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rMAPOTEPMA(IBHOE MOAE(IMPOBAHHE

®OPMHPOBAHHNA BTOPHYHbIX KOI/IEKTOPOB
B KPEMHHCTbBIX U3BECTHAKAX (CMCTEMA H,0-CO,)

M. 10. 3yOKoB

3anagHo-CuBMPCKUiA reonornyeckuii LeHTp, TiomeHs, Poccua

BriepBble paccMOTPeHbl pe3y/bTaTbl TMAPOTEPMAbHOMO MOAENMPOBaHNA GOPMUPOBAHNA BTOPUYHDIX
KONNEKTOPOB (TMAPOTEPMAsIbHBIX CUIULMTOB) B KPEMHUCTBIX U3BECTHAKAX, LMPOKO PacnpoCTPaHEHHbIX B A0~
IOPCKOM Komniekce 3anagHow Cubupwu, B cucteme H,0-CO,, B KoTopoit monbHas aona CO, usmeHanacb ot
0,0 ao 1,0, a TemnepaTtypa ot 215 Ao 410 °C. YcTaHOBNEHO, YTO B 3TOM CMCTEME OCYLLECTB/IAETCA NpenmyLie-
CTBEHHOE pacTBOpPeHue KapboHaToB, M B NepByto o4epeab A0/IOMUTA. B pesyabTaTe NPOUCXOAUT OKPEMHEHUe
NOBEPXHOCTM KPEMHMUCTbIX U3BECTHAKOB M OPMMPOBAHME B HUX BTOPMHHOM MOPUCTOCTH, B €AViHIHHBIX 06-
pasuax — 06pa3oBaH1e MMKPOKPUCTANN0B KBapLa C PasnnYHOM CTENEHbIO COBEPLIEHCTBA KPUCTaNINYECKOM
OrpaHKM. YCTaHOBEHO, YTO NMUPUT TaKIKE HEYCTOWYMB B 3TUX FTMAPOTEPMAbHbIX YCNIOBUAX U pasnaraetca ¢ 06-
Pa30BaHMEM 33 €10 CYET XKeNe30CcoAepKalLmx kKapboHaTos. Takke HabaoaaeTca ero npespaLleHve B MTMPPOTUH
1 cynbduabl Mean U HUKeNs. PacTBOPEHHbIN MMAPOTEPMabHbIM G/IOMAOM BroreHHbI KBapL, BblAenseTca
13 Hero uan 8 Gopme MUKPOKPUCTANIMYECKOTO KBapLa, UK B BUAE 3aKasouHbIX $as, NpeacTaBleHHbIX Kpu-
cT06annUTOM U/MAn amopdHbIM KpeMHe3eMoM. BbiicHeHo, YTo Npu TemnepaType Bbiwe 360 °C BMeCTO Xe-
ne3ocopepKalumx KapboHaToBs 3a cyeT NupuTa obpasyeTcsa XJI0PUT, NpK 3STOM BMeCTe C NMPUTOM pasnaraetca
1 KaONIMHWUT. Bnepsble 3KCNepUMEeHTaNbHO YCTaHOB/IEHO, YTO NPYU BbICOKOI Temnepatype (410 °C) yrnekuncnbiii
ra3 npuMobpeTaeT OKMCAUTEbHbIE CBOMCTBA U B pe3ynbTaTe ero B3aumoAencTBuaA ¢ Mefbto 06pasyroTca OKUCh
1 3aKMCb Meaun. Kpome Toro, B 3TUX YCNOBUAX NMUPUT NPEBPALLAETCA B Xene3ocoaepaliume kKapboHaTbl, a He
B X/I0PWT. BbiiBNIEHbI OCHOBHbIE 3aKOHOMEPHOCTU GOPMMUPOBAHMA MO NaNE030MCKUM KPEMHUCTLIM U3BECTHA-
Kam BTOPUYHbIX KONNEKTOPOB — r'MAPOTEPMAIbHBIX CUNULUTOB.

Knioyessie cnoea: KpemHucmble U36ecCmHAKU, 2udpomepmansHsle garoudel, cucmema H,0-CO,, emo-
PUYHbIE KOANEKMOPLI, 2u0pOMepMasnbHbie CUAUYUMel.

HYDROTHERMAL MODELING OF SECONDARY RESERVOIR FORMATION
IN SILICEOUS LIMESTONS (H,0-CO, SYSTEM)

M. Yu. Zubkov

West-Siberian Geological Center, Tyumen, Russia

We have discussed the first results of hydrothermal modeling of the formation of secondary reservoirs
(hydrothermal silicites) in siliceous limestones, which are widespread in the Pre-Jurassic complex of West Siberia,
namely, in the H,0-CO, system, in which the mole fraction of CO, varied from 0.0 to 1.0, and the temperature
from 215 to 410°C. It has been found that in this system there is a predominant dissolution of carbonates and,
first of all, dolomite, as a result of which the surface of siliceous limestone is silicified and secondary porosity is
formed in them. In some samples, quartz microcrystals with varying degrees of perfection of crystal faceting are
shaped. It is found that pyrite is also unstable under these hydrothermal conditions and decomposes forming
iron-containing carbonates at its sacrifice. Its transformation into pyrrhotite and copper and nickel sulfides is
also observed. Biogenic quartz dissolved by a hydrothermal fluid is released from it either in the form of micro-
crystalline quartz, or in the form of quenching phases represented by cristobalite and/or amorphous silica. It is
also found that at temperatures above 360°C, instead of iron-containing carbonates, chlorite is formed due to
pyrite, while kaolinite also decomposes along with pyrite. It was experimentally established for the first time
that at a high temperature (410°C), carbon dioxide acquires oxidizing properties and, as a result of its interaction
with copper, oxide and red oxide of copper are formed. In addition, under these conditions, pyrite passes into
iron-containing carbonates rather than chlorite. The main regularities of the formation of secondary reservoirs,
i.e. hydrothermal silicites, in the Paleozoic siliceous limestone have been revealed.

Keywords: siliceous limestones, hydrothermal fluids, H,0-CO, systerﬁ, secondary reservoirs, hydrothermal
silicites.
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CHUXXeHWe TeMNOB NPMPOCTa 3anacos B TPaAULK-
OHHbIX (TEeppUreHHbIX) NOPOAaX-KOANEKTOPAX Me3030M-
CXOro BO3pacTa, BXOAALLMX B COCTaB 0CaA04HOro Yexna
3anagHo-Cubupckoro ocagodHoro 6acceiiHa, BbIHYX-
23eT reo/10roB M HePpTAHUKOB BECTU NOUCKU YrNeBOA0-
DOAHbIX 3a/71EXKei B NOpoAax AOHOPCKOro Komnaekca
4K) [1-8, 10, 13, 15]. Hanbonee nepcneKTUBHbI B €ro

COCTaBe U3BECTHAKM, BK/OYAA UX KPEMHUCTbIE pa3HO-
BUAHOCTU. KPEMHUCTbIE M3BECTHAKM U 06pasoBaBLUM-
ecA B HUX B pe3ynbTaTte Ux TeKTOHO-rMAPoTepManbHOro
npeobpa3oBaHWA BTOPUYHbIE KONNEKTOPbI (rMapoTep-
ManbHble CUAMLUTBI Mo [7]) WMPOKO pasBuTbl B COCTaBe
KpoBenbHoM Yactn K 3anagHo-Cubupckoro bacceid-
Ha [6, 7, 14] — Ha TannHckom, CeBepo-BapberaHckom,
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BapberaHckom, XaHTbl-MaHcuinckom, KOxHo-[embaH-
ckom, Tyitckom, Korutckom, BoctouHo-Korutckom, 3a-
naaHo-OcTaHnHCKOM, CeBepo-KannHosom, BocTtouHom
W APYrUX MeCTOPOXKAEHUAX; UX BO3PacCT BepXHeAeBOH-
CKO-HMKHEKapboHOBbIW [6, 7]. Mo BbICOKOW CTemneHu
MeTamopduama PaccesHHOro B HUX OPraHUYecKoro
BewlecTsBa (Kak npasuno, oT T fo A, 3a UCK/OYeHEM
nepudepuitHbIX PaioHOB), @ TaKXKe HW3KOW NopucTo-
ctv (B peakmx cnydanx Ao 2—4 %) MOXKHO 3aK/0UUTD,
YTO OHM NO6bIBaNM Ha rybuHe 8—10 KM U NPaKTUYECKU
MONHOCTbIO Peannu3oBanu CBOWM HedTereHepaLMOHHbIN
noTeHuuMan, yn1oTHUIUCL U NepeLunn B KNacc HeKon-
nektopos [18, 19]. Takum obpasom, cyliecTBoBaHUE
MepBUMYHOM MOPUCTOCTU B KPEMHWUCTbIX M3BECTHAKAX
HEBO3MOMHO W MNepcnekTUBbl HedTerasoHOCHOCTU
3TUX NOPOA, CNeayeT CBA3bIBATb ML C BTOPUYHbIMU
KONNEKTOPaMM, KOTOPble BO3HWUKAIOT B HUX B pesy/ib-
TaTe TEKTOHUYECKOro ApobaeHna U BO3AEWUCTBUA Y-
ApOTEePManbHbIX PACTBOPOB, NMPOHMKAKOWMX MO 3TUM
30Ham ApobaeHUa us pyHaameHTa. lmaporepmasbHble
bnonabl OTAENATCA OT MarmaTUYeckux Ten, NoAHM-
MaloLLMXCA U3 acTeHOChepbl U BKAOYAIOT B CBOI COCTaB
(MoBuAKn3yIoT) CHavana NopoBble BOAbI, COAEPKallue-
ca B nopoAax ¢yHAAMEHTa, a 3aTeMm TaKKe 1 BoAbl No-
AOLWBEHHOMN YacTK 0CafouHOro Yexna [6].

