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Pe3tome: CTaThsl IOCBSIIIEHA aKTyaJIbHBIM BOIIPOCAM YIIPaBJIEHUSI COCTOSIHUEM PYOBMeEIIAONIINX IOPOJ IS YIyYIIeHHs 9KO-
JIOTO-3KOHOMHUUECKUX TI0KA3aTes el IPeANpUsITHIl TOPHOAOOBIBAIOIIUX OTPACIe HApOAHOro X03siicTBa. 0600Ia0TCs, CUCTe-
MATU3UPYIOTCA U AHAIU3UPYIOTCS CIOCOOBI YIIPABIEHUS COCTOSHMEM MACCHBA, YCTAHABIMBAIOTCS 3aKOHOMEPHBIE CBS3H U
KOPPeJISIUSI MeXIy KaueCTBOM DY/, AeIaeTcs IPOTHO3 YIyYIlleHus [oKasareseil QyHKIIMOHUPOBAHUS NIPENIIPUSITHIL U TAI0T-
€S PEKOMEHIAIUH 10 COBEPIIEHCTBOBAHUIO TEXHOJIOIHI N0Obun U nepepabotku pya. ChopMupoBaHa MOJIENb ONpeaeIeHus
npuOBUIK OT YIIyUIIEeHUs] KAUeCTBa Py U Pe3y/IbTaThl BAPUAHTOB €€ Pealn3alu B cucTeMe Mapl ¢ KoIMueCTBeHHOI XapaKTe-
PHCTHUKOIT COOTHOIIEHHUS MEXY 3aTpaTaMy Ha YIIPABIeHUe MACCUBOM U CTOUMOCTBIO ITOTrallleHusl BHIpabOTaHHOTO MIPOCTPAH-
crBa. [I0Ka3aHo, UTO yBeIMUYeHHUE IUIOMAAN OOHAKEHHUIT IIOPOJ U IIPOAODKUTEIBHOCTH OTPAOOTKU OUMCTHBIX KAMED [TOBBIIIAET
pasyboKuBaHKe, BLIOOPOUHAS BHIEMKA PA3HOCOPTHBIX DY OCIOKHSET MPOIECC MOTAIlleHns BEIpaOOTAHHOIO IIPOCTPAHCTBA U
MIOBBIIIIAET 3aTPATHl HA MaTepuasbl. [[pUBesieH aIrOpuTM U3BJIEeUeHHs META/UIOB U3 PA3HOCOPTHHIX Py, paspaboraHa cxema
KOMOMHUPOBAHMSI TPAJUIUOHHBIX U WHHOBAI[OHHBIX TOPHBIX TEXHOJIOTUI U IIPUBEEHBl CBEAEHHS O Pe3yIbTaTaX KOMOUHU-
poBanus. [IpeasniokeHa MozieNb IS onpeseeHus 3G dHeKTUBHOCTH KOMOMHUPOBAHMSI TEXHOJIOTHIL C HE3aBUCUMBIMU TIepeMeH-
HbIMU. JlaHbl rpadUKY 3aBUCUMOCTH TIepeMeHHbIX HaKTOPOB J0OBIYM 1 IIepepabOTKU 30I0TOCOAEp KAMMX pya. CoenaH BbIBOI,
YTO BeJIMYMHA 3aTpaT Ha yIpaBjeHHe COCTOSIHUEM PYIOBMEIIAIOIIero MacCUBa sIBJISIeTCs BaXKHBIM dakTopoM GopMupoBaHUS
HKOHOMHMYECKHUX [T0KA3ATeIeH IPeANPUATHL, @ BHIpAaOOTAHHOE IIPOCTPAHCTBO MPEACTABIIIeT COO0M TpeXMEPHOE BEPOATHOCTHOE
pacmpesesnenue, s KOTOporo 00beM BIpaOOTOK U CBOMCTBA TIOPOJ SBJISIOTCS B3aUMO3ABUCUMBIMU (pakTopaMu. PesynbraTsl
HCCIIE0BAHUS MOTYT OBITH BOCTPEOOBAHBI IPU MOJEPHUBAIUY TEXHOIOTUI MTOA3EMHOM pa3pabOTKH, a TAKKE [IPH MTOATOTOBKE
Ka/IpOB BBICIIEH KBaMTUGUKAIINH.
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BJIeYEHUE MeTaJIOB

