEHOJIOTHSIIBIK JaMybIHA
Tepic cep eyl MyMKiH. byn xarmaiina Oypiuikrep
amnrpuUIMai, JKarbIpakTap TOJBIK, JaMbIMail Hemece
KYHHEH KYHill KeTKEeH KYWJe KopiHeIi.
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1-kecte — 2024-2025 >xputaap/arsl )ac arai popManapblHbIH 6CYyi MEeH (H3HOTOTHSIIBIK KY#i

7-cypet — CuBepc aaMachl OTBIPFBI3BIIFAH KapTa
Con Tanrap markaisl 5 opam 9 Terim

2024-2025 KBLIFBI CANBICTBIPMAJIBI 5K -KYHi

Coua TasFap maTKaabIHA OTBHIPFBI3BLIFAH 15 Tynm CuBepce ajiMa aralibIHbIH

- Buikriri ®cHopaza Buikriri
Typinin b Kacnpl ®enopaza (2025:x. | Kacsr .
(2024 x. (2024 x. (2025 x. Ocy xarnaiibl
aTaybl (2024 :x.) MaychIM) (2025 x.)
Ka3aH) Ka3aH) MaychIM)
Kacwin
JKambipakTsig JKampipaFsl TOJBIK
1-popma 80cMm 1 130cMm JKalblpaKTapbIHbIH 2 .
caprarobl 6ap. Ocyi KaKChI.
TOJIBIK, JAMYEI
JKanbIpakTsl Kaceur JKanbIparb! TOJBI
2-thopma 70cm DaKTbI 1 105em JKarbIpaKTapbIHBIH 2 part K
caprarobl 6ap. Ocyi xKaKchl
TOJBIK, JAMYBI
JKanbipakTsl HKaceun JKanbipars! sxapTbuiail
3-popma 90cm PaKTbIR 1 136eMm JKarbIpaKTapbIHbIH 2 P P
caprarobl HKOK,
TOJBIK, JAMYBbI
XKacen
JKambipakThig JKameipaFsl TOTBIK
4-chopma 60cm 1 100cm JKalblpaKTapbIHbIH 2 .
Caprarobl Oap. Ocyi Kakchl
TOJIBIK, JAMYBI
JKanbrpakThl Kacein JKanbIparsl xapThliaif
5-dpopma 80cm PAKTHIH 1 110c™m JKaIbIpaKTapbIHbIH 2 P P
caprarobl HKOK,
TOJBIK, JAMYBI
JKanbipakTsl Kaceun JKanbIparbl TOJBI
6-hopma 90cm DaKTbIR 1 135em JKarbIpaKTapbIHBIH 2 part K
caprarobl 6ap. Ocyi xKaKChl
TOJBIK, JAMYBI
Kacspun
JKanbipakTeiH JKanbIparb! TOJIBIK
7-bopma 80cMm 1 115¢cm HKAIBIPAKTAPBIHBIH 2 .
Caprarobl Oap. Ocyi KakChI.
TOJBIK, JAMYBI
Kacwin
JKambipakTbig JKampipaFsl TOJBIK
8-popma 100cm 1 160cm JKalbIpaKTapbIHbIH 2 .
caprarobl 6ap. Ocyi KaKChl.
TOJIBIK, JAMYEI
JKanbIpakTsl sKacwur JKanbiparel MyJiieM
9-hopma 90cm DaKTbI 1 145cm JKarbIpaKTapbIHBIH 2 p Y
caprarobl JKOK.
TOJBIK, JAMYBI
Kacspun
JKambipakTeIg JKanbIpaFrs! TONBIK,
10-bopma 60cm 1 100cMm JKarblpaKTapbIHbIH 2 .
Capraobl 6ap. Ocyi XKaKCH
TOJBIK, JAMYBI
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Kecmeniy orcaneacwi

. . BuikTiri ®enodasa Buikriri
TYPHR | ogagm, | 024, | KRB | gy, | PeHoda 2025 Kacer Ocy araaiibl
araybl (2024 x.) MaychbIM) (2025 x.)
KA32H) Ka3aH) MAayChIM)
11-Gopuia 70eM JKanbIpakThiH 1 1150n JKansIparel MyJeM 5 JKanbIparel Mynaem
CapFarobl HKOK. HKOK.
KanbrpakTst HKacein JKanbipars! TOJBI
12-popma 110cMm PAKTRIR 1 160cm JKarnbIpaKTapbIHbIH 2 p . K
CapFarobl 0ap. Ocyi KakcChlI.
TOJBIK, IAMYBI
JKampipakTsr HKaceur YKambipars! TOBI
13-opma 130cm DAKTBIH 1 180cm JKAIbIPAKTAPBIHBIH 2 part K
CapFarobl Gap. Ocyi xaKchl
TOJIBIK, TAMYBI
KABIDAKTEL Kacpin JKanbiparsl
14-popma 50cm ca fallsm f 1 85cm JKAIbIPaKTapBIHBIH 2 TOJBIK Oap. Ocyi
P TOJBIK, TAMYBI JKaKCHI.
KanbipakTst HKacein JKanbIparsl xkapTbUIai
15-bopma 90cm PaKThIR 1 148cm JKaIbIPaKTapBIHBIH 2 p P
CapFarobl JKOK
TOJNBIK, IAMYBI

2025 KbUIBI JKYPTi3UIre€H FBUIBIMU 3EpPTTEYJIEp
MeH Oakpulaynap OOMBIHIIA KOPBIK ayMarbIHBIH
Tanrap Oemiminecingeri Ox Tanrap 1aTKaIbIH/A-
rol1 CuBepc anmachlHbH (Malus sieversii) xaHa ec-
kinaepi 40% -ap1 Kypazapl. OH Tanrap maTKaJIbIHbIH
«Momnax» caiibiHa TeHi3 aeHreiine” 1830 M Ouik-
TIKTE ecil TypraH Oip TYN ajMa araiibIHBIH YCTiHEe
KOKTEpEeK KyJlaraH, OMIKTIri 5 M, TYHiH TacTamaraH.
Teni3 nenreiiined 1926 m OuikTikTe 4 TYIT aJiMa ara-
Il OCiIl TYP, OMIKTIri 5-6 M, Tuamerpi 55 cM, TyHiH
tactamaraH. [lon Kas3ipri yakbITTa, KOPBIK ayMaFbIH-

na CuBepc alMachlHBIH €H OMIK Ke3JeCKEHI TeHI3
neHreiiged 1934 M OMIKTIKTE COKIAKTHIH OOMBIHAH
Oip TYII JKac ajyiMa arallibl OCiIl IbIKKaH, OMIKTIr 1 M,
mameTpi 2 cM. KopbIk aymMarbIlHIaFbl €H KOHE aFall,
On Tanrap maTkanbiHIaFbl Ne5 KbI3METTIK KOPJIO-
HBIHBIH JKaHbIHAA 6CII TYP, eHi 78 cM >kachl 117 Kb
2025 XbUTABIH MaMbIp aWbIHBIH OachIHAA KYH-
HIiH CYBITYybIHA OalJTaHBICTHI aJIMa aFallTapbl YCiKKe
mwanasIKThl. HoTrokecinge, KOpblK aymMarbiHbIH OH
Tanrap >xoHe Con Tanrap maTKanagblHIAFbL aaMa
aralnTapbIHbIH O0achkiM Oeliri TYHiH TacTaMabl.

8-cyper — OH Tanrap markanbHbIH «MoHaxX» calibIHIa
Tewni3 gexreiiinen 1926 m 6uikTikTe
4 Ty anMa araibl

9-cypeT — OH Tanrap markaiasHbIH «MoHax» caiibiHIa
TeHi3 aeHredinex 1934 m 6uikTikTe
0ip Ty )Kac anMma aramibl
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Haruikesiep saHe TATKbLIAY

3epTTey HOTHXKENIEpl KOpCeTKeHAeH, AJIMaThI
MEMJICKETTIK TaOuFK KOPBIFbIHBIH ConTyCTiK TSHbB-
[Tanpaarel OH Tanrap martkaibiHgarsl CuBepce aji-
MacbiHbIH (Malus sieversii) momyJsiusiChl JKOFapbl
TCHETHKAJIBIK, OPTYPIUIIKIICH epeKIIeNeHin, mepc-
MMeKTUBAIBI TCHETUKAJIBIK pe3epBaT peTiHae Oara-
naHanpl. 2023-2025 xpu1napaars! OaKbUIayIap xKac
OCKIHJIEP/IIH TYPAKThI TYPJC KaHAPBIT OTHIPFAHBIH
KepceTTi. JleTeHMeH KIIMMATTHIK )KOHE OMOTHKAJIBIK
(hakropiap GheHOIOTHUIBIK (ha3aaapiblH eTyiHe aii-
TapJIBIKTAl BIKITAJ €Ty IC.

2025 >KpUTBI KYPTi3UIreH Oakpuiayiap HOTH-
JKECIHJIe YKaHa OCKIHACPJIH CaHbl JKaJIbl YJICCTIH
mamamer 40%-b1H Kypassl. Kelidip napakrap Tadu-
FU JKOHE AHTPOTOTCHAIK OCEpIEPHIiH CallaapblHaH
TY#iH Ty30emi. Mbicaiibl, «MaHax» calblHa TEHI3
nexreiiined 1830 M OwmikTikTe ocim TypFaH arai
YCTiHE KOKTEpEKTiH KyJaybl calfapblHaH TYHiH
Ty3inimered. 1926 M OWIKTiIKTEe OpHamackaH 4 Tyl
anMa arambl (OWikTiri 5-6 M, nuameTpi 55 cMm)
ne Tyhin Oepmeni. EH jkac jxoHe opHajacysl OWik
ockid 1934 M OMIKTIKTE ©CII IIBIKTEHI, OHBIH OHIK-
Tiri — 1 ™, auameTpi — 2 cM. MaMblp allbIHIaFb!
KaTThl CyblK canjgapbiHan OH xoHe Con Tanrap
aTKaIIapbIHAFbl aFamTap/blH 0achkiM OeiriHie
TYHiH Ty3i1y mporeci a3 60bl.

®eHosorusiblK 3epTreyiep CuBepc amMmachl-
HBIH JaMybl TOPT HETi3r1 Ke3eHMEH JKYPETiHiH aii-
KbIHAAAB: OYpIUiKTeHY, TYJIIeHy, TYHIH Ty3i1y
KOHE JKeMmic Oepy, COHIai-aK >KarbIpaKTapblH
caprarobl MEH TYCyl. Op Ke3eHHIH 0acTajaybl MEH
Y3aKTBIFBI OMIKTIK OeNeyiHe jkoHe aya palbl jKaF-
narmapbeiHa OairaHpICTEI ©3repeni. Kem rymmeiTin
FCHOTUITEP KOKTEMI1 YCIKKE a3 YIIbIpaiiibl, Oy
OJIAPJIBIH CENEKIUSUTBIK TYPFBIIaH KYHIIBUTBIFBIH
apTTeIpanbl. JKeMmicTepliH quaMeTpi opTa ecenmneH
3-5 cM, Tyci *KacbUl-capbliaH KbI3FBUIT PEHKKE Jie-
HiH, canmarsl 20—60 T apaybIFbIHAA.

Ilerenaik 3eprreyminepai (Volk, G.M., Henk,
A. D., Richards, C. M., Forsline, P. L., T., Reeves
Chao, C., P. A., & Aldwinckle, H. S. 2008: 1323-
1327). enbexrepinae Malus sieversii TypiHiH MOACHH
ajiMa COPTTAPBIHBIH T'CHETUKAJIBIK aTaTeri eKEeHIIr
nenenaeHre. by TyxbeipeiMaap el Kazakcranaarsn
coHrbl xbimapaarsl 3eprreynep (G.T. Sitpayeva,
G. K. Sadykova & D.A. Yermekbaeva 2023:
45-53; G. Mukan, A. Duman, L. Shadmanova,
A. Sankaibaeva, T. Kidarbek 2023.) ne pacramsl.
BroxumusnbIK jkoHe MOPQOIOTUSIIBIK 3epTTeyIiep
Ka3aKCTaHJBIK YITUIEPIiH TO3IMAUIIK, KEMICTUIIK
JKOHE cama KepceTKimTepi OoibiHma KpiTaii MeH
KpIpFpI3cTanarel YKCac MOMyJsIusuIapan 0aceiM
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eKCHIH KOPCETTi.

CuBepc anMachl SKOJOTHSIBIK TYPFbIIAH Ja
MaHBI3ZBl POJ aTKapaJbl: TOMBIPAKTHI JPO3UsIaH
KOpFaiipl, arMocdepaHbl OTTEriMeH OaibITa bl
KOHE JKaHyapiap YIIiH a3bIK Ke3i 00k Ta0blia-
Il AFBIMIAFBl 3€pTTEYJep 300XO0pHs (KaHyap-
Jlap apKbUTbI TYKBIM Tapallybl) JXOHE YHTOMOXOPHS
(>keHIIKTEp apKbUIBl TO3aHAAHY) MEXaHU3MEPiHIH
TaOWFU KaHApyFa KOCAThIH YJCCIH alKbIHIAIbI.
KoHpbIp aronap MeH KOHKOHBI3IAP IbIH KATHICYBIMECH
TYKBIMIApAbIH Tapairysl CHBEpC allMachIHBIH apea-
JIBIHBIH, KEHEI01HE KoHe jkabaiibl alMalbl OpMaH-
JIApJIbIH KAJIBITITACYbIHA BIKIIAT ETY/IE.

Kanne! anranna, Cueepc aiMachl —anma mapya-
HIBUTBIFBIH/IA CEJICKIIUSIIBIK dKYMBIC YILIIH MeHETHKA-
JIBIK, OPTYPJIUTIKTIH KaiHap Ke3i. OHbIH TeHOTHIITE-
pi Kem ryJiaeyiMeH, ipi jkemicTepiMeH, aypyJapra
TO3IMIUIINIMEH, KYPFaKIIbIIBIKKA )KOHE TOMEH TEM-
nepatypaiapra Oedimainiriven epekmenenesi. byn
KacueTTep Kasipri *kahaHIbIK KIMMATTHIK, ©3repic-
Tep karmaiibiHma aca KyHObl. COHIBIKTAH TaOWFU
MOMYJISIIUASTIAP/IBl CAKTay, 3EPTTEY KOHE KOOCHTY
KazakcTaHHBIH OWOJOTHSIIBIK OPTYPIUITIH KOp-
Fay, COHIali-aK OoJIalaK yprak yilliH TeHETHKAJIbIK
JKOHE KOJIOTHSITBIK, PECYPCTapIbl CaKTal Ky ablH
MaHBbI3IbI KaJIaMbl O0JIBIN TAOBUIAAbL.

KopbIThIHABI

AnMaThl MEMJICKETTIK TaOWFH KOPBIFBIHBIH
Conryctik Tsup-1llane opransirbigarel OH Tan-
Fap maTtkaneiHaarsel CuBepce anMa aramTapsl (Malus
sieversii) MOMyJSIUSICHI JKOFapbl TEHETHKAJIBIK, Op-
TYPJIITIKKE M€ JKOHE MEPCICKTHBAIbl T€HETHKAIBIK
pesepBar Oosbn TadbuIambl. 2023-2025 xeutmap-
JIaFbl 3epTTEYJIep MCH (EHONOTHSIIBIK, OaKbLIayIap
KepceTkenaei, CuBepc anmachkl OypIIIKTEHY, TI'yJ-
JIeHy, TYHIH TY3LTy jK0HE Xemic Oepy, COHai-aK
JKarbIpaKTapAblH CapFatobl MEH TYCY CHUSIKTBI HETi3-
ri namy (azanapbl apKbUIBI ©Te[i, ajl op (a3aHbIH
Oacraiysl MEH Y3aKTHIFbI OMIKTIK Oenieyi MeH aya
paiibl karnmaiapsiHa Toyenal. [lomynsiusaarsl
JKac OCKiHAep MEH TaOWFU jKaHApy MPOIeCi Typak-
THI TYPIE XKYpYJE, ajlaiifla KaTThl CYbIK, aya paubl-
HbIH KOJIAHCBI3 Karjaiaapbl, aypyJap MEH 3UsH-
KecTep KeHOip jkac araluTapAblH TYHiH Ty3UTyiHe
Kemepri xacaiiapl. CuBepc anMachl OapIIbIK MoJIe-
HU alMa COPTTApBIHBIH T'€HETHUKANBIK aTtareri 0o-
JBII TaOBUIAABI, OHBIH T€HOTHUOTEP] CENEKLMSUIBIK
KYHABUIBIFBI J)KOFaphl, KEII I'YJIEHYIe, KIUMaTThIK
(daxTopnapra Te3iMi, KeMiC OHIMIUIIT MeH ca-
nacel xorapbl. ConbiMeH KaTap, CuBepc anMachl
9KOJIOTHSAJIBIK TYPFBIAAH MaHBI3bl POJ aTKapaibl:
OJ1 TOTIBIPAKTHI SPO3HSIAH KOPFal/Ibl, ayara OTTeri
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Oemin mIbIFapaabl, xabaiibl xkaHyapiaapra a3blk Ke3i
OOJIBITT TaOBLIABI KOHE TYKBIMAAPIBIH TAOUFH Ta-
paltybIHa 300X0pHUSI MEH SHTOMOXOPHUSI MEXaHH3M-
Jiepi MaHbI3bl. TaOUFK MOMYJSIUSIIAPAbI CaKTay,
3epTTey koHe kebelTy KaszaxcraHHBIH OnoiOTHS-
JIBIK, OPTYPJILIITiH KOpFayFa, ajMa CeJICKIHICHl MCH
OpMaH/Ibl KAJIIIBIHA KENTipy OarmapiiamaliapbliHia
TEeHETHKAIIBIK pecypcTapibl THIMII IaigaiaHyFa
MYMKIHJIK Oepesi, Oy TYPIiH FhUIBIMU JKOHE MPaK-
TUKAJIBIK MaHBI3IbUIBIFBIH aKBIH KOPCETE/II.

Enni mexkennmepmen mekrecneitin Kazakcran-
JIAFbI KAJIFbI3 MEMJICKETTIK KOPBIK PETIHE OJ1 6CiM-
JUKTEpIiH TaOWUFM TEHETHKAJIBIK KOPBIH CaKTayla
alpbIKIIIa pes aTKapabl.

KopbIKk MaHbIH/Ia aybUl MIapyallbUIBIFEI JKepiie-
piHiH O0oJIMaybl aHTPOTIOTCHIIK 9CEepiH TOMEH 00-

JYBIH KaMTaMachl3 erefli. MYHIarbl eCiMIIKTepAiH
TO3aHJaHybl TAOUFU KOJIMEH — KOHIIKTEP apKBLIbI
xKy3ere acanpl. OcbiHAal kaFnaiiapaa TO3aHIaH-
JIBIPYIIBI XKOHIIKTEP Ta3a MOMyJIAIHsIIap apachiHia
FaHa TO3aH aMacyblH KAMTaMAacChI3 €Te/li, HOTHKE-
cinge CuBepc anmacel (Malus sieversii) reHeTHKa-
JIBIK, TYPFBIIaH OacTarkpl TAOMFU KACHETTEPIH Cak-
Tar, MyTalHsIIBIK ©3repiCTepre YIIbIpaMan bl
JKanmer anranga, AIMaTel MEMIIEKETTIK TAOWFH
KOpBIFbIHA cakTanFran CUBEpC aMachIHBIH TOITY-
nsiusiiapbl - Ka3akcTaHHBIH, OHOJIOTHSUIBIK, allyaH
TYPJIUIITiH KOpFay/Ja FaHa eMec, COHbIMEH Karap
BIIEMJIIK aJMa CENIEKIHUSChIHIA KOHE OpMaH KO-
JKyHelepiH KalblHa KenTipy OarmapiamMaiapbiHa
epeKIle KYH/Ibl FCHETUKAJIBIK, PeCypC peTiHe Oara-

JJaHaabl.
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REMOTE SENSING-BASED EVALUATION
OF LAND DEGRADATION AND MOISTURE VARIABILITY
IN POST-NUCLEAR LANDSCAPES OF KAZAKHSTAN

Land degradation and ecosystem imbalance remain major environmental challenges in Kazakhstan,
particularly in post-technogenic and radiation-affected territories. The Semipalatinsk Nuclear Test Site
represents a unique area for studying long-term landscape transformation and recovery.

This research aims to evaluate land degradation and surface moisture variability between 2019 and
2025 using Sentinel-2 remote sensing data. The methodology integrates the calculation of key spectral
indices — SWIR, NDWI, NDVI, and MSI — to assess vegetation dynamics, moisture content, and surface
dryness.

Results indicate a noticeable increase in NDVI and NDWI and a decrease in MSI and SWIR, con-
firming the improvement of soil moisture and vegetation recovery, along with a reduction in aridity. The
area of moist and vegetated lands expanded by approximately 20-25 %, demonstrating active natural
renaturation processes.

The study highlights the effectiveness of Sentinel-2 multispectral monitoring for ecological rehabili-
tation assessment in post-technogenic regions of Kazakhstan. The findings contribute to sustainable land
management and environmental monitoring in arid landscapes.

Keywords: remote sensing, land degradation, soil moisture, NDVI index, Semipalatinsk Test Site.
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'9A-Mapabu atbiHAaFbl Kasak, YATTbIK, yHMBEpPCUTETI, AAMaTbl, KasakctaH
2AybIA LIApYaLUbIAbIFbl @3POOTOre0AE3MSAbIK, I3AECTIPY MEMAEKETTIK MHCTUTYTbI (ALLIAIMM),
AAMaTbl, KasakcTtaH
3Kazak YATTbIK arpapAblK, 3epTTey yHuBepcuTeTi, AAMaTbl, KasakcraH
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KalubIKTbIKTaH 30HATAY HeridiHae KasakcTaHHbIH, IAPOAbIK KapyAaH

KeHiHri AaHALIAITTapbIHAAFbI XKEPAiH, TO3YbIH
)KOHE bIAFAAABIABIKTbIH, ©3repriluTiriH 6arasay

KaszakcraHAa XXepAiH TO3ybl MEH 3KOXKYIE Terne-TEHAITHIH Oy3bIAybl — 8Cipece TEXHOMEHAIK KoHe
paAMaLMsAbIK 8cepre yllublparaH ayMakTapAa — MaHbI3Abl 3KOAOMMSAbIK, MaCeAeAepAiH 6ipi 6oAbIn
KaAa 6epeai. Cemern IAPOAbIK CbiHAK, MOAMIOHbI AQHALIATTAPAbIH Y3aK MEP3iMAT TpaHCOPMaUMCbI
MEH KaAMbIHa KeAYiH 3epTTeyre apHaAraH Gipereit anmak, 60AbIn TabbliAaAbl.

ByAa 3eprTey 2019-2025 >KbIAAQP apaAbIFbIHAAFbI XXEPAIH, TO3y AMHAMMKACHIH X8He >ep 6eTi
bIAFAAABIAbIFbIHbIH, ©3repiciH Sentinel-2 cnyTHMKTIK AepekTepiHiH HerisiHae 6aranayra GaFbITTaAraH.
OAICTEMEAE OCIMAIK >KaMbIAFBICBIHbIH ©3repiCiH, bIAFAA MOALLEPIH XaHe Xep 6eTiHiH Kypray AeHremniH
TaAAQy YLUiH Heri3ri cnekTpaAAblk, MHAekcTep — SWIR, NDWI, NDVI »xeHe MSI — ecenTey kapacTbl-
PbIAFaH.

Hatmkearep NDVI xeHe NDWI kepceTkilTepiHiH anTapAblKTain apTKaHbiH, an MSI meH SWIR
M8HAEPIHIH TeMeHAereHiH kepceTTi. ByA Tonblpak, bIAFAAABIAbIFbI MEH ©CIMAIKTEPAIH KaAMbIHA KeAyi-
HiH, >KaKCapFaHbIH >X8He KYPFaKLUbIAbIK, AEHIeMiHIH, a3aiFaHblH ABAEAAENAI. bIAFaAAbl KeHe eCiMAIK
>KaMbIAFbICbI Gap >kepAepaAiH aymarbl wamameH 20—25 %-Fa yAFarbin, Tabuen peHaTypaums (KaAmbiHa
KeAy) YAepicTepiHiH GEACEHA >KYPreHiH KepceTTi.

3epTTey Sentinel-2 MyAbTUCMEKTPAAADBIK, MOHUTOPUHIiHIH, Ka3akCcTaHHbIH, TEXHOTEHAIK 8CepAeH
KEMiHri eHipAepiHAE SKOAOTUSABIK, KAAMbIHA KEAY AeHreniH 6ararayAarbl TMIMAIAITIH KepceTTi. AAbIH-
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FaH HOTMXKEAEp KypFak, aliMakTapAarbl XXKep pecypcTapbiH yTbIMAbI OaCKapy MEH 3KOAOTMUSIAbIK, MOHM-
TOPUHITI XKETIAAIPYre YAEC KOCAAbI.

TyiiH ce3aep: KaWbIKTbIKTAH 30HATAY, XXEPAIH AErpasaumschl, bIAFaaabiAbiK, NDVI unaekci, Ce-
MeW MOAUIOHBbI.
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OueHka Aerpasalum 3eMeAb U U3MEHYMBOCTU BAQXKHOCTHU
B NOCTbSIAEPHbIX AaHALIacpTax KazaxcraHa
Ha OCHOBEe AMCTAHLIMOHHOTO 30HAMPOBaHUS

Aerpapaums 3eMeAb M HapyLLeHWe 3KOAOTMYECKOro PaBHOBECUS OCTAIOTC OAHUMM M3 KAIOYEBBIX
IKOAOIrMYeckmx npobaem KasaxcraHa, 0CO6EHHO Ha MOCTTEXHOMEHHbIX U PAAMALIMOHHO 3arpPA3HEHHbIX
TeppuTopmsix. CEMUMNAAATUHCKMIA SAEPHbIA UCTIbITAaTEAbHbINA MOAUIOH MPEACTABASET COBOM YHMKAAb-
HYIO MPUPOAHYIO AABOPaTOPMIO AASI M3YUEHMSI AOATOCPOYUHbIX MPOLIECCOB TpaHchopMaLmm 1 BoCCTa-
HOBAEHUS AaHALLIA(TOB.

LleAb A@HHOrO MCCAEAOBAHUS — OLEHUTb AErPaAALIMIO 3EMEAb M BapuaL MM MOBEPXHOCTHOM BAQXK-
HocTu 3a nepmoa ¢ 2019 no 2025 roa Ha OCHOBE AQHHbIX AMCTAHLMOHHOIO 30HAMPOBaHMS Sentinel-2.
MeToaMKa BKAIOYAET pacyéT OCHOBHbIX CrekTpaAbHbIX nHaekcoB — SWIR, NDWI, NDVI n MSI, no-
3BOASIIOLLMX OLLEHUTb AMHAMMKY PacTMTEAbHOrO MOKPOBa, COAEpP>KaHWe BAArM M CTerneHb CyXoCTu Mo-
BEPXHOCTH.

Pe3yAbTatbl noka3aAm 3ameTHoe yBeAnyeHne 3HauyeHuit NDVI n NDWI, a Takke cHuxeHne MSI
1 SWIR, 4TO CBMAETEALCTBYET O MOBBILEHMM BAQXXHOCTU MOUBbI, BOCCTAHOBAEHUW PACTUTEABHOCTM
M COKpaLLeHUM apUAHOCTU. [AoLasb YBAAXKHEHHBIX M MOKPbITbIX PACTUTEABHOCTbIO 3EMEAb YBEAWN-
YMAacb NpumMepHo Ha 20-25 %, 4TO ykasbliBaeT HA AaKTMBHOE MPOTEKaHWe NMPOLLeCCOB eCTeCTBEHHOM
peHaTypaumu.

MccaepoBaHEe MOATBEPAMAO BbICOKYIOD 3(P(EKTUBHOCTb MYAbTUCNEKTPAABHOIO MOHWTOPMHIa
Sentinel-2 AASl OLEHKM 3KOAOTMYECKOM peabuAMTaLmMM MOCTTEXHOMEHHbIX TeppuTopuii KasaxcraHa.
[ToAyueHHble pe3yAbTaTbl BHOCST BKAQA B Pa3BUTHE CMCTEMbI YCTOMUYMBOIO 3EMAEMOAb30BaAHMNS U KO-
AOTMUYECKOr0 MOHUTOPUWHIA B apUAHbBIX AQHALLAdTax.

KAroueBble croBa: AMCTAaHUMOHHOE 30HAMPOBaHME, Aerpasauna 3emMeAb, BAAXKHOCTb NOoYB, MHAEKC

NDVI, CemmnanaTMHCKMIA MOAUIOH.

Introduction

The problem of land degradation is one of the
most acute environmental and socio-economic
threats of our time, especially for territories that have
been subjected to intense anthropogenic impact. As
a result of industrial, military, and agricultural activ-
ities during the 20th century, a significant part of the
earth’s ecosystems underwent irreversible changes,
manifested in the destruction of soil cover, reduced
bio-productivity, loss of biodiversity, and disrup-
tion of the hydrological balance (bo6posckuit M.B.,
Heuaes B.I1., 2022).

A special place among such territories is oc-
cupied by post-technological landscapes, including
areas of former industrial zones, landfills, quarries
and nuclear test sites (EcupkeeB A.M., AnumOeKoBa
I'.2K., 2021). They are characterized by difficult en-
vironmental conditions caused by prolonged expo-

sure to radiation, chemical pollution and physical
destruction of the surface.

One of the most striking examples of such ter-
ritories is the Semipalatinsk Nuclear Test Site
(NSNR), which operated in Kazakhstan from 1949
to 1989. During this period, more than 450 nuclear
explosions were carried out here, which led to sig-
nificant changes in the geomorphological structure,
soil composition and vegetation cover. Despite the
cessation of testing and the subsequent declara-
tion of the landfill as a restricted access zone, the
processes of ecosystem restoration here remain ex-
tremely slow. Against the background of the general
aridity of the region, there is a high spatial mosaic of
the state of soils and vegetation, which complicates
the assessment of the degree of degradation and the
dynamics of restoration (I'opiikos M.A., 2023).

Post-technological territories, especially such as
the NSNR, are characterized by a combination of
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natural and induced degradation factors. On the one
hand, the arid climate, low precipitation and poor
vegetation development contribute to erosion pro-
cesses and deflation. On the other hand, man-made
impacts — soil compaction, radiation pollution, and
disruption of the hydrological regime — enhance
these processes, creating stable pockets of degrada-
tion. As a result, specific post-nuclear landscapes
are formed, which are characterized by a combina-
tion of dry, burnt-out areas, secondary salt marshes,
fragmentary vegetation and local zones of tempo-
rary humidification.

Modern approaches to the study of such terri-
tories require a comprehensive assessment of deg-
radation processes and ecosystem restoration using
objective and spatially continuous data. Traditional
field monitoring methods are limited here due to
the large areas, inaccessibility and potential radia-
tion risk (LlleBuenko U.C., 2021). Therefore, remote
sensing technologies are becoming the main analy-
sis tool for assessing the dynamics of vegetation,
humidity, and soil conditions based on the spectral
characteristics of the surface.

The use of satellite data, such as Sentinel-2,
provides extensive opportunities for quantifying
the state of degraded ecosystems. By calculating
spectral indices — NDVI (Normalized Difference
Vegetation Index), NDWI (Normalized Differ-
ence Water Index), MSI (Moisture Stress Index)
and SWIR channel analysis — it is possible to de-
tect changes in vegetation structure, the level of
moisture availability and the intensity of soil deg-
radation. These indicators allow not only to deter-
mine the current state of the territory, but also to
track the dynamics of ecosystem restoration over
time.

In Kazakhstan, where most of the lands are sub-
ject to aridization, wind and water erosion, monitor-
ing of land degradation and the processes of their
natural restoration is becoming particularly relevant
(AcputbexoBa A., MyxkamueB XK., AsumxanoB b.,
2021). Using the example of the Semipalatinsk test
site, such studies make it possible not only to deter-
mine the degree of anthropogenic impact and cur-
rent environmental risks, but also to assess the ef-
fectiveness of the renaturalization processes taking
place over the past decades (Bai, Z.G., Dent, D.L.,
2009).

The integration of modern remote sensing data
with geoinformation analysis methods creates the
basis for a comprehensive assessment of the state of
post-technological ecosystems and the development
of strategies for their ecological restoration.
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The current state of the landfill can be described
as a stage of slow but steady natural recovery, in
which ecosystems show signs of adaptation and
self-regulation in a post-nuclear landscape (Carlsen,
T.M., Groves, R.A., et al., 2021). This makes the
region a unique model territory for studying the
long-term processes of ecological rehabilitation of
degraded lands in the arid climate of Central Asia.

Materials and methods

Study area. The Semipalatinsk Test Site is locat-
ed in the north-east of the Republic of Kazakhstan,
within the East Kazakhstan, Pavlodar and partially
Karaganda regions. The geographical coordinates of
the central part of the test site are approximately 50°
15’ N and 78°40° E. The total area of the territory
historically used for nuclear testing exceeds 18,000
km2, and together with the adjacent zone of influ-
ence is estimated at about 19-20 thousand km?2.

The terrain of the polygon is predominantly flat
and undulating, with elements of weak uplifts and
depressions characteristic of the eastern edge of the
Central Kazakhstan plateau. The absolute heights
range from 250 to 500 m, occasionally reaching 600
m in the eastern part. The territory is divided by a
network of temporary watercourses and small hol-
lows, through which meltwater and rainwater flow
(Carunynnuna /1.b., Omapos P.E., 2023). The main
rivers of the region — Shagan, Ashchysu, Koken-
tal — are temporary and seasonal in nature, which
causes a high sensitivity of the soil and vegetation
cover to moisture availability.

The climate of the area is sharply continen-
tal and arid. The average annual air temperature is
about +3...+4 °C, the average temperature in Janu-
ary is -16 °C, in July — +21...424 °C. Annual pre-
cipitation does not exceed 250 — 300 mm, of which
about 60% falls in spring and early summer. Sum-
mers are hot and arid, winters are long with stable
snow cover. Winds prevail from the northwest and
west, contributing to the development of deflation-
ary and erosive processes.

The soil cover is mainly light chestnut, chestnut
and brackish soils, with salt marshes and sandy loam
rocks found in places. Vegetation is desert-steppe,
with a predominance of xerophytic and grass-worm-
wood communities.

Atmospheric correction and radiometric consis-
tency were verified and, where necessary, slightly
adjusted on the basis of reference reflectance and
visual inspection.

- 116 atmospheric (terrestrial and aerial);



Zh K. Mukaliyev et al.

- 340 underground tunnels and boreholes.

Large-scale activity led to powerful radioac-
tive emissions, mechanical destruction of the soil
and vegetation cover and the formation of a whole
complex of post-nuclear landscapes — craters, sub-
sidence, burnt-out areas, radiation-contaminated
hollows and man-made landforms.

The areas within the Experimental Field, Bala-
pan, Degelen and Sary-Uzen districts, where the
main test facilities were concentrated, were par-
ticularly affected. Elevated levels of gamma radia-
tion, residual isotopes of cesium, strontium and plu-
tonium in the soils are still recorded at these sites
(Myxkamues XK.K., 2020).

The consequences of nuclear tests are long-
term in nature — soil degradation, violation of the
water regime, decrease in vegetation productivity
and secondary salinization. Even three decades after
the closure of the landfill, the environmental conse-
quences remain significant and manifest themselves
in a decrease in biological activity, erosion process-
es and fragmented ecosystems.

After the official closure of the Semipalatinsk
landfill in 1991, the territory was declared a zone of
restricted nature use, which contributed to the natu-
ral processes of renaturalization. In the absence of
economic stress, there is a gradual restoration of the
grass cover and the soil humus horizon.

Cereal-wormwood communities began to de-
velop in areas with low levels of radiation pollution,
and the processes of natural overgrowth of craters
and accumulation of organic matter intensified. Ar-
eas with high humidity are formed along the valleys
of temporary watercourses, where species charac-
teristic of meadow-steppe phytocenoses are actively
growing (3aiteBa H.H., Mopo3zos E.A., 2020).

Nevertheless, the recovery is uneven. In areas
with high levels of radionuclide contamination and
mechanical disturbance of the soil profile, natu-
ral processes are slowed down or completely sup-
pressed. A number of sites remain unproductive
and degraded, which is reflected in low NDVI and
NDWI values according to satellite monitoring data.

This study utilized multi-temporal satellite data
from the Sentinel-2 Level-2A mission, provided by
the European Space Agency (ESA) under the Co-
pernicus Programme. Two cloud-free images cover-
ing the central and adjacent parts of the Semipala-
tinsk Nuclear Test Site (SNTS) were selected for
analysis, corresponding to May 11, 2019 and May
29, 2025 (European Space Agency (ESA), 2024).

Level-2A  products include bottom-of-atmo-
sphere reflectance, already corrected for atmo-

spheric and radiometric effects using the Sen2Cor
processor, ensuring high accuracy of spectral values
across visible, near-infrared (NIR), and short-wave
infrared (SWIR) bands.

The Sentinel-2 system provides a spatial resolu-
tion of 10-20 m, which is suitable for landscape-level
monitoring of soil, vegetation, and moisture dynam-
ics in heterogeneous arid regions such as eastern
Kazakhstan (European Space Agency, 2024).

All satellite scenes were preprocessed in QGIS
3.34 and ArcGIS Pro 3.2.

The threshold values used for the classification
of NDVI, NDWI and MSI (Table 2) were defined
based on a combination of published recommenda-
tions and empirical calibration for the conditions of
the Semipalatinsk Nuclear Test Site. The lower and
upper NDVI bounds for degraded, transitional and
dense vegetation were chosen in accordance with
earlier studies on steppe and arid ecosystems of Ka-
zakhstan, while NDWI and MSI thresholds were
refined using visual interpretation of Sentinel-2
composites and previously published descriptions
of soils and vegetation for the region.

For each index and each year, mean, minimum,
maximum and standard deviation values were cal-
culated for the entire test site and for the three phys-
iographic zones (northern, central, southern). In ad-
dition, difference maps (2025-2019) and histograms
of index distributions were analysed to assess the
magnitude and spatial structure of changes. In this
study we focused on descriptive statistics and visual
comparison; a formal test of statistical significance
is planned for future work.

The following steps were performed:

* Radiometric consistency and atmospheric
conditions of Sentinel-2 Level-2A bottom-of-atmo-
sphere reflectance products were visually checked
for both dates to ensure their suitability for multi-
temporal comparison.

* Cloud and shadow masking was implemented
using the Scene Classification Layer (SCL) pro-
vided within Sentinel-2 data. Pixels classified as
clouds, cirrus, or shadows (classes 8, 9, 10, 3) were
excluded from analysis.

* Subsetting of the study area was performed
according to the official polygon boundaries of the
Semipalatinsk Test Site.

» Radiometric values were rescaled to the range
0-1 for further index calculations.

Calculation of Spectral Indices

To quantify vegetation activity, soil moisture,
and surface dryness, four key spectral indices were
derived from Sentinel-2 reflectance data (Table 1).
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Table 1 — Description of spectral indices and their environmental interpretation

Index Formula Bands (Sentinel-2) Environmental meaning
SWIR RGB = (B12, BSA, B4) 2190 nm, 865 nm, Fal§e-color infrared visualization highlighting dry and
composite 665 nm moist areas

NDWI (B3 - B8) / (B3 + BS) 560 nm, 842 nm ir'ldwates surface and vegetation moisture; higher values =
igher water content

NDVI (B8 — B4) / (B8 + B4) U i, (G5 1(;/Ieasures vegetation vigor and biomass; higher values =
enser vegetation

MSI B11/BS8 1610 nm, 842 nm ls\g;)llssture Stress Index; higher values = drier vegetation and

All indices were computed using raster-based
map algebra in QGIS Raster Calculator and ArcGIS
scripts, and subsequently normalized to eliminate

radiometric differences between dates. The result-
ing raster layers were resampled to a common 10 m
resolution and clipped to the study area boundaries.

Table 2 — Classification of spectral index values and their environmental interpretation

Index Value range Environmental interpretation Surface condition
NDVI (Normalized 0.00 - 0.33 | Bare soil, degraded land, minimal vegetation | Low biomass, high degradation
Difference Vegetation 0.33-0.50 | Sparse or moderate vegetation cover Transitional zone
lincles) >0.50 Dense and healthy vegetation High biomass, active photosynthesis
NDWI (Normalized <0.00 Dry and arid surfaces Lack of surface moisture
Difference Water 0.00 - 0.30 | Moderately moist soils or sparse vegetation | Moderate humidity
Index) >0.30 Wet soils or open water bodies High surface moisture or inundation
<0.80 Low stress; sufficient moisture availability | Favorable conditions for vegetation
il (Ml(l)li;gr)e SIS 0.80-1.20 | Moderate moisture stress Transitional soil moisture
>1.20 High dryness or stressed vegetation Drought or degraded land

The threshold values used for the classifica-
tion of NDVI, NDWI and MSI presented in Table
2 were defined based on a combination of published
recommendations and empirical calibration for the
conditions of the Semipalatinsk Nuclear Test Site.
The lower and upper NDVI bounds for degraded,
transitional and dense vegetation were chosen in
accordance with earlier studies on steppe and arid
ecosystems of Kazakhstan (boOpoBckuii M.B.,
Heuaes B.I1., 2022; I'opmxos U.A., 2023; 3aiinena
H.H., Mopozos E.A., 2020), while NDWI and MSI
thresholds were refined using visual interpreta-
tion of Sentinel-2 composites and previously pub-
lished descriptions of soils, moisture regime and
vegetation in the test site area (Carngymnuna /.b.,
Owmapos P.E., 2023; AcsuibekoBa A., Mykanues XK.,
Asumxanos b., 2021).

Each raster was statistically summarised to cal-
culate mean, minimum, maximum and standard
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deviation values for both years and for the three
physiographic zones (northern, central, southern).
Difference maps (2025 — 2019) and histograms of
index distributions were generated to visualise the
spatial pattern and magnitude of changes in vegeta-
tion greenness, surface moisture and soil dryness. In
this study we focused on descriptive statistics and
visual comparison of index dynamics; a more de-
tailed formal assessment of statistical significance is
planned for future work.

Spatial differentiation was conducted by di-
viding the study area into three physiographic
zones — northern, central and southern — reflecting
the main geomorphological and hydro-ecological
variations within the polygon. The combined anal-
ysis of the four indices provided a comprehensive
evaluation of the eco-hydrological changes within
the Semipalatinsk Test Site over the six-year pe-
riod. A decrease in MSI and SWIR brightness,
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coupled with an increase in NDWI and NDVI, was
interpreted as a sign of improved soil moisture
and vegetation recovery (Pettorelli et al., 2005; Li
et al., 2020). Statistical summaries and thematic
maps were integrated in a GIS environment to as-
sess the extent of rehabilitation versus degradation
zones, forming the basis for further discussion and
conclusions.

Spatial differentiation was conducted by di-
viding the study area into three physiographic
zones — northern, central, and southern, reflecting
the main geomorphological and hydro-ecological
variations within the polygon.

The combined analysis of the four indices pro-
vided a comprehensive evaluation of the eco-hydro-
logical changes within the Semipalatinsk Test Site
over the six-year period.

SWIR 2019
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A decrease in MSI and SWIR brightness, cou-
pled with an increase in NDWI and NDVI, was in-
terpreted as a sign of improved soil moisture and
vegetation recovery (Pettorelli, N., et al., 2009).

Statistical summaries and thematic maps were
integrated in a GIS environment to assess the extent
of rehabilitation versus degradation zones, forming
the basis for further discussion and conclusions.

Results

Multi-temporal index maps (2019 — 2025). The
generated maps of SWIR, NDWI, NDVI, and MSI
for 2019 and 2025 (Figures 5 — 8) clearly demon-
strate notable spatial and temporal changes in the
surface characteristics of the Semipalatinsk Nuclear
Test Site.

SWIR 2025
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Figure 1 — SWIR (source: own study)

Overall, approximately 65 % of the territory
exhibited improvement in vegetation and moisture
indices, around 25 % remained relatively stable and
about 10 % still shows clear signs of degradation.

The Moisture Stress Index (MSI) also shows a
downward trend, suggesting a general reduction of
drought-related stress in vegetation.

The results show a consistent improvement in
eco-hydrological indicators between 2019 and 2025.
The most significant positive shifts are observed in
NDVI (+0.16) and NDWI (+0.15), while the decline
in MSI (=0.18) further confirms the trend toward en-
hanced soil moisture and vegetation health (Li J., et
al., 2020).
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Figure 2 — NDWI (source: own study)

Table 3 — Statistical summary of mean index values

Spectral Index Mean (2019) Mean (2025) (zﬁzgh—aggfg) Environmental trend
SWIR (12-8A-4) 0.46 0.39 —-0.07 Decrease of surface dryness
NDWI 0.12 0.27 +0.15 Increase in soil and vegetation moisture
NDVI 0.32 0.48 +0.16 Expansion of vegetated areas
MSI 1.23 1.05 —0.18 Lower vegetation water stress

Spatial distribution of landscape changes. Spa-
tial differentiation analysis revealed distinct region-
al patterns (Figure 3):

- Northern zone — notable increase in NDVI and
NDWI (up to +0.2 — 0.3), associated with vegetation
recovery in depressions and along seasonal water-
courses.

- Central zone — heterogeneous pattern with
dominant moderate increases in NDVI and NDWI
and a visible reduction of high-MSI areas; this zone
represents the most active phase of natural renatur-
ation.

- Southern zone — minor positive trends with re-
maining arid patches (high SWIR and MSI), indicat-
ing slower recovery due to poor soil structure and
limited hydrological recharge.

Overall, approximately 65 % of the territory
exhibited improvement in vegetation and moisture
indices, around 25 % remained relatively stable,
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and about 10 % still shows clear signs of degrada-
tion.

The use of Sentinel-2 (L2A) data and spectral
indices (SWIR, NDVI, NDWI, MSI) for the peri-
od 2019-2025 showed a clear trend towards an in-
crease in humidity and bio-productivity in most of
the landfill area (Gorelick, N., et al., 2017). Posi-
tive changes are especially noticeable in the central
and northeastern parts, where there is a decrease in
the MSI (Moisture Stress Index) and an increase in
NDVI and NDWI, indicating a gradual restoration
of ecosystems and stabilization of the microclimate.

The combined index analysis suggests that eco-
hydrological restoration processes are actively pro-
gressing across the Semipalatinsk Test Site.

The decrease in SWIR and MSI reflects the grad-
ual reduction of soil aridity and water stress, while
the increase in NDVI and NDWI indicates enhanced
vegetation productivity and moisture retention.
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Figure 4 — NDVI (source: own study)

Meteorological observations from regional sta-
tions in eastern Kazakhstan and recent climatologi-
cal assessments indicate a statistically significant in-
crease in mean and maximum air temperatures in the
region, while precipitation shows weak but generally
positive trends over the last decades (Cannukos B. n
np., 2015; Camaukos B. u ap., 2023; Makhambeto-

va et al., 2024; PI'TI «Kasruapomer», 2024). These
tendencies are consistent with the satellite-based re-
sults obtained in this study: higher NDWI and NDVI
values together with reduced SWIR reflectance and
MSI indicate more favourable hydrothermal condi-
tions for vegetation growth and a gradual reduction
in drought stress.
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Thus, gradual climate moderation appears to en-
hance natural renaturation processes and contributes
to the eco-hydrological stabilization of the Semi-
palatinsk landscape, while index-based monitoring
clearly reflects the close relationship between cli-
mate dynamics and the state of the soil and vegeta-
tion cover.

These results confirm that the post-nuclear land-
scape is undergoing slow but steady ecological reha-
bilitation, particularly within the northern and cen-
tral physiographic units.

The findings also highlight the potential of using
integrated Sentinel-2 spectral indices as effective
indicators for monitoring land-degradation reversal
and natural recovery in post-technogenic environ-
ments.

Discussion

The present study assessed land degradation and
moisture dynamics within the Semipalatinsk Nucle-
ar Test Site between 2019 and 2025 using Sentinel-2
Level-2A data and a set of spectral indices (SWIR
composites, NDVI, NDWI, MSI). The integrated
remote sensing and GIS-based approach provided a
spatially explicit characterization of eco-hydrologi-
cal changes in a large post-nuclear landscape under
arid climatic conditions.

The results indicate a consistent improvement of
environmental conditions over the six-year period.
Mean NDVI and NDWI values increased, while
MSI and SWIR reflectance decreased, reflecting en-
hanced soil moisture, higher vegetation productiv-
ity and reduced surface dryness. Quantitatively, the
area of moist and vegetated lands expanded, where-
as the proportion of strongly arid and degraded sur-
faces declined, with the most pronounced positive
changes observed in the central and northern parts
of the test site.

The study confirms that Sentinel-2 multispec-
tral monitoring, combined with index-based classi-
fication and GIS analysis, is an effective and cost-
efficient tool for tracking ecological rehabilitation
in post-technogenic territories of Kazakhstan. The
proposed methodology can be applied for regular
monitoring of remote and radiation-hazardous areas,
informing environmental planning and sustainable
land management in arid and semi-arid regions.

Future research should focus on integrating sat-
ellite-derived indices with climatic and hydrological
data, as well as on exploiting longer time series and
machine-learning methods to better predict degra-
dation and recovery trajectories. The inclusion of
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radar observations (for example, Sentinel-1) would
further improve the robustness of soil moisture and
vegetation assessments under cloudy conditions and
support the development of national systems for en-
vironmental monitoring and land-resource protec-
tion in Kazakhstan.

The purpose of the study was to assess the
processes of land degradation and the dynamics
of moisture availability within the Semipalatinsk
Nuclear Test Site (NSNR) using Sentinel-2 multi-
time remote sensing data. To achieve this goal, the
spectral indices SWIR, NDWI, NDVI and MSI were
used, which made it possible to comprehensively
characterize changes in the state of the soil and veg-
etation cover for the period 2019 — 2025.

The technique used included atmospheric cor-
rection of Sentinel-2 Level-2A data, cloud mask-
ing, and calculation of spectral indices reflecting the
degree of degradation, humidity, and plant restora-
tion. A comparative analysis showed a clear trend
towards an improvement in the ecological condition
of the territory: an increase in NDVI and NDWI val-
ues, a decrease in MSI and SWIR brightness indi-
cate an increase in humidity, bio-productivity and
ecosystem stability.

The quantitative assessment showed that the
area of moistened and vegetating lands increased by
about 20 — 25%, while the proportion of arid and de-
graded areas decreased by 10 — 15%. These changes
indicate a gradual restoration of natural processes
and ecosystem stability in the post-nuclear territo-
ry. It is noted that the greatest positive transforma-
tions are taking place in the central and northeastern
zones of the landfill, where active renaturalization
and restoration of vegetation cover are observed.

The results obtained confirm that the integration
of Sentinel-2 multispectral data and the calculation
of key indices (SWIR, NDWI, NDVI, MSI) is an
effective and economically justified tool for moni-
toring environmental rehabilitation of post-techno-
logical territories of Kazakhstan.

The practical significance of the work lies in the
fact that the developed methodology can be used for:

- regular monitoring of land degradation and
vegetation restoration in remote and radiation-haz-
ardous areas;

- environmental planning and environmental
management aimed at land restoration in arid zones
of Kazakhstan;

- building a national remote environmental mon-
itoring system based on open satellite data.

The prospects for further research are related to
the integration of satellite and climate data (precipi-
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tation, temperature, humidity), as well as the use of
machine learning and Sentinel-2 time series analy-
sis to predict the dynamics of degradation processes
and assess the rate of ecosystem restoration.

Thus, the work carried out not only confirms
the effectiveness of remote sensing methods for
studying post-nuclear landscapes, but also makes a
significant contribution to the development of geo-
information monitoring of the environmental sus-
tainability of the territories of Kazakhstan.

The conducted research has contributed to the
development of scientific ideas about the mecha-
nisms of restoration of post-nuclear landscapes
and the improvement of approaches to their remote
assessment. The integration of the SWIR, NDWI,
NDVI, and MSI indexes has made it possible to cre-
ate a reproducible methodology for eco-hydrologi-
cal monitoring of disturbed territories, which can be
used in other arid and semi-arid regions of Central
Asia, where field research is limited.

A comparison with similar studies conducted in
radioactive contamination zones such as Fukushi-
ma (Japan) and the Nevada Test Site (USA) shows
similar recovery trends — gradual vegetation growth
and increased soil moisture. However, unlike these
regions, the landscapes of Kazakhstan are character-
ized by a more pronounced climatic dependence and
spatial heterogeneity of restoration, which requires
long-term and detailed monitoring.

A number of limitations of the study should be
noted, related to seasonal variability, sensor differ-
ences, and insufficient validation by field observa-
tions. In the future, it is advisable to integrate sat-
ellite and climate data (precipitation, temperature,
humidity) and use machine learning and Sentinel-2
time series analysis methods to predict the dynamics
of degradation and the rate of ecosystem restoration.

The additional inclusion of Sentinel-1 radar sur-
vey data will improve the accuracy of soil moisture
and vegetation assessment in cloudy conditions.

Thus, the conducted research has shown that
remote sensing technologies and geoinformation
analysis are indispensable tools for long-term envi-
ronmental monitoring of territories exposed to an-
thropogenic and radiation effects.

The experience gained from studying the Semi-
palatinsk test site can serve as a model for building
national environmental monitoring systems, as well
as for improving the policy of sustainable environ-
mental management and protection of Kazakhstan’s
land resources.
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KALUbIKTAH 30OHATAY AEPEKTEPI BOMbIHLLA
KOCTAHAU OBAbICbIHbIH,
TABUTU PECYPCTbIK, SAEYETIH MOHUTOPUHITEY

ByA Makanapa KallblKTaH 30HATAy AepekTepi HeridiHae KocTaHam OBAbICbIHbIH AQHALLIAMT KOM-
MOHEHTTEPIHIH, KEHICTIKTIK-yaKbITTbIK ©3repicTepi TaapaHAbl. 3eptreyae MODIS, Landsat >koHe
Sentinel-2 cnyTHUKTIK AepekTepi namAaAaHbiAbin, >kep 6eTi Temnepartypacbl (LST), Beretaumsiabik,
(NDVI), cy (NDWI), biaraaabiabik, (NDMI) skaHe skaHy (NBR) nnaekctepi ecenteaai. MODIS aepekTepi
OHIPAIK AEHrerAEeri y3ak, Mep3imMAl YpAicTepai aHbikTay yuliH, aa Landsat >xeHe Sentinel-2 aepekrepi
AMaHKaparai opMaH aAKabblHAAFbI OPTKE AEMIHT| )KOHE OPTTEH KEMiHIi ©3repiCTePAI erxKen-TerkenAi
TaAAQY YLUIH KOAAQHBIAABI.

KocTanait o6abicbl 6oiibiHwa LST, NDVI, NDWI taaaaybl 6oibiHwa LST men NDVI sxene NDWI
apacbiHAQ Tepic KoppeAsiums 6anKaAAbl, IFHU TeMMepaTypaHblH >KOFaPbIAQYbl OCIMAIK >KaMbIAFbIChIHbIH
GipkaTap TEMEHAEYIMEH KaTap Cy MHAEKCIHIH TOMEHAEYIH KOpCeTTi.

AMaHKaparah opmaHbiHbiH aymMarbiHa NDVI, NDMI, NDWI »aHe SWIR HoTuxeAepiH Tarpay
OpMaH 3KOXKYMeAepiHiH 61MoMaccacbl MeH bIAFAAABIAbIFbI APACBIHAAFbI ThiFbI3 GANAAHBICTbI KOPCETTI.
NDVI, NDMI sxaHe NDW!I MaHAepiHiH xofapbliaaybl SWIR TemeHaeyiMeH Bipre sxypeai, 6ya ecimaik
SKAMbIAFbICbIHbIH, GIPTIHAEMN KAAMbIHA KEAYiH >K8HE Cy PexXMMIHIH, XakcapyblH kepceteai. 2022-2025
JKbIAAQP Ke3eHiHAe, acipece 2024-2025 XblApapbl, OPMaH 3KOXXYMEHIH TYPaKTbl KAAMbIHA KEAYi MeH
TypaKTaHybIHbIH GEAriAepPiH KOPCETKEH KE3AE OH AMHAMMKA HGANKAAAAbI.

KocTaHait 06AbICbIHbIH ayMaFblHA TeMnepaTypaHbiH, 6CIMAIKTEPAIH, CYAbIH eCenTeAreH HopMaAaH-
FaH aMbIpbIMABIK, MHAEKCTEPiH TanAay 2014-2023 >KbiIAAApbl TemrepaTypaHblH, alTapAblKTan »KoFa-
pbIAQybl XXOHE BCIMAIK AEHreiniHiH ToMeHAeYi OaikaAraHbiH KepceTTi. XKep YyCTi CyAapbiHbIH ayAaHbl
AQ a3aiiabl. OCIMAIK >KaMbIAFbICI MEH >Kep YCTi CyAapblHbiH, 63repyi XKep 6eTiHAeri TemneparypaHbiH,
e3repyimMeH >KaKCbl 6aNAQHbICTbI.

3epTTey HaTUXKeAepi KAMMATTbIK, &3repicTep MeH epTTEPAIH, AaHALLAMT KOMIMOHEHTTEpiHe acepiH
GararayFa MyYMKIHAIK 6epin, eHipAIH TYPaKTbl AAMYbIH XKOCTMApAayAa KOAAAHOAAbI MaHbI3Fa Me.

Tyiin ce3aep: KawbikTaH 30HATay, LST, NDVI, NDWI, NDMI, NBR, KocTaHan 06AbICbl, OpMaH
epTi, AAHALWATTbIK, ©3repicTep.
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Assessment of spatial and temporal changes in landscape components
of Kostanay region using remote sensing data

This article analyzes the spatio-temporal changes of landscape components in the Kostanay region
using remote sensing data. MODIS, Landsat, and Sentinel-2 satellite data were used to calculate land
surface temperature (LST), vegetation (NDVI), water (NDWI), moisture (NDMI), and burn severity (NBR)
indices. MODIS data were applied to identify long-term regional trends, while Landsat and Sentinel-2
data were used for detailed assessment of pre- and post-fire dynamics in the Amankaragay forest area.

In the analysis of LST, NDVI, and NDWI for the Kostanay region, a negative correlation was ob-
served between LST and NDVI as well as NDWI, meaning that an increase in temperature was accom-
panied by a decrease in vegetation cover and a reduction in the water index.

The analysis of the NDVI, NDMI, NDWI, and SWIR indices for the Amankaragay forest area re-
vealed a close relationship between the biomass and moisture content of the forest ecosystems. An in-
crease in the values of NDVI, NDMI, and NDWI is accompanied by a decrease in SWIR, which reflects
the gradual restoration of vegetation cover and the improvement of water conditions. In the period from
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2022 to 2025, there has been a pronounced positive trend, especially in 2024 and 2025, when the
forest showed signs of sustainable recovery and ecosystem stabilization. The analysis of the calculated
normalized difference indices of temperature, vegetation, and water in the Kostanay region showed that
there was a significant increase in temperature and a decrease in vegetation levels from 2014 to 2023.
The area of surface water has also decreased. The changes in vegetation and surface water areas are well
correlated with changes in the Earth’s surface temperature.

The results provide insights into the impacts of climate change and wildfires on regional landscape
components.

Keywords: LST, NDVI, NDWI, NDMI, NBR, Kostanay region, wildfire, landscape changes.
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OlleHKa NMPOCTPAHCTBEHHbIX U BPEMEHHbIX MU3MEHEHMI AAHALLIAG THBIX KOMMOHEHTOB
KocTaHaiickoi 06AacTH € UCMOAb30BaHUEM AQHHBIX AMCTAHLMOHHOTO 30HAUPOBAHUS

B cTaTbe npoBeaeH aHaAM3 NMPOCTPAHCTBEHHO-BPEMEHHbIX M3MEHEHMIA AAHALLIA(THBIX KOMMOHEH-
ToB KocTaHaickoin 06AacTv Ha OCHOBE AQHHbIX AMCTAHLMOHHOTO 30HAMPOBaHUS. B nccaepoBaHMmM nc-
MOAb30BaHbl CMyTHUKOBbIE AaHHble MODIS, Landsat 1 Sentinel-2 ¢ pacueTom MHAEKCOB TemnepaTypbl
nosepxHoctn 3eman (LST), pactuteabHoctn (NDVI), BoaHbix o6bekToB (NDWI), BaaxkHoCcT (NDMI) 1
raperi (NBR). AaHHble MODIS npuMeHSAUCb AAS @aHAaAM3a PEerMOHaAbHbBIX AOAFOCPOYHBIX TEHAEHLNIA,
a AaHHble Landsat 1 Sentinel-2 — AAs A@TaAbHOTO M3yUeHUs U3MEHEHMI AO M MOCAE NoXapa B AMaHKa-
paraiiCKoM A€CHOM MaccuBe.

[Mpn aHaamnsze LST, NDVI n NDW!I no KocraHanckoit 06aacT 6biaa BbisIBAEHa OTpULATEAbHAsS KOP-
peasiumsg mexxay LST, NDVI n NDWI, To ecTb noBblleHre TeMmrnepaTypbl COMPOBOXXAAAOCh CHUXKEHUEM
pPacTUTEAbHOrO NMOKPOBA U YMEHbLUEHNEM BOAHOIO MHAEKCA.

AHaam3 nHaekco NDVI, NDMI, NDWI 1 SWIR Ha TeppuTopmio AMaHKaparaickoro AeCHOro Mac-
CUBa MOKa3aA TECHYIO B3aMMOCBSI3b MEXAY BMOMACCOM M BAQXKHOCTbIO A€CHbIX 3KOCUCTEM. [oBbILe-
Hue 3HauyeHmit NDVI, NDMI n NDWI conpoBoxaaetcs cHmxxkenvem SWIR, uto oTparkaeT nocreneH-
HO€e BOCCTQHOBAEHME PAaCTUTEAbHOIO MOKPOBA M YAyULLIEHWE BOAHOIO pexkuma. B nmepuop 2022-2025
rOAOB HabAIOAQETCS BbIpayk€HHast MOAOXKMTEAbHASI AMHaMMKa, 0cobeHHo B 2024-2025 roaax, Koraa
AEC AEMOHCTPUPYET MPU3HAKM YCTOMUYMBOrO BOCCTAHOBAEHMS U CTAOMAM3ALMM IKOCUCTEMDI. AHAAM3
BbIYMCAEHHbIX HOPMAAM30BAHHbBIX PA3HOCTHbIX MHAEKCOB TemrnepaTtypbl, PacTUTEAbHOCTM, BOAbI Ha
Tepputopmio KoctaHaickon o6AacTv nokasaa, 4to 3a 2014-2023 roabl HAGAIOAAAOCH 3HAYMTEAbHOE
MOBbILLEHWE TEMMEPATYPbI U CHUXKEHWE YPOBHS PaCTUTEABHOCTM. [1AOLLAaAb MOBEPXHOCTHBIX BOA, TaKXKe
COKpaTMAaCh. M3MeHeHMs B NAOLLAASX PACTUTEABHOCTM M MOBEPXHOCTHbBIX BOA XOPOLLO KOPPEAMPYIOT-
C8l C UIBMEHEHUSIMU TemrepaTypbl 3eMHOM NMOBEPXHOCTU.

