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IMMPEOHCIOBHE

B npakxTiie reonoropa3’senouHbix paboT NOCTOAHHO BO3HHKAIOT TPYAHOC-
TH NPH ONEePATHBHOH OLlEHKE BEPOATHOH PYMLOHOCHOCTH OTKPLIBAEMBLIX PYHONPOAB-
neHH#, GNaHros u royGOKHX rOPU3OHTOB IKCIUIYETHPYEMEIX MeCTODOXKIEHHH, HOBLIX
JKHIIBHBIX Tefl B TpelieslaX U3BeCTHRIX DPYIAHBIX MONel M Y3/10B, 0coGeHHO B TeX Clyua-
AX, KOTOa TPaJHLMOHHO [DHMeHMAEMble MeTOHbl, OCHOBAHHEIE HA HEMOCPeCTBEHHOM
onpeneneHN KOHUEHTPALME NMOJe3HOr0 KOMIIOHEHTa, OKa3bIBalTcA Hed( ek THBHBI-
mu. Ilpexxne Bcero 370 OTHOCHMTCA K CYLIECTBEHHO KBAPLEBbIM >XWIBHBLIM Tenam,
F' KOTOPBIX KOHIIEHTPallMM MHHEpanoB 30J10Ta, OJI0Ba, BONk(hpaMa U APYrHX BaXkKHel-
KX 3JIEMEHTOB pacTipejesieHbl HePaBHOMepPHO H 0Dpa3ywT pyaHbie CTPYH, KPYIHbIe
rHe3a Wi cTosdsi,

K HacToAmeMy BpeMeHHM BO BCeX FOPHOPYOHLIX PaHOHAX H3BECTHO MHOKEeCTBO
KBApUEBLIX W1, BePOATHOCT: PYNOHOCHOCTH KOTOPLIX ONPee/IHTh OOLIYHBEIMK Me-
TOAA&MH AOCTATOMHO TPYAHO HIH HEBO3MOKHO 0e3 3HAWMTENIbHLIX 3aTPAT HA TOPHbIE
paboTel WK OypeHHe CKBaAXHH,

OcHOBHbIe 337844, KOTOpPble CTABHI nepel co0OH ABTOP NPH HATIMCAHWH KHHIH, —
[aTh AHANH3 COCTOAHHA H3YUEHHOCTH JKWJIBHOTO KBAPLA; OMMCATH TJIABHBIE MeTOJbI
ero HCCNeOBAHHUA M MOKA3aTh YPE3BLIMAWHO LIHPOKYK MHHEPAIOreHeTHUECKYH HH-
¢GOPMATHBHOCTS 3TOTO MHHEDANa; BBIABUTH THNOMOPdHBIE NPHIHAKH, MMO3BOIAIOLIME
OTHOCHTH TIPOABIIEHHA €ro K MeCTOPOXKIOeHHAM Olpele/leHHbIX MeHeTHUeCKHX THIIOB
WIM pyaHbIX GOPMaLHil ¥ OLIEHHBATE PYAOHOCHOCT.

B xHHre mnpHBelieH MaTepHal, MONYYEHHLIH ABTOPOM B pesynLTaTe H3YUeHHA
JKMIIBHOTO KBapUA 30JIOTOPYAHBIX H 30JIOTO-MIOIMMETAITHYECKHX MeCTOPOMIeHMIT
Kysueuxoro Ana-Tay, 3abaiixkansn, Huxuero IIpuamypesa, Kamuatku, Cesepo-Bocro-
ka CCCP, Axyruu, Y3bexucrana, a takyke Haponsoit Pecnybnnku Bonrapua; onoso-
PYOHBIX MecTOopoxneHnun 3abaikansa u [IpumopsA; Mectopoxaenuit Bonbdpama 3a-
bGanxanen, [Ipumopsna, Cesepo-Bocroxka CCCP, a rtaxkxme Mouronsckon Hapopmoi
Pecnybnuxn; MecropoxneHuit ¢nwopura 3abafixansda, LledrpansHoro TamxuxuerTa-
Ha; mnermarutoB 3abalikanbsa, Kaszaxcrana, a taxxe [lemokpatuueckon Pecriybmmmxu
AdranucTas.,

O6bexTsl H3ydeHua BeIGMpanuch Tak, YToGEI BBIABHTH THNOMODQHbIE NMPH3HAKH
KBApUA [UIA MeCTOPOKHOEHHH BaMKHEMIUMX PYAHOGOPMALHOHHLIX M NPOMBILIIEHHBIX
THIMOB, Pa3/IHYANIIMXCA TAKXKE W 1o riybuHe oOpa3oBaHus,

B npouecce wuceneqoBaHMH ABTOD MCMOJL30BAJ De3y/bTATbl aHaAM30B npob
kBapua, mobeano npepocrasnedusix B.I'. [13acoxoesim, B.HM, Kpacuuxkosrim, B.A. Cy-
matoxuueiM, B. M, Tyuuneim, B.E. Tynakosemm, O.H. lllupoxkum. Bonswas gacts
AHANTMTHYECKHX NAHHLIX nonyyeHa B nabopatopuax 3abaikanbCcKOro KOMIUIEKCHOrO
HayYHO-MCCIIeN0BATENbCKOr0 HHCTHTYTa MiuHHceTepeTRa reonorun CCCP B.H. AHowmku-
upiM, B.H. Bacunwvesoit, HM. [Opobenuesoit, A.A. Ko3sawenxo, H.I'. Cmupnoso#,
I''T. Tymyposeim, E.B. ®omuno#i, B.M. Bapanosckoil u np. Bcem yka3aHHBIM ITHUAM
ABTOP BhIPaXkAeT HCKPEHHKI0 IPH3HATEILHOCTD.

ABTOp CYMTaeT CBOMM [O/TOM BhIpa3uTk OnaronapHocTs npogeccopam A.H. IM'un-
36ypry, H.I1. 'puropseny, A.C. Mapdyuuny, H.B. IlerpoBckoi 3a ueHHbie COBeTbI
M 3aMeuaHus, clellaHHble NO NOBONY NaHHO# paGoTel,



BBEJIEHHE

lllnpokoe MpuMeHeHHe HOBEMINK MeTOI0B MHHEePAIOTHYECKHX
HCCMeOBaHHM MO3BOJIMIO PelXTh Uelbld pAL npobiem, CBA3AaHHBIX C
06BbsACHEHHeM NPHYHH H3MEHUMBOCTH CBOMCTB M ocobeHHocTeH TOHKOH
CTPYKTypbl MuHepa1oB. Ha 3Toi ocHOBe JanbHeHllee pasBHTHE MOJIYUMIIO
yueHHe o Tunomopdpusme (paborsr ®.B. Uyxposa, H.B. Ilerposckoi,
A W. I'unsbypra, O.I1. TpuropeeBa, A.I'. XKabuna, H.IT. D kuna, B.C. Ba-
munkoro, H.3. Ersukosoit, BW. IMaBnuununa 1 ap.) . B HacTosAee Bpemsa
NOKA3aHOo, YTO TUNOMOpPdHLIE IPH3HAKH MHUHEPAIIOB MOMHO MCTONb30BaTh
KaK KpHUTepHH yCloBUH obpa3oBaHHA, pyIHOQOPMAUHOHHON NMPHHALIEXK-
HOCTH, OLEHKH BEpOATHOH DPYAOHOCHOCTH U YPOBHA 3PO3HOHHOrO cpesa
KW B MecTopoxaenuit. IIps nNporHo3Ho-oleHOUHBIX paboTax 1A oTHece-
HUA H3yuaeMblXx OBBEKTOB K OnpelelleHHOH pynHo#t (Gopmauuu Heobxo-
OMMO BBIJENATh TAKHE MHHepaJlorMYecKHe KpHUTepHH, KOTopble [anT
HETIOCPEeLACTBEHHY MUHepaloreHeTHuecky uHdopmanuto. Ilocnennas
MoKeT BbITh [TOJIYUEHd Ha OCHOBE THITOMOp(HUecKoro aHanmu3a [11].

