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YueGHHK COOTBETCTBYeT KypCy, YdTAeMOMY Ha IeOXHMIYEeCKOM
oTeneinn reojornueckoro gaxyasrera MIY. Ha ocnose nopeii-
MIHX 3KCIIEPHMEHTOB M TEOPETHUECKHX HOCTHZKEHHH paccMatpll-
BAIOTCA MUHEPAJOrHs, [IETPOXHMHA, CHCTEMaTHKa H HOMEeHKJaTypa
H3BepKEeHHBIX TOPOL, WX CTPYKTYpHblE, TEKCTypHble H MOpgoJo-
rHYeCKHe XapaKTepPHCTHKH, (H3HYecKHe CBOHCTBA; JaeTcd TaKxke
dopManuoHHOe pacuieHeHHe H3BeDPIKEeHHbIX MOPOJA HAa OCHOBe AaH-
HbIX 10 NETPOXHMHH H TeoJIOTHYeCKHM YCJIOBHAM pacipocTpaHe-
nuss. Ocobuiil paziesn COCTABAAIOT reHeTHUeCKHe NMPOGSRME, KOTO-
pLie paccmMaTpHUBAIOTCH Ha (ITSHKO-XHMHYECKOI OCHOBE C  y4eTOM
B3aHMOJEHCTBH MArMAaTIUYeCKHX PACINIABOB € TpaHCMarMaTHyec-
KEMIT (pAIOIAAMIL
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NPEAUCIIOBHE

IlepBass wactb yueGHHKa «I[lerporpadus» oxsa-
ThiBaeT obmHe Bonpochl. B Heil cBefleHH 10 He06XO-
JAUMOrO MHHHMYMa pasfefbl, OCBAIIEHHBIE OHUCAHHIO
TOPHBIX MOPOA H HX KOMILIEKCOB (MM GyJeT HoCBsiLie-
Ha BTopast uyacTb). OCHOBHOe BHHMAaHHe YHeJsieTcs
MUHepaJOriH, (PU3HKO-XHMHUECKHM OCHOBAM, TEKCTY-
paM H CTPYKTypaMm, Mopdo./0THH, obmiell KJaccHPHKa-
I[HY ¥ HOMEHKJAaType U3BePXKEHHLIX MOpOJ, reHeTHUEC-
KHM npofseMaM H MeTPOXHMHUECKHM pacueTaM. Yueb-
HHK OTBevaeT KypCy neTporpagum, uiTaeMoMy Ha reo-
XHMHYECKOM OT/IeTeHHH Te0JOTHUeCKOro (akyabTeTa
MOCKOBCKOTO  yHHBEpCHTETA, 3HAUUTEIbHO pacilH-
pPEHHOMY HpPHMEHHTEJNbHO K KYDPCOBBIM I JAHINIOMHBIM
paboTaM CTY/IEHTOB, HHTepecaM AacnipaHTOB H Hayd-
HBIX COTPYHHKOB.

O6uiee cocrabjieHHe yueGHNKA H ero HayuHoe pe-
JAaKTHpOBaHHe ocyliecTBasiock A. A. Mapakyuie-
BeiM H T. M. ®pososoii. B Hanucanuu nepBoil yacTH
NPHHSI ydacTHe OOJbLION  aBTOPCKHH  KOJIJIEKTHB.
A. A. MapakylweBbM HanHcaHel OOliHe MpencTaBJe-
HUsSL O MarMaXx, MEeTPOXUMHUECKHe THNBl Nopoj (mo rH-
nep6asutTaM U KHCJAbIM 3(Q@y3uBaM COBMeCTHO <
H. E. Kysnenossim u E. B. $xoBiesoil), muHepaJb-
Hole ¢ auMH U pacyeTwl MoKasaTteqaedl obumiel menod-
HOCTH mopoji I MHHepasoB; A. A. MapakyuieBusiM COB-
mectHo ¢ T. M. ®ponoBoit — BBeneHHE, CTpOeHHE H
cocTaB 3eMJH, XUMHUYECKHH COCTaB H CHCTeMaTHKa
nopox, ¢opmanuH,  NeTPOXHMHYECKHE  pacuerhl;
T. . ®ponosoit — mopdoJoTHsT H BHYTpEHHee CTpoOe-
HHe MarMaTHYeCKHX TeJ. ['J1aBbl, TTOCBSILEHHBIE TpaHC-
MarMaTHYecKuM GJIOHIaM H MarMaTHuecKOMy 3ame-
wenuo, HanucaHu JI. C. KopuHCKUM, (H3HKO-XU-
MHYeCKHe OcHOBHl metrporpadpum — B. A. JKapuko-
BbIM, MHHEpaJOTHs U TepMOAHHAMIIKA IJABJeHUs MO-
por — JI. JI. IlepuyKoM, CTPYKTYpH ¥ TeKCTYDH
nopox -— M. C. Ilrefin6eprom u B. M. Pennama-




HOM, ¢u3snyeckue csoictBa mnopox — A. II. Pak-
uyeeBHIM. JlauHBle MO MCTOPHM neTporpaduu CBeJeHb
[1. ®. EmenbsiHeHKO. BbluncieHHs CPeJHHX COCTaBOB
nopof, NMEeTPOXMMHUECKHe pacueTsl U obuiee odopm.ie-
HHe pabotsl BhnonaHeHsl . I'. Copoxunoit 1 Y. M. 3a-
paickon.

BBEJAEHHE

ITerporpacdusi — Hayka o TOPHBIX mopoiax. 'opHbIE [OPOABI — 3TO
¢CTeCTBEHHBIE arperaTsl MHHeDaJIoB, KOTODBIMH CJOMKeHH 3eMJs H IIaHe-
TLl 3eMHO# rpynnel. HekoTopble reoJIOTH CKJAOHHB pa3/H4yaTh JBe YaCTH
o0uiell HayKu O TOPHBIX NOpoAax — neTporpacduio, MpeuMyuIeCTBEHHO ONH-
caTeNbHOTO XapakTepa, U MNMeTpPOJOruio, B KOTOpOH [daeTCsl aHAJNH3 TeHeTH-
YCCKHX CooTHouleHH#. OpHaKko Takoe pasjefeHHe BpPAA JH palHOHAJbHO,
Tax Kak B JI060H HayKe OMHCaTeNbHAsT UacTb He MOMKeT ObiTh o6ocobJeHa
OT TeHEeTHUeCKOH CHCTEeMATHKH W HHTepripeTtanuu. B HacToseM yueOHHKE
TCPMHHBl «IEeTpOrpadHuA» H <IHeTPOJIOrHs» pAacCMAaTPHBAIOTCA KaK CHHO-
HUMBl €AMHOH HAYKH O TOPHBIX NOpOAax.

ITockoabKy ropHBIC TOPOIBl COCTOSIT U3 MHHepanos, nerporpadus rec-
10 cBsi3aHa ¢ MHHepasoruefi. OJHakKO B OT/JHYHe OT MHUHepasJoOrHu OO6hek-
TBl TeTporpauu — He OTHAeJNLHble MHHepaJbl, a HX IapareHe3uce (acco-
HAIMK WI¥ aHcaMb6uH), M KaXKIbli MuHepaJ paccMaTpHBaeTCs B OTHO-
IIEHHSAX ero ¢ APYTHMH MHHepajJaMH 4 ¢ oOLIMM COCTAaBOM TOPHOH MOpO-
apl. CrnenoBaTesnbHO, OCHOBY TeETPOTpadUUecKoro HCCIENLOBAHHS COCTABJSA-
CT aHaJH3 NapareHe3uCcoB MUHePaJOB, NO3BOJSIOUINE MONOATH K NMOHHMA-
HHIO TeOJOTHUECKHX H (PU3HKO-XUMHUECKHX YCJIOBHH 006pa3oBaHUsi TOPHBIX
OpPOJ.

TopHbie nopoasl 06pasyiOT reoJorHyeckre Tena, KOTOpHIE XapaKTepH-
1yIoTCS OnpefeneHHoll dopMoil, o6beMoM u yciaoBuAMH 3ajeranus. Hccne-
Jl0OBaHHE TOPHBIX TOPOJ B 3TOM OTHOUIEHHH OCHOBAHO HAa Tre0JOrHYECKOM
I CIeHHaJbHOM MeTporpaduueckoM KaprtupoBaHud. llenblo KapTupoBaHUSA
IBJISIETCS BBHISICHEHHE YCJOBHE 3ajJeraHusi ropHBIX NMOPOJA H HX OTHOCHTEJNb-
1I0ro BO3pacTa, omnpelesneHHe UX (GOPMHE M B3aHUMOOTHOIIEHHA C JPYTHMH
lOpoJlaMH KaK B BEPTHKAJBbHOM pa3pe3e, TaK W Ha miomanl. Hns peue-
s 9THX 3ajlay B MoCJeAHHe Tofbl BCe OOJbIe NPHUBJICKAIOTCH JIaHHbBIE
1I0JIeBBIX TeO)H3NUEeCKUX HCCIeIOBAHUM, I03BOJSIONINE COCTABUTh Mpef-
cTaBaeHus o0 Triay6oKo NOTpebeHHBIX UYaCTAX TeoJNOTHUeCKOro paspesa.

Jnst u3ydeHust coctaBa M CTPOEHHS TOPHEIX MOPOMA NPUMEHSIOTCA Cre-
IlaJbHBle MeToNbl HccienoBaHusi. K HUM oTHOCATCS B NepBYIO Quepenb Ofl-
TIIYeCKHe MeTOABl, C TMOMOMIbI0O KOTOPBIX H3YyUalOT TOHKO3eDHHCThle MHHe-
panbHele arperathl. IIpH 3TOM HCMOJB3YIOTCS MOJSPH3ALHOHHBI MHKpO-
ckon B gpyrue npuboprl. OBJajeHHe ONTHYCCKUMH MeTOJNaMH HCCJeNOBa-
HHs ABJsIeTCs OJHOH M3 TJIaBHBIX 3ajad, CTOSILIHX He TOJbKO nepen GynLy-
UMK neTporpadgaMd, HO H Iepe] MNPeICTaBHTeJNAMH JIOOBIX ADYrHX 06-
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Jacreit reoqornyeckoii Hayki. IHupoko NPHMEHSAIOTCH B HACTOMNIlee BpPeMs
H JIpyrue (H3IUECKHe METONBl /I ONDPELCHCHUS  XHMHUECKOIo COCTaBa
TOPHEIX TIOpPOA H MuHepatoB. K HUM OTHOCATCS pEHTTeHOCKONHYecKHe H
CHEKTPOrpadHuecKie MeTOAL OlipegeneHus 3/J€MEeHTOB-IpUMecel H XHUMHU-
JeCKOro cocraBa MHHepasoB. OHU NPOH3BOAATCS HENoCpeCTBEHHO B Top-
HBIX T0OpoJax 0(e3 MNpelABaPHTENbHOTO BHILeJeHHS MHHEPaJoB, YTO 3HauH-
TCJIBHO yOBICTPseT H o6/CruaeT H3yueHHe XHMH3MA. Ipumensitores ¢usu-
HECKHE HCCJEOBAHIISE TOPEBIX I0POI 1l COCTABJSIOMUIX HX MIIHEpaJIoB IJst
USYYCHHs TAKHX (U3NYECKHX KOHCTAHT, KAK IIOTHOCTD, TBEPAOCTD, Tell-
JI0BOE pacIiHpente, CRHMACMOCTh, CKOPOCTH  CelCMHYeCKHX BOJIH, Bf3-
KOCTb, 3JCKTPHUECKIIC II MarHHTHble CBOHCTBA I T. 1. BelrecTso TOPHBIX
IOPOX HCCIenyeTCs TaKkKe MyTeM XHMUUECKOTO aHAMAN3a. XHMHUUECKHE He-
CJAENOBAHHSA IIHPCKO MPUMEHAIOTCSI.

B nocnepHue roam B IeTPOrpauu BCe LIMPC HCIOJAb3YIOTCS MaTeMa-
THYCCKHE METOALI Ha OCHOBC INPHMEHEHHS  3MeKTPOHHO-BLIMIICIHTE]bHbIX
Mawne (9BM). B uepsywo ouepems NPDUBJAEKAIOTCA MCTOILI MaTeMaTHUe-
CKOH CTATHCTHKH JJI51 OIEHKI HLOCTOBCPHOCTH XHMHYCCKUX ILTH CIIEKTDAJb-
HBIX aHAaJH30B, IIOCTPOEHHsI PallliOHATI HEIX Kaaccl(HKawuil ropHbIX 1IOPOS,
OIPENCNCHHS I0HCKOBBIX NPH3HAKOB HAa PasHble BHALI MOTE3HbIX HCKOMAE.
MBIX, 1€PECYETOB XHUMHYCCKIIX AHAJNH30B I T. 1.

Takum o6pasom, n3yuckne TOPHBIX 1IOPOJ BKJIIOUAET B CCHS CIOMXKHDL
KOMILIEKC pasHOOOpPA3HLIX HCCAeMOBAHHII, HAuago KOTOPBLIX OTHOCHTCH K
NOJIEBBIM HAGMIOACHHAM DI MIOM{AfKBIX FeOOrOCHEMOUHBX 11 MapIupyT-
HBIX paboTaXx, B KepHaX GYDPOBBIX CKBAMKUH HIH B TOPHHIX BhIPaGOTKAX.

O6061wenne ['eOJIOTO-NeTPOrpapHUECKHX MaTEPHANOB B PerHOHANLHOM
IAdHE NO3BOJISIET NOAOHTI K BBISIBJAEHHI) MOJOXKCHIS pas.igHoro THra rop-
HBIX TIOPOJ B npomeccax reocTpYKTYpHOTO pa3BHTHSA 3eMHOIL KopHul {dopma-
UHOHHBIA aHaau3). ITo 06IEreoa0THICCKOR HanpaeJeHHe B [3YyYeHHH rop-
HBIX TIOpOJ oucHbL BaxkHo. OJHAKO yCHemiHoe ero pasBUTHC BO3IMOKHO TOJMb-
KO Ha OCHOBe THIATCJABLOTO HCCACHOBAHHS XIMIUCCKODO i MIIHePaJIbHOT O
COCTABOB IOPIULIX [OPOL.

Pasneant nerporpadun, nocsamennbie NHMI3MY TFOPHBIX 1OPO]L U CO-
CTaBJAIOIWKX 1iX MIHEPANoB, oGLeANHSIIOTC 0], HA3BAHICM NeTPOXHMIIN.

B saBucumoctn ot ¢usuko-xuMmueckux YCIOBIH (OpMIpPOBaHHs Top-
HOM NOPOABI (TCMICPATYPbI, HABACHIIS, FEOXHMHYECKIX (PAaKTOPOB) OHHH H
TOT 2Ke XHMHYCCKHII CoCTaB 1Opox peannsyercs pasauYHLIMIL TiapareHes3u-
CaMu MuHepanos. M3syuenne caszes MEKAY XMMIYCCKHM I MUHepaJbHEIM
COCTaBaMH MOPOA B OTHOWCHHH K OBLIIM yCJIOBUAM  QOPMHEPOBAHHS TOp-
HBIX TIOPONL COCTaBJIsSIeT OCOGHIA pasfe.t leTporpaduIl, HOCBSNICHHBIN MHHe-
panbHEIM Qauuav. B stom pasnese MHIHepPaJbHBIC acCOUHAUHU TOPHBIX MO-
PO pPaCCMaTpHBAIOTCSI B CBSI3H C HX XHMI3MOM HA OCHOBe O6LIMX 33KOHOB
TEPMOAHHAMHKH ((PH3HKO-XIMHAYECKO nerposorun). K gemy TecHo mpu-
MBIKAeT 3KCNepHMeHTaNbHAsi NeTPOJNOrUs, B KOTOPOH Ha YCTAHOBKAX BHICO-
KHX NaBJCHHH 11 TeMNepaTtypo B 1a60PaTOPHBIX YCAOBHSIX MOJRIHPYIOTCS
IPHPOIHbIE lipoueccsl 06pa3oBaHUs TOPHBIX Mopoa (COCTABJSIIOMHX HX MH-
HEpa/loB M MHHepaNbHLIX accouHanuii).

[Tpuknannas cropona eTporpauu 0COGEHHO SICHO NPOSIBISETCH B TeC-
HOI B3aHMOCBSI3I ee C YueHHEM o MECTOPOXKAEHHAX MOJIe3HBIX HCKOMAeMBIX,
KOTOpBIe BCerjia MpuypouCHbl K ONpefeJeHHbIM THIAM TOPHBIX HopoA. CaMo
POHCXOMICHHe TEPMHHA «rOpHas Mopoma, 10-BHIHMOMY, CBsI3aHO C pas-
BUTHEM TOHCKOB, Pa3sBeAKH I 3KCIIYaTaLuu MECTODPOXKAEHHH NOJNE3HbIX HC-
KOIaeMbIX (C pPasBHTHEM TOPHOIO aena). Topuble nmopopsl sBASIOTCS BMe-
Hlaromes Cpellofl 10 OTHOIICHIO K pyraM (MHHEpaNbHBIM arperartaM, co-

AepXKaluluM MoJie3Hble HCKOHaeMbIe), 4 4aCTo B camy npenctasasiioT coboi
TToJIE3HBIe HCKOIaeMble.

6 .

OcHoBHBIE pasaeJibt nchorpa(pml HaMCUarwTCAd B COOTBETCTBHH C TJ1aB-
NLIMH THIIAMH TOPHBIX MOPOI:

1. Ilerporpadust MarmaTideCKHuX, [JIH H3BEPMXEHHBIX NOPOJ, KOTOpbIE
00pa3yloTess B pe3yJsbTaTe 3acTLIBAHMS MAarMaTHYyeCKHX paciliaBoB TMyOHH-
1HOT0 (3HIOreHHOro) INPOHCXOXKAEHHS.

2. Tlerporpadisi ocafouHbIX NOPOA, (POPMHUPYIOLUINXCS B pe3y/bTaTe I0-
BCDXHOCTHBIX (9K30T€HHBIX) IIpPOIECCOB MEXaHHYECKOro, XHMHUYECKOTO HJIH
GHOJOTHYECKOTO Pa3pyIlieHIH APYTHX TIOPOA € MOCJACAYIOUHM OTJIOXKEHHEM
MaTepHaJa U ero YILIOTHEHIIeM [JH B pe3y/bTaTe XKH3HedesATeNbHOCTH Op-
'aHH3MOB.

3. Ilerporpadua MeramMopdHueCKHX MOPOA, KOTOpble BO3HHKAIT B pe-
4yJbTaTe CYLIECTBEHOIo Ilipeobpa3oBaHHs (NMepeKPHCTATJIH3aluH) Marma-
TIECKHX H OCAJOUHBIX IIOPOA 6C3 MX paspylueHHs HIH pacmyiaBenus.

I'aBHble THNB TOPHBIX 110POJ CBSI3aHBI MEXKAY COoGOl HaJTHUHEM Da3HO-
BIAHOCTEH, 3aHUMAaWIIUX IIPOMEXKYTOUYHoe nonoxeHHe. Tak, HEKOTOpBIE Me-
TaMopdHUecKHe NMOPOIBl B Npolecce 00pa3oBaHus MOABEDPTAIOTCS YaCTHYHO-
Wy pacmjasJeHHi, 1, Hao60poT, B GOPMHPOBAHHH HCKOTOPBIX MarMaCmqe-
CKUX TMOPOX 3HAUMTENbHYIO POJb HrpaloT npoiecchl Meramopdusma. Cyie-
CTBYIOT TOPOABI, NEPEeXOXHBle  MEXIY OCaJOYHBIMH M MarMarTHuyeCKHUMH.
K HMM OTHOCSTCSI TaK HasblBacMble MIPOKIACTHUECKHE 1IOPOAB (06J10MOU-
lIble, BYJKAHOreHHBIC), KOTODLIE CJOXKEHbl MarMaTHUeCKHM MaTepHaJoM,
c110Cc06 Ke ux o6pasonpaMilisl U YCJAOBHS 3aJeraHyusl XapakTepHbl /51 0Cajoy-
HBIX TOPOA.

IIpn morpyKeHHn OC4fOYHBIX I BYJKAHOIeHHO-OCAJAOUHBIX MOPOJA Ha
HEKOTOpble TVIYGHHBI OHII IOABCPrarOTCs YIJIOTHEHUIO W M3MeHEHUSM C pas-
BUTHEM B HHX HOBBLIX MIIHepaJoB. DTH NPOIECCH 0OBENHHAIOTCS Moj Ha3Ba-
uieM «iutHduKausa». CreneHb ee HapacTaeT B psILY YIJIOTHEHHE — SIHTe-
He3 — MeTareHe3. JIMTHGUKalLHS — siBJeHHe 3K30reHHoe (CBsI3aHHOe C I10-
BEPXHOCTHBIMH (paKTopamil). IDTHM OHa OTJHuaeTcs OT Mcramopdu3IMa —
YHJIOTEHHOTO fIBJEHHs, O0yC/a0BJAEeHHOro riybunHbiMH ¢akTtopami. Ocagou-
lible TOPHBbIe TIOPOABI pPACCMaTpHBAIOTCA B ocaboM pasnene eTporpaduu —
JUTONOTHH. B 06beM HacTosllero Kypca 3TOT pasje] He BXOAMT. .

OGpasoBaHHe TOPHBIX MOPOJ CBSI3aHO C OGLUIHM pa3BUTHEM 3eMHOH KO-
pel. OcafouHble NOPOABI OTPAXKAIOT 3SBOJIOIHIO 3K30TE€HHBIX (IIOBEPXHOCT-
blx) (haKTOPOB 3TOT'0 PA3BUTHS: 3PO3HI0, HAKOIUVICHHE OCANOYHBIX TOJIL H
JIUTHOHKAUHIO ocafnkoB. C 3BouolIIell 3HAOTEHHBIX TJyOHHHBIX (baKTo;igB
CBA32HO pa3sBITHC MarMarilieCKHX H MeTaMOP(pUYECKHX rOPHBIX MOpOA. Fx
pa3MelleHHe KOHTDOJHPYCTCS AHCJAOKALMSMH B 3eMHOH Kope (cKJaaaua-
FOCTBIO, TIYOHHHBIMH pA3JOMaMi H T. JI.), CONPSKEHHBIMH C NMOZKOPOBBIMH
qacTaMu 3emun. K 30HaM NHCJAOKAIMIl MPUYPOUHUBAIOTCH TEPMHUECKHE aHO-
MaJHH H BocXoJdllile (JIOHIHBIE NOTOKH, BBI3bIBAIOLIHE HHTEHCHBHOE H3Me-
HEHHe OCafoYHbIX H APYriX MOPOA H NpeBpalleHHe HX B NOPOAbI METaMOp-
(pHYeCKHe (B TBEPAOM HJI IJACTHUECKOM COCTOSIHHH, 0e3 pachjiaBlIeHH:),
C HX JeficTBHeM cBf3blBaeTcsi 06pa3oBaHHe M Pa3BHTHE (QJIIOHAHO-CHIHKAT-
MBIX pacmiaBoB (MarM), KPHUCTAJIH3alldsi KOTOPBEIX JaeT HAyalo CepHaM
N3BepKeHHBIX (MarMmaTuHueckux) ropHbX nopoi. CaM TepMHH <«H3BepIKeH-
Ilble TOpHBIE NMOPOAbI» OTPAKAET UX CBA3b C MOABEMOM U3 TMYGHHBI (PJIOHL-
110-CHJIMKATHBIX DAacCIIaBOB (MX HM3BEpPKEeHHEM B BEPXHHE YacTH 3eMHOH Ko-
PLl HJIM Ha €e MOBEPXHOCTD). %0

[Terporpadusa Kak camocrosiTesbHas HayKa craja CkaaaeiBaThes B 30-x
ropax XIX B. (Faton, 1822; Bpouwsap, 1827).

[lepBasi moubITKa CHCTEMATHKH TOPHBIX MOpPOA MPHHALIEKHUT Kapny
JIuunero (1835), koropwiit B cBoell 3HameHHTol «CHCTeMe NPHPOIBI» pac-
POCTPAHHJ TEHETHYeCKYI0 KNacCHpHKaUHO, pa3paloTaHHYIO UM [JA XKH-
BOTHOTO H DACTUTEJbHOrO MHpA, Ha TOPHHE MNOpPOJH, NHITa’ACh Pa3fAeaHTb

7



HX 1O polaM H BHIAM. JTa CHCTEMAaTHKA He IOJYyYHIa pacrpocTpaHeHHs.
Ot toro Bpemenn mOmOGHBI MOAXOA GBI NpeKIEBPEMEHHBIM, TaK Kak
TeHETHYCCKHE CBSI3H MeXIY Pas/JHUHBIMH FOPHBIMH IIOPOJAMH GHIJIH BO MHO-
FOM HesCHbIMH. Ho B nanbHeiilleM o6belHHeHHe B TPYNNbl FOPHBIX TOPOL,
TEHETHYECKH CBS3AHHBIX IPYT C APYTOM, JerJlo B OCHOBY HX (hOPMAIlHOHHOMH
CHCTEMATHKH, KOTOpAsi HrPaeT BaXKHyl0 pOJb B mneTporpabun. Dopmanus
O0beMHSET B WIHPOKOM TEOJOTHYECKOM IIJIaHE TOPHEIE NMOPOLH, CB3aHHBIE
OOIIHOCTBIO 1IPOMCXOXK/IEHHS!, OTBEYAIOIHE OINpeNeJeHHBIM TeOTeKTOHHYe-
CKHM CTPYKTypaMm Ha PasHBLIX CTAJMSIX UX Pas3BHTHs. ['opHble mOpoIHl B Npe-
nenax ¢opmanun o6pasyioT yCTOMUHBHE aCCOUMAINH, GYILyuH CBSI3aHBI Na-
pareHeTHyeckH. Bugensiorcss (GopMalMH DA3AHYHBIX THIOB TOPHLIX IIO-
pon—ocanounex (Xaun, 1950; Xepackos, 1951; Illarckuii, 1960), marma-
THyeckux (Buaubun, 1955; Kysnenos, 1964) u MetaMopduueckux (Mapa-
kymies, 1965, 19736).

Oco6oe 3HauenHe B pa3BUTHH NeTporpadHH HMEJO BBELEHIHE MHKPO-
CKOIIHYECKOTO MeToja IICCJEA0BAHUS TOPHLIX noposd B 60-X roaax nporwioro
cronersi. B 1828 r. amrmmiicknit dusuk Hukomb nsobpes KaJbIUTOBYIO
pH3MY, NOJISIPH3YIOWYI0 CBETOBOH Jayu. IlosiBHIach BO3MOMXKHOCTH M3yyaThb
TOpHBIE TIOPOIBI  MMOJ MHKDOCKONOM B mnojspH3oBaHHoM cBeTe (Cop6w,
1858).

B pasBHTHH MHKPOCKONMHYECKOTO H3yYeHHsi TOPHBIX 1OPOL Ha pPaHHHX
3Tanax GoJblly ponb ceirpann Tpyasl P. ®. Cop6n B Anurmin, &. Ilupke-
ast u I'. PosenGyma B Tepmanun, ®. dyke n O. Mumeanb-Jlesn Bo ®pan-
uud, A. A. Huocrpanuesa, U. Bommens, A. I1. Kapnunckoro IpYyrux B
Poccuu.

Onucartensupiii (hu3norpaduuecknil) nepHoi pa3BHTIII neTporpadin
NPUBEJ K HAKOILICHHIO (PaKTHYEeCKOTO MaTepHaja i K pa3BITHIO HOMEHKJA-
Typbl H CHCTEMaTHKH TOPHHIX nopol. IlosiBHIHCH 1 nepBble KpyNHBIE PYKO-
BOJCTBA: TpexToMHast netporpadus @®. Lupkens (1866) um Mukpockonmye-
cKkas ¢usHorpadus MHHepanoB M TOPHLIX nopox I. Posendyma (1873—
1877). Bruin cocraBieHpl CBOAKH N0 ONTHYECKHM CBOHCTBAM MHHEDAJIOB,
KOTOpbIe JIENJIH B OCHOBY OlpeJleJieHHs1 HX cocTaBa. MeToaHKa onpeeseHHs
NOJEBbIX MMNaToB Oblia paspaborana A. Jlakpya (1888), @. dyke (1894),
O. Mumenp-JleBn (1894), @. Bekke (1906). B Poccun E. C. ®enopos Beea
TEOJONUTHBIH METO[ HCC/ENOBAHHMS COCTABOB MUHepatos. B 1892 r. ow
NpeLJIOKUIA NPHOOP (YHHBEPCAJIbHBIH CTOJHK), C NOMOIULIO KOTOPOTO MOXK-
HO TOYHO ONPENeNAiTb COCTAB IVIATHOKJA30B H OMNTIYECKIC KOHCTAHTHI JpPY-
THX MHHepamoB. JTy MeTOAMKY  pasBHBaau naibme B. B. Hukutuh,
A. K. Boanmipes, A. H. 3aBapunknit, 1. C. Kopxunckuit, P. C. dMmonc
n np. lupokomy pacnpoctpanenuo MeTona ®Penopopa B meTporpaduy cro-
co6erpoBano usnanue B 1910 r. pykosogcrsa M. A. Ycosa.

DeopOBCKUII METOL NOPOAMN HanpaBJeHHe MHKPOCTPYKTYPHOTO dHa-
nu3a (B. 3aunep, T'. Bekkep, B. IImuar, H. A. Eaucees n ap.).

BticTpo HakanauBarowmmiics: onucateabHb MaTeplia MIOCTYKHJ OCHO-
BaHHEM IJIS1 CO31aHHsl KOJIHYECTBEHHO-MHHEPAJIOTHUECKHX KJaaCCHdHKAHix
MarMaTHIeCKHX MOPOX, Pa3iHyHbE BAPHAHTLI KOTOPHIX OBITH NPeiJorKeHbI
C. U. Mennom (1927), A. IImoxaHceHoM (1931), TI. Hurrau (1931),
b. M. Kynuerckum (1939) u np. )

CHCTeMaTHKA TOPHBIX NOPOL 10 XHMHUECKOMY cocTaBy paspabaThBa-
Jack B paborax &. I0. JleBuncon-Jleccunra, C. Y. lenna, I'. PoseHGyima,
A. OsanHa H rpynnb aMepHKaHCKHX nerporpadoB —I'. C. BamwuHrrona,
B. Kpocca, U. P. Unnunrca, JI. B. ITupcona (1904), cospaBlminX MeToxn Ie-
pectera aHAaNH30B TOPHBIX IOPOA HAa HOPMATHBHHLIA MHHEDAJbHBEIl COCTAB.
OTOT MeTON NOJYYH/I IIHPOKOE DACHPOCTpAHEHHE B nerporpacun. Opuru-
HaJIbHBIC CHCTEMBl 00paboTKH AAHHBIX XHMHYECKHX AHAJH30B H3BEPKEHHBIX
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TOpHBbIX ropona 6wiail npepdoxenst [1. Hurrnn (1936), A. H. 3aBapuuknm
(1936), H. C. rein6eprom, E. A. Kysueuossim.

Paboramu @. B. Knapka (1908), B. . Bepuanckoro (1924),
A. E. ®epcmana (1933—1939), A. I1. BuHorpanoBa u ApPYrHX MOJOXKEHO
Haya/Jo TEOXHMHUECKHM HccJaefoBaHHsM B lerporpadui. IloayueHs Bax-
ble Pe3yJbTaThbl 0 PacHpOCTPAHEHHOCTH MHOTHX PEIKIX H paccesHHbIX 3Je-
MeHTOB B TopHBIX nopoaax (®. B. Kaapk, A. T1. Bunorpanos u ap.).

Ocoboe MecTo B meTporpacdun 3aHHMaeT onpeneseHue abCOMIOTHOrO
BO3pacTa TOPHBIX TMOPOJ Ha OCHOBE H30TOMHOTO aHaxu3a. Mmesa meroma ab-
CONIOTHOH reOXpOHOJOrUH Obina Bhickasaua [Ieepom Kiopn (1902). KoTophli
yKasanq Ha BO3MOXKHOCTh HCNOJb30BaHIsA 3deKTa panHoaKTHBHOCTH I
H3MEpEHHUS] BpeMEHH.

Onpenenenre aGCo/JTIOTHOrO BO3PACTa TOPHBIX 1I0POA IIPOKO BHEIPH-
Jocb B paboTwl reTporpadoB 1 reosoroB OJaaropapsi paspaboTKe pasfiHu-
HHIX METOJ0B abCO/IOTHOfl TCOXPOHOJMOTHH 1l COCTaBJAEHIIO CBOLHOH Teo-
xpononoruueckoft mkaaws (A, Xoame, 2. K. lepauur, A, A. Tlosnkauos,
JI. B. Komues, 1. E. Crapuk, A. Il. Budorpamos. A. U. TyrapuHos,
I'. [I. AbanacbeB 11 ap.).

®u3UKO-XHMHYECKoe HampaBAeHHe B lerporpadiiy Haualo pa3BHBATL-
csl pano. B ero 3amauy BXOAIIO H3yYeHHe IIPOLLECCOB KPHCTAMIH3AUMH H
auddepeHIHALHH MarMbl.

IToneITKI 3KcrepuMeHTaAbHOro  (n1aBopaToOpHOro)  BOCIPOH3BEIEHHSA
npoueccoB o6pa3oBaHHsl TOPHBIX MOPOA H MIIHEpasoB OLUII ITPOH3BEIEHB
@, dyxke, O. Muwens-Jlesu (1882) u M. A. Moposesuyem (1897).

®Du3nKo-XIMHUECKOE HarpasjieHHe B TeTporpaduu chopMHpoBanoch B
pa6orax U. ®orra, ®. bekke, B. M. TlNoasammuara, 1. C. Kop:kuHckoro
H Ip.

H. Q@orr (1903--1904) BiepBble NPHIOKHI HPHHIMUI 3IBTEKTHUECKOI
KPHCTAMJIN3alHl K HCTOJNKOBAHHMIO IpPOHECCOB 0Opa3oBaHHs Marmaruye-
ckux 1nopon. @. Bekke (1907) npeniipHHAA TEPBYIO MONBITKY (1I3HKO-XHMH-
UeCKO# HMHTepripeTanuil YCJI0BHIE o6pa3oBaHIs MeTAMOpP(HUUECKHX TOPOI.
Paboter B. M. Tonpgmmuara (1911—1912) saBumauck KaaccHUcCKHM HCCne-
JOBaHHEM, BO MHOrOM OMNpEIeJHBIHHM HarpaBjeHHe HajbHeHANIeTo pasBUTHs
nerporpaduu. B 3Tom uccnenoBaHMHM GLLI0 MOJOXKEHO Hadyasno KOHILENIHH
MHHEpaJbHBIX (panuil, KoTopasi B IPHJIOKEHHH K MeTAMOPHHYECKHM TOPO-
JaM  MHoJyuyusna jfajbHefmee — pasBuTHe B Tpyaax Il Dckona (1920).
B. M. TonpaMIMUAT BIepBBle NMPIMEHHJ TpaBHiIo (a3 K aHagH3y TPHPOI-
HBIX IaDareHe3ucoB, YTO MO3BOJMJO CHCTEMAaTH3HPOBAThb OTPOMHBIN TETpo-
rpadnyeckuil MaTepHan Ha QH3UKO-XMMHUECKOHA OCHOBC.

B pa6orax II. C. Kopxunckoro (1936—1973) 6wl1i co3maHbl OCHOBH
CTPOTOro (H3HKO-XHMHJYECKOr0 aHasju3a liaparcHe3ucOB IPHPOIHBIX MHHE-
panoB. KoMnoHeHTB!, COCTaBAAIOMIME TOpHBlE NMOPOAL, GHIIH pa3meseHbl Ha
FPYNIIEl B COOTBETCTBHH C TOH pOJIbIO, KOTOPYKD OHH HIPAiOT B MpOIeccax
viuHepajoo6pasoBanusa. Mm 6bu10 BBefeHo NoHsiTHe o auddepeHnHaIbLHOH
1I0BUKHOCTH KOMIIOHEHTOB B CHCTEMAX C BIOJHe MOABHXKHLIMH KOMIOHEH-
TaMH, yCJIOBHSI XHMHUECKOTO PABHOBECHS B KOTOPHIX OMNpPELeJsiioTCsS 0COOHI-
MIl TEeDMOALMHAMHYECKHMH ITOTEHHHAaNaMH (HOTEHIHAJAbl  AJJIOXHMHYECKHX
paBHOBeCHN). DTo 3HAUHTENBHO PACHIHPHIO 06JAcTh TPHJIOKEHHS] aHaJH-
}Q IapareHe3HCOB MHHEPAJIOB K NMPHPOIHBIM IIPOIECCaM.

H. C. Kopx)uHCKHM O6BLI0 NMOKA3aHO, UTO MarmMaTii3M B 3eMHOH Kope
PA3BHBAETCS B TeCHOM B3auMoAefCcTBHH ¢ ¢uongamu (TpaHcMarMmaTHdge-
CKIIMH pactBopamu). Mm 6vlia ofocHoBaHa ©oJsbllast poJb IPOIECCOB Mar-
MATHYECKOTO 3aMeIlleHHs B CTAaHOBJEHHH HHTPY3HH H3BepIKEHHBIX TOPOL B
ryOMHHBIX YCJIOBHAX H pas3paboTaHa TeOpHS METacOMaTHYeCKoR 30HANbHO-
¢TH. PH3HKO-XHMHUECKHH aHa/J U3 [1apareHe3UCOB MHHEPAJIOB MOJAYUYHI Jajb-
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Hefiee passuTue B Tpynax B. A. )Kapuxosa (1959, 1970, 1973), A. A. Ma-
pakymena (1965, 1968, 1973, a, 6), JI. JI. Tlepuyka (1964, 1970, 1973), B
KOTOPHIX Oblid pa3paboTaHBl CHCTEMbl MHHepaJbHBIX (alHii MarMaTHue-
CKHX, MeTaMOp(HUECKHX H MeTaCOMAaTHUYECKHX TOPHBIX MOPOL.

Boabmoe 3HauveHue B 06s1acTH (QU3HKO-XMMHUECKOH IeTporpaduu HMe-
au Takxke nccaeposanus A. E. Jlaropuo (1891), K. . Xpyuesa (1888—
1892), K. Henvrepa, H. JI. Boysna (1902—1908), H. M. JlemGepra,
®. 10. Jesuncon-Jleccunra, J. C. Beasuxkuna, A. H. 3aBapuuxoro,
A. C. T'uns6epra, 1. dckoaa, I1. Hurrau, B. C. Cobonesa.

Hauvano 3kcnepuMeHTasbHOMY HaNpaBJeHHIO B IeTporpadHH IOJOXKH-
au U. ®. Ulepep, H. JI. Boysn u O. ®. Tarra, K. H. ®ennep, JI. C. I'peit-
toH, I'. E. Mepsun, 1. B. I'peiir 1 ap. VMMu BoinosHeHa cepna paboT Io
IKCIIEPHMEHTAJLHOMY HCCJACNOBAHHIO CHJIHMKATHHIX CcHcTeM. B pesysbrare
H. JI. Boysn (1928) paspaboran nepsyl0 GH3HKO-XHMHUECKYIO MOJ€J]b
KpUCTaJaH3allll 06a3aabTOBOIl MarMbl Ha 3KCIICPIIMEHTAaJbHOH OCHOBE, KO-
TOpas 1M03BOJIH/JAA OGBSCHITL MHOPNC TeHeTHYECKHC COOTHOWEHHSI MeXAY
TOpPHBIMH TIOPOLaMH.

HoBast snoxa B 3KClCPHMEHTANLHOM lleTporpaduu Hauazgach C Icce-
JAOBAHHP NPOIECCOB MJABJACHHA TOPHBIX MOPOA IO JaBJeHHEM INapos Je-
Tyunx kommoHeHToB (H.0, CO,, Hs u np.). TlepBrle 3KClepHMeHTaJbHBLIC
IaHHBIe [0 3TOMY Bompocy Owin  1oayueHsl P. VY. Topanconom (1931—
1932). OH 1upoBen u3MepeHIHsl pacTBOPHMOCTII BOAbl B pacijaBe rpaHnTa
U OMpefeily BJAHsIHIE BOABI Ha TeMIepaTypy Cro iJasiaeHus. B pesyabTa-
Te OBIO YCTAHOB/ICHO, UTO PACTBOPUMOCTb BOABI B MarMaTHUECKHX pacIlia-
BAX C POCTOM [aBJECHHS c¢ ITApoB yBEJIHUHUBAETC H MOXKeT AOCTHraTh Be-
auunH nopsinka 10 Bec.%. Okaszanoch TakXe, 4TO BOJAA MOHHXKAET TeMIlepa-
TYPy NJaBJEHHSI CHIMKATOB B 3HAYHTEJIbHOIT CTENEeHH — NPHOJIH3UTENLHO
#a 300°C npu nasaennu okoqao 1000 Gap.

B panbHeiiliesM  3TOT BOLPOC — KCHCPIIMEHTANbHO  HCCIEl0BAJCH
C. V. Bepuemom 1 P. X. [Ixkaucom (1958—-1970), H. M. Xurtaposwim n
A. A, Kagukom (1959---1970), /1. 3. Tamuavtonom (1963), U. A. Ocrpos-
ckuM u I. Tl. OpaoBoii (1968) B 1pHIOXKEHHH K IpaHiTaM, aHJe3uTaM, 6a-
3asbTaM u ruilepGasnram.

DKCcrnepUMCHTAABHBIC [ICC/AE0BallHs pacTBOPHMOCTH BOAW B pacilia-
BaX MarMaTHUYCCKHX IMOPOA H B pacrjaBax 0oJiee NPOCThIX CHIHKATHBIX Cli-
CTeM $IBJSIIOTCSI TOH OCHOBOH, HA KOTOPOH CTAHOBIITCSI BO3MOXKHOH paspa-
060TKa (DH3HKO-XHMHYCCKHX MOJAcJ]CH MarMaTH3Ma, B KakoH-TO Mepe oTpa-
KAIOLIMX YCJIOBHSI €r0 pa3BUTUsI B 3CMHOH Kope.

Oco6oe  HampaBJeHHe  CocTaBiasieT  TexIHYeckasi  leTporpadus
(®. 10. JleBuncou-Jleccunr, JI. C. BeasitHkuH), HcCAeayIonas CoCTaB H
CTPYKTYpHI LIWIakKoB, ®(apdopa, UeMCHTA, CTeK/]Ia, KepaMHKI, KaMeHHOro
JUTbSL U IPUMEHEeHHE TOPHBIX [0POJ B CTPOHTEILHOM Aese.

Pa3BHTHC HHXKEHEPHO-TeOJOrHUeCKHX H TreoH3HUeCKHX IICCACIOBAaHHH
aKTHBH3HPOBAJO H3yUeHIC (GU3UKO-MeXaHHUEeCKNX CBOHCTB T'OPHBIX MOPOJ
H MPHUBEJO K MOABJAEHHIO HOBOH BETBH B MCTPOrpadui - - NeTPOPHUIHKH.
B stom HanpasseHHu npoBoaunauch paborel ®. 0. JleBuncon-JleccuHrom,
b. Il. BenukosniM, M. TI. Bonaposuuem u ap. HosiBunoch Goabmioe 4HCIO
dCC/IeJOBAHHH MO YCTAHOBJEHHIO 3aBUCHMOCTH  (H3UKO-MeXaHMUECKHX
CBOHCTB TOPHBIX IIOPOJ OT HX COCTaBa U CTPOEHHS.

CTPOEHHUE U COCTAB 3EMJIH

[IpsiMble maHHBIE O CTPOEHHI H COCTaBe BHYTPEUHHX uacTed 3eMau OT-
CYTCTBYIOT, U CYLIECTBYIOLLIE NPCACTABJIEHHS] 110 9TOMY BOINIpoCy 0a3HpYIOT-
Cs B OCHOBHOM Ha faHubIX reodusnku (YKapkos, 1973; Borr, 1974). Oco-
GeHHO BeJHKO 3HaueHHe CEHCMOJOTHUECKHX [I3MepPCHHH, COCTaBAAIOUIMX OC-
HOBY CYLIECTBYIOLIMX MOJC/eH BHYTPEHHero CTpOeHHsS 3eMJIN.

CelicMOJIOTHSI H3VYAET CKOPOCTH MPOXOXKIEHHUS CeHCMHYECKHX BOJIH, KO-
TOpble BO3HHKAIOT B pe3y/bTaTe 3eMJETPsCEHHN H HCKYCCTBEHHBIX B3PBIBOB.
BoaHBl TOApasnensiorcs Ha ABa THIIA — {10-
BEPXHOCTHBIE H 00beMHBIE. B oTanune oT no-
BEPXHOCTHBIX, PaCNpPOCTPAHAIOILHXCS BOJb
3eMHOH NOBEPXHOCTH, OOBEMHBlE BOJIHBI TPO-
HH3BIBAIOT Bech 00beM Hallledl njanersl. Ouu
nojapasiensioTcs ua npoxodbise (P) u noie-

"

finoTwocts, r/cmt

s

-
Puc. 1. HMsMmenenwe mJOTHOCTH INOpPOA 1O reocgepam —— T v ses0 06

- oo Tunuvrmnn
(Kayna, 1971) o™ P

peunble (S). AHanu3 cKOpOCTeH NPOXOXKACHUS ITUX BOJH TIO3BOJSET MPHUB-
JIH3HTBCSL K NIOHHMAHHIO BHYTPEHIIETO CTPUCHIA 3EAIH,

CornacHo JaHHBIM, MOJYYEHHBIM CCHCMOJIOTHEH, 3CMJsl pasaensercs
Ha TPH OCHOBHble 00/1aCTH: KOpY, MaHTIO It sipo. Pasnuune 3THX yacref
3eMJH MO MJIOTHOCTH CJaraioliero HX BCUICCTBA XapakTepusyercs: rpadu-
KOM, NIpeficTaBaeHHbIM Ha pHC. 1. ITunortHocTs aBasiercs Bo3pacrawiueii GyHK-
HHeH TIyOHHBI, H ee BO3PacTaHHe MPOICXOAHT 3a CueT VBEJHUeHHs COLep-
XKaHHA TAXKeNbIX 3JeMeHTOB (XkKeJse3a, HHKeds, KoGanbTa), YIJIOTHEHHS Be-
uiecTBa NpH (asoBBIX NEpexoax H 3a CueT CKATHs MOJ AaBJeHHEM BbIlle-
nexalux cjaoep. 'paHuipl reocdep HaMeyaloTcsl N0 CKAaYKooGpasHBIM H3-
MEHEHMAM IJIOTHOCTH BewmiectBa: 6- 40 xm —3eMHast Kopa (B CpelHeM
33 kM), 33—2900 km -—maHTHS (B reohusuKe 1MacTo ynorpebiasercs Tep-
MUH «0OoJsioukar) u 2900—6370 kM — snpo 3emn. I'paHuma Mexay Kopo#
1 MaHTHel Oblia oTKpbiTa B 1909 r. n no uMenu ee OTKpbIBaTe s Ha3biBaeT-
ca rpaHvues MoxopoBHuHua (coKpalueHHO rpanuieldl Moxo, HJH TpaHH-
ned M). I'paHuna Mexkay MaHTHedt M siapoM 3eMJau OTKpeita B 1914 1.
I'yrenGeprom (rpanuna I'). dro Haunbosee pe3kasi rpaHulla pasjesa B Hef-
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pax 3eMJH, Ha KOTOpOH IJIOTHOCTh BelllecTBA CKAaukoM Bo3pactaeT OT 5.6
go 10 r/cm3 CelicMHuecKd HaMeyalOTCsi TPAHHIB pa3feja B MAaHTHH Ha
raybune okoso 900 kM u B siape Ha ray6une okoso 5100 kM. Ilo nuM BbIze-
JSIOTCS1 BEPXHSAS W HHXKHSS MAHTHA W HApyXKHOE H BHYTpeHHee sapo.
ComnocraBieHHe [VIOTHOCTH pas3JHUHLIX reocdep ¢ MJOTHOCTHIO H3BECT-
HBIX MHHepasaoB mpUBOxNUTCS B Tada. 1. OHO Mo3BoJsieT C TOH WM HHOH JO-

Ta6nuua 1

l'eoctbepbl H UX MJAOTHOCTb B COMOCTABJEGHHH C IWVIOTHOCTbIO HEKOTOPBIX MHHepPaJoOB

Hi T
3oubl I'Ipeucm;ng‘nyﬁm{, I'Lg(%’giéoc:t/,ml;fov Muuepant Mlgggga.ggn}i
toT r/cm?
3evHas Kopa A 0—33 3,32 KBap1 2,53
KO3CHT 2,92
CTHIHOBUT 4,28
Bepxusis mantusi| B 33—410 3,64(4,07) OpTOKJ1A3 2,55
C 410—1000 4,68 anbOUT 2,62
AHOPTHT 2,76
JHOMCHA 3,28
Huwxknsist santua | D' 1000—2700 5,69 reaesGepruT 3,55
D 2700—2900 9,4 JKAJEeHT 3,32
3HCTATUT 3,20
SAnpo E 29004980 11,5 dopeTeput 3,21
F 4980—5120 15,0 thasmut 1,39
G 5120—6370 17,3 NHpON 3,56
albMaHAMH 4,32
MHPPOTHH 4,80
Cpennuit coctas 0—6370 5,517 {UTTHHENb 3,55
3emau repPLHHHT 4,40
' MArHEeTHT 4,56
XPOMHT 5,09
HIBMEHUT 4,78
pyTHa 4,25
KOTeHUT 7,68
KeJse3o 7,87
HHKeJb 8,91

Jlefl BeposiTHOCTH CYAHUTL O MIHepaJbHoM cocTase reocdep. Ilpu conocras-
JICHHH cJefyeT HMeTb B BHJY, uTO IJIOTHOCTL MHHEpAaJoB BO3pacraeT ¢ po-
CTOM [1aBJICHHSI M CHHXAeTCs ¢ NOBLILUEHHEeM TeMnepaTypbl. Bo BHyTpeHHHX
reocdepax (D—G) B obracti KOJOCCANBHOTO JAaB/JEHHS BELIECTBO 3€MJIH
CHJIbHO YIIOTHEHO W CY[HMTb O ero npupoje 3aTpyaHuTenbHo. [lpeanona-
raercsl, 4To 3eMHO€ /PO COCTOHT B OCHOBHOM H3 XKeje3a C IpHMeCbio HHU-
Keasi, kobaabTa H 6oJsiee JIerKHX 3JeMeHTOB (KpeMHHd, cepbl). ToT dakr,
4TO OHO He NPOMycKaeT uepe3 cebs monepeudble BOJHBL, T. €. 06aanaer Go-
Jlee HHU3KOH BSI3KOCTBIO 110 CPABHEHHIO C BelIeCTBOM MAaHTHH, MOCHYXKHJI OC-
HOBAHUEM [JISl NPENIOJNOKEeHHsT O XUAKOM COCTOSIHHH filpa B €ro BHeWHeH
gactu (2900—4980 kM) u o TBEpAOM — BO BHyTpeHHEH uactu (5120—
6370 km).

ManTtua 3emau, corJacHo NpeiCTaBJeHHsIM psla HccaeloBaTesael, o
COCTaBYy aHAJOrHuHa KAMEHHBIM MeTEOpPHUTaM, KOTOpble COCTOSIT HpeHMy-
IeCTBEHHO H3 ONHMBHHA, HUKEJUCTOTO Keje3a (KaMacuT, T3HUT), poMmOuue-
CKHX M MOHOKJHHHBIX IHPOKCEHOB, BCTPEYAIOTCs TaK¥XKe IJardokJaashl,
KBaplL, TPUAHMHT, MaTHETHT, XPOMHT, KaJbUUT, OpefiHEPHUT, TPOUJIUT, OJbI-
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ramut, go6peeaut — FeCrySy, KapOuapl (KOreHHT, MyacCaHHUT), CoeAHMHeHHs!
MeTaanoB ¢ aszotoM (ocGopuut—TiN), docdopom (wpeitbepsut — [ (Fe, Ni,
Co)sP]), bappunrronnt—Mgs(POy) s, rpadut, aamas u ap. B mereopurax
cojepxarcs JeTyude KoMnoHenTsl Ho, Na, HoO, COq, CHy u mp.

B rny6uHHBIX reocdepax MHHepaJsbl IpeACTaBAeHH HaHGo.aee IJOT-
HBIMH MOAHGHKAUHSIMH C BBICOKHMI KOODIHHAIHOHHLIMH 4ICAaMH MeTaJ-
Jao0B. Tak, Hopofbpl BepXHe# YyacTHM MaHTHH, CJIOXKEHHBIE MarHe3ua/bHbIM
OJNIUBHHOM, ITHPOKCEHAMH, TUIarHOKJIA30M, HJILMEHHTOM, WHHHEIbIO ¢ IJaYy-
OuHOF HM3MEHSIOT CBOH cocTaB. llaparHesnc mJardoksaas’a ¢ SHCTAaTHTOM
4 OJHMBHHOM BBITECHSIeTCS JHOICHA-UIIHHEJNeBBIM I1apareHe3ucoMm (~9—
10 k6ap), 3aTeM INNHHEJIb BLITECHSETCS TPAHATOM IHPON-aJbMaHIAHHOBO-

ro W IHPOI-TpOCCYJaspoBoro  psaxos  (~19—20  k6ap), UJb-
MEHHT  BHITeCHSI€TCd  DYTHJOM, TNHPOKCeHbl  06GOoramaioTcs  XKajeu-
TOBbIM  KOMIIOHEHTOM, TpaduT CMeHsAeTcss anamasoM. Bce Godbliee

3HaYeHHe B COCTaBe NOPOA NpHoOpeTaeT XpoM, BXOAST B COCTaB TpaHATOB
i IIHPOKCeHOB. BBLICOKas BSI3KOCTb BeIeCTBA MaHTHH I10Ka3bIBA€T, YyTO OHO
HAXOAHTCS B TBepPHOM cocTosiHuu. OIHAKO B Hpejesax BepXHe#d MAHTHH yC-
TAHOBJIEH CJIOH TMOHHXKEHHOH BfI3KOCTH, HAa3bIBA€MbIH BOJHOBOJOM, HJH ac-
TeHOCHEPHBIM ¢JloeM, AJsI KOTOPOTro MpeAroaraeTcsi YaCTHYHO KHIKOe CO-
CTOsiHHE (30HA CEJEKTHBHOTO IJIaBJEHHA). DTOT CJIOH HMeeT caMyl 6oJb-
LIyl0 MOIMHOCTL IOJ OKeaHaMH, Tle OH pacrnojoeH Ha rayouHax 50—
350 KM, MeHbIIYI0 — MOA CKJIaxuaTbiMu mosicamu (100—250 k). Ewe meHb-
e OH pasBUT moj IiaTdopMaMl U IPAKTHYECKH OTCYTCTBYeT NOJ ApEBHH-
MH U[HTAMH,

Pasgen mexay MaHTHell M BblllleJexallled 3eMHOH Kopoil  (1oBepx-
HOCTb MOXOpPOBHUHYA) HHTEPNPETHPYETCS MEePeX0A0M OT CYLIECTBEHHO OJIH-
BHHOBBIX 0€CIO/IEBOINNATOBLIX MM GeIHbLIX [OJEeBBIMI unatamu (njaa-
THOKJ1a30M) TOPOJ, COCTaBJAKLINX MaHTHIO, K [OPOAaM 3eMHOM KOpHI, B
KOTOPBIX NOJIeBBIE IINAThl UTPAIOT TJABHYIO POJb.

B HHXHel uYacTH 3eMHOH KOpBI BBITENSIETCS CJOH HENoCTOSIHHOH MOII-
HOCTH C ILIOTHOCTBIO 0KoJ0 2,8-—2,9 r/cM®, COOTBETCTBYIOlIEH CMECH MHPO-
KCEHOB H OCHOBHBIX IIaTMOKJAa30B — MHHEPANOB, THIHUYHBIX AJAS 6a3anbToB
(cm. Taba. 1). Ilostomy 3TOT cloH YCAOBHO HasbiBaeTcsi «6a3aibTOBLIM>»,
XOTs [0 COBPEMEHHBIM MpEJACTaBACHHAM OH CJOMKEH pa3/HuHbIMH TOPHHIMH
nopofaMu. Boabiyio posb B €ro CTpoeHHH B 06JACTH KOHTIIHCHTOB HIPAIOT
MetaMopduueckue mopoAnl. MolHOCTL «6a3aabTOBOTO» CJ0s MeHseTcs OT
2—3 kM nof oxkeauamu 1o 6—20 KM TION KOHTHHEHTAMH. Bhille ero Ha KOH-
THHEHTAX pacrnoJ/araloTcs MeHee MJOTHble nopoxabl (2,6—2,7 r/cm3), coot-
BETCTByWOIHe (PH3HYECKHM CBOHCTBAM CMeCH IM0JEeBbIX WINAaTOB H KBapla,
KOTOpble THIIHYHBI AJs1 COCTaBa I'PaHUTOB, U MO3TOMY 3Ta 4acTb 3eMHOH KO-
pbl YCJIOBHO HA3bIBAETCsl «TPAHHTHBIM® CJ10eM. 3HAuHTesnbHAs YacTb 3TOTO
CJI0s1 CHOXKEeHAa MeTaMopdHUECKUMH NOPOAAMU — rHeficaMu u Kpucrajiinue-
CKMMH ClaHUuaMH. MOIIHOCTb 3TOro C/l0si BapbUpyeT B HIMPOKHX Npepesnax
(10—50 km). BepxHIO yacTb 3eMHOHl KOPHl COCTABJASCT CAOH OCAJOYHBIX,
OTHOCHTEJbLHO PHIXJABIX NOPOA HeGoJbilol naoTHoctd (2,1 r/cM?), KoTopble
Ha KOHTHHEHTaxX 3aJjeralT Ha TpaHHTHOM (MoIIHOCTL nx 0—20 kM), a B
OKcaHax HeMmoCpeACTBEHHO Ha 6a3aAbTOBOM cjaoe (MOHIHOCTb OT 0 A0 3 KM).

Wrak, pa3nuuaioTcss ABa THIA 3eMHOH KOPHI, — KOPa KOHTIIHEHTAJbHO-
To THIA TpeXuJeHHOro CTpoeHHs (6a3aJbTOBbIH, I'DAHHTHBIH H OCAMOUYHEI
C/I0M) H KOpa OKeaHHUYeCKOro THIA ABYXWIeHHoro CTpoenust (6a3ajbToBLIA
M ocaflouHbI CjaoH). B obnacrax, mepexoiHbIX OT KOHTHHEHTOB K OKeaHaM
(OCTpOBHBIE AyTH, OKPAWHHEIE M BHYTPEHHUE MOpPsi), KOpa XapakTepusyer-
Cs1 MaJoil H HeBBbIAEDXKAHHON MOIHOCTBIO IPAHUTHOrO CJa0s (KOpa Iepexoi-
Horo tumna). Kpome Toro, B OKpaWHHBIX H BHYTPEHHHX MOPSIX BBIAEISTIOTCS
Gosbuine nIOUIAAH (CEeAHMEHTALHOHHbIE KOTJIOBHHBI), B KOTOPBIX HelloCpel-
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Puc. 2. CxeMa pa3MellleHHA TeKTOHHUeCKH AKTHBHBIX (MORBHIKHBIX) cTpykTyp 3emun (Bort, 1974).

TPeTH‘{HbIe u OoJiee MOJIOABIe CKJafadaThle CHCTEMbl H OCTPOBHbBIE IYTH NOKa3aHbl KOCo# U.ITFp‘HX‘O‘BKOl‘:I u 60Jlee TOHKHMH JHHHAMH,

MH JHHHAMH Hsoépameﬂu I‘leéOKOBOﬂHble Kesnoba v OCH OKeaHHUYeCKHX Xpe6TOB, KOTODBle BBIAEJEHB! TOYEYHBIM 3HAKOM.

EHCTBYIOUHE HJIH HeAaBHO JE€HCTBOBAaBuUIHE BYJKaHbl OTMEUEHBl YEePHBIMH TOYKaMH

I

JKuprel

CIBCHHO Ha 0a3a/JbTOBOM CJO€ 3ajleraeT C/Of OCAfOUHLIX HepaBHOMEPHO
YUJOTHEHHBIX TIOPOJ, KaK M B OKeaHaX. OT NocJefHHX HX OTIHYAET 6GOJb-
1mast MOUHOCTb 0CaZOYHOro ¢j10d (HanpuMep, Bo BnajgnHe KacmuicKoro Mo-
b 10 25 Km). PasBuras KOHTHHEHTanbHAs KOpa MaKCHMAJdbHA B MOJOJIHIX
AJIBIHACKHX CK/IAAuathix obnactax (50—75 kM), MeHblle B BepxHemameo-
10iCKHX (38—42 kM) M MHHYMaJbHA 1O JAPEBHHMH naarhopMaMu H 10-
KeMOpHiicKuMH muTaMi (25—35 km). C HepexofioM oT Gojee MOJOABIX
CRJIaauaTeix o6aacTell K APEBHHM MeHSAETCS BHYTPEHHee CTPOEHHe KOpH:
OTHOCHTE/IbHAs DOJIL TPAHHTHOTO CJIOS YMEHbLIAETCs, a (a3aJbTOBOIO —
YBCNUUMBACTCSA. JTO CBHAETEJLCTBYET O PEIIAIOINEM 3HAUEHIIH IOBEPXHOCT-
10l 5PO3UH, KOTOPO# C TNEPeXOIOM  OT MOJOAHIX €360 3pPOLHPOBAHHBIX
CKJIaNaTBIX COOPYXEHHH K TJy60KO 9POJHPOBAHHLIM [PEBHHM  I[HTAM
HCKPBIBAKOTCA (OpPMALHH MarMaTHYeCKHX H MeTaMOPGhHYeCKHX HOPOJ BCe
vosbliel T1yGHHHOCTH. [y6uHA 3p03HKM B JAPeBHHMX LIMTAX AOCTHraeT 30—
1) kM.

Takum o6pasom, HEOXHOPOJHOCTL COCTABA M CTPOEHHST 3eMHOM KOpBI, a
TOKMKE 11 BepXHelt MAHTHII HAXOAHT YETKOC OTPAXKCHHC B NOBEPXHOCTHBIX
CTPYKTYpax 3eMJIH.

Kak B npenesnax KOHTHHEHTOB, TaK M B IpefeJax OKEAHOB BEIICJSIOTCS
HOABMKHBIE 105ICa H YCTOHYMBBIe muomaan (puc. 2). Ha KoHTHHeHTax K
VCTOHUMBBIM IUIOIIAASIM OTHOCATCS M1aTGOPMb (Hanpumep, Pycckas, Cu-
Oupckas naardopmul). B npesenax naatdopm pacnonomeHb OIHTH, Tpej-
¢Tap/Id0MMe cO00f BBIXOABI ApPeBHEHLIMX TOPOx 3eMJu (Haupumep, Ykpa-
nuegii mnur). BauKe K oKpanHaM KOHTHHEHTOB pacroJsaralorcst BCe GoJiee
MOJIONbIE CKAAAYATHIE COOPYIKEHHS — IIQABUXKIbIE [eOCHHK/IHHAJbHBIE TIOSI-
ca. Bospacr cKazuaThIX TOPHBIX COOPYMKEHHH BapbHpyeT B INHPOKHX TIpe-
/ienax. Hampumep, ropHule coopy:eHus Annasaueil UMEIOT BO3DACT OKOJIO
250 manH. net, Asbubl, ['umagan, Ckaaucrole ropul, Auau — 0k0/i0 70 MJIH.
JieT.

MareprkoBble CTPYKTYpPBI He OTPAHMUMBAIOTCSI COBPCMEHHOMN rpaHuneh
cymun. OHH TpPOTArMBAIOTCA B OKeaH, 06pa3ysl NOJIOTIC CKJOHH, Ha3LBae-
MbIC KOHTHHETAJIbHBIMH IesbdhaMil, KOTOPble OGbIUNO MOKPLITH UeXJ0M 0Ca-
:0unbIX Mopol. Hleabdbl orpaHHUHBAIOTCS KPYTHIM MAaTepPHKOBBIM CKJIOHOM,
(VHKCHDYIOIIMM TPAHHILy MEXAY MaTCPHKOM H OKCAHOM H OTIE/ISIONIAM MeJ-
NOBOAHDBIE WeJb(bl OT OKEAHHUECKHX BITAMHH.

B o6nactsx, nepexomHBIX OT MAaTepPHKOB K OKeaHaM, DacloJaraioTcs
COBpeMEeHHBIe TeOCHHK/JIHHAJIbHBIE CHCTEMBI, XapakTEpHU3YIOILHecsl CJI0KHO
pacuieHeHHbIM pesbepoM. OHH COCTOSIT H3 TIYGOKOBOAHBIX XeJ060B, OCT-
POBHBIX XYT M €OCHHK/HHAJIBHEIX KOTJIOBHH OKPAHIIHEIX MOpeH, Herocpe-
CTBEHHO TNPHJIETAIOMNX K KOHTHHEHTaJbHOMY uiesnbdy. OCTPoBHBIE AyrH 06-
)alICHbl BREIYKJIOCTbIO B CTOPOHY oKeana. Ha nx BeimykJoll BHeuIHefl ¢TO-
POHe pacroJaraiorcst IyGOKOBOAHbIC Xc/o0a, a 1a BHYTpeHHeH — 30HHI
synikaHu3Ma. C OCTPOBHBIMH JyraMH CBsi3aHA MOBHIUEHHAS CE{CMHYHOCTD,
lIPHYEM, YeM JAAJbIUe OT OCTPOBOB B IV1yOb KOHTHHEHTOB, TCM TJy6xe CTa-
NOBATCA ouark 3emuerpsiceHHit (puc. 3). Ouarnu semseTpsiceHuil (BUKCHpY-
I0T 30HbI aKTHBHOTO MMyGHHHONO pasioma, Najaloulero 0J KOHTHHEHT (I10-
BepxnocTh benvoda).

B mpexenax okeaHUYECKHX CErMEHTOB 3€MHOi KODB TakKiKe BEIAESIOT-
Cst TIOABHIKHBIE I0sICa M OKeaHHueckHe miaThopMmbl. OKeaHHuecKHe TIJIAT-
(hopmbl, crarawouye GOJBIIYIO YaCTh OKEAHHUYECKOTO AHA, KaK BBISICHAETCA
B MOC/IeNHIIe TOABl, HMEIOT CJI0XKHOe H HEeOJHOPOAHOC CTpoeHHe. B HHX BHI-
A€ISI0TCSl OKeaHHYeCKHe KOTJOBHHBI, BKJIOUANONIHE O6INHpPHBEe abHCCaTb-
llble paBHMHBI (HanpuMep, APreHTHHCKasi KOT.IOBHHA), M NOJHSITHS, CBSi-
'aHHbIE C OKeaHHYeCKHMMH OCTpoBaMH (Haupumep, BepMynckue octpoBa).
(OKeaHyuCCKHe TOABHAKHEE TMOSICAa TPEACTABAAIT COGOH NOIBOLHBIE xpe6-
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THl, MHOTHE H3 KOTODPBIX 0O0JamaioT ray0oKHMH pHGTOBBIMH JOJHHAMH B
oceBoil gactu, OHH TNPOTATHBAIOTCS HA JNECSATKH ThICAY KHJIOMeETpoB, obpa-
3ya enuuyio riobanbHylo cucteMy. MHorza oxeaHudeckHe XpeOTHl AOCTH-
ralT MaTepHKOB, rle Ha HX NPOJOJIXKEHHH Pa3BHBAIOTCs PHMTOBbIE CTPYK-
typbl (pucdTe Bocrounoit Adpuki, Kpacuoro mopsa 1 ap.). OkeaHnueckue

100 mran

— T \__

KM Buakanuveckum nosc
andinn .

-100 uran J

Puc. 3. Tunuuuplit paspes 3¢MUO0I KOPLl 4cpe3 OCTPOBHBIC AYII 1 TeO-
¢uzmueckuit npoduan  (u3MepeHnst cHanl  TszectH). ITo e Currepy
(Kay.a, 1971)

XpeOTBl CCHCMHYCCKH AKTIBULL, XapaKTCpU3YIOTCsl HOBBIIEHHELIMI TOTOKAMH
BOCXOJSLHX FOBEHWJIBHLIX (JIOHIOB 1 TCMJIa, a4 TaKkKe AKTUBHLIM BYJKa-
HH3MOM. XpeOThl pasicieHb HAa GJOKI TPaHCHOPMHLIMI pasjoMaMu, IIpo-
TATHBAIOIIHMHUCS HA COTHH KHJIOMCTPOB, KOTOPHIe, KaK II caMil XpeOThl, KOHT-
pPOTHPYIOT pasMclleHHc 3eMJICTPSICeHA H BYJKAHOB.

Kaxpas 113 BblleleHHBIX Bbllle CTPYKTYPHBLIX CANIHI 3eMJIH XapakTe-
pH3yeTCsd olpejacieHHLIM Ha0OpPOM CBOHCTBCHHBIX €H accoLMaUMi TOPHBIX
nopon (reosoruucckux dopmannil). Psaasl ¢popmaunil, cBOHCTBEHHbIe TOMY
HJIH HHOMY CTPYKTYPHOMY 3JIeMCHTY 3CMHOH KOpLI, CMeHSIIOT APYT Ipyra B
FOPII30HTAJbHOM 11 BEpPTHKAJAbIIOM HANPABJICHHAX, OTpaxKasi B MOCTelHEM
clyyae onpejejeHHble 9Tanbl Pas3BHTHs (alUHaNbHO-CTPYKTYPHOH 30HHL

BHcmHIOI0O 060710uKy 3eMJlll, TA¢ 3apoXKAaloTcsl MarMbl U pa3BHUBAIOT-
¢l rJayOHHHBIE TeKTOHIIYeCcKHe NpoLecChl, NPHHSITO Ha3blBaTh TEKTOHOCQE-
pofi. B ee npesmenax pacrosaralotcs odary 3eMJaeTPsiCeHUIT, OCYILeCTBISIOTCA
nepeMellleHHs] BellleCTBA, CBSI3AHHBIC C TCOTCKTOHHUECKHM pa3BHTHEM 3eM-
HOM KOpbl, TeHEPHPYIOTCA HOTOKN (JIOHAOB, CTHMYJHpPYIOILIIE pa3BUTIC Mar-
matuama H MeramMopdusMa. M3 BepxHuX uacTefi MaHTHH B 3eMHYIO KOpY
nocTynawT (aOHAb 1[I QIOHAHO-CHIHKATHEIE MarMaTHUCCKHE pacljaBhl,
BbIHOCAINHE OOJOMKH H3MEHEHHBbIX MAHTHHHBIX TOPHBIX IIOpoJd JApPEBHEro
Bo3pacTa. Mx n3yueHue jpaeT HHGOpPMALUHIO O COCTaBe TIYyOHHHBIX (MOAKO-
POBbIX) uacTedl 3eMJH.

T'paBuTaunonnoe noae 3eMJl oTpaXKaeT paclpejcieHHe Macc H TeCHO
cBA3aHO ¢ (opMmofl 3eMJl, oTpakasi TakkKe ee BHEIIHIOIO OajaucTHKy. He-
OJHOPOJHOCTL 3€MHOI KOPBI [0 MJOTHOCTH 1130CTATHYECKH CKOMIIEHCIIPOBA-
Ha: OoJee Jerkass Kopa KOHTHHEHTAaJLHOTO THIA, cjaaraiomiass MaTepHKI,
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.iaBacT» Ha NOAKOpPOBOM cyGcTpaTe MOA0OHO THraHTCKHM — akicOepram.
I3 pesyabTaTe HalHuMe BBICOKHX TOp I[OUTH He CKa3blBaeTCs Ha TIpaBHTa-
IonIoM HoJde: 6oJee JIerKoe BENecTBO YTOJIIeHHBIX 6a3a/bTOBOTO M rpa-
HITHOrO CJ10eB B 30HAX MOJIOABIX TOPHBEIX COOPYXKEHHH morpymxaercs B Td-
ACJILIC MaHTHIHBIE 110POJALI Ha GoJblIHe ray6uHBl (puc. 4). ITH ra1yboKo
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DPic. 1. CxeMa #30CTATHUECKOIO PABHOBECHS MeXKTy 3CMHOH Kopoil il
mantyeil (Kayaa, 1971)

NorpysKeHHble YacTH 3eMHOH KOpbl BRAOTCS B MaHTHIO H 00pasHo Hasbl-
BAIOTCSl KOPHSIMH TOP.

3eMHBIC Hefpa GoJsee pa3orpersl 110 CPABHCHIIID € HPHIOBEPXHOCTHLIMII
caosiMu. CKopoCTh BO3pacTaHHSI TeMIICpaTypbl C TJIYOHHON HOCIT HasBauie
reoTepMHYECKOr0 TpajiveHTa. B HeByJKaHNYECKHX paioHax OH COCTaB/seT
B cpeaneM okoa1o 3° Ha 100 M ruy6HHLI, HO 3HAUHTENHHO BapbUPYET OT Me-
cta x MecTy B mpemenax 1—5°. Bropoii reoTepmuueckoil BeJHYIHOI, KOTO-
pas MoXeT ObITh onpejeeHa 3KCIepIMEHTaAbHO, fABJSCTCA TEHJIOBOH 110-
TOK H3 3eMHDLIX Heip (npou3BefeHHe Ko3(dHUHeHTa TCIAONPOBOJHOCTH Ha
rpailieHtT TeMOepaTypel). PassiuHble 3HauyeHHs TEIWIOBHIX 1I0TOKOB XOpOHIO
KOPPEJIPYIOTCsT C pPa3jHuHBIMII [eOCTPYKTYPHBIMH 30HAMII 3CMHOM KOPDI
(HauGosce «pasorpeTbiIMH» CTPYKTYPAMH ABJSIOTCS CPeLIIHHOOKCAHIIYeCKIe
Xpc6TL, ByJKaHHYecKHe nosica OCTPOBHLIX AyT, HalGoJee MoJjojbie, ¢1abo
3pOANpPOBaNHbLIE TOPHBIE COOpPYXKeHHST M Ap.). Kak BiepBbic OLLIO 1OKa3aHO
byaaapnom B 1956 r., B cpeiHeM  TelJIOBO MOTOK HA KOHTHHCHTaX H B
oKeanax npumepHo oguHakoB (1,2—1,6 X 107% kan-cm?/cek), XOTsl CTpOeHMUE
11 COCTaB 3CMHUOIN KOPH 3THX obJjacreil pe3ko pasnnunbl. M3 Beex Habuawonac-
MBIX TCOJIOTIIUCCKHX SIBJEHHIl NOTOK Tellsla yepe3 [OBEPXHOCTb  3CMJIH, C
SHEPreTHUCCKOA TOUKH 3peHHsi, HaHboJice 3HAUHTE/ICH, TAK KaK CBA3aHHAsA C
HHM OTJauya 3HeprHU B eAMHHIY BpeMeHH (iasi Bceit 3emuan 6,5X
X 10?7 spr/ron) B mecsitkn pas Goublle, yem BCsi vHeprHs, 0CBOOOXKAAIO-
ULASICST MPU 3€MJIETPSACEHHSX W BYJKAHHUECKOH AeATe1bHOCTH.

Hcxons M3 cpelHero reotepmilueckoro rpaguenta (20 rpan/km), Ha
ray6unax okoso 100 KM TemnepaTypa He goixua npesbimatn 2000° C. Tlo
IIETPOJIOTHUCCKHM JaHHBIM, OHA JOCTHTraeT TeMIlepaTyphl NIJIaB/aCHHs 0asalb-
ToB 1000—1500 °C. TeMmepaTypHblil pexuM GoJsee NVIyOIHHBIX uyacTell 3eM-
JH siBIsAeTCst npofuaeMaTHuHbIM, OIXHH IICCAeIOBATEIH MpeAnosaraioT He-
NpepuiBHOE BO3pacTaHHe TeMmepaTypbl 10 LeHTpa 3eMJH, TAe TeMiiepary-
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pa JocTaraer Beaunuud Gosaee 6000° C (OKapkos, 1973), npyrue noJaaraioT
HaJHuHe MaKCHMyMa Ha KPHBOH TeMIlepaTypbl, KOTODBIH LOCTHraeTcsa B MaH-
THH 3eMJH, H 3aTeM TeMNlepaTypa NOHHXKaeTcs.

BemecTBo, cnaraiollee Henpa 3eMJH, HaxoAHTcs, TakuM o6pasoM, Toj
CJA0XKHBIM BO3JcHCTBUEM JaBJCHHA U TeMIepaTypbl. Boinensiercs Hanbosee
XKECTKHH BepXHHH CJIOH MaHTHH Jo IyOHHBI OKoJIo 70 KM, KOTOpBIH COB-
MECTHO C 3€MHOH KOopoi oObeiHHSICTCS 110J Ha3BaHHeM IKeCTKOi JHTocdep-
HOH mauTh (MHTOCGephl). 3eMHOIl ap pacujicHsercs npuMmepHo ua 10 Jju-
TocepHBIX NVIAT, K IpaliliaM KOTODbIX NDHYPOYEHLl roGadbHLIC MOABHK-
Hble 30HBl C OYaramH 3eMJeTPSACeHHH, 110JOXKHUTEALHbIMH TePMHUYCCKHMH aHO-
MaJHAMH H BYyJKaHNI3MOM (CpeHHHOOKEAHHUCCKHC XpeOThl, TEKTOHHUCCKH
aKTHBHblEe OCTPOBHBIE JYI'H, KOHTHHEHTa/bHble pU{TOBble 30HB H Ap.). llox
Jurocepol B UHTepBase rny6un 70—250 xM paclonoxeH ciaoil 3eMuil no-
BBILICHHOH TEKYueCTH (HH3KOH BfI3aKOCTH) — acTeHocgepa. [Ipoueccsl, npo-
TEeKamwllHe B acTeHocgepe, BO MHOIOM ONPCACHAIOT IeOTEKTOHHUECKOe pas-
BUTHEe 3¢MHOH KOpbI, MarMaTH3M H MeTaMOp(dH3M TrOpHBIX NOpPod. JTO 06-
JIaCTh 3aPOXK/JACHHA MarMaTHYeCKHX pacrnjaBOB, TDAHCMArMaTHYeCKHX M Me-
TaMoppHuecKux GJa0HL0B.

Bo BcenenHoit HauGousee pacrnpocTpaHeHbl $JaropofHble rasbl: BOJO-
pOA, TeJHH H caMble JIerKlie 3JIeMcHThl. PacrnpocTpaHcHue OCTAaNbHBIX 3Je-
MEHTOB B LleJIoM 06paTHO IIPONOPILHOHAIbHO HX MOPSAKOBOMY HOMEpy B Iie-
PHOANYECKOH ClICTEME 3JeMEHTOB. B cocTaBe 3eMJIM M IJIaHET 3eMHOH rpyI-
bl COAepPXaHHe JIETKHX 3JeMeHTOB HeBeaHKo. Pacnpepaesaende ocTajbHbIX
3JICMEHTOB 3aBHUCHT OT (PaKTOPOB ICOJOrHUECKOH AM¢QepeHnHalHU KaK 5H-
JIOTeHHBIX (CeJIeKTHBHOE BBINIaBJeHHe, (paKUMOHHPOBAHHE THAXKEJNHX MHHe-
paJloB H3 MarMbl U T. A.), TaK M 3K30TeHHbIX (XMMHUeCKOe BbIBeTpHBaHHE
H audepeHUHalLHsT HA 3€MHOIT LIOBEPXHOCTH).

B Hacroslulee BpeMmsi MpHHHMaeTCs, 4TO CPeAHHH cocTaB 3eMJH OJH30K
K COCTaBYy XOHJPHTOB — KaMCHHLIX MCTeopHTOB (TabJ. 2).

Bojee pocToBepHEI Hall 3ild-
U O X1IIMHYECKOM COCTaBe caMol
pepxuell 060J0ukKH 3eMau — 3eM-
ol xopbl. Ilo manabim Koapka u

TaG6anuwa 2

Cpenunii COCTAB XOHAPHTOR M THUNOTETHYECKHH
cocrae 3eman (Meson, 1966)

5 Xoupirsi, Sesnn Bamwunrrona (1924), semnas kopa
MeMCHTAL (5 ncc. % (B BeC. %) go raybunbl 10 kM Ha 95Y% co-
CTOUT U3 H3BEPXKEHHBIX MOpPOJ, Ha
o 33,94 29 5 4 — Y3 TAMHHUCTLIX cJalles, ia
Fe 97,24 34,6 0,75—mu3 necuanukos u Ha 0,259% —
Si 17,10 15,2 U3 113BECTHSIKOB. M3BepxkeHHBIE TO-
Mg 14,29 12,7 Ofbl caaraloT GOJbLIVIO YacThb
s 1,93 1,93 POALL ¢/ y :
Ni 164 164 3€MHOH KOPBl, TaK 4YTO CpelHHH
Ca 1,27 1,13 COCTaB 3eMHOH KOpbl BJH30K K
Al 1,22 1,09 cpelllleMy COCTaBY H3BEPIKEHHBIX

Na 0,64 0,57

: TOpONL.

Cr 0,29 0,26
Mn 0.25 029 [ToubiTkn BBIUNCIEHHS cpelHe-
P 0,11 0,10 ro €cOCTaBa 3¢MHOH KOPBl Npeanpu-
Co 0,09 0,13 HAMAaJHCh MHOTCHMH HCCJA€T0BaTe-
R 0,08 0,07 ; K B .
T 008 005 JISIMH. Japk W Bamuurron onpe
- d ’ JAeJs1I cpelHHH cocTas Jaurtocde-
pbl HCX0IAA M3 aHAJH30B H3Bep-

MEHHBIX MOPOA (HMH OBITH Y4TEHHI
5195 auasii308, UMEBMINXCA B TO BPeM#) ¢ HeGOIBIIOH MONPaBKoil Ha NpH-
CyTCTBHE OCalOuHbIX mopoxa (raba. 3, cocraB Ne 1). Cemepxoabm (1924)
npojeJal aHaNOTHYHBIH MOAcHeT AJsi PHHISHAUH ¢ YIETOM OTHOCHTEJNbHBIX
KOJHYECTB NOPOA Kaxaoro tuma (taba. 3, Ne 2). dorr (1931) noayuua

18

Tacanpua 3

Cpenuuii cocTaB 3eMHOW KOpLI MO JaHHLIM PAa3JiH4YHbIX aBTODOB

OKICIIB! 1 2 3 4 5 6 7 8 9 10 I

Si0, 59,07 |67,45(65,73|59,19| 55,2 | 64,93 63,94!‘ 58,23 60,22 |48,65| 57,64
TiO, 1,03 0,41| 0,55! 0,79| 1,6 | 0,52| 0,57| 0,90 0,73| 1,40 0,88
ALO, 15,22 114,63115,41|15,82| 15,3 |14,63|15,18(15,49115,18|16,52| 15,45
Fe,0,4 3,10 1,271 2,10| 3,41| 2,8 1,36| 2,00 2,86| 2,48| 2,29) 2,43
FeO 3.7} 3,28| 2,30| 3,58| 5,8 | 2,75| 2,86 4,761 3,77| 6,23| 4,30
MnO 0,11 0,04| — 0,11 0,2 0,07| 0,11] 0,19 0,14f 0,18, 0,15
MgO 3,45 1,60 2,231 3,30| 5,2 2,24 2,21| 3,85| 3,06| 6,79} 3,87
Ca0O 5,10 3,401 4,01 3,07 8,81 4,12| 3,98| 6,05| 5,51]12,2 7,03
Na,O 3,71 3,06 3,43| 2,05 2,9 | 3,46 3,06| 3,10| 2,97} 2,57| 2,87
K,O 3,11 3,55| 3,79] 3,93| 1,9 3,10| 3,29} 2,58| 2,86| 0,37 2,32
P,0s 030 | 011, — | 0,22] 0.3 0.15| 0.,20| 0,30| 0,247 0,15| 0,23
C — — — — — 0,02 0,17| 0,11]| 0,16| 0,03] 0,13
CO, 0,35 0,12 — 0,54| — 1,281 0,84 0,51 | 1,20 1,37} 1,29
S — — — — — 0,06| 0,04| 0,03| 0,04} 0,027 0,0
al _ | — | = | = | = |olo1|{olos| 0,03 0,05 0,02 0,05
H,O+ 1,30 0,79 — 3,02 — 0,78| 1,53| 1,00 1,38 1,14 1,35

apyrue pesyabratel (Taba. 3, Ne 3). Ilo-uHOMy mojowen K olleHke cpef-
nero cocrasa semHO# Kopbl [ompaumuar (1933). O BbluMCAHJ cpefHHH
cOCTaB .1eJIHUKOBbIx rauH toxHoi Hopserun. Cuuras, uTo ofpasoBaHHE
IJHH CB3aHO ¢ MEXAHHYECKHMM HCTHDAIOLIHM AeHcTBHEM JIeJAHHKA Ha pas-
J1iYHblE TIOPOJABl M IMOC/EAYIOUIHM HX OTJIOXKeHHeM 0e3 CYUIECTBeHHBIX H3Me-
nenui, FoabAIIMHAT HPEANONONKHIA, UTO HX COCTAB ZOJKeH ObITh OJH30K
cpefHeMy cocTaBy 3eMHOH xopbl. ITonydennbie um aaunpie (tada. 3, Ne 4)
0Ka3aiHch OYeHb OJIU3KH K AaHHLM Kaapka u Baniuurrtona.

BoJsee 11034HHE OOMBITKH OLPEAEIHTb COCTAB 3eMHOH KOpLI npiiHaiJje-
:ar IMoabaepaaprty (1955). OH BBIUHCAHJ CpPeLHIIC COCTABbI A1 IVIABHBIX
re0JOTHYECKHX CTPYKTYp 3eMau (AJas OKeaHHYeCKHX BNAJAHH, KOHTHHEH-
TAJbHBIX LIHTOB, MOJIOAbLIX CKJaA4adThbliX II0ACOB 11 KOHTHHEHTAJbHBLIX [JaT-
¢opM) 11 Ha OCHOBAHHH 3THX JAHHbIX PacCudTan CPCAHHA XIMHUECKHH co-
cTaB 3eMHo# Kopbl (Taba. 3, Ne 5). B nocaeanne roaw 1oy u Peitau (1967)
HOACUNTANI CpeJHHA cocTaB AoKemOpuiickoro cy6erpata Kanamckoro mura
(rabua. 3, Ne 6). Ponos u flpoues-
ckuit (1971) mocTponaH Moae/b
XHMHYECKOTO COCTaBa 3eMHOH Kophl

Tadauna 4
CocTaB 3eMHOH KOpbl (B XHMHUECKHMX

H OTHeJbHBIX ee 060/M0YEK HA OCHO- sJieMeHTax)
BE H3MepeHHit 00BEeMOB Pa3iHUHbIX
F€OCTPYKTYPHBIX yacreidl 3eMHON DneMeHTH Bec. % Ar. %
KODbl M OTAEJbHbIX THIOB TIOPOJ B
3THX CTPYKTYpax C HCHOJb30BAHH- o 46,29 64,33
€M COBPEMEHHBIX TeOPH3HYECKUX Si 26,91 91,34
H FeOTeKTOHHYEeCKHX AAHHBIX U BbI- Ti 0,53 0,24
YHCJAAAH COCTABbl Pas3jHYHBIX TH- Al 8,17 3,36
OB KOHTHHeHTaJbHOW (Taba. 3, l;f 5,18 g-gg
Ne 7, 8, 9),  OKeaHHYECKOIi Mg 234 T
(traba. 3, Ne 10), a Takxke 3eMHOM Ca 5,00 2.78
Kopbl B mesoM (tabu. 3, Ne I1). Na 2,12 1,02
B Taba. 4 cpeanwumii cocTaB ﬁ (1)'?3 ?agi
3¢MHOl KOpbl, MO PO’HOEiy u $po- P 0.10 004
LIEBCKOMY, BbIPAKEHEBI B BeCO- c 0,35 0,65
BbIX TIPOLEHTAX OKHCAOB B TalbJa. 3
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(Ne 11), paetca B TmepecueTe Ha BECOBbIe W aTOMIible IPOIEHTHl XHMHYe- OBIIME NPENCTABJIEHHUSA O MATMAX

ckHX 3jeMeHTOB. M3 pannwix T1ada. 4 Buamno, uto semHas kopa Ha 90%
cnokKeHa TakuMmu 3deMentami, kak O, Si, Al, Fe, Ca, Na, K, Mg. Ilo cpas- —— S
HeHIIIO ¢ X¥UMHuYecKHM coctaBoM 3emJuau (cM. Tabsa, 2) B 3eMHO# Kope 0cCO-
felHO BBICOKO coacpxkadie Kieaopolda. Ou cocTtaBasier okoao 90% ee
o6beMa. loapamMiiaT nasuiBaerT 3eMHYIO KOpY okcichepo, man Kincaopoa-
1ol 000a0uUKOl 3eMaii.

Caejrylomus 110 paclpoCTPAHCHHOCTII 31CMCITOM, Da3BHTBIM B 3CMHOH
Kope, sIBAACTCH KpeMHIT. 1'opHbIC OPOALI C0KEHDLI TVIABHBIM 00pa3oM coe-
THHCHOSIMH KpeMmHnst (civnikatami). C [3MEHEHHCM COLEpPXKaHHs KpeMHIsI
B 10pOJaX 34KOHOMCDHO H3MCHSIOTCSI W COJMCP/KAHHA APYFHX 3JCMEHTOB.

B nocaeanuce roanl padoTaMil aMepHKAaHCKIX 11 COBETCKHX HCCJea0BaTe-
Jel OB 10JayucHBl 06pasipl ropHbIX 1opoa Jlyuel (6aHxaiiiero ciuyTHH-
ka 3ceman), OHI LPCACTaBJACHBE B OCHOBHOM OJIHBIHOBBIMH THTAHIICTBIMII
HaszajnTanmi, MIKporab6po u aHoptosutamu. Cocras 6asannToB (B Bec. %)
cneayoutii  (Borr, 1974):  SiO,—41, TiOy—10, AlyO3—11, FeO—17,
MgO—8, CaO— 10, Na,0—0,5, K.O—0,1, MnO—0,4, Cr;03—0,6,
210, —0,1. XapaxkTepHo BLICOKOC COAepIKaHNC Keae3d, THTaHAa, XpoMa,
LWIPKOHUS, ITTPHS 11 6CAHOCTL HOPOJ HIGAOUHLIMII MCTARAAMHE, MC/bIO, CBHH-
oM, unukom. [laotHocTnh mopox usMensiercs ot 3,1 mo 3,5 r/cmd.

Marmariueckie, HAl H3BCPHKCHHbIC, TOPHBIC NMOPOJALI BO3HHKAOT B pC-
3yJAbTaTe pacKpucTaminzanii GAIIHO-CIMIKATHBIX (PelKo KapOOHAaTHHIX,
cyab@HAHBIX, OKIICHEIX) paciiaBoB (MarMm), KOTOpble 3apOXKAAlOTCA B Hel-
pax 3eMJiH H 113BEpPraloTcst B BCPXHUC YACTH 3€MHOIH KOpHI /M HAa AHEBHYIO
TIOBEPXHOCTb.

[IponykThl ray6HHHOR KPHCTAAAM3ALINH MarMbl Ha3blBalOTCH HHTPY3HB-
HBIMH TOPHHIMHM Topojamil (OHH OOGBIYHO XOPOINO pPaCKpHCTAJNH30BaHLl H
HMEIOT 3epPHUCTOE CTpoeiine). MarMel, ©31MBAIOUHECS HA 1IOBEPXHOCTb 3eM-
A4 (B TOABOAHEIX MM HA3eMHHIX YCJAOBHAX) 1al0T Havyalo 3¢@Y3HBHLEIM
(BysniKaHHYeCKHM) TropHBIM 1opofaM. OHII OOBIYHO I1JIOXO PacKpHCTalAH30-
BAaHbl U HEPEJKO COACPXKAT CTCK/IO.

Tacauwuwa 5

F Cpennee copepmaHHe CJABHBIX XHMHYECKHX 3/1€MEHTOB
B MarMaTHueckMx ropueix nopoaax (no C. Il. ConoBbeBy)

/
DaceMenTol Bec. ¢, | Ar. 9 OKRHCIbI Bece. ¢

|
0 47,72 60,78 Si0, 63,65
L Si 29,74 21.60 TiO, 0,5¢
I Al 7,66 5,79 ALO, 14,47
1 H* 0,16 3,97 Fe,0, 2,18
) Na 2,60 2,31 Fel) 3,10
I : Mg 9.93 1,87 MnO) 0.07
| Ca 3,06 1,50 MgO 3,70
‘ Fe 4,04 1,47 Ca0 4.28
! K 2,36 1,93 Na,0 3.51
‘ Ti** 0.33 0.14 K,0 2,84
| p* 0,04 0,02 H,O 1,47
Mo 0,06 0.02 P,0, 0,10

: |

Cymma 100,0 100,0 100,0

f * WMmeercs B BHAY BOJOpOL. KOTOPHII Bxoaut B coctas H,O,
| yCTAHABJHBAeMOH aHAJAN3aMH B I'OPHEIX NOPOJax.
| ** Ti, P v Mn BK.IoueHsl }CJI0BHO.
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O XMMHYECKOM COCTaBe MarMaTHUeCKHX pPacCl/JIaBoB MOXKHO TOJYYHTb
HEKOTOpOe NpelcTaB/eHHe 110 COCTABY H3BEPKEHHEIX TOPHBIX MOPOL, KOTO-
Pulii IPUBOAHTCST B Taba. 5 (ry1aBHble KOMIOHEHTHI) M TabJa. 6 (KOMIIOHeH-

Tatbauuwa 6

CpenHee collepKanie 3N€MEHTOB-NPHMeceil B WU3BEPKEHHMIX ropuw{ nopojax
(no A. T. Bunorpagosy)

DJICMEHThI- [1PHMECH Bec. % DJIeMEHTH-IIPHMECH Bec %
<I>'roqu. e e e e e 6,6-10-2 bepumit Be . . . . . . . 3,8.10-
Bapuit Ba . . . .. ... .| 65102 Heamt Cs o v « . .« . . 3,7-10°4
Cepa S . ... ... ...} 371072 Ap6uit Er. . . . .« . .. 3,3.10-4
Crpowuwn#t St . . . . . . .| 3,4.10°2 Urtep6udt Yb . . . . . . . 3,3.10-4
Vraepoa C . . .. ... .| 2,0.10°2 Onoso Sm . . . . . . . 2,5.107
Xa0p Clu B I O S Tauran Ta . 2,5.10"1
Hupkonrit Zr . . . . . . . 1,7-1072 Ypau U. . . 2,5.10-4
Pyommaii Rb. . . . ... .| 1,5:10® | Bpowu Br ... .. 2.1-10-4
B’aﬂazum V ..o oo 9.10-9 Tep6uit Tb . . . . . .. 1,9-10-4
Xpom Cr e v e ... .| 83-10°3 Memmmsag As. . . . .. 1,7-1074
Mgk Zn oo 0o v e e 8,3.1073 Tompmuiét Ho. .« . 1,7-10-¢
Hepuit Ce. . . . . .. . . 7-10-3 TFepmanuit Ge ., . 1,4-10-¢
Hukere Ni . ... .. . .| 58.10°8 Bomdpam W 1,3-10-¢
Jawran La . . . . . . 4.9.10°3 || Esponufi Eu . 1,3.10°4
Megp Cu . . . .« ... .| 4,7.10°8 Mosmtgen Mo . 1,1.10-2
HeomaM Nd . . - . . . . .| 3,710 || Tapmuit Hf . "1.10-¢
Jamaf Li .o 0L 3,2.10-3 Tamnuii TL. . . . . . . 1.10-¢
Wrrpui Y. ... ..... 29103 Joremu# Lu., ., . . ... 8.10°8
Huobuit Nb . . . . . . . . 2.10-8 Cyppmva Sb . . . . . . .. 5-10-%
lammuit Ga . . . . . .. .| 1,9.10-3 HomlI. . ... ...... 4.1078
Asor N. . . . ... ...l 1,9-10°3 Tymit Tu . 2,7-10°8
Ko6amwr Cov « « v o . « .| 1,8.1078 Hupnmit In . 2,5-1076
Coumet Pb . . « -+ o . .| 1,6.10% || Kanwui Cd 1,310
Topuwt Th. . . ... .. .| 1,3-108 Pryte Hg . . 8,‘3-10‘e
BopB . . ........ 1,2.10-8 CepeGpo Ag. . . . 7-10-8
Cxanpuit Sco . v .+ . .+ 1.10-3 Cesen Se . . . . 5.10°¢
Ilpaseoqud Pr. . . . . . . 9.10-4 Nannagnit Pd . . 1,3.10-¢
Camapmii Sm_ . . . . . . 8-10-¢ Buemyr Bi . . . . ... '9.10-7
Fagomumii Gd . . . . . . 8.10-¢ 3og0To Au 4,3.1077
Jlucnposudt Dy . . 5-10-4 Teanyp Te 11077

Peunit Re . . . . . 7-10°8

TeI-npuMecH). TIpu 3TOM HYXHO HMeTb B BHJY, UYTO MarMbl 1o CpaBHEHHIO
¢ H3BEepPXEeHHBIMH TOPHBIMH MOpoLaMi Gorade JeTY4HMH KOMIIOHeHTaMH
(H20, CO,, Hq, CO, Fy, Cly v ap.), KOTOpHE TepAIOTCS IIPH HX KPHCTAJJIHU-
3alHH.

OcHOBy CHJIHKATHBHIX PACIJABOB COCTABJAIOT KPEeMHEKHCJIOPOLHBIE TeT-
pasipbl B pa3fluHON CTeNMeHH NoJuMepusaulnu. [Ipu HH3KOH CTeleHH MOJH-
MepH3aulll B pachjiaBax npeo0aafaloT H30JAHPOBAHHbLIE TeTpasApbl (OpTo-
KpeMHIeBble pacniaebl). [ToBrIIeHHe CTelleHH MOJMHMEPH3ALUH TIPHBOLUT K
06Da30BAHNI0 PAAMKAIOB METaKpPeMHHEBHIX W aJIOMOKPEMHHEBLIX KHCJOT.
KucioTel HaxoxsiTcss B MarMmax B CJA0XKHOM B3aHMOJEHCTBHH ¢ KaTHOHAMH
(Mg?t, Ca?t, Nat, K+, Fe**, Ti*t u ap.) # QAOAIHBIME  KOMIOHEHTaMH
MarM, cojepXKaHue KOTOPBIX 0COGEHHO 3HAYHTEJBHO B TJYOHHHBIX ofsacTsx
BLICOKOTO JaBJICHHUS.

[lepBuHuHble MarMbl H3MeHSIIOT CBOH COCTaB, Nonajasi B HOBBIE TepMoO-
IHHAMHYeCKHE YCJIOBHA BepPXHHX dYacTefi 3eMJH 1pH H3Bep:KeHHH. ITOT
NPOLECC Ha3blBAETCSI MarMaTHuecKoll AuddepeHUHanned, WIH 3IBOJIOLHEH.
B pe3yabTarte ero mepmiHYHO OLHOPOAHAS MarMa NpeBpallaeTcs B IPOH3BOL-

22

Hble MArMbl HHOTO €OCTaBa, 00bl4HO 0Gpasylolilie 3aKOHOMepHBIe MarMarH-

yecKHe CepHH.

PasanualoTcst TPH TJABHBIX 11pOIECCd, B KOTOPBIX MOABJIAETCH Marma-
THueCKasi SBOJIONHS: KplCTamin3auus (KpHCTAJJIH3AUHOHHAS nubdepen-
nHauHua), B3anMoAcicTBHe ¢ (uonaaMH (daoupHO-MarMaTuyeckast ¥ SMa-
HAIMOHHAS, WJM TpaHcMarmartuicckas, nuddepeHnyanusi) H B3auMoeli-
cTBHe ¢ BMemamomumi nopoiamu (auddepeHnHanus B mpoleccax Marma-
THYECKOrO 3aMEMICHHS H aCCHMHISALHH).

re Pacnnas tot Pacnnas

1500 1
1800
¢ 14004

1600
1300+

1400

0 Teepabin Teepacin
paciecp pac1Bop
1200
1100 N
0 10 &9 b0 80 0% 0 20 40 60 80  100%
Awopmum-arsbum Dopemepum - QAZIUM

Puc. 5. JlwarpaMupl, WATIOCTPHPYIOIIHe NOPAACK KPHCTANNH3AUHH W3
MarML JKeNe3oMarge3HalbHHX MHHepatop (Ha TNpuMepe OJHBHHOBOTO
paga dopcrepiur — GasanT) H MAArHOKIA30B

[TpuHuHD KpHCTa/1l3alHONHON AH(depeHnInany, oBocHOBaHHLIA Boy-
3HOM, M3yueH SKCIepHMEHTAJIbHO M TCOPETHUECKH. CyuiHOCTb €ro 3aKJo-
qaeTCs B TOM, YTO KpPICTAlJbl, BHIIESIONHECS H3 MAarMel, 3aKOHOMEPHO
OTNMUAIOTCS OT Hee Mo COCTaBy (ABAAIOTCS Goslee OCHOBHBIMH H MarHesu-
aabHbIMH). OGBIUHO OHH OTJIHYAIOTCA OT ~ MAarMaTHUECKOTo paciiasa IO
IJIOTHOCTH H TO3TOMY €CTECTBeH IpoLecc HX OTIAEMEeHHA OT Marmbl (HampH-
Mep, Torpyxenue Gosee NJIOTHBIX KPHCTAJUIOB) C M3MEeHEeHHeM cOoCTaBa oC-
tatouHoro pacmnaBa. OfocoGaenne TNPORAYKTOB paHHefl KpHCTAJJTH3ALHMA
CBSI3aHO TaKxKe ¢ o6pa30BaHHEeM 30HAJbHBIX KPHCTAJLIOB. BoysnoM 6hlna
YCTaHOBJEHA IIOCHeJ0BATEJbHOCTD BbIICNCHHS KpPHCTAIOB H3 MarMm Hop-
MaJbHO LIEJOUHOro pAnga:

1) xesne3oMarHesuagbHbIe (TeMHOLBETHbIE) MHHEpANBl: ONHBHH — ITH-
POKCeH — poroBasi o6Manka — GHOTHT (TpepLIBHCTAsi PeaKUHOHHAS CepHs),

2) JMeHKOKpaTOBbie MHHEpPaJbl: OCHOBHOH TJarHoKJa3 — CPeiHHA mJa-
FHOKJ143 — KHCJBIH NJarHokaa3 (HempephlBHAA peakUHOHHAs cepHsl), opTo-
KJ14a3, KBapIL.

HaMeualoTcs TakKe DSbl MIIHEPasioB, XapakTepusywlue pacrnpeiene-
HHe MAarHHs H Xejge3a B NPOAYKTax paHHedl W no3fHEH KPHCTANIH3AUMH.
PaniHe BbIIE/JCHHS TeMHOIBETHBIX MHHEPAIO0B Beersia 6o/ee Marie3HabHbIe,
yeM paciuiaB, KOTOpBlil BCJENCTBHE 060CO6IeHHsT BLIASAHBIINXCS KpHUCTAd-
JIOB 3BOJIIOLHOHHDPYET B CTOPOHY KeJe3HCTHIX COCTABOB. CooTBeTCTBHE MEXK-
Iy CepHSIMH XKeJe30Maric3HajJbHbIX MHHEPAJOB H MOJNCBRIX HIITaTOB HIIID-
cTpupyeTcsi pHC. 5 (THIIMHBIME JAHArpaMMaMH TJ1aBKOCTH HenpepLIBHBIX
PCAKIMOHHBIX cepHil). DTO COOTBETCTBHE XOPOLIO NpOCIeKHBAETCS METPO-
rpadHuecku: BO MHOTHX CEpDHsIX H3BCPXKEHHBIX TOPHBIX MOPOL na6aonaercs
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npsiMasi KOppeasiis MCeXK1y oTHolleHHeMm Fe: Mg B TeMHOUBETHHIX MHHe-
paaax 1 otHomerneM Na: Ca B naarnoknaasax (puc. 6).

[Tpolece KpHCTAJLAN3ALLII COMPOBOMXKAACTCH MOBBIIIEHHEM B MarMaTH-
YeCKOM pacILIaBe COJep:KaHIlst KpeMHe3eMa, HIeJOYHBIX MeTaqlloB, xKeJse3a.
Tlpn McaJCcHHOM OCTHIBaHIN, HanpliMep, 6a3aJbTOBLIX PACMJIaBOB I MOrPY-
KEeHHH TPOAYKTOB panliefl Kpuctalinzaluud (¢ HAKOMJEHHEM OJHBHHA H

MHPOKCEHOB B HUMKHHX UACTAX Mar-

§ MarHyecKuX Kamep) Moxer ofpa-
E=e 30BATHCA PACCTOEHHOCTh TEPBHYHO
%90_ OJHOpOANIOH ‘6a3aanQBon Marvunl
& 11a YJbTPAOCHOBHYIO YAacTh B OCHO-
S W BAHHH HHTPY3HBHOTO TeJa H BCe
§ k- fonee KUCAYIO (BHJIOTH A0 TPAHHT-
$ HOr0 COCTAaBAa) MO HamnpaB/elnio k
< 00 kposie.  Hekortopnie  nuTpysum,
g g chopMHpoOBaBIlliiecss B TEKTOHIIYe-
% i CKH CTNOKOHHBIX maaThOPMCHIIBIX
S VCAOBHSIX, COJNEPKAT OTUYETJIHBBIE
g - NPH3HAKH MOAOGIIOr0 paccIoels.
S w-
8

10
% Z Puc. 6. Koppeasiiuis Ke1e3HCTOCTH MHPO-
# ,”0 7 i[) 70 50 50 00 30 ?0 ,0 0 KCCHOB, OJHBHHA 1 COCTaBa N.Iarmok.jaaaa

B paccloeHHLIX rabO6poBHIX  HHTPY3HAX

Homep  naaeuoxadsa nnathopvennoro tna  (Wages, 1969)

Boabiiylo poib B relicpawuiin MarMaTHUeCKHX paciiiaBoB H HX rocje-
AyIoIeil 3BOMIOUIIH NIFPAIOT NOTOKI (GIIOHAOB TWIYGHHHOrO (MOJKOPOBOTO)
nponecxoxacHus, HaspaHHbBIX Jl. C. KopXKHHCKHM CKBO3bMarmaTHYeCKHMH
(i TpaHcMarmMaTHYeCKHMI). DTIM Ha3BaHHeM MOAYEPKIBAETCH NX OTHO-
[IeHHe K paciliaBaM, 4epe3 KOTOPBIC OHM OTYACTH NPOXOIAT, CO37aBas
(aonHbIe MOTOKH, ollepexaloulie NOIbeM MarMaTHUeckKnx Mmacc. BosHIk-
HOBEHHE IOBEHHJbHBIX (JIOHIOB CBA3aHO C jerasailiieli r1yGHHHBIX (MaH-
THANBIX) yacTelt 3eMaH, B KOTOpPHIE NPOHUKAIOT TEKTOHHUUECKHE AHCJOKAaIlUH,
CHIKAIONINE JaBJcHHe M CTHMYJHDYIOU[HE peakIHH MeXAYy MHHepaJdaMH ¢
0OCBOGOKIEHHEM Ta30B.

Yro6bl MOHATH BaXKHYIO po.1b (BAIOHAOB B TeHCpalliH MarM, HeoOXOLH-
MO pPaccMOTpeTh BJAlIAHIIe JAaBJeHHS Ha NJaBJIeHHe MHUHEpaJoB H HX acco-
nuauniii. B o6mem cayyac o6bevM MHHEPAJOB TMPH NJABJACHIIH YBEJHYHBACT-
ca (MuHepaa1= pacnaas, AV>>0), naBaenne TpensTcTBYeT NJIABJICHHIO MH-
HepamoB (TeMnepaTyphl I11aB.ICHHS BO3PAcTaioT). B yc/loBHSIX BLICOKOTO
JaBJEHHs!, COOTBETCTBYIOILETO MOAKOPOBLIM YacTsIM 3eMJH, MPOLEeCCH TaaB-
JEHII (MarMaTlyeckoil TeHCpalHn) BO3MOXKHBI TOJMbKO B YCJAOBHAX KpafiHe
BBICOKOH TCMIEPATYpPHI, 3HAUNTeNbHO IIpEBHINAIOIIEH peajbHBle TeMMepaTy-
puLl MarMatrinyecknx npossieHnii. Hannune dbmaouaos cosgaer p0NOJHHTENb-
HBIT 3 hexTuBHLIT GakTop, ClIOCOOCTBYIOMHA OYEHb 3HAUNTENBHOMY CHH-
JKCHIIO TCMIepaTyphl M1aBJ1eHIsS MITHepaJoB.

CoctaB rayBSIHHBIX NPHPOAHBIX b.aounos caoxen (H,0, Hy, CO,, CO,
CHy, Ng, Hs, Sy, Cly, Fo v T. 1) 11 OUEHHTb WX BAHSAHHE B MOJHON Mepe B
HacTosillee BpeMs He INPeJCTaBJIACTCH BO3MOXKHBIM, TaK KaK 3KCIIEpHMEH-
TaJibHble NaHHBIC 10 [JABJCHHI0O MHHEpPAJOB H TOPHBIX MOPOJA XapakTepil-
3YIOT rJ1aBHBIM 00pasoM BansgHue H,O. DTH naHHBIE $ICHO ONpENeJSIOT rpo-
MaaHYI0 DPOJIb (.IIOHAHOrO JaB/eHHS, CHHXKAIOIIEro TeMrepaTyphl MJaB.e-
HHST MHHEpPaNoB 3HAYUTEIbHO (70 HEeCKOJILKHX COTEH TpajycoB), KaK INOKa-
3aHo Ha puc. 7 Ha TpHUMepe aabOHTA. JKCHEepPHMEHTAJbHOE IJaBIcHIIC
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MIIHEPAJ10B MO AaBJeHIleM (JIIOHAOB MpIBOANT K 06pa30BaHINO (PAIOILHO-CH-
JIIKATHRIX PACI1aBOB, B KaKOf-TO Mepe aHaJOrHUYHBEIX MPIIPOAHBIM Marmam,
X4paKTEePH3VIOUIIMCS BBHICOKHM COLeDKaHHeM JeTyUHX KOMIIOHEHTOB. ITOT
npoliece MoJeJHpyeTcsl peakllicii: MUHepaabl+Qaonl = QJIW0HIHO-CHIHKAT-
Helfl pacnnas, ¢ 60JLLIIIM OTPHUATCJABHLIM OOBEMHBIM 3(P(eKToM, UTO OI-
pefensieT ero 3HaUATEJNLHYIO 3aBIICHMOCTbL OT AaBleHHs, o6paTHYIO TOM, uTo
UMEET MeCTO IIPH «CYXOM» ILIaBJIEITHH.

®darouap, rakiM 00pa3oM, odellb 3HauH-

TeJIbHO PACUIHPSIOT TEPMOANHAMHUECKYIO Pl  Anmbur vakisad,
cTabUJIBHOCTh paclaaBoB, CIOCOGCTBYS HX P
reHepalUuu B 00.1aCTHX BLICOKOIO T1aBJeHII,
roCnoOIACTBYIONIEro B TaAy6nHax — 3CMJI. n

aMMaVERVY

Pie. 7. DxcnmepiMeHTabHEIE ZAHNbIC MO MABJEHII0 \
ambura mpit Prpo= Posu -

TIVEKTHPOM NOKa3aHel TiHHH MOCTOSHHOIO COXepiKa- \

wig 1.0 5 aas6urtorom pacnaase (Shimada, 1969) e e

TN

Bxox1eiHe BOABL B CHJAUKATILIE pacmaasBbl MPHBOMIT K PaAnKaJbHOMY
npeoGpa3oBaHIIO HX CTPYKTYPIBIX M XHMIUECKHX CBoOiicTB. B rpyfoit cxeme
ITOT TIPOLECC CBOIHTCH K CAEAYIOUIEMY.

B psiny KpeMHHeBBHIX KHCIOT Haubogec CIABHLIMH SBJASIOTCS adlOMO-
KpeMHIIeBble KHCJOTHl, CHJA KOTOPBIX MOHIRKAETCHd B IOCAEN0BATENhHOCTH
HA1Si;05—HAISi:0—HAISIOy, T. e. B mopsiake yMelblIeNHs OTHOLIENHs
qliceN aTOMOB KHcaopoda K Bojopoay (8—6—4). Pacteopennc Ho,O B 130-
TePMHUECKHX YCJAOBHSIX NPHBOINT K pa3pyUICHHIO aJIOMOKDPCMHIEBBIX KIIC-
JOT, B PC3YJAbTATC UEr0 IMPOHCXOIHT [OJOXKITEIbHAS [HOHI3AUUsl aNloMH-
HUSI, KOTOPHI1 H3MeHseT CBOI KOOPAHHANNIO C YeTBEpHOH Ha HIECTEpPHYIO:
2H[AISi30s] + 2H,0 = AlO3+ 3H,Si,05  uan H[AISi;05] +H,043Si0;=
=A%+ 4-3HSi,05~.

Taxum o6pasom, noeiiiende nasaenus HyO cmoco6eTpyeT mpespaliie-
HHIO AJIOMOCHJHKATHBIX DACNJIABOB B CHJAHKATIIBIE, B CBSA3H C UeM I[OHH-
}ACTCST XHMHUECKOE CPOJCTBO DACIJJIaBOB K IIEJIOYHBIM MeETanaaM ¥ CHH-
HAeTCsT BA3KOCTL pacnaaBoB. [loHHKeHIle BSI3KOCTH BO MHOTOM CBA3aHO ¢
HU3MEeHeHHeM KOOpJIHMHAIIHM MeTaJsaoB (MOBHIIeHHe KOOPAHHAIHOHHOTO 4HCIa
Koppeaupyercsa ¢ ocaafaeHIICM CBA3eH MCTadJ0B ¢ KHCJAOPOAOM CHJIHUKAT-
HBIX pacniaBoB). ['Haparalini KpeMHHEBBIX KHCJOT CONPOBOXKIAETCA HX Je-
TIoMMMepH3alielf, B pe3yJbTaTe KOTOPOH MeTakpeMHHeBble KHCJIOTH (o6Ja-
Jaonie JHCTOBLIM, JEHTOUHBIM, [eMOUeuyHBIM CTPOeHHEM) TIpeBpallanTcd
B OPTOKPEMHHEBYI0 KHCJIOTY (B pacmiaBax C 1130JHPOBAHHBIMH KDPEeMHEKIHC-
AOpOAHBIMH TeTpasipaMu): 2H.Si05+H.0=HSi;,0y, HeSi;0n+HO=
=4H,S5i0,;, H,SiO3+H;0=H,;Si0,. B 3ToM pANYy KPEMHHCBBLIX KHCJIOT
H2Si205—HeSi,0,,—H»Si0;—H,Si0, nocacioBatespsHo yMeHbIIAETCs OTHO-
MeHWe yiices aTOMOB Kicaopoaa X Bogopoay (2,56—1,8—1,5—1), uto ®op-
PeJUPYeTCsT ¢ MOHIDKeHHeM CHJABl KPEeMHHEBBIX KHCJAOT H IIX XHMITYECKOTO
CPOACTBA K QJIOMHHHIO 11 IEJOUYHBIM MeTaaaM.

PaccmoTpenHoe ollenaunBaloliee BO3AeHCTBHE BOLL OTHOCHTCS K KHC-
JLIM pacijiaBaM, B KOTOPBIX YBeJdHueHHe ee COJep:KaHUsl MoBbIIIaeT Koad-
()lILUeHTL AKTHBHOCTH OCHOBAHHE W NOHHXKAaeT Ko3(QGhHIHEHTH aKTHBHOCTH
KHCJIOTHBIX KOMIoHeHTOB. Ho B OCHOBHBIX ILTH MIEJOUHBIX pacnigaBax BOAa
MOJKET HIpaTh pPOJib «OTKHCIHTENS».

B oGumiemM mpgmoc BJHsiHME BOABI HAa KHCJOTHO-IEJOUHEIe CBOHCTRA
DICITABOB HeBeNHKo, 6oJee BAaXKHYIO POJdb HrpaeT 3HAUHTENThHOE TOHHMKE-
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HHe TeMIlepaTyphl KPHCTAMJIU3AIHH PAacliaBOB, CBi3aHHOE C MOBLIIIEHHEM
nasaenns HoO u ¢ ee pacTBopeHHeM.

B 3aBucumoctu oT gasiaeHus HyO TeMnepatypa KpHCTalJIH3alHH KHC-
JbIX Marm Bapbupyer B mnpemenax 600—950°. OxnaxkjaeHile pacliaBoB B
30Hax BBLICOKOro IIOHIHOrO J2BJeHHsS] Bbi3blBaeT INpeofpasoBaHHe HX
CTPYKTYPbl, 3HAUHTEJNbHO KOPPEKTHpPYIOllee NPSIMOe BJIHSHHE HA CTPYKTYPY
pactBopenys B pacnaaBax H;O. [TonnMepuzanus KpeMHCKHCJIOPOMHBIX TET-
pas’ipoB # oOpa30BaHMe aJIOMOKDPEMHHEBLIX KHCJIOT CXeMaTHueckH BhIpa-
XKaeTcs peakuHsMH (B pacyeTe Ha OAHMHAKOBOE KOJHUYECTBO BOJLI, UTOGLI
HCKJIOYHTh BJHSIHHE DPACTBODEHHS 3TOTO KOMIIOHEHTA):

H,Si0, -+ Si0, = 2H,Si0,, 3H,SiO; -|- Si0, == H,Si,0y;,
'H,Si,011 - 2810, = 3H,Si,0,, 0,5H,Si,0, I 0,5A1,0, = HAISIO,,
HAISIO, -+ SiO, = HAISi,0,, HAISi,0, -- SiO, = HAISi,0.

ATH peaKUHH XapaKTepH3YIOTCS 3K30TepMHUeCKHMH 3ddeKTaMu u nmajeHue
TeMIepaTVpbl cMelllaeT HX BopaBo. MIMH HaMcuyaeTcs MOC/JAeAOBaTeNbHOE
yCHJEHHC KPeMHHEBBIX H a/J1I0MOKpPEMHHEBBIX KHCJIOT NpH OXJaxKJIEeHHH pac-
IIJ1ABOB: ‘ I{4S]O4<}{28103<I{5g14011<H25105<<HA]SiO4<HAISIQO(,<
<ZHAiS1504.

Ho nnist ocyiiecTBJACHIIA 3THX NpeBpalleHHd Heo6XoMHM M3GBITOK KpeM-
HezeMa (11 aJIOMHHHH ISl TICpeXola K psly aJIOMOKPEMHHEBBIX KHCJOT).
Marmbl ¢ cyllecTBEHHLIM COfiepKaHHeM (IIOMAHLIX (1eTY4HX) KOMIOHEeH-
TOB COXPAaHSIOT XHUIKOE COCTOsIHHe A0 OTHOCHTEJILHO YMEpPEeHHOH TeMIepa-
TYphI, NPH KOTOPOIi HAMEUalOTCsi HaNpPaBJeHUs HX KPHUCTANJIU3AUHOHHON
AuddepeHnpanuy, OTIHYHLIE OT TeX, YTO HUMEIT MeCTO B BHICOKOTeMIepa-
TYPHOH OOGJACTH KPHUCTAJMH3AIHH «CYXUX» pacnnaBoB. IDTo OGBICHSETCS
TeM, uTo noponoofpasyouie MHHepa/bl BeAYT cebs HeOJHHAKOBO IO OTHO-
MeHHI0 K GJIONAHOMY BO3AEHCTBIIO, TaK UYTO COOTHOLICHHS TEeMIEPAaTyphl
HX NJIaBJEeHNS H3MEHSIOTCA W COOTBETCTBEHHO H3MEHSIOTCH HauboJiee Jer-
KOn/aBKlle (3BTEeKTHUeCKIe) COCTaBhl MarM, K AOCTHKEHHIO KOTOPhIX Ha-
npaBaeHa MarmaTHueckasi 3Boawoounus. Ytobbl mOHATH 3TO, HEOGXOAMMO pac-
CMOTPeTb TepPMOAHHAMHUYECKYI0 YCTOAYHBOCTL NOPOA006GPAa3yIOUIHX MHUHepa-
JIOB MO OTHOWIEHHIO K NpOIleccaM IJIABJEHHS B YCJAOBHSIX pasnuyHoro ¢Jio-
HJHOro pexuma, uto B oTHourennu HoO xapaktepusyercs naHHeIMH Tabu. 7.

Ta6anua, 7
Bauanue pasnenns H,O wa nnasaewue nopopoofpasyiomux

MHHEPaJIoB
Temnepatypa, °C
Harnenne H,O, kbap
Mune pans
0 1 2 5 10
Tlmoncng Ca Mg Si,O0p . . .| 1390 | 1330 | 1315 | 1290 | —
Anoptur CaALS(,Og . . . . 1650 | 1405 | 1340 | 1230 | 1115
AnbGar NaAlSisOg . . . .| 1120 905 | 845 | 745 —
Hedemn Na AlSiO, . . . .| 1525 | 1135 | 1025 | 830 675
Canngan K AISi;O0g . & . 0 .| — — 1000 | 875 —
Kpapu SiO, . - . . . ... — | — | 1130|1065 | 1035
Kopauepnr Mg, Al, Si,O,. .| 1565 | 1330 | 1250 | 1100 | 960
! i

OTH JaHHble NOKAa3bIBAalOT, 4YTO € POCTOM Pn,0 CHHXKEHHE TeMIepaTypbl

IJ1aBJCHIA TEMHOLBETHBIX MArHesHaJ/JbHBIX MHHEpaJ/JioB 3HAYHTEJNbHO MEHbL-
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mie, ueM JIeHKOKpaToBLIX MHHepasoB. Tak, ¢ noswillenneM Pu,o OT cTaH-
dapTHoro Ha 5 k6ap TeMnepaTypa MJaBJeHHs AHONCHAA TNOHHXAaeTCs HA
100°, anoprura Ha 320, anpbura ua 375, nedenuna na 700°. ATH COOTHO-
IIEHHH ITOKA3LIBAIOT, UTO C MOBbIleHHeM AasjeHHa HyO B nHauGomee Jer-
KOTJIABKHX (3BTEKTHYECKHX) C€OCTaBaX MarM TeMHOUBETHBE MHHEpaJbl
JOJNXKHBI BLITECHAThCA JeHKOKPAaTOBHIMH MHUHepaJaMu (I0JeBHIMH IunaTta-
MH, GeNbAmnaTou/1amMu).

T°c T T T T TS
Iy B Ansdum 900
750 PaHUm ]

HCt B -850

001 NHs
50, 800
8501 B Het 750

- S 470
500 L 0 0
Li,0 — 1,05 -1650
50 i - HF 4600
500 ] L L L 550
5 0 5 0 5 0 5 /4

BecoBsie npoyermsr Omopoeo nemyveeo easa & Hy0

Puc. 8. Badsiide KOM'10HEeHTHOTO cocTtana GUIOUAOB Wa TeMmepaTypy
njapfenns rpamnta v ansbura nojx aasdeHdem 2,75 kGap (Wyllie,
Tuttle, 1964)

OcTaHOBHMCA Ha WMCIONLIXCSA NAHHBIX O BJAHSIHHH HAa MarMaTH3M [py-
I'HX KOMNOHEHTOB ra3oBbIX (IOHAOB. 10 OTHOIUEHHIO K KHCJABIM aJIOMOCH-
JHKATHLIM pacmjaBaM OHH BenayT cebs pasnanuno. KomnoHeHTH, o6magalo-
ulHe BLICOKOH DAacTBOPHMOCTbIO B KHcabix pacmiasax  (H,0O, HF, HzBO;
M Jp.), CYIECTBEHHO NOHHKAIOT TeMnepaTypy HX KpHCTaaausauuu. Tpyd-
HopacTBopuMble KoMnoHeHTH (CO,, NH; u 1p.) Benyt ce6s B paccmaTpu-
BaeMOM OTHOLIeHHH HHAHGdEepeHTHO, U BO3pAcCTaHHe HX AaBJeHHS He MO-
HHKAaeT, a MOBbIIIaeT TeMIepaTypy KPHCTALIH3AaUHOHHBIX pPacnjaBos. 3Ha-
UHTEJNbHAS KOHIEHTPAIHS 3THX KOMIOHEHTOB B KHC/IBIX PacliaBaxX BO3MOK-
Ha JMUIL NPU OUEHb BLICOKHX TAa30BHIX NABJEHUAX, CHHXKeHHE KOTOPOTO
NPHBOAHT K OBLICTpOMY (B3PHIBHOMY) OTAeleHHI0 oT pacriasoB. Coxepxa-
HHE JIeTKO OTHAJAILIHXCA ra30BbIX KOMIOHEHTOB B Marmax NpsMO Koppe-
JHpYeTcs ¢ KO3()MHUHEHTOM 3KCITO3HBHOCTH BYJKAHHUECKHX H3BEpMKEHHII.
HuTepecHo conocTaBuTb (QUIIOHIHBIE KOMIIOHEHTHLI B YAaCTH HX CHOCOGHOCTH
BJIHSITb HA TEMIEPATVpPy KDHCTAJJIH3alnHil KHCJAbIX J1aB OTHOCHTEJILHO HEKO-
TOpOro 3TajoHa, 3a Kotopbiii mpuMeM H,O (koMnoHeHT, o6bIYHO Mpeofna-
JalolUi B rasax, CONPOBOXJAMIINX KHCALIH mMarMaTism). To CONOCTaB-
JleHHe 110 3KCMeplMeHTalbHbIM JJaHHBLIM NPHBOAUTCS Ha puc. 8. Kak crenyer
13 pucynka, gobasnenve K M,O oaaux komnonentoB (NHj;, SOsz) nosb-
l1aeT TEMIepaTypy KPHCTa/JNH3alHH KIICJIOH Marmbl, J06aBleHHE JpYyriix
(P:0s, HF, Li,0), Hao6opor, eec 3HAauWTeJbHO NMOHHXKAET. DTO CBS3AHO C
TeM, YTO OJHH KOMITOHEHTHl PAacTBOPAIOTCH B paciaBax Xyxke, ADyrue Jyu-
me, ueM H,O. Ha puc. 8 Bunna TakkKe OTHOCHTENBHOCTL pacCMaTpHBaeMo-
ro CBOHCTBa KOMNOHeHTOB: noBaBnaeHne K Boxe HCl u SO, nosuimaer tem-
nepaTypy KPHCTaLJIH3alUHH KHCJIOTO FPAaHUTHOTO paciiaBa H, Ha060poT, Cy-
IIeCTBEHHO TMOHHXaeT TeMOepaTypy KpHCTAJMJH3alHH 6ojee  IIENOUHOrO
anpOUTOBOrO pacmiapa. BiusHHe KHCIOTHRIX KOMIOHEHTOB Ha KPHCTZJIH-
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3aI110 N[CJTOUHBIX pacnaaBoB GoJee CyIeCTBEHHO, 4eM Ha KPHCTAJJIH3AUHI0
KHCJABIX pacinaaBoB. DTH 1aHHble MOrYT ObiTh nonoaHens B dacth COs,
HanGoace HHIIGPEPEHTHOro Mo OTHOWIEHMI0 K KHCABIM pacmiaBaM, U BOs,
nanGoJsce NPOYHO CBSI3AHHOTO CO CTPYKTYPOH DPAcCHIaBoB.

B ucaoM 1o BAHSHHIO HAa KPHCTAAIH3AUIIO KICABIX MarM KOMNOHCHTDI
(o108 pacnosaraTcs B CIeAYIOUIH PaL:

CO,— NH, — SO, — H,0 — P,0, — HF -~ Li,0 — B,0;.

B 5ToM psay NOCJAcAOBATeJLHO HapacTaeT PacTBOPHMOCTL KOMIOHEHTOB B
KIICABIX Marmax (MarMo(H/JILHOCTb) H HX CIOCOGHOCTb NOHHXKATL TeMIepa-
TYpY KpHCTAAIH3aIIl KHCABIX MarM. OIHOBpEMEHHO CHHXKAeTCd HX «OTHe-
JIIeMOCTL» OT PacCnaaBoB. DTHM PAJOM ONpeleJsieTcss XapakTep pacnpene-
JICHHS Ta30BHIX KOMIOHCHTOB MEXJY pacnaaBoM H (JIIOHIOM, OTAEJA0-
IMIMCSl OT pAciiaBa B CaMOCTOsATeNbHYyIO (hasdy. KOMroHeHTHl, pacnojaoxken-
Hble B Haua/le psAAA, KOHUEHTPHPYIOTCS NPEeHMYLIeCTBeHHO BO (JIIOHIHON
(rasoBoit) (ase, KOMIOHEHTbI, PACIOJOKEHHEBIC B KOHILE pANA, KOHUEHTPI-
pYIOTCS B KHCJIBIX aJIOMOCHIKATHBIX pacriiaBax. IlociclHue mpoyHO CBsl-
3aHBI €O CTPYKTYpOfl AMIOMOCILIIKATHBIX PACIJIaBOB I yXKe NPH HH3KOM H
YMCPCHHOM JlaBJCIIN BXOAST B COCTAaB pacilaBOB B 3HAUNTENbHOM KOJH-
yeCTBe, CYNCCTBCHHO TOHIKAs TEMMepaTypy KpucTamausaunu. Tak, mpu
naBgeHill Ppo=1 xGap B cocTane KHCIOrO paciiaBa MoJbHAA JL0Js H,O
nocturact 0,15, a TeMmepaTypa KpHCTannnsalun cHikaeTes ¢ 950 mo 700°
NoGasaensie (Gropa veuinsaeT 3TOT >dekT (cM. puc. 8), Tak Kak ¢rop
Clile TMpOUHCE CBA3AH ¢ KOMIOHEHTAMH aMOMOCHJHMKATHBIX PacniaBoB, 00-
pasys ¢ HUMI 1pouHsic coennnenns (SiFy u 1p.), pacTBOPHMOCTb €ro B pac-
niaBax Bbime, ueM pactBopumocts HeO. C apyrodt cTOpoHH, noGasJcHHE K
H,O xmopa 1 apyrix mMarmMopoOHLIX KOMIOHEHTOB  pelylUnpyer 3¢ ekt
BJHSANHA BOJBl HA TeMnepaTypy KPHCTAJNIN3alHH H COCTaB KHCJABIX pacrnJja-
ROB, TaK KAK PACTBOPHMOCTb MX B pacnaaBax Hiixe pactsopumoctn HpO.
Taxk, npn aasaennn 1 k6ap COg mpakTHUeCK! He BXOJAHT B COCTAB a/lOMO-
CIJIHKATHBIX KIICJIBIX PACMJaBOB H He BJHAeT Ha TeMIlepaTypy HX KpHCTal-
an3amii. Ho npr BBHICOKOM (BJIIOHIHOM JaBJeHHH MarMopoOHble rasbl Tax-
e BXOMSIT BO (DIIOHIHO-CIMIHKATHBIE pacIliaBbl B GOJBUIOM KOJHUECTBE,
YTO THUMYHO /s TIYGHHELIX 30H MarmaTiyeckoli remepanuu. IIpn BHedpe-
HII pacnJiaBoB B BePXHHe YacCTH 3eMHOfl KOpPH M IPH H3BEPXKEHHH HX Ha
3¢MHYIO IOBEPXHOCTb NPOHCXOIMT OTHcJCHIC (IIOHA0B OT paciyiaBoB ¢
MPCIMYIICCTBEHHON KONIIeHTpanuell MarModHJIbHbBIX ~ KOMIIOHEHTOB B pac-
m1asax, a MarMooGHBIX KOMIOHEHTOB BO (JlonaHol ¢ase. [Ipn oueHb HH3-
KOM (DJIIOWIHOM JNaBJEHHH MOXKCT IPON3OHATH NOJHOE OTAENeHHE Fa30BHIX
KOMIIOHCHTOB OT CILIHKATHLIX pACH/JIaBOB, HO TakHe YCJIOBHSL B NIpHpPOAE HC
peanuayloTcs, Tak Kak OTiedeHic (JIONI0B CTHMYJIHPYET GHICTPYIO KpH-
CTAJJN3AIMIO PACIIABOR 11 3aCTbiBaHlle HX B BlJe CTekna. B 3acThBUIAX
KIICJABIX JABaX BCCrJA COACPIKATCA JeTyule KOMIIOHEHTHI, MPHYEM TJIaBHBIM
o6pazoM TPYAHO OTAcAstontecst oT pacnaaBoB— HyO (elMHULL TPOUCH-
ta) n Fy (1ecsiTie 1 coTble 10/ TpoueHTa). Ilepexon oT HHTPY3HBHOH da-
win K >¢dy3nBHON €O CHIKeHHeM (JIIONIHOTO JaBJieHHs 10 aTMocdepHo-
ro 1 yclLTenneM OTAeJCHHS ra3onofi ¢asbl LOJKEH KOPPeJHpoBaThCs C I0-
BLIIEHIICM B MarMax OTHOLIEHHs COAepXKAaHHS MarMo(H/bHBIX ra3oB K Mar-
moobumM:  HoO : CO,, HsO : Hy, HyO: CH,, HoO:H,S, Fp:Cly u 1. 1.
IpuMeyatenbHo Bo3pacTanne oTHouwlenus HpO K cyMMe ra3os, CO3RAOMIIX
B pacrniaBaX BOCCTaHOBUTE/JbHYIO OGCTAHOBKY (Hs, CHy, HoS m np.).
Marmariieckiie paciiaBbl reHeplipyloTces B raybuHax 3eman B obia-
CTH BBICOKOTO (JIOHMITHOTO [AaBJEHHS H, BHEJPssiCb B BePXHHE TOPH3OHTHI,
TepeMeIaoTest B 30Hb Gonee HU3KOrO /AaBJCHHS, BCACNACTBHE HEro MpOHC-
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XOJHT OTHeJieHHe OT pachaaBoB (IIOHAHBIX KoMIIoHenToB. OtjencHio ¢Jo-
0B CIIOCOOCTBYIOT TaKMXe TEKTOHHUeCKIle NHCJAOKAaUHII B 3eMHOH Kope, C
KOTOPBIMH MarMaTHYecKHe NpPOsiBJeHHs Haxo#sTCsl B TeCHOH cBsidH. B ama-
JII3€e BJAHAHHUS (IIOHIHOTO OTIAENeHHS HAa MarMaTu3M 1lpexAe BCero HeoGXo-
IHMO YYHTBIBATb Kjaaccudlikauiiio (JaIolAHBIX KOMIIOHEHTOB 110 11POYHOCTH
IIX CBfI3€H CO CTPYKTYpOH aJIOMOCHJHKATHBIX KIICJABIX paciiasos. Beaceact-
Blle pasiduuHOIl «OTAeJAeMOCTH» (JIONJHLIX KOMIIOHCHTOB OT PaclljiaBos I
3aKOHOMCPHOTO X pacnpenciaeHuss MexAy (pJIongaMi 1 pacisasami §aio-
HAHO-MarMaTHUYeCKOe B3aHMOMACHCTBIC A0AKIO COIPOBOXKIAATBHCH 3(P(PCKTOM
oboralileHust paciliaBOB MarMoiib-

HBIMH KOMIIOICHTaMH  (propoMm, 6o-

pOM H 1p.) OTHOCHTEABHO KOMIOIICII- 25
TOB, GoJice JIeTKO HCPEXOASILHUX B ld- ’
30By©0 a3y (x.J10pa, YriaeKHCJIOTHl il

ap.). OboraiileHie KACABX pacniaBos

¢Topom 11 SopoM 110 Mepe MarMmatiye- 20
CKOH 3BOJIIOIIHH ABJAETCS SIPKO BDI-

ODeo0+D 4

SOV T

¢ropa W xmopa B amaTHTax MarMaTHYeCKHX
nopox (no . C. MrefinGepry, M. H. Byw-
asikoy, B. A. Buaucosy, 1974 ¢ pnonoJse- 10
HHAMH)
[—3 — nurpysusueie  mopoaw (I — KBapue-
BH¢  IHOPHTbl, 2 — rDAHOMMOPHUTH, J — rpa-
HHTH); 4—6 — sd¢dysusuble nopoabl (4 — aa- g5
UNTE, 5 — TPaxuThl, 6 — JEHUHTOBble TpaxH-
Tol), 7 — 6Gasanabtel Jlyubsl (Gancarz et al.,

Puc. 9. CoorHolweHHe coRepxasuii BOAb, ST
tact

1971). Jlumin coOTBETCTBYIOT PaBHOMY Teo- % \o

PeTHYCCKOMY COACPHKAlHIO THAPOKCHIA (UH(- %0

pul — Moapusie goan O 8 rpynme OHA-F+ o
+CI, %) E%

pPaXKeHNOH reoXHMHUCCKOI OCOBEHNHOCTBIO KHejaoro MarMaruaMma. Ilpn sto
HapacTtauie QTOPHCTOCTH PACIABOB IPAMO KOPpPeNdUPYETCs ¢ [OBBIIICHUCM
B HUX OTIOLIEIIIS KaJHsl K 1aTpHIO.

