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Abstract. This article examines the early detection of hydrological hazards using
spatiotemporal analysis and multimodal data integration. The study is based on the creation
of an event-based dataset combining geospatial, hydrometeorological, and satellite features
for Kazakhstan over a long period of time. An approach to constructing a predictive model
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is proposed that takes into account only pre-event information, ensuring a correct
formulation of the early warning problem. Various machine learning methods and their
hybrid combinations were used to evaluate the effectiveness of the model. Experimental
results demonstrate that integrating heterogeneous data sources improves the accuracy of
flood risk forecasting. The findings confirm the potential of spatiotemporal models for
developing early warning systems for hydrological hazards.

Keywords: hydrological hazards, floods, early detection, spatiotemporal analysis,
multimodal data, machine learning
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AHHoTanus. bys1 Makanana KeHICTIKTIK-yaKbITThIK TajAdy *oHE MYJIbTUMOJIAlb-
IIbl IEpEKTEePAl MHTETpaLUsIay apKbUIbl THAPOJIOTUSIIBIK KaylITEP/l epTe aHbIKTay Kapa-
CTBIpBLIAbL. 3epTTey Y3aK yakbIT 00iibl Ka3akcTaH yIlliH F€OKEeHICTIKTIK, THIPOMETEOPO-
JIOTUSUIBIK YKOHE CITyTHUKTIK MYMKIHJIKTEp/l1 OIpIKTIPETIH OKUFaFa HET13[eNITeH IepEKTep
KUBIHTBIFBIH KacayFa Heri3zeiareH. Epre eckepTy MaceneciHiH AYPbIC TYKbIPbIMIaMachlH
KamMTaMachl3 €TETIH, TEK OKWFaFa JCHIHT1 aKmapaTThl €CKEpeTIH OOKAMIBIK MOJEIh-
Tl Kypy TOCUTl YCHIHBIIAABL. MoAENbIiH THIMILTITIH OaFaay YIIiH opTypili MaIluHAIBIK
OKBITY 9JIICTEP1 KOHE OJapIbIH THOPUATI KOMOMHAIMSIAPH! KOJTAHBLIABL. DKCTICPUMEHT-
TIK HOTHIKEJIEP TETEPOreH Il AEPEKTep KO3ACPIH HHTETPpAIUsAIAY Cy TAaCKBIHBI KayTiH 00JI-
JKayZbIH J9JITH apTThIPaTbIHBIH KepceTeal. 3epTTey HOTHKeNepl TUAPOJIOTUSIIBIK Kay1Il-
Tep Typajbl €pTe €CKePTY JKYHETIEPiH d31pJiey YIIiH KEHICTIKTIK-yaKbITTBIK MOJCIbACPAIH
QJIyETIH pacTaiIbl.

Tyiinai ce3gep: TMIPOJOTHSUIBIK Kayll-Karep, Cy TAacKbIHBI, €pTe€ aHbIKTay,
KEHICTIKTIK-YaKbITTBIK TajJiay, KOIIepeKKe3l 1epeKTep, MalllnHAIBIK OKbITY
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AHHoTanus. B cTarbe paccmarpuBaeTcs 3a/1aua paHHETo BbISBICHUS THIPOJIOTH-
YECKHUX OIMMACHOCTEH C MCITOJIb30BAaHUEM IMPOCTPAHCTBEHHO-BPEMEHHOTO (spatiotemporal)
aHaiM3a U MHTETPalluyd MYJIBTUMOJANbHBIX AaHHbIX. MccrnenoBanue ocHoBaHO Ha (op-
MHUPOBaHUU COOBITHIHO-OPUEHTUPOBAHHOTO HA0Opa TAHHBIX, OObETUHSIOLIETO TeONpo-
CTPAaHCTBEHHbIE, THAPOMETEOPOJIOTUYECKHUE U CITyTHUKOBBIEC MPU3HAKU ISl TEPPUTOPUN
Kazaxcrana 3a miutenbHbI BpeMeHHOW nepuoj. [IpemiokeHn moaxoa K MOCTPOCHUIO
MPOrHOCTUYECKOW MOJENH, YUUTHIBAIOUIMM TOJIBKO MPEACOOBITUIHYIO HH(OpMAIHUIO,
yTO 00ecreunBaeT KOPPEKTHYIO MOCTAHOBKY 3a/JauMd paHHero npeaynpexaeHus. s
o1leHKH 3((EKTUBHOCTH HCIIOIB30BaHbl PA3JIMYHbIE METOJIbI MAIIMHHOTO OOy4YeHUS U
uX ruOpuIHbIe KOMOMHAIMH. Pe3ynbTaTel SKCIIEPUMEHTOB MTOKA3bIBAIOT, YTO MHTETPaLIUs
Pa3HOPOJHBIX WCTOYHUKOB JIAHHBIX IMO3BOJIET MOBBICUTH TOYHOCTH MPOrHO3MPOBAHUS
MaBOJKOBOro prcka. [lomyueHHbIe BHIBOABI TOATBEPKAAIOT IEPCHIEKTUBHOCTD IPUMEHE-
HUS spatiotemporal-mMo/eneii A co3qaHus CUCTEM PaHHETO MPEAYIIPEKISHUS THAPOIIO-
TUYECKHUX yTpo3.