TunomopduueckHil aHaIHU3 IpPeAnonaraeT He W3ydeHHe MaTPHUUBI MH-
Hepalla, a ofpefieJieHe Mepbl OTKJIOHEHMA OT Hee, CTelleHM M XapaKTepa
nedexTHocTH. Kak noka3siBaeT OMNBIT, MMEHHO BapuauMy nedeKTHOCTH
CTPYKTYpPBl M cOCTaBi MHHepalia, BbIpa)kalolMecA 4epe3 H3MeHUYHUBOCTH
CBOMCTB, U MO3BOJAKT IepedTH OT M3YyYeHHA CBOMCTB ¥ COCTaBa KakK Ta-
KOBBIX K WUCNOJIb30BaHMIO UX B KauecTBe KPHUTEpPHUEB IUIA CO3NAHHA MOZe-
nell mpouecca MHUHepasooBpa3oBaHKA, a Yepes MOIENIMPOBAHHE — K BOC-
CO3JAHHK YCIIOBUH, B KOTOPBIX (OPMUPYIOTCH PYIBL.

OcobeHHO UHTepeceH B 3TOM OTHOLUEHMHM KBapll, OJHH U3 CaMbIX pac-
MPOCTPAHEHHBIX M BaXKHBIX MuHepanos. Eme akan. A.E. ®epcman ykassbr-
BaJl, uTO KBapll NMpejacTaBiifAeT 3aMeuaTellbHbM THIoMophHBIA MHUHepall,
KOTOPBIH ChI'paeT OrpOMHYK pOJb B TOUCKOBOHW M pa3BelovYHOH mes-
TeNsHOCTH, eclid OyaeT U3ydeH CHCTEMAaTHUYeCKH U yray6nenHo”. Pacemar-
pHBaA THNOMOPGHEIE MHHEpalkl, OH OTMeual, YTO KBapll HMeeT BOJIbLIYIO
AMIUVIMTYAY KoneDaHHH CBOHCTB M YYTKO pearupyeT Ha U3MeHeHHs B MpH-
pofie ¥ xapaKTepe NpoLeccos,

B uucToM Bune KBapl MCMONL3YeTCA B ONTHKE W pafUOTexXHHKe, CIy-
JKHUT ChIpbeM [JIA CHHTe3a Nbe30KBapla, MNOJIYyYeHWA KPeMHHA, pa3iqi-
HBIX cuinuMaoB Gopa u T. n. Heobxomum 4HcThId, Mnu Oe3medekTHLIH,
matepuan. OrpoMHoe KOJHYECTBO KBaplla HaXOIUTCA B KBapUEBBbIX
xwunax. C xBapuem cBA3aHBI OCHOBHEBIE 3aNAachkl pymgHoro 3omnota, OH Mo-
JeT BBICTYNaTh KAaK YHUBepCcaJlbHbIA KOHIEHTPATOp 30JI0Ta NPH BhIIaje-
HHM €ro M3 THOPOTePMATbHEIX PACTBOPOB BCJIEACTBHE OYeHb HM3KOH KHC-
JIOTHOCTH MOBEPXHOCTH, KOTOPAfl XapaKTepu3yeT ero MpOTOHOLOHOPHBIE
cBoiicTBa, KpemHeseM M 30JI0TO MOTYT BBIJENATLCHA M3 PACTBOPOB B pe-
3yJIbTaTe B3aHMHOH KOaryJAUMHM [pU OMNpeeseHHEIX 3HAYEHHIX TemIle-
paryp, pH u konuenrpauuii [29). Taxkol e npouecc BO3MOXeH W NpH
3BOJIIOLIMH PACTBOPOB, COIEpXKALIMX KpeMHe3eM H OJIOBO MU KpeMHe-



3eMm ¥ Bonbdpam u T. A. CriocoBHOCTE MHTpaLMH 30710Ta K HAXOMIEHHE
ero B KOJIMIOMIHBIX PACTBOpax 0DecrneuynBaloTesa cTabuIM3NpyIolieH POJIbio
KpeMHe3eMa, TaK KaK 30Jb 30J10Ta YCTOHUAB B KPEMHEKHCIOH cpeme
3a cyeT ancopOUMOHHOTO B3aHMMOJEWCTBUA [MMOJIMMePH30BaHHBIX (opm
KpeMHe3eMa ¢ KOMNOHIHbIM MeTa/UIoM,

Pany wuccnepnoBarteneid ynanock MOKasaTh, HMTO 30JI0TO H cepebpo
BXOIAT B CTPYKTYpPY KBapla B CBA3M ¢ DIH30CTBI0 pasMepoOB HX MOHHBIX
panuycoB: Si— 0,134, Au — 0,244, Ag — 0,144 um. OcobeHHO BaKHBIMH
OKa3aIMCh BLIBOABI O CYLUECTBOBAHMHM 3aBHCHMOCTH MeXy 30J10TOHOC-
HOCTBI0 KBapua H KOHUeHTpauMAMH B Hem AlO, -ueHTpoB, MONyueHHbIe
M.A. llepbakoBoii.

UpessbualiHO WHPOKAA DPACIpPOCTPAHEHHOCTh COeNHUHEHHH KpeMHHA
¢ KHCIIOpPOAOM, CMOCOOHBIX K TONWMEpH3alliy MPH HATHUYHKU cBODOOHBIX
CBA3eH, KOTOpBIE uallle BCEro BO3HMKAWT B npucytctBUM OH,-rpynm,
onpenendeT TPOMaIHYK pONb KpeMHe3eMa W BOJIBI B Tpolleccax pyno-
obpa3oBaHUA.

O6bIyHble MapareHe3’uchl MHHEparnoB 30710Ta, 0710Ba, Bolbdpama,
MHOTHX CYJIb(HAOB ¢ KBaplieM He CIy4YaHHbl U ONpeneNnanTcd ocobbiMu
CBOHCTBaMH KpeMHe3eMa, ABMAKILErocA IJaBHOW cpemoH, B KOTODOWH
NepeHOCATCA pyAHble KOMIIOHEHTBH! M ¢ KOTOPOH BMeCTe OHM KpHCTal-
NHU3YIOTCA B KBApLIEBLIX )KUJIAX UIIM B CYLLECTBEHHO KBAapLEBLIX Te/lax.

