Bewecmea H0G00OPA306AHNA 6 YEAAX U VEAUCHOLIUNUCIMBIX NOPOOAX ...

Y]IK 622.693

Tokr. Texu. nayx 350PLIUK MIL (lonHTY), noxT. Texu. nayx OCOKHH B.B. (donenxuii
roCy1apCTBEHHBIN YHHBEPCHTET IKOHOMHUKH H TOPrOBIIH)

BEHIECTBA HOBOOBPA3OBAHHS B ¥YIJISAX U ¥TJIMCTOIIMHUCTBIX
NOPOJAX, MPEJOINPEAEJSIIOININE OITACHBIE U BPE/IHBIE
IMPOSIBJIEHWS B HUX

Ha cospemenubix riydHHax paspaboTkH MOpojisl YTONBHBIX MECTOPOMICHHH HAX0-
ASTCH B BOCCTAHOBHTEILHBIX YCI0BHAX. [IpH Npon3BOACTEE BRIEMOYHEIX paboT B yrisax U
YTIHCTO-TTTHHHCTBIX nopojax Ha4yHHAT TPOTEKAThL DHOXHMHYECKHE MPoneccsE OKHCITH-
TENBHOTO BBINIENAYUBAHHA COACPKANIMKCA B HHX PYIHBIX MHHEPAIOEB, B OCHOBHOM THPH-
Td, KOTOPBIH NMPC/ICTABICH NbUICBHIHON BKPANJIEHHOCTRIO, MPOCIOAMH H JTHH3AMH. [pu-
yeM. TIPOCOH M JIHH3BL €10 COCTOAT MPEMMYILIECTBEHHO W3 o0y ((ppambona0B) C
pasmepaMi 10 50 MKM, 2 OHH B CBOIO OYepe/ib — W3 COBOKYMHOCTH MHKPOKPHCTALIOR C
pasmepamu 0.5...2.5 MkM. @pamOOH/IbI HAXOAATCA HA NOBEPXHOCTH MHKPOTPEIIHH H Mak-
ponop M MOITOMY JOCTYNHBI U1 BHEUIHHX areHTOB BbIBETPHBAHHS. B okHCAHTENBHBIX
YCJAOBHAX MPOMCXOANT OOHOB/JICHHE MOPOBLIX PACTBOPOB YI/eH M YLIHCTO-TIHHHCTRIX
nopos. IogpieHne B pacTBOpax KHCI0/a, YITIEKHCI0ro ra3a i MHKpOOpraHH3MOB THOHO-
BOIl rPYnIbl OnpeaenseT cneunduuecknit XapakTep H GONBIIYIO CKOPOCTh OKHCIHTEMb-
HOTIO BRIMISTAYHBAHHA NMHPHTA.

Astopamu 1okasanbl | 1] Hannmune TvonoBbix Gakrepuit Th. ferrooxidans B mopo-
BbIX PACTBOPAX HAXOJAALIMXCH B BOJAHO-BO3AYINHBIX YCIOBHAX NMOPOA YrOJBHBEIX MECTO-
POMIEHHIT M HX pelnaolas poib B Npoueccax OKHCICHHS H BbILIENaYHBAHHA MHPHTA.
BrHOXHMHUECKHIT TIPOllece OKHC/IHTENBHONO BhIENAYHBAHHA NMHPHTA ABJIAETCA 3KI0TEP-
MHYECKHM, COMPOBOJK/IACTCS BbUIEJICHHEM IEMEHTHON Cephl, CEPHOH KHC/IOTBI H COEIH-
HeHHMil xene3a. B CBA3M ¢ MOBBIIEHHEM TEMIIEPaTyphl NOPOBBIX PacTBOPOB HIMEHACTCH
MOp(OIOTHA MHKPOOPTraHH3MOB: M3 NATOMKOBHAHOH (hopMEI OHH NEPEXOIAT B chepuye-
ckyio (opmy, npucnocadiuBaich K MIMEHSIOUIMMCS YCIOBHAM CPE/ib obutanus. Ha pu-
cyrke | Buanbl npu ysenudenun 270" THOHOBbIE GaKTepHH Maj04YKOBHAHbIE (a) u cohe-
puueckoii popmel (0).