BxoxjacHHe B cHANKATHBIE pacliiaBel GTopa (KOMIIOHEHTA C CHJALHBIMIL
KHCJOTHBIMH CBOIICTBAMH) VCHJHBAeT OTPHUATENbHYIO HOHII3alldIO pacliia-
BOB, T. €. CHOCOOCTBYeT IIOBBIIIEHHID HX KHCJOTHBIX cBOicTB. Poan ¢ropa
B paciiaBax B KAKOH-TO Mepe aHajorHuyHa poJan kHcjaopopa. Kak i kucio-
pox, ¢Top ob6pasyeT NpouHble COeJHHEHHS C KpeMHHIeM H aJIOMHHIEM, HO
5TH COeILHHEHIIss OTJIYaoTcs GoJiee KHCIOTHBIMH cBoicTRaMn. MoxHO npen-
CTaBHTL ccOe TAKYIO 110Ce10BaTeNbHOCTh PeakKUHH IIDH PacTBOPEHHH B pac-
naBe MWIaBIKOBOH KHCA0TH  SiOg+4HF =SiF,-+-2H,;0, 3SiF;-+3H,0—=
=H,Si03+2H,SiFs. B pesyabrate sTiix peakuuii o6pasyloTcsi KIICJIOTH —
MeTakpceMHlleBasg HeSiO3; u KpevHedToplictoBonopoinast HeSiFs, koTopas
OT/IM4AeTCS OT OPTOKPEMHHEBON KUCJOTHl HajguuHeM (TOpa, 3aMeCTIBIIEro
kueaopon: HoSiO3+3F,=H,Silg+41,5 O, npuuem 3To 3aMelieHiie CONPO-
BOXK/IA€TCS 3HAUHTENLHBIM YCHJeHIeM KICJOThl U MOBHIIEHHEM ee pacTBo-
pumocTit B Boje (ob6pasyiorcs pactBopbl HeO — H,SiFg). O cooTHOmCHNN
BOABl H pTopa Bo (aIoli1ax, CONPOBOKIAIOMINX KICIBIL MarMaTH3M, MO#K-
O CYIHTb 110 COOTHOIIEIO COIep:KaHHA 3THX KOMIIOHEHTOB B CHJIKATaX,
KPHCTANIH3YIOMUXCA H3 MarMmbl (6uoTnTax, amdndo.aax, anaTurax).

Coornouerne conepxanuii HoO, Fs, Cly B anmaTiTax pasJHuYHbIX THNOOB
MarMaTHYeCKHX MOpOJ WJII0CTpHpveTcs pHc. 9. Cyas no 3THM MaTepHamaam,
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BLICOKHE COJlep:KaHuUsl XJopa CBOACTBEHHH MOPOAAM, OTBEUAIOUIHM HayaJb-
HbIM CTaAHAM MarMaTHYeCKoH 3Bogoouun (6asanbTaM, aHIe3HTaM, AHODH-
tam). C mepexodom k rpanutraM xJsop BoiTecHsercss HyO u Fo. Ilo mepe
3BOJIIOLMH TPAHUTOHAHOrO MarMaTH3Ma IPOHCXOAHT MOCAEJ0BATENbHOE BHI-
TeCHeHHe BOABI (PTOPOM.

Tpyano oTaeasoounecss KOMOOHEHTH (®TOp H Ap.) AOJKHLI IIPOAB-
JA51TL TEHJEHUHUIO K HAKOIJICHINO B HILKHHX UYacTdX MarMaTHuYeCKuX TeJ, a
GoJice JIErKO OTAENAIOIINECs: KOMIIOHEHTh (XJ0p H Jp.) — B BEPXHUX 4aCTaAX
tes. TToCKOALKY (JIoufHblE KOMIOHEHTH 00.1a1a10T HEOAHHAKOBBIM XHMH-
UECKIIM CPOACTBOM K METPOTCHHBIM 3JeMeHTaM, (loHAHAsT HeOAHOPOILHOCTb
JIOJIXKHA CTHUMYJHPOBAThb BO3HHKHOBEHHE MAarmMaTHUCCKOH HEOIHOPOLHOCTII.
[lomo6uas ¢aionnHo-marmMaTiueckas fuddepenunanis MoKeT fBHTLCA OJ1-
HOM 113 NPUYHH BO3HIKHOBEHHs BEPTHKAJbHON DAacCCJOEHHOCTH TesJl Marma-
THYECKHX TOPHBIX 10poA. C HCH MOTYT GbITb CBSI3aHbl HEOLHOPOAHOCTI! Mar-
MaTuuecKinx o6pa3oBaHiil pasanyHoro macirata BIJOTb 10 CYOMHKPOCKO-
IIH9eCKOr0 YpOBHsI. YuacTku marm (IIOTOKH, IIPOCIORKH H Aap.), oboralleH-
Hble JIETYUHMH KOMIIOHEHTAaMH, JOJIKHBI NpPCABJATL Gojlee  KHIAKOCTHBIE
CBOHCTBA 10 CPAaBHEHHIO ¢ OGeJIHEHHBIMH JIETYUHMH KOMIIOHEHTaMH ydacr-
KaMH, KOTOPble MOTYT 1IOJBEPraTbCl pa3pblBaM H PACTACKHUBAHHIO NPH JBU-
XeHHH MarMm. B pe3ysibraTe MOrYT BO3HIKHYTb TEKCTYPbl HEOJHOPOIHOCTH,
CBOIICTBEHHble MHOTHM KHCJLIM 3Q@y3uBHLIM nopoiaM. C BJHAHUEM JeTY-
YHX KOMINOHEHTOB CBfi3aHbl fBJICHIS pacCIlelJeHHs MarM Ha HecMelIiBalo-
Hiecst KUAKOCTH DPA3/IMUHOrO COCTaBa. DTH fIBJeHHs HAa3blBAIOTCH JHKBA-
uuedl. B Mmarmax 6e3 JjieTyuuX KOMIIOHEHTOB, OTBeUalOLUIMX COCTABAM H3BeEp-
AKEeHHbIX HOPOJ, JIKBalus He IpociekuBaeTcsi, HecMecuMocTh — cHHKaT-
HBIX pacmjaBoB BO3HHKACT C NOBBILUEHHEM B HIX COLepXKaHHA JeTyuiX
KOMIIOHEeHToB (0co6eHHo (Topa) BCJaeldCTBHE Pe3KO HEOAHHAKOBOTO XHMII-
UCCKOTO CPOJCTBA MX K pPa3JdUuHBIM 1IeTPOTreHHBIM KOMIloleHTaM. PaBHoBec-
Hble KHAKOCTH (Marmml), ofpasymoouiecs B pe3y/bTaTe JHKBAlMH, PE3KO
pasJuaioTcs He TOABbKO [0 COAEpPXKAHIIO IEeTPOreHHbIX OKHCJIOB, HO H IO
COCTaBy H COAepXKaHNIO JIeTYUHX KOMIOHEHTOB. [lo3ToMy siBneHHsl JHKBa-
uny otrpevalT 0ojce obuiemy npoueccy GuolgHO-MarMaTH4yecKon aug-
(hepeHUHaLHH.

B uncne BaKHBIX HaKTOPOB MarMaTHUYeCKOro pa3BHUTIIA B OTKPHITBHIX ClI-
CTeMaX HaXO/MTCs B3alMONCHCTBHE pacIiaBoB ¢ (JrougaMH, KOTOpble Ie-
peMelaloTesl OTHOCHTCBHO pACIiIaBOB, OCYIIECTBJSIS I1PHBHOC-BLIHOC IeT-
POFE€HHBIX KOMIMOHCHTOB. JTOT 3(¢PeKT H3MeHeHlsl cocTaBa MmMarM (McrTa-
MarMaTtH3M) MOXHO Ha3BaTb 3MaHAUNOHHOH, WAH TpaHCMarmMaTH4ecKOH,
nigdepennnanueii. Cornacio npeacrasiaenuam . C. Kopxunckoro (1955)
u K. B. bapuema (1970) u np., murpauusi GpaounoB uepes (.1IOHIHO-CHIU-
KaTHble PacryaBbl OCYLUeCTBJseTCA IIpH pas3jieJeHHH HX Ha IBe HecMellH-
Baiouiuecst ¢asbl — QUIOHIHO-CHIHKATHYI0O H (UIIOUIHYIO, uYeMy OCOOCHHO
crnocoOCTBYeT BOCXOAsilee BHeApeHHe MarmaTIlyecKHX Macc.

CHauvasa BbllensieTcs ¢uiounHass ¢asa Ha CyOMHKPOCKONHUECKOM
YpOBHe, a 3aTeM 06pa3yloTCcsi MajCHbKHE NMY3bIPbKH, NOAHIMAIONIMECS BBEPX
BBUIY MeHblle#d naoTHocTH. [Ipu 3TOM BO3HMKAWT CTauHOHApHBIE TpaHC-
MarMaruyeckie NOTOKH ¢JounoB. Bo ¢aouias, paBHOBeCHble C MarMamy,
MepexXoadaT KOMIIOHEHThl, H3GBITOUHbIE 10 OTHOWIEHHIO K 3IBTEKTHUECKHM CO-
cTaBaM, H, TakuM obpa3oM, TpaHCMarmaTuueckue (JIOHIHBIE TTOTOKH CIlO-
CoOCTBYIOT HanpaB/ieHHOH 3BOJIOLHH MarMaTHYecKHX pacrniaboB. ITo mepe
3TOH 3BOJIIOUYH B psNY IIeJ0YHO3EMEJbHLX TOPOA BO3HHKAIOT BCe GoJsee
KpeMHeKHCJ/Ible paciiaBbl, GefHble MarHHeM, KajbuHeM, XeJje3oM: 06asaJb-
Thl — AHAE3HTH — JaluThi — Junaputel. IIpy 3TOM yCHIHBaeTcs CpOACTBO
(BOCTIpHHMUHBOCTb) CHJHMKATHBIX pacCljaBOB IO OTHOLIEHHIO K (DJIIOHIHBIM
KoMrnoHeHTaM, O6 3TOM MOXKHO CYIHTb nmo pactBopumocTH B HuXx H:O, Ko-
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:1(())11))2;{1 fgllal:fclTS;fmo BO3paCTacT B 1OCJENOBATENBHOCTH YKA3aHHOTO psiia
PaBnoBecust pacnnapos ¢ $uabTpyromuMICs Yepes HUX daonzaMu Tep-
MOIMHAMHYECKH MOACNHDYIOTCA OGMEHHBIMH DPeaKUHSAMH ¢ Y4acTHEM HOHOB
META/JIOB, HAaXOAANIMXCA B paclliaBax, '
H MOJIEKY/JTaMH METAJIOB € JIETYUHMH 000 oo
KOMIIONeHTaM I ()1I0H10B, HAlpuve]: F ’
9000
Nai | KCl = K+ | NaCl,
2009

Nab -j- KOH = K+ .} NaOH u AP,

1000
YUHTLIBas CTPYKTYPIOE COCTOsINIIE pac-
1aBOB, B KOTOPHX B «IPEAKPHCTAJIIH-
3alHOIHBIH Nepuof» 06pasyloTCsl aToM-
Hble  TPpYIIHPOBKH,  COOTBETCTBYIOLLHE
OYAyliHM MuHepasiaM, 3TH OOGMEHHLIC .
PaBHOBECHSl MOXKHO TIPEACTABUTL B HIIOH
(DOPMe: 3000

6 000

5000

4000

Daenenue, bap

2000

Puc. 10. Couocrasaenne PacTBoOpHMOCTH BOABE
B CHJHKATHBIX paciJaBax pasJHLHOrO CcOCTABA 1000
) (no Tamuibrony u mp.):
1 —Si0; (npu 1125°C); 2 - 6aszaanr (1100°Cj;
d —angesur  (1100°C); 4— TPAHHTO-NCIMATHT
(695°C)

NaAlSi;Og |- KCI = KAISi;O; - NaCl; NaAlISiyO, | K(OH) —
= KAISizO, - Na (OH) u zp.

Tepmonunuamuueckne pacueTnl nomo6HbIX PaBHOBECHH ¢ yuyacTHeM ILE.04-
HLIX MCTAJI0B NOKA3BIBAIOT, YTO B YCJOBHSIX MAarMaTH3Ma OHH 3HAUHTENbIIO
CMCLICHL BNPABO NPH Y4YACTHH CaMbIX DA3/HYHBIX JETYYHX KOMIOHEHTOB
(Clp, HO, F, u ap.). 310 O3HAYaeT, YTO NMPH (HUJABTPAUHH pPACTBOPOB B
MarmMax NOJKeH HaKalMBATLbCsl KalHH, a HATPHH JOJKeH IIPEUMYLCCT-
BEHHO BBIHOCHTBLCS DACTBOpaMH. DTo OTpaxaeT HaHOOJee OGIIYIO TeHHeH-
IIHI0 BO3pacTaHMA B MarMax OTHOIICHHS KAJHS K HATPHIO IO Mepe 5BOJIO-
LHH MarMatHsmMa. B uactu xesesomaruesnasbHoro oTHoMmeHus BBLIPHCOBHI-
BaeTcs Gosiee CIOXKHas KapTuHa. IIpoxoxpeHne uepe3 pacniaBbl OJHHX
KOMIIOHCHTOB, HanpHMep (Topa, CrIOCOGCTBYET YBEJNHUECHHIO KENe3HCTOCTH
Pacn/aBoB B CHJYy peakuHH TAaKOro THMA, Pe3KO CMEMleHHBIX BIIPABO:

MgSiO; + FeF, — FeSiO, -| MgF,,

;"(I?(I;JI]:aa(bK(gK HaJIHuiIre ,U,pyl"PIX KOMHOHCHTOB, HaanMep XJIOpa, pellyl_[pr@T
€KT, TAK Kak PCakKUHH C HUX YuyacTHEM CMelleHBI
B IIPOTHBOI -
HYIO CTOpOHY: P oronox
o ,
MgSiO, -+ FeCl, < FeSiO, + MgCl,

Hs puc. 10 Buano, uto comepxanue Ho0 B kucabix pacniarax vosker npe-
BhIIATL 10 Bec.% mnpu naBaenusx Puo  oxo.o 3 Kbap. Bogible MHHepaﬁbx
CTaGUIIbHBL IPH HH3KOH TeMmepaType, HO ¢ poctoM Py, o6aacTb nx yCTE)fI-
YHBOCTH DacnpocTpaHseTcss B 00JacTb Bce Gosec BbICOKON TeMHépaTypbr
TOTAa KaK BBICOKOTeMIIepaTypHble MoJsi CTAGHIbHOCTH pacniaBos pacmu-’
psatoTea ¢ poctoM Pu,o B 00JacTh Gosee HH3KOM TeMnepatyps. Ilo moctn-
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JKCHIII HEKOTOpHIX BeialunH Pro NOJs yCTOHUHBOCTH ¢ MIOUTHO-CHTHKAT-
HBIX PACIIABOB H BOAHGLIX MHHEDAJOB COBMEINAIOTCS BO3HHKAIOT YCJIOBHSA
1% HenoCpeiCTBEeHHOH MarMaThyecKolf KpHCTA/IH3AlHH BOJLHEIX MHHepa-
loB. DTH COOTHOWIGHHR NOKa3aHbl Ha rpaduke puc. 11, COMIAcHO KOTOPOMY
paMeuaercd WIHPOKoe TOJde COB-

MelCHIIS YCTOHUHBOCTH ‘OHOTHTA

il pOTOBOMi OOMaHKH ¢ 1I0JeM

KplicTaIH3alKll MarMbl Ipanit-

¥ [ 7rasrenve HOTO cocTaBa (3TH  Muuepasbl

| Josomeme oBLluNbl B 4HCJe  IIPOLYKTOB
KpICTAMII3aLHH  KHCIABIX 1i OT-
yactu cpeanux Marm). Ilpu Go-
1ee  BbICOKOM PH,0 (CTAHOBHUTCSA
BO3MOYKHOM MarMaTHuyecKasi KpH-
cTandu3alis KyMMHHITOHHTA —

HymmuremoHumo
g8 pUOAUMSI

N
Puc. 1l. JluarpaMma CcOMOCTaBJeHHs
noJeil  yCTOHYMBOCTH BOJHBIX MHHepa-
JOB 11 pacinjapoB TPAHHTHOTO I 6a-

32JLTOBOTO COCTABOB.  YCJOBHSL KDH-
CTAATH3ALUMH KyMMUHTTOHHTOBBIX DHO-
e auToB OGo3ilaucibl Mo Dsapty u [puuy

MHllcpaJa, oyeilb PEAKOro B MPOLYKTAX l1er1oCpeACTBEHIIOH KPUCTANIU3 AL
MATMATHUECKIIX paciiaBoB (OOBIYHO YCTOHUMB SICTATIT C KBapLEM).

Kucable PHOINTOBLIE JaBbl C IICPBIYHBIMH BKpalLICHHHKAMH KyMMHHT-
TOHHTa omucanbl, Haupumep, B Hoso#t 3esaHIHH. Jaa HEX ONpeAesloTCs
HH3KHC TeMIepaTypbl KpHCTaLIu3auli (0KoJIo 700° C) npu pasaenun HyO,
HecKObKO lpeBbIaoen 1 x6ap (puc. 11). Kak cacxyer 13 paccMaTpH-
paeMoro rpaduka, 3HauuTeJbHO GoJiee BBHICOKHC 3HAUCHILI Pii,0 B passu-
THH KICJAOrO MarmMaTH3Ma MAajoBepOsITHLI, TaK Kak OHHM NpHBEJaH OBl K
MArMaTIuCCKOH KPHCTaJJIH3ALIN B KBapUCOAEPKALLHX 1OPOLaX TaKMX Mu-
HepaaoB, Kak MYCKOBHT, SHHAOT, HTO netporpaduyecku He YCTAHOBJ/IEHO
(3TH MuHepajbl B MarMaTHYECKUX I0pOAAX HMCIOT BTOPHYHOE IIOCTMarma-
THUeCKoe TPOHCXOMKAEHIe i CBSI3bIBAIOTCA C PA3BHTLEM rHAPOTEPMAJbHBIX
npomeccoB npil Gosce HIZKOM temneparype). C nepexoioM K IayGHHHBLIM
30HaM 3emal jgapjaeHie Ha (aAOHX L0MKHO 3HAUHTeNbHO BO3pacTaTb, HO
napunanbhoe aasienne HyO npn 3ToM nanaet BCJeACTBHE BBHITECHEHIsI
H,O npyrumi rasaMH, HampliMep BOAOPOJOM, TIpH o6llleM CHHXKEHHH CTele-
un oxucaenns ¢uonaos HyO—>Hy. OKHCIHTEIHHO-BOCCTAHOBUTEALHLIMH yc-
OBISIMH BO MHOIOM OIpelesioTCs JIETKOTJIaBKHE (3BTEKTHUECKHE) COCTa-
Bbl (DUIIOUHO-CHIHKATHBIX PACIIaBoB I, CJICIOBATE/ILHO, MOpsIIOK BLIJENe-
HUSl MHHEpaJoB H HanpaBaeHHs MarMaThueckoi spoJionnu. C ycumieHHEM
BOCCTAHOBUTENLHOrO XapakTepa (GJIIOHIOB AOJNKHO 3HAUHTENLHO MOAABISTL:
csl pasBUTHC MHHEPAJIOB BC/IEICTBHE YMCHBILICHH: AaBJEHHA BOJAHOrO (OKHC-
nennoro) Komnouenta duioupos (H:0), Ho BausaHue ¢G1I0UN0B HA TemIle-
paTypy IUIaBJeHus HOPOA HpH STOM IOJKHO YCHIHBATLCA, KAK MOXHO CY-
JITh N0 3KCIEepHMEeHTa/IbHbIM JaHHLIM O MJIaBJeHUH GazaabTa B Pas3jH4YHON
OKHCJIHTEIbHO-BOCCTAHOBHTEJbHOH 06CTaHOBKE  (PHC. 12) (B BOCCTaHOBH-
TeJbHbIX YCJIOBUAX 006/1aCTh CTaOHJIBLHOCTH fa3aJbTOBBIX paclmJaaBoB HIMpE,
yeM B OKHCJAHTeNbHOR). DTOT 3QGheKT elle cnafo u3yueH, HO OH JOMKeH
IMeTh 6OJblIoe 3HAUEHHE AJis TMOHHMAaHHS YCJAO0BHI Pas3BUTHs OCHOBHOIO H
yJALTPAOCHOBHOIO MarmarTusma.

3aBHCHMOCTb MOpAAKa KpICTaJd/NH>aLHH MHHEpaJoB M3 paciliaba 6a-

o

3aJbTOBOTO CocCTaBa OT OKHCJHUTEIbHO-BOCCTAHOBHUTEAbHBIX YyCa0BHH IIpH
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JaBJjeHuH oKoJo 1 xGap mpexacrasieHa Ha puc. 13 no skcnepHMeHTaJbHBIM
JaHHBIM psaga aBTopoB. Ilopsilok KpHCTanJH3alHH MHHepaJoB C MOHHXKe-
HHeM TeMIepaTypbl pacinjiaba:

1) B CHIbHO BOCCTAHOBHTEIbHOH 0OCTaHOBKe (paBHOBeCHe MarHeTHT-
~BIOCTHT) | IJIarHOKJ1a3 — MHPOKCeH — PYAHbIH MHHepas,;
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Puc. 12. Tlnasienne 6asaibTa B PasiHYHBIX

OKHMCJIHTE/1bHO-BOCCTAHOBUTE/bEBIX  YCJAOBHAX

(10 3KCTIepUMEHTAJbHBIM JaHubIM | aMHJbTO-
na, Bspnema u 1p.)

Puc. 13. Dbdekr nanaenus KUCIO-
pola Ha TeMNepaTypy IOfiBJeHHSA
MiicpasoB B 6a3ajbTOBOM pacmja-
BC npn JaBicHHH Ppyo =1 k6ap

2) B yMepeHHO BOCCTAHOBHTEJLHON o6CTaHOBKe (KBapI-+MarHeTHT--
-+ asganTt): THpoOKCeH — IJIAaTHOK/Aa3 — PYAHBIH MHHepaJ,;

3) B oKHCANTeAbHOH 06CTaHOBKe (reMaTHT--MarHeTHT): PYIHBIH MHHe-
paJ — DHPOKCeH — IJIarHoK1a3.

PasnuyHblH NOPSOK KPHCTAMJIH3AUUH OmpefesseT HeoLHHAKOBoe Ha-
npaBJeHHe 3BOJIOHHH cocTaBa 6a3aJjpToBbIX pacnsaaBoB. OcCHOBHOe 3Hauye-
HUe HMEIOT OKHCJIHTENbHO-BOCCTAHOBHTENbHBlE  YCJIOBHSI, OTBeualollHe
KBapi-MarHeTuT-¢asiuToBoMy Oydepy, KOTOpble MOXHO CYHTAaThb HOPMaJb-
HBIMH 1151 6a3aibT-JHNAPUTOBBIX CEpHH 1eOYHO3EMENbHBIX —[Opof, BCe
Gosee JefIKOKPATOBBIX B XoJe pa3BuTHsl nuddepeHunaunu. B Gosee BOCCTa-
HOBHUTEJbHBIX YCJOBHSX HamNpaBJeHHe MarMaTHYeCKON 3BOJIOIHH [OJXKHO
NPHUBOAUTb K Pa3BHTHIO CEpHil MeJaHOKDPATOBBLIX MOPOJ.

DKcmepHMeHTa bHble JaHHBle 110 06a3aJbTOBBIM CHCTeEMaM HOKas3aJu
SICHBle B3aHMOOTHOLIEHHS] MeXJAY PeXHUMOM JeTydHX KOMIOHEHTOB H MOpsl-
KOM Bbifle/IeHHsI MUHEPAJIOB M3 MarMbl, a C/eJl0BAaTeIbHO, H HANpaBeHHeM
Marmariyeckoil aBoJouud. B 6a3aqbToBBIX pacniaBax NpH BHICOKHX jaBJe-
HUSX B «CYXHMX» CHCTeMax IJaTHOK/Ia3 KPUCTAJJIH3YyeTCsl paHblle IHpPOKCe-
HOB H MarMbl OGOralllaioTCs Keqe30MarHe3nabHBIMH KoMrnoneHTaMu. C ro-
BblllleHHeM aaBJeHusi geryunx kommnoHeHToB (HgO u np.) nopsnoxk kpucran-
JH3aUHH H3MeHseTCss H NHPOKCEH HayHHaeT KPHCTAJNIM30BaThCsl A0 IJIa-
THOKJa3a, YTO BeleT K CMellleHHIO cocTaBa MarM B CTOPOHY oforalieHHs
HX TIOJeBOIUNAaTOBBIMH KOMIOHEHTAMH.
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B wesounnlx GasanbTax, KpHCTAJNIH3YIOIHXCH B YCJAOBHAX IOBBIIIEH-
HOrO /12BJIEHHS! JIETYUMX KOMIIOHEHTOB, KPHCTA/JIH3alHsd HAUHHACTCH C KJH-
HOMHPOKCEHOB, KOTophbie oforaleHbl aJIOMHHHEM II THTAaHOM, UTO CBA3aHO
C HELOCHIIEHHOCTBIO pacljaBa KpeMHe3eMOM.

BaxXHeiMm $aKTOPOM METPOXHMHUCCKOH 3BOJIONHH SIBJISETCH TaKKe B3a-
HMOJICHCTBHE C TOPHBIMH MOPOAAMH, COCTaBJISIOIHMH Te€ 1aCTH 3CMHOIl Ko-
PH, B KOTOpLIC BHeJApSAIOTCSH MarmMaTHuecKHe Macchl. B BysJKaHHUeCKHX 06-
JacTaX Marmsl HJIM H3/JHMBAIOTCS HA MOBEPXHOCTDb, HJH 3aNOJHSAIOT KaMephl,
TOATOTOBJIEHHBIC TEKTOHMUYCCKHMH ABHXEHHSMH HJIH oOpasylolliecs B pe-
3yJbTaTe MeXaHHYECKHX YCH/IHMH, CBA3aHHBIX C CAMHM IIpOLleCCOM MarmartH-
YeCKOTo BHeJIpeHHs (MaiKil 3aroJHeHHs, JaKKOJUTE, HEKKH H Jpyriue dop-
Mbl CyOBYJKaHHUeCKHX HHTpy3uH). Ho ¢ BospacraHueM rayOGHHBI HHTDY-
3HBHOTO PA3BHTHSI BCe MEHLINYIO  POJb HIpalOT MCXaHHYeCKHe  CIOCOOHI
BHe/lpeHHUsI 11 Bce GoJsbillee 3HawueHHe NpHOGPETAIOT 11POIECCH MarMarHuc-
CKOTO 3aMcljcHHA. B TyOUHHBIX YCJOBISIX caMa BO3MOXKHOCTb MarmMartHue-
CKOTo BHEJPEHHsl CBSI3aHa ¢ pPa3BHTHCM 3TOro Ipoliecca, o6yCJOBIEHHOTO
HHOHJILTPALLHOHHBIMH [IOTOKaMil TpaHCMAarmMaTHueCKHX (JIOHJOB, pearH-
PVIOIIHX C OKPY2KaIOWUMH IIOPOAAMH C pacTBOPeHHEM H BBIHOCOM HX KOM-
[IOHEHTOB, H3OLITOUHLIX MO OTHOIICHHIO K 3BTCKTHKE IOAHHMAILEHCA Mar-
Mbl. TIpH 3TOM KOMHIOHEHTH 3aMCINAcMBIX IOPOJ, CHOCOSCTBYIOLHE AOCTH-
JKeHHIO PAcCI/JIaBOM 3BTEKTHUECKOTO COCTOSIHHMS, YCBaHBAIOTCS MarMmofi, u, Ta-
KIIM 00pa3oM, MarMaTHUCCKOC 3aMCIleHHe CroCOGCTBYCT 3KCTEHCHBHOMY
NposABJeHHIO MarmaTtuaMa. Ilepexox oT OCHOBHOro MarmarH3ma K CpejHe-
My H KHCJIOMY, C NajgeHHeM TeMIepaTyphl H YCUJEHHEM KHCJIOTHBIX CBOHCTB
TPaHCMATrMaTHYECKIIX pPACTBOPOB, CONPOBOXKIAeTCA MOBHIIEHHEM XHMHHe-
CKOH arpeccHBHOCTII IO OTHOUIEHINIO K 3aMeileHHbIM nopofaM. Iloatomy
pasBHUTHEe CpeJHero 11 KIICJIOrO MarmMaTH3Ma CONpOBOXK/IaeTcss yCHJACHHeM
NPOLIECCOB MaTrMaTHUECKOrO 3aMeIlleHHsl, OXBATBIBAIOIEr0 HEPEIKO OrpOM-
Hble TOJINM TepPHTeHHHIX II ApYriux nopoi. IIpn 3ToM yckopsieTcs meTpoxIi-
MHUYeCKasi 3BOJIOLHMSA MarMatu3Ma H ocoBeHHO BO3pacTaeT KOJHUYEeCTBO KHC-
JIOH MarMbl 3a CUET YCBOEHHSI KOMIOHEHTOB 3aMeilaeMmbix nopon  (K.O,
Si0,, Al,O;, Fey05, FeO, pyaporenHnie Meranannl u Ap.). Baarogaps marma-
THYeCKOMY 3aMeILEeHHIO TPAHHTOMAHLIH MarMaTH3M B HHTPY3WBHOH dalil
roJyuaeT WHPOKHI pasMax.

ITpu BHeJpeHHH pacCIJIaBOB IyTeM MarMaTHUeCKOro 3aMelleHHs B IO-
POABLI OCHOBHOTO H YJBTPAOCHOBHOTO COCTaBa (BKJIOUAs MarHe3HTHl, J10.J0-
MHTBI) nposiBasgercs 3Q(PCKT B3aNMOAEHCTBHSI OCHOBAHHUil, B pe3y/abTaTe KO-
TOPOTO IIOBHIIIAETCST 1eNOYHOCTL pacniaBoB. IIpH 3ToM HepelKO BO3HH-
KaloT Galuuy nopoj MOBBIIEHHOH lejouHOCTH. C APyroil CTOpPOHEI, BHeApe-
HHe B TOJIIH TVIHHO3€MHCTBIX MOPOA CBA3BLIBAETCS C IOHHKEHHEM ILeJOYHO-
cry pacniaBoB. CJIOHCTBle TOJIINH OKa3bIBAIOT CYILECTBEHHOEe BJHSIHHe Ha
COCTAB PA3BHBAIOLIMXCS B HUX MarMarH4ecKWx Macc. B aKTHBHYIO CTaJHIO
Pa3BHTHSI MarMaTH3aMa IOMUHHDPYIOT HHOHUJAbBTPALHOHHBIE INPOIECCH OJHO-
CTOPOHHErQ IIepeMeIleHHsT BelleCTBa, MPHBOISINHE K MarMaTHUeCKOMY 3a-
MeweHH0. Ho B crapuio 3aTyxaHusi MarMaTHaMa, KOrjla NMpeKkpallamnTes HH-
TeHCHBHbIE HHOUILTPALHOHHBIE NOTOKH (JIIOHIOB, MOTYT pa3BHBAThesl AHG-
Gysnonnble (0OMEHHBIE) IPOLECCH B3aHMOMEHCTBHSI pAacCIJIaBOB C OKpY-
KAIIHMH NIOPOfAaMH, BeAylUHe K aCCHMUJISIHM MarMamu nopol. IIpu atom
BO3HHKAIOT THODHJHLIE NOPOABI TPOMEXYTOUHOTO COCTaBA.

B 3akiiouentie HEOGXOAHMO OTMETHTH GOJMBLIYIO CI0KHOCTH MarmarHs-
Ma, NOJBEPXKEHHOTO BJHSIHHIO MHOTHX (DH3HKO-XMMHUecKHX (aktopoB. OH
0o6yCJOB/ACH 3SHOTEHHBIMH MpOLECCaMM B MaHTHH H 3e€MHOl KODe, TeCHO
CBSI3aHHBIMH C 00LIeHdl TeOCTPYKTYypHO# 3BoJrouueil. B pasButun Qanuaib-
HO-CTPYKTYDHBIX 30H 3eMJ/JIM MarmaTH3M BCerjia HaXOJHTCHd B TECHOH CBA3H
C JADYTMMH 3HJIOTEHHLIMH SBJIEHHSIMH — MeTaMOpGH3MOM H MeTaJJIOTeHHeH.
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MHUHEPAJIOTUA
%‘

[JTABHBIE MHHEPAJIbI

Kauxmaﬂ TPylIla MarMaTHyeCKHX [OPOJ CJOXeHa OmpeeseHHOH acco-
Luanuen MHHEpaJIoB, YCTOMYMBOCTL KOTOPOH 3aBHCHT OT BAJOBOTO XHIMHYye-
CKOTO COCTaBa HCXOMHOTO DACIIABA 11 OT TePMOAIHAMHYCCKHX yCIOBH
€ro Kpucraiiausaudi. B srtofl riase GyayT paceMOTpeHB OCOGEHHOCTH XiI-
MH3Ma TJIaBHEHIIHX MOPO006Pa3yIOLUIlIX MHHEDPAJIOB I HEKOTOPEE 3aKOHO-
MEPHOCTH HX cocylecTBoBaHust, Oco6oe BHHMAHHe Oyner obpauicHo Ha Mi-
HEpAJIEI IEPEMEHHOTO CcOCTaBA, GOJIBIIHHCTBO KOTOPBIX PEeICTABICHO CHJIH-
KaTAMH H a/IOMOCHJIHKATaMHu. ['naBHefuIne KPHCTAL10XHMHUecK e CTPYK-
TYPHBIE HX XapaKTCPHCTHKH NpENCTABAEHH B Taba. 8. /o 8epruKain 3roi
TabAUKbL BUOHO, 4TO CHUNAETCA OTHOCUTCAbHAR CLUAL KpemHrueson Kucaorst
(Ramberg, 1952), u coorsercraento KpucTarioxumudeckas xapakrepucru-
Ka cuaukatos u aaloMOCUAUKATOB NPOCACHUBACTCS OT KApKaAcHoeo  cuau-
Kara do oprocuiuxara. B  ropnsoHTa1bHOM HanpasJeHHH BO3pacraer
CTCIeHb CHMMETPHUHOCTH KDPHCTALIHUECKIX DeLIeTOK MHHEepanoB. B kiet-
Kax TaGJHUL BBIIHCAHLI COOTBETCTBYIOLLHE MHHEpamsl ¢ HeKOT(;prMH nx
CTPYKTYPHBIMHU H (DH3HUECKIIMH XapaKTepHCTHKAMH. ‘

B NepBOM NPHOTHKEHHII MOMKHO 3aMETHTDb, UTO KapKacHBIE H B 3HAUH-
TCJIbHON Mepe CJIOHCThIe CHAHKATH CJAaraloT B OCHOBHOM KIC/Lle TIOPOJIBI
(epanutel) W wesnouHbie (Heherunosore Cuenurel). IDTH MHHCPAIB OTJIHUA-
IOTCSL BHICOKOH NPOYHOCTBIO XHMHUECKOH CBA3H KpeMHEeKHCJIOTHOTO panHka-
a1a co wenouamn (K n Na), ycTOHUHBHIMH COBMeCTHHIMH napareHe3ncamu
(Fsp+Pl1+Qz, Fsp+Pl+Ne, Fsp+Pl4+Qz4Bi, Fsp+Pl+4+Ne-+Bi
H T. 1.). OPTOCH/INKATH H Tlenoveunbie CHJHKATEL, T. €. COJH ()lpTOerMHHe-
Boit (H,SiO4) u merakpemurnesoir (H4Si,06) xucaot, caaratwor npeumy-
LWECTBEHHO YIbTPAOCHOBHBIE 1T OCHOBHBIE MOPOMILI (LYHUTBI, NepHAOTHTH
FPAHATOBBIC MEPUIOTHTEI,  ra66po u 6asanbThl,  MEIHJIHTOBEIE nopom:;
HT. 1.). ITH MHHEPAJBl B TAKHX NOPOAAX HMEIOT 0oJIblIOe CPOACTBO K Lie-
JAouHBIM 3eMisiM (Ca 1 Mg) M B MeHblIell CTemeHH K XKeJsesy, THTaHy, Map-
rauny v 1. n. AMbu6o.abl (JIeHTOUHBIe METaCHJIHKATH) B Sa’BHCHMOC’TH oT
X KaTHOHHOrO COCTaBa MOXHO BCTPETHTb BO BCeM CIEKTPE MarvaTHYeCKUX
opox. M B Tabanue oHi 3aHHMAIOT MPOMCIKYTOUHOE Houaokenie. Ho Ta-
KHC 3aKOHOMEPHOCTH HaMeualoTCs JIHIb B CaMoM obmeM ciavyae. B new-
CTBHTEILHOCTH HAaGOPLI MHHEPAJOB B IapareHe3ucaX MAarMaTHUeCKHX no-
POL MOTYT GBITb caMble pasanunble. Tak, B ragé6po miu 6asanbrax oG-
Ukl - mapareHesnc Kapkacuwii cuankat (Pl)4-nenoueunpri MeTaCHJ/JIHKaT
(Cpx), a B oausHHOBOM rab6po ycToiiunBa accouuarus KapKacHOro CHJIH-
3
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Ta6bnuuma 8

HekoTopbie KPHCTAMIOXHMHUECKHE, CTPYKTYpPHbie H (hH3HueCKHe OCOGEHHOCTH TJaBHEHIIMX CHAHKATOB MAarMaTHYeCKHX TIOpOJ,

Tun cHnkKaTa

KpeMmuekucaopoAusiil pajukan

CHHTOHHS,, TPOCTPAHCTBEHIAs IPYIIa CHMMCTPHH, KOOPAMIAUHOHHOE YHCJ0 Z H YAeJslhlil Bec P (r/cm®)

TPHKJHHAAA

MOHOKJIHHHAS!

pomGuueckasi

Aap6UT, MHKPOKAHH
(m=4, n=1) Cl, Z=4,

Oprokana3, cavunus
(m=4, n=1) C2/m

Q=TPUIUMHT

(m=1, n=0) Fmm unau

=2,56—2,63 Z=—4, p=2,55—2,63 , Z== =
KapracHuill cusHKat [Al,Sip,_, Opm] ™" e F o F222, Z=64, p=2,2
AHopTHT Koacur AHopTuT
(n=2, m=4 P1 (n=0, m=1) B2/c, (n=2, m—4) P2,2.2,
Z=4X%2, p=2,76 Z==16, p=3,01 p=2,76
C/IOHCTHIl  TUMETaCHIHKAT [AlnSi,_, 0, &+™ BHoTHT BHOTHT-MYCKOBHT BHOTHT
(4M) 6=2,7—3,3 (20)
(IM):2m (C 2/m)
@2M):C 2/c, Z=1
JIeHTOuHbIl MeTacHIHKaT [Al,Sig_,0,,] ~1%H™ AmdmGoant
C2/m, Z=2
p=2,97—3,05
J Hoprocu/HKar [A12n512_n07]—(6—4n)
LlenoueyHbtii METAaCHJAHKAT [Alz,ZSi,_,__nO,]““_?") Inpokcex Iupokcen
C 2/c nnn P2/c Pbca, Z=18,
Z2—4, 0=3,21—3,96 p=3,21—-3,96
OpTocHHKaT [SiO4)-¢ Cden OauBuK
C2/c, Z=4, Pbmn, Z=4,
p-—=3,45—3,55 p=3,2—4,38

[Ipodoancerue maba. 8

THI CHJIHKATA

CHHrOHUSI, TPOCTPAHCTHEHHAA FLYNAa CHAMSTPHH, KOOPAHHAUHOHHO2 YHCJIO Z W yHzenbusil Bec 0 (r/cm3)

Tp}{l‘OHa.'IbHaﬂ 're'l‘paror{am-,ﬂaﬂ rekcaroHaJibHas KyﬁH‘lECKail
KBapy U~KpHCTOOAMMT Hedeann KapHeruur
(m=1, n=0) P32l (m=1, n=0) P42, (m=2, n=1), P6;, Z=2, (m=2, n=1)
uan P3321, Z=3 HaH P432,, Z=8 0=2,56—2,665
p:2,65 =2,33
KapkacHelil CHIHKAT CTHILIOBHT KaabcHaur ‘ B-xpucrobanur
(m=1, n=0), P4 (mnm) (m=2, n=1), P,6; 22 Z=2, (m=2, n=1) Fd 3m,
Z=2, p=4,35 p=2,59—2,625 Z=8, 0=2,3
JlefiuuT
(m=3, n=1) 14,/a, Z=18§,
0=2,47—2,50
ClloucThlt JUMeTacHJHKAT buotut buortnt
(37) C3,12 (6H)
JIeHT OuHblil METaCHAHKAT
JHopTocHaHKaT Meanant
Pa2m, Z=2,
0—=2,944—3,038
[lenoueuHblil METACHJIKKAT
OpTOCHAHKAT I{npxoH Ipanar

14/amd, Z=4 p=4,6—4,7

la 3d, Z=8, p=3,58—4,32



kara (Pl) ¢ oprocuankartom (O). Ho cocrapm MHIIEPaNOB B 0OOHX cay-
uasx OyAYT pasJuuHBl, Kak I PA3.IIIMHBl XHMHUYCCKHE COCTABbl HCXOMHBIX
marm. Eie oaun npuMep: B rpanntax PanakuBH HepeAKO BCTPEYAeTCs OJH-
BIH (opTociLiikart). OaHaKo 3To KpaiiHe XeJae3lCTHIl uieH H30MOpQHOI
ceprin 0MMBHHOB MgySi04— Fe,Si0,, a dopcerept B Takix nopogax BCTpe-
TITL HEBO3MOXKHO.

Ananoruunbiii npuMep Moo IPHBECTH 11 1,151 DoJlee LeN0UHbIX TOPOx—
TOPTOHOITOBBIX (OJMIIBHHOBBIX) ClEHITOB. [10106HbBIX NIPHMEPOB MHOXKeCT-
Bo. I Bee omn oamosHauno ykasmisamoT 1a TO, YTO COCTAB MIIHePAJaOoB, 11X
KpHCTALIOXIMIYECKasl IPHpoaa, CTPYKTypa 1 llapareHes3ncsl B KaxKmaoll
KOHKDCTHON 1IETPOXIIMIIYCCKOIT Tpyine 1opoj ONIPCAEJSOTCS TEPMOAITHAMH -
IECKHM  pEKIMOM  KPHCTANIIA AN IePBUYHBIX MaTrM. Cnenosarennno, Mox-
HO pewrath u o6paTHYI0 3aiduy — 0 cocTaBaw, KPHCTaANOXHMIYECKUM H
CTPYKTYPHLIM OCOGCHHOCTSIM  OLEHNTL TepMOIHIAMHYECKIle YCJAOBIISL K]iI-
CTANIISAUNI MarM. BOT moueMy cacayeT H3yuaTh He ToabKo MOPGOI0rII-
UCCKHE COOTHOLICHHSA MIUHCPAJOB MarMaTHUeCKIIX HOpoA (NOCHAen0BAaTeNb-
HOCTL KPIICTAMNISALI), HO Il 11X CTPYKTYPY H XHMII3M.

Hixe mbi ocTanosnyes Ha KPATKOH XapaKTepUCTHKC MIHEPaIos, upi-
BCACHHBIX B Tada. 8. Boace noanyio nupopmamio o MIIHEPAJIax H HX paB-
HOBECHAX MOKHO NMOJIVUITL B OSTHTOMHOM II3l[aIII/II/Iy.A.ﬂHpa,p.A.XayH
i Jx. 3yvemana «[Toponoobpasyionie  Munepan» (1965, 1966) 1 B
yueouon noco6mn JI. JI. [Tepuyka 11 M. JI. Ps6unkosa «®azosoe COOTRCT-
CTBHE B MHIICPAILHBIX clicTeMaxs (1975)

Noaesbie winater

IMoaeBble  mmare IPEACTABJIAIOT  TBepALIC PACTBOPH B CHCTeMe
CaAlgSigOg—NaAlSi308—~—KAlSiSOS. Onnako ma puc. 14 BHIHO, 4TO 3TOT
H30MOP(HU3M  BecbMa orpaliuuen-

. HBIH. On npeobaagaer B
CaAlélz_Ug_Laﬁaﬂm”m parax  NaAlSi3O0s—KAISi,O5 u
ol NaAlSisOs—CaAlySi,Os. [lepsuiii
PAL TBEPABLIX PACTBOPOB Ha3biBaeT-
€ HIeJOYHBIM  IIOJIeBBIM  HINATOM

SumoBrum

J0=—- (nan K—Na-nosesbim LIMaToOM),
napadop BTOPOil — 171arnoK1a30M. Orpani-

- UCHHAA  CMECHMOCTh TPHBOIUT K

andesun TOMY, 4TO BO MHOTHX Marmariuye-

onuzoKna3

...B
1 eq oo

4 60 40

}ﬂﬂbﬂﬂ/n Puc. 14. Cocrasel mnosesbix HInaToB U3
T ]
KALSi 50, Mon. %

Marmatniecknx mopol. Konmomzbl coemu-
IIAIOT  COCYINECTBYIOLMe MOJeBble IIMaThl
H3 MHle10unblx nopox (ITepuyk, 1971)

o
AT

NaAlSi40,

CKHX nopojax 004 10JeBLIX mrmarta MOTyT KPHUCTATMIU30BATLCSI U3 paciitaBa
H COCYIIeCTBOBATh.

Paccmorpum 6osee HOAPOGHO KaXKAyI0 H3 PAa3HOBHAHOCTEH MOJEBLIX
HINAaToB.

Ilnarwoknasei. B TBEpAOM pactBope NaAlSizOs—CaAl,Si,0p NPHHSATO
BbIACJIATL 110 NPOUEHTHOMY  COAeprKAHHIO aHOPTHTOBOTO  KOMTMOHEHTA
CaAl;Si,Oq CJACAVIOULHE COCTABHI:

0—10%

atpouT (Ab),
10—309

oanrokaas (Og),
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30—509% augcsud (Ans),
50—70% 1a6pagop (Lab),
70—90% ourosant (Bit),
90—100% anoptut (An).

Beew psit n3oMopgHoil cMecl KPICTAMLIN3YyeTCs B TPHKJAHHHOM CHHTOHHHU
{cm. Taba. 8), XOTA N3BeCTHBI CIIHTETHUECKHE AHOPTHTH ¢ POMOHYECKOR W
Jaxke TeKCcaroHaJLHON  KaTeroplsimi cumMerphu.  [linardoksaassl yacTo
CABOITHIAKOBAHBI, @ B 3KCTPY3MBHLIX ll0pojax BCerga 3oHandbHbl. Ha puc. 14
1I0Ka3aHo ofIlenpuHsiToc pasgcaeHic 1IarliokJa3oB Ha ajabOHT, OJHroKnas,
M T. 4. B 3aBIICHIMOCTI OT IPOIEHTHOrO COACPHKAHHA B HUX aHOPTHTOBOTO
(CaAl;Siy0s) KoMMoOHeHTa. YCTAHOBJCHA JHHelHAas CBA3b MeXAy IOKa-
3aTe/IeM npeaoMaenns N 1 ¢cocTaBoM Tarliokniasa:

N = 1532 | 0,053 [ Eﬁ) = 1,532 -1 0,053X5%L

rie XK:, -~ MOJbHasl A0JS aHOPTHTA B IJarHokJa3se. HajnexHwle 3aBucu-
MOCTH DPCHTICHOBCKHX MapaMeTPOB OT COCTABa IJAarHokjia3a OTCYTCTBYIOT.

1600 Mudrocms (L) 1200 -

2100 Xudkoems (Liq)

1400
i&

1200 10001

&
g
=
§ 100}~ finazuoknas s 900
RS (P1)
S 800F 4 s
46 i ook Ab
000 000 Ab+0r
KAa3a
4 [ I S N I 400 N N (N N I S | .
'N[t)Je\ISi}Us 200 40 60 B0COASi,0 NoMSi,0520 40 60 80 KAISiyD,
Bec. % Bec.%,
a [}

Puc. 15. [JduarpaMuel paBHOBCCHOI'O COCTOSIHIfl MJarkokaasoB (a) u Ule-
JOYHBLIX TIOJICBBEIX MIMaToB (6)

Hmeercss TakKe xopoliasi 3aBICIMOCTb MOKa3aTess NpeJOMJEHHS IJIaruo-
KJ1a30BOro cTek.1a oT cocraBa: N=1,400-4y/100, roe

y = 8,752-1 6,590X 5% -+ 3,988 (Xhh)2 — 1,864 (X5,

IKcrnepHMEHTAIbHO JOCTATOYHO XOPOLIO H3yueHa JuarpaMma CocTos-
Husi cucreMbl NaAlSizOs—CaAlsSisOg (puc. 15, a) npu pabaeHuH luaTM.
Kpucrannnsanusa XEAKOCTH HauHHaeTcsa npu 1550°C u mpw AanbHeHeM
[IOHHI2KEHIIH TEMIIepaTyphbl COCTAB XKIJKOCTH HU3MEHAETCH BAOJAL KPHBOH JHK-
BHIYCA (BEPXHAAl JIHHIS «CHIApBl»), a COCTAB KPHCTAILIOB — BJOIb COMH-
gyca (amxkusas aunEf). [losTomy npn kKaaofl KaHHOH TeMmeparype pac-
11aB BCerjga 3HauliTe bHO Goraue aabOMTOM, YeM COCYLIECTBYIOUIHH C HHM
Jaariok1a3. Kpucranausauiisa BCell XKHUAKOCTI 3aBepuiaeTcsa Toria, Koriaa
H3 pacl1aBa NOJHOCTBIO BBICAINTCA MOCAeRHSIS YyacTHma Ar.
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AnbGHTOBEIE KOMIIOHEHT pacrpelesieH MeXJy XKHUIKOCTbIO M KPUCTAJ-
JAMH M0 CJeAYIOUIEMY 3aKOHY:

K = X5/X5, = 5,121 — 1,052 107" (£ °C) — 0,0617 (¢°C- 10722,

rae K — kosduInenT pasTeneHus.

Ilo sToMy ypaBHeHNni0 [Jerko HaiiTH, uTo BeauuuHa RInK B mpemenax
1100 n 1550°C u3amenserca cAeRyOIUIM o6pa3om:

RInK 0,334 0,642 0,948 1,246 1,534 1,810 2,07t 2,326
t°C 1150 1200 1250 1300 1350 1400 1450 1500

Cornacuo 3akonam Ban-Jlaapa n llpeiepa M0OXHO paccuHTaTh 3HTAJIBIHIO
(tensoTy) maassenns Ab:

T\
( dR In K ) ~ — AH =~ 13,764 Kkasi/Mo0Jb.
ayry Je

OTa BeauunHa OGJH3KA K  3HTAALINN  IJIAaBJEHHs  YHCTOTO  aJb6uTa
(13,56 kkan/moan). OueBANO, Y4TO pacueT KOHUEHTPALUHOHHBLIX H TeMIepa-
TYPHBIX 3aBICHMOCTEH TEIJIOT IL14BJEHHS BEILECTB 10 KOHCTZHTAM Pa3aeeHUs
OUYCHb TOYeH. A 3TO B CBOIO Ouepeib AaeT BO3MOXKHOCTb PACCUATATL TEPMO-
AMIIAMIYECKHe CBOACTBA pAacCIIaBOB TIPH Pa3NblX COCTABAX H TeMOepatype,
ecad H3BCCTHBLI 3TH CBOHCTBA IS TBEPABIX 'BellecTB. Hanpumep, 1pH
1100°C B paBHOBecHll HAXOAATCH AALGUT H ero pacnJab:

aneBuT (KpHCTAMT) = aJbOHT (pacrnas)
HJH

Ab = Liq;

AH == AHUQ — AHAb;
oTCcloza
Af1iq = AH — AH .

[To crpaBOYHBIM JAHHBIM HAXOAMM:
AH = 13560 xaa/moab; AH 4, = — 953680 Kasn/Mob. -

Ce10BaTeNbHO,
AHyiq = — 940 120 kaJn/monb.

CoBeplIeHHO aHAJOTHUHBIM TIyTeM MOXKHO HafTH 3HTPONHIO H 00beM aJb-
6urtoBoro pacmiasa npu 1100° C:

Stiq == AS + Sap = 9,45 1 157,28 = 166,73 3. e.,
Viig= AV - Vap, = 9,66 4- 100,43 = 110,09 cm®*/moap.

Ecnn usBecTHel 10f0GHBIE BeJUUYHHBI AJAA BCEro psjfa pacTBOPOB aAbOHT-
aHOPTHT, MOXKHO pacCYHTaThb 3aBUCUMOCTb JIFKBHIYCOB WJH XK€ COJHAYCOB
KaXJ0ro MaHHOTO COCTaBa IJ1arHOKs1a3a oT ngasjeHus. OnHako 3Kcrepu-
meHTst Jlunacan (Lindsley, 1967) nokasanu, 4To B CyXo#i CHCTeMe NpH Z1aB-
JeHHH 7—8 xbap AHOPTHT MJaBHTCH HHKOHTPYSHTHO, T. €. C 00pa30BaHH-
eM MpoMeXyTouHo#l accouuanuu pacniaB-+kopyHa. C yBesHueHHEM COfep-
JKauus aab0HTOBOTO KOMIIOHEHTA MepliTeKTHYcCKas ToUYKa, TAe COCyLIecT-
BYIOT pacijaBs-|mJaarHoK./a3--KopyHa, cMeniaercs B 0641acTh GoJjee HH3KHX
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3HayeHHH TeMIepaTypbl U BBICOKHX 3HAueHUH naBaeHHs. ITH 3aKOHOMEpPHO-
cTH orpaxenn Ha Po—1° C nnarpamvme puc. 16.

C TOYKHM 3peHHst IPHPOLL 6a3ajbTOB, [JAarHOKJIA30BLIX HEPHIOTHTOB
I aHOPTO3HTOB, BaXKHa IHArpaMma COCTOSHHA CHCTEMbl AHONCHZA — aHOD-
rut. Ee Mbl paceMoTpuM ltocae o63opa mupoxcenos. Ha puc. 15 BuaHO, yTO
ke 700°C B cybconunyce alLOHTOBOH 00J1acTH AHarpaMMbl IJarnok/a1as
pacnajzaetcs nha 1Be (asbli alb-
guT-+onurokmaas. Ilpm 3Tom Bo3-  gp-
MOMKHO 06pasoBatine CTPYKTYD pa-
cnaga (mepucTepuTOB), UTO CBs3a- 151
HO CO 3HAYUTEJIbHBIMH OTK/JIOHEHHS -
mu TtBepaoro pacrtBopa NaAlSizOs
—CaAl,Sis0s oT 1#AeasbHOCTH B

Aabaenue , kdap

Puc. 16. Jluksnayce cucremsl Ab—An B ;

3aBHCUMOCTH oT Aasienuda. Lluppwm Ha i !

MYHKTHPHBIX TMHHSIX 0003HA4alor  MO.b- 700 1200 1300 00 7500 1600
1Bl NPOLCHT aHOPTHTA B CUCTCMCE Temnepamypa, °C

HH3xoteMnepatrypuofi odaacru. Co CHMXKeHHEM TeMmepaTypbl, Touiee CO
CKOPOCTLIO CHUXKEUHsl TeMIlepaTyphl NMPH KPHCTa/JIN3allHi paciaaBoB, CBs-
3aHO yTOpsAI0YeHHOe pacnpeleieHHe atoMoB Si u Al B pewerxe 11aruo-
kaaza. Mmerores pocratouHo a(PexTHBHBIE ONTHUECKHE METOABI, KOTOpLIe
[I03BOJISIIOT OLEHHTH CTemeHb 3Toro ynopsigoueHus (Mapdyuun, 1962).

TlnarHoksassl BCTPEUAIOTCA HOUTH BO BCeX THNAX MarMaTHYeCKHX 0O-
POA, 3a MCKJIIOUEHHEM HEKOTOPLIX pa3HOBHAHOCTeHl yjabTpabasuToB (LyHH-
TBI, JepHoJuTel W T. 1.). Haubosee ocHOBHble n/aruokJjassl (GHTOBHHTHI,
aHOPTHTHI) HalaeHbl B nepuHpoTHTax (X0 98Y% aHOPTHTOBOTrO KOMNOHEHTa),
B POroBoOOMAaHKOBHIX raG6po roxHoi Kasupopuun (Abys-sAngs_gs), B He-
¢ennnoBbix cieHntax IlexxHeBcKoro MaccuBa Ha UykoTke (10 AbjAngs) u
B aHoprosutax komiuiekca Curramnynan B Munun (AbsAngs).

B angesuTax o6bluHBl aHie3HHEl, a B rab6po — nabpagopel H GHTOBHI-
Tel. ATH TocJaefHle, Kak MPaBHJIO, C1araiT M0JEBOINNAaTOBEHE IIPOCAOH B
CJIOMCTHIX yNBTPAOCHOBHEIX H OCHOBHBIX HHTPY3HAX. B OCHOBHBIX paCCNOeH-
HBIX TJIYTOHAX B 3aBHCHMOCTH OT crelleHH AH(({epeHUHPOBAHHOCTH IlepBHY-
HOTO paclliaBa COCTAB IIarHokjaasa kose6aercss ot 60 go 30 An. B rpann-
TaX M TPAHOJHOPHTAX BCTPEUAlOTCs B OCHOBHOM OJIHIOKJIa3bl, JHOO nepBble
HOMepa aHAe3HWHOB. B rpaHHTHBIX NerMaTHTax OOLIYHBI AJbOHTLL

B Hede HHOBHIX CHEHHTaX CIEKTP COCTABOB IJAarHOKAa30B HCKJOYH-
TeJbHO WMPOK: OT ajib6HTa jo aHopTHTa. BooOlie cocTaB I1ardokjiasa B
JBYIIOJI€BOLINATOBLIX [0OPOJaX BapbHPYeT OUYeHb LTHPOKO. DTO CBHAETE/b-
CTBYET O TOM, 4YTO MX KPHCTaAJM3auHs HIET He TOJbKO B COOTBETCTBIH C
guarpaMmoil Ha puc. 15, a. EcTb emle GakTOpLi, BAHSIOUIMEe HA COCTAB I1a-
rHOK/1430B, BHIMAaAalomux H3 pacnaaBa. B wacrsoctu, JI. C. KopXuHckui
0OBSICHSIET IIHPOKIIE BapHAlMI COCTABa IJJarHOKJas3a B TpaHHTax H3McHe-
HHeM XHMHIUYEeCKOTO NoTeHIHaJa KaJdis:

1 CaAlSi,O4 (1 — 1) NaAlSi, O - % K,0 =
— nCaAlSi,0 (1 —n — m) NaAlSi O, - - m KAISi;O; -~ - NagO.
B AaHHOM cJydae € poCTOM MK,0 DPeaxkuig CMellaeTcst BIipaeo, T. €. nna-

rMOK.1a3 CTaHOBHTCH GOJee OCHOBHBLIM 3a CUET 3aMellleHHs ero aabOUTOBOH
cocTaBasitonieil na oprok.aaszosy. Ho tak kak B cucreMe KAISi;Oz—
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CaAly--SisOg ¢MECHMOCTH HET, OpPTOK.J1a3 IPHUCYTCTBYET B Blijge CaMOCTO- paTypHLIX YCJIOBHAX, HO B 1IPHCYTCTBHH BOAbLl JIHOO BOAHONO pacTBopa XJo-
TepHON Gasnl. KpoMe TOTo, 1pi TPOYHX PABHBIX YCJAOBHSX, COTVIACHO [AaH- PUIOB LIeN0YeH.

e e S o e S b i

Ol peaKuMH IJarHoK;1asa, ¢ POCTOM M0 T.1arHOKI1a33 10/1KHO CTaHO-
BUTLCA MEHDbIIe, a OpPTOKJa3a 60.biie. JTO OJHH H3 NMPH3HAKOB TOBDLILICHHA
HIeJOYHOCTH TPAHHTOHI0B H APYrHX THIOB J(BYIIO.TEBOUINATOBBIX HOPOL.

[lesounpie nosessie wnarel. B Tabd.a. 8 BHAHO, YTO UleJOUHbIE HOJTEBbIC
wnaTel KPHCTAAAI3YIOTCH B TPHKINHHOIN 11 MOHOKJIMHHOH clHTOHIAX. Of-
Hako 3T (pasoBbie 11CPeXoibl HE PC3KHE, d NOCTENCHHBIE, YTO NPOABIAETCS
B U3MCHCHIII CTCTIEHI TPHKIHHHOCTH TOJEBBIX WIATOB. JTO CBA3aHO C yno-
PSIIOUCHHBIM PACHPCeICIEHICM KaTHOHOB B KPACTAJIIYECKON pellicTKe M-
Hepasna. [lprueM <«1OpPsAOK-6CCHOPALOK> Ha0J101a€TC KaK B pacnogoxce-
uin atomos Si n Al, Taxk u atomoe Na 1 K. Hau6oree ynopsiioueHHBIC 110-
nepple WNATL HasdbiBaoT Husxnmi (low), pasynopsiioueHHbIC — BBICOKHMI
(high), a ¢ nNpOMCKYTOUHOIl CTENCHBIO YIOpsAI0UeHHsT — IIPOMEXYTOUHLI-
mir. 3omopghusm kaaust 11 HaTpHsl B MOJEBBIX IINIATaX NpHHATO paccmar-
pIBAaTL B HEKOTOPLIX CCPUSiX TBEPABIX PACTBOPOB, ONMPEARISCMBIX X cTe-
leHbIo yropsiloucHisl. Beero pasanwaloT YeTbipe Ceplll TBCPABIX  PACTBO-
poB:

1. Buicoxifi acinbOIT — BLICOKHH CaHHIUH.

2. Buicokilil aJabOIT-— HH3KH{ CaHUIHH.

3. Huskufi ann6HT — OPTOKAA3.

4. Huskiil aap0uT — MIKPOKJIHH.

B ropHblX nopoaax 6cccrnopHo MarMaTluecKoi NpPUPOABI, IJaBHBIM 00-
pa3oM B BYJKaHHUCCKHX U CyOBYJIKaHHUCCKUX, BCTpedaercs nepsas Cepil
TBepAblX PACTBOPOB. B M3MEHEHHBIX I'pAHUTONAAX, HedeJHHOBBIX CHEHHTAX
M MerMaTHTax OOLIUHBI HH3KHe albOUTHl I MHKPOKJMHBL. B pelkHx caydasx
MOKHO OBHAPYXHTh COCYLICCTBOBaHHE MHKPOKJHHA, CaHHAMHA W OpTOKJIa-
3a. Hanpiimep, nepeulicieHHasi accollauiis oGHapy»XeHa B CHEHHTAX Hex-
Heckoro maccisa Ha Uykotke. CocyimiecTBylollne OpTOKJa3 1 CaHHIHH
NPHCYTCTBYIOT BO MHOTIX 3HAOKOHTAKTOBBIX CHEHHTO-AHOpUTAX CeBepHoro
Tsup-llansa. IIprnunHa cocyuleCTBOBaHIA Pa3IHYHBIX noaHMopdHbIX pPasHO-
BHIHOCTEll 10JEBHIX ILMATOB CBsi3aHa C HENPEepbIBHOM TNEPEeMEHHOCTRIO HX
CTPYKTYPB I COCTaBa.

M3MeHeHUC CcOCTaBa UIGJIOYHBIX [0J€BbIX LINATOB IPHBOANT K BapHa-
Wil 11X ONTHUECKIX CBONHCTB H MapaMeTPOB 3JeMEHTapHOH AueHKI. Beanun-
na Nm okaszaznach HanGosgec nHAnG@CpeHTHOR K MU3MEHEHHIO CTPYKTYpPHOTO
COCTOSIHUSI TI0JIEBBIX IMATOB; HO B 3aBIICHMOCTH OT COCTaBd OHa H3MCHACT-
cs npubau3uTenbHO 710 JHHEHHOMY  3aKOHY: Nm=—15221+40,0154
(1-— X&), rae Xi¥ = Na: (Na + K +-Ca) B ¢opmy1e MHHepana. C yBeJi-
yeHHEM cojeprKaHliss aJbOUTOBOrO KOMIIOHEHTa B Fsp npuOJH3HTENBHO JH-
qefiHO M3MCHSIETC MEXIIOCKOCTHOe paccTosinue: d (201) =4,23—0,19 Xap.
Hanuuue ofaactu pacmaia (cM. puc. 13,6) CBHIETEJbCTBYET O HEHIA.Tb-
HOCTH TBEpJOT0 pacTBopa NaAlSi;05—KAISi30s.  Haa CcHHTETHUYECKHX H
NPHPOJHBIX IIEJIOUHBIX TOJEBbIX LINATOB (BBICOKHiI aab0HT — BHICOKMH Ca-
HUMH, BBICOKHil a1b0MT — HASKHHA CAHHJMH M HH3KHII aJIbOUT — OPTOKJA3)
3aBHCHMOCTb MOJEKY.IApHOro ofbeMa OT COCTaBa ONHCHIBACTCHA ypaBHE-
HHEM:

V= 101Xap — (1 — Xap)- 109 = 4,01 (1 — Xap) Xap.

[TocienHee caaraeMoe ONpeleasieT H3OBITOUHbI HHTerpaJbHBEIl 06BbeM.
BuicoKile, HJIIl PasynopsiioueHHbIC, OJeBble WMAThl, KaK MpaBH.IO0, BO3-
HIKAIOT 1DI KPICTANIN3allll pacnjapos, T. €. MPEACTaBJIsIOT co6oil BhI-
COKOTCMIICPATYPHBIC PA3HOBIJIHOCTI! 110JEBBIX IINATOB. OnHako 3KCnepH-
MEHTaIbHO YCTAHOBJCHO, YTO HX MOMKHO CHHTE3IPOBATb H B HISKOTEMNC-
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Juarpamma coCTOSIHIIA 1EJOYHBLIX 1OJEBBIX IINaToB (c¢M. pHC. 15, 6)
H3yuena oveHL xopomo. B cyxux yciaoBusix npu P=1 atm KAISi;Os naa-
BHTCSI HHKOHTPY9HTHO, ¢ oOpasosaHuem Jefiunta KAISi;O;5. O6aacth cy-
H1ECTBOBAHIIS JeiliTa BbIKJUHHABACTCS ¢ yBeJHUeHHeM JaBJAE€HHS U BO3pd-
cTaHneM HaTposocTi clicteMbl. Ilpn cocrase Fsp oxosio 70% coaepxanus
NaAlSizOs nmeercsi MIHIMYM, Ile COCTaB pacn/iaBa paBeH COCTaBy KpH-
CTaL10B. ITo 3HAyYHT, YTO B KaJueBoll obaacTil pacisias Bcerja Ooraue
aJb0HTOBLIN KOMMOECHTOM, YeM KplicTaqananl. B matpoBoit ofaacrti, T. ¢. Je-
BCC TOUKI MIIHIIMYMA Ha alnarpamme plic. 15, 6, HaGawaaloTcs obpaTHbie
COOTHOLLEHIIsI. Ha »1oit Ke anarpamme BujaHo, uTo npu aariacHiun 5000 Gap
no.1c nellmma OTCYTCTBYET i1 Ka/JHCBLI NoJCBOI WINaT NJaBUTCHA KOHFp};-
3HTHO. Kpomce Toro, dopMa KpuBo# paciiaga 3aBHUCUT OT CTPYKTYPHOTO co-
CTOSIHIIS 110/ICBBIX IUNATOB. B naunoM cnydae oHa upnBegeHa AJIsL CEPHH BBI-
COKHil aabOUT — BBICOKIHA caHIAlIH, C poCTOM YHOpPSIIOUEHHs CTPYKTYpbl 00-
JacTbh pacmajia paclulpsieTcs.

C 3aBICHMOCTBIO HePUTCKTHUCCKOH TOUKH IJIaBJAEHHS] KaJHUCBOro MOJC-
BOrO IllaTa OT JAaB.JCHISl CBS34HO MOSBJIEHHE JeHUITOBbIX 3h(Y3UBHEIX
AHAJIOTOB 1LEJOYHBIX CHEHHTOB. B TryOMHHBIX YCJIOBHSIX 110JICBOLIIATOBLIC
pacmyaBbl KPHCTAJIH3YIOTCS KOHIPY3HTHO. B NpHINOBCPXHOCTHBIX YCAOBHSAX
H B JaBax KpPICTaJ/I3alllsl HAYyHHACTCs C MOSIBAEHHST KPICTAJL10B He ca-

HIAIHA, 2 JecfiuiiTa; 1 JlWUL UPH JaJLHEHIICM HOHIDKEHI TCeMIIepaTyphbl
JeHUNT pearupyeT C pacn.aaboM, obpasdya kaanmmar. OnHako 113 6oraTbix
KpeMHe3eMOM pacilIaBOB JeHIHUT  He KPUCTALJIH3yeTcss, TaK KaK TpHU

52 Bec.Y uMeeTcs KBapI-TIOJEBOUINATOBAsT 5BTeKTHKA. IJTO 3HAYHUT, 4TO
Kpucranmnzauus 3gech (SiOp=52 Bec.Y ) HauuHaercst ¢ KpucrtodaJita H
BIVIOTb JI0 3BTEKTHKH INEJOYHON NOoJeBOH Iunat (OpTOKJAa3) He BbiNajnaer
U3 pacnJjaba.

Illenounele MoJeBbIE MNATHl 9BJSIOTCS TJIABHBIMII COCTABASOIIIMHE Tpa-
HHTOH/IOB, CHEHHUTOB, He(®eNHHOBBIX CHEHHTOB Il JAPYTHX THIIOB LIEJOUHBIX
nopoxa. OHI TaKiKe BCTPEYAKTCH B HEKOTOPHIX rabépo (opToksnasonoe ral-
6po, ra66po-ciieHnT), AHOPHTAX (CHEHHTO-IMOPUT) H T. N.  PaHee 6ulL10
NPHHSATO CYHTATb, UTO MOJIEBBIMH IINAaTaMiH 3aBepliaeTcs KPHCTAANH3alLlis
nopon. Ho daxto uwacto onpoBepradi 3To npeacrasienue. Okasanoch, UToO
Ha XOJ KPHCTaAJMH32llHU paclJIaBOB 3HAUNTEeJIbHOE BIIsIHIIE OKA3BIBACT IIe-
JIOYHOCTb, 1 ofLlUHAsA MOCJAeA0BATEJbHOCTh BBIACACHIISS MHHEpaJoB Hapy-
maercsd. Tak, npu BBICOKOM XHMHUECKOM TIOTEHIlIaJe KaJjlis 113 'PaHHTHOro
pacniaBa OJHHM K3 NepBblX OYJIeT 0caxKAaThCsl CAHWIAHH HJIH OPTOKJIA3.

B noponax, comepxamlix IJ1arHoKaAa3 H UIeJOUHOH 110JeBOH IUNAT, atlb-
6urtoBelii kKoMrnoHeHT NaAlSizOs pacnpenerseH Mexay 3THMH MHHepasiaMmi
110 BIIOJIHE ONpefie.JeHHOMY 3aKOHY:

¢ Pl
F _ ( X NaAlSi,0q — exp ( AZ )
F - 1
XNSapAlSi,,OB P \ RT
rie Xnaalsi,o, — MoJabHass noast Ab B TBepiom pactBope Pl umau Fsp;

AZ — cBofonnasi sHeprus I'u66ca, 3aTpaTbl KOTOPOH CBsi3aHbl € OOMEHOM
ojpHoro Moasi Ab mexnay ¢aszamu npu ganHo#i 7°K; R — rasosas HOCTOSTH-
nasi. Ilpn T=const paccMaTpuBaeMoe COOTHOILIEHHE He OCTAEeTCs MOCTOsH-
HLIM, a 3aBHCHT OT COCTaBOB COCYIECTBYIOIIHX ¢a3. DTO CBSI3aHO C He-
IlealbHOCThIO pacnpegenedust Ab. TeMnepaTypHasi 3aBICHMOCTb 3TOrO pac-
lipegeseHns (tepMmoverp bBapra) moxeT CayXKlTh a5 OLEHOK TeMTlepaTyp

KpHCTadanu3anuli ABVIIOJAEBOWIIATOBLIX TOPOA MNPH KaxXIOM JaHHOM 1aB.je-
HITH.
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B saknwueHue 3TOro pasjea INpHBeleM TeMIlepaTypHEEe 3aBUCHMOCTH
CcBODOOIHBIX aHeprm”{ o6pa3013aHm{ Pa3JIHYHBIX MOJEBBIX LINATOB H3 3JeMeH-

ToB (AZ}r) upn mawiennn 1 atm (taba. 9).

Ta6aunuwa 9

OTpHUATENbHBIE 3HAYEHHs! CBOGOAHBIX 3HEprui (xkaa/mMoab) 06pa3oBaHHs PasAHYHBIX
NoJEeBbIX INNATOB H3 3JIEMEHTOB B 3aBHCHMOCTH OT TeMmnepaTyphl

i Kull aAl1S1,0,
T°K AnopTur | MHLPOKIHE Ii’;i‘;ﬁ;ﬂ }é.’:elf',llf)os Hiaxuit anbGHT Bl;!;g{):: NCT‘I:;”L
298 955626 | 892817 | 892263 883 051 883 988 882 687 873 252
400 937460 | 874504 | 874405 865 841 865 822 864 995 856 393
500 919188 | 856210 | 856 558 848 655 847 598 847 263 839 419
600 901214 | 838073 | 838 868 831 662 829 536 829 536 822730
700 883317 | 820001 | 821243 814 767 811555 812264 806 093
800 865506 | 802026 | 803715 797 997 793 643 794 897 789 552
900 847733 | 784 144 | 786280 781 342 775 802 777614 773110
1000 829650 | 766150 | 768733 764 591 757 839 760 220 756 578
1100 811459 | 747152 | 750 182 746 854 739 866 742 824 740 066
1200 793 184 | 727454 | 730 931 708 438 721 521 725067 723 219
1300 774930 | 707836 | 711760 710133 701 740 705 882 704972
1400 756 783 | 688315 | 692 686 691 972 682 027 686 773 686 832

aHJesnTax, pegko — B 6azagbTax. 34ech OH NMPUCYTCTBYET MpPEHMYLIECTBEH-
HO B NYCTOTax B accouuupyer ¢ ¢adautoM aubo ¢ asrutoM. Ero obpaso-
BaHHe MOXeT OLITb CBA3aHO ¢ MHEBMAaTOJHTOBOH (paszoil MarMol. OueHb pen-
KO KBapueBble (pOPMbl TPHAHMHTA MOXKHO OCHADYXHTb B IPHIOBEDXHOCT-
HBIX HHTPy3uBax (rpanodupu o. Cxa#, depporab6po u anpesurn Cxaep-
raapia B I'pensaHimn). B aHaJOrHYHBIX 1OPOJAX BCTPeUacrcss H KPHCTO-
0anHuT, HepeiKo 3amellaruiHid TpHAUMHT. OT IOCJeNHero OH OTJHUAETCH
OKTa3JpHUECKHM TabHTYycOM KpPHCTAJJOB, a INOA MHKDPOCKOIOM — OJHO-
ocHoctbio (Ne=1,484 u No=1,487).

Hcnonesyst anarpammy Ha puc. 17 u paHHble Ta6u. 8, Jerko omnpene-
JHTb 06beMHble 3P EeKTH W 3HTPONHH Bcex (a30BhiX MepeXoioB B SiO,, a
H3 Tab6J. 10 MOXHO 3aHMCTBOBAThb 3HAaueHHs CBOGOJHBIX 3Hepruit o6pasoBa-

Ta6avwuwa 10
OTpHuatenbHbie 3Ha4eHHs cBOGOAHDbIX SHepruil o6pa3zosanus Si0, M3 SJEMEHTOB

Munepansl KpeMHe3eMa

MuHepanpl TPYNIB KpeMHe3eMa BecbMa OGIIMPHBI MO PasHooGpasHio
CTPYKTYPHBIX pa3HoBHAHOCTeH. OJHaKo BCE OHH OTHOCATCH K KapKaCHBIM
cunukataMm ©Ge3 no6aBOUHBEIX AaHHOHOB

- (Koctos, 1971). PasHooGpasue BbICO-
! koremneparypueix ¢opm SiO; u pas-
HOBHIHOCTEH  BBICOKOTO  1aBJEHHSA
06ycnoBaeHO (a30BLIMH NEpPEXONAMH,
0cOBEHHOCTH KOTOPBLIX OTpPaKe€HBl Ha

125 - cmuwobum P

100~

75 Kko3cum

fabnenve , xdap

500 1000 1500
Temnepamypa, °C

!
2000 2500

puc. 17. TlepBocTeneHHOe 3HAUeHHE
cpeiu HuX 1Jf neTporpadun Marma-
TUYECKHX {0pOA HMeeT KBapl H B
MeHblIeH cTeleHH TPUIHMUT H KPH-
cTOOaJHT.

OnTtHdeckie CBOHCTBA  KBapla
(ONMTHUECKH IOJIOXKHTENEH, ONHOOCHbIH,
Ne=1,553, No=1,544 103BOJAIOT
Jerko OTJHYHTL €erc oT OCTaJbHBIX

Puc. 17. IMomumopduble npeBpalleHdsi OKHCH
KpeMHHAi B 33BHCHMOCTH OT TeMIepaTyphbl #
JaBJexua

munepanoB. Wanomopduele 3epia f-kBapna BCTPeYaTCs JTHIIL B KHCJIBIX
71apax. B HHTPY3HBHBIX NOpojax KBapl, Kak NIPaBUT10, HE uauomopden H

NpeiCT2BAeH  ¢-Pa3HOBHAHOCTBIO. PoMGHuecKHH TPHIHMAT !
(Np=1,471-1,479; Nm=1472

JABYOCHBIH

—1,480 u Ng=1,474—1,483), ¢ HH3KHM

apynpesomiaennesr (Ng—Np=0,002—0,004), BcTpeyaeTcsi IaBHLIM oGpa-
30M B KHCABX 3(Q@dy3dsax, JAHIApHTaX, PHOJUTAX H JAAUMTAX, B TPAaXHTaX,

| U3secTna TeKcaronaibHas (opMa TpuzuMiuta (B-TpHiEMuT).
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(xaa/mouab)
T °K ‘ Q&-KBaDpL{ ‘ B-rBapu iohﬁi};;n Tpuaumur CrexJlo ‘ Koscut ‘ CTHIIOBHT
208 | 204 646 — 204 075 | 204 076 203 298 203 367 191 890
400 | 200197 — 199679 [ 199 692 199 002 198 895 187 108
500 ( 195830 — 195360 ( 195415 194 784 194 495 182 395
600 | 191 486 — 191 102 | 191171 190 581 190 106 177 692
700 | 187176 — 186 887 ! 186 950 186 393 185 733 172988
800 | 182905 | — 182701 | 182758 182222 181 378 168 321
848 | 180870 | 180870 — — —_ — —
900 — 178 680 | 178539 | 178 590 178 075 177 050 163 667
1000 — 174494 | 174394 | 174 439 173 943 172735 159 021
1100 — 170325 | 170269 | 170308 169 838 168 451 154 402
1200 — 166175 | 166165 | 166 198 165 748 164 201 149 818
1300 -— 162039 | 162080 | 162107 161 684 159 987 145 264
1400 — 157915 | 157997 | 158032 157 640 155 755 140 705
1500 — 153824 | 153959 | 153974 153 627 151 597 136 204
1600 — 149745 | 149919 | 149928 149 619 147 419 131 689

HHsl NOYTH BCeX PA3HOBUAHOCTeR KpemHe3eMa B 3aBHCHMOCTH OT TeMIepa-
TYpBHI.

Koscur (BMecTe ¢ KBapueBbIM CTeKJOM H KBapleM) BCTpeueH B Je-
(GOpMHPOBAHHOM NOPHCTOM INecuaHHKe H3 METEOPHUTHOro Kpatepa B Apu-
sone (CIOA). 3xech o MOr BO3HHKHYTb JHIIb N0J AEHCTBHEM yJIapHOH
BOJIHH NpH NajeHuu MereopuTa. Ilo3gHee B TOM XKe METEOPHTHOM KpaTepe
6b11 ob6Hapyxen H cruwopur. Cyass mo auarpaMse na puc. 17, yaapnas
BOJIHA 3[ech AocTuraaa jgasienust Bbime 100 kGap. CTHIIOBHT ¢ KO3CHTOM
oOHapyXeHbl Takxe B [lonurafickom kpatepe (Bocrounas Cu6upp) u B
kpatepe Pucc (OPT).

Hedeaun u xaldbCHIHT

STy MuHepaJsl 06pa3yioT O'PAaHHYEHHBIH PN TBEepPAHX pacTBOPOB B
cucreme NaAlSiO,—KAISiO, no Temneparypnl ~ 1050°C. Boime cmech-
MOCTb TOJIHAsl, HO IUHPOKO PAa3BHT NOAMMOP(PH3IM. IDTH 3aKOHCMEPHOCTH
WLTIOCTPUpPYIOTCS (a3oBoH gHarpaMMoi Ha puc. 18.

Ilpupoannvie Hedenuubl OTHOCATCS K Gojee CAOXKHOH cucteme. B HuX
HabMI0NAl0TCsl 3HAYHTeNbHbIe NPpHMecH aJbOUTOBOTO M AHOPTHTOBOTG KOMIIO-
HeHTOB. KpoMe T1Oro, B cTpyKType HedesnuHa yCTaHOBNEHbl BaKaHTHBIE IiO-
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3UNHH, 4 ero XiMmuueckas ¢opMynla MoxeT ObITh 3aMicaHa CAeAYIOHINM
obpa3zom:

K,Na,Ca, [Js—(ety42) Alectyon Stio—ryt20 Ogo

raie [0 — maxkanrsple nosuunn. Cumecumocts ¢ (K, Na)AlSi;Os uab.10-
jaercst Jllb B HATPOBOH dacri cncreMbl (npefgea npu 1068°C x———z:()u,
y=1) 1 onpcaensercs temrneparypoil. Ha stom ocnoBaH <<H6(P6H11HOBbIH
repyomerp» I'amiubronia. C nosbiieHnem kodiuentpauun KAISiO, cmecn-
MOCTL OLICTPO CHHUKAETCH H 1PH
coctaBax He OGosaee 0,35 MoJb-

"lig '7‘f7 0+lig>———=" noft goau Ks jaxe npu oueHsb
800 o, +lig Ne+li «d 7‘{'%,4,0,“ BLICOKOH TeMmepaType IH0sBJAsETCH
= = 4 crexnoMeTrpHyeckoe  COOTHOUIEHIe
[ ARCARY .
& gtNe AN Si:Al=1.
s CgrNEy A 4
) ,200 ”e” ”[IA’S \\\
S NeyrNe - . ™ 3\_
g " Ne Ne, +Ae, 5\*&
§ 8001 50 Puec. 18. JimarpamMma COCTOsAHHsT CHCTEMDI
3 Ne+K NaAlSiO, — KAISiO,.  Ipexnonaraemoie
= i erhs 1 dasopbic rpaHHLbl [OKA3aHB MYHKTHPOM.
Cg — xkapHerunt, Ney — BBICOKOTeMIepa-
400 H \| rvpunil ueheann, Ne —nedpemn, Ks —
VRS TR 1 BN N T S N S Kaabewaut, Hy— terpakambenant, O —
100 80 60 40 20 0 pomGuuecknii kaascuaut (Tuttle, Smith,
NQAISIO, NajKALaSia0y  Bec.% KA(S104 1958)

[Mokasatean npenomieuns Ne u Ks caenyiolme:

nedenin KaJLCHANT
Ne 1,526—1,512 1,532—1,537
No 1,529—1,546 1,538—1,513
No— Ne 0,003—0,005 0,005—0,006.

OaHaKo 3aBUCHMOCTH MX OT COCTaBa HafiTn He yaaercs. Ho mocratouno
XOpolly YCTAaHOBJeHa KOHUEHTPALHOIHAS 3aBHCHMOCTL 3HayeHuH 20 ped-

aekcos 2022 u 2130. JIasi npupoAHLIX TBEPABLIX PACTBOPOB MOJEKYJSADHLIL
NPOLEHT KaJdbCHIHTOBOTO KOMIIOHEHTa ONpelenseTcs [0 3TUM pedJexcam
JIHe{HBIM ypaBleHHeM

100- Xga1sio, = A — B (26cy — C),

rie suauenus A, B u C cnpaBelnuBbl AJdA ONpeie/eHHbIX pedJeKcoB B
Ne N
TaKIIX JHala3oHax cocTaBoB Xwawsior =K : (K+Na):

Pedaicke X}Tﬁglslo‘ A B C
2130 0,09—0,25 61,24 156,3 27,00
2130 0,25—0,60 118,02 77,26 26,00
2022 0,09—0,25 117,35 148, 1 29,00
2022 0,25—0,60 79,94 38,13 29,00

Bunno, uro npu cocraBe Nagq5Ko25A1Si04, Tounee mnpu Nas oK, ged
Oo,30Al7,61818,39032 (2=0), 3aBHCHMOCTH XOTb M JHHEHHbIE, HO NMPOH3BOAHbIE
pasHble. OTO 3HAUMT, YTO JIAaHHHH Hedeaun npereprneBaeT HEKOTOPYIO
CTPYKTYPHYIO NEepecTpORKY, CMBICJI KOTOPOH MOKa [0 KOHIA He siceH. Kanb-
CHJUT, KaK H HedesJHH, rekxcaroHalbHbill, Ho 06a OHM HE M30CTPYKTYPHbI,
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Coctap HedenuHOB B Ka/lHeBOH 06aacTH (o6sacTh KaabcuauTa) onpege-
JSIeTCSL 10 YPABHEHHIO

Xkhsio, = 1 —0,22727 (A — 6,264),
rje A = 28 1, — 20,47, aaa CuKg-usnyuennus.

Hedeauusl u KasbCHINTB — THNHYHBIE MUHEpaJbl WIEeJOUHBIX HEJOCH -
LIEHHbIX KPEMHE3E€MOM MarmaTHYeCKHX nopoi. Bmecrte ¢ moseBbIMI miniaTa-
MH OHH CJararmT CHEeHHTBI; ¢ MHPO-
KceHamMi Hegeann oCGpasyer ypTi-
Tbl, SAKYMHPAHTHTDI, MCJAbTENTUTLI,
MaJHHBHTBI,  HOJHTH;  BCTpedya-
I0TCs HeeNMHOBLIe Lie104HbIe Tab-
Opouart. Bmecte ¢ aeftintom nede-

!
)
JHH I KadbCHJHT MOXHO BCTpeTnts @0 |
B CyDBy.IKaniuyecknx u 3ddysns- o ! :
HBIX nopojax. B aasax LlenTtpain- | l | [ Ky=1
noit Adppuxu (Konro) ycranosie- Q?m
HLL CTPYKTYPBl pacmana uedeas- 'M Ll d ,Ia

[ PR |
HOB. Eule HeckombkO €T Haszal 01 416 918 020 022 9% 026 28 430
CUHTANIOCL, 4TO He(eJHHbl 13 rop- XFSh Negs
HBIX IIOPOJ MOTYT COLepkKaTb mnpe- 5
geabHo 59Y% KaJbCHAHTOBOTO KOM- 800 C
nonenta. Oauaxo A. 1. X¥uxxkospv 98 /
OTKPMWT KPYMHBIH Maccus kaianen- pe

KAlSl,Ds a KALSi 0y

Puc. 19. luarpamma daszosoro coorser- 42
CTBHA  HCdeaHH LWeJOYHBIH  N0AeBOll
WMAaT,  TOAyYeHHas  3KCIepHMeHTA b0  JL 4 v 3 b | v 0 v 4 L4 44 4 g
(Zirjanov, Perchuk, Podlessky, 1975): 01 416 018 020 922 0% 42 0§78 930 43
@ — 19 WUTPY3HBHBIX 1OpoA, O — 145 J Ne

X s
3p¢pyv3upon KALsig,

P=6 bop

o

JHTOBLIX cliieHnToB B Xxpebte Chimnbip (Cesepnoe Ilpudaiikaane). Tlopoasl,
claramolille MacclB, MOJYYHJIH Ha3BaHHE CHIHHBIDHTOB. 3Iech HaApAly c
OBBIUHBIMII 3epHaMy cocylecTByomux Fsp u Ks MoXHO BeTpetiTh ImecTH-
TpanHble NPH3MDI, COCTOSILEE M3 CPOCTKOB OPTOK.Ja3a H KaJbCHAnTa (ilCeB-
Roseiuut). CocTaBbl COCYIECTBYIOIUX (a3, 10 AAHHBIM XHMHYECKOro H
PEeHTreHOBCKOTO aHaJIH30B ABYX 00pa3LOB, CJACIVIONIHC!

o6p. 6015 : Neg 4Kses 6 4 Aby 5 Ores 5;
o6p. 6092 : Nejs oKsgs s - Ab,Orys.

Bmecte ¢ HHMH B cHHHBIDUTE OGHApyXKeHbl GHOTHT H KJANHOIHPOKCEH, HO
OCHOBHOH 00beM IIOPOAbI CJIAraloT KadbCHJAHT U OPTOKaa3. Mx obpasoBa-
HHE BO3MOXHO 34 CHET HEYCTOWYMBOCTH JeHIHTAa B IMTYOGHHHBIX YCIOBHSX:
2KAISi,05=KAISiO;+KAISi;0s.

Ulupokas pacnpocTpanentocTs nmaparenesuca He(DeJHHOBBIX TBepAbIX
PacTBOPOB C NOJIEBBIMH LIaTaMH NO3BOJHAA AOCTATOYHO XOPOLIC H3YUHTDL
PaBHOBECHOE paclpelefeHHe MEXKIAYy HUMH Lleaodell B 3aBHCHMOCTH OT TE€M-
epatypbl, AaBAeHUSI W CTENMEHH YNOPAAOUeHHA MHUHepasoB. OaHa w3 mo-
CIeJHHX IHarpaMM (asoBOro COOTBETCTBHS I MarMaTHYeCKHX IOpPoi B
autepsase Temnepatypnl 800—1000°C npeacrasaena na puc. 19. C ee mo-
MOLIBIO MOXKHO TPHOMHKEHHO OLUEHHTb TEMIEepPaTypy 06pasoBaHHS NOPOAbI,
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re yCTOMYNB NapareHe3nc HedesuHa ¢ HEYMOPAAYCHHLIM LIEJOHHLIM MOJE-
BBIM ILTTATOM.

TepMoiMHaMHUYeCKHE CBOMCTBa TBEPABIX  pacTBOPOB CHCTEMBI Hede-
JAHH—KaJbCHJHT H3Yy4YeHBI 1J10XO; UL /151 HU3KOTEMIICpAaTypHOH obaacTtu
(500—700° C) u3BeCTHBl HEKOTOpble (YHKLHH CMEIICHUS (Ilepuyk, 1970).
TewmrepaTypHble 3aBHCHMOCTH CBOOOJHBIX 3HEPIHH 06pa30oBaHHA H3 BJEMEH-
1oB Ne u Ks MOryT 6biTb omucalibl C/AeAYIOUHMY 3MIIHPHYECKHMH ypaBHE-
HUSIMH:

AZS% (Ne) = — 503,264 | 11,868(T-107°) —
—0,3644 (T-107%)2 20,0166 (T 107°)* Kkaz/moMb,
AZ) (Ks) = — 498,895 -- 9,190 (T 107°) —
—0,0264(T-107%)* —0,00044 (T - 107%)® KKan/moab,

rne T — temmepartypa, ‘K.
JleHuuT

JlefiinT — peAKH MIHEpas, BXOASALIHA TV1aBIBIM ofpa3oM B COCTaB
KaJMeBbIX BYJKAHMYECKHX M CYOBYJIKaNi4eCKHX 1OPOL. Jlerko oranuuM B
wan@ax 1o 1HeCTHrpaHHBIM pa3pe3aM, BOJH3U Kpaes KOTODbIX B IpaBHJb-
HOM 1OpSAKe COCPeLOTOYCHBI HENpO3pauHbBle «TOUKH», COCTOALLHE HaCTO H3
MAaTrHeTHTa a1160 IIPOAYKTOB H3MeleHHUs JICHILUTA.

Jejinur  o6iazaeT  CcPaBHUTEJbHO BbICOKMM CBETOIPEJOM/CHHEM
(N=1,508—1,511) u CJI0KHBIM JIBOHHHKOBAHHEM. Trepaoro pacrtsopa
KAISi;Os— NaAlSizOs npakTHyecKy He CYLIECTBYeT, TaK KaK MaKCuMaJb-

Hasi KOHUEHTpPAalHs KaJleuTOBOTO KOM-
nonenTa, rae Al HaxomuTcs B 'KOOD-

1300 annanud VI, B IPHPOAHBIX JeHIHTaX
we npesbimaer 15—20%. OGobuias
1alHble 3IKCNepHMenTalbHbIX HCCAe-

< 1200 noBadui, MOXKHO 3aKJ/I0YUTh, YTO IIOJE

§ cTabuabiocTn Jefiiuta ObLICTPO BHI-

E’IIOO KAWHUBACTCs ¢ BO3pacTaHHeM JdaBJe-

?} nust Bopsl (Pm,o=P =205 kb6ap), OT-

¥ HOCHTeJbHOH KOHUEHTPAlHu HaTPHA H

,§ 1000 ¢ YMeHbIICHHEM TeMuepatypsl. ITO
900 { ] i ]

0 1 2 3 4
Aabnewue bodanoeo napa, Kdap

Prc. 20. Baususe T m P na ycrORYMBOCTD
gefuuta p cHereme KA1SizOs—H 0

xopolo B11AHO Ha puc. 20, rae noxasaHo BJIHAHHE TuP Ha 1oJe CcTabHb-
HocetH Jgefnnrta. Takue ocoGeHHOCTH KPHUCTaAIH3alHM JCHLHTA 00BSICHSIOT
ero OrpaHMYEHHYIO PACMPOCTPAHEHHOCTb B TOPHBIX  INOpOAax, rie uaile
BCTpEYAeTcs 1CeBJOMEHIUT — arperarhl pedenuna (MIM KaJbCHAHTA) «
KaJIHIINATOM. JIHmb B HEKOTOPHX KaJHeBbIX OCHOBHbIX 3ddysuBax, dop-
MHEDYIOLHXCS TIPH HH3KHX JaBJIEHHAX BOASHOIO Tapa, MOMHO BCTPETHUTD
CPABHUTEILHO CBEXHH JEALHT (JIefIU,HTOBbIoe 6a3aHUTH, Te@pHTH, aHKap-
TPHTHI, YraHIUTE ¥ T. T.). TlodTH YHCTO JeHUHTOBAd 110pO1d — HUTaJIUT —
obHapyxena cpenu 3@dyszusos pGAU3N Puma.
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Cawnpl

MycKoBUTE W GHOTHTBI — OJHH M3 BaKHEHIINX COCTABAAIOUINX H3BEp-
KEHHBIX M MeTaMopduueckux nopoi. OLHAKO MYCKOBHT B MarMaTH4eCKHX
[Opojax HMeeT OUpalHyYeHHOe PAacmpocTpaHEHHe: OH BCTpeuyaeTcs JHIIL B
nerMaTiTax CPpaHUTHOrO ¥ HedeJHH-CHEHHTOBOIO COCTABOB H peXKe B Mare-
PUHCKHX MopoiaXx. BnoTur e, HanpoTus, uype3BblYalHO LIHMPOKO paclpo-
CTPaHeH He TOIbKO B TAIYOMHHBIX HHTPY3WBHBIX MacCHBaxX, HO O B ByJKallide-
CKHX [10P0Jax KHCJOFO H U1eJOYHOrO COCTABOB (JMHMNAPHTLI, A4LUHTDLl, TPa-
XHUThl, JeALHUTOBbLIE GA3aAbTHl U T. 1I.).

beabvle cawoasl. Taepabli  pacTBOp MYCKOBHTa ¢  I[aparoHHTOM
KA13S13010(OH) s—NaAl3Si30,0(OH)2 BecbMa orpaHnHueH B MarMaTH4eCcKHX
nopoaax. O6olull0 MOAbHAST A0Js1 [1aparollXTOBOTO KOMIIOHeHTa MaJja H He
npesbimaetr 0,1—0,2. 1o oObsicusgercss TeM, 4YTO KpHBasl pachmaja TBep-
J0T0 pacTBopa CHUABIIO CMelleHa B HATPOBYIO 00J14CThb.

B HopMmaabHBIX MYCKOBHMTAX 110Ka3aTenu LUPeJOMAEHUsT KOJeGaioTCs B
Takux mpenenax: Np=1,552—1,574, Nm=1,582—1,610, Ng=1,587—1,616,
—2V=30—47°. B npupome, Kak npaBHJ0, paclpocTpaHeubi JIBYXC.I10HHbIE
(2M), pexe oanocaoiinble (1M) MoHOKAHHHBIE voaudHkauuu. Ho noan-
MOpdU3M He OKasbIiBA€T 3aMETHOrO BJHMSAHHUS Ha (U3HYECKHE, B TOM HHC/AEC
¥ Ha TepMOJIHHaMHYECKHE, CBONCTBA MYCKOBHUTOB. s 0OJHOCJOHHOH MOAH-
dbukaunn HameueHa (Eugster et al, 1972) c¢BaA3s MeKAy peHTreHOBCKHM
napaMmetpoM (003) u MOJbLHOH nO1ell NaparOHUTOBOH COCTABASIOLIEH:

d ooz — 3,20855 -+ 0,17451 (1 — Xp.r) — 0,03881 (1 — Xpur)?,

rae Xpar=Na: (Na+K). Jlng onpenenenns MyCKOBHTA NO MEMXMIOCKOCT-
HOMY P4CCTOSIHIIO MOXHO HCIIOJNb30BaTh (POPMYTY

100- Xy = 100K : (K -+ Na) = 41,258 — 32,126d095)  6,0048:00).

KO‘HHCHTP&HHOHHQH 3aBHCHMOCTb 00beMa cMelleHIis MYCKOBHUT-1aparotu-
TOBOr'0 TBEPAOro pacTBOpa OINUCBLIBAETCST IMIIMPHAYECKUM YDaBHCHHEM

Vm = 41,837 [3,14403 - 0,22604 X my -+ 0,09410X (1 — Xnu)| M3,

a HHTerpaJbHON M3OHTOYHON MOJSPIION CBOOOAHOI 31epruy:
Z¢ == (3082,1 + 0,0822P ' 0,16987 °C) (1 — Xmu) Xmw -+
L (4163,9 - 0,1259P 1 0,3954¢ °C) (1 — Xnu)? X,

rie Anu=K: (K4 Na).

Hna pacuera 3HaueHu#d cBOGOAHBIX 3Hepruil 06pasoBallHd  MYCKOBHTA
M3 3JeMEHTOB IIPH Pa3HbIX 3HAUCHUAX TeMIeparypbl MOXKHO BOCIIOJb30-
BaTbCsl TOJTHHOMOM

AZ§ = — 1421,309 + 30,941 (T-107%) -— 0,10076 (T - 10 )2 -
+0,0077 (T-10*)® Kkan/Moub,

rae T — remneparypa, °K.
YCTOAYHBOCT, MYCKOBHTA B TpaHIITaX ¥ HX NerMaTHTax olpeaeisercs
B 1IePBYIO ouepefb MAAaBJCHHEM BOAbl M XIMHYeCKUM mnotenumaiom KyO:

KA1,Si,0;, (OH), - 6Si0, - (K20> — 3KAISi,Oq -- (-Hzo).

(lorjlacHO 3TO PeaKUHMH, YeM BBHIIE Mp,0 M HUXKE Hg,0, TeM 00Jee yCTOMH-
unpa accounauns Mu-+Qz. Ecau B noponax coaepxuTcad B 3aMeTHBIX KO-
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amuectBax Na,O, 10 ero pacupefeneHde Mexay Mu u cocymllecTByOmUM
11eJOYHBIM NOJIEBBIM MIATOM ONpefeaHTCs 0GMeHHON peakuuelt

MYCKOBHUT -} 2JbOHT = MHKPOKJIUH -}- IaparOHHT,

HJIH
KA1,Si;0;0 (OH), - NaAISi;0, — KAISi;Os 1+ NaAlSigOy, (OH),.

Koncranta 3Tofl peakllMH pH TOCTOSHHOM [aBJeHHH 3aBHCHT OT TeMIiepa-
TYpHl, B Ha STOH OCHOBe MOXKeT ObiTb CO3MaH MUHEpaJOrHueckHi TepMo-
MeTp. TeopeTuuecKuil BapHaHT TAKOro TEPMOMETpa, NpOBEpPEeHHbI Ha Ier-
matutax Eanoynaitda B Kamage (Kretz, 1970), okasancs noxa HENOCTa-
touno sddexTuBHbIM. Ho sKcnepuMeHTaAbHbIE HCCAEN0BAHUS, NPOBOAALIME-
¢ B Hacrosilllee BpeMsl, [O3BOJSIT cO3JaTb OoJiee COBEPIIEHHYIO MOAED.

MyckoBUT — OOBIUHBIA TOPOAOOGPA3yIOINil MUHEpal am/uTOB H Mer-
MATHTOB, HO W3BeCTeH B NBYCMOASHEIX PAaHHTAX, PHOJMTOBBIX Iopdupax
¥ T. I. JKCIePHMEHTAJbHOE M3yuyeHHe TPENENOoB CTAaOHNLHOCTH MYCKOBH-
Ta 10Kas3ano, uto npuH Pp,o>>3 kbap OH MOXeT KpHCTAlJIH30BAaTLCs B
SBTeKTHKe FPAHHTHOTO WJH He(eNMHCHEHHTOBOTO pacmiaBa. B Apyrux mar-
MaTHYECKHX NOPOAaX MYCKOBHT BCTpeyaercs JIillb KaK TPOAYKT METaco-
MaTHYECKUX H3MEHEenHi.

BuotuThl. ITO OYeHb pacHpoCTPaHeHHble B MarMaTHYECKAX FOPHBIX I10-
poiax caoibl. Baarojaps WHPOKOA BapHALWK COCTABOB OHU BCTpeHalOTCA
B HCKJ/IOUHTEJNbHO OOJbLIMX HHTEpBajaxXx TepMOAHHAMHMYECKHX MapaMETPOB.
B 61HOTHTAX pasBHT M30MOP(H3M JABYX THIIOB: M30BaJIeHTHBIH (Fez+=Mg;
Fe2t==Mn2+; Fe¥==Al; K=Na u 71 1n) # TrerepoBajeHTHbIH
(3[Fe, Mg]+2==2A1 uau 4Al==3Si). HanGonee pacnpocTpaHeHHHH B CJIO-
nax usomopdusm Fet?==Mg n 2Al==3 (Mg, Fe) oGycnosien CMECHMOCTHIO

YeThipeX [VIABHbIX MHHAJIOB:
cudepogpurum (Sid) — K Fe,AlSi; (OH), Oy,
ucmonum (Ist) — KoMg,AlSis (OH), Oy,
annum (Ann) — KFe AlSig (OH), Og,
gpaoeonum (Phl) — KoMgeAlLSis (OH), Og,.
TTo3TOMY KpHCTAJM0XHMUUECKYIo (OPMYJy TeOpeTHdyecKoro GuoTHTa B CH-

cTeMe FeO_MgO_A1203‘_Si02_K20—H20 NPUHSATO 3aMUCBIBATD B TaKOM
BHIE:

K, (Fe, Mg)s.t0,5n Ali—n Sis 10,510 (OH); Ogo,

rie n usmensiercs or 0 10 2. B rpanurompax u HeeJHHOBBIX CHEHHTAX
FIHHO36MUCTOCTb GHOTHTA 3aBHCHUT OT TEMIEPATYpPHl M 0O0iled MIeNOYHOCTH.
STa 3aBHCHMOCTL OIpejeJsieTcss U3 YCJI0BUA CMeUleHHOTO paBHOBECHA. Ha-
npuMep, B TPaHUTax ypaBHeHHe, CBASHIBAIOIICE OUOTHTHI Pa3NUYHOM TJIHHO-
3¢ MHCTOCTH, MOXKET ObITb 3alIHCAHO TAKHM obpaszoM:

(5. + 0,5n) H,K, (Fe, Mg); ALSizOg, - 21nS10; + (31 Ky0) =
= E)H‘]‘K2 (Fe’ 1“g)5+0,5n Al_, Si5+0,5n 024 +7nK —\181308 +(n HQO)

Dra peakunsi [OKa3blBaeT, UTO 1IPH BO3PacTaHWU ILIEJOYHOCTH M TEMuepa-
TYypH (—Wm,0) TVIHHO3EMHCTOCTDb GHOTHTA CHHXKaeTcHi 3a cdeT 00pa30oBaHHsA
LI(eJIOYHOTO TOJIEeBOro LINaTa U yMeHbIUeHHs KOJHYecTBa KBapla.

Taxue 3Ke COOTHOLIEHHS MOMKHO BBHIBECTH MJIsl NapareHesucos GHOTHTA
¢ Fsp u Opx (4apHOKMTBI H THIEPCTEHOBbIE TPaHUTHI), a TaKKe
Bi-+Fsp-+Ne (nedenunopble CHEHHTB H ApPyrHe pasHOBHAHOCTH 111eJJOYHBIX
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nopoa). ITd 3aKOHOMEPHOCTH  BHJAHH HAa KayeCTBEHHOW JHArpaMMe
UH0—WK, Nayo (puc. 21).  PumckumMu uuppaMn ua Heidl 0603HaUeHDBI
OJSl  CPABHUTEAbHOL U4eA04HOCTY MAarMaTHYECKHX TOpPox (TpaHHTOHIOB
He(ENHIIOBBIX CHEHHTOB M CHEHHTOB) MO [VIMHO3EMMCTOCTH OHOTHTA B co-
OTBeTCTRYIOWIMX uapareHesucax. JlpakTudecku 3Ty 11€J0YHOCTD MOXKHO
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Puc. 21, Mnuepaabible ¢aniin IMeJOYHOCTH HA JHArpaMMe XHMHUECKHX
NOTeHIHaN0B BOABl u Iledouel. Lludpu y uumexca Bi obosnavawor rauHo-
3€MHCTOCTh OUOTHTA

OUEHHTL (10 JHarpaMMe, cocrtaBieHHOH naqa OuortutoB (Marakushev, Per-
chuk, 1966) B koopannatax Si/Al— (Mg-+Fe)/Al (puc. 22). Jna ncnoab-
30BAaHUA 3TOH AMarpaMMbl HeOGXOAMMO JHULIb HMeTb XHMHYECKHE aHAJIH3bI
GHOTUTOB H3 FPAHUTOMAOB H/IH CHEHHTOB.

IMupokue Baphalldu COCTaBOB GHOTHTOB BBI3HIBAIOT BeCbMa CJIOXKHBIE
H3MEHEHNs HX (QU3HYecKMX CBOHCTB, B TOM uucjae u ontudeckux. Ilostomy
AMArpaMMbl 3aBHCHMOCTH N OT KeJe3HCTOCTH OHOTHTOB OKAa3bIBAIOTCS
yAAYHBIMH JIHIUb /5 BIOJHE ONpPEeReJeHHBIX MO0 IJIHHO3EMHCTOCTH CEPHH
TBCPIABIX PACTBOPOB.

doronuT KaK MarMaTHYeCKHH MHHepaJ BCTpeyaeTcss B LIEJOYHHIX Ja-
Bax 3anaanoil Ascrpanuu, [lentpanbnoil Adpuku, Bafiomunra (CIIHA). Oxn
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TaxKKe BXOIHT B COCTAB HEKOTOPHIX YJABTPAOCHOBHBIX 110POA (OJHBHHOBHIX
MHPOKCEHHTOB, ITHPOKCEHHTOB, KHMOepPAHToB M T. H.). Hemasuo duoronut
0O6HapyXeH B 3KJOTHTOBOM BKJIIOUEHHH B KuMOepauToBoi TpybGke B IOxHOM
Adpuxe.

MarznesnanbHocTh OHOTHTA B MarMaTH4eCKHX 10PORAx B OOJbIIHHCTBE
cayvaes onpenensiercss crernenblo nuddepeunnpopannocty MarmMe. buornt

S
A o
i .
35 °
° Pue. 22. Coctas GHOTHTOB H3 Ipa-
HHTOB H CHCHUHTOB!
30 ViuXin I —u3  ABYCMOASHBIX — IPAHHTOB,
\ 2 — Y3 rpaNHTHBIX MermMaTiTos; 3
251 H3 HOpPManbHBIX PAHUTOB H aJs-
ckuron;, 4 — 13 HedeJHHOBBIX CHC-
, UMTOB;, 5 —u3 cHenuToB (6e3 Qz
2,’0F HaH Ne); 6 — H3 MHKPOKJIHHU3HDO-
BAHNBIX  HedeJINHOBBIX CHEHHTOB;
7 — TeopeTHuecKHi cocras OHOTH-
151 TOB psiia (UOrOMHT — AHHHT, §—
TCOPEeTHUCCKHA cocTaB GHOTHTOB psi-
/0 ® ] | J 0 ) Jda CHI1epOPHIIHT — HCTOUHT. PuM-
g5 il 120 25 30 J5 40 Mg+Fe cKkde nHppel 0603NavaoT noJs, co-
Al OTBCTCTBYIOUHE 110 LIEJOYHOCTH TO-
o] #] A5 o4 9§ ef m] 0§ JfIM Ha puc. 23

H3 TPAlIMTOHAOB, OJH3KIX [0 COCTABY K 3BTEKTHKC, MeHee MarHes3uaJen
(6onee xene3nct), ueM OHOTHUT M3 TPAHONMOPHTA HIH ajaMesuTa. To xe
Kacaetcs u HedeauHoBHIX cieHHToB. Ho mHOrma cocras 6HOTHTA 3aBHCHT
OT ApPYrux (akToOpOB €ro Kpucrajiudalldid H3 paciviasa. Tak, 1o JaHHbLIM
O. B. ITapgenoso#i, B HTHUMOPHTAX (CHHOHHM—AaBTOMATHYECKHE GpeKdnn)
’KEJ1Ee3HCTOCTL OHOTHTA OCTARTCS HA INOCTOSTHHOM ypoBHe (~34--35%)
B TEUEHHE BCerO XOLAa KPHCTANNH3AaUHH MOPOAB. DTO CBS3aHO € BbICOKHMH
3HaYeHHsIMH T1aPUHaJbHOrO 1aBJEeHHsT KHCJIOPGIA H BOJABI, KOHTPOJUPYIOUIHX
OTCadKy MarHeTuTa. Takum o6pasoM, XKeie3o B XOJe KPHCTAANHU3AlHH Ha-
KaIJIUBACTCsl B CTEKJE U MAarHe fHTe.

Cozep:xanue raHIIO3eMa B LWeECTCPIOH KOOPAMHAUHH GHOTHTOB B OUCIID
rpy6oM NpuOIHKEeHHH MOMET CIYXITh KaueCTBeHHBIM HHIMKATOPOM HaB-
JeHHS, [PH KOTOPOM KDPHCTAJJNH30BaJCH [JaHHBII MarMaTHYeCKHH pacrias.
Hem poiuie xounenrpaunus AlVY mpu NOCTOSIHCTBE BaslOBOTO COAEPMKAHHA
AlO3 n T°C, tem mpu GosplreM KaBjeHud CHOPMHPOBasach TOpPOJa, €O-
JepxKamiasi LaHHbIH GHOTHT. ITO OOYCJIOBIEHC TeM, YTO B YETBEPHOH KOOD-
AVHAIHK aTOMbl YIaKOBAaHBl MOHEE 1TOTHO, 4eM B IIECTEPHOH.

AMpu60bI

[To mepeMcHHOCTH cocTaBa 1 GH3UYECKHX CBOMCTB — 3TO HaHOOJee
CNOXKHasl Tpynna TopoLoo6pasylomux MuHepasnoB., OJHAKO B Marmarude-
CKHX M0pOAaX HX pa3HooGpasHe OrpaHHueHO JHINL MOHOKJIHHHBIMH DPOTOBbI-
MH oOmallkamil, Cpeln KOTOPBIX Mbl OyleM pasimuaTh ABe OIrpYMHIbl:

1) Gemuble KanpuiieM porosble 0OMAHKH —

cofepxanne CaO<5,0 Bec.Y,

2) KanpLHEBO-HATPOBBIE POTOBble OOMAHKH —

cofepxanne CaO>5,0 Bec.Y%.
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Taxoe pasgenenne obGycaoBaeHo crelNH(pHKOH pacrmpocTpaHeHHsi Ompe-
JeJIeHHBIX POroBblx O0MaHOK B M3BEDXKeHHBIX Tiopojax. Tak, aMdubo.abr
[1epBOH MOATPYNTE! BCTPEUAOTCA NPEeHMYIIECTBEHHO B HATPOBBIX IIENOYHBIX
TPaHHTaX, B HEKOTOPBIX Pa3HOBHIHOCTAX He(EJHHOBBIX CHEHUTOB H Kap@o-
HatutoB. M5 Hee XapakTepHbl MapareHible accONUAlMM €O 1IEJOUHBIMIE
nupoxceHaM, aapGuWTOM 11 T. 1. PoroBsie 00MaHKH BTOPOH MOATPYITIHI
BCTPEYaloTCss B DPasMUHBIX THIAX MarMaTHYecKHX [0POJA IOpMaJbHOil 1
[OBBIIEHHOH IIeAOYHOCTH, CPOpPMHUPOBABIIUXCH M3 pacniaBoB, BOora-
torx K,0.

Bee amtbub0abl H3BePKEIHBIX MOPOA OTHOCATCH K JIEHTOUHBIM MeTacll-
JHKaTaM, T. €. SIBJASIOTCS COJSIMH THIOTETHUECKOH MeETakpeMHHEBOH KHc-
aotbl HgSigOg4. B ¢BA3H ¢ 3THM 06IIYI0 KPHUCTANIOXUMHYECKYIO GOpMyay
pOroBeIX OOGMAaHOK MNPHHATO 3aNKHCHIBATH B TaKol dopMe: Xo 3Y5Z3002(OH) o,
rie X=Ca, Na, K, Mn; Y=Mg, Fe, Al, Ti, Li, Zn; Z=Si, Al

Bennble Kanabuem porosoie oGmaHku (CaO<(b5 Bec.%) npeacrasiemns
B H3BEPKEHHBIX Nopojax pHOEKUT-ap®BEACOHUTOBBIM PSIAOM € LIMPOKON
BapHalluedl MarHesnaJpHOCTH, T. e. oTHomenus MgO/FeO. Onu mpeacras-
JIeHBl CMECbIO CJEAYIOLIHX YeTbIPeX TJIaBHBIX MHHAJOB —— KOHCUHBIX UIC-
HOB TBEPABIX PaCTBOPOB:

geppopubexur (fRib):

' Nay,Fe;" (Fert, Al), (SizOy) (OH),;
MazHezuopubexum (m Rib):
(1 Na,Mgs " (Fe?+, Al), (SigOy) (OH)s;

rpe [ — BaKaHCHH;
geppoappsedconum (I Arf):

Na,Fe, (Fe**, Al) (SigOs) (OH),;
maeresuoappeedconum (m Arf):
Na,Mg, (Fe3+, Al) (SigOss) (OH),.

®opmMynB 5TUX HIEJOUHBIX aM(PUOOJOB  HIeaJU3MpPOBAHHBIE: TIPHPOAHLIE
MHHepaJsbl UMeWT ojee cJI0XKHHIE cocTaB. Tak, cpeanunit us 50 pubexnr
ILEJOYHBIX IPAHUTOB IIMCET TAKYI0 KPHCTAJJNOXUMHUECKYIO hopmyay:

(Nag,32Ko,46Cao,26)3,04 (Fe%eMl’lo,ogMgo,os)s,l (Fe?,taA]O,W)I,S X
X (Tio,1:Al0,01517,55)8,0 Qg5 [O1,19 (OH, F)o 5115-

3aech He 0Kas3anoch BAKAHCHH, KaK B TeOpeTHdYecKoit dopMmyae, H, Kak
caencrsHe, B AoOaBounblx auHoHax (OH, F)<O;;5. Onnako u B mpHpox-
IBIX 1eJ0YHBIX aMpubonax Hapsay ¢ BeAYILUM H30BAJEHTHBIM H30MOPGI3-
moM Fe?t=Mg?* uerko mposiBien rerepoBaienthbii: (Fe, Mg)2t+
+ (Na, K)+=(Fe, Al)3t, DTu sakonomepHOCTH oOTpameHnbl Ha puc. 23.
31ech e BHIHO, UTO TOUKH CPEIHHX COCTABOB (X) J0XKaTca HA OXHY TIps-
MYlo, ob6o3HayenHyw nmyHxtupoM. Ilpuuem ¢ nmepexofoM OT IIEJOUYHBIX I'pa-
HHTOB 4Yepe3 HedeaHHOBblE CHEHHTH K KapGouatuTaMm cocraBbl aMdubo.aoB
npubanxkamTea K Marsesnoapdeenconuty (mArf). I'pynobt sTex nopox Ha
jutarpaMMe pasjeseHbl IYHKTHPHBIMH JHHHAMH W BHIHO, YTO HM OZHA H3
TOUCK OJHOU IPYIIBI HE NONANAET B TI0J€ TOUEK APYroil CPynub.

Baprnannu cocraBos aM$puH60s0B H3 NIEJOYHBIX TPAHUTOB HJJIOCTPUPY-
10T WWHPOKOe TreTepoBajJeHTHoe NposaBieHue H3oMopdusma (Fe?t+-Na)i+=
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== (Al, Fe)®*. B menounom rpanute uz xp. Jlayp (EBpeiickas asToHOM-
Hag o6nacTb) HalileH PUOEKHT ¢ TPeeldbHBIM COCTABOM:

(Nal,87Ko,26C30,07)2,2 (Fe?j}égMﬂo,nMgo,m)x.m (Feng?A]O,M)B,H >
X (Tio_mA]o,llSi[ggOZZ [01'3 (OH)QJ]Z.

Taknm  ofpasoM, cpean IleJOUYHBIX amMmdubonoB  BHIACIfETCH  erlle
oLHa Qpa3H%0BH11HO(‘Tb — ¢deppuppudexknr (af) ¢ wuneaaunofn dopmy.ioi
Na,Fe> Felt Si 0,4 (OH).

Ontuyeckue cBOICTBA UIEJIO0U-
HbIX aMPuGONOB H3yueHHl HeloCTa-
toudo. OnHako 148 oupemenenus
HX MarHe3uaablHOCTI TO (COCTABY
MOXKIIO BOCMOJNB30BATHCS  CJAETVIO-
ULIMH COOTHOUICHUSIMH:

B DALY DHOEKHT - Marpeano-
pubexur

Puc. 23.  IlnarpaMma, HJIMOCTPHPYIOLLAS
H3oMopdiaM B 1UEJOUHBIX aMm{(pnlonax Hs
menounelx rpanutos (I, Zrp — cpennnil
- us 50), nedeannorslx cueuutoB (2; Zp c—

cpeannii u3 10) it kap6oHatuToB (3; Zkap—
FeMn)0 10 20 30 ’Wﬂgﬂ’gﬁ 70 80 90MQ0  cpemmnit us 9). IlynKTupom oOuepuembl

npenenbHele coctassl (Ilepuyk, 1968)

Ng =164 -0,07(1 —Xng); Np=1,628 - 0,073 (I -- Xng);
B psiny Fe-apdBenconur — Mg-appBeaconHT (IKEPMaHHT)

Ng =1,630 :-0,075(1 — Xmg); Np=1,610—0,088(1 — Xuy),
rae
Xmg = Mg: (Mg -+ Fe>t+ - Fe3+ -+ Mn).

PuGexurnl Gosee XapakTepHB 1748 KBapUCOAEPXKAIIHX H3BEPMKEHHBIX
NnopoA, rae QueHp Bbicokoe orHomenue Si/Al. Hlenounsie rpanutel ¢ pube-
KHTOM H 3THPHHOM JHOO ¢ OUeHb KeJe3uCThM OHOTHTOM 00pas3yloT CaMo-
CTOSITENbHBIE MAacCHBBL. DBblIessiioTcsi [Jaxe TPOBHHUHH DHOEKHTOBBIX
rpanuTos (B ceBepHo#t Hurepnu, Kasaxcrane, Ilpumopse nap.). B nedennno-
BBIX CHEHHTaX, KaK HPaBHJIO, HNPHCYTCTBYIOT TIPOMeXYTOUHBIE, PHOEKIIT-
apdBeaconHTOBEIe CepuH TBepAbIXx pactBopoB. Hepeaxo uiesounod amdn-
6071 TAaKOro cocTaBa KPUCTAIIM3YeTCsi paHblie 3rHpHUHA, HO ofpasyer xaii-
MH BOKpYT 3epeH Ca—Na-porosrix o6MaHoK (TaCTHHICHTOB).

Marmatuveckas mnpupona Mg-apdBeacoHnTos B KapOOHATHTAX TMOKa
ocTaeTcsl IOJ COMHeHHeM, HO HaXONKH KapGOHATUTOBHIX JIaB B CPeIHHHBIX
okeanuueckux xpe6rax (Jlaepos, 1973) wu na unardopmax (Boctouno-
Cubupckasi, Uentpanbnoadpukanckasi) Bce 60Jbiile CKJIOHSIIOT IIE€TPOJOTOB
K Blee 0 MarMaTHUeCKOM IeHe3Hce 3HAUMTeJbHOH YacCTH ITHX IIOPOR H CJla-
ralonixX ¥X MHHEpaJoB.

Kanbuueso-natpossie poroenie of6mankm (CaO>5 Bec.%/;) moryr pac-
CMaTpPHBAThCA KaK CMeCh CJAEAYIOIIHX VCJIOBHBIX MIIIAI0B:

mpemoaum — Ca,Mg; [SigO,,] (OH),,
peppoarxmunoaum - Ca,Fey [SigOyy] (OH),,
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sepmakum — Ca,Mg; (Al, Felt), [SigAl,0,,] (OH),,
eppotepmarum — Ca,Fey (Al, Fe+), [SigAl,0,,] (OH),,
adenum — NaCa Mg [Si,AlO,,] (OH),,
pepposdenum —NaCa,Fe, [Si;AlO,,] (OH),,
eacmunzacum
(unu napeacum) — NaCa,Mg, (Al, Fe3t) [SigAl,0,,] (OH),,
geppocacmunzcum — NaCa,Fe, (Al, Fe?t) [Si;Al,0,,] (OH),.

COOTHOIIEHNE 3THX MHKHAJOB B MarMaTHUECKUX DOTOBBIX OOMaHKax Hu3-
MeHsIeTCsl B 3aBHCAMOCTH OT TEPMONHHAMHUECKHX YCIOBHH KPHUCTAJIIH3aLUH
pacmiaBoB H cTeleHH #x AuddepeHuHpoBaHHOCTH. B oflieM caydvae mo
Mepe CHIXKEHHSI TeMIepaTtypsl B Xxofe AudddepeHUHalun KAKOTO-TO yCJAOBHO-
ro NepHAOTHTOBOTO ‘PacliaBa JKeJe3HCTOCTb pOTOBBIX OOMaHOK AOJXKHA
Boszpacrath. CooTHOLIEHNE «TJIHHO3eMHCTBIX» MHHAJOB OydeT HaXOLHTLCS B
3aBHCHMOCTH OT UIEJIOYHOCTH MarM, colepxaHus B Hux Al,Os u paBaeHus.

B npenenax Fe—Mg-usomopdHbix psiloB ONTHYECKHE U HEKOTOpbIE
TCPMOIHHAMAYECKNE CBOHCTBA pOrOBBIX OOMaHOK MOXHO OTPasuth ¢ Io-
MOUIBI0 AOCTATOUHO JIPOCTHIX ypaBHenud. Hanpumep, B psily uepMakuT—
teppouepMaKkutT CBA3L ITOKazaTedell NpesoOMJeHHS] ¢ MarHe3uaJbHOCTBIO B
MepBOM NPHONHKEIIHH MOXKeT OBIThb ONHMCAaHa JHHEHHBIMH YPaBHEHHSIMHU

Ng= 1,64 - 0,075(1 — Xug) # Np = 1,625 -1-0,070 (1 — Xpg),

rae Xmg=Mg: (Mg+Fe**+Mn+Fe*t). B pany racruarcut (mapracur)—
¢{eppPOTracTHHICHT 3TH 3aBUCHMOCTH 60Jiee CIOXKHbIE!

XSy = 67,7582 -+ 57,16785 Ng -+ 10,693854 (Ng)? —
— 12,1980 13067 (Ng)?,
X5 = — 50,022 +-9,00212 Np - 51,142384 (Np)* — 23,005672 (Np)°.

B uenom masi OObIKHOBEHHOH pOTOBOI OOMaHKM H3 PAa3lHYHBIX Marma-
THYECKHX MOPOA MOMKHO BOCNOJAbL30BaTbCA TaKUMM YPaBHEHUSIMH CBSI3H
MEXAY COCTABOM H II0Ka3areJsiMH TPETOMIEHHS:

X3 — 35,100986 — 63,0157695 Ng - 44,130848 (Ng)2 —
—11,227779746 (Ng)?,

X5 — . 97,235255 — 10,09832 Np - 48,9678535 (Np)2 —
—19,765050172 (Np)®.

H36uitoyiibie 06beMbl  cMellleHHsi Fe—Mg-poroBeix o6Manok CuJLHO
3aBUCAT OT MX IVIHHO3eMHCTOCTH. IIpn KamMIoM JaHHOM COJEPIKAHHH A4TO-
moB Al B wlecTepHOH KOOpIMHALMM BhlBeJeHa ONpeleseHHAsi 3aBHCHMOCTBb

Hb
Ve or Xmg /179 pOroBEIX OGMAHOK, 'GJU3KHX K pSIAY TaCTHHTCAT — (eppo-
FaCTHHLCHT!

Ve = aXiy (1 — X2,
rie npun AIVI=0 ¢=—472, npu AIV'=0,5 «=-—36,0, npu AlVi=I

a=—0,8, mpu AIVI=1[2 0¢==0,95. TTo sToli opmyse MOXKHO pacCuHTaTb
HpPIOAMKEeHHOe 3HayeHHe H3OHITOUHOTO HHTErpajbHOro ofbeMa POroBoi 06-
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MaHKH, 3Has ee KpHCTalloxnMuueckyio dopmyay. Bosiee nompobube cBe-
JEeHHsl TI0 3TOMY BONPOCY MOXHO TOJYYHTb B CHelHaALHOM yueOSHOM moco-
6un (Ilepuyk u Pabuukos, 1975). '

CocraBbl poroBelx 06OMaHOK B MarMaTHUeCKHX MOPOAAX H3MEHSIOTCH
BeCbMa 3aKOHOMEDHO OT HIeJ0uHbIX ra66po /[0 TPAHUTOB H JHODPHTOB.
C. TI. KopukoBckuii (1968) mokasa., uto B psiay iesounoe ra66po-—uamno-
PHT—TPaHUT CHHUXKAeTCs TVIHHO3EMHCTOCTb M THTAHHCTOCTb POTOBBIX 06Ma-
HOK, a TakikKe OTHOcHTeabHas mesouHocte (Na+K): (Na+K+Ca). B ue-
JIOYHBIX rab6po 3TH NapaMeTphl Ja)Ke Bbilile, UeM B TACTHHTCHTE, 3ACHHTE
1 uepMakuTe, B cBsidu ¢ yeM C. Il. KopukoBckuii cuuTaer HeOOXOAHMBIM
BBIIEJHTb HOBBII MHHAJd -—— HATPO2ACTUHSCUT ¢ KPHCTALJIOXHMHUECKON
dopmynoin

H, (Nay 5 Cay 5); (Mg, Fe**); (Al, Febt), (Sis 5 Alzs)g O,

B nwopuTOBHIX pOroBbIX OGMaHKaX NpPeMMyUIECTBEHHEIH H30MOphH3M Tpo-
SIBJIEH B DSy 3[CHHT — uepMakHT (cpepHuH coctaB EdpsCherys), amducoan
U3 TpPaHUTOB MMeIOT cpenHufi cocTas, Gauskuilt K Gasee Na-Gaspos Edos, a us
HedenuHOBBIX cHeHHTOB Gasys Edoo Na-Gasps; B miesounnix  ra66po U HX
atxpysnbix  aHanorax — Cherpe Cergs Na - Gasgs. 3nech unjgekc Cer ofosHauaer
KEepCYyTHT — DOroByl0 O6MaHky, 6oratyto THTaHOM:

Ca, (Na, K) (Mg, Fe*, Fes+), Ti[SizAl,0,,] (O, OH, F),.

Hepenko B uleqounblx ra6éponnax ¥ Hx sbdy3HBHBIX aHAJIOrax MOKHO BCTpe-
TMTb OGapkeBHKHT Ca,(Na, K) (Fe*+, Mg, Fe*+, Mn); (Sig5Al;5 Oy,) (OH, F),.
[Ilupoko pacnpocTpaneHa B OCHOBHBLIX 3(py3uBax GasanbTHuecKas poropasi of-
manka  Ca, (Na, K)os_1,0(Mg, Fe?¥);_4 (Fe3t, Al),_; (SigAl,05,) (O, OH, F),,
OTJIMYAOUIasAcsl BLICOKUMH oTHOWeHUsMH Fet3/Fet+? (=~ 0,66) 1 O/OH — B
rpynne 106aBOYHBIX aHUOHOB. lccsenoBaHMsT WOKasalH, uTo Jitobas porosas
o6MaHKa TIpH HarpeBaHHWH npeBpamiaetcs B 6asanbTHueckylo. llpu 3tom Bospac-
TalOT AOKA3aTe M [pesOMJIEHHS H [IBYNpeJOMJIeHHs], HO cHWxkaercsi 2V.