I'napa I. COBPEMEHHOE COCTOAHHE
H3YUYEHHOCTH COCTABA,
CTPYKTYPbl U CBOHCTB KBAPIIA

XUMHUYECKHH COCTAB W TIPENEJIbBI U3OMOPOH3MA

[MepBble CBOAKM IO MPHMECAM B KBaplle, COOTBETCTBYIOLLHE
COBpEMEHHOMY YPOBHI0O METONOB HcclenoBaHui, 6b1tn coenanst E.B. [ux-
sepnvHr B 1961 r., saTem aBTopamMHM crpaBouHuka ~'Musepanet” [31],
B.A. ®pank-Kamerneuxkum [48] u K. ©ponpgenem B 1967 r. Torna xe
CBA3H COCTaBa M [TapaMeTPOB 3TeMEHTAPHON AYeHKH KBapla pacCMOTpPeHBI
B.A. ®panx-Kameneuxkum n W.E. Kamennensim. Cnocobsl BxoaeHHsA
mpuMeceidl B KBapl H CBA3b ¢ HUMH DONBLIMHCTBA TeXHHYECKH BAXKHBIX
ero CBOMCTB ocBelanuch B paborax corpynHukor BHUMCHMCa (34, 47] .

AHanu3 HAKOIUIEHHBIX K HacTOAilleMy BpeMeHH JaHHbIX [OKa3bIBa-
eT, 4TO BapHallMH COCTaBa KBapla 3HAUWTENIbHO IMpe, YeM TIPHHATO 1y-
math (Tabn. 1). MaxcumanbHble KOHIEHTPALMH NMpUMeceil OonpeneneHsl
B JKHJIBHOM KBaplle (B OCHOBAHMAX KPHUCTAJIOB) , MUHUMAIIbHBIE — B IOp-
HBIX XpycTanAx. JpIMuaThie KBapllbl CONEPKAT BbICOKHE KOHLEHTpaLHH
ATOMMHYA, MUTHA ¥ HaTpUA. CaMble CYUIECTBEHHBle [PUMECH JIMTHA H
JKeye3a 06Hapy»keHbI B ameTHcTax. [IpuBeneHHbie KojebaHua cocTaBa Mmpu-
Meceil B MOJHOH Mépe He MOIYT XapaKTepH30BaTh MX BooOILe, HH, TeM
Bonee, yxasbiBaTh Ha KOHLIEHTPAUMM MPHMeceil, KOTOpble AefiCTBUTENLHO
BXonAT B pewerky. OTHOCHTeNbHbIe KOHIEHTPAUHH M30MOpPQHOre anwo-

en



Tabnuua 1

Copep xaHHA TNABHBIX H30MOP(QHBIX NpHMecel B Kpapue, %

PazHoBHOHOCTE Al Li K Na Fe Mn Ti

KBapLa
Topusiii xpycrans (0,0008—0,1 | 0,0063—0,01 |He 061.—0,001 | 0,0001—2,0008 He oGa.—-0,00ld 0,00003—0,001 0,00016—0,003
JbimMuaTeii 0,003—0,9 H.0.— 0,06 He 061.—0,0008| 0,0001—0,06 0,0015—0,03 0,00003—0,001 0,0002—0,003
AmeTtHeT 0,0—0,05 0,0—0,07 0,0001—0,0019 | He 061.—0,08 0,005—0,35 He oGu.—0,008 He 061.—0,001
Kunesaniii bensrii |0,02—0,9 0,001—0,02 0,001—0,12 0,01—0,22 0,005—0,9 0,001—0,05 0,001—0,1
U3 OCHOBAHMK
K PHCTANIOB
Pozossii 0,005—0,042| Mo 0,009 o 0,003 0,001—0,009 0,0001—0,007 | 0,00007—0,009 | 0,002—0,022
Lntpun 0,002—0,014 | 0,0006—0,0012{0,0004—0,003 | 0,0002—0,006




MHHMA B KBapie MOTYT ObITh OmnpefesieHbl C MOMOLIBIO 31eKTPOHHOrO
rnapamMarHuTHoro pesonanca (9IIP). Ounun, kak nokaszan M.JI. KomoB u
pAA Opyrux uccrenopartenedt [47], KOppenupyioT ¢ KOIWYecTBaMH, OIfl-
pedendeMbIMH B YMCTHIX KPHCTA/UTAX CMeKTPaTbHLIMH HMH XMMHYE CKMMHU
MeTOIaMH,

YcTaHOB/IEHO, YTO B KBapllie peajM3yeTcA OrPaHHYeHHBIH IeTepoBa-
JIeHTHBIH KOMIIEHCALIMOHHLIA H30MOpPdH3M, KOrJa KpeMHHH 3amellaeT-
CA TpeXBAJIEHTHBIMH AIMHHHEM, JKejle30M, MapraHilem, rajajiiem, TUTa-
HOM, a neHUMT 3apAAOB KOMIIEHCUpPYeTCA BHeLpPeHHEeM B MEeXI0Y3I/IHA
HATpHA, JIMTHA, BOJOpona WIH peako KanuA. OIHOBpeMEHHO ¢ BXOXIe-
HMEM lleJIo¥ed B KaHalaX KBapla HepeoKo PpaclojaraloTcad IHMAPOKCHI
wm apyrue OH,-rpynnbl. OKCHepUMEHTATbHO NOKa3aHa BO3MOXHOCThH
BXOXIeHHA B Keapiu ao 2,25 % repmanus u 0,0485 % rannua. B.C. ba-
MHUIKUM Ha OMNBITaX MOKAa3aHa M BO3MOKHOCTh BXOXMIEHHA B KBapll (rTo-
pa, BoJbdpama, onora, 3on0ta. Crioco6 BXOXK/IEHWA B CTPYKTYpPY KBap-
ua Mead M cepeOpa usyyed P.M. MamkoBlLeBbIM. B BHie HeCTpYKTYPHBIX
IpMMecel B KBaple NPHCYTCTBYHOT pa3nuyHble GOpPMbI Keie3a (KopHY-
HeBBIH K 3eJIeHBIH CHHTeTHYeCcKHH KBapu) (5, 34].

letepoBaneHTHBI uH30Mopdu3M B KBaple peanu3yeTca IO CXe-
me [48]: Si« (AP*, Fe**, Ti**, Mn®*, Ga®* u ap. + Na', Li*, H', K').

Ocoboe 3HaueHHe AJIA [MOHMMAHWA [PHPOIBI KBAaplUd M YCIOBHH €ro
obpasoBaHuuA MMeeT HcclenoBaHue GopM BXOXKIeHHMA Boabl. MaBecrt-
Ho, uro OH,-rpynner HAXONATCA B KBaplle B KOOPOMHALMOHHO HEHachbl-
LLIEHHBIX LEHTPAX, & TaKXKe CTPYKTYPHbIX KaHanax (Me — OH-rpynmner) u
nedexr-KaHanax, obpa3yior cunanonsHele (Si—OH) rpynmer. OH TPy B
HaXOOATCA TaK)Ke MU B Ia30BO-KHIKHX BKJIHUYEHHUAX. Cymmapl-laﬁ H30-
MopdHaA BMECTMMOCTh NTPMPOJAHOIO KBapLa He npesBbiuaer 1 %.