Puc. 1. TuonoBkle DakTepun pazinuHON HOPMEI

Posib MHKPOOPTaHH3MOB B OHOXHMHYECKOM NMPOUECCE OKHCINTENERHOTO BRIILIEIAYH-
BAHHA MUPHTA 3AKI0OYAETCA B PACWIEHEHHH €r0 H YBEIHYEHHH BCIEACTBHE 3TOTO peaKiy-
OHHOCIIOCODHOI MOBEPXHOCTH, OKHC/IEHHH CEPEI H IBYXBAICHTHOIO JKEIE3d B YCIOBHAX, B
KOTOPBIX HEBO3MOMKHO MX XHMHYECKOE OKHC/IEHHE, B HENOCPEJACTBEHHOM YHACTHH B SK30-
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TEPMUYECKHX peaklusX. YBelM4YeHHEe PeakiMOHHOCHOCOOHOH MOBEPXHOCTH MHPHTA H
IIOBBIIICHHE TEMIIEPATYPBI CPEMIE! 38 CHeT OGHOXMMHYECKHX MPOIECCOB HHTEHCHPUIHPYET
YHCTO XHMHYECKHE MPOLECChl OKMCITHTENRHOIO BEINEIaYHBAHNSA 3TOr0 MHHEpana ¢ 1aib-
HEeHITHM MOBEIIIEHHEM TEMIEPATYPh! i BRUICICHHEM YKa3aHHBIX BHIIIE BELIECTB HOBOOO-
pa3oBAHMS.

CleACTBHEM IOBBIIEHHS TEMIEPATYPhl IIOPOBBIX PACTBOPOB ABIAETCH CaMOHAIPe-
BaHwe ropHoi noponsl. BeimonHen HaMu ananu3 Oonee 90 XHMHYECKHX peakiuii, CBA3aH-
HEIX € OKHCJIHTEILHBIM BBIICTAYMBAHHEM MHPHTA B YIVIAX H YTIHCTO-TJIMHHCTEIX MOPO-
nax, Ilo pe3yneTaTaM 3TOTO aHaIH34, OCHOBHBIMHU BELIECTBAMH HOBOOOpa3OBaHU: B caMo-
HAIPEBAOINEHCS rOPHOH Mopoje, ONpeNeIAIHMH XapakTep JanbHEHIIEro MpoTeKanHs
BCEeX MPOLECCOB, ABJHKOTCH MICMCHTHAA CCPa H CEpHAad KHCIOTA. :}KCHEPHMEHTHJIL-H{'J yc-
TAHOBJIEHO, YTO B CAMOHATPEBAIOUICHCH OTBAIBHOH IIOPOJE NPH TEMIEpaType 75'C n
BHIIIE COJEpIKAHHE 3JIeMEHTHOH cephl MoikeT OnITh Gonee 4% (Honee 40 kr cepet B 1 1r
nopojisl). C MHHEpaNorH4ecKoil TOYKH 3pEHHS NPEJICTABIACT HHTEPEC aHAJIH3 PA3JIHMHbIX
MOOH(HKAIMA IEMEHTHOH CephI, BRIICICHHOH HAMH W3 OTBAIBHON MOPOMLI B OOJBIIOM
TeMIepaTypHOM HHTepBae.

Ha panHeil crajuH OKHCIHTEILHOIO BBINENAYHBAHMSA MHPHTA B TOPHOH MOpoje
CIEIHANMCTAM HE YIaBanock HabIHOAATE BEIZICTICHHE JIEMEHTHOM CEPhI B CBA3H C TEM, 49TO

B KMCIIOH cpefie oHa oOpasyeT ¢ HOHaMH Fe'' u SO} MuLeIbl KOIIOHIHOTO PacTBOPA.
Taxoii pacreop spko Gyporo mneera ObUl 1IOIY4YEH HaMH B 1aDOpaTOPHBIX YCIOBHAX MpH
OKHCIIMTE/ILHOM BBINETa9HBAHHH ITHPHTA ¢ y4acTHeM Mikpoopranusmoe Th ferrooxidans.
Ilpn HceleOBaHHAX PacTBOpa B JHAIM3ATOpPE Ha MeMOpaHe OCTaBANCA OCA/I0K-KOArib,

COCTOSIIIMIA H3 aTOMOB cephl, HoHOB SO; 1 Fe™.

