IKCIIEPUMEHTAJBHOE MOAEJIUPOBAHUE
IHPEOBPA3OBAHUSA INKPOUJIBMEHUTA B KUMBEPJIUTE

K.H. Eropos, B.fI. MeaBenes, JI.A. UBanoBa
Hnemumym zemmnoii kopwt CO PAH, 2. HUpxymek, e-mail: med@crust.irk.ru,

DKCIepuMEHTAIbHOE MOJIETMPOBAHUE MPOLECCOB PEAKIMOHHOTO MpeoOpazoBaHUs
WH/INKaTOPHBIX MHHEPAJIOB KUIMOEPIUTOB Ha Pa3HBIX Taax ABOJIOMUN KUMOEPIUTOBOW CHCTEMBI,
a TaKKe BIOCIEACTBUU B 3K30T€HHBIX YCIOBUSAX MMEET Ba)KHOE 3HAUEHME JUIsS MIOMCKOBBIX Leel
KOPEHHBIX MECTOpPOXJeHUN anMma3oB. llomydeHHble pe3ynbTaThl MO3BOJSIOT — HOJYYHUTH
KayeCTBEHHYIO U KOJIMYECTBEHHYIO OIIEHKY Auana3oHa P-T ycrnoBui, QironHblil pekuM U BpeMs
MPOTEKAHUS PEaKIUil, MPU KOTOPHIX IMPOUCXOAUT 00pa30BaHUE PEAKIMOHHBIX KaillM CIIOKHOTO
nosrdasHoro crpoeHust Ha 0apoPUIBHBIX MUHEpaIax KUMOEPIUTOB.

[Ipouecchl kenuduruzanuu no 6apoduIbHBIM MUHEpaJaM KUMOEPIUTOB, KaK MOKa3bIBAET
AKCHEPUMEHTAJIbHOE U (PU3UKO-XUMUYECKOE MOJIETUPOBAHUE, MOTYT OCYIIECTBISATHCSA B IIUPOKOM
IMana3oHe TeMIieparyp M AaBiieHui. [Ipy 3ToM moamMuHepaabHbIe KeMU(UTH Ha 0apOQIIBHBIX
MUHEpajlax KUMOEpJIMTOB uyalie (OPMUPYIOTCS Ha METaCOMAaTUYECKOM JTale PEerpecCUBHOIO
npeoOpazoBaHusi KUMOEPIUTOBBIX TEJl, & HE TOJBKO B pe3yIbTaTe MAaHTUHHOTO METAcCOMaTO3a.

B npouecce Mmeracomaro3a KUMOEPIUTOB MO MUKPOUIBMEHUTY 00pa3yroTCsl peakHOHHBIE
KaliMbl, (a30BbId COCTaB KOTOPBIX 3aBUCUT OT COCTaBa HMCXOJHOTO MUKPOWJIBMEHHUTA, COCTaBa
MeTacoMaTuyeckux (uouaoB U (QU3MKO-XUMUYECKUX YycioBuil. [lapumanpHoe naBieHue
KHUCJIOpOJIa PE3KO MEHSETCS B MpeAesax peakKuMOHHOW Kaimbl. [Ipr 3TOM CMEHa KHUCIOPOIHOTO
pexuMa npoiiecca KeaupUTH3aUuU COPOBOKIAAETCS OKUCICHUEM OKHMCHOTO KeJe3a /10 3aKUCHOTO,
KOTOpO€ MOXET BXOIUTb B CTPYKTYypy MpeoOpa3oBaHHOrO WJIBMEHHUTA, WM 0Opasyer
CaMOCTOSITEJIbHYI0 TUTAaHOMarHeTUTOBYI0 (azy. KucinoTHbli pexum (¢uIoHI0B peryiupyer
CTENeHb TEPepadOTKN MHUKPOWIbBMEHHUTA. B citydae kapOoHatm3upyomero ¢urounga oopasyercs
MEPOBCKUT-TUTAHOMArHETUTOBbIM  HapareHe3uc, a IIeJo4YHble (IIoUIBl  JAlT  pyTUI-
TUTAHOMArHETUTOBYIO KeIM(PHUTOBYIO Kaiimy [1].