PaccMoTpuM BaAWsiHHe AaBJeHHs BOAH M HIEJIOUHOCTH HA TpPEAesbl CTa-
OMJIbHOCTH M COCTAaB POTOBEIX OOMaHOK. YeM Bbile naBjeHHe BOABI, TEM
Bblllle TeMNepaTypa aerujparanun ambu60a0B. SIcHO NO3TOMY, UTO HX TpH-
cyTcTBHe B 6azanbTax, MEPHAOTHTAX HJaH rab6po yxe camo 1o cebe cBHle-
TEJbCTBYET 0 JOCTATOUHO BBICOKOM -TaplLUaJbHOM AdBJEHHH BOAB B Mar-
matnueckom duonge. eno B ToM, uTO Temuepatypa coauayca GasajibTa
(WM KJIOrHTA) NpPH OLHHAKOBO BBHICOKOM JAaBJeHIIH BOABl BCerjga HHXKe
TeMIepaTypel pasfnoxeHus ampubonos. Bor moueMy BO3MOXKHA KpHCTaJ-
JIM3allUsl NOCJAENHHX HENOCPEACTBEHHO H3 BOAOHACBHIIIEHHOrO KHCJIOTO HJH
OCHOBHOTO CHJIMKATHOTO paciyiaBa (Marmhl),

IlposiBaenne rereporenHoro uaoMopdusma B aMbHbOoNax w3 MarMartu-
YeCKHX NOPOJ HEPENKO CBSI3aHO ¢ M3MEHEHHeM ULIeJOYHOCTH pacliaBa. Tax,
B Muackutax MIbMeHOropckoro MaccHBa. MMEWIINX OJIWHAKOBHIH mapare-
uesanc Am+ Ne+Fsp+Plg_s,=Cal, upesBbiuafiHo mHPOKH BapHallld COCTA-
Ba porosbix o6mMaHok. Cpens HHX mpeoGaafaloT HATPOTACTHTCHTLI C BHICO-
KHM COIEpXKAaHHEM HIEJOUHBIX METAJJOB: MOJbHAsl AOJs IIeJOUHBIX MeTast-
a0 (Na-+K) : (Na4-K+Ca) nsmensercs B npefieiax 0,4—0,57. Conpsixen-
HO MEHsSIeTCsl HX MarHe3HaJbHOCTb, [VIHHO3EMHCTOCTh M cootHoweHne Na/K.
Bosee noapo6HO ¢ 3TUMH BONPOCAMH MOXKHO O3HAKOMHTBLCS B CIELHATLHBIX
pa6otax (Ilepuyk, 1970; Kopukosckuit, 1968).

Meanautbl
K 3To#i rpyniie OTHOCATCH MHHEPaJbl, COCTAaB KOTOPLIX CNHCHIBAETCHA

obuielt popmyaon )
(Ca, Na)g_x ng A12513_(y+2) 07,
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rie 0>x>03; 0>y>1; 0>2>2; 0> (y+2)>2. W3 31008 JopmMyan
MOJKHO 3aKJ/JIOUHThb, YTO KOHEUHBIMH YJEeHAMH TBEpAOTO pacTsopa fABJAAIOTCS
TPH MHHAJA:

ceaenum (Cel) — Ca,AlLSIO,,
okepmanum (Ak) — Ca,MgSi,0,,
nampomeauwnumn (Na Mel) — NaCaAlSi,O,.

[eneHnT-OKEPMAHUTOBBIE MEJHJHTH BO3HHKAIOT KakK TPOAYKTH KOH-
TaKTOBO-PEaKIHMOHHOTO MeTaMopdH3Ma npu BO3AEHCTBHH OCHOBHBIX H YJb-
TPaOCIOBHRIX MHTPY3HH Ha Kapbolart-

Hele mopoabl. B MeauauTax H3 Mar- Get

MaTHYECKHX TOpOJ COIEep:KaHHe Ha-
TPOMEJNHNHTOBOMH MOJIeKYJIbl, Kax npa-
BuJo, npesbiniaer 30%, a B GOJbIIHA-
CTBE cJayyaeB KoJelbgetcs B npeaeaax
32—52% (puc. 24). N3omopdusm B
psilly TeJeldT — OKEePpMAaHHT NpOsB-
JeH UIHpe: 4HCJIO 4TOMOB adlOMHHIA
B KpICTAN1JI0XHMHUYECKOR  dopmyae

Me+Wol+
Puc. 24. Cocrasbl TPUPOAHBIX MEJHJIHTOB H3 Ne
MarMaTHucckHx mnopod. Fe’+ Brmouen B re- . e -.-_‘
aenut, K — B narpoMcawair, Fet2+Mn — -
B OKePMAaHHT Ak Mon. /0 Na-Met

Bapbupyer B npefeaax 0,27—0,7. CaeroBatenbHo, MeJHJHTH B Marmari-
YeCcKHX 1OpPOJaxX MpeacTaBleHbl cepHell OKePMAHHT — HATPOMENUIHT ¢ IPH-
MeCbl0 TeJIeHHTOBOrO KoMToHeHTa. KpoMe Toro, B Menuaurax Habuionaercs
cn1a6pit naomopduam Mg ZFe?+, Na 2K u Al ZFed+,

CocTaB MEJUJIHTOB MOXKET GHITh ONpeleseH N0 ONTHUeCKHM CBOHCTBaAM
¢ OUEHb MaJbIM TIPHOJHKEHHEM, TMOCKOJIbKY HET AOCTATOYHOTO UYHCia JaH-
HEIX N0 NPHPOAHBIM MilHepanam. CHHTeTHUecKHe 00pasilbl H3yyeHbl OUEHb
xopomo. HanpuMep, B cepuH reJeHHT—HATPOMEJHIUT NOKA3ATENH TPEJOM-
JeHUs M3MEeHSIOTCs JHHefiHO B 3aBHCHMOCTH OT €OCTaBa:

No— 1,58 + 0,00 XM Ne— 1,574 — 0,086 XX,
rje
XMl _ Ca: (Ca - Na).

B ocTanbHbix 1BYX cepusix GuHapHbix pactBopos (Gel—Ak, Ak—NaMel)
CBSI3b COCTAaBOB C ONTHUECKHMH CBOMCTBaMH 60/ee CHOKHAS.

M3yyenbl TEmJNOTHl PaCTBOPEHHS] MENHJINTOB B Py TeJEHHT — OKep-
MaHHT Kak IJs CTeKoJ, TakK M AJs MHHepaJsaoB. I.is cTekoa TemioTa pac-
TBOPEHHS (KKa/MOJ/b) MOXeT ObiTh ONHMCaHa ypaBHEHHEM

H = 165,1 XAk -:~ 195 (1 —XAk) ‘}» 10 XAk(l —XAk).

Jasi KpHCTaJJHYECKOTO TBEPAOTO pacTBopa KOHUEHTpalMOHHAs 3aBHCH-
mocTe H 3Hakonepemennas: npu 75% OKepMaHHTOBOIO KOMIOHEHTa 3HaK
MeHsieTCsl ¢ + Ha —. BeJHuYMHA OTKJOHEHHH He mpeBbiiaeT 1,2 KKaja/MOJb.

TepMoauHaMAUYeCKHE CBOHCTBA UMCTBIX TEJEHHTa M OKepMaHHTa H3Y-
yeHbl JAOCTATOYHO INOJHO, XOTA B HOCJAeAHEe BPEMs IOSBUAHMCH NPH3HAKH
pesusun sutpomuu (Waldbaum, 1973). 31ech Mbl npHBeseM ypaBHEHHe per-
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peccuu, OTpa)Kaiollee TeMIepaTypHble 3aBUCUMOCTH CBOGOAHBIX 3HEPLHI
ob6pasoBanusi Gel u Ak 13 37eMeHTOB ¢ yueTOM OGIIENPHHATHIX BEJHYHH

sutponuy (Sses a5t Gel pasna 47,4 3. e. u aus Ak 50,03 3. e.):

A Z(T)'(Gel) = — 953,0855 - 16,4104 (T'-10—3) — 0,0458 (T- 10—3)% +
-t-0,00298 (T- 10—3)% xkasn/MoJb,
AZ(%(M() = —931,5055 - 18,1487 (T'- 10—3) — 0,335 (T- 10—3)> 4-

+- 0,014 (T-10—3)® xKan/moJb,

rie T — temmepartypa, °K.

Ilaparenesucbl MeJUNHTAa He OueHb Pa3HooGpasHbl. B ompemeneHHBIX
THIIaX MarMaTHYeCKHX MOPOA oH Moxer cocyuwectsoBath ¢ Ol, Cpx, Ne, Bi,
a TaKXe ¢ KaJbIUTOM, NepOBCKUTOM, MarHeTHTOM, JeHLHTOM u T. n. B Mme-
JHJIUTOBLIX §43a/IbTAaX MEJHJIHT BCTPeYaeTcs IMTaBHBIM 06pa3oM B OCHOBHOH
Macce W OTJHYaeTCsl OTHOCHTEJNbHO BBICOKHM coaepxaHueM Na u Fe.
B sTHX nopomax o1 Jerko OTJWYMM N0 «IIerMaTHTOBOI CTPyKType», obpa-
30BaHHe KOTOPON CBHIETEJbCTBYeT O GoJee NO3XHEM BbHIJIEJEHHH MEJHIHTA
M3 pacijiaBa 110 CPABHEHHIO ¢ OJIHBHHOM M HHPOKCEHOM. B pelkux cayuasx
MUPOKCEH pearnpyer ¢ pacnaaBoM ¢ o6pa3OBaHHEM MarHeTHTa, NMePOBCKHU-
Ta H Meauaurta. Menuaur Taxxke BCTpeuaeTrcs BO MHOTHX Pa3sHOBHAHOCTSX
U[eJOUHBIX MOPOA: B HedeNHH-MeJIHIHTOBbLIX Ga3ajbTax, MEJIHIHTOBBLIX Jeil-
IUTaX W MeJMJHTOBbIX 6a3anbTOBBIX Tydax, aabHeuTax, Typbautax. Ilo-
cJIeIHHE XOPOILIO Pa3BHTHI CPeiy LIENOUHBIX nopol Koabckoro nomyocTposa.
Menunutel Bce Yallle HAXOAAT B KapOOHATHTOBBIX KOMILIEKCaX, CBA3aHHBIX
cO UIeJOYHHIMH naaThopMeHHBIMH MaccuBaMu. Hanpumep, B KoOMIIekce
Oka (KpeGex, Kanana) mupoko pasBuTbl GOraTtble MEJHJHUTOM I[IOPOJbI
(oxauThl) ¥ BoJsIacTOHHTOBble uHOAHT-ypTHTH (Cpx+Ne+Wol). Kowm-
HOHEHTHBII cocTaB Mesuauta cJaenyiomun: Akgs3Gelo;NaMelgss. Ilpen-
noJiaraeTcs, UTO OKAHT BO3HHK B pe3yJbTaTe peakiiu MeXAy kapGoHaTH-

TOM H MHONHMTOM, KOTOpas (CXEMaTHYeCKH MoXeT OBITb 3allHCaHa TakK
(Currie, Gelinas, 1972):

Ca;_, Na, (Mg, Fe, Al) Si,O, -+ CaCO,; =
= Ca,_ Na, (Mg, Fe, Al) Si,0, 4 CO,,
T. e. Cpx+Cal=Mel+CO,. B rpybom npuGIuKeHHH HaMeueHa 3aBHCHU-
mocth Pco, B 3108t peaknuu ot T°K u obuiero nasjeHus ¢Jionaa:
InPco, = 22,11 - 17219/T - 0,150 (P — 1/T).
OnHaxo Gosee npaBHJIbHO TPEANOJOKHTL UHYIO peariuio: HHOJIUT+Kap6o-
HaTUT = 0KauT + COs; cXeMaTHUECKH ee MOXKHO 3alHcaTh TaK:
(1 — x) CaMgSi,0; + x CaSiO, -+ + NaAlSiO, -4~ (1 —x) CaCO; =
= Na,Ca, ., Mg,_., AL,Si,O, + (1 — 1) CO,,
T. e. Cpx+Wol+Ne=Mel+CO,, xoropas Gamke ONHCHBaeTcd NMPHBENEH-
HBIM Bbllle ypaBuenueM InPco, = f(T, P).
CucTeMBl ¢ y4yacTHeM MENHJIHTOB 3KCIEePUMEHTAJbHO H3y4YeHbl OUYEeHb
MOJHO HE TOJAbKO B 3aBHCHMOCTH OT TEMIIEPATYphl, HO H OT JAaBJeHHA (CM.
«DKCIepUMeHTabHASA TIeTposoruss ¥ MuHepasnorus». M., «Hempa», 1971).

[TpuueM u3yYaaWCh KaK CHHTETHYECKHE, TAK M NPUPOJHBIE MeauauTol. [1py
P=1 arm 119 nocaeiHHX NOJYyUYeHbl CJIeAyIOlHe TaHHbIE!
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t°C ans obpasua

nosinicHue dasu Ne | Ne 2
pacmiaB . . . . . . .. . 1322 1330
ACEeBJIOBOAIACTOHUT . . . e 1237 1250
BOJIJIACTOHHT . . . . . . . . . . . . 1160 1160
AKMHTOBBIH NMHPOKCEH . . . . . . . . 1160 1160,

rae obpasen Ne 1 mmeer coctaB  Akgess Gelposr Na Melg sp7, a ofpasen Ne 2—
Akoese Geloo NaMelps;. B ccreme Ak —Na— Mel pia  coctaBos,
GaH3KHX K TIPHPOIAHBIM, MOJE YCTOHUUBOCTH MeauanToB Ha T'P-gmarpamMme
BecbMa 3HauutenbHo. Jo 20 kGap mpu 1000°C menuauret ¢ 30% HaTpo-
MeJHJIHTa NPAKTHUECKH He pasJsaraiorcs na Apyrue ¢asbl. Tak uto MeJH-
JUT B 6asajbTax M JAPYTHX MarMaTHYeCKHX NOPOJaX MOMKET KPHCTaJJIH30-
BaThCsl M3 pacliiaBa Ha CaMblX pa3nuuiiblXx ray6liHax, BMJIOTb A0 BepxHeH
MAalTHH.

ITupokcennl

B MarmaTtpueckiux mopojiax BCTPEUAIOTCH INOYTH BCE PA3HOBUAHOCTH
MOHOKJHHHBIX H poMOluecKnX NUPOKceHOB. Ilo xuMuUecKOMY coCTaBy OHH
06pasyloT JAOBOJLHO CJHOXKHYIO TPYNMY MHHEPAJOB, B KOTOPbIX BO3MOXKHA
CMECHMOCTDL CJAEAYIONHX KOMIIOHEIITOB — KOHEUHBIX UJEHOB TBepALIX pac-
TBOPOB!

geppocuaum (Fs) — Fe, 81,04,
snemamum (En) — Mg,Si 0,
podorum (Rod) — Mn,Si, Oy,
duoncud (Di) — CaMgSi,0,,
2edenbepeum (Hed) — CaFeSi,0O,,
seupur (axmum) (Aeg) — NaFeSiO,,
uoeancenum (—) — CaMnSiyO,,
acadeurn (Jad) — NaAlSi,O,,
uepmarxum (Cher) — CaAl,SiO,,
cnodymer (—)— LiAl,Si,04.

O6uias KpHUCTaJI0XHMHUecKass GopMy/a MomxeT ObITh 3amicaHa B Ta-
KOM BH]E!

Xl —-n Yl—l—n 22067

rie X=Ca, Na, K, Mg, Fet?, Mn; Y=Mg, Fet2, Mn, Ni, Li, Fet3, Cr, Al,
Ti; Z=Al, Si. Oanako B MarMaTHuecKdx TOPOAAxX NpeobaajgaioT B OCHOB-
HOM MOHOKAHHHblE H POMOHUECKHE NMHUPOKCEHbl TPEXKOMIIOHEHTHOH CHCTEMBI
Pom0OHYecKHe NMHPOKCeHbl HMelT 001LYVI0O (PopMyay Takoro Buaa:
Xo—oo Y18 20250 v Xo 0,1Y09 1,0Z0;.
[TpeumyiiectBennsii usomMopdusM npossied B paxy MgSiO;—FeSiO;.
Orpannuennbli  u3oMophusM Hameyaercs B uacth MgSiO;—ALO; u

(Fe, Mg)Si0;—CaSiO;. PonoHKTOBBI# KOMIIOHEHT B MarMaTHYeCKHX OPTO-
IUPOKCEHAaX COAEPKHUTCS B HE3HAUMTEJNbHHIX KojwuectBax. [lostomy Hau-
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OOMBIIHA HHTEpeC AOJXKEH IPeACTaBAAThL PAL TBEPAbIX PACTBOPOB 3HCTATH-
Ta ¥ OPTOEPpPOCHINTA ¢ NpPUMechblo pa3nauuublx xommodeHtos (Mn, Ni, Ca,
Li, Al u np.).

JLnst OpTONIPOKCEIIOR AOCTATOUHO YETKO 1iAMEUEHBI CBA3N MeXAy Mar-
He311a1bHOCTLIO 11 OITHYECKIIMH CBOHCTBAMMN:

Ng = (1,664 - 0,124) (1 — X ) == 0,002,
Np = (1,654 - 0,114) (1 — X pg) = 0,002,
(Ng— Np) == (0,010 - 0,010) (1 — X mg) + 0,001,

2V —. 125 — 300 (I— XMg) XME'
rae
Xsg = Mg: (Mg | Fert 1 Mg -} Fert).

Yaeablblii BeC CB3aH ¢ MAarle3HajbliOCThiO JHHEHHBIM COOTHOLIEIHEM
p = 3,202 - 0,751 (1 — X mg) T/CM3.

STI‘I Vpasll€HIIA JHIIL ‘HPII‘6JIH)KC'IIHO OnuCcHBAWQT CBA3W CcoCTaBa OpPTONIl-
pokccnoB ¢ nx QU3IMUECKHMH CBOfICTBaMIl. ITO BHAHO yXKe H3 TOTO, YTO
KOolueliTpalllionHasl 3aBUCHMOCTL YJICJbIIOTO Beca OlHChIBaeTCA JHHEeHIIbIM
ypaBHeHueM. B JefCTBHTENBHOCTH 3Ta 3aBHCHMOCTh HECKOALKO OTAlYaeTcs
OT JHUHEHHON, 4TO YCT4HOBJEHO Ha OCIIOBE H3YYeHWA KOHIEHTPAaLHOIHOMA
33BUCHMOCTH H30LITOYHOTO MOJBHOrO 06GbeMa opronupoxcena. Hurerpasns-
Has BeJIYHHA 3TOH 3aBHCHMOCTH IIHDOKCEHOB HMeeT 3HaKolepeMeHHBIH
xapakrep. Ilpu Xmg=~0,3 nocturaercs MakcuMasabHOe 3HaueHHe Ve=]1 cum®
na moaekyny (Mg, Fe)SiOs, npu Xmg=0 V=0 u npanee npu Xmz=~0,85
u36bITOUHBII 06bEM HMeeT OTPHOATENbHOe 3Hauenue: Ve=—I1,1 cm¥/Moab.
ITH BEAUUMHLI CAcAyeT YUYUTHBATL HPH pacyeTe 3aBUCUMOCTH MOJEKYJSAp-
Horo o6bemMa OpX OT MarHe3HaAbIIOCTH IO 3MIHUPHYECKOMY JHHEHHOMY
yPaBHEHHIO

VOrs — 33,5 X05* +- 32,6 (1 — X559).

Takim 06pazomM, OPTONUPOKCEUBl 110 CBOUM CBOfCTBAM B pAAY 3HCTATHT —
beppocuanT OTAHYAIOTCA OT 3aKOHOB HACAJBLHBIX  pacTBOPOB. DTO MOI-
TBEpKAAETCH HCCIACAOBAHHNEM CBEPXCTPYKTypnl OpX, TAe HaMeuaeTcs ABe
CYITepIIO3MIIHH B OKTa3APHUECKOM pacmnoaoxeHuun aroMmoB Mg u Fe. Tak uto
dbopmyay Opx MOXKHO 3amucaThb caelylouiuM o6pasoM:

(Fe, M@)mu (Fe, Mg)m1SisO,,

raie MI u MII — cymepnosnuuu, pacnpelenenne KaTHOHOB MEXAY KOTO-
peiMu HepabHoMepHoe: Xag< Xyg. C YBeaHUCHHEM TeMIepaTyphl COOTHO-
LieHue Xﬁg:XﬁAg CTPEMHUTCSL K 1, HO HHKOrJ1a He JOCTHraeT 3TOR BEIHYHHDL.

o HacTosimero BpeMeHnu CUMTaNOCh, UYTO OPTONHPOKCEHbl 0OpasyloT
moJanulil psig TBepporo pactBopa FeSiO;—MgSiOs;. OnHako HemaBHO HO-
aBiinch ceelenus (Boland, 1972) o ero pacnage B MarHesnaabHO# o6.a-
CTH: TOHKHE DU3HUECKHe MeTOAbl M03BONUAM yaoBHTh B Opx u3 yiabTpaba-
3UTOB NpHCYTCTBHE mBYX $a3. MOXHO 0XHAaTb, UTO IO COCTaBY 3TH ABe
basn 6yayT cTporo cooTBercTBOBaThL cyOdasam MI u MII B Hepacnasiiem-
cfl THPOKCEHe.

OpTomxpoKCceHbl A0CTAaTOYHO XOPOWIO H3Y4eHH TepMoxumuuecku. Caxa-
ma u Toprecou (Sahama, Torgeson, 1949) Hamuu npUOIMKEHHYIO KOH-
LIeHTPaLMOHHYIO 3aBUCHMOCTb TENJOTHl PacTBOPCHHUS: AH= —57010 —

—5870Xﬁ%x. Hasa wnnnosncratura (En) u oprodeppocunura (Fs) mafi-
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ACHBI TeMIlepaTypHble 3aBHUCUMOCTH CBOOO/LIIBIX aHeeri/i nx ()6[)830‘B3HHH
113 3JIEMEHTOB:

AZF" = — 375,087 49,1468 (T - 10~3) — 0,296 (T - 10—3)? -
-+ 0,01242 (T - 10—3)® kkan/ MOJID,

AZF = — 287,248 | 6,788 (T-10-3) .~ 0,0607 (T- 10—2)* Kkau1, Mo,

rie I — teMneparypa, °K.

B Marmartauecknx 1OpoAAX 1UPATENC3HCH OPTOLHPOKCENOB BCCbMa
pasHooBGpasubl. B yubTpaocnosnnix noponax Xy < 0,14 u o6wluna acco-
unanns Opx+Ol+Cpx+Sp. Pexe Opx Bcrpedaercs B napareliesuce ¢
rpanatoM (BeGcTepHTH, NEPUAOTHTHI). B nHpokceHuTax oH COCYLEECTBYET
¢ Cpx=Pl. B ra66pounax u 6a3anbrax nosiienue OPTOLIHpOKCceHa 006031i4a-
daer CABAT 3THX TOPOA B CTOPOIY HOPHTOB. 3aech xedaesucrocts Opx
IIBMEIICTCA B OUeHb IIHPOKHX Npejesax, BIUIOTb 10 Kpucra.anudaunn Opx
¢ Xmg=0,2 (deppora6opo). Hepenko opronupokcen B BLICOKOTEMTIEPa-
TYPHBIX IOPOAAX COCYWIECTBYET C NHXKOHHTOM — MOIOKJHHHBIM THHPOKCE-
HOM ¢ coxepxanueM MuHalta CaSiOs ot 6 1o 15 mMoa1.%. Oxnako 06aacThb
YCTOHUMBOCTH TNHXKOHHTOB HAXOAUTCH B TIpejesax 0,3>Xmg>0,6. B ange-
3HTAaX, YapHOKHTAX H aHOPTO3HTAX OPTOMHPOKCEH MOMKET COCYLIECTBOBATL
¢ OHOTHTOM, pOroBoit 0OMAaHKOH, NAaruoK/1a3oM, KJIMHONMPOKCEHOM H lile-
JTOUHBIM TIOJIeBBIM WINATOM. Hepeako XKeMe3ucTblii OPTONHPOKCEH MOXKHO
BCTPETITh B IPAHHTAX (TUIEDCTEHOBBIE PPAHITH H KHCJLIC YAPHOKHTHI), HO
OH HE 00HapyMeH B TOHAMHTAX, TPAHOLHOPHTAX H LIEJOYHBIX IOPOIAX.

B s@dysuBubx noposax opronupoxcen BerpedaeTcs npn COAepKAHMN
B HuX SiOy or 56 no 65%. pu 66abmux copepxanuax SiO, B nasax Opx
He obnapyxen. ITaparenesuc opronupokcena ¢ KajabliueBbim KJHHOMHPOKCe-
HOM (CpX) WIMPOKO pacnpocTpaHen He TONBKO B 3eMHbIX, HO H B JYHHBIX
NOPOAaX, a TAKXKe B KAMEHHBIX METeOPUTAX.

Io skconepuMenTansbubM  JaHHBIM  POMGHYECKHH NUPOKCeH — OGoJce
BBICOKOTEMIepaTypian $asza, yeM MOHOKJIMHHBLIY, BeqHblll KanbuueM. Oana-
KO B KAMCHHBIX METEOPHTAX H JYHHBIX INOPOAAX HEpPeaKO BCTPEUaercs
HMEHHO MOHOKJ/HHHasi Pa3HOBHAHOCTb O@IHOr0 KaJblueM MHpOKceHa. Tii
COOTHOLUEIIHNA OCTAIOTCH NOKa HESCHBIMH.

HMutepecnple saBucumocTn 00HAPYXKUBAIOTCA B paclpeleNeHHN Ke103a
U Manius MEXAYy OPTONHPOKCEHOM M OHOTHTOM, a TAaKXKe MEeXIY OpTOIpO-
KCEHOM u porosoH obmankoi. B amoprosurax Ksebeka (Kauaga) 6Guortur
oxoasanc;x 3HAUHTe bHO MAarHe3HasbHell oOpronupoxcena: Xmg= 0,667
Xmg = 0,491 (cpennee u3 4-x o6pasuos). Coorwomenne Xy > Xy
BHIAEPXKHBACTCA BO MHOTHX MarMaTHUECKHX MOPOAaX.

B naparenesiice ¢ Am MarhesnanbHOCTb OPTONHPOKCEHA H3MEHAETCH
0 3aKOHY 3KCTpeMaJbHBIX coorHowenu# (Kopxuuckuit, 1963). B xenesu-
CTOH OGJIACTII IPH BBICOKHX 3HAUEHHAX TeMIEPATYpPHI Xﬁg < Xﬁ’?, a B Mar-
HE3HAAbHOH HAaOMI0IAI0TCH O6PaTHBIC 3aBHCHMOCTH.

KaabumueBo-HaTpoBble KJIMHONHPOKCEHB. B MarMaTHuecKux nopojax
HaGMOJAI0TCA TPH CePHH TBEP/BIX PACTBOPOB KJIHHONHPOKCEHA:

I. CaMgSi,0, — CaFeSi,0; — Fe,Si,0, — Mg,Si,0, — CaAl,Si.O,.
2. CaMgSi,0, — CaFeSi,0, — NaAlSi,O,.
3. CaMg$i,0; — CaFeSi,0, — NaFeSi,0,.

B KaX 00 u3 STUX CepHit BosMoXuw npumecu Li, Ti, Mn, Ni, Co, a raxxe
MgSiO; u FeSiOs;. Bosmomxuo Takke HEKOTOPOE CMelIeHHe MeXAYy CepHsi-
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MH. OfHaKo BbIJeJIeHHble TPH CEPHH SIBJASIOTCA HanGosee OOLIMMH W OTpa-
KAaloT COCTaB KJHHONHPOKCEHOB B ONpefeneHHbIX TPyINnax MarMaTHYecKHX
NOPOJ.

[lepBast cepust TBEpAbIX pacTBOPOB XapaKTepHa i KJAHHONHPOKCE-
HOB — AaBIHTOB H3 rab6pounoB, 6a3aJbTOB HOPMAaJbHOH UIeJOYHOCTH, Iie-
PHAOTHTOB (IUNHHEJEBLIX W I'PAHATOBBIX), NMHPOKCEHHTOB, a TAKKe M3 Ka-
MEHHBIX METEODHTOB H JIYHHLIX NOPOA. B 1ocaelHuX KJIHHOIHPOKCEHbl He-
CKOJIbKO oforantenbl tHTanoM (TiO; mo 2 Bec.Y B cpenHem), HO IyiaBHAsR

Ca Ca
4 S Lisissihin im i
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N 4/ 40
\ﬁ'\ Ny £ /I_Q # - —
2 9 e Y T T8
A etk |/ Yo B S el
§.
VoMY NN N Y N Y Q\\'% 166 1,671, )68 J, A T
Mg Fe +Mn J 0 2 3 4 50 60 70 80 9000
. Mg Am. % Fe+Mn
Puc. 25. TIyTH KpHCTaAIA3aUMH KJIIHO- Puc. 26. 3apucuMocTH BeJHYHH MapaMmer-
nHpokceHoB CxaepAraapackoil HHTPY3HN pa 3JdcMcirapioil adeitkn a(A) 1 Hexo-
B [pennanaun (f) 4 JAYHHBIX NOPOR TOPLIX ONTHUECKHX [1ApaMeTpOB OT COCTa-
(2—4) sa Cpx
0COO0EHHOCTD HX COCTABAa — 3HdAUUTEJbHAada CMEeCHMOCTDb B psaay

Ca(Fe, Mg)Si,Os—(Fe, Mg)1Siy0s. KuannomupokceHbl JaHHOM CepHH ¢
obuleft kpucraatoxumudeckod dopmyaon (Ca, Mg, Fe?, Fe's, Ti, Al)yX
X (Si, Al)20¢ Ha3biBaloTCH aBrHTaMM. B MarMaTHuecKMX NOpOAax NPaKTH-
YECKH OTCYTCTBYIOT nupokcenbl psina Di—IHed. Yem Bbllme Temmepartypa,
Tem OoJiblile CMelIeHHe 3TOro psijia ¢ MuHaaamu pspa FeSiO;—MgSiO;.
ITo 0cOGEHHO YETKO NPOSIBASETCs Npu cpaBuenun cocraBoB Cpx u3 rab-
opongos Cxaepraap/Jckoii BbICOKOTEMIEPATyPHOI HHTPY3HA ¢ JYHHBLIMH I10-
poaaMu. PexXuM KpHCTAJJAH3alHK PaciliiaBOB pa3inyajcsl Mo BeJHuuHe fo,
H 110 abcosOTHbIM 3HaYeHHsM TeMmilepatypbl. IlyTH XpHcTannH3aluu KJH-
HONMPOKCEHOB, KAK BHJHO Ha pHC. 25, pa3suuHble.

W3 obuteit popmMysab aBrura cieilyeT, UTO B KAueCTBe NPUMeCH B HEro
BX0AUT yepMakuToBHE xoMuoHent CaAl;SiOs. OcofeHHO 3TO WeTKO BHAHO
Ha IpHMepe wLleTOYHbIX 3@ Y3UBHBIX MOPOA (JMEHALHMTOBBIX B aHAJIbLHMOBbIX
GasaabToB M T. 1.). Tak, B aHanabliuMoBOM 0Oas3aibTe u3 ByJakKaHa MoHTH-
deppo kaunonupoxcen conaepxkutr 10,46 Bec.% Al:Os, uTO cooTBeTCTBYeT
npubansurenpio 23% uyepMaKHTOBOrO KOMIIOHEHTA.

KoHrnenTpauuoHHble 3aBHCHMOCTH ONTHYECKHX H PEHITeHOBCKHX Iapa-
MeTPOB JUIsi MaJOLTHHO3EMUCThIX aBIHTGB OTpamMeHbl Ha JAHArpaMMe
pHc. 26. Ee moxkHO HCHmoJb30BaThb Aas onpejesaenus cocrasa Cpx no du-
3uyeckHM cBofictBaM. C H3MeHEeHHEM MarHe3uaJbHOCTH NPHPOAHLIX MHPO-
KCeHOB HaMeyaercsd He3HAYMTeJbHOe OTKJOHEeHHe OT 3aKOHa HAEaJbHOro
pacrBopa. Taxk, umHTerpaJbHLIEl H30LITOUHBIA 00BEM CBH3aH C COCTABOM
ypaBHenueM Ve=—4Xyg(l—Xnmg), rae Xme=Mg: (Mg-+Fe+Mu). py-
rie TEPMOJIHHAMHUYECKHE CBONCTBA IIMPOKCEHOB pacCMaTpHBAaeMOH cepui He-
HU3BECTHbl. Jluib AJs AMONCHAA MOMXKHO TIPHBECTH HaJeXHble AaHHBE 110
TEMIEPATYPHOH 2aBHCHMOCTH CBOOOAHOH 3HeprHu OOpa30BAHNHS H3 3JeMeH-
TOB:
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AZr = —766,317 -+ 15,6856 (T - 10-3) —0,3495 (T- 10-3)2 -
+ 0,016 (T'- 10—3)3,

rie T — teMmneparypa, ° K.
Kaunonupokcens cepuu TBEpAbIX pactBopoB Di—Hed—Jad scrpeua-
IOTCA NPEHMYLIECTBEHHO B 3KJOLHTAX H DPOACTBEHHBIX HM nopoiaax. 3ty
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Prce. 27, Juarpammbl cocraps — ceojictsa AIA KAHHONKKPOCCHOB cepuu Di—
Hed—Aeg

IIHDOKCEHDbI 1HasblBaloT oMbauutamMu. OGHIUHO Oitj COCYUIECTBYIOT ¢ rpaHa-
TOM u aMpubonamu, pexe ¢ OJHBHHOM. Conepxanue }KaﬂeHTOBOI‘OPKOM-
MOHEHTAa B K/IMHONHMDOKCEHAX MarMaTHYeCKHX I0POA BAPbHPYET B JAOCTa-
TOYHO WHPOKUX mpefenax: 0,06>>Xxa<0,5, rne Xyn,—=Na : (Na+Ca). Ilo
SKCIEPHMEHTAJbHLIM JaHHbIM, B paay Di—Jad oOHapyXeH pacmang TBep-
aoro pacreopa. OGnacTh pacnasa, BeposiTHO, YMEHbIIAETCS ¢ yBeJIPI‘{EHPIeI:I)VI
MEIE3HCTOCTH  nupokceHa. B pacrtpope CaMgSiy06—NaAlSi;Os KoHIeH-
TPALHOHHAS 3aBHCHMOCTb HHTErPajbHOrG OGbEMA CMElICHHs OIHCBIBAETCS
popmynon Ve=256 Xxa(1—Xna), tae Xna=Na: (Na+Ca).

N ITupokcensl cepuy TBepabix pacrsopos Di—Hed—Aeg (puc. 27) BCTpe-
{aloTCsl NPEMMYLLECTBEHHO B UIeJNOYHBIX NOPOAAX, TAKHX KAK CHEHHTBI U He-
(beNHHOBbIE CHEHHTHI, HeeHH-THPOKCeHOBLIE NOPOAB (MHOMHTLI, YPTHTHI
IOBUTbI, AKYNUPAHIHTE | T. I.), TELIEHHTHI, TEPATHTH, ICCEKCHTHL. A TaKKe
HieJouHble rpaHuTel. COOTHOMIEHWE MUHAA0B B KﬂHHOHHpO'KCP,HaX’ 3TOH ce-
PHH H3MEHSAETCH B OYeHb INHPOKHUX INpefeax — Or 0e3HaTPOBBIX KJIHHO-
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IIIIPOKCEHOB A0 TMOYTH YHCTBIX 3THPHIIOB. Ocofento gpKO 3TO NPOSABJAAETCH
IPH 11POC/IeKUBAHUA COCTABOB Cpx 13 TOCJae0BaTeNbHbIX audepeHnaToB
elMHONl POJOHAYaJbHON MaTMBl. OKka3aJgocb, 4TO B CaMbIX pa3jHUHbIX IO
rJ1yGHHHOCTH M HCXOAHOMY COCTaBy Marmax IyTb KPUCTAINH3A0HM KIHHO-
NUPOKCEHOB JAaHHOW CEPHH OAMHAKOB H npuGaH3HTEIbHO OTBEUAeT JIHHHA
ua quarpamme puc. 28, K0TOpas HOCTpOEHa M0 1aHIbIM aHANM30B IHPOKCE-
HOB H3 HIKIIEME3030HCKHX HUTPY3HH
Di nedesnoBLIX CHEHHTOB H UETBEp-
1397° THYHOTO KOMILIEKCa AO0JEpHTOB, MOI-

LOIKTOB 1 CHEHHTOB.

OnTHueCKHe CBOHCTBA KIUHONH-
POKCCIOB  DACCMATpHBAEMOI  cepii
MOTYT TMOCHYXITb IS OHpCIC/ICIIs
cocTapa B OTIOMeNHH MHIa10B Di-—

Puc. 28. IlyTs KpHcTaaad3auudd KJAWHOIIPO-
xeenos cepiii Di—Hed-—Aeg 3 weJouHbIX
MarM B NPHIOBEPXHOCTHHIX 1 ruBabrccadb-
neix veaosuax  (Yagi, 1953; Tepuys, 1964)

Acgd—e
98077)

Hed
1202°

Hed— Aeg (cM. uarpaMmy na puc. 27). MMellHO ¢ TOMOLLLIO 3TOH [1lld-
rpaMMbl OB YCT@HOBJEH IYTh KPHCTaJJIH3aLHH K/IHONHPOKCEHOB.

B Hacrosilliee BpeMsi HMeETCS MHOMKECTBO 3KCHEpHMEHTAIbHLIX Jall-
HBIX 110 YCJOBISIM KPHCTaJJIH3ALIH KJAHHONEPOKCEHOB CaMOIO pasfquulloro
cocTaBa. Mbl pacCMOTPHM 31€Ch JHIHDb HEKOTOPBIE M3 HHX.

[1pe1cTaBasiioT HHTEpec YCI0-
%400

= 7/ BUA TJaBjedus JAHOICHAA 11 KpH-
BI0F3y (s // cTaNMU3allg B CHCTEME JHOICHI—
200 4 ,*& .7 / ANOPTHT WIPI  Pa3HBIX 3HAYCHHAX
Sl T3 AR Py,o xak HcKyccTBeHlas MOZeDb
o A AN Pl o6pasoBanus 06a3aabTOB M aHOD-
S oo} om 1y (%) 50 S
S 7 Pl
s 900 -
g w0 Pne. 29, duarpavMma JJd onpejeleHus
S TeMITepaTyVPH  KpHCTAMIN3alAl  MarMari-
00 HeCKHX 1I0POAL 110 COCTABAM COCYLIECTBYIO-
6000, Lt 2t juix MHPOKCCHOB IPH Xpe :0,5(XA,"%“+

6 _ 48 W Cpx
/(=(Fe0]°°‘/(Fe{n°",‘ﬁea% + XMPg) = 0,656 (Ilepuyk, 1973)

rosutos. [lo manumiM Vlolepa, Temreparypa IIaB/ieHus jiuoncuia B Ges-
BONHOI CHCTEMe 3aBMCHT OT fAaBjeHus P (6ap) mo 3aKoHy °C=1391,5+
+0,01297 P. A B cucreme Di—An 3BTeKTHKA CMeliaeTcsi B CTOPOHY An ¢
yBesyenneM fajenns oAb, JTuM Hogep oObscHser noss/ienue anopro-
3UTOBBIX CEPHH BMECTO 0a3aJbTOBBIX.

Ouenb BaXKHbl SKCMEPHUMEHTA bHBE ¥ Te0TepMOMeTpHUeCKHe AaHHBIE TIO
cvecnmoctn B cucreme Ca (Mg, Fe)SisOs— (Fe, Mg)2SizOs. C pocroM TeM-
mepaTyphbl CMECHMOCTh BO3DAcTaeT; HO elle GoJee oHa BO3pacTaer ¢ yBe-
JMUCHHEM KeJe3UCTOCTH CHCTEMBI, T. €. B KEJE3HUCTBIX CEepHX CMEeCHMOCTb
BeJMKA JaKe NpPH OTHOCHTEJbHO HH3KHX TeMNepaTypax. JTHM o0bsacHsET-
csi TIOSIBJEHHE HeOOBUHBIX /1151 3eMHBIX IOpPOJ KJHHONMHPOKCEHOB H3 JIYH-
HbX 623aabToB (cM. puc. 25), rae cogepxanue CaSiOs cocTaBasieT OKOJ10
15% (~30 rexen0epruToBOr0 KOMIOHEHTA).

[IpesncTaBaseT 3HAUATEIbHbI HHTepec AuarpaMma (puc. 29) temmepa-
TYpHOH 3aBHCHMOCTH ko3 @HuueHTa pasaeseHuns FeO mexay Cpx u Opx
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u3 0AHOTO o6pas3ua mopoabl. Hns onpeneneHnsi TeMIepaTypbl KPHCTaJIH-
3allll Nopojab HeoO0X0IMMo 3HATH colep:kauue B nupokceHe FeO, FeyOs,
MgO u MnO. [artee BecoBble NPONEHTH OKHCJOB TNepPeBOAATCA B A4TOM-
Hele (IYTeM JeJeHHs Ha 3KBUBAJEHTHBIH Bec) W BBIUHCAAIOTCA BeJIHUHHBI
Amg=MgO: (MgO+TeO+1/,Fe;03+Mn0O) nag Opx u Cpx. Ecan noay-
cymma Mombubix goneii MgO B Cpx u Opx Goabwe 0,65, To paccuuTh-
BaeTcs Kos(ounHeHT pasjeneHus K, paBHbIi OTHOLIEHHIO BECOBBIX IIpO-
ueHTIEIX cofepxanui FeO u Cpx 1 Opx, H ¢ MOMOUIBIO AMarpaMMbl Ha
puc. 29 ompepeasiercs temnepatypa. [lo aToMy MeTOLy YCTAHOBJEHO, 4TO
B KaMeHHHIX MeTeopilTax TeMIepaTypbl paBlOBechH KoaelJaioTcs B Ipele-
aax 800—1000°C, a Bo BkJAWUYEHNAX (MOAYAdX) B 0a3aJbTOBBLIX JNaBaX H
kumBepautax {=850—1200° C.

OnvBHHEI

ONuBUHBE OTHOCATCH K UICAY JKeJe30MarHe3WaJbHBIX MIHEPaJOB K
NPeJCTABASAIOT B MarMaTHYeCKUX NMOPOJaX CMeCh [ABYX MHHa10B — (opcre-
puta MgsSiO, u dasaura Fe,SiO,. B tBeprom pacrBope oJiBHHA BO3-
moxHbl npumecd Ca, Ni, Co, Mn. Bce onTtuueckile, peHTI€HOBCKIEe H Tep-

MOJHHaMH4YeCKHe apaMeTpbl OJIIBHHOB HaXOJAATCA B JIHHEHHOH 3aBHCHMO-
CTH OT HX COCTaBa:

Xmg,sio, = 4,23391 — 1,49459 d,,
Ng = 1,670 {-0,197 (1 — Xmg,si0,),
Nm = 1,650 + 0,212 (1 — Xmg,sio0,)
Np=1,637 + 0,186 (1 — Xnmg,sio,),
p == 1,630 - 0,113 (1 — Xug,si0,) r/cm®.

Tensnora pacTBopeHust oauBHHOB, N0 AaHHbIM Caxambl u Toprecona (Saha-

ma, Torgeson, 1949), raxxe 1axX0AXTCI B JHHEHHOH 3aBHCHMOCTH OT
cocTaBa:

A H (xan/momb) = — 81330 — 14050 Xpmg, sio,-

TemneparypHble M KOHLEHTPALMNOHHbie 3aBHCHMOCTH  CBOGOIHBIX 3SHEPrHi
00pa3oBaHHsl OJUBHHOB H3 3/J1EMEHTOB MOTYT ObITb ONHCAHH CJIeAYIOUINM
SMIHPHUYECKHM ypaBHeHneM (KaJs/MoJb):

A Z2' = (1 — X ng) [— 351044 -+ 7050 T-10—3 - 105 (T-10-3)2 —
— 4,645 (T-10~%)* 4 RT In (1 — X yg)] - Xpg [— 520485 -
+10343,6 T-10—° — 212,18 (T- 10—3)* 1- 12,665 (T-10—2)® - RT In X wgl,

1
rie Xmg = Mg: (Mg —Fe) B oyuBuHHe.

Takum 06pasoM, /19 MarMaTOTeHHBIX OJMBUHOB KaK OyATO yCTaHaB-
JHBAeTCsl COBEPIHEHCTBO TBEPAOro pacmeopa. OaHako TOHKEe (Gu3HIeCKHEe
MeTOAbl MO3BOJSAIOT YTBEPXKAaTh, UTO OJHWBUHOBHIN PACTBOP HECKOJBKO OT-
AWdaeTCs OT HAeadbHOro. SIAepHblfi raMMa-pe3sOHAaHC M DEHTTeHOCTPYKTYP-
LA aHAMM3 NOKasaadH, 4TO B OKTadApe OJMBUHOB YETKO paajuyalorcs JBe
CTPYKTYPHBIE MO3HLHH. Ynopsinouenue atoMoB Fe m Mg ouenp camaboe H
pacupelenenbl OHH MeX1y noipemerkamu M; u M, paBuomepno (taba. 11).
ITO XOpOWIO COrMIACyeTcst ¢ Pe3yIbTaTaMH HCC/IeJOBAHHS KOHLEHTPAllHOH-
NOfi  3aBHCHMOCTH HMHTEPAbHOLO MOMbHOTO oovema oauBrHOB (Ilepuyx,
1970), xotopwifi npu Xnug=0,2 paBen — 0,5 cM3/moab. dto MusepHas Be-
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Ta6auuwa 11

Pacnpenenenne Fe 1 Mg no sHepreTHYeckH He3KBHBAJICHTHBIM
no3uunam M; 1 M, B osmBHHax

M, M,

HetouHuk
Fe Mg Fe Mg Ca

0,271 0,729 0,258 0,734 0,008

0523 | 0,477 | 0490 | 0503 | 0.007 |Finger (1971)

0,193 0,807 0,147 0,846 0,007
0,420 0,580 0,300 0,700 — Finger, Virgo (1971)
0,436 0,564 0,282 0,718 —

JHYNHA, CBUAETEJBCTBYIOILASl O IE3[AYNTENLIIOM OTKJOHEIIHMH TBEPAOTO
pacTBOpa OJHBHHA OT HACAABHOTO.

Temneparypa naasaenusi ¢opcreputa cocrasaser 1890° a dasaura
1205°C. Tensnora nnaBaeHust ¢opcreprita HeH3BecTHa, a GasJuT JAaBHTCH
¢ noraoutenneM 22030 xaa/moan. ITo namneim bBoysnma u Hleiipepa, cocta-
Bbl PABHOBECHHBIX KPICTAJA0B 11 pacmiaBa u3BectHol ao 1500°C. Hcnoab-
3ysi 9TH JaHHDIC, MOXKHO paccyliTaTbL CPCAHIOIO0 TEMJIOTY IJIaBJeHHs dopcre-
puta no ypaBHeHuw Ban-J/laapa:

lnR = IH(XIIVI;:,/XS\Ig — AGII.’I/RT.

Onddepenunpyem 370 paBelcTBO N0 TeMIepaType:

_1L987dInK 4
d(1/T)
Wcexonnue maHHBle s pacyeTa cJaeayloliie:
T °K X}\i«% Xﬁlg K —RT InK
1573 0,07 0,25 0,28 1728
1673 0,16 0,45 0,356 1200
1873 0,395 0,725 0,545 949
2073 0,75 0,93 0,806 294

Crpoum rpadux B koopauHartax 103/T—RInK. 3aBucumoctp OJH3KA K
JHAEAHOH, UTO TO3BOJSET IO NPHBCAEHHOH Bbille IPOM3BOAHON HaHTH
AHn1= 13,700 KKaJ/MOJIb.

HccnenoBanne pacnpeienenns Mg m Fe Mexny onuBHHAMH H OpTO-
NHPOKCEHAMH, COCYlleCTBYIOIIMME B MAarMaTHyecKHX TOPHBIX nopoiax, No-
Ka3aJo, UTO B XKe/J1e3UcTOoH 06JacTH cOCTAaBOB OHO He HAEAJbHOE H OJHBIH
3HAUUTEJbHO MeHee MarHe3naJseH, ueM OPTONHpOKcen. B MmarHesnanabHo#
obaactd coctaBoB Hafmonamorca ofpatHble cootHoweHus (Ramberg, De
Vore, 1951). Oanako B BEICOKOTeMIlepaTypHbIX napareHesucax (1200°C)
OJHBHH BO Bcell 06sMacTH cOCTaBOB (oJiee MarHeauajeH, YeM DaBHOBECHBIH
¢ HuM opronupokcen (Mapakymes, 1968).

Cefiuac nosIBHJHCH IHArpaMMbl, NO3BOJAIONHE OLUEHHBATh NpHOJIHKEH-
Hble 3HAYEHHS TeMIepaTyphl KPHCTANIH3alUHH OJHBHHCONEDPKALUHX IIODOZ
(Ilepuyk, Baranos, 1976). Ilo TakuM jgHarpaMMam YyCTaHOBJEHO, YTO
HHTepBa/J TeMNepaTyp KPHCTAJH3aLHH OCHOBHBIX U YJIbTPAOCHOBHBIX IIO-
pox cocrasiaser 890—1400° C.

OJ/EBHHEL BCTpeyaroTcs He TOJAbKO B YJbTPAOCHOBHBIX (MEeDUAOTHTHI,
KHMOepANTB I T. 1.) I OCHOBHBIX (0a1nBIHOBLie §a3aabTel 11 rad6po, rad-
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6po-Anabasbi u T. 1.) NOPOAAX, TAE OHH TPEACTABJIEHB B OCHOBHOM MarHe-
3HAJBLHLIMH DaSHOBHAHOCTAMH. JKesesucTole onuBHHBI (PasauTsl u rOpTO-
HOJIMTEI) HAfiAeHB B CHEHHTAX M PAHMTAX (panaKuBH).

IIpu CBepXBBICOKMX 3HaueHHSX [AABACHUS OJHUBUH npeBpallaeTcs B
KyOHYECKYIO MOAHQUKAUHIO — DHHTBYNHT. B rayGHHHBIX Nnopoaax PHHIBY-
AUT MOKa He OoCHApy#eH, HO B KDPYNHBIX METEOPHBIX KpaTepax OH BCTpe-
HaeTcd KaK NPOAYKT YAAPHOTO CXKATHf OJIBHIIA NPH B3DHIBE METEOPHTA.

Ipanarbl

B marmatuyecKux Topoaax BCTPeUSEeTCS ABa THIIA TBEPAblX PacTBOPOB
rpagira:

CazALSi0;, — Ca,Fe,Si 0,
(epoccyasnp) (andpadum)
Fe,AlSi;0,, — Mg,AlLSi;0),.
(arbmandun) (nupon)

I'panathl rpoccyasip-anapannTosoro psifa BCTPEUAIOTCH HCKJAIOUHTENbHO B
LIeJIOYHBIX TOPOJaX — CHelNHTaX, Hede IHHOBLIX CHEHHTAX U T. M. AJbMaH-
AMHBl OOHADYXKEHBl B HEKOTOPBIX TIpaiMTaX. B TpaHHTHBIX TerMaTurax
BCTpeuaTes crneccaptuHoBbie (MnsAl,SizOie) rpanaTel, oforamiennble afb-
MaHLAHHOBLIM KOMIIOHEHTOM. B rpauaToBhIX mnepuiOTHTax, BeTCTepHTAX,
KHMOEpPIUTAaX M IKJIOTHTAX MarMaTHUECKOTO TNPOHCXOKIEHHS B OCHOBHOM
BCTPEUAIOTCH TpaHaThl MHPON-alhMaHANHOBOTO psfa. Ilpuuem B yabrpa-
OCHOBHBIX TI0POJaX COAEGPIKAHHE THPOIOBOIO KOMMOHEHTAa B rpaHaTe, Kak
npaBuo, npesoimiaet 50%.

Onﬂ:mec‘xne H PEHTFeNOBCKHE 11apaMerpbl TPaHaTOB, a TaKkKe HX
YACTLHBIH BEC H3MEHSIOTCA JHHERHO € H3MeHeHIeM COCTaBa. B psany rpoc-
cynap—annpanut (Gros—Andr) cBsi3b 3THX 11apaMeTPOB ¢ COCTABOM MoO-
JKeT ObITb ONHCaHA CAEAYIOLIHMH PaBEeHCTBAMHU:

N=1,734 0,153 X apnar;

a= 11,851 - 0,197 Xapq A:

p == 3,594 - 0,265 X4 r/cM?;
V =125,3 -+ 6,35 X angr cM3/MOID,

rue XAndr — MOJbHas A0Jd aHAPAaJAHUTOBOTO KOMIIOHEHTa B rpoccyasp-
AHAPaJilITOBOM TpaHare.

B TpaHaTax NHPON-aJbMaHAHHOBOTO psiia NMOI06Hble 3aBHCHMOCTH OT
MOJMBHOH A0aH anbMannuna (Xamw) caeaymoline:

N=1,714- 0,116 Xaim;

a= 11,459 -- 0,067 X1, A:

b
0= 3,582 -+ 0,736 X s1m r/cMd;
V = 113,27 =- 2 Xa1m cM3/Moib.
B KaxAbli H3 ABYX THIIOB DACCMOTPEHHBIX BbIlie TBepIBIX PacCTBO-
POB MOTYT BXOAHTb mnpumecn cneccaptuia (Spes) sau6o yBapoBuTa

(CasCrySiz015).  BoaMoxio  Takxe HEKOTOpPOE <CMeIlleHHE B CEpHH
Alm—Pyr—Gros—Andr. das ONpeleseHUs] COCTABOB TAKHX [PAHATOB
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HMEIOTCSl CIeliHaJbHble AHarpaMMBl, HO OHH Il 1al0T OJHO3Haulloro pe-
3yJbTaTa, eCJu NpPeABAPUTENbHO He H3BECTHO K KAKOil cepHil TBCPALIX pac-
TBOPOB NpHUHALMEXKHT NanHbli rpanat. Ha puc. 30 npusesena auarpamMma
AJs1 OIpefeseius COCTaBOB rpaHaTa IO NOKas3aTenio NpeJoMJ/enisl, napa-
METPY @ B 3JeMCHTApUOH fAyelKe rpaHaTa 1 110 ero yIAeabloMy Becy.
HanexHubix TEPMOXIIMHUUECKIIX
v KOHCTAHT TIPM BBICOKHX 3HayeHHAX
0. Bec=3,835 And| TeyilepaTypbi 117 rpaHaToB TPaKTI-
yeexil ner. JLae H3BECTHBIC 1aliHLIE
110 IPoCCyasApy OKA3LIBAlOTCA  11e10-
CTATOYHO TOUYHBIMII sl TepPMOAHIIA-
MUYECKIIX DACUETOB pAaBHOBECHH ¢
yyacTnem 3Toro rpamata. Hasectno
JilUL, UTO 110 CBOHM CBOIiCTBAM Ipd-
4Tl OGN HPOMEKYTOUIILIX COCTi-
BOB OJH3KH K COBEPIUCHILIM TBepablM
pacTBOpaM.

B weaounelx nopoAax rpanarhl
rpoccyasap-anapailiToBOro psija acco-
ITAPYIOT ¢ 11ariioKaa30M, NeA0uHbIM
UOJCBBIM LINATOM, POIroBOil 06MalKoi,
OHOTHTOM, IHuoria — ¢ HedeJnHOM.
Taxie nopoanl IckoOIa Ha3Bajd CBATO-

180

176

D50

1721 Yd tec=3569
?
pq Yg tec =3.535 Pic. 30. lmarpamMma cocras — CBOHCTBA 14
I I ) |panaTos cepuil aJbMaHAHH — IHPON — rpoC-
1150 1m0 1,90 a cyasip — avapagur (Winchell, 1958)

HOCHTAMH — 110 MecTy HX nepBoro otkpeitHa (Casaroit Hoc na baiikase).
ONHAaKo OHH IIHPOKO paclpocTpaHeHbl B IIEJOUHBIX KoMmiaexkcax Uykorxky,
Cpeaneit Asun, ¥Ypana 1 ApyrHx paioHOB. MHTepecHBle COOTHOUIEHHS CO-
CTABOB COCYMIECTBYIOUIIX [PaNaToB I POroBuix oOmanok. Takue NaHHblE

Ta6auuwa 12

KpHcTanaoxuvugeckue Gopmyabl TPaHATOB H POTOBBIX OGMAHOK, COCYLUECTBYHUINX
B IieJouHbix nopopax Mabmetckux rop (TMepuyk, 1971a)

Cucnitt MuackaTt
KaTtHonn

rpasar amdncon rpanar amdubo.a

Si 2,813 5,633 2,920 5,432

Ti 0,061 0,152 0,053 0,153

Al 1,279 2,805 1,691 3,102

Fedt 0,918 1,302 0,395 0,992

Fe?t 0,146 2,200 0,195 1,813

Mg 0,032 0,586 0,213 1,444

Mn 0,236 0,819 0,072 0,060

Ca 2,543 1,681 2,444 1,716

Na — 0,810 — 1,143

K — 0,444 — 0,462

F — 0,219 — 0,470

Mg : (Mg 4 Fe??t) 0,177 0,210 0,521 0,443
Al': (Al = Fe3t) 0,582 0,683 0,811 0,757
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HMETed 110 CHEHUTAM H MiuackuTaym 13 Mabmenoropckoro maccusa. B 00-
pasile CHeHnTa cocyllecTsyioT msaritokaaz (Ne 26), menounoll nosneBoy
wnat, poroBas o6MaHKka u rpasaT. B ofpasie Muackuta K 3TOMy mapare-
nesucy npubasagercad Hedeawd. Kpucraanoxumunueckue QOpPMYJIB U HEKO-
TOPBiE n1apaMeTpPhl COCTABOB COCYLULECTBYIOILIUX TrpaHatoB u aMdu6oa0B
npusesenn! B taba. 12. Buano, 4To B HedenUHOBOM cHeHuTe (MHacKuTe)
VOALIIAS 1045 TJIHHO3EMHCTBIX KOMIIOHEHTOB B O0OHX MHHEpalaX BHIIIE,
yeM B cucrire. o cooTHourenne Meqge3ucTocTell p rMTHHO3EMHCTOCTE COCY-
WCCTBYIOULIIN $a3 0KA3LIBAETCS PA3IHUNLIM:

AT/XS = 1,17

. . CHEeHHT,
m ar
Xug/Xnme—= 1,19
Am Gr
Xa1/Xa1 =— 0,85
/ ’ MHACKIT.

Xam X5 = 0,93

M3 9Tux cOOTIIOMIEHNH BiITII0, UTO B CHEHIITE pPOroBasi oH6Malika Goraue
rpaHaTa [JHHO3EMHCTBIM H MArHe3HaJbHbIM KOMOOHEHTaMH. B Muackure—
ofparTiasl KapTHHa. JTO MOKeT ObITh OO0YCJIOBJEHO PasJuYHBIMU yCJIOBHS-
MII LLICJOUHOCTH AHGO TeMIepaTyphl B XOAe KPHCTANIH3ALHA DOPOMA.

Chenyer o6paTHTh BHHMAaHHe Ha TO, UTO IPAallaT B LLEJIOYHBIX NMOPOIAX
HEPEIKO BO3HIKAET B aBTOMeraMopduueckyw craauio ¢ o0pa3oBaHueM Kae-
MOKX 'BOKPYI 3epel KJAMHOTMHPOKCEHa Ha TpaHulle ¢ MHKPOKJIHHOM H (M.TH)
HedennnoM. Takile COOTHOMIEHHS XOpOLIO NPOCJAEKEHB B CHEHHTAX U Ie-
goulibix  raGopo-cuenurax Uenrtpansuoro Typxecrano-Anatas  (Ilepuyk,
1964). Cocras rpanata B 3THX NIOPOAAX BapbUpPyeT B UIMPOKUX npelesax,
HO B TaKMX KaeMkax OH  0oraT TpOCCYJSpPOBBIM  KOMIIOHEHTOM:
GrosgsisAndrgsssAlme psPyro,e2eSpesgee. Tenesnc rpanmata B HedeJHHOBBHIX
caenntax Muamupo (Miyashiro, 1959) o6bAcHAN TaKUMU peaKIUSIMH:

a) 6Di - 20r -+ 3An - 4,5Ne -+- 2H,0 = 3Gros  4,5Ab — Bi,
6) 9Hed | Or + 4,5Ne - H,O -+ 1,50, = 3Andr -t- Bi - 4,5Ab,

T. €. BO3HIKHOBeHMI0 rpaHaTa Grosps M Andps cmocoGeTByeT Bo3pacTanue
Py,o u Po,, uro o6bluHO a0 aBToMeTaMopduueckol cTajiuu PopMHpPOBa-
uusg cuenutos. Ho B a1y crainoo BozMoxkHa AnddepeHIHa bHASN TOIBHXK-
HOCTb MHOIHX KOMIIOHEHTOB Il TOTJ1a KaeMKH paHaTa MOKHO OOBSICHHTB KaK
npoitecc 06pasoBaHng MHKpockapHoB. Hanpumep, nps noaABMKHOCTH IIEJO-
ue 1l Ke1e3a Bo3pacTatue [y . NPUBELET K HEYCTOHUMBOCTH NapareHesuca
Cpx+Ne n BO3HUKHOBEHHIO IDaHaTa ¢ MHKPOKJuHOM. Boofile anaius Mu-
HePaJLHBIX NapPAr€HE3HCOB TIPaHATCOLEPKALIUX CHEHUTOB, HedeJHHOBHIX
CHEHHTOB M APYTHX LIEJOUHBIX NMOPOJ MOKAa3hlBaeT, YTO 06Pa30BAHHIO B HUX
rpaHarta crnoco6CTBYeT YMepeHHOE yBeJHYeHUE XHMHUECKOro IOTeHLIHasaa
K20 na ¢one cHmKeHus TeMnepatypbl U BozpacTanus Po,.

Fpanartsl aJbMaHANH-IUPONOBOTO psila BCTPEUAIOTCsl, KAK OTMEYaaoch
Bblllle, B Iepu10THTaX, BeGCTepUTax W 3KJOTHTAX. B 3THX NOpoaax oHu
BCerfa ACCOLUYUPYIOT ¢ KJHHOMHPDOKCEHOM, YacTO C OJMBHHOM H PEIKO C
aJaMa3oM, KMaHHTOM 1 T. II. Bo MHOrEx cayuasix o6pa3oBaHue rpaHarta u3
pacnsasa lie BhI3plBaer coMHeHHs. M Torga MomHO yTBepKIaTb, 4TO MaH-
1asi [opojia Hadaja KPHCTa JIM30BAThCS NP1 BHICOKOM JaBJeHUH, 0COOEHHO
B caydae X%rg:Mg: (Mg+Fe)>0,5. 3T1oT BHBOA OCHOBAH Ha 3KCIEpH-
MCHTaJbHbIX TAHHBIX, COTJIACHO KOTOPBIM IIPH CBEPXBLICOKMX 3HAUEHHSX
JaBIeHns KPHCTajdauM3anid 0a3ajdbTOBBIX M HEKOTOPBIX NEPHIOTHTOBLIX
MaI'M HauHMHaeTcs C BLilafACHUSl IpDaHaTa KaK nepBoil $aswl AUKBHAYyCA.
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AKULECCOPHDBIE MHHEPA/JIbI

AKileccopHbBIMHY TIPHHSITO Ha3blBaTb MHHepPaJsbl, KOJHUECTBO KOTOPHIX B
nopofe o6biuno ne mpesBbimaer 2—3%. K HX uMcay OTHOCATCH IUTIHHEJH
(Bkaouast margetuT), ceH, LHPKOH, aHATHUT, reMaTHUT, WIbBMEHHT, DYTHJ,
TYPMaJHH H MHOXKECTRO JPYIHX MHHcpasdoB. B ToM cayuae, korja Koau-
4eCTBO IVABHOTO NOPOA00Opa3yIoillero MHHepaJsa cHuxaerea ao 1—29%, o
HEM TOBOPST TaK JKe, KaK 06 aKkllecCOPHOM.

Fey0, FeAL,0 FeCry0
;Haeﬂemum /epuuﬁf./lfn Xperfw;;
(@ 83964; d/ﬂec5,20,'f12,42) (78,1354 ; 1 Bect. 40, N1 335) (a.83784 yd Bec 5,09, N 2,16)
W E )} < [ N 2. N ?b\ h ; ;3\
T ~ \ '~ =
K /‘g % N = [\ 31,\\ A SHAN S
N :
7oV 7 N WK Ve
/\‘97 o - NLRAS %?é\ “\
8§ & \ NN
/' \@/ =, \ AN
/ \ “ N
iy SN '
/ VW4 \%€ N L\
/ / o s N "\) N \
VARV a By , Mes \ N NN
AV /[ W N
yaw, N N AN
/ (= = A
A, | NN =
/ L/ A X NI ®
Mg Fez 04 HU“QU,‘ Mgcrzﬂu

Maznesuopeppun

(0 8383K; yi. Bec 4,52 N2.5) AN Y

Hnneds
(0 8,103A; yé Bec 3,55 N1, 719) (a 83344, yd Beckus; N2,00)

Puc. 31. Koppensiuuounbie c©Bs3d cocTasa IUNHHeNeH ¢ TOKasaTeJeM §peJoMJe-
His N, paaMepoM pe6pa s/eMeHTapHOH siuefikd a u yienbHbiM Becom d (dup, Xayd
it 3ycman, 1966)

IMnunean — oxHcliLle MHHepasbl, KPHCTAJAAU3YIOMIHecss 1B KyOnuecKoil
CHUTOHHKM (IpocTpaHcTBennas rpynma Fd3m, Z=8, a=8,08—8,53 A) u
Jamoniie LeJyl FaMMy CJOMKHBIX TBEPAEIX pPacTBOpPOB. B MarMaTHvyecKux
nopoaax 1peobianarT XPOMOITHHEIUAB!, MAarie3HaJbHO-XKeJle3HeThle TI.IH-
HO3eMHCTble IUIHIIEJH H TITAHOMArHeTHTLl. TBepAble pacTBOPBL 3THX MIHE-
PaJIOB CJO0KEHDLl CMEChIo CJeAyIONIHX MHHAJIO0B:

wnutesy — MgAlOy,
eepyurur — FeAlyOy,
maererur — FeFeyOy,
akobcur — MnFey,Oy,

maenestiogpeppur — MgFe,O,,
xpomur — FeCry0y,
maenesuoxporur — MgCroO,,
yavgownuneas — FeoTiOy.

CocTas mpocTeAlInX TBEPABIX PACTBODOB IINNHEAH MOXET OblTb Omnpe-
JdedeH no ¢pu3nueckiM CBOHCTBAM C MOMOILIbIO THarpaMmbl Ha piuc. 31.

TFannoseMucTele NINHHENH BCTPEUAIOTCS TJIaBHLIM 06pa3oM B OCHOBHBIX
H YJbTPAaOCHOBHBIX TOPOAAX B accolHalWy ¢ OJHUBIHOM, NHPOKCEHaMH, cep-
TMEHTHHOM, ILJ1arHOK1a30M. I'epHHHHT BCTPEYAeTCss KaK NPOAYKT pacinana B
cucreMe FeAl,0,—FeFe,0,. Hlnunens Bcrpeuaercss A0CTAaTOYIIO0 YacTo B
naparenesuce ¢ Cpx, Ol u Opx B MOIyJsaX 1WeA0YHbIX 0a3adbTOB. B 3THX
BKJIUEHHSX WINHHE b Hepelko COAEpKHT I1IOBBILICHHBIE KOHUEHTPAallHH
XpoMa, HPUGAUKASCH 110 COCTABY K XPOMIITIIHE I 1aM.
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XpoMimnuHeanAn nMeloT obuylo dopmyny (Mg, Fe) (Cr, Al Fe)oO4 1
ABJAAI0TCA THNHYHBM [PEeACTABHTENEeM YJAbTPAOCHOBHBIX T[ODOJ, TAe OHH
Hepelko 06pasyioT KpyMHble CKOIIEeHHS, HMEIOlHe TIPOMbIIJIEHHOe 3HaUe-
nue. B TAKHX cAy4yasX IUMUMHEJAb CTAHOBHTCS IM1aBHBIM I0POA0OGPaA3YIOLIHM
MHHEPAJIOM H TpENCTaBJAsCT HHTepec Kak MCTOWHMK Xxpoma. COBGCTBEHHO
NDOMIITBI M MarH€3HOXPOMHTBI TaKXKe BCTPEHaloTCsd B HEH3MEIEHNHBIX yJb-
TpabasuTax, a TaKXe B CEPUEHTHHATAX 1 POACTBEHHBIX MM NOPOIAX. XpoMm-
WITMHHeNHIb B CHJIHKATHBIX IOpOiax 00pasyloT YeTKHe IPOCaoH I cerpera-
uuy. Mx npoucxoxienune MOKHO CBf3aTb C IEPECHIIIEHHOCTBIO CHAMKATHBIX
MarM DYAILIM BelleCTBOM, KOTOpPOe OCam1aerTcst W3 paciiaBa B BiAe TBEp-
n0it paspl AHGO ABAAETCA NPOAYKTOM JIHKBAIUL (B MKHIAKOM COCTORHHH).

Marnerutr — oObIMHLIA AKUECCOPHBLIM MHIEpaJ H3BEpPXKeHHLIX IOPOA
(Kak NHTPY3UBHBIX, Tak i 3hdysuBHbX). On BCTpedaeTcs B IPaHHTAX N
AUNapuTax, B TPAHOAKOPHTAX M Aalutax, B ra66po, ra66po-HOpUTAX, 6a-
3anbTaX H T. A. 1Ipy NOBBIMIEHHBIX KOHLeHTpauusx Ti B MarMe BO3HHKAIOT
tuTanomaruetitsl (t. e. cMech Munanos FeFe,O,—Fe;TiO4), ob6pasosanue
KOTOPbIX KOHTPOJHpYeTcs NaplUHalibHbiM JaBielueM Kucaopoaa. Bo muo-
FHX 111aTGOPMEHIBIX HHTPY3HsX rab66po 1 ra66po-auaba3oB THTAHOMATHC-
THTH 06pa3ylT MPOMbIUITEHHBle CKOMJIEHHS, [EHE3UC KOTOPBIX MNPHHSTO
Au60 CBA3HIBATL C aKKyMyJsillHel OCa)JeHHbIX KPUCTaLJIOB  (lIMeloTcs
npu3naxy pesopbunu), ubo paccMaTpuBaTh KakK MPOAYKT JIAKBALHH. -

THTAaHOMATHETHTBl HEPEAKO COCYILECTBYIOT B PA3JHYHBIX TOPHBIX NOPO-
nax ¢ WIbMEHITaMu ', TOYHee ¢ TBEPABIMM pPacTBOpPaMH FeyO4—FeTiOs,
T. e. UMaHHTa ¢ WibMeHuToM. WX paBHOBecHe MoJIenupyercs OOMeHHOH
peakxuuen

Fe,0, - Fe,TiO, — FeTiO, -- Fe0,,

KOHCTaHTa KOTOpOii 3aBHCUT IVIaBHbIM 00pa3oM OT Temmneparypbl. O1HaKo
usMenenne coctaBo Mt u Il css3ano ¢ npoueccoM OKHCJEHHs-BOCCTAaHOB-
JICHHST:

3Fe,TiO, -+ 1/,0, = Fe 0, -i- 3FeTiOy;
2FeTiO, - 1/,0, = Fe,0, -+ 2Ti0,.

Takum 06pa3oM, MarHeTiT-UJILMEHHTOBOE DaBIIOBECHE KOHTPOJHpYeTCs
ABYMsi napaMeTpaMH — TeMnepatypofl W JaBJeHHeM KHCI0pold. T na-
paMeTpbl MOXKHO ONpeleJHTb 110 AHarpamme puc. 32, 1OJYYCHHOH 3KCIepIi-
mentaabno (Lindsley, 1963), ecan H3BeCTHBI COCTaBbl COCYLLECTBYIOLIMX
THTAHOMATHETUTA H UJIbMEHHTA.

Pyrua (TiO:;) — camasi BecOoKOTeMnepatypuasi ¢opMa OKHCH THTaHa.
On obpasyer orpanuueHssie TBepable pactBopbl ¢ FeO 1 NbyO:. IToxasa-
TelH  [peJoMJeHHs pyrana BapbHPYIOT B T4KuX Tpelenax:
No=2,605—2,613; Ne=2,899—2,901. Vaenpublii Bec 4,23—5,5; TBepAOCTD
6—6,5, Z=2, mpocTpaHcTBeHHasi rpynna P4o/mnm. PyTun — 10CTaTOYHO
PACNpPOCTPAHEHHBIH aKIeCCOPHbI MHHepas CaMblX Da3JHYHBIX THIIOB Mar-
MaTHuecKHX rnopod. KpynHele KpuCTaJabl pyTujaa BCTPEYalOTcs B HEKOTO-
pBLIX TPAHHTHBIX ¥ He(eJMHCHEHHTOBLIX MErMaTiTax.

Cte, uan THTAHHT, OOBIUHBIA MHliepad LIEJOUYHBIX TTOPOL, rabGpoHa0B
d HeKOTOPEIX  PAHHTOHAOB. ODTO KaJblMeBbli  THTAHOOPTOCHIHKAT
CaTiSiO4(0O, OH, F), KpucTannusymomuics B MOHOKJUHHOH CHHTOHHH
(Z=4, npoctpancrBesHas rpynma C2/c). OnTnueckie CBOHCTBA C.1€1YyI0-
uiie: Np=1,843—1,950; Nm=1,870—2,034; Ng=1943—2,110;
+92V=17—40°. Yaeabunii Bec 3,45—3,55; TBepaOCTD 5.

U Yapmennt — tpuronaaphpit (R3), ya. mec. 4,7—4,78, Tsepaocts 5—6, Z=2.
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Baprnaunm ontayeckux napaMeTpoB H yIeJbHOrO0 Beca O0O0YCJOBJEHbI
NepeMeHHOCTLIO cocTaBa cheHa — HAJMYIEM B HEM 3HAUHTEJBHOTO KOJHYE-
cta mpumeceit Al, Fe, Mg, TR, a takke usMenuwsoctbio otnouienusi F/OH.

B 6oablmnHCTBEe CHEHHTOB ¥ He(ETHHOBBIX CUEHUTOB KOJHUecTBO cheHa
nocruraet 3%, a unoraa u Gosee. Iloutn Bcerza cbeH npucytcTByeTr B
CPEIAHMX U KHCABIX M3BEPXKEHHBIX TNopojax. B nermaTturax HedelUHOBHIX
CHEHHTOB OH OTJIHY4eTCAd KPYNHBIMH XOPOIIO OTpaHEHHLIMH KPHCTaJlJaaMH.

, LMPKOH — OpPTOCHJIMKAT LMD-
pp  KOHIA ZrSi0y — TeTparoHagblblil

(Z=4, mnpocTpaHcTBeHHAsi Trpynia
0001 4/a md), xapakrepu3yercs o4eHb
gpp DBICOKHMH  MOKa3aTeJsIMH  IIpe-

JOMJIEHNS (No = 1,923—1,960;
sy Ne=—1968—2,015), VAEAbHbIM

Becom 4,6—4,7 u tBeppocThiO 7,5.

Oxun u3 Hapbosee pacTipocTpaHeH-
W0 ypix  aKlleccopHHIX MHWHEpaJoB B

MarMarTiyeckdx TOopoaax, ocodei-

10 — B [IeJOUHBIX H  KHCJBIX.
600 B nermaturax mHedeJSHHOBBIX cuHe-

HHTOB 11 MapuynoJiToB oH obpa-

3yeTcst 5 BIJ€ KPYNHBIX KPIKTaJ-

500

=25 =20 -75 -10 -5 Puc. 32. MarneTHT-MJIbMEHHTOBOE paBHO-
Qf BCClle B 38BUCHMOCTH OT TeMmepaTypel H
0y norapudma JeTydgecTH KHCJIODOAA

J0B, HEPEAKO TalOUIHX TPOMbIINJICHHBEE '¢KONaeHusi. CunuTaercsl, 4T0 B Tpa-
HMTaxX BhATeHHe IUPKOHA M3 pacllyiaBa [POHCXOAHT HOCTATOUHO OBICTPO
Ha CaMblX DPAHHHUX CT&IHAX KPHCTAANHU3aUHH MarMpl. DTO ONpeleneHo 10
dopMaM KpHCTALIOB LHPKOHA, AeTajJbHble HCCAEJOBAHUS KOTODPBIX [103BO-
JSIOT ¢1€1aTh MHOKCCTBO HHTEPECIHBIX TeHETIUECKHX BbIBOIOB.

Apmatutr — rexcaroHadbHpii (2 = 2, NpOCTPAHCTBEHI A rpyn-
na C6s;/m) dochar kaavuus. Ne=1,624—1,666; No=1,629—1,667; ynenan-
et Bec 3,1—3,35; rtBepaocte. 5. [lpencraBaser cmech cJAEAVIOUIHX MH-
ilaJ0B;

pmopanamum — Ca, (PO,),F;  No = 1,633;
xaopanamum — Cag (PO,); Cl;  No = 1,667;
eudporcuranamum — Cag (PO,); OH;  No = 1,651;
kapbornamanamum — Ca, (PO,, CO,0H), (F, OH).

Hau6ouee pacnpoctpaien GTopamaTHT, KOTOPHIA BecbMa OGbIUEH BO MHOTHX
M3BepXKEeHHbIX NOPOAAX KaX AaxIeccOpHbli MHHepas; B LIEJIOYHBIX — OH
IIHOT'IA CTAHOBUTCH [J1aBHBIM HOPOAOOOPA3YIOIINM MHHEPAJOM, ZaBas Npo-
MbIIIJIeHHbIe 3aJeXH. TaKOBLI amNaTHTOBBlE MeCTODOXIAeHH XHOHHCKIX
rop, rae obpasyercA YCTOWUMBBIAL MapareHesuc anartdra c¢ Hedeannom
(amaHeWTbl H HEaTHTbLl), 3aJeXH anaTHTOBbIX 1m0pol B CHHHBIPCKOM Xxpef-
te (CeBepHoe IlpuGafixaabe) u 1. n. B GoabimnacTBe NOAOGHBIX MECTODPOXK-
NeHU#l anaTUT KPUCTAJJIU3YeTCs W3 PaciNaBoOB U SBJAACTCA MPOAYKTOM
JUKBalli HeKOTOPOR cuaukaTtHo-pochaTtHOH MarMel. O MarmaTHuecko#
OPHPOAE TOBOPSAT BLICOKHE TeMMepaTypbl TOMOTEHH3AUHWH Ta30BO-KIIAKHX
sKJAOUeHrR B anatute ({=800—900°C).
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Kanbuut BcTpeuaeTcst KAK aKLeECCODHBIH MHHepaJ BO MHOTHX HIeJd0d-
HLIX TOpOJAaX MarMaTHYeCKOro TpoHcXoxaeHHs. [lepBuuHo-MarmaTtHyecxas
npHpoia KaJblLKTa J0Ka3eBaeTcA HAaJHYHEM BOKPYT €ro 3epeH KaeMmoK KJli-
Honupoxcena, ampnbosa u rpasara. Kpome TOro, 3akoHOMepHOe H3MeHe-
llHe COCTABOB COCYUIECTBVIOUIHX Hede/JHHa, LIeJOYHOTO [0.]1eBOro LImara,
NJargoKaasza H KaJblluTa B He(@eNHHOBBIX CHEIHTAaX CBHIETEJNbCTBYET O HX
napareHHplx COOTHOLIEHHSX. PaBHOBecne 3THX MHHEPAJOB MOIETHDYETCH
celnyIoOUlel cXeMaTHUECKOHl peaKIHe:

20(l —x) —x (1 —2)

NaxCal_x A]g__(Sif_q_x Os i = 2 NaZO L

7}

4 (1 —x)CO, 4 20— =y +x(0—
1 - -

% AISIO, -I- xNa,K;_, AlSi;04 |- (1 —x)CaCO;y, T. e.

nJaarMoxJ/a3s = Heeqaus - MeJIOYHOH MOJIEBOH IUNAT -} KaJbIHT.

K,O--2(1 —x)Na, K, , X

3T0 paBlOBECHE CMellldeTcsd BIPaBO HJAH BJAEBO B 3aBUCHMOCTH OT H3-
MelleHUs LIEJOYHOCTH (“K,o " !‘xago) ¥ AaBJeHHs yriaekucaoro rasa. May-

yellHe TAKHX Maparcie3HcoB NOKAa3aJo, YTO Ka/JbLHT MOXKET CAYXHTb XOpO-
IMHM HHAHKATOPOM [JAYyOWHHOCTH MW LIEJIOYHOCTH IPI KPHCTALTIZALHH
uHTpy3ii Hebeanuosbx crenntos (Ilepuyk, 1966).

Korma copepxaHue KalplluTa B 1NOPOAE BblUle KOJHHECTBA CHANKATHBIX
MIHepaJsoB, 06pa3yloTCsl Tak HasblBaeMble KapOOHATHTH. OHn reteporenHb
[0 CBOEMY IPOHCXOXKAEeHHIO. B paae cayuaeB ycraHOBJeHa HX MarMmartnue-
ckas npupofa. Hauayumumu npuMmepaMu MOIYT CIYKHTh COBpeMeHHDIe
H3THAHAA KapOoHaTHTOBHIX JaB B LlenTpanbuoil Appuke, a TakXKe HaXOIKH
KapOOHATHTOB B CPeJIHHHBIX OKeaHUUeCKHX XxpebTax.

KapGoHaTlITOBbIE MarMel MOTYT OblTb NPOAYKTOM (THKBalliH OGbIYHBIX
©£a3a7bTOHINBIX PACNJI4BOB, IOABEPTIINXCA BO3IAEHCTBHIO BLICOKOrO JaaBJe-
HHsl yraexkucaoro (uaiouma, 6Goratoro wenouHeiMu Meraanamu (Ilepuyk,
19716, 1973).

JIUKBaNHOHHBIE SIBAEHHSI B OCHOBHBIX H Y/JAbTPaOCHOBHMHIX Marmax TNpH
BLICOKHX KOHUEHTPAUUsX Cephl, MeTH, HHKEAS 1 Keje3a Hepeiko NPUBOIAT
K KPUCTANIH3ALUHH NUPPOTUHA, NEHTAQGHOUTA, RUPUTA, XAAbKONUPUTA W ADY-
THX MHHEPaJOB M3 Cyab(uAHOro pacnaaBa. B Takux caydasx 4acTo BO3-
HHKAIOT OueHb KpynHble Mexno-Hukedenbie Mecropoxienus (Hopuabek,
Tannax, bymBeans, Cextepu). OaHako 3TH MHHEpaJbl AOCTATOYHO HIHPOKO
pacnpocTpaHeHbl BO MHOTHX H3BEDXKEHHBIX IOPOAAX KaK aKLecCOpHble.



dU3UKO-XUMHYECKHUE OCHOBbDI
S ———

MATMATHYECKHE PACINJIABBI, HX CBOMCTBA
H CTPOEHHE

MarMaTuyecKie paciiaBbl [IPeACTaBJSAIOT CYUECTBEHIIO HOHHLIE CHIIl-
KATHbIC H AJIOMOCHJAHKATIIBIE PaciliaBbl ¢ KBAa3HKPHCTANIH4ECKHM CTPOE-
HHEM U CJI0MKHOM CHOOTAKCHYeCKOH (MAH «POEBOi») CTPYKTYDOH. B crpyk-
Type paciiaBa MOXKHO pa3iudaTh GJHMKHHH TIOPAMOK, e yropsL104eHHOCTD
npuGAIIKAETCS K TAaKOBOH B KPHCTaJlaX, H Aa/lbHill MOPALOK, rie B 3aBH-
CHMOCTH OT CHJBbl B3aHMOJEHCTBHS BO3HHKAIOT, CYILIECTBYIOT W pacnaia-
joTcst (KPOSITCsi») PasJnunble CHOOTAKCHYeCKHe TPYILIHPOBKH KOMHOHEH-
TOB.

BeeACTBHe CYLIECTBEHHO KHCJIOPOAHOH OCHOBBI pacIiaBOB CTPYKTYp-
Hoe 110M0XKeHHe, GOopMa HAXOXKIAEHHS, MOABHAKHOCTE H KHCJIOTHO-OCHOBHBIC
CBOWCTBA KOMIMOHEHTOB B CH/JMKATHBIX pacijaBax ONpeleNsioTCs JaBHBIM
06pa30oM XxapaKTepOM H 3Heprueil CBA3H € KHCJIOPOLOM. Oua MoxeT ObITb
0XapaKTepH30BaHa KaueCTBEHHO — BEJIHUMHON HOHHOTO NOTEHLHana, a KO-
JHUCCTBEIIHO — BEeJUYHHON 3HePIHH CBA3H.

KHCIOTHBIMH CBOHCTBAMM B pacnjgase 00/aJaloT 3JEMEHTb, HMEIOLLle
JHauuTe/bHbI HOHIHBIE ToTeHuHan (6 u Gojee) M SHEPTHH CBA3U C KICJIO-
poaom (Gosee 60 xkana/r-aTtoMm Ha oamy ¢BSI3b). DTH 3JEeMEHTHl, MPHCOLLI-
qsisl KHCJAOPOA, 06pasyloT B paciiaBe PasjiHYHbe KOMIVIEKCHLIC aHHOHBI C
CylecTBeHHOH Aonefi KOBAJEHTHOH CBf3l M BCEACTBHE TOJspH3alli ¢ BbI-
COKOH CIOCOGHOCTBIO K OBPA30BAHHIO NOJMMEPHBIX aHHOHHBIX CPYTNHPOBOK.
K TakKHM 3JeMenTaM OTHOCATCS KpeMuu#, docdop, 60p, UHPKOHIH 11 HEKO-
TOpble ApYTHe.

OCHOBHBIMH CBOHCTBaMu B paciiabe 00/JafaloT 3/7eMEHTHI, HMCIOUlle
MaJsiblii HOHHBIH moTeHIHan (MeHee 3) H HEBBICOKHE SHEPLHH CBA3H C KHC-
nopogom (nopsiaka 5—30 KKkaa/r-aToM Ha OIHY ¢Bs3b). OCHOBHBIE KOMIIO-
HeHTbl 00pasylOT B paciiaBe CBOOOAHbIE (y{m{ KOMI}J]EKCHbIe) 'KaTHOHBI.
K HIM OTHOCSITCS lLeJOYHble MeTa/Jbl, KaJblHH, MarHHH H T. 1.

Hakonell, 371eMeHTbl, OTJHYAIOLIAECS MPOMEXKYTOUHBIMH 3HAUCHUAMY
HOHHBIX NIOTEHIIHAJO0B H SHEPrUH CBA3HM C KHCJI0POIOM (40“—60 KKaJa/T-aToM
a OIHYy CBf3b), HMEIOT, eCTECTBEHHO, aMm¢orepHble CBOHCTBA, NPOFB.IAA
ceBsi KAK KHCAOTHDIE HJAM OCHOBHBIE KOMIIOHEHTbl B 3aBHCHMOCTH OT OOuIe#
KMCJOTHOCTH pacniaBa. K am@oTepHbIM KCMIOHEHTAM OTHOCATCSA aTIOMH-
HUL, TpeXBa. ICHTHOE XKejae30, XpOM H 1p.

KpoMe paccMOTPEHHBIX C/eAyeT BblIeTHTb elie OAHYy Tpynily KOMIO-
HEHTOB pacmjaBa, K KOTOPOil OTHOCHTCS KHCJIOPOA, cepa, Xa0p, ¢brop, rul-
pOKCHAbHAsS TPYINa W MM IOXOGHBIE. STY KOMIIOHEHTH OTJAHYAIOTCS BBICO-
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KO NONSpPH3YEMOCTbIO (KOTOpash BO3pacTaeT ¢ YBEJHYEHHEM pajuyca U
3apsija MoHA) M NPUCYTCTBYIOT B pacnJaaBaX B BHAE NPOCTLIX HJAH CJ0XKHBIX
KOMIJEKCHBIX aHHOHOB.

OrMeueHHast IHepreTHyeckas HEepaBHO3HAYHOCTb CBsI3eH Da3aMUYHBIX
KATHOHOB ¢ 'KHCJAOPOAOM TIPHBOAHT K TOMY, 4YTO KBa3HUKPHCTAJAJIHUECKHH
OCTOB CTPYKTYPHl pacinjaBa cOCTaBJAsIOT GoJee NPOYHble YHOPSJ10YeHHbIE
KPEMHEKHCJIOPOAHble TPYNNUPOBKH, TOJSPI30BAHHBE B 3aBHCHMOCTH OT
KHCJIOTHOCTH pacraBa  («OaHxkuas cTpyktypa»). JHajabHuB 1opsiiox
(«1anbHsis CTPYKTypa») 1[0 OTHOIIGHHIO K OCTOBY CTPYKTYPHl pacijaBa
00HaPYKUBAIOT OCHOBHBIE KOMIIOHEHTBI, TIPHYEM MOXKHO HpeANonarath, 4To
cTeneHb YNOPAAOYEHHOCTH B «AajJbHeH CTPYKType» BO3pacTaer ¢ yBeJaude-
HileM SHEPLHH CBSI31 KATHOIOB ¢ KHCJOPOLAaMU OCTOBA.

KPICJ'IOTHOCTb-OCHOrBH‘OCTb CHJAHKATHOTO paanIaBa MO2XKeEeT, KdK H3BECTHO,
onpeleasiTbCsl KOHLeHTpauued cBOOOAHBIX aHHOHOB  KICJAOPOAA, KOTOpasd
BO3pacTaer 110 Mepe yBeJHYeHuss OCHOBHOCTH pacmsaBa. Ecau ucmosp3oBath
HAEKC OCHOBIOCTH: bs:%, rac Z-—Si, B, P u apyrue kucmorhHble Kom-

NOHEHTB (B MOJBHLIX €1HHHIAEX), TO HETPYIHO yOelHTbcd, 4TO Haunboace
KicJabple pacnnaaBbl ¢ bs<{2 (nanpuvep, pacimyias KpeMmHeseMma) O6yI1yT
XapaKTepH30BaTbCS ‘HAUBBICIIEH IIOJMMepH3allued ¢ TeHaeHuued obpasosa-
HIS TPEXMEpPHOro KPeMHEKHCJIOPOAHOTO KapKaca; npu 2< bs<(3 pacmiaBui
TACOTCIOT K ABYMepHOH, a npH 3<bs<{4 — K UHEHHOH NOJHMEPH3ALHH.
[Tpu bs=4 (u4To OTBeuaeT, HANPHUMEDP, PACINIABY OJUBHHA) IIOJHMEDHU3AIIHUS
B CHJAHKATHOM pacmiase orcyTcrByeT. ITonumepusauusi cocTaBasieT CyliecT-
BeHHYI0 0COOEHHOCTb MarMaTHYeCKHX pacil1aBoB, Ompesessiss MHOTHe (H3H-
yeckHe ¢BOHcTBa uX. KpoMme oTMeuellHoH u HauboJee BaxXKHOU 3aBHCUMO-
CTH OT COCTaBa, NOJAUMEPH3aUHsl 3aBHCHT OT TeMIlepaTypbl: IOHIIKEHHE
TeMIIEpaTypbl yBeJHYuBaeT MOJMMEDH3ALUHUI0 paclaaBa, KOTOpas SsBJsETCS
9K30TEPMHYECKHUM IIPOLEeCCOM.

OT nojioXKeHHsi B CTPYKType CYLIeCTBEHHBIM O8Pa30oM 34BHCHT CIOCo0-
HOCTb K liepeMellleHHI0O KOMIIOHEHTOB B paclJjaBe. 3aMeTHOH NOABHXKHOCTBLIO
06/M1a8a10T TOJIbKO KOMIIOHEHTBI, HaxOAfil{Hecs B «laJbHell CTPYKType»,
Ipr4eM 1X TIOABHMKHOCTb TEM BLIINE, YeM MEHblle 3HepTUs CBsi3H (W 3Hep-
rHsl AKTHBAallHH pa3pbiBa €e) ¢ KHCJAOpPOIOM OuinkHed cTpykTypel. Hau-
MeHblIHe 3HePTUH CBA3HM U 3HEPTHIl aKTHBAUHH OOVCJIOBJIMBAIOT 3HAYHTEb-
HO 60JBILYI0 [IOBIAKHOCTL LLEJIOUHBIX METAaJJ0B N0 CPABHEHHIO ¢ NPYLHMH
KOMIOHEHTAMH, YTO XOPOHIO TNOATBEPKAAETCS SKCIEePUMEHTAILHLIMH Aai-
HBIMH.

CHlMKaTHBlE paciyaBbl XapaKTepH3YIOTCS 3HAUUTEJSbHOH pacTBODH-
MOCTbIO BOIAB MPH MOBBIMIENHBX AaBJeHHAX. PacTBOPHMOCTL BOABl 3aBUCHT
OT TeMIilepaTypbl, AaBJeHUS U COCTaBa pacmiaBa. JKCIepHMEHTaJbHble JaH-
Hble M0 PAcCTBOPHMOCTH BOIBl B pacillaBaX 'HaXxOASATCS B COOTBETCTBUH C
NPHHUHNHAIbHON TePMOJHHAMHYECKOH 3aBHCHMOCTBIO:

(5%1{20 — Si{,o) Vio— Vf{ZO)
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COr/JIacHO KOTOPOH pAacTBOPHMOCTb BOJALI YMEHbLIAETCS C VBEJHUEHHEM TeMmile-
paTypbl (TdK Kak MO/bHag 3HTPONHA BOALI B ra3oBOi dase Sh,o Boblme, ueM
B pacrsase —S]’{ZO) H VBEJIHYHBAETCS C IIOBBILIEHHEM A4BJCHHS IIApOB BOJAbLI
(TIOCKO/IBKY MO.TbHBIE O6BEM BOABl B rasoBoil dase Vi:( Coabime, yem B pac-
lL1age — V’HzO).
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I KOJIMYECTBCHHON XapakTepUCTHKH Ha puc. 33 CYMMHDPOBaHH
3KCHepHMEHTaNbHEIE JaHHble MHOTHX HCCJIefoBaTe]ed 1o OlipeleseHHIo
pacTBOPHMOCTH BOAbl B paciiiaBaX KpeMHeseMma, aib0uTa, rpanura u Oa-
3aabTa. Anajns J1aHdblX N0KAa3biBaeT, YTO paclyiaBbl XapaKTepH3YIOTCs Cy-
IIeCTBEHHON, HO OrpalHyeHliof pPacTBOPHMOCTBIO BOAbI, HENpepbIBHBIH Ie-
pexo] paciiaB — pacTBOp 1JAs 3THX paciiaBos ortcytcrsyer. [Has me
OueHp BBHICOKMX AaBjieHHii (1o 4000—6000 atm) u3otepmuyeckasi pacTBo-
PHUMOCTb Gau3Ka K JHHEHHOH 3aBHCHMOCTH Xno=KV Puo. Vcranasau-
BAETCSl CBSI3b PaCTBOPHMOCTH BO1BI
¢ COCTABOM CIJHKATHOrO paciliaba.
Haumeubwed pPacTBOPIIMOCTHIO
(B MOJbHBIX  10J51X) ofsazaer
pacijaaB  KpemHe3ema, Hanbo.Ib-
wefi — pacnnas aav6ura. Pacnaa-
Bbl TpaiTa o 6aszanbTa XxapaxkTe-
pHU3yIOTCs ‘GJAH3KOH MOJLHON A0JCH

¢, 33. PacrsopumocTe BOIbl B paciia-
Bax aabbura, 6azasbra, rpaHHTa H KpeM-
lesema (3 MOJBHBIX MpouenTax, onpene-

! | { 1 ! ! 1 |

! z J 4 5 6 7 8 emmix icxoxs 13 npeicTaBiciiil 0 KBa-
3 3 ST J
Pnzo Kkbap JIKPHCTANLTIUECKOM CTPOCHI  paciiasa)

pPAacTBOPHMOCTH BOABL. JKCNepHUMeHTaJbHble [aHHble [OKa3bIBAIOT TaKXKe,
YTO PACTBOPHMOCTL BOIbl BO3pacTaeT [0 Mepe yBeJHUEHHS COMACpXKaHHs
mesoueli B pacniaaBax.

OTMeueHHBIE 3aBHCIIMOCTH DACTBOPHMOCTH BOABI 20T ONpeAeJCHHBIE
OCIIOBAHMA AJs Tpeldnosoxeduil o dbopMe CyIlecTBOBAHUS BOABI B CHJHKAT-
HBIX pacniaBax. MoxHO nosnarath, UTO IIPEHMYILECTBENHOE 3HAYeHHe
HMEeT BOJa, NPUCYTCTBYIOLLASl B paclyiaBe B IHCCOLMHPOBAHHOM COCTOSHHH.
PactBopeHue BOJAB B TAKOM CJydae MOXHO MPEACTABHTL KAaK PEaKLHIO MO-
JEKYJ BOAB M HOHOB KHCJOpojaa paciiaBa ¢ oOpa3oBaHHEM THAPOKCUJb-
nslx rpynm: HoO+0O=20H (B cooTBeTcTBHH ¢ 3TOH CXeMOH HaXxOAUTCA

a a, . 2- S
H30TepMHUUecKas pacTBopuMocTs X - == m = KVpnzo).
You-—k

B a3aBucnMocTH OT cocraBa pachidaBa CTPYKTypHas poab obpasylo-
IIUXCH THAPOKCHJABHBIX Tpyin OyAeT pasiuyHa. B pacnaaB kpeMHe3eMma
MOJIEKYJa BOJbl MOMXKeT BOHTH, Pa3pYUIHB CBSI3H KPEMHEKHCJOPOIHOTC Kap-
Kaca TakuM 06pa30oM, 4TO OJHA MOJEKYJIa BOJABl paspblBacT OXHY H3 CBA3EH
—0—-Si—0—Si ¢ o6pasoBaHueM JABYX THAPOKCH/JBHBIX  CBfi3el:
—0—Si—0—H, H—-0—Si—0 — 5370 BHI3bBaeT [eNOJHMePH3aLHI0 H
yMeHbleHHe KHCAOTHOCTH pacnjaBa. DBbicokass mpouHocTb cBasell Si—O
06yCca0BIMBaeT BecbMa OrpaHHUEHHYIO ‘PacTBOPHMOCTL BOALI B pacmjaBe
KpeMHeseMa. B CHIMKaTHBIX pacmyiaBax, CoAepXallHX KaTHOHHBIE TPYNNbl
(nanpuMep, M — nBYXBaJEHTHBI KAaTHOH), BOJa 3aHWMaeT HHOe CTPYK:
TYpHOe Mo.i0¥KeHue. MoJieKyJaa BOALl paspbiBaer ¢Bf3b M—O, 3amensas ee
ez M—OH u Si—OH. Tlpounocets eBsisn M—O cylnecTBeHHO MeHplle
KPEeMHEKHUCJIOPOAHON ¢BSI3U, TO3TOMY PaCTBOPHMOCTb BOIbl B OCHOBHLIX pac-
nJaBax Bhlle, YeM B pacnaaBe kpemHesema. OcoBGeHHO CYLIeCTBEHHO 1Jd
HeTporeHeTHYECKHX LieJell ToBeleHle BOIbl B pacliaBax, TAe KaTHOHBI
npeaCTaB/IeHbl IeJOUHBIME MeTaanaMi. B Takux pacninaBax MoJekyJaa Bo-
nbl, AHCCOLHHUPYS, OTILEIJSET BOIOPOT, KOTOPBII BbITeCHACT IILEJOUHOH
MeTanaa B cBa3n R-—O, 3aHuMas ero noJoxeHue B «AaJbHell CTPYKType».
[1lesounbie MeTaAabl OKA3blBAKTCS ACCOLHUPOBAHHBIMU ¢ THAPOKCHJIAMH H
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of6pasyiotr B pacrnnase cBoboanbie rpynnbl R—OH. 3ameuienne KaTioHOB
LleJIOYHBIX METaJJM0B BOAOPOAOM BOJABI 3HepreTHYeCKH HauboJgee 6aaronpu-
ATHG H3 BCeX BO3MOXKHBIX PEaKLHA pacTBOpPeHHUS] BOJLL

Mox1I0 nosarats, YTo KpoMe AHMCCOLWMPOBAHHON BOLbBI B CHJIHKATHBIX
pacniasax B OlpefeeHHbIX YCJAOBHAX CYIIECTBYET H B TIPOLLECCE 3BOJIOLHH
pacna1aBoB HeH30GEIKHO NOSBJASETCS BOAA B MOJIEKYJAsapHON ¢opMe. Moseky-
JAdApHAad BoJa MOXKeT €03/aBaTb FHApaTHble 000J0YKM HOHOB HJII BXOAHTb
B COCTaB BOJAHBIX KOMILIEKCOB, MOXeT 00pa30oBbiBATH CAMOCTOSTEIbHYIO
(basy, pacrnosaramlilyiocss MexXAy CTPYKTYpPHBIMII TpPYIilaMH pacnjgaBa C
BOJOPOJHOH ILJIH KOOPAHHALHMOHHOH cBsisblo ¢ uuMH. Jnsi HaxoxIenus B
pacmiaaBe MOJEKYy/AspHOH BOAbLI OJaarONpHATHBl BbICOKHe jaBJjeHus, Oo.ee
HH3KHe TeMllepaTypui. HakoHnel, Mosexkyaspuasi Boja 1Heu30eKHO BO3HIIKAET
IPH KPICTAMIN3aLKIT BCJAEACTBIE OTpPaHHUYEHHOl pPacTBOPHMOCTH BOAbLI B
pacljaBax.

IMosenenie u3GLITOUHON 'BOAB IPH KPHCTAMIN3ALHI pacikiaBa 1J1u
BC/IEACTBHE TOHHMKEeHHs JaBJACHHA BLI3bIBAeT pacc/ioeHHe pacisiaBa ¢ obpa-
30BaHHEM BTOPOIl, cylllecTBeNIo BOAHON dasbl. B ycaoBHSIX HHU3KHX IdaB-
JIeHHH oHa cyllecTByeT Kak CoOCTBEHHO rasoBad (aza H CPaBHHTENBHO
ObICTPO OTAeJdsieTcs OT pachiiaBa. B ycJOBHSIX BBICOKHX AaBjednil BoAHAf
¢dasza obnanaer BLICOKOH NJOTHOCTBIO I B OTHOLIEHIH TJABHBIX XapakTepli-
CTHK (DacTBOPHUMOCTb, AHCCOLHAUUSI H T. A.) NMPCACTABJASET KHUAKHH BOLHO-
coseBolt pacTBop. B mauanbHON cTafMH — TPH MHKPOpPAcCIOCHHM — BO3-
MOXKHO yleprKallhe BOAHOH ¢ra3el B pacljaBe oA AeHCTBHEM CHJ CBSI3I
MOJICKYJ BOABI CO CTPYKTYPHBIMH TIpynnaMu pacisiasa. llpu yBeauuedin
pasMepa ob6oco0acHUll BOAHO-COIEBOH PAacTBOpP KaK CyILECTBEHHO MOJIEKY-
JpHas KHUAKOCTb, 00/a1arollas MeHbUIHM IOBEPXHOCTHBIM HATSMKEHHEM,
uyeM CHJHKATHBI HOHHBIA pacnjias, ©YyIeT OTAeJsThCS («BBITAJIKHBaTLCSA»)
H3 pacin/jasa, JaBas 11ayajo THAPOTePMAaJbHbIM DACTBOPAM.

Crenyer npeanojarath BBICOKYIO IOABHXKHOCTb BOJAL B CHAHKATHBIX
pacnjaBax, OCYUIECTBJASIOULYIOCS MJs JUCCOLHMHPOBAHHOH BOABI, BEepOSITIIO,
NyTeM TPaHCAALHMH NPOTOHA HOHAMH KHCJIOPOAA, a IS MOJeKyJIsApHOH BO-
Jbl — KOHBEKTHBHBIM TeUEeHHEM B [10Je FPajueHTa TaBjeHHH.

Bopa, pacTBopennasi B CHJIMKATHBIX pacniaBaX, OKa3blBaeT CYI[eCTBEH-
HOoe BJHsAHHe Ha (QU3HUeCKHe CBOHCTBA pACILIaBOB, NOHNIKASA X TeMIepa-
Typy IaB/ieHHs (CM. HHXKe), BSI3KOCTb, YBEJHUHBAS 3J1eKTPOIPOBOAHOCTDL
I IIOABHXKHOCTb OCHOBHBIX KOMIIOHEHTOB B ‘pacIiiaBax.

CunukaTHble pacijaaBbl PacTBOPSIIOT, €CTECTBEHHO, HE TOJBKO BOAY, HO
H apyrue Jeryude KommoHeHTnl — COs, SOz, H,S, Cl, u 1. 1. Oanaxko
SKCIIEPUMEHTa/ bHble AaHHBIE O PACTBOPUMOCTH H BJIHSHHUH APYTHX JETYUYHX
KOMIIOHEHTOB CAMHHUHBI H OOCYXKJeHMe HUX [0oKa IpexkTeBpeMenHo. OrtMe-
TUM TOJbKO, 4TO pacTBOPHUMOCTb YIJIEKHCJAOTBI B paclfiaBax NOpPHOA3H-
TeJbHO Ha TOPSIACK MeHblle, YeM BOJbI.

KPHCTAJIJIU3AUHUA MATMATHYECKHX PACIIJIABOB

TloHmxeHne TemmoepaTyphl ¥ H3MeHeHHe NaBJeHHs (NOBHIINEHHe ofuiec-
ro [aBJCHHS HJAHM yMeHblUeHHe NaBJGHHS IapoB BOLBI) BLI3BIBAIOT KpHU-
CTANJHM3aLHUI0 MarMaTHyeckux pacnnaBoB. OOIlHe 3aKOHOMepPHOCTH KpH-
cTaJJu3aliu pAacIIaBOB KaK BCAKHX (a30BbLIX HEPEXOJ0B ONPeAessitoTCs
TepMOIHHAMHYECKUMH napaMerpamu cucrteM. O1HAKO B KOHKPETHOM NPOsB-
JeHHH 3THX 3aKOHOMEpPHOCTeH CyllleCTBEHHOH oOKasblBaeTcsl POJib KHHETHUYe-
CKHX (G aKTOpPOB, TAKHX, KAK CKOPOCTb 06pasoBaHusi 4 pocta ¢as, CKOpPOCTb
Iuddy3un KOMIIOHEHTOB H T. II.

Kpucranausauus npupoaHBIX MarMaTHYeCKHX pacnjgaBoB — NPOLECe
HeoOpaTuMblid. OfHaKo NpOTEKaHWe 3TOr0 HeoOPATHMOTO mpollecca, ocobeH-
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HO B TJyO6HHHBIX YCJIOBHUSIX, TAKOBO, UYTO B 'KaXKIblfi MOMEHT BpeMeHH, B
KaX»J0M JaHHOM y4YacTKe OCYIIECTBJsieTcsl TEHJeHLUHS K OJHO3HAaYHOMY CO-
OTBETCTBHIO COCTOSHHS cHCTeM (akrtopaMm MuHepancodOpasoBaius, T. e. K
paBHOBecHbIM cooTHoweHUAM. [losToMy sakoHoMepHOCTH H3MeHeHusi aso-
BOTO COCTaBa TNPH KPUCTAAJH3ALUUHU PACIIABOB ¢ YCIeXOM MOIYT ObLITL pac-
CMOTpeHbl Ha OCHOBE PAaBHOBECHON TePMOAMHAMUKH, TIyTeM H3YYeHHS M IpH-
JIOKEHHST JHATPAMM COCTOSTHHS CHCTEM.

B Hacrosilllee BpeMsi H3BECTHO GOJbLIOE YHCJAO AHATPAMM COCTOSIHUA
CHJIMKATHBIX CHCTEM, NOKa3blBalOLIUX 3aBHCHMOCTb MEXAY TeMIlepaTypoH,
JaBJeHUEM, XHMHYEeCKMM U (aszoBbiM (MUHEpaJbHBIM) COCTaBOM CHCTEM
(T—P—X nuarpammel). XOTsl HH OfHa H3 IKCIEPHMEHTAJbHO H3YUEHHBIX
CHCTeM He OTBedaeT INOJHOCTbIO COCTaBY KaKOH-ABO6O MarMaTHYecKoH Io-
POALI 11 OHH MOTYT PaccMaTpUBATLCH TOJBKO KaK CYLIECTBEHHO YIPOIIEH-
Hble 11pao6pasbl, TeM He MecHee (U3UKO-XUMHUECKIE 3aKOIOMEPHOCTH KpH-
CTaMJAH3alU{H pAcClIaBOB  ABJASIOTCS OOIIMMH, H 3HaHHE YNPOMIEHHBIX
3KCNepUMEeHTaJNLHbIX  JHAarpaMM COCTOSHMS — cOCTaBJseT o00s3aTe/bHbH
3Tan B uM3yYeHUH u TIOHMMaHHH O0Jice CJOXKHBIX DPHPOAHBIX Marmarudge-
CKHX CHCTEM.

HecMoTps Ha 3HaunTenbHOE pasHooOpasHe aAuarpaMMbl COCTOSIHHS CH-
JHKAaTHBIX H JPYTHX 0O COCTaBy cHcTeM (0OCOOGEHHO IIUPOKO H3Y4YeHB! CH-
CTeMbl B TEeXHOJOTHUYECKHX ILensX, npu P=1 aTMm), Bce OHM NPEICTaBJASIOT
KOMOHHAUUN HeOOJbLIOTO UYHMCJAA THIHYECKHX COOTHOIUEHHH, KOTOpbLlE
BKJIOYAIOT: a) KOHTPY3HTHOe INJaBJjenue, 6) HHKOHTPYIHTHOE MJaB.ellHe,
B) OTCYTCTBHE PAacTBOPHMOCTH B TBEpPIAOM COCTOSIHHI, I') OTPAHHYEHHYIO pa-
CTBOPUMOCTb B TBEPAOM H KHAKOM COCTOSHHH M [) HeOrpaHHYEHHYIO pa-
CTBODHMOCTb B TBEePIOM H KHAKOM cocTostiiiin. CucTeMbl, ecTecTBenuo,
pasNuYalTcs N0 'COCTABY M UYHCJAY KOMIIOHEHTOB — OAHO-, JBYX-, TpexX- i
MHOrokomnoneHtHole. OfHako NPUHUHDMAJbHOE 3HAUEHHe, ONpelensiollee
HH3UKO-XIIMHYECKHE OCOGEHHOCTH W THI JHATPaMMbl COCTOSHHS, HMEeT Mpii-
CyTCTBHE B COCTaBe CHCTEMBbl JeTy4ux KoMnoHeHTOB. COOTBeTCTBEHHO pas-
Ju4aT: 1) CHCTeMBI B KOHIEHCHPOBAHHOM COCTOSIHMH, MJH KOHAEHCHPO-
BAHHbIE CHCTEMBI, H 2) CHCTEMbI C JETYYHMH KOMIOHEHTAMH.

O6umass T—P—X pnarpaMMa COCTOSIHMSI CHCTEMBI TOKa3blBaeT aHaslH-
THYeCKH BEIpaXKaeMmylw npasuaoM (a3 (n=K-42—r) 3aBHCUMOCTb MEXAY
HHTEHCHBHLIMH napaMeTpaMH CHCTeMbl (TeMmnepaTypa, [daBJeHHe=2), XH-
MHUUYECKHM COCTaBOM CHCTEMB (unciao kommnoHeHToB K) u (asoBBIM cocTa-
BOM cHcTeMbl (uncio das r). Okasanoch ya0GHBIM HHTEHCHBHBIE MapaMer-
pbl n3ofpa)aTh B ZEKAPTOBLIX KOOPAMHATAX, 4 XUMHYECKHI 'COCTAB CHCTE-
Mbl — B OapHUEHTPHUYECKHX, B KOTOPBIX reoMeTpuueckas Qurypa — orpe-
30K, TPEYroJbHHK, NMPHHUMAaeTCs 3a eJMHIIYHOE KOJHYeCTBO (MOJbHOE HaH
BECOBOE), a COCTaB (UIYpPaTUBHLIX TOUEK BHYTPH (asbl ompelensiercs iio
NpaBuJy LeHTpa TAKEeCTH WAM peldara (cM. HHXKe). XoTsd GapHIeHTpHUe-
CKHe KOODAMHATBHI H NMOHHKAKT HAa eIWHULY pa3MEepHOCTb JHAarpaMM, TeM
He MeHee yxKe AAs AByXKoMnoHeHTHo# T—P-—X puarpaMmbl Heo6xoanMa
TpexMepHas ¢durypa. [ToaToMy nuarpaMMbl cOCTOsSIHHsS OOBLIMHO TIpeAcCTaBJIe-
HBl B Buie usoGapuueckux cedennii (7—X amarpammel), AJasl KOTOPLIX Opa-
BuJI0 (a3 coorBercTBeHHO n=K-+1—r (OAHH HHTEHCHBHBIH napamerp —
TeMneparypa, AaBJeHHUe NOCTOSHHO M He OKAa3blBaeT BJNAHUS HAa H3MeHeHHe
tha30BOr0 COCTLBA CHCTEMBI).

KoHgeHCHPOBaHHbBIE CHCTEMBI C KOHIPY3IHTHBIM MJAaBJeHHEM
6e3 TBePIAbIX PACTBOPOB H cOeHHEHH

KoHrpysHTHBIM HasbiBaeTcd IJIaBJjeHHe, TIPU KOTOPDOM cocTaB obpa-
3yWLIerocsi pacniaBa TIONHOCTbIO OTBeuaeT cOCTaBy TBepAoil ¢dasnl. Kow-
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TPYSHTHO NJaBSATCA MHOTMEe MHHEpaJbl, HANDHMEP OTREYAIollie N0 COCTaBY
OKHCJIaM: KBAapl, KOPYHI, MePHKJA3 H 1pyrue Gojee CIOKHBIE 110 COCTaBY
CHJIMKATH: (OPCTEPHT, RHOMCHA, a1bOUT, JefiuuT u Apyriue. Kasibii Kom-
TPYSHTHO MJIaBAIMACS MHHepad Wiu dasa (1/1s OGLIHOCTH Mbl 6yAeM YIo-
Tpe6JsTh mocsejHee 0603HAUEHHE) MOTYT paccMaTpuUBaTLCS KaK He3aBHCH-
MBIE KOMMOHEHTBI CHCTeMbl. OHH HMCIOT COGCTBEHHBIE TeMIEpaTypbl mJas-
AeHUA (T'm) u cOBCTBEHHBIE TENIOTH MJaBAeHHA Qm=-—AH,, KOTOpbie pas-
Hbl (c O6pATHBIM 3HAKOM) H3MEHEHHIO 3HTAABLIMH ¢da3oBoro mepexona
TBEpRLOe<==XKHAKoe. [y U Qn HaxoAdTCs B HEKOTOpPOHA IIpPONOPLHOHAJILHOM
3aBHCHMOCTH: 4eM Gosbuie Qm, TeM Bble Tr,. CMech KOHTPYSHTHO IJIaBs-
WHXCcs a3 uMeeT MeHbLUYIO TEMIEpaTypy IJaBleHHs, ueM TeMneparypa
IIaBICHHA KaxJoil #3 das. IJTa 3aBHCHMOCTb XapaKTepH3YeTcs TEepMo-
AIHAMHYECKIM COOTHOLIEHHEM

! AH,,
dIn apy = p dT (1)
HJIH
! AH,, 1
d]nxt;zwdT—dlan, (2)

KOTOpOe NPHUMEHHTENBbHO K HIAeaJbHBIM cucTeMaM (6e3 TNoCJaelIHEro ujaena
ypaBHeHHs 2) u3BecTHO Kak ypasuenne Illpemepa. YpaBueHue nokasbiBaer,
UTO YMeHbIIEHHE COLEepKaHus

MOJbHOH 101H X KOMIIOHEHTa ,6?]'5_

B CHCTeMe JOJXKHO TIPHBOAHTD

K YMEHBIUEHHIO TeMIIepaTyphl

€ro TMJIaBJeHHS B CHCTEME. 1500
DTo B paBHOH Mepe clpaBel-

JUBO I/ BCEX KOMIOHEHTORB

Therss3e

cucteMsl. Torpa crmenyer, uto #t.,é% A
nIpHu KAaKOM-TO onpeaesieH-
HOM <CocCTaBe TeMneparypa 1300
T, 07

Puc. 34. T—X puarpamma cocrosi- : (.
HH  KOHJEHCHPOBAHHOH  CHCTeMb 1200k, A DitiAn !l)lf+
(1marpamma m}jmxocm) JHONCHI— Di b .An’jr. i n
anopTHT npu P=1 at™m. O6msacHe- - EIEELAy

HHe 0603HAUEHHI CM. B TeKcTe Cartg Si,0y ﬂcc_'ﬁ?, I 1T LaAl S0

naBleHus WM KpHCTaJ/H3auuu OyAeT HaWMeHblleH, OAHHAKOBOH A4
HECKOIbKHX (pa3 cuCTeMBl (YHC/IO KOTOPBIX PAaBHO UYMCJAY KOMIOHEHTOB) I
M3 pacljaBa 3TOr0 ONPEeJEeJeHHOrO COCTaBa NpPH 3TOH HaHMeHbiueH Temme-
paType OyAYT OAHOBPEMEHHO KDPHCTAJJH30BAaThCA 3TH (asbl CHCTEMBI.
Takoe cocrosiiue cucTeMbl Ha3bIBAETCS 3BTEKTHUECKHM, HJH NPOCTO IBTEK-
THKOH. B 3aBHCHMOCTH OT 4YHC/a KOMIIOHEHTOB CHCTeMBl BBLIIE/SIOT ABOi-
Hble (GuHapHble), TPORHBIE, YETBEPHbIE $BTEKTHKY W T. 4. Hakowel, ecan
ABOHHOH 3BTEKTHKe NPHOABJATL KAKOM-IMGO TPeTHil KOMIOHEHT, TO TeMIle-
paTypa 1BOMHON 3BTEKTHKH B COOTBeTCTBHH ¢ ypaBHeHueM lllpenepa Gymer
NOHKHKATBHCA TakuM 00pasoM, uTO KaxKAOMy cOCTaBy GyaeT OTBedaTb Onpe-
JeieHHast TeMnepatypa nJjas/ieHus. Kaxaoe n3 oTMeUYeHHBIX COCTOSHHI H
BCE BMecTe OOBEIMHAOTCA NOJ HA3BAHHEM KOTEKTHKH, a COBOKYIHOCTh
KOTEKTHUCCKHX TOUEK Ha JuMarpamme o06pasyeT KOTEKTHYECKYIO JTHHHIO.
Herpynno y6enntbest, uto B TpoiHON cucTeMe Kamaast KOTEKTHUECKAS JH-
HAsl HAUMHaeTCs B GHHAPHOH, a KOHUAaeTCsl B TPOMHONA 3BTEKTHKe.
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OO0cyaum cBoficTBa paccMaTpHBAeMOro Tina JHarpaMM  COCTOSIHHS
KOHJIEHCHPOBAHHBIX CHCTEM (HJIH, KaK HX Ha3blBAIOT YIPOILLEHHO, JHArpaMM
NJ1aBKOCTH) Ha HEKOTOPBHIX NpUMeEpax, BaXHblX JJ5 NeTPOJOTHIL.

Ha puc. 34 nokazana T—X puarpamMma (P=1 at™m) cucTeMBl AHONCHA
(Di) — auoprtur (An), B KOTOpOii 002 KOMMOHEHTA MpPeACTABJIAIOT KOHTPY-
3HTHO TIaBsiiiecsd (assl u He ofpa3yloT MexkAy co0oll coelHHeHHI.
CniowHbIMy AHHUSAMH Ha AHarpaMMme pasfeleHbl 1oJs cTabUIbHOCTH BO3-
MOoxHBIX a3 cucremu: L (pacmnas), L+Di, An+4L, Di+An. ®asosbie
rpaunisl — auuun T E u Th' E — npeactasisior KpUBble MJaBJeHHUS
coorBercTenHo Di u An, onuceiBaemble ypasuenueM llpenepa. Jlerko Bu-
1eThb, HaNpHMep, 4TO uucThli Di numaBHTCA WM KPHCTANIH3yeTcsl NPH
Thi = 1390°C, mo mepe YBeJIMUYEHHsT B CHCTeMe colepiKaHus An Temnepa-
Typa miaBaeHus Di nonuxkaercs BmaoTs 1o 3BTekTHRH (E), B KoTtopon
OLHOBPEMEHHO KpicTasiuayores Di w An.

Paccymorpum B KayecTBe npHMepa KPHCTaMIL3allIoO pacnjaasa, obo3Ha-
yeHuoro ¢uryparusHofi Touko# 1. Coctas pacmniaBa u 3aKpHCTa/l/1M30BaB-
wefica W3 Hero cMecH (a3 onpejessercss N0 NpaBHAy OCapHLEHTPHYCCKUX
KOOpAMUAT: OMyCTHB 13 TOYKH | nepneHaukynasp (amuus 11¥) ma ocb
afclce, oTceueM OTPe3KH, 1TpONOpIHOHaAbHLIE coaepxanuio An u Di: or-
pesox Di 1¢ nokasbiBaer cojaep:kanve An B pacnaase 1(An'), orpesok
An 1*—conepxkauue Di (Di'). I1pu remnepatype, otBeuaroinei touxke 1 (7,),
cHeTeMa, CocTaB KOTOPOH 3aAaH TOYKOH 1, cyllecTByeT B BHAE OAHOM TOMO-
rennoit ¢asnl — pacnnaBa. CornacHo npasuay ¢as B nojge n=K+41—r=
=2+ 1—1=2 cHcTeMa AMBapHaHTHA, T. . He HU3MeHsisl ($a30BOTO COCTaBa,
MOXHO HM3MEHATb TEeMNepaTypy ¥ MOJbHbie COOTHOLIEHHS KOMIIOHEHTOB.
CaenoBateabHo, oAHOGa30BOe COCTOSIHHME cuHCTeMbl | B BMAe pacmiaBa
Oy/eT cOXpaHsIThCS 1P NOHMKEHHM TeMIlepaTyphl BIJOTL A0 TOYKH 2, pac-
NOJMOXKEeHHON Ha Kpusoil naasjedns An. [lpu nocTuXKeHHH TeMiepaTypbl
Ty, oTBeualoUlell Temlieparype NJaaB/JeHHs An B cHCTeMe 3aJaHHOrO CO-
cTaBa, M3 pacnjaBa HauyHeT KPHCTAJJNK30BaTbcs An, B LaHHOH CHCTeMe Kak
dasza nocrosinHoro cocraBa. [lpnm Kpucranaumzauun An pacnnaB Gyger
06equsiTbc 3ITHM KOMIIOHEHTOM. B cooTBeTcTBHM ¢ mpaBUIOM (a3
n=K+1l—r=2+41-2=1 cucreMa MOHOBapHaHTHAa, T. €. H3MeHEHUE CO-
cTaBa 1OJKHO COMPOBOXKAATbCA H3MEHEHHEM TeMNepaTypbl, H HaobOpOT.
CrenoBatenbHO, NpH KpucTaanuzauuun An coctaB pacniaBa OyAer H3Me-
HATLCH BJOJMb KPHBOH miaBlenuss 2—E (mokasano crpenkamu). B mio6oi
MOMEHT MOHOBADHAHTHOH KpPHCTAMJIM3allHH, T. €. NP JI0OOH TeMIlepaType
mexay 7o u Ty, nonb3ysich cBOHCTBAMH GapHIEHTPHYECKHX KOOPIHHAT,
MOXKHO OIpelesNHTL COCTaB M 'KoaudectBa ¢as. Hanpumep, mias T3 mpoek-
IHS TOUKH 3‘5Ha ocb abcuuce MoKasbiBaeT COCTaB pacgu;aBa; OTHOILCHHE

OTpE3KOB OTBEUaeT KOJHYECTBY pacljaaBa, a KOJHUYECTBY

3L.3s 3l.3s
An. MonoBapuanTtaas kpucrannusanus An+L  Gyzer npoponxartbes
BIJOTh A0 JOCTHXKEHHS IBTEKTHKH. B 3BTeKTuKe M3 pacmniaBa KpoMe aHOp-
THuTa OyAeT KPHUCTANIH30BAThbCA TakKKe AMOICHA, CHCTeMa HOHBapHaHTHA
(n=K+1—r=2+4+1—3=0), rteMmnepatypa Hu <COCTaB GyAyT OCTaBAaTbCsl
HEeM3MEeHHBLIMUM BMJIOTb A0 MOJHOH packpucrainnsanuu pacnaasa. Cocras
3BTeKTHYECKOIrQ paclliaBa Jerko olpeJessieTcss MTPOEKTHPOBAHHEM TOUKH £
Ha OCh cocTaBoB (Ha puc. 34 otpesku An¥, DiF), otHocuTeNbHBIE KOJHYE-
cTBa KpHCTaMNH3YyIOWkXcsad (a3 OTBEUal0T HX COOTHOLICHUSM B paciiaBe.
OrHoCHTEJ bHBIE KOJHYECTBA paclijaBa H TBepAbiX (a3 B KaIblH MOMEHT
3BTEKTHUECKOH KpUCTaAAu3allUd MO0 AHArpaMme OIpeAeHTh HeAb3s, Tak
KaK KOJIHUYECTBO pAacCI/iaBa Omperesnsercs Tell10codepKaHHeM HJAH 3HTPO-
nHell CHCTeMBl, KOTOPble He OTpaXXeHbl Ha JHAaTpaMMe.
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Paccvorpennsii npouece kpucrannusamuu yoo6HO 3anucaTh B BHIe

KPDATKOH CXeMBI: Ao+ L Lo And Di
-2 2-E E

Hakoneu, nocie nonuoit packpucraniuzaiumu pacmiaBa cucTeMa CHOBa
CTaHOBHTCS MOHOBapHaHTHOH (mBe asp: An+Di, n=K+1—r=1), Bos-
MOXHO Ra/bHEHINECe TOHHXKEHHe TeMIIePATYyphl CHCTEMbl (€3 U3MEHeHHS
¢asoBoro cocraBa BILIOTH Ao
KaKHX-I100 (asoBHX mnpeBpalle- a
HHH, KOoTOphle GyAYT mpoTeKaTh

yXe B TBEPIOM COCTOSIHHH HJH,
KakK ellle ero o0o03HayawT, —
8 obsacru cybconunyca.

B kauvecrBe npumepa Tpex-
KOMIIOHEHTHOH AHarpamMmel
NAABKOCTH  C  KOHTPYSHTHBIM N4
njaBaeHueM ¢as u 6e3 obpaso- 200
BaHHfl COelHHEHHH paccMOTpPHM
AMarpaMMy COCTOSIHMSI CHCTEMbl 2
nepuKJIa3 (Per) — mnuuens 2200
(Spl) — dopcrepur (Fo), npex-
CTABJAOLIYI0 YacTb GoJee 06- 200
med  guarpamMmbl CHCTEMLI f;,,ggg
MgO—A1,0,—Si0,. 7oy

Ha puc. 35 upeacrabaena 600
npocrpanctBennas T—X gua- fo o

?

rpaMMa cucreMbl (puc. 35, a) u
€€ MPOeKIHS Ha TPEYrOJbHHK
cocraBoB (puc. 35,6). Ha nua-
rpaMmax ej, ez, €3 — OUHapHBIe
IBTEKTHKH B KPaeBHIX 'CHCTEMAX:
E — rpofinas  3BrexTHKa; e4E,
eoE, esE — koTektnueckue Jn-
HHH; Tt e,Ee;,  T3PleEe,,
Th esEe; — nosepxnocty mias-
JICHHUsI COOTBETCTBEHHO II€PHKJIA-
34, WNHHEJH H (POPCTEePUTA, KO-
TOpBle MpencTaB/sioT (asoBble

Puc. 35. T—X amarpamma (z) u mpo-

eKILsT ee HA TPEYroJbHHK COCTABOB

(6) cHcTeMBl nepHKJA3 — MIMHHEh —
¢opcrepur

TpaHHUBL L=1L+S (mBepitas $asa) H noKasbiBalOT COCTAB pacnaaBa, Ha-
XOIAIHMUCS B PaBHOBECHM ¢ TBEpAOH (asodl npH jgaHHOM TeMnepartype
(WTPUXIYHKTHPOM Ha pHc. 35 mokasaubi HEKOTOpHIe u3oTepMbl). B xaue-
CTBE NpHMEpA DACCMOTPHM KPHCTAMNH3ALHIO pacniaBa, O0G03HAUEHHOTO
¢urypatuBnoii Touko#t 1. CocTaB MOJHOCTbIO 3aKPHCTA/NIH30BABILEr0CH
baciilaBa, HJIH, YTO TO JKe, COAEpPKaHUe B paciiaBe KOHTPYIHTHO [JI4BA-
HLHXCS KOMIOHEHTOB, ONpeAe/NAeTCs MO NPaBHJIY GapHIEHTPHUYECKHX KOOp-
AHHAT: CIPOCKTHPOBAB TOUKY | Ha TpPeyrosbHHK cocraBoB (Touka 1/, a Ha
IPOeKUHH TOuKa 1”=2) 1 npoBels uepes Hee npsmbie, napaJaJelbHble CTO-
POHaM TpeyrolLHHKa, NMONYYHM Ha KamAoH CTOPOHE OTPE3KH, IPOMOPIHO-
HaJbHBIE  COACPHAHHMIO KOMIOHEHTOB: HampHMep, Ha CcTopoHe Per—Spi
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(puc. 35, 6) orpeskoMm Per—2’ noxkasano comepxanne Spl, 2/—2" — co-
nepxanue Fo u 27 — Spl — coxepxanue Per (Bce oTpe3ku B AOMAX OT
eIMHHYHOTO 3HAUEHHSH, BbipaxkewHoro aauuoit croponst Per—Spl). Ilpu
TeMIepaType, oTBeualolmes Touke l, B cucTeMe 3aJaHHOrO COCTaBa CyIeCT-
ByeT =~ TOAbKO  paciias, cucteMa  Tpexsapuantna  (n=K+4-l—r=
—=3+4+1—1=3), 1. e. B obsacTu CyulecTBOBAHHs OJHOTO paciuiaBa BO3-
MOXKHO He3aBHUCHMOe H3MeHeHHe TeMIepaTypbl W COAePKaHHH BYX KOMIIO-
HeHTos. [lo Mepe OX/Ja)KIeHHs CHCTeMbl (HIYPATHBHBIH COCTaB LOCTHIHET
TOYKH 2, pacnoJoKeHHOH Ha NOBEPXHOCTH IJIaBJEHHsl NepHKIa3a, u INpH
Temnepatype T, HauHeTcsi KpUCTalAu3alus nepukiaasza. CocraB pacniasa
NPH 3TOM OYyieT HU3MEHSIThCsl BAOJb JHHHH 2—4, pacroNioXeHHoH Ha I0-
BEPXHOCTH I1aBJEHHS U 06pa30BAaHHON TIPH NEpeceyeHHH ee ¢ IJIOCKOCTbIO
Per—1—1’. 310 06ycaoBaeno 00s3aTeJbHbIM A5 OGapHUEHTPHYECKHX KO-
OpPAHHAT CBOICTBOM CJaraeMOCTH COCTABOB: yJlajieHHe u3 pacniaBa (asbl
coctasa MgO (Per) Gymer oGenusiTb pacmiaB 3THM KOMIIOHCHTOM, e
M3MeHsisl COOTHOLIEHHH MexJ1y APYTHMH KOMIOHEHTaMl W BCAKHH pas Tak,
4To cyMMa cocTaBoB Per-+L Gymer paBHa HCXOAHOMY cocTaBy 2. OTHOCH-
TeJbHble KOJHUYeCcTBa pacmiiaBa u ¢asbl Per MOXHO onmpelenuTb 110 COOTHO-
WeHII0 OTPE3KOB Ha Ipoekurk (puc. 35,0). Hampumep, Aast TeMluepatypbl,
OTBeuaoniell TouKe 3, OTHOMIEHHE OTPEe3KOB
Per — 2
er — 3
efAHHHYHBIA). [I0BepXHOCTh KPHCTAJVIM3ALMH TePHKIasza JIHBapHAaHTIHA
(n=3+1—2=2), 1. e. 6e3 naMenenuss (asoBOr0 COCTaBa BO3MOXHO 13-
MelleHHe JI0GBIX JABYX HHTEHCHBHBIX NapaMeTpoB, OANAKO NO (U3HIECKOH
CYTH NPOLECCOB, HIAYIIMX TIPH KPHCTAANH3allMK B CHCTEME, TaKHUMI 11apa-
MeTpaMy SRISIOTCS TeMmeparypa (mepemelneHue no JHHHA 2—4) 1 COOT-
Homenue cojepxanus Fo:Spl (BosmMOXKHOe NepeMmenienne TOUKI 2 mapad-
neablio cropode Fo—Spl, Bbi3biBaeMoe u3MeHeHHeM (HIYPaTHBIOTO €OCTA-
BA CHCTEMBI).