KiroueBble cji0Ba: TUIPOIOrHYECcKasi OMAaCHOCTb, TABOJIKH, PAaHHEE BBISBICHUE,
MIPOCTPAHCTBEHHO-BPEMEHHOM aHaJlu3, MyJbTUMO/IaJIbHbIE JaHHbIE, MAIIMHHOE O0y4Ye-
HUE

Juas umrupoBanusi: A.E. Cnanb6exkoBa, M.b. Paxumkanosa, A.U. )KannGekona,
A.3. Anumaram6erosa, M.V. Xynoii6epranos (2026). PanHee BbIsBICHHE THAPOIOTHYE-
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CKHX OTIAaCHOCTEH Ha OCHOBE MPOCTPAHCTBEHHO-BPEMEHHOTO (spatiotemporal) ananu3za //
MesxayHapoaHbIi KypHaJI HHPOPMAIIMOHHBIX U KOMMYHHKAIIMOHHBIX TexHomoruil. T. 7.
No. 26. Ctp. 25-35. https://doi.org/10.54309/1JICT.2026.26.2.002. (Ha xas3.).

Kondaukt uHTEpecoB: aBTOPHI 3asABISAIOT 00 OTCYTCTBHU KOH(IINKTA HHTEPECOB.

Kipicme.

I'uaponorusaibIK anarrap, acipece Cy TacKbIHBI, TAOWFHU araTTap/AblH €H Kell Ta-
paJIFaH KoHE QJIEYMETTIK-9KOHOMUKAJIBIK TYPFBIIaH KOHUKBIH TYPJEPiHIH KaTapblHa jKaTa-
nbl. KnmumarThiH e3repyiHiH KYIIe0i, )KaybIH-IIAIIbIH YITUIEPiHiH 63repyi )KoHEe aHTPOIo-
TeHJIIK (aKTOpIIapIbIH dcepi OYIT OKUFaIap/IbIH XKULTITT MEH KaPKBIHIBUIBIFBIH apTTHIPBIIT
oTelp. COHIBIKTAH, Cy TaCKBIHBIH 0OJDKAY YKOHE €pPTe aHBIKTAay MICeleci Ka3ipri 3aMaHFbI
FBUIBIMH 3€PTTEYJICP/IiH HEri3Ti canacklHa aifHaabl. JocTypii omicTep HETi3iHEH OKUFa-
JIaH KeWiHT1 Tanaayra OarbITTanFal 0osca, Oyl Ke3eH 1€ ajlIbIH ajly KOHE epTe TOyeKeNIi
Oaranay Kaxertimiri aptein keneai (Mosavi et al., 2018; Khosravi et al., 2018).

COHFBI JXBULAAPHI THAPOIOTHUSAIIBIK TPOLIECTEPl 3ePTTEY/Ie KEHICTIKTIK-YaKbITTBIK
Tanay oMicTepi KEHIHEH KOJJAHBUIBIN Kejeldi. byn onmictep Taburm KyOBUIBICTapAaFbl
YaKBITTHIK JKOHE KeHICTIKTIK YAT1Iepai Oip yaKbITTa KapacTelpyFa MyMKiHAiK Oepeni (Teng
et al.,, 2017; Shen et al., 2019). Aran aiiTkanIa, KAMIBIKTBIKTaH 30HITAY JIEPEKTEPiHIH,
THIPOMETEOPOIIOTUSIIBIK KOPCETKIIMTEPAIH kKOHE T€OKEHICTIKTIK CHUIATTaMallaplIblH Y-
JeciMi Kypaeni skyienepiH TMHaMHUKAaChIH TEPeHIPEK TYCIHyre MyYMKiHIiK Oepeni. MyH-
Jaif nHTerpanusuianFad Tocingep (Jongman et al., 2015; Boulange et al., 2021) cy TacksI-
HBIHBIH Ce0eTTepiH KeIIeHl TaljayFa *oHe Kayill ailMakTapblH aHBIKTAyFa MYMKIHIIK
Oepei.

