Geology and Geophysics of Russian South 11(2) 2021 ['eonorvs u reoguanka fOra Poccim 63

TEODPUN3NKA

VK 504.55.054:622 (470.6)
DOI: 10.46698/VNC. 2021.57.57.005

OpurunHanbHasa ctaTbs

[eoPr3nYECKNA MOHUTOPUHT PA3PABOTKA
HAMPSYKEHHO-AEDOPMUPOBAHHbIX
PYAOBMELLAIOLLMX MAOCCKBOB

B.U. Tonuk'>, O.T. bypasueBa'”, b.B. [13epaHoB

leopmanyecknin MHCTUTYT BnagmMkaBka3ckoro Hay4Horo ueHTpa
Poccuiickon akagemum Hayk, Poccuns, 362002, PCO-Ananus, r. Bnagukaekas,
yn. MapkoBa, 93a, e-mail: v. i. golik@mail. ru

Crarbs noctynmna: 20.03.2021, nopabotana: 20.04.2021, npunsita k nybavkaumm: 11.05.2021

Pestome: AKTyanbHOCTb paboTbl. PacCMOTPEHbI aKTyanbHble BOMPOCHI pauyuoHanu3auu npupoaonosb-
30BaHus, BKMOYaloLWMe B ¢e6S YCTAHOBMEHME BEMNYUHbI W 3aKOHOMEPHOCTEN 3KOMOrMYECcKOro pucka TexHo-
NOrNYeCKNX NPOLLECCOB, OLIEHKY NPOLECCOB KOMMYHUKALMM TEXHOTEHHbIX NPOAYKTOB W MPOrHO3UPOBaHUE KO-
NOrNYeCKON 3aBUCUMOCTM 6UOTbI OT FOPHOr0 NPOM3BOACTBA NPU NOA3EMHOM Pa3paboTKe MecTopoxaeHuin Ga-
JIOHCKOr0 pyaHoro yana. Lienbio uccnepfoBanuii ABnseTcs onpeaenexne opm B3aMMOAEACTBIS NMPUPOIHbIX 1
TEXHWUYECKNX CUCTEM, ONPEAENSIOLLMX NapaMeTPbl FEOMEXaHUKN y4acTKa 3EMHOII KOpbl B paiOHe 0CBOEHMS Heap
nyTeM WCCNeA0BaHUs HaNPsSXKeHHO-AeOPMUPOBAHHOIO COCTOSHUS MACcCUBOB ANl pa3paboTKiM NpMemMnemMbIx
BApPWAHTOB A06bI4M MeTannuyeckux pyad. Metoabl ucenegoBanus. [pueeaeHbl pe3ynbraTbl MOAENMPOBAHMS CO-
CTOSIHUS PYAOBMELLIAOLLIMX MACCUBOB HA ONTUYECKM aKTUBHbIX MaTepuanax. MpeanoxeH K03 mUUNEHT Haaex-
HOCTW AN OLEHKI 6830NaCHOCTU FOPHbIX TEXHONOTMIA N0 PA3BUTMIO KPUTUYECKMX HANPSHKEHUIA 1 AeddopmaLmit.
PesynbTatbl paboTbl. YCTaHOBMEHA afeKBATHAS 3aBUCKUMOCTb MEXAY XapakTepOM CMNOBOr0 BO3AECTBUA Ha
NPUPOJHbIE N MCKYCCTBEHHbIE MACCMBbI M X YCTONYMBOCTLIO C KOPPEenaLueid Mexay HanpsXeHHOCTbO MaccuBa
1 COXPAHHOCTbKO 3EMHOI NOBEPXHOCTU, KAaK rapaHTa 6€30MacHOCTI 3KocUcTeM 6uocdepbl. [aHbl pe3ynbratbl
MO/ENNPOBAHNSA HANMPSHKEHHOCTM MACCKBA METOAOM KOHEYHbIX 3/IEMEHTOB, pacnpeaeneHns AaBneHns no KoHTy-
py BbIPAbOTKM Ha KPenb W MCCNeA0BaHNS (PUNLTPALIMOHHOA HeOAHOPOAHOCTH pya. 0606LLEHbI pe3ynbTaTbl aHa-
Nn3a peTpo- 1 NepcnexkTUB pasBmTIA CNOCOOOB YNPaBNEHMA COCTOSHMEM MACCUBOB NpW pa3paboTke MECTOPOX-
aeHnid. CaenaH BbIBOA O BOSMOXHOCTM 06€CMeYeHNs ONTUMANbHOTO COOTHOLLIEHWUS HANPSKEHWA B dfIEMEHTAX
reoMexaHu4ecKoii CUCTEMbI reoU3NYECKUMN METOAAMM B PaMKaxX MOHUTOPUHIA COCTOSIHUS TOPHOrO Maccuaa
1 NOJ3EMHbIX BbIpabOTOK. B COBOKYMHOCTI pekoMeHaauum npefcTaBnaioT co60i Nporpammy BbIXOAa FOPHbIX
NPeanpuaTUid PernoHa 13 3aTsHKHOr0 Kpu3unca 1 BOCCTaHOBMEHUS ObINoro noTeHuMana ofaHoro n3 narmaHos
LIBETHON MeTanypruu, peannusalusa KoTopon DopMmupyet 3KOHOMUYECKIUIA, 3KOSTOrMHeCKUIA N couuanbHbln 3gh-
(heKT B yCNOBUAX [eNPeCcCUBHONO NPOMBILLEHHOTO PErmoHa.
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Abstract: Relevance. Topical issues of rationalization of nature management are considered, including the
establishment of the magnitude and regularities of the ecological risk of technological processes, the assessment
of the communication processes of technogenic products and the prediction of the ecological dependence of
biota on mining during the underground development of the deposits of the Sadonsky ore cluster. The Aim
of the research is to comprehensively study the interaction of natural and technical systems that ensure the
geomechanical balance of massifs in the area of subsoil development by systematic monitoring of the stress-
strain state of the massifs using the methods of complex generalization, analysis of practical experience and
scientific achievements in the field of underground ore mining in the massifs. Complex structure, theory and
practice of destruction of solid media by means of continuum mechanics and mathematical statistics with the
development of economically and environmentally acceptable options for the extraction of metal ores. Methods.
The results of modeling the state of ore-bearing massifs on optically active materials are presented. A reliability
factor is proposed for assessing the safety of mining technologies for the development of critical stresses and
deformations. Results. An adequate relationship has been established between the nature of the force impact on
natural and artificial massifs and their stability with the correlation between the strength of the massif and the
safety of the earth’s surface, as a guarantor of the safety of biosphere ecosystems. The results of modeling the
tension of the massif by the finite element method, the distribution of pressure along the contour of the excavation
on the support and the study of the filtration heterogeneity of ores crushed for leaching purposes according to
the propagation velocity of stress waves are given. The results of the analysis of retro- and prospects for the
development of methods for managing the state of rock mass in the development of fields are generalized. A
conclusion is made about the possibility of ensuring the optimal stress ratio in the elements of the geomechanical
system by geophysical methods within the framework of monitoring the state of the rock mass and underground
workings. Taken together, the recommendations represent a program for the recovery of the region’s mining
enterprises from a protracted crisis and the restoration of the former potential of one of the flagships of non-
ferrous metallurgy, the implementation of which creates an economic, environmental and social effect in a
depressed industrial region.