Haubonee oboralledH npumMecsaMM >xkuibHbid KBapu. E.M. Jonomano-
Ba [46] onA KBapua OMOBUPYOHLIX MeCTOPOXOeHHH ykasbisaeT 40 sne-
MEHTOB-IpUMecel, cpeiy KOTOPbIX HAaHOOJBLIMM BapHauHAM [OLBepe-
Hbl COJepXaHUA XalbKO(MHIBHBIX M peJKHX 31eMeHTOB. B kBapue 30510-
TOpPYOHBIX MECTODOXKNEHHH DANOM HcclefoBaTesiell 0OHAapyxKeHbI cepeb-
po, BUCMYT, BolkdpaM, CBHHEL, Melb, KODAILT, HUKeIb, MBILIBAK, CYypPb-
Ma ¥ Apyrue 3neMeHTsl [49] .

KunpHBIH KBapl, MeCTOPOJKIEHHWH TOpHOrO XpycCTalid, a TaKiKe M3
Ge3pyaHLIX T B MeTamMopdHUYeCKHUX MOpodax, Kak nokasamu B.B. Jle-
KYK M [Apyruie HccnepoBaTend B 1976 r., muIneH cylleCcTBEHHBIX KOTH-
YeCTB TNpHMeceH XalbKO(QWIBHBEIX 3JIEMEHTOB, 3JIeMeHTOB-CIIYTHUKOB
Y MHAHKAaTOPOB OpYOeHeHHA.

KPHCTAJITIHUECKAA CTPYKTYPA

[lepBoe monHoe onpefesneHHe MeHee CIIOXHOH CTPYKTyphbl (-
KBapua BbinonHeHo Bperrom u I'mbb6com B 1925 r., 3arem Yaiikogdom
B 1926 r. B ocHOBe CTPYKTypbl KBaplLa JIEXKHUT M€ KCATOHAIBHAA pelleTKa
c napamerpamu: ¢, = 0,49 HMm, ¢, = 0,539 um. Ha opHy snemeHTapHy0
AYEHKY NPUXOAMTCA TpH Monekynbl Si0,. Kaxaboi aToM KpeMHHMA OK-



PYXeH 4eThIpbMA ATOMAMM KMCIOPOJa, OB3a M3 KOTOPbIX PACIOJIOMKEHb]
Bhlllle, @ ABa — HHxe ero. ['pyrnnel TeTpasnpos pasMellieHbl [10 TpeM CJio-
AM Ha pas3jIMUHBIX ypoBHAX. ['pynne! crnoesB o6pa3syioT ClHMpaiH, Kaxnaa
cnMpanb 3aKpydyeHa B OJIHOM M TOM ke HanpaBieHud. [lpu mepexope
B-xBapua B a-KBapll CMELUEHHe aTOMOB HapylllaeT CMMMeTPHKI TakK, 4TO
reKcaroHajibHasA ocCh NpeBpalllaeTca B TPHIOHAIBHYIO.

CrpykTypa kBapua obycnoBnuBaeT obpasoBaHue CTPYKTYPHBIX Ka-
HalOB, KoTopbkle obA3aTensHel AnA moboro kpucramna, OHM MMeEOT OH-
ametrp 0,2 HM H pacrosioXeHbl NapajjieIbHO OCH ¢; CYLUeCTBYIOT TaKke
CTPYKTYDHbIE KaHasIbl,. NePreHAUKYIAPHbIE OCH ¢, HO C MEHBIIHM JHaMeT-
pOM, Ha CYLLeCTBOBaHHe KOTOpBIX obpatuina BHumanue E.B. IlunH3epauHr
B 1961 r.

Hapany co CTPYKTYPHBIMH CYLIeCTBYWT AedekT-kaHaibl. OHM OT-
NUYAIOTCA 3HAYMTEIbHO DONBUWIMMHK pasMepaMM CeyeHHS, NOCTHUrAKLLHMH
25 mMkm. CeueHHA OedeKT-KaHATOB MMEIT pa3ninuHble ¢popmel [48] . Hab-
NIOOEHHAMM Hajl MCKYCCTBEHHBIMH W NPHPOAHBIMH 0Dpa3uaMH YCTaHOB-
neHo, uTo AedeKT-KaHankl BepyT CBOe HAYAIIO OT 3arpA3HEeHUH, KOJUTOWA-
HBIX YacTHL| TBepao# ¢askl, y 3aTPaBKH, OKOJIO BKIIIOYEHHH, B IedexTHOH
obnacTi KpUcTalUIa ¥ OT AUCIIOKAUMHA.

Kak noxasano B.A. Opank-Kameneuxkum, H.H. Bacunskosoi, C.I". Co-
noMkiHHOH, EM. JlonomaHOBOH M OpPYrHMM HCC/eoBaTelAMH, KaHAJbI
HMEeIT Ba)KHOe (pH3MueCcKoe 3HaYeHWe, ABJIAACH MECTOM CKOIUIEHHA MpH-
Mece#l (Bopa, raszoobpa3Has yrileKHCIOTa, yIiIeBOAOPOns], GTop, Lienoy-
Hble 3JIeMeHTHI M 1p.) . BXxo)kmeHHe MOHA B Te WIM MHBIe KaHalb! 06ycl0B-
NeHO BesIMYMHOW ero paauyca. MoHbl panuyca, 6onswero, yem 0,057 um,
He MOTYT BHeADATbCA B KBapll Ge3 MCKakeHMA DelIeTKH M MOABJIeHHA
BHYTPEHHUX HalpAXeHUH.

MHorHe uccnenoBaTes OTMEYAIOT, YTO CYLUECTBYIOT B3AUMOCBA3H MedX-
OY CTPYKTYPHBIMH TIpHMECAMH AaniOMHHHA, WeJT0YHbIMH MeTallaMHu
M NapaMeTpoM co. Ilo MX maHHbIM, yBenuueHHe TemMrepaTyps! o6pa3oBa-
HHA H CKOPOCTH POCTA KBapua BileyeT 3a cob6oM yMeHblLIeHHe NapaMeTpoB
pelleTKH.

K. ®ponnens B 1962 r. nmpuien K BLIBOAY, YTO MaKCHMAJbHbIE 3HA-
YeHHA MapamMeTpOoB 3/IeMeHTapHOH AYeAKH MOryT ObITh ¥ Haubosee BbICO-
KOTEMIIEPATYPHOrO KBapua, TaK KaK CrNocoBHOCTE K H3O0MopdHOMY
BXOXOEHHID MpUMeceH B CTPYKTYPY a-KBapua NOJKHA YBEITHUMBATLCH
C MOBbILIEHHeM TeMITepaTypPbl KPHCTAIIM3ALIMH,

X. KeiiT onpenenun, uTo crenyeT pa3iMuaTh BIMAHME W30MOP(HBIX
(BxopAmMX B TeTpasap — IH0.)u HHTepCTHLMANBHBIX (B CTPYKTYPHBIX
kaHanax — I'.H).) npumecei Ha pa3Mepbl eMEHTAPHON AYEMKH: pPa3jTHy-
Hple u3oMopdHbie npuMecd (Al, Fe, Ti u ap.) yBenuuusawT napamerp
Co,a HHTepcTHManbHele (Na, Li, Cau ap.) —a ,.

