OETEPAABHOE I'OCYIAPCTBEHHOE BIO/IXKETHOE YYPEXK/TEHUE HAYKHU
GV E HHCTHUTYT F'EOAOTHH PYHBIX MECTOPOXAEHHI,
@%aa%_ 1) IETPOTPA®HH, MUHEPAAOT'HMH H T'EOXHMHH
‘3@/’ POCCHHCKOM AKAZIEMHH HAVK

YTBEPX/JAIO
JlupeKTop MHCTUTYTA,
7w wl-kopp. PAH

‘ W _. ,)f B.A. Iletpos

= o a

[Tpotokon Ne 3 ot 16.02.2022 r.
[Ipencenarens Y4eHOTO COBETa
yr.-kopp. PAH B.A.Iletpos

IMPOI'PAMMA KAHAUJATCKOI'O 5K3AMEHA

ITo cneuuanabHocTu: 1.6.3 "llerposnorus, BynkaHoaorus"

MockBa

2022 r.



CoaepikaHue KaHIMJIATCKOI0 IK3aMeHa
Ha kanmmparckoM sK3aMeHE acnMpaHT (COMCKAaTelNb) JOJDKEH IPOJIEMOHCTPUPOBATH
3HaHUS BOINPOCOB, 3AJIOKEHHBIX B IIPOrpaMME-MHUHHMYME KaHIAUJATCKOTO 3K3aMEHa IIO0
cnenpanbHocT  1.6.3  «Ilerponorus, BYJIKaHOJNOTHS», a TakXkKe OTBETUTh Ha Pl

AOIMOJIHUTECIIBHBIX BOIIPOCOB, KOTOPBIC COOTBCTCTBYIOT AMCHHUIIJIMHE I10 BI>I60py acIimpaHTa.

NPOIrPAMMA-MUHUMYM

KaHIUAaTCKOI'0 3K3aMEHa I10 ClrICUaJIbHOCTHU

1.6.3 «IleTposiorusi, ByJJKaHOJOT U

I10 T€OJIOr0-MHUHECPAJIIOTHUICCKUM HayKaM

BBEJIEHUE

Hacrosimmass mporpamma 0asmpyercs Ha OCHOBHBIX paslielaX MHUHEPAJIOTHH, a TaKkKe
BY30BCKHX JUCHUIIIINHAX, paccMaTpuBaArOIUX IIPOUCXOKIACHUC u METOAbI HN3YUYCHU
MarmMaTH4eCcKUX U MeTaMOp(PUUECKUX TOPHBIX TOPO/I.

O0mme BOmpochl

OO0mume mpenacTaBieHUs O TOPHBIX TMOPOJAX M HUX KiacCHUpUKamusa (MarMaTH4ecKue,
ocajouHbie, MeTamopduueckue). OmnpeneneHue NOHATHH: TOpHAas TMopoja, merporpadwus,
MeTPOJIorus, MeTpoxumus u nerpodusuka. [lomoxxenue nerposiornu B nukie Hayk o 3emue.
Ponp neTposioruu B pelieHur reoJorndeckux mpoodiem, oleHKe PyJOHOCHOCTH MarMaTHYeCKUX
u Metamopduueckux GpopManuii, B U3y4eHUH MECTOPOXKICHUHN MOJIE3HBIX UCKOMaeMbIX. ['opHbIe
MOPObI KaK MOJIe3HbIe HCKOoMaeMble. MeTo bl M3yUeHUs TOpHBIX mopoa. Mictopuueckuii 0630p u
COBPEMEHHbIE HAIlPaBJICHUS METPOJIOTHH B HAlllel cTpaHe U 3a pydexxom. DU3HKO-XUMHUYECKHE
OCHOBBI TeTpoJoruu. DU3NKO-XUMHYECKUN aHallu3 [apareHe3nucoB MUHEpasjoB. Pacuersl
paBHOBECHS peakIHil MHHepanooOpa3oBaHHUs. ODKCHEPUMEHTAIbHOE U  TEOPETUYECKOE
MOJENUPOBaHUE; UX colepaHue U HazHaueHue. [Ipunuun muddepeHnnanbHoi MOABMKHOCTU
KOMITIOHEHTOB. [ToHsATHE 00 MHEPTHBIX U BIOJHE MOJABMKHBIX KOMIOHEHTaX. CHCTEMBI C BIIOJIHE
MOJBIKHBIMM KOMIIOHEHTaMH, HMX (QHU3WYecKuil cMmbicin. MuHepanoruueckue mpaBuia ¢a3
lNompamMuara u KopkuHckoro.

JluarpamMmbl  cOCTaB-TIapareHe3ucC JUIsi MarMaTU4ecKuX TOPHBIX TOpPoJ. MeTosl
MOCTPOCHHUSI U aHAIM3a JuarpaMMm cocTaB-napareHesuc. [IpuHnun ¢a3oBoro paBHOBECHS.
Pacmipeniennenie  KOMIOHEHTOB  MEXKAY CYIIECTBYIOIIUMHU  (azamMu ¥ UCHOJB30BaHUE

KOS(I)(I)PIL[PICHT& pacnpeaciiCHud st neiaen FCOTepMO6ap0MCTpI/II/I. I[I/IarpaMMBI 3aBUCHUMOCTH
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MHHEPAJIBHOTO COCTaBa M I1apareHEe3MCOB OT MWHTEHCHBHBIX I1apaMETPOB: TEMIEPATYPHI,
JIAaBJIICHUS M XHMHYCCKHUX ITOTEHIIMAJOB BIIOJHE IIOABIDKHBEIX KOMIIOHEHTOB. IloHsgTme o
MYJIBTHUCUCTEMAX, pacyeTax M NOCTPOECHUH MHOTOIYYKOBBIX JHArpaMM  COCTOSIHHS
MYJIBTUCUCTEM.