CoHBIMEH Karap, MaIIMHAIBIK OKBITY OMICTEpIHIH JaMybl OPTYpPIi Ke3IepleH
aNBIHFAH JICPEKTEPl OHACYIIH *aHAa MYMKIHIIKTEPiH allThl. OPTYPIl CUIATTAFbI Jie-
pexTepi OIpiKTipy apKbUIBI OYIJT 9MIICTEP KYPHAETi )KOHE CHI3BIKTBIK €MEC KaThIHACTAapIbI
aHBIKTayFa MYMKIHJIIK Oepei. bysr THIpOoIorusuIbIK KayinTep/i 00MmKayIbIH JOJIITH XKaK-
capTajibl )KOHE MOJICIIB/IIH TYPAKTBUIBIFBIH KaMTaMachl3 eTe/li. ATan alTKaHa, KeHICTIK-
TIK-yaKbITTBIK J€PEKTEp/i MaiiiamanaTslH MOJICbAEP Kayill CUTHAJIIAPbIH epTe aHBIKTAY-
JIBIH THIMJII Kypautel 0obin cananazs! (Zhang et al., 2019; Rahmati et al., 2016).

Bys1 MakanmaHbIH MaKCaTbI-KeHICTIKTIK-YaKbITTBIK TallayFa HEeT13eNITeH THAPOIO-
THSUTBIK KayilTep/li epTe aHBIKTAYIbIH d[ICHAMAJIBIK TOCUTIH YChIHY. 3epTTey/Ie MYITBTUMO-
JaNBIBI IepeKTepl OIpIKTIpy apKbLIbI Cy TACKBIHBI KayITiH 00JKay QJIeyeTi KapacThIpbLia-
b1 )KOHE HOTHOKEJIEP/IiH MPAaKTUKAIBIK MaHbI3IbLUIBIFBI OaraiaHa Ibl.

gjicTep MeH MaTepuaJaap.

By 3epTTeyae ruIponorusuIbIK KayinTep/i epTe aHbIKTay YIIiH T€OKeHICTIKTIK, TH-
JPOMETEOPOJIOTUSIIBIK JKOHE CITyTHUKTIK KO3/epi OipiKTipy apKbUIbI KacalFaH MYIbTH-
MOJIAJTBIbI KEHICTIKTIK-yaKbITTHIK gepekTep (Chen et al., 2020; Sit et al., 2020). >KUBIHTBIFBI
naiinananeasl. Jepexrep 2001-2021 sxpuinap apansiFbiHAarbl KazakcTaH bl KaMTHAbI
XoHe apOip sxkaz0a Oenriii Oip KeHICTIKTIK HYKTeTe, YaKbIT HYKTE€CIHE KOHE BIKTUMAI TH-
JPOJIOTHSUIBIK OKHUFaFa COWKEC KEJIETIH OKWUFaFa HETi3/IereH KecTe PeTiH/e YChIHBUIFaH.
Byn gopmar aymakThIH KEHICTIKTIK CHUTIATTaMallapblH J1a, CYy TaCKbIHBI OOJIFaHFa JCHIHTI
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MIPOLIECTEP/IIH YaKBITTHIK THHAMUKACKHIH J]a €CKepyTre MYMKIHIIK Oepe]ti.

Epekmenik keHicriri OipHemie aifHpIManbUIap TOOBIH KaMTUIbI. BipiHmm Tomka ay-
MaKTBIH CY KHHAJTybIHa TaOUFH OCHIMIUTITIH KOPCETETIH OMIKTIK, KOJIOCYIiK, aCTIeKT XKoHE
TOTIBIPAK TYP1 CUSKTHI jkep Oefepi MeH reorpadusuIblK cUnarraMaiapsl Kipeni. Exinmi Tomn
THJIPOMETEOPOJIOTHSIIBIK KOPCETKIIITEPMEH, COHBIH 1IIiH/IE JKaybIH-IIAIIBIH MOJIIIepi, aya
TeMIIepaTypachl, TOMBIPAK bUIFAJABUIBIFGL, Kap KAJBIHIBIFBI dKOHE PTYPIIl yaKbIT apajbIKTa-
pHI YIIIiH OacKa /1a arperanusuiaHFaH apaMeTpiIepMeH YChIHBIUTFaH. Y IIIHIII TOTKa 6CIMIIK-
TepIiH Kail-KyiiH, OETKi BUIFaJIIBUIBIKTHI KOHE AIlIbIK CYIBIH O0MybIH cunarTaidTeiH JKepi
KAIIBIKTBIKTaH 30HATayAbIH cnekTpmik kepcerkimrepi (NDVI, NDWI, EVI xone T1.0.)
Kipemi. YakpITIa epeKniesikrep MeH 0akpuIay carma KopCeTKIImTepi KOChIMINA KapacThIPhLI-
61, OYJT 9p TYpIIi Ke3aep OonFaH Ke3ze JepeKTepAl oI TYCIHAIpYTe MYMKIHIIIK Oepi.

