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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).
ISSN 2518-170X (Online),
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Menmrikreymri: «Kazakcran PecryOnukacbiHBIH ¥JITTHIK FRUTBIM akageMusicby PKB (Ammars! k.).
Kazakcran PecrryOnukacsIHBIH AKIIapar koHe KOFaMIbIK JaMy MUHHCTPIITiHIH AKIapaT KOMATETIHe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imaik 6achiIbIM TipkeyiHe KOHBITY Typasbl
KYOITiK.
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Penakuusasig MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko ker., 28, 219 Geur., Ten.: 272-13-19
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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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© T.A. Panfilova'?, V.V. Kukartsev'>**, K.V. Degtyareva?*, E.V. Khudyakova
4, MLN. Stepantsevich 4, 2024.
ISiberian Federal University, Krasnoyarsk, Russia;

?Bauman Moscow State Technical University, Moscow, Russia;
’Reshetnev Siberian State University of Science and Technology,
Krasnoyarsk, Russia;

‘RSAU-MAA Named after K.A. Timiryazev, Moscow, Russia.

E-mail: vlad saa 2000@mail.ru

INTELLIGENT METHODS FOR CLASSIFYING ROCKS BASED
ON THEIR CHEMICAL COMPOSITION

Tatyana A. Panfilova — Cand. Tech. Sc., Associate Professor, Siberian Federal University; Bauman
Moscow State Technical University, Moscow, Russia, email: tpanfilova@sfu-kras.ru; ORCID: https://
orcid.org/0009-0003-9537-8128;

Vladislav V. Kukartsev — Cand. Tech. Sc., Associate Professor, Reshetnev Siberian State University
of Science and Technology, Krasnoyarsk, Russia; Bauman Moscow State Technical University,
Moscow, Russia; RSAU-MAA Named after K.A. Timiryazev, Moscow, Russia, e-mail: vlad
saa_2000@mail.ru, ORCID: https://orcid.org/0000-0001-6382-1736;

Ksenia V. Degtyareva — Undergraduate student, Reshetnev Siberian State University of Science and
Technology, Krasnoyarsk, Russia; Bauman Moscow State Technical University, Moscow, Russia,
email: sofaglu2000@mail.ru, ORCID: https://orcid.org/0009-0003-6285-3017;

Khudyakova Elena Victorovna — Dr. in Economics, professor, Russian State Agrarian University,
Moscow Timiryazev Agricultural Academy, Moscow, Russia, email: evhudyakova@rgau-msha.ru;
ORCID: https://orcid.org/0000-0001-7875-074X;

Stepantsevich Marina Nikolaevna — Ph.D. in Economics, Associate Professor, Russian State
Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia, email: stepmn@
mail.ru, ORCID: 0000-0002-7125-3027.

Abstract. Automation of rock classification by chemical composition is an
important task in geology, ecology, mining and construction. Traditional methods
based on visual characteristics and field studies are not effective enough to process
large amounts of data. The paper describes the development of a model for
classifying rocks based on their chemical composition using logistic regression.
The dataset used was a dataset of key oxide concentrations of different rock types.
The quality of the model was assessed using the accuracy, recall, precision and F1-
score metrics, as well as visualization of the results using confusion matrices and
heat maps of rock distribution by geographic zones. The model effectively used
chemical features to identify these rocks. However, for rare or similar rocks (diorite,
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granodiorite, rhyolite), the accuracy was lower, indicating the need for further
work to improve the model. Heat map of rock distribution by region (Washington,
Oregon) demonstrates the correlation between rock type and geological features
(volcanic activity, subduction). The model has proven effective in classifying
common rock types. The results can be applied in practice to speed up and improve
the accuracy of geological studies, especially when processing large amounts of
data, for example, to automate the analysis of drilling results and determine rock
types over large areas. The obtained data on the distribution of rocks in a region can
help in understanding geological history and predicting possible mineral deposits.
Keywords: rock classification, machine learning in geology, analysis of oxides
in rocks, classification accuracy, model evaluation metrics, importance of features.