Keywords: Underground mining, deposit, Sadonsky ore cluster, geomechanics, modeling, mining
technology, stresses and deformations, geophysical methods, monitoring.
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BesepeHve

I'opHozmoOBIBatOIIas OTPACIb, ABISAACH JIUEPOM CPEIU MPOMBIIIIEHHBIX TEXHOJIOT UM
110 HAPYIICHUIO CIUIOIIHOCTH 36MHOM KOPBI, CO3/aeT YCIOBHS JUIsl pa3pyIICHUS 36MHOM
MOBEPXHOCTH, U3MEHEHUsT PopM penbeda u KauecTBa (iopsl u daynsr [Kaypun u ap.,
2018; Burdzieva, 2016].
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ITpobnema pannoHaIM3alMy MPUPOAOIOIH30BAHUS BKIIOYAET B c€0sl yCTAaHOBIICHUE
BEJIMUMHBI U 3aKOHOMEPHOCTEN IKOJIOTUYECKOTIO PUCKA, OLICHKY ITPOLIECCOB KOMMYHHKA-
LMY TEXHOT€HHBIX IIPOAYKTOB U MPOTHO3UPOBAHUE 3KOJIIOTMUECKOW 3aBUCHMOCTH OKpY-
JKaroIlel cpelbl OT arpeccuy ropHoro npousBozcTsa [Ipebenmrear u ap., 2018; Kiroes
u ap., 2020].

[ToBbllIeHHast OMACHOCTH JOOBIYHBIX MPOLIECCOB ONPEENIAETCS CUHEPreTHYEeCKUM
XapaKTEepPOM NPOSIBICHHUS, KOTJIa Pa3BUTHE OTAEIbHBIX MPOLECCOB NPUBOIUT K BO3ZHUK-
HOBEHUIO JIPYT'HX MPOLIECCOB ¢ OOJIBIIMM CyMMapHbIM 3(deKkToM, ueM mpocras cymma
3¢ dekToB.

ITporieccsl 0cBOEHUS 3arnacoB O0JIAAAI0T CHUHEPTeTHYECKUM XapaKTepoM MposiBIie-
HUS, KOTIa Pa3BUTHUE OTIAEIbHBIX MPOLIECCOB I'EHEPUPYET HEPEAKO U HEM3BECTHBIE MIPO-
LECChI C OOJBIINM CYMMAapHBIM OTpULIATEIbHBIM 3(h(HEKTOM, UeM oXugaeMas cymma 3¢-
(bexToB.

Ha teppuropun MeTajuIMuecKUX PYIHHUKOB HAKOIUIEHBl MWIJIMOHBI TOHH XBOCTOB,
KOTOPBIE CTAJIM PEAKTOPOM XUMUYECKUX ITPOLIECCOB 3apaKEHUS OKPYXKarOIIeH Cpebl pe-
ruoHoB CesepHoro Kagka3a, FOra Poccuu u Kacnus.

I'opHble paboThl CONMPOBOXKAAIOTCS O00Pa30BaHMEM TEXHOT€HHBIX IyCTOT, KOTOpPbIE
YUYacTBYIOT B MepepacripeieleHuu HaupsyKeHHO-1e(OPMUPOBAHHOIOTO COCTOSIHUS Mac-
CHUBOB.

Yenex pa3pabOTKH MECTOPOXKIEHUH MOJIE3HBIX MCKOMAEMBIX ONpEAeseTcs MOIHO-
TOW yuyeTa U MHTEPIPETALNN MOBEACHHS IPUPOIHBIX U TEXHUYECKUX CUCTEM, yUaCTBY-
IOLIMX B Pa3BUTHM HANPSHKEHHO-e(OPMHUPOBAHHOTO COCTOSIHUS MPUPOAHBIX U UCKYC-
CTBEHHBIX MaccuBOB B [[lpeGenmtent u ap., 2018; PeiisHuKoBa U f1p., 2017].

IToaToMy HccnenoBaHue MEXaHU3Ma BO3ZHUKHOBEHUS U IepepaclpeeseHUs Hanpsi-
KEHHI B MaccuBe ropHbIx nopoj [[Apebenmrent u ap., 2018; Aksenov et al., 2019] ¢
LIEJIbI0 COBEPIIEHCTBOBAHUS TEXHOJOTHH pa3pabOTKU HANPSKEHHO-/1€()OPMHUPOBAHHBIX
PYIOBMEIIAIONINX MACCUBOB MPEACTABIAET COO0M KPYIHYIO HayYHO-IIPOU3BOICTBEHHYIO
npooiemy.