OKBITY KUBIHTBIFBI TEK OKUFaFa JCHIHT1 aKmapaTThl MaiiaTaHaThIH aFbIl KeTYIeH
KayiIci3 TocIIi KONMAaHy apKbUTbI kacayibl. OCBIFaH KOJI )KETKi3y YILiH OacTaKbl JEpEeKTep
KUBIHTBIFBIHAH TEK 0OJIKAY Ke31H/Ie KOJDKETIM/II KOHE OKMFaaH KeHiHT1 epeKIIeTiKTepaeH
60c OakpUIaynap TaHgaNAbL. Jlepekrep yakpITina Ti30eK eH OKUFa KYPBIIBIMBIH €CKEPE OThI-
PBIIL, OKBITY, BAJTHIAIINS )KOHE ChIHAK JKUBIHTHIKTAPhIHA OOJTIH/I1, OCBIIAMINA 1IIKi YKUBIHIAP
apachIH/Ia aKMapaTThIH aFbII KeTyiHe ko oepinmeni. COHBIMEH KaTap, OyphIH OaiiKaiMaraH
OKHFaJap/ia MOJEIb1 TeKCepy YIIiH OKUFa HIICHTH(HUKATOPIaphl apKbUIBI TONTHIK aifKacma-
nbl Banmaanus Koinnausuiasl (Kratzert et al., 2018; Zhao et al., 2018) .

JlepexTepi abIH ajia eIy HUKIIIK QyHKIUIap/Ibl KOJIAaHA OTHIPHIIL, KETICTICH-
TiH MOHJIEpAl €CenTeydi, epeKIIeNiKTep Il KaIbIIKa KeNTIPyl *KoHEe MayChIMJIbIK CHUTIATTa-
Mayap/bl KOATay[Abl KaMTBIIBL. DKCIIEPUMEHTTIH KalTalaHyblH CaKTayFa €pekile Hazap
ayIapbUIIbL: OapIbIK TYPICHIIPYIEp OKBITY XHUBIHTBIFBIH/IA OPBIHAAJIbI, COMAaH KeHiH ma-
pametprniepi Kaiita Oarajmamail BalMIalMs JKOHE ChIHAK JEpeKTepiHe KonmaHbuiasl. Ko-
TAHBUIFAaH MOJIENBJICY 9ICTepiHe KIACCUKAIBIK MALIMHAJIBIK OKBITY aJrOPUTMIEPI JIe, Je-
PEKTEPJET] KYP/IEi ChI3BIKTBIK €EMEC TOYCIIUTIKTePl eCKepe alaThlH 3aMaHayd HEUPOHIBIK
Kelll apxXuTekTypanapsl aa kipai. Monens camacet ROC-AUC, F1-ymaifel :xoHE TEHrepiMIi
TOJIIIK CHSIKTBI KOPCETKIIMTEPiH TIPKeCIMIH MaiallaHbll OaraiaH/bl, OYJI YCHIHBUIFaAH
TOCUIIIH THIMIUTITIH KEIICH I TaJIayFa MyMKIHIIK Oep/Ii.

By 1-cyper cy TacKbIHBIH epTe OoJpKayFa apHaJIFaH IEepPEeKTepi ajl/IblH ajla eHJIeY
KOHE MOJIENIbIe JaibIH Ay Ke3eHIepiH KopceTeni. JlmarpaMma exi Herisri 0eIIiKTeH Typaibl:
JIEPeKTep KUBIHTHIFBIHBIH CHITATTAMACHI JKOHE aKIMapaTThIH aFbIll KETYyiH OOJIIBIPMANTHIH
(leakage-safe) Gomxkay KyObIphl. bipiHini OeiikTe MOJENbre Kipic peTiHae KOJTaHbLIaThIH
Oenrinep Tontapsl (reorpagusuiblK, THAPOMETECOPOIOTHSIIBIK, CIIEKTPAJIIbI )KOHE CaIlabIK
KepceTkimrep) cunartairad. EkiHI 0eIikTe T1epeKTepi Cy3y, allHbIMAIbUIAPIbl AHBIKTAY,
YaKBITTBIK KOATAY, ICPEKTEP/Ii OOy, IMITY TAIUsl )KOHE CTAaHAAPTTAY CHSKTHI HET13T1 Ke3eHIep
KOpCeTUIreH. byt yepic MomenbaiH CEHIMAUTITT MEH HOTHXKEIEP/IiH KalTalaHyIIbUTBIFbIH
KaMTaMachI3 €Tyre OarbITTalIFaH.