Marmatuyeckue cuctembl. OTHOKOMIOHEHTHBIE cucTeMbl. Tumbl T-X auarpamm
OMHAPHBIX W TPOWHBIX CHUCTeM. KpucTaium3amus NP OTCYTCTBHH TBEPJABIX PacCTBOPOB.
OBTekTHKa. KOHTpySHTHOE M MHKOHTPYIHTHOE IUIaBJieHUE. J(MarpaMMbl KpUCTAUIA3AIUN TPU
00pa3oBaHUM TBEPJBIX PACTBOPOB C OrPAHMUYEHHOW W HEOTPAHUYCHHOW pPaCTBOPUMOCTHIO
TBepabiX ¢a3. JlukBamuss U ee meTporeHernyeckoe 3HadeHue. OCOOCHHOCTH Juarpamm C
JIETYYUMHU KOMIIOHEHTaMU. Y CJIOBUSI OTJIEJICHHUS JIETYYUX KOMIIOHEHTOB OT paciuiaBa. OIironaHo -
MarMaTu4yeckoe B3aummojiericteue. Meramopduyeckue U MmerTacomaTuieckue cucrembl. Cucrema

MUHEpaJIbHBIX (haluii.

1. Marmaruyeckue ropHbie HOPOabl

Crpoenune 3emin: 3eMHas Kopa, MaHTusl, apo. KoHTHHEHTanbHasg U OKEaHUYeCcKas Kopa.
TemmepaTypa ¥ maBieHHE B Tpenenax Kopbl M BepxHed MaHTuH. ActeHocdepa. [Iporecchr
MarmooOpazoBanus. OOmuKe MOHATHS O MarMe U € MeCTe B 3eMHOW Kope W MaHTHHU. Kucisie,
CpeqHue, OCHOBHBIC, YIbTPAOCHOBHbIE, IIEJIOUHbIE U HECUIIMKAaTHbIe MarMbl. [IpencraBnenus o
MeCTe MarMaTu4ecKuXx MpoIeccoB B 001Iel cxeme pa3BuTus 3emiid. MarmMaTusM Kak WHIUKATOP
reoIMHaMUYeCKUX 00CTaHOBOK.

[IpyuuHbl  pa3HOOOpa3us MarMaTHYeCKUX TOpPHBIX TMOpOJ, MarmMatuyeckas H
KpucTaJmm3anuoHHas auddepeHnuanus, ee Buapl. Marmaruyeckoe 3aMelleHHe, aHaTEKCHC,
MaJTHMHTeHEe3, aCCUMUIISALIUA.

XUMUYECKUH W MUHEPAIbHBIA COCTaBbl MarMaTHUYECKUX TOPHBIX TOpPOJ M HX
B3aUMOCBS3b. Bapuanuu coaep:kaHus BaXXHEHIIUX 3JIEMEHTOB B MarMaTH4eCKUX TOPHBIX
nopoaax. [lopomooGpasyromiue 1 Maibie 3JE€MEHTHI (3JeMEeHThI-TIpuMecH). JleTyune cocTaBHBIE
4acTH B MarMe M B TOPHOM MOpo/ie, MOHATHE O TPaHCMAarMaTuyeckux (QIrouaax.

Metonet  0OpaOOTKM  JaHHBIX  XMMHUYECKUX  QHAM30B  TOPHBIX  TMOPOJ.
JIMCKpUMHUHALIMOHHBIE TIETPOXUMHUYECKUE AUarpaMMbl. MeTobpl M3Yy4eHHs] MUKPOJIEMEHTHOIO
coctaBa mopoA. Ponb MexaHu3MOB aHaTekcuca, (PAaKIMOHUPOBAHHUA M KOHTAMUHAIIMM B
(hOpMHUPOBAHUHM MHKPOIIEMEHTHOTO COCTaBa TMOPOJ. F30TOMHO-TEOXMMHUYECKHE METOIbI

HYYCHUA COCTaBa MOpoa U OLUCHKH COCTaBa MCTOYHHUKOB MAIrMAaTHYCCKUX PACIIIIABOB. MeTtoapl



W3yUYEHHs PACIUIAaBHBIX M (DIIOMAHBIX BKIIOUYEHUI. BO3MOXHOCTH M OrpaHHYEHHsS] METOJOB,
METPOJIOTUYECKUE PE3YIbTAThI U CIECTBHSL.

MuHepansl MarMaTM4eCKUX TOPHBIX MOpPOA. BimsAHue paBieHUs U YCIOBUH
KPUCTANTM3allMM HAa MUHEPAIBHBI COCTaB MarMaTW4eCKUX TOpPHBIX TMopoa. [TaBHBIE,
BTOPOCTEIICHHbIE M aKIIECCOPHBIE MHHEpajbl. BTOpHUYHBIE MHHEpaJbl W WX OTIWYHE OT
MUHEPAJIOB, KPUCTAJUITM30BABIINXCS U3 PacIljiaBa.

CTpykTypa W TEKCTypa TOpHBIX mopon. WX 3HaueHWe sl CyKACHUS 00 YCIOBHAX
KPUCTAUTU3aIlM MarMaTHYeCKHX TOPHBIX IMOpPOJI W O TMOCIENOBATEIBHOCTH BBIJCICHHS
MuHepanoB. CTPYKTYpPHO-TEKCTYPHBIC Ppa3iHuusl IUIYTOHHYECKHX M BYJIKaHUYECKHX TOPHBIX
OpPOJ.

[Mpuntnnel  KMaccu(UKAaMU MarMaTU4ecKuX TOpHBIX Topoj. KitaccudukanmonHoe
3HaYCHHUE XUMHU3Ma, MUHEPAITBHOTO COCTaBa M CTPYKTYPHI.