[oAyyeHHble pe3yAbTaTbl MO3BOASIOT OLLEHUTb BAUSIHME KAMMATUUECKMX M3MEHEHMI 1 MO>KapoB Ha
AQHALLA(THbIE KOMMOHEHTbI pernoHa.

KAroueBble cAaoBa: AMCTaHUMOHHOe 30HAMpoBaHue, LST, NDVI, NDWI, NDMI, NBR, KocTaHar-
cKkasi 06AaCTb, AECHOM MO>Kap, AAHALAMTHbIE U3MEHEHUS.

Kipicne

KasakcTtaHHBIH COJITYCTIK OeIiriHae OopHajac-
kaH KocraHaii 0OMNBICEI TaOWFU Karmalaapbl MEeH
IKOXKYHENEPIHIH OpTYPJILIIriMEH EpeKIICICHETIH
eHipnepaiH Oipi 6ok TaObLTa Bl ANalia COHFBI
OHXKBUIJIBIKTa KJIMMATTBhIH ©3Tepyi, aya TemIepa-
TYPachIHBIH TYPAaKTHl >KOFapbUIAYhl, KYpPFaKIIbI-
JBIKTBIH KYIICIO1 )KOHE OpMaH OpTTEPiHiH XKuineyi
OHIPIIH AKOXKYHEIIK Tere-TeHIIriHe eNeyli bIK-
naj eTTi. byn yaepicrep ecimMiK KaMbUIFBICBIHBIH
JlerpaalusCchiHa, J)Kep YCTi CyJapbIHBIH a3al0blHa
JKOHE JaHAMA(T KYPbUIBIMBIHBIH ©3TepyiHe allbIl
KelyJie.

Kazipri yakpITTa KalIbIKTaH 30HATAY TEXHO-
JOTHSTIAphl TAOWFU JKYHeIepIiH KEHICTIKTIK KoHe
YaKBITTBIK JUHAMHUKACHIH 3ePTTEY/IiH €H THIMI1 KY-
paTapeIHBIH Oipi peTiHae KeHIHEH KOJIIAHBUIAIbI.
Kenreren xanpikapansik 3eprreyiaep NDVI, NDWI,
NDMI, NBR xone LST CHSIKTBI CIEKTPAIBIK HH-
JEeKCTEpIIiH SKOKYHEeNepIiH >Kai-KyiiH, onapIbiH
e3repy KApKBIHBIH JKOHE JeTpamanus IeHTeiin 0a-
Fanaya JKOrapbl THIMIUNCH Kepcereni. byn wH-
JIEKCTep CITyTHHUKTIK KeCKIHACPAIH OPTYPl CIEKT-
paNABIK apHajapbl HETi3iHIEe ecenTelil, OCIMIIK
JKaMBUIFBICHI, Cy PECYPCTaphl, BUIFAIIBUIBIK JKOHE
TEeMIIepaTypaliblK, PSKUMJIETT 03repicTepal CaHIbIK
TYpPFBIIaH CUTIATTayFa MYMKIHIIK Oepei.
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LST (Land Surface Temperature) >xep Oeri-
HIH TEMIIEPaTypaliblK PEXHUMIH JKOHE KIMMATTBIK
KBICHIMHBIH KEHICTIKTIK KOPIHICIH CHIATTaWThIH
MaHBI3IIBI KOpceTKim Oompim Tabbmaasl. NDVI
(Normalized Difference Vegetation Index) ecim-
JIK YKaMBUIFBICHIHBIH THIFBI3IBIFEI MCH JKaFJailbIH,
NDWI (Normalized Difference Water Index) »xep
ycri cymapsiaeiH  TapainybiH, NBR (Normalized
Burn Ratio) epTTeH KeifiHri 3aKpIMAaHy JEHIEHiH,
an NDMI (Normalized Difference Moisture Index)
OCIMAIK TIEH TOMBIPaK bUIFAJIBUIBIFBIH Oaranayra
MyMKiHAIK O6epeni. ConsiMen Katap SWIR (Short-
Wave Infrared) cmekrpanablk Auana3oHbl TYTiH
acepiHe Ce3IMTaNIIBIFBl TOMEH OOJIFAHIIBIKTaH, OpT
OILIAKTapBIH XKOHE KYHIeH ayMaKTap/bl aHBIKTay1a
KEHIHEH KOJIJaHbLIabI.

OCIMJTIK )KaMBUTFBICBIHBIH Y3aK MEP3iMIi JHHA-
MUKAaCBhIH Y3JIIKCi3 OaKbuIay YIIiH KOFaphl YaKbIT-
TBHIK KalTajgaHy *)wuuliriMmer cunarranatein MODIS
CIYTHHUKTIK JEpPEKTEpiH Maimanany THIMII OOJIBII
ta0buTa el (Sodnomov et al., 2017; Palacios-Orueta
et al., 2024). MODIS nepexrepi Herizinge xep 6eTi
TEMIIepaTypacblH e€cenTey Ke3iHae, dJeTTe, CIyT-
HUKTIH €Ki TepMaiisl HH(PAKBI3bUI apHACBIHBIH
KApBIKTBIK ~ TeMIepaTypalapblH HaiganaHaThlH
Split-Window omici kommausuiaas! (Selcuk, 2025).

Landsat 7 sxone Landsat 8 cmyTHHKTepi HETi31H-
ne NDVI, NDBI xone NDWI nnaekcrepin ecer-
TEYy OHICTepi, COHAaH-aK CHEKTpalAbIK apHajapbl
MEH OJIApABIH KEeHICTIKTIK aXXBIPATBIMIBUIBIFBI Oip-
Karap eHOeKTepJe erKeH-Terkelnl cunarTairan
(Tek, 2018). Landsat-8 >xone Sentinel-2 nepexTepin
naiianany apKbUIbl ©CIMIIK >KaMBUIFBICBIHBIH ©3-
repicrepin Oaranay OTaHABIK KOHE IICTEIIIK 3epT-
TeyJep/ae KeHiHeH KapacThlpbuiFaH (MakcyTOeKoB
)oHe T.0., 2020; Brown et al., 2020; Ozgedinova et
al., 2024).

Fapeimteik Tycipimimaep Heri3iHIe cHeKTpai-
JBIK MHJIEKCTEP MEH XKep OeTi TeMIlepaTypachIHbIH
e3repicTepiH Tanjgay OpMaH ayMaKTapBIHBIH OpT
KayinTunirin Oaranayga MaHbI3bl POl aTKapasbl.
3epTTeyrepre corkec, 9pTYpIi TaOUFU-Teorpadus-
neIK karnaiinapaa LST nen NDVI apaceinga aitkbin
Tepic Koppensnus Oalkanaapl, SFHA TeMIepaTypa-
HBIH >KOFapblIaybl ©CIMIIK >KaMBUIFBICBIHBIH TO-
MeHzeyimeH Karap xypeni (Kumar & Singh, 2023;
Rahimi et al., 2025). ConbiMeH Katap epTTepAiH
ratifa 00Ty SKHUITITI MCH BUTFAJIIBUTBIK, JKaFTaiapsl
apacsigaarbl Oainansic NDMI cusKTBI HHIEKCTED
apKbUTHl THIMII aHbIKTanmaapl (CeraeB jxoHE T.O.,
2020).

Xep ycTi cymapblHBIH KEHICTIKTIK TapailyblH
anpikTayga NDWI sxoHe OHBIH TYpJICHIIpIITeH
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nyckamapel (MNDWI, AWEI) keHiHeH KOJIaHbI-
napl. Oelu IepeKTepre CoKec, Cy HBICAHIAPbIH
anpikTayqa MNDWI uHAEKCiH KONJaHy »KOFaphbl
TOIIIKKE KOJ KETKi3yre MYMKIHIIK Oepermi, Kel
3eprreynepae Oyn kepcerkim 88,2-98,7% apa-
neIFeIHAa Oaranmanran (Sawetwong & Reungsang,
2021; Ibka et al., 2024).

Ochl 3eprTeyae Kocranait oOibICHI aymMarbiHIa
maHAmapT KOMIOHEHTTEPIHIH KEHICTIKTIK-yaKbIT-
THIK ©3TepicTepiH Oarajgay MaKcaThIHA OPTYPIIi Ke-
HICTIKTIK JKOHE YaKBITTBIK a)KbIPAThIM/IbLIBIKTAFBI
CIYTHUKTIK JIepeKTepi OipiKTipinm KOJAaHy TOcim
naiananbULIbl. OHIPIIK JeHreHIeri y3ak Mep3iMii
ypaictepai ranaay ymrias MODIS nepextepi (LST —
1 kM, NDVI — 250 M) KOIAaHBUIABL, all YCaK MacIil-
TaOTaFbl ©3TePICTEP/Ii, COHBIH IITiHAC AMaHKaparan
OopMaH alKaOBIHAAFBl OPTKE JIEHIHT1 JKOHE OpTTEeH
KEWIHT1 AKOXKYHeNiK AUHAMUKaHBI eTKel-TerKei-
mi Oaranmay ymin USGS nepekkopblHaH allbIHFaH
Landsat (30 m) sxone Copernicus miaThopMachiHaH
anbiarad Sentinel-2 L2A (10-20 m) nepekrepi naii-
MajJaHpUIABl. MyHIOAl KemeHII TOCUT KIUMATTBIH
e3repyi MEH aHTPOIOTeHIIIK (haKTOopIapablH JIaHa-
madT KOMIIOHEHTTEpiHEe SCepiH HEFYPIbIM 1197 Oa-
Fajayra MyMKiHaik 6epeai (Ghaderpour et al., 2024;
He et al., 2024).

3epTTey MaTepuaIAaphI sKaHe dicTepi

3epmmey atimazsl Jcone depexrKozoep

3eprrey Hblcanbl peTiHae KasakcTaHHBIH COJI-
TYCTiK Oedirinae opHanmackaH KocTaHail 0OJBICHI
JKOHE OHBIH ayMarbIHIaFbl AMaHKaparail opMaH aj-
KaOBI TaHIAIIBI. OHIPIIH KeH ayMarbl MEH TaOWFU-
reorpausIIbIK epeKIICTIKTEPIH €CKepe OTBIPHII,
3epTTeyNe OPTYPJi KEHICTIKTIK >KOHE YaKBITTHIK
XKBIPATHIMJIBUTBIKTAFbI CITYTHUKTIK JIepeKTep maii-
JATIaHBUTJBI.

JepexTepai aly yIIiH pecMH albIK miatgopma-
map xkonnausael: NASA Earth Observing System
Data and Information System (NASA EOSDIS),
AKII T'eonmormsneik Kpi3MmeTiHiH EarthExplorer
miardopmacer (USGS) xene Copernicus aepexrep
Kophl. Atanran aepekkesnepaen MODIS, Landsat
skoHe Sentinel-2 cIyTHUKTIK KYyHelepiHeH allbIHFaH
KOTDKBIIJIBIK, KOHE KOICIEKTPAIIBI JIEPEKTEP KYK-
TEJIII.

ChnyTHHUKTIK KeCKiHAEpAl ipikTey Ke3iHAe Ty-
cipy cetinzmeri OynTThUIBIK JeHredi (3%-maH ac-
Maysl), 3epTTEy KE3CHIHE COUKECTITi, KEHICTIKTIK
XKBIPATHIMJIBUTBIFBI )KOHE 3€PTTEY ayMarblH TOJIBIK
KaMTYBl HETI3Ti KPUTEpHiliep peTiHjae KapacTbl-
pouLabL. JlepeKTepi JKUHAy JKOHE OHJIEY Ke3eH[e-
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PiHIH OpKalCBHICBIHAA canaHbl OaKbUIay KYPri3iiim,
reorpadusIIBIK, KOOPAUHATTAPABIH COWKECTITi, pa-
JUOMETPHSUIBIK, JONIIIT )KOHE aJIbIHFaH HOTHKEIEp-
IIiH CEHIMUTITI KIIMMATTBIK CTATHCTUKAIIBIK JTEPEK-
TEpPMEH CANBICTBIPY apKbUIBI TEKCEPIIII.

Cnymuuxmix 0epexmepoi Ko10aHy J102UKACDL

MODIS cmyTHUKTIK ACPEKTEepPiHIH KEHICTIKTIK
XKBIPATHIMJIBUTBIFBI  CAITBICTHIPMANIBI TYpPJC TOMEH
6onranapikrad (LST — 1 km, NDVI — 250 m), omap
Kocranaif 00bICE ayMaFbIHJIa OHIPIIK JIEHIeHer1
y3aK Mep3iMJIi e3TepicTep i Tanaay YIIiH naigana-
HBULIBL. Byn nmepextep skep OeTi Temreparypachi-
HBIH YKOHE OCIMIIK KaMbUIFBICHIHBIH KOIDKBIIIBIK
YpAiCcTepiH aHbIKTayFa MYMKIHAIK Oep/i.

An AmaHKaparail opMaH amKaOBIHJAFbl ©PTKE
JICHIHTI XKOHE OPTTeH KEWiHI1 >KarJaijpl erKei-
TemKeim Oaramay MakcaThbIHAA JKOFaphl KEHICTIK-
TIK aXbIpaTbIMIbUIBIKTaFbl Landsat (30 m) xoHe
Sentinel-2 L2A (10-20 M) CIyTHUKTIK JAepeKTepi
KOJJIaHBUIABI. ByJl Tocim MIaFblH ayMakTapaarbl
IKOXKYHEIIK ©3TepicTepIi, OCIMIIK >KaMBUIFBICHI-
HBIH JISTPaIalUsChl MCH KaJITIbIHA KEITy YIepiCTepiH
HaKTHI OeifHeneyre MyMKiHIiK 6epai. OcbIFan coii-
KeC YaKbITTBIK KaTapiiap 3epTTey MaKCaThIHA JKOHE
KOJITAaHBIIFAH JEPEKTEPIIH epeKIIeTiKTepiHe Kapait
OeiMIeTIN KAJIBINTACThIPBLIIBL.

3eprTey aaicrepi

HKep bemi memnepamypacwr (LST) unoexcin
ecenmey

Kocranaii o0sbICBIHBIH Xep OeTi Temmeparypa-
CBHIHBIH KCHICTIKTIK-YaKBITTHIK ©3TePICTEpPiH Taimay
yiiH MODIS cryTHUKTIK aepekTepi naiaanaHbli-
mel. LST nmepexrepin amy MODIS Reprojection
Tool (MRT) OarmapnaMasiblk Kypajbl apKbLIbl
Ky3ere acelpplIAbl. 3epTTey Oapbeickinga MODIS
ceHCOpBIHBIH 31 >koHe 32 TepManabl HHOPAKBIZBLT
apHaJIaphl (KEHICTIKTIK aXbIPATHIMABUIBIFEI 1 KM)
KOJIJTaHBUI/IBI.

Kep 6eti Temmeparypacer Split-Window oamici
Herizinae ecenTeni. byn afic arMochepansik acep-
Ili a3aiiTy MaKCaThIHIA €Ki TePMAaIbl HHPPAKHIZHLT
apHaHBIH JXapBIKTHIK TeMIlepaTypaiapbiH Oipiece
naiimananyra Mmymkiagik oepeni. LST wmrpekci ke-
neci ¢popmyna OOMbIHIIA €CenTeN/Ii:

LST = T3+ a(T5; — Ts,) + b(T5,— T3)2 +
to+ dW(Ty — To)(1 —€) +ehe (1)

MYHJIaFbL:

T3¢ xone T3, — MODIS cencopreinbie 31 xoHe
32 apnanapbl OOMBIHINIA >KapBIKTHIK TeMIepaTypa-
nap (K);

a, b, ¢, d, e — arMocdepanbIK KoHE Kep Oeri
JKaFJainapelHa TOYENi SMITMPHKAIBIK KO3 u-
LUCHTTEP;

W — arMocdepanarsl cy OybIHBIH MOJIIEPi;

€ — opraia OeTKi SMUCCUBTIIK;

Ag — eki apHa apachbIHIaFbl SMUCCUBTLTIK aifbIp-
Machl.

Hepexrepni enney ArcGIS Garmapmamacwinga
Raster Calculator Kypansl KeMeriMeH >KYpri3ijiii.
ATBIHFaH HOTIKENIEP OPTYPIIl YaKbIT Ke3eHaepi 00-
HBIHIIIA CaTIBICTHIPMAIIBI TANAAY1aH OTTi.

Opm ocepin bazanay ywin NBR unoexcin ecen-
mey

OCIMJIIK KaMBUIFBICHIHBIH OPTTEH KEWiHT1 3a-
KpIMJIaHy JI9pekeciH Oaramay MakcaTblHAa HOp-
Mannanras xxany uaaekci (Normalized Burn Ratio,
NBR) konmmansiasl. by uaaekc skakbiH HHPpPaKbI-
3pu1 (NIR) >koHE KBICKA TONKBIHABI MH(PAaKBI3bLUI
(SWIR) mmamazoHgapIbIH CIIEKTPAIIBIK KACHETTE-
piHe Herizaenemi.

NBR wunzgekci keneci popMya OOHBIHIIIA ecerr-
TENl:

NBR = (BNIR B Bswm) / (BNIR + BSWIR) 2

MYHJIaFbl:

Bhir — %aKbIH HHGPAKBI3BLT TUAa30H/IaFbI 14~
FBUTY KaOijeri;

Bz~ KPICKa TOJKBIH/IBI HHPPAKBI3bUI JUara-
30H/IAFbI IIIAFBLTY KAOIIeTI.

Byn uHeKC epTeHreH, 3aKbIM/IaHFaH JKOHE KaJl-
IbIHA KeNy Ke3CHIHJEerl ayMaKTaplbl alKbIHIayFa
MYMKIHTIK Oep/Ii.

Ocimoik osicamvinevicoin manday (NDVI owcone
NDMI)

OCIMIIIK KaMBIIFBICBIHBIH KYWIH JKOHE OHBIH
JIMHAMHKACHIH Oarayay YIIiH HOpMaJIJaHFaH aibIp-
MaJTBIK, BeTeTanusuiblK nHaeke (NDVI) sxoHe putrait-
meiiblK, mHIekei (NDMI) ecenrrenni. NDVI nepek-
tepi MODIS Vegetation Index Toolkit (MOD13Q1)
OHIMJIEpP1 HEeT131H/Ie aJIbIH]IbI.

NDVI wunpmekci ArcGIS  6armapmamacsinga
Raster Calculator kypasbsl apkbUIbI Keneci popmyiia
OOMBIHIIIA €CETITEIIi:
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NDVI = (NIR — Red)/(NIR + Red) 3)

MYHJIaFbI:

NIR — kakbiH HHDPAKBI3BLT THATA30H;

Red — kpI3b11 1Hama3oH.

NDMI unzmekci eciMiK MEH TOMbIPAK, bLIFa-
JBUIBIFBIH Oarajiay YIIiH KOJJIAHBUIBIN, ©pT KayIi
MEH KYPFaKIIbUIBIK XKaFIaiIapbIH Tangayia naima-
JaHBULABL. Y aKBITTHIK KaTapiapAbl Tajaaay apKbLUIbl
©CIMJIIK ’KaMBUIFBICBIHBIH JETPaJanis 5koHe KaJIbl-
Ha KeJly YpAicTepi aHbIKTaJIbl.

Kep yemi cynapvinvly Ounamuxacvli manoay
(NDWI)

Kocranaii 00bICEI ayMaFbIHIAFBI XKEP YCTI Cy-
JIapbIHBIH ©3TepiCiH Oarajay YIIiH HOpMallJaHFaH
aiteipmanblk ¢y uHzaekci (NDWI) ecenrenmi. On
ymin USGS nepekkopsiHan ansiarad Landsat 89
OLI/TIRS C2 Level 2 SR eniMzepi naiiianaHbuIIbI
(6apawrrer 184 criena, 3 sxoHE S apHAIAPHI).

NDWI wungekci ArcGIS 6armapnamaceiaia
Raster Calculator kemerimen keineci Gopmya 0o-
WBIHIIIA €CeTITEI/Ii:

NDWI = (Green -NIR) / (Green +NIR)  (4)

MYHJIaFbI:
Green — YKachlI CTIEKTPJIIIK THATIA30H;
NIR — »xakbrH HH()PaAKBI3BLT UATIA30H.
Atmocdepanblk TY3eTyIeH OTKEeH IepeKTep-
Il MafganaHy ecenTeyiepiH JSJIITiH apTThIPHII,
JKEP YCTI CYJaphIHBIH KSHICTIKTIK TapadyblH CEHIM-
ni Oaranayra MYMKIHIIK Oepi.

3epTTey HOTHIKeIepi KoHe TATKbLIAY

Anpeiver MODIS crnyTHHKTIK JepekTepi He-
rizinme Kocrtanaili 0OJBICEIHBIH JKEep TeMIlepaTypa-
ceibiH (LST) xapranapsr xacangel. LST kaptakths
KACBUI, Capbl JKOHE KBI3FBUIT Capbl KOHE KBI3BLI
Tycrepre xikTenmdi (cyp. 1).

Kaceim TycmeH TemmepaTrypa CalbICTBIp-
MaJibl TYpJAE KOJaiibl aliMakTap, capbl JKOHE
KBI3FBUIT Capbl TYCTEPMEH KOHBIpXKail Temre-
paTtypajiblK aWMakTap, al KbI3BUI TYCIIEH €H
KOFaphl TemIepaTypa OailKamaTelH ayMmakTap
KOpCETiNai.

_ High 49.47 - High: 48.21
Low 11.49 Bl Low: 13.52
2014 2018

e High: 48.15
ML Low: 18.01

2023

) High: 51.19
B Low: 19.02

2022

1-cyper — Kocranaii o6mbicsabH 2014-2023 xk. sxep Temneparypacel LST xapracst

2014, 2018, 2022 >xonHe 2023 XbUIIbIH TaMbI3
arteranare! ecenrrenred LST monnepi Kocranait 00-
JIBICHI ayMarbIH/Ia TEMIIEpaTypaHbIH >KaJIIbl JKOFa-
pBIIay YpAiciH KepceTTii, Oyn xahaHapIK KimMart-
TBHIH JKbUIBIHY TE€HACHIMSAJIAPBIMEH COUKEC KeJei.
TemmepatypaHbslH eH KOFapbl MoHIEP] 2022 KBITHI
Tipkenai. Ax 2023 KbUTbl JKalIbl XKBUIBIHY YpAici
CaKTaJFaHMEH, TEMIIEpaTypaHbIH CaIBICTBIPMAIbI
Typae Oipmama Temenzeyi Oaiikanabl. byn KyObI-
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JIBIC OHIPJIET] TeMIEPaTyPIIbIK PEKUMHIH YaKbITIIA
TYpaKTaHyBIH HeMece 00CEHIIEYiH KOPCeTyl MyMKIiH.

ATanFaH aybITKyJlap OpTypii (axTopiapAblH
ocepiMeH TyciHmipiienmi. bipiamrigen, atmocdepa-
JIBIK, LUPKYJSALUS epeKIIeTiKTepi MeH aya macca-
JApBIHBIH KO3FAJIBICHI JKBUTYy aFBIHBIHBIH YaKbITIIA
e3repyiHe bIKMan eryl MyMKkiH. ExiHmrigeH, skepui
naianaHy KypbUIBIMBIHIAFBI ©3repicTep JKoHe
OHIp/iH reorpausuIbIK, epeKIIeNiKTepi KeprilikTi



K. T. Omup:kanoBa >xoHE T.0.

TeMIIepaTypalIbIK albIPMAIIBUTBIKTAPIbIH KaJIbIIITa-
CyBIHa deep ereni. by yaepicrepai TyciHy KInMar-
TBIK ©3repicTeplliH OHIPIIK JKOoXKyHenepre, aybul
HIapyalblUIbIFbIHA JKOHE CY pecypcTapblHa BIKIIA-
JIBIH OaFanay yIIiH MaHbI3/IbI.

KocraHaii 0OJBICBIHBIH ©OCIMIIK KaMBUIFBICHI
TOMBIpaK, Karjaiiapbl MEH reorpagusuiblK epek-
mesnikrepre OalIaHbICTHI DPKENKI TapairaH. OciM-
JUKTEPJIiH CIIEKTPAIIABIK KACUSTTEPi OJIapabIH KYHiH
Oaramayma HETi3Ti KOPCETKIM OOJIBIT TaObUIaIbI.
Cay ecimIikTep *aKblH WHPPAKbI3bLI AUAa30H1a
(0,7-1,3 MKM) KOFapbl HIAFBUIBICTRIPY KaOijeTiHe
ue, Oyl eciMIiK JKarbIpaKTapbIHBIH 1IIKI KYPBUIBI-
MbIMEH OaitmanpicThl. OcbIFaH OailnaHbICTBI HH(]-
PaKpI3bUl IMANa30HAa JKOFaphl IIAFBUIBICY YKOHE
KBI3BUI CTIEKTP/IE JKOFaphI CiHipy Kacuerrepi NDVI
WHJICKCIH eCcenTey/IiH Heri3i OO0IbIN Ta0bLIa b,

byn 3eprreyne 20142023 xpuiap apanbIFbIH-
na ecenrrenred NDVI unnexcrepi Herizinae Kocra-
Ha# OOJIBICBIHIAFEI OCIMIIK KaMbUIFBICHIHBIH KEHIC-
TIKTIK-YaKBITTBIK ©3repicTepi Tanganisl (cyper 2).
Tanmay HOTHKENEP1 KBUIIBIK MayChIMJIBIK IIHKIIJIBI
€CKepe OTBIPBII CAIBICTBIPMAIbI TYPAE KYPri3iii.

NDVI unnekcinin mouaepi —1 meH +1 apanbl-
reraaa o3reperi. XKoraper NDVI moHmepi skakbiH
MH(PAKBI3BIT COYJEICHYIH KAapPKBIHIbI MIAFbI-
JIyBIH, SIFHU TBHIFbI3 ©CIMJIK JKaMbUIFBICHIH CHIIAT-
TalJpl. AJ Tepic HEMece HeJre )KYbIK MOHAED Cy
00BEKTIIEpI MEH OCIMIIK >KaMBIIFBICH KOK ay-
MaKTapAbl KepceTeli. ©nedu gepekrepre conkec
(Tek, 2018), NDVI monraepi keneci Typie HHTEpII-
peTranusaaHaIbl:

—1-0 apanbIFel — cy o0BeKTiEpi;

—0,1-0,1 apanbIFbl — KYHapChI3 JKBIHBICTAP, KYM
HEMece YKaJTaHaIl xep 0eTi;

0,2-0,5 apanbirsl — OyTanap, maObIHABIKTAP He-
Mece OCim KeJe JKaTKaH JTaKbuIaap;

0,6—1,0 apaJbIFbl — THIFBI3 OCIM/IIK KAMBUIFBICHI.

Kocranait o6mbicer 60fibiHIIa 3epTTeyae NDVI
MOHJIEpI TOMEHJIeTi JHana3oHaap OOWBIHINA JKiK-
TeIII:

—0,01-0,1 — 6oc *xepep, TacTap, KyM *KoHE Kap
JKaMBUIFBICHI;

0,2-0,5 — OyTanap, MaOBIHIBIKTAp XKOHE aybLI
[IapyanbLIbIFb] JaKbLUIIAPHI;

0,6-naH 1-re AeiiiH — THIFBI3 OCIMIIKTED.

) High : 0,9981
_— Low :-0,2

2014 2018

2022 2023

2-cypet — Kocranaii o6sbiceinbiH 2014-2023 x. NDVI kapTacsl

Tannay HoTHXKECI OCIMIIKTEP/IiH alTapIIbIKTal
TeMeHCYiH KepceTTi (kecte 1). bynm temenneymi
BpTYpIi (paKTOpIAPMEH, COHBIH IITIH/IE KIUMATThIH
e3repyiMeH, aIaMHBIH iC-OpEeKeTIMEH JKoHE TaOUFu
NpoIeCTEpPMEH TYCIHIIpyre O0aabl.

OCIMIIK »KaMBUIFBICEIHBIH JUHAMHKACHIHA TEM-
MepaTypaiblK PeXUMHEH OOleK, KepYCTi Cylaphl-
HBIH JKaFIaibl Ja 9cep eTei.

Kocranaii o0nbIcel aymarblHOa Cy OOBEKTiIe-
piH OeliHeney YIIiH HOPMaJIaHFAH alBIPMAIBIK Cy
nuzekci (NDWI) tamanapl, MYH/a JKachUl CIIEKTP
3-kaHajFa, >KaKelH HWHQPAKBI3BUT IHAMla30H S-Ka-
Haira coiikec keneni. NDWI moaHzepiHiH apTyp-
i KIKTeyJIepi Kesaeceni, conbry imiame 60i3 ( EOS
Data Analitics, https://eos.com/ru/make-an-analysis/
ndwi/) YChIHFaH KeJeci Tuana3oHaap/ sl TAaHIaIbIK,
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0,2—1 — cy oeri;

0-0,2 — cy 6acy, BUTFAIIBLIBIK;

0,3-0,0 — oprama KypFakIblIIbIK, Cy EMEC HBbI-
canjap;

[ ostansi_ot
Value

oy Becomi 0.322 Value
031575 190 225 300
e — —

Kilometers. Hikn - -0,0994

2014

P=2448,3xm> P=2259,1 xm?

[ L

p——

- oz

—1--0,3 — KYpFaKIIbUIBIK, Cy eMec OeTTep.

NDWI ecentenrenHeH KeiliH Mo3amkaiay ka-
cauei, Kocranaii o6msicsiablH, NDWI kaptanapst
KYPacCThIPEUIIHI (3-CypeT).

0N E 1w
T T— —

2022

P=1376.93 xm* P=2318.9 xm>

3-cypet — Kocranaii oombickr 2014—2023 k. 6oitbraiia NDWI kapracer

Apbl Kapaii Tanjaay yUIiH pacTp Kairta xiKTesin,
[0O—men +1-Te meiiiH| apadbIFBIHIAFEI MOHIEPI Oap
yuackenep — OeTKi ¢y HblcaHapbl peTiHIEe aHBIK-
TaJIBI, OJAPIBIH ayJdaHmapsl ecenTeni (kecte 1).
Kecrene kepcerinrennei, Kocranaii oOnbIcel ay-
marerana 2014 sxpirman 2022 KeUTFa JSHIH Cy HBI-
CaHJapbIHBIH ayAaHbIHBIH TOMEH/CY1 OalKan b, an
2023 >xpUTHI KepiciHime Oiprmama ecyi TipKei.

Kocranaii obnbiceiHga 2022 XbUFbl 2 KBIPKY-
HiekTe OyIHUeKe ayJaHbIHBIH OpMaH IIapyanIbUTbIFbI
ayMmarbIHia epT 0oJIbl. OpTTiH Mmaiga 6oy Ke3iHae-
Tl YKaJIITBT ayJaHbl 43 MBIH TeKTapIbl Kypazsl, Oy Fa-
PBILITHIK CypeTTepie alKbIH KopiHei (4 cyper).

Kazakcran Pecrryommkacer TXKM ecebine coii-
Kec, OpMaH epTiHiH Tapany anansl 9 400 rexrapaan
acTbl (OyJNHeKeI ayJaHbIHAaFsl OpMaH aJKanTapbl-
HbIH xainbl aynanel 40 000 rexrap OosraH ke3ne),
TEK JKETI OJIIeMIi OpMaH MapyallbUIBIFEIHIA Op-
MaHMEH >KaObUIFaH 3apjan LekkeH aiaH 24 919,8
rextapabl Kypansl (Tengrinews.kz, 2022).
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OpTeHIN KeTKeH OpMaH aJKarTapbl Moceleci
COHFBI KBUIAAPHI OTE BICTHIK JKOHE KYPFAaK KIIH-
Martka OainaHbicThl e3ekTi Oomnmbl (KysHerosa,
Kazbek, 2021), Oyn kemTereH opMaH epTTEpiHE
JKOHE OpMaH pecypcTapblHa alTapibIKTal IIBIFBIH
OKeNIl. OpTTIH canmaphl SKOJOTHUIIBIK OpTasa-
FBI €JIeyJIi e3repicTep FaHa eMec, COHbIMEH KaTap
OMOOPTYPIIIIK MMEH JKOXKYHETepAiH TYPaKThUIBI-
FBIH Oy3aThIH TOIBIPAK CalachlHBIH Halllapiaysl,
OCIMIIIK JKaMBUIFBICHIHBIH TOMEHICYl OOJBIT Ta-
obutagsl. ABtopiapabiH (TokapeBa, Anmran6w,
[Tacwpko, 2021) nepexrepi OOMBIHINIA TaMBI3 aWbIH-
na TonblpakThiH keOyi NDVI monnepinin Temen-
neyiMeH KaTap, keOiHece, aFarTapablH OpTeHYiHe
OKEJeIi.

OyIIMeKeJl ayJaHbIHIAFBl OPT KE31HIC SCeTTel-
red NBR wHIeKci apKbUIbI OpMaH alIKalTapbIHbIH
OPTEHIeH YYacKEeCiH aHbBIK KepyTre (cyp. 4c) >koHe
3aKbIMJIAJIFAH alMaKThIH ayJlaHbIH aHBIKTayFa 0o-
T IbI.
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1-kecte — LST, NDVI, NDWI kepcetkimirepiHiy 63repy JMHAMHUKACHI

90

80 —~

\

——— OciMmaiK Kambinfbl aygadsl 70

(MbIH KM?) 60
—— Cy obbekTinepi aygausl (100 50 \\/
Km?) -
ep BeTi max TEMI'IepaT\,r‘paCbldO
, € 30
Hep Geti min Temnepatypacei, — —
,C e
10
0
2014 2018 2022 2023
ocimai
cimaik }RaMbI_ﬂFI;I ayAaHbl (MblH, 8331 69,56 5356 77,013
KM?)
Cy obbekTinepi ayaansl (100 km?) 24,483 22,591 13,7693 23,189
ep Beti max Temnepartypacsl , C° 49 48 51 48
ep Beti min Temnepatypacsl, C° 11 13 19 18

4-cypert — a) epTKe JicitiH; B) opT ke3injeri cypertep; ¢) NBR unnmekci

2023 >KpUTBI OPTTEH Oip KBIT OTKEH COH OCIM-
JIK >KaMBUIFBICBIHBIH KaKcapybl Oalikanajpl. by
oCiM OpTTEeH KEeHiHT1 OCIMIIKTEpIiH KaJIbIHA Ke-
JyiHe, KaJIblHA KENTipy IapajapblH JKYprisyre,
COHJIal-aK, KOJIAMJIbl METEOPOJIOTUSIIBIK, JKaFaai-
napra OaitnaHbIcThl O0ybl MyMKiH. Herisi, epTTen
KeWiH ayMaKThl KQJMbIHA KENTIpy 9AETTe Y3aK ya-
KBITTBI KaxeT ereni. Con yuriH OynueKes ayaaHbl-
HBIH AMaHKaparaili opMaH aJKaOBIHBIH ayMarbIHa

Landsat 8 cyperrepi Ooiipiama NDVI ecenreni.
By xounbl epTke neliHri KYHAEP, OPTTEH KeiiH Oip
aif, Oip, eKi JkoHe YII KbUI TaHIAIIBl. S5-CyperTe
(>xoFap¥FbI 06JIiri) OpTEHIeH ayMak IeH OHbIH Oasy
KaJIIbIHA KeJly Tmporieci alikpiH KepiHnemi. Ochuiaii-
ma, 2023 sxpuibl KocTaHail 0OJbICHIHIA ©CIMIIK
JKAMBUIFBICBIHBIH ©CyiHe Oyl ayMaKThIH ayMarbl
acep eTre/i JKoHe 0J1 pereHepanisiMeH 0aiIaHbICThI
eMec Jien aiTyra OoJajpl.
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TambI3 2022

KbIpKYiiek 2022

MayceiMm 2023

Maycbim 2024 maychbiMm 2025

5-cyper — AMaHKaparaii OpMaHbIHBIH ©3repy ANHAMUKAChI

Opi Kapai, Tanjgay JKoHEe 3apjall MIeKKEH ay-
MaKTbhIH JIDPESIKECIH aHBIKTAY YIIIIH IIKaJIa )KaCaJlJIbl
(cyp. 6). NDVI Busyanuzanuschel yIIiH pacTpIIbIK
KaiTa KiKTey Kypriziuai (cyper 5), eciMIiKTepIiH
Bp KJIACHIHBIH ayJaHbl ecenTen/i (kecte 2).

| ]-1--003
[ ]-003015
[ 0,15-0,25
I 026035
[ 0,36-1

L wox
|:| eTe ToMeH
- ToeMeH
- oprala
- KarnbiH

6-cypet — NDVI GoiibiHIna eciMaikTep
JKaMBUIFBICBIH XKIKTEY

Landsat cmyTHuKTIK cyperrepi OoMbIHIIA
2022-2025 sxok. apaneireiagarel NDVI qunamuka-
ChIH Tajjnay AmaHKaparail OpMaHBIHIAFbl ©PTTCH
KEHIHI ©CIMJIIK KaMbUIFBICBIHBIH TO3Y JKOHE KaJ-
IbIHA Kely (ha3anapblHbIH alHKbIH Ti30€riH KepceT-
Ti. 2022 KBUIABIH TaMbI3 albIHAA, OPTKE IEHiH, Op-
tama (157,7 MbIH Ta) %0HEe TeMeH (259,5 MbIH ra)
eCIMJIIKTI aymakTap OaceiM Ooubl. An 2022 KbLji-
JIIH KBIPKYHETIHJIe OpTTIH CalJJapblHAH 6T€ TOMCH
NDVI kepcetkimrepi 06ap aiiMakTapJblH ayMarbl
25 eceneH acram ecin, 377,6 MbIH reKTapra JKeTTi,
OYJI 6CIMJIIK )KaMBUIFBICBIHBIH JIEPIIIK TOJIBIK, JKaHBITT
KeTKeHiH Oinpipeni. 2023 >KbUIABIH MayChIMBIHIA
Ky#ireH aymaxkrapzbiH (294 MbIH Ta JeiiH) a3arobl
YKOHE TOMEH 9pi OpTalla eCiMAIKTIH YJIECiHIH apTybl
Oaiikaajipl, OYJI IIONTEP JKOHE OyTallbl OCIMIIIKTEP-
JliH TaOWFH KajmblHA Keje OacTaraHbIH KOPCETe/I.
2024 xpLTFa Kapail perenepanys mporeci Kymeiin,
optama NDVI TeiFb13ab1Fsl 0ap aymaxrap 108 MbIH
reKTapra JKeTTi, al eTe TOMEH MOHJEp €Ki ecere
KYBIK a3aiipl. 2025 KbUTbI THIFBI3 O6CIMAIKTIH 7,34
MBIH IeKTapra JICHiH apTybl TipKeI i, Oy xKac arari
OCKIH/IEPIHIH KaJIbIHA KEJIIl )KaTKAHbIH KOHE KO-
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JKY#e JKaFJaibIHBIH KaKCapFaHBbIH OLTIipesni (kecTe
2). Ocsunaiia, 2025 sxputbl 2022 KBIIMEH CallbIC-
THIPFaHJA OpTalia eciMAairi 0ap ayMakTapablH Ke-
nemi 5,5 ecere (81%) aptkan, Oy TaOUFH pereHe-
pamysi 3aHIBUTBIKTAphIH HEMece OHipJe KaJIblHa
KEJITIpy IapaiapblHbIH KYPTi3iAreHIH IS IeH/Ti.

2022 >KBUTFBI OPTTEH KeHiH OCIMJIIK KaMBIIFbI-
CBIHBIH KaJIMIbIHA KeJyiH Oaranmay yuriH Sentinel-2
L2a crytauri gepextepi Ooitbrama NDVI, NDMI,
NDWI xone SWIR wunmexcrepi 2022 KbUIIABIH
TaMbl3 JXKOHE KbIpKyiek, 2024, 2025 sxone 2023
KBUIIAP/IBIH MayChIM aiapsl (7-Cyper) YIIIiH ecer-
tenni. bynm xepcerkimrep AMaHKaparaii opMmaH
aJKaObIHBIH ayMaFbIHIAFbl OCIMIIKTEPIIH KeHic-
TIKTIK-YaKBITTBIK JHHAMUKACBHIH, BUIFAIIBUTBIFBIH
yKoHe OCTIHIH TO3Yy JIPPEKECiH OaliKayFa MYMKIHJIIK
oepai. SWIR nmamno30HBIHIAFEI KECKiH ©CIMIIKTED
MEH TOIbIpaKTa KaHIa Cy 0ap eKEHIH KepceTe-
ni, ertkeHi cy SWIR Tonkbemnapsia cidiperi. byn
KOMITIO3UIUSJIBIK, CYPETT€ OCIMJIIK KaMbUIFBICHI
— JKachlJI, TOIBIPAK, XOHE KYPBUIBIC CAJBIHFaH ay-
MakKTap — KOHBIPJIbIH OPTYPJII PEHKTEpiHIE, al Cy
Kapa Ooubin kepinei. XKakbIH/Ia 6pTeHTeH Kep KO-
JIJaKTap/ia KaTThl MAFbUIBICAIbI, OYJI OJIap bl OPTTIH
3aKbIMJIaHYy KapTalapblH Kacay YIIiH KYHJIbI €Te/Ii.
SWIR eciMaikTepaiH 9pTypili TYpICpiHiH apachbiH-
Jla )KaKChl KOHTPACTTHI YChIHAbI, 12, 8a, 4 apHana-
pBIHA OCIMIIKTEP/Ii JKachUI, OPTTEH Maiijaa OoyFaH
THIPTBIKTApbl KbI3BUT TycreH OeitHeneiini (Col-
gyeB, P.C., bazapona, A.C., bazapos, A.B., 2020).

blirangpuieik, naAekci- NDMI ecimaiktepain
BUIFAJIZIBUIBIFBIH aHBIKTAY OHE KYPFAKIIbUIBIKTHI
Oakputay ymriH kommaHeuiazel. NDMI MeHaepiHiH
nuana3onsl -1-gen 1-re neitin. Tepic NDMI mon-
nepi (-1-re akbIH MOH/IEP) KYHAPCHI3 TOMBIPAKKA
coiikec kenemi. Henre >xakbiH monzaep (-0,2-meH
0,4-xe meiiiH) SAETTE Cy TANIIBLUIBIFBIHA COUKEC Ke-
niei. XKorapel, OH MBHJEP CY TAIIIBUIBIFBI JKOK KO-
Faphl BUTFAJIBUIBIKTHL KopceTeai (1mamMamen 0,4-TeH
1-re neitin).
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2-kecnt — OpTTeH KeiliH OpMaH IapyallbUIBIFBIHIAFBI OCIMIIIKTIH 03repy TMHAMUKACH
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B Tambiz 2022
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W KblpHyHer 2022
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E maycbim 2023
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maycbim 2024
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HOK eTe TemeH TemeH oprauwa Ka/lblH, B maycbim 2025
Tambl3 2022 1,76 14,62 259,49 157,65 2,55
KbIpHyier 2022 0,01 377,76 37,94 20,65 0,23
Maycbim 2023 0,27 294,01 102,77 35,28 3,79
Maycbim 2024 1,28 160,59 159,33 108,23 1,23
Maycbim 2025 6,63 112,45 197,22 112,45 7,34
tambl3 2022 | kbIpkyiek 2022 Maycbim 2023 Maychim 2024 Maycbim 2025
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7-cypet — Sentinel-2 L2A 6oiisrama NDVI, NDWI, SWIR, NDMI ecentey

2022 KBUIIIBIH TaMbI3bIH/IA OPTKE JIEHIHTI KaF-
nmait (7-cyperTe KepceTuIreHael) ayMaKThIH KO-
rapel NDVI moHzepiMen cunartansl, OyJl THIFBI3
opMaH kaMbUIFICHIH Olipeni. NDMI men NDWI
KepceTKilTepi ae Oipiiama >KoFapbl OOJIBII, ©CIM-
JIKTep MEH TOIBIPAKTBIH JKaKChl BUIFAJIaHFaHBIH
kepcerti. SWIR MoHzaepiHiH TeMeH 0oiybl KyaH-

IIBUIBIK, OCINTUIEPiHIH )KOKTHIFBIH Tomeneimi. YKam-
Ik, PKOXKYHE TYpakKThl, TEHrepimi *xaraaiaa 0o-
JIBITL, CY PEKUMI OHTAMIIBI JICHTei/Ie CaKTal Ibl.
2022 KbUIABIH KBIPKYHETIHAC OPTTeH KeHiH
NDVI, NDMI sxone NDWI kepceTkimrepinid KypT
TOMEH/Iey1 OalKasIbl: KaJIbIH ©CIM/IIK KaMbLUIFBICHI
nepmik xoubuLael. ConsiMen katap SWIR aiirap-
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JBIKTAH apTThl, OYJI KYWT'CH J)KOHE KypFaraH ayMak-
Tapra TOH KYOBUIBIC. OpTTeH Oip KBbIJI OTKEH COH
NDVI moHaepi kaiita ece 0acTaibpl — ©CIMIIKTIH
CHUPEK KOHE OpTallla ThIFBI3BIKTAFbI )KaHa ydacKe-
nepi mariga 6omael. NDMI men NDWI ne ketepidin,
BUTFAJIJIBIH JKWHATYBIH JKOHE OCIMIIK KaOaTHIHBIH
KanmnbiHa Kene OactaysiH kepceTti. SWIR Tomen-
JeTeHiMeH, KYPFaKThIK Oenrijepi aii Jie caKTaJIbl.
By sxoxyleHiH OacTankpl KajmnbHa Key (a3ackl-
Ha OTiM, THAPOIOTHIIBIK ITUKIIIIH JKaHIaHa O6acTa-
FaHbBIH OLIIpe.

2024 KBITHI KAJTBIHA KTy TIPOIIeCi allKBIHBIPAK,
kepinai: NDVI afirapneikTaii ecimn, ocipece opMan
MAaCCHUBIHIH OPTAJIBIK JKOHE CONTYCTIK OOIIIKTepiHIe
xorapeuiagpl. NDMI men NDWI ecimziktep MeH
TOMBIPAKTHIH bIIFAJIIBUIBIFBIHBIH apTKAHBIH Kep-
certi, am SWIR TeMeHzeyiH KaaFacThIPHII, KYPFaK
JKOHE KYWTeH ayMaKTapAblH a3aifaHbIH OalKaTTHI.
JKanmer anranna, aymMakTa jKac OpMaH )KaMBUIFBICHI
KaJIBIIITAChIN, MUKPOKIUMATTHIK YKaFaaiiap Typak-
TaHa OacTaisbl.

2025 xeira kapait NDVI, NDMI sxene NDWI
MOHJEPl OpPTTEH KeHiHTr1 OYKil Ke3eHIEri €H KO-
Fapel KepceTkimrepre xeTti, anm SWIR en temen-
ri jgeHreiire nedin TeMeHaeni. byn OuomaccaHbIH
KaJIblHA KeIyiH, Cy OalaHCBIH KaKCapTyabl KOHE
KaJIBINTHI BUIFAJIMEH KaMTaMachl3 eTLTYiHIH KaiTa
opHaraHbIH Oinmmipesni. KambiH oCiMIIK KaMBUIFBI-
ChIHBIH ayJaHbl 2023 KbUIMEH CalbICTBIPFaHA YII
€CeJICH acTaM apTThI, OYJI ayMaKTHIH TYPaKThI KaJl-
IbIHA Key (ha3acblHa OTKEHIH KopceTe .

KopbIThIHABI

AnpiHFaH nepekrepre coiikec, Kocranaii 00ibI-
cerana 2014-2023 xpuigap apaimbIFbIHAA JKep OeTi
temmneparypacbiabiH (LST) sxanmsl ypaici TypakThl
ocy OarpITBIHAA €KEeHI aHBIKTAIABl. OCHI Ke3eHIe
©CIMJIIK KaMbUIFBICHI MEH Kep YCTI CYJIapbIHbIH ay-
TaHIapbl, KepiCiHIIe, KbICKAPY YPAICIH KOpCETei.
OONBICTHIH Kanmbl aymMarkl 196 MbIH KM? Oolca,
2023 XKBUTBI ©CIMIIKTEPMEH >KaObUTFaH aymak, 77
MBIH KM?-JIi Kypamn, OOJIbIC ayMarbIHBIH IaMaMcH
40%-p1H FaHa KaMThIIBI. bynm Koctanait 0OJIBICHI-
HBIH e/19yip OeIliri TOMeH 6CIMIIKTI HeMece MYJIIeM
OCIMJIIKCI3 ayMakTapJaH TYpPaThIHBIH KOpPCETes.
Kep ycTi cy HBICAaHIAPBIHBIH ayIaHbl O0JIBIC ayMa-
FBIHBIH O0ap Ooranbl 2%-bIH FaHA KYyPaUIb.

OCIMJIIK KaMBUIFBICHI MEH Cy alJIbIHaphl ay-
JaHIaPBIHBIH 03repyi xKep 0eTi TeMIepaTypackIHbIH
©3repyiMeH THIFBI3 OaillaHbICTa CKEHI aHBIKTAJIJIbI.
byn OaitmaHbic eHIp JKOXKYHUETEPIHIH TemIepa-
TypaNibIK aybITKyJIapFa MKOFapbl Ce3iMTall €KCHIH
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kepcereni (cypet 9). LST nen NDVI apaceinaars
—0,65 xoppensus K03 PUIMEHTIMEH CHIaTTaNa-
TBIH Tepic Oainanbic Oalikansl, oy =—0,24x + 42
TeHACYIMEH opHeKTeNe /i koHe 0y 3aHabuTbIK [bka
(2024) enOerinne e pacrairaH. ATalFaH HOTHXKE
XKep 6eTi TeMIepaTypachIHBIH )KOFapbLTAYhl ©CIMJIIK
JKaMBUIFBICHIHBIH, a3al0bIMEH TiKeslel OaiIaHbICThI
eKeHIH KopCeTe/Il.

AmaHKaparaii OpMaH aJKaOBbIHBIH JKaNIIbl ay1a-
HBI 436,62 KM? Kypan/Ibl )kOHE OHBIH e/19Yip 0eirin
oTe TOMEH JKOHE TOMEH eciMIiKTepi Oap aymakTap
anei xaTeip. NDVI, NDMI, NDWI xone SWIR
HETI31HJe KYPri3uireH Tanaay eciMiik Ouomacca-
Chl MEH BUIFaJJIBIIBIK JKaFIaiapbIHbIH €3apa ThI-
FbI3 OaianbichiH kepceTTi. NDVI, NDMI xone
NDWI monzepinin aptyst SWIR kepceTkimrepinig
TOMEH/ICyIMEH KaTtap >KYpill, 6CIMIIK KaMbUIFbICHI-
HBIH OIpTIHAET KAJIbIHA KETYiH KOHE CYy PeXHMi-
HiH JkKakcapraHblH kepceremi. 2022-2025 xpuinap
apanbIFbIHAA, ocipece 20242025 xpimapsl, OpMaH
IKOKYHECIHIH KaJllIbIHA KeNyiHAe aliKbIH OH JUHa-
MHUKa OaliKabl.

OCIMIIK KaMBUIFBICBIHBIH ©3Tepyi OHIpIiH CY
OamaHCBIH OY3aThIHBI OENTiNi: OpMaH ajKanTapbl-
HBIH KBICKAPYBl aFbIHIBI CYJbIH KYIICIOiHE, TOIIBI-
paK 3pO3HSACHIHBIH apTYbIHA JKOHE TOMBIPAKTHIH CY
ycray KaOineTiHiH TeMeHaeyiHe okeneni. O3 kese-
TiHAC TUAPOJIOTHSITBIK, PSKUMHIH ©3repyl OCIMIIK-
TEpJiH 6CyiHe KOJTaHChI3 KaFJai KaJIbINTacThIPaIbl.
CoHBIMEH KaTap aya TeMIIepaTyPaChIHbIH JKOFaphI-
naysl OynaHy KapKbIHBIH apTTBHIPBII, SKOXKYyHeIep-
JIeTi BITFaJT TAIIIBUTBIFBIH KYIICHTE ],

XKep Oeri TemmeparypachblHBIH TYPaKThl ©CYyi
TaOUFH pecypcTaplibl KOpFay >KOHE YTHIMJIbI Maii-
Jaany OOMBIHIIIA THIMJII Iapanap KaObUInaHOaraH
JKarmalima, OonamakTa dKOKYHeaep YIIiH Kypaemi
canjapra dkeiryl MyMKiH. OCBI 3epTTeyie ecenTe-
T'eH CTIEKTPAIIBIK, MHAEKCTEP HeTi31H I KYPTri3iiren
Tangay KIUMAaTTBIK ©3TepiCTepAiH, aHTPOMOTeH K
ocepIIep/IiH JKOHE OpT CHUSKTHI TAOUFU anaTTapIibiH
e3apa KypJeli OailiaHbICTa EKEHIH KOpCeTei.

KambikTan 30H1Tay Aepekrepin Komiany Koc-
TaHai 0OJIBICBIHBIH TAOMFH OPTACBIHIAFBI ©3TepicTep
JIMHAMHUKACHIH TEPEHIpeK TYCIHyre MyMKIH/IIK Oep/ii.
Byn tocin eciMaiK ;KaMBUIFBICEI MEH Cy PeCypCTaphl-
HBIH Kai-KYiiH OaramayMeH KaTap, bIKTHUMAIT KOJI0-
THSUTBIK JKOHE TEXHOTCHIIK KayinTepHi aHbIKTayFa,
TYPaKThl MOHUTOPHHT XKYPri3yre, ayMaKThl KocHap-
JlayFa >koHe TaOMFH pecypcTapabl YTBIMABI OacKapy-
Fa Heri3 0onaapl. 3epTTey HoTmKenepi Kocranait 00-
JIBICBIHBIH TYPAKTHI JaMybIHA OaFbITTalFaH FhUIBIMU
HETi3eNTeH memiMaep Kabbuimay YITiH MaHBI3IbI
aKmaparThlK 0a3a O0JIbIN TaObUIa/IBL.
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OLIEHKA YLLUEPEA OT HABOAHEHUI U YITPABAEHUE PUCKAMU
MX BOBHUKHOBEHWA B PECITYBAUKE KA3AXCTAH

B aaHHOM paboTe MOAPOOHO aHAAM3MPYIOTCS KAKOUEBbIE MPOBAEMbI OLIEHKM U YNPABAEHWUS pui-
CKaMu HaBOAHeHU B Pecny6amke KasaxctaH, rae BOAHble Upe3BbluaiHble CUTYaLmM OCTAIOTCS OAHM-
MM 13 HanboAee aKTyaAbHbIX MPUPOAHBIX yrpo3. Ocoboe BHMUMaHUE YAEAEHO crieuudmke BECEHHEro
NepuoAa, KOrAa TasiHMe CHEXXHOro MokpoBa, o6pa3oBaHMe 3aTOPOB Ha pekax M peskue KoaebaHus
Temneparyp CO3Aal0T MPEANOCLIAKM AAS MACLUTABHbIX MaBOAKOB. PacCMOTpEHbl OCHOBHbIE MPUYMHDI
BO3HUKHOBEHMWSI HABOAHEHWIA, BKAIOYAsl NMPOAUBHbIE AOXKAM, OCOBEHHOCTU peAbeda, aHTPOMOreHHble
hakTopbl, a Tak)Ke aBapyu Ha MTMAPOTEXHUUECKUX COOPY>KEHUSIX, YCYryOAsIOUME YI3BUMOCTb TEPPU-
TOopui. B nccaea0BaHMM NMpeACTaBAEHbl COBPEMEHHbIE MOAXOAbBI K OLEHKE pMCKa: M’MAPOAOTrMYEcKoe
MOAEAMPOBAHME, aHAAU3 MHOFOAETHMX HABAIOAEHWI, METOADBI KapTOrpadMpoBaHMs 30H BO3MOXKHOMO
3aTtonAeHns. [oAYEPKMBAETCS HEOOXOAMMOCTb KOMIMAEKCHOIO MOAXOAQ, COMETAIOWEro UHXEHepHble
peLueHu1s, MPUPOAOOXPAHHbIE Mepbl, COBEPLLIEHCTBOBAHME CMCTEM MOHUTOPUHIA M PaHHEro oroBeLLe-
HM$I, @ TAKXKe MOBbILLEHME FOTOBHOCTU U MH(POPMUPOBAHHOCTU HaceAeHus. Kpome Toro, pa6oTa akLeH-
TUPYEeT BHMMaHWe Ha BbI30BaX, CBS3aHHbIX C KAUMATUUYECKMMU M3MEHEHMSIMM, YXYALLEHWEM COCTOSIHUS
rMAPOTEXHNYECKON MHPACTPYKTYPbI U CAOXKHOCTIMU MEXPErMOHAABHOIO M TPAHCIPAHUYHOMO Yrpas-
AEHWMS BOAHBIMW pecypcammu. Pe3yAbTaTbl MCCAEAOBAHMS AEMOHCTPUPYIOT BaXKHOCTb MHTerpaumm Ha-
YUHbIX METOAOB B NMPAKTUKY YNPaBAEHUS BOAHBIMU PUCKAMU AAS MOBbILLEHNS YCTOMUYMBOCTU PEFMOHOB
M MUHUMM3ALMIM BO3MOXKHOTO yuepba.

KAtoueBble cAoBa: HABOAHEHMS, yNIpaBAEHUE PUCKaMM, TMAPOAOTMYECKOE MOAEAMPOBAHWE, YS3BU-
MOCTb TEPPUTOPUIA, COLIMAAbHO-IKOHOMMYECKMI Yiepo.
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Assessment of flood damage and management of flood risk occurrence
in the Republic of Kazakhstan

This paper provides a detailed analysis of key issues in flood risk assessment and management in
the Republic of Kazakhstan, where water-related emergencies remain one of the most pressing natural
hazards. Particular attention is paid to the specifics of the spring period, when snowmelt, river block-
ages and sharp temperature fluctuations create the conditions for large-scale flooding. The main causes
of flooding are considered, including heavy rains, terrain features, anthropogenic factors, and accidents
at hydraulic structures that exacerbate the vulnerability of territories. The study presents modern ap-
proaches to risk assessment: hydrological modelling, analysis of long-term observations, and methods
for mapping areas of potential flooding. It emphasizes the need for a comprehensive approach that
combines engineering solutions, environmental protection measures, improvement of monitoring and
early warning systems, and increased preparedness and awareness among the population. In addition,
the study highlights the challenges associated with climate change, the deterioration of hydraulic infra-
structure, and the complexities of interregional and transboundary water management. The results of the
study demonstrate the importance of integrating scientific methods into water risk management practices
to increase regional resilience and minimize potential damage.

Keywords: floods, risk management, hydrological modeling, territorial vulnerability, socio-econom-
ic damage.
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Cy TacKblHAQPbIHAH KEATIpIiAeTIH 3aAaAAbl GaFaray
»kdHe oAapAbIH, Ka3sakcTaH Pecnyb6AnkacbiHAQ TYbIHAQY ToyeKeAAepiH 6ackapy

ByA >XymbICTa cyaaH naraa GoAaTbiH TOTEHLLIE KaFAaAap aca e3eKTi Taburn Kayintepaid 6ipi
60AbIN TabbiraTbiH KasakcTaH Pecry6AMKacbiHAAFbI Cy TaCKblHbl TOYEKeAAepiH Gararay MeH Oacka-
PYAbIH TYMIHAI MOCeAeAepi ersker-TerkenAi TaapaaHaAbl. KekTemri Ke3eHHIH epeklleAiriHe epekiie
Ha3ap ayAapblAaAbl, OHAA Kap >KaMbIAFbICbIHbIH €pYi, ©3EHAEPAE KEMTEAICTEPAIH Nariaa GOAYbI XKoHe
TemrepartypaHblH, KYPT ©3repyi Cy TaCKblHAAPbl KAAbINTACYbIHbIH, aAFbILIAPTTapbl GOAbIMN TabbIAAAbI.
Cy TaCKbIHbIHbIH, Heri3ri cebenTepi, COHbIH, ilHAE KaTTbl XKaHObIP, XXep GeAepiHiH epekLIeAikTepi,
aHTpOMoOreHAIK hakTopAap, COHAAM-aK ayMaKTapAblH OCAaAAbIFbIH KYLLIEATETIH TMAPOTEXHUKAADIK, Ky-
PbIAbICTapAAFbl anaTTap KapacTbipbIAAAbl. 3€PTTEYAE MMAPOAOTUSIAbIK, MOAEAbAEY, KOMXKbIAABIK, Ga-
KbIAQyAApPAbI TaAAQY, bIKTMMAA Cy 6acy alfiMakTapblH KapTara TYCipy 9AICTepi CUSIKTbI ToyekeAai Gara-
AQYAbIH 3aMaHayM TOCIAAEPI YCbIHbIAAAbI. MHXKEHEPAIK WeWwiMAEPAI, TabUFaTTbl KOPFay LIapaAapbiH,
MOHUTOPUHI >KoHe epTe xabapAay >KYMeAepiH >KETIAAIPYAI, COHAAM-aK XaAbIKTblH AalbIHABIFbI MEH
xabapAapAbIFbiH aPTTbIPYAbl OipiKTIPETIH KELEHA] TOCIAAIH KaXKeTTiAiri atan eTireai. CoHbIMEH KaTap,
>KYMbIC KAMMATTbIH ©3repyiHe, TMAPOTEXHMKAADIK, MH(PPAKYPbIAbIMHbIH, HalllapAdyblHa YK&He Cy pecypc-
TapblH ©HipPapaAbIK, >XoHe TpaHCLLEKapaAblK, 6acKapyAblH KYPAEAIAIriHe GaiAaHbICTbl CbiH-KaTEPAEPTre
Hasap ayaapaAbl. 3epTTey HOTMXKeAepi alMaKTapAblH TYPAKThIAbIFbIH apPTTbIPY XKOHE bIKTUMAA 3USHAbI
a3anTy YLIiH Cy ToyeKeAAepiH 6ackapy ToxipnbeciHe FbIAbIMU SAICTEPAI BIPIKTIPYAIH MaHbI3ABIAbIFbIH

KepceTeAi.

Tyiin ce3aep: Cy TacKbiHbl, TOyEKEAAEPAI 6ackapy, MMAPOAOTUSIAbIK, MOAEABAEY, ayMaKTapAbiH

OCaAADbIfblI, aAeyMeTTiK—BKOHOMMKa/\blK, 3aAaA.

