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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I 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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, mpodeccop, K.M. CaTnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
mupektops! (Anmarsl, Kazakcran) H=2

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XnMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HAayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yanepcutera Hancn
(Haucu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosnornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMepUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [lpesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMUIbeBHY, TOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, UuctutyTr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppectionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonorndecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapbaes yausepcuter (Hypcynras,
Kazaxcran) H=11

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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Editorial chief

ZHURINOYV 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

ZHOLTAEV 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

PANFILOV 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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Abstract. The article presents the original practical results of experimental data of
monitoring the conditions of mining haul roads using the on-board digital monitoring
system installed on mining dump trucks. The efficiency of mining vehicles largely
depends on the quality and operability of mining roads. Therefore, control of road
conditions is an important opportunity in improving the efficiency of open-pit mining
of mineral deposits. According to the results of the earlier studies, it was established that
appropriate construction and maintenance of mining haul roads, allow to reduce total
cost of road transport for individual cost items by 10-50 %. Possibility of improving
efficiency of mining transport by timely detection of hidden defects of mining haul roads
is considered in the study. The tasks were executed by setting up experimental studies,
using GPS digital data, processing the results of experimental studies using methods
of mathematical statistics, regression analysis and probability theory. The carried-
out researches and the developed on their basis intellectual method of monitoring the
condition of mining roads permit to detect degree of influence of operational factors
of mining haul roads on efficiency of use of open pit mining dump trucks by means of
information of on-board automated systems of dump trucks. The novelty of the work
it consists in establishing the influence of the quality of mining haul roads on the level
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of dynamic loading of metal structures of dump trucks in the form of frame twisting,
longitudinal or transverse bending, excessive fuel consumption, reduced speed, service
life of tires, productivity, increase of maintenance and repair costs. Practical significance
of the work it consists of use of the results of monitoring the condition of mining roads
as pre-design materials and an informational base for development of reconstruction,
overhaul, ongoing repair and maintenance projects for operated roads in the established
manner.

Keywords: monitoring, mining haul roads, on-board digital system, experimental
research, mining dump trucks
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HUPPILIK ’KYAEJEPII DANRJIAJTAHBII TAY KEH TEXHOJIOT USLIBIK
"KOJIJAPBIHBIH IHAPTTAPBIH BAKBLIAY