I'pynma ymbTpaoCHOBHBIX H yJibTpamMa(pUUecKHX MOPOJ HOPMAaIBHOTO psijfa (IyHHUTHI,
MIEPUIOTUTHI, MUPOKCEHUTHI, TOPHOJICHINTHI, MEMMEUUTHI, KOMATUUTBI, ITAKPHUTHI) U MICIIOTHOTO
paga  (AKYIMUPAHTUTBI, MEJIbTCHTUTHI, WHOJHUTHI, YPTUTHI, HE(YETUHUTHI, JICUIIUTHUTHI,
KHUMOEPJIUTHI, JTAMIIPOUTHI). ['pymnma OCHOBHBIX MOPOJ HOPMaJIbHOTO psna (rabOpo, HOPHUTHI,
TPOKTOJUTHI, AHOPTO3UTHI, 0a3anbThl, AOJEPUTHI, KWIbHBIE TOPOJIBI), CYOIIETOYHOTO U
LIEJIOYHOTO PSAAOB (TEPATUTHI, 3CCEKCUTHI, IIOHKUHUTHI, TEHICHUTHI, CYOIIEIOYHbIE U IIET0YHbIE
0a3anbThl, TEPPUTHI, KUIBHBIC TIOPOAB). ['pyIia cpeAHUX MOPOJ HOPMAITBHOTO psijia (IUOPHUTHI,
KBapLEBbIE IHOPHUTHI, aHAE3UTHI, aHAe3M0a3albThl, XWIbHBIE MOPOJIBI), CyOIIETOYHOTO U
IIEJIOYHOTO PSAJAOB (MOHLIOHHMTBHI, CUEHHUTHI, HE(EIUHOBbIE CHUEHUTHI, JATUTHI, TPAXUTHI,
(OHONUTHI, KWIbHBIE MOPOAbI). ['pyIa KUCHBIX MOpPOJ HOPMAJIBHOTO psiAa (TPaHOIHOPHUTHL,
IJIarMOTPAHUTHI, aAAMEJUIUTHI, TPAHUTBI, JAIIUThI, PUOJUTHI, )KUIbHBIE TIOPOIbI), CYOIIETOUHOTO
U MIeJIOYHOTO pSAAOB  (TPAaHOCHEHUTHI, ASICKUTHI, IIEJIOYHBIE TPAHUTHI, OHIOHHUTHI,

TPaxXupHuOJIUTLI, TPAXUIALINUTHI, HaHTeHHepI/ITLI). HCCUJIMKATHBIC MAaIMaTUYCCKUC ITOPOAbI.

2. Bysikanusm

Bynkanbel u BynkaHudeckue usBepxkeHHs. [IpoJykTel BynkaHM3Ma (J1aBbl, TUPOKIACTHI,
ByJIKaHUYecKue ras3bl). [a30BbIl pexum ByiakaHuzMa. [uaporepmanbHas JesTEIbHOCTD,
CBSI3aHHAsI C BYJIKAHAMH.

Cospemennwiti  gynkanuzm. l'eorpaduyeckoe pacrpeneneHue M T'eOCTPYKTypHOE
MIOJIOKEHUE BYJIKAHOB. lI3MeHEHHME cocTaBa BYJKAaHWYECKHMX NPOIAYKTOB B 3aBUCUMOCTU OT
TE€OCTPYKTYPHOI'O IOJIO)KEHUSI BYJKAHOB B OCTPOBHBIX AYrax M Ha OKpauHaX KOHTHUHEHTOB.
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PucgroBsiit BynkanusMm. I'mobansHast pudToBas cucrema. BynkaHudeckue mposiBIEHUS B OKeaHax
1 Ha KOHTMHEHTAaX U UX COIIOCTaBJICHUE.

HazemHble BynkaHuueckue u3BepkeHus. CBs3b XapakTepa H3BEP)KEHUS C COCTABOM
naBel. Temmeparypa, Bs3kocTh. CoaepikaHuMe W cocTaB (DIIOMIOB B JlaBax M HX pPOJb B
BYJIKAHUYECKOM IIPOLECCE.

OOpa3zoBaHue BYJIKAaHOB. BO3HUKHOBEHHME TpPELIMH M JIOKAJIU3allUs Ha TpelluHe
OTJIEbHBIX BYJIKAHUYECKUX KyIoyioB. PopMa BYIKAHMYECKUX COOPY)KEHMH M CBS3b €€ C
XapaKTepoM U3BepKeHUs. TpemuHHbIE W3MUSAHUSA. BynkaHsl MOHOTEHHBbIE M MOJUICHHBIE.
CrparoBynkanbl. Kpatepwl. I[lapasuthHeie konyca. IllnmakoBble koHychl. TpyOku B3pbIBa.
Kanpaepsr. [Ipoucxoxnenue kanpaep. Knaccudukanus ByTKaHUUECKUX MTOCTPOEK.

Bynkannueckue kymnosia. Wrisl.  JlaBoBblE TIOTOKH, TMOKPOBBI, JIABOBBIE IIJIATO.
Bo3MmoxxHbie MacmiTabbl JaBOBBIX 00pa3oBaHuil. DopMbI JTaBOBBIX oOpazoBanuid. JlaBer "aa'
(re160BEIe) M "axyXxy" (BOJTHUCTHIC, KAaHATHBIE). ATrJIOMEpaTHBIC JIABOBHIE MOTOKHU. JINTOMTHBIE
nem3bl. [lopucTocTh aBbl Ha pa3HBIX YpPOBHSAX IIOTOKA; KaHaibl B JiaBe. DIIOUAHBIE U
10JIOCYAThIe JaBbl, UTHUMOPUTHI. OTIENBHOCTD JIaBHI U €€ 00pa3oBaHHUeE.

HNuTpy3uBHBIE 00pa3oBaHUs BYJIKAaHUYECKUX TMOCTpoek. Jlaiiku, paguanpHbie U
kosbieBble. Cwwiel. Hekku. JKepmoBbie Opekunmu. CrocoObl, TO3BOJISIONIME OTIMYATH
MHTPY3UBHBIE 00pa30BaHUs OT JIaB, U3IUBIIUXCS HA JTHEBHYIO OBEPXHOCTb.

Prixnbie mponykThl u3BepkeHuil. Bynkanudeckue O0MOBI, JamuuiM, MEMJIbl U IUIAKH,
BylKaHWYeCcKUid mecok. (OcCoOEHHOCTH TepeHoca M CeIMMEHTAlMH  BYJIKaHUYECKOTO
MAPOKJIACTUYECKOTO MaTepuana. llpusHaku, nNO3BOJAOIIME OTIMYUTh MHPOKIACTUUYECKUE
MIPOJIYKTHI U3BEPKEHHS OT OOJIOMOYHOTO MaTepHasa ByJIKaHUYECKUX 00acTeil.

JlutTudukanus NUPOKIACTHYECKUX MOpoJ. Bynkanunyeckue Opekuuu, Tydsl. OcagoyHo-
MAPOKJIACTHYECKUE TOPObl: TyPduThI, TyhoOpekynu, TypoKoHTIIOMEPaThl, Ty(HOINEeCUYaHUKH.
Otnnuue 0cagoYHO-TIMPOKIACTHYECKUX OpEeKYHil OT MEepPBUYHO-BYIKAHUYECKHX OOpa3oBaHUM
(>KepJIOBBIX U KYMOJIbHBIX OpEeKUnid, arTIOMEPaTHBIX JIaB).

