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Pestome: AKTyanbHOCTb pa6oTbl. BbisiBeHHbIE B nocneaHue roabl Ha CeBepHOM KaBka3e 30/10TOHOCHbIE
PYAbl YePHOCAHLIEBOr0 TMMA XapakTepu3ytTCs B OOMbLUUHCTBE Cly4aeB 04eHb HU3KUMW COAEPXKAHUAMMN 30-
nota (meHee 1,0 r/T). B cBA3W C 3TUM BO3HWKAET aKTyanbHas 3ajadqa OLEHKU BOSMOXHOCTU BOBJIEYEHUS TaKUX
py4 B pa3paboTky. MaTtepuan u metoabl. Matepuanom Ans HaCTOSALLEr0 UCCNEJ0BAHNSA MOCTYXWUN Pe3ynbTaThl
BbINOMHeHHbIX B 2007-2009 rr. 000 «Kab6ankreonorus» nouckoBbix paboT B npeaenax Manka-MyLTUHCKO-
ro pygHoro ysna. Takxe MCMOSb30BaHbl Pe3yNbTaThl re0s10ro-9KOHOMUYECKOrO MOAESIMPOBAHMSA, NONYYEeHHbIE
cneynanuctami LieHTpanbHOro Hay4Ho-Mccnen0BaTesbCKoro reosioropassefo4Horo nHetutyta (LHWUMPW) ans
Y4yKynaHckoro 1 be3eHrniickoro 3010TopyaHbIx noneit CesepHoro Kaekasa. Mpu npoBeAeHUN UCCeaoBaHus
CNOJIb30BAHbI CTAHAAPTHbIE METO/b! Fe0S10r0-9KOHOMUYECKOI OLEHKN MECTOPOXAEHNIA 1 Fe010r0-9KOHOMMYe-
CKOro mMojenupoBaHus. Pesynbtatbl uccnepoBanus. PaspaboTtaHa reosioro-akoHoOMIU4Yeckast MoAesb 30510T0r0
OpYOEHeHMs YepHOCNaHLIEBOro Tuna Ha npumepe Manka-MywTnHekoro pyaHoro yana KabapauHo-bankapckoii
pecny6sMku. OCHOBHbIMU 3f1EMEHTaMI 3TON MOAESN ABNAIOTCA reonoro-CTPYKTYpHbIE YCNOBUS NoKanusauum
1 Te0NIOro-NpPOMBbILLNEHHbIA TUM OPYAEHEHUS, MacliTabbl NPOSBIEHNS OPYAEHEHWS U MOPAIONOrAs PYAHbIX
TeJ, MUHepasbHbIi COCTaB Pyf, MUHUMANbHOE CpefiHee COflepXKaHue 30510Ta B pyfax, KOSIM4YeCcTBO NPOrHO3HbIX
pecypcos. [lyTem cCOMoCTaBfeHNUs ee C reosioro-9KOHOMUYECKON MOfESbio 60/ee U3Y4eHHOro Y4KynaHcKoro
3onoTopyaHoro nons (KYP), ycTaHoBNEHA UX NPUHUMNMATIBHAA CXOXECTb. Hanboree CyLLeCTBEHHOE BIMsHUE
Ha BENMYMHY 6PaKOBOYHbIX KOHAWLWIA OKa3blBAKOT PacyeTHas LieHa efuHULbI TOBAPHOI NpoAyKunn (B HaLieMm
cnyyae 1 r 30/10Ta) U OXUAaemMas cebecToMMocTb [o6bl4M 1 nepepaboTkn 1 T pyabl. lMocnegHuin napameTp
B Y4aCTW U3[epXKeK NMPOW3BOACTBA UMEET TECHYH KOPPENALMOHHYI CBA3b C rOJ0BOV NPOU3BOAUTENBHOCTBIO
rOPHO-060raTUTENILHOTO NPEANPUATUS U, KOCBEHHO, — C 3anacamu pyabl. [1okasaHo, YTO B HACTOsLLEe Bpems
0TpaboTKa Takux pya SKOHOMUYECKM He LieniecoobpasHa. BmecTe ¢ TeM, peaynsrarbl UHTEPNONALUN BEPOSTHOIO
M3MEHEHNA TEXHNKO-3KOHOMUYECKMX NOoKasaTesieid Npy pocTe LigHbl Ha 30/10TO YKa3blBAKOT HA BO3MOXXHOCTb OT-
paboTKN TakMX pyf B OyAyLLEM METOLOM KY4HOrO BbILLENaqnBaHMA 3a CHET CHUDKEHUS Nopora peHTabesbHoCTY
npw coaepXXaHusx 3onota meHee 1 /1.