CypeTTe KOpCeTUIreH yIepic Cy TacCKbIHBIH epTe OopKayFa apHaJFaH JIEPEeKTepi
JMabBIHIAyABIH TOJIBIK Ti30€TiH CHIAaTTaiabl. AJIBIMEH Kipic Oenriyiepi OipHemie TomKa
OeJIiHIM, OJIapIbIH KYPBUIBIMBI AaHBIKTAIIA/IbI.
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Cyp. 1. Cy TacKbIHBIH OOJDKayFa apHaJIFaH aJlIbIH ajla OHJeY KOHE MOJIeNIbIe NaifbiHaay yaepici

Opnan keiliH aKnapaTThiH aFbIl KeTyiH OonabpipMaidThiH (leakage-safe) Tocin KomgaHbLIbI,
TEeK OKWFara JCHIHT1 JepekTep FaHa ipikteneni. Kemeci ke3eHaepae aiHbIMAIbUIAPIbIH
POl aHBIKTAJIBII, YaKBITTHIK OCNTiIep KOATAIaIbl )KOHE JIEPEKTEP OKBITY, TEKCEPY KOHE
TECT >KUBIHTBIKTapbiHA Oeiineai. COHbIHIAA UMIYTALUA JKOHE CTaHIAPTTay >KYPri3iiim,
MoOJIe/IbIe JalbIH JAePEKTEP KaJbINTACThIPLIAAbI. By ToCI MOIEIbIIH TYPAKThUIBIFBIH
APTTHIPBIT, HOTHXKEJICPIH CEHIMIIIITH KaMTaMachl3 €TeIl.

Hatumxenep :koHe 0J1apabl TAJIKbLIAY.

¥ ChIHBUTFAH 9/IICTIH THIMUIITIH Oaranay YIIiH 9pTYpPJii MAIIMHAIIBIK OKBITY JKOHE
TEpeH OKBITY MOJENbJepi OipHelie MeTpuKkanap OOWBIHIIA CATBICTHIPBUIILL. ATar ai-
TKanaa, monenbaep ROC-AUC, PR-AUC, Fl1-score, balanced accuracy, MCC xone Brier
score KepceTKimTepi apkpiibl Oaramanabl. Hotmwkenep yaksITThIK holdout ctparerusice
HETi31H/I¢ aJIbIHFaH JKOHE OapIIbIK MOJICIIBICP YIIIH OpTalia MOH/IEP €CeNTEIreH.

2-cypetTe opTYpdi Kaitanany ke3eHuepine (1 KbUIIBIK, 2 KbUIIBIK, 5 KBUIIBIK
xoHe 10 KbUIIBIK) COMKEC Cy TaCKbIHBI OKUFaJIaphl YIIiH Mojenbaepain F1-score kepcer-
KIIITEpiHiH Tapanybl kepceTuireH. HoTwmkenep yChIHBUIFAaH MOJENbB/IH OapiblK yaKbIT-
TeIK ropu3ontTapaa (0—7 kyH) 6a3ansik GloFAS >xyiieciMeH caibICThIpFaHia TYPaKThI
TYpZe KOFapbl HEMECEe YKCAac HOTIIKEIEp KOPCETETIHIH MdJesieimi. Ocipece KbICKa
Mep3iMai O6omkayna (lead time 0—2 KyH) MOJENb/IIH apTHIKIIBUIBIFBI aKbIH OaliKaiabl.
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Cyp. 2. Oprypni KaliTanany ke3eHaepinseri (return period) cy TaCKbIHBI OKHUFAJIApHI YIIiH Mozenbaepain F1-score
KOPCETKIIITEPiH CAIBICTEIPY

¥3ak mep3iMai Oomxkay xargabiHaa aAa (5—7 KyH) eHIMIUIIK TOMEH/IETeHIMEeH, YChl-
HBUIFAH 9J[IC CAJBICTBIPMAIIBI TYPJIE TYPAKThl HOTHXKeJepAl cakTaiinpl. COHBIMEH Kartap,
KaliTanany Ke3eHi apTKaH CailbIH (SIFHU CUPEK Ke3[ECETIH SKCTPEMAaII/Ibl OKUFajap YILIiH)
HOTIKENIEp/IiH BapUaTUBTUIIr eceTiHl OaiKamazpl, Oyl AepeKTepliH TeHrepiMcizii-
riMEH KQHE OKHFaJIap/blH CUPEKTIriMeH Tycinaipineni. YKanmbl anrania, YCbIHBUIFaH
TOCUIT OPTYPJIi TUAPOJIOTHSIIBIK CLIEHApUIIIEpIE CEHIM/I1 )KYMBIC ICTEHTIHIH KOpCEeTe .

