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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 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 UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul 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, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

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

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX 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 HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

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

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

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH 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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0.G. Khayitov'*, L.Sh. Saidova?, S.Zh. Galiev’, A.A. Umirzokov!, M. Mahkamov'

!Tashkent State Technical University named after Islam Karimov;

“Navoi branch of the Academy of Sciences of the Republic of Uzbekistan;
*Corresponding Member of the National Academy of Sciences of the Republic of
Kazakhstan, Head of the Department of Mining Systemology of the D.A. Kunayev
Institute of Mining Engineering.

E-mail: o_haitov@mail.ru

INTERRELATION OF PERFORMANCE INDICATORS OF
TECHNOLOGICAL TRANSPORT WITH MINING CONDITIONS OF A
QUARRY

Abstract. The article discusses and substantiates the relationship of technical
characteristics, namely, the load capacity of dump trucks, where a regular increase in
the depth of the quarry and the volume of rock mass can be traced. At the same time, the
dependence of the volume of the rock mass on the load capacity of the dump truck is
close to linear, which means that with an increase in volume by 1 t (1 m?), the change in
its load capacity is constant. The main indicators in assessing the degree of use of dump
trucks is the distance of transportation, taking into account the horizontal movement
and lifting of rock mass from the quarry. According to the results of the established
dependence of the operational speed, as well as the number of flights from the given
distance, a reference performance of dump trucks is obtained, which serves to determine
the performance of dump trucks

To date, worldwide differences in technological transport schemes by operating
enterprises will mainly continue to use existing modes of transport with the introduction
of new transport systems on certain sections of the quarry, mainly on deep horizons,
and secondly, more modern ones are used. In this regard, there is a need to carry out
scientific research on modeling the operation of heavy-duty road transport taking into
account its indicators, to study the influence of the parameters of a deep quarry on the
choice of technological schemes for transporting rock mass, to develop effective ways
of managing the working area.

A number of scientific and practical works have been carried out in the Republic on
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the development of methods and means of adaptation of cyclic-flow technology, the
formation of a transport system of deep quarries by technological modules when using a
modular crushing and transshipment point, new technological schemes and parameters
of cyclic-flow technology have been developed. The performance of dump trucks
largely depends on the distance of transportation, the average daily duration of work
and the utilization factor of calendar time. Indicators of technological road transport
development include the average number of cars (by brand), the load capacity of the
dump truck fleet and the average load capacity of one average dump truck.

Each of these indicators is established by a simple summation of the corresponding
shift, daily, monthly work results based on the existing accounting of the work of road
transport. Correlation and regression analyses were used to process the data using the
least squares method.

Key words: quarry, transport, energy intensity, calculation, calculation, process,
method, trucking, assessment, loading, unloading, maneuver, period, waiting, mining.

O. T'. Xaiiuros'*, JI. III. Cangona?, C. 7K. I'annen®, A. A. Omip3okoB!,
M. MaxkamoB!

ITamkeHT MEMJICKETTIK TEXHUKANBIK yHUBepcuTeTi. Memam Kapumos;
2O36¢ekcTan Pecnyomukace! FoutbiM AkaemMusceinbiH HaBou OemimMitect;
*Tay-keH nena uactutyThl. J[.A. KoHaesa.