B cBA3M C 3TMM HECOMHEHHbIW MHTEpEeC NpeaCTas-
NAeT MoAeMPOBaHWE NPOLECCOB FMAPOTEPMANLHOMO
BO34EMCTBMA Ha KPEMHUCTbIE U3BECTHAKN U Habop Mu-
Hepanos, 06pasyroLLUXCA B pe3y/bTaTe TaKoro BO3Aein-
cteua [9]. 3To no3sonnno 6bl bonee petanbHO paszo-
6paTbca B MexaHM3Me 06pa3oBaHMA B HUX BTOPUYHbBIX
KONNEKTOPOB (MMAPOTEPMa/IbHbIX CUNULIUTOB), a TaKXe
nonbITaTbCA BOCCTAHOBUTb COCTaB rMApPOTEPMasibHbIX
pacTBOPOB, UX TemnepaTypy U OU3MKO-XUMUYeCKMe
cBoicTBa. C 3TON LeNbio OCYLLEeCTBAEH KOMMNEKC 3KC-
NepMMEHTOB C TMAPOTEPMAsIbHbIMUA pacTBOpamM,
MMEBLUMMM Pas3/NIMYHYIO TemnepaTypy, COCTaB, OKUC-
NINTeNbHO-BOCCTAHOBUTE/IbHbIA MOTEHLMan, KUCNoT-
HO-WWeNo4YHble ycnoBuA. NPoaoNKUTENBHOCTL 3KCMe-
PUMEHTOB M3meHsanack ot 7 Ao 20 CyToK.

MOCKO/bKY MO pe3ynbTaTam UcCNefoBaHuin BYA-
KaHO/MIOrOB B COCTaBE rMAPOTEPMAsbHbIX GNIOUA0B
BTOPbIMM MO COAEPMKAHUIO MOCNe BOAbl ABAATCA
YINEKUCAbIN ra3 U yrofbHasa KUCnoTa, obpasylowanca
npwu pacteopeHun CO, B Boge [11, 12, 16], To 0OCHOBHOM
06bem onbIToB 6blN BbIMOAHEH C FTMAPOTEPMANbHbIMU
pacTBopamu C pasMyHoi KoHueHTpauuen CO,. bbino
nposeaeHo oKono 100 3KCNepuMMEHTOB, U B OAHOW
cTaTbe TPYAHO ONWUCaTb BCE NONYYEHHblE pe3yabTaThl.
MosToMy B HacToslel nybauKauuu npeactaBaeHbl
JNLLb Te, KOTOPbIE NOMYyYeHbl NPU NPOBEAEHUN OMbITOB
TonbKO B cucteme H,0—CO,, BK/IOYaA 3KCMNEPUMEHTbI
€ YACTO BOAHbIM (6e3 CO,) n 6e3BoaHbIM (Tonbko ¢ CO,)
dnongamu.

JKCNepuMeHTbI NPOBOAUANCE B UHCTUTYTe reono-
rmm n muHepanorum CO PAH um. B. C. Cobonesa nop,
PYKOBOACTBOM 4. r-M. H., npod. I". t0. LLIBeaeHKoBa.

B cTaTbe MCMOAbL30BaHbI CAeaylolme CoKpalle-
HUA: AM. Kp — amopdHbIli KpeMHe3eMm; AHT — aHMMAPUT;

AHK — aHKepuT; I® — rugpoTepmanbHblil datoua; OK -
DOWOPCKMIA Komnnekc; On — aonomut; Un —unnut; Ke —
KBapu,; KU — KpeMHUCTbIN U3BECTHAK; KT — KaoAUHUT;
Ky, — Kanbumt; OB — opraHmyeckoe seLectso; M — nu-
puT; Mnp — nuppoTuH; Cua — cugeput; PCA — peHTreHo-
CTPYKTYPHbI aHanu3; P3M — pacTpoBbiil 9SNEeKTPOHHbIN
MWKPOCKOM; X1 — XNopuT; S°—camopoaHan cepa; Xco, —
MO/IbHaA A0NA YINEKUCNOro rasa B CocTaBe ruaporep-
ManbHoOro parouaa.

Annapartypa u meToauKU

IKCNEpPUMEHTbI NPOBOAMUCL B peakTopax (as-
TOKNaBax) 06beMOM OKono 10 cm®, U3rOTOBNEHHbIX
13 Hep)KaBeloLei CTanun, AaBneHue B KOTOPbIX 3aaa-
Bas0Cb N0 KO3GPULMEHTY 3aN0/IHEHUA UCXOAA U3 ero
obbema. [lna 3Toro, B CBOO o4epeapb, UCNOIb30BaNUCh
AaHHble 0 pa30BbIX paBHOBecuax B cucteme H,0—-CO,
N COOTHOLLUEHWUA B HEW Mexay AaBneHuem, obbemom
n Temnepatypoit [17].

B KauecTBe UCXOAHbIX ANA IKCNEPUMEHTOB UC-
nonb3oBanucb 06pasubi KM 13 KpoBenbHoOW 4actu
[OOKOPCKOrO KOMMJIeKca, BCKpbiToro B npeaenax Ce-
Bepo-BapberaHckoro mectopoxaeHus [6, 7]. B 6onb-
LUMHCTBE 3KCNEpUMEHTOB B Kadectse bydepa (ana
noaAepaHuna BeNnYnHbl Eh okono HeTpanbHbIX 3Ha-
YyeHui) pobasnanacb NupUTOoBana WKxTa. B npouecce
pasrepmeTnsaLMM PeakTopoB NOC/Ee OMbITOB U3 BCeX
BblAENANCA ras.

O6pas3Libl Noc/ie NPOBEAEHMUSA IKCMEPUMEHTOB U3-
Yy4anucb U onNucbiBanUCb nog BUHOKynapom, a 3atem
nuccnesoBanuch ¢ ucnonbsosaHnem PCA U CbeMKuM Ha
POM. MocnegHAaa npoueaypa umena uenbilo onpeae-
NleHne n3MeHeHnA CTPYKTYPbl NOPOBOro NPOCTPaHCTBa
nocne ruapotepmanbHoi 06paboTkU. U3meHeHua
MMWHepasbHOro coctaBa GUKCUMPOBAAUCH TNaBHbIM 06-
pa3om Ha nosepxHOCTH 06pasua. Kpome Toro, Takxe
uccneposanack 4actb 06pa3oBaBLUMXCA B mpouecce
3KCMEePMMEHTA 0CaAKOB.

OnbiTbl 06BEAUHANUCL B CEPUU, KOTOPbIE, Kak
npas1ao, NPOBOANIUCL NPU OAHOW U TOM XKe Temne-
paType, HO € pa3nnYHON KoHueHTpaumei CO, B cocTa-
Be P. Bce onbITbl NPOBOAUANCHL NPU OAHOM U TOM Xe
AasneHun (70 MMa.)

O6pasoBaHWe BTOPUYHOM NOPUCTOCTU OLLEHWBa-
IOCb /IULLb Ha KayeCTBEHHOM YPOBHE, NMOCKO/IbKY OHa
dopmupoBanacb NPeUMyLLECTBEHHO B MNPUMNOBEPX-
HOCTHOI YacTu 06paslia, Tak Kak cucTema obpasel,—
I'® 6blna 3aKpbITOM U NpoLecc pacTBopeHUa obpasua
bnonaom nNpeKkpaLLancsa no mepe ero HacblWweHUaA pac-
TBOPAEMbIMU MUHEPANbHBIMU KOMMOHEHTaMM.

PesynbTaTbl UCCNEA0BaHUI

B cocrtase KU Kpome KapboHATOB U KpemHese-
Ma, ABAAKOLWMXCA TNaBHbIMX MOPOA0OBpasyLMMU
KOMMNOHEHTaMW, MPUCYTCTBYIOT TaKXe WU [UHUCTbIe
MWHepPanbl, NpeacTaBNEHHblE NPeUMyLLecTBEHHO Un
c Hebonbloh npumecbto KT 1 Xn, cymmapHoe cogep-
YaHWe KoTopbix cocTasnser okono 10 %. Kpome Ku
8 KW npucytcreyet On (8 cpeaHem 8 %) n Mu (okono
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5 %), OTMeYeHa He3HauyuTenbHaA NPUMech 0610MKOB  BaHHbIX B 38PHaX MUKPOKPUCTaNIMYECKUX KapboHaToB,
m0neBbix WnaTos (0K0no 1,5 %), Cua (1,2 %) M OB (oko-  a Takke B 06n10MKax pakOBUH MOPCKUX OPraHU3mos
70 1,4 %) [7]. (em. puc. 1, a—r). LLnpoKo pa3BuTbl NPOLLECCHI KOPPO-
3T0 NopoAbl TEMHO-ceporo uBeTa, 061agalowme  3MM KPEMHWUCTOrO maTepuana KapboHaramu. Yacro
nDEeUMMYLLLECTBEHHO MaCCUMBHOM TEKCTYPOU, MHOrAa Tpe-  BCTPeYaeTCa TaKXKe «nepbeBUAHan» pasHOBUAHOCTb
LMHOBATBIE C TPELLMHAMM, 3aNONHEHHBIMM 3NUrEHETU-  SMUTEeHETUYECKOro KpemHesema, obpacrarowan Kpu-
<eckum Ku 6enoro useta. CogepaHue KpemHesema  ctannsl Mu (cm. puc. 1, r).
48) 1 KapboHaToB (Ku M [n) U3MEHAETCA B LUIMPOKMUX MocKonbKy BUOreHHbIN KpeMHe3em, KOTOPbIii BXO-
apepenax (puc. 1). KpemHesem BcTpeyaetca Anbo  AWA B COCTaB Pa3sHOO6PasHbIX MOPCKUX OPraHM3mos,
3 BMAe OTAEeNbHbIX PAaCCEAHHbIX B MOPOAE MENKUX 3e-  UMEBLUMX KPEMHUCTbIN CKesleT, NOABEPraiCa KeCTKo-
22H, YAaCTO PaCMONOXKEHHbBIX MEXAY 3epHamMu (Kpuctan- My Tepmobapuyeckomy BO3AECTBMIO, TO OH NpeBpa-
2amu) KapboHaToB, IMB0 arperaTos, CKOHUEHTPUPO-  TU/CA B ME/IKO3EPHUCTYIO NNOXO KPUCTa/IU30BAHHYIO

