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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28

«KP ¥YFA» PKb Xaoapaapsl. ['eosiorust :#oHe TeXHHKAIBIK FBIJIBIMAAP CEPUSICHD).
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Menmrikreymri: «Kazakcran PecryOnukacbiHBIH ¥JITTHIK FRUTBIM akageMusicby PKB (Ammars! k.).
Kazakcran PecrryOnukacsIHBIH AKIIapar koHe KOFaMIbIK JaMy MUHHCTPIITiHIH AKIapaT KOMATETIHe
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruy 4 TEXHHYECKHX HAYK».
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEY Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
honorary director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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© V.V. Tynchenko!'?, O.I. Kukartseva'?, V.S. Tynchenko??, K.I. Kravtsov?3,
L.V. Krasovskaya*, 2024.
ISiberian Federal University, Krasnoyarsk, Russia;
“Reshetnev Siberian State University of Science and Technology,
Krasnoyarsk, Russia;
SBauman Moscow State Technical University, Moscow, Russia;
‘RSAU-MAA Named after K.A. Timiryazev, Moscow, Russia.
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INTELLIGENT SYSTEMS FOR ANALYZING CLIMATIC CONDITIONS
IN MINING REGIONS

Valeria V. Tynchenko — Candidate of Technical Sciences, Department of Program Engineering,
Siberian Federal University; Reshetnev Siberian State University of Science and Technology,
Krasnoyarsk, Russia, e-mail: 051301 @mail.ru, ORCID: https://orcid.org/0000-0002-9701-7460;
Oksana. I. Kukartseva — Junior Researcher, Laboratory of Biofuel Compositions, Siberian Federal
University, Krasnoyarsk, Russia; Bauman Moscow State Technical University, Moscow, Russia,
e-mail: gutova_ok@mail.ru, OPLITU/I: https://orcid.org/0000-0001-6382-1736;

Vadim S. Tynchenko — Cand. Tech. Sc., Associate Professor, Reshetnev Siberian State University of
Science and Technology, Krasnoyarsk, Russia; Bauman Moscow State Technical University, Moscow,
Russia, e-mail: vadimond@mail.ru, ORCID: https://orcid.org/0000-0002-3959-2969;

Kirill I. Kravtsov — Undergraduate student, Reshetnev Siberian State University of Science and
Technology, Krasnoyarsk, Russia; Bauman Moscow State Technical University, Moscow, Russia,
e-mail: rhfdwjdrl @gmail.com, ORCID: https://orcid.org/0009-0009-4458-0602;

Lyudmila V. Krasovskaya — Candidate of Technical Sciences, Associate Professor, RSAU-MAA
named after K.A. Timiryazev, Moscow, Russia, e-mail: kraslud@yandex.ru, ORCID: https://orcid.
0rg/0000-0002-9674-8384.

Abstract. This paper investigates the impact of climate factors (maximum
temperature, humidity, wind speed, atmospheric pressure, land surface temperature)
on the mining industry, focusing on the problem of drought. The authors use
the Random Forest method to build a classification model that predicts drought
intensity. The data used are drought monitoring data from mountainous regions of
the United States. A Pearson correlation matrix was built to analyze the correlations
between meteorological parameters and drought intensity. The results showed a high
correlation between maximum air temperature and land surface temperature, as well
as their positive correlation with specific humidity. Wind speed and atmospheric
pressure demonstrated a weak correlation with other parameters. The random
forest model showed high classification accuracy (0.94), effectively separating
the data into drought intensity classes. Feature importance analysis revealed that
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atmospheric pressure and specific humidity are the most significant predictors of
drought intensity, although all five parameters made a significant contribution. The
confusion matrix confirmed the high accuracy of the model despite minor errors
in the classification of some classes. In conclusion, the developed random forest
model demonstrates practical applicability for predicting drought intensity in the
mining industry. Accurate forecasts will optimize water management, prevent dust
formation, and improve equipment efficiency in dry conditions. Further research
can be aimed at improving the model, adding new factors, and integrating it with
risk management systems in the mining industry.