ConHbIMEH Karap, Oenrijiep TONTapbIHBIH ocepiH Oaranay MakcarbiHna feature-
group ablation Tanmmaysl Kypriziuii.

Bepinren 3-cyperte MOAeNbIiH OHIMIIIITT MEH OenriepiH yieci KemleHIl
Typae kepcetiiareH. JKoraprbl AMarpammaza HEri3ri MeTpukajgap OOWBIHIIA MOJENb
OHIMIUIITIHIH e3repici OeliHeneHir, apOip KOpPCEeTKIIITIH MOJIENb carnacklHa acepi Oara-
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Ablation study results
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Cyp. 3. Monens eHIMILIITI, OenriiepaiH MaHBI3IBUIBIFEI XKOHE METpUKaIap OOMBIHINIA CAIBICTEIPMAIIBI
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naHaabl. OpTaHFel TpadUKTe OPTYPIIi OSNTiep TONTapbIHBIH MaHBI3IBUIBIFBI KOPCETUITCH,
MYHJ1a Keiibip OenrinepiH 6acka aifHpIMAIBUTAPMEH CATBICTHIPFaH/Ia A TapIIBIKTal )KOFa-
pBI BIKITAN eTeTiHl Oaiikananbl. Temenri auarpammana optypiai monenbaepain AUC moH-
Jiepl CaJbICTBIPBUIBIN, YCHIHBUIFAH TACUINIH 0acKa 9ICTEPMEH CaJbICTBIPFaHIa KOFAPhI
HOTHOKEJIEp KOpCeTeTiH1 Aonenaeneai. JKanmel anrania, HOTHKeIep MOACTbIIH THIMILTI-
TiH JK9HE Oenrijepai Ayphic TaHIayAbIH MaHbI3IbBUIBIFBIH KepceTeai. by tanmay HoTmke-
nepi Oapiblk Oenriiepai Oipre KOonmaHy €H JKaKChl HOTIDKENEPl KaMTaMachl3 €TETiHIH
kepceteni. JKekenereHn Oenriiep TONTApBIH alblll TaCTaFaHIa MOJAETb OHIMILIIT aiftap-
JBIKTAl TOMEHIEH 1. Ocipece THIPOMETCOPOIOTHUIBIK KOHE CHEKTPAIILI OCNTiIepIiH
MaHBI3IBUIBIFBI JKOFaphl eKeHi Oaifkamazpl. Bysl ¢y TacKbIHBIH OoipKayma apTypii Jepex
Ke3/1epiH OipIKTIpyIiH KaKeTTUIITH AN IS I

XKanmer anraHna, ajablHFaH HOTWXKEJEp YCBIHBUIFAaH spatiotemporal Tocinmig
TUIMIUTITIH KepceTeli. OPTY Il MOIEIbICPMEH CaTBICTHIPFAH 1 YCHIHBUIFAH 9/11C TYPAKTHI
JKOHE KOFAPBI JIOJJIIK KOPCETKIMTEepiH KamTamacki3 erei. CoOHbIMEH Karap, aOJsIusUTbIK
Tanaay HOTHXKEIEpi MOJENbh apXUTEKTYPACBIHBIH JKOHE Oenriiep KOMOWHAIMSCHIHBIH
JYPBIC TAHJAJIFAHBIH PACTaN/IbI.

KopsbIThIHABI.