Puc. 1. Metporpaduyeckue wWandsbl (c aHannsatopom) obpasuos KW, otobparHble u3 cke. 8 Ceepo-BapberaHckoro me-
cTopoKaeHua B UHT. 3480-3490 m. KapboHaTbl — necTpble ugeTa ¢ NepsamyTpoBbIM OTTEHKOM; KpemMHe3eM — CUHEro nu
ony60ro LBEeTa Pa3INUHbIX OTTEHKOB (NOACHEHMUA CM. B TEKCTe)
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Puc. 2. O6pasupi I'C (a, 6); cHUMKM PIM 1x NOBEPXHOCTH (B, I) M NPOKPALLIEHHbIX KPAaCHOW CMOJIOH NPO3pa4HbIX NETPo-
rpaguueckmx Wandos (4, e); MecTopokaeHus: a, B, A, — CeBepo-BapberaHckoe; 6, 1, e — XaHTbl-MaHcuiickoe

T G
HE Cepun
; o
RRL =
le? ° ® . 5 e
2% . Puc. 3. lnarpamma monbHoi gonu CO, —TemnepaTypsl
p C HaHECEeHHbIMM Ha Hee PUrypaTUBHbIMU TOYKaMM, CO-
B - OTBETCTBYHOLWUMU CEPUAM NPOBEAEHHbBIX SKCNEPUMEH-
o A & 4 A " - i i L
) D002 T3 D06, 0008 0OMD.07 0.08 00902 02 04 050 10 Aco. TOB B cUCTeme HZO—CO2 npu P=70 MMNa
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maccy, 4to 0cobeHHO XopoLo BUAHO B 0bpasuax, rae
KpemHe3zem ABHO npeobnasaer Hag KapboHaTamu
(cm. puc. 1, g, e).

B pesynbTaTe ruapoTepMasbHOro BO3AEMCTBMUA Ha
KW o6pa3yloTca Tak HasbiBaemble [C (CMAUMLUTLI, @ He
KBapLMTbl, YTOBbI NOAYEPKHYTb 6MOreHHylo npupoay
UCXOAHOro KpemHesema) [7]. OHM npeacTaBaAlT co-
6oi1 cBeTno-cepble, MHOrAa NouTh 6enble, nopoabl ¢ Hy-
PbIMM YYaCTKaMM, CNOMKEHHbIMU TMAPOTEPMA/bHBIM
Cupa, (pwc. 2, a, 6). COCTOAT OHM NPaKTUYECKU U3 0AHO-
O MEeNKOKPUCTaNIMHECKOro Keapua (cm. puc. 2, B, A)
“ 061apatoT BbICOKON nopuctocTbio — Ao 25-30 %
(cm. puc. 2, o, e). Ux mowyHocTb aocturaeT 100-150 m.

TaK Kak HET NPAMbIX OnpeaeneHuit Temnepartyp
1 coctasos ®, Bo3aelcTBOBaBLLMX Ha KW B cocTase ao-
IOPCKOro Komnaekca 3anagHoi Cubupu, skcnepumen-
Tbl NPOBOANUNMUCL UCXOAA U3 CambiX 06LLMX NpeacTaB-
NEHNI O BO3MOXKHbIX TEPMOAMHAMUYECKUX CBOUCTBAX
F® C WWPOKMMM BapUaLMAMKU TemnepaTyp U COOTHO-
weHunit H,0-CO, [11, 12, 16].

durypaTmBHbIE TOYKM, COOTBETCTBYIOLLME NPOBe-
LAEeHHbIM 3KCNEePUMEHTaM, PacnoNOXKeHbI Ha Auarpam-
Me, MMEIoLLEN B Ka4ecTBe ocell 3Ha4YeHna Temnepary-
pbl U MONAPHOMN KOHLUEeHTpauuu CO, (puc. 3).

MN3meHeHUA B MUHEPaNbHOM COCTaBe npueeae-
Hbl B Tabauue. Ana MUHepanbHbix $as, U3HavyaNbHO
BXOAMBLUMX B COCTaB KPEMHUCTbIX U3BECTHAKOB, a 3a-
TEM BbIAENABLUMXCA TakKe U u3 D B BnAe HoBoobpa-
30BaHHbIX KPUCTaNNoB, B Tabnuue BbigeneHo no Aga
ctonbua: ucxoaHbit (Ucx) u ruaporepmanbHbiit ()
COOTBETCTBEHHO.

HauHem paccmoTpeHMe NONYYEHHbIX Pe3yNbTaToB
C 3KCNEPUMEHTOB, B KOTOPbIX Gpaona uMen 4nucro Bo-
AHbII cocTas (Xco, = 0).

Cepuu H,0-CO,u CB-4. MNepsble ABa 3KCNEPUMEH-
Ta nposoannunck ¢ KN npu temnepatypax 290 n 295 °C
(cm. puc. 3, Tabanuy). Nocne nx 3aBeplieHUA oTmeYa-
nocb cnaboe ocseTNeHMe NOBEPXHOCTM 06pa3LLoB, Ha
HEW BO3HMKAM MHOMOYUC/NEHHbIE ME/IKAE BTOPUYHbIE
nopbl, pasmepbl KOTOPbIX U3MEHAIOTCA B LUIMPOKMX Mpe-
nenax — ot 1-5 ao 50—100 mkm (puc. 4, a, 6). Cyaa no
3NEeMEHTHbIM CNEKTPaMm, NONYYEHHbIM C NOBEPXHOCTK
06pa3sLa, OHa CNOXKeHa MaBHbIM 06pa3oM UCXOAHbBIMU
MuHepanamu — Ke 1 Un, aona Kuy 3ameTHO yMeHbLUIK-
naceb (cm. puc. 4, 6).

Mpu 60NbLWIOM YBENUYEHUN BUAHO, YTO HOBOOG-
pa3oBaHHbI CuA NPUCYTCTBYET Ha NOBEPXHOCTU 06-
pasua B BUAE MENKUX KpUcTannos (cm. puc. 4, 6). Mo
AaHHbIM PCA MOXHO 3aK/I04UTb, UTO BO3aencTeue P
Ha nosepxHOoCTb KU npuBeno K He3HayuTebHOMY ee
OKPEMHEHMUIO, YBENUHEHMIO 40NN VN, nonHOMY ncyes-
HOBEHWIO 1 M NOABNEHUIO HOBbIX MUHEPa/bHbIX pa3
TMAPOTEPMaNbHOrO NPOUCXOXKAeHNUA: Cna, AHT U MUn-
neput (NiS). Takum 06pazom, YUCTO BOAHbIV [P BbI3bi-
BaeT nosHoe pactsopeHue [n, yactuyHoe — Ku; pas-
naraetca u, 3a cHeT KoToporo o6pasytoTca Cua v AHr.

CneaytoLume 3KCNepUMEHTbI NPOBOAUUCH C y4a-
ctuem CO,, HO ero monbHas aona B [P B 3TUX aKcnepu-
MeHTax He npesbiwana 0,1.

Cepus CB-1. Temnepartypa coctasnana 295 °C, X,
B I'P uamenanaco ot 0,0002 ao 0,0038 (cm. puc. 3, Ta-
6nuuy).

Bo Bcex 3KcnepumeHTax Habntoganucb npu-
MEPHO OfIHU U T e U3MEHEHUA, a UMeHHO: cnaboe
ocseTneHne U BbllenaymsaHme obpasuos KU c 06-
pa30BaHMEM MHOTOYUCAEHHbBIX MENKUX NOop Ha WX
noBepxHoCTU (cm. puc. 4, B, T). B pesynbtaTe npenmy-
LLEeCTBEHHOrO pacTBOpeHUA KapboHaTos, U B NEPBYIO
ouepedb [, NPOUCXOAUT OKPEMHEHNE NOBEPXHOCTU
obpasuos. Habntogaetca TakKe BbilienaynsaHue se-
peH Mu, 06pasyoTca MHOrOYUCAEHHbBIE MUKPOMOPSI,
pasmepbl KOTOPbIX M3meHAtoTcA oT 3—5 Ao 50—-100 MKm
(cm. puc. 4, ).

Cneayet 06paTuTb BHUMAHUE, YTO Ha OAHOM U3
y4acTKoB noBepxHocT KN B 06pa3oBaBLLMXCA MUKPO-
KaBepHax 0TMeYaeTca NPUCYTCTBUE MENKUX (525 MKMm)
KPWUCTaNNoB ruapoTepmasnbHoro Ke 1 arperatos naoxo
orpaHeHHbIXx Kpuctannos KT (cm. puc. 4, r).

Cepus CB-3. 3Ha4eHMe Xqo, U3MEHANOCH B TEX XKe
npeaenax, 4To v B npeaplaywmx onbitax (ot 0,0002 ao
0,0038), Temnepatypa coctasnana 315 °C (cm. puc. 3,
Tabnuuy).

O6pasubl KU npetepnenun cnaboe ocseTneHue,
OKPEMHEeHMe 1 BbllwenaymsaHne. C X NOBEPXHOCTU
ucuesnu On v Mn, noasmancb ToHKMe Hebonblune no
pasmepam NAEHKU U MesIKue X/IoNbeBUaHbIe arpera-
Tol AM.Kp (5, a, 6). OTmeyvaeTca pacTBopeHue U nepe-
oTnoxeHue Ku, B Gopme MeNKUX XOPOLLO OrpaHeHHbIX
Kpuctannos pasamepom 3,5-50,0 MKm (cm. puc. 5, 6).

Takum o6pasom, u3 ob6pasuos B 6onbluein nan
MeHbLLEe CTENEeHM BLIHOCATCA MOYTU BCe Nopoaoobpa-
syrolme MuHepans! (O, Ku, KpemHesem, M), koTopbie
nocne HacbiweHns [P pacTBOPeHHbIMU KOMNOHEHTaMU
BbIAENAOTCA U3 Hero uamn B dopme Kpuctannos (Ku,
Cua, AHr, Nup, Munnepur, S°), uaun B Buae aMopPHbIX
obpasoBaHuil (KpemHesem). B pesynbtate pacTsope-
HWA HEeYCTOMUYUBLIX MUHEPaNoB GopMuUpyeTca BTOpUY-
Haf NOPUCTOCTb.