© T.A. Ilan¢uaosa'?, B.B. Kykapues'>**, K.B. [lerrsapeBa>>,
E.B. Xyasikoa‘, M.H. Crenanuesuy?, 2024.
' Cibip dbenepanabl yausepeuteti, KpacHosipck, Peceid;
2 H.E. bayman arsigarsl MTY, Mackey, Pecei;
SAxanemuk M.@. Pemernes arsiamarsl Cibip MEMIIEKETTIK FHUIBIM JKOHE
TexHoJoThs yHUBepcHuTeTi, KpacHosipck, Peceii;
“Peceit MeMITICKeTTiK arpapibiK yHuBepcuteTi — K.A. TUMUPSI3eB aTbIHIAFbI
AlIIIM, Mackey, Peceii.
E-mail: vlad saa 2000@mail.ru

TAY KbIHBICTAPBIH XUMUSIBIK KYPAMBIHA KAPA
KIKTEYAIH HTHTEJUIEKTYAJIAbI 9 JICTEPI

Tarbana AnexcanapoBHa Ilandunosa — 1.r.x., nouent, H.E. bayman areinnarst MTY, Mackey,
Peceit; Cibip penepananl yauBepcuteti, KpacHospck, Peceit, email: tpanfilova@sfu-kras.ru; ORCID:
https://orcid.org/0009-0003-9537-8128;

BaanuciaaB BukropoBuu KykapueB — T.F.K., ToueHT, akageMuk M.®D. PemerneB areigars! CiGip
MEMIICKEeTTIK FBUIBIM KoHE TeXHoJorwsuiap yHuBepcuteTi, Kpacnospck, Peceii; H.E. Bayman
areraparel MTY, Mackey, Peceif; Pecelt memiieketTik arpapislk yHuBepcuteTi — KA. Tumupsizes
ateiHarel AILIM, Mackey, Peceit, e-mail: vlad _saa 2000@mail.ru, ORCID: https://orcid.org/0000-
0001-6382-1736;

Kcenusi BuktopoBna JlertsipeBa — Maructpanr, akagemMuk M.®. Pemernes arbiaarst Cibip Mem-
nekeTTik FeuteiM koHe TexHomorusiap yauBepceureTi, Kpacnospcek, Peceit; H.E. bBayman arsiamars
MTY, Mackey, Peceit, email: sofaglu2000@mail.ru, ORCID: https://orcid.org/0009-0003-6285-3017;
XynsikoBa Enena BukropoBHa — 3.F.11., mpodeccop, Pecell MeMIIEKeTTIK arpapiblK YHUBEPCUTETL
— K.A. TumupsizeB arsinaarsl AILIM, Mackey, Peceii, email: evhudyakova@rgau-msha.ru, ORCID:
https://orcid.org/0000-0001-7875-074X;

CrenanueBuy Mapuna HukosaeBHa — 3.5 K., JOLIEHT, Peceil MeMIIEKETTiK arpapiblK YHUBEPCUTET]
— K.A. Tumupsze areigarst ALLIM, Mackey, Peceit, email: stepmn@mail.ru, ORCID: https://orcid.
org/0000-0002-7125-3027.

