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HccnenoBaHbl MUHEpaJIBHBIE aCCOIMAIIAM M COCTaB CYIb(MOCEICHUIOB U APYTUX XaJIbKOTeHUIOB cepebpa
3MUTEPMAIbHBIX MecTopoxneHuit OxoTrcko-YyKoTckoro ByjKaHoreHHoro rmosica (CeBepo-BocTok Poc-
cun) — PoroBuxk, Jlyanoe, JIxxynaberta, Bamynucroe, Koppuma u [lenenBeeM. YcTaHOBIEHBI pa3HbIe TUIIHI
B3aMMOOTHOIIEHU MEXIy HAyMaHHUTOM U aKaHTUTOM B pylax UccienyeMbIXx MmecTopoxaeHuit. [Tokaza-
HO, YTO O6IIIeif 3aKOHOMEPHOCTHIO B TTOC/IENOBATEIbBHOCTH 00pa30BaHUs XaIbKOTeHUIIOB cepebpa sIBJIsIeT -
cs 3aMellleHre S-HayMaHHUTa 1 Se-coaepxXalllux MUHepayioB (Se-rajeHuTa, Se-cTteaHuTa) paHHUX rapa-
TreHe31COB Se-aKaHTUTOM WJIM aKaHTUTOM Ha IMO3MHUX cTanusx. Ha ocHOBe pe3y/bTaToB TepMOIMHAMUYE-
CKMX pacueToB W JaHHBIX IO COCTAaBy OCHOBHBIX TPOAYKTUBHBIX MUHEPATbHBIX aCCOLIMALIMii
peKOHCTpyUpoBaHbl Gusnko-xumuueckue napametpsl (7, fS,, fSe,, fO,, pH) pynootioxeHus Ha 3TUX
MECTOPOXIECHUSIX.

Knroueswvie cnosa: xanbKOreHUIbl cepebpa, aKaHTUT, HAyMaHHUT, SMUTEpMaibHble Au—Ag MECTOPOXKIE-

HUs, OIICHKA YCIOBUM pyn000pa3oBaHUS

DOI: 10.31857/S0016777023010057, EDN: LAVBSY

BBEAEHWE

AkKaHTUT (0-Ag,S) U HayMaHHUT (0l-Ag,Se) SIBJIsI-
IOTCSI BAXKHBIMU PYAHBIMM MUHEpalaMy Ha MHOTUX
TUOPOTEPMAJIbHBIX ~ MecTopoxaeHusx. CornacHo
JaHHBIM mindat.org, U3BeCTHBI HAXOOKHA HayMaHHM-
Ta B 156 wMecropoxaeHusx (https://www.min-
dat.org/min-2866.html), axkaHTuTa B 1083
(https://www.mindat.org/min-10.html). DTu mune-
paJibl BCTPEYAIOTCSI B TEJIETEPMAIbHBIX MECTOPOXKIIE-
HUSxX Au-ceneHnngHoit n Au-U-ceneHunHoi popma-
muu (Dap Yup, Aprenruna (Paar et al., 2004), Tui-
kepon, I'epmanus (Tischendorf, 1969), Xoync Hos,
Anriusd (Stanley et al., 1990), ITiun6pam u Mosnasa,
Yexus (Sejkora, Skdcha, 2015; Skacha et al., 2017)),
ME30TepMAaIbHBIX MecTopoxaeHusx (SHr6éorapu,
Kopes (So et al., 2002)), MECTOPOKICHUSIX MEIUCTBIX
necuyaHukoB (BopoHos bop, Poccus (JIaBpos, Kyine-
mesud, 2009)) u npyrux (Simon et al., 1997; Belogub
et al., 2003, 2008; Pal’yanova, 2008; PaZout et al.,
2019). Hanbosee oOLIMPHOI IPyIIIO MECTOPOXKIS-
HUIA, TOe TpeacTaBlIeHbl XaJTbKOTeHUIBI cepedpa, s1B-
JISTIOTCSI MECTOPOXIECHUST BMUTEPMabHOI (opma-
muu (Milesi et al., 1999; ITpokodnes, 2000; Rosana,
Matsueda, 2002; Takahashi et al., 2002, 2007; BoikoB
n 1ap., 2012; Mango et al., 2014; bopTHUKOB U 1p.,
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2022; Savva et al., 2022). IToBbillIeHHbIE KOHILIEHTPA-
I 3TUX MUHEPAJIOB YCTAHOBJEHBI B pydaX MeCTO-
poxneHnii TUXOOKeaHCKOTO PYIHOTO TTosica, U3 HUX
CeJICHUIBI 1 CYTh(hOCeTIeHUIBI cepebpa HanboJiee pac-
MPOCTPaHEeHbI HA MECTOPOXISHUSIX allyJIIP-CEPULIMTO-
Boro (low sulphidation, LS, Hu3kocynbduannpoBaH-
Horo (White, Hedenquist, 1995; Hedenquist et al.,
2000) uim BoccTaHOBUTENbHO-IEIouHOro (Kuraii,
Tarupos, 2010; Kwuraii, 2020)) tTuna (dykat, Ombua,
AcaunHckoe (Poccust), Xummkapu, Takamama, Ky-
mmkuHo (Anmonwus), ITonrkop, Kubanyur (Muagone-
3ust), bpoken Xun3 (HoBas 3enangust), I'vaHaxyarto
(Mexkcuka), Cunsep Cutu (CIIA)), Tennypuabl u
cynbdoTtemnypuasl — nepexogHoro (intermediate sul-
phidation, IS, cpegHecyIbPUIN3UPOBAHHOIO) U
kuciioTHO-cyiabdatHoro (high sulphidation, HS, BbI-
cokocynbduausupoBaHHoro) tuna (Haxonka, Ilpa-
cosioBckoe (Poccus), Cyzaku, Okysama, Kapansy
(Anonwus)) (Petruk et al., 1974; Shikazono et al.,
1990; Iuio u ap., 1992; So et al., 1995; Angeles et al.,
2002; Warmada et al., 2003; Kovalenker, Plotinskaya,
2005; Takahashi et al., 2007; CasBa, IllaxTeIpoB,
2011; Cocker et al., 2013; Hukonaes u np., 2016).

JaHHBIe TI0 XMMUYECKOMY COCTaBY XaJIbKOTEHU-
IIOB cepebpa CBUACTEIbCTBYIOT O IIIMPOKUX BapHUally-
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®@ur. 1. PacrionoxeHne UCCIeNyEMbIX SITUTEPMaIbHBIX MecTopoxaeHuii B mpeneiaax OUBII (Cassa u np., 2016): 1—4 — Bep-
xostHO-YyKoTcKas ckiamyarasi 30Ha, cucteMbl: 1 — Konbsimo-OmonoHckast, 2 — SIHo-Komnbimckast, 3 — Onoiickast, 4 — Yykot-
ckast; 5 — Oxorcko-YykoTckuii BynkaHoreHHbIH osic (OUBIT); 6—8 — Kopsikcko-KamuaTtckast MeTaJutoreH1uecKasi IpOBUH-
ust: cucteMbl: 6 — Oxorckasi, 7 — AHaabipcko-Kopsikckast, 8 — Omotopckast; 9 — pailoHbI ¢ HESICHON MeTaUIOTeHUYECKOM
cnenuaan3alueit, mepeKphiTbie COBPEMEHHBIMM PBIXJIBIMU OTJIOXeHUsIMU; 10 — rpanunbl: a — OUYBII, 6 — MetayutoreHnye-
ckux cucreM; 11 — snurepmanibHble Au—Ag MECTOPOXIEHMS (a), McciienyeMble B JaHHOM paboTe MecTOpOoXIeHUs — Porosuxk,

Jlynnoe, JIxynwerta, Banynucroe, Koppuna, [lenenseem (6).

sIX COOTHOIIIEHUSI CEphl U CeJIeHa, a TaKXKe TeJulypa
(Cunpeena, 1959; Petruk et al., 1974; Shikazono,
1978; CaxapoBa u ap., 1993; Hekpacos, 1997; Bel-
ogub et al., 2020). CynbdoceneHuabl cepedbpa — S-
HayMaHHUT U Se-aKaHTUT — XapaKTepU3yIOTCsI ITepe-
MEHHBIM COCTaBOM W HAJTM4KeM (ha30BBIX IIEPEXOIOB
U TIPEACTABIISIOT MHTEPeC KaK MUHEPaIbI-TeOTEPMO-
METPBI M1 WHINKATOPHI (DU3UKO-XUMHUIECKUX YCIIO-
BUI1 pypoobpasoBanus (Roy et al., 1959; Simon, Ess-
ene, 1996).

MHorue snutepMalibHble Au—Ag MECTOpPOXIe-
HUs anyisip-cepunuToBoro (LS) Tuma mo pesyinbra-
TaM MHHEPAJOTNYeCKUX MCCACAOBAHUI OTHOCST K
Se-moatumty (IlnormHckasa, Kosanenkep, 2008;
bopTtHukos u ap., 2022). Panee Hamu ObLIN A TATLHO
M3y4eHbl MUHEpaIbHbIE aCCOIUALIMU M COCTAB aKaH-
TUTA, HAyMaHHUTA U IPYTUX XaJIbKOTEHUOB cepedpa
IIECTU SMUTEPMAJbHBIX MECTOPOXACHUI OXOTCKO-
YyKOTCKOTO ByJIKaHOT€HHOTO I1osica: Porosuk (2Ky-
paBkoBa m ap., 2015; INamegroBa n ap., 2015; Zhu-
ravkova et al., 2017), Jlynnoe (bensena, 2022), JIxy-
nberra (ITanpstHOBa 1 Ap., 2016), Bamynucroe (Ky-
paBkoBa u ap., 2019), Koppuna (Kolova et al., 2021) u
ITennenBeem (bensena u ap., 2022) (dur. 1). Lens Ha-
CTOsIIIIeH paboThl — caenaTb 0030p MO 3TUM MECTO-
POXIEHUSIM Se-TOATUIIA C TIPUBJICUCHUEM JaHHBIX
M0 IpYruM OOBEKTaM, IpOaHaIM3UPOBaTh U 0000-
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IIUTh OCOOEHHOCTU U3MEHEHUSI COCTaBa XaJIbKOTeHU-
IIOB cepedpa Ha pa3HbIX MPOXYKTUBHBIX CTAIUSX, BBI-
SIBUTh 00JIACTH YCTOMYMBOCTU MUHEPAJIbHBIX aCCOLIMA-
LI 1 pEKOHCTPYUPOBATH yCJIOBUS 00pazoBanus (71, P,
JSy, Se,,/0,, pH n 1p.) Ag-(Au)-S-Se(-Te) munepa-
JIN3aINN.

s pereHus TOCTaBICHHBIX 3a1a9 MPENCTaBIsI-
10T UHTepec auarpammbl cucrembl Ag—S—Se—H,0,
coiepxKalieil OMTHOBPEMEHHO M cepy, U ceseH. Jua-
rpammbl Eh—pH, 1gfO,—pH mis mpocthix cuctem
Ag—S—H,0 u Ag—Se—H,0 nipu remmiepatype 25°C u
ob1ieM napieHuu 1 6ap (=1 aTMm) npuBeaeHBI B psife
pab6ot (Warren et al., 1984; El-Raghy, El-Demerdash,
1989; Axundwuen, Tarupos, 2006; KpuBoBuuen
u ap., 2010, 2017; BumHeBckuit u ap., 2017 u ap.).
CaiitMoH ¢ coaBTopamu (Simon, Essene, 1996; Simon
et al., 1997) Ha ocHOBe (PUINKO-XUMHUYIECKOIO MOJIE-
JIMPOBaHUS OLUEHWIN (DYyTUTUBHOCTU CeJieHa, Cephl,
TeJUTypa, KUCJIOPOIa B 3aBUCIMOCTH OT TEMIIEPaTyPhI
¥ pacCYUTAIM 00JIACTH YCTOMIMBOCTH OMHAPHBIX Ce-
nenunoB (Ag, Au, Cu, Fe, Pb, Zn, Hg, Ni), a Takxe
CyTb(hUI0B, TEJUTYPUIOB Y OKCUIOB MPHU TeMIIepaTy-
pax 10 400°C.

B HacToseM mcciaenqoBaHUM yYTeHO oOpa3oBa-
HUe cyJibdocesleHUI0B cepedpa akaHTUTOBOTO U Ha-
YMaHHUTOBOTIO TBepabIX pacTBOpoB (Palyanova et al.,
2014), paccuutanbl nuarpammsl Ig £S,— T, 1g f Se,—T,
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lgfO,—T, g fO,—pH, 1g fS,—lgfSe, n 1g /S,—1g f O,
M OLIEHEHBI YCIIOBUSI CTAOMIILHOCTHU CYyIb(MUIIOB, Ce-
JeHuaoB, okcuaoB Ag, Au, Fe, Pb, Zn, Cu, a Takxke
CaMOpOIHBIX 3JEMEHTOB B MHTEpBajie TeMIepaTyp
100—350°C u naBnenuii 1—300 6ap. ITonydyeHHbIE pe-
3yJIbTAThI UCIIOJIb30BaHbI IJIs1 00bSICHEHUS HAOJII01a -
€MBbIX ACCOLIMALINIA B pyOAHBIX MECTOPOXIEeHUSIX. M3y-
yeHue (a30BbIX B3aMMOOTHOLIECHUI 3TUX MUHEpa-
JIOB HMMeEeT BaXHOe 3HayeHue UISI ITOHUMaHMUS
MPOLIECCOB 0OPa30BaHUS 30JI0TOPYAHON MUHEpaIH-
sanuu (Afifi et al., 1988; Simon, Essene, 1996; Simon
etal., 1997; Xu et al., 2014).

Pesynbrathl JaHHOIT PaGOTHI MO3BOJSAT BHISIBUTH
0COOEHHOCTHU Te€He3Mca SIUTepMaIbHBIX Au—Ag Me-
CTOPOXACHUI amyJIsip-CepULIMTOBOIO TUIA C Se-MU-
Hepau3alyeil 1 BHECTU BKJIAJ B pa3pabOTKy UX re-
HeTUYeCKUX Mojaesieit. Kpome Toro, jaHHbie 06 0CO-
OEHHOCTSIX XMUMMYECKOI'O COCTaBa MUHEPAJIOB 30/10Ta
U cepebpa B pyaax SIBISIIOTCS BaXKHOI nH(opMaLeit
IS pa3paboTKy 3 PEeKTUBHBIX TEXHOJOTHU IIepepa-
OOTKM pyI M U3BJIEUEHUSI U3 HUX OJIarOPOIHBIX Me-
TaJlJIOB.

KPATKAA 'EOJIOTTYECKAA .
XAPAKTEPUCTUKA MECTOPOXIEHUNN

OxoTrcko-UyKOTCKUII  BYJIKAHOTEHHBIN  MOSIC
(OYBII) npencraBiseT coboil CTPYKTYpy, chOpMU-
POBaHHYIO B YCIOBUSIX TUITMYHBIX OKPAaMHHO-KOHTHU -
HEHTAJIbHBIX MOJABWXHBIX IMOSICOB U 30H THXOOKeaH-
ckoro cermeHTa. B mpenenax OUBII BeineieHbI 2 30HBI:
BHYTPEHHSISI Y BHEIIHsISI, B KOTOPOM JOKaJIn30Ba-
HbI MHOTOYMCJIEHHBIe Au—Ag MecTopoxaeHus. st
Au—Ag srmrepmanbHOil MuHepanm3anun OYBIIT xa-
pPaKTepHBI CIIeIyIOIINe OCOOCHHOCTHU: BBICOKasl Celie-
HUCTOCTh DYA, BBICOKME 3HayeHUsI OTHOIIEeHUit
Ag/Au (ot 10 no 1250), pazHoOOpa3ue MUHEPAJIOB Ce-
peopa (T'opstues u 1p., 2010; bopTHUKOB 1 Ap., 2022).
Bce n3ydyeHHBIe MECTOPOXICHUSI HAXOMSATCS B Ipe-
nemnax OUBII (dur. 1, Tadn. 1). ComtacHo CTpyXKo-
By 1 KoHctantunHoBy (2005), BEIIEISIONINX B IIpeie-
nax BHemHed 3oHbI OUBII 7 MeranioreHU4ecKUx
oOJracrteii, cciaemyeMble OObEKTHI OTHOCSTCS K TPEM
n3 Hux: SHcko-TIpumaragaHckoii (MecTopoxaeHue
Jxynberra), OMcykyaHCKOIi (MecTopoxaeHusi Po-
roBuk, JlynHoe) u Ilerreimenbcko-IIpoBumeHCKOM
(mectopoxneHust Banynucroe, Koppuna, Ilenense-
eM). TloBbIllIeHHas] CEJIEHUCTOCTh SMUTEPMAaTbHBIX
Au—Ag MecTOpOXIeHN OOBSICHSIETCS YHACJIeIoBa-
HOCTBIO OT 00OTallIEHHBIX S€ YepHOCTaHIIEBBIX (DIn-
LLIeBBIX TOJIIII OCHOBAaHMS BYJKaHOCTPYKTYp (Bonkos
u 1p., 2006; Cassa, 2005).

Mecmoposcoerue Poeosux

B cTpykTypHOM OTHOILIEHUU MecTopoxkaeHue Po-
TOBUK HaxoAUTCS B eprugeprudecKoii 30He LIeHTpaIb-
Hoii vactu OYBII B ceBepHOM 3aMBIKaHUM banbirbraa-
HO-Cyroiickoro mporuta, B MecTe IepecedyeHUs ero
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cyormpoTHBIM YcTh-CyroiicknM pasinoMoM. ITnomians
MECTOPOXKICHUSI CJIOXEHA IOpoJaMy BYJIKAHOT€HHO-
OCAOYHOI TOJIIM HWXKHEW MOICBUTHI OMCYKYAHCKOM
cepuu, TIPeCTaBIeHHBIMU BYJIKAHOMUKTOBBIMU T1€CYa-
HUKAaMU, TIETJIOBBIMUA Y BUTPOKJIACTUYCCKUMU TydhaMU
PUOJIUTOBOIO COCTaBa U TYy(OreHHBIMUA OpPEKYMSIMMU.
Bmemalonue moponbl ITOmBEp:KeHBI MpoIeccaM ap-
T'MJUTM3allMU, BIJIOTH OO ITIOJHOTO MCUYE3HOBEHUS
nepBudHbIx cTpykTtyp (Ky3nemon, JIusau, 2005;
KpaBuosa u ap., 2012, 2015).

PynHble Tena nipeacTaBieHbl, B OCHOBHOM, 30Ha-
MU MPOXUIKOBO-BKPAIUIEHHOM U TIPOXUJIKOBOM
MuHepanu3aluuu. OCHOBHBIMU XUJIbHBIMU MUHEpPa-
JIaMM SIBJISIIOTCSI KBapll, agyJisip, pexe KapOOHAThI.
CornacHo uccnenoBaHusM KpaBlioBoii ¢ coaBTopa-
mu (2015), mecTopoxneHrue chopMHUPOBAHO B XOJIe
JIIBYX Pa3HOBO3pAaCTHBIX ATAIIOB MUHEpaiooOpa3oBa-
HUSI: paHHero (BYJIKAHOT€HHOIO) U MO3IHEero (ByJ-
KaHOIUIyTOHU4Yeckoro). C paHHUM 3TalloM CBSI3aHO
¢dopMupoBaHUEe BMUTEPMAJIBHBIX 30JI0TO-CEepeOpsi-
HBbIX Pyl C MUPUTOM, aKAHTUTOM, IPYCTUTOM, MHU-
paprupuToM U KrocteauToM. B Gosee nmo3aHuit atar,
1o/, BJAMSIHAEM TPaHUTOUIHOTO MarMarusma, cdop-
MHUPOBaHbl CepeOpO-TIoJUMETAUIMYECKE PYIbl, B
COCTaBe KOTOPbIX IIpeo0aafaloT IMUPUT, TaJIEHMUT,
chaneputr, camopogHoe Ag, cyiabpoceJleHUAb U
cynbpoconu cepedpa. Ha rimyObuHe ydyacTKu pasHoO-
BO3PACcTHOM 30JI0TO-CepeOpsiHOi U cepedpo-Tou-
MeTaJUIMYeCcKoil MUHepaau3aluu U chopMUpOBaH-
HBIE 110 HUM “TIoIM(OopMallMOHHbIE” 3010TO-ceped-
pPO-MOTMMETATUYECKUE PYIbl COBMEIIEHBI.

