ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

«KA3BAKCTAH PECITYBJIHKACBHI
¥JTTBIK FbIJIBIM
AKAJJEMHACHD PKB

«KA3AKCTAH PECITYBJIMKACBHI
YJITTBIK FBIJIBIM AKAJIEMUACHD» PKB

XABAPIIAPDBI
N3BECTUA NEWS

POO «HALIMOHAJILHOM OF THE NATIONAL ACADEMY

AKAJIEMNHN HAVK PECITYBJIMKH OF SCIENCES OF THE REPUBLIC

KA3AXCTAH» OF KAZAKHSTAN
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

2 (470)

MARCH - APRIL 2025
THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



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 ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
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JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261
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IJTABHBIA PEJAKTOP
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nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
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www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
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K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. Studies have been carried out in the field of improving the quality of
cargo movement of mining enterprises. The paper substantiates the introduction
of a control system module using digital tools based on neural network algorithms
as a tool for optimizing the process of cargo delivery in the mining sector. Goals
and objectives. Formation of a model for the functioning of the mining sector, in
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terms of real-time regulation of cargo transportation, by developing a logistics
architecture for the use of digital tools of neural networks to optimize the process
of cargo delivery, including the automation of warehouse operations, demand
forecasting, routing and delivery planning. The methods include analytical research,
probabilistic estimation method, simulation modeling, modal analysis, modeling
of digital architectures, neural network programming techniques, basic theories of
solving optimization solutions, theory of transport logistics. Results of the study
— the created neural network includes a simulation model, a cloud platform for
permanent storage of a bank of solutions. Thanks to functional and cloud resources,
when managing the process of product delivery, it is possible to take into account
the technical characteristics of the vehicle, the method of cargo placement, optimize
the logistics of delivery and distribution for the regional consumer. A cloud database
was created, which made it possible to transfer the neural network training process
offline. An interface for information processing has been developed. Conclusions:
the use of the data bank allows you to effectively solve the problem of choosing
optimal solutions, accumulate an information resource for adaptation to real
transportation conditions, taking into account the variability of influencing factors.

Keywords: mining sector, cargo, logistics, resource management, neural
networks, efficiency.
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AnHotanusi. Tay-keH ©HepKociOi KoCIMOpPBIHAAPBIHAA JKYK TachIMaijay
camachlH apTThIpy OarbIThl OOWBIHINA 3epTTeyiep Kyprizingi. Kymbicta Tay-keH
CEKTOPBIHAAFBl JKYKTEPIi JKETKi3y NpOLECiH OHTalIaHIbIpy Kypajbl peTiHIe
HEHPOHBIK JKeJi alropUTMIIepiHe Heri3enreH Tu(pIbIK KypaiaapAbl naiiaanana
OTBIPBIIN, Oackapy KYHEeCiHiH MOIYIiH eHri3y Heri3aeMeci KenripinreH. Maxcam-
mindemi. JKykrepai eTKizy NpoueciH OHTalIaHAbIPY YIIiH HA(PIBIK HEHPOHIBIK
XKel KypanjgapbelH MaiifanaHy VIIiH JIOTHCTUKAJIBIK apXUTEKTypaHbl d3ipiey
apKbUTBI HAKThl YaKbIT PEXHUMIHAE KYK TachMaijayabl peTTey Oemirinae Ttay-
KEH OHIIPY CEKTOPBIHBIH >KYMBIC iCT€y MOJEINiH KaJbIITACTBIPY, OHBIH ilIiH/AEe
KoliMa onepaunusiapblH aBTOMATTaHABIPY, CYpPaHBICTBI OoJpKay, OarbITTay MKOHE
KETKI3yAl skocmapiay. Odicmepi — aHATUTHKAJIBIK 3epTTEY, BIKTUMAIIBIK Oaranay
oflici, UMHUTAIMSIIBIK MOJENbBCY, MONANbIBl Taujay, HU(PIBIK apXUTEKTypaHbI
MOJICNIbJIEY, HEWPOHBIK KEIiHI OaFjapiiamanay oiicTeMeci, OHTalIaHIbIPy
HIenTMIepiH LICIIyAiH HeTi3rl TeopHsIIapbl, KOJIKTIK JIOTHCTHKA TEOPHSCHI.
3epmmey Homuodicenepi. KYpbUIFaH HEHPOHIBIK KeJll IMUTAIMSIIBIK MOJICIIB/I1 dKOHE
mrenriMaep OaHKiH TYPaKThl CaKTayFa apHajFaH OYITTHI IUIaTQOPMaHbl KAMTHIBL.
OyHKIMOHAABI JKOHE OYJITTHI pecypcTapblH apKachblHIa OHIM/Ii )KETKi3y pOoLeciH
Oackapy Ke3iHAE KOJIKTIH TEXHUKAJIbIK CHUIAaTTaMalapblH, JKYKTi OpHAaJIacThIpy
OJliCiH ecKepil, aliMaKTBIK TYTBIHYIIBI YIIiH KETKi3y ’KoHE Tapary JIOTUCTUKACHIH
OHTalnanapIpyra Oonaabl. BynTTel nepextep 0azachl KYpBUIABI, O HEMPOHIBIK
JKEJIiHI OKBITY MPOIECIH aBTOHOMJIBI PEXKHMIE KOIIpyre MYMKIHJIIK Oepi.
AKkmapatrTbl eHjaeyre apHajraH uHTepdeiic a3ipnenai. KopweITeIHABL AepekTep
OaHKIH MaljaiaHy OHTAMJIbI HICHIIMACPAlI TaHIAy MOCEICCIH THIMJII IIenryre,
acep erymri (haKTOpIAP/bIH ©3rePMENUIITIH €CKepe OTBIPHIN, HAKThI TachIMaJIIay
KaFaainapbiHa OeHiMIeNy YIIIiH aKmapaTThIK pecypcTap/bl JKHHAKTayFa MYMKIHIIK
oepeni.