[lpu TemmepaType u cocTaBe pacliaBa, OTBEUAIONIero TOYKe 4, KOTO-
pasi pacrojioXeHa Ha KOTeKTHUeCKOH JMHHMH, H3 paciliaBa HauyHYT OAHOBpC-
MEHHO KpHCTaann3oBatbhesi dasel Per u Spl. CocTas pacniaBa npu 3TOM
BYLeT H3MEHSTbCS 110 KOTEKTHUECKOil JAHHHW OT ToukH 4 o Touku E. I
JI06OH TOUKH Ha KOTEKTHUECKOH KPHBOH (HampHMep, s TOYKH D) COCTaB
pacmjaBa ONpefensieTcsi Mo NpaBuay GapHUEHTPUUCCKHX KOOPAMHAT, OTHO-
CHTeJbHble KOMHUYECTBA BBULEISIONNXCA H3 pacnnaBa kpucranos Per u Spl
OTBEYAIOT OTHOCHTEJNbHOMY COINEPKAHHIO 3THX KOMIIOHCHTOB B paciliaBe
(Per: Spl=Fo—5":5"—5") u, nposeas npsimylo 5'25% 10Iy4YdM OTHOILE-
Hue 25%/5/5%, pabBHOoe KOJHYECTBY paciraasa, 52/5'5%, pasHOe KOJIi-
yecTBy TBepAbIXx a3, Per—b5s, pasHoe KommuectBy Spl, m Spl—5s, pasHoe
koanuecTBy Per. Tpexdaszosas cucrema (L+Per+Spl:n=3-+1-—-3=1 mo-
HOBApDHAHTHA: H3MEHEHHIO TeMIepaTypbl OTBeuaeT OAHO3HAUHOC II3MEHCHHC
cOCTaBa KOTEKTHUECKOIO paclJiaBa.

Kpucraaansanus pacijiaBa 3aKOHUHTCS B 9BTeKTHUecKoi touxe E, rae
43 paciiaBa GyAyT OAHOBPEMEHHO KPHCTAJJIH30BAaTbCH BCe TBepjnie (asbl
cucreMul: Per, Spl, Fo. OrtnocuTenbHble KOJHYeCTBa BblaeIsOLIAXCs (a3
OTBEYAIOT COOTHOIIEHHI0 KOMIIOHEHTOB ‘B pacijaBe, JETK0 OIpeleIseMoMy
[0 NpaBHIaM OapULEHTPUUECKHX KOODAHHAT. B 3SBTEKTHUECKOH TOUKe CH-
creMa HoHBapuantHa (n=3+41—4=0) u sBTeKTHYECKas TeMIepaTtypa CO-
XpaHsieTCs MOCTOSHHOMA 10 TIOJAHOH PaCKpHCTAIIH3allHH pacnjiaBa.

AnanornudblM 06pasoM aHanM3UPYIOTCS H  BCe APYrue JAuarpaMMbl
AIaBKOCTH TPEXKOMIIOHEHTHBIX CHCTEM C KOHTPYSHTHBIM NaBienneM. Omil
OBBIUHO 1IPEACTABICHBl B BHAe NPOEKLUH{I Ha TPEYTOJIbHHK COCTaBOB (CM.

————— paBHO KOJHYECTBY
Per —3

dasw Per, a otnoulenue — KoJHYecTBY pacnzasa (oTpe3ok Per--3
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PHC. 35,0), HOCKOALKY 3TH IPOEKUHH COJIEPKAT BCIO HEOBXOAHMYIO ungop-
MallHIo O CHCTeMe.

HeTbIpEXKOMNOHEHTIIbIE CHCTEMbl TpadUUECcKH aHaJH3UPOBATb BECbMa
3aTPYANHTENbHO (AMarpaMma npeactasisieT 7 — X NPOEKUHIO HAa TeTpasip
COCTAaBOB), a CHCTEMbl ¢ GOJbIIEM YICAOM KOMIOHEHTOB BOOGIE HEBO3-
MOZKIO 003 CHeHIaTbIbIX HCKYCCTBEHHBIX TPeoGpa3oBaHuii AuarpaMm.

KonneHcuposaHible CHCTeMbl 6e3 TBEPAbIX PaCTBOPOB
C COEIMHEHHAMM, MJIABAMMHMHCA KOHIPYIHTHO

Otinryne 1pmarpaMM 3TOTO THNA OT pPA4CCMOTPEHHBIX BbIUIE COCTOHT
TOJABKO B TOM, YTO BbIOpaHHblE KOMIIOHEHTB CHCTEMbl 06pas3yloT coeIHHe-
HHSL, KOTOpble TaKiKe TJ1aBATCH KourpysutHo. Ha T—x numarpammax cu-
CTeM T4AKOro THIa KpPHBBIE IJaBje- -

st (B Ounaplnix cucteMax) HJn T°C vJ’ 1 crd
IIOBEPXHOCTH INJaaBjeHHst (B Tpo#H- 1700 | T Tn =113
HLIX CHCTEMAax) HMeIT OJHH HJl *| L+Crb
HeCKOJALKO MaKCeHUMyMoB (mo uirc- 1500k + T,=1470
JYy COoe/HHeHII), I ToOYKa KaxXKJoro H 1500
MAakCHMYyMa 10 CcocTaBy oOTBedYaeT 1300 h
KaxkaoMy coeaunenno. CooTser- . S*UI 41200
CTBEHHO YHeay coejuHenuii B cil- o100 L*Ngy Stz 05 L+
¢cTeMe YBeJdHUHBAeTCs YN0 JRTeK- 7,',,'"' %/059[, agSighs o7 47000
THUYECKHX TOUEK. 900 +ha, SN 3 A 37 =
T.=837 == el A2 B Tl
-— " 00]-NaySils + L
. +Nzﬂz§'l,205 N0231205+U .
Pue. 36,  T—X nmarpaMma  CHCTeMDb Na. St NG.SL.0 Si0
Na,Si03—Si0,. JlnarpaMma NJaBKOCTH ¢ @, 510y 2 20; ?
KOHIPVIHTHO M1aBsSIWHUMCSI COeJHHEeHHEM Bec‘ ]

Paccmorpum B xauecTBe npuMepa JIHarpaMMmy ILIaBKOCTH GHHAapHON
cucreMsl NapSiO;—Si0, (puc. 36). B 3toil cucTeMe cyiecTByeT coelLnHe-
HHe IHOCTOSIHHOrO cocraBa NasSisO;, KOTOpoe IaBHTCS KOHTPYIHTHO
npu T'=874°C. CooTBETCTBEHHO Ha KPUBOH I/1aBJE€HHS HMEETCH MAaKCHMYM,
II KPHCTa/JJIH3allHA COCTAaBOB, MeHee GOraThix kpemueseMoM, ueM NaySiOs,
OyZeT 3aKaHYMBATbCs B 3IBTEKTHUECKOH TOUKe e;, a GoJiee HOraTblX KpeM-
HezeMoM, ueM NaSiOs, B TOuKke €;. B ocTanbHOM cxeMa KPHCTaJJH3aLHH
aHa/JIOTHUHA ITIPOCTBIM JAHAarpaMMaM ¢ 3BTekTukoii. HerpyaHo Bujaeth, 4TG
paccMaTpHBAaeMyl0 AHArpaMMy MOXKHO TpPEJNCTAaBHUTh KaK JBe JHarpaMMBbl,
KaxKja1asg ¢ OLHOH 3BTEKTHKOH, ec/iH B KaueCTBe KOMIOHEHTOB Mbl BhiOepeM
Na,SiO;—Na,SisOs u NasSisOs—SiO, (MTPUXNYHKTHD HA puc. 36).

Eme oana ocoGenHocTh AuarpaMMbl CBs3aHa ¢ CYIIECTBOBAHHEM MOJH-
MOp®HBIX pa3sHOBHAHOCTEN y KpeMHe3eMma. lIpH TOHHMKeHHH TeMIIEpaTyphl
OYAYT TPOHCXOAUTH NOJHUMOPQHBIE MEpPex0jAbl KPHCTOGAIHT —— TPHIHMHT
Ty, =1470°) u tpuaumur — xBapu (7;, =867°). Ilockoubky Bce 3TH (dasbl
NOCTOSIHHOTO ¢€OCTaBa, TeMiepaTrypa mnepexofa (NpPU MOCTOAHHOM JNaBJEHHH)
CTPOrO OlipefesieHa ¥ NOJS KPHCTAJMNH3ALHH 3THX MHHEDaJOB Ha AHACpaM-
Me OT/jeJeHbl u3oTepMamu. llosnMopdHble NpeBpalieHuss IPOTEKAIOT INPH
HOHBAPHAHTHOM CcOCTOSHHH cHcTeMbl (n=K-+1—r=2+1—3=0), nostomy
coctaB pacnsiapa npu teMmnepatrype nepexoxa (7:, u T:,) ocraercs moCTo-
STHIIBIM.

IlpuBesenbl cxeMbl KPUCTAJNH3ALHK PAcl/JIaBOB, COCTAB KOTOPbIX OTBe-
qaeT ¢purypaTuBHbIM ToukaMm 1 u 3:
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Ha puc. 37 mnpejacrasjeHa cxeMatHdeckas T—X IIpoeKIHs TPeXKOMIO-
HEHTHOH OHArpaMMbl TJIaBKOCTH CHCTEMBbl ¢ COeJHHEHHSIMH, TJIaBANIHMEHCH

8

Pric. 37. Cxema npoekuun I'—X nmarpaMmel TPOHHOH Cu-
cTeMbl € KONTPYIHTHO naapsammpmucst Asoiinbim (D) u
tpoituniM (F) coelnHennsamMu

KOHrPYSHTHO, 13 KOTOpHX (asa D mByxxkommnoueHTHas n dasa F — rpex-
komnoneaTHas. OCcOOGEHHOCTh AHArpaMM 3TOTO THUIlAa COCTOHUT B TOM, 4YTO KO-
TeKTHUeCKHe JUHHH, OTBedalolllie H3MEHEHHIO cOoCTaBa pacn/jaBa NPH KpH-
cTaJJM3allid B TPEXKOMIIOHEHTHOH cHcTeMe (asbl — COCIHHEHHs, MJIaBs-
llerocsi KOHTPY3HTIIO, HMEIOT MaKCHMyM. OJTOT MaKCHMYM DacroJaraercs
Ha MepeceyeHHH KOTeKTHYECKHX JHMHHH ¢ KOHHOIAaMH, COeNUHAIOIMIMH pury-
paTHBHBIE COCTaBBHI cocyliecTByOIUX das (Ha puc. 37 xomuonabl obo3Haye-
HBl IITPUXTNYHKTHPOM). COOTBETCTBEHHO KPHUCTA/MIH3allHsA PacmaaBos, dury-
paTHBHbIE TOUKH KOTOPBIX PacrosiaralorTcs BHYTPH Kakoro-aubo 13 (pasoBbixX
tpeyroabnnkos (ABF, BCF, CDF, ADF), Oyaer 3akaHuuBaTbCs B 3BTCK-
THUECKOI TOUKe, PacMoJIOXKeHwHOH B TOM e (asoBOM TpeyroJbHHKE (coor-
BercTBenno B Toukax Es, Es, E; u Eg). B ocraJpHOM 3aKOHOMEDHOCTH KDH-
CTaJAK3alliy, U3MEHEHH® COCTaBOB DAaclfaBOB, OlpeJejeHHe HX COCTaBa
1l KOJHYECTBEHHBIX COOTHOLIEHHH (a3 IMOJHOCTbIO aHAJOTHUHBl AHarpaMMaM
¢ omuol 3BTekTHKOH. O6paTtum ellle pas BHHMaHde Ha TO, UTO KaxJblH H3
OTMeUYeHHBIX ()a30BbIX TPEYroJbHHKOB MOXKET paccMaTpHBaTbcd KaK CaMo-
CTOSITe/IbHASI AHarpaMma ¢ OAHOH 3BTeKTHUeCKOH TOUKOH.
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Ha puc. 37 takxe 10Ka3aHbl:
1} cocraB GUIypaTHBHOU TOUKH | B OTHOLIGHHH coAepXaHus ¢as
C,DuF;
2) kpucraaau3alis pacniaBa, COCTaB KOTOPOTo ofo3HaueH Toukod I:
L--D L-D}C L-C-+D+F
- —_
12 2 E Es

y

3) KpHCTaJan3alllst pacnaasa, 060311a4cHIIOro TOUKOH J:
L F L-AF L}F "A--B
— —
314 4—E; Eg

KOHILCHCMPOB&HH!:IC CHCTEMBI ¢ COEIHHEHHAMH,
NJAaBAUINMHACA HHKOHIPYIHTHO

MukourpysHTHL M Ha3blBAa€TCS TAKOE IJaBjaeHdHe (pacTBOpPEHHE),

B pe3yJabTaTe KOTOPOro o0pasyloTCs paciliaaB, 11¢ OTBeUAIOLII 110 COCTaBy
CcOoeJHHellnIo, U TBepaas (asa.
®opmMysa HMHKOHTPY3IHTHOTO MJIAB- oy g3
gednsi: D—L-+A. Wuaue HHKOH- _g (] 1( crb.
PY3HTHOE mJaBiellde HasbiBafor 108 v n <1113
, 1600
11/J1aBjJeHueM C pasjaoxKeHueM. {
O6paTHO KpHCTAAAU3ALHT HIKOM- 1500 h=l10
IPY3UTHBIX COEIHHENNH IPOHCXO- 7400
JHUT B pe3yibTaTe peakUHH paHee 1300\~
BhIAeAsiOWHXCS (a3 ¢ PacniaBoM sk - /200
(A+L—D). Peakuus HHKOHTDY-
n Te=990
Pl il IS 1°
Puc. 38. T—X pparpaMma cucTeMbl Jeil- ort + 8 -800
nut (KAlSisOs) — kpemuesem (SiOp) c
HHKOHTPYSHTHO (nggfgglg:;w COeflMHeHHEN KAISi, 0, KAISiS04 Bec.%  Sif,

SHTHOTO pPa3/J10XeHHs ¢ NJIaBJeHHeM IIOCHT TaKxKe HasBaliHe HePHTEKT H-
yecko# peaKIHdHU COOTBETCTBYKUIeEe COCTOAHNE CHCTeMbl Ha3bIBAETCS
MIEepUTEKTUKO K.

OTanuuTe bHLIH TIPU3HAK COCAMHEHHH, MJAABSAUIAXCS IHKOHIPYIHTHO,
COCTOMT B TOM, 4TO (HrypaTHBHAs TOUKa coCTaBa coenuHenuss (D) pacmno-
Jaraercss (Ipu TeMIepatype NJAaBleHHUs) B TOJe KPHCTAMIH3ALUH APYroil
tasnl (A). Takoe nosoXKeHHe M OTpefessieT HHKOHTPYIHTHOe MIaBJeHIie
coequbenus (D—A-+L).

PacemorpuMm ocofeHHOCTH TepHUTEKTHUECKOH XpHCTaJaH3allud Ha TpH-
Mepe GuHapHO# cucTeMbl JednuT—KpemHeseM. Ha puc. 38 mpencrasaena
T—X muarpamma cucteMmbl (P=1 at™). KaaueBnii monesoii mWnart B 3THX
VCJIOBHSIX MJIABHTCA HHKOHIDYHTHO: QUrypaTHBHAS TOUKA MJaBJeHUs (Mak-
CHMYM Ha TIYHKTHPHOH KDHBOH) €ro JeXHUT B TI0JIe YCTOHYHBOCTH JefllluTa
u pacmnasa. [lostomy npu 7=1150° npoTekaeT nepuUTeKTHYECKAs peaKklus:
Ort=Lc+L. Peakuuss HoHRapuantHa (n=K+1—r=2+4+1—-3=0). Temne-
paTypa M COCTaB CHCTEMBl OCTAIOTCS B TEeUEHHe TIEPHTEKTHYECKOH peakluH
NOCTOSSHHBIMH BIJIOTH A0 HCUEHOBEHHS B IIpoIlecce 3TOH peakKIuu OAHOH
13 ¢as. CxeMbl kpHcTanau3anuy GUrypaTHBHBEIX cocTaBos | 1 3:

L _»}L—@—Lc _ L4-Lec—Ort

?

1—2 2P P
L - IL--Lc N 'L -+ Lec— Ort - L -+ Ort - L+Ort+Tr .
3—>4 4—-PpP P P-—-E E

o0
n



Pasinunsg mexXay pacCMOTPEHHBIMH NPUMEPaMH COCTOST B CJeLyIOLleM.
[Tpu ucxoanom cocraBe 1 KpHCTaNIH3allMs 38KAHUHBAETCS B MEPHTEKTHKE:
peakuusa L +Lc— Ort nporekaer ;10 monHoro ucuepnmanus pacmaaBa. Ilpu
HCXOJHOM COCTaBe 3 NEPUTeKTHYeCKas Peaklysi TPOTEeKaeT [0 HCUe3HOBe-
HUfA JiefllHTa W 3aTeM H3 pacnaasa OyleT KPHCTANJIU3OBaThCH KaJaueBbli
moJieBOH mnar BMIOTH 10 3BTeKTHKH L+ Ort4-Tr. OTMeuennble pasiuuus
CBsI3aHbl ¢ COCTAaBOM HCXOAHOIO pacIyaBa: BCe COCTABH, PaClOIOMKeHIIble

Puc. 39. Ilpoeknust 7 — X pguarpaMMel Co-
croanus  cucremst Mg — ALOy — SiO,.
TpoiiHaa cucTeva ¢ MHKOHI'PYSHTHBIM NJIaB-

genmem. Temuepatypa, °C: THT . 2800,
Thor 2050, TSP 1713, TEO = 1860,
TPl 2135, T, 1550, T, - 1760,
T, 2030, T, 1925, T --1700,
Kor p, Y L, W Lp, A9
1,05 Tp, = 1810, T, 1445

e :
510y 65 Lord-mg, AL 510, Mul-Alg 56,05 A

vmex1y Lc n Ort, 6yAyT 3aKpucTanau30BBIBATRCA MOAHOCTBIO B NEPHTEKTH-
we, Bce coctaBel Mexay Ort u SiOs -— B 3BTexTuxe. Ocraapluie cBOHCTBa
auarpaMMBbl, kacalollnecs 3IBTEKTHYECKOH KpHUCTATAH3allliH, Olpeaesenbl
Z0CTaBOM pAacCMJaaBOB, OTHOCHTEJIbHOTO KoJsipdecTBa (a3 i1 T. 1., HOJHOCTHIO
aHaJOTHYHB 75 BCeX PacCMOTPEHHBIX jpuarpaMm. Mel e 6yaeM B Jafb-
HefllIeM CHenHaJbHO YKa3blBaThb HA 3TO, OCTAHABJUBASChL TOJLKO lla OTJIH-
YHTENBHBIX H crneun@uueckuX 0cobellHoCTAX HOBBIX MIATPAMM.

B kauecTBe mpumMepa TPEXKOMIOHEHTHOH CHCTEMBl C HHKOHIPYSITIILIM
naaBJeHueM Ha pic. 39 upuBeleia cXeMaTHalpoBalliast {omyuieno mosc
candupyHa H JABYX  CKUIKOCTEH)  AMarpaMMa CcOCTOSHIUS  CHCTEMbI
MgO—ALLO;—Si0,. Ha 1narpamume npencrasiens 6 a3 ¢ KOHTPYIUTHBIM
nnaBaeHueM (kpiicrobasaurt, TPUIUMUT, (OPCTEPUT, 1ICPIIKIA3, WITIHHEb,
KOPYHA) 1 3 $a3bl ¢ MHKOH[PY3HTHBIM ILIABJElIieM - 1BYXKOMI'OHCHTHEIE
coenuenus {IUCTATHT H MYJAAUT!') U TpexxoMioHeHnrtHoe (Kopauepur). Ha
dHarpaMMe IUTPHUXMNYHKTHPOM TMOKa3aHbl KOHIIOABl COCYLIECTBYIOLLHX a3,
HaHeceHE! (UrypaTHBHbIG TOYKH PAaCIJiaBOB M MYTH HX KPHUCTAJAH3aLlHH.
Hsotepmbl ans obsierueHuss CHSITBI, TEMIEPATypbl COOTBETCTBYIOIUHX TOUEK
o6o3rauensl B noamuck K puc. 39. Has yno6crBa yacTh paccMaTpHBAaeMOoil
auarpaMmbl Ha puc. 40 npuBegeHa B yBeJdliUueHHOM Maciutabe.

AHanu3 mpollecca KPHCTANJIH3aLUK B TPEXKOMIIOHEHTHBIX CHCTEMAax C
HHKOHTDYSHTHBIM [JIaBJeHHEM B Psifle cJyyaeB 3aTPyNHUTENEH, II03TOMY
BAXXHA TOCJAeJ0BATENbLHOCTh MPOBeleHUs ero. [Ipexie Bcero mo mosoXeHHio
(bUrypaTHBHOH TOUKM OUpenensaioT (hasel, B KOTOPble N0MKeH OBITh 3aKpHU-
CTAJUIM30BAH PACINaB, 3aTeM HAXOASAT TOUKY OKOHUAHMS KPHUCTANNH3aALHH
pacniaBa ¥ MOCJAe 3TOr0 — TYTh KPHCTAAAH3aUuy (JHHUS, TOKasblBaomas

H3MeHeHHe COCTaBa pacnaaBa). PacCMOTPUM THNHUYHBIE NPUMEDPHl KPHCTAJ-
JH3aLHUH.

B nocJdeanee BPeMs BBICKA3biBaeTCA MHCHHE O IiHBIX CpaSOBbI,‘( COOTHOIUEHHUAX: KOH-
TPYSHTHOC IIIaBJECHHe MYJIUTA, HepeMeHHbII:I cocraB ero. Mbl OCTaBHM AHarpaMMy B TOM
BHIe, B KAKOM 0OHA 06BIYHO NPABOANTCHA B CIIPABOUYHHKAX.
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Puc. 40. Yacth auarpammul cucremsl MgO-—

A. Kpucrannusauuss pacniaasa, 3aJaHHOTO durypaTuBHoil TOUKO# 1.
B COOTBETCTBHI ¢ PACIMOJOXKEHHeM TOUKH B TPeyroJbHHKe COCTaBOB 3aKpH-
crajan3oBaBuniics pacmias Gyzer caoxed En-4-Fo+Cord. Caenosarens-
110, KPUCTA/JIH3AlHs paciliaBa 3aKOHUHTCSA B TOUKe E,, rae cocyulecTByIOT
sce 3ty Tpu (aswl. [lpocaenum nyTb KpHCTaJAH3aUKH 1—-2—>P,—E,. IIpn
OCTHAENIT TeMIepaTyphl, OTBeyalolmel Touke 1, W3 pacniaBa HauuHaeT
KpHCTAMIH30BaTLCsl Fo, cocraB pac-
niaBa uaMensercs OoT TOYKH 1 mo
nanpasaenulo « jaunun PiPa. [Ipu no-
CTIKEHHH paciljiaBoM TOUYKH 2, pacio-
J0KeHHON Ha TepHTEeKTHUECKOH Kpu-
soii P;—P,, HauuHaeTcss HHKOHIPY-
sutHas kpucTaannsanus En. [lepu-
TeKTHUYeCKasl peakIus TPOHCXOMHT 3a
cuer B3aumojedcTBust Fo u pacnaasa
¢ kpucraannsauuein En. [lpu stom
KoauuecTBo dopcrepuTa B CHCTEME
yMeHbLIaeTcs, a COCTAB pacnjiaBa H3-
MeHsieTcsl  BJOJb NepPHTeKTHYECKOH
KpHBOH TO nanpasieHnio x touxe P,

Al,O;—Si0O, ¢ myTAMH KDHCTAMMH3AUHH TH-
noBbLIX QUTYPATHBHBIX TOUEK

NOCKOALKY B Pe3yJaLTaTe PEaKIMH M3 PacniaBa H3bIMAETCs TOJABKO KpeMie-
3eM M paclliaB OTHOCHTEJIbHO 00OraifaeTcs rJiIHHO3EMOM. WrKoHrpy3HTHARA
peakuusi 1a IEPHTEKTHUECKOH KPHBOH JOJXKHA GLIThL 3anHCcaHa Xak
Lotm+Fo—En-+Loyy, (rme n>m — mo6oe COCTOSIHHE — BIUIOTH  J0
91+n=P,). 3TU COOTIOWEHHs] XOPOUIO BUIHBI I IpadUyeckH: B COOTBET-
CTBMH C NPaBHJOM CJaraeMOCTH COCTAaBOB COBOKYIHOCTDL ¢das Fo+Latm
MOMKeT GbITh 3aMeHeHa accounanueit En+Lgy, Tonbko B TOM caydae, €ClH
cocraB Ly, pacnojoxen Gamxe K P,, nexenu cocras Loy, Ha nepurek-
THYecKOH KpHBOH cicTeMa MOHOBapuautnHa (TpH (asbl Fo, En, L n
n=K+1—r=1), uTo oTBeuaeTr CONPAKEHHOMY H3MEHEHHIO TEMIEPATypbl H
cocTapa pacmiaBa. [Ipn JOCTHXEHHH PAacniaBoM TOUKH Pz meputexTuye-
cKasl peaklus 3aKOHUHTCH, PaclliaB OKaXeTCi HACBHIMIEHHBIM H SHCTATH-
ToM ¥ GOPCTEPUTOM H B JdajbHeHIleM Ha MyTH P,—E wu3 Hero 6YILYT-KpH—'
cTaiAu30BaThCd EN ¥ ¢ HHM OAHOBPEMEHHO CHOBa Fo—TO KOTEKTHYECKOMY
npuuupmy. Hakonen, 8 Touke E mponcxoant SBTEKTHYECKAasd KPHCTAIIM3a-
nus Fo+ En-Cord. O6ulas cxemMa KpHCTaJJIM3alHH pacniaBa, 3alaHHOrO
¢urypaTtuBHofl Touko# 1:

L+Fo Lyym+Fo—En+t Ly,  L4EntFo L+ En - Fo + Cord
12 2P, P, - E, E,

B. Kpucrannusauus pacmjaBa, 3aJaHHOro durypaTHBHOM TOYKOH 3.
Cocrae cucteMsl; En+Cord+SiO; (rpuaumut). Kpucrasiuzauus 3aKOH-
yutest B Touke Ea. OcoBeHHOCTh KPUCTAJIH3ALUHH COCTOHT B TOM, 49TO B XO-
fe mepurekTHyeckoil peaxumn L+Fo—En+L, NpOTeKaolell Ha OTpe3ke
4—5 mepHICKHUECKOil KPHBOH, B Touke 5 GyleT ucuepnan Becb Fo (cocras
3 nossocThio caaraetcs ua das En+Ls). Hdanee 6yaer nponcxoQuTb KOH-
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rpy3HTHas kpucrasnusauugd En B nose En-+L ¢ u3MenenneMm cocTaBa pa-
cnnaBa Lg— L, 3aTeM caenyer KOTEKTHYECKAas  KPHCTAJIM3aLuA
En+ Cord (Le—=E;) u KoHeunass xpucTaanusalusi B 3BTeKTHKe E,. O6uias
cXeMa KpHUCTaJJH3alHH:

L +Fo _ L4(+m)+Fo—>En+L4+n o L -+ En
34 4-5 5-6

L+ En+Cord _ L+ En Cord Tr
6—-E, E,

B. Kpucrannusaus pacniaBa, 3a1adHsoro touxoil 7. CocTaB cHCTEMBI:
Fo+ Cord+En. Kpucrannnszauus s3akanumBaercs B Touke E;. Oco6eHHOCTD
KPHCTA/IIH3ALMH  COCTOHT B TOM, 4TO BIOJb KOTEKTHYECKOH KPHBOH Ha
oTpeske 8—P; u3 pacnnasa BMecte ¢ Fo Bbigeasiercs Spl, kotopas B Tou-
ke P3 nosHocThlo Hcuesaer B pesyapTaTe NePUTEKTHUECKOH peakllH
Lp,+Spl>Fo+Cord. Cocrosinne cucTeMbl TpH 3TOH peaklluy HOHBAPHAHT-
Hoe (yethipe dpasnl n=3-+1—r=0). [locne pactBopenns Spl pacmnas
KpuCTaMauayercss Baosb kpuBoih P3E; 1 B Touke E;, Kak xoTeKTuxa u 3B-
TekTHKa. Obuas cxeMa KpHCTAIIA3ALKNH:

L 4 Fo - L | Fo -} Spl
7'—8 8—P;

Lp, 4+ Spl — Fo 4- Cord L + Fo - Cord L |- Fo i Cord -- En
—= —>
ps ps e El El

['. Kpucrannusamus pacnaaBa, safgaunoro 1oykoin 9. CocTaB cHCTEMBI:
Cord+Fo+En. Cxema kpuCTaN/H3allMH aHANOTHYHA DACCMOTPEHHOMY Bbi-
ure caydato, ¢ TOH pasHuued, yto HauwHaerca ona B moJje L4 Cord:

L + Cord _,. Lt Cord + Spl - Lp 4 Spl—Cord |- Fo

910 [10— P, Py -
N L + Cord + Fo _ L -+ Cord 4- Fo - En .
Py, - E, E,

. Kpucrannusauus pacniasa, 3agasHoro toukod 11. CocTaB cucTe-
mui: Cord+En+Tr. ITyts kpucramnusauuu: 11-+12—~Ps—E,. Ocobennoctu
KpucTa/wIu3aluu caenyroude. Ha orpeske 12—P; nporekaer monoBapuaHTt-
Has TepuTeKTHyeckas peakuus: Ljpim+Mul->Cord+List, Brnots no go-
CTHXKeHHsT pacniaBoM ToukH Ps. B nmepurtekruueckoit Touxe Ps — mHousap-
aHTHAsA NepuTekTHueckas peakuuss Mul+ Lp, —Cord+Tr, xotopas npote-
KaeT 10 mosanoro ucyesHoBeHHs Mul. 3arteM caeayer KoTekTHuecKas H
S5BTEKTHUYECKAsdg KpHCTaJaau3alvusg Ha nytd Ps—E, u B Touke E,. O6masn
CXeMa KPHCTaNNH3alHH:

L + Mul L12+m -+ Mul — Cord 4+ L12+n Ly + Mul — Cord + Tr
— — 5

11 >12 12 P, P, ~
L -+ Cord + Tr - L -+ Cord + Tr - En
P, —E, E, ’

KOH}ICHCHPOB&HHBIC CHCTeMbl C HeorpaHHYeHHOH PacTBOPHMOCTbIO
B XKHJAKOM H TBEepJAOM COCTOAHHH

OTOT TuN OXBAThiBaeT AHArPaMMbl COCTOSIHHSI CHCTEM, KOMIIOHEHTHI KO-
TOpbIX 06pasyloT HeOrpaHHYEHHBle TBepAble pacTBOPbl. Pa3oBLle COOTHO-
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IIEHHS B CHCTeMaX C TBEpAbIMH PacTBOPaMH XapaKTePH3YIOTCs cJjelyioliel
TEPMOIHHAMHYECKOH 3aBHCHMOCTBIO!
a;

dlIn

I AI-Il'rl dT, (3)
a; RT?

! y
din 2o = A g gig Y (4)
x RT? v},

[TpuMenuTeqpHo K HAeanbHBIM pacTBopam (6e3 10CAelHEro uJjena ypas-
HeHust 4) OHO U3BECTHO KaK ypaBHenue Ban-Jlaapa. Ypasuenue Ban-Jlaapa
MoKa3bBaeT, YTO COAEpXKaHHe KOMIOHEHTOB B PacIliaBe B TBEPIOM pPacTBO-
pe pasJuYHO H KaXkJo#H TeMIeparype

OTBEYdeT ONpeleNeHHbIl cOCTaB COCY- G
LECTBYIOUMX pacnjaBa H TBEPLOTO Ty T = 1550
pactBopa. KpuBas nnasnenusi, takum D0 1500
06pa3oM, COCTOMT H3 HIBYX BeTBeil: ’T w0
01HAa M3 HHX IOKa3blBaeT COCTaB pa-
crulaBa — OHA HOCHT HasBaHue Kpu- ,3730 1300
BOH JMKBUAYCA, UJIH TPOCTO JHK B H-
pLyca, 1pyras — NOKasblBaeT COCTAB ,2%0 11200
COCYLLECTBYIOIIErO TBEPAOrO0 pPacTBO- |

71118 Coﬂua | : oo

An | Ab |

Puc. 41. T—X puarpaMma niaaBkoCTu AAS AB 2[; ’240 50 ‘61’0 An
TBePALIX pacz‘r?gpc})ﬁ ggz;grlil(;};naaouoro psiaa NaAlsiy0,  Bec 9, CaALSi,0
pa — OHa HOCHT Ha3BaHHe KDPUBOH COMHAyCa, HAH 1POCTO COJMHAYCa.

Haxonen, nose nmarpaMmbl 4 COOTBETCTBEHHO COCTOSIHHE CHCTEMbBl MEMXIY
JUKBUAYCOM H COJHMAYCOM HasblBaercs CYOGMAHKBIUAYCOM, a HHXKe KpPH-
BOH cosuayca — cyO6CcOaHAYCOM.

B kauecTBe npuMepa OHHApHOH CHCTEMBl ¢ TBEPABLIMI pacTBOpaMi
Ha puc. 41 npusenena T—X puarpaMma naaruoksasa. DTOT THUI AUarpam-
Mbl COCTOSIHHSI TBEDJLIX PAacTBOPOB, K KOTOPOMY TakKiKe OTHOCATCH ApPYTHE
NeTPONOrMYeCKH BaKHHI€ CHCTEMBl (HampuMmep, OJHBIfHLI), 0603HauaeTcH
Hepeaxo kak I tun Poszeboma (nmo uMeHu uncciaenoBaTens, TeOpeTHUECKH
pPaccMOTPEBLIEro I'J1aBHbIE BO3MOXMHLIE THILI GUHAPHBIX CHCTEM ¢ TBEPABIMH
pactBopami). Juarpammbl I THma oT/aHYalOTCST MOHOTOHHBIM H3MeHEHHEM
KDUBBIX JHKBHIYCa H COJHIYCA, LEJHKOM pAacIoJaralolluXci B HHTEpBa-
Jie TEMTIepaTyp NJIaBJeHUsS YHUCTBIX KOMIIOHEHTOB.

PaccmorpuM B KauecTBe MpUMepa KPHCTAAJNH3AIMIO DacnjaBa, 3aiaH-
Horo touko# 1. B uurepsane T,—T, cymectsyer pacunas. [Ipu Ty pacnaas
JLOCTHTAeT KPHUBOH JUKBHAYca (TOuKa 2!) u u3 Hero HaUMHAETCI KpPHCTAJ-
au3anus TBepnofl ¢asel. CocTaB BHIIENSIOIUXCA KPHUCTANIOB JIErKO OIpe-
IeJUTh Tpaduueckd, NPOBEIAS H30TepMy (JHHHS, MapaJjjienbdas OcH alc-
mucc) yepe3 TouKy 2! 10 mepeceueHHs ee ¢ KpHBOH coauiayca (Touka 2%) u
OIIyCTHB MOCHeAHIO Ha abcuuccy cocraBoB. Ilpu 3anamHoM coctaBe 1 —
npu Ty M3 pacmjaBa, o COCTaBy OTBeyallieMy mJaruokjaasy c 409% axop-
THTOBOH MOJeKyas (Ply) HauHeT KpHCTANIM30BATbCH IJACHOKJAA3 C COHEp-
)kaHHeM 769 anopturoBoit Mosexyasl (Plyg). B Touke 2 cucrema momoBa-
puanTHa (n=K+1—r=2+1—2=1); cOOTBETCTBEHHO TOHHXKEHHIO TeMIe-
paTypsl OyneT OTBeuaTh ONpeleleHHOe H3MeHeHHe COCTABOB COCYIIECTBYIO-
WMX pacnjaBa M TBepablx $a3. HMamenenue cocraBa pacnaasa  Gyjer
MPOHCXOJHTh N0 KPUBOH JHKBHAyca 2'—3'—4l u3aMeHeHHe cOcTaBa TBep-
JIOTO pacTBOpa — N0 KpHBOH conugyca 25—>3*—4s. Iamenenue cocrasa
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TBepAOrO PacTBOPA OCYIIECTBJSIETCS 33 CUET PEaKilii paHnee BbIIe/HBLIHXCA
KPHCTAJJIOB C PAaCIIaBOM, IPH 3TOM BAJOBOH COCTAB CHCTEMEI oCTaeTcst
noctosiHHbIM. Tak, aasi Ty BajoBOH COCTaB CHCTEMBl OTBEHAET TOUKE
3(Ply), cocraB pacmsiaBa — TOUKE 31(P124u), COCTAB TBEPAOIrO pacrBopa —
3s(Ples). KosuuectBo paciiiaBa ¥ TBepLOH (pasbl ompefenseTcsi COOTHOLIe-
HueM oTpesxkos 3*—3:3—3. . ) .

Kpucranausalus paciiaBa, 3alaHHOIO TOUKOH 1, saronunres wpu T,
HoCJefHIe KamaW pacnjgaBa OYAYT HMeTb COCTaB, OTBEHAIONLH TOUKE
41(Pl7).

1% 155

1300 J

Meauaumer (Me)
o 1ok (mbeodsid  pacmbop) N
! | 1 el 111 g
A B cazfuz 5(.07 8ec. 0/0 Eaz Mg SLzo‘/

Puc. 42. Cxema T—X guarpammul Puc. 43, T-—X 1unarpaMma  IUJIaBKOCTH
1AADKOCTYH TBepAblx pacrasopos I TH- rRepALIX  PACTBOPOBR  MCJAHINTOBOTO pAnd

na ¢ MakCHMyMOM (ITf THI, ¢ MHHIMYMOM)

O6pariio, ecii Mbl Ha4HeM I1arpeBaTh NAarioK143 Ne 40, to upu T, iE
1Hero HauyHeT BHMJIABAsSTbCA TouTn uHcThll anabut (Pl7) 1 npu nanpuen-
ueM HarpeBaHuM COCTAB pacmiaBa I ocTaoleHcs tBepnoii pasbl (pectu-
Ta) GyAeT oBOrallaThcsi aHOPTHTOBOH MOJIEKYJIOH.

Ha puc. 42 mpeacraBiaena cxema AMarpaMMbl 1TABKOCTH TBCPALIN pa-
crBopoB Il Tuna ¢ MakCHMyMOM Ha KPUBOH ILIaBJCHHI. Taxoro poxa Aua-
rpaMMbl HEH3BECTHBI IOKa AJIs NETPOJOrHYECKHX CACTEM H Mbl OrpaHHIAM-
csl KPATKAM PacCMOTPEHHEM CXEMbl. HeTpynHo BuaeTb, 4TO JIOObIE COCTABI
npaBee u JeBee cocTaBa M KpHCTaJJH3yIOTCS aHAJIOTHYHO TBEPABIM pac-
TBOPAaM IEepBOTO THIIA:

S

L Ly -+ABys o5 L N Lo _g+4-ABs
152 253 ’ 45 556

6

M ToabKO cocTaB M KpHCTAJJIH3YeTCs KaK KOHPPYSHTHO NUIaBsimlascs dasa.
OrmeruM, uTo, BHIOpaB KoMmioHeHTaMu cucremsl A 1 M, a Takxe M u B,
paccMaTpUBAEMYIO AHArpaMMy MOXHO OBeCTH K IBYM AnarpaMmau I tuna.

Ha puc. 43 npeicrasiesa AXarpaMMa ITaBKOCTH TBEPAbIX pacTBOpOB
111 Tuma, OTIHYAKOUWMXCS MHUHHMYMOM Ha KDHBOM IJIaBJICHHA. B oranuue
oT TBepAblX pacrBopos Il THma paccMaTpHBaeMble COOTHOLICHHs BechbMa Xa-
paKTepHbl IJS1 IPUPOAHBIX CHIHKATHBIX CHCTEM. B kauectBe mpuMepa IPH-
BefeHa JIHArpaMMa IJaBKOCTH MEJIHAHTOB — TeJeHHTa (CapAlSi07) =
oxepmanuta (CasMgSis07). PaccMoTpenne noC/ae0BATEJNBHOCTH KPHCTaJ-
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Ju3alHn He Bbi3blBaeT sarpyinennii. Lus (I)HI‘ypa{AHBIIOI‘O cocraBa | cxema
L Me

KpIICTaanli3allid, Halnpumep, L - ‘3"')'/_‘ 35""‘q. OrtMmetuM Tak-
1 -2 2 —3

e, UTO B TOYKe MHHUMYMa KaK B 3KCTPEMa/NbLHONl TOUKe OyAeT KpHCTaJTIH-

30BbIBATBHCA (MJAaBUTHLCS) ¢1MHCTBEHHBIA cocTas M.

HrarpaMMbl COCTOSHUA TPEXKOMIOHEHTHBLIX CHCTEM ¢ HEOTPaHNYeHHbI-

MH TBepJABIMH pacTBOpaMy BecbMa paszioobpa3Hbl, UTO OOYCJIOBJAEHO pas-

JUYHBIMH COYETAHHSIMH TPEX PacCMOTPeNHbIX THIIOB OHHAPHBIX CHCTEM Kak

T°C o

T2 21390

Puc. 44. T—X mpoekuus 1HarpaMMbl cocrosiiist cicrembt aanGur (NaAlSizOg) -
anoprut (CaAlySip,05) — nuonenx (CaMgSiyOg) ¢ xpaenmMii T—X  1uarpaMmami
IS5 TBEPABIY PACTBOPOB TAATHOKIA30H f IBTEKTHKH AHOACH.L - - AHOPTHT

KpaeBHIX (M0 TPH OMHAPHULIN KPAEBBIN CHCTCMDI B LaA LOH TPEXKOMIIOHEHT-
HOH) MeXKAy ¢Oo00H W ¢ KOMIIOHCHTAMH, IJ1aBAIHMIC KOHIDYIHTHO H/N
HHKOHTPYIHTHO.

Boauuioe 3madenne 1/ HOHHMAHHS VCJIOBHH KPHCTANIH3ALHH OPHBIX
110pPOI HMCET TPEXKOMIIOHEHTHAasi CHCTeMa JHOICHJA -—- AHOPTHT — aJIbOMT,
rae ajapbHT — aHOPTHT 0OPa3yIOT TBepIALIH pacteop | Tima, a AHOICHT
IJ1aBUTCA KOHI'PYSHTHO, HAxOIsiCh ¢ IJIArHOK/Aa3aMH B 3BTEhTHUECKHX CO-
oTHoureHuAx. JluarpamMa nJaaBKOCTH CHCTEMBbI HplBeiena 1a puc. 44, mpu-
yeM KpOMe Npoekiunfi 1is kpaeBblx cucreM Ab—An n An—Di na cootser-
CTBYIOILMX CTOpPOHAX TpeyrosabhHHKa npeicrasienbl I—X nuarpammsbl. [nas-
Hass OCOOEHHOCTL JHArpaMMbl COCTOHT B TOM, YTO OHA HMEET He TPOHHYIO
IBTEKTHKY, a HENPepHIBHHIN pAJ OHMHAPHBIX 3IBTEKTHK — 3BTEKTHUECKYIO
JUHHIO €8s ¢ MHUHHUMaJbHOH TeMmnepaTypoil B KpaeBod cucreMe Ab—Di.
PaccMoTpuUM TunuuHble ciydaH KPHCTAAJIH3aLUUH.

A. Kpucrannusauus pacnnaBa, 3afaHHOTO (GHIYPaTHBHONH Toukoi .
Ilpu TeMueparype, OTBeuawilell TOYKe |, U3 paciiaBa HaYMHAeT KpHCTaJ-
au3zoBaThesl Di u coctaB pacniaaBa uaMeHsercds no Jaduin 1—2. Ilpu mo-
CTHXKEHHH TOUKH 2, PacrnONOXKEHHON Ha IBTEKTHUECKOH KPUBOH, H3 paciia-
Ba BMecTe ¢ Di HauWHaeT KPHUCTaANH30BaTbCch Iiaaruoksias. CoBepuIeHHO
CTPOrO ONpPENeNHTL COCTAB BbIAEASIOLISTOCS TIJIAIHOK/Ia3a MOXHO, TOJLKO
ecJM Ha AMarpaMMe RaHECEHBl KOHHOAB (THna JjunHui 22%, 33%, 775 U T. A.),
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CoeHHSAIONIHE GUTYpATHBHYIO TOYKY paciiaBa € COCyNeCTBYIOHIHM MJ/aruo-
knasoM. OfHaxo ecau npeHeGpeub BaAuTHHEM )i Ha aKTHBHOCTH TJIaruo-
KJ230BbIX KOMIIOHEHTOB, TOC HEKOTOPBLIM TPHOJIHXKEHHEM, BIIOJIHE IOMYCTH-
MBIM /1 MHOTHX CHCTEM, MOXKHO OTpENeNHTb COCTAB KPHCTAJIU3YIOULErocs
TBEPAOro pacTBopa. Jlasi 9TOro mpOBOAST TMPsAMYIO depes BepiunHy Di u u-
rypaTHBHYIO TOUKY pacmiaBa (ToWKa 2) 10 NepeceueHHs CO CTOPOHOH CO-
ctaBoB Ab—An (2!), NPOEKTHPYIOT ee Ha JHHHIO JHKBHAyca (TOUKa 24 u
OGBIYHBIM TYTeM OTIPEIEJSIOT COCTaB COCYIIECTBYIOUIEro TBEPAOrO PacTBOPA
(tTouxa 21 v 25). Kouxonw tpeyronbHuka Di—2¢—2 (mposelieHbl MITPHX-
TYHKTHPOM Ha puC. 44) TNOKasblBAalOT COCTaBbl CcOCyHlecTBYIOWUX das.
Kpucrannusamuss Di u Pl Gyner mpoucxoduTh npH B3aUMOJCHCTBHU BbIAC-
JHBIIHXCH Kpuctanaios Pl ¢ pacnmaBoM, cocTaB KOTOPOro OyAeT H3MEHSTb-
csl 110 IBTEKTHUECKOH KPHBOH BIJIOTb A0 TOYKH 3, 'KOrJa BeCb pacniaas
Gylrer ucuepnan u cucreMa Oyfder cnoxena Di+Pls; B cooTHOueHm:
31 : Dil. [Ias kaXIoro coctaBa pacmjiaBa Ha oTpeske 2—3 aHAJOTHYHO
paccMOTPEHHOMY Bhille MOXKeT ObiThb ONpejesieH COCTaB KPHUCTa/IH3YIOlle-
rocs MJAarHoKJaasa, a TI0 TIOJOXKEHHIO TOUKH | BHYTPH TpPEyrosibHHKa cocy-
MeCTBYIOIUX (a3 — HX OTHOCHTeIpHBle KoauuecTsa. OOlnas cxema KpH-
cTaJdJan3aluu:

LiDi L, 5 +Di  Ply_ g
1 —>2 2—>3

B. Kpucrannusauusa pacnnaba, 3ajannoro toukon 4. Kpucranausaus
HaunuaeTcsi ¢ BbUeJeHHs Iuarnokaasa. CocraB mepBbix Kpucrannos Pl ¢
OTMeUennblM Bbllle NPUOAUKEHHEM MOXKeT OLITb ONpeieseH TIPH MOMOIL
KPaeBOH CHCTEMBl, TaK e, KaK 3TO OBbLIO clenaHo B PacCMOTPEHHOM [1pH-
Mepe (4f—r~4§ = Pl,;). Onpexnenenne cocraBoB COCyllecTByOUNX a3 npH
janbHefimel Kpuctaidnuzaumd B noste L+Pl Bosmoxw#o, ToOIbKO ecau
3KCIePHMEHTaNbHO OTpeneseH NyTh KpPHCTaiau3auuu (Ha puc. 44 3to Kpu-
Basi 4—5—6). Torna agas KaxAOH TeMOepaTypbl JHHHSA, 1POBeJeHHaa Yepes
TOUKH €OCTaBa pacliiaBa (HampHMep, ToYKa D) M HCXOAHOro cocTama (TOY-
Ka 4), mpu mepeceyenuu co ctopoHoii — Ab—An o6osnaunt cocrap maa-
ruokaaza (Pl B Touke 5%). B Touke 6, pacmosoXKenHoH Ha 3BTEKTHUECKOH
KPUBOH, BMecTe ¢ MJIArHOKMasoM Oyaer BeifenaTbcd Di u Tak BmaOTH 0
TOYKH 7, B KOTOpOH pacmiaB Oyler HOMHOCTbIO Hcuepman. Ompenenenne
COCTaBOB W KOJHYeCTBa a3 NPy KPUCTAIH3ALHH N0 3BTEKTHUECKOH KpPH-
BOH aHAJOTHYHO DaccCMOTPEHHOMY Bbile mpuMepy. Obuias cxeMa Kpucras-
JTM3AIHH:

Ly g+ Pl g5 N L 4+ Plgg_4 +Di
46 6—>7

B kauecTBe NpHMepa {oJjiee CHOKHBIX JHAIPAMM IJIaBKOCTH C TBED-
JLIMH PacTBOPAMH DACCMOTPHM CHCTEMY KBapl — aJbOHT — KaJjHueBblH
nonesoii mmnart. CHcTeMa MceBAOTPOHHAs, T. €. Ha IHAarpaMMe COCTOSIHHSA
pacrosaragncst T0Je ycTOHYMBOCTH ¢asbl (meiiluTa), Jexauled BHE Tpe-
yroJbHHKA cocTaBoB. JlHarpamMMa TIaBKOCTH CHCTEMbl TIpHBeJeHa Ha
pHc. 45, T1e KpOMe npoeKUHH npHBeleHa 7—X nuarpaMMa KpaeBoil Takxke
ncesnobunapuoi cucreMsi Ort—Ab. Kanuesblfi monesoll mmat u ajJpOHT
o6pasytor TBepaHi pactBop ¢ MHHEMYMoM (III tun). Kpome Toro, kak Mbl
BUAEJH Bblllle, KaJHEBHIA TOJEBOH IINAT MJABHUTCH HHKOHTDYSHTHO, C obpa-
30BaHHeM JeHlMTa M pacijaBa, YTO U OOYC/IOBIHBAET 10J€ YCTOHUHBOCTH
JefilluTa TIPU BHIGPAHHOM COCTaBe CHCTeMBl. I1OCKOMbLKY TMpuMech anbOuHTO-
BOI'O KOMIIOHEHTa TOHHXKAeT TeMIepaTypy HHKOHTDYSHTHOH peaknuu Ha
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T'—X nnarpamme nceBnoGuHapHoi cucTemsl Ori—Ab, To MBI HMeeM HHTep-

S
Ban Pl — P: unkourpysurhoro nepexona Lc+L—Ort u Toabko mpenein-
HBIE COCTaBHl HMEIOT, eCTeCTBEHHO, eAuHCTBeHHyW KoopauHaty (7, cocras
pacnaaBa, coctas Ort) HHKOHTPYSHTHOIO TIepexoaad.

7°C
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Puc. 45. CxemaTusnpoBannas T—X [poexuHs, AHarpaMMbl

COCTOIHHA ICeBAOTPOHHOA CHCTEMBl KaaueBbill 10J1eBOH

umat (KAlSiz0s) — aaebur  (NaAlSisOs) — KpevHezeM

(Si0;) npu P=1 arm. Tlokasana T—X nuarpamma Kpae-

BOH ncengo6vHapHO#l cHCTeMBl Ka.IHeBblH IOJEBOH LINaT—
aapbur ¢ mpoekuuell Ha Hee cevennss K Ke

A. Kpucranausanids pacmiaBa, 3aJaHHOTO (UIYypaTHBHOH TOUYKOH |,
He OTJIHYAeTCs OT PAacCMOTpeHHOro Bblime cayyas (cucreMa Ab—An—Di).
CxeMma KpuCTaaau3saln:
L —Tr Ly 54 Tr— Abys_gs
-
12 23

2TO CIpaBeJHBO H AJA CAyyasy pacCloNOXKeHHss HCXOMNHOTO COCTaBa B IIOJC
Ab+L.

b. Kpucrannusauus pacniaBa, 3aqaHHoro GUTYDaTHBHOK TOYKOH 4,
MOXKeT ObITh NPOCENEHA, €CAH HIBECTEH TIYTh KPHCTAIH3AUKH Il COJHIYC-
jgukBunyc Ort B ceuennu K;K.. Ha puc. 45 cootseTcTByIoiliee ceueHHe mo-
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Ka3aHO IUTPHUXMYHKTHPOM Ha KpaeBOH HAuarpaMme H 0GO3HAUell i1yThb KPH-
craanusaunn (4—5—6). B Takom cayuae HaxoxIeHHe COCYULECTBYIONUIMX
COCTABOB M KOJHYECTBEHHBIX COOTHOWIEHUH CTAHOBHTCH aHAJIOTHYHBIM pac-
CMOTPEHHOH B NpeAB1YylLIeM MpHMepe KPHCTANAH3aUHH pacliiaBa H3 MOJs
nJardoksaasza. Obuias cxema (moxaszama lia plic. 45):

Lot L - Orty oo Tr

—6" v

4 > 6 6> 7

B. Kpucranansauust paciiiaBa, 3a1aiHH0r0 TOYKOH 8, HAUHHAETCSA C Bbi-
denenus jehuuta. MameneHue cocTaBa pacniaBa HaXOAHM BCIOMOraTelb-
HBIM I[IOCTDOEHHEM TOUKH JeHlnuTa, npoBeis JuHuio Lc—8—9. B rtouxe 9
pacmjaB IonajlaeT Ha NEPUTEKTHUECKYIO KPHBYIO M B CHCTeMe HAYHHAETCS
peaKiusi pacnnaBa 1l BLIACIHBILIXCH paHee KPHCTaJJI0B JeRuura ¢ obpa-
30BaHHEM KaJsleBOTo rnoJsesoro uinata. CocTaB pacliaBa H3MeHSIETCs J0
LICPUTEKTHUECKOH KPHUBOH or TOukH 9 mo rtouku 10, oboramiasice HaTpHeM
u ramHozeMoM. Cocra®B KaJHEBOrO MOJECBOTO WINATA MOMKHO ¢ H3BECTHHIM
npuOJaKHKenHeM onpeaeanTb npi nomoutn 7'- X puarpaMMbl Kpaesoi cucre-
Mbl Ort—Ab, Tak Xe Kak 3T0 mesasoch Bbilie [Jsi TBEPALIX PaCTBOPOB
(B MaHHOM cayuae Touka 9 XapakrepH3yeT BaJOBOH COCTAB CHCTEMDI (el
Si0y). B 1pounecce mepHTeKTIYECKOH peaKlHH KaJHeBbld I10JEBOH WINAT
oboratlacTes adbOHTOBOH MoJseKkysioH, l3Mensss cocraB or Orlgs 1o Orijgs.
[TeputekTiiueckasi peaxist MoHoBapuanTHa (n=K+|—r=34+1-3=1)—
II3MEHCHHIO TeMIleDaTyphbl OTBeuadeT COINPSKEHHOEe H3MeHEeHHe COCTaBa pac-
11aBa I MuHepaJa (rBepioro pacreopa). B rtouke 10 Bech sefiuur B Ci-
cTeMe OyleT HCUepNall 1 IIYTh KPHCTAJJNH3alUUH  [POHAET UYepe3 noJe
Ort+L ¢ kpuctananusaiiei n3 pacijiaBa Ka/JHEBOrO NOJEBOro HIIaTa 1epe-
MEHHOTO cocTapa. [lpu docTixeHnnu pacuaasom Toukwu 11, mgexaureil ua
IBTEKTHUECKOH KPUBOH, B cucteMe BMecTe ¢ Ort fymer KpHcTaa1l30BaTLCA
Tr B1oTh K0 ToukH 12, B KOTOPO# Bech pacmaas Oyler ncdepnan. Ofniag
cXeMa KpPHCTANAU3AIHI:

L 4+ Lc - Lc+L9+(””—>Ort~}— | S s L - Ort - L, Ort4+Tr
8—9 9—-10 10 —11 11 —12

Kouneucuposauuble CHCTEMD! C orpaHuqunoﬁ pacTBOPHMOCTbIO
B XKHAKOM M TBEPAOM COCTOAHHH

OrpannyenHass pacTBOPHMOCTb B XKH/IKOM H TBEPAOM COCTOSIHHH BHI3bI-
BaeT pacnaj FOMOTeHHBIX pPacTBOPOB Ha jABe HJHM Oousee COCYlleCTBYIOLLHE
dasbl 0LHOTO arperaTHOro cocrosinusl. PaccrioeliHe XUAKOTO pacTBopa Ha
KHJAKOCTH C OTPAHHYEHHON CMECHMOCTbIO [OCHT Ha3BaHHe JHKBaLHIL
Ha puc. 46 nmpencrassena cxema 7—X puarpaMmbl COCTOSIHHS ABYXKOM-
IIOHEHTHOH CHCTeMbl ¢ 06JacTLIO paccaoeHust [y, cyliecTByIOlel NPH TeM-
neparypax Bbiule JukBuayca. Ilpocieanm ¢ as3oBele H3MeHECHHs] B CHCTEMe
110 Mepe TOHMIKEHMsI TeMIepaTypbl [Jsi COCTaBa, 3a1aHHOro TOuKon |.
B unrepsane T;—T, cyimiectByeT roMoreHusblii pacm.iaB. Ilpu mOCTHKEHHH
T: B pacrniaBe 3aJaHHOTO COCTaBa MPOHCXOLHT pacc/oeHHe Ha JBe HecMe-
uIMBaloUluecs KUAKoctd cocrtaba 2° u 27, llpw ZaspHelilieM NOHIKEHHH
TeMIepaTypbl B HHTepBaste [»—7T, COCYWeCTBYIOT [iBa pacimjaBa, COCTab
KOTOpbIX M3MEHSIETCs 110 KPHBOH pacciaoeHus A pacrnsasa Ly or 27 go 47,
s pacnytasa Ly — ot 27 no 4”. Huxe T, cHOBa CymeCTBYET TOMOTEHHbII
pacniaB, KOTOpPbIH KpHCTaJMH3Yyeicsl Kak sBTekTHKa. Obmas cXema KpH-
CTaJIJIM3alUN:
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L L+l L L+B _ L+B+A
152 254 455 5—~E E

Ha puc. 47 npencrasiena T—X nguarpamma cucTemb Mg,SiO;—SiOs,
XapaKTepusywinas COOTHOUIEHHS, NPH KOTOPbIX 06JacTh PacC/JOeHHs dbac-

L T
/’ i 12200
~ 2100
B 2000
ALz
rlfr-',o 800
1800
7;’ i /0"6*[2
Fo+! 1700
~ 7600
fo+én En+lréb 8
B 17400
Fo én Si
. . 2
A 3 Mg,5t0, MgSios
Puc. 46. Cxema T—X guarpamme! ¢ pac- Puc. 47. T—X puarpamMma COCTOSIHHS CH-
CJIoeHHeM B 06JacTH JHKBHAyca (O6bscHe- creMbl  Qopereputr  (Mg2SiO4) — kpemue-
HHEe B TeKcTe) sem (Si0z) npu P=1 atm

THYHO NepeKphiBaeTcsi 06JaCTLbi0 KPHCTAMMH3AUNH OAHOR H3 (a3 (KpHCTO-
Gasinra). OcO6eHHOCTh CHCTEMBI COCTOHT 5 TOM, 4TO B Heii CyHlecTByeT
Clle OLHO HOHBAapHAHTHOE COCTOsIHMe (NpH T,), B KOTOPDOM H3 XKHIKOCTH
L, (cocraBa n,) kpucTaanusyercsi KPHCTOGAIHT ¢ OJHOBPEMEHHbLIM Bbije-
JIEHHEM HEeCMEWIHBAIOLIEHCsi KUAKOCTH Ly (cocrtaBa ny). O6mas cxema KpH-
CTAJJIM3alHU He TpebyeT NONOJHUTENBILIX NMOSICHEHHE:

L . L+L > L,>~Crb4- L, _*L1+Crb _ L, 4+ Crb -+ En
12 2—>n, ny, n, n, —E E .
2—n,

B TPeXKOMINOHEHTHBIX CHCTEMAax paBHOBECHe IBYX HeCMELIMBAMOLIUXCH
KUIKOCTeH sIBAsieTC AMBapHaHTHBIM (n=K-1—r=3+1—2=2) 7. e. co-
CTaBbl MX TIDH JaHHOM TeMIepaType MOryT ObITb pasJjuuHbiME. IlosTOoMy
Ha T—X npoekuun 06,1acTb pACCJOEHHS LOJKHA GbITh ouepueHa H30Tep-
MaMH, TOIJa IPH LaHHOM COCTaBe CHCTeMbl M JaHHOK TeMIepaType Kax-
LOMY COCTaBY OIHOH M3 XKHMIKOCTeH OGyIeT OoTBeuaTh ONpejeseHHbl COCTaB
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apyroii. PasroBectie IBYX KHUIKOCTEH H KpHCTAJNJIHUeCKOH (pasbl fBAAETCH
MOHOBAPHAHTHBIM: COCTaBbl COCYINECTBYIOUIMX paciliaBoB H300paxaioTcs
CONpSIXKEHHBIMH TOYKAMH HA KPHBBIX, OTBEYAIOUINX PABHOBECHIO C TBEpAOH
¢a30il COOTBETCTBEHHO /51 KaXJO0ro pacijasa.

B kauectBe npuMmepa na puc. 48 npuBe/ieHa CXeMaTH3HPOBAHHAA JHA-
rpamma cucrembl KAISi;O (aeituut) - - FepSiOs (dastant) — Si0.. Ha
AMarpaMMe TOKasambl JiBe 00JAaCTH pacCJOeHHs ! L3+ L, orBeuaronine co-
cTaBaMm, GJH3KUM K OHHAapHOR cHcTeMe Si0Qy—-FeySi0s, u obnactb Li+Ls,
pacno/ioxeHHas B lLeH-
TpaJbHOH 4YacTH JAHarpaM-
Mbl. CIJIOWHBLIMY JHHUAMH
B mpeaenax o6aacTell pac-
CJI0EHHSE OKa3aHbl coCy-
IIeCTBYIOIHE COCTaBbl HE-
CMEIIUBAIOIIHXCA  MUILKO-
creii. Ilpu kpHcTannu3a-
MY pacisiaBa, 3aJaHHOro
toukoit 1, Ha nytH 1—2 13
rOMOT€HHOTO pacnyiaBa
kpucrajiusyerca Fa. Ilpu
TeMIlepaType M COCTaBe
pacmjaBa,  OTBeYalollero
Touke 2/, IPOU30HAET pac-

Puc. 48. CxemaTH3HpOBaHHas

T—X npoekuus gHarpaMmbl CO-

; 0’?. A [ 7] Si0, crosnus CHCTEMbI JefiunT
KAUSU05  KALSiy 0y ort +L (KAIS,Os)  —  gasunt
Bec. % (FepSi04) kpemuesem (SiOy)

cJOeHHe pacnaaBa Ha JBe XKiugkoctn 2 u 27, CucreMa MOHOBapHaHTHA H
[IPH TIOHMKEHHM TEMIEpaTyphl K3 XKHAKOCTH 2’ GyIeT KPHCTaNTH30BaTLCS
Fa ¢ usMeHeHMeM cocTaBa XKULKocTH Li ot 27 po 3’ W cocraBa coCylleCT-
Bylolei1 xunakoctd Lo or 27 10 3”. B Touke 3’ BCH MHAKOCTD L, Gynrer
ucuepnana (cocras | caaraercst u3 Fa+3”) u nasee Kpucraarusalus HAET
OOLIYHBIM NTYyTEM H3 TOMOTEHHOTO paciiiaBa, 3aKaHYMBasiChb B IBTEKTHUECKOH
touke. CxeMa Kpucranausauny:

] i ! ! __l_ Ot T
L+ Fa - L, +L,+ Fa __)_LLZTFa _)_L2+Fa—,—0rt _)_Llea—{— rt + r‘
12 2—>3 34 4 >E E

OcoGeHHOCTh KPUCTAJM3aUMH (QUIYPATHBHOLO COCTaBa S COCTOUT B
TOM, YTO NpPU KPHUCTAJJNM3ALUHH TPUAHMHTA TI0O MOHOBAPHAHTHOHM PpeaKIHH
L,—>Tr+Ly na nytn 6/—n, (nas L) u 6”"—n, (ana Lp) pacnias ne Gyner
ucuepnan. Ilpi TemmepaType, OTBeualollell TOUKAaM f; M Mg (COCTaBBI pac-
NJA4BOB N; H Ng), CHCTeMa CTaHET HOHBAapHAHTHA, TaK KaK BMeCTe C TPH-
JHUMHTOM M3 L, HauHeT KpuCTaaiusoBatbesi ¢asaut. Honsapuantnas
«IICeBNO3BTEKTHUECKast» peakuus Gyner mporekaTb no cxeMe Ligm,)—=Low,) +
L Tr - Fa g0 Tex mop, noka He Oyjer ucuepnad Bech pacnaas L. [lasee
O6LIUHA KOTEKTHUecKasi M 3IBTEKTHUecKasl KpUCTaJJIM3allds OCTaBLIETOCH
pacmiaBa Ly O6mas cxeMa KPHCTA/IH3aHHH:

L4 Tr _»L1—+Tr+L2_)_L1—+L2+Tr—{—Fa . L+Tr+Fa_)_L—{-Tr+Fa+~Ort .

56" 6" —n, ny, Ny n,—E E
6 —n,

PaccMoTpHM Temepb AMarpaMMbl COCTOSIHHSI CHCTeM C OTpaHHYeHHOH
¢MeCHMOCTbi0 B ob6JacTH cybcoauiayca, T. e. ¢ OTPaHHYCHHBIMH TBEDIBIMH
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pactsopamMi. Ha nuarpaMmax COCTOSIHMSI TaKWX CHCTEM, aHaJOTUYHO pac-
CJIOCHHIO B XKHMJIKOM COCTOSHHH, 00o03HaudaeTcs 006/acTh pacrnajga TBEPAbIX
pPacTBODPOB, KOTOpAsl OTPAHHUYHBAETCSI KPHBOH (B OMHApHBIX CHCTEMAax) HJH
NOBEPXHOCTBIO (B TPOMHBLIX CHCTEMAax) pacmaja TBepAblX PacTBOPOB, KOTO-
prle HOCAT TaKXKe HeuacTo ynorpeb.sieMoe Ha3BaHMHe COJbBYca.

Ha puc. 49 npencraBnena T—X puarpamma LIeJOUHBIX 110JI€BbIX Lila-
TOB, 11a KOTOpOM 110Kazauna obaacTb cybcosuayca ¢ KpHBOH coabByca adb.
Ocobennocts $a3oBbIX NpeBpallleHHH B CHCTeMe COCTOMT B pacliaje roMo-
TeHHOTO TBEpJOTO pacTBopa NpH TeMmnepatype HHXe T4 H3orepmbl B TOU-
Kax liepeceyelliss KPHBOH COJIbBYCA MOKAa3bliBAIOT COCTABLl COCYIIECTBYIOIIHX
TBEP/ALIX pacTBOPOB (Hampumep, anas I's coorBeTcTBeHHO 5 u H”). Cxema
KpHCTaANH3alWH paclliaBa, 3aAadHoOro GUrypaTHBHOH Toukoil I:

L . L + Ort (25 - 39) _ Fsp ,
12 34 354
Ort (4 - a) + Ab(4” - b)

'y FY
>0 —a
4" 55" 5 p

HInpoko pacnpocTpaHeHsl B 1pU-
POAHBIX CHCTEMAaX TaKHe COOTHONIE- 79
WIS, 'KOTJd OTpaHHuYeH1lasi PacTBOPI-
MOCTb TBEePALIX pacTBopoB pacnpo- 1200
CTPaHsieTCcsl Ha BCO 00J1aCTh COMMAY- T
ca. Juarpavmbl COCTOSIHHSL Takux /1
CHCTEM Kax Obl  NOJyualoTcsl IyTem
11ePECEUYEHNs KPUBHX (MM TIOBEpX-

HocTed) cosbByca W coauayca. Ha ’002

puc. 50 u 51 npuBeleHb CXeMbl HaH- 18
goJiee THIHYHBIX auarpamm coctos- 9% m
Hisl TAKOrO THNA sl GMHAPHBIX Cl-

creM (oHu H3BecTHb Kak IV u V Tn- g

nul TBePALIX pacTBopoB PoseGoma).
HaunGomace caoxua auarpamma

tuita IV, npencraBnennasi na puc. 50,

Paccmorpum  cHavyana KpucTaaansa-

Puc. 49. T—X nnarpaMma cHCTeMb [10.1€BOJ N
wnat — aab6ur (NaAlSi;Og) mpn P=Pyy g = ort L y 56 Ab
=1000 xr/cm? Cucrema nceBroGuHapHas “M'Sl'Soa Tl NaALSis0g

M0 pacniaBa, 3aZaHHOro gurypatuBuod Toukod 1. OOuias cxema xpu-
S ENBEENIE

L LiB@—o Loy + By~ Anm N Apsa T Be .p .

1 —>9ol 2 —>aqa a(b, c) b—>d
c—f

Oco0eHnocTb KpHCTAJ IH3aHMH COCTOMT B HOHBADUAHTHOH MHKOHIDYIHTHOH
peakilui, KoTopasl nporekaeT IpH TeMiepaTtype Th: pacniaB, cocTaB Ko-
TOPOrO OTBeYdeT TOYKe a, pearHpyeT ¢ BBIAeJHBIIHMHCS Kpucraanamu B
(cocTaB KOTOpBIX NpH 3TON TeMIlepaType OTBeuaeT TOuKe C), obGpasys
Kpuctaaiabnl A (cocraB uX 3aduKCHpPOBaH TOYKOH 8). HMHKOHrpysHTHas
peakius npoTeKaeT A0 HCYePIIaHHA pacljaBa H B JajbHeHlIeM NpPH TOHH-
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JKEHHH TeMIepaTyphbl cocTal COCYLLeCTBYIOUIHX TBepAbiX pPacTBOPOB H3Me-
[igeTcs N0 KPUBLIM COJLBYCA.
Cxema KpHUCTAJJH3alHH pacijaBa, salalHOoro TOYKOH 3:

iR s . L .- B ,—A
L LiB@#—>q9  lalBo=>dem

341 4 »q a
ns \a ]
G LAY A A6 —>d)+ B(6"~])
a— 5! 5% — 61 6% —>d
6b —f

Puc. 50. Cxema T—X auarpaMmsi Puc. 51. Cxema T—X nunarpaMmsl
nJaBjaeHHs TBepPIBIX pacTBopoB ¢ Or- IJIaBKOCTH TBepIbIX pPacTBOPOB C Or-
panndenHoil pacrtsopumoctbio (IV Tun) panHyeHHol pacrsopuMocTeio (V THO)

B sToM cayuae B XOAC NEPHUTEKTHHYECKOH peakKUHH OyI1yT HCUYEplaHbi
LpHCTaAIbl B, cHCTeMa CTaHeT MOHOBADHAHTHOH M NPH NOHHXKeHHW T H3
pacnaaza Ha nyTH a—5! Gyder KpHcTaaauM3oBaTLes A, u3MeHsis cOCTaB
oT b 10 5%. B Touke 5! pacmaas Gyaer umcuepnan. Ilpu monmxkenun T mocae
cAnohasoBoro moast A ¢urypaTuBHas TOYKa TaKXKe [0Majaer Ha KPHBYIO
coabByca ¢ pacnanoM TBepjoro pacrsopa A Ha A+B.

Ha pue. 51 mpeicraBiaeHa cXeMma gHarpaMmmbl COCTOSIHHSI TBEpJbIX pac-
TBOPOB V THIAa C MHHHMYMOM TeMIepaTypbl ll.1aBiaeHus. Ananus nocseno-
BATeJLHOCTH KPHCTAJNH3AIHMH 110 3TOH AHarpaMMe MPOBOJHTCH aHAJIOTHYHO
pacCMOTPEHHOMY Bbllle caydaw. B kauectBe npnMepa npHBeleM CXeMy
KpHCTALIH3aUMH GHIypaTHBHOTO cocTasa l:
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L L+A A ALB
4 2l 3! 3—4a 44 5 g
4 > ¢

PaceMorpeHnbie ciyyan jAMarpaMm MJaBKOCTH — TBeDJAbIX DaCTBOPOB
OTpaxkaloT YMpolleHHble COOTHOLIeHHs. B auarpamMMax COCTOSIHHSI peaJb-
IBIX CHCTEM OHH OOBIUHO BCTpeyaloTcsl B KOMOHIALMH ¢ JPYTHMH pa3Ho-
cObpa3iibiMi (ba30BbIMH 11epeX0J1aMH.

BJIUIAHHE PA3JHUHLIX ®AKTOPOB
HA KPHCTAJIJIH3ALHIO PACIIJIABOB

YenoBUs 1i1aBJIeHHsl © KPHCTAJJIH3AlIH 3aBHCAT OT MHOTHX (JaKTOPOB.
KpoMe HIAHBHAYAJbHBIX CBOHCTB BelllecTB pelialolliee 31HaueHIc HMEKT:
&) KHCJOTHO-OCHOBHOe B3aHMOJEeHUTBHEe KOMIIOHEHTOB B pacilase; §) 1aB-
JeHHe; B) COJepxKaHHe JeTyuux, B TiepBYIO ouepe/b BOAbl, a TOYHEC HX
4KTHBHOCTb B pacnjaBax; I') aKTHBHOCTb JAPYTHX BIIO/li€ NOIBHMKIDLIX KOM-
IIOHEHTOB Marmbl H, HaKoHell, 1) KIi-
HETHKA HNpPOMECCOB KPHCTAJAH3ALHH,
OTpenessioliasi OTKJOHEHHH B COCTa-
Be 1I CTPYKTYype MNOpoj OT COOTHOMWIe-
HUH, ompenensieMblX pPAaBHOBECHBIMH
AuarpaMMamil COCTOSIHIHS.

Npunuun KHCJOTHO-OCHOBHOTO
B3aUMOAENCTBHUS KOMIIOHEHTOB
B pacnaaBax, CcHOpPMYJHPOBAHHDII
JI. C. KopXwulckuM, ycTallaBJHBaer.
yTo yBeJHYeHHe OCHOBIOCTH pacnad-
BOB BLI3LIBaeT YyBeJnueHue Kozdpdii-

Puc. 52. HsMmenenue IOJMOKEHHA KOTeKT;iue-
CKIIX JUIiiil NPH KHCJOTHO-OCHOBHOM B3aiMo- 4 e D
JeficTBHH KOMIOHEHTOB (CcxeMa) 3

1HeNTOB aKTHBHOCTH M, CJIeJ0BAaTeIbHO, OOILEH aKTHBIOCTI OCHOBIIbIX KOM-
IIOHEHTOB PACIJABa A yMeHbleHHe KO3(Q@HIHEHTOB aKTHBHOCTH— OOIUCH
AKTHBHOCTH KHCJOTHhIX KOMIIOHEHTOB. DTO B3aHMOJeHCTBHE TEM 3HAUHTE.b-
Hee, UeM CH.bHEe COOTBETCTBYIONIHE OCHOBAHHS HJIH KHCJAOTHblE KOMIIOHEH-
Thl. MI3MeHeHHe aKTHBHOCTH KOMIIOHEHTOB IIPHBOJHT B COOTBETCTBHH C ypaB-
HeHHAMH (2) u (4) K H3MEHEeHHIO TeMmepaTyp H 110JeH KPHCTaJIH3ainHH
Ha aMarpaMmax cocTogHusa cHcTeM. [losicHHM 3TO Ha mpoCcTOM npuMmepe.

[lycth K 6HHAPHOH cHCTEMe, CI0XEHHOH OJHOKOMIIOHEHTHHIMH (a3aMmu
A u B, Kpucranausywollefics 1o cxemMe OpOCTOf 3BTEKTHKH, A00aBasercs
TpeTHil KoMmmoHeHT D (puc. 52), Takmxe oOpasyloliHil ¢ HHMH 3BTEKTHYe-
CKHe cooTHoureHus. IIpH OTCYTCTBHM KHCJIOTHO-OCHOBHOIO B3aHMOJAEHCTBHS
11pubaBJense TpeTbero KOMIOHEHTa, corjacHo ypasHenhto llpejpepa (ypas-
HeHue 2, cTp. 79), 6Gyjer yMeHbIIATh MOJbHblE 10.1H KOMIOHEHTOB, HaXo-
JSALUHXCS B 3BTEKTHKe, 6€3 H3MEHeHHsi MX COOTHOLIEHHH H BbI3bIBATH HOHH-
Kelne Temneparypbi GHHAPHON 3BTeKTHKH. C.1€10BaTeibHO, COOTBETCTBYIO-
mas KotekTHueckas awuus (e E;) Syzer mampamaena kK Bepminne D. OTH
PACCyXKJEHHs] CpaBefJuBBl JAJs BceX GHHAPHBIX KOTeKTHK cHcTembl ABD
H B pe3dyabTare (cM. NMyHKTHD Ha pHc. 32) HaA mnepeceyeHHH KOTeKTHYe-
CKMX JIHHHHA, HampaB/JeHHBIX M3 OHHAPHBIX 3BTEKTHK B NPOTHBOJEXKALlUe
BepIIHHbI, PACIOJIOXKHUTCA TPOMHAs 3BTEKTHKA E|.
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HNuble cooTHOmIEHST yCTANABIHBAIOTCA NPH KHCJOTIIO-OCHOBHOM B3aH-
MOJeHCTBHH KoMIolleHToB. I[lycTts B TOM e mnpuMepe (pHc. 52) KOMIO-
HeHT A GoJjiee OCHOBIOH, KOMIOHEHT B — GoJsee KUCAOTHHHA U D — KHcJ0T-
HbI KOMIIOHEHT. B 3TOM cJayuae COTJACHO TIPHHUHMIY KHCJOTHO-OCHOBHOTO
B3aHMOJAEHCTBUS H B COOTBETCTBIIHM ¢ OOUICH TepMOAMHaAMHYCCKOH 3aBHCH-
MocThlo (ypaBHellne (2)) npoGapnelie KICJOTHOTO KOMIOHelTa OyACT MO-
BBIIATh AKTHBHOCTBL H TeMIeparypy IL1as.clus 6o.’1ee KHCJIOTHONO KOMIIO-
HeuTa B 1, HANpPOTHB, NOHHIKATL AKTHBIOCTL H TeMIlEPATYpY I.1aBJIeHHA
foJiee OCIIOBHOTO KOMIIOHEHTa A B TPCXKOMIIOHEHTHOM paciiiase.  3To
B3aHMOI€IICTBHC NPHBCIET K CMEHIEHHWI0 KOTEeKTHUeCKOH JIMHHHM B HAanpas-
JelHH K BepHie A, Bce OoJbllieMy N0 Mepe yBeJHueHHst coaep:Kanus D
(no noaoxenns e E, kKak 10kazano Ha puc. 52). AunasornunpiM 06pazoM
MOKIIO PACCMOTPETH BJHMsIHHE OCHOBHOTO KOMIOHEeHTa A Ha KPUCTaJJIM3aLHIO
KOMITOHeHTa B M KHcaoTHOro kommoHeHTa D, KoTopoe mnpHBeler K mepe-
MeilellHI0 KOTeKTH1eCKON JHHUM B Hampap/ellHd Bepmuubl D (1o monoxke-
Hist e:Es, Kak mokaszaso na puc. 52). B pesyabTate KHCJOTIO-OCHOBHOTO
B3aHUMONEHCTBHS BCEX KOMIIOHEHTOB IIPOH30HJET CYIHIECTBEHHOE pacuiupe-
HHe HOJA KPHCTAMAHN3allMH CPEeJHCrO N0 OCHOBHOCTH KoMmoHeHTa B, unsme-
HeHHe KOTEKTHYeCKHX H 3BTEKTHUECKHX COCTABOB M /JA ONpelleselHbX CO-
cTaBoB (B MHOroyrosbHuke ejEjesEges) — u3MelleHHe 110C/1€10BATEIBHOCTH
KpHCTalau3alul MuiiepasoB. HJs OJHOIO W TOrO :Ke BaJOBOrO COCTaBa,
ofo3nauennoro (GpUrypaTHaIoil TOUkoR 1, cxeMa KDHCTAJJIU3AIHY

L+A L4A+B LLA+4BLD

12 2—>E, E,

BCJICACTBHE KHCJOTHO-OCHOBIIOTO B3a]‘1MOI1€ﬁCTBHSI H3MCHHTCH Ha CJIeﬂyIO'
wyo:
B L LB AL
L+B _ L4+B+A L+B4A4D
1—-3 3->E, E,

KHCI0THO-0CHOBIIOE B3aHMOAEHCTBHE CYIHIECTBEHIIO B/MHET Ha CTpoOe-
HHe AHarpaMMm miaaBkocTH. OHO, €CTeCTBEHHO, OTPAaXKeHo H B PacCMOTPEH-
HbIX BBIII€ JUHarpaMmax CcOCTOSHHsI cCHCTeM. B kauecrse euie ojHOro, 04eHb
SIPKOTO TIpiMepa Ha puc. 53 npHBejaeHa NpoeKUHss T—xX jauarpaMMbl CH-
CTeMbl JeHLIUuT — anopTHT — KpeMlleseM. bBpocaercs B rsasa pe3Ko rumen-
TpoPHPOBAHHOE 0 pasMepaM Mo.Jle KPHUCTAJLJIU3ALHH CPEJHEro IO OCHOB-
HOCTH aHopTHTa. Hssi cpaBHeHHA Ha JauarpaMme NYHKTHPOM T[0Ka3aHO,
Kakoe cTpoeHHe OHa MOrjsa Obl HMEThb NMPH OTCYTCTBHH KHCJOTHO-OCHOBIIOTO
B3aHMOJEHCTBHS.

Bausinne naBneHuss Ha YCJOBUS IVIABJEHHS M KPHCTANJNH3ALHI0O MHHE-
paJoB onpenesserca ofilefl TepMOLHHAMHYECKOH 3aBHCHMOCTLIO, H3BeCT-
Hoft KaK ypasHeHHe Kuaysuyca — Kaanefipona:

daT  Vi—Vs T W —V9)

P st g Hl— HS

rac V! — oGrneM KoMIOHeHTa B pacmiaBe; V¢ — oGbem B TBepHo# dase;
SH" n S*Hs — sHTponua W 3UTAJBIHS B XKHUAKOH Ui TBepuo# ¢aszax. M uuc-
JUTeJb W 3HaMeHaTeJ b B YCJAOBISX HeCBepXOOJLIUHX JaBJeHUH Bceraa
HOJIOKHTEIBbHB, COOTBETCTBCIIHO IOBHIIIEHHe 1aB.elUsl BhI3bIBAET MOBHIIIE-

dT
H}e TeMIepaTyphl NaaBsgaeHlis MHHepasoB. Beauurna —p MeeT sHauenus

or 0,0036 mo 0,030 rpanp/at™, pas3auuHble 15 pas3liblX MHHEPAJOB, KOTO-
pBle K TOMY e JAJ51 HEeKOTOPbIX MHHEPAaJOB CYLECTBEHHO H3MEHSIOTCS C
BO3pacTaHHeM JAaBJjeHHs. DTO NIPHBOJUT He TOKBLKO K PasjIEYHOMY BO3pa-
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CTAHHAIO TEeMIIepaTyphbl IJaBJeHHUA I/ pasHbIX MHHEpaJOB, HO H K cylle-
CTBEHHOMY H3MEHEHHI0 KOTEKTHUECKHX H 3BTEKTHUECKHX COOTHOILUEHHHA B

pacnJjaBax B 3aBHCHMOCTH OT JdaBJCHHSA. B o6uiem cjayJyae 3BTEKTHKa CMe-

dT AV
iaetcs B CTOPOHY MHHEPa/a, HMEOUIEro Menbllee — - = — . Hanpuwmep,

npu P=1 6ap B 3BTeKTiKe (T;=1274°C) nKONCHA — aHOPTHT CONEPKHUT-
¢t 42 Bec. % asoprura, npum P=20000 6ap (7;=1553°C) — oKxoJo
72 Bec.% anoprura (nmo nawubiM Monepa u Boiina).

AL, Si,04

13682°
&
1470 10°

467/3!’5" 601||l|1|?||!|
i0, 0/23456789/0///2
Bec.% p”?0 00
Puc. 53. IIH(a]E%nsmg IIABKOCTH CHCTeMB  Pue. 54. T — Py o Juarpamma IJIaB/eHHS He-
JEHIHT 150¢) - aHnoptun KOTOPBIX I‘JIaBHbIXZHOpO}IOOéPaBy}OHH/IX MHHEpa-
(CaAl;Sis0s) — xpemuesem (SiOp) 1npy 158 (TasHBIM o0pasoM no JaHeeM Monepa)

P=1 atm. IlyuktHpOM noXasaHo mojoxKe-

HHE KOTeKTHYECKHX W NepHTEeKTHUECKON JH-

HAH NIPH OTCYTCTBHH KHCJOTIO-OCHOBHOTO
B3aHMONEHCTBHA KOMIOHEHTOB

KpoMe Toro, BospacraHve jgaBjeHHs NPUBOAMT B pPsiie CHCTEM K H3-
MEHCHHI0 TepHTeKTHYEeCKHX COOTHOLIEHHH, T. €. K H3MEeHEHHI Xapakrepa
IJIaBJIEHHS MHHEDPAJOB: MHKOHTDY3HTHOTO Ha KOHTPY3HTHOE M HaoBOPOT.

Bospacranue naBieHHs NPHBOLHT K CYLIECTBEHHOMY YDEJHYEHHIO pac-
TBOPHMOCTH B TBEPJAOM COCTOSIHMH. MHOTHE MHHEpaJbl, KOTOPhle IIPH MaJbiX
JaBJeHHsIX B OTHOLICHHII psjla KOMIOHENTOB (IIJIH B 1eJ10M) MOIYT pac-
CMATpHBATLHCA KaK MHUHEPAJIbl NMOCTOSIHHOrO COCTaBa IIPH BBICOKHX H 0CO-
OeHHO NPH CBEPXBLICOKIX JNaBJEHHSX, OKA3LIBAIOTCS MHHEpa/JaMH — TBep-
JBIMH pacTBOpaMH.

Becbma cyluecTBeHHOe BIJMSIHEE Ha VCJI0BHS KPHCTAJNIH3AUHN OKAa3bi-
BaeT MPUCYTCTBHe B MarmMax BOJbL. Kpucrannnsauus MuHepasoB H3 BOJO-
HaCHIIIeHHBIX pacnaaBoB (T. e. Koraa P= Py, o) NPOHUCXOAHT MO CXeMe:

BOJIOHACHILEHHBIA PACMJIaB —- TBEPIble KPHCTAMMBI - ra3 (H.0).
I A Ul S 0

dp St —(854-88)°
rae S'>8¢4-8¢ (BBUAY TOrO uTO SHTPONHs paciiasa S! GoJblle SHTPOMHH
TBepNOH a3l S® 1 3HTPONHH rasa-BoAbl S&, MOCKOALKY KOJIHYECTBO BOJHI
orpanuyeHo), a Vi<Vs4 V& (rak xak ofmpem rasa V& u o6bem KpHcTai-

0B V¢ 3amerno Goapme o6beMa pacunnasa Vi), caeayer dPL<O,
H,0

Torna us ypaBHenns Kuaysuyca — Kaaneiipona
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H TeMnepaTypa T.1aBJleHHs CHJIMKAaTOB YMEeHbIIAeTCd NPH yBe.HUeHHH AaB-
JeHHsl apoB BOAB. B nosnoM cOOTBEeTCTBHHM ¢ PACCMOTPEHHBIM COOTHOLE-
HHEM HaXOJATCA SKCHePHMEHTaJ bHble MaHuble N0 KPHCTAAMH3AHH BOIO-
HACLINICHHBIX PACTIIABOB, NPHBeJCHHble HA pHC. 54 u 55, rae B KoopaMHA-
1aXx T—Py, 0 nokasansl KPHBble IL1AB.JIENUST HEKOTOPHIX MHHEPAJIOB U KPH-
Lble JIHKBHIYC—COJHAYC [VIABHBIX THIIOB M3BEPXKEHHBIX NOpox. st GoJbL-
UWIHHCTBA MHUIlEPAJOB M JIOPOJ XapaKTepHbl Pe3Koe yMeHbllelle Temiepa-

e T

1500 - -
1400 -

1300 \ eoor

14004

1200

1000

0,

) 804}
600 "@#%‘;;fwt’/wﬁoﬂbu %l
T T S T T | h —L L 1 1 4 1 1 | |An
72 3 4 567 8 900 aMgSiy0g 5 CaA(St,01
P, kBap ec. %,
Puc. 35. T—Py o Kpusble niasieus Puc. 56, JpTekTHKa Anoncu1 — amop-
HEKOTOPHX TOPHBIX TIOPOL THT nupw  P=] arM, P=20 x6ap,

PHEO =5 1 10 x6ap

TYpPbl I7aBJeHUSI B MHTepBade oT | no 2000—3000 6ap u 3aTeMm MOHO-
TOHHO€ HE3HAYNTCIbIIOE NOHHXKEHHe JI0 Mepe J1a.TbHEHIIero BO3PACTaHMs
IaB/JeHHs NapoB BOALI

dr
Paszanunoe 3HaueHue dP A5t pa3HblX MHHEPAaJOB NPHBOAUT K H3-

H,0
MEHEHHIO C€OCTaBa 3IBTEKTHK H KOTEKTHK pAa3JHuHBIX CHCTeM. B o6uiem
¢ayvyae TPOHCXOJHT oboralileHHe 3BTEKTHUeCKHX H KOTEKTHUECKHX cOcTa-

daT
EOB KOMIIOHEHTaMH, 19 KOTOPBIX abco.110THAS BeJHYMHA P 6oJbllle.
H,0

Ha puc. 56 conocraBaeno mnogoxenie 3BTeKTHKH AHOTICHA — aHOPTUT NpPH
P=1 atm, npu 1aBrennn napos Bogsl Puo =5 u 10 K6ap H 115 CpaBHeHHs]
JIpH ZaBJIEHHI B CYXHX yCJOBHsX, paBuom 20 k6ap (B 5TOM c.ayuae aHOp-
THT TIIABATCH MHKOHTPYSHTHO). HeTpynuo Bumers, uto yBeanuenne Pro
VMeHbUIdeT TeMIepaTypbl NMJAaBJeHHs MHHEPaJoB, TeMIEePaTypy 3BTEKTHKH
H CMellaeT ee B CTODOHY aHopTHTa. [lpHueM Jjas H3MeHeHHsT cocTaBa
SBTeKTHKH 3()eKT nosbilleHHss Ph,o g0 10 k6ap okas3biBaeTCs CyLIecT-
BeHHeH, ueM BO3pacTaHHe JaBJeHHs B CyXof cHcTeMe jgo 20 kK6ap. 3to
MO2KHO CBfA3LIBATH ¢ KHCJOTHO-OCHOBHLIM B3aHMOJEHCTBHEM BOJbl: yBeJH-
uelHe OCHOBHOCTH pacIiiaBa TMPH PacTBOPEHHH BOABl PACIUHpPsieT ToJe KpPH-
CTAJH3alMu 6oJee OCHOBHOTO MHHepaJsa — AHOTICHAA. Tak e, Kak H
BO3JIeHCTBHE JlaBJIEHHSA B CYXHX CHCTeMaX, BO3pacTaHHe AABJEHHS BOJADI
MOZKET NPUBOIHUTL K H3MEHEHHIO XapaKTepa [1aBJAEHHS: HHKOHTPYy3HTHOTO
Ha KOHTPY3HTHOE 11 HA060POT.
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MarMaTtHueckne pacmiaBbl CYILECTBYIOT B paBHOBECHH He ¢ YHCTOH
BOAOH, a ¢ (PJIOHAOM, MMEWIIHM CJOXKHBIA cOCTaB: KpoMe BOAbl OOBIUHDLI
CO,, CO, Cl, F, Hy u, Bepositho, muorue apyrue. IlockonabKy cpeau pas-
JHYHBIX JeTYyYUX KOMIIOHEHTOB IJIaBHOEe BJHSIHHE HA KPHCTAJIH3ALHIO pac-
111aBOB OKAa3biBAET BOMA, B KauecTBC MNMpOCTeHlledl MOAENH TaKOH CHCTeMbl
MOXKHO pacCMOTpeTh pPaBHOBeCHe pacmnJjaBa NpPH Pa3JMYHOM TNapLHaJJbHOM
JaBJEHHH, HJIH, TOulee, NMPH pa3Ju4HOl (JYTHTHBHOCTH BOJbI, OTJIHUNION OT
obmero nasienusi. Ha puc. 57 «<o-

NOCTaBJeHbl  KpHBble TJIaBJelus  Top

IBTEKTHKH KBapll+ Ka/aueBbH noJe- 1100

BOIl wLinar B cyxoli cucteMe (aj,

Npy AaBJEHHUH Tapos BoIbl, paBHoM 1000

obuleMy paasienuo (b)), u aaa

YCJIOBHUH OTIpee]eHHOro mapuuab- 900
800

Puc. 57. T—P XpuBble NJap.jiellua IBTCK-
THKH KBapll + Kaauesblil mnoaesoii mnar: 700
a4 — B cyxoli cucteMe; b —rnpu aasienuu
SN

$lapoB BOMBI, PABHOM JaBACHIIO Ha pac-
nias (Pyo=P) w c-—~ npu veaosmi, 1 2 3 4 5 6

y .

Koraa Py, = 04 P!

HOTO [AaBJIEHHSI BOJAbI, OTMHUYHOTO OT OOIIero jaB.CHHSI: B KOHKDETHOM TIpH-
mepe npHHATO Pr,0=04 P! (¢). OcoBeHHoCcTh MOCIEIHE KPHBOII COCTOUT
B TOM, UTO OHa HMeeT MHHHMYM TeMIlepaTyphl IlJiaBjeHHsi, B 3aBlcumocTH
OT TapLHaJblOro JaBJeHMsi BOAb MHHHMMYM TeMIIepaTypbl MOXeT NpHXO-
JAHTbCS Ha Dasdble JaBJeHHS, HO CYLIEeCTBOBAHHe B KaKOM-TO HHTEpBaJe
JAaBJenuil u rayOHH ycJ0OBHI, 0co60 6aaronpUATHBIX IJsi NJaBJIEHHS,

XapakTepHad OCOOEHHOCTL MPHPOAHOTO 00pas3oBaHHUS TPAIIMTHBIX Marm.

Paccmorpentble npuMepbl NOKasblBAT CYUIECTBEHHYIO POJIb BOJEl Kak
akTHBHOro (pakTopa o6pa3oBaHUd M KpHUCTAJAJH3alLMH MarM. Takoe BJHA-
HHe BOABl 00YCJOBJEHO He TOJAbKO OCOOGBIMH CBOHCTBAMH BOJbl KaK XHUMH-
4eCKOro COeJMHEeHHs, HO i OCOGEHHOCTSMH ee MOBeIeHHSI B MarMaTHUYeCKHX
crcTeMax Kak BHOJHe MOABHMKHOIO KOMIOHEHTA, 1/ KOTOPOIo ONpesesio-
LIUM SIBJISIETCS €r0 aKTHMBHOCTb H.IH (PYTHTHBHOCTb B CHCTEMe, a He COjep-
KaHHe B KaKOM-JHO0 yuacTKe MarMaTH4YecKOH Kamephl.

Kpome Boawn B onpejeneHHBIX YCJOBHSIX BIOJHE NOJABHMKHOE TOBeTe-
e obHapyxupawotr uedoun — K.O, NayO. HMameHeHHe aKTHBHOCTH HJIH
XHMHYEeCKHX MOTEHI{HaJ0B IIeqouell OKa3blBaeT CYLIECTBEHHOE BJHSHHE
HAa KpHUCTAJAMM3alHUI0 PACTIaBOB. B COOTBETCTBYH ¢ 3aBHCHMOCTLIO

dT ”}lzzo—”fz_,o .

= MOXKHO BHIETb, UTO HOBBILICHHE XHMHYECKOTO M0-
dug,o AS
TeHIMaJa uieaoueii (Ug,0) 6yier NPUBOAUTL K ([IOBLILIEHHIO TEMIEpaTyphbl
NJ1aBJIEHHS] TeX MUHEPAJIOB, COAEpPIKaHUs Ule104ell B KOTOpPBIX (”ngo)
GoJblile, HeM B pacrJjase (’2112:0)’ H, Hao60pOT, NOHHKATh TeMIepaTypy NJ1aB-
JEHHST TeX MHHeDaJIoB, COJepKaHHs lLleJouell B KOTOPBIX MeHblie, ueM B
pacnaase. B uTore H3MeHeHHe AKTHBHOCTH MM XHMHUECKOTO MOTEHIHA.JTa
BIOJIHE TIOABHMKHBIX liesouell OyaerT NPHUBOAHTb K H3MEeHEHHIO mO.Jefl KpH-
CTAJJH3alMH, 3BTEKTHYECKHX H KOTEKTHYECKHX COCTAaBOB, a TaKXKe MocJe-
JIOBATEJNbHOCTH KpHCTAJIH3ALKWKH MHHEpaJoB H3 pacmiapoB. OTMmeuenHoe
R/JAMSHHE AKTHBHOCTH NIEJOUHBIX METAJJOB OKA3bIBAETCH OUEHEL CYILECTBEH-
IIBIM JLJIS1 TIPUPOAHBIX MarMaTHYeCKHX pacnJaaBOB, SB/AICL OJHOH M3 rJaas-
HBIX IIPUYHH pa3HooOpa3us B cOCTABe H CTPYKTVPC HHTPV3NBILIX MarMa-
THUECKHX NOPO/L.
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KpOMe meJjiouet Ha KpHCTAJIJIN3AlHIO MarMaTHUeCKHX pacljasOB B
onpeneﬂe}moﬁ 00CTaHOBKe MOTYT OKa3bBdATb 3aMeTHOe BJHSIHHE OKHCIH-
TE€JbHO-BOCCTAHOBHTEJAbHbBIE YCJOBHA. rIpI/IHI_lHHI/IaJIbHaH 3aBHCHMOCTb TeM-
nepaTtyp nJaaBJeHHd MHIIepaJoB OT XHMHUYECKOTO TIOTeHUHaJa 3JIeKTpOHa
(penoxc—noreﬂuuana) HJIH OT XHMHYECKOIO MmOTeHIHaJjJga KHCI0DpOJa MOXKeT
ObITh Bblpaxella CJIeJYIOUIHMHU COOTHOIICHHUAMHU:

dr (np-—me) T (o, —np)
dy,~ AS duo, AS

Orclona caeayer, 4TO NMOBLIIICHHE DEIOKC-MOTEHIHAana (M MOHHKEHHE Mo,)
OyaeT MOBbLIIATL TEMIEPAaTypbl IJaBJIEIHA TeX MHHEPAJOB, KOTOPble Npes-
cTaBaaT 6o.lee BoccTaHOBJAenHble GOpPMBI, YeM paciaas, u, Ha00opoT, no-
HHXKaTb TEeMIIePATypbl IJIABJEHHA MHHEpaJsoB, COAepXKallUX (oJiblie OKHC-
JeHHbX (GopM KOMIIOHEHTOB, ueM paciias. [loBbllleHHe OKIHCJHTEIbHOTO
notennuaaa {MJIn XHMHUECKOro Io-
TeHIHasJa Kucjaopona) Oyier, ec-
TECTBEHHO, BBI3BIBATH IIPOTHBOMO-
J0XKHOe jnefictBue. B pesyabtare
H3MelleHHe  OKHCJIUTEeIbHO-BOCCTA-
HOBHUTEIbHLIX YCJOBIi IpIBeAeT K

Puc. 58. Ilpoekuuss T—X puarpammsl cu-
creMbl FeO—Fe;03—Si0s. Ilynktipom na
nyMarpaMMe HaHeCeHH JHHHM I[OCTOSIHHOR
dyrumsaoctn  Kucnopoma (fo, = K, K,
K;, K3) W 1noOKaszano wusMeHeHHe cOCTaBa
pacrmaBa (1—4) wu TBepAbx taz (1—4)
CHCTEMBl 1NDH KDHCTA/N/H3aUHH B YCJO-

> BHAIX TOCTOSIHHOH (YTHTHBHOCTH KHCJO-
Fe0 Fes0, Fe,05 poa

H3MEHEeHHIO TeMIlepaTyp IJaBJeHus, nojded U NOocJed0BATeIbHOCTH KPHCTAM-
JIM3alHH MHHEpaJoB AJs paci/jaBOB, COAEPXKAIUHUX 3JEMEHTh NepeMeHHOI
BAJEHTHOCTH B XKHJAKOH M TBepao#l dasax. [lng npupoaHBIX paclJIaBoOB I1aB-
HbIM TaKWM 3JCMCHTOM #ABJSETCH XKeNe30 M OKHCAUTEJIbHO-BOCCTAHOBUTENDb-
HbIH PEXHM OKa3biBaeTcsl OCOGEHHO CYIleCTBEHHBIM IJfA OCHOBHBIX, Gora-
TblX KE€Je30M MarM.

PaccmoTpeHHBle 32BHCHMOCTH CHDABeAJHBBE TOJBKO [ BOJHE MO-
ABUXKHOTO MOBEJIeHHs KHCJI0POAA WM (UTO TO Ke) [AJs He3aBHCHMDIX, W3-
BHe 3aflaHHbIX OKHCJNHTEIbHO-BOCCTAHOBUTEJIbHBLIX ycaoBui. Cueayer obpa-
THTb BHHMAaHHe Ha TO, 4YTO MNOPAJAOK KPHCTAJJH3AUUH Ha JAHarpaMmax
NJIaBKOCTH JIJAS1 CHCTEM, COJepKAIIHX KOMIOHEeHTH NepeMeHHOH BaJeHTHO-
CTH ¥ BHOJHE TOJBHXKHBIA KHCJIOPOJ, OTJHYAETCS] OT BCEX PACCMOTDPEHHBIX
BLIIE NPHMepoB. I'JaBHble OTJHYHA COCTOSIT B TOM, YTO COCTAB CHCTEMBbI
OKa3biBaeTCs HENOCTOSHHLIM: IPH BIIOJHE IIOJABHXKHOM MOBEJIEHHH KHC.IO0-
pOJa M 33a/]aHHOM H3BHE €ro XMMHUeCKOM INOTeHLHa/je B Ipolecce KPUCTAN-
JU3ALUH MPOHCXOAHT H3MeHeHHe COJlepKaHUs KUCIOPOJaa B CHCTEMe H CMe-
LleHHe NOJN0XKeHHs (UTypaTHBHOH TOUKH HMCXOAHOTO coctaBa. Kpowme Toro,
ST ONpefeseHnss NmyTeH KpPUCTAJMJAH3alMH HA jAuarpaMme HeoOXOJAHMBL
H30UIIOTeHIlHA IbHbIE JUHHMH, GHKCHDYIOLIHEe H3MEHEHHE COCTaBa CHUCTEMbI IPH
MOCTOSIHCTBE XHMHUECKOTO NMOTeHlHasa KHcJaopoaa !,

1 OTMeTHM, 4TO0 (CKaszalhHoe 3AeCb NOJHOCTBIO CHNpPAaBeAJUMBO H JAJAd JAHarpaMs mjaas-

KOCTH CHCTeM ¢ 1le049aMH, €CJH nocJejnlie BedyT cefs Kak BnojHe NOABHM{HBIE KOMNO-
HCUTHI.
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B kauecTBe mpuMepa pacCMOTPHM CXeMy KPHCTAJJIH3alHH B CHCTEME
FeO—Fey05—Si0,, npejacraBaendyo Ha puc. 58, rjae noxasaHbl noJs KpH-
cranausamun tpuaumura (Tr), dasanra (Fa), socruta (Wu), marse-
tuta {Mt), remaruta (He). Of6nacTb pacciaoends B CHCTEMe AJs YIpo-
IleHHs OmylleHa. PaccMOTPHM OCOGEHHOCTH KPHCTANJIH3alMH B 3TOH CH-
cTeMe B YCJOBHSIX, KOrja KHCJOPOJ SIBJSIETCH BIOJIHE MOJABHKHBIM KOMIO-
HEHTOM H (DYTHTHBHOCTb €ro NMOAJNEPKHBAETCS NOCTOSHHO B TeueHHe BCEro
nepuofia Kpucraanusanuu. Ilyctb
HUCXOJHBIA COCTaB B MOMEHT Haua-
Ja xpucranauszannn  0003Hauen
Toykofl | u QPYrUTHBHOCTL KHCJO-
poia pasHa fo,=K;. Ilpu Temmnepa-
Type, oOTBeuatwoulei rouxe 1, w3
pacmjiaBa HAuHET KPUCTAMIU30- .
sarbcsi Marnetur. CocraB pacnna- 2
Ba JAOJKeH H3MEeHSTbCS TIO JAHHHH
NOCTOSIHHOH (PYTHTHBHOCTH KHCJI0-
pora (1-2—-3'), a obmui cocras
crcTeMbl OyneT o6oramarbes TpHB-
HECeHHBIM B CHCTEMY KHCIOPOIOM, 4
MOCKOAbKY BBLIEIAIOWUACH MarHe- |
THT COMEPXKHT KHCJI0poAa OO0JblIE, |
yeM HCXOAHBIA pacnjas IPH JAaH- y o)
noii fo,=K,. Otnomenne Si/Fe Ab |
ocTaercsl, ecTeCTBeHHO, IOCTOSIH- |
HBIM W JHHHSI H3MeHeHHA OOIIero :

I
I
I

T t
3 C ?m LTm
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@

-t ————=
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2

cocTaBa  pacliONIOXKHUTCST  napad-
JeJpHO  CcTOpOHE FeO—Fe,0;
(1-2-3). Has xakoro-a1i6o npo-
MEXYTOUIIOTO  COCTOSIHHSI, HampH-
Mep 0603HaYeHHOro TOUKOH 2: 20 —
cocTaB pacnaaBa, 2 — OOCWIMHA Co-
craB cucTteMbl, FesO, — <ocTas
kpucTadausyolleiics dasnl.  Ilpn

Puc. 59. Cxema 06pa3oBaHHsA 30HAJBHOTO
KpHCTaJJla IJarHoK/1asa B pesy/bTaTe
HepaBHOBECHOH KPHCTANLIu3alUMH pacrniIana

JOCTHXKEHHH pAaclJia3oM KOTEeKTHUecKofi KpuBoH (Touku 3') u3 pacniasa
BMecTe ¢ MarHeTHTOM HauHeT KpHCTa/jau3oBaTbest Tpuaumur. Cocrap pac-
naasa OyaeT OCTABATLCA NOCTOSHHLIM, NIOCKOJbKY OH YAepKHUBAaeTcs B TOU-
xe 3! nocTossHHON (YTHTHBHOCTBIO KHCA0POAA, a OOIIHH CcOCTaB CHCTEMbI
Gyaer 060rallaThCs MPABHECEHHLIM KHCJOPOLOM, KOTOPbLII HeoGxoanM 114
obpasoBanus Marsetura (3—4). Kpucraniusamus 3akOHUATCH HCueplia-
HHeM pacliaBa, cOCTaB KOTOPOro OyJeT OCTaBaThCHd HEU3MEHHBLIM IIPH COB-
MecTHON Kpuctaninsannu Tr+Mi (3'=4"). OOuwm# cocTas 3axkpucTaLIN-
30BaBHIEHCS CHCTEMBbl OyIeT OTBeuaThb TodKe 4, Jexamieldl Ha XKOHHONe
SiOQ*Fe:ng;.

PaccMoTpeHHble Bbllle IHArPAaMMbl COCTOSIHHS W BbITEKalollue H3 HHX
CoOTHOWIeHYsT a3 B Npouecce KPHCTALMU3AUMH OCHOBBIBAJUCL Ha cOB.I0-
JeHHH ycJa0BHE paBHoBecHd. OHO ocyllecTBiseTcss BCAKHA pa3, KOraa
«KHHeTHUecKHe (haKTOpBI», TaKHe KaK CKOPOCTb KPHCTA.LIH3ALUH, CKOPOCTh
peakiluil B3aWMOjeHcTBUS TBepjibix a3z W pacnaasa, CKOPOCTL IepeMe-
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LIeHHST KOMIOHEHTOB B pacmJjase H T. 1., HaMHOIO BHILUE, 4YeM CKOPOCTDL
H3MeHeHHd (aKTOPOB MHHepasooOpa3oBaHHUsS: TeMIepaTypbl (HJIH 3HTPO-
NHH), AABJEHHS, XHMHUECKHX TNOTEeHLUHAJOB BMOJHE [IOJABHXKHBIX KOMIIO-
1eHToB. OHaKO B NPHPOAHOM (M 3KCIepHMEHTALIION) OOCTaHOBKE paBHO-
BeCHasl KPUCTAM/H3alUa PACIL1aBOB CKopee IIpofiBJsiercsl Kak obuias rJaB-
11ast TellJelllHsl Tpollecca, B XOle
Tor KOTOPOTO B TOIl MU MIIOH CTeNeHH,
’ 47900 10 ToutH Bcerja HabJalojaoTcd
OTKJIOHENIUSE OT COCTOSIHUSA paBHO-
BecHs, 0oOyc/oB/eHlible pasJHylb-
MII  KINIeTHYeCKIMH [ JiMIIaMide-
CKIIMH IpPHYHHAMIIL.
-17700 O6cynua KpaTKo BAHSAHHE KH-
HETHYeCKHX H JMHAMHUYeCKuX ak-
d/50p TOPOB Ha KPHCTANJH3ALUMIO H COOT-
BETCTBEIIHO lla COCTaB H CTpOeHHe
| MarMaTHuecKlX TOPHLIX MOPOJL AJI7
| én+cré %00 IeKOTOPLIX THMOBLIX COOTHOUIENHII.
135 XapakTteplblM TpPH3HAKOM lie-
—35 o+l 727 0 pARNORECIION KpIICTaNJH3allng  sB-
Mg,5ia, MQB%I.CU} 5i0,—> JATCS 301aablible  KPHCTaJJID!

0/0 (O‘IEHI) THITHUH DI 19 11J1aryuo-
DA W
AN

557 2> 7 KJa30B BY/JAKAlNUCCKIX H CYOBYJI-
> e\ |

) N

o ‘-”/ “

NN ﬂ 23

kanuueckux nopon). Ha puc. 59
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\ TIpeACTaBJCHA CXeMa KpHCTaa/nu3a-
. LUHH 30HaJbHOrO TarHoKnasa. M3
X

pacruiaBa cocTaBa m! mepBHIMH Ha-

Piic. 60. OGpasosaHuc peakuHONHbLIX KaiM
[P HCPABLOBECHOH KPHCTAJIIsallil pac-
nJaaBsa

YHHAIOT KPUCTALJIM30BATHCH NJIarHOKaasbl cocraBa 19 (759 aHOpTHTOBOH
Mosekyabl). B ycsoBHAX paBHOBECHOH KPHCTAIIH3ALUHH, KaK Mbl BHIEJH,
3TH KPHCTAJJbl, pearupysi ¢ pacijaBoM, HenpephiBHO M3MeHSIOT CBOH CO-
cTaB 10 M, Koraa Bech pacmiap Oyier ucuepnad. [Ipu HepaBHOBeCHOH
KPHCTAMJIH3alHN BCJAEACTBHE GBICTPOrO NOHMAKCHHS TeMIIePaTypel HJIH Ma-
JOH CKOPOCTM B3aHMOAEHCTBHS BbLIACIHBIIHECS KPHUCTAJJIBl HE YCNeBaloT
npopearupoBaTh ¢ paclliiaBOM H [1a HHX 11apacTaroT TPaHH MHOrO COCTaBa,
¢ MeHLIIMM COAepXKaHHeM aHopTHTa: 2%, 3% 4% ¥ Taxk jaaJjee BILIOTb A0 HC-
yepnanust pacniasa. EcTecTBeHHO, 4TO OCTATOYHBIA pacmjaB H BHELIHHe
30Hbl KpHCTadiga OyAyT uMeTb MeHee aHOPTHTOBLIA cOCTaB, uyeM paBHOBeC-
Hbift Kpuctaaa (m#). 30HaJbHOCTL MOXeT ObITh HENpepbIBHONH H AHCKpeET-
noft (kax mokasano Ha puc. 59), 4TO 0OYCNOBJIEHO KHHETHKOH Ipouecca.
[TpucyTcTBHe 30HAJBHBIX KPHCTAJI0B ¢ HeOOJbIIHM YHCIOM 30H DPe3Ko
Pa3JHYHOTO COCTABA CBUAETEIbLCTBYET O CYIIECTBEHHBIX M3MEHEHHAX (H3H-
KO-XHMHYeCKUX YCJOBHA KPHUCTANNM3aUHH.

JIpyrum xapaKTepHbIM NPH3HAKOM HEPAaBHOBECHOH KpHCTaJIH3alHHU
cay:aT peakiHOHHBle KafiMbl MuHepanos (puc. 60). TlepureKruueckas
peakuusi, IpOMCXOAdllas B cHcreMe (npu I'p), BCIEACTBHE H3OJSILUHH OT
pacriaBa paiee BblIeJHBIIMXCS KpucTaaaoB Fo kaimaMmu En nam Beaen-
CTBHe OBICTPOTO TIOHHKEHHSt TeMIIepaTypbl NpOTeKaeT He [0 KOHUA, H H3
pacnaaBa na nytu P—E wnaunnaer kpucramiusosatbesi En u En+Crb.
B pesyabraTe BO3HHKAaeT B 1IeJIOM HepaBHOBeCcHAs MHHepaTbHas accouMa-
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LHA C XapaKTepHbIMH PEeaKLHOHHBIMH COOTHOLIEHHSIMH MHHepaJoB. B MHO-
IOKOMIIOIIEHTHBIX TPHPOAHBIX MAarMaTHYECKHX CHCTEMaxX TaKHe COOTHOIIe-
HHSl NpOSABJSIOTCH MHoroo6pasHeif, ueM B pacCMOTpPEHHOM cJyuae, HO B
IIPHHIHIE OHH NOAOO6HbI.

B cBfsw ¢ oO6uluHLIM TIpOSIBAEHHEM HepaBIIOBECHOH KPHCTaMJIH3aUMH
H3BEPIKEHHDLIX TOPHLIX MOPOX, IoJyualollell, eCTECTBEHHO, OTpa)eHHe B HX
MHHEPaJbHOM CcOCTaBe, leJecooOpa3HO YTOUHUTL IOHATHe MapareHe3uca
MHHEPAJIOB NPHMEHHTEIbHO K MarMaTHYeCKHM TOpHbIM IopoznaM. B obinem
olpele/eHHH IlaparedHe3nc MHHEPAJOB — 3TO COBOKYTNHOCTb COBMECTHO CY-
U[eCTBYIOIIHX, HAXOAfIIHUXCS B pABHOBeCHH MHHepasioB. Toraa mnpHMellH-
TeJIbHO K MarmMaTHYecKHM OOpa3oBaHHSIM MapareHe3nc — 3TO COBOKYIHOCTb
COBMECTHO KPMCTAJJAH3YIOIIHXCSL MHHepaJOB, U ero cJaelyeT OTJAHYATh OT
obulero MHHepaJbHOrO COCTaBa HJAM MHHEpPaJbHOll acCoUMaUUH MNOPOAbL.

W3 ocobennocrelt u3BepxeHHbIX HOpoA, OOYCJOBAEHHBIX HePABHOBEC-
IILIM TeueHHeM MpOUEecCOB, cJjeiyeT OTMETHTh IIHPOKOEe paclpoCTPaHeHHe
CTEKJOBATLIX pAa3HOCTell BYJKAaHHYeCKHX NopoXd. BrieTpoe moHHXKeHue TeM-
neparypbl, CONpOBOXJaloUlee HM3JIHSHHE PAcCNJaBOB MJH BHEAPEHHe HX He-
00ALHINX MacC B HENporpeThle BMellaiollie IOpOJbl, NPHBOAHT K TOMY,
UYTO B pacil1aBe He YCIeBalOT BO3HHKHYTb M BLIPACTH KPUCTAJIBI H pac-
111aB 3acTbiBaetr B Buae creksaa. OOGpasoBaHue CTEKOJ., MPEACTABASIOUIHX
TBEpAble lIepeox.a/elble MeTacTabuliblble XKHIKOOOBpasHbIC (10 CTPYK-
Type) COCTOslHs, —— XapaKrepHas OcOOeHHOCTb CHJIMKATHBIX pAacCMJaBoB.
[IpeBpatene MeracTabH.ILIOTO CTeKJa B KpHCTAJJIHUeCKHN arperat —
paccTek.oBaliie (1eBUTpPH(HUKALMs) — TPOHCXOAHUT B IpHpoAunoi obcra-
HOBKe B pa3HoOo0pa3s’HblX YCJOBHAX, OT/JHUIIBIX, KaK NPaBUIO, OT YCJOBHIl
HOPMaJIbHOIl KpUCTAMIM3allHK PaclaaBoOB, MOITOMY MHOroo6pasznbl 10
CTPVKTYpPE H COCTaBY NMPOAYKTB KPIICTATJAH3AUIHUA CTEKO.I.

AHOOGEPEHUHALHWSA PACNJABOB

Kpome paccMOTpeHHBLIX H JADYTHX KHHETHUECKHX (PaKTOPOB, BJAHAIOIIHX
ia COCTaB M CTPOEHHE H3BEPIKEHHBIX TOpPHBIX NOPOA, B 06pa30BaHHH HX
CYUleCTBEHHOE, HepeldKko olpelessioulee 3l1aueHHe HMET JIUHAMHUECKHe
NpPHYHHBI, TIPUBOASIINE K pasjieleHHi0 U 0B0COOIeHHIO KUIKHX U KPHCTAJ-
JH3YIOIHXCS PaclyaBoOB. IJTH IPOLECcCh pasiefeHHs H 060cobaeHHA KH-
KHX M KPHCTA/JM3VIOUIHXCA PaclaBoB MOJYYHIH Ha3BaHHe MarMaTHYeCKOH
auddepenunannd. [Iprunibel, BHR3bIBAOIIHEe MarMaTHueckylo nuddepeHuHa-
1o, pazHooOpasHbl. MarmMaTHyeckKde Maccol CylLeCTBYIOT M KPHCTA JIU3Y-
I0TCS B 1NoJe I'pajueHTOB Temuepatypbl (7)), xaBsaenns (FP), cuasl taxe-
cti (g). dtu dhakTopel BO3AEHCTBYIOT KaK Ha OJHOPOAHBIE, TaK W 0cobel-
HO Ha TreTeporeHHbie PACMJaBbl, BHI3BIBAS paszje’leHue KOMIOHeHTOB H a3z
paciiiaBa B COOTBETCTBMHM C HX TEPMOJAHHAMHUYECKHMH H  (QH3HUYECKHUMH
cpoiictBamu. [lpoueccnl pazjaertenus ycyry0.IgI0TCst eCTECTBEHHON W BBIHYXK-
JeHHOH KollBeKlLjMeH B pacmiaaBax, BO3HHKAlOWeH KakK BCJeACTBHE CyIlC-
¢cTBOBaHHS B 1noJge rpaavedHros I, P, g, Tak ¥ 1oj BO3JeACTBHEM AOMNO0.1-
HUTENBHBIX HAJ0XKEHHbIX CHJI.

[Tpoueccsl mMarmatuueckon auddepeHuualid MOXKHO OAPa3/e’HTL
cJAeylUIM o6pa3oMm:

I. Auddepennnanlis B OAHOPOAHOM pacI.1aBe:

a) tTepMoAHPPY3HOHHAA,

6) HaponnddysHoHHas;

B) rpaBUTalMOHHAA.

II. HQudpdepenunauns B reteporeHHOM pacllilabe:

a) JIKBalLUOHHAA;



6) KpHCTa/IIH3aUHOHHAsA (PPaKLHOHHAs KPHUCTANTH3ALHS).

111. KonBektuBHas auddepenuranis:

a) cob6cTBeHHAs;

6) BbIHYXK/elHas;

B) darongHas.

OxapakTepnsyeM KpaTKO BbiAeJellHble THIL Marmatuueckoil andde-
penuManiu. MarmaruyeckHe Macchl pacrofaraipTcs B I0J€ TPajHCHTOB
TeMIepaTyphl, AaBJeHHs H CHJbl TSKECTH TaKUM 00pasoM, YTO BHYTpeEH-
HMe 4acTH HHTPY3MBHBIX Macc OyIyT HaXOJHTbCsl NpH OoJsiee BBICOKOH TeM-
nepatype, a GoJce ray6okne — 1oj GOJBIIHM AaB/enneM, npu Go.ee BbI-
COKOll TeMmepartype M HOA 6OJbIIMM BJIHSHHEM CHJbI TszKecTH. Beaenctsue
5TOr0 B COOTBETCTBHH € TEPMOAMHAMHYECKHMH CBOHCTBAMH KOMIIOHEHTOB
pacnsaBa OyieT NPOHCXOJMTb HX [epepacnpeieseHHe B Ipejesax OAHO-
poxHoro (onHO(azoBoro) pacijaBa. I pajHent Temneparypbl OYIeT BbI3bI-
BaTh TepMoAHbPysnio kKomnoneHTos (3ddext Cops), NpHBOAALLYI0 K TOMY,
yro Gosee HarpeThie YacTH pacn/aBa o0orailaroTcsi KOMIIOHelNTaMmi, HMeto-
IIMMH GOJIblIMEe 3HTPONMH HJAH 3HTAbIHHM. BemeacTBue rpaanenTta jaasJe-
HUs BO3HHMKaeT 6apoinddysus KOMIOHEHTOB, KOTOpas BbI30BeT oboralle-
HHe TayGOKMX dYacTeii MarMaTHYeCKOro Tesna KOMIIOHEHTaMH, HMEIHMH
MeHbIIHe NapuxanbHble (yaeapHble) oObembl. Hakodel, najgnune rpauu-
eHTa CHaBl TSKECTH NpuBeeT K oboraiienHio Gosnee ray0oKHX —uvacrefl
MArMaTHUeCKOro TeJa KOMIOHEeHTAMH, HMEIOUMH Oo/LLIMe MacChl (yIedb-
Hble Beca MJH IJIOTHOCTH). PasjeneHHIo KOMIOHEHTOB B [OJ€ I'PaJHeHTOB
T, P u g GyieT B onpelesenHOd Mepe MPensTCTBOBATL OObIUHAsS (KOHUEH-
TpauHonHas) AuddysHs, NOPOKAEHHASA DPA3HOCTHIO KOHUEHTPALHH KOMIIO-
HEHTOB, BO3HHKAWOLIell NpH pasjeJeHHM HX B TIpajHeHTHOM noje. B pe-
3yJbTaTe [O TPOIIECTBHH 3HAUYMTEJbHOTO BPEMEHH B INpellefax MarMmarH-
YeCKOro TeJa YCTAaHOBUTCS CTallHOHAapHOe pacnpejeselue — pa3jiefenue
KOMIIOHEHTOB, T. €. npousoiifer auddepennuanua pacniaasa.

OlleHUTh KOJIHMYECTBEHHO 0XapaKTepH30BaHHbIe IIPOLECCHI TOKa elle
TPYAHO — OTCYTCTBYIOT 3KCIEpPHMEHTaJbHbLIE ONpeje/enis He0GXOAUMBIX
KHHETHYECKHX XapaKTepHCTHK (Ko3ddHuHeHTH TepMoandysuH, aponud-
dysun u T. 1.). OnHaxo oOuUlyI0 TEHAEHUHIO MOXKHO BbifIBATb HCXOAs H3
TePMOAHHAMHUYECKHX XaPAKTePHCTHK KOMIIOHEHTOB pPacnJ/aBa, yUHTHIBAs [PH
3TOM H3BeCTHble TPYAHOCTH B BbIGOpe HE3aBHCHMBIX KOMIIOHEHTOB pacmja-
Ba BCJEICTBHE OCOGEHHOCTEH ero BHYTPEHHEro CTpOeHHs  (CM. BbILIe),
H3MEHSIOIErocsl B 3aBHCMMOCTH OT TeMIepaTypbl H HEKOTODBIX JAPYrHX
daktopoB. B Taba. 13 npuBeseHbl XapaKTePHCTHKH HEKOTOPLIX KOMIIONEH-
TOB PACNIaBa, NPEICTABJAEHHBIX B BHJe OKHC/IOB M B (pOpMe MHHEDAJbHBIX
MOJIeKY/1. DTH XapaKTePHCTHKH MOKa3bIBAIOT, UTO TAKHE KOMIIOHEHTDI, KaK
FeO, MgO, CaO, 6yayr nakamjiuBaTbcsi B 0oJee NPOrpeTbix H rayGOKuX
yacTaX MarMaTHueckux Teda. Jasi APYrMX KOMIOHeHTOB BuusHue T u P
neogHo3Hauno: nanpumep, Aas KeO, NagO Gaaronpuartnbl ycioBus Gosee
BBICOKHX TeMIepaTyp H MeHbIUIHX AaBJIEHHH, AJs SiOy u AlsOs, naotopor,
GoJiee BLICOKHX JABJeHHH U MeHbIIHX TeMmneparyp. Ecanm npunuMarh 3a
HCXONHBIC KOMIOHEHTbl MHHepaJbHble MOJIEKYJbl, TO HECOMHEHHa TeHIeH-
uus oboraileHus 6Gogee IPOrPeTbiX H TVYOHHHLIX 4YacTed MarMarHyecKHX
Ten KesaeszoMarHesHaJbHbIMH MuHepaJjaMH. OJHaKo B LEJOM BJHSIHHE Tep-
vMoauddysronHoro, 6apoanddysHoHHOr0O M I'PABHTAUHOHHOTO pasieaenus
KOMIIOHEHTOB B OJHOPOAHOM (0AHO}A30BOM) paclJase, NO-BHAHMOMY, He-
BeJNKO, TaK KaK STH Npollecchl NPOTEKAaloT MeNJeHHO (KO3 (HUHEHTH
Tepmo- # 6apopuddysHH OPHEHTHPOBOUHO HA NOJTOPA-ABA NOPANKA MeHb-
me, ueM Ko3(pGhHUMEHTH OOBIYHOH AHGOY3uHM) H [/ HX OCYLeCTBJEHHS
Eeo6XoAUMBl OOJbLINE MarMaTHUeCKHe MacChl, COXpaHSMHEcs B KIAKOM
COCTOSIHHH JeCATKH MUJIJIHOHOB J€T.
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Ta6aumua 13

HekoTophle XapaKTEPHCTHKH KOMNOHEHTOB pacnJaBa

M
ononeass | Stoooec | v M d B pacanane. st vt M d

H,0 13,0 |28,2]18,0] 0,62 | NaAlSi,Oq 19,6 | 11,0 | 32,8 | 2,33
K,0 58,1 | 45,0 | 94,2 | 2,09 | KAISi;Oq 20,1 | 15,2 31,8 | 2,29
Na,O 49,2 | 30,0 | 61,9 | 2,04 | CaALSi,O4 20,3 | 14,0 | 34,8 | 2,49
Ca0 33,5 | 19,0 | 56,1 | 2,87 | CaMgSi,0Oq 20,5 | 12,2 ] 36.1 | 2,95
MgO 28,4 | 12,5 | 40,3 | 3,22 | MgSiOs 20,7 | 11,7 | 33,5 | 2,87
FeO 37,5 | 13,1 71,8 | 5,4 | MgSiO, 23,2 | 11,7 | 35,2 | 2,89
ALO, 21,1 9,5 | 33,9 | 3,58 | Fe,Si0, 97,4 | 13,8 | 50,9 | 3,66
Si0, 17,3 | 13,2 ] 30,0 | 2,27 | FeyO, 31,1 | 12,3 | 57,9 | 4,68
TiO, 18,2 | 10,8 [ 39,9 | 3,83

INPUMEYAHUNUA. 1. JlanHple 16 3HTPOIHH (Sllooovc ana 1000 C B 2KeAKOM cocTofl-

HUH), MOJbEOMY ofGbeMy (V!), MoaekymspumnM Becam (M) IpHBeJeHbl B COIOCTABMMBIX BeHUI-
HaX — Ba OJMH aTOM KHCJOPOJA.

2. TlaoTHoCTH H, C€J0BATe/IbHO, MOJbHBE OOBEMBl 1JS XapaKTePHUCTUKH COCTOSIHS B
pacnjaBe usMeHens! Ha 10% (o6beMublii 5§ deKT NjaBjdeHMs] CHIHKATHHIX DAacriIaBoB) MO CPaB-
HEHMIO C TBEPJBIM COCTOSTHHEM.

i 1 "
3. Nannste Sygygec B Vigooee AN HAKOH BOABL, PACTBOPEHHOH B paciutaBe N0 3hclie-
PHMeHTaJbHBIM pesyibTaTaMm B. Bepuema, npu P = 1000 at™, a d puiuncieno us Vi u M.
4. Janusle no K,O u Na,O opuentHposounble.

3HaunTenbHO 6oJiee CyLIeCTBeHHBI mpolecchl auddepeHlHanuy B re-
TEPOreHHLIX pacnJaBax. 3aMeTHble pa3J/H4Yus B IJIOTHOCTAX H YAEJbHbIX
o0beMaXx KHAKHX H TBePABbIX (a3 pas/HUHOrO c¢ocTaBa O0OYCJOB/IHBAIOT
BO3MOXKHOCTb 3( (PEeKTUBHON JHUKBALMOHHOH M KPHCTAMJIH3AUHOHHOH aH(-
depenuani. PaccMOTpUM 3TH siBJeHHs Ha JIBYX NpHMepax.

Jlukpaumonnaa puddepenumanua. B cucreme FeS—FeO—SiO; (uay-
uvennon . M. Oubluanckum) cymecTByeT 60Jblias o6JacTh HECMECHMOCTH
B XKHMJAKOM COCTOSIHHH, B KOTOPYIO IlonanaroT (GpUIypaTHBHBIE TOUKH OCHOB-
HBIX H3BEDXKEHHLIX IIOPOJ C [OBBLIMIEHHBHIM COfAep:KaHHeM CYJb(pHIOB.
B MarmMax TakHX COCTaBOB INpH I[IOHHMKEHHH TeMIepaTypbl Gyaer MpOUCXO-
IUTbL JHKBanus ¢ o6GocoOgenneM cyabbuaioro (¢ cogepxauuem [1—2%
CHJIHKATOB) M CHJMKAaTHOIO paclinaBoB. BceJjeacTBie pe3kHX pasnnuHil B
IJIOTHOCTSIX H YAeJbHBIX 00beMax cyJb(UIHOrO U CHJAHMKATHOIO pacl/iaBoB
B IIOJI€ CHJIBl TSIXKECTH H I'pajneHTa jAaBJjeHHH OyaerT npoucxoauts audde-
peHUMauHs 3TUX pacnaaBoB. MoOXKHO MONBITATBCA OUEHHTh 3D ¢HeKTHBHOCTb
JIUKBAUHOHHOH AuddepeHuHanus ¢yibGUIHOTO U CHIMKATHOTO PAacIlJIABOB.