HaubGoJiee mojHble CBEIEHUS O IeOJOTMYECKOM
CTPOEHUU, CTPYKTYPHO-TEKTOHMYECKON ITO3UILINH,
MUHEPAILHOM cOCTaBe Mopoj 1 pya PoroBuka rnpen-
craBjieHbl B padoTtax (Ky3Henos u 1p., 1992; Ky3He-
o, Jluau, 2005; KpaBuosa u ap., 2012, 2015; Ila-
JbsiHoBa M ap., 2015; Kpasuosa, Makiakos, 2016;
Makinakos u ap., 2017; Zhuravkova et al., 2017).

Mecmopoxcoenue Jlynnoe

MecropoxaeHue JIyHHOe JIoKaJan30BaHO B Apbl-
JIJAXCKOM DPYAHOM Yy3Jie, KOTOpbIii pacloIOXKEH BO
BHellIHell 30He LeHTpaibHOl yactu OUYBII u npu-
YpOUYEH K BYJKaHO-TEKTOHMYECKON ApbIIaxcKoiu ne-
npeccuu. PynHoe nojie MectopoxxaeHus JIyHHoe JioKa-
JIN3yeTcsl B MecTe couwsieHeHUs CapMaHCKOM Kajlbaephl
U ApPbUIaXCKONH WMHTPY3UBHO-KYIIOJBHON CTPYKTYPBHI.
PynoBmeriamoimMmu mopoaaMu SIBJISIIOTCSI TPaHOIUO-
PUTHI APbLJIaXCKOTO MHTPY3MBHOTO MacCUBa, NeCYaHUu-
KU U aJIEBPOJIMTHI OMCYKUYaHCKOM CBUTHI, aHIE3UThI Ka-
XOBCKOI CBUTHI U uX Tydbl (PbrkoB u ap., 2000).
Bmelaroniye rmoponabl TOABEPXKEHBI PasIUudyHbIM
MpolieccaM KOHTaKTOBBIX U THAPOTepMaJIbHO-MeTa-
COMAaTUYECKUX UBMEHEHMUI: TIPOIMUIUTU3ALH, Oepe-
3UTU3ALMU, apTWLTU3ALUM, BOJIM3U PYIHBIX TEJ TTPOSIB-
JIEHbI KBapli-KapOOHAT-TUAPOCTIONUCTbIE 1 KBapli-Kap-
OOHAaT-CEepULITOBBIE Oepe3uThl " KBapli-
Ne 1
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KaJnimnaToBble MeTacoMaTuThl (CTpyxXKoB, KoHcTaH-
THHOB, 2005).

PynHpre 30HBI OOBIYHO MPEICTABICHBI OMHOM WITH
HECKOJILKUMM KWJIaMU U OpeoJlaMU MPOKUIKOBO-
BKpaIJIeCHHOM MUHepanu3auu. st K11 XapakTep-
Ho KpyToe TaneHue (60°—90°), nzBmnucras KOHPU-
rypanusi 1 HaJInumMe MHOTOUMCIEHHBIX OTBETBIICHUIA.
TexcTypbl pyn OpekuueBble, KpyCTU(DUKALIMOHHbIE,
KapKacHO-TIJIaCTUHYAThIE, KOKApIOBhIE, IIITHUCTHIE,
rpy06o- u ToHkomnosocuateie (CtpykkoB, KoHcTaH-
tuHOB, 2005). KujibHbIe MUHEpaJIbl MPENCTaBICHbI
KBaplleM, TUIPOCTIONOii, amyiaspoM, Fe-comepska-
UM JOJOMUTOM, Mn-coaepxXallluM KaJIbLIUTOM,
ponoHnToM. KOJIM4ecTBO pYyOHBIX MHHEPAJIOB CO-
crapisieT B cpenaeM 1% (penko 10—15%). OCHOBHBI-
MU pYIHBIMY MUHEpPAJIaMU SIBJISIFOTCS TAPUT, caie-
PHT, XaJIbKOITMPUT, TaJICHUT, KIOCTEJIUT, aKaHTHT,
BTOPOCTETIEHHBIMU — apCEHOITMPUT, CyabbhoceIeHN-
OBl U cyabdoconau cepedpa, OJIeKJIbIe pydbl, CaMO-
ponHoe cepebpo (PurkoB u np., 2000).

CornacHo ucciegoBaHusIM PoIkoBa ¢ coaBTOpa-
mu (2000), mecTopoxkaeHre C(POPMUPOBAHO B XOIE
JIByX 3TAIlOB MMHEpajoo0pa3oBaHus: paHHEro (I1o-
CTBYJIKAHUYECKOI0) U TO03IHEro (IMOCTUHTPY3UBHO-
ro), pasaelIeHHbIX BHEAPEHUEM IPaHUTOUIHBIX MH-
Tpy3uii. Ha panHem artare npoucxoauyio ¢oopMupo-
BaHUE 30JI0TO-KBapII-CEJICHUIHOTO U paHHETro KBapli-
cepeOpo-cynb(pUIHOrO I1apareHe3ncoB. B Havame
MOCTUHTPY3UBHOI'O 3Talla IPOSIBJICHBI AKTUBHBIE METa-
coMaTHYecKue mpeodpa3oBaHus BMEIIAIONIX MOPO/T,
C KOTOPBIMU CBSI3aHO O0Opa3oBaHME KBapL-pPOJOHUT-
KapOoHaT-Cy/Ib(hOCOIBHOTO M TO3IHEr0 KBapIl-cepeo-
poO-TIOTMMETAIIIMYECKOTO TapareHe3ucoB. B MuHe-
pajdbHBIX OOpa30BaHMSIX MO3MHENM KBapll-cepeOpo-
MOIUMETAJITIMIECKO CTaIuM BCTPEUAIOTCS IIPEeUMy-
IIIECTBEHHO MEPEOTIIOKECHHBIE pyIHble MUHEPAJIbI B
pe3yabTaTe HaJIOXKEHUST KapOOHATHBIX XXWJI Ha PYIbI
IIEpBOTO 3Tara.

Haubonee momHbie CBeASHUSI O T€OJIOTMYECKOM
CTPOEHUHU, CTPYKTYPHO-TEKTOHWYECKOW ITO3UIINU,
MUHEPAJILHOM cOCTaBe Topoa 1 pyn JIyHHoro mipen-
craBieHbl B padotax (I'puropseB, Ctpyxkos, 1992;
PerxoB 1 mp., 2000; CrpyxkoB, 2003; CTpyXKOB,
KoHcrantunos, 2005).

Mecmopoacdenue Jnucyrvemma (yuacmok Tuxuii)

OnurtepMmaiibHoe Au-Ag MecTopoxneHue JIxy-
JIbETTA BXOAUT B COCTAB DHITEPUHCKOTO PYIHOTO MO~
Jisl, TJIolaab KOTOPOro oIlpenelisieTcsl rpaHullaMu
JxyramKakCKoil KOJIBIIEBOM BYJIKAHOTEKTOHMYE-
ckoit cTpykrypsl (Bonkos u ap., 2016). Mectopox-
JIeHWe MpUypodYeHo K MIBaHbMHCKOM BYJKaHOTEKTO-
HUYECKOI IeTpeccuy (CTPYKTypa BTOPOTO MOPSIaKa).
Vyacrtok Tuxuii pacrojioxeH B 2 KM K CeBepO-3anamy
oT MectopoxneHus Ixxynverra (ITaabssHoBa u np.,
2016). BMemarommMu mopoaaMu SIBJITIOTCS] KPYITHO-
opdUpPOBbIe aHIE3UThl UBAHBMHCKOI TOJIIIIHU, TIepe-
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KPBITBIE TTOKPOBAMU aHAE3MIALINTOB M aHAE3UTOB SHI-
TEPUHCKOM CBUTHI, POPBAaHHBIMU JaiKAMU MUKPO-
IVOPUTOB, AaHAE3WJALMTOB W  aHIe310a3alIbTOB.
PynoBMernaroliiye mopoasl MOABEPXKEHBI MPOIVIATH-
3aumu U aprusuinsaunu (Bonkos u ap., 2016).

PynHoe Teno rpencTasisieT COO0M XKMITBHYIO 30HY
C MHOT'OYMCJICHHBIMU ONEPSIONIUMMU IIPOKUIKAMU U
anmou3aMu 1 COMPOBOXIAETCS IIMPOKOI MOJIOCOM
aprJUI3UTOB. TeKCTYpHI pya yuacTka Tuxuii — Kom-
JoMmopGHO-TIoJIocyaThle, KapKacHO-IJacTUHYaThIe,
a Takxe OpeKuueBble U MacCUBHBIC. OCHOBHBIMU
KWJIbHBIMU MUHEpaJIaMU pYZ SABJISAIOTCS KBapL, Kap-
O6oHaThl, ruapocaonbl. Cpenu pyaHbIX MUHEPAJoB,
KOJIMYECTBO KOTOPBIX COCTaBlIsIeT B cpenHeM 1—3%
(penxko 5—10%), mpeobnagaeT MUPUT, Aajiee o pac-
MPOCTPAHEHHOCTU CJIenyoT chalepur, TaJeHMUT,
aKaHTUT, 3JICKTPYM, peKe BCTPEUYAIOTCS XaJIbKOIIH-
put, Au—Ag cynbdUIbl, HAyMaHHUT, Se-coaepKa-
muye cyibdocosin, OJeKIble pyabl, KaHQUWIbIUT,
craHHMH ¥ JieHauT ([anbsiHoBa u ap., 2016).

IMpennomaraercst, 4To pyabl (GoOpMUPOBAIUCH B
TPH 3Tara: BYJTKAHOT€HHBIN, MeTaMOP(OreHHbII U
runepreHHbiii (IManpsiHoBa u ap., 2016). B xone nep-
BOro (BY/JIKAHOT€HHOTO) 3Talla BBIACICHO 2 CTaauH,
Ha KOTOPBIX IIPOUCXOANIIO 0Opa3oBaHUE KBapIl-Kao-
JIMHUT-aayJISIp-TUAPOCTIONUCTOrO TaparcHe3nca ¢
MMAPUTOM U KBapil-KapOOHAT-TUAPOCTIOAUCTOrO Ma-
pareHe3uca cyabpunamu Fe, Pb, Zn, anexrpymom u
cynbdocenenunamMu Au—Ag. Bropoit (Metamopdo-
TEHHEII) 3Tall CBSI3aH C KOHTAKTOBBIM MeTaMOp(du3-
MOM MpPU BHEAPEHUU TTOCTPYIHBIX UHTPY3UBHBIX T,
TMIPOUCXOOUT OTJIOXKEHME KBapll-KapooHaT-dpeitoep-
TMT-aKaHTUTOBOIO IaparcHe3rca ¢ CaMOPONHBIM Ce-
pebpoM. [1J1s1 TMTIepre HHOTO 3Tara XapaKTepHO 00pa30-
BaHUE JIMMOHUT-aHIJIE3UT-SIPO3UTOBOTO TTapareHe3unca
C TUIIEPIeHHBbIMU aKAHTUTOM, IUIATTHEPUTOM, TETH-
TOM, TUPOTIO3UTOM.

bonee moapoOHO reojioTMYECKOE CTpPOCHUE,
CTPYKTYPHO-TEKTOHUUYECKAs TTO3UILINSI, a TAKKE MU-
HEepaJoro-reOXuMUYECKrii CocTaB U OCOOEHHOCTU
¢dopmupoBaHus pyn MecTopoxneHus JXKyiberra
paccMmoTpernl B padotax (IIpoxodreB u ap., 2015;
Boskos u np., 2016; IMansanosa u ap., 2016; Cassa,
2018).

Mecmopoxcdenue Baaynucmoe (yuacmox Toprbiii)

B cTpykTypHOM OTHOIIIEHMH MeCTOpOXIeHue Ba-
JIVHUCTOE HaXOIUTCS B 3amagHOM 3aMblkaHuu Bo-
crouHo-Yykorckoii ¢paanrosoit 3oH61 OUYBII (Cu-
nopoB u np., 2009). BanmyHucroe pymHoe II0JI€ IIpU-
YPOUYEHO K ABYM COJMXKEHHBIM BYJIKAHO-KYMOJIbHBIM
CTPYKTYpaM LieHTpaabHOI yacTu KaHuanaHCKOi1 30-
HBI pa3iomMoB — Banmynwucroit u llanoit (BonkoB u
np., 2020). PynHoe nosie BKi1toyaeT B ce0s1 psin Au—Ag
SIUTEPMaIbHBEIX ~ MecTopoxneHuit  (BamyHucroe,
KunbHoe) u pynomnposiBiieHuit (Oraennoe, Illax u
np.) (boptHukoB u Ap., 2022). B ocHoBaHUU pa3pes3a
Ne 1
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PYIHOTO IIOJSI 3aJeraroT IMOPOABl aMI€HBCKOM TOJ-
1II1, TIpeICTaBJIeHHbBIE TOKPOBHLIMM UTHUMOPUTAMU
¥ Ty(haMy pUOJIUTOB, pUOJALIUTOB, JAlIMTOB, TPAX1-
PVOJINTOB, TPaxUOALMTOB U CyOBYJIKAaHWYECKUMU
JIaluTaMu. Brellie mo pa3pe3y OHU CMEHSIIOTCS TTOPO-
JIaMU SKUTBIKWUHCKOM U JIeypBaaMCKOIi CBUT (MITHUM-
OpuTamMu, JJaBaM1 U Ty(aMu OT KMCJIOIO IO OCHOB-
HOIo cocTaBa, CyOBYJKaHMYECKMMU TeJaMU U Jaii-
KaMU aHIe3UTOB, OazaibToB, nauutoB) (PycaHoB
u ap., 2019). Bmemaiomue mopombl HOABEPKEHBI
JIOPYAHOM MPONWINTU3ALMU U CUHPYIHOI CepUIIM-
THU3aLUMKU U aprjUIM3aluu, ciaado IPOSBICHBI I10-
BEpPXHOCTHBIE TUIIEpreHHble n3MeHeHus (2KypaBko-
Ba u ap., 2019).

PynHbie Tena npeacraBieHbl XKWIBHBIMUA 30HAMMU,
CJIOXKEHHBIMM KBaplLEeBBIMU M KBapll-aayJIsSipOBLIMU
XWJIaMU MOIIHOCTEIO 1o 10—15 M co ciaboroocua-
TOM U OpeKUMeBO TEKCTypaMu 3pYNTUBHOIO TUIIA C
00JIOMKaMU aHIe3UTOB U JallUTOB. OCHOBHBIMU He-
PYOHBIMM MUHEpaJaMU SIBJISIIOTCS KBapll, amyJsp,
KanbuT U ¢ooput. Cpean pyaHBIX MUHEPAIOB
npeobjiagaeT MUPUT, MPUCYTCTBYIOT TakKxXKe cdajie-
PUT, XaJbKOIIMPUT, TaJICHUT, CAMOPOIHOE 30JIOTO U
XaJIbKOTeHUIBI U cyibdoconu Ag (XKypaBkoBa u 1p.,
2019).

BonkoBeiM ¢ coaBropamu (2020) BhimeaeHO ABa
Pa3HOBO3PACTHBIX 3Tana pyAooOpa3oBaHus, Cylle-
CTBEHHO OTJIMYAIOIIMXCS IO XapakTepy >KWJIbHOM
MUHEpaIM3alui U MeTacoMaTUYEeCKUX U3MEHEHU
MOPOJ B OKOJIOKUWJILHOM MPOCTPAHCTBE, a TAaKXKe MO
MUHEPAILHOMY U TE€OXMUMUYECKOMY COCTaBy pYII.
s paHHero sTarna ycTaHOBJIEHbI JBE IMPOIYKTUB-
Hble MUHEpaJbHBIC aCCOLMALIMU PYII: PAHHSS 30J10-
TO-TOJIMMETAJITINYECKasi — C CaMOPOIHBIM 30JI0TOM U
cynbpumamu Pb, Zn, Cu m mo3gHIS 30J10TO-CYJIb-
dunHo-cyabdocoIbHas — C CAMOPOIHBIM 30JI0TOM U
CcyJb(hOCONSIMU U XaJibKoTeHunamMu cepeopa. Ilosn-
HUM 3Tan xapakrepusyercsl (paioopuT-KaablIUTOBbI-
MU XUJIAMH C CAMOPOIHBIM 30JIOTOM U CYJIb(hOCOISI-
MU cepebpa.

HaubGonee moiHbIE CBEAECHUSI O T€OJIOTHUYECKOM
CTPOEHHUHU, CTPYKTYPHO-TEKTOHUYECKON IIO3UIINU,
MUHEPaJIbHOM COCTaBe MECTOPOXKIeHUs BamyHucToe
npencrasieHbl B padortax (bprisranos, Kpusuikas,
1998; HoBocemnoB u np., 2009; Koncrantuxos, 2010;
Kopoukun, 2011; 2KypaBkoBa u np., 2019; BonakoB u
ap., 2006, 2019, 2020; BopTHUKOB U 1p., 2022).

Mecmopoocdenue Koppuoa

MecropoxneHue Koppuaa pacrofioxkeHo B LieH-
TpajibHO#T 4Yactu BoctoyHo-UyKOTCKOTO CeKTopa
OYBII 1 BXomuT B cOCTaB DPryBeeMCKOTO PyIHOTO
paiioHa, MPUYPOYEHHOIO0 K OJHOWMEHHOI BYJIKaHO-
TEeKTOHWYECKOM CTPYKType KosblieBoro tuna (CrpyxK-
koB, KoHcTtaHnTuHOB, 2005). MecTtopoxaeHue JTOKaJIu-
30BaHO B KUCJIBIX 3(dy3uBax aMIreHbCKOW CBUTHI,
MPEICTABIICHHBIX Ty(daMy PUOJUTOB M PUOJALIUTOB C
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JIMH3aMU TY(GOKOHIJIOMEPATOB C OOJBIINM KOJJE-
CTBOM I'py0OOOJIOMOYHOTO MUPOKIACTUIECKOTO MaTe-
puaia, a Takke ITHUMOPUTAMU PUOJIUTOB C PEIKUMU
MPOCJIOSIMU TIETIOBBIX TY(POB M JALUUTOB. ByakaHUTHI
MPOPBaHbI SKCTPY3USIMU, CYyOBYTKAHUYECKUMU TeJIAMU
U JaiiKkaMy aHOe3WuTOB, 0a3albTOB, MACCUBHBLIX U
GImoNITaNTbHBIX PUOJMTOB. [HapoTepMaabHO-METaco-
MaTU4YC€CKHNEC M3MEHCHMUS BMCIIAIOIIMX ITOPOO IMPEI-
CTaBJIEHBI TUAPOCTIOANCTO-KBAPLIEBBIMU METACOMA-
TUTAMU, PAa3BUBAIOIINUMMUCS BOJM3U PYIHBIX KW, U
30HaMU UHTEHCUBHON aprujuim3dalim U remMmaTutmn3a-
muu (Kolova et al., 2021).