H.®. Kaprenko, I'.A. Cupopenko, C.I'. Conomkuua u ap. [36] na-
0T cllefylolle Npeneiabl M3MEHeHHIH DAa3MepOB 3NeMeHTAPHON AYelKH:
ao, — or 0,49120 no 0,49156 um, Aa = 0,00036 um; ¢, — ot 0,54038
ao 0,54081 um, Ac¢ = 0,00043 BM; V, — ot 0,112924 no 0,113134 um?,
AV =0,00021 am?; ¢q/a, — ot 1,0096 mo 1,10038.



B.C. Banuukuii u apyrue ucenegosaTenu [47] nojaywiid MaKcuMalb-
Hoe 3HaueHHe oObeMa 3MeMeHTapHO# Aueiiku, pasHoe 0,113210 um? | uto
yBenuunBaer A V no 0,000286 um® . MU3MeHUHBOCTS IapaMeTPOB 3/1€MeH-
TApHOH  AYeMKM CHHTETHYECKOTO KBaplia C CONepykaHHeM IIpHMecei
(no 2 %) nocTaTOYHO BeNMKa: BapHallMK COJePKaHMA TepMaHMA  OT
0,0433 no 2,25 % BLI3BIBAIOT U3MEHUWMBOCTb ay 0T 0,49132 o 0,49157 Hm,
a co — or 0,54046 no 0,54076 um. Ilpumecu rasuma ot 0,0012 ngo
0,0485 % npUBOAAT TaK¥e K CYLUECTBEHHBIM H3MEHEHHUAM pa3MepoB:
a, — or 0,49129 no 0,49134 um u ¢y —o10,64042 no 0,54051 HM. YBe-
nudeHHe oOLIEr0o KOoNMMuYecTBa CTPYKTYPHBIX NMpHUMeceil BeleT K yBenuue-
HHUI0 [IApaMeTpOB 3JIeMEeHTAapHOH AYeHKH KBapua. [Ipy cpaBHeHHH MOpHO-
Ha ¥ MpO3payHOro KBapua M3 OOHOIO U TOTO e MerMaTHTOBOI0 MeCTo-
pPOX/EHHA [OJIYYeHO COOTBETCTBEHHO: a , = 0,49130 u 0,49119 um,
co = 0,54065 u 0,564040 um. Ilo nauuwsim 10.J1. CopoknHa, yMEHbBIUAIOT-
CA MapaMeTpbl 37IEMEHTApHOW AUeHKH KPUCTAUIOB ameTHcTa Batuxu
(Ypan) mo cpaBHEHMIO C HX KBapLeBbIM CyOCTpaTOM: FOpPHBIA XpycCTamlb,
ABNAIOLIMIACA "HoxkoM"” (cybeTpatom) ameTHcTa, MMeeT: a o = 0,49141
u ¢, = 0,54049 uM, a ameruct — a o o1 0,49120 mo 0,49126 u ¢, oT
0,54038 no 0,54045 am npu V, ot 0,112927 no 0,112956 um? .

ITpy u3yyeHHH BIIMAHHA YCJI0BHI 00pa3oBaHMA U [IpUMecel Ha napa-
MeTphbl 3/IeMeHTapHOH fAYeMKM KBapua oOHapyxeHO, uTO pasHble 006-
paslibl 3€pHUCThIX arperaToB ero OTIMYalTCA He TONBKO pasMepamMu
371eMeHTapHOH AYeHKH, HO M COBEpLIEHCTBOM CTPOEHHS, YTO HAXOIWT OT-
paskeHHe B xapaKTepe peHTreHorpamm [36]. CremeHs paciuMpeHus Ou-
(b paKLMOHHBIX OTpaxeHuit oT 2354 ans pa3nMuHbIX 06pa3LOB OTHOCHTENE-
HO 3TaJIOHHOI'O KBapua MecropoxieHdAa Koxum HeoauHakoBa. Pacuuu-
peHMe JHHUN CBA3BIBAETCA C cyllecTBoBaHMeM obnacTeil HeGonbwMx pas-
MepoB, O0OYCIIOBIHBAIOIIMX KOMepeHTHOe pacceAHHEe pPEeHTreHOBCKUX
yueid, 1 HaJTHueM HanpsXeHUi BTOpOTro poja.

CucTemMaTHyecKOe H3yYeHHe OTMe4YeHHOH OCOOEHHOCTH pPeHTreHo-
rpaMM KBaplia Mo crelanbHo pa3paGoTaHHOM MeTOIMKe Ha MaTepHalle,
OTOOpPaHHOM M3 pas/lHYHBIX FeHepalMH KBaplia pAna 30JI0TOPYOHBIX Mec-
TOPOXKAEHUH, OTHOCALLUMXCA K pasHeIM pyAHBIM GoOpMalMAM, NMoKasa-
no 6GonbUIYI0 MHHEPANOreHeTHYeCKyH HHGOPMATHBHOCTh KOJIMYECTEEeH-
HOro OIllpeNeNeHHA CTeMeHH DPACIIMPEHHA OUPPEKUMOHHBIX JHHWH OT
2354. KonuuecTBeHHOe BBIDa)XKEHHE 3TOTO PACIIHDEHHS TIPEAJIOKEeHO
CUMTATh TNOKa3aTelleM CTeeHH COBEpIIeHCTBOBAHHA KPHUCTAJUIHYECKOIO
crpoeHua (CKC) HHOMBHOOB M 3epHMCThIX arperatos kBapua [50].

IE®EKTH KPHUCTAJIJIMYECKOW CTPYKTYPbhl HA YPOBHE

ATOMHOTI'O CTPOEHHA 3JIEMEHTAPHOHW AYEHKH

HayueHne npupoabl IpHMecei, OKpPacKM M TepPMOJIKOMHHeC-
LeHIIMM MHHEPANOB, B TOM YMC/Ie W KBapua, ¢ npuMeHenvem JIIP noxasa-
70, YTO TNOABJIEHHE UX MOXeT ObiTh obOycnoBneHo nedexTaMu aTOMHOH
CTPYKTYpbl KpUCTAUIMYecKOH pewleTkd. Cpeny HHUX BakHeHLWMMMW ABIA-
H0TCA TOuYeyHble OedeKThbl, K KOTOPbIM OTHOCATCA: 1) BaKaHCHM aHHO-
HOB M Mojekys; 2) "MexysenbHble” (HHTePCTHUMANTBHBIE) NOJNOKEHUA



aTOMOB M MOJIEKYJ; 3) NpUMecHbIe HOHbI (M30MOpPQHbIE U HHTEPCTHLIH-
anpHBIe) W MpPHUMecHble paauMKaabl; 4) aTOMbl NpPH HEYNOPAJOYEHHOM
pacnipeelleHHH; 5) arperathl BakaHcud u npumecedt’” [30, c. 221]. ITo-
cledHHH THN JeeKTOB yxe XapaKTepu3yeT nedeKTHOCTh He OTHEebHON
3/1eMEeHTAPHOH SAYeiKH, a Uefible CPYNNbl AeeKTOB, UX CKOIUIeHHHA, Ha-
3blBaeMble KlacTepamMH,

