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HccnenoBaH KOKUMOUT AlFe§+[SO4]6(H20) 12-6H,0 (pynHux Xasbep, Ilepy) MeTogaMu TepMUUECKOTO
M 3JIEKTPOHHO-MUKPO30HIOBOIO aHajn3a, MOpPOIIKOBOM peHTreHorpadun, KP n méccbayspoBcKoit
creKTpockonuu. MeTonoM KaJlopUMETpUM pacTBOPeHUs B pacriaBe 6opaTta cBuHua 2PbO-B,0; Ha
Mmukpokaiopumerpe Kanbpe “Setaram” (®paHLus) onpeaesieHa SHTAIbIMSI 00pa30BaHUS KOKUMOUTA
U3 3JIEMEHTOB AfH0(298.15 K) = —11118 % 40 x/Ix/Monb. OuieHeHO 3HaYeHNE ero abCOJIOTHOM SHTPO-
muu S°(298.15 K) = 1248.3 + 3.0 JIx/(monab K), paccunranbl sHTponust obpasosanus ApSs°(298.15 K) =
= —5714.0 + 3.0 Ix/(monb K) u sHeprus Tu66ca o6pasopanus us snemenToB A;G%(298.15 K) = —9411 +
* 40 xJIx/Monb. O1ieHeHbl 3HaYeHWS SHTAJIbIIMK U 3Heprun [n606ca oOpa3oBaHUs U3 BJIEMEHTOB aTlOMU-

HOKOKMMOUTA A12Fe;+[SO4]6(H2O)12-6H20: — 11540 £+ 29 1 9830 * 29 kJIx/MOJIb COOTBETCTBEHHO.
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BBEAEHUE

KoxkumMOuT, mapakOKMMOUT ¥ aTIOMUHOKOKUM-
OUT — BTOPUYHbIE MUHEPAJIbI, BCTPEUAIOIINECs B 3a-
CYIIUIMBBIX PETMOHAX B 30HE OKMCJIEHUS CYJIb(PUIHBIX
MECTOPOXIEHUM, comepKallliX MUPUT, MapKa3uT WU
nuppotuH (Ilepy, Ymmm, mrarer Kammgopaus n FOrta B
CIIA, a Takke B ApreHTuHe, ABcTpaiinu, bommsun,
Kurae, Monronuu, Ipeuun, WMpane, Mapokko,
IMopryranuu, KOxnoit Adppuke, Ucrmanum), pexe B
paiioHax, CBSI3aHHBIX ¢ (PyMapOJIbHOI aKTUBHOCTBIO
ByJIKaHOB (HarpuMep, ByinkaH Hlesenyu, KamuaTtka,
Poccus; octpos Bynkano, Utamusa). Takke KOKMM-
OuT GBI OOHAPY:KEH YYBCTBUTEIILHBIMHU CITEKTPaJTh-
HBIMU OUCTAaHIIMOHHBIMU METOIaMM HCCJICIOBAHUS
cpeau BOOHBIX CyJIb(haTOB Kejie3a Ha IIOBEPXHOCTU
Mapca (Poitras et al., 2018; Turenne et al., 2022).

Koxumbut AlFeX* [SO,](H,0),,6H,0 (IMA list of

minerals) U NapakoKUMOUT Fei+[SO4]6(H20)12-6H20
(IMA list of minerals) KpHUCTaJUIM3YIOTCSI B TPUTO-
HaJILHOI CUHTOHUM, IPOCTPAHCTBEHHBIC TPYIIIIHI

P31c nu R3 coorBeTcTBeHHO, mpuyeM B (Robinson,
Fang, 1971) aTu MuHepajibl paccMaTpUBalOTCSI KakK
MOJUTHUTIBL. LIS CTPYKTYp KOKUMOKWTA 1 TTApAKOKHM -
OuTa XapaKTepHO HaJU4YMe U30JIUPOBAHHBIX OKTAdI-
poB [Fe(H,0)¢1** u/umu [AI(H,0)¢]*" u xiacrepos
[Fe;(SO4)s(H,0)4]*~, B KOTOPBIX aTOM KeJjie3a B Ofl-
HOI TO3ULIMU KOOPAWHUPOBAH IIECTbIO aTOMaMU
KUCJIOpOAa, MpPUHAMIEKAIUMU UCKIIOUUTEbHO
cyibdaT-noHaMm, a Kaxablii U3 IBYX aTOMOB XeJjie3a B
JIPYTUX NO3ULMAX KOOPAMHUPOBAH TPEMsI KUCIOPOI-
HBIMU aTOMaMU CYJIbMAT-UOHOB U TPEMSI aTOMaMU KUC-
Jopona moniekyn H,O. B cTpykTypax aTMx MuHepaioB
TaKXKe CYIIECTBYET CJIOKHASI CUCTEMA BOJOPOIHBIX CBSI-
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3¢l MEXOYy MOJIEKYJIAMU BOIbI, BXONSIIIMMH B COCTaB
KJIACTEPOB, M30JMPOBAHHBIX OKTa’ApOB U MOJIEKYJI,
3aHUMAaOIINX MeXa0y3eabHble mo3unuu (Yang, Gi-
ester, 2018). Ctpykrypa aIlOMUHOKOKNMOUWTA