PynHble Tena npeacTaBisioT co6oit COBOKYITHOCTb
MPOXXWIKOBBIX 00pa30oBaHUIi IMH30BUIHO MOpdoII0-
MU Y OPEOJIOB TMAPOCTIOANCTO-KBapLEBbIX N3MEHEe-
Huii. ZKuipHble MUHEpaJIbl: KBapll, aayssip, KapOOHarT.
PynHasi BKpalUIEeHHOCTb pacHpoCTpaHeHa HEpaBHO-
MEpHO — OT TOHKOI, paBHOMEPHOM, 10 criopaanye-
ckoit, rHe3noBoi. IIpennonaraercs, uro opmupoBa-
Hue pyd MectopoxaeHuss Koppuna npoucxonuio B 2
aTana: TIyTOHOTEHHO-BYJIKAHOT€HHbBIM W TUIepreH-
HbIi, B X0JIe¢ KOTOPbIX 00pa30BaIMCh OCHOBHbBIE TPO-
JNYKTUBHBbIE MUHEpaJIbHbIE acCOLMALMU: TUPUT-ap-
CeHOMUPUT-ChaIepUT-XaJIbKOMUPUTOBAs C CaMoO-
POIHBIM 30JI0TOM; TajleHUTOBass C CaMOPOJIHBIM
30JI0TOM, cepedpoM U Au—Ag cyibdhoceTeHUuIaMu;
JIMMOHUT-AHTIJIE3UTOBAS C aKAHTUTOM, XJIOpUIAMU U
opomuaamu cepedpa (Kolova et al., 2021).

bonee moapoOHO TeOJIOTMYECKOE CTPOCHME,
CTPYKTYPHO-TEKTOHUYECKAsI TO3ULUS, a TAKXKe MU-
HEpaJIoro-reOXMMUYECKNII COCTaB U OCOOEHHOCTU
dopMupoBaHus pya mectopoxaeHust Koppuna pac-
cMotpeHbl B paborax (CrpyxkoB, KOHCTaHTUHOB,
2005; BonkoB u ap., 2019; Kolova et al., 2021; bopt-
HUKOB U 1p., 2022).

Mecmopoxcoenue Ilenenseem

MecropoxneHue IlerneHBeeM BXOAWT B COCTaB
DpryBeeMcKOro pyaHOTro Yy3ja, TeppUTOPUATBLHO
COBITQJIAIOIIETO C OJHOUMEHHON BYJIKAHOTEKTOHU-
yeckoii genpeccueit (BT) u pacrmonoxenHoro B Bo-
crouHo-YykoTckoii ¢aanrosoii 3oHe OUYBII. Me-
CTOPOXJEHHE TPUYPOUYEHO K COWIEHEHUIO DpryBe-
eMcKoii u BaramkaiiBaaMCKOil KpPYIHBIX 30H
paziiomoB (Bosikos u ap., 2006). BMeramommmu 1mo-
polaMu SBJISIIOTCS] aHAE3UThl HBIPBAaKUHOTCKO TOJ-
11U, BUTPOKJIAaCTUYECKHUE TY(Hbl 1 UTHUMOPUTHI pUO-
nauuToB amreHbekoit Tomu (bensieBa u np., 2022).
I'maporepmaibHO-MeTacOMaTUUYECKHUE  M3MEHEHUS
MPOSIBJIEHbl BIOJIb Pa3JIOMOB CEBEPO-BOCTOYHOTO
MPOCTUPAHUS U TMPEACTaBICHbI CYJIb(PUIN3UPOBAH-
HbIMU OPONUJIUTAMU, KBapil-aayasp-CepULIUTOBBI-
MU MeTacoMaruTtamMu W aprwuimsuramu (bepmaH,
Hait6opoaun, 1967; Bacuimenko, 2003). B oceBbIX
yacTsax KBapl-aayiasap-CepUILIMTOBbIX MeTacoMaTU -
TOB PAacIlOJIOKEeHbl PYJOHOCHBIE amyJsip-KBaplie-
BBIC SKUJIbI.

Nel 2023
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PynHbIe Tena mpeacTaBiIeHbl COBOKYITHOCTBIO XKIJT
1 MPOXWJIKOB, 30HAMU APOOJICHUST U BKparJIeHHOM
MUHepanu3auuun. TeKCTyphl pyla IPeuMYIeCTBEHHO
OGpeKuYMeBbIe, MPOXKWIKOBEIE, ITPOXUIKOBO-BKpAaIl-
JICHHBIC ¥ MACCUBHBIC C (pparMeHTaMM KpyCcTHU(UKa-
LUOHHBIX.

PymootnoxkeHre OpOUCXOOWIIO B TPU CTaIUM:
CHayvaJia oTJjarajcs NUpuUT-apCeHONUPUTOBBIN TTapa-
IreHe3ucC, 3aTeM — IOJUCYIb(MUOHBII, Ha MO3THEN
CTaIuU — accoumanus cynbdocoeit u cyabpoceme-
HHUOOB cepedpa ¢ caMoponHbIM 30Ji0ToM (benseBa u
ap., 2022).

Haubomnee moiHBIE CBEOCHUS O T€OJOTUISCKOM
CTPOEHUM, CTPYKTYPHO-TEKTOHMYECKOI ITO3UIINU,
MUHEPaJIbHOM COCTaBe MOPOA U Py MECTOPOXICHUS
IlemenBeem mnpencraBieHBl B paborax (bepman,
1965; Bepman, Kazapunosa, 1968; bepman, Haii6o-
ponvH, 1967; babkuH u 1p., 1969; Bacunenko, 2003;
bensieBa u np., 2022; bopTtHuKoB u ap., 2022).

METOAbBI NCCIIEJOBAHHNA

B xone pa®boThl aBTOpaMU JeTaJIbHO UCCISI0BaHbI
Kojutekuuy 13 30 aHnungoB TUMMYHBIX 00pa3loB
pyd 3MOUTEpPMaJbHBIX MECTOPOXICHUI POroBux,
JlynHoe, JIxynberta (ydactok Tuxwuit), BajmyHucroe
(yuactok I'opusrriit), Koppuna u IlemenBeeM, a Takke
TSDKeJIbIe PPaKIINU TEXHOJOTUYECKUX MTPOO C yJacT-
ka Topnbiii (BanyHucroe), npemocTaBjieHHbIE HaM
P.I'. KpaBuosoii, H.E. CaBBoii u FO.A. KanuHuHBIM.
s X n3ydeHUs MCIIOJb30BaHbl METOIbI ONTUYE-
CKOI ¥ CKaHUPYIOLIEH 3JIEKTPOHHO MUKPOCKOIIUU.
XUMHUYECKUI COCTaB XaJIbKOT€HUIIOB 30JI0Ta U Ce-
pebpa 1 Ipyrux MUHEPAJIOB U3yUY€eH C UCTIOJIb30BaAHU -
em MIRA 3 LMU SEM (TESCAN Ltd.) B kKoMILJIeK-
ce ¢ cuctemoit MukpoaHanui3a INCA Energy 450+ Ha
0a3e BBICOKOUYBCTBUTEIHLHOIO KPEMHHEBOTO Ipeii-
¢oBoro aerekropa XMax-80 u WDS INCA Wave 500
(Oxford Instruments Ltd.) (IKIT M#HorosnemeHT-
HBIX 1 M30TOITHBIX nccaenoBanuit CO PAH, ananm-
ik K.I.-M.H. H.C. KapmanoB, M.B. XiecrtoB).
AHanmm3pl coCcTaBa MMHEPAJIOB BBINOJHSUIMCH IIPU
yckopsomeMm HamnpsokeHun 20 kB m Toke 1mydyka
2JIEKTpOHOB (probe current) 1.5 nA. Bpems Habopa
creKTpoB cocTaBisuio 15—20 cexkynn. Habop cnekrpa
OCYILIECTBJISICS B PEXXMME MaJIOTO pacTpa C pa3Mme-
poM TUIomany ckaHuposaHus oT 0.5 X 0.5 MKMm? Ha
MeJIKUX (pa3ax 1 1o 2 X 2 MKM? Ha 0oJjiee KPYITHBIX
dazax npu aedOKyCUMpOBAaHHOM MyYKe BJIEKTPOHOB,
YTO IIO3BOJIMJIO CHU3UTH BIMSHUE MUKpopeiabeda
oOpa3na Ha Ka4eCTBO aHa/lM3a HAa TOM MeCTe, Ife
MMPOM3BOAMJICSI HAOOp CHEKTpa, U YMEHBIIUTh Ie-
CTPYKTUBHOE BO3ICICTBHE JIEKTPOHHOIO ITy4Ka Ha
XaJIbKOTeHUIBI cepedpa, B CBSI3M C UX KpaliHell He-
YCTOMYMBOCTBIO.

B kaudecTBe 3TajJlOHOB MCIIOJIL30BaHbI: Ha Ag U
Au — yuctbele meTtaiibl; Ha S, Cu, Fe — CuFeS,; Se,
Pb — PbSe; Zn — ZnS. Bo u3bexanue perucrpaiuu

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

(G OHOBBIX KOJIMYECTB 3JEMEHTOB, COIEPKAIIIMXCS B
OKpyXarommx ¢as3ax, OBIIM IIPOaHAIM3NPOBAHBI
3epHa pa3MepoM OOJIbIlle 5 MUKPOH, IIPU 3TOM IIpe-
JIeJIbl OOHApYXXEHUS 2JIEMEHTOB B aHAJIM3€ JOCTUTa-
IOT ACCITBIX Hoiei mpoueHTa. I[lorpemHocTs ompe-
JIeJIeHUsI OCHOBHBIX KOMITOHEeHTOB (>10—15 mac. %)
OOBIYHO He TIpeBbIiaeT 1 oTH. %, KOMIIOHEHTOB C
KoHUeHTpauussmu 1—10 mac. % — B auamna3oHe 2—
6 otH. %. I1pu KOHLIEHTpALUSIX BOIM3M Mpeaesia oOHa-
PYKEHUSI TTOrPELIHOCTh MOKET focturath 20 oTH. %.

XapakTepu3ysi COCTaB CAMOPOIHOIO 30JI0Ta (Au —
Au, sAg, 5) U cepedpa (Ag — Ag, sAuy 5), aBTOPbI ITPU-
JIepXKUBaJIUCh TSPMUHOJIOIMM, UCIIONIb3yeMOil B pa-
Hee OMmyOJMKOBAaHHBIX paboTax: “BBICOKONMPOOHOE
30510T0” — mpo6HOCTh 1000—700%0; “ameKTpym” —
700—250%0, “xrocrerut” — 250—100%0, “camopo-
Hoe cepebpo” — 0—100%o0 (Boyle, 1979). ®opmybl
cynb(oceIeHUI0B cepedpa MpUBEIEHBI C pacyeTOM
Ha (S + Se) = 1, popMyJIpl METPOBCKaNTa, IOTeHOOTa-
apATUTa U KepBeJUIeuTa PacCUMTaHbl Ha O0Iee KO-
JINYECTBO aTOMOB (3 — Ig meTpoBcKanTa, 6 — 1Is
JOTeHOOTaapaATUTa U KEPBEJJICUTA).

ITo metony P.M. I'appenca u U.JI. Kpaiicta (1968)
paccuyuTaHbl MUHEpAJIbHbIE PABHOBECHUS U ITOCTPOEC-
HbI AuarpaMmbl B KoopauHatax 1gfS,—T7, 1gfSe—T,
lgfO,—T, 1gfO,—pH, 1g/S,—1gfSe, u 1gfS,—1gf0O,
(st uaTepBana temmepatyp 100—350°C u gaBineHuMit
1—-300 6ap). CBoboaHbie sHepruu [mooca (Gy), uc-
MOJIb30BaHHBIE MIPU pacyeTaX YpaBHECHUI peakiInid,
OBLITU B3SIThI U3 pa3IMYHBIX 043 JaHHBIX: IS CYJIb(OU-
moB xemeda — Thermodem (https://thermod-
dem.brgm.fr), mis CIOXHBIX CyIb(GUIOB M OKCHUIOB
cBMHIIA, Meau 1 Kene3a — sprons07.DB (Helgeson et
al., 1978), nns cynbdaToB cBUHIIA U cepedpa — S Yo-
kokawa.DB (Yokokawa, 1988). TepmonuHamuueckue
pacyeThbl BBIMOJTHEHbI C yUYeTOM 00pa3zoBaHusi Au—Ag
TBepaoro pactBopa (ITaxessHoBa, 2008), a3 akaHTH-
TOBOI'O 1 HAyMaHHUTOBOTO TBePAbIX pacTBopoB (Pal-
yanova et al., 2014), Au—Ag CIOXHBIX CyJIbGUIOB
(Eumaena, Ocanuuii, 2009). CtaHmapTHbIE TEPMOIM -
HaMUYECKUe XapaKTePUCTUKU JJIs1 Ta30B M YaCTUIl B
pactBope cucteMbl Ag—S—Se—H,0 Ob111 uconb3o-
BaHbl U3 (HaymoB u ap., 1971). B Ttabnumax 2 u 3
MpeacTaBlieHbl OCHOBHBIE XMMUUYECKHUE peakKluu,
KOHCTaHThl paBHOBeCUM U (OpMYyJbl IJIs pacuera
(GYrUTUBHOCTEM Cephl, celieHa, KUCIopoaa, KOTOphIe
OBLIM MCITOJIb30BAaHBI MPU TTOCTPOSCHUM AUarpaMM.
ITonpoGHOE omrcaHne METOOUKH OLIEHKM ITapaMeT-
POB py1000pa3oBaHus OMYyOJIMKOBAHO HAMU B pabo-
tax (XKypaskosa u ap., 2015, 2019; I1anpssHOBa 1 Ap.,
2016; Kolova et al., 2021; bensieBa u ap., 2022; Bens-
eBa, 2022).
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MMWHEPAJIbHBIE ACCOIMALIMN
XAJIBKOTEHNUJ1OB CEPEBPA

Mecmopoxucoenue Pocosuk

XanpKoreHuapl cepedpa B M3y4EeHHBIX HAaMU 00-
pasliax 30JI0TO-CepeOpPO-TOTUMETALUIMYECKUX PYI
BCTpeUeHBbI B KBapli-MOJEBOIINMAaTOBOM MeTacOMaTH-
Te C BKpalJIeHHMKaMU MUPUTA 1 B XUJIbHOM KBaplle.
B accomanmsx ¢ HUMM Takke yCTaHOBJIEHbI XaJIbKO-
MUPUT, TaJIeHUT, cdajeput, cyabdocoau cepedpa
(crepbaHuT, aprUPOOUT, TUPAPTUPUT), UMUTEPUT U
Au—Ag amanbpramsol.

st cynbdoceneHnIoB cepedpa Ha OCHOBE MUHE-
paIbHBIX accoliMaluii, B KOTOPbIX OHU BCTPEYaloTCs,
U XMMUYECKOTO COCTaBa BbIAEJIEHO HECKOIBKO TeHe-
pannii. AKaHTUT-1 1 HaymanHWUT-I BCcTpedaroTcs B
accolMalliu ¢ MMPUTOM, XaJIbKOITUPUTOM, cajiepu-
TOoM U rajieHuToM. CynbdoceneHuns cepedpa I reHe-
pauuu HauboJjiee YacTo oO0pa3yloT OTASIbHBIE MUK-
POBKJIIOYEHUST pazMepoM 2—8 MKM (B HEKOTOPBIX
ciydasix 10 20 MKM) BO BHYTPEHHMX 30HaX KpUCTaJ-
JioB nupuTa (pur. 2a). B akaHTute-1 orMeueHbI TpU-
mecu Se (12.6—15.3 mac. %), penxo Te (mo 0.6 mac. %),
B HaymaHHure-1 — pumecu S (0.7—2.9 mac. %) u Te
(mo 1.4 Mac. %), 9TO COOTBETCTBYET (DOPMYITHLHBIM CO-
craBaM  Ag ;S 535€0.46 T€0.01—A822250.405€0.60 u
Ag)115€0.9350.07— AL, 155€( 735 27 COOTBETCTBEHHO. Ha-
ymaHHUT-1 (¢ mpumecssmu S 1.8 Mac. %) B accorma-
WU C TaJEHUTOM, XJIbKOIIMPUTOM U cdajepuToM
BCTpevaeTcsl Mo nepudepun KpucTauioB MUpUTa U
MHOT/1A 3aM0JIHSIET TPELIMHbBI U TPOCTPAHCTBO MEXITY
pa3apoO6JeHHBIMUA UHAMBUAAMMU.

HaymannawuTt-11 TecHO cBsI3aH ¢ cepeOpo-Cyiabdo-
coJbHOI accoumanmeii. Hanbomnee yacto oH oGpasyer
cpactaHus co cTepaHUTOM, apTUPOIUTOM U IMUPAPTU-
puroM, MHorma ¢ Hg-comepskallium KIOCTEJTUTOM, Ca-
MOpPOIHBIM cepebpom, umuteputom (Ag,HgS,). Cos-
MECTHO C Se-comepxKallluM CcTe()aHUTOM CEJICHU, Ce-
pebpa TIpUCYTCTBYeT B apTUPOAUTE B BUIC
VIJIMHEHHBIX MUKPOBKIIIOYEHUI pa3mMepom oT 1-—2
no 10 mxm. B Haymannute-II oTMedeHBI TIpuMecH
cepsnl 10 0.33 mac. %. B cocrase cynbdocoreit cepes-
pa TaHHOM acCoUMallMM YCTAaHOBJIEHBI TTOCTOSTHHBIC
colep:KaHus cejieHa: B cteanute — 3.9 mac. %, nu-
paprupute — 0.4 mac. %, apruponute — 4.8 mac. %.

AxaHTuT-II 0oOpasyer KailMbl 3aMellIeHUsT IO
cylb(ocereHngaM cepebpa HayMaHHUTOBOIO psiaa
(¢ur. 26), IMpUTy, XaJbKOIIUPUTY U CYIb(POCOIISIM
cepeOpa WIM BBHIIOJHSET TPEIIUHKA W IIPOXKWIKHA B
PYIHBIX MUHEpajlaX, HaXOMSAIINXCS B KBapI-MyCKO-
BUT-KaJIMIIIIAaTOBOM arperare. B psme ciryyaeB akaH-
tuT-11 coBMecTHO ¢ As-comepxXaluMm Moan0a3uTOM
o0Opa3yeT TOHKHWE CMEeCH WU OKPYXKEH KaiiMaMU 10-
ciemHero. B akanture-1I orMedyeHsl Majbie comep-
>KaHud cesneHa (1o 1.2 mac. %).
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Mecmopoxcoenue Jlynnoe

B pynHbIX 00pa3iax ycTaHOBJIEHBI IIMPUT, cchae-
DUT, XaJIbKOMIUPUT, TAJIEHUT U MUHEpaJIbl cepedpa, a
WMEHHO XaJIbKOT€HUIbI U CYJIb(POCoIU (AKaHTUT, Ha-
YMaHHUT, KEPBEJJIEUT, CTE(PaHUT) U CAMOPOIHOE Ce-
pebpo.