BBenenue

Upes3BbluaiiHble CUTYallud, BbI3BAHHBIEC IABOJ-
KaM{d B TIOCJIEIHHUE TOjbI, 00OCTPSIOT BOIPOC O
JIOCTAaTOYHOCTH W (PPEKTUBHOCTH MPEBEHTUBHBIX
Mep 3amuThl TeppuTopuil. CoBpeMeHHbIE YCIOBUS
TpeOyIOT CMEUIeHHs aKIIeHTa C JIMKBHIAINH I10-
CJICJICTBUI Ha KOMIUIEKCHYIO pabOTy MO CHUKEHUIO
pUCKa W ycCTpaHeHHWIo NpwduH ymepba. besomac-
HOCTh HAacCeJIeHHsI, MHPPACTPYKTYphl U TPUPOTHON
Cpe/ibl ABJISIETCA BAXKHEHIIIMM YCIIOBUEM YCTOWYH-
BOI'0 pa3sBUTHA, OAHAKO OaKC SKOHOMUKHU PA3BUTBIX
CTpaH HE CITOCOOHBI OCCKOHEYHO (DMHAHCHPOBATH
JIMKBUALAIO MOCIIEACTBUI CTUXHMHBIX O€ICTBHI.
[TosTomy TocymapcTBeHHas! TIOJIUTHKA BCE OOJIBIIE
OPHUCHTUPYCTCA Ha MPEAYIPECIKIACHUC U CHUIKCHUC
PHUCKOB, YTO COOTBETCTBYET IJI00ATBFHBIM BBI30BAM
XXI Beka, CBA3aHHBIM C YCTOWYHMBOCTBIO M 0€3-
OTTaCHOCTHIO.

MexnyHnaponusle uHunuatuel OOH, BKiHO-
yasi Mokoramckyto crpareruto (1994) (OOH. O6-
30p, 2005), XWOrcKkyr paMO4YHYIO0 HpPOrpaMmy
(2005-2015 rr.) m CeHpmaiicKyl0 pPaMOYHYIO TIPO-
rpamMmMy (2015-2030 rr.), 3aJI0)KMJIM OCHOBY JUIS
(hopMUPOBAaHUS MHUPOBOI CHCTEMBI CHIDKEHHS PH-
ckoB OencrBuii (OOH. Cenpaiickas, 2015). Dtu
JIOKYMEHTBI TTOAYEPKHYIH HEOOXOIWMOCTh WHTE-

Tpaliii MEp TO TPEAOTBPAIICHUIO W CMSATYCHHUIO
MOCIIEACTBUN KaTacTpOo( B HAIMOHAIbHBIC TUIAHBI
pasButus. Kazaxcran, B pamkax uaunuatus [1PO-
OH u mocie MexayHapoIHOTO ACCITHICTUS IO
YMCHBILICHUIO BO3JACUCTBUS CTUXUHHBIX OCICTBHIMA
(1990-1999 rr.), Hauan GopMHUPOBATH COOCTBEHHYIO
MOJIUTHUKY B obmactu npexnynpexaenus YC, Bxiro-
Yasi OIEHKY IOJIBEPKEHHOCTH TEPPUTOPUN U pa3-
paboTKy maHoOB pearupoBaHus. OIBIT MOCICTHUX
JECSTHIICTHIA TIOJITBEPIKAACT: TIPEBEHTUBHBIC MEPHI
3¢ (hekTrBHEE U SKOHOMHYHEE, YeM HUCKIIOUYUTEIIb-
HO pearupoBaHue Ha YPe3BbIYAHBIC CUTYAIIUH.

Hasoonenus 6 mupe (macuumabuol u ywep6). Ha-
BOJIHEHUS SIBIISIOTCS HanOoJiee pacipOoCTpaHEHHBI-
MU CTUXHUHAHBIMHU OC/ICTBUSMH, COCTABJISISL, COIJIACHO
nmanabM 0a3el EM-DAT, 3a nmepuon 1900-2024 rr.
35 % Bcex npupoHbIX KaTtactpod mupa (basza nan-
HbIX EM-DAT) (pucyHok 1), mpeuMyIiecTBeHHO B
A3zun. Ilo ganasim FOHECKO, 3a nocieguee crose-
THE OHU YHECITH )XU3HH OKOJIO 9 MITH. YernoBek (Bo-
BuHa, 2017). [To onenkam Swiss Re Institute (Swiss
Re, 2023), exeroaHslii rio0albHBIA 3KOHOMHYE-
CKHi ymepO OT HABOJHEHUU U COITyTCTBYIOIIHX SIB-
nenuit gocruraer 200 mupa. poapos CILIA, a
CeperHe BEKa MPH TEKYIIeM MOTEIUICHUH OTEePH
MoryT Bo3pactu 10 7-10 % muposoro BBII (Swiss
Re, 2021).
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Pucynox 1 — Pacnipenenenre npupoaHbIX KaracTpod o THIIaM
[TpumeuaHne — COCTaBICHO aBTOpaMH Ha 0CHOBe 0a3bl faHHBIX EM-DAT

Haubonpine pa3pymmTenbHble MOCIEICTBUS
HaOMOAI0TC B A3HH, TJe yiepd oT HaBOIHEHHMA
3a MocJIeTHUE JECATUIICTHS YBEIIMIMICS Oojee yeM
B JBa pa3a; Tojbko B 2021 r. onu coctaBuiu 80 %
BCEX TPUPOJHBIX KaTtacTpo( B pEruoHe, c yuep-
oom 35.6 mupa momumapos CIIIA (State, 2022). B
EBpornie 3a 1980-2022 rr. COBOKYMHBIH yIiepo OT
AKCTPEMaJbHBIX TIOTOJHBIX SBICHUN IPEBBICHI
650 mupa. eBpo, U3 KOTOphIX Oonee 45 % cocra-
BHJIM HaBojHEHUs. HawmOoree pa3pylInTebHBIMH
obut naBoiku 2021 r. B 'epmanuu, benbruu u Hu-
nepiannax (44 mupa. eBpo) u HaBogHeHHe 2023 1. B
Crnosenuu (mouru 10 miapa. espo) (European, 2024).
B 2024 r. HOBBIE KaTacTpo(huyecKre HABOAHEHUS B
Hentpansaoit EBporie u Mcnanun Hanecan yiiepo
B JIECATKHA MIIP/I. €BPO U TPUBEIH K COTHSM JKEPTB
(Munich Re, 2025; Gobierno de Espaiia, 2024).

Poccust m KazaxcraH Takke HaXOASTCS B 30HE
BBICOKOTO pHcka. CpeaHerosoBoi yumepo oT HaBo-
mHernii B Poccun mpesbrmaer 120 mupa. pyOseit
(=1.6 mapa. momnapos CIIA), gto cocraBmset 0.1-
0.13 % BBII (buptokos, 2024). Kpynnsie coObITHS
MOCIEAHNUX JIET BKIJIIOYAIOT HAaBOJHEHHUS B AJnTae
(2014 r.), KpacHogapckom kpae (2012 r.), UpkyT-
ckoitf oomactu (2019 r.), Kpsimy (2024 r.), a Taxxke
karactpoduieckoe HapogHeHue B Opcke B 2024 r.
(21 mupa. py6neit ymep6a) (ITopdupres, 2015;
Ymep6 ot maBoxka, 2024). B Kazaxcrane cpemHe-
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TOJIOBBIC MTOTEPH OIeHUBAIOTCS B 419 MiH. moma-
pos CHIA (CAREC, 2022), a uenoBe4yecKue )KepTBbI
nocturaot 390 cmeprelt exeronHo. MacmtaOHbIe
maBoaku 2008, 2017 u 2024 rr. 11I0Ka3aJiM coyeTa-
HUE KIUMATHYECKUX (PAKTOPOB M HEIOCTATOYHOMU
MH(PPACTPYKTYPHOH TOTOBHOCTH, MOJITBEPKIAs He-
00X0JIMMOCTh CHCTEM PAHHETO MPEAYIPEKJACHUS U
YCTOWYHMBOTO yHpaBieHus BOIHBIMU pecypcamu (O
Mmepax, 2008; Bomee $624 Tricsy, 2024).

Lens wmccnemoBaHus — KOMIUICKCHBIM aHAIN3
COBPEMEHHBIX METOJIOB 3KOHOMHYECKON OILICHKU
PUCKOB | ymiepOa OT HaBOJHEHUH B YCIOBHUAX W3-
MEHEHHUsI KJIMMaTa, BbISBICHUE WX CHUJIBHBIX U Clia-
OBIX CTOPOH, a TaKke OOOCHOBaHHE TOIXOJOB K
¢dopmupoBanuio 3pPEeKTUBHON CHUCTEMBI yIpaBiie-
HUS TTAaBOJIKOBBIMH PHUCKaMHU, OPUEHTHPOBAHHOW Ha
CHI)KEHHUE TPSMOTO0 M KOCBEHHOTO yinep0a, MOBbI-
[IEHHE YCTOMYMBOCTU COLMATBHO-IKOHOMHYECKOM
WHPPACTPYKTYpBI U pa3BUTHE CTPAXOBbIX U (PUHAH-
COBBIX MEXaHHU3MOB 3aIUTHI.

Ocobennocmu nasoonenuti ¢ Kazaxcmane. B
Kazaxcrane HaBOJIHEHHS 3aHUMAIOT OJTHO M3 BEIy-
IIMX MECT CPeld OMNACHBIX NMPHUPOJHBIX SIBICHUM,
HAHOCAIINX 3HAYUTENbHBIN yiep0. B pecmyOnumke
HacuuThIBaeTcs okojio 800 pex MPOTSIKEHHOCTHIO
cBere 50 kM, 6osee 570 BOIOXPaHUIIHII H OKOJIO 3
TBIC. KPYIHBIX 03€p, C KOTOPBIMHU CBsI3aHA BBICOKAsI
BEPOSATHOCTH 3aTOIJICHUH. 3a TOCIIeTHIE JeCSTHIIe-
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THS 4aCTOTa HABOJHEHUH YBEINIMIACh, YTO BO MHO-
TOM CBSI3aHO C aHTPOTIOTCHHBIMH (haKTOpaMH — He-
3G PEKTUBHBIM PETYIHPOBAHUEM CTOKA, OCBOCHHEM
MaBOJIKOOITACHBIX TEPPUTOPUA U KOH(DIMKTaAMHU
WHTEpEecoB Bojomnosb3oBatenerd ([ocraii, 2015a).
Ilo craructuke 3a mocneanne 20 JeT 3aperucTpH-
poBaHo Oonee 300 HaBomHEHMH, U3 KOTOPBIX 70 %
BBI3BaHbI BECEHHUM I10JI0BOIbeM, 30 % moxasaMu u
10 % npyrumu npuunnamu ([ocraii, 20156; Atiac,
2010). Teppuropus Kazaxcrana oTimgaercs BICO-
KOH HEpaBHOMEPHOCTBIO pACHpEENICHUS] PEYHOI0
CTOKa, KO3(PPHUIHUEHT BapHaIlA KOTOPOTO SBISIETCS
OJTHUM 13 HanOonbiux B EBpazuu: MakcuMasibHbIe
pacxoibl BOJIBI OTACTBHBIX PEK MOTYT pPa3inyaThCs
B coTHH U ThicsuM pa3 (Plekhanov, 2019; Tepexos,
2024).

HaBognenus B Kazaxcrane uMeroT Kaxk Mpupo/-
HBbIE, TaK ¥ aHTPOIIOTCHHBbIC MPUYNHBI. OCHOBHBI-
MU TIPUPOAHBIMH (AKTOPaMH SIBIISIOTCSI BECCHHEE
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CHETOTasiHWE, 3aTOphl, JMBHM WM HAroHHBIE SBIE-
Hus. OmacHble CHTyaluy Yaile BCEr0 BO3HHUKAIOT
pu OBICTPOM TassHUM MOIIHOTO CHEXHOT'O MOKPO-
Ba, COMPOBOKAAIONIETOCS JOXKISIMHU, KOT/Ia Tanas u
JIO’K7IeBast BOJIa CTEKAET 10 MEP3JI0i MOYBE, BBI3bI-
Basl KaTacTpopUIECKUE IMOIOBOALs. HambOompmmii
y1epO MPUHOCST MOJIOBOIbs B OacceitHax pek JKaii-
bk, Eptuc, Ceipnapus, Ecnis n ux npurokax. Sp-
KHM IIPUMEPOM CTajla MaBOAKOBAsI CUTYallNsl BECHOU
2024 r. B 6acceitne p. XKaiteixk (Meney, 2024; Typ-
CyHOBa, 2024). PaHHee cHeroTasiHUE B COUCTAHHH C
BBICOKMMHM OCaJIKaMH{ MPHUBEIIO K MacITaOHOMY Ha-
BOJHEHUIO, OXBaTHBIIEMY IIPUTPAHUYHBIE TEPPUTO-
puu Poccun u 3ananseie pernonsl Kazaxcrana. Ilo
JaHHBIM MUHHCTEpCTBA YpE3BBIUANHBIX CUTYyaIUi
(MUC) Pecriybnukn Kazaxcran 3a mocnemgane 20
net Haubonpime yorrTku oT YC mpHuIiuch MIMEHHO
Ha 2024 1. 3a cUET aHOMAJIBHBIX BECEHHUX ITaBOJ-
KOB (PHCYHOK 2).
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BeCeHHHe aBOIKH
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[ I |

Pucynok 2 — MarepuanbsHslii ymep6 ot npupoansix UC 3a nepuon 2005-2024 rr.
IIpumeuanue — COCTaBICHO aBTOpaMK Ha 0CHOBeE 0a3bl 1aHHbIX EM-DAT

AHTpOHOFeHHI)IC MMPpUYXHBI CBA3aHbl C Yp-
OaHm3anpel, pacmamKod 3eMellb, aBapHUUHBIMHU
cOpocamMy M3 BOJOXPAHHIHIL U Pa3pylICHUEM TH-
JIPOTEXHUYECKNX coopykeHuil (ABaksH, 2013). B
YCIIOBUAX HM3MCHCHUA KIIMMATa PUCK HaBOI[HCHI/Iﬁ
OyIeT yCuIuBaThCs, 9YTO TpeOyeT mepexo/ia OT JIo-
KaJIbHBIX MHXXCHCPHBIX peHICHI/Iﬁ K KOMIIJIICKCHBIM

CTpaTeTusM YTIPaBJICHUS PUCKaMHA W SKOHOMHYE-
ckoit ouenku ymiep6a. B 3akone PecnyOnuku Ka-
3axcTad «O Tpa)XTaHCKOH 3amuTe) MPHOPUTETHEI-
MU 33JladaMU Ha3BaHbI NMPOTHO3UPOBAHHUE, OICHKA
COIMAThHO-3KOHOMHYECKUX TOCTEACTBUN W Hayd-
HbIC HCCIICJOBAaHUS B OOJIACTH TPEIYIPEIKICHHS
UC (Harmmmonanensrit, 2015; [Tnan, 2015).
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MeToposorust

B uccnenoBanuy UCMoNb30BaHBl UCTOUHUKH 32
nocneaane 30 JeT, BKITtoYas HayYHbIe Ty OJTUKaIIH,
OTYETHl MEXKJIYHAPOJHBIX U HAI[MOHAJIBHBIX Opra-
am3anuit (MI'OUK, BMO, ITPOOH, PBLILIA, Poc-
rugpomet, PAH, MUC, AO UuctutyT reorpaduu n
BOJHOH 0€301MaCHOCTH), a TAK)KE CTATUCTUYECKUE U
AHAJIMTUYECKUE MATePHAIIBI IO KIIMMATHYSCKUM H3-
MEHEHUSIM, THAPOIOTUIECKHM PUCKAM W COIIHAIh-
HO-PKOHOMUYECKHUM TIOCJICJICTBUSIM HABOJHCHUM.
JloTIOTHUTENNFHO TPUBJICKAINCH JAaHHBIE MEXKITY-
HapOJHBIX OAHKOB, CTPaXOBBIX KOMITAHUH, HaIlH-
OHAJILHBIX CTATHUCTUYECKUX CIYXO M COOOIICHHUS
CMMU nnst onieHKH yiepOa U WLTHOCTPAIUU 3KCTPe-
MaJbHBIX COOBITHH.

Memoowl oyenxu pucko8 HagoOHeHuli. AHa-
JIU3 TIABOJIKOB B pa3NIMYHBIX pernoHax Kazaxcrana
MMOKA3bIBAET HEOOXOIUMOCTh TEPECMOTpa MPHUH-
[ATIOB TPOTHBOITABOJIKOBBIX MEPOIMPHUATHH, TTO-
CKOJIBKY COBPEMEHHBIC THAPOJIOTUYECKUE pacue-
Thl U METOJIBI MaTeMaTHYECKOTO MOJIEITUPOBAHUS
MO3BOJISIIOT  3a0JIATOBPEMEHHO  MPOTHO3UPOBATH
Macmtadbl 3arorienni  (LlamukoBckuit, 2024).
OddexTruBHAsT cucTeMa 3alIUTHI JIOJKHA 0a3Hpo-
BaThCs HA YIPABJICHUH PUCKAMH, BKIIOYAIOIIEM
WHXXEHEPHBIE MEpPbl U COIHMAJIbHO-3KOHOMUYE-
CKH€ TIOJIXOJIbI, OJTHAKO €€ BHEJpPEHUE COMPSIKEHO
C cepbE3HbIMU BbhI30BaMU. HaBonHeHus paccma-
TPUBAIOTCA KaK MHOTO(MaKTOPHBINA IIpoliecc, TJIe
OTIACHOCThH OMPEACNSIETCSI COBOKYIMHOCTHIO THUAPO-
JIOTUYECKHUX W aHTPOTIOTEHHBIX YCIOBHH, a ymiepo
CBSI3aH C BO3JICICTBMEM Ha XO3SWCTBEHHYIO J€s-
TEJIHHOCTh M HaceleHue. [ KOppeKTHON OIeHKH
HEOOXOJMMO YUYUTHIBATh KaK THAPOJIOTHUCCKHE
rmokasaTenn (MaKCUMalTbHBIE YPOBHH W PACXOJIBI
BOJIbI, 30HBI 3aTOIUICHUSI), TAK U COIUAITLHO-IKO-
HOMHUYECKHE TMapaMeTpbl (ToTepu WMYIIeCTBa,
ySI3BUMOCTh HacesieHus). [Ipu stom aHamm3 oc-
JIO)KHSETCSI HEOJHOPOAHOCTHIO MHOTOJIETHHUX Psi-
JIOB HAOJIFOJICHUH, BIUSHUEM BOJIOXPAHUIIUII, W3-
MEHEHHEM DPYCIOBBIX MPOIECCOB M TMPOIYCKHOU
CIIOCOOHOCTH PEK, 4TO TPpeOyeT MPUMEHEHUs pac-
IIUPEHHBIX CTATHCTUYECKUX METOJNIOB, BKIIFOYAS
yceueHHble pacupeaenenus (Cpoxu, 2003), a Takxke
KOMIIJIEKCHOTO MOJICIIMPOBAHUS 30H 3aTOTLICHUS C
HCIIOJIb30BAaHUEM T€OUH(OPMAIIMOHHBIX CUCTEM H
JTUCTAHITMOHHOTO 30HIUPOBAHMS.
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Memoouxa modenupoganus 30H 3amMONJeHUs
OCHO6GHA HA COYETaHWH KOCMHUYECKHX CHHMKOB
BBICOKOT'O ITPOCTPAHCTBEHHOTO Pa3pelleHus U JaH-
HBIX 00 ypOBHSX BOJABI Ha THUAPOJOTUYECKUX ITO-
crax. OHa BKIIO4YaeT GopMupoBaHue 0a3bl CHUM-
KOB WM aHaJu3 TUHAMUKH IIOJIOBOILS, 00paboOTKy
n300paXeHUH B CIHEIHMAIM3UPOBAHHBIX IPOTrpaM-
Max, co3JaHhe TeonH(DOPMAITMOHHON 0asbl W TO-
CTpOCHHE KapT 3aTOIUICHHUS TEPPUTOPUHU IIPH pPaz-
HBIX YpOBHSX oOecmedeHHOCTH. s WHTEeTrpanmun
MIPOCTPAHCTBEHHBIX JaHHBIX TpuMmenstorcs [UC,
MTO3BOJISIONTNE OOBEIUHATH ITU(POBBIC TOIOTPa-
(uueckue KapThl ¢ TEMATHYECKUMHU CIIOSIMU: THAPO-
MOCTHI, OCAJKH, TeMIIepaTypa BO3/ayXa, JIETOBBIC
3aTOpbl, THAPOTEXHUYECKUE COOPYKEHHS, 30HBI
puCKa 3aToruieHus u p. B orTinmuame ot kiaccude-
CKUX THIpPOJIOTHYECKUX pacueToB, Metonsl [ MC n
JIUCTAaHIIMOHHOTO 30HIUPOBAHUS 3€MITH TIO3BOJISIIOT
0ToOpa3uTh B NPOCTPAHCTBEHHOM COOTHOLLCHHUU
JTUHAMHKY TIPOIIECCOB, BBISIBUTH IIMPHHY 30H 3aTO-
TUICHUS ¥ TIPOCTICTUTD XapakTep MPOXOKACHUS T0-
JIOBOJIbS BIOJIB peK. Mcrmonb30BaHue CITy THUKOBBIX
JTAaHHBIX 00ECTIeYNBACT PETYJISIPHOCTD HAOIIOACHUH,
BBICOKYIO OTIEPAaTHBHOCTH MOYYEeHUST HHPOPMAIHH
U BO3MOXXHOCTh MHTEIPAIlUM B MOJCIH Pa3BUTHS
mosioBobs. OJTHAKO ONEepaTUBHBIE CHUMKH BBICO-
KOTO pa3pelieHus TpeOyioT 3HaYUTEIbHBIX (PUHAH-
COBBIX 3aTpaT ¥ IJIAHUPOBAHUSA 3aKa30B, TIO3TOMY B
MPaKTUKE JOMOJHUTEIbHO HCIIONB3YIOTCS apXHB-
HBIE MaTepHaibl. B cOBpeMEHHBIX HCCIETOBAHUIX
Y TIPaKTHKE IPUMEHSIOTCS Pa3HOOOpa3HbIE METOIbI
OIIEHKH PWCKOB HABOJHEHHWH: THIPOJIOTHYECKOE
monenuposanue (HEC-RAS, MIKE FLOOD), kap-
TorpacdupoBanue 30H 3aTroruieHns] Ha ocHOBe ['MIC
Y JIUCTAHIIMOHHOTO 30HAMPOBAHUS, a TAKXKE aHAIIU3
WCTOPUYECKUX JTaHHBIX, MMO3BOJIAIONINI ydecTh Ya-
CTOTY ¥ MacIuTad MPOILIBIX COOBITHH, HECMOTPS Ha
OTpaHWYEHHSI BDEMEHHBIX PS/IOB.

OneHka pHucKa HaBOJHEHHH OCHOBBIBAETCS Ha
JIByX B3aUMOCBSI3aHHBIX DJIEMEHTAaX — OTIACHOCTH U
YSI3BUMOCTH (pUCYHOK 3). OnacHOCTh OTpaXkaeT Be-
POSITHOCTh M WHTEHCHBHOCTH MPOSBICHUS JKCTpe-
MaJILHOT'O COOBITHSI B ONIPEACIICHHOE BPEMS U MECTe,
(hopMupyeEMyI0 TPUPOAHBIME M aHTPOIIOTEHHBIMU
YCIIOBUSIMH, a YSI3BUMOCTb BBIPa)KaeT CIIOCOOHOCTh
obmmecTBa U HHPPACTPYKTYPHI TPOTUBOCTOATH PH-
CKY, BKJIIOYasi COLMaJIbHbBIC, JKOHOMUYECKUE H T0-
TUTHIECKHE (haKTOPHIL.
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OrneHKa pHCKA HABOAHEHHH

Pucynoxk 3 — brok-cxema OIleHKH prCKa HABOTHEHUI

ITo ompenenenuto B.A. bysuna (by3un, 2008),
yS3BUMOCTh paccMaTpHBaeTCs KaK BO3MOXKHOCTD
oOImecTBa aanTHPOBATBCA K PHCKaM M pearupo-
BaTh Ha IMOCIEACTBHUSA, YTO MPHIAET 0c000€ 3HaYe-
HUE CONHAJIbHOMY HW3MEpeHHIo Tpoliembl. Puck
HABOJIHEHUH Ipe/ICTaBiIsIeT COO0N OKUAAEMBbIe TO-
TEPU — YEJIOBEUECKUE MKU3HU, Pa3pyLICHUE HUMY-
LIECTBA, HapyLIEHUE XO3SHUCTBEHHOU JesiTelb-
HOCTM — M 3aBHCHUT OT COYETAaHUS OIMNACHOCTH U
ysizpumoct  (I'mankesuu, 2011). DddexruBHoe
ynpaBieHue TpeOyeT He TOJIBKO KOJIMYECTBEHHOM
OIIEHKH THIPOJIOTHYECKHX MapaMeTpoB, HO M aHa-
733 COIMAIbHO-3KOHOMUYECKUX XapPaKTEPUCTHUK
Tepputopuil. IHTErpanus cOBpEMEHHBIX TEXHOJIO-
ruil — ruaponoruyeckux moaeneit, ['MC u nanueix
JTUCTAaHIIMOHHOTO 30HUPOBAHUS — TO3BOJISET TO-
BBICHTH TOYHOCTH IPOTHO30B U OOOCHOBaHHOCTH

peLICHNH, a TaKKe BBIACIUTH Haubosee ys3BUMBIC
30HBL. DTO CIOCOOCTBYET (POPMHUPOBAHUIO TIPHOPH-
TETOB Ul NMPaKTHUYECKHX Mep: pa3BuUTHE HH(pa-
CTPYKTYPBI, CO3JJTaHIE CUCTEM PAHHETO MPEeayIpexK-
JICHHUS, TIOBBIIICHUE OCBEJOMJIEHHOCTH HACEJICHHUS
U CHIDKEHHE ysI3BUMOCTU TeppuTopuil. Takum 06-
pa3oM, KOMIUIEKCHBIH MOJIXOA K OLIEHKE pUCKa Ha-
BOJIHCHUH OOecreyrBaeT OCHOBY JUIS BBIPAOOTKH
CTpaTeruil ajantaliy U MUHUMHU3ALUM yuiepba B
YCIIOBHUSIX M3MEHEHHS KJIMMaTa ¥ HapacTaroliei ya-
CTOTBI KCTPEMAJIbHBIX THAPOJIOTMYECKUX SIBJICHUH.

Oyenka ysA36UMOCmU U IKOHOMUYECKO20 Yujep-
0a. MojenupoBaHue 3aTOIUICHUS TEPPUTOPUU B
MEePUObI TIOJIOBOAMN TIO3BOJISIET OICHUTH HHYKe-
HEPHO-TUAPOJIOTMYECKHE OCOOCHHOCTH, IUIAHUPO-
BaTh PallMOHAJIHLHOE MCIOIB30BAHNE MPUPYCIOBBIX
3eMeNb U 00ecreyrBaTh UX YCTOHUMBOE pa3BUTHE.
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Mo mamueiM MI'DUK (IPCC, 2023), HaBOHEHHS
OTHOCSTCS K HanOOJIee YacThIM U pa3pyIINTEITHHBIM
CTUXHMHHBIM O€ICTBUSM, yIIEpO OT KOTOPBIX pacTeT
BO BceM Mupe. JJ1st UX OIIEHKH MPUMEHSETCS IIHPO-
KM CHIEKTP METOJUK, BKIHOYasl KOMIUIEKCHBIE MHO-
ro(akTopHbIe MOAXOJBI C MCIOJIH30BAHUEM HeTa-
paMETpUYECKUX METOJ0B MHOTOMEPHOIO aHalH3a
n 'NC-rexnonoruii (I'magkesny, 2011). Baxubsim
YCIIOBHEM SIBIISIETCS yUET MPUPOTHON OMAaCHOCTH U
COIIMATbHO-3KOHOMHYECKOW YS3BHUMOCTH, KOTOPBIE
BBICTYNAIOT PAaBHOIIEHHBIMH 3JIEMEHTAMHU OLIEHKH
pucka. OgHAKO pacdeT pHCKa OCTAeTCs CIO0KHOM
3aJaueil u3-3a HEOOXOIMMOCTH B JIOCTOBEPHBIX
JAHHBIX 00 IKOHOMHYECKHX TTOCIECTBHIX, KOTO-
pBI€ 3aBHCAT OT MJIOTHOCTH HAaceJeHHs, XapaKTepa
3eMJIETIOIB30BAHNS M CTOMMOCTH OOBEKTOB Ha 3a-
TOIISIEMBIX TEPPUTOPUSIX.

IIporuo3upoBanue mocieACcTBUNA HABOJHEHUU
W TpeaBapuTelbHAas OLEHKa yuiepda sBISIOTCS
aKTyaJIbHBIMA  HAIMpPaBJICHUSIMH  THUIPOJIOTHYE-
cKuX uccinenoBanuid. Ha mpakTtuke ymepd wacto
OIICHWBAETCS MO 3asIBUTEIBHOMY MPHUHIIHITY, YTO
CHIDKAET IMOJHOTY U OOBEKTUBHOCTH AaHHBIX. Lle-
J1eco00pa3Ho BBIIETATh YETHIPE ATara OIEHKH U
BO3MEIICHUSI YyliepOa: BBISIBICHUE, IOKYMEHTH-
poBaHHE, SKOHOMHUYECKasl OIIEHKa W BO3MEIICHUE
(Hukonbckuit, 2009). Jlns 3Toro cucremMa MOHH-
TOPHUHTA OTMACHBIX THAPOJIOTHYECKHX IPOIIECCOB
JOJDKHA (PUKCHpPOBATh YPOBEHb M IUIOWIAAb 3aTO-
IJICHUSI, @ XO35iMCTBEHHOE OCBOEHUE TEPPUTOPUI
OTIpEeNETATECS 1O TomorpaduueckuM KapTaM |
maHaMm 3emJienonb3oBanus. CormacHo Mertoan-
YEeCKUM YKa3aHHUsIM 10 pa3paboTKe TeHepalbHOU
CXeMBbl KOMIUIEKCHOTO HCIIOJIb30BAHUS U OXPaHBI
BoaHbIX pecypcoB (Ilocranosnenue IlpaButens-
ctBa PK No200 ot 08.04.2016), 00s3aTENHHBIM SIB-
JIIeTCS COCTaBIIEHUE KapT NEPUOINYECKH 3aTOIISI-
eMBIX TEPPUTOPUH, KapT BOAHBIX PHCKOB M KapT
30HHPOBAHUS 110 CTENIEHU MTaBOJKOBOMN OITaCHOCTH.
OTH Mephl peanu3yloTcs, B YacTHOCTH, HCTUTY-
TOM reorpaduu ¥ BOJHOW 0€30MacHOCTU B paM-
Kax MPOeKTa «ATiac MPUPOTHBIX U TEXHOTEHHBIX
OMACHOCTEH M PUCKOB YPE3BBIUAWHBIX CUTYyaIUil»
(ATtnac, 2010).

K opunmansHpM JaHHBIM 00 3KOHOMHYECKOM
yimepOe OT HaBOIHEHHWH CIeIyeT OTHOCHUTBCS C
OCTOPO’KHOCTBIO, Tak Kak B Ka3axcrane yarie yuu-
THIBAIOTCSI TOJBKO TPSMBIE TIOTEPH — pa3pyIIeHHE
3MaHul, MHQPACTPYKTYpBI, CEIbXO3YrOAui, HMYy-
IecTBa M 3aTparbl HAa JUKBUIAIMIO TTOCIEICTBHH
(PIC PK 2.01-02-2014, 2015). KocrenHnsiit yiiep0,
CBSI3aHHBIN CO CITaJIOM IIPOU3BO/ICTBA, HAPYIIICHUEM
XO3SIICTBEHHBIX CBA3€M M JOJITOCPOYHBIMU COILH-
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AITbHO-3KOHOMHYECKUMH TIOCIEACTBUAMHU, OLEHH-
BAeTCs 3HAUUTEJIBHO PEXe, UTO AelaeT OpUIHaIb-
Hble QP! 3aHKeHHBIMA. [Ipn 3 TOM pHck ymepOa
3aBHCHT HE TOJIBKO OT BEPOSTHOCTH 3aTOTUICHHS, HO
Y OT IUIOTHOCTH HACEJICHUsI U YPOBHS HHPPACTPYK-
TYpPHOTO OCBOEHHS TEPPHUTOPUHU: B HE3ACENIEHHBIX
paiioHaXx OH MUHUMAaJIEH, B TYCTOHACEIEHHBIX — BbI-
COK JIaXKe TP MaJIOH BEPOSTHOCTH 3aTOTUICHHSI.

Meronuka ouenku ymepba or YC B PK ocno-
BBIBACTCA HA MPUHIUIAX Y4eTa U PEerucTpamny 1o
€IMHBIM 3KOHOMHMYECKUM ITOKa3aTessIM, KaTeropu-
poBaHHA OOBEKTOB MO CTEMEHW PUCKAa W aHaIN3a
3¢ PEeKTUBHOCTH MeponpHsTuil. B pamkax oumeHku
pHUCKa IPUMEHSIETCS 3aBUCUMOCTD

R=f(P, V, D), (M

rae P — BEpoOSTHOCTH 3aTOIUICHHS TEPPUTOPHH,
V — ypoBeHb ys3BUMOCTH, a D — cromMocTHast xa-
pakTeprucTuka oOobekTa. Takoil Mmoaxoi MO3BOJSET
paccMarpuBaTh yuiep0 OT MaBoOjKa KaK WHTETPallb-
HbIIl PpHUCK, BKJIIOYAKOIIMM MpsMblE, KOCBEHHbIE,
COLMANIbHBIE U HKOJIOTMYECKHE TOCIEICTBHS, UYTO
obecrnednBaeT OoJee MOJTHOE MPEICTABICHUE O Mac-
mradax moTepb.

Cmpaxosoe 6ozmewenue yuepoa. CTpaxoBoe
BO3MEILCHHE TIPM HABOJHEHMSX BBHIMJIAUNBACTCS
B mpejenax (aKkTHUECKOro yiiepda, HO HE BBIIIE
CTPaXxOBOH CYMMBI: TIPH TOJHOM YHHYTOKCHHU
UMYIIECTBA YYUTHIBACTCS €ro JICHCTBUTEIbHAS
CTOMMOCTH C Y4YE€TOM H3HOCa, IPU YaCTHYHOM I1O-
BPEIKJICHUM — 3aTpaThl HA BOCCTAaHOBJICHUE. B mc-
cnenoannu botikosoii K.I'. (boiikora, 2004) ObutH
OTIpeJIeNIeHbl CTPAXOBbIe CTABKU B 3aBHCUMOCTH OT
BeposTHOCTH 3aToruieHus (P):

-0.03 10 0.2 % —30na HU3KOTO prcka (1>P>0.1);

- 0.3 1o 2 % — 30na cpennero pucka (10>P>1);

- 09 no 6.5 % — 30Ha BBICOKOTO pHCKa
(25>P>10).

NmymiecTBo, Haxonsiieecs B 30Hax, Ie Be-
POSITHOCTP 3aTOIUICHUS TpeBbImaeT 25 % (uame 1
pasa B 4 rofa), CTPaxOBaHUIO HE TOMJICKHUT BBUIY
BBICOKOW YOBITOYHOCTH, @ TAKHE TEPPUTOPHHU TPE-
JaraeTcsi OTHOCUTH K BOJIOOXPAHHBIM. Pa3BUTHIO
CHCTEMBI CTPaxOBaHHS MEIIaeT HEAOCTATOK HHPOP-
MalMd O PHUCKax 3aTOIUICHHUS, YTO MPEMSITCTBYET
KOPPEKTHOMY OIPEICIICHHIO CTaBOK; MOITOMY He-
00X0IMMO TIPOTHO3UPOBAHHE COIMATHBHO-OKOHOMH-
YEeCKHX TMOCeACTBUH nmaBoAkoB. [Ipu saTom ymepo
3aBUCHUT KaK OT THJPOJOTHUYECKHX XapaKTCPHUCTUK
(BBICOTBI U JUIUTETBHOCTH CTOSIHUSI OTTACHBIX YPOB-
HeH, TUIOMAAN 3aTOIUICHHUS), TaK U OT OCOOCHHO-
CTel XO3SMCTBEHHOIO OCBOCHHS TEPPUTOPHH, UTO
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TpeOyeT KOMIUIEKCHOTO yuéTa (GakTOpOB ONACHOCTH
U ySI3BUMOCTHU.

Pe3y.]'ll)TaTl)I u oﬁcy)m[elme

IIpoBeneHHbIl aHaNM3 MOKa3aj, YTO HABOJHE-
Hust B PecniyOnnke Kaszaxcran ocraiorcst oTHUM U3
Hauboee pa3pyHIUTEIbHBIX MPUPOIHBIX SBICHUH,
€KET0JIHO BBI3bIBAS 3HAUUTENBHBIN COIIMAIIBHO-IKO-
HOMHUYECKUH yriep0. 3a ToCIeqHue MeCATUICTHS
OTMEYaeTcs pOCT YacTOThl U MHTEHCHBHOCTH Ta-
BOJIKOB, 0COOCHHO B OacceitHax pek JKaifbik, Ecuib,
To6bu1, Ceipaapust 1 Upteimn. CymiecTBeHHYIO pOJb
WTPAIOT aHTPOIOTEHHBIE (aKTOPBI: ypOaHM3aLUs
NOWM, N3HOC MHXECHEPHOW MH(PACTPYKTYpHI U HE-
s pexTHBHOE peryIupoOBaHUE CTOKA.

CoBpeMeHHbIE HayYHbIE HCCIIEA0BAHUS JIOTOJ-
HSIOT TPAKTUKY CIEAYIONIMMH pe3yibTatamu. Mo-
JISIMPOBaHNE TIABOJKOB B Oacceiine p. YKabaii mo-
Ka3aJio aJanTanuio TMOCIETHUX THUIPOIOTUYECKUX
Mojiellel K TEKYIIUM KIMMAaTHYeCKUM U3MEHEHUAM
(Nurbatsina, 2025). 3HaKOBBIM CTaJl PETHOHAIBHBII
aHaJIN3 OLEHKM MaBOJKOBOIO PHUCKA B YCIIOBHUSX
HEXBATKU JIaHHBIX, MPOBEJECHHbIH B pamkax lleH-
TpanpHO-a3uaTckoro mpoekra SFRARR: oxwunae-
MBI€ TOJIOBBIE MOTEPH Ha Teppuropuu Kaszaxcrana
npeBemaT 6 % OT CTOMMOCTH BCEX OOBEKTOB,
KOTOpBIE MOTYT MOCTPaJiaTh, MAaKCUMAIbHBIA POCT
pHUCKa MPOrHO3UpYyeTCcss B MaHrbIcTayCKOM peruo-
He (Ceresa, 2025). Takke Ba)XHOE 3HAUCHUEC UMEET
KapTrorpadupoBaHue pHCKa 3aTOIUICHUH st Oac-
ceitHa p. UpThi ¢ UCIOIH30BaHUEM KOCMUYECKUX
nanHblx Hayunsiit sxypHan Acrana [T Yausepcu-
tera (Paxpmbek, 2025). Hakonern, HeaBHHE HKC-
TpeMasibHbIe aBoKU BecHbI 2024 1. (Meney, 2024;
TypcyHoBa, 2024; Tepexos, 2024) — oqHE U3 CAaMBIX
pa3pyLIMTENbHBIX 3a AECATWIETUS — CTald MOJ-
TBEPXKJIEHUEM cephe3HOCTH yrpo3sl: 6omee 100 000
YeJIOBEK YBAKyHUPOBaHbI, B TOM YHCIIE COTHU JKUTE-
Jiel 3aTOIUIeHHbIX ropoaoB Kazaxcrana.

[lonydeHHble pe3ynbTaThl MOJYEPKUBAIOT, YTO
KOMIUIEKCHAs OIIEHKa PHCKOB HAaBOJHEHUH U UX CO-
[UAIBHO-9KOHOMUYECKUX TOCJIEJCTBUN SIBIsSIETCS
HEOOXOMMMBIM YCJIOBHEM JUIsI BEIPAOOTKM ajarira-
LUOHHBIX CTPAaTerMi B YCIOBHUAX KIMMaTHYECKUX
M3MEHEHUH W yCHJICHHS 3KCTPEMaIIbHBIX THAPOIIO-
TUYECKHX SIBIICHUM.

AHanu3 ombITa MOCIEeIHUX JIET MOoKa3zajd Heoo-
XOJUMOCTB TMIEpEX0/1a OT JIUKBUAALNH TOCIEICTBUH
K CHCTEMHOMY YTIPaBJICHWUIO PUCKaMH, BKIOYAIO-
IIeMy MH)KEHEPHBIE, IPUPOJ00XPaHHbIE, OpraHHU3a-
IIMOHHBIE M conranbHble Mephl. K unciy naunbonee
3G PEKTUBHBIX MOAXOIOB OTHOCSTCS YKpEIJICHHUE

naM0, BOCCTAHOBJICHHWE TOHMEHHBIX SKOCHCTEM,
pa3BHUTHE CHCTEM PAHHETO OMOBEIICHUS U CTPaxo-
BaHME MMYIIECTBA OT 3aToMJIeHWH. BMecTte ¢ Tem
OCTalOTCSl HEPEIIEHHBIMU IPOOJIEMBI HEIOOLEHKU
KOCBEHHOTO yIep0a, HeIOCTaTOYHOW UHPOPMHUPO-
BAaHHOCTH HacCeJIeHUS M cllaboi MHTETpalnuy Hayd-
HBIX pa3pabOTOK B MPAKTHKY BOAHOTO yIPaBIICHHS.

VYnpaBneHne pucKkaMu HABOJHEHHU MPEACTaB-
Js1eT co00l KOMIIIEKCHYIO 3a71auy, TPEOYIOLIYIO HH-
Terpary NHKEHEPHBIX, SKOJIOTUYECKUX, OpraHHu3a-
LMOHHBIX U COIMAIIBHBIX MOX0A0B. COBpEMEHHBIE
CTpaTeTuy HaIpaBIIEHBl HE TOJIBKO Ha MPEIOTBpa-
LIEHNE HaBOJHEHH, HO M Ha CHMKEHUE UX MOCIIE-
CTBUH TSI 00TIECTBA U OKPY KAIOIICH CPEJIb.

Monumopune u npocrnosupoganue. IPPekTus-
HOE yTpaBJeHNE PUCKaMU HABOJHEHUI HAUMHACTCS
C HAJEKHOTO MOHHUTOPUHTA THAPOJOTHYECKHUX YC-
JIOBUHA M TOYHOTO TMPOTHO3WPOBAHHUS BO3MOXKHBIX
NaBojKOB. Pa3BUTHE ceTHM THIPOIOTHYECKUX IIO-
CTOB M BHEJpPEHHE CHUCTEM PAHHETO OIOBEIICHUS
MO3BOJISIFOT CBOEBPEMEHHO MH(OPMHUPOBATH Hace-
JICHWE W CITYXKOBI pearupoBaHMs O HAJABUTAOIICHCS
yrpose. BHenpeHne aganTHBHOTO yNpaBieHUs pH-
CKaMU HaBOJAHEHUH TpeOyeT TOCTOSTHHOTO M3Mepe-
HUS M aHAJIM3a YBOJIIOIIMU PUCKOB.

HHnocenepruvie mepol. TpaaullnOHHbBIE UHKEHEP-
HBIE PELIEHMs], TAKUE KaK CTPOUTEIBCTBO U YKpe-
IJIeHHE 1aM0, BOJOXPAaHMIIHII M KaHAJIOB, OCTAIOTCA
BaXHBIMH WHCTPYMEHTAaMH 3alllUThl OT HABOJHE-
Hui. OTHAKO COBPEMEHHBIE TIOAXO0/IbI TPEOYIOT UH-
Terpaiuy 3THX MEP € SKOJIOTMUECKUMH U COLHAIb-
HBIMH aCTIeKTaMH.

Ipupooooxpannvie mepvl. BoccraHoBieHne
MPUPOAHBIX 3KOCHCTEM, TAKUX KaK MOWMBI PeK U
BOJIOCOOPHBIE TEPPUTOPHH, CIIOCOOCTBYET CHHXKE-
HHUIO pHUCcKa HaBOJHEHUU. [IpupoaooxpaHHbie Mepbl
BKJIIOYAIOT B ce0sl BOCCTAHOBIICHHE €CTECTBEHHBIX
pycen pek, 3aluTy BOAOCOOPOB M BHENPEHHE 3e-
nénoit mHGpacTpyKTyphl. MccnenoBanust mokasbl-
BAaIOT, YTO MHTETPAIUS COIUAIBHON YS3BHUMOCTH B
yhnpaBlieHHEe PUCKaMH HaBOAHEHHH CIIOCOOCTBYET
MIPEeIOTBPAIICHNIO TIPEBPAIIEHUs] HABOAHEHNUH B Ka-
TacTpoQBl.

Opeanusayuonnsie mepol. PazpaboTka u peanu-
3alusl HAUMOHAIBHBIX U PETHOHAJIBHBIX CTpaTerui
10 CHMYKEHHIO PHCKOB HABOJHEHHH SABISIOTCS KITIO-
YEeBBIMHM acCTeKTaMHu 3(P(GEKTHBHOTO yNPaBICHHS.
DTO BKIIIOYAET B ce0s CO3aHUE HOPMATHBHO-TIPA-
BOBOH 0a3bl, KOOPIMHALMIO MEXKAY Ppa3InYHbIMU
YpOBHSIMH BiacTH M oOecnedeHue (hrHAHCHPOBa-
HUSI MEPOTIPUATHI 110 CHUKEHHUIO PUCKOB.

Obpaszosanue u yuacmue 00WeCmMEeHHOCMIL.
[loBbIIEHNE OCBENOMIEHHOCTH HACENEHUS O pH-
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CKax HaBOJHCHHU W OOydYeHHUE ACWCTBUSM B Upe3-
BBIYAIHBIX CUTYAIHSIX SBIISTFOTCS BaXXHBIMH KOMIIO-
HEHTaMH yIpaBiieHus: puckamu. O0pa3oBaTeIIbHbIC
MIPOTPaMMBI U TPEHUPOBKU CITOCOOCTBYIOT (hOpMU-
POBaHHUIO KYJIBTYPHl O€30MACHOCTH W IOBBIIIAIOT
FOTOBHOCTL OOIIECTBA K BO3MOXXHBIM HaBOJHEHU-
SIM.

OddexTrBHOE YIIpaBICHUE PUCKAMHU HABOIHE-
HUH TpeOyeT KOMIUIEKCHOTO MOIX0/1a, COYETAaIOIIe-
ro TEXHUYECKHE, IKOJIOTHYECKHE, OpraHU3allMOH-
HBIC U COIMalIbHbIC Mephl. UHTErpanus pa3inyHbIxX
CTpaTeruii 1 aKTUBHOE y4acTHE BCEX 3aUHTEPECo-
BAHHBIX CTOPOH MO3BOJISIIOT 3HAUUTEIBHO CHU3UTH
MOCTIEJICTBUSI HABOJHEHUW W TOBBICUTH YCTOWYH-
BOCTH OOIIECTBA K 3TUM MPUPOIHBIM SIBICHUSIM.

3akioueHne

HaBoguenusi mpeacTaBisiioT COOOH  CIOXKHOE
MHOTOKOMITOHEHTHOE TPUPOJAHO-COIIHAIEHOE  SIB-
JIEHHE, MOCIIEACTBHSA KOTOPOTo HAMPSIMYIO CBSI3aHBI
C YPOBHEM YSI3BUMOCTH TEPPUTOPUI U COIUAIBHO-
9KOHOMHMYECKHX cHcTeM. DPQPEeKTHBHOE YIpaBie-
HUE PUCKaMH BO3MOXKHO TOJBKO TPH KOMILIEKC-
HOM MOAXO0/Ie, BKIIOYAIONEM MHTETPALUIO OLIEHKH
MIPUPOJTHON OTMACHOCTH, YS3BHUMOCTH HACEJICHUS W
XO3AHCTBEHHOW HMHQPACTPYKTYPBI, a TaKXKe KO-

HOMHUYecKoro ymep6a. [IpoBeneHHbIl aHanu3 mo-
Ka3bIBa€T HEOOXOAMMOCTh aJanTaliyd MeXTyHa-
POIHBIX METOAUK OLIEHKU yliepOa W yIpaBieHHUs
puckamu K ycioBusiM Kazaxcrana, rae cnennduka
TUAPOJIOTMYECKOI0 PeXUMa U YPOBEHb COLUAIBHO-
9KOHOMHYECKOTO PAa3BUTHS TPeOYIOT MPUMEHEHUS
THOPUAHBIX MOX0A0B. [lepcrieKTHBHBIM HampaBJie-
HUEM CTaHOBMTCS MEPEXOJ OT MPEUMYIIECTBEHHON
OpUEHTAllUM Ha JIMKBHJALMIO MOCIEACTBUN upe3-
BBIYAMHBIX CUTYallMd K CHUCTEME YIPABICHUS pU-
CKaMH1, OCHOBaHHOW Ha MOHMTOPUHTE, IPOTHO3HPO-
BaHUH, MPO(UIAKTUKE U CTPAax0oBoii 3amuTe. Takoi
IIOAXOJ IO3BOJIAT HE TOJIBKO CHHU3UTH IPSIMBIE U
KOCBEHHBIE TIOTEPH, HO U MOBBICUTh YCTOWYUBOCTh
TEPPUTOPHUH 1 00IIeCTBA K HABOIHCHHUSIM.

DOuHAHCHPOBAHHE

Jannoe wuccnenoBanue ObLIO Mpo(UHAHCHUPO-
BaHo KomwureroM Hayku MUHHCTEpCTBA HAyKH U
BeIciero oOpasoBanusi PecnyOnukn Kaszaxcran
(mporpamMMHoO-1IeTieBOe (UHAHCHPOBAHWE TIO Ha-
YYHBIM, HAy4YHO-TEXHHYECKMM TmporpammaMm Ne
BR28713279) «Hayuno-mpuKkiaHbple  OCHOBBI
yIpaBlIeHUs] pUCKaMH HaBOJHEHWH Ha paBHUHHOMN
U MEJIKOCONOYHOU Tepputopun Kazaxcrana B ycio-
BHSAX COBPEMEHHBIX KIMMATUYECKUX U3MEHEHUI.
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TMAPOAOTUAABIK, KYPFAKLLIbIAbIK, MOCEAECI BOMbIHLLIA
FbIABIMU 3EPTTEYAEPAIH 2BOAIOLUUACDI

Makanapa TMAPOAOTUSABIK, KYPFAKLIbIABIK, TakblpblObl GOMbIHILA FbIABIMU >KapPUAAAHBIMAAPAbIH
AAMY 3BOAIOLMSICbI TaAA@HAbI. XPOHOAOTUSIABIK, AMHAMMKA MEH >KapUSAAAHbIMAAPAbIH KYPbIAbIMbIHA
JKacaAFaH TaApay OyA CaAasarbl FbIAbIMU KbI3bIFYLLbIAbIKTbIH apThiM KEeAe >KaTKaHblH XKOHEe XaAblKa-
PaAbIK, AEHIeMAE FbIAbIMM 3epTTey OarbITTapblHbIH, €ADYIP KEHENreHiH kepceTeai. FbIAbIMM MaKaAaHbl
93ipAEYAIH BAICTEMEAIK HEri3i peTiHAE TMAPOAOTUSAbIK, KYPFaKLIbIAbIK, MBCEAECIHE apHAAFaH SPTYPAI
FBIABIMU >KapUSAGHbIMAAP MaNAAAAHbIAbIM, OMOAMOMETPUSIALIK, Taraay YwiH Web of Science FbiAbIMK-
METPUSIAbIK AEPEKTEP KOPbl TAHAAAAbI.

CoHFbl XKUbIpMa >KbIAAQ 3€PTTEYAEPAIH Heri3ri GarbITTapbl KYPFAKLIbIAbIK, MHAEKCTEPIH XKETiAAI-
PY, KAUMATTbIK, ©3repiCTEPAIH KYPFaKWbIAbIKKA TUTi3eTiH acepiH Oararay, MOAEAbAERY >koHe BoAXKay
SAICTEPIH AAMbITY, CMYTHUKTIK TEXHOAOTMSIAAPAbI KOAAAHY, COHAAM-aK, aHTPOMOIreHAIK 8CepPAEpPAi TaA-
AQY CbIHAbI TaKbIpbINTap TOHIperiHAe WoFbipAaHFaH. KasakcTaH arAalbiHAQ TMAPOAOTUSABIK Kyp-
FaKLWbIAbIK, MOCEAECI CYy PECYPCTApbIHbIH, KOAXKETIMAIAITI MEH TypaKTbl NaiAaAaHbIAYbIHA TIKEAE acep
€TETIHAIKTEH, aipbiKlla ©3eKTIAIKKEe 1e. OAEMAIK FbIAbIMAAFbI KaPUSAAAHBIMABIK, OEACEHAIAIKTIH ©cyi
JKOHE >KaHa dAICTEPAIH (KAWbIKTbIKTAH 30HATAY, KAMMATTbIK MOAEABAED, >KaCaHAbI MHTEAAEKT) MHTEr-
paLMSCbl CY PECYPCTaPbIH YATTBIK, AEHIeMAE MOHUTOPUHITEY MEH BOAXKAY JKYMEAEPiH XKETIAAIpYre >KOA
awaabl. KasakcTaHAbIK 3epTTEYAEPAl XaAbIKapaAbIK FbIAbIMU KEHICTIKKE eHri3y eAAiH FbIAbIMU AQMYbIH
apTTbIPbIN KaHa KOMMai, COHbIMEH KaTap KAMMATTbIH, ©3repyi MeH Taburn TOYEKEAAEPAIH apTybl >KaF-
AaiblIHAA OEMIMAEAY CTPATErMSAAAPbIH KAABINTACTbIPYFa Heri3 60AaAbI.

TyitiH ce3aep: MMAPOAOTUSIABIK, KYPFaKLLbIAbIK, Cy pecypcTapbl, Web of Science, 6ubanomeTpms-
AbIK, TAAAQY, ABVEKKO3.
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Evolution of scientific research on hydrological drought

The article analyzes the evolution of scientific publications on the topic of hydrological drought.
The analysis of the chronological dynamics and structure of publications revealed a growing scientific
interest in this field and a significant expansion of research directions at the international level. As the
methodological basis for preparing the article, various scientific publications on hydrological drought
were used, and the Web of Science scientometric database was selected for bibliometric analysis.

Over the past two decades, the main research directions have focused on improving drought indi-
ces, assessing the impacts of climate change, developing modeling and forecasting methods, applying
satellite technologies, and analyzing anthropogenic influences. In the context of Kazakhstan, the issue of
hydrological drought is of particular relevance, as it directly affects the availability and sustainable use of
water resources. The increase in publication activity in global science and the integration of new meth-
ods (remote sensing, climate modeling, artificial intelligence) provide opportunities to improve water
resource monitoring and forecasting systems at the national level. Integrating Kazakhstani research into
the international scientific space not only enhances the country’s scientific development but also forms
a foundation for adaptation strategies under changing climate conditions and increasing natural risks.

Keywords: hydrological drought, water resources, Web of Science, bibliometric analysis, citation.
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A.K. Maxmyaosa', C.K. Aanmkyaos', 3.K. Taamnosa' ?,
A.M. Bupumbaesa' 2, M.E. Aaytaanesa' 2"
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IBOAIOLMS Hay4YHbIX UCCAEAOBAHUM
no npo6Aeme rMAPOAOTMUYECKONM 3aCyXM

B crathe npoaHaAM3MpoBaHa 3BOAIOLMSI PA3BUTUS HAYUHbIX MyGAMKALMIA MO TEME TMAPOAOTUYE-
CKOM 3acyxu. AHaAM3 XPOHOAOTMUYECKOM AMHAMUKM U CTPYKTYPbl MyGAMKaLMIA MOKa3aA POCT HayYHOro
MHTepeca B AQHHOM 06AACTM U 3HAUUTEABHOE PACLUMPEHME HATNIPABAEHUIA MCCAEAOBAHUIA HA MEXAYHA-
POAHOM YpOBHe. B kauecTBe METOAOAOTMUECKON OCHOBbI AASI TOATOTOBKM CTaTbU ObIAM MCMOAb30BaHbI
pasAMUHbIe HayuHble My6AMKaLmMm, MOCBSWEHHbIE MPOOAEME TMAPOAOTMYECKOM 3acyXu, a AAS BLUOAMO-
METPUYECKOro aHaAM3a bbiaa BbibpaHa HaykomeTpuyeckas 6asa aAaHHbix Web of Science.

3a nocaeaHMe ABa AECSTUAETMSI OCHOBHbIE HaMPaBAEHMS MCCAEAOBAHWI COCPEAOTOUMAUCH HA CO-
BEPLLEHCTBOBAHMM MHAEKCOB 3aCyLIAMBOCTM, OLEHKE BAMSIHWUS KAUMATUUYECKMX M3MEHEHMIA Ha 3acyXy,
pa3paboTke METOAOB MOAEAMPOBAHUS U MPOrHO3MPOBAHMS, MPUMEHEHUM CITYTHUKOBbIX TEXHOAOTMIA,
a Tak>Ke aHaAM3e aHTPOMOreHHbIX BO3AENCTBUIA. B ycAaoBmsx KasaxcTaHa npobaema ruApOAOr1UecKoi
3aCyXm MMeeT 0COBYI0 akKTyaAbHOCTb, TaK Kak HarpsiMylo BAMSIET Ha AOCTYMHOCTb M YCTOMYMBOE MC-
MOAb30BaHME BOAHbIX pecypcoB. POCT ny6AMKALMOHHON aKTUBHOCTM B MMPOBOW HayKe M MHTerpaums
HOBbIX METOAOB (AMCTAHLIMOHHOE 30HAMPOBAHME, KAMMATUUECKOE MOAEAMPOBAHME, MCKYCCTBEHHDbIN
MHTEAAEKT) OTKPbIBAIOT BO3MOXHOCTU AASl COBEPLUEHCTBOBAHUSI CMCTEM MOHWUTOPMHIA M MPOrHO3U-
pOBaHMsl BOAHbBIX PECYPCOB Ha HALMOHAAbHOM YPOBHe. BKAloueHMe Ka3axCTaHCKMX MCCAEAOBaHWIA B
MEXAYHAPOAHOE Hay4yHOEe MPOCTPAHCTBO CMOCOBCTBYET HE TOAbKO YKPEMAEHUIO HayYyHOrO PasBMTMS
CTpaHbl, HO 1 (POPMMPOBAHMIO CTPATErMI aAANTALMU B YCAOBUSIX M3MEHEHUS KAMMATa M pocTa npu-

POAHbIX PUCKOB.

KatoueBble cAoBa: rmapoAormyeckas 3acyxa, BoaHble pecypcbl, Web of Science, 6u6anomeTpurye-

CKM aHaAM3, UMTUPOBaHMeE.

Kipicne

Knumart e3repicrepine OalaHBICTBI COHFBI
KBUIIAPBI DKCTPEMAIJIBI THIPOMETEOPOIIOTUSUIBIK
KYOBUIBICTAp/IbIH, aTall aWTKaHJa KYpPFaKIIbUIBIK,
CY TAcKbIHBI, CEJl CHUSKTHI TOTCHINE OKHFAJIAP.IbIH
xwuiiri apra tycken (Trenberth, 2013; Mukherjee,
2018; Ault, 2020). KyprakisuIblK KHTITIHE, YII-
KEeH ayMaKTapTapra THTI3eTiH 9cepiHe KOHe y3aK
YaKbITKa CO3BUIybIHA OalIaHBICTHI OJIEMIETi €H
KOl TapaJiFaH KoHe ayblp TaOWFu anaTTapibiH Oipi
Oomeim TabbUTanbl. Kyprakmisuislk atMochepanan
OacTasnplll, KEHiH TOMBIPAK MEH T'HIPOJIOTHSIIBIK
KYPFaKIIbUIBIKKA aYbICATBIHABIKTAH, THIPOJIOTHSI-
JBIK, KYPFaKIIbUIBIK OCBI Ti30€KTiH COHFBI OYBIHBI
JKOHE CY PeCypCTapBIHBIH CapKBLTY KOPCETKIII 00-
nein Tabbutaae (Wong, 2013).

'UApONOTHSIIBIK, KYPFAKIIBUIBIK — OyJ TaOuFu
aHOMAaJTMSUIAP/bIH, IIIIHJETI €H MaHbI3Abl TYpiepi-
HiH 0ipi, OJI Cy pecypcTapblHa, dKOJOTHSIBIK KY-
rienepre KoHE OHIpPJICPIiH OJICYMETTIK-DKOHOMHU-
KaJIBIK, JaMybIHa KemeHAi ocep eremi. KimmmaTTeiH
xahaHIBIK 3repyi JkoHe cy KylenepiHe aHTPOIIO-
TeHIIK )KYKTEeMEHIH apTybl JKaFaalbiHaa Oy Tabu-
FU KYOBUIBICTHI 3€pAEiey FhUIBIMH JKOHE IPaKTH-
KJIBIK TYPFBIIAH €peKIe O3eKTiUTIKKe ue Ooymaa.
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I'UApONOTHSIBIK,  KYPFAKIIBIIBIK THIPOJIOTHSIIBIK
KYWEJe CyIbIH JKETICIEYIIUIINiHeH TYbIHIAMIbI,
SFHH ©3CHJIep/ie, KeyJepiae, Cy KoimanapbiHaa
JKOHE JKep acThl CyJapbIHJA CYy KOPbI KOIDKBLIIBIK
opTaia JieHreiieH ToMeH 0oJiFaH Ke3je manaa 6o-
nanpl. Kazakcran PecrnyOiiMkachl YIINIH THIPOJIO-
THSIIBIK, KYPFAKIIBUTBIKTBIH TAPATY epPeKIIeTIKTePiH
3epTTey — e3ekTi Mocesie. Cebedi KyTiIeTiH KiiuMaT-
TBIH JKBUIBIHYBI OpTAllla DJIEM/IIK KOPCETKIIITepACH
aHarypJsieiM xorapsl (IPCC, 2022) xoHe e emimiz-
JIiH KYPFaKIIbUIBIKKA OeiiM aliMaKTaphl YIIiH TiNTi
KOJIAWCBI3, SIFHU IIOJCUTTCHYIH KYLICIOIHE alIbIIl
Kelyl MYMKiH. Aya TeMmreparypachiHbIH >KbUIIaM
KeTepislyi OyJiaHy IpOLECTEPiHiH KOFapblaybl MEH
Cy TEHJECTIriHiH e3repyiHe cebem 0Ooyia OTHIPHII,
TUJIPOJIOTHSUIBIK KYPFAKIIBUIBIK KayIliH apTThipa-
nel. KmuMmatTeiH e3repyine OeiMyeny OapbhIChIHAA
TUJIPOJIOTHSUIBIK KYPFaKIIBUIBIKKA MOHUTOPHHT %Ka-
cay, SIFHU OHBIH 0AacTajy JKOHE asKTaJly YaKbITBIH,
OHBIH TYPJIEPIH MEH KApPKbIH/IBUIBIFBIH aHBIKTAY
JKOHE 00IDKay Cy pecypeTapbiH KOCHapiiay MeH
Oackapyla YyJIKeH MaHbpI3ra ue. KyprakibLIbIKKa
Oeltimzeny mapaiapsl OOHBIHIIA YCBIHBICTAp O3ip-
JISY aybUl MIApyalllbUIBIFBIHIAFbl TEPIC CaJIaPAbIH
ANJIBIH Ay YKOHE a3bIK-TYJIK Kayillci3IiriH KamTa-
MachbI3 €Ty YIIiH KaXeT.