AnHoTtamus. Tay >KbIHBICTAPBIH XHMHSIIBIK Kypambl OOWBIHINA KIKTEYIi
aBTOMATTaH/IBIPy T€OJIOTHUS, JKOJIOTHS, TAay-KeH OHEPKICiOi jKOHE KYPBUIBICTAFbI
MaHbBI3Ibl MiHIeT Oonbill TaObuaabl. KepHeki cumarramanap MeEH JallajbIK
3epTTEyJIepre HETI3ICNTeH IOCTYPIIL 9/IiCTED YIKEH KOJIEM/IETi ACPEKTEePIl OHIeyIe
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THiMAI eMmec. Makanaga JOTMCTHKAIBIK PETPEecCUsiHBl KONJaHa OTBIPBIN, Tay
KBIHBICTAPBIH XUMHSIIBIK KYpaMblHa Kapail )KiKTey MOJENiHIH AaMybl CUIIaTTaJIFaH.
Jepekrep peTiHOe OpTYpili Tay OIKBIHBICTAPBIHBIH HETI3TI  OKCHJTEPiHIH
KOHLEHTPALMSICHl Typajibl MAIIMETTEpP MXHUBIHTHIFBl KONJAHbULABL. MoOJenbaiH
caracsl JAJAIK, TOJBIKTHIK, HAKTHUIBIK koHe F1 OnieM kepceTkimrepi, coHgai-ax
KaTe MaTpHLajapbl MEH Tay >KbIHBICTAPBIHBIH IeorpadusuiblK aiiMakTap OOHBIHIIA
TapaybIHBIH JKbUTY KapTajlapbl apKbUIbl HOTHOXKENEPAl BU3yalU3alusiay apKblUIbl
OaramaHnpl. MoJenb OCHl JKBIHBICTAp/ABl aHBIKTAy YINiH XUMUSIIBIK Oenrinmepi
(AIZOB, FeO, PO 5) TUIMJII TaiIananabl. Aaiiaa CHpeK Ke3/1eceTiH HeMece KypaMbl
yKcac Tay KbIHBICTapHI YIIIiH (AUOPUT, TPAHOAHOPHUT, PHUOIUT ) IOJIIIK TOMEH OO IBI,
OYJ1 MOJIeINb/Ti KaKcapTy YIIiH OflaH opi )KYMBIC iCTey KaXKeTTUIIriH kepceTeni. Tay
KBIHBICTAPBIHBIH aiiMakTap OOMBIHIIA TapalybIHbIH KbUTy KapTackl (BammHrTon,
CIIA; Operon, CIIIA) Tay bIHBICTAPBIHBIH TYPi MEH I'€OJIOTHAJIBIK €PEKIIeIIKTepl
(BynmKaHABIK O€ICEeHMAINIK, CyOMyKIns) apachlHIAFbl KOPPENSIUSIHBI KOPCETEl.
Mopgens Kajimbel Tay KBIHBICTAPBIHBIH, TYPJEPIH JKIKTE€YAE THIMILTIKTI KOPCETTI.
Hotmxenepai MpIcaiibl, OypFbIIay HOTHXKEIEPIH Tanaayasl ABTOMATTaHIBIPY KOHE
YJIKEH ayMaKTapAarbl Tay >KbIHBICTAPBIHBIH TYPJICPiH aHBIKTAy CEKUIl ic Ky3iHae
T€OJIOTHSIIBIK 3€PTTEYIICPAIH TOIIITiH XKeACTIETY KOHE KaKcapTy YIIiH KOJIJaHyFa
Oomasel, ocipece YJIKeH KeIeMJETi JepeKTepal oHJey Ke3iHne, AWMaKTarbl Tay
KBIHBICTAPBIHBIH Tapalybl Typasibl ajJblHFaH MOJIIMETTEP TEOJOTUSIIBIK TapUXThI
TYCiHyre XoHE Maimanbl Ka30ajdapAblH BIKTUMall KEH OpPBIHIAphIH OopKayra
KOMEKTECE]I.

Tyiiin ce3mep: Tay >KBIHBICTAPBIHBIH XKIKTENyi, T€ONOTHSAAaFrbl MalInHAIBIK
OKBITY, Tay XBIHBICTAPBIHAAFBl OKCHATEPI Tajjaay, KIKTE€y JOIAiri, MOIENbIl
Oaraiay KepceTKilmTepi, OenrinepaiH MaHbI3IbLIBIFHI.
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AHHOTANUs. ABTOMaTU3aIUS KIacCU(DUKAIUU TOPHBIX TIOPOJI 10 XUMUYECKOMY
COCTaBy SIBIIICTCSl BaXKHOU 3a/iaucii B TE€OJIOTHH, SKOJIOTHH, TOPHOI0OBIBAIOMICH
MPOMBIIINICHHOCTA W CTPOMTEIBCTBE. TpaJUIIMOHHBIE METOABI, OCHOBAaHHBIC
Ha BH3YaJbHBIX XapaKTEPHCTUKAX U IOJIEBBIX HCCIICOBAHUSAX, HEIOCTATOYHO
3¢ dexTUBHBI Ui 00pabOTKH OONBIIMX O0bEMOB JaHHBIX. CTaThs ONMUCHIBACT
pa3paboTKy MOAENTH KJIaCCU(UKAIIMKM TOPHBIX TOPOJA HA OCHOBE MX XUMHYECKOTO
COCTaBa, WUCHONB3ys JIOTUCTUYECKYIO perpeccuro. B kayecTBe JIaHHBIX
WCTIOIH30BAJICS. HA0OP TAHHBIX O KOHIICHTPALUSAX KIFOUEBBIX OKCHUJIOB Pa3IUIHbIX
TUTIOB TOPHBIX MOpoja. KadecTBo Mojenw OLEHWBAIOCH C TIOMOIIBIO METPHUK
TOYHOCTH, MTOJTHOTHI, TOUHOCTH U F1-Mephl, a Takke BU3yalu3aluel pe3yabraToB
C TIOMOIIBI0O MATPHUI[ OIMMOOK M TEIUIOBBIX KapT pachpeiciieHHs TOpOA IO
reorpaduveckuM 30HaM. Mogenb 3(PQPEKTUBHO HCIOIb30BANIa XHUMHYCCKUC
MIpU3HAKU (A1203, FeO, ons) it uneHTudukanmu 3tux nopoa. OaHako s
PEIKUX WM CXOAHBIX 110 COCTABY MOPO (IMOPUT, TPAHOIUOPUT, PUOITUT) TOUHOCTh
ObUTa HIDKE, YTO CBHJICTEIICTBYET O HEOOXOIUMOCTH JajlbHEWIIEH paboThI 1O
VAYYIICHUIO MOJENH. TerioBas KapTa paclpeleiCHUs IOpOa [0 PETHOHAM
(Bammnurron, OperoH) AEMOHCTPUPYET KOPPEISIHI0O MEXKIY THIIOM IOPOILI U
TCOJIOTUYCCKUMU  OCOOEHHOCTAMHU (BYJIKAHUYECKAsh aKTUBHOCTh, CYOIyKITHS).
Mopens nokasana 3(p(HEeKTUBHOCTh B KJIACCU(UKAIIMKA PACIIPOCTPAHCHHBIX THIIOB
TOPHBIX MOPOJI. Pe3ynbTarel MOTYT OBITH MPUMEHEHBI HA TIPAKTUKE I YCKOPEHUS
Y TIOBBIMICHYSI TOYHOCTH T'€OJIOTUICCKUX HCCIISIOBAHNUN, 0COOCHHO TPy 00paboTKe
OoNBIIUX 00BEMOB JTAHHBIX, HATIPUMED, JJI ABTOMATHU3AIUN aHAJIN3a PE3YIBTATOB
OypeHUsl U OIpPENENICHUs] TUIIOB MOPOJ Ha Oonbiux Tepputopusax. [lomyueHHbie
JAHHBIC O pACHPEACICHUH IOPOI B PErHOHE MOTYT IMOMOYh B TMOHUMaHUU
TEOJIOTUYCCKONH HMCTOPUM W TPOTHO3ZHUPOBAHMH BO3MOXKHBIX 3aJICKEH IMOJIE3HBIX
HCKOTIAEMBIX.

