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AxkmyanbHocmb nosbIeHuUs 3hehexkmusHocmu pa3pabomku MecmopoxOeHull None3HbIX uckonaembix mpebyem npubnuxeHus Haubo-
Jlee 3KOHOMUYHO20 MazucmpasbHo20 mpaHcnopma k paboyell 30He kapbepa. [Mpu MHo203manHoU pa3pabomke CIOXHOCMPYKMYPHBIX
Mecmopox0eHull 2myboKUMU Kapbepamu ¢ OMHOCUMESbHO HebOoMbWUMU UX pasMepamu 8 niiaHe (npumepamu Cryxam 3010mopyoHble,
MedHOpyOHbIe, anma3sopydHbie Kapbepbi) Moxem bbimb yenecoobpasHbiM 06be0UHUMB (OYHKUUU BbIEMKU U MPaHCnopmupogaHus 6 00-
HoU MaluHe.

Lenb: onpedeneHue epaHUYHbIX MEXHUKO-3KOHOMUYECKUX nokasamesiell Noepy34uKkos Npu UCNOIb308aHUU 8 Ka4ecmee 8bIeMOYHO-
MpaHCNOPMHbIX MalWUuH. [paHUYHbIMU S8/ISH0MCS NOKa3amesu 3KcKagamopHO-asmoMOobUIbHO20 KOMNIIEKCa 8 UOEHMUYHBIX YCIOBUSIX.
06BbeKkmbI: COBPEMEHHbIE BbICOKONPOU3BOOUMEbHbIE NO2PY3YUKU C 8MecmumMocmbio koswa 10-40 M3 npu epyzonodbemHocmu pabo-
ye2o obopydosaHusi 20-72 m u mowHocmbto dgueamens om 521 do 1715 kBm, aKkckasamopHo-aemoMobUrbHbIl Komnieke Ha base
3MIEeKMPOMEXaHUYECKUX SKCKasamopoe-Mexiionam ¢ eMecmumocmeio koswa 12 m3 u asmocamocsanos benA3-7513 epy3onodbemHo-
cmbio 136 m.

Memodbi. Pacuyémbl MeXHUKO-3KOHOMUYECKUX nokasamesnel bInoHEHbl N0 U38ECMHBIM MemodukaM, OnucaHHbIM 8 Hay4yHO-
mexHuyeckol numepamype, Ong MawuH YUKuyeckoeo delicmeusi U hpoHmMasibHbIX ho2py3yukos. Ycrnosus pabomsi 0bopydogaHus,
npuHAMbIe npu pacyémax, Haxo0simcs 8 Ouana3oHe payuoHasbHbIX Onls 3KCKagamopHO-aemoMobUTbHO20 KOMNIIEKCa, Ymo no3eonsem
MaKcuMarnsHo 3¢hehekmuUBHO CpasHUMb UX C (hPOHMAITbHBIMU NO2PY34UKaMU.

Pesynbmambi. O606weHbI pacyemHbie daHHbIe 0 npou3godumensHocmu, cebecmouMocmu 8bIeMOYHO-00cmagoyHbIX pabom noepys-
Yukamu 8 3asucumocmu om dabHOCMU MPaHCNOPMUPOBaHUS, 8bICOMbI NOObeMa, 200080l NPOU38OOUMENLHOCMU NO 20pHOL Macce ¢
y4emom munopasmepa noepy34ukos (BMecmuMoCmu Kowa). BbisgneHb! epaHuYHble napamempbi NPednoYmumenbHbIX ycrosuli npu-
MEHEHUSI N02Py34UKO8 8 Ka4ecmee 8bIEMOYHO-MPAHCNOPMHBIX MaWUH 8 CPaBHEHUU C 3KCKasamopHO-aemoMobUsbHbIMU KOMNIEKCaMU.
CdenaH 8b1800 0 UyenecoobpasHocmu npodomxeHusi uccnedogaHull no 060CHOBaHUK Nnapamempos CneyuanbHbIX B8bIEMOYHO-
MPaHCNOPMHbIX MaLUH.

Knioueenie cnoea:
C60poyHbILi KapbepHb Il mpaHcnopm, hpOHMaIbHbIL N02PY3YUK, 8bIEMOYHO-MPAHCNOPMHAs MaWUHa,
MeXHUKO-3KOHOMUYECKUE NOKa3amesIu, SKCKagamopHO-a8MmoMoBUITbHBIL KOMNITEKC.

BBeaeHune

HeobxoauMocTh moBbIIEHAS 3((EKTHBHOCTH pa3pa-
OOTKH MECTOPOJKICHHH TONE3HBIX MCKOMAEMBIX Tpebyer
NpUOTMKEHUST TapaMeTPOB TPAHCTIOPTAa K 3HAYCHHUSAM,
00ecrevnBaOMM MUHUMANBHBIA YPOBEHb 3aTpaT Ha
BCEM XKU3HEHHOM IuKie [ 1, 2].

PazButie MHHOBAIMOHHKIX penieHui [3] MO3BOMHT J0-
CTHYb OoJiee BBICOKOH 3((EKTHBHOCTH TPH MAarMCTpaiib-
HOM TpaHCMOPTHPOBAHUM TOPHOM Macchl. B koHedHOM
UTOTE 3TH TPEOOBAHUS CBOIATCSA K MAKCUMAILHOMY TPH-
OMDKEHUI0 MaTMCTPATLHOTO 3B€HA TPAHCIIOPTHOW CHCTe-
MBI K paboueil 30He, YTO COKpAlIaeT IIe4Y0 OTKATKM I
cOopouHoTo 3BeHa TpaHcmopra. COOpodHOE XKe 3BEHO ce-
TOJIHS TIPAKTHYECKU Oe3anbTepHATHBHO (HOpPMHUpYETCs Ha
0a3e aBTOMOOHMIBHOTO TPAHCIOPTA, KOTOPBIN XapakTepH-
3yeTCs BBICOKUMHU 3KCIUTYaTallMOHHBIMU 3aTpaTaMH.

VuuThiBas BBILIECKA3aHHOE, B YCIOBUAX CTECHEHHOM
paboueit 30HBI IpH 0TPaOOTKE I'TyOMHHON YacTH Kapbepa
BO3HMKAET HEOOXOIMMOCTh COBMELICHHS (YHKIMII BBIC-
MOYHO-TIOTPY304HOTO M TPAHCIOPTHOTO 000pyIOBaHHS B
OJTHOM KOMIUIeKce. Takol KOMILIEKC MOKET OBITh pealtu-
30BaH Ha 0a3e CIeLHATbHBIX BBIEMOYHO-TPAHCIIOPTHBIX
maunH (BTM), ciocoOHBIX OCYIIECTBIATh KaK BBIEMKY
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TOPHOM Macchl B 3a00€, TaK M €€ TPAHCIIOPTUPOBAHIE HA
paccTosHue 10 2—3 KM.

CpaBHeHHe TexHoJornyeckux ocobeHnocteir BTM u
9KCKaBAaTOPHO-aBTOMOOHIEHOTO KoMivtekca (DAK) mpu-
BEIEHO B Ta0IULIE.

BTM BBuny obwenuHenns QyHkimid OyAyT mo mpen-
BapUTENbHBIM OIEHKAM HMMETh 3HAYUTENBHYI0 Maccy, a
3HAYMT, W OOJBIINKA KOI(D(HUIHMEHT Tapsl B CPAaBHEHUHU C
KapbepHBIMH aBTOCAMOCBAJIaMH, YTO OrPaHMYMBAET KO-
HoMuueckH Y QekTuBHOE paccTosHue. [loaToMy naHHBIE
MalIMHbl JIOJDKHBI MCTIONB30BaThCS B KauecTBe cOOpOY-
HOTO 3B€HA C TIOCIEAYIONIEH Ieperpy3Kkoil B MarucTpaib-
HBIIl TPAaHCIOPT, HAMPUMEP: CTALMOHAPHBIN MOABEMHUK
[3], aBTomoe3n, paboTaONIMKA HA JOCTABKE MO TOHHEb-
HBIM che3iaM [4] u T. 1.

Pa3pabotka xomMmoHoBouHBIX pemernii BTM u mpo-
THO3MPOBAHHE WX TEXHUKO-3KOHOMUYECKHX MOKa3aTeNer
IS OLEHKH 00J1aCTH MPUMEHEHUS SIBIAETCA TPYI0EMKON
3agaveil. [losToMy Ha NpeABAPUTENBHOM 3Tale BaKHO
BBHITIONHUTD YKPYITHEHHYIO OLIEHKY BO3MOKHOTO 3 deKTa
OT MPUMEHEHHS TaKOTO TUIIA MAIIMH B CPABHEHHH C Tpa-
JULMOHHON TeXHoJoruel, Oasupylomencs Ha >KCKaBa-
TOPHO-aBTOMOOMIIBHBIX KoMIuiekcax (DAK).
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Taonuya. Cpasenenue

MEXHON02UYEeCKUxX

ocobennocmeti

asmomMoOUIbHO20 KOMNJIEKCA

Table.
complex

BblEMOYHO-MPAHCNOPMHbIX

MAWUR U IKCKABAMOPHO-

Comparison of technological features of excavation and transport machines and excavator and automobile

CBoiicTBO, (hakTop
Property, factor

BrleMo4yHO-TpaHCIIOpTHAS MalllMHA
(IpOTOTHI — (PPOHTANBHBIN MOTPY3UHK)
Excavation and transportation machine
(prototype — front loader)

DKCKaBaTOPHO-aBTOMOOMIIbHBINA KOMILIEKC
Excavator-automobile complex

HOJ’IHBIC 3aTpaThbl
Total costs

Hiwke, uem Ha DAK, npu HEOONIBIINX paccTos-
HHSIX B CBSI3H C:

1) oTcyTCTBHEM HEOOXOIMMOCTH POBOAUTH Ka-
OenpHyI0 HHPPACTPYKTYPY;

2) OTCYTCTBHMEM JJOPOTOCTOSIIEr0 SKCKAaBaTOPa
Lower than for EAC on small distances due to
the absence of:

1) need to provide cable infrastructure;

2) expensive excavator.

Hwxe, uem Ha BTM, npu HOMUHAJIBHOW IIPOU3BOIM-
TCJIIBHOCTHU B CBA3U:

1) BBICOKO# eIMHUYHON NPOU3BOJUTEIBHOCTHIO Ma-
IIWH;

2) onTEMaIbHBIM KOO((PUIIMEHTOM Tapbl aBTOCAMOCBA-
JIOB U TATOBO-AMHAMUYCCKUX XapaKTEPUCTUK I
TPaHCIOPTUPOBAHMS.

Lower than for ETM with nominal productivity due to:
1) high unit productivity of machines;

2) optimal coefficient of dump truck containers and
traction-dynamic characteristics for transportation

BaBI/ICI/IMOCTB y):[em,Hoﬁ ce-
6ecronmocti (p./T, p./Mm>) oT
00bemMa BBIEMKH
Dependence of the unit cost
(rubtt, rub/m®) on the vol-
ume of excavation

Bericokast: ipu 3HaUMTENBbHBIX 00beMax cebecTo-
HUMOCTB CYIISCTBECHHO BO3PAaCTa€T B CBS3U C IIPO-
TIOPpHOUOHAJIBHBIM POCTOM KOJIMYECTBA MAallllH,
OIepaToOpPOB, rAPaXKHO-PEMOHTHOT'0 X03sIHCTBa
High: with significant volumes the cost increases
significantly due to the proportional increase in
the number of machines, operators, garage repair
facilities

Bospacraer npu najgeHuu o0beMOB B CBA3U C HEPOU3-
BOJIMTCJIBHBIM HCIIOJIb30BAHUEM 060pyL[OBaHI/I$I u
YMEHBIIAETCS C BBIXOIOM Ha PACYETHYIO IIPOU3BOIH-
TCIbHOCTH

Increases at volume reduction due to unproductive use
of equipment and decreases with the output volume of
the calculated productivity

Hp0H3BOZ[PITeJIBHOCTB
Efficiency

OrpaHuyeHa B CBSI3H C:

1) coBmerenreM (QYHKIMN B OTHOH MaIlIMHE 1
CJIO’)KHOCTBIO BapbUPOBaTh TEXHUIECKUE I1apa-

METPBI IO U3MCHAIOLIUECST TOPHOTEXHUYECKUEC
YCIIOBHS;

2) HEBBICOKOM CKOPOCTBIO JBHIKCHHSI.

Limited due to:

1) combination of functions in one machine and
the difficulty of varying their technical parame-
ters for changing mining conditions;

2) restricted travelling speed.

1) ObecnieunBaeTcst ONTUMYM TEXHHIECKOH IIPOU3BO-
JUTENFHOCTH KOMIUTEKCA 32 CUeT pa3eNeH s QyHKIHI
OKCKaBalliu U TPaHCIIOPTHUPOBAHMUS.

2) Mo>xHO pa3zfenbHO ogo0paTh paluoHaiIbHELe 10
TEXHOJIOTUYCCKUM ITapaMETpaM U IMPOU3BOAUTEIBHOCTH
MaIlIuHBbI.

1) Optimum technical performance of the complex is
ensured by separating the functions of excavation and
transportation.

2) It is possible to select machines separately, rational
in terms of technological parameters and machine per-
formance.

OI‘paHH‘IeHI/IH T10 KOHCTPYK-
TUBHBIM OCOOEHHOCTSIM
Limitations on design fea-
tures

1) Beicokwuit ko3(hpUIIIEHT TaphI B CBA3M C KOH-
CTPYKTHBHBIM COBMeIIeHHEM (DYHKIHI BHIEMOY-
HOH M TPAHCIIOPTHON MalInH.

2) OrpanndeHHas CKOPOCTb B CBSI3M C HEOOXO-
JTIUMOCTBIO SKOHOMHYHOW pabOThI B PEXKUME BBI-
eMKHM 13 320051 npu 3HAYUTEILHOM CUJIE TATH
(160 HeoOxommMocTs yeraHoBkH KITII, aro
YBEIMYHUBACT KOIPPUIIMEHT Tapbl U CTOMMOCTb)
1) High payload ratio due to the constructive
combination of the functions of the dredging and
transport machines.

2) Limited speed due to the need for economical
operation in the dredging mode with a significant
thrust force (or the need to install a gearbox,
which increases the payload ratio and costs).

Huskas cKopoCTh MmepeMeleH st IKCKaBaTopa
Low speed of excavator movement

BezonacHoctb
Safety

BI;ILHe, HUEeM JIs1 SKCKaBaTOPOB, B CBA3H C OTCYT-
CTBHEM MOCTOSHHO HAXOAAIIUXCA MAIlIAH B 3a-
60€, BEICOKOM JMHAMHUKOW MaIIIHH, HX CIIOCOOHO-
CTBIO OIIEPATHBHO BBIITH U3 OIACHOM 30HBI
Higher due to the absence of permanently located
machines in the face, high dynamics of machines,
and the ability to quickly get out of the danger
zone

Huzkas TIpA BEICHUU BBIECMKU B 3a005X B OMACHBIX
YCIIOBHSIX (30HBI C HU3KOH YCTOWYHMBOCTBIO, (POPMHUPO-
BaHHE COBMCIICHHBIX YCTYIIOB B CTCCHEHHBIX YCJIOBUSAX
u 71p.)

Low when excavating in the faces with dangerous con-
ditions (zones of low stability, formation of combined
ledges in confined spaces, etc.)

Texuonornyeckas FI/IGKOCTB
TIpH MHOT03a001HOI cenek-
THUBHOM BBIEMKE
Technological flexibility in
multi-face selective excava-
tion

Bricokas aJalITUBHOCTH B CBA3U C BO3MOXXHO-
cThio TpuOBITHS BTM B nr000#i 3a00i1 B KaXkabIid
u3 peiicoB. BO3MOXKHOCTB CENIEKTUBHON BBIEMKH,
B TOM 4HCJIC B IpEACIaX KaxXA0ro 3a60ﬂ, BKITIO-
yast 0TpaboTKa MPOITACTKOB, NPUKOHTYPHOH 30-
HBI

High adaptability due to the possibility of arrival
of ETM in any face in each of the hauls. Possibil-
ity of selective excavation, including within each
face, embracing the development of interlayers
and of the contour zone

Huskas B cBs3M ¢ AIMTENBHOCTBIO ONEPALIUI TIEPEroHa,
HEOOXOIMMOCTBIO JIEP>KaTh COOTBETCTBYIOIIEE KOJIHYe-
CTBO 3KCKaBaTOPOB B paboueii 30He MpU HEOOXOIUMO-
cru mmxToBKU. CelekTHBHAs BhlEMKa OoJiee Kaue-
CTBEHHO OCYILICCTBJIACTCA TUAPABINYCCKMMU JKCKaBa-
TOpaM#

Low adaptability due to the duration of the ferrying
operations, the need to keep an appropriate number of
excavators in the working area if blending is necessary.
Selective excavation is carried out more efficiently by
hydraulic excavators
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DyHnaMeHTATBHBIE TPY/IBI O TEXHOJOTHIL, SKOHOMH-
qeckoi dQGEKTHBHOCTH W 00JacTH TpUMEHEHHs (pOH-
TaNBHBIX KONECHBIX MOrpy3unkoB BoimomHens K.H. Tpy-
Oenkum [5]. B wacTu uCmonb30BaHMA MOTPY3UMKOB C
BMECTHMOCTBIO KOBIIA 10 10 M° B KauecTBe BHIGMOUHO-
JOCTaBOYHBIX MAIIMH YCTAHOBIIECHBI YCIOBHI HX () dek-
THBHOTO HPUMEHEHHS B CPAaBHEHHH C HKCKABATOPHO-
aBTOMOOMIBEHBIMY KOMIUTEKCAMH, XapaKTepu3yeMble Ciie-
AYIOIMMH TapaMeTpaMu:
®  JanbHOCTH TPAHCIOPTUPOBAHUS B 3aBUCUMOCTH OT TH-

Ta U KauecTBa JOPOKHOro Mokpbitus 10 800-1500 M;
®  T0J0BOIT 00BEM TEPEBO30K 10 3 MITH T.

VuuTeiBas 3HAUMTENBHOE pPa3BUTUE KOHCTPYKIMI
(pOHTATBHBIX MOTPY3YHKOB 3a TOCIEHHHE TPH JECATH-
JeTus, B YaCTHOCTH MIOCTAHOBKY HA CEpUitHOE IPOU3BOJ-
CTBO TOTPY34HKOB ¢ KoBmamu 2040 W yKa3aHHbIE
JaHHBIE TPeOYIOT aKTyaln3alii U PACIIHPEHHS OXBATHI-
BAEMOTO TUMIOPA3MEPHOTO pAza.

JlaHHBIE COBpEMEHHBIX HccienoBanuii [6—17] moxa-
3BIBAIOT, YTO MOTPY3YMKH TO3BONSIOT 00ECHEUUTh IIpe-
MMYIIECTBA Tepe]l 3KCKaBaTOpaMH B psJe CIydaes: IpH
OTPaHMYEHHOW MPOM3BOACTBEHHOW MPOTPAMME, BBICOKHX
TpeOOBAHMAX K CEICKTUBHOCTH BHIEMKH, CIIEIA(IICCKIX
YCIOBHSIX BEIEHHS BHIEMOYHBIX PaboT, TpeOYIONIMX BEI-
COKOH MOOWIBHOCTH. XOTSA 4Yalle BCEr0 NOTPY3YHKH
NIPUMEHSIOTCS Ha PYIHBIX CKIajax My MOTpy3KH TpaHc-
TIOPTa WK BEIEMKH U3 1ITabeneil 1 3arpy3Ku B IPHEMHEIE
Oynkepsl JJO® pynel. bonbimoi o0beM COBpEMEHHBIX
pabort [8, 11, 13, 14], mybiuxyemsIX B e4aTH, OPUEHTH-
POBaH Ha COBEPIICHCTBOBAHHE KOHCTPYKLMI NOTpy3du-
KOB, O00ECIEUMBAIOIIMX HKOHOMHYHOCT, INPOU3BOJIU-
TENBHOCTD, HAJIC)KHOCTh M JONTOBEYHOCTD, a TAKXKE aB-
TOMATH3aIMI0 C BBIXOJOM HA MOJNHYK aBTOHOMHOCTH
(poboTu3anmio). ITO CO3AaeT OCHOBBI AN AATbHEHIIEro

TpaHcnopTuposka

EBP 3KkckaBaLmA

YIyUIICHAS TEXHUKO-DKOHOMUYECKHX IIOKa3aTeel mo-
TPY34HKOB.

Takum 00pa3zoM, UMEIONIHECS B HAYYHO-TEXHMUECKON
JUTEepaType JaHHbIe He MO3BOJIAIOT OJHO3HAYHO OMpese-
JUTh LenecoobpazHocth nmpumeneHus BTM, yuuTbiBas
000pynoBaHe WX KOBIIAMH WM TPY30BBIMH ILIAT(Op-
Mamn Gombioii BMectumoct 40-60 M°. Dto Tpedyer
TPOBE/ICHIS CHIEIHATBHEIX PACIETOB.

MeTtoabl uccnegoBaHus

JUnst olieHKH ObLTH BBIMOMHEHb! TEXHUKO-DKOHOMIYECKHE
pacueTbl, B KOTOPHIX B KaueCTBE MPOTOTHNA BHIOPAHbI
COBPEMCHHBIC KPYIMHOTOHHAKHBIE IIOTPY3UHKH C BMeE-
cTUMOCTbI0 KoBma 10-40 M TPH TPY30MOBEMHOCTH pa-
6ouero obopymosanus 20-72 1 (puc. 1).

[Tpou3BOAUTENEHOCTh MOTPY3YHKOB PACCUUTHIBANIACH
UCXO[ M3 BPEMEHH Ha ONEpaldy HATONHEHWS KOBIIA,
PasTPY3KH, ONPENENEHHOTO MO JAHHBIM XPOHOMETpPaiK-
HBIX HAOIIOICHNH, a TAKXKe BPEMEHHU JBIDKEHIS, Paccy-
TaHHOTO MCXOJAS W3 TATOBO-AMHAMUYECKOH XapakTepu-
CTHKH KaXJI0T0 KOHKPETHOTO MOTPY34HrKa.

DKOHOMHYECKHE pacyeThl BBIMONIHEHBI B 1ieHax 2020 r.
Metoxnka pacdyera n 6a30BBIE 3aKOHOMEPHOCTH TpPHBE-
JeHbl B padotax [18, 19]. B xavecTBe 6a30BOro Bapuanra
npunsT DAK, cocTosimuil U3 3IeKTpOMEXaHHYECKUX dKC-
KaBaTOPOB-MEXJIONAT C BMECTUMOCTBIO KOBIIA 12 M
aBTocamocBaiioB benA3-7513 rpysomoxbeMHocTh0 136
T. OKCIUTyaTallMOHHBIE TOKA3aTeNl pabOTH KaphepHBIX
aBTOCAMOCBAJIOB OTPEICISIIICH HA OCHOBE KOMITHIOTED-
HOTO MOJIENHPOBaHUs. PacueTsl Mo BceM BapHaHTaM BBI-
TIOJIHEHBI /IS PYAHBIX KapbepoB, pa3pabaThiBaeMbIX IO
yrnyOouHO# cucteMe. HachilHAas TIUIOTHOCTh TOPHON
Macchl TOCNE B3pPBIBAHUS TpUHATA 2-2,2 1/M°. Bolemka
BANOBAs.

Pazrpyska B 6yHkep

Puc. 1. Texnonocuueckas cxema pa6ombl B8bIEMOYUHO-00CNABOYHO20 KOMNAEKCA Ha base qbponmaﬂbelx KOJIECHbIX NOCPY3UUKO6
Fig. 1. Technological scheme of the work of the removal and delivery complex based on front wheel loaders

Pe3yanaTb| U UX aHanus

ITepBuyHBIA aHAIM3 NOCTPOCH HA YCTAHOBICHUU 3a-
KOHOMEPHOCTEH TEXHHKO-DKOHOMMUYECKUX IIOKa3aTenei
(pOHTATBHBIX MOTPY3UMKOB, HCIOTB3YEMBIX B pEKUME
BTM 0T OCHOBHBIX TOPHOTEXHMYECKHX (PAKTOPOB: pac-
CTOSIHHSI TPAHCHIOPTUPOBAHUS, BBICOTHI MObEMA, 00BbEMA
nepemelaeMoil ropHoil maccel. Ha puc. 2 npuseneHsl
3aBUCUMOCTH TEXHMYECKON IPOU3BOAUTENBHOCTH I10-
IPY34HKOB C pa3HOIl BMECTHMOCTBIO KOBIIa. BunHo, uro
C POCTOM PAacCTOSHMSA IPOU3BOAUTENBHOCT CYLIECTBEH-
HO TajaeT (HampuMmep, B JuUana3oHe paccTosHuit ot 0,5
10 1 kM B 2 paza), 4To 00BsACHAETCS OTPaHMYCHHOH MaK-
CUMAIBHOM TEXHHUYECKOH CKOPOCTBIO JABMKEHUA. Bims-
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HHE BBICOTHI IO{bEMa HE CTOJb CYMIECTBEHHO BBHY 3Ha-
YUTETbHON yENbHOM MOIHOCTH.

CebecToMMOCTh (DYHKIMOHHPOBAHHS [IOTPY3UMKOB pa3-
JIMYHOTO TUHopasMepa B peskume BTM, npusenenHas k 1 T
TOPHOM Macchl, IpeJicTaBiIeHa Ha pyc. 3. BunHo, uto 3arpa-
Thl PACTYT MPONOPLMOHATBHO PACCTOSHUIO U BHICOTE MO~
€Ma, TIPH 3TOM B 00MACTH HanoJee BEPOSTHOTO SKOHOMI-
YeCKOr0 MPEUMYIIECTBA TOTPY3UMKOB TIPH HAIbHOCTH
TpaHcropTipoBanus 0,5-2 KM ceOECTOMMOCTD COCTaBISET
20-75 p./t. [Tpr MaIbIX PACCTOSHUSAX U 3HAYUTEILHON BbI-
COTE MOIbEMA, COOTHOIICHUE KOTOPBIX OMpPEAEIAETCS Cpef-
HEB3BEMICHHBIM YKIIOHOM TPacchl TpaHcropTipoBanus 7-9 %
(yxi10H cbe3m0B 10 12 %), cebecTOMMOCTb Pe3KO BO3PACTAET,
YTO OTPaXKEHO Ha TpaduKax prc. 3 BO3PACTAIONIEH KPHBOH.
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Nn00beMa u OALbHOCHU MPAHCROPIMUPOBAHUS

Fig. 2. Hourly productivity of loaders of different capacity
in the mode of excavation and transportation ma-
chines, depending on the lifting height and the dis-
tance of transportation
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Fig. 3. Dependence of operating costs for the work of loaders on the conditions of transportation

Bropas 4acTe HccneoBaHusA MOCTPOSHA HA COMOCTAB-
neHuu 3atpar no BapuantaM «DAK» u «llorpysumkmy.
CebecronMocTh 9KCKaBariy s Bapuanta «9AK» mpu-
HUManach 48 p./MS. W3 puc. 4 BUHO, YTO CYIIECTBYET 00-
JacTh, Ie 3aTpaThl HA MOTPY3YMKU Huke, yeM Ha DAK.
Omna xapakTepu3yeTcsi paccTOSHHEM TPAHCIOPTHPOBAHUS
10 1,0-1,3 kM u BeIcOTO# NOBEMA He Oosee 60-65 M B 3a-
BHCHMOCTH CONYTCTBYIOMHMX (hakTopoB. [lo pesympraram
pacyeToB OTMEUEHO, YTO C POCTOM BBICOTHI NMOABEMA 3a-

TpaThl 10 BapHaHTy NMPUMEHEHUS NOTPY3UMKOB PAcTyT B
cpasrennn ¢ DAK, a aexTrBHOE paccTOsHIE YMEHbIIA-
ercs. [Ipu BeicoTax Gone 70-80 M He HabmoxaeTcs mepe-
ceueHus ¢ kpuBoi 3atpat DAK, To ecTh TpaHCIOPTHPOBA-
HHE TIOTPY3YMKaMH IpH JI000M PAcCTOSHUM 3aTpaTHee
(puc. 4, 6). 310 0OBACHACTCS CYHIECTBEHHBIM POCTOM 3a-
TpaT Ha FOPHOYE-CMA30UHBIE MAaTEpUalbl BBUAY PabOThI
SHEPrOCHIIOBOH YCTAaHOBKM B CUJIBHO HAarpy:KEHHOM pe-
KMME B YCIIOBHSIX MOBBILICHHBIX YKIOHOB.
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Puc. 4. Conocmasnenue cymmapHoix 3ampanm Ha 6bleMKy U MPAHCROPpMuUposarue 20pHoll maccwl 3a 10 nem sxenayamayuu
no eapuanmam «AK» u «lloepyzuuxuy emecmumocmoio koguwa 40 M npu npousgooumenvrocmu 10 man m/200 (ka-
numanbHele + IKCNIYAmayuoHHbvle 3ampamul 6e3 OUCKOHMUPOSanUs) npu vicome noovema: a) 0 m; 6) 90 m

Fig. 4. Comparison of the total costs of excavation and transportation of rock mass for 10 years of operation according to
the variants «kEAC» (excavator and automobile complex) and «Loadersy with a bucket capacity of 40 m® at a produc-
tivity of 10 million tons/year (capital + operating costs without discounting) at a lifting height of: a) 0 m; b) 90 m

CienoBaTenbHo:

® [pH co3faHuu creruanusupoaHHbx BTM Heobxonu-
MO 00€CTIeYNTh SKOHOMHUYHBIN PEXUM PaboThI HE TOMb-
KO Ha MaJIbIX, HO ¥ Ha CTAHAAPTHBIX JUTS TPAHCTIOPTHBIX
CHE30B YKIIOHAX MPH JTATEIHHOM JBIKCHUN;

o npumeHenre BTM parroHaTbHO B OrpaHAYEHHOH pabo-
Yell 30He B Tpezienax 2—4 TOpM30HTOB IO BBICOTE C TIO-
CIEIYIOLIEH TIEPErPy3KOM B MArMCTPATbHBIHN TPAHCTIOPT.
O6paboTka pe3yJIbTaToOB pacyeToB 1 0000IIEHHE TOUEK

TIEPECEYEHNs TI0 COBOKYIHOCTH IPahuKOB, aHATOTUIHBIX

puc. 4, I MHOXECTBA BEICOT IIOJBEMA, HANBHOCTH

TPaHCIOPTHPOBAHKS U NEPHO/IA OLEHKU TO3BOJIIIO 0TOO-

pasuTh Tpaduuecku 00IaCTh TEXHHKO-3KOHOMUYECKOTO

NPENMYIIECTBA MOTPY3YNKOB, SKCIUIyaTHPYEMBIX B Kaue-

CTBE BBICMOYHO-IOCTABOYHBIX MAIINH, B CPABHEHHH C

DAK (puc. 5). Cepxy o0nacTb OrpaHmueHa TSATOBO-

JMHAMIYECKIMH XapaKTEePUCTUKAMU U OTpesieNsercs mpe-

JeNbHBIM YKJIOHOM, TPU KOTOPOM MOTPY3UMK CMOCOOCH

aBurathes ¢ paboueil ckopocThio (He Hike 8—10 km/u) ¢

TpPUEMIIEMBIM ~ KOO(D(UIIMEHTOM —TMOJE3HOTO  JEHCTBHS

TPAHCMHUCCHH, KOTOPEIH CYIIECTBEHHO MAJaeT MpH 3HAUH-

TEIBHOM CHIIe TATU Ha Kojecax. PacyeraMu ycTaHOBIIEHO,

70
60 >
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s 50 TATOBO-AMHAMUYECKUM .~ ~
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YTO CPEHEB3BEIIECHHBIH YKJIOH LENeco00pa3Ho OrpaHu-
YUTh Ha YpoBHE § %, UTO COOTBETCTBYET PYKOBOASIIEMY
YKIIOHY OTAeNbHBIX cbe3ioB 10-11 %. OtMeTum, uTo psn
TIOTPY3YHKOB 110 CBOMM XapaKTEPICTUKAM CIOCOOHBI Ipe-
0JI0JIEBATh OOMBIIAI YKIOH, OJHAKO B 9TOM CIIydae CIIeIy-
€T paccMaTpUBaTh CHCHHUATBHBIC CXEMbI HX PalOThl M
CPaBHUBATH C COOTBETCTBYIOIIMMHU 0a30BHIMU BapUAHTAMH
TEXHOJNIOTUIECKIX KOMILICKCOB MAIMH (HAampuMep, JKCKa-
BATOPHI ¥ TIOTHONPHBOAHBIE THEBMOKOJIECHBIE IO TyCe-
HUYHBIC CaMOCBAJIbI, CMOCOOHBIC YCTOWUMBO paboOTaTh Ha
chesfax ¢ ykinoHamu 10 25 % u 6onee [20]).

V4uTBIBasL, 9TO C POCTOM PACCTOSHHMS 3aTPaThl Ha pa-
00Ty TOTPY3YMKOB CYIIECTBEHHO pAacTyT, IpeneibHOE
PACCTOSHHE OTPAHMYMBACTCS YPOBHEM 3aTpaT M COOTBET-
CTBYET KPUBOH PaBEHCTBA 3aTpaT MEXIy BapHaHTAMU
norpy3unkoB 1 DAK. OTMeTHMm, 4TO MEpHOJA OLECHKH
OKa3bIBaeT HEKOTOPOE BIMAHKE HA TPAHMILY [0 PACCTOS-
HUIO TPAHCIIOPTHPOBAHMS, YTO CBS3aHO C PA3HBIM YpOB-
HEM pPacxofioB Ha OOHOBICHHE MapKa MAIIHH (C OXHOM
CTOPOHBI TIOTPY3UHUKH, C JPYTOil CTOPOHBI — IKCKABATOPEI
M aBTOCAMOCBAJTbI) U PA3HBIMH CPOKAMHU CITYKObI, HO
KapJIMHAJIbHO KapTHHY HE MEHSET.

OrpaqueHme no 3aTpaTtam B

—@— [lepuos
oueHkn 10 net

—@— [epuos
oueHkn 30 net

= = = [paHuua no
YKNOHY 8%

1 1,2 1,4

PacctoaHune TPAHCNOPTUPOBAHUNA, KM

Puc. 5. Obracmo 3¢pghexmusno2o npumenenuss nozpy34uKos ¢ emecmumocmoio kosuia 40 M npu epyzonodvemHocmu 72 m 8

Kavecmee noepys'otmo-docma@a%btx MAaAUH

Fig. 5. Area of effective use of loaders with a bucket capacity of 40 m® with a load capacity of 72 tons as loading and deliv-

ery machines
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3ameTHoe BiMsAHME Ha npeumymiectBo BTM mo Tex-
HIKO-?KOHOMHYECKHM TI0KA3aTeNsIM OKa3bIBAeT ceOecTo-
umMocThb dkckaBaui JAK. OHa B cBOIO ouepesh 3aBUCHT
0T (akTopoB, ompenensomux 3QQekTuBHYI0 pabdoTy
OAK, mpexie Bcero: roqoBoii Mpou3BOAUTENBHOCTH, pa-
[IMOHANBHOTO THIIOpa3Mepa 9KCKaBaTOPOB IPHMEHHUTEINb-
HO K TOPHOTE€XHUYECKUM YCIOBHSAM.

Ha puc. 6 mokazana pasHHIla pacyeTHBIX 3aTpaT Ha
BbIEMKY M TPaHCIIOPTUPOBAHME [0 IEPErpy3Ku Ha Maru-
CTpPalIbHBII TPaHCHOPT MexkAy mnorpy3unkamu U JAK.
Pacuer BbIMONHEH A1 oObeMa mepeBo3ok 5-10 muH

PasHuua
NOJHbIX
3aTpar,
MJIH p.
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PacctoAanune 3KCKaBaLmm
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T/rof. PaccmarpuBaeTcst pa3Hbli ypOBEHb CeOECTOMMO-
CTH 9KCKABAIlWH, YTO TMO3BOJSET y9IECTh BAPHAHTHI TPH-
MEHSEMBIX IKCKABATOPOB (3EKTPOMEXAHUIECKHE, TH-
PaBJIMYECKHE, PA3HOH BMECTHMOCTH KOBIIA), @ TAKXKE pe-
THOH (KaK TPaBUIIO, T YIAICHHBIX PailOHOB C HEpa3BH-
TON MHPPACTPYKTYPOH, a TaKKE MECTOPOMKJICHUH, 0Tpa-
0aTBIBAEMBIX B CEBEPHBIX YCIOBHUSX, CEOSCTOMMOCTD BbI-
coka). BumHo, 4To M3MEeHEHHe ce0eCTOMMOCTH JKCKaBa-
mau DAK ot 40 1o 100 p./M3 (B 2,5 paza) obecreunBaet
poct AD(EKTUBHOA JTANTBHOCTH TPAHCIIOPTHPOBAHHUS
BTM ¢ 0,6 oo 2,15 k™ (B 3,5 paza).
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Puc. 6. Cokpauyenue cymmapnyix 3ampam npu npuMeHeHuu nospysuuKkos ¢ emecmumocmoio koguia 40 m° 6 cpasnenuu c
DAK 3a 10 nem npu paszmuunoti cebecmoumocmu sxckasayuu IAK, evlcome nodvema npu mpancnopmupo8anuu
30 m: a) pasnuya 3ampam medxncoy eapuanmamu «llocpyszuuxuy u «DAKy»; 6) epanuya 3¢pgpexmuenoco npumenenus

noepy3uuKos

Fig. 6. Reduction of total costs when using loaders with a bucket capacity of 40 m* in comparison with EAC for 10 years at
different cost of EAC excavation, lifting height of 30 m while transportation: a) difference in costs between the vari-
ants «Loadersy» and «EAC»; b) boundary of the effective use of loaders

O0paboTka pe3yIbTaTOB PacueToB MO3BOJIIIA OTpe-
JICTIATh TPAHUIY 00IacTH 0ojiee SKOHOMHYHOTO MpHMeE-
HEHHS KOMILIEKCA TIOrPY3YHKOB ¢ BMECTHMOCTBIO KOBIIIA
40 M (puc. 6, 6). OCHOBHOI KPHBOI C MapKepaMH TOUEK
0003HaYeHa pacdyeTHas TPAaHHIA, 2 MyHKTHPOM — DKCTpa-
TOJIIHS TAHHOM TPAHUIB! (alMpOKCHMHpYIOLIee ypaB-
HEHHe TIpHBeICHO Ha rpaduke). BuaHo, 9to 3amMena DAK
Ha TIOTPY3YHKH IPHU ce0ECTOMMOCTH 3KcKaBaruy Huke 30
p./M® HeapdexTuBHA,

Crout OTMETHTB, YTO peYb B JTAHHOM CIydae HIET
TOJIBKO O CPABHHTEIBHO SKOHOMIUECKOH HeA)PEKTHBHO-
cru. Ha mpakTuke MoryTt BCTpeyaThCs yCIOBUS, NIPU KO-
TOpBIX MPUMEHEHHE IOTPY3YMKOB IIEIeCO00Pa3HO 110
TOPHO-TEXHOJOTHYECKIM COOOPaKCHUSIM, TOT/a 00MacTh
3¢ (HeKTHBHOTO TPUMEHEHHNS OyZeT OmpeneNaThes MoNo-
KUTENBHBIM OallaHCOM 3aTpaT U BBIPYUKH.

[lpuMeHeHHas B pacyeTax METOJMKA HE T03BOJISAET
YCTAHOBUTH BJIMAHUEC FOJIOBOI‘/‘I NpOU3BOJAUTCIBHOCTH Ha
ontuMusanuio pacxonos JAK. ITostomy Takoe BIMAHHE
OLIEHMBAJIOCH 3KCIEPTHO 1Mo aHaioraM. O4eBHIHO, UTO
TIpH 3HAYMTENBHOH TOZO0BOH MpOrpaMMe TOPHBIX paboT
napK MOrpy34MKOB 3aMETHO BO3pacTaeT (PaBHO Kak H 3a-
Tpathl Ha Hero), a BoT JAK, HanpoTus, 6iarogaps BBIXO-
Iy Ha BBICOKYIO MPOM3BOAMTEIBHOCTh XapaKTepU3yeTcs

TIOHIDKEHNEM cebecTtonMoctd Ha | T mepemeraemMoin
TOpHOM Macchl. B mtore orpanuueHue Ha 3pdEKTHBHOE
IpUMEHEHNE Norpy3unkoB B kauectse BTM oueHuBaer-
cs B 15 MitH T/roa mpu obmnactu Hanbonsineil 3¢ dexTus-
HocTH B Tipenenax 2—10 MiH 1/rog.

OtMeTnM, 4TO HpPEACTABIEHHBIE PAcdeThl AMS KOH-
KPETHBIX BAPHAHTOB 0€3 ONTUMHU3AINN:
¢ IIOTPY3YMKHU C BMECTHMOCTBIO KoBIIa 40 w;
¢ DAK B cocTaBe aBTOCAMOCBANOB IPY30H0ABEMHO-

cThi0 136 T M 3KCKaBATOPA-MEXJIOMATHI HIEKTPOMEXa-

HHUYECKOTO ¢ KOBLIOM 12 M”,

ITosTOMy yCTaHOBIEHHAs TIpaHULA SKOHOMUYHOTO
IpUMEHEHUs Norpy3unkoB B kauectse BTM sBmsercs
OpHeHTHpOBO‘IHOﬁ U MOXET CMCEIIAThCA B 3aBUCUMOCTH
OT KOHKPETHBIX YCTIOBHil KaK B CTOPOHY 3ay)KCHHS, TaK U
B CTOPOHY PaclIUpeHus 00nacTH.

BbiBoabl

1. B ycnoBusx crecHeHHOH padoueil 30HBI MPU pa3BU-
TUH TIYOOKUX KapbepoB BO3MOXKHO HPUMEHEHHE
TEXHOJIOTHY ¢ MUHMMHU3ALUEH JaNbHOCTU TPAHCIOP-
THPOBAaHMS COOPOYHBIM TPAHCIOPTOM M TPHOIHKE-
HUU MarucTpanbHOrO TPAHCIOPTA CNENUATbHOIO TH-
ma (KaHaTHbIE TOJbEMHHKH WIM HHOE) K paboueit
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30He. Bo3HHKaeT Heo0XOOUMOCTH  COBMEIIEHHS

(yHKIHIT BEIEMOYHO-TIOTPY309HOTO U TPAHCTIOPTHOTO

000pyI0BaHus B OJJHOM KOMILTEKce. Takoi KOMILTEKC

MOJXET OBITh pean30BaH Ha 6a3e CHENHaTbHBIX BEIE-

MOYHO-TPAHCIIOPTHBIX ~MAIIHMH, CIIOCOOHBIX  OCY-

IIECTBIATH KaK BRIEMKY TOPHOU MaccHI B 3a00€, TaK 1

TPaHCIOPTHPOBAHKE HA PACCTOSHUE 0 2—3 KM Tpu

HE3HAYNTENHHOH BEICOTE TIOTBEMA.

2. YcraHOBIEHA YKPYMHEHHO 00nacTh 3(QeKTHBHOTO
NPUMEHEHHST COBPEMEHHBIX MOIIHBIX (DPOHTATBHBIX
KOJIECHBIX MOTPY3UMKOB ¢ KoBIOM 20—40 M B Kaue-
CTBE BBIEMOYHO-TPAHCIIOPTHBIX MAIIMH TPH OTKPHI-
TOW pa3zpabOTKe MECTOPOKICHIN HA HE3HAUUTEIBHOE
PACCTOSIHUE TIPH OTPAHHYECHHOM TOJIOBOM 00beMeE Tie-
peBo3ok. OHa xapaKkTepu3yercs:
® JIANBHOCTBIO TPAHCTIOPTHPOBaHUA He Ooiee 1,2—

2,5 KM B 3a8BHCHMOCTH OT C€0ECTOMMOCTH BBINOJI-
HeHus paboT, 0OYCIOBICHHOH pPErHOHAIbHBIMH
K03 DHUIMEHTaMH, 3aTpaTaMy Ha JOCTAaBKY Mare-
puanoB, 000pYyJOBaHHUS, 3aNaCHBIX YacTei, CTOU-
MOCTBIO TOILTHBA;

e  BBICOTOH mombema He Oonee 60-90 M;

¢ CpCIHEB3BELICHHBIM YKIOHOM Tpacchl He Ooiee

8 %;
® TOJOBBIM 00BEMOM paboT komiuiekca g0 10-15
MJIH T.

OTMmeTHM, YTO YKa3aHbI 'PAHHYHbBIC 3HAYCHHUS YCIIO-
BUI pUMEHEHUs, HanOOoIbLIYI0 3 EKTHBHOCT HOTPY3-
9UKA MOKA3BIBAIOT MPH JANBHOCTH TPAHCIIOPTHPOBAHHUS
10 500-1000 M.

3. Texuomorumveckue ycnoBus 3GGeKTHBHOTO MPUMEHE-
HUs NIOTPY34UKOB B kKadecTse BTM:
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®  CEJNEKTHBHOCTh BBIEMKH, HEOOXOJMMOCTh MHOTO-
3a00HHOTO yCpeAHeHHs € MOJUIMXTOBKOH HIH
pa3/ieTbHON BBIIAYN PYIBI IO COPTaM;

® HE0oOXOAMMOCTh IIOOYEPETHOTO BEICHHUS T'OPHBIX
paboT Ha pa3HBIX TOPU30HTAX C YACTHIMH IEPEro-
HAMH BBIEMOYHBIX MAIIHH;

e paboTa B 30HaX BBICOKOH OMACHOCTH BBIBAJIOB U
obpymennit  (hopMHUpOBAHME  CBEPXBBICOKHX
YCTYINOB, NOpa0OTKa HHUKHUX TOPU30HTOB IIPH
CIIEIMANIBHBIX CXEMaX BCKPBHITHA (KPyTOHAKIOH-
HBIMH ChE€3]IAMH, TOHHEILHBIME ChE3/IaMHU) | JIp.
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BOUNDARY TECHNICAL AND ECONOMIC INDICATORS OF THE APPLICABILITY FOR FRONT
LOADERS WORKING AS EXCAVATION AND TRANSPORTATION MACHINES

Artem G. Zhuravlev',
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Vladimir V. Chernykh?,
chernyh@igduran.ru

1 Institute of Mining of the Ural Branch of the Russian Academy of Sciences,
58, Mamin-Sibiryak street, Ekaterinburg, 620219, Russia.

The relevance of increasing efficiency of mineral deposits mining requires the approach of the most economical mainline transport to the
working area of the quarry. At multi-stage development of complex-structured deposits by deep quarries with relatively small sizes in plan
(for example, gold, copper, and diamond ore quarries), it may be advisable to combine the functions of excavation and transportation in
one machine.

Objective: to determine the boundary technical and economic indicators of loaders when used both as excavation machines and transport
vehicles. The indicators of the excavator-automobile complex in identical conditions are the boundary ones.

Objects: modern high-performance loaders with bucket capacity of 10-40 m3 when lifting capacity of working equipment is of
20-72 tons and engine power is from 521 to 1715 kW, an excavator-automobile complex based on electromechanical excavators-shovels
with bucket capacity of 12 m3, and dump trucks BelAZ-7513 with lifting capacity of 136 tons.

Methods. The calculations of technical and economic indicators were carried out according to well-known methods described in the scien-
tific and technical literature for cyclic action machines and front loaders. The operating conditions of the equipment are considered in the
calculations belong in the range of rational for the excavator-automobile complex, which allows us to compare them with front-end loaders
as efficiently as possible.

Results. The calculated data on productivity, the cost of mining and transporting work executed by the loaders, depending on the distance
of delivery, lifting height, annual productivity by rock mass, taking into account the standard type and size of the loaders (bucket capacity),
are summarized. The boundary parameters of the preferred conditions for the use of loaders as excavation and transportation machines in
comparison with excavator-automobile complexes are revealed. The paper gives the conclusion about the expediency of continuing re-
search to substantiate the parameters of special excavation and transportation machines.

Key words:
Assembly quarry transport, front loader, excavation and transportation machine,
technical and economic indicators, excavator-automobile complex.

The research was carried out within the framework of the State Task no. 075-00412-22 PR. Methodological foundations of the
strategy for integrated development of reserves of solid mineral deposits in the dynamic of development of mining systems (FUWE-
2022-0005), reg. no. 1021062010531-8-1.5.1.
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