Byt 3epTTey KeHICTIKTIK-YaKbITTHIK Tajiay MEH MYJIBTHMO/IANIb/IbI AEPEKTEP Il UH-
Terpanusiiayra Heri31e]reH TUAPOIOTUsIIBIK KaylinTepAl epTe aHbIKTay SIICIH YCHIHABI.
3epTTey reOKEHICTIKTIK, THAPOMETEOPOIOTHSIIBIK JKOHE CITyTHHKTIK AepeKTepai Oipik-
TIPETIH OKHUFaFa HETi3/ICNTCH JCPEKTep JKUBIHTHIFBIH JKacaJbl ®KOHE TEK OKWUFaFa JCHiHT1
aKnmapaTThl NaiamaHaThIH aKapaTThIH aFbIll KETyiHEe K01 OepMey ToCUTiH Koyigan 1. by
MOJICTIB/1 OKBITY KE31HJE aKMapaTThIH aFblll KETyiHE >KOJ OepMeadl jKoHEe HOTIKENepIiH
CEHIMJIUTITIH apTThIpAbl. HoTrokenep YChIHBUIFAH SIICTIH opTYpIli O0KaM KOKKHEKTepi
MEH UTepanus Ke3eHJEpPiHe TYPAKThI )KOHE KOFapbl OHIMIUIIK KOPCETETIHIH pacTaibl.
Mopnens ROC-AUC, F1 ymaiisl sxoHe 6acka aa KepceTkimrep 0oiibiHIIa 0a3aibIK 91icTep-
MEH CaJIBICTBIPFAH/Ia KAKChl HEMECE CATBICTBIPMabl HOTHXKeep kKopceTTi. COHbIMEH Ka-
Tap, abIAUUSIBIK TaJIgay MOJENb apXUTEKTYPAachl MEH dPTYPIl €pPEeKIIEeTiK TONTapbIHBIH
(acipece rUIPOMETEOPOTIOTHSIIBIK KOHE CIIEKTPIIK IEPEKTEP) JKAIbI HOTHKETe MaHbI3/IbI
yJ1eC KOCAThIHBIH KOPCETTI.

3epTTey HOTIDKENEpl 9pTYpIi AepeKTep Ke3aepiH OipiKTipy Cy TaCKbIHBI CHUSKTHI
THIPOJIOTHSUIBIK KayinTepl Ooipkay YIIiH THIMII €KEHiH OHE KEHICTIKTIK-YaKbITTBHIK
MOJIEITBICP/IIH KOFApPhI dJIEyeTKE e CKEHIH KopceTedi. Y ChIHBUIFAH TOCLT HAKTHI YaKbIT
PEKHUMIHJIET] epTe eCKepTy KYHelepiH o3ipiieyre Heri3 0oja amajbl )KOHE THIMIII Toye-
KeJiepai Oackapy MEH aJlJIbIH aily IapajapblH KolIanyra MyMKiHaik Oepeni. Connmai-ax,
3epTTeyaiH Oenrini Oip mekreynepi 6ap eKeHiH aran oTKeH )KoH. ATan aiTKaH/1a, MOACIb-
JIiH HOTHOKENepl maiaanaHbuUIFaH JepeKTep KUBIHTBIFbIHA OAMIaHbBICTBI, a1 SKCTPEMAaJIIHI,
CUPEK Ke3/IeCEeTiH OKUFalIapIbl 00Mhkay KUbIH O0JBIT Kama Oepeni. bomamaxk 3eprreynepre
KOCBIMIIIA JIEPEKTEP KO3AEPiH (MBICANIbI, METEOPOJIOTHSIIBIK OOoDKamMIap HeMece SKOFaphbl
JKUUTIKTI YaKBIT JEpeKTepi) KOCy JKOHE MOACIBIIH OPTYpIIi aitMakTap OOWMBIHINA KAITbI-
JaHYBIH TEKCEePY YCBHIHBIIAABL. JKambl anFana, YCHIHBUIFAH 9/1iC THIPOJIOTUSIIBIK Kayir-
TEp/i epTe aHbIKTayAbIH THIM/II KYpPaJbl )KoHE MPAKTUKAIBIK KOJIIAHYIbIH TEPCIIEKTUBAIBI

@ @ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
~ International License
34



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

JKOJIbI ACII CaHayra 60.]'[3,[[51.

REFERENCES

Boulange, J., Hanasaki, N., Yamazaki, D., Pokhrel, Y. (2021). Role of Dams in Reducing Global Flood
Exposure under Climate Change. Nature Communications. — Vol. 12. — Pp. 417. DOI: https://doi.org/10.1038/s41467-
020-20704-0. [in Eng.]

Chen, Y., Zhang, S., Li, J., Xing, X., Chen, X. (2020). Flood Susceptibility Assessment Using Random
Forest and GIS-Based Multicriteria Analysis // Journal of Hydrology. — Vol. 583. — Article 124563. DOI: https://doi.
org/10.1016/j.jhydrol.2020.124563. [in Eng.]

Jongman, B., Winsemius, H.C., Aerts, J.C.J.H., Coughlan de Perez, E., van Aalst, M.K., Kron, W., Ward, P.J.
(2015). Declining Vulnerability to River Floods and the Global Benefits of Adaptation // Proceedings of the National
Academy of Sciences. — Vol. 112. — No. 18. Pp. E2271-E2280. DOI: https://doi.org/10.1073/pnas.1414439112. [in
Eng.]