CKOpOCTb ABHZXKEHHA KalJH{ paclJaaBa B II0Je€ IpaBHTallHH  BbipaixKaeTcs

dy —d,

. 2 -
dopmynoii Crokca B BHIE V:?gﬂ , Tle g — YCKOpeHHe CHJIbI

TsxKecTH = 980 cm/cek?; r— paanyc wacTuil; d; — MJIOTHOCTb CYJAb(PHAIO-
ro pacnJjasa; ds — IJIOTHOCTb CHJIHKAQTHOTO PacClJ/aaBa; 1) — BSI3KOCTb CHJIH-
KaTHOro pacliiara. s paccMaTpHBaeMOro NpHMepa MJOTHOCTb CY.JIb(HI-
Horo pacn.iasa 3,6—4,0 r/cM? npumem ee paBHoH 3,9 r/cm? IIOTHOCTb
CHJHKATHOTO pacmaasa 2,9—3,3, npumeM 3,2 r/cm?, BA3KOCTb CHJIHKATHOTO
pacmiasa COOTBETCTBYIOWEro cocTaBa AJs TemnepaTyphl 1200°C cocTaBHT
nopsiaka 3000—4500 myas, npumem ee paBHoft 4000 nyas. Toraa aas ka-
nesab cyJb(UAHOTO pacngaBa pajuycoM 1| MM CKOpPOCTb TOTpYykKEHHS CO-
craBut 38,1-107% cm/cek, uam 130 M/rox. s Kaneap pasmepom 2 MM
CKOpPOCTb cocTaBUT yxe 15,2-107% em/cek, uaun 520 m/rox u 1. 1. ITockodan-
Ky BpeMs OCTBHIBAHHA KHAKHX HHTPY3UBHBIX Macc HCUHcJasercss (B 3aBH-
CHMOCTH OT pasMepa, TeMIEepaTypbl W TENJONPOBOAHOCTH MAarMbl H BMe-
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[1AIOINX [10POJ) BeJNHUHHAMH TOPFALKA n-102—n-10% ger, OquHlIHOé l({;r‘g
$TOTO BPeMEHH BroJHe J10CTAaTOYHO 14 30 peKTHBHOTO H M‘acmTa Horo
[POSBACHUS JTHKBAIHOHHOII nupdepernnanun CyasQUAROI0 U CHIHKATH
YacI1;1aBOB.
lra(ngimemm, yTO lleTporeHeTHUECKoe 3HaleHHe pacc1oeHHs n‘nanauugH—
noit auddepenHalHi CITHKATHLIX H aTOMOCHIHKATHLIX pa(ll.?§§05 0234
VUACTHST «PYAHBIX» PACIIABOB, NO-BHAHMOMY, OUEHb I{eBeJITHKO, XOTS B 1
neM 3Ta npofaemMa He Hecae10Baiia J0CTarotuto ray6oko. Jeao B Tom, uTO
B Tex CHJIHKATIBIX CHCTeMax, /sl KOTOPbIX ycTanoBaeHa JTHKBALHA, 'pac-
caoelriie 1IPOUCXOJINT B 00.14CTH CYUIECTBEHIO KPEMHE3EMHCTLIX COCTABOB
PACIIABOB, BA3KOCTL KOTOPBIX OUellh BE.INKA. B 10 ke BpeMmsi pa3111u4ug'3
HJOTHOCTSX JHKBATOB HCBEINKa, a J00dBJCHHC B CHCTEMY IUEJOUCH, ‘{dt
METHO YMEHBLIIAIONIIX BS3KOCTL CHJHKATIBIX PACIL1ABOB, IPUBOANT, KaK
lOKA3aJdH SKCIEPHMENTabHbe HCCIeI0BAHMS, K HCUC3IOBCIHIO SIBJIEHHIT
MUKBalliy B CHJIMKATHLIX paciaasax. OaHako oTCyTCTBle Aalnbix 1o BOJL-
HbiM CHJIHKATHBIM paciijaBaM OCTaB/sieT [10Ka 11poGaeMy JHKBAIHOHIIOH
A HalKH OTKPBITOI.
m(pql)(epp;(ecHTL:IinnilaauHOHpHa;l puddepeHunaums, iH, KaK 510 fB/eHHE 6bI10
o6oznaueno H. Doysnom, (PaKUHOHHAS KPHCTAJLMH3AUKA, npejcTaBaser
pasaenenne BLIIeAUBIIMXCS KPUCTan10B W opacniasa B 10.¢ CHJIBbl THXKE-
CTH (MaM TpailenTa JaB/JeHHs) BCACACTBHE pasIHula b I].W?FHOCTHX (non
vicapHblX 06beMax) KPICTAAI0B H pacriiasa. Pacemorpnm 370 Ha llp}/lMC-
iﬁe CcHCTEeMbl THOICHI — AHOPTHT — KpeMHeseM, KOTopas MOMeT MpeicTab-
JSITh  VIIPOINEHHYIO MOJedb OCHOBHBIX I cpeﬂmgx I./13Bep}KeoHHle nopoi,
durypaTtusuas ToUka MOJCIbHOrO cocrasa (10% SiO;+40% anoprura
+509% auonciza), B KaKOH-TO Mepe OTBeyalomlast cpelfleMy THIYy IHODOL,
pACHOI0KITCS B H01€ JHOICHAA, 11 1p1H AOCTHAEHIH TeMnepaTypn JIUKBHU-
qyea M3 paciiiaBa HauneTcs BbieJeHHne JAHOICHAd. [TaoTHOCTD szlcizné?s
wionenaa (dp=3.27) 3aMeTHO Bbllle, 4eM IIJIOTHOCThL pacilaaBa (‘—“, ),
W KpHeTalapl uoncuaa GyAyT morpyarhed Ha IHO yarMaTliqfecKon Ka:
mepbl. [lo ypasuenmo Croxea MOMKHO OLEHHUTD CKOPOCTh IIOI‘p())’)heHHH, KOO
70pas npIl BA3KOCTH Dacniasa nopsika 9009 nya3 (uto TpH {TH3HTEbI .
oTBeuaeT IPHHATOMY COCTaBy IpK T=1300 (;) AJS  UaCTHU paiHyCcOM
1 MM coctaBHT 26,5-1078 cm/cek, nau 34,0 M/TOL. [Ipu pocTHXenun pac-
(1ABOM KOTEKTHUeCKOll JMHHH 113 pacniana BMecTe ¢ JAHONCHIOM 6y.1eT
BLILEISITHCA AOPTHT. KOTOPBIA TaK:Ke OyleT nOrpyxKarbes B HHIKHHE ropu-
~ONTL MArMAaTHuecKoii kKamepbl. CKOPOCTb MOTPYXKEHUA LpH KPHCTA.1.1M34-
LHH 110 KOTeKTHUeckcll KpHBoH Oyaer MeHblle BCJAEACTBHE 6o.b11el] B‘HJKO-
CTH paciiaba H3-3a Meliblieil Temlleparypbl 1 H3MEHEeHHs1 ero COCTaBa.
Oua cocTaBuT A1s1 AHONCHAA  TOPSIAKA 47,0 m/roa, JAas njaardok.a1asa,
IMEIOLLEr0 MeHbUIVIO 1110THOCTL, oKoao 12,0 m/ron. Oca)kieHHe KpHCTa.T-
0B JIOACHIA W B MeHblIER CTereHH M.J1arHoK.1a3a (¥ BCNIBIBAHHE Me‘Hee
[IOTHOTO paclaaBa) IpHBeJeT K 3aMeTHOMY H3MEHEHHIO cocTaBa KpucraJ-
JH3YIOUIerocst paciiasa 110 BEPTHKAH. KpucTaaiusanuonnas n"w;p(bepeﬂ—
LHALHS HPHBEIET K TOMY, UTO NPHIOHHbIC UMACTH MAarMaTHUCCKON KaMephl
6YILYT CJIOKEHB CYLIECTBEHHO NMHPOKCEHOM ¢ HEKOTOPBIM KOJIHUECTBOM T1.1a-
'HOKAA3a. Bblle OGVIYT N1arHOK/a3-MHPOKCEHOBbIE 110PObl, €llC BLILIE B
{HX TOSIBUTCS KBApIL Il HCUE3HET MHPOKCEH H, HAKOHEL, B KpOB.€ — KBAPIL-
AArMOK1230Bble TIOPOAbI €O 3HAUMTCIbHBIM COACPHAHHEM KBADPLA.
Kpucra1in3anHonHas audepenunauns BecbMa 3QPEKTHBHO 11POSIB-
gs€Tesl IPH KPHCTAJAH3AUHMH OCHOBHBIX MarM. B KucoablX mMarmax, xapak-
tePU3VIOLLUXCS OYeHD 6o.r1bu101"é BSI3KOCTBIO, YCJAOBHS /151 KPUCTA/IH3ALHOH-
I epeHIHalud MeHee 0.1aronpUATHDI.
Hor iI{L;(pq;aI;CMI(l)TpeHHble npHuMepbl MarMarHuyeckoid AudQepenunalun Ha-
KaabBAIOTCS, B psije CJaydaes, HECOMHEHHO, YCH/IHBAf e€, SABJICHNI pas-
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JleJIeHHs] PaciliaBoB B Npollecce HJH BCJCJACTBHE HX ABHXKelHs. DTH sBJe-
itM$1, 0603HAaueHHbIC Bblllle KAaK KOHBEeKTUBHAS, Uan JuHamuueckas, ougpe-
penyuayia, UCCIeNOBaHbl MOKA HEAOCTATOUNO0 H MOKHO JHIUL YHOMSHYTH
O HEKOTOPbIX TJIaBHBIX TeHIeHIHsAX. CyllecTBEHHOe 3Hauyellde B TeoJoruye-
CKHX YCJOBHSAX, TNO-BHAMMOMY, HMMeeT BbIHYXJE€HHAs KOHBEKIHdA, Koria
0] BJMSIHHEM TeKTOHHUCCKHX YCHJHIl NPOHCXONIT OTXKHMaHHe («hHILTP-
IIPECCHHT») OCTATOYHOrO, HJIM OTJIHKBIIpOBaBuUlero, pacmnaasa. HecomHeHHo,
UTO TepeMellleHHe pacIiaBa, HAXOJfULErocs B npouecce JTHKBALKONUOI
1M KpHcTaad3auioniion audhepennaiii, takxe 6yaer ¢noco6cTBOBATh
cuie OogbliieMy Ppas3fie’eHHio BeniecTsa B CBA3H € 3aMETHO Pa3JaulbiMil
(pU3nUeCKHMH 11 JHHAMHUECKHMU CBoOHcTBaMu audepeniuatos.

Haxonen, caeayer ykasarth Ha BJHSIIIHE NOTOKOB JIETYYHX KOMIIOHENTOH
(CKBO3bMAarMartuyeckHx pPacTBOPOB), BLLLC/ISIEMLIX MArMOod M TNPOXOAAULHX
yepe3 KpHCTAJMJAH3YIOIIMecd pacnsiaBbl U3 06oJee Iy0oKHX dacTedl Marma-
THuecKoro ouara. CTpyKTypHasi reTepOreHHOCTb XUAKUX, a TeM Oonee da-
30Baf reTepOTeHHOCTb KPHCTAJJH3YIOIUHXCs PACNJI4BOB NPHBOASIT K Hepap-
HOMEpHOMY pacnpelesNeHHK (DUJIbTPYIOIUXCA UYepe3 MarMmy IOTOKOB JeTy-
UHX KOMIIOHEHTOB, KOTOpble CYUIECTBEHHO BJHANT H Ha (GH3HUeCKHe CBOM-
CTBA W HAa COCTAB pAaCMJaBOB, YCHJIHBAs MarMaTHUecKyw AHddepeHIHALHIO.
nsi KosMuecTBEHHOH OUEHKH BJUSHHE 3THX (HAKTOPOB, Kak U Boofule
ABJeHIN AuddepeHlHAllHH B HACLILIEHHbIX JeTYUHMH pachn/jaBax, LOHAaJl0-
OUTCH 11eMaJ0 ClielHadbibIX (PH3HKO-XHUMHUECKUX HCC/AeL0BaNN.

OTAEJEHHE JETYYHX OT MATMATHUYECKHX
PACNJIABOB

CuiuKaTHLe paciiaBbl XapaKkTepPU3YIOTes! 3HAUUTCALIOA, HO BCe-TdAKI
OTPAHHUEHHOH pPacTBOPHUMOCTLIO BOIbl, 3aMeTHBIM  COACPKAIIHEM JPYrHX
Jetyuynx Komionenrtos (CO; Hp SO, Cly u 1. a.). Bblwe 6bl0 110Ka34HO
CYILecTBellll0e BIHsHHE BOJbl 11la TeMIlepaTypbl IJ1aBJEHHS H CBOHCTBA CH-
JUKATHBIX pacnjgaBoB. He MeHblilee neTporeHeTnueckoe 3HaYeHHe HMeEET
NOBeJleHHe JIeTYUHX INPH KPHCTAJJM3alHH pacijaBoB — 1IPOLEeCChl OTae-
JEHHR JeTYUHX OT paciinaBa, NpHBoAdlUIMe K (POPMHPOBAHHIO Marmaroreli-
FbIX THAPOTEPMAbIIBIX (IIOHIOB, ¢ KOTOPBIMH CBSI3AHO, B YacTIOCTH, obpa-
20BAHHE MIIOTHX 3ILIOTEHHBIX MEeCTOPOMK eI,

B kauecTBe MOgeabHOH (GU3MKO-XUMHUECKOH CHCTEMbl, B KAKOH-T( Me-
pe VIpPOLIEHHO TPEACTABJSIONEH OTAeJeHHe JeTYUHX OT KPHCTAMJIH3YIO-
lelcss Marmbpl, MOXeT ObiTb BbiOpaHa CHCTEMa CHIMKAT {TPYAHOPACTBOPH-
Masi COJb) — XJOPUA (.TerKOPacTBOpHMaAsi cOJb) — BOJA — YIrJEKHCJI0TA
(1. e. seryude, paszauuarolivecs pPacTBOPUMOCTbIO M (DH3HKO-XHMHUECKHUMH
cBoficTBaMu). OIHAKO Ja)e Takasl yIpOUleHHAs CHCTEMA HeAOCTYIHA s
HellOCpeICTBEHHOro TpadiuecKoro WaobpaXKeiuss W aHaau3a (4eTblpe KOM-
NoHeHTa B Koopaunartax I'—P tpeOyiOT BATHMEPHOTO mpocTpanctea). [lo-
3TOMY 11e.1€C0006Pa3HO PacCMOTPeTh TI.14Blibleé 3aKOHOMEPHOCTH ¢ IOMOIUbIO
KpaeBblX cucteM: coub (XJopua) — aeryauit (H,O), cuaukat — aeryuni
(Ho0), cuaukar — aBa Jgeryuux (H.O n COg), a 3atem yxKe oGcyauTh 0CO-
OeHHOCTH 0flllell MOJe H.

T —P pnarpaMMma CHCTEMBI COJb — JeTY4Hi
(6e3 KPUTHUYECKHX ABJEHHI)

Bolo-coseBble cucTeMbl, KaK H3BECTHO, NOJAPA3EASIIOTCS HA JiBE IpyM-
nbl, [lepByio rpynny cocTaBasiiOT COJH, PACTBOPHMOCTb KOTOPBIX B BOjIe
HENIPpepLIBHO pacTeT ¢ IOBLILIEHHEM TeMuepaTypbl TakuM o0pasoMm, 4To
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OCVHIECTBJISIETCS HEellPepLIBHBIA nepexo oT YHCTOH BOJBI K pacnniB%BcoLﬂ}é:
K “sroifi Tpymnme OTHOCSTCSI COJH XJIOPHIOB, Kap69HaTOB 1 PTOPU e
JIOUHbIX METaJJOB H HekoTopble jpyrue. Ko BTOpOH rpyline OTHOCSITCS CO "
pACTBOPHMOCTb KOTOPHIX B BOAC B KaKoM-TO TeMIepaTypHOM HH;e%Bz:IJ(l)_
yMCHDLIIAETCS MPH TMOBbIIEHHH TeMnepaTyphl. B Ttakux cu\memax p -
BLILIEHHH TeMIeparyphi 00s3aTe/bHO HACTYNaloT KPHTHHECKHC sIBJIEHHSA
HenpepLIBHbIL MEPexoj BOJa — pacmian coau HEBO3MOXKEH. B
KpaeBasi cHcTeMa XJOpHI— BOAA, paccmaTpHBaeMas HaMy, omog:é:
csi K 1epBoii rpynne — 6€3 KPUTHUECKHX fABJICHHH € llerpepblBHLIM NP »
0M BOJAa — paciliaB COJIH. ,U,nau
rpaMMbl COCTOAIHSA CHCTEM BTODPOH
rpyNnbl  aHaJOTHY4Hbl JAHArpaMmam
: CANHKAT — JeTYy4Hi (4TO eCcTecT-
| : BEHHO, T4AK KaK CUJIHKAT — TpYI-
Lol - nopactBopHuMas conb). OH# 0b6CyXK-
naloTCs B cJeAylolleM pasjedse.

6c=Le

hh—- ' : L T Pic. 61. T—P npoekuuss Auarpammul coib
] Gozkd—

(C) — neryunit  (A)  0es  KPHTHYCCKHX
SIBJICHHH.
Yeaosible o6osnadenns: G —ras; L—
wunkocts; A, C — tBepaple ¢asbl COOT-
BeTCTBEHHO KOMTOHMeHTOB a H ¢; E, e—
yoHpapuanTHbic Touku. Mumekcw a i ¢
03HAYAI0T NPHHAJIEKHOCTE COOTBETCTBYIO-
g £ | L=A*C M KoMmmoHentaM. Pi, Py, P, — nsoba-
J&'l ] l puseckie, Ty, T, Ts — wu30TepMuuecKHe
A 5 A ceucuun (cM. puc. 62)

a
. G=A+L Lg=A
TI L. T — ==

Ha puc. 61 npencrasiena T—P npnarpamMma CHCTCMbI €O.Tb (xnopn%l)#—
setyuuii (Boja). B CcOOTBETCTBHH C TONOJOIHEH ﬂByxxomnogenTHbleOTO o
[MarpaMM ila pHCyHKe IOKasaHa HOHBapHaHTHas TOUKa _,0)1.3 KXo (%)
yCTOHYHBBI ueTbipe (hasbl (n=K+2—r # r=2f2=4 npu n=0): iy a
wunkocts (L), TBEppas coJb (C) u TBepjblH JeTy4dH — JC/ I E,;BTeK-
TPYAHO MPEACTaBHTL, YTO 3TA HOHBAPHAHTHAA TOHUKA HpeILCTaBJ:IH e
THKY, B KOTOpOfl W3 pacrBopa — pacnJjasa LprHCTaJIJIHSy}OTCa ﬂeI‘O Bep-
able ¢pasbi A p C B MPUCYTCTBHHM HACLIIEHHOTO T1apa G, co;LI/eIpm Lu ow
HOHeHTBl @ U ¢ B APYTHX KOJIHIECTBAX, HEXKeJH KHAKOCTb. ¥A3 HOHBAP "
HOI TOUKM BBIXOAAT YeThipe MOHOBapHaHTHbIE JHHHH, Kaxlad H3 lf?TEBXC
oTBEuaeT peaKIuu MeMjy TpeMs (daszamH fe3 Kakof-qH0O OJHOH! ,
GAC, GLC, GLA. - oeran

B paccmarpuBaeMo#t cucteme passl A u C uMeoT NOCTOSTHHBIN cTc b
4 cocTaBbl rasa M PAaciJaBa MOTYT H3MEHSTbCs B 33aBHCHMOCTH OTHEHqua .
npHyeM, eCTeCTBEHHO, ra3 BCeTAa GyneT cofepKarh 0ObIIe Ko;vlc?&aB aa
(«JeTyuero») H MeHbIIE KOMIIOHEHTa ¢ («HeJIeTyuero»), quHpOKHX H. oo
CKOJIbKY COCTaB Tasa H PacriaBa MOXKET HIMEHATLCA B il pGLC pGLA
712X — OT YHCTOTO @ O UHCTOTO €, TO MOHOBapHaHTHbLIC JIHHHHU " -A
MMEIOT Ha AnarpaMMe KOHEeuHble TOYKH, TpPecTaBsioiline HOHBapéaIl;ITg ¢
Tpex¢a3oBble TOUKH KPaeBbiX ONIHOKOMITOHEHTHHIX CHCTEM —H mcl <
G,L,A. DTH TOYKH M COOTBETCTBYIHOLiNE HM MOHOBapUaHTHBIE JIHH ' 6616,
G.C, L.C n GoLqs GaA, L,A Takxe moKa3aHbl Ha zmarpaMM;_pP .n 0:
TakuM 06pa3oMm, paccMaTpHBaeMas AuarpamMma npEsCTABAALT | - KpH-
eKIHIO TPOCTPAHCTBEHHOH T P—X muarpaMMBbl cOJib — JeTy4HH p
THUECKHX SIBJCHHH.
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I'naBHasg 0coBeHHOCTb AMArpaMMBl COCTOHT B TOM, UYTO MOHOBApHaHT-
vas anaua GLC umeer skerpeMyM (MakcMMyM) mo jaaBJgeHHio. [Ipuudna
10ABJAEHHA MaKcumyMa caenytlomas. Has amo60ff MOHOBADHAHTHOH JHHHH

. dar AV
B T—P KoopauHarax CIpaBeiJUBO COOTHOIIEIHE P as rae AV — u3-
MeHeHnne obbeMma, a AS — n3MeHeHHe SHTPONHHK (a3, y4acTBYIOUWHX B MOHO-
BapHaHTHOA peakuwu. Jaa pacemarpusaemoin kpusoil: G+4+C=L
AV=Ve+Ve—V1, AS=Sc+Sc—S1. Bo Bcem ananasoue T u P AV>0,
Tak kak Vg>» V. Ilpn temneparypax uuxe skcrpemyma AS>0 (tak Kak
St+Se¢>S1); npu temnmeparypax Bblle 3KcTpemyMa AS<0 (raxk xak

Sc+Sc<S1) u B scrpemyMe Sg+Sc=S1, u TOrNa 4ar AV

dpP 0
MsMenenne 3Haka SHTPOMHMAHOrO uJjena NPOHCXOAHUT BCJEACTBHE TOTO, UTO

NPH NOBbIIEHHH TeMNepaTypbl H CJAeA0BallH BAOJb MOHOBapHaHTHOH JH-
nud GLC B cHucTeMe HempepblBHO NPOHCXOJAHT — YBeJHUElIMe KOJHYeCTBA
¢daspl L (pacnsiaBa) u yMmenbllenue Kouauuectsa ¢a3 C (naasjenue) u QG
(pacTBOpeHue B pacmJase).

Heccnenosanne 7T—P nunarpaMMbl coJlb — J1€TyUHil OPOBOAUTCH OGBIYHO
nyreM ITOCTPOEHHS W aHajaH3a HeoOXOAMMOro 4ucaa H306apHYeCKHX
(T—X) wn usorepmuuecknx (P—X) ceuenuit, KOTOpble AT BO3ZMOKHOCTD
NOJIYYHTL JaHHble He ToabKo T u P (a30BbIX nepexopoB, HO U O COCTABaX
cocymecTByomux ¢as. Ha puc. 62 npuBenensl Tpu TJaBHBIX H300apHue-
CKHX H TPHM TJIaBHBIX M30T€DPMHUECKHX ceueHHd auHarpaMMbl. COOTBETCTBY-
omue Py, P, u P;, Ty, T, u T3 nokasausl na T-—P auarpamue.

Tlpn naBseHHsiX Bbillle 3KCTPEMAaJbHOTO AaBJeHHs TPex(asoBoli KpH-
Bofi GLC (ceuenne P;) u TeMmeparypax Bbillle ce TeMmIepaTyp (ceueHne
T3) KpucCTaJIH3AlHs OCYLIECTBJASAETCS MO THIY MPOCTOH 3BTEKTHKH! H BO
BCEM JHamna3oHe cOCTaBoB ras, GoJee OOTaThld J1€TYuYHM KOMIIOHEIITOM, Ha-
XOAHTCS B PABHOBECHH C pacmaaBoM. Pacnjap coJi HenpepbiBHO Iepexo-
JUT B pacTBop ee. PacTBOPHMOCTL JeTydyero B paciJjabe yMeHbIaeTcs MpH
NOBLIIIEHUH TEMIEPATYpPbl H YBeJHUYHBAETCS IIPH TMOBLIIEHUH JdaBJeHHs
(paBuoBecue G==L).

HamnoGoubliee cBoeobpasue OTpa)aloT CedyeHHs, TMepeceKaloliue Tpex-
dasosylo kpusyw GLC (ceuenus Ps u T3). IlpH moHumeHHH TeMIepaTyphl
(paccmaTtpuBaeM ceueHue Pj) B cucreMe Kpucraaauayercs C u ¢ pacnia-
BOM COCYIIeCTBYeT rasosasi ¢a3a BIJOTb [0 TeMIEepaTyphl, OTBeuaiollel
Tpexdas3oBolt KpuBoii (Touka mnepeceueHus GLC u ceuenus P,). B usoba-
PHUECKHX YCJAOBHAX 3TO COCTOSIHHE HOHBapHaHTHO (n=K+1—r=241—
—3=0) 1 B cHcTeMe OyneT MPOUCXOAUTbL perporpaaHoe Kumende L—-G+C
10 TeX NOop, MoKa He Oyler Hcuepnad Bech pacnaas. Ilpu Hcue3HOBeHHH
pacnjaBa CHCTeMa CTAHOBHTCS MOHOBAPHAHTHON M MpH MOHHXKEHHH TEMIle-
patypsi C kpucrajnsyercss M3 ras3oBoil ¢asbl. Bropoe nepeceuenue Tpex-
¢t a30B0# KpHBOH O0O6YCJOB/JIMBAeT HOHBAapHUAHTHOE CXKHXKEHHe Trasa MpH
pactBopenuu uactd assl C: G+C—L. Kpucramsiusauus 3aKoHUHTCSH B
spTeKTHUeckoH Touke L+A+C. B nzorepmuuecknx ycaosusix (cedenue Ty)
NOBLillleHHe [AaBJCHHA TNPHBEAET K HOHBADHUAHTIOMY ckuXKeHHio G+ C—L
(npu P, orBeuawmeMy ceducHHio H30TepMoil T, MOHOBAPHAHTHOH KPHBOH)
H B JaJjbHefllleM K KDHCTAJAJH3aLUH 3BTeKTHuecKOro Tuna. CeueHue P
HHTEPECHO TeM, 4TO IOC.1€ PeTPOrpajHoro KHmelusi pacniaas (pacTsop) B
cHcTeMe He mosiBasiercs u TBepAble dasbl 4 u C cy6AMMHPYIOT H3 Ta30BOM
$asbl (KpUCTAaNJH3ALMA 3aKaHUHBACTCS 3BTEKTOMAHOH cyG.auMauuei). Ce-
ueHHe T OT.IMYAETCsl NepeceueHHeM ABYX Tpexdasosbix Kpusbix GLC [A]

! Ha cevenun T3 (a takxe T m T)) 3BTeKTHKA He NOKasaHa, MOCKOJbKY OHa AOCTH-
raercs NPH OYeHb BBICOKMX NaBJEHHSX, a BCC CEUSHHA TOUHO OTPAXKAOT guarpammy 1—P.
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n GLA [C] ¢ aByMs HOHBApPHAHTHBIMH COCTOSHHAMH CKHZKEHHS: G+C—L
u G—L+A. [Ipy naBjeHusix Bbllile [aBJIEHHS llepexoia G—L+A rasopas
dasa B cHcTeMe OTCYTCTBYT, TPOMCXOAMT KPHCTAJIH3AUHA H3 KHAKOH
{asbl, KOTOpas 3aKAHUHBAETCS B 3BTCKTHKE NPH BHICOKHX IaBIEHHAX.

~

® ®

T T T
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~ s 20
L+
6+¢ L/ L+
6+C G+ .
L
~
A+6 ,4+L~7 L+C A"‘[\\
AL A+C AtC
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A c A ¢ 4 c

Puc. 62. UsoGapuueckie (Pi, Py, P3) U H30TePMHUECKHE (Ty, Ty, T3) paspeasl ,un%rlpam-
MBI JeTyuHii — coab (puc. 61). Ycaosuble o6o3pauedHs Te Ke, 4TO H Ha PHC.

Hcnoab3ys MOIeabHYIO CHCTEMY coqb — JeTyuHil a5 aHaln3a npo:
[1eCCOB KPHCTANIH3AUNH H OTJCJEHHS JETyuHX KPOME paccMOTPEHHbIX H30
fapHuecKuX M H30TEPMHUECKHX YCJOBHH CJeLyeT HMETh B BHAY BO3MOXK-
HOCTb H30XOPHUECKOH KPHCTAJIH3AUHH CHCTEMDI (T. e. B yCJOBHSIX MOCTO-
qunoro o6beMa cHcTeMbl). B 3ToM cayuae KPHCTATIH3ALAA fyner npoxo-
AuTh Baoab TpexdasoBeix Kpuseix GLC nan GLA (B 3aBuPICI/IMOCTHE 0T
MCXOJHOTO COCTABA CHMCTEMbl) H 3aKOHUHTCS B 3BTENTHUECKOH TOUKE L.

T—P pxarpamMma CHCTeMbi CHJIHKAT — JIETY4HH
(¢ KpUTHYECKHMH ABJCHHAMH)

CucreMbl cuankar — geryudit (H.O) oTHOCcATCa KO BTOPOH rp/yrme_
BOJHO-COIEBbIX CHCTeM, B KOTOPbIX NpH [OBHIUIEHHH TEMIIEPATYpPLl 00534
TeJbHO HACTYNAIOT KPUTHUCCKHC siBJeHHs. KpuTHuecKue sBJCHHA o6ycaoB-
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Jlellbl TeM, 4TO CH/JIHKATbhl NPCACTABISIOT TPYAHOPACTBOPHMBIE COJH H, XOTS
IPUCYTCTBHC HX IOBBINAET KPHTHUECKYIO TCMIEpaTypy pacTBopa, 3TOTO
0Ka3blBaeTCcs HENOCTATOYHLIM A1 TOrO, 4TOOLl BOCIPENsTCTBOBATH BCKH-
naiuio pacTBopa U 00ecredHTb HENpPEepLIBHLIT IlepeXo] pacTBOpa B pac-
11aB (Kak 3T0 Habd110,1aeTcs B BOAIIO-COJEBLIN CHCTEMaxX NepBOro THIA).

Ha T—P mnpoeknun (puc. 63) cy-
LIeCTBOBAHNE KDPHTHUYECKHX SIBJAEHHH Bbl-
pa¥xaercd B IIePeCeUeHHH KPHTHUYECKOI]
Kpusol (KiKp — KpuBasd, XapaKTepu-
syouas I—P KpUTHUeCKHX SIBJIEHHIT BO
BceM JHanasolle ¢ocTaBoB OT A no B)
tpexdasosoi kpusoii GLB [A] ¢ obpa-
30BadueM JABYX KPUTHUECKHX TOYeK —
nnxnein (P) wu sepxuen (Q). Mexy
KPUTIYOCKUMII TOYKAMH KpOMe TBepjo-
rO ‘BO3MOXKIIO TOJBKO OJII0 arperaThHoe ! . q
COCTOAHNe—HAAKPHUTHUECKoe, Il (.a10- ne— ’ ’ ’ —
naioe. Hamenss temnepatypy unu nas- '

I \\!
8
r\\

]I

Puc. 63. T—P mnpoekuus JAHArpaMMBbl JeTyUIiT
(A) — cnomkar (B) ¢ KPHTHYEeCKHMHE SIBJAenHAMIL
YcaonHsle ofoznavennst te e, uTo 1 Ha puc. 61
Ka, Kp— xpurHueckie TOUKH KOMIOHeHTOB /1

i B; P u Q— HHXKHSIST ¥ BepXHAS KpUTHYECKIie
TOYKH OHHADHOH cucreMsl; [ — durong

P Py Py
JeHIle, MOXKIIO NOCTENeHHO nepelTn oT ¢.Io1a, uMelolero csolicTea rasa,
K ¢GJonay co ¢BoficTBaMH RKIIKOCTH. Kputiuucckaa kpusas K. Kp Mexay
TOUKaMH P n @, eCTeCTBCHHO, He HOCHT Xapakrepa (a3oBoil TpaHHIHL,
OTpa)Kas JHIUb BHYTPeHHHe CBOHcTBa (pJaioula.

PaccmorpuM ocoGennoctn auarpammul Jetyuni (A) — cuaukar (B)
C TIOMOUILIO H30TePMHUeCKHX H HioGapuuecKHx ceuenuil (pnc. 64). [lpu
tTeMnepatype T, {ceueHHe MexXKIy Bepxiueil M HHXKHell KPHTHUeCKO# TOY-
KOH) 1no Mepe yBeJHUeHHsi AaBJeHHsi OyJIeT OCYLECTBJSIThCS IOCTeleHHbIA
nepexoa or (JII0HMa, IMEIOUICTO CBOHCTBA Trasza, K (JOHAY CO CBOACTBAMH
®KuaKoctu (cM. P- -X ccuemwe Ty ua pue. 64). O6paruM BHHMallHe, 4TO B
HEKOTOPOM HHTepBaJe napJeHlll (B 06,aCTH «KPHTHYECKHX» JaBJeHHH —
npeano.aaraeMoe mepeceuenie KpuBoii KiKp) pacTBOPpHUMOCTL CHJAHKATA BO
¢duarone Bo3pacTaeT BCJENCTBHe YBEJHUEHHsI €ro IMJOTHOCTH («CKHXKe-
uusi»). Ilpu temmeparype T, (nm3orepmuueckoe P—X ceuenne Ts) noOBH-
WieHHe JaBjeHHsl NPHBOJIMT K HOHBapHaHTHOI peakunn G+ B—L (mepe-
ceueHne Tpexdasopoit KpuBo GLB npn T=const HoHBapHaHTHO:
n=K+1—r=241-3=0). Haanuelimee mosLillenue paBJeHUN NPHBOLHUT
K KDHTHUECKHM S$IBJIeHHAM (flepeceucHliec KplTHdecKod xpusoii KaKg),
EBIIIC KPHTHUECKOTO JAAaBJeHHUS KPHCTA LI3anlsl B NpoUCXOZUT U3 (JIOH-
aa. Has cewenus T3 TakxKe XapaKTepubl KpHUTHYecKast Touka K fjasi ABYX-
tazosoit obnactn G+L 1 kpucraaanszaunusa B U3 duaonga npun gaBieHHAX
Bblllle KpuTH4eckKoro. OTMeTHM, 4To BO.M3M KPHTHUECKOH TOUKH HabJIo-
JlaeTcs aHOMAaJbHOe YBEJIHUYeHHE DACTBOPHMOCTH TPYAHOJETYUero KOMIO-
HEHTa B razoBOH (ase.

Hso6apuueckoe ceuenue P, HuueM He OTJHYAeTCS OT AHAJOTHUHOIO
ceyenust P, puarpaMMbl Ge3 KPHTHUECKHX sBJEHHH (cM. puc. 61), nockouab-
Ky DPacnoJsioxKeHo NpPH IaBJeHHAX HHKe KpHTHUecKoro. [Ipnm nmamaenun Po
(ceuenue P, pacnosoxeHo MeXAy KPUTHUECKHMH ToukaMd P u Q) mo me-
pe TMOHHKEHHS TeMIepaTypbl JOCTHTAeTCsl HOIBApHAHTHOE COCTOSIHHE
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perporpaauoro kumennss G+B—L, a 3atem G+B nocrenenno mnepexomnut
Bo F+B, npHuem KpuBas, 110KaabplBalolllas cocTaB rasa u ¢.ionia, paslo-
BeCHOTO ¢ B, oO6HapyXHBaeT XapaKrepHblil H3THO, O31aualoOl(Hil IOBBILIe-
llHe pPacTBOPHMOCTH B ¢ MOHIMeHHeM TeMIepartypbl. JTo siBJellHe peTpo-
rpajiHOfl PacTBOPHMOCTH (IIOBBIIICIIHE PACTBOPHMOCTH C IONHIKEIHCM TeM-

A 8 A 8 A 8

Puc. 64. HsoBapuueckie (Py, Pz P3) u usorepmuueckue (T, To, T3) paspeanl
AHArPAMMBl JeTy4dll — CHJHKAT C KPUTHYECKMMH SIBJICHHAMH. Veaosnble o6o3na-
YeHHs Te e, 4TO W Ha puc. 61, 63

nepatypbl), KOTOpPOe OTJHYaeTcsd OT MOBeJeHHd Kak rasa, Tak M KHIKO-
CTH, IpejAcTaBJsieT XxapakrepHblil npusnak (UIOHIHOTO COCTOSHHA KaK Hajl-
KpHTHYecKoro B objacri fepexona OT (uioHza €O CBOMCTBAMH rasa K
db.aonay co csoficrBamu kuakoctd. [lpn paspHeiiieM NOHHACHHH TeMIe-
paTypel (.IIOMA MOJHOCTHIO NpHOGpeTaeT CBOMCTBA KHUAKOCTH H KpHCTA]-
JH3alHs 3aKaHunBaeTcsi B 3BTeKkThHKe. Jlasi 0oJee BBICOKMX — AaBJeHHH
(ceuenne Pj Bblllle KpuTHUeCKOll Toukn Q) ~XapaKTepHO CyIIECTBOBaHHE

IpH BBICOKHX TeMmepatypax H30J1HpoBaHHOll 06.:1acTH G+L, orpanunuen-
HOl IBYMs KpHTHUecKHMH Toukamu K; n Ka.
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O6paTum BHHMAHHe 1A AHOMAJbIIOE MOBLILICHHE PACTBOPIMOCTII JETY-
UCTO KOMIIOHEHTA B pacmjiaBse MO Mepe MOBBLIIIEHHA TeMIeparypbl BO.IH3H
BepxNHelt KPHTHYECKOH TOUKM K; H aHOMAJIbHYIO DETPOrpajHyio pacTBOPH-
MOCTL TpyAHOJeTyuero BO.IH3W HHKHell Kputinueckoll toukn Ko, B oboux
cayuasx Kpueble L 1 G NpoxoAAT uepe3 3KCTPEMYM PACTBOPHMOCTH. IDTH
SKCTPEMYMBL €BSi3auUbl ¢ TeM, 4TO BO.IN311 KPHTIYECKHX TOYEK 3HTPONHH
KOMUIOHCHITOB @ W b HI0st rasoBolt H KUAKOH (Pasbl CTAHOBATCS PAaBIIbIMH

( dT RT

= — —~ oo, Korma AS =0
dinN AS

»

a 3aTcM 3IUTPOUII KOMIIOIEHTOB B pacisare CTaHoBATCs OoJbliue, ueM B
raszosofi (haze. PaBubiM 00pa3oM, Kak Mbl OTMCUAJM, BOJH3H KPHUTHUECKOI
TOUKNl 1ab.101aeTCs IKCTPEMYM PaCTBOPUMOCTH 110 JaBJelnio (cM. ceue-
uust Ty u T3), KOTOPHIT CBI3aH € paBeHCTBOM 061HeMOB KOMIoHenTa & B pac-
11aB¢ 1l razoBoll dase

(L = oo, Korna AV = O),

dinN AV

a 3arcM o0beM KoMmnoseHdTa b B pacmniaBe crtaHosurcsd 6oJblie, ueM B ra-
30B0il ¢aze. ITH «allOMAJILHLICY TEPMOAHHAMUUECKHE CBOHCTBA KOMIIOHEH-
TOB Ha610Ta0TC TOJILKO BOJM3M KPHUTHUECKHX TOUEK, SBJIAACH Kak Obl
IpeaaBeplCcM HaAKpHTHUecKoro (. I0HIHOIO COCTOSIIIS.

Bosee cnoxuble CHCTEMb! H BO3MOXKHbIE MOJENH OTHEeHHS
JETYYHX OT pacnaasa

PaccMoTpeHHble HHAPHBlE CHCTEMBI CO.IL — JeTyunil (6e3 KPUTHUECKHX
IBJCHHA) M CHJIMKAT — JeTyuHi (¢ KPUTHYECKHMH SIBJTeHHSIMI) MpPeAcTaB-
JSI0T TPOCTelIIMe KpaeBble CEUEHHs CHCTeMbl CHJAHKAT — cOJb— ABa Je-
TYUHX, KOTOpass MOxeT OBbITL MPHHATA B KauecTBe MOJAENH KPHCTaJIH3YIO-
weficss marmpel. O0was auarpaMMma COCTOsIHIIST TAKOH cHCTeMbl IOKa elle
He paspaborana. OaHako NPUHUHIHAJILHBIE OCOGEHHOCTII TAKOH CHCTEMDI
N0 CPABHEHUIO C PACCMOTPEHIIBIMH MOTYT ObITL HaMeuyeHbl.

A. B cucreme cHaHKaT — coab (XJ0pHA) cyllecTByerT oOIKHpHAas 00-
JIaCTL HECMECHMOCTH MeXIY CVIICCTBEHHO CHJAHKATHbBIM U XJOPHAHBIM
pacniaBamu. Idta 004acTh COXpaHAeTcss MO0 KpaliHell Mepe ajs1 HeBOJBIINX
(1OKPHTHYECKHUX) JAABJEHHM H JAJI58 CHCTEMBl CHJIHKAaT — XJO0PHI — BOJa.
B 3stoM cayuae KpucTaannzamHs cHCTeMDBl NPH HeOOJBIIHX (JOKPHTHUe-
CKHX) 7aBJeHHsX Oyier OCyLecTBAATLCA TAKHM 00pasoM, 4TO HHKE COJIH-
Jyca CHJHKaTa B OnpeleneHHOM uHTeppase I W P B paBHOBECHH C TBep-
AbIMH (azaMu OyAyT CYLIECTBOBATb ra3 (CYIISCTBEHHO BOJSIHOH map) 1
BOJHO-COMeBof1 pacnaas-pacTsop. [IpH BelcOKHX fAaB.ieHuaX (Bbllle KPHUTH-
UyecKNIX B CHCTE€Me CHJIHKAT — cOJb— BOjJa) KpHCTa.LIM3allus OyJeT mpo-
HCXOAUTHL 1Mo OObIYHOA cXeme AHArCPAMMBl ¢ KPHTHUECKUMH SBJAEHUSIMH.

B. PactBopuMOCTE BOABI B CHJMKATHBIX pacllJaBax cyLUieCTBEHHA, HO
BCe-TaKKM orpaHuueHa. PacTBOPUMOCTb YIJIeKHC.IOThl B CHJIMKATHBIX pac-
N/71aBaX He3HauHTesJbHA (IpuOJH3HTEJBHO Ha MODSIIOK MeHblle, ueM BO-
Jul). Pasanuuve B pacTBOPUMOCTH BOABI U YTJAGKHUCIOTH IpUBefeT K I3Me-
HeHMIO cocTtaBa rasa (u ¢.ionaa), paBHOBECHOTO ¢ paciiaBOM B 3aBHCH-
MOCTH OT TeMneparyph Hu aasjgeHus. [Ipu seicokux T u P ras odoraueH
YTJeKUCAOTON, N0 Mepe NOHIKEHNNR TeMnepaTypbl (11 KpHCTadIHd3alliu pac-
naaBa) M TNOHUKEHHS 1aBJeHHsl COAep:KaHWe BOIBL B rasoBoil (hase BO3-
pacTtaer BIJIOTL A0 SBHOro npeobgananus Han yraexncaoroil. Mavenende
colep:Kauus APYIHX JeTyYnX KOMIIOHEHTOB TakKe 3aBHCHT OT HX pacTBO-
PHMOCTH B pacIliaBe.
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Hamcuas posMomuLIe MOl OTACACHIA J€TY4dX OT pacm.iasa, c.e-
AYET UMeTb B BHUAY ABA KpaHHUX cayuas hPHCTAJIH3aLUH pachl1aBoB.
M3obapunueckass KpHCTAaJdaM3alus ODOUCXOAHT B  YCJO-
RHAX MOCTOAHHOIO 1@B.1CUNA, GCYILecTB/ISeMOro BHelHeH c¢peno#l ua pac-
NJIas. T. e. Ha onpejeacnnoil rayOHie, P BO3SMOXKHOCTH H3MeHeHHl 0061D-
ema (pasmepa) MarMmarilueckofi KaMepbl. Moje1b10 H306apHUECKOTO peXHu-
Ma IIpH KPHUCTANIH3ALHI 11 OTIeJeln J1eTYUllX CJIyXKHUT COOTBETCTBYIOLLEE
11300apHuecKoe ccueHne IHArpaMMbl COCTOSIIHSI CHCTEMbL.
H3oxopuueckas KpucTaJaal3alllls, NPeLICTAB/ISIONIAT BTO-
pOH KpalHuil THi, NPOHCXCINT B YCJIOBHSIX 1IOCTOSANCTBA oObeMa (pasMe-
pa) KaMepbl, 3alliMaeMoil paciiaasoM. B 3TOM cayuae KpHCTAJIAH3ALIs
H OTAedeHIIC JIETYUHN MO HIPYIOTCSl ¢OOTBeTCTRYIOHIIIMH MOHOBAapHAIIT-
HBIMH KDUBLIMH AHArpaMM cocTosiius (nanpiMep, GLB nas 6unapHoi cu-
CTeMbI), I1€ B KAuyecTBe 1e3aBICHMOFO HapaMeTpa BBICTyIlaeT TeMIepary-
pa, ee H3MeHelIle ONPCAeTSIOT AABJCHIC 1 (PAasoBblil COCTAB CUCTEMDIL.
Jaxe npeiacrasiags yupolcHio KPHCTALIN3aUHI0 NPUPOANBIX HHTPY-
3UBHLIX TeJ, T. ¢. npededperass I'palliciTaMill TeMIEpPaTypbi, LAaBICHUSI,

CHIBL TSKECTIL B [0/JC KOTODBIX CVINECTBVIOT NIDIPOJAHBIC MArMaTHUCCKIIC
TeJaa, TCM HC MeHCeC B KAYCCTBC MOJACHN ¢Je1yeT NPHHATL CJA0XKIIBIH H30-
Xopuuecko-uzofapuueckiii - nyTh KPHCTALIH3auMIl  pacnaasos.  Ilpexe

BCero B lipoliecce ABIHKCISL paciiasa 3 6oJce riyO0OKHX TOPII3OHTOB Ol
CylecTBYeT Kak TeJ0 onpeaetelliioro obvema 11 npu stom I'—P ye1osust
ero cyiecrsosanng r3Mensitorcd. Ecsu paciiians Obld achllen JeTyuiiMH
KOMIIOHEHTAMH, TO 110 Mepe TNPOJABHIKEHHS K IIOBEDXIIOCTH oH Gy/JeT Bblie-
JSiTh Ta30Byto ((paonauyo) dasy, nepBoHaua’dniio o00ralleHHYI0 MeHee
PACTBOPHMBIMH JeTyunMll (vrieknc1otoil 1 T. a.). OQHOBpeMeHHO ¢ JBH-
KEHHEM paciiasa B Psic C¢aAyuacB 11aulnacTtosl ¢ro Kpucradaiu3alust (HH-
Tepresypuueckas KpHeTaamsanist). Ilocre Toro Kak aBHxkyluas cuja
pacn.iapa OyjaeT Mcuepnana I pacniaBp 3aliMeT olpejeseHHYI0 MarMaTH-
YecKyld KaMmepy, naunercs (MJIH NPOJOKHTCS) ero KpUCTadau3alius, KO-
jopasi BHauage DYAET DPOTeKaTh B HIOXOPHUECKHX YCJIOBMSX, NPHUYEM He-
KOTOpLIH 11epHos 6e3 BLLAeJCHIS JCTYUHX Bo BMellawlyw cpeay. ITo mepe
KPHCTATIH3A1HH  Pacn1asa, BCIeACTBUE  OTPAHHUEHHON  pacTBOPHMOCTH
JeTYUHX B paciiaase, HX AaBJCHHE CTAHOBRHUTCS 00.bllle AaB/JEHHA BHEUIHEH
cpeibl M HaunHaeTcsi H3004pHUYecKas! KPHCTAIIN3AUHS ¢ PeTPOrpajHbLIM
BCKHManneM pacniasa. Coctap BblAe1:A¢MOHR ra3oBoil ¢assl OyAeT craHo-
BUTLCA BCe Oovlee BONLIM. B 3aBHCHMOCTH OT TJyGUHHOCTH (BHEUIHETO
JaBJenls) KPHCTaLIHM3aliisl CILIIKATIONO pacillaBa 3akonuutcsi o6paso-
BaHHEM CILTHKATION NMOPOIbI H OCTATOUNOro (P7110HAa, KOTOPBI, OTAESSCL,
JAaeT Ha4a’ 0 NOoCAeMAIMaTiyeCKUM THAPOTCPMAJbLHBIM PacTBOPAM, HJH B
VCJAOBHAX MaJblX TayOuin (110 4—5 kM) o6pa3oBaHHEM CyleCTBEHHO BOJ-
HOTO raza H BOJAHO-C0JeBLIX KOHIEHTPHPOBAHHBIX DACTBOPOB, KOTOpHIE,
OTIe155Ch, B 0JaroUpPHATHLIX VCJAOBHSIX MOTYT [aThb JBe BETBM THIPOTEP-
MaJbHLIX PACTBOPOB.

B3AMMOJENCTBUE PACIIJIABOB C BMEWAKIUUMH
MOPOJAMH

B nponecce 3apoxkienis, BHEApeHHS H KPHCTAAJAI3ALMH MarMarHue-
CKHe pacll1aBbl HAXOJATCSI B HENMPEPLIBHOM B3alUMOJENCTBHA ¢ BMEILAIOlULU-
MH nopogadili. Oco0eHHOCTL 3TOFO B3aHMOAECHCTBHA COCTOHUT B OCMOTIIUC-

! Koneuno, na caMoM jfeic 510 OJn3Kas K wn306apudecKoll (xBasuusobapnueckas)

KPHCTanIH3aund, Tak Kak npu T, P=const ne 6yzer i nepeHoca TemJia, HH JBHXKEHUS
JeTYUHX.
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CKOM MeXanu3Me, KOrjga BMeulawlHe [opojbl NPOHHUUAEMBEl TOJBKO AJS
d.ouaHOE 1AM razosoli ¢asbl, BbAeIfIOUlEHCS W3 pacniaBa. BeaeacTsie
3Toro pacnaas Oyjer HaxOAMTLCS B OCMOTHUYECKOM PAaBHOBECHH ¢ (UIOH-
JIOM BMEULAOIIUX 1I0POA, T. €. coAepxKaHlle JeTYUHX KOMITOHEHTOB B pac-
111aBe JO/KIIO COOTBETCTBOBATL MNapliiajbHOMY JaBJEHHIO 3THX KOMIIO-
IEHTOB BO (JIIOHJe BMCLIAIOUIHX TOPOA M.l [PEeBOCXOAHTh ero. B nporus-
HOM cCJyuyae, KOTla cojep:aHle J1eTYydHX KOMIIOHEHTOB MeHbllle, BO3HHKaeT
JONOJHUTEAbHOE OCMOTIIUECKOe naBieHMe, Bbl3biBAolllee NOCTYIJEHHE Je-
TYUHX 113 BMeUlaloUIMX 110POJ B pacillaB BIJOTL A0 YCTAaHOBJEHHS OCMOTPIf-
xf
yecKoro pasuosecisi. M3 TepMoaniiaMuuecKHX COOTHOWIEHHA P Sy ——
1
H n-— P, —P{ (rze Pl — PfX,-f, a Pf, Pl X! -~ cooTBercTBenno naBaenue
duona, napuiaJblioe AaBIeHde H MOJdbHasl 1075 JeTyyero KOMIOHEHTa |
o Quoune; P;, X;— napuuanpnoe xamjelle W MOJpHAas A0Js JeTydero
B pacli.laBe — Bce s HAeajblblX PacTBOPOB) MOXKIO BHAETb, YTO OCMO-
THUECKOe nMaBjaeHde OyjeT TeM Bbllle, yeM OOJbLIE HEZOCHILEHHOCTb pac-
1;1aBa JeTyudM H ueM Oousblle ofllee Aap.aeHHe (Jaonia HaA paclaas.

[lpoHuKiOBeHHe pacniaBa BO BMelLlalolile NOPOAbLI MOXKET MPOHCXO-
JAHTb MeXaHHUeCKHM MyTeM IO ocaabJeHHblM TeKTOHHUECKHM 30HaM H Tpe-
IMHAM HJIH [yTeM 3aMellleHHsi MAarMaTH4YeCKHM pacillaBOM BMEULAKIIHX
NOpOA ¢ IOCJaeAyollell KPHCTALIN3allHel U3 pacillaBa IJYTOHHYECKHX H3-
BepxkeHubix nopoxa. [locnennuit mexanuam noayuusa (no M. C. Kopxus-
CKOMY) Ha3BaHHE MarMaTHYeCcKOrO 3aMeLleHHs.

TTpoueccsl MarMaTHUeCKOTO 3aMeIieHdsl WTPaloT BaXKHYIO poJb B §op-
MHPOBAHUWM HUHTPY3UBHBIX MacCIIBOB, NpPOSIBJAASCL CaMOCTOATEILHO HJIH
COMPOBOXK/1asi IIPOIECcChl MeXaHHYeCKOTo BielpeHHs marMmbl. OcobGeHHO Be-
JHKd HX POJL B TJAYOHHHBIX YCJAOBHAX, 11pH (OPMHPOBAHHH 3HAUMTEJbHBIX
06beMOB MarmMaTHYeCcKHX Macc. MOXKHO pasaMuaTh JBa KpPaWHHX THIIA
MarMaTHUeCKHX MpoleccoB — AHPDYy3HOHHBIA H HHGUILTPAUHOHHBIH.

Ilpu nuddysvouHoM mnpoiecce MPOHCXOAUT IIOTJOLLEHIie, PACTBOPEHHE
(accuMuJslMg) MarMoil BMeUlalomuXx nopoj ¢ o0pasoBaliHeM nyTeM AHQ-
(hy3MOHHOrO BBIDABHMBAHHS NPOMEKYTOUHBIX 110 COCTaBY M JABOHCTBEHHBIX
N0 UCTOUHWKY BellecTBAa MarMaTHUecKHX nopod. Hus ocyllecTsielHsi mpo-
LEeCCOB acCHMHJASILHH TpeOyeTcsi J0CTATOUHBIA 3anac Telsla B Marme, He-
00XOJHMOTO st PacTBOPElHs-paclIaB/eHusl BMellaloUiuX NOpPOoA, U JJH-
TeJbHOE CYIIecTBOBAHHE MarMaTH4eCKOTO pacil1aBa, NOCKOJbKY IePeBoC
BellecTBa npoucxoaur AUdPy3vMoHHBIM nyTeM. TakK Kak 3amachl TemJaa
OTpaHHYCHBI, NPH aCCHUMHISILMU B TIPHKOHTAKTOBOH 30He HCPeJKO coXpa-
USIOTCH KCEHOJHTHl B Pa3JHUHOH CTenmeHH IlepepabGoTaHHBIX BMeILaloUIHX
nopoja, a caMH MarMaTHYeCKHe HOpPOAbLl MpeacTaB/jeHbl MECTPbIMH 110 CO-
¢TaBy W CTPYKTYpaM pa3HOCTSAMH. TaKHe MOPOJbl MOJYUYHJIH Ha3BaHHe THO-
PHAHBIX MOPOL.

HUubuapbrpannonHoe MarmaTHuyeCcKOe 3aMellleHHe OCYLIECTBJSCTCS B
VCJIOBHAX HHTEHCHBHOrO BO37eHCTBHSA BBIAESIONIHXCS U3 Marmbl (QJIIOHIOB
(cxkBosbmarmatuueckue pactsopbl, no . C. Kopxunckomy). 2TH DIoHAD
BLIHOCAT M3 MarMbl T€ KOMOOHEHTBI PacliaB.JeHHLIX (pacTBOPEHHBIX) BMe-
11AIIHX NTOPOJ, KOTOpble fABISIOTCH H3OBITOYHBLIMH 110 CPAaBHEHHIO C KOTEK-
THYECKHM H 3BTEKTHUECKUM pAaCnjaBaMli, U BHI3LIBAIOT HEPEeiKO HHTEHCHB-
HOe MeTacoMaTHueckoe nmpeoOpaszoBaHHe BMellaoWUX Toall. OueBHIHO, 4TO
Aaa HHPHIBbTPAUHOHHOIO MarMaTHYeCKoro 3aMelleHHsl! KpoMe 3anacos

' B 3aBHCMMOCTH OT cOCTaBa 3aMellaollell MarMbl IpOLecChl HHQHJALTPANHOHHOrO
MarMaTH4eCKOro 3aMelleHus 0003HayaldT KaK TIPaHUTH3aUHW, ra66poH3anulo, CHeHHTH3a-
Mo 1 T. L., XOTH cJdelyeT OTMETHTb, YTO HEPCAKO 3TIl TepMuHbl ynorpeGastorca B Goee
IMHPOKOM M MeMce ONpcledeHHOM CMBICAe,
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HU30BLITOYHOTO Ters1a HeoOXOAHM HHTEHCUBHbLIH MOTOK BBIAEJSIOLIHXCS H3
mMarmol ¢.IIOHIOB.

B npHpozme, ecCTeCTBEHHO, BCTPEUYAIOTCS pa3JHUHBIE [POMEXKYTOUHbIE
COOTHOUICHHMS MeXKJy BblJAeJeHHbIMH KPAaWHHMHU THNAMH H 60Jee C.I0MKHble
caydad, BO3HHKAIOLIHE IPH ONpeje/]eHHBIX COOTHOUIEHHAX MexAy HHGQHJ/Ib-
TpauMeli u audpdysuedt. BaxKHoe neTporeHeTHueckoe 3HaueHHe HMeeT WH-
(GbUAbTPALlHOHHOE MarMaTHUeCKoe 3aMeIlleHHe C OTPazKeHHOH UIeJOUHOCTHIO.
OHo BO3HHKaeT npH HHPHIBTPAIHOHHOM 3aMell[eHHH FPAHHTOMAHBIMH Mar-
MaMH KapOoHaTlLIX 14 OCHOBHBIX LIOPOA B YCJAOBHAX, KOrja BeTpedlas
Aupdy3ua uleaouell 11poHCcXOAUT ObIcTpee, ucM HHGPUIBTpAlHs PacTBOPOB
H3 Marmbl. B Takoii 0BGcTAHOBKe OCYUIECTBJSETCS CJAEAYOIUHI MeXaHH3M
B3aHMojeHcTBHsA. B 110TOKe pacTBOPOB, IPOHHKAKILHX H3 MarMbl BO BMe-
HlaonlHe MNOPOAbl, BCJAEACTBHE B3aMMOAEHCTBMS OCHOBAHHH  IIPOMCXOAHT
CyUlecTBEHHOEe TMOBbILIEHHe aKTHBHOCTH  IeJ04Yel, KOTOpoe  BbI3bIBaeT
ECTpeuHyo Audy3uo me1ouell B Marmy («oTpazkeHHasl LIeJOUHOCTb»).
BeaengerBue 3TOro B 9HJIOKOHTAKTOBOH 30HE 1IPOHCXOAMT H3MEHEHHe napa-
TeHe3UCcoB COCTaBa BILIOTh A0 LOABJICHHS HX 11eJOYHbIX Pa3sHOBHAHOCTEH.

3akanuiBass 00CyKaeNHe 1IPOLECCOB B3aHMOJENCTBHSI MArMaTHYeCKHX
[acmnaaBoB ¢ BMEUIAKOIIHMH I0OPOJAaMH, CJacAyeT yKasaTh, 4TO B oripeje-
JeHIBIX YCJIOBHSAX, HCPELKO OCYIECTBJSICMbIX B 3eMHOH KOpe, CaMu BMe-
Hiamlle 1Mopojabl MOI'YT SIBUTbCS pOAOHaua.LIMKaMH MarMmaTluecKHxX pac-
11;1aBoB. PaccMoTrpernble BBIIIe 3aBHCHMOCTH TeMIepaTyp IL1aBjeHHst MHHe-
PAaJIOB IIOKa3LIBAIOT, UYTO MOBBILIEHHWE TeMIlepaTypbl, [IOHHXKEHHEe JaBJ1eHHus,
VBeJHUYCHHE COJEepXKAaHUs BOAblL (M KHCJOTHBIX KOMIOHEHTOB) Bo duilonae
MOXCT MPHUBECTH K IL1aBJIEHHIO BMELLAOUIUX MOPOJA, KOTOopoe OyaeT Mmpo-
HCXOAHTb B 06paTHOM NOPsJKe, 4eM PACCMOTPeHHble NPOLecchbl KPUCTAJ-
JU3alUU: CHauaJja BblIJaBJAeHHe 3IBTEKTHKH, 3aTeM BBLIIJaBJeHHE MHHeEpa-
JIOB, OTBeualolllee W3MeHEeHHIO COCTaBa pacnJ/jaBa 10 KOTeKTHKe, H T. I.

B saBucumoctdt ot I, P u cocraBa ¢aoHaa mjaBieHue MOxKeT OBbITh
YACTHUHBIM HJH [0JHBIM. Bo3HMKIIHe TakuM 00pa3oM pacnaaBbl Ha3bl-
BalOT INA/JHUHIeHHBIMH, a NpOLecc BblIJaBJIeHHs] — NAJHHIeHe30M HJH aHa-
TeKcucoM. AHaTeKTHuecKHe MarMaTHuecKHe pacinaaBbl B (DU3HKO-XHMHUeE-
CKOM OTHOULIEHHH, eCTeCTBEHIIO, HHYeM He OTJHUYAIOTCS OT OPTOTEKTHUECKHX
{(nepBUUHbIX) paclJaBoB, NPHUIEAUINX B 3eMHYIO KOpYy H3 MaHTHH. bo.ee
TOTO, OPTOTEKTHUEeCKHMC pacnJjaBbl B CBeTe COBPEMEHHLIX TNpeACTaB/JCHHUH
SBASIIOTCH  pPe3ysaLTATOM JACTHUHOTO 1L1aBJEHHS (MAJMHIeHe3a} MaHTHIl-
1oro MatepuaJja. [ paHHTOHAHBle Marmbl, Hrpaioulde OIPOMHYIO pOJb B
(hOpMHUPOBANHU 3EMHOIl KOPBl M MCCTOPOXKACHHA NOJE3HBIX HCKOMAaeMBIX,
BO3HHMKAIOT I'M1aBHBIM 06pa3oM B pe3y.bTaTe aHaTeKcHca BellecTBa 3eMHOH
KOPBL.

CTPYKTYPbl U TEKCTYPbl

—————— —

[ToHsiTHE <CTPYKTypa» OXBATBIBAET OCOOEHHOCTH CTPOEHHs TOPHOH 110-
poAbl, KOTOpble OOYC/JOBJIHBAIOTCA pasMepaMH, (POPMOA H B3aHMHBIMH OT-
HOLIEHHAMH MulepaJoB H BYJKarlueckoro crekaa. TekcTypa ompejesnsercs
06GLUAMH 0COBEHHOCTAMH MHHEPAJbHBIX arperaToB H HX pacllOJIOXEHHEeM B
IIPOCTPaHCTBe.

CTpyKTypa 3aBHCHT OT CTENeHH KPHCTAJJIHYHOCTH H OTHOCHTEJILHOr:
KOJHUeCTBA CTeK.J1a, aOCcoJIIOTHON M OTHOCHTEJLHON BENHYHMHBI 3ePeH MHHe-
paJoB ¥ ux GopMbl (Kpucraaiorpapuueckoro o0.nKa, cTernenH uanomopd-
HOCTH, HaJHUHs HJIH OTCYTCTBHS PEAKLHOHHOrO B3aHMOJAEHCTBHS C JDYIH-
MH COCTaBHBIMM YacTsIMH, pacnaja TBepAblX pacTBOPOB).

TexkcTypa B CBOK Ouepelb onpejessercs OOUIHM OOJIHKOM I1OPOABI,
pacrosoKeHHeM H pacnpeeseHHeM MHHePaJabHbIX arperatos, BbI3SBaHHBIM
0COBEHHOCTAMH KPHCTAJMJIU3aUHH HJAH BHEIIHUMH BO3JAEHCTBHSIMH, CrOCO-
60M BBINOJHEHHs IIPOCTPAHCTBA MAacCOH TOPHOH MOpoabl BCJAeACTBIE [pO-
11eCCOB, NPOHCXOASILHX 10 3aCTbiBAHMA MJH BO BpeMsi KpHCTaMMH3aLHL,
(opMOil OTAEJIBHOCTH, BO3HHKAIOUIeH MPH OXJaXKAeHHH pacniaBa H/IH IOJ
BJHSIHHEM BHEIIHHX BO3JeHCTBHUI BO BpeMs H IOcJae KPHCTAJAAH3ALHH.

Takum o6pason, I CTPYKTYpa 1 TEKCTypa OUPCIeTsHIOTCs XapaKkTepo
i B3aHMOOTHOIICHHSIMH MHHEpPaJ/bHBIX COCTAaBHBIX uacTeil mopodbl. I[losto-
My TpPH NpaKTHUECKOM H3YUEHHH NOPOJ He BCerga MOMKHO J0CTaTOuHO
CTPOTO OTIEJHTb HX APYr OT Apyra. Hampumep. opHentHpoannoe pacupe-
JeJeHHe MHKPOJHTOB NJAarioK1a3a B OCHOBHOH Macce MOXKeET 3ajaBarbed
JAH60 OPHEHTUPYIOIUHM BO3AeHCTBHEM JBHXKEeHHsl JaBbl (NPU3HAK TEKCTY-
pbl), an6o (p¥ MaJOM KOJMYECTBE CTeK.a) Camoii yn.IOIeHHOH BBITANY-
Toifi GopMOfl BbIIeTeHHIl noJeBOro wWmnarta (npuaHak ctpyktypel). [lostomy
IPU ONHCAHHAX MOPOJ TPHUXOLHTCS MO0Jb30BATLCA (HAPsAY C MOHSTHAMH
CTPYKTypa M TekcTypa) Oosee OGIIHM TEPMHHOM — CTpOeHHeE (CJI0KeHHe)
IIOPOJIbL.

Pa36op OCHOBHBIX OCOGEHHOCTEH CTPYKTYP H TeKCTYp ynoOHO mpose-
CTH IO yKa3aHHbIM BblIIE KJacCHOUKAUHOHHBIM IPH3HAKAM.

[To cTenend KPHCTAJJHYHOCTH OOBIYHO Pa3JMualoTCsl TPH TJIABHBIX TH-
Ia CTPYKTYpP: NOJHOKPHCTAJJIHYECKHE CTPYKTYPbl I10POA, B KOTOPBIX CTEK-
0 OTCYTCTBYET, HENOJHOKPHCTAAAMYeCKHe CTPYKTYpPbl NOPOT, COACPKAUWMNX
HapsAly ¢ KPHUCTAJlaaMH MHHEDAJOB TaKXe H CTEKJO, CTeKaoBaTble CTPYK-
Typbl NOPOJ, COCTOSIHX M3 CTeKJAa C KpHCTAL1aMil H (HJH) HEGOJbUIHM
KOJIHUECTBOM MHKDOJIHTOB.
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Crek.10 — nepeox.aaxiaelnnasi XKHAKOCTb, KOTOpasi CamOIpPOH3BOJLHO
[ACKPHCTAI1H30BbIBATCH (pPACCTEKJAOBLIBACTCSI), UTO IPHBOAUT K BO3HHK-
HOBEHHIO psila BTOPUYHBIX CTPYKTYp. KpHertaaaurol siBasiiotes obpasosa-
HHSIMH, He JeHCTBYIOILNIMI Ha MNOJSIPH3OBAHHbBII CBET, NEePeXOAHBIMH OT
amopduoro BeulectBa K KpuctaaanyeckoMy. Omd 1iMeloT pasHoo6pasHyio

Puc. 65. CoorHourelllle ¢TeKJa W KpucTadios 3 cTpykrvpe 3hdysuson
OCHOBHOIO COCTaBa:
a4 — BUTPOMUPOBAsT CTPYKIVPA: BLITSAHNTLIC TOHKHE BKpaILIeHIHKU 1 MHK-
POJUTHL IJAarHOKJa3a B KOJIHYeCTBeHlo  npeoGragaiolieM  TeMHO-Gypow
B\UIKAHIIUCCKOM CTekJe (ruajgofasanbr); O — ruajoniInToBas CTPYKTypa;
B OypoBaTOM Clekje pacceslibl TOHKHe MUKPOJHTH 1.1arHOKJAA3a, H30MeT-
plunble JepHbIKI aBrHTA H MeIbUYaANIHC BBIICTEHIs MarHeTHTa (aH7Te3uT);
6 — HATepcepTa’bHasl CTPYKTypa, BKpalLIeHHHKI IpeJlCcTaBJeHbl OJIBHHOM
Il THPOKCEHOM (C BPOCTKAMHU I111aTHOKJA3a) B OCHOBHOH Macce H3 MHKpO-
JUTOB IL1aTHOKJI43a 1 CTeK.]a, HaXOAsALIerocs B PEe3KO MNOLYHHEHHOM KOJH-
yecrBe (GazaanT). [To YO. [Moaosunkuuoii (1966)

(popMy — WapoBylo (r100Y.IIThbl), LHJIMHAPHYECKYIO (JOHTYJIUTBI), HIJIO-
nomo6Hylo (CIUKyJAUTH) u T. A. Hapsiny ¢ KpuctaliuTaMu B CTeKJde He-
peako orMmeualorcsi cdepoJluThl — paldaJdbHO-I1yuHCTLIe, B 06LleM Iuapo-
o6pa3Hble arperaTtbl BO.JIOCOBHIHBIX, WrOJbYATHIX., ITACTHHYATHLIX  KpH-
CTacl 108,

Hedenue CTpyKTVp 1O clelicll KPHCTALIIYHOCTH YUHTBIBAET H OTHO-
CHTEJbIIOe KOJIHUECTBO c¢TeK.1a. Dogec ApoOHO 3ITOT IIPHIHAK HCIOJIb3YeT-
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¢sl, HANpHMCp. NMpH ONHcaliH ocHoBHOf Maccnl 3hQy31BOB OCHOBHOIO H
cpellero coctaBoB (pHc. 65). 37aech B 3aBMCHMOCTH  OT COOTHOLUEHHA
CTEK.1a H MHKPOJHUTOB (C:M) BBIICISIOTCH CTPYKTYpbl: BHTpOdHpOBAs —
pe3ko npeofaamaer CTeK.10, MHKPOJIUTBLI Beelad Pa3beJHHeHbl HM (€M >
> 75:25); ruasonuanToBass — B 0€CIOPSIOYIOM BOHJIOKe MUKPOJNTHI He
Beerjga pasbeauHceHbl crekdoM (¢ : M~ b0:50); HHTepcepralbHass — PC3KO
peo6.,1a,1a10T MIKPOJHTB, CTEKJT0 UPHCYTCTBYeT JIHIWML B HHTePCTHIHAN
MexXAY HHMH (c:M < 25:75). I'madonuauroBasi 1 1nTepcepTasabHas CTpPYK-
TYpbl fIBISIOTCS PasloBHAHOCTHMI MUKpoauTosoli. Tlox 3THM TepmunoMm
00 bEIHHSIOTCS] CTPYKTYPbI OCHOBHOI Macchl BYJIKalOTeHILIX NOPOJ, COAep-
AKallHX MHKPO.IITB H HeGOIbIOE KOJHUECTBO CTCKA.

[eostornueckne Ha60aeHNIsT NOKA3BIBAIOT, UTO CTEKJAO BO3HHKACT 1pH
3aCcTBLIBAHMH MarMaTHYecKOoro pacliiiaBa B pesyabTare ObICTPOTo OXJaX-
Jculist 1 peskoil moTepu JaeTyuuxX. OOGbIUNO 3TO NMPOHCXOJHT NPH U3JIHSHHH
Jasbl Ha 110BEPXHOCTh BO BPEMsl BYJKAlINUCCKOTO H3BEPXKEHHs, HO B HEKO-
TOPLIX clyuasx (npH TPYAHOH oTAe sieMOCTH (JIIOHAO0B cnelH(pHUecKOoro
COCTaBa) MOXKET HPOHCXOMHTL H IPH BHEJPEHHH MArMbl B runaGHccasbHbIX
VCI0BHSIX — Ha TJYOMHAX HOPAAKA JeCSTKOB — IePBLIX cOTeH MeTpoB. [Ipu-
MCPOM 1I0pPOJ Takoro pona MOTYT CJYXKHTL aBTOMarMarHueckHe OGpeKuHH
{cM. 1IHJKe), cOojepKalllie CTEKJ0 B OCHOBHOH Macce H ¢rnocoOHLIC JgaBaTh
1IPH BHCAPEHHH TOHKHE CTeKJI0BaTbhle anodusbl,

Coornowesye MIKPOJIITOB H CTeKJa B CTPYKTYpe OCHOBIOI MacChl
IIOPOJ OTpaxaeT CTeNeHh NEepPeoX.JaxIAeHUs pacljaBoB H CKOPOCTb Iajenis
Temnepartypbl. KosuuecTBeHHble jAanHble A4s1 3p@HY3UBOB OTCYTCTBYIOT, HO
IsT HOLTIOCTPAlMA  JeHcTBUST 3THX (HaKTOPOB  MOXKHO ITPHBECTH JaHuUbIE
JI. P. ¥Ysiinxkepa no Cxaepraapay (ta6.a. 14), nokaswiBaolile, 4To npH

Ta6bawua 14

CpaBHHTENbHOE KOJAMYECTBO KPHCTANNOB B Pa3NHuHbLIX rab6pomunax
HHTpY3uH CKaepraapy (wT/cmd)

MoecTonaxoxgeHns H”Eg;& Iupoxcen OnuunH 1labMeHnT 816[31%‘
|
B I M or KoHrakta 4600 38 1900 13 6551
B 30 o or kontakta| 2700 ' 16 75 22 2813
i | | |

yAaJedHn OT KOHTAKTa KOJIHYCCTBO 3apoiabllieil KpHUCTaJ1Ja0B OLICTPO na-
naer.

ITo a6coaoTuol BeaHYHHE KPHCTAIIOB, C.1ardlollHX TOPOAY, HOCIe/-
HHE JIeJSITCS Ha SBHOKPUCTAJIHUECKHE (B KOTODBIX OTAEJbHble 3epHa BMJ-
Hbl 11€BOOPYKEHHbIM T.1a30M), MHKpPOKpHCTALTHUECKHE — (cOocToslllMe 113
MHKPOCKOIIHYEeCKHX KPHCTAJJIOB H 3epeH) M CKPbITO- WJIH KPUNOTOKPHCTA.I-
Juueckue (CcoCTaBHble vaCTH KOTOPBIX He pa3 HYHMbl I10J MHKDPOCKOIOM,
XOTH H JeHCTBYIOT HA MOJNAPH30BAHHBIH CBET).

SIBHOKpHCTAJIHUCCKHE TOPOJALL 110 KPYIHOCTH 3€PHA 110APa3ICIsI0TCo
la THFaHTO3epHHCTbIE ¢ pas3MepoM 3epen Go.gee 10 MM, KpyliHO3epHHCTBIE
(3—10 mm), cpeaHesepuHcTble (3—1 MM) H  MeJIKO3epHHCTble (MeHee
] MM). MHKPO- H CKDPBITOKPHCTAJIIHUCCKHE INOPOABI TPH MAKPOCKOIHUe-
CKOH XapakKTeplCcTHKe O0O3HAualoTCsl Kak adaHUTOBble, WJIH TOHKO3eplll-
cTble.

OrtHoclTebllast BeJaMUIHA CJ1aralolllix NOopoJdy MHHepPabHbIX 3epeH
1:03BOISIET TOBOPHTL O PABHO3EPHHCTBIN, HEPABHO3EPHHCTHIX, MOPOUPOBHI-
IiblX W NOPQHPOBLIX ~TPVKTypax (pHc. 66).
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B nopome peako ObiBaeT Tak, uTo6bl BCe INOpOA0OOGpasyollHe MIHHE-
paJbl cJara;ju 3epHa oaHol ¥ Toll e Beanuuubl. OObBIYHO paslible MHHe-
pajabl XapaKTepH3ylTCst pas3.iyHbiMH paszMepaMu. Hanpumep, B npHKOH-
TAKTOBOM O.TMBHHOBOM raf6po uutpy3un Ckaepraapn 3epHa 1aruok.1asa
nmeror 06bvem 0,13 cm® nupokcena — 6.6 cm®, oausuna — 0,08 cm3, uabme-
nura — 0,8 cm® IlosTomy mnpu onpenesennH 1na3Bauvus CTPYKTYpbl TPHHH-

Puc. 66. CTpyKTypbl NOJAHOKPHCTAMIHUECKHX MNOPOA B 3aBICUMOCTH OT CTC-
Helll HepaBHOMEPHO3EPHHCTOCTH:
a — paBlIOMepHO3epHUCTas (MUKpora66poBas) CTpYKTypa; nopoja (MilK-
poraG0pOo-HOPHT) CJ0KCHA H3OMETPHUHLIMM 3€pHAMH THIIEDCTeHa, MOHO-
KJIIHHOTO NHPOKCena, OCHOBHOTO IJ1aTHOKJasza 11 Marserura: 6 — mopdu-
poBuaHad CTPYKTYpa; KpymHble MHIHBHABLI NHpoxceHa B Macce 6ojee Mel-
KHX 3epeH TOro K¢ NHpoKceHa, pOroBofl 0OMaHKH H NJarHokJasza ¢ BKJAO-
4eHHAMU PYJAHOTO MHUHCPaJa H anatuTa (MeJaHOKPATOBHIH TaMupodHp);
6 — nopdupoBas CTPVKTypa; BKpalJeHHHKHd [JIarHOKJa3a B MHKPOAJIO-
TpoMopdHO#i Macce u3 NHpPOKcena M ImJardokaasa  (ra6opo-nopdupHT).
ITo 1O. IloaoBuuKHHOM (1966)

MaloTcsl BO BHHMAaHHe pasMepbl 3€peH Kakoro-1H60 npeo6.1ajarollero MH-
nepana. Ecau 3tH pasMepbl 6o0ee HJH MeHee OJIMHAKOBbI, TO CTPYKTYpa
OTHOCHTCH K DABHOMEPHO3epHHUCTbIM. [IpH HeOAHHAaKOBOH BeJlUHHE KpH-
CTA/JI0B CTPYKTYPA CUUTAETCsl HepaBHOMepHO3epHHcTOH. B sTom cayuae
MOTYT ObITh 3epHa JABYX-Tpex pa3MepoB (Ge3 TOCTENEHHbIX INepexoj0B)
114 TaMMa-nepexoa0B OT MHIIMMAa.IbHOTO 10 MaKCHMAaJabHOTO .15 LaHHOTO
MHHepaJa pasMepa.
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[Topduposuanas u nopduposast CTPYKTYpbl SIBJASIOTCSI B OIpeleJseH-
HOM CMbICJle pe3KO BLIPAXKEHHBIMH CJaydassMH  HepaBHOMEpPHO3epHHCTOH
CTPYKTYpLl. IIpH uX oniicaHuM BblTeJSIOTCS OCHOBHAsl Macca W BKpalJeH-
HHKH. B nopdupoBuIH0l CTPYKType OCHOBHAs Macca MoxKeT OblTh MeJKo-,
CcpeJHe- H Aaxe KPYNHO3eDHHCTOH, a pasMepbl BKPAIJIEHHHKOB (31ech HX
uaile Ha3blBAIOT NOPQIUPOBHAHBIMH BblOeJeHHsIMHI) INPEBHIIIAIOT pa3Mephl
3eped OCHOBHOH Macchbl B HECKOJbKO pa3. B nmop¢upoBofl cTPYKType OCHOB-
Hasg Macca OObIUHO MeJKO3epHHCTad HJH adauurtoBas, vyacro HabJwoaaer-
¢l BYJKaHHYeCKOoe CTeK.J0, a BeJHUHHA BKpalJeHHHKOB 3HAUHTEJNLHO 00Jb-
1le pasMepOB KPUCTA/NIHUECKHX 3€pPEH B OCHOBIIOH Macce, ueM B TIpelbl-
JyuieM caydae (uuorpa B 10—15 pas u Goaee). M3secTHbl Takke IOPOAHI,
B KOTOpHIX BKpallJeHHHKH o6pasyioT CKONJeHHSs, arperaTbl. Takasi cTpyk-
Typa HasblBaercst roioMeponopduposofi (0T JaTHHCKOro cjoBa glomero —
cobupalo B Kyuy).

[Ipruniiofl BO3HHKHOBEHHSI 1IepaBHOMEPHO3ePHHCTBIX (B UACTHOCTH,
noppHPOBLIX) CTPYKTYp SBJSIOTCSI pPe3KHe H3MeHeHHst (PU3HKO-XHMHUeCKHX
veaopuil Kpucraanuzanuu. [lo M. b, boponaesckoil, moryt 6bITh Bbliele-
Hbl CJeyIOliHe TeHeTHUeCKHe THIIbl NMOpGhHPOBBIX BblAeqeHliil:

) coBcTBeHHO BKpamseHHHKH ((eHoKpucTaaabl), T. e. nopdHposble
BLIJeJIEHHS, KPHCTAJIH30BaBlIHeCsT U3 pacnjaBa Ha TayduHe (HHTparte.-
JypHUeCKHE) W BLIDOCIINE HA MecTe B KaMepe 3acTbiBaliMsl MarmMaTHUYeckKo-
ro rega (MHTPY3HBA, AAHKH, H3/JIHBUIETOCA NOTOKA);

2) nopcpupobaacTsl — KpyiiHble KpUCTaJqabl, 06pasoBaBliHecs MOCTe
001l KPUCTAMIN3ALHH TTOPOILI;

3) KCeHOKpHCTaJJbl, [ONaBlide B MarMy NH3 BMeEUIAIOWHX [OPOL HA
roay6HHe HaH B KaMepe KPHCTaJ IH3alHH.

Hanpumep, B mMarme, HauaBllell KPHCTA/1JIH30BATLCSl B IyGHHIIOM oda-
re, 06pa3yloTca KpPHCTaJJIbl M1aruokKaasa, poMOHUECKOTO NMHPOKCeHa H OJH-
BHHA. 3aTeM MPOHCXOAHT MOAbBEM MarMbl MO Kallaay BYJKAaHa N H3JIHSHHE
11a TOBEPXHOCTb, TJe JaBa 3acTLiBaeT, NnpuobpeTas pPe3KO BbIPAXKEHHYIO
NopQHPOBYIO CTPYKTYPY: HHTpaTeJJypHUeCKHe BKpalJeHIHKH nJarHoksia-
3a, NHPOKCEHa, OJHBHHA B OCHOBHOM Macce H3 CTeKJa C TeM HJIH HHBIM
KOJHYECTBOM MHUKDOJHTOB TeX »Xe MuHepatoB. B caywasx, korjaa cyiie-
CTBEHHOH 3a/]epXKKH (OCTAHOBKH) paclJaba, CONPOBOXKIABLIeHCcs YacTHU-
HOH KpHCTadnH3alHeH, Ha TaybuHe He NPOHCXOJAHT, MOKET BO3HHKHYTh
JaBa 6e3 BKpamJeliHHKOB — apUpPOBOH CTPYKTYPHI.

IToMHMO HHTpaTesNJIypHUeCKHX BKpAIJEHHHKOB TNOP(PHPOBHAHBIE BbI-
JleJIEHHsT MOTYT BO3HHKHYTb U B KaMepe 3acToiBanusi. MHETpaTennypuueckue
BKPaN/JeHHHKH SBJAIOTCA OoJsee paHHHUMH, YeM MHHEpAaJbl OCHOBHOH Macchl
H 103AHHe NOpPHHPOBHAHLIE BLIIEJEHHS, W IMO3TOMY OTJHYAIOTCSH OT HHX
6oJice BLICOKHM HAHOMOpP(QH3MOM BbiaeseHHH W coctaBoM. llpu 3ToM naa-
THOKJIa3 HHTpaTeJJypHUeCKHX BKpPalJEHHHKOB coaep:KHUT 00.blle aHOPTH-
TOBOro KoMnoHeHta (Ha 20—60%) u Hepenko HMeeT HHYIO CTeleHb YIO-
PAA0YEHHOCTH KPHCTAJJIHUECKOH pelIeTKH; KaJHeBbIH MOJeBOH IINAT TakKixKe
OTJIHHAeTCS] N0 CTeNeHH YNOPs0YeHHOCTH; IBETHble MHHepaJibl (OJHBHHBL,
NHPOKCeHbl, aM(ub0.1bl, OHOTHTBI) XAPaKTEPH3VIOTCS MEHbIIEH XKeJe3HCTO-
CTbIO. B HHTpaTe ypHUECKHX BKpalJeHHHKaX MOTYT HabJ/IoaaThcsl MHHe-
paJbl, He XapakKTepHble AJsl paciyaBoB JaHHOA KPEMHEKHCJOTHOCTH H
11e.TOYHOCTH, KPHCTAMIH3YIOUIMeCss M3 HHX JHIIL NMpH 60Jee BLICOKHX TeM-
nepatypax (HanpHMep, OJHBHH WX DOMOHUECKHA TIHPOKCEH B jgalKax
rpanut-nopoupoB). Takue nopdupoBble BbIeJeHHSI NPH NAaLEHHH TeMIe-
DATYPHl W IaBJEHHS CTAHOBSATCH HEYCTOMUMBBLIMH B pacmjaBe H OOBLIMHO
HapALy ¢ HAMOMOP(HLIMH OYEPTAHUSIMH HECYT NMPH3HAKH MHTEHCHBHON KOp-
PO3HH, pasbelaHusa. B To e BpeMd BKPAIJIEHHHKH, PacTyliie B KaMmepe
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3aCTLIBAHHS HHTPY3HBA, NPI3HAKOB KOPPO3MI I1c 00HapyKHBAIOT U Xapak-
TCPH3YIOTCS HH3KOA cTenennbio HiHoMopdiiaMa. [PasMepnl uHTpaTesypHue-
CKHX BKpAITeHHHKOB 00biuHO cJ1abo KO.J1e6.110TCH M pe3Ko OTJHYaloTCsi OT
PeTIIUMHBI KPHCTA110B B OCHOBHOH Macce, TOrjla Kak no3anue (BIYTPHKA-
MepHble) 1op(UPOBHIHLIC BbIAETeHHsI XapaKTepH3VIOTca  pa3noobpasHol
BEJHUITHON H HEPCeAKO 103BOJIAIOT HA3BaThL CTPYKTYPY NOPOALI CCpPHAJLHO-
nop¢upoBoii.

[Topdupot.racter obpasywoTes mocae KPHCTANIH3ALUHH TOPOABl 1 (Hop-
MHPYIOTCA MeTacoMaTHuecKUM nyTeM. [[aubonee wacThiM mpuUMepoM Takoro
poja fIBIAIOTCS KPYINlble BhigedeHIisl MIKPOKJIHHA B HEKOTOPHIX T'PAHHTOH-
Jax. B 3Tom cayuae KpucTaddbl KAJHEBOrO I110J€BOTO 1INaTa cojepxar
RKJIOUeHHs JApPYrixX MIHepaJoB-— KBapla, IJ1arHoK.J1a3a, MHKPOKIHHA, Bbl-
JCIUBIINXCST pance npH KpHCTAJNAH3AIHE MarMaTHyeckoro pachjaBa H 34-
MelllaeMblX MHIKPOK.JIIHOM. PeJaHKThl MHICpastoB HMeEIOT IIPH 3TOM Hellpa-
BIJBHYIO ¢opMy, pe3opBHpOBallible TpaliHiibl, He3aKOHOMEPHYIO OPHEHTII-
POBKY, a BMellalolillle HX KPYIIHble BblJeJCHHs T01eBOI0 LINaTa J0CTHTAoT
Huoraa 10—15 ¢M ATiIIbL.

[naBHeANINM 3.1€MCHTOM CTPYKTYpPLl SIBJISIETCs (pOpMa 3epeH cJarako-
UHX nopoay Muiicpaaon. C 3TOH TOUKH 3penllst 1PesKiAe BCCro BblACTSIOT-
csl HANOMODP®DIILIC KpHCTAMIbl W KcenoMopdlible KpHCTAAJINUYeCcKle 3epHa.
B nepsom cuayuac orpaumnuenisi MUHCDAJOB XapaKTCpPHbl JLisl J1aHHOTO Kpll-
CTATTIYECKOrO BeillecTBA H CBILIETEILCTBYIOT 06BLIUIO O pocte B ¢BOOOML-
HOM 1IPOCTpAliCTBe, BO BTOPOM —— SIBJSIIOTCS 1151 HETO UYXKJAbIMH I OIpeje-
JgioTcd GopMoH IpOCTPAHCTBA, OCTaBIIErocst nocJge KPHCTaJ AH3alul pa-
lee BblAeJHBIINXcS MHHepastoB. [lo cremend coBeplenctsa KpHcTadla
(ILIH KPHCTAINMUECKOTO 3€pHa) ¢.CyeT pasJaiuath HX CKeJdeTible, JCHA-
PHTIBIC H NOAKHJINTOBbIE (HOPMBI.

CkemleTHble KpHCTAMIBL 1IPCACTABISIOT o000 OCTOB KpHeTasaa, BO3-
HHKIOUHA BCJ€JICTBHE TOTO, UTO 110 PAsJIHUHBIM [IPHUMHAM BElIeCTBO 3aI0.1-
HAET He Bech 08beM MIOTOrpallliKa, a Jlillb KaKHe-To ero yacTH. B mar-
MaTHUECKHX 110P0j1aX 3TO OGLIUHO BIIelIHHe CKeJeTible KPHCTaJabl, TNpejl-
CTaBJeHHble BHCIIHHMIH TPaHsIMH, a BHYTpPH COJACpKallHe JHOO BYJIKaHH-
yeckoe CTekJ0 (B JiaBax), aubo0 3epHa ApYrux MHiepasoB (B MHTPY3HBax).
Takne obpaszoBaiiuisi Ha3biBAIOTCSl TakkKe (GYTJAAPOBUAHBIME, HaH «bapuill-
POBAHILIMI», KpHcTaldaMH. MexaHn3M BO3IHKHOBeHHS Taklix (opM co-
CTONT B PE3KO 1IepaBIIOMCPIION nojlaue  MarepHaJa K pasHbiM  4acTaM
pactyulero kpucraana. B 3d@dy3uBHbIX 00pa3oBaHUAX HJIH B CBCPXOBLICTPO
OXJAXKAAKUIUXCSl aniKaJablbIX HACTAX IIHTPY3HUBUBIX KaMep BsI3KOCTb MO.Y-
3aCTLIBIIEr0 pacnJgaBa NPHBOIHT K POCTY TO.IbKO BHENIHWX dacTeldl KpH-
ctanana. B pesyabrate Ha6.1101a10TCS BKpAINJeHHHKH OJHBUHA, aMduboaa,
11artokaaza ¢ yraybaennsMu  (QyT.aspamMH) Ha TOpIlAX, 3anoJHEHHBIMH
CTEKJOM, HJ1l BKJKOUEHHSl ¢TekJga BHYTPH KpucragaioB. Ha meracomaTuue-
cKkHe o6pasoBaHus (yYTJASIpOBUIHBIX KPHCTAJTOB BIepBble ykasaJs B 1947rT.
J. C. Kopxkuucku#i (135 nnpokceHoB B nermMatutax [Ipu6aiikanibs). B 3tom
cayuae BHelIHss cKedeTHas (opMa TakKe BO3HHKAeT H3-33a HEI1OCTATOU-
HOTO TMOCTYILIEHHS] BellleCTBA K BHYTPEHHHM uacTAM KpUCTaaa0B. Takue
MeTacoMarHueckHe QYT.ISPOBHIAHBIC KPHCTAAAbl (METAKPUCTAMIBI) MIHPO-
KO pa3BHTLl B llermMatlTax (amaTHT, OPTHT, TypMaJaud, Oepujj 4 MHOTHe
APyTHe MHHepaabl) M TPAHHTAX (AnaTHT, (JOOPHT, MHOTO pexe MOPOAO-
ob6pa3syoliue MHHepadbl).

Jelnaputel — 3TO BETBsLNEecsl M pacXojsulliecs B CTOPOHB 06paszo-
BaHus, BO3HHKAWIULHE TPH paclICNIeHHH rpalieil, pedep HJIH BEPLIMH MO
onpejae1eHHbIM 3akoHaM. IlpuMepaMu AeHAPHTOB SIBIAIOTCS MOPO3HEIE Y30-
pbl Ha okHaX. B ropHblXx nopoaax AeHAPHTH HabJatonaoTcd B JaBax (KpH-
CTAJNAUTHL U 11eKOTOpbie THIb c(eposnTOoB).
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IMofikuauTOBBIE KPHCTAMIBI (3ePHA) XapaKTCPH3YIOTCs MHOTOUHCJ/IER-
HBIMH BK.TIOYEHHSIMH. 3aXBA4eHHLIMH 11PH pocTe. THNHUHBIMH NpuMepaMu
HOUKHJIHTOBBIX 00Opa3oBaHHH ABAATCA nopdupobJacTel MHKPOKJIHHA B
I'PaHHTOMAX, ONMCaHHble BHIIE, KPYMHbIe KPICTAMibl LHAPKOHA B MapHYyIo-
JUTAX, 3epHa MOHOKJHHIIOIO NHPOKceHa ¢ BK.IIOUEHHAMH [11arlok.1a3a B
HCKOTOpLIX ra66po-gHadaszax. B mepBbIX JBYX cJyyasix [NOHKUJIHTOBbIE

Puc. 67. Ctpykrypsl ra66po u 1nafasos:
a —ra0d0poBas CTPYKTypa; OJHBUIOE TAaGOPO COCTOMT H3 KPYUHBIX 3epei OJH-
BHHA H MNJardoKnasa, BBIEJABIIUXCA IOYTH OJHOBPeMEHNO, H MOHOKJIHHHOTO
MUpOKceHa, 0OpasyIollero peakUMOMHYIO KaeMKy Ha OauBHHe; 6 — oduTOBAA
CTPYKTVpa; OJNUBHHOBBIA Auaba3, CJIOKENNBIH WIHOMOPQHBHIMU JeficTaMH Iaa-
FHOK/33d4 H KCeHOMOP(MHBIMH 3epHAMH OJMBHHA W DPOMOHYECKOTO MHPOKCCHA.
ITo 10. Tonosnuxuunoit (1966)

KPHCTaAJbl BO3HHKAKOT IIPH MeTAcOMaTHUECKOM pocrte (NMOHKH.106.1aCThi),
BO BTOPOM — SIBJAIOTCS Pe3y.1bTaTOM Pa3HOBPEMEHHO[l KpHCTA1aH3alHil
H3 paci.iaBa.

Ha pucynok cTpyKTypbl Bausier Takxe rabuTyc MAHOMOPGHBIX KpHC-
Tan108. ONMH ¥ TOT Ke MHHEPas B 3aBHCIHMOCTH OT yCJOBHH 06pasoBaHHs
MOXeT HMMeTb pasHyio ¢opMmy Kpucraatos. Hanpumep, aas camoro pac-
DPOCTPAHEHHOTO MHIEPaJja MarMaTHuecKliX I0pojJ — IJarnok.Jasa — H3Be-
CTHO, YTO C TIOBHIIIEHHEM CKOPOCTH OCTbIBAHHS paciiaBa rabHTyC 3TOro
NOJIEBOTO LINIATA MEHSIeTCsl OT H30METPHUHOTO K TaB.JIHTUaTOMY RO TOHKO-
TalbJUTUATOro0 (IOUTH TNIACTHHYATOr0) IPH OLHOM H TOM e COCTaBe pac-
iaBa. B rayGuHHBIX (MHTPYSHBHBIX) IOPOJiax OCHOBHOrO cocTaBa (ra6-
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0po) KOPOTKOTAD.1MTYATBIE 10 H30METPIHUNbIX 3epua 1J1arqoksaasda BMecTe
¢ NHPOKCeHAMH y4yaCTBYIOT B plicyliKe rab0poBoil CTPyKTypbl. B rumaGuc-
CAJLHBIX aHa/orax ra66po-10aepHTOB (HalpHMep, B TPaNNOBLIX HHTPY3H-
Bax) BBITAHyTble TaGJHUKH [J1aTHOK.J1a3a LUeMEHTHPYIOTCSI MOHOKJIMHHBIM
IINPOKCEHOM, c03/1aBasi OMHTOBYIO CTPYyKTYpy. W, HakomHell, B OCHOBHON
Macce 6a3aJbTOBBIX JIAB MBI BCTpeuaeM B cTeK.Je TOHKOTAGJHTYaTble
(11aCTHHYATBIE) MHKPOJUTH TOTO e M.1arHOK.1434.

DKCIICPUMENTAMLHBIMHE UCCIeI0BAINAMI H HAGI01eHHSIMH Haj peasb-
ILIMH KPHCTA&J1JaMH B TOPHBIX NOPojaax Obliaa BhisBJAeHA OTUETJHBAS 3aBH-
CHMOCTL (hOPM BbIe/ICHIIS OJTMBHIIA OT TeMIlepaTypbl KPHCTAIJH3AWHH H CTe-
NEeHN mepeoXiaxiaeHuda pacnsaasa. [IpH 3KCmepUMEHTAJbHBIX HCCIeA0BA-
misgx  (H. ®. Yeanmes, A. Paakosa-CToﬁqua) OJHMBUH HaYHHAJ BbIIe-
aarbes npu 1200-—-1250° B BHAC CNAOWINBIX H30METPHYHBIX KPHCTaJAJI0B.
I[To mepe cummenns temnepatypbl KpucTaJjaH3audn U YBeIHUYEHHH CTelle-
ITH TIcpeoX.TazK/ienus 10c/Ie10BaTe.1bHo (PHKCHPOBAJIMCDL: yIJHHEHHbIE KPH-
¢Tadabl, Horaa ¢ HeGoabmumi nooctssMu BHyTpu (1170°%), toscTocTenHbie
KOPOTKONpH3IMATAUeCKHE (YTAIPOBHANbIE KpHeTaaasl (1150—1130°), Ton-
KOCTeNNIble 9acTo le3aMKuyToie (yTaspoBHANble KPHCTAMbI AJHHHONPHS-
MaTtHueckoro obauka (1100°), neHcTOBHIHBIE BBLIAEJEHHS ¢ OTHOIIEHHEM
AMTIIBL K WHPHHE, paBHbiM 10—20 (1050°), ckeneTnble u AeHApHTHBIE HOp-
MLl ¢ TOHKHM BOHJIOUHBIM cTpocnueM (1000—900°). B yabTPaoCHOBHBIX
noponax ABCTpadHH MOAOGHBIE CKeJeTHble KPHCTAJIbl OJHBHHA 3ad)HKCH-
POBaHbl B MPHKOHTAKTOBBIX YUaCTKAX MUHTPY3UBHBIX Te..

[lo crenenn nanomopdusma caararoumx nopoay 3epPeH MOKHO BbLAC-
JANTL NaHHINOMOP(hHbBIE, a.110TPHOMOPGHbIE, HIHAKOMOPdHbE CTPYKTYPLL.

[Tannanomopdupie cTpykTypbl XapakTepusyior nopoabl, B KOTOPBIX
OOBIIMHCTBO MHHEPAJOB HMEeT CBONCTBElHble MM tdopmbl, Gan3KHe XK
HAHOMOpGHBIM OuepTannsim. Takie CTPYKTYph OGBIYHBL y NHPOKCEHHTOB,
JYIIMTOB, allJIUTOB.

AanorpnomopdHast cTpykTypa, Hao6OpOT, HAOJIOZAETCS B Tex nopo-
14X, B KOTOPbIX GOJIBIIHIICTBO MHHEPANOB HUIEHO HAHOMOPGBHLIX OuepTa-
HAR, UTO OTMeuaercsd Ads OCHOBHOH MacChl IEKOTOPHIX JKHJAbHBIX TPaHH-
TOB (puc. 67 n 68).

Pumupnomopduas crpykrypa Tumuuma aas nopop c pasJInvHON cTe-
NeHLIO HIHOMOPGHH3IMA NOPOACOOPA3YIONIHX MHHEPANOB (IPAHUTHI, AHOPH-
Thl H Ap.).

B 3aBuchMocTn 0T Minepasbloro cocTaBa nopoibl M 0COBeHHOCTel
PHCYHKA CTPYKTYPbl NPHMEHSIOTCS pasnuunbie GoJee yskue TepMunbl. Ha-
NPUMEp, JLT5i THIHAHOMOP(HO3EPHHCTOH CTPYKTYPhl MOXKHO TOBOPHTH O
CJACAYIOWHX PAa3HOBHAHOCTAX. 15 IPaHHTOB, B KOTOPLIX MJarHOK/JI43 HAHO-
MOpIiee Ka.THEBOTO 110JIEBOr0 IUNATa, a KBapiL KceHOMOp(HEe UX OOOHX,
IPUMEHACTCST TEPMHH «TPAHHTOBAs CTPYKTypa». HeTKo HAMOMOpPGHBIH mnia-
FHOK.Ta3, CUEMEHTHPOBAHHEIN Ka.TMeBBIM MOJEBBLIM IINATOM, XapaKTepH3yeT
MOHIOHHUTOBYIO cTpyKTYpy. MaHoMopdHbe miIarnokaasel, BKIOUEHHBIE T1OJ-
[IOCTBIO HJIM MACTUYHO B BBIJEJNEHHS NHPOKCeHAa, TPeOyIOT NpUMeHeHHSs
TEPMHHA «MOWKUJIOO(PHTOBAST CTPYKTYpa».

Hepenko cmena oxuoro Ttumna cTpyktyphi APyTuM nab.aionaercst B npe-
ACJaX TEOJOTHYECKH eJMHOro Tesa: ra6dpoBasi CTPYKTypa IHeHTPaabHBIX
1acTeH HHTPY3WBA B NPHKOHTAKTOBOH 30HE CMeHSIeTCsi OMHTOBOH; OMHTO-
Bafl CTPYKTYpa (1OJMEPHTOBAst) LEHTPAJbHON UYACTH 6a3aabTOBOCO [OTOKA
K KOHTAaKTaM CMEHSIEeTCS HHTepCepTaJbHOH HMJAH J4xe T'HAJOINHJIHTOBOILL.
B o6oux ciyuasx npHYMHOA CMeHbl CTPYKTYpbl SIBJsieTCs GOJbIuasi CKO-
POCTL KpHCTA/IIH3aUME B NPHKOHTAKTOBOH uacTH. IIpu 3ToM B MHTpy3uB-
HBIX YyCI0BHAX (ra66po) nepeoxnaxkieHHe Haubo.ee pPe3Ko CKa3biBAeTCs
na 6o.ee BBICOKOTEMIEPATYPHBIX (M [0ITOMY paHblle HAYHHAIOLNX KpH-
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CTAJLIH30BAILCS) OJIBHHE I IAATMOKAAa3€e, OHNl AAK0T €pasdy MIOro UCHTPOB
KPIICTAMJIH3alHl 1 BO3HHKaeT MHOTO MeJKMX KDHCTaJ T10B. B To ke Bpewms
MUHOKJHHHLIE 1IIDOKCEH HAUYHHAET KPHCTAJJIH30BAaTbCs npit (oJee HH3KON
TemMrniepaType H [O3TOMY €T KPHCTAL1bl HMEOT MeHblle 3apoibliuell, pac-
TYT Mej/elnec M 1a10T 6oJgee KPYNMHbIC 2ePHA. UEMEHTHPYOULe MeIKHe
BLILCTOHIIS IL1ATIOKTIa3a 1 0JIHBHIA. GOpMHPYA, raknv o6paszom, PHCYHOK

Puc. ©8. CTpyKTypel NOPOA C pasziuyHoll cTencHblo HAMoMopduszMa Mulepa-
JI0B:
a — nanpiuoMopdHas CcTPYKTvpa B rapubyprute; npeofaajpawoonlas macca 3e-
peHn (pomGuueckiit nupokcen) cvéuIvoMopdua, NPOMENKYTKH  BBIIO.JHCHBI
OMMBHHOM; 0 — a110TPHOMOpP®HAs CTPYKTypa B TPOKTOJHTC: BCE MUHepa.Ibl
(GUTOBHHT, OJHBHH, MOHOKJHHHBIH NWPOKceH, aM®ubOJa u TiITAaHOMArIeTH1)
Jduensl HINOMOpPGHBIX OYePTaHHi; 8 — rHNWAHOMOpP(dHAsT CTPYKTypa B pOro-
BOOOMAHKOBOM KBapLeBOM JWOpHTe; porosass ofGMaHKa M NJIariHoKJaas HMElT
HInoMopduLIe OYePTaHUA, KBapl, CJAaTaeT KCeHOMOP@Hble 3C¢PHA B HUTCPCTH-
wisix. o YO. Moaosunknnoit (1966)

c(hUTOBOH CTPYKTypbl. B 06a3a/bTOBOM NOTOKE CTENEHb IepeoX.JaKernlsl

MHOrO Bbllle U I03TOMY O(HTOBAS CTPYKTypa MOXKeT BO3HHKHYTL JHIIDL
B UEHTPaJbHOH €ro uacTH, a B KpAeBON NOJAHOH pacKpPUCTANJIH3AUMH Ile-
peAKo BoOOLle He JOCTHraercs, JlaBa 3acTblBaeT ¢ ofpasoBalilieM CTeK.1a
H MHKDOJIHTOB.

B mnponecce KpHCTAJJIM3allMM H 3aCTbIBAHHSA  MarMaTHUeCKHX NODO.1
(hU3HKO-XHMHUeCKHe NapaMeTpul npoliecca (JaBJjeHHe, TeMmmeparypa. Xu-
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MHYeCKHe AaKTHBHOCTH KOMIIOHEHTOB, NaplHaJbHble JdaBJAeHHsi JETYUHX)
NIOCTOSIHHO, B3aHMOCBSI3aHHO H HaNpaBJeHHO MelsioTcs. DTO HPHBOAHT K
TOMY, UTO paHee BbiJeJHBLIHECS MHHepaJbl CTAHOBATCH WHOTAA HEYyCTOH-
YHBBIMH H, BCTyNas B DEAaKUHIO ¢ pacnjaBoM, JHOO H3MEHSIOT CBOH COCTaB,
au60 3amewarorcss Gojee YCTOHUHBBIMH B HOBBIX YCJOBHAX MHHepaJaMH
(accounanusaMH MHHepaJoB). B pe3ysbraTe BO3HHKAWOT CTPYKTYphl, MOL006-
Hble BEHL[OBOH (MM Apy3uToBoi). OTpa)kasd CJOXKHOCTL NPOLECCOB B3aUMO-
JeHCTBHS MHHEPAJOB C pacnjaBoM, 3TH CTPYKTYpPbl HEPEAKO UMEIOT 30HAb-
Hoe crpoenHe. Tak, BEeHIOBble CTPYKTYpPHI, BO3HHKAIOLIHE MEXAY OJHBHHOM
H TJaruoKJa3oM, MOTYT cOJepKaTh 0oJsee MATH 30H, B KOTOPbIX OT OJHBH-
Ha K TJIATHOKJAa3y IM0CJaeJ0BaTe]bHO CMEHAT APYT Apyra: TJIHHO3eMIl-
CTbIH pOMOHYECKHH NHPOKCEH, TJHHO3CMHCTBIH MOHOKJHHHBIA NHPOKCeH
(o6a uHOrJZa ¢ BKJIOUEHUSAMH WINHUHeJgH), ambubos, TecHble cpacTaHusl
rpanara ¢ nJjardoknasoMm (uiau amdubosoM). B ApyrHx cayyasax OJIHBHH
OKpyXaeTcsl KaiiMoil poMOHUeCKOro TNHPOKCEHAa € BPOCTKAMH MarHeTuTa
HT. A

Ilpumepom KpafiHe HHTEHCHBHOH nepepaboTKH THNHAMOMOPQHO3EpHH-
CTOH CTPYKTYphl TPaHHTOHJOB Ha TMO3J/lHEMAarmMaTHyeckoM {aBToMeTacoMa-
THYECKOM) 3Tarle KPHCTaJJH3alHH ABJAIOTCA TaK HasblBaeMble alorpaHi-
Tbl, T. €. TPAHHUTbHl, U3MCHEHHble NPOLECCAMH KaJHIINAaTH3aUMH, aJbOHTII-
2alHH, oKBapueBanHsa W T. 1. CTpyKTypa anorpaHHToOB OTJHUAETCS OT
OOBIYHOH TPAHUTOBOH CTPYKTYpbl TeM, YTO B HeH TIJaBHble NOPOA00Gpa-
3yWlllie MHHepaJn He 006/a1al0T OObMHO HAHOMOP(MHBIMH OUYepPTaHHAMH.

B To Xe BpeMs, aBroMeTacoMaTHYecKHe TIPOLECCHl B HHTDPY3HBHBIX
110pOJax HepeiKo CO3AAalT CTPYKTYpPbl, HANOMHHAIOUIHE pe3y.1LTaThl MarMma-
THYECKOH KpHCTaJIH3alHuH. [IpHuMepoM TaKOro KOHBEpPreHTHOro obpa3oBa-
HHS sIBJIsieTCsl nHcbMeHHast (rpaduueckasn) crpykrypa. Hacrosimas rpadu-
yeckas CTPYKTypa dBJsieTcs NPOAYKTOM KpHCTaJJH3alUHH TPAaHHTHOH 3B-
TeKTHKH. Ho BcTpeuaercs MeracomMaTHueckas rpaduyeckas CTPYKTypa,
KOTOpasi XapaKTepu3yercsl LIHPOKHMH KoJeGaHIsfiMI OTHOIIEHNS KBaplia
K OPTOKJa3y.

TekcTypbt H3BepKEHHBIX MOPHBIX ITOPOJA MOTYT ONpedelsiThes Jnbo 0co-
OEHHOCTAIMH CaMOTO Mpollecca KPHCTAAAH3aUMH, aub0 BHEUHMH 110 OTIO-
WEHHIO K KPHCTAMIH3YIOUleicss MarMe NpHYHHAMHU.

[To xapakrtepy pacnpeje/ieHiss MHHepPaJOB Cpeldll TEKCTYD MOXKIIO Bbl-
JeJHTb OHOPOAHBIE U TAKCHTOBbIC.

[Tpn onmHoponHOH TekcType Bce mopoaooOpasyiolllMe MHiHepasabl pac-
npejesieHbl paBHOMEPHO H JoOble yUacTKH NOPOABl NPH CPaBHEHUH OKa3bl-
BAlOTCS OJIMHAKOBBIMH N0 cOCTaBy H cTpyktype. [lopoab ¢ ogHoposHOH TeK-
CTYpPOH MOryT ObITb MAacCCHBHBIMH HJH TMOpHCTHIMI. [lepBule pesko mpeo6-
J1aJal0T y HHTPY3HBHBIX TOPOA M 3HAUHTEJBHO pexe OTMeYalTcsd Y
3¢ @y3uBHLIX, A€ BCTPEYAIOTCSl B LEHTPAJbHBIX UaCTAX MOIIHBIX JaBOBBIX
NOTOKOB, B JAHKOBLIX 3SKCTPY3HBHBLIX WMJH CcyOByJKaHHdeckux o6pasoBa-
HHaX. IlopHcTbie TeKCTyphl uallle BCero THMHYHBL AJSl H3JIMBHIHXCS obpa-
30BaHMH, TJe MOpbl SBJSIOTCH CJAEACTBHEM NPHCYTCTBHSI B OTHOCHTEJNbHO
BA3KOH JaBe Ny3BIPbKOB Ia3a H HMEIOT OKPYIJYIO, 3JJHNCOMAAJIbHYIO HJH
tpyGuatyio dopMmy. OHH (DHKCHPYIOT NIpoLecc OTAEJEeHHs OT Marmbl JeTy-
YHX KOMIIOHEHTOB MNpH ee H3Bep:KeHUH. [lo Mepe yBesHuelns KOJHUYeCTBa
nop (my3bIppKOB rasa) TOBOPSIT O MOPUCTOH, My3bIDHCTOR H  MeM30BOH
TeKkcType. [Ipn 3anosiHeHMHM 3THX NOpP BTODHUHBIMH MHHepaJaaMu (OrnaJoM,
XaJleLOHOM, KBapueM, KapboHaTaMH, II€OJUTAMH M T. I.) [OJyHaeTtcs
MHHJa/J1eKaMeHHasl TEKCTypa.

Pacnpenenenne mop B norokax jap, ¢opMa 3THX NOp H XapakTep HX
BLIMOJIHEHUSI BTODUYHBIMH MHHepasjaMu OOHapy:KHMBAalT HeKOoTOphle ofluiye
3aKOHOMepHOCTH. K HHM mnpexie Bcero OTHOCHTCSI HepaBHOMEpDHOe pac-
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lipejieielille 110D 1B BePTHKAJLHOM paspese 1aBoBoro noroka. O6bluHO Hau-
DOJbIIEEe KOJTHUECTBA MIILIAJHH IPHXOAHMTCS 1A BEPXHIO 4YacThb [OTOKA
(10—15% wmownoctn). 3xech COCPeJOTOUeHO J0 IIOJOBHHBLI BCeX MHHAA-
and. B onentpaanuoit wactu (npumepno 50—70% MOIIHOCTH) MHHIAJIHH
nemuoro (1o 309%) 1M coBceM mer. B HMKHEH 4acTH HX KOJHYeCTBO
¢nosa Bospacraer. MunJaaHHbl HMEIOT 4eTKyI0 cepHuecKyio (MJIH GJH3-
Kyl K Hefl) (opMy B yuacTKax GbICTPOTO (M CPABHUTEJbHO CIIOKOHHOTO)
3actoiBanns. TaM, rie 3acTblBaHHe CONMPOBOXKAAJ0Ch JBHKEHHEM, OHH BHITS-
THBAIOTCA B JIMH3BI, TPYNIHPYIOTES B CJAOH, LUK, PACloJaramTcs 4eTKo-
BHJHO M T. I, OTpa)asi HeCNOKOHHYI0 00OCTaHOBKy o6pasoBaHHsi. Xapak-
TePHO 1IPIf 3TOM «OOTeKaHHe» MHHJAJllHAMH HEPOBHOCTE[l B IIOAOLIBC 10-
TOKa M KceHOIHTOB. CoCTaB MHHEPAJbHOrO BHINOJHEHHs] TAKXKe pa3/HucH
B HApy>KHbIX H BHYTPEHHIX UYACTAX IOTOKA: BO BHYTDEHIIHX uyacTsax (6Gogee
G/1arONpHATHBIX JJI51 LHPKYJSLHA DACTBOPOB) OOLIYHBI CJOKHBIE IOJHMH-
HepasibHbie arperatsl B IPOTHBOMOJOXHOCTb MPOCTHIM, HEPEIKO MOHOMH-
HEpaJabLHbIM, BBLINOJHEHHSM B MHHJaJ/IHHAX BepXHed H  HHXKHeH uacrell
NIOTOKa.

B peaknx ciyuyasx mopucras TeKcTypa oTMeuaercs B TJIYGHHHBIX MMO-
poliax, rae oHa Ha3bIBAETCs MHADOJHTOBOH, HJH APY30BOH. 37eChb NYCTOTHI
OTpaHHYeHbl XOPOLIO 00PAa30BAHHBIMH KPHCTAANAMH M HANOMHHAIOT IerMa-
THTOBbIE 3aHOPBLIIIM B MHHHATIOpDe. MHapo/HTOBasi TeKCTypa OOBIYHO HMe-
€T aBTOMETACOMATHYEeCKOe INPOHCXOXKJeHHe M CBs3dHa ¢ BBIHOCOM Bellle-
(TBA BO BMeLLAIOLIHE TTOPOJIHI.

HIHpoKHM pacnpocTpaHeHHeM IIOJb3yeTcs TAKCHTOBAs TeKCTypa, xa-
paxTepusylomanca KojiebaHHIMH cOCTaBa 1l (HJIH) CTPYKTYDBl IIOPOJABI B
NpOCTpaHCcTBe. I1pHUKHDBL MOABJIEHHS ITHX HEOIHOPOAHOCTEH PA3JMUHBI (KaK
pas/quuBbl H DAa3HOBHAHOCTH HX). HBymMsa KpailHuMH MOpPdOJOTHUECKHMII
Pa3HOBHAHOCTAMH TAKCHTOBOH TEKCTYDhl MOXHO CUHTATh IIAHPOBO-TAKCH-
TOBYIO H CJIOHCTO-TAKCHTOBYIO. B mnepBoM cayuae HepaBHOMeDHBIH Xapak-
Tep CJO0XKEHHS TOPO/bl ONDeAeJsIeTCs] HaJMUHeM ULJIHPOB HJH OJH3KHX K
HHM 1O MOP(OJOTHH 00pa3oBaHHA (FOMEOreHHbIX BKJAIOYEHHH, KCEHOJIHTOB,
NerMATHTOBLIX THE3[ H T. 1),

Ulnupsl npexcrapasior co60il CKON/IEHHsT KaKUX-THGO MHHEDAJOB, BO3-
HUKAIOUWNX TIPH arperaldd paHHeMarMaTHYeCKHX BblieJeHHH (OJHBHHA,
MUPOKCeHA) WM 1IPH KPHCTA/IM3AlMH H3 OCTATOUHOTO pAacliaBa KBapia
HJIM KBApPL-TIOJIEBOLINATOBOH 3BTEKTHKH — nerMatura. Ulaupel Moryt 6uiTh
KaK MOHOMHHEpaJbHbLIMH, TaK H NOJHMHUHEPAJNLHBIMH. [asi HHX Xapakrep-
HBI MOCTeNeHHble MEepexo/bl BO BMENAKIYK NOPOAY B OTJHYHE OT KCEHO-
JIUTOB H TFOMEOTEHHBLIX BKJIOUCHHH, HMEIOLHX pe3Kue TPAHHIL. KCeHOMHTH,
3axBaueHHble MarMoil Ha riy0OuHe, NPH NOAbEMe HJH YXKe B MHTPY3HBHOH
KaMepe, OObIYHO pe3KO OTJHYAIOTCH OT BMelLdlollell HX MarMaTHuecKoil
MOPOAbI TIO COCTABY H CTPYKType H OOGHAPYyKHBAKOT Te HJH HHble NPH3HAKHU
BO3/JeHCTBIS HA HHX MarMaTHUeckoro pacmjiaBa. Msyuenue MuHepasbHOro
H XHMHYECKOTO COCTaBa IJYOMHHBIX KCEHOJIMTOB H INPOIECCOB HX mpeobpa-
30BaHMs B MarMaTHYeCKOM pacrJjaBe fBJsETCS HCTOYHHKOM HH(OpMauHH
06 yci0BHSIX TeHepalUuu pacnaasa (rayGuHe, [aB/ICHHH H TeMIepaType),
a Takxe 00 00CTaHOBKe, XapakKrepe M HHTEHCHBHOCTH ero B3aHMOLEHCTBHS
¢ BMEWAIOWHMH NOPOJAMH MO MYTH NOJAbeMa H B KaMepe KPHCTAJIIH3aIHH.

B mpoTHBOMONOKHOCTL KCEHOMHTaM TOMEOreHHble BKJIOUEHHs Mpej-
CTABJIAIT COOOH «BK/IIOUEHHS] paHee 34CTHIBUIMX YacTell TOH Ke MarMbl»
(3aBapuukuii, 1955). B reHeTHuecKOM OTHOLIEHHH OHM HPEACTABJSIOT npo-
AYKTBl MPOTOKPHCTAJUIH3ALMH pacljaBa U M0 CYUECTBY AaHAJOTHYHLI HH-
TPATEeNJIYPHUECKHM BKpalJeHHHKaM. $BadAdAch (AKTHUECKH CKOILIEHHSIMH,
CpacTaHHsMH TaKHX HHTPAaTeJJyPHYECKHX BbIJeJCHHH, MHHEPaJbl TFOMeo-
FeHHbIX BKJIOUEHHH 00/1a4al0T BCeMH OCOOGHOCTSIMH TaKHX BKpalJeHHH-
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KOB — OHH OTJIMYAIOTCH OT MHHepaJioB BMelljalollell NOpoah GoJee BBICOKO-
TEMIEPATYPHBIM XapaKTepoM. DTH BKJIOUCHHS MOTYT BO3HHKATH KakK B TVy-
OUHHOM, TAK ¥ B NPOMEXYTOYHOM MarMaTHYCCKHX Ouarax M OMUCaHb U B
HHTPY3UBHLIX, H B 3(Q(Yy3UBHBIX NOPOJAAax KHCJAOTO KU OCIOBHOIO COCTaBa.
JeTanbHBIMH MCCJAEOBAHHAMH [I0KA3aHO, YTO TOMEOTCHHble BKJAMOUEHHS MO-
ryT OBITh AHG0 (parMCHTaMH OTOPOUKH Ha XOJOAHBIX CTEHKax XKepJja H/aH
NPOMEXYTOYHOH Kamepkl, Jaubo
NPOAYKTAMH  aKKyMyJaSILHH KpH-
CTaJJIHYecKoll ¢dasbl B Marmariye-
CKOH KOJIOHHE.

Crneunduuecknm ciayuaeMm Tak-
CHTOBOH TeKCTYpbl siBAseTcsl Wapo-
Basg TEKCTypa, BO3HHKAWOILAs B
YCI0BUAX OBICTPOTO  OXJaXKAeHHd
marmbol. Takas Tekcrypa u3BecTHA
B H3JMBIIMXCA 1nopoaax (06aszalbe
Tax) U peXke B HHTPY3IBIBIX Mar-
MAaTHYECKHX TOpPOJax OCHOBHOIO
(KopcuT miM lwapoBoe raGGpo) H
Kucjoro (IIAPOBOH TPaHUT) CO-
crasa.

Puc. 69. Ionocyartasi TekcTypa B HepHIO-
THTE, CQOPMHPOBAHHAS PUTMUUILIM OCAMK-
JeHHeM OJMBHHA (CBET/ble IOJOCH) H IH-
pokceHon (temuble moaoch). Ilo 0. Io-
JTOBHHKHHOH (1966)

BospeiicTBlie 1a KPHCTAJIH3YIOMYIOCS MarMy CHJbLI TSKECTH, JBHXKE-
HHSl pacnjaaBa, KOHBEKUHOHHBIX TOKOB, OJHOCTOPOHHErOo NaBjaeHUst U JAPY-
I'HX 3K30T€HHBLIX (AKTOPOB NPHBOILUT K NOSBJEHHIO Pa3JHUNbIX JAHPEKTHB-
HBIX TEKCTYP, XaPaKTepH3VIOIUXCA OPUEHTUPOBAHHBIM,  YIOPSAQUEHHBIM
pacnoyioKeHueM COCTaBIbIX yacTed. Takoe cjoxeHHe MOPOAbl MOMKeT Bbl-
paxaTbCs NMPH3HAKaMH DA3HOTO YPOBHSl H HMeThb Pa3JHMUNBIA TeHe3HC.

Jlunelizast (TpaxuToMAHasl) TeKCTypa XapaKTepH3YeTCs 0AHO0Gpa3Hofl
OPHEHTHPOBKOH KaKHX-TO 32J1eMEeHTOB, B OOILEM paBHOMEPHO pacrnpejle’en-
BBIX B OObeMe TMOPOAbl. TaKHMH 3.J1eMEHTAMH MOTYT CJYXKHTL BBITSHYTbIE
B OJQHOM HanpaBJeHHWH KCEHOJHTB, UIJHPbl, TOMOTEeHHble BKJIOUEHHH,
BKDANJEHHHKH HJIH KPHCTaAJAbl MHHEpPaJOB B OCIOBHOH Macce MOPOJIbL.

[Tosocuaras TekcTypa XapakTepH3yeTcsi HaJHUMEM 110J0C (CJA0eB) pas-
HOTO cOCTaBa H CTPYKTypH. lIpH 3TOM BIYTpPH ¢o0eB cJaramliie HX 3Je-
MEHTbl (KPHCTAJJbl, C(EepoJgHTHl, WIJAUpPbl H T. I.) MOTYT H He 00Ja1aTb
ONIMHAKOBOH OPHEHTHPOBKOH (pHc. 69).

MexaHusm 006pasoBanusi JUHEHHBIX H TO0JOCYATHIX TEKCTYP MOXKET
ObITh pasnuudblM. OAHOE M3 rJaBHEHIUIMX NPHUYMH HX BO3HHKHOBEHHS §1B-
JseTCsl JBHXKEHHE 4aCTHYHO 3aKPHCTAJJH30BAHHOIO pacnjaaBa, COTPOBOXK-
naemoe ero aubdepennnanued. [lpu 3TOM ynAuHeHHBle 3JeMeHTH (KpH-
CTaJ/IJbl, WIJHPH, KCEHOJHTH H T. II.) OPHEHTHPYIOTCS BBITAHYTOCTHIO IO
HANUpaB/eHHIO ABHXKEeHHs, TOTAa KakK BCJCACTBHE HEOAHOPOAHOCTEH BA3KO-
CTH TPOHCXOAHT €ro pacciceHHe ¢ ob6pas3oBaHHeM NOA0OCYUATOCTH. Ho B
00lLEeM reHe3HC [I0J0CYATHIX MarMaTHUECKHX CTPYKTYP BO MHOTOM OCTaeTcst
1esiCHBIM. JIMHEAHOCTL M 10J10CYATOCTh OOBIYHO CJAEAYIOT HanpaBJeHHSAM
KOHTAaKTOB, Oru0aoT («00TeKaloT») KpYNHble KCEHOJHTHI, Cpe3as Npu 5TOM
JIHpPEKTHBHble HAaNpaB/JeHHdss B caMHX KceHouaunTax. OcoGeHHO OTYeTaHBO
TaKHe TeKCTyphl (QUKcHpyloTcs B 3QQyY3HBHBIX [I0POAAX, Tie OHH HOCSIT
HasBauue ¢uonganpanx (puc. 70).
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OT OnHcaHHBIX TEKCTYP HYKHO OT/IHYATh BeCbMa CXOJHbe N0 MOp¢o-
JIOTHI, HO TNPHHIMNHAJBHO OTJHYHBIC IO TeHe3UCy JHHeHHBle H moJocya-
Thle TEKCTYDPLI, KOTOpBIC HAC/JeAYHOTCs  MarMaTHUeCKHMMH IOPOJaMH MNpH
npoleccax MarMaTH4ecKOro 3aMelleHusl NepBHYHO HEOJHOPOIHBIX MOPO.
B 3TOM cilyuae TCKCTYPHbIE 3JeMeHTBl (M JHHelHble H ILIOCKOCTHDIE) Ha-
cJe1VIOT OPHENTHPOBKY, HMeBIIylocs B cyOcTpare. fpHyeM OPHEHTHPOBKA

Puc. 70. Tpaxuronanas rexcrypa B He(endHOBOM CHenuTe; cyOnapanJenb-

Hasi OPUEHTHPOBKa TabJUTUATHIX KPUCTAJJIOB KA/JIHEBOrO I0/eBOTO IUMNaTa

W LAHHHBIX TpH3M llesoyHoro aMdubosa H 3rupHHA OTpa)KaeT JBUKeHHe
pacnaasa npu kpucranausanuu. Mo 10. TMonosunkunofi (1966)

NPOCJeXKHBAETCA H3 MarvatHueckOf NOPOAB BO BMeIlaloliHe H MOXKeT
ObITb CeKyIieH 10 OTHOLIEeHHID K KOHTakTy. OOfLlee c/J0XKeHHe HHTPY3HB-
HBIX TeJ B JaHHOM cJydae B KaKO#-TO Mepe OTpaKaer CTPYKTypy BMellaio-
IIUX (M 3aMCILIEHHBIX MAarMoH) CJOHCTHIX IIOPO/.

Hlupoxo pacnpocTpaHeHHOH TEKCTYpPO 3(«(y3UBHBIX MOPOJ OCHOBHOTO
cocraBa sBJasercss maposas. Teqao >Q@y3HBHBIX MOPOJ pacuJeHsieTcs Ha
cepoHbl C KOHIEHTPUYECKHM BHYTPEHHHM CTPOEHHEM, CileMeHTHPOBaHHbIE
JaBOM HJM HMHOTJAA OCAA0YHBIM MaTepHaJoM. KOHUEHTDHUeCKOe CTpOeHHe
cthepou/10B NpOSABASETCS] B OPHEHTHDPOBAHHOM pacnpejeeHHH B MOpPOJe
MHH/JaJIHH, 3aKOHOMEPHOH CMeFe CTDYKTYp H Ja)e COCTaBa 0T NepHbepHH
K ueHTpy. Heo6XoaumMBIM yCJ0BHEM BO3HHKHOBEHHsI IIApPOBOH TEKCTYpPbl
aBJsieTcss ObICTPOe OXJaXKJA€HHe JABbl MPH HU3JAHSHHH B IOIBOJAHBLIX YCJIO-
BUsIX uJaH Ha cHer. [IlapoBas Tekctypa — o6pas3oBaHue, NepexojpHOe OT
TEKCTYP K IIePBHUHOIl OT1eJbHOCTH MarMartuueckux liopod. CTpykrypa 1
TEKCTypa — BaXHble JOKYMEHTBI, B KOTOPBIX 3aMeyarjeHa HCTOPHS FOPHBIX
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MOPOL, yCJI0BHA HX 00pa3oBaHusA H NMpPeo6pPa3oBanus. Bainm 3BEHOM HC-
CJAENOBAHHST TOPHBIX 1I0POA SIBJASIETCS  TeHeTHYeCKas HHTEepNpeTalns HX
CTPYKTYDP H TEKCTYp.

Mopdoioruyeckas XapaKTEpUCTHKA CTPYKTYP — He camolledb: OHA
BCerla NOJKHA ObITh IIPOMEKYTOUHBIM 3ITAMOM B NO3HAHHH TeHe3Hca Mo-
POIbl, OCHOBHIBASICh Ha 3HAHUAX O 3aBHCHMOCTSIX Mexny mopdoaordeii u
T€He3HCOM. 3aK.II04eHlie O reHesHce CTPYKTYPBl — Bceria pes3y/bTaT ana-
7138 MOPGOJNOrHYeCKHX 3.1eMenToB. I's1aBHas TPYLHOCTb TIPH 3TOM — MOp-
onoruueckas cxoxectn CTPYKTYD Pa3JHYHOTO reHe3Huca.

B knaccudbnkauuu CTPYKTYD BO3MOKEH KakK Mop(bonornqecxm"{—(pop~
MaJbHO-TEOMETPHYECKHH, TAK 1l FeHeTHUYeCKHH KOMIIJIEKCHDI T — Mopdooro-
FeHeTHueckuit noaxon. Ieab nociennero — cpszaty, JlBa NepBbIX 3JeMeHTa
B eluHoe neaoe. PasnenuTs 1Ba moaxoda M apa COOTBETCTBYIOIUX MPHH-
IHNa KJaCCHOUKALHMH HEBO3MOMKHO, TAK KaK B cyry6o Mopdo.1oruueckux
SJAEMEHTAX CTPYKTYDHl BCeria MOMKHO HAlTH TrelleTHUeCKHi CMBIC.

Bo Bcex Ttumax MHHEpPA.IbHBIX arperaTtoB, B TOM 4YHCJIe B TOPHBIX TIO-
POLax, MOXHO BBIIe/IHTh 3TaNbl H CTAAHH dopmupoBaHusi, KOTopble QHKCH-
PYIOTCSl KaK B MHHepaJ/JbHOM COCTaBe, TaK H B CTPYKTypax. B coorBercTBUH
C STHMH 5TaNaMH MOMKHO BBIAEJSTL PeTHKTOBDLIE CTPYKTYpPBI, YHACJAE10BAall-
HbI€ OT paHee CyllecTBOBABUINX TOPHBIX 1I0POA, IIepBHYHDbIE, BO3HHKIIHe B
Xole GOPMHPOBAHHA NOPOALI, H BTOpHYHBlE — npoAyKT npeo6Gpas3oBanus
IIOPOABI NOA BAHSIHHEM 5HO- H 9K30T€HBIX $akropos. Cootnomenue CTPYK-
TYP PAa3HBIX 5TamoB MoXeT GBITb pasauuHbIM. OGbUHO CcOXpaHeHHe mep-
BHYHOH CTPYKTYDHl SBJSIETCH ONHHM M3 OCHOBaHHH AJ51 COXPAHEHHA 3a
NOpOAOH ee HA3BaHHA AaxkKe P 3HAYHTENBPHOM H3MEHEHIH NEePBHYHOrO
MHHEPA/bHOTO, @ HHOIAA H XUMHYECKOTO COCTABA. Hanpumep, Mb Hazwr-
BAEM TNOPOAY rapubypruToM HJM AYHHTOM naxKe IPH CYIHECTBEHHOH cep-
[EHTHHU3AUHNH ee, ec.TH B Hell COXPAHHIACh PeJHKTOBAst CTPYKTYpa B BHuJe
nceBroMOpdo3 ceprneHTHHA mno SHCTATHTY B rapulypratax HiAd peJHKTOB
dopmbl 3epen omnBHHA B AyHUTax, 100aB.ass mpuIararteabHoe «CEPHNEeHTH-
HU3HPOBAHHAS» (CEPNEHTHHH3HPOBAHHBI AyHHT, rapulyprut). Touno rak
K€ Mbl cOXpaHsieM Ha3BamHe «rab6po» 3a noponoi, B KOTOpPOH IJIaTHO-
K183 TOJHOCTbIO NpeBpallled B cMech LOH3HTA 1 a.ibGHTA («cocciopuT»),
4 TIHPOKCEH — BO BTOPHYHYIO POTOBYIO 00ManKky («ypajut»), T. e. 3a 1o-
PONOH, MO/IHOCTBIO H3MeHHBILIEl NEePBUYHBIH  MHHepa.IbHBIH  coCTaB npHu
YCJOBHH COXpAHEHHS MePBHYHOH CTPYKTYpBI.

Boccranosaenne nepsuunoi CTPYKTYpPBl 10PO;L NyTeM BHABJEHUS H
«CHATHSI> BTODHUHBIX H3MeHeHMH — Ba’KHellllas 3a1aua netTporpaduuecko-
TO OMHUCAHHA U H3y4YeHHH, B TOM UHCJe MHKPOCKOMHYECKOTO.

CTPyKTYpH Mbl Ha6.1101aeM TOMbKO B JABYXMEpHBIX CEYEHHAX — B H3-
JoMe 00pasloB WM B WAHYAX W NOJHPOBKAX, T. €. B MIOCKHX CeUeHHsX.
ITO CO371aeT 3HAUHTe bHbIE TPYIHOCTH, TaK KaK pas.H4YHble MPOCTPAHCT-
BEHHbIE (QUIYPbl MOTYT NaTh B MJAOCKHX CeueHmsx OAHH U Te Xe (HOPMBI.
Tak, mectuyronbube ceuenus MOTYT AaTh Ky0, OKTas’ap, rekcaroHaabHas
IpH3Ma M JpYrHe IPOCTPAHCTBEHHLIE (HUrypBI, BHITAHYTBIE IPSIMOYTOJIbHbIe
dopmMbl MOTyT 1aTh Kak MPOLOILHbLIE CEYEHHST NPH3M, TaK M MONMepeuHbie
CeYeHHst TabJHYeK M miacTuy. Hao6opot, oannakosbie NPOCTPAHCTBEHHbIE
HTYPHI MOIYT naTh niocKHe ceuenus pasiuunoit dopMbl. Tak, Ky6Hue-
CKHE 3epHa B WIHbaX U NOJTHPOBKAX MOTYT aTb B 3aBUCHMOCTH OT OpHeH-
THPOBKH CeueHHii B obuleM cayuae pomGhi, TPEYrOJbHUKH, LWIECTHYTOJIbHH-
KH W TOJILKO B YACTHBEIX CJIy4asiX MNPSMOYLOJIbHHKH (B ceyeHHAX, mepren-
AHKYJIAPHBIX KAaKOH-TO mape rpaneft) u KBaipaThl (B CeUeHHAAX, MepheHIu-
KyJsIpHBIX pe6pam).