Oymaponsl, coibdaTtapbl, MOQerThl. [HUapoTepManbHbIE CHCTEMBI BYIKaHUYECKUX
obnacreii. M3MeHeHUs BMEIIAIONIUX MOPOJA MOJ JEHCTBHEM TepMalbHbIX Boja. OOpa3zoBaHue
BYJIKAHUYECKUX  MECTOPOXKACHUN  Cepbl, alyHUTA, THAPOTEPMAIbHBIX  KAOJHWHOBBIX
MECTOPOKIEHUI. PyIOHOCHOCTH  BYJIKAHMUYECKHX Ta30BbIX TEPMalbHBIX  IPOIYKTOB.
TepManbHbple 1O, CBSA3aHHBIE C BYJIKaHU3MOM M HMX MHCIOJb30BaHUE Ui LEJEd
rUApo3HepreTuku. IlpakTnueckoe UCoap30BaHuE.

VYcnoBus nmoabemMa MarMbl M BYJIKaHW3M. Marmatudeckue oudard moJi ByJKaHamu IO

CEMCMUYECKUM U rpaBUMETPUUCCKUM JIAHHBIM, UX Pa3MCPhbI, (bopMa n FleGI/IHa 3aJICTaHuA.



Oxeannyeckuii BynkaHu3M. OCOOEHHOCTM OKEAaHMYECKOIro ByinkaHu3Ma. l[loaBojHble
naBsl. llapoBeie naBbl, ux renesuc. ['manoxnactutel. ToHKHE MOTOKU. BylkaHnueckue KoHyca,
raioTel, TEOPUM HUX TIeHe3uca. B3auMOAEHCTBHE BYJIKAHUYECKHMX M OKECAHUYECKUX BOJL.
I'uapoTepmbl pudTOBBIX 30H.

Bynxkanuzm 6 eeonocuueckom npowiom. VIHTEHCUBHOCTb BYyJKaHM3Ma B IpOLLIbIE
reojioruyeckue 3moxu. CrnocoObl pa3anyuus MNpoIyKTOB HA3€MHOTO U MOJIBOJHOIO BYJIKaHU3Ma B
[AJEOBYJIIKAHUYECKUX  ToOJIaX. MeToabl pPEKOHCTPYKLUUU TEKTOHHYECKOTO  IOJIOKEHUS
najneoByinkanusmMa. OduonuTtoBble accouuanuu. /[peBHHE OCTpPOBHBIE IYyIM M CIOCOOBI HX
BBISIBJICHHSL.

OTnnuus NepBUYHBIX MPOJYKTOB U3BEPKEHUH OT MEPEOTIOKEHHOTO BYJIKAHMYECKOTO
Matepuana. OTiMyue JaBOBBIX 00pa30BaHUIl OT MHTPY3UBHBIX JIABOMOJOOHBIX OOpa30BaHMIA.
[laneoBynkaHuyeckue  PEKOHCTPYKIMH.  MeToAbl  PEKOHCTPYKLUMU  SPOJUPOBAHHBIX
BYJIKAHMUYECKHUX COOPYKEHUH IO pe3ysibTaTaM H3Yy4eHHs KOPHEBBIX 30H BYNKaHOB. [IpusHaku,
MO3BOJISIFOIINE Pa3INyaTh Pa3HOBO3PACTHBIE JIABOBBIE TOTOKH.

[IpeoOpa3oBanusi ByJKaHWYECKHX MOpPOJA B Ipoliecce auareHesa M Meramopdusma.
Crnmutel, anbOuTodupsl W mpoOiiema ux reHesuca. [loppupuronnsr u  mopdupouss.
Metamop¢usM BYJKaHOTEHHBIX TOMNII. [Ipu3Haku, TMO3BOJSIONIME BBISIBUTH EPBUYHO
BYJIKAHOTEHHYIO IPUPOAY IITyO0KO MeTaMOp(HU30BaHHBIX TOJIIII.

[Iytm wm3ydeHuss »SBOMIOLMM BYJKAHM3Ma BO BPEMEHM U B  IPOCTPAHCTBE.
[TocnenoBarenbHOCTh CMEHBI COCTaBa JIaB BO BpEMEHM. ['OMOIpOMHass M aHTUAPOMHAS
MOCJEe10BATENBbHOCTH. []aneoMarHuTHpIE U3MEPEHUS ITPU U3YUYEHUHU BYJIIKaHU3MA.

@opMalMOHHBIN aHAJIW3 KaK METOJI U3YYEHHs IPEBHUX BYJIKAHOTeHHbIX Toul. [loHATHE
0 BYJKAaHMYECKUX acconuanusx u ¢dopmanusax. Knaccuukanum BylIKaHHYECKHX (GopMaiuil.
BynkanorenHo-ocaiouHbie popMaIiu.

[Tone3Hple HcKOmaemble, CBS3aHHBIE C BYJIKaHU3MOM. McCrosb3oBaHUE BYJIKAHMYECKUX
MOPOJl KaK CTPOUTENIbHBIX MaTepHasioB. BcmyuuBaromue OpoayKThl M JIETKHE HANOJHUTENIU

OeToHa: O6CI/I,Z[I/IaH. HepJII/IT, nemsa, IijaaKu, BynKaHH‘ICCKPlﬁ IICTICII.

3. I'nyOnHHBIH MarMaTu3M (IJIyTOHH3M)

MarmaTtudeckue o4yaru. TeKTOHHYECKOE IOJI0KEHHE MarMaTHUYEeCKUX LHCHTPOB. HYTI/I u
CITOCOOBI nmoar€Ma MarmMbl K oOmacTsM ee OTBCPACBAHUSA (MeXaHI/I3MBI I/IHpr31/II/I)
MarmaTu4eckoe 3aMeIeHuE. (I)OpMI/IPOBaHI/IC HWHTPY3UBHLBIX TCJI B o0acTsax pa3BUTHUA FJIY6OKO

MeTaMOp(l)I/BOBaHHLIX TOJIIII. rpaHHTOFHeI‘;ICOBLIC KOMIIJICKCHI.