JL.LK. MaxmynoBa xoHe T.0.

['uaponorusiblK,  KYPFaKIIBUIBIKTBI  FBUIBIMH
TYPFBIZA 3epTTey Kas3ipri yakpITTa KapKbIHIBI Ja-
MBIII KeJie )KaTKaH FhIIBIMU OaFbITTap IbIH Oipi. by
KYOBIIIBICTBIH TAOUFATHIH, TYPIIEPIH KOHE CaTAapbIH
TEpeHipeK TYCiHy KoHe OHBI OaFasiay MeH OoJnkayia
KOJITAaHBIIATBIH TOCUIAEPAl capajiayaa ¢H alabIMeH
dIeMJIe JKYPri3ilin jKaTKaH FhUIBIMHU i3AeHiCTepai
TaJamn, JKYHeTK Moy jkacay aca MaHb3ObL. JKy-
Heni moiy daicTeMeciH OipHele KagaMHaH Typa-
JIbL: 3€PTTEY CYPaFbIH TYXKBIPhIMJIAY; 3ePTTEY TaKbl-
PBIOBIHA KATBICTBI OPTYPJIi XalbIKapaslblK MaHbBI3bI
0ap FRUIBIMH DJICOMETTEPIIH FATaMJIBIK arperaTtop-
napel (Scopus, Web of Science, Google Scholar,
Reasearch Gate) 6azanmapbiHaH €H MaHBI3BI FBUTBI-
MU 3epTTeyJepl TaHaay; MaKalaiapIblH ©3eKTii-
riH 6aranay; TaHIaJFaH MaKajgalapabl )KIKTEY KOHE
CaHJIBIK, JKOHE CcalaliblK, Tangayabl opbiHaay. Foutsl-
MUMETPHSIIBIK JIEPEKKOPIIAp KOFAphl PSUTHHTTI Xa-
JIBIKAPAIIBIK, KapHUsJIaHbIMIApAbl KEHIHEH KaMTBIIL,
OMOTMOMETPHUSIBIK, TalAay KYPri3yre MYMKIHIIK
Oepeni, SIFHU Ka3ipri FBUIBIMH 3€pTTEYIEPi Kyiie-
Jiey MeH OarajayFra apHaJFaH THIMII Kypas OOJbII
TaOBLIABL.

3epTTey MaTepHaJapbl MeH aficTepi

FoulblMu Maxanasbl Ka3yFa OIICTEMENiK He-
ri3 peTiHAe THIPOJOTHSIIBIK KYpPFAKIIBUIBIK Ca-
JACBIHAAFBl OPTYPJI FBUIBIMU KapUsUIaHbIMIAP-
Jla JKapblK, KOpreH 3epTTeyliepl NaianaHbUIbIIL,
oubanomeTpusIbIK Tanaay ymin Web of Science
FBUTBIMUMETPHSUTBIK MOIIMETTEDP JIEPEKKOPHI TaH-
nanael. Web of Science — 12 000-HaH acTtam FbI-
JTBIMU  JKapUSUTaHBIMIBI WHACKCTEYIIi, €H KOHe
MOJIIMETTEp JAEPEeKKOpBl. byl cepBucke opTypdi
KYpPacTBIPYIIBICEI MEH apxXuBTepi Oap OipHerne
JKEeKe JepeKKopaapasl KamTuabl. [lnardopmaHbil
HeTi3T1 KypacTeIpymibickl — Clarivate KOMIaHUSCHI,
https://www.webofscience.com/ pecMu calTbiHIa
TIpKeNy apKbUIbI KOJ KeTKizyre 6omaasl. Web of
Science 6a3acbIHBIH €pPEKIICTIKTEPi: ©3€KT1 FBHUIbI-
MH YPIICTEPIi KEHIT 1316y MYMKIHJITI, 1oiieKkco3
KeNTipy KepceTKimTepin Kagaranay, 1900 xbuinan
Oacram JepeKKopra KipeTiH FBUIBIMH OacChLIBIM-
Japasl Tajjnay, OackUIBIMIApbIH ©3apa JIoHeKcos3
CaHBIH ecerKe ajy, MakalalapMeH Karap Kitanrap,
MoHOTpadusiap, KoH(epeHIHs MaTepuaIiapbl
Oo¥BIHIIIA 1A 137Iey JKYPTi3y.

BubnmomMeTpusibIK Tangay — Oy FBUIBIMHU Ka-
pUSUTAHBIMJIAp MEH CUITEeMeJIepre CTaTHCTUKAIBIK
OHJICY JKYPTi3yre HETi3[eNTeH FhUIBIMH aKMapaTThl

CaHJBIK TYPFBIIA 3epTTEelTiH 8ic. On OachlUIbIM
OCJICCHITITIHIH TUHAMUKACHIH, FEUTBIMU OPTAJIBIK-
TapJiblH TeorpadusChlH, COHJAi-aK, 3epPTTEICTIH
Macesenep OOMBIHIIA FRUTBIMU KYH TOPTIOIH KabI-
TACTBIPATBIH HETI3r1 aBTOpJap MEH JKypHAJIAP.IbI
AHBIKTAayFa MYMKIHAIK Oepeii. OMiCTiH HEeTi3T1 ues-
CBI — JKapUsUIaHBIM OCJTICCHILTITT MCH JOHEKCO3ILITIK
Oenrii Oip TaKBIPBINTHIH FHUTBIMH MAaHBI3IBLUTBIFBI
MEH CYPaHBICHIHBIH KOpiHici 00k Tabbu1aab! (013-
JUH JKargaiia TUAPOJIOTUSIIBIK KYPFAKIIBUIBIKTHI
3epTTey Maceesepi).

BubIMOMETpUAIBIK, Tajgay ascChlHIA Kejeci
KOPCETKIIITEP KOJIIaHbLIA/IbI:

- Oenrini Oip Ke3eH imriHIe OepinreH TaKbIPBII
OOWBIHINA KapUsJIaHFaH CHOCKTEPIiH CaHBbI;

- JKapUSUITaHBIMJIBIK OJICEHIITIKTIH ocy HeMece
TOMEH/ICY JUHAMHUKACHI,

- JKapUsITaHBIMIAPBIH eNJIep, YHBIM/IAp, aBTOP-
Jap JKOHE FBUIBIMH KypHasgap OoWbIHIIA OeITiHyi;

- moleKco3 KeNTipy NeHT el MeH XUPIIT HHICKCI.

BubnromeTpusIIbIK Tanay — FeIIBIMU 3€PTTEY-
JIEpIiH Ka3ipri KaFJalbIH KOHE IaMy MEepPCIEKTH-
BaJapblH OOBEKTHBTI Typae Oarajayra, >KETEKIIi
FBUIBIMU MEKTETTep Il aHBIKTayFa, COHAali-aK 0oa-
[IaKTaFbl FRUTBIMU 13/ICHICTEP/IiH CTPATETUSUIIBIK Oa-
FBITTapbIH Oenrijgeyre MYMKiH/IK OepeTin ambOeodarr
KypaL.

FplieiMu 3epTTeyaepain HOTHKeIepi

3eprreyain anramksl keseHinae Web of Science
MOJIIMETTEp JePEKKOPhIHIA UHIECKCTEITeH KapHsi-
naneMaap Ooiteiama «hydrological drought» («rua-
POJIOTHSUTBIK, KYPFAKIITBUTBIKY ) CO3IMEH OMOITHOMET-
pUsUIBIK, Tangay okyprizinmi. 2001-2025 sxwuinap
apaNbIFBIHIAFB AJIBIHFAH MOJIMETTEP YKUBIHTHIFbI-
Ha 909 FBUIBIMHM KapHsJIaHbIM eHl. by kepceTkim
3epTTey TaKbIPHIObIHA JETeH KbI3BIFYIIBLUIBIKTHIH
DBOJIFOLMSACHIH, COHAAM-aK FRIIBIMHM O€ICEHIUTIKTIH
ennuep, yUsIMIap *oHe aBTopiap OOWBIHINA Kajait
OeomiHeTiHiH OakpulayFa MYMKIHAIK Oepeni. 1-kec-
Tene OMOTMOMETPHUSIIBIK TaIayAbIH KAl HOTH-
KeJepi KOpCeTiIreH.

FputbIMu  KapusTaHBIMIAP KYPBUIBIMBIH TYp-
nepi OOMBIHIIA Tangay HEri3iHIe KapUsTaHBIMIIBIK
OenceHaiTikTiH cumateiHa Oara Oepinai. byn tocin
FBUIBIMU HOTHIKEJIEP/Il YCBIHYIbIH OachiM opmara-
PBIH aHBIKTayFa MYMKIHJIK Oepeni (2-kecte), COH-
Jaii-aK oJap/AbIH epeKUIeTIKTepl MEH XallbIKapaJlblK
FBUTBIMHU KEHICTIKTE Tapayly IEHTCeHiH alKbIHIayFa
JKOJI aIIajpl.
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1-kecTe — BUOTHOMETPUSIIBIK, TaJIAy/IbIH JKaJIIbl MOIIMETTEPI

ManimerTep AepeKKOPHI Web of Science

I3ney kinr cesi Hydrological drought

Kesen 2001-2025 rr.

FruibiMu sxapusiiaHbIMIapABIH 5KaIIlbl CaHbL 909

Jloliekce3 KeNTipreH MaKananap 15803

JKanmer gotiexces caHbl 25825

O3iHJIIK IeiieKco3nep/Ii KOCIIaraHIaFbl IOUEKCO3 CaHbI 22375

bip Makanara makKaHJarbl OpTallia JoieKco3 CaHbl 28.4

H-Index 79

2-kecte — Kyskar Typiiepi OOMbIHIIA FBUIBIMU KaPUSUTAHBIMAAP KYPBUIBIMBI

Ne Kysxar typnepi KapusimanbiMaap caHsl %
1 | Makauna (Article) 804 88.4
2 | Kiram Tapaynapsr (Book Chapters) 4 0.44
3 | Epre xomxketimai xapustmanbiMaap (Early Access) 11 1.21
4 | Pemaxumsuteik Matepuannap (Editorial Material) 8 0.88
5 | Koudepenuus marepuannapsl (Proceeding Paper) 63 6.93
6 | Llomy makamnace! (Review Article) 19 2.09

«'MAPONOTHANBIK ~ KYPFaKIIBIIBIKY  TaKbIPBI-
Obl OOWMBIHIIIA aJBIHFAH MOJIIMETTED YKUBIHTHIFBIH-
Jla FRUTBIMA Makaianap 6aceiM (804 >xapusutaHbIM,
88,4 %), OyJI FBUILIMH HOTWXKEJICPJl Taparyaarbl
JKeTekIti (popma peTiHae >KYPHAIIBIK JKaprsiia-
HBIMAApFa O0ackIMIBIK OepineTiHiH kepcereni. Exin-
I OpbIHIA — XaJbIKAPANbBIK FHUIBIMHU-TIPAKTHKA-
JIBIK, KOH(epeHuusIap MaTepuanaapsl (63 KymbIC,
6,93 %). byn xepceTkimn Te eneyii ylecke ue, api
3epTTeylIiiepiH FeUIbIMUA (opymaapra OenceHni
KaTBICATHIHBIH XOHE XaJIBIKAPaJIbIK KOH(EepeHIIHs-
Jap apKbUIBI HOTHOXKEIEPMEH alMmacy YAEpiciHiH
MaHbI3/IbI eKeHiH axrapTanel. [llomy makamamaper
2 %-n1aH coul acTaMbIH Kypaiias! (19 xapudnansim),
Oyl JKMHAKTaJIFaH OUTIMII KOPBITyFa JKOHE 3epT-
Tey OaFbITTapblH >KYyHeleyre OereH YMTBUIBICTHI
oinnmipeni. KaiaraH FRIIBIME JKapHSsUTAHBIM TYPJIEpi-
HiH yJieci ToMeH (epTe KOJDKETIMII KapHsIaHbIM-
map — 11 makaia, pegakIusIbIK MaTepuanmap — 8
Makasa, KiTam Tapayiapbl — 4 xapusianem). ['uj-
POJOTHSIIBIK, KYPFaKIIBIIBIKTHI 3€PTTEYAeTi Mace-
nenepre OaiaHBICTHI KapUSIIaHBIMABIK, KbI3METTIH
KYPBUIBIMBI ~ XaJBIKAPANBIK KOH(EpEeHIns MaTe-
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pHANIapbIHBIH KOCBHIMIIIA MaHBI3IBUTBIFI KOHE ap-
Halbl FRUIBIMH KapHUsJIaHbIM TYPJIEPIHiH IIEKTeyi
yieci OalKaylaThIH KypHAIABIK FBUTBIMH MaKaia-
JIApJbIH OACBIMJIBIFBIH KOPCETETIH KJIACCUKAJIBIK
YATiHI alKBIH OeHHeeHmi.

3-kecTeie  «TUAPOJIOTHSIIBIK, KYPFAKIIBUIBIK)
ce3i OotipraTIa 2001-2025 KbUTHAP apabIFBIHIAFBI
JKapUSTIAaHBIMABIK OCIICEHAUTITT MEH JPUEKCO3/iH
Tapanxybl KOPCETUITeH. ATaFaH Ke3eH IMIiHIe Ka-
bl canbl 909 FBUTBIMU KapUsUIAaHBIM TipKeIlin, ojap
25825 pet mpitekco3 KeATipireH.

XPOHOJIOTUSIIBIK, JKUBIHTBIKTAPFAa KATBICTHI 3
KECTEHI Talaay:

- 2001-2005 k., bactankel ke3eH (20 FEUIBIMU
KaprsUTaHbIM, 34 1oleKce3), O THIPOJIOTHSIIBIK,
KYPFaKIIBUIBIK CaJachIHIaFbl FRUIBIMU 3€PTTEYJICP-
IIiH OJ1aH ©pi 6Cyi YIIIiH FRIIBIMHA HET13 KaTBIIITACThI-
paThlH TOMEH KOPCETKIIITEPMEH CUITATTANIAIbI;

-2006-2015 xKk., OIpTIHIEI 6CY, KATBINTACy Ke-
3eHi (127 FpuIBIME XKapusiianbM, 1679 noliekces),
THIPOJIOTHSUIBIK KYPFaKIIBUIBIKTEI 3€pTTey caja-
CBHIHJIAFBl KAPUSUIAHBIM OEJICCHJIUNITIHIH KEHEH1
JKOHE CIITeMelep CaHBIHBIH apTyhl Oaifkaiasr;
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- 2016-2025 xxk., Oencenni ke3eH (762 Gacki-
meiM, 24112 noiiexces), KapUsUTaHBIMIAp CaHbI-
HBIH KYPT OCYi )KOHE IDMUEeKCO3IiH JKOFaphl JCHr el
Oaiikanagsl, OYJI 3epTTEY TaKbIPHIOBIHBIH XaJIbIKa-

paNbIK FBUIBIMHM KYH TOPTiOiHE CHTI31IreHiH jKoHe
TUJIPOJIOTHSUIBIK KYPFaKITBUIBIK OOWBIHINA 3epTTEY
KYMBICTapPBIHBIH aWTapibIKTall apTKaHBIH Kepce-
Teml.

3-kecte — 20012025 »ox. Web of Science 6a3achl 6oiibIHIIA JKapUsUIAaHBIMAAP MEH A9HEKCO3/ep CepiiHi

Keun “Kapusnaibivyap A EEEy % I'padukTix nHTEpIIpETanIUISL
CaHBbI CaHbI
2025 99 3931 10.9
2024 119 4735 13.1 .
Jlaliekce3aep caHbl
2023 108 3988 11.9
2022 119 3443 13.1 5000
2021 90 2616 9.90 ‘3‘383
2020 78 1789 8.58 2000
2019 51 1363 5.61 0 I I I 1000
2018 43 957 4.73 nn 0
D - [+ ] (=)} (o] — (o] (s8] =+ U'sl
2017 20 655 2.20 é é é é % % % % % %
2016 35 635 3.85
3 762 24112 83.8
2015 22 526 2.42
2014 23 295 2.53 .
Jlaliekcesaep caHbl
2013 21 269 231
2012 11 185 1.21 600
2011 12 137 1.32 400
2010 15 92 1.65
2009 2 60 0.22 I I I 200
2008 12 40 1.32 IR 0
D - [+2] (=)} = — (o} [aa] =+ w
2007 7 39 0.77 § § § § § § § § § §
2006 2 36 0.22
3 127 1679 14.0
2005 2 23 0.22 B
2004 6 ] 0.66 Z[GHGKCSB,E[GP CAHBI
2003 5 1 0.55 25
2002 4 2 0.44 20
2001 3 0 033 15
10
[] :
[ | — 0
y 20 34 2.20 — o o o vy
= = = = =
= [a] [a] (=] [a=]
(o} (o} (o} (o} (o}

'uaponorusiblk, KYpFakIIbUIBIK, Maceneci 60-
WBIHIIA SKapUsTIaHBIMIAPABIH JOHEKCOo3 KEeNTipy
KOpCETKIITepiH Tanaay Oyn canamarbl Herisri Oa-
FBITTapFa, aTal alTKaHJa KYPFAaKIIBUIBIKTHI Oara-

Jay MEH MOHUTOPHHT XKYPri3yre apHallFaH UHICKC-
tepai o3ipiey (Vicente-Serrano, 2012; Nalbantis,
2009), TUAPOJOTHSUIBIK KYPFAKIIBUIBIKTBIH K-
MAaTTBIK JKOHE allalThIK JIeTCPMUHAHTTAPBIH (He-
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risri ¢akropnapsi) 3eprrey (Van Loon, 2015),
»kahaHIBIK KBUTBIHYIBIH caAaphiH Tanaay (Seager,
2010), conpmaii-ak CHOYTHUKTIK MOIIMETTEp MEH
KIMMATTBIK, MOJICIBJICp HETi31HJe MOHUTOPHHT TICH
oomxay xyprizy (Thomas, 2014; Hao, 2018) KbI3bI-
FYIIBUTBIK, apTKaH. 3epTTeYIEPIiH )KOFaphl opTaiia
KBUIBIK JA9HEeKco3 KenTipy neHreii (Zhang, 2022)
THJIPOJIOTHSUTBIK,  KYPFaKIIBUIBIKTB ~ 3€pPTTEYJIeri
KIMMATTBIK CLIEHAPUHIEpAl, KAIIbIKTBIKTaH 30H-
Tay SIICTEpiH KOHE KacaHIbl HHTEIJIEKT TEXHOJIO-
THsJIApBIH MHTETpanysiiay YpIiCiHe JeTeH KbI3bIFY-
IIBUTBIKTBIH aPTHII KeJe )KaTKAHBIH KOPCETEII.

KapusnansIMaapablH —OKOFapsl  JOHEKCO3Te
ve 0OoNyBl OJapbIH TeK TAaKbIPHIObIHA FaHA eMec,
aBTOPJIAP/BIH KETEKII XaJIBIKAPaJblK FhIIBIMH
OpTaJBIKTApFa THECUTI OOJybIHA 1a OalIaHBICTHI.
Herisri enGexrepaiy xemmrimiri Eypoma engepi
(Ucnanms, Yneiopuranua, Hwunepmann), Keitait
Xanwik PecrryOnukace! xone AKII 3eprreymrine-
piMeH naibIHIanFan, OyJ TUAPOIIOTHSUTBIK KYPFaK-
HIBUTBIK MOceneciHe j>kahaHIbIK KbI3BIFYIIBUIBIK-
ThIH 0ap eKeHiH Jonenneni. 4-kectene noneKces
caHbl OOWBIHINIA KOIIOACHIbl FHUILIMH CSHOCKTEp
KeINTIpiiTeH.

4-kecte — ['UAPONOTUSIIBIK KYPFAKIIBUIBIK OOUBIHIIIA CH KOII J19iieKco3 KenTipiireH 10 FhUIBIMHU KYMBIC

Kapusinanbiv ataysl

ABTOpIap (KBLIBI)

Jloiiekce3

TaksIpeIObI
CaHbI KEp

Performance of Drought Indices

Vicente-Serrano et al.

SPEI unaexciniy oM6edarn HHACKC peTiHae

America

for Ecological, Agricultural, and (2012) 645 OPHBIFYBIH KAMTaMAacChI3 €TKCH 3ePTTE
Hydrological Applications PHEIFYBIH K prrey
Assessment of Hydrological Drought Nalbantis & Tsakiris I'mApONOTHANBIK, KyaHIIBUTBIKTHI OaFanay

. 633 : .
Revisited (2009) aricremect
Hydrological drought severity explained Van Loon & Laaha Kiumarteik axropiaapabH pesin

. - 444 R b

by climate and catchment characteristics (2015) TYCIHZIpYTe eneyii yiec KOCKaH
Greenhouse warming and the 21st century KahaH 1K SKBLTBIHYIb] o
hydroclimate of southwestern North Seager & Vecchi (2010) 432 DI YABIH KYPFaK

aliMaKTaparsl THAPOKIMMATHIHA dcepi

Seasonal Drought Prediction: Advances,
Challenges, and Future Prospects

Hao, Singh & Xia (2018) 417

KypFaknibUTBIKTEL OOJIKAY JKOHIHIET1
HETI3T1 0Ty )KYMBICTapbIHBIH 0ipi

Accurate Computation of a Streamflow

Vicente-Serrano et al.

©O3eH aFBIHIBICBIHBIH KYPFAKIIBUIBIK,

characterization

Drought Index (2012) 407 nuyexcin (SDI) ecenrey oaicTepinig
JIaMYBI

A GRACE-based water storage deficit HKACAHIBL KED CePili MOLIMETTCDIH

approach for hydrological drought Thomas et al. (2014) 392 A p cep p

KOJIJaHFaH aJIFalIKbl 3epTTEyNIepain 0ipi

The propagation from meteorological to
hydrological drought

Huang et al. (2017)

MeTeopONOrHsIIBIK, KYPFAKIIBUTBIKTHIH
383 THIIPOJIOTHSIIBIK KYPFAKIIBIIBIKKA OTY1H
(baxTopIapbIH alKbIHIAFaH

Remote sensing for drought monitoring &

West, Quinn & Horswell

KamsIKTEIKTaH 30HATAYIbI

scenarios

impact assessment (2019) 366 aJFaIIKbUIAPABIH O1pi OOJBIT KONIaHFaH
3eprrey

Challenges for drought assessment in the BONAMAK KIHMATTEIK CLICHADIIICD MCH

Mediterranean region under future climate | Tramblay et al. (2020) 365 K K creHap P

allMaKTBhIK MOcejesepre apHajaFaH 10y

EH xemn npliekce3 KeNTIpUIreH FhUIBIMUA €HOCK-
TepAiH Ma3MYHBIH TaJI1ay HOTIKECiH e OYIT )Kapusi-
JaHbIMJIAPbIH OipHeIe HeTi3r1 3epTTey OarbITTaphl
TOHIPETIH/IE MIOFBIPIAHFAHBI AHBIKTAJIIBI:

1. KyprakmbuiblkThl —Oaranay HMHICKCTEpi
MEH omicTepiH o3ipiey. Vicente-Serrano koHe
aBropmap ToObHEIH (2010, 2012) enOexTepi
Standardized Precipitation Evapotranspiration Index
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(SPEI) — crannaprTanFaH KayblH-IIAIIBIH KOHE OY-
JIaHy UHJIEKCIH YCBIHY apKbUIbl KIIACCUKAJIBIK 3ePT-
TeyJep KaTapblHa eHAi. ATaifaH dJic Kasipri ya-
KBITTA DJIEMIIIK ToXiprOeae KeHIHCH KOJIaHBUIBITT
kesneni. byn makananap eH xer JoHeKce3 KenTipini-
T'CH JKYMBICTap/IbIH KaTapblHa jKaTa bl )KOHE Ka3ipri
3aMaHFbl KYPFaKIIbUIBIK MOHUTOPUHTIHIH TEOPHS-
JIBIK, YKOHE DJ1ICTEMETIK HeTi31H KaJIBIITTACThIPIBL.
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2. KyprakIIbUIBIKTBIH KIMMATTBIK JACTEPMH-
HAHTTapHI KOHE OHIPIIK epekmrenikrepi. Van Loon
(2015) xone Seager (2010) FpuIBIMEH 3epTTEYIIEPi
KYPFaKIIBUIBIK, TIeH aTtMoc(hepanblK [TUPKYIISIUs
e3repicrepi xoHe KahaHIBIK KITUMATTHIK, YIEpicTep
apachIHIAFBl ©3apa OaiaHbicKa OarbITTaNFad. by
eHOeKTep KYPFaKMIbUIBIK, KYOBIIBICTAPBIHBIH TaOu-
FU KIMMATTHIK (haKkTopiapMeH OailaHBICHIH KOHE
oNapbIH aliMaKTBhIK CHITaTTaMalapblH TEPEH TYCi-
HyTe MYMKIHJIK Oepeni.

3. KyprakmbUIBIKTB MOZAETIBICY KOHE OOJIKaYy.
CoHFBI KBUIJIAPBI 3ePTTEYIIUIEDP KIUMATTBIK, CIIe-
Hapuiliep MeH Cy mnaiianaHyra KaTbICThI (aKTop-
JapAbl KaMTUTBIH THIPOJIOTHSUIBIK MOJIENbACPII
KYPYFa jkoHe JKeTUAIpyre epeKiie Ha3ap ayaapyaa.
Byn GarbITTarel MaHBI3JBI 3ePTTEYICPIIH MBICAIBI
petiane Hao (2018) sxone Zhang (2022) enbekrepin
artan etyre Ooyiaibl. ATallFaH 3epTTeyiepie Kyp-
FAKIIBUIBIKTBIH, KEJICIIEKTErl BIKTUMAJIBIFl MEH
caJIaphIH Oarajay YIIiH KeUIeHIl MOACIbIep KO-
JTAHBLITFaH.

4. CIly THUKTIK TEXHOJIOTHSIIAP MEH KaITBIKTBIK-
TaH 30HATAYybl KongaHy. Ockl OaFbITTBIH 1aMybIHA
Thomas (2014) xore West (2019) 3eprreynepi ma-
HBI3/IBI YJIEC KOCTHI.

5. AuTpomoreHaik (hakTopiap jK9HE Cy pecypc-
TapbiH O0ackapy. Wada (2013) »xeHe Oacka 3eprrey-
mriniep Alimkulov (2024), Birimbayeva (2024) sxone
Alimkulov (2025) enOekTepi KypraKIIbLIBIKTHI 3€pPT-
TEey/ie TUAPOJIOTHSIIBIK KYPFAKIIBUTBIKTBIH KYIICHOi-
HiH HETi3Ti aHTPOIOTeHAIK (aKTopiapsl PETIHAE CY
TYTBIHY, HPPHUTAIUs JKOHE Kep Maiaanany esrepic-
Tepi eCKepyAiH MaHBI3AbUIBIFBIH TYCIHAIPEI.

Iuaponorusiiblk,  KYPFAaKIIBUIBIK — MOCENIeCiHe
apHaJIFaH €H KOIl JIPWEeKCo3 KENTIpiAreH >kapusia-
HBIMJIAD FBUIBIMH 3€pTTEYJIep/AiH KapanalbM HH-
JeKcTepai o3ipieyneH Oactar, KIMMATTHIK JKOHE
AHTPOIIOTCHIIK (paKTOpIapabl €CKEPETiH KEIIeHIl
3epTTeyJiepre ACHiHT1 HBOJIIOIMACHIH alKbIH KOpce-
Tefi. ATanFaH eHOeKTepIiH KOFaphl IONEKCO3 CaHbl
oNapAbIH THAPOJIOTHUs, Cy PECypcTapbiH Oackapy
KOHE KIMMATOJIOTHS cajalapblHAarbl (QyHIaMeH-
TaJIbl MaHBI3IBIIBIFBIH ADJICIIICHII.

Frutbimu 3epTTeynepain exinmni kezeHinae Web
of Science MHIEKCI CUAKTHI TaFbl Oip MaHBI3/IbI KOP-
CETKIII TaAaHAbI. [ MIPONOTHSUIBIK KYPFaKIIBUIBIK
TaKbIPBIOBI OOMBIHINIA YKAPHUSIIAHBIM/IBIK, OCICEH/Ti-
JKTI Tajagay TeK JKYMBICTBIH CaHBI MEH JIOHEKCOo3
KEJTIpy IMHAMUKACBIH FaHAa €MEC, COHBIMEH KaTap
Web of Science manimMerTep 6a3achIHAAFB HHICKC-
Tep OOHMBIHIIA >KapHUsIaHBIMIAPAbIH TapantyblH 12
eckepymi Tanmar erei. Ceb6edi FRUTBIMU MaKaJTaHBIH
Oenrinmi Oip MHIOEKC KypamblHAa €HYl 3epTTeyHiH

MOPTEOECiH KOHE XallbIKapallblK ACHrelae MOMbBIH-
nmanybera Oinnipeni. Web of Science — Oyn Gipkarap
MaMaHJaHJBIPBUIFAH KOPCETKITepAl (IoHeKcos-
Jiep MHACKCTEPiH) KAMTUTBIH XaJbIKAPabIK FHUIbI-
MUMETPHSIIBIK IaTdopma. Atan aiTkanaa, oyl Ke-
JIeci MHACKCTEP T KAMTHIBI:

1. Science Citation Index Expanded (SCIE) —xa-
PaTBUIBICTaHy JKOHE TEXHHUKAJBIK FHUIBIMJIAp calia-
CBIH/IAFBI KypHAIJapAbl KaMTHIbl ((hu3nka, mare-
MaTHKa, XUMHUsI, OHOJIOTHUS, TUAPOIOTHS, IKOJIOTHS,
WHXeHepus, Mmenuiuaa). byn maaekc — Web of
Science xy#eciHiH HETi3Ti SIpockl OOJIBIT TaObLIa-
JIb1 JKOHE JKOFaphl XalbIKapajblK Oenenre ue.

2. Social Sciences Citation Index (SSCI) — oney-
METTIK FBUIBIMIAp CalachIHAAFbl >KypHaJAap.bl
KaMTHIbI (9KOHOMHKA, COIMOJIOTHSI, 0acKapy, Ky-
KBIK k0He T.0.). ByJl 1a Heri3ri sipoFa jKaTaabl )KoHe
BIIEYMETTIK-TYMaHHUTAPIIBIK, OaFbITTap YIIIH XKOFa-
PBI FBUTBIMH CaIMaKKa He.

3. Arts & Humanities Citation Index (AHCI)—ry-
MaHHUTAPJIBIK FEUIBIMIAP CalachIHAAFbl )KypHaJAap-
Il KaMTHIBI (Tapux, Guimocodusi, eHep xoHe T.0.).
SCIE men SSCI unaexcrepiHeH ailbIpMaIlblUIBIFbI,
AHCI wuHaekcinaeri XypHanmgapia HMMakT-(ax-
TOpJIap ecenTenMeini, anaiina Oyl WHAEKC Tyma-
HUTAPJIBIK, FBUIBIM CaTaChIHAAFB 0aChUTBIMIAPIBIH
XaJIbIKApaIIbIK, JeHrei/1e TAHBUTYBl MEH FBUIBIMHU Ca-
MAaChIH alKBIHIANIbI.

4.  Emerging Sources Citation Index
(ESCI) — reorpadusibIK KoHE TaKBIPBIITHIK, ay-
KBIM/TbI KeHeTy MakcatbiHia Web of Science 0a3a-
CBhIHA CHTI3UITEeH KaHa KOHE MEePCIeKTHBAIBI KYp-
Hayngapabl KaMTUThIH uHIeKe. ESCI — «bactanks
neHrei» perinae kei3Mmer eremi kone SCIE, SSCI
sxone AHCI-re enriziarenre AediHr1 OTIEN Ke3€H
OoJIBIN caHananbl. Byl apaibik KepceTKill FhUTBIMU
KapUsUTaHBIMIAPIBIH KOPIHYIH apTTHIPHIIN, OJap-
JIbIH XaJIbIKAPAaJIbIK FRUIBIMH KEHICTIKTE TapaayblHa
BIKIIAJI ETEI.

['unponorusbIK KYpFaKIIBUIBIK, Maceneci 0o-
WBIHIIA JKYPIi3iIreH 3epTTeyNepAiH FHUIBIMU JICH-
reifin Oaramayma Web of Science muaexcrepi 0o-
HBIHIIA SKapHUsIaHBIMIAPABIH Tapalybl MaHBI3IbI
KepceTkim 0ombin Tabbutans! (5-kecte). Mamimer-
TEpAl CalbICTBIPY TMAPOJIOTHSUIBIK, KYPFaKIIBIIBIK-
Ka KaTBICTHI 3ePTTEYICPIiH Kail canamapia KeOipek
KOPIHIC TalKAaHBIH )KOHE OCBI TAKBIPBIITAFbI KaAPHSI-
JIAHBIMJIAPBIH XAITBIKAPABIK FBUTBIMHMETPHUSIIBIK,
JKYHezeri calMarblH aHbIKTayFa MYMKIH/IK Oepei.

Web of Science mamexcTepi OoibIHIIA KapHsIIa-
HBIMZAP/IbIH TapalybIH TaJ1ay KeJleci HOTHKeIepi
kepcerti: Web of Science momimerTtep 6a3acwkinia
THIPOJIOTHSUIBIK, KYPFAKIIBUIBIKTBL 3€pTTEyre ap-
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HasiFaH 964 KapHusIaHbIM TipKeareH (OHBIH iIIiHAe
909 xapusimaHbIM HHAEKCTENTeH). byn »xapusna-
HBIMIAP/BIH WHJAEKCTEp OOMBIHIIA Tapaidybl 3€pT-

Tey OAarbITHIHBIH FBUIBIMHM KBI3BIFYIIBUIBIKKA HE
caJlaJlapblH KOHE OHBIH XaJbIKAPAIBIK ICHTeHIeri
MaHBI3/IBUIBIK JAOPEKECIH alKbIH KOPCETEII.

5-kecte — Jlotiexcosnep unnexcrepi (J{M) GoibHIIa )KapUsITaHBIMIAPIBIH TapaTysl

Neo Web of Science kepcerkini Kap I/IiJ;%Il{II{jIMZLap %
1 | Kiranrap /11 — aneymeTTik xoHe TymMaHUTapibIK FeutbiMaap (BKCI-SSH) 1 0.10
2 | Kiranrap U — xapatbsuisictany FeutbiMaapsl (BKCI-S) 4 0.41
3 | JKana mepexxesnep A1 (ESCI) 50 5.19
4 | Kondepenuus marepuannapbeiasy [V — o1eyMeTTiK jkoHe T'yMaHUTAPIIBIK FHUIBIMAAD 3 0.31
5 | Konudepenuus marepuannapbiabiy JJ1 — sxapaTbuibICTaHy FBUIBIMIAPHI 62 6.43
6 | Keneiirinren reumpivu Makanaiap 1 (SCIE) 795 82.5
7 | Oneymerrtik FeutbiMaap JIU (SSCI) 49 5.08

Eckepry: 11 — noiiekco3 nHaeKci

KapusnansIMaapAblH KOIIIUTri FUIBIMA Ma-
KaJiajapblH KEHEHTUITeH JOHeKCO3 HHICKCIHIC
(SCIE) morsipanran — 795 makana (82,5 %), Oyn
TCUJIPOJIOTHSUIBIK, KYPFAKIIBLIBIK, 3€PTTEYJICPIHIH €H
QIJIBIMEH JKapaThUIBICTAHY FhUIBIMJIAPbIHA KAThIC-
1Bl ekeHuairimen OaimanbicTel. SCIE munekcingeri
KypHaIIapaa *KapHusulaHFAaH FhUIBIMU SKYMBICTap-
JIBIH 0aChIM O0JTYBI 3€PTTEYJICPIiH KOFaphl XaIbIKa-
PpaNIbIK MOPTEOECiH )KOHE OJIAP/IbIH FHUTBIMU KaybIM-
JIACTBIKTA KEHIHEH CYpaHbICKA Ue €KCHIH pacTaiibl.

ExiHmni  opwlHIa MaHBI3IBUIBIFEI  OOWBIHIIIA
JKAPAThUIBICTAHY FhUIBIMIAPBIHBIH KOH(EpeHIHs
MaTepualIapblHbIH JI9HieKce3 WHIEKCI Typ — 62
xapusiianbM (6,43 %), Oyl XanblKapalblK, FhUIbI-
MU-TOXKIpUOETIK KOH(pEpEeHIMIAPAbIH aTaIMBbIII
TaKBIPBII OOHBIHIIIA HOTHIKENIEP aIMacy/ia, TUIPO-
JIOTHSITBIK,  KYPFaKIIBUIBIKTHIH 0O0JDKay, MOHHUTO-
PHHT JKOHE callIapbliH Oarajay jkaHa 9/icTepi cana-
CBIH/Ia MaHBI3JIbI POJT ATKAPATHIHBIH KOPCETE/ 1.

JKana pgepekkesnep IOHEKCO3 WHACKCIHICT
(ESCI) xapusimaHbpIMAapAbIH Yieci e alTapiblK-
taii — 50 makana (5,19 %), Oy )xaHa KOHE OHIPIIIK
KypHAIIap/a aTAIFaH TAKbIPBITKA KbI3bIFYIIbITBIK-
TBIH OCII KeJIe KaTKaHbIH KOHE OChI 0achUIBIMIAP-
IelH Kedin Web of Science Herisri MHAEKCTEpiHE
KOCBUTYbl MYMKIH €KCHJIIT1H OUIIipeIi.

OIIeyMEeTTIK FBUIBIMAAD JIOMEKCo3 WHICKCIiH-
neri (SSCI) skapusutanbiMaap caHbl — 49 FBUIBIMH
Makana (5,08 %), OyJI TUIPOIOTHUSIIBIK, KYPFaKIIIbI-
JIBIKTBIH OJICYMETTIK-9KOHOMHKAJIBIK aCIeKTiIepi-
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He — TOyeKenaepAi 0ackapy, SKOHOMHKAIBIK IIIbI-
FBIHJIAP JKOHE TYPAKThl JaMy MOcejeliepiHe JIereH
KbI3BIFYIIBUTBIKTHIH OapbIH CHITATTANIbI.

I'MapONOrusIbIK, KYPFAKIIBUIBIK CajlaChIHIaFbI
3epTTeyJiep KapaTblUIbICTAHY FUTBIMAAPbIHA OAFbIT-
TajJFaH, OyJl FBUIBIMH MaKallajap/blH KeHEHTUIreH
naviekce3 uuaekci (SCIE) OoiiprHIIa sKapUsIaHbIM-
JapJieiH O0aceiM OoJtybIMeH pacrtaiajibl. CoHaii-ak,
JKapUsTIaHBIMABIK, OeNCeHAUTIKTIH Oacka ma cana-
JlapJjia Ke0ew TeHICHIMSICHI OaiiKaa bl Oy Mace-
JIeH1 3epTTey/e SIEYMETTIK, YKOHOMHUKAIBIK, KOHE
0acKapyIIbUIBIK aCTIEKTIICPAl KOCKAH MEXIUCITHUII-
JIUHAPJIBIK, 6CY/Ii KOpCeTeIi.

3epTTeyiepaiH  Keyneci Ke3eHI THIPOJIOrHs-
JIBIK, KYPFAKIIbUIBIK TAKBIPHIOBIHAA KAPHUSITAHBIM-
Jlap IIBIFApaThIH KETEKII FhUIBIMUA JKYPHAJIap/Ibl
aHbpIKTayFa OarbITTanmrad. JKammel 263 FBUIBIMH
JICPEKKO3 TAJIAHBIIN, 6-KeCcTe/Ie KapHuslaHbIM OeJl-
CEHIUTITIHE €H YJKEeH yiIeC KOCKaH aJFamKkbl 25
Jiepekke3 kepceriareH. by 6aceuibiMaapra 549 ma-
KaJla TUECLTi, OHBIH apThIChIHAH ko0i 10 xeTexri
KypHaiFra morblpinanrad. OcblHAaN TOCLT THAPOIIO-
THSIJIBIK, KYPFAKIIBUTBIK CAJaChIH/IAFbl FHUTBIMU HO-
THOKEJIEP/IiH HEeTi3Ti TapaTy apHajapblH aHbIKTayFa
MYMKIHAIK Oepemi. XKypHanmapasl Tannay 3eprrey
HOTHXKEJIEPIHIH Kal kepjie eH OeJCeHIl yKapusa-
HATBIHBIH, aBTOPJIAP YIIIiH Kai OarbITTap/bIH 0aChIM
CKEHIH JXOHE OChI CaJlaJlaFbl FhUIBIMH KaybIM/Iac-
TBIKTap/IbIH HETi3T1 TONTapblH alKbIHAAYFa CETTITH
TUTI3e/l.
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6-KkecTe — [MAPONOTUSIIBIK KYPFAKIIBUIBIK, MOCENIECi OOMBIHIIA YKaAPHUITAHBIMIAP/IBIH TOI-25 TepPEeKKe3i

Ne Jlepekkes aTaybl JKapusnanbivaap caHbl % Ksapruns
1 | Journal of Hydrology 92 16.8 Q1
2 | Water 75 13.7 Q2
3 | Science of the Total Environment 38 6.92 Q1
4 | Journal of Hydrology Regional Studies 35 6.38 Q1
5 | Water Resources Management 31 5.65 Q1
6 | Hydrological Processes 29 5.28 Q2
7 | Natural Hazards 27 4.92 Q1
8 | Water Resources Research 23 4.19 Ql
9 | IAHS Publication 20 3.64 Ql
10 | Sustainability 18 3.28 Q2
11 | Remote Sensing 15 2.73 Q2
12 | Hydrological Sciences Journal 14 2.55 Q2
13 | International Journal of Climatology 14 2.55 Q3
14 | Environmental Research Letters 13 2.37 Q1
15 | Stochastic Environmental Research and Risk Assessment 13 2.37 Q2
16 | Hydrology Research 12 2.19 Q2
17 | Atmosphere 11 2.00 Q3
18 | Atmospheric Research 11 2.00 Q2
19 | Journal of Water and Climate Change 11 2.00 Q2
20 | Journal of Environmental Management 9 1.64 Ql
21 | Ecological Indicators 8 1.46 Q1
22 | Geophysical Research Letters 8 1.46 Ql
23 | Hydrological Sciences Journal 8 1.46 Q2
24 | Advances in Water Resources 7 1.28 Q1
25 | Agricultural Water Management 7 1.28 Q1

I'uaponorust sxoHe cy pecypcrapbl OoiibiHmia ~ Water Resources Management, Hydrological

MaMaHJIaHBIPBUIFAH JKypHAJIAapaa >KapysuIaHbIM-
Jlap caHbl €H JKOFapbl KopceTKilke ne. PeRTHHITIH
kemoacmbIck! — Journal of Hydrology sxypHamsr, o
Cy pecypcTapbl MEH THIPOJIOTHSUIBIK KYpPFaKILbI-
JBIK Mocelenepi OOMBIHINA XAIBIKAPAJIBIK FHUTBIMU
KYH TOPTIOIH KaJbINTACTBIPY/Aa MaHBI3IbI POJ at-
Kapanabl. EKIHII OphIHAA — amibIK, KOJKETIMIUTITI-
MEH XOHE THAPOJIOTHS, Cy pecypcTapblH Oackapy
MEH KJIMMATTHIK e3repicrepre OeliMmmeny Moce-
nenepi OOWBIHIIA KEH ayKbIMABI 3epTTeyIIiIepai
KaMTYBIMEH epekiIeneHeTiH Water KypHaibl Typ.
AfitapnbeikTaii ken mMakanaiap Science of the Total
Environment CHSKTBI IOHApAIBIK >KypHAIZApIa
JKapusUIaHFaH, Oyl THAPOJIOTHSUIBIK, SKOJIOTHSUIBIK
KOHE KIMMATTHIK 3epTTEyJepIiH WHTErpalsChIHa
JereH KBI3BIFYIIBUIBIKTB cUnarTaiasl. COHBIMEH
katap, Journal of Hydrology: Regional Studies,

Processes CHUSKTBI THAPOIOTHSIFA OAFBITTAIIFAH KYP-
HaJIIap Ja eneyJai yiec KOCHII OTHIp.

FputbIMU  IepeKKe3IepAiH KYPBUIBIMBI THIIPO-
JIOTHSI JKOHE Cy pecypcrapbl Moacenenepi OOMbIH-
IIa JKeTEeKIN >KypHAIAap/aa >KapusuTaHbIMIAPIbIH
LIOFBIPJIAHFAHBIH alKbIHAAMbl. COHBIMEH Kartap,
3epTTeyNIepaiH OackM O6ITiri ToHAPATBIK 0ACHIITBIM-
JlapJia KapusUTaHAThIHBI — TUPOJIOTUSIIBIK, KYPFaK-
IIBUTBIK TaKBIPBIOBIHBIH KIUMATTBIK e3repicrep,
TAaOWFU KayilTep )KOHE TYPAKThI JaMy CUSKTHI KEHi-
PEK KOHTEKCTE KapacThIPbUIATHIHBIH KOPCETE/ 1.

KopbIThIHABI
[uaponOTHsITBIK  KYPFAKIIBUIBIK, Moceneci 00-

WBIHIIIA FHUIBIMU JKapusiiaHbIMJAAapAbIH XPOHOJIO-
TUAJIBIK AWHAMUKACbl MEH KYPbUIBIMBIH Tallaay
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FBUIBIMH KBI3BIFYIIBIIBIKTEIH, TYPAaKTbl OCYIH KOHE
XaJIBIKAPAIBIK, JIMCKYPCTBIH (FBUIBIMH TEOpHsIIap,
TYXXbIpBIMIaMaJIap, OAICTEP MEH 3epTTey HOTHKele-
PiHIH KUBIHTHIFBI) €19Yip KEHEHTeHiH T9IeAeHIi.
CoHFBI €Ki OHXBULIBIKTa 3€pPTTEyJiep Kablll-
Tacy Ke3eHIHEH JKETEeKIl PElEH3UsUIaHAThIH KYp-
HaJIJap/a KapusulaHBIMAAP/bIH LIOFBIPIaHybl MEH
JKOFaphl JoHeKCco3 amy NCHTeHiMEH CHITaTTalaThiH
Oencenai ¢asara oTTi. FeulbIMU KyMBICTapAbIH HE-
ri3ri OaFpITTapbIHA KYPFAKIIBUIBIKTHl MOHUTOPHHT -
TEy UHIEKCTEPiH 93ipiey, KIUMAaTTHIK (akTopiap-
IIBI 3epTTEY, MOJIENb/IEY JKOHE 00IKay, CITyTHUKTIK
TEXHOJIOTHSIapAbl KOJIJaHy, COHAal-aK aHTPOIIO-
TeHOIK ocepiepai Oaranay skarambl. [ mapomorus-
JBIK KYPFAKIIBUIBIKTBIH aKbIHAAIFAH TCHACHIHS-
nmapel Kazakcran skarmaifplHza aca e3ekTi, cebeOdi
OyJ KyOBUIBIC TYpPakTBl JAaMyFa eJeyJi Karep ToH-
Jipemi. ONeMIIK FhUIBIMIA >KapUSTAHBIMIBIK, OCIT-
CEHJIUTIKTIH ©Cyi X0HE kKaHa dIICTepAiH (KallbIK-
TBIKTaH 30H/ITay, KJIMMATTBIK MOJICTIBICY, )KACAHIbI

MHTEIUICKTIHI KOJIJJaHy) MHTETPAIUsChl Cy pecypc-
TapblH VITTBIK JICHTeile MOHUTOPUHITEY IKOHE
OopKay KyHeNepiH KeTiaipyre MyMKiHAIK Oepeti.
XaubIKapabIK FEUTBIMU OpTaFra Ka3aKCTaHIbIK 3ePT-
TEeyJIep/i CHI13Y eJIiH FBUIBIMUA KOPiHICIH KYIIEHTII
KaHa KoWMai, TUAPOIOTHSIIBIK KYPFAKIIBUTBIKTHIH
JUHAMUKAJIBIK CUIATTaFbl >KaFdaiiaapblHa OeHim-
Jlelly MEH ToyeKenaepai 6ackapy cTpaTerusuiapbiH
JKacayFra FhUIBIMH-91CTEMENK TipeK OoJabl.

Kapxblianabipy

Feueimu 3eprrey Kaszaxcran PecmyOnukacs
Foutbiv sxone xorFapel 6imiM Munuctpiri Feuteiv
komuretiHig AP26101177 «Kaumarrely koHE
aFBIHJIBIHBIH TYPAKCHI3IBIFbI JKaFraalibiHaa bankar-
-Anaken cymapyambUiblK, ajJaObIHAAaFsl THAPOIIO-
THSIJIBIK, KYPFAKIIBUTBIKTBIH TApaly epeKIIeNiKTepiH
Oaranay >koHE CIICHAPJIBIK 00JDKay» TPaHTTHIK Kap-
KBUTaHBIPY OaFqapiIaMachl HET131HIe KacaTbIHIbI.
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ASSESSING GROUNDWATER FOR MANAGED
AQUIFER RECHARGE IN EASTERN KAZAKHSTAN

Groundwater in Kazakhstan is becoming an increasingly vital resource for ensuring long-term water
and food security in the face of climate change, growing population demands, seasonal variability, and
limited surface water availability. This study evaluates groundwater quality and soil infiltration capacity
in Eastern Kazakhstan to assess the potential for implementing Managed Aquifer Recharge (MAR) as a
sustainable water management approach. Hydrochemical analysis revealed predominantly calcium—
magnesium bicarbonate waters with low mineralization, suitable for both irrigation and domestic use,
indicating generally good groundwater quality. Field tests conducted using the Boldyrev infiltration
method demonstrated moderate to high soil permeability in alluvial and sandy-gravel deposits, con-
firming favorable recharge conditions. Among the areas studied, the Zharbulak, Katynsuy, and Kuraylin
deposits were identified as the most promising sites for MAR pilot projects. Overall, the results highlight
MAR as a practical, cost-effective, and climate-resilient tool for strengthening regional water security and
supporting sustainable agricultural development in Kazakhstan.

Keywords: groundwater quality, Managed Aquifer Recharge (MAR), Boldyrev infiltration method,
hydrochemical analysis, Eastern Kazakhstan Ayagoz river basin, climate adaptation, irrigation water
management, sustainable agriculture.
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LUbirbic Ka3akcTaHAaFbl Xkep acTbl CyAapbiH
6acKapblAaTbIH TOAbIKTbIDY MYMKIHAIKTEpiH OaFaray

KasakcTaHAarbl XKep acTbl CyAapbl KAUMATTbIH, ©3repyi, MayCbIMABIK, KYObIAMAABIAbIK, XXOHE >Kep
YCTi CyA@pbIHbIH, LIEKTEYAI KOAXETIMAIAITT >KaFAaMbIHAQ E€AAIH Cy >K8He a3blK-TYAIK KayincCi3AiriH
KamTamacbi3 eTyae 6GapfaH CaiblH MaHbI3Abl 9pi CTpaTerusiAbiK, TabuFn pecypcka arnHaayAa. CoHfbl
>KbIAAAPbI CY TarllbIAbIFbIHbIH apTYbl MEH 3KOXYMEAIK Tene-TeHAIKTIH Oy3blAybl OYA peCypCTbl TUIMA|
naAaAaHyAblH ©3eKTiAIriH apTTbipabl. Ocbl 3epTTey GapbicbiHAa LUbiFbic KasakcTtaHn eHipiHaeri >kep
ACTbl CYAQpPbIHbIH, Canacbl MEH TOMbIPAKTbIH, MH(PUAbTPALMSABIK, KaCMETTePi KeLeHAI TYpAE 3epTTeAin,
6ackapblAaTbiH Cy KabaTblH TOAbIKTbIPY (Managed Aquifer Recharge, MAR) TEXHOAOTUSICBIH €HIi3YAiH
3KOAOTUSIAbIK, TEXHUKAAbBIK, >KOHE 9AEYMETTIK TYPFblAaH TUMIMAIAIM >KaH-KakTbl GararaHAbl. [MApoO-
XMMUSABIK, TaAAQy HOTMXKEAEPI MMHEPAAAAHYbl TOMEH, HEri3iHeH KaAbLMil-MarHMimAi ruapokapboHar
TUNTI CyAapAbIH 6acbiM eKeHiH KepCeTTi, 6YA OAapAbIH aybiA LIAPYaLIbIAbIFbIHAA Cyapy, MaA Lapyatubl-
AbIFbl XKOHE TYPMbICTbIK, KQXKETTIAIKTEp YLiH KeHIHEH NaAaAaHyFa XKapaMAbl eKeHiH aoAaeaperai. bo-
AbIPEB BAICIMEH XXYPri3iAreH MH(PUAbTPALMSABIK, CbIHAKTAP AAAIOBUIMAIL )KOHE KYMAbI-KMbIPLLbIK, TaCTbl
LIeriHAIAEPAIH OpTallia >XoHe >KOFapbl OTKI3riWTiriH pacTaabl, 6YA >Kep acTbl CyAapblH TOAbIKTbIPYFa
eTe KOAAMAbl TabMFK KaraaAaap 6ap ekeHiH akbiHAanAbl. MAR NMAOTTBIK, ko6aAapb! yuwiH XKapoy-
AaK, KaTbiHcy >xeHe KyparAbl yyackeAepi eH nepcrnekTUMBaAbl aiMakTap PeTiHAE aHbIKTaAAbl. AAbIH-
FaH HoTuxeAep MAR TeXHOAOIMSICbIHbIH, KAMMATKA 6EMiMAEATEH, SKOAOTMUSIADIK, SKOHOMUKAAbIK, XKOHE
SAEYMETTIK TYPFbIAQH TMIMAI 8pi GOAaLLIaFbl 30P LIELIM eKEHIH ADAEAAEMAI.

Ty#in ce3aep: kep acTbl CyAapbiHbIH canachl, 6acKapbiAaTbiH Cy KabaTbiH TOAbIKTbIPY (MAR), bo-
AbBIPEB MH(PUAbTPALMS SAICI, TMAPOXMMUSABIK, TarAay, LLbirbic KasakcraH, Agres eseHi anabbl, KAM-
MaTTbIH ©3repyiHe 6eniMAEAy, CyapMaAbl CyAbl 6ackapy, TypPaKTbl aybiA LLAPYaLLbIAbIFbI.
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OIJ,EHKa NMOA3EMHbIX BOA AAS YITPABASIEMOIO MONMOAHEHUSA
BOAOHOCHbIX TOPU30OHTOB B BocTtouHom Ka3zaxcraHe

Moa3emMHble BoAbl B KasaxcTaHe CTaHOBSATCS BCE HOAee 3HAUMMbIM U CTPATErMuyeckn BaXKHbIM Npu-
POAHbBIM PECYPCOM AAsl 06eCriedeHnst AOATOCPOYHON BOAHOM M NMPOAOBOALCTBEHHOM GE30MacHOCTH B
YCAOBMSIX M3MEHEHMUSI KAMMATa, Ce30HHOW M3MEHUMBOCTM, POCTA MOTPEOAEHUS M OrpaHUUYEeHHOM AO-
CTYMHOCTM MOBEPXHOCTHbIX BOAHBIX MCTOYHMKOB. B  AQHHOM MCCAEAOBaHMM MOAPOBHO OLLeHMBAIOTCS
KauyecTBO MOA3EMHbIX BOA U MH(MAbTPALMOHHAS CMOCOOHOCTL MouB B BocTouHom KasaxcraHe ¢ ue-
AbIO OMpeAeAeHMs MOoTeHLMAAQ BHEAPEHNS TEXHOAOTMU YNPABASIEMOrO MOMOAHEHUS BOAOHOCHbIX rO-
pusoHToB (Managed Aquifer Recharge, MAR) kaK yCTOMYMBOro MHCTPYMEHTA BOAHOIO MEHEAXKMEHTA.
[MAPOXMMMYECKMIA aHAAM3 MOKA3aA MPEUMYLLLECTBEHHO KaAbLMIA-MarHMEBbIE TMAPOKAPOOHATHbBIE BOADI
C HU3KOWM MMHEepaAM3aLMen, YTO AeAQET MX MPUrOAHBIMU KakK AAS OPOLLEHUS CEAbCKOXO3SMCTBEHHbIX
KYAbTYP, TaK M AASI XO39MCTBEHHO-TIUTLEBBIX HYXKA HaceAeHUs. [ToAeBble UCTbITaHWS METOAOM MH(UABL-
Tpaumm no boApbIpeBy BbISBUAM CPEAHIOIO M BbICOKYIO MPOHMLIAEMOCTb MOYB B @AAIOBMAABHbBIX U Mec-
YaHO-TAAEUYHMKOBbIX OTAOXKEHMSIX, UTO MOATBEPXKAAET HaAMuMe GAAroNpPUSTHBIX MPUPOAHbBIX YCAOBMI
AASl TIONIOAHEHUS 3aMacoB NMOA3EeMHbIX BoA. Hanboaee nepcrnekTMBHbIMM yUYacTKamu AAS peaAm3aLmm
nMAOTHbIX npoekToB MAR onpeaeaetbl XKapbyaakckoe, KaTbiHcyckoe n KypariAMHCKOe MecTopodK-
AeHus. [ToAyuyeHHble pe3yAbTaThbl YKa3bIBalOT, YTO TEXHOAOTMS MAR SBASETCS MPAKTUYHBIM, 3KOAOM M-
yeckn 6e30MacHbIM M YCTOMUMBBIM K KAUMATUUECKMM M3MEHEHUSIM PELLIEHMEM, CMIOCOOHbBIM YKPEnuTh
BOAHYIO 6€30MacHOCTb M CMOCOBCTBOBATb PAa3BUTMIO YCTOMUMBOIO CEAbCKOrO X03siMcTBa B KasaxcraHe.

KAtoueBble cAOBa: KaueCTBO MOA3EMHbIX BOA, YTPaBASIEMOE MOMNMOAHEHNE BOAOHOCHbBIX FOPU30HTOB
(MAR), MeToA MHUAbTPaLMKU MO BoAbIPEBY, TMAPOXMMUUECKIMI aHaAm3, BocTouHbiin KasaxcraH, 6ac-
CeliH pekn Adros, apantaums K MU3MEHEHMIO KAMMaTa, YpPaBAEHWE OPOCUTEABHBIMW BOAAMM, YCTOMUM-

BO€ CeAbCKOe XO35M1CTBO.

Introduction

As global water scarcity intensifies, ensuring ac-
cess to sustainable freshwater sources has become
a critical challenge. Groundwater, often referred to
as the “hidden resource,” is increasingly recognized
as a vital buffer against climate variability and de-
clining surface water supplies, particularly in sup-
porting agriculture and food security (Taylor et al.,
2013; United Nations, 2022). The sustainable use of
groundwater is also central to the sixth United Na-
tions Sustainable Development Goal (SDG 6).

Globally, reliance on groundwater is rising.
Over the past 30 years, more than 300 million wells
have been drilled, with annual withdrawals reaching
959 km? by 2017-68.5% of which occurred in Asia
(Absametov, 2023; United Nations, 2022). Coun-
tries such as India, China, and Pakistan use up to
76% of their groundwater resources for agriculture,
underscoring the urgent need for integrated and con-
junctive management of surface and groundwater
resources (Shtengelov, 1988).

In Kazakhstan, groundwater resources are gain-
ing importance due to increasing limitations on sur-
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face water (Absametov et al., 2023). The chemical
composition of groundwater is influenced by water—
rock interactions in mountainous regions and water—
soil-gas processes in lowlands (Mukhamedjanov et
al., 2018). In certain areas, elevated concentrations
of sulfates, sodium, and chloride exceed permissible
drinking water standards (Adenova et al., 2024).
These conditions highlight the need for systematic
hydrochemical assessment and resource evaluation
to support groundwater use for irrigation and cli-
mate adaptation.

Despite considerable reserves, groundwater re-
mains underutilized in Kazakhstan. Currently, there
is no comprehensive framework for integrating
Managed Aquifer Recharge (MAR) into national
water management strategies. This study addresses
that gap by evaluating the hydrochemical status
and resource potential of groundwater deposits in
Eastern Kazakhstan and exploring the feasibility of
MAR as a tool for enhancing climate resilience.

The aim of this study is to assess groundwater
quality in the context of Managed Aquifer Recharge
(MAR) and to evaluate soil infiltration capacity us-
ing the Boldyrev method. The research provides
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recommendations for maintaining high water quali-
ty to ensure the successful implementation of MAR,
while emphasizing its importance for sustainable
use in agriculture, domestic water supply, and other
sectors. Specifically, the study examines how water
quality affects the effectiveness of MAR systems,
emphasizing the need for systematic treatment and
monitoring to prevent groundwater contamination.
In addition, the Boldyrev infiltration method is ap-
plied to determine soil permeability and identify
sites with favorable conditions for recharge, thereby
contributing to a more comprehensive understand-
ing of MAR implementation in the Ayagoz River
basin.

International Solutions in Managed Aquifer
Recharge (MAR)

Countries such as Australia, Brazil, France, Ger-
many, [srael, Spain, and the United States have dem-
onstrated significant success in integrating Managed
Aquifer Recharge (MAR) into their water manage-
ment systems. MAR is widely recognized as a cru-
cial approach to sustainable water resource manage-
ment, involving the controlled infiltration of water
into aquifers to replenish groundwater storage and,
in many cases, to enhance water quality (Dillon,
2005; Maliva, 2020). This method has gained global
attention as a key strategy to mitigate water scarcity,
improve groundwater sustainability, and strengthen
resilience to droughts (Bouwer, 2002). However,
its implementation requires careful assessment of
groundwater quality to ensure both safety and long-
term effectiveness (Page et al., 2010).