TakuM 00pa3oM, MPOBEIEHHOE KOMIUIEKCHOE MOJEIMPOBAaHUE IOKa3ajo, 4yTO (a3oBbIH
COCTaB M XMMH3M MHUHEPAJIOB 30H KEIH(PUTHU3AIMH COOTBETCTBYIOT HAOIIOACHUSM B MPUPOIHBIX
o0pasiax MUKpOUJIbLMEHUTOB [2,3].

B npouecce sKCrepUMEHTAIBbHOTO MOJAETUPOBAHUS OBbUIM MOJYYEHBI € XOpouiei
BOCIIPOM3BOIMMOCTBIO MMUKPOUIBMEHUTH ¢ MUKPOBKIIOUEHUSIMH, UMEIOIINAE CTPYKTYPY HITTHHETH
Y OPUEHTHPOBAHHBIC TT0 MUHAKOUIY. YCTAHOBIICHHASI AKCIIEPUMEHTAIBHBIM ITYTEM BO3MOXHOCTb
IIUPOKOTO 00pa30BaHUs CTPYKTYp pacmaza W KeTU(PHUTOBBIX KaliM Ha MUKPOWJIBMEHHUTAX B
IIPOLIECCE METACOMAaTUYECKOTO MpeoOpa3oBaHUsl KUMOEPIUTOB HMEET OOJbIIOE 3HAYEHHE MPHU
MPOTHO3€ W TIOWCKAaX KHUMOEPIMTOBBIX Tell. BaXHO MOMYEpKHYTh, 4YTO MpeaBapUTeIIbHAS
MOATOTOBKAa K 00pa3oBaHUIO CTPYKTYp pachajia ¥ Kelu(UTOBBIX KallM Ha MUKPOUIBMEHUTaX BO
MHOTOM OTIPEJEIISETCs elle B Mpoliecce B3auMoIeiCTBUS ¢ (rongaMu KUMOEpIUTOBOIO paciuiaBa
ero (QIIIOUIHBIM peKUMOM. [ BBISABICHHS 3aKOHOMEPHOCTEH YCTOWYMBOCTH MHKPOMIBMEHHUTOB,
¢dbopMUpOBaHMS Ha HMX IOBEPXHOCTSAX pPa3HOOOpa3HbIX ¢opM penbeda, a TakKe MOBEACHUS
MUKPOMIIBMEHUTOB B Pa3HBIX KUCIOTHO-IIEIOYHBIX CpeAax OBLIM MPOBEACHBI IKCIIEPHMEHTHI C
MIPUCYTCTBUEM CJIOKHOM TIa30BOM COCTAaBISIIOIIEH B HU3KOTEMIIEpaTypHbIX ycioBusix. Cepus
SKCIIEPUMEHTOB TIPOBOJIMINCH aBTOKIABaxX mpu Temmeparype 100 - 500°C B kucioTHOI cpere
(HCI+HF) npu nasiaenun 1 - 1000 atM. JImuTeapbHOCTh SKCIIEPUMEHTOB BaphupoBasa ot 0,5 gaca
1o 10 cyrok.

CpaBHEHHE MOITYYEHHBIX PE3YJIbTAaTOB MOKA3bIBAET, UTO B KMCIOTHON CHCTEME IPU MajbIX
BpeMeHHBIX BblIepkKkax u Temieparype 300° C 3aMeTHBIX W3MEHEHHMH NHMKPOMJILMEHHTA HE
npoucxo uT. Ilpu OONABIIMX ATUTENBHOCTAX SKCHEPHUMEHTa MPOUCXOIUT IOJHOE PacTBOPEHHUE
obOpasia. Yeemmuenue temneparypbl 1o 500° C 1 BpeMeHu skcriepuMenTa B 48 4acoB MPUBOAT K
c1aboOBBIpAXXEHHOMY TpOIIeCCY MpeoOpa3oBaHusi o0paslla ¢ TMOSIBICHUEM KOPPO3UOHHOM
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noBepxHoctu. Beenenue B cucremy NaCl yckopsier nporiecc nmpeoOpa3oBaHusi MUKPOUIbMEHHTA.
B kucnotHoil cucreme C OJHOBPEMEHHBIM BHECEHHEM  CEpbl IpOIeCcChl IPeoOpa3oBaHUs
MUKPOMIIBMEHUTA PE3KO YCKOPSIOTCS KaK Ui OKUCIUTEeNbHOW cucteMbl ¢ Op, Tak W s
BOCCTaHOBJIEHHOW cucTeMbl ¢ Hj c oOpa3oBaHueM pyTuia, aHaTasza, aMe3uTa. B okuciuTenbHbIX
YCIIOBHUSAX [MOBCEMECTHO OTMEYaeTcs MPUCYTCTBUE remaTuTa. Pasnuuus mexay npeoOpazoBaHueM
MUKPOWIBMEHUTOB U3 TPYOOK pPa3IMYHON MPOAYKTUBHOCTH, «HUCXOJHBIM» MUKPOWJIBMEHUTOM M
HarpeTbiM npeaBaputeabo 10 700 °C B HEKOTOPBIX CIIydasX OTMEYAOTCs, HO JUIS OJHO3HAYHBIX
BBIBOJIOB HEJIOCTATOYHO CTATUCTUYECKUX JaHHBIX. JlOKa3aHO, 4TO MpecKa3biBaeMOro Teopuei [4]
BIIUSIHUS CBOOOJHOTO BOJIOPOJa Ha MPpeoOpa3oBaHue MUKPOUIbMEHHUTA HET.

IIpu Ttemneparype 300° C W Maioil JUIMTENLHOCTH DKCIIEPUMEHTA Ha IIPUPOJHOMN
MOBEPXHOCTU IO MNHUKPOMJIBMEHUTY (QparMeHTaMu o00pa3zyeTrcs KOPPO3HOHHAs «IIIMIIAcTas»
MIOBEPXHOCTh, MECTAMU MEpeX0silas B KaBEPHO3HYIO, TpeOHEBUIHYIO. B yuacTkax Mex3epHOBBIX
IPaHUL, B KOTOPBIX Pa3BUTHI CTPYKTYpPHbIE MaKpoAe(EKThI, O0JIee aKTUBHO IPOSBISETCS JACHCTBHE
KOPPO3UOHHOIO PAacTBOPEHUS, IPUBOJIIETO K JE3UHTErpalluil MUKPOUIBMEHUTOB HA OT/EJIbHBIC
¢parmenTel. TakuM oOpa3om, HalOOJaeMble CTPYKTYpHblE U MOP(OJIOTrHYECKHE HW3MEHEHUS B
MPUPOHBIX 00pa3iax MUKPOMIBMEHUTOB C BOBHUKHOBEHHUEM CBOCOOPa3HbIX penbeHbIX popM Ha
MIOBEPXHOCTH 3€pEH B XOJIe BbIBETPUBAHUS HanOoJiee OJAronpusITHO peau3yercs B KHUCIOTHOM
cpene.