AnHoTanuss. Makanana Tay-KeH aBTOCaMOCBajJJapblHAa OPHATBUIFAH CaHIBIK
OOPTTHIK aBTOMATTHI OaKblIay KYHECiHIH KOMETIMEH Tay-KeH KOJAapbIHbIH Kai-KyHiH
Oakpulay OOHMBIHIIA TOKIPUOETIK AEpEeKTepAiH OacTamKbl MPaKTHKAJIBIK HOTHXKeIepi
OepiireH. ANIBIK Tay-KeHIETbl KOJIIKTEP IiH THIMJILIITT KOII XKaFIaii/1a alllbIK >KOJIAapAbIH
camnachel MeH eHiMIUTITiHe OalinanbIcThl. COHIBIKTAaH KOJI J)KaFIalilbIH OaKbLIAY ITakijanbl
Ka30anap KeH OpHBIH allbIK OMICIeH OHIIPYNiH THIMAUIITIH apTTHIPYIBIH MaHbI3IbI
pe3epBi  OombIm  TaObUTAABl. AJABIHFBI JKYPri3UIT€H 3epTTeyiepHiH HoTHXKeIepi
OOMbIHIIA aIIBIK >KOJAApABl YKBINTHL Calydbl >KOHE KYTil YcTaydbl OakbLiayasl
KaMTaMachl3 €Ty apKbUIbl XKeKelereH Oanrtap OOHBbIHIIA aBTOMOOWIIb KONITiHIH KNIkl
KyHeiH 10-50 %-fa TemeHaeTyre OONaThIHBI AHBIKTANABL. Tay-KeH >KOJIApbIHBIH
KaTTbl >KaObIHOAPBIHBIH KYPBUIBIMBIHAAFBI JKACBIPBIH aKayJapAbl Jiep Ke3iHzae
AHBIKTAy apKbUIbl KapbepiliK aBTOMOOWIIb KOITiHIH THIMALIITIH apTThIpy MYMKIHIITiH
Oenriney KapacThIpbULABL. TarcelpManapisl HIENly HaTypajiblK KoHE HKCIIEPUMEHTTIK
3eprreyaepai  opHaty, caHaslk GPS  gepekrepin maiiganaHy, MaTeMaTHKaJbIK
CTaTHUCTHKA, PETPECCHUSUIBIK TalAay »oHE BIKTUMAIABIKTAP TEOPHSCHl SIicTepiH
KOJIZIaHy apKbUIBI DKCTIEPUMEHTTIK 3€pTTEYNEpAiH HOTHXKEJIEPiH OHLY apKbUIbI XKY3ere
aceIpbUIAbl. JKypriziireH 3epTreyiep KoHE ONaplblH HETi3iHAe 93ipJeHreH Tay KeH
KOIAAPIBIH JKal-KYHiH OaKblUlaylblH WHTEJUIEKTYalbl 9MiCi KapbhepiiK >KOIJapAbIH
SKCIUTYaTalMsUIBIK  (DaKTOPIapBIHBIH — Tay-KeH aBTOCAaMOCBAIIApBIH  MaiiianaHy
THIMIUTITIHE 9cep €Ty IOOpeKeciH aHbIKTayFa MYMKIHIIK Oepelni. camocBalgapAblH
OOpPTTHIK aBTOMATTaHABIPBUIFaH JKyhenepi. KyMBICTBIH >KaHAIBIFBl Tay-KEH >KOJIap
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camachlHBIH paMaHBbIH Oypanybl, OOWNBIK HeMece KelaeHeH OypMmanaHybl, miamMaiaH
TBIC JKaHApMal LIBIFBIHBI, OTHIH IIBIFBIHBIHBIH TOMEHACYI TYPIHAETI caMOCBalIJapAbIH
MeTall KYPBUIBIMAAPBIHBIH ITUHAMUKANBIK JKYKTEIy JACHreiliHe ocepiH aHBIKTay[a.
CaMOCBaJIIAPABIH KbUIIAMIBIFBI, IIHMHAIAPIBIH KbI3MET €Ty Mep3iMi, eHiMJILTIri,
TEXHUKAJIBIK KbI3MET KOPCETy MEH JKOHJIEY IIBIFBIHAAPBIHBIH ocyi. JKYMBICTHIH
MPAaKTUKAJIBIK MAHBI3ABUIBIFBI Tay-KeH KOJIAAPIBIH jKal-KYHiH Oakpliay HOTHXKEIEpiH
x00a angbplHAaFbl MaTepHajiap KoHE KOJAAHBICTarbl Tay-KeH KaiTa Kypy, KypAemi
XKOHJIEY, KYTIIl ycTay jKOHE KYTIiNl ycTay >koOallapblH OENTiJICHIeH TOPTIMIIeH a3ipiey
YILIiH aKnapaTThIK 0a3a peTiHe naiganiaHybIHIa. )KOJAap.

Tyiiin ce3mep: MOHUTOPHHI, Tay-KeH >KONJaphl, CaHABIK OOPTTHIK Kyieci,
TOXKIPHOEIK 3epTTeyNep, Tay-KeH CaMOCBalaphl
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MOHUTOPHUHI COCTOAHUSA KAPBEPHBIX TEXHOJIOI'MYECKHUX
JA0POI’ C UCIIOJIB3OBAHUEM LIU®OBBIX CUCTEM

