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Annomayusa: 1lenpio craTbu sSBISIETCS JeTaaM3alysl KOHIEIINH TYMaHU3AIUM TEXHOJIOTUH JOOBIMH pyA IpH MOA3EMHON pa3paboTke
METAUTMYECKUX MECTOPOXKICHUH. [71aBHOI mpobiemMoil TOPHOro MPOM3BOACTBA CTANO OOpaIleHHE C OTXOAAMH HepepabOTKH, KOJIMYCCTBO
KOTOPBIX YBEJIMYMBACTCS 10 IPUYMHE I[EPEBOJA 3aracoB PyA B KaTErOPHUIO HEAKTHBHBIX BCJIEICTBHE BHIOOPOYHOW BBIEMKU PYA M3 HEJp.
JlaHbl 3Tansl pa3BUTUSL TOPHOIO MPOM3BOJCTBA B UCTOPUYECKOM cpese. [IpuBenieHbl cBefeHHs O BO3ZMOKHOCTAX TPaJULIUOHHBIX TEXHOJIOIUH
oforareHns 0 PacKPHITHIO Py U MOTEPSIX PyIHBIX KOMIOHEHTOB B XBOcTax. [losicHeHa poib (heHOMEHa yIpaBIeHHs! COCTOSIHHEM MacCHBa
B TIPOLIECCE OYNCTHON BBIEMKH CHIDKEHHM Pa3yOOKMBAaHMS Py MOPOJAMH NIPU PA3BUTHH KPUTHYECKHUX HampspkeHuil. [Ipemiosken anroputm
YIpaBJICHHs] COCTOSIHUEM MacCHBa C MCIOJIb30BaHUEM reoMexaHnueckoro d(dexra. [TokasaHo, uTo 00beM pa3yOOKUBAIOLIMX MOPOJ 3aBHCHT
oT (eHOMEHa 00pa30BaHUs KECTKOH IAPHUPHON apKH M3 3aKJIMHUBIINXCS 1TOpoJ. IIpHBeneHbl BapHaHThl KOPPEKTUPOBKH COCTOSTHUSI MacCHBA
3a CUET MEPeKPHITHI, HAKJIOHA PYAHBIX CTEHOK, CO3IAHUS 3aIMUTHOM CTEHBI M aHKEpOBAaHHsS MOpoj. PeKoMeHIOBaH BapHaHT pa3paboTKU C
KOMIUIEKCHPOBAaHUEM TEXHOJIOTHIA Ha 3Talax CyMIeCTBOBAHMS. JlaHa XapaKTepHCTHKa TEXHONOTHH C BBILIIETAYNBAHIEM METAIIOB U3 PYH, KaK
OCHOBHOTI'0 pe3epBa YBEJIMUYECHUsI MUHEPAIbHO-CHIPhEBON 0a3bl MOTYyUCHUS] METAJIOB 33 CUET BOBJICUCHUS B IIPOU3BOACTBO HEKOHAUIMOHHBIX
JUISL TPaJUIIMOHHBIX TEXHOJIOTHH 3aracoB py/. ClesaH IporHo3 ycioBHid 100sr4u pya B epcrekTuse. CenaH BBIBOJ, YTO PAAUKAIEHOW Mepoit
CHIDKCHHS OITACHOCTH OTXOJIOB SIBJISIETCS! CIIOJIb30BaHUE KOMOMHMPOBAHHBIX XUMUUECKOTO OOOTAIICHUSI M MEXaHNYECKOH aKTHBAILIMU HPH UX
YTHIM3AIUH.
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Abstract: The purpose of the article is to detail the concept of humanization of ore extraction technologies in the underground mining
of metal deposits. The main problem of mining has become the handling of processing waste, the amount of which is increasing due to the
transfer of ore reserves to the inactive category due to selective extraction of ores from the subsoil. The methodology of the problem research
includes experiments, modeling, theoretical analysis and generalization of practice data. The stages of development of mining production in
the historical section are given. Information is provided on the possibilities of traditional enrichment technologies for the disclosure of ores
and the loss of ore components in tailings. The role of the phenomenon of controlling the state of the massif in the process of purification
extraction and reducing the dilution of ores by rocks during the development of critical stresses is explained. An algorithm for controlling the
state of the array using the geomechanical effect is proposed. It is shown that the volume of diluting rocks depends on the phenomenon of the
formation of a rigid hinge arch from wedged rocks. The options for correcting the state of the massif due to overlaps, inclination of the ore
walls, creation of a protective wall and anchoring of rocks are presented. A variant of development with the integration of technologies at the
stages of existence is recommended. The characteristic of technologies with the leaching of metals from ores is given, as the main reserve for
increasing the mineral resource base for obtaining metals due to the involvement in the production of substandard ore reserves for traditional
technologies. A forecast of ore mining conditions in the future has been made. It is concluded that a radical measure to reduce the risk of
waste is the use of combined chemical enrichment and mechanical activation during their disposal.
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[EOTEXHOJIOMA

Brenenne

BMMpe no6biBaetcst 100 MAPI. TOHH MUHEPATLHOTO ChIPBSI B TOM
¢ yaBoeHNeM oobeMa Kaxapie 10-12 jet.