I'myOuHHBIE UHTPY3UBBI: MacIITaObl, COCTaB, CTPYKTypa U TEKCTypa. B3anMooTHOIIeHUs
C BMEINAIOUIMMHU MOpoJamMH. MHTpy3WBHBIE Tella MalbIX W yMEpeHHBIX TiayouH. [IpoGimema
MPOCTPAHCTBA. 3aMOJHEHWE MarMOil OTKPBITBIX IIOJIOCTEH M MarMaTuiyeckoe 3aMelieHUE;
NPOHMKHOBEHWE MarMbl B OCHA0JCHHBIE YYaCTKH; JHANHUPBL. 3aBUCUMOCTH  (OPMBI
MHTPY3UBHOTO Tella OT TEKTOHHYECKOTO IOJIOKEHHs. B3aMMOOTHOIICHHS € BMEMIAIOIIMMU
tommamMu. OCBOEGHHME MarMamMH BMEUIAIOIIMX IOPOJ ITyTEM DPACTBOPEHUS, ACCUMIUISIUH H
Marmarudeckoro 3amemieHus. Juddepenmmanus wmarm.  Tuner  guddepeHnmanum  —
BHyTpuouaronas (TJyOMHHas) U BHyTpUKamMepHas. PacciioeHHble MHTPY3UBBI U IpoOieMa HuX
reses3nca. MeTo sl U3y4eHHUs U THUITBI PACCIOSHHBIX KOMIIEKCOB.

I'panuTHBIE WHTPY3UBBL. YCJIOBUS OOpa3oBaHMS M 3aCTBHIBAHUS TPAHUTHOW Marmbl.
Bnustaue 0O0ImIero JMTOCTAaTHYECKOTO [ABJICHUS ¥ IMAPIHAJIbHOTO JIABJICHUS JIETYYHX
KOMIIOHEHTOB. [ €TepOreHHOCTh TPAaHUTOWAOB (AUIOXTOHHBIE W aBTOXTOHHBIC). | paHUTOMIBI
pa3NMYHBIX TEOXWMHUYECKHX THIOB. BHYTpeHHee CTpOCHHWE M BEpTHUKalIbHAs 30HAJIHHOCTH
TPAaHUTOUIHBIX MHTPY3WBHBIX MAacCHBOB. METOJBI OIIEHKH SPO3MOHHOTO Cpe3a WHTPY3HUBHOTO
MacCHBa.

MaccuBbl OCHOBHBIX TOPHBIX MOPOJA. AHOPTO3UTHI, (GOpMBI UX 3ayeraHus. [adbopo
maThOopMEHHBIX 4eXJI0B. TekToHn4YecKoe nojoxkenue. ['ab0po-ynbTpaba3uToOBbIE KOMIUICKCHI.

WHTpy3uBHBIE KOMITJIEKCHI IIENOYHBIX TOpo. Bo3pact u ycnoBus 3aneranus. Kanuessie
U HaTpoBBIE accouuanuu. PazneneHre Mo coaepKaHUI0 KPEMHEKUCIOTHI U Mo KO3 ULIHUEHTY
armautHOCTH  (HOpMajibHblE, IUTIOMa3UTOBbIE W armauToOBbIE  HICJIOYHBIE  TOPOJBI).
'eoxumuueckas crenuanu3anus pa3IudHbIX HIeN0YHbIX Mopod. lllenouHo-ynbTpaocHOBHBIE
KOMILIEKChI; KapOoHaTuThl. Dopma 3aneranus. ['myOMHHOCTB. 3aBUCHMMOCTh COCTaBa TOPHBIX
OpoJ KapOOHATUTOBBIX KOMILIEKCOB OT INTyOUHHOCTH.

VYnbpTpaba3uTsl, IIaBHbIE TUIBI ACCOLMAIMM, MX pa3iuuus IO YCIOBHUSAM 3aJleraHMsl.
B3aumooTHOIIEHUS C BMEIIAIOIUMU TOPOJaMHU.

Kunbabie noposl. [lerMaTuThl U aruIMThI, UX pa3anyuus U ycioBus 3aneranus. CBs3b C
MaTEepUHCKUMH mopodamu. IlerMaTtutel, WX TUOBI W OCOOCHHOCTH: pEAKOMETaJlbHbIE,
CIIIOJIOHOCHBIE, KepaMUYeCKHe, KaMEepHbIEe IMerMaTuThl. B3aMOOTHOIIEHHS € BMEIIAIOIUMU
nopojamiu. ITone3Hsle MckonaeMble, CBi3aHHbIE C TerMaTuTamMy. JlaMnpogupsl.

[TpuHIMOBl (POPMALIMOHHOTO PACUWICHEHHUS MarMaTHU4ecKMX TropHbIX mopoj. Ilonsarus:
MarmaTtuueckas (opmamus, MarMaTh4ecKuil KOMIUIEKC, MarMaTtudeckue QopMaru Kak
MH/AMKATOPbl TEKTOHOMAarMaTHUYeCKOTO pa3BUTHA TOABIKHBIX obOnacteid. Knaccugukarms

MarmMaTud4cCKux q)OpMaL[I/Iﬁ Ha HCTpOJ’IOI‘H‘lCCKOﬁ U T'€0JIOr0-TeKTOHUYECKOH OCHOBE.



[Ipouecc otnenenust (GparoMAOB OT paciiiaBa. 3HAYCHHE MarMaTu4eckoro ¢uounga u
JETYYMX COCTaBJIIOIIMX BMELIAIOUIUX MOPOJ B KOHTAaKTHBIX IpoLEeccax M pyao0O0pa3oBaHMM.
OOpa3oBaHue Ha MOCIETHUX ATalax 3acTbIBAaHUS MarMbl OCTaTOYHOTO pacIUiaBa—pacTBOpa H
METPOreHETUYECKOE 3HaUeHue nocieaHero. ®opmMupoBaHue OCTATOYHBIX PYJHBIX Marm.