KnioueBble cnoBa: reonoro-aKOHOMUYecKas MoJieSib, UHTEPNONALNS, 30/10T0, PyAa, 3anachl, HepHOCNaHLe-
Bas hopmaums, Ky4HOe BblLLienia4nBaHne, 6pakoBOYHbIE KOHAULNK, CE6ECTOMMOCTb, PEHTAOEMbHOCTb.

bnarogapHocTu: CTares N0ArOTOB/EHA B PaMKaX rocy4apCTBEHHOro 3ajaHuns Ha Hay4HO-MCCea0Bate lb-
ckue pabotsi leoghusanyeckoro nHetutyTa BHL PAH.
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Abstract: Relevance. The gold-bearing ores of the black shale type identified in recent years in the North
Caucasus are characterized in most cases by very low gold contents (less than 1.0 g/t). In this regard, there
is an urgent need to assess the possibility of involving such ores in development. Material and methods. The
material for this study was the results of prospecting work performed in 2007-2009 by Kabbalkgeologiya LLC
within the Malka-Mushtinsky ore node. The results of geological and economic modeling obtained by spe-
cialists of the Central Research Geological Exploration Institute (TsNIGRI) for the Uchkulan and Bezengi gold
fields of the North Caucasus were also used. During the study, standard methods of geological and economic
assessment of deposits and geological and economic modeling were used. The results of the study. A geologi-
cal and economic model of gold mineralization of the black shale type has been developed on the example
of the Malka-Mushta ore basin of the Kabardino-Balkarian Republic. The main elements of this model are the
geological and structural conditions of localization and the geological and industrial type of mineralization, the
scale of mineralization and morphology of ore bodies, the mineral composition of ores, the minimum average
gold content in ores, and the amount of forecast resources. By comparing it with the geological and eco-
nomic model of the more studied Uchkulansky gold ore field (Karachai-Cherkess Republic), their fundamental
similarity is established. The most significant influence on the value of defective conditions is exerted by the
estimated unit price of commercial products (in our case, 1 g of gold) and the expected cost of extraction and
processing of 1 ton of ore. The last parameter in terms of production costs has a close correlation with the
annual productivity of the mining and processing enterprise and, indirectly, with ore reserves. It is shown that
currently the mining of such ores is not economically feasible. At the same time, the results of interpolation of
the likely change in technical and economic indicators with an increase in the price of gold indicate the pos-
sibility of mining such ores in the future by heap leaching due to a decrease in the profitability threshold at
gold contents of less than 1 g/t.

Keywords: geological and economic model, interpolation, gold, ore, reserves, black shale formation, heap
leaching, rejection conditions, cost, profitability.
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BeepeHme

B nocneanue roasl Bee yaiiie NOsSBISIOTCS Myoaukauu o HoBoM ist CeBepHoro Kas-
Ka3a TUIIE PyJ 30J10Ta, CBA3aHHOM C YEpPHOCIAHIEBbIMU ToaMu. [Ipu aToM B kauecTBe
PyZbl pacCMaTpUBAOTCSI MUHEPAIM30BAHHBIE B PA3JIMYHON CTENIEHHM YEPHOCIIAHLIEBHIE
MOPO/JIbI, COAEpKAIINe 30JJ0TOHOCHYIO MUHEpAIU3aLUI0 CYJIb()UIHO-BKPAIIIEHHOTO WU
KBapIIEBO-KMIbHO-IIPOXKMIIKOBOTO THIA [borym u np., 2017; Kyp6anos u nip., 1994; Kyp-
OaHOB U np., 2011; Ilapana, 2022; ITapana, 2024 u np.]. B apyrux paborax paccmarpu-
BAIOTCSI CAaMH YEPHOCIIAHIIEBbIE TOJIIN MPEATOIOKUTEIHHO KaK HOBBIM TUM pyJ Onaro-
POIHBIX METAJJIOB HA OCHOBAHUU OTAETHHBIX OMPEACICHUN MOBBIIICHHBIX COAEPKAHUMN
3o0ta B HUX [[onwuapoB u ap., 2007; Gurbanov et al., 2019; I'yp6anoB u ap., 2023;
Yepkamms u ap., 2022 u np.].