Hns cynbpuma cepebpa MOXHO BBIACIUTH He-
CKOJBKO TeHepauuii. AKaHTUT-I coBMeCTHO ¢ Kep-
BEJUIEMTOM HAaXOIUTCS B BUAE BKIIIOUSHUIA (10 15 MKM)
B Mn-Fe-conepxaiieMm chanepure ¢ SMYJIbCUOHHOM
BKpAaIUICHHOCTBIO XaJbpKormputa (dur. 28B). 3epHa
canepruta UMEIOT 30HAJILHOE CTPOEHNeE: B KpaeBoii
30HE MPUCYTCTBYIOT MUKPOHHbIE BKJIIOUEHUSI MUHE-
pajioB Ag, COCTaB KOTOPbIX TOUHO OTNpEeNeSIUTh He
ynajgock. B cocraBe cynbduma cepedpa mpucyTCTBY-
ot ipuMecu Cu (1.4 mac. %) u Se (0.5 mac. %), 4dro
cooTBeTcTBYET hopmyiie Ag, ;Cuy 650 .055€0 02- B Kep-
BeJUIeuTe ycTaHoBaeHbI mpuMmecu Cu (3.9 mac. %) u
Zn (3.4 mac. %). Akautut-11 coBMecTHO ¢ HayMaH-
HUTOM B €IMHUYHBIX CJIydyasX BCTpeyaloTcsl B BUIE
MHoTro(da3HbIX BKIOYeHUH (pazmepoM a0 120 MKMm) B
MUPMEKUTOIIOJOOHBIX CTPYKTYypax NMUpUTa U camo-
ponHoro cepebpa (dur. 2r). ITomoOGHBIE cpacTaHUSI
CBUIETEIBCTBYIOT 00 OMHOBPEMEHHOM O0Opa30BaHUM
MUHEPAJIOB, BXOASIIMX B UX COCTaB. B HayMaHHUTe
omnpezeaeHbl coaepxaHus cepol (1o 2.6 mac. %), B
akaature — Se (17.3 mac. %), 94TO COOTBETCTBYET
bopmynaM Ag; 35€.74S026 U Agy1S0375€0,63. AKaH-
TUT-111 BBIMOJHSET TIPOXMIKA W WHTSPCTUIINU B
CpacTaHUsIX C XaJlbKOMUPUTOM, cpagepuToM, raje-
HUTOM B XWJIBHOM KBaplie 1 obpa3yeT KaiiMbl 3aMe-
IIEHUsI TI0 CAMOPOJHOMY Cepedpy B accollMalluu C
XaJIbKOITMPUTOM B KBapll-pOJOHUTOBOM arperarte. B
coctaBe akanTuta-111 o6HapyxeHs! Se (0—2.9 mac. %),
Cu (0—0.9 mac. %) u Zn (0—0.8 mac. %).

HaymMaHHUT mOMUMO cpacTaHuil ¢ akaHTUTOM-I1,
OMNMCAHHBIX BBIIIE, COBMECTHO C XaJIbKOIHMPUTOM,
rajJJEeHUTOM, cTedbaHUTOM U akaHTUToM-III ycraHoOB-
JIEH B MPOXXMJIKAX M KPAEBBIX YACTIX KCEHOMOP(HBIX
3epeH camopomHoro cepedbpa. ConepkaHUsI cepbl B
COCTaBe HayMaHHHUTA BapbUPYIOT B nuamna3oHe ot 0.5
go 1.7 mac. %, 4YTO COOTBETCTBYEeT (opMyiaM
Ag;25€08350.17~A21S€0965004- B xampkomupure
YCTaHOBJIEHBI IIpUMecHU cepebpa 1o 2.0 mac. %, B ra-
JIeHuTe — ceJjieHa 1o 1.7 mac. %.

Mecmopoxucoenue Icyrvemma (yuacmorx Tuxuii)

OO6pas3upl pyd B3sTHL B BEPXHE 4aCTU BYJIKAHOKY-
TIOJILHOM CTPYKTYpHI ydacTtka Tuxuii. Tomnma BMena-
IOIIMX BYJKaHUYECKMX TOPOJ TpeTepriesa MeTaco-
MaTU4YeCKHe U3MEHEHMS 1 IIpeAcTaBlieHa KaOJIMHUT-
KBapII-TUAPOCTIOANCTBIMU METaCcOMaTUTaMU. Xajlb-
KOreHuAbl Au U Ag B pylax NPeACTaBI€Hbl HayMaH-
HUTOM, aKaHTUTOM, IOTEHOOraapaTUTOM, METPOB-
CKauToM M neTuutoM. HaymMmaHHUT 0OBIYHO BCTpeya-
eTcsl B cpacTaHusXx ¢ cyiabdugamu Pb, Zn, Cu u
cynbpoconaMu Ag (IIpeuMyIIeCTBEHHO ¢ Se-coaep-
XalymMm cTe(aHUTOM), PeXKe B BUIE OTAEIbHBIX 3e-
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®ur. 2. B3aMOOTHOLIEHUST 1 MUHEPaJIbHBIE aCCOLIMALIMY XaJIbKOT€eHUIOB cepebpa MecTopoxaeHuit Porosuk (a, 6), JIyHHoe
(B, 1), JIxxynberTa (O, €): a — 30HAJIbHbIA KOPPOAUPOBAHHbII KPUCTAJLI MTUPUTA C BKIIOUCHUSIMU aKaHTUTa-1, HaymaHnHuTa-1,
rajieHuTa u chagepura, odbpacTamlmii Mo nepudepu HayMaHHUTOM-1, TaJIeHUTOM, XaJIbKOITMPUTOM W HAXOASIIUKCS B
KBapl-1oJieBolnaToBomM Marpukce (Porosuk); 6 — cpacraHue HayMaHHUTA-| C raJIeHUTOM, XaJIbKOITMPUTOM U ITMPUTOM, 00-
pacTatoiiee akaHTUTOM-11 1 moaM6GasuToM, B KBapli-KaauIlNaT-MyCKOBUTOBOM arperate (PoroBuk); B — BKIIIOUeHMST Ag-CO-
nepKaimx MuHepaioB B chanepute (JIyHHOE); T — BKITIOUeHUE CYJIH(DOCETEHUIOB cepedpa C TaJIEeHUTOM B CAMOPOIHOM ceped-
pe (JlyHHOe); 1 — cpacTaHue akaHTUTa-1, ppeitbepruta, oTeHOOraapaTuTa, canepura B As-nupute (JxyibeTTra); € — 3aMe-
IIeHUEe HayMaHHUTA U raJeHUTa TOHKO3EPHUCTOM CMEChIO aKaHTUTa U IuiarTHepuTa (JXynberTa). a—B, 1, ¢ — COM dorto (B
00paTHO-paCCesTHHBIX DJIEKTPOHAX), T — oNTUYecKoe (hoTo (B OTpaXkeHHOM CBETE).

peH B kBaple. HaymMmaHHUT coBMeCTHO co canepu-  cepbl Bapbupyet ot 0.2 10 3.1 mac. %, nHorma oH coaep-
TOM, TaJIeHUTOM 1 (PPeiibepriuToM YCTAHOBIIEH B KpyIl-  KUT IipuMecy Tejutypa 1.4—2.1 mac. %.

HBIX TPELIMHAX Y OKPYIVIBbIX KaBepHax (1o 100—150 Mxm) AKaHTUT TEPBOI TeHepali COBMECTHO C TaJle-
MBIIIBSIKOBHCTOTO TMpHUTa. B HAayMaHHWTE KOTMYECTBO ~ HUTOM BCTPEUYAETCS BO BKIIOUSHUSIX OKPYTIIOit (hop-
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Mbl B MBIIILSIKOBUCTOM MUPUTE, a TakKxke oOpasyer
cpactaHus ¢ Ag-coaepxaleii OJeKIoN pymoid
(bpeitbeprurom), chaaepuTomM, IOTEHOOTAAPATUTOM
(¢pur. 2m), pexe ¢ ceneHonoambasutom. CocTas
akaHTuTa-1 xapakTepusyeTcs Haluuyuem Mpumeceit
ceneHa (8.2—11.1 mac. %). Akantut-l11 aBiasiercst 60-
Jiee TO3JHUM U TSATOTEeT K KPaeBbIM YacTsIM 3€peH
MUPUTA, BBITIOJHSIET TPELIMHBI U TIPOXUIKU B HEM,
COBMECTHO c TiaTTHepuToM (PbO,) hopmupyeT kaii-
Mbl 3aMelIeHUs] IO HayMaHHUTY U TaJleHUTY
(dur. 2e). B ero cocraBe ycTaHOBJEHBI MHPUMECU
nuHka (1o 1.4 mac. %), ceunua (~2 mac. %) v ceneHa
(mo 2.4 mac. %).

Au—Ag cy1b@duIbl COBMECTHO C TaJICHUTOM B BUZIC
OKPYIJIBIX BKJIIOYEHUI pacmojiarailoTcsi Ha TpaHUIIe
30H MBIIILIKOBUCTOIO M 0€3MBIIIbSIKOBUCTOTO IH-
puta. CocTaBbl I0TEeHOOTaapaATUTa U TMETPOBCKaWTa
OTKJIOHSIIOTCSI OT MACAJIbHOM CTEXMOMETPUM, U B HUX
OTMeUeHa MOCTOsSIHHAsI TIPUMECH CeJieHa: B I0TEeHOO0-
raapatute 0.8—2 mac. %, B merpoBckaute 2.2—
2.3 mac. % (tabm. 5)

IMetuut (Ag;AuTe,), TOBOJBHO peaKUIl MUHEPA
B MCCJIEIYEMbBIX pyJax, BCTpEYaeTCs B aCCOLUALIMU C
CaMOPOJHBIM 30JI0TOM. 3€pHa MEeTLUTAa Pa3MEPOM JI0
5 MKM YCTaHOBJIEHbI B KPaeBbIX YaCTSIX KCEHOMOP(h-
HBIX 3€peH B3JIeKTpyMa U TajJileHWTa Ha KOHTakKTe C
kBapiieM. [IpyMecu B NeTUUTE HE YCTAaHOBJIEHbBI, U
OH OJIN30K K UIEaTbHOMY COCTaBY.

Mecmoposcoenue Baaynucmoe (yuacmox lopHotii)

XanbkoreHuabl Au u Ag npeacTaBieHBl aKaHTU-
TOM, HayMaHHUTOM, IOTEHOOraapaTHUTOM, IT€TPOB-
CKaWTOM, KEpBEJIEUTOM. XaJlbKOTeHUABl Au U Ag
COBMECTHO C CAaMOPOIHBIM 30JI0TOM 00pa3yloT TOH-
KOBKpAaIUICHHBIE CKOIUICHMS B TIpeieax KBapil-aay-
JISIp-CyNbGUOHBIX XWI U arperatoB ¢ IpU3HAKaMU
METaKOJUIOUIHBIX TeKCTyp. HeobxomumMo oTMETHTh
KpaifHIOIO CTEeIIeHh HEpaBHOMEPHOCTU pacripeaeiie-
HUSI MUHEPaJIOB 0JIarOPOAHBIX METAJJIOB B Mpeeiax
aIyJIsip-KBapleBbIX XII.

KepBenneur coBMECTHO C raJeHUTOM OOpasyloT
OKPYIJIbIe MUKPOBKIIIOUEHMS (10 2 MKM) B iepudepu-
YeCcKOM 30He pocTa KpucTauioB niupurta (dur. 3a). B
COCTaBe KepBeJlJIeuTa MPUCYTCTBYET MPUMECH CeJieHa
0.79 mac. %, conep>kaHUsI CEPBI ¥ TEJUTypa B HEM TIpe-
BBIIIAIOT CTEXUOMETPUUECKUE — Ags 33T€ 445 175€ o6-

JI1 akaHTHUTa Ha OCHOBE aHa/l3a B3aMMOOTHO-
MIeHWI ¢ IPYTMMU PYTHBIMM MHWHEpaJlaMH MOXKHO
BBIIEIUTh 2 TeHepauuu. AKaHTUT-1 ¢ 3JeKTpyMoM
00pa3yioT BKIIIOYEHUS pa3MepoM oT 2—3 10 15 MKM B
30HAJIBPHOM ITMPUTE WM CPacTaHUsS C CyabduiaamMu
Pb, Zn, Cu, nuputoM, CaMOpPOIHBIM 30JI0TOM WJIU
HayMaHHUTOM. B akanTuTe-1 mpucyTCcTBYIOT IpUMe-
cu Se ot 1.6 1o 7.1 mac. %, B HayMaHHUTE — IPUMECU
S mo 2.1 mac. %. Akanrtur-I1 gBnsgercs GoJjiee MMO31-
HHMM 1 COBMECTHO C I0TeHOOTraapATUTOM, IIETPOBCKA-
UTOM, CyJIbPUIaAMUA MEIN I aHTJIEC3UTOM BCTpeda-
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eTCS B BUJZIE KaliM U MPOXWIKOB B PyOIHBIX MIHEpa-
gdax (pur. 30), a TakxKe o0OpaszyeT CTPYKTYpHI
3aMelleHus 110 cyibdoceneHuIaM cepedpa, caMo-
POITHOMY 30JIOTY MJI CAMOPOIHOMY cepeopy. Au—Ag
cynb(UIsl Hanbdoee 4acTo (popMHUPYIOT KalMBI, T10-
PpUCTBIE IUIEHKU WJIN APY3bl TOHKOUTOJIbYATHIX KPU-
CTaJUIOB HAa TMOBEPXHOCTH CAMOPOMHOTO 30JI0Ta,
NPOOHOCTh KOTOPOTO BapbUpyeT B Auamna3zoHe 515—
610%0. CoctaB Au—Ag cyIb(pUIOB XapaKTepU3yeTcs
M30BITKOM S ¥ IMIUPOKUMU BapuanusaMu Au n Ag; B
MUHepaJibHOM (a3e, OJM3KOIM K I0TeHOOraapAaTHUTY,
YCTaHOBJIEHBI ITpuMecHu Se 10 3.6 mac. %, B aKaHTU-
te-11 — mo 3.7 mac. % (tabu. 5).

Mecmopoxcoenue Koppuda

B pynax mectopoxnenust Koppuna ycraHOBIEHBI
clleyollne XaIbKOTeHUIbl cepedpa: akaHTUT, Hay-
MaHHUT, loTeHOboraapaTuT-duinecceput. OCHOBHas
4acTb 3TUX MUHEPAJIOB COBMECTHO C KJIAayCTaJIUTOM
(PbSe), aprupoguToM, aHIOPUTOM, CYJIb(POCOIIMU
cepedpa M CaMOPOIHBIM 30JI0TOM BCTPEUYarOTCs B BU-
JIe CyOMUKPOCKOMUUECKOI BKPAaIUIECHHOCTH B XaJllle-
JTIOHOBUIHOM KBaplle.

HaymMaHHUT ycTaHOBJIEH B acCoOLIMAIlUM cO casie-
putoMm, credpanuToM (pur. 3B), apCEeHOIIMPUTOM,
KJIayCTaJUTOM, aHIOPUTOM, CAMOPOIHBIM 30JI0TOM U
COIEPKUT IMPUMeECH cephl 10 3 Mac. %. J1isa akanTtura
MOXHO BBIIEIUTH 2 TeHepaluu. AKaHTUT-1 BcTpeua-
eTCSI B XaJILIEMIOHOBMIHOM KBaplie B acCOLMALIM C
HayMaHHUTOM, TeTpasapuTtom (cdwur. 3r), camopon-
HBIM 30JIOTOM, aprUpOAUTOM, I0TeHOOTraapaATUT-(hu-
meccepuroM. CocrtaB akaHTHTa-I OTKIIOHSIETCS OT
CTeXHOMETPUH, YaCTO TPUCYTCTBYET MIPUMECH ceJie-
Ha ot 1.3 go 15.7 mac. %, nHoraa mpyuMecHu xkejue3a (1o
3 mac. %) n umHKa (1o 6 Mac. %). Akantut-11 okaiim-
JISIeT arperatbl rajeHWUTa, a TakxXKe pa3BUBAETCs IT10
€r0 CITAMHOCTMU.

Mecmopoxucoenue Ilenenseem

B pymax mecropoxnenus IlermrenBeeM Hamboliee
IIUPOKO pachpoCTpaHEHbl CyJabPocoan cepedpa
(MUpaprupur, cTedaHuT, IPyCTUT, MUHEPAIbl ITUP-
CEUT-MNOJIM0a3UTOBOIO Psifa), a CyIb(MOCeICHUIBI Ce-
pebpa peaku. AKaHTUT oOpa3yeT cpacTaHUsI C caMO-
POIHBIM 3010TOM ((uUr. 31), a TAaKKE KaiiMbl 1 IIPO-
KUJIKYA 10 paHee 0O0pa3oBaHHBIM MHUHEpajaM, B €ro
cocraBe oO0Hapy:xkeHbl TpuMecHu Fe (1o 0.5 mac. %) u
As (mo 0.6 mac. %), 4TO, BEepOSITHO, CBSI3aHO C TIPH-
CYTCTBUEM MUKPOBKIIIOUCHUI OPYTUX CYIb(PUIOB.
HaymMaHHUT BCTpeueH B cpacTaHUM C Se-coaepxKa-
UM IIMPCEUTOM B MNepU@EpPUIECKON 4YacTU KpHU-
crayuia mupuTta. Ilo MuHepanam cepedbpa pa3BrUBaeT-
Csl TOHKO3EPHUCTasl CMECh CJIO(KHOTO COCTaBa, CO-
nepxamiast Ag, Cu, Fe, S, Asu O (¢wur. 3e). B cocrase
ceJieHuIa cepebpa NpUCyTCTBYET cepa a0 3.5 mac. %.
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Ta6mma 4. CoctaB cynbdocelIeHUIOB cepebpa B pyaax UCCIeTyeMbIX MeCTOpoXKaeHUit (Mac. %)

MuHepain Ag Cu Zn S Se Te z ®dopmyna
MecTtopoxaeHue Poropuk

AxkanTUT-1 78.41 - — 6.49 13.64 0.59 99.13 | Agy.9150.535¢€0.46 €001
74.94 - - 4.96 17.60 0.57 98.07 | Ag.8250.415¢€0.58T€0.01
77.83 — — 4.21 15.27 — 97.31 | A2250.405€0.60

Axanrut-11 82.41 — — 9.11 7.45 — 98.97 | Ag2.0250.755€0.25
81.27 — — 13.43 3.97 — 98.67 | Ag.61S0.895€0.11
82.94 — — 13.48 2.71 - 99.13 | Ag1.6950.925€0.08
84.08 - - 12.40 - - 96.48 | Agy01S

Haymanunt-1 73.53 - - 1.44 | 21.88 1.39 | 98.24 |Ag)055€08350.14T€0.03
77.05 — — 2.90 19.19 — 99.14 | Ag)155¢€0.7350.27
74.09 — - 0.71 23.99 — 98.79 | Agy.115€0.9350.07
74.57 - — 2.51 20.50 0.74 | 98.32 |Ag;015€076S0.23 €001

Haymanuut-11 73.57 - - 1.50 23.82 - 98.89 | Ag.965€0.3750.13
73.03 - - - 25.30 - 98.33 |AgyiSe
74.11 — — 0.49 | 24.96 - 99.56 | Ag2.075€0.9550.05
74.66 — — 2.58 | 23.09 - 100.33 | Ag; 365€0.7850.22

Mectopoxnenne JIyHHOe

AxkaHTHT-] 84.04 1.29 - 14.02 0.83 - 100.18 | Ag; 74Cug 04S0.955€0 0
83.80 1.46 - 11.81 0.45 — 97.52 | Agy,1Cuy0650.985€0.02