Teopust BeposiTHOCTH mO3BOMSTET MONCYHTATL HaubGosiee  BEPOATHBIH
UPOUEHT MIOCKHX CeYeHHH pasiuuHO GopMbl a5 pasnHuHBIX IpOCTpaH-
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CTBEIHBIX (GUTYp: KYy0OB, TCTpPa3apoB, OKTA3ApPOB, p%MéoaapL?Bq:CﬂTé ézé,qelf
KOTOPOMY HPUOJHKAKOTCH pea.dblble IPOLUEHTHl NpH 00/bUIO aneqe cede
nui. Taxum obpasowm, PEKOHCTPYKIHS TPOCTPAHCTBEHHBIX $op 0
NJAOCKIM CeueHHUsAM npeicTaBisger co00il A0BOJLHO CJAOXKHYIO 3aAauy, K p
' 1 Ha/10 NOIXOINUTb OCTOPOKIO.

HIOHI;/IK;o};?eTTOr?:reCK}?e 3eplla BO BCEX CeyeHHfAX JaroT }uisoMeTpuquCK:eC;I;e_
topmbl. TabanTuatble W 11aCTHHUATHIE 3epHA OoJblIel qactr’lb}oTeMp oy
vyafillo OPUCHTHPOBAHHBIX CEUEHHAX 1aloT BbITHHyT‘bI% dopmsl, ren Gosnee
VJIUTHHENHble, UeM Mellblle OTHOLIeHHe TOJULMHBL TalJul H.IH éHT oK
K X AHHE (wnpune). Todbko B NPOJOJLHBIX CEYEHHSAX, gpou Komo-
PBIX TeM MeHbUIe, YeM Melibllle YKa3aHHOe OTHOLUEHHE, Mbl leEMKH omo-
aTh H30OMETPHUECKIE CEUEHHS, JHAMETP KOTOPHIX Oynaer 6m13601< al’I]:b e
Tabaui. OcoBeHHO HArAsiAHO 3TH (HOPMbl ceueHHA MOKHO Ha JI;OCIII(H B
npuMepe C.1I0], MPOJOIbHbBIR CRUCHHs KOTODBIN 6m1361m K og;gt;b 3o
TponubiM. [Ipusmaruueckue 3epra Oodplied 4yacTplo OyAyT I Path HsoMer
pHUECKHe ceuyeHHs, AHAMETP KOTOPbIX 0.1H30K K TO{IHJ,HHe npus3 | roabKo
B PEIKHX NPONOJBHLIX CCUCHIAX, JIPOUEHT KOTOPLIX gaBnch OTbITSIH et
BBITSIHYTOCTH TNpPH3MATIUECKIIX 3epeH, Mbl OyleM Ha JI)}OJIaTb B y
dopMbl, ATHHA KOTOPBIX MOMXeT HPUOAHKATbCA K AJMHHe IIPN3M. .

Ecau cocraBHble yacTH HMel0T GOpMy HAEdJbHO pPaBHLIX IIAPOB, P y
NOJIOKEeHHbIX 0ecropsiOyYHO, TO B JI060M IJIOCKOM CEUYEHHH Mbl l?)CTP]{I)CeTT;H-
KPYrH pasjJHuYHOro JAHaMeTpa BIJIOTh 10 MaKCHM)aJIbHOFO, paBI({)OFa:aMepHop"x
nomMy auamerpy wapos. [fosTomy B cayuae HAeaabHO PpasH ];(ax{ prot
CTPYKTYpPH B IJIOCKHX ceucnusx Mel OyieM HaOaI08aTh CepHIO y

OB OT HVJS1 10 HCTHIHOIO. .

s p?[‘Sel\(:ggT*nqecx‘nd B HleaJbHO PaBHOPA3MEPHBIX CTPYKTYypax HCT;[(::(I;:}
pasMep — 3TO MaKCHUMa bHBIA pasMep IJIOCKHX Ceyellnd, HamnpHMep Ken
MaJpHBIT AHaMeTp KPYToB B cIyyae PaBHbIX HIAPOB. Onnako B Hﬂ.eanmo
paBHOpa3MepHbIX CTPYKTypax TaKux ceuenuii 6yJeT oOueHL Ma}J{I(E)F,OqT ,e
ux Oyner yBeJIMUMBATLCH 110 Mepe yjaajdeHHS pa3Mepa oOT HCTHH. , T. €.
MakcuMaJabHoro. IIpomeHT ceueHHfi pas3JAuHOrO AHMaMeTpa TaKOB:

JlnaMerp ceuenuit

| 5 0,6 0,7 0,8 0,9
HHHOT'O 0,0 0,1 0,2 0,3 0.4 0O, s

Zazalgjelggangr—-no) o, 0,2 0,3 0,4 05 06 0,7 0,8 0,9 1,0
1§ ceueHui

nagxc:{%?‘? pasMepa 1 3 5 7 g 11 13 15 17 19

ITponeHT ceyeHuit Bospacraer 3 apHMeETHUECKOH nporpeccug no Me;pi
yBeJIMUeHHs KaxKymerocsi pasamepa. Ecau pacnpenesneHHe Kax{ymuxc:m&)e _
MepoB OJH3KO K YKa3aHHOMY, CTPYKTYPy MOKHO C‘IH'E&TE paBHOD eaJIE-
HOH, eC/IH CHIbHO OTKIOHAETCS — TO HepaBHopasmepHod. Ecin B Hnono _
HOR MojJeslH NPHCYTCTBYIOT [Ba pasMepa IIapoB B OllpejeseHHOH nquTaT[I))
IMH, TO paclpejeseHHe KaxKyLIUXCH pa3MepoB TaKikKe MOXKHO pacc Tat.
BosbMeM ns npuMepa paBHOe KOJHUECTBO IIAapOB, JHaMETPbI KOTOD :
OTJIHYalOTC B ABa pa3sa. [loacuer cBemercs B 3TOM Ciayuae K CYMMTPipS[l;?)-
HHIO ABYX pacnpejlefieHHH, CABHHYTBIX NO Kaxymumca pasmepam. Ilp
JAIM COOTBETCTBYIOIIHE JaHHbIE:

Jlnametp ceuennil

0,1 0,2 0,3 04 05 06 0,7 08 0,9

?a??ﬂ’é)mmom 8',(1) 0,2 03 04 05 06 07 08 09 1,0

HT;?:JHZ@:S:SS: 05 15 25 35 45 85 85 75 85 9.5
I ARG

Mroro 2,5 7,5 12,5 17,5 22,5 55 6,5 7,5 85 9,5

IToacueTsl NMOKa3bIBAIOT, YTO B CJAydYae paBHBIX IMIAapoB HX Hcmﬂmglli
Jxamerp 6yfeT B ToaTopa pa3a OoJbllle CPelHETo JHaMeTpa KPYroB
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ceventnit. [TpHOIIKEHNO Ty JKe 3aBHCHMOCTL MOMKHO IIPHHSITL A8 NOACYE-
14 CPEANEro pasMepa 3epeH 10 HX NJIOCKHM CeYeHHsAM B OOIIeM cJydae.

U3 ckasannoro sacko, uro wacro BCTpevarolHecss nojacueTsl KOJHue-
+IBd BCPEH TOTO IITH 1IHOTO pasiepa, KakK H OLEHKA Pa3MepoB 3epel Ha
ocnose nx cevenlii B mwandax, He AAIOT AeHCTBHTENDbHOI KapPTHHBL.

[Tepexon or kaxyuierocs TPany.10MeTPHUYECKOTO cOCTABa, IOACYHTAH-
HOTO 114 OCHOBALNIL PA3MEPOB IIOCKMX CEYCHUIl 3€pPer, K HCTHHHOMY npen-
¢TaBasieT cobOf TPYLOEMKYIO Onepauuio, Ha KOTOPOH Mbl He OCTAHNAB.IH-
ndemes. Oua paccMaTpHBAeTCst B CilelHAbION JIMTEpaType.

Marwaiityeckue ropusie mopoaw dopmupylorest B aBa sTana - Marma-
tineckyl nonoctMarMardueckuii. CTpysTypbl, BO3HHKAOI{He Ha IIePBOM
JTanc, MOMIO 11a3BaThb MarMaTHUECKHMM, HJIH LiePBHYHBIMH, Ha BTOPOM -
BTOPHUIIBIMH, HJH NTOCTMATMATHUECKIIMH.

B oburem canyuae B marmartiueckux TOPHBIX [OPOXAX COYETAIOTCS 3.7e-
MEHTLL TCX 11 ADYTHX cTPYKTYD. MHorma nepebic 10MUIHPYIOT Wi nedHKoM
(J1draloT 1opojibl, HIOLAA, 11a060POT, 1Pe06aanaloT BTOPHUHBIE CTPYKTYpHI,
@ NEPBUUIEIC COXpANAIOTCA JIHIIL B Rije PCJAHKTOB HIIl COBCEM OTCYT-
CTBYIOT, GYAyWH NOJKOCTHIO TpeoGpasoBaunbiMu. Tax  Kax BTOPHYHbIC
CTPYKTYpBl BCerja o6pasyioTcs B TBEPABIX 110POAAX, TO B TEHETHYECKOM
CADICIC 0Ll #B110TCs1 MeTaMopuyecknmn. OcHOBHAA 3anaua NpH OMHCA-
I LISYUCHIT CTPYKTYD MarMaruTos — BbULCJCHHE CPeil [HIX NepBHY-
HpiX 1 sTopnunsix. Ilepsrle onpexensiorest velopiamy ofipazoBaris, BTO-
DEIC -~ 11De06Pa30BaAHHA NTOPOL. ) ’

Cpeail nepBHYHBIX KPHCTAIHYECKH-30PHHCTHIX CTPYKTY]P MOXKHO BbIje-
(HEH 1BA FIABIBIN THIIA — 3BMarMaTHUYeCKHe CTPYKTYPBl KPIICTATIH3AIHI
Ha MecTe 1l KYMYJATHBHBIE — TPOAYKTHI HAKONJIEHHSt KPICTATIHYECKHY
Sepell, MO BJINAHIEM CILTBL TSIZKECTI B CBSI3H ¢ pasHuUeil NI0THOCTel pac-
L1aBa v TBepALIX (a3, Boabirell uacTblo KyMVJISTLI 06OralleHo] deMuye-
CRIMIL MEBEPATaMH KakK HauboJee TAKeIbIMII -— OJNHBIIIOM, [HIIPOKCEHAMII,
MIOTa THTANOMATHETHTOM, XDOMHTOM — I UCJINKOM COCTOAT 113 HUX.

} CrpyKTypnl H 0coGenio TekcTypbl KYMYJIITOB OTPAaXKaloT YCJO0BUS HX
OUPA3OBANIlS, 12IOMHHAIONIE OTJIOXEHHe MEXaHMUeCKlX 0CaliKOB B BOJ-
HBIX Daccelinax; nosToMy 0C06eHHO THUMUNBL AJ51 HHX CJOHMCTHIe-110J0cCYa-
Thl€, MCEBIOCTPATIGHUIPOBAHHBIE TEKCTYPHI, HEPEIKO DHTMIIuHbE, OGBIYHO
aClIMMETPIIYHBIE B BCPTUKAJIBHOM CeYEHHM B CBA3N ¢ ocax iedueM HaHGO-
16€ TRKEABIX YACTHL B HHM3Y Kaxa0ro putMa. B npoMemyTkax Memay
EPHCTANTAMI, OCEBIINMI 1O BJHSHHEM CHJIbl TSKECTH, MOMKET OCTABATL-
€1 UMacTb pacniaBa, KOTOpasg KPHCTAJMJIH3YEeTCS o OGbLIYHBIM 3aKOHAM.

Co6CTBeIIHO MarMaTHyecKue CTPYKTYpPH, 006pa3oBaBIlleCs H3 pacmlia-
pa nHa mecte 6e3 CyLIeCTBEHHOTO BJIHSHMA NepeMelleHHs KPHCTA/JIOB, —
PE3YILTAT 3aTBEPIEHHS MATMBl IIPH OXJaXKACHHH W TOTEpe .JeTyunx KoM-
IOHEHTOB. B nasbHeiilleM B XOoze OXJaXeHWS MarMaTHTOB B HUX Npouc-
NOZHT PAN 11IPOLECCOB, OGYC/OBIEHHBIX CTPEMJEHHEM MHHeNaJbHBIX acco-
UHALHM 1 CTPYKTYp NPUATH B COCTOSHHE PABHOBECHS C HOBHIMH YCJO-
BUAMH: TIpeie BCero ¢ Gosiee HU3KHMH TeMnepaTypaMii, ¢ pacTBopaMH,
UPONHTLIBAIOMIME  OPOJbI, BbI1€JIMBIIMMUCS H3 MarMpl B XOXe 06paso-
BAHHA NOPON MM NOCTYNHBIIMMH H3BHe. MaKcHMalbHble H3MEHEeHHs! mpo-
TEKAOT NpH TeMmnepatypax suime 400—500°. Dty craauio npeoGpaszoBanus
MarMaTHTOB MOXKHO PacCMaTPHBATL KaK eCTECTBEHHOE MPOIOKEHHe pop-
MHPOBAHHUA NOPOA NOCJE 3aBepIieHUs 3aTBepAeBAHHs Marwmbl, IlocTemen-
IOr0 nepexoja OT MarMaTHuYeCcKOro 3rama K NOCTMArMaTHYeCKOMY  HeT.
Cravasna nacTynaer saTBepleBaHHe MarMbl, a 3aTem yxe npeobpasoBanue
IIOJIHOCTLIO TBEPAOH NOPOAH {(AMareHeTHYECKAs HJIH aBTOMeTaMopduyeckan
cTagud).

B naavneftimem nmareneTuueckH n3MeHeHHble MarMaTHTDI MOTYT mpe-
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00Dpa30BLHBATLCA 1O BJAHSHHEM HAJOMEHIDLIX Hd HUX BO3AEHCTBUH, cBS3AH-
IibiIX ¢ BHEIUHHMH (PAKTOPAMH — DPEPHOHAJLHBIM MeTaMOp(pHIMOM, BJIHA-
iHeM OoJslee MOJOJBIX HUTPY3HIT (KOHTAKTOBBIM MeTaMopdlizMOM) H T. A.

Paszanuyne MarmMaTHuecKHXx #H McTaMopduuecxux
CTPYKTYD CBfI32HO ¢ TeMIepPaTVPHBLIM PEXHMOM B xojA¢ HX (QOpPMHpPO-
BaHudA. KpucTaannsanuss MarMaruToB -— pe3y/bTaT OXJawIelnHs HJAH K-
RHBAJICHTHBIX €My IIPOLEeCCOB M TTPOHCXOANT IpH Najalomiell teMmmneparype
B MHTeDBaJle OT HECKOJbKHX LeCSITKOB IDAJyCcOB B JHIAPHUT-TPAHUTHBIX [0
100—200° B oCHOBHBIX Marmax, KOTOPBIi OupefesieTcs B OCHOBHOM XOAOM
KpPHCTAMTH3AUHN NMJardokaas3os. Kak #3secTHo, pasHilla TeMIepaTtyp nJjab-
JeHHS — KPHCTANIN3ALUH YHCTLIX &Jb0HTAa H AHOPTITA COCTABJASET CBBIMIC
400°, xpuctaanusauus aabpanoposore {AnspAbse) pacniasa npH Meanen-
11I0M «PaBHOBECHOM>» TeYeHHM Ipoliecca IPOUCXOAHWT B HHTepBase 1450-—
1285°, 1. e. 165° ecau moJHoe pABHOBECHE B XO/1¢ 1POLCCCA HE JAOCTHLACT-
¢l 1 0Bpa3yloTcd 20HAJBHBIE KPHCTAJIbl, TO KPHCTAJIH3AIUT  MOXKer
3aKaHuMBaTbCcsl MpH eule Oogec HU3KOH Temieparype. Murepsan xpueraa-
JH3aUMH OJHIOKJA30BOr0 pacnaasa. cogepxainero 20% anoprura, uTo
COOTBETCTBYET COCTABY HOPMA.IBIIOTO TpallMTa, CocTamasger okoao 1707
B cJOXKHBIX CHCTEMax, B COCTAaB KOTOPBIX BXOASIT allOpPTHTOBBEI H aanll-
TOBBIH KOMIOHENTHI, TeMMEDATYPHBIN HHTEPBAS WHXKC, UeM B UHCTHX ILia-
THOKJ/Ja3aX, HO JOCTATOUHO BEJHK M OIpejpesserTcss pazHullell TeMnepaTyp
HayaJa H KOHIla KpHcTaldau3aiid (pasiduna TeMiepaTyp JHKBHAyca H co-
auayca). .

CKopocTL, 0oXJa)K1eHItsl axe IpH Me L 1eHHON KPHCTA IM3alHl BHYTPH
3eMHOHA KOPbI, PHBOsIILCI K 06pas30BalUIO HOMiIOKPUCTAIITECKIX CTPYK-
Typ € SFCHO3epPHHUCTONl CTPYKTYpoOH, Takosa, urto JHP(DY3usi B TBEpIAbIX
(pasax He ycleBaeT BbLIPABIIMBATH X COCTAB. YTO IIPHBOAHT K 06pa3sOBaHHIO
30HAJBLHOCTH H K PAa3JHUHIO COCTABA 3€PeH pas3uuiX reuepaliui, T. €. K He-
OJLHOPOJIHOCTI cocTaBa MHHepasnoB. OcoleHIl0 3TO ¢KasblBaeTcsd 1a NJaruo-
KJ1a3aX, KOTophle jaaxke B Haubosee TAyOHIHBIX 11 MeTLICHHO OCTBIBABIIHUX
TPaHMTaX HepeaKO 30HAALHBL. DB Kele3ncroMarireaHaanliblX  MHHepaJax
nipdy3ns npoucxo uT ObIcTpee, B CBS3M ¢ UE€M 30HATLHOCTHL B 1HHX HabaI0-
jlaeTcs pexe — TOJAbKO npu 6ogee 6GbIcTpoM ox.aad(jieHuH. 1IoCcKoAbKY CKO-
pocts AHGDDY3HH, TAK Ke KaK i CKOPOCTh JIOOLIX XHMMUECKHX peaKklMi,
yBeJHUHBAETCS MPHMepHO B 2 paza na Kaxawie 107 mam B 1000 pas Ha
kamxasle 100°, B Muamuon pa3 —wHa Kaxasle 2007, to upn KpHcraaausaguu
rab6po oHa NMPOUCXOAHMT HACTOJNBLKO OBICTPO, UTO 30HAJNBHOCTE IIJ1aCHOK.A-
30B 3/IeCh MOXKeT H Iie BO3HHKHYThb, XOTf pasdliia ¢oCTapa I1J1aruoKj1a30B
pa3JHYHBIX TeHepauuii coxpaHsieTca W coctaader obObluno 10—20% anop-
THTa (B KpaHHHUX lIpefeiax).

Takum oGpasom, marmarnueckue 110pOJAbl Bceria B K&akKOH-TO Mepe —
pe3yJbTaT 3aKaJKH, T. €. Nepeoxaa:KAeHns HepaBHOBeCHHX cocTosAHHUi. Cre-
IeHb 3aKaJKH, 3aBHCSLLAS OT CKOPOCTH OXJaX[JeHus, MoXeT ObiTh pas-
JHYHA W T[03TOMY 3aKaJeHHBIMH Ha3blBaiOTCSl MPOAYKTBl 0COG60 GBICTPOTQ
OXJaKJAE€HUSl C TOHHKEHHOH NMpOTHB OOBLIYHON KPYNHOCTBIO 3€pHA MJH CO-
JepKallye ByJKaHHUECKOE CTEKJIO.

Meramopduueckue Nnopojbl — Ppe3yabTaT AJUTENBHOTO NpHcnocodne-
HUsI MHHEpaJbHBIX acCOLHMALUMH K BHEIUHHM YCJOBHAM, B CBA3H C 4eM B
MOMeHT (OPMHPOBAHHsI OHH OOBIYHO JOCTHTalOT PaBHOBECHOT'O COCTOSTHHS.
DT0 AOKa3blBaeTcsl OJHOPOAHOCTBID MHHEPAJOB, OTCYTCTBHEM 30HAJNBHOCTH.
Hapylienne 0gHOPOAHOCTH H DABHOBECHOCTH MHHEpaJbLHOTO COCTaBa MeTa-
MOp(HYECKHX MOPOJ -— Pe3yJbTaT HAJOMKEHHUs Mo3jHee o06pPa3oBaHHBIX Ta-
pareHe3UcoB.

IlepBHuHast HEOZHOPOJHOCTL MarMarTHUeCKHX MOPOJ Hcue3aeT NMPH IO-
CAenylOUIeM OTXKHFe, T. €. B pe3yibTaTe AJHTeNbHON BLIJEPXKKH HPH jJoCTa-
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TOUHO BHICOKHX TeMIepaTypax M HaJduuuu (.Ja0HA0B, 6JaronpHATCTBYIOUIHX
Aubdysuy, oHa — CBUAETEABCTBO IOCJACLYIOWEr0 MeTaMophuaMma.

TakuM o6pa3oM, nepBUUHAs HEOAHOPOIHOCTH COCTaBA MEPBHUHBIX MH-
1epajioB KaK pe3yJbTaT perpeccUBHON KpUCTaaIH3aluu -— naubonee no-
(TOBEPHBIH KPHTEPHH MArMaTHUECKOTO IIPOHCXOXKIEHHS IOPOJL.

EcTb CTpPyKTYypBl, KOTOpble HHKOTZAa Il MOTYT BO3HHUKHYTb IIpH MeTa-
MopchH3Me, T. €. B TBePJIOM COCTOSIHHH. DTO CTEK/JOBAThle NOJYKPHCTAJIH-
yeCcKHe, MHKPO/JHTOBble H NOpP(hHPOBLIE CTPYKTYpbl — pe3yJbTaT HBICTPOrO
oxsaaxkaeHuda. [1aBHOe OT/HYHe HCTHHHO MOPQPHPOBBIX CTPYKTYpP — IIPH3HAK
3aKOHOMEPHOI'0 H3MEHEHHs] COCTaBa MHUHepaJoB B xoiae (OPMHPOBaHHSA
NIOpOABl B COOTBETCTBHH € 33KOHAMHM KPHCTAJMAH3alH¥ CHIHKATHHIX pac-
IJIABOB: yBeJHueHHe OTHOLIEHMsl a.aLOHMTa K aHOPTUTY, a TaKKe yBelHue-
HHE YKeJe3dUCTOCTH. ITO BBHIPAKACTCS B COOTBETCTBYIOULMX pPAa3JHUHSIX CO-
cTaBa I0JEeBBIX HINATOB M KeJle3uCcToMariesHaqabHblX MHHEPaJoB BO BKpall-
JeHHHKAX M B OCHOBHOH Macce W B 30HAJbHOCTH BKpamnJjeHHukos. B noxHo-
nop(pHUPOBBIX CTPYKTypaX, o06pa3ylouiuxcs NpH MeTaMop(pHaMe, KDPYNHbIE
KPHCTAAJdbl MOTYT HMETL TOT e COCTdB, UTO U MeEJIKO3epHHCTas OCHOBHAY
Macca, a Hiorja ob6HapyxXKIBalT 00paTHYIO 10 CPABHEHHIO ¢ HCTHHHO-IOP-
(PIIPOBLIMH CTPYKTYpPaMI 3aKOHOMEPHOCTh: oforaimienie aabLO0HTOM H OpPTO-
KJa30M II0JIeBBIX ILIITATOB, XK€Je30M — XKeJe3HCcTOMarHe3naJabHblXx MHHepa-
710B.  JIOXKHONMOPMHPOBbIE CTPYKTYPbl METAMOP(PHUECKOTO NPOUCXOXKACHHS
MOTYT OLITb pe3yJbTaTOM cof6HpaTesabHOll IllepeKpHCTadau3alul  (mopdH-
POBILANLIe MHPOKCCHHTHI, TOPHOJCIANTBLI), MeTacomaTto3a (nopgipobaa-
CTHl TOJEBHIX WITAaTOB, KBapna, amdubona, 6uoTuTa 1 JIPYyrux MHiEepa.10B),
OpPOrOBHKOBAHHA — TPaHYJISLHUH, T. e. NEPeKpHCTALIN3alNl ¢ H3MeTbye-
HHEM 3epHa 1O CTHIKaM [EepBUUHBIX 3epeH, KOTophie nplobdpeTatotT HopMy
IOP(PYMPOBbIX Bbl1eJellHil B MeJ1KO3ePHHCTON Macce.

Hekotopule CTPYKTYpbl MOTYT BO3UHKHYTL TOALKO METaMOP(HUSCKHM
nyrteM. K HHM cjeflyeT OTHECTH NOJH3APHUECKN-3€PHHCTYI0 HJAH B TJOCKHX
CeYeHHsAX MNOJMIOHAJNbHO-3€PHHCTYIO CTPYKTYPY ¢ INPABHJBHBIMH LIECTH-
VTOJbHBIMH CeueHHSIMH 3epeH. DTa CTPYKTypa — pe3yabTaT CTpeMJeHHs
K MHHHMYMY IIOBeDXHOCTHOH 3HepriuHd, COCPEe/1OTOUEeHHOH Ha TpaHHIlaxX 3e-
peH, 4To BbipaxKaercl B UX BoiupaMmiaennd. [Tpy mepBuumoil kpucrannusa-
LIHH ONHOKOMIIOHEHTHBIX CHCTEM, HallpHMep MeTaJtnoB, oHpa3yioTcsi Hempa-
BUJbHBIE, KDHBOJHHCHHBIe TPAHIINLI 3epel, KOTOpble 11peodpasyorca B I11.10-
CKHe HIeCTHYTOJbHblE B CEUEeHHH TOJbKO B pe3yabTaTte orxkura. [losTomy
NOJIUTOHANbHO-3€PHHCTBIE CTPYKTYPbl MOXHO Ha3BaTb PaBHOBeCHBIMH. I1pu
OIHOBPEMEHHOH KPUCTaJIJIM3allMH U3 pacll/aBa HeCKOJbKHX MHHEPAJOB BCer-
Ja BO3HHKAIOT THNHAHOMODP{PHO3EePHUCTHIE CTPYKTYpH, B KOTOpHIX Hab.io-
JlaeTcsl onpeleseHHBIH MOPSILOK HAMOMOphH3Ma, 00bsCHSAEMBIl pa31UuHOH
KPUCTAAIH3AUMOHHOR CrOCOGHOCTBIO MuHepasoB. [1o3TOMY HOJHTOHAJIBHO-
3€pHUCTBle CTPYKTYPBl MarMaTHTOB —— Bcerga pe3y.bTaT IePeKpUCTaJLIH-
3all{H, T. €. AOJMKHB DPACCMATPHBATLCS KaK KPHCTA106JIACTHYECKHE.

Ilpy mepBHYHOA KpHCTAANH3AUHH HHKOTJA He BO3HHKAET TaKXKe aJlio-
TPHOMOP(HO3epHUCTASL CTPYKTypa IOJHMHHEPAJbHBIX arperaTtoB ¢ Hempa-
BUJABHBIMH TpaHHIIAMH 3€PeEH.

TunuanomMopHO3EPHUCTEIE CTPYKTYPH, KOTOpble 4acTO paccMaTpHBa-
I0TCSI KaK CBONCTBEHHble TOJbKO MarmMaTHU4eCKHM NOPOJaM, B AeHCTBHTe/b-
HOCTH MOT'YT BO3HHKHYTb W IpPH MeTaMop({H3Me — IepeKpHCTaJ/JIU3alHH
U MeTacoMmatosde. KiyaccHuecknuii npuMep — INHPOKCEH-CKANOJUTOBEE NIOPO-
Abl, CTPYKTypa KOTOPHIX NOJIHOCTBIO aHaJoOrHuHa OGhHTOBOH (AHaba30BOH),
¢ TOf NHIIbL pas3HuUel, 4TO PONb NJIATHOKJIA32 HTpaeT CKaAmoOJUT, 06pasyio-
mHd uauoMopgHEe KBajJpaTHble NPHU3MH. ['MnHIHOMOp¢HEE CTPYKTYpH,
Kak INpaBHJIO, — Pe3yJbTaT MOCJIeJ0BATE/AbHOH KpHCTAMJau3auuu, Pazauuue
B CcTelleHH HAHOMOpdH3Ma (IOPSAAOK HAHMOMOP(PH3Ma) OOYCI0BACHO NOPSI-
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KOM KpHCTaJJH3aLHH MHHEpaJoB.

CrtpyKkTypa MarmMaTHuecKHX I110pPOj ONpejedsleTcsi COCTaBOM — MarMbl,
BKJIOYAsl KAaK BaXHBIH 3JE€MEHT /JeTYYHC KOMIIOHEHTH, I PEXHMOM €€ OX-
JaxaeHus. Takyio e posb B 3aTBEpPACHHH Marmbol H 11peoOpasoBaHHH ee
B TBePAYIO TOPHYIO NOPOJY. KaK OXJa)KJ1eHHe, MOXKeT HUTpaTh HOTEpPsl JeTy-
4UX KOMIIOHEHTOB I0J B.JIHsHIEM mnajeHUs UX [apUHaJbHOrQ AaBJEHHH
3 OKpyJXXawlleH cpede NpH NOAbeMe MarMbl B BepXHHe TOPH3OHTHI 3€MHOIl
KOpbl. ¥YnaseHue (JIOHAOB — Npouece IHAOTEPMHUECKHH 11 yCHJHBaeT
OXJaxXAeHHe MarmMbl, a ¢ /JApYI'OH CTOPOHBI, MOBbILIAET TeMlepaTypy KpH-
CTAJNJIH3aLHH, UTO JeHCTBYeT B TOM XKe HalpaBJeHHH H PaBHOCHJBIIO JO-
HNOJHHTEJBHOMY OXJaXKAeHHIo. B 6elHBIX JeTyuHMH KOMIIOIIeHTaMH Marmax,
HAalpuMep TOJIEHUTOBBIX 6a3ajbTaX, IJaBHBIM (PAKTOPOM KPHCTAJ/IH3aUHH
ABJsieTCs oxyaxIeHue. IlaacHue cyxoro JaBJjcHHS, HanpoTHB, MOHHXKAET
TEeMIIepaTypy KpPHUCTAJIH3ALMK 11 PABHOCUJILHO HEKOTOPOMY  TIOJOTPEBY
marmbi. IloaTomy Oexnbie BOJOW MarMbi 11pd 110J/bCME BHYTDPH 3eMHOMN KOphl
MOTYT IOAAEPXKHBAThbCS B MEpPerpeToM MPOTHB TeMIepaTypbl KpHCTaJJH3a-
IHH cOCTOSIHUU OJaronaaps najgeuiio nasieuns (1000 atm nosbiualor ToM-
nepaTypy KpuctaJanuzauud npuMmepro nma 10—15°) naxe 11pu HEKOTOpPOM
OXJIAXK ACHHH.

B marmax, 6orartbix JeTy4HMH KOMIIOHEHTaMH, TJ1aBHON NPUYHHOR HA-
yajia KPHCTAJJIH3aUUH 1IpH 10AbeMe BHYTPH 3eMHOH KOpbl MOKeT OBbITb
noTepst 3THX KOMINOHeHTOB. Takue Marmbp peiKo AOCTHIAIOT 110BEPXHOCTH B
meperpeToM COCTOSIHHH [ OOBIYHO HAYHHAIOT KPUCTAJAJH30BATbCSI BHYTDH
3€MHOH KOpHl, B CBSI3H € UeM K MOMEHTY H3JHIHHA B HHX yXKe HaXOAATCHA
KPHCTaJ/bl, NOTPYXKeHHble B GbICTPO 3aCTHIBIUYID Ha [IOBEPXHOCTH TOHKO-
3ePHUCTYIO HJH AaXE CTEKJA0BATYI0 UYacTb NOPOABI, 00yCI0BJAHBAS MODPPH-
poByIO CTPYKTypy mnoped. Cyxne MarMbl, HANPOTHB, OGBIYHO JOCTHIAIT MO-
BEPXHOCTH, He HAuaB KPUCTadJIH30BATbesl, U 1IPUOOPETAIOT NMOITOMY B lie-
JIOM TOHKO3€DHHCTYIO CTPYKTYypy (TakK IasbiBaeMyio aduposyw, T. e. 6e3
KPYIHBIX KPHCTAJ//10B). JTO pa3auude MarM BHAHO HA lpuMepe GalanbToB,
KOTOpble B OJHHX CJy4asiXx J1alOT MOUIHBIC TOJIH athHPOBBIX, B APYTHX —
nopbupoBbX mopod. [IpHcyTeTBre B MarMe nOCJIeHHX BOABL H JAPYTHX Je-
TYUHX KOMIIOHEHTOB JOKa3blBA€TCS MNOBBHILIEHHOHI  CTeleHblo  OKHCJAEHHA
XeJje3a 1 paHHUM BbleJeHHeM MaTHeTHTAa OJHOBPEMEHHO ¢ CHJIMUKATaMH
mopdHpOBBEIX BHAeJeHUH. B adMpoBHIX 0asa’abTax MarHeTHT KPHCTAJJIH-
3yercd nocsae 6e3BOAHBIX CHIMKATOB — MJIarMOKJAa30B 1 MHPOKceHOB. Pas-
JIHUHe COAepXKaHHU BOAbl MOIATBEPKIAETCS TAKXKEe CIIOKOHHBIM H3JIHSTHUEM
aupoBbIX 6a3a.IbTOB U LIHPOKHM pa3BuTHeM TY(OB (1IPOAYKTOB BY/JKaHH-
YeCKHX B3PHIBOB) B NophHPOBEX Ha3zanibTax.

O6pazoBaHHe CTEKJOBATHX CTPYKTYp CBA3@HO C MEPeOX-
JaxJeHHeM pacnjapa. B 3aBHCHAMOCTH OT KOJIMUYECTBEHHBIX COOTHOLIEHHH
CTeKJa H KPHCTAJJOB BbIAEJI4I0T IOJHOKPHCTAJTIHYECKHE, NOJYKPHCTAJIH-
YeCKHe H CTCKJIOBAThle MepBHUHblE CTPYKTYPHL. Tak Kak KPUCTAJIBI, Bbife-
JISIIOLHECS] M3 [PHPOAHBIX CHJIMKATHBIX pacnaaBoB, BCerga OTJHUHHL OT
HUX 1[I0 XHMHUECKOMY COCTaBYy, TO HX BblJlesneHHe TpebyeT mnepeMelleHHs
BelllecTBa [JIs1 KOMIEHCALHH NaJeHUA KOHUEHTPalUH ONpeJeseHHbIX KOMIO-
HEHTOB H TelJaa AJs1 KOMNEHCAUMH TeNJoThl Kpucraasuzauud. YU to v npy-
roe MOXeT INPOUCXOAHTBL nyTeM AHGPY3HU H KoHBekKIHH. CKOPOCTH 3THX
NpOLeCcCOB CBsI3aHBl 00PATHOH 3aBHCHMOCTBIO C BSI3KOCTBbIO pAacljaBOB, KO-
TOpasi B CBOIO Ouepeab OBICTPO YBEJHUHBAETCS N0 Mepe YBEJHUEHHs coaep-
JKaHHSl KpeMHe3eMa M lueJsiodefl M yMeHbllaeTcs MO Mepe YBEJIHUEHHS
COLepKAHUS Kejesa.

Bs3kocTh 6a3aabTOBbIX JaB BOJH3H TeMIilepaTypbl Hayaga KpHCTasd-
JH3ALUHH H3MEpAETCS BeJHUMHAMH TOPSJIKA HECKOJbKHX JECHTKOB Iyas.
Bs3KOCTb KHCJBIX JaB JHOApHTOBOIO COCTABA IPH TeX XKe YCAOBHSX CO-
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CTaB/SeT AeCATKH MHJJHOHOB Ilyas, T. €. HeH3MepHMO Bblllie. B xone kpu-
CTaJJM3alHH BA3KOCTb 6a3a/bTOBBIX J1aB OBICTPO BO3pacTaeT W NPH IOHH-
MeHHH TeMnepaTtypol Ha 100° mo cpaBHeHHIO ¢ HauaJoM nporecca JOCTH-
raer 20000—30000 nyas, ocraBasicb Bce pPaBHO B THICAYY pa3 MeHbllle
BSI3KOCTH KHCJBIX JaB. boraTble xene3oM u Gejnble KPeMHE3eMOM H ILCJIO-
uaMu 0a3a/IbTOBble JIaBbl FaBalCKHX BYJKAHOB MOTYT Tedb CO CKODPOCTBLIO
A0 10—20 km/uac. Boratbie KpemHe3eMOM J1aBBl, HanpoTHB, OYEHbL GLICTPO
3arycTeBalOT H, KaK NMpaBHJO, NIPH H3JHSHHAX JAIOT BSI3KYI0 Maccy, KOTO-
pasi BLILABJHBAETCS H3 BYJKAHHUECKHX KepJ H He crnocobHa mepemellaTh-
ca. Ilostomy noustHo, yro GasaanbToBasi MarMa peiko JaeT Crekaa H
00BIYHO 1pHOOpETaeT KPHCTANIHYECKYK) CTPYKTYpY [axe IpH GLICTPOM
OXJaXK/IEIHH, a KHCJble — JIMIAPDUTOBLIC. TPAXHUTOBBIEe, AaXKe AHAC3HTOBblE
Marmel, HaipOTHB, KPHCTAJMH3YIOTCS ¢ TPYACM M .1eFKO JAlOT c¢TeKJa.
OTHUM 10IB3YIOTCS B TEXHHKC, HCHOIL3YA 6a3a71bThl 15 KAMEHHOTO JHTHA
(meTpyprus). ;

Bansine xumMuyecKoro cocraBa Ha BH3KOCTL H CHOCOBIIOCTb K KPHCTALI-
JHI3AIUIH XOPOUIO H3BECTIIO MCTALIYPraM: Kiuc.ble, GoraTbhle KPeMHE3eMOM.
Gelanple KeIe30M JOMCHIILIE ULIAKIT BCerja CTEKJO0BATLI H OUSHL 1OXO0XKII
112 TIPUPO/LIbIE cTeKJa -obculHanbl, 6yAyun oOblUHO OKpalllellbl B CBeTJbiC
TOHA: OoraThle XeJse30M WLTaKH, o6pasylouluecst 1IpH MeaHOH IL1aBke, Ha-
POTHB, UMCIOT KPYNHOKPHCTANMHUECKYIO CTPYKTYPY W COCTOAT H3 Iia-
CTHHYATBIX KPHCTAJJMOB 4epHOro (as/uta — cillHKata xkenesa. CKopOCThL
OXJaAenusi B o00MX cayuastX OAHHAKOBAa. IlpH BbLTHBAHHM LOMCHHDIX
IITaKOB B BOAY B pe3yJbTAaTC BBIOPOCA OFPOMHOTO KOJIHYECTBA Mapa npo-
HCXOHT 00pa3oBanilie TOHKHX HHTEH, OCTAIOIIHXCs A0Jr0e BpeMs B3BeLIeH-
HBIMII B BO3JyXe, NOJHOCTbIO aHAJOI'HUIBIX 311aMEHHTBIM «BoO.JocaMm [leses.

Buausiiie XHMHYeCKOro coctaBa Ha BSI3KOCTL PacraaBoB I CIOCOGHOCTD
X JlaBaTh CTeKJa XOPOIIO HIJMIOCTPHPYETCS HAa NpHUMepe KPHCTAJJIH3AIlH
14K 1a3bulBAEMBLIX TOMCHTOBBLIX, T. C. COAEPXKALUX IIPHMCCH CTeKJa, 6a3aahb-
T0B. TOJeHTH Beerja coiacpKarT HCKOTOPbBIT H3GLITOK KpeMHe3eMa IIPOTHB
KOJIMueCcTBa, Tpebymomerocss 1as oGpasoBaHMs  HACLILLEHHBIX CHJIHKATOB.
ilosTomMy 1o Mepe KpHCTanM3allHl CHJAMKATOB, NPEACTABJIEHHBIX B OCHOB-
HOM ILJaraoK.;1a30M H THPOKCEeHOM, IpoHcxoasiuell B unreppaJge 1250—
1100°C, conepxaHHe KpeMHe3eMa B OCTAOILEMCH KHAKOM paci.iaBe yBe-
TUYHBEETCS mocTeneHHo ot H09% B nexoanom seutectse a0 70--75% B mo-
crelHeM MXHUAKOM ocTtaTke. ITo Mepe ymeduuenuss of6bemMa KpHCTANIoB H
I"OHH2KEHHST TeMHepaTypbl BA3KOCTh OCTAIOLLErOCs XKUAKHM pacliiaBa OBICT-
PO BO3pacTaeT B COOTBETCTBHII ¢ NPHUBEAEHHBIMH Bbille BeJIHUHHAMH, If
HaCcTYNaeT MOMEHT, KOrJa CKOPOCTb KPHCTAJJAH3AUHH CTAHOBHTCS MEHbIIe
CKODOCTH OXJaxKjaeHusa u obpasyeTcs mepeOXJa)KAeHHBI pacmias. T. e.
BYJIKaHHYECKOe CTeKJIO KHcJaoro cocrasa. Ilomyyaercs cBoeoOpasnas, Ha
TepBbIH B3rJsLA NapafokcagbHas, CTPYKTypa., B KOTOPOH cOYeTaloTCcsl f10-
BOJIPHO KDYIHblE, 3aMETHLIC HEBOOPYXKEHHBIM I1a30M KPHCTAJIbl, COCTAB-
nsomue 60/bIIYI0 YacTh MOPO/IBI, H CTEKJO, BBINOJHSIOUIEe NPOMEKYTKI
MEXJY KpHCTaJ/JlaMu (ToJeHToBasi CTPYKTypa). YeM OnicTpee oxJaaxie-
HHe, TeM O0o0.bllle TPONMOPUHSI CTeKJa H TeéM OHO OeqHee KpeMHE3eMOM.
B npenene npu oueHb GBICTPOM OXJIAXKIEHHH MOXKET MOJYYHTHCS LEJIHKOM
0a3anbTOBOE BYJKaHHYeCKOe CTEKJO, BCTpedaiollleecs B INPHPOJE OYEHb
peako. Jlaxe npH uajausHHu 6a3a/jbTOBOH JaBbl HAa JHO MODPS [OJHOCTbIO
CTEKJOBATYIO CTPYKTYPy mpHOOpeTaeT TOJbKO TOHKaa (1—2 cM MOILHO-
CTH) HapyXHasi KOPOYKa 0Opa3ylolMXCS IIPH 3TOM MOAYLIEK, BHYTPeHHSA
4aCTh KOTOPbIX YACTHYHO HJH MOJHOCTBIO KPHCTaMMH3yeTcsd. [IpH mocTosH-
HOH CKODPOCTH OXJaXKA€HHS NpPONOPUHA CTeKJa H KPHCTAJJIOB — IpaMas
GyHKIHS XHMHYECKOTo cocTaBa JaBbl, I103ToMy cTeneHb KPHCTA/LIHUHOCTH
MOXKeT KOCBEHHO YKa3blBaTb HA XHMHYECKHH COCTaB JI1aB.
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Tax, GoraTble KpEMHE3eMOM JaBbl — JHITAPUTOBbIE Ha MNOBEPXHOCTH
BCerjla 3acThIBAIOT B BH/€ BYJKAHHUECKOIO CTeKJa ¢ NOrpyiKeHHbIMH B HeM
KPHCTaJaJaMH, BbIIGJUBIIHMHCH BHYTPH 3eMHOH KOpbl HPH NOAbeMe MarMbl
K mOoBepXHOCTH. KpHCTanael HHOrga OTCYTCTBYIOT H TOMJAA MOPOAA LETHKOM
coctouT U3 crek.1a (oGcuauanbl). B cBS3U ¢ BBICOKOH BA3KOCTLIO JaBBH B
CTeKsJaX OOBIYHLI TOHYAHIIKE II0J0CHATble CTPYKTYpbl TeUeHHsl, PHCYHOK
KOTOpbIX HallOMHHAeT HHOTJa y30pbl Ha OYyJAaTHBIX KJHHKAaX; CJOH, BblJe-
JgollHecs: 6garonaps HeOJAHHAKOBOH OKpacKe, CBSI3AHHOH ¢ TOHKOPACIHbi-
JEHHBIMH OKHCJIAMH XKeJe3a, HepelKo He OTJHYHMBI OT TOHKOH CJIOHCTOCTH
0CaJOuUHbIX TOPOA, 32 KOTOpHE JHMAPUTOBbIE JABbI 10 HEOIBIDHOCTH U IIPH-
HMMaIoT (MX OyTalOT HHOTAAa ¢ KPeMHHCTBIMH CJaHIaMHu). XapakTepHoe
OTJIHuMe — MOpPHPOBble BKpANJIeHHHKH, OOTeKaeMmble NOJ0CUaTOCThHIO. Ta-
KHe TeKCTYyphbl TeYeHHS] HA3BIBAIOT (Ji0HAAALIIBIMH.

B TpaxuTOBEIX JaBax TaKKe BCTPEYAOTCH CTEKAOBATble CTPYKTYPH,
HO THIHUIION [Js1 HHUX SIBJSIETCS HOJHOKpHCTall1HuecKas CTpPyKTypa — Tpa-
XHTOBad, COCTOSALLAS U3 MedbHadlinX IPU3MATHUECKMX HJM NJACTHHYATBIX
KPHCTA IJIMKOB IHEJOYHBIX MOJEBBIX LINATOB I [OAUHHECHHBEIX 110 KOJHUECTBY
KPHUCTAJIHKOB MHPOKCeHa, KOTOPLie OGBIUHO CBOHM pacno/ioxKeHHeM (HKCH-
PYIOT TeueHHe XKHAKOH JaBbl.

Jas aHme3HTOB XapaKTepHB NOJYKpHCTAAAH4YeCKHe CTPYKTYPbI, B KO-
TOPLIX MHKDOJUTEl NHDOKCeHa 1i IJIarHOKJd3a MOTpY:KeHbl B CTEKJO, 3Ha-
yuTeAbHO GoJee KHCJOe, UeM TNOpoja B wesaoM (AHAEe3HTOBAs, IJM THAJO-
NUJIHTOBasg CTPYKTypa). Ilpy moJHON KpHCTaJAJdH3aUdN 24H1e3UTOBLIX JaB
JIOJIXKEeH TIOJYUUTbCE CBOOOJIHBI KpeMHe3eM B BH/E KBapla. JTO MPOHCXO-
IHT TOJILKO B CyOBYJIKaHHYeCKHX (alusix NPHU AOCTATOUHO MeEIJIeHHOM HX
oxJaaxaeHud. [losHokpucransgnyeckasi MUKPOJHTOBAsi CTPYKTypa — IHJO-
TAKCHTOBAaS$, COCTOSILAA U3 MHKPOJHTOB IM.JarioK/14a3a H NHPOKCceHa, B aHje-
3uTax o6bluno He obpasyercsi. OGsi3aTesbLHO NMPHCYTCTRHE KAKOrO-TO KOJIH-
4yecTBa KHCJOIO BYJKAaHHUECKOIO CTeKJa, HOO MOJIHOKPHCTAJAIHHCCKHM aHa-
JIOTOM aHJAE3UTOB ABJASETCS KBapueBblét adoput-c¢ 10—15% xBapua. Berpe-
qaeTcsl MHOrAAa NH/JAOTAKCHTOBAST CTPYKTypa C NPHMeECLIO cTekga (rHaJjonH-
JOTaKCHTOBad).

B 6azanbrax Hapsly ¢ TO/IEHMTOBOH MOXKIO BCTPETHTb psiji  JPYTHX
NOJYKPHCTAJJIHYCCKHX CTPYKTYp, BO3ZHHKAOIIMNX NpH GoJee OBICTPOM 0OX.a-
JKIEHHH, 4eM TOJIEUTOBAsl. DTO HHTepCepTa’bHAf CTPYKTypa, OT.I1HYAoILasi-
cA OT TOJEHTOBOH OOJbllell NPOMOPLHEH CTEK1a, KOTOPOe B CBSI3H C 3THM
HMeeT Oosee OCHOBHOH COCTAB (CeTKa MJIACTHHOK — JeficT -— MJarHoKJ/1a3a,
NIPDOMEXKYTKH MeX/JY KOTOPBIMH 3amoJiHeHbl CTEeKJIOM C MeJKHMH KpHCTa.l-
JHKaMHi NHpokceHa). BeTpeuaercd M CBOMCTBeHHAs anje3uTaM THAJIONH.JIH-
TOBas (NMpH O4YeHb OLICTPOM OXJAaXKAEHHH) CTPYKTypa C OueHbh TOHKMUMH
NIaCTHHKaMH MJaruokjaasa (AJHHA B JecATKH pa3  OoJblle TOJILHHE),
TOTPYKEHHbIMH B CTEKJOBaTyl0 Maccy. Hepenko B oaHoM H TOM XXe reo-
JOTHYecKOM TeJse (IIOTOKe, NOKpOBe) 0643a/1bTOB 'MOXHO BCTPETHTb BCe
PAa3HOBHIHOCTH CTPYKTYP OT CTEKIOBATHIX HA MOBEPXHOCTH 10 MOJHOKDH-
CTaJJIMUECKHX B LIEHTpe.

CKOpOCTL M pPeXHM OXJamxIeHHs ONpelessioT H pasdMep KPHCTAJLIH-
4eCKHX 3epeH IepPBHYHBIX CTPYKTyp MAarMarHTOB, OOYCJOBJHBAsT CTeleHb
NepeoxJaxK/JeHH NPOTHB pPaBHOBECHOH TeMIepaTypbl KDHCTAJJIH3ALHH H
T€M CaMBblM 4YHCJO LEHTPOB KPHCTAJJIH3alUH, 00pasyiollHuXcs B eAHHHILY
BpeMeHH B enuHMLe 00beMa, a TakKKe CKOPOCTb POCTa KPHCTAJI0B. YKa-
3aHHBIMH (aKTOopaMu OOYCJNOBJEHO sIBJEHHe 3aKaJKH — TIJIABHbIA
KpPUTEepHH MarMaTHYeCKOr0 MPOUCXOKACHUS NOPOJ], T. €. NOHHXKEHHe KpYII-
HOCTH 3€pHa BILIOTb N0 HCUYE3HOBEHHsI 3epeH BOOOIle i MOSIBJEHHs CTeK.1a
B KPaeBBIX YacTsX MarMaTHUYeCKHX TeJs, HENOCPEACTBEHHO CONPHKACAIOILHX-
cs ¢ BHelIHell Gojee XOJ0IHOH cpeloll. 3akanaKa Nposisasiercs B Mmaciatabe
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MaccHBOB, BHYTPH [deK, 1I0TOKOB, IIOKPOBOB, B KPACBBIX 4aCTsIX HOAYLICK
NoAylieuHb X J1aB. MonuocT, 3akaacnnoil 3o0i1sl MensieTcsl o1 MH/AJI1HMETPOB
JI0 JleCATKOB H COTeH MeTpoB. busarojnapsi siB/eHHSIM 3aKaJ/jKH B OAHOM H
TOM JKe TeOJOTMYecKOM Tede MOXHO BCTPeTHTb camble pa3HooOpasHbie
CTPYKTYpHble ¢anii oT Hanbo/see TOHKO3@PHHCTBHIX HJIH Ja)e CTeK.JT0BaTHX
5¢p¢y3uHoro ofJaHKa A0 NOJHOKPHCTA1/JIHUECKHX, HMEWONIUX BHI HMHTDY-
3MBHBIX 10poJ. Tak, UeHTpaJbHBlE uacTIl MOILHLIX NOTOKOB, a TeMm OoJee
cuanos 6a3anabToB, MOTYT uMeTh 0o6aHK ra6Opo. 3akanka moxer HabJio-
JZaThCd HA caMblX pa3.JHUHBIX TaybuHax, 160 TemMnepaTypa 3eMHOH KOpb
Ha BCeX YPOBH#X HHXe TemiiepaTyphbl Marmu. B To Xe BpeMs 3akaJxa
MOXKeT OTCYTCTBOBATL B JOCTATOUHO KPYNHbLIX MacCHBAX, NPOrPeBaBIIHX
BMellaiolie Tojiiy ua OGOoJbIIWe pPacCTOAHNS, JAaxe B runabHccasbHbix
ycaosusix. B nafikax 3akanka MOXeT BeTpeuaTbess Ha (J10ObIX Tay0HHAX,
13 Yero CJAeAyeT HenpaBHAbHOCTH UACTO NPAKTMKYEeMOToO OTHeCeHHs 00BN
2aKaJeHHbIX HOPOJ THNa TPanuT-nopdHpos H UM NOAOGHBIX K rHnabucca.n-
HeiM daunam. [pannt-nophupsl, Tak XKe KakK H UHTPY3UBHBIE NOPOJLI, MO-
IyT NpHHajAJexaThb K pPa3/JH4HbIM (auusim riayoHnHocTH, CTeKso, 1no-BHIH-
MOMY, MOKET BCTPEUaThCH B 3aKajeHHbIX (Panugax na raybuHax o 2-—3 kM.

Odednr BaXkeH peXHUM OXJa)KAEHHs], KOTOpPOe MOXKeT ObITb Helpephis-
IBIM OJHOTANHBIM H U1PEPbLIBHBIM JABYX3TAMUbIM, PeAKC GoJsiee CUOXKHBIM.
£ TepBOM THIE OXJaXKJEHHC IIPOHCXOJHT TNPHUMEPHO ¢ OJHMHAKOBOH CKOpO-
¢TblO, 6€3 Pe3KUX CKauKOB, BO BTOPOM — CKOPOCTb OXJaXKJACHHA 1 3aTeep-
JeBaHHs Marmbl MeHSIeTCsl CKAukKOM B pe3y.JbTare Bie3alHOTO H3MEHEeHHs
yveaoBuii. O6biuHo — 370 OBICTPOE INepeMellleHne Marmbl B 60.ee XOJI0AHYIO
06J1acTh — H3JIHSIHHE Ha [OBEPXHOCThL, BHeJADEHHe Mo TpelluHAM B OOKOBble
nopofabl U T. A. COOTBETCTBEMHO JABYM 3THM TUMNAM BapLUPYIOT Il pasMepit
3epeH. B mepBoM Tune oni MeHsIOTCS! HENPEPLIBHO B CBA3H ¢ PA3HOBPEMEH-
HOCTBIO 3aPOXK/EeHIsl UEHTPOB KPHCTANIH3AUHH, UTO UPHUBOJAHT K GOJBWIHM
pasMepaM pallHHX KPHCTAJJIOB H MCHBLUINIM — IMO3JHHX, B CBA3H C Das/ud-
HOl CKOPOCTBIO POCTA pa3diuHbLIX MHHepaaoB H T. A. Bo sropom Tume na-
GJI01a0TCs ABA Kjaacca 3eped, pe3Ko OTVIHYAIOUIHXCS IO KPYMHOCTH. Bblle-
JAaoTcs GoJee KpymHble KpHctaaasl (110pdHPOBble BKparlJeulHkH, ¢eno-
KPUCTH), BO3HHKLIHE HA CTaAdll MeIJMeHHOTO OXJdXIeHUS H KPHCTA/LTH-
3allMy, W OCTaJbHAas 4acTb MOPO/bl — OCHOBHAas Macca, iLti 0a3uc, KoTopasn
obpasyeTcs Ha BTOPOM 3Tame OBLICTPOTO OXJaXAeHHs 1 II03TOMY HMeeT
TOHKO3EPHHCTYIO, CTEKJOBATYIO HJH TOJYKPHCTANIHYECKYIO CTPYKTYDY.

CTpyKTYphsl TepBOTO THMA HA3bIBAIOTCA NOPGHPOBLIMH HJIH TIPEPBIBHO-
HePaBHO3EPHHUCTHIMH, BTOPOrO — PAaBHO3ePHHCTBIMH. TepMHH «paBHO3EpPHk-
CTOCTb» HaLO NMOHMMATh YCJAOBHO, TaK KakK OyKBa/JbHOTO PaBEHCTBA pa3Me-
POB 3epeH B peasbHBIX NOPOAAaxX M0 YKa3aHHBIM Bhillle NMPHYHHAM HHKOTAA
ne Habmopaercs. [loaTroMy non paBeHCTBOM NPHHAITO NOHHMATH BapHAaLHH
pasMepoB 3epeH OJHOTO H TOro »Ke MHHepaJa He OoJee (1.1 OOJbUIHHCTBA
3epeH) uyeM B JBa pa3a. KpymHOCTb 3epeH pasJHYHbIX MHHEPaJOB Jaxke
B THIHYHBIX DABHO3EPHHCTHIX IOPOAAX., TAKHUX KaK MHOTHe TPaHHTLl, MO-
JKE€T pasJHdaThcsl B HeCKOJbKO pa3. Tak, B GHOTHTOBEIX I'DaHHTaX Bbliesc-
HHsi GHOTHTA MOTYT HMeTb KPYIHOCTH 3 MM, KaJHeBOTO I10JeBOTO LUnata —
10 1—2 cMm.

HctvHHO nop U pOBbBle CTPYKTY pPBl — pe3yabTaT 3aKaJJKH, KpH-
cTa/lIM3alMy B IBa 3Tana. B HCTHHHO NOpP(HPOBLIX NOPOAAaX Marma IOCTy-
naeT Ha MECTO OKOHYaTeJbHOH KOHCOJHAAIHH C yXe TOTOBBIMH NODPPHDO-
BLIMH BbIJEJEHHSIMH B BHAe 00pasoBaBIUHXCH TAe-TO BHYTPH 3€MHOH KOpbl
HHTPATeNNypHUECKHX BKpalJeHHHKOB M OBICTPO 3aTBepjiesaer, npuobpe-
Tasi Ty WJIH HHYIO CTPYKTYPY B 3aBHCHMOCTH OT YCJOBHH OXJaXJIeHHS.
Bkpan/jeHHuKH B 3TOM cJaydae COXPaHAIOTCS H B KOHTAKTaX MarMaTHTOB
¢ OKpyXalolllell oxsaxjalollell cpeaol, HeCKOJIbKO YBEJMUYHBAACH 10 Mepe
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yAaJeHust OT KOHTAKTOB B CBS3H ¢ IIPOJOJIKAOILHMCH POCTOM Ha Mecre
KOHCOMMAALHMH. IJTO —caMoe YOeAHTENblIOC A0KA3aTEJLCTBO HHTpaTesy-
PHYECKOTO IPOHCXOXKAEHHS BKpalJeHHHKOB. Hapsaay ¢ 3THM  IOXOXHe
BHEUIHE BKPaNJCHHHKH 00pasyloTcsi Ha MeCTe KOHCOJAWAAIMH B pe3yjbTaTte
foJiee OBICTPOrO pocTa OT/EJNbHBIX 3epell. B 3TOM ciaydYae B 3aKaJjeHHBIX
KOHTAKTaX NOpPQHPOBLIe BbIAC/IEHHS OTCYTCTBYIOT. NOSIBJASSICb M YBeJIWuH-
BasCb B pasMepax Mo Mepe yAAJeHHs OT OX.JaKAAIOUIHX KOHTAKTOB. B 3Tux
cayuasgx o0bluHO HAGMIORAIOTCA BCe NEpeXojbl MO KPYNHOCTH 3epHa MeXAy
OCHOBHOH MaccOfl M BKpAIlICHHHKaMH, T. €. CTPYKTypa MoxeT GblTh Ha3Ba-
[1a cepuanbHo-NOPPHPOROIi.

IlopdpupoBbie cTPYKTYypH MOAPa3neNsiioTest no cocTaBy, ¢opme, pasMe-
paM, KOauuecTBY NOPGUPOBLIX BKpaiIeHHHKOB, HX OPHEHTHPOBKE, pacCHo-
npoxKeiHo. Bee 3TH NpH3HAKH MOTYT HMeThb TeHeTHueckoe 3HaueHHe,

O6uinit o6beM BKPAIJIEHHHUKOB N0 OTHOLIEHHIO KO BCefi mopoje — 1o-
Ka3aTe.h CTeneHH KPHCTA/JIM3alHH MarMbl nia ray0une npH MelJeHHOM
oxaaxacnud. IIpn MuHHMaabUOM, GJAH3KOM K HYJ10 O0beMe BKpanJeHHH-
KOB (OCTaB HX XapaKTepH3yeT llepPBble BbijJeneHHs H3 Marmbl. Ecan B Hux
IPHCYTCTBYET HECKOJBKO MHHEpPAJOB — 3TO caMoc yGeluTesabHoe AoKasa-
TeJbCTBO HX KOTEKTHYHOCTH, T. €. OJAHOBPEMEHHOI Kpucrajaaumzauuu. Ilo-
3TOMY 00beM BKPAllJIEHHHKOB — BaXKHeHIIas KOJHUCCTBCHHAS XapakTepH-
CTHKa NOpQHPOBBIX CTPYKTYP.

Pasmep BKPamnJICHHHKOB XapaKTepH3yeT YCJIOBHSI X KPHCTANIU3AUMH.
3aechb NMPHMEHHMbl OOBIYHBbIE TEPMHHBI — KPYIIHO-, CPCIHE-, MeJKO- H MHK-
pornopgpoBele CTPYKTYpel. B ciyuae oueHb KPYIHBIX BKPalJICHHHKOB TO-
BOPAT O THTAHTO- HJIH Meranop@HpoBEIX CTPYKTYpax Il IOPOiaX.

KpynHocTh 3epHa — QYHKIHS, C OLHOH CTOPOHBI, CKOPOCTH OX-
JaXIeHIs, ¢ APYrofl — pasanyHii B CKOPOCTH pocTa KpHCTalnoB. [lepBoif
¢axTop 0OycJoBAHBAET O6ILYI0 KPYNHOCTb 3epHA MOPOA KAk (PYHKIHIO CKO-
POCTH oxJaxieHusa. HMIHTPY3HBHBIE NMOPOABI HMEIOT KPYITHOCTb 3epHa yalle
Bcero B npefenax 2—5 MM (cpenHesepHHucThle). Ilopoabl ¢ pasmepamu 3e-
peH 5—10 MM Ha3bBaIOTCS KPYNHO3€PHHCTBIMH, GoJee | ¢M — rHranTosep-
nucteiMu. [locnenHue wacrto, ocoBeHHO ecall pa3Mep 3epeH A0CTHraeT 5—
10 ¢m, — nponyKT cobupaTenbHOil (1erMaToHIHONH) MepeKPUCTANIH3ANHH
WIH NMEePBHYHOA KPHUCTA/NIH3AUHK 113 OOraThX JEeTYYHMH (IIOHIOB HJAH pac-
1aBoB. MarMaTHTE ¢ KPyNHOCTBIO 3epHa 1 —2 man 0,5—2 MM — pesyab-
TaT GoJee OLICTPOrO OXJAXKIAEHHSA; OHH BXOAAT 4acTO B COCTaB 3aKaJjeH-
HBIX ¢anui, caarawoT naikn. JlosToMy HasBaHHe «MeJKO3CPHHCTHIE» He COB-
ceM NpPOH3BOJALHO. HakoHel, mopofsl ¢ KpynHocThio 3epHa 0,1—0,5 MM, Ko-
TOpHle HEDEIKO Ha3blBalOT TOHKO3ePHHUCTHIMH,-—pe3YyJbTaT 3aKaJKH, eCJH
TOJILKO CTPYKTypa nMeeT IIepBHUHO-MarMaTHueckoe, a He MeTaMopdHuueckoe
npoucxoxjaenne. Takum o6pasoM, AesneHHe Nno aGCOMIOTHOH KPYNHOCTH 3ep-
Ha, HECMOTPSl HA 3HAYHTEJNbHYI0 YCIOBHOCTb, B TO XK€ BpeMsi He NMPOH3BOJb-
HO H HMeeT TeHeTHYeCKHH CMBICJ.

CKopocTb KpHCTAMIN3alHH CYLIeCTBEHHO BJHsAET HAa OGJIHMK KDH-
cTanaoB. 31ecb RCHCTBYVET NPOCTOH 3aKOH, KOTOPBIH Mbl yKe yIOMHHA-
JIH, — CTpeMJIeHHEe K MHHUMYyMY nuddysuu BewectBa u Terta. Jdudbdysus,
NP 1IPOYHX PABHBIX YCJIOBHAX, NMPOMOPHHOHAJIbHA NJOMIAJH CeYeHHS IOTO-
Ka, 1o3ToMy 4YeM ObICTpee OXJaXJeHHe, TeM $O0J/bIIc OTHOIIeHHEe MOBEPXHO-
CTH PacTyIIHX KPHCTAJJIOB K IX 00beMy, TeM 0ojce BLITAHYTble GOpMbE —
NJ1aCTHHYATbIE, HIOJbYATHIC — OHH 0OPA3YIOT; 3THM XKe OObsICHsieTcsi obpa-
30BaHHe NeHADPHTOBH/HBLIX KPHCTAJJIOB, BCTPEUAIOUIUXCST TOMbKO B OCHOBHO
macce 3 dy3uBoB BHYTPH ByJKaHHYeckoro creknaa. [lostomy dopma Kpu-
CTa/UIOB — MePBHIfl 1I0Ka3aTeslb CKOPOCTH oxJaxieHHda. Tak, oTHomreHue
TOJILUHHLL TaGJHYeK TJarHok/aasa K HX JJIHHe B 3aBHCHMOCTH OT CKOPOCTH
OXJa)KJAeHHsd M KPHCTadJH3auMH MeHsieTrca oT | :2—1:5 mo 1:30—1:50.
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GopMIpoBAHIE HOJHOKPHCTAJAJLYCCKIX CTPYKTYD
HauUnHaeTCHd C BbIAEJEHHs] MHHepaJa, H30LITOUHOro NPOTHB KOTEKTHKI, B yC-
JOBHSIX KPHCTAJ/IM3ALIIH MAar.

Miigepald, BHACJAAIOWIACT MEePBLIM, €CTECTBEHHO, lpHobGperaer Gogee
KpYIlHBle 3epHa, ueM ocTajibHble, H oOpasyeT HOPGHPOBHANLIE BbIJCJACHHA.
B raGGpo nopduposLanbie BRAcCJAeHHs: o0pasyeT NJardokjaa3d; BO MHOIHX
TPAaHOJIIOPHTAX — TAK K¢ [1arHOK/a4, OKaHMJSIACh 1IpH 3TOM KaJdHHaTpo-
BBIM 110J1CBLIM HIIdTOM (CTPYKTypa aHTHpAllakKuBH); B palakiBH — OpTO-
Kaasz, okadMJisieMblll §oJice HO3THIM OJIT0KJ/1a30M.

B 1uopoupoBbix cTpyKTypax L3OLITOUHDBIT MIiHCpaa ofpasyeT caMble
pauuic BKpanJdcHHUKH.

Kax ToJbko COCTaB Marmbi B Pesv/abTate BbIAC/AEHHS! H30BITOYHBLIX MII-
HCPAJIOB CTAHOBITCH KOTCKTIMCCKHM, HAYHMHACTCS OAHOBPEMCHHAs KpUCTAaJ-
JIM3aIHst MHIiCPaJoB, BXOASAWIIIX B KOTCKTIKY, CHauajga B JABOHHYIO, 3aTeM
TPOIHYIO 11, HaKoHel, IIHOTAAa I ueTBepHylo. [lplMepom mocjaeiHed MOTYT
CJAYKHTL JIBYIOACBOIINATOBBIE TI'PaHUTLL  (KBapl + deMHUecKHe MHHepa-
JAbl4-1U1aroKIa3 4+ KaJdHHAaTpoBLIT noJdcBoll niar). [lpu ofHOBpeMeHHOH
KplLCTaATI3alil ABYX 11 Gojee MuHucpanon ¢opma 3¢peH onpefelsieTcs Uc-
KJIOUIITCABHO IIHNBIAVAALILIMI CBOHCTBAMII KaxJIOro MHHepaJa — Cro
KpICTaMII3a oo crrocobiiocTblo. HabaoacHus Hax NPOAYKTAMII TIpII-
PONHO 3aKaJKli — HOp@UPOBbIMI BYJKAHHTAMH, 3KCIICPHMEHTBI Hax Me-
Taj/aMll [I0Ka3bBAIOT, YTO (hopmMa NPOsBACHHS HHINBHAYAJAbHBIX 0COOEHHO-
cTefi OTACTEBHLIX TECPAbLIX (Pa3 -- MHHepasioB — 3aBICHT OT CKOPOCTH KpH-
CTaNAL3AllIH, T. €. OT CKOpOCTH oXJaxk/eHHs. [Ipn Haunboabluell CKOpOCTH
KpHCTaaan3amnn ofpasyrTes 3aKOHOMEPHBIC CPOCTKH [IBYX MHHEPajoB B
CTPOro ompeacaeHiol, oTBeualonlell KOTGKTHKe, MPONOPUII — TaK Ha3biBae-
aMble Tpaduueckiiec 1 MIKporpadINecKlc CTPYKTYpPhl I MHKpOllerMatiuTo-
Bhle (rpalicduposbic). ONI Tak Ke, KaK M NerMaTHTOBoIc (MUCEMEHILIe)
CTPYKTYDBI, HadJi0]dacMble MaKpPOCKOIIIYCCKII, XapaKTepH3YITCAd OLHOBpE-
MEHHBIM IIOI'aCaHICM CpacTaloUHXCs 3epeH pas3jJHYHbIX MHHepaJdoB, UTO
CBHJETEJALCTBYCT O MPHHAJIEKHOCTH TPYNIBLI 3€PCH OJHOMY  HHAUBHAY.
B onpeneseHupix yeaoBisax (06biMHO B 3Qdy3uBaxX HJI KIVIbHBIX NOPOAAX)
Habaogaercs: cgepoauToBas W BApHOJHTOBAsE (POPMa KOTCKTHUECKOH KpH-
craanuzauind. Hanbosee pacnpoCTpaHeHbl MIKPONErMaTHTOBble KOTEKTHYe-
CKHe CpacTaHils KBaplia I KaJHHATPOBOTO I0JEBOro 1unaTa, KBaplia H niaa-
rHOKJasza (0T OJHIOK/Ia3a A0 aHlde3nHa), BCTPeyaloTcsl cpacTaHls Hedenn-
Ha H KAaJHHATPOBOIO IOJIeBOrO INaTa. MHKpDONErMaTHT BCTpeyaeTcs B MH-
TEePCTHUHAX JOJEPHTOB, TJe OH sIBJASeTCS HOJHOKPHCTAJIHYECKHM 3KBHBA-
JIEHTOM KHCJAOTIO BYJKAaHHYECKOrO CTeKJ/1ad TOJEHTOBBbIX $a3a/bTOB.

[Ipu Gosiee Me[JleHHOM OXJaKIEHHH 11 KpHCTaJJaH3aUuH 00pasyrorcsa
THIMIATOMOPGHO3EPHUCTEIE CTPYKTYPbl CepHAaNbHOH KPHCTaJ/IH3alHH, B KO-
TOPBLIX OAMH MuHepaJ uauoMopdeH, a apyrofi — kcenomopden. Camble TH-
TMHYHbiC TIPEJACTaBHTEJH TAKHX CTPYKTYp — FpalUTHAas ¥ Auadas3oBad, HJIH
oturoBas. lleppast xapaKTepuayercs HAMOMOPGH3IMOM IIOJIEBLIX ILINATOB II
IIarHoKaa3a B oCOGEHHOCTH Mo OTHOLIEHHIO K KBapuy. B runaduccaJbHbIX
MacCHBax 3Ta CTPYKTypa IO Mepe NPUOJHXKEHHST K KOHTAKTY C BMeuiao-
MHMH NOPOJAMH MOKCT [IOCTelleHHO CMEeHSATbCsS Bce GoJee H §osee TOHKOM
MHKPONErMaTHTOBOH (K Nepu¢epHu 1M K KpoBJje MaccHBOB). OcofceHHO
pesKo BbIpayKeHa I'DAHUTHAsl CTPYKTypa B ILIardorpaHnTtax. 31ech MOXHO
BLIJEINTL HECKOJbKO MODPPOJOTHUECKHX pasHOoBUIHocTel. B oanux cayua-
X KBapll W IL1aruoknas o6pas3yloT 3epHa MpPHMEPHO OJHOrO pasmepa, B
JAPYTiX — 3epHa TsariiokJgasza o6pas3yioT HAHOMOD(QHLIC BPOCTKH B Oolee
KDYIIHBEIX 3€pHax KBapla (MofKHJOrpaHHTHAdA CTPYKTYpa), HaKOHEl, B
TPEeTbIX CIydasiX KBapi o0pazyeT CKOIVIEHHA 00JeC MEJKIX 3epeH Mexay
HAHOMOPGHEINII 3epHAaMII NJartokjasa (rpaHysaorpaHiTHas CTPYKTYpa).

144

OdutoBast cTpyKTypa XapakTepl3yceTcsi HAUOMOPGIZMOM [L1arIoKIa3a
10 OTHOWIECHINIO K (eMHYeCKHM MHHepajaM — lIIPOKceHaM, aMdHbosaM.
Oua nodpasaedseTcss Ha TPH BHA: COOCTBEHHO odHTOBast, HOHKHIOO(HTO-
Basi, rpanysnoodHuToBas. Ilo Mepe yMeHbIUeHHS] CKOPOCTH KPHCTAJJH3ALKH B
I'DAHITHBIX H OQPHTOBLIX CTPYKTYpax HAIOMOp(dHLIE 3epHA CTAHOBSITCSA B CO-
OTBETCTBHN ¢ OOLLIM 3aKOHOM Bce GoJce 11 Godee  H30OMETPUUHBIMIIL,
IpII yBEJUYEHIIM CKOPOCTH KPHCTALI3aUull — Bce Dodee 1 0odec BHI-
TAIYTBIMIIL.

Ilnarnoknas — nanbosiee yHIBEPCAJIBHLIN HAIIOMOPGHbIH MIHCpaa Beex
HOTHOKDICTAMNIIYCCKHX CTPYKTYp MarMaTiToB, 00pa3yrolllixcsl B yCJOBISIX
JOCTATOYHO MCIJEHHOTO oxJaaxAcHus. OH nanoMopdeH 10 OTHOLIEHHIO K
QeMiyCCKIIM MIHepasaM, KBaply U KaJllHaTPOBOMY [0JCBOMY  LUlIATYy.
DacMeHTLl OUTOBOM CTPYKTYPLl MOXKHO HaGJI01aTb BO BCCX LOPOAAX, CO-
AepAalHX 11arnoKaa3 H (peMHUeCKliC MHHepaJbl B K4ueCTBC IJ1aBHLIX.

M3 BaXHblx BHI0B TIHOMAHOMOP(GHO3EPHUCTBIX CTPYKTYp MarMmariiye-
CKOA KpICTAAIU3AUHH HAZO YNOMAHYTb elle CTPYKTYPhl HedCJIHH-I0/eBO-
WIATOBLIX 1I0POJ, aHaXOTHMYHLIC KBapl-moJgeBomnaToBeiM. Hedeaun sacco
OOLIMHO KCCHOMOp(EH 10 OTHOLIeHUIO K I10J1€BOMY HINATY, BLINOJAHSS 11pO-
MCXKYTKII MeXKIY ero 3epHaMH. JTa CTPYKTypa I[IOMOracT paclo3HaBaTb He-
(heJHH ga¥Ke IPH NOJHOM 3aMeLIeHII Cro BTOPHYHBIMH MIIHCpaJaMil.

BzauMooTHOIIeHUs KBAapua  C KaJllHATPOBBIMH 1I0JICBbIMUM LIlIATAMK
CJI0XKHee, 4eM ¢ 1ariokaaszamil. Manomopdhnuam 1oaeBbix UIIATOB 31eCh Bbl-
paxen caabec 1 mosToMy HabJAOZAIOTCA BapHALlH CTelleHH I TOpPsAKa
nanoMopduzma. Hapsay ¢ nanoMopdiisMoM Mo eBLIX mI1aToB HabaiogaeT-
e IMOMOpdI3M KBapla (anairtosast cTpyKTypa), obpasywlouiero Guimipa-
MILJaJbHEIE H30OMETPHYeCKHEe 3epPHd IIHOLJAA B Blijle NOHKILIHTOBLIX BPOCTKOB
B Oosee KpyUHBIX 3cpHaX modesoro mmarta. Hedeann Hepeako ofpasyer
IAIIOMODGHBIE 110 OTHOIIEHHIO K KaJHHATPOBBIM II0JI€BbIM ULINATAM 3CpHA
B (popMe TCKCAroHasabHLIX TNPH3M, B psiie CAydyacB 00pa3ylouiix MOAKH/IN-
TOBbIe BPOCTKII B 60Jee KPYIHBIX 3epHaX [OJCBOro lunara.

Takum obGpasom, BaxHeiillHe HILAHOMOPQHO3EPHHUCTbIC CTPYKTYPHI B
OCHOBHOM -— DesyJbTaT cepHaNbHON KpicTa/audauni, llopsiok nanomop-
¢n3Ma B JaHHOM CJaydae CBsI3aH C [OPAJNKOM BLUIEN€HHS MHUCPAJOB H3
pacI.iaBa.

OcraHoBIMCSI HAa BTOPHYHBIX CTPYKTYpax. Byixkannueckoe
CTCKJIO KakK llepeoxJlaxIeHHasl 3akaJjeHHas HeycroHuliBasi ()a3a OueHb uyyB-
CTBITE/IbHO K BHEIIHHM BO3JEHCTBHSIM, NpeXae BCEro K BOIHBIM pPacTBO-
paM MNOBePXHOCTHOTO U THIPOTEPMAJbHOTO INpoHcxoxAcHusA. [lpu oteyrer-
Bl TAKHNX BO3JelCTBUH BYyJAKallHueckKHe CTEKJa MOTYT COXPAHIATbCS CBe-
KIMH Joaroe Bpems. Ha Ypase u3BeCTHH ClIYpHiiCKHe $a3aJbTOBLIC CTeK-
Ja, T.e ux po3pact Bbliie 400 muaH. ger. OjHako 6Goabwiell  4acThLIO
ByJKaHIUeCKIe CTeK/Ja MpeBpameHbl B CKPBITOKPHCTANJIHUECKHE arperathl
BTOPHYHBIX MHHEPATOB—IIPOAYKTOB H30- HJH aJJOXHMHUECKOTo npeofpaso-
BaHHUsl ¢ COXpPAaHEHHEM MJIH H3MeHEHHEM COOTHOLUEHHA MeXKIy KOMIIOHEeHTa-
MH MEPBHYHOro XHMHYECKOTO COCTaBa.

KpucTanausanusa cTek.aa MOKET HAuaTbCsl HENMOCPCACTBEHHO
BC/IeC 3a 3aTBepAeBaHHeM .JaBbl NOJ BJIHAHHEM BbIIEISIOUIMXCA 13 Hee Io-
pAYHX Ta30B I B 3TOM cJyuae IIPHYPOUHBAETCs K TpeulHHaM. Takum ofpa-
30M BO3HIUKAIOT C(YePOSHTHl — NPOAYKTbI ObICTPOII OJIHOBPEMEHHOH KPHCTAM-
JHU3alUIl B BI1€ TOHYAHUIHX MIVI H3 OJHOTO LEeHTPa OJHOIO IIH ABYX MHHE-
paiaoB. JIByXMHHepaibHble cHEPOJHTHl — Pe3yJabTAT KPHCTANLTH3ALUI C MH-
HUMyMOM JH(]Py3IH BelmecTBa, H HX BaJOBOH COCTAB OZHHAKOB C COCTABOM
OKpyXKaiwoiero crekna. Jduddysna orpanuunBaeTcsi pacCTOSHHEM MeXK1y
CMeXHBIMH KPHCTA/IaMH Pa3jH4YHBIX MHHepasoB, T. e. MHKpOHaMH. 3ITo
TJ1aBHBIH TPHHUMI CepoHTOBOH KPHCTANIH3AUHMH [IPH KPHCTANIK3ALHH
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CTeKJ1a: o0MeHa BCLIECTBOM MeXjy chepo/iiToM B LCJAOM i OKpYKaloleH
cpemo#t He NpOICXOAHT. B ByJaKauntax OGBIUHBI KBapl-110J1eBOILIATOBLIE
cheposuTL, OTBeyalolHe KOTEKTHKe 3THX MIIHCpasIoB, paclipocTpaHeHHbIe
B KHCJIBIX JiaBax, 1l MHPOKCEH-IJArIoKAa30Bbic, TaK KC KOTCKTHUECKOTO CO-
cTaBa, BCTpedawInlccss B ©$as3aabTOBLIX JaBax (Bapuosau). B oxHomiiHe-
pajabHBIX cCPONHTAX, 1AHPHMED CIOKCHHLIX LICTOMHLIM MOJACBBIM IUNATOM,
MeXy KpICTAJJaMIl OCTAeTCsl CTCKJO IHOT'O COCTaBa, HEXKCJIH OKpYyKar-
iee C(epOJNHTH, B CBSI3H C Y€M OCHOBHOC YCJOBHE — DABEHCTBO COCTaBa
chepoauTa 1 oKpyHkaloieil Maccol -— coOJI0AACTCsI.

Bropo#i BapHaHT H30X0pHYCCKOTO I1pcoOpa3oBaHHA CTeKJ/a — MpeBpa-
LIEHHE CTO B CKPBITOKPHCTA/JIMUCCKHI arperaT TCX 2Ke MHHepaJioB, KOTO-
pele BbIAeaAHAlCh Obl U3 pacilaBa NMpH MCIJEeHHOM OXJaXJeHHH. IDTOT ar-
perar HMeeT aJJIOTPHOMOP(HO3CPHHCTYIO CTPYKTYpPY, KOTOpas, paBHO KakK
I pasMep 3epel, 1I3MepsieMblil TBICAYHLIMH H COTBIMH AOJAMH MHJIJHMETpA,
OTJILUACT ero OT IOJHOKPHCTANINUECKHX IIPOAYKTOR HODMAaJbHOH MarMarH-
4yecKoH KpucTaaalsdauuH. Hauboqaee oObUHBL arperaTbl KBapha H MOJeBOTO
wata, obpasyoulliecs LpH KPHCTAJIH3aLII KHCJIHX CTeKoa (deabsuto-
Basi CTPYKTypa).

" Tlon BAHSHHCM 11OTIJIOUICHIISI BOALI B XO/IC ONJIAXKJCHIISI BYJKAHHUECKHX
CTCKOJ J1060ro COCTaBa H BLI3BAIIIOrO 3THM yBealiyeHlsi o6beMa obpasyert-
Cs1 KOHLUEHTpHYecKas OTACJLHOCTb ¢ AHMaMeTPOM cep OT HECKOJLKHX MH.I-
JHMeTpOB o 1—2 cM (uepanrobasi CTpyKTypa), oco0eHHO XapaKTepHasl
IJ BOJOCOAEPIKALIHX KHCJbIX BYJKAHIHYCCKHX CTEKOJ (NEepJHTB), KOTO-
pBle NIpH HarpeBaHHH BCIIYYHBAIOTCH I JAIOT JICTKHE NIOPHCTHI MaTepHuad,
ynotrpeb/asieMbId KaK TeIJIOH30/ALIIORHDI,

ByakanuucckHe CTeKJga JCrKO [PETCPICBAIOT AJJI0XHMHYECKHE H3Me-
HeHHsl, B CBf3W C UCM HAA0 OuUeHb OCTOPOKHO IICHOJAb30BATH XUMHUECKHC
aHaslI3bl BYJKAHIUCCKUX CTeKOJ AJ5 CYXKACHHS O IEPBHYHOM XHMHUECKOM
cocraBe nopod. Tax, B 6a3aJbTOBLIX CTeKJax I10,1 BJHSHHEM IOABOJHOTO
XHMHYECKOrQ BBIBETPHBAHHUSI COJEp:KaHHe MarHlisi 1 Xejle3a MOXKET YBeJH-
UHTLCH B ABa — TPH pasa, a KpeMHe3eMa — CHH3IThea (Hanpumep, oT 50 1o
30—25Y%), usMensiercs Tak:Ke COMep:KaHMC LIEJCUHBIX MeTaJuJoB. Basanb-
TOBble I aMe3HTOBLlE CTCKJja, OoraTble Kese30M II MarHHeM, JierkQo 3aMe-
IIAIOTCSl CKPBITOKPHCTAJINUECKIIM XJOPHTOM H/JAN XJopodeutoM OGYpoH H/IH
IPKO-3e/1cHOll oKpackn. Kuceable cTeksga 4acTO 3aMCLIAIOTCS  CKPBITOKPH-
CTAJNIHYECKHM XaJICA0HOIOHOGILIM arperaTonM BTOPHUYHOTO afbOHTA HJH
OpTOKJAa3a, 1iloria KBapHa.

BTOpHUYHBE CTPYKTYPh HOJHOKPHCTAJNJHUECKHX 110-
p 01— pe3yabTaTt pasuoobpasHslx npomeccoB. OAllH H3 HUX 06p4a3yIOTCH NPH
1IPOCTOM oXxJaaxjell Ge3 yuacTus ¢JIOHAOB, JDYTHE CBS3aHbl C HHMH H
KOIITPOTHPYIOTCS] TPELUHIIaMH1, CTBIKAMH 3epeH, cnaiiiocTslo H T. I, B nepsoM
c/lyyae BTOPHYHBIE CTPYKTYpPbl PaBHOMEPHO OXBAaTHIBAIOT BCIO NOPOAY, BO
BTOPOM — HepaBHOMEPHO, QHKCHPYHA HHTCHCHBHOCThL IHPKYJAAUUH (IIOHLOB.

Cambplii pacnpoCTpaHeHHBIH BIIJL CTPYKTYPHLIX Ipeobpa3oBaHHH B pe-
3yJbTaTe OXJAMAEHHS — pacrnaj TBep/blX PacTBOPOB ¢ o6pa3oBaHHEM Iep-
THTOB M AHTHNEDPTITOB, CPOCTKOB KJHHO- I OPTOIHPOKCEHA, BPOCTKOB Mar-
HEeTHTA M HJBMEHHTA B NHPOKCEHAaX, HJIbMEHUTA, ILMHHEIH M YJIbBOLIIHHe-
JH B THTaHOMAarHeTHTax, reMaTHTa B MarHcTliTe, MJbMeHHTa B OCHOBHBIX
NJ1arioKJaasax 4 T. A. ITO OJHO H3 TIJAaBHLIX PasdHyYllll NOPOA KafHOTHIIHO-
ro U DaJeQoTHIHOro O6GJHKA: B IIePBBIX COXPaHSIOTCH OJHOpOJHBIE NepBHY-
Hbple TBepAble (a3bl, BO BTOPHIX — TBEPABIC DACTBOpHI IIPeACTABJEHBl [1PO-
ILyKTaMH pacraja.

IIpu yuyactuu QJIOHA0B HPOICXOANT cerperaliss MPOAYKTOB pacrnaga—
coefMiHeHne X B 60Jee KPYNHBIC 3epHA 11 QUHLICHIC B CBA3H C 5TUM KaKHX-
TO VUaCTKOB MHHepaJsa-xo3suHa. B mpefesde moxeT MPOH3OHTH IOJHAaA
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cerperaunsi ¢ o6pas’oBaHHeM TPaHOGIACTOBHIX AarperatoB BbIAe ] HBILHXCS
ipoAyxTOB pacnajga. OO6bIYHO cerperauus HauGoJee HHTEHCHBHO nposB-
JIETCA B KAJHHATPOBBIX 110JIEBHIX 1UnaTax B GopMe 060Ccob/eHuHsi anbOHTA
1 OpTOK/a3a unH MUKpOKnHHA. Hepeako cerperaimust xopowo Bepaxena s
THTaHOMATHETHTAX B QopMe 060COO/EHHst 3ePeH MALMEHHTA, NnepBOHAYaJb-
10 BO3HIIKIIHX KaK TOHKHE IJIaCTHHYATHlE BPOCTKH B MarHeTHTe.

B xome MCIJCHHOTO OXJIaXKACHHS OCHOBHBIX HHTPYZHBHbBIX 1I0POJA MO-
HCT IIPOH3OHTH HCYC3HOBEHHE 30HAJLHOCTH NJArHOKJA4a30B — FOMOreHH34-
Wisl. B rpaHnTax roMoreHHsauus BCerga CBsi3aHa ¢ HOJHOM lePeKpPHCTaLIH-
3anueil 110po u 06pa3oBaHHEM TpaHOB.1aCTOBOI CTPYKTYpHI.

Ipu yuactuu ¢awounos, Ho Gea H3MeHeHHs MHHEPaJbHOro H XIIMIYc-
CKOro cocTaBa I0POA NPOHCXOAUT NEPEKPHCTANIH3ALHS 11ePBHYHbIX 1opoj,
T. €. BO3HHKHOBCHHE HA HX MeCTe HOBbIX MHHEpA/bHBIX arperaToB TOTO Ke
COCTaBa, HO HHOH CTPYKTYpbl. MOKHO BBIACAMTH TPH IVIABHbIX BIAA TaKoil
HIePEKPHCTALII3AUNN: COOHpaTeNbHAaA — [eIMATOHAHAs, BbIPAKAOLLASCH
B YBCJIMUCRII KDYIHOCTH 3€DHA B HECKOJbKO DPas; IPaHyJslUs, WIH OpPOFo-
BIHKOBaHIIE, T. €. M3MeJbueHHe 3epHA, U, HAKOHel, NOJHas NepeKpHCTaIIN-
3dllisl ¢ BOSHHKHOBEHMEM arperara rpaHo6/1acTOBOIl CTPYKTYPHI 1IPH COX-
paHeRny NIpUMepHO TOH Xe KPYMHOCTH 3epHa.

CoOuparesnbHasi MePEKPUCTANIH3ALNS — CJEICTBHE YHHBCPCANBHOTO
CTPEMJICHIA KDPHCTATHUCCKHX 3ePeH K yMEHBIUCHWIO MOBEPXHOCTHOM 3HEp-
I'lid, KOTOPOMY HpensTCTBYET TOJbKO HeLOCTATOYHAS MOJBHMKHOCTb BEILECT-
Ba. QoAb 06ecrneylBalOT MOBHIIEHHE 3TOH OABHKHOCTH. B pesyJbTare
00pa3yloTcs HelpaBH/IbHOH (GOPMBI Y4aCTKH — THe3ja pasMepoM OT caH-
THMETPOB 10 NEUMMETPOB H METPOB, CJOKEHHble TEMH YKe MHHepaJaMH, u4To
1 OKpyiKalollasi IopoAa, H B TeX XKe NPONOPUHUAX, HO OTJIHYAIOLIHECS HOBDI-
WCHHOH MO HCCKOJIBKIX CAHTHMETPOB WM Ja)e NeUAMETPOB KPYHHOCTbIO
3cpHa. Hepenko npH 3TOM NPOUCXOMMT HekoTopass auddepeHunauus Be-
ecrBa — 060co6eHHe GeMUUeCKHX H CBeTJbIX MHHEpaJOB B BHJE JIEHKO-
I MCIaHOKDATOBBIX yYaCTKOB, HMEIOLIHX 4acTO (OPMYy KOHLEHTPHYCCKHX
notoc. B ra66po, HanpuMmep, HHOrfa 060COBAAIOTCS INIATHOKJIA3, IHPOKCEH
TaranoMardetut. IlerMaTouiueie yvyacTku cps3aHbl nepexojaMHu ¢ oxpy-,
AKaloled NOPOJOH, W NPOHCXOXKIEeHHe MX OGBIYHO COMHEHHH He BbI3bIBAOT.
XapakTepHO HCue3HOBeHHe B pesyiabTaTe I1erMaTOHIHOH IEPEeKpHCTANIN3A-
HHH NEPBHYHbIX OPHEHTHPOBAHHBIX CTPYKTYP, KOTOpble HHOT/A COXPaHSIOT-
¢4 B BILE DEJHKTOB, CBHAETEJbCTBYH O BO3HHKHOBEHIH  HerMATOMIHBIX
YUacTKOB ACHCTBHTE/NbHO B De3yJbTaTe NEPeKPHCTANIA3AUMA pPaHee Cylie-
CTBOBABUINX TBEPABIX MOPO/.

I'panynsauus, uan oporosukoBanue, BbIpaxaertcsq B npeobpa3oBaHyn 110-
POX B arperar GoJlee MEJNKHX 3€peH TPaHO6JACTOBOI [IOJIHTOHAJIbHO-3ePHH-
CTOH ILTH 4/JIOTPHOMOPQHO3ePHUCTOH CTPYKTYpEL. OGBIYHO 3TOMY Jerde
BCCro IIOABEPHEH KBApU, KOTOPLIH 4YacTO TpaHy/JHPyeTcs H3GHPaTeqbHO.
Moryr rpanyauposatecsi u Apyrue muHepadanl. Takas rpaHy’asuus o6HYHO
S4XBATbIBACT PABHOMEePHO BCIO MOPOAY. B apyrux cayuasx rpanysIsiius Bbl-
PaXaeTcs B PA3BHTHY TOHKO3EDHHCTHIX (POTOBHKOBEIX) 4rperatos, pacio-
Jdararomuxcs BAOJMb CTHIKOB 3€peH B BHAE CETH KILIOK.

I'panyarsiuns, kak npaBuno, passuta J0KaibHo.  OueHb 4acTo OHA
HDHYPOUCHA K KOHTAaKTaM WHTPY3HBHBLIX NOPOA C BMELLAIOWMMH [OPOLAMH.
Io-BupiiMoMy, OHa pesyabTaT COBMECTHOro aefiCTBHs HanpsiKeHui u ¢uio-
H0B. Besikoe HanpsiKeHHe CTPeMHTCS YMeHbLUHTD KDYIIHOCTb 3epHa HJH
IIpAMO — NyTeM APOGJIEHHS! HIH KOCBEHHO — IyTeM TpaHy.siLHII.

) paCCMO:FpeHHbIe BTOPHYHDBIE CTPYKTYPDLI BO3HHKAIOT B pe3yabTarte mHpe-
00pa3oBaHnii Ge3 yyaCTHi XHMHUYeCKHX peakuuii. ITociegnie BbI3BIBAIOT MQ-
JIBJICHIIE HOBBIX CBOeOGPasHbIX CTPYKTYp. Cpeln HHX HpemAc Beero Hamo
OTMETHTL CTPYKTYpEI, BOSHHKAIOLIE HA KOHTAKTEe [ABYX pPa3JUYHBIX MIHe-
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pPajdoB B Pe3yJaLTATe HX XHUMHUYECKOTO B3aHMOACHCTBUS npH o6A3aTeabHOM
yyacTHH (JIOHAOB, IIPONHTBLIBAIOUIHX NMOPOAY. DTH CTPYKTYPH MOXHO Ha-
3BaTh peakuHoHHbBIMU. Haunbosee THIHUHBIA UM pacnpocTpaHeHHBIA NpH-
Mep — MHPMEKHT, T. €. depBeoOpa3Hble BPOCTKH KBaplia B Ijlariokjaase Ha
KOHTaKTe ero C KaJHeBbIM NOJIeBbIM IINaToM. BHe 3TOro koHTrakra MHpMme-
KHT He obpasyercsa. IlosTomy OH fIBIfAETCS yKasaTeseM Ha IPHCYTCTBHE Ka-
JIHEBOTO II0JIEBOTO HIjlaTa B IIOpOJe, JdayKe ccJl NOCAeZHHH IIONHOCTbIO H3-
MeHeH, HanpuMep 3aMmelnleH aabOUTOM. ["eHe3llc MUPMeEKHTA A0 CHX 1OP JHC-
KyccHOHeH. MOXHO TOJbKO OTMETHTb, UTO MUPMEKHT BCTpeudeTcs JIHIUbL B
JOCTATOUHO TAYGHHHBIX TOPOAAX, B NPUIOBEPXHOCTHBIX OH He HabJIonaeTcs.

HakoHeln, MOXHO OTMCTHTbL Pa3HO0Opa3HBIC CTPYKTYpPHble I3MeHeHHs,
CBSI3AHHLIE € XIIMHUECKHMH DeakLHSMH, 3aXBaTLIBAIOIUMH BCIO MOPOAY TOA
BJHAHHEM IPOHHKAIOUIIX B HCe pacTBOPOB. TO — pa3JoKeHHe MHUHEPAJOB
110]1 BJIISIHHEM BOJBl, NpeACTaBJsiollee MeTaMOpHH3M B YCJIOBHAX 3€/1€HO-
KameHHoii ¢dauuyu: npeobpasoBaHic IJArHOK/1a3a B COCCIOPIT — arperar 1o-
I3HTa U a4b0uTa — INPOLYKT NPOCTOrO THIAPOJII3a AHOPTHTA, CEpPIEHTHHH-
3anisl OJHMBHHA H OPTOINHDOKCCHA, aMPuOONH3alusl NMHPOKCeHa, MYCKOBHTH-
3anus GHOTHTA H TJarHoknaasa v T. X. ITpH 3THX H3McHeHHAX obl1as CTPyK-
Typad TIIOpPOAH He MeHseTcCsl, TaK KaK Da3/oXeHHe IIPOHCXOAMT B dopme
o6pa3oBaHud NceBAOMOP}O3 MO MePBHUNBIM MHHEpaJaaM.

DAeMeHTOM XUMHUECKHX INpOLECCOB, NPOUCXOASUIUX B XOAe OXJax[Ic-
HHSl TIOJ BJIHSIHHEM pacTBOPOB, IPONUTBIBAIOIUX TNOPOLY, SIBJASETCS OueHL
pacnpocTpaHeHHOe DasJOXKCHHE KeJ1e3HCTOMarHesHaJbHblX MHHepasioB C
BbIie/leHHeM MarHeTHTa B pe3yJbTaTe OKHCJAEHHS Keje3a, B TeCHOM acco-
nuauun ¢ Kpucraajgami aMmdubona, 6HoTUTA.

Cpennl TeXxcTyp MarMaTH4eCKHX 110POJ, TaK XKe KAK H CpPelH
CTPYKTYp, MOXKHO BBIIEINTH NepBHUYHBlE 11 BTOpliuHble. IlepBhle oOpasyioT-
cs1 B XoAe GOpPMHUDPOBaAHHA [OPOA, BTOpbie — B pe3y/bTare Ipeo0pa3oBaHus]
X B TBEPAOM COCTOSHIIH.

PasnooGpasue TexcTyp 00ycJ0BJIHBAeTCsl pPas3/HUHBIM COUYETAHHEM Me-
XaHlYecKoro H (PHU3HKO-XHMHUECKOTO (aKTOPOB, PasjHUHON CTENeHbIO B3a-
uMojencTBus. B mpenese o6pa3yloTcs TeHeBBHIC TEKCTYPB, B KOTOPBIX Ha
dhoHe MarMaTHuecKoW NOPOABl BHAeAslOTCH (6e3 pPe3KUX TpaHHUIl) HescCHble
OCTaTKIl nepepaboTaHHBIX BMeEN(AOUIMX Nopod. B cBeTawlx mopopax —rpa-
HUTOHAAX, CHEHHTOHJAAX — 3TH OCTATKH BBIAEASIOTCS IO HepaBHOMEPHOMY
pPacnoJgoXeHuio TeMHOOKpallleHHbIX MHHepaJoB — GHOoTHTa, aMPHOOMa U Ap.
[Tpn Menbieli cremens nepepaBOTKH M B3aHMOAENCTBHUA COXPAHSAIOTCH KOH-
TypH Y4acTKOB BMeILAIOUWHX NOPOA B BHAe 00JOMKOB, IIPOCJOEB H T. I

B camoii HauanbHOH CTaAWll B3aUMOAEHCTBII  COXPAHAIOTCA UYETKHC
rpaHiUbl B TOA I HHOH cTcnedl MeTaMop(II30BAHHBEIX paHee CYIECTBO-
BABIUMX NOPOJ II OKPYXKaloUMX HX MarMaTtutoB. Yauie Bcero MBI BCTpeda-
eMcsl ¢ X 06JOMKAaMH, CIeMCHTHPOBAHHLIMH MarMaTHTOBBIM lieMeHToM. Ta-
KHe TOpOJbl HA3blBAIOTCS 3PYNTHBHBLIMII HJIM MarMaTHUeCKUMH OpeKuHsi-
MH — HHTPY3HBHBIMH HJII JaBOBBIMH B 3aBHCIIMOCTII OT XapaKTepa lleMeH-
ra. Eciu o6i0MKH H IeMEHT BO3HUKJAH M3 ONHOII MarMbl Ha pas3JHUHLIX
cTajUsIX ee 3aTBepAeBaHusi, TO YNOTpPeOJSIOT TepMHH «aBTOGPEKUHHY.

Ecain umeer Mecro B3auMojeficTBie, T. ¢. pacTBOpPeHHe TOPHBIX II0pPOJL
B Marme d NpHOJIKCHHC HX COCTaBa K OKpyXaloliefi MarMaTHUecKo# Io-
pOjie IOJ BJIISIHHEM BLIAESIIOUIUXCS M3 MarMbl .JIIOMI0B, TO TPAaHHUBl CTa-
HOBATCH BCe MeHee II MEHCC OTUCTJIMBBLIMHI II BO3HHKaeT NATHHCTasA (aTax-
cCHTOBasl) WJN ToJsiocuaTtasi (3BTAKCHTOBas) TekcTypa. B rpanunrounnax, mas
KOTOPHIX OHa HauboJee xapakrepHa, npu oluieMm cperjoM ¢oHe Habnwo-
1a10TCsl HECKOJAbKO Gosiee TeMHble NATHA MM NoJochl. OGHYHO YUaCTKH 1ie-
pepalOTaHHBLIX TOPOJ  BbIAEJsAIOTCH Go.ee MeJKO3epHHCTOH  TEKCTYpOH.
CBoeoOpasHEIM BHAOM SBJASIOTCS pPeLKO BCTpevamllHecss KOHUEHTPHUECKH
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30HaAbHBIE MApoBBIe (CepOTaKCHTOBEIE) TEKCTYPHI B3aHMOJEHCTBHA, OIH-
HBble B AHOPHTaX I TPaHHTOHIAX.
o KyMleIIHTIi)BHbIe TerCTypr MOp¢OJOrHUeCKH pa3HoOOpasHbl, YTO 061):
sicHsieTCsl pasauuneM (pakTOPOB, BLI3BIBAIOIIHX KYMYAALIIO KpHCTA1JI0B, Bb
nessoniExes M3 MarMbi. Ecail 3To rpaBHTALIIOHHBIM ¢daxTop — 00pasyloTcs
TEKCTYpPHl OCAXKIEHHS ITH BCIIBIBAHUSA, KOTOPbIE Mbl YHKE yIOMHHAJIH, Ha-
TIOMHHAIONIME CJAOHCTbIe TEKCTVPH OCafOYHBbIX MOPOIN. Kymysasuus MOxeT
6LTb oGycJoBJeHA CHIAMII B3ANMHOTO TPHTAKEHUS MPH y4aCTHH noBepXx-
HOCTHOTO HATSMKCHHsI, KOTOpble CTPCMSITCS COJI3HTL OTAEJbHbLIC KpHCTaJi-
Abl, B3BCLUEHHBle B Marme. B pesyabrare 06pasyioTCsl MOJHOKPHCTAJIIHE:
CKHe y4aCTKH, OKPYKCHHbIe ellle He 3aCTBIBLICH MarMou. N
OpHeHTHpPOBAHHbIe TePBHUHbIC TCKCTYpHl Ualle BCErO — pe3yJbTaT T
YeHHs MarMbl CO B3BEIICHHBIMH B Hell KPICTaalaMH U OOYyC/IOBJEHBI Cy-
eCTBOBAHMEM TPAIHEHTa CKOPOCTI 110 TepreHIHKyIsIpy K HanpaBJeHHIO
NOTOKA, 160 TOJbKO AnbdepeHiiaibHoe TeyeHHe MOMKET BLI3BATL IOABJC-
Hie Tap CHJ, CTPEMSIIHXCH NOBEPHYTh BBITSHYTHE CTPYKTypHLIC 3JeMeH-
Tbl — KPHCTAJLAb, HX CKONJEHHs, OGJIOMKH NOpOI — BAOTEL HanpaBgJcHIs
NOTOKA. DTOT rpaiHeHT JIOCTHraeT MaKCHMyMa B KOHTAKTe MarMaTHICCKO-
ro MOTOKA ¢ BMeILIAIOWIMH NOpogaMu (Iae cKOpocTh Garonapsi BA3KOMY
TPEHHIO CHHKAETCS /10 Hy.Is1) H GHICTPO yObIBAET 110 Mcpe YAaJeHHs OT KOH-
TakTa (XOTSi CKODOCTb H MPOIAOJNKAET BO3pacTaThb), HO BCe MeajelHee 1
MmenJeHHee. [103TOMY Ha 1eKOTOPOM YAAJICHHH OT KOHTAKTa l“palIHQHT6lIOJI-
JeH NPHGMH3UTBCA K HYJ10. DTHM OODACHAETCS NPHYPOuEHHOCTH HaH onee
BEIPAJKEHHBIX TEKCTYp TeueHHs K IPHKOHTAKTOBLIM 30HAM 1 jaTyxalHe HX
eHHIO K LIEHTPY MaCCHBOB.
" Ha(llnapl)wa;g prnHoeu-— I;))}zlisnwme TEKCTYp MarmMaTHIecKoro M 1JacTHIecKo-
rO TeueHMsi, TPOTEKAlOUlero B TBepAbIX MNOPOLAX. EAHHCTBEHHBIH  KpHUTe-
pHii — IpPH3HAKH IIaCTHUECKHX HepopMalHii BO BTOPOM Caywae H OTCYT-
CTBHe HX — B NepBOM. DTH NpPH3HAKH CBs3aHH € POMAHOH pasHuuen
(8 10 pa3) Ko3@HIHEHTOB BS3KOCTH JKHIKOH Marmbl H TBepPAbIX TOPOA H
¢ pa3iHuHeM MEXaHH3Ma TeueHHs, KOTOPbIH B KPHCTAJTHHUCCKIX arperartax
BCerjla CBSI3aH ¢ ompeiencHHbIMI dopmaMu jedopMauni KpHCTAJIHHECKO
ro BelleCTBA — TPAHCHAALMAMH, ABOMHHKOBAHIEM. [TosToMy B TeKCTypax
[L12CTHUECKOTO TeueHHsi BCTpedaeMcsi € IIHPOKO pPacnpOCTpaHEHHLIMH JIH-
HeflHLIMH TEKCTYpaMH, ¢ fBIeHHAMH OyIHHAXKa, 00yCJI0BJIEHHLIMH MeXaHH-
4ecKoil HEeOAHOPONHOCTHIO NMOPOA, C H3THGOM, MeCTamIl paspylIeHHEM KpH-
CTANMUEeCKHX 3epeH, HepelKo ¢ TpaHyasnHeH HX. ’
JIAst TeKCTyp MarMaTHUeCKOro TeueHHs XapakTepHa 00bIUHO nnocgom-
Has OpPHEHTHPOBKA, NapaJ/iielbHas CTeHKaM MarMaTHueCKoH Kamepbl, BICT-
poe 3aTyxaHle 1O Mepe yAa/leHHs OT KOHTAKTa C BMeIlaloiluMil NOpPOAAMH,
0cOBO UeTKAsl BbIPa)KEeHHOCTb B TeJaX, OrpaHHUeHHBIX TNapasIeIbHBIMH
IUIOCKOCTSIMH, — fafikax, CHJuaX. B cTekJoBaThiXx NMOPOAax, BOSHHKIINX H3
BSI3KOl J1aBbI, TEKCTYDbl TEUEHHs POSBJISIOTCS B BHIE TOHUAHIIEH T0J0cHa-
TOCTH, HANIOMHHAIOIICH CJIOHCTOCTh OCAAOYHBIX TOPOA. OTauuiis oueHb IPO-
cThie: T0J10CUaTOCTh orufaeT Jio6ble NPENATCTBHS — BKPANJICHHHKH, BKJIO-
YeHusi, Ny3HIPH W T. X.. 06pasyer HEPEelKO CHOKHLIE Y30PBI, HE CBOHCTBEH-
HLle CJIOMCTHIM OCajgKaM; 3ajeraeT napasjeJbHO CTeHKaM Jaek, 1acro NpH
3TOM MepBHUHO BEPTHKAJILHO, XOTS BMeIAIONIHE OCaJKH MOryT 3aneratb 1no-
J0r0 1 Ja)e ropH3oHTalbHO. B 3¢ ¢y3HBHBIX NOPOAAX TEKCTYpLI TeueHHUs
MOTYT IpOSIBJISATBHCS I B PACIOJIOXKEHHH INy3BIPLKOB rasa (mop MMHIAJIHH).
[TocKoabKy NY3BIPBKH Tra3a CTPEeMATCA NOJXHHMATLCA BBEpX, HEPEIKOo Ha-
6.1101A10TCS eMOUKI 11X, BHITAHYTbie BepTHKaAbHO. OHH MOTYT OBITb HUCIIOJIb-
30BaHB! JJIS BOCCTAHORBJEHHS IEPBIHUHO-BEPTHKAJBHOTO Hanpasjaenud, T. €.
KaK MPHPOAHLIH OTBeC.



STH MHHepaJibl ABJSIOTCS 6oJec NMO3THHMH 1O OTHOUIEHHIO K OJUBHHY,
I HX TIOJOXEHHe CBS3aHO C IepepacnpejejeHdeM ¢JIOMAOB B 11031HEMar-
MaTHYECKYIO CTaAHIO 10 CHCTeMe INPOTOTEeKTOHHYeCKHUX TpemHH. KianHonn-
pPOKCeHHTHI, rab6pouabl W TJarHorpaHUTel — o6pasoBaHus, GoJsiee MO3IHHE
110 OTHOIIEHHIO K yJabTpabasHTaM; OHH CBsi3aHbl C NposiBJeHHeM Gojee Mo-
JOABIX TIPOLECCOB MarMaTH3Ma M MeTaMopdH3Ma B 30HE JOJTOXKIBYLINX
IMy6HHHBIX Pa3JOMOB.

JyHUT-KAHHONHPOKCeHUT-ra66poBasi  accouHalsi B reOCHHKJIHHAJISIX
oTanuaercs Ot runep6asHTOBO accolHallld He3HAUMTEJbHBIM pPa3BUTHEM
yAbTPAOCHOBHLIX Nopox (MeHee 5% o6beMa HMHTPy3uBHbIX Tes). Ilpeobaa-
JA210T NOPOJBI OCHOBHOIO COCTAaRa. YJALTPAOCHOBHBIE Tejla HMCIOT JIIH30BHIL-
uvio, Tpy6oo6pasuyio $opMmy 1 NpeAcTaBieHbl AYHITAMH,  BepanTamii 1
KJAIIHOII pOKCeHnTaMu. YacTo oTmeyvaloTcss pyiHble NUpOKceHnTH. [apubyp-
TITHl OTCYTCTBYIOT W/ pa3BHTbl He3HAUMTENbHO. B3aMMOOTHOLIEHIsT AYHH-
TOB 11 KIHHOUIPOKCCHHTOB CJioXkKHbIe. OTMcuaeTcs 3aMellleHHe AVHHTOB lII-
POKCEHHNTAMH, a KJIMHONHMPOKCEHHTHI 4YacTO COJIepKAT NPOXKUIKH  Golee
AKEJIC3IICTOTO JYHNITA I1TH OJIIBITHIITA.

Menlblice pasBUTIC B TCOCHHKANHAJILHBIX 061aCTSIX HMEIOT accollialin
OJIBHHNTOB, ITHPOKCCHIITOR 11 DYIHBLIX OJHBHHHTOB.

Hlnpoko pa3BUTLI yJALTPAOCHOBHBIE 1OPOABI LIEJOUHO3CMEJLHOTO pPsijia
na nJjatopMmax, ric MOXKHO BBIIEJTHTh HX accolMaliii ¢ 10poAaMIl OCHOB-
1IOr0 COCTABa 11 C UIEJOUHBIMI YJIbTPAOCHOBHBIMI TopoaaMH. Accounaunn
VILTPAba3NToOR ¢ 110POAAMII OCHOBHOTO COCTAaBa IIpeAcCTaBJieHbl KPYTHLIMH
paccaocHubiMll 1ayToHamnl (BymBeabna, CtuayoTep 1 ap.). 3TH MacCHBBI,
IMCIOILHe CPCIHHIT 6a3HTOBLIH COCTAB H CJIOXKEHHbIC 1IPEHMYLIECTBEHHO rab-
6po, rab6po-HOPHTAMH, HMCIOT B HHXHHX 30HAX CJIOH MOPOL YJIbTPAOCHOB-
HOro COCTaBa (LYHIITHI, OJHBHHHTHI, Tapil6yprUTHI, JEePLOJUTh), COTIACHBIC
C BHYTpPCHHeIl CTPYKTYpOH MAacCCHBOB. 3TH CJIOH BBIIEPXKAHBI 110 MOLIHOCTH
U NPOTAFHBAIOTCH MO NPOCTHPAHHIO 10 HECKOJbKHX JIEeCSATKOB KHJIOMETDOB.
[Tepexoabl Mexay nayHuTaMmil (OJHBHHHTAMH), NEPUAOTHTAMHU I NHPOKCEHH-
Tamli, a Takke yabTpabasuTamMu 1 6asUTaMM -— lOCTelleHHbIe

OcHoBHblE TOPOAB!

B BepxHHX uYacTsX paccaoeHHbIX THIlep6a3uTOBBIX HHTPY3HBOB I11HOTIA
NOABJAIOTCSA I1J1arHOKJa30Bble PA3HOCTH MEPUJOTHTOB, B KOTOPHIX  OCIIOB-
HOH muaruoksnas (rabpanop, OHTOBHIT) 0ObIUNO KcenoMopdeH 110 OTHOLie-
HHIO K OJMBHHY H IHpOKceHaM. [lsaruoksaszoBbie NEpUIOTHTH HAMCYAIOT
nepexol K nmukputam (II-A) —- MenaHOKpaTOBLIM  TOpPOJAAM, C/JOXKEHHBIM
OJTHBHHOM, MOHOK/JIWHHBIM ITHDOKCEHOM 1i OCHOBHBIM TJIaTHOKJ1a30M. ITHKpH-
THl ILEJOYHO3EMEJIBLHOTO Ppsida oOObluHO 06pa3yloT NalKH 1i Teo/0rHYecKH
CBsi3aHBl ¢ Anaba3aMH HJH JOJepHTaMH.

Obmas cxema MHHepaJbHBIX NapareHe3HCOB OJHBIH-TIHPOKCEH-MJIaTHO-
KJIa30BbIX NMOPOA IpeacTaBiaeHa Ha puc. 103. Pas1uuHble THNB MesaHoKpa-
TOBBIX Tab0po M NMHKPHTH HAMEYaloT fepexoj K 6ecrnosieBOaToOBLM 0po-
naM (yaprpamaduram) — KauHonupoxkcenutam (I1V), wopamapkuram (II),
opTon#pokcenuram, rapubypruram, nyHutam (VI). UM cooTBeTCTBYIOT MH-
HepaJjornyeckne tunbl rab6pounos (I, II, II1) —nopon Me3oxkpaToBoro
cocraBa. HopmanbHoe ra66po oOTBeuaeT mNapareHe3WCy KJHHOMHPOKCEH
(aBrut) — nutaruoknaas (nabpanpop). Ilpu yBeaMyeHHH KOJHYeCTBA ILJIATHO-
KJ1a3a OTHOCHTE/JbHO TIHPOKCEHA HaMeuaeTcst nmepexojl K JeHAKOKPaTOBHIM
ra66po u aHoptoduraM (VII) — cymecTBeHHO MJ1arMOK/JIa30BbIM IOPOLAM.
STUM HHTPY3HBHBIM NOPOLaM COOTBeTCTBYIOT 06asajbThl, B o6IleM cJaydae
OTBeyalollHe Me30KPaTOBLIM I'PaHAT-KJHHONHPOKCEHOBLIM COCTaBaM; B He-
TOCHIIEHHLIE KaJblHeM PA3HOCTH BXOJHT THIEpPCTeH (THNEPCTeHOBHle 6Ha-
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3anpthl - 1), npn 1e1ocuIleHH KpeMile3eMoM --- OJIHBUH. B 6334/ 1LbTOBBIX
110pOZAX TAKMKe IIHPOKO BapblipyeT COOTHOLUCHIIC HIPOKCEHd Il 1JIAaTHOKNA-
3a. BeaHble THPOKCEHOM pA3NOCTII HA3LIBAIOTCS JCIIKOKPATOBBIMHI 1AM TJIH-
HozemuctuiMu Gaszagabrtamu (I, [1—VII). TIpn u36bITKe ramHo3ema OTHOCH-
TeJbHO H3BeCTH B 1a60p0O-aHOPTO3HTOBLIX 1IOPOAAaX MOXKCT  KPHCTAAII30-
BATLCA KOPYHA (KbIILUTLIMITHL, mnomasnutul - VI . HsBectrkoBuie mnnepa-

cd Al,04
Puc. 103. CxeMa MHHepaJbHbIX IlapareHeali-
cop mipoKceH (OJMBHH) -IJIArHOKAA30BbIX 110~
pod B OTHOLIEHHH PJIABHEIX M0OPO006pasyio- *5i0,
uux okucaos — AlO; —CaO — (Mg, Fe)O
u SiO, (mpu ero HejocTaTKe poMOBuyeckHit
NIPOKCeH BhiTecHsAeTcss osusuioM: Opx—-O0l):
I —ra66po; LI —ra66po-wopuru; I11— no- An
puthl (c pOMOWYECKHM NHPOKCEHOM) i TPOK- wr
toautel (¢ oausunom); 1V, V. VI — meaano- -_
Kkpatosbie 1aGOpOHIL 11 MIHKPHTH, COOTBET-
CTByWOIHe No napareHesucy rafépo (1V). o/
ra66po-nopiuraM (V), HOpHTAM u TPOKTO.I-
tam (VI); VIl — nefikokpatosble raBgpoiint - —_—L
1 awoprosutbl; VIl — xopynmosele .1eiiko- (M f2)0 14 i’ Cal
KpaToBhie TAGOPOMABI 11 ANOPTOIUTHI  (KLIill- T Opx Cox Woll
FLIMATBL, 11TIOMA3ITH ) !

JIbl — JapHHUT, BodsacToHuT (Woll) — B ra66pouiax He o6pasyloTes, a BO3-
HHKAIOT TOJbKO TPl KOHTAKTOBOM BO3AEHCTBHN MarMaTHYeCKIX Paciiad-
BOB 1a KapGOHATHLIC NOPOAb. B HEKOTOPHIX PA3HOBHAHOCTAX 1abbpo B Ka-
yecTBe IBETHOIO MIHepa.Jaa nosBasercs GypoBaTas poroBass oOMaHka, Bbl-
TecHsoOLlAs MHPOKceHL. PoroBasi ofMaHKa MoxeT 00Pa3s0BHIBATD PEAKIH-
OMHBIE KaliMbl BIOAbL I'PAMIIl  3€peH NHPOKCEHOB U nrarioknasa. Hinke
JaeTesi KpaTKasi XapaKkTepiucTika rab6ponaos 11 0a3aabTOHAOB.

Ba3anbThl OTBEYAIOT [0 COCTABY CMeCIl, COCTOAULCH NPIHMCPHO 11OPORB-
Hy 13 Taaryoxaasa (aabpagopa 1l gaGpagop-GHTOBHITA) U 2Kenie30-
MarHesHaJLHBIX MHMHEPaJoB, T14aBHbIM 06pasoM 4Bruta. 3HauuTesbHa NpH-
Mecb PYMHBIX MIHepa10B. OHII COCTOST M3 MaKpPOCKOUHUeCKH adaHUTOBOMH
Macchl HJAM COAepXaT B Takod Macce NOPpGHPOBLIC BblAENEHHs] aBrUTa—
ONHOTO HJIH BMeCTe ¢ OJMBHHOM, IJArioka1a30M, PexKe rinepCcTeHOM H ellc
pexe 6a3ajbTIIYeCKoll POTOBOH 06MAHKOIL.

JIoNepHTHl COCTOSAT W3 SIBIOKPHCTAJINYECKOl MeJdKO- 1 CpelHe3epHH-
CTOH, HHOILA JIOBOJLHO KPYMHO3EPHHCTOH Macchi, 06.1ajaolledl MOTHOKPH-
CTAaJJHYeCKOH CTPYKTVpO#H — Jdo;epHToBoil MaH oduTtoBod. MuKpocTpyk-
Typa OCHOBHOH Maccbl uallle BCEro MHTCpCepTaJbHas, pexe OpuTOBas 111l
MHKpornoiikiuaooduToBass. JOBO.IbHO 4acTO BCTPEYAETCsl TAKXKe MHKPOJIOJIC-
PHTOBasi CTPYKTYpa, B HEKOTOPOM CMbIC/e NMPOMEKYTOUHASE MEXKIY YKazaH-
HBIMH ABYyMsl THnamy. Pexe OTMEUarOTCHd MeHee pPacKpHCTALJIH30BAHHbIC
THNbl C THAJONH/JIHTOBOH 1 rua’ooduToBoll cTpykTypoil. Hepenku Takke n
JHPEKTUBHBIE THIBl MHKPOCTPYKTYDBI: NMHJIOTAKCHTOBAsA U peXe GJII0HAA.Ib-
HO-rHaJonuauToBas. [lopucrast 1 My3bpucTas TEKCTYPbl AOBOJBLHO PacCIpoO-
cTpaHeHbl, OCOGEHHO B PA3HOBHIHOCTAX, COAEpXallHX cTekJo0. basaabro-
Bble NMOPOJAB C XapaKTePHOH /s HUX MHHIaJeKaMeHHOH CTPYKTYpoO# (¢ mo-
paMH, 3amoJHEHHBIMH BTODHUHBIMH MHHepasJaMH) HasblBaioTCsi 6a3a.]bTo-
BLIMH aMHrjajougaMmu. IlajeoTHOHble aHaJOrH — Auabasbl — NOJHOKDH-
cTaJJIMYeCKHe, CpelHe- i MeJKO3epHHCTHIE, peXe TOHKO3EPHHUCTBbIC Ml
MaKpOCKONHYECKH COBCeM I[JIOTHBIE, TeMHble, CEepOBATO-3eJIEHbIE TOpPHBIE
nopojasl. [lepBrunbie MiiHepaan B OoJbliefl HJIH MEHbIEH CTENeHH [OoA-
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BEPIJIMCh PA3JOXKEHHIO. ABIHT 3aMelldeTcss XJODHTOM, HHOTAA YPAaJHTOM,
B CBSI3H C 3TUM 0o0paadyercst BTOPHUHBIH KaJabUUT. M3meHenHe miaruoksasa
{aabObUTH3ALHUS) COMPOBONKAAETCA BBHILCJICHHEGM IPYTHX BTOPHUHBIX MIIHE-
pasos.

HuabazoBrie, uai 6a3aabToBEIe, TOPPUPUTH — NOPPUPOBLIe 6a3asbTLl,
110 Bepruifecst 113MeHeHUsIM.

Bapuoautu npencrtaBasiioT coboil nagdcoTuniele 6a3anbTel co cdepo-
JAITOBOH (BapHOINTOBOH) CTPYKTYPOIl. ITO adaHHTOBBIC 3eJeHbIC 1L 3c¢-
JeHOBATO-cephrle 1opoAbl ¢ 6osce HWAH MCHee OGHIBIBIMH IIapHKaMIl (Ba-
DHOJSAMU), TPEACTABASIOMAMN ChHepOSUTOBBIC CPOCTKH  [10JEBOLIITATOBbLIX
BOJIOKOH, MEXJy KOTODPBIMII PACIOAAraloTesl MEJKHC 3€pHBIIIKI  aBrHTa,
PYAHOIO MIHICpaaa I HPOAYKTOB Pa3JokKelsT CTeK14d.

basaapTel ¢ GOJBIINM KOJHUCCTBOM CTEKJ2 TOJYYIIII Ha3BaHIUC Tiia-
106a34bTOB. basanbToBasi J1aBa MOMKCT 34CTLIBATL B CILIOIIHOE  CTEKJO.
bazaapTbl passnualoTcd TakmKe 10 OTIOCHTCABHOMY KOJMNIUECTBY  IL1arlo-
KJ43a 1 IBCTHBIX MHIIEpPAJOB, KPOMC TOTO, CYIIECTBEHHOC 3HAUCHHC HMeCT
cocTaB InIarnokaasa. Ha sTtux ocHoBamnsix OulaH BLIACAENH TAKIC TIHIBL:

1) 6asanpTul, 60oratele IBeTHBIMII MIlepagaMil, Ha3blBaeMble MCJIAHO-
KpaToBeIMII 6asasbTaMil, 111 MceJabasaabramii;

2) 6a3aabTul, OTHOCITCALIIO Oelble IBCTHBIMI Muncpagamil. OHH MO-
I'YT OBITH 11a3Balbl JIE[IKOKPATOBBIMII 6a3zajbTamil, 111 J1elikoBasaabTaMu.

B rcoaoruueckoil antepatype (ocobeniio amMepHKAHCKOH U SIOHCKOILN)
JeHKOKpaToBble 6a3aJbThl YacTO ONHCHIBAIOTCS MOJ HA3BaAHHEM <IJHHO3e-
MUCTBEIe 6a3aJbTLI», OJHAKO 3TO Ha3BaHHE MPEACTABJISETCS He BIIOJHC
yaaunelM. B Hamell autepartype nocac nerpoxuMuueckux pador A. H. 3a-
papuukoro, II. C. IHtefin6epra 1 ApYyrux HcciefoBaTejell NOHATHE <«IJIH-
1103eMuCTble (I}OMa3UTOBbIE) TOPOABI» 3aKPENHAOCh 3a TEMH HX pasHo-
BHHOCTSIMHU, B KOTOPBIX HMeeT MecTo H3OHTOK Al;O; 1o OTHOHmIEHHIO K
Ca0+Na0+Ky0, uro peanusyercss INOSBJAEHHCM TJAHHO3EMHCTBIX CJIIOM,
aHjanys3iTa HJIH KOPYHIA, Kak B ILIOMaszuTtax. B paccmarpuBaeMblx IO-
pOldX BLICOKOE COAepXKaHHe IVIHHO3eMa KOMIIEHCHPYCTCsl BBICOKHM COMep-
XKaHpeMe KagblUusi. DTo nmopoiwl 6¢3 n3beitka AlOs, HO ¢ BLICOKHM OTHO-
[IeHHEM IJIaTHOKJAAa3a (aHOPTHTA) K TeMHOUBETHBIM MiillepasaM, 4TO TOY-
Iee OTPaxKaeT TEePMHUH «JeHKOKpPaToBLII 6as3anbT» (B HHTPY3HBHBIX Ce-
pusix — «ra66po-aHopTo3uT»). B pasBHTBIX OCTPOBHBIX Jyrax, B KOTOPbIX
UMeeTCcsi CHaNHyecKast (KOHTHHEHTaJbHas) Kopa, 3BOMIOLUHS MarMaTuiMa
IeJMIOYHO3eMENbHOr0 psila NpOoJO0JaKAaeTcsl Jajblle B CTOPOHY aHAE3HTOB H
6ojiee KpeMHEKHCJABIX IOPOJA, 11 JelikoKpaToBble 6a3ajdbTbl BBICTYNAIOT B
KayecTBe IPOMEXYTOYHOrO 3BeHa MexXJy 6aszaabTaMu U allle3HTaMH.

Ocoboe MecTo cpefil NajeOTHNHBIX 6a3aJbTOBLIX TOPHBIX TOPOJL 3aHH-
MaloT CIHJHTHL, CJOXKeHHBe albOUTOM U XJOPUTOM M COJAepiKalllie 3MHAOT
U KaJbUUT. AJbGUT CIOHJIMTOB HE KPHCTAJIH30BAJCH M3 paciiaBa Hemo-
CPEJCTBEHHO, a MPOU30IIes NyTeM aabOGiTH3alli [epBHYHOrO MJIAarHoKJaasa.
AnbO6UTH3aUNST NAArMoKa43a OOBIYHO HAET napaJsiaenbHO C XJOPHTH3aluel
MHPOKCeHA U CTeKsJa, HO HHOTJAa NHUPOKCEH OCTaeTCsl Hepal3JOXeHHBIM.

[TepepoxkneHne 6a3aJbTOBHIX IOPOJ B CIHAMTHL aHAJOTHYHO 3eJeHOKA-
MEHHOMY H3MeHeHHio 6a3ajJbTOB WU JOJEPUTOB MON BJIHSHHEM perHoHa/b-
noro meramopgpusma. Caeayer oTAHUATh M3AuAHHS 6a3a/jbTOB, MPHYPOUEH-
HBle K TeOCHHKJIHHAJAM, OT HU3JHMSHHI B maaTopMeHHBIX 06JaacTsx.

O6mupyble H3JIHSIHAS 6a3aJbTOB BHE TeOCHHKJIHHAJIbHBIX 30H CBSI3aHBI
¢ JIBHXKEHHUSIMH OOJBIIHX YCTOHYMBBIX YYAaCTKOB 3€MHOH KOpBI, Pas3jambl-
BAMOUIMXCS N0 KPYMHBIM TpeluHaM. OOBIYHO HX pasAessilioT N0 XapakTepy
H3BepeHHH Ha MaccoBble (naTo6as3anbThl), apeaJsbHble, HJIH MHOTOBBI-
XOIOBBIE, W, HaKOHell, LIHTOBbLlE, CBSI3aHHble C eJIMHHYHBIMH BYJKaHAMH
IeHTpaAbHOTO THHA. Bce OHM TeCHO CBSI3aHbl C JOJEPHTOBBIMH (AHA0A30-
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BLIMH) JKHJAMH H HHTDY3UBHBLIMH 3aJeXaMH M 06pasyloT Tak Ha3blBaeMyIo
TpanmnoBylo (GOpMalHIo.

Teonornueckne yc10Bus 3aneranusi 6as3ajbTOBBIX NOpPOJ B T€OCHHKJIN-
HATLHBIX 00J1aCTIX HMeloT cBon ocofeHHOCTH. basanbptoBas Marma B
OTPOMHBIX KOJIHuecTBaX OOLIUHO H3MMBaeTCd B Hayajle OPOTEHHOro IHK/A
BO BpeMsi pOCTa HAUaJbHOH TeOCHHKJHMHAJH. ITH JaBbl B 3HAYHTENLIION
yactTu o6pasoBaJH NOABOJIHBlE H3BEPXKEHHS H B OIPEICJCHHBIX YCJIOBHAX
rAyOHHBl 3acTbiBajgd B 3(QQy3uBHbIC MOPOAb C XapaKTEPHOH MNOAYIIEYHOI
1111 3JJAUNCOUAANBHOR TEKCTYypoOH.

HszausiHust 6a3a/JbTOB B TeOCHHKJAHHAJBbHBIX 006JacTAX aCCOLHHPYIOTCH
C MHTPY3UBHBIMH MaccaMHu nHa6GasoB, ra66po, nepugoruroB. Ilpu mocune-
LVIOIIHX TpOLCcccax ropooBpas3oBaHHS OCHOBHLIC 1I3BePIKCHHBIE [ODOALI
NOABEPraioTCcsi PerHoHaJ bHOMY MeTaMophH3My I IIepeXOAAT B MaJeoTH-
1Ible, a 3aTeM NpPH YCHJAEHHH MeTraMopdu3Ma — B CHIIHTHL M 3e1eHOKaMCII-
lible mopoabl, mpuobperamouine MeTaMOPHHUECKYIO CTPYKTYPY  3€JeHbIX
CJIaHIleB.

PaccMOTpHM MHTPY3HBHBIC NOPOABI OCHOBHOrO cocTaBa — rab6po
AlOPTO3UTHL.

['a66po cocTOHUT TIJMaBHBIM 006pas3oM H3 IJIarkokjaasa, OIH3KOrO K
naGpanopy, H MOHOKJAHHHOTO nupokcena. Ecau BmecTo MOHOKJHHHOTO M-
pPOKCeHa CYUIeCTBEHHOH COCTABION 4acTblo ABJAETCA POMOHYECKHH NHPOK-
cen (rumepcTeH MAM ODOH3UT), TO 3Ta ropHas Nopoda HOCHUT HAa3BAHUC
nopura. Mexay ra66po 1 HOpuTOM llepefiKo HabJ/IONArOTCsT HellpepblBHLIE
nepexofbl. IlepexonHble Pa3HOBHAHOCTH Ha3bIBAOTCA ra66po-HOPHTAMH.
Kax ra66po, Tak H HODHTH MOTYT ObITb OJHBHHOBBLIMH, KOTJa B KauecTBe
BTOPOCTEIICHHONH COCTaBHOH 4acTH B HUX NPUCYTCTBYeT OJIHBHH, H HOPMAaJsb-
HbIMII 6e30/HBHHOBLIMH, T. €. IIpOCTO rab6po 11 HOpHTaMu 6e3 OJMHBHHA.

B HekoTOpHIX cayyasx ra66poBbIX MOPOJL OJHBHIIH BBITECHSIET HHUPOKCCII
COBEpIIeHHO, W TOrJa MNoJydaeTcs TPOKTOJHT, cocTosiiumin u3 nabpagopa u
OMUBHHA. B ApYyrHx pasHOBHAHOCTAX ra66po LBETHLIE MHHCpaJbl BBITCC-
HAIOTCST THTAHCOLEPKAIMM MarHeTHTOM (pyZlHoe ra66po).

