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KALUbIKTAH 3OHATAY AEPEKTEPI BOMbIHLLA
KOCTAHAUN OBADbICbIHDbIH,
TABUTU PECYPCTbIK, SAEYETIH MOHUTOPUHITEY

ByA Makanapa KallblKTaH 30HATAy AepekTepi HeridiHae KocTaHait OOAbICbIHbIH AaHAWA(GT
KOMIMOHEHTTEPIHIH KeHICTIKTIK-yaKbITTbIK ©3repictepi TaapaHAbl. 3epTreyae MODIS, Landsat >koHe
Sentinel-2 cnyTHUKTIK AepekTepi namAaAaHbiAbin, >kep 6eti Temnepartypacbl (LST), BeretaumsiabIk,
(NDVI), cy (NDWI), biaraapbiabik, (NDMI) skaHe xxaHy (NBR) nnaekctepi ecenteaai. MODIS aepekTepi
OHIPAIK AEHrermAeri y3ak, Mep3imMAl YpAicTepai aHbikTay yuliH, aa Landsat xxeHe Sentinel-2 aepekrepi
AMaHKaparai opMaH aAKabblHAAFbI OPTKE AEMIHTI )KOHE OpPTTEH KEMiHIi ©3repiCTepAi erxkKen-TerkenAi
TaAAQY YLUiH KOAAQHBIAABI.

KocTaHait o6abicbl 6oibiHwa LST, NDVI, NDWI taaaaybl 6oibiHwa LST men NDVI xene NDWI
apacbiHAA Tepic KoppeAsiums 6anKaaAbl, SFHU TeMrepaTypaHblH KOFapbIAAybl OCIMAIK >KaMbIAFbIChIHbIH
GipkaTap TEMEHAEYIMEH KaTap Cy MHAEKCIHIH TOMEHAEYIH KOpCeTTi.

AMaHKaparaih opmaHbiHbiH aymarbiHa NDVI, NDMI, NDWI >aHe SWIR HoaTuxeAepiH Tarpay
OpMaH 3KOXKYMeAepiHiH, 61MoMaccacbl MeH bIAFAAABIAbIFbI aPACbIHAAFbI ThiFbI3 GANAAHBICTbI KOPCETT.
NDVI, NDMI sxaHe NDW!I MaHAepiHiH xofapbiaaybl SWIR TemeHaeyiMeH Bipre xxypeai, 6ya ecimaik
SKAMbIAFbICbIHbIH, GIPTIHAEMN KAAMbIHA KEAYiH >X8HE Cy PexXMMIiHIH XakcapyblH kepceteai. 2022-2025
>KbIAAQP Ke3eHiHAe, acipece 2024-2025 XblApapbl, OPMaH 3KOXYMEHIH TYPakTbl KAAMblHA KEAYi MeH
TypaKTaHybIHbIH GEAriAepiH KOPCETKEH KE3AE OH AMHAMMKA O6ANKAAAAbI.

KocTaHai 06AbICbIHbIH ayMaFbIHA TEMIepaTypPaHbIH, OCIMAIKTEPAiH, Cy AbIH €CENTEAreH HopMaAaHFaH
anbIPbIMABIK, MHAEKCTEPiH Tanaay 2014-2023 »blAAapbl TeMNepaTypaHblH, aiTaPAbIK Tal XXOFapblAaybl
>KOHE BCIMAIK AeHreniHiH TemeHAeyi 6arKkaAraHblH kepceTTi. XKep yCTi CyAapbIHbiH ayAaHbl A a3aiAbl.
OCIMAIK >KaMbIAFBICbI MEH >Kep YCTi CyAapblHbiH, 3repyi XKep 6eTiHAeri TemnepartypaHbiH, e3repyiMeH
>KaKCbl GaAQHbICTbI.

3epTTey HaTUXKeAepi KAMMATTbIK, &3repicTep MeH epTTePAIH, AaHALIAMT KOMMOHEHTTEpiHe acepiH
GararayFa MyMKiHAIK 6epin, eHipAIH TYPaKTbl AAMYbIH XKOCMapAayAa KOAAAHOAAbI MaHbI3Fa Me.

Tyiin ce3aep: KawbikTaH 30HATay, LST, NDVI, NDWI, NDMI, NBR, KocTaHan 06AbICbl, OpMaH
epTi, AAHALIATTbIK, ©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 xikrenmi (1-cyper).

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 Tanmanasl (2-cyper).
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-maH 1-re meiiiH — THIFBI3 6CIMJIIKTED.

) High : 0,9981
_— Low :-0,2

2014 2018

2022 2023

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

Tannay HoTHXKECI OCIMIIKTEP/IiH alTapIIbIKTal
TeMeHJieyiH kepceTTi (l-kecre). bynm Temenumeyni
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-
T KIKTEyJIepl ke3mecerdi, coHblH immname 6i3 (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 — KypFaKIbUIBIK, 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-
TaJIBIN, OJIAPABIH aydaHmapbl ecenrtenmi (l-kecte).
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 yYaCKECiH aHBbIK KOpyTe (4C-CypeT) )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 Ootibrama NDVI ecemnreni.
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
(6-cypet). NDVI Bu3yanu3anuscel YIIiH pacTpIIbIK
Kaiirta KikTey Kyprizinai (5-cyper), eciMIiKTepIiH
B KJIACHIHBIH ayJaHbl ecenTelni (2-kecrte).