Cepus 0.5-1. PaccmoTpum pesynbTaTbl ABYX MU-
APOTEPMasIbHbIX 3KCMEPUMEHTOB C HU3KOW KOHLIEH-
Tpauueit CO, B cocTase D, HO BbICOKOW TeMnepaTypoW
(360 °C), %o, B NepBOM 3KCNEepumenTe 0,0080, Bo BTO-
pom —0,0079 (cm. puc. 3, Tabauuy).

Mocne 3aBepLieHUs NepBOro 3KCNepumMeHTa no-
BEPXHOCTb 06pasLa Hocuna cneapl UHTEHCUBHOMO Bbi-
LenaunBaHmA M 3aMeTHOrO OCBETNIEHUA, OTMEYANOCh
OT/IOXKEHWE NNEHOYEK U KOPOYEK CBETNIO-CEPOTO, PeXe
ceetno-6yposatoro userta (cm. puc. 5, B). Bctpeyatot-
CA TaKXXe MeNKue NpospayHble KpUcTanibl rmnapotep-
ManbHoro Ku (cm. puc. 5, r).

Ha MHTEHCUBHO BbIWENOYEHHOW NOBEPXHOCTU
06paslia 0TMeYalTCA pPbix/ible MUKPOMOPUCTbIE arpe-
raTbl HOBOO6PA30BaHHbLIX MUHEPaNbHbIX $as, npea-
CTaBNEHHbIX NaBHbIM 06Pa3OM MUKpOYeLlyhYaTbiM
Mg-Fe Xn ¢ npumecskto AHr (cMm. puc. 5, r). Xn aBnaetca
6onee nosaHeit ¢pason, otnarasiueiica us P Ha MHoro-
YUCNEHHbIX MENKMX KpUCTannax ruapotepmansHoro Ku,
(cm. puc. 5, r).
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M. 10. 3ybKose

Puc. 4. dotorpadum KM (a, 8) n cHumku PIM mx nosepxHocTH (6, r) nocne BosgercTausa Ha Hux Md: (T =295 °C, X,=0(a, 6,
z2pua CB-4) u X0, = 0,0038 (8, r, cepua CB-1))
2 — BHeWHU Bna 0bpasua nocie 3KCNepuMEHTa; 6 — BbILeN0YEHHAA MUKPOMOPUCTas M OKPEMHEHHAA €ro NOBEepPXHOCTb
< KpUCTaNlaMM rMAPOTEPManbHOro Cua; B — BHEWHWI BMA 06pasua noce aKCNEPUMEHTa; T — YBEUYEHHbIH dparmeHT
MMKPOKaBEpPHbI, B KOTOPOM OTMEYatoTCs HOBOO6Pa30BaHHbIE MUHEPabl TMAPOTEPMAIbHOIO NMPOUCXOXKAEHUA: KPUCTaNbl
“3 1 KT (34ecb 1 ganee Nog CHUMKaMU NPUBEAEHbI SNEMEHTHbIE CNEKTPbI, NONYYEeHHbIe C UX NAOLWAAN, €CAU HET UHbIX NO-
SCHEHU)

Takum o6pa3om, HabnaaeTca MHTEHCMBHOE pac-
TS0peHue MUHEPaNoB, BXOAALLMX B COCTaB ob6pasua,
2 pesynbTaTte yero B Hem o6pasyeTca BTOPMYHAA Mo-
2MCTOCTb. Ha ero NOBEPXHOCTM OT/1aratoTca HoBOObpa-
30BaHHble MUHepanbHble dasbl: Ku, Mg-Fe Xn, xnonbe-
SMAHBIMU TOHKMMU NAEHKaMKU — AM. Kp.

B coctase [® BO BTOPOM 3KCMEPUMEHTE o, CO-
crasnana 0,0079 (cm. puc. 3, Tabanuy).

PoBHasa M A0BONLHO rNafKas MOBEPXHOCTb WC-
waHoro obpasua nocne aKkcnepumedTa npuobpena
MMKPOMOPUCTYIO TEKCTYpY 3a c4YeT 06pa3oBaHMA Ha
== MMKPONONOCTEN C LUMPOKUM AManas’oHOM pas-
w2poB — oT 2 Ao 50 MKkm (puc. 6, a, 6). Cyaa no ane-

MEHTHbIM CMEeKTPam, MoNY4YeHHbIM C NOBEPXHOCTU
06pasLa,-MOXKHO 3aK/N0UYUTb, YTO OHA CNOMEHa npe-
umyLLecTBeHHo KB, Vn n rugpotepmanbHbim Mg-Fe Xn
C npumecbto AHr (cm. puc. 6, 6). Menkue bnectawme
KPUCTanbl Ha NOBEPXHOCTU 06pasLa — 3To rnapoTep-
ManbHble Ku n S°.

ConocTasneHune muHepanbHOro coctasa obpasua
KW po v nocne onbitTa no gaHHbim PCA nokasano, 4to
C ero NPUNOBEPXHOCTHOM YaCTU NONHOCTbLIO BbILENO-
yeH [, B 3HauyMTeNbHON cTeneHn Ku, B meHblueit KB,
NoYTU NONHOCTLIO Ucyes MK, YyMEHbLIUNOCH CoAepIKa-
Hue KT, a gona Un HemHOro Bo3pocsa, NOABUAUCH Fn-
ApotepmansHble Xa, Ku, AHr 1 S° (cm. Tabauuy).
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Puc. 5. ®otorpadum o6pasuos KU (a, B) u cHUMKM PIM ux nosepxHocTy (6, r) nocne Bosaeiictena Ha HuX I (T = 315 °C,
Xco> = 0,0038 (a, 6, cepua CB-3) u T = 360 °C u X0, = 0,0080 (8, r, cepus 0,5-1))

a — BHelWHui1 BuA obpasua nocae sKcnepUmeHTa; 6 — y4acToK ero NOBEPXHOCTU C KpUCTaslaM1 r’MApoTepManbHoro K
(anemeHTHbII criexTp cnpaBsa) 1 arperatamu Am. Kp (371eMeHTHbIN cnekTp cnesa); B — BHEWWHWMIT BUA obpasua nocne akcne-
PUMEHTa; I — yBENMYEHHDI GParmMeHT NOBEPXHOCTM C KPUCTaNNaMU FMAPOTEPMAaNbHOFO Ku (snemeHTHbIN cnekTp cnpasa),
Me/KUMU HelyiyaTbiMi HOBOOBpasosaHnamMmM Mg-Fe Xn (3nemeHTHbIi criekTp cresa)

Cepua H,0 +CO,. OnbiTbl NPOBOANAUCL C He-
Bonbluoi koHueHTpaumeii CO, B coctase M (x.o, OT
0,075 #o 0,089). Temnepatypa B OAHUX SKCNEPUMEH-
Tax coctaensna 235 °C, B gpyrux — 290 °C (cm. puc. 3,
Tabauuy).

Mocne 3aBepleHua 6osnee HU3KOTEMNEpaTYpPHOro
3KCnepuMeHTa (X0, = 0,089) nosepxHocTb 06pasLia Ho-
Cuna cnepapl AO0BObHO UHTEHCUBHOTO BbILLENAYUBAHNA
1 cnerka ocsetaunach (cm. puc. 6, B).

Ha cHuWMKe yyacTka, cHATOro B peskume KOM-
MO, xopoLwo BKUAHO, YTO NOBEPXHOCTb 06pasLia ume-
€T HEeOAHOPOAHbIA COCTaB: Camble CBeT/ble (MOYTM
Genbie) Menkue 3epHa — 3TO coxpaHuBLIMiicA MMu,
cBeTno-cepble — obpasoBaslmiics no Mu AHK u/uam
Cua c usomopdHoit npumecsto Kanbums, cepblie — K,
1 OCHOBHas Macca TEMHO-Ceporo LBeTa — KpeMHe3em
(cm. puc. 6, r). Sk

Takum 06pa3om, aHanU3 NoNyYeHHbIX B paccMma-
TPUBAEMOM 3KCNEPUMEHTE Pe3yNLTaTOB, MOKa3as, YTo

noa Aencranem M ¢ HEBLICOKOM KOHLEHTpaLMeit co,
KW MHTEHCHMBHO pacTBOPAETCA, MPOUCXOAUT BbIHOC
KapboHaTHOro martepwuasna, BCIeACTBUE YEro ero no-
BEPXHOCTb OKpeMHAETCA. Mu TaKKe HeYCTOMUYUB B 3TUX
ycnosuaAx u noagepraertca pactBopeHutio M ¢ nocneay-
IOLLIMM Ero 3amMeLLeHNEM XKeNne3ucTbiMu KapboHaTamu.