B poroBoo6mMaHkoBOM rab6po LBETHBHIM MHHePaJ0M sIBAseTCs] OOBIKHO-
BeHHast Oypasi, pexe 3eqaeHo-6ypasi porosasa obmanrxa. ChenyeT OTJIHYATH
370 rab6po ¢ marmaTHueckol Oypol, pexe 3esaeHOll pPOroBoll 06MaHKOH OT
YPaJIUTOBOTO HJAU rabbpo ¢ BTOPUUHBIM BOJIOKHHCTBIM  3CJACHBIM aM@H-
60J10M.

ITopoaw ra66poBOfl IpyNNBEl TeCHO CBSI3aHbl, ¢ ONHOH CTOPOHBI, ¢ Oec-
NOJEBOIINATOBLIMH  [OPOJAMH — IHPOKCEHHTAMII 11 TEPHAOTHTAMH, C APY-
rofi — ¢ aHOPTO3UTAMH.

AHOPTO3UTHl OTJIHYAOTCA OT rabOpo HUUTOKHBLIM COJEPKAHHEM IIBET-
HLIX MuHepasaoB. MlHorza B HEKOTOPBIX PA3HOBHIHOCTAX TMPHCYTCTBYIOT B
He6Oo/bIIOM KOJHYeCTBE KBAPIL ¥ KaJHeBBbll IOJEBOM IIMAT — OPTOKJIA3 C
HMEPTHTOBBIMH BPOCTKAMH OJIMTOKJa3a, OLHOPOIHBI OPTOK1a3, pPeiKo MHK-
POKJHH, a Takxe Oojee OObIYHBIC NIPHMECH MHHepaaoB rab6po. IaaBHBIH
MuHepaJ — nabpagop. B KpynmHO3epHHCTHIX aHOPTO3HTAX KPHUCTAJNJIHUECKHE
3epna mabpafopa B HEKOTOPBIX THIAX HMEIOT TEMHYIO OKpacky H cojep-
®KaT BKJIOUEHH H/JAbMEHHTd, OOBIYHO MPHCYTCTBYIOIIME B 0oJiee MeaKo3ep-
HHCTHIX pasHoBHAHOCTAX. CTpyKTypa mnaunuguomopdiiodepuucras. Tunuu-
Hble aHOPTO3HMThl — KPYIHO3CPHUCTHIE rOplble MOPOABI, HHOrJAa [0 THTAHTO-
3€PHHUCTHIX; MOBOJbHO OObIYHA TeKCTypa ¢ cyblapaJilesbibiM paclosoxke-
HHeM TabJauyeK IMJarHoK/asa.

AHODPTO3HTBl GOMBIINX CAMOCTOSITEJNbHBIX MAaCCHBOB XapaKTepH3YIOTCS
€BOeOOpa3HON accouuanuell ¢ rUnepcTeHOBBIMH IpaHHTaMu. [ aG6poBbie ke
nopojibl OOBIUHO CBA3AHBI C TPAHHUTAMH, CHEHHTAMH H JAHOPHTAMIL.
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®opMbl K yca0BISA 3ancrani rabépo — oBWHPILIC JTAKKOMHTHL, JO0TO-
JINTBI, HHTPY3UBHbIE 3aJ/1€XKH, JailKH H LTOKH, HAXOASILIHECs B NOPOAAX pas-
JHYHOTO BO3PACTa — OT apXeHCKOro 40 TPeTHYHOTO.

Kaaccuyeckoii 06,1acThio pacrnpocTpaHeHHss TOPOA  Tpynmbl  ra6opo
sipjisicTest Ypaa. Ha nporsikennn 6Gosee 600 KM B ceBeplioi HOJOBHHe
Ypasa npoTarusacTest 30Ha TOPHBIX TOPOJ ILTATHHOHOCHOrO raGOpo-nepH-
JAOTHTOBOTO  KOMILICKCA, TO CYXXKHMBAIOMIASACHd, TO PacIIHPAOILAACH H CJO-
KEHHAs T1aBHLIM O00Pas3oM TOpPHBIMH MopojgaMu rab6poBo# rpyunul. Ha 3a-
NaJHOM GKpanHe 3TOH M0JOCH cpefll rabépo 11 TOPILIX T0POJ, SABASIONLHXCH
pe3yabTaTOM H3MeHeHNs rabOpoBLIX nHopox  (aMPuOOAHTOB), HaAXOASATCA
OOBIUHO lenpaBHAbHBIE OBaJIbHbIC MAacCHBLl JIYHHTOB, OKaliMJCHHBIC GoJjce
HJIH MeHee UIMPOKOH TO0JO0COH 11epHAOTUTOB 1I IHPOKCeHHTOB. C BOCTOKA K
rabbpo npuMBIKAIOT BXOASIIE B TOT KC KOMILICKC 60JeC KHCIBle H3BEp-
JKEHIIbIe [IOPOJbl, BIJOTh 0 TPAHHTOB. B cocTaB KoMmaekca BXOAAT TaKKCe
JIOBOJILIIO Pa3HoOOpasHLe XKILILHBIC 110POiAL. Bech KoMmnaekc mnpeacras-
AsieT co6oil cAHHOE TreosoTHUecKOe 11e10¢, HO ero (GOopMupoBanue OblJIO
CJIOKHDIM IIpoueccoM. bosce OCHOBHBIC TOPHLIC TMOPOAbl  06pasoBafuch
pauble, ueM 6oJiec KHCJTbIE.

Bywseawackuit niatinonocuot Maccens B lOxuoit Adpike npeacras-
Jger  coGOH  JIONMOJIMT  HenpaBHJLHOH  OBAJBHON  IJIOWAAH  pasMepoM
39000 km? u MomHocThlo Gosee 5—6 kM. [1aBHyl uacrh ero o6paayioT
ra06po-1IopHUTLl MoJaocatoil TekeTyphbl. Ci0H PasiuyalTCsl 110 OTHOCHTCJb-
IIOMY KOJHMYCCTBY LUBETHBIX II OCCLBETHBIX MHHepagaoB. IlepeMeaemocTs
110J1€BOINATOBLIX 1 NHPOKCEHOBLIX 1OPOA AOCTHUTraeT GOJLIIOH MOIIHOCTII.
PyjHbie 11pOC/IORKH MarHeTHTa H XpPOMITa 06pasyloT TAKKeE IpaBHJLHBIC
CJIOH cpein rab0po-NepUIOTHTOBLIX  IIOPOJ  COTJIACHO ¢ oOmLedl CJ0oHC-
TOCTbIO. Bepxusis wacTe ByumBeabackoro xowinickca o6pasoBana KPAacCHDI-
MH JCHKOKPATOBBIMII TPAUNTAMIL 11 IPAHOMIIPOM.

MMopoawl cpeatero cocrasa

[Topoubl cpeanero coctaBa — ANOPUTHE 11 allge3uThl (V-A, pue. 96) —-
HEPEJIKO CBsizanbl ¢ raG6po-6asaiLTOBLIMHI IIOPOAAMH IIOCTCICHHLIMH Tepe-
XOLaMH 4Yepe3 IPOMEXKYTOUHBIC PA3HOCTH — rabOpo-AHOPHTLI M AHAE3HTO-
6asaapthl  (IV-A, puc. 96). C nepexomom oT (asaibTOHAOB B NMOPOLAYX
BO3PaCT4eT KOJIIUCCTBO ILTAaTHOK/Ia3a OTHOCUTEIBHO TEMIOUBETHLIN MHHC-
pa/ioB 1 CHHKAETCS €ro0 OCHOBHOCTL (THIIMUHBIN IVIATHOK143 JTHOPUTOB - -
AHJIC3HH).

AngesuTsl H aHge3UTOBBe MOPPUPHTHI ABAAIOTCH NOC1C 6A3aMbTOB ca-
MBIMH DacOpOCTPAaHEHHHIMH BYJKaHHuecKHMIl noporanmil. OHH XapakTepu-
3YIOTCSi MAKPOCKONMHYECKH a(aHHTOBOH OCHOBHON  MAaccof, CYIECTBEHHO
COCTOSIILEH H3 H3BeCTKOBO-HATPOBOTO IJIATHOKJAA34 BMCCTC ¢ TIOAYMHEHHBIM
KOJIMUECTBOM NHPOKCEHA M CTEKJa HJN NPOAYKTOB ¢ro pasioxeHnus. Takan
OCHOBHAsl Macca HHOTAA IEJHKOM caaraeT BClo 10poay (adupoBbie pasHo-
CTH), HO dYalmle 3akKdio4aeT B cefe (EHOKPHCTANIB H3BECTKOBO-HATPO-
BOTO MJaruokjasa — OJHOTO HJIH BMeCTe ¢ BBLAETSHHSAMH MOHOKJIHHHOTO
W/ DOMOGHYECKOro IHPOKCEHOB (rHmepcTeHa), pPOTOBOII O6MAaHKH HAH GHO-
taTa. KBapu B ange3utax pejok. B mycToTax KHUCABIX aHLe3HTOBLIX J1aB
HHOrJa OTMeYaioTcsi TPHIAMMHT I KpucrobanuT. B anncsutoBbix nopdupu-
Tax KBapu 4acTto OblBaeT BTOPHUHBIM. JIpyrue o6bluHnle MHHEpa.bl: Marte-
THT, allaTUT, B KHCJbIX PA3HOBHAHOCTSAX aHJE3HTOB PEAKO LUHPKOH. B Gosee
OCHOBHLIX aHJe3HTaX H aHAEe3HTOBBIX 1OPMUPHTAX HHOrga [OMafaAeTcs
OJINBUH.

AupesnTol M aHJe3HTOBLIC NOPGHPHTE OGBIMHO PA3ALJSIOT 110 Xapak-
repy npeoGjajalomero HBeTHOTO MHHepasa: allfie3uTbl THIEepPCTCHOBLIE,
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poroBoo6MaHKoOBLIc H GHOTHTOBBle. HacTo BeTpevaroTes aHJAe3HTLl C THIIEpP-
CcTeHOM H aBrutom BMecTe. Mx 0OblUHO HA3LIBAIOT MHPOKCCHOBBLIMH aHie3H-
TamH. DTH LBETHbIE MHHEPAJbl BCTPEuawTcs B BHJAC (PEHOKPHCTAJJIOB BMe-
cte ¢ GeHOKPHUCTAMIAMHI NN.1arHOK1a3a, HX HA3bIBAIOT MJIATIHOKJa3-TUPOKCC-
1HOBbIMH anxe3utamu (nopdupuramiu). lluaruokiaz-1upokKcenoBble TOPQH-
PUTBHI MOTyT OHITL I 6a3aJbTOBBIMH INOPGHPHTAMH 1l A{AE3HTOBBIMH MOp-

dbHpHTaAMN.
AHe3utn 06pasyioT MOTOKHN .J1aBLI ¢ TJILIGOBOR NMOBCPXHOCTLIO, & Tak-
JKe IKCTpY3HBHBle ¢dopMbl — Kkynoaa u obeanckn. TIOTOKH  aHAC3HTOBLIX

JnaB aBJAKTCA HaHOojee OObMHOH (OPMOH HAXOXKACHHA 3THX  TOPILIX
mopoX. Kpome NOTOKOB H KyMOJOB aHAE3HTH 06Gpa3yloT B ByJKaHHYeCKHX
o6sacTAX TaKKe JAaBKH 11 MHTPY3HBHble 3aJexH. AHie3utoBas Marma 6o-
rata razami, B Hell pacTBOpPEHEbLIMH, II ¢ 3THM CBfI3aHbLl KatacTpodHueckie
II3BePIKEHIIA, COMPOBOXKAAWUIHECSE CHJIBHBIMII B3pLIBAMH. JlaBLl alie3nTo-
BOro cocTtaBa Oo/ee CBOACTBEHHLI LEeHTPaJ/JbHbIM H3BEDXEHHSAM THIa CTpa-
TOBY.TKAHOB.

[ny6HHHBIE aHaJOTI alAC3HTOB — AHOPITH. B THIHYHLIX JHOpHTaX
KOJHUECTBO UBETHOTO MUHepasaa, oOLIUHO POroBOH o0MallkH, cocTaBasieT
o0k010 30—35%. Amdubon uyacTblo 3amMeHsieTcs  MIPOKCCHOM HJAH GHOTH-
ToM. CpefHHH cocTaB 1Jaarnoxa1asa — aHge3uH. OpTOKI43  OTCYTCTBYeT
HAH BCTpeYaeTCs B BUJE HC3HAUHTEILHON lipHMecd. KoaHnuccTBO KBapua B
co6CTBEHHO AHOpHTE He npeBbinaeT 6%; ecan ero o1 6 no 10% — ynotpe6-
JsleTCs1 HaszBaHHe KBapICOAepKallHil AHOPHT, a AHOPHTHI ¢ elle 60JabliuM
KOJIIUeCTBOM KBapIlla HOCSIT Ha3BaHllc KBapleBLIX AuopHTOB. [oplnle mo-
ponbl ¢ OGOJBUINM COAEpKAHMEM I[ILeJOUHOr0 TOJCBOrO [IaTa OTHOCATCH
yiKe K rpaHoanoputaMm. OTKJOHEHHC OT HOPMAJbHOIO COJACPXKAHHS I[BET-
HOro MHHepaJsia 0603HauaeTcsl NPHCTABKAMII K HAa3BAHHIO AHODHT: JENKO-
JNHOPHTAMH Ha3bIBAIOT 60JEC CBCTJABIC HOPOALI, & MeJaaJllopUTaMi — GoJice
TeMHble JJHODHTOBbIE NOPOABI, YCM HOPMAJILHLIH JHOPHT.

Jduoputs pasjpensitorcs Ha OHOTUTOBLIE, GHOTHT-THMEPCTEIIOBLIE, POro-
BOOOMANKOBBIE (IHODHUTBl B TECHOM CMBICJIC CJI0BA), IHIICPCTCHOBLIE, aBIH-
toBple. CaMbIM pacrpocTpaHeHHBIM [BETHbIM MHHCPAJIOM B JHOPHTAX $B-
JsieTcsl poroBas obmaHka, HaHOoJsee pelKnM — OGHOTHT. ILHOPHUTHI, COCTOS-
iyge U3 MJarHokJasa H OAHOro TOJbKO GIIOTHTA, OUeHlL PelKH.

JIHOPUTHL NOAB3YIOTCS HeGOJABLIIUM PACTPOCTPAHEHHCM 1, KaK IpaBil-
JIO, CBfi3aHbl ¢ 6osee KHCJIBIMH TPAaHHTAMH ¥ TPAHOLHOPHTAMH, pexe ¢
APYTUMH TOPHBIMH TOPOJAMH, TNOSBISACh KAk MecTHas dallksi, HO Kpome
3ajeranvsl B BHje JPYrHX ¢aluuil OpPHBIX NOPOA JIIOPIT o6pasyeT u camo-
CTOsITEIbHbIE INTOKH, MKHJIBI, JTAKKOJUTBI 11 APYrie {ITPY3HBHBIE TeJsa.

Kucabie nopoabi

Korzpa aHOpPHTBI 11 TPaHHTBl 0GPA3yIOT BMCCTC CJ0XKHBIE WITOKM H APY-
rHe MHTPY3HUBHBIE MAacCCHBLI, TO B HEKOTOPLIX CJaydasix HaOBJa03I0TCH MOCTe-
TeHHBle TIePeXOAH OT JHOPHTOB Uepe3 rPaHOAHOPHUTBI K IPAHHTAM.

KBapiuconepxatne (KpeMHEKHCble) NOPOALl PACUJIEHSIOTCS 110 COAEp-
JKaHHIO KPEMHHSl Ha TPH TPYNIBl -— KBAapIleBble JHOPHTbI 1 aHJ1E3HTOXALHU-
ol (VI-A, puc. 96), rpavoanoputsl 1 gauutul (VII-A, pre. 96), rpanurtu
u aunaputh (puoauts) (VIII-A, puc. 96).

B rpaHMTax nsaruokmnas npejacTaBjeH I[IPEHMYIICCTBEHHO OJIMIOKJa-
3oM. B ux cocraB BXOASIT Ka.HeBbIHl NOJEBOI wWaTt (OpPTOKJAa3, MHKPO-
KJHH), KBAPIl M TEMHOIBETHBIE MIIHepaJbl, [IJaBHbIM 06pa3oM OGHOTHT
(pexxe amdubos, nuporcensl). [lo cooTHoweHHIO KBapaa I 1OJEBLIX 1L0MA-
roB (puc. 104) pasnnuawroTcs HOpMAJbHbIE TPAHHTH, MIATHOCPAHHTLI, OPTO-
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knaszoBule rpaHUTBl. C yMeHbIIEHHEM B TNOPOJAaxX COMAEpXaHHs KBapua HA-
MeuaeTcsl IepexOd K rPAHOCHEHHTAaM II KBAPIEBLIM CHEHHTAaM.

B HOpMaJbHBIX rpaHHTax 11eJ0UHOH Ka.THeBBIH IOJEBOH UINAT — yalle
BCEro OPTOKJa3 MJIH MHKDOKJHH, HePEIKH TaK¥Ke INepPTHTOBLIE CpacTaHHs
(OpTOKNa3-MHKPONCPTHT 1l MHKPOK/IH-MHKPONEPTHT), DeXe BCTPEUAETCH
aHOPTOK/aa3. EcaH B XIIMHUECKOM COCTaBe rpaHHTa KaaHi  BbiTecHAeTcs

Piuc. 104. Cxema pasgedcHHst TPAHUTOB, rpa-

HOCHeHHTOB M KBAaPUEBBIX CHEHHTOB [0 KOJH-

YeCTBCHIIOMY  COOTHOIIEHHI) B HMX COCTaBe
KBapua H IOJeBBEIX LINATOB:

I — Hopmanbubie rpauutel; I — naarnorpa- \ Ipanocuenums: u

sntel; 111 — kannmmarossle  (OpTOK/Ia30BbHIC)

rpanutel; 1V — HOpMaJbHbiC TPAHOCUEHHTH 1

KBapueBble CHEHMTDBI; V — MJ1aTHOrpaHocHeH- \SveHums!
T61; VI — OPTOK/Ia30BbIC I'PaHOCHCHHTLI Onuzornas Opmonna3

IaTpHeM, TAKHC MOPOIbl 11a3LIBAIOTCS MJIArHOrpaliMTaAMH, COAEPKalllHMH B
OCHOBHOM IJIATHOKJ43.

IIBeTHBIe MUHepasabl TPaHUTOB — GMOTHT, OObIKHOBEHHast poroBas 06-
ManKa, MHOrga JHONCHA, pOMOHUYECKHH NHPOKCEH; aKLecCOpHbIC — dIlaTHT,
IIUPKOH, THTAHUT, MarHeTHT, HJbMEHHT, reMaTHT, HHOrAa Apyrue oGoJec
peAKHe MuHepaJbl. Pasiuualorcs Takue BHAbl HOPMAJbHBIX [PaHHTOB:
aNCKHT 6e3 TEeMHBIX COCTaBHLIX 'acTell, ABYCJAIOAAHON TPAHHT C MYCKOBH-
TOM H OHOTHTOM; GHOTHUTOBBIH TDAHHUT; POroBOOOMAHKOBBIH TPaHUT, NHPO-
KCeHOBble I'PaHHTBHl — JHONCHAOBLI H THIEPCTEHOBLIH (YapHOKHT) 11 mepe-
XOJHBIE THIHI.

HauboapmuM pacnpocTpancHHeM 110/1b3yI0OTCs GHOTHTOBBIC 11 POTOBC-
06MaHKOBO-OHOTHTOBbIE TPAHMTBI, POroBOOOGMAHKOBLIE OGOJBIICH  4aCTbK)
KaK MecTHbie (allMH; NUPOKCCHOBLIC TPAHHTHl HMEIOT HHUTOMXKHOE pPacipo-
ctpaHenue. IIpu 3ToM AMONCHIOBBIC T'PAHHUTHl Uallle BCErO HAXOIATCA B
CBSI3H ¢ KBapLUeBbIMH JHOpHTamu 1 ra6opo. A. H. 3aBapuuxum Bblic-
JIFeTCS TPH THMA TIe0JOrHYecKHX COOTHONIeHHH TPaAHHTOB W TPaHOIHOPHTOB
C OKDYXAaIOLHMH NIOPOAAMHU:

I. I'panuTbl, TeCcHO CBfA3aHHbie ¢ METAMOPQHUCCKHMI NOPOAAMH
rHeficaMyd M KpPHCTAJJHYeCKHMU ciaaHLaMyu. Taxkosa 6oJblias 4acTh apxelt-
CKHX T'PaHUTOB, HENMOCPEJCTBEHHO CBA3AaHHBLIX C HHDBEKIHOHHBIMH THeHcaMu
N MUrmaTuTamMH. B Gosee MOJOABIX TrOpHBIX XpedTax nojoOHBIe TPAHHTLI
CBsI3aHbl ¢ Hanbosee rTyOHHHBIMHY 30HAMH.

2. I'pauuTbl H rpaHO/JHOPHTE, 0Opasylollile HHTPY3UBHbIE TeJa B BHAE
6aTOJITOB U IUTOKOB, a TAaKXKe JAaKKOJIUTOB. TakoBo 6OJbUIMHCTBO Naneo-
30MCKHX H 60siee¢ MOJIOALIX IPAHUTOB.

3. I'paHuTHl, TecHO CBs3aHHBle ¢ raG6pPOBLIMH NOPOAAMH, COCTABJSIO-
l1fe OXHY H3 YacTeH CJAOMKHBIX KOMIIJIEKCOB HM3BeDXEeHHHX nopoid. TakoBbl
rpaHHUTbl 3HAMEHHTHIX JIOMOJHTOB — BymiBeabjckoro, Céabepu u Jp.; croaa,
BEPOSITHO, OTHOCHTCSl 4YacTb ypaJabCKHX TPaHHTOB. B HEKOTOpBIX caydasix
rpaHuThl 06pa3yloT HeGoJibliHe 060COOMeHUs, HempaBUIbHbIE KHJbl H IIJIH-
pul cpeau GoJiee OCHOBHBEIX mnopoj. MHorma oHn o6HapyKHBAaIOT NPH 3TOM
NPH3HAKH, COTHXKAIOMIHE HX ¢ [IerMaTHTAMH UJH alJHTaMHU.

Junapurel (pHOJHUTH) TNPEACTABIATIOT COO0H  HEOBYJKAaHHYECKHe, &
nopdupsl — naJjeoByJKaHHYeCKHe 3((QY3UBHBIC IKBUBAJIEHTHl TPAHHTOB.
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OHM cOCTOAT H3 MAaKpOCKONHYecKH agaHHTOBOH MACCH. NPEACTaB/JICHHOI
IeJTOYHBIM TMOJEBLIM IOMAaTOM M KBaplleM B HaNeOTHNHBIX Da3HOCTAX, HJIH
COOTBETCTBYIOIIETO MO COCTABY CTeKJaa —— B KaHHOTHIHEX. Takag Mmacca Ju-
60 LeJHKOM ChaaraeT BCIO MOPOAY, JUOO colepHUT Gosee WIH MeHee OOGHJIb-
Hble (PEHOKPHUCTAJIB TOJEBOrO lINaTa WIH IJAruokjiasa, I L1eJOYHOro
l0JIEBOTO 1INTATa, TO OJHOIC, TO BMeCTe C BBIJeJEHHAMH XBapua. Pexe
BEIJeJIEHHA OpHHAJIeXAaT TOALKO oxHOMYy KBapuy. Muorma x Hum mopuco-
eAUHAIOTCH (eHOKpPUCTANIL OHOTHTA, pPOroBoil oO6MaHKu, MAMONCHAA HJH
am¢ubosos. Bee 3TH MHHepannl MOTYT NPHCYTCTBOBATH KakK NOPO3HDL, TaK
I BMecCTe.

M3 mpumcced BcTpewaroTess pYIANBIC  MHHEpAJnl, H3pelKa aTlaTHT,
MHOIZla UHPKOH. B HEeKOTOPBIX CaAy4yasX BCTPEYaeTcsi KOPAHEPHT ILIH TpPO-
JAYKT ero 3aMelleHHs — MHHHT, HHOT/Ia NIONajfaloTes r)awaT, THTAHUT, aHa-
Ta3, TypPMaJHH, Tomnas, (JI0OPHT, MYCKOBUT. BOJIbIIMIICTBO 3THX MHHepa-
JIOB, BEPOSATHO, CB3aHO C NOCTBYJAKAHIMCCKHMII mpoileccamu. Mapenka ouu
BCTpeYaloTCs, TaK e Kak TPHAUMHT, 11a CTEHKAX Mop B pPHOJHTaX.

OcnopHasi Macca B HEKOTOPHIX CJydasx 061aLacT MAKPO(PEJb3HTOBOMH,
CTeKJIOBATOR ¥ CQHEpPOJHTOBON MHKPOCTPYKTYpOoH. MuKpOnolKuanTOBas
CTPYKTYpa OuYcHb XapaKTepHa JUIf MHOTIX PHOJHTOB H DPHOJHUTOBHIX MHOP-
¢upos. B aunapuToBHX mopHpax pasBIBAIOTCS BTOPHUHBIE CTPYKTYpLl 3a
CYCT Pa3JIOKEHHS CTeKJa.

Deavzuramu HaspiBaloTCs apHpoBblc (adalHTOBLIE) PA3HOCTH HOP-
MaJbHBLIX PHOJHTOB. OHH OT.HYAIOTCSI IOJHBIM IJIH TIOYTH TOJHBIM OTCYT-
CTBHCM (CHOKPHCTAJJIOB, Pa3JHUHMBIX MaKPOCKONMUYECKH, HO HHOrAA CO-
JepKaT MHUKPONOPGHPOBLIC BLIACACHHS, HabTofaeMble MO MHKDOCKOIOM.

Cpenn cOOTBCTCTBYIOUIMX TOPHBIX TOPOA KAWHOTHNHBIM (eb3UTAM B
COOCTBEHHOM CMbIC/E CJIOBA OTBEUAIOT YUCTO CTEKJOBATHIC PA3HOBHAHOCTH,
penKo COXpaHdAIolHecs B JPEBHUX [IOPOAaX.

[Taneorunuple mop@upoBble KHCJble IOPOABI PA3JIHYAIOTCS N0 COCTABY
nopupoBsix Bblaesennil. Hanpumep, pasauuaior nopdbupsl, comepxamue
B BH/le EHOKPHCTAJIOB TOJLKO KBapIl M KBapl BMecTe ¢ HEHOKpHCTAJ-
JlaMy noJesoro unarta. Takde ropHble MOpPoOjBl HHOrJla HA3bIBAKOTCH KBap-
IleBLIMH NTOpQHUpaMHu,

[Toponsr ¢ mNOpPOUPOBHIMH BbIIEJEHHAMH TOJbLKO MOJEBLIX ILUNATOR
(uHOra BMeCTe ¢ PeIKHMH BLILEJICHHSMH IIBETHBIX MHHCPAJIOB, TJIABHBIM
o6pasoM GHOTHTA), MeX/1Y TeM KaK KBapll BXOAHT TOJIBKO B COCTAB OCHOB-
HOM MaccChl, Ha3bIBAIOT (eJb3HTOBBIMH NOPQHpPAMH B OT/AHYUHE OT KBaplie-
BLIX 1MOpPGHUPOB B COGCTBEHHOM cmbiciae cjoBa. OCHOBHAA Macca 5THX MO-
poj uyaie Bcero oGaagaeT MOX MHKPOCKONIOM MHKpPOQeJb3HTOBOH, HHOT/LA

chepOJINTOBOI MHKDOCTPYKTYPOH, HHOIJA Da3BHBAETCS BTOPHUHAS MHKPO-
NMOAKHNO6/1acTOBAA CTPYKTYpA.

[Toponnl HATPOBOro psja ¢ BKpAMJIEHHHKAMIl KHCJOTO [JATHOKJAAa3a
Ha3bIBAIOTCS KepaTopHpaMH; KalHeBbIC NOpPOJbl ¢ (PeHOKPHCTANIAMHI Ka-
JINEBOrO MOJICBOr0 UIMAaTa — KaJHEeBBIMU JUIApUTaMH. PasnHuaioTcs Takke
aJbOGUTH3HPOBAHHbIE PAa3HOCTH — KBaplieBble aJbOGHTO(HPEL, B KOTOPHIX Ge-
HOKDHCTAJJIbl TOJIEBLIX IIMATOB MNOJHOCTBIO 3aMellleHbl aanL6utom. OcHOBHas
Macca 3THX NOPOA 0GHApYXHBAaeT MHKPOCTPYKTYPY, CBOHACTBEHHYIO Tepe-
CHILIIeHHBIM KPeMHEKHCI0TOH 3¢ dysusHbiM nopoiaM: ¢enb3uToByI0, MHKPO-
NOMKHIHTOBYIO, YaCTbIO CHEPONUTOBYIO, MIPUUEM HEPEeNKH SBJEHHS MepeKpH-
CTaJIM3aUMH H 00pasoBaHHs IMOOYJsSPHBIX CPOCTKOB KBapia M asbOHTa.
OHnn BXOAAT B acCOUHALMIO €O CAMJHTAMH. B Tex c/yuasx, KOria B nopo-
lax COXPaHSAIOTCS PEJHKTH MOJeBLIX LINATOB, UX Jyullle HA3HBAThL albOH-
TH3HPOBAHHBIMH JIMIAPUTAMH WJIH JALUTAMH.
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PHOJIUTEI ¥ AaUHTBl WIH COOTBeTCTBYIOWLME MM nopdupn obpasyior
KynoJsa, HO HHOT[a IOTOKH I NOKPOBbI BCTPCUANOTCS B BHAE XKHIJa U Aaxe
B BHAe HerayGOKHX JMAKKOJHTOBBIX HHTPY3HH, He OTJHYasiCh CyLIeCTBeH-
HBLIMH INeTporpaduuyeckuMH Inpu3HakaMHu. M3BecTKOBO-len0uHble DHOJHTBI
I MALHTBl TECHO CBsI3aHbl ¢ AaHAE3HTAMH, HO AJd APYrHX CJyuaeB Xapak-
TepHa accouMandsi PHOJUTOB U 6a3a/bTOB.

Boabiioe kKoaMuecTBO ras3os, pacTBOPCHHLIX B 6OratblX KpeMHe3eMOM
MarMax, oTpa)kaeTcsi Ha xapaKTepe H3BepiKeHHH, DAIOLIKX MHOTO IIHDO-
KJaCTHYeCKUX MOPOA H OOUJbHblE HAKOMJEHHS MeM3bl, NpeAcTaBAsIOLEel 110
CBOeli CTPYKType HACTOSLIYID cuJIHKaToBYIO meHy. O6unbHoe ofpa3oBaHue
TeM3bl CONPOBOXKIAET MHOrHe KatacTpoduueckHe (B3pbIBHBIE) H3BepKeHHS
KHCJIBIX JIAB.

CreksioBaThie Pas3HOCTI MAarMaTHYECKHX NOpOA HauboJee LIHPOKO pac-
NpoCTpaHeHbl HMEHHO B rpynre KHcablX 3¢¢y3uBoB. OCTaHOBHMCSA Ha HIHX
noapo6Hee.

Byakanuueckoe ¢TeKa10 — 3To aMop(pHOe BellecTBO, OTBeuaiomiee (uc-
KTioyas JdeTyyde KOMIIOHEHTBI) COCTABY MarMaTHYecKoro pacnjaBa; OHO
SIB/JSIETCS CHJbHO [EPeOXJaXKIeHHOH MarMaTHuecKop xuakoctbio. CTekJo
XOTSl 1l 3aTBepAeBaeT, 110 B OOINX UepTax cOXpaHfeT GecnopsilouHoe MoJe-
KYyJApHOe cJ0XeHHe XHIAKOCTH. B cTexkaax, B OTJHYHe OT KpHUCTAJaHde-
CKHX TeJ, HeT CTpOrol mepuoamunocTtd. JJaa cTeksaa, Tak Xe Kak H 149
XHAKOCTH, XapaKTepeH TOJNbKO O6JIXHUA [OPAAOK, COXpaHAWILHACA Ha
10—12 A. Ha 60ablIX pacCTOsHHAX MEpHOAHYHOCTL Hapyliaercs. B na-
croaulce BpeMsi Hau6o.bllee KOJHUECTBO CTOPOHHHKOB HMeeT TOYKa 3pe-
HHSl O CYLIeCTBOBAHHHM B CTeKJax 6eCnopsfAOUHBIX TeTPa3ApHUeCKHX CCTOK.

Paanuuyug B cocraBe KPHCTAJIHYECKOH 1 creksgoBatoii $a3 B oTdesb-
HBIX CyuasX oYeHb BesquKH (Tabua. 18).

Ta6auuna 18

CocTaB oCTaTouHbiX pacnjaBoB (CTexga), o6pa3ylOlIHXCA TPH NOCJHEX0BATENbHOM BbIIEJIEHHH
MHHEpaJoB B aBToMarMaThdecknx Opexunsix (no O. B. IMapdenosoii; Tonapckuit mMacchs,
Uentpaabuuii Kaszaxcran)

Beconble npoLEeHTH OKHCJIOB

$io, | TiO, | ALO, |FeO MgO | Ca0 |Na,0| X,0

o6y

Hcxonnslil pacnpa . . . . 62,0 0,8|16,8| 5,4 |2,8|4,9]3,4]3,7

OctaTok mocJe KpHCTAJMAH3allHH  BKpan-

JIEHHHKOB . e e e e 72,8 — 13,7 | 4,3 0,211,62,9(5,2
XHMHUecKHH  coCTaB  BKpanJIeHHHKOB
(cymma) . ... ... ......|5B0,711,8(21,2| 6,7 |56]|8,1|4,1]|1,8

Croco6HoCTh K CTeKJa006pa30BaHUI0 MAarMaTHYeCKHX T[OPHBIX IOPOJ
HAXOAUTCST B TNPSAMOA 3aBUCHMOCTH OT COCTaBa ropHofi nopoasl. CUHTan0Ch,
YTO 5TO CBSI3aHO C BSI3KOCTbIO MarmartHueckoro pacngasa. CyliecTByiouiec
IpeACTaBJeHHE O MarMe KHCJOrO COCTaBa KaK BS3KOM  MaJONOABHAKHOM
pacniaaBe B OTJHYME OT AOCTATOYHO MOABHIKHOTO pacrmjaBa OCHOBHOrO coO-
CTaBa TMPHBEJO K MHEHHIO, UTO IJaBHBIM (aKTOPOM, CNOCOOCTBYIOUINM
(OpPMHPOBAHHIO CTEKOJ, $IBJAETCS BsI3KOCTh, KOTOpas 3aMeanseT KpHCTaJ-
JHuecKHe Tpouecchl W NMPHBOAHT K 3HauHTebHO 6onee uactoMy GopMHpO-
BAHMIO CTeK/J0BaTOil ¢ha3sl B pacijaBax KHCJIOrO cocTaBa. B Hacrtoaumee
BpeMsi H3BeCTHbl KHC/Jble MarmMaTHyecKHe paclliaBbl, obJajaioliHe IOBbI-
LIeHHOH MOABHMKHOCTBIO, YACTO JadKe MpeBbllaioliell MOABHAKHOCTh pac-
miaBa OCHOBHOro cocrapa. OOGblUHO MMEHHO 3TH paclJaBbl, 3aCTbiBasl,
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06pa3yioT CTEKJIOBHAHYK OCHOBHYIO MAacCy, IOJHOCTbIO JHIICHHYIO MHKpO-
JHTOB W cpepoanTos. [lo-Buaumomy, nauGosec BaKHbIM  (QaKkTOpOM NpH
¢opMIpOBaHHH CTeK10BaTOH (as3bl HAPALY ¢ XHMHUECKMM COCTABOM NOpO-
Abl, B YAaCTHOCTH C COAEPXKAHHEM IIeJouel, sBJAMSETCHA COCTAaB M KOJHUe-
CTBO JIETYYHX, COXDAHSIIOLIUXCS B pacnaaBe K MOMEHTY Cro 3aTBep/eBa-
HHsA. Bo3amoxHO, uTo 1pn 3TOM OcoGeHHO BaxHa po.Jb (BTOpa, KOTOPHIM
crioco6eH yAepKuBAaTbCA B pacliaBe JO0JTO€ BPeMs NPH MaJjoM JaBJEHHH.

Hapany ¢ xumpucckum cocraBoM pacniaBa  6oablioe  3HauyeHue IS
GopMHpOBaHHs BYJNKAHHYECKOrO CTEKJAA HMECT DEeKHM OXJaxaenus. Ma-
BECTHO, 4YTO CTEKJIa HHKOrAa He (OPMHPYIOTCHA B ILIYTOHHYECKHX, MEAJCHHO
OCTBHIBAIOUIUX TeJaX. BelcTpoe oxaJax/eHHe pacniaBa WM OTAeJeHHe JdeTy-
UHX KOMIIOHEHTOB SIBJSIETCH HENPCMEHHBIM YCJI0BHeM (OPMHDPOBAHUS CTeK-
7oBaThix as. Ilpn oxuHakoBOM coctaBe paciiaBa CTek/JoBaThble (assl
Hanbonee OOLIYHBI B MAJOMOILHBIX JABOBbIX IOTOKAX, B OCOGCHHOCTH
H3/HMBAIOLIUXCs B MOABOAHBLIX  YCJOBHSIX, B KPOBJIC H [10/IOLIBE MOLIHBIX
JIABOBBIX T€JI, B 30Hax 3H/JOKOHTaKTa AaeK, CHJJOB H JaKKOJIHTOB.

IToponbl, oTHOCHMBIE K BYJKAHHYECKHM CTEKJaM, MOLYT COJepKaTh
PEAKHE BKPANJIEHHHKH, MHKDOJHTBI H KPHUCTAMIHTLL (3MOPHOHAbHBIE KpH-
cTanabl). PasHOBHAHOCTH BYJKaHHUECKHMX CTEKOJ1 B 3aBHCHMOCTH OT COCTA-
B4, CON€DPKAHHUA BOALI H OCOGEHHOCTEH CTPYKTYPbl HOJAYYHAH pa3aHUHbIC
Ha3BaHusl. By/ikanuueckne cTek.j1a OCHOBHOTO COCTABa, sIBASIONUIHECH 1OCTA-
TOUHO pEAKUMH TOPOJAaMH, HOCAT HA3BaHHe TAXHJATA, rHaJOMesnaHa, Cop-
aoBanuta. Bosoce Ilene — cBoeoGpasHbie ByJKaHluecKle cTekJa, obpa-
3ylollile TOHKHC, mepenyTanHbie BosokHa. Ilpeanonaraeres, uto onn o6pa-
3YIOTCSl BBULYBAHHEM H DACHblIeHHEM BCTPOM (POHTAHOB OYCHb KHIAKOH
Marmbl. IIpoAyKTH pacCTeKA0BaHHS KHCABIX CTEKOJ OGBIYHO npeacTaBJIeHbl
Ka/JMHATPOBLIM TMOMEBLIM LIMaTOM M KpHcToGanutoMm. B. B. Hacenkuubim
MIpHBOAATCA C/IEAYIOlHe NaHHble O COACPXKAHUH JIeTYYHX KOMIOHEHTOB BYJ-
KaHHuYecKHX cTeKosa (ra6a. 19). ITo

COJEPKAHNIO BOALI KHC/ble BYJKA- Taganua 19
HHYeCKHe cTeKJa pas3fesioTcss Ha Conepxanue neryunx B crekne pana
06CHAHAHDI, MepJaHTHl, NeXMTeHHE mectopomennii CCCP
H MapeKaHHTLIL. Bec. % (10 OTHOWEHHIO K CYM-
O6cuanaHOM  HasblBaloOT ME TIETYRR, Ghy T HMaeMok e poe-
HEH3MEHEeHHOE JIHTADHTOBOE HIH  ggonel Sl e,
JHNAPHT-AALHTOBOE CTEKJO, COMAep- o | co, | 1 N, |¢A- mopoms,
Kauee MeHee 1% Boan. Makpo- ! ’ "
CKONHYeCKH 3TO cepasi, yepHas, pe-
Ke Oypas WJIM CypryyHo-KpacHas I 1452|47,8) — | 7,0] 6,66
MOpOAa TOJOCYATOH H MAacCCHBHOH g gg'é ?g’g é{ {:13(1) g'%g
TeKCTYpPbl. ¥YA. Bec o6cuznaHa 4 73.0 | 5.9| 2.4 | 17,9 | 4.02
2,27—2,40. Tlokasateanb mpesoMJe- 5 96,1 | — | 0,4 | 35| 4.23
uusa 1,480—1,493. Tlpu atmocdep- 6 [84,3)| 9,8/ 0,7 | 52| 6,703

HOM JaBJleHHH OOGCHAMAH HauyHHAeT

ni1asutbest npu 950° npu 400° OH CTAHOBMTHCH MIacTHUHBIM. M3MeHeHue
BASKOCTH NpH 3TOM uHTepBase TeMmnepatypsl 1012—1017 nyas. Has o6cu-
AMaHa XapaKTepHbl BKJAKOYeHHs KpPHCTOGaanTa, KBapL-MOJEBOIINATOBBIX H
KPHCTOOAIHT-TIONEeBOLINATOBBIX ¢epPOTHTOB.

[Tep sy r— Bylkannyeckoe CTEKJIO JHNAPHTOBOTO M JHIAPHT-LALH-
TOBOro cocraBa (SiO; — 68—74%; TiO, — 0,1—0,2%; AlLO; — 12—169%:;
Fe;03 —0,1—-0,5%;  FeO—0,2—1,0%; MgO—0,0—0,3%: MnO—
0,0—0,06%; CaO—0,5—1,5%; Na,0—25—9%: KyO— 3,3 50%:
H,0* —1,0—6,5%; H,0~—0,1—2,0%), B KOTOpBHIX NPHCYTCTBYET 6oJiee
I Bec. % Bonwl. IlepBonauanbHO MepaUTOM HA3BLIBAMH BYJIKAHHYECKHE CTeK-
1a C XapaKTepHON NepJHTOBOH KOHLUEHTPHYECKOH OTAENbHOCTBIO, GKOHTY-
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plBatorelt BHYTPCHHHI OaecTsmuil mwapuk — nepsa. Haubomee oOLIYHBIMH
SBJSIIOTCST NMepJaHTH, conepxkamue 2,5—69% HoO. Ilepautsl moryT OBITb
MaCCHBHBIMI I1J1H NOPHCTBIMH. [TopHCTBle LEpJaHTH 11a3BIBAIOTCA 11€M301.

O6cuanado-nepAUT (MapeKaHHT) OTJIAYAETCS HePaBHO-
MepHBIM pacnpepeaedreM BOAbL. [leXxmiTefH CcOLEep:KUT 3HAUHTCJbHBIC
KOJIHYeCTBA BOABl U OTJHYAETCH XapaKTePHBIM CMOJSHBIM OJecKOM.

Bynkawunueckue crexkJa KHCJOTO COCTaBa B CBSI3H € HX CHNOCOOHOCTLIO
BenyunBaTeest B 10—15 pa3 npeicraBasiioT co6ofl LeHHOe I0Je3HOe HCKO-
naemoe. 23% MIpOBOro 1pPOII3BOJACTBA MepJanTa HCMOMb3YeTCs AJS MoJyye-
HHs (QUIBTPONOPONIKOB, 22—23 — B NMpPOH3BOJACTBE Pa3JHYHBIX BHAOB Tell-
JO- 11 3BYKOH30JMALHKH, 22 — B KauecTBe 3alOJHHTENs MITYKaTypKH, 12% —
KaK 3anoaHuTe]b 6eToHa.

Ha puc. 105 n 106 npecacraBaelbl AHarpaMMbl 3aBHCHMOCTH TOKa3sa-
TeJICH MPCeAOMJICHHUST CTEKOJ OT COACPKAHHS B HHX BOJABI H KPEeMHEKHCJOTHI,
N03BOJISIIONIIE IPOI3BOANTL 1IX AHATCHOCTHKY B NEPBOM IPIGJIHKCHHH.

O6o6uieHHe AaHNbIX 710 KHICJABIM BYJAKAHOTEHHBIM I10POJaM fAaeT BO3-
MOXKHOCTb pacuJeHUTb uX Ha TpH cepuu— I-A, [-b u Il (Mapakyues,
SlxoBneBa, 1975). Ha puc. 107 mokazaHo pasiuuyHe ITHX CEPHI 110 BeJH-
YHHe M XapaKTepy H3MeleHls oTioileHus B nopoaax K,O:Na,O B 3aBu-
CHMOCTH OT KpPeMHeKICI0THOCTH (cojepxauus SiOp). B cepusx I-A u I-b
HaMeuaeTcss OOBLIYHOE [1s1 H3BEp:KEHHLIX IIOPOJA Hapacranue OTHOLICHHS
K.0 :NayO ¢ pocrtom KpemIlleKHCAOTHOCTH, TOTAa Kak B cepun 11 3T0 oTHo-
HICHHE 11C3aBUCHMO OT coicp:Kanusg SiOp; OHO NIpaKTHUCCKH OAHHAKOBO B
JunapuTax, Jauurtax, aHle3HTOAAlHTaxX, MpHYeM JOMHHIPYIOT COCTaBBHl €
npeo6sanannem kamaus Haj HaTpueMm. Cepus I-A (HaTpoBast) oObeaHHSIET
pPaHHercOCHHK/WHAAbHble 00pa30BaHusl, TIaBHHM 06pa3oM KOHTPACTHBIX
6a3aJbT-JUNAPUTOBLIX H 6a3anbT-LAalUTOBLIX acconHaunuil. OHH JIpeacTas-
JICHBI TOABOAHBIMH M3JAUSHHAMH U OGLIUHO MeTaMop¢pH30BaHB (aJbLOUTH-
3UPOBaHbl), HO CHJIbHO H3MeHeHHble pa3HOCTH 3ITHX TOpPOJ B Hacrosimee
conocTtasJsenne He BKIwueHbl. Cepus {-B (HaTpoBo-KagakeBasi) xapakTepu-
3yeT paHHEOPOreliHble 3Talbl TCOCHHKJIHHAJMBHOTO PAa3BHTHS 3¢MHOH KOpHI.
K Hedl oTHOCSITCS BYJKaHHTLI, cHOpPMHpPOBAHHLIC GOJbIICH YacTbio B Ha3eM-
HBIX YC/JOBHSIX (OHH INOABEPraJHCb KPAaCHOKAMCHHOMY H3MeHeHHI0). Byaka-
HHTBH KaJueBoil cepuu Il XxapaKTCpHU3YIOT NO3JHEOPOreHHbe 3Tanbl reoCHH-
KJHHAJbHOTO PAa3BHTHH HJH JKe CBfA3aHbl C OCOOLIMH CTPYKTypaMH aKTH-
BH3alUH IJIaTHOPMEHHBIX YyYaCTKOB 3eMHOH KOpPbl C XOpOUIO PAa3BHTHM
«TPAaHUTHBIM» cloeM. B neboabmux o6beMax OHH BCTpPeYalOTCst CPedH paH-
HETCOCHHKJHHANbHBIX 06pa30BaHHIl, OTHOCHCH K 3aKJIOUNTeJbHBIM 3Tanam
BYJIKAHHYECKHX [IHKJOB.

Kpome mnerpoxuMuueckux Ocob6CHHOCTEH, MOAUCPKHYTHX Ha puc. 107,
BYJKaHHTB HaMeUeHHBIX CepHil pasiuyarTcsi 1o obieMy cOcTaBy, reoso-
THYECKOMY IMOJIOXKEHHIO, XapaKTepy BYJKaHHUeCKOW HesTeIbHOCTH, CTpoOe-
HHIO MarMaTHYecKHX Te,q U NeTporpaduueckoil xapakrtepuctuke, Cepun 1-A
n I-b obnagawT cXOAHBIMH uepTaMH; B HUXKETPHBEJEHHOH XapaKTepu-
CTHKe OHH OOGBCIWHSIOTCS B €AHHYI0 Tpynny I, npoTHBomocraBasisich BYJ-
KaHutam cepuu I1.

Byakanurto rpynns | BxoasT B 6aszaiabT-1unaputoBeie (KOHT-
pacTHble) 1 B 6a3a’ibT-aHAC3NT-AAUUT-THIAPITOBEIE (HenpepniBHBIE) dop-
mMauuu. OHH LOJb3VIOTCS NMPCHMYIIECTBEHHBIM DacrpoCTpaHeHHeM B PaHHC-
reOCHHKJIIHAJABHOM BYJAKAaHH3Me, 4 Ha MO3AHUX 3Tanax pPa3BHTHS NOJBHXK-
HBIX 30H HMEIOT ToAunHeHHoe 3Hadyenue. OOGBIUHBI H3BepKEHHsT M3 BY.JIKa-
HOB LEHTPAJbHOI'0 THIA, peXKe — BAOJb JHHeHHBIX, TPEMHUHHBIX CTPYKTYp.

[Topoabl 3¢hdy3uBHOM, cyOBYJIKAHHYECKON H KepuaoBOil dalnuii B 3TOH
rpymmne nopoja pasjHyarTcs N0 OCOOGEHHOCTSIM BHYTDEHHEro CTPOEHHs Te
u netporpaduueckomy tuny. B sddysuBHoil danun pasanuatorcs cybda-
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Puc. 105, 3aBHCHMOCTBL CBeTOIpe-
JI0MJeHHA KHACJOTO BYJKaHHYECKOro
CTeka OT COJAepkaHus BOIH (10
Hacenkuny, 1963):
a, 6, 8 — MOKa3aTeu IpesoMJenus
COOTBETCTBEHHO 0€3BOJHOTO  CTeK-
Ja, CTeKJa, BbIAEPXKAHHOTO IIPH
400° 1o HOCTOSIHHOTO Beca, H «CH-
poro» crekna; [ —muepaur Jlucpa-
Gep — doHTaHCKOE MecTOpOXKIe-
une, ApMenusi; 2 — nepqur, ropa
Tawkecken, TagxkCCP; 3 — nepanr,
Cemeit-Tay, Kasaxcran, 4 — ByJKa-
HHUeCKHe CTeKJa MecTOPOXKJeHHd
Spoio-XoHa0
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Puc. 106. 3aBHCcHMOCTL I10Ka3a-
Tedsi 1IPCJIOMJIEHHST HCKYCCTBULI-
Horo CTeksaa OT COJdepxKaHusi
Si0, (no Buapsmcy #u  Ap.,
1957):
A — ¢TexJ0, NOJNy4eHHOE B De-
ayJpTaTe NJaBjedHs NOPOX pai-
ona [lapubanpav, DBpuranckas
Koaym6us; B — 10 Xe And TO-
pon paiona Jlaccen-Tluk, Kann-
¢dopuns; C—10 XKe jsi MOPOA
paitona Mapxausuiu, Kamadop-
Husi; D — NpHpOLHBIe CTEKJIOBa-
THe TOPOAM, u3yueHHble JL:KOp-
JKeM
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Puc. 107. Cepun KHCJBIX

I-B u 11), pasivuaionidecs 10 COOTHOIIEHHIO COAEP:KaHUs

Lle/IOYHBIX MeTa/VIOB B 3aBHCHUMOCTY OT KPEeMHEKHCJOTHO-
ct# (cymMMa uienodefi He npesbimaer 8,5%).

Kpazxparnbivil 3HakaMu ¢ apabekaMH uugpaMu BBILEACHDI

COCTABH THIHYIIBIX NPEACTABHTENCH MarMaTHYecKHX Cepui
no paGore Mapakyiwesa u Skosnepoil (1975)

BYJKaHHYECKHX
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WHH TEKYUHX 71aB, 3KCTPY3UBHAs H 3KCIVIO3HBHASA. OTHOCHTEbHDLI 06beM
TEKYUHx s1aB HeBequK. JlaBoBble 10TOKH 06pasylor KOPOTKHE, MOLUHbIE,
TYIIO BBLIKMIHHBAIOIHECS Tesa, KOHLUEHTPUPYIOUECs BOJN3H KEpPJOBHH;
OHH CJIOKEHB! JTABOBBIMII GPeKUYHSIMH, COCTOALLIIMI H3 06.10MKOB spdy3us-
HbIX MOPOL, CUEeMEHTHPOBAHHBIX J1aBOH TOrO »Ke COCTABA.

B naBoBLiX moTokax, ocobenno B MOLIHBIX, OTMeHAeTCst HEOLHOPOAHOE
BHYTPEHHEE CTPOEHHE, TPOABJAIONIEECH T1ABHbIM 00pa3oM B pasaHuHsix
TEKCTYP, pexe CTPYKTYP OCHOBHON MAacchl NOPOA. Bepxusis  uwacTth ;1aBo-
BLIX TIOTOKOB 4AaCTO C.103K€HA NYSBIPHCTBIMHE PA3HOCTAMH, B TO BpeMsl Kak
OEHTPANbHBIC 1 HHMXKHIIE€ YACTH HOTOKOB 1IMEIOT MacclBHyt0 W1 QuaoHranb-
HYIO TEKCTYPY. DKCTPYSHBEI — KYI01a 1I 0GCANCKH — C.18ra10Tes nopoja-
MH, KaK MpaBujo, obnagalomnumMn  ¢hJa0l1a 6ol TeKCTYpol. Haubosee
06bluHOIT GOPMOK ABAAIOTCS 3KCM03mn. B peayabTaTe B3PHIBOB 06pasylor-
¢t 06JOMKH MOPOA, OCKOJKH MHHEpAJIOB H menyoBbi MatepHaa. Popma
06.I0MKOB 110POX BO MHOTFOM 3aBHCHT OT cTeNemi KOIICONAallHH MaTepHa-
‘14 K MOMEHTY B3pbiBa. TBepAbII KOHCONMAHPOBAHHBL MarepuaJ nact psa-
HBI€ OCTPOYroJibHble 06JOMKIl HelpaBHIbHON popmbl, BLIGPOC }Ke BAZKOTO,
TeCTOOOPA3HoOro MarMaTiiueckoro Matepiiaza 4acTo HUPHBOAUT K (OPMIPO-
BaHHIO BYJKaHHUECKUX OOMO, CONpPOBOXK.1AMOLLIX NMPOKJACTBl KICJAOTO CO-
€TaBa. Bennunna o6n0MKOB nopox cBsizana kak c CHJI0M B3pBIBA, TaK W
rJ1aBHbIM 00pPa3oM ¢ yaaJeHHOCTBIO OT MecTa BbIOpoca. Kpynmoie o6aomki
KOHICHTpIPYIOTC  BOIN3H  MecTa  BmGpoca, He YAAJssiCb, 10 AaHHBIM
B. U. Baanosua, ua paccrosnue, npepblmatoiiee 1—2 KM, B To BpeMs Kak
Gosee MeJKHe 06.10MKH MOrYT ObLITb OTHECEHbl Ha COTHH KHJIOMETPOB OT
MecTa nsBepxeHus. B pesyabrate xoncoammaum PBIXJIOTO NTHPOKJACTHYC-
CKOro Mmatepnana GOpMHPYIOTCA  Tydbl — NOPOLBl, HMEONHE B KauecTpe
UCMEHTHPYIONIeH MAacChl TMeNIoBbIT MaTepnasd. [lem1oBbie YaCTHUKH, CNO-
KEHHLIC CTEKJOM, HMEIT GOpMy poryJek, CepINOBHAHBIX, KONbEeBUIHbIX
1aCTHYCK, OPHEHTHPOBAHHBIX B pasHble CTOPOHBI. OCKOIKH MHHepaJloB
HepaBHOMEpHO pacnpeeseHb B Nopoge.

B reonornuecknx paspesax [INPOKIacTHUCCKHE NOPOAbl CA4TAI0T JHH-
bl H IJACTbI, YepeldyiollHecs ¢ NOTOKAMH J1aB, TyGdbuTaMu 1 TydhoreHHb -
MH NecYaHHKaMH, 06pa30oBaBUIMMHCS 3a cyeT NIepEeMbIBA H IepeoTA0XKeHHsI
TYy$oB. JIUH3B W naacTh TydoB obaanawoT kpaiiHe HEOTHOPOAHBIM BHYT-
PEHHUM cTpoenneM. I'py60o6aoMOuHbIT MaTepHad He3aKOHOMEpPHOo mepe-
MelllaH ¢ TOHKOOOJOMOYHBIM.

[Moponsbl cy6Byakannueckoi Gawin pacnpoctpaHens WIHPOKO U mpej-
CTABJCHLI H3OMETPHUHBIMH B IIJdHE TeJaMH, 00/1a1a1I0IIHMH B paspese
KapaBaeoOpasHbIMH GopMamy, MOLIHBIMH, KOPOTKHMH JAaHKaMH, IUITOKOOG-
PasHbIMI TeaaMn. BuikAHHHBAIOTCA cy6ByJKaHMuecKHe Teqa Tyno, anodu-
3bl OGBIUHO OTCYTCTBYIOT. DK30- H SHIOKOHTAKTOBble M3MEHEHHS He OTMe-
uaorcs. Buytpennee ctpoenie tea KpaliHe HeOJIHOpOIHOe.

Hopoxnl xep.aoBoii daunn oTaHuaOTCS HEONHOPOAHBIM  CTPOEHHEM,
OHH OGBIYHO PE3KO (IIOHIAIbHB, YACTO NMY3bIPHCTBL M COLEPKAT 3HAYH-
TCABHOE KOJHUECTBO KPYNHBIX, HE3AKOHOMEPHO pacnpeneseHHbIX 06,10MKOB.

[Mopons  Moryr  6uith NOpPGHPOBBIMH H abupoBLIMI.  KomnuecTro
BKpAIICHHIKOB, KaK TpaBIJo, He TpeBbiaer 10—15%. B aunapurax
BEPAIICHHHKH TPEICTABIeHb KBapleM, KaleBLIM I10/eBbiM wInaToM, Ki-
C/AbIM NJ1aruoka1asoM. LIBeTHele MuHepalIb: OTCYTCTBYIOT. B naunurax kaame-
Bbill M0.IEBOA WIIAT HCYE3AET, MIArHOK.JA3 HeCKO.IbKo  GoJsee  cpenumii,
NHOTla BO BKpAIIeHHHKAaX NMOSIBJSAETCS POroBas 0GMaHKa. DeHoKplCTATIB
obananaior HIAHOMOPGHBIMH OUEPTAHHAMH 1 OOLIYHO NpeaCcTaBeHbl 01HOH,
FOpasfo  pexe ABYMS TeHepaillisiMu. CTpyKTYpBl OCHOBHON Macchl BIHTPO-

dbuposbie B coueTanun co chepoHTaMH 1 MIKPO.IITAM. Koanuectso coe-
POJHUTOB 4YACTO BeNUKO, KOTHYECTBO MHKPOJTHTOB B JAlIHTax BLILE, YeMm B
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JAumapuTax, Ho He mpesbimiaer 50%. B nasdcoTunHelx mopoaax paSBHBaI;(L))ITi;
csl BTOpHYHbIe CcTPYKTYpbl. CTeka0 pasaaraercsi Ha KBaQu-noneBo%m;STgBaH_
arperat. IlpeoGpasyioresi u cdepoanrsl. [lo )iapaKTep¥5 BHOBb O p patt
HLIX CTPYKTYp pasaiualotcss ByakanuTsl cepuil [-A, I-b, dopMupyromm:

B HEOJHHAKOBLIX (noaBoaubix — I-A n naszemublx — [-B) ycnosusx. o

TekcTypel 1OpoA MaccHBHble HJH GaOHLaJbHDLIE. BynKaHuTbla::E:blx
rpynnsl 0661YHO OTOPBAHbl B NPOCTPAHCTBE H BPEMEHH OT KOMarCMTH IHLX
M 1ayToHoB. Cpenu BysakaHuTOB | rpynmbi OTMeHarOTCd PasHOCTH, °
CHTeAbHO OGoraThle JEeTyulNMH KOMIOHEHTAaMH, B KOTOPHIX (HUKCHPYIOT
NMpOlleCcChl MAarMaTHYECKOro pacilieilleHHs, O BbIpaxalroTess B IIOSIBJIeIIHeIf
CTEKJIOBAThIX IMIApoBbIX 000Cc06.1eHHH, 3aKIIOUCHHBIX B CTeKngBaTgfo Iim
MEHTHDYIOLLYI0  Maccy, OTJIHUHyK 1o cocTaBy. IllapoBeie o6oco Jl\I/lechce
foraye KpeMHe3eMOM, HaTpHeM, KaJblHeM, a B LEMCHTUPYIOULEH cce
KOHILeHTpHpYeTcs Kaau#d. B 1apoBblX J1aBaX OTMEUACTCS NOBLILIEHHOE

opa.
ﬂeme?éfaﬁLS II rpynmbel OMHCLIBAKOTCS Pa3HYHBIMIIL HCCAELOBATEAAMH
1oJ Ha3BaHHeM HTHHUMODHTOB, HIHHCIYMHTOB, Ty(O0.JaB, CIeKUIHXCH Ty(’:()OB",
aBTOMarMaTiuecknx Opekunii, psymux TyhoB, TOPPHPOBBIX HH)T[)}SHH
u ap. B panc pabor ofiuHocTb IleTpOI‘pa(I)“II‘{CCKIIX ocoéenHOCTe'n BCeX STHS
o6pasoBaHIiil CBA3bIBAETCS CO crelH(ukoil GJIOHAHOTO pexHMma H 1opoj
o6 beIIHATCS B OJHY Tpynny 104 Ha3BaHHeM GMOHANOPGHPOB, HIH

HPOBBIX JHIIAPDUTOB H 7aLHTOB.
Cpﬂlogﬂ?(e)ggilHII)(JIHHaJ'IbelfII) 3Tan pas3BUTHSI MOpPOALl 3TOro KoMIjaexkca obpa-
3VIOT HeGoJbLIHe TeJa HHTPY3HBHOTO 3ajeraHds WJIW 3KCTPY3HH, paclpo-
CTpaHsiolllHecsd BAOJb Pa3ioMOB. B OporeHHble 1 MO3JHEOPOTreHHBIE STZHbf
rpoMaZHbie MAacchl 3THX [TOPOA VUacTBYIOT B CTPOEHHH BYJKaHHUYECKHX
II05COB, COBNAJAMOILIX C MOJOXKEHHEM 30H KPYIMHBIX TJYOHHHBIX Pas/OMOB,
yacTo cjadrasi BYJKaHO-TEKTOHHYECKHE RelpecCHH. '

B npoTHBONOJOXKHOCTE BysnKaHUTaM [ rpyninl pasagulsi B YCJAOBHAX
dbopmMupoBaHus TeJd He OTpaxkaioTcs Ha ocopeHHocmx nx Bﬂygpenﬂero
ctpoenusa. Tax, o6paszoBaHus CyﬁByJIE(aHH‘{EECKOH, JKepJOoBOH H €O C’I‘BeHHOI
3tbdy3uBHOH ¢aunii BYJIKAHUTOB 3TOH IpyInbl He MOryT ObiTb pa3sjefeHb

HeMy 00JHKY MOpoa.

" B}I{Te(;gonu} cocmnz HSpCl:)eHOKpHCTaJI.HOB 0CKOAbYaTOH (hopMbl H CTEKJO-
BaTON OCHOBHOH Macchl (BIIOHAASIBHOrO HJII TNENJIOBHAHOrO XapakTepa HJH
nJaMeHeBHAHBIX 060co6seHUA crekaa (dbsivMMme). OOBUHLIMI  ABASIOTCA
TaKXKe I TOMEOreHHBIE CPOCTKH MHHEpPAJOB, HANOMHHAIOLIHE YYacTKH mo.-
HOKPUCTAAAHYECKHX Nopod. BxpanmenHuku Haubosee XKHCABIX PasHOCTEH
NnpeacTaBJIeHbl KBaplieM, KaJHeBEIM TOJIeBbIM IINATOM, CpPeNHHM rmBarHo-
ka1asoM (Ne 40-—45), 6HOTHTOM, pexe NHPOKCEHOM H MarHeTlTOM. no-
porax ¢ Haubosnee HHU3KHM conep:KaHueM SiO, BKpanJeHHUKH XKBapua H
KaJHeBOr0 INOJEeBOro Inata OTCYTCTBYIOT. PaHHHe BLLIeJeHHS MarHeTHTa
u 6uoTHTa B accouHauun ¢ TIardokgasoMm Ne 54 CBHAETENLCTBYIOT 00
OTHOCUTE/JIbHO BHICOKOM  COAEP#AHHHU JeTYy4yHX KOMIIOHEHTOB B pacmiaBe
yA&Ke B HauaJbHblE 3Tallbl KPUCTAIH3ANHH H O BHICOKOM IOTEHILHATe KHCJIO0-
pona.

B uncje akuneccopHbIX MHHEPAJOB HAapsily ¢ anaTHTOM H LIHPKOHOM
oTMevaloTcss Gu1oopHT H rpanat. KosnuecTBo theHOKpHcTa 0B B 06paszo-
BaHUAX GMIONANOPGHPOBBIX KOMITJIEKCOB MOXKeT OblTh pas.iluHO, OIHAKO,
B OTJHUYHEe OT BYJKAHHTOB Tpynnbl I, yacTo GbIBA€T OUEHL BEJIHKO, TOCTH-
ras 50% Bcell macchl nopol. XapakrtepeH OGJHK (heHOKPHCTANIOB — OObIY-
HO OHHM HUMEIT (POPMY OCKOJIKOB, HEpelAKO BHIHBl CJelbl pacTsrHBaHHs,
pacrackuBaHnd, pasapob.eHns ¢ceHokpHcTaadaoB. M3yueHne B3aHMOOTHO-
UIeHHI BKPAmJ1eHHHKOB [O3BOJISET YCTAHOBHTH MHOIO3TalHOe HX BbLIEJTE-
nue. Tak, O. B. Ilapoenosoit nas aBromarmatiuveckux 6pekunis Tonmap-
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CKOroO MaccuBa Oblil YCTAHOBJICHB CJACAYIOULIC 3TAIlb] BbIleSIeHHS] BKpall-
NEeHHUKOB: [ -—anoprtur Ne 85; 11— naarnoksias Ne 54, pomGuueckuit mupo-
KCell ¢ KeJle3HcTocThio =30, KJAMHONNIPOKCeH [=22, 6HOTHT [=33, marHe-
ti1; Il—nasruoxnas Ne 48, pomGuueckuii mupokcen [=236, KJHHOIHPO-
Kced, 6uotut, marwernt; 1V — maarnokaas Ne 42, kanionupokcen f= 926,
6uotut f=36, marnerur; V — narnokaas Ne 16.

B oranune or sByakauntos 1 FPYNILL B PACCMATPUBACMBIX MOpOAAX
OCHOBIIAf Maccd CTCKJIOBATAS W JINIUCHIAS MHKPOJIHTOB ML c(epoaHTOBR.
Texctypnl ocHosioft Macen (DUHOMAANLHBIC HAH TCHJIOBHAHBIC € [OCTCHEH.
HBIMIL B3AUMIILIMK Tiepexogamn. MophoJoriieckn nenaosugnpe TeKCTYphI
OTJHYAIOTCS OT NEIUIOBBIX CTPYKTYD Ty(hoB OPIIEHTHPOBAHHBLIM pACIIO.IOXKE-
HHEM DOryJbKOBHIHDBIX 4aCTIIL, COBNAMAIOUIUX C HanmpasaenueM ¢haOHIAMD-
HoctH. A. Crefinep (1963) BucpBblc YCTAHOBIJI TPHUCYTCTBHE B OCHOBHOII
Macce HIHHMGDHTOB ABYX CTCKOJ, OTJNYAIOMLIIXCH Mo 10KasaTteaam Ipe-
aomaennst (1,494 un 1,518), 1 shickazan IIPCRNIOJIOKCHNC O JHKBALHOIHO
NPHPOAE HENIOBHAHBIX TEKCTYP.

Ckonienne JeTyynx B OTJe/bHbIX YUaCcTKax CTeKosl NPHBOIHT K obpa-
SOBAHHIO B CTEKJIOBATOll Macce Ipy6o3epHHCTLIX KBAPLU-101€BOLINATOBBIX
AHH3 CO CIE€AaMH MCPBIYIIOLO NPHCYTCTBIS B IIHX Tpuanmuta. JInHau opn-
EHTHPYIOTCS 110 GIIONAANLHOCTII, 06pasysi PA31yBbl B MeCTax ce Cru6os.
Hepasnoumeproe pacnpegenenne JAETYMHX B NI'IIMOPHTAX XOPOWO YBSA3LI-
BACTCA C NaHHBLIMII IKCIEPHMEHTOB, KOTOpble NIOKa3bIBAIOT, 4TO JHKBALNS
JIEI'KO. BOSHIKAET B CHJHKATHBIX DACILIABAX, COLCPKAILKX ¢pTop. Cymieer-
BYIOT Da3/HUHA B COOTHOLIEHHH IETPOrEHHBIX 3JCMEHTOR B JABYX CTEKJax,
B pESyabTaTe 4Ero B NAJEOTHNHBIX PASHOCTAX TOPOL 1O KaxI0H M3 CTek-
JIOBaThIX (ha3 Pa3BHBAIOTCA Pa3JHUYHBIE IO COCTaBY TOHKO3€PHHCTbIE KBApIL-
TIOJICBOIINATOBbIC arperartbl. DTO XOPOWIO BLISIBJSIETCS OpH MNpOKpallliBa-
HHH WH(OB KOGANLTHUTPATOM  Kadaus, PH KOTOPOM OAHA H3 MEPBHYHO-
CTCKI0BATLIX (a3 npokpamuBaetcs Gosjee HHTEHCHBHO, YTO CBHIETEJbCT-
BYET O NOBBIEHHOM COAEPKAHUH B Hell KaJus,

Byakanutel  paccmatpusaemoii IPynnpl  €aaralwT B MO3JAHHE 3ITAlbl
PASBUTHSA NMOJBHMHBIX 30H IPOMaiHLIC IIOWAAH, OOBIYHO SIBASACE ujeHa-
MH BYyJIKAHO-ITYTOHHYCCKIIX accounali. Hecmorpst na o6munii o610mMou-
HBI XapakTep nopoa, o6pa3oBallisi 3TOrO T COXPaHAIT OIHOPOHOCTL
CTPYKTYDHDBIX 1 TEKCTYPHBIX HPH3HAKOB HA GOJbLUIKX nromanax. He ycra-
HABINBACTCS N3MEHCINE pasMepa 06JOMKOB 10pOL, MHUHEPAJOB M CTeK.Jd
(bpsiMMe) 1O HampaBJIeHHID K BLIBOANLIM Kanasam, NOJHOCTBLIO OTCYTCT-
BYIOT OCTPOYTrOJIbHbIC OG.JIOMKH  POLCTBCHHBIX Nopox, a Takke U 6OMOH,
CTOJIb THITHYHBIC A5 HHPOKIACTHYECKIX o6pasoBanuit. B BepTukaibuom
HAalpaBJEHHM 1IHOTLA YAACTCH  YCTAHOBITL HEOJAHOPONHOCT B CTPOEHII
Te. HacTo B BepxHHX H HUKHHX YacTsx Tes TEKCTYPa MOPOM NemJIOBHAHAS,
B TO BpeMsl KaK UEHTPa/bHble HX YACTH CJOKEHb HauGosee b.onnanbHbL-
MII PA3HOCTAMH. B Testax xepaoBoil u cybBynKannueckoil dbauni yCTaHas-
JINBACTCS NIOBTOPEHHE JNHHUAMH (GAIOHAAALHOCTH M OPHEHTHDOBKH INem.1o-
BHIHBIX 4aCTHUCK HEPOBHOCTEH HHTPYSHBHBIX KOHTAKTOB.

OO6biunbIMI hopMami MarMaTHuecKux TeJ SIBJASIOTCH CUJIJIBlL  3HAYH-
TeJLHOl MPOTAMEHHOCTH (COTHH METPOB) NPI MaJOH MOIMIHOCTH (nepBLle
METpBI, 1HOrAa caHTHUMCTpbI). OHM 3a/€raloT COMMACHO ¢ BMeILAJOLIIIMH
OTJIOKCHHSMU H HEPCAKO OWIGOYHO NMPHHHMAIOTCS 3a MPOCJAOH KPHCTAMIO0-
Ty$0B, TyhdUTOR 1N TYyQOreHHbIX mecuanukoB. ONHAKO TeTanbHOe H3yue-
HHe NONOOHBIX Tea IO3BOJSET OGHAPYXUTh TOHYANUINE HMHBEKIHU BYyJIKa-
HHUCCKOro wmarepnasna B KpoBJIO I NofowBy Ted. Muorna BMemalouue
TOPOAbI TOHKO NPOHH3AHLI ano(U3AMH BYJKAIITOB, TAK UTO HeNoCpeacT-
BEHHAs JHHHA KOHTAKTA CTAUOBHTCH HOUeTKOH. BuiKaunlBamie paceMaTpy-
BACMBIX TeJ 4aCTO CONPOBOXKIAETCS HX TOHUAMILHM paciienyeniem.
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Kak oTmeuanoch, ByJaKaHoreHHble oOpasosaniis rpynusl I mo BpeM’fCH;T
oBpa3oBaHIsg 1 N0 YCJAOBISAM 3aJjeraHlis 4eTko 060cob.1eHbl OT(COO(’)Fge e
BYIOHIUX UM (KOMarMaTHUiIbIX) KHCJDLIX HHTPYSHBHBIX 10pOL (pas u(L) -
Hble ByJKanHyecKast H NJYTOHHYECKAs (l")aU,HH). Byakanuyeckue )nop HI(I)ﬁ
cepun 11, Hao6OPOT, OTANYAIOTCS TECHOIL HpO(‘TpaHC’TBQHHOH H BpLMeﬂH ol
CBSI3bI0O ¢ UHTPY3UBLILIMI 0OpasoBaHHsiMi. BynxkaHdThl 1IENTHYILL 11 }I/“m
HHUYECKIIM I0POJAAM 110 COCTABY MIIHEPAJOB I MIHEPaJdbHLIM accounaunmxb
KaXKJOro 113 3TalloB  KPICTAMIH3AUUH  1OPOI, omuvua;be oT anngwo‘
CTPYKTYpaMll OCIHOBHUOIl MaccChl -— CTeKJOBATBLIMII B Bynxdumalx[ Iiané(vmec
KPHCTAJMNYECKIIMII B IPaHHTOHAAX. HIY[QIIHO K cepii n(zpon 1‘ pogec
IOJHO NIPIJOKUM  PACHPOCTpAlieHHLIT B JdiTepatype  (1ocsac [acco-
E. K. YcrtneBa) tepMHH «ByJaKaHo-IJAyToHndeckasg Gopmauis, Wil

>,
uHau(I)IZTaI{OBIIMCH Ha TepMiHe <«HrIIMOPUT», BBEJAEHHOM B JHTEpPaTYpy
[1. Mapmaaiom B 1935 r. ByxkpasibHbIi CMbIC/I 3TOTO T’CpMHII‘a (ignis —
OTHEHHBIA, Imber — JuBedb), mOAUCpPKHBAIOUINI nupomc‘icchcxylo an]z):il:
POy TIOPOA, B llacTOsiiiee Bpems, IMO-BIAIIMOMY, MOMKHO CUITATb yOT6p ;TOM
LM, MIrEHMOPHTEL He SBJASIOTCH NIPOKJACTHUECKHMII nopoll‘allwu. ou
CBILACTCALCTBYCT HAXOMACHUC IHTPY3UBHBIX QopM X SaJKI‘dHVHH, OTC}bl‘-
CTBHE COPTHPOBKI OGJOMKOB 110 I'PDAHYJOMCTPHUECKOMY COCTABY 11 Pacllbl
Jennst 06JOMKOB BKpPAIMJICHHHKOB, HEH30eXIoro TnpH BB[)bI](Be,)Il MHOTHe
Apyriuc npusnaku. Tepmin <<III‘II]’1MG[)}IT>> ILTIPOKO ])?CH[)OCT[)&HLII B JHTE
paTtype, UTO ONpaBALIBACT €ro ganbHelee ynorpebiacHue. JGux

Kucamii MarMaTHaM mnposiBAACTCS pasjiHuyHO H B PasHLIX MaciiTadan
B 3aBHCHMOCTII OT F'¢OCTPYKTYPHOH 0OOCTAHOBKII H COCT4BA aCCOLHHPYIOUIHX
¢ HUM 0a34JbTOB, YTO MOXKET pacCMaTPHBATLCS B KauecTBe IIPH3HAKA HX
reHeTHUYECKOro cpoacrsa. B accouuauiuu ¢ OeHBIMH K4JHEM  TOJIeHTOBLI-
MH 6a3asbTaMli OKeaHHUYeCKMX o6JacTedl, BHEUIHHX (<OKEaHHYECKHX»)
OCTPOBHBLIX AYT, OTHOCSIIIUXCSl K 3Tamam paHHereOCHHKnHHanbﬂoéro pasBu-
THS, KUCABLIH BYJKAHU3M IIPOSIBJASETCS He3HAUHTENbHO H MOXeT OLThL CBfi-
34aH ¢ oTulenyeHHeM OT 6a3aJbTOBBIX Marm KHCJAbIX (JIOHIHO-CHIHKATHBIX
pacnaaBos npH oboraureHud HX JETYYHMI KOMIIOHEHTami KHCJIOTHOI‘g pa-
na (HCI, HF, HNO;, H,S, HySO; u np.). Ha B03MO)~K'HOCT]I no06HOro
KHCJOTHOIO OTHIellIeHHs OT 6a3a’bTOBLIX PACIAABOB YKa3LiBaeT YCTaHOB-
JCHHC 1PU  3/1CKTPOHHO-MIKDOCKOIIHYECKOM  II3YUEHHH  HEeOIHOPOLHOCTEN
coctaBa 0a3aJabTOBBLIX CTE€KOJ, B KOTODBIX MECTAMH CONCPIRAHHE SIQQ 10~
cturaetr 65—71%. C BospacranneMm Bo (JI0HAAX COAEPMNKAHHA KHCAOTHBLIX
KOMMOHCHTOB MOTYT YCHJHBATBLCS INPONECCHl 3KCTPAKLHU  QIoMIaMu XKe-
Jle30MarHe3sydanblblXx KOMIIOHEHTOB H KaJbllif, CNOCOOCTBYOMHUX GhopMHpO-
BAHHIO KCpaTogHPOBLIX H IJIATHOXALIITOBBIX pacn.apos. ITosiBaiene Kii-
CJIOTO BY.KaHH3Ma BCET/a CONPAMXKEHO ¢ YCHJIeHHEM B X01€ MArMaTHUCCKON
3BOJIIOLKMH HHTEHCUBHOCTH GJIIOHIHOR AesiTeJbHOCTH KHCJIOTHOIO npoqony:m.
B naubonee «okeaHHueckHX» uensix ocTpoBHbiXx ayr (Masy-Bouunckas,
Mapunanckas, Tonra-Kamanek u ap.) ¢ MOmHLIMII H3JIHSHHSIMH TOJIEHTO-
BHIX 0a3aJqbTOB AacCOLMHUPYIOTCA TIeM3bl JAaLUTOB H JHIOAPHTOB Kpafine
KeJIe3HCTOTO COCTaBa, OTBEUAIOUIHE 3AKJIIOUNTENBHBIM MAarMaTHYECKHM LIHK-
JaM B PasBITHH LIUTOBBIX ByJkaHoB. Takoil xapakTep nme}oE NpOsIBJIeHHS
KHCJBIX BYJKAHHYCCKIX TIOPOA B JIOXKE OKCAHOB, Tamxoe npwgasgexgbf
KpailHe 2Keqe3ucTblMH pasHoctaMi (MgO=0,1—0,4%, FeO+Fe;03=
=22—12,0%). Bausxie nmo coctaBy KIC/ble MMOPOABI XKE€J€3HCTOr0 COCTa-
Ba (rpaxodupbl) BO3HUKAOT NpH LHbdepeHIlHaUHH  TOJ1enT-6a3a.1bTOBLIX
Marsm, KpICTaLIu3YIOmIXCs B NIaTGOPMEHHBIX VCJAOBHAX (CTPaTHQHIHPO-
BAHHLIE MArMaTHUECKHE KOMIIEKCH). AHAJOriuHble O00pAa3oBaHHs OTMe-
yalotress B 6azaanTtax Jlvion  (Gancarz, 1971)’. DTH KCICIHCTLIE KHCADble
MdrMbl, FeHeTHUECKH CBSI3AHHLIC C TOJEUT-0a3aJbTOBBIM  MarMaTHIMOM,
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pacnpocTpaHedbl He3aBUCHMO OT Tuna 3emHoll Kopel. B comocraBaende Ha
puc. 107 3TOT THN KHUCJbIX NOPOA HE BK/IOUEH.

Ha 6osee pasButbiXx ocTpoBHBIX ayrax (Ageytckas, Kypuibckas,
Piokio, 3ounckas, Hosbie T'eGpuab, Hosas bputanns, CoaoMoHOBB! 0-Ba
H Ap.) KHCJBIH MAarMaTiH3M CBSI3blBAaeTCsi C pasBHTIEM alle3HTOBOrO BYJ-
KaHH3Ma, OTHOCACh OOLIUHO K 3aKJIOYNTENbHLIM (a3aM  BYJKAHHUECKHX
1HKJI0B. LIeHTpbl K1IcA0ro MarMaTH3Ma NpecTaBAcHbl HeOOJbHIHMH B3pbIB-
HBIMH Kaapiepamy (2-—4 KM B auameTpe), BO3HHKAMOUINIMH HA AHAE3HTO-
BbIX BY.JKaHax B 3aKJI0UHTebHYIO ¢a3y HMX Pa3BHTHS, H 3KCTPY3HBHBIMH
Kylioaamu. Buejapenne kucaoil marmbl XapaxTepusyercd  ¢peaTHUeCKHMII
B3pLIBAMII 1 BBIOPOCAMII MUPOKJAACTHKI, 3aBeplLIAsiCb POCTOM  3KCTPY3HB-
HBIX KynoJaoB. [lpuMepamili MOTYT CIYKHThb YeTBEPTHUHbIC 1I COBPEMEHHbIC
angesuTosble Byakannl Kamuatku (lllesenyu, DBesmiMmsinuuii, JlBop, Asa-
anCK)aﬂ Conka n ap.), Kypuabckux octpooB (Tao-Pycwip, Xapumkoran
noap.).

GdopMUpoBaHIic BYJIKAHHTOB IIPOUCXOANT B HA3eMIILIX U pexe MOABOI-
Hblx yeaoBusax (cepus I-A, puc. 107). PasBuTie 3TOro THMa BVJIKAHU3MA
OrpaHHUNBACTCA YCJIOBHAMIL 3€MHOI KOPb, B KOTOPOIl BBLILCASETCA «Tpa-
HHTHBIA» C.I00.

JBOJIOUMH BYJAKaHH3MA (6a3a/bThl — aHAE3UTbi — AAUMTLL — JAMNapH-
TLI) cnocoOCTBYeT pas3BHTHe B TIJYOHHHBIX O4Yarax MarMaTHYecKoro 3ame-
LIeHHs, TIPH KOTOPOM MPOHCXOJHT ~ CEJICKTHBHOE yCBOCHIC  KOMIIOHEHTOB
3e€MHOH KOpBbl, CHOCOGCTBYIOUIMX AOCTHXKEHHIO MAarMamMH mpefesbHbIX (3B-
TeKTHUeCKHX) COCTAaBOB (aHAE3UTOBOTO, NALKHTOBOro, Jumaputooro). Ha-
KOHell, MarMatuam nosguero stana (lI, puc. 107) xapaxkrtepusyercs mupo-
KHM pa3BHTHEM HA3eMHBIX KHCJLIX (JHNAPUTOBBLIX) NaB, NPHYPOUEHHBLIX K
061aCTAM C XOPOINO PA3BHTON KOPOH KOHTHHEHTAJbLHOrO THIA, ¢ MOLLHBIM
TPAHHTHBIM CJIO€M, KOTOPHIC HCMBITLIBAIOT YCTOHUWBBIE BOCXOSILHE JBHMKeE-
Hus. LleHTpbl KHCAOrO MarMatH3Ma 3TOTO THIA HAKJAA[bIBAIOTCS Ha BYJAKa-
Hbl NPeAIEeCTBYIONIHX 3TaloB 1 6ogee ApeBHHe DHCAONIPOBAHHblE KOMII-
nekcel. IIpu 3atom 06pasyioTcsi Kpymible BYJAKAHO-TEKTOHHUYECKHE JHHENHbIE
cTpYKTYpH Ttuna rpaGedos (Toxkaupn B HAnonuu, Tayhno-Porapya B Hobon
3enanaun, To6a Ha CymaTpe M Ip.) M KOJbILEBBIX JeNpeccHii (CTPYKTY-
pul Y3oHa, B, Cemsiueka 1 Xaurapa vHa Kamuatke:; Akad, Arta, Aco, 3iipa
B Simonuu). B 3Tofl cepHu KuCJABIE MarMaTuaM MNOJydaer 0COBCHHO ’umpo-
Koe pa3BmHeuénarozLapﬂ 3KCTEHCHBHBIM IIpOIleccaM MarMaTHYecKOro 3ame-
LUIeHUSl 3€MHOH KOpbl, OXBATLIBAIOILETO He TOJbLKO TPAHUTHBLIA, HO K 6a3alib-

TOBLIf ¢/10W. [IpH 3TOM Hepeako YyTpauHBAlOTCS CBA3H C BYJKAHHIMOM 60-
Jice OCHOBHOTO COCTaBa. )

WEJOYHBLIE MOPOAbI BE3 ®EJbAIINATOUAOB
(P11 B)

XapakTepHCcTHKA CpelHero XHMHYECKOro COCTaBa  LIEJOUYHBIX TOPOI
(psawt B, B, T') ¢ pasaunuHbiM comepxanHueM KpemHe3eMa MPHUBOLMTCH B
TabJ. 15u (06o3nauennl uudpon 11). 1o 3TUM JaHHBIM COCTaBJeH Koppeas-
LLHOHHBI I‘pa(bUHK (puc. 108), KOTOPBIM IMOAUYEPKIIBACTCH CHEIHPHUHOCTh
XHMI3Ma 3TOH TPYHIbl  HOPOJ, HX MPHHLIIHAJBHOE OTJudlie OT HOpPOL
e 104Ho3eMe bHoro psina. OHO MpocJaeKHBaeTCst TaKkKe B [e0JIOTHUECKHMX
VeAOBUAX uX pasBuTus. lllenoyHoaeMesbHbie MarMaTHueCKHe NOPOLHW Tec-
HO CBSI3aHbI C HAYAAbHBIMH I 3PEIBIMI CTAJHAMH Da3BHTHS 5BrCOCHHKJIII-
Hateldl M APYrUX NOJABHXKHLIX 30H, TOTAA KakK I1€10UHOH MarMaTuaM IIposs-
JASeTCA B PA3noodpasHbIX CTPYKTYPAX 3eMIONl KOPbl B YCJAOBHSX  1aJeKO
samenmeii crabuansanni. HICI0uHBIM MarMaTH3MOM 10 CYLIECTBY 3aBep-
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laeTcsi pas3BiiTHE TOFO MM MHOTO MarMaTuueckoro uukaa. [loatomy mnpH
FeOTOrHYECKHX HCC/1e10BAHUAX OCOGEHHO BaXKHO YCTaHOBJCHHE 3BOJIOLH-
OHHBIX TEHAEHIl MarMaTHaMa B CTOPOHY LIEJOYHBIX cepufi. PacemotpuMm
noApoGHee rpally pa3iela l1eqoyHO3eMeJbHOTO (A) n weaoutoro (b)
pAN0B, KOTOPOfi, KAK BHAHO 13 PHC. 95, B NepBYI0 ouepellb ONPeNeNsoTCs
B3aMMOOTHOIICHHS NYHHTOB 1 MeHMeulTOB (x11M06epaiTOB), MHKPHTOB H
L(eJOUHbIX MHIKPHTOB, 6a3a1bTOB 1 ILEIOUHLIX 6a3a.1bTOB, aHae3uTo0asalb-
TOB H TpaxHaHLc3nT06a3anbTOB, NHOPHTOB (aH1e31TOB) 1l CHEHUTOB (Tpa-
XHTOB), FpaHOLHOPHUTOB (1auMTOB) M KBapLEBLIX CHEHHTOB (kBapleBbIX
TpaxuToB), TPaHIITOB (UnapuToB) I -LEJOUIIBIX TPaHHTOB (nanTeanepu-
TOB).

B uacTil yJAbTPAOCHOBHBIX NOPOL 3TO pasiuyle HETRO BLIpaXeHO Ha
TpeyroJbHOR JAHarpaMme (puc. 109) SiO; —2X uenoucii — SFet24Fet?,
Ha KOTOpOil HaHeceHbl TOYKH CpeLHIIX COCTaBOB yJAbTPAOCHOBHBIX TOPOL.
C yBealiuenneM LIEJOYHOCTII 1I0POL NPOHCXOLHT yBe/li4eHHe B HHX COAep-
KaHus OKHcaoB kesnesa. Ha muarpammax puc. 110, 111 BHAHO, UTO C YBe-
THYCHHCM LIEJOUHOCTH MOPOJ MPOHCXONHT TaKKe POCT COAEPKAHUA B HHX
TuTauna 1 oTHoulenus Fe/Mg, T. e. oOueil KeJe3HUCTOCTI MOPOL. Yabrpa-
OCHOBHBIC TIOPO/BI 1LEJOYHOTO pflad XapaKTepHIYITCH GoabmIHMH KoseOa-
HUSIMH X1IIMHUECKOTO COCTaBa, M CYLIeCTBEHHYIO pOab B HHX npuobpeTaioT
l1leJOUHble 31eMeHThl — HaTpli H KaJuh.

B nopojax 11eJ04HO3€MEIBHOTO DAL TMaBHLIMN MHHEpaJaMH SBJISIOT-
csi OJMBHH, pOMOIYECKHH MHPOKCEH; B MOpoAaX HOBBLILIEHHOH 1€ T0YHOCTH
pasBHTbl ONHBHH, POMOHYECKHH THPOKCEH, MOHOKJHHHBIA THPOKCEH, CAKIbI
(6notut, daorount). lenouusie yJIbTPAOCHOBHLIE MOPOLI CJI0XKEHDBl KPO-
Me OJHMBHHA M ITHPOKCEHOB ¢JioaaMi, HedeaHHOoM, JeHLHTOM H psiioM IpYy-
rHX MHHEpaJoB.

VAbTpaOCHOBHbBIE 110POJbI paccMaTpHBaeMoO# TpyHmsl OTIHHAITCA OT
OPOJ LUEJOYHO3EMEJIbHOrO pflla MOBLILICHHBIM colepxkaHleM  ILEN0UHBIX
sneMenToB (puc. 109), xesnesa n THUTAHA. DTH meTpoxXUMHueckHe ocobeH-
HOCTH TIOpPOJL CKa3blBAIOTCA HA HX MHHEPAJbHOM COCTABE HOAIBJEHHEM Ta-
KHX MHHEpaJoB, KaK poroas oOMaHKa, 6UOTUT, GAOrONUT, aBIUT H THTAH-
aBrHT, THTAHHCTbIE MHHEpPa/bl, KOTOpble Pa3BHBAIOTCH COBMECTHO € Xapax-
TepHBIMH ISt yJIbTPa6asHTOB OMMBHHOM i ITHPOKCEHaMU. TlonHOKpPUCTANNHR-
yeckHe TOPOIbI B 3aBHCHMOCTH OT MHHEPaJbHOr0 COCTaBad noapasaenniorcs
Ha pOroBoOOMANKOBbIE II€PHIOTHTHI, pOroBoBOOOMaHKOBO-C/IIOAsIHbIE, CJII0-
AsiHbie TepPUAOTUTH WM MHPOKCEHHTH. [MTopoasl, C/I0XKEeHHbE OJHBHHOM,
ABFUTOM M pOroBoii 0OMaHKOIl, Ha3bIBAIOTCS mpuCreHMHTaMH, 8 Pa3HOCTH,
colepiKallue ONHBHH, pOMOMUCCKHA MHPOKCEH, aBIUT 1 POroBylo o6maH-
Ky,—xoptaanantamu. Cosnepxanue poroBoii o6MaHKu H GHOTHTA B pac-
CcMaTpHBAeMbIX NOPOJLAX HE IOCTOSHHO. Ho ecan conepxaHne OHOTHTA
06bIUHO BEJIHKO, TO pOroBas 0OMaHKa MOXKET IO.JHOCTbIO BLITECHATL OC-
TajdbHble MHHepaJu, o0pasys MOHOMHHEDAJIbHYIO pOroBoOo6MaHKOBY10
nopony — ropubaenaur. Ilo coxepxanuio Kpemuesema (6osee  45%)
ropHO6JEHAHTbI OTHOCATCS K MNOpPOAaM cpenHeil KpeMHEKHCI0THOCTH.

Tlopoabl 3pdy3aBHbIE U KHJIbHBIC B 3TOfl Tpynne npeacTaBaeHbl Med-
MeuHTamH, KiMGepantamu H nuxkputami. [locnennue, npasia, uacTo HMEIOT
NOJHOKpHCTA/AIHYeckoe cioxenne. B sTol rpynne nopoa Hapsay ¢ OJHBH-
HOM ¥ KJIMHONHMPOKCEHAMU 4aCTO BCTPEUaloTest B HeGOJBUINX KOMHYECTBAX
6UOTHT, rpaHaT, pexe njarkokaas. Mspeaka oTMeuaercs HEH3MEHCHHOE
CTEKJ0 YJbTPAOCHOBHOTO cocTaBa. MefiMeuuTnl ABAAIOTCA 3¢ dy3UBHBIMU
WIH THIAGHCCAMBHBIMII Pa3HOCTSNH Y.IbTpaba3uToB.

CBsi3b MKy MHHEPATbHBIM COCTABOM H XHMH3MOM Y.1bTPaOCHOBHLIX
MOpPOJL MOBBIIEHHON  IIeJOUHOCTH  OTpakela Ha napareHeTHYeCKON JaHa-
rpamsme puc. 112, M3 gmarpaMMel BULHO, 1TO 6oabuIasi yacTb MHOPOI Yib-
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TPAaOCHOBHOIrO CcOCTaBa NonajgaeT B MoJe¢ OJIHBHH — IMIPOKCEHbl CO cMelje-
HHeM HX B NMHPOKCEHOBYIO CTOpPOHY MNpH YBeJHYEHHH conepXKausg KAHHO-

20
BE N S

16

14

Bec. Y, mpovux awucaod

50 55 60
Bec. 9, 5i0,

Puc. 108. Koppeasiuns cogepxanna SiO, Puc. 109. CooTHoweHne
H JPYTHX OKHCJIOB B H3BEPHKeHHBIX TOp-

LIeJOYHOCTH H
KeIe3HCTOCTH YJbTPAOCHOBHBIX NOPO1 Ha
HBIX 10pOjax (0 CpeJHHM cocTaBaM). Anarpamme Si—Fe+Mn—K+Na (5 ;ro'w-

Llenounsie nopoast (paas B, B, T) HBIX KOJIHYecTBax):

I — yabTpaocHoBHBle Mopoiabl  miemouHo-

seMesapHOro  pspa, Il — yasTpaochosHbiC

IOPOAbl NOBBIEHHOA wlegoYHoCTH, [I] —
LLeNOYNBIC y/IBTPAOCHOBIIbIE TTOPOB!

Ti0,,
dec +
Jr ) z—“—ﬂn—z * amoM.%
Q6 FLreemneng’
72k + a5 N
1 0s ‘0\\
1 a0 + 3‘23 \\ ’a \\ o n
é ‘ x ‘\%- I N\ Pon f
] I 1 1 1 ) 1 1 8 ?’I \6 \®s
20 40 6,0 80 . S - L
03 0r7  +x3 o4 K20+Nafﬂ,_ a5 10 15
oc ] Lraon 2%
Puc. 110. HsMenenne coxepxanus TiO; Puc. 111. MasMenenne XKele3HcTocTH yJbTpa-
nopojiax yJbTPAOCHOBHOTO COCTAaBa B CBsl- OCHOBHBIX NOPOJ B 3aBHCHMOCTH OT cOlep-
34 C colepKaHueM lieaouell: HKagus le.ovedi:
] — nepuUNOTHTHL U AYHHTHI, 2 — ANPOKCe- I — nyuwr, 2 — rapubyprar, 3 — JepuosuT,
HHUTBI; 3 — yJbTPAOCHOBHbBIE NOPOLBl Ile- 4 — BepJuUT, OJUBHHHUT, 5 — GpousutHT, 6 —
JIOUHOrO psijla; 4 — vAbTPAOCHOBHBIE IO- Be6cTepuT, 7 — guaJnarut, 8 — kocbsur, 9 —
pOJbl NOBBEILEHHOA LIEJ0YHOCTH KiumBepaur, 10— mefimeunt, f/—wpucreiimur,

12 — nukput; | — ayHATH, nepugoTHTh, II —
fupoxcenntsl, 111 — yabrpaocHosusie nopoim
NOBBILIEHHON 11eJJOYHOCTH

MHPOKCeNna HIH POroBoii o6MaHKHM. Touka ropubIcHAHTA NONAAACT B 110Me
THPOKCEHOB C KBapileM, 4YTO CBHAETE.IbCTBYET 00 HX CPeiHell KpeMHeKHc-
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JOTHOCTH. MOXHO OTMETHTb, YTO YBCJIHUCHHE KPCMHEKHCJIOTHOCTH MOPOA
COTPOBOXKAALTCST yBesgHueHHeM HX »keJe3ucTtocTH oT 0,12 vy knm6epauToB
10 0,30 y ropHOJIeHIHTOB.

InaBHbIMU MHHepaJgaMu YJbTPAOCHOBHLIX I110DOMA MOBLIILEHHOH nieoy-
HOCTH SIBJAIOTCS  OJIMBHII, ITHPOKCEHLI, poroBas ob6manka, GHOTHT. Btopo-
CTeNMEeHHbIe MHHEpaabl NpeacTaB/JeHbl IJTArioKJI4a30M, rpaHaToM H pAIOM
JAPYTHX MHHepaJoB. AKleccopHble
MHHepaabl  OueHb pa3HooOpas3HHl  §i
KpoMe oObuHBIX THTaHOMarHetnTa U
H XpOMIIIHHeNHJa Da3BHTBl, 0CO-
OeHHo B KUMGepJIuTax N MenMeui-
Tax, amaTHT, THKOTHT, TEePOBCKHT,
MHPOXJOp, MOHALHT, LHPKOH I
MHOTHe JApYrue ‘MuHepaJbl, colep-
})alile  peaKo3eMesbHbIe 3.1e-
MEHTHI.

OausnH — oAuKR 13 Hanbosaee
pacnpoCTPaHEHHBIX MHHEpPaJ0s.
B noanoxpucTaninueckux mopo-
1aXx — pOTOBOOOMAHKOBLIX u 6il0-

Puc. 112. Ilapareneruueckas paMarpaMMa

nopoa yAbTPAOCHOBHOIO COCTABa INOBLI- I T [ N ES TR P S

wennolt menounoctTH 1 wenounkix nopox  Mgefe (N JOA
)

THTOBBIX MepUIOTHTAX — OJHUBHUHbBI MO XapakTepy pa3BHTHH 11 COCTaBy

0JIM3KH K TAKOBbIM OOLIYHBIX TEepHIOTHUTOB. B MeliMeuuTax H GOJLIIHHCTBE
KUMOEpNHTOB OJHBHH BCTPeyaeTcA B BHAE BKPAalJICHHHKOB H HMeeT 0OObIU-
Hyro xkegesuctroctb — 9—119% dasautoBoii cocramasitonell, B HeKoTOpBIX
Tunax KuMOepJHTOB OMHBHH colepXkuT ao 189% dasnaura. [Tpubananurens-
10 TAaKOH Xe COCTaB AMeeT OJIMBHH H3 MHKPUTOB, Ile OH TakKXe pas3sii-
BaeTcs B BUAE BKpaIJIEHHUKOB.

PomOnueckHii NHPOKCEH, NpeACTABJEHHBIT OGpPOH3HTOM, BCTpeuyaeTc:
rn1aBHbiM 06pa3oM B MOJHOKpPHCTAJJHUECKHX llOpoAax; ero ¢opma u co-
cTaB GJM3KH K TAaKOBBLIM OOBLIUHBIX TepHAOTHTOB. To Xe MOXKHO CKa3aTb W
O KJHHONHPOKCEHEe, HO B paccMaTpHBaeMBIX MOPCAAx OH dUalle NpeJCTaB-
JIeH aBrHTOM M THTaH-aBFHTOM, T. €. DA3HOCTSIMH, COJLE[)KAILHMH HOBBIILIEH-
Hble KOHLEHTPAaNMH uIesJoyeli H THTaHAa. B oTawuyne OT OPTONMHpPOKCeHa
MOHOKJIMHHEIH TMHPOKCEH 4acTO BCTPeuaeTCss BO BKpalljieHHUKAaX H OCHOBHOH
Macce MeHMeYHTOB H NHKPHTOB, FAe OH XapaKTepusyeTcs 0oJjee BBICOKOH
KeJNe3UCTOCThIO, YeM OObluBble K.JIHHONUPOKCEHbI THilepGa3HTOB.

Poroas ofmanka sBasierc TIAaBHBIM MHHEPAJOM B KOPTJAHIHTAX.
uipycrefiMuTax M ropubaenanrax. OHa o6bluHO 06pasyeT KpyIHble 3epHa,
NpeBbplIIIAIONINE DA3Mephl APYrux MHHepasoB B nopoje. Ee cocTaB 3aBHCHT
OT 0COGEHHOCTell reHeslca W MOMXKET H3MEHATbCS OT mapracura (marHesd-
aJbHOH ee PAa3HOBHAHOCTH) 10 OOLIKHOBEGHHOH pOroBofi 0OGMaHKH, coaep-
xamell 10 2% TiO; w umepniell BBICOKYIO KejdesuctocTs (no 0,5). Coio-
Abl 06HApyXKHBAIOTCT B VJbTPaGa3uTax TOBBILIEHHOH MIEJOYHOCTH [OBO.b-
HO yacTo. B caoAsiHBIX nepuaoTHTaxX pasBUT GHOTHT, TOTJa Kak B KuUMGep-
JUTax U MeAMeuHTax obblued ¢JIOTOMHT.

BTOpH‘IHbIe A3MEHEHHS BbIpAXKAIOTCA B IICPBYIO OUe€pECAb B CEPIEHTH-
HH3aUHH OJHBHHA, XJODHUTH3ALHH IMHPOKCEeHA, pOI‘OBOﬁ o6MaiKH H GHOTHTA.
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OcHoBuast Macca mopol 3GdysHBHOTO 06/1HKa OGBIUHO H3MeHeHa IOJHO-
cthio. Ona 3aMeliaetcst CCPIEHTHHOM I XJOPHTOM, a4 B KHMOepJaHTax 3TOT
IpoLEce CONpPOBOXKJaeTcs HHTEHCHBHOH KapOoHaTH3alHeHd TOpPOAbIL. ‘

PoroBoo6MaHnkoBble M GHOTHTOBble MEPHUAOTHTH MNPEACTABJAIOT COBOMH
NIePHJOTUTL, PACCMOTPEHHblE B NpelblAyllell rJaBe, B KOTOPHIX KPOMC
06BIUHBIX TIOPOA006Pa3yIOMHX MHHEPaJOB pa3sBHBaeTCsi poroBas o6MaHKa
uan 6uotut. O6a 3THX MHHepaJa sABJSIOTC GoJee NMO3AHHMH 110 OTHOIIe-
HHIO K OJIMBHHY II TIHPOKCEHAM, B CBSI3H C 4YeM LIHPOKO Pa3BITBl CTPYKTY-
pel 3amellennsi. BosnuKaloue npi 3TOM CTPYKTYDbl 4aCTO HMEIOT NOphH-
POBUAHBIA HIM MOHKUJIUTOBLIH XapakTep 3a CYeT MeTACOMATHYECKOro pas-
BUTHSl KPYNHbIX 3€peH pOroBofi o6MaHKH H 6uoTHTa AH6O 10 mopoje B
LeJsom, Ju6O 110 OAHOMY H3 e€e MIHepa/JoB, o6blYHO NHpoKceHy. [opH6aeH-
AHT, 00pasyloLHiCa NPH NOJHOM 3aMel{eHHH yJAbTPabGasuTOB POroBOil 06-
MaHKOH, XapakTepHayeTc OObLIYHO HePaBHOMEPHO3EPBUCTHIM CTPOEHHEM H
aJlJI0TPUOMOP(PHO3EPHHUCTOIl CTPYKTYPOH, NOCKONLKY BCe 3epHA  POrOBOi
OOMaHKH OJMHAKOBO HeHJAHOMOpPGHBI APYr K Apyry. Ilpu o6pa3oBanum
FOpHOGJeHAHTA NPOHCXOAHUT BBbIJE/JEHHE UYacTH »Kejae3a K3 OJIHBHHOB M IH-
pOKCeHOB B BHIe MarHetuta. MarueTHT o6bIYHO pAa3BHT B NPOMEXYTKax
3epeH DOroBOoH OOMAaHKH H MeCTaMH MOMXeT JOCTHIaThb 3HAUUTEJbHBIX CO-
Aepxauui, o6pasys cHAEPOHHTOBLIE CTPYKTYPbI.

KumGepauthi BgI0TCH cBOCOGPA3HBIMH  YJIBTPAOCHOBHLIMU  TIOPOJA-
MH, LIHPOKO Pa3BHTHIMH B a/JMa3oHocublx nposuHuHsix FOxHuoit  Adpuxw,
SIkytun u ap. Ouu npeacraBasiiorT co60il nopdHPOBYIO HAH NOPHHPOBHI-
Hylo nopoay. KpynHele ¢eHOKpHCTa1/Ibl MArHe3HaNLHOro  OJHMBHHA
(9—11% dasautoBoit cocTaBasioulelt), 6Goaee MeakHe BKPAaNJeHHUKH
HJIbMEHHTA, peXe (JIOTONHTA, 3aKJ/IOUeHb B OCHOBHYIO MAcCy, COCTOSIILYIO
M3 CeprieHTHHA, KalbuWTa, NUPOKCeHa, TpaHaTa (nupona). IlepBuunble Mu-
HepaJibl B OCHOBIIOH Macce COXPaHAOT® PeAKO H IPeNCTaB/JIeHbl OJHBHHOM,
pexe MOHTHYE/JIHTOM. AKLECCOPHLIC MHHepa/bi MpPeACTABJCHbl aNaTHTOM,
MIHKOTHTOM, MAarHeTHTOM, XPOMLITIHHEeJHAAaMH, UHPKOHOM, TI€pOBCKHTOM H
psiloM ApYruxX pelAKHX MHHepa/oB. HacTo pasBuThl KHMGepauTOBble Gpek-
uMH, 06pa3oBaHHE KOTOPHIX CBfI3LIBAETCSl C B3PLIBHLIMH SIBACHMAMH HACbI-
LI{€HHOI JIETYYHMH KOMIIOHEHTaMH KimGep.1HTOBO#l Marmbl. Kum6ep.uro-
BBl GpEKYHH CONepKAT BKJIOUEHHS MHPOKCEHOBLIX MePHIOTHTOB, 3KJOTH-
TOB C 4.1Ma30M HJIH TPAHATaMIi, a TaKe BMeIlalouHX KHMGepJIuThl IOpOoJ,
NPEeACTaBJCHHBIX 4aCcTO H3BECTHAKAMHI M JOJOMHTAMH. OSTH BKJOUEHHS
CLEMEHTHPOBAHBI CEPNEHTHH-KaP6GOHATHBIM MaTepHAJIOM.

MefiMeuUTHl SIBJSIIOTCS KUJIbHBIMH HJH H3JHBUKMHCH TJIOXO packpu-
CTaNJIM30BaHHBIMH TIOPOJAAMH, COCTOSIIUHMH M3 KPYIHBIX BKpaliJeHHHKOB
CEpPNEHTHHHIHPOBAHHOrO OJMBHHA (8—11% dasanToBoil cocraBasiomeir),
pexe BKpalJEHHHKOB MOHOK/JMHHOTO HHPOKCEHA, KOTOpble 3aKJIUeHbl B
CTEK/IOBATYI0 MacCy, TakxKe YaCTHYHO CEpNEHTHHH3HPOBAaHHYIO. B ocHOB-
HOH Macce pa3BMTLI MHKDOJIHTBI THTaH-2BIHTA — THIIHYHOrO MHHepasa Io-
POL. CONEpKAlUX TOBLILIEHHBIE KOJWUECTBA Lie/0ueil.

[THKpHUTH OTJIHYAIOTCSE OT KMMOEpJHTOB M MeiiMEUMTOB HaJHUMeM I.ia-
I'HOKJ/Ja3a OCHOBHOI'O COCTaBa, poroBoil o6MaHknm ¥ 6GHOTHTA. OHH COCTOSAT
H3 KDYIMHBIX 3€peH aBrUTd MJM THTAH-ABIUTA, XPOMIHOICHAA H JOBOJBHO
xejesuctoro oaubuna (12—20% dasautosoit cocTaBJasooulel), cJaaralo-
HX 10 60% o6beMa MoOpoOAbl, M OCHOBHOH Macchl GoJee KpPeMHEKHCJIOro
CoCTaBa, BKJ/IOUAIOLLeH N1aTHOK/1a3, PyJHble MHHepaJbl, anaTHT.

YAbTPAOCHOBHbIE MOPOABI IOBBLILEHHON IEJOYHOCTH, KaK NpaBuJo,
PasBHBAIOTCA B Npejejax NiaThopm M CTaGMJIM3HPOBAHHBIX YYacCTKOB reo-
CHHKJHHa/leld. PoroBoo6MaHKOBble 1 GHOTHTOBbE MEPUAOTHTHI BCTpeyaloT-
Csl B aCCOLHMAUMH C NOpoJAaMH 6a3HUTOBOTO COCTABA, CXOJHBIMH C ACCOLHH-
PYIOLIAMH NOPOJAMH YIbTPAGA3UTOB LLENOUHO3EMEIbHOTO PAAS.
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CyurecTBeHHO OTJaHUAlOTCst N0 opmMam 3aseradis OT 3THX NOpon MeH-
MEUHTBI, OHKPHTBHI 11 KHMOepauThl, MeiAmMeunTsl I MHKPHTH YaCTO HAaXOAAT-
¢ B ACCOLMALHH MexXKiay co6oi#, HO MOTYT BCTpeuaThCsi H Pa3spO3HEHHO.
MefMeunTsl caarapT NOKPOBB M TOTOKH HilOrAa OOMbLrod  MOLIHOCTH, a
TakKe NANKH, sIBAsIONIIECH NOABOASIMME KaHajJaMH 3THX MOKpOBOB. [THK-
PHTbl pPa3BHThl B BHJe NaiKOBbIX CepHi. M3iHBUIKECS Pa3HOCTH 3THX MO-
PO NpHYpOueHbl K 06/1aCTAM Da3BHTHS  11eJ104YHO-623a1bTOBOTO  Marma-
TH3MA.

CBoeo6pasHbiMu GOpMaMH 3aJeTraHHd XapakTepH3YIOTCSs KHMOepJHTDI,
ofpasyioutue TpyOxkn BapbiBa. B mnane TpyOxi B3phiBa MMEIOT OKpYrable,
0BaJbHBLIC, 3JJHICOHAAJbHbIE OUEPTAHIS; B paspe3e OHHM HMeEOT ¢opMmy
BOPOHKH, Pe3KO paclunpsiomefics B BepxHeft uactu. Maanswmecs passocty
KUMOEPJIHTOB HEH3BECTHbI.

MeliMeuHThl NepBOHAYaJbHO PACCMATPHBAJIHCh B KauecTBe 3(¢ysus-
HBIX IJH KHJbHBIX aHAJOroB AYHHTOB H NMepHAOTHTOB. OAHaKO B AajbHeH-
uleM BBIIBHJMCH HX OCOOEHHOCTH, crnenuduuyeckHe AJas TNOPOL  LUeJOYHO-
ro psijla, YTO XOPOLIO cOrJacyercsi ¢ BXOXKIEHHEM MeHMEYHUTOB B KOMII-
JeKChl lled0ouHblx nopod. [leTpoXHMHUeCKH MERMEUYHTH OTJIHYAlOTCH  OT
AYHUTOB N0 COOTHOLIEHHIO COAepXKaHHH KpeMHe3eMa H Llejaodeil, 4To onpe-
JlendeT NOJOXeHHe IOPOA B IeNOYHOM psiay D, W ToBbilleHHBIM conep-
xKaHneM tHTaHa (1,26% TiOp). TunuuHbie AYHHTH H TePHAOTHTLI OedHbI
tutadom (0,1—0,29% TiO;). B cocraB MefiMeYHTOB BXOAHT THTAHHCTBIH
ABTUT — THNHUHBIYI MHHepasa [leJO0YHLIX cepHil. CXOLHBI € MefiMeYHTaMH
no cpeaHemy xumuueckoMy coctaBy (CousosbeB, 1970) rumGepauToBbIe
nopoabl. B mocsexHyue roabl NpOABJAITCA TEHACHUWH PACUJIEHHTb 3Ty
rpynny Mopoj, BbideqHB H3 Hee COOCTBCHHO KHMOEPJAHTH — MOPOJbI Mar-
He3HaabHBIE (C KenesnucTocThio onuBuHa uuxe 10%) n Geanbie uiesouami,
cofepxallHe NHPON B KayecTBe aKLECCOPHOrO MIHHepana. ITO 1enecoob-
pa3HO TaKXKe ¢ [PAKTHUECKOH TOYKH 3DeHHs, TaK Kak GoJee ueTKO ompeje-
JaseT KUMOEpJHTh KaK NPOH3BOAHBIE MarM 0C000 TJyOGHHHOTO NPOHCXOXK-
IleHHS, ¢ KOTOPbHIMH CBSI3aHbl MeCTOPOXJEHHSI aaMa3oB. AJMasoHOCHble
skaorutel (T 1, mo CosoBbeBy, 1970) xapakTepH3yOTCHd HH3KHMH KDEM-
HekucaotHocTelo (28,6% SiO;) u menoynocteio (0,47% KoO; 0,34% Nay0)
NpHU BBLICOKOH MAarHe3HaJbHOCTH M OTHOCHTeJbHO MNOHHIXEHHOM COlepKaHHH
aJOMUHNA, THTaHa. [lns HHX XapakTepHO TakXe NOBOJbLHO BLICOKOE COJep-
xanue xpoma (0,15% Crq03).

[TepcneKTHBL  AJIMa30HOCHOCTH KHMOepJ/IHTOB COKPANlalOTCA C IOBbI-
HIeHHeM B HHX COMEpPXKAHHA a/MHHHA, WeJOYHBIX MeTaJ/J0B, THTAaHA H
obuell XKeae3ucTocTH, H KHMOepanThl Cubupckoil niaaTtgopMbl O CPelHIIM
conepxanuem Ti0;=3,13%; Al;0;=5,01; FeO+Fe,03=11,0; MgO=18,76;
CaO=14,6; Na,0=0,31; K;0=0,76; Cr;0:=0,07% (111 THn) npaktHhue-
CKH He aaMasoHocHbl. IlupokceH B cocTaBe KUMOEp/JAHTOB HrpaeT MOAUH-
HEHHYI0 POJb W HHKOTJa He BCTpeyaeTcss B COCTABe PAaHHHX  Bblle/eHHI.
ADT0 O0AWH W3 TpPH3HAKOB OTJAHYHA KHMOEPJHTOB OT CXOAHBIX C HHMH
(«kuMBepaHTONOA06HBIX») TOpPOH, KOTOopble, 1o mnpepdoxennio @. B. Ka-
MUHCKOTO (1969), nedecoo6pas3Ho BbIAeJHTb NOA 0cOObIM HA3BAHHEM WHMU-
auro8, Tlupon B HHIHJAMTAX OTCYTCTBYET H TNOCTOSIHHO CONEpPXKHUTCS NMHPOK-
ceH (BO BKpamnJeHHHKaxXx H B OCHOBHOH Macce), OJHBHUH HMeeT XKeJe3HC-
roctb 12—18%, o6blulbl aKlleccOpHbBle MHHEpAaJbl — JYEIHT, MHPOXJOP,
6annesedT, MOHAIMT, TaTYETTOJNMT, KOAYMOUT, KOTOpPHE B THIIMYHBIX KHM-
6epaHTaX He BCTpeualoTcsi (3TO AKLECCOpPHH IenouHbix mopox). Ilo cpas-
HeHHI0 ¢ KUMOepJauTamii HHTHJAMTH B CpelHeM COJAepxKaT BIBOe MeHbIle
Maruug, 6o.ble Kejesa, THTaHa, aJIOMHBHSA, lleno4eH, B HX cOocTaBe
NpaKkTHYeCKH OTCYTCTBYeT XpoM. 1o COOTHOLIeHHIO KpemHe3eMa U LieJouen
MHTHJAUTBL 1 KUMOEpJUTH pasrpaHHuMBalOTCs HEYETKO €O 3HAYMTE/IbHBIM
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IEPEKPBITHEM COCTABOB, IVIABHLIM OGPa3OM 34 CuUeT MarHe3HaJdbHBIX KHM-
6epaToB, 0GOraleHHLIX GJIOrONITOM, B KoTOpLIX  cojcpxanne K,O jo-
cruraet 2—3%. MurHantol nepeako pACCMAaTPHBAOTCA KAK NHKPHTOBLIC
nopouputel (Capcancxnx u Boaryabkuia, 1969) wmam xax nopoasl, npome-
KYTOUNDbIe MeXJY KHUMOCDJANTAMH H NIKPHTAMH. B CBA3H ¢ 3THM He06Xo-
AHMO OCTAHOBHTLCS HA HEKOTODBIX OCOGEHHOCTAX HHTHJIHTOB, UTOGbI KOH-
KPETH3HPOBATDb NETPOXIMHYECKHC CONOCTABICHHS.

I/IHI‘HJI}ITb.I’, KaKk 11 KMOep.ITH, — NOPOAL KaJueBoro psija (nanpu-
Mep, HMHTHAHHCKHEA KoMmnJeke, no &. B. Kamunckomy: KyO=1,049
Na;Q0=0,45%), Torna Kak B COCTABE THIHYHLIX MHKPHTOB HATPHI npeoéna:
AaeT Han KaJaueM (CpeaHHH coctas, mo [sgu: K:0=0,39%, Na,0=1,20%;
NHKPHTEl  Mefimeua-Koryiickoro  pafiona: K,O = 0,73, Na,O = | 2’5%)’.
OueBlAHO, B JAHHOM cayuyac ONPABAAHO COMOCTABCHHE KI/IMGCpJII/’ITOB H
HHTHJHTOB He C NMHUKPHTAMH BOOOLIC, & ¢ KAKHMH-TO OCOGLIMH KaJHEBLIMII
ux ¢aunsymu. Kak nokassiBaercs b paborax psaa uccacmoBaTedei, HaTpo-
Basl CEpUs NMOPOA NPCACTAB/ICHA NOBCEMCCTHO B 06JACTH pAa3BHTUS Tpan-
fiosoro marmartusma CHOHPCKOH 111aTHOPMBI, TOrA KAK KAJHEBBHIE OCHOB-
Hbl€ 1 yJIbTPAOCHOBILIC TIOPOALI IPOABIEHBI GO.1Ce JIOKANBHO, CBA3BIBASCE
C OCOGBIMH TeOTEeKTOHNYECKHMH  VCJOBHSIMH (B npenenax Hopuabckoro
AHrapo-Bumoiickoro 1u apyrux pafionoB). CyubdpHuaHble MeCTOpo}KﬂeHHH’
HUKess: B HopuibcKOM pafoHe CBSI3AlLI IIMEHHO ¢ HHTPY3HSIMH KaJHeBOro
P#la, OTBEYAIOUINMH MO COCTABY PA3HOCTAM, MEPCXOAHBIM OT 6a3aJ0BLTOR K
YJALTPAOCHOBHBIM [I0OPOIAM MOBBIIENHON O6IIel MICIOUHOCTH, T. €. K IHK-
pHTaM, HO 0co6oit KaaueBoit ¢auun. Ity NEeTPOXUMHYCCKYI0O OCOOGEHHOCTh
MHTPpY3uH (Tannaxcko#, Hopuabck-1 u Hopuabck-11) Baxso nomuepkuyts
TaK KaK Clo OOYC/HOBJEHB  CreuH(pHYCCKHe YepTbl M CBA3AHHbIX c HUMII
MCIHO-HHRE/IEBHX CYIbOUIAHBIX DYA, B KOTOPBIX OGHAPYKHUBAIOTCH KaHil-
COMCPKaLLIHe CYJIbQHAB — IKEPPHILCPUT, PUCMYBHT 1 Ap. ITukputu Bo06-
LIC OTHOCATCH K DPA3PANAY HUKEJCHOCHBIX TMOPOMA, HO KAJIHEBbIE HX tdbauun
NpeACTaBNATCH Hanbojee 11€PCTIEKTHBHLIMA HA HHKEJCBOE OpyJeHeHHe.

WHrHANTBL MOXKHO DACCMATPHBATL B KauecTBe NOPOA, NPOMEXYTOUHBIX
MEXIy KHMOePJNTAMH M Ka/JlCBBIMH NHKPHTAMH. ITa CepHs MOPOA OTBe-
HaeT MarMaMm ocoGo rayGHHHOTO NPOHCXOXKIEHMs, UTO NOAYEPKHBACTCH
HAXOXICHIEM B CBA3H C HHMH TAKHX CBOEOOPA3HBIX H DEAKHX MHHepaJoB
Kak KapOumbl MetanioB (Mapaxywes, enkuny, 1972). Cynsa no MHHepaJIO-,
THYECKAM TIPI3HAKAM, B PALY NOPOA KHMGEPIUTH — HHIHIHTH — KaJlHeBLC
MHKPHTBI TIOC/1€A0BATC/ALHO MOHHKACTCSI IyOHHHOCTL BHINAAB/CHHS COOT-
BETCTBYIOLIHX MarM, npHuem AJs KHMGEPJHTOB OHA4 JOCTHTAeT OGJ4cTH
CTAGUIBLHOCTH aamMasa. Bcee sTu HOPOABI, HCK/IIOUAs KHMOGEPJHTLI, UMEIOT
0 COOTHOIIEHHIO KpeMie3eMa H LIeJOYel 3KBHBAJCHTH B HAaTPOBOM psLy
I0POA (C BLICOKHM OTHOMICHIIEM Na,0: K,0): HHTHJHTB — SKYOHPAaHTHTHI
KaJeBLIC NMHKPHTH — HATPOBbIE MHKPHTBHI, JCHIKHTHTHI, IOHKHHUTHI (bepry-,
CUTBl — HCEJHHHTBI, HHOJHTDI, MHCCYPHTH — Ga3aHHTbl, TeUICHUTH M Ted-
PUTHL u T. 1. Kanuesast u HatpueBas cepuu TOPHBIX TIOPOA  PasJHualTCs
HE TOJLKO MO COOTHOWICNHIO LIEJTOYHBIX METAaJJIOB, HO H 110 JKEeJe3HCTOCTH:
MOpOAbl ¢ BbICOKHM oTHoweHneM KyO :Na,O wuwmeror OTHOCHTEJLHO 6oneé
MarHe3HaJbHbLIH COCTAB, YTO OCOGEHHO noxuepkuBagocr B. C. Co6oseBbim.

CorniacHo cxeme na puc. 95 THKPHTBI DACU/IEHSIOTCA HA ABE TPYNNbl—
LLEJOUHOSEMETLHBIX W LIEJOYHBIX NOPOJ, NPHUEM CPEAH MOCAENHHX 060c06-
JAOTCA JBA pAna (MHKPHTBL HATPOBOTO XapakTepa I ITHKPHTHI, B COCTaBe
KOTOpbIX MpeoGsafaer xaanii nag Hatpuem). Ouu nananHan’bHo pasJai-
daloTCA TaKXKe 110 IeTporpadUuecKHM acCOUHALHSAM. PacuyeHeHie THKpPH-
TOB Ha MCTPOXUMHUCCKHE TPYMIIBI, KOTOPble OTPAKAJM Obl TAKKE [COOrH-

UECKHEe YCJIOBHA HaXOXIEHUS H dCcConHanun c APYrHMH TlopoaaMH, UMeeT
BaKHOE 3HaAYeHue. ,
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Creunipuuecke 0co6eHHOCTH NHKPUTOB, HAXOASLIHXCA B acCOIHAIUIH
C TO/IEHTOBBIMH JIOJ€PHTAMH HJH PA3BHUBAIOLINXCH B KOMILIEKCAX € LIEJI0H-
HBIMI JoJepUTaMH (TeuwleHUTaMH), paccMoTpedn X. Ilpesepom u P. IlxkoH-
CTOHOM. JIYHHT (IHKPHT)-TOJAEHTOBbIE CCPHH TOPHLIX IIOPOL HIeJO4YHO3e-
MeJLHOI'O psiga ABJASIIOTCS KOHTPACTHBIMH:  yJbTPAOCHOBHBIE HX YJIEHLI
JLOBOJIbHO UeTKO 060co6.eHbl 10 COCTaBy OT TOJCUTOBLIX 06a3aabToB (11po-
MEXYTOuHble Pa3HOCTH OOBIYHO OTCYTCTBYIOT). ITIHM OHI OTJANYAIOTCS OT
LIeJOUHBIX CepHUH, B KOTOPHIX V.JIbTPAOCHOBHbIC U 0a3aJbTOBLIE 110POJLDLI
0ObIUHO CBSA3BIBAIOTCH NPOMEKYTOUHBLIMII PA3HOBIUIOCTAMIL 11 06pasyoTCs
tenpepsisibie psaasl nopox. llesounvie 6a3anabThl B cpefricm Gealiee KpeM-
1Ie3¢MOM 110 CPABHEHHIO ¢ TOJeHTOBbIMU 6GasaabTamMu. C 10BbIEHIICM CO-
Aepxalns  OJHBHHA HX COCTAB  {PHOAIKACTCA K IHKPITAM: LICJIOYHDIC
6a3ajbThl  UHKPHTOBblE MIEJOYHBIC 6a3a/bThl —— HHKPHTH. [THKPHTOBLIC
pasHocTtl 643aiabToB (6oraTble OMIBUHOM 1I GelHble 1IJIAITIOKAA30M) Ouelb
LINPOKO PACHPOCTPAHCHBl HA OKEaHIIYCCKIIX OCTPOBAX H palblIC CUIITAJIICh
THINHYIIBIMIL TTOPOAAMH OKeaHHMYeCcKoro Joxa («okeaHuTul»). OjpHAaKO MNOJ-
BOJAHbIE CpeIHHHOOKeaHHYeckKIe XpeOThl Cl0KEHL B OCHOBHOM (ogce KpeM-
HeKHCJBIMH H GeIHBLIMH LleJOouyaMK NOPOJLaMH — TOJIEHTOBLIME 6aszaJbraMli,
KOTOpbie OOHApYXKHEAOTCHA TaKkikKe B OCHOBANII [eNell OKCamitiecKHx ocCT-
poBoB Tnna I'aBadckux.

['paunma Mexay LIEJOYHBIMH H TOJICHTOBBIMI 6a3ajbTaMi  HMeeT B
NCTPOXUMHUECKHX CHCTEMATHKAX Ba)XHOe KJacCHMHKAlHOHHOe 3HAaueHHe.
OHa J0BOJBHO UETKO ONpefenseTcss 110 COOTHOINEHHIO B 110pojax
Si0;: (K:O+NayO). B nHexkoropsix netporpadiueckux paboTtax oHa Ha3bl-
BaeTcsl «ToJeHTOBOH JiMHHel». Ilpu mnepecueTc XHMHUeECKHX allaJH30B IO-
pOd HA HOPMATHBHBIH COCTaB B TOJIEHTOBHX 6a3a.]1bTax BLIJEJSeTCS HOP-
MATHBHBIH KBapl, a B LICJOYUHbIX 06aszanbTaX — HOPpMATHBHBIA nede.an,
XOTSl B peaJbHBIX COCTaBaX 3TH MHHEpaJbl OTCYTCTBYIOT. [L1s wLies104nbix
6a3a/qbTOB XapakTepeH TaKKe OJUBHH. MHHCPAJOrHYeCKIl TOJEHTOBbLIE H
uic/104HbIc 6a3a/bTH Pa3JIHUYAIOTCH 110 COCTABY KJINHOMIIPOKCcena. B mnupok-
ceHbl 1eJOUHBIX 6a3aabTOB  BXOANT HEKOTOPOE KOJHUCCTBO  KAaJLEHTA
(B McHBLICH Mepe 3THpPHMHA M THTAHHCTOI'O KOMIIOIEHTa). 3DTa Teljgeuls
I3MeHelllsl COCTaBa NHPOKCeHa YCUJIIBACTCH NMPH JdaJbHelilleM TOBLINIEHITH
LIeJOYHOCTH € TepexoAoM K (eabIlUllaTOHIHBIM pa3HoCcTsM 6a3aibTOB:
B COCTaBe NHpPOKCeHAa yMeHbIIaercs cojepKaHue Mg u yBesiuuBaeTcs co-
nepxanue Al, Ti, Na, Ca, Bo3pacraer cTeneHb OKHCACHHUSI Kese3a.

ToneutoBble 6a3aaLTH OOBLIYHO COAEp¥KAT BO BKpallJICHHHKAX [.1aTHO-
KJa3 M MIIpoKceHnl (penkKo oauBhH). OHH GJH3KHM 10 COCTaBY K IHPOKCEH-
IJJATHOK/IA30BOfl KOTEKTHKE, KPHUCTAJJMU3aUHsl KOTODPOH IIPOHCXOANT INPH
temnepaTtype 1100—1200°. [TonoGHble nOpoAbl OKO.JI03BTEKTHYECKOrO CO-
CTaBa B HeKoTOpbix netporpaduueckux paborax ([. C. Illtefnbepr u up.)
Ha3bIBAIOTCA NpeflesbHbIMH (6JH3KHUMH K Haubosee HI3KOTeMIepaTypHOMY
npeneny KpHUCTaMJIH3AUMH TPH naHHOM (amouaHoMm pexume). Illesnounsie
6a3aJbThl B 3TOM OTHOIIEHHH OT.IH4Yal0TCd OT TOJIEHTOBBLIX 6a3a/bTOB, OT-
Beyast MarmMaMm 60J1ee OCHOBHOTO H MeJaHOKPATOBOrO COCTaBa 110 CpaBHe-
HHIO ¢ NUPOKCeH (OJHBUH)-NJIArMOKAA30BOA 3BTeKTHKOH. OHH CcBsizaHbl
nocreneHHbiMH nepexoiamMu ¢ nukputamu (II-B). denokpucranannl B HHX
npeacTaBaeHbl OJAHBHHOM H NMPOKCeHaMH (MJIAarHOKJa3 BO BKpalJeHHHKAaX
06bluHO OoTcyTcTBYeT). [las mienounbix 6a3ajbTOB XapaKTEPHBL BK/IIOUEHHS
(HOMyAH) YJIBTPAOCHOBHBIX MOPOL MAHTHHHOTO NPOHCXOXKIEHHA (LINHHeJe-
BBIX JIEPLOJHTOB, TPAHATOBHX NEPHAOTHTOB, NMHPONOBLIX 3KiAOrHTOB). B ac-
COLHALHIO CO LIeJOUYHbIMH 6a3anbTaMH BXOAAT TPAXHAHAE3HTBI M TPAXUTHI,
4 TaKKe MepeXOJHbHe PasHOCTH THNA TpaxuaHie3dutobasanbrToB. [laseoTnrn-
Hble aHAJOTH MpejCTaBJ/JeHbl COOTBETCTBYIOUIHMH pa3HOCTsAME nopdHDPUTOB
u GeckBapieBblx nophupos (OpTOPHPOB).
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Tpaxuro: xapakKTepu3yloTCs MAKpPOCKONIMCCKH —adaHHTOBOH  Maccod,
CYLIECTBEHHO COCTOsIIEH H3 IEJOYHOIO IIOJICBOIO I0IaTa I H3peldka H3
HMEIOIIEro TAKO[ zKe COCTaB cTekJa. K LIC/IOuHOMY 1OJIeBOMY INATY HpH-
MellHBaeTCs B HeOOJbLIOM KOJHYECTBE MIATHOKIA3.

Ilenouno#i noseBoll wmar B TpaxHTAX — CaHHAHI; B opTodUpax IJIH
TPAXHTOBbIX TNOpGHPaAX -— O0JAbUIEH YACTLIO OPTOK/A3, MUKDONEPTHT, MHK-
POK/JIMH-MHKDOINEPTHT; IJATHOKAA3 B TPaXITax i opTodHpax — uaule BCEro
anfie3sliH uiaM Jaxe 1abpajop, a TAKXKe OJHIOK/AA3 I o4Clb PEJKO B HEKO-
TOPBIX IHPOKCEHOBBIX DA3HOBHANOCTSX BCTpeuaercss Taxxke Outosuut. [Ipu-

CYTCTBHE€ CPABHUTC/AbHO OCHOBHOIrO IlJlarHOKJAa3d HHOrAa YyKa3blBaeT H4d
OTKJ/IOHCHIIC NOPOALI IO COCTaBy B CTOPONY TPAXUAIIAC3UTOB.
U3 OBCTIILIX MHUHCpAJIOB 4dallle BCEro BCTPCUAIOTCA OLOTIT, poropasl

06MaHKa M IHPOKCEHLI. OO6LIYIBIMII aKUCCCOPULIME MIIHCPAJAMH SBJAAIOTCS
anaTUT, MATHETUT, CAyualHbIMH, B BHAC BblACJENNH B 1ICKOTOPLIX OYCHBb
peoKHX TpaxiTax H opTodHpaX, — OJIBHI, KOPAUEPUT 1 rpanar.