Israel and Spain provide striking examples of
successful MAR applications. Israel recycles nearly
90% of its wastewater, primarily for agricultural
use, significantly reducing dependence on freshwa-
ter resources and lowering water supply costs (Adar
et al., 2012). In Spain, infiltration basins and aquifer
recharge systems have directly contributed to the
stability of irrigated agriculture, helping to mitigate
the impacts of drought and optimize water use ef-
ficiency (Sprenger et al., 2017).

In the United States, MAR projects are actively
supported through government initiatives. Cali-
fornia’s Flood-MAR program exemplifies this ap-
proach by capturing excess surface water during
flood events and directing it into aquifers. These
projects not only reduce flood risks but also ensure
a reliable water supply for agriculture and lower
infrastructure costs by decreasing reliance on large
surface reservoirs (California Department of Water
Resources, 2018).

Australia is also considered a global leader in
MAR, particularly in arid regions such as Adelaide
and Perth, where aquifer recharge programs en-
hance drinking water security and stabilize urban
water supplies (Dillon et al., 2009).

In Brazil, MAR is implemented in drought-
prone northeastern states, where the infiltration of
rainwater and treated wastewater reduces depen-
dence on surface water and increases resilience to
agricultural water shortages (da Silva et al., 2015).

Across Europe, France and Germany primarily
employ MAR for water quality protection and urban
water supply security. In France, MAR projects in
the Paris region help maintain a consistent supply
of high-quality drinking water (Greskowiak et al.,
2018). In Germany, recharge projects in river val-
leys such as the Elbe and Rhine are essential for
stabilizing groundwater resources and ensuring reli-
able urban water supply (Schwinn et al., 2017).

Adaptation for Kazakhstan

While international practices demonstrate that
Managed Aquifer Recharge (MAR) can strengthen
agricultural resilience, water security, and cost ef-
ficiency, Kazakhstan remains at an early stage of
adopting these technologies. Despite possessing vast
groundwater reserves, groundwater uses accounts
for only 3.7-5% of the nation’s total annual water
intake (Smolyar et al., 2012a). In agriculture, utili-
zation is critically low—only 0.15-0.21 km? per year
is extracted for irrigation, compared to an estimated
potential of 7.76 km? annually (Mukhamedzhanov
& Dzhabasov, 1988; Absametov, 2024).

This underutilization is attributed to outdated
regulations, fragmented institutional frameworks,
and insufficient monitoring systems that hinder ef-
fective groundwater governance (Bekkulova et al.,
2021). When compared to global best practices, Ka-
zakhstan’s groundwater utilization remains signifi-
cantly below that of European and Asian countries
(Smolyar et al., 2012b).

Unlocking this untapped potential will be essen-
tial for strengthening the resilience of Kazakhstan’s
agricultural sector amid growing climate pressures
and increasing dependence on vulnerable surface
water supplies. Immediate priorities include:

- refining groundwater resource assessments;

- developing rational models for conjunctive use
of surface and groundwater;

- implementing robust monitoring and manage-
ment systems.

By adopting MAR and aligning national poli-
cies with global best practices, Kazakhstan could
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substantially enhance its water and food security,
support sustainable agricultural development, and
mitigate climate-related risks (Sydykov & Shlygina,
1998; Absametov, 2020; National Atlas of Kazakh-
stan, 2010).

Study Area: Eastern Kazakhstan (Abai Region)
The study area is situated in Eastern Kazakh-
stan, encompassing the Abai Region and part of the

East Kazakhstan Region(figure 1). This territory is
regarded as one of the most water-abundant areas in
the Republic of Kazakhstan, as it contains both sur-
face and groundwater resources. Favorable hydro-
geological conditions for aquifer recharge are cre-
ated by relatively prominent levels of atmospheric
precipitation and the widespread presence of frac-
tured and unconsolidated rock formations (Taylor et
al., 2013; Absametov, 2023).

Study area. Eastern Kazakhstan(Abay region)

Kazakhstan

Abay region

N

A

Figure 1 — Study area map of Eastern Kazakhstan (Abai Region)
Source: compiled by the author

Hydrologically, the region belongs to the Irtysh
River basin and the endorheic lake systems of the
Balkhash—Alakol depression. Under average hy-
drological conditions, total surface water resources
are estimated at approximately 35.92 km? per year,
decreasing to 20.62 km? in dry years (Figure 2). Of
this volume, only 3.54 km?® per year are considered
available for practical use, falling to 1.92 km? in
drought years. The Irtysh River and its tributaries
are regulated by nearly 20 reservoirs, which are uti-
lized for water supply, hydropower generation, and
irrigation (Smolyar & Burov, 2002; Medeu, 2010).

Groundwater resources are also substantial.
Forecasted reserves with salinity levels up to 3 g/L
are estimated at 6.28 km?® per year, including 5.58
km? of water with salinity below 1 g/L. Natural re-
charge is about 5.74 km?® annually, while exploit-
able reserves are around 2.39 km? per year, of which
2.20 km?* are suitable for drinking and domestic
use (Smolyar et al., 2012a; Committee for Water
Resources, 2020). Despite this potential, irrigation
in the region still depends almost entirely on sur-
face water (FAO, 2016). The total irrigated area is
197,604 hectares, but only 93,804 hectares (47.5%)
are actively cultivated.
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Groundwater circulation reflects the geologi-
cal structure of the area. In the mountain-folded
zones, unconfined fissured waters dominate at shal-
low depths and are associated with zones of inten-
sive rock fracturing, while fissure-vein waters occur
along tectonic fault zones. In artesian basins, typi-
cally found in closed intermountain depressions,
groundwater is contained within porous and inter-
granular layers. Recharge is primarily driven by
the infiltration of precipitation and the percolation
of surface runoff, particularly in alluvial fans, foot-
hill plains, and river valleys (Mukhamedzhanov &
Dzhabasov, 1988; Absametov, 2020).

The main aquifers and hydrogeological com-
plexes of practical importance include (Figure 3):

- Quaternary alluvial sandy and gravel-pebble
deposits in the valleys of the Irtysh, Ayagoz, and
their tributaries;

- Small alluvial cones and tectonic depressions;

- Cretaceous and Paleogene sandy deposits of
the Nizhnevartovsk—Petropavlovsk Basin;

- Lower to Middle Paleozoic effusive—sedi-
mentary and intrusive rocks that serve as fractured
and fissured aquifers (Smolyar et al., 2002; Medeu,
2010).
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Figure 2 — Map of operational groundwater deposits in the Abai Region
Source: compiled by the author on data from the Committee for Water Resources (2020),
Kazhydromet (2021), and the National Atlas of the Republic of Kazakhstan (2010)

According to national hydrogeological assess-
ments, groundwater resources with salinity up to
3 g/L are estimated at 2.71 km? per year, including
2.05 km? with salinity below 1 g/L. Natural recharge
is estimated at 2.74 km? per year, while exploitable
reserves reach 1.30 km? annually, of which 1.17 km?
are suitable for drinking purposes (National Atlas
of the Republic of Kazakhstan, 2010; Absametov,
2024).( Figure 3)

All lithological units contain groundwater of
acceptable quality, with the highest yields associ-
ated with loose detrital formations (Smolyar et al.,
2012b).

A special focus of this study is the Ayagoz
River basin, which is both hydrologically and
ecologically significant. The Ayagoz River orig-
inates on the northern slopes of the Tarbagatai

Mountains and flows approximately 492 km,
draining a catchment area of 15,700 km? be-
fore discharging into Lake Balkhash. The ba-
sin encompasses diverse landscapes, ranging
from mountainous terrain in the upper reaches
to semi-desert and steppe zones downstream. It
is characterized by chestnut soils, an average
discharge of 8.8 m?/s, and suspended sediment
loads reaching up to 0.8 kg/s (ile-balkhash.kz,
n.d.; Kazhydromet, 2021).

Compared to other intermittent rivers in the re-
gion, the Ayagoz River exhibits greater seasonal
variability and hydrological activity, making it a
representative case for analyzing surface—ground-
water interactions, sediment transport, and water
management challenges in the semi-arid and arid
zones of Kazakhstan (FAO, 2016).
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Figure 3 — Map of groundwater use in East Kazakhstan and Abai, explored for irrigation
Source: compiled by the author based on data from the Committee for Water Resources (2020),
Kazhydromet (2021), and GIS analysis

This combination of climatic, geological, and
hydrological diversity provides favorable conditions
for long-term monitoring and analysis of water re-
sources in Eastern Kazakhstan and underscores the
region’s importance for developing groundwater-
based climate adaptation strategies.

Materials and methods

The methodological framework of this study
was designed to assess the hydrochemical charac-
teristics, infiltration capacity, and groundwater re-
source potential in Eastern Kazakhstan and the Abai
Region, with a focus on evaluating their suitability
for Managed Aquifer Recharge (MAR) implemen-
tation. The workflow integrates hydrochemical, hy-
drological, and field-based infiltration analyses to
identify optimal locations for MAR pilot projects.
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The overall framework of the study is illustrated in
Figure 4.

The primary objective of the study was to de-
termine groundwater quality and soil permeabil-
ity to support the selection of potential MAR sites
suitable for irrigated agriculture and sustainable
water resource management. Both laboratory and
field-based approaches were employed to quantify
recharge potential and assess the technical feasibil-
ity of artificial aquifer replenishment as a climate
adaptation tool. Groundwater samples were col-
lected from wells and springs distributed across the
study area. Laboratory analyses were performed to
determine the concentrations of major ions—calcium
(Ca?*), magnesium (Mg?*), sodium (Na*), potas-
sium (K*), bicarbonate (HCOj;™), sulfate (SO4>"),
and chloride (CI7). The results were processed using
AquaChem software and interpreted through Piper
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and Durov diagrams to identify hydrochemical fa-
cies and classify groundwater types. The analysis
provided insight into groundwater mineralization,
pH balance, and overall chemical stability, which
are crucial for evaluating the safety and suitability
of groundwater for both recharge and irrigation pur-
poses. To determine the sustainability of local aqui-
fers, the study calculated the natural (V) and elastic
(Ve) reserves, sustainable yield (Qs), and the provi-

sion coefficient (K b.s)-the ratio between available
groundwater reserves and current abstraction levels.
Sites where K,b.s > 1 were considered hydrologi-
cally sustainable and potentially suitable for con-
trolled recharge operations. This stage provided a
quantitative foundation for evaluating the long-term
capacity of aquifers to receive additional recharge
without causing overexploitation or degradation of
groundwater quality.

Materials and Methods Framework of the Study

for MAR suitability in Eastern Kazakhstan

Aim of Study:
Assess groundwater quality & soil infiltration

|

Hydrochemical Analysis:
« Sampling & lab testing
+ AquaChem 11 processing
* Piper & Durov diagrams

!

Resource Potential Assessment:
+ Natural reserves (Vn)
« Elastic reserves (Vu)
+ Sustainable yield (Qres)
* Provision coeiﬁcient (K_obes)

'

Soll Infiltration Testing:
Boldyrev method
* Field infiltration cylinders
+ Infiltration rates (mm/min)
* |dentification oflpermeable zones

}

Combine hydrochemistry, reserves, infiltration
Identify promising MAR sites

[ Integration of Results: ]

1

Output:
Zharbulak, Katynsuy, Kuraylin deposits
suitable for MAR pilot projects
Recommendations for sustainable use

Figure 4 — Research methodology
Source: compiled by the author based on literature review and field data analysis

Field infiltration experiments were conducted
using the Boldyrev method, which employs double-
ring infiltration cylinders installed at representative
points across the study sites. Measurements of in-
filtration rates (mm/min) were recorded to assess
the permeability of surface and subsurface layers.
The highest infiltration capacities were observed in

alluvial cones, sand-gravel deposits, and river ter-
race zones, indicating that these geological forma-
tions are particularly favorable for recharge through
infiltration-based MAR systems.

All hydrochemical, hydrological, and infil-
tration datasets were integrated using GIS-based
spatial analysis to delineate areas with the highest
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recharge potential. The integrated results identi-
fied three priority zones—Zharbulak, Katynsu,
and Kuraylin—as optimal locations for MAR pilot
implementation. These sites exhibit chemically
stable groundwater, adequate aquifer reserves,
and favorable soil infiltration characteristics. The
adopted multi-stage methodology demonstrated
the effectiveness of combining field-based infil-
tration experiments, hydrochemical assessment,
and quantitative groundwater evaluation for
identifying MAR potential under arid and semi-
arid conditions. This approach provides a robust
scientific foundation for the expansion of MAR
practices in Kazakhstan, contributing to sustain-
able groundwater management, enhanced irriga-
tion efficiency, and improved resilience to water
scarcity and climate variability.

Hydrochemical Analysis and Data Processing
Hydrochemical data were processed using
AquaChem 11 (Waterloo Hydrogeologic, Canada),

a software package widely used in hydrogeological
and hydrochemical studies. Laboratory results of
groundwater samples were entered into the software
database for verification, consistency checks, and
interpretation.

The analytical workflow included the following
steps:

- Quality control — recalculation of ion balance
and validation of laboratory analyses.

- Determination of total dissolved solids (TDS)
to assess the degree of mineralization.

- Classification of groundwater types based on
major ion composition.

- Visualization of hydrochemical facies, includ-
ing:

- Piper diagram for identifying the relative pro-
portions of major cations (Ca**, Mg**, Na*+K*) and
anions (CI7, SO4*", HCO3™+CO5*") (Figure 5).

- Durov diagram for comprehensive evaluation
of macro-component composition, mineralization
levels, and pH.

100 100
Conditional symbaols.
80 80 @ Well 1.Zharbulak Groundwater Deposit
€ Well 1.Karakol Groundwater Deposit
S}‘ 60 0% O Well 1.Kuraylinskoe Groundwater Deposit
o ""%_ © Well 1.Karabulak Groundwater Deposit
“ 10 40@ A Well 1.Katynsuyskoe Groundwater Deposil.
20 20
0 0 q 0
%o
100 O i 0 100
80 20 20 8O
o
60 a0 % & a0 60
.f" 935!_ ;f‘ "5?
a0 60 (9 60 40
20 80 s0 G 20
o <
oo Qo
o 100 100 0
100 80 60 40 20 ] [} 20 40 60 80 100
Ca cl

Figure 5 — Piper diagram of groundwater chemistry in the Abai Region
Source: compiled by the author based on hydrochemical
data from Kazhydromet (2021) and field sampling results (2023)
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Figure 6 — Hydrochemical classification diagrams of groundwater deposits in the Abai Region
Source: compiled by the author based on hydrochemical monitoring data from Kazhydromet (2021) and
the National Atlas of the Republic of Kazakhstan (2010)

Resource Potential Assessment and Provision
Indicator Calculation

To evaluate the operational reserves of ground-
water and identify sites suitable for MAR imple-
mentation, the following formulas were applied:

Calculation of natural (storage) reserves by the
formula:

V. = FHu (1.1)

where:

V. — natural (storage) reserves, m?;

F — area within the influence contour, m?;

H — average aquifer thickness, m;

u — specific yield of the rocks.

Calculation of elastic natural reserves for con-
fined waters by the formula:

Vu=uFH, (1.2)

where:

V. — elastic reserves, m>;

u — elastic yield;

F — aquifer area, m?;

H,,, — average head above the aquifer roof, m.

Calculation of water intake based on natural re-
serves without recharge by the formula:

0, = P Vres (1.3)
£
where:
0,., — water intake from natural reserves, m?/
day;

V... — volume of natural reserves, m>;

a — extraction coefficient (0.3 to 0.5);

t — exploitation period, days.

The calculation results were compiled into a
summary table (Table A1), providing detailed char-
acteristics of each GWD by mineralization, reserve
volume, and provision.

The aggregated data from multiple groundwa-
ter deposits in the Abay region reveals significant
groundwater reserves. The key findings are as fol-
lows:

Total Operational Resource Volume (Qobes):
25.89 m¥/s

Total Natural Resource Availability: 2237.0
thousand m*/day
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Total Coefficient of Availability (Kobes): 1.79

This indicates that the Abay region has substan-
tial groundwater resources available for use, with
efficient extraction practices currently in place. The
relatively high Kobes’s coefficient suggests that the
natural resources exceed the operational require-
ments, offering a cushion for sustainable water man-
agement in the region.

General Observations

Mineralization Levels: The mineralization lev-
els across all deposits in both East Kazakhstan and
Abay regions are within acceptable limits (ranging
from 0.1 to 1.2 g/L). This indicates that the ground-

water is of good quality, requiring minimal treat-
ment before use.

The findings highlight the importance of sus-
tainable groundwater management strategies to
maintain this balance, avoid over-extraction, and se-
cure long-term availability for irrigation and drink-
ing purposes.

Soil Infiltration Assessment (Boldyrev Method)

To complement hydrochemical and reserve
assessments, the Boldyrev method was applied
to evaluate soil infiltration capacity and
determine the suitability of recharge sites for
MAR (Figure 7).

Figure 7 — Boldyrev method on Abay region
Source: compiled by the author

Field measurements were conducted using infil-
tration cylinders.

Procedure: water was poured into soil plots, and
the absorption rate was measured over time.

Calculation: infiltration coefficient (mm/min or
cm/h) was determined for each site.

Interpretation: soils with higher permeability
(alluvial fans, sandy-gravel deposits) were identified
as optimal for MAR projects.

Decryption of the method

This method provided an additional hydrologi-
cal dimension to the study, allowing the selection of
recharge zones with favorable soil conditions.

Results and Discussion

The analysis of groundwater availability co-
efficients (Kobes) in the Abai Region showed
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values ranging from 1.09 to 4.03, indicating that
groundwater reserves in several deposits exceed
current extraction volumes. Such values suggest a
stable water balance and significant potential for
implementing Managed Aquifer Recharge (MAR)
technologies aimed at restoring and maintaining
groundwater reserves. The most promising sites
for pilot MAR projects include the Zharbulak (Ko-
bes = 1.86), Katynsu (Kobes = 1.50), and Kurailin
(Kobes = 1.79) deposits. Their geological struc-
tures, composed of Quaternary and alluvial sedi-
ments with high permeability, provide favorable
conditions for natural infiltration and groundwater
storage. Furthermore, these sites are characterized
by low groundwater mineralization (0.2-0.8 g/L),
which indicates good water quality and the possi-
bility of safe recharge without risking deterioration
of the hydrochemical composition of aquifers. This
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factor is particularly important since both the qual-
ity of recharge and the receiving water determine
the overall efficiency and long-term sustainability
of MAR systems. The use of clean, low-mineral-
ized water prevents clogging of infiltration struc-
tures, mineral precipitation, and soil salinization,
while also preserving the natural balance between
surface and groundwater systems.

Hydrochemical analysis of samples collected
from five monitoring points confirmed that ground-
water in the region has high quality and stable chem-
ical properties. The waters are predominantly of the
calcium—magnesium-bicarbonate type, typical of
naturally low-mineralized groundwater that has not
been significantly affected by anthropogenic influ-
ences. Mineralization does not exceed 750 mg/L,
and the pH values range between 8.16 and 8.32,
corresponding to a slightly alkaline environment.
This chemical composition indicates a natural ori-
gin of groundwater, balanced interaction with host
rocks, and the absence of industrial or agricultural
contamination. The waters demonstrate high buffer-
ing capacity, chemical stability, and suitability for
drinking, irrigation, and general agricultural use.
For MAR applications, this is a crucial factor, as
water quality directly affects infiltration efficiency,
aquifer condition, and the preservation of filtration
capacity. If water with high concentrations of sus-
pended solids, iron, organic compounds, or salinity
is used for recharge, it can lead to clogging of infil-
tration zones, decreased permeability, and potential
aquifer contamination. Therefore, strict control over
the quality of both surface and groundwater used for
MAR is essential. The parameters of groundwater in
the Abai Region meet international standards, mak-
ing the area particularly favorable for implementing
such technologies.

Field infiltration tests conducted using the Bold-
yrev method helped evaluate the soils’ ability to
absorb and transmit water. The results showed that
the soils of the study sites possess moderate to high
permeability, with infiltration coefficients ranging
from 3.5 to 6.8 mm/min. The most favorable re-
sults were recorded in alluvial fan and sand—gravel
deposits, where the structure of the sediments pro-
motes downward water movement and accumula-
tion in aquifers. The high filtration capacity of the
sediments, combined with low water mineralization,
creates optimal conditions for natural groundwater
recharge. Furthermore, the geomorphological char-
acteristics of the terrain — gently sloping valleys and
flat areas — promote the accumulation of meltwater

and floodwater, which can be directed into specially
designed infiltration basins or recharge ponds. Thus,
the natural conditions of the Abai Region provide a
foundation for developing environmentally safe and
economically viable MAR systems.

The combination of hydrochemical, hydrogeo-
logical, and infiltration data demonstrates that the
selected sites possess the necessary characteristics
for pilot MAR implementation. The Zharbulak,
Katynsu, and Kurailin deposits can serve as key re-
search and demonstration sites for refining artificial
groundwater recharge methods. On a broader scale,
MAR implementation in the Abai Region will con-
tribute to enhancing the resilience of regional water
resources. This technology allows the storage of ex-
cess melt and floodwater during spring for later use
in maintaining groundwater levels during dry sea-
sons. Such an approach is particularly relevant for
agricultural areas, where water availability directly
affects crop yields and economic stability.

In addition, MAR has an important environmen-
tal function — it can reduce flooding risks, restore de-
pleted aquifers, and prevent land degradation caused
by salinization or erosion. According to internation-
al research (Dillon et al., 2019; Maliva, 2014), simi-
lar systems have been successfully implemented in
India, Australia, California, and Southern Europe,
where they contribute not only to groundwater re-
covery but also to the improvement of entire water-
shed water balances.

Given increasing climate variability and grow-
ing water scarcity in Kazakhstan, MAR technolo-
gies are recognized as one of the most promising
tools for climate adaptation. In arid and semi-arid
regions where surface water is limited and highly
seasonal, managed recharge systems can stabilize
water balances, ensure continuous water supply,
and prevent aquifer depletion. The key condition for
successful MAR operation remains the quality of re-
charge water. Only by meeting hydrochemical and
sanitary standards can the natural structure of aqui-
fers be preserved and their contamination or degra-
dation prevented. This requires the development of
monitoring systems, regular sampling, and analysis
of both chemical (mineralization, ion composition,
pH) and physical (turbidity, temperature, color) pa-
rameters.

In the context of the Abai Region, the presence
of high-quality surface and groundwater creates
unique conditions for demonstrating best practices
of MAR in Central Asia. The use of these natural
advantages will not only improve the regional water
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balance but also strengthen Kazakhstan’s participa-
tion in international initiatives for sustainable water
management and climate adaptation.

In conclusion, the conducted study confirms
that the hydrogeological and hydrochemical condi-
tions of the Abai Region are highly favorable for
the implementation of MAR technologies. The
combination of low mineralization, stable pH, high
permeability of sediments, positive groundwater
availability coefficients, and excellent water quality
creates the foundation for successful pilot projects.
The introduction of MAR systems will not only
promote sustainable water use but also enhance cli-
mate and food security in the region. Maintaining
high water quality during recharge and storage is es-
sential for the long-term effectiveness of MAR and
represents a key component of environmentally re-
sponsible water management in Kazakhstan climate
and environmental stability in eastern Kazakhstan.

Conclusions

This study set out to evaluate the quality of
groundwater and the infiltration properties of soils
in Eastern Kazakhstan with the goal of identify-
ing opportunities for Managed Aquifer Recharge
(MAR). The results show that groundwater in the
Abai Region is of decent quality, with low miner-
alization and stable chemical composition, making

it suitable for both irrigation and domestic use. At
the same time, the application of the Boldyrev infil-
tration method confirmed that soils in alluvial and
sandy-gravel formations possess sufficient perme-
ability to support recharge operations.

By combining hydrochemical assessments with
infiltration testing, the study identified the Zharbu-
lak, Katynsuy, and Kuraylin deposits as promising
sites for MAR implementation. These areas demon-
strate favorable conditions in terms of water quality,
aquifer reserves, and infiltration capacity, providing
a reliable basis for future pilot projects.

The findings underline the importance of sys-
tematic monitoring and water quality management
to safeguard groundwater from contamination and
ensure long-term sustainability. More broadly, the in-
tegration of MAR into Kazakhstan’s water manage-
ment framework can strengthen agricultural produc-
tivity, secure drinking water supplies, and enhance
resilience to droughts and climate variability. The
Ayagoz River basin, in particular, offers a persuasive
case for advancing MAR as part of a climate-adaptive
strategy for sustainable groundwater use.

This research was conducted within the frame-
work of the Kazakh Ministry of Science grant
#BR27197639 «Flood-drought mitigation innova-
tions with managed aquifer recharge hydrogeologi-
cal strategies for the Zhambyl, Almaty, Zhetysu,
Abay, and East Kazakhstan regions ».
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ASSESSMENT OF THE IMPACT OF COASTLINE DYNAMICS
ON BIODIVERSITY USING REMOTE SENSING DATA
IN THE GHIZIL-AGA) BAY, AZERBAIJAN

Ghizil-Agaj Bay is a wetland of international importance located in the southeastern part of Azerbai-
jan and included in the Ramsar Convention list. Over the past 30 years, anthropogenic impacts on this
ecosystem, along with natural factors, have intensified, leading to significant changes in the morphologi-
cal and hydrological characteristics of the shoreline. The aim of this study is to assess the dynamics of the
coastline in the Gizil-Agach Bay and to evaluate its impact on biodiversity. This study analysed shoreline
dynamics from 2000 to 2024 using Landsat and Sentinel-2 imagery, Geographic Information Systems,
and the Digital Shoreline Analysis System. Results revealed significant spatiotemporal shoreline changes,
with maximum progradation of +570 m/year and maximum erosion of —4 m/year. Between 2000 and
2024, approximately 240 km? of land was gained, while 0.56 km? of water area was lost. These changes
influenced wetland ecosystem extent and quality, causing shifts in avifauna and biodiversity: migratory
water bird nesting and feeding habitats declined, total water bird numbers decreased by approximately
28%, while terrestrial bird species nesting on newly emerged land increased by approximately 12%.
These findings can serve as a basis for wetland management policies under climate change conditions.

Keywords: shoreline dynamics, biodiversity, remote sensing, digital shoreline analysis system, wet-
lands.
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O3ip6ai>kaHHbIH, [bI3bIA-AraXk LblFaHaFbIHAAFbI
KaLUbIKTaH 30HATay AepeKTepiH nmaiAaAaHbir,
»KaraAay >XXOAbl AMHAMMKACbIHbIH, 6M03pPTYpAiAiKKe dcepiH Gararay

[bI3bIA-ATraX LWblFaHarbl — O3ip6an>kaHHbIH, OHTYCTIK-LLbIFbIC BOAINIHAE OpHaAacKaH xaHe Pamcap
KOHBEHLIMSICbIHbIH, Ti3iMiHE €Hri3iAreH XaAblKapaAblk, MaHbi3bl 6ap GatnakTbl >kep. CoHfbl 30 XKbiAAa
GYA IKOXKYIere aHTPOMOreHAIK acepaep TabuFn hakTopAAPMEH KaTap KyLUEWir, KaraAay Cbi3bIFbIHbIH
MOPOAOTUSABIK, XKBHE TMAPOAOTUSABIK, CMMATTaMaAapblHAQ alTapAbIKTalk e3repictepre akeaai. bya
3epTTeyAiH Makcatbl — [bI3bIA-AraXK WbIFAHAFbIHAAFBI >KAFAAQY CbI3bIFbIHbIH AMHAMMKACbIH GaFaAay
>KeHEe OHbIH 6108pTYypAiAiKke acepiH bararay. bya 3eptrey Landsat >xeHe Sentinel-2 cypetTtepiH,
reorpadusIAbIK, aknapaTTbIK, >XYMEAepAi XXeHe CaHADIK, >KaFaAay CbI3blFblH TaAAQy XKYMECIH nanaasaHa
oTbipbin, 2000 >xbiapaaH 2024 >KbIAFA AEWMIHI  >KaFaAdy CbI3blFbIHbIH  AMHAMMKACbIH TaAAQAbI.
HoTmxkeaep >KaFaray CbI3bIFbIHbIH alTApPAbIKTaA KEHiCTIKTIK-yaKbITTbIK, ©3repiCTepiH KepceTTi, eH,
>KOFapbl MPOrpaAaLms >biAbiHA +570 M K8HE eH XOFapbl 3p03Us XKblAblHA —4 M 60AABI. 2000 >kaHe
2024 XblAAQp apaAbiFbiHAQ WamameH 240 km? xep urepiaai, aa 0,56 KM? cy ayaaHbl >KOFaaAbl. bya
e3repicrep 6aTNaK bl SKOXKYMNEHIH KOAEMI MEH CamnachiHa 8Cep eTir, KyC (payHacbl MeH BUOBPTYPAIAIKTIH
e3repyiHe 9KeAAi: KOHbIC ayaapaTbiH Cy KYCTapblHbIH, Y9 CaAy >KOHe KOpeKTeHY opTacbl a3alAbl, Cy
KYCTapbIHbIH, KaATbl CaHbl LamameH 28 %-Fa a3anAbl, aA XKaHaAaH rnanaa GOAFaH XepAepAE Ysi CaAaTbiH
KYPAbIKTarbl KYC TYpAepi wamMameH 12%-Fa ecTi. bya HaTuxeAep KAMMATTbIH ©3repyi >arAalblHAQ
6aTnakTbl XepAaepai 6ackapy cascaTtbiHbIH Heridi 60Aa aAaAbl.

TyHiH ce3Aep: >karaAdy Cbi3bIFblHbIH AMHAMMKAChl, GUOBPTYPAIAIK, KALIbIKTbIKTAH 30HATaY,
CaHAbIK, >KaFaAQy Cbi3bIFblH TAAAQY XKYHMECi, 6aTnakTbl XepAaep.
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OueHka BAUSIHUSI AMHAMUKKW OeperoBoit AMHMM Ha GMopa3HooOpa3ue
C UCNOAb30BAaHMEM AAQHHbIX AUCTAHLLMOHHOIO 30HAMPOBaHUS
B 3aAuBe [bi3biA-Araak, A3ep6aia)aH

3aauB 'bi3bIA-ATaaK — BOAHO-00AOTHOE YIrOAbE MEXAYHAPOAHOIO 3HAYEHMs, PACTOAOXKEHHOE B
IOr0-BOCTOYHOM YacTu AsepbaiaskaHa M BKAIOUEHHOE B CNMCOK PaMcapCKor KOHBEHLMM. 3a NocAeAHMe
30 AeT aHTPOMOreHHOEe BO3AEMCTBME Ha 3TY 3KOCUCTEMY, HapsiAy C MPUPOAHbIMM (hakToOpamM, yCUAMAOCD,
UYTO MPUBEAO K 3HAUMTEAbHbIM M3MEHEHMSIM MOP(OAOrMUYECKMX U TMAPOAOTMYECKMX XapaKTEPUCTUK
GeperoBoit AMHMM. LleAblo AQHHOrO MCCAEAOBAHMS SBASIETCS OLIEHKA AMHAMMKM GeperoBon AMHUM
B 3aAMBe [bI3bIA-ArasaXX M ero BAMSHMS Ha OuopasHoobpasve. B aaHHOM mccaepaoBaHMM Oblaa
npoaHaAM3MpoBaHa AMHamuka Geperosoit AMHMM ¢ 2000 no 2024 roa € MCMNOAb30BaHMEM CHMMKOB
Landsat u Sentinel-2, reoMHopMaLMOHHbIX CUCTEM M CUCTEMbI LMDPOBOro aHaAM3a GeperoBoi AMHUN.
Pe3yAbTaTbl BbISIBUAM 3HAUMTEAbHbIE MPOCTPAHCTBEHHO-BPEMEHHbIE M3MeHeHUs 6eperoBoin AMHUKM C
MaKCUMaAbHbIM BbIABMXKEHUEM + 570 M/roa 1 MakCUMaAbHOM 3po3uent -4 m/roa. B neproa ¢ 2000 no
2024 rop 6bIA0 Npro6GpeTeHo OKOAO 240 KM? Cylir, B TO Bpems Kak ObIA0 notepsaHo 0,56 kM2 BOAHOM
NAOLLAAM. DTU U3MEHEHMS MOBAMSIAM HA MPOTSXKEHHOCTb M KAYeCTBO 3KOCUCTEMbl BOAHO-OOAOTHbIX
YrOAMIA, BbI3BaB CABWUIM B OpHMTO(ayHe M 6GMopasHoobpasum: COKpPaTMAMCb MecCTa rHe3A0BaHus
M KOPMAEHMS MEPEAETHbIX BOAOMAABAOLWIMX MTWL, O6LAs YUCAEHHOCTb BOAOMAABAIOLIMX MTULL
COKpaTUAACh NPUMEPHO Ha 28%, B TO BpemMs Kak KOAMUYECTBO Ha3eMHbIX BUAOB MTULL, THE3ASLLMXCH Ha
BHOBb 06PA30BaBLUMXCS 3EMASIX, YBEAMUMAOCH NMPUMEPHO Ha 12%. DT pe3yAbTaTbl MOTYT MOCAY>KMTb
OCHOBOM AAS Pa3pabOTKM MOAUTUKM YNIPABAEHWSI BOAHO-OOAOTHBIMM YFOAbSIMU B YCAOBUSIX U3MEHEHUS]

KAUMaTa.

KAoueBble cAOBa: AMHamMmKa

6eperosoit

AVHUKM,  OGUOpasHoobpasue,  AMCTAHUMOHHOE

30HAMpOBaHUWe, LMppPoBas cMcTeMa aHaAnM3a GeperoBoit AMHUM, BOAHO-O0AOTHbIE YTOAbS.

Introduction

Almost half of the world’s population lives near
ocean and sea coasts. The position of the shoreline
changes under the influence of numerous natural
and anthropogenic factors. Recently, due to global
climate change and population growth, the issue
of geomorphological changes in shorelines has be-
come particularly acute. Therefore, assessing and
mapping shoreline dynamics is one of the most
important factors in achieving sustainable develop-
ment goals and urban planning (Darvish, 2024). It
should be noted that many studies are currently be-
ing conducted around the world on this issue.

Senthilkumar et al. (2025) present an integrated
approach to high-resolution coastal habitat mapping
using advanced image segmentation techniques and
remote sensing indices for the coastal region of Tor-
res, Brazil. The study uses the InVEST model to es-
timate the habitat quality index (HQI) for 2024 and
project habitat quality changes by 2034.

Wazwaz and Bait-Suwailam (2025) examine
temporal changes in the coastline of Dhofar Gover-
norate in Oman using remote sensing and geograph-
ic information systems (GIS). Satellite imagery data
from various sensors, such as TM, ETM+, and OLI,
were used to monitor shoreline fluctuations and as-

sess coastal erosion risks. The use of automated
methods helps accurately determine the coastline’s
position and quantify changes over time.

Given that wetland mapping research in South
America is limited, and there is currently no avail-
able map providing comprehensive information on
the distribution and categories of wetlands in the re-
gion. To address this issue, Sun and his team (2024)
used Sentinel-1, Sentinel-2, and SRTM data and de-
veloped a sampling method and a wetland mapping
method using a set of multi-source characteristics,
such as optical, polarization, and shape character-
istics, for wetlands in South America. They created
a 10-meter-resolution wetland map based on the
Google Earth Engine (GEE) platform. They found
that Brazil, Argentina, Venezuela, Bolivia, and Co-
lombia have the largest wetland areas, with Brazil
and Colombia having the widest diversity of wet-
land categories.

Coasts are subject to multiple natural hazards,
which are increasing nowadays. Coastal flooding
and erosion are some of the most common hazards
affecting coastlines. Being aware of the vulner-
ability of coasts is important to achieve integrated
coastal management. The coastal vulnerability in-
dex (CVI) is a common index used to assess coastal
vulnerability because it is easily calculated. Tsokos
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et al. (2025) developed a ModelBuilder model us-
ing ArcGIS Pro (ESRI) tools. Using this model,
they automated most of the CVI calculation steps
and applied the ModelBuilder model to the northern
Peloponnese.

Coastlines are important basic geographic fea-
tures, and mapping their spatial and attribute chang-
es can aid in coastal zone monitoring, modeling, and
management. Thanks to advances in remote sensing
for Earth observation, recent studies of coastline ex-
traction can reveal detailed changes in ocean-land
interactions. Suna et al. (2023) reviewed key mile-
stones in remote sensing coastline extraction, identi-
fied coastlines that can be applied in various appli-
cations, summarized the characteristics of coastline
products, and analyzed the principles, advantages,
and disadvantages of these methods, development
directions, and related challenges.

A study by Palanikkumar et al. (2025) exam-
ines shoreline dynamics along the coastal region of
Campeche from 1974 to 2024 using machine learn-
ing methods to analyze long-term trends in erosion
and accretion. The study spans 50 years and uses
satellite imagery, historical maps, remote sensing,
and GIS to assess shoreline changes and their geo-
logical significance. The results show that 93% of
the coastline experiences accretion, while 7% ex-
periences erosion. The Zona Centra and Koben re-
gions experience significant accretion, while South-
ern San Lorenzo faces the highest erosional activity.
Understanding these dynamics is crucial for coastal
management and mitigation strategies.

The spatiotemporal distribution and the utiliza-
tion types of shorelines had changed a lot, along
with the advancement of the socioeconomics of the
countries around the South China Sea since 1980.
However, the changes in shoreline characteristics
for a long time around the whole South China Sea
under anthropogenic influence remain uncertain. A
study by Cui and his team (2022) using Landsat and
high-resolution satellite imagery tracked changes in
the spatial distribution and type of coastlines around
the South China Sea from 1980 to 2020. Addition-
ally, the possible reasons for the shoreline changes
around the South China Sea were analyzed.

Ghizil-Agaj Bay, located in southeastern Azer-
baijan, represents one of the most ecologically valu-
able wetland complexes of the Caspian region. Cov-
ering an area of more than 99,000 ha, the bay and
its surrounding ecosystems have been designated
as a Ramsar site of international importance since
1976 and, since 2018, form the basis of Ghizil-Agaj
National Park (Ramsar Convention Secretariat,
2016). This area is distinguished by its high biodi-
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versity and serves as a critical stopover and winter-
ing ground for migratory waterbirds along the Cen-
tral Asian flyway (UNEP-WCMC, 2017). Shallow
lagoons, reed beds, and intertidal zones provide
essential habitats not only for birds, but also for
fish, molluscs, amphibians, reptiles, and numerous
plant species, including several that are endangered
or listed in the Red Book of Azerbaijan (Ministry
of Ecology and Natural Resources of Azerbaijan,
2023).

Despite its ecological significance, the bay is
subject to substantial environmental pressures.
Natural drivers such as fluctuations in the Caspian
Sea level and sediment inflow from rivers interact
with anthropogenic stressors including poaching,
uncontrolled grazing, and land use change. These
processes have significantly transformed shoreline
morphology over the last decades, leading to both
erosion and accretion in different sectors of the bay.
Such changes disrupt wetland habitats, reduce the
extent of aquatic vegetation, degrade fish spawn-
ing grounds, and limit the availability of feeding
and nesting sites for migratory birds. For example,
recent monitoring indicates a noticeable decline
in waterbird populations, reflecting the broader
ecological consequences of shoreline instability
(UNDP, 2025).

Studies conducted in other Ramsar-listed wet-
lands demonstrate that shoreline dynamics are
among the most important drivers of biodiversity
change (Nicholls and Cazenave, 2010; Kuleli et al.,
2011). However, in the Caspian Sea region, and par-
ticularly in Ghizil-Agaj Bay, there is still a lack of
integrated research linking remote sensing—based
shoreline change analysis with biodiversity moni-
toring. Previous investigations have either focused
primarily on hydrological processes or addressed
biodiversity separately, leaving a gap in understand-
ing how geomorphological dynamics directly shape
ecological patterns.

Recent advances in Remote Sensing (RS) and
Geographic Information Systems (GIS) have opened
new opportunities to address this gap. Satellite im-
agery from Landsat and Sentinel missions provides
long-term and high-resolution data for shoreline
monitoring, while analytical tools such as the Digi-
tal Shoreline Analysis System (DSAS) allow for
quantitative assessment of erosion and accretion
rates (Ozesmi and Bauer, 2002; Thieler et al., 2009;
Gopinath et al., 2023). By combining these methods
with ecological datasets, it is possible to evaluate not
only the physical changes in shoreline configuration
but also their ecological consequences, particularly
for wetland-dependent biodiversity.
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The aim of this study is therefore twofold: (1) to
analyse shoreline changes in Ghizil-Agaj Bay from
2000 to 2024 using RS and GIS techniques, with a
particular focus on the DSAS and Linear Regression
Rate (LRR) method, and (2) to assess the impacts
of these changes on biodiversity, with emphasis on
avifauna populations. The findings are expected to
contribute to the development of evidence-based
conservation and management strategies for the
Caspian coastal wetlands, supporting both national
biodiversity goals and international commitments
under the Ramsar Convention.

Initial Data and Research Methods

For this study, Landsat 5 TM, Landsat 7
ETM+, Landsat 8 OLI/TIRS, and Sentinel-2 MSI

satellite images were used as the primary data
sources. Landsat imagery has a spatial resolution
of 30 m, while Sentinel-2 provides 10-20 m reso-
lution, allowing for improved shoreline delinea-
tion accuracy. Landsat scenes corresponding to
the years 2000, 2005, 2010, 2021, and 2024 were
analyzed, while Sentinel-2 imagery was particu-
larly used for 2021 and 2024 to enhance spatial
precision (Figure 1). The selection of these time
intervals ensures continuity in temporal observa-
tions, enabling comparison of both historical and
recent shoreline changes. To reduce seasonal ef-
fects such as vegetation growth, precipitation, or
short-term water level fluctuations, only summer-
season images were selected. This approach pro-
vides a more reliable assessment of long-term
shoreline dynamics.

Figure 1 — Satellite imagery of Ghizil-Agaj Bay for selected years (2000, 2005, 2010, 2021, 2024),
illustrating temporal continuity of data used in the analysis

Preprocessing of Satellite Images. All satel-
lite images were subjected to radiometric and at-
mospheric corrections to minimize the effects of
clouds, dust, and atmospheric disturbances. Land-
sat data were corrected using LEDAPS processing,

while Sentinel-2 imagery was preprocessed with
the Sen2Cor algorithm. The images were then geo-
referenced to UTM projection (WGS 84 datum)
and clipped to match the boundaries of the study
area.
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Shoreline Extraction and Digitization. Ac-
curate shoreline delineation can be achieved using
various spectral indices and classification methods.
In this study, the Normalized Difference Water
Index (NDWI) was employed due to its ability to
effectively distinguish between water and land by
comparing reflectance in the green and near-infrared
(NIR) spectral bands (Xu, 2006). Alternative meth-
ods, such as the Modified NDWI (MNDWTI) or the
Automated Water Extraction Index (AWEI), could
also be applied, but they are primarily more effective
in urban environments or under conditions of strong
cloud shadows. Since the study area is relatively un-
affected by urbanization or intensive agriculture, the
classical NDWI provided optimal results.

For classification, the Maximum Likelihood
Classification (MLC) method was chosen. MLC
estimates the probability of each pixel belonging
to a particular class based on statistical likelihood,
making it one of the most accurate methods for
multi-class classification (Boak and Turner, 2005).
Alternative approaches, such as Random Forest or
Support Vector Machine, are more complex and re-
quire extensive training datasets (Gonzalez-Perez et
al. 2022; Darwish, 2024). Given the limited avail-
ability of training samples in the study area, MLC
was the most appropriate choice. NDWI effectively
separates water bodies, while MLC optimizes the
probability of pixel classification in multi-class sce-
narios. Together, these approaches enhance the pre-
cision of shoreline delineation (Xu, 20006).

The NDWI is calculated as follows:

Creen—NIR

NDWI = Green+NIR

Where, Green represents reflectance in the green
band (e.g., Band 3 in Landsat 8 and Sentinel-2), and
NIR represents reflectance in the near-infrared band
(e.g., Band 5 in Landsat 8, Band 8 in Sentinel-2).

NDWI values range from —1 to +1, with high-
er values indicating water presence. A threshold
was applied to separate water from land. NDWI is
widely used in various applications, including water
resource management, hydrology, and land cover
classification. It is particularly useful for monitoring
temporal changes in water level, volume, and qual-
ity within water bodies (McFeeters, 1996).

Shoreline Change Analysis. The Digital
Shoreline Analysis System (DSAS) was employed
to quantitatively analyse shoreline changes. Ap-
proximately 450 transects were generated along
the Ghizil-Agaj Bay shoreline, with each transect
spaced at 500 m intervals. This configuration, con-
sidering both map scale and the extent of the study
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area, ensures optimal coverage of spatial variability
along the shoreline.

The Linear Regression Rate (LRR) method was
applied to each transect. LRR provides the best-
fit linear estimate of long-term shoreline change
by considering all available shoreline data. Com-
pared to other approaches, such as End Point Rate
(EPR) or Net Shoreline Movement (NSM), LRR is
regarded as more reliable because it accounts for
the statistical analysis of all data points rather than
only differences between two dates (Crowell et al.,
1991; Dolan et al. 1991). The spatial resolution of
satellite imagery used for shoreline delineation (30
m for Landsat, 10-20 m for Sentinel-2) introduces
a precision error of approximately £1 pixel (10-30
m). Additional errors may arise from classifica-
tion methods and seasonal water level fluctuations.
Therefore, the potential variability in erosion and
accretion rates obtained from DSAS analyses was
considered to range between £5—10 m/yr, enhancing
the reliability of results and allowing for statistical
uncertainty assessment.

Results and Discussion

Observations and comparative assessments in-
dicate that recent fluctuations in the Caspian Sea
level have significantly impacted the landscape-eco-
logical conditions of Ghizil-Agaj Bay. Long-term
sea level oscillations have altered the structural and
spatial differentiation of coastal landscapes and eco-
systems, fundamentally modifying ongoing natural
processes. Until the late 1970s, relatively stable or
declining sea levels led to acidification, decreased
precipitation, and lowered groundwater levels, re-
sulting in degradation and modification of existing
marsh, marsh-lagoon, and marsh-meadow com-
plexes. The transgression beginning in 1978 caused
extensive flooding and erosion in several areas, in-
cluding Ghizil-Agaj Bay and the Sara Peninsula.
Marsh complexes previously present in these areas
were submerged under seawater, hydro morphologi-
cal activity increased, and groundwater levels rose.
In recent years, the decline in Caspian Sea levels has
again altered the shoreline of Ghizil-Agaj Bay, re-
sulting in a reduction of the water area by 210 ha.
These sea level fluctuations cause alternating expan-
sions and contractions of dry land, the bay, and shal-
low areas, leading to dynamic changes in the bay’s
landscapes and ecosystems (Towards the conserva-
tion of biological diversity and ecologically sustain-
able socio-economic development, 2023).

Shoreline Dynamics. Results from the LRR
analysis indicate that the shoreline of Ghizil-Agaj
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Bay underwent significant spatial and temporal
changes between 2000 and 2024. Maximum accre-
tion along transects reached +576 m/yr, while maxi-
mum erosion was —7 m/yr.

By applying the Linear Regression Rate (LRR)
method, the annual rate of change along the entire
shoreline of Ghizil-Agaj National Park was deter-
mined (Figure 2).
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Figure 2 — Distribution of annual shoreline change rates (m/yr)
along transects using the LRR method

Analyses based on DSAS and the LRR method
indicate significant shoreline changes along Ghizil-
Agaj Bay between 2000 and 2024. Transect-based
results are as follows:

- Maximum accretion rate: +576 m/yr;

- Maximum erosion rate: —7 m/yr.

To evaluate the precision of these measure-
ments, statistical analyses were performed. Errors
arising from the spatial resolution of Landsat (30 m)
and Sentinel-2 (10-20 m) imagery were considered,
and 95% confidence intervals (CI) were calculated:

- Mean accretion: +315 m/yr (£42 m/yr, 95%
CD;

- Mean erosion: —3.4 m/yr (£0.9 m/yr, 95% CI).

The analysis demonstrates that the observed
shoreline changes are statistically significant (p <
0.05), confirming that these variations result from
long-term geomorphological and hydrodynamic
processes rather than random factors.

In the northern part of the bay, the shoreline
has advanced seaward due to sediment accumula-
tion and the expansion of deltaic areas, increasing
the land area by up to 240 km?2. Conversely, erosion
has been active along the upper boundaries of the
bay, reducing the water area by 0.56 km2. The net
change is approximately 239.44 km?, indicating an
overall seaward advancement of the shoreline (Fig-
ure 3).
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Figure 3 — Coastal land change dynamics in Ghizil-Agaj Bay from 2000 to 2024,
showing areas of accretion and erosion derived from DSAS and LRR analyses

Study Limitations. The spatial accuracy of the
satellite imagery was estimated to be 1 pixel based
on the resolutions of Landsat (30 m) and Sentinel-2
(10-20 m). However, the results were not validat-
ed with ground truth data or alternative high-reso-
lution datasets (e.g., drone surveys or topographic
maps), which should be considered a limitation of
this study. Consequently, interpretations of the pre-
sented shoreline change indicators should be made
with caution, and future research should integrate
broader-scale ground observations.

Impacts on Biodiversity. Seaward advance-
ment of the shoreline has resulted in a reduction of
shallow water and wetland areas. This process re-
stricts the distribution of hydrophyte and halophyte
vegetation and narrows habitats essential for water
birds, such as Phragmites australis reed beds. Fish
spawning grounds and benthic organism habitats
have been significantly reduced. For migratory wa-
ter birds, important feeding and resting sites have
decreased, whereas the expansion of terrestrial ar-
eas has increased the number of ground-nesting bird
species.

Weakening or complete loss of aquatic veg-
etation, combined with strong winds and ecological
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changes, has caused many Laridae species (gulls,
terns, etc.) to lose nesting opportunities in the Great
Ghizil-Agaj Bay, redirecting primary breeding ac-
tivity to the South Small Ghizil-Agaj Bay. These
ecological changes have resulted in spatial shifts in
ornithofauna and a decrease in overall biodiversity
in the bay area. The reduction of wetland habitats
has led to sharp declines in water bird habitats, dis-
ruption of trophic interactions, and limitations on
feeding areas for certain species. Affected species
include Chroicocephalus ridibundus, Chlidonias
niger, Chlidonias leucopterus, Chlidonias hybrida,
Gelochelidon nilotica, Thalasseus sandvicensis,
Sterna hirundo, and Hydroprogne caspia. Differ-
ences in water levels between the Great and Small
Bays have rendered some nesting sites suitable and
others unsuitable. Although the destruction of reed
beds has created nesting opportunities for some gull
and tern species, a decline in Chroicocephalus ri-
dibundus populations was generally observed. The
reduction of shallow marsh areas has also led to
the loss of feeding and breeding sites for waterfowl
(Anatidae), disrupting trophic relationships within
the bay ecosystem and affecting both aquatic and
terrestrial fauna (Taghiyev and Karimova, 2024).
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Biodiversity Trends (2000-2024). Compari-
sons based on biodiversity data over 2000-2024 in-
dicate the following:

- The total number of water birds decreased by
approximately 28% over the past 20 years (from
~750,000 individuals in 2005 to ~540,000 in 2024).

- The Laridae family (gulls and terns) experi-
enced a sharper decline, with a 37% population re-
duction.

- In contrast, the number of ground-nesting spe-
cies increased by ~12%, associated with the emer-
gence of new terrestrial areas.

Trend analyses revealed a linear decline in to-
tal water bird numbers (R? = 0.71), indicating that

changes in biodiversity represent a long-term eco-
logical trend. Additionally, Pearson correlation
analysis revealed a significant negative relation-
ship between shoreline changes and bird popula-
tions (r = —0.64, p < 0.05), demonstrating that the
reduction of wetland areas is statistically signifi-
cantly associated with water bird population de-
clines (Figure 4).

The scatter plot shows a significant negative
correlation (r = —0.64, p < 0.05), indicating that the
reduction of wetland habitats due to shoreline dy-
namics has led to a substantial decline in water bird
populations. The regression line (red dashed) em-
phasizes the overall declining trend.
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Figure 4 — Relationship between Wetland Area Change and Water bird Population
(2000-2024)

Implications for Land Use and Vegetation
Restoration. Exposed terrestrial areas are gener-
ally considered unsuitable for agriculture due to soil
structure, water balance, and ecosystem characteris-
tics. The decrease in water levels has increased soil
salinity, adversely affecting plant growth. More-
over, weakened soil structure raises erosion risks.
Halophyte species (e.g., Atriplex, Salsola, Arte-
misia, Tamarix) could be introduced in these areas,
as they are tolerant to soil salinity, reduce erosion,
and provide fodder for grazing. If vegetation cover
is restored, these areas could be utilized as seasonal
pastures. Furthermore, creating artificial ponds,

wetlands, and green masses can provide habitats for
birds and other wildlife. In the studied areas, saline
and semi-arid ecosystems gradually transition into
halophytic communities dominated by species such
as Suaeda and Tamarix.

Water bird population data were primarily ob-
tained from national reports and monitoring sources.
However, repeated verification methodologies (e.g.,
parallel observations, cross-year comparisons, or
integration with international monitoring programs)
were limited. This limitation may introduce some
uncertainty in the results. Systematic repetition of
ornithological surveys and alignment with inter-
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national databases (e.g., Wetlands International or
Bird Life International) would significantly enhance
the reliability of future findings.

Observed significant rates of accretion and ero-
sion in Ghizil-Agaj Bay are consistent with long-
term analyses of coastal wetland zones based on
Landsat imagery (Gopinath et al., 2023). Addition-
ally, the decline in water bird populations aligns
with results from other Ramsar wetlands, indicating
that shoreline dynamics directly affect biodiversity
conservation (Abinaya et al., 2025). The integration
of higher-resolution monitoring approaches, such as
UAV and Sentinel-2 imagery, has been suggested
to improve the assessment of future wetland eco-
systems (Heath et al., 2024). Remote sensing has
become an indispensable tool for wetland monitor-
ing and biodiversity assessment, as emphasized in
recent reviews (Guo et al., 2017).

Conclusion

Monitoring of the Ghizil-Agaj Bay shoreline
from 2000 to 2024 using DSAS and LRR methods
revealed significant changes, with a reduction in wa-
ter-covered areas of up to 240 km?. Areas of notable
accretion have led to the formation of new terrestrial
zones.

Geomorphological changes along the shoreline
have directly impacted biodiversity. Wetland re-
duction has limited the distribution of hydrophilic
and halophytic vegetation, reduced fish spawning

habitats, diminished critical water bird habitats,
disrupted trophic interactions, restricted feeding ar-
eas for some species, and caused a sharp decline in
migratory water bird populations. According to the
monitoring results, the total number of water birds
decreased by approximately 28% over the last 20
years, while the number of ground-nesting species
increased by ~12%. The decline in total water bird
numbers exhibited a linear trend (R? = 0.71), indi-
cating that changes in biodiversity represent a long-
term ecological pattern.

These findings highlight significant biodiversity-
related changes in the Ghizil-Agaj Bay shoreline,
emphasizing the importance of using remote sens-
ing and GIS technologies for continuous monitoring
and management of sensitive wetland habitats. Such
approaches support the United Nations Sustainable
Development Goals, particularly Life Below Water
(Goal 14).

Justification and Scientific Significance. The
results of this study hold both scientific and practical
significance for ecological research and biodiversity
monitoring. Combining satellite data with DSAS al-
lows for long-term and precise analysis of shoreline
changes, which is crucial for developing conserva-
tion strategies, assessing ecological risks, and en-
suring sustainable management. The collected data
also offer substantial potential for future studies in
forecasting shoreline changes and modelling biodi-
versity-related risks.
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CYBERSECURITY IN KAZAKHSTAN’S TOURISM SECTOR:
CHALLENGES AND SOLUTIONS
IN THE PROTECTION OF PERSONAL DATA

The digital transformation of the tourism industry has significantly improved service efficiency,
booking convenience, and customer experience. However, the widespread use of online platforms,
electronic payments, and mobile applications has also introduced substantial cybersecurity risks, par-
ticularly concerning the protection of travelers’ personal and financial data. This paper explores the key
cybersecurity threats facing the global tourism industry, with a specific focus on Kazakhstan’s emerging
digital travel infrastructure. The study employs a multi-method approach, including analysis of cyber
threats, a comparative review of international data protection regulations, evaluation of technical and
organizational security practices, and an empirical survey involving tourism and aviation sector profes-
sionals in Kazakhstan. The findings indicate that phishing attacks, payment data breaches, and malware
are among the most common threats affecting tourism businesses. These vulnerabilities are often exac-
erbated by outdated security systems, insufficient staff training, and limited awareness of best practices
in data protection. Through a comparative analysis of cybersecurity legislation in Kazakhstan, the Euro-
pean Union (GDPR), the United States (CCPA), and Singapore (PDPA), the study highlights significant
regulatory gaps and enforcement limitations within Kazakhstan’s legal framework. Survey results further
reveal a lack of preparedness in small and medium-sized tourism enterprises, where modern security
technologies and training programs are not widely adopted. Based on these insights, the paper recom-
mends implementing multi-factor authentication, encryption protocols, regular cybersecurity audits, and
employee awareness initiatives. The use of advanced technologies such as artificial intelligence and
blockchain is also encouraged to enhance threat detection and data integrity. This research underscores
the urgent need for a robust cybersecurity strategy in the tourism industry. By strengthening data pro-
tection measures and aligning with global standards, tourism companies can safeguard consumer trust,
reduce financial risks, and support the secure digital growth of the travel sector.

Keywords: cybersecurity, tourism industry, personal data protection, multi-factor authentication,
SWOT analysis, artificial intelligence, Kazakhstan.
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KasakcraH TypuamiHaeri Kubepkayincisaik:
)Keke AepeKkTepAi KopFay MaceAeAepi MeH Luellimaep

Typv3am MHAYCTPUSCbIHBIH LIM(PABIK, TPAHCOPMALMSChI KbI3BMET KOPCETY TUIMAIAITIH, 6poHAay
bIHFAMABIABIFbIH XK8HE TYTbIHYLLbI TEXKipMOECIH anTapAbIKTal >KakCcapTThl. AAaAQ OHAQWH NAATOp-
MaAap, IAEKTPOHAbI TOAEMAEP >KOHE MOOMAbAI KOCbIMLLIAAAPAbBIH, KEeH TapaAybl Kubepkayincizaikke
KATbICTbl €AYAI KaTepAepAi, acipece casixaTLbIAAQPAbIH >KeKe XXoHe Kap>KbIAbIK, AepeKkTepiH Kopray
MOCEAECIH anFa TapTThl. byAa MakaraAa skahaHAbIK TYPU3M MHAYCTPUSICbIHA TOHETIH Heri3ri knbepkayin-
Tep KapacTbipbiAbIn, KasakcTaHAaFbl UMMPABIK, TYPUCTIK MHGPaKYPbIAbIMHBIH, KAAbINTACyblHa epeklie
Hasap ayAapblAaAbl. 3epTTey Ker SAICTI TOCIAre HerisaeAreH: knbepkayintepAi Taaaay, XaAblKapaAbIk,
AEPEKTEPAI KOPFAy epeskeAepiHe LLOAY, TEXHUKAABIK XXOHEe YbIMAACTbIPYLLUbIAbIK, KAQyincCi3AiK Toxipu-
6enepiH 6araray, coHaan-ak, KasakcraHAarbl TYPU3M >KEHE aBMALMS CAAaAapbIHbIH MaMaHAApbl apa-
CbIHAQ XKYPTi3iAreH 3MMMPUKAAbIK, CayaAHaMa HOTUXKeAepi KaMTbIAFaH. 3epTTey HaTuxKeAepi (OULWMHE
wabybIAAAPbI, TOAEM AEPeKTepiHiH 6y3bIAybl XXOHe 3UsHAbI 6arAapAaMarapAbiH TYPH3M KaCinopblHAA-
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pbIHa eH XKMi 8cep eTeTiH KayinTepAiH KaTtapbiHa XaTaTbiHbIH KepceTeai. bya ocaaabikTap kebiHece ec-
KipreH Kayincisaik >kyreAepiMeH, NepCoHAAAbIH, >KETKIAIKCI3 AQMbIHABIK, AEHIeniMEH >XoHe AepeKkTepAi
KOpFayAarbl 03blK Toxipnbeaep Typaabl OGiAIMHIH a3abiFbiIMeH GaiAaHbiCTbl. KasakcraH, Eyponaabik,
Opak (GDPR), AKLLI (CCPA) >xeHe Cunranyp (PDPA) apacbiHAarbl KMOepKayincisaik 3aHHamaAapbl-
HbIH, CaAbICTbIpDMaAbl TaaAaybl KasakCTaHHbIH, KYKbIKTbIK, XXYMEeCIHAE eAeyAl peTTeyLLiAIK OAKBIAbIKTAP
MeH 6akblAay TETIKTEPIHIH SACI3AIMH ankbiHAAMAbL. CayaAHaMa HOTUMXKEAEPI LLAFbIH XXOHe opTa Typuc-
TiK KOCINOpbIHAAPAA 3aMaHaym Kayinci3Aik TEXHOAOTMSIAAPbI MEeH OKbITYy GaFAapAamaAapbiHbiH KeHi-
HeH eHriziamereHairit kepceteai. OcbiraH GaMAaHbICTbl MaKaAasa Ker (PakTOpPAbl ayTeHTUdMKALMS,
lmpAaay xaTTamasapbl, TYPakTbl KMOEPKAYIMCI3AIK ayAUTTEP] XKeHe KbIBMETKEPAEP apachbiHAA akKma-
paTTaHAbIPY 6acTaMarapbiH eHri3y yCbiHbiAaAbl. COHbIMEH KaTap, >KacaHAbl MHTEAAEKT neH BGAOKYEernH
CbIHAbI 3aMaHayM TEXHOAOTMSIAAPABI KOAAAHY Kayin-KaTepAi aHbIKTay MeH AepeKTepAiH TyTaCTbIFbIH
KaMTamacbl3 eTyre >XopAEMAECEAi. ByA 3epTTey Typmam MHAYCTPUSICbIHAQ MOPMEHAT KMOEPKayincCisaik
CTpaTeruscbiH 83ipAeYAiH 63€eKTIAIrH aTan KepceTeai. AepeKkTepAi KopFay LapaAapblH KYLIEATY >KoHe
>kahaHABIK, CTaHAQPTTAPMEH YIAECTIPY apKbIAbl TYPUCTIK KOMMaHMSIAQP TYTbIHYLLbIAAD CEHIMIH cakTarl,
KAP>KbIAbIK, TOYeKEAAEPAI a3aiTbiM, CaAaHbIH Kayinci3 LM PAbIK AaMybIHa YKOA alla aAaAbl.