ALFel" [SO,]4(H,0),-6H,0 (IMA list of minerals),
KPpUCTAJUIN3YIOIIECTOCA B TpHFOHaJIBHOfI CUHITOHUU C

NPOCTPAHCTBEHHOI Tpynmoii P3lc, OTIMYAETCs OT
BBIIIICOTTUCAHHOM CTPYKTYPHl KOKMMOWTA M COmep-

JKUT U30JIMPOBAHHBIE OKTa3IPhI A1(H20)2+ U 0ecKo-
HeuyHble KoJIOHKU [Fe(SOy)s]., nayiue Bnoab [001]
U COCTOSIIIUE M3 OKTA3APUYECKU KOOPIMHUPOBAH-
HBIX aTOMOB XeJjie3a U CyJb¢daT-UOHOB, MOAOOHO
cTpykType deppuHarputa Na;(H,0);[Fe(SO,);].
Mexnoy3senbHble MosieKyabl H,O ynepxuBatorcs Bo-
JTIOPOIHBIMU CBSI3SIMU, KaK U B CTPYKTYpe KOKUMOUTA
(Demartin et al., 2010a, 6).

M3BecTHBIE K HACTOSIIIIEMY BpeMEHU MCCIIeI0Ba-
HUSI KOKMMOUTa, MapakoKMMOUTa W aJllOMUHOKO-
KUMOMTA OTHOCSTCS, TJIaBHBIM 00Opa3oM, K u3yye-
HUIO UX CTPYKTYpbl U OIIpENEICHUIO IMapaMeTpOB
aneMeHTapHoii stueiiku (Fang, Robinson, 1970; Rob-
inson, Fang, 1971; Majzlan et al., 2010; Yang, Giester,
2018; Mauro et al., 2020). UK u KP cnekTpocKoru-
YEeCKHM MCCIeIOBaHUSIM MOCBSIIEeHbl padoThl (Maj-
zlan et al., 2011; Frost et al., 2014; Mauro et al., 2020).
TepMuueckast cTabMJILHOCTh McciiefoBaHa B (Acker-
mann et al., 2009; Frost et al., 2014).

IIpakTryeckuit 1 HaydYHBIN MHTEpEC K MCCIIeno-
BaHUIO BOTHBIX CYyJIb(MAaTOB XeJie3a U B YAaCTHOCTU KO-
KMMOHNTa 00YCIIOBJIEH UX POJIBIO B IIPOIIECCE BHIBET-
pUBaHUsSI TOPHBIX IIOPO, COIEpXKaIIUX 3HAYUTEIb-
HOE KOJMYECTBO CYJIb(PUIHBIX MHHEpajaoB (4ale
BCETO IMPUTA, MapKa3uTa Wil NUPPOTUHA), IIPU KO-
TOPOM B3aMMOACHCTBUE CyTb(PUIOB C BOJOH U BO3-
JIyXOM IPUBOIUT K 00pa30BaHUIO BOJOPACTBOPUMBIX
CylIb(haTOB U CepHOIT KUCIOTHI, pa3pyllaolieil OKpy-
>Kalolle ropHble MOPOJIbl, B pe3y/bTaTe Yero MeTaj-
JIBI (B TOM YMCJIe Y TOKCUYHBIE ) BEIHOCSITCSI KUCJIBIMU
JIPEHAaXXHBIMU PacTBOpaMM (KMCJIOTHBIN IpeHaXk I10-
poll, pyIHUKOB, OTBAJIOB U I11aXT), 3arpsI3HSISI BOIHbIE
U TIOYBEHHbIE TOPU3OHTHI, YTO MPEACTABIISIET COOOM
9KOJIOTMYECKYIO OIIACHOCTD IIPH XO3IMCTBEHHOM HC-
MOJb30BAHUU 3TUX TEPPUTOPUIA.