Mocne 3asepweHna Gonee BbicoKoTemnepaTtyp-
HOro sKkcnepumeHTa (X, = 0,075) nosepxHocTb KU
HOCWANa cneapbl MHTEHCUBHOTO BbilLeNavynBaHUA U caa-
6oro ocsetneHus, KpoMe TOro, Ha OAHOI U3 ero cTo-
POH NPOM30W/IO «BCMYYMBAHMUEY HECKObKMX 3EpeH,
NepBoHa4asbHO npeacTaBneHHbIX M, KoTopble no-
Cne onbiTa OKasanWCb NPUNOAHATLIMM Haj, NepBOHa-
4a/lbHO POBHOM NOBEPXHOCTLIO 06pa3ua (puc. 7, a, 6).
BbilwenoueHHas M nosepxHocTb 06pasua npuobpe-
13 MUKPOMOPUCTYIO CTPYKTYPY € MHOFOYUCAEHHbIMU
nopamu, pasmepbl KOTOPbIX M3MeHATca oT 13-50
A0 140-350 mkm (cm. puc. 7, 6). AHanu3 npunoaHs-
TbIX Y4aCTKOB MOKa3a/l, YTO OHU CNOMKEHbI MUKPO3ep-
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M. 10. 3ybKos

Puc. 6. CHUMKM PIM nosepxHocTH 06pasLios KM (a, 6, r) n BHewHero Buaa o6pasua (8) nocne BosaeicTBUA Ha HUX [P (T =
=360 °C, Xco,= 0,0079 (a, 6, cepun 0,5-1), T = 235 °C, X0, = 0,089 (8, 1, cepua H,0-CO,))

2 — NOC/I0IHO BbILLENOYEHHOE 3epHO (1, NpeBpaTuBLLeeca B [TUpP U KPUCTaNNbl TMAPOTEPMANbHOTO KL, 91eMEHTHbIN CNeKTp
<0TOpPbIX NPUBEAEH NOA CHUMKOM; 6 — yBENMYEHHbIN GpparMeHT NoBEPXHOCTU 06pasua C MUHUCTBIMU MUHEepPanamu, npea-
cTaBAEHHbIMM M 1 XN ¢ NpUMEchio S°; B — BHELHMI B1A 06pasLia Nocie SKCMEPUMEHTA; I — YHaCTOK, CHATbIA B pexume
4OMINO, Ha KOTOPOM XOPOLLO BUAHBI CedytoLLMe MUHEPabHble $hasbl, OTINYAOLMECA OTTEHKaMM OT 6enoro Ao TeMHo-ce-
20r0 LBeTa: MoyTH 6enbiii — N, CBETNO-Cepbiii — AHK, Pa3BMBAKOLMIACA NO NUPUTY (3N1eMEHTHBIV CNEKTP cnpasa), cepblii — Ku,

# TeMHO-cepbili — KB

SUCTbIMU CuA, U AHK, 3aMeCTUBLUMMU UCXOAHBIN i
lcm. puc. 7, a, 6).

Takum o6pasom, B 060ux onbiTax HabaogatoTcA
TPUMEPHO OAHM U TE e U3MEHEHUA B pe3y/bTaTe BO3-
aeiicTeuma Ha KU M ¢ HeBbICOKOM KoHLEeHTpauueit CO,,
2 UMEHHO: NOMHOe PacTBOPEHUE C ero NMoBepXHOCTU
n, yactnyHoe — Ku, B pesynbraTe Yero nNpoucxoamt
2e OKpemMHeHMe. M1 TaKKe CTAHOBUTCA HEYCTOMYMBLIM
3 3TUX YCNI0BMAX U NOCTENEHHO 3ameLLaeTCcA MUKPO3ep-
HUCTbIMU KENe3UCTbiMK KapboHaTaMu.

Cepus CB-2. dTa cepua oTanyaeTca OT npeabl-
AyLWIMX BbICOKMMM 3HAYEHUAMM Xo, (0T 0,21 po 0,5).
OnbITbl npoBoananck npu T = 245 °C (cm. puc. 3, Ta-
Snnuy).

Mocne 3aBeplieHUA MNepBOro 3IKCNEPUMEHTa
€ Xco; = 0,5 Habntoganocb MHTEHCMBHOE BbllENa4YnBa-
“ue n cnaboe ocseTneHMe nosepxHocTn obpasya. OT-
meyanucb HoBoobpasosaHHbie ¢asbl 6enoro (cnabo
marHesmanbHblil Ku) u TemHo-3eneHoro (coeguHeHna
“MKensa u xpoma) useta (cm. puc. 7, B). Hosoobpaso-

BaHHbIN cnabo marHesuanbHbii Ku npucyTtcTeyeT Ha
OKpPEMHEHHOW NOoBepxHOCTM obpasua B BUAE MHOrO-
YUCNIEHHbIX MENKUX (3—6 MKm) 6enbix Kpucrannos
(cm. puc. 7, 8, 1).

AHanu3 MMHepanbLHOro CocTasa NoBepxHOCTH 06-
pasua Ao 1 nocse onbiTa CBUAETENbCTBYET, YTO C €ro
nosepxHocTu NP BbiwenoyeHbl Mu, An, yactuuHo Ky,
U B MEHblUeit cTeneHn KpemHesem, a obpasosanumch
MarHesnanbHbli Ku ¢ Hebonbluoi npumecbio AHr,
a TaKXe coeAMHEHUA HUKena u xpoma. lMpeumyuie-
CTBEHHOE BbllENaYnBaHNe KapboHaToB MpUBENO
K OKPEMHEHUIO NOBEPXHOCTM 06pa3Lia M 0bpasosaHuto
MHOFOYMCNEHHbIX NOp.

Cneayowmii  3KCNEPUMEHT
C Xcop = 0,34.

LiseT 06pa3ua nocne onbiTa NOYTU HE U3MEHUACA,
0/1HaKO ero NoBepxXHOCTb HOCKUAA CeAbl UHTEHCUBHOTO
BbllLlenaumsaHua (puc. 8, a, 6). B pesynbrate Bo3geit-
cteua [P Ha obpasew, KM B Hem o6pasoBanock 6onb-
Lwoe KoAnuyecTso nop (cm. puc. 8, 6, r).

ocywiecTenanca
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Puc. 7. dotorpadum obpasuos KM (a, 8) u cHumkn PIM ux nosepxHocTv (6, r) nocne sosaenctsunsa Ha HUX MP T =290 °C,Xco, =
=0,075 (a, 6, cepusa H,0-CO,); T = 245 °C, X0,= 0,5 (8, r, cepusa CB-2))

a — BHelWHW1 Bug 06pasua nocne sKCNepumeHTa; 6 — BbiLLeNoYeHHaA MUKPONOPUCTas U OKPEMHEHHAs €ro NOBEPXHOCTb
CO BCRy4YeHHbIMKU ncesgomopdosamu no Mu, 3ameleHHOMY Xenesocoaepiallumm kapboHaTamu; B — BHELWHWUI BUA 06-
pasua nocse 3KCNepuMEHTa; T — MUKPOMYCTOTb! Ha ero BbiLLLEOYEHHOW U OKPEMHENI0M NOBEPXHOCTU C MHOTOYUCIEHHbIMM
MeNKNUMM KPpUCTaNamm rmapoTepmMasnbHOro marHesuansHoro Kuy

MHTEPECHO, YTO B OT/IMYME NPeabIayLINX IKCnepn-
MEHTOB MCXOAHbIN BMOreHHbI KpemHesem nepekpu-
CTaNNU30BaNCA B O4YEeHb MIOXO OrpaHeHHble Menkue
KpucTannbl Ks paamepom 1-5 mkm (cm. puc. 8, B). O6pa-
30Ba/IMCb TaKKe OTAe/IbHbIE KPUCTaN/Ibl U MUKPOAPY3bI
AHK (cM. puc. 8, a). Menkokpuctanandeckue arperatbi
KpucTannos HoBoob6pa3oBaHHOro AHK 4acTo pacnono-
YKeHbl BEAN3U NN BHYTPU MUKPOKABEPH, BO3HUKLLMX 33
CYET Pa3NoKeHMA NPUCYTCTBOBABLUMX B 06pasLe A0 3KC-
nepvmeHTa 3epeH Mu, T. e. AHK 3aMeCTUN UCXOAHBIN Mn.

Takum 06pa3om, B IKCMEPUMEHTE C BbICOKUM
coaeprkaHmem CO, B cocTtaBe [P nNpou3oWNo UHTEH-
cuBHOe pactesopeHue Ku u [1n, Bcheacreune 4ero B Hem
chopmupoBanach 3HauMTeNbHAA NO BENYUHE BTOPUY-
HasA MOPUCTOCTb U OTMEYAeTCA OKPEeMHEHWe MoBepx-
HOCTM.

PaccmoTpum pesynbTaTbl FTMAPOTepPMasibHOro BO3-
peiicTBuA Ha obpasely KM us cepum CB-4 (¥, = 0,5, T =
295 °C (cm. puc. 3, Tabauuy).

Mocne aKkcnepumeHTa HabaAaN0Ch OCBETNEHUE
ob6pasua, paspbixIeHue ero NoBepxHoOCcTH, obpasosa-
HUEe Ha HEM TOHKMX KOPOYeK BTOPUYHbIX MUHEPAbHbIX
¢$a3 6enoro v CBETN0-3eN1EHOT0 LiBETA, a TaKXKe peaKux
MENKUX XKenTbiX Kpuctannos (puc. 9, a, 6). OTmeyatoTtca
TaKXe HoBOO6pa3oBaHHble dasbl, CyAA NO 31eMEHTHO-
My CNEKTpy, MONYy4YeHHOMY C NAOWaAn CHUMKa, npea-
cTaBneHHble AHT, CUA U COeAUHEHUAMMU HUKENA U XPO-
ma (cm. puc. 9, 6).

Pesynbtathl PCA cBUAETENbCTBYIOT O TOM, YTO
Bo3aeicTBue NP Ha nosepxHocTb KU Bbi3biBaeT ee
OKpeMHeHue, ucyesHoseHue MNu n, HanpoTtus, Noasne-
HUWe KanbuuicogeprKaliero Cug, AHr, a TakXKe OKUCN0B
HUKeNA U Xpoma.

Cepus CO,. poaHanu3npyem pesynbTaThbl sKcne-
PYMEHTOB, NpoBeAeHHbIX C GAOUA0M, COCTOALLMM TONb-
Ko 13 CO, (Yo, 1,0, T 215 1 410 °C (cm. puc. 3, Tabauuy).