I[maBHOII TpoOJIeMOIl YejloBeuecTBa CTajlo oOpallleHue ¢
OTXOJaMU MepepadOTKU KOJMYECTBO KOTOPBIX MpeBbilaeT 15
MJIpI. TOHH. [IpnynHa yBennueHnsT HEKOHIUIIMOHHOTO CHIPhSI B
XpaHWIMIIAX - TEHICHLIUSI BAJIOBO BIEMKM PYyJ M3 HEAP B pac-
YyeTe Ha MPOrpecc TEXHOJOTUI X oboraieHus.

Hcrnonb3oBaHne BUAOB M3BICKAEMBIX M3 HEIp 3JIEMEHTOB
YBEJIMUMBACTCS CO BpeMeHeM. Eciii B aHTUUHYIO 310Xy MCIOJIb-
3oBaju 10 20 anemeHToB, To B XVIII Beke ux 0bu10 28, B XIX Bek
-50, B Havyane XX Beka — 60, a B Haitre BpeMs - 90.

OT KoMIMYecTBa TOOBITHIX 32 BCIO UCTOPUIO MOJE3HBIX UCKO-
maeMbIXx B XX Beke 100biT0, %: HedTtn 99, yriusa 90, Xejae3Hoi
pyabl 87, meanoii pyabl 80, 3o10ta 70.

OT/IMYUTEIbHbIE YePThl COBPEMEHHOTO TOPHOTO MPOU3BO/I-
CTBa: MacIITAOHOCTh, TPUMEHEHNE MOIIHOM TeXHUKU W JUHA-
MMYHOCTbD (Tab1.1).

Tabauya 1/ Table 1
Bexu pa3BuTHs ropHOro NPoM3BoACTBa /
Milestones in the development of mining production
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PasBuTtble crpaHbl ¢ 16 % HaceleHMsT 3eMHOTIO LIapa I00bI-
BaloT 0KoJio 35 %, a moTpebisiioT Gosee 55 % MUHEpaJIbHOIO
coipbst. Kpynneiiiue noosiTuuku: Kuraii, bpasunus, Poccus,
Asctpanus 1 KaHamga u3BJIeKalOT U3 HeOp 25 BUAOB IOJIE3HBIX
uckoraeMbix U3 30 BaXXHEHIIUX.

XOoT4 1IeHa U3BJIeKaeMOoro B Poccuy MeTauTMIeCKOTO ChIPhST
coctasiseT 650 Mapa. HoJul. WK 5,5 % moOBIBAEMOro B MUDE,
OHa ellle He TrapaHTUPYeT CBOIO CBHIPHEBYIO 0E30MACHOCTH, IO-
CKOJIbKY DKCITOPTUPYET He padMHUPOBAHHBIE METAJUIBI, a IIPO-
NYKIIMIO TIEPBOTO Iepeaesa pyabl. DKCIOPTUPYIOTCS XKejle3HbIe,
CBUHIIOBbBIE, BOJIb(hpaMOBBIE, IIMHKOBBIE U JIP. PY/IHI.

TeHnaeHMsT yBeIMYeHUs Ae(PULIUTA METAINIECKOTO ChIPhSI
dopMupyeT riodanibHyI0 IpodiemMy odecriedyeHus: MeTaJIOM: 3a
CYeT IMoKa He UCIIOJIb3yeMbIX Pe3epBOB B BIIe XBOCTOB OOOTaIIe-
HMSI M HEKOHIULIMOHHBIX PYI.

BonpmHCTBO GoraThIX py M3BJIEKAETCs U3 HEAP C TOTEPSI-
Mu 10 60 %. B Xome MeTaurypru4eckoro Iepeiesia U3BIeKalT-
Cs1 JIMIIb HECKOJbKO BMIOB METa10B. XBOCThI IepepabOTKU B
BUJIE TIBLTU Y CaXU PACTIPEACIISIOTCS MEXKIY CYObeKTaMU XKIBOTO
BelecTBa. [OpHOMOOBIBAIOIIAS OTPAC/Ib PELIAET YIIPOIIEHHYIO
npoGieMy 100bIYM KOHKPETHOTO 3JIEMEHTA, OTIPABJISIS OCTalb-
HbIe B 0TX0Abl. KpuTeprem ceGeCTOMMOCTH TIPU 3TOM SIBJISIETCS
MpUObLIbL OT PeaTr3aliy KOHKPETHOIO MeTajuia 6e3 yuera ImoTe-
PSIHHBIX METAJLIOB.

TopHble MpeanpusITUSI HE pacIoiaraloT TeXHOJIOTUSIMU YT -
JIM3allMU C JOBEIEHUEM XBOCTOB JIO YPOBHSI CAHUTapHBIX Tpe-
6oBanMii. [IporcxonuT pacxuileHue 3amacoB XBOCTOXPAHWINIL
IUISL HYK/I HaceJeHWs] U TeHeBOro Ou3Heca, B pe3yJibTaTe yero
TEPPUTOPUU (POPMUPYIOT CTATYC KaTacTpodruuecKoii 3arpsisHeH-
HOCTU XUMUYECKUMU MTPOTYKTAMU.

CTOMMOCTb MOJIE3HBIX 3JIEMEHTOB B XBOCTaX OOOralleHusi He-
PEIKO TPEBBIIIAET CTOMMOCTDb U3BJIEKAEMOTO TUTYJIbHOTO METajlia.
PaHo mm 1mo3mHO TEXHOIOTHST KOMIUIEKCHOTO M3BJICUSHUST METaI-
JIOB CTaHET PEHTA0ETBHOM, TIOATOMY XBOCTHI OOOTAIIICHHS XPAHSIT-
51, B TIEPBYIO OUePe/Tb, KaK ChIPhe IS OYMyIINX TIOKOJIEHUI.

KomriekcHast mepepaboTka XBOCTOB JTOOBIYM 1 MepepaboOTKU
DY/ SBJSIETCS aKTyaTbHOM 3a1aueit v yydiliaeT 3KOJ0rM4ecKylo 00-
CTaHOBKY, HO 3aKOHOJAaTeIbHasl 6232 MHOTMX CTPaH He JOCTaTOYHO
CTPOro 00sI3bIBAET MPOM3BOAUTENICH TTPUBOAUTD paiOHbI pa3padoT-
KU B IIPEXXHEE COCTOSIHUE, OTPAHUYMBASICh HATOXKEHUEM 1ITpadoB,
HECOIOCTaBMMBIX C BEJIMYMHOM JEHCTBUTEILHOTO yilepoa.

B pamkax peleHust 3Toil 3agaud UMeeTcs psifi MyOIMKauuit
OTEYECTBEHHBIX U 3apyOEeXKHBIX CIELUATUCTOB. DTaraM pa3BU-
THUSI TOPHOTO TMPOU3BOJCTBA MOCBAIIEHBI PAOOTHI psifia aBTOPOB
[1-3]. TTporHo3HbIe OLIEHKM MEPCHEKTUB COBEPILIEHCTBOBAHMS
MpolLeccoB 10ObIYM Py MpUBeaeHbI B Tpyaax [4-5]. HoBble Tex-
HOJIOTUM, B TOM YMCJIE, CIIELUATIbHbIE CITOCOOBI pa3pabOTKU Me-
CTOPOXK/IEHUI TIOJIE3HBIX MCKOIMAEMbIX MPEIIOKEHbl B paboTax
[6-9]. MeTombl uccaen0BaHUs TapaMeTPOB MOIEPHU3AIIUU TIPO-
WM3BOJICTBEHHBIX ITPOIIECCOB U CTIOCOOOB TOOBIYY Py JaHBI B ITy-
OMKAIMSX POCCUICKUX U 3apYOEKHBIX CTIeIIMATMCTOB TAHHOTO
npopuns [10-14]. [eomexaHnyecKue MOCIEACTBUS MOAPAOOTKHI
TEPPUTOPUII TOPHBIX OTBOJOB M HOBBIE METOIBI PELICHUS TPeX-
MEPHBIX T€03KOJIOTMUECKHUX 3a7a4 1aHbl B padorax [15-17]. OT-
JIeJIbHbIE aCTIEKThI 3a1a4i PaCCMOTPEHbI B padboTtax [18-20].

Mertoauka

MeTtonomnorust MccienoBaHus TTPOOIEMbI BKITIOUAeT B ceOs
IIaXTHBIE 1 JIAOOPATOPHBIE IKCIIEPUMEHTATbHBIE UCCIIEI0OBAHMNS,
MaremMaThuieckoe u (pu3nyeckKoe MOAETMPOBAHUE, a TAKXKE TeO-
peTUYeCKUil aHaTu3 U 000011IeHN e TTOTYYeHHBIX PE3yIbTaTOB.

Pe3yabraTsl uccienoBanmii

TpaauOHHbBIE TEXHOJIOTUH O0OTAIEHUS XapaKTepU3YIOTCs
packpbiTreM pyi B ripesenax ot 50 1o 80 % ¢ nmoTepeii ocTaTbHbIX
KOMITOHEHTOB B XBOCTaX.

Ha 1 T roroBoro mMeTaia mpuxXoauTcs 5 THIC. TOHH BCKPBIIII-
HBIX TTopoa, 100 T XBOCTOB 000TAILIEHUS U 8§ T METAJLTYPTUICCKIX
mnakoB. [lox xBocTtoxpaHunuina orBoauTcs mpumepHo 0,1 ra
mromaau 3emun Ha 1000 T cbipbsi. Hanmpumep, B 14 xBocToxpa-
HWINILIAX IpeanpusTis BucMyT Ha miomaay 7 KM?> HaX0IUI0Ch
160 muH. M3 xBocToB. [1pHpoaHoe BhIllieTaYMBaHNE TOKCUYHBIX
3JIEMEHTOB U3 XBOCTOB Tpoaosikaercss 100-150 net. Beidop Tex-
HOJIOTUI yIpaBJIeHUsI COCTOSIHUEM XPaHUJIUILL OCYIIECTBISIEeTCS
pelIeHUeM MOJIENH, 1IeJIeBOM DYHKIIME KOTOPOi sIBJIsIeTCS MpU-
OBLTb, @ TEPEMEHHBIMU - COOTHOIIICHUE YIIlepOa OT XpaHEHMS OT-
XOJIOB M 3aTpaT Ha ero MpeIoTBpalieHue.

VrpaBiieHre COCTOSTHUEM MaccuBa B IIpOIecCce OYMCTHOM
BBIEMKU OCYIIECTBIISIETCS Pa3lie/IeHeM PYIOBMENIAIOIIEero Mac-
cuBa Ha 0e30IacHbIe yJaCTKU PYTHBIMU LIETVMKAMU WU MCKYC-
CTBEHHBIMU COOPYKEHUSIMHU U3 TBEPACIOIINX 3aKIaTOIHBIX CME-
ceii (puc. 1).

AJNTOPUTM yTIpaBJIEHUST COCTOSTHMEM MacCHUBa CBOIUTCS K
YMEHBILIEHUIO BBICOTHI CBOJA OOPYIIAIOIINXCS TOPOI:

- MaccuB paszesisieTcss Ha Oe30macHble YJYacTKU LeJTMKaMU
WJIM 3aKJIaIKOW;
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Puc. 1. Cxema K pa3fiefleHto MaccuBa Ha reoMexaHn4ecku 6e3onacHble
NponeTsl: an, L¢, L, — COOTBETCTBEHHO, NPEfieNbHbIIA N0 YCNOBMIO
06pa30BaHna CBOJA eCTECTBEHHOr0 PaBHOBECYA, M; h, - BbICOTA CBOAiA
BbIPABGOTKYM MCXOAHASA, M; N - BbICOTA CBO/jA BbIDAOOTKM NOCIE Pa3fieneHns, u;
H - rny6uHa pabot, M
Fig. 1. The scheme for dividing the array into geomechanically safe spans: LW_,
Lm, L, — respectively, the limit according to the condition of formation of the arch
of natural equilibrium, m; h1 - the height of the arch of the initial work, m; h_-
the height of the arch of the work after separation, m; H — the depth of work, m

— MYCTOThI 3aMOJIHSIOT UJIK OCTABJISIIOT HE3aMOJHEHHbBIMU;

— BBIHUMAIOT KaMepbl TIEPBOi 09epeIv, ITyCTOTHI 3aTIOJTHSIOT
cMecsIMU, 3aTeM KaMepbl BTOPOii ouepei.

Teomexanmueckuii apdexr:

— IpY BbIEMKE KaMmep MepBoii ouepenn oopyieHue mpoucxo-
JIAT U3 CBOJIA MaJIOl BBICOTHI;

— TIpY BBIEMKe KaMep BTOPOU ouepeay MaBjIeHHe Tepepac-
MnpeaessieTcs Ha MaCCUB TBEPJCIOLLIEH 3aKIaIKU MTEPBOI ouepeaun
U BBICOTA CBOJIJa MUHUMU3UPYETCS.

O0beM pa3yOoO0XMBAIOIIMX MOPOJ 3aBUCUT OT 00pa30OBaHMUS
JKECTKOU MIApHUPHON apKU M3 3aKJIIMHUBIINXCS TTOPOI, TIPEIOT-
Bpalaroieid oopyuiernue mnopoa. I[Ipu obecriedeHUM YCIOBUS
HIDKHU CIIOH TTOPOJI 3aKJIMHUBAETCS M 00ECTIeUnBAET TIIOCKYIO
KPOBJII0 0€3 00pYIIECHUS TOPO/I.

‘YMeHbIlIeHUEe pa3y0oKBaHUS HAJIETAIOIIUMHU TTIOPOIaMU 10~
CTUTAETCS 3a CUET PA3NEJISIIONINX WIM HECYIINX MePeKPBITUI 13
KaHaTOB, CETMEHTOB JAepeBa, aBTOLIMH, MeTa/lla U T.10. (puc. 2).

. |

g i

Puc. 2. MeToabl ynpo4YHEHUS MACCUBa: @ — HAKIIOH CTEHOK Kamep Ha pyay;
6 — nofaya cMecu Ha pyay; B — aHKepoBaHue
Fig. 2. Methods of solidification of the array: a — the inclination of the walls of the
chambers to the ore; b — the supply of the mixture to the ore; ¢ — anchoring

MecTopoxkneHusT TIepekUBalOT HECKOJIbKO 3TaroB CBOETO
cyuiecTBoBaHus. KoMmruieKkcupoBaHue Mo3BOJISIET B paMKax Tpe-
JBIIYIIETO 3Tara rOTOBUTh OJArONPUSITHbIC YCIOBUS IS CIISTY-
IOLIETo 9Tarna, MOBbILIAs MTOJHOTY UCTIOIb30BAHUS HEIP U paiu-
KaJbHOE yJIyJIllleHne 9KOHOMUYECKMX IMoKazareseit (puc. 3).
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Puc. 3. KomnnekcupoBaHue aTanos pa3paboTku
Fig. 3. Integration of development stages

TMonzeMHoOe BhIlleIauMBaHUE UM U30MPATESbHBINA TIEPEBOJL
MeTajljla B XUAKYI0 (ady ¢ mocienyonmuM U3BJIeYeHNeM U pac-
TBOPOB T'MAPOMETAITYPIUYECKUMU METOJAMU OCYIIECTBISIETCS B
Henpax. B KauecTBe BBINIETAYNBAIONINX aT€HTOB MCTIOIb3YIOTCS
Kuciopozaconepxaiue (cepHasi, azotHasi, dbochopHasi, cepHuU-
crast) 1 6eCKUCIOPOIHBIC (COJITHAsS, CEPOBOIOPOAHAS ) KUCTOTHI,
a TakKe pacTBOPHI cosieit (compl, cynbduna HaTpus, CynbHUTOB
IIEJIOYHBIX METAILJIOB U JIP.).

AnropuT™M 00OCHOBaHUSI TTApaMeTPOB OJIOKOBOTO BhILIEA-
YrBaHUs MpUBENEH Ha (puc. 4).
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Puc. 4. Anroputm 060CHOBaHNS NapaMmeTpoB 610KOBOMO BbILLENa4nBaHNs
Fig. 4. The algorithm for substantiating the parameters of block leaching

3akioueHne

JloGbIua TOJIe3HBIX MCKOIAeMbIX OyIeT XapaKTepu30BaThCs
MacIITabHOCTbIO, IPUMEHEHUEM BBICOKOIIPOM3BOIUTEIBHOM
TEXHUKW, YMEHbBIIEHUEM COIEePKaHUs METAJIIOB, YBEJIUICHUEM
[JIyOMHBI PabOT M HETATUBHOM BO3IE€MCTBUM FTOPHOTO IIPOU3BOI-
CTBa Ha OKPYKAIOIIYIO CPely, OCOOCHHO 3a CUeT XUMM3AIUHU TTPO-
IYKTaMU XpaHEHUSI MUHEPAJIbHOTO ChIPbSI.

PannkanbHOl Mepoii CHVXKEHUS OIACHOCTH SIBIISIETCS MU-
HUMM3ALIMS OTXOJI0B 10OBIYM U TTepepadboTKu pyd. Hanbomnbiiue
MEePCIEeKTUBLI OTKPHIBAET MCIIOJb30BAaHUE TEXHOJIOTUII KOMOM-
HUPOBAHHOTO XMMUYECKOTO O0OTallleHNsT M MEXaHMYECKOW aK-
TUBALUN.

B peltrleHru 3K0I0rMuecKux mpoodJieM MPUOPUTETHBI HAaITpaB-
JICHUSI: TIEPEXO/l Ha MOA3EMHBII CII0CO0 DOOBIYM PYI U IIepeMe-
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HICHUE OTXOIO0B I'OPpHOI'O IMPOM3BOACTBA B BBIpa6OTaHHOe npo- METaJIJIOB BBIIIEIaYMBaHUEM U3 JTOOBITHIX pya ¢ MaJibIM COOEP-
CTPaHCTBO ITOCJIC U3BJICYCHNM A METAIJIOB. 2KaHUEM; U3BJICYCHUEC METAJIJIOB U3 XBOCTOB o0oralileHust 1 Me-
Konuenuwms TyMaHuU3aluu JNOOBIYM  METAJIJIOB  BKJIIOYAET TaJuryprum ¢ MEXaHOXUMUYECKON aKTHBaL[HCfI; yruamsanuus
B ce0s1 KOMITOHEHTHI: 100bIYa OOraThIX pya A nepepa60TKH C BTOPUYHBIX XBOCTOB BbILIC/IaYMBaHWA C UCITOJb30BaAHNEM aKTU-
MUHUMAJIbHbBIMH MOTCPAMU U pa3y60)Kl/lBaHl/I€M; U3BJICYCHUC BI/IpOBaHHOfI MEJIKOW (bpaKLlI/lI/l B Ka4Y€CTBC BAXYIICTO.

CIICOK IMTEPATYPBI / REFERENCES

1. I'ypues I'T, Bopo6bes AE, l'onmuk BV. Yenosek n 6mocdepa: ycroitunBoe pasBuTye. 2-e U3gaHue, HONOTHEHHOE 1
nepepaboTanHoe. Bnagykaskas: Tepek, 2001. 475 c. [Guriev GT, Vorobyov AE, Golik VI. Man and the biosphere: sustainable
development. Vladikavkaz, 2001, 475 p. (In Russ.)].

2. Bopobbes AE, Tommk BW, Jlobanos [MII. IlpuopmreTHble IyTHM pasBUTHA TOPHOZOOBIBAIOINETO U
nepepabarbiBaolero kommekca Cepepo-KaBkasckoro permona: mop pemakumeir akagemuka PAH K.H. Tpy6euxoro.
Brmapuxaskas: PYXC, 1998. 362 c. [Vorobyov AE, Golik VI, Lobanov DP. Priority ways of development of the mining and
processing complex of the North Caucasus region. Vladikavkaz, 1998 (In Russ.)].

3. Bames HI, IIponn B]I, Banpgeimes AM. Kadenpe roproro gema YITY - 100 mer. V3BecTus BBICIINMX y4eOHBIX
saBegernit. Topruiil scypran. 20205(8):130-143. [Valiev NG, Propp VD, Vandyshev AM. The Mining Department of UGSU is
100 years old. Izvestia of higher educational institutions. Mining Journal. 2020;(8):130-43. (In Russ.)]. DOL:
10.21440/0536-1028-2020-8-130-143.

4. Kimoes PB, Bocukos V1, Maitep AB, l'aspuua OA. KommekcHbIlt aHamus npuMeHeHMst 3P QPeKTUBHBIX TeXHOTOTHI
IJIA TIOBBIIIEHUA YCTOMYMBOIO PasBUTHA NMPUPONHO-TEXHUYECKON CUCTEMBL. Ycmouuusoe paseumue 20pHbulx meppurmopuil.
2020;12(2):283-290. [Klyuyev RV, Bosikov II, Mayer V, Gavrina OA. A comprehensive analysis of the use of effective
technologies to enhance the sustainable development of the natural and technical system. Sustainable development of mountain
territories. 2020;12(2):283-90. (In Russ.)]. DOI: 10.21177/1998-4502-2020-12-2-283-290.

5. Baitmuies PH. OddexTrBHBIE MeX/yHAPOHbIE TOAXOADI B TOCYIapPCTBEHHOM YIIpaB/IeHUM HeipaMut. [opHbie HAYKU

u mexnonoeuu. 2020;5(2):162-184. [Baymishev RN. Effective international approaches in public subsoil management. Mining
sciences and technologies. 2020;5(2):162-184. (In Russ.)].

6. Vcemannos TT, Tomuk BV, HonpruxoB EB. CrenyanbHble Coco6bl paspabOTKy MECTOPOKAEHMII IIO0JIe3HBIX
uckomaeMblx. Mocksa, 2006. 510 c. [Ismailov TT, Golik VI, Dolnikov EB. Special methods of mining mineral deposits.
Moscow, 2006, 510 p. (In Russ.)].

7. Xaitpyranaos MM, Konrap-Cropion Ub, Tionsaesa I0C, XaitpyranaoB AM. BecrieMeHTHbIE 3aKIafoYHbIe CMeCH Ha
OCHOBE BOJIOPAaCTBOPMMBIX TE€XHOTEHHBIX OTXOfIOB. JBsecmus Tomckoeo nonumexnuueckozo yHusepcumema. VHucunupune
eeopecypcos. 2020;(331)11:30-36. [Khairutdinov MM, Kongar-Suryun ChB, Tyulyaeva YuS, Khairutdinov A. Cement-free
filling mixtures based on water-soluble technogenic waste. Izvestiya Tomsk Polytechnic University. Georesource engineering.
2020;331(11):30-6. (In Russ.)]. DOI: 10.18799/24131830/2020/11/2883.

8. Xartpyraunos AM, Kounrap-Cropion UB, T. Kowalik, 10. C. Tionsesa YnpasieHue HapspKeHHO-IeOpMaLVIOHHBIM
COCTOSIHVMEM MAacCHBa TOPHBIX IIOPOA MyTeM (OPMUPOBAHUS PASHOIPOUYHOCTHON 3aKIafKu. [opHuiil uH@opmayuoHHo-
ananumuveckuti 6ronnemens. 2020(10);42-55. [Khairutdinov AM, Kongar-Suryun ChB, Kovalik T, Tyulyaeva YusS.
Management of the stress-strain state of a rock mass by forming a multi-strength bookmark. Mining information and
analytical bulletin. 2020:(10);42-55. (In Russ.)].

9. Komamienko BVI. Oxomoro-skoHoMuueckas 1e/1eCOOOpasHOCTb YTMIM3ALMY TOPHOIMPOMBINUIEHHBIX OTXONOB C
nenblo ux Inepepabotku. JVBsecmus Tynvckoeo eocydapcmeenHozo yHusepcumema. Hayxu o 3emme. 2015;(4):23-30.
[Komashchenko VI. Ecological and economic expediency of utilization of mining waste for the purpose of their processing.
Izvestiya Tula State University. Earth Sciences. 2015;(4):23-30. (In Russ.)].