AunHoTanus. B crarke mpeacTaBieHbl OpUTHHAIBHBIE MPAKTHUECKUE PE3YIbTaThI
9KCIIEPUMEHTAIIbHBIX JTaHHBIX MOHMTOPHHIA COCTOSHHS KaphepHBIX aBTOMOOMIIBHBIX
JOpPOr C UCIONB30BaHUEM HH(POpManMOHHOW 1HMQPOBOH OOPTOBOH CHUCTEMBI
AaBTOMAaTU4YECKOT0O MOHHUTOPHHIA, YCTAHOBJIIEHHOW Ha KapbepHBIX aBTOCAMOCBajax.
D¢ dexkTHBHOCTH pabOTHI KAPEEPHOTO aBTOTPAHCIIOPTa BO MHOTOM 3aBUCHT OT KaueCTBa
n paboTOCIIOCOOHOCTH KaphepHBIX aBTOMOOHMIBHBIX Jopor. [lo3ToMy KOHTpOIb
JOPOXKHBIX YCJIOBUHM, Ba)XKHBIH pPe3epB B MOBBILEHUH 3(PYEKTUBHOCTH OTKPBITHIX
pa3paboTOK MECTOPOXKIACHMH TOJNE3HbIX HCcKomaeMblx. Ilo pesymbratam paHee
BBIMOJTHEHHBIX MCCIEOBAaHUN YCTAHOBJIEHO, YTO 32 CUET 00ECMEeUeHHs TIIATEeIbHOTO
CTPOUTENBCTBA U KOHTPOJS COAEP)KAHUS KapbepHBIX JOPOr BO3MOYKHO CHH3HUTH
o0IuMe 3aTpaThl Ha ABTOMOOWJIBHBIA TPAHCIOPT 1O OTACHBHBIM cTaThsiM Ha 10-50 %.
PaccMmotpeno ycTaHoBIeHHE BO3MOXXHOCTH MOBBIMIEHUS 3(P()EKTUBHOCTH KapbepHOTO
aBTOTPACIIOPTa MyTEM CBOEBPEMEHHOTO BBISABJICHUSI CKPBITHIX A€()EKTOB CTPYKTYPHI
KECTKUX MOKPHITHH KapbepHBIX AOpor. PerieHne mocTaBneHHbBIX 3a/1ad MPOBOIMIOCH
[IOCTAaHOBKOM HATYpPHBIX M O3KCIIEPHUMEHTAJbHBIX MCCIEIOBaHUH, HCIOIb30BAHUEM
uudppoBbix  gaHHbIX  GPS, 00paboTKO#l  pe3ynbTaToB  SKCHEPHUMEHTAIBHBIX
WCCIIEIOBAaHUN MeToJaMM MareMaTHMYeCKOW CTAaTUCTHKH, PErPECCHOHHOIO aHaliu3a U
Teopuu BeposTHOCTeH. [IpoBeneHHbIe nccaenoBaHus M pa3pabOTaHHBIM Ha UX OCHOBE
WHTEJUIEKTYaIbHBIH METOI MOHUTOPHHTA COCTOSIHUS KAPBEPHBIX aBTOMOOMIIBHBIX JOPOT
MO3BOJIAIOT BBISIBUTH CTENEHb BIMAHUS SKCILIyaTallMOHHBIX (AKTOPOB KapbepHBIX
JOpor Ha 3QPEKTUBHOCTh UCIIOIB30BaHUS KapPbEPHBIX aBTOCAMOCBAJIOB, TOCPEACTBOM
nHpOpMaKu C OOPTOBBIX aBTOMAaTH3MPOBAaHHBIX CHCTEM aBTOcaMocBanioB. HoBusHa
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paboThl 3aKitoyaeTcss B YCTAHOBJICHHMU BIMSHHHA KayecTBa KapbepHBIX OOPOT Ha
YpOBEHb IMHAMHYECKOM HArpy>KeHHOCTH METAJUIOKOHCTPYKLHUH aBTOCAMOCBAJIOB B
BHUJE CKPYUMBAHHUS paMbl, NPOJOIBHOM WJIM MONEPEYHOM IMEPEeKOcax, 3aBBIILIEHHOIO
pacxoga TOIUIMBA, CHIDKEHMS CKOPOCTH JBM)KEHHSI CaMOCBAJOB, CPOKa CIIY>KOBI
LIMH, MPOW3BOJUTENBHOCTH, YBEIMYEHHUsI PacXoJ0B Ha TEXHHUUYECKOE OOCIyKHBaHHE
u pemoHT. [IpakTndeckas 3HAYUMOCTH paOOTBHI 3aKIIOYaeTCs B HCIOIb30BAHUH
pe3yiabTaTOB MOHHMTOPUHIA COCTOSHHUS KaphepHBIX JOPOr Kak IPEANPOEKTHBIX
MarepuanoB U MHOOPMAaLMOHHON Oa3bl AJsl pa3paboTKU B YCTaHOBJICHHOM IOPSAKE
MIPOEKTOB PEKOHCTPYKIMH, KAITUTAIBHOTO PEMOHTA, TEKYILEr0 PEMOHTA U COAEP)KaHUA
9KCIUTyaTUPYEMBIX KapbEPHBIX TOPOT.