KaroueBble ciaoBa: kinaccuuKanus TOPHBIX IOPOJ, MAIIMHHOE OO0ydeHUe
B T'EOJIOTHH, aHAJN3 OKCHJIOB B MOPOJaX, TOYHOCTH KJIACCU(UKAIUH, METPUKU
OIICHKH MOJICIIN, BAXKHOCTh IMPU3HAKOB,

Introduction. Rocks are the main material of the Earth’s crust and are formed as
a result of complex geological processes such as magmatic activity, metamorphism
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and sedimentary deposits. Each type of rock has unique chemical, mineralogical
and physical properties that determine their role in the lithosphere and influence
on natural processes (Filina, et al., 2023). The correct identification of rocks plays
an important role in such industries as geology, ecology, mining and construction
(Golik, et al., 2023).

Rock classification has historically been based on visual characteristics,
mineralogical composition, and field studies. However, with the development of
big data processing and machine learning technologies, it has become possible
to automate this process using quantitative chemical composition data and other
parameters. This is especially important in the context of increasing amounts of
data collected from various geological objects, including mountain ranges, volcanic
zones and mineral deposits (Podgornyj, et. al., 2024; Kachurin, et. al., 2021).

One of the most effective approaches for classifying rocks is the analysis of
their chemical composition. Elements such as oxides of aluminum, iron, silicon and
other elements can play a key role in the identification of rock types (Tananykhin,
et. al., 2021; Tananykhin, 2024). The use of such data makes it possible to more
accurately divide samples into classes, which is an important step in geological
research.

The purpose of this study is to create a model for classifying rocks based on
their chemical composition, which will improve the accuracy and speed of analysis
of geological data.

Research methods. To perform the classification of rocks, data on the chemical
composition of various types of rocks were used. The dataset includes information
on concentrations of key oxides, which are important parameters for determining
the geochemical characteristics of rocks. Each entry in the dataset is a rock
sample with an indication of its type and concentrations of chemical elements
(Martyushev, 2014). The collected data underwent a preprocessing stage, including
the removal of missing values and normalization of numerical features to improve
the performance of the model (Golik, Kachurin, et. al., 2022; Golik, Gabaraev,
et. al., 2019). Normalization was carried out in order to eliminate the influence of
differences in the magnitude of chemical elements and to ensure a more uniform
contribution of each feature to the model (Kukartsev, et al., 2023).

A logistic regression model was used to classify rocks, which is one of the
machine learning methods for solving classification problems. Logistic regression
was chosen due to its ability to interpret the contribution of each feature to the
final classification and its relative ease of implementation and interpretation. The
logistic regression model estimates the probability of assigning a sample to each of
the rock classes based on the chemical composition (Panfilova, et al., 2024). The
final decision is made based on the probability threshold (by default, 0.5). This
allows you to divide the samples into several classes and determine which breed
the sample belongs to.

The assessment of the quality of the model was carried out using the following
metrics:
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1. Accuracy: The percentage of correctly classified samples among all.

2. Recall: the ability of the model to correctly identify all instances of a given
class.

3. Precision: the ability of the model to correctly classify only those samples that
actually belong to this class.

4. Fl-score: the harmonic mean between accuracy and completeness, which
allows you to take into account both false positive and false negative classifications.

Visualization methods such as the confusion matrix, which shows the success
and classification errors for each type of breed, were used to analyze and interpret
the results (Kravtsov, et al., 2024; Degtyareva, et al., 2024; Fedorova, et al., 2024).
Curves of dependence of accuracy and completeness for each class of rocks were
also used, which makes it possible to assess the quality of the model at different
thresholds. The heat map of the distribution of rock samples by geographical
feature made it possible to visualize how different types of rocks are distributed in
the space (Panfilov, et al., 2024).

Results and discussion. During the study, a heat map was developed (Fig. 1),
which shows the distribution of rock samples by type in the geographical region
under study. The different colors represent different types of rocks, and each circle
on the map corresponds to a separate rock sample that has been classified by the
model.
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Fig. 1. Heat map of rock distribution of rocks
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The distribution of rocks in Washington and Oregon is closely related to the
features of the geological structure of the region, including active volcanic activity
and subduction processes. Rocks such as basalt and andesite are found in significant
volumes due to their origin as a result of volcanic activity (Boyko, et al., 2023).
These igneous rocks are the product of volcanic eruptions, which are characteristic
of the region due to their location along the Cascade Mountains. Basalt, as one of
the most common volcanic rocks, is formed by the rapid cooling of lava, which
leads to its extensive distribution in areas of active volcanism, as observed in
Washington and Oregon. Andesite, which is formed by slower cooling of magma
with a high silicon content, is also widely represented in this region due to frequent
volcanic eruptions (Laricheyv, et al., 2024).

Other rocks, such as rhyolite and granite, are less common and have a different
origin. Rhyolite is formed during volcanic activity, but at a higher concentration
of silica, which makes it typical for more viscous magma. This explains its lower
distribution compared to basalts (Ilyushin, Pervukhin, Afanasieva, Afanasyev,
Kolesnichenko, 2016; Ilyushin, Pervukhin, Afanasyeva, Klavdiev, Kolesnichenko,
2016). Granite and granodiorite, on the contrary, are deep igneous rocks formed as
a result of slow cooling of magma in the depths of the earth’s crust (Golik, et al.,
2023). Their rare distribution on the map is due to the fact that these rocks do not
form on the surface, but manifest themselves in regions where erosion or tectonic
processes occur, exposing the deep layers.

Thus, the rocks on the heat map reflect the diversity of geological processes
occurring in the states of Washington and Oregon. Large volumes of basalt and
andesite are associated with frequent volcanic activity, while rarer rocks such as
granite, thyolite and diorite are formed as a result of deep magmatic processes
and manifest themselves in places of tectonic activity or erosion. This distribution
of rocks allows for a deeper understanding of the volcanic and tectonic history
of the region, as well as the formation features of each rock (Ilyushin, Kivayev,
Novozhilov, 2017; Ilyushin, Pervukhin, Afanaseva, 2019).

During the study, a logistic regression model was developed to classify rocks
based on their chemical composition. The model showed satisfactory accuracy,
reaching 76%, which indicates its ability to correctly classify most types of rocks.
The classification report is shown in Fig. 2.

=== 1 = 14 —=n = i L=

Fig. 2. Classification report
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The model successfully copes with the classification of the main types of rocks,
such as basalt and andesite, due to their pronounced chemical characteristics. For
these breeds, the model showed high levels of accuracy, completeness and F1-
score, which indicates its ability to distinguish between these types of breeds with
minimal errors. However, for rocks such as diorite, granodiorite and rhyolite, the
accuracy is much lower, indicating difficulties in their classification. This may be
due to the fact that these rocks have chemical similarities with other types of rocks,
which makes it difficult to distinguish them (Orlov, et al., 2023). The model also
showed low accuracy for rare rock types such as tuff and quartz diorite, which may
be due to insufficient data for these classes.