Jnsa yumuposanus: Tonuk B.1., Turosa A.B. K Koppensuuu KadecTsa pyJ 1 COCTOSIHUS IIPUPOJHBIX U HCKYCCTBEHHBIX MaCCH-
BOB. [opHas npombiuwiieHHocms. 2026;(3):137-141. https://doi.org/10.30686,/1609-9192-2026-3-137-141

Regarding correlation between
the ore grade and the state of natural
and man-made rock masses

V.. Golik'>4, A.V. Titova2
! Moscow Polytechnic University, Moscow, Russian Federation
2 Vernadsky State Geological Museum, Moscow, Russian Federation
A vi.golik@mail.ru

Abstract: The article discusses topical issues of managing the condition of ore-bearing rocks to improve the environmental
and economic performance of mining operations in the national economy. Methods of managing the state of the rock mass
are summarized, systematized and analyzed, natural relationships and correlations between the ore grades are established,
a forecast for improving the performance of operations is made, and recommendations on improving ore mining and processing
methods are given. A model to determine the benefits from improving the ore grades and the results of its implementation options
in the Mapl system with quantitative characteristics of the ratio between the cost of managing the rock mass and the cost of
filling the worked-out space is formed. It is shown that an increase in the area of exposed rock and duration of the stoping
operation scales up dilution, selective mining of high-grade ores makes the process of backfilling the worked-out space and
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raises the material costs. An algorithm is presented for extracting metals from ores of different grades, a scheme for combining
traditional and innovative mining methods is developed, and information on the results of the combination is provided.
A model with independent variables is proposed to determine the efficiency of combining the methods. Dependence diagrams of
variable mining and processing factors for gold-bearing ores are given. It is concluded that the cost of managing the condition
of the ore-bearing rock mass is an important factor in shaping the economic performance of operations, and the worked-out
space is a three-dimensional probability distribution for which the volume of the mine workings and the rock properties are
interdependent factors. The research results can be used in upgrading underground mining technologies, as well as in training

of highly qualified personnel.
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BBenenue

TIporpecc MpUpOI0OXPAHHbIX U PECYPCOCOEperarolux Tex-
HOJIOTHI TOA3EMHOI 100BUU DY B CJIOXKHO CTPYKTYPHBIX U
9HEProHapyIIeHHbIX MaCCHUBAX, @ TAK)Ke ITapaMeTPhl U TeXHO-
JIOTUX TeOMOHUTOPUHTa HEAPOIOJIb30BAHUS B PAMKAX IIPO-
TpaMMBbl Pa3BUTUS MUHEPAJIbHO-CHIPHEBOTO CEKTOPAa OCHOBBI-
BAeTCs Ha Pe3y/IbTaTraXx KOMIUIEKCHOTO aHAIN3a IIPUMEHEHUSI
3bGbEKTUBHBIX TEXHOJIOTUI JUIS TIOBBIIIEHUS YCTOMYHUBOIO
Pa3BUTHS IPUPOIHO-TEXHUYECKON CUCTEMBI [1-3].

[Ipu paspaboTKe PYIHBIX MECTOPOKIEHUI ITOJIE3HBIX HCKO-
[aeMbIX YaCTh METAJUIOB TEPSETCS Ha MeCTe NOObIUU Py WiIn
[P UX TPAHCIIOPTUPOBKE, & IPYras 4aCTh — B XBOCTAX [Tepepa-
60TKu. Yaliie BCero MpUYMHOM [OTEPh U pa3yOosKUBAHUS DY
SIBJISIETCS COCTOSIHUE PYIOBMEIIAIOIIero MacCHBa B mpoiiecce
JOOBIYHBIX PAbOT.