TEXHOJIOI'MAJIBIK KOJIK KOPCETKIIITEPIHIH KAPBEPIIH
TAY-KEH TEXHUKAJBIK KAFJIANJIAPBIMEH BAMJIAHBICHI

AnHoTamus. Makanaja TEXHUKaJIBIK CHUIATTaManapiblH, aran aWTKaH[a,
KapbepliH TEPEeHIIr MeH Tay-KeH MacCacbIHbIH KeJEeMiHiH TaOufu ecyi OaiiKaiaTbiH
aBTOCaMOCBAJIAAP/IBIH )KYK KOTEPTilUTIriHEeH e3apa OaliIaHbIChl KAPaCTHIPBLIAIbI KOHE
Herizneneni. by perte Tay Maccachl KeJIeMiHIH aBTOCAMOCBAIIIBIH KYK KOTEPTIlITIriHE
TOYEIILTIr ChI3BIKTHIKKA JKaKbIH, Oy aereHiMiz — kemem 1 T (1m°) yiraitran keszie
OHBIH YK KOTEPTilITIriHIH 63repyi TYpaKThl 00m1aasl. ABTOCaMOCBaJap/bl NaijanaHy
JopekeciH Oaraaynarbl HEri3ri KOpCeTKIITep KapbepAeH Tay MacCaChIHBIH KOJICHEH
KO3FaJIbIChl MEH KOTEpiTyiH €CKepeTiH TachIMaljay KallbIKTHIFBl OOJBIN TaObUIAIbI.
[Nafinanany >KbUIAaMIIBIFBIHBIH OCNTIJICHICH TOYEIIUITiHIH, COHfal-aKk OepijireH
KALIBIKTBIKKA PEWCTep CaHBIHBIH HOTWXKeJepi OolbIHIIA aBTOCAMOCBAIJApAbIH
OHIMJIUTITIH aHBIKTayFa KbI3MET €TETIH aBTOCAMOCBAIAAPBIH ATAIOHIBIK OHIMIUIITT
AJbIHABI.

Byriari Tapma Oykin  oneMJe TEXHOJOTHSUIBIK  KOJIK  CXeMajlapbIHJaFbl
aBIPMAIIBUIBIKTAp )KYMBIC iCTEI TYPFaH KoCIOPBIHAAp HeTi31HeH KapbepIiH KeKelereH
yuyacKeJepiH/ie, HeTi3iHeH TepeH KOKKHUEKTep/e, aHa KeNiK KyilelnepiH eHrize
OTBIPBIN, KOJIAAHBICTAFbl KONIK TYPJIEPIH MaiJanaHyIbl KaJFacThIpaabl, SKiHIIIICH,
Ka3ipri 3aMaHfbl KOJiK >KyHenepiH manjganananbl. OcbiFaH OalIaHBICTBI OHBIH
KOPCETKIIITEPiH €CKepe OTHIPHIN, ayblp CAJIMaKThl aBTOMOOWJIb KOJIriHIH JKYMBICHIH
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MOJIeTIb/Iey OOMBIHILIA FRITBIMH 3€PTTEYIIEP JKYPri3y, Tay-KeH MaccachlH TaChIMalayAblH
TEXHOJIOTUSUIBIK CXeMallapblH TaHAayFa TepeH Kapsep napamerpiepinig ocepiH 3eprrey,
KYMBIC aiiMaFbIH 0aCKapyAblH THIM/ 9IICTEPiH ’Kacay KaKeTTiNIr TybIHIANIBL.

PecriyOnukama IMKIIK-aFBIHABIK ~ TEXHOJIOTUSIHBI  OeiliMIiey  oficTepi  MeH
KypajJlapblH 93ipiey, TepeH KapbepiepAiH KeMiK KYHEeCiH KalbINTacTblpy OOMbIHIIA
OipKaTap FBUIBIMH-TIXKIPUOEIBIK )KYMBICTAP OPBIHAAIIBL.

Tyiiinai ce3aep: xapbep, KOJiK, SHEPIrUsl CHIHBIMABUIBIFBI, €CENTEeY, ECENTeY, MPo-
Lecc, 9fic, KYK TaceiMaiiay, Oaranay, THEy, TYCipy, MaHEBp, Ke3€H, KYTYy, Tay-KeH
OHTIpY.

O.I'. XaiiuTos", JL.III. Cannosa?, C.)K. I'asiuen?, A.A. YMHp30koB!,
M. MaxkamoB!

'TamkeHTCKHUI rOCyJapCTBEHHBIN TeXHUYeCKuil yHuBepcuteT uM. Vcnama Kapumosa;
’HaBowiickoe otneneHne AkaneMun Hayk PecryOniku Y30eKucTaH;
*UuctutyT ropHoro aena uM. JI.A. Kynaesa.

B3AUMOCBS3b HIOKA3ATEJEN PABOTHI TEXHOJIOI MYECKOI'O
TPAHCIHHOPTA C TOPHOTEXHUYECKHUMH YCJIIOBUAMHU KAPBEPA

Annoranusi. B craree paccMoTpeHbl U 00OCHOBaHBI B3aHMMOCBSI3b TEXHHUYECKUX
XapaKTepUCTHK, a UMEHHO OT 'PY30M0bEMHOCTH aBTOCAMOCBAJIOB, T/I€ TPOCIIEKUBAETCS
3aKOHOMEPHBIN pOCT IITyOHHBI Kapbepa U 00bEMa ropHoii Macchl. [Ipu 3ToM 3aBUCHMOCTD
00b&Ma TOpHOW Macchl OT IPy30MOABEMHOCTH aBTOCAMOCBana ONM3Ka K JIMHEHHOM,
9TO 3HAYMT — MpPH TpHpanieHun oobéMa Ha 1 T (1M°) u3MeHeHHe TPy30HnoIbEMHOCTH
ero mnocrosHHa. OCHOBHBIMM TOKa3aTeNsIMU TPU OIEHKE CTENEHH HCIOJIb30BaHUs
aBTOCaMOCBAJIOB  SIBISIETCSI  PACCTOSHUE  TPAHCIOPTHPOBAHUS,  yUWTHIBAIOLIEE
TOPU30HTAIBHOE TIepeMeIlleHNe U MOIbeM TOpHON Macchl U3 Kapbepa. [1o pesynpraram
YCTAHOBJIEHHOM 3aBUCHUMOCTH 3KCIUIyaTallHOHHOM CKOPOCTH, a TakKKe KOJIMYecTBa
peiicoB OT MpPHUBEIEHHOIO PACCTOSHHUS TOJIyYalOT 3TAJOHHYIO MPOU3BOJUTEIHHOCTD
aBTOCaMOCBAJIOB, CJTy>Kalllast IS ONpe/ieJIeHNUs TPOU3BOAUTEIBHOCTH aBTOCaMOCBAJIOB.

Ha ceroansmnmuii 7eHb BO BCeM MHUpPE pa3InyKsl B TEXHOJIOTMUECKUX TPAHCIIOPTHBIX
cXeMax AeHCTBYIOIUMHUNIPEIIPUATHIMHI OyAyTBOCHOBHOMIIPOAOIKATh UCTIONB30BAThCS
JefcTByIOIE BHUIBI TPAHCIOPTAa C BHEAPEHHEM Ha OTAEJBHBIX y4yacTKaX Kapbepa,
[JIaBHBIM 00pa3oM, Ha TIYOMHHBIX TOPHU30HTaX, HOBBIX TPAaHCIOPTHBIX CHCTEM, BO-
BTOPBIX, UCHOJIB3YIOT OoJiee COBpeMEHHbIE. B CBSI3H € 3THM BO3HHUKAET HEOOXOAMMOCTD
B BBIMIOJTHEHUH HAYYHBIX UCCIIEOBAHUI 110 MOJCTUPOBAHUIO pabOThI OOJIBIIETPY3HOTO
aBTOMOOWJIFHOTO TPAHCIOPTa C YYETOM €ro IoKa3aTeied, HMCCIIEOBAHWE BIHMSHUS
napamMeTpoB [ITyOOKOT0 Kapbepa Ha BBIOOP TEXHOIOTUYECKHUX CXEM TPAaHCTIOPTHUPOBAHHS
TOpHOU Macchl, pa3paboTke 3PPEKTUBHBIX CIOCOOOB ynpaBieHHs padoueii 30HOH.

B pecnyOnuke BBINONHEH psAA HAy4YHO-NPAKTHUECKUX PadOT MO pazpadoTke
METOJIOB M CPEACTB aAanTalud UKIXYHO-NIOTOYHOH TEXHOJIOTHH, (HOpPMHpOBaHHE
TPAHCIIOPTHOH CHCTEMBI TIIYyOOKHX KapbepOB TEXHOJOTMYECKMMU MOAYISIMH TIPH

228



ISSN 2224-5278 1.2023

MPUMEHEHUH MOAYJABHOTO  JIPOOMIBHO-TIEPErpy304HOTO  IYHKTa, pa3paboTaHbl
HOBBIE TEXHOJIOIMYECKHE CXEMbl U TapaMeTpbl LUKIMYHO-IIOTOYHONW TEXHOJIOTHH.
[Ipon3BoaUTENBHOCT aBTOCAMOCBAJIOB B 3HAYUTENBHOW CTENEHM 3aBUCUT OT
paccTosHUS IEPEBO30K CPEAHECY TOYHOM MPOAOIKUTEIEHOCTH paboThl M K03 duirenTta
HCIOJB30BAHNA KaJleHJapHOro BpeMeHHu. llokaszarenn pa3sBUTHS TEXHOIOTMYECKOTO
AaBTOMOOWJIBHOTO TPaHCIOPTa BKIIOYAIOT CPEAHECIIMCOYHOE YMCIIO aBTOMOOMIEH (1o
MapKam), Tpy30M0AbEMHOCTh MapKa aBTOCAMOCBAJIOB U CPEIHIOI0 I'PY30HOABEMHOCTD
OJTHOTO CPEIHECIIMCOYHOI0 aBTOCaMOCBaa.

Kaxnaplii u3 3Tux mnokaszarenell ycTaHAaBIMBAeTCs MPOCTHIM CYMMHPOBAaHUEM
COOTBETCTBYIOIMX CMEHHBIX, CYTOUHBIX, MECSUYHBIX PE3yJbTAaTOB PaOOTHl HA OCHOBE
HMEIOIETOCS y4eTa padoThl aBTOMOOMIBHOTO TpaHcnopra. s 00paboTKu JaHHBIX C
HCIOJIb30BAHUEM METOJa HAUMEHBIINX KBaJIPAaTOB HCIOIb30BaHbl KOPPEISALMOHHBIN
1 PErpPEeCCUOHHBIN aHATH3BI.

KuroueBbie ci10Ba: kKapbep, TPaHCIOPT, SHEPTOEMKOCTh, PACUET, pacyeT, MpoLecca,
METOJl, aBTONEPEBO3Ka, OLEHKA, MOTpy3Ka, pa3rpy3ka, MaHEBp, MEPUOJ, OXKHUAAHUS,
rOpHBIE paOOTEHI.

Introduction. Transportation of rock very both in the initial period of development
of a quarry and as its depth grows, is one of the main most labor-intensive processes of
open mining of solid mineral deposits.

With an increase in the depth of work when using cyclic and cyclic-flow quarry
transport, the tasks of maintaining the high productivity of the quarry in terms of rock
mass, as well as maintaining the rate of decrease in mining operations, inevitably and
largely arise. In this connection, studies of the choice of effective and safe technological
schemes for transporting rock mass are aimed at determining the relationship between
the performance of several types of technological transport, intensification of mining
and stripping operations under deteriorating mining conditions in a quarry.

An intensive increase in the depth of open-pit mining required a study of the influence
of the mining conditions of open pits on the performance of technological transport. In
this case, the indicator of the depth of open pits is decisive (Naimova et al., 2022: 2432).

Modern technology and world experience in open pit mining is represented by a wide
range of machines and mechanisms. At the same time, the technical support of open
pit mines mainly aimed at the use of high-performance mechanization tools with the
maximum compliance of the operating parameters of the equipment with the natural and
mining conditions of the deposits and their rational combination during their associated
work at deep horizons, increasing unit capacity and operational reliability.

Results and Discussion. Figure 1 shows the main factors that determine the choice
of transport schemes in deep pits, which differ from those previously taken into account
in that their ability to determine, largely, the technical and economic indicators of
deep pit development, taken as the main criterion. All factors affecting the production
capacity of quarries with an increase in their depth divided into mining and geological,
mining engineering, economic.

In many works, the main mining and technical factors in the development of deep
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pits identified, which are widely used in various variations of the transport scheme
(Raupova et al., 2014: 76-85.).

1. In quarries with a depth of 150-200 m, mining dump trucks are used as the main
and assembly equipment, and when using them, the following factors must be taken
into account: the ratio of production capacities, the location of reserves relative to the
contours of the quarry, the availability of work sites in the quarry in order to create a
rock warehouse, and others.

Factors determining the choice of technological schemes for deep quarries

Mining-geological Mining and technical Economic

| _—

Decrease in mineral content
Reducing the thickness of ore bodies
Changes in the physical and mechanical
properties of rocks
Increasing the depth of work
Reduction of working space
Change of opening schemes and
development systems.

Control system for the formation of ore
masses
Decrease in labor productivity

Fig. 1. Factors determining the choice of transport schemes for deep quarries.

2. When using automobile-conveyor transport of ore in quarries, taking into account
its depth and productivity, which can be used in the initial period and after deepening
the quarry (Makhmudov et al., 2022).

3. Automobile-conveyor-rail transport, which is mostly common in foreign quarries,
with a distinctive feature of their use without intra-quarry excavator warchouses. In
turn, the rock is loaded directly from the faces into the trains located in the underground
tunnels located under the warehouse.

4. The technological scheme road transport-ore pass-crusher-conveyor is very
widespread and is used in quarries in Sweden, the USA, and Mexico.

5. Technological schemes of combined automobile-skip-railway, automobile-skip-
road transport are used in quarries with limited dimensions of 100-200 m, with a
capacity of 8-10 million tons of ore per year.

The wvariability of the mining and geological characteristics of rock deposits
significantly affects the efficiency of mining, significantly complicating the choice of
technological parameters for transport and other mining processes (Hayitov et al., 2020).

The mining and technical conditions of the operation of technological transport at
the Muruntau quarry presented in Table 1 show that in the first years of operation it was
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possible significantly increase the rate of deepening and the length of transportation by
road by 2.5 km at a lifting height of 80-100 m.

An important feature of mining engineering factors is that, unlike natural ones, they
are manageable within a certain range of change. Technological factors are characterized
by a close relationship and have common changes with the depth of development in
different quarries (Umarova et al., 2021).

Table 1
Mining and technical conditions for the operation of technological transport of the Muruntau quarry
YEAR
Index
1970 | 1975 | 1980 |1985 1990 (1995 (2000 [2005 |2010 |2015
Quarry depth, m 50 80 | 140 | 180 | 250 | 305 | 360 | 420 | 555 | 580
Distance of transportation by road, km
- in the dump 2,5 | 2,7 | 2,8 4 49 | 53 6,5 7,7 | 2,76 | 3,36
-up to DPP CPT
(without KNK-270) - - - 1,6 | 2,2 | 2,6 2,8 3 2,57 | 2,48
Career average. 25 | 2,7 | 2,8 3,5 34 39 4,5 5,7 3,33 | 3,44
Lifting height of rock mass by motor transport, m
- in the dump 15 54 65 | 127 | 145 | 195 | 240 | 280 |120,3| 146,3
-up to DPP CPT
(without KNK-270) - - - 29 34 67 70 95 37,6 | 74,9
Career average 15 54 65 110 | 107 | 119 130 165 | 141,6 | 153,3
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Fig.2. The relationship of transportation distance and lifting height with the depth of the quarry
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An intensive increase in the depth of open-pit mining required a study of the influence
of mining conditions in quarries on the performance of technological vehicles. In this
case, the indicator of the depth of open pits is decisive. The given actual indicators of
the mining conditions of the Muruntau open pit (see Table 1) made it possible to obtain
a graphical interpretation of the indicators of technological transport with the depth of
the open pit (Fig. 2).

The processing of the obtained data made it possible to obtain dependences
that indicate a constant deterioration in the mining conditions for the operation of
technological transport, accompanied by an increase in the distance of transportation
and an increase in the height of the rock mass from the lower zones of the open pit.

An analysis of the increase in the depth of open pits showed that as they develop,
the distance of transportation and the height of the rock mass rise increase. At the same
time, the situation is complicated by the fact that mineral deposits that are complex
in terms of their qualitative composition and geological structure are involved in the
development. It should be noted that the growth in ore mining and the decline in the
volume of mined rock mass led to the complication of mining conditions in the quarry.
When ore is mined from deep open pits (the open pit is more than 600 meters deep) and
the largest possible volumes of rock mass movement per year of mining, the work on
their transportation increases significantly. In these modes of operation of deep pits, the
cost of transporting rock mass is 60% or more. In this regard, additional studies were
carried out in order to identify patterns of influence on them of the volume of rock mass
extracted from the Muruntau quarry by mining and transport equipment.