[Ipu OoJsiee NAUTENHHOM SKCIO3ULUMU 3KCIIEPUMEHTA Ha MOBEPXHOCTH INHUKPOHJIbBMEHUTA
MOSIBJSIETCSl CTPYKTypa pacnana (OTAeNbHOCTh MO THHAKOWAY) THIIA CAr€HUTOBOW PELICTKH.
«[Ilunacras» NOBEPXHOCTh MUKPOUIBMEHHTA C MHUKPOINHUPAMUAAIBHBIM peibedoM oOpa3oBaHa
MEJKUMU KpHUCTaUIaMU TUTAHOMAarHeTuTa, MarHetuta. MopgoJoruyecku 3Ta MOBEPXHOCTh OYEHb
CX0Ka C TPUPOJHOM MHUKpPONHUpaMHUAAIbHOW, KOTOpas IMpeacTaBisieT co0oil coueTaHue
MOJIMTOHAJIBHBIX MUPAMUJOK, PABHOMEPHO pacHpeleSeHHBIX M0 MOBEPXHOCTH MUKPOUJIBMEHUTA.
XOpoIIO OKPUCTAIIIM30BAaHHbIE KPUCTAUIMKHU IIMUHEINM 00pa3yloT KOHTPACTHBIA MHUKpOpesbed,
KOTOPBIM TUMHWYEH JJIs MUKPOWJIBMEHUTA U3 KOp BbIBETpUBaHUS KumOepiutoB. MHorma B xoze
skcnepuMenta (npu temneparype 300°C u gaxke npu HEOGOJBIION SKCIO3MIMHU) 110 KOPPO3UOHHOM
MIOBEPXHOCTU MUKPOMJIBMEHUTA 00pa3zyercsi CBETJIO-Oypasi JieHKOKceHOBas KenuduroBas Kaiima.
JleiikokceH pa3BHUBAaeTCs 10 MOHOKPHUCTAJIBbHBIM 3€pHaM CO CBEXHMH CKOJIaMH, IpPH 3TOM Ha
MOBEPXHOCTU 3€pHAa KOPPO3UOHHBIN penbed HE BO3HUKAET, U OHA COXPAHSAET BCE IEPBUYHBIE
Mopdosiorudeckue  0CoOOCHHOCTH. ['paHmma Mexay JIEHKOKCEHOM W HEM3MEHEHHBIM
MUKPOWJIBMEHUTOM YE€TKas, MHOIJA JEMKOKCEH IPOHUKAET IO TPEUIMHOBATOCTH, OTAECIBHOCTU
nukpowibMeHuTa. [losyuyeHHbIE SKCIEpHUMEHTalbHbIE JJaHHBIE CBUAETEILCTBYIOT O TOM, YTO
(dbopMHUpOBaHHE MUKpPONHPAMUAAIBHOTO penbeda Ha MUKPOUIBMEHUTAaX, a TaKXKe BTOPUYHBIX
IIPOJIyKTOB pacrazia U 3aMeleHUsl JEMKOKCEHOM MUKPOMWIbMEHUTOB MOXET OCYILECTBISATHCS IpU
HU3KUX TEMIIepaTypax B YCIOBHUSAX KOpPbl BBIBETPUBAHUS KHUMOEPIUTOB WM B OCAJ0YHBIX
KOJUIEKTOpax anma3oB. CienyeT OTMETUTD, YTO HaJIMYMe WM OTCYTCTBUE MUKPONHPAMUIAIBLHOTO
penbeda sABIAETCS SAPKUM  TUIOMOP(HBIM MPU3HAKOM, [O3BOJIAIOIIMM pelaTh 3ajady
UIEHTU(DUKAIIMN TUTMXOBBIX OPEOJIOB OJM3KOTO U ONMKaiiero cHoca. KoHTpacTHOCTb, aXXypHOCTh
penbedpa  omucaHHBIX  000J04YeK  OOYCIOBJIMBAE€T  BBICOKYIO  YYBCTBUTEIBHOCTb  3€pEH
MUKPOWJIbMEHNTA, OO0JaJaloIUX MMM, K YCIOBUSM TpPaHCHOPTHUPOBKH; TaKUE 3€pHA BeEChbMa
MH(OPMATHUBHBI B OLIEHKE CTENIEHH MEXaHUYECKOI'0 N3HOCA.

Takum o006pazoMm, MOpQOJOTUYECKUE, CTPYKTYpHbIE UM THUIOMOP(HBIE OCOOEHHOCTH
MUKPOWJIBMEHUTOB coJiepKaT HHGOpMaLKi0 00 53BOJIIOLMOHHOM Ppa3BUTHH KUMOEPIUTOBOI
CUCTEMbI: HAYMHAsl ¢ MarMaTU4YecKuX, TUAPOTEPMaIbHO-METACOMAaTHYECKHX BHYTPUTPYOOUHBIX U
3aKaH4YMBasl 3K30T€HHBIMH YCIOBUSIMH. B 3TOM CBS3M TUIBI CKYJIBOTYp peibeda MOBEPXHOCTEH U
dbopMa 3epeH MNUKPOWIbMEHHMTa, HX (a3oBasgs U CTPYKTypHass HEOJHOPOJHOCTb HMEIOT
WHIUBUAYyaJIbHbIE YEpThl, XapakTepHble s KaxkJao craauu mnpeoOpasoBanus MMK, u odenb
BAYKHBI JUIsl IPOTHO3UPOBAHUS U MOMCKAa KUMOEPIUTOBBIX TEI.
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