Hecnenopanus koarens Ha aepuBartorpade MO3BOMMIH MOMYYHTH TEPMOrpaMMy C
YETKO BEUICPKAHHBIMH 3HI0TEPMHYECKHM H 3K30TepMHUECKHM d(deKTamMu, IKCTPEMYMBI
KOTOPEIX MPHXOASTCS HA 3HAYEHHA TEMIEpaTypbl, COOTBeTCTBeHHO, 120 H 280°C. DHmo-
Tepmuueckuii addekT o0ycnoBIeH BhlIeIeHHEM BIary, IUIABJICHHEM H MCNaPEHHEM CCPBL,
3K30TEpMHYECKHi a(hheKkT — ropeHueM ee napos. [loTeps Macchl HCCIENyeMOTO BEIIECT-
Ba cocTaBHIa B akcrepumente 83,3%. Cruelyer 0TMETHTE, YTO BOOOINE MOBLILICHHE TeM-
TIepaTypEl MOPOBLIX PACTBOPOB 3a CYET TEIUIOTH MPOTEKAOMMX B FOPHOH IOpOJE IK30-
TePMHYECKMX DEAKIMil NPHBOANT K pPa3pyMIEHHI0 MHIIEMT H BBIIAACHHIO B OCAIOK
INIEMEHTHOMH CepBbL.

[IpoBe/ieHHbIE HAMH HCCJIEI0BAHHSA C HCIIOIb30BAHHEM 3/IEKTPOHHOTO MHKpPOCKONA
JSM-T300 ¢pupmel JEOL u peHTTeHOBCKOIO IHEProJHCIEPCHOHHOTO MUKPOaHATH3aTopa
LINK 860-500 mokasans, 4ro B HHpPHTCOAEpXkallel I0pole ACHCTBYIOIHX OTBANOB
YIONBHBIX AXT U oforarnTensHeIX (habprk cepa HAXOAMTCS B YHCTOM BHIE HIIH obpasyer
arperaTsl H COCJUHCHHS C BO3rOHAMH ApYruX Bemects. Ha pucynke 2 a, 0, B, T npuBee-
Hbl IOJIy4YeHHEIE HaMu doTorpaduy, COOTBETCTBEHHO: O — CEPEI (pombuyeckas MOJIH-
(pEKamps) — MOMKET HAXOMUTCH B IIPHPOJHLIX YCIOBHAX MPH TEMIEpaType JIO 95,6'C:;
B — ceprl (MoHOKIHHHAs MogubuKaia) — obpasyercs npu OoNbIICH TEMIIEPATYpPE; M10-
PHCTOIR cepbl — MOiy4aeTes IpH TeMnepatype okono 108...1 10°C; y — cephl — BBIIES-
€TCH M3 PACILIABOB B BH/IE HIOJBYATHIX KPUCTAVIOB (IPH ONJABICHHM KPHCTAILIOB obpa-
3yioTes cpociuuecs (ppamOOHIED).

Y cTanoBIEHHOE HAMM pasziuuie MoaudHKalMi 1 GopM HAXOXKIECHHA CEpel B OT-
BATLHON TOpOJE MaeT OCHOBAHWE YTBEPKIATh, UTO BBUICIECHHE H HAKOILICHHE ¢ [IPOHC-
XOJTAT TIPH 3HaUeHHAX TeMIlepaType: MeHbIIce 95.6'C (oo — cepa ), 95,6°C u Beime (f —
cepa), 108...110°C (mopucras cepa) u IPH TeMmmepaType MPOTEKAHHUs TePMUUCCKOH Auc-
colManuy nupura — donee 400°C (cepa B Bo3roHax).
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Puc. 2. Paznuunbie MOOHGOHKALMK 3NEMEHTHON CEpPbI

Cepa — eAMHCTBEHHOE rOpiOYee BEIeCTBO, 0Opasyloueecs B TOPHOH HOPOJE MPH
ODBIMHEBIX YCINOBHAX H HMEHOLICE HH3KYHO TEMNOCPATYPY CcaMOBOCILIaAMEHEHHA HA BO3OYXE.