MeToAbl UICCAEAOBOHUS

MonenupoBaHue COCTOSHHASI MacCHBa Ha ONTUYECKH aKTMBHBIX Marepuanax. Moze-
JMPOBAHKE HANPSYKEHHOCTU MAaCCUBA METOAOM KOHEUHBIX 3JIEMEHTOB. XapaKTep U 3aK0-
HOMEPHOCTH PAaCIpEIeIeHHs TOPHOTO JaBIEHUS Ha KECTKYH0 apO4HyIO Kpenb. M3mepe-
HUE HaNpsHKEHUH B KPETH ¢ TOMOIIBIO IaTYUKOB AaBieHus. OnpeneneHue rpaHull 30HbI
TUTACTUYECKUX JlehopMannii ¥ pa3pymieHre MopoJ MPO3ByUYNBAaHHEM MacCHBa B CKBaXKH-
Hax. M3mepenne GuIbTpallmOHHONW HEOAHOPOTHOCTH Py MO CKOPOCTH BOJIH Harpsbke-
HUH. H)XeHepHOe MPOTHO3UPOBAHUE NTEPCIIEKTUB COBEPIIEHCTBOBAHUS TEXHOJIOTHM.

Pe3yAbTATbl MICCAEAOBOHUS

OcHoBoI1 6e301macHON pa3padOTKH MECTOPOXKICHUN MTOJIE3HBIX UCKOTIAEMBIX SIBJISICT-
csl NpoUITaKTHKA KPUTUYECKUX HAIIPSHDKEHUH Ha BCEX ATarax CyIlIeCTBOBAHUS.
CocrosiHEe MaccuBa MOJEIMPOBAIOCH HA ONITUYECKU aKTUBHBIX MaTepHaliax B yclo-
BUAX CaJJOHCKMX MacCHBOB, B TOM YHCJIE:
6okoBoii pacmop 0,5, 1,0, 1,5;
YIoJ1 HAaKJIOHAa CHJIOBOTO BEKTOPa K BEpPTHKaJIbHOU ocH o = 0;
Moxaynb 3aknanku E = 0,1 Mlla;
MOAY/Ib BMemaromux nopoa — 1,4 Mlla.
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Puc. 1. Ilons uzoxpom npu koaghguyuenme 60xo6020 pacnopa 1,0: ciesa — omkpvimas kamepa,
CNpasa — 3an0dcennas kamepa /

Fig. 1. Fields of isochrome with a coefficient of side thrust 1.0: on the left — an open chamber,
on the right — a filled chamber

Omnpeneneno, yto Hauboee HampsbKeHa MoTojoYrHa kamep. [Ipu BapuanTax 6e3 3a-
KJIAJIKU B MEXIyKaMepHBIX LETNKaX KOHIEHTPALNS HAPsHKEHUH OM3Ka K KpUTHUECKOM
(puc. 1).

[Tpu He0OXOMUMOCTH COXPAaHEHHS MACCUBOB M 36MHOW TOBEPXHOCTH BHIPAOOTAHHOE
IMPOCTPAHCTBO 3aKJIAAbIBACTCS TBEPACIOIIMMHI CMECIMH.

MexaHu3MOM PErylupoOBaHUsl T€OMEXaHUUYECKUX YCIOBHM SIBIAETCS NMPUMEHEHHE
TEXHOJIOTUW C 3al0JHEHUEM IyCTOT TBEPACIOIIMMHU CMECAMH M XBOCTAMH MOA3EMHOTO
BBIIIEJIAYMBAHUS PYI.

Crenenp 6€30MaCHOCTH TOPHBIX TEXHOJIOTUH OLIEHUBAETCS KOY(PPHUIIMECHTOM HaIeXK-
HocTH K:

Kl :f(Vo_VsKT);

rie V,— 00beM 00pa30BaHHbIX B MACCUBE MIYCTOT, M>;

V3 — 00bEM 3aIOHEHHBIX [TYCTOT, M>;

K — nons 3anonautens, %.

Koppensiuus Mexay ypoBHEM HANpsKEHUH B MAaCCHBAaX U COCTOSHUEM 3€MHOMU TO-
BEPXHOCTU HaJl HUMHU YCTAaHABIMBACTCA HCCIEIOBAHUAMU C IMPUMEHEHHEM METOJIOB
LIAXTHOM reo(U3UKH.

[Tony4yeHHble pe3ynbTaTbhl CHCTEMAaTHYECKHX HCCIICAOBAaHUNA CBUJICTEILCTBYIOT 00
a/ICKBaTHOM 3aBHCHMOCTH MEXJY XapaKTepOM CHIIOBOTO BO3ACUCTBUS Ha MPUPOAHBIEC U
HCKYCCTBEHHbBIC MAaCCHBBI M X YCTOMUMBOCTBIO. B 000uX ciydasx HabmonaeTcs JMHEH-
HBIN POCT HANPSKEHUH C yBETMUEHUEM BPEMEHH, IPHUYEM B 000HX CIIydasix 3aBUCIMOCTh
SIBJISIETCS JIMHEHHOM (puc. 2).

Takast Koppensauus B HOBEACHUU PyIOBMENIAIOIINX MACCUBOB UMEET MPAKTUYECKYIO
3HAYUMOCTb JJIi OOOCHOBAHHUSI BO3MOXKHOCTH HCIIOJIb30BaHMS 3aTBEPAEBIINX KOJIbMa-
THPOBAaHHBIX XBOCTOB MOA3EMHOTO OJIOKOBOTO BBINIEIAYMBAHUS Py, KaK aJbTePHATHBBI
HSKOHOMHUYECKH HEIPUEMIIEMBIX OETOHHBIX TBEPACIOLINX CMECEH.
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Fig. 2. Dependence of the stress on time

MonenupoBaHue HAPSHKEHHOCTH MacCHUBAa METOJIOM KOHEUHBIX JIEMEHTOB MOKAa3bl-
BACT, YTO Ha KOHTYpE BBIPAOOTOK pajvabHbIC HANIPSDKEHHS TpUOImKatoTes K 0, a TaH-
TeHITHAIbHBIC — UMEIOT MaKCHMaJIbHbBIC 3HAYCHUSI.