Crnenuduueckass TPUYpOUYCHHOCTh PYIOHOCHOCTH K OIPEICTICHHBIM THIAM TOPHBIX
nopoA. Vcnonb3oBaHue HHTPY3MBHBIX MOPOJA KakK IOJIE3HOIO HMCKONAEMOTO: CTPOUTEIHHOIO
Marepuaia, UCIoIb30BaHHE HE(PETMHOBBIX TOPOJ] KaK TJIMHO3EMUCTOTO ChIpbsl. ['OpHBIE IOPOIBI,

KaK py/Jbl pEJKUX 3€MeJb U PEIKUX METAJUIOB.

4. Metamop(puueckne ropabie mopojabl

Obowue nonamua o memamop@usme. OTanuus MeTamoppusMa KaK SHIOTCHHOTO
mporecca ot Jutudukanuu (auarene3a). CBsa3p MeTramopdu3Ma C TEKTOHOTEHE30M U
MarmMatu3smMoMm. Meramopdudeckne peakiuu U (pakTopsl MeTtamopduzMa - TemIeparypa,
JUTOCTATUYECKOE JaBJICHWE, (IIIOMIHOE JaBJICHWE, TaplyalbHbIC JaBICHUS JICTYIHX
komroHeHTOB Bo (urrongax —H20, CO2, Oz u ap. Ponb omHOCTOpOHHETO AaBieHHs (CTpecca).
[IporpeccuBHbIli U perpeccuBHbIE MeTamopdusm. Jlnadropes. PernoHanbHBI W JTOKAJIbHBIN
(koHTaKTOBBIN) THUIBI MeTamopduisma. V3MeHeHue cocraBa mOpoa mNpu MeTamopdusme:
M30XUMUYECKUH MeTamMop(u3M - aNTIOXUMHYECKUN MeTaMoppusM — MeracomMaro3. OTiaudus
coOctBeHHO MeTamopduzmMa OT MeracomaTto3a. KoHuenuuss MHUHEpanbHbIX  (anuit
Meramopdusma. [lonstTie 06 UHAEKC-MUHEPaIaX U U30TPaIax.

Memamopguueckue munepanst, X TEPMOJIMHAMUYECKAS] YCTOMUMBOCTh U TAPareHe3UCHI.
CooTHOIIEHHS  KEJIE3UCTOCTH  COCYIIECTBYIOIIMX  MHHepaioB (psa  ¢eppoduiabHOCTH
Metamophuyeckux MuHepanoB), CBsS3b MEXIYy IKEJIE3UCTOCTHIO MHHEPAIOB M HX
TEPMOJIMHAMUYECKOW  YCTOMYMBOCTHIO.  BiusHue  TemmepaTypbl HW  JaBJiCHHMsS  Ha
nepepacnpe/esieHne KOMIOHEHTOB MEXKTy (ha3amu.

Juarpammbl  cocTaB-mapareHesuc s MeTamopduueckux — mopoia.  Cucremsl
MUHEpaJbHBIX (aluii Ha AUarpaMMe JIMTOCTaTUYEeCKOe JaBJIeHHe — TeMIepaTypa Ipu 3aJaHHOM
peXHMe JIeTy4uX KOMIIOHEHTOB. [TaBHeillne MuHepanbHble Qalui pPEerHOHATBLHOTO U
JIOKAIBbHOTO MeTaMOphuU3Ma, UX Pa3IMUMe U YePThl CXOJICTBA; MPUUMUHBI TOTO U IPYTOTO.

Memamopguueckue copHvie nopoovl, UX TEKCTYpbl M CTPYKTYpbl, HOMEHKJIATypa H
CUCTeMaTHKa MO0 XHUMHYECKOMY COCTaBy, IO COCTaBy HCXOJHBIX MOPOA (OPTOMOPOIHI,
Mapamnopoasl M WX PA3HOBUAHOCTH) M IO YCIOBUSAM MeTamopdu3Ma (pacmpeneleHue 1o

MUHEpAIbHBIM (DaIusam).



[IponykTel MeTamop(du3Ma TTUHUCTHIX OTJIOKCHHN (METAaNeNUThl). [ THHUCTBIC CIIAHIIbI,
(GWIIHTBI, CIIOASHBIC CIAHIBL, JABYCIIOASHBIE THEHCHI, CHJUIMMAHHUTOBBIC, KOPIHEPUTOBBHIC,
I'PaHaTOBBIE, KOPJIMEPUT-TUIIEPCTEHOBBIE ~ M TUIEPCTEH-CWUIMMAHUTOBBIE  T'HEWCHI.
KopaueputoBsie poroBukH.

[IpoaykThI MeTamopduzma OCHOBHBIX M3BEPIKCHHBIX (IpenMyIIeCTBEHHO
BYJIKAHHYECKUX) TOpoJa (MeTaba3uThl). 3elieHbIe (XJIOPUTOBBIC) U roiyObie (TIayko(daHOBBIC)
CIIaHLIbl, DJMHJIOTOBBIE U IMHUPOKCEHOBbIE aM(UOOIUTHI, JBYIHPOKCEHOBBIE OCHOBHbIE
KPHCTAJUIMYECKUE  CJIaHIbl  (TpaHynuThl). KIMHOMHMpOKCEH-TpaHaTOBbIe  (IKJIOTHTOBBIC)
OCHOBHBIC KPHUCTALINYECKUE CIAHIBI M OKIOTUTHI; WX TETPOXUMUYECKUE W MUHEPAIbHbBIC
pazHOBUAHOCTU. AM(PHO0JIOBBIE Y TUPOKCEHOBBIE POTOBUKHU.

[Iponyktsl  Meramopdu3ma  KUCIBIX  BYJIKAaHUYECKMX  MOpPOJA,  yAbTpaOa3uUTOB,
KapOOHATHBIX MOPOJI, OOKCUTOB U Jp.

[IpoaykTel mMeTamopdu3Ma, CBS3aHHBIE C TpaHUTHU3AIMEH. MHTrMaTUTHI, WX TJIABHBIE
TUTIBI, YCJIOBHS 3alieraHus. MwurMaruzamusi TOpoJi, WHBEKIIMOHHBIA MeTamopdusm u
Metamopduueckas auddepeHnpanus. YiabTpameramopdusm u o0pa3oBaHHE AaBTOXTOHHBIX
rpaHuTOB. ['paHKUTH3ALMSA KaK MAarMaTUYECKOE 3aMeIIeHHeE.