WHCTpYMEHTOM YIIpaBJIeHHsI COCTOSIHEeM MacCHBa Ha BCEX
3Tarax TOPHOTO MPOU3BOACTBA U TEM CAMBIM ITOBBIIIIEHHUS 9KO-
JIOTO-3KOHOMHUYECKUX IOKa3aTesleil MPenpUsITHi SIBJISeTCS
3aII0JIHeHHEe BhIpa0OTAHHOIO IMPOCTPAHCTBA OETOHAMH WU
TIOPOAMHU C OIpe/ieJIeHHBIM KOMIIPECCUOHHBIMU CBOMCTBAMHU.
KomruiekcHast OIjeHKa re0sKOJIOTMUYeCKUX PHUCKOB IPU Bejie-
HUU OTKPBITHIX U MTOJ3EMHBIX TOPHBIX padO0T, OIpeaesIaroIas
[IePCIIEKTUBBI BO3POKIAEHH pa3padOTKU Hekorga ¢GprarMaHoB
OTpacIei, OCYIIEeCTBISETCS B TOM YKCJIe HA OCHOBE TEXHOJIO-
MYECKOr0 KApTUPOBAHUS U IIEPEOLIEHKU OCTATOUHBIX OaaH-
COBBIX 3amAacoB. PacueT 6e30MacHbIX IApPaMEeTPOB OUMCTHBIX
BbIPAOOTOK IIPOU3BOAUTCS YAIle BCErO METOMOM HeJIUHeMHOM
MeXaHUKH CIUIOIIHBIX CpeJl C HH>KeHepHBIMU HIoaHcaMu [4—6].

VcTaHOBIeHE KOPPEISAIMOHHBIX CBSI3el KaueCTBa Py U Io-
BeJIeHNU s IPUPOIHBIX U HCKYCCTBEHHBIX MACCUBOB C obecrieye-
HUEM YCTOMYHUBOrO (PyHKIMOHUPOBAHUS TOPHOTEXHUYECKHUX
CHCTEM I03BOJISIET IPUMEHSITh HOBbIE TEXHOJIOTUH U TEXHUYe-
CKHe CpefCTBA YIPOUYHEHUS BMEMIAIOIIUX IIOpOJ, HAallpuMep,
C HCIOJIb30BAHMEM Te03HEepPruy U KOMOMHUPOBAHUS BapUaH-
TOB TEXHOJIOTHI1 pa3paboTKU PYAHBIX MECTOPOKIeHuH [7-9].

Bormpocs! Koppesisaiuu KauecTBa Pya U COCTOSHUS IIPUPOI-
HBIX M HCKYCCTBEHHBIX MACCUBOB PACCMOTPEHHI B psjie Imyoiu-
KAl POCCUICKUX U 3apyOesKHbIX UccaenoBareeit [10-12].

Marepuanpl U METOXBI

B paMKax uCcien0BaHua 9KOJIOTHYeCKU Oe30MacHbIX U 9KO-
HOMUYeCKH 3GQGEKTUBHBIX TEXHOJIOTHIl [00buu pyn 0600-
IIAIOTCS, CUCTEMATUSUPYIOTCI U AHAIU3UPYIOTCA CIIOCOOBI
yIpaBIeHusI COCTOSIHMEM MAaCCHBA, UX TTOKA3aTeNH, JOCTOUH-
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CTBa U HEJOCTATKU. YCTAHABIUBAETCS KOPPEJIALUS TI0KA3aTe-
Jlefl BADMAHTOB KAYeCTBA U YIIPABJIEHUS COCTOSHUEM MaCCUBa
u bopMUpyeTCs MOfeb pelienus npobieMsl. Ha ocHOBaHUU
IIOJIy4eHHBIX Pe3YIbTATOB JAI0TCA PEKOMEHIAIMHU 10 COBEp-
IIEHCTBOBAHUIO TEXHOJIOTHIT MOOBIYM U MEepBUYHOI Iepepa-
60TKe pyI.

Pe3ynbraTsl

Crioco0Obl ympaBieHusl COCTOSIHMEM MAacCHBa PasndaroT-
CS COCTOSTHMEM: OHO OCTAeTCSl OTKPBITHIM WJIM 3AIOJIHSIETCS
0GETOHOM WM AUCKPETHHIM MaTepHaynoM. IlepBbIii BapuaHT
xapakrepusyercs 6o0jiee BbICOKUMU MTOTEPSIMU U Pa3ybosKUBa-
HUEM PyZbl IPU MEHbIINX 3aTpaTax Ha ee J00bIuy, a BTOPOi
yAOpoOKaeT CTOUMOCTDb I[O6bI‘lI/I 3a CUET IIOBBILIECHHBIX 3aTpaT
Ha MaTepUaJl 3all0JIHUTE e BhIpab0TaHHOrO IIPOCTPAHCTBA.

[Tpu n06bIYEe HEHHBIX PY/ C 3aAIOJHEHHEM BbIpaOOTaHHOIO
[IPOCTPAHCTBA CHIDKEHHUE yiiepda OT IoTeph U pasyboskuBa-
HUS PYy/bl KOMIIEHCHPYET YBEeJMYEeHHe 3aTpaT Ha MaTeprasIbl
noramenus (taoi. 1).