Pemenuio ipo6aemM, CBI3aHHBIX C 3arpsI3HEHUEM
OKpYyXKaromieit cpeabl, MOXKET CITOCOOCTBOBATh TEOpE-
TUYECKOE MOJeIMpoBaHUE (PUINKO-XUMUUECKUX
IIPOLIECCOB B CUCTEMe BOoIa—IMopoaa, 0a3upyrolieecs
Ha TepMOAVMHAMMNYECKUX TaHHBIX MUHEPAJIOB, 00bEM
KOTOPBIX B HACTOSIIEe BpeMsl HeIocTaTodeH. Tak,
HampHuMep, ceiiyac n3BeCcTHa OOHA SKCIIEpPUMEHTaIb-
Hast pabora (Majzlan et al., 2006), B KOTOpOIi Ha Oc-
HOBAaHMU JAHHBIX METOHAa KMCJIOTHOM KaJOpHMET-
puM ObLIA OIIpedelieHa dHTAJIbINs 00pa30oBaHMs U3
2JIEMEHTOB, OlLICHEeHAa CTaHIapTHasl SHTPOITUS U pac-
cuMTaHa OdHeprus Iub66ca KokuMOuUTa cocTaBa

(Fe; Al 53)[SO4]5(H,0)g 5; @ B pabote (Hemingway
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et al.. 2002) mpencTaBiaeHBI JIUAIIH OLIEHOYHBIE 3HAYE-
HUSI OCHOBHBIX TEPMOJIMHAMMYECKUX IapaMeTpPOB

nmapakoKmMOuTa CcocTaBa Fe§+[SO4]3-9H20, pac-
CMaTpUBAEMOTO B 3TOM padoTe KaK KOKUMOUT. ABTO-
paMM Uccaea0BaHusl, BBITOJTHEHHOTO METOJIOM KHC-
JIoTHOM KajopumeTpuu (Ackermann et al., 2009),
oIpeAccHa SHTAIbIIUS 00pa30BaHUSI CUHTE3UPO-
BaHHOTO aHaJora MmapakokKMmoura.

Llenblo HACTOSIIIETO WCCIEIOBAHUST SIBJISIETCS
BKCIEPUMEHTAIBHOE MTOyIeHHE TSI KOKUMOUTA eT0
SHTAJBITMA O00pa30BaHUS M3 BJIEMEHTOB METOIOM
pacIuiaBHOM KaJIOpUMETPUU PACTBOPEHMUSI.

OKCIIEPUMEHTAJIbHAA YACTb
Onucanue obpazuya u memoosl Ucc1e008aHUs

BrI1 nccitemoBaH o0pasell KOKUMOUTA U3 KOJIJIEK-
1 MuHepajiornyeckoro mysest uM. A.E. @epcma-
Ha PAH (pynHuk Xaswep, Ilepy). OO0pasen mpen-
CTaBJISIET COOOI MIETKY IMPO3PAYHBIX KPUCTAJLIIOB T'y-
CTO-CUPEHEBOIro IBeTa pa3MepoM A0 3 MM Ha
MEJIKO3epHUCTOM KapOOHATHOI Iopoie.

Pentrenorpagudyeckoe nsydeHre ObLUTO TPOBEICHO Ha
nopoikoBoM mudpakrtomerpe “STOE-STADI MP”
(I'epmanust) ¢ uzornyteiM Ge (1II) MmoHoxpomaTo-
poM, oOecrneyrBamIlIUM CTPOr0O MOHOXpOMaTHU4e-
ckoe CoKoi,-uznydenne (A = 0.178897 A). C6op naH-
HBIX OCYLIECTBJISVICSI B PEXUME IOITATHOTO TMepe-
KpbIBaHUSI 0O0JlacTeii CKaHUPOBAHUSI C TIOMOIIIBIO
MMO3UITMOHHO-YYBCTBUTEJIBHOTO JIMHEIHOTO ITEeTeK-
TOpa ¢ yIJIoM 3axBaTa 5° 1o yrry 20 ¢ IMpuHOM Ka-
Hasa 0.02°.

IMonyyenHslit criektp (puc. 1) comacHo 6azam
nmaHHbIX ICDD (The International Centre for Diffrac-
tion Data, 2013; kaptouka Ne 01-071-2380) cooTBeT-
CTBYeT criekTpy Kokumbura (Ilepy).

