Teocghepnvie uccneoosanus. 2018. Ne 3. C. 51-57

V]IK 553.45+549.766.3+0.04.94
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[puBoasTCS pe3yNbTaThl MOACIUPOBAHUS MIPOLIECCOB THUIIEPTEHHOr0 cyab(aTtoodpasoBanus B kapbepe LllepioBoropcko-
IO MECTOPOXKJEHUS B nuana3oHe temrepatyp 0—45°C ¢ momomipio nporpaMMHOro koMiiekca «Cenekropy. Y cTaHoBIe-
HBI pa3HooOpasue cynb(haToB, OUEPEAHOCTD UX MOSBJICHHS H IOJSI YCTOWYNBOCTH, COCTABJICHBI PSIbI CYIb()AaTOB B 3aBH-
CHUMOCTH OT TeMIIepaTyphl U KOJIMYECTBA MOJIEH BOABI B MOJIEIUPYEMOI CUCTEME.

Knwuesvie cnosa: [llepnosocopcrkoe mecmopodcoenue, cyro@amovl Medu, Cyibhamvl MasHus, Cyibghamsl YuHKa, npo-

epammuulii komnnekc « Cenekmopy, mooenn, paovl cyibghamos.

BBenenne

[IepnoBoropckoe 010BO-MOIMMETAININYECKOE MECTO-
poxneHue paspadateiBasiock ¢ 1936 mo 1993 r. Utorom
nestenpHOCTH onmHomMenHoro ['OKa cramu omoBopyn-
HBII Kapbep C TEXHOTECHHBIM 03€pPOM, 00pa30BaBIIHICS B
pe3yiabpTaTe 3aTOIUICHUS Kapbepa, XBOCTOXPAHWIHIIE,
CEeTh OTBAJIOB M CKJIAJIOB BCKPBIIIHBIX TIOPOJ] U HEKOHTH-
IUOHHBIX pyA. OCHOBHBIE PYIHBIC MUHEPATIbl MECTOPOXK-
JICHUS TIPESIICTABICHBI KACCHTEPUTOM, CAIEPUTOM, rajie-
HUTOM, THPHUTOM, MUPPOTHHOM, XaITbKOMUPUTOM, apce-
HOIMPHUTOM; HEPYAHBIC — KBAPIIEM, XJIOPHTOM, TYPMalIH-
HOM, TIOJICBBIMH IIIMATAMH, KAIBIUTOM, (IFOOPUTOM M
ap. [Kacarkun, Knonoros, [Tnammi, 2014].

['umepreHHbIe TEOXUMUYIECKUE TIPOIECCHl B Kapbepe
[Tep0BOropckOro MeCTOPOXKIACHHUS pPa3BHBAIOTCS JO-
CTaTOYHO OBICTPO W OXBATHIBAIOT 3HAYHUTENHHYIO YacTh
Tepputopur. IIporecc OKHUCIECHUS PyA U BMEHIAIONIIX
MOPOJT IPUBOJIUT K MOSIBJICHUIO OOJBIIOTO YKCa pa3Ho-
00pa3HBIX MHHEPAaJOB IPymn Cyib(}haToB, KapOOHATOB,
OKCHJIOB, THIPOKCUIOB ¥ Jp. Cynb(aThl MpeacTaBICHbI
pacTBOPUMBIMH M HEPaCTBOPHUMEIMU (opMamu. PacTBo-
pHMBIC B OCHOBHOM IIPE/ICTABICHBI KPUCTAJLIOTHpaTa-
MU ¢ hopMyIon Mez+SO4'nH20.

Lenbio pabOTHI ABISIOTCS YCTAHOBICHHE MUHEPAIIOB
Kjacca Cynb(}aroB, 0Opa3yrOIUXCs HA UCIAPUTEIEHOM
TCOXUMHYECKOM Oapbepe B TEMIIEPaTypHOM JHANa3oHe
0-45°C, ycnoBus ux 00pa30BaHUS U CTaTHHHOCTb.

HccnenoBaHuio THITEPreHHBIX IPOIECCOB YIEISIIOCh
BHUMAaHHE MHOTUX YYCHBIX HA MPOTSHKEHUH JIITUTEIBHO-
ro nepuozaa Bpemenu [Kapacuk, 1946; fxonrosa, 1961;
Jambor, Boyle, 1962; Nordstrom, 1982; ApnonunH, 1984;
Heypeuenckas, 1987; JKmanos, 1989; Illepbakoga,
1995; Oprencon, 1997; Jambor, Nordstrom, Alpers,
2000; Boprtaukoa, 2001; Bbenoryo, Illepbakosa, Hu-
kanaposa, 2007; Cepryrckas, 2013; 3BepeBa, Scrpem-
ckas, JIpicenko, 2014; Pycanb, 2015 u ap.]. bonboit
HWHTEPEC B HACTOSIIEE BPEeMs MPEACTABISIOT MPOLECCHI
THIIEprenesa, MPOTEKAFOIIE IPU OTPHIATEIBHBIX TEMIIe-
patypax [FOprencon, 1997; Epemun, 2004; I1aBmtokoBa,

Mapkosuud, 2006; Marion, Kargel, Catling, 2008; Marion,
Mironenko, Roberts, 2010; ITtupi u ap., 2009; Dnosa,
2014; Moncur et al., 2015]. 'uneprennsie cymbhaTer 3¢e-
MEpHBIE, YCIOBUS MX BO3HUKHOBEHHS W TPEICITBI YCTOU-
YUBOCTH JIOCTATOYHO OrpPAaHMYEHEI, T03TOMY HATYpHBIC
HCCIICZIOBAHUS MPENCTABIIOTCA B OONBIICH YacTH Hepe-
QTbHBIMA.  MeToZi  KOMITBIOTEPHOT'O  MOJICIHPOBAHHS,
npemioxkennslid K. KapnoBeiM u peann3oBaHHBIA B
KOMIbIOTEepHYI0 mporpammy [Kapnos, 1971; Kapnos,
1977; Kapmo, 1981; Kaprio u np., 1999; Beraunckwii,
Ucaes, Tynuuun, 2004; Apuenko, UyaHeHko, AJekcaH-
apoB, 2009; Uynnenko, 2010], ocHOBaH Ha MpPUHLMUIE pa-
0O0TBI, 3aKITFOYAIOIUMCS B MUHUMU3AIMK dHeprun [ nboca
M TOCTPOCHUHM TEPMOIUHAMHUYUCCKOM MOJEIH, COMIepKa-
el uHGOpPMAIMI0O O KAYeCTBEHHOM M KOJIHMYECTBEHHOM
COCTaBe PacTBOpa W MPOIICHTHOM COOTHOIIICHWH BbINAaB-
IIMX U3 Hero MuHepanos, pH-Eh-napaMerpax crctembl.

OO0BEeKT U MeTOobI

OOBEKTOM HCCIIEIOBaHMSI BBICTYIIAIOT THUIIEPIeHHBIC
MUHEepalbl Kiacca cyabpaToB, 00pa3yronmecs Ha ucra-
PUTEIBLHOM T'eOXMMHYECKOM Oapwepe B kapbepe lllep-
JIOBOT'OPCKOT'0 MECTOPOIK/ICHUSI.

OUBNKO-XUMHYECKOE MOJISTUPOBAHUE TTPOIIECCOB
00pa3oBaHUs Cyab(haTOB OCYIMIECTBISUIOCH C MTOMOIIBIO
nmporpaMMHoOro komruiekca «Cenexkrop» [UyaHeHKo,
2010]. Pacuer mpoBoamiicst st cUCTeMbl 24 He3aBU-
CHUMBIX KoMIOHEeHTOB: Mg, Zn, Fe, Mn, Cu, Ni, Co, Ca,
S, Si, Al, Pb, C, Cl, F, As, N, P, Sn, K, Na, H, O, e.
YuuteiBanuch 323 3aBUCHMBIX KOMIIOHEHTa, B TOM
yncie 147 KOMIOHEHTOB BOJHOTO pacTBOpa, 19 ras3os
u 157 tBepapIx das.

Hcnonbs3oBaHbl TepMOaMHAMUYECKHE 0a3bl TaHHBIX
JUTSL BOJIHBIX, Ta30BBIX KOMIIOHEHTOB W IS TBEPIBIX
¢a3. Criucok TBepabIX (a3 JAOMOITHEH COrNIACOBAHHBIMHU
3HAYCHHUSIMH H300apHO-U30TEPMHUECKOr0 TMOTEHIHAIA
HEKOTOPBIX BO3MOXKHBIX MHHEPAIIOB CYIb()aTOB C KpH-
CTAJITM3AI[MOHHON BOJIOW, WX SHTANbIHEH 00pa3oBaHUs
W3 JIEMEHTOB W JHTPONHUEH B CTAaHIAPTHOM COCTOSHUU
(298,15 K; 1 Gap).
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Mogeins ogHOpe3epByapHasi, OTKPbITast 10 OTHOLLIEHUIO
Kk aTMocdepe. PacueT XUMHYECKOro paBHOBECHOT'O COCTABA
npoBomuiics mpu Temnepatypax ot 0 no +45°C u nasie-
Huu 1 atMm. PaccMatpuBaroTCs POIECCHI, TIPOUCXOJISIIINE
Ha MCIAPUTENBHOM Oapbepe B Kapbepe MECTOPOXKICHHUS Ha
KOHTAKTe MOPOJIa — MOBEPXHOCTHBIE BO/IBI B COOTHOIIICHUN
10:1, cocra atmoctepsr C — 0,0104977, N — 54,65, O —
14,61099. MuHHMaJIbHOE 3HAYCHHE BBEIBOAUMOIO 3aBUCH-
Moro kommonenta 107, Jlns pacdera HCIONB30BAIOCH
cpenHee 3HAUYEHHME COCTaBa pPyAd M BMEILAIOIIUX IOPOI,
OTOOPAHHBIX B KAPbEPE MECTOPOXKICHHS.

Pe3y.II])TaTl)I HCCJICI0OBAHUSA U oﬁcym)le}me

Mogenupyemasi cucreMa UMUTHPYET MPOLECC HUCIa-
pEHUS BOIBI HA UCTIAPUTEILHOM T'COXUMUIECKOM Oapbe-
pe. B paccmaTtpuBaemMoil MOaENH ynenseTcs BHUMaHUE
MUHepajaM MarHus, Menu, nuHka. [Ipu 0°C nepBeiMu B
CHCTEME TMOSBILIIOTCS Cyab(aThl UHKA, MEIU, MAarHHS,
KoOanbTa, HATpUs, CBUHIA, KalbIMs, a TaKXKe KBapll,
reMaTuT, aJyHUT.

Cymvghamor meou. CynmbdaTel MeImM TpencTaBICHbBI
xanpkantuToM CuSOy4 -5H,0, 6onnarurom CuSO4 3H,0,
myarBeruToM CuSOy4 1H,0 u 6e3BomHBIM Cynb(haTroM Me-
1 CuSOy4. 3aBrCHMOCTH TS CYAb(HATOB MEIU TOCTPOCHBI
IpH KOHIEHTpanuu Boabl 0,5 MOIb, 3TO KOHIIEHTpALHS,
IOpy KOTOPOH B CHCTEME MpPUCYTCTBYIOT BCE HYETBIpE
cynmbdara. [ xanpkaHTHTa 1 OOHHATHTA CXOXH KPHUBBIC
M3MEHEHHs1 KOHIICHTPAILUK OT TeMIepaTypsl. [IpudeM mpu
YMCHBIIICHUH 3-BOJHOTO CYNb(ara OTHOBPEMEHHO IPO-
MOPIMOHANIEHO HIIET yBEIWYeHHE 1-BOAHOrO (IIyaTBEHH-
Ta), OH 00pa3yercsl HEMOCPEICTBEHHO Ha OOHHATUTE Kak
MIPOIYKT €ro aeruapatauuu (puc. 1).

PaccMoTpenne MonenupyeMoi CHUCTEMBI B JHarma-
3oHe Temieparyp 0—45°C maer BO3MOXHOCTH IOCTpOe-
HUS PSJIOB CYNB(GATOB MO CTATUIHOCTH X 00pa30BaHUs
B 3aBHCHMOCTH OT KOHIIGHTpAallMd BOABI OT 55 10
0,51 momnu.

Psinel cynbdaros:

0-45°C

CuSOy4:5H,0 + CuSOy4-3H,0 + CuSO4-1H,O —

CuSOy4:5H,0 + CuSOy4:-3H,0 + CuSOy4-1H,0 + CuSOy4

=T
@ CuSO4
= CuSO4(H20)3|

v CuSO4(H20)5
# CuSO4(H20)

oM B O ® O N

CuS04 + CuS04(H20)3 + CuS04(H20)5 + CuS04(H20)

} t t
2 4 6
Variants

Puc. 1. 3aBucuMOCTb H3MEHEHHS KOHIICHTPALINH CYJIb(aTOB MeIH OT TeMIepaTyphl
Temneparypa T yxa3zana B °C, Variant — 4nucio BapuaHTOB PEIICHIS MOJIEIIH; YHCIO MoJeil Boabl B Mojenupyemoit 0,51 momib

Fig. 1. The dependence of copper sulfate concentration change on temperature
Temperature T is indicated in °C, Variant is the number of model solutions; the number of moles of water in the simulated 0.51 mol

Cynvgpamor maenusi. Cpemu cynb(haTOB MarHus B
MOJEIM MNPUCYTCTBYIOT Mepuauanut MgSO4 11H,0,
sncomut MgSO4 7H,0, nentaruapur MgSO4- SH,0,
ku3epuT MgSO4 1H,0, a Taxke Marnuiicomepxamiuii
MUHEpal TPYHIBl TaJOTPUXUTA — MUKKEPESHTUT

MgAl(SO4)4-22H,0, npuyeM MCOMUT MOSBISETCS TPH
temnepatype 10°C, a npu 40°C u meHTaruIpur, Kuse-
PHUT MPUCYTCTBYET B aCCOLMALNU C TTMKKEPEHTUTOM, YTO
1 HabJII04an0Cch NpU HATYpPHBIX HCCIIEeN0BaHUIX. Mepu-
JUAHUT YCTOMYMB MPH HU3KUX TeMIlepaTypax BO3AyXa.
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Cynbdatel Marausi IpPENCTABICHBI HA IBYX TIpaduKax,
TaK Kak MOJsl YCTOMYMBOCTU 3TUX MHHEPAJIOB pa3HbIE,
mpu 5 MOJISIX BOJBI B CUCTEME OTCYTCTBYET KHU3EpHT, a
mpu 0,5 MonsX — MepUAHAaHUT W 31coMuT. OIHOBpe-
MEHHO TpU YMEHbIIEHUH KOHLIEHTPAllUM MEpUIUaHUTa
pacteT KOHUEHTpalusl MUKKEPEHUTa, KOTOPbIi, B CBOIO

[o:]

MgSO04(H20)11 + MgS04(H20)5 + MgAI2(SO4)4(H20)22 + MgS04(H20)7

] 4 6
Variants

o M koo

=T
=e=MgS04(H20)11
== \gSC4(H20)5
v MgAI2(S04)4(H20)22
== MgS04(H20)7

a

ouepeb YMEHbIIASCh, IPU ONPEACICHHOM KOJIHYECTBE
MOJIeil BO/IbI JaeT Hayajo MOSBJIEHUIO U POCTY SIICOMU-
Ty, a 3MCOMHUT — TNeHTaruaputy (puc. 2, a). Ilenta-
TUAPUT B CBOIO OYEpelb NEPEXOAUT B KHU3EPHUT, MpU
9TOM MHUKKEPEHTHT B CUCTEME OCTAaeTcs, XOTSA KOHILIEH-
Tpauus ero ymenbiuaercs (puc. 2, b).
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MgS04(H20) + MgAI2(SO4)4(H20)22

Variants

--T
== MgSQ4(H20)
== MgAI2(S04)4(H20)22

b

Puc. 2. 3aBucuMocTh H3MEHEHNS KOHIIEHTPAIINH CYJIL()ATOB MATHHUS OT TEMIEPATYPbI
Temneparypa T ykazana B °C, Variant — 4nucio BapHaHTOB PELICHMSI MOJETH. @ — YHCIIO MOJIEH BOZIBI B MOAEIHPYEMOH CHCTEME PaBHO
5 Moib; b — 4ncno MoJel BOABI B MOAEIHpyeMoi cucreme pasHo 0,5 Monb

Fig. 2. The dependence of the change in the concentration of magnesium sulfate temperature
Temperature T is indicated in °C, Variant is the number of model solutions; @ — the number of moles of water in the simulated system is
5 mol; b — is the number of moles of water in the simulated system is 0.5 mol

PaccmoTpenre MozienupyeMon CUCTEMBI B TMANa3oHe
temneparyp 0—45°C naet BO3MOXXHOCTb MOCTPOEHUS Psi-
JIOB CYJB(ATOB MO CTAIUHHOCTH X 00pa30BaHUS B 3aBH-
CUMOCTH OT KOHIeHTparwu Bojpl OT 55 mo 0,51 monu.
Bonpioe pa3znooOpasue psmoB OTMEUAETCS IS CYIbda-
TOB MarHusl, Mojisi yCTOMYUBOCTH MEPUANAHUTA, STICOMH-
Ta U MIEHTaruApyuTa OrpaHuuEHbl TEMIIEPATypPOH.

Psnpt cynbdaros:

0-10°C

MgSO4-11H,0 — MgS0O4-11H,0 +
+ MgAlz(SO4)422H20 — MgSO4 IHQO +
+ MgAIx(SO4)4:22H,0

10°C
MgSO4-11H,0 — MgSO4-11H,0 +
+ MgAlz(SO4)422H20 + MgSO47H20 —
— MgSO4 IHQO + MgAlz(SO4)422H20
15°C
MgSO4 11H,0 + MgSO47H20 - MgSO4 11H,0O +
+ MgAlz(SO4)422H20 + MgSO47H20 —
— MgSO4 IHQO + MgAlz(SO4)422H20
20-35°C
MgSO4-7TH,O — MgSO4-7H,0 +
+ MgAlLy(SO4)4-22H,0 — MgAly(SO4)4-22H,0 +
+ MgSO, 1H,0
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40°C
MgSO4-7TH,0 + MgSO4-5H,0 — MgSO4-7H,0 +
MgAL(SO4)s-22H,0 — MgAly(SO4)s-22H,0 +
MgSO,: 1H,0
45°C
MgSO4-7H,0 + MgSO4-5H,0 — MgSO4-7H,0 +
MgSO4-5H,0 + MgAI(SO4)4-22H,0 —
MgAlz(SO4)422H20 + MgSO4 1H,O

Cyﬂbd)ambl YUHKA. MI/IHepaJILI UHKa MpEACTaBJICHbI

rocnaputoM ZnSO4 7H,0, OGuankutom ZnSO4 6H,0,

ZnS04

Variants

a

Puc. 3. 3aBucuMocTh H3MEHEHN KOHICHTPALMH CYJIb()AaTOB IMHKA OT TeMIIEPaTypPhI

canneputoM ZnSQOy4 2H,0, ranaunarutom ZnSO4 1H,0
u 0e3BOHEBIM cyibdaroM ruHKa ZnSO,.

I'padux mist cynb(aToB UHKA pas3aeeH Ul HATIISTHO-
CTH W3MCHCHUS KOHICHTpAIMKM OE3BOMHOro cynbdara
(puc. 3, a, b). Boobue, npucyrcrBue Beex 4 cynbdaron
BO3MO>KHO BO BCEM JIMaIa30He TeMIEpaTyp U MpaKTHye-
CKH TIPH JTFOOO0M KOHIICHTpAIMK BOJIbI OT 55 10 0,5 MOJIb,
HCKJII0YeHHe cocraBisier Temneparypa 0°C, mpu KoTo-
poit ZnSO, mOSBISETCS TPHU KOHIICHTPAIUN BOJIBI
0,5 MOJIb, YTO BIIOJIHE OOBSICHUMO.

Variants

b

=T

= ZnS04(H20)7
- ZnS04(H20)6
v ZnS04(H20)
#ZnS04(H20)2

Temneparypa T ykazana B °C, Variant — 9ucio BapuaHTOB PEIICHMS] MOJETH; @ — YUCIIO MOJIEH BOABI B MOJEIHPYEMOH CHCTEME PaBHO
5 Moib; b — 4ncio MoJel BOABI B MOAEIHpyeMoi cucreme pasHo 0,5 Monb

Fig. 3. The dependence of zinc sulfate concentration variation on temperature
Temperature T is indicated in ° C, Variant is the number of model solutions; a — the number of moles of water in the simulated system is
5 mol; b — the number of moles of water in the simulated system is 0.5 mol

Pszibl cysb(aToB:
0°C
ZnS0Oy4 7H,0 + ZnSO4 6H,0 + ZnSO4-2H,0 +
+ Zl’lSO4' IHQO — ZI’ISO46H20 + ZHSO42H20 +
+ Zl’lSO4' IHQO + Zl’lSO4
5°C
ZnSO4 7H,0 + ZnSO4-6H,0 + ZnSO4-2H,0 +
+ ZnSO4 1H,O — ZnSO4 7H,0 + ZnSO4 6H,0 +
+ ZHSO42H20 + Zl’lSO4' IHQO + Zl’lSO4 —
— ZI’ISO46H20 + ZHSO42H20 + Zl’lSO4' 1H20 + Zl’lSO4
10-15°C
ZnSO4 7H,0 + ZnSO4 6H,0 + ZnSO4-2H,0 +
+ ZnSO4 1H,0 + ZnSO4 — ZnSO4 6H,0 +
+ ZHSO42H20 + Zl’lSO4' IHQO + Zl’lSO4

20°C
ZHSO4'6H20 + ZHSO42H20 + Zl’lSO4' IHQO +
+ 7ZnSO4 — ZnSO4 7H,0 + ZnSO4 6H,0 +
+ ZHSO42H20 + Zl’lSO4' IHQO + Zl’lSO4 —
ZHSO4'6H20 + ZHSO42H20 + Zl’lSO4' IHQO + Zl’lSO4
25-45°C
ZHSO4'6H20 + ZHSO42H20 + Zl’lSO4' IHQO + Zl’lSO4
Hecmotpst Ha Gonbloe pasHooOpasue cynbhaTos, 00-
Pa3yIOIIMXCsl HAa TEOXHMHIYECKOM Oapbepe, B PacTBOpE CO-
XPpaHACTCA IMOBBIMICHHASA KOHICHTpalus HUHKA, MECIH, Mar-
HUA U APYTUX METAJIOB. D10 00BACHIETCS HaXO0XICHHEM
HpHpOL[HO-TeXHOFeHHOﬁ CUCTCMBI B KyJII)MI/IHaIlPIOHHOﬁ
CTaiuy IIponecca OKUCICHUA, KOTOpasd XapaKTCpU3yCTCI
HaJMuhieM OOJBIIEro  KOJIMYECTBA BOOOPAaCTBOPHUMBIX
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cynb(haToB METAILIOB, CYIE(QHIBI KOTOPBIX MEHEE YCTONIH-
BbI B OKHCITUTEIIBHBIX YCIIOBHSIX, B TIEPBYIO Odepeb chaie-
puT, XanpkomupuT u raneHuT [Pycanp, 2015]. CormachHo
B.II. 3BepeBoii [3BepeBa, fctpemckas, Jlbicenko, 2014,
OKHuCIIeHUe chayiepuTa IPUBOMUT K 00Pa30BAHUIO BBICOKO-
KOHIICHTPHPOBAHHBIX PACTBOPOB, HO U3 HUX HE MPOHCXOIUT
KPUCTAUTM3AIMHA TEXHOICHHBIX MHHEPAJIOB, a IIMHK U cepa
MIOJIHOCTBIO TIEPEXOAT B pacTBOp. B pactBope mpu maiom
KOJIMYECTBE MOJICH BOJIBI COJICPIKAHME IIMHKA, MEIM U Mar-
HUSL U CEpBI IOCTATOYHO BBICOKOE B IpEieNax n: 100107,
pH xonebnercs B npenenax 0,48—-1,64, Eh=1,13-1,22.

3akiarouenne

DUBNKO-XUMHUYECKOE MOACIIUPOBAHUE JAa€T BO3MOXK-
HOCTb PAaCCMOTPETH MpPOHECC 06pa3OBaHI/I${ TUICPreH-

HBIX CyJ'II)(l)aTOB, HUX KOJIMYECTBO M CTAJUNHOCTH MOSIB-
JICHUA. HepBI)IMI/I B CHUCTCMC IIOABJIAIOTCA CyJ'II)(l)aTI)I
Mar"Hums, 1MHKa U1 MCOU. Cy.]'[]:(l)aTI)I Mar"aus HeyCTOfI‘-IPI-
BbIC BO BCEM HAIIA30HEC TEMIICPATYyp, CPE€ANU HUX BbIAC-
JISHOTCSA HU3KOTCMIIEPATYPHBLIC — MCPUAUAHUT U BBICO-
KOTEMICPATYPHBIC — MCHTAIrWAPUT. KI/I3epI/IT npucyT-
CTBYCT B CHCTEME B accoluallui C IMHUKKEPCHIUTOM.
CyJ'II)(I)aTI)I OWMHKAa U MCIU CTaOMIIBHBI BO BCEM Juaria-
30HE TEMIICPATYDP, JIUIIb 663BOL[HI)I€ HX YJICHBI IPHU HU3-
KUX TEMIEpAaTypax MOSABIAKOTCA B CUCTEMC IIPpU MaJIOM
KOJINYECTBE MOJIEH BOJIBI. 06pa3y}onmecs{ PacTBOpPLI B
MOI[eHI/IpyeMOﬁ CUCTEMEC BBICOKOMHWHEPAIN30BAHHBIC,
JaXKE€ IMpU MaJIOM KOJIMYECTBEC MOJIe BOJIbI B MOJIETN B
pacTBOpEC MPUCYTCTBYET 0O0JIBIIOE KOJIMYECTBO METAIl-
JIOB U CEPbI, KOTOPBIC OINIPEACIIAIOT HU3KHUEC 3HAUCHH A pH
1 BBICOKYHO PCAKIHNOHHYIO aKTUBHOCTb.
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PHYSICO-CHEMICAL MODEL OF FORMATION OF HYPERGENE SULFATES
ON EXAMPLE SHERLOVOGORSK DEPPOSIT

The results of modeling using the program complex “Selector” processes of hypergene sulfate formation in career of the Sher-
lovogorsk deposit in the temperature range of 0—45°C. Hypergene geochemical processes in the Sherlovogorsk field career developing
at a fast pace and cover a significant part of the territory. The process of oxidation of ores and host rocks leads to the appearance of a
large number of different minerals groups of sulfates, carbonates, oxides, hydroxides, etc. Sulfates are soluble and insoluble forms. Sol-
uble ones are mainly represented by crystallohydrates with the formula Me®*+S0,-nH,0. Hypergene sulfates are ephemeral, the condi-
tions of their occurrence and the limits of stability are rather limited, so the field studies are mostly not real. The method of computer
modeling proposed by L.K. Karpov is based on the principle of work consisting in minimizing the Gibbs energy and building a thermo-
dynamic model containing information about the qualitative and quantitative composition of the solution and the percentage of minerals
dropped out of it, pH-Eh-parameters of the system.

The simulated system imitates the process of water evaporation on the evaporative geochemical barrier. In this model, attention is
paid to the magnesium, copper and zinc minerals. At 0°C, the first of zinc, copper, magnesium, cobalt, sodium, lead and calcium sul-
fates, as well as quartz, hematite, alunite appear in the system.

The variety of sulfates, the order of their appearance and the field of stability are established, the series of sulfates are composed de-
pending on the temperature and the number of moles of water in the simulated system.

Despite the large variety of sulfates formed on the geochemical barrier, the solution retains an increased concentration of zinc, copper,
magnesium and other metals. This is due to the finding of natural-technogenic system in the culmination stage of the oxidation process,
which is characterized by the presence of a large number of water-soluble metal sulfates, sulfides which are less stable in oxidative condi-
tions, primarily sphalerite, chalcopyrite and galena. According to V.P. Zvereva oxidation of sphalerite leads to the formation of highly con-
centrated solutions, but of them there is no crystallization of technogene minerals, and zinc and sulfur completely passes into the solution. In
the solution, with a small amount of water moles, the content of zinc, copper and magnesium and sulfur is high enough within n-10%-n-107, the
pH ranges from 0.48—1.64, Eh = 1.13—1.22 Solutions are highly mineralized, even with a small amount of water moles in the model, a large
amount of metals and sulfur is present in the solution, which determine low pH values and high reactivity.

Keywords: Sherlovogorsk deposit, copper sulphate, magnesium sulphate, zinc sulphate, program complex “Selektor”.
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