Ty#in cesaep: kKMbepKayincisAik, TYpM3m MHAYCTPUSCHI, XXEKe AEPEKTEPAI KOopFay, Ko (hakTOPAbI
ayTeHTUdmkauma, SWOT-Tanaay, )acaHAbl MHTeAAeKT, KasakcTaH.
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Kubepb6e3zonacHoctb B Typuame KasaxcraHa:
Npo6AeMbl M pelleHns B 06AaCTH 3alMTbl NEPCOHAAbHbIX AAHHbIX

LindpoBasg TpaHchopMauma TypuCTUUECKON WMHAYCTPUM 3HAUMTEAbHO MOBbiCMAQ 3 PEKTUB-
HOCTb 0OCAY>KMBaHUSI, yAOOCTBO BPOHMPOBAHUS M KAUeCTBO KAMEHTCKOro ornbiTa. OAHAKO LIMPOKOe
pacnpocTpaHeHne OHAQMH-NMAAT(IOPM, IAEKTPOHHBIX MAATEXEN M MOOUABbHBIX MPUAOXKEHWIA MPUBEAO
K CYLLLECTBEHHbIM Knbepprckam, 0CO6EHHO B BOMPOCAX 3aLUMThl MEPCOHAAbHbBIX U (DMHAHCOBbIX AdH-
HbIX MyTELEeCTBEHHNKOB. B AQHHOM CTaTbe paccMaTprBalOTCS OCHOBHbIE Yrpo3bl KnMGep6e3onacHoCTy,
C KOTOPbIMM CTAaAKMBAETCSl MMPOBas TYpUCTMYECKast OTPACAb, C 0COObIM aKLLEEHTOM Ha Pa3BMBAIOLLLYIOCS
unpoByto MHMPACTPYKTYPY Typr3ma B KasaxcraHe. B nccaep0BaHMM MCMOAb3yeTCS MHOrOYPOBHEBbDIN
METOAOAOTMYECKMI MOAXOA, BKAIOYUAIOLLIMIA aHAaAM3 KMBepyrpo3, CpaBHUTEAbHbIN 0030p MEXAYHAPOA-
HbIX HOPMATMBHbIX aKTOB MO 3aLUMTE AQHHbIX, OLEHKY TEXHUUECKMX M OpraHU3aLMOHHbIX Mep 6e3onac-
HOCTM, @ TaK>Ke 3MMMPUYECKoe aHKETUPOBaHME CMEeLMAANCTOB TYPUCTUYECKON M aBMaLMOHHON cdep
KaszaxcraHa. Pe3yAbTatbl MCCAEAOBAHMS MOKA3bIBAIOT, UTO (OULLMHI-ATAKM, YTEUKM AQHHbIX MAQTEXHbIX
CUCTEM U BPEAOHOCHOE MPOrpamMmMHoe obecriedeHmne SIBASIOTCS OAHMMM 13 Hanboaee pacrnpoCTpaHEH-
HbIX YrPO3 AAS TYPUCTUYECKMX KOMMAHWIA. YS3BUMOCTU YCYTyOASIOTCS MCMIOAb30BAHMEM YCTapeBLLMX
cucteM 6€30MacHOCTM, HEAOCTATOUYHOW MOATOTOBKONM MepCOHaAa M HU3KMM YPOBHEM OCBEAOMAEH-
HOCTM O AYULLIMX MPAKTMKax B cepe 3alimTbl AQHHbIX. CPaBHUTEAbHbIM aHaAM3 3aKOHOAATEALCTBA B
ob6aacTn knbepbesonacHocTn Kasaxcrana, EBponernckoro cotosa (GDPR), CLUA (CCPA) n Cunranypa
(PDPA) BbisSiBASIET 3HAUMTEAbHbIE MTPOGEAbI B PErYAVMPOBAHUM M HEAOCTATOUHYI0 3PEKTUBHOCTb MeXa-
HU3MOB MPaBOMNPUMEHEHMS B Ka3aXCTAHCKOWM NMPaBOBOM cUCTeMe. Pe3yAbTaTbl onpoca TakKe yKa3blBa-
IOT Ha HM3KMI YPOBEHb FOTOBHOCTU CPEAN MaAbIX M CPEAHMX TYPUCTUYUECKUX NMPEANPUSATUIA, TAE COBpe-
MeHHble TEXHOAOTMM 3aLUMTbl U MPOorpamMmbl 0OyYeHns MpakTUUYeckn He BHeApsitoTcs. Ha ocHoBaHuM
MOAYYEHHbIX AQHHbIX B CTATbe MPEAAAraeTCsl BHEAPEHNE MHOrO(aKTOPHOM ayTeHTUMKaLumm, NpoTo-
KOAOB LIMCOPOBAHMS, PEryASIPHbIX ayAMTOB KMBEPGE30NAaCHOCTU U MHULMATMB MO MOBbILEHUIO OCBe-
AOMAEHHOCTM COTPYAHMKOB. Tak>ke peKOMeHAYEeTCSl MCMOAb30BaHWE MEePeAOBbIX TEXHOAOIMIM, TAKMX
KaK MCKYCCTBEHHbIN MHTEAAEKT M OAOKUENH, AASI MOBbILLIEHNS 3(PMEKTUBHOCTM 0BHAPY>KEHMS YTrPO3 1
obecrneyeHns LLEAOCTHOCTHN AaHHbIX. AaHHOE MCCAEAOBaHME MNOAUYEPKMBAET CPOYUHYIO HEOOXOAMMOCTb
pa3paboTKM KOMMAEKCHOM cTpaTernn knbepbe3onacHOCTM B TYPUCTUYECKON OTPacAW. YCUAEHME Mep
Mo 3aLlUMTE AAHHbIX U NPUBEAEHME HALMOHAAbHbIX CTAHAQPTOB B COOTBETCTBME C MEXAYHAPOAHBIMM
MO3BOAUT TYPUCTUUYECKMM KOMIMAHMSIM YKPENUTL AOBEPUE MOTPEBUTEAEN, CHU3UTL (DMHAHCOBbIE PUCKM
1 obecrneunTb 6e3onacHoe LMMPOBOe pasBUTHE CEKTOpA.

KatoueBble cAoBa: knbep6e3onacHOCTb, TypUCTUYECKas MHAYCTPUS, 3alumMTa NEPCOHAAbHbBIX AdH-
HbIX, MHOrOakTOpHAas ayTeHTUdMKaumns, SWOT-aHaAM3, MCKYCCTBEHHbIN MHTEAAeKT, KasaxcTaH.
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Introduction

Today, the tourism industry is rapidly devel-
oping thanks to digital technology, which also de-
mands cybersecurity and the protection of travelers’
data. In Kazakhstan, the number of online pay-
ments, online bookings, and digital tourism services
is steadily increasing. According to the Ministry of
Digital Development, Innovations and Aerospace
Industry of the Republic of Kazakhstan, nearly 70%
of travelers booked hotels and tickets online in 2023.
On the other hand, cyberattacks are becoming more
frequent. In 2022, the National Security Committee
of the Republic of Kazakhstan reported nearly 2,000
cyberattacks targeting both public and private tour-
ism services, including hotel and travel agency da-
tabases (del Mar Alonso-Almeida & Giglio, 2024).

Cyber threats in tourism have become a major
global issue. According to IBM Security Survey
data, the tourism sector ranks among the ten most
vulnerable industries to cyberattacks, following the
banking and healthcare sectors (Roy et al., 2023).
The main threats include phishing attacks, theft of
financial data, and unauthorized access to hotel data
storage systems. In 2018, Marriott International an-
nounced that the personal data of 500 million cus-
tomers had been compromised, including passport
information and credit card numbers (Perlroth et al.,
2018). This led to legal proceedings against the ho-
tel chain and significant financial losses.

Overall, cybersecurity in the tourism sector has
become the subject of growing research, particularly
concerning the protection of personal data, financial
information, and the prevention of data breach-
es — topics that are increasingly discussed at the
governmental level. In Kazakhstan, this issue has
received special attention under the Digital Kazakh-
Stan initiative, which aims to provide secure digi-
tal services with the approval of the State Program
Digital Kazakhstan in 2017. This article examines
the key aspects of cybersecurity in the tourism and
travel sector both in Kazakhstan and globally. It ad-
dresses the most common cyber threats, including
phishing schemes, malware attacks, and the expo-
sure of personal data. It also explores how the hos-
pitality and aviation industries manage data security
(Thealla et al., 2024).

Literature review
International studies highlight how vulnerable

the tourism sector is due to the vast amount of per-
sonal data collected online. According to an article
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by Alexandros Paraskevas, data encryption and
multi-factor authentication are crucial for protecting
consumers (Paraskevas, 2022). Blockchain technol-
ogy is also recommended for the secure storage of
bookings and transactions.

The tourism sector actively uses information
technologies for booking, payments, and process-
ing travelers’ personal information in the context
of global digitalization. However, due to the grow-
ing reliance on digital services, the tourism indus-
try remains vulnerable to cyber threats. This section
reviews previous research on cybersecurity in the
tourism industry, identifies the main risks, explores
current methods for protecting personal informa-
tion, and analyzes responses to cyberattacks based
on both local and international practices (Florido-
Benitez, 2025).

Phishing attacks, breaches of booking systems,
theft of payment data, and leaks of personal infor-
mation are among the most common threats in the
tourism industry, according to cybersecurity re-
search. IBM Security reports (2023) show that over
60% of cyberattacks in the travel and tourism sector
are aimed at stealing consumer data, which is later
used in fraudulent schemes. A study by Cornell Uni-
versity and FreedomPay revealed that nearly 31% of
hospitality organizations experienced data breaches
in 2023, with 89% facing multiple attacks within the
same year (Ghaderi, Beal, & Houanti, 2024). These
breaches often led to the exposure of personal in-
formation, disrupted guest services, and resulted in
substantial financial damage.

At the international level, passenger data is pro-
tected through multi-factor authentication (MFA),
data encryption, suspicious activity monitoring sys-
tems, and artificial intelligence tools for threat as-
sessment (Williamson & Curran, 2021). For exam-
ple, major airlines such as Delta and Lufthansa have
adopted blockchain technology to secure bookings
and transactions (Thealla et al., 2024).

Kazakhstani companies are also beginning to
implement modern data protection methods. For
instance, hotel chains such as Rixos and Hilton Ka-
zakhstan have improved customer data protection
by using multi-level encryption, while Air Astana
has introduced a cyber threat monitoring system
(Mocynoga, 2024). However, due to a shortage of
experts and financial resources, most small and me-
dium-sized travel agencies in Kazakhstan do not use
advanced technologies.

The General Data Protection Regulation
(GDPR) of the European Union requires travel
agencies to ensure a high level of protection for their
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customers’ data and strictly regulates access to it.
According to Jaeyoon Baik, a similar regulation in
the United States, the California Consumer Privacy
Act (CCPA), was introduced to impose strict penal-
ties for data protection violations (Baik, 2020).

In Kazakhstan, the Law on Personal Data and
Their Protection governs cybersecurity issues; how-
ever, it does not provide specific guidelines for the
travel and tourism sector. According to an analysis
by N. Satkanov, Kazakhstan needs to develop its se-
curity regulations for travel agencies that are com-
parable to the GDPR (Syzdykova et al., 2024).

Based on a review of scientific literature, cyber
threats are becoming increasingly significant in the
tourism industry, both in Kazakhstan and world-
wide. Global experience demonstrates the effective-
ness of systems such as blockchain, multi-factor au-
thentication, and data encryption (Zishan & Russell,
2024). However, Kazakhstan still needs to adopt
modern security technologies, enhance staff aware-
ness, and strengthen legal regulation.

Research Methodology

This study employed a rigorous methodological
approach that included surveys, comparative analy-
sis of global practices, evaluation of the effective-
ness of current personal data protection measures,
and analysis of cyber threats. These empirical meth-
ods enabled the collection of objective information
on the state of cybersecurity in the tourism sector
in Kazakhstan and other countries, the identifica-
tion of key issues, and the development of practical
recommendations for addressing them. To identify
the main cyber threats facing the tourism sector,
the study thoroughly examined reports from global
organizations such as IBM Security X-Force, the
European Cybersecurity Commission, and the Inter-
national Air Transport Association (IATA), as well
as data from Kazakhstan’s National Cybersecurity
Center.

This study employed a comprehensive and
multi-faceted methodological approach to explore
the current state of cybersecurity in the tourism in-
dustry and to assess the effectiveness of data pro-
tection practices. A combination of qualitative and
quantitative methods was used to ensure a thorough
understanding of the research problem and to devel-
op practical recommendations.

First, a detailed analysis of cyber threats and
vulnerabilities within the tourism sector was con-
ducted. This included reviewing international re-
ports from trusted institutions such as IBM Security

X-Force, the European Cybersecurity Commission,
and the International Air Transport Association
(IATA). In addition, national statistics and insights
from Kazakhstan’s National Cybersecurity Cen-
ter were examined to evaluate the domestic threat
landscape. This helped identify key issues such as
phishing attacks, malware incidents, and breaches
of payment systems.

Second, an evaluation of the effectiveness of
existing technical and organizational data protection
measures was undertaken. The research reviewed
practices such as multi-factor authentication, en-
cryption protocols, and security auditing procedures
in place within tourism organizations. Special em-
phasis was placed on assessing the functionality of
Personal Data Information Systems (PDIS), with
consideration of regulatory compliance, certifica-
tion, and operational audits.

Third, a comparative legal analysis was car-
ried out to benchmark Kazakhstan’s data protec-
tion framework against leading international mod-
els, including the European Union’s General Data
Protection Regulation (GDPR), the U.S. California
Consumer Privacy Act (CCPA), and Singapore’s
Personal Data Protection Act (PDPA). This compar-
ative approach provided insight into the strengths
and weaknesses of Kazakhstan’s legal environment
regarding cybersecurity in tourism.

Lastly, a survey of 112 professionals from Ka-
zakhstan’s tourism and aviation sectors (including
employees from Air Astana, Fly Arystan, and Mar-
riott hotels) was conducted to gather empirical data
on current cybersecurity practices, awareness levels,
and perceived risks. The results were used to con-
struct visual analytics and a SWOT analysis, high-
lighting gaps and opportunities for improvement.

This integrative methodology ensured a reli-
able, evidence-based assessment and supported the
formulation of practical and strategic cybersecurity
recommendations tailored to the tourism industry.

Results and Discussion

Cyber threats today pose a serious risk to the se-
curity of travelers’ data in the tourism sector. Phish-
ing, malware, and payment data breaches are among
the most common threats. Phishing is a fraudulent
technique used by hackers who pose as trusted
sources to obtain personal information such as credit
card numbers or passwords. As the travel industry
rebounds post-pandemic, it is increasingly targeted
by automated threats, with the sector experienc-
ing nearly 21% of all bot attack requests last year.
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That’s according to research by Imperva, a Thales
company. In their 2024 Bad Bot Report, Imperva
finds that bad bots accounted for 44.5% of the indus-
try’s web traffic in 2023 — a significant jump from
37.4% in 2022 (https://thehackernews.com). When
attackers gain access to customers’ payment details,
it is classified as a payment data breach, which can
lead to financial losses and erode customer trust in
travel agencies (Karadayi-Usta, 2025).

The General Data Protection Regulation
(GDPR) of the European Union sets strict guidelines
for the processing of personal data, affecting busi-
nesses worldwide. The importance of cybersecurity
is emphasized by real-world breaches in the tourism
industry. For instance, in 2023, automated cyberat-
tacks using bots to steal accounts and commit vari-
ous types of fraud posed a new threat to the sector
(Marengo & Pagano, 2024).

Such high-risk incidents lead to significant fi-
nancial losses and damage a company’s reputation.
To improve cybersecurity in the tourism industry,
it is essential to thoroughly analyze cyber threats,
study relevant legislation, and examine actual data
breach cases.

Evaluating the Effectiveness of Current Mea-
sures for Protecting Personal Data. Studies show
that after implementing technical and organization-
al measures, it is crucial to assess their effective-
ness—this includes conducting audits and recording
outcomes. Developing a program and evaluation
methodology that considers the characteristics of
personal data information systems (PDIS) is an im-
portant step. Auditing and certifying PDIS allows us

Table 1 — Comparison of cybersecurity criteria in tourism

to determine whether the procedures in place com-
ply with information security requirements. There-
fore, the systematic evaluation and improvement of
personal data protection protocols is a key compo-
nent of ensuring information security in the tourism
industry (Florido-Benitez, 2024).

Comparing International Cybersecurity Stan-
dards in the Travel and Tourism Sector. Using a
comparative analysis approach, the study examined
the legal foundations of cybersecurity in Kazakh-
stan and leading countries. The GDPR (European
Union), CCPA (USA), and the Law on Personal
Data and Their Protection (Kazakhstan) are legal
frameworks governing the protection of personal
data (Miller, 2024). By applying comparative analy-
sis, we were able to identify the strengths and weak-
nesses of Kazakhstan’s data protection laws and
corporate standards (see Table 1).

Despite simple laws, Kazakhstan lags wealthy
countries in the issue of cybersecurity in the trav-
el and tourism sector. Strict regulations and heavy
fines contribute to better data protection in Singa-
pore and the EU. While the level of data protection
in the USA varies depending on the state and com-
pany, large travel agencies actively utilize modern
security methods.

Thanks to the widespread use of advanced tech-
nologies such as blockchain and biometrics, the
likelihood of data theft is lower in the UAE and
Singapore. Kazakhstan needs to tighten data storage
regulations, implement stricter security measures,
and raise awareness among travel agencies about
online threats.

Criteria Kazakhstan USA UAE European Union Singapore
Law of the Republic
of Kazakhstan No. Consumer Privacy . General Data Personal Data
Law on data 94-V on Personal Data Protection . .
. Act (CCPA), FTC Protection Protection Act
retention Data and Its reaulations Law (DPL, ADGM) Regulation (GDPR) (PDPA)
Protection, dated May g g
21,2013
A fine of up to 1600
Penalties for Monthly Calculation . Fines of up to $28 | Fines of up to 20 Fines of up to $1
breaking the law | Indexes (MCI) may Fines up to $7,500 million million euros million
be imposed

The importance of
protecting personal
information is
paramount.

Depending on each
state, however, the
requirements are
limited.

Data retention
requirements

The data must be

stored in the EU

or countries with
adequate protection.

Data must be stored
in Singapore

It varies depending
on the regions.
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Continuation of the table

Criteria Kazakhstan USA UAE European Union Singapore
The level of Average: Many . . Hl.gh: There_are High: the state
, . Average: Depends High: global strict regulations : .
entrepreneurs companies do not is actively
on state laws and | standards are used | and entrepreneurs . :
awareness of take the necessary . . . . implementing
o business types in large companies are required to
legislation measures comply regulatory legal acts
. . Biometrics, Encryption, Mum'.f actor
Methods for Only basic measures Encryption, blockchain two-factor authentication,
X are used: password, payment data > L access to data
protecting data L. . advanced new authentication, .
antivirus security . . is always under
technologies regular audits
control
Frequency of Above: Personal Low: very l\gr(;d?lr:;ec: Fl;)}i"e Low: very strict
q Y Above: Data leakage | information is often high level of d y -very
cyberattacks on S P . cyberattacks has rules and level of
- and phishing compromised in technological
travel companies hotels rotection decreased due to control
p strict controls
.. Not satisfactory There are training . The state provides
Fl;;aéngle% S\Zé)lrll;ietrs because teaching is Optional programs at the Ob(l)logneld ;ﬁileasrge training for
y Y not mandatory national level. P entrepreneurs
Uses gdvgnced . Public and private
Implementing i . . . monitoring, Uses Blogkcham companies are
advanced securit Limited: only used in | Rapidly developing including and Artificial usine Artificial
cunty large companies in large companies blockchain Intelligence g
technologies. and Artificial monitoring Intelligence and
Intelligence analytics

The level of trust
in the protection
of tourists’ data

Average: varies
depending on the
company

Low: many fraudulent
incidents occur

High: Strict security
measures are in
place

Above: Tourists
gain confidence
thanks to strict laws

High: users are
confident that their
data is secure

Note: Compiled by the authors based on the literary sources (Arcuri et al., 2020; del Mar Alonso-Almeida et al., 2024; Ghaderi, Beal,

Hall, et al., 2024; Tariq, 2024).

Surveys with tourism and IT experts. A survey
was conducted on the cybersecurity practices used
by employees in Kazakhstan’s hotels, travel agen-
cies, and the aviation industry. The survey included
112 respondents, including employees from Air As-
tana, Fly Arystan Airlines, and the Marriott hotel
chain.

According to the survey, 14.3% of participants
indicated that the protection measures are insuffi-
cient. In comparison, 42.9% of respondents directly
state that information security issues are not a prior-
ity, which highlights the significant risks associated
with the disclosure of travelers’ data (Figure 1).

To achieve the purpose of the survey, respon-
dents were asked about the methods used in their

companies to protect clients’ personal information,
and they were given several options to choose from.
According to the responses, most companies use ba-
sic data protection methods.

42.9% of respondents reported that their compa-
nies use data encryption methods, while 85.7% stat-
ed that multi-factor authentication is implemented
in their companies. Additionally, 57.1% of respon-
dents indicated that their companies provide cyber-
security training for employees, and 71.4% reported
that employees do not have access to customers’
personal information (Figure 2).

Respondents’ responses to the question of how
often their company conducts training or briefings
on safety issues are shown in Figure 3.
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= Not fully protected,
cybersecurity is prevalent

= Unprotected, insufficient
security measures

m [t's difficult for me to answer.

= Fully protected, we have
reliable cybersecurity systems

Figure 1 — Diagrammatic analysis of how protected tourism companies are from cyber threats
Note: Compiled by the authors based on survey responses

90.00%
80.00%
70.00%
71.40%
60.00%
50.00% ‘ ‘ 57.10% ! ‘
40.00% ' 42.90%
30.00% i I i I 1 b | b | +
20.00% i t
10.00% i I
0.00%
Data encryption multi-factor ~ Training staff on antivirus employee access The organization
authentication cybersecurity  programsand  to customer data has no special
rules threat detection protective
systems measures.

Figure 2 — Methods of protecting clients’ data in tourism companies
Note: Compiled by the authors based on survey responses

m Rarely (once every few

11,1%

years)
11,1% W Several times a year
11,1% = Once a year
m Never

k d

Figure 3 — Responses to the company’s conduct training or briefings on cybersecurity issues
Note: Compiled by the authors based on survey responses

114



Zh. Aliyeva et al.

The next question of the survey asked respon-
dents how often training and briefings on cybersecu-
rity issues are conducted in their company. 66.7% of
respondents reported that they are held rarely, while
11.1% indicated that they are held once a year. Ad-
ditionally, another 11.1% of respondents stated that

training sessions are held several times a year, while
the remaining 11.1% reported that such events have
never taken place (Figure 3).

Respondents’ responses to the question of which
cyber threats pose the greatest threat to their com-
pany are shown in Figure 4.

What cyber threats pose the greatest risk to your
company?

Others

I i2s0%

Malicious software (viruses, trojans)

Hacking consumer databases

Phishing attacks (fraudulent emails,
websites)

0.00%

25%

62.50%

62.50%

20.00% 40.00% 60.00% 80.00%

Figure 4 — Responses to cyber threats pose the greatest risk to the company
Note: Compiled by the authors based on survey responses

The survey asked what cyber threats could pose
to tourism companies. Respondents were given sev-
eral options to choose from. According to the results,
62.5% indicated that phishing attacks, such as fraudu-
lent emails and websites, pose a high risk, while the
next 62.5% highlighted the danger of customer da-

tabase breaches. Additionally, 25% of respondents
pointed to the presence of malicious software viruses,
and 12.5% selected other cyber threats (Figure 4).

Respondents’ responses to the question whether
they think their company should increase invest-
ment in cybersecurity are shown in Figure 5.

Do you think your company should increase its investment in
cybersecurity? Responses:

37,5%

B Yes, this is necessary to protect consumers and businesses.

m Maybe, but current measures are effective

u No, cybersecurity mistakes don't matter

Figure 5 — Responses to the company’s increase in investment in cybersecurity
Note: Compiled by the authors based on survey responses

115



Cybersecurity in Kazakhstan’s tourism sector: challenges and solutions in the protection of personal data

To conclude the survey, respondents were asked
about the importance of increasing investment to
strengthen cybersecurity in their tourism companies.
50% supported the idea, stating that it is necessary
to protect customers and businesses. Meanwhile,
37.5% considered increasing investment unneces-
sary, as they did not see cybersecurity threats as im-
portant. 12.5% believed that the current cybersecu-
rity measures were effective.

Considering the increasing threat of cyberat-
tacks in Kazakhstan’s tourism sector, comprehen-
sive measures must be taken to protect tourists’
personal data and improve cybersecurity. Through
the analysis of collected data, we identified current
vulnerabilities in protecting visitor information and
provided recommendations to enhance cybersecu-
rity in Kazakhstan.

- Creating and implementing a security policy.
Tourism industry organizations should develop and
implement data protection policies and guidelines
that align with global standards. The Kazakhstan
Data Protection Association is actively working on
developing such standards, which could serve as a
model for other organizations. For example, tour-

ism companies should develop internal information
security policies, including rules for handling cli-
ents’ personal data, and formalize them. To prevent
unauthorized access to personal data, multi-factor
authentication (MFA) should be implemented. The
access level for each employee should be defined
and enforced. For example, booking managers can
view customer data but should not have access to
payment details.

- Regular vulnerability assessment and audits.
Tourism companies should use specialized tools
such as Nessus or OpenVAS to scan for any weak-
nesses in their IT infrastructure automatically.
These tools can immediately detect threats when cy-
bersecurity levels are low or when issues arise and
alert IT professionals. In turn, the professionals can
address the weaknesses. Additionally, independent
experts should be invited to conduct annual cyber-
security audits. This means supporting government
checks to assess the cybersecurity level in tourism
companies and obtaining feedback from experts.

Based on the research, a special SWOT analysis
of the current state of cybersecurity in Kazakhstan’s
tourism sector was conducted (Table 2).

Table 2 — SWOT Analysis of Cybersecurity in the Tourism Sector of Kazakhstan

S (strengths)

W (weaknesses)

- The development of digital and online service technologies
in tourism;

- Measures taken by the government to strengthen
cybersecurity;

- Access to international best practices has resulted in the
adoption of high-standard data protection techniques;

- The growth of domestic tourism has led to a reduction in
the use of foreign platforms;

- An increase in the number of tourism enterprises
considering the importance of personal data protection.

- The weak level of cybersecurity in small and medium-
sized businesses;

- The low level of digital literacy among employees;

- The shortage of specialists in the field of cybersecurity;

- The weakness of internal security systems leading to the
potential theft of personal data;

- The lack of transparency in data storage and processing in
tourism companies.

O (opportunities)

T (threats)

- The implementation of new technologies for data storage
and protection (Artificial Intelligence, Blockchain);

- Strengthening the security level of local booking and
payment platforms;

- Government programs to support digital transformation;

- Training and development of specialists in the field of
cybersecurit

- The increasing frequency of cyberattacks on tourism
services and platforms;

— The theft of personal data leading to a loss of trust from
tourists;

- The high costs associated with ensuring compliance with
cybersecurity standards;

- The growth of fraud schemes related to tourism services;

- The use of outdated booking and payment systems.

Note— (Nussarova A., & Jaksylykov S., 2020; Data Protection Regulations, URL 1: 2021; Ovchinnikov Yu., & Ravkin R., 2021;
Kobets P., 2020) compiled by the author based on research conducted

Note: Compiled by the authors based on the conducted researches (Hallinan et al., 2021; Kobey, 2020; Hycaposa, 2020; Oguunnu-

K08 & Pasxun, 2021).
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- Employee training. Tourism companies should
train their employees on cybersecurity, including
teaching them how to recognize phishing attacks.
A test should be conducted to assess the knowl-
edge acquired by employees. For example, sending
fake phishing emails and monitoring employees’
responses. An emergency response manual should
be developed for situations where customer data is
compromised or when a cyberattack occurs. The
cybersecurity guidelines from Kazakhstan’s Minis-
try of Digital Development, Innovations, and Aero-
space Industry can be used for employee training.

- Using modern security technologies. Informa-
tion security can be significantly improved through
the use of modern technologies such as data encryp-
tion, multi-factor authentication, monitoring, and
intrusion detection systems. To implement security
technologies, DDoS protection systems like Cloud-
flare or Imperva can be introduced. Additionally, ad-
vanced antivirus protection and intrusion detection/
prevention systems (IDS/IPS) would be an effective
solution. To protect customers’ personal data, back-
ups can be created and encrypted.

- Cooperation with government agencies. Col-
laboration with government organizations such as
the Information Security Committee of the Minis-
try of Digital Development, Innovations, and Aero-
space Industry of the Republic of Kazakhstan, as
well as with professional associations, provides an
opportunity for knowledge exchange and access to
up-to-date information on emerging threats and de-
fense strategies.

- The viable way to improve cybersecurity in
Kazakhstan’s tourism sector is through the use of
artificial intelligence (Al). Al technologies enable
real-time analysis of network traffic, detection of
anomalies, and prevention of cyberattacks such as
phishing and payment data breaches. Integrating
Al into both public and private sectors can help im-
prove information security and facilitate a quick re-
sponse to incidents. Therefore, integrating Al into
cybersecurity measures is an important first step to
ensuring reliable data protection in Kazakhstan’s
tourism industry.

The findings of this study confirm that cyber-
security has become a critical challenge for the
modern tourism industry. As digital technologies
become increasingly embedded in tourism services,
particularly in online booking platforms, electronic
payment systems, and mobile applications, cyber
threats grow in complexity and frequency. The re-
sults of this research show that tourism companies
are highly vulnerable to phishing schemes, data

breaches, and malware attacks, which can lead to
the unauthorized disclosure of travelers’ personal
and financial information.

One of the key insights from the survey con-
ducted in Kazakhstan is the lack of cybersecurity pre-
paredness, especially among small and medium-sized
enterprises. While large companies like Air Astana
and Marriott have introduced encryption, multi-factor
authentication, and employee training programs, the
broader tourism ecosystem continues to struggle with
basic security implementation. This creates a frag-
mented security environment that compromises con-
sumer trust and increases systemic risk.

Comparative analysis with international frame-
works such as the GDPR (EU), CCPA (USA), and
PDPA (Singapore) highlights the gap between Ka-
zakhstan and more cyber-resilient jurisdictions. In
these leading countries, strict penalties, centralized
regulatory oversight, and frequent audits compel
tourism companies to adopt high security standards.
Kazakhstan’s current legal framework lacks the
specificity and enforcement mechanisms necessary
to ensure sector-wide compliance.

Furthermore, the study illustrates that technical
solutions alone are not sufficient. Organizational
awareness, employee training, and a proactive cy-
bersecurity culture are essential to protecting sen-
sitive traveller data. Encouragingly, government-
backed programs such as “Digital Kazakhstan”
offer a platform for broader adoption of secure digi-
tal practices, but more sector-specific guidance and
support are needed.

Overall, this discussion emphasizes that achiev-
ing robust cybersecurity in tourism requires a multi-
layered approach: integrating advanced technolo-
gies, improving legal enforcement, and fostering a
culture of digital responsibility. This will not only
protect travellers but also enhance the competitive-
ness and sustainability of the tourism industry.

Conclusion

The rapid digitalization of the tourism industry
has introduced significant advantages in terms of ef-
ficiency and service delivery. However, it has also
exposed the sector to a growing number of cyber
threats, ranging from phishing schemes and mal-
ware to data breaches and identity theft. This study
has demonstrated that the tourism sector, both glob-
ally and in Kazakhstan, remains highly vulnerable
to cyberattacks due to increasing reliance on digi-
tal platforms for bookings, payments, and customer
service.
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The research identified key cybersecurity risks
affecting tourism companies and analyzed their un-
derlying causes, including insufficient investment
in protective infrastructure, lack of staff training,
outdated IT systems, and weak legal enforcement.
Through comparative analysis, Kazakhstan’s data
protection framework was found to be less robust
than those in countries such as the European Union,
the United States, and Singapore, where strict cyber-
security regulations and advanced technologies are
actively enforced.

Survey results from tourism and aviation sector
employees in Kazakhstan revealed that while some
large companies are adopting multi-factor authenti-
cation and data encryption, a majority of small and
medium-sized enterprises continue to rely on basic
security measures, if any. This gap highlights the
urgent need for industry-wide improvements in cy-
bersecurity culture and practice.

To mitigate existing vulnerabilities, the study
recommends the adoption of modern security tech-
nologies, including artificial intelligence, block-
chain, and real-time threat detection systems. Fur-
thermore, regular cybersecurity audits, clear data
access policies, mandatory employee training, and
alignment with international regulatory standards
are essential to safeguard personal information in
tourism operations.

Research findings also indicate that many tour-
ism organizations do not pay sufficient attention
to cybersecurity, often limiting themselves to only
basic security measures. This, in turn, can lead to
the loss or unauthorized access to users’ personal
data and financial information. Such incidents not
only result in financial losses but also damage the
company’s reputation and undermine consumer
trust.

In this context, ensuring cybersecurity in the
tourism sector requires comprehensive and coordi-

nated actions. These should encompass a wide range
of measures, from regulatory and legal frameworks
at the national level to the development of informa-
tion security strategies within individual organiza-
tions and the training of qualified specialists. More-
over, fostering a culture of security, implementing
advanced protection technologies (such as block-
chain, artificial intelligence, and encryption), and
engaging in international knowledge exchange play
a crucial role.

Ultimately, improving cybersecurity in the tour-
ism industry is not only about protecting data but
also about maintaining the trust and confidence of
travelers. A well-structured cybersecurity strategy
will enhance service quality, reduce legal and finan-
cial risks, and support the sustainable digital trans-
formation of the tourism sector.

Overall, the research highlights the urgent need
to implement concrete steps and recommendations
to enhance digital security in Kazakhstan’s tourism
industry. In the long term, systematic efforts in this
direction are expected to improve the reliability and
competitiveness of tourism services.

Conflict of Interest Statement

The authors declare no potential conflicts of in-
terest regarding the research, authorship, or publica-
tion of this article.

Acknowledgments

The author(s) received no financial support for
the research, authorship, and/or publication of this
article. We are grateful to our institutions. Also,
many thanks to the anonymous reviewers for their
helpful comments and guidance. Lastly, thank you
to the survey participants who provided valuable in-
sights.

References

Arcuri, M. C., Gai, L., lelasi, F., & Ventisette, E. (2020). Cyber attacks on hospitality sector: Stock market reaction. Journal of

Hospitality and Tourism Technology, 11(2), 277-290.

Baik, J. S. (2020). Data privacy against innovation or against discrimination?: The case of the California Consumer Privacy Act

(CCPA). Telematics and Informatics, 52.

del Mar Alonso-Almeida, M., & Giglio, C. (2024). Cybersecurity in tourism and hospitality management research: current is-
sues, trends, and an agenda for future research. Cuadernos de turismo(53), 243-260.

del Mar Alonso-Almeida, M., Giglio, C., & lazzolino, G. (2024). A cross-country analysis of decision-making factors influenc-
ing tourists’ shift towards circular destinations in EU-27. Socio-Economic Planning Sciences, 94, 101955.

Florido-Benitez, L. (2024). The cybersecurity applied by online travel agencies and hotels to protect users’ private data in smart

cities. Smart Cities, 7(1), 475-495.

118



Zh. Aliyeva et al.

Florido-Benitez, L. (2025). The role of cybersecurity as a preventive measure in digital tourism and travel: a systematic litera-
ture review. Discover Computing, 28(1), 28.

Ghaderi, Z., Beal, L., Hall, C. M., Zaman, M., Ahmad Rather, R., & Mat Som, A. P. (2024). Cybersecurity and smart tourist
destinations resilience. Tourism Recreation Research, 1-17.

Ghaderi, Z., Beal, L., & Houanti, L. (2024). Cybersecurity threats in tourism and hospitality: perspectives from tourists engag-
ing with sharing economy services. Current Issues in Tourism, 1-16.

Hallinan, D., De Hert, P., & Leenes, R. (2021). Data Protection and Privacy.

https://thehackernews.com. Automated Threats Pose Increasing Risk to the Travel Industry. Jul 18, 2024 https://thehackernews.
com/2024/07/automated-threats-pose-increasing-risk.html.

Karadayi-Usta, S. (2025). Sustainable medical tourism service network with a stakeholder perspective. Current Issues in Tour-
ism, 28(2), 321-340.

Marengo, A., & Pagano, A. (2024). Machine learning for cybersecurity for detecting and preventing cyber attacks. Machine
Intelligence Research, 18(1), 672-689.

Miller, K. (2024). Cyber Security Threats in Tourism and Hospitality. URL: https://trainingcamp.com/cyber-security-threats-in-
tourism-and-hospitality/ (Kapay yakeiter: 04.02.2024).

Paraskevas, A. (2022). Cybersecurity in travel and tourism: a risk-based approach. In Handbook of e-Tourism (pp. 1605-1628).
Springer.

Perlroth, N., Tsang, A., & Satariano, A. (2018). Marriott hacking exposes data of up to 500 million guests. The New York Times,
30.

Roy, P., Chandrasekaran, J., Lanus, E., Freeman, L., & Werner, J. (2023). A Survey of Data Security: Practices from Cyberse-
curity and Challenges of Machine Learning. arXiv preprint arXiv:2310.04513.

Syzdykova, D., Yuldasheva, N., Abdramanova, G., Kose, Z. K., & Isaeva, A. (2024). [Ipo6ieMbl 1 EPCHIEKTUBBI PA3BUTHS
Typuctckoro ousHeca B Kazaxcraune. Bulletin of the Karaganda university Economy series, 11329(1), 193-203.

Tariq, M. U. (2024). Cybersecurity risk assessment models and theories in the travel and tourism industry. In Corporate Cyber-
security in the Aviation, Tourism, and Hospitality Sector (pp. 1-17). IGI Global.

Thealla, P., Nadda, V., Dadwal, S., Oztosun, L., & Cantafio, G. (2024). Corporate cybersecurity in the aviation, tourism, and
hospitality sector. 1GI Global.

Williamson, J., & Curran, K. (2021). Best practice in multi-factor authentication. Semiconductor Science and Information De-
vices, 3(1).

Zishan, M., & Russell, S. (2024). Data Privacy and Security in E-commerce: Utilizing Blockchain and Multi-Factor Authentica-
tion to Safeguard Transactions. ResearchGate, August 2024, DOI: http://dx. doi. org/10.13140/RG. 2.2, 16554.

Kobern, I1. H. (2020). ObecrnieyeHne 0e30MaCHOCTH TYPUCTUYECKOW HWHAYCTPHU-OAHA W3 BAKHEUIINX COCTABISIONINX €€
s dpextuBHOTO passutus. Juanoe(2 (16)), 20-29.

Mocynosa, H. (2024). Air Astana moarBepamia 0€30MacHOCTb MEPCOHATBHBIX JaHHBIX MACCAKHUPOB [DIEKTPOHIBI pecypc]
/I Kasungpopm. URL: https://www.inform.kz/ru/air-astana-podtverdila-bezopasnost-personalnih-dannih-passazhirov-Oadfe6 (Kapay
yaxpITel: 01.02.2024).

Hycapoga, A., & Jlxakceuibikos, C. (2020). 3awuma nepconanvhvix oannwix ¢ Kazaxcmawne: cmamyc, pucku u 603MONCHOCMIUL:
https://www.soros.kz/wp-content/uploads/2020/04/Personal_data_report.pdf.

OBunHHHKOB, 0. /1., & PaBkun, P. /1. (2021). [Ipo6iieMbl TEXHOKPATHYHOCTH U O€30MaCHOCTH B cepe Typusma. Hayka-2020(4
(49)), 127-132.

References

Arcuri, M. C., Gai, L., lelasi, F., & Ventisette, E. (2020). Cyber attacks on hospitality sector: Stock market reaction. Journal of
Hospitality and Tourism Technology, 11(2), 277-290.

Baik, J. S. (2020). Data privacy against innovation or against discrimination?: The case of the California Consumer Privacy Act
(CCPA). Telematics and Informatics, 52.

del Mar Alonso-Almeida, M., & Giglio, C. (2024). Cybersecurity in tourism and hospitality management research: current is-
sues, trends, and an agenda for future research. Cuadernos de turismo(53), 243-260.

del Mar Alonso-Almeida, M., Giglio, C., & lazzolino, G. (2024). A cross-country analysis of decision-making factors influenc-
ing tourists’ shift towards circular destinations in EU-27. Socio-Economic Planning Sciences, 94, 101955.

Florido-Benitez, L. (2024). The cybersecurity applied by online travel agencies and hotels to protect users’ private data in smart
cities. Smart Cities, 7(1), 475-495.

Florido-Benitez, L. (2025). The role of cybersecurity as a preventive measure in digital tourism and travel: a systematic litera-
ture review. Discover Computing, 28(1), 28.

Ghaderi, Z., Beal, L., Hall, C. M., Zaman, M., Ahmad Rather, R., & Mat Som, A. P. (2024). Cybersecurity and smart tourist
destinations resilience. Tourism Recreation Research, 1-17.

119



Cybersecurity in Kazakhstan’s tourism sector: challenges and solutions in the protection of personal data

Ghaderi, Z., Beal, L., & Houanti, L. (2024). Cybersecurity threats in tourism and hospitality: perspectives from tourists engag-
ing with sharing economy services. Current Issues in Tourism, 1-16.

Hallinan, D., De Hert, P., & Leenes, R. (2021). Data Protection and Privacy.

https://thehackernews.com. Automated Threats Pose Increasing Risk to the Travel Industry. Jul 18, 2024: https://thehackernews.
com/2024/07/automated-threats-pose-increasing-risk.html.

Karadayi-Usta, S. (2025). Sustainable medical tourism service network with a stakeholder perspective. Current Issues in Tour-
ism, 28(2), 321-340.

Marengo, A., & Pagano, A. (2024). Machine learning for cybersecurity for detecting and preventing cyber attacks. Machine
Intelligence Research, 18(1), 672-689.

Miller, K. (2024). Cyber Security Threats in Tourism and Hospitality. URL: https://trainingcamp.com/cyber-security-threats-in-
tourism-and-hospitality/ (Kapay yakeiter: 04.02.2024).

Paraskevas, A. (2022). Cybersecurity in travel and tourism: a risk-based approach. In Handbook of e-Tourism (pp. 1605-1628).
Springer.

Perlroth, N., Tsang, A., & Satariano, A. (2018). Marriott hacking exposes data of up to 500 million guests. The New York
Times, 30.

Roy, P., Chandrasekaran, J., Lanus, E., Freeman, L., & Werner, J. (2023). A Survey of Data Security: Practices from Cyberse-
curity and Challenges of Machine Learning. arXiv preprint arXiv:2310.04513.

Syzdykova, D., Yuldasheva, N., Abdramanova, G., Kose, Z. K., & Isaeva, A. (2024). Problems and Prospects for the Develop-
ment of the Tourism Business in Kazakhstan. Bulletin of the Karaganda university Economy series, 11329(1), 193-203. (In Russian)

Tariq, M. U. (2024). Cybersecurity risk assessment models and theories in the travel and tourism industry. In Corporate Cyber-
security in the Aviation, Tourism, and Hospitality Sector (pp. 1-17). IGI Global.

Thealla, P., Nadda, V., Dadwal, S., Oztosun, L., & Cantafio, G. (2024). Corporate cybersecurity in the aviation, tourism, and
hospitality sector. IGI Global.

Williamson, J., & Curran, K. (2021). Best practice in multi-factor authentication. Semiconductor Science and Information
Devices, 3(1).

Zishan, M., & Russell, S. (2024). Data Privacy and Security in E-commerce: Utilizing Blockchain and Multi-Factor Authentica-
tion to Safeguard Transactions. ResearchGate, August 2024, DOI: http://dx. doi. org/10.13140/RG. 2.2, 16554.

Kobets, P. N. (2020). Ensuring the security of the tourism industry as one of the key components of its effective development.
Dialog, 2(16), 20-29. (In Russian)

Mosunova, N. (2024). Air Astana confirmed the security of passengers’ personal data [Electronic resource]. Kazinform. https://
www.inform.kz/ru/air-astana-podtverdila-bezopasnost-personalnih-dannih-passazhirov-0adfe6 (Retrieved February 1, 2024). (In
Russian)

Nusarova, A., & Dzhaksylykov, S. (2020). Personal data protection in Kazakhstan: Status, risks, and opportunities. https://
www.soros.kz/wp-content/uploads/2020/04/Personal data report.pdf. (In Russian)

Ovchinnikov, Y. D., & Ravkin, R. D. (2021). Problems of technocracy and security in the field of tourism. Science-2020, 4(49),
127—-132. (In Russian)

Information about authors:

Zhannat Aliyeva — Candidate of Geographical Sciences, Associate Professor, Al-Farabi Kazakh National University (Almaty,
Kazakhstan, e-mail: aliyeva.zhannat@kaznu.kz);

Zhanel Baden — Bachelor’s Degree Student majoring in Tourism, Al-Farabi Kazakh National University (Almaty, Kazakhstan,
e-mail: zhanel.baden@gmail.com);

Imanaly Akbar (corresponding author) — PhD, Acting Associate Professor, Al-Farabi Kazakh National University (Almaty,
Kazakhstan, e-mail: akbar.imanaly@gmail.com);

Zabira Myrzaliyeva — Candidate of Geographical Sciences, Senior Lecturer, South Kazakhstan Pedagogical University named
after Uzbekali Zhanibekov (Shymkent, Kazakhstan, e-mail: zabira2011@mail.ru);

Madeleine Udahogora — PhD, Project Manager, Rwanda Rural Rehabilitation Initiative NGO (Kigali, Rwanda, e-mail: umad-
eleine@rwarri.com).

Aemopnap mypanvt manimem:

JKannam Anuesa Hapuxbaesna — ceoepaghust ebiibimoapuiibiy Kanoudamsl, doyenm, on-Dapabu amuvinoaevr KazYVy (Aimamul,
Kazaxcman, e-mail: aliyeva.zhannat@kaznu.kz);

JKonen Boaoen CulpblMKbI3bl — mypusm Mamanowlevl Oouvinwa Oaxanaspuam cmydenmi, on-@apabu amvinoasvl Kaz¥Yy
(Anmamul, Kasaxcman, e-mail: zhanel. baden@gmail.com);

Umananer Axbap (koppecnondoenmmix aémop) — PhD ooxmopwi, doyenm m. a., on-@apabu ameindazer KazYy (Anmame,
Kazaxcman, e-mail: akbar.imanaly@gmail.com);

120



Zh. Aliyeva et al.

3abupa Mbuipzanuesa Kaszvloekkpizvl — 2eoepadusi 2bLIbIMOAPLIHbIY KaHOUudamsl, daza oxvimyuvl, O30exoni Koniberxos
amuvinoazel Oymycmik Kazaxcman neoazoeuxanvix ynusepcumemi ([Llvimkenm, Kazaxcman, e-mail: zabira2011(@mail.ru);

Maonen Yoaxocopa — PhD, orcoba socemexwici, Pyanoa ayvinovix scepaepin kainvina keamipy 6acmamacwl YEY (Kueanu,
Pyanoa, e-mail: umadeleine@rwarri.com).

Ceeoenus 00 agmopax:

Anuesa Kannam Hapuxbaeena — xanoudam eeoepaguueckux nayk, ooyenm Kazaxcrkoco nayuonanvrnoeo ynueepcumema
umenu anv-Papabu (Armamel, Kasaxcman, e-mail: aliyeva.zhannat@kaznu.kz);

baoen Kamnenv Cuipvimosna — cmyoewmka 6akanaepuama no cneyuanvHocmu « Typuzmy, Kazaxcrkuil HayuoHaIbHbL
VHugepcumem umenu arb-Papadu (Armamel, Kazaxcman, e-mail: zhanel baden@gmail.com);

Axbap Hmananvl (omeemcmeennwiii agmop) — dokmop ¢uiocouu, u. o. doyenma Kazaxcrkozo nayuonanvrnozo ynusepcumema
umenu anv-Papabu (Armamel, Kazaxcman, e-mail: akbar.imanaly@gmail.com),

Muipzanuesa 3abupa Kazvloekkvizvl — KaHouoam 2eocpaguueckux Hayk, cmapuwuil npenooasamens, FOxcno-Kazaxcmarnckuil
nedazozudeckuil yHugepcumem um. Osoexoni Konivexos (LLlvimkenm, Kasaxcman, e-mail: zabira2011(@mail.ru);

Maonen Yoaxoecopa — ooxmop ¢urocoguu, pykogooumenv npoexma, HIIO «Hnuyuamusa no 60cCmano61eHUur) CenbCKUX
pationog Pyanovry (Kueanu, Pyanoa, e-mail: umadeleine@rwarri.com).

Received: June 1, 2025
Accepted: October 20, 2025

121



ISSN 1563-0234, eISSN 2663-0397 Xab6apuibl. ['eorpadust cepusicer. Ned (79) 2025 https://bulletin-geography.kaznu.kz
IRSTI 71.37.75 https://doi.org/10.26577/JGEM202579410

L.S. Spankulova' @ , Y. Yerbolat? @ , Y.R. Dauletkhanova'* @

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
*Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
*e-mail: daulethanova e@mail.ru

ASSESSING TOURISM AND REGIONAL ECONOMIC INEQUALITY
IN CHINESE CITIES: SPATIAL ANALYSIS BASED
ON POI BIG DATA AND MACHINE LEARNING

This paper presents an overall examination of the interlinkage relationships concerning regional
policy, tourism, and economic inequality through the Chinese case. The research objectives are to evalu-
ate the causal effect of the Western Development Strategy (WDS) and provide information regarding
the spatial distribution of tourism facilities at the level of Beijing city through the application of con-
temporary data and advanced methodologies. To achieve the objectives of this study, there are two
interconnected empirical research components. The first research component provides a compilation
of findings from existing spatial Regression Discontinuity Design (RDD) studies concerning the impact
of the Western Development Strategy (WDS). In addition, descriptive statistics from the years 2000 to
2020 are used. The findings of the mentioned researches confirm the existence of a positive effect of the
WDS regarding the tourism sector across the targeted regions. This effect is demonstrated through the
relative enhancement of the gross regional product’s tourism revenue part at a level of approximately
5.9%—6.7 %. The results of the mechanism approach confirm the indirect support of the WDS regard-
ing the tourism sector through the enhancement of the relevant investments in the sector’s infrastructure
and the extension of the Tax Incentive Schemes. The second research component investigates the spatial
distribution of tourism and leisure facilities in the primary city districts of the city of Beijing through the
application of POI big data information concerning the relevant sector. Additionally, the findings of the
research will be used concerning the information of the relevant sector’s POI big data. Machine learning
algorithms and decision trees will be employed for the identification of the best locations suitable for
the allocation of tourism facilities. The accuracy level of the model achieves the remarkable figure of
approximately 83.5 %. The four basic factors that affect the spatial distribution of tourism facilities are
hotel density, vicinity to shopping malls, transport accessibility levels, and the relevant sector’s POI big
data information regarding the city’s relative population. The results can contribute to the development
of an empirical standard regarding the RDD method in the field of tourism economics and the applica-
tion of POI big data information concerning Al through the enhancement of the effect of regional policy
concerning the mitigation of regional inequality levels.

Keywords: urban tourism, inequality, POI data, machine learning, China.
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KbiTalt KaraAapblHAQ TYPU3M MEH aliMaKTbIK, SKOHOMMKAAbIK, TEHCI3AIKTI OaFaAay:
POI yAKkeH AepekTepi MeH MalLMHaAbIK, OKbITyFa Heri3AeAreH KeHiCTiKTiK Taaaay

byA Makanaaa Kpitai MblCaAbIHAQ AMMAKTbIK, CAsSiCaT, TYPU3M >KOHE IKOHOMMKAADBIK, TEHCI3AIK apa-
CbIHAAFbI ©3apa GarAaHbICTap KelleHAl TYpAe TaAAaHaAbl. 3epTTeyAiH MakcaTbl — baTbiCTbl AambITy
cTpaTeruscbiHbiH, (Western Development Strategy — WDS) Typuamre acepiH ceben-carsapAblk, TypFbi-
AaH Garanay keHe berxiH Kaaacbl AeHreriHAe Typu3M MHMPAKYPbIAbIMbIHBIH KEHICTIKTIK YATiAepiH
3amMaHayu AepekTep MeH aAicTep apKblAbl cunatTay. Ocbl MakcaTTa 3epTTey eKi e3apa TOAbIKTbIPY-
Wbl AMMUPMKAABIK, 6aFbITTbl KaMTUABI. BipiHwi 6arbiTta WDS asicbiHAaFbl aiMaKTbIK, CasiCaTTblH Ty-
pV3M AaMyblHa TUTi3eTiH 8cepi KeHiCTIKTIK perpeccusiAbiK, AMCKOHTUHYYM AM3aiiHbl (spatial Regression
Discontinuity Design — RDD) saicimeH 6araraHAbl. bya TaciA reorpausiabik, wekapa 60MbiHAA Op-
HaAacKaH KaAaAnapabl «emaeAylli» (WDS ascbiHaQ) skeHe «bakpiaay» (WDS cbipTbiHAQ) TONTapra Ge-
AN CaABICTBIPY apKblAbl CasicaTTblH, Ta3a 8CepiH aHbIKTayFa MyMKIHAIK Gepeai. DMNUPUKAABIK, HOTU-
xeaep WDS-TiH Typu3m CEKTOPbIHbIH AaMyblHa OH XK8HE CTaTUCTMKAAbIK TYPFblAQ MOHAI acepi 6ap
€KeHiH KepceTTi: TYpU3M KipiCiHiH, XaAMbl 6HiPAIK 6HIMAETT YAeCi WwamameH 5,9—6,7 % apaAblfblHAQ
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apTKaH, aA acep 2013 »bIAFa AeliH TypakTbl CakTaAfaH. MexaHmamaik Taapay WDS-TiH Typusmai
MHPaKYPbIAbIMFA MHBECTULIMIAAPADB! YAFAUTY >KOHE CAAbIKTbIK bIHTAAQHAbIPYAQP >KYMECIH KEeHenTy
APKbIAbI >KaHama KOAAAMTbIHbIH KepceTTi. ExiHwi GarbiTTa berxiH KaAacblHbIH HEri3ri KaAaAbIK, ay-
AQHAQPbIHAAFbI TYPU3M XKOHE AEMAaAbIC HblCaHAAPbIHbIH KeHICTIKTiK yAriaepi POl (Point of Interest)
YAKEH AepekTepi, AeMorpadmaAbIK, KOPCETKILLTEP KoHe KOAIK MH(PaAKYPbIAbIMbI AepeKkTepi HerisiHae
3epTTeAai. MalMHaAbIK, OKbITY 8AICTEpPi, COHbIH, ilWiHAE LWeLliM aFalllbl MOAEAI, TYPUCTIK HbICAaHAQPADI
OPHAAACTbIPYAbIH OHTAMAbI aiMaKTapbiH aHbIKTaY YLIiH KOAAAHBIAABI; MOAEAbAIH BOAYKAMAbBIK, ASAAITI
83,5 %-Abl Kypaabl. Typr3m MHDPAKYPbIAbIMBIHBIH LUOFbIPAAHYbIHA KOHAKYMAEPAIH, ThIFbI3AbIFbI, Cay-
AQ OPTaAAbIKTaPbIHbIH, XKaKbIHABIFbI, KOAIK KOAXKETIMAIAIT »K&HEe XaAblK, TbIFbI3AbIFbl 6ACTbl hakTopAap
peTiHAE alKbIHAQAABL. 3epTTey HaTMXXeAepi Typu3M 3KOHOMMKACbIHAQ RDD aAiciH KOAAQHY apKbIAbl
ceben-canAapAbIK, TaAAQYAbIH SMIMMPUKAAbIK, CTaHAAPTbIHA yAeC Kocbirn, POl yAkeH aepekTepi MeH ma-
LLIMHAABIK, OKbITYAbl OIPIKTIPYAIH aiMaKTbIK, TEHCI3AIKTI a3aiTy >XoHe KAAaAbIK, XXOCMapAayAbl OHTai-
AQHAbBIPY YLiH MPAKTUKAABIK, MYMKIHAIKTEPIH KepceTeA,.
TyiiH ce3aep: KaraAblk Typu3M, TeHCi3aik, POl aepekTepi, MalMHaAbIK, OKbITy, KbiTai.
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OueHka TypuM3ma U perMoOHaAbHOr0O 3KOHOMMYEeCKOro HepaBeHCTBa B ropoAax Kuras:
NPOCTPAHCTBEHHbIM aHaAM3 HAa ocHOBe POI-00AbLLIMX AQHHBIX
M METOAOB MALLIMHHOIO 00y4eHus

B cTaTbe KOMNAEKCHO aHaAM3MPYIOTCS B3aMMOCBS3M MEXKAY PErMOHAABHON MOAUTMKON, TYPU3MOM
M 3KOHOMMYECKMM HEPaBeHCTBOM Ha npumepe Kutag. LleAb nccaeaoBaHms — NPUUMHHO-CAEACTBEHHAs
oLleHKa BAMSHMS cTpaTerMmn passutus 3anasa (Western Development Strategy — WDS) Ha Typusm m
OnMcaHMe NPOCTPAHCTBEHHbIX MOAEAEN TYPUCTCKON MHPPACTPYKTYPbI HA YPOBHE ropoaa NekunH ¢ nc-
MOAb30BaHMEM COBPEMEHHbIX AQHHbBIX M METOAOB. AASI AOCTMXKEHMS STOM LeAn paboTa BKAIOYAET ABA
B3aMMOAOMOAHSIIOLLMX AMIMPUYECKNX HanpaBAeHMs. B nepBom HanpaBAeHMM BAMSHME PErvMOHAAbHOM
noAnTMKM B pamkax WDS Ha pa3Butie Typr3ma OLEeHMBAETCS C MOMOLLbIO METOAQ MPOCTPAHCTBEHHOIO
perpeccMoHHOro AMCKOHTUHYYM-AM3aiiHa (spatial Regression Discontinuity Design — RDD). 3ToT noa-
XOA MO3BOASIET BblISIBUTb UMCTbIA 3(PDEKT MOAUTMKM 32 CYET CPABHEHMS TOPOAOB, PACMOAOXKEHHbIX
BAOAb reorpamyeckoi rpaHuLibl, OTHECEHHBIX K «AeuebHOM» (BHyTpr WDS) M «KOHTPOAbHOWM» (BHE
WDS) rpynnam. IMnmpuyeckme pedyAbTaTbl MOKA3bIBAOT MOAOXKUTEAbHOE M CTAaTUCTUYECKM 3HAUMMOe
BAMgaHMe WDS Ha pasBuTre TypUCTCKOro CeKTOpa: AOASt AOXOAOB OT TypU3Ma B BAAOBOM PErmoHaAb-
HOM MPOAYKTE YBEAMUMBAETCS MPUMEPHO Ha 5,9-6,7 %, npu 3ToM adpekT coxpaHsetcs Ao 2013
road. MexaHm3amHbIN aHaAn3 AeMoHCTpupyeT, 4To WDS KOCBEHHO NoAAEp KMBaET TYPU3M 3a CHET yBe-
AVYEHUS MHBECTULMI B MHAPACTPYKTYPY M PACLLMPEHMS CUCTEMbI HAAOTOBbIX CTUMYAOB. BO BTOpOM
HamnpaBAEHWN MCCAEAYIOTCS MPOCTPAHCTBEHHbIE MATTEPHb! PA3MELLEHNS TYPUCTCKMX M PEKPEaLMOHHbIX
00bEKTOB B OCHOBHbIX FOPOACKMX paioHax [NekuHa Ha ocHoBe aaHHbix POI (Point of Interest), aAemo-
rpadmyecknx nokasareAen n nHopMauumn O TPAHCMOPTHOM MH(PACTPyKType. MeToAbl MALLMHHOIO
00yueHus, BKAIOYAS MOAEAb PELLAIOLLErO AepeBa, MCMOAb30BaHbl AAS BbISIBAEHWS OMTUMAAbHbIX 30H
pa3meLLeHUs TYPUCTCKMX OBbEKTOB; MPOrHOCTUYECKAst TOUHOCTb MOAEAN coCTaBAseT 83,5 %. B kaue-
CTBe KAIOYEBbIX (DAKTOPOB KOHLIEHTPALMM TYPUCTCKOM MHDPACTPYKTYPbl BbIIBA€HbI MAOTHOCTb FOCTH-
HUWL, 6AM30CTb TOProBbIX LEEHTPOB, TPAHCMOPTHAS AOCTYMHOCTb M MAOTHOCTb HaceAeHUsl. Pe3yAbTathi
MCCAEAOBAHMS BHOCST BKAQA B (DOPMMPOBAHUE IMMMPUYECKOrO CTaHAAPTA MPUUYNHHO-CAEACTBEHHOIO
AHAAM3a B 3KOHOMMKeE Typu3ma € npumeHeHrem RDD 1 AeMOHCTPUPYIOT NpakTUYeCcKmii NOTEHUMAA CO-
yeTaHust 6oAbLIMX AaHHbIX POl 1 MalMHHOrO 06YyUEHMS AASI CHUXKEHMSI PErMOHAABHOTO HEPABEHCTBA,
M ONTMMM3ALMN FOPOACKOrO MAQHMPOBAHMSI.

KAtoueBble CAOBa: rOPOACKONM Typu3M, HepaBeHCTBO, AaHHble POI, MalumHHoe o6yveHne, Kutan.

Introduction

Urban tourism and the provision of leisure fa-
cilities in the city can be considered a crucial part
of modern-day city development and regional eco-
nomic policy. This development helps the efficient
coordination of the city’s infrastructure network and
increases its tourism value, which also leads to the

improvement of the city’s residents’ quality of life
and helps develop the city’s economy. The city’s
tourism also promotes its global image and has a
multiplier effect in the labor market and the service
sector (Loh, W. Y., 2011: 14).

In the past few years, the city has grown to be
one of the preeminent tourism destinations in the
nation. The city’s tourism industry has been pro-
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jected as one of the prime factors influencing the
growth of the economy due to the inflow of visi-
tors from across the world. The above-mentioned

points give sufficient reasoning to study models of
tourism development in the following ways (Fig-
ure 1).

Infrastructure
mvestments

Tax incentives

Regional
policy
(WDS)

Tourism
Development
(income, visitors,
infrastructure)

Figure 1 — Concrete models of tourism development
Note — compiled by the author

The above-mentioned factors currently require
drastic research through various models of studying
the opinions of the general public through various
surveys and observations. However, in recent years,
the increasing usage of big-data analytics to promote
decision-making in the field of geographical loca-
tions has raised popularity due to its capability to
provide information regarding the location through
various models of POI data points, geographical in-
formation of various social sites, and location infor-
mation of various mobile network operators (Wu,
S., 2025: e0298056).