ConeprxkaHus 30710Ta B MEPBOM M BTOPOM CIIyyae Ype3BbIUAlHO HU3KHE: OT COTBIX
710 JECATHIX JOJEH I/T, B TO BPeMs KaK B M3BECTHBIX MECTOPOXKICHHIX YepHOCIaHIIe-
BOTO THIA CpefHHe coaepxaHus 30i10Ta He MeHee 2 1/T (Cyxoit jor, OnuMIuagnHCKoe,
Hernexan u ap.). [Ipu 3ToM cunTaercsi, 4TO U3BJIEUEHHUE 30J10TA U3 YITIEPOJACOAECPKAIINUX
PYZL CONPSIKEHO C ONPENEICHHBIMU TPYAHOCTAMHU. Bo3HUKaOIKE TPYJHOCTH € U3BIIEYE-
HUEM 30J10Ta U3 YIIIEPOAUCTHIX pyA NMpeosoieHbl emie B 80-e rofpl Mpouuioro CToIeTHs
IyTEM CO3/1aHUS COPOLMOHHBIX TEXHOJOTUH, YYUTHIBAIOIIMX HAJIMYUE YIIEPOTUCTO-
ro BemiectBa [Hausen, Bucknam, 1984; Dunn et al., 1989; Mossman, 1999], a takxe ¢
npumeHennem ouorexnonoruii [Karthikeyan et al., 2015]. B Poccun Takke q0BOIBEHO
YCHEIIHO pa3padaThIBalOTCsl COOCTBEHHBIE TEXHOJIOTUU MEPEePabOTKU Py U U3BICUCHUS
3o50Ta [Anekcanaposa u zp., 2015; Canakynos u ap., 2016; I'ypman u ap., 2017 u np.],
HanOosee peHTa0eIbHONW U3 KOTOPBIX SIBJSETCS TEXHOJOTHSI KyYHOTO BBILIEIAUNBAHUS
[Muxaitnos u ap., 2014].

Kakue Obl coBepIICHHbIE TEXHOJIOTHH HE Pa3padaThIBAINCh, X MOXXHO MPUMEHATH
JIMIIb TOTJA, KOTJa 3TO SKOHOMHYECKH LiejecooOpas3Ho. /s mpenBapUTenbHOM OIIEHKU
1eJ1eco00pa3HOCTH JAbHEHINIET0 M3Y4YEeHUS! PYAOHOCHBIX OOBEKTOB MPUMEHSETCS Te0-
JIOTO-3KOHOMUYECKoe MozenupoBanue [briooukun, 1990]. OqHako, CyIiecTBYIOIIUE MO-
JIeJIA IPUMEHUMBI K 00bEMHBIM 00BEKTAM CO CPEAHUMHU COACPKAHHUSIMH 30JI0Ta B PYIAHOMN
macce 2—4 r/T Ha MOLTHOCTH nopsiaka 10 M. ABTOp HACTOAIIECH CTaThH MOIBITAJICS UHTEP-
MOJIUPOBATh PE3yJAbTAaThl OHON M3 TAaKUX MOJeNel Uil PYIOHOCHBIX YEPHOCIAHIIEBBIX
30H U 3ajiexket Ha mpumepe Manka-Mymtuackoro pyaHoro y3na (MMPY).

MaTtepumnan n MeTOAbI

Marepuanom Juist HaCTOSIIIETO UCCIIET0BAaHUS [TOCITY KN PE3yIbTaThl BBINOJIHEHHBIX
B 2007-2009 rr. OO0 «Kab6ankreonorus» NOUCKOBLIX padoT B npeaenax MMPY u usz-
noxxenuble B myonukanusx [[umkanos, 2017; Tlapana, 2022 u ap.]. Taxxe ucmnonib3o-
BaHbl PE3YJIBTAThl I€0JOr0-IKOHOMHUYECKOTO MOJEIUPOBAHUS, NOTYUEHHBIE CIELMAIINU-
ctaMu lleHTpanbHOrO Hay4HO-HCCIIEAOBATEIbCKOTO I'€0JIOrOPa3BeOYHOI0 MHCTUTYTA
(LIHUT'PN) nnsa Yukynaunckoro u bezenruiickoro 3omotopynnbix noseit Cesepunoro Kas-
Ka3za. MeTozbl, UCIIOJIb30BAHHBIE [Isl T€0JI0T0-9KOHOMUYECKON OLICHKH OPYACHEHUs, 13-
noxeHbl B padorax [[Ipornosuposanue ..., 1989; bei6oukun, 1990 u ap.].

