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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.
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AnHoTtanus. byn Makanaga KeHICTIKTIK-YaKbITTHIK Taldy KoHE MYITUMOIANb-
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-
Il KYpY TocUIl YChIHBIIAAbI. MoenbiH TUIMIUIITIH O6aFaiay YIIiH opTypil MalluHAIbIK
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.
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AnHoTanus. B cratee paccMaTpuBaeTcs 3a7a4a paHHETO BBISIBIICHUS THIPOJIOTH-
YECKHUX OIMMACHOCTEH C MCIIOJIb30BAaHUEM MPOCTPAHCTBEHHO-BPEMEHHOTO (spatiotemporal)
aHajJM3a W MHTETpalid MYJIbTUMOJANBHBIX JTaHHBIX. MccnenoBanue ocHOBaHO Ha (op-
MHPOBaHUU COOBITUHHO-OPUEHTHPOBAHHOTO HAOOpa JaHHBIX, OOBEAMHSIONIETO TeOTpO-
CTPaHCTBEHHBIE, THIPOMETEOPOJIOTUUECKUE U CITyTHUKOBBIC MPU3HAKHU JIJISI TEPPUTOPHUH
Kazaxcrana 3a mpiutenbHbI BpeMeHHOUW nepuoj. [IpemiokeHn moaxoa K MOCTPOCHHIO
MIPOTHOCTUYECKON MOJCIIH, YUYUTHIBAIOIIUNA TOJBKO MPEACOOBITHIHHYIO HHGOPMAIIHIO,
YTO OOCCIEeYMBACT KOPPEKTHYIO MOCTAHOBKY 3aJadd paHHEro mnpemynpexaeHus. s
orleHKH 3(P(HEKTUBHOCTH HMCIOIB30BaHbI PA3IMYHBIE METOJIbI MAITUHHOTO OOYYCHUS W
WX THOPHJIHBIE KOMOMHAITMHU. Pe3ybTaThl SKCIIEPUMEHTOB MTOKA3bIBAIOT, YTO HHTETPALIUS
Pa3HOPOJHBIX MCTOYHHKOB JAHHBIX MMO3BOJISIET MOBBICUTH TOYHOCTH MPOTHO3UPOBAHUS
MaBOJIKOBOTO prcka. [loydeHHbIe BBIBOIBI MOATBEPIKIAIOT MEPCIIEKTUBHOCTH IPUMEHE-
HUs spatiotemporal-mozesneit 1 co3aHust CUCTEM PaHHETO NPETyIPEKISHUS THIPOJIO-
TUYECKHUX yTPO3.

KuioueBble ¢JI0Ba: rupoIoruyeckasi OmacHOCTb, TABOJKH, PAaHHEE BBISBICHUE,
MIPOCTPAHCTBEHHO-BPEMEHHOW aHAJIN3, MYJIBTUMOAQIBHBIC JAHHBIC, MAIIIMHHOE O0ydYe-
HHUE
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Kipicme.

I'uaponorusansIK anarrap, acipece Cy TacKbIHBI, TAOWFHU araTTap/AblH €H KOl Ta-
paJIFaH KoHE QJIEYMETTIK-9KOHOMUKAIIBIK TYPFBIIaH KONUKBIH TYPJEPiHIH KaTapblHa jKaTa-
1b1. KnmumarThiH e3repyiHiH KYIIe0i, )KaybIH-IIAIIBIH YITUIEPiHiH e3repyi )KoHe aHTPOIo-
TeHJIIK (aKTOpIIapIbIH dcepi OYIT OKUFaIap/IbIH XKULTITT MEH KaPKBIHIBUIBIFBIH apTTHIPHIIT
otelp. COHIBIKTAH, Cy TaCKBIHBIH 0OJDKAY YKOHE €pTe aHBIKTAay MACeleci Ka3ipri 3aMaHFbI
FBUIBIMH 3€PTTEYJICP/IiH HEri3ri canacklHa aifHamabl. JocTypii omicTep HETi3iHEH OKUFa-
JlaH KeWiHT1 Tanaayra OarpITTanFaH 0osca, Oyl Ke3eH 1€ ajlIbIH ajly KOHE epTe TOyeKeNIi
Oaranay Kaxertimiri aptein keneai (Mosavi et al., 2018; Khosravi et al., 2018).