Ki1roueBble cj10Ba: MOHUTOPHUHT, KapbepHbIE aBTOMOOHMIBHEBIE TOPOTH, LU(pPOBas
0opTOBas cUCTEMa, SKCIIEPUMEHTAIbHBIE HCCIIEIOBaHU, KAPbEPHBI aBTOCAMOCBAI

Introduction

At the present stage of mining development, moving of rock mass was the most time-
consuming, energy-intensive and expensive process. To date, automobile transport is the
main type of mining transport used in open works, cost of mining material transportation
reaches almost 80 % (Khazin et al., 2018). In this case, the effectiveness of this work
depends directly on the quality and durability of mining roads. It was established
that improving the quality of the road surface reduces the cost of transporting mining
material by 15-35 %. The most noteworthy property of mining roads is evenness of
the surface, determined by strength of the surface, the technology of construction and
condition control, determining rolling resistance, speed and capacity of mining dump
trucks, and also, safety and comfort of operator. Introduction of modern systems for
monitoring the condition of mining roads would help to solve the problem of providing
effective operation of a mining road system (Aleksandrov et al., 2019).

In the mining industry, the movement of the mine material takes the labor input of
40-70 % of the total mining cost in an open mining process. It is an integral part of
the technological process. The growth of open-cast mining is inextricably connected
with the improvement and efficiency of mining transport, the performance of which
largely depends on the technical - operational qualities of mining roads. Load stress
(the amount of cargo considering all types of movement in tons at a section of road per
unit of time) is the main feature characterizing the design and parameters of the road.
Considering increase in the depth of the mines and the condition of the roadway, the
operational conditions of mining and transport equipment become more complicated,
in particular, the loads on the load-bearing metal structures of the dump trucks increase,
productivity and mechanical availability ratio decrease (Gorshkov et al., 2008).

The analysis of the current energy efficiency of transport systems at mining
enterprises still states that the speed modes of movement of mining dump trucks and
the rolling resistance to run of dump truck on mining haul roads, which depend on the
condition of the road surface are the main parameters determining the energy features
of transportation. Rolling resistance and speed are directly related to the spent power for
transportation of the mining material and, accordingly, to the set power of the engine of
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the dump truck, the value of which depends on the specific energy consumption (diesel
fuel) in a set speed mode of movement of the auto dump truck.

In practice, it has been established that an increase in rolling resistance during the
movement of the dump truck by 5 % reduces its productivity by 10%. Figure 1 (Juan et
al., 2021).
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Fig. 1. Productivity of mining dump truck and fuel costs depending on rolling resistance.

Due to their high mobility and ability to overcome significant rises, mining dump
trucks are widely used in open mining around the world. At the same time, there are
problems with transportation costs and high fuel consumption. Driving style refers to
the relatively stable and familiar internal trends formed by an operator in the process of
driving, which in general can be divided into aggressive, normal and mild types.

Earlier studies showed that the difference in energy consumption between "mild" and
radical drivers is about 30 % when using the same route and type of vehicle (Yarmuch
etal., 2019; Dowd et ai., 1992).

Understanding the energy efficiency of a dump truck is not limited to analyzing the
parameters of a vehicle, so mining companies can benefit by expanding the analysis to
include other factors affecting dump truck energy consumption, such as parameters of
road conditions (Tannant Dwayne et al., 2001; Nuric et al., 2019).