Tyiiin ce3mep: Tay-KeH CEKTOpBI, YK, JIOTHCTHKA, PECypcTapibl Oackapy,
HEHPOHBIK JKeNiep, THIMITIK.
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AnHoTanus. VccnenoBaHus mpoBeieHbl B 0O0NAaCTH MOBBILICHUS KayecTBa
MEepeMeIleHNus] TPY30B MPEANPHUITUH TOpHOW HHIycTpuu. B pabore mnaercs
000CHOBaHHE BBEACHUE MOIYJS CHCTEMbl YNPaBICHHA C TNPUMEHEHHEM
IU(POBBIX MHCTPYMEHTOB OCHOBAaHHBIX Ha 0Oa3e aJrOpuTMOB HEHPOHHOW CETH,
KaK MHCTPYMEHT ONTHUMM3ALUH MPOLEcca JOCTaBKU I'Py30B B TOPHOIOOBIBAIOIIEM
cektope. [lenu u 3ad0auu. PopmupoBaHue Mmoxpenu (HYHKIHOHUPOBAHUS
TOPHOAOOBIBAIOLIETO CEKTOpa, B YaCTH pPETYIMPOBaHMS TIPY30IEPEBO30K B
pEeKUME PeabHOTO BPEMEHH, MyTEM pa3padOTKH JIOTMCTHUECKOH apXHUTEKTYph
MpPUMEHEHUS! UU(PPOBBIX MHCTPYMEHTOB HEHPOHHBIX CETEH Ui ONTHMHU3ALNH,
mporecca JTOCTaBKU TI'Py30B, BKJIIOYAsh aBTOMATH3ALMIO CKIAJCKUX OICpaIHid,
MIPOTHO3UPOBAHKE CIIPOCA, MAPIIPYTU3ALHUIO U IUTAHUPOBAHUE JOCTABKH. Memooul
— QHAJIUTHYECKHUE MCCICAOBaHNS, METOJ BEPOSITHOCTHON OLICHKH, HMUTALMOHHOE
MOJICTTMPOBAaHNE, MOJAJIBHBIA aHalN3, MOACIMPOBAHHE LHU(POBBIX APXUTEKTYD,
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METOAIMKAa TIPOTPAaMMHPOBAHHUS HEHPOHHBIX ceTel, 0a30BBIE TEOPUH pEIICHUS
ONTUMH3AIUOHHBIX PEIICHHH, TEOpUsl TPAHCIIOPTHOW JOTUCTHKH. Pe3yivmamol
uccnedosanusi — CO3aHHasi HEHPOHHAs CETh BKIJIIOYAET B ceOs MMUTAIIMOHHYIO
MOJIeTh, OONMaYHy0 TUIaThOpMy IS TOCTOSTHHOTO XpaHEGHHS OaHKa peIcHH.
bnaromaps ¢QyHKUMOHAJIBHBIM H  OOJIAYHBIM pecypcaM TpH  yIpaBlieHUN
Iporecca JTIOCTaBKU MPOAYKIIMA UMEETCS BO3SMOXKHOCTh YUUTHIBATH TEXHHUYECKUE
XapaKTepUCTHUKU  TPAHCIOPTHOTO CPEACTBA, CMOCO0 pa3MelieHus Tpysa,
ONTUMM3HUPOBATh JIOTMCTHKY JOCTaBKM M paclpelelieHHs Ui PErHOHAIbHOTO
notpeduTens. Co3mana obnavHas 0a3a HaHHBIX, KOTOpas MO3BOJMIA IEPEBECTH
mporecc OOy4YeHUsT HEHPOHHON CeTH B aBTOHOMHBIM pexuM. Paspaboran
nHTepderic anms oO0paboTkn WHopManuu. BBIBOABI — WCTHONB30BaHWE OaHKa
JIAHHBIX M03BOJIsIET 3P (HEKTUBHO peliaTh 3a7a4y BIOOpa ONTHMAaIbHBIX PEIICHHH,
HaKaruiiBaTh MH(POPMAIMOHHBIN pecypc JUTs aJlanTallid K PealbHbIM YCIOBUSAM
MEPEBO30K C YUYETOM BapUATUBHOCTH ()AKTOPOB BIHSHHUSL.