COHFBI JXBUILAAPHI THAPOIOTHUSAIIBIK TPOLIECTEPl 3ePTTEY/Ie KEHICTIKTIK-YaKbITTHIK
Tanay oMicTepi KEHIHEH KOJNJAHBUIBIN KeJeldi. byn onmictep Taburm KyOBUIBICTapAaFrbl
YaKBITTHIK JKOHE KeHICTIKTIK YAT1Iepai Oip yaKbITTa KapacTelpyFa MyMKiHAik Oepeni (Teng
et al.,, 2017; Shen et al., 2019). Aram aiiTKanna, KAIBIKTBIKTaH 30HITAY JIEPEKTEPiHIH,
TUIPOMETEOPOJIOTUSIIIBIK KOPCETKIMTEPAIH kKOHE T€OKEHICTIKTIK CHUIATTaMallaplIblH Y-
JeciMi Kypaeni kyienepiH TMHaMHUKAChIH TEPEHIPEK TYCIHyre MYMKiHIIK Oepeni. MyH-
Jaif naTerpanusuianFad Tocingep (Jongman et al., 2015; Boulange et al., 2021) cy TacksI-
HBIHBIH Ce0eNTepiH KeImeH Il TaljayFa *oHe Kayill ailMakTapblH aHBIKTAyFa MYMKIHIIK
Oepei.

CoHbIMEH Karap, MaIIMHAIBIK OKBITY OMICTEpIHIH JaMybl OPTYpPIi Ke3IepleH
aNBIHFAH JICPEKTEPl OHJACYIIH *KaHa MYMKIHIIKTEPiH alliThl. OPTYPJIl CUIATTAFbI Jie-
pexTepi OIpiKTipy apKbUIBI OYIJT 9MIICTEP KYPHAETi )KOHE CHI3BIKTBIK €MEC KaThIHACTAapIbI
aHBIKTayFa MYMKIHJIIK Oepei. byst THIponorusuIbIK KayinTepi 0omKayIbIH JOJIITH XKaK-
capTajbl )KOHE MOJICIIB/IIH TYPAKTBUIBIFBIH KaMTaMachl3 eTe/li. ATan alTKaHa, KeHICTIK-
TIK-yaKbITTBIK JE€PEKTEp/i MaiiiamanaTelH MOCbAEP Kayill CUTHAJIIAPbIH epTe aHBIKTAY-
JIBIH THIMJII Kypautel 0obin cananas! (Zhang et al., 2019; Rahmati et al., 2016).

Bys1 MakanmaHbIH MaKCaTbI-KeHICTIKTIK-YaKbITTBIK TallfayFa HET13[eNITeH THAPOIO-
THSUTBIK KayilTep/li epTe aHBIKTAYIbIH dJiICHAMAIIBIK TOCUTIH YChIHY. 3epTTey/Ie MYITBTUMO-
JAJbIbI JepeKTep i O1piKTipy apKbUIBI Cy TACKBIHBI KayTliH 00JKay dJIeyeTi KapacThIpblia-
bl SKOHE HOTHDKEJIEP/IiH MPAKTUKAIBIK MaHbI3IBLUIBIFBI OaraiaHa Ibl.

gjicTep MeH MaTepuaJaap.

By 3epTTeyae ruIponorusUIbIK KayinTepIi 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 skaz0a Oenriii Oip KeHICTIKTIK HYKTETe, YaKbIT HYKTE€CIHE KOHE BIKTUMAI TH-
JPOJIOTHSUIBIK OKHUFaFa COWKEC KEJIETIH OKWUFaFa HETi3/IereH KecTe PeTiH/e YChIHBUIFaH.
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Bbyn dopmar aymakThIH KEHICTIKTIK CHIIATTaMallapblH 11a, Cy TACKbIHBI OOJIFaHFa JCWiHT1
MIPOLIECTEP/IIH YaKBITTBHIK THHAMUKACKHIH J]a €CKepyTre MYMKIHIIK Oepe]ti.