Pe3yAbTaThl 1 OBCYXXAEHME

MMPY pacnonaraercsi B bewacsiHCKOM CTpyKTypHO-(hopmManronHoi 3oxHe [Ilorta-
neHko, 1991] u cnoxxen MeraMopuuecKUMH TONIIAMU MIPOTEPO30si, CEBEPO-BOCTOUHOM
YacThIO IMO3HENAIC030MCKOr0 MaJIKMHCKOTO TPAaHUTHOTO MacCHBa U MO3AHENPOTEPO-
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30MCKMMHM NMPOAYKTAMH KOHCETMMEHTALMOHHOTO MarMaTu3Ma XacayTcKoro rabopo-aua-
6a3oBoro komiuiekca (puc. 1). B nmpenenax MMPY BbIsiBIeHBI KpyITHOOOBEMHBIE 30HBI
U 3aJ1eXKH CyIb(QUIHO-BKPAIJICHHON U KBapleBO-KUIIbHO-ITPOKUIKOBON 30JI0TOHOCHOM
MUHepalIn3alny, NoapodHo oxapakTepu3oBaHHoi B [[lapana, 2022]. McTunHBIE MOII-
HOCTHU 30H M 3aJie)kel B ONMPOOOBAaHHBIX 0OpPO3JaMH U KEPHOBBIMU IPOOAMU CEUEHMSX
nocturator 50 M, X NPOTSHKEHHOCTH 10 MaJIeHUI0 (BOCCTAHHUIO), POCIIS)KEHHAsl B ecTe-
CTBEHHBIX OOHA)KEHUSIX, TOPHBIX BbIPAOOTKaX U OypoOBbIX CKBaKMHAX jocturaer 600 m.
Pacnipenienenue 30101a B pyJHOM Macce OLIEHUBAETCS KaK paBHOMEPHOE. Takue py1oHoc-
HBIE 30HBI U 3aJIEKH 110 MapaMeTpaM 00beMa PyIHBIX TeJl NPUOINKAIOTCA K TapaMeTpam
MOJIENTU KPYIHOOOBEMHBIX MECTOPOXKACHUN C OTHOCUTENIBHO HU3KMMHU COJIEPIKAHUSAMU
30J10Ta B Py/IHOM Macce, IPUTOHBIX JJIsi OTKPBITOTrO Croco6a pa3paboTKH ¢ MPUMEHEHU-
€M TEXHOJIOTMM KyYHOT'O BbIIIEIauuBaHus. TeM HE MEHee, BbIIBICHHbBIE B HUX CPEIHUE
coziep>kaHus 30710Ta He npeBbimaoT 1,0 r/T npu 6oproBom conepkanuu 0,5 /1.

© e 9 R W N =

4
+q
+ K
4
++

fS
+

+ +|
%

+ +
y
) qp=nzs 4
1 - i
@ﬁ
S
e
e
8

A+

+ o g o+
+ 4+ DN+
FE g

+ ok o+t

+ ¥+ + 'thm
+ + 4+ + + + A o
okt A+

Puc. 1. Ilonoscenue pyonwix 30m u 3anedxicetl ¢ cmpykmype Manka-Mywmuncko2o pyono2o ysua:
1-3 — npomeposoiickue omuodicenus: 1 — beuacvinckas ceuma, 2 — MAIKUHCKASL CEUMA,

3 — wuodoscammascras ceuma, 4 — MAIKUHCKUe NO30HENANe030UCKUe SPAHUMDL; 5 — I0PCKUe NEeCHAHUKI,
6 — no30HeNnpPOMePO30UCKUE UHMPY3UL XACAYIMCKO20 OUOPUM-OUAOA308020 KOMNLEKCA, 7 — PA3PblEHbLE
Hapywenusi npociedicennvle; 8 — paspvieHbie HapyuleHus npeononazaemvle; 9 — pyoHvle 30Hbl U 3a1exci /
Fig. 1. The position of ore zones and deposits in the structure of the Malka-Mushta ore basin:

1-3 — Proterozoic deposits: 1 — Bechasyn formation, 2 — Malkin formation,; 3 — Shijatmaz formation;

4 — Malkin Late Paleozoic granites; 5 — Jurassic sandstones, 6 — Late Proterozoic intrusions Khasaut
diorite-diabase complex; 7 — traced discontinuous faults; 8 — suspected discontinuous faults;

