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HCCJIEJJOBAHUE B3AUMOCBSI3U ILIUPUHBI PABOYEM
IVIOINAAKHU U IVIMHBI ®POHTA IIPU KOHUEHTPAIIUU I'OPHBIX PABOT

AKTyaJbHOCTB. [loanepkanre pasMepoB NeHCTBYIOMICH YacTH paboUei 30HbI TITYOOKIX KapepoB, HEOOXOMMMON U TIOTyYeHHUs
3aIUIAHMPOBAHHOTO 0OBEMA JIOOBIYH MOJIE3HOT0 MOXKHO JIOCTHYb 32 CUET M3MEHEHUS IHMPUHBI PAO0YHX IUIOIAI0K U IPOTSHKEHHO-
CTH aKTUBHOTO (poHTA paboT. B pe3ynpTarTe BEIMOIHEHHOTO aHaIM3a HAyYHBIX ITyOJIMKAUi ObIJIO YCTaHOBIICHO, YTO B IIPO-
necce onpeeIeHys IMUPHHBI pabodell IIIOIaIKH IIPH 3aJaHHOH IIPOM3BOIUTEILHOCTH Kapbepa 110 Py/e YUUTHIBACTCS TOIb-
KO JUIMHA aKTHBHOT'O (GpOHTA IO PyJe M BCKPBILIHBIM IIOPOAaM Ha MOMEHT OLeHKH. [Ipu 3TOM He yuuThIBaeTCs BIMSHHE Ha
Hee M3MEHEHMs! IMPHUHBI pabouei IIOoImaIKy.

Mertoas! uccienoBanuii. MccinenoBanne U3MEHEHHs UIMHbI aKTHBHOTO ()POHTA TOPHBIX PabOT NPH YBEINYCHHUH LIHU-
pHHBI paboueil IUIOIAAKH, C TIOMOIIBIO rPpaUUecCKUX METOJ0B TOPHO-T€OMETPUUECKOr0 aHalIM3a KapbepHOro MO, 03BO-
JSET ONpPeNeTIUTh HeOOXOMHUMBbIE TapaMeTpbl CUCTEMBI pa3paboTKH, 00ECIIeYBAIOIINE B Kapbepe HOPMATHBHBIN 3arac py bl
TOTOBBIl K BBICMKE, & TAK)KEe pa3Mep aKTUBHOM 4acTW pabouel 30HBI IS PAa3IMYHBIX 3HAYCHHIl IIPOU3BOJUTEILHOCTH IO

pyne.
HOCTaHOBKa 3agad. HCHLIO pa60TLI ABJISICTCA UCCICIOBAHUC 3aBUCUMOCTH JJIMHBI aKTUBHOI'O q)pOHTa TOPHBIX pa60T

OT IIMPUHEI paboyeil MIOMaIKy I pa3IMYHbIX BAPHAHTOB IPOM3BOIUTEIILHOCTH 10 PYJE NMPU KOHIEHTPALMH FOPHBIX pa-
00T B Kapbepe.

Pe3yabTaTrhl. OG0CHOBaHO, YTO B CiIy4ae KOHIECHTPAIIMX TOPHBIX PadOT Ha OTAETBbHBIX Y4acTKax paboueil 30HbI Kapbe-
pa Ul 3alaHHON NPOU3BOAUTEIBHOCTH IIPH ONPEASICHUN MIUPHHBI paboveil MIOMAAKN U JUIMHBI aKTUBHOTO (POHTA TOP-
HbIX paboT HEOOXOJMMO YUHTHIBATH KaK OOEcHeYeHHEe HOPMATHBOB FOTOBBIX K BBIEMKE 3aIlacoB IIPH COKPALIECHHUH JJIHHbI
BOBJICKAEMBIX B OTPAabOTKY YCTYIIOB, TaK M YMEHbIICHHE MaKCHMaJIbHO BO3SMOXKHOW [UIMHBI aKTHBHOTO ()POHTA TOPHBIX pa-
00T Ha 3THX y4acTKax 3a CUeT YBEJIMUYCHHs IIHPUHBI paboyeil uiomanKky. Y CTaHOBJICHB OCHOBHBIC (DaKTOPBI, BIMAIOLINE HA
HW3MEHEHUE JIMHBI aKTUBHOTO (PpOHTA TOPHBIX PabOT, KOTOPHIC HEOOXOIMMO YUHTHIBATH IPU ONPENEICHHH MapaMeTpoB
CHCTEMBI pa3pabOTKH.

BriBoasl. B pesynbraTe nccnenoBaHuii ObLIO YCTaHOBIICHO, YTO OINPEACIICHNE MapaMeTpOB CHCTEMBI Pa3paboTKH, KO-
TOpbIE yJIOBJIECTBOPSIIOT HOPMUPYEMBIM 3amacaM JUisl 3aJIaHHOM IPOM3BOAUTENBFHOCTH Kapbhepa Mo pyjae HeoOX0UMO ocyIie-
CTBJIATB C YYETOM Pa3MepOB aKTUBHOH 4acTH pabouei 30HbI Kapbepa.

KiroueBble cjioBa: mupuHa paboyeil MIOMAAKH, IMHA (POHTA TOPHBIX PadOT, MPOU3BOIUTEIBHOCTL Kapbepa, FOTO-
BBIC K BBICMKE 3aI1aChl, TAPaMETPbl CUCTEMBI Pa3pabOTKH.

IIpo6sieMa U ee CBA3b C HAYYHBIMM U MPAKTHYECKUMH 3aiauaMu. [lepexo/ Ha SKOHOMIYIECKUE
MEXaHW3MbI, OCHOBAHHBIE HA M3MEHSIIOIIEMCSI CIIPOCE Ha ChIPhE U M3MEHEHHE TIeH Ha TIOJIe3HbIe HCKOTIaeMbIe
TpeOYIOT COTIACOBAHMS PEKUMA TOPHBIX PalOT, a TaKKe MapaMeTpoB CHCTEMBI Pa3pabOTKH C (UHAHCOBO-
SKOHOMHYECKUMH TIOKA3aTeNIsIMU MPOSKTUPYEMOTO TPEANIPUATHS, KOTOPhIC 3aBUCAT OT BO3MOXKHOCTEH
peann3aiyy TOBAPHOU MPOTYKIIUH.

[pu nmpoeKTUPOBAHUK TODKHBI OBITH OIPEISIICHBI YMCIICHHBIC 3HAYCHHUS TapaMETPOB JICMEHTOB CHCTE-
MBI Pa3pabOTKH, KOTOPBIE MTOJHOCTBHIO ONKCHIBAIOT CO3/AHKE, PA3BUTHE U TIOICPKaHKUE Pabodeii 30HBI Kaphe-
pa Ha TaKOM YPOBHE, KOTOPBIH MO3BOJIACT OOSCTICUUTh IMIAHOMEPHOCTh, PUTMIYHOCTD U HAJIKHOCTh BBITION-
HEHUSI BCKPBINTHBIX M TOOBIYHBIX paboT [1]. [Ipu aToM GobIoe 3HaYCHNE HMEET BBIOOP TaKMX dJIEMEH-
TOB, KaK IKpHHA paboYMX IUIOMIA0K U MPOTSHKEHHOCTh aKTUBHOTO (pOHTA PadoT.

Jlns BeeHHs TOPHBIX PabOT Ha KaXIOM JICHCTBYIOIIEM TOPU30HTE 00pa3yroT pabovne Mmionai-
K{, COCTOSIIIUE W3 JBYX O3JCMEHTOB: IUIOMAJIKU JJIS pa3MelleHHs IMOrpy304HOTO 000pyIOBaHUs,
TPAHCIIOPTHBIX KOMMYHHMKALMH M INPU MOJYCKANbHBIX U CKAJIBHBIX IOPOJAaX - pa3Bajla B30PBAaHHOM
TOPHOW MacChl; pe3ePBHOM MOJIOCHI TOTOBBIX K BBIEMKE 3aI1aCOB.

Kak u3BecTHO HMIMPHHA PE3EPBHOM MOJIOCHI U COOTBETCTBEHHO MIMPHHA PaboYe MIIOIAAKH OTpe-
JISJISIETCS TIPOIOJDKUTEIILHOCTRIO TIEPUO/Ia, HAa KOTOPBIM CO3Ja0TCs TOTOBBIC K BBIEMKE 3amachl [2] u
3aBUCHT OT IPOU3BOJAUTEIBHOCTH Kaphepa Mo PyJe U JJIMHBI aKTUBHOTO (DPOHTA TOPHBIX padoT [3].

Jlnmuna GpoHTa FOPHBIX paboT Kaphepa, KOTOpas CKIaabIBacTCs U3 MPOTSHKEHHOCTH (PPOHTOB OT-
JIENTBHBIX YCTYTIOB, JIOJDKHA OBITh JIOCTATOYHOW JUIsi 00ECTICYCHUsT YCTAHOBICHHOW MPOU3BOJICTBEHHOMN
MOIIHOCTH Kapbepa 10 TOJIE3HOMY HCKOITAeMOMY W 10 TOPHOM Macce, a Takke AJIsl MOATOTOBKH HO-
BBIX TOPU30HTOB. J[nrHa GpoHTa paboT YCTYMOB OMPEACNIICTCS pa3MepaMu KapbepHOTo IMOJIs B MJIaHE,
TeKyIIeH TITyOnHOMN Kaphepa U MPUHATOW CHCTEMOM pa3paboTku [4].

C yBenuueHHeM TIyOHHBI pa3pa0O0TKH YBEINYUBACTCS YHCIIO JOOBIYHBIX YCTYIOB M, KaK CIEICT-
BUE 3TOT0, BO3pAcTaeT MPOTHKEHHOCTh ()poHTa MOOBIUHBIX paboT. M3BecTHO, YTO upe3MepHOe
YMEHBIIICHUE WM YBEINYCHUE (PPOHTA MPOTUB HEOOXOIMMOM BETMYHHBI CIIOCOOHO YXYANIUTH TEXHH-
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KO-3KOHOMHYECKHE Pe3yJbTaThl pa3paboTku [5]. Tak mpu Oombinoit amuHe GpoHTa yBETUYHBAIOTCS
KalmuTaJlbHBIC 3aTpaTbl HA TPAHCIIOPTHBIC KOMMYHHUKAIIUU U JIMHUU JJICKTpoHNepeaad mpu rnepemMenic-
HUM TOPHON MAacCChI JKEIE3HOJOPOKHBIM TpaHCIOpTOM. M3-3a mepenpobera aBTOMAIINH PE3KO yBEIH-
YUBAIOTCS 3aTPaThl HA TPaHCIOPTUpOBaHUE. Hapsamy ¢ 3THM mosBIsSeTCS BO3MOXXHOCTH BBIJEPIKUBA-
HUSI HOPMHPYEMBIX 3aI1acoB, IIPH MEHBINEH MUpHHE pabodel TUIOIMAaIKH, KOTopas ompeaenseT oobe-
MBI BCKPBIIIHBIX padoT [6]. [Ipu 3TOM TekyIre 00beMbl BCKPBIIITHBIX PA00T YMEHBIIAIOTCS.

YMeHbIlIeHUEM JUTHHBI (PPOHTA TOPHBIX PadoT, 3a CYET KOHIICHTPAIUY UX Ha OTACIbHBIX Y4acT-
Kax Kapbepa, JOCTUTACTCS CHIKCHHE CeOCCTOMMOCTH AOOBIYHU ITOJIE3HOTO MCKomaeMoro [7] (yMeHb-
1aeTcs JajJbHOCTh TPAHCIIOPTUPOBAHUS, YBEIUYMBACTCS MPOU3BOAUTEIHHOCTh IKCKaBaTopoB). Ilpu
3TOM JJ1s1 00ECTICUeHUS] HOPMATHBa TOTOBBIX K BEIEMKE 3a1acOB PYAbI IIUPHHY pa00oYeil IIIOIIa Ky, Ha
3THX Y4YacTKax, HEOOXOAMMO YBEIWYUTh, YTO TOBIEYET 3a cOOOH yBennueHwe KO3(PPHUIIMEHTOB
BCKPBIIIH.

OpHako, B POIECCe OINPEICICHUs IIMPUHBI pabodell IUIOMAAKY MPH 3aJaHHOH MPOU3BOAUTEIb-
HOCTH Kapbepa I10 pyJle YIUTHIBACTCS TOJBKO JUIMHA aKTHBHOTO (PPOHTA MO PYAE W BCKPHIIIHBIM I10-
poxam Ha MOMEHT oneHKHU. [Ipr 3TOM He yduThIBaeTcs BIMSHUE Ha Hee H3MEHEHHS IITUPUHBI padodei
TUIOIA/IKH, KOTOPOE 3aKJIF0YAETCs B TOM, YTO NPH YBEIWYCHUH LIMPHHBI pabodel IUIOIAAKK JITMHA
(hpoHTa yMeHbIIaeTCs.

[ToaTomy mpucTynas K MOACITUPOBAHUIO Pa3BUTHS TOPHBIX pabOT AJIS 3aIaHHOW MPOU3BOTUTEIb-
HOCTH Kapbepa I0 pyJe B MEPBYIO Ouepeh HEOOXOIUMO OINPEACIUTh 3HAYCHHUS IIUPHHBI padbodeii
TUTOIIAJIKK ¥ JUTHHBI aKTUBHOTO (DPOHTA TOPHBIX pa0OT YJIOBIECTBOPSIONINE TPEOOBAHUSIM HOPMUpYE-
MBIX 3aI1aCOB MIPH PA3INIHON CTETIEHU KOHIIEHTPAIIUH TOPHBIX padoT.

IlocTranoBka 3amay. llenp HacTosmiedt pa®oOTHI — HCCIenOBaTh M3MEHEHHE JJIMHBI aKTHBHOTO
(poHTa TOpHBIX pabOT B 3aBUCUMOCTH OT yBEIHUUCHHS IIUPUHBI paboueil TUIOMAnKy MPH Pa3IHIHBIX
3HAYEHUIX POU3BOIUTENBHOCTH Kaphepa Mo pyae.

H3noxxeHue MaTepuaoB u pe3yJbTaThl. llnprHa pabodeil mIomanku B Kapbepe OMPEaeIsIeTCs
10 HOpMaTHUBaM, M
A,y
——
L,-h,
rne By - cpeaHsis mMpruHa pabodel oM@k B Kapbepe, 00eCIeUMBAOIIas HATMYHE B HEM HOPMATUBHOTO
3amaca pybl 1 00beMa ITyCThIX, TOTOBBIX K BBIEMKE, M; By, - MUHUMAIIbHAS IIUPHHA pPa0Ooyeid TUIOIIAAKU B
Kapbepe, M; A, - IPOU3BOJUTENBHOCTh Kaphepa 110 PyJIE, M’/TOJT; \y - HOPMATHBHBIi KOS(MHIMEHT TOTOBBIX K
BBIEMKE 3aI1acOB PyIblI (IIPH NOIyTOPAMECSYHOM 3amace pyzsl 3ToT KodhduuuenT paseH 0,125; L, - umHa
aKTHUBHOTO PYAHOTO (pOHTA B Kapbepe, M; /i, - BBICOTA PYAHOTO YCTYTIA, M.

Otcrona, imuHa ppoHTa TOPHBIX pabOT COCTABUT, M

L,= Ay ,
(BH _Bmin)' hy

[loxcraBuB 3HaueHMS TOKa3aTelNeil B BeIpaKeHHE (2), OnmpeeNnM [UINHY aKTHBHOTO ()pOHTA Trop-
HBIX paboT MpH Pa3NUYHBIX 3HAYCHHSAX MPOM3BOAMTEIHHOCTH Kaphepa mo pyne. [Ipu sToM kaxmoe
BO3MOXKHOE U3MEHEHHE JUIMHBI aKTUBHOTO (DPOHTA TOPHBIX pa0OT IOJIKHO 00SCIIEUYUBATH COOTBETCT-
BYIOIlee 3HAYECHHE IMPOU3BOJUTEIHFHOCTH Kaphepa, 1O TOPHBIM BO3MOXKHOCTSIM HCXOMAS U3 MAaKCH-
MaJBHOTO KOJIMYeCTBa TOOBIYHBIX IKCKaBaTOPOB. [ [pOM3BOMNTENEHOCTE Kapbepa 1Mo pyle U3MeHSIeTCs
oT 2,5 MiH M° 10 10 MitH M° ¢ marom 2,5 miH M°. I'padudeckoe n300pakeHre MOTydeHHBIX Pe3yIbTa-

TOB IIPCACTABJICHO COOTBETCTBCHHO Ha pUC. 1.
Lom Puc. 1. V3mMeHenne piuHbl ppoHTA TOPHBIX PadoOT B 3a-

BH = Bmin +

Q)

2

00N BHUCHMOCTH OT YBEIWYEHHUS HOPMATUBHON INMPUHBI paboueit

IUTOIIA/IKK TIPY BOBJICYCHUH B pa3pabOTKy Bcel pabodel 30HbI

50001 (1): 1— THHAS YPOBHS MPOM3BOANTENBHOCTH 2,5 MIH M*; 11 - 5
4000- MJIH M3; III - 7,5 M M3; IV - 10 mia M

2000 [Ipu 3TOM HEOOXOIUMO YTOOBI BBHIMOIHSIIOCH

YCJIOBHUE BO3MOXKHOCTH obecreueHus mpou3BoOau-

2000 Bt - I TCJIBbHOCTH Kapbepa IO pyAC UCXOAd U3 paCCTAHOB-

1000H J,/\ R e b s KH MaKCHMAJIbHOTO KOJIMYECTBAa JOOBIYHBIX KCKa-

0 : ¥ : : Batopos [8].
7 50 55 60 t5 70 Upniw [lomyuennsie Ha puc. 1 xpusbie (I-IV) sBs-
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IOTCSl TUHVSIME YPOBHSI TIPOM3BOAUTENBHOCTH Kapbepa Mo pyAe. DTH JIMHUU YPOBHS IPEICTABISIFOT
co00if THHUH, B KaX/I0i TOYKE KOTOPHIX OIMpPEJENCHHBIH YPOBEHb MPOU3BOIUTEIEHOCTH COXpaHSIET
OJIMHAKOBOE 3HAYEHHE.

U3 puc. 1 BUAHO, Y9TO JUTA TIPOM3BOAUTENHLHOCTH 110 pyzae 10 MIH M’ NPH yBETHYEHHH MIHPHHBI
pabodeli TUIOMAIKK, OT MUHIMAJIFHOTO 3HAYeHHUS 10 56 M IMPOM3BOAMUTENHHOCTHh Kapbepa OyneT of-
peaensaThCs U3 YCIOBUS oOecrieueHUs] HOPMAaTUBHOTO 3araca pyAbl TOTOBOTO K BeleMke. [Ipu yBenu-
YEeHUH IIUPUHBI paboueil MIomaaKy cBhILe 56 M, IPOU3BOAUTEIBLHOCTD Kapbepa OyeT onpeeseTcs
M3 yCIIOBHSI PACCTAHOBKH MaKCHMAaJIFHOTO KOJIMYECTBA JOOBIYHBIX SKCKaBaTOPOB.

[lomydeHHBIE aHATUTUYECKUM ITyTEM KPHBBIE HE yUWUTBHIBAIOT T€OMETPUYECKUE MapaMeTphl pya-
Horo Tena (popma, ATMHA MO MPOCTHPAHUIO, YTIIBI MAZCHUS U T.1.). B CBSA3M ¢ 3TUM 11 IPOEKTHpYe-
MOTO Kaphepa HEOOXOJWMO BBITIOJHUTH TOPHO-TEOMETPHUYECKUI aHaIu3 MpH yriyOKe ¢ pa3iaumdHOH
IMUPUHON pabodeil TIIOMIa KA M YCTAHOBUTH 3HAYEHUSI MAKCHMAaJIbHO BO3MOYKHOW JJIMHBI AaKTHUBHOTO
(poHTa TOPHBIX PadOT B 3aBUCUMOCTH OT IIUPUHBI paboyel MIOMmaaKy.

B kauecTBe mpumepa, BOCIIOIB3yeMCs YCIOBHBIM KapbepoM. YTOJ MajeHus 3ajexu - 65°, ropu-
30HTaJIbHAs MOIIHOCTH - 450 M; npoTskeHHOCTh - 600 M. [TapaMeTpsl kKapbepa cOCTaBIAIOT: YIOd OT-
Koca MpoeKTHOTro OopTa - 42°; koHeuHast TyOnHa Kapeepa - 500 m. Jlns paccMaTrpuBaeMoro Kapbepa
OBLT BBINIOJIHEH TOPHO-TEOMETPHUECKU aHAJIN3 KapbhepHOIO TOJIA U ONpEJeNIEH0 U3MEHEHUE JUINHBI
AKTHUBHOTO ()pPOHTA FOPHBIX PaOOT NP YBEIMUYCHUH IUPUHBI padovell IUIOmaaAKH, KOTOpOoe MpeacTaB-
neHo Ha puc. 1 (muHusA 7).

Jluaus 1 Ha puc. 1 orpaHrYrBaeT 00JIACTH BO3MOKHBIX 3HAYCHUH JTMHBI aKTHBHOTO (PPOHTA TOP-
HBIX pa0OT U NIMPHHBI paboveH TUIOIAAKH YIOBIETBOPSIOMINX TPEOOBAHUSM HOPMHUPYEMBIX 3aI1acoB
JUISL pa3UYHBIX BAPHAHTOB MPOU3BOAUTENBHOCTH MO PY/IE MPOEKTUPYEMOTO Kapbepa.

Hcxons u3 xpuBsx (/-1V) BUAHO, 9YTO TIPH YBEIWMUECHUN IMAPUHBI paboueil MUTOMIAIKK I JOCTH-
JKEHUST HEOOXOAMMOTO YpPOBHS NPOHM3BOAMTEIHLHOCTH JUIMHA (DPOHTA TOPHBIX pabOT MOXET OBITh
YMEHBIIICHA 33 CUET COKpAILCHHs AJMHBI BOBJIEKAaEMbIX B 0TpabOTKy ycTymoB. Hapsay ¢ 3Tum momno-
JKEHHE JTUHUH | TTOKa3bIBaeT, YTO MPHU YBEIMICHUH IIMPUHBI paboUeil TUIOIAIKH TaKKe YMEHBIIASTCS
MaKCHMAaJbHO BO3MOJKHAS JJIMHA aKTHBHOTO (DPOHTA TOPHBIX pabOT B Cilydae BOBJICUEHHS B padOTy
Bceil paboueil 30HBI Kapbepa. B cBsI3M ¢ 3THUM HY>KHO YETKO BBIACTHUTH (DAaKTOPHI, BIUSIOIINE HA U3Me-
HEHHE JJIMHBI aKTUBHOTO (PPOHTA FOPHBIX pa0OT M YUYUTHIBATH UX MPH OIPEIEICHUN MapaMeTpPOB CUC-
TEMEBI pa3pabOTKU:

YMeHbIlIeHHE JUTMHBI aKTHBHOTO (PpOHTA TOPHBIX PabOT MPOUCXOIUT MPU COKPAIICHUU IIHMHBI
BOBJICKAEMBIX B OTpabOTKY yCTYIIOB, T.€. 38 CYET KOHIICHTPAL[H TOPHBIX PadOT Ha OTAEIBHBIX y4acT-
Kax pabouell 30HHI Kapbepa. B maHHOM cilydae OCHOBHBIM yCIIOBHEM YMEHBIIICHUS JTMHBI aKTHBHOTO
(poHTa TOPHBIX paboT SBISETCS yMEHBIICHHE JUIMHBI yyacTka padodel 30HBI Kapbepa, Ha KOTOPOM
BEAyTCs TOpHBIE pabOTHI

YMeHbIlIeHUe ATUHBI aKTUBHOTO ()POHTA TOPHBIX PA0OT MPOUCXOAMT TOJBKO 33 CUET YBEIHMUEHUS
IMPUHBI padodell TUomaaki. B maHHOM ciydae OCHOBHBIM YCJIOBHEM yMEHBIICHHS JITHHBI (pPOHTA
TOPHBIX Pa0OT SABISETCS COKpAIIeHHE KOJMYecTBa pabouux YCTyNoB B pabodeil 30He kapbepa. lIpu
5TOM JIJTMHA yYacTKa Kapbepa, Ha KOTOPOM BEAYTCS TOPHBIE Pa0OTHI, OCTAETCS MOCTOSHHOM.

[ToaTomy nmnst 3amaHHON MPOU3BOIUTENFHOCTH Kaphepa 10 pyie, B Cilydae BBIICICHHS B Kapbepe
YYacTKOB KOHLEHTPALIMU TOPHBIX paboT, NP ONpENeICHNH NapaMeTPOB CUCTEMBI pa3paboTKu HE0O-
XOAMMO YYHTBHIBaTh HE TOJNBKO COKpAllleHWE IJUHBI BOBJIEKAEMBIX B OTPabOTKYy YyCTyNOB, HO H
YMEHbIIIEHHEe MaKCHMAaJlbHO BO3MOXXHOU JITMHBI aKTUBHOTO ()POHTA TOPHBIX PadOT MPH YBEITHYCHUHU
IIUPUHBI paboYe IIIOMIaIKH.

J1g moaATBEpKACHNS 3TOTO PACCMOTPHUM TIPUMED.

JIONyCTHM, MPOHM3BOANTEIBHOCTh Kapbepa Mo pyje MPHHATA HA yPOBHE 7,5 MIH M°/roj. MuHu-
MajbpHas IMUpUHA pabodell muromanku coctaBimsgeT 35 M. Illupura pabodmx IUTOMIANOK B Kaphepe -
45M, JUIMHA aKTUBHOTO (PpOHTA TOPHBIX padoT - 6000 M. M3 anuHbl pyaHOTO (PpOHTA TOPHBIX padoOT
(Touka /[ Ha puc. 1) cienyer, 4To TOpHBIE pabOTHI BeAyTCs MO Beell paboueli 30He Kapsepa. B ciydae
BBIJICJICHHAA B Kapbepe ABYX YYaCTKOB KOHIIEHTPALMU TOPHBIX pabOT 3aqaHHbBI 00beM T0OBIYN Py bl
MOYXHO COCPEJIOTOYMTH Ha MEHBIIEM M0 JJIHHE pyaHOM ¢ponTe. [Ipu 3TOM HpOHT TOpHBIX padboT co-
ctaBut 3000 M, a mupuHa padoueii wiomaaku - 56 M (touka C Ha puc. 1). OgHako, UCXOIs U3 MaK-
CUMAaIILHOTO PyJIHOTO (hpOHTa MpH MIUpHHE pabodeil ruromanku 56 M (touka K Ha puc. 1), KOTOpHIi
coctapngeT 4800 M, MOKHO yTBEpXJIaTh UTO MPHU BHIJEICHUU B Kaphepe JIBYX PaBHBIX MO JUIMHE y4a-
CTKOB KOHIIEHTPAIMH TOPHBIX Pa0OT AJIMHA PYyAHOTO ()POHTA HA KAXKIOM ydacTKe He OyAeT MpeBbI-
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matb 2400 M, uro Ha 600 M MeHbIIe, YeM HeoOXoauMasi JUTHHA TS BBITOTHEHUS 3aJJaHHOH MPOU3BO-
MUTENBHOCTU. 13 TOrO clemyer, 4To MpH ONPEeICHUH MapaMeTPpOB CUCTEMBI pa3paboTKH B cioydae
BBIJICJICHUS B Kaphepe YYaCTKOB KOHIIEHTPAIIMH TOPHBIX pabOT HEOOXOAUMO YUYUTHIBATH YMCHBIIICHHUE
MaKCHMAaJIbHO BO3MOKHOMW JUTHHBI aKTUBHOTO (DPOHTA TOPHBIX pa0OT MPU YBEIMYSHUH MUPUHBI pado-
yel TUIoNIaiKy.

Jyis 3T0T0, HEOOXOAMMO ONPEICIIUTh U3MEHEHHUE JUIMHBI aKTUBHOTO ()POHTA TOPHBIX padoT B 3a-
BUCUMOCTH OT IIUPHHBI paOodeil TUIOMAAKH MPH YMEHBIICHUM aKTUBHOM IJIONanu paboyeil 30HBI
kapbepa (puc. 2). Ilox akTuBHOHU TII0MAARI0 pabodelt 30HBI TOHMMAETCS YacTh pabodeit 30HBI Kapbepa
(yuacTka Kapbepa), KoTopasi BOBJIEKaeTcs B pa3paboTKy B T€UeHHE IuIaHupyemoro nepuosa [9]. Kpo-
Me 3TOr0 Ha JIaHHOM TpaduKe HEOOXOIUMO OTOOPA3UTh JIUHU YPOBHS MPOU3BOIUTEIHLHOCTH Kapbepa
o pyne (puc. 3).

La, M [ i :
6000~
5000
4000
3000 he g
2000 | s e
1000 =%

ST iRy —

; i :
45 55 65 75 85 95 105 [/pmi, M

‘5 @ % &5 A Duw
Puc. 3. Onpenenenue nmapaMeTpoB CHCTEMbI pa3pabOTKH, 0Oecreyn-

Puc. 2. Inuna ¢poHTa TOpHBIX paboT B 3aBUCHMMO-  BaIOIIMX 33aHHYIO IPOU3BOAUTEIBHOCTh IO pyade: / — IPU YMEHb-

CTH OT MIMPUHBI pabodell IUIOMAAKN IPH yMEHbIe- IISHHH aKTHBHOH momagy pabdodei 3006l Ha 0%; 2- 10 %; 3-20 %;

HUY aKTUBHOM IUTOIAaN paboueii 30HbI Kapbepa 4 —30 %; 5 —40 %; 6 — 50%; 7 — 60 %; 8§ — 70 %; 9 — 80 %. [ — nu-
HUSL YPOBHSI IPOU3BOAUTEIBHOCTH 2,5 MIIH M3; Il - 5 mutH M3; ir-1,5
MJIH M3; IV -10 mon M°

Jyis 3alaHHBIX YCIIOBHI MaKCHMAalbHO BO3MOXKHAs MPOU3BOJUTEIHLHOCTh Kaphepa MO TOPHBIM
BO3MOJKHOCTSIM cocTaBisier 12,5 M M’/rox (Touka A Ha puc. 3). [Ipu 3ToM B paGoTy BOBIEKACTCS
BCsi pabouasi 30Ha Kapbepa, MapaMeTpbl CUCTEMbI Pa3pabOTKH COCTABISIOT: IIMPHHA pabodei Io-
MIaJIKK - 57 M, ITUHA aKTUBHOTO pynHOro gponra - 4800 M.

Takum 06pa3oM, JUIsi 00ecIedeHHs TPON3BOIUTENLHOCTH Kapbepa Mo pyae 7,5 MIH M/roj mpu
YMEHBIIICHUH JUTMHBI aKTHBHOTO (hpoHTA TOPHBIX paboT 10 3000 M akTHBHAS IUIOMIAAb pabodeh 30HBI
B KOTOPOI KOHIIEHTPUPYIOTCS TOPHBIE paboTHl ToJkHA ObITh He MeHee 60 oT obmel miomianu pado-
yeii 30HbI (Touka B Ha puc. 3). [lpu sToM IMHUA XapakTepusylolias BOBIeUCHHE B pa3paboTKy 50%
(muHES 6) pabodeit 30HBI Kaphepa HE IMepeceKacTCs ¢ JMHEH YpOBHS MPOW3BOAUTEIEHOCTH IO PyIe
7,5 MiH M/rozt. ITo TOBOPHUT O TOM, YTO B CIIy4ae BBIICICHUA B KapbePe ABYX PABHBIX Y4aCTKOB KOH-
LEHTPaLUH TOPHBIX paboT (akTHBHAsS IUIOLIags paboueil 30HbI TOKHA cocTaBiIsaTh 50% oT olmei
TIONIAAN paGoUeil 30HbI) 3aJaHHYIO IPOM3BOINTEILHOCTS Kapbepa 110 pyJe B 7,5 MITH M°/TO TOCTHYb
HE BO3MOXKHO. B 3TOM cllyuae mpoM3BOUTEILHOCTS KAPhep COCTABUT 6 MITH M /TO/I.

BoiBonbl. B pesynbrare uccnenoBanuii ObUIO YCTAHOBJICHO, YTO B CIIy4ae KOHIEHTPALMK FOPHBIX pa-
00T Ha OTIIENBHBIX yYacTKaxX paboueil 30HbI Kapbepa LI 3aJaHHON TIPOM3BOIUTENIFHOCTH TIPY OTIPEICIICHUN
MAPHHBI Pa0oYeH TIOMANKA M UTHHBI aKTUBHOTO (PpOHTA TOPHBIX paboT HEOOXOAMMO YUHTHIBATH Kak
o6ecnequI/Ie HOPMAaTUBOB I'OTOBBIX K BBICMKE 3aI1aCOB IIPH COKPAIICHUHN AJIMHbI BOBJICKACMBIX B OTpa6OTKy
YCTYIOB, TaK ¥ YMCHBILICHUEC MAKCUMAIEHO BO3MOXHOM JIMHBI aKTUBHOTO (PPOHTA TOPHBIX PabOT HA ITUX
YUYacTKax 3a CYeT yBENNYESHNS IIMPHHBI Pa00YeH TITOIIA K.
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STABILITY EVALUATION OF JSC "YuGOK" EASTERN PIT WALL
TAKING INTO ACCOUNT SEISMIC MASS BLASTING EFFECT

Intention. In the reconstruction of the transport system of pit "YuGOK" in order to maintain its production capacity it
was necessary to build a spiral deep trench for rail transport. This construction, especially in the eastern wall, is to be pro-
duced in limited working area and under unfavorable geological conditions (presence of planes of weakness with a slide in
the pit and a close residential village). Therefore, the numerical estimation of seismic influence on the stability of mass blast-
ing on rock benches to determine safe DBO parameters during their construction is an important scientific task.

Problem of Research. Definition of the seismic influence caused by holding mass blasting on the stability of the
benches and bench groups is currently a poorly understood issue. In the above mentioned methodological instructions only
the fact that the negative impact of seismic mass blasting on the stability of open mines is mentioned, but analytical expres-
sions for the numerical determination of the influence are not given.

Methodology of Research. Provides theoretical aspects of the geomechanical process that take place in the open-pit
mine slope. The calculation of the safety degree along the redesigned most dangerous sliding surface is performed by means
of the algebraic summation of the forces. The refraction point of the sliding surface is determined by a gradual approximation
using incremental calculations. The bench stability calculation in case of eastern pit wall bench groups of "YuGOK" is based
on their designed position after the completion of the railway spiral V-shaped extended trench. The geotechnical schemes
used to calculate the stability of the benches and bench groups. To determine the numerical value of the rock massif vibration
acceleration in mass blasting, let us use the results of seismic monitoring.

Results of Research. Based on analysis of previous works, the analytical expressions for determining the degree of sta-
bility of open pit mining considering seismic impact of mass blasting were obtained.. The parameters of the drilling and
blasting operations (DBO), the use of which provide the long-term sustainability for benches and bench groups in the pit
were elaborated.

Key words: mass blasting, stability factor, seism safe parameters of drilling and blasting operations (DBO).

Statement of the scientific problem. The degree of stability of open pits is usually determined
by either at the design of mining companies, or at their reconstruction [3]. So in the reconstruction of
the transport system of pit "YuGOK" in order to maintain its production capacity it was necessary to
build a spiral deep trench for rail transport. This construction, especially in the eastern wall, is to be
produced in limited working area and under unfavorable geological conditions (presence of planes of
weakness with a slide in the pit and a close residential village). Therefore, the numerical estimation of
seismic influence on the stability of mass blasting on rock benches to determine safe DBO parameters
during their construction is an important scientific task.

Analysis of research and publications Analysis of the literature shows when calculating stability
of pit benches and slopes usually engineering methods are used, which are based on the fundamentals
of the limit equilibrium theory and are recommended as regulations[1,2].

Basic reference data of these methods is based on the fact that the limit equilibrium is not ensured
in all the points of the massif, but only on its inner boundary (most probable slide surface), for which
the value is determined by retaining £F,4 and shear forces XFy4,. Their ratio determines the value of
the safety factor on this n, surface subsidence
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