VY IbTpaBBICOKOTEMIIEPATYPHBIM MeTaMOp(HU3M B KOHTAKTaX C BYJIKAaHUYECKHUMH H
CyOBYJIKaHMYECKMMHU TIOpoJamMu (CaHMIWHUTOBas (ammsi); a) METaneauThl - CaHUIUHUTHI,
MYJUTUTOBBIE, KPUCTOOAIUTOBBIC W APYyrue Mopoipl, 0) MeTaba3uThl W KapOOHATHBIC MOPOJBI -
KaJIbIIUT-BOJUIACTOHUTOBBIE, JTAPHUTOBBIC, MOHTUYEIUIUTOBBIE, CIYPPUTOBBIEC U JP. TOPOIBL.

[Iponykrsl auHamMomeTamopdusMa (TEKTOHUTHI): MWJIOHHUTHI, TEKTOHUYECKHE OpeKuyuu
TpeHHs, YCIOBUs 0Opa3oBaHHMs M TIeOJOrMveckas OOCTaHOBKA HAaxXOXICHHUS TEKTOHUTOB.
DKCIUTO03UBHBIN MeTaMop(}U3M U €ro mpupoia.

[lonsitne o QaunanpHBIX cepusiX MeTaMop(hUYecKUX MOpoa U MeTaMmopduueckas
30HATBHOCTh  (M30XMMHUYECKass W  AUIOXUMHUYECKas, JIOKaldbHasi M  pPErHoHabHas),
re0TeKTOHMYECKUI KOHTPOJIb MeTaMopdu3ma. TepMoauHAMUYECKUN PeKUM MeTaMopu3Ma.

[Ipuuunbl pernonansHoro Meramopdusma. ['myOuHHBINA (QIIOUIHBIA TEIIOBOM MOTOK U
W3MEHEHHUS ero HHTEHCUBHOCTH BO BpeMmeHH. JlarepanpHble BapHallMd WHTEHCHUBHOCTH
TIIyOMHHOTO TETIOBOTO MOTOKA.

Mertamop¢dudeckue mnosica, UX T€0JIOTO-TEKTOHWYECKas MO3UIMS U 3aKOHOMEPHOCTH
pasmenienus. [lonstue o  meramopdudecknx — dopmanusax.  DarmanpHble  CepUU
MeTaMOp(HUYECKUX TTOPOI.

MetamopdusM U TmoJIe3HBIE HCKOMaeMmble. MeTaMOp(pH30BaHHBIE MECTOPOXKACHUS
(>kenme3ucThie KBApIMTHI, TUTAHOBBIC PYABI, TPAaHYIUPOBAHHBIN KBapIi). MeTtamopduyeckuit
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KOHTPOJIb B  pPa3sMEUICHUUM MECTOPOXKACHMM  pasHbIX BUJIOB MHUHEPAIBHOIO  CHIPbS
(peaxoMeTanbHbIX, MYCKOBUTOBBIX U KEPAMUYECKUX NETMATUTOB, HEKOTOPBIX THUIIOB 30JI0TOTO
OpPYICHEHUS U Jp.).

Memacomamuueckue 2opnvlie nopoovl. OOIUE CBEIEHUS O METaCOMaTHYECKUX
npoueccax. OCHOBHBIE TEOpUM MeETacoMaTo3a: TEOpHUsl METacoOMaTUYECKON 30HaJbHOCTH,
KHMCJIOTHO-OCHOBHAsI 3BOJIIOLIHS THPOTEPMAJIbHBIX PACTBOPOB.

[IpyHOMAIIBI  CUCTEMAaTUKH  METacOMaTUTOB.  MeTacoMaTUTBL,PaBHOBECHBIE  CO
LIEJIOYHBIMU pacTBOpaMu: (EHUTHl, MHUKPOKIMHUTHI, albOUTHUTbHI, SUCHUTHI; METACOMATUTHI,
PAaBHOBECHBIE C HEUTPAJIBHBIMU PACTBOPAMU: MAarHE3WAJIbHBIE U W3BECTKOBBIE CKAapHBI, KBApPIl-
IIOJIEBOIUIIATOBBIE METACOMATUTHI, TYPMAJIUHUTBI, PONUINTBI, METACOMATUTHI, PABHOBECHBIE C
KHUCIIBIMM PAcTBOpPaMM: T'PEH3EHBl, LIBUTTEPHI, OEpPE3UTHI, TUCTBEHUTHI, BTOPUYHbBIE KBApPLUTHI,
apTUJUTU3HTHI.

Ces13p MeTacoMaro3a u pynoobpa3zoBaHus. MeracoMaTuyecKue MOPOJIbl KaK MOMCKOBBIE
MPU3HAKK PYIHBIX MECTOPOXKACHUN. PervoHaneHbll MeTacomaro3. MeracomaTu3Mm B

MPOCTPAHCTBE ¥ BPEMEHH.

5. Ilerporpadgusi KOCMHYECKHMX M CBSI3AHHBIX ¢ HUMHU 00bEKTOB

MeTteopuThl: XOHAPUTHI, IKEJIE3HbIE METEOPUTHI, TMaJIACUThI, ME30CHUAECPUTHl U
axoHApUTHL. Actepounl. [IpencraBienus o NpoUCX0XKACHUH METEOPUTOB U aCTEPOUIOB.

I'opuble nopoas! JIyHbl 1 conocTaBieHUE UX C 36MHBIMU TIOPOJIAMHU M aXOHAPUTAMH.

OO0mue mpeAcTaBieHUs O COCTaBe MApCHAHCKOIO M BEHEPUAHCKOTo rpyHTOB. OOiiue
MIPEJICTaBJICHUS O COCTABE JPYTUX IJIAHET COTHEYHOU CUCTEMBI.

[Terporpadust actpodnem. UMOIakTUTHl ¥ MPU3HAKK UMIIAKTHOTO CTeka. IMIIaKTUTOBBIE
Opexuny. MuHepalibl BBICOKOTO JIaBJICHHUS B UIMITAKTUTAX.

TekTuTh 1 l'IpO6J'ICM8. HX ITPOUCXOKICHUA.

6. O01mme BonpockHl NeTporpapuu U BYJIKAHOJIOTHHU

3HadeHUe HeTpOFpa(bHH N BYJIKAHOJIOTHUH IJId pa3dBUTHA APYTHX HAYK I'€OJIOTHYCCKOIO
HpO(l)I/IJ'IfL HepCHeKTI/IBH pa3BUTHUA METOA0B HeTpOI"pa(I)I/ILIeCKI/IX HCCHCHOB&HHﬁ,
OKCIICPUMCHTAJIIbBHOTO H (bI/IBI/IKO-XI/IMI/I‘-ICCKOPO HaHpaBJ’IeHHﬁ. HYTI/I COBCPLHICHCTBOBAHUA

IMOJICBOTO M3YYCHHS T'COJIOTMYCCKUX yCJlOBI/Iﬁ 3aJICTaHusd MarMaTU4CCKUX H MeTaMop(I)I/I‘-ICCKI/IX
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nopon. Ilyrm  panpHeWlIero  BbISBJICHUMS  CBSI3€M  MarmMaru3sMa, MeTacomMaTu3mMa |

pynoo0pa3oBaHuUs.
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Jlono/IHUTeIbHbIE BOMPOCHI K KAHAUAATCKOMY 3K3aMeHY 10 ClelHATbHOCTH
1.6.3 «IleTpoJiorusi, ByJIKaHOJIOT M5

CocraBuresn: k.r.-M.H. A.B. Kaprun, a.r.-m.H. A.A. HocoBa

DNEeMEHTBI-IPUMECH MarMaTU4eCKUX FOPHBIX MOpOJ. ['e0XuMUYECKUE IpYMIbl 3JIEMEHTOB.
KpynHononnsie mmtodunbabie 3nementsl (LILE). Bricokozapsimaeie smementsl (HFSE).
Penxozemenbhbie aneMmenTsl (REE). DnemenTs! muiatunoBoi rpymnmsl (PGE).

Crpoenne 3emMiM UM OCHOBHBIE T€OXUMHUYECKHE pe3epByapbl. OLEHKH METpo- |
F€OXMMHYECKOI0 COCTaBa OCHOBHBIX F€OXMMHUECKUX PE3EPBYapOB

['eoxumuueckoe MoIeIMpOBaHUE ETPOJIOTUYECKUX MTPOLIecCOB. YUCIEHHOE MOJIENUPOBaHHE
npoueccoB ppakunoHupoBanus u cmemenus marm. AFC - mporecc.

CoBMecTuMble M HecoBMecTHMble 3neMeHThl. Koadduuuent pacnpeneneHuss MuHepa-
pacmias. luarpaMMbl OHYMBL.

bazoBbie xumuueckue kiaccupukanuu mMarmatudeckux nopoa. Kmaccugukannyu oCHOBHBIX
nopoA. TosleuToBbIe, U3BECTKOBO-LIEIOYHbIE, CYOIIEI0YHbIE U IIEJI0YHbIE OA3UTHI.

Uctounuku kuciaeix marm. Jletyune u (pakuuoHUpoOBaHUE KHUCIBIX MarM. XHMHUYECKUE
KJ1acCU(UKAIIUU TPAHUTOUJIOB.

Kontunenraneupie 06a3anbThl. [leTpoxumuueckue THUIBI KOHTHHEHTANBHBIX 0a3albTOB.
KpymnHbie MarMatnyeckue nNpoOBUHIUH.

KoMatuuTsl U uX NETPOXUMUYECKUE THIIHI.

Apxeiickue rpaautouibl (TTI, canykuTOUIBI).

[Toctoporennsie rpanuTonabl ¥ AMCG-acconuanusi. BHyTpUILUIUTHBIE TPAHUTOUIBI.

ManTuiiHble nepu0TUTEL. MaHTHIHBIE SKJIOTUTH. MaHTUHHBIE KCEHOIUTHI B KUMOEPIIUTAX.

KumOepnutet u pammnpoutsl. [IpoGieMbl TreHe3nca IIENOYHO-YIBTPAOCHOBHBIX TOPO/I.
OCHOBHBIE MOJIEJIH UX MPOUCXOKICHUSL.

HupkoH u ero merporeHeTnueckoe 3HaueHue. Ilpumecun B uupkone. LlupkoHBI
MarmMaTH4eCKUX U METaMOP(PUUECKUX MOPOJ.

Pyrun u ero merporeHernueckoe 3HaueHHE. PacTBOPpUMOCTH pyTHJIa B MarMaTUYECKHUX
pacmiaBax. PacTBopuMocTh pyTuiia u ero moauMop@oB B pacTBopax U (IrOUaax.

Fe-Ti —okcuanbie akieccopubie Mmunepansl. [Ipumecu B Fe-Ti — okcuaHbix MuHepanax. Fe-
Ti-okcuaHble MUHEpaIbl B MHHEpaIbHON TreorepMoMeTpuu. Fe-Ti—OKCHIHBIC MHHEpPAIbl Kak
MUHEpaJbHbIE OKCUOAPOMETPHI.

OOuue noHsATHA 0 MOpoAooOpasyromux ¢azax. OCHOBHBIE TEPMOJINHAMHUYECKHE 3aKOHBI U
COOTHOILEHUS.
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17. Mojenu TBepAbIX PaCTBOPOB, METOJIBI UX KOJIMYECTBEHHON KamuOpoBKU. TBepabie pacTBOPEI
BOXHEHUIIHNX MTOPOA000PA3YIOMNX CHIIMKATOB i OKCHJIOB.

18. Monenu QIIFOMIHBIX CMECEH U PacIIaBOB, METO/IbI HX KOJIMYSCTBCHHON KaTHOPOBKH.

19.  KonmuecTBeHHBIE CHUCTEMBl MHHEPAJIBHBIX (Panuii MeTaMOop(UYECKUX, MarMaTH4ecKux H
METaCOMATUYECKHUX TIOPOL.

20. TeogmHamMuyeckas HMHTEPIPETALUS JAHHBIX TEPMOJUHAMUYECKOTO  MOJCITUPOBAHMSL

3BOJHOIII/I$I TCPMOJUHAMHUYCCKOTI'O PCKUMA B PA3JIMYHBIX I'COAUHAMUYCCKUX 00CTaHOBKaX.
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