Bonee xpynHele aHcambnu JedeKTOB JalT KOJIOHJANbHble Bblle-
7eHHA, 4 CKOIUIEHHA BAKAHCHI MOTYT MepeiTd B Mopbl OONBIIKMX pasme-
poB. B kpapue xonnoupanbHble Boigenenua Al'*, Na™, K*, Li' B accoum-
anmuu ¢ OH-rpynnamu o6pa3yloT HEOOHOPONHOCTH pa3MepoM MNOpAfKa
20—30 um. ITo manueim JI.M. LuHoGepa u B.E. Xamxu [47], atu He-
CTPYKTYpPHbIE MpPHUMECH BXOJAT B HCKYCCTBEHHbIH KBapll, KpPHCTallIH-
30BAaBIIMHACA H3 KOHLEHTPHUPOBAHHOIO pacTBOpa B LIEJOYHOH cpeje.
K nomobHoro pozaa nedexkTaM OTHOCAT HECTPYKTYPHYH KOJJIOMAANLHO-
OucrepcHy npumecs Al, Fe U Ipyrux KOMIIOHEHTOB, 3aXBaThIBAKLIHUXCA
MpH BBICOKHX CKOPOCTHX POCTA H3 INeDEeChILEeHHBIX PACTBOPOB. 3TH IpH-
MecH ABJIANTCA NpeaueHTpaMH AbIMYATON OKpacKH, BO3HMKAIOLIEH MpH
Tepmoobpaborke. [IpuMepoM KpPYNHBIX CKOIJIEHWH BaKAHCHH MOTYT
OnITh gedekT-KaHank! B KBapue. B KBaple HepeqKH ABOHHEIE e eKThl —
napsl nedeKToB.

CoBpeMeHHad cTeleHb M3YYeHHOCTH TOYeYHbIX neheKTOB U 00yCiIOB-
JIeHHBIX MMM LeHTpoB no3ponuna A.C. MapdyHuHy MIA KBapua Bblme-
JIUTH JBe MX CpyINbLl — MpHMecHble U ¢ BakaHcuaMU., Knaccuduxauus
ux cBemeHa (b, 6, 15, 30, 34, 42, 46, 47 u ap.) B Tabn. 2, U3 KoTOpOH
BBITEKAET, 4TO IBIPOYHbIE LEHTPbI 0DpasyloTCA MpH 3aMeLUeHHH Kpem-
HHA aJIIOMMHHMEM, ’e/le30M H APYTMMH KaTHOHaMH, OTJIHYAKLIMMHCA OT
HEro Mo BaJIeHTHOCTH, a TAK)Ke K MPU BaKaHCHAX KpeMHHA,

OiieKTpPOHHbIE LEHTPhl BO3HHKAKT MpH 3aMelleHWd KPeMHHUA KaTHo-
HaMM OIMHAKOBOH ¢ HMM BaJIeHTHOCTH, HO oDpa3oBaHHe HUX CBA3AHO C
pasnMuMAMM B 3apAfax ANep M CTPOEHHMHM D3JIEKTPOHHOIO OKPYIKEHHHA,
Kpome TOro, oHH BO3HHKAWT B pe3yjbTaTe 3aXBaTa MHIEKTPOHA NpPH Ba-
KaHCHAX KHCI0POoa.

B xayecTBe KOMIIEHCAaTOPOB 3apANOB BO BCEX CIYUaAX B MEXI0y3-
nMA (KaHankl) BHEOPAKTCA NPOTOH, HOHLI JIHTHA, HATPHA, HHOTOA U He-
KOTOpbIE LlleJI0YHO3eMeNbHbIE 37IeMeHThl — MarHui U Kamsuuid. Kommnes-
calWf 3apANOB, CBA33HHAA ¢ BAKAHCHMAMH KHCIOpPOJa, MOXKeT ObiTh pe-
JIM30BAHA THAPOOKHCIOM HNH (TopoM. BepoATHOCTh BXOMOEHMA HX
B CTPYKTYpPY KBapla BIOJIHE OINpeAelleHHO I[10Ka3aHa HCClefoBaHUeM
HK-cnextpor [3].

[IpuMecHBIe LEeHTPHl BO3HMKAKT B KBaplle B CBA3H C M3BECTHBIM
reTepoBaJIeHTHBIM M30MOpdH3MOM NpH 3ameiuenun Si'* Ha AP ¢ He-
pocraTkom 3apana [30, 47]. AxamoruuHble aedMUMTLI MONOMKUTEILHBIX
3apAI0OB BO3HUKAKT M IpPH 3aMeLUeHWHM KpeMHHA TpexBasleHTHbIM Kelle-
30M, rajuiMeM, THTaHOM, repmaHudeM. Ilpu aTom obpasyeTca NOBYILKA T10-
JIOKHUTEeNbHONH AbIpKH. Peannsauua sneKTpoHeHTPaNbHOCTH (3aXBaT ObIp-
KH) B TaKHX CIy4YaAx, KaK [ojaranT, HeCUMMMeTpUYHAa'' OTHOCHTENLHO
pacnpeneneHus MeKTPOHOB, TaK KaK caMa BaKAaHCHA KAaTHOHA OCTAaeTcH
NycTOH, a 2MeKTPOHBI fepepaclpefenslTes Ha 3MeKTPOHHBIX obonou-
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Tabnuua 2
Knacenduxauua TodyeuHsix gedexToB

T
O6ycnoBaeHHbIe NPUMeCAMH O6ycnoBneHHsle BAKAHCHAMK
Tpyn-
sl Samerwaronni Tun uentpa # KOMITeH- Faical-l'r- Tun ueHTpa
LeHT- KaTHOH CaTophl HbIH
pos AHHOH
.3+ % R
Ti 5 D i E, — 3neKTpOH, 3aXBa-
. + . -
T YeHHBbIH KHCIOPOAHON Ba-
ri KaHCHeH,
~ Ge* Ge::"r - g E, — 3nexTpOH, 3aXBa-
3 Gelt —H o YeHHBIH Ha HeCBA3bIBAOLLeH
3+ L 1= s
+ Ge3+ - :\+a , Li . 3 rubpruaH2Hp OBaHHON OpO;-
E, Ge L H ,'l"’\la , Li § Te KPeMHHHA, PacIlOIoMKeH-
2 Ged Na HOro BOIH3W OHBaKaHCHH
5 s Si — O; Ha MecTe BaxkaH-
+
& Mn CHHM KPEMHHA pacnonara-
l:-z H Opyrue eTCA MPOTOH, @ B MeX0y3-
g * e JIMH 111eJ/I04H 03eMesTbHbIH
m g KOMITeHCaTOop
) b o - Ala‘:(AIOT) /H* E; — pedext THIA O ¢
& A=t OHMBaKaHcHel Si — O ; cMe-
- 3+ + &
0 - Al""/Na LIeHHBIH KHCIOPO.,

A 0™ — A —. yeu- E, — nedexT tuna O~ B6nu-
K NHBAMMIMH LUEHTP ¢ 31 gedeKTHOrO TeTpasf-
P BaKaHCHeH KHCIIO- 5 pa ¢ BaKaHCHeH KpeMHUA
o

ofa H KpeMHHA
= Al g WY g
- O — Al [Na +Li
- - F 1 Py 5]
0O =Al""/Li "+H 2,
E’-“\ 3+ 4 + =
s Ga 0" — G (Ga 0y )/H
.-
] - PR
2z Mg |07 - Mg /HY, LT,
= Na
o) . .
= o) -M