B camouarpesaiolneiics ropHoil mopose obpasyercsa cBOeOOpasHBIH XHMHYECKHH
pEaKkTop, B KOTOPOM MPOHCXOAMT BbIIE/ICHHE, I1ABJIEHHE H HCMAPEHHE CEPEL. IIporenen-
HbIe HAMH HCCIIE0BAHIA TTOKa3aH, 4TO NPH NPOrPEBAHHH MOBEPXHOCTHOTO CIIOS TOPHOH
nopojsl o 248...261°C seiensiomnecs #3 Hee Naphbl CEpbl CAMOBOCTITIAMEHAIOTCA HA
po3avxe. [Ipu 3ToM caMoHarpesaHuie NOpoJasl NEPEXOIHT B BOITOPAHHE CC.

EcnM BOCILIAMEHEHHE cephl He MPOMCXOAMT (HanpuMep, H3-3a HEAOCTATOYHOH KOH-
LleHTpalluK ee B BO3MyXe), TO B ACHCTBYIOMEM XHMHYECKOM PEaKTOpPE HaKarUIMBacTCHd C
TeueHHeM BpeMeHH cepHas kuciota. [Ipu oToM B OPOAHOM OTBAIE MOTYT 00pazoBLIBATE-
¢Sl CePOKHCIIOTHBIE 30HBI, B KOTOPBIX COAEPKUTCH OTOE/NICHHAA rOpHas Macea (Temiepary-
pa ee okono 336,5°C, 1o ecTh OIM3KA K TEMIIEpaType KUIIEHHA Ha BO3AYXE KOHUEHTPHPO-
BAHHO# CepHOI KHCIOTE), OKPBITas Mac/sHHCTOH acdanbTonoa00HOH KOPKOH.

[TpH BCKPBITMH CEPHOKMCIOTHOI 30HBI HAOIIOMAETCA HHTEHCHBHOE «IBIMIACHHE
noposel Beneactsue obpazopaHus BOJM3W e MOBEPXHOCTH TyMaHa CEPHOH KHCIOTEIL:
SO, +H,0 =H,S0O,. lNopsyas KOHLUEHTPUPOBaHHas CepHas KHCIOTa OKHCIACT yriedu-
HPOBAHHOE BEHIECTBO M CEPY, B3aUMONCHCTBYET C MHPHUTOM H kapOoHaraM Kaneuus. B
eCTECTBEHHBIX YCIOBHAX IO AciicTBHEM CEPHOH KHCIOTHI [TPOHCXOAUT OecnamMeHHOE
1'0]‘}61-!Ht flt‘.lljﬁ_*.l'L

[lo naHHBIM DONYUEHHBIX HAMH TEPMOIpaMM, yriedHUpoBaHHOe BELIECTBO MoJl-
HOCTBIO BEITOpaeT ¢ yuactuem H,SO, mpu temmeparype 560.. .600°C.
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Texnozennble MECTNOPONCOEHUA MUHEDATLHOZO CbIPbA
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BelgeneHue IIpH NPOTEKAHUH PACCMOTPEHHBIX Bblllle DHOreOXHMHUECKHX TPOIEec-
COR B IHPHTCONEPIKAIIHX FOPHLIX MOPOJax 3/IeMEHTHOH Cephl H CepPHOI KHCIIOTHI npeno-
Hpe/leNsieT enblii Psill ONACHBIX ¥ BPEIHBIX MPOSBICHUH B HUX.

[ Kak yxe oTMmMedanock, CamMOBO3TOpaHME TOPHOH MOpOIsl 00YCIOBIEHO CaMOBOC-
MIaMEeHeHHEM Ha BO3JyXe HapoB 37eMEeHTHOH cepbl, OeclilaMeHHOe BRITOpaHHE ee —
OKMCIIEHHEM YrIe(pUIHPOBAHHOIO BENIECTBA KOHIICHTPHPOBAHHOMA CepHON KHCIOTOH.

Beicokas peakumonHas cnocoDHOCTH Cephl LPOSABIAETCH MPH Temneparype Gornce
200°C B cBsSI3M ¢ HATHYHEM MAJOATOMHBIX MOJIEKYJI, IO3TOMY VIIEPO YT 1eHIMPOBAHHO-
ro BEeIecTBa H MPOIYKTEl TEPMUYECKOH JecTpyKIHH ero 3QQeKTHBHO B3aHMOIeHCTBYIO-
mieil ¢ Hel.