Ki1ioueBble ¢10Ba: ropHOJOOBIBAIOIINI CEKTOP, IPY3bl, JOTUCTHKA, yIIPaBICHHE
pecypcamu, HeHpOHHBIE CETH, 3(PPEKTHUBHOCTS.

Introduction. The task of distributing material flows in mining technologies
contains in its structure functions with substantiation of efficiency indicators
according to various criteria of the vehicle route. Mining products can have
significant transport costs during the lag of goods movement from the primary raw
material source to the final consumer of finished products (Tumanov, et al., 2022;
Gendler, et al., 2021).

According to statistics, logistics costs for material flows in the mining
industry are about 70%. The intensity and diversity of cargo transportation are
solved by various logistics schemes, but for mining enterprises (MEs), additional
requirements are imposed on delivery times, quality of cargo preservation and its
territorial redistribution, which is difficult to optimize in a variable environment of
factor influence (Martirosyan, et al., 2025; Kukharova, et al., 2024; Polekhina, et
al., 2022). Obviously, the problems considered can be solved by adapting existing
or developing new digital tools, up to the use of neural networks for the formation
of a database of technological processes of production, processing and sale of
products “from mining to consumer”. The aim of the study is to develop a logistics
architecture for the use of digital neural network tools to optimize, in real time, the
functioning of the mining sector, the process of cargo delivery, including automation
of warehouse operations, demand forecasting, routing and delivery planning.

Materials and methods. The development of a neural network for optimizing
the process of cargo delivery in MEs is based on the use of simulation modeling. At
the first stage, a theoretical and methodological analysis of the production process
was carried out. To take into account various factors, a probabilistic assessment
method was used, which allowed a more detailed description of the transportation
business process. Using mathematical analysis, the obtained characteristics of cargo
transportation, selection of equipment, loading methods, and delivery methods
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were processed. Based on the developed model, recommendations for making
optimization decisions designed to improve the cargo transportation process and
reduce logistics costs are proposed. Moreover, the model can be used to analyze
and predict the cargo transportation system in the production sector of the mining
industry as a whole, which the neural network can be used for training.