A diagram of the importance of the features is shown in Fig. 3.
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Fig. 3. Importance of feature. The Y axis indicates the feature, and the X axis indicates the
absolute value of the coefficient.

This graph shows the importance of various chemical features of rocks based
on the absolute values of the logistic regression coefficients. Each feature is
represented on the vertical axis, and the horizontal axis shows the absolute value of
the coefficient, which is interpreted as the importance of the feature for the model.

ALO,n (aluminum oxide) is the most significant feature with the highest
coefficient, which indicates its high contribution to the classification of rocks.
FeO*n (iron oxide) and P,O,n (phosphorus oxide) also have a significant impact,
ranking second and third in importance. The signs K,On (potassium oxide) and
MnOn (manganese oxide) occupy the middle positions in importance. The least
contribution to the classification is made by such features as CaOn (calcium oxide)
and SiO,n (silicon dioxide), which indicates their lesser importance in the model.

Thus, the logistic regression model relies most heavily on the content of AL,O,n,
FeO*n and P,O,n to accurately classify rocks, whereas features such as CaOn and
SiO,n play a less significant role.

Figure 4 shows the confusion matrix.
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Fig. 4. Confusion matrix.

The confusion matrix shows that the model classified andesite quite successfully,
with 178 correct predictions from 193 samples, although some samples were
mistakenly attributed to basalt andesite and diorite. For basalt, the model showed
a good result: 95 correct classifications out of 113 samples, but 18 of them were
attributed to basalt andesite. This also confirms the difficulty of distinguishing
these rocks, probably due to their close chemical composition. In the case of basalt
andesite intrusions, the model correctly predicted all 17 samples, which shows
high accuracy for this type of rock. However, other rocks, such as diorite and
granodiorite, showed significantly worse results. For example, for diorite, only 2
of the 28 samples were correctly classified, and the rest were distributed into other
categories, including andesite, granite and quartz diorite. Granite and rhyolite also
showed mixed results. Granite was correctly classified in 20 out of 22 cases, while
rhyolite was classified with errors, and only 3 out of 11 samples were correctly
assigned to this class. Rhyolite tuff and quartz diorite were often confused with
other rocks, which also indicates the low accuracy of the model for these classes.

In general, the confusion matrix shows that the model does a good job of
classifying common rocks such as andesite and basalt, but has difficulties with rare
or chemically similar rocks such as diorite, granodiorite and rhyolite.

Thus, the classification results show that the logistic regression model copes well
with the definition of common rocks such as andesite, basalt and basalt andesite,
which is confirmed by high accuracy and completeness for these classes. This is
due to the fact that the chemical characteristics of these rocks are quite pronounced,
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which allows the model to easily distinguish them (Klyuev, Kashapov, et. al., 2023;
Klyuev, Kashapov, et. al., 2022). However, when it comes to breeds with more
similar characteristics or rare breeds, the model begins to experience difficulties.
For example, diorite and granodiorite are often misclassified, indicating their
chemical similarity to other rock types in the data. This highlights the importance
of increasing the number of samples for rare breeds and possibly applying
more sophisticated machine learning techniques that could better capture subtle
differences between classes.

However, the low accuracy in some classes indicates the need for further
work with the model and data. It is worth considering the possibility of using
other machine learning methods. In addition, it is necessary to conduct a more in-
depth analysis of the chemical composition of rocks in order to identify additional
distinctive features that could improve the quality of classification (Kuznetsov,
Klyuev, et. al., 2023; Mohammad, et. al., 2021).

Thus, the results obtained confirm that logistic regression is a suitable tool for
the basic classification of common breeds, but more accurate recognition of rare or
similar breeds requires additional research and model improvement.

Conclusion. During the study, a logistic regression model was developed
and tested to classify various types of rocks based on their chemical composition
(Volneikina, et al., 2023). The model showed good results for common rocks
such as andesite, basalt and basalt andesite, which indicates that these rocks
have pronounced chemical characteristics that allow the model to successfully
distinguish them. However, for less common rocks such as diorite, granodiorite
and rhyolite, the classification turned out to be less accurate, due to their chemical
similarity to other rocks (Panfilov, et al., 2023; Panfilov, et al., 2023). In conclusion,
the developed model has shown its effectiveness in solving the problem of rock
classification, but further improvements, such as more complex algorithms and
detailed feature analysis, can significantly increase its accuracy and applicability to
a wider range of rocks (Panfilov, et al., 2024).
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