YMEHBIIUTH BPEMSsI OIICHKH HANIPSHKCHHOCTH IMOPOTHBIX KEPHOB MO3BOIIsIET MeTox [ 0-
nuKa-JleHncoBa ¢ Harpy>KeHHeM 00pa3IoB CTYIICHSIMH U MOJHOW Pa3rpy3Kol Ha KaXKIoh
CTYICHH JIO TOSIBJICHHUSI OCTATOYHBIX Jieopmanuii. O HAPsHKEHHOCTH MacCHBa CYIST O
COOTHOIIICHHIO YIPYTOH M OCTaTOYHOH IedopMaiuu.

Koaddunment ynapoonacuoctu K

K =(E,-E,)/E, =E,/E,,

rie £, — ynpyras nepopmanus, MIla;

E, — ocrarounas nepopmanus, MIla;

E,, — MakcumanbHO gocturayras aedopmars, MIla;

XapakTep U 3aKOHOMEPHOCTH PaclpeAesICHUs] TOPHOTO JABJICHMS HA JKECTKYIO Me-
TaJUINYECKYIO aPOYHYIO KPEIlb YCTaHABIMBAIOT aHAJIM30M I10KA3aTeNed CUCTEMBI 1aT4h-
KOB (puc. 3).

B npouHbIX CKaJIbHBIX MOPOJaxX B OKPECTHOCTSAX TOPHBIX BBIPAOOTOK (OpMHUpPYETCS
30Ha IIACTUYECKUX JehopMalvii ¥ pa3pyIIeHuUs TOPOJI, KOTOpasi ONpeAesieT OBEICHUE
IIPUPOJHBIX U UCKYCCTBEHHBIX MACCHUBOB.

N3myyarens aKkyCTMUECKMX CUTHAJIOB M 3BYKOIPUEMHUK ITOMEIIAIM B CKBAKMHAX
DIyOUHOM 2,5 M, MpOoOYPEHHBIX Ha PACCTOSHUM 5 M APYT OT Apyra. YacToTa mochl1aeMoro
B CKBaJXMHY CUTHaJIa COCTaBJIsIa 2 KILI.

IIpu npo3ByuuBaHMM MOPOAHOro maccusa pazmepoM 20x40M, CIOKEHHOIO ajeB-
poiuTaMu ¢ KO3(PPHUIMEHTOM CTPYKTypHOTro ociabnenus 0,2, MpOYHOCTHIO Ha CXKaTue
30-90 Mlla, u na pactsikenue 3-3,5 Mlla, curnan nepemernancs co ckopocTbio 3500 m/c.

IIpu uccnenoBanum apyroro maccusa pasmepamu 100x115M B u3BecTHsKax ¢ Ko-
¢ duIMeHTOM cTpyKTypHOro ocnabnenus 0,3, mpenenoM npoyHocTH Ha cxatue — 150
MlIa u Ha pactsxenue 8-9 MIla ckopocTs nepeMenienus cursaia usmensuacs ot 4000
o 6100 Mm/c.

OObenuHeHrne CpaBHUMBIX 3HAYeHUN KOA(PQUIIMEHTa 3ByKOMOIIOMIEHUS U30JIMHUS-
MU TpapUUeCKy MO3BOJSIET ONPENEIUTh MECTONONIOKEHHE 3BYKOIOITIOLIAIOIIEr0 0ObEK-
Ta Ha UCCIIElyEeMOM yYacTKe MECTOpOKIeHUs (puc. 4)
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Puc. 3. Dniopvl nanpsscenuil 8 memaniuyeckol kpenu: 4-24 — menzomempuueckue
oamuuxu, 1-5 — 3amepol /
Fig. 3. Diagrams of stresses in the metal support: 4-24 — strain-gage indicators,
1-5 — measurements

Cks.1/Well 1 Cks. 2/ Well 2

12 12
14

Puc. 4. Onpedenenue epanuy 30nvl HeoOHOpOOHOCMU Maccuga /
Fig. 4. Determination of the boundaries of the massif heterogeneity zone
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Puc. 5. Ocyunnocpamma e3pwisa ckgasicumsi: 1-8 — damuuxu /
Fig. 5. Oscillogram of the well blast: 1-8 — sensors

[TapameTpbl GUABTPALIMOHHON HEOAHOPOIHOCTHU PYJ, ONPEAEIISIONIEH BO3ZMOKHOCTD
MNPUMCHCHUA TCXHOHOFI/If/'I, HaIIpUMCEP, BbIIICTIAYNBAHUA MCTAJUIOB pE€arcHTaMu, onpeac-
JISUTH TIO CKOPOCTH PACIIPOCTPAaHEHHSI BOJIH HAMIPSHKEHHH.

VYrpyrue konebaHus co31aBajy IMyTeM B3PBIBAHHS 3aps/I0B B3PHIBUATHIX BEIIECTB Be-
coM 2 KI. BomHbl HaHpiI)KeHI/Iﬁ YyJ1aBJIMBaJIk C IMOMOIIBIO JATYMKOB, YCTAHABJIMBACMbBIX B
10 Toukax ¢ coOONMIOACHNEM YCIOBUS: OJMH JAaTYMK — BEPTUKAJIBHO, a BTOPOW — TOPH30H-
TalbHO (puUc. 5).

IIpu 0co3HaHUU U UHTEPIPETALMHU COBOKYITHOTO BO3JICHCTBHS TUHAMUUYECKUX U CTa-
THUYCCKUX HaHpH)KeHI/Iﬁ HCKYCCTBGHHLIﬁ nEeIuK I/I,Z[GHTI/I(l)I/IIII/IpyeTCSI B BUJC 3aM0THEHHOM
3aKJIaJ0YHBIM MaTepHaIoM BEIPAOOTKU pagnycoM r (puc. 6).

Bo3mMoxHOCTh 3((EKTHBHOTO MCIOIB30BaHUS TEXHOJOTHH 00ECTIEYMBACTCS Cpe/l-
CTBaMH FOpHOM re0()U3HKH C MOJyYEHUEM OKUAAEMBIX PE3YIbTaTOB.