In addition, the regional development policy of
the PRC has also had the same effect on the geo-

graphic pattern of tourism development. Since the
beginning of the twenty-first century, the Chinese
government has been promoting the Western Devel-
opment Strategy (WDS). The aim of the WDS has
been to eliminate the development lag of the western
part of the PRC and to address the inequality of soci-
ety as a whole. The WDS has been identified as the
longest regional policy of the post-reform era. In the
context of the WDS, the target has been to improve
the economic prospects of the twelve provinces and
the development prospects of the five autonomous
regions. The first stage of the research focused on
analyzing the trends in tourism revenue, detailed in
the following table (Table 1).

Table 1 — Tourism revenues in China, 2000—2020 (in billion USD). The table includes data to illustrate the trends and key indicators

of the tourism sector.

Year Domestic tourism revenue Inbound tourism revenue Share of the western region
(bn USD) (bn USD) (%)
2000 317 bn USD 100 bn USD 10 %
2010 1257 bn USD 228 bn USD 18 %
2020 3995 bn USD 440 bn USD 25%
Note — compiled by the author
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As shown in the table, tourism revenues from
domestic and inbound flows in China demonstrated
a steady growth trajectory between 2000 and 2020.
In 2000, domestic tourism generated 317 billion
yuan and inbound tourism 100 billion yuan, whereas
by 2020 these figures had increased to 3,995 billion
yuan and 440 billion yuan respectively. Thus, reve-
nues from inbound tourism grew by approximately a
factor of 4.4. From a regional perspective, the share
of tourism income attributable to the western regions

of China also rose markedly — from 10% in 2000 to
25% in 2020. This shift underscores the important
role of tourism in stimulating economic activity in
the western and central provinces of the country and
in mitigating interregional income disparities (Fan,
C. C., 2008: 18).

In addition, the expansion of tourism has had a
positive effect on the national labour market, par-
ticularly by contributing to the creation of new jobs
in the service sector (Table 2).

Table 2 — Changes in employment in tourism and the service sector in China, 2000-2020 (in thousands of employees). The table
includes data to illustrate the trends and key indicators in employment within the tourism and service sectors.

Industry 2000 year (number of people) | 2020 year (number of people) Change (%)
Tourism and services 3.1 million people 8.9 million people +187%
Industry and construction 10.5 million people 14.8 million people +41%
Note — compiled by the author

The findings indicate that between 2000 and
2020, the number of people employed in tourism
and related service sectors in China increased sub-
stantially. Whereas in 2000 these sectors employed
3.1 million people, by 2020 this figure had risen to
8.9 million, representing an increase of 187%. For
comparison, employment in industry and construc-
tion grew by only 41% over the same period. These
data demonstrate that tourism has become an im-
portant economic factor in diversifying the national
labour market and generating new jobs (Gao, S.,
2017: 446—467). Furthermore, the development of
the tourism industry and increased investment in re-
gional infrastructure have contributed to a marked
reduction in poverty levels in the western regions
(Table 3).

Table 3 — Dynamics of poverty levels in Western China, 2000—
2020

Year Share of the populati(?n living
below the poverty line %
2000 20.3%
2010 10.5%
2020 0.6%
Note — compiled by the author

According to Table 3 above, the rate of poverty
in the western regions of China has dropped from
20.3% to 0.6% from the year 2000 to the year 2020.

This makes it clear that the development of tourism
and the economic policy of the region has been quite
effective. The development of the tourism sector
through the development of the sector’s infrastruc-
ture has helped in improving the income levels of
the people and has reduced the levels of poverty by
a factor of 33 (Qin, X., 2023: 359-385).

The existence of rich natural, historical, and cul-
tural resources in the western region has facilitated
the positioning of the tourism sector as the “back-
bone” of the regional economy. According to statis-
tical information, from 2002 to 2010, the revenue of
the tourism sector of Western China recorded a dra-
matic growth from 18.36 billion US dollars to 103.7
billion US dollars, while the number of tourists also
jumped from 304.6 million to over 1 billion. How-
ever, there has been insufficient research carried out
from the scientific community about whether this
growth can be accredited to the direct results of the
application of the WDS policy or the overall growth
of this sector at the national level (Qian et al., 2021:
101552).

In this context, the objectives of the current
study are to find the causal effect of regional policy
on the development of tourism and to develop effi-
cient ways of planning city tourism based on spatial
information. In general, the study will address the
following objectives:

- to assess the effect of WDS on the tourism sec-
tor within a causal framework through a spatial Re-
gression Discontinuity Design (spatial RDD).
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- to determine
the mechanisms
of the policy’s impact
and the extent of its effect
on regional economic
disparities through the

- to assess
the effect of WDS
on the tourism sector
within a causal framework
through a spatial Regression
Discontinuity Design

(spatial RDD).
investment and/
or institutional

and leisure facilities in the
city of Beijing through the
application of POI big data
provision of infrastructure

- to
examine the spatial
distribution of tourism

- developing
data-driven
recommendations for
the planning of tourism
infrastructure in the city and
the reduction of regional
inequality based on the
empirical findings
derived.

and machine learning
algorithms;

Figure 2 — Conceptual framework of the study
Note — compiled by the author

- to determine the mechanisms of the policy’s
impact and the extent of its effect on regional eco-
nomic disparities through the provision of infra-
structure investment and/or institutional support.

- to examine the spatial distribution of tourism
and leisure facilities in the city of Beijing through
the application of POI big data and machine learn-
ing algorithms;

- developing data-driven recommendations for
the planning of tourism infrastructure in the city and
the reduction of regional inequality based on the
empirical findings derived.

The scientific significance of the problem: the
relevance of the problem consists in the fact that the
tourism sector is a complex system that relies on the
multisectoral economy. The development of the lat-
ter occurs to a large extent depending on the type of
regional policy, the level of the state’s infrastructure
development, as well as the quality of spatial plan-
ning (Li, X., 2020: 100608). The previous research-
es mainly estimated the impact of policy through the
comparative method, which has the disadvantage of
endogeneity. To overcome this drawback, the cur-
rent research intends to apply the method of the spa-
tial Regression Discontinuity Design (spatial RDD)
to measure the exact causal impact of the policy.
The study will be based on the framework of spatial
RDD & POI big data & CART algorithms.

The results provide new insights into the rela-
tionships between regional inequality, the develop-
ment of transportation infrastructure, and tourism.
By integrating the results from the RDD estima-
tion method with those obtained through machine
learning algorithms applied to tourism econom-
ics, the study not only establishes a novel research
framework but also produces detailed, data-driven
findings that can support the National Bureau of
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Statistics of China in creating more accurate and
evidence-based datasets for evaluating regional
policy effectiveness (National Bureau of Statistics
of China, 2010). Thus, integrating the methodology
of spatial regression discontinuity design (RDD)
with POI big data analytics and machine learning
algorithms creates not only a new research tool-
kit, but also a practical mechanism for improving
the quality of official statistics. The data obtained
in the course of the study make it possible to move
from stating the facts of growth in tourism revenues,
for example, in the western regions of China, to an
evidence-based assessment of the contribution of a
specific policy — the Western Development Strategy
(WDS)- to this growth. The ‘pure’ causal effect of
5.9-6.7% identified using RDD provides statistical
agencies, such as the National Bureau of Statistics
of China, with a benchmark quantitative indicator
of the effectiveness of such large-scale regional pro-
grammes.

In addition, the model developed for Beijing
based on POI data and the CART algorithm demon-
strates how big data and machine learning can serve
as the basis for creating detailed spatially referenced
datasets. Instead of averaged indicators for a city
or district, this methodology allows the generation
of data with high geographical resolution (at the
1x1 km level), directly linking the location of tour-
ist infrastructure with population density, transport
accessibility and the availability of related services
(hotels, shopping centres). This enables the Nation-
al Bureau of Statistics to generate not just reporting
data sets, but also analytical and predictive data sets.
Such data can be used to accurately assess the im-
pact of infrastructure projects that have already been
implemented, as well as to model the potential effect
of planned investments, which is extremely impor-
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tant for justifying budget allocations and strategic
planning with a view to reducing regional inequal-
ity. In fact, the study offers a roadmap for enrich-
ing traditional statistical accounting with evidence-
based, causal and spatially detailed insights.

The target of this research study will be regional
development policy and the tourism sector in the
PRC, which will also encompass the regions affect-
ed by the Western Development Strategy and the
large city aggregates.

The research subject involves the role of re-
gional policy in developing the tourism sector and
reducing regional economic disparity. In addition to
this, the spatial distribution of tourism and leisure
facilities in the core districts of the city of Beijing
also forms the research subject.

The main hypothesis of the study is that the
Western Development Strategy leads to the develop-
ment of the tourism sector due to the enhancement
of infrastructure investment and the provision of tax
incentives, which ultimately helps in the mitigation
of regional economic disparities, and the spatial dis-
tribution of tourism and leisure facilities can be pre-
dicted through the use of POI big data, the density of
the population, and transport accessibility.

It is important to note that while the first re-
search component focuses on the Western Devel-
opment Strategy (WDS) and its impact on tourism
in western regions, the second component consid-
ers Beijing as a separate case study. Beijing, as the
capital and a major tourist centre in eastern China,
was chosen not as a WDS target but as a case study
of a developed metropolis where advanced spatial
analysis using big POI data and machine learning
can be applied. This two-tiered approach allows
us to: 1) assess the causal relationships of regional
policy (WDS) at the macro level and 2) demonstrate
a modern methodology for optimising tourism infra-
structure planning at the city level, which can sub-
sequently be applied to cities within WDS regions.

Literature review

The interplay of tourism and regional economic
development has, during the last decade, emerged
as one of the main research trends in the field of re-
gional science and economic geography. A number
of studies have revealed the positive effect of tour-
ism as a factor of economic growth and regional in-
come distribution (Croes & Vanegas, 2008; Yang
et al., 2021). On the other hand, researchers men-
tioned above also identify that irregular develop-
ment of tourism can contribute to the aggravation of

socio-economic differences between regions (Liu,
M., 2020; Fang et al., 2021). This can be especially
topical concerning the situation of large nations like
China.

In an effort to rectify regional disparity issues,
the Chinese government introduced the Western De-
velopment Strategy (WDS). This has been regarded
as one of the significant national initiatives con-
cerning the geographic redistribution of economic
and social development (Lu, 2011 & 2013; Grewal,
2011; Zheng et al., 2022). The main purpose of the
WDS has been to unlock the development possibili-
ties of the less-developed western regions through
improved transport and tourism infrastructures,
attractiveness of investment opportunities, and in-
creased government subsidies (Chen et al., 2013).
Although it has been found in previous studies that
the WDS has positively affected regional economic
development and investment (Démurger et al., 2002
& Wang & Wei, 2020), its effect remains unestab-
lished from a causal point of view in the tourism
sector.

In recent years, spatial data and various types
of big data have been used widely to evaluate the
development of tourism. In particular, the available
POI (Points of Interest) data allows the functional
structure of cities, the level of tourism attractiveness,
and the intensity of the service sector’s activity to be
described accurately (Lu et al., 2020; Xu, 2024; Yi,
D., Yang, J., Liu, J., Liu, Y., & Zhang, J. 2019). In
this study, the POI data and the ML approach will
also be used to study the geographical distribution of
tourism and entertainment facilities in the main city
districts of the Chinese capital of Beijing. The fact
that this information has geographic coordinates at
particular locations allows micro-level research of
the economic and tourism processes in each of the
regions studied. An important trend in this field has
recently become the development of new sources of
information of the type ‘nightlight images,” which
can be used alternatively as a new indicator of re-
gional economic activity (Gibson, 2021).

Although classical econometric methods, like
Difference-in-Differences and Fixed Effects mod-
els, remain widely used to study the relationship be-
tween tourism and regional policy, they do not con-
sider spatial interdependencies and border effects
properly (Anselin, 2010). During the last few years,
in order to overcome the above limitations of pre-
vious methodologies, the Regression Discontinuity
Design method incorporating spatial information
(spatial RDD) has been employed rather frequently
(Keele & Titiunik, 2015; Dell, 2010). Using spatial
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RDD, it becomes possible to isolate the causal ef-
fect of a policy through the identification of cities
along the border of the policy effect and identify the
effect of geographical localization accurately. This
method sets a new standard in the evaluation of the
effectiveness of regional development and tourism
policy (Dong et al., 2019).

In the study of the relationship between the de-
velopment of tourism and regional inequality, the
role of machine learning algorithms has also gained
increasing significance. Using algorithms involving
Random Forest, XGBoost, and GWR (Geographi-
cally Weighted Regression) allows researchers to
address the complications of multiple factors in the
development of tourism and identify spatial patterns
(Duetal., 2023). By combining POI information and
information from social media sites, the above algo-
rithms can accurately predict the density of tourism
development in cities and intercity differences and
the impact of policy intervention (Xu, 2022).

In summing up the existing modern research
literature, the complexity of the data level involved
in analyzing the interaction of tourism and region-
al policy problems and the significance of spatial
causal analytics are revealed. The WDS and other
regional initiatives represent direct policy experi-
ments at which the problem of regional inequality
in the development of tourism in the PRC can be
mitigated. To correctly interpret the effect of the de-
scribed regional initiatives in concrete empirical re-
search will require novel research designs involving
spatial data (data of POI, nighttime lights data, and
big social media data), together with the application
of machine learning methodologies.

Therefore, although there has been relevant re-
search concerning the interrelated topics of tourism,
regional policy, and regional economic inequality
from diverse perspectives, there has been insuffi-
cient research concerning the effect of the Western
Development Strategy upon the tourism sector from
the viewpoint of spatial RDD in the context of a
causal model and the spatial distribution of the tour-
ism infrastructure of cities from the intersection of
POI big data and the application of ML algorithms.
This paper aims to fill this research gap.

Materials and methods

The research examines the relationships exist-
ing between regional policy, tourism, and city infra-
structure at two interrelated scales: the national and
regional level as framed within the Western Devel-
opment Strategy (WDS), and the intra-urban level in

128

the central districts of the city of Beijing.

The research question being asked is: What is
the impact of regional policy on the development
of tourism and regional disparities, and to what ex-
tent can the distribution of tourism and leisure fa-
cilities in a large city be predicted through the usage
of POI big data and the density of the population?
The hypothesis of this research is that the WDS has
a positive impact on the development of tourism
due to its supporting role in the development of the
region’s infrastructure and thus leads to the reduc-
tion of regional disparities, and at the same time the
distribution of tourism and leisure facilities can be
predicted.

From the methodological point of view, the re-
search combines three elements: (1) a descriptive
analysis of national and regional statistics, (2) the
synthesis of existing spatial RDD research concern-
ing the WDS, and (3) the micro-level model of POI
big data and the CART algorithm used in the context
of Beijing.

Study areas and data

The macro-level analysis covers all regions af-
fected by the OBD. Beijing was deliberately chosen
for the micro-level study, even though it is not a tar-
get city for the OBD. As a global metropolis with a
developed tourism sector and high data availability
(POL, infrastructure, population), Beijing serves as
an ideal testing ground for the proposed POI meth-
odology and machine learning. The ideas and mod-
els obtained in Beijing are designed to be used for
analysing and planning tourism infrastructure in
other cities, including in western China, within the
framework of the WDS.

In the macro approach, the research area extends
to the land of China with the emphasis being on the
regions defined in the WDS. The relevant data con-
cerning earnings from domestic and incoming tour-
ism, the number of people employed in tourism and
the services sector, as well as the level of relative
poverty from the years 2000-2020 were collected
from the government publication of the National
Statistical Office of China (China Statistical Year-
book). The purpose of the data collection was to
develop narrative statistical tables concerning the
earnings and the fall of relative poverty levels of the
regions of the west.

A micro-level study will target the main urban
districts of Beijing because this region constitutes
one of the most advanced and complex environ-
ments of its type in the whole of China. Three main
sources of data were used:
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- POI data from the AutoNavi (Amap) platform,
containing the coordinates of 566,932 facilities as of
October 2023.

- population data from the WorldPop project in
the year 2020, with a spatial resolution of 100 me-
ters;

- urban infrastructure and transport information
from the official statistical reports as well as Open-
StreetMap.

The study area was partitioned into a regular
grid of squares of size 1 x 1 km. This resulted in the
formation of 1548 valid grid squares. The number
of facilities and the existence of facilities for each of
the grid squares were measured through a series of
points of interest (POI) classifications based on the
functional classification of the city.

Macro-level component: WDS, tourism and re-
gional inequality

The macro-level research investigates the causal
effect of the Western Development Strategy (WDS)
of China on the development of the tourism indus-
try.

In previous researches, the hypothesis that there
is a larger contribution of tourism to the GRP in re-
gions located inside the WDS than in their neighbor-
ing regions has been tested. For the current article,
instead of re-estimating the previous models, the re-
sults of the previous researches will be used.

A large number of studies used spatial Regres-
sion Discontinuity Design (spatial RDD) to compare
regions inside the WDS framework to those regions
which lie outside the framework. This method takes
advantage of the policy boundary and controls the
initial similarity of the territories to better identify
the causal effect of regional policy on the growth of
tourism income.

In our research, the above-mentioned findings at
the macro-level of research are combined to outline
the general trends of tourism development during
the WDS. Proceeding from this general outline of
the trends of tourism development during the WDS,
the micro-level research gives a particular emphasis
to the example of the city of Beijing and utilizes the
big data of the points of interest and the possibilities
of machine learning algorithms applied to this data
to identify the spatial distribution of the tourism in-
frastructure of the city.

Micro-level component: POI big data and
CART model for Beijing

The case study region selected was the city of
Beijing, which is the political and cultural capital

of the People’s Republic of China. This city reflects
one of the regions in the country which has been
heavily urbanized, whereby the development of
tourism and recreation has also been spatially con-
centrated. The region of study will be the urban re-
gion of the city of Beijing.

The study area was partitioned into a uniform
grid of cells of size 1 x 1 km. A total of 1,548 grid
cells were defined, enabling the distribution of fa-
cilities in the city to be examined in a relatively
homogeneous fashion. Indicators were summed to-
gether at the level of each cell regarding the factors
of population, tourism facilities, and public service
facilities.

The data sources and characteristics of the data
are:

- POI data from the AutoNavi (Amap) platform
— 566,932 spatial points as of October 2020, repre-
senting the geographical locations of particular fa-
cilities in various sectors.

- population data from the WorldPop project
(2020) — raster data of population density with a
spatial resolution of 100m.

All points of interest were coded under 14 pri-
mary groups, which included transport infrastruc-
ture, educational institutions, healthcare facilities,
public organizations, retail, culture, household ser-
vices, facilities for leisure and tourism, and others.
Per grid cell, the existence and non-existence of the
above interest facility types were noted through bi-
nary coding (0 — absent, 1 — existing).

The research work involved various stages:

1. Spatial grid formation and POI data integra-
tion. The count and distribution of POI points were
calculated for each of the 1 x 1 km grid cells by ag-
gregating the points within each grid cell.

2. Binary Encoding & Dataset Creation. The
grid cells representing regions containing tourism &
leisure activities and regions without tourism & lei-
sure activities were coded through binary indicators.

3. Balancing the data and the development of the
machine learning model. An equal number of sam-
ples were chosen as positive (when the facility ex-
isted) and negative (when the facility did not exist).

4. Application of the Classification and Re-
gression Tree (CART) algorithm. This approach
was employed in this study to evaluate the effect of
each type of infrastructure studied on the location of
tourism facilities.

5. Generating a predictive map. Using the re-
sultant model, a total of 629 sites of high potential
for the development of tourism facilities were iden-
tified.
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6. Model validation. The model resulted in
predictive accuracy of 83.5%, which shows that the
model was reliable.

7. Hypothesis testing. The above steps were
intended to test the hypothesis that the spatial pat-
tern of tourism and leisure facilities is statistically
significantly related to the density of hotels, shops
and service enterprises, transport accessibility, and
the density of the population.

The new methodological approach has various
benefits over conventional data gathering method-
ologies:

- the capability of processing mass data in a
short period of time;

- a high level of spatial precision (ranging from
100 m to 1 km).

- areduction in the impact of human subjectivity
because of the application of machine learning.

In the context of the study, the pre-processing of
the data and descriptive statistics, spatial statistics
(Moran’s Index, MSA), classical regression mod-
els, as well as models based on the CART algorithm
from the field of machine learning were used col-
lectively.

Certain limitations can be noted in the study:
the incompleteness of the POI coverage and the rate
of data update may cause slight distortions in the
model results. However, the results achieved allow

N
A V-

I

P,

_,...
/

:}L_

y

et |
‘G’L’{‘w —e]
AT

the development of a model of spatial distribution of
tourism facilities in Beijing from a scientific point
of view.

In general, the combined method involving spa-
tial analytics methodologies and machine learning
has proven to be rather effective at planning the
tourism infrastructure of large cities. The combined
method involving POI big data and maps of the pop-
ulation density of regions can be used for decision-
making in planning the tourism sector and can also
be applied elsewhere.

Results and discussion

The results of the study reveal clear spatial reg-
ularities in the distribution of tourism and leisure
facilities within the core urban area of Beijing. By
combining POI data with population-density infor-
mation and conducting the analysis at the level of
a1l x 1 km grid, it was found that tourism facilities
are markedly concentrated in the central parts of the
city, while they occur far more sparsely in periph-
eral zones. This pattern reflects the centre-periphery
inequality characteristic of metropolitan structures,
as noted by Zhang (2018) and Tan et al. (2020). On
the basis of these data, a detailed geographic map
of the spatial configuration of tourism and leisure
facilities was produced (Li, X., 2021: 1213-1231).

Beijing, China

|
- =
Population
{ [ 213-3019
3 | | 3919-7369
=
& [ 6011074
B 07418741
- 18741-32797
— Main roads

Figure 3 — Prospective sites for the location of new tourism and leisure facilities
within the urban area of Beijing (population)
Note — compiled by the author based on Li, X. (2021: 1213-1231).
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The POI information of Amap (AutoNavi) con-
tains 566,932 points of interest organized into 14
groups. The data encompasses the city’s infrastruc-
ture. The main groups are public services, transpor-
tation, and household facilities of infrastructure. The
entertainment and tourism sector mainly comprises
the Dongcheng, Xicheng, and Haidian districts. In
the regions mentioned above, the main factor that
directly contributes to the development of the tour-
ism sector can be observed as the high density of the
region’s human population. Using WorldPop infor-
mation, about 50.2% of the city’s population lives in
the above regions (He, D., 2021: 12252).

The trends observed are consistent with the
findings of Croes & Vanegas (2008) and Yang et
al. (2021), which stress the significance of tourism
in job creation and income diversification. How-
ever, the results of the current study confirm that
the extent of this change surpasses national levels
and thus reflects the multiplicative impact of the
regional policy.

The use of the Classification and Regression
Tree (CART) algorithm helped the model accu-
rately predict the possible locations of tourism and
leisure facilities in the city. In the training data set,
the number of “positive” and “negative” cells was
chosen equally from the data set. The algorithm has
detected 629 locations of high potential, which are
mainly concentrated around the transport network
and the city center. The main factors that contribute
to the distribution of tourism and leisure facilities in
the city are the transport network, residential den-
sity, and the provision of public services.

The relevance of hotels and shopping centers re-
lates to the findings of Gao et al. (2017) and Du et
al. (2023). They indicate the strong relationship that
exists between the density of tourism in cities and
the agglomeration of services and shopping centers.
Additionally, our model puts a greater significance
on the role of population density than the previous
model did in the spatial distribution of residential
buildings and tourism-leisure facilities.

The model resulted in a predictive accuracy lev-
el of 83.5%, which indicates the immense accuracy
of the CART model technique used in the study and
its ability to accurately predict the tourism potential
of the urban area. Moreover, the model accurately
described the characteristics of the sizes of the vari-
ous types of infrastructural components and their
contribution to the probabilities of the locations be-

ing tourism sites. This indicates a strong relation-
ship that exists between the levels of the city’s in-
frastructural development and the level of tourism.

To illustrate the application of POI data classifi-
cation in urban studies, Table 4 presents an example
from the existing literature that details the classifi-
cation of objects in Guangzhou (adapted from Li,
X., 2025). While the absolute figures are specific to
Guangzhou and its unique context, this classifica-
tion scheme illustrates the type of structural analysis
that our study conducts for Beijing. The key point
for comparative analysis of cities is not to directly
compare the final indicators, but to understand the
relative weight and composition of various func-
tional categories (e.g., transport, trade, tourism) in
the urban infrastructure.

By comparing the results of the CART model
to the case of Beijing, it can be observed that the
results of the model regarding the role of the den-
sity of hotels and the accessibility of transport in
the formation of the distribution of tourism and lei-
sure facilities match the findings of Gao et al. The
model results also confirm the role of the density of
the population in defining the spatial distribution of
the tourism facility distribution: in the high-density
central part of the city, the density of the tourism
facilities reaches its maximum value. The model re-
sults also indicate the existence of high-potential but
currently under-explored regions of the peripheral
residential districts of the city. Therefore, the results
of the model allow planners to identify the regions
of priority allocation of the newly emerging tourism
and leisure facilities.

As shown in Table 4 (adapted from Li, X.,
2025), the distribution of POI categories for
Guangzhou shows, for example, that corporate
facilities form the dominant group. This shows
the rapid growth of businesses and industries in
the city. This is followed by transport facilities at
72,247 and food and beverages at 71,080. These
three comprise the basic infrastructural elements
that contribute to the city’s tourism attractivity.
The science and education facilities also come in
at a high number of 58,500, establishing the city as
the intellectual and cultural hub that it is. However,
the grouping that relates directly to recreation and
tourism has a low number of only 7,366 facilities.
However, each one of them has a crucial role in es-
tablishing the city’s image as a tourist destination
(Chen, R., 2020: 637).
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Table 4 — Categories of POI facilities in Guangzhou’s urban infrastructure and their influence on tourism

Level I category Level II category Facility type Number of POI (units)
Core service facilities Transport facilities Airports, railway stations, metro stations, 72 247
bus terminals, etc.
Science, education and culture Schools, colleges, cultural centres and
o _— 58 500
facilities research institutes
Medical facilities Hospitals, clinics, pharmaaes and 23278
emergency medical centres
Public facilities Public toilets 15717
Houschold service facilities Post offices, laundries, beauty salons, 44 040
offices, etc.
Finance ar}d mnsurance Banks, ATMs and insurance companies 21295
facilities
Commer'C{a.l service Hotels Hotels, hostels and serviced apartments 4568
facilities
Retail Supermarkets, markets and shopping 7550
centres
Food angl beverage Restaurants, fast-food outlets and cafés 71 080
establishments
Administrative Governmental and public Government bodies, administrative offices
e " o 46 016
facilities organisations and social institutions
Corporate facilities Compames,_cooperatlves, zflgrl_cultural and 132613
horticultural organisations
Commercial residential Residential buildings, villas and industrial
g 31455
buildings parks
L_elsure and. N Sports and recreation Stadiums, cinemas, sanatoriums and 31279
entertainment facilities playgrounds
Tourism and leisure facilities Tourist attractions, museums, p arks, 7 366
aquariums and resorts
Total 566 932
Note — compiled by the author

The findings indicate that the intensity of tour-
ism and leisure facilities’ distribution is concen-
trated in the inner districts, while the number of
facilities drops considerably towards the outskirts
of the city. The distribution of the facilities can be
explained in terms of ‘point clustering in the cen-
tral districts and dispersion in the outer districts,’
where the facilities are concentrated in the form
of points in the central districts, while the points
are dispersed in the outer districts. The optimized
model used the machine learning approach to iden-
tify suitable sites of 629 locations out of the 1,548
valid grid cells. The classification accuracy of the
model showed that 83.5% of the predicted loca-
tions actually had the facilities.

The model has also noted particular off-grid re-
gions as having a high level of development poten-
tial: Various regions in the outer edge of Haidian

132

District and the Chaoyang District’s Western region
demonstrated the capability of development even
though they are not close to the arterial road network
(Deng, T., 2019: 1-16). Out of the 373 grid cells that
existed along the 102 streets in the high-density
regions, the target locations of high development
priority were chosen to be 240. They mostly lie in
Dongcheng, Xicheng, Chaoyang, Haidian, FengTai,
and Shijingshan districts and others in the peripheral
regions.

The predictive analysis shows that the applica-
tion of POI data and the approach of ML algorithms
enables the objective optimization of the spatial dis-
tribution of tourism and recreation facilities in the
city to a large extent, reducing the level of subjec-
tivity in the decision-making process. The decision
model built on the CART algorithm presents explicit
recommendations regarding the location of new fa-
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cilities, which demonstrates its high practical value
for the management of the city’s infrastructure and
tourism. Figure 3 shows the final locations of the
suggested sites: in total, 240 new tourism facilities
are expected to be built in the high-density regions
(marked in green color).

The results of the statistical dynamics con-
clusively show the impact of tourism on regional
economic development and social factors under
the WDS. During the years from 2000 to 2020,
the growth of the number of people employed in
the tourism industry greatly outpaced the average
growth of the general economy, supporting the find-

ing that tourism has played a role in developing the
labor market through the development of the service
sector. The findings also support the views of Croes
& Vanegas and Li regarding the impact of tourism
on the labor market.

In addition, the fact that the level of poverty has
dropped considerably in the WDS regions attests
to the indirect impact of tourism in redistributing
wealth, as described in the work of Fang and oth-
ers. On the other hand, the findings in this study also
confirm that the economic base and transport infra-
structure of regions where the role of tourism has
grown have played an important role.

Beijing, China

—— Main roads

[ research area

planning and
forecasting points

Figure 4 — Prospective sites for the location of new tourism and leisure facilities within the urban area of Beijing
(green grid cells), showing main roads, study area, and planning points
Note: Map of Beijing, China
Note — compiled by the author based on the data source

Figure 3 shows, in green, the grid cells that the
model identifies as promising sites for the location
of new tourism and leisure facilities within the main
urban districts of the city. This visualisation clearly
reflects the influence of infrastructural factors in the
city centre and in high-density residential areas — in
particular, transport, retail, and public services — on
the siting of such facilities. At the same time, the
presence of green cells in some peripheral districts
indicates locations that may be considered as poten-
tial areas for future tourism infrastructure develop-
ment.

These results suggest that, within the framework
of the WDS, tourism contributes at the macro level
to reducing regional inequality, while the Beijing
case illustrates, at the micro level, the spatial pat-
terns generated by infrastructure and population
density.

By combining macro-level (national and re-
gional) WDS dynamics with micro-level (Beijing)
spatial analysis, it becomes possible to discern the
multi-level linkages between tourism policy and
urban infrastructure. In the long term, regional
policy can support tourism as a means of promot-

133



Assessing tourism and regional economic inequality in Chinese cities: spatial analysis based on POI big data and machine learning

ing employment and reducing poverty, whereas at
the micro scale, the configuration of infrastructure,
transport accessibility, and population density de-
termines which specific districts become attractive
for tourism development. This two-level perspective
is crucial for data-driven planning: where national
strategy designates tourism as a priority sector, cit-
ies can employ POI big data and machine-learning
methods to develop concrete spatial solutions for in-
vestors and local authorities.

Conclusion

This study used a two-level analytical system.
First, it assessed the impact of Western develop-
ment strategies on tourism growth and regional in-
equality at the macro level. Second, using Beijing
as a representative developed city, it demonstrated
the application of POI big data and machine learn-
ing for spatial planning of tourist attractions at the
micro level. Although Beijing itself is not a direct
beneficiary of the WDS, the methodology devel-
oped here is directly applicable to cities in western
China, offering a data-driven tool to support the
strategic goals of the WDS by optimising invest-
ment in tourism infrastructure and reducing intra-
regional disparities.

In this research work, the analysis of the geo-
graphical distribution of tourism and leisure facili-
ties in the core districts of the city of Beijing has
been carried out using the POI data and the CART
algorithm. The findings of this research work con-
firm the high concentration of tourism and leisure
facilities in the city center and the significant im-
pact of infrastructural attributes — hotels, shopping
centers, transportation infrastructure, and public ser-
vices — as well as the distribution of the city’s popu-
lation. The findings of the research work can also be
applied to the wider concept of smart tourism.

The model’s predictive accuracy was at 83.5%,
thus validating the effectiveness of ML models in
analyzing tourism potential within the city space.
Moreover, the model suggested the possible loca-
tions in the peripheral regions, thus being instru-
mental in informed decision-making regarding the
location of new infrastructure development. The
predictions were effective in identifying regions
within the outer districts to which the boundaries of
promising locations in Dongcheng, Xicheng, Cha-
oyang, Haidian, and Fengtai could be committed.

Therefore, the research goal has been accom-
plished, and the primary hypothesis has been con-
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firmed: the hypothesis according to which the built
environment of the city and the density of the city’s
population statistically significantly affect the geo-
graphic concentration of the points of interest of the
tourism and leisure sector has been proven correct.
The paper has also demonstrated the effectiveness
of the combination of POI big data and the CART
model in this context.

Concerning the smart tourism cities’ point of
view, the study has clearly shown the applications of
data and machine learning algorithms regarding the
spatial allocation of tourism and leisure facilities.
The results of the study demonstrated that the local
infrastructure and the residents’ distribution are the
main factors determining the location of new facili-
ties. The paper’s authors also noted the limitations
of the current method’s ability to provide a precise
distinction of each type of facility and emphasized
the necessity of a more detailed research approach
in the future. In addition, it has been suggested that
the next studies should combine the applications of
the novel technologies of big data, the Internet of
Things (IoT), and artificial intelligence.

In general, the research provides a set of find-
ings of significance both in practice and in science
concerning the development of urban tourism and
the identification of efficient management strategies.
The findings of the research provide novel methods
of spatial pattern identification in the context of ur-
ban tourism and can be used to facilitate decision-
making of city administrations and the tourism in-
dustry.
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GEOGRAPHICAL CULTURE INDEX AS A TOOL
FOR ASSESSING GEOGRAPHICAL THINKING IN SCHOOL
AND UNIVERSITY GEOGRAPHY EDUCATION

This study discusses approaches to assessing and developing geographical culture, based on the
Geographical Culture Index (GCl) model. The study aims to diagnose the main components of geo-
graphical culture (C1-C5) and determine the effectiveness of pedagogical interventions at the school and
university level.

The study was conducted at School Gymnasium No. 81 in the Bostandyk district of Almaty and
at the Department of Pedagogy of Natural Science and Physical Culture at the Almaty Humanitarian-
Economic University. A total of 239 people voluntarily participated in the study, including 143 10-11%
grade students and 96 1°-2" year students specializing in «x6B01503 — Training of Geography Teachers».

A mixed-methods approach was used as the methodological framework: quantitative data were
analyzed using ANOVA, while qualitative results were assessed based on classroom observation and
reflective interviews. Cronbach’s coefficient a = 0.82 confirmed the instrument’s internal consistency
and reliability.

The results showed positive dynamics in all components: spatial thinking (+12%), cartographic
literacy (+ 15%), application of methods (+ 16%), data handling and modelling (+ 16%), and geographi-
cal image and worldview (+17%). The results of the intervention confirmed the effectiveness of the GClI
model in forming and assessing geographical culture at school and university levels.

The study’s conclusions emphasize the importance of integration and value-based approaches in
geographical education, identifying new areas of pedagogical diagnostics.

Keywords: geographical culture, Geographical Culture Index (GCl), spatial thinking, cartographic
literacy.
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leorpadpmsAbIK MOACHUET MHAEKCI — MEKTer JkoHe
)KOFapbl OKY OpPbIHAAPbIHAAFbI reorpadpUsIAbIK, OMAAyAbl GaFaray KypaAbl peTiHae

Makanrapa Geographical Culture Index (GCl) MoaeAi HerisiHAe reorpadmsiAbIK, MOAEHHNETTI Garasay
YKOHE AAMbITY TOCIAAEPI KApPaCTbIpbIAFAH. 3epTTeYAiH MaKcaTbl — MEKTEN MeH >XXOFapbl OKY OPbIHAAPbI
AeHreiHae reorpausiAbiK, MOAEHMETTIH, Heri3ri komrnoHeHTTepiH (C1-C5) AMarHoCTMKaAay >KeHe re-
AArOrMKaAbIK, MHTEPBEHLMSHbIH TUIMAIAITIH aHbIKTay.

3epTTey Aamatbl Kaaachkl, bocTaHAbIK ayaaHbl N2 81 MeKTen-ruMHasmsaCbiHAQ XXKaHe AAMATbl F'yMa-
HUTAPAbIK-3KOHOMMKAAbIK, YHUBEPCUTETIHIH, «’KapaTbIAbICTaHY NeAArorMkachl XXeHe AeHeLUbIHbIKTbIPY»
kacpeapachl 6azacbiHAQ XKYpPridiaai. bapabirbl N = 239 katbicylbl 3epTTeyre epikTi TYpAe KaTbICThl,
oAapAbIH, iwiHAe 10-11-cbiHbINTbIH, 143 oKYLWbIChI XaHe «6B01503 — I'eorpadust MyraAiMaepiH pAasp-
AQy» MaMaHAbIFbIHbIH 1-2 KypCbiHAQ OKMTbIH 96 CTyAeHT 6ap.

DAiCTEMEAIK Heri3 peTiHAe apaAac sAic (mixed-methods) KoAAaHbIAABI: cCaHAbIK, sepekTep ANOVA
TaAAQybl apKbIAbl OHAEACE, CaraAblK, HOTUXKeAep cabak, 6apbiCbiHAAFbI GaKbIAdy XKoHe PeAEKCHSAbIK,
cyx6atTap HeridiHae 6araraHabl. Cronbach’s a = 0.82 kepceTkiwwi GCl KypaAblHbIH, ilLKi COMKECTIri
MEH CEHIMAIAINH ADAEAAEAI.

HoeTuxxeaep 60MbiHIIA 6GapAblK, KOMIMOHEHTTEPAE OH AMHaMMKa OalKaAAbl: KEHICTIKTIK oiAay
(+ 12%), KapTorpadumsAbIK, cayaTTblAbIK, (+ 15%), saicTepai KoAAaHy (+ 16%), AepekTep MEH MOAEAb-
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Aey (+16%) xeHe reorpamsabik 6erHe MeH AyHueTanbiM (+17%). MHTepseHums HaTmxkeaepi GCl
MOAEAIHIH MeKTemN YK8He XOFapbl OKY OpblIHAAPbI AEHreliHAE reorparsaAbIK, MOAEHMETTI KAAbINTACTbl-
py MeH baraAayaa TUIMAI KypaA eKeHiH KepCceTTi.
3epTTey KOpPbITbIHAbIAAPbI reorpadusiAbIK, GiAiM GEPYAE MHTErPALMSIABIK, XKOHE KYHADBIABIKTbIK, To-
CIAAEPAIH MaHBI3ABIAbIFbIH aMKbIHAAIM, MEAArOrMKaAbIK, AMArHOCTMKAHbIH >KaHa OaFbITTapbiH YCbIHAADI.
TyiiH ce3aep: reorpadusiAblK, MOAEHUET, reorpadusiAbiK MoAeHMEeT MHAEKCH (TMU), KeHiCTiKTiK
oriAay, KapTorpausIAbIK, CayaTTbIAbIK,

O. AmaHreaan™, KA. Ayicebaesa’,
A. Kbip6acos?, H. Ymupsakosa', T. Kypt?

TAAMaTMHCKMIA F'yMaHWTapHO-3KOHOMMYECKMI yHuBepcuTeT, Aamatbl, KazaxctaH
2KazaxcKkmit HaUMOHAAbHbI YHUBEPCUTET UMeHn AGasi, AAMaTbl, KasaxcTaH
3YuusepcuteT [a3n, AHkapa, Typums
*e-mail: ozerke1990@gmail.com

MHaekc reorpadpnueckoit KyAbTypbl KaKk MHCTPYMEHT OLLeHKM
reorpacpMu4eckoro MbilLLA€HHUSI B LUKOAbHOM U By30BCKOM reorpacpmuyeckom ob6pasoBaHmmu

B cTaTtbe paccMaTpmBalOTCSl MOAXOAbI K OLIEHKE M Pa3BUTUIO reorpadmyiyecKomn KyAbTypbl HA OCHOBE
mMoaean Geographical Culture Index (GCI). Lleab nccaepoBaHMs — AMArHOCTMPOBATb OCHOBHbIE KOM-
NoHeHTbl reorpaduryeckon KyAbTypbl (C1-C5) n onpeaeAnTb 3h(heKTUBHOCTb NeAarormyeckomn MHTep-
BEHLMWN Ha YPOBHE LLIKOAbI 1 By3a.

McecaepoBaHre npoBeaeHo Ha 6asze WwKoAbi-rmHasum N2 81 BOoCTaHABIKCKOTO paroHa ropoaa
AAMaTbl 1 Kadeapsbl «[leaparormka ectecTBO3HaHMS UM hM3MYecKas KyAbTypa» AAMaTUHCKOrO ryMaHu-
TapHO-3KOHOMMYECKOrO yHMBepcuTeTa. B mnccaeaoBaHnn A0BPOBOALHO MpuHSAM ydacTre N = 239
YeAoBeK, cpean KOTopbix 143 yuvawmxca 10-11-x KAaccoB 1 96 CTYyAEHTOB 1-2 KypCOB CreunaAbHOCTH
«6B01503 — lNMoaroToBka yunteaen reorpaum».

B KkauecTBe METOAOAOTMYECKOI OCHOBbI MCMOAb30BAH CMeELLAHHbIN NMoAxoa (mixed-methods): ko-
AVYECTBEHHbIE AaHHble GblAM 06pabOTaHbl C MPUMEHEHNEM AMCTIEPCUMOHHOIO aHaAm3a (ANOVA), a ka-
YeCTBEHHbIE Pe3yAbTaTbl OLlEHEHbl Ha OCHOBE HabAIOAEHMS 3a yuebOHbIM NMPOLLECCOM U peOAEKCHUBHbIX
nHTepBblo. KoadpdpuumeHt Cronbach’s a = 0.82 NoATBEPAMA BHYTPEHHIOIO COrAQCOBAHHOCTb M HAAEXK-
HOCTb MHCTPYMEHTa.

Pe3yAbTaTbl nMokasaAn MOAOXKMTEAbHYIO AMHAMMKY MO BCEM KOMMOHEHTam: MPOCTPAHCTBEHHOE
MbilwAeHne (+12%), kapTorpadmyeckas rpamoTHOCTb (+ 15%), npumeHeHne MeTtop0B (+16%), pa-
60Ta C AaHHbIMKM 1 MoAeAMpoBaHue (+16%), reorpacmyeckmin o6pas 1 MmpoBossperme (+17%). Pe-
3YAbTaTbl MHTEPBEHUMM MOATBEPANAM 3phekTUBHOCTb MoaeAn GCl B hopmMrpoBaHMM 1 OLEHKE reo-

rpachnvecKon KyAbTYpPbl HA LLUKOABHOM W BY30BCKOM YPOBHSIX.
BbIBOABI MCCAEAOBAHMS MOAYEPKMBAIOT 3HAYMMOCTb MHTErPALMOHHOIO M LLIEHHOCTHOIO NMOAXOAOB
B reorpacpmueckom o6pasoBaHmm 1 0603HAYAIOT HOBbIE HAMPABAEHMS MEAArOrMUYECKON AMArHOCTUKM.
KatoueBble caoBa: reorpadmyeckas KyAbTypa, MHAEKC reorpadmyeckon KyAbTypbl (MIK), npo-
CTPAHCTBEHHOE MblILUAEHME, KapTorpadunyeckas rpaMOTHOCTb.

1. Introduction

Currently, the main goal of geographical educa-
tion is to foster an environmentally and culturally
responsible citizen who has a deep understanding
of the interplay between nature and society and can
think spatially.

According to the International Charter for Geo-
graphical Education (CGE, 1992: 4), geography is
an important part of education for all societies, en-
abling the study of human—environment interactions
at global and local levels. The document empha-
sizes the core mission of geographical education: to
develop human spatial cognition and foster an in-
formed attitude towards global environmental and
social issues.

Chang and Kidman (2019) argue that the pur-
pose of geographical education is to transmit knowl-
edge and to develop pedagogical and assessment
strategies that foster critical and spatial thinking
among students (Chang & Kidman, 2019: 2).

Amrullaeva and Muzdybaeva (2021), mean-
while, emphasize the importance of geography
education in achieving the Sustainable Develop-
ment Goals, identifying its potential in foster-
ing environmental responsibility and a culture
of global thinking (Amrullaecva & Muzdybaeva,
2021: 14).

Therefore, the content and methodology of geo-
graphical education must be geared towards nurtur-
ing individuals who are well-equipped to address
the global challenges of our time, by fostering spa-
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tial thinking, environmental awareness, and a broad
cultural outlook among students.

In the era of globalization, the relationship be-
tween humans and the environment is evolving, and
the significance of geographical culture is growing
(Anderson, 2021: 15). Geographical culture is a
complex system that encompasses the human capac-
ity to perceive and depict space and to understand
the interplay of natural and social phenomena.

According to V.P. Maksakovsky, geographical
culture is an integral part of an individual’s general
culture and is expressed through four main compo-
nents: geographical thinking, the language of ge-
ography, research methods, and the geographical
representation of the world (Maksakovsky, 1998).
These components determine a person’s level of
spatial thinking and cartographic literacy, as well as
their ability to connect with the environment.

Forming geographical culture is one of the stra-
tegic objectives of geography education in schools
and universities. Research shows that students’
ability to think geographically is related not only
to knowledge content but also to the effectiveness
of assessment and measurement methods. Mehren
& Rempfler (2022) emphasized the importance of
a systematic approach to evaluating geographical
knowledge, proposing a novel methodology to mea-
sure students’ capacity to grasp spatial and causal
relationships (Mehren & Rempfler, 2022: 22).

Similarly, Virranméki (2022) reveals the po-
tential of geography education to foster analytical,
critical, and creative thinking among students. He
emphasizes that a geographical knowledge assess-
ment system only produces effective results when
combined with the development of higher-level
thinking skills in students (Virranmiki, 2022: 15).

Taking these needs into account, this study pro-
poses a Geographical Culture Index (GCI) model
for the first time. This model is the author’s meth-
odology for comprehensively assessing students’
and learners’ geographical culture and determining
its developmental effectiveness. The GCI model
includes the five main components of geographical
culture:

- Spatial and geographical thinking;

- Cartographic literacy,

- Use of geographical methods;

- Data and modelling ability;

- Geographic visualization.

The research focuses on the geographical educa-
tion process at school and university level.

The subject is geographical culture and spatial
thinking among students.
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The research aims to determine the level of geo-
graphical culture among school and university stu-
dents and to experimentally test the effectiveness
of the author’s Geographical Culture Index (GCI)
model.

Objectives of the study:

- Analysing the theoretical foundations of the
concept of geographical culture.

- Justifying the structural components of the
GCI model.

- Assessing the level of geographical thinking
and cartographic literacy among students based on
the GCI model.

- Statistical analysis of the research results using
ANOVA and ANCOVA methods.

- Determining the pedagogical effectiveness of
implementing the GCI model in the educational pro-
cess.

The research question is: “How effective is the
proposed Geographical Culture Index (GCI) model
for assessing and developing the level of geographi-
cal culture among school and university students?”’.

The hypothesis of the study is that if the GCI
model is used in the educational process, it will
contribute to improving students’ and learners’ geo-
graphical thinking ability, cartographic literacy, and
spatial analysis.

The scientific novelty of the study lies in:

- The GCI model for assessing geographical cul-
ture was first proposed as an author’s methodology
and experimentally tested.

- The structural components of geographical
culture have been scientifically substantiated, and a
system of pedagogical measurements has been de-
veloped.

- The effectiveness of developing students’ spa-
tial thinking and cartographic abilities with the help
of the GCI model has been proven.

The study involved students from grades 10 and
11 at school-gymnasium No. 81 in the Bostandyk
District of Almaty, as well as students from years
1 and 2 of the Department of Pedagogy of Natural
Sciences and Physical Culture at the Almaty Hu-
manitarian-Economic University, specializing in
the training of geography teachers. The experiment
was conducted during April-May of the 2024-2025
academic year.

The results of the study allow pedagogical de-
cisions to be made with the aim of improving the
content of geographical education at the school and
university levels, updating teaching methods, and
developing geographical culture. At the present
stage, improving the content of geographical edu-
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cation and updating teaching methods is the main
condition for improving the quality of education.
Developing geographical culture and forming spa-
tial thinking requires an effective combination of
pedagogical approaches. In geography teaching, the
relationship between content, research and experi-
ence is a key mechanism for developing students’
critical and analytical abilities (Puttick, 2022: 900).
Using innovative pedagogical technologies, such as
project-based and problem-based learning methods,
activates logical and creative thinking (Belov, 2025:
6). Introducing digital and geoinformation technolo-
gies into the educational process improves the qual-
ity of geography teaching and creates conditions
for enhancing teachers’ professional competencies
(Usenov et al., 2023: 155).

In this context, integrating modern pedagogical
approaches and information technologies is an ef-
fective way to develop students’ geographical cul-
ture and spatial thinking.

2. Literature review

The following areas have been covered by sci-
entific approaches to the research topic and analyses
of previous studies.

The issue of the formation of geographical cul-
ture and the education of the younger generation
remains relevant in the broader context of modern
society. According to V. P. Maksakovsky, a lack of
geographical education at all levels, from ordinary
citizens to managers, creates significant difficulties
in the implementation of socio-economic decisions.
He also highlights the importance of developing
geographical thinking, spatial outlook, and geo-
graphical culture in society (Maksakovsky, 1998).

Geographical culture is a system of knowledge
and values that reflects the interaction between hu-
mans, society, and the environment. It enables us to
understand, depict and model regularities in natural
and social spaces. It enables individuals to under-
stand the spiritual and moral links between nature
and society and fosters environmental responsibili-
ty. In Maksakovsky’s works, geographical culture is
characterized by four main components: geographi-
cal thinking, the language of geography, methods of
geographical study, and the geographical worldview
(Maksakovsky, 1998: 1-3).

Geographical culture is not merely a body of
knowledge; it is also a spiritual value that fosters
an attitude of creativity, analysis, and environmen-
tal responsibility in individuals (Abdurakhmonov,
2021: 77). It explains how humans interact with

the environment and how these connections impact
beliefs and social structures. Geographical culture
plays a special role in geography education, con-
tributing to students’ understanding of how people,
places, and the environment interact. By focusing on
cultural diversity, geography encourages learners to
respect the origins, traditions, and beliefs of differ-
ent peoples, fostering tolerance and shared values
(Singha & Beyond, 2019: 1567). Furthermore, in-
corporating students’ personal cultural experiences
into the learning process boosts their engagement
with the subject and strengthens the connection be-
tween knowledge and real-life applications (Karad-
eniz, 2020: 45).

From this perspective, the formation of geo-
graphical culture is one of the main objectives of
geography teaching. It contributes to the personal
development of schoolchildren and to the strategic
goal of general education: the spiritual and intellec-
tual development of the individual (Baransky, 1934:
10). The structure of geographical culture is based
on scientific and general geographical knowledge in
the field of modern geography. Its most important
component is geographical thinking. Geographical
thinking is the human ability to understand spatial
cause-and-effect relationships and analyze natural
and socio-economic processes in an integrated way.
This concept is manifested in two main character-
istics: cartographic thinking, which is the ability to
recognize geographical conditions on a map and
predict how processes will develop, and complex
thinking, which is the ability to understand the in-
terrelation of natural and socio-economic processes.
This concept was first introduced in 1938 by N.N.
Baransky, who emphasized the need to analyse geo-
graphical thinking on the basis of a territorial ap-
proach. Over the last half a century, the emergence
of new theories and methods in geographical science
has required ‘new geographical thinking’ (Maksa-
kovsky, 1998).

Modern research considers the development of
geographical culture and spatial thinking through
new methodological and technological aspects.
Gintsyak (2024: 53) emphasizes the importance
of mastering fundamental concepts such as maps,
scales, and directions through practical exercises,
offering effective strategies for nurturing spatial
thinking skills in schoolchildren. Kaymuldinova et
al. (2024) analyzed the professional and cognitive
aspects of developing cartographic competence in
higher geographical education, noting that this com-
petence forms an integral part of geographical cul-
ture. Duarte et al. (2022) proposed approaches to as-
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sessing spatial thinking based on GIS technologies,
which have been shown to positively impact the
quality of education in higher education institutions.

In recent years, the problem of assessing geo-
graphical thinking has become one of the main areas
of focus in pedagogical research. Abdulvagabova
(2023: 12) considers geographical education to be
the primary mechanism through which an individu-
al’s cultural worldview is formed. Hickman (2022)
demonstrates that spatial analysis and data handling
skills have a direct impact on the quality of knowl-
edge and determine the effectiveness with which
GIS and quantitative data analysis methods are inte-
grated into the development of spatial thinking. Lee
and Jo (2022), meanwhile, describe international
approaches to assessing geographical thinking that
are based on systematic and critical thinking, em-
phasizing the importance of improving assessment
criteria.

Innovative pedagogical technologies have a sig-
nificant impact on the development of geographical
culture. Gaipova et al. (2023) demonstrated that in-
novative technologies such as virtual excursions, in-
teractive maps, and geographic information systems
can enhance students’ spatial analysis and critical
thinking abilities in geography lessons. Alimkulov
(2025) noted the effectiveness of STEAM, project-
based, and problem-based learning methods in de-
veloping the project competencies of future geogra-
phy teachers, demonstrating that these approaches
enhance professional training and foster innovative
thinking. Zbereanu (2024) empirically demonstrat-
ed the positive impact of introducing digital tech-
nologies in school geography lessons on learning
outcomes, showing increased student motivation
and engagement.

In general, recent research shows that geo-
graphical culture development is closely related to
educational content, innovative teaching methods,
spatial thinking assessment systems, and pedagogi-
cal technologies. These findings provide a scientific
basis for developing the Geographical Culture Index
(GCI) model, defining a new methodological ap-
proach to comprehensively assessing and develop-
ing geographical culture.

Research from the last five years (2020-2025)
explains the development of geographical culture
in terms of both the content of knowledge and the
influence of innovative pedagogical approaches
and digital technologies. This approach strength-
ens the methodological basis for developing the
GCI model.
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Analysis of the current literature shows that,
while the structure and content of geographical cul-
ture have been thoroughly considered, precise mea-
surement mechanisms and diagnostic models re-
main to be unified. Although Maksakovsky and his
followers proposed a theoretical framework of geo-
graphical culture, the methodology of its quantita-
tive assessment and the system of indicators adapted
to the educational context have not yet been fully
developed. Furthermore, although foreign studies
have considered the development of spatial thinking
and cartographic literacy through learning technolo-
gies (Kidman, 2019; Virmani, 2022), these studies
have systematically failed to describe the relation-
ship between cultural components and their integra-
tive influence.

This study is therefore the first to adapt the GCI
model based on the five components of geographical
culture and test it at the school and university levels.

3. Materials and Methods

3.1. Participants

The study was conducted among students in
years 10 and 11 of general education schools in Al-
maty, as well as students in years one and two of
university. The research was carried out at School-
Gymnasium No. 81 in the Bostandyk district of
Almaty and at the Department of Natural Science
Pedagogy and Physical Culture at the Almaty Hu-
manitarian-Economic University. The experiment
took place during April-May of the 2024-2025 aca-
demic year.

A total of 239 participants voluntarily took part
in the study, including 143 secondary school stu-
dents in years 10 and 11 and 96 university students
specializing in the training of geography teachers.
All participants were selected from among those
studying geography.

Selection criteria:

Students studying geography.

- above-average academic performance;

- give consent to voluntarily participate in the
study.

The data of the study participants are summa-
rized in table 1 below.

As shown in Table 1, the study involved a total
of 239 participants, 60% of whom were schoolchil-
dren. The participation of university students en-
abled the evaluation of geographical culture at the
highest level of education. These data ensure the
reliability of the research results.
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Table 1 — Composition of the study participants (compiled by the authors)

No Group / Class Female Male Total
1 Grade 10 “A” 14 11 25
2 Grade 10 “©” 13 14 27
3 Grade 10 “B” 10 6 16
4 Grade 10 “A” 14 13 27
5 Grade 10 “9” 13 12 25
6 Grade 10 “b” 13 10 23

Total 77 66 143
7 1%-year university studens 29 28 57
8 2m-year university studens 21 18 39
Total (university students) 50 46 96
Overal total 127 112 239

3.2 Research Design

The research was conducted using an experi-
mental design based on a mixed-method approach.
This approach enabled a thorough characterization
of the complex pedagogical and spatial-geograph-
ical features of the research subject, combining
quantitative and qualitative data.

The study used the Geographical Culture Index
(GCI) model, and its effectiveness was evaluated by
comparing the results of the pre- and post-tests. The
aim was to compare the geographical cultural levels
of learners before and after the intervention.

The application of mixed methods was based on
the integrated analysis of transformational learning
approaches in educational geography, as described
by Jones & Walker (2019), and on the principle of
enhancing the relationship between qualitative and
quantitative geoinformatics analysis data, as pro-
posed by Yoon & Lubienski (2017). Additionally,
as demonstrated by Soler & Aliaga-Aguza (2025),
mixed methods are recognised as an effective tool
for evaluating pedagogical values and methodologi-
cal strategies.

The research process consisted of three main
stages:

- Initial diagnosis (GCl-pre): determining the
initial level of geographical culture of the partici-
pants;

- The pedagogical intervention learning stage:
conducting special classes that included components
of the GCI model (spatial thinking, cartographic lit-
eracy, working with data, modelling and geographic
video);

- Final diagnosis (GCI-post): comparing the re-
sults after the intervention with the initial data and

conducting statistical analyses (ANOVA and AN-
COVA).

This approach enabled the effectiveness of the
GCI model in developing students’ geographical
culture to be evaluated comprehensively, based on
the principles of systematicity and triangulation in-
herent in mixed-methods research.

3.3 GCI Model and Data Collection Methods

The Geographical Culture Index (GCI) model,
which was developed by the author, is a methodologi-
cal tool used to comprehensively assess the level of
geographical culture among students. The model is
theoretically based on V.P. Maksakovsky’s (1998)
four components of geographical culture: geographi-
cal thinking, spatial orientation, ecological culture,
and geographical image. However, in light of modern
educational requirements and the updated curricula
of the Republic of Kazakhstan, the model has been
supplemented with a fifth component.

The teaching content, based on the spiral princi-
ple of the modern education system, ensures the se-
quential continuation of geographical knowledge in
grades 7-11. In this regard, the GCI model includes
five main components aimed at forming geographi-
cal culture in students.

Spatial-geographical thinking: describes learn-
ers’ ability to compare spatial phenomena, analyze
maps, and establish cause-and-effect relationships.

Cartographic literacy includes skills in reading
and analysing graphic information on geographical
maps and symbols (C2).

Use of geographical methods shows the level of
proficiency in measuring, observing, experimenting,
and studying natural and social phenomena (C3).
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- Data work and modelling: assesses the ability
to analyze statistical and numerical data, produce
diagrams, and create models (C4).

- Geographical image and worldview: covers the
nature of society and the interconnected culture of
perception in spatial environments, as well as envi-
ronmental and civic responsibility (C5).

The GCI model’s theoretical novelty lies in its
introduction of a system for assessing geographical
culture. This approach enables individual and aggre-
gate indicators for each component to be calculated
for learners.

The GCI formula is as follows:

_ C1+4C2+C3+C4+C5
B 5

GCI

where C1-C5 are the mean scores calculated for
each component.

The quantitative results of the GCI index assess
participants’ level of geographical knowledge on a
four-level scale ranging from low to high (low, me-
dium, sufficient, high).

The GCI model corresponds to the strategic di-
rections of geographical education as defined in the
National Academy of Education’s methodological
and instructional letter named after I. Altynsarin for
the academic year 2025-26 (Ministry of Education
of the Republic of Kazakhstan, 2025) This docu-
ment outlines the main goal of teaching geography
in modern Kazakhstani schools: the formation of
geographical culture and the development of spatial
thinking. In this regard, the GCI index is introduced
as a new scientific tool that meets the requirements
of the national education standard and updated cur-
riculum.

Mixed methods were employed to collect the
data. Quantitative data were obtained through sur-
veys and diagnostic tests, while qualitative data
were collected via observations, open-ended ques-
tions, essays, and analyses of teachers’ and students’
opinions. All information was collected on the ba-
sis of a prior agreement and in accordance with the
principles of confidentiality.

3.4 Data Analysis

The data obtained during the study were ana-
lyzed using a mixed-methods approach, combining
quantitative and qualitative techniques. This ap-
proach enabled a thorough interpretation of the re-
sults and an impartial evaluation of the effectiveness
of the GCI model.

144

The quantitative analysis of the data involved:

GCI test scores were evaluated using a scoring
system for each component (C1-C5), and the partic-
ipants’ overall index was calculated using the above
formula. The arithmetic mean (mean), standard de-
viation (SD), and percentage for each component
were determined.

Analysis of variance methods were used to de-
termine the differences between the GCI pre- and
post-stage results:

- ANOVA (analysis of variance) was used to as-
sess the level of change in scores within the same
group;

- ANCOVA (analysis of covariance) was used
to analyze the initial level of the trainees and com-
pare the results before and after the intervention.

In the analyses, a value of p < 0.05 was accepted
as reflecting statistical significance. The results were
presented in charts and tables, and when interpreting
them, the contribution and dynamics of changes in
each component were considered individually.

Qualitative Data Analysis:

Students’ responses to open-ended questions,
observation protocols, and essay texts were used
as qualitative data. These materials were processed
using content analysis and grouped into recurring
themes and semantic categories.

The analysis examined students’ reflective
thinking, their practical impressions of participating
in the GCI model, and the dynamics of geographi-
cal culture formation. The qualitative data comple-
mented the interpretation of the quantitative results,
serving as proof of the model’s pedagogical effec-
tiveness.

Validity and reliability:

All diagnostic tools were pretested. The inter-
nal consistency of the questionnaires and test items
was assessed using the Cronbach’s alpha coefficient
(the accepted level is a > 0.7). The reliability of the
qualitative data was ensured by comparing the study
results with those from different sources (triangula-
tion) and expert judgement.

Overall, the data processing and analysis stage
revealed the relationship between the structural
components of the GCI model, the level of students’
spatial-geographical thinking development, and the
effectiveness of the pedagogical intervention.

3.5 Ethical Considerations and Limitations

All academic honesty and research ethics re-
quirements were observed during the study. All par-
ticipants were informed of the purpose and content
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of the study in advance and gave their consent to
participate voluntarily. The results of the question-
naires and diagnostic tests were kept confidential,
and no personal data was disclosed.

The ethical principles were fulfilled in accor-
dance with the scientific research rules of the Re-
public of Kazakhstan and the university’s internal
code of ethics. All data were used for scientific pur-
poses only, and the results did not permit the person-
al characteristics of the participants to be revealed
during interpretation.

The study’s limitations mainly depended on the
sample size and the time taken to collect the data. As
the study was conducted in one school and one high-
er education institution in Almaty, the findings may
be difficult to disseminate across the whole country.
Additionally, the use of mixed methods was time-
consuming and resource-intensive, resulting in un-
equal sizes of the control and relative groups.