KAaX aHHOHOB, OKpYXKAWIMX BakKaHcHio. Tak, Npy yIaleHWH LHLUHEro
3NMeKTpoHa OBNyueHHEeM ero HeJOCTaTOK (OmipKa) JOoKanu3yeTcs He Ha
xaTnoHe Al’*, a mpeumyluecTBeHHO Ha GMidkafuleM aHHOHe KHCIOpOaa.
[Moatomy O (2p°) nepexomut B O~ (2p° ). CrnenoBaTensHo, MPH reTepo-
BAJIEHTHOM M3oMophH3Me B KBapue NpuMecH TpexBaleHTHeIx Al, Fe,
Ti, Ga 4 T. 0. NpUBOIAT K 0OPa30BaHHI0 OBIPOYHOIO LEHTPA He Ha CAaMOM
nedexre, a Ha GmkaiilleM K HeMy HOHe Kuciopona. [To cxeme A.C. Map-
cdbyuuna [30] 3TO MOXKHO MpeAcTaBuTh Tak: M** pewerkn + 0?7 ———

h 3amernie-

v

—_ MM+ ———————— M3+ 0 4t M+
HHeEe TPUMecH obnyueHune 3aXBaT OBIPKH

0

Ina toro urobel chopmupoBaica nedeKT, NTPUMECHBIH HOH He 06:-
3aTeJIbHO HOMMKEeH OTIMHATRCH OT 3aMelleHHOT'® BaleHTHocTh. ObnacTu
C TIOJIOXKHMTENIFHBEIMM MM OTpHLUATEIBHBIMH 3apAdaMM, cllocODHbIe 3aX-
BATBIBATH AbIPKY MM 3NIeKTPOH, MOI'YT BO3HMKATL M B pe3yNbsTare pasiu-
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yuit B 3apAje A1pa, a TAKIKE UX MeKTPOHHOIo CTPOEHHA U KOH(UTYPaLMH
MONeKy/sApHbIX OpOHTAIeil, criocobe 3ace/leHHOCTH NMeKTPOHHOTO OKpY-
aeHuA ¥ T. A, [IpumepaMy BO3HHKHOBEHMA TOUYEYHBLIX LIEHTPOB, CBA3aH-
HBIX C TaKuMu AedeKTaMH, MOryT ObITh 3aMellleHHd KpeMHHA THTAHOM
uau repmanueM (cM. tabm. 2).

B 1973 r. M.H. CamoinoBuu, A.M. HoBoxanos u apyrue uccnenosa-
Tenn omucany crexTp I[P awipoyHoro ueHrpa O B c1aboabiMyaToM
NPHPOIHOM KBaple, CBA3AHHLII C 3aMelleHHeM KpemHua Ha Mg?*. Yrona
268i — O — Si, B KOTOPOM OfIMH M3 ATOMOB KpeMHusi 3amelieH Ha Mg**,
nonyumnca pasHbiM 130 °, UTO CBHOETENBCTBYET O CHIIBHOM HCKa)KeHHH
TeTpasIpa.

B nocnennee spema M.fl. lllepbakoBa ¢ cOTPyZHMKaMH yCTaHOBHIIA
PAA HOBBIX NAPAMATHUTHBIX LEHTPOB, KOTOpPLIE COTJIACYIOTCA C MOIEJIbI0
LIeHTpa, CBA3aHHOTO ¢ 3aXBAaTOM [BYX ABIPOK Ha IKBHBAIEHTHYI mapy
HOHOB KHCI0DPOJa all0MOKHCIOPOJHOTO TeTpas3apa.

Kpome 3TuX UEHTPOB BBLIABJIEHBI [TAPAMAarHUTHBIE LEHTPHI, 0OycnoB-
JIeHHBIE NIPUMeECSIMH Me[H, pacrnonarallleiica B TeTpa3ipHYecKUX MyCcTo-
Tax BO/M3KM HOHOB KUCITOpOJa.

eutpsl ¢ BaxaHcuAMu KpemHuA (0}7) BOSHMKAaWOT NpH 3axsa-
Te OBIPKH OBYMA HOHaMH KHcI0pona Ha aByX u3 uetoipex 0—0 pebep
B KPHMHEKHCJIOPOAHOM TeTpasnpe. Ha nByx pasubix pebpax BO3IHMKAIOT
InBe pasHoBunHocTH neHTpa [30] . OHM MMelT N0 TPH MONOKEeHUA KaKHgad,
Ha 3IIP-cnextpe Habnwopaerca CTC (cBepXTOHKAasA CTPYKTypa) OT B3au-
MOJEeHCTBUA ¢ ANpaMH KpeMHHA-29 cocenHuX KpeMHEeKHCIOPOIHBIX
TEeTPa3’npoB M C MPOTOHAMH B KaHasax, T. €, IJA KOMIIEHCALMH 3apA0B
BCE e B pelleTKy KBapla BXOIAT WOHs! H', HO He HAa MecTo BaKaHCHIA,
a B MeXI0Y3/HA.

B npuponHbix MopuoHax Habniopanmuck Takke ewe nsa (E; u E,)
ueHTpa awipoyHoro tama [34]. Lentp E;, no npeanonoxenuro M.H. Ca-
MOWIOBHYA M pAda OPyrux HcceneposaTened [47], cBAsaH c¢ pmedexTom
tina O] KOTOpBIA /OKanM30BaH B TeTpajape ¢ auBakaHcued Si—O.
Ilo cytv pena, oH npefactaBifAeT coBOH CMeLUEHHBIH MM MeXy3e/bHbIi
kucnopon. lleutp E, nmpencraenaer coboit pmedext Tuma O7, KoTopbui
noxanu3oBaH BOMU3M nedeKTHOTO TeTpasapa, T. €. ¢ BAKaHCHeH KpeMHUA.
9TOT UEHTp OBYCIIOBIEH NMPUCYTCTBHEM KHC/IOPOAE, KOTOPLIH He CBA3LI-
BAeT aTOM KPeMHHA.

LleHTpbI ¢ BaKaHCMAMH KpPEeMHHA MOTYT ObITh, BEPOATHO, MOOBHX-
HbBIMH. DTO BbITeKaeT u3 npencrasneHuit H.B. Benosa o nogsmxHOM Xa-
pakKTepe He NeNiblX KpPeMHEKHCIOPOIHBIX TeTpaszpos, a Tonbko Si0,
TPYIIITLI,

Ilenrpel ¢ BakaHcHMAMM Kucnopopa (V,) B paaukane SiO;~,
HMeIlHe 3eKTPOHHYW Mpupony, 6Geumm onucaxbl Bukcom B 1963 —
1964 rr. [47]. B 3tom ciiyuae 3axBaTbiBaeTCA 3ME€KTPOH, pacrpenensio-
LWIMIACA M0 BCEMY PaUKany, ¥ BOSHUKAET 3NMeKTPOHHBIH UEHTP THIIA SiO";‘
um Si0; V. B cTpyKType KBapla oJHa TpPYMIia HOHOE KHCIopona ofpa-
ayer cfasu Si—O mwmuHO#  0,1617 um ¢ yriuom 44° K ocu L ; Y npuHame-
HHT K KOPOTKOMY KHeiaopoaHomy pebpy terpasppa (0—0=0,2614 um) ;
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y apyro# rpynmsl moHos Si—O pasto 0,1597 um mon yrnom 66 ° K Ly,
u npuHawenyt ona k 0—0 pebpy amuuoit 0,2640 um. [losaTtoMmy MoryT
obpasoBaThcA  IBe Pa3HOBMIHOCTH LUEHTPOB C BAKAHCMAMM Kucjopoaa,
COOTBETCTBYIOLIHE THIy BAaKaHTHOrO Kucjopona. Onu obo3HayawTcA
cooTBetcTBedHo: 1) [SI(E,)e” | u2) ["Si(E,) e ].