9 — ore zones and deposits

I[anee IMPUBOAUTCA IMONBITKA OLCHUTH, MOT'YT JIM TAKHUC COACPKAHNA B OXapaKTCpH-
30BaHHBIX BBIIIE YCIOBUAX OBITH PEHTA0ETBHBIMH ITPHU OTKPBITOM CIIOCOOE pa3paboTKH U
HCIIOJIb30BAaHUM TEXHOJIOTUI KyuHoro BbiienaunBanus (KB) B reonoro-skoHoMu4yeckux
ycnoBusix CeBepHoro Kaskasza.

Jns ycnosuit CeBepHoro KaBkasza palloH ¢ BBICOTHBIMH OTMETKaMHu B Ipefesax
MMPY 1200-1900 m siBrisieTcst 1oCTynHBIM. Yepes BCIO TEPPUTOPHUIO PYAHOTO y3J1a MPo-
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XOJUT yIydIllEeHHas IPYHTOBasi A0pOra, CBs3bIBarolias onuziexamue cena (Kunumanka,
Xaba3, KamenoMocTCcKOE) ¢ OTTOHHBIMU MAcTOMIAMHU B paiioHe I. DnbOpyc. bnmkaii-
1IeH )KEeJIE3HOIOPOKHOM cTaHIueEl ABiseTcs I. KucinoBoack, pacnonoxeHHsbli B 40 kM 0T
MMPY. Penbed no3BosisieT BECTU OTKPBIThIE TOPHBIE paOOTHI.

CrienianbpHble re0I0r0-3KOHOMUYECKHE PAcUeThl 1S TOJO0OHBIX Py, HO ¢ Oojiee BbI-
COKHMH cojiepkanusiMu 3o0510ta (2,0 r/T), npoBeaens! cnenmanuctamu LIHUTPU nnst Vu-
KynaHckoro u besenruiickoro 3omoropynHsix nosueit Cesepnoro Kaskasza (ta6am. 1).

Tabnuya 1/ Table 1

BpakoBouHbIe KOHIUIUH JJIS MeCTOPOsKAeHui 30;10Ta CeBepHoro-Kaskaza /
Rejection conditions for gold deposits in the North Caucasus region

[Mapamerprl / Vukynanckoe Besenruniickoe
;ametgrs MEeCTOpOKIECHHUE / MECTOPOXKIACHHUE /
P Uchkulanskoye deposit Bezengiyskoye deposit

[Iporuo3susle pecypcebl
pynsl (MiH T) / estimated 40 40 8,4
ore resources (million t)

[IporuosHsie pecypcbl
3omota (1) / Forecast gold 80 80 38
resources (t)

Tonosas

[IPOM3BOIUTENLHOCTb,

(ThIC. T pyaB1) / Annual 2500 2500 600

productivity, (thousand t.

of ore)

Crioco6 pa3pabotku / The OTKpBITHIH / an N N

development method open OtkpsIThi / an open | [logzemusrii / Underground
ABTOHOMHEIi Asronomuslil ['OK

Cxema ocoenusi / The T'OK, 3U® / > Astonomusiii TOK, 3U® /

KB / Autonomous
scheme of development Autonomous Autonomous GOK, ZIF
GOK, ZIF GOK, KV

MuHumanbHOe cpeHee
coziepkanue Au 1o

MECTOPOXKICHUIO / 1,97 v/t / g/t 1,61 v/t / g/t 3,01 r/t/ g/t
Minimum average Au
content for the deposit

IIpmmeuanue: 'OK — ropro-o6oratutensHeii kKomOuHaT, 3D — 3010TON3BICKaTETbHAS (haOpHKa;
KB — kyuHOe BbIIIenaq4nBaHue /
Note: GOK — mining and processing plant, ZIF — gold extraction plant; KV — heap leaching

besenruiickoe pyaHoe 1ose ciiefyeT UCKIIOYUTh U3 PACCMOTPEHHUs B Ka4€CTBE I'eo-
JIOT0-2KOHOMMYECKOr0 aHajiora opyacHenuto MMPY, Tak kak OHO, XOTs U JIOKAJIN30BAHO
B YEPHOCJIAHLIEBBIX [TOPOJIAX, SBJSAETCS TUIIMYHBIM IIPEICTABUTENIEM JPYIOro 3010TO-Ce-
pebpsiHOro hopMaIMOHHOTO TUIA C BECbMa CIIOKHBIM MUHEPAJIBHBIM COCTaBOM Py. Yu-
kynauckoe pyauoe mosne (YPII), pacnonoxxennoe B Tebepaa-Kybanckom pyaHOM paiioHe
cpeaHenaneo3oickod MuHepareHndeckoil 30HbI IlepenoBoro xpedra (KapauaeBo-Uep-
Kecckas pecryonuka), umeer ¢ MMPY MHoro o6mux yept (Tadm. 2).
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Tabnuya 2 / Table 2