10. Artn6unpep VU, Iaukesnu I1I', KpaciokoBa EB. O60ocHOBaHMe mapaMeTpoOB OMACHBIX 30H IIPY KOMOMHIPOBAaHHOI!
paspaboTke KMMOEpIUTOBBIX MecTOpoXueHWil Skyrvn. VBsecmus Tynvckozo eocydapcmeenHozo yHusepcumema. Hayxu o
3emne. 2019;(3):48-60. [Einbinder II, Patskevich PG, Krasyukova EV. Substantiation of the parameters of hazardous zones in
the combined development of kimberlite deposits in Yakutia. Izvestiya Tula State University. Earth Sciences. 2019;(3):48-60. (In
Russ.)].

11. Tpodpumos AB, Kupxun AIl, Pymauues AE, fIBapoB AB. IlpuMeHeHMe YMCIEHHOTO MOJENMPOBaHUA [IA
oIlpefie/IeHNs ONTVMMAJIbHBIX IIapaMeTpPOB MeTOJia IIOJIHOM pasTpy3Ky KepHa IIpY OIlleHKe HalpsDKeHHO-IedOpMIPOBAaHHOIO
COCTOSIHUSA MaccyBa FOPHBIX IOPOA. LBemmvie memannvi. 2020;(12):22-27. [Trofimov AV, Kirkin AP, Rumyantsev AE, Yavarov
AV. Application of numerical modeling to determine the optimal parameters of the method of complete core unloading when
evaluating the stress-strain state of a rock mass. Non-ferrous metals. 2020;(12):22-7. (In Russ.)]. DOIL 10.17580/tsm.2020.12.03.
12. Tsinghua Lei, Ke Gao. Numerical study of stress variability in heterogeneous fractured rocks. International Journal of
Rock Mechanics and Mining Sciences. 2019;113:121-33. DOI: 10.1016/j.ijrmms.2018.12.001.

13. Vanneski K, Mastrorochko G, Salvini R. Assessment of the destruction of a mountain column using change detection
analysis and FEM modeling. International Journal of Geoinformatics. 2021;10(11):774. DOI: 10.3390/ijgi10110774.

14. WrnateeBa MH, IOpax BB, [ymun AB, Crposcknmit BE. TexHoreHHble MuHepanbHble 00pasoBaHMsi: MPOOGIEMbI
Iepexofa K VPKy/IIpHOI 9KOHOMUKe. ['opHble Hayku u mexHonozuu. 2021;6(2):73-89. [Ignatieva MN, Yurak VV, Dushin AV,

24



GEOTECHNOLOGY

Strovsky VE. Technogenic mineral formations: problems of transition to a circular economy. Mining sciences and technologies.
2021;6(2):73-89. (In Russ.)]. https://doi.org/10.17073/2500-0632-2021-2-73-89.

15. Kauypun HM, Cracp I'B, Kopuaruna TB, 3meeB MB. I'eomexaHmdecknue 1 asporasofMHaMudeckue MOCTIEACTBUA
HoApabOTKM TepPUTOPMIT TOPHBIX OTBOKOB IIaXT Bocrounoro Jonb6acca. Jasecmus Tynvckozo 20cy0apcmeeniozo yHusepcumema.
Cep. Hayxu o 3emnme. 2017;(1):170-182. [Kachurin NM, Stas GV, Korchagina TV, Zmeev MV. Geomechanical and
aerogasodynamic consequences of mining the territories of the mining branches of the mines of Eastern Donbass. Izvestiya Tula
State University. Ser. Earth Sciences. 2017;(1):170-82. (In Russ.)].

16. Snnxas HA, bpurnpa BC. TeonHpopManMoHHbIe TEXHOIOTUY IIPY PeLIeHUM TPEXMEPHBIX Te09KOJIOTMYECKNX 3afjay:
IPOCTPAaHCTBEHHASA MHTEPIONALNA JaHHBIX. [eonoeus u ceopusuxa FOza Poccuu. 2022;12(1):162-173. [Yaitskaya NA, Brigida VS.
Geoinformation technologies in solving three-dimensional geoecological problems: spatial data interpolation. Geology and
Geophysics of the South of Russia. 2022;12(1):162-73. (In Russ.)].

17. Wang Yu, Huang J, Wang G. Numerical analysis of stresses caused by mining and plastic evolution, taking into
account influencing factors: high stresses in place, excavation rate and multilayer heterogeneity. Engineering
calculations. 2022;39(8):2928-57. https://doi.org/10.1108/EC-10-2021-0614.

18. Ahmadfaraj M, Mirmohammadi M, Afzal P, et al. Fractal modeling and comparative analysis of the relationship
between structures and mineralization of copper in the Saveh region. Central Iran. Reviews of ore geology. 2019;107:172-85.
https://doi.org/10.1016/j.oregeorev.2019.01.026.
19. JIstienko BUL., KoBanenko BH, l'onmnk BV, 'abapaes O3. BeciiemeHTHas 3aKiajika Ha TOPHBIX MPeNIpUATUSIX. MOckBa,
1992. 95 c. [Lyashenko VI, Kovalenko VN, Golik VI, Gabaraev OZ. Cement-free laying at mining enterprises. Moscow, 1992, 95 p.
(In Russ.)].
20. Pereira FS, Lima T, Chavez SS, et al. Analysis of free span stability in mine workings with a diameter of more than 10
meters on the example of the Corrego do Sitio mine. Rock Mechanics for the Development of Natural Resources and Infrastructure.
— Full text of the reports: Proceedings of the 14th International Congress on Rock Mechanics and Mining Engineering. Ser. Works
on Earth sciences and geology. London : CRC Press, 2020;6:878-83.

CBEJAEHNMA Ob ABTOPAX

Toaux Baaoumup Heanosuu -

ABOUT THE AUTHORS
Vladimir I. Golik -

0-p mexHu4eckux HayK, npogheccop, npogeccop kagedpul loproe
0eno FOxcro-Poccuiicko2o 20¢y0apcmeeHH020 NOAUMEXHUHECK020
yHusepcumema, e. Hosoueprxacck Poccus

Buickpebeneu Arexcandp Cmenanosuy —

0-p mexH. Hayk, npogheccop, npogheccop kagedpsr Texroroeuueckue
mawunst u obopydosanue Cesepo-Kaskazckoeo 2opo-
memannypeuteckoeo uncmumyma (I'TY), e. Baadukaska3, Poccus,
e-mail: kafedra-tmo@skgmi-gtu.ru

Mupeaauee Pumam Havwamosuu —
acnupanm, Cegepo-Kagkasckoeo 2opHo-memannypeutecKoeo
uncmumyma (I'TY), e. Baadukaexas, Poccus

Mpyayxoe Kazbex Kaseepueeuu —

0-p mexH. HayK, npogheccop, npogeccop kagedpur Teopemuueckas
u npukaradnas mexanuxa Ceeepo-Kagkazckoeo 2opHo-
memannypeuueckoeo uncmumyma (I'TY), e. Bradukaskas, Poccus,
e-mail: kafedra-tpm @skgmi-gtu.ru

Xemacypoe Baaepuii Huxoaaeeuu —

0-p mexH. Hayk, npogheccop, npogeccop kagedpsr Texnoroeuueckue
mautunsl u 060pydosanue Cesepo-Kagkascko2o eopHo-
memannypeudeckoeo uncmumyma (I'TY), Braduxaexas, Poccus,
e-mail: hetag@mail.ru

Kpurepuu aBropctsa / Contribution:

Doctor of Engineering Sciences, Professor, Professor of the Mining
Department of the South Russian State Polytechnic University,
Novocherkassk, Russian Federation

Aleksandr S. Vyskrebenets —

Doctor of Engineering Sciences, Professor, Department of
Technological Machines and Equipment, North Caucasian Institute
of Mining and Metallurgy (State Technological University),
Viadikavkaz, Russian Federation,

e-mail: kafedra-tmo@skgmi-gtu.ru

Rishat I. Mirgaliev—

Postgraduate student, North Caucasus Mining and Metallurgical
Institute (State Technological University), Viadikavkaz, Russian
Federation

Kazbek K. Mulukhov —

Doctor of Engineering Sciences, Professor, Department of Theoretical
and Applied Mechanics, North Caucasian Institute of Mining and
Metallurgy (State Technological University), Vladikavkaz, Russian
Federation, e-mail: kafedra-tpm @skgmi-gtu.ru

Valery N. Khetagurov —

Doctor of Engineering Sciences, Professor, Professor of the
Department of technological machinery and equipment, North
Caucasus Mining and Metallurgical Institute (State Technical
University), Vladikavkaz, Russian Federation, e-mail: hetag@mail.ru

B. U. Tonuk — reHepauust uaeu, aHaju3 pe3yJbraToB U HanucaHue Tekcta cratbu; A. C. BoickpeOeHel — opraHu3auust U mpo-

BeneHue aKkcnepumMeHToB; P. 1. MupranueB — opraHusanus u nposeneHue skcrnepuMeHToB; K. K. MynyxoB — cucreMatusanus pe-
3ynbTaToB UccienoBanuii; B. H. Xerarypos — unTeprnperanus naHabix aHanu3a / V. 1. Golik — idea generation, analysis of results and
writing the text of the article; A. S. Vyskrebenets — organization and conduct of experiments; R. I. Mirgaliev — organization and conduct
of experiments; K. K. Mulukhov — systematization of research results; V. N. Khetagurov — interpretation of analysis data

Kondmukt unrepecos / Conflict of interest:
ABTODBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(KTa mHTepecoB / The authors declare no conflict of interest.

Mine Surveying and Subsurface Use N5, September-October 2024 25