3anoxeHHas Kamepa / 3anoxKeHHaa Kamepa /
A filled chamber A filled chamber
7 - TS ~
7 \
7 \
7 \
/ \
! \
A \
r
\ [
\ I}
\ /
\ /
\ /
/
N\ < A
S o _ _ - ’

Puc. 6. Cxema k onpedenenuro HOpMaLbHbIX U KACAMETbHbIX HANPANCEHUT /
Fig. 6. Scheme for determining normal and shear stresses
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Ananuz TCOPHUU W NPAKTUKHU YIIPABJICHUSA COCTOSIHHEM MACCHUBOB IIPpU pa3pa60TKe
CKaJIBHBIX MCCTOPO)K,[[CHI/Iﬁ IMOA3CMHBIM CII0COOOM ITOKA3bIBACT:

— 001acTh NPUMCHCHUA TEXHOJIOTHM C O6py1_l_ICHI/IeM IMopoJa COKpalacTes 1o 3K0JIO-
THYCCKUM YCIIOBUSAM,

— CcIoco0 MoraimeHus ¢ OCTaBICHHUEM BBIpa6OTaHHOl"O NIPpOCTPAHCTBA OTKPBITBIM
IIPUMCHSCTCA B PECAKHUX ClIydadX IIPpU XOpOH.IGfI HN3YyUYCHHOCTH O6’beKTa;

— pacHIMpCHUC NHUAIla30Ha TEXHOJIOTHM C 3aKJIaJKON TBCPACIOLIUMU CMECAMU Or'pa-
HHUYHUBACTCA ,[[e(l)I/II_II/ITOM KOMIIOHCHT CMeCCI\/'I, 9TO OIPCACIIACT HCO6XO,[[I/IMOCTB BOBJICUC-
HHUA B C(I)epy MMpOU3BOACTBA OTXOJA0B ITPOU3BOACTBA.

KOHI_IGHI_II/IH O9KOHOMHYCCKH 3KOJIOTHYCCKH KOPPCKTHBIX TEXHOJIOTHMM MOI3€MHOM pa3-
pa6OTKI/I PYAHBIX MCCTOPO)KI[GHI/Iﬁ BKJIIOYACT B CE0SI MOJIOXKCHUS:

— I'COMCXaHHNYCCKas C6aJ'IaHCI/IpOBaHHOCTB AUCKPCTHBIX CPEA PYAOBMCHIAOIINX
MAaCCHUBOB ABJIACTCS HECHIPECMCHHBIM YCJIIOBUCM B(b(beKTI/IBHOCTI/I yHnpaBJICHHUA UMH C CO-
XpaHCHUEM 3€MHOM IOBCPXHOCTH,

— TEXHOJIOTHUHU YIIPABJIICHUA IMPUPOAHBIMU WU UCKYCCTBCHHBIMHU MACCUBAMH OJI’KHBI
HCII0JIb30BAaTh (I)CHOMGH OCTaTOYHOH Hecymeﬁ CIIOCOOHOCTH CTPYKTYPHBIX OTACIIbHO-
cTei IMyTEM MEPCBOAA rcOMaTCpualioB B PCIKUM 00BEMHOTO CXKaTH:,

— PpalMOHAJIbHOC UCIIOJIB30BAHUC CBOMCTB MacCCHBOB JOCTUIa€TCS npu KOM6I/IHI/IpO-
BAaHUHU TPaAUIITMOHHBIX 1 HOBBIX CII0CO00B ,Z[O6LI‘H/I Pa3sHOCOPTHBIX pyd HAa OCHOBC (I)CHO-
MCHa 3allOJIHCHUA BBIpa6OTaHHOl"O IpOCTpAaHCTBA BBIIIEIIOUYECHHOM py,Z[OfI HJIn TBCPACIO-
IIKUMH CMECAMMU.

DKOHOMHUYECKAs B(I)(IJGKTI/IBHOCTB I(OM6I/IHI/Ip0BaHI/I$I TEXHOJIOTHMI HAa OCHOBE r'eoMeXa-
HHUKHU MAaCCHUBOB OIIMChIBACTCA MOACIIBIO:

17 =| 3=k 2 2, | 3, 4 r 0= EK:K;—F A> +A5, 3, A-r
’ Amp Amp A« ’ Ao Adr Atb

rae I1, — npubbLIb OT KOMOMHUPOBAHHS TEXHONIOTHH; 3, — 3aTparbl HAa EIUHHUILY
MeTaiia npu 0a30BOW TEXHOJOTHH, ACH. €1.; 3, — 3aTpaThl Ha €AMHUILy METaia Mpu
KOMOMHHMPOBAHHOM TEXHOMOTHH, eH. e.; K — Kod(pdUIMeHT IMHAMIYHOCTH 00bEMOB
npou3BoacTBa; K, — Ko3()(HUIUEHT IMHAMUYHOCTH BPEMEHH; 3,,, — NPUBEICHHBIC SKC-
IUTyaTal[MOHHbIE M KallUTalbHbIE PacXo/ibl IpH 0a30BOM TEXHOJIOTUH, JIEH. €11.; 3, — IPH-
BEJICHHBIE HKCIUTyaTallMOHHbBIE U KalUTaJIbHbIE PACXOAbl TP KOMOMHHUPOBAHHON TEXHO-
JIOTUH, J€H. €l.; A,, — TOl0BOH 00bEM BBINYCKA METAJIOB NMPH 0a30BOM TEXHOJIOTHH,
en.; 4,,, — TOIOBO! 00bEM BbINYCKa METAILIOB PH KOMOMHUPOBAHHON TEXHOJIOTHH, €]1.;
A, — TO7I0BOM 00bEM BBIMTyCKa METAIIJIOB MO0 KOMOMHUPOBAHHOW TEXHOJIOTHH, €]1.; T — KO-
3¢ (ULIHEHT pUCKa PHIHOYHBIX OMEPALIU.

CHmxeHre KauyecTBa JOOBITOM 6a30BOI TEXHOIOTHUEH PY/IbI 32 CUET pa3yO0oKUBaHUS
YBEJIMYMBAET IMOTEPU METAJIJIOB Ha METAJUTYpruueckoM 3aBoze Ha 1-2%. Mcnons3oBanue
KOMOMHHUPOBAHHBIX TEXHOJIOTH MOBbIAET KodhduiineHT u3piedeHus va 1-1,5%.

[To nanHBIM aHaMTN3a KOMOMHUPOBAHKUE TEXHOJIOTHI [0 CPABHEHHIO C TPATUIIMOHHOM
TEXHOJIOTHEW YMEHbIIAeT OTEPH METAJUIOB MpH A00bIYe Ha 5-10%, a mpu oborameHun
Ha 2-2,5%.

TexHonoruu KOMOMHUPYEMBIX MO KPUTEPHUSIM HAIEKHOCTH U CTOMMOCTHU yMpaBJe-
HUSI COCTOSIHUEM MacCHBa CIIOCOOCTBYIOT BOCCTAHOBJICHHUIO MTPOMBIIUIEHHOTO MOTEHIH-
ana CanoHckux mecropoxaenuit [[murpak u ap., 2006, 2019; I'aspuiues u ap., 2017].
CoBepIileHCTBOBaHKE CIIOCOOOB YIIPABIECHUS TEOMEXaHUKON PYTOBMEIIAIOIINX MACCUBOB
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COMPOBOXKIACTCS MOACPHU3AIMEH OCTAIBHBIX MPOIECCOB TOpPHOTo MpousBozacTsa [Ko-
Marienko, 2016; Xynenuaze, 2016; Grikorkina et al., 2017; Zaalishvili et al., 2014 a, b,
2016, 2018; Milyukov et al., 2014; ['opOatuxoB u ap., 2015]. Pe3ynsrarsl uccieoBaHUs
COTTIACYIOTCS C BBIBOJIAMU HCCJIEIOBAaTENeH M0 JaHHOMY HaNpaBICHUIO TOPHOTO MPOU3-
BoncTBa [Feng, 2017; Jianju et al., 2017; Li, 2017; Zaalishvili et al., 2018].

BbiBOADI

[ToBeneHne CkalbHBIX MacCHBOB CIIOKHOTO CTPOEHHS MPU MOA3EMHON pa3paboTKe
MCCTOPO)KZ[GHI/Iﬁ onpeacisiCTCd COBMCCTHBIM BIIMAHUEM TCKTOHUYCCKUX HapymeHHfI )51
OCTAaTOYHOW HeCyIel CIOCOOHOCTH AUCKPETHBIX TOPO/T.

COXpaHHOCTB IIHCBHOI>'I IMMOBEPXHOCTHU oOecIieunBaeTcsl ONTHUMAaJIbHBEIM COOTHOIIIE-
HUEM HaNpsDKEHHUM B DJIEMEHTAaX T€OMEXaHUYECKON CHCTEMbI, KOTOPOE KOHTPOJIUPYETCS
FGO(i)I/BI/I‘-IeCKI/IMI/I MCTOAAaMU B paMKaxX HCIIPEPBLIBHOT'O MOHHUTOPHUHT'A COCTOSIHUA TOPHOTO
MacCHBa 1 NOA3CMHBIX WHIKCHCPHBIX KOMMYHHKaHHﬁ.

JIOCTOBEpHOCTh MOHUTOPHHTA COCTOSTHUSI MAaCCUBA OMPEIEAETCS KOMIIIIEKCHOCTBIO
1 BO3MOKXHOCTAMHU HUCIIOJB3YEMbIX METOHAOB JAMArHOCTHKH, BKIIIOUAIOMIUX HCIIOJIB30Ba-
HHUC CPEACTB U MCTOIOB FGO(bI/BI/IKI/I.

Antepartypa

1. Taepumes C.E., Kopamios C. H., ITeiranes 1. A., I'aonosa U. B. [loBeimenne skoHO-
MudecKoi 3(pPEeKTHBHOCTH TOPHOAOOBIBAIOIINX MPEATIPUATHIA 32 CIET BOBIICYCHHUS B IKCILTyaTa-
A0 TEXHOTEHHBIX TeopecypcoB. // TopHbrit xxyprHaIL. —2017. — Ne 12, — C. 46-51.

2. Tomuk B.WU., bypmsuera O.I., /I3epanoB b. B. Ynpasnenne reomMmexaHUKOH MaccHBa IIy-
TEM ONTHMH3AINN TEXHOJIOTHH pa3padotkw. // ['eonorus u reopmnsmka FOra Poccun. — 2020. — T.
10. Ne1. - C. 127-137. DOI: 10.23671/VNC. 2020.1.59070.

3. Tomuk B.U., bypasuesa O.I., /I3epanoB b. B., HotuaeB X.O. YrnpapneHue reoguHaMu-
KO# MaccrBa IMyTeM PeTyTHpOBaHUS BEIMUNHBI HanpsokeHUH. // ['eonorus u reodmsuka FOra Poc-
cun. —2020. — T. 10. Ne2. — C. 147-160. DOI: 10.46698/VNC. 2020.93.21.011

4. Jpe6enmrenr K., I'omuk B. U., Imutpax 0. B. [lepcriektuBbl quBEepCcUpUKAIINNA TEXHO-
soruu A00srar MeTautoB B PCO-Ananus. / YcToOWYnBOE pa3BUTHE TOPHBIX TeppuTopHii. — 2018.
—T. 10. Ne1 (35). - C. 125-131.

5. Hmurpak 10.B., Jlorauesa B. M., [Tonkomun A. A. [codusudeckoe MporHO3ZUPOBAHNE
HapyIIeHHOCTH U OOBOIHEHHOCTH MacCHBa TOPHBIX Topo. // TopHBIN HHPOPMAITMOHHO-aHAH-
traeckuii OromneTensb. — 2006. — Ne11. — C. 35-36.

6. Jmurpak 1O.B., llumaes b.C., /I3amapos B. X., Xape6os I. X. MunepairHO-ChIpbeBast
0a3a mBeTHOM MeTayuTypruu Poccun. // Bextop I'eoHayk. —2019. — T. 2. Ne1. — C. 9-18.

7. Kauypun H.M., Cracs I.B., Kopuaruna T.B., 3meeB M. B. ['ecomexanmndeckue u a’po-
ra3oJMHAMAYECKUE TTOCIEACTBHS MOAPa0OTKN TEPPUTOPHIl TOPHBIX OTBOJOB IMIaxT BocTodHOTO
Honbacca. // N3Bectus Tynsckoro rocymapctBenHoro yamBepcurera. Cep. Haykm o 3emite. —
2017. —Bpm. 1. — C. 170-182.

8. Kimroer P.B., bocuxos U. ., Maiiep A.B., 'aBpuna O.A. KoMmruiekcHBIH aHAMH3 TIPH-
MeHeHUs () ()EeKTUBHBIX TEXHOJIOTHHA IS TTOBBIIICHNS yCTOMYUBOTO PA3BUTHS IIPHPOTHO-TEXHH-
YeCKOM cHCTeMEI. // YeToidnBOe pa3BUTHE TOPHBIX TeppuTopHit. — 2020. — Ne2. — C. 283-290.

9. Komamenko B.W. Pa3paboTka B3pBIBHOH TEXHOJOTHH, CHIDKAIOIICH BpEIHOE BO3ICH-
CTBHE Ha OKpyXaroyto cpexy. // 3Bectust Tymbckoro rocyapcTBeHHOTO YyHUBepcuTeTa. Haykn
o 3emie. —2016. — Ne 1. — C. 34-43.

10. PemmeaukoBa M. B., Bnagumupos /1. 4., [Terrane U. A., ITomoa T. M. PoGotusuposan-
HbI€ TEOTEXHOJIOTUN KaK IyTh MOBBIMIEHUS 3(()EKTHUBHOCTH M AKOJOTH3AIMK OCBOSHUS HEJp.
/| DOU3NKO-TEXHUUECKUE TPOOJIEMBI pa3padOTKH IMONE3HBIX HcKomaeMmblx. — 2017. — Nel. —
C. 92-101.



72 Geology and Geophysics of Russian South 11(2) 2021 T'eonorvs n reogmanka Kora Poccim

11. Xynenunaze K. K., Kongparses 0. ., 3aanumsunu B. b., berpo3os 3. C. Ouenka kopeH-
HBIX ¥ TEXHOTEHHBIX MecTopokaeHui PCO-Ananus Kak BOSMOKHBIX OOBEKTOB IPUMEHEHHS TEX-
HOJIOTHH MOA3EMHOTO W KYYHOTO BhIIIENaYMBaHUs. // YCTOHUNBOE pa3BUTHE TOPHBIX TEPPUTOPHIL.
—2016.—T. 8. Nel. - C. 46-51.

12. Aksenov V.V., Khoreshok A.A., Beglyakov V.U., Efremenkov A.B. The concept of
creating perspective technological paradigm of formation (development) of the underground
space on the basis of the leading development of new approaches in construction geotechnology
and geotechnics. Premises and basic provisions (part 1). / ISPCIET 2019. IOP Conf. Series:
Materials Science and Engineering 656 (2019) 012004. IOP Publishing. — 2019.

13. Burdzieva O. G., Zaalishvili V. B., Beriev O. G., Kanukov A. S., Maysuradze M. V. Mining
impact on environment on the North Ossetian territory. // International Journal of GEOMATE. —
2016.—Vol. 10 (1). — pp. 1693-1697.

14. Feng X.-T. Rock mechanics and engineering. Vol. 4: Excavation, Support and Monitoring.
18tedition. CRC Press. // Taylor&Francis Group. —2017. — 726 p.

15. Grigorkina G.S., Ramonova A.G., Kibizov D.D., Kozyrev E.N., Zaalishvili V.B.,
Magkoev T.T., Fukutani K. Probing specific oxides as potential supports for metal/oxide model
catalysts: MgO (111) polar film. // Solid State Communications. —2017. — Vol. 257. — pp. 16-19.

16. Jianju Du, Xiang Huiqin, Qingli Zeng, Luqing Zhang, Qunce Chen, Jian Zhou, Wen Meng.
Estimation of the present-day stress field using in-situ stress measurements in the Alxa area, Inner
Mongolia for China’s HLW disposal. // Engineering Geology. — 2017. — Vol. 220. — pp. 76-84.

17.Li N.N., Chai S.B., Li H. B. Analytical study of ground motion caused by seismic wave
propagation across faulted rock masses. // International Journal for Numerical and Analytical
Methods in Geomechanics. — 2017. — Vol. 42. No. 1. — pp. 95-109.

18. Milyukov V.K., Yushkin V.D., Kopaev A.V., Mironov A.P., Demyanov G.V.,
Sermyagin R.A., Basmanov A. V., Popadev V. V., Nasretdinov I. F., Zaalishvili V. B., Kanukov A. S.,
Dzeranov B. V. Monitoring current vertical movements of the Northern Caucasus by absolute and
relative gravimetry. // Measurement Techniques. —2014. — Vol. 56. No. 10. —pp. 1105-1110.

19. Zaalishvili V.B., Melkov D.A. Reconstructing the Kolka surge on September 20, 2002
from the instrumental seismic data. // Izvestiya. Physics of the Solid Earth. — 2014. — Vol. 50.
No. 5. —pp. 707-718.

20. Zaalishvili V.B., Nevskaya N.I., Melkov D.A. Instrumental geophysical monitoring in
the territory of Northern Caucasus. // I1zvestiya. Physics of the Solid Earth. — 2014. — Vol. 50.
No. 2. — pp. 263-272.

21. Zaalishvili V.B.,KanukovA. S.,MelkovD.A.,Makiev V. D., Dzobelova L. V. Development
of a unified model of geoinformation system for city planning and integration.// International
Journal of GEOMATE. — 2018. — Vol. 15. No. 51. — pp. 160-166.

References

1. Gavrishev S.E., Kornilov S.N., Pytalev I.A., Gaponova 1. V. Increasing the economic
efficiency of mining enterprises due to the involvement of anthropogenic geo-resources in the
operation. Mining journal. 2017. No. 12. pp. 46-51. (In Russ.)

2. Golik V.1., Burdzieva O.G., Dzeranov B.V. Management of rock mass geomechanics by
optimizing development technology. Geology and Geophysics of Russian South. 2020. Vol. 10.
No. 1. pp. 127-137. DOI: 10.23671/VNC. 2020.1.59070 (In Russ.)