CpaBHUTeJbHAS XapaKTEePUCTHKA OCHOBHBIX 00001IIEeHHBIX e0JI0Tr0-3KOHOMHYECKUX
noxka3zareseii (I'911) 3010Toro opynenenusi YPII u MMPY /
Comparative characteristics of the main generalized geological and economic indicators
(GEO) of the URP and MMRU gold mineralization

o1/
GAP

VYPII (o nanseiv [THUTPU) /
URP (according to TSNIGRI)

MMPY (10 naHHBIM aBTOpA) /
MM RU (according to the author)

PynonocHast gpopmariwst /
Ore-bearing formation

Bazansronanas / Basaltoid

YepHocnanuesas /
Chernoslantsevaya

Pynosmemaromue
nopobl / Ore-bearing
rocks

BynkaHnorenssie mopozsl
0a3abT-pHOIUTOBON (hopmanuu /
Volcanogenic rocks of the basalt-
rhyolite formation

VYIepoaucThie CIaHIbl MATKHHCKON
CBUTEHL /

Carbonaceous shales of the Malkin
formation

PynoxonTpomupyromie
CTpyKTypbI / Mining
control structures

KpyTble u nmonorne 30Hb1
paccnanmeBanus/ Steep and gentle
areas of dancing

KpyTble u mosorue 30HbI CMSITHS /
Steep and gentle crumpling zones

Mopdosorust pymaHBIX [TmacTooOpa3HbIe 3aeKH, [TmacTooOpa3HbIe 3aexKH,

ten / Morphology of ore | kpyromamaronrie 30061/ Formation- | KpyTomagaromue 30HbI /

bodies like deposits, steeply falling zones Formation-like deposits, steeply
falling zones

MuHepaibHO- MauocynbGuIHbII TPOKHUIKOBO- MasnocynbGuIHbIH TPOKHUIKOBO-

MOPQOJIOrHYECKUI THI | BKpPAIICHHBIH, YACTHYHO CO BKpaIUICHHbIH, YaCTUYHO CO

pyn/ CBOOOJTHBIM 30J10TOM / CBOOOJTHBIM 30JI0TOM /

Mineral and Low-sulfide veined-interspersed, Low-sulfide veined-interspersed,

morphological type of partially with free gold partially with free gold

ores

I'maBHbIE pynHbIE
MUHEpaIbI /
The main ore minerals

30110TO, TUPHUT, APCCHOTTHPHT,
xanpKonuput, chanepur / Gold,
pyrite, arsenopyrite, chalcopyrite,
sphalerite

30J10TO, TIUPHT, XaJIBKOIIHPHT,
ranenut, chanepur / Gold, pyrite,
chalcopyrite, galena, sphalerite

Cpennee conepxkanve
Au / Average Au
Content

2r/t/2 g/t

0,7-11/t/0,7-1,0 g/t

O>kuraemMble 3amacel
3o1o0ta, pynsl / Expected
reserves of gold, ore

80 (100) T 30moTa, 40 MJIH T pyBI
/80 (100) tons of gold, 40 million
tons of ore

80 T 301mota, 90 MiH T pyzas! /80 tons
of gold, 90 million tons of ore

Crioco0 otpabotku,
a0COTIOTHBIE OTMETKH
penseda / The method
of working out (the
absolute relief marks)

Kapsep, cpequeropusrii (1600 m) /
Quarry, medium mountain (1600 m)

Kapsep, cpeareropasrii (1900 m) /
Quarry, medium mountain (1900 m)