Hx nabmogamu npu usyvennn TP npupoanoro kBapua, 06IyueHHOro
raMma-u3JyuyeHHeM WM HeHTpoHaMu. B HeMm nmpoucxonuT 3axBaT BaKaH-
CHH KHCIIOpoMa B TeTpas/ipe ¢ repMaHHeM BMECTO KPEeMHHA ¢ 06pa3oBaHH-
em [Ge(E, )¢ |- n [Ge(E;)e” | -uentpos, T. e. GeO®;.  M3BecTHbl Takxke
Pa3HOBHAHOCTH 3THX LIEHTPOB B 3aBHCHMOCTH OT HOHOB-KOMIEHCATOPOB:
nporoHa (H'), muTUs MNM HATPHUA B CTPYKTYPHBIX KaHamax ¥ OT UX 110J10-
s#eHuA, B npuponHeix obpasiax oHE BCTPeYamHCh peaKko.

Panmauvonurie uedtps [30, 34, 47] BosHukawT B nedeKTHOM
KBaple B pe3ynbTaTe BO3NEHCTBUA eCTECTBEHHON pPAaIMOaKTHBHOCTH, 06-
NyYeHUA PeHTreHOBCKUMU JIHO0 y-TyuyaMu, HedTpoHaMmu U np. Takue LieHT-
pbl 06pasyloTca B cBA3H ¢ gedexTamu, 0OyCloOBJIeHHbIMM 3aMelleH’eM
KpeMHHMA Ha KaKOH-TMOO KaTMOH WM BAKAHCHAMH KPEMHHUA HJIM KHCIIO-
pona.

MexaHH3M BO3HUKHOBEHWA DaJMallMOHHEIX LEHTPOB B Cllyuyae Kpem-
HUA-aMIOMHHHEBOro H3oMopdH3Ma CleAyrIMi: OaMH M3 MOHOB KHCIO-
pona terpasapa AlO7 B cTPpYKTYpe KBapua npd oOGIyYeHHH MOXKET TepATh
3IeKTPOH M NEepexOIuTh B rnapamMarHuTHoe cocrodanue O7. B npuHuune
KBapL MOXKHO OoBnyunTh Tako#dl HO30MH, YTO BCe HMEKLIHECH NPUMeCHbIe
pedeKThbl CTaHYT ObIPOYHBIMM palHAlUMOHHBIMHM uUeHTpamu O7 . Ecau us-
MEpHTh HMHTErpajibHyH HHTeHCWBHOCTh crnexTpa OIIP Takoro obpasua,
TO MOJKHO OMpeaennTh U KOIH4ecTBO Al, 3amMeluaniero KpeMHMi.,

[Adpyraa rpynna paguauuoHHbIX LUeHTpoB — E-ueHTpnl. OHH oOpasy-
HTCA B pe3ynbhTaTe 3dXBarta 3JIEKTp0Ha. KPEMHHGM B erMHeKHCIIO[)OJlHOM
TeTpaszape BOMM3M CTPYKTYpHOTo fedexTa nubo 3jeMeHTa-TIPUMECH.

Haubonee pacnpocrpaHedHsim Hapaay ¢ O —(Al)-ueHtpom npumec-
HOro THIA HABJIHAeTCA F£-LUEeHTp, CBA3AHHLIA C HAJHYHeM HeclapeHHOI o
3JIeKTPOHa HAa pa30pPBaHHOMN BCJIEACTBHe ODPA3OBAHMA BAKAHCHH KHCIIO-
pona mni KpemHuA cBA3u Si—O. Ilo manueim B.M. Mouceesa u JI.T. Pa-
KoBa, E-UeHTpBl B MNPHPOIHbLIX YCJIOBHAX CO3Hal0TCA M0J4 OeHCTBHEM
a-yacTuu, a O —(Al) -, unu Al-ueHTpbl, IO TEPMHUHOJIOTHH 3TUX HCCllefo-
BaTenef, PoXKAAKTCH HCKIUMTENBHO Y-KBaHTaMi. JTOT BLIBOJL MO3BOAA-
eT MCII0/Ib30BaTh KBapll B NMajeol03WMeTPHH KaK CelleKTHBHBIN J03UMeTD
a- ¥ y-hoHa.

J1.B. Bepwos, A.C. Mapbyuun u A.B. CnepaHckuii [6] ycTaHoBuiau
CcTabiIbHBIN paiHalHOHHBIA [BIPOYHBIH LEHTP B KBaple, CTPYKTYpHad
Mozens KOTOpPOro (O;' — M") peanusyercA B KBaple B BHIe IbLIpOY-
HOro LEHTpa, JOKAIM30BaHHOro Ha OONbLIOM KHCIOPOOHOM pebGpe
0(1) — 0(4) nedexTHOro KpeMHEKHCIOPOJHOTO TeTpasapa ... ¢ Ba-
KaHcHel KpeMHMA, a4, BO3MOXHO, H ¢ BaKaHCHeH ABYX HOHOB KHCIOpOMa,
T.e. oT AlQ,-TeTpasapa ocrtaeTcsa 0JHO pebpo O;"' (c. 115). Ycnosuem
BO3HHKHOBEHUA lIEHTpa ABJIAETCA, KaK TONaramT aBTOpPbI, HAlUuMe Of-
HOBaJIEHTHOI'O MOHa-KoMIleHcaTopa M B cTpyKTypHOM kaHane, B 3aBHcH-
MOCTH OT THIIA& HOHOB-KOMIIEHCATOPOB pAa3NMyaloT OBe DA3HOBHIHOCTH

13



ueHTpoB U JIIP-cnextpoB: | — ¢ komneHcatropom H'; Il — c nurtuem,
HatpueMm win H' B npyro#t nosuuuu. OnucanHeldl ueHTp Habniomanca
B WIBHOM KBapue PyAHbIX MeCTODOXKIEeHHH, a Tak:ke B OecuBeTHbIX
KpUCTAINIaX, KOTOpbIe nocie y-00nyueHns npuodpetantt MOpPHOHOMOI06-
HYH OKpPacKy.

B nocnenHee BpeMaA cTaIH MOABIATHCA paboThl, B KOTOPBIX NPUBOAT-
CH CBe/IeHHA O HAIHUYMH LEI0ro KOMIUIeKca TOYeuHbIX nedeKToB pasfivy-
HOH TMpUpOAbl B OJHOM KpHcTanne. B pAne xpucTanioB, B YaCTHOCTH
po30BOro Keapua u3 Bpasummu u ¢ Maparackapa, