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MHWHEPAJIOI'EHE3HC B I'OPAIIHX YTI'OJIBHBIX OTBAJIAX:
OYHIAMEHTAJIBHBIE H MIPHKJIATHBIE ACITEKTBI HEOMHUHEPAJIOT' U

CoBpemeHHOE MHHEPaA000pa30BaHKE B I'OPHLIX OTBAAX — 3TO PE3YILTAT CIOMK-
HBIX (PU3MKO-XMMHYECKHX ITPOLECCOB, HHHIHHPOBAHHBIX PYI0A00bBAIONIEl AeATeNbHO-
CTRIO YenoseuecTBa. Hanbonee neraTHBHOE MpOSRISHHE STHX MPONECCOB MbI HabmomaeM
B FOpAIINX YIOIbHBIX OTBANAX — TePpHKOHAX. lIpHylHEl, BEI3BIBAIOIIHE F'OPEHHE OTRANE-
HOH TI0pOJIBL, XOpomo u3BecTHEL. Kommexe MHHepanos, 00pasyiomux nopoay, chopmu-
poBaicsd MHOTO MWIITHOHOB JIET HAa3an H, 0 W3BIEYCHHA HA IIOBEPXHOCTH, HAXOMMICH B
COCTOSHHH TCPMO/IHHAMHYECKOr0 paBHOBECHA. DJTO paBHOBecHe ObLIO HApPYLIEHO mepe-
MEILEHHEM MOPOIbI B Cpeay DOraTyro KHC/I0poJoM. YIIHCTOE BEIECTBO B 3THX YCIOBHAX
OTHOCHTEJIBHO YCTOHYHBO, HO HEYCTOHYMBEIMH MHHEPATAMH OKA3hIBAIOTCS CYJIb(M B!
Kese3a — NUPHT M MapkasuT. [Ipy ydacTHH THOHOBLIX GakTepHil Ipolece OKHCIEHHS TTH-
pHTa MPOMCXOANT YPE3BEIMAHHO HHTEHCHBHO. ITOCKONBKY peakiMs OKHCIEHHS NHPHTA
CHJIbHO 3K30TepMHYHA [1], 3T0 NPHBOJUT K CAMOYCKOPEHHIO IPOIIecca, B KOTOPLIH BOBIIE-
KaeTcs acCOIMHpYIOllee C NHPUTOM OpramHdeckoe BemecTso. [Ipu camoBozropaniu
OONBIIOH MACCHl TOPOMLI TEPPHKOH MPEBpAIIAeTCs B OTKPHITLI XMMHYECKHH peaKTop,
BHIOpacHIBAIOIIHI B OKPYMKAIOIIYIO CPey 3HaYHTENbHbIE 00BEMbI BPEIHOIO BEINECTBA B
BHJIE Ta3000pa3HBIX U TBEPIbIX POAYKTOB PEaKIIHIA.

B ropsiei yronasconep:kamieil nopoje NpoHCXOQUT OONMBINOE YHCI0 XHMHYECKHX
peakiuil (OKMCICHH s, IeTHIpaTaluy, IHPOIH3a, CHHTE34), NPOAYKTEl KOTOPEIX MOTYT HITH
OCTaBaTbCSA HA MECTE HJIH MEpPEeMEIaThCa B BHJE razoB (pacTBOPOB) B TPEIIMHHOM Ipo-
CTPAHCTBE OTBAIOB. B 3aBHCHMOCTH OT neryuecTH razoo0pa3Hele MPOAYKTE MOTYT OBITH
HJTH OTJIOJKEHEI B XOJIOJHBIX y4acTKax (Ha TepManbHOM Oaphepc) WU BEIHECEHEI B aTMO-
cthepy. B cocras ucXoHOH NMOPO/BI BXOAT TVIHHHCTRIE BOIOCOIEPMKANIHE MUHEDAIBI —
MOHTMOPHJIZIOHHT, KaOJHHHT, THAPOCIOAA, XI0pHT. [IpH BRICOKOI TeMneparype Aeruapa-
TalHA 3THX MHHEPanoB obecnedyHBaeT MOCTYIJIEHHE B ra3zoeyio dazy bonsmoro obsema
mapa BOJABlL. DJKCraaslys MPOJYKTOB TOPEHHA W TEPMHYECKOTO pasjiolKeHHS MHHEPAIOB
obpasyroT «icesnodymaponsy. AHAIOTHA ¢ By TKAHHYECKHMH SKCTASIHIME HE TOJIBKO B
(pasoBOM COCTaBE HEOMHHEPANM3ALMH, HO TAKXKe B BHICOKOH TeMmepaType razos. [lepe-
MEIIAACH OT OYaroB rOpeHHs K XOI0AHOH MOBEPXHOCTH TEPPHKOHA, BOAOCOAEKAIINE KH-
CIIOTHBIC Ta3bl KOHJEHCHPYIOTCA B JKHAKOCTE ¢ HU3KHM 3HadeHHeM pH. Bricokad Temnepa-
TYPa MOPOJBI CII0COOCTBYET HHTEHCHBHOMY HM3BICHEHHIO HIETOYHBIX H YaCTHYHO LIEA04-
HO3eMeNIbHBIX 3/1eMeHTOB. Brimenouennsie nopoas! (oboramennsie Si0;, AlbO; Fe;03)
TIOJIBEPraroTCa BO3AeHCTBHIO BEICOKOH TemnepaTypsl (800—1000°C) u nepekpHcTaLIH30-
BBIBAIOTCH B HOBBIE (pa3bl — MYIUIMT, KPHCTOOATIHT, KOPAHEPHUT (HMHIMANNT), MarreMuT
(repmanbubiii Metamopgusm [onepaumvuara). HoBooGpazoBaHHble MHHeEpaabl — 37O,
rlaBHBIM 00pa3zoM, 0e3BOMHEIE CHIUKATBL U OKHCIIEL. XapakTepHo o0pazoBaHHEe BHICOKO-
TEMIIEPATYPHBIX nonumMopdos (kpucrobanut, HHIHAIKT, MarreMut). ["azoobpa3nsie mpo-
AYKTBI peakuui ropenus, nepeMenasch B XONOIHEIE 30HB], HCIIBITHIBAIOT PAJI MPEeBpAallie-
HH. }‘IEKOTOPME KOMIIOHEHTEI Ir'a3a BCTYIAIOT B XHMHYESCKHE pPEaKilHH ApYT C IpyroM ob-
pasys HOBEIE, HO MeHee JIeTY4YHe COeJHHEeHHs (KMCIOThI, HAllaTelph, cepa). bonee uueprt-
Hble KOMIIOHEHTHI (CO;, N;) yxomar B armocdepy. Upesppuaiino BaxHOH 0C0OEHHOCTEIO
razoB rOpEHHs, COAEPKALINX BOIMHOH map, ABNLETCA MX BHICOKAS TPAHCHOPTHAA crocob-
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nocts. Ilepenoc Al, Mg, amMonust rasoo6pastoit (ha3oif SBjIseTcs ONHHM M3 BeIyIIHX
akTopoR MHHEpalOreHesnca B TOPALIMX YTONBHBIX oTBanax. OjHAKO, HHOrHA TPYIHO
ONPEAENNTh, KAKHE MHHEPAIBI OTHOCATCA K MPOAYKTAM (YMapo/bHbIX BO3TOHOR, 3 KAKHE
KPHCTAUTM30BAINCE in situ u3 pacTeopos. Kak uckmodenne Moryt GBITE TONBKO HAiia-
THIPE H CEPA, KOTOPRIC CHATANOTCH THIHYHEIMH IIPEICTABHTENAME BYIKAHUYECKUX CYOIIH-
MATOB.

CnoxHOCTE MHHEPAIOTEHE3HCa B OTBAIBLHOMN YroIbcoaepkaeii nopoje ofycnasmm-
BAETCA MHOMKECTBEHHOCTEIO (JaKTOPOB, BAMMIOWIMX Ha 3TOT nponecc. K HUM cnemyer othe-
CTH: @) MHHEPAIBHBIH COCTAB MOPOJIEI, KOMHYECTBO CY/IB(HIOB JKee3a H OpraHHuecKoro
BEIIECTEa; 0) Macca mopojIbl ¥ €e [IPOHHUITAEMOCTE; B) TEMIIEPATYPHBIE TPAIMEHTRI H MX H3-
MEHEHHE BO BPEMEHH; I') KOJIMYECTBO arMocepHbIX ocaiakoB u ap. [lporecc ropeHns pas-
BHBAETCH CTAIHHHO H KaIOH CTAIMH NPHCYI ONpe/ieNIeHHbIH KOMIUIEKC IPOIYKTOB peak-
ITHHA, HO JIHIIE HEKOTOPEIC MOT'YT OKa3arbcs CTAaOMNBLHBIMH (DazamM, TO ecTh HEOMHHepania-
MH. KPHBTELI'UIOXHMHH HCOMHHEPAIOB OTPAMAST HE TOJNBKO FEOXHMMHYECKHE 0cOOEHHOCTH
HC-X(),HHDFI [IOpOAkRl H TEPMOIHHAMHYCCKHE TapaMeTphl MpOolecca, HO TaKMWE TS H3IMCHCHHA,
KOTOpEIE OHH MCIHBITHIBAIOT B MPOIECCE OXNaXIeHHs (THapaTalus, perHaparaiiys, MojIH-
MOp(HEIE IpEBpaleHHs). YHUKATBEHASN COCOOHOCTE OPraHHYECcKOTO BEMIECTBA K HX XEMO-
COpOIIMH HMEET CIIEJCTBHEM IOCTYILIEHHE B ra3oo0pa3Hble NPOAYKTEl TOPEHHs LIHPOKOIo
CMEKTPA BpPEIHBIX 3JIEMEHTOB (PTYTh, MBOIBAK, CBHHEI, IMHK, Oepuinmui H ap.). XoTs
Doneinas YacTe H3 HHX Oyaer BHIOpOINEHA B aTMoc(epy, HO B BHAE MHKpONpHMeEceH OHM
MOTYT OBITH 3ahHKCHPOBAHBI B KPHCTATIIHUECKOH CTPYKTYpe HeoMHHepanos. Takum obpa-
30M, H30MOP(GHEIE MPHMECH B IPOIYKTAX MUHEPATOTeHe3HCa YTOIBHEIX TEPPHKOHOB MOMKHO
HCIIONIE30BATE B KAYECTBE WHAWKATOPa YPOBHA 9KOJOTHYECKOH OMACHOCTH IPOJIYKTOB Tep-
MHYeCKoTro nMpeofpa3oBaHus TOPHOH [MOPOJIEI B YCIOBHAX 3€MHOH NOBEPXHOCTH.

Heomunepaibl rOpHLIX YIOJBHEIX 0TBAJIOB.

Yueo HOBoOOPA30BAHHEIX MHHEPAIOB, 00pasyIOIHXCsS B MPONEccax OKUC/IEHH M0-
POJI, COMEPIKALIMX JTUCYTBOHUIEI Jene3a H OPraHHYecKoe BElIeCTBO, JIMMUTHPYETCA MHHE-
PANBHBIM COCTABOM TIOPOEI H XUMHUel nponecca roperus. [IpoyKTsl TpanchopMaliuy rop-
HBIX TI0POJ1 B FOPANIMX TEPPHKOHAX MOTYT OBITh pasiie/leHkl Ha HECKOIBKO I€HETHYECKHX TH-
1oB. 1. MHHEpams! — NpOJYKTHl TepMaIbHOro MeTamopdusma, 0bpasosasimecs in situ B yc-
NOBHSIX a) HM3KO# M 6) BEICOKOH (yrHTHBHOCTH KHCIoposia. B npocTpaHCTBe TEPPHKOHA OHH
NOKATH3YIOTCS B 30HAX THPOIIH3a H TOPEHHS COOTBETCTBEHHO. 2. MuHepab! niceBaoyMapor.
3. MuBepans! TepMaIbHBIX PacTBOPOB. ['paHMIa MEX Ty BTOPbIM H TPETBHM THIIOM YCIOBHAS,
TAaK KaK TPOYKTEI BEITE/IaYMBAHAS MOIYT IIEPEHOCHTECA B ra30Boi (ase. Cnemyromumii nepe-
YeHb XapaKTepH3yeT MUHEPATOTHIO, [NIABHEIM 00pasoM, yromsHbX oTBanon Jlonbacca [2] m
Uennbuuckoro yromsHoro Gacceiina [3-6]. B 3TOT CTHCOK BHECEHBI TAKKE MHHEDPANEI, FEHE-
31C KOTOPBIX CRA3AH ¢ OKHCTIEHHEM MTHPHTOBEIX H MATHETHTOBBIX CIIAHIIEB, HO HE BKIIOYCHEL
MHEHEpaTBHEIE (hasbl, 00pa30BABIIMECH MO MPEIMETAM TEXHOTEHHOTO MPOHCXOMKICHHM (Ke-
Ne3Has H Me[HAd POBOJIOKa, Kabesb | mp.).

AHAIOHA CAMOPOIHEBIX 3EMEHTOB.

Cepa (MOHOK/IMHHA K pombuueckas), rpagur, xeneso.

Kapouasr.
Korenur (Fe;C).

CyviabhH b

Tpomnur (FeS), nuppotun (Fe|S), nuput (FeS;), cnparamut (CaS), OaKCHOBHT
(CaSs-CaS;05-6Ca(OH);-2H,0).

["anoreHn kL. : ;

Hamarsips (NH4Cl), cemmant (MgFes), dmoopurt (CaF;), popucut (CaFCl), xno-
pun  kamemEs  (CaCly), nmaBpeHCHT (FeCly), wmommzut (FeCls), penuKopUEBHT
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(NH;sMgCl3-6H,0), KOIEHCKUT ((NH4),FeCls-H>0), dbepprkansananeput
(Fe*"(OH),C1-2H,0), rHIpaThl XIOPH/IOB JKele3a U KambIs,
OKCHIIBL

[lepuxmas (MgO), bepponepuknas ((Mg,Fe)O), usscers (Ca0), sioctut (FeO), ko-
pyHA (Aly03), rematut (0-Fe;0s), marremut (y-Fe;O3), ksapn (Si0;), tpumumut (Si0s),
xpuctobanut (Si0;), neposckut (CaliOs), cpeGpomonsckut (CazFeyOs), ncerno6pykuT
(Fe2TiOs), apmonkonut ((Mg,Fe)Ti205), mmusens (MgAl,O4), repunnnt (FeAl,Oy), mar-
nesnotpepput (MgFe,04), marnerur (FeFe;04), amuxynut (CaFe 0y)

[ MAPOOKHCH.

I'etur (a-FeOOH), nenmpoxpoxut (y-FeOOH), Gpycur (Mg(OH),), mopriaanmut
(Ca(OH)y).

CHIHKATEL

Dopereput (Mgo[8i04]), omuean (Mg, Fe)y[SiO4]), dasumt (Fep[SiO4]), HopbepraT
(Mga[SiO4)-Mg(F,OH);), xouapoaut (2Mg[Si04]:-Mg(F,O 3)1} sHeTatHT (Mga[Si:0¢]),
THIIEPCTEH ((Mg.Fe)[S1206]). 3CCEHEHT (CaFe " [S1AlOg)), KOPJIMEPHT
(MgaAls[AlSIsO1g]), ampamyszur  (AlL[O/SiO4]), MymauT (AlgSl;Dlg(DH,F)), TOMa3
(Al[S104](F,OH);),  monoxnuument  mupokcen  (Ca(Mg,Fe)[Si,06]),  annpamur
(CasFe;[S104]3), Tiranut (Ca,Ti[S104](OH,F,0)), napant (B-Caz[SiO4]), BonnactonuT (B-
Ca[S130q]), anoprut (Ca[Al;Si;Os]), cearocmasut (pom6. CaAlySis0s), amMumreiinGeprur
(rexc. CaAl;S1,0g), crieppur (Cas|CO3/[Si04]2]), ruponat (Cay[Siy0,]-4H,0), Taymacut
(=uens6HHCKAT) (Cas[Si(OH)s][SO4][CO;5]-12H,0), METTHITHT
((Ca,Na)(AlL,Mg)[(Si,Al)04]),

poropas  obmanka  ((Na,K)Cay(Mg.Fe,Al)s[(S1,Al)s02](OH,F)),  cauumun
((K.Na)[AlSi:0s]), { TEHILIHT (K[AISizOg]), OCYMHJIHT
((K,Na)(Fe** Mg} (AL Fe ;[ (Si,Al)12030] H;0), tnoronuT-6HOTHT
(K(Mg,Fe)2[AlSiz0yp](OH/F),).

bopaTel.

Bapeuxut (Mg, Al Fe, Ti):[AIBOs])

Docharr

®rop-anatut (Cas[POy];F)

Cynbdarsr

IIpocmuie conu.

Mackanbut ((NH4)2[SO4]), Tenopaut (Nay[SO4]), rexcaruapur (Mg[SO4]-6H,0),
ancomut (Mg[SO4]-7TH,0), anynoren (Aly[SO4]:-18H,0)., anruapur (Ca[SO4]), rumc
(Ca[SO4])-2H,0), comonsrokuT (Fe[SO4]-H;0), menantepur (Fe[SO4]-7H,0), nayzenut
[FEQ[SUq]yﬁHgD), KOKHMOHT (FEQ[SDQJ;'QH;{}}., dHTTIE3WT (Pb[SD4D

Ocnoenbie conu.

Merabazoamomunut (Aly[SO4](OH)g), poctut (AI[SO4)(OH)-5H,0), raapobaszaa-
moMuHHT (Aly[SO4](OH)0-36H,0).

Heotinwe conu.

Jerosuuur  ((NHa)sH[SO4)2), uepmurar (NHzAl[SO4)2-12H,0), roaoBHKHT

(NH4(ALFe)[SO4)5), e peMOBHT ((NH4)2Mg2[SO4]5), DYCCEeHTOTHT
((NH4):Mg[S0O4]5-6H-0), KOKTAHT ((NH4)2Ca[SO4]5-H,0), MOPHT
(NH4):Fe? [SO4]5-6H,0), Na-KBacipl (NaAl[SOq4]-12H,0), TAMApyruT

(NaAl[SO4],-6H,0), K-kBaciisl (KAI[SO4]2:12H,0), actpaxanut (NaMg|[SO4]>-4H;0),
naurbeftnur  (KoMga[SO4]3),  mukkepumrur  (MgAlL[S04]:22H,0),  pomboxinas
(HFe[SO4]2-4H,0), ranorpuxur (FeAl;[SO4]4-22H,0), pemepHT (F52+Fe23+[SD4]4- 14H,0).
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Heounwsie ocnosubie conu. :

AmMmoHHOsPO3UT ((NH4)Fes[SOs):(OH)g), amymmr (KAl[SO4]2(OH)), sposut
(KF&3[504}2{DH)5), KOIMHAITHT {F52+FE43+£SD4]2[_DH)2'2HH20)+

Kap6onars:.

Kansuur (CaCO;), aparomur (CaCOs), weckseronutr (MgCO:-3H,0)., aunuarat
(Mgs(CO3)s(OH),-5H,0), HOCHKaBauT (Mgs(CO1)4(OH),-8H,0), MHPOAYPHT
{MgﬁFﬂg(CDﬂ(DH)15-4H2G), KOIHHTHT (MgEﬂFEE(CU].) (DH)lq.EHQD)

Hurpars!.

Harpueras cenutpa (NaNO;).

Yecuokor b.B. u IllepBaxosa E.IL. [5] ykaselBaior HAa HAXOIKH ClEIYROIMX (a3
(He IMOJYYHBIINX HA3BAHHA):

NH,AI[SO4]2-2H;0, (NH.);Mg[S04]5-4H,0, Fe,[SO4]s, NH Fe* [SO4],. Kpome To-
ro, HMH onmcaH cyibbar-cunukar coctasa Cajg[S04]3[Si04]3F2 co crpykTypoil anataTa
(hmoopoanecTHINT).

OcobeHHOCTH MHHEPAJIOTEHE3HCA B YTOJIbHBIX TEPPHKOHAX.

B ropeneix yromsHBIX mopojax ycranosneHo Ooiee 120 MHHepambHBIX BHJIOB,
[pHHALIeKAIIHX K pasnHYHbeM KiaccaM. B HCXoiHOH yronscoJepiKameH mopoje 4HCio
NOpoI000PasyIOMMX MHHEPAIbHEIX BUIOB He mpeBbimaeT 10-15. DTo BhI3BaHO 0coOeH-
HOCTHMM MHHEPATOTCHE3NCA B ropsiueil oTBalbHOR Macce mopoael. OrMeTum Haubosee
paxHee: 1. MunepanoobpasoBaiie B ropgllleM TEPPHKOHE MPOMCXOIHT B IIHPOKOM HH-
TepBale TeMIeparyp, (yruTHBHOCTH KHCIOPOAa, KOHUeHTpauud Bomsl. 2. Kpucraimsa-
Hs GONBITMHCTBA MHHEPANEHEIX (ha3 MPOHCXO/HNIA B YCIOBHAX OTKPEITOH cHCTeMEL He-
KIIOYEHHE, 10-BHIAMOMY, TIPEACTABISIOT T€ OYard NeperiaBieHnd i TEPMaIbHOIO MeTa-
mopdH3Ma MOPOME], B KOTOPBIX MPOH3OMINA (CAMOM3ONALMA) HEOONBIIHX obnacTei KpH-
CTAIIH3AINAN, @ TaKke 06IacTH MHPOIU3a YITIHCTOM Mopos! (epHble «bnokm» 1o [5]). 3.
KpueTanmmsanns MEHEPATOB NPOMCXONWIA B pasHoobpasHoH cpene — CHJIMKATHEIH pac-
[J1aB, a3, BOJAHLI pacTBop. B 00pa3oBaHuy HOBBIX MHHEPANIOB 3HAUHTEIBHYIO PO/b HI-
paH TBepAOda3Hble peakuuy i MoIHMOpdHble IpeBpaueHus. 4. MHOTHE MHHEpATbHBIE
BHBI OTHOCSTCS K IPOAYKTAMH TMAPATALHH CONeH, MEPeHOCHMBIX TceBIOoQyMapoiaMi.
Onp 06pa3oBanich TPH B3aMMONEACTBHH ¢ KOHICHCHPOBAHHBIM BOSHBIM NAPOM H aTMO-
chepHBIME OCAKAMH.

Xapakrep 00pasylonHXcs MAHEPATOB H UX acCONMALMH 3aBUCHT OT MHOTHX drax-
TOPOB — MHHEPAILHOTO COCTABA MCXOMHOH IOPO/IBL, CONEPXKAHHUs B HCH OPraHHHeckoro
BEINECTRA W CYJIb(HIOB, MACCHI OTBAIBHOH TOPOMIBI H €¢ OPHCTOCTH. VI3BECTHO TaKike,
YTO B CPABHUTENBHO HEGONBIIOM (C TEOJIOrMYECKOH TOHUKH 3peHus) oOkeMe OTBaILHOM
[OpOiBl BCIENCTRHE GONBINNX IPajHEHTOB QYIHTHBHOCTH KHCI0pOAd, CPea MHHEPATO-
oOpa3oBaHHs M3MEHAETCA OT CHIBHO OKHCTHTENEHOH (ropeHHe) 00 pe3Ko BOCCTAHOBH-
TensHOM (muponus). Juana3on M3MEHEHHS (YTHTHBHOCTH WUIOCTPHPYETCH MHHEDAIIL-
HEIM pagoM xkenezo (Fe) — srocTut (FeO) — MarneTut (FeFe;04) — rematut (Fea0s),
BCE WieHBl KOTOPOTo BCTPEYAIOTCA B MpelesiaX OJHOro TeppHKOHA, HO, ECTECTBEHHO, B
PasHBIX 30HAX «MeTamMopduamay. BoccTaHOBHTE/LHAA CPella MUHEPATOTCHEHCA noyep-
JHBAETCH MPHCYTCTBHEM B IIOPOJE OPraHMHECKHX BELICCTB (yrons, 6urym). Hexotopas
4aCTE SIEMEHTAPHOTO YINepoaa B BH/E cax 00pasyeTcs B pe3ysbTate MHpoisa YT JIEBO-
nopozaos 1 CO,. TenmoTa 118 3THX peaKiuii IOCTynaeT U3 30HBI TOPEHHA. B ycnosuax
KpafiHe HU3KOH (YrHTHBHOCTH KHCTOpOla ofpasyroTes pefKHe MHHEPA/IBL, XapaKTepHAIC
U1 METEOPHTOB M MOPOJT TYHBI (caMopoHOE ¥Kene3o, KOTeHUT, TPOHIHT, ONBIraMHT, ap-
MOJIKOMT, BIOCTUT). | pajieHTh! TEMIIEPaTyPhl OKAa3RIBAIOTCA TAKKE aHayuTenbHble. Makx-
cuMansHas TeMneparypa gocturaet 1200°C B yuacTKax IIasIcHHA, HO BIHKe K nepudge-
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pHH OHA NOHHIKAETCH 110 HECKONEKHX COTEH rpamycos [5]. MHOrHe HEOMHHEPANE] H3 KIiac-
ca OKCHIIOB M CHIMKATOB TIPE/ICTABICHb! BRICOKOTEMIEPATYPHBIMH NOTHMOPhAaMH U pas-
HOBHJIHOCTAMH (KpHCTabOIHT, TPHANMHT, MArTEMHT, MYJITHT, HHIHANHKT, MenHIHT). s
rOpsIINX TEPPHKOHOB XapaKTepPHbl HHTCHCHBHBIE 3KCTAIANHM, MPHYEM, HCTOMHHKOM ra-
30B CIYXKHT OTBaJIbHasA mopoaa. [Ipu Beicokoii Temmeparype BogOCOAEPKAIME MHHEPATEI
MOJIBEPraloTCs AETHAPATAlMH, 4 OPraHWYecKOe BELIECTBO M CYNb(HABI TePMHUECKOMY
pasnoxenuio. B riybuny Teppukona 1ocTyn aTMocd)epHOro KHCI0poJa OrpaHHyYeH. [Ipn
MOBBIIEHHH TEMIIEPaTypPBI 31€Ch (POPMHPYETCH 30HA MHPOIIH3A OCTATKOB KAMEHHOTO YIJIS.
B srom nponecce, nogobHOM KOKCOBaHHIO, 00pasyloTcs BOCCTAHOBHTEBHEIE [A3EL, cpenu
koTopeIX npeobnanaer Hy n CH,. Ilepememasices B 0bnacts, oboraimennyio KHCIOPOIOM,
OHH OKHC/AIOTCA B 30HE ropeHHsA. Bruienusmancsa Tenota obecneqnBaeT BHICOKYIO TeM-
nepatypy A MOANEePKKH MHPOIM3a B TEPMAIbHOTO TIPeoOpa3oBaHus NOPOIEL.

Cpenw POZYKTOB rOPEHHs MPHUCYTCTBYIOT OKCHIIBI CEPhl — OCHOBHOI ArpecCHBHBII
KOMIIOHEHT «(yMapoNBbHBIX» rasoB. BelIEACTBHE HEOAHOPOIHOrO pacHpeicieHHs TeMmepa-
TYpbl B TEPPHKOHE, HEKOTOpask YacTh «KOKCOBOTO» Ia3a MPOXOHT Yepe3 NOPOIY, HE OKHCIs-
sick. Cpesii HEX aMMHaK — BEKHBIH coneobpasyronmii koMmnoseHT. OKomo TPHILATH MuHe-
paloB MOXHO OTHECTH K NICEBA0(DYMAPOIBLHOM JeATeNLHOCTH. MHOIHE 3 HHX BCTPEYAOTCH B
BYIIKAHHYeCKUX (pymaponax. [lo-suampMomy, 510 00yCIOBIEHO NPHCYTCTBHEM B COCTABE Ia-
30B OKCHJIOB CEPEI H YIJIEPOJa, XJIOpa, aMMOHHMs, CEPOBOIOPOIA, KOTOPEIE SBISIOTCS BEIy-
UIHMH KOMIIOHEHTaMH BYJIKaHH4eckuX rasoB. C ncespodiymMaponamMy CBI3aHO OTI0KEHHE He
TOJBKO XapaKTEPHBIX JU1 HUX MUHEPAIOB (cepa H HalIATHIPE), HO TAKJkKe XJIOPHIOR H THAPO-
oxcunos ke, Mg, Ca u Gonsuiei yactu cynetaros. Boja (atMocdepras u sermaparaiin)
PacTBOPSET 3HAYMTEIbHYIO YaCTh MPOAYKTOB Ta30BbIX SKCramsiuii, 00pasys coIeBkle pacTBo-
pbL. XMMHYECKHi cOCTaB 0DPA30BABLIMXCS THAPOTEPMATHHBIX MHHEPAIOB MOKA3LIBAET, YTO
OHU KPHCTAJUTH30BATUChL IPH 3HAYMTENBHBIX Konebanwuax 3Havenuit Eh u pH. Ilocne xos-
AieHcaiuu BOIAHOTO Tapa B BOJIC PACTBOPSETCA 3HAYUTENBHAA 9acTh KHCIBIX rasos (SO;. HCI,
H,S, NO,, CO,) u ammuax. ITpu B3auMoeiicTBHH KHCITBIX PAacTBOPOB ¢ MOPOIOH H3 Hee HH-
TeHCHBHO BeImenaususaiotes Al, Fe, Mg, Na u K. D11 anements — riasHele Buaoobpasyio- -
IHe KaTHOHBI DONBIIMHCTBA Cynb(aToR H xnopuaos. Ocofoe MoNoMKEHHE B 3TOM Ipoliecce
3aHHMaeT HOH aMMOHHA. On oDpazyeTcs MPH PacTBOPEHHH B BOJie aMMHaKa, DOJIbILAsS YacTh
KOTOPOr0 IeHCpHpYyeTcst B 30HE NHpoimm3a. KpHcTawmsauus TakMx MHHEpAIOB Kak Haiia-
THIPb, MACKAHBHT, JTETOBULIUT HE TONBKO HE 3dBHCHUT OT NPHUCYTCTBHA B PACTBOPE METAILIOB,
HO MOJKET COBEPILIAThCS HEMOCPEACTBEHHO U3 razosoil (asel [lonoenHa cynbdartos W3 nepe-
HHCICHHOIO CIHCKA — 3T0 JBOHHEBIC colH ¢ ydacthem NHy. Ilpennonaraercs, 4to BhICOKas
nieTyyecTs oOecneYHBaeT uX NMepeHoc B rasoBoii dase ncesgodymapon. OaHako, HAXOKAEHHE
B COCTABE NMPOIYKTOB KOHAEHCAIMH TIceBA0dyMapon cynbhaToB, He CoIepKaliuX aMMOHHS,
YKasbIBacT Ha ONPEeAe/BIOLIYIO PO B Fa30BOM TPAHCHOPTE (PH3NKO-XUMHHECKHX ocobeHHo-
CTeH caMoii rasoBoii (a3kl, npexie BCero, HAIMYKME BOAAHOrO napa. [IpucyreTsre cpeu Bo-
AOPacTBOPHMEIX MHHEPAIOB DOMBINOro YHCia KPHCTA/LIONHAPATOB yKaselBaeT Ha obpa3zopa-
HHUE Ha ONPEEICHHOH CTaIHK MHHEpAToTeHe3nca BOJHOro pacteopa. HecomuenHo, 4To pac-
TBOPEHHE B BOJIE KHCJIBIX ra30B OyaeT noanepAxuBare Hu3Kkue 3Hauenus pH. Ha ato ykaseisa-
€T KPHCTA/UTH3ALMS aIIOMHHHTA M KHC/IBIX coleil — neToBuiuTa U pomboknasa. MurepecHo,
4TO B COCTaBE MPOAYKTOB KHCIOTHOTO BhIIENauHBaHns He oOHapyxeH anynur. Hamo nona-
raTh, YTO OH 3aMelaeTcs IIPH BHICOKOH KHCIOTHOCTH PacTBOPA CMECHIO KBACLIOB M AIyHOTe-
Ha. B T0 xe Bpems, Gonbiuoe wicno cynb(partoB NpeacTaBIeH0 OCHOBHBIMH COJISAMH, HE YC-
TOHYHBBIMH B KHCJIBIX pacTBOpax. MosHO NpenoNokuTs, 910 3KCTpeManbHEe 3Hauenus pH
OBICTPO HMBENMPOBANHCE [PH B3AMMOACHCTBHM C MOPOJAaMH M, B pe3yasTare, npeobianamm
Pac-TBOpe! ¢ HeOOILIIMMH OTKIOHEHHAMH 0T HeliTpansHocTH. Cpemm cynearos xenesa

34



Munepanozenesuc 6 2opsuyux yzoneneix omeanax: gpyndamenmanvibie U NPUKIaonble. ..

serpesatotes comn Fe**, mostomy moxto FOBOPHTE O BBEICOKOM OKHCIMTENRHOM [OTEHITHATE
NocT(hyMApONEHEIX PACTBOPOE, 110 KpaiiHeil Mepe, Ha KAKOM-TO JTare MHHEPAIOTeHe3HCa.

XapakTep NpoyKTOB TePMaIbHOr0 MeTaMOpdu3Ma 3aBHCHT OT MHHEPAIEHOTO CO-
CTaBa YIIIEHOCHOH nopoasl. Bosneiicteue Bhicokoif Temmeparypsl (~1200°C) BbI3bIBaeT
paspyleHHe NepBUYHbIX MUHEPANOB (KAOIWHUTA, CIIO/, XJIOPHTOR H Jp.) U ofpazopanne
HOBBIX BBICOKOTEMIEPATYPHBIX (has. HekoTophie M3 HUX HE COMEPIAT JKenes3a H OJHHAKO-
BO YCTOMYHBBEI B 30HE IIHPO/IH3a H TOPeHHs (MYJUIHNT, KOPAHEPHT, aHOPTHT, IMITHHEND).
Jpyrue — 3aBHCAT OT YPOBHA OKHMCIIHTEIBHOTO TOTEHIHAIA H [03TOMY IPHYPOUEHBI K
OIpEAEIEHHOM 30He (IeMaTHT, BIOCTHT, MardeTUT, Mardesnodeppur, repuusauT). TIpHeyT-
CTBHE B IOpojae KapOoHATOB BeI3LIBAeT 00pa3’oBaHHe PEIKHX MHHEDAIOB, XapaKTepHBIX
175 cKapHOB (P-napHuT, P-BOJUIACTOHHT, aHAPATHT, METHJINT, CHAEPHT, IEPHKIas U Ap.).
Obpazopanue MHHEPANBHEIX accollHaluil B noao0HEIX «ckapHOHAax» o0yc/lIoBRIeHO, mpe-
#JIe BCero, BeICOKOH akTHBHOCTBIO CaO, obpasoBasmeiics npu aerujaparaiuu kapboHa-
ToB. OTKpBITOCTE MHHEpanooOpasylomeH CHCTEMEI, KOTOPYIO TIpeacTaBiseT Oonbluad
4acTk 00beMa TEPPHKOHA, [TpeoNpe/ienseT BPEMEHHOE COCYIIECTBOBAHHE TEPMOIHHAMM-
YECKH (HECOBMECTHMBIX)» MHHEPATOB B ONH3KO pacnookKeHHBIX Y9acTKax OTBalbHOIl 1o-
POOEL. BUBMGH{HO, oTO ELICTPDM}" JOCTHIKEHHID DPABHOBECHA MPEMATCTBYET OTCYTCTBHE
BOJE! H (hazoobpazoBaHHe OCYLUECTBIACTCS B CYLUIECTBEHHO CYXOH CHCTEME.

3naueHHe NPONCCCOB MHHEPAIOTEHE3Hea.,

VcnoBHs MEHEpANOTeHe3Hca B YTOMBHEIX OTBATAX COOTBETCTBYIOT pasHO0Dpa3HBIM
reHeTHYECKHM CHTYalHsM, HabmojaeMeIM Ha reosoruyeckux obwexrax. CpefH Mpoayk-
TOB TpaHCHOPMAINH YIIepPOACOAEPKALIMX MOPOJ MBI HAXOJHM MHHEPATBI HIH HX aHaJlo-
I'H, XapakTepHble ams 3¢bdy3uBHEIX TOPOJ, MOPO KOHTAKTHOI'O MeTaMop(u3Ma, ByJIKaHH-
YecKHX (ymapon ¥ coib(arap, 30HE OKHCIEHHS CYIbQHIHBIX MecTopokaeHuid. B 30He
«IHApPONH3a» 00pazyTCs pelKHe MHHEPAE], YCTONYHBEIC B YCIOBHAX KOCMOCa (MEeTeopH-
Thl H JIyHHBIE TOpo/kl). M3yueHne HEOMHHEPATOTHH TEPPHKOHOB 3HAYMTENEHO PAcIHpAET
CIHMCOK MHHEpAILHEIX (pa3, YCTOHYHBEIX B YCIOBHAX 3eMHO# nosepxHocTH. C apyroi cro-
POHEIL, CXOJCTBO BYJIKaHHHYECKHX (hymapon u ncesaodymMapon TEPPHKOHOB CO3JAET CTH-
MYJI ISl IOMCKA B TOPHBIX OTBa/lax MHHEPAIBHBIX (pa3, H3BECTHBIX KaK IPOAYKTHI BYJIKa-
HH3MA. YTONBHEN TEPPHKOH MOMHO paccMaTpHBATh KaK «IMOJHIOH», HA KOTOPOM B He-
fonsimmoM MaciuTabe W 33 KOPOTKHI MPOMEKYTOK BPEMEHH «MOAEIUPYIOTCS» (BOCIPOH3-
BOJATCA) BayKHbIE MHHEpasoo0pasyoLue mpoieccsl. M3y4denue HeOMHHEPAIOIHH TEppH-
KOHOB TPEJOCTAB/ISET IEHHYI0 HHQOPMalHIO 0 MHHEPATOreHe3HCe B YCIOBHAX JKCTpe-
MATHHBIX 3HAYEHUI mapaMeTpoB kpucravioobpasyiomeii cpeawt T, pH, Eh, fO; Tlpouecce:
MHHEpPAIOreHe3Hca B TEPPHKOHE MOXKHO XPOHOMETPHPOBATD H MOMYYHTE, TAKHM obpazom,
00BEKTHBHBIE J@HHbIE 0 CKOPOCTH pocTa MMHEpaloB. lakue M3MEpeHHA OYCHB aKTyallb-
HBI, TaK KaK CyIIECTBYIONIHME MPEICTABNEHNA O CKOPOCTH KPHCTANI000pasoBanus B MpH-
POJIHBIX CHCTEMAX BECHMA IPOTHBOPEYHBEL. Pe3yNbTaThl HCCAE]0BAHHMSA IPOAYKTOB NCeB-
A0 yMapoN CYMECTBEHHO PACIIHPAET HALlH [PEICTAB/ISHHsA O NPOLECcce NepeHoca Bewe-
CTBa B ra30Boii dase. DTu 3HAHUA MOTYT ObITH HCIIOIE30BAHE! IIPH [OCTPOCHHH ICHETHME-
CKHMX MOJeneld MHeBMATOIHTOBOrO pyaorenesa.

MpusepanoreHesic B TePPHKOHAX HMEET HEMOCPEICTBEHHOE OTHOIICHHE K OKOMOTH-
ueckum mpobnemaM. [opammil TeppuKOH — 3T0 MOILHBIH IeHEpaTop BPEHBIX BCINCCTB,
NOCTYIIAIONIHX B aTMochepy H MOYBY. TokcHdecKkHe BEIIECTEa MOTYT HAXOJHUTCHA B pa3HOH
dopme: a) axcrasumii, cogepxkammnx NH; HCIL, CO, CS,, SO., He, As, Br; 6) conel ¢ npu-
MecsME TokewuHEx snementoB (P, As, NHs); B) asposoneii ¢ HgS, AsS, NHy, Cly. Hexoro-
PBIC MEHEPAIB! MOTYT COIEPIKATE B CTPYKTYPE BPEIHBIC JMEMCHTRL B KaueCThe Hmrfmpqmoﬁ
npuMecH. Hanpumep, oueHb «OIIACHEL) TAKHE H30MOp(hHEIC 3aMEICHHA: Mg — Zn, K —
Pb, S — As, Fe’* — Cr'". B cyneharax BO3MOKHO 3aMELUgHHE TETPAdIPOB [SO4] na pasHO-
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sapaasble TeTpasapel [PO;OH]. Dxonoruyeckas onacHOCTh TEPPHKOHA BO MHOTOM 3aBHCHT
0T TOr0, Ha KakOH CTaIMH NMpeobpa3oBaHHs OTBAIBHON MOPOIBI OH HAXOMMTCH. IToaromy,
HEOOX0IMM MOHMTOPHHI ITPOLIECCOB MHHEPAIOTEHE3HCA B FOPSAINMX TEPPHKOHAX C IPHBIE-
HEHHEM COBPEMEHHBIX METO/I0B NF€OXHMHH, MHHEPATOIHH H TepMOOapOreoX HMHH.
B03MOXHOCTH MPAaKTHYECKOIO HCIOJIb30BAHNS IOPENLIX NOPOJ MOJTHOCTHIO HE He-
crnefopadbl. JlHana3oH MX NpHMEHEHHS MOXKET OBITH 3HAYHTENLHO PaclIHpeH, €M NpH-
MEHATb HOBEHLIHE MCTO/LI CeMapalHy MoNe3HbIX MAHEpanos. OTMeTHM, 4To TIOPOJIBI Ipe-
TepIeBIINEe TEPMATbHBIH METAMOP(H3M, COEPIKAT HEOMHHEPAITL], KOTOPLIE TPAAMIIHOHHO
OTHOCATCS K OTHEYTIOpaM (MYJLIHT, KODIHEPHT, IINMHHE b, aHOPTHT, dopcrepur).
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KAPBOHATHI HOBOYTBOPEHHS JIPEHAKHUX HITOJLHEBUX CUCTEM
IMMAPKY BIYHOI CJIABH B M.KHE€BI

[Ipuponui Ta mwTyyHi NOPOKHHHM MOLIMPEHI B TEOJOTIYHOMY CEpENOBMINI yp-
OaHi30BaHHX TepHTOPIii; 30KpeMa, mpeHaxHi mrronsHeri cuctemu (JIIIC) rmGokoro 3aKna-
JlaHHs#, CTBOPEH] B JHIMPOBCLKHX CXHIIAX HA TepuTopii KHeBa, cTand HEBiI EMHHM eleMeH-
TOM I'€0JIOTIYHOTO CEPEIOBHINA MicTa — HiOro IEeHTPAIBHOI ICTOpHYHOT YacTHHH. B Mexkax
CXHIIB, IO MPHIATAIOTE A0 NMapKy Biunoi Ciiasu, npoiiaeHo miasemui ripuuyi BHpoOKku, ce-
pel AKHX HANJOCTYIHIMHMH JUIA CHCTEMaTHYHHX CMOCTEPEKEHb € — APeHaXH] ITONLHER]
cuctemd NeNe 16, 27, 27-bis ta eunyck ['onoBans. 3asHaueni BUpoOKH vy iX CyMacHOMY BH-
rasal 6ym cnopy/ukeHi (abo pexonctpyiiosani) y XX cr. 3 MeToro crabinizailii eK30reHHux
(eposifiHo-rpaBiTanifiHKX) mpouecis, AKi 0OYMOBMIOBAMM PO3BHTOK 3HAYHOrO Mopdo-
norigHoro enemeHty — [lankpariiseskoro (Cnackkoro) apy, Ha cxunax skoro 3 1895 p.
ichyBas Anocicbkuil (Komenmantcekmii) cksep, a 3 1957 p. — Ilapk Biunoi Cnasu [2].
LTyuHo cTBOpeHi NMOPOXKHHHH CTANH CBOEPIIHHMH TEXHONEHHO-TEOOrYHHMH CHCTEMAaMH,
SIKi € CepesIoBHIIeM, Jie BiAOYyBalOTECH reoIoriuHI POLIECH Ta ABAIIA.

Brms JIIC ta iHmmx migsemaux cmopya na nepebir npupoanux npolecis Ha
cxunax Jlwinpa wa Ttepuropii Kuesa posrnspascs B poGorax M.IJlemuminnsa,
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