Axantut-II 78.31 - - 4.03 17.30 — 99.64 | Ag,1S0.375€0.63
80.33 - — 4.30 17.40 - 102.03 | Ag,150.335¢€0.62

AxanTur-111 80.66 0.85 2.80 14.29 1.09 — 99.69 | Ag.6:Cug 03Zn0,09S0.975¢€0.03
81.08 — - 13.96 2.86 — 97.90 | Ag1.5950.925€0.08
83.56 - — 14.55 — — 98.11 |Ag;7S

HaymaHHUT 77.13 - - 2.58 18.08 - 97.79 | Ag.315¢€0.7450.26
75.85 - - 0.45 | 25.30 - 101.60 | Ag5.105€0.9650.04
76.20 - — 1.72 | 20.90 — 98.82 | Ag)2:5¢€0.3350.17

Mectopoxnenue Jxynberra (yu. Tuxuit

AxaHTurt -1 81.02 — — 9.33 7.43 — 97.78 | Ag1.9550.765€0.24
81.37 — - 10.42 7.51 - 99.30 | Agi.8050.775€0.23

AxaHTut-11 80.16 - — 7.13 14.56 - 101.85 | Ag;33S0.555€0.45
81.65 — — 7.78 10.58 — 100.01 | Ag, 0:S0.645€0 36
79.51 — - 10.06 8.23 - 97.80 | Ag).7650.755€0.25

Axantut-I11 82.96 - - 13.24 0.98 — 97.18 | Agi.81S0.975€0.03
82.90 — — 14.38 — - 97.28 |Ag; 7S
80.97 - - 13.65 2.37 - 100.28 | Agj.6550.935€0.07

HaymaHHUT 72.42 - - 0.24 24.13 2.01 98.80 | Ag5045€0.9350.02T€0.05
78.05 — - 3.1 18.12 - 99.28 | Ag,:5¢€070S0.30
75.21 - - 0.99 24.14 - 100.34 | Ag;.075€.9150.09

TEOJIOTUSA PYOHBIX MECTOPOXIEHU
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Ta6mma 4. OkoHUaHUE

MuHepain Ag Cu Zn S Se Te z dopmyna
Mectopoxnenue Banynucroe (y4. ['opHBIit)
AxanTut-1 81.24 - - 9.99 7.12 - 98.35 | Ag8750.785¢€0.2
80.12 — - 13.16 4.97 — 98.25 | Ag)5750.875€0.13
84.11 - - 13.53 2.36 - 100.00 | Agy.7350.935¢€0.07
AkanTut-11 86.64 - - 12.23 - - 98.87 |Agy 1S
84.32 — — 11.55 3.71 — 99.58 | Ag1.9,5¢.885¢€0.12
85.13 — - 12.09 2.73 — 99.95 | Ag;.9250.925€0.08
HayMmaHHUT 75.18 — - 1.95 20.39 - 97.52 | Ag;155€9.8150.19
78.04 - - 2.06 21.72 - 101.82 | Ag;.135¢€0.3150.19
Mecropoxnenue Koppuma
AKaHTHUT 78.06 - - 6.21 15.73 - 100.00 | Ag;34S0.505€0.50
85.54 - - 10.90 3.56 - 100.00 | Ag,0650.885¢0.12
87.41 - — 11.32 1.27 - 100.00 | Ag.20S0.965€0.04
HaymaHHuT 72.76 — — — 27.24 — 100.00 |Ag; eS¢
77.75 - - 2.98 | 19.26 - 99.99 | Ag2.135€0.7250.28
Mectopoxnenue [lerrenBeeMm
AxaHTUT 87.61 — - 12.05 — — 99.66 |Ag,S
86.53 — — 12.02 - — 98.55 |Ag,S
HayMmaHHUT 76.61 - - 3.47 18.88 - 98.96 | Ag.995¢€0.7050.30
IMpumevanue: “—” conepkaHUe SJIEMEHTOB HIDKE TIpe/ieia 0OHapyKeHUSI.
XUMMHNYECKHU COCTAB orpeesIeHbl MTPUMECH TeJUTypa: aKaHTUT COIEPXKUT IO

XAJIBKOTEHNUJ1OB CEPEBPA

PesynbTaThl MpOBENEHHBIX MCCAEIOBAHUM BbI-
SIBUJIM 1IIUPOKYE UHTEPBAIbI COCTABOB Cyibdocee-
HUOOB cepedpa (dur. 4, Tadi. 4). Hanbosee BeicoKue
KOHILIEHTpAlIMU cepbl B HAyMaHHUTE YCTaHOBJIEHbBI B
pymax MectopoxneHuit Koppuma (2.98 mac. %),
Hxxynberra (3.1 mac. %) u [lertenBeeM (3.47 mac. %),
YTO COOTBETCTBYET COCTaBY, OIU3KOMY K Ag,Se; 7S 3.
MakcuMaibHble KOHIIEHTpallUuU cejieHa B aKaHTUTe
ornpeneseHbl B pydax MecTopoxaeHuit PoroBuk u
JlyaHoe 1 He npeBbImaioT 17.4—17.6 Mac. %, 9To co-
OTBETCTBYET coCTaBy Ag,S, 45¢,¢. Hamboiee mmpo-
KUM JIMAala30HOM COCTaBa XapaKTepU3YIOTCS CYyJib-
docenmeHunpl cepedbpa MecTtopoxaeHuit PorosBuk
(Ag,S—Ag)2S0.405€060 M Agy155€0735027—Ag,Se),
HxynberTa (Ag,S—Ag) 83S0.555€0.45 U AL)215€0.70S0.30—
Ag).085€0.9450.02T€0.04) 4 Koppuna (Ag,S—
Ag18450505€050 1 Ag145€0725025—Ag,Se). Cienyer
OTMETHUTb, YTO COCTAB aKaHTUTa O6e3 Mpumeceii cese-
Ha 4acTO XapaKTEepU3YeTCs OTKIOHEHUEM B CTEXWO-
METPHU B CTOPOHY YBEJIMUEHMS CONEpKaHUs cepedpa,
YTO CBS3aHO C €ro0 HEYCTOMYMBOCTBIO TOJ 3JIEKTPOH-
HBIM ITyYKOM 1ipu aHaim3e. [ToMmrmo n3oMopdHBIX ce-
PBI M celieHa B COCTaBe CYnb(OoceleHUIoB cepebdpa
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0.6 mac. % (MecTopoxneHre PoroBnuk), HayMaHHUT —
mo 1.4 mac. % (MecropoxmeHue PoroBuk) u mo
2.1 Mmac. % (MecTopoxneHue JIKymbeTTa).

Au—Ag cynbduIbl YCTAaHOBJICHBI B pyJaX MECTO-
poxneHuit JIxynberta, Banynucroe, Koppuna. Oc-
HOBHOIT TIpUMechio B Au—Ag cymbduIax MECTOPOXK-
neHust JKyJbeTTa sSIBJsieTcsl CeJieH: B IoTeHOoraap/-
TUTE YCTAaHOBJIEHHI ero comepxkanus 0.8—2.0 mac. %,
a B meTpoBcKaute — 10 2.3 mac. %. Ha mectopoxne-
HuUu BanayHuctoe B cocraBe MUHEpaJibHOU asbl,
O0IM3KOM K I0TEHOOraapaTUTy, TakKXKe yCTAaHOBJIEHBI
npuMecu Se (1o 3.6 mac. %) (taou. 5).

KepBemrent BcTpedaeTcs B oOpasmax ¢ yJacTkKa
TopHriit (MecTopoxnenue BanyHucroe) (KypaBko-
Ba u Ap., 2019). Iletuur — penkuiit MUHEpaa B pyaax
yuyactka Tuxuit (Mecropoxnenue JIxynwerra) (Ila-
JbsiHOBa U 1p., 2016). B He3HAUMTEIbHBIX KOJIMYE-
CTBax TMPUCYTCTBYIOT CyJIbGUIBI cepedpa psaa
HITepHOEPTUT-apreHTONUpPUT-JIeHauT B pynax Kop-
punsl (Kolova et al., 2021). B Ag—Au—Pb pynax Po-
roBUKa OOHapyXXeHbl MMKPOBKIIOUEHUS TeccHuTa
(Ag,Te) (Kpasuosa u ap., 2015).

Nel 2023
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Ta6mma 5. CoctaB Au—Ag CyJbGhUIOB B pyIax UCCIeIyeMbIX MECTOPOXIEeHU (Mac. %)

MuHepain Ag Au S Se z ®dopmyna
Mecropoxnenue Ixxynberta (yu. Tuxmii)
ITerpoBcKaut 34.57 58.61 6.75 2.33 102.26 Ag| AU 450 .745€0 10
34.54 58.07 7.14 2.23 101.98 Ag11Auy (S0 775¢€0 10
IOtenGoraapaTut 49.15 45.59 6.87 0.83 102.44 Ags oAUy 535 415¢€,07
51.28 42.70 5.42 1.22 100.62 Ag395AU 4851 165€0 11
49.68 41.19 5.49 2.01 98.37 Ags 19AU 455 185€ 18
47.3 45.47 6.03 1.63 100.43 Ag3 00AU] 5851 285€0 14
46.51 44.52 5.64 1.86 98.53 Ag3. AU 5851235€0.17
49.48 44.23 7.33 - 101.04 Ag3 02AU] 485/ 50
Mectopoxaenue Banynucroe (y4. ['opHbIi
IeTpoBcKaut 39.32 46.55 11.11 — 96.98 Ag15Au) 7551 19
IOtenGoraapaTut 53.28 33.31 11.94 - 98.53 Ag) 86AU( 9857 16
54.32 33.95 12.74 - 101.01 Ag) oAU 9655 )
53.66 34.17 9.87 3.62 101.32 Ag.91AU10281.805€0.27
49.51 38.14 10.87 1.85 100.37 Agy 711AU 1457 00S€0 14
51.54 42.54 9.49 - 103.57 Ag; oAU 31| 79
IIpumeuanue. “—” comep:KaHUE DIIEMEHTOB HIKE TIpeesia OOHAPYKEeHMS.

PU3NKO-XUMHNYECKHUE YCIOBHUA
OBPA3OBAHUA Au—Ag—S—Se
MUWHEPAJIN3ALNNU

T[S, fSe,u fO,

B Tabn. 1 mpuBeneHnl maHHble O 1,X-yCIOBUSX
MUHEpaJIoo0pa30BaHUsI IJISI MCCIEAYEeMbIX MECTO-
poxneHuit. TeMrnepaTypHbIii IMANa30H OTIOXEHUS
Au—Ag—S—Se MuUHepalIm3alluy OXBaThIBACT 3HAYE-
Hust ot 340 1o 90°C. Haubosee BEICOKHME TeMIepaTy-
pbl 0Opa3zoBaHUS OMpeNeeHbI 111 MECTOPOXKICHUI
Porosuk n Koppuaa. Hanuuue B coctaBe pyn xajib-
KOTeHUJIOB cepebpa coBMecTHO ¢ cyiabdugamu Fe,
Pb, Zn, Cu u caMOpoIHBIMU 30JIOTOM U CepedpoM
IMO3BOJIMJIO MPOBECTH OLIEHKY psiga (pU3UKO-XUMU-
YeCcKUX NapaMeTpoB pyioodbpa3oBaHus — fS,, fSe, u
fO, (B 6apax).

B Ta6n. 3 mpencTtaBiaeHbl YpaBHEHUSI peaklivii C
oOpa3oBaHueM Ccyab¢pOCeIeHUI0B cepedpa cocTaBa
Ag,S0755€¢.25, AZS) 5S¢y s 1 Ag,Se 75525 B cCTeMe
Ag—S—Se—H,0 u Igf0,, a Takxke paccuyUTaHHbIE
3HaueHus lg K, mmpu temnepatypax 100—300°C u naB-
JIeHUsIX HackleHHoro mapa (1—300 6ap). Ha nua-
rpammax g fO,—pH xopo11o BUAHO NMoJjJoXeHue no-
JIe YCTOMYMBOCTH CyIb(OCETICHUIOB cepedpa akaH-
TUTOBOTO W HAyMaHHUTOBOIO psnoB. B kadecTtBe
puMepa npuBeaeH (ur. 5, moctpoeHHbI w1t 100°C u
Ppa3HbIX aKTUBHOCTE 2J1eMeHTOB B pacTBope. C yMeHb-
LIEHMEM aKTMBHOCTU cepbl B pacteope oT 107! no 10~3

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

moib/1kr H,O u cesnena ot 1076 o 10~ moss/1xr H,O
MoJIsl YCTOMUYMBOCTU (a3 Ag,S;;55€,,5 (bur. 5a) u
Ag,S)155€ 75 (dbur. 56) cokpaiarorcs. Ilos ycroii-
YUBOCTHU 3TUX TBEPIbIX (a3 COBMECTHO C CaMOpPOI-
HBIM CEJIEHOM WJIM CAMOPOJHBIMU CEPOI U CEJIEHOM
TaK>Xe YMEHbBIIAIOTCS, a T0Jie CaMOPOIHOTO cepedpa
yBennuuBaeTcs. U3 nuarpamMm BUIIHO, UTO CAaMOPO/I-
HBII CeJIEH 3HAYUTEJIbHO YCTOMYUBEE CAMOPOMNHON
cepbl U UMeeT OoJiee IUPOKOe ToJie, Kak 1o pH, Tak
u 1o fO,. [TonoxeHue obnacteit yCTOMUMBOCTU CYJIb-
doceneHnI0B cepebpa Takke 3aBUCUT OT OKUCIU-
TeJIbHO-BOCCTAaHOBUTEIbLHBIX YCIOBUN M KHUCIOTHO-
CTU-1IEJIOYHOCTHU pacTBOPOB. [1pu yBenmueHuu goau
ceJieHa B cocTaBe cyabdoceneHuaa cepebpa (xg.) OT
0.25 mo 0.75 mpoucxXonouT paclUIMpeHUE MOJIsl YCTOM-
YUBOCTHU Ooraroii cesieHoM ha3bl B YMEPEHHO OKHC-
urenbHbie yeaoBus (fO, or 1074 no 10732 6ap) u ie-
JiouHble pactBophsl (pH ot 11 no 12). YBenuueHue uiu
YMEHbIIIEHUE aKTUBHOCTHU cepedpa OyneT MpUBOAUTH
K COOTBETCTBYIOILIEMY PaCIIMPEHUIO WU COKpallle-
HUIO MOJIEN YCTOMYNBOCTH CyJIb(pOocesIeHUI0B ceped-
pa OTHOCUTEIbHO TTPUBENEHHBIX Ha (ur. 5.

@wur. 6a, 6 TOKA3bIBAET, YTO C YBEIMUYEHUEM TEM-
TepaTypbl ToNst cynbdoceleHnna cepebpa cocraBa
Ag,S,55€) s 1 aCCOLIMUPYIOLIUX C HUM CAMOPOIHbBIX
ceJieHa U cepbl YMEHBIIAIOTCS B pa3Mepe U CMela-
I0TCS B 00JIaCTh 0OJiee OKUCIUTEIbHBIX YCIIOBUI U
C1abOOKUCTBIX-0TU3HEUTPATIbHBIX PACTBOPOB, TPU
9TOM TI0JIE CAMOPOIHOTO cepedpa yBETMINBAETCS.

TOM 65 Ne 1 2023
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: 100 MKkM

@ur. 3. B3auMOOTHOIIEHUS 1 MUHEPaJIbHbIE aCCOLMALINM XaIbKOTEHUIOB cepebpa MecTopoxaeHuii BanyHnucroe (a, 6), Kop-
puna (8, T) u [lenenBeem (1, €): a — BKIIIOUeHUS Se-KepBeJUtenTa u rajieHuTa B nmupure (BamyHucroe); 6 — cpactaHue 3/1eKTpy-
Ma ¢ MUPUTOM, chaIEPUTOM U XaJIbKOMTMPUTOM B KBaplie, pa3BUThl BTOPUYHbIE KaiiMbl aKAHTUTA M KOBEJUIMHA IO XaJIbKOIH-
puUTY U I0TeHOOTraapATUTAa 110 3J1eKTpyMy (BanmyHucroe); B — cpacTanus HayMaHHUTA, cTredaHuTa u caneputa B KBapie (Kop-
puaa); T — accouMalysl akaHTUTa, HayMaHHUTA U TeTpasapuTa B kBaple (Koppunma); o1 — cpacraHue S-HaymaHHUTa U Se-
MUpCcenTa B OTOPOYKE TOHKO3EPHUCTOI CMECH CIIOXKHOTO cocTaBa, conepxaieit Ag, Cu, Fe, S, Asu O (ITeneuBeem); e — cpac-
TaHUe aKaHTUTa U caMopomHoro 3oy0Ta B KBapue (I[lenenBeem). a, B, T — COM ¢doTo (B 06paTHO-paCCESTHHBIX 2JIEKTPOHAX),

0, 1, e — onTyeckue HoTo (B OTPaKEHHOM CBETE).

Hanee B Tompasnenax MHpUBEIEHBI Ha IpUMeEpe
MecTopoxaeHus JIyHHOe aumarpamMMbl, HCIOJIb30-
BaHHBIE IJIs1 OLICHKU (DYTUTUBHOCTH CEpbI, CeJIcHA U
KUCITOpOJa, a Takke OOOOIIeHHbIE Pe3yabTaThl I10
OCTaJIbHBIM UCCJIeAyeMBIM OOBbEeKTaM.

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

Mecmopoxcoenue Jlynnoe

Ha mectopoxnenuu JlyHHOe Ha paHHUX CTaausIX

¢dhopMUpYIOTCS CaMOpPOIHOE CEPedpOo ¢ MMUPUTOM, a
TaKKe aKaHTUT-KEePBEIJIEUTOBbIE BKITIOYEHMS B cha-

Ne 1
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Se, mac. %

®@ur. 4. Bapuaimu coctaBoB cyabdOCeIeHUIOB cepebpa (B Mac. %) B pas3IMUHbBIX TUIAX PYI UCCIETYEMbIX MECTOPOXKICHMUIA:
1— PoroBuk; 2 — JIlynHoe; 3 — yu.Tuxuit (Mmectropoxnenue JIxxynberra); 4 — y4. [opHbiii (MecTopoxneHue BamyHucroe); 5 —
Koppuna; 6 — I[NerenBeeM. 7 — KpaiiHue COCTaBbl aKaHTUTOBOTO M HAYMaHHUTOBOTO Psifa.

JIepuTe, YTO MO3BOJISIET OLIEHUTD Tpeie/ibHbIe 3HAUe-
HUST GYTUTUBHOCTY CEPbI U CeJieHa A1 JaHHOM acco-
HUalLUU.