| ]-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 ciyTHuKTiK cypeTTepi OoiibiHma 2022—
2025 »xok. apaneireiagarsl ND VI qmHamMuKacerd Ta-
nay AmaHKaparaii OpMaHBIHIAFbl ©PTTEH KeHiHri
©CIM/IIK KaMbUIFBICBIHBIH TO3Y KOHE KaJIbIHA KEIy
(hazanapbIHBIH aliKbIH Ti30eTiH KepceTTi. 2022 Kbii-
IBIH TaMbI3 ailblHIa, OpTKe neiin, oprama (157,7
MBIH Ta) )koHe TeMeH (259,5 MbIH Ta) 6CiMIIIKTI ay-
makTap O6aceiM Oommbl. An 2022 KBUIABIH KBIPKY-
Herinae opTTiH cangapsiHad ote ToMeH NDVI kep-
ceTkimTepi Oap aliMakTapiblH ayMmarbl 25 ecejieH
acTam ecirl, 377,6 MbIH TeKTapFa KeTTi, OyJI oCIMIIIK
JKaAMbUIFBICBIHBIH JIEPJIIK TOJBIK JKaHBII KETKCHIH
Oinaipeni. 2023 >KpUIIBIH MayChIMBIHAA KYHTEH ay-
MakTapAbiH (294 MbIH ra JeiiH) a3arobl )KOHE TOMEH
opi opTaia eciMIIKTIH YJIECiHIH apTybl OalKanaibl,
OyJ1 menTep )oHe OyTajabl ©CIMIIKTEP/IiH TaOUFU
KaJIIIbIHA Kelle OactaraHblH Kepceteni. 2024 Kbli-
Fa Kapail pereHepanus IpoIleci KyIIeHimn, opTrama
NDVI TtoFbi3asiFsl O0ap aymaxktap 108 MbIH rek-
TapFa XKETTi, all 6Te TOMEH MOHJIEP €Ki ecere *ybIK
azaiapl. 2025 SKbUIBI THIFBI3 OCIMIIKTIH 7,34 MBIH
reKTapra JIeHiH apTybl TipKeli, OyJ ’ac arail ec-
KiHJIEpiHIH KAJIbIHA KEIIill )KaTKAHBIH )KOHE IKOXKY-
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1ie JKaFJaiibIHBIH JKaKcapFaHbIH OuTIipesni (2-kecre).
Ocpinaitma, 2025 xpiel 2022 KbUIMEH CaJIBICTBIP-
FaHJIa opTalia eciMIiri 6ap aymakTapablH Keiemi
5,5 ecere (81%) apTkaH, Oyy TaOUFU pereHeparus
3aHJBUIBIKTAPBIH HEMECE OHIpJe KalIblHA KeNTipy
HI1apajiapblHbIH KYPri3UITeHiH T91e eI,

2022 >KBUTFBI OPTTEH KeHiH OCIMJIIK KaMBIIFbI-
CBIHBIH KaJIMIbIHA KeJyiH Oaranmay yuriH Sentinel-2
L2a crytauri gepextepi Ooitbrama NDVI, NDMI,
NDWI xone SWIR ungexcrepi 2022 xbUIbIH Ta-
MBI3 JKOHE KbIpKYiek, 2024, 2025 xone 2023 Kbl1-
JIapbIH MayChIM aiiapsl (7-CypeT) YIIIiH eCenTeNi.
byn kepcerkimrep AMaHKaparaii opMaH aikaObI-
HBIH ayMaFbIHJaFbl ©CIMJIIKTEP/IiH KEeHICTIKTIK-ya-
KBITTBIK JMHAMHUKACHIH, BUIFAJIIBIILIFEIH JKOHE Oe-
TIHIH TO3y JIOPEXKECiH OaiikayFa MyMKIHIIK Oep/ii.
SWIR nuamno30HBIHIAFEI KECKiH OCIMIIKTep MEH
TOTBIpaKTa KaHlia cy 0ap eKeHiH KepceTe[, OnT-
keHi cy SWIR ToaxeiHapsiH cinipeni. bya xommo-
SHUIUSIIBIK, CYPETTE OCIMJIIK KaMBUIFBICHI — JKAChLI,
TOTIBIPAK JKOHE KYPBUIBIC CaJbIHFaH ayMaKTap — KO-
HBIPJIBIH OPTYPIl pPEeHKTEpiHIE, all cy Kapa OOoJbII
kepineni. JKakblHIA OPTEHIeH JKEp JKOJIAKTapaa
KaTThl MIAFbUIBICAJIBI, OYJI OJIap/bl OPTTIH 3aKbIM-
JlaHy KapTallapblH jkacay YIniH KyH/b! eteni. SWIR
OCIMJIIKTEP/IIH OPTYPJIl TYpJICPIHIH apachlHa JKaK-
Chbl KOHTPACTTHI YCbiHAAbL, 12, 8a, 4 apHanmapblHa
OCIMJIIKTEP/Il JKachll, OPTTEH Naija OOJFaH ThIP-
TBIKTap/IbI KBI3BLT TYCTIeH Oetinenetini (Ceraes P.C.,
bazaposa 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-kecTe — OPTTEH KeliH OpMaH IapyallbUIbIFBIHAFEl OCIMAIKTIH ©3repy ANHAMHKACH

400
350
300
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B Tambiz 2022
150 .
W KblpHyHer 2022
100
E maycbim 2023
50
maycbim 2024
0 — —
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 (9-cyper). LST nmen NDVI apaceingarst
—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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