3. Golik V.1., Burdzieva O. G., Dzeranov B. V., Chotchaev Kh. O. Controlling the geodynamics
of the massif by regulating the level of stresses. Geology and Geophysics of Russian South. 2020.
Vol. 10. No. 2. pp. 147-160. DOI: 10.46698/VNC. 2020.93.21.011 (In Russ.)

4. Drebenstedt K., Golik V.1., Dmitrak Yu. V. Prospects for diversification of metal mining
technology in North Ossetia-Alania. Sustainable development of mountain territories. 2018. Vol.
10. No. 1 (35). pp. 125-131. (In Russ.)

5. Dmitrak Yu. V., Logacheva V.M., Podkolzin A.A. Geophysical forecasting of disturbance
and watering of the rock mass. Mining information and analytical bulletin. 2006. No. 11. pp.
35-36. (In Russ.)



Geology and Geophysics of Russian South 11(2) 2021 ['eonorvs u reoguanka fOra Poccim 73

6. Dmitrak Yu. V., Tsidaev B. S., Dzaparov V. Kh., Kharebov G. Kh. Mineral resource base of
non-ferrous metallurgy in Russia. Vector GeoSciences. 2019. Vol. 2. No. 1. pp. 9-18. (In Russ.)

7. Kachurin N.M., Stas G.V., Korchagina T.V., Zmeev M.V. Geomechanical and
aerogasdynamic consequences of undermining the territories of allotments of mines in the Eastern
Donbass. Bulletin of the Tula State University. Ser. Earth Sciences. 2017. Issue 1. pp. 170-182.
(In Russ.)

8. Klyuev R. V., Bosikov I.1., Mayer A. V., Gavrina O.A. Comprehensive analysis of the use
of effective technologies to improve the sustainable development of the natural and technical
system. Sustainable development of mountain territories. 2020. No. 2. pp. 283-290. (In Russ.)

9. Komashchenko V.I. Development of an explosive technology that reduces the harmful
effect on the environment. Bulletin of the Tula State University. Earth Sciences. 2016. No. 1. pp.
34-43. (In Russ.)

10. Rylnikova M. V., Vladimirov D. Ya., Pytalev . A., Popova T. M. Robotic geotechnology
as a way to increase efficiency and greening of subsoil development. Physical and technical
problems of the mineral development. 2017. No. 1. pp. 92-101. (In Russ.)

11. Khulelidze K.K., Kondratyev Yu.l., Zaalishvili V.B., Betrozov Z.S. Assessment of
primary and technogenic deposits in North Ossetia-Alania as possible objects of application of
underground and heap leaching technology. Sustainable development of mountain territories.
2016. Vol. 8. No. 1. pp. 46-51. (In Russ.)

12. Aksenov V.V., Khoreshok A.A., Beglyakov V.U., Efremenkov A.B. The concept of
creating perspective technological paradigm of formation (development) of the underground space
on the basis of the leading development of new approaches in construction geotechnology and
geotechnics. Premises and basic provisions (part 1). ISPCIET 2019. IOP Conf. Series: Materials
Science and Engineering 656 (2019) 012004.

13. Burdzieva O. G., Zaalishvili V. B., Beriev O. G., Kanukov A. S., Maysuradze M. V. Mining
impact on environment on the North Ossetian territory. International Journal of GEOMATE.
2016. Vol. 10 (1). pp. 1693-1697.

14. Feng X.-T. Rock mechanics and engineering. Vol. 4, Excavation, Support and Monitoring.
I%tedition. CRC Press. Taylor&Francis Group. 2017. 726 p.

15. Grigorkina G.S., Ramonova A.G., Kibizov D.D., Kozyrev E.N., Zaalishvili V.B.,
Magkoev T.T., Fukutani K. Probing specific oxides as potential supports for metal/oxide model
catalysts: MgO (111) polar film. Solid State Communications. 2017. Vol. 257. pp. 16-19.

16. Jianju Du, Xiang Huiqin, Qingli Zeng, Luqing Zhang, Qunce Chen, Jian Zhou, Wen
Meng. Estimation of the present-day stress field using in-situ stress measurements in the Alxa
area, Inner Mongolia for China’s HLW disposal. Engineering Geology. 2017. Vol. 220. pp. 76-84.

17. Li N.N,, Chai S.B., Li H. B. Analytical study of ground motion caused by seismic wave
propagation across faulted rock masses. International Journal for Numerical and Analytical
Methods in Geomechanics. 2017. Vol. 42. No. 1. pp. 95-109.

18. Milyukov V.K., Yushkin V.D., Kopaev A.V., Mironov A.P., Demyanov G.V.,
SermyaginR.A., Basmanov A. V., Popadev V. V., Nasretdinov 1. F., Zaalishvili V. B., Kanukov A. S.,
Dzeranov B. V. Monitoring current vertical movements of the Northern Caucasus by absolute and
relative gravimetry. Measurement Techniques. 2014. Vol. 56. No. 10. pp. 1105-1110.

19. Zaalishvili V.B., Melkov D.A. Reconstructing the Kolka surge on September 20, 2002
from the instrumental seismic data. [zvestiya. Physics of theSolidEarth. 2014. Vol. 50. No. 5. pp.
707-718.

20. Zaalishvili V.B., Nevskaya N.I., Melkov D.A. Instrumental geophysical monitoring in
the territory of Northern Caucasus. [zvestiya. Physics of the Solid Earth. 2014. Vol. 50. No. 2. pp.
263-272.

21.Zaalishvili V.B.,Kanukov A. S., Melkov D. A.,Makiev V. D., Dzobelova L. V. Development
of a unified model of geoinformation system for city planning and integration. International
Journal of GEOMATE. 2018. Vol. 15. No. 51. pp. 160-166



	_GoBack
	_Hlk68017855
	_Hlk67889831
	_Hlk67902688
	well_logs002.pdf
	_Hlk68598800
	_Hlk68598936
	_Hlk68598950
	_Hlk67916943
	_Hlk67909979
	_Hlk67912536
	_Hlk67917965
	_Hlk67913109
	_Hlk67910596
	_Hlk67913798
	_Hlk67916109



