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[lpyBHECEHME HOBbLIX TEXHOIOMMM, OCHOBAHHBIX Ha MPUMEHEe-
HWW OBPATHBIX MAPABANYECKMX IONAT, B Pa3HOOOPA3HbIE rOPHO-
reosiornyeckme yCoBUA YrofbHbIX MECTOPOXAEHMV Ky36acca He-
M36EXKHO CTaBUT PALJ HAYUYHbIX U MPakTnyeckux 3agay. OqHov 13
HUX ABIAETCA YCTaHOBEHNE 0O6NaCTV U1 [PaHML CaMOCTOATENbHO-
0 WM COBMECTHOIO MPUMEHEHMNSA B YITIEHACHILEHHOM 30HE MEX-
JI0MAT ¥ 06PATHBIX MAPABIMYECKIMX /loNaT, 0becneyrBas Tem ca-
MBIM MaKCHUMasnbHYHO rpvbbisb Moy UCrob30BaHMM JOCTOMHCTB
TOro v Apyroro 1na 0bopyaoBaHUA. 3a4aqa PEeLLeHA 3TOro BO-
npoca, 6e3yCc/I0BHO, ABNAETCA aKTyanbHOM. B faHHOV CTaTbe aBTo-
Pamu MPeANaraeTcaA 1Crob30BaHNE MOLY/IbHOMO METOAA Kak UH-
CTRYMEHTaPUA /1A pacyeTa rokasatenevi paspaboTku CoeB rpu
COBMECTHOWU paboTe Pa3/inyHbIX TUIMOB BLIEMOYHO-T10MPY304YHOIrO
060pYAOBaHUA.

Knioueeole cnoea: omkpeimele 20pHele pabomei, 2udpasuye-
CKUe 5KCKagamopsl, Mexsionamsi, y2/1eHacblueHHas 30Hd, Nopo-
00y20/1bHAsA NAHes b, MOOYJ1bHbIl Memoo.

Ana yumupoeaHus: lNprimeHeHne MOAYNbHOTO METOAA AnA
pacueTa nokasaTenein pas3paboTku yrieHacblLEeHHON 30Hbl Ha
pa3pesax / A.A. Xopewwok, A.B. Kauy6uH, .M. [ly6uHK1H 1 gp.
//Yronb. 2022. N2 12. C. 76-81. DOI: 10.18796/0041-5790-2022-
$12-76-81.

* Paboma ebinosiHeHa npu uHaHcosol noddepxke MuHucmepcmea Hay-
Ku u sbicwe2o obpasosaHusa Poccutickoti ®edepayuu no CoznawieHuto om
30.09.2022 N2 075-15-2022-1198 c ®IBOY BO «Kysbacckuli cocydapcmeeHHsbili
mexHuyeckuli yHusepcumem umeHu T.Q. [opbayesa» 8 pamkax KomnnekcHou
Hay4YHo-mexHu4yeckol Npo2pammsl NOJIHO20 UHHOBAUUOHHO20 YuK/a «Pas-
pabomka u 8HedpeHUe KOMNJiekca mexHoso02uli 8 06;1acmsax paseeoku u 0o-
6b14U MBepObIX NOJIe3HBLIX UCKONaemblx, 0becneyeHus npomsiwieHHoU 6e30-
nacHocmu, 6uopemeduayuu, Co30aHUA HOBbIX NPOOYKmMOoe8 2/1y60KoU hepepa-
60MKU U3 Y20/IbHO20 CbipbA NPU NOC/IE008AMENbHOM CHUXEHUU 3Kos02uYe-
CKOU HA2Py3KU HA OKPYXarowyto cpedy U puckos 0718 XU3HU HaceneHus» (KHTIT
«Yucmelli y2one — 3eneHeiti Ky36acc») 8 pamkax peanusayuu meponpuamus
«Pazpabomka u co30aHue 6ecnuIoMHO20 KapbepHO20 CAMoC8asd YesrHoY-
HO20 muna 2py30n00veMHOCMbt0 220 MOHH» 8 YaCMU BbINOJIHEHUSA HAYYHO-
uccned0o08amesnbCKUX U ONbIMHO-KOHCMPYKMOpPCKUX pabom.



BBEAEHUE

Mpu paccMOTpPeHKM CoA YrNMEHACBILEHHON 30HbI N0O0W
CTPYKTYpbl B NjlaHe pacyeTta nokasaTtesieln BbiCTpanBaeTca
Lenb TexHonormnyecknx cxem[1, 2, 3,4]. BaxkHon 0cobeHHOCTbIO
TAKoro nogxofa siBAE€TCA BO3MOXXHOCTb 3aMeHbl OIHOIO
VN HECKONbKUX 3BEHbEB C MPUMEHEHNEM OHOTO 13 BUAOB
060pynoBaHA Ha 3BeHO (TEXHONIOTUYECKYIO CXeMy) C APYTUM
BMAOM 060py0BaHNA. ITO CBONCTBO, B YaCTHOCTY, MO3BONAET
paccunTbIBaTh MOKa3aTesnu pa3paboTKy C/I0si PY COBMECTHOM
paboTe pa3Hbix TMNoB obopyaosaHus [5, 6,7, 8,9, 10, 11,
12, 13, 14]. Takoli MeTof pacuyeTa nokKasartenein pa3paboTKu
CJI0€B Ha3BaH HaMU «<MOZyNbHbIM». [og MogynemM NOHMaeTcs
TEXHOJIOrMYeckana Cxema NpPOoOn3BOACTBA ONpeneNeHHOro
BMOa ropHbIX paboT onpeaeneHHbIM TUMOM BbIEMOYHOIO
ob6opynoBaHua. Meton no3BoniseT cTaHZApPTU3MPOBAaTb
M YyNpOCTUTb pacyeTbl NMoKasaTenen pa3paboTKu Cnoes,
paccunTbiBaTb CTPYKTYPbI CNIOEB SO0 CIIOXHOCTN.

CUCTEMATU3ALNA MOAYIIEN.

OCHOBHDbIE NMOJIOEHUA

Pa3paboTka cioeB BbINOHAETCA B3aUMOYBs3aHHbIM PALOM
06X U UHAMBUAYANIbHBIX TEXHONIOTNYECKNX CXEM, CMEHY
KOTOPbIX, MO Mepe 0TPaboTKUN 3aX0AKM, MOXXHO NpeacTaBrTb
B BUJE Lenu CXemM-Moaynen, B3aumMoyBA3aHHOWN o6Len
TexHonornyeckon uenbto. Hanpumep, N® 1 - npoxoaka
pa3pe3HOou TpaHLLUeun C BblIeMKOW OANHOYHOrO nnacta, N2 2 —
pa3paboTka mexgynnactbs, N2 3 — BbleMKa ABYX CMEXHbIX
nnactoB u 1.4. (puc. 7). na Kaxkgoro tuna o6opynoBaHus
WA MPU MX COBMECTHON paboTe KONMMYECTBO LENOYeK U
cofiep>KaHue Kaxoro 3BeHa (TEXHONMOrMYeCcKom cxembl) byayT
pasnuyHbiMK. Kaxgoe 3BeHO Lenuv — 3To caMoCToATeNIbHasA
TeXHONIOrMyeckas cxeMa, mapameTpbl 1 MOKa3aTenu KoTopon
paccumMTbIBalOTCA B COOTBETCTBMNY C TUMOM NMPUMEHAEMOrO
3KCKaBaTopa, HO BbICOTA YCTyMNa MPVHUMAETCA PaBHOM BbICOTE
rOpV30HTaNbHOro CIOA.

AHanus CTPyKTyp CJ10€B YrfieHacCbILEeHHON 30Hbl BbISABUJI
OrpaHNYeHHOEe KONIMYECTBO TEXHONOMMYECKMX CXeM, HO [i0-
CTaToyHOe AnA pa3paboTku criosa Nbon cnoxHocTu. Bee-
ro Ans pa3paboTKu yrneHaAChILEHHOWN 30HbI JII0ObIM TUMOM
BbIEMOYHO-TMOMPY304YHOr0 060PYA0BaHNSA BbINOHAETCA NATh
BVAOB rOpHbIX PaboT (B nopsaake NocnefoBaTesibHOCTU UX
NpPOon3BOACTBA):

reotexsonorus [l

1.MpoxoaKa pa3pe3Hon TpaHLLeun C BbIeMKOW OOHOrO MiacTa;

2.MpoxopaKa pa3pe3HOoN TpaHLLIeN C BbIEMKOW CONMMMKEHHbIX
nnacTos (oT AByX 1 6onee);

3. Pa3paboTka BCKPbLILLHOIO YCTyMa No MeXAynnacTbio;

4. Pa3paboTka, no Mepe noasuraHus ¢ppoHTa paboT, nopo-
JOYrofibHOM 3aX04KM C BbIEMKOW OJHOrO NiacTa;

5. PazpaboTka, no mepe noasuraHus ¢ppoHTa paboT, no-
POLOYroNibHOM 3aXOAKM C BbIEMKOW CONUMKEHHBIX MIACTOB.

Bce 3T TMNOBbIE CXeMbl 0ObeAUHAET OQUH NPU3HAK — pa3-
paboTka o6beKTa Ha BCHO BbICOTY CNOA YrNeHaCbIWeHHON
30Hbl. B onpegeneHHbIX y3KNX rOPHO-reosiIornyeckmx ycno-
BUSAX A KaXJOro TUMa BbIEMOYHOIo 060pYAOBaHUs TaKme
CXEMbl NPVMMEHAIOTCA Ha NPaKTMKe.

bonee wrpokoe npyMeHeHne nMetoT Cxembl C MOCIONHON
pa3paboTKON MOPOAHBIX YCTYMNOB, TPAHLUEN C BbIEMKOW Yrofib-
HbIX M1aCTOB UIN MOPOAOYTOIbHbIX 3aX0L0K KaK npu paboTte
MeXJ/I0MaT, Tak U 06PaTHbIX NMAPaBANYECKMX JIONAT.

CuuTtaem, YTo TEXHONOMMYECKIME CXEMbI Pa3paboTKM Ha3BaH-
HbIX BbiLLIEe 0ObEKTOB ABYMS U 60riee CosAMU ABNAIOTCA Bapy-
AQHTaMV OCHOBHbIX CXeM, T.K. COCTOAT 13 OQNHAKOBbIX MO CTPYK-
Type nacnopToB 3a6oeB. /lcxoas 13 BbilecKa3zaHHOro, paspa-
60TaHa cuctemaTr3auus mogynen (cm. mabauyy).

NPEOCTABJIEHUE MOPALOKA PACYETA NMOKA3ATEJIEN

PA3PABOTKU CJIOEB «<MOAY/IbHOW» ®OPMYJION

[na pacyeTta nokasaTenei pa3paboTku cnos HeobxoarMo:
npenctaBuTb rpaduryeckyto cxemy cnos (puc. 2, a); BbibpaTtb
060pynoBaHME M HA3HAYUTL NOPSAOK Pa3paboTKy ciod No
[JaHHOMY BapMaHTy; MPONuUcaTtb B UHAEKCAX Mogynein Gopmy-
ny nopsigka paspaboTku cnos (puc. 2, 6, 8, 2).

[Janee MoXeT NPON3BOAUTLCA PACYUET, HaNpPUMep, NoTepb
yrns npu paboTe MeXoNaT v F’MAPOJIONaT, a TakKe SKOHOMU-
YeCKunx nokasartenem.

MNpw pacuete mogynen oLeHNBAETCA B3aMMHOE MONOXKeHNe
[BYX CMEXHbIX niactoB. Heobxogumo yyecTtb xapaktep conu-
YKEHHOCTU IBYX CMEXKHbIX MJIaCTOB B 3aBMCUMOCTU OT TWIMa Bbl-
€MOYHOro 060pyf0BaHUS Ha MPOXOAKE Pa3pPe3HON TpaHLIen
MeXIy NnnacTamu: Npsimasi MexaHmyeckas (rugpaBnnyeckas)
1 obpaTHas rugpaBanyeckas sonatbl.

B npuBefeHHy0 cucteMaT3aLuio He BK/IOUYEHbI Mosiorve
1 cnaboHaKIoHHbIe (Ao 20°) niacTbl, NOCKONbKY NOArOTOBKA
UX K BblEMKE 1 COHCTBEHHO BbleMKa 0ObIUHO CBsfi3aHbl C 3a-
JecTBoBaHMeM Gynbfo3sepa.

1) Crioi BbliemouHoe Llenouka 3axogokK
» 060pynoBaHNe
3ro Ne 1 |—>N92 |—>|N93 |_>|Nc_>4 |—>|N95 |
KT Ne 1 |—> Ne2 |—>| Ne3 |
3Kr+3ro Ne T |—> Ne2 |_>| Ne3 |_> N4 |
Y
2) Crioi o Puc. 1. [puHyun ModybHO20 pacuema ci0es

Fig. 1. Principle of modular calculation of the layers
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Cucrematnsauma MOAYHEﬁI npmn pa60Te mexsionat un OGPaTHbIX rmgpononar

Systematization of modules in operation of rope shovels and hydraulic backhoes
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B uHOekcax modysneli o603HaqeHbl: DKI — mexmonama; OT'0O — o6pamHas eudpasnudeckas sonama; Tp — npoxodka mpaHweu; M — paspabom-
Ka ycmyna no mexoynadacmeto; 3 — pazpabomka 3axo0Ku ¢ 8bleMKol niacma; m — nocioliHas paspabomsa o6vekma; 1 — paapabomka o6vek-
mad 3KcKkasamopom ¢ 8bleMKol 00H020 nAacma; ¢ — pa3pabomka 06sekma SKCKABAMOopPOM ¢ 8bleMKOU COMUXKEHHbIX NJIACMO8
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Puc. 2. lnaHuposaHue
U MOOy bHble hopMy bl
pacyema nokasamenet

paspabomku cnos:
a-cmpykmypa

T.1

u napamempel

paccdumeleaemoco CJ104;

(o)

6 — nnaHuposaxue u
MOoOynbHasA hopmyna
paspabomku cnos

. 7777
T2 A7

mexsnonamou (3KT);
8 — NJIaHUposaHue

T JKI' T JKI' T OKI'
pl‘Ll N pnAc6 N pr{.l N (Mzkr )
.1 1.2 ¥ 1.3 1.4

U MoOyleHas hopmyna
paspabomku cioa obpamHou
2udpasnuyeckoti nonamoti
(3r0); 2 - nnaHuposaHue

U MoOylbHasA hopmyna
paspabomku cnos

npu coemecmHou

pabome IKT u 3I0.

Fig. 2. Planning and modular
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layer excavation indicators:

a - structure and parameters
of the calculated layer;

6 — planning and modular
equation for the layer
excavation with a rope shovel
(EKG); 8 - planning and
modular equation for layer
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\ g7/ AL

7S excavation with a hydraulic
backhoe (EGO); 2 - planning

=
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MopgynbHbI MeTOA pacyeTa Nokasatenen nmeeT pag go-
CTOWHCTB, B YaCTHOCTW, OH MO3BOMAET: CTaHAAPTU3NPOBATb
pacueTbl; NpoCcMaTprBaTb HeO6XOAMMble AMana3oHbl 1 Ba-
PVIaHTbI CTPOEHUSA CII0EB.

o paHHOMY MeToAy MOXHO BeCTU pacyeT nokasaTenen
pa3paboTKu CoeB Npu N06OM B3aMMHOM PacnosioXeHUN
niacToB B NOPOAoyrosibHow naHenn [15, 16, 17]. Kpome Toro,
€CTb BO3MOXHOCTb BapbMpOBaTb NapaMeTpbl BbIEMOYHO-
NMorpy3o4yHoro o60pyaoBaHus, B TOM YMCIIE N3MEHATb YNC-
710 CNOEB U UX BbICOTY B 3aBUCUMOCTN OT YCJIOBUI MOrpy3-
K1, KaueCTBEHHOro COCTaBa MOPHOM Macchl, pabounx napa-
MEeTPOB rMApOoNonaThl, KOTOPble MOTYT MEHATHLCA B LUNPO-
KMX npegenax n3-3a UCnosib30BaHUA CMEHHbIX PYKOATEN 1
KOBLLEN; TaKXe NpU pacyeTe MOXHO 3afaBaTbCA LOMOSHU-
TeNbHbIMU NOKa3aTeNAMM, YUYNTbIBAIOLWMMUK SKONIOTUYeCKmne
1 nHble ¢pakTopsbl [18, 19, 20, 21, 22, 23, 24, 25, 26].
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Abstract

Bringing new technologies, based on the use of hydraulic backhoes, in a
variety of mining and geological conditions of the coal deposits of Kuzbass,
inevitably imposes a number of scientific and practical problems. One of them
is to establish the area and limits of independent or joint application in the
coal-bearing zone of mechanical (rope) shovels and backhoes, thereby ensur-
ing maximum profit while using the advantages of both types of equipment.
The task of solving this issue is certainly relevant. In this article, the authors
propose to use the modular method as a tool to calculate the indicators of
layer development when different types of excavation and loading equip-
ment work jointly.

Keywords
Open-pit mining, Hydraulic shovels, Rope shovels, Coal-bearing zone, Rock
and coal panel, Modular method.
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