@opMbl 3aJeraHdsa TPAxIUTOB JI TPAXITOBLIX NOPPUPOB TAKHC Ke, KAk
U rOpPHbIX NOPOJ KHCJOH TPYNNbLI, 4 UMEHHO JHNapHToB. 3aJjeralde B BHIE
KYNoJ0B 0COoGeHHO THIHYHO. OHO CBSI3aHO ¢ BLICOKOH BSI3KOCTBIO TPAXUTO-
BOH Mar'Mbl.

M3 reosyornueckilx accolllaluil rOpuUbIX IOPO/J, BKAIOUAIOUHX TPaXUThI,
npexae BCero 1ajo0 ykasaTb Ha accolHalHi© TPaxuToB H 6a3aJbTOB 114
octpoeax Tuxoro u MHAHNACKOro OKCaHOB, a TakKe 11a HAXOXAEHHe TpaxIil-
ToB ¢ 6GaszazspTaMi 1 GOHOMUTAMII HA OCTpoBaX ATHAHTHYCCKOIQ OKcana.

TpaxnTel, BcTpeualolluecss B accoulauun ¢ 6asajabTamli, C1aramT He-
Ooablille Macchbl, Kynoaa 1 nofounble 3KCTpY3Hl, conpoBoxiamiine 6osce
Oo0IIHpHBIC [I3JAHAHIA 6a3aJbTOB.

Cuenutol —— r1yOuHHbIE @HAJOIH TPAXHTOB. JTO DPABHOMEPHO3CPHHCTHIC
1A nopgHPOBUAHBIC NOPOALI, B KOTOPLIX [JIABHOH COCTABHOH 4acCTbiO §IB-
JgeTcs LiesouHOf NoJjepofl mmat (npeobianaeT oOpPTOKJAA3, COAEPKHUTCS
OJINTOKJ1a3, alle3HH), a LBCTHbIE MHUIIEPaJBl UMCIOT NMOJNUHHEHHOe 3HayeHue
(okono 15%). KBapu oTcyTCTBYCT 1JIH COHEPKHTCS B HE3HAUYHTEJNbHOM
KOJIHUeCTBe (B KBapueBoiX cueHHTax). [lo cocTaBy uBeTHBIX MHHEpaJaos
pasjHyalTCs POroBOOOMAHKOBBIE, ABTHTOBbIC, OHOTHTOBble CHEHHTHI.

CueHuTsl 06pa3ylOT caMOCTOSITENbHBIC MHTpY3HBHBIE Teja Juo Haxo-
LATCH B KOMIUICKCAX ¢ rpawutaMii uau rab6po. Hepenko mpenpcrapssior
KpaeBbie (ralliH COOTBETCTBYIOILMX TPAHHTOB. Tak, CJAIOASHBIE CHEHHTHI
BCTPeYdIOTCs KakK (auus OHOTHTOBBIX TDAHITOB, POroBOOOMAaHKOBLIE —
B BuAe dauuii poroBooOMaHKOBO-OMOTHTOBLIX TPAHHTOB, MHPOKCEHOBBlE-—
Kak (allid MacCHBOB GHOTHTOBHIX I'DAHUTOB H POrOBOOGMAHKOBBHIX I'DaHH-
TOB H CHEHHTOB.

K rpynne cHeHHUTOBLIX TOPHBIX TIOPOI OTHOCSTCS MOHYOHUTHL Tlo Mu-
HepaJbHOMY COCTABY OHH OJU3KH K H3BECTKOBO-1IeJOYHBIM CHEHHTAM.
['naBHBIMH OTJHYUTEJNbIIBIMH TNPH3HAKAMH MOHIOHHUTA ABJAETCS COLepiKa-
1lie U3BECTKOBHCTOIO [OBOALHO OCHOBHOTO NJaruokjaasa, GoJibliefl YacTbio
nabpanopa, pexe OUTOBHHTA HJH auie3uHa, B TakKoM e (HMJIH Jaxe He-
CKOJbKO 0OJblIEM) OTHOCUTEJbHOM KOJHYECTBE, KaK KaJueBHH MoJeBof
[INAaT, COAepXKaHUue UIUOMOD(PHOro aBrUTa, KOTOPbIH CONPOBOXKAAETCS WHOT-
na GHOTHTOM, 3eJieHOfl POroBod OO6MAHKOH, pexe THNEPCTEHOM H OJHBHHOM.

Pa3uoBHIHOCTbLIO MOHIOHHTOB MOMHO CullTaTh maHeeputs.. Wx c¢Bs-
3BIBAIOT € YapHOKHTOBOM cepuell mopod. llpeTHnle MuHepasabl — GHOTHT,
poroBasi 06MaHKa M NHUPOKCEH — NPHCYTCTBYIOT COBMECTHO. MuKpoOmepTut
¢ BPOCTKaAMH OJIHIOKJa3a H CaMOCTOSTE/NbHBIC 3€pPHA OJHUIOKJa3-aHAe3uHa
HOCKONBKO mnpeobGaanawT Hajg MuxponeptutoM. CHeHuTsl 0GpasyioT caMo-
CTOSITe/1bHbIE HHTPY3UBHbIE MACCHBHI.
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Hlenouuble TPaxuTH H 11e/104YHbIE CHEHHTHI (rpynna VI-B) xapakTe-
PH3YIOTCA HAJIHUHEM IE10YHBIX TEMHOUBECTHEIX MHHCPAJIOB — ap¢BeLCONH-
Ta, pHOEKHTA, STHPHHA, STHPHH-ABIUTA. Tinarmox/nas B HEX IJIH TOJHOCTHIO
OTCYTCTBYET MJIH MpelcTaBjeH PasHOCTSMH, GauskuMu K agapbury. Hlenou-
HOH [I01CBON IWINAT — aHOPTOKAa3, HaH cauupud. MlesouHble  CHEHHTHI
BCTpedaloTcsl 00JblIell 4acTbio B JaKKOJANTAX, ocobeHHO B ¢BA3KW ¢ APYyTH-
MH 1UeJO0YHBIMH IMOPOAaMH — HE-
heqHHOBLIMY  CHEHHTAMH, TIEJ04- Sil,

HBIMH TPaHITaMH, 3CCEKCHTaMH.

Tpaxutel, cuenuts (V-B) H
ux weaoussie pasHoctH (VI-b) i,

HEPENKO BXOAAT B KOMINIEKCH € W%
KPEMHEKHC/IBIMH UIEeJOYHBIMH TIOPO-

———  MaAS0, KAISi 50y

Puc. 113. Cxemaruyecgast Auarpamma cH- %

creMb Si0:—KAISi0,—NaAlSiO4, Ha ko- P —

Topo# nowasambl 00siacTH COCTABOB Hau-

6oJiee pacnpocTpaHeHHbIX ULCA0UHBIX

TPAHWUTOB M He(eNHHOBHX CHeHUTOB (aBe
3IBTeKTHYECKHe 00JacTH)

NaA(Si0, KALSi04

44MH — DailTeJJepUTaMH, KOMEHIHUTaMH, L[eJOYHbIMH ~ TIDAHHTAMH
(V111-B), nioria CBs3bBasCb ¢ HHMHM TIPOMEKYTOUHBIM 00pa3s0BaHHCM —
KBApLEBbIMH TPaXuTaMH H CHEHHTAMH (VII-B). )

KomenOurs, COCTOAT H3 MJOTHOH CepOBATO- HJII XKeatosaTo-6e10H,
HIIOr4a roJy6oBaTo-ccpoii OCHOBHON — MacChl H nopGHpPOBbLIX  BBIACJCIHH
[(E10ULOre [OJEBOIO 1IIATa — CAHHAHHA, MHKDONEpTHTE, aanbura, KBap-
Ha, K KOTOPBIM TNPHCOeJHHSAIOTCS STHPHH, apdBEACOHUT HJIH pHOexurt,
OIIOTHT.

[lanressepurs, cOfepXKaT B OCHOBHOH Macce QEROKPICTAIIb AHOPTO-
K434, IHOICHA MJM STHPHH-ABrHTa, KPOCCHTA H KBapua.

B IieJ0dHbIX TPAHMTAX [OJIEBOH wnatr 0oJbulell 3acTbid  KAJIHHATPO-
BbIfl (MHKPONEPTHT, MHKPOKAHH-MHKPONEPTHUT, 31{0!)'r01§na3), pewe YHCThL
HATPOBBIH (aJbOHT), ellle pexe qICTBIH KaJHeBbIH (OPTOK.J143 H MHKpO:
KJuH). TeMHOLBETHble MHHEpaJbl: L1eJO0UHBIE pOrOBLIC o6MaHKH (pHOEKHT,
ap®BeACOHUT), UIC/IOUHBIE NHPOKCEHbI (srupuH-aBruT, 3ITUPHH), GUOTHT,
HHOTZA COAepKAlUNil JUTHI; aKUecCOpHble MHHepanbl: allaTHT, IHPKOH,
WHOrZa BCTpedaeTcsi auoncuA. K miesouHeIM passoCTAM IpaHUTOB (rpyn-
na VIII-B) otHocaTcs HEKOTOpLIE PAa3HOBMIHOCTH HOPOH, HE COMACPHKALLUMX
[[[eJJOUHBIX TEMHOLBETHbIX MHHEPaJOB, HO GOrarbix Ka/HeBhM I0JEBbIM
moatoM. B HHX OGLIUHO COLEPHATCs OueHb JKeAe3HCThie TEMHOULBETHBIC
MUHepanbl — GUOTHT, POroBble 0GMAHKH, GeppOnpOKCEHB, TOPTOHOMHT HIH
¢asanut. U3 10m106HBIX TPAHATOB PACCMOTPUM pamaKiBH. 310 CyluecTBeH-
HO KaJHeBble TPAaHUTHI, B KOTOPBIX 3aMeuaTesbHa CTPYKTypa. Brigenenns
KPacHOBATOr0 OPTOK/a3a KPYIHBIX Pa3MepOB HMCIOT — OKDYIVIYIO dbopmy
OBOH0B, 06pocuinX 000/0YKOH H3 OJHIOK/Ia3a. Pasmepbl HX JOCTHrarwor
HECKOJbKHX CaHTHMeTpoB. Takue OBOMIbI CLEMEHTHPOBAHBI 3CPHHCTOH
OCHOBHOIl Maccofl H3 OpTOK/Iasa, IJ1aruokJsasa, KBapua, CHJIbHOXKEJ/E3HU-
ctoro GHOTHTA H porooii o6ManKH. Ksapi Bceria B HWJIHOMOPQHBIX OKpYT-
JBIX 3epHax; MHOTAA B NOHKUJIMTOBBIX BPOCTKAX BO BCEX MUHEpanax. Kak
aKlleccopHble MHHepaJbl OObIYHBI @NATHT, MATHETHT; PaclpOCTPAHCH dmo-
OpHUT; BCTPEUYAIOTCS OPTHT, MOHAUHT H AP. Huorpa nomajaloTcsl CHJbHO-
JKeJe3HUCcThie — TIOPTOHOJHT U KJAHHOTIHPOKCEH.
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B passutum mesnounoro marmaTisMa oTueTaHBO NPOABJSIOTCS IBe
TCHICHUHH, KOTODbIe PeasH3yloTcd B 0GpasOBaHHH, ¢ ONHOIN CTOPOHEI, IIe-
JIOUHBIX ~TPAHHTOB H NAHTCIJEPUTOB HJIH KOMEHAHTOB (rpynna VIII-B)
¢ ApYro#t — HeealHOBLIX  CHEHHTOB 1 (HOHOMUTOB (rpymna IV-B). Bru
TCHACHIHH COOTBETCTBYIOT ABYM 3BTEKTHUYECKHM O6MACTAM (KOTekTHKaM)
OTBEYAIOLINM COCTaBaM HauGoJee pacCHpPOCTPAHEHHBIX I[CAOYHbIX rpalm-,
TOB U He)eJIMHOBBIX CHeHNTOB (puc. 113).

ITepeitnemM K xapakrepucTHKC HedeanHcOmePXKAIHMX U APYLHX tdenpa-
UIMAaTOHAHBIX TOPOL.

INEJOYHBIE MOPOJABLI C SEJLIIINTATOMIAMH
(PSbl B H T)

BoaTon Ipymmne mopoA copepxanne Si0s; 0OBIUIO HE NOTHIMAETCH BLI-
we 57%, a comepxaHHe LIEIOUHBIX MCTAJIJIOB MOJKCT HPCBBIITATL 16—17 Y.
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Puc. 114, Tlerpoxumuteckile COOTHOLIENHST OCHOBHLIX i VABTPAOCHOBHBIX IOPO/,

Wenouiosemenstoro (A) 1 wenounsix (B, B, I') psagos.
LHG:’IOQHO;iEMeJIbeIe nOpOspl: [ — XPOMHTOHOCHBlE AYHHTBI; 2 — NMKPHTHL ¢ XpOMH-
CTOH UINHHENbIO M XDOMIHONCHIOM; 3 — TOJeHTOBbe Ga3anstol. Illenounsie HOpOJbl
HATPOBOTO THNA: 4 — lUeJOYHble NHKPHUTH (B TOM uncde ¢ BKDaNJIEHHOCTbIO MeIHBIX
H HHKEJIeBbIX CyabHA0B); § — WeOUHble 6a3aabThl o KX Pa3HOCTH, NepexoHble
K IICJIOYHBIM NUKPUTAM; 6 — Ga3aHuThi; 7 — TelleHHTHl I TePPUTHL; 8’— 3CCEKCHTHI;
9 — repamute; 10 — nedbennunte; 1/ — WHOMHTEL Wlenoutsle nopoxnt KaHeBora
THia: 12 — kuMGepantsi; 18 — ¢JI0ronuToBLE KUMOepanThl; [4 — MefiMeuuTs; 15—
HHTHJHTH; 16 — Lie/04Hble KaJHeBble NHKPAUTHI; [7 — MHCCYDHUTH; 18-——]_]_IOHK,HHHTLI'

19 — deprycuto; 20 — nefunTiTol ‘

CooTHoIIe e COCTAaBA WIETOUHBIX 1OpoJ, 00pa3yIOWNX psabl GeapAunaTo-
HaHo-noseBomnatoseix (B) n deapaumaronanpix (I') OpoJ, ¢ mopogami,
PAcCMOTPeHHBIMH  Beille (psabl A 1 B), namoctpupyercs Jl1arpaMmon
puc. 114. Ha stofi nuarpamme Bce nopossl (B TOM 4YHCIe I pPacCMOTpeH-
Hble BbilIe) KJacCHQUUHUPYIOTCS HA ABA THNA — C npeo6jafaniueM HaTpug
Hajl Ka/iueM (HATPOBBIA THI) M ¢ npeo6iafaHHeM KaJius Hajg HaTpueym
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(kanueBntit THN). Paccmorpenne mopon HauneM ¢ Haubo.aee GeJJHBIX KpeM-
He3eMOM YJbTPAOCHOBHBIX pasHOcTel. DTa rpylnmna IOpoj XapaKTepH3yeTcs
BLICOKHMHU COJEPXKAHHUAMH HIeJounblX 3eMeHTOB (NayO-+Ko0) npu obmem
cofepxanun SiO,, ne mpesblwraoniem 45%. B cBA3H ¢ yBeJHueHHeM Iige-
JIOUHOCTH TOPOJA OTMCUAETCsl TeHAEHIMS yBEJHYEHHH UX KENCe3UCTOCTH U
CONepXKaHHA THTaHa, OTMeueHHas Bbime. Ha auarpamme puc. 109 BuuHo,
yTO yAbTpaba3uThl UIEJIOYHOrO psia cjaralT OOGIIHPHOE ToJse, CYLIeCTBEeH-
HO yAaJeHHOe OT CTOpOoHHl Tpeyroabuuka Si— (Fe-+Mn). Bospacranue co-
JCPKAHHA LIEJOYHBIX METAJJAOB B IIOPOAAaX KOppeJupyercs ¢ Bo3pacTa-
HHEeM TIJMHO3€Ma, UTO TPHUBOAUT K TNOABJIEHHIO (eNbAuINaTOHIHBIX MHHE-
pasioB: HedesHHa, JelilHTa, MEJHJINTA H AP. DTH MHUHEpaJbl HaXoAATCS B
napareHeauce ¢ OJJHBHHOM H TIHPOKCEHAMH, B KOTOPbIX B CBfI3H C H3OHIT-
KOM HATpHs OTMeuaeTcs MOBBINIEHHOE COJEPIKaHHEe KaleHTOBOH M 3THpH-
HOBOH COCTaBJISIIOLINX.

Bosbmoe pasHoobGpasue MUNEPAJOB, CAAraiollHX YJbTPAaOCHOBHBIE IIO-
poAbl WIEJCYHOTO Psifé, MPHBOAHT K 6GOJLUIOMY KOJUHIECTBY HX Pa3HOBHA-
HocTedl. PasnnuaioTes nopoasl, comepiKanipe JHIIb HeGOJBINYIO TMPHMeCh
($epAIINAaTOUNO0B, H MOPOMAL, CIOMKEHHBHE MpeUMyllecTBeHHO (deabimma-
TOHJIaMH € TIOJUHHEHHbIMUM O.THBHHOM M MHpoKceHaMH. Boolmie B paccmar-
puUBaeMoil rpymme HOpPOJL HMCET MEeCTO 3aKOHOMEepHOe I IOocJefoBaTeNbHOe
[I3MeHEeHHe MHHCPAJBHOTO COCTABA TNOPOA C YBCJAHYCHHEM COHEPXNAHHA Iie-
Jouefi B CTOPOHY OGeIHEHHA OJTUBUH-NIHPOKCEHOBLIMH KOMIIOHEHTAMH U
yBeaHueHUs (eabllinaToONAHON cocTaBasdomed. B 3TOM Xe HampaBJeHUH
NPOHCXOJAHUT YMEHbLIEHHe MAarHug B IOPOJAAaX, YBE/NHUEHHe HX JKeJNe3UCTo-
CTH, YTO OTPAXKAeTCAd I B YBeJHUYEHUH JKEJNe3UCTOCTH MUPOKCEHOB H OJIMBH-
HOB, BXOJAIIHX B COCTaB NMOpPOA. JTa TEHAEHIHs OTYeTNHBO BHIHA Ha na-
pareHetnHueckoil puarpaMmme puc. 112. Bce menounsie yabTpabasuThl noma-
LaloT B MOJIe TIHPOKCEH-(GeJbAINAaTOUAOB U JHIIb OTAENbHbIE pPa3HOCTH
nonanaioT B 6e307HBUHOBHIH TPEYTOJIbHHK.

Boabmoe pasHoo6pasde mIeJOYHBIX YJALTPAGAa3HTOB He MO3BOJSET pac-
CMOTpeThb BCE HX DA3HOCTH. 31ech Mbl OCTAHOBHMCS Ha Han6oJee pacrpo-
CTPAHEHHBIX THNMAX (MHCCYPHUTH H (eprycutnl, GazaHuTel, HedeJHHOBEE H
JeHUNTOBbe 6a3anbTel, GEKUHKHHUTLI, OJMBHHOBHIE TEPAJHTH, TYPbAHTH,
HAOJMUTL U YPTUTHl U PAA APYTHUX).

Hlenounolt pasHOCTbI) NHPOKCEHHTOB H TEPHAOTHTOB, BXOISIMIMX B
accoLMalMIo ¢ APYrHMH LIEJOYHLIMH IOPOAAMH, SIBASIOTCA He(eNHHOBHIE
INEPHAOTHTHL H NHPOKCEHUTH, coAepxalive 10 5% wHedesnHa H BHICOKHE
KOHUEHTPALMH THTaHa, BXOJSIUEr0 B MHPOKCEH (THUTAH-aBIHT), HJAbMEHHT H
nepoBckuT. OJHa U3 Pa3HOBHAHOCTEH TaKMX NUPOKCEHATOB, COMepIKamas
1o 40% nepoBckuTa, HaswBaerca adpukanauTamu. Jpyrasg pasHOBHIHOCTD
IIeJOYHBIX NHPOKCEHUTOB — SAKYNHPAHTUT — CJAOKEHA THTAH-aBTHTOM, HJb-
MEHHTOM H MarHeTHTOM C IpHMecblo NEpPOBCKHTA, amaTHTa U HedeaHHa.

W3 nsauBmyxcss anajaoros UIENOYHBIX NEPHAOTHTOB H IHPOKCEHHTOB
HauboJbLIeH H3BECTHOCTBIO TO.Ib3YIOTCH JUMOGYPrHTHL. ITO mMopdHpPOBHIE
IOPOJIH, COCTOSIlHE M3 BKpallJICHHUKOB OJIMBHHA, aBTHTA, 3ePe€H HJIbLMEHH-
Ta, MarHeTHTa M anaTHTa, NOTPYXKEHHBIX B CTEKJOBATYIO OCHOBHYIO Maccy
¢ He6ONbIIUM KOJHYECTBOM MHKDPOJHUTOB HedenuHa K I[JIarHOKJAa3a. ABru-
TUTH SBJAAIOTCS 3((y3UBHBIMH AHAJOTAaMM LIEJIOYHHX ITHPOKCEHHTOB., ITO
TEMHO-Cephle, IIJIOTHBIC IIOPOALI, COCTOSINME TJaBHBIM 06pPasoM H3 aBruta
¢ He6OJbIIOA TpUMechbio HedeaHHa.

MiuccypdTH TIpeacTaBaAsIOT cO00f TeMHO-CepyI0  MOJHOKPHCTaJ/HYe-
CKYI0 TODOLY, COCTOAILYI0 H3 JIeHUHTAa W IHPOKCEHA, TPeiCTaBIEHHOrO
THTAH-aBTHTOM HWJIH ABIHTOM C KaeMKaMu 3rupuHa. Kpome 3Tux MuHepa-
JIOB MOTYT MPHUCYTCTBOBATL OJHBHH, GHOTHUT, Hededaun W aHaapluuM. Bropo-
CTeNeHHble MHHEePannl NPeACTABACHSI MArHETHUTOM MJM HJAbMEHHTOM. Muc-

229



j
|

CYPHT sBJSIETCA ©MIHCTBCHHON NOJHOKPHCTAMIHUECKOMN nopojof, comepxa-
UleH JIeHUNT. JTOT MHHepas  BOOGIIe PeNKO CoxpamusieTes B nopone
npeBpaulasick B NMCEBHOJEHIIUT (ncesnoMopdosy Hedennna n opTomaapa BO
B34HMHOM mpopactaHuu). MuccypuThl cBA3aHDLI nepexoIHbIMH pasx;ocmmn
c (ubeprycmaMn‘6onee NeAKOKPATOBO/ TOPOAOH, COCTOSIIEH H3 TICCBO-
JCHIHTA, ABrHTA WJH 3THPHH-AaBrUTa I HeGOJbIIHX npumecefi 0. THBHMHA
6HOTHTA M PYAHBIX MHHEpPAOB. ' ‘
I/ISJIHPIHHMHCH dHaJOraMH MHCCYDHTOB ABJISIIOTCA JeHUHTHTH 1 OJHBH-
HOBbIE MCHLUHTHTEL. FnaBHble MuHepaan 5Tux TOpoA — JEAUHT H ABrUT
HHOTA ¢ KaeMKOH 3rHpHHA. B MefiuuTHTAX M OAMBHHOBLIX pa3HO‘BHZlHO~’
CTAX BO BKDaIJIeHHHKaX MM B OCHOBHOR Macce NPHCYTCTBYET OJHUBHH, TOTIa
KaKk B JCHUATHTAX OH OTCYTCTBYeT. BTopocTenennbie MHHepaJbl npe,rzcras-
JIEHbI GADKEBUKHTOM, MAarHETHTOM, HJIbMCHHTOM: aKILeCCOPHBIE — AnaTHTOM
Hedennn-nnpoxcenosnre TIOTHOKPUCTANIHUCCKHE PA3HOCTH, He Cozxe):
XKallue OJMBHHA, NpeNCcTaBAeHbl ulioiurami, Conepxanne Tef\mouBeTHwa
MHHEPAIOB B HHX nocTuraer 50—60%. TIupokcen npencTasicn THTaH-
ABCUTOM, TCDEXOAAMNM K TNepPU(EPUH B SLHPUH-ABLHT. BTopocrenenne
I aKILCCCOPHLIE MIIHepaJsbl: amaTHT, THTAHHT, MeJIaHHT, KaUKPHIIHT, Ka/Jb-
UHT. MenaHOKpaTOBLIE Pa3HOCTH HAONMTOR Ha3BIBAIOTCS  MebTelizutany
[IHpokCceH, THTAHHT W amaTuT B Hilonutax o6pasyior HAHOMOpdHbIe K I/I-.
CTa11bl, TOTAa KaK HeesqHH KceHOMOpDEH MO OTHOMWEHHIO K 3THM MHI{epa—
J1aM, 410 06yCJIOB.IHBaeT 06LIyI0 TUITHAHOMOD(HO3EPHHCTYIO CTPYKTYPY Eo-
ponbl. KanbUHT M KaHKPUHHT BHLIMOMHSIOT MHapOJHTOBbIE MYCTOTH MEX IV
MHHEpAT1aMH, SBJIASCh NO3JAHE- H NOCTMATMAaTHUECKUMH o6pasoBaHuaMH.
HitoanTsl uepes cepnio TPOMEXYTOUHBIX PAa3HOCTedl CBA3AHBL qpyﬁm
THIIOM He( e THH-NIPOKCEHOBBIX Nopol — ypTHTAMH. 3To neﬁxoxpéTosb{e
TTOpOnbl, conepxaniue okoso 80% nedenuna, 109 3THPHHA, 2 TAaKXKe aJb-
6HT, chen, amatnT u pan APYTHX MHHEpanoB. DrupHH B n(;ponav MOKeT
3aMCILATLCS MIEJIOYHOM POroBOfi 06MAaHKOA HIH GHOTHTOM. B 3aE:PICPI”\/[0CTH
OT LBETHOrO MHHEpasa MOPOAB COOTBETCTBEHHO HA3BIBAIOTCS MONMYTHTA-
it (€ poroBo# o6MaHKoR), wan KoHrpeccTaMu (¢ 6HOTHTOM). T
W3 MBIINMHCS  yALTPAOCHOBHBIMHU AHAJIOTAMH  HUHOJHTOR  ABJAAIOTCS
OJHBHHOBBIE He(DENHHHTHI, COCTOSIIHE U3 BKPAaMJIEHHHKOB OJIUBIHA H‘THTaH-
ABIHTa, NOIPYXEHHBIX B OCHOBHYIO MAacCy, CJAOMKEHHVIO HeheNIHHOM, KHCABIM
IUTATHOKTA30M, MMPOKCEHOM H CTEKJOM. CTpykTypa noponm nop&m oBas
OcnoBnasi Macca MoxeT umers (IIOMAATBLHYIO TEKCTYY. P .
Bgsaﬂmu, HJIH OJTMBHHOBEIE TePHTEI, OXBATHIBAIOT KAJIHEBHIE M HAT-
PHEBLIH DSAB, NOAPAsAC.ISSICh HA JEHIHTOBbIE (nceBnosefiunTOBbIE) Hege-
THH-JICHIHTOBbC H HedesNIHOBble pasHOCTH. Basaunter — 1o nopq)x’q OBBIE
opoAbl 3¢ V3UBHOrO 06MHKE, COCTOSHE U3 besbammatonnos, nu oiceﬂz:
M OnmuBHHA. B noauuHennom kKoamuecTse NPHCYTCTBYIOT OpTOK’.}Ta3pOCHOB
HOM TTarHOK/1as, GHOTHT, THTAHHCTAs POroBas O6MaHKA MarmeTHt qu:
MEHHT, MEJMJHT, aNaTHT, TalOMH, NePOBCKHT W THTAHNT. B JIeI'f'[HH,TOl;bIX
PaSNOCTAX BKPAMN/JICHHHKH TPEACTABIEHbl  JeHLHTOM (nceBnomefnuTom)
OTHBHHOM, MHPOKCeHOM. B uedennoBbIX pasHocTaAX BoO kaénnennnkai
PaSBHTbI OTMBHH, MHPOKCEH H pPenKo nedeann. OcHoBHAa wmacca nopo
CJIOXCHA arperatoMm ¢esbammnatonna, MHPOKCeHa, IJIaruoKIasa | 6yppbnf/11
crex1oM. CTpykTypa mopos nophupoBas, OCHOBHAT Macca HMeeT dmou-
AQIBHYIO TEKCTYpY. BasauuTel cBS3ambl nocTenennnMy nepexoraMu ¢ Jek-
ﬁiTiTiggBﬁH%g};?;:%bngu JCHINTHTAMH, C OXHOM CTOPOHMI, Hedennnura-
. HEMeMUHHTAMH — ¢ Apyrof.
BHH M MHUPOKCEHHI MOCTemeHHO 3amemaroT<I:)s¥ q)r;ﬂglyl):r]:;g;ngi%exoaax o
Cay6uuubiMir ananoravu HedeIMHOBBIX 6a3aHHTOB HBISIOTCS OJTHBH-
HOBBI€ MeNaHOKPATOBBIE TepasHTLl (6exnHKHHATH). DT0 MeuﬂaHOKpaTL)BbIQ
AOMHOKPHCTATINYECKHE TOPOABI ¢ THNHAHOMOPGHOA CTPYKTYPOR, cocTos.
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IHe U3 TeMHOUBETHHIX MHUHepa/ioB (6apKeBHKHTA, THTAH-aBTHTA, OJUBHHA,
HJIbMeHHTa, MarHetdTa, cdena), caarawomux 10 85% nopoan, a Takxe
aHOpTOKnasa, na6panopa H HedesHHA, 3aMEUICHHONO aHaJbBLHMOM.

Oco6ofi pa3HOBHAHOCTLIO NIEJOUHBIX YJIbTPAOCHOBHBIX MOPOA ABJSIOT-
Cs1 MeJIHJIUTOBblE TOPONbI: rAyGHHHbIE Pa3HOCTH — TYPLSUTH W HX H3JIHUB-
HIMeCs aHaJIOTH — MeJUJANTOBbe HedeauHUTH. TypbAUTBI OpeICTaBAAIOT
co60il NMOJHOKPHUCTANIMUCCKHE TOPOJAbl TEMHO-CEPOTO  I(BETa, CJOMXKEHHbIC
HeheNHHOM, MENWJHTOM, JeNHAOMEeJaHOM M STHPHHOM CO 3HAUYHTeJbHOH
NpHMechlO0 MarHeTHTa, MIbMEHHTA, anaTHTa, MeJIaHHUTA, IepPOBCKUTA U KaJb-
uuta. Hedennn Moxker GbIThb 3aMenieH raroMHOM, NMpHUEM TakKHe PasHOCTH
HasplBaloTcsl onauramu. CYUIECTBEHHO NMHPOKCEHOBLIC PA3HOCTH TYPBLSHTOB
110CAT Ha3BAHHE YHKOMNAP2UTSL.

MenunutoBble  HegeNIHUTL H MENHUJIUTOBHe 6a3aHUTLI IO COCTaBY
COOTBETCTBYIOT TYPbSAHTAM U HX PA3HOCTAM, HO XapaKTepH3yloTcsa nopdu-
pOBOH CTPYKTYpo# ¢ ¢eHOKpPUCTAMU OJHUBHHA U 6yporo aBrHTa, NOTPYKEH-
HBIMH B OCHOBHYIO Maccy, COCTOSIIIYIO H3 MeJHJINTA, OJIMBHHA, aBTHTA,
HedeMHA, MArHETHTa, aNaTHTAa ¥ MHHepaJOB CPYNNbI CONRAMHTA.

lllenoyHble VJILTPAOCHOBHBIE MOPOILI SIBJSIOTC XapaKTepHbBIMH ofpa-
30BAHHUSIMH JKECTKHX, KOHCOJTMAMPOBAHHBIX YYaCTKOB 3€MHOH KODbI KOHTH-
IICHTAJBHOrO M OKeaHIMeCKoro THmoB. [103TOMY OHM pa3BHTH B Npepenax
rtaThopM man cTabGIAM3HPOBAHHBLIX YYACTKOB [COCHHKJIWHAJNIECH, rxe obpa-
3VIOT KPYNMHHEe TPYyGooGpasHble Tena, MPHYPOUEHHBIE K 30HAM TepecedeHust
TeKToOHHYecKNX Hapyuieunii. llenounsie yabTpaoCHOBHBIE TOPOABI HAXONAT-
¢Sl 3/leCb B TECHOI accOIlHAWH ¢ OJIMBUHHTAMH M IEJOUYHBIMH TNOPOJaMHU
Bosiee BBHICOKOP KPEMICKUCJOTHOCTH (MACCHBBH YJABTPAOCHOBHBIX  I€JI0Y-
HBIX TOpoa). DTH MAaCCHBH B N/aHe XapaKTepH3YIOTCH KOHIEHTPUUYECKHM
CTPOEHHEM C OJMBHHHTAMII B HX IEHTPaJbHON 4YacTH, NMUPOKCEHUTOBON Kai-
MOIl BOKDYT OJTUBHHHTOB 1 IIEJOYHBIMH MOpoaaMu no nepudepud Maccu-
BoB. Tlo-BHANMOMY, HMeeTcss M BepTHKajbHasi 30HAJbHOCTb YJbTPAOCHOB-
HBIX [HeJOUYHbIX MACCHBOB, NMPHUEM 1IEJOYHbIE NMOPOALI NMPHYPOYEHH K BepX-
IIMM 9acTsIM MaCCHBOB 1 C I'TYOGHHON HX POJb YMEHbHIAETCS.

Sbdy3uBHbIE MIENOUHbIC YJALTPAOCHOBHLIE NOPOAHL 0OGpPasyloT MOTOKH,
NOKPOBH, CyOBYJKaHHYeCKHe 3aneXH TakXKe B KOHCONHIHPOBAHHBIX yyacT-
Kax 3eMHOf KOpbl, 3HaMeHysl c00O# 3aKJOUUTETbHblE 3Talbl  3BOJIOUHM
MarMaTHueckoli gestenbHocTH. OHHM UacTO acCOUUHPYIOTCS C NIEJTOYHBIMH
6asanbTaMi M PANOM APYrHX 6o01ec KPeMHEKHCNBIX IIeNOYHBIX H3JIHBUIHX-
¢ nopoa. Dddysusnbie nopoasl YaCcTO CONPOBOXKAAOTCA naikamu 6.H3-
KOT0 COCTaBa, HO ¢ GOJBILIEN CTENClILI0 PacKpHCTAJNIH3aUUU TTOPOA, BJAIO-
HIHXCS NOABOAANIMME Kanajgamn 3¢ dysui.

Ilenounnie yAbTPAOCHOBIILIE MOPOAL GOraThl aKUECCOPHHIMH MHHepa-
JaMH, COMEPKAUIUMH pelaKHe W DaAUOAKTHBHBIE 3JcMeHTH (MOHALUT, ne-
POBCKHT, TIUPKOH, amaTHT ¥ Ap.). B psne cayuaeB, oco6eHHO B MaccHBax
HIENTOTHBIX VJIbTPAOCHOBHLIX NOPOJ, MOXKET NPOHCXOAUTbL HAKOMIEHHEe 3THX
MHHEPAJIOB BILTOTH [0 TNPOMBINLTIEHHOR KOHUeHTpauuu. B wactHOCTH, Me-
CTOPOXKACHNHA nepoBCKHTA. HIHpOKON H3BECTHOCTBIO NOJAB3YETCs MecTO-
pPOKMIEeHHe anaTUTOBHIX 11 e CHH-aNaTHTOBLIX TIOPOJ, CBSI3aHHBIX ¢ WHOJIH-
rami (Xubnuel). B meaouiisix yABTPAOCHOBIBIX MaCCHBAX YacCTO PA3BHTH
KapOGOHATUTHI, SABASIONINCCS DE3VIABTATOM KPHUCTAIIN3AUNH ClHelHPHUECKHX
kapGonatueix MarMm. C 3THMH 00pOAAaMH CBSI3aHB MHOTOUHCICHHLIE MECTO-
POKIEHUA PEeAKO3EMEILHLIX 3JeMEHTOB.

BoJlee KpeMHeKHC/LIC TOPOABI paccMaTpUBAEMOr0 pPAa HPeACTABJICHH
rpynnaMu $ononnTta u ncdenunosoro cwenura (1V-B) u xubuuura-roBHTa
(TV-Ty.

DOHOJMUTE COLEPIKAT TMOPPHPOBLIC BBLAEJSHNS NIEJOUHOrO MOJCBOrO
innarta (caHIAMHA, HATPOBOTO CAUNTHHA. AHOPTOKIa3a) U nedeanna. K aum
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NPUCOCANHSAIOTCS MO BLIACTEHHs raloiHa, HoseaHa, cojannta. WUs IBET-

HBIX MIHEPANOB B QEHOKPHCTAIIAX NPHCYTCTBYIOT B OTHOCHTENbHO HEGOMD-
LIOM KOJIMUECTBE NHOICHI, IIHOrAa THTAHHCTHIN aBruT, STHPHH-ABTHT H 3TH-
PIIH, a Takxe menounple amdUO0MIbI; 113 AKIECCOPHDIX MHHE)aJ0B BCTpC-
HAKOTC OTHOCHTETbHO KDYNHBIE  KDHCTAJMAB  THTAHHTA, 4 B HEKOTOPLIX
DEARIX PAHOBHAHOCTAX — OJMBHHA It MedaHuTa. ITHPOKCEH B BBILEJCHHSX
HEPEKO 30HATBHBIN: JONCHA HAH (GHONCTOBLI ABrUT, H3pCiKa aKMHT B
IPE M STHPUH-ABINUIT WM STUDHH Ha liepldepuy. Amduboa mpucyrersyer
TOJIbKO B (hEHOKPIICTANIAX, yalle BCEro 5TO GapKeBHKHT, pexe KaTadopHT,
apdsencounT man pubeknr. Yacto CHapyxH aMbubon anccounnpyer ¢
00pa30BaHHEM KaeMOueK M3 IIUPOKCEeHAa U MarHeTHuTa.

OcnoBHas macca donoantos MAKDOCKOMUYUECKN TIJIOTHAH 11 Yalle BCEro
3€MCHOBATO- HAH GypoBaTo-cepast ¢ KIIPHOBATHIM OsieckoM, pexke cepas
1 cepoBaTo-Gelas MatoBasi. OHa COCTONT, KAK 110Ka3bLiBaeT MHKPOCKOTI,
ITaBHLIM  06pa3oM 113 1LIeJIOYHOr0  MNOJEBOr0  mmnaTa I Hedennua ¢ npu-
MECbI0 HeGOJBIIOrO KOIYCCTBA IIBETIOrO MIiHepa1a, B OCHOBHOM MIIPOKCe-
11a 11 aK1lecCOpHBIX MIIHEepaJIoB.

DOHOMTH TCHHITOBLIE X4PAKTCPH3YIOTCS COAepXKaHIeM NopdHPOBLIX
BLULEJACHHH CAHIANNA 11 aefiunTa, GenokpHeTalan HedeaHHa OTCYTCTBYIOT,
I3 IIBETHBIX MHHEPA.10B B BLIACJCHINAX ObIBAET MHPOKCeH (111eJ10m0#) 11
OIOTHT, & TaKkKe ralonm, n3peaka qabpagop, nHOrga THTAHNT. B 11eKoTo-
PBIX DA3NOBHAHOCTAX JEHUNT B BhigeaeHHSIX OTCYTCTBYET 1I CONEPHKHTCA
TOJABKO B OcHOBHON Macce. OcHOBHasi Macca caomena arperaToM caHuull-
Ha, JMedIlHTa, aBrHTA M MAarHeTHTa, HHOr1a C NPHMECBI0  MNJariok;aasa; B
HEKOTOPLIX CIY4YasiX COLEPIKHT CTEKJIO.

Jlefiuntopupo otauuaoTes ot JEeAIUTOBLX (DOHOJHTOB npeobaanga-
HHEM JIeflMTa Hax caHuauuoM. OHH TaKke COJEPIKAT TaloHH M Ho3ear
HJIH TOT H JADYroil MHHEpa.J ¥ Hepeako MeaaHHT. [Topoasl 3t o6aanaior
NOPGHPOBOI CTPYKTYPOIl, B BBIACJICHIISNX BCTpedaeTcss  JefUHT, a Takxke
MOTYT OBbITb H YKa3aHHBIe MITHEDAJLI 11 MHOTAA aHaabuuM (oGpasyrouul
IICEBAOMOPG O3Bl 110 JEHUNTY), ITHPHH-ABIUT H GHOTHT, OcHoBHasi macca
COCTOMT U3 CaHHAHNA, JelLlTa U HedeanHa.

®opMbl  3a1eranus GOHOAHTOB: KynoJaa, pexe IOTOKH H IOKPOBbLI, a
TaK#Ke XKIIbl. POHOIHTH BCTPEUAIOTCH COBMECTHO ¢ TAKHMMU TOPHBIMII TI0-
PONAMH, KaK WIeJOYHBIE TPAXHTH, TPAXH6A3abThi, TeOPUTHI 1l T. 4., a TaK-
KC C HODMAJbHBIMH GasanabTaMmi.

POHOMUTH — 1OPOABI penkue. Cpenn 3¢ dy3nBHbix TOPHBIX TMOPOJ OHII
cocrapasior menee 0,1%. Kpome Toro, omu Jierko uamensiorest 1 He coxpa-
HSIOT CBO€rO MHHEPAJbHOIO COCTABA B MAJEOTHIHBIX Pa3HOBHANOCTAX.

Hedenunosbie cuenntni coctost H3 moseBoro mmnara (45—85%), ue-
$eanna (15—20%) u TeMHOUBETHBIX MHHepasaoB (10—15%).

eJOYHOH TMOoJIeBOH IINAT — OPTOKMA3, aHOPTOK.Ia3, MHKDPOKJHH H
anbOuT. XapaktepHo o6pacTaHHe KaJHEBOrO M0JEBOrO NaTa aanbuTOM
B BHJe Kaimbl [lraruox.ias ssasiercs ouchb PeIKHM MHHepaJoM, ecal He
CUNTATb HauGo.ce GeIHBIX H3BECTBIO YJEHOB paxa MwuHepaaoB. bBougec
OCHOBHO TJIaTHOK.I43 BXOAHT B COCTAB He(eaTHOBBLIX MOHOILHTOB (nepe-
XOIHBIX K rpynme IV-B).

Hedeaun o6pruo npencrasien PA3HOBHIHOCTBIO C JKHPHBIM 6JeCKOM
B H3J0Me —5ae0mHTOM. [Ias HEKOTOPBIX HedeJHHOBBIX CHEHMTORB Xapak-
TEPHO HacTHuHOe pasmoxeHne Hedeauna ¢ o6pasoBaHien HATPHEeBBIX 11e0-
JIHTOB, KaHKPHHHTA, HHOrAa 6e0f clomb. B OToenbHbIX c1yyasx B Hede-
“THHE PACIpOCTPaHEeHbl BKJIIOYEHHS TNy3bIPhKOB, MHKDOJIMTOB 1 Gosee Kpy-
HBIX MTOJIOYEK STHPHHA H KPHCTAJNIHKOB APYLHX 1BETHBIX MIIHepaJoB.

BeTHHe MHHEpasbl He(EeIMHOBLIX CHEHHTOB B 06lleM TaKue JKe, Kak
B HIEJOUHBIX CHEHHTaX, He COJlepKalix neenanna. BHOTHT npeactanicn
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CHJBHOXKEJe3UCTOH HHTeHCHBHO NJIEOXPOHYHOH paSHOBHILHOCTblO—JIeHHlIO);
MeJIaHOM, MHPOKCEH — SrHPHHOM, HHOTAA  3THPHH-aBrHTOM. B HeKOTOp}]:Ie-
HedeNHOBBIX CHEHHTAX BCTpevaeTcsl JIOIICHA € KaeMKOH STHpHHA, ;1 I:;x—
KOTOPBIX PAa3HOBUIHOCTAX H 000c06/eH1I1X — MEJTAaHOKPATOBLIX II1JI paT N
Jaxe THTaHMCTBHI aBrutT. PoroBas o6MaHka OOBIYHO npeHCTaBne%a H H[;\m
BBLIMI Pa3HOBHAHOCTSIMH: ap¢BeLICOHHUTOM, TaCTIHICHTOM 1JH OJH3K

K HHM BHIaMH, HHOrla pHOEKHTOM. Pexe B HEKOTOPBLIX U3 HedeTHHOBBIX
CHEHNITOB BCTpevaeTcss KPacHOBATO-6ypbIl 6apKEBUKHT. o

XapaxkTepHo HaX0XKIeHHE THTAHO-IHPKOHO-CH/AHKATOB, KOTOPLIe eg)&

ypoueHsl K 6oJee rpy603epHUCTHIM MErMaTOMAHBIM PA3HOBHAIIOCTAM H
HHTA.

mmogog(e)xi)};%pmx He(eTHHOBBIX CHeHITAX XapaxkTepHOH NpHMeChIo ﬂBm{e(T):

csl THTAHCOAEPKAIUA rpaHat, GJU3KIN K MeJaHHTy, a TaKxke HHOTAAa K

pyHa. Kak cayuaiinbeiit MHHepaJs nonajaaercss (II00pHT. e

M3 aKieccOpHHX MHHEPAJOB PaCHPOCTPAHeHBl MarHeTuT, I T,
anaTtuT, HHpKoH H cden. Coen BcTpeuwaeTcs B Oojee  MeJTaHOKPATOBLIX,

(OH — ee JeHKOKPAaTOBLIX THMAX.

IUIPI\I(-)I';KOHBeI?,OJ}I{aﬂo }'HOMEHyTb 0 TIePBHYHOM KaJIblIMTE, MHOTJA BPOCIIEM
B BHje XOpomo o06pa30BaHHBIX KPHUCTANJOB B CBEXKHIL 110J1€BOIl uma)T 3n
HedeaHH, NpHUYEeM Ha KOHTakTe HedesiHa 1 KajJdbllHTa TMOUYTH BCErAa pa:
€aKIHOHHBIe KAGMOUKH KaHKPHIHHTA.
B”BHSTTI\CQTI;M I?eKOTOprG pacrnpocTpalleHHble pAa3HOBIJIHOCTH HedesaHHo-
BBIX CHEHHTOB: MHACKHUTHl (C 2KeJC3UCTBHIM 06110Tmorov[ B KauecTBC TEMHO-
UBETHOTO MHHepaJa), ¢oilssuTsl (C mea04yHOH poroBofl 06MaHKOH H ampgg:
aBTHTOM), DHCUOPPHTHI (CO C/HOLOH H STUPHHOM), 1\/{fipp1ynonEm;16(a.m:(of1
TOBble HedpeTMHOBbIE CHEHHThl C ITHPHHOM, I€JOYHON poroBoii o6MaH :
JKeJe3HCTBIM GHOTHTOM), TICEBHOJEHUHTOBLIC, AHAJbIIHMOBbBIC, KAHKPHHUTO
JUHOBLlE CHEHHTHl H Ip.
e I}Sljl(ggx:{mx HedeJTHHOBBIM CIEeHHTaM XHGHHHTBI H JIYySBPHTHI, CJ0XKeHHBIe
nepenunom (35—40%) M UBETHBIMH MHHepaJjaMH — 3THPHHOM, ap(bBenco:
HHTOM, 3HArMaTUTOM. OHU OOBIUHO COJEepKAT 3IBAHAJHT. OpTOKJIaSCOIlep_
XKallHe pa3HOCTH MOAOOHBIX NMOpPOX INOJYYHJAH Ha3BaHHe [OBHTOB ((;E}T{g_
K71a3, HedesHH, 3rHpPHH-aBruUT, 60OTHT). M3BecTHO MHOro APYrHX p
BHJIHOCTEH (eabAINMaTOHIHBIX LEJOYHBIX NOPOL. )

[To ycnoBUsIM 3aneraHusi pasJHYaloTCs, ¢ OJAHOH CTOPOHHI, mTo:ng
HedeNHHOBBIX CHEHHTOB HJIH CJOMXKHble WITOKH, B KOTOPBIX He(perI}’IHOB
CHEHHUTH SIBJSIOTCS TOJIBKO OJHHM H3 UJEHOB, CJATAIOWHX 3TH nnyTo6Hb1, c
JIpYyrofl CTOPOHBI, COrJacHble HHTPY3HH He(deHHOBBIX CHEGHHTOB, OOBIYHO
rHedCOBUAHBIX, B THEHCOBBIX ToOJMIllaX, MOJOOHBIE TAKHM Ke HHTPY3HBHBIM
TeJaM THeficorpaHHTOB W rpaHuToB. Kpome Toro, HeeaHHOBble CHEHHTHI
HAaXonsTCcsa B (hopMe JAKKOJHTOB, JOMOJHTOB I 1aek.

HedennnoBbie CHEHHTH BCTPEUYAIOTCH B aCCOUHALHAX C menognumg
CHeHHUTAMH U TpaHITaAMH, TOXKe B GOJbLIEeHd WM MeHblIeH cremeHH ob6Hapy-
KHBAIOIIMMH IIEJOYHOH XapaKTep; ¢ IeJOUHBIMH raG6pOUAHBIMH MOpO/a-
MH, TIpHYEM B 3TOM CJyuyae HHOTIA MOSIBASIOTCS MEJIUJTHTOBHE noponm:
Ocobas accounauus npeacTaB]eHa 6oraTbiMH KaJllleM INeJOUHBIMH II0pO

JEeHIHTOBLIMH H AP.).
ﬂaMPi)a(CTICGM(I)lTpeHHbIG BbIPL)H)e TOpHBlE [OPOJABI, pa3fesloliHecss Ha PSIH
(A, b, B u T') u rpynnsl, B IPHPOAHLIX MATMaTHUECKHX KOMIIJIEKCAX HAaXO0-
JIITCSL B 3aKOHOMEpHBIX accOolHanuaX. DTH accouHaluu OTPaxaloT CrHelH-
UKy 3IBOJIOUMH MarmMaTH3Ma B TeOCTPYKTYPHBIX 30HAaX 3eMHOM KOpPH Ha
pasHBIX cTafufAx uX pa3BuTHA. OHH paccMaTpuBalOTCd B JNajbHeflmeMm B
ri1aBe, MOCBANICHHO redeTHYecknmM npob.aeman.



MHUHEPAJIbHBIE ®ALLUH

CucreMaTHKa roplblX MOPOA 110 MHHePaJbHBIM (alUsIM HMeeT LeJblo
0XapakKTepH30BaTh YCJOBHS HX 006pa30BaHHs B OTHOIUEHHH TeMIEpaTypHl,
aaBiaenns u Quionanoro pexuma. Kaxpas MmMuHepasapHas dauus obben-
HsleT MOpOJAbl, 06pa30BaBIIHECs B CXOAHHX ycaoBHsX T, P ¥ mapumasbHbIX
JaBJIeHHH JIeTyYHX KOMIIOHGHTOB. B NpHJOXKeHHH X MarMaTHY4ecKHM rop-
HLIM IIOPOJAAaM OCHOBHYIO DOJb HrpaeT mapuuasabHoe gasaeHHe HyO, nosbi-

T ImmeHue KOTOpPOTO PEe3yJbTHPYETCA 1O-
Izoawydyc

HUXKEHHEM TeMIepPaTypbl KpHCTAJAIN-
3alliu pacnjaBOoB H 3aKOHOMEDHbLIM

- H3MeHeHHeM 3BTEeKTHYECKHX COCTaBOB
1000 B Amqudon marMm. 3Ta 3aBHCHMOCTb HMeeT 6OJb-
L\r___/ moe METPOJIOTHYECKOe 3l1ayeHHe, 4TOo
/NG B TNMpPHJOXKEHHU K TPAHUTOHIAM H He-
800 | S~ ($heJUHOBLIM CHEHHTaM TOd4YepKHBa-
~ Joch B psane pa6ot. [Toswimenne pas-
600+ : neunst HyO mnpuBoaut k obGexnenuio

ol i 1 I L 5BTEKTHYECKHX  COCTaBOB T'DAHHTORB
M o 0(1{ X000 5000 7000 9000 kBapuem (Irtelinbepr u ap., 1971), a
i F, dap B HEJIOCLIIIIEHHBIX KPpEeMHe3eMoM Hede-

4= JHHOBLIX 3BTEeKTHKAX NIPOUCXOJAHT
61

) |

0+ § Puc. 115, Coauayc OCHOBHBIX INOPOL H
1l T_‘PH,O VCJIOBHSI KPHCTalnuzauun ambubo-
M gos (Momep u Twanun, 1965)

yBeJHYeHHe KOoJHYecTBa HedelMHa OTHOCHTeNbHO TOJeBBIX mnaToB (JIeBum,
1971). B ocHoBHLIx mopomax (6a3ajbrax, raG6po) MOBLINIEHHE BOIHOTO
J1aBJeHHA TPH MAarMaTHYECKOH KPHCTAJNJH3AUHH TPHBOAHUT K YBEJIHYEHHIO
KOJIHYECTBA TLIATHOK/1a3a OTHOCHTENbHO TEMHOUBETHBIX MHUHEPAJOB (THpoO-
KCEeHOB, OJIMBHHA), T. €. TIOPOABI CTAHOBATCHA GoJee JeHKOKpaToBHMH. [Ipn
9TOM B OCHOBHBHIX MAarMaTHYeCKUX paclmaaBaX I[OBBINAETCS COAepPKaHHE
Boabl (mu,0 B Bec.%) M NpH HEKOTOPbIX BeJHYUHAX AABJAEHNS U3 MaTMBbI
MOXKET HEMOCPEeNACTBEHHO KPHCTAJJIH30BAaTLCA BOAHBIA MlHepas — aMdbuGon
(6ypast BEHICOKOTEMTIEDATYpHAsl poOroBast o6MaHKa). TH COOTHOWEHHS CXe-
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MaTHYECKH MOKa3aHul Ha puc. 115, cornacuo kortopomy dauus porosooB-
MaHKOBEIX Tab6po u 6a3anbTOB (¢ MarMaTHYeckKodl pOroBoii OOGMaHKOH)
OTReYaeT mapuuasbHomy JAasienuro HyO Bo ¢aonmaax spime 1000 6ap
(coBvellenne mMoNA YCTORUHBOCTH aMbu6071a ¢ NoJeM KpHCTaMTH3AlHH
6asanbToBod MarMbl). Ilpn stom coxepxanune HyO B 6azanbToBOM paciiia-
B€ CTAaHOBHTCH Bhite 47 .

PoroBoo6mankoBbie 1a66po 1OBOIBHO IIHPOKO PACTPOCTPAHEHBI B TMIY-
GMHHBIX KOMIIJIEKCAX OCHOBHBIX M YJbTPAOCHOBHBIX nopoa. OJHBHH M M-
POKCEHbl B HHX YacTHYHO HJH TOJHOCTBIO  BBEITECHAIOTCS  GYpOBATOH
porooit obmauko#i. Ho B BazaanTax
uepBHYlias (Marmariueckasi) poronas
0OMaHKa OOBIYHO OTCYTCTBYET (oHa
BCTpPEUaeTcss TOJBLKO B Gojiee KpeMHH-
CTHIX TOPOAAaX — aHAe3UuTo6a3aabLTax
M daHle3nTax). ITO CBHIETENLCTBYET
O TOM, YTO KpHCTaAau3alud 6a3a.b-
TOB IIPOHCXOTHT B YCJOBHSIX NapIlH-
aabHoro jgasJgeHus HoO Bo duaronpax
Hike 1 x6ap. O6  3t0M ke cBrie-

flone xpucman
| Augayuy myc-
Kodumaq 13 2p0-
| HUmKod MOeME

,( [are Kpucmamusayuy
Susmuma u3 zpamu
MBI

P,,zo, xbap

Q = N W YN D W
I

Puc. 116. Cxema coornowenns obaacteir xpn-
CTaNIH3aUHu OHOTHTR M MYCKOBHTA M3 rpa-
HHTION MarMel (cocTaBijeda ¢ HCHOJb30BA-
HIeM 9KcrmepuMenTtadbHblx  fainnx, Kerrick,

1972) 500 60 W0 a0 LT

TeNbCTBYET H Hu3KOe colepanue HoQ B 6azannTOBBIX cTeksaax, KOTOpOe
penxo moaHnMaetcst 1o 29.

[lepexon oT 6a3asbTOB K aHT1e3UTAM XapaKTEPH3YeTCst 3HAUHTEILHBIM
MoBbIIIeHHEeM POJaH (JIOHIOB, YTO COHNPOBOXKIAETCH MOBLIIeHHeM Ko3ddu-
ILMEHTA JKCIJIOZHBHOCTH BYJKAHHUECKHX H3BEPKEHHIT W yBesHueHHEM 3Ha-
uyennsi aMmopubornos B coctaBe nopoa. Poab H,O enie Gosee moBobimaercs
nepex0fOM K KHCJAOMY MarmaTtuamy. ['ny6HHHOe pa3BlTHe KHCJIOrO Marma-
TH3Ma, TNPUBOAAINIEr0 K 06PA30BAHHIO TPAHUTOB, NMPOUCXOANT B YCJOBHUIX
BBICOKOIO TapUHUAaJbHOrO AABJAeHUsT BoAbl. Bepxuuli mpemea 3atoro pagJje-
HHUSl Pa3JHUHLIMH aBTODAMH OLEHWBAEGTCS I10-pasHOMY. [IpW 3TOM BaxXHO
VYecTh CTAGUJIBHOCTb BOIHLIX MHUHEPAJOB [0 OTHOLIEHHI0O K TPAHHUTHBIM
pacnjaBaM H pacCMOTpPeTb ee B CBSA3H C PACTPOCTPAHEHHOCTBIO HX B pe-
aJbHBIX MarMaTH4YecKHx Kommaekcax (Mapakymes, 1968). Ha puc. 116
JlaeTcs COMOCTaBJeHie TmoJell KpHCTAAAN3auud GUOTHTA W MYCKOBHTA
(MHHepasoB, MHPOKO pPACIPOCTPAHEHHBIX B I'DAHHTAX) H3 KUCJAOH Marmhl
MO 3KCHepHMEHTaJJbHBIM JaHHBIM (B vactu myckoBHTa — Kerrick, 1972).
CxeMa NHOKa3bIBACT, YTO GHOTHT MOMKET KPHUCTAJNIH30BATLCS H3 TPAHHTHOH
Marmpl B WIHpOKOM JHanasoHe dbmouanoro nasaeHusa (0,7 x6ap ¥ Bhiue).
3tum o6bsAcUAETCS WHPOKOEe PAa3BUTHE GUOTHTOBBIX PasHOCTEH IPaHHTOB,
pacmpocTpaHeHHBIX B CaMblX PasAHYHBIX ¢anusx ray6uHHOCTH. bBHoOTHT
BCTpeuaeTcd TakKe B KHUCABIX 3¢G(dy3HBAX, B KOTOPBIX OH o6pasyer ¢eHO-
KPHUCTAJMJIBl HAPSIAY C AHpOKCeHaMU. MYCKOBHT Ke, HANPOTHB, UMeEeT O4eHb
OrpaHHYEHHYIO YCTOHYHBOCTB B YCJOBHAX KHCJOr0 MAarmMaTH3Ma, KpHCTal-
JIM3YACh K3 MArMbl TOMALKO B VCJIOBUSIX OYeHb BHICOKOTO TNAapUKaILHOTO
nasienus H,O Bo d.monmpax (Boume 3—4 k6ap). ITostomy OoH He BeTpe-
yaeTcs B IpPaHUTaX B KaueCTBE TWPOAYKTAa TPAMOH KPHCTAJNJIMU3ALHH H3
MarMbl, a UMeeT NOCTMarMaTHuecKoe (aBTOMeTamMOp(dHUYECKOe HJH MeTa-
comaTuyeckoe) npoucxoxneHHe. HuKuss rpaHHua noag KpHCTAJAnH3audu
MYCKOBHTA W3 MAarmol Ha 1uarpaMme B KAKOH-TO Mepe xapakTepusyer
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BEePXHHH mpenes NapUHAJbHOro JAaB/jeHUS BoJAb BO GaOHAAX B YCJIOBHAX
pasBUTHS TYOHHHOTO IPAHHTOMAHOrO MarMaTtuaMa.

Bnusune ¢awouaHoro AaBJeHHs HAa NapareHesHucbl MHHepasioB B rpa-
HUTOHAAX (MUHepasbHBle (hallMM) OUeHb CJOXKNIO H He MoxXeT ObITb CBe-
JeHO K BO3JAEHCTBHIO Ha PacriaBbl TOALKO mapuuanbHoro pnasgenns HoO
(cyurecTBeHHO BJISIHIIE MHOIHNX JAPYrUX KOMIIOHEHTOB ¢JIIOHAOB, O0COOEHHO
dTopa u ap.). Oxnaxko npaBgaeHHe HyO, HecOMHEHHO, SBJAsSIeTCA TVIABHLIM
dhaxkTopoM, KOTOpPBIH CcJjelyeT Y4YHTbIBATH B IepBYIO ouepelb IpH oOlieM
MoJX0oAe K mapareHesucaM rpaHuToB. MunepasbHble ¢anui rpaunTtos, Gen-
HbIX KaJbLHEM, CXeMaTHUYeCKH HaMeueHHBIe B OTHOUIEHHH 3TOTO NapaMeT-
pa, paccMaTpHuBalOTCA HHUXKe B OCHOBHOM mo pabGoram A. A. Mapakyuena
(1965), A. A. MapakyweBa 1 U. A. Tapapuna (1965) u A. A. Mapaky-
weBa u ap. (1966).

[lapareHesncbl rpaHHTOMAOB MO CPAaBHCHHIO C COOTBETCTBYHIOIIMMH IO
COCTABY THeHcaMH M KPHCTAJJIHUYECKHMH CJAAHIAMH OTJHYAIOTCH MAajOMH-
HepaJbHOCTBbIO (B COCTaBe X, KaK [IPaBIJO, COJAEPHKATCH OJMH HJM pexe
JIBa jKeJe3oMarHe3naJjblIbIX MHIepaJsa). DTO NPHBEJO K MNPEACTABJICHHIO
06 oco60oM, BNOJHEe MOABIIKIIOM MNOBeJeHHH TNPH HX 006PA30BAHHH He TOMb-
KO JeTY4YHX KOMIIOlieHTOB, HO Takxe wmienoueir (puc. 133), XHMHuecKHMH
NOTEHUHANaMH KOTOPBIX OIpelessloTcsl MHOTHe OCOGEeHHOCTH mapareHe-
3HCOB rpaHutouaoB. Kak 6buio mokasauo JI. C. KopXHMHCKHM, B 3aBHCH-
MOCTH OT XMMHYECKOTrO MOTeHLHAJa KaJHsl 3HauHTeJbHO MEHSIOTCS 3BTEK-
THUECKHe COCTaBbl TPAHHTOMAOB M cocTaBbl MuHepaJsoB B Hux (Kop-
KHUHCKHH, 1955, 1960). Tak Kak <«IHOBBIIEHHE IUEJIOYHOCTH YBEJHYHBAET
TeMIlepaTypy KPUCTAJIJIN3alUH MUHEPAJOB C OCHOBHBIMH CBOHCTBAMH M IIO-
HHXKaeT TeMIepaTypy KPHCTAJJIH3aUNM KACJIOTHBIX MHHEpasoB, 3BTeKTHYe-
CKHE TOYKH H KOTEKTHUECKHE JHHHMH 1O COCTaBY JOJIKHB CMeImAThCcsi B
CTOPOHY KHCJOTHBIX MHHepaJsoB, TaK 4T0 NOJsAd KpHCTaNJM3alHH MHHepa-
JIOB, 60raThbIX OCHOBAHHSAMH, ocoGeHHO GoJiee CHJIBHBIMH, JOJIXHBI PacCLIH-
patbesi» (Kopxuuckuii, 1960, ctp. 26). O6 3TOM CBHIETEJBLCTBYET BBICO-
Kas XKeJe3HCTOCTb (heMHUecKHX MHHEpaJoB IIeJOYHBIX MarMaTHYeCKHX
HOpoJ, IO CPABHEHHIO C KEJe3HCTOCThIO HOPMaJbHBIX NOPOL.

IMpu aHanm3e MHHepaJbHBIX MapareHe3HCOB CPelH HHEPTHBIX KOMIIO-
HEHTOB, BXOASLIHNX B COCTAB FPAHUTOHIOB, OGeJHLIX KaJbllHEM, BBLAEJSIOTCH
BUpTyasbHble KOMIOHeHTH AlQO; FeO, MgO u H36LITOUHBIH KOMIIOHEHT
SiO;. B uncno BHpTyanbHbix KoMNoHeHTOB He BxoguT CaQ, Tak Kak co-
JlepxKaHye e€ro B MOpoJddxX, NepecHIeHHbIX TJIHHO3EMOM, HHXKeE IpeesbHO-
ro; tak uto CaO/Al;O3<C1l. 3TumM oTHOWeHUeM OOYCJIOBJIHBACTCA MNOSIBJE-
HHe B NOpPOAe NJAarHOK.Ja3a — eIHHCTBEHHOro KaJbUueBoro mubepana. O
N03TOMY MOXeT ObLITb OTHeceH K rpynne HHAN(GEpeHTHBIX KOMIOHEHTOB
BMecTe ¢ ZrQO,, P,0s, FesO4 u wactuuno TiOs.

TemnepaTtypa KpuCTaN/IM3anMH TPAHHTOMIHBIX PacnjaBoB BapbHpyeT
B UIMPOKHX Npejenax B 3aBHCHMOCTH OT NMApPUHaJLHOrO AaBJeHHS BOISHBIX
napos. Ouna sBaseTcss BechbMa BhICOKOH (960°C u Gosee) I/ «CyXHX» pac-
NJ1aBOB, CHHUXasch Ao 640°C npu passenun mapos Boanl 4000 at™, T. e
nouuxaercs npuMepHo Ha 300°C. 3T fgaHHBe 1103BOJSIOT 34KJIOYHTb, YTO
TeMIepaTypa KPHUCTANAH34IHH H XHMHUYECKHI [OTeHUHWAJ BOJH MPH,0 —
B3aHMMOCBSI3aHHbLIE TTApaMeTpPhbl, H, CJCIOBATE]bHO, MPH aHaJH3e IapareHe-
3HCOB TPAHHTOH/JOB MOXET YUYHTHIBATbCS OAMH M3 JIAHHHIX (hAKTOPOB.

YuHTbIBas B3aHMOCBSI3aHHOCTb MH,0 H TEMIIEPATYpHl, OCHOBHBIE 3aBH-
CHMOCTH TapareHe3HCOB M HHTEHCHBHBIX 11apPaMeTPOB MOXHO BBIBECTH M-
TeM TOCTPOEHHSI NMPOCTPAHCTBEHHON aHarpaMmbl P — Pg,o0 —Mk,0, ABJIAIO-
urefics OCHOBHOH IIPH BLIBOJAE MHHepasbHbIX (auuii rpanutougos. Ha stoi
AHarpaMMe B COOTBETCTBHH C NpaBujioM (a3 HOHBAPHAHTHLIM TOYKAM OT-
BEUAIOT MapareHe3uchbl ¢ YMCAOM MHHEPAJIOB, MPEBLIAKOUIHNM YHCJIO HHEPT-
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IIBIX KOMIIOHEHTOB I1a TpH, MOHOBADHAHTHbLIM PaBHOBECHSM — IapareHesu-
Cbl ¢ YHCJOM MHHEpaJoB, Hd JBa NPEBLIAIOIIHM YICJI0 HHEPTHHX KOMIO-
neuToB. OHH SIBJSAIOTCS JHHHSM{( IepeccueHliss MOBePXHOCTEH, OTBEUAOUUX
JMBAPHAHTHBIM PABHOBECHAM C UYHMC/JIOM MHHEPAJOB, Ha eAHHHIY INPeBbI-
[WAOLMM YHCJIO0 HHEPTHBIX BHPTYAJbHBIX KOMIIOHEHTOB. Mexay 3THMH IIO-
BEPXHOCTAMH YCTOHYMBBI I1aPAr€HE3UChl C 4ICAOM  MIHEpPanoB, pPaBHBIM
YHCJIY HHEPTHBIX KOMIOHEHTOB.

YuuTbiBas Hanuure nzomopdusma FeO n MgO, MOXKHO 10/1araTh, u4TO
COCTaB MHHEpaJioB B 3THX [apareHe3ucax HAXOAHTCS B ONPCACICHHON 34-
BHCHMOCTH OT AaBaeHusl, xuMuueckux mnotenunnaitos H,O n K,O, coxpa-
HASICh HEM3MEHHBLIM BJ0Jb ONPEAEeJEeHHBIX NMJIOCKOCTeH IOCTOSIHHOMH KeJe3Hu-
CTOCTH MHHEpaJOB B MapareHe3Hcax C YHMCJIOM MIHEpasoB, PABHBIM YHCITY
HHePTHBIX KOMIOHEHTOB. OCHOBHBIC 3aBICHMOCTH MHHEpaJbHBIX Naparexe-
3MCOB OT II€PEYHCJEHHEIX I1apaMeTpoB MOryT ObiTh NMOKa3aHbl HA YACTHBIX
puarpammax P— Wy,0, W0 — bk,0, P—Mk,0, MpEACTABISIOLNX coGoll ce-
YeHHsl IPOCTpAHCTBEeHHOH AHArpammbl P —My,0— k0. 37ech 1as Hac
GOMbIIOH HHTepec TIpejcTaBisieT Apyroe (1n306apHueckoe) ceyeHHE IIPOCT-
PAHCTBCHHON JIHArpaMMbl M0 — MK,0, Ha KOTOPOM Haubojiee HarJsiiHO
BHISIBJISIIOTC  3aBHCHMOCTH MHMHEePaJ/bHBIX N1apareHe3HCOB [PaHHTOUJOB OT
L1eJOYHOCTH-KHCJAOTHOCTH. CJI0KHOCTh TNOCTPOEHHS JHArpaMmbl CBsi3aHa C
TeM, 4TO B JAHHOM cJydyae HAAO YUYHTBIBAThH II€PeMEHHOCTb COCTaBa TEMHO-
LBETHBIX MHHEPAJIOB He TOJLKO MO 2KeJE3HCTOCTH, HO I 1O [VIHHO3€MHCTO-
CTH, KOTOpasi CyHIeCTBEHHO M3MEHSIETCs ¢ N3MEHeHHeM UieJOYHOCTH (XHMH-
yecKoro noTeHuHana Kaausi). Oco6eHHO 3HAUHTEILHO H3MEHSETCs COCTAB
GHOTHTA B IapareHcalce ero ¢ OpToKk.aasom '

5+ % H,K, (Mg, Fe)yAl,Siz0,, +21mSiO, . (6mKO,p) =

— 5H,K, (Mg, Fe)s; ™ AL, Sis;. ™ Oy -|- 7mKAISi;04 -+ (mH,0),
2 2
1. e. BiAl 1 Q - (6mKOy2) = Bi - Or + (mH,0).

Sroii peakumeit na puarpamme Hu,o —Mko,, (PHC. 117) oupenenstor-
¢S JIMHHH [OCTOSHHOM TJHHO3€MHCTOCTH OHOTHTA B MapareHcesnce ¢ OpTo-
KJ430M W KBaplleM, KOTODBIMH HaMeualoTcs INeCThb TPYNN  LeJO4YlOCTH
GHOTHTOBBIX TPAHHTOB. YTOJ HAKIOHA HX Ha JHarpamme (o) BBHIYHCJSCTCA
no o6uyHOH ¢dopmyae:

Iui,0 Ango.
Mo\ TROy  bm g gy,

HOJIyquHbIe JUHUNI Ja10T OCHOBHYIO CeTKY, KOTOpas IO3BOJISIET pas-
MECTHUTbL Ha jAuarpamme JHHHH MOHOBADHAHTHBIX pPAaBHOBECHH H HOHBAapH-
AHTHbBIC TOYKH, HCHO.Ib3YA SMHHPHHQCKHFI MdTepHuasi.

1 31ceb 11 dadee NPHHATH cICAYIOUIHE CHMBOJLI MUHepasio: Bigp — OHOTUT H ero Ke-
nesucrocts (Fe/Fe+Mg)-100%, Bi® — 6uotar u ero ramsosemucrocts (Al/Al+Mg+
+Fe+Si)-100%, Hyps — ruuepcren # ero elesucTocTb, Hypd— rumepcred 11 €ro rauHo-
3eMICTOCTh,  Alm — rpauat  uwpon-aapManzunosoro  paia,  Cor — KOpAHEDUT,
Or Ka.TMeBbii 10.1eBOI InaT, Ab — amfur, Pl — nuarunokaas, Mu —
MyckoBuT, Sill — cuaaumaunur (anpaaysur, xdanut), Cum — ampuG0o/bl KyMMHHITOHHT-
pIOHepHTOBOr0 pAja, Ol — onusun, Rb — puGeknt, Ast — actpodmuanr, Eng — suurma-
tut, Aeg — arupun, Mt — maruernt, f'= (FeOs/z/FeOsja+FeO+MrO) -100% — comepxkanue
OKHCHOrO KOMIIOHEHTA B KeJe3HCTOM MHHepaJe.

237



24

Tpynnsl _wengywoemu _2panumoudod no duomumy

Y 50r+q

il

)

(42)

Huga

T
|
1)
S4-,
&1
S
oo

imm
247
!
/ n
T
s[5
[ T
I 66
[ 081

$
&
1
4
[
I

7
i
717

|
A0+%10=

Ry

76
072

\
1
1% _‘50430”)7./4“11/]&’
‘ - - *L%_\
\

NS
1
foks
<3|
|

duomuma

cocmabo

Xapakmepucmuka

Dofiwodsuwsy
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1
H

JUIAi TPAaHHTCHA(B, OGelHbIX KaJjulineM (H300apHYECKOe CeYeHHe JHATPaMMb

2

Huarpamma pyg o — < Na)Os

117,

pP— szO—p(K,Na)OI/Z' I"Iym(mp ~—JIHHHH L[OCTCAHHCH KeJe3HCTCCTH MHHEpAJICB B YeTbIP€XMHHEePa/bHbIX TapareHe3ncax

Puc.

[ugpu

keTpemyMcs B parHceecusx Cr-+ Q- Bi -4 Hyp, Cum < Hyp + Q.

COCTEETCTBYICT TI'apareneTnueckuM Aual pamvam Al -— Mg — Fe ra puc.

[PAaHUTOHACBE, IMTPHXNYHKTHP — J HHHH

118

Kaxoii 104Ke AHArpamMMbl Mo — HaNaoyy (PHC. 117), oGo3nauen-
110fi apabckuMu HEPPaMH, COOTBETCTBYCT TpPCYronliast 1apdicHCTHHCCKA
cxema Al—Mg—Fe (puc. 118).

Juarpamma puc. 117 naeT BO3MOXKHOCTL CyAHFb O BAWANKY LEAOUIO-
CTH Ha MHHepaJblible Naparele3nchl rPaHUTOBIOB B YCJOBUSIX PA3JIHULOLO
TeMiepaTypHOro pexnma (UpH pasauunom ¢alonanom pexime). B Bepx-
llefi eC YaCTH paclo,arawTcs MHHcpasbHbpiC (alllil rOpHLIX 110POA, OTBE-
JAIOWIIIX BLICOKOH XMMIUECKOH aKTHBHOCTI BOAbL B oaHuMX cayuasx 3TH
110pOJE MMEIT OTYCTJIHBO METACOMATHUCCKOE NPOHCXOMAEHHE (nanpumep,
o6pasopanusa rpciisenosoi ¢aunm 1, puc. 117), B Apyrux— 1POUCXOMKIC-
jiHe HX CHOpHO. DTH OTHOCHTENBLHO HH3KOTEMIEpaTypHble YCJIO0BHSHA 6.s1aro-
IPHSITHBL /Uil 3aMELeHHSI KaJIHEBOIO I10JIeBOrO 1unaTa HATPHCBHIM. TloBbl-
mende obleil MieJOYHOCTH B 3TOH rpylllle NMOPOA IPHBOAUT K BhITCCHEHHIO
MYCKOBHTA 1eJOYHLIMH II0JEBBIMH MIIATAMH (1>4—7, puc. 117), K cHH-
AKCINIO TJIHHO3EMHCTOCTH GHOTHTAa H pacUIMpPEHHIO AMallaspHa ero ycToil-
HBOCTII 110 JKE€JE3UCTOCTH BCJEACTBHE BbITeCHeHHsi MM rpauara (7— 10—
— 13) u, Hakodell, K JIOSBJEHHIO LIEJOYHBIX amMpub0.10B U THPOKCCHOB
(17— 20— 23).

B ycioBuax 6osiee YMEPEHHOIo AABJCHUS BOABI, UTO XapakTCpHO A
co6CTBEHHO MarMaTHuecKoH cTalvH ¢GOpMHpOBaHHs TPaHUTOHAOB B YCJO-
BUAX CpeiHux rayOHH, CXeMa HM3MEeHEeHHs! TapareHe3ncOB HECKOJbKO Hiad.
IIpy HH3KOH IIEJOYHOCTH IIOPOJ B IPaHHTax 06pasdyloTcsi 6E3BOAHBLIC M-
03eMHCTbIe MHHEpaJbl — aHAANY3UT MAM CHJAJTHMAHHMT, KOpAueput (2—3,
puc. 117), Kortopole, OLHAKO, C MOBBILICHHEM MICIOYHOCTH OLICTPO BbITEC-
HSIOTCA KaJIMEBbIM MOJIEBHIM IINATOM H OHOTHTOM. DHOTHTOBBIC TPaHHTHI
B 3TOH rpynne nOpoj pa3BHTHl B OYEHb IIHPOKOM fAHANa30HE WICJI0YHOCTH,
BapHalMH KOTOPOil BBI3BIBAIOT 38KOHOMEpHble H3MEHEHHA COCTaBa W mnapa-
reHe3UCOB OHOTHUTA, YTO HaMeuaeTcsi CJAEAYIOIUHM  psiAOM  TpeyroJbHblX
napareHeTHueckux amarpamm: 5—>8-—11—14 (puc. 117 u 118). Tlpu
OueHb BBICOKOH WIEJOYHOCTH NOsIBJseTCA IapareHe3suc ropTOHOJNHTA HJH
(asnanTa CO IIENOUHBIM MOJIEBBIM INNATOM H 3aTeM LIEJOYHBIX aM(pHG0/10B
H nHpoxceHoB (18— 21— 24).

Oco6ylo Tpynmy COCTaBJfAT I'PAHHTOMAB, CHOPMHPOBAHHBIE B YCJO-
BUAX HU3KOTO MApUHUaJbHOrO AABJICHHA BOABI, B KOTOPOH OGHOTHT uMCeT
OUYCHL OrpaHHUEHHYIO YCTOHYHBOCTb, a LieJOYHble aMpHOGO.IbI BOOOLIC HC-
ycToiiuuBEl. Paj nmaparcHerduecknx auarpamm 3—6-—>9 nameuaer usme-
HeHYEe MapareHe3sMCOB MHHEPAJOB 3TOH IPYMNbl MOPOA C POCTOM ILEJIOYHO-
CTH B «KHCJAOH» ofjactH. 3A€Chb MMeeT MeCcTO HEKOTOpOe pacmiHpeHHe
1o/l yCTOHYMBOCTH GHOTHTA, BbITCCHAIOILEro Kopanepur u rpasatr. Ho
JasbHefM} POCT LIEJ0YHOCTH BLHI3LIBAeT Pe3KOe COKpalleHHe YCTOHYHBO-
cTH 6GHOTITA BCJAEACTBHE BHLITECHEHMS! €ro NapareHe3HCOM rHIlepcTena ¢
optoksaasom (12, 15), a mpu BHICOKOH LIEJOYHOCTH — aCCOLHALHEH OJNHBH-
Ha ¢ oprTokaasoM (15— 18) u meJjoyHeiMH aM(puOOTaMK H NHPOKCEHAMH
(21 = 24).

HamMenenlic MigepajbHbBIX acCOUUAUUA IpaHNTONIOB, KOTOpOe Hame-
uyaercq Ha auarpamme (pec. 117) cneBa HanpaBo, nokasbiBaeT, YTO C poO-
CTOM O6WIell  IETOUHOCTH MKo,//UNa0y, CHHIKAETCA, TIPHIEM OCOOEHHO
6uicTpo B o6JacTH BBLICOKOro XxHMuueckoro notennuana HyO (Bepxuss
YacTh Adarpammbl). MuHEPAJOrdyeckH 3TO BHIPAXKAeTCd B CHMMKEHHMH OC-
HOBHOCTH NJATHOK/JA3a; TAK YTO NPH OueHb BBLICOKOH OOLIEH MIENOYHOCTH
IJ1aTHOKJA3 TNpencTasied anbOUTOM, HEPeAKO IOJHOCTBIO  BHITECHAIOLIUM
KaJIHeBLIH IIOJEBOH INNAT, W NPH 3TOM pa3BHTH HaTPHEBble INEIOYHbIE
ampubons u nupokcenn (17, 19, 24, puc. 117 u 118).

BrisiB/ieHHAsT 32KOHOMepHOCTbL HIpaeT 60JbUIYI0 POJb B NOHHMAHHH
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Puc. 118. JlsarpaMma napareHesHcoB rpaHHTOMAcB, GeHBIX KasiblieM (YCJICBHS BMOJHE NOIBH/KHoro MoBeleHHs uledoueil). Kaxpad
JuarpaMma OTBedaeT COOTBETCTBYIOLEMY MECTY JAHArpamybl Wi

reHEeTHYECKHX B3aHMOOTHOLIEHHH TIPAHHTOHAOB pPAa3JHYHOH  IEJOYHOCTH,
103BOJIsIsl B O6lueM psily pPaccMaTpHBAaTh CYIECTBEHHO KaJsdeBbe (rHnep-
CTeHOBHIE, ()asfiIUTOBBIE M [p.) TPAHHTOHIB H IeJOYHBIe NOPOAL HaTpHe-
BOrO XapakTepa ({pHOEKHTOBEIE, STHPHHOBLHIE H T. A.), KaK MNpeACTaBJieHO
Ha puc. 117.

[TepefineM k ONMHCAHHIO TPAHHTOUIHBIX KOMILIEKCOB, OTBEHAION[HX MH-
HepaJbHbIM (alHAM.

I'paHHTH ¥ TNerMaTHTH C aHLaJy3HTOM HJH CHJANHMaHHTOM ULIHPOKO
pacmpocTpaHeHBl B I'DaAHHUTORAHBIX KOMIIEKCAX, PBYIHX M MeTamopdusyo-

A 8
sill A(Aﬂdl) or Al
I3 l
Jj10, K,0, Na,0
l ol +al
Cor + 91,0 oS
> W7z Alm

Mg Cum Hyp 01 Fe Mg Cum  myp Ol Fe
e ®17 o2

Puc. 119. [TapareHernueckre auarpammsl.
A — Mg—Fc-—Al pas aujaaysuToBHIX o CHAJMMAHHTOBLIX TPAHUTOH-
JIO0B MW mervaTtutos: [ —cocTaB MuHepasa NO JaHHBIM XAMHUYECKOTo
a”Hanusa; B — 19 cHHODOreHHBIX KOPJAHEPHTOBHIX TPAaHHTOHAOB AJgar-
ckoro u |{aHHMMCKOro MaccHeoB: [—COCTaBbl MHHepa/JiOB 1O OMNTH-
YeCKHM Ja/{HBIM, Z— COCTaBbl NOPOJ MO JAHHBIM XHMHYeCKHX aHaJH-
308

IIUX TJHHHCTBIE OCANOuYHble NOPOAbLl. AHNAJY3HT B NErMarHTax OOBIYHO
COMPOBOXKIAETCA MYCKOBHTOM, TYpMAaJHHOM, rpaHaToM, GHOTHTOM H aKCH-
HutoMm. [lapareHeTHueckast guarpaMma, OTBeualollasi TPAHHTAM C aHAaJdy-
3HUTOM, MpUBeleHa Ha pHc. 119.

KopnuepuToBble TpaHUTHl ¥ MHUICMATHTBl HM3BECTHH B MUIMaTHTOBBIX
KOMIIJIEKCAX B JpeBHUX ILIHUTAX, Ile OHH NPUYPOYEHBHl K TOJIIAM TJHHO3e-
MHCTBIX FHEHCOB HEHPDCKOH cepud. KpucTanabl KopaHepHTa B 3THX IpPaHH-
TOHZAX AOCTHUTAIOT pasMepa HECKOJbKHUX MHJJHMETpPOB. IlapareHesHcH
NOpoJ, OTBeYalON[HE 3TOMY KOMILJIEKCY, TIIOKa3aHbl Ha rapareHeTHUeCcKoH
Juarpamme puc. 119, Ha KOTOpOl mMpUBeNeHBH XUMHYECKHE COCTaBH GHOTH-
TOBBIX MUTMaTutoB apxes Hannumckoro maccuBa B CeBepHoifi Kopee.

Bmewalomue THEHACOBHIE NOPOABI CJIOXKEHBI IJIATHOKAA30M (Anjs_ss),
MHKDOK/JHHOM, KBaplleM, rpaHaTOM, KOPAHEPHTOM, MYCKOBHTOM H CHJLJIMMA-
HHUTOM C NOLYMHEHHbIMH KO/JWYeCTBAMH HJIbMEHHT4, reMaTHTa H MOHAIHTa.
KosnyecTBO rpaHuTHOrO MaTepHana B 3THX HOpPOAAaX BADPbHPYET B Mpelde-
jJax 75—87,5% or obmeli MaccH.

[lonynHeHHOCTb KOPIMEPHTOEHIX IPAHHTOHIOB M MHTIMATHTOB TOJIIIAM
MeTaMop(HuecKux MNopok, 60rarblXx IMIMHO3eMOM, He cayuaina. Ilpy BHen-
DEHHH TPAHUTOUAOB B 3TH TOJIIH CHUMKAETCH HX IIEJOYHOCTb, YTO CBSI34HO
C AaCCHMHJSLHEH TIJIHHO3EMHCTOTO MaTepHaa U HHTEHCHBHOW Qesbamrna-
TH3anHed MmeTaMopdHueckHx Toam. IIpH 3TOM, KakK BHAHO Ha puc. 117,
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noJie YCTOHUHBOCTH KOpAMEpPHTA PACIIUPHAETCS, H OH 06pasyercs B TPaHU-
Tax, BBITECHsIST MarHe3HaJbHbIH OHOTUT. DHOTHUTHI, 3aMemamwlline KOpaHe-
PHT B CJaHUAX M KBAapUUTaX TPH HX MHIMATH3ALHH H TPAHHTU3ALHH,
HMEIT OOBIYHO HU3KYIO XKEJIe3UCTOCTD.
B ray6uUHHBIX rHEHCOBBIX KOMILJIEKCAX YCTOHUMBHI TOJbKO MAarHc3uaJb-
Hble KOPLHEPHUTBbl, HO C MepeX0odOoM K MeHee IMyOHHHBIM M HPUIOBEDXHOCT-
HBIM KOMIIJIEKCAM II10J1eé YCTOHYHBOCTH
or Al KOPJHEPHTOBLIX TPAaHUTOB pacllupsiercs,
oXxBaTblBass Bce 0OoJiee XKejJe3UCTHIE CO-
crtaBbl. IlpH 3TOM B IpanuTax BhITEC-
HfleTCcsl HE TOJBKO OHOTHT, HO ¥ TpaHart
(B DpUNOBEPXHOCTHBIX KOMITIJIEKCaX) H
BO3HHKAIOT KOPIMEPUTBl  KeJe3HUCTOro
cocraBa. [lponecc pasjoxeHHs rpaHaTa
MOXeT ObITh NpelcTaBJeH B BHIe cJje-
Lywoulet peakUnu: .

H H,0, K,0, Na,0

Puc. 120. TIlaparedetuueckas JuarpamMMma 1Js
MOCTMHOUEHOBHIX  KOPIHEDHTOBBLIX  NErMaTHTOB.
Fe paionos Cacaro u [osn, Slnonnsa (cocTasbl KOp-
JuepuToB no gaumubiM Shibata, 1936):
Mg ﬂyp Ol 1 — cocrasm MHMHepaJoB N0 MAHHBIM XMMHYECKO-
ol ro aHajau3a

Mgo s Fes 7 ALSi,0;, -+ 2KAISi,O; -~ (0,1650,) —=
— MgosFey 7 ALSi;0y5 -+ 4Si0, -+ 0,33Fe,0, L (K,0),

Almg, + Or -{- (0,1650,) = Corg; -+ Q + Mt + (K,0).

Takue YCJIOBHS OCYIUECTBASIOTCS CPABHUTEJNbHO peako. EnnHrYHBE
NpHMephbl MErMaTHTOB C OUeHb XKEJC3HCTBIMH KopaHeputamu onucannl [1In-
6ara (Shibata, 1936) B pafione Cacaro n Hozu npoBunnuu Kau B Slnonnwn
(puc. 120). JKuapl merMaTHTOB NpPOPHIBAIOT MHOIEHOBBlE 06pa30BaHHR
cepu Mucaxa. B KoHTakTe ¢ HUMH 006pasyloTCsi aHAaJy3HTOBblE, THIEp-
CTEHOBblE M CHJJIMMAHHUTOBBIE POTOBHKH. [lerMaTHTBl HMEIOT 30HAJbHOE
crpoenne. KpaeBble 30HBI KHUJ CJOXKEHBl TOHKO3€PHHUCTHIM AIJHTOM H MHO
HAMpaBJeHHIO K LEHTPY CMEHSIOTCS CHauaja GJO0KOBOH 30HOK ¢ GHOTHTOM,
a 3aTeM 30HOH NHCBbMEHHOTO I'PAaHHTA. §IpO merMaTuTa COCTOHT M3 KBap-
na, aHgaJy3uTa ¥ cBOeOOpasHBIX KBApL-KODAHEPHTOBHX rpaduuecKux
cpacranuii. CooTHOLIEHHe KBapla M KOPAHEpPHTAa B rpadMyecKHX CpPOCTKax
JOBOJIBHO BBIIEPKAHO H cocTaBasieTr (B o6beMmH. %) 56,2/43,8 nns merma-
tiuta Cacaro u 57,2/42,8 nna nermaruta Josu.

[TapareHe3ucbl 3THX KODJIHEDHTOBLIX TPAHHTOHAOB [peACTaBJeHbl Ha
napareHeTHYecKod guarpamme puc. 120.

O6pamniaer Ha ceGsi BHHMaHUE TO, YTO KAaK TPAHWUTOMABI C AHAANY3H-
TOM M CH/JIMMAHHTOM, TaK M KOPAHEDHTOBble TPAHUTOHAL NPHYPOUEHBI, C
OJHO# CTOPOHBI, K TyOHHHBIM (abHCCAJbHBIM) KOMIIJIEKCAM, a C APYrof —
K TIPUIIOBEPXHOCTHLIM M O4YeHb MaJOTJIYyOHHHEIM o6GpasoBanusaM. B ¢opma-
UUsIX cpelHed IMYOHHHOCTH OHU TPaKTHUECKH OTCYTCTBYIOT, UTO CBfI3aHO C
BBLICOKHM [AaBJCHHEM B 3THX YCJOBHSAX BOIHBIX ¢uionnos. UM 3mech cooT-
BETCTBYIOT MO HIEJOYHOCTH MYCKOBHUTOBBIE H IBYCJIOASIHBEIE T'DAHHTOHIH.

O6pasoBaHue rpaHata B TpaHHTaXx BO3MOXKHO JHIIb NPH KPHCTAJJIH-
8allMH KpalHe XKeJe3UCTbIX MarM, T. €. MarM, CPaBHUTEJbHO PElKHX B NPH-
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pore. Ho ¢ poctom maBienuss (rayGUMHHOCTH) 06JacTb YCTOHYHBOCTH rpa-
HaTa paclupsieTcsi, OXBaTblBasg M HeCKoJbKo GoJiee MarHeanaJbHble
COCTaBbl, TaK 4YTO B OueHb IJyOHHHLIX (aGUccajbHHX) KOMIJIEKCAX KpH-
CTAJJM3allusl rpaHaTa CTAHOBHTCA BO3MOXKHOM Jaxe NpH CpeIHEd xeJe-
suctoetd 50—60. EcrecTBeHHO MO3TOMY, uTO B TMyOHHHBIX 30HAX IpaHAaTO-
Bble TPAHHTOHABI PacHpOCTPaHEeHbl 0coBeHHO Wupoko. CocTaB rpaHara B
rMyGHHHEBIX TDAaHATOBBIX M IpaHaT-TUMep-

CTEHOBBIX T'DAHUTOMAAX XapaKTEepH3YyerT-

cs1 poBoabHo BeicokuM MgO/FeO. Kpo-gr Al

Me JaBJeHust AJis o6pasoBauud rpalia-
TOBBIX TDAHHTOHAOB B abHCCAIbHBIX
YCJIOBHSIX ONATONPHATHO CHHXKEHHe Ilie-
JIOUHOCTH TPAaHHTOUIOB, CNOCOOCTBYIO-
miee pacUIHPEHHI0 TOAsS  YCTOHUHBOCTH
rpaHara.

} 1,0, ¥,0, Na,0
+h1,Q

Puc. 121. TlapareneTndeckas pguaarpaMma I
HHXKHCMAaJe030HCKHX TPaHHTOB W TPOHLBEMHTOB
6aMSAHTYHBCKOTO KOMIJIEKca (cocraBbl MHHEpa-
JOB M TNOpPON HaHeceHbl no AaHsnM Mapaxyue-
Ba u CMupHOBa, 1963):
I —coeraBnl mopox mo JIAHHBIM KOJHYECTBEHHO-
MHHEDAJOrHYeCKHX NO0ACYeTOB; 2 — COCTABHI MH-
HEPAalIOB MO JanHBIM  XUMHMYECKOTO — anajusa. Mg Hyp Ot Fe
Crpenkofi naMeden nepexol K NO3IHed (ase
ANJIHTOBHAHBIX a7bMaHAHHOBBIX T'DAHHUTOB

3

al ®2

ITpocaennm mnosiBJeHHe FPAaHATOBBLIX GalHi B rpaHUTOHAAX CpejHel
ray6unHoctTd. K 3TOH rpynme mopoi  OTIOCATCS TPAHHTOMJBl KPYIHBIX,
06GbIUHO MHOro(®asHEX HHTDPY3HBOB, 3aJIeTAlOUIMX B CKJAAAYATHIX KOMIJIEK-
cax, 6MU3KUX K HHM IO Bo3pacTy. B reoJsoruuecko# qautepatype 31 obpa-
30BaHHs NPHHATO BBHILEJATb NOJA Ha3BaHHEM IIO3JHEOPOTEHHLIX H MOCTOPO-
renHbplx. Oy sBAAIOTCS 00BIYHO MHOrodasHbIMH, IPHUYEM IpaHaTOBbIE Tpa-
HHTBl NIPHYPOYEHBl HCKJIOYHTEJIbHO K KOHEeuHbIM (bazaM TakKHX KOMILJIEKCOB
(mermMaTuThl, amaMTH). DTO CBA3AHO C TeM, YTO 3BOJIOUHA TPAHHTOUAHOTO
MarmaTHaMa OOBIUHO HampasJjieHa B CTOPOHY BO3DaCTAHHS KEJE3HCTOCTH
(a ¥MHOorza W MapraHuOBHCTOCTH) DAacIIaBOB, TaK YTO KOHeuHble (asbl
naunb6osee GelHbl MarHHEM, 4TO H 6JaronpuATcTByeT OGpAa30BAHHIO B HHX
rpaHara BMecTo 6HOTHTA. DTOMY CIMOCOGCTBYET TaKKe CHHKEHHe IeJIOYHO-
CTH (MHOT[Aa YXe B CBA3H C Da3BHTHEM IIOCTMarMaTHYeCKHX MpOIECCOB).
O6pasoBaHne TpaHATOBBIX pAa3HOCTEH TPAHHTOMAOB (amJHTOB, IErMaTH-
TOB) B KOHeuHble (asbl GOPMHPOBAHHSI rpaHUTOMAHBIX HHTPY3HI OMHCAHO
B Da3JHYHBIX peruoHax (pmc. 121).

C mepexogoM K ¢anuam Manof riay6GHHHOCTH rpaHaT Bce 6osee H 60o-
Jlee OrpaHHuUHBaeTCH JKEJEe3HCTbHIMH COCTaBaMH, CTAHOBSICh, HAKOHEN, YCTOM-
YHBLIM TOJIBKO B MOPOJaX, 00OramleHHbIX MapraHIeM.

[unepcTeHOBble PA3HOCTH TIPAHHTOB, KaK CJelyeT W3 JAHarpaMmbl
(puc. 117), 06pasyloTcs HCKJIIOUHTENLHO B YCJAOBHSIX HH3KOrO IaplHajb-
Horo maBaenusi HyO (WMxHuE DAL mapareHeTHYeCKHX Auarpamu, puc. 118).

YCcTOHUNBOCTL OHOTHTA B IPAHUTAX HMeET B 3THX YCJOBHAX IO LIEA0Y-
HOCTH ONpefeseHHble mpefenbl. HHXHHA Npelles MeJOYHOCTE NpH HHEpT-
HOM MOBEl€HHM »XKejle3a M MAarHus ONpelesaeTcsl NOSIBJEHHEM KODIHEPHTa
(pH MarHesua/IbHBIX COCTaBaxX) HJIM TpaHaTa (B KeJe3UCTOH 06,1acTH).
BepxHui npellen INEJOYHOCTH (XHMHYECKOTO MOTEHUHANA KaJdusi) JJIs
GHOTHTOBBIX TPAHHTOB ONpEle/AeTCa pas/oxKeHHeM GHOTHTA Ha TMIIEPCTeH
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H OPTOKJ/Ia3 WJH, NIPH OYEeHb KEeJEe3HCThIX COCTaBax, Ha (asAIUT (rOPTOHO-
JHT) U OPTOKJA3, YTO CXeMAaTHUECKH BRIpAXaeTcs Cjaedywliell peakiued
(nanpumep, 1.5 THNepCTeHa)

H,K, (Mg, Fe), Al,Si;0,, + 128i0, - (K,0) =
= 4KAISi;O4 - 5(Mg, Fe)SiO; + (2H,0),

Bi - Q+ (Ke0) = Or 4- Hyp -+ (2H,0).

Kax Bugno us peaxuun, Ipefesn yCTOHYHBOCTH GHOTHTA B KBapucojepxa-
IHX nopolax CYmeCcTBEHHO 3aBHCHT OT XHMHYECKOTO norennuana H,O
(Temnepatypnl). C pocrom TEMIIEDATYPBI Pa3JOKEeHHe OHOTHTA OCYLIECT-
BJasercs npu Bce 6GoJiee HHUBKOM IIEJIOYHOCTH, TIPLYeM B pe3yJbTate o6pa-
SYETcs runepcrtel, Bce Gosec GOraThiii aMOMHHHEM, TaK KAK TIOHUXKEeHUe

XHMHYECKOTO NOTeHHaaa KaJuda BeldeT K
0 Bce GoJblieMy o6ora EHHKO THU-
népcreHa rauHO3eMOM: / . !

(1 —1,5m) (Mg, Fe)SiO, - mKAISi,0, —
= (Mg, Fe)l,_]'smAlmSiOa + 1,5m SiO, + (mKO;/g),

Hyp +- Or = HypAl - Q + (m KO, p).

OTH cooTHOWEHHsT CXeMATHUYECKH (6es yueTa COOTHOWIEHHS KeNC3HCTOCTH
MHHEpAJOB) NOKA3aHbl HAa AHATDAMME XHMHUECKHX [OTEHLHANOB K.O u
HsO (puc. 122). IlyskTupom Ha wmef
NPOBENEHbl JIMHUH  IIOCTOSIHHOTO CO-

p g AepXaHHsl aJIOMHHHS B THIlEPCTEHE H
0 » RO ! > OHOTUTE B PA3IHYHBLIX ACCOUHAUHAX C
'+ *z S ‘ y
L W& OPTOKJIa30M M KBaplLeM.
“« (TIGFE)Q Ally ,«ggFegijl,g YenoBas HuaKoro mapumadnHoro
o L AaBierus HeO ocywectsasiores, ¢

OLHOH CTOPOHBI, mTpu GOpPMHPOBAHUH

Puc. 122. Cxemarnueckas guarpaMma pasHo-

BECHA  GHOTHT+KBapll+OPTOKAa3 + HIepCTeH

NpH MePeMeHHOM COJlepXAHHH TIJMHO3eMa B
THIEpCTeHe H GHOTHTe.

. eMpepamypa

[IyskTHp — J/ummu  nocrosmmoro cocrama
(rmMHO3eMucTOCTH) FHOEpCTeHa W GHOTHTA B
pas/HYHBIX mapareHesucax. Bi¥®—Hyp®% —
OHOTHT K THNIEPCTEH H HX IVIHHO3EMHCTOCTH

At 1009

: %

Al - Mg - Fe ’

IPUTIOBEPXIIOCTHBIX WHTPY3HH, KOTAA GJIIOHAB HMEIOT BHIXOL Ha JHEBHYIO
IOBEPXHOCTD, & C APYTOH — B aBHCCANBHBIX 30HAX OYEHb GOJIBLION r1y0uH-
HOCTH, B KOTOPBIX (PJIIOMAB XOTS M HAXOAATCH NOA GOMBIIUM OGILAM 1aB-
JEHHEM, HO XapaKTePH3VIOTCH HHM3KMM TapUHAaJbHBIM  1aBJeHHEM BOJ b
BCICACTBHE CYLIECTBEHHO YIVIEXHCJIOTO HX COCTABA.

B npunosepxmoctubix komnaexcax napareHesuc THIEPCTEHA ¢ KaJue-
BLIM MOJICBLIM LINATOM MPOC/IEKHBACTCA KAK B CTEKJOBATHIX KHCJBIX JTd-
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Bax, TAK ¥ B INIOJHOCTbK PAaCKPUCTAJJIK30BAaHHBIX rMnabhccanbHBIX IpaHHu-
TOnAAX.

Haunbosee MarHeauanbibie NpeAcTABUTETH CTEKJIOBATHIX MOPOJ ONHCA-
il E. K. Mapxununbiv (1957)  Ha o. Kysawup. 3nech OJHBHH-THUEp-
CTEH-KBApDUEBBIMY  JAUKTAMH  CJOXKEH  Kynoa  ByJaKaHa  MeHze-
JeeBa. [umepcTen B JamuTax MMeEeT KeJNE3HUCTOCTb [oem=3 (2V =62°
cNg=0), onuBuH — fosm=20 (2V=89° Ng=1,701, Np=1,662), ¢ kBapuem
HEYCTONYHB H OKPYKeH pPeakuHOHHOH KafMOil U3 MOHOKJHHHOIO MHPOKCEHA.

Kosy u Cero (Kozy, Seto, 1932) Ha o. Xokkalifo B palOHe ByJkaHa
Kamauatake oGHapyXHJHM KHCJABIE IIeM3LI, COAepKallilke THIEPCTEeH, CJe-
nytomero cocrasa: FeSiO3—30 wmoun.%, MgSiO;—68 mon. %, CaSiOy3—
2 mon.%, Ng=1,713, Np=1,698, 2V=—(62—68°), Nm=1,706.

Donee xeje3ucTble MHIEPCTEHCONEPKALIME JUIAPHTEL K HX TydBl pac-
NpoCTpaHensl B BYJKaHHYeCKOM KoMIiekce Beperosckoro Xoamoropbf
(Kapnarsl). DTH NOpPOAL COCTOAT H3 BKPAIJICHHHKOB aHje3nHa Ne 40, pen-
Kkoro runepcrena (Ng=1,730, Np=1,722, [=D55), mHormza OuoTHTa
(Ng=1,688—1,692), norpyxeHHHX B BUTPOGHPOBYIO OCHOBHYIO Maccy,
conepxamyio okosao 75% SiO, (Coboses u ap., 1955).

Kak BuaHO Ha TpeyroibHBIX Jjuarpammax (puc. 118), B pacemaTtpu-
BACMOH T'HIepCTeH-KaJHIINaTOBON MHUHEpaIbHOH (DAl YCTOHUHBLL TOJbLKO
HauboJjice MarHesnajbHble OGHOTHTBI, XOTH JAHANAa30H HX KeEJe3HCTOCTH
OGBICTPO pacUIMPSIETCs C TOBLILIEHHEM XHMHUYECKOrO MOTeHIHAaJJa BOXHL.

XHUMHUecKHe aHaau3bl GHOTHTOB M3 KHCJBIX MAarHe3HalbHBIX TOPOJ
npunoBepxHocTHON ¢anuu  npuBoaaTcs [eftupuxom (Heinrich, 1946) n
Hokonncom (Nockolds, 1947). Tax, OHOTHT H3 MNHPOKCEHCOAEPIKAILETO
pHOJHTOBOrO cTeksaa pafiona Can-Jxyana, Kosnopano (Nockolds, 1947)
uMmeetT ciaenywouuil coctaB (B Bec. % ): TiOy—4,95, Fe,0,—5,51, FeO—8,25,

MnO — 0,20, MgO— 15,59, CaO— 1,06, [=228, foey=32,1. DBuorur us3
KBapueBoro Jiatuta 3Toro e pafona (Nockolds, 1947) coxgepxuT
(B Bec. %): TiO,—3,63, FeO3— 17,13, FeO -185 MnO—0,23,

MgO — 1291, CaO— 1,97, =75, fosin=42,8.
IlepefineM x XapakTepHCcTHKe HeCKOJbKO Gosiee MMIYGHHHBIX MOJIHOCTHIO
PaCKpHCTAJIH30BAHHEIX T'HNAOHCCaJbHBIX THIEPCTEHOBLIX TPaHHTOHIOB.

[unepcTeHoBble TpaHUTH M TPAHHTOMABI OTMeyalTcs Ha o. Ilapamy-
wup, B pafione [aapHeropcka u cpepHero teuenus p. Mman (IIpumopbe),
B pafioHe Opamapo-Martu (SfInonust), Ha KamuaTke W B ApPYTMX MecTax.
Ha o. ITapamymnp (Kypuabckue octpoBa) K. @. Cepreesvim u B. B. Cep-
reesofi (1963) rumnepcTeHOBble TpPaHHTOMALI OTMeueHH B LleHTpanbHOM
HHTPY3HBHOM MacCHBe, DAcloJaramloiieMcs B oceBoll uwactu xpeb6ta Bep-
HAJCKOro. BMeHIaIWHMH NOPOJAMH MacCHBa ABJSIOTCS OCaJ0uHO-BYJKA-
HOTeHHHe 06pa30BaHHA CpPeAHENapaMylHpPCKOH  (OJNTOleH? — cpelHufl
MHOLEH) H KYPHJAbCKOH (HHXKHHH—cpeaHuit? muoueH) cepuit. ['paunrtona-
Hble NOpOAbl, chOpPMHPOBAaHHBIE B TPU cy6dasnl, o6HAXKAOTCA B BHAE Ie-
NOYKH CEBEPO-BOCTOYHOTO HANpaBJeHHA B LEHTPAJbHOH uacTH MAaccHBa,
CJIOXKEHHOI0 DA3JIHYHBIMH rab6bpounaMu u auoputaMu. Ilnaruoxiasosble
rPAHOLHOPHUTHI, TPaHOLHOPHT-NOPGUPHL U FPAHHTH nepBo¥ cybdasw co-
CTOAT M3 I1aruoknaasa (Angpsg), Auvoncupa (2V=54-—-56, cNg=37—238%,
CUJAbHO H3MEHEHHOro runepcreHa (2V=—70—74°, cNg=0—4°), kBapua,
MAarHeTHTAa 1 alaTHTA.

['panoauoputsl H IPaHOAMOPUT-NOPGHUPHE BTOPOR cy6dassl OTAHYAIOT-
¢l OT COOTBETCTBYIOUIMX pasHOCTeH NepBOH cy6dasul HaNAHuHeM KAJHDIIA-
ta (15—20%) ¥ MeHbIIMM KOJHUeCTBOM NJaruoknasa (45%). Cdopmupo-
BaHHBIE B TPeTbio cy0dasy amiHTbl U anauTOBbLlE TPAHUTH, 06pasywoUIHe
AAHKH MOIMHOCTBIO 2—5 M, CJOXKEHbI MJarHOKAa30M Angs_sp, KAJHIINATOM
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Puc. 123. TlapareHernuccKHe JHarpaMmbl /AJs NPHIOBEPXHOCTHBIX THMEPCTEHOBHIX

{ — wioneoBMe TOJIHOCTBIO PACKPHCTAJIH30BAHHBIX I'PAHHTOHLOB:
(ot o Hraunepcmﬂosbxe MJarHOArMTEl U CPaHOZHOPUTH 0. [lapamyimup
{cocra FHHepIC)TEHOBb]::cgg;lHHl?ronocpe(greeﬂy H Ceprﬁeaoﬁ, 1963); 2 — nasaeoreH-Heore-
- upb pafiona Jlanbyero I
Hosbie T pcKa nMopbe;, 3 — Me-
runepcTeHOBble I'paHuTHl Xp. bBoabmue UYypky, Xa6apon(,:}<uﬁp Kpa% YCJIOB;::E
o6o3Hauenns cM. na puc. 121 .
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Puc. 124.
J_my()‘“Hﬂ.bg(ari)aaﬂwuma COMOCTaBJIEHHAs] COCTABOB KOPJHEPHTOB H THUIEPCTEH@B:
G TMAaTHTOBbIX KOMILIEKCOB; 2 — MaJOorJay6GHHHBIX I‘paHHTOH}lOB:
) y3uBoB. Iludpsl cOOTBETCTBYIOT HOMepaM aHaJdH30B TabJ 20
u 21 h

{30—33%), AHONCHIOM (2V=56—>58% ¢Ng=37—39°), THIepCTeHOM
(2V=—60°, ¢Ng=0°), poroBo# o6mankoi (2V=—82° cNg=12°) u me-
GOMbILHM KOJHUECTBOM OHOTHTA, marieTuTa W amaruta. ['unepcreH B 3TUX
TIOpOAaX (fosm=35—40) pcTpeuaercs B BHIE XOpPOLIO 06pa30BaHHBIX
IpU3MATHIECKHX KPUCTAJJOB. [Taparenernueckas aHarpamMma, OTBeualo-
masi JAHHBIM TIOPOMAM, npuBeAeHa Ha pHUC. 123 (cxema l), HA KOTOPYIO
HapeceHbl XuMHUecKue COCTaBhI PpaHONHOPHTOB, [JariorpasuToB, FpaHH-
TOB, TPAHUT-NOPHUPOB H AIIUTOB H3
paitona facceliHa DeK [1pospautoi H ar M
Oxeanckoit ~ (Ceprees,  Cepreesa,
1963).

XapaKTCpHO, UYTO KEJIe3HCTOCTh
runepcTeda B rpaHMTOMAAx rayGutt-
HbIX KOMIL1€KCOB 0ObIUHO He npeBbLI-

N H,0, K,0, Na,0

N

+PL 0
Puc. 125. [lapareners4eckas g@arpaMma n.st
rpanuron 1083 1y OHHHBIX MHCMATHTOBBIX KOMII-
Aekcop Vgmaud (TOUKH 1—7 HaHeceHBl Ha gua-
TpaMM\y Ti0 A3HHBEIM Cy6pamanuama (Subra-
maniam, 1960)), Yxpauu (TOUKK 8—14, no
Jywukony n JleGelesy, 1934), Anpanckoro
uipra  (rouxu 15—16), Anabapckoro LIMTA
(rouxn 17—20, Mo Kanenckomy, 1961)

\2 Q
6
Cuno-Kopefickoro IIATa. VcaoBHble obosia- 7///////'/////////////,,,

wenns oM. Ha puc. 119 u 120 Mg Hyp g1 Fe

maet 60, uTO MOKHO BHJIETL Ha AHArpamMMe pic. 124, na xoTOpYylo HaHece
MLl XIIMHUECKHE COCTABBI TMIIEpCTeHa M KOPAHEDHTA {3 TPaHUTOMIOB Pas-
JAMYHBIX (aluil TyOUHHOCTH, npuBeieHHbe B ra6n. 20 u 21. ['paHUTONBI
¢ 6onec KEAE3NCTHIM TTNEPCTEHOM HE THITHUHLI 1Sl paccMaTpUBAaeMbIX TJIy-
GMHIIbIX KOMIIEKCOB H, BEPOSITHO, GOpMHPOBAIHCE B YCJOBHAX MaJBIX TJY-
GiH, SBJSACH, [PH BIOJHE MONBHAHOM NoBefeHUN KaJua. 3KBHBAJEHTAMU
Gonee TAYGMHHBIX TPaHATOBbIX TPAHNTOB. ITpumepoM nono6HpIX THnabuc-
caJbHHX 06pa3oBaBHE MOTYT CIYyXHTDH onucannpe Baprom (Barth, 1936)
(peppOCUTHTOBBIC TPAHNTEI Dxep3yHla, KOTOpHIE B. C. CoBonesniM (1947)
napaJsienusyoTes ¢ Manory6uHHBIME  TPaHUTOHAAMH KopocTeHbCKOro
nIyTOHA Ha YKpauHe.

['panaT-TUIEpCTCHOBLIE rpaHUTONMb (4ApHOKHTHL H 3H0epOUTH) fIB-
JNSIOTCS CIENM@UUecKMMy nopofamu MUTCMaTHTOBBIX ~ KOMILJIEKCOB H HE
peTpevaioTea B (auusx cpenHell H MaJoH ray6unsocTH. ['paHMTOHIHDIE
KOMIITIEKCH!, BKJIOUAIOIIHe THIepcTeHOBbIE pa3HOCTH, OYeHb TECTpH TO
cocTaBy. Boljeasorcs cJAeAyOmue pas3HOBUHOCTH PAHUTOH/LOB (puc. 125):
.6uotutosbie (1), GHOTHT-THIEPCTEHOBRIC (1), rumepcTeHOBbIE (111), rpa-
nat-runepcrenosble (IV) 1 rpaHaToOBLIE (V). B mpenenax KHMUEKCKOTO
maccuBa («Teosorus  Kopen», 1964; Mapaxymes, Kum Mun Ce6, Kum
Xax Mae, 1962; [lyTuHLEB, Cuunngui, 1959) runepcTeHOBLIE MHUTMAaTHTHI
BXOJsT B COCTaB TOJIIH, nojcruaapieil  rpadUTOHOCHAIS 06pasoBaHuA.
TunepcTeHoBble MHTMATHTDL CJI0KEHD naarnoxaasom Ne 40—50, rumepcre-
HoM, 0OpasyiomiM KpynHble 3epHa CHTOBHIHOH CTPYKTYPH, KBapueM, 6v0-
THTOM, MHKPOKJIUHOM, COJEpKaT MHPMEKUT U aKleccoOpHHE anaTHT W Mar-
geTnt. [HIepCTeH B HUX MpeACTaBJCH JIOBOJLHO MarHe3uajbHOH pasHOCTHIO
(06p. 2-815): Ng=1710, Np=1,697, [=37. B murMaTturax MecTaMp Ha-
S01a10Tcsi Tpy6O3epHUCThIE NerMaTouIHLIe yyacTKH, B KOTOPHIX pasMep
KPHCTAJJIOB JOCTHIdeT HECKOJLKAX cagTHMeTpOB. I1OpOJb COCTOAT M3 Tia-
FMOKAA33, WHOIIA C AHTHIEPTHTOBBIMH BPOCTKAMH KaJIHeBOro I0JEBOrO
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X“M“qeLK““ cocTaB KO y
aB KOpAHEpHTA M3 TPAUHTOHAOB M THEHCOB L] OH T HHOCT ¢
T H a3JIH4YH 0
P biX 30H ray6u CTH (B BeC. /U)

ananuaa|  S10: TiO, ALO, Fe,0, FeO MnO MgO Ca0 Na,O ' K ‘
: 20 H,O H,0” CyMma f
i 49,18 — 32,98 0,08 5,05 — 11,25 — 0,21
9 | 48,17 _ 39,5 - »2 0,44 2,04 0,27 | 100,80 | 16,
3 | 43,55 — 30,62 ig(l) 12?3 o; 2'86 CACAL 1,39 0,50 1,12 0,10 | 100,51 29,;
4| 43,07 | — wos | 1L ’ 2,88 2,70 | 0,16 1,32 | 0,32 | 3,7 — | 100,00 | 73,0
A e 1 ,08 | 15,31 | 1,20 1,18 | 0,10 3,53 0,90 2,88 — 110000 | 852
6 | 47,09 0:03 34’8é é:? 1i'53 o 6,14 | caetu 0,12 0,03 0,05 0,05 100135 51‘3
7 | as52 | coem 35’25 0,41 2,59 | 0,05 11,92 | 0,04 0,78 — 2,21 0,65 | 100,33 10,8
8 | 50,65 | ne onp. 30,96 | 1e on 2?3 o 10,40 ) caem | 0,13 0,16 2,06 | 0,12 | 100,56 15:7
9 | 49,12 » 32,95 o 5‘02 Sqfiu 1;33 He omp. | e onp. | e onp. | 2,66 — | %3 | 17
10 47,96 , £ e i , cieipt » 5 0,39 . ,
11 49,05 HOe Z(ip. 2(1388 (1),2:; . 09 12,16 0,00 9,33 e 2,80 — 1?)3,?; ::’i
Lo 4743 0.03 33,34 0,07 23? He olnp. 11,04 He onp. | Re onp. | He omp. 1,64 — 100,02 18:2
15 | 9.5 | se onp. 33:01 0'38 5:?2 8‘2; 13,13 0,04 0,61 | caes 2,74 1,01 | 100,00 | 22,0
14 | 48,04 , 4 Y ' ' ” ne omp. | ue onp. | ne cnp. 1,62 — ] 100,3
s | 678 g,gg 2261 8,(;; 504 | 0,20 10,32 | 0,04 1,12 | 0,30 1,8 0,23 100,52 ii:
16 | 4914 | we o 39,84 0,63 4,89 | 0,31 10,43 | 0,40 0,24 0,56 2,63 0,10 | 100,67 21’1
" s meﬂbl. 31,74 ,( 5,04 0,19 10,40 He ofnp. | He onp. | He onp. 1,84 — 100,08 21 ’3
8 | 48.32 - 1,29 4,63 | 0,27 9,39 | 0,70 » > 3,32 0,20 | 99,98 ’
s 54,63 He orp. 1%5,02 He onp. 5,76 0,12 8,83 0,08 » » 1,73 0,30 100’16 o
oo | esel H(ly(::] ::,?2;) 1,13 5,15 | 0,02 7,82 | 0,00 » » 0:8_) = 98,89 ;gg
ol | 47,33 | 0 ozp' 39,59 1’45 S Bl el Bl ’ ’ L,i2 — oo | 2806
22 | 46,9 | 001 B9 |05 ) 849 000 ) 80T ) 0.09 048 | 188 | 020 | 99.36 | 871
. , 32,72 0,16 7,12 | 0,42 8,38 | 0,06 0,83 0,30 3,07 0,05 100:13 3913
M podoascenue maba. 20
amﬁ"’ma 5i0, TiO, AL,0, Fe,04 ) FeO ) MnO MgO CaO l Na,0 l K,0 & 11,0 H,0~ Cymma f
v \, o
23 48,85 ne olp. 32,52 2,94 5,28 0,28 8,50 ] 0,43 He oup. | Bc oup. ‘ [,82 — 100,62 26,0
24 48,37 » 29,22 2,20 7,07 0,42 9,54 { 1,92 0,40 » 1,84 — 100,98 29,4
25 48,15 cJe bt 30,90 0,75 7,75 0,06 8,50 10,35 0,40 cJelbl 3,35 — 100,21 33,9
26 48,40 0,05 32,16 0,00 9,80 0,23 7,25 ceflbl 0.39 0,07 1,58 0,16 100,08 43,0
27 48,18 He oup. 33,86 0,34 9,34 0,11 7,11 ne onp. | ue onp. | He onp. 1,30 — 100,24 42,5
28 50,09 0,00 31,78 0,78 8,71 — 6,69 — — | 0,07 1,43 — 99,55 42,2
29 47,88 — 32,40 0,64 9,65 0,10 6,94 0,08 0,23 0,07 1,92 0,24 100,15 43,8
30 48,58 He onp. | 32,14 3,15 9,17 caiefsl 6,63 ne omp. | Me omp. | ne onp. | me onp. — 99,97 43,7
31 44,64 » 29,98 2,72 11,02 1,86 3,08 0,02 2,05 0,75 i 3,85 99,95 66,7
[lpumewanue 1 — wopanepur n3 rieilca pafiona TBUAHCTPEHL, Hopueerun (Onnenreimep. — Cm. Leake, 1960); 2 — Kopaxepur H3 IerMartrd,
HKPOKJIHH-a/b0HTOBbIE rHeficel paitona XaliaM, CHIA, (Duparc. —Cwm. Leake, 1960); 3 — KOpJIHepUT 43
Cacaro, npopinuns_ Kau, Shionis (Shibata, 1936);

cekyuiero 6u01‘m-cunmmauu'r-rpauaT-KBapLL- M

nermaTtuTa Jlos, mpopuiuus Kat, Sinomus (Shibata, 1936); 4 — KOpaHepHT I3 HerMarTHrd

6 — wopaueput paitona Jlapanmi, CHIA (Jiyama. — Cm.

§ — KOpPAHEPHT H3 KCCHOJHTA B angesuTax ByJkaHa Acama, Siponus (Aramaki, 1961);

Leake, 1960); 7 — KopauepnTt H3 riejica paiiona Opuapoy, Gunnanans (Jiyama. — Cw. Leake, 1960); 8 — KOpIHECpHT pafiona MypaiHKi, Ypaa

(Kokwapos. — CM. Leakt, 1960); 9 — KOpAHEPHT M3 OUKOBOTO riefica pationa ETupn, KuKHAO, Kopest (Holland. — Cwm. Leake, 1960); 10 —

KOpAHEpUT M3 rHefica Mbica JTlenncoH, AHTapKTHI A (Tilley. — Cwm. Leake, 1960); 11 -— XOpIHEPHT U3 MCIMATITA pafiona ropul HGuty, Mapgarackap
Jiyama, — Cum. Leake, 1960); 13 —

(Dupare, Wunder, Sabot. — Cm. Leake, 1960); 12 — KOpAUEpuT i3 nermaruta pabiona Hosulii XoseH, CIOA (
_ Cm. Leake, 1960); 14 — xopanepur 1s Knapl

CUIA (Farrington. lenoil kHAK paifonia MouT Buth,
pyaHHKa XuTallH, pePexTypa

Y16apary, dnonust (Jiyama. — Cum.

KODLMEPUT U3 Termaruta padona Cyndaopa,

Maparackap (Jiyama. — Cm. Leake, 1960); 15 — KOpIHEPHT H3 KBapueBoil AILTbl

Leake, 1960); 16 — KOpAHEpHT pafioHa Xanjam, CIIA (Farrington. — Cm. Leake, 1960); 17 — Xopaueput 13 aHjLa/1y3iT-MyCKOBHT-OIIOTHT-KBapLe-

pofi WL, CCKYIleil METamMOphireckue Topoilil paiona Xuratu, SnoHus (Takeuchi — Cwm leake, 1960); 18 — KOpANCPHT U3 TErMaTHTa paioHa
Catyokn, Jlanaanaus (Eskola, 1952); 20 — xop-

Augenutony, Manarackap (Lacroix. —- Cy. Leake, 1960); 19 — xopaseput  H3 TPaHyJIHTa paiiona
Ishimura. — Cwm. Leake, 1960); 21 — xopinepuTr I3 KBApHUeBoro MOUUOHHTA  TOpbl Ksaapanrd,

AHEpHT M3 aHjesHTa padona Kacno-Ty, TaiiBanb {

CITA (Heald. — Cm. Leake, 1960); 22 — KODAHEPHT M3 nerMatnta paitona Xapaam, CIIA (Miyashiro. — Cm. Leake, 1960); 23 — KOpAHEpPHT
pafiora Jlanraop®, sGansun Bogenmeiza (Gossnep and Rendl. — Cm. Leake, 1960); 24 — KOpIHCPIT 13 ryefica pailona Manyp, wmraT Maapac, Hu-
anst (Krishnan, — Cm. Leake, 1960); 25 — KOpAHEpUT H3 rHefica Asganckoro uita (JlaBpeHKo, 1957); 26 — KOpAMEePHT H3 KBapi-OMOTHT-1101€BO-
UMaToBOH NOPOAb PaiioHa YNHHUTOHA, 10xnan Adpuka (Mathias. — Cw. Leake, 1960); 27 — KOpAHepuT U3 ieriatira paiiona Jarepo, ®uuisn-
nust (Pehrman. — CM. Leake, 1960); 28 — xopaneput H3 ruefica paftoita CaHTaBYODIL, Ounannina (Pehrman, — CM. Leake, 1960); 29 — Kop-
AMepHT M3 THeHca pafiona PayMenauHa, Gupannana  (Hietanen, — Cu. Lecake, 1960); 30 — KOpAHEpHT H3 AHje3uTa paHoHa Kabo-ne-Tata, Ue-

nauns (Osann. — CM. Leake, 1960); 31 — KODJHEPHT W3 HerMarura paiiona Carama, Slnonns (Miyashiro, — CM. Leake, 1960).
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ati, Hnounsi (Kuno, 1938); 156 —
; 24 — TrHMepcTeH M3 4apHOKHTOB KuM-

, 1955); 22 — runepcTed H3 TPaHAT-HOPPHPOB
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Il — runepcred n3 ocHobubix rpanyantos wrtata Mazapac, Mluana (Howic,

Boavinne Yypru, X

bIX THEHCOB

MnO

(Naidu, 1954); 2,3 -— runepcred u3 yapuokuta Yranam (Rao, 1945); 4—6 — runepcres
[Topoaun, s6ausk r. Bunguun (Kocriok

ona Xstron, o. Ipn Jlanka (Howie, Subramaniam, 1957); 13 — rumepcTeH H3 KBapl-

, 1957); 14 — rumepcTeH H3 pauuToB paftona OpaBapam

H

FeO

Xoxkkaiino, Slnouus (Kozu

, Subramaniam, 1957);

Fe,0,

(Mapakywes, 1964).

XumuuecKufi cocTas runépcTeHa M3 TPaHHTOMNIOB PA3JHYHBIX 30H rayGuHiocTH (B Bec. 3)

ALO,

TiO,

(Rao, 1945); 7 — TrHIEPCTEH H3 THIEPCTEHOB

! — runepcren u3 uapuokuta Mugun

Si0,

12 I LD €0 (O O 90 N —i 1 & 2

P FET T LEFECREEEE
BLE TN = ND DD DD T — O — Ty Ty
X EReRIRERLLIREERERS

, Jlebenes, 1934); 18—21 — runepcTed M3 YapHOKHTOD

2

Ne

aHaJIH3a

YHLKHH
paltona HaabHeropcka, Ilpumopse; 23 — runepcTed M3 TrpaHHTa Xp.

nepxauiux sugepburos Masapaca, Hagns (Howie
Subramaniam, 1957); 12 — runepcTeH H3 rpaHyJHTOB pa
runepcTeHoBuix jauoputoB Yrauwasl (Howie, Subramaniam
rHOepCTeH M3 KHc/ol memssl BynkaHa KamaraTake, o.

yekckoro maccusa, Cuuno-Kopefickuil KT

H3 yapHokuTtoB MycopH

HDpumevanne

mnaTa, KBaplua, THIepcTeHa, OHOTHTa, H MecTaMH colep:KaT rpaHar.
Bbie ObLTH TpHBEJEHbl COCTABBI THIEpCTeHa H acCOIHHpYIOLLETO C HUM
guotnta (Mapaxymies, 1964) w3 STUX yYyacTKOB B MUTMATHTAX. [laparene-
3UCH AAHHBIX NOPOJ COOTBETCTBYIOT I1apareHe3ncaM, IpHBEAeHHbIM Ha Jpa-
rpamMe puc. 124. Ha 5Ty nuarpaMmy CBELEHbI JAaHHble OO COCTABY MHHe-
paJoB M IOPON M3 TPAHHTOHIHBIX KOMIICKCOB Cuno-Kopesickoro (Mapa-
Kywes, 1964), AanaHckoro u Auna6apckoro (KameHckui, 1961) MaccuBoB,
Ykpauun (Jlyunukuit u JleGenes, 1934) u Hupun (Subramaniam, 1960).
B 3akJOuHTeJbHBIX Gasax ¢op-
MHUpPOBAHKSA apxe#CcKyX TrpaHUTOHAHBIX or Al
KOMNJEKCOB THIIeDCTeH Hepeaxo CTa-
HOBUTCSl HEYCTOHUHBBIM M BBHITECHHET-
¢ OGUHOTUTOM. DHOTHUTOBLIE H rpaHa-
TOBBlE TPAHUTB —  €IHHCTBEHIILIE
ppeiacTaBuTeNH ~ [PAHUTOHAOB  STHX
stanoB. KOMILIeKCH TPaHHTOIAOB Ta-
KOTO THIIA HepeaKo (QOpMIpPYOTCH
yXKe I0c/Ie 3aBeplieHIisi CKJIaxyaToc-

H201 KZOI Nﬂzu

Puc. 126. TNaparenerydeckas jguarpauma 11s
110CTOPOreHHBIX JOKeMOpPHACKAX TIpanHTOHI0D
Xankalickoro maccya (toukd 1—6), Cuno-
Kopefickoro (Touku 7—14) n Aazxanckoro
(touxkn 15—22, mo AammbiM Kynuma) HHTOB,
Yeaouwie ofosHaueins cm. Ha puc. 119, 120

TH BMeLIAIOMIHX TOPOJ, TIpHYeM HX HMHTPYSHBHBIC TC.1d 3alMnAMaior 0BBIUHO
ceKyllee TOJOXKEHHE IO OTHOLIEHHIO K BMEILAIOLLHM TO.IILAM. [Mpumepom
TPaHHTOMZOB 3TOTO THIIA MOTYT CJIYXKHTb apxefickie rpanitui Hannumcxo-
ro u XaHKafckoro KpHCTaJJIHueCKHX MacCHBOB H A/J@HCHOrO WIMTa, cocTa-
BEL KOTOPBIX CBeleHH Ha MapareHeTHYeCKylo AxHarpaMmy pHC. 126.

Takum 06pasoM, TPaHUTOHMABl TJYOHHHBIX KOMIJICKCOB cyLLecTBEHHO
OTJIHUAIOTCA [0 MapareHe3ucaM OT TPAHHTOHIOB CPEAHHX H MaJbIX ryGHH.
C TepexoNoM K STHM TPaHUTaM CYUICCTBEHHO pacUIdpsicTcs noJie yCTonuH-
BOCTH rpaHaTa, TOTAd KaK YCTOHUYHBOCTD HHOTHTA 3aMEeTHO COKpaIllaeTcs.

Tloebimenne aasaenns HoO (Hampumep, ¢ TepexoioM K danuaM cpen-
Hefi rayGHHHOCTH) BelleT K BHTECHEHHIO B IDAHHTOHLAX runepcrena OHO-
THTOM, KaK 3TO BUAHO TpPH CPaBHEHHH TapareHeTHUCCKHX IHArpaMM
(pue. 118) no BepTHKAJIbHBIM ctoabuam. ITosToMy MOXHO TOBODHTb O
danusx GHOTHTOBLIX I'PAHHTOB, SKBHBAJCHTHDLIX TIO I(eJIOUHOCTH THIEpPCTe-
HOBHWIM TpanuToMnam (Hampuwmep, 11 u 14, puc. 117 u 118).

Ha mapareHeTHueckyio IHarpaMMy | puc. 127, orBeyalollyio napare-
HespcaM OHOTHTOBLIX TPAHHTOMJOB, HaHECEHBl COCTABHE 6HOTHUTA H COCTAaBbL
MOpeN MO LAHHBHIM XHMHYECKHX aHAJ/IH30B H3 pa6oT pas3HYHBIX ABTOPOB.

He ocraHaBaHBAasiCh HA APYrHX NpHMepax OHOTHTOBBIX T'PAaHHTOMIOB,
XapaKTepUCTHKA KOTOPHIX MPHBELCHA B IepBO# yacTH 3Toil paboThl, MOKHO
KOHCTAaTHPOBaTh, 4TO OHOTHT ABJAETCS HauboJee YCTOMYHBBIM TeMHOLBET-
HBIM MHHEpaJOM Tpanuta, Tak Kak OH crabugeH (4TO BHAHO Ha AHarpam-
Max puc. 118) B oueHb MIHPOKOM [HAlA30HE KUCJIOTHO-111€JJOYHBIX YCJI0-
BUl. DTUM M OODBACHAETCH HCKJIIOUMTE/bHAS DPACHPOCTPAHCHHOCTD 6HOTH-
TOBHIX TPAHUTOB CPe/ld HHTPY3HBHBIX NOPOJ.

[losiBJIeHHE ACCOLMAIIMK KeJE3HCTOTO OJHMBHAHA CO LICNOUHBIM IO0JCBDIM
LIIaTOM CBA3bIBAETCS C YCJIOBHSIMM BBICOKOH IIENOYHOCTH (pauus 18,
puc. 117 u 118) u umeer onpeleseHHble OrpaHHtEHnd T0 NaBJEHIIO, TPH-
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