PaccmoTpum pesynbTaTthl BbICOKOTEMMNEPATYPHOTO
onbliTa. Mocne ero 3aBepLieHMA NOBEPXHOCTL 06pasLa
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M. I0. 3ybKoe

Puc. 8. dotorpadma KU (a) u cHumKku PIM ero nosepxHocTv (6-T) nocne BosaeicTsua Ha Hero TP (T = 245 °C, X0, = 0,34
cepusa CB-2)
2 — BHEWHMI BKA obpasua nocne sKkcnepumeHTa; 6 — pparMeHT ¢ BTOPUUHBIMK Mopamu; B — elle 6onee yBesMYeHHbIN
§43CTOK ero NOBEPXHOCTU C MHOFOYUCIEHHBIMU MEIKUMU MJIOXO OrPaHEHHbIMU KpUCTannamm Ke; r — arperatbl Me/IKOKpH-
ST3N/IMYECKOrO MMAPOTEPMANbHOMO AHK U €70 3SN1eMEHTHbIN CNeKTp

<M Hocuna cneapl cnaboro BbllienaynBaHuAa, a useT
ADaKTMYECKU He uameHunca (cm. puc. 9, B). Cneayet
26paTTb BHMMaHUE Ha To, YTO Haubonee UHTEHCUB-
=OMYy BblLLLE/IAYMBAHMIO NOABEPTNUCH Y4acTKM 06pasLia,
ZnoxeHHble Mu. HabnopaeTca MHTEHCUBHOE pasfioxe-
=ue MNun, BXOAALLEro B ero coctas, U o6pasoBaHue BTO-
2¥4HbIX NYCTOT 3a CYET ero pacTeopexua. Kpome Toro,
TSpBOHAYaNbHO MaccuBHbIA MK npeBpalyaeTca B ce-
oYI0 3eMJIUCTYI0O MacCy, C/IOKEHHYIO Kanbuuiicoaep-
#awum Cua. Hap HUMK OTMeYatoTCcA B3AyTUA, BCaea-
ITBME YEro MUHepasbHas Macca, NoKpbiBalowana 3Tu
THPUTOBbIE 3epHa, NOAHUMAETCA Haj, NOBEPXHOCTLIO
26pasLia, KaK B paHee PaCCMOTPEHHbIX IKCNEPUMEHTax
oM. puc. 7, a, 6).

Mo paHHbIM PCA cpaBHUTENbHO C UCXOAHbIM CO-
ZT2B0OM MOBEPXHOCTHOM YacTu obpasLia nocae aKcne-
umeHTa M NONHOCTLIO UcYes, KoHueHTpauua Ku n Ks
TO4TU HE U3MEHMNACH.

OyeHb BaXXHO OTMETUTb, YTO B COCTaBe OCajKa
3CTpeYEeHbl OKUCb M 3aKUCb MeaM, a Takxke B Hebonb-
LOM KO/IMYECTBE CyNbduabl Meau u HUKena.

Mocne 6onee HM3KOTEMNEPATYPHOro aKCnepu-
MeHTa NOBepxHOCTb 06pasLa Hocuna cnefbl O4eHb
cnaboro BbllLENauYMBaHMA, a NePBOHAYaNbHbIN LBET
o6pasua NpakTMYecKkn He nameHunca (cm. puc. 9, r).
Mo paaHHbIM PCA Ha noBepxHOCTU 06pasua COOTHO-
weHve KB 1 Ku coxpaHunocb. OTmMeyaetca Hebonb-
Loe CHMXeHune gonu Mu n peskoe ymeHbLIEHUEe Co-
aepxanua [In. Kpome Toro, puKcupyeTca npucytcreune
Am. Kp.

Mo paHHbiM PCA B cocTaBe ocagka, NOAHATOro
CO AHa aBTOKNaBa Nocne onbiTa, npucyTcTeytoT Ku, K.,
MUANEpPUT, HebonbLuoe KonnyecTso Cua, a TaKKe npu-
mecb AM. Kp.

Takum 0b6pa3om, HECMOTPA Ha OTCYTCTBUE B CO-
crase dnonaa sogpl, CO,, Byayun nonapHsiM coean-
HeHWem, pacTBopAaeT nopoaoobpasyolme muHepansi
W OCYLLECTBNAET TPAHCMOPTUPOBKY CRaratoLwux ux ane-
MeHTOB ¢ 06pa3oBaHMem HOBbIX das: Cug, cynbduaos
MeaM U HUKena, AM.Kp, @ B BbICOKOTEMMNEPaTYPHOM
IKCNEPUMEHTE elle U KynpuTa u TeHopuTta. Heyctoin-
4YuMBbI B 3TUX ycnosuax Mu n [in, KoTopble pasnararoTca
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Hegpmezazosasn 2eonoazus

8 6onbweit (Mpu 410 °C) uam mewblueii (npu 215 °C)
CTeneHu.

O6cyxaeHMe NONYYEHHDIX Pe3yNbTaToB

Heobxoa1Mo 0TMETUTL, YTO NPOBOAMBLLMECS IKC-
nepumeHTbI ¢ [P He BNonHe 06bEKTUBHO OTpaKany Te
XK€ MpoLecchbl B @aHAaZIOMMYHbIX NPUPOAHbIX YCAOBUAX.
3T0 06bACHAETCA CNEAYIOWNMU NPUIUHAMM.

Bo-nepsbix, aKcnepuMeHTbl NpoBOAUAUCH B 3a-
KPbITOA TEPMOAMHAMUYECKOW CUCTEME U obpasyowm-
€CA B HeW NPOAYKTbI PA3/IMYHbIX peaKkL it Hakanamsa-
JIUCb B Heid, YTO PaHO UM NO3AHO NPUBOAUANO K HaCbI-
LeHwuio NP pacTBOPEHHbIMU KOMMNOHEHTaMM, @ 3HaYMT,
CTabuamnsaLmm CUCTEMbI M NPEKPaLLLEHUIO NPOTEKaHUA
B Hell peakuuit. HanpoTtus, npupogHbie npouecchol
NPoUCXoAAT B 60/1€e MM MeHee OTKPbITbIX CUCTEMAX,
B KOTOPbIX CYLLECTBYET BO3MOMHOCTb Kak NOCTYNAeHUs
HOBbIX MOPLIMIA PearMpyrLLMX KOMMOHEHTOB, TaK U Bbi-
BOAA 4acTu 06Pa3syIOLMXCA B Hell NPOAYKTOB PeaKLMH.
MosToMy B NPUPOAHBIX YCAOBUAX 3TM peakLun npoTe-
KaloT 60/1ee NOHO U BbI3bIBaOT 60/1€€ 3HaUYUTENbHBIE
U3MEHEHWUA UNU NPEBPaLLEHNUA COAEPMKALLMXCA B Hell
MWHepanbHbIX $as.

Bo-BTOpbIX, B NPUPOAHBIX yCNOBUAX peaKuuu
C yyacTuem D npoTeKatoT ropasgo AoAbLUe, YeMm B fa-
60paTopHbIX IKCNEPUMEHTaX, YTO No3BonaeT dopmu-
POBaTLCA PaBHOBECHBIM MUHEPA/IbHBIM acCoLMaLMAMm,
a cnaralowym Ux MMHepanam — npuobpeTaTh Npekpac-
HYIO KPUCTaNZINYECKYIO OrPaHKy B OT/IMYME OT Tex e
MiiHEPanos, 00pasyoLLMUXCA B IKCNEPUMEHTaX.

B-TpeTbux, B aBTOKNaBaXx, B KOTOPbIX NPOBOAATCA
rMAPOTEPMANbHbIE IKCNEPUMEHTbI, YaCTO BO3HUKAIOT
TaK Ha3blBaeMble KOHBEKLMOHHble A4eitku, 6narogaps
KOTOPbIM OCYLUECTB/IAETCA PacTBOPEHWE MUHEepanoB
B OAHOM YacTn 06pa3sLoB 1 UX NEPeoTONKeHMe (Kpu-
CTannnsauma) 8 Apyroit. B peynsrate 8 nepsoit npouc-
X0AnT GOpPMMPOBaHIE BTOPUYHBIX MOP, @ BO BTOPOM —
KPUCTan/oB TeX e MUHepanos.

B-yeTBepTbIx, B peakuusx ¢ yuactuem rd pasnmu-
HOro cocTtasa B 1abopaTOPHbIX YCAOBUAX, K COMKane-
HUIO, MOYTU BCErAa Y4acTBYIOT METa/N/bl, U3 KOTOPbIX
CAenaH aBTOK/AB, YTO 3aMETHO MCKaXaeT pesynbTaTbl
3KCNEepUMEHTOB.

Kpome Toro, npu oxnaxpeHwWu aBTOKNAaBOB OT
200-400 °C 13 D o6s3aTenbHO BbIAENAIOTCA TaK Ha-
3blBaemble 3aKanouHble pasbl, HaxoAMBLUMECA B pac-
TBOPEHHOM COCTOAHWMW. Yalle BCEero oHM npeacTas-
NleHbl AM. KD, @ TaKKe MeNKMMMU NI0XO OrpaHeHHbIMU
Kpuctannamu S°.

YunTbiBan BCce CKa3aHHOe, MONbITaeMcA paso-
GpaTbca B Npoleccax, NPOTeKaBLMX B paccMaTpusae-
MO cucTeme ¢ yuactuem KU.

O6WwMm AnA BCeX IKCMNEPUMEHTOB ABNACTCA Npe-
MMyLLeCTBEHHOE pacTBOpeHUe Kap6oHaToB ¢ NoBepX-
HOCTU 06pasuoB, BCAEACTBME Yero MPOMCXOAUT WX
OKpemHeHwue. Mpu HacblweHnm M kapboHaTamu, oco-
6eHHO ecnu B aBTOK/NIaBE BO3HMKaNA KOHBEKLMOHHaA
Advelika, HabNIOAAETCA UX NEePeOTNOKEHUE C BOSHUK-
HOBEHMEM XOPOLUO OrpaHeHHbIX rMAPOTEePManbHbIX
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pasHoBuaHocTen (cm. puc. 5, 6,1, 6, a, 7, r). U3 Kap-
BOHaTHbIX MMHEPAsIOB CaMblii HeYCTONUMBIT An: ok
NONHOCTbIO pacTBOpPAACA B [P BO Bcex NpoBOAUBLLMXCS
3KcnepumeHTax. Kpome Toro, Mu TakKe BO BCex onbiTax
noAsepranca 4aCTUYHOMY UM NONHOMY PaCTBOPEHUIO
U/MAn NceBaOMOPGHOMY 3aMELLEHMIO KENEe3UCTbIMM
kapboHatamu (cm. Tabauuy, puc. 6,1, 7, a, 6).

