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Annomayusa. IlocranoBka 3a1a4M (AKTYyaJIbHOCTH padoThl). 13BECTHO, YTO rPaHyIOMETPUUECKUI COCTAB FOPHBIX MOPO
UCIIOJNIb3YETCsl Ha TOPHOJOOBIBAIOIIHX MPENPUATHAX B KAUECTBE OJJHOTO W3 OCHOBHBIX ITOKA3aTesel 17 OLeHKN 3B eKTHB-
HOCTH B3PBIBHBIX paboT. KoHTponmpys npomecc B3phIBHBIX pabOT U TeHEPHUpPYsl ONTUMAIBHOE PACTIPEZieTICHHE 110 pa3Mepam
KyCKOB B pa3Bajie, BO3MOXXHO YaCTUYHO ONTHUMH3HUPOBATh SKOHOMHUYECKUE MOKA3aTeNy TOPHOAOOBIBAIOIIETO IPEANPHSTHSL.
B pabote peraercs 3a1a4a 110 yCTAaHOBJICHUIO CTETICHH BIUSHUS TPaHYJIOMETPHYECKOTO COCTaBa B30OPBAHHOM T'OPHO# Macchl
IpH OTPaOOTKE MECTOPOKICHHUI OTKPBITBIM CIIOCOOOM Ha paclipeelieHue HaNpspKeHHH B paboueM o00pyIoBaHUH Kapbep-
HOro skckaBaTopa. Ileab paGoThl. AHaIN3 MPOCTOEB MAapKa KaphePHBIX SKCKABATOPOB HAa TOPHOI0OBIBAIOIIUX MPEATPUITH-
SIX YparbCKoro ¢enepanbHOro OKpyra BRISBHII, YTO 3HAYMTEIIbHAS JI0JIS MPOCTOEB 00YCIOBIIEHA BBIXOJOM M3 CTPOS MeTal-
JIOKOHCTpYKIMH. OCHOBHOE BIMSIHHE Ha MOSBJICHUE U Pa3BUTHE TPEIIMH B METAJUIOKOHCTPYKIMSAX OKA3bIBAIOT IIMKINIECKHE
Harpy3KH, BO3HUKAIOIIVE NPH SKCKAaBallMU HEOAHOPOIHOM B30pBAHHOM rOpHOI Macchl. V3ydeHne BO3MOKHOCTEH KOHTPOIIS
TPaHyJIOMETPUYECKOTO0 COCTAaBA B30OPBAHHOM T'OPHOI Macchl MO3BOJIUT ONPEJIEINTh ITapamMeTpbl OypoB3phIBHBIX PaboT, Tpe-
OyroIIre KOPPEKTUPOBKY JJIsI TIOBBIICHUS 3()(EKTHBHOCTH IIPH B3pbIBE cieaytomero 6ioka. Menoan3yemsie meToasl. [Tpu
pELIEHNN IOCTABJIEHHBIX 3aJiad HCIOIB30BAJICS KOMIUIEKCHBIN MOAXOJ, BKIIIOYAIOIIUMA CHUCTEMHBIA HAy4YHBIH aHAM3 U
000011IeHHEe paHee OITyOJIMKOBAaHHBIX MCCIIEA0OBAaHUH. J[JIsi OLIEHKH HaIlpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSTHUS JIEMEHTOB
HECYLIUX METAJUIOKOHCTPYKIUI KapbepHBIX KCKaBaTOPOB IMPHMEHSIICS METOJI KOHEUHBIX dneMeHToB. HoBu3Ha. Mcnomns3o-
BaHHE COBPEMEHHBIX IU(PPOBBIX TEXHOJIOTHII Ha 0a3e MAalIMHHOTO OOYYEHHsl JUIsl ONpeeIeHNs] TPaHyJIOMETPUUECKOTO CO-
CTaBa B30PBAHHOM T'OPHOM MACCHI MTO3BOJIAIOT BBIABUTh 3aBUCHMOCTB BIMSIHUS OJJTHOPOJHOCTH TPAHCOCTaBa B 3a00€ Ha M3HOC
pabouero oprana sKkckaBaropa. Pe3ysbTar. Vcrons3ys B KauecTBe anmapaTHO-IIPOTPAMMHOIO COIPOBOKICHHUS 3KCHEPH-
MEHTAJIbHBIX HUCCIEA0BAHUN OTEUECTBEHHOE OOOpYIOBaHME KOMIAHHUHM «JlaBTex», ONpeiesieHbl MapaMeTpbl KyCKOBAaTOCTH
B30PBaHHOI TOPHON Macchl. Y CTAHOBJICHO BIIMSIHUE HAIIPABJICHHs BHELTHEW HArpy3KH U MOKa3aTesieil KyCKOBaTOCTH pa3Bajia
Ha HanpsHKEHHO-Ie(pOPMHUPOBAHHOE COCTOSHHE KOBIIA KaphepHOTO dKCKaBaTopa. IIpakTuyeckasi 3HaYUMOCTb. [Tomy4en-
HBIE B XOJIC NCCJIJOBAHMS JIaHHbIE TIO3BOJLIT pa3padoTaTh PEKOMEH/IAIMK MO ONTHMH3AIMK PEKUMOB YIPaBIICHUS Kapbep-
HBIM 9KCKaBaTOPOM, YTO B UTOTE TIO3BOJIUT CHU3UTH KOJIMYECTBO OTKa30B pabodero o0opyaoBaHuUs M YBEJINIHUT €ro pecypc.
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Abstract. Problem Statement (Relevance). The granulometric composition of rock is used at mining enterprises as one
of the main indicators for assessing the efficiency of blasting operations. By controlling the blasting process and gener-
ating an optimal size distribution of fragments in the muck pile, it is possible to partially optimize the economic perfor-
mance of the mining enterprise. This study addresses the task of determining the extent to which the granulometric
composition of blasted rock mass during open-pit mining influences the stress distribution in the working equipment of
a quarry excavator. Objectives. An analysis of the downtime of quarry excavator fleets at mining enterprises in the Ural
Federal District revealed that a significant portion of downtime is due to the failure of metal structures. The primary
influence on the appearance and development of cracks in metal structures is exerted by cyclic loads that arise during
the excavation of heterogeneous blasted rock mass. Studying the possibilities of controlling the granulometric composi-
tion of blasted rock mass will allow the determination of drilling and blasting parameters that require adjustment to en-
hance the efficiency of blasting the next block. Methods Applied. To address the tasks set, a comprehensive approach
was used, including a systematic scientific analysis and synthesis of previously published research. The finite element
method was applied to assess the stress-strain state of the load-bearing metal structures of quarry excavators. Originali-
ty. The use of modern digital technologies based on machine learning to determine the granulometric composition of
blasted rock mass allows for identifying influence dependency between the homogeneity of the granulometric composi-
tion in the muck pile and the wear of the excavator's working tool. Result. Using domestic equipment from the compa-
ny Davtech for the hardware and software support of experimental research, the parameters of the granulometric com-
position of the blasted rock mass were determined. The influence of the direction of the external load and the indicators
of the granulometric composition of the muck pile on the stress-strain state of the quarry excavator dipper was estab-
lished. Practical Relevance. The data obtained in the course of the research will enable the development of recommen-
dations for optimizing the operating modes of the quarry excavator, which will ultimately reduce the number of equip-
ment failures and increase its lifespan.
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BBenenne JIOOBIBAEMBIX TBEPBIX MOJIE3HBIX MCKOMAEMbIX B MUpe. B

CIIIA stoT nokasarens npesbiniaet 80%, a B Poccuiickoii

AHasnu3 MUPOBOTO PBHIHKA BBISBUII TEHACHLHIO HOCTO- Oeneparmu u crpadax CHI' — okono 70%. Ycroiunsoe
SIHHOTO YBEJIMYEHUs MOTPEOJICHUS] OCHOBHBIX BHIIOB TBEP- yBeTMueHne 0OBEMOB OTKPHITBIX TOPHBIX PaGoT cOMpo-

JIBIX TIOJIE3HBIX MCKOMaeMbIX. Ha pa3HbIX sTamax pa3BUTHSA
MHPOBOH MPOMBIIIICHHOCTH, COTPOBOXKIAEMBIX KaK JKO-
HOMHYECKUM IIOIBEMOM, TaK W CIAJ0M, OTMEYAIUCh KO-
neGaHns Crpoca Ha MHUHEpabHBIE pecypchl. CyMMapHBIA

BOXKJAETCSl YTITyOJICHHEM KaphepoB, pOCTOM KO3 duimeH-
Ta BCKPBILIM U 3a4aCTYIO0 CHIDKEHHEM COJAEPKaHUS MOJIE3-
HBIX KOMIIOHEHTOB B py/I€E.

Ha nmanHOM 3Tame 3KOHOMHYECKOTO Pa3BUTHS HaIIeH

00BEM ero moTpeOJeHus 3a MOCIEIHNE TOJIBEKa PacTer, CTpaHbI CYILIECTBYET 3aBHCHMOCTb OT 00BEMOB 100bIYH 1
JAHHBIH POCT OOYCJIOBIEH YBEIWYEHHEM YHCICHHOCTH SKCIIOPTA MUHEPAIBHO-CHIPbEBOH 0a3bl, B YaCTHOCTH Ta-
HACEJIEHHs U HEYKJIOHHBIM POCTOM MPOMBIIIIEHHOTO MPO-  yyx pecypcoB, KAK YIolb, META/UIMYECKHE Pyl (FKeles-
u3BO/ICTBA. JloObIYa TBEP/BIX MONE3HBIX HUCKOMAEMBIX OT-  gagq pyZa, Meb U 1p.), TO €CTb TOJE3HBIE HCKONAEMblE

KPBITBIM CIIOCOOOM Ha TPOTSKEHHH BCCH HCTOPUH FOPHBIX nepBoil rpynmnel. Ilone3Hsle McKomaeMble NEPBOU IPYIIIBI
Pa3pabOTOK SIBIACTCS CAMbIM 3HAYUMBIM M MACIITAOHBIM  GrajaloT JOCTATOMHON CHIPBEBOIi 6a30i I yIOBIETBO-
HanpasneHueM. CormacHo uccnepoBaHusiM [1, 2], Ha oT- peHHs BHYTPEHHHX TMOTPEOHOCTEH H TOTEHIHAIHHOTO
KpbITBIC TOpHBIE paboTsl (OI'P) npuxoxutes nopsiaka 73% OKCIIOPTAa TIPU PA3IIUYHBIX CIICHAPUAX DKOHOMHYECKOTO

www.vestnik.magtu.ru 31




HELPOI10/Ib30BAHUE

pa3BuTHs. AHaIMTHYECKUE OTYETHl M naHHbIe Denepainb-
HOH Ci1y>KOBI TOCYJAPCTBEHHOM CTATHCTUKH MOKA3bIBAIOT,
910 00BeMBI 100bMU yriast B PD crabmipHO yBenmmumBa-
guch ¢ 2014 mo 2019 rogsl. B 2020 romy mpou3onuio
CHIDKeHHe Ha 9,6% 10 CpaBHEHUIO C MPEABITYIIIM TOIOM,
10 361,8 MIH T, IpH 3TOM BajioBasi A0ObIYa (BKIIIOYAs ITy-
cTyto opoxy) cocrasmia 402,1 muH T. B HacTosimee Bpe-
Ms B Poccun sxernyatupyrorcst 108 yronpHbIX maxT u 224
paspesa, Ipu 3TOM JOJIS OTKPBITHIX PaboT BEIpocia ¢ 68 1o
79%. OnHako MOJNIOBHHA KOKcyromerocs yris (42,3 MIH T
B 2020 romy) noObIBaeTCs MOI3EMHBIM CIIOCOOOM, YacTo B
CJIOKHBIX TOPHO-Te0JIorndeckux ycnoBusx. [IpeacraBnen-
HBIE Pe3ybTaThl AUHAMHUKN 00BEMOB JOOBIYH YIJISI OTpa-
JKEHBI Ha puc. 1, a.

OnHy W3 MUANPYIOMMX HO3UIMK Halla CTpaHa 3aHU-
MaeT 1Mo 00beMy 10OBIBAEMOTO KEIE3HOPYAHOTO CHIPHSI.
[TpupocT NpPON3BOIUTENEHOCTH 3TOTO HAMPABICHHS 32
MocaeHNe Tojbel cocTaBui mopsnaka 15%. OpnHa msartas
o u3 46 MECTOPOXKAECHUN PaCIONIOKEHA B Y PalbCKOM
dbenepansaom okpyre (puc. 1, 6) [1, 2].

Eme omHUM cTpaTernyecky Ba’KHBIM HalpaBIICHUEM
B FOPHOI00BIBAOIIECH OTPACIIH SABISCTCS J0ObIYa MEIHOM
pyabl. 3aMeTHBIH pocT 00BbEMOB JOOBIYM B 3TOM HaIlpaB-
nenuu ¢ 2018 roma mosBosager Poccun HaXooUTHCS B Je-
CATKE KPYNHEHIIMX IPOU3BOJAUTENCH MENHOU pPyJHUY-
HOM mpoxykuuu. Takoe yBennueHHe OOBEMOB HOOBIIH
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CBSI3aHO C TIOSIBIICHHEM HOBBIX pa3pabaThIBAEMBIX MECTO-
POXIEHUI M BBIXOIOM WX Ha HOMHUHAJIBHYIO MOILIHOCTb.
Ha 2020 ronx macuuThIBaNOCH MOpsiaka 48 MecTopokie-
Hull, 40 U3 KOTOPBIX CYIIECTBEHHO MEIHBIX U § KOM-
IUIEKCHBIX Mezaecoepskamux. CornacHo HCCleI0BaHMAM
[2], o6Bem mpom3BOACTBA METHOW pyAbI cocTaBui 924,1
ThIC. T (pHC. 1, B).

VBenuyeHne 00bEMOB JOOBIUM TBEPIBIX IOJIE3HBIX
HCKOIAEMBIX CTHMYJIHPYET POCT CIIpOca Ha TOPHOLOOBI-
BAaIOIYI0 TEXHHUKY. EjxerogHoe yBenmuueHune 0OBEMOB
BBIITYCKa TOPHOAOOBIBAIOIIEH TEXHUKH COCTABIIET OT 8§
70 10%. OcHOBHOM HOMEHKJIATYpOH POCCHUICKUX MPOU3-
BOJUTENICH, 3aHUMAIOIINXCS TPOM3BOACTBOM TOpPHBIX
MalllH, SBISIOTCA KapbepHBbIE 3KCKaBaTOPHI, IOPsAKa
70% ot obmero oovema [3].

Ha naHHBII MOMEHT Ha OTKPBITBIX TOPHBIX BBIPAOOT-
kax Poccum u ctpan CHI' skcmmyatupyercst 6omee 490
€/IMHML KAPbEPHBIX MEXJIONAT U THIPABINYECKHX HKCKa-
BaTOpOB. AKTYalIbHOCTh HCCIJIC[IOBATENILCKUX 3a1ad, pe-
aeMbIX B JaHHOH paboTe, 00ycIoBIeHa TeM, UTO OTeve-
CTBEHHBI M MHPOBOH ONBIT pabOTHl KaphEpHOTO BBIE-
MOYHO-NIOTPY30YHOTO OOOpYJOBaHMS TOKa3bIBAET, 4TO
npu pa3paboTKe KPENKHX CKAIBHBIX MOPOJ B CIOKHBIX
3a00s1x Hambosnee 3(Pp(PEeKTUBHBIMU SBISAIOTCS KapbepHEIC
MexJionatsl [4].
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Puc. 1. lunamuka 1o0sr4au yriost u Metamtmdeckux pya B 2011-2020 rogax: a — 00beM q00bMH yTIIEH, MIH T,
6 — 006BeM TOOBIYM XKEJIE3HBIX PYI U IPOU3BOCTBRA JKEIe30PYAHOM MPOIYKIIMHI, MIIH T; B — AMHAMUKA JOOBIIH
MeH, TPOU3BOACTBA MEIU B KOHIICHTpATe U paQUHUPOBAHHON MeaH (BKIIOYasi BTOPUYHBIA METAJUIT), THIC. T
Fig. 1. Dynamics of coal and metal ore extraction from 2011 to 2020: a is coal extraction volume, million tons;
6 is iron ore extraction volume and iron ore product output, million tons; B is dynamics of copper
extraction, copper concentrate production, and refined copper (including secondary metal) production,

thousand tons

BecmHuk MI'TY um. I'./. Hocoea. 2024. T.22. Ne4

32



BenukaHoe B.C., YepHyxuH C.A., TenbmuHoe H.C., pemuH A.B., Jlomosyeea H.B., Cumdukoea C.B.

Bypos3peiBHBIe paboThl (BBP) mpencrasisror coboit
KPUTHUYECKH BaXKHBII 3Tall B POIIECCE TOPHOTO MPOH3BOA-
cTBa. MIX mpoBeseHMe Ha Kaphepax HAIpaBIEHO Ha paspy-
LICHWE W JpOOJIeHHEe TOPHOM Macchl JI0 HYXXHOTO pazmepa
¢paximii. KayectBo BbimonHenust bBP okaseiBaer 3Ha4w-
TENIbHOE BIMSHHME Ha MOCIEAYIOLINE ONEpalliy, TaKue Kak
9KCKaBallysl, TPAaHCIIOPTUPOBKA M OOOTaIleHUE IOJE3HBIX
HCKOIIaEMBIX, KOTOPBIE SBIISFOTCS HanOOoee YHEProeMKUMHU
B TOpPHO-00OraTUTENLHOM Mpou3BOACTBE. B HacTosiee
BpeMsI 3aTpaThl Ha OTOOHKY TOPHON MAacChl ISl TOPHOIOObI-
BarolMx npeanpustiid Poccun Bapbupyrotes ot 20 1o
35%, B 3aBHCHMOCTH OT TBEPIOCTH TOpHBIX mopox. Ilpm
9TOM KaXJo€ NMpEIIpPUITHE yCTAaHABIMBACT CBOM TpeOOBa-
HUS K TPaHYJIOMETPUUECKOMY COCTaBY B30OpBaHHOM TOpHOM
Maccel (BI'M) u pasmepy nerabapura. Ha »ti mapameTpsl
BIIMSIIOT Pa3iIM4HbIe (paKTOPbI, BKIIOYASI TUIT HCIIOJIb3yeMO-
ro Ha Kapbepe BBIEMOYHO-TIOIPY30YHOIO OO0OpPYIOBaHUS
(reomeTpuveckasi EeMKOCTh KOBIIA), HAJTMYUE JOTIOTHUTEIb-
HOTO 00OPYIOBaHMs JUIsi BTOPUYHOTO JPOOJICHUS, a TakKe
(PM3UKO-MEXaHNYECKHE CBOICTBA MOJIE3HOTO HCKOIaeMOro
U IpyTHe MapaMeTpsl.

Hayunble uccnenoBanus [5] mOKa3bpIBalOT, YTO MPO-
W3BOJUTENBHOCTE AparyaiiHa B 3HAYMTEIHLHON Mepe 3a-
BHCHUT OT T'PaHyJOMETPHYECKOTO COCTaBa IIOPOABI B 3a-
6oe. YCTaHOBJIEHO, YTO NPH YBEJIUUCHHUHU JIOTH (paKIui
0-200 MM B 1Ba pa3a MPOW3BOAUTEIBHOCTH JpariaiiHa
BO3pacTacT B TP pasa. B To e BpeMs NpH yBeIWYECHUN
nmonu ppakuuiit 401-800 MM POU3BOIUTEIBHOCTD JKCKA-
BaTOpa CHIDKAaeTcst B 5 pa3, a npu yBeIMYEHUH 00beMa
¢pakuu 301-400 mm Bo BI'M B 1,4 pa3a npousBoau-
TENBbHOCTH JparfiiaifHa majgaeTr B TpH pa3a. DTH 3aBHCUMO-
CTH TaKKe aKTyaJdbHbI AN MOA3€MHOM JOOBIUU MOJE3-
HBIX UCKOMIaeMbIX. B wactHoCTH, MccnenoBanus [6] moka-
3aJIM, 4TO BBIXOJ| HETabapUTOB CYIIECTBEHHO BIMSAET Ha
MIPOM3BOIUTEINBEHOCTD MOTPY309HO-I0CTABOYHBIX MAIIHH.

C yBenudyeHneM OOBEMOB B3PBIBHEIX PabOT dYacToO
HaOJIfolaeTcss POCT BBIXO/IA KPYNHBIX HETaOapUTHBIX
¢pakmmii. CorinacHO TMPOBEICHHBIM HCCIeNOBaHUAM [4]
13-tu skckaBaropoB (OKI-10 u OKI-8) B yciaoBusIX Kapb-
epa [TAO «Ypamacbect» 3a mepuoxn c sHBaps 2019 mo
¢eBpanp 2021 rona, BbIsBIEHA PONOPIMOHANIBHAS 3aBH-
CHUMOCTB KOJIMYECTBA OTKA30B B Kaphepax S3KCKaBaTOPOB OT
JoNTK HerabapuTa BO B30PBaHHOW rOpHOM Macce (puc. 2).
OT0 MOXeT OBITh CBS3aHO C YXYIIIEHHEM TOPHO-
Te0JIOTHYECKUX YCIOBHUH 10 Mepe YBETUUEHHS TIyOUHBI
pa3paboTKu, HENPaBUILHO M0JI00PaHHBIMY MapaMeTpaMu
OypOB3pBIBHBIX PabOT, YTO OOYCIOBICHO CTpEMJIEHHUEM
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COKPATHUTh MIPOU3BOICTBEHHBIC 3aTPATHI, U APYTHUMH (ak-
Topamu. Takoe siBIEHHWE BEIET K HEKOHTPOIHNPYEMOMY
POCTY JIONIOJIHUTENBHBIX PAcX0/0B Ha BCIIOMOTaTeNIbHbIE
orepanyu, YTo B MTOI€ OTPHULATENBHO CKa3bIBAeTCSl Ha
9KOHOMHYECKOH 3((HEeKTHBHOCTH TOPHOIOOBIBAIOLIETO
npennpustust [1, 7]. CornacHo AaHHBIM, MOIYYEHHBIM
HMITUPUYECKUM ITyTEM, BEAYIIMMHU OpraHU3alUsIMH, CIe-
LUAJIM3UPYIOIMMUCS Ha OYpOB3PHIBHOH AEATEIHHOCTH,
HanOonee BayKHBIM MOKa3zartesieM kadectBa bBP sBisercs
o0peM BBIXOZa Herabapwra, KOTOPBIM HE IODKEH Ipe-
BeImath 3% oT ofmero o0beMa B30OPBAHHON TOPHOI
Mmaccel. K ¢akropam, BaustromnM Ha kadectBo BBP, ot-
HOCSIT IUIOTHOCTH IIPHMEHSIEMOTO B3PBIBYATOTO BELIECTBA
(BB), muametp, TIyOWHY W CETKY CKBaXKWH, BBIOHMpArO-
IINXCS B 3aBHCHUMOCTH OT (DM3UKO-TEXHHYECKHX Xapak-
TEPUCTHUK B3PHIBAEMOI1 TOPOABI.

AHaJIN3 JINTePaTyPHBIX HCTOYHUKOB

[IpoBeneHHbIN aHANN3 Hay4YHBIX HUCCIEAOBATENbCKUX
HaIpaBJICHUH MO0 METOAaM OICHKH pacIpelesicHHs Tpa-
HyJIOMeTpuieckoro cocraBa BI'M mnokasan 3HaUnTEIbHOE
YBEJIIMYCHUE YHWCNIA TMyONMKAIUil 3a IOCIIeIHUE AeCATh
ner. BenymmMu cTpaHaM# IO KOJHYECTBY OITYOJIHKO-
BaHHBIX pabot saBisatorcs Kurait, CIIA 1 HecKONbKO 3a-
MATHOCBPOIICHCKUX CTpaH. TEeXHOJOTHS ONTHYECKOTO
aHaJM3a KPYNHOCTH (hparMEHTUPOBAaHHBIX MOPOJ LIUPO-
KO HCIIONIb3yeTcs yXKe Ha NpPOTSHKEHHH MHOTHX JIeT
(Franklin et. al, 1996). Cucrema aHanmu3a U300paskeHUIA
WipFrag Oblia u3HAYanbHO pa3paboTaHa aJs OICHKH
(parMeHTaMM B30PBAaHHOI MOPOJBI C MCHOJIB30BAHUEM
MEPEHOCHON KaMepbl M HHCTPYMEHTOB PYYHOTO aHAIH3a
(Maerz et. al, 1987; Maerz et. al, 1996; Maerz, 1998).
Tax, B pabore Bahrami et al. (2011) mns paspabotku Mo-
Jenu parMeHTaIlul TOPHBIX MOPOJ] UCTIONB30BaHb 220
HaOOpOB JAaHHBIX, COOpAaHHBIX Ha JNEHCTBYIOIIHUX JKEIe3-
HBIX pyIOHHKaX. B paMkax wcciiemoBaHHs BBIOpaHBI OC-
HOBHbIE MapaMeTpbl: CeTKa CKBaXKHH, JINHUSI HAUMEHbIIIe-
rO COINPOTHUBIICHHS, AUAMETP CKBa)KHHBI, ITyOMHA CKBa-
YKUHBI, JJTMHA 3a00UKH, YAeTbHBIH 00beM OypeHus, moKa-
3aTeNb B3PhIBAEMOCTH, BEC 3apsa Ha MHTEpBaJ 3aMe[ie-
Hus, Ki1acc SMR, mIIOTHOCTH M yaenbHbIH pacxon BB [6].
B Monemn peann3zoBaH anropuTM OOpaTHOTO pacrpo-
CTpaHEeHUs OMIHOKH, Kak Hambolee F(PPEKTHBHBIN METO
00y4YeHHS MHOTOCIIOWHOW CETH C TpeMs HiH OoJiee CIosi-
MU (BXOAHOM, CKPBITBIN U BBIXOJIHOM).

& CTh PEMOHTOB KOBIUA, %

75

70 vy =0,3x% - 0,4x + 47,3

65

60 . -
55 - -

so |-
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40

35

o 1 2 3 a s 6 7 s
Jlons neraGapira, %

® CyMMa IIPOOIBKIITENLHOCTI PEMOHTOR 10 SeKkaBaTopan (13 et Texuk)

0

Puc. 2. Bmusiaue BBIXO/JIa Hera6apHTa: a— Ha KOJIMYECTBO OTKA30B SKCKABATOPA, 0—mHa MPOJAOJDKUTEIIbHOCTE PEMOHTOB KOBIIIA
Fig. 2. The impact of oversized fragments: a is on the number of excavator failures, 6 is on the duration of shovel

dipper repairs
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B crarse Kulatilake et al. (2012) cobpans! pe3ynbra-
ThI U151 109 KOMIUIEKCOB B3PBIBHBIX Pa0OT M3 Pa3IMYHBIX
KaphepoB M pazpaboTaHa MPOTHO3HAS MOJENb (parMeH-
TaIy ¢ IPUMECHEHNEM HEHpPOHHOU ceTH Ha 06a3e MHOTO-
MEpPHOTO PETPECCHOHHOTO aHanu3a. B mcciaenoBaHMAX
Sayadi et al. (2013) BBITOTTHEHO CpPaBHHUTENBEHOE HCCIIE-
JIOBaHUE MPOU3BOAUTEILHOCTU HEHPOHHBIX CETEW ISt
MIPOTHO3UPOBAaHMA (parMEeHTAlMd TOPHBIX IIOPOJ TpH
B3pBIBHBIX Pab0Tax Ha HM3BECTHAKOBBIX pyAHHUKax. [Ipu
9TOM NPHUMEHEHbI HEHpPOHHAas CeTh ¢ OOpaTHBIM pacrpo-
CTpaHEHHEM OLIMOKM M HEHpOHHas CeTh paJAUaIbHO-
6azucHbix ¢yHkuuii. B padore Enayatollahi et al. (2014)
n3ydensl 70 cXeM B3pBIBHBIX Pa0OT, MOJY4YEHHBIX Ha JKe-
JIE3HBIX pYAHUKaX. B pamkax wucciieoBaHUsl OLIEHHBA-
JIMCh TIPOTHO3HBIE MOJIENH, Pa3pabOTaHHBIE OBYMS CIO-
co0aMu: C HCIIOIb30BaHWE MHOTOMEPHOTO PErpecCHOH-
HOTO aHajlu3a U UCKYCCTBEHHOW HEHpOHHOH cetu. B pa-
6ote Dhekne et al. (2014) B miemoM paccMOTpPEHBI U OIH-
CaHbI ClTyyad YCIICIIHOTO IIPUMEHEHHSI METOJOB Ha Oase
MAaIIMHHOTO OOYyYeHUs AJs MPOTHO3MPOBaHMS (hparMeH-
TallM¥ FOPHBIX MOPOJ Ha TOPHONOOBIBAIOLINX MPEANIPUS-
TUsIX. B myOnukanuu onpeseneHsl KIIOYEBbIE 3JIEMEHTHI
VHC u odepueH IIUPOKUI CIEKTp HUX NPHUMEHEHHs B
TOPHOMOOBIBAIOIICH MPOMBIIICHHOCTH. B 3aKiroueHUH
OINMCAaH psi HENOCTaTKOB NpPU Pa3pabOTKe MpPOTHO3HBIX
MOJIENEH.

B pa6ore Murlidhar et al. (2018) ommcana HOBas r'u-
OpuaHas MOZIEb MTPOTHO3UPOBAHUS (pparMEeHTALUH TOp-
HBIX TIOPOJ Ha M3BECTHAKOBOM Kapbepe. B pamkax nc-

Tabnmma 1. KpaTtkuit 0630p rccire1oBaTeIbCKUX padoT
Table 1.Brief overview of research works

CJIC/IOBAHUSI METOZIOM CPaBHEHHMS NOIYUYCHHBIX pe3yJIbTa-
TOB OIIGHMBAJIOCHh BIIMSIHUE Pa3padOTaHHOTO ajIropuTMa
Ha »H¢odextnBHOCT npuMmenenus WHC. B pabore
Dimitraki et al. (2019) Ha xapbepax mo mo0brde HEPYA-
HBIX MaTepUaJIoB B ['peliny yCHemHo peaanu3oBaH Apyrou
MOAXOA K NMPOTHO3WPOBAHUIO CPEeTHEH KPYIMHOCTH (hpar-
MEHTallMi B30pBaHHON mopoxasl. B naHHOM uccienoa-
HUHM TporHo3upoBaHue ¢ momombio MHC mpumeneHo
JUIL OLICHKH BIIMSIHUSL Ha (DparMeHTaluio OTAEIBHBIX
0CcOOCHHOCTEW OpraHM3ally B3pBIBHBIX PabOT M WHXKe-
HEpPHO-T€OJIOTHYECKHUX XapaKTepUCTHK. B mccnenoBanmu
Xie et al. (2021) oObeanHEHBI pa3IMYHBIE METOJBI Ma-
muHHOro 00y4enust, Bkiroyass MHC, s ontumusanuu u
MOBBIIIEHHS () (PEKTUBHOCTH B3PBIBHBIX PabOT C UCIIONb-
30BaHUEM MSATKHX BBIYHMCIUTEIBHBIX NMPOTHO3HBIX MOJE-
neit. Takxe OIEHEHO BIMSHHE BXOJHBIX MapaMeTpoB Ha
TOYHOCTh IPOTHO3HOH Mozenmu. [ns pa3paOOTKH TH-
OpMAHBIX MoJeNell NCIOIh30BaHkl 136 HAOOPOB NaHHBIX,
CcOOpaHHBIX BO BpeMs B3PBIBHBIX PabOT Ha M3BECTHAKO-
BOM pyJHHKE BO BreTHame.

Boo01ie roBopsi, BonpocaM BIHSHUSA XapaKTEPUCTUK
B30pBaHHOW TOPHOW Macchl Ha pabodee 00OpyIOBaHHE
KapbepHBIX IKCKaBaTOPOB MOCBAIIEHO JOCTATOYHO MHOTO
Hay4YHO-MCCIIEIOBATENILCKMX paboT, MOHATHO, YTO OXa-
paKkTepu30BaTh BECh IUIACT TAaKUX pabOT B paMKax IaH-
HOM ITyOJIMKalMu HE TPEACTaBIACTCS BO3MOXHBIM. B
Ta6ja. 1 TpHUBEIEHBI Wb OTACIBHBIE COBPEMEHHBIC
MyOJIMKALNK, KacaeMble JaHHOTO BOIIPOCA.

Ne Vccrenoatie ABTOpBI, IPOBOJIUBLINE
n/n UCCIIE0BAHUE
1 i
—
Xpomoit M.P., CBunapuyk B.II.,
Csunapuyk [1.B. [8]
2

’
L

—
\fhs Crond mechanism

Tytiuk V., Khandakji K,
Sivyakova G. u ap. [9]
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Iponomkenne Tabm. 1

HavansHas
mpaexmopus (A)

Koneuras
mpaekmopus (B)

X

Ne Vccrenoate ABTOpBI, NPOBOAMBIINE
n/n HCCIIeJOBaHNE
3 v
8 X
\ /\\c(x‘v.)
| | N7z ~J
> Bonkora E.A. [5]
4 Mexannam vanopa
Jer, | Mo
< % N
e ,
180-q  O=[/ Y
T [es3uep JI.A., babakos C.E. [10]
5
Komuccapor A.IL. u ap. [11]
6
E [Hecrakos B.C. u ap. [12]
7 v

Jlykamyk O.A., Jlernes K.1O. [13]
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Oxonuanue Tabi. 1

Ne Vccrenoate ABTOpBI, NPOBOAMBIINE
1/ HcCleI0BaHNe
8
CautoB B.U., Aanpeesa JI.I.,
Kpacuukosa T.U. [14]
9
Bonotrer A.1O., Yuaraes E.1.,
Agnee A.H. [15]
10
Ky3zneros B.®., ITnexanos FO.B.
[16]
11
Ho Jpix Yonr [17]
12
Ilemykosa E. U. u op. [18]
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IHosryyeHHble pe3yabTaThl U UX 00CYKAeHUE

OueBugeH M TOT (DAKT, 4TO B TSHKENBIX YCIOBHUAX
SKCILTyaTally, a MIMEHHO BBICOKasl CTEleHb HEOJHOPOI-
HOCTH, TUIOTHOCTh JJOOBIBA€MBIX MOPOJ cOCTaBisIeT 2,48—
2,78 /M, ko3 dument kpenocty no mkane M.M. IIpo-
TONbsAKOHOBa 15—17, moBbleHHas aOpa3uBHOCTE 66—90
MT, IPOHUCXOAT HEOOPATHMBIE MPOLIECCHl B METAJUIOKOH-
CTPYKIHSIX pabouero oOOpynoBaHUS KapbEepHOTO SKCKa-
BaTOpa, NPHUBOAAIINE K CTPEMHTEILHOMY HapacTaHHIO
moToka oTKa3oB. OOpaboTaHHAsh CTaTUCTHYECKAs WH-
¢dopmanms [4] KonMYecTBa OTKAa30B KapbepHOTO 000pY-
noBanus B nepuoxa ¢ 2011 mo 2015 rogsl mokazaHa Ha
puc. 3. Ilpuuém, HeCMOTps Ha TSDKENBIE YCIOBUS IKCKa-
BallMy, 1IeJeBOH (DyHKLMEW, XapakTepusyromei 3¢ dex-
TUBHOCTh MCIOJIb30BaHUSl HKCKaBaTopa BO BPEMEHH,
oCTaéTcs BBICOKAsl MPOU3BOAUTENBHOCTD, a IEJIEBOM IO-
Ka3aTenpb — JUIMTEIbHOCTh OJHOTO TOJIHOTO IMKJIA IKCKa-
BaIlMu cocrasiisieT He Oouee 30 c.

B nponecce paboThl KapbepHOTO SKCKaBaTOpa HEMO-
CPEACTBEHHBIN KOHTaKT ¢ TOPHOW Maccoil B 3aboe ocy-
mecTBisier paboumit opraH (xosmr). Takum 00paszom,

JBYHOTAA CTOlKA -

cTpena

pyRosTE

MEXAHIIZM OTKPEIBAHHL
JIHITIIA KOBIIA

|
[
I
soru: [

10 20 30 40 50

=

KONMHIECTBO OTKA30B

MEXaHII3M OTKPEIEAHILT QHUIIA

0CcOOCHHOCTH B3aUMOJICHCTBUS KOBILA C MOPOIOH M rpa-
HYJIOMETPUYECKHH COCTaB pa3Bajia ONPENENIIOT CXEeMY
paboTel m xapaktep pabodero mporecca. B HaydHO-
TEeXHUYECKOH JUTepaType MOAPOOHO pacCMaTPHBAIOTCS
KOHCTPYKIMH KOBIIEH, MPUMEHIEMBIX Ha HSKCKaBaToOpax,
KOTOpBIE OTJIMYAOTCS OONBIINM Pa3HOOOpa3neM B 3aBU-
CHMOCTH OT Ha3HA4YeHUs, CIIOCOOOB M3TOTOBICHUS U pa3-
rpy3ku. KoBIm mpsMBIX JI0naT, B 3aBUCHMOCTH OT THIIA
COCIMHEHUS C PYKOSTHIO, NIENSATCS Ha JBE KaTErOPHH: C
IIaPHUPHBIM M JKECTKHM COEIMHEHHEM. BOoNbIIMHCTBO
KapbepHBIX IKCKaBaTOPOB HCIOJIB3YIOT KOBIIW C IIap-
HHUPHBIM COEMHEHHEM. B cirydae KecTKOro coequHeHHMs
KOHLIEBass OTJIMBKA PYKOSTH CIYXXUT 33JHEH CTEHKOW
koBma. Kiaccugukanus TUIIOB KOBILEH C eMKOCTbIO 00-
nee 4 m° ocymectsmsiercst cormacao OCT 24.072.06-80.

OCHOBHBIMH NapaMeTpaMy, BIUSIONIMMHU Ha 00pa3oBa-
HHE TPeIIMH B METaJUIOKOHCTPYKLHSAX pabodyero opraa,
SBISICTCS. BOSHHKHOBCHHE PE3KHX IIEPErpy30K BCIICIACTBHE
CTOJIKHOBEHHS KOBIIIA C HerabapuTaMu, ¢ MACCUBOM TOPHBIX
HIOPOJI, ¢ HEB3OPBAHHBIMU ECTCCTBCHHBIMU OTACIBHOCTIMH
H TIPY aBapUITHOM MaJIcHHH KOBIIA (puUc. 4, TadJ1. 2).

IEYHOTAA CTOIRA

cTpena
DYyEOATE

KOBTIA

KOBII

=

500 1000 1500

cpemaa HapafoTka Ha 0TKa3, CyT

Puc. 3. Ananu3 nokasatenei Hag&KHOCTH pabodero 000pyIOBaHHS MO APKY KaphEPHBIX YKCKaBaTOPOB
Fig. 3. Analysis of reliability indicators of the working equipment across the quarry excavator fleet

Vzap ofoiimoii G10xa KOBIIA I PYKOSTEIO IO R y=-0,0893x* - 0,6693x + 8,68

TOIOBHBIM GJIOKBM C'l]Jeﬂ_T:I
2= 0,959

Pexm cronopenns xoema & 3aboc | NN :
Tryfioxoe npesamme sosma » mopozy [N - s
Vaep soemon no rycesmey | s
YD IO TIORGOS 5
pasTpy3Ke KOBIIA =y
Vnap xormon o 3a6ofi » mavane sxcrasar |

0 2 4 6 8 10

9acTOTa HHIUJIEHTOR
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0

Puc. 4. CriekTp OTHOCHTENBHBIX YaCTOT BO3MOKHBIX MHIIMJCHTOB pabouero o6opynoBanus (KoBII) (a) 1 MecTa
pa3pyImeHus Kopiryca KoBIa 3KkckaBaropa (0): 1 —30Ha coeguHeHHs nepeHel 1 O0KOBBIX CTEHOK KOBIIIA;
2, 3 — mepeanue cTeHKU KoBmIa; 4, 5 — kperyieHus 3yOneB KOBIIa

Fig. 4. Spectrum of relative frequencies of potential incidents involving the working equipment (shovel dipper) (a); locations
of shovel dipper body failures on the excavator (6): 1 is junction area of the front and side walls of the shovel dipper;
2, 3 are front wall of the shovel dipper; 4, 5 are tooth attachments on the dipper
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Ta6m/1ua 2. Bo3aMokHBIE BapUAHTBI Z[e(beKTOB 1 HCIPABUJIbHBIX PEMOHTHBIX BO3Z[GﬁCTBHfI Ha 5JICMCHTbBI

pabouero o0OpyIOBaHUS

Table 2. Possible defects and incorrect repair actions on components of the working equipment

[Ipumep BEpHOTO TEXHUUECKOTO 0OCITYKHBAHUS
1 9KCILTyaTalluH y3JI0B DKCKaBaTOpa

HapymeHust ycnoBuid TEXHHYECKOTO 00CITYKUBAHUS
Y DKCIUTyaTaIuK1

COCANHCHHUC KOpOMBICJIa

KOBIII
IIIUIMHTOBOE COEQMHEHUE + KOJIBIIO

HCPAaBUJIBHOC COCAMHCHUC KO-
POMBICJIa KOBIII

COEIMHEHNE
LITUITMHT+ BTYJKa

cepbra

KOBIII

HETIPAaBUIIBHOC
IIIJIMHT Ha CBapKe

coeUHEHNE

+ KOJIBLIO

cOoeqUHEHUE calla3ka C JHUIIEM
KOBINA, LIMJIMHTOBOE COEIUHEHHE

HETIpAaBUIIBHOE COCOWHECHUE Ca-
JladKa ¢ IHUIIEM KOBIIIa Ha CBap-
K€

HCTIpaBHA

OCb OTKPbIBAHMC JAHUIIC KOBIIA,

HEUCIPaBHA, U3HOC 3BEHA IeTTH

Jlnst oLleHKH BO3AEMCTBUS KadecTBa MOATOTOBKH 3a-
0051 Ha AKCIUTyaTallMOHHBIE ITOKA3aTeNl M TEXHHYECKOe
COCTOSTHAE METaJUVIOKOHCTPYKIMI 3KCKaBaTOpPOB Ha OJI-
HOM M3 TOPHOI00BIBAIONINX IPEIIPUATHI OBbUT IPOBEAEH
IIPOM3BOJICTBEHHBIN SKCIEpUMEHT. B pamkax 3Toro skc-
MEPUMEHTa OMPEICISUIACh IMapaMeTpbl KYCKOBaTOCTH
B30PBAaHHOW T'OPHOW Macchl M OCYIIECTBIBUICS KOHTPOJIb
3a MOABIICHHEM TPEIINH B METAITIOKOHCTPYKLHUSAX. B Ka-
YecTBE alMapaTHO-TIPOTPAMMHOTO COTIPOBOXKICHHS IKC-
MIEPUMEHTAIBHBIX HCCIICOBAaHUNA HCIOJIB30BAHO OTede-
CTBEHHOE 00OpyI0BaHME KOMIaHuu «JlaBrex», paspabo-
TaHHOE B PaMKax NPOrpaMMBbl UMIIOPTO3aMEIICHUS BbI-
COKOTEXHOJIOTHYHOTO 000pyAoBaHusi. B mporpaMmHO-
annapaTHOM KOMIUIEKCE pealli30BaH CIEAYIOIMHA CIIo-
€00, 3aIMIICHHBIN TaTEHTOM ONPE/IEJICHHsI TPaHyJIOMET-
puueckoro cocraBa [19], KOTOpBIM 3aKIFO4aeTCsl B TOM,
YTO: MOCPEACTBOM CTEPEOCKOIMYECKOI KaMephl Moiyda-
I0T CTepeon300pa’keHne pas3Baja TOPHOM MOpOAbI; Ha
OCHOBE TIOJIy4E€HHOTO CTepeon300pakeHHsI pa3Baia CTpO-
SIT 00BEMHBINA pelibed) MOBEPXHOCTH pa3Baja, MpelCcTaB-
JSIOAN co00i HaOOp MaNmbHOCTEH OT MATPHIBI CTEPEO-

CKOTMYECKOH KaMmephl [0 TOBEPXHOCTH BBIOPAHHBIX
Y4acTKOB pa3Baja TOPHOW IOPOABI U COOTBETCTBYIOLINX
UM KOOpIHMHAT Ha H300paxkeHuu (puc. 5) [19].

MeToa KOHEUYHBIX 3JIEMEHTOB SIBIISCTCS OJHHM H3
HanOonee A(PQPEKTUBHBIX WHCTPYMEHTOB MJIsl aHAIHM3a
HalpsHKeHHO-1eOPMUPOBAHHOTO COCTOSHHS JJIEMEHTOB
METaUIOKOHCTPYKIMH. C €ro NoMOIIBI0 MOKHO OBICTPO
U TOYHO OLIEHHTH IPOYHOCTH M JIOJTOBEYHOCTH KOH-
CTPYKLUI{, 9YTO OCOOCHHO BAaXKHO ISl KapbepHBIX 3KCKa-
BaTOPOB, PA0OTAIONIMX B TSKEIBIX TOPHO-TEOJIOIHIECKHUX
ycnoBuaX. [IpenMyniecTBOM MeTona KOHEYHBIX 3JIeMEeH-
TOB SIBJIICTCS BO3MOXHOCTb YYUTHIBATh Pa3iH4HbIe (ak-
TOpBI, BJIMSIONIME HAa PaboOTy KOHCTPYKLMH, TaKHe Kax
TEOMETPHS, MaTepHabl, BHEIIHUEC HAIPY3KH M YCIOBHS
IKkcmyaTanud. Kpome TOro, MeTo] KOHEYHBIX 3JIEMEH-
TOB 00J1aJjaeT BBICOKOW TOYHOCTBIO U HAJCKHOCTBIO pe-
3yapTaroB. [Ipd NpaBUIBHOM MOIXOJE K MOAEIHUPOBA-
HHUIO M QHAIIM3Y MOXKHO TOJYYHUTh ACTAJBHYI KapTHHY
HAaIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS KOHCTPYK-
MM W TIPeACKa3aTh BO3MOJXKHBIE NMPOOJIEMBI 10 UX BO3-
nukHOBeHus [20].
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Puc. 5. Pe3ynbTaThl IpON3BOICTBEHHOTO 3KCIIEPUMEHTA Ha TOpPHO00bIBatoIIeM npexnpusitun YpdPO
Fig. 5. Results of the production experiment at the mining enterprise of the Ural Federal District

CornacHO MOJYYEHHBIM pe3yJIbTaTOM HACTOSAIIErO
uccienoannst IKI-10 (Tadu. 3), MOKHO BBISIBUTH 3aBHU-
CUMOCTb BJIUSIHUA TPAHYJIOMETPHUYCCKOTO COCTaBa B 3a-
00¢ Ha BUJ M3HAIIMBAHHS KOBIIA dKCKaBaTopa (BO3ACH-
CTBHE Ha OIpe/AEICHHbI yyacTok). Takum oOpa3om, npu
paboTe ¢ KpyMHOKYCKOBBIMU CKaJIbHBIMU TOPOJAMHU OC-
HOBHO€ BO3JEHCTBUE MOPOJBI MPUXOIUTCA HA HUXKHIOKO
YacTh KOBIIA M 3yObeB, a PU MEJIKOKYCOBaTOH Iopoje
M3HAIIMBAaHUE PAaBHOMEPHO PACHpEeNseTcs KaK Ha HHXK-
HIOIO, TaK M BEPXHIOIO 9acTh. DTO 00OCTOSATEIHCTBO UIpa-
€T Ba)XKHYIO POJIb B BEIOOPE TEXHOJIOTHYECKOTO PEIICHHS
110 TOBBIIEHUIO M3HOCOCTOMKOCTH KOBIIEH KapbepHBIX
3KCKaBaTOPOB.

3akiouenue

Taxum o6pa30M, B PE3yJIbTAaTC NPOBEACHHBIX UCCIIC-
,Z[OBaHI/Iﬁ YCTaHOBJIEHO U JOKa3aHO, YTO I'PaHYJIOMETPU-
YEeCKHHA COCTaB TOPHBIX TOPOJ — 3TO OAMH U3 OCHOBHBIX

NoKazaTesiell, OKa3bIBAIOIMX IPsIMOE BIIMSHHE Ha 3aTpa-
Thl Ha OypOB3pHIBHBIE PAabOTHI, a TAaKXKE HAa IKOHOMHUKY
MOCJIEAYIOIINX ONepaLIHii.

KoMmruiekcHble HMCCIeNOBaHMs 110 YCTAHOBJICHHIO
(haKkTHYECKOTO paclpeeseHUs] pa3MepoB KyCKOB B pas-
BaJIe C HCIIOJb30BAaHMEM HHHOBAIIMOHHOTO OTEYECTBEH-
HOTO 00OpYNOBaHMS, IIPU YCIOBUM OOECIeYeHHs Kade-
cTBa JpoOJICHHs B30pBAaHHOW TOpHOW Macchl B 3aboe,
OTIPEJIEIIEMOTO COJIEp)KaHUEM HerabaphTHOTO KycKa He
Oonee 3%, MO3BONMT pa3pabOTaTh PEKOMEHIAIUH 10
pallMOHATBHEIM PEKAMaM YIPAaBICHUS KapbepHBIM JKC-
KaBaTOPOM C IeNTbI0 MAUHHUMH3AIMY BHE3AITHBIX OTKAa30B
pabouero obopynoBanust OKI' u pa3paboTKy OOHOBIEH-
HOW CTPYKTYPHI PEMOHTHOTO IMKJIA, & TAKXKE yYMEHbIIEe-
HUS TIPOJIOJDKUTEITFHOCTH U CTOMMOCTH PEMOHTHBIX BO3-
JIEHCTBUI IO MApKy KapbepHBIX HKCKABATOPOB, CBS3aH-
HBIX C [IOKa3aTesIMH TPaHyJIOMETPHUYECKOTO COCTaBa
B30pBaHHOW TOPHOI1 Macchl B 3a00€.
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Tabmnuna 3. 3aBUCUMOCTB HANPSHKEHHO-e(OPMUPOBAHHOTO cOCTOSIHUS pabodero oprana DKI'-10 npu auHaMuueckux

Harpyskax OoT rpaHCcoCTaBa B 3a00e

Table 3. Dependence of the stress-strain state of the working tool of EKG-10 under dynamic loads

on the granulometric compaosition in the pit

MenuaHHBIN pazMep Opoabl, MM

da3bl uKIa yeprnaHuga

200

130

95

Brenpenue koBia B mopony

OunanpHas pasza

40
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