The profitability of the open pit mining in its lower zones is ensured with the right
choice of mining and transport equipment, opening, as well as the stability parameters
of the open pit walls. During the development of the Muruntau quarry, several rational
innovations were implemented that were aimed at optimizing mining operations and
reducing costs: the use of cyclic-flow technology; use of dump trucks with a carrying
capacity from 27 tons to 40, 75, 130, 180, 220 tons for moving quarry cargo; with electric
excavators with buckets with a capacity of 4 to 12 m®, as well as hydraulic excavators
with a capacity of 15 to 20 m®; application of steeply inclined KNK conveyors (Norov
et al., 2018).

Using the results obtained, the parameters of a deep open pit with the technical
capabilities of dump trucks with a carrying capacity of 170-200 tons were studied and
investigated. For a more detailed study, the main parameters of the open pit were taken
into account (Table 2).

Table 2 - Estimated technical and technological parameters of the Muruntau open pit.

Parameter Meaning
Quarry demotion queues .
Pnd 3rd ath The prospect is
Indicators 1-st - - - the 5th stage until
1967-1971 1972- 1977- since 2025
Y1 1976y | 1995y | 1996 '
Absolute marks, m +345 +200 +100 -75 -
Quarry depth, m 170 300 490 575 735-1000
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Volume of rock mass, 10°m? 169 602 845 1362 1600
Productivity in terms of rock mass,
million m*/year 8,0 24,0 41,08 50 55
Side slope angle, degrees 0 15 15-38 35-40 40-45
Distance of transportation by dump
trucks, km 2,6 3.4 3,0-3,2 | 3,0-3,5 3,0-4,8
Excavator bucket capacity, m’ 4,6 8-15 12-17 12-17 20
Loading capacity of a dump truck, t 27-40 75-140 | 140-170 | 140-170 180
Maximum slope of technological
roads in the working area, % 8-10 8-10 8-10 8-10 15-20
Transport berm width, m 38 38 20 20 20

The initial data were the technical parameters of the dump truck and its movement in

different areas of the quarry in accordance with the rules and regulations.

The performed calculations (Table 2, Fig. 3, 4) made it possible to establish the
relationship between technical characteristics, namely, the load capacity of dump trucks,
where a regular increase in the depth of the quarry and the volume of rock mass can be
traced. At the same time, the dependence of the volume of the rock mass on the load
capacity of the dump truck (Fig. 4) is close to linear, which means that with an increase
in volume by 1 t (1 m3), the change in its load capacity is constant.

Fig. 3. Dependence of the volume of rock mass on the depth of the quarry
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Fig. 4. Dependence of the volume of rock mass on the load capacity of a dump truck
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It is known that the volume of the quarry, the current and average-stripping ratio
directly depend on the selected dump truck. In this regard, in order to select mining
and transport equipment for the conditions of the deposit, studies and calculations of
the volumes of extracted rock mass were carried out; dependences of the influence on
certain sections of the wall of the Muruntau quarry were established.

The increase in the volume of the open pit with a change in the carrying capacity
used when moving the rock mass by a dump truck depends on the angle of slope of the
sides of the open pit (Fig. 5).

Fig.5. Boundary of a deep pit with transport berms of different widths
‘ B2 >By

<M
V=V,

1 - quarry boundary with a narrow transport berm; 2- open pit fenders with a wide transport berm; 3 -
additionally extracted volume of rocks in the open pit with an increase in the width of the berms.

The selected angles of the working and non-working sides of the quarry must meet
the requirements for safe mining, the stability of the sides and the conditions for placing
transport communications and platforms on the sides. In this case, the slope angle of the
pit wall can be determined by the empirical formula:

H .
B = SErrorrharrmn, wge> DAl (1)

Where B, - transport berm width, m;
b - berm preservative width, m;
b, - the width of the capital trench located on board, m;
H - open pit wall height, m;
Hy - ledge height, m;
o — angle of stable slope of ledge, hail.

Since the angle of slope of the working side of the open pit significantly affects
the current stripping ratio (Fig. 6, 7) on the technical and economic performance of a
deep open pit, it will be most economical to lower mining operations by the maximum
elevation of the working side of the open pit and the minimum productivity of the
excavator-automobile complex (Sytenkov et al., 2003: 153).

The obtained dependencies show an increase in the angle of the working side of the
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open pit with an increased current stripping ratio, which can be used as the basis for
choosing heavy-duty mining equipment for deep open pit conditions.

When mining inclined and steep deposits, safety and transport berms should be
located on the non-working side of the quarry.

Fig. 6. Dependence of the current stripping ratio on the angle of the open pit-working wall
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Fig. 7. Dependence of the angle of the working side of the quarry on the performance of the
automobile-excavator complex.
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According to its intended purpose, the transport berm serves to accommodate
transport routes connecting the working platforms of ledges with capital trenches. The
type of transport used, the intensity of the rock mass traffic along it, etc determine the
width of the transport berm. A transport berm connecting several ledges is called a
connecting berm. Part of the upper platform of the ledge with a width equal to the base
of the collapse prism is called a safety berm, while equipment, transport routes, power
lines are placed outside the safety berm (Bye et al., 1999).
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A safety berm is necessary to increase stability and reduce the angle of slope of the
pit wall and to protect the located lower ledges from accidental falling of rock pieces.
The safety berm is usually at least wide enough to accommodate equipment on the berm
for loading and handling rolled rock.

Studies have established that such a factor as the overall dimensions of a dump
truck are not taken into account well, and it is this factor that determines the width
of the transport berm, which in turn affects the design of the side of a deep pit and,
accordingly, the volume of extracted rock mass.

For the conditions of the Muruntau quarry, mining dump trucks of the BELAZ brand
with a carrying capacity of 136-220t, CAT-785V with a carrying capacity of 170t are
used for transporting rock mass (Raupova et al., 2014: 76.).

In the research, a dump truck with a carrying capacity of 200 tons was considered,
since the calculation of the distance for transporting rock mass from a quarry to the
surface is carried out with a slope of roads and the number of flat sections by CAT-785V
dump trucks.

Analyzing the above, according to the results of the research it was found that the
volume of mining operations consists of two interrelated parts - volumes that ensure
current production for the unconditional fulfillment of the established gold output and
timely preparation of mining sites for subsequent periods of mining. Thus, the studies
carried out allow us to conclude that the dimensions of dump trucks and the width of
transport berms are equal, leading to an increase in the volume of the quarry (Fang et
al., 2016: 869).

Fig. 8. Dependence of the width of the transport berm on the width of a mining truck.
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Fig. 9. Dependence of the width of the transport berm on the load capacity of the dump truck
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Conclusion. On the basis of the conducted researches it was established:

1. One of the important tasks of rational, integrated and safe open pit mining is the
development and improvement of open pit transport. In solving this problem, a special
place is occupied by the study of mining technical factors and the justification of the
strategy for the formation of mining transport systems of deep open pits.

2. As the quarry develops in depth, the distance of transportation and the height of
the rock mass rise increase, therefore, while maintaining the annual production volumes,
the labor intensity of its transportation increases, which will require a change in the
scheme for transporting the rock mass at the lower horizons.

3. The operating parameters of the power plant of a mining dump truck directly
affect the performance and efficiency of the rock mass transportation process. With an
increase in the lifting height of the rock mass, the duration of the operation of the power
plant of a mining dump truck at maximum loads increases, which leads to an increase
in the specific fuel consumption, intensive wear of the parts of the main units, and as a
result, a decrease in their resource, an increase in downtime for repairs and maintenance,
a decrease in the CTG and rising costs for repairs and spare parts, etc.

4. When developing technological schemes for transporting rock mass using heavy-
duty dump trucks, it was found that in the deep part of the quarry, the introduction of
an excavator-automobile complex makes it possible to improve their work and increase
their productivity, when comparing their geometric and energy-power parameters.

Thus, the substantiation of the energy efficiency of technological processes and
transport systems of deep quarries when using dump trucks with a large carrying
capacity shows the effectiveness of the decisions made.
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