KB, Bxoaswmit 8 coctas KU, Takxke pactsopser-
cA P, NnpaBaa He Tak UHTEHCUBHO, KaK KapBOHaTHble
MWHepanbl, a B ABYX 3KCNEepUMeHTax OMOoreHHbli
KpemHesem noaBeprca nepekpuctanivsauum c ob-
pasoBaHMem Menkux Kpuctannos Ks (cm. puc. 4,r,
8, B). Haxogsuwwmiica B coctase ® KpemHesem npwu
OX/IaXA€HMW aBTOKNABOB BO BCEX ONbITaX BbIAENANCH
B aMOPHHOM BUAE M ULLL B PEAKMX CAyYasnX B pOpme
Kpucrtobanura.

MoHATHO, YTO B MPUPOAHBIX YCNOBUAX, B OT/AU-
4ue ot nabopaTopHbIx, oxnaxaeHue O npoucxogu-
/10 O4eHb MEANEHHO, NO3TOMY HaXOAAWMMNCA B HEM
KpemHesem ycneBan BbIKPMCTaNNU30BaTbCA B ¢op-
M€ NpPeKPacHO OrpaHeHHbIX MeNKUX KPUCTanNoB
(cm. puc. 2, B—e).

OueHb 4acTo nocne 3aBepLIEHUS SKCNEPUMEHTOB
Ha NoBepPXHOCTU 06pa3LOB OTMEYAETCA NpUCYTCTBUE
He6OoNbWOro KONMYECTBa OYeHb MENKUX KPUCTannoB
AHr, 06pa3oBaHue KOTopbIx TPEBYET NPUCYTCTBUA KMC-
/lopoga B coctase D. MOXHO NpPeAnoOnOXUTb, YT
KaKan-To 4acTb KUC/I0POAa MOXKET NONaAaTh B peakTop
BMeCTe C BO3/lyXOM, KOTOPbIi1 OKUCAAET NMUPUTHYIO cepy
B0 CEPHOW KUC/IOTbI, @ OHa, B CBOIO O4Yepesp, pearupyer
¢ Ku, nasas B pesynbrate AHr (cm. puc. 9, 6). He uc-
KNIOYEHO TaKXKe, YTO B BbICOKOTEMNEPATYPHbIX IKCMe-
pumeHTax, korga CO, NPOABAAET CBOU OKUCAUMEbHbIEe
CBOWCTBa, OHa TaKKe MOrna OKUCAATb U M ¢ nocneay-
townm obpasosaHmem AHr.

B paccmoTpeHHbIx aKkcnepumeHTax Yacto no Mu
W“AK 3a ero cyeT 06pa3oBbIBANUCH XKele30coaepaLLe
kap6oHatbl (cm. puc. 4, 6, 6,1, 7, a, 6, 8,1, 9, 6). B 3Tom
cnyyae B I'd noasnanack cepa, KOTopan 3aTEM UM CBA-
3biBanacb B Gopme cynbduAos, Mam BbliAENANACH B Ca-
MopoaHoit popme (cm. puc. 6, 6).

Mpwu B3anmogaeiicteumn KU ¢ Id, coctoaLmm Tonb-
KO U3 BOAbI (Yo, = 0), OTMeuaeTca obpaszosaHue das,
BO3HMKHOBEHME KOTOPbIX TPebyeT NpoTeKaHWUA B cu-
CTEME@ OKMC/IMTENbHO-BOCCTAHOBUTE/NbHbIX pPeaKLiuii.
B KayecTBe okMCAUTENA MOXET BbICTynaTb cepa, npu-
cyTcTByloLlan B cocTase 1 B BuAe nepcynbduaa, Ko-
TOPaA OKUC/IAET MEeTa//bl, HaNPUMEP HUKeNb, BXOAA-
Li1e B cocTaB aBTOKNaBa, NPeBPaLLanch B CyNbGUAHYIO
dopmy:

FeS, + 2Ni°+ CaCO; - FeCO, + 2NiS + Ca?*(p-p).

O6pasoBaHue Mup u cynbduaa HUKens Takxke
B3aMMOCBA3AHO U OCyLiecTBAAeTCA 3a cyeT M, npu-
cyTcTBYIOULErO B CocTaBe 06pasuos KU, u nuputoBoil
LUMXTbI B COOTBETCTBUM C YpPaBHEHWUEM PeaKLUM

FeS, + Ni° - FeS + NiS.

AHanoOrMYHO peakuMA MpoTeKaeT ¢ yyacTuem

Meau, TakKe BXOAALLEN B COCTaB aBTOK/NaBa:
FeS, + 2Cu® - FeS + Cu,S.
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Puc. 9. dotorpadum 06pasuos KU (a, B, r) u chumok POM
nosepxHocTn (6) nocne so3geincTeuna Ha HUx G, umesLINX
T =295°CuxCO,=0,5 (a, 6, cepus CB-4) u T = 410 °C (8),
215 °C (r) mxCO, = 1,0 (s, r, cepusa CO,)

2 — BHelLHWit BUA 06pasua nocne aKcnepumeHTa; 6 — ero BbiLeN04eHHAA MUKPONOPUCTasA M OKPEMHEHHaA NOBEPXHOCTb, Ha
“OTOPOIA OT/IOKMUAICA TMAPOTEPMasbHbINA KanbUuitcoaepKalnii Cua B BUAE NONUKPUCTANNMYECKMX arperaTos U paccesHHbIX
WMENKNUX KPUCTaN/I0B (3NeMEeHTHbIM CneKTp cnpasa); B, I — BHELLHWIA B1A 06pasLioB Noc/ie SKCNepUMEHTOB

Bo3HMKHOBEHME S° NPOUCXOAMUT B pe3yabTaTe npe-
3palueHna Mn 8 NMup B COOTBETCTBUM C YpaBHEHNEM pe-
L]

FeS,> FeS +S°.

Bo MHOrMx npoBeAeHHbIX IKCMEePUMEHTaX B CU-
creme H,0—-CO, oTmeyaeTca obpasosaHue Nup, ogHako
3 cocTase C, BO3HMKLIMX NO KN, oH He 6bin BCTpeyeH,
2K, BNpoyem, 1 cam Mu [6, 7). MoKHO NpeanonoXuTb,
<10 Munp, Kak 1 Mn B paccmaTprBaembiX rmapoTepmanb-
=bIX YCNOBUAX TaKKe HEeyCTOMUYMB M ABNAETCA NULLb
ADOMEXYTOYHOM MeTacTabunbHoli ¢as3oi, Kotopas
3aTem, Kak v [, npespalyaeTca B CMAEPUT:

FeS + CO, + H,0 = FeCO, + H,S.

M3-3a TOro YTO aBTOK/N1aB ABNAETCA 3aKPbITON CU-
CTEMOMI, peaKLMA MOXKET OCTaHOBUTLCA A0 MNONHOro
npespalieHuna Mup B Cua K3-3a Toro, 4To ANA ee 3a-
seplueHuna He xsaTaet CO,.

B I'C, BCcTpeyeHHbIX B KposesnbHoM Yactn K 3a-
nagHo-Cubupckoro 6acceliHa, U3 Noy4eHHbIX B pac-
CMOTPEHHDBIX 3KCNEPUMEHTaxX € yyactuem P muHe-
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panbHbIX accouuaLuid, NPUCYTCTBYIOT NULLb MEKO-
Kpuctannuueckui Ks, Un, KT, nspeaxa AHr 1 xenesoco-
Aepxallime kapboHaTbl, U3 KoTopbix Npeobnanaet Cug,
(cm. puc. 2) [6, 7]. CnepoBaTenbHO, OCHOBHaA 4YacTb
cepbl, 0CBOBOXKAAMOWENCA NPU pasnoxeHun M, npu-
cyTcTBOBaBLwero B coctase KU, BbIHOCUAACh rnapoTep-
MaMK 3a npeaensl 30H passutua C B TOW UK UHOI
dopme.

O6pa3oBaHKe Xenesocogepxalumx kapboHatos
MOXET MPOUCXOAUTb B COOTBETCTBUM CO CAEAYIOLWNM
ypaBHeHUeM peakuuu:

FeS, + CO, + H,0 + CaCO, = FeCa(CO,), + H,S + S°.

HeoxwuaaHHble pe3ynbTaTbl 6blU NONYYEHbI B Bbl-
cokoTemnepatypHbix (360 °C) 3KkcnepumeHTax (cepua
0.5-1), B KOTOPbIX NpU BO3AENCTBUM Ha 06pasubl KU MD
C HEBbICOKOM KOHLEeHTpaumel B Hux CO, npu pasnoxe-
HWUM BXOAALLETO B MX cocTas [ nonyvyanucb He ene-
30coaepKalime KapboHaTbl, a )enesucTblit unm Mg-Fe
Xn. Mpu atom Kpome Mu n3 coctaa KU ncuesan u Kr, ko-
TOpbIV BMECTE C MUPUTHBIM XKeNe30M LWwen Ha obpasosa-

55

0202 ¢ (EP)E N



(43) ¢ 2020

A
b

o

Hepmezazosas zeonozus

Hue Xn. HanomMHKM, YTo ruapoTepMasnbHblid Xn B cocTase
I'C nonHOCTbIO OTCYTCTBYET [6, 7]. Ha ocHOBe ycTaHOBNEH-
HOro pakTa MOKHO cAenaTh ABa NPeAnoNoXKeHUA:

1) temnepatypa npupoaHbix [P 6bina Huxe
360 °C, a Cupg, ycToitums, no KpaiiHeit mepe, o 315 °C
(npwn 3tolt Temnepatype B cepuun CB-3 oTmeuanocb
obpasosaHue ruapotepmansHoro Cug, a He Xn), T.e.
¢daszoBas rpaHuLa mexay Xn n Cua + KT nexur 8 uH-
Tepsane Temnepatyp 315-360 °C;

2) ycTaHOB/NEHHaa $pa3oBas rpaHuLa cnpaseanu-
Ba mwb ana cuctembl H,0-CO,, a npu apyrux ycno-
BuAax, Hanpumep pH unm Eh, oHa MOXeT U3MeHUTbCA.