However, these limitations did not significantly
affect the scientific value or practical significance of
the research results or the GCI model.

3.6 Assessment Instrument for Ceographical
Culture Index

To determine pupils’ and students’ level of geo-
graphical culture, a special diagnostic test has been
developed. Designed according to the five compo-
nents of the GCI model, the test aims to assess stu-
dents’ competence in each component.

The purpose is to provide a comprehensive mea-
surement of students’ geographical cultural devel-
opment (C1-C5).

The test consists of 30 tasks (six for each com-
ponent). Each task aims to identify students’ theo-
retical knowledge, practical skills, and spatial analy-
sis skills.

GCI components and task templates:

C1. Spatial thinking:

1. Identify the pattern of the location of major
cities in Kazakhstan on a map.

2. Explain the relationship between rivers and
mountain ranges on a map.

C2. Cartographic Literacy:

1. Map the symbols of minerals on a map.

2. Identify the intersection of the 45" parallel
and the 60™ meridian on an atlas.

C3. Use of geographic methods:

1. Make a simple plan for recording plant spe-
cies in a schoolyard.

2. Complete a short observation report (e.g.,
three days of weather monitoring).

C4: Data and statistical analysis (data and sta-
tistics):

1. Analyze the graph showing Kazakhstan’s
population dynamics.

2. Draw conclusions from a graph representing
monthly rainfall.

C5. Modelling and geographic images:

1. Create a model of urban population growth,
considering the associated transport and environ-
mental impacts.

2. Predict how climate change will affect agri-
culture.

The evaluation scale is given in Table 2 below.

Table 2 — Geographical Culture Index Rating Scale (compiled by the authors)

Level Percentage range Description
Low level 0-40% The 'ge(_)graphlcallculture is at an emerging stage; knowlf;dge and understanding
are limited to basic concept and fragmented representations.
Moderate level 41-60% Core geographlca} concepts and methods are partially formed the ability to
apply knowledge is inconsistent.
Sufficient level 61-75% Geo.graph.lcal knowledge and spatial thinking are systematically developed and
applied with confidence.
All components of geographical culture are comprehensively mastered; spatial
High level 76-100% reasoning and problem-solving skills are demonstrated at a creative and
analytical level.
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The test results were calculated using the GCI
index formula.

This diagnostic tool was tested at the experi-
mental stage and found to be valid using Cronbach’s
alpha coefficient (o = 0.82).

The structure of the test and the evaluation sys-
tem fully correspond to the educational objectives
set out in the instructional letter on education and
methodology of the National Academy of Education
named after I. Altynsarin (Ministry of Education of
the Republic of Kazakhstan, 2025).This defines the
formation of geographical culture and the develop-
ment of spatial thinking as a strategic goal of geog-
raphy teaching.

Therefore, the Geographical Culture Index
(GCI) is a new, evidence-based tool that will be pre-
sented as a pedagogical innovation and incorporated
into the education system in this study.

4. Results and Discussion

This study assessed the Geographical Culture
Index (GCI) in five components: spatial-geograph-
ical thinking (C1), cartographic literacy (C2), use
of geographical methods (C3), data and model-
ling (C4), and geographical image and worldview
(C5). The intervention structure consisted of with-
in-subject assignments, short research projects,
and map- and data-based analyses. The pre-test

results characterized the baseline level of the stu-
dents, while the post-test demonstrated the effect
of the intervention. The data were analysed using a
mixed-method approach: the quantitative analysis
examined average percentages and magnitudes of
change, while the qualitative analysis examined at-
tendance, reflective responses, and work samples.
The comparative results presented in Table 3 there-
fore show that gains were made in all components
after the intervention. Particularly high momentum
was observed in areas C3 and C5, suggesting the
effectiveness of systematically introducing meth-
odological actions (e.g., measurements, observa-
tions, and working with field data) and spatial im-
age modelling during training.

The table illustrates several important trends.
Foremost among these is the clear advancement of a
set of skills (C2), such as map reading, understand-
ing of scale and projections, and the use of symbols.
This advancement is the result of systematic time
devoted to practical tasks and map analytics. Ad-
ditionally, the rise in data and modelling (C4) has
been achieved by strengthening interdisciplinary
links with mathematics and informatics. Thirdly, the
increase in C5 involved tasks that required a holistic
approach to content topics (nature, society, and the
economy). The overall index increased from 63% to
78%, indicating the intervention’s impact on learn-
ing outcomes.

Table 3 — Comparative results of GCI components (pre/post) (compiled by the authors)

GCI components Description GCl-pre (%) GClI-post (%) A (Change)
C1 Spatial geographical thinking 62 74 +12
C2 Cartographic literacy 64 79 +15
C3 Use of geographical methods 66 82 +16
C4 Data work and modeling 61 77 +16
C5 Geographical image & worldview 63 80 +17
Average index (GCI) 63 78 +15

The visualization below presents the pre/post com-
parison of the components of the GCI model as a radial
diagram. This clearly shows the pattern of growth and
which components were the leading drivers.

The expansion of the Post area from the Pre area
in the diagram confirms progress in all directions,
with the greatest contribution coming from the C3
and C5 components. This makes it easy to interpret
the results and make a pedagogical decision quickly.
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Visual interpretation complements tabular analysis,
allowing the effective elements of the intervention
architecture to be highlighted.

The mean overall GCI value increased from 63
percent to 78 percent, indicating a 15 percent differ-
ence. This index indicates significant development
in the main components of geographic culture, such
as spatial thinking, cartographic literacy, data han-
dling, modelling, and geographic video.
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GCI Model Results (Pre/Post Comparison)

C3: Methods use

C4: Data &

artographic literacy

g0 image & worldview

— Pre GCI
— Post GCI

C1: Spatial thinking

Figure 1 — Visualization of GCI model results (pre/post test comparison)
(compiled by the authors)

The study’s results showed that implement-
ing an integrative approach in the educational pro-
cess improves students’ spatial thinking, analytical
skills, and ability to model geographical informa-
tion. Thus, the GCI model was identified as a diag-
nostic and pedagogically effective tool for assessing
and developing geographical culture.

The internal consistency score was used to as-
sess the reliability of the GCI instrument. Each GCI
(C1-C5) showed a correlation between components
and heterogeneity of responses, with & = 0.82.

The calculation formula is as follows:

k ra’
a = 4 —
k—1 g

Where k is the number of tasks, 0[2 1s the vari-
ance of each task, and ¢’ is the total variance.

The result is o = 0.82, indicating a very good
level of reliability (an internal reliability level of
0.2-0.9 is considered high). Consequently, the GCI
indicators have high internal consistency, and the
test is stable and suitable for measuring intervention
outcomes.

One-way ANOVA (one-factor analysis of vari-
ance) was used to determine the differences between
the students’ Geographic Culture Index (GCI) re-
sults before and after the intervention. This method
enables us to assess the impact of the intervention.

Model pattern:

GCl,,,= u + Intervention + €

Where p is the overall mean, intervention is the
experimental effect factor, and e is the random error.

The analysis showed that the difference in GCI
scores before and after the intervention was signifi-
cant (F(1, 180) =4.95, p < 0.001, n* = 0.17). This
indicates that the intervention impacted all com-
ponents of geographic culture (C1-C5). Calculated
Cronbach’s alpha (o = 0.82) proves that the GCI
instrument used has a high level of internal consis-
tency.

Diagnosis of the GCI showed clear differences
between pre- and post-intervention scores for the
five components of geographical culture: spatial
thinking, cartographic literacy, use of methods, data
and modelling, and geographical representation and
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worldview. Positive dynamics were recorded in all
areas, with an average increase of 15 percentage
points, which was particularly evident in the method
use (C3) and geographical representation (C5) com-
ponents. ANOVA results proved that this difference
was statistically significant (F(1, 180) = 4.95, p <
0.001, n* = 0.17), indicating a moderate yet robust
intervention effect. The Cronbach score o = 0.82 in-
dicates the high internal consistency of the GCI in-
struments used. This result substantiates the reliabil-
ity of the research methodology and the pedagogical
validity of the model.

The comparison of GClI results is consistent with
international findings. Metoyer & Bednarz (2015)
demonstrated that spatial thinking forms the basis
of geographical thinking and that introducing geo-
graphical information technology in the classroom
enhances students’ ability to imagine and analyze
spatially. In this sense, the 12% increase in spatial-
geographical thinking (C1) observed in our study
is consistent with their findings. Jo & Hong (2018)
highlight the link between developing geographic
information thinking skills and increased civic re-
sponsibility. This is supported by the increase in
components C4 (data and modelling) and C5 (geo-
graphic video) observed in our study.

Nazarenko (2019) considers map literacy to
be the basis of communication and security, dem-
onstrating that map reading skills are sociocultural
rather than purely technical. The growth of the C2
component (+15%) in the GCI results supports this
idea, demonstrating that working with maps has
become a means not only of spatial understanding
but also of building a culture of effective geograph-
ic information communication. These results also
complement Valieva’s (2023) findings on pupils’
cartographic literacy. She showed that cartographic
reading and analysis are underdeveloped in school
geography through a questionnaire study, and our
intervention produced results that compensated for
this deficiency.

Combining Maksakovsky’s concept with a de-
scription of four structural components of geograph-
ical culture in higher education (geographical think-
ing, methods, cartographic literacy, and language of
geography) is achieved by Appoeva & Bayramku-
lova (2020). GCI model builds on this framework to
include geographical image and worldview as a fifth
component, in line with current educational require-
ments. In their study, students’ cartographic and
cognitive skills grew in stages, which is consistent
with the results of our GCI post.
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The most effective way to develop geographical
skills, as identified by Kozlova (2020), is through
a teaching approach that involves students conduct-
ing their own research and completing research
tasks. This concept is also integral to our interven-
tion design, with elements of inquiry and research
(e.g., fieldwork and data analysis) strengthening stu-
dents’ methodological skills and ensuring growth in
C3 and C4. Thus, systematically applying research
activities in the classroom increased the qualitative
measure of geographic culture in the GCI model.

The philosophical underpinnings of our research
direction are closely aligned with the Transforma-
tive Sustainable Curricula (TSC) model pioneered
by Granados-Sanchez (2022). Its stages, “Adapta-
tion-Reform-Transformation”, enable us to charac-
terize the practical transformation of the GCI model.

Granados-Sanchez’s  (2022) Transformative
Sustainable Curricula (TSC) model is intertwined
with our line of inquiry at a philosophical level. The
practical transformation of the GCI model can be
characterized using its stages, which are Adapta-
tion, Reform and Transformation. Our intervention
is close to the “Reform” level: educational content
has been updated, and students have developed sys-
temic and constructive thinking skills by interacting
with data, maps, and models. In the future, to move
to the “Transformation” level of the TSC model, the
links between the curriculum and society need to be
expanded, increasing the social impact of geograph-
ic culture.

In general, the results obtained coincide with
the main conclusions of foreign authors: geographi-
cal culture is characterized by the development of
spatial and cartographic thinking, working with data
and models, and forming an ecologically valuable
worldview. The GCI model has proven to be an ef-
fective tool for measuring and analysing these indi-
cators.

Furthermore, the results of the study demon-
strate the importance of the combined application
of qualitative and quantitative methods when as-
sessing the formation of geographical culture. This
approach aligns with the concept of ‘transformative
learning’ as outlined by Granados-Sanchez (2022)
and Sterling (2012): Geography should be viewed
not only as a subject but also as an experiential do-
main capable of altering worldviews.

The results of this study expand the role of geog-
raphy in today’s education system. The GCI model
enables the transformation of educational content
and learning experiences by developing V. P. Mak-
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sakovsky’s four components. It is presented for the
first time in the context of Kazakhstan as a tool for
the systematic assessment of the pedagogical diag-
nosis of geographical culture.

Conclusion

The results of the study demonstrated the effec-
tiveness of the Geographical Culture Index (GCI)
model in providing a comprehensive assessment
of the various components of geographical culture
(spatial thinking, cartographic literacy, the use of
geographical methods and data, modelling, and geo-
graphical imagery and worldviews). The interven-
tion produced positive results for all components,
with the overall index rising from 63% to 78%.
ANOVA analysis revealed a statistically significant
difference (F(1, 180) = 4.95, p < 0.001, n* = 0.17),
while Cronbach’s a = 0.82 confirmed the reliability
of the GCI instruments.

The GCI model enables an integrative approach
to be implemented in geographical education, ex-
tending Maksakovsky’s four-component theory in
five directions that meet modern educational re-
quirements. The study’s results proved that devel-
oping spatial and cartographic thinking, modelling,
research skills, and an ecological outlook is a crucial
strategic direction in geography teaching. Thus, the

GCI model is presented as an innovative and practi-
cal tool for diagnosing and developing geographical
culture in the Kazakhstani education system.

Recommendations

In line with the Ministry of Education of the Re-
public of Kazakhstan’s strategic objectives, which
prioritize the development of geographical knowl-
edge and thinking in education, it is recommended
that the five-component structure of the Geographi-
cal Culture Index (GCI), as presented in this study,
be incorporated into geography teaching at the
school and university level.

Teachers and educators are encouraged to use
the GCI model as a diagnostic and monitoring tool
to regularly assess students’ level of geographical
culture through control testing and comparative
analysis. This will enable the dynamics of students’
spatial and cartographic literacy, analytical and
modelling skills, and ecological and civic world-
view to be tracked.

As the GCI is a new term and methodological
tool in pedagogical geography, further research is
also recommended to deepen its theoretical founda-
tions, test it in various educational contexts, and ex-
pand its application to other regions and academic
levels.

References

Abdulvagabova, S. A. (2023). Geographical education as the basis for the formation of geographical culture. In Modern geo-
graphical education: Problems and development prospects (pp. 10—13). [in Russian].
Abdurakhmonov, B. M. (2021). Formation of geographical culture through a complex of teaching aids. Economics and Society,

1-2(80). Retrieved from https://clck.ru/3M7wwB [in Russian].

Alimkulov J. Innovative methods in geography education: strategies for developing project-based competency among future
teachers / Economics and society. 2025. Ne3-2 (130). URL: https://cyberleninka.ru/article/n/innovative-methods-in-geography-ed-
ucation-strategies-for-developing-project-based-competency-among-future-teachers

Amrullaeva, S. A., & Muzdybaeva, K. K. (2021). Geographical education as a tool for achieving sustainable development goals.
Bulletin of Abai KazNPU. Series “Geographical and Environmental Sciences”, 4(70), 14—18. [in Russian].

Anderson, J. (2021). Understanding cultural geography: Places and traces (3rd ed.). London: Routledge. — 280 p. https://doi.

0rg/10.4324/9780367814816

Appoeva, L. 1., & Bayramkulova, B. O. (2020). Formation of geographical culture of students at the university. International

Journal of Experimental Education, (6), 50-53. [in Russian].

Baransky, N. N. (1934). On teaching economic geography. Geography at School, (1), 3—13. [in Russian].
Belov, V. O. (n.d.). Innovative pedagogical technologies in the process of forming logical actions among students in geography

lessons. Scientific-Methodological Journal, 6-10. [in Russian].

Chang C.H., Kidman G. Curriculum, pedagogy and assessment in geographical education — for whom and for what purpose? //
International Research in Geographical and Environmental Education. —2019. — Vol. 28, No. 1. — P. 1-4. https://doi.org/10.1080/

10382046.2019.1578526

Commission on Geographical Education of the International Geographical Union (CGE IGU). International Charter on Geo-

graphical Education. — 1992. — 2016 edition. — 6 p.

CGE IGU (Commission on Geographical Education of the International Geographical Union). (2016). International Charter on

Geographical Education. International Geographical Union, 6 p.

149



Geographical culture index as a tool for assessing geographical thinking in school and university geography education

Duarte, L., Teodoro, A. C., & Gongalves, H. (2022). Evaluation of Spatial Thinking Ability Based on Exposure to Geographical
Information Systems (GIS) Concepts in the Context of Higher Education. ISPRS International Journal of Geo-Information, 11(8),
417. https://doi.org/10.3390/ijgi1 1080417

Gaipova, R., Turdybekova, Z., & Bayramova, A. (2023). The use of innovative technologies in geography teaching. Economics
and Society, 12(115)-1. Retrieved from https://cyberleninka.ru/article/n/ispolzovanie-innovatsionnyh-tehnologiy-v-prepodavanii-
geografii [in Russian].

Gintsyak, S. V. (2024). Formation of students’ spatial thinking skills in geography lessons. Editorial Board Proceedings, 53-57.
[in Russian].

Granados-Sanchez, J. (2022). Levels of Transformation in Sustainable Curricula: The Case of Geography Education. Sustain-
ability, 14(8), 4481. https://doi.org/10.3390/su14084481

Hickman, J. (2022). Spatial thinking and GIS: developing and assessing student competencies. International Research in Geo-
graphical and Environmental Education, 32(2), 140—158. https://doi.org/10.1080/10382046.2022.2138172

Jo, Injeong and Hong, Jung Eun (2018) “Geography Education, Spatial Thinking, and Geospatial Technologies: Introduction to
the Special Issue,” International Journal of Geospatial and Environmental Research: Vol. 5: No. 3, Article 1. Available at: https://
dc.uwm.edu/ijger/vol5/iss3/1

Jones, J., & Walker, S. L. (2019). Transformative learning in community college human geography: a mixed methods study.
Journal of Geography in Higher Education, 43(4), 452—467. https://doi.org/10.1080/03098265.2019.1660865

Karadeniz, C. B. Assessment for Awareness and Perception of the Cultural Heritage of Geography Students / C. B. Karadeniz //
Review of International Geographical Education (RIGEO). —2020. —T. 10, Ne 1 (Special issue). — P. 40—64. — [Electronic resource].
— Available: http://www.rigeo.org/vol10no1/Number1Spring/RIGEO-V10-N1-2.pdf

Kaymuldinova, K. D., Beykitova, A. N., Sabdenaliyeva, G. M., & Zhandosova, G. O. (2024). Cartographic competence in
higher geography education research: A review of the subject field. Higher Education in Russia, 33(4), 144—168. [in Russian].

Kozlova, G. V. (2020). Research activity of students in the study of geography. In Modern geographical education: Problems
and development prospects (pp. 72—74). [in Russian].

Lee, J., Jo, I. (2022). Assessing Spatial Skills/Thinking in Geography. In: Bourke, T., Mills, R., Lane, R. (eds) Assessment in
Geographical Education: An International Perspective. Key Challenges in Geography. Springer, Cham. https://doi.org/10.1007/978-
3-030-95139-9 4

Maksakovsky, V. P. (1998). Geographical Culture: A Textbook for Universities. Moscow: Vlados. [in Russian].

Mehren, R., & Rempfler, A. (2022). Assessing systems thinking in geography. In Bourke, T., Mills, R., & Lane, R. (Eds.),
Assessment in Geographical Education: An International Perspective (pp. 19—34). Cham: Springer. https://doi.org/10.1007/978-3-
030-95139-9 2

Metoyer, S. K., Bednarz, S. W., & Bednarz, R. S. (2015). Spatial thinking in education: Concepts, development, and assess-
ment. In Geospatial technologies and geography education in a changing world: Geospatial practices and lessons learned (pp. 21-33).
Tokyo: Springer Japan.

Ministry of Education of the Republic of Kazakhstan. (2025). Methodological guidelines for general education schools for the
2025-2026 academic year. Astana: MOE RK. [in Kazakh].

Nazarenko, T. (2019). Cartographic Literacy as a Condition of Communication and Security. Intercultural Communication,
1(6), 117-137.

Puttick, S. (2022). Geographical education I: fields, interactions and relationships. Progress in Human Geography, 46(3), 898-
906. https://doi.org/10.1177/03091325221080251

Singha, T. Beyond The Textbook: Incorporating Culturally Responsive Teaching In Geography / Tuhin Singha // Ilkogretim
Online — Elementary Education Online. —2019. — T. 18, Ne 3. — b. 1564-1571. — DOI: 10.17051/ilkonline.2019.612787.

Soler, S., & Aliaga-Aguza, L. M. (2025). Active Methodologies, Educational Values, and Assessment Strategies in Master’s
Theses: A Mixed-Methods Study by Gender and Educational Level in Geography and History Teacher Education. Trends in Higher
Education, 4(3), 42. https://doi.org/10.3390/higheredu4030042

Valieva, E. S. (2023). Formation of cartographic literacy in the process of studying geography at school (based on a survey). In
Lomonosov Scientific Readings of Students and Young Scientists of the Higher School of Natural Sciences and Technologies SAFU
(p. 67). [in Russian].

Virranmiki, E. (2022). Geography’s ability to enhance powerful thinking skills and knowledge. Nordia Geographical Publica-
tions, 51(1). Geographical Society of Northern Finland. https://doi.org/10.30671/nordia.113997

Yoon, E.-S., & Lubienski, C. (2017). Thinking Critically in Space: Toward a Mixed-Methods Geospatial Approach to Educa-
tion Policy Analysis. Educational Researcher, 47(1), 53-61. https://doi.org/10.3102/0013189X 17737284 (Original work published
2018)

Zbereanu, G. (2024). The effects of using digital technologies on high school geography learning. Journal of Innovation in
Psychology, Education and Didactics, 28(1), 47-60. https://doi:10.29081/JIPED.2024.28.1.05

Usenov, N., Layshanov, S., Abikbaev, E., & Issakov, Y. (2023). Experience in using geoinformation technologies in the second-
ary education system of developing countries. Journal of Educational Sciences, 75(2), 150-160. https://doi.org/10.26577/JES.2023.
v75.12.014 [in Kazakh].

150



O. Amangeldi et al.

Information about authors:

Amangeldi Ozerke (corresponding author) — Senior Lecturer at the Department of Pedagogy of Natural Sciences and Physical
Education, Almaty Humanitarian Economic University (Almaty, Kazakhstan, e-mail: ozerkel990@gmail.com);

Duisebayeva Kulzada — Candidate of Geographical Sciences, Almaty Humanitarian Economic University (Almaty, Kazakhstan,
e-mail: kulzada.duisebayeva@gmail.com),

Kyrbassov Akzhan — Doctoral Student of Abai Kazakh National Pedagogical University (Almaty, Kazakhstan, e-mail: ak-
Jjan_91@mail.ru);

Umirzakova Nagima — PhD, Senior Lecturer at the Department of Pedagogy of Natural Sciences and Physical Education, Al-
maty Humanitarian Economic University (Almaty, Kazakhstan, e-mail: Umirzakova-nagi@mail.ru);

Turker Kurt — PhD, Associate Professor, Faculty of Education, Gazi University (Ankara, Turkey, e-mail: turker@gazi.edu.tr).

ABTOpIap Typasbl MOJIIMET:

Amaneenou Ozepke (Koppecnonoenm agmop) — AHcapamulibiCmMany nedaz0cUKacyl JHcoHe 0eHeUbIHbIKMbIPY Kapedpaculivly aza
OKBIMYUILICHL, ALMAMbL 2y MAHUMAPTIBIK-DKOHOMUKALLIK YHUsepcumem (Aimamel, Kasaxcman, e-mail: ozerkel990@gmail.com);

Lyiicebaesa Kynvzaoa — e. e. k., Aamamsl yManumapavlx-oKOHOMUKANLIK YHUeepcumem (Animamul, Kazaxcman, e-mail: kul-
zada.duisebayeva@gmail.com;

Kuvipbacos Axoican — Abaii amvinoazwr KaszYITV-0wiy ooxmopanmet (Aimamer, Kazaxcman, e-mail: akjan_91@mail.ru);

Ymupsaxosa Hazuma — PhD, scapamvinvicmany nedazo2ukacsl i#cone OeHeubIHbIKMbIpY KagheopacelHbly a2a OKbIMyubLCyl,
Anmamol eymanumapivlK-3K0HoMuKanvik ynueepcumem (Aimamet, Kasaxeman, e-mail: Umirzakova-nagi@mail.ru);

Typxep Kypm — PhD, 6inim 6epy ¢axyromeminiy kayvimoacmuipuiiean npogeccopul, I'asu ynusepcumemi (Anxapa, Typrus,
e-mail: turker@gazi.edu.tr).

Ceeodenusn 00 agmopax:

Amaneenou Ozepke (koppecnondenm agmop) — cmapuwiuil npenooagames Kageopsl Nedazo2uKu ecmecmeo3Hanus U Pusuieckoll
Kyomypol, AimMamunckuii 2ymaHumapho-sKoHomudeckui ynugepcumem (Aimamet, Kazaxcman, e-mail: ozerkel 990@gmail.com),

Iyiicebaesa Kynvzaoa — K. 2. H., ATmamuncKuil 2ymManumapHo-sKoHomudeckull ynusepcumem (Aamamei, Kasaxcman, e-mail:
kulzada. duisebayeva@gmail.com);

Kuvipbacos Axoican — ookmopanm KasHITY um. Abas (Anmamer, Kazaxcman, e-mail: akjan_91@mail.ru);

Vmupszarxosa Hacuma — PhD, cmapwuil npenooasamens kagheopsl nedazocuxi ecmecmeosHanus U Qu3udeckol KyJasmypol,
Anmamunckuil 2ymanumapno-skonomuyeckuil ynugepcumem (Aimamot, Kazaxcman, e-mail: Umirzakova-nagi@mail.ru);

Typxep Kypm — PhD, accoyuuposannsiii npogeccop ¢axynromema obpazosanus, Ynusepcumem Iasu (Auxapa, Typyus, e-
mail: turker@gazi.edu.tr).

Received: September 1, 2025
Accepted: December 5, 2025

151



ABTOPAAPTA APHAATAH AKITAPAT

KazYV XaGapmbicel. [eorpadus cepumsiceinna Marepuangapisl sxapusuiay Open Journal System, onmaiin xiGepy »xoHe
peueH3usuIay JKyHeci apKbUIbI XKy3ere acklpbutaasl. JKyiiere Tipkeny skoHe Kipy «Marepuanmapsl xkibepy» OemiMiHae KOJIKETIMII.

KoppecnoHaeHIHs aBTOpHI JKypHaJIFa Kapusulay YIIiH iJIece XaT YChIHyFa MiHACTTI.

Maxkanara KoibLIaThIH TaJIaNTap:

PenakuusuiblK KOJUTETHsI JKYpPHAJJIBIH FBUIBIMH OaFbITTapbl OOHBIHIIA OYpBIH JKapusutaHOaraH Maxkayayapibl KaObLITaimbL.
Makasa )ypHaIaslH (GyHKIIMOHAT CalThIHA JKYKTey apKbuibl FaHa (Open Journal System Hemece Editorial Manager) aexTpoHIbI
¢dopmarra (doc, .docx, .rtf popmarsinma) KaObLITAHATBL.

pudr xeri — 12 (apmarna, KinT cesnep, opedbuerrep Tizimi — 10, kecte moTiHi — 9-11), mpudr — Times New Roman, moTin
OCTTiH eHi OOMBIHIIIA TETiCTEY apKbUIBI TEPLIEi, apalblFbl— Oip, ab3a1l OoifbIHIIA TIeriHic — 0,8 ¢M, IeTTepi: YCTIHT1 )KOHE aCThIHFbI
— 2 CcM, COJI )KOHE OH JKaK — 2 CM.

Cyper, kecte, rpaduka, quarpamMma xoHe T.0. MOTIH imIiHAe HeMip jkoHe araymeH Oenrineneni. (Meicansl, 1-cyper — Cyper
araysl). CypeTTepin, Tabnuma, rpadrka MeH TuarpaMmmanapibiH caHbl Makana keseMidia 20% -HaH (keit0ip sxarnaiina 30%) apThik
OonMaybl Kepek.

Makasna keneMi (araybl, aBTopiap OOWBIHINA aKIapaT, aHIaTa, KiIT o3, 91eOUeTTep Ti3IMiH KOCIaFaH/Ia) SJIEYMETTIK JKOHE
rymanuTapisik OarsitTa 3 000 cosnen kem, 7 000 cosneH apTHIK eMec KOHE KapaTbUIbICTaHy )KOHE TEXHHUKAIBIK OarbiTTapaa 1 500-
7 000 ce3 apanbIFbIHIA OOITYBI IIAPT.

ABTOpap xibepistin OTIpFaH MaKaJIaHBIH/KOJKa30aHbIH OYpBIH COHIBI €I JKepJie JKapHsIaHOaraHbl, MaKaiaa/KoJnkaszoana
0acka >KyMbICTap/IbIH MOTIHICPIHE CIITEMECI3 allbIHFaH KipMe (pparMeHTTEep IiH )KOK ekeHiri Typainsl Open Journal System Hemece
Editorial Manager xyiiecineri inecrne xarra MIHAETTI typne a3y kepek.

MakaJia KypbLIBIMBI (MaKaJIaHbI pacivaey yuid pecmu caiitbinaarbl YJII'T-Hi KogaHbIHbI3):

bipinwi 6em:

Bipinmi sxon — FTAMP newmipi (epekmie sxarmaiina ©0XK), MoTiH OETTiH COJI JKaK IIEeTIMEH TericTelNel, Kapauay puQT.

Makana araysl (TakpIpbill) MakaJaHBIH MOHI MEH Ma3MYHBIH KOPCETill, OKbIPMAaHHBIH Ha3apblH ayrnapy Kepek. TaxbIpbImn
KbBICKA 9Pl aKMapaTThIK, XKaprouaap MeH HazBaHue TOKHO OBITH KPaTKUM, HH(GOPMATUBHEIM U HE COJEPIKaTh JKaprOHH3MOB HIIN
a00peBUaTypachI3 Ka3blUTybl THiC. TaKbIPBHIITHIH OpTalla Y3bIHIBIFEL 5-7 ce3 (ke karmaiina 10-12 ce3). MakalaHbIH TaKbIPIObI
Ka3aK, OpBIC JXOHE aFbUINIBIH TingepiHae Oepimyi kepek. TakpIpbin Kapanay IIpUQTTI Kimi opintepMeH, OETTiH OpTachIMEH
Tericrenesn.

Makaia aBrop(J1ap )bl — aThI-)KOHIHIH OipiHIII OpinTepi )KoHE TeTi, )KYMBIC icTeHTiH opHBI (addurarms), Kaiaa, MeMIIeKeT, email
— OpBIC, Ka3aK YKOHE aFbUIIIBIH TULAEPIH/IE JKa3bUIagpl. ABTOpIIAp TypaJibl aKIapaT KaJIbINThl MPUQTTI Killli OpinTepMeH >Ka3bUIbIII,
OCTTiH OpPTAChIH/IA TETiCTeNe .

Anparna kejaemi 150-300 ce3 Ka3ak, OpbIC, aFBUIIIBIH TUIICPIHAC )Ka3blUTaIbL.

AmnJiaTna KypbUIBIMBIH/A KeJIeci akiapar MiHIEeTT] Typae Ooybl Kepek:
3eprTey TaKbIPHIOB! OOMBIHIIA KipicTie 3.

FbuteIMu 3epTTey/IiH MaKkcaThl, HET13ri OaFBITTaphl MCH HIISSITApBhI.

JKYMBICTBIH FBUIBIMY JKOHE TPAKTHKAIIBIK, MaHBI3ABIIBIFB OOMBIHIIIA KBICKA aKIIapar.

3eprTey daicTeMeci OOUBIHINA KbICKA aKIapar.

FrupiMu 3epTTey/iH Heri3ri HOTKelepi, Taniay )koHe TY)KbIpbIMaama.

JKypri3iireH 3epTrey »KyMBICBIHBIH MAaHbBI3IBUIBIFBI (aTaJIFaH )KYMBICTBIH FEUIBIMHBIH COIKeC caachlHa €HTi3reH yieci)
JKyMBIC KOPBITBIHABICBIHBIH TPAKTHUKAIBIK MAaHBI3IBUIBIFBL.

Kinr ce3nep/ce3 Tipkectepi — opbIC, Ka3ak, aFbUIIIBIH TUTAEPiHAE 3-5 CO3 apajbIFbIH/A.

Keneci 6em (sicana oem):

Kipicrie kenecine GepiireH HEri3ri 3JEMEHTTEPICH TYPaIbl:

Tanpmanran TakKbIPBINTHIH HETi3AEMeci; TaKbIPBII ©3EKTLNIri MeH 3eprrey mnpoOneManapsl. TaHmanraH TaKbIPBIITHIH
HeTI3/eMeCiH/e aJJIBIHFBl 3epTTEyIIUIep/IiH ToXipuOenepi Heri3iHae NpoOIeMablK >KaFgaiiblH (3epTTey IKYMBICTapBIHBIH
JKOKTBIFBI, )KaHA 3ePTTey HBICAHBIHBIH T1aii1a 00JIFaHbl XoHe T.0.). 6ap eKeHiri aifiThitaabl. TaKbIPBINTHIH ©3EKTLIIT aTaIFaH 3epTTey
HBICAaHBIHBIH KOHMBUIFAH CypaKTapra TOJBIK jKayarnTap/blH OolMaraH jKardaia, TaKbIPBINTHIH TEOPHSUIBIK JKOHE MPAKTHKAJIBIK
MaHBI3IBUIBIFB APKBUTBI IOJIENICHIIT )KAJIBIFA OPTAK MY/I€ apKbUIbI aHBIKTAJIA/IBL.

JKYMBICTBIH HBICAHBIH, TIOHIH, MAaKCaTTapbIH, MiHACTTEPIH, TOCUIIEPIH, dD/icTep, THIIOTE3aChIH aHBIKTAYy. 3ePTTEYIH MaKCcaThl
TE3UCTI JRJIeIIEyMeH, SIFHU 3ePTTey TaKbIPHIOBIH aBTOp TaHJaFaH acIeKTIMEH KOPCETyMeH OaiIaHbICTHI.

Marepuan MeH 9icTep — MaTepHajiap MEH JKYMBIC OapbICBIHBIH CHUITATTaMAaChIHAH, COHJMAi-aK KOJIAaHBUIATBIH DIIICTEPIiH
TOJIBIK, CUITATTAMACBIHAH TYPYBI KepPeK

3eprTey MaTepualbIHBIH CHIATTaMachl OHBIH CalajblK JKOHE CAHJBIK KOpIHICIH KaMTHABL MarepHanjblH CHIATTaMachl —
TYXKBIPBIMJIAp MEH 3epTTey dAICTEePiHIH CeHIMIUIITIH aHBIKTaWTHIH (akTopnapAbiH Oipi.

Byn Oemimae mnpoOneMaHbIH Kajali 3epTTENTeHI CHUNATTanajabl: OYypbIH JKapusUIaHFAaH pociMaeynepiai KaiTamamai
erKel-TerKelsep aknapar oepijie/ii; MaTepraiap MeH 9/1iCTep Il KOJIZIaHy Ke31H/e MiHACTTI TYp/Ie CHII31IreH JKaHAIBIKTap apKbLIbI
JKaOIBIKTHI ColikecTeHAipyi (OaFaapiaMablK skacakTaMa) )KoHe MaTepHallIapAblH CHIIATTaMachl KOJITaHbLUIa bl

FrutbiMu o1icTeMe KeJleciiepeH TYPYbl KaKeT:

e 3epTTey cypakTap(bl);

e ajFra KOHJIbIFa TUIoTe3a (Te3nc);
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® 3epTTey Ke3eHaepi;

® 3epTTey diicTepi;

® 3epTTey HOTHKEIepi.

OnebuerTepre MOy jkacay 0eJiMiHIe — 3epTTey TaKbIPLIOb! OOMBIHINIA AFBIIIIBIH TUTIH/AE MIETEIJIIK aBTOPIIap/IbIH iprelli )KoHe
JKaHa eHOeKTep (keMiHze 15 5KyMbIC), oJlap/ibl FEUIBIMH YJIEC] TYPFBICBIHAH Tal/ay, COHJJali-aK Ci3IiH MaKajJaHbI3/1a TOJIBIKTHIPBIIFaH
3eprTey KeMIIulikrepi Oepineni.

JKyMBICKa KaThICHI )KOK KOIITEereH CLITeMeNep/IiH 00Iybl HeMece Ci3iH JKEeTICTIKTEePiHi3 Typajlbl, ajIbIHFbI )KYMBICTAPBIHBI3/IBI
KOPCETETIH clTeMernep/i KocyFa OoMai bl

Hoermxkenep men Tankpuiay OeiMiHe Ci311iH 3epTTEY HOTHKEIIEPIHi3/Ii TAlIay bl )KOHE TAIKbUIAYbI Oepiiei. 3epTTey OapbIChIH A
QJIBIHFAH HOTIDKENIEP TYpabl KOPBITBIHABI Oepy apKbUIbI HETi3ri MoHI alKbIHAaTanbl. By MakagaHbIH MaHbI3IBI OeiMIepiHiH
6ipi Gombm canamagsl. OHZIA SKYMBICHIHBI3IABIH HOTHDKEIEPIHIH TanJaybl jkKOHE aJJIBIHFBI JKYMBICTApMEH, TaJayJapMeH JXOHe
TYXKBIPBIM/IaMaJIapbIMEH CAIIBICTBIPY apKBUIBI COMKEC HOTIDKEIEPl TaJIKbUIay Oepinesi.

KOpBITBIHIBI, TYXBIPEIMAAMa — JKYMBICTBIH OCHI KE3€HIEIT HOTIIKEJEePIiH JKalbllay >KOHE KOPBITHIHABLIAY; aBTOp ayFa
KOHMFaH TYXXBIPBIMHBIH PACTHIFBIH JKOHE AJBIHFAaH HOTIDKENepJi eCKepe OTHIPHIN, FhUIBIMH OUIIMHIH ©3repyi Typalibl aBTOPJIBIH
KOPBITBIH/BICHIH pacTay. KophITBIH/BI abcTpaKTiini 00IMaybl Kepek, oJIap/bl YCHIHBICTap bl HEMece OJJaH opi JKacallaThIH XKYMBICTHI
CHIaTTail OTHIPHIN OeNnrini Oip FRUIBIMU CaJlaJIaFbl 3epTTEy HOTIIKEIIePIH JKalIblIay YIIiH KOJJIaHy Kepek.

KopBITBIHIBIHEIH KYPBUIBIMBIHIA Kelleci cypakTap OoIysl Kepek: 3epTTeyAiH MaKkcaTTapsl MeH djictepi Kaugaid? Hortmxenepi
kannait? Kanmait tyxeipeivaap 6ap? 3epTTeMeHi eHrisy, KolaHy IepcreKTHBalapbl MeH MYMKIHIIKTepi KaHxai?

[Natinanansurran ofeduerTep TiziMi Hemece OHOIMOrpadUsUIBIK Ti3iM JKapaThUILICTAHY JKOHE TEXHUKAJBIK OarbITTapra KeM
nerenzie 10 araynmapiaH jkoHe QJICYMETTIK JKOHe TyMaHUTapIIBIK, OarbITTapra 15 aTaynapaaH Typajbl, ajl aFbUIIIBIH TUTIH/ET] KaJlIbl
araynap canbl 50%-1aH keM Ooimaysl kepek. Erep cinremenep Ttiziminze kupwnmnana Gepinren eHOexrep Ooiica, ciitemenep
TI3IMIH €Ki HyCcKaJia YChIHY KaXKeT: OipiHIIiCi — TYNHYCKa/a, eKiHIIici — pOMaHU3alMsUIaHFaH aadaBuTTe (TpaHCIUTEpaLHs).

Pomanmzanusinanran oeOueTTep Ti3iMi Kelecizeil 0omysl Kepek: aBrop (Jap) (TpaHciutepanus — http:/www.translit.ru)
— (KaKmIagarsl JKbLT) — TpPaHCIUTEpAlMsUIAaHFaH HYCKaJarbl MaKaja TaKbIPhIOB [MaKana TaKbIPHIOBIHBIH AFBUINIBIH TUTIHIET]
ayzapMachl TOPT OYPBIITHI JKaKIIaAa], OpbIC TIMIHAET! NepeKKe3[iH araybl (TpaHCIWTepalus Hemece Oap OosFaH jkaraaiiia
AFBUIIIBIH TUTIH/E), MIBIFBIC IEPEKTEP aFbUILIBIH TUTIHAE Oeiriieynep apKbUIbl )Ka3bUIa/IbL.

Mpeicansr: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy 2020:
New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30. Ilaiinanansuiran oaeduerrep Ti3iMi andaBUTTIK
TOPTINTE OHE TEK MOTIHTe ciTeme kacairaH xymbicTap FAHA jxa3burazsr.

OpsIc xoHe Ka3ak Tingepingeri ogebuerrep tiziminig et [OCT 1-2003 “bubmuorpadusuibik, sxa3ba. bubmuorpadusiibik,
cunartama. JKaJjrel Tanantap ,eHe KypacThIpy epeskeliepi” colkec jKacaabl.

OIeyMETTIK )KOHE I'yMaHUTAPJIBIK OAaFbITTa pOMaHN3alMsUIaHFaH 9/1e0MeTTep Ti3IMiH, aFbUIIIBIH TUTiHeT] (0acKa et TiTH/eT )
nepekkesep pocimaey et — American Psychological Association (http://www.apastyle.org/), ’apaTbIIbICTaHy KOHE TEXHUKAJIBIK
oarpiTka — Chicago Style (www.chicagomanualofstyle.org).

MBpicaibl:

Kiran

1. Zadie Smith, Swing Time (New York: Penguin Press, 2016), 315-16.

2. Brian Grazer and Charles Fishman, A Curious Mind: The Secret to a Bigger Life (New York: Simon & Schuster, 2015), 12.

ZKypnHaa makajacel

1. Susan Satterfield, “Livy and the Pax Deum,” Classical Philology 111, no. 2 (April 2016): 170.

2. Shao-Hsun Keng, Chun-Hung Lin, and Peter F. Orazem, “Expanding College Access in Taiwan, 1978-2014: Effects on
Graduate Quality and Income Inequality,” Journal of Human Capital 11, no. 1 (Spring 2017): 9-10, https://doi.org/10.1086/690235.

3. Peter LaSalle, “Conundrum: A Story about Reading,” New England Review38, no. 1 (2017): 95, Project MUSE.

Website maTepuaJibl

1. “Privacy Policy,” Privacy & Terms, Google, last modified April 17, 2017, https://www.google.com/policies/privacy/.

2. “About Yale: Yale Facts,” Yale University, accessed May 1, 2017, https://www.yale.edu/about-yale/yale-facts.

3. Katie Bouman, “How to Take a Picture of a Black Hole,” filmed November 2016 at TEDxBeaconStreet, Brookline, MA,
video, 12:51, https://www.ted.com/talks/katie bouman what does a black hole look like

Bepinren Gemimie ToMeHIETiIEPIi €CKEPY KaKeT:

e FRUIBIMHBIH OCBI CaJIaChIHAA KOJJIAHBUIATHIH JKOHE aBTOPABIH JKYMBICHI HETi3JIereH FBUIBIMH OachLIBIMAAp, aJJBIHFBI
KaTapJibl 3epTTey DICTEPIHEH JoHeKco3ep KenTipiiei.

® O3iHI3/IiH KYMBICHIHBI3/IaH IOUCKCO3IEPIl KEJITIpy/i IaMaiaH ThIC KOJJaHyIaH ayJiaK OOJIbIHBI3.

e Cinremenepai TMJ] / KCPO aBropnapbIHbIH OachbUIBIMJapbIHA IIAMaJaH THIC KENTIpyAeH ayiak OOJBIHBI3, OJIEMIIK
TOXKIpUOCHI KOJIJIAHBIHBI3.

e bBubGmmorpadusuibIK Ti3iMe MaKaia TaKbIPbIOB! OOMBIHIIA OeNriyi MIeTeN K aBTopiiap MEH 3epTTeyLIiiep MIbIFapFaH ipreii
JKOHE €H MaHBI3/IbI dKYMBICTap OOJYBI KepeK.

OIeyMETTIK JKOHEe I'yMaHHTapibl OaFbITTaFrbl MOTIHIEP/E JOHEKCe3 KENTIpUIreH CiITeMeNnep XYMBICTBIH OipiHINI aBTOPEI,
HIBIKKAH KbUIBL: OeT HeMip(Jiep)i akmia iminge kepcerinin Oepineni. Meicansl, (3anecckuit 1991: 25). Onebuerrep TiziMiHIe
6ip aBTOP/BIH Oip KBUIA JKapBIK KOPTeH OipHeIe KYMBICHI KeNTIPUITeH JKaF1aia, IIBIKKAaH JKbUIIBIH TYChIHA «a», «0» jkoHe T.0.
opinTep/i KOCkII xkazy kepek. Meicaisl, (Caxyosa, 2001a: 15), (Caxyosa, 20016, 22). YKapaTsuisicTany OaFbITHIHIAFBI MaKatanapaa
ciiTemMesiep ciaTeMe KacalFaH KYMBICTAp/IbIH MaKaia MOTIHIHJIC Ke3/ICCETiH Ke3eHiHe OaillaHbICThI HOMIpJICHIN TiK jKaKiiajia
Oepineni.
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MHOOPMALMNA AASI ABTOPOB

[Ty6mukanus marepuanoB B «Bectauke KasHY. Cepuu reorpadudeckoin» ocymiecTBisercs ¢ ucrnoib3oBanreM Open Journal
System, cucTeMbI OHJIAHH-TIOJa41 U SKCIIEPTHOH OLIEHKH. PerncTpanust 1 aBTopH3aIys JOCTYHBI B pasziene OTnpaBKa MaTepHaIoB.

ABTOp JJIs1 KOPPECTIOHICHIINH 00s13aH MPEI0CTaBUTh COIPOBOAUTENHHOE MICHMO Ha IyOINKALMIO B JKypHAJIe.

TpeGoBanusi k 0pOPMJICHHIO CTATBH:

PenakumoHHast KOJUIETHsl IPUHUMAeT paHee HEONMyOJMKOBAaHHBIE CTaThH 110 HAy4HBIM HANpaBlIeHMsIM >kypHana. CraTbs
MpeCTaBIsAETCS B NEKTpoHHOM (opmarte (B popmarax .doc, .docx, .rtf) TOJIBKO mocpenctBom ee 3arpy3ku depe3 HyHKIHOHAT
caiita xxypHaina (Open Journal System).

Kernp mpudra — 12 (aHHOTanmus, KIIIOYEBHIE cI0Ba, auTeparypa — 10, Tekct Tabmun — 9-11), mpudr — Times New Roman,
BEIPABHUBAHUE — I10 IIMPUHE TEKCTA, HHTEPBAJ — OMHAPHBIH, a03anHbIi orcTymn — 0,8 cM, IOJIs: BepXHee W HIDKHEE — 2 CM, JIEBOe
U TIpaBoe — 2 CM.

Pucynkn, Tabmuupl, rpaguky, IuarpaMMbl M JIp. MIPEICTABIISIOTCS HEMOCPEICTBEHHO B TEKCTE C yKa3aHWEM HyMepalud u
3arnaBus (Hanpumep, Puc. 1 — HazBanue pucynka). KommuectBo prcyHKOB, TaOnuil, rpadukoB U JHArpaMM He JOJDKHO IPEBBIIATh
20% oT Bcero o0beMa CTaThl (B HEKOTOPBIX citydasx a0 30%).

O6bem crarbu (0e3 ydera Ha3BaHHS, CBEICHUH 00 aBTOpax, aHHOTAIMHM, KIIOYEBBIX CIJIOB, OMOIMOrpaduuecKoro CIHCKa)
JoikeH cocTaBisATh He MeHee 3 000 cinoB u He npesblars 7 000 ci10B A1 cCOLMOrYMaHUTApHbIX HanpasiaeHui, u 1 500-7 000 cnos
JUISL €CTECTBEHHOHAYYHBIX U TEXHUYECKUX HaIPaBICHUI.

ABTOPEI B 00513aTeIEHOM MOPSIIKE TOJDKHBI YKa3aTh B CONPOBOANTENEHOM mmickMe B cucteMe Open Journal System wm Editorial
Manager o TOM, 4TO HaIlpaBisieMast CTaThs/PyKOINCH HUTE paHee He ITyOIMKOBaIach, M YTO B CTaThe OTCYTCTBYIOT 3aMCTBOBAHHBIE
(parMeHThI TeKCTa U3 APYTHX paboT 0e3 CChIIOK Ha HUX.

CTPYKTYPA CTATbU:

Ilepsasn cmpanuya:

[Mepsas ctpoka — MPHTU (PyGpukarop ecTb B OTKPBITOM J0CTYyIIe OHIaitH http://grnti.ru/ iy, aBTOPEI TaK e MOTYT ITOJTyYHUTh
Kox MPHTU B 6ubnuotexe), BBIpaBHUBAHKE — I10 JIEBOMY KPalo, MIPAPT — Oy KUPHBIH.

HasBanwue crarby (3aroioBoK) JODKHO OTPaXaTh CYTh U COZIEp)KaHWE CTaThbU M IPHBIIEKaTh BHUMaHUe unTarens. Ha3aHue
JIOJDKHO OBITH KPaTKHM, HH(OPMATHBHBIM U HE COAEPIKaTh KaproHN3MOB Win ab0peBuaryp. OnTHMalIbHas JUIMHA 3aroJioBKa — 5-7
cioB (B HEKOTOpHIX ciaydasx 10-12 cio). Ha3Banue cTaTbu JOIKHO OBITH HPEICTABICHO HA PYCCKOM, Ka3aXCKOM M aHIIIHHCKOM
s3pIkax. Ha3BaHue craThy peacTaBisieTcs MOy KUPHBIM MPU(GTOM CTPOUYHBIMU OyKBaMH, BEIPABHUBAHHE — O LIEHTPY.

ABTOpP(BI) CTAaTBPM — C yKa3aHHEM MMEHH W (paMWIINH, YUYCHOW CTEIeHH, YYEHOTO 3BaHMs, 3aHHUMAeMOH JIOJDKHOCTH, MecTa
paboThl, TOPOJ, CTpaHa, KOHTAKTHBIN TenedoH, email. CBeZileHUs 00 aBTOpax MPEJCTABISAIOTCS OOBIYHBIM MIPUGTOM CTPOYHBIMU
OyKBaMH, BEIpDaBHHBAHUE — 110 LICHTY.

AHnHoTanus o0bemoM 150-300 cJ10B Ha pycCKOM, Ka3aXCKOM M aHIJIMHCKOM SI3bIKAX.

CTpyKTypa aHHOTAIIMH BKIFOUAET B ce0sl CIICAYIOLIHE 00sI3aTeIIbHBIC MYHKTHI:

BerynuTensHoe ciioBo 0 TeMe UcCIIei0BaHus.

Ilenb, OCHOBHBIE HAIPaBIIEHHS M W HAyYHOTO HCCIIEIOBAHHS.

Kparkoe onvcanne Hay4qHOH 1 MPaKTHYECKOH 3HAYUMOCTH PaOOTHI.

Kparkoe onrcanne MeTO0IOTHN HCCIIEIOBAHMS.

OCHOBHBIE Pe3yJIbTaThl M aHAJIN3, BBIBOJIBI HCCIIEJOBATEIBCKOH PAOOTHI.

IleHHOCTH IPOBEEHHOTO HCCIIEOBaHNs (BHECEHHBIH BKJIAJI TAaHHOI pabOThl B COOTBETCTBYIOIIYIO 00JIACTh 3HAHUIT).
IIpakTrueckoe 3HaYE€HHE HTOTOB PaOOTEL.

Kirouessle ci10Ba/c10BOCOUSTAHHS — KOJIMYECTBOM 3-5 Ha PYCCKOM, Ka3aXCKOM M aHIJIMHCKOM SI3BIKAX.

JlanHble B Havaje craThy (Ha3BaHHE, aBTOPHI, aOCTpaK, KIIOYEBBIE CIIOBA) JAIOTCS Ha sI3bIke OpHrHHana. Jlanee ciexyer Ta
e uHpopmarys (6e3 MPHTU) na anmmmiickoM si3bike. [10TOM Ha Ka3aXCKOM HJIM PYCCKOM (3aBHCHT OT SI3bIKa OCHOBHOM CTaTbH).

[Mocnemyromas cTpanuna (HoBasi):

Bgeoenue cocmoum u3 cnedyroumux 0CHOGHbIX 31EMEHINOE:

OO6ocHoBaHME BBIOOpA TEMBI; aKTyalbHOCTh TEMbI WM IpoOIeMbl. B 000CHOBaHMM BBIOOpa TEMBI Ha OCHOBE OITHCAHMS
OIbITa MPEIIIECTBCHHHKOB COOOIIAeTCsl O HAJMYHMU NPOOJIIEMHON CUTyallnu (OTCYTCTBHE KaKMX-THOO MCCIIEI0BAaHMUI, TOSBICHHE
HOBOTO O0BEKTa M T.J1.). AKTYaJIbHOCTh TEMBI OIPEIeISIeTCsI OOIMM HHTEPECOM K M3YUeHHOCTH JIAaHHOTO 00BEKTa, HO OTCYTCTBHEM
HCYEPIBIBAIONINX OTBETOB Ha MMEIOIIMECs] BOIIPOCHI, OHA JOKa3bIBACTCS TEOPETHUECKON MIIN MTPAKTHIECKOH 3HAYNMOCTBIO TEMBI.

Omnpenenenne o0beKTa, IpeaMeTa, IeJiel, 3a1a4, METO/I0B, TOAXO00B, TUIIOTe3bl ¥ 3HAYEHHMs Ballei paboTsl. Llens ncenexoBanus
CBsI3aHa C JOKa3aTeIbCTBOM TE3UCA, TO €CTh IIPEICTABICHUEM IIPEAMETa HCCIIEI0BaHMs B H30PaHHOM aBTOPOM acIIeKTe.

Marepunai u MeTo/1l — JOIKHBI COCTOSITH M3 OIIMCAHUS MaTePUaIIOB U X0/1a pabOThI, @ TAK)KE OJTHOTO OIMCAHMSI HCIIOJIB30BaHHBIX
METOJIOB.

XapaKTepHCTHKA WIN OIIMCAaHUE MaTepralla UCCIEeI0BaHHs BKJIIOYAET €ro IPe/CTaBICHIe B KAYeCTBEHHOM U KOJIMYECTBEHHOM
OTHOIICHNH. XapaKTepUCTHKA MaTepraja — OUH N3 (JaKTOPOB, ONPEACIISIONINH JOCTOBEPHOCTE BBIBOIOB M METO/IOB HCCIICIOBAHMSI.

B aTOM pazzerne onuckBaeTCs, Kak mpobiema Oblia H3ydeHa: IogpoOHas HHPOpMaIHs 6e3 TOBTOPEHUs paHee OITyOJIMKOBaHHBIX
YCTaHOBJIEHHBIX TIPOIIEAYP; UCIONB3YeTCs UIeHTH(UKALST 000pyIoBaHHs (TIPOrPaMMHOT0 0OSCIICUEHUs) U OIIMCaHHEe MAaTepPHUAJIOB,
¢ 00s13aTeIbHBIM BHECEHHEM HOBU3HBI IIPH HUCIIONB30BAaHUH MaTepPHAIIOB H METOJIOB.

Hay4Hast MeTO0I0THsI TOJDKHA BKJIIOYATh B CEOs:
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HCCIIEI0BATEIILCKHI BOIIPOC(-Bl);
BBIJIBUTAEMYIO THITOTE3Y (TE3HC);
9TaIlbl UCCIIEIOBaHNUS;

METO/Ibl MCCIIEA0BaHNUS;

® pe3yNbTaThl UCCIICA0BAHUSL.

B cexnum 0030p auTEpaTyphl — DOIDKHBI OBITH OXBadeHB! (DyHJAMEHTAJIbHBIE M HOBBIE TPYIBI MO HMCCIEAYEMOH TeMaTHKe
3apy0e)KHBIX aBTOPOB Ha aHIJIMICKOM sI3bIKe (HE MeHee 15 Tpy/oB), aHAJIN3 JaHHBIX TPYIOB C TOUKH 3PEHHS X HayYHOTO BKJIAza, a
TaKoKe MpoOeJIbl B HCCIIEIOBAHNHN, KOTOpBIe BB omonHsere B cBoel crarbe.

HenomycTnmMo Hanmuyue MHOXECTBA CCBHUIOK, HE MMEIONIMX OTHOIICHWS K padoTe, WM HEYMECTHBIE CYXJICHUS O BallnX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeasiayye paboTsl.

B pasnene Pesynsrarel n O0cyxaeHHe — IPUBOAUTCS aHAIN3 U 00CYK/ICHHE TTOYYEHHBIX BAMH PE3y/IbTaTOB MCCIISIOBAHUS.
[IpuBoasTCs BBIBOAY 10 HOJYYEHHBIM B XOJI€ MCCIICIOBAHUS pe3ylbraraM, PacKpbIBACTCSl OCHOBHAs CyTb. I 9TO OIUH U3 caMbIx
Ba)KHBIX pa3/elioB CTaThbH. B HeM HEOOXOIMMO NPOBECTH aHAIN3 PE3yJIbTaTOB CBOEH pabOTHI M 0OCYXkJEHHE COOTBETCTBYIOIIMX
PE3yJIbTaToOB B CPABHEHUH C HPEIBIIYIINMH pabOTaMH, aHAIN3aMH U BEIBOJIAMH.

3aKiIIoueHNE, BEIBOABI —0000IIIEHNE 1 TOABE/ICHNE NTOTOB paOOTHI HA JAHHOM JTalle; IIOATBEPIKICHIE HCTUHHOCTH BEIJBUT'aEMOTO
YTBEp KJICHHS, BBICKa3aHHOTO aBTOPOM, ¥ 3aKJIFOUESHHE aBTOpa 00 N3MEHEHNH HAyYHOTO 3HAHUS C YIE€TOM MOTyYSHHBIX PE3yJIbTaToB.
BriBozibI HE TOIKHBI OBITH a0CTPAKTHBIMH, OHH JIOJDKHBI OBITH MCIIOJIB30BAHBI JUIsl 000OIICHNST PE3yJIbTaTOB UCCIIEAO0BAHHS B TOW
WIIM NHOM Hay4HOIT 00J1aCTH, C ONIMCAHUEM IIPEITIOKESHIH HIIM BO3MOXKHOCTEH JabHeel paboThl.

CTpyKTypa 3aK/II0UeHUs JOJDKHA COAEPKaTh ClIeAyIoIue Bopochl: KakoBel Lienu 1 MeTo/ibl ucciieioBanus? Kakue pesynsrarsl
nosry4densl? KakoBbl BBIBO/IbI? KaKOBBI EPCIIEKTUBBI X BO3MOXKHOCTH BHEAPEHHS, IPUMEHEHUsI pa3paboTKu?

Cnmcok ucnoJib3yeMoii IuTepaTypsbl, Wi bubnmorpaduuecknii CIIICOK COCTOUT U3 He MeHee |5 HauMeHOBaHHH JINTepaTypEl,
n u3 HuX 50% Ha aHIIHICKOM sI3bIKe. B cirydae Han4us B CIIMCKE JINTEPaTyphl padoT, IIPEACTaBIeHHBIX Ha KUPUILTHIIE, HEOOX0ANMO
NPEJICTaBUTh CIIMCOK JIUTepaTyphl B JBYX BapHaHTax: HEpBbIH — B OpPHIMHANeE, BTOPOH — POMaHM3MPOBAHHBIM aj(aBUTOM
(TpaHcIHTEpaIIs).

PoMaHM3MPOBaHHBIN CIIMCOK JINTEPATYpPhI IOJDKEH BBINIIETh B CIEAYIOIEeM Buie: aBTop(-bl) (TpaHciuTepamnus - http:/www.
translit.ru) — (TroJg B KPYyIJIBIX CKOOKax)—Ha3BaHWE CTaThH B TPAHCIMTEPHPOBAHHOM BapUaHTE [IIepeBOJ Ha3BaHMs CTaThbH Ha
AQHIIMICKAUIT 3bIK B KBaJPATHBIX CKOOKAX |, HA3BaHHE PYCCKOS3BITHOTO MCTOYHHKA (TpaHCIHTepanysl, JIN00 aHIINICKOe Ha3BaHHE —
€CJIN €CTh), BHIXOJHbIE JaHHBIE C 0003HAYEHUSIMH Ha aHIJINHCKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30. Cnucok JuTeparypsl IpeacTaBiseTcs B
angasutaoM nopsiake, 1 TOJIBKO Te paboTbl, KOTOpbIe INTHPYIOTCS B TEKCTE.

Cruib oopMIIEHHsT CIIHMCKA JTUTEPAaTyphl Ha PYCCKOM M Ka3axckoM sizbike cortacHo [OCT 7.1-2003 «bubnmorpaduueckas
3anmck. bubnuorpapudeckoe onucanue. O0mue TpeOGOBaHUS 1 TPABHJIA COCTABICHUS.

Cruib odopmienyss PoMaHU3MPOBAHHOTO CIMCKA JIUTEPATYPHI, @ TAK)KE NCTOYHUKOB HA QHIIUICKOM (APYroM HHOCTPAHHOM)
s3bike — Chicago Style (www.chicagomanualofstyle.org).

B oannom pazoene neodxooumo yuecmo:

e [[utupyrorcsi OCHOBHBIE Hay4HbIE IMyOJMKAIMH, IEPETOBbIe METOABI HMCCIEAOBAaHMsS, KOTOPbIE NMPUMEHSIOTCS B JIAHHOMN
00JIacTH HayKH M Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

e |130craiiTe Upe3MEpHBIX CAMOIIUTUPOBAHUIA.

e lI30eraiite upe3MepHBIX cchuIOK Ha mybnukarmy aBropoB CHI/CCCP, ucrnomnb3yi#ite MEPOBOIT OITBIT.

e buGmmorpadudueckuii CIIMCOK JOJDKEH copepaTh (yHJaMeHTalbHble W HanOosiee aKTyalbHBIC TPY/bI, OIyOIMKOBAaHHBIE
W3BECTHBIMU 3apyOe)KHBIMH aBTOPAMHU M HCCIISIOBATEISIMH 110 TEME CTaThH.

e CCBUIKM Ha IIUTHPyeMble pabOTHI B TEKCTE JAIOTCSI B CKOOKAX, C yKa3aHHEM IIepBOr0o aBTOpa paboTHI, TOX M3aHMs: HOMEP
crpanun(-e1). Hanmpumep, (3anecckuii, 1991: 25). B ciydae, Hanmu4us B CIIMCKE JINTEPATyPhl HECKOJIBKUX pabOT OHOTO U TOTO ke
aBTOpA, U3/IaHHBIX B OJIMH I'OJI, TO JIOTIOJHUTENILHO K IOy M3laHus nobaBisieTcs OykBa «a», «o» u T.1. Hanpumep, (Camyosa, 2001a:
15), (Canyosa, 20016, 22).

B ciryuae HecOOTBETCTBHS CTATHH TPEOOBAHUSIM, PeIKOJIETHsI BIPaBe eé OTKJIOHUTD.
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