ITo naHHBIM MccaeaoBaHUs (QJIIOUIHBIX BKIIIOYE-
Huii (PerkoB u ap., 2000), Ag-coaepkaiiass MUHepa-
JIN3alMsl Ha STOM MECTOPOXICHUU OOpasyeTcs B
muamnazoHe Temmnepatyp 120—230°C. ITockoabKy
chalepuT COmepKUT BKIIIOYCHUSI XaJbKOIMPHUTA, a
MUPUT U CAMOPOITHOE cepedpo BCTpeUaloTCs B BUIE
MUPMEKUTOBBIX CPACTaHUI, 3TO CBUAETEIbCTBYET 00
OIHOBPEMEHHOM MX KpUCTATU3alluu. PacdeTsl st
3TUX accouMaumii ObLIM BbINMOJHEHbI npu 200°C.
ITosie 1 Ha ¢ur. 7a, 6 xapakTepu3yeT 00JIaCTh YCTOM-
YUBOCTA CAaMOPOIHOTO cepebpa ¢ MMMPUTOM U Xallb-
KOTIMPUTOM. MaKkcuMabHbIE 3HAaUYeHUST (PYyTUTUBHO-
CTH Cepbl U CeJieHa OLIeHEHBI MO JIMHUSIM YCTOMYNUBO-
CTU caMOpoOJHOTO cepebpa (Ag/Ag,S, Ag/Ag,(S,Se))
(IgfS, <—15,1gfSe, < —22), a MUHUMAaJIbHbIE 3HAYE-
HUsI GYTUTUBHOCTU CEPbl — MO MUPUT-TTUPPOTUHO-
Bomy (Fe,Ss/FeS,) paBHoBecuro (1gfS, > —16.5). Or-
CYTCTBUE B JAaHHOM acCOIMAIINA MarHeTUTa W reMa-
THTA TTO3BOJISIET OLICHUTDL (YTUTUBHOCTDH KMCJIOPO/a
(Igf0, < —42).

ITong ycTroiiumMBOCTM XabKOTEHHUOIOB cepedpa
(Ag,50.055€¢ 02>, Ag4STE) OrpaHMYUBAIOT MaKCUMAaJIb-
Hble 3HaYeHus pyrutuBHoOCTU ceneHa (IgfSe, < —18) u
MUHUMaJIbHbIE 3HaUeHUs1 (DyrUTUBHOCTH cephl (Igf'S, >
> —16.5) (¢ur. 7a, 6). MakcuMalibHbIe 3HaUYeHUsT Gy-

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

rutuBHOCTH cephl (IgfS, < —10.5) olieHeHbI 110 JMHUN
ycroitunBoctu  Xanbkonuputa (CuFeS,/(CusFeS, +
+ FeS,)). OtcyTcTBME B IaHHOI accolallii MarHeTy-

Ta 1 FEMATUTA MO3BOJISICT OLIEHUTD (DYTUTUBHOCTD KK C-
snopona (1gf0, < —36).

Hanuuue Se-comepkalero akanTurta-11
(Ag,5045€p4) U S-comepxkalllero  HayMaHHUTa
(Ag,Se ;S 3) B accouyanuy ¢ MUPUTOM, TaJIEHUTOM,
chanepuToM U XaJILKOIIUPUTOM ITO3BOJISIET Olle-
HUTh TIpelebHbIe 3HAUCHUST (PYyTUTUBHOCTHU CEPHI
U celieHa IJIs1 gaHHoil accoumauuu rpu 100°C:
IgfS, =-23...—17.5, IgfSe, = —27.5...—21 (¢pur. 7B, 1).
Oo6paszoBanne cyirbPOCeIeHUIOB cepedpa HaymMaH-
HUTOBOTO psizia (Ag;S€ 74S0.26—AL5€0 9650.04) TPOUC-
XOJIMJIO TP (DYTUTUBHOCTHU cejieHa —27...—21 u cepbl
—23...—17.5, a cynmpdoceneHnI0B aKaHTUTOBOTO psiaa
Ha (poHE CHMKEHUS TeMIepaTyphbl U PyTUTUBHOCTHU
ceneHa (IgfSe, = —27.5...—22.5).

ITo3nHss cTanus pynooOpa3oBaHUS XapAKTEPU3Y-
eTcsl HalmmumeM Se-comepxkamiero axkaHturta-III
(Ag,S—Ag) 95.9:5€( 03)- [TockonbKy cynbbun cepebdpa
oOpa3yeTcs Ha 3aBepllalolleil cTaauu, TO pacyeThbl
opun BhiToHeHHI IIpu 100°C. Tlone ycToiiumBoCTU
aKaHTUTa YKa3aHHOIO COCTaBa OrpaHMYEHO MaKCH-
MaJIbHBIMM 3HAaYeHUsIMU (YTMTUBHOCTU CeJieHa
(IgfSe, < —24.5) U MUHUMJIbLHBIMU 3HAYCHUSIMU
¢dyrutuBHocTu cepnl (IgfS, > —21). MakcumMaibHble
3HaueHus ¢yruTuBHocTHU cephl (IgfS, < —17.5) oue-
Ne 1
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®ur. 5. Muarpamma lg fO,—pH cucrembr Ag—S—Se—H,O npu temmneparype 100°C 1 naBieHMM HACBILIEHHOTO Tapa Ui pa3-
HBIX aKTUBHOCTEM 2JIeMEHTOB B pacTBope: XS =1 0-'-T0~ ; 2Se = 10" —10_8; 2Ag = 10~7. CIUIOLIHbIE JIMHUK [TIOKA3BIBAIOT
TI0JIs1 YCTOMUMBOCTHY TBEPABIX (ha3: CAaMOPOIHBIX CEPBI, CEJIEHA, cepebpa, AgrS( 755€( 25 (a) 1 AgySeq 7550 25 (0).

HEHBbl MO JIMHUM YCTOMYMBOCTH XaJbKOITMPHUTA
(CuFeS,/(CusFeS, + FeS,)). OrcyrcTBue B JaHHO
accolranyy MarHeTUTa U TeMaTuTa MO3BOJISTIOT Olle-
HUTh (yrutuBHOCTh Kuciopona (Igf0O, < —49)
(¢wur. 78, 1).
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Mecmopoxucdenue Pocosuk

st panHen cranuu ¢popMupoBaHusI Au—Ag-110-
JIMMETAJUIMYECKUX PYH XapakKTEepHBI acCoLMalluu
cylb(oceIeHUI0B cepebpa aKaHTUTOBOTO M Hay-
MaHHUTOBOTO PSIIOB ¢ AS-coIepXKalluM ITHUPUTOM,

Nel 2023
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®@ur. 6. Inarpammst Ig fO,—pH cuctembr Ag—S—Se—H,O mst temnepatyp 300°C (a) u 100°C (6) 1 naBaeHUT HACBIIIEHHOTO
napa. AKTUBHOCTH 3JIEMEHTOB B pacTBope: XS = 101073 ;2Se = 10" —10_8; 2>Ag = 107, CruiolHbIe IMHUU TOKA3bIBAIOT
TI0JIs1 YCTOMYMBOCTY TBEPABIX ha3: Ag,S() 55€( 5 U CaMOPOIHEBIX CEPBI, CEJIEHA U cepebpa.

raJleHuTOM, XaJibKormuputoMm. @opMupoBaHue JaH-
HOM accouualyy OrpaHUYEHO JIMHUSIMU YCTOMUU-
BOCTM ITupuUTa M Xajabkonupura (rmpu 200°C IgfS, =
=—16.5...—10.5, 1gfO, < —36; npu 100°C I1gfS, =

TEOJIOTUSA PYOHBIX MECTOPOXKIEHU I

=-24.5..—17.5, 1gf0, < —48) u cyabpoceneHUI0B
cepebpa (mpu 200°C IgfSe, —21...—13.5; npu
100°C 1gfSe, = —27...—21.5). Noznusst cramust hopMu-
poBaHMsT Au—Ag-TIOIMMETAUINIECKUX Py XapaKTepy-

TOM 65 Ne 1 2023
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@ur. 7. Iunarpammel 1g fS,—lg fSe, u IgfS,—1g /O, npu 200°C (a, 6) u lgfS,—lgfSe, u lgfS,—1g /O, npu 100°C (8, r) u noss
YCTOMYMBOCTU MIHEPAJIOB U UX aCCOLMALNIT Ha MecTopoxnenuu JIyHHoe: mose 1 — caMoponHoe cepe6po + MUpuUT; moe 2 —
akaHTUT-1 (Ag)S( 93Se( o) + KepBesutent + caneput + XaabKONMUPUT; Nosie 3 — HayMaHHUT (AgrSe( 74S( 26—Ag25€0 9650.04) T
+ rajieHUT + NMUpPUT + cdaneput + XaJIbKonupur; rnoje 4 — akaHTUT-11 (Ag,S( 385€ 6o—Ag>.1S0 375€¢.63); Nose 5 — akaHTUT-111

(A225—Ag,S¢ 925¢,08)-

3yeTcsl HalnuueM Se-akaHTuTa (Ag,S—AE,S)745€y )- Mecmopoacdenue Jlcyrvemma, yuacmok Tuxuil

PesyabTaThl pacueToB MOKA3bIBAIOT, YTO HA MO3AHEN Haiune BKOYEHMH TeTPOBCKANTA U IOTEHOO0-
CTauy PYAOOTIOXCHUSI CHIKAIUCh (DYTHTUBHOCTH raapATUTAa B IUPUTE MO3BOJIAET BLIIEIUTEL 00J1aCTh UX
cenena 1o lg fSe, <27, cepwi (IgfS, =—16.5...—21.5)  ycroitunBoctn pu 200°C: 1gfS, = —10.5...—9, 1gfSe,
u kuciaopona lgf O, < —48 (Kypaskosa u 1p., 2015). < —15 u 1gfO, < —36. dopMupoBaHue accolUaIUU
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HayMaHHUTa (Ag,Se) ;S)3—AL,S€).9350.02), Se-conep-
xKaulero akaHTUTA- 11 (Ag,S 755€25—Ag)S¢ 555€0.45) €
Se-comepKallM TaJEHUTOM W MBbIIIbLIKOBUCTBIM
MMMPUTOM TIO3BOJIICT OLICHUTH IIpenebHbIC 3HaJue-
HUsI QYTUTUBHOCTH CEPHI M CeJIeHA IIJTsI MTAaHHBIX aCCO-
muanuii mpu 100°C. dopmMupoBaHKUe accolUaLUN
HayMaHHWUTa C TaJeHUTOM WM ITMPUTOM BO3MOXHO
ipu 1gfS, = —23...—13.5 n lgfSe, = —27...—17.5,1gf O, <
< —49, a akantura-II ¢ roreHOOT2aaPATUTOM U AS-CO-
JIepXKaimuM nuputoM — npu 1gfS, = —16.5...—14 u
1gfSe, = —22.5...—20, 1gf O, < —49. Ha runepreHHoii
CTamuM OIleHKa (PYTUTUBHOCTEN Cephl M KHCIIOopoaa
BBIMOJIHEHA 10 JIMHUSM YCTOMYMBOCTH aKaHTHTA:
1gfS, > —21 n 1gfO, < —38 (ITampstHOBA U Ap., 2016).

Mecmopoxucoenue Barynucmoe, yuacmok lopuutii

[NpucyTcTBUE BIEKTPyMa B aCCOIIUAIIAM C TTUPH-
TOM, C(aJepuToM U XaITbKOMTUPUTOM, a TakKKe Kep-
Besuieuta (Ag,STe) ¢ rajeHuToM, IO3BOJSIET Olle-
HUTb 3HAYEHUST GPYTUTUBHOCTU JeTyumnx: mpu 350°C
5T MUHEpaIbl YCTOWYMBHI Tipu 1gfS, = —10...—5 u
IgfO, < =24, a ipu 100°C — IgfS,= —24.5...—17.5u
Igf0, < —39. ®opMupoBaHUe accollMALIMU HAyMaH-
HUTA (Ag) 1550 1959€0 g) C MUPUTOM U XaIbKOIMUPUTOM
nmpu 100°C BosmoxHo mipu lgfS, > —23...—17.5,
lgfSe,= —27...—21.5. Hanuume Se-conmepxkaiiero
akaHTUTa (Ag,S;¢5€;,—Ag,S( 755€025) COBMECTHO C
TaJICHUTOM, TIMPUTOM, XaJTbKOITMPUTOM B M3ydaeMbIX
pyJax TO3BOJISIET BbIAEAUTh 00JIACTh UX YCTOMYMBO-
cru: 1gfS, = —21.5...—17.5, lgfSe, = —28...—24,
Igf 0, < —49. Haubonee Mo3nHUMU SIBJISIOTCS Kaki-
MBI akaHTuTa-I1 1 Au—Ag cyrbpUIOB 1O BIIEKTPYMY.
ITpu 100°C HUKHe# rpaHULIeH MOSBACHUS IOTEHOO-
raapaTuTa Ipy CyIbGUIN3aINN JIEKTPyMa COCTaBa
Ag 75AU 5 COOTBETCTBYIOT 3HaUeHms 1gfS, > —16, a
netpoBckauta — lgf'S, = —14. [IpucyTcTBUE aKaHTH-
Ta-1I (Ag,S—Ag,7750.9:5€p09) B accoumauuun ¢ Cu-
cyTbdUIaMrn W aHDIE3UTOM TIO3BOJISIET OILICHUTH
MaKcuMasabHbIe 3HaueHus 1gfSe, < —16.5 n 1gf O, <
< —39, ipu KOTOPBIX 0Opa3yeTcs NTaHHasI MUHEPaJlb-
Has accouuauus (XKypaskosa u ap., 2019).

Mecmopoxcdenue Koppuoa

Hammaune nupwra, apceHonmpura, Fe-comepxka-
1ero caneprra, cCaMOpPOIHOTO 30J710Ta U aKaHTUTA B
pynax MectopoxaeHnsi Koppuma ITO3BOJISET oOlie-
HUTbH TUAIa30Hbl (DYTUTUBHOCTH CEPHl M KHUCIIOpoaa
Ha paHHux craausix: npu 300°C lgfS, = —11...—6,
lgfSe, < —13 u lgfO, < =2, npu 200°C lgfS, = —
16.5...—10.5, 1gfSe, < —18 m 1gf O, < —36. Ha mmo3mamX
CTaIUSIX TIOSIBJISTIOTCST Se-comepiKaliiie MUHEpaIbl: Se-
aKaHTUT, HAyMaHHUT, KJIayCTAJIUT, IOTEHOOraapaTWT-
¢umrecceput. Tlpu 100°C Se-conepskaiiyii aKaHTUT
AZ,S—Ag, 945 525€ 54 0Opasyerest npu IgfS, = —21...—16,
IgfSe, =—28...—22 n Igf O, < —48. Ilone ycroitunBoctr

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

HayMaHHUTA (Ag) 945 335€( 73—Ag,S€) COBMECTHO C
kiaycraguTom npu 100°C orpaHM4YeHO MHTEpBaJia-
mu lgfS, = —25..—16, lgfSe, = —26.5...—21 u
Igf0O, < —48. MuHepalbl psna ©OTeHOoraapaATUT-
dumecceput npum 100°C ycroitunBsl mipu 1gfS, =
=-25...—14, 1gfSe, < =14 u 1gf O, < —48 (Kolova et
al., 2021).

Mecmopoxcdenue Ilenenseem

Ha mecropoxnenuu IlerneHBeeM Ha paHHUX CTa-
Iusx OpMUPYETCS acCOLIMalUs MMUPUTA C apCEHO-
MUPUTOM U CYITb(PUIAMU NOIUMETAILIOB, YTO MTO3BO-
JISIET OLIEHUTD TMpeieJIbHbIe 3HaUeHUsI (GyTUTUBHOCTHU
Jgeryuyux npu 200°C: IgfS, = —17...—10, 1gfSe, < —18,
IgfO, < —36. XapKOTeHUIBI cepedpa COBMECTHO C
caMOpOOHBIM 30JIOTOM M Ccylab(docoiasiMu cepedpa
MOSIBIISIIOTCSI HA 3aK/IIOUMTENIbHOM CTaguy MUHEpa-
JnoobpaszoBaHud. [lone yCcTOMYMBOCTU IS JAHHOM
accouuanuu npu 100°C orpaHMyeHO MHTEpBaJlaMU
IgfS, = —21...—15, 1g fSe, < —21, 1g /0O, < —48 (bens-
eBa u 1p., 2022).

Kucaomuocmo-wenounocmo (pH)

K#CIOTHOCTE-TIEIOYHOCTh  pya000pa3yonmx
pacTtBOpoOB (Taba. 1) ObLIa OlieHEHAa Ha OCHOBE THUIIA
MeTacoMaTUYeCKuX Mpeodpa3oBaHuil pyaioBMellao-
HUX TTOPOA W TMPUCYTCTBUS MUHEPATOB-UHINKATO-
poB pH B IpOAYKTUBHBIX aCCOITMAITHSIX.

Ha c¢ur. 8 npencraBieHa cxeMa MeTacoMaTU4de-
CKUX U3MEHEHMIT TTopox, JUIst y9acTKa Tuxuii, BKiIroda-
IOIIMX 30HBI OKOJIOKWJIBHBIX UBMEHEHUI (KAOJIMHUT-
TUAPOCTIoNA-KBaplLeBasi, TUIPOCIIIONa-CepULINT-KBap-
1LieBasi, KBapll-CEPULIUTOBAST) U TLIOIIAIHBIE TTPOITHIINA-
ThI (OT HU3KO- IO BBICOKOTeMIlepaTypHbiX). pH pac-
TBOPOB, XapaKTepHbIC IJISI 30H IPONWINTU3ALINN, Ba-
pBUPYIOT B MHTepBajie 5.0—7.5, a Wisk apryIi3UTOB —
ot 2 no 5 (zKapukosB, PycuHos, 1998). luamnazon pH
IS KAOJIMHUT-COACPKAIINX aprJUIM3UTOB MOXHO
OLICHUTH IT0 PEaKIUSIM 3aMellleHUS KaJIMeBOTro IoJie-
poro miaTta (KITII) u MyckoBuUTa KaOJJMHUTOM:

2KAISi,Oq (KITI) + 2H" + H,0 =

= AL,Si,0,H,(xaonuuut) + 2K' + 4Si0,,
2KAL,Si,0,,H,(MyckoBut) + 2H" +

+ 3H,0 = 3A1,Si,0,H,(kaonunur) + 2K".

B coOTBETCTBUM C 3TUMM peaKIMSIMU 3aMelleHUe
MYCKOBUTAa KAOJIMHUTOM IIpu TeMmiieparypax 100—
200°C mpoucxomnut B 0ojiee KMCJIOTHBIX YCJIOBUSX
(pH = 2.80—2.17) o cpaBHEHUIO ¢ 3aMellleHUEM Ka-
JnmeBoro nojieBoro 1mmnara (pH = 3.84—3.38). Takum
obpa3zom, mokaszaresb pH rumporepmaibHOTrO pac-
TBOpa B OJIMBMOBEPXHOCTHBIX YCIOBUSIX MOT JOCTH-
rath oT 2.17 no 3.84. Ins mecTopoxaeHuii Poropux,
Jxyneerra, Bamynamncroe, Koppmna m IlemenBeem
Ne 1
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(3MMUIOT + XJIOPUT +
‘ + anpout + kapOoHar)

®ur. 8. MetacomaTuyecKkast KOJJOHKa ydacTka Tuxuit.

KUCIIOTHOCTh-IIIEJIOYHOCTh PACTBOPOB M3MEHSIETCS
OT CJ1a0OIIEeIOUYHBIX M HEHTPAIbHBIX HA PAHHUX CTa-
JIUSIX 0O KUCJIBIX M CUJIbHOKUCIBIX HAa MO3MHUX.