Epekmenik keHicriri OipHeme aifHpIManbUIap TOOBIH KaMTUIbI. BipiHmm Torka ay-
MaKTBIH Cy KHHAJTybIHa TaOUFH OCHIMIUTITIH KOPCETETIH OMIKTIK, KOJIOCYIiK, aCTIeKT XKoHE
TOTIBIPAK TYP1 CUSKTHI jkep Oezepi MeH reorpadusuIblK cUnarraMaiapsl Kipeai. Exinmi Tom
THJIPOMETEOPOIIOTHSIIBIK KOPCETKIIITEPMEH, COHBIH 1IIiH/IE JKaybIH-IIAIIBIH MOJIIIepi, aya
TEMITEPATyPaCHI, TOTBIPAK BUTFAJIBUIBIFBI, Kap KAJBIHJIBIFI )KOHE OPTYPIIl YaKbIT apaibIKTa-
PHI YIIIiH OacKa /1a arperanusuiaHFaH apaMeTpiIepMeH YChIHBIUIFaH. Y IIIHIII TOTIKa 6CIMIIK-
TepIiH Kail-KyiiH, OETKi BUIFAJIBUIBIKTHI KOHE AIlIbIK CYIBbIH O0MybIH cunarTaidTeiH JKepi
KAIIBIKTBIKTaH 30HATAyAbIH cnekTpmik kepcerkimrepi (NDVI, NDWI, EVI xone T1.0.)
Kipemi. YakpITIa epeKniesiikrep MeH 0akpuIay carma KopCeTKIITepi KOChIMINA KapacThIPhLI-
61, OYJT 9p TYpIIi Ke3aep OonFaH Ke3ze JepeKTepAl oIl TYCIHAIpYTe MYMKIHIIIK Oepi.

OKBITY KUBIHTBIFBI TEK OKHUFaFa JICHIHT1 aKmapaTThl MaiiaTaHaThIH aFbIl KeTYIeH
KayiIci3 TocIIi KONAaHy apKbUTbI kacayibl. OCBIFaH KOJI )KETKi3y YIiH OacTalKbl IEpeKTep
KUBIHTBIFBIHAH TEK 0OJIKAY Ke31H/Ie KOJDKETIM/II KOHE OKMFaaH KeHiHT1 epeKIIeTiKTepaAeH
60c OaxpUIaynap TaHganAbl. Jlepekrep yakpITina Ti30eK eH OKUFa KYPBIIBIMBIH €CKEPE OThI-
PBIIL, OKBITY, BAJTHIAIINS )KOHE ChIHAK JKUBIHTHIKTAPhIHA OOJTIH/I1, OCBIIAMINA 1IIKi YKUBIHIAP
apachIH/Ia aKNMapaTThIH aFbII KeTyiHe ko 0epinmeni. COHBIMEH KaTap, OyphIH OaiiKaiMaraH
OKHFaJap/ia MOJEIb1 TeKCepy YIIiH OKUFa HIICHTH(HUKATOPIaphl apKbUIBI TONTHIK aifKacma-
1l Banmaanus Koinnansuiael (Kratzert et al., 2018; Zhao et al., 2018) .

JlepexTepi ablH ajia eHAeY HUKIIIK QyHKIUIap/Ibl KOJIAaHA OTBIPHIIL, JKETICTICH-
TiH MOHJIEpAl €CenTeyi, epeKIIeNiKTep Il KaIbIKa KeNTIPyl *KoHEe MayChIMJIBIK CHUATTa-
Mayap/bl KOATay[Abl KaMTBIIBL. DKCIIEPUMEHTTIH KalTalaHyblH CaKTayFa €peKile Hazap
ayIapbUIIbL: OapibIK TYPIACHIIPYJIEP OKBITY YKHBIHTBIFBIHIA OPBIHIAAIIBI, COAAH KeWiH ma-
pametprepi Kaiita Oarajmamail BalMIalMs JKOHE ChIHAK JEpeKTepiHe KonmaHbuiasl. Ko-
TAHBUIFaH MOJIENBJICY 9ICTepiHe KIACCUKAIBIK MALIMHAJIBIK OKBITY aJrOPUTMIEPI JIe, Je-
PEKTEPJET] KYPJIENi ChI3BIKTHIK €EMEC TOYCIIUTIKTEpIl eCKepe ajaThbiH 3aMaHayd HEHPOHIBIK
XKelll apxuTekTypanapsl aa kipai. Monens camacet ROC-AUC, F1-ymaifel :xoHE TeHrepiMIi
TIONIIIK CHSIKTBI KOPCETKIIMTEPiH TIPKeCIMIH MalallaHbll OarajaH/bl, OYJI YCBIHBUIFaAH
TOCUIIIH THIMIUTITIH KEIICH I TaJlayFa MyMKIHIIK Oep/Ii.