TepMuueckoe noBeaeHne MuHepaia OT KOMHATHOM
temrieparypsl 10 7= 673 K 0bIJ10 M3ydeHO Ha ycTa-
HoBke “NETZSCH TG 209 F1” (I'epmaHust) B moTo-
ke azora (40 ma MUH™!) CO CKOPOCTBIO HATPEBAHUS
10 K mun~"'. TIpu60p 6bUI OTKAIMOPOBAH I10 TEMIIE-
paType IUIaBJIeHUs] STATOHHBIX BEIIECTB, MPEe1oCTaB-
JIEHHBIX (pupmoii—u3rorosuTesieM (Ag, Al, Bi, In, Sn
99.999% 4uucToThl). MI3MepeHusT TIPOBOIMIIN B CTaH-
JNapTHBIX aTIOMUHUEBbIX KOHTEMHepax ¢ MpOKOJO-
TOM KPBIIIKOIi; Macca oOpasia cocTanisia 14.70 mr.

Ha tepMorpaBumMeTpuyeckoii KpuBoi (puc. 2) 3a-
¢GUKCUPOBaH MpoLIecC MOTEPU MACChl, CBSI3aHHBIN C
JeruapaTtanueii MHUHepaja, IIPOMCXONIMINeil B IBa
aTara: Ha MIepBOM 3Tarie B MHTepBaJie oT 348 1o 424 K
¢ MakcuMyMoM npu ~448 K notepst Macchl COCTaBJIsI-
eT 9.4%, 4TO COOTBETCTBYET BBIIEICHUIO OKOJIO 6 MO-
sexkyn H,O; BTopoii atan ¢ MakcumyMoM mipu ~453 K
3akaHuYmMBaeTcsa npu 7' = 648 K, mpu 3TOM Mpouncxo-
IWT ynaJeHue ocrapiuecs 19.6% macchl, 94TO COOT-
BETCTBYET 12 MOJIeKyJIaM BOZHI.
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Puc. 1. I[TopoikoBas nudpakTorpaMMa U3y4eHHOT0 KOKUMOUTA, MEXKILTOCKOCTHBIE PACCTOSIHUS YKa3aHbl B A. BHusy npuse-
NeHbl naHHble 1t KokuMmbuTa u3 ICDD (kaprouka Ne 01-071-2380).

XuMHYeCcKHii aHAIM3 ObLI BEITIOJIHEH HAa CKaHUPY-
IOIIIeM JIEKTPOHHOM MUKPOCKOIIE C BOJIb(MPaMOBBIM
TEPMO3MUCCUOHHBIM KaTtogoM “JSM-6480LV” (Jeol
Ltd., SAnmoHus1), o6opyn0OBaHHOM SHEPTOAMCIICPCHU-
OHHBLIM cnekTpomeTpoMm “X-Max-50” (Oxford In-
struments Ltd., GB), npu yckopsioiem Hampske-
Huu 20 kB, cune Toka 10.05 + 0.05 HA. O6padoTka
JIaHHBIX ObLIa ITpou3BeneHa B mporpamme INCA (Ox-
ford Instruments, v. 22).

[Mo maHHBIM MUKPO30HIIOBOTO ¥ TEPMOTPABUMET-
PUYECKOTO aHATM30B OBbLI MOJyYeH CIEAYIOLINN XU-
MMUYECKUI1 COCTaB M3YyYEHHOTO MUHepana (Mac. %):
Na,O 0.08, K,O 0.7, Al,O; 4.36, Fe,O; 21.58,
S0O;43.19, H,0 29.00. PaccuutanHas Ha 12 3apsinoB
xumuyeckass ¢dopMysia MHUHEpaJla HMMeeT BUI

3+
Al g7Fe504Nag 03K 02[SO4l6.04(H,0) 1:6H,0 1 6iim3-
Ka K TeopeTuyeckoil ¢dopMyse, pEeKOMEHIyeMOu
MexnyHaponHoit MuHepanmornueckoit Accolanu-

eit (IMA) AlFel*[SO,]4(H,0),,'6H,0.

I'amMMa-pe3oHaHCHOe HCClIeIOBaHHE KOKMMOUTA
OBbLJIO BBIMOJHEHO Ha MeccOaydpOBCKOM CIIEKTPO-
metpe SATPC-6 “Ilepceit” (Poccus) Iipy KOMHATHOIM
TEMIIEPATYPE C KCIONL30BaHMEM HcTouHuKa °'Co B
marputie Rh aktuBHOCTEIO 8 MK, KammOpoBky criek-
TpOMeTpa MPOBOAWIN C MOMOIIBIO CTAHIAPTHOTO T10-
motutens o- Fe. MonenvpoBaHue CrieKTpa OCyIIeCTB-
JISUIM ¢ IPUMEHEHUEM POCCHUICKOI KOMITBIOTEPHOI
nporpammbl HappySloth (www.happysloth.ru).