Texnonorus Kyunoe BoimenaunBanue / Heap Kyunoe BoitienaunBanue / Heap
nepepabotku pyabl / Ore | leaching leaching

processing technology

Uudpactpykrypa / OTHOCHUTEIBFHO pa3BUTAas, OTHOCHUTEITFHO Pa3BUTAs,
Infrastructure OXpaHsICeMbIC IPUPOIHBIC OOBEKTHI | OXPaHSEMBbIC IIPUPOTHBIC OOBEKTHI

orcytcTByIOT / Relatively
developed, there are no protected
natural sites

orcytetBytoT / Relatively developed,
there are no protected natural sites

CxonctBo, (pu3nko-reorpaduyeckue yclioBus, a TakkKe MPAKTUYECKU OJUHAKOBbHIE
IIPOTHO3HBIE PECYPCHI, MO3BOJISIOT OLIEHUTh BO3MOKHOCTh IIPUMEHEHUS JIJIs1 OPYACHEHUS
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MMPY 6pakoBOUHBIX KOHAMLMI, paCCUUTAHHBIX s pya YukynaHa. [IpuBeneHHbie B
TabauLe 2 TPAaKTUYECKHU BCE OCHOBHBIE I'€0JIOT0-3KOHOMUYECKHUE ITOKAa3aTeIN AByX CpaB-
HUBAEMbIX OObEKTOB COBIIA/IAIOT.

CaMbIM ITIaBHBIM U NPUHIUIIHMAIBHBIM HECOBIAJICHUEM SIBIIIETCS CPEIHEE COZlEpIKa-
HHE 30JI0Ta B pyzax, kotopoe it MMPY B 51Ba paza Hike, 4eM A1 Y UKYJIaHCKOTrO 00b-
€KTa U COoCTaBysieT MeHee | I/T MpOTHUB 2 I/T, COOTBETCTBEHHO.

Tem He MeHee, pacyeTsl IOKA3bIBAIOT, YTO IIPEIEIBHO MUHUMAIIBHOE CPEIHEE COAEP-
*aHue 30510Ta B pyaax ¥YPII nmpu npounx paBHBIX YCIOBHSX ONPEAEIAETCS TEXHOJIOTUEN
u3BieyeHus: [beneBonbekuit u Ap., 2015]. [IpuMeHeHne TEXHOJOTUU KYyYHOTO BBIILE-
Ja4MBaHUs TO3BOJIAET MOHU3UTH €ro ¢ 1,97 r/T (mpu 0ObIYHON 30J10TOU3BIIEKATEIBHOMN
texHojoruu) 1o 1,61 r/T (cm. Tabmn. 1). OnHako cpenHue conepkaHust Au B pyaax u3yda-
emoro MMPYVY Hmke faxe Takoro MUHMMaJIbHOTO 3HAYEHUS.

JUist ajanTanyy pacueTHbIX 3HaU€HUH OpPaKOBOUHBIX KOHJIMIMM K KOHKPETHBIM YCIIO-
BUSIM ObLIa OIpe/iesieHa YyBCTBUTEIBHOCTh OPAaKOBOUHBIX KOHIMIUHI K U3MEHEHUIO TEX-
HUKO-3KOHOMHUYECKHUX MOoKa3arenel (puc. 2).

r
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Puc. 2. 3asucumocms 6pako6ouHbIX KOHOUYUTI OM USMEHEHUs. MEXHUKO-IKOHOMUYECKUX noKasameneu
(TOI) 0n5 3010M020 opyOenenus Yukyianckoeo pyoHo2o nojis npu NPUMeHeHUU MexXHON02UU KYUHO20
sviyenauusanus: 1 — cebecmoumocms 1 m pyovl, 2 — yena eOunuybl mo8apHol NPoOYKYuu,

3 — unsecmuyuu 6 cmpoumenvcmeo 1'OKa, 4 — unmepnonayusa 6o3modicnozo usmenenus TOIT
npu pocme yenwvl Ha 3010mo 0o 60 % /

Fig. 2. Dependence of rejection conditions on changes in technical and economic indicators (TEP)
for gold mineralization of the Uchkulansky ore field when using heap leaching technology:

1 — cost of 1 ton of ore, 2 — unit price of commercial products, 3 — investments in the construction of

GOK, 4 — interpolation of a possible change in TEP when the increase in the price of gold to 60 %

Kak cremyer U3 nmpuBeeHHBIX JIy4EeBBIX JUarpamm, Haubosee CylnieCTBEHHOE BIIUS-
HUE Ha BEJIMUMHY OpaKOBOYHBIX KOHAMIIUN OKAa3bIBAIOT pacyeTHas 1IeHa eIMHUIIBI TOBAp-
HOM MpoayKiuu (B HalIeM ciayyae | T 30510Ta) U oxkugaeMas ce6ecTOMMOCTh 100bIYH 1
nepepaboTku 1 T pyzbl.

[Tocnenuuit mapamMeTp B 4acTHU U3AECPKEK MPOU3BOJCTBA UMEET TECHYIO KOPPEIISIIU-
OHHYIO CBSI3b C TOZIOBOM MPOU3BOJUTENHEHOCTHIO TOPHO-000TaTUTENBHOTO MPEANPUATHS
U, KOCBEHHO, — € 3armacaMu py/sl. [1oaToMy B cpaBHUBaeMbIX MOJIETISIX OH OCTAETCs OJU-
HAKOBBIM. A BOT pacueTHas 1eHa | T 30J10Ta CO BPEeMEHM MPOBEACHHBIX PACUYETOB IO
VYukynanckomy 00BEKTY 3aMETHO U3MEHMIach. Toraa Oblila HCIOIb30BaHa CPeaHss pac-
YeTHasl IIeHa 30JI0Ta M0 COCTOsSHHUIO Ha Hadajo 2015 roma, KoTopas ¢ yueToM JaHHBIX
LBMA u LME cocrasisuia 39,3 $US/t. Hynepast muaust TOIT Ha puc. 2 COOTBETCTBYET
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sToi 1ieHe. [1o TeM ke TaHHBIM MO COCTOSTHUIO Ha Hadasio 2023 1. cpeaHsis 1eHa 30510Ta
cocraBuia yxe 58,4 $US/t, uto Ha 56,5 % Bbime. Takoe Bo3pacTaHue IEHBI, COIIACHO
WHTEPIIONALINN, CHIKAET CPEIHEE COACPKAHKE 30JI0Ta B OPAaKOBOYHBIX KOHJIUIUAX KaK
YPII, tak MMPY 10 1,0- 0,8 r/1. OgHako 3aMeTHO ObICTpee BO3pacTaeT ce0eCTOUMOCTh
NOOBIUM U TIepepabOTKHU PY/IbI, UTO MPUBOIUT K BBIMOIAKUBAHUIO TIPOTHOZUPYEMOM JIH-
HUHU TPEHJIa B CTOPOHY YMEHBILICHUSI COJEPKaHMs 30510Ta B pyne. Eciau pocT 1eH Ha 30-
JIOTO MPOAOJKUTCS Oojiee BHICOKMMH TEMIIaMU, TO 30J0Thie pynbsl MMPY co cpennum
cofiepaHueM 3050Ta okoiso 1,0 /T MOTyT cTarh peHTa0eIbHBIMU /TSl OTPAbOTKH C MpH-
MEHEHHMEM TEXHOJIOI'MHU KyYHOT'O BbIIIe/Ia4BaHUSI.

3AKAKOYEHME

AKTHBHO 00CY>KJaeMble B MOCJIEIHUE TO/IbI BO3MOKHOCTH BOBJICUCHHUS B pa3padoT-
Ky HOBOTO THIIa 30JJOTOHOCHBIX pyJ YepHOcaaHieBo popmaruu Ha CeBepHom Kapkaze
OTPAHUYUBAIOTCS KpaiiHe HU3KUMU COZep)aHusIMH 30710Ta (Meree 1,0 1/T) u TpyaHOCTS-
MH €ro U3BJeueHUs. [ €0I0r0-3KOHOMHYECKOE MOIETTUPOBAHKE, BHITTIOJIHEHHOE JJISI TAKUX
Py Ha MPUMEPE XOPOILIO M3YYEHHBIX MHHEpanu3anui Manka-MyImTHHCKOTO pyIHOIO
y371a, 0Ka3aja0 OTCYTCTBHE SKOHOMHUYECKOH 11€J1ec000pa3HOCTH OTPabOTKU TaKUX PYI.
Bwmecre ¢ Tem, pe3ynbTaThl MHTEPIOJSIIUNA BEPOSITHOTO U3MEHEHUSI TEXHUKO-2KOHOMHUYE-
CKHX TOKa3aTesiel Mpu poCTe IEHBI Ha 30JI0TO YKa3bIBAIOT Ha BO3MOXKHOCTh OTPAaOOTKHU
TaKuX Pya B OyIylIeM 3a CUET CHIKCHMsI MOpora PeHTa0eNbHOCTH MPU COJCPIKAHMSIIX
3o510Ta MeHee | 1/T.
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