Ha mecropoxnernuu JIlyHHOE, TTOMUMO TIP O~
TOB U aprWUIM3UTOB, BOJM3U PYTHBIX TEJ MPOSIBIIE-
Hbl HU3KOTEeMIIepaTypHble Oepe3uThl paHHETO 3Tara
¥ KBapIl-pOIOXpO3UT-POTOHUTOBBIE METAaCOMATHTHI
MO3IHEro 3Tara MuHepaioodbpaszoBaHusi. ComracHoO
JaHHbiM u3 (JKapukoB, PycuHoB, 1998), 6epe3utsl
oOpaazyrorcs B nuana3zone pH ot 2.8 mo 5.7. I'panuisl
YCTOMYMBOCTH pOMOHUTA Mn-comepKaliux MeTaco-
MaTUTOB KOHTpoJsmpytotes pH ot 6.7 mo 10.2, a pomo-
xpo3uta — pH ot 5 mo 12 (Camuxos u ap., 2011). Ta-
KM 00pa3oM, MeTacoMaTuIeCcKre mpeoopa3oBaHusl,
KOTOpBbIC CBSI3aHbl C PYyAHON MUHepaau3aluei, Ha
MecTopoXneHnn JIyHHOe CBUIETETbCTBYIOT 00 yJa-
CTUM KUCITBIX-0JIM3HEUTPATBHBIX PACTBOPOB Ha TIep-
BOM B3Tarie MUHepaJiooOpa3oBaHus U OJU3HEUTpallb-
HBIX-IIIEJIOYHBIX pACTBOPOB Ha BTOPOM 3Tarle.

AnurepManbHble MecTopoxneHus IS- u HS-tuna
JIOKQJIU3YIOTCSI MPEUMYIIIECTBEHHO B MOPOJaX aHAe-
3UTOBOTO M PUOJMTOBOTO COCTaBa, HO OOpa3yloTcs
Ha OOJIBIIMX TIIYOMHAX, YeM MeCTOpOoXAeHUS LS-Tr-
na. Pynoo0Gpa3sytoliyie pacTBOPbI TPEACTABIISIIOT COO0M
KHCITBIe OCTBIBAIOIIME (DITIOUIBI, UMEIOIINE MarMaTh-
yeckyto npupony (Richards, 2013). MuHepaiooopaszo-
BaHUE TIPOMCXOAUT U3 CPETHEKOHIIEHTPUPOBAHHBIX
pacTBOPOB C coaep:kaHueM cojeit <25 mac.% 3kB.-NaCl
npu temreparypax 150—360°C u masiaenuu <400 6ap,

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

BO (ITonIe BaXKHYIO POJIb UTPAET cepa B OKMCICHHOM

COCTOSTHUU (SO?[).

Kak mmoka3bsiBaloT MHOTOUMCJIEHHBIE MCCIIeI0Ba-
HU (TabJ1. 6), B pyaax SITMTepMaIbHBIX MECTOPOXKIIE-
Huil mepexomHoro (IS) m xuciaoTHO-CcynmbghaTHOTO
(HS) tTuna xanbKoreHuabl cepedpa MposIBISIIOTCS Ha
3aBeplialoIINX CTaAusIX MMHepaasooOpa3oBaHUs,
cpelu HUX HanboJjiee pa3BUTHI TEJLUTYPUALI U CYJIb(DO-
TEJITYPUIIBI, a CEJISHUIBI UMEIOT TTOAYMHEHHOE KOJIH -
YecTBO.

OBCYXIEHMUE PE3VYJIILTATOB

CocTraB akaHTUTA Y HayMaHHMTA, UX B3aUMOOT-
HOILIEHUsI, MUHEpaJIbl B acCollMallui ¢ HUMU OTpa-
KaloT (PUBUKO-XUMHUYECKUE OCOOEHHOCTU CPEIbI Py-
noobpazoBaHus — T, P, DyTMTUBHOCTU CEpHI, ceje-
Ha, kuciopoma, pH u cocraB rtuaporepm. Ha
SMUTEPMAILHBIX MecTopoxkaeHusax PoroBuk, JIyH-
Hoe, xxynberTa, Banynucroe, Koppuna u [lerrenBe-
eM cylibdocelieHUIbl cepedpa aKaHTUTOBOTO U Hay-
MaHHUTOBOIO TBEPABIX PACTBOPOB HamboOJIee 4acTo
BCTpEYalOTCsI B BUIE MOHOMUHEpPaTbHBIX MUKPOB-
KJIIOUEHU I B IUPUTE, CAMOPOIHOM 30J10T€, apTUPOAM-
Te, a TAKXKe 00Pa3yIOT MPOKUIKI W TPEIIUHBI 3aTI0THE-
HUS B 3¢pHAX WJIM MEX3epHOBOM IIPOCTPAHCTBE PY/I-
HBIX MHUHEpaJioB  (XaJbKonmupuTa, cdaiepura,
rajjeHuTa u ap.). MHorma akaHTUT (popMUpyeT Kaii-
MBI 110 HAYMaHHUTY WJIA HAXOOUTCS B CpacTaHUM C

Nel 2023
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®ur. 9. Paszosast auarpaMma cucteMbl Ag,S—Ag,Se o naHHbIM (Pingitore et al., 1993), nononaHeHHast cocTaBaMi IPUPOIHBIX
cynboceaeHnI0B cepedpa. Mectopoxaenust: 1 — Porosuk, 2 — JIynHoe, 3 — JIxxynberTa, 4 — Banynucroe, 5 — Koppuna, 6 —
IMenenseem, 7 — dykar (Iwio u np., 1992), 8§ — Durrepu (O6ymkos u ap., 2010), 9 — Ymaxan (Cassa, [1anbsiHoBa, 2007), 10 —
Aunbda (Hekpacos, 1997), 11 — Onpua (CaBBa, Lllaxteipos, 2011; Cassa, 2018), 12 — Ky6aka (CaxapoBa u ap., 1993; CrenaHoB,
Lluakosa, 1994), 13 — Kynon (Cassa u ap., 2012), 14 — Aran (Boskos u ap., 2015), 15 — AcaunHckoe, Poccus (Takahashi
et al., 2007), 16 — Xuiukapu, SAnonust (Izawa et al., 1990; Shikazono et al., 1990), 17 — I[Tonrkop, Munone3ust (Warmada et al.,
2003), 18 — Bpoken Xun3, HoBas 3enannust (Cocker et al., 2013), 19 — I'vanoxyaTto, Mekcuka (Petruk et al., 1974; Baccaio-
Mopanec u np. 1982;), 20 — Jlon Cuxro, Aprentuna (Mugas-Lobos et al., 2011), 21 — Cunsep Cutu, CIIA (Petruk et al., 1974),
22 — Kpemuuiia, CnoBakus (Enens u np., 2007; Stevko et al.,2018), 23 — Konrcoepr, Hopserus (Kullerud et al., 2018).

HuM. BrigBieHo 1 (ITemenBeem) wiau 2 (PoroBuk,
Hxynberra, Koppuma) mim 3 reHepaunyu aKaHTUTa
(JIyunoe, Bamynucroe) u 1 (JlynHoe, [xXynberra,
Banynucroe, Koppuna, IleneaBeem) n 2 (PoroBuk)
reHepalli HayMaHHWTA, XapaKTepusylommuxcsa 2—4
MMPONYKTUBHBIMUA CTamgusIMU. Bapmanmm cocTtaBa
9TUX XaJIbKOTeHUIOB cepebpa OXBaThIBAIOT IMOYTHU
BeCh IUara3oH Mexay Ag,S u Ag,Se (¢dur. 4, 9). Dxc-
MeprUMEHTHI, ITpoBeaeHHbIe B padoTte (Pingitore et al.,
1993), noka3zanu, 4TO TeMIepaTyphl (ha30BOro Iepe-
X07a sl HU3KOTEMIIEPAaTyPHBIX TBEPIbIX PACTBOPOB
3aBUCAT OT cocTaBa (a3 psina Ag,S — Ag,Se U Bapbu-
pytoT ot 70 go 178°C. Haubonee H13Kast TeMmepary-
pa azoBoro nepexoaa (okoso 90—70°C) yctaHOBJIE-
Ha U151 a3 cocTaBa Ag,Se ¢Sg 4 M Ag,5€ 7S¢ 3. OTCyT-
CTBUE napamopdo3 BBICOKOTEMIIEPATYPHBIX
MOJUMOP(dOB MO HU3KOTEMITEPATYPHBIM CBUACTEIb-
CTBYET O HU3KUX TEMIIEpaTypax OTJIOXKEHUS CyIbdho-
CEJICHUIOB cepedpa Ha STUX MECTOPOXKICHUSIX.

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

Ha mecropoxnenuu Porosuk, /Ixxynperra m Ba-
JIYHUCTOE€ CpacTaHUs ABYX CYJIb(MOCEICHUIOB ceped-
pa akaHTUTOBOTO U HAYMAHHUTOBOTO PSIIOB SIBJISIIOT-
Csl Pa3HOBO3PACTHBIMMU, MOCKOJIbKY Se-aKaHTUT 00-
pa3yeT KaliMbl 3aMellleHUus] 110 S-HayMaHHUTY
(¢ur. 26, e). B pynax mecropoxaeHust JlyHHoe xa-
pakTep cpacTaHuii Se-akaHTUTa W S-HayMaHHMTA
CBUJIETEJILCTBYET 00 UX ONIHOBPEMEHHOM 00pa3oBa-
Huu (pur. 2r). CocTaBbl 3TUX CYJIb(POCETEHUIOB Ce-
pebpa 6mm3ku K Ag,S,4S€p¢ 1 Ag,Se;7Sy3 COOTBET-
cTtBeHHO (dur. 9). PesynbraThl KcciiefOBaHUSI COCTaBa
cynbdoceNeHuI0B cepebpa akaHTUTa 1 HAyMaHHUTA B
pynHbix obpasiiax Konrcoepr (Hopserus) (Kullerud
et al., 2018) Takke MOKa3bIBAIOT ITOYTU BECh AMara-
30H Mexay Ag,S n Ag,Se 1 oTCyTCTBUE JIOKATbHOTO
MakCMMyMa Ha arBujJapuToBOM cocTaBe Ag,SSe

(=Ag,S¢(55.5)-
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HMccnenpoBaHusi IIpUPOOHBIX CYIb(OCEICHUIOB
cepebpa Apyrux o0ObEKTOB MOKAa3bIBAIOT, UTO B pydax
HEKOTOpbIX MecTopoxaeHuit — Onpbua (CasBa, I1lax-
TeipoB, 2011), Anbda (Hekpacos, 1997), Kybaka
(CaBBa, 2018) (Poccus), Kpemuuna (CrnoBakwus)
(Stevko et al., 2018), Konrc6epr (Hopserus) (Kuller-
ud et al., 2018) (Ta6:xa. 6, ¢ur. 9) ycraHOBJIEHBI COCTa-
BBI, JIeXKalllUE B UHTEpBaJle Ag,S, 45€, c—ALZ,S€; 7S 3.
BeposiTHO, 3TO MOXKHO OOBSICHUTh T€M, YTO CYIb(do-
celIeHUIbl cepebdpa, MomaBllIne B JaHHYIO 00JIaCTh,
MPEICTaBIISIOT COOOM METAaCTAaOMIbHYIO KYOMUYECKYIO
BBICOKOTEMIIEpaTypHyI0 a3y TBEpIOro pacTBOpa,
JI0O0 3TO CMECh ABYX MUKPOCKOITMUeCcKux a3, oOpa-
3ylolasicsl MpM pacriage OJHOPOTHOM KyOMdecKoit
¢a3bl BbIllIEyKa3aHHOTO COCTaBa IMPU OCTHIBAHUU CU-
crembl HIKe 90°C (commacHo TeMmepaTtypaMm ¢aszo-
BBIX TIEPEXOI0B).

ITpuBeneHHbIE BbIIIE TaHHbBIE TOATBEPKAAIOT Ha-
JIMYMe HECMECUMOCTU Ha nuarpamme Ag,S—Ag,Se B
9TOi1 00JIaCTU COCTAaBOB MpHU TeMIlepaTypax HUXe
90°C (Pingitore et al., 1993). K akaHTUTOBOMY TBep-
JIOMY pacTBOPY CJIeyeT OTHOCUTb MHTEpPBaJ cOCTa-
BOB Ag,S—Ag,S, 4S¢€; ¢ (MOHOKJIMHHAS CHCTeMa, MPO-
CTpaHCTBeHHas rpynmna P2,/c), a K HoyMaHHUTOBOMY
Ag,Se—Ag,Se ;S,; (pomOuyeckasi cucrema, IpoO-
cTpaHcTBeHHas rpynna P2,2,2,) (Bindi, Pingitore,
2013).

Jlpyrue xaJbKOreHHUIbl cepedpa — 1oTeHOoraap-
TUT, IETPOBCKAUT — OBLIM TaKXKe YCTAHOBJIEHbI B py-
nax mectopoxaeHuii Jixxyneerra (yu. Tuxmii), Bamy-
Huctoe (y4. l'opHbiit) u Koppuna, rime oHn BcTpeya-
I0TCSI B BUJ€ OKPYIJIbIX KaIlJIEeBUAHBIX BKIIFOUEHU B
MUPUTE U KBaplie WU TOHKUX KaliM U TIPOXKUJIKOB B
anekTpyMe. OcobeHHOCThI0O Au—Ag cynbduaoB (n
cyibdoceeHUI0B cepedpa) B pyldax MECTOPOXIe-
Hus JIXyabeTTa SBjsieTCS OTCYTCTBUE CpacTaHUM C
CaMOPOIHBIM 30JI0TOM, B OTJIMYME OT MECTOPOXIe-
Huii Banynucroe, Koppuna viu apyrux Au—Ag snu-
TepMaJIbHbIX MECTOPOXIEHUN, TaKMX Kak YiiaxaH,
IOnoe, Aran, Kynon, Kpyroe (Poccust), KpemHuua,
lTonpyma (CnoBakusi) (Caspa, IlanbsiHoBa, 2007
IManbsanosa, Cassa, 2009; Cassa u ap., 2010, 2012;
Bonkos u ap., 2015; Stevko et al., 2018; Majzlan,
2009), roe ObLIM yCTAHOBJIEHBI aKaHTUT, IOTeHOOra-
apATUT U(WJIM) TIETPOBCKAUT B CpacTaHUM C CaMo-
POIHBIM 30JI0TOM WJIX B BUJIE XapaKTePHbIX KaliM T10
CaMOPOJHOMY 30JI0TY pa3HOM MPOOHOCTH.

Kak moxkazanu npoBeaeHHbIE UCCICIOBaHUSI, CO-
CTaBbI IOTEHOOTaapATUTA U IIETPOBCKaNTa HE OTBEYa-
10T UACATHHOM CTEXMOMETPUH, YTO CBUACTEIBCTBYET
JIn60 o0 HaIM4yum (a3oBbix cMeceit (Ag,S + Ag;AuS,,
AgAuS + Ag;AusS,), 1160 0 CyllIeCTBOBAaHUY TBEPABIX
pacTtBOopoB Ag, _ Au,S (ITanbsiHOBa U 1p., 2011; Tay-
coH u 1p., 2018). Kpome Toro, B cocTaBe roTeHOOTA-
apATWTa U TeTPOBCKaUTa OTMEUYAIOTCSl IPUMECH Ce-
seHa (<3.6 mac. % u <2.3 mac. % COOTBETCTBEHHO).
HawnbGoiee BeIcOKME coep:KaHUS ceJieHa B IOTEHOO-
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raapATUTe YCTaHOBJIEHBI HA MECTOpOXIeHUu Bamy-
Huctoe (y4. [opHBIi1).

Te-comepkalye XaTbKOTeHUABI cepedpa B pydax
HUCCIEAYEMBIX MECTOPOXAeHUM penku. Hamu Obuiu
oOHapyxeHbI TeTuut (>Xynaberra, ya. Tuxwmii) u Kkep-
BesuienT (MectopoxaeHue JlyHHoe m BamyHucroe,
y4. TopHBIi1), KpOMe TOTO YCTaHOBJIEHBI MpuMecu Te
B cylbgoceieHnuaax cepedpa HayMaHHUTOBOTO psiga
PorosBuka u JIxxynberthl (yu. Tuxmii). Ha mecTopox-
nenuun PoroBuk KpasuoBoii ¢ coaBropamu (2015) B
Au—Ag-TIoIMMeTa/JUIMYECKMX pydaxX OBLI OIMCaH
reccur. Ha wmecropoxnaenuu BanyHuctoe (30HBI
I'maBHasg u HoBast) npenmectseHHuKamu (bpbisra-
JoB, Kpusuiikas, 1998; BonkoB u ap., 2020) ycra-
HOBJIEHBI TE€CCHUT, MMHEpaJIbl cucTeMbl Ag—S—Se—
Te, Ag—Bi—Te—S u Ag—Pb—Te—S.

Cpenn MECTOPOXICHUM  30JI0TO-CepeOpsIHOM
AMUTEPMATbHON (popMaliuu B 3aBUCUMOCTU OT CO-
CcTaBa IIPOAYKTHMBHBIX IIapareHe3MCOB pa3IMyaioT
OoJIbIIIOe pa3HOOOpa3re MUHEpaIbHbIX TUIIOB (bopT-
HUKOB U 1p., 2022). s MmectopoxkaeHust BanyHucroe
YCTaHOBJIEH 30JI0TO-CepeOpO-CyIb(POCOTHLHO-TIONME-
Taumyeckuit (Boakos u ap., 2020) mim 3010T0-ceped-
po-akaHTUTOBbIN TUN (BopTHUKOB U ap., 2022). Me-
cropoxneHre Koppruma — TUIMMYHBINA IIpeACTaBUTEIb
30JI0TO-CepeOdpo-ceIeHMIHOTO Thma. JIjasg Hero xa-
pakTepHa pyaHas MUHepau3alys ¢ 00JbITUM KOJIH-
YeCTBOM CEJICHUIIOB cepedpa, COIpoBOXKIaeMast MU-
Hepanamu Ag—Cl—Br (xsiopaprupur, 6pomMaprupur)
(Kolova et al., 2021). /1as I1erieHBeema BBISIBJIEH 30-
JIOTO-CepeOpO-CeIeHUIHO-CYIb(POCOIbLHBIN MHHE-
paJbHBIN TUIT, MOCKOJBKY IIIMPOKOE pacIpoCTpaHe-
HUE UMEIOT MPYCTUT, TMPAPTUPUT, MUHEPAJIbl ITUP-
CEeUT-TI0JIM0A3UTOBOIO psifia U Apyrue cyabhocoau
(bensgeBa u ap., 2022). s Au—Ag—Se MUHepaIn-
3aiuu JXKyJabeTThl HApsILy C CyIbdUIaMU U CeICHU -
JaMn cepebpa M 30JI0Ta TUNWYHO NPHUCYTCTBUE
dpeitbeprura, apreHTOTeTpa’ApUTa-TeHHATUTA, CE-
JieHononba3uTa-cejieHocTe(paHUTa, UYTO COOTBET-
CTBYET 30JIOTO-CEpPeOpPO-CeNeHUIHO-0JIEKIOPYIHO-
My muHepaiabHoMy tuity (IlaabgHoBa u ap., 2016).
MecrtopoxaeHue JIyHHOe sIB/IsieTcs TIpecTaBUTEIeM
MECTOPOXKIECHHU 30J0TO-CEPEOPSTHOTO TeOXUMUYe-
cKoro tuna 1o kinaccupukanuu KoHCTaHTMHOBA
(1984) (Perkenko u ap., 2000), 1 xapakTepusyeTcs
30JI0TO-CepeOpO-CeIeHUTHO-CYIb(POCOIHLHO-IIOIN-
METAUIMYECKUM MUHEPAJIbHBIM TUIIOM. MecTOpoXK-
neHue PoroBuk paHee OTHOCUJIM K 30JI0TO-aKaHTU-
toBoMy tuny (Kysneuos u ap., 1992). JanbHeiimme
nccaeaoBaHus 0oJjiee TITyOOKNX TOpU30HTOB Porosu-
Ka BBISIBUJIM YYAaCTKU COBMEIEHMUSI Pa3HOBO3pACT-
HBIX 30JI0TO-CepeOpsIHOM 1 cepeOpo-TI0IMMeTaI -
YyeCcKOM MUHepaau3alum, Ha KOTOPBIX c(hopMUpoBa-
Juch “nonudopMainoHHble” pyAbl, 0OoralieHHbIe
Au, Ag u Se (KpaBuosa u ap., 2015), KoTopble clleayeT
OTHECTU K 30JIOTO-CepeOpO-CeIeHUIHO-aKaHTUT-TI0-
JINMETAINTUYECKOMY MUHEpaTbHOMY TUITY. MUHepaJb-
HBIC THUIIbI 30JI0TO-CEPEOPSIHBIX 3MUTEPMAIBHBIX ME-
CTOPOXKICHUI — BaKHBI MCTOYHUK MHMOpPMALIIM O
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XMMHYECKOM COCTaBe MUHEPaAI000pa3yroux Gron-
noB u yyactuu Se, Te, As, Sb, Cu, Pb, Zn B npoliec-
cax pyJOOTJIOXKEHHUS 30JI0Ta U cepedpa.

Ha n3ydeHHBIX 3ITUTe pMAJILHBIX 00BEKTaX MOXHO
BBIIEJIUTH OOIIYIO MOCJIEI0BATEABHOCTh CMEHBI MU~
HepaJIbHBIX ITapareHe3ncoB: CyabUAbl (MUPUT, ap-
CEHOMUPUT, MapKas3uT, chajiepuT, XaIbKOIIMPHUT, Ta-
JIEHUT, Se-aKaHTHUT), CAMOPOTHOE 30JI0TO — CeJIeHU-
IBl, CyMb(OoCceIeHUIBI, CyIbdOocoIu cepedbpa, OIIeKIIbie
pyabl — cynbpuabl (AKaHTUT, KOBEJUIMH, XaJIbKO3WH),
OKcHbl (TUIAaTHEPUT), CyabdaThl (aHIVIC3UT). YCTaHOB-
JIEHHBIE B3aUMOOTHOIIIEHUS CYTh(POCEIEHUIOB ceped-
pa aKaHTUTOBOIO M HAYMaHHUTOBOIO PSIOB HA 3TUX
MECTOPOXKACHUSIX CBUIETEIBCTBYIOT O €AMHOM TOCIIe-
JIOBaTEIbHOCTY X 00pa30BaHMS: S-HAYMAaHHUT U Se-
coaepxkalle MUHepaJibl (Se-TrajJeHUT, Se-cTedaHuT)
XapaKTepHbI IJISI paHHUX ITapareHe31ucoB; OHU CMe-
HSIIOTCS Se-aKaHTUTOM MJIM aKaHTUTOM Ha Gonee
MO3IHUX HU3KOTEMIIEPATYPHBIX CTATUSIX.

IMpusHaky BckumaHus GIOKIa YCTAHOBJICHBI Ha
MHOTUX 3IUTEPMAalbHBIX MecTopoxaeHussx (bopo-
BUKOB U 1p., 2009; Mango et al., 2013; BoikoB u np.,
2019, 2020; IMpokodseB u ap., 2019), B ToM yucie
OHU BBISIBJIEHBI M HAa MECTOPOXIeHUsIX Poropuk,
Jlynnoe, Hxynberra, Koppuma (ITpokodses u ap.,
2015; Zhuravkova et al., 2017; Kolova et al., 2021).
Kak moxkazanu pesyabTaTbl TEPMOIMHAMUYECKOTO
MOMAEIUPOBAHUS PYyI000pa3yIOIIUX IIPOLIECCOB Ha
npumepe PoroBuka (Zhuravkova et al., 2017), B ycio-
BUSX Jera3allud PyOJOHOCHOTO (aonaa BO3MOXHO
oOpa3oBaHMe 3JCKTpyMa, HAayMaHHUTA U KOJUIOUIA
SiO,.

Tpenapl uamMeHeHUs1 GyTUTUBHOCTEN CEPHI, cele-
Ha U KHUCJIOPO/a B XOJIe OTJIOXKEHUST Se-coaepkKailieid
MUHEpaAIM3alu1 Ha UCCICIyeMbIX MECTOPOXKICHUSIX
otobpaxeHsl Ha ¢ur. 10. YcraHoBIeHO, 4TO 00pa3o-
BaHne Au—Ag—S—Se MuHepaau3aluyd MPOUCXOINT
Ha HU3KOTeMIEPaTYPHBIX CTaausIX Ha (pOHEe CHUKe-
HUSI TEeMIEPaTypbl U (PyTUTUBHOCTEN CEpbI U celieHa
B cucrteMe. OYyTUTUBHOCTD KHCJIOpOAa M3MEHSIEeTCS
OT NUPUT-(MAarHETUTOBOIO)-TeMaTUTOBOIO Oydepa
MpY BBICOKUX TeMIepaTrypax B 00JacTh TaJIeHUT-aH-
Ie3UTOBOrO Oydepa NMpu HU3KUX TeMmIlepaTrypax.
ITpu aTOM, ecau paccMaTprBaTh U3MEHEHeE TToKa3a-
TeJel BHYTpU Kaxmoii craguu (ipu 7' = const, 100 u
200°C), To cMeHa TapaMeTpoB Ha 60Jiee BHICOKOTEM-
MepaTypHbIX CTaaUsIX MMeEET PasIuuHbIM XapakTep.
Ha mecropoxnenussx PoroBuk u BaayHucTsiii pyru-
TUBHOCTb CEPbl HE UBMEHSIETCS, 2 HA MECTOPOXIEHU -
sx JIyHHoe u JIxXynbeTTa oTMedaeTcs ee pocT. Dyru-
TUBHOCTU KMCJIOPOJa Ha MECTOPOXIeHUsIX JIyHHOe 1
Banynucroe yBennmunBalorcs, a Ha Porosuke n JIxxy-
JIbeTTe OCTaroTCsl HeusMeHHbl. Ha Huskortemrmepa-
TYPHBIX CTaAUsIX OTMeYaeTcsl yBeJudeHue (pyruTup-
HOCTEM cepbl U KUCI0pOoa U YMEeHblIeHUe DYyTruTUB-
HOCTU ceJieHa, 4YTO BbIpaXaeTcsl B 3aMellleHUU
ceJIeHUIO0B cepedpa cyabduaaMu 1 NosIBIEHUEM OK-
CHIIOB U CyJb(aTOB B Ipoliecce MUHEPaIooOpa3oBa-
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aug. Jng mectopoxnenuit Baaxyaucroe, IxxynbeTta
u Koppuna orMedaercst JIOKajbHOE MOBHILLIEHUE (Py-
TUTUBHOCTU CePhl M KUCJIOPOAA Ha 3aKJIIOUYNTEIbHOMI
cTaguyM MUHEpPaJIooOpa3oBaHMs, OXHAKO OOIIUiA
TpeH U3MEeHEHUST (PYTUTUBHOCTEN CBUAETEILCTBYET
00 X CHUXKEHUMU.

B Ta6n. 6 mpencTaBiieHa XapaKTepUCTUKA HEKOTO-
PBIX 3N TEpMAIILHBIX MecTopoxkaeHuiit OUBII, B py-
JlaX KOTOPBIX YCTAHOBJIEHBI XaJIbKOTeHUIBI cepedpa.
ComnocTaBieHUe IIOJMYYeHHOW HaMu WHGOpMaLUn
10 IIECTU STUTEPMATILHBIM MECTOPOXICHUSIM C ApY-
r'MMU anuTepMaibHbiMu oobekTamu OYBII cBune-
TEJILCTBYET O EIWHBIX 3aKOHOMEPHOCTSX pacIlpo-
CTpaHEHMsI XaIbKOTeHUAOB cepedpa. XaJbKOT€HUIbI
cepebpa HaxoAATCS B acCOUMALIMM C CyabbuaaMu
MMOIUMETAJIJIOB, CYJIb(oconsIMu cepedpa, OJIeKIBIMU
pynaMu 1 CaMOPOIHBIM 30J10TOM. /1151 OOJBIIMHCTBA
MECTOPOXIAECHWI XapaKTepHO HECKOJBKO reHeparuii
aKaHTUTA U ITOC/IeAoBaTeIbHOE “OYMIleHrne” eTro CO-
cTaBa OT IpuMeceii ceneHa. B 1ie10M MuHepanbHbIe
accouMalu ¢ XaJbKoreHugamMu cepebpa (tabi. 6)
MMOATBEPKIAIOT BBIACIIEHHBIC HAMH TPEHIIbI U3MEHE-
HUS QYrUTUBHOCTEM cephl U celieHa (¢ur. 10) B xone
pynootinoxeHusi. OmHaKO Ha MECTOPOXICHUSIX
JBoiitHoe 1 CeHTIOpPbCKOE OTMEUYAeTCsl MOCIeI0Ba-
TeJIbHasi CMEHa acCOLMalluii ¢ aKaHTUTOM Ha TeJLIy-
PUMIHYIO, COAEPXKAIIYIO TeCCUT, aNTauT, meTuur. I1o-
JIOOHBIM IIEPEXOI MOXET CBHUIOCTEILCTBOBATH 00
YMEHbIIIEHUM (DYTUTUBHOCTEM CEephl 1 CeJeHa U yBe-
JIMYeHUU (PYTUTUBHOCTHU TeJitypa B cucteMe. [1osB-
JICHME B pyaax ucciaeayeMbix o0beKkToB (JIyHHOE, Ba-
JyHucroe, JIxXynberTa) B paHHUX MUHEPaJIbHBIX ac-
CcoOLlMalMsX KepBeIeuTa M TMeTLUTa U IIUPOKOoe
pacmpocTpaHeHUe CcyabgOoCceIeHuI0B cepedpa Ha
MO3IHUX CTAAUIX CBUACTEIBCTBYET O CHIDKCHUH (py-
TUTUBHOCTH TEJIJTypa B XO/I€ PYAOOTIOXEHUS.

IToBeneHue ceieHa B MPUPOIHBIX IMPOIECCaX BO
MHOTIOM OIIpeIeIsIeTCs IIOBEASHUEM CEPbI, IIOCKOJIb-
Ky 3TH 3JIEMEHTHI SIBJISIIOTCSI TEOXMMUYECKMU aHa-
noramu (KpuBoBuueB, Henmaiiep, 2005). Pa3Hbie
¢GopMBbI HAXOXIEHUST 3TUX XaJbKOT€HOB B BOIHBIX
pacTBOpax pa3HoOil KUCIOTHOCTHU-IIEIOYHOCTU MHpPU
pPa3IMYHBIX (YTUTUBHOCTSIX KUCJIOpOAa M pas3Hast
YCTOMUMBOCTD CyIb(MUIOB, CEICHUIOB U CYJIbpoce-
JeHunoB cepedpa u apyrux metamioB (Fe, Cu, Pb,
Zn) TI03BOJISTIOT TIOCTPOUTH BO3MOXHBIE (PU3UKO-X1 -
MUYECKre MoAein (OPMUPOBAHMUS OCOOOTO THUIIA
Au—Ag MUHEpaI3aIny ¢ cepoiif M ceJIECHOM Ha DITH-
TepMaJIbHBIX MECTOPOXICHUSIX.

DnuTepMalibHbIe MECTOPOXICHUSI 00pa3yloTcs B
JIBa MJIM HECKOJILKO 3TAlOB, O YeM CBHUICTEIbCTBYIOT
MHOI'OYMCJIEHHbIE MeTacoMaTUYeCKrue W3MEHEHUS
MOPOM, Pa3INYHOM FeOXUMHNYSCKOM crien(puKaIu,
COBMEIIICHNE Pa3HOBO3PACTHBIX MMHEpaIU3allnii.
B pe3ynbraTe yero mpoucxoguT n3MeHeHue PU3NKO-
XUMHUYECKUX ITapaMeTPOB PyI000pa3yIonieii cpeasbl,
COIIPOBOXKIIAIOIIeeCsl PACTBOPEHUEM U ITIEPEeKPUCTAI-
JiM3alueit pynHoro BelecTBa. B xome aTux mpolec-
Ne 1
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®ur. 10. TpeHnsl uU3BMeHeHUs (PYrUTUBHOCTEH cephl (a), celieHa (0) 1 Kucioposa (B) mpu o0pa3oBaHUM XaJIbKOT€HUIIOB ceped-
pa Ha uccienyeMbIx MecTopoxaeHusix: 1 — PoroBuk; 2 — JIynnoe; 3 — JIxxynberra (y4. Tuxuit); 4 — BanyHnucroe (y4. [opHbIii);

5 — Koppuna; 6 — I[erenBeem.

COB BO3MOXHO 00Opa3oBaHMe CyIb(hoceTeHUI0B ce-
pebpa ¢ pa3IMYHBIMU BaprualMsIMU COAepXKaHUil ce-
neHa. Kymnepyn ¢ coapropamu (Kullerud et al., 2018)
MPEICTaBUIIN MOJIIEb, KOTOpas OOBSICHSIET M3MEHE-
HUe cofepxkaHus Se B Ag,(S,Se). ComtacHo 3Toit Mo-
JIeJIN, B Ipoliecce AecyabPUuan3aluu B OKUCIUTETb-
HBIX YCJIOBUSIX CEpa U3 TBEPAOTo pacTBopa Ag,(S,Se)
OKHCIISIETCA W TIEPEXOMUT B pacTBOp B BHIEe aHMOHA

2—
SO, , B pe3yjbTare 4ero NpouCXoquT oOpa3oBaHUE
CaMOpOJHOTO cepedpa. DTOT MpoliecC MOXHO 3au-
caTb B BUJIE peaKiiu:

Agzsxsel —x + xH20 + 15x02 =
= (1 - x)Ag,Se + 2xAg’+ xSO; + 2xH".

VYnaneHue U3 cUCTEMBI YaCTULLBI SOi_ MIPUBOIUT K
CcTabWIM3alu CyIb¢OoCeTeHUI0B cepedpa HayMaH-
HUTOBOTO psiaa, T.K. OTHOIIeHUEe KO3(pPUIIMeHTOB
aKTUBHOCTH aS?~/aSe’~ B cucTeme cHuXaercs. B pe-
3yJbTaTe MPOTeKaHUsI peakiu 3epHa Ag,(S,Se) 1mo-
CTETICHHO OKa3bIBAIOTCS 3aKJIFOYCHHBIMU B CAMOPO]I-
HOM cepebpe M TeM caMbIM M30JUPOBAHHBIMU OT
TanbHEHIMX peakinii ¢ dironmoM. CaMopomHoe ce-
pedpo B cpacTaHWHU C CcyJIbdoceIeHUIaMU cepedpa —
HayMaHHUTOM U Se-aKaHTUTOM — OTMEYayioCh B py-
nmax JlyaHoro (¢wur. 2r).

B nponoskeHue pa3BUTHSI 3TOrO Mpollecca oaHa
13 BO3MOXKHBIX peaklnii 00pa3oBaHUs aKaHTUTa 0e3
Se o cynbdoceneHuIaM cepedpa MOKET OBbITh ITPEI-
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CTaBJICHA KaK p€aKlinsAa OKMCIICHUA U paCTBOPEHUA C
IepexoaoM cCejicHa B paCTBOPCHHOC COCTOAHUE B

dopme HSeOy:
Agzsxsel —x + (1 - x) Hzo + (1 - x) 02 =
= xAg,S+ (1 - x)HSeO; + (1-x)H" (x <1).

OtHouieHue S/Se B cyabdoceneHuaax cepedpa
3aBUCHUT oT TEeMITepaTypHl, OTHOIIICHMS

aSOif/aHSeO;, aH,S, HS~/aHSe™, a Takxxe pH u
(GYrUTUBHOCTEM CepPhI, CeJIeHA I KUCIOPO/a.

Bo3MoxHO TakKe 06pa3zoBaHWE CAMOPOTHOM ce-
pbI Hapsimy ¢ akaHTuToM. CamopomHas cepa MpucyT-
CTBYET C CAMOPOIHBIM 30JIOTOM, aKaHTUTOM, IOT€H-
6oraapaTUTOM W (PUIIECCEPUTOM B SIPO3UTOBBIX
Opexuusix B pynax MmectopoxneHusi Kynon (CasBa u
ap., 2012). CamoponHasi cepa COASP>KUT BKIIOUSHUS
aKaHTUTa, KOBEJUIMHA, XaJTbKO3WHA U APYTUX CYJb-
GuUI0B B OTVIOKEHUSIX ByJIKaHa D0eko (Shevko et al.,
2018). ITosiBneHne caMOpoaHOIT cepbl — TMoKa3aTesb
CITAOOKMCITBIX PACTBOPOB IIPU  PEIOKC-YCIOBHSIX,

OJIM3KUX K H25/SO?f (¢ur. 50).

SAKJIIOYEHUE

OO01Ieit 3aKOHOMEPHOCTBIO B ITOCJIEOBATEIIBHO-
CTH 00pa3oBaHUS XaJILKOTEHMIOB cepedpa B pyaax
MmecTopoxneHuii Porosuk, xynserta, JIyHHOEe, Ba-
ayHucrtoe, Koppuma u IleneHBeem, JIOKaJIM30BaH-
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BeIX B OUBII, aBnasgerca odpa3zoBaHre S-HayMaHHU-
Ta, Se-aKaHTUTa U Se-coaepxKallux MUHepanaoB (Se-
rajeHura, Se-creaHuUTa) Ha HU3KOTEMIIEpaTyPHBIX
CTaIusIX U TIOSIBJICHMEe aKaHTUTa (6e3 mpuMeceii) Ha
MO3OHUX 00JIee HU3KOTEMIIEPATYPHbBIX CTATUSIX.

Bapuanuu coctaBa mpuUpOIHBIX CyldbghoOceaeHu -
OB cepebpa OXBaThIBAIOT TOYTU BECh OMANa3oH
Mexny Ag,S u Ag,Se. Hanumuve CUHreHETUYHBIX
cpacTaHMii B TIpUPOAHBIX oOpaslax ¢a3 cocTaBa
Ag,S;45¢ey¢ 1 Ag,Se 7S, ; MOATBEPKIaeT CyIleCTBO-
BaHMe AByxda3Hol obiacTu Ha (pa30BOIi JUarpaMmme
Ag,S—Ag,Se. Dazy Ag,SSe (Ag,S,55¢;5) (paHee Ha-
3bIBaEMYyI0 “arBmiiaput’) U pas3bl ¢ 00Jiee BBICOKMMU
COIEPKaHUSIMU CEPBI 10 Ag,S 4S€ ¢ HE CIIeyeT pac-
CMaTpUBaTh KaK OTAEJIbHbIIA MUHEPAJIbHbBII BUI.

OobOpazoBanne Au—Ag—S—Se MUHepaau3alun
MPOUCXOAUT HAa HU3KOTEMIIEPATYPHBIX CTAmUsIX C
YMEHbIIEHUEM TeMIIEPATYPhl, GDYTUTUBHOCTH CEPhI U
ceJieHa B CHUCTEMeE, a TaKxKe ¢ UBMEHEHUEM COOTHO-

wermit aSO; /aHSeO5, aH,S,HS~/aHSe~ u pH.
DyYyruTUBHOCTE KUCIOPOAa U3MEHSIETCS OT IHUPUT-
(MarHeTMTOBOI0)-reMaTUTOBOro Oydepa mpu BbICO-
KHX TeMIlepaTypax A0 raJIeHUT-aHIJIE3UTOBOTO Oyde-
pa npu HU3KUX TeMIlepaTypax.
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