Keywords: mining industry, drought, climatic factors, machine learning,
meteorological parameters.

© B.B. Teinuenko'?, O.U. Kykapuesa'?,B.C. Toinuenko??, K.U. KpaBuos >3,
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ICi6ip Denepanapl Yuusepcureti, Kpacuosipek, Peceit;
PemerneB AteiHgarsr Cioip MemiekerTik Foureiv XKone TexHOmOTHst
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‘bayman Ateianarel Mockey MemiiekeTTik TeXHHUKaIbIK YHUBEPCHTETI,
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* Peceit MemiieKeTTik arpapiblK yHuBepeuteTi — K.A. TUMHUPSI3eB aThIHAAFbI
AIIIM, Moaockey, Peceii.

E-mail: vadimond@mail.ru

TAY-KEH AUMAKTAPBIHJIAFbI KIMMATTBIK KAFJANJIAPIbI
TAJIJAYFA APHAJIFAH UHTEJUIEKTYAJIbI "KYHEJIEP

Banepusi BanepueBHa ThiHueHko — TexHuka FbUIBIMAApBIHBIH FaHmuaatel, Cibip denepanas
yHuBepcuteTi; PemerneB Atbianarel Cibip MemiekeTTik FpUIBIM joHE TEXHOIOTHSI YHUBEPCUTETI,
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AnHoTanus. by Makanaga KyprakIIbUIbIK MOCENIECiHe Ha3ap ayJiapa OThIPHIIL,
KIIMMATTHIK (PakTopiapAblH (MakCUMAaIIbl TeMIIeparypa, BUIFAIIbUIBIK, JKEIIiH
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OHEpKACiOiHe ocepi 3epTreneni. ABTOpiap KYPFaKIIBUIBIKTHIH, KaPKbIHIBUIBIFBIH
OOJDKAMTHIH JKIKTEY MomeiH Kypy yuriH Kesmetficok OpMaH oiCiH KOJIaHAIBI.
[Natinananpiirad nepekrep AMeprKa KypaMma IITaTTaphIHBIH TayJbl ailMaKTapbiH-
JIaFbl KYPFaKIIBUIBIKTEI OaKbLUIay AepeKTepi O0bI Ta0blIa bl MeTeopoIoTHsITBIK
napameTpiiep MeH KYPFaKUIBUIBIK KapKBIHIBUIBIFBI apachlHIAFbl KOPPEISIUSHBI
Tajmay yiriH [TupcoH KoppessIUsIbIK MaTPUIAChl KYPBUTIbI. HoTikenep ayaHbIH
MaKCHUMaJIpl TeMIleparypackl MeH Xep OeTiHIH TemmepaTypachl apachbIHAaFrbl
JKOFaphl KOPPEISAIUSHBI, COHJAi-aK OJIapIblH MEHIIIKTI BUIFAIJBUIBIKIICH OH
KOPPEJSAUICHIH KopceTTi. JKeNiH KbUIIaMIbIFBl MeH aTMoc(hepablK KbIChIM
0acka mapaMeTpIIePMEH dJICi3 KoppesIusIHbl kepcerTi. Ke3nelicok opman Moxeri
JepeKTepli KYPFAKIIBUTBIK KAPKBIHIBLTBIFBIHBIH KJIACTAPBIHA THIM/II 06J1¢ OTHIPHIIL,
xorapel Jkikrey gonairin (0,94) kepcerti. EpexienikrepaiH MaHbI3IbUIBIFBIH
Tangay arMocdepanblk KBICBIM MEH MEHINIKTI BUIFAIIBUIBIK KYPFaKIIBUIBIK
KAPKBIHIBUTBIFBIHBIH €H MaHBI3/[bl 00Ky IIBIIAPHI OOJIBIT TA0BUIATHIHBIH KOPCETTI,
JeTeHMeH OapIblk Oec mapaMeTp alTapibIKTai yiec Koctel. Illatacy marpunacst
KelOip KiacTtapabl XKIKTey[eri ImaMaibl KaTeliKTepre KapamacTaH MOJIENbIIiH
JKOFaphl JIANIITIH pacTaabl. KopeIThIHIBLIAN Kelle, 931pJIeHIeH Ke3eHCOK opMaH
MOJIeNTi Tay-KeH OHEpKaCciOiHAeri KYpFaKIIBUIBIKTHIH KapKBIHIBUIBIFBIH OOJDKay
YIIiH TPaKTHKAJIBIK KOJNAaHyAbl Kepcereni. HakTel Gomkammap cymbl GacKapyasl
OHTalNaHIBIpyFa, IIaHHBIH Maiina OomysIiHAa KO OepMeyre jkoHe KYpFaK JKarnaiina
YKAOIBIKTHIH THIMIITITIH apTTRIpyFa MYMKIHIIK Oeperi. Opi Kapalrsl 3epTTeyiep
MOZICTIBII JKETINAIpyre, kaHa (akTopiapAbl KOCyFa XKOHE OHBI Tay-KeH OHep-
KociOiHzeTi Toyekennepai backapy xyienepiMeH OipiKTipyre OarbITTadybl MYMKIH.

Tyiiin ce3mep: Tay-keH eHepKociOi, KYpFaKIIBUIBIK, KIMMATTHIK (akropmap,
MAaIIMHAIIBIK OKBITY, METEOPOJIOTHSIIBIK ITapaMeTpIIep.
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AnHoTauus: J[aHHas cTaTbs MCCIEAyeT BIUSHHE KIMMAaTHUECKUX (aKTOpOB
(MakcuMaJbHash TeMIlepaTypa, BJIaXKHOCTb, CKOPOCTb BeTpa, arMocdepHoe
JaBJieHWEe, TeMIeparypa TIOBEPXHOCTH 3€MJIM) Ha TOPHOAOOBIBAIOLIYIO
MPOMBIIUIEHHOCTB, CQOKYCHPYSCh Ha MPOOIeMe 3aCyX. ABTOPBI HCIIOIB3YIOT METON
ciryyaitaoro jgeca (Random Forest) muist moctpoeHust kiaccuUKamoOHHON MOJIeIH,
MpeaCKa3bIBaloIlell MHTEHCUBHOCTD 3aCyXH. B KauecTBe JaHHBIX HCIOIb30BAINCH
JaHHBIE MOHUTOPHWHTA 3aCyX B ropHbIX paiioHax CLIA. /lns aHanu3a Koppensuui
MEXIY METEOPOJIOTHYECKUMH MapaMeTpaMd M WHTEHCHBHOCTBIO 3acCyXH Oblia
MocTpoeHa Marpuua koppensuuil Ilupcona. PesynbTaTbl mokas3alu BBICOKYIO
KOpPPEJSILUI0 MEXIy MaKCHUMaJbHOW TeMIepaTypod BO3Ayxa U TeMIepaTypoi
MOBEPXHOCTH 3E€MJIM, a TAaK)KE UX TOJOXKUTEIbHYI KOPPEISAIHIO C yAETbHOU
BIaXXHOCTBHIO. CKOpOCTh BeTpa W arMocdepHOe AaBieHHE MPOJEMOHCTPHPOBAIN
cnabyio KOppelsiUI0 ¢ JpyrdMH NapamerpaMu. Mopenb CclydaifHOro leca
MoKa3aja BBICOKYIO TOYHOCTH Kiaccupukauuu (0.94), sddextuBHO pasznernsis
JaHHBIE TI0 KJaccaM HHTEHCHBHOCTH 3acCyXW. AHalINM3 BaKHOCTH MPHU3HAKOB
BBISIBHJI, YTO aTMoc(epHOe JaBleHHE M YAelbHas BIAXKHOCTh SBISIFOTCS
HanOoJee 3HAYMMBIMUA TPEIUKTOPaMU HHTCHCHUBHOCTH 3aCyXH, XOTS BCE€ IATh
napaMeTpoB BHECIIM CYIISCTBEHHBIH Bkian. Marpuna omubok (confusion
matrix) HOATBEpAMIIa BEICOKYIO TOYHOCTh MOJICNIN, HECMOTPSI Ha HE3HAYUTENbHBIC
omuOKK B KIacCH(HUKALUN HEKOTOPBIX KiaccoB. B 3akiroueHue, pazpaboTaHHas
MOJIEJIb CIIY4alHOro Jeca JEMOHCTPHUPYET MPaKTHUECKYyI0 MPUMEHHUMOCTh IS
MPOTHO3UPOBAHHUS HMHTEHCHBHOCTH 3aCyXdM B TOPHOJOOBIBAIOIICH OTpaciH.
TouHBIe MPOTHO3bI MO3BOJIAT ONTUMU3MPOBATE YIPaBIECHNE BOAHBIMU PECYPCAMH,
NpeAoTBpallaTh IMbUICOOpa30BaHWE W MOBBIATH 3(PPEeKTUBHOCTH PabOTHI
000pyIOBaHMS B 3aCYLTUBBIX YCIOBUX. JlambHEHIINE HCCIETOBAHUSI MOTYT OBITH
HalpaBJieHbl Ha YCOBEPILCHCTBOBAaHUE MOJCNH, NOOABICHHUE HOBBIX (DaKTOPOB
W UHTETPAlI0 C CHUCTEMaMd YIpaBIEHHS PUCKAaMH B TOpPHOAOOBIBaroIIeH
MIPOMBILIEHHOCTH.

KioueBble ciioBa:  ropHOAOOBIBaolIas  MPOMBIIUIEHHOCTb, — 3aCyXa,
KIIMMaTH4YeCcKie (pakTopbl, MAIIMHHOE 00y4YeHHUE, METEOPOJIOrHYECKIE TAPaAMETPHI.
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Introduction. The mining industry is significantly affected by various climatic
and weather factors such as maximum temperature, humidity, wind speed,
atmospheric pressure, and ground surface temperature (Martyusheyv, et al., 2023).
These parameters substantially influence aspects like soil erosion, dust formation,
water resource availability, and the stability of engineering structures (Bosikov, et
al., 2023). Modern machine learning methods, including linear regression, support
vector machines (SVM), neural networks, and Random Forest, play an important
role in predicting these factors and minimizing their negative impact (Malozyomov,
et al., 2023).

Maximum temperature affects the rate of water evaporation and dust formation,
especially in open-pit mines. This exacerbates dust problems and deteriorates air
quality, requiring strict control and monitoring using machine learning algorithms
(Zhao, et al., 2019). Humidity plays a key role in regulating dust formation,
managing water resources, and maintaining the stability of soil and structures
(Strateichuk, et al., 2023). Increased humidity can reduce erosion and dust levels
but simultaneously creates issues with drainage and soil stability (Podgornyj, et al.,
2024). Wind speed contributes to soil erosion and the dispersion of dust. Machine
learning models like Random Forest help effectively predict dust concentration
and develop measures to mitigate its impact (Luan, et al., 2023). Atmospheric
pressure influences weather conditions and the stability of structures, especially
in mountainous areas (Kukartsev, et al., 2023). The application of machine
learning methods allows this parameter to be integrated into predictive models to
improve the assessment of structural stability (Huang, et al., 2019). Ground surface
temperature affects the rate of evaporation and soil behavior (Tynchenko, et al.,
2024). Predicting this parameter using machine learning enhances models for water
resource management and soil erosion control (Feng, et al., 2019).

Linear regression is often used for basic forecasting of climatic data such as
temperature and humidity but is not always effective for complex and nonlinear
systems commonly found in mountainous areas (Tynchenko, et al., 2024,
Mohammad, et al., 2021). The support vector machine (SVM) method shows high
accuracy when working with incomplete meteorological data, making it useful for
regions with limited data access (Kukartsev, et al., 2023, Tananykhin, Palyanitsina,
Rahman, 2020). Neural networks and deep learning are applied for short-term
weather and environmental forecasts in complex mountainous regions where large
volumes of data analysis are required (Yelemessov, et al., 2023).

Machine learning methods play an important role in analyzing the impact of
climatic factors on the mining industry, allowing for weather forecasting and
reducing their negative effects. Random Forest stands out among other models due
to its robustness and ability to work with complex data (Sokolov, et al., 2023),
making it especially useful for mountainous regions (Gutarevich, et al., 2023).
Random Forest is one of the most applied methods for analyzing multivariate data
in mountainous conditions. Its key advantages include:
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Resistance to overfitting, as Random Forest uses multiple decision trees,
reducing the risk of overfitting (Kukartsev, et al., 2024).

Ability to handle large and complex datasets, including numerous climatic and
topographical parameters (Rengma, et al., 2023).

Ease of interpreting results due to the ability to assess the importance of
individual factors such as temperature, humidity, and wind speed in predictive
models (Alena, et al., 2024).

The aim of the study is to analyze the impact of climatic factors on the mining
industry and to develop classification models using the Random Forest method to
minimize risks associated with climate changes.

Object of control. Data on drought categories in the United States were used
for the study, obtained from the U.S. Drought Monitor (USDM) project, developed
by the National Drought Mitigation Center (NDMC) and the Drought Monitoring
Center (DMC) at the University of Nebraska-Lincoln. This study exclusively
utilized data pertaining to regions with mountainous terrain. The USDM provides
weekly data based on the analysis of meteorological conditions, water resources,
soil moisture, and agricultural conditions (Klyuev, et al., 2022; Kachurin, et al.,
2021).

The following parameters were used in the analysis:

1. Maximum air temperature — the highest temperature measured at a height of
2 meters. This parameter is critical for assessing thermal loads on equipment and
conditions for moisture evaporation in mountainous regions (Tananykhin, 2024,
Moiseeva, et al., 2024).

2. Specific humidity — an indicator of water vapor content in the air at a height
of 2 meters. Important for assessing the level of evaporation and the air’s ability to
retain moisture, which affects the risk of dust formation and soil erosion (Khamidov,
et al., 2023).

3. Maximum wind speed — the highest wind speed recorded at a height of
10 meters. This parameter helps evaluate the impact of wind on dust dispersion
and erosion processes in open-pit mines and other areas of mining operations
(Stepanova, et al., 2024, Golik, et al., 2019).

4. Atmospheric pressure — the air pressure at ground level. Important for
forecasting weather conditions and the stability of engineering structures in
mountainous areas (Klyuev, et al., 2023).

5. Ground surface temperature — the measured temperature at the soil surface.
This parameter is used to assess water evaporation from the surface and to analyze
changes in soil conditions, which is crucial for predicting droughts and their impact
on the ecosystem (Bosikov, Martyusheyv, et al., 2023).

Results and discussion. To begin the analysis, a correlation matrix was
constructed to display the relationships between the key meteorological parameters
used in the model. This analysis allowed us to identify which factors most strongly
influence each other and to assess their potential impact on drought intensity.
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Correlation analysis was necessary to determine the degree of dependence between
variables, which subsequently helped adjust the feature selection for the model.
Understanding the correlations between parameters such as temperature, humidity,
and wind speed allowed us to avoid multicollinearity and improve the accuracy of
predictions made using the Random Forest method. Fig. 1 presents the correlation
matrix showing Pearson correlation coefficients between all meteorological
indicators and the output parameter (drought intensity).

The dorwislon mufre

Fig. 1. Correlation matrix

From the matrix, it is evident that the maximum temperature (T2M_MAX)
and surface temperature (TS) exhibit a high positive correlation (0.98), which is
expected since they are associated with thermal processes on the Earth’s surface.
Specific humidity (QV2M) also has a high positive correlation with these parameters
(0.78 with T2M_MAX and 0.83 with TS), confirming their interrelation under hot
weather conditions.

Wind speed (WS10M_MAX) has a weak correlation with temperature indicators
and drought intensity (0.19 with score), indicating a lesser influence of wind on the
formation of arid conditions compared to temperature and humidity. Atmospheric
pressure (PS) also weakly correlates with other parameters, suggesting its lesser
significance in analyzing drought intensity. Thus, the correlation matrix shows that
the main meteorological factors related to temperature and humidity have stronger
interrelationships, making them key for analyzing and forecasting droughts. Now,
let’s consider the modeling results using the Random Forest algorithm, which was
trained based on a group of factors. Fig. 2 presents the classification report obtained
using the Random Forest model.
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Fig. 2. Classification report

The presented classification report demonstrates the overall effectiveness of the
model when working with different classes of data. The highest values of precision,
recall, and F1-score are observed in class 0.0, which indicates the model’s ability
to accurately and completely identify objects of this class, likely due to the large
amount of data. For other classes, such as 1.0 and 2.0, the recall metrics are
somewhat lower, indicating that the model does not always recognize all objects of
these classes. However, their precision metrics remain high, confirming the model’s
ability to correctly classify most objects. Overall, the model demonstrates high
performance, as seen by the average values of precision and recall, which are 0.94,
and the F1-score, which is also 0.94, indicating the model’s balance.

For a deeper analysis of the influence of each parameter on the prediction of
drought intensity, a feature importance diagram was constructed. This step was
necessary to determine which meteorological indicators have the greatest impact
on the model’s results and, consequently, should be the main factors in forecasting.

Fig. 3 shows the importance of each parameter used in the Random Forest
model. The importance of a parameter is measured by its contribution to the model’s
prediction process.
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Fig. 3. The importance of model features
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The diagram shows that all five parameters have approximately equal importance
for the model, but atmospheric pressure (PS) and specific humidity (QV2M) have
the greatest impact on the results, emphasizing their key role in predicting drought
intensity. Maximum air temperature (T2M_MAX) and surface temperature (TS)
also have a high level of significance, indicating a strong connection between these
parameters and drought conditions. Wind speed (WS10M_MAX) demonstrates
the least importance among the other parameters, yet it still makes a significant
contribution to the model.

To assess the quality of the model and analyze its errors, a confusion matrix was
constructed. This step is necessary to more closely examine how the model handles
classification across different classes and where it makes the most errors.

Fig. 4 presents the confusion matrix, which shows the number of correct and
incorrect classifications for each class. The diagonal values of the matrix represent
the number of correctly predicted objects for each class, while the off-diagonal
values display the model’s errors—cases where the model incorrectly predicted the
class.

Confukson Makns

Triie Lairsic

Fredafed LaBehi

Fig. 4. Confusion matrix

From the matrix, it can be seen that the model correctly classified the majority
of class 0 objects (15,111 out of 15,232); however, minor errors are observed when
predicting other classes. For example, for class 1, 1,928 objects were correctly
classified, but 291 objects were mistakenly assigned to class 0. Class 2 also shows
strong results with 2,032 correctly classified objects, but classification errors with
other classes are observed, especially with class 1.
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As a result of building the Random Forest model, a high classification accuracy
of 0.94 was achieved. The correlation matrix showed that the most significant
factors for drought prediction are atmospheric pressure and humidity. The feature
importance analysis also confirmed that all selected parameters make a significant
contribution to the model. The confusion matrix demonstrated that the model
successfully handles classification in most cases, although minor errors remain in
some classes.

Conclusion. During the study, the problem of the influence of climatic factors
on the mining industry, especially under drought conditions, was examined. To
address this issue, a classification model based on the Random Forest method was
developed, which effectively classified drought intensity using meteorological data.
The aim of the study—to assess the importance of key climatic parameters such as
atmospheric pressure, humidity, temperature, and wind speed—was achieved.

The model showed high qualitative and quantitative results, demonstrating
an accuracy of 0.94. The feature importance matrix confirmed that atmospheric
pressure and specific humidity are the most significant factors affecting drought
intensity. The confusion matrix indicated minimal prediction errors for some
classes, highlighting the model’s high performance in most scenarios.

These results can have a significant impact on the mining industry, as accurate
classification of drought intensity allows for more effective water resource
management, dust prevention, and improved conditions for equipment operation
in mountainous areas. Future research may focus on optimizing the model, adding
additional climatic factors, and integrating classification with risk management
systems in the mining industry, which will enhance enterprises’ resilience to
changing climatic conditions.
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