ITo naHHBEIM HAITHX HCCIEI0BaHHH, H3 OYAroB IOPEHHA YIUIH Ha aBapUiHOM CKIaae
¥ [TOPOJBI B OTBANE IIPH TEMIIEPATYPE OKOJIO 300°C BeimessnoTes omHoBpeMeHHO SO, HaS,
CS,, COS.

BzanmMoneHcTBHE KOHLUEHTPHPOBAHHOWH CepHOH KHCIOTEI H CEPHOTO aHTHIAPHIA C
BOJIOH COMPOBOMAACTCH BBIOCICHHEM DOIBIIOr0 KOMHYECTRA TENIIOTEI, HTO MOMST DBITH
NPHYAHOR HHTEHCHBHOTO NapooOpa3oBaHus H CO3[aHUsS B MEKKYCKOBOM MpOCTPAHCTBE
oTBaJia M3OBITOYHOIO NABICHHWA Iapa, SHEPrHH KOTOPOro MoKeT OBITh J0CTATOYHO i
BEIOpOCA NOPOJEL.

OnacHbIe H BPEIHLIE TPOSBIEHNHA, 00YCIOBIEHHBIE OKHCIHTEIBHEIM BEIIIETaYHBa-
[IHEM NHPHTA B TOPHEIX OPOJAX, PACCMOTPEHE! B MOHOrpaduu [2].

Taxum obpazom, pazpaborannas Hamu OHOreOXHMHYECKas MOJENb MPOTEKAHHA B
IMPHTCOIEPKAIIMX FOPHBIX TOPO/AX FK30TEPMHUYECKHX MPONECCOB NO3BONSET OOBACHATE
MPHYMHBL UX CAMOHArPEBaHUs W BO3TOPAHMSA, MPOTHO3WPOBATh OMNACHBIE H BPEAHBIC 1IPO-
SB/IEHUSA B HHX.
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ok, reon.-muH. Hayk KOMOB WLJI. (MuctutyT I'eoxumun oKpykarome cpemsl)
TEXHOTEHHBIE MECTOPOKJIEHNS MHHEPAJIBHOI'O ChIPBS

TexHOTeHHbIE MECTOPOKIESHHA MHMHEPAIBHOTO CBIPEA — 3TO CKOMIEHHA MHHE-
pagBHBIX 0Opa3sOBaHWN, TOPHBIX Macc, KHAKOCTEH H cMeceit, cofepauux Mojae3Hbe
KOMIIOHEHTE], SBIAIOUIAECH OTXOJAMHM TOPHOIOOBIBAIOMIMX M ODOraTHTE/IBHBIX MPOH3-
BOJICTB, Haxojsmdecs B oreanax, TeppuxoHax [1]. Cymmaphoe cofiepiaHHe MOIE3HBIX
KOMIIOHEHTOB, KOTOPEIE HAKONHAIACE B TEXHOTEHHBIX MECTOPOIKICHHAX 34 20-30 npet, co-
[IOCTABMMO, 4 HHOIJIA ¥ MPEBBINAET HX KOIHYECTBO B €WKErOIHO nobpiBaeMEIX pyaax.
OcoBeHHOCTH TEXHOTEHHBIX MECTOPOIKIEHNUI: 1) pacmoNoKeHie B TPOMBILIIEHHO pa3BH-
TRIX pailoHaX; 2) MECTOPOKICHHA HAXOJATCA HA MOBEPXHOCTH, H MATEpHAT B HHX [Ope-
WMYIECTREHHO pazipobneH; 3) KOMHUeCTBO HMCKYCCTBEHHBIX MHHCPAILHBIX thopMm, KOTO-
peie 00pa3yioTCcsi B TEXHOTEHHBIX MECTOPOMKASHHUAX, NMPEBLINAcT 30000. Cpenu 3aja4
yYHIAMEHTATEHOH I'EOXHMHH TEXHOTEHHBIX MECTOPOKACHUH, IO HAllEMY MHEHHIO, IaB-
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