Results and discussions. Solving logistics transportation problems as complex
optimized ones by several variables does not now allow to obtain their exact
value. In this regard, a rather interesting approach is an algorithm for searching
for a solution close to optimal for an acceptable period of work. In this case, when
developing the architectural structure of a neural network, the most effective is
the formation of an algorithm based on a swarm, which is an alternative to direct
search algorithms, since it uses a set of solutions for each iteration, and not a single
solution (Pham, et al., 2006).

Considering optimization problems of cargo transportation for mining
infrastructure from a strategic point of view, it is necessary to take into account
the variability in the form of searching for the implemented solution. At the same
time, it is obvious that some methods may contain incorrect optimization criteria,
which in the variability of solutions will not allow generating the most acceptable
result. The optimization criterion should have the property of increasing the value
of the efficiency indicator, in particular, compiling an algorithm on the principles
of applying nature-like effects to solve optimization problems (Pham, et al., 2006;
Dorigo, et al., 2004; Goldberg, 1989).

The formation of a neural network for optimization of the transportation process
routing, similar to an “intelligent swarm”, is based on the ability to select the
shortest path between specified points, in the considered option of receiving cargo
to the place of its delivery (Mathur, et al., 2000; Bonabeau, et al., 1999). In mining,
the process of obtaining products is one of the stages of the technological chain of
production, processing and sale of products: “from extraction to consumer”. The
algorithm for solving problems based on neural networks is based on the formation
of individual solutions for each structural “agent”, which evolve or change their
position over time. In the decision-making field, each “agent” changes its position
in the search space in accordance with the experience gained, coordinating the result
with the neighboring structural element, choosing the best position, combining
local and global search methods depending on the specified criteria of the problems
being solved (Camazine, et al., 2003; Duyun, et al., 2022; Pastukhov, et al., 2023).

To maintain product quality, robotic systems can be used in the mechanization
of mining operations, in particular, a robotic manipulator with PID control, which
provides the ability to follow a given trajectory, adjusting movements based on the
difference between the actual and desired positions (Muhammad, et al., 2024)

The solution to the criterial problem also requires not only a formal repetition
of the movement scheme in the algorithm, but also an additional assessment of the
quality characteristics, in particular, for the transportation of products, the choice of
the type of vehicle, the method of placing the cargo in the back of the vehicle, and
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guaranteed preservation of quality for the entire period of delivery to the destination
(Sevryugina, et al., 2015).

In the process of modification, the logistics system management model is adapted
to the format of the architectural structure of the neural network with the source
code of the database algorithmization and the variability of the factor specificity of
the operating conditions of mining enterprises.

To optimize the construction of the business process, a typical organizational
infrastructure of three mining enterprises and seven quarries was adopted, which
receive a certain number of applications every day. Mining enterprises have a list of
vehicles of various carrying capacities that deliver cargo from the deposits. If there
is not enough cargo in the quarry, the order waits until the enterprise receives the
required number of requests to completely fill the vehicle. Transportation logistics
combines several methods and uses GIS maps to position vehicles according to the
conditions of cargo delivery. In the problem statement, the type of cargo transported
is not detailed by the type of MEs product, but is identified as “bulk cargo” (Fig. 1).

In the simulation model, the coordinates of enterprises and quarries are set
using the database, and the transportation route by vehicles is formed according to
real routing requests. The modification of the model is represented by the logistic
architecture of the system, which simulates the process of cargo transportation
between regions.
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Fig. 1. Simulation model (AnyLogic) of management of the logistics system of mining enterprises

The optimization task is to implement the algorithm of the current model of
the vehicle loading configurator. With this tool, it is possible to more accurately
determine the volume, weight and quantity of cargo for optimal filling, while
ensuring that the vehicle’s carrying capacity is not exceeded. The most suitable
transportation method is selected and loading advice is provided, avoiding
overloading and promptly providing accurate information about the cargo and its
current location (Fig. 2).
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Fig. 2. Vehicle loading configuration