Ta6bnuua 1 Table 1
UcxogHble faHHble ana Input data for modelling
mMoaenupoBaHus
3HaueHusa

dakTopbl EpguHMLbI

MuHumymMm | CpegHee | Makcumym
Uewrocte pyG./T 50 75 100
pyabl
Motepu pyabl | py6/T, % 0,28 0,74 1,10
Mepepadotka | g/ 2,40 5,05 7,54
pPyA
Mpownssoau-
TEeNbHOCTb pyo/T, % 0,02 0,04 0,06
TpyAa

Mopenb ompe/iesieHus Pe3yIbTUDPYIOIIErO MOKA3aTeNs uMe-
eT BUJ;
1-17, 1-11
I, =l -———3-¥-——RY
1-R -R 7
e I1; — npubbLib, py0./T; [[ - iena pyael, pyo./T; 3 — 3aTparsl
Ha ToraiieHue BbipaboTaHHOrO IPOCTPAHCTBA, pyo./T; IT — 1o-
Tepu, %; R — pasyboxkusauue, %; ¥ — yiepb 1% ot motepb pyasl,
pyo./T.



Tabnuua 2 Table 2
MokasaTenu BapnaHToOB pac4éta Indicators for profit calculation
npuébinmn options
Bes Honsa cmeceit, %

Mokasatenu

3aKnagku 50 75 100
OkcnnyaTtauMoHHble 59 74 76 75
3aTpaTbl
MNoTepw pyabl 5,7 1,9 1,6 1,5
Pasy6oxunBaHune pyapl 0,7 0,2 0,2 0,1
3aTtpaTbl C y4eToMm 12,5 93 9.2 93
KayecTBa pyabl

[TokazaTeIu BAPUAHTOB IIPH OJUHAKOBOI IEHHOCTH PY/IbI
75,6 py6./T (1enp11990 r.) npusenenst B Tabin. 2. IbdexTus-
HOCTb 3aIOJIHEHHsI BHIPAOOTAHHOTO IPOCTPAHCTBA GETOHOM
npejcrasyieHa puc. 1.

12 =

oOImIHe 3aTpaThl

/ IIOTCpPH OT...
TOTEPH PY/IBI
DKCILN 3aTpaThl
JTons 3aK1ajKH GETOHOM Lo
Puc.1 Fig. 1
MNMokazaTtenu TexHonornun Indicators of the backfilling
C 3aK/1lagkomn technology

KauecTBo pyz U IIOJIHOTA U3BJIEUEHUS 3allaCOB 3aBUCUT OT
COCTOSIHUS BBIPAOOTAHHOTO MIPOCTPAHCTBA. YBEIUYEHUE TUI0-
maau oOHAXKEeHHIT TOPOJ] U MPOJOJIKUTENBHOCTU OTPAOOTKH
OUNCTHBIX KaMep IOBhIIaerT pazyboxkusanue B 1,3...1,8 pas.
BribopouHas BhIEMKA PA3HOCOPTHBIX PYI OCJIOKHSIET IIPO-
1[eCC TIOTAIleHUs BBIPAOOTAHHOTO IIPOCTPAHCTEA U ITOBBIIIAET
3aTparhl HA MaTepUasbl. JTambl PaspabOTKU MeCTOPOXKIe-
HUS U IIEHHOCTHU B paMKax eIMHONH CHCTeMbl IpefCTaBIeHbI
Ha puc. 2.

OGoramenne pya ITepepaborka

PacTBOpOB

Puc. 2
CxeMa U3BfieYeHUs MeTasnnoB
M3 Pa3HOCOPTHbIX pPyA

Fig. 2.

A block diagram of metal
extraction of from ores of
different grades

Puc. 3

PaspaboTka MecTopoXxaeHus
Pa3HOCOPTHBIX pPyA:

KB - BbilenaunBaHue;

PKC - copTupoBka;

O®d - oborawieHue;

3K — 3akn1afgouHbI KOMMNNEKC;
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Fig. 3

Development of a deposit
with ores of different grades:
KB - leaching; PKC - sorting;
O® - processing;

3K - backfilling complex;

MP - preparation of reactants

MNP — npuroTtoBneHue peareHToB

IddexTUBHOCTL pa3pabOTKU MECTOPOSKIEHHIT [TOBBIIIAETCS
[pyd KOMOMHUPOBAHUM TEXHOJIOTHIl J0OBIUM PAZHOCOPTHBIX
pyz (puc. 3). 3PPeKTUBHOCTD KOMOMHUPOBAHUS TEXHOIOTHI
OIIpefiesisIeTCsl COMOCTABJIeHHeM II0Ka3aTesedl YIIpaBIeHus
COCTOSIHHEM PYAOBMEIIAOIINX MACCUBOB MPU COXPAHEHUU
mpounx ycnoBsuit. [paduku croumoctu no6srau u nepepabot-
KU DY IIpeJICTaBIe bl Ha PUC. 4.

B TpaauuMoHHan

El MHHOBaLmMOHHaA

30

25

20

15

10

4

200

400

rny6§39 pabor, m

Puc. 4

CebecToMmMocCTb pyabl

B 3aBUCUMOCTM OT rNy6UHbI
pa6or, $/1

Fig. 4

Cost of ore production
depending on the depth
of mining operations, $/t

3bderTUBHOCTh KOMOMHHUPOBAHUS TEXHOJIOTUI C HEe3aBU-
CUMBIMH [IEpEMEHHBIMU B Oe3pasMepHOM MaciuTabe:

W =-0.365-X,+68288.391- X, +0.437- X, +
+2215482-X,,

rane W — npu0buib, py0.; X; — ropHas Macca, T, X, — MeTaJulbl B
pyze, monu efl.; X; — u3BeUeHre MeTa/JIOB U3 PY/Ibl, TOU e,
X, — pyaHuuHas ce6eCTOMMOCTb, pyo,/T.

PaccunTaHHBIE METOAOM HAUMEHBIIIUX KBapaTOB IIapaMe-
TPBI PErpeCCUOHHOM MOIe/TN KOJTMYECTBEHHO XapaKTePU3yIOT-
ca maHHBIMU: K03 durmenT nerepmunarnuu R — 0,9991, xpu-
tepuii duepa Fy,., — 1366, TabiuyHoe 3HaueHwe o duepy
Fragn — 12,25. Tlpu Fyyeq > Fra6, TUIIOTE3a 3HAYMMA HA YPOBHE 5%
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5 *
s § == Seriesl
o o
H 2 —— Poly. (Series1)
s 2 :
i —— Log. (Series1)
& y = 48000x? - 432000x + 88800
8 R?=1
y = -4E+05In(x) + 507571
R?=0,9988
y=0,75x? - 6,25x + 12,5
Puc. 5 Fig. 5 Puc. 7 Fig. 7

JAvHamuka copepxxaHus 30/10Ta Changes in the gold content

AvHaMmuka npubbinu Changes in the profits

e Seriesl
——Poly. (Series1)

y =-4,75x% + 10,85x + 12,2

PyauuuHan cebectoumoctb, $/t1

e Seriesl

3arparel

——Poly. (Series1)

y = -488000x? + 2E+06x - 406000
R*=1

Puc. 6 Fig. 6
AuvHamuka pyaHUYHOK Changes in the mining cost
ce6ecToMMoCTH

U gBJseTcd NpaBnonomoOHon. Tak Kak BaugHue ¢gaxropa X,
Gosbiie, ueM akropa X;, ComepsKaHue MeTasIoB B Py/e ABJIs-
eTCs IPUOPUTETHBIM (PAKTOPOM U MOSKET OBITh HCIIOIb30BAHO
B KayecTBe OCHOBHOTO.

I'paduku 3aBrcuMoCTH HAKTOPOB IIPHU YCIOBUH, UTO OCTAIb-
Hble (aKTOpPHI OCTAIOTCSI HEU3MEHHBIMU, IPHUBENEHb Ha
puc. 5-8.

MaremaTiueckass MOJesb 3aBUCMOCTH MeXAy GakTopamu
X1, X5, X3, X, uMeeT BULL:

X, =23,092-0,005X7 +3,657.X> +0,015.X, -
~0,423X,X,+17,768X,.

Koaddunuent npu X, Ha MOPAA0K OOJIbIIIE OCTAJIbHBIX, [103-
TOMy IIPUHUMAETCA B KaUeCTBE IIPUOPUTETHOTO.

Cnucok numepamypult / References

Puc. 8
AvHaMuka 3aTpart

Fig. 8
Changes in the costs

3akiouyeHue
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