IMoydyeHHBI criekTp (pUc. 3) cornacyercs co CIieK-
TPOM KOKMMOWTa, mpencTaBieHHbIM B (Dyar et al.,
2013), 1 ObLT yIOBJIETBOPUTEIHLHO OIMCAH OMMHOY-
HOM YIIIMPEHHOM JIOPEHLIEBOU JIMHUEN C ITapaMeTpa-
mu: RTIS, . = 0.46 = 0.01 mm ¢!, FWHM = 0.85 +

+0.05 mm ¢!, x> = 1.2. U3MepeHHBIIT N30MEPHBIIA
CIBUT COOTBETCTBYET MHTEPBaIy 3HAUYEHMI1, OOBIYHO
HaOJII0JaeMbIX JISI OKTa3APUYSCKUX KUCIOPOTHBIX
MOJIM3APOB TpexBajeHTHOro xkene3a [Fe¥*Oq], He-
CKOJIBKO TIpeBBIIIast pacueTHoe 3HadeHume (Dedu-
shenko, Perfiliev, 2022), 4To MOXET OBITh OOBICHEHO

TEOXNMMUI Ne 6
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Puc. 3. MéccbayapoBCcKuii CIIEKTP IpY KOMHATHOM TeMIepaType U3y4eHHOTO KOKMMOUTA.

MOJIAPU3YIOIINM NeiicTBMeM MoHOB S°'. Bonee ne-
TaJbHas MHTEPIIPETALNS CIICKTpa TPeOyeT JOMOJTHU-
TeJILHBIX UCCJIENOBAHUI IPY HU3KUX TeMIlepaTypax.

KP-cnekTpockonuyeckoe u3ydeHue ObLU10 IpOoBeIeHO
Ha pamMaHOBCKOM MuKpockorre “EnSpectr R532” (Poc-
cus). JMHa BOJIHBI JIa3€pPHOI0 U3Jy4YEHUSI paBHSI-
Jlach 532 HM, BBIXOJHAsI MOIITHOCTD Jiy4ya COCTaBJIsiIa
20 MBrT, ronorpadgudeckasi AUCIIEpCUOHHAsT PEIIeTKA
umesna 1800 1rTp./MM, CHEKTpalbHOE pas3pelieHue —
oKoJI0 6 cM™~!, MameTp (POKAIBLHOIO MSITHA TIPY YBEJIH-
yeHuu 40X paBHsuica 7 MKM. CrieKTp ObLT MOJyYeH B
nmuarnaszone ot 100 mo 4000 cM~! Ha HEOPUEHTUPOBAH-
HOM oOpa3lie B pexrMe HaKOIJIEHUSI CUTHaja B Teue-
HMe 1 CeKyHIBI TP YepeTHEHWH 110 50 9KCITO3UITHSIM.

CriekTp KOMOMHAIIMOHHOTO PacCesTHUSI M3Yy4eH-
HOro KokumMobuTa (puc. 4) cornacyercs co CrieKTpaMmu
3TOro MuUHepaja, onyonukoBaHHbeIMU B (Frost et al.,
2014; Mauro et al., 2020). CnekTpanbHas 00JIacTb OT
2800 mo 3600 cM~! cOOTBETCTBYET BaJIEHTHBIM KOJIE-

TEOXUMHUA T1omM 68 Ne 6 2023

0aHUSIM THUAPOKCUIIBHBIX TPYITIT MOJEKYIT BOIBI; B
nHTepBane 1000—1250 cm~! 3apermcTpupoBaHbl Ju-
HUM, OTHOCSIIIMECS K CUMMETPUIHOMY (camasi MH-
TeHcHUBHasA JHUA npu 1024 cM~') 1 aHTUCUMMET-
PUYHBIM BaJICHTHBIM KOJICOAHUSIM ~ TETPasIpoB

[SO,]1?~; nedopmaunonHbie Konedbanus SO, -TeTpa-

51poB 3adUKCUPOBaHLI B 11arnasoHe 440—630 cm—!;

B CITEKTpaIbHOI 001acTi HuXe 300 cM~! mposBieHsI
JIMHUM pacCesIHUSI TaK Ha3bIBaeMBIX PEILICTOUYHBIX
MoJ (BaJiIeHTHbIe kKoiiebaHus1 Fe—O u Al—0).

TepMoXUMHYECKOE MCCIIEIOBAHUE OBbLIO BBITTOJIHE-
HO Ha BBICOKOTEMIIEpaTypHOM TEeIJIONPOBOISIIEM
mukpokajgopumerpe ITumana—KanbpBe “Setaram”
(®panuus). MeTtomoM KaIopuMETPUK PACTBOPEHUS B
pacruiaBe coctaBa 2PbO-B,0; Oblia onpeneneHa sH-
TaIBITUS 00pa30BaHUS N3YYEHHOT0 00pa31a KOKOMOU-
Ta. ONBITHI TI0 PACTBOPEHUIO OCYILECTBIISLIA CJICIYIO-
MM 06pa3oM: obpasibl Maccoit 4—9 (2 x 1073) mr
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Puc. 4. CriekTp KOMOMHAIIMOHHOTO paccesiHUsI U3y4eHHOTO KOKUMOHUTA.

cOpachIBaI OT KOMHATHOM TeMITepaTyphl B KaJlOpH-
METPp C paciiaBoM, HaxoasiuMmcst ripu 7= 973 K; za-
(UKCUPOBaHHbBIN TIPU ITOM TeIUIOBOM 3 deKT co-
Iepkaa OMHOBPEMEHHO KaK IIpHpallieHrue SHTaTb-
muu obpasua [(H°(973 K) — H°(298.15 K)], Tak u
SHTAJIBITHIO €r0 PacTBOpeHust A, .,H(973 K). Ilpu
npoBeneHNHN 6—8 3KCIEPUMEHTOB B OTHOM MOPIIMHU
pacmiaBa (30—35 r) COOTHOILIEHUE PacTBOPEHHOE
BEIIECTBO—PACTBOPUTEb MOXHO OBLIO OTHECTU K
0GeCKOHEUYHO pa36aBIeHHOMY PacTBOPY C IIpeHeope-
KMMO MaJloii sHTajbnueil cMmeureHust. KanmOpoBKy
MUKPOKaJIOPUMETPA OCYIIECTBIISUIM METOIOM “COpO-
ca” ATAJIOHHOTO BelllecTBa — IUIATUHHI B paciljiaB B
YCIOBUSIX 3KCHEPUMEHTOB MO PacTBOPEHMIO, TIPHU
5TOM U3MEPSJIOCH TOJIBKO MpUpaIlleHUEe SHTAIBITUU
[(H°(973 K) — H°(298.15 K)], HeoOxoquMbIe CcIIpa-
BOYHEBIE TaHHbIE 3anmMcTBOBanuch u3 (Robie, Hem-
ingway, 1995).

CpenHee 3HaueHue BeaumuuHbl [H°(973 K) —
— H°(298.15 K) + A, H°(973 K)] 13 7 aKcriepuMeH-
TOB, MMPOBEIEHHBIX Ha MUKpoKajgopuMeTrpe Kambse
Ha TIPUPOITHOM oOOpa3lie KOKMMOMTa, COCTaBUJIO
1312.2 = 7.3 JIx/r = 1437.1 £ 8.0 x/Ixx/mMonb (M =
= 1095.18 r/M0J1b), HOTPEITHOCTH ONpPEIEICHEI C Be-
POSITHOCTBIO 95%.

PE3YJIbTATbl TEPMOXUMMWYECKOI'O
NCCIEOOBAHUA

Dumanvnuu 06pa306aHUs U3 1EMEHMO8

C ucrofib30BaHUEM MOJYyYEHHBIX KaJJOpUMETpU-
YeCKHMX TaHHBIX U TEPMOXUMHIECKOTO ITUKJIA, BKITIO-
YaoIIero pacCTBOPEHNE MUHEpaia U COCTABIISIIONINX

€T0 KOMIIOHEHTOB, 10 peakuyu (1) u ypaBHeHUSIM (2)
n (3) Obula paccyMTaHa SHTAJbIIMSA OOpa30BaHUS
M3YYEHHOTO KOKMMOWTA U3 3JIEMEHTOB.

3/2Fe,0;+ 6CaSO, + 12A1(OH), =

1
= 6Ca0 + 11/2A1,0, + Al [SO,], (H,0),,6H,0, (D

Ay (298.15K) = 1.5 AHFe,0, + 6AHCaSO, +

p-uun

+12AHAL(OH), - 6AHCaO - 5.5AHALO; — (2)
— AHALI[SO,], (H,0),,6H,0,
AH'(298.15K)AL[SO,], (H,0),,,6H,0 =
= Aoy H(298.15 K) + 1.5A; H°(298.15K)Fe,0; +
+ 6A:H"(298.15K)CaSO, + (3)
+ 12A.H°(298.15K)Al(OH), —
— 6AH"(298.15K)Ca0 — 5.5A;H"(298.15K)AlL,0;,

mme AH = [H°973 K) — H°298.15 K) +
+ ApacrnH°(973 K)| — TepMoxumuyeckue IaHHbIE
JUIST BCeX Y4YacTHMKOB peakuuu (1) (tadba. 1);
AH(298.15 K) — 3HaueHUs SHTAJIbIIMI 0Opa3oBa-
HUS U3 BJIEMEHTOB OKCHUIIOB, TUIPOKCUIA allOMU-
Hus U cynbdara Kanpuusa (tadn. 1). IMomydennoe
3HAYeHWE OSHTAJbIIMM OOpa3oBaHUS KOKUMOUTA

AlFe§+[SO4]6(H20)12~6H2O U3 2JIEMEHTOB MpUBEIe-
HO B Ta0J. 2.

Kanopumerpudeckue gaHHBIE IO PaCTBOPEHUIO
MPUPOITHOIO 00pa3lia KOKMMOMTA MO3BOJIMIIM pac-
CUMTATh DSHTAJBIIMKU OOpa30BaHUSI M3 BJIEMECHTOB

amoMuHOKokuM6uTa Al Fe) [SO,l4(H,0),,-6H,0.
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Ta6mma 1. TepMoxyuMudeckre JaHHBIE, UCTIOJIB30BaHHBIE B pacyeTaX SHTAJIBITMN 00pa30BaHNs KOKUMOUTA 1 aTIOMU-
HOKOKMUMOUTa (KIK/MOJIb)

KoMmoHeHT H°(973 K) — H*(298.15 K) + A1, H(973 K) — AH(298.15 K)?
Fe,O;(rematur) 171.6 + 1.9 826.2 £ 1.3
Al,O5(xopyHn) 107.38 £ 0.59® 1675.7£ 1.3
CaO(x.) —21.78 + 0.29° 635.1 £0.9
CaSO4(anruapur) 131.3 + 1.6* 14344+ 4.2
Al(OH);(ru66cur) 172.6 + 1.9¢ 1293.1 + 1.2

Tpumeuanus. 2 Cnpasounsie nanHble (Robie, Hemingway, 1995).

6—1 Paccunrano ¢ MCTIONb30BaHUEM CIIPABOYHBIX TAHHBIX 10 [HO (973K) — HO(298.15)] (Robie, Hemingway, 1995) u sxcniepuMeHTaAIb-

HBIX IAHHBIX [10 PACTBOPEHUIO Apy,crp
KOB U 1p., 2000).

¢ Ilo nanusM (Oropomosa u ap., 2011).

H°(973 K): O(Kucenesa, 1976), B(Ogorodova et al., 2003), "(Kucenesa u ap., 1979), “(KoTeabHu-

Tab6muna 2. TepMommHaMHUYECKUE CBOMICTBAa KOKMMOWTA M aJIOMMHOKOKMMOHNTA, ITOJTyYeHHBIC B HACTOSIIEH padboTe

CocraB MUHepaJa, —AH°(298.15 K)? 59(298.15 K)°, —A5°(298.15 K)*, —A:G°(298.15 K)",
MOJIEKYJISIpHAS Macca, T/MOJb KJIK/MOb Hx/(monb K) I/ (monb K) KJIx/Moib
Koxumobur
AlFe§+[SO4]6(H20)12~6H20 11118 + 40~ 1248.3 £ 3.0 5714.0 £ 3.0 9411 + 40
M =1095.18
AJIIOMMHOKOKHUMOUT
AlFe%+[SO4]6(H2O)12-6H20 11537 + 41¢ 1226.6 = 2.9 5736.9+2.9 9830 £ 29
M=1066.31 11543 £+ 41*

Cpennee: 11540 = 29

HpI/IMC‘{aHI/IH. a l'lonyquo I10 pe€3yjbTaTaM pacrmaBHoﬁ KaJIOpUMETPUU paCTBOPECHUA.

5 Oueneno mo aJUIMTUBHBIM cxeMaM (peakiui (4), (5), (6)).

B PaccuMTaHo ¢ UCIOIL30BAaHUEM JAHHBIX 1O .50(298.15 K) anemeHToB, Bxoasinux B cocraB MuHepanoB (Robie, Hemingway, 1995).

" Paccunrano o dopmyie AGY = AH? — TASC.

o) HOFpCHIHOCTI/I BCEX TCPMOIMHAMHNYCCKHUX BEJIMYMH paCcCUNTAHbI METOAOM HAKOIIJICHUA OIMOOK.

¢ PaccyuTaHo ¢ yyerom M.
* PaccunTaHo ¢ y4eTOM MONPaBOK Ha Pa3IMdMe COCTABOB.

DKcnepuMeHTanbHble  3HadeHus [H°(973 K)
— H°(298.15 K) + AL, H°(973 K)] nmepecunthiBanu
Ha COCTaB aTIOMUHOKOKMMOUTA ITyTeM BBEACHUS TO-
MPaBOK Ha OTJIMYME €r0 COCTaBa OT M3YYEHHOTO KO-
KMMOHWTA, a TAKKE C YYETOM €ro MOJIEKYIISIPHOM Mac-
cbl. Pe3ynbTaThl pacueToB, BBHIMOJIHEHHBIX MO ypaB-
HeHUsIM, aHaJIoTudHEBIM (1), (2) u (3), IpencraBieHbI
B Ta0. 2.

Anepeuu ITubbca obpazosanus u3 31eMeHmos

Heob6xonumele mjis pacuyeta aHepruu [ub6oca Mmu-
HepajioB BEJIUYMHBI a0COJIOTHOM 3HTPOIMM OBLIN
MOJIydeHBI KaK cpeaHue 3HaueHUS U3 peakuuii (4),
(5) m (6) m1sT U3Y4YEHHOTO KOKMMOWTA VJTA aHAJIOT Y -
HBIX peaKii IJIsl A JIOMUHOKOKMMONTA C KCIHOIb30-
BaHUEM CIIPaBOYHBIX HaHHBIX 1o S$°(298.15 K) mia
KOMITOHEHTOB 3THnX peakuuii n3 (Robie, Hemingway,

TEOXUMUS Ne 6
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1995); Bkmam Bombl ObBUI  IIPUHAT
39.3 Ix/(monb K) (HaymoB u ap., 1971).

PaBHbBIM

3/2Fe, (SO,), +1/2AL,(S0,), + 18H,0 =
= AlFe;" [SO,], (H,0),,6H,0,
3/2Fe, (SO,), +1/2AL, (SO,), + 3NiSO,6H,0 =
= AlFe"[SO,], (H,0),,6H,0 + 3NiSO,,
3/2Fe, (SO,), +1/2AL, (SO,), + 2MgSO, 7TH,0 +
+ 4Mg(OH), = Al[SO,], (H,0),,6H,0 +
+ 2MgSO, + 4MgO.

4)

(&)

(6)

3nauenus As5°(298.15 K) munepanos (tabi. 2)
OBLIM pacCYUTaHBI C MCHOJIb30BAaHMEM MaHHBIX IO
$°(298.15 K) miis1 251eMEHTOB, BXOISIIMX B UX COCTaB
(Robie, Hemingway, 1995). 3nauenus AG°(298.15 K),



628 I'PULTEHKO wu np.

BBIYKCJIEHHBIE C YYETOM MOJIYYEHHBIX JAHHBIX 10 DH-
TPOIIMM U DHTAJIbIUU O0Opa30oBaHUS, MPUBEACHBI B
Tabim. 2.

3AKJIIOYEHHME

IMonyuyeHHBIE TepMOIMHAMMWYECKUE OAHHBIC IS
KOKMMONTA U aJTIOMUHOKOKMMOUTA MOTYT OBITh HC-
IOJIb30BaHbI TP MOJIEJIMPOBAHUU IIPOLIECCOB BbI-
BETPUBAHUSI TOPHBIX TIOPOJ, MPUBOISIINX K Pa3BU-
THIO KUCJIOTHOTO JIpeHaXa Ha CyIb(pUACOmePXKALINX
PYIHBIX MECTOPOXICHUSX. PesynbraThl Moaeampo-
BaHUS MOTYT OBITh IMOJIE3HBIMU TIPU Pa3pabOTKe TeX-
HOJIOTMYECKUX CXeM W3BJICYCHUS U3 KMCJIBIX Ipe-
Ha>XHBIX PACTBOPOB LIEHHBIX KOMIIOHEHTOB, a TaKXKe
IUIST OLIEHKM 3KOJIOTMYECKUX ITOCIAEACTBUIA KMCIIOT-
HOTO JIpeHaxka, pa3paboTKu Mep MO MUHUMU3AIUU
HEraTMBHOI'O BO3IEICTBUS KUCJIBIX BOI Ha OKpYyXKa-
IOIIYIO CpeAy Y CIIOCOO0B HENMTpaIn3allii U OYNCTKHI
BOJI OT MIOHOB TOKCUYHBIX METAJJIOB.

Tepmuueckass ycTaHOBKa U MeccOay3pOBCKMIA
CHEKTPOMETP HAXOAATCS Ha XUMHUUYECKOM (haKysbTe-
te MI'Y, nudpakToMeTp, CKAHUPYIOIIWA 3JIEKTPOH-
HbIA MUKPOCKOIT, pPAMaHOBCKUI MUKPOCKOIT U MUK-
poxanopumeTp KajibBe yCTaHOBJIEHBI Ha T€0JIOTHYE-
ckoM dakynabreTe MI'Y.
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