[encTBuTeNbHO, BCTPEUYEHHbIE B KPOBE/IbHOM Ya-
ctn K rupgpoTepmanbHble CUNULNTLI CBETNO-Cepble,
uHoraa noyTu 6enble (cMm. puc. 2), a obpasupl KU nocne
NpPoBeAEHHbIX SKCNePUMEHTOB ¢ [P, UMeBLIMX pa3nny-
HYIO KOHLIEHTpaLuto B cBoem cocTase CO,, cnabo nsme-
HANK uBeT. MOCKONbKY UX TEMHO-Cepan, NoYTU YepHasa
OKpacka o6ycnoBneHa npucytcTemem B ux coctase OB,
MOMHO NPEAnOOMKUTb, YTO B NPUPOAHBIX YCAOBUAX,
BepoATHO, B cocTaBe P, Bo3aelicTBoBaBWwmMX Ha KU,
npucytcteosan O,, okucnaswmit 3to OB.

B pesynbTaTe BO3AeicTBUA Ha obpasupl KU Bbi-
coKoTemnepaTypHbIX ® ¢ BbICOKOW KOHLUEHTpaLm-
el B ux coctase CO, (Xco, = 0,5) Ha noBepxHOCTH 06-
pa3ua noABAAAUCb 3e/1eHble NNEeHKM OKUCAOB Xpoma
(cm. puc. 9, a), a npu BO3AEMACTBUM CAMOTO BbICOKOTEM-
neparypHoro dnounga (T =410 °C), cocToALLero TOAbKO
u3 CO, (¥co, = 1,0), oTMeyanocb obpasoBaHMe 3aKkuCK
N OKUCK Mean. M3 3TUX IKCNepuMEHTOB CaeayeT, YTo
CO, B BbICOKOTEMMNEPATYPHbIX SKCMIEPUMEHTaX ABAAETCA
oKucaumenem, Tak Kak Apyrnx KOMNOHEHTOB B cOCTaBe
dnonaa He 6bino. Moatomy o6pasoBaHMe OKUCK XPO-
Ma, @ TaKXe 3aKUCK U OKUCU Mean NPOUCXOAUNO B CO-
OTBETCTBUM CO CNeAYIOWMMM YPABHEHUAMMU PeaKLmit:

Cr°+3C0, - Cr,0, + 3CO,
2Cu®+CO, - Cu,0 +CO,
Cu,0 + CO, - 2Cu0 + CO.

XpomaTtorpaduyecknit aHanmns rasosoit dpasbl, no-
NY4EHHON B BbICOKOTEMMEPATYPHbIX 3KCNepumeHTax
¢ CO,, noaTBEpAMA, 4TO U3 Hee B pesynbTaTe ee BOC-
CTaHOBNEHUA MeTannamu obpasyertca 6obLioe Konu-
yectso CO (puc. 10).

TeM He MeHee YCTaHOB/EHHblE (BO3MOXHO,
BNepBble) B rMAPOTEPMA/IbHbIX SKCMEPUMEHTaX OKMUC-
nutensHble ceoicTBa CO, npeacTaBAAoT 601bLWONA UH-
Tepec, Nockonbky CO B NPUPOAHbBIX YCNOBUAX MOMKET
aKTUBHO pearnposaTb C BOAOPOAOM, KOTOPbIN, KaK U3-
BECTHO, nocTynaet u3s pyHaameHTa emecte ¢ M [11, 12,
16] u B cooTseTcTBUM € NpoLieccom Pulepa—Tponiia
B pesynbTaTe B3aumopgeicteua CO u H, obpasyrotca
yrnesoAopoapbl.

B BbINONHEHHbIX BbICOKOTEMNEPATYPHbIX 3KCne-
pUMeHTax ocBeTneHna obpasuos KU He Habatoganocs,
HO BMO/AHE BEPOATHO, MU3-3a TOTO, YTO MeTas/ibl B CO-
cTaBe aBTOKNaBOB ABNAAUCL 6onee aKTUBHbIMWU BOC-
cTaHosutenamu CO,, yem QB’ B coctase KW. B npupoa-
HbIX YCNOBUAX TaKUX BOCCTAHOBUTENEN HET, NO3TOMY
MOXXHO NPeAno0NKUTb, YTO NPU AOCTAaTOYHO BbICOKON

< B f“c
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O

5
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Puc. 10. XpomaTorpamma ra3osoii ¢asbl (aeTekTop no Te-
NAONPOBOAHOCTH), MONYYEHHAA NOC/Ne 3aBEePLIEHUA JKCne-
PUMEHTa Mo BO3AENCTBMIO Ha 06pa3eL, KPEMHUCTOro U3BeCT-
HaKa T (T = 275 °C, Xco,= 0,15)

Temnepartype v KoHueHTpauuu CO, oHa byaeT cnocob-
Ha okucnaTb u OB, npucyTcTeytoLLee B coctase KU, oc-
BET/NAA UX.

Hanuuue B KM HebonbLioro konnyectsa OB npea-
nonaraeT BO3MOMXHOCTb reHepauun um YB B pesynbrate
BO34eNCTBMA Ha Hero [P, YTobbl npoBepuTb 3TO Npea-
nosnoxeHue, B Npobe rasa, oTobpaHHOro U3 aBTOKNA-
Ba nocne skcnepumeHTa, kpome H,0, CO, n CO 6bino
onpeaeneHo coaeprKaHue rasoobpasHbIX yrnesoaopo-
nos. OKa3anocb, YTo razoobpasHblie YB npucyTcTsytoT
B BMAE He3HauuTesbHOM npumeck (cm. puc. 10). 3To
obbAacHAETCA, BO-NEPBbIX, O4EHb HU3KUM COAEPIKAHU-
em OB B cocTase KM (B cpeaHem HemHorum 6onee 1 %)
1, BO-BTOPbIX, O4EHb BbICOKOI CTENEHbIO KaTareHeTuye-
cKoro npeobpasosaHua K1, nobbisasLmx Ha 6onbluoit
rnybuHe u noaBeprasBLUMXCA BbICOKMM TemnepaTypam
n pasneHuto. Motomy OB B Ux coctase NpaKkTU4ECKH
NOMHOCTbIO Peann3oBano CBOW UCXOAHbIW HedTeraso-
reHepauMoHHbI NoTeHUMan.

BbiBoAbl

1. B cucreme H,0—CO, npu ruapotepmanbHOM
BO3aeicTBuM Ha obpasubl KU npoucxogut pacrsope-
Hue KapboHaToB, BXOAALLMX B UX COCTaB, U B NEpPBYI0
oyepeab An.

2. MpeumyLecTBeHHOe pacTBopeHue KapboHaTos
NPUBOAUT K OKPEMHEHMIO NOBEPXHOCTH 06pa3Lios KU,
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$OpPMNPOBAHMIO B HAX BTOPUYHOM MOPUCTOCTH, a B He-
KOTOPbIX CNy4anx Aarke Nepekpuctaninzaunm ucxoa-
HOro 6MOreHHOro KPeMHe3ema B MeNKOKpUCTanImye-
CKUiA KB C pa3NM4HOI CTENEHbIO KayecTBa OrpaHKku ob-
Pa3yHLLMXCA KPUCTANNOB, YEM OHU CTAHOBATCA OYEHb
NOXOXXMMU Ha npupogHble C.

3. MK TaKXKe HeyCTOMYMB B 3TUX YCNOBUAX U Yalle
BCEro 3aMELLAETCA Xene30coaepKallumm kKapboHaTa-
MU Npu TemnepaTtypax go 315 °C.

4.Tpn pOCTaTOMHO BbICOKOW TemnepaType [P
(360 °C u sbiwe) Mun B coctaBe KN npespaluaerca He
3 KenesocopepiKawme KapboHaTbl, KoTOpble npu-
cyTcTBytoT B cocTase [C, a B X, npu 3TOM U3 cocTasa
KU Takxke ucyesaeT KT, KOTOpbIA BMECTe C NUPUTHbIM
KEenesom MAeT Ha obpasoBaHue rMAPOTEPMANbHOMO
Xn. Moatomy BcTpeyeHHble B KpoBenbHou Yactu K I'C,
obpasytoumeca no KM B cnydae B3aumopnenctema c Mo,
8 COCTaBe KOTOPOro CoaepuTca Tonbko CO,, mornu 06-
pa30BaTbCA, EC/IU ero Temnepartypa 6bina Huxe 360 °C.

5. [laxke npu Temnepatype oaomnaa 410 °C B cay-
4ae, ecnu [P coctouT Tonbko U3 CO,, obpasosaHue Xn
He MPOUCXOAMNT, 3aTO NOABNAIOTCA XKenesocoaeprralyme
XapboHaTbl, YTO 06 BACHAETCA OTCYTCTBUEM BOAbI, KOTO-
pasa B popme OH™ BxoamT B cocTas Xn.

6. Mpwu BbICOKMX TemnepaTypax (275-410 °C) CO,
HauyMHaeT NPOABNATL CBOMCTBA OKUC/IUMESA, OKUCNAA
MeTa /bl BXOAALLME B COCTaB aBTOK/NaBa.

7. BcneacTeve BbICOKOWM KaTareHeTU4ecKoi npe-
obpasoBaHHOCTM OB, Bxoasawero B coctas KU, oHu
fiONTH MO/IHOCTBHO MOTEPAV WCXOAHDIV HEQTETa30Te-
HepaLMOHHbIN NoTeHuMan.

8.C uenblo YTOMHEHMA CONeBOro cocrasa [,
3 Takxe ux pH u Eh, HeobxoanMbl AONONHUTENBHbIE
“ccnenoBaHuWA, pesybTaTbl KOTOpbIX 6yayT paccmoTpe-
Hbl B creaytolei ny6avkauuu.
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