Training a neural network involves creating an information structure. The
information includes environmental variables that the “agent” examines to
determine what action needs to be taken. The main goal of training is to ensure the
ability to work in real conditions, so it is important to create a simulation model that
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most accurately reflects the real environment. In the algorithm under consideration,
three elements are distinguished: a simulation environment; a business process; a
function for correcting the correctness of the system (Fig. 3).
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Fig. 3. The structure of neural network learning

To create an information system for decision-making, artificial intelligence
should be able to appeal to the following data:

- the current volume of production at a particular MEs quarry;

- the number of vehicles that can be used in the logistics chain for cargo
transportation;

- the number of available vehicles by positioning points based on fast delivery
to the loading point;

- the number of recipients of finished products or product components based on
the stated need.

An information database using a neural network creates “agents” that are trained
by analyzing data and evaluating the effectiveness of selecting options for factor
influence to make an optimization decision for the given conditions for transporting
quarry cargo.

An “agent” has a set of possible actions that it can perform.

Under the given conditions, the action space is defined by a 7x3 vector. This
means that seven warehouses generate orders, and the “agent” decides which of the
three enterprises should fulfill each order.

The condition of no order is taken as the basic guideline, i.e. the number
of requests is zero. In the case of the absence of an order from any quarry, the
corresponding action is not performed.

Using the correction function, the environment reports whether the correct
actions are performed. During training, the “agent” chooses the best solution,
thereby learning and optimizing the transportation process.

The following function was used in the simulation model:

reward = before.avgWaitingTime — after. AvgWaiting Time
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Training of filling the vehicle with products occurs according to the principle of
minimizing the waiting time: if the waiting time increases, the value of the function
decreases, and the “agent” realizes that its work is ineffective. The average waiting
time (1) and the average transportation distance (2) during training are shown in
Figure 4.
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Fig. 4. The dependence of the waiting time on the distance of transportation

When the warehouse closest to the enterprise reaches its maximum capacity, the
agent automatically sends some of the requests to other enterprises. Thus, there is an
optimal match between capacity utilization and demand, which reduces production
costs and increases the efficiency of resource use.

The simulation results showed a significant improvement when using the
learning approach with the adjustment function.

Further work consists of reformatting the simulation system as a digital twin
that collects data on the state of the system in real time, and the neural network
module is constantly trained using the model located in the cloud. A database and
recommendations for eliminating non-standard situations are formed (Sevryugina,
etal., 2017).

As a result of the created algorithm, the solution to the problem of optimizing
the transportation of quarry cargo made it possible to reduce the time for collecting,
loading and delivering cargo by four times, compared to the traditional heuristic
algorithm.

The concept of integrating neural networks into the process of optimizing
cargo delivery for MEs involves analyzing data on the movement of vehicles,
fuel consumption, transport loading and comparing the simulation results with the
operator’s actions in non-standard situations (Rybin, et al., 2020; Yarushkina, et al.,
2022). This allows us to identify patterns and improve the efficiency of not only a
single sector, but also the mining industry as a whole. The development of research
in this area, taking into account cloud data, transferring them to the category of multi-
criteria accounting of parameters, opens up the possibility of solving higher-level
problems, reducing the cost of using publicly available simulation environments
for small organizations (Tikunova, et al., 2023; Nekrasov, et al., 2022).
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Conclusion and recommendation.

The choice of a neural network as a tool for optimizing the process of cargo
delivery in the mining sector is substantiated. Due to functional and cloud resources,
when managing the processes of delivery of quarry cargo, it is possible to take into
account the technical characteristics of the vehicle, the method of placing the cargo,
optimize the logistics of delivery and distribution for the regional consumer. It is
proven that the learning algorithm with a correction function based on artificial
intelligence can be effectively used as a tool for increasing the digital maturity of
an enterprise when optimizing transportation processes in the mining industry. The
creation of a data bank located in a cloud environment allows you to effectively
solve the problem of choosing optimal solutions, accumulate an information
resource for adaptation to real transportation conditions, taking into account the
variability of influencing factors.
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