There is several effective parameters of road conditions that affect the energy
required by dump trucks, which must be considered simultaneously to optimize fuel
consumption. Fuel consumption depends on many factors, including road slope, rolling
resistance, payload (useful load), speed and features of dump truck engine (Burdett et
al., 2015). It has been found that by reducing the resistance to movement of the dump
truck encountered during the transport cycle, it is possible to increase the general fuel
efficiency without affecting the cycle or performance parameters (Nuric et al., 2016;
Goodyear, 2010)

It is advisable to produce the optimal profile of the in-pit mining roads using CAD
Design program, as well as mathematical modeling, to achieve the optimal economic
effect between such parameters as overburden ratio, dump truck maintenance costs and
fuel consumption (Nuric et al. 2012).
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At the conditions of mining enterprise in Antofagasta province (Chile), the design
showed a 43 % reduction in cost as compared to the manual design of an experienced
engineer (Ding-Bang et al., 2014; Nuri¢ et al., 2019), using mathematical modelling of
capital and in-pit mining roads, considering the volume of stripping roads.

Repairs and maintenance of in-pit mining haul roads require certain costs. The use
of on-board digital monitoring and information processing systems installed on modern
mining dump trucks, can lead to significant savings of operational costs and increased
productivity of dump trucks, along with reduced emergency downtime is one of the
possible types of quality assessment of in-pit mining haul roads.

Thus, for in-pit mining haul roads, it is important to improve the indicators of
conditions of the road surface by use of modern on-board digital information processing
systems installed on modern dump trucks.

Caterpillar mining dump trucks are equipped with one of the technologies for the
analysis of dynamic loads on elements of a dump trucks, depending on the conditions
of the road surface. Vital Information Management System (VIMS) is a system of
processing basic digital information, it is a tool of machine management that allows
operators and maintenance staff to receive information about whole number of basic
functions of a machine.

The function of recording data of performance and energy efficiency is foreseen in
VIMS system at dump trucks. Data are recorded from various sensors of the dump truck
operation cycle, including load duration, travel time, unloading time, empty run time,
and waiting time. All this information is used for reporting and scheduling. Such reports
provide the basis for in-depth analysis and optimal solutions to improve efficiency and
reduce the cost per ton of produced material.

The concept of improving the condition of in-pit mining haul roads confirms the fact
that the technical condition of dump trucks is directly related both to the condition of the
haul road and to the loading of machines. Improving both suggests:

- Reduction of production costs by increasing service life of components of dump
trucks;

- Increasing productivity (based on increased average speed and reducing cycle
time);

- Decrease of fuel consumption based on reduction of rolling resistance;

- Improving driver safety (by reducing efforts and fatigue).

Earlier studies note the importance of the correct construction of transport roads at
the development of the deposit by open method and their impact on the total cost of
mining. The profile of roads, access roads and the selection of material with certain
characteristics and properties in layers of road construction were considered by
(Soofastaei et al., 2016; Alexandrov et al., 2019; Soofastaei et al., 2017).

This article presents the results of an experiment conducted at the "Altyntau-
Kokshetau" gold deposit mined in the Republic of Kazakhstan and analysis of data
obtained from on-board systems of Caterpillar dump trucks. Data are presented about
the impact of road conditions on the operation of dump trucks, fuel consumption, as
well as changes of productivity.
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Setting of researches tasks. It consists in identifying sections of mining roads that
do not meet the regulatory requirements for their transport — operational condition by
systematic monitoring using on-board VIMS systems.

Research Objectives:

1. Determine the degree of influence of the factors of the condition of mining haul
roads on transport - operational indicators of the operation of dump trucks;

2. Establish actual values of mining haul road parameters as an object for monitoring
of their condition;

3. Develop and verification of an intellectual method of monitoring mining roads,
which ensures the consideration of the regularities of the influence of the factors of the
condition of mining haul roads on the transport-operational.

Researches materials and methods

A questionnaire was created to assess the current procedures of designing and
construction of mining haul roads used in Kazakhstan, which was sent to 8 deposits,
dated May 2019. Answers from all deposits were received within 6 months. The
questionnaire contained the following questions:

* List of equipment used — dump trucks, excavators, auxiliary equipment;

* Method of construction and maintenance of mining haul roads — geometry of haul
roads, structure, materials used at building, reasons for road repairs;

» Equipment maintenance processes and procedures, intervals of mining equipment
breakdowns, monitoring of breakdowns, basic reasons.

A study to identify the most important factors of unsatisfactory condition of mining
roads was attended by 56 employees of various mining enterprises, of which 26 %
worked in the field of mining road design; 44 %-in the field of technical maintenance of
auto dump truck, 21 %-in the field of operation and repair of mining roads and 9 %-in
the field of mining planning.

Based on the analysis of the results of the questionnaires processing, the main factors
affecting the state of the road pavement of mining technological roads, were established,
which are shown in Figure 2.

Causes of repairs of internal minig roads

= Pits

= Water cut Precipitations = Frost heave
= Loose materials Drainage system mRolling resistance m Groove formations

4

Quntity of factors

N w

[
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Fig. 2. Distribution of factors identified in the period of operation of mining haul roads.
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As can be seen from the diagram (Figure 2) at most Kazakhstan deposits, the main
problems were: frosty bulging, pits, watering and loose road surface.

Lz | : ez |

In view of the above mentioned an improved method of monitoring the condition
of the mining road surface using on-board systems of control has been tested at the
"Altyntau-Kokshetau" gold deposit in central Kazakhstan. The diagram of the deposit,
as well as selected sections of roads indicated using modern GPS equipment is shown
in Figure 3. At the time of experimental researches, work in the mining was carried out
at a depth of 800 meters. The total length of the hauling ways of the route Ne 1 and Ne 2
was 2.3 and 2.1 km, respectively.

At the selected sections 1 and 2 (figure 3) measurements were made before the road
was repaired using the VIMS program installed on the Caterpillar 785C dump truck.
The loaded dump truck passed through these sections 12 cycles, after which readings
were recorded from the on-board computer to a portable computer with the output of the
resulted diagrams on the screen. Figure 4.
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i —
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Fig. 4. Readings of VIMS before repair of haul road.
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The results of experimental studies. The results obtained in the form of a diagram
shown in Figure 4, which shows BIAS curves (red curve), how loading into a dump
truck was carried out either at center or at sides. Also, the diagram shows the presence of
dynamic loads during the passage of steep turns or turns at high speed with insufficient
sharp turn.
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Fig.5. Decryption of symbols BIAS, PITCH, RACK - the main cumulative loads on dump truck
suspensions, which are tested when moving in the loaded state with exceeding their permissible fatigue
range along the main routes 1 and 2.

(BIAS) — Loads arising at side pressure on the suspensions, i.e. — at turns, at
incorrect distribution of the load in the body. (PITCH) - Loads arising at side pressure
on the suspensions, i.e., at unsmooth places on the road, at a wavy road or at a sharply
changing slope. (RACK) — Loads arising at diagonal pressure on the suspension, the
dump truck frame experiences torsion loads - due to uneven places on the road.

BIAS data in Figure 5 shows the difference between the pressure on suspension and
the total pressure on each side of the dump truck (LF + LR) - (RF + RR). PITCH values
indicate the difference between the longitudinal pressure on the suspension of the front
and rear parts of the dump truck (LF + RF) — (LR + RR). The RACK data indicate the
difference between the diagonal pressure on the suspension passing through the center
of the dump truck (LF + RR) — (RF + LR), which twists the frame and dump truck
blocks during movement.

According to the obtained results, Figure 5 shows at which section of the road there
are loads on the dump truck in the form of frame twisting, longitudinal or transverse
distortions.
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Fig.6. Plan and profile of haul road.
A — plan and profile of the road before repair, b — plan and profile of the road after repair.

Atthe two sections of the road, where the measurements described above were carried
out, the road pavement was repaired, the road was widened, all uneven places were
smoothed, the radius of sharp turns was increased, the filling and the final compaction
were made. The road pavement was leveled with crushed stone of fraction 3040 mm
with filling of fine fraction 0-25 mm. (Figure 6.)

To assess the impact of the resulted changes on the operation of dump trucks, it is
necessary to repeat the measurements using the VIMS system in practice.

At the repaired sections 1 and 2 of the road data were again read after repairing
the road using the VIMS program installed on the Caterpillar 785C dump truck. The
loaded dump truck passed through these sections 10 cycles, after this, readings from
the on-board computer were transmitted to the portable computer with the output of the
received data on the display.
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After interpreting the experimental data, diagrams were obtained that showed a
change in curves for the positive direction (Figure 7), so the diagram shows that the side
and transverse loads of BIAS and PITCH disappeared, which indicates the presence of
an even road without steep climbs and pits.
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Fig. 8. VIMS readings before repair of haul road.
a - diagram of fuel consumption rate, b — diagram of transmission switch.
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The Figures 8 and 9 shows interval in which transmission switched on before and
after road repair. As it can be seen in the diagrams, after the repair of the road, the
maximal speed of the dump truck increased from 22 km/h, Figure 8 (b), to 29 km/h
Figure 9 (b). After repair gear shift changed for the better, movement of the first gear
decreased, movement in the 5th gear appeared.

Figure 8 (a) shows the schedule of fuel consumption, where the average fuel
consumption was 9.1 liters at the selected the area, and figure 9 (a) shows that the total
fuel consumption was 8.2 liters at the same section after repair.

Discussion

A comparison of the results of the studies carried out using the VIMS system installed
on dump trucks before and after repair of the mining road showed that a decrease in
dynamic loads and energy consumption of the dump truck is achieved by the need to
maintain the acceptable haul road conditions, which helps to reduce fuel consumption,
move dump trucks with increased transmission, increase the number of cycles per shift
with an increase in productivity.

The measurements established the possibility of achieving economic benefit, so that
the cumulative fuel consumption after repairing the mining road decreased by 1 liter in
the allocated section. On average, the Caterpillar 785C dump truck performed 1,340
cycles per month at the deposit. 1,340 cycles/month x 0.9 liter /cycle = 1,206 liter/
month is monthly fuel saving per one dump truck. 1, 206 liter /month x 12 months = 14,
472 liter / year is annual fuel saving per on one dump truck after road repair. The annual
fuel saving per dump truck park of 22 units was 318,384 liters.

Monitoring of haul road conditions will help to achieve improvement of indicators in
increasing the service life of tires, reducing stress loads on the load-bearing structure of
dump trucks, reducing costs on fuel - lubricants and repairing the haul road.

Conclusion

The studies made it possible to draw the following conclusions:

1. Based on the results of the review of scientific publications and the analysis
of questionnaires, the need and possibility of developing an intellectual method of
monitoring of the conditions of mining haul roads are identified. It will provide the
reduction of labor costs for controlling the condition of mining haul roads by 8-10
times, increase in speed of transportation by 24 %, decrease in annual fuel consumption,
respectively, of fuel by 14 tons and an increase in productivity by 60 tons per year per
dump truck at specific conditions of operation;

2. It was established that a developed intellectual method of monitoring the condition
of mining haul roads can be the opportunity for improving the energy efficiency of
mining vehicles by identifying not only the current state, but also by the ability to
predict the capability of mining roads with enough accuracy;

3. The method of intellectual monitoring of mining haul roads at conditions of real
operation has been developed based on identification of regularities of influence of
factors on transport — operational indicators of dump trucks performance;

4. Acceptable values of dynamic loads on the structural elements of dump trucks
during regular work, recommended by the manufacturer, can be taken as a criterion of
the effective operation of mining roads;
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5. The coefficient of allowable transport - operational state of mining roads can be
presented as a function of the current fuel consumption rate of the dump truck during
the cycle;

6. To establish the optimal speed of movement of loaded and empty dump trucks at
each section of the mining haul road, in future studies. It is necessary to evaluate the
relationship of the life of mining roads with the frequency and amplitude of existing
loads from dump trucks based on their registration and analysis.
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