By 1-cyper cy TackbIHBIH epTe OoJpKayFa apHaJIFaH IEepPEeKTep/i ajl/IblH ala eHJIeY
KOHE MOJIENIbIe JaibIH Ay Ke3CHIepiH KopceTeni. JlmarpaMma exi Herisri 0eIIiKTeH Typaibl:
JIEPeKTep KUBIHTHIFBIHBIH CHITATTAMACHl JKOHE aKIMapaTThIH aFbIll KETYyiH OOJIIBIPMANTHIH
(leakage-safe) Gomxay KyObIphl. bipiHni OeikTe MOJENbre Kipic peTiHae KOJTaHbLIaThIH
Oenrinep Tontapsl (reorpagusuiblK, THAPOMETEOPOIOTHSIIBIK, CIIEKTPAIIbI )KOHE CaIlabIK
KepceTkinrep) cunartairad. EkiHI 0eIikTe TepeKTepi Cy3y, allHbIMAIbUIAPIbI 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 TacKbIHBIH epTe OoypKayFa apHaJFaH JIEpeKTepi
JMaBIHIAyABIH TOJIBIK Ti30€TiH CHIATTaiabl. AJIBIMEH Kipic Oenriyiepi OipHemie TomKa
OeJIiHIM, OJIapIbIH KYPBUIBIMBI AaHBIKTAIIA/IbI.
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Cyp. 1. Cy TacKbIHBIH O0JDKayFa apHAJIFaH AJJIbIH ajla OHJIEY XKOHe MOJIeNbre JalbIHay Yaepici

Opnan KeliiH aKkmapaTThIH aFblll KeTyiH 0onnsipMaiThiH (leakage-safe) Tocin KoinaHbLIbI,
TEeK OKWFara JEUIHT1 Jepekrep raHa ipikteneni. Kemeci xe3eHnepae ailHbIMaIbLIapAbIH
POl aHBIKTAJIBII, YaKBITTHIK OeNriiep KOATaIa bl )KOHE JIEPEKTEP OKBITY, TEKCEepy KoHE
TECT KUBIHTBIKTapbIHa OeJiHeni. COHBIHAA MUMITyTALlMs KOHE CTaHAApPTTAy >KYPri3iiI,
MoOJIeNIbIe JabIH JEPEeKTep KaJIbINTACThIpbIIaAbl. Byl Tocin MOENnbAiH TYPaKThIIBIFBIH
apTTHIPBIIN, HOTWXKENEPIH CEHIMAUTITIH KaMTaMachl3 eTe/.

Hotunxenep :koHe oJ1apabl TAJAKbLIAY.

Y CBIHBUTFAH O/IICTIH THIMJUIITIH Oarajay YIIiH opTYpJli MalIMHAJIBIK OKBITY JKOHE
TEPEeH OKBITY MOJeNbJepi OipHeme MeTpuKaiap OOMBIHINA CABICTHIPBULIBI. ATarm ai-
tKanaa, monenbaep ROC-AUC, PR-AUC, Fl-score, balanced accuracy, MCC xone Brier
score KepceTKilTepi apKpUIbl Oarananabl. HoTmwkenep yakpITThIK holdout crpareruscer
HET131H/Ie aJIbIHFaH JKOHE OApJIBIK MOJIENBICP YIIIIH OpTalia MOH/IEP €CeNTENTeH.

2-cypeTTe opTYpili KalTanaHy keseHaepine (1 ®KbUIIbIK, 2 KBUIBIK, 5 KBUIIBIK
xoHe 10 )KBUIIBIK) ColiKec Cy TaCKbIHBI OKHFAIAPHI YIIiH MoAenbaepaiy F1-score kepcet-
KIIITEepiHiH Tapanxysl KepceTiireH. HoTnxenep yCHIHBUIFAH MOJAETBAIH OapibIK YaKbIT-
TBIK Topu3oHTTapaa (0—7 kyH) O6azansik GloFAS »xylieciMeH canbICThIpFaHa TYPaKThI
TYpZE >KOFapbl HEMecCe YKcac HOTIXKeNep KOpPCeTEeTiHIH AdJenaeii. Ocipece KbICKa
Mep3imai 6omxayna (lead time 0—2 KyH) MOneNb/IiH apTHIKIIBUIBIFEl AKBIH OaiiKaiasbl.
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Cyp. 2. Oprypui KaliTanaHy ke3eHaepingeri (return period) Cy TaCKbIHBI OKUFaJIapBb! YIIiH Mojenbaepain F1-score
KOPCETKIIITEPiH CAIBICTEIPY

¥3ak Mmep3iMai Oomkay xaraaibiHaa 1a (5—7 KyH) OHIMIUTIK TOMEHIeTeHIMEH, YChIHBUTFaH
OJIiC CaJIBICTBIPMAJIBI TYPJIE TYPAKThl HOTHOKENEpi cakraiiapl. COHbIMEH Karap, KaiTama-
HYy KE3€HI apTKaH CailblH (AFHH CUPEK KEe3EeCETiH SKCTpeMalbl OKUFajap YIIiH) HOTHU-
JKeNEepiH BapHaTUBTUIII eceTiHi Oaiikanaabl, Oy AepeKTepiH TeHrepiMCi3AiriMeH KoHe
OKHUFaJIap/blH CHpEKTIriMeH Tycinaipineni. JKanmsl anFanaa, YCHIHBUIFAH TOCUT 9pTypai
THJPOJIOTUSUIIBIK CLIEHApUIAIEp/Ie CeHIM/II )KYMBIC ICTEHTIHIH KopceTei.

ConbIMeH Kartap, Oenrisiep TonTapbIHbIH ocepiH Oaranay Makcarbiaa feature-group
ablation Tanaaysl xKyprizuiai.

Bepinren 3-cyperre MoIenbIiH OHIMIUTIT MEH OeNTiIepAi yieci KemeHal Typae
KepceriireH. JXoraprbl nuarpaMMaja HETi3ri MeTpukanap OOMBIHIIA MOIENb OHIMJLII-
TriHiH e3repici OeliHeneHin, apOip KOPCETKIIITIH MOJIeIb carnachklHa acepi OarajaHa bl
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Ablation study results
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Opranrel TpaduKTe SPTYPIi OENTijiep TONTAPBIHBIH MaHBI3ABUIBIFEl KOPCETUITeH, MYH-
na kenOip Oenrinepain 6acka alfHBIMAJIBLIAPMEH CAJBICTBIPFAH/IA ATaPIIBIKTAl KOFAPHI
BIKIIAJT €TeTiHi Oaiikanaael. TemMeHri nuarpamMmMana optypiai monenbaepain AUC monmepi
CaJIBICTHIPBIIBII, YCHIHBUIFAH TOCUIIIH 0acKa 9/IiCTepMEH CalIbICThIPFAaHAa JKOFaphl HOTHU-
JKeJep KepceTeTiHl gonenyenHemi. JKanmel anFraHaa, HOTHKEIEp MONEIBIIH THIMIUTITIH
JKoHE Oenrinepai Ayphic TaHIAyAbIH MaHBI3IBUIBIFBIH KepceTeni. by Tannay HoTmxkenepi
OapibIK Oenrinepi 6ipre KolaHy €H *KaKChl HOTHKEIepAl KaMTaMachl3 eTeTiHIH Kepce-
texi. JXKekenereH Oenrijep TONTapbIH ajbIll TACTaFaH/Ia MOJEIb OHIMIUTITT alTapIbIKTal
TOMEHJIeH . Ocipece THAPOMETEOPOIIOTHSIIBIK JKOHE CIEKTPAAbl OCNTUIepIIH MaHbI3-
JIBUTBIFBI JKOFAphl eKeHi Oaiikanaapl. By cy TacKbIHBIH O0JKay/ia opTYpli IepeK KesaepiH
OipIKTIpyHiH KaXKETTLTITIH AT ACH .

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
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