Khosravi, K., Panahi, M., Pham, B.T., Chapi, K., Shirzadi, A., Shahabi, H., Revhaug, 1., Pradhan, B., Bui,
D.T. (2018). A Comparative Assessment of Decision Trees Algorithms for Flash Flood Susceptibility Modeling at
Haraz Watershed, Northern Iran // Science of the Total Environment. — Vol. 627. — Pp. 744-755. DOI: https://doi.
org/10.1016/j.scitotenv.2018.01.266. [in Eng.]

Kratzert, F., Klotz, D., Brenner, C., Schulz, K., Herrnegger, M. (2018). Rainfall-Runoff Modelling Using Long
Short-Term Memory (LSTM) Networks // Hydrology and Earth System Sciences. — Vol. 22. — Pp. 6005-6022. DOI:
https://doi.org/10.5194/hess-22-6005-2018. [in Eng.]

Mosavi, A., Ozturk, P., Chau, K.W. (2018). Flood Prediction Using Machine Learning Models // Literature
Review. Water. — Vol. 10. — No. 11. Pp. 1536. DOI: https://doi.org/10.3390/w10111536. [in Eng.]

Rahmati, O., Zeinivand, H., Besharat, M. (2016). Flood Susceptibility Mapping Using Frequency Ratio and
Weights-of-Evidence Models in GIS. Arabian Journal of Geosciences. — Vol. 9.— Pp. 617. DOI: https://doi.org/10.1007/
s12517-016-2617-1. [in Eng.]

Shen, X., Anagnostou, E.N., Allen, G.H., Brakenridge, G.R., Kettner, A.J. (2019). Near-Real-Time Non-
Obstructed Flood Detection Using Synthetic Aperture Radar. Remote Sensing of Environment. — Vol. 221. — Pp.
302-315. DOI: https://doi.org/10.1016/j.rse.2018.11.021. [in Eng.]

Sit, M., Demiray, B.Z., Xiang, Z., Ewing, G.J., Sermet, Y., Demir, I. (2020). A Comprehensive Review of Deep
Learning Applications in Hydrology and Water Resources. Water Science and Engineering. — Vol. 13. — No. 4. Pp.
259-274. DOI: https://doi.org/10.1016/j.wse.2020.11.003. [in Eng.]

Teng, J., Jakeman, A.J., Vaze, J., Croke, B.F.W., Dutta, D., Kim, S. (2017). Flood Inundation Modelling: A
Review of Methods, Recent Advances and Uncertainty Analysis. Environmental Modelling & Software. — Vol. 90. —
Pp. 201-216. DOI: https://doi.org/10.1016/j.envsoft.2017.01.006. [in Eng.]

Zhang, H., Liu, Y., Zhu, Y., Zhang, L., Zhang, J. (2019). A Deep Learning Approach for Flood Detection Using
Multi-Source Remote Sensing Data. IEEE Access. — Vol. 7. — Pp. 150136-150148. DOI: https://doi.org/10.1109/
ACCESS.2019.2947742. [in Eng.]

Zhao, G., Pang, B., Xu, Z., Yue, J., Tu, T. (2018). Mapping Flood Extent Using Sentinel-1 SAR Data with
Machine Learning Algorithms. Remote Sensing. — Vol. 10.—No. 7. Pp. 1035. DOI: https://doi.org/10.3390/rs10071035.
[in Eng.]

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
35



INTERNATIONAL JOURNAL OF INFORMATION AND
COMMUNICATION TECHNOLOGIES

XAJIBIKAPAJIBIK AKITAPATTBIK )KOHE KOMMYHUKANMSIIBIK
TEXHOJIOTUSLJIAP J)KYPHAJIBI

MEKJYHAPOJIHBIN )KYPHAJI UHOOPMAILIMOHHBIX U
KOMMYHUMKAIIMOHHBIX TEXHOJIOT U

Co0CTBEeHHHUK:
AO «MexayHapoAHbIH YHUBEPCUTET MH(POPMAIIMOHHBIX
texHosorui» (Kasaxcran, Anmmarsr)

I'naBHBIN penakTop:
KonecunkoBa Katepuna BukropoBHa

OTBEeTCTBEHHBIH peraKTop:
Mp3abaeBa Payman XKanueBHa

KomnbloTepHas BepcTka:
Kana0aii 3am3aryns Epryranosna

Caiit xxypnana: https://journal.iitu.edu.kz
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)

ITopmucano B euats 30.06.2026.
050040 1. Anmartsr, yin. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09).

W3nanne AO "Mex1yHapoIHOTO YHUBEPCUTETa MH()OPMAIMOHHBIX TEXHOIOrHii"



	БАСЫ
	басы 2026-2

	мазмун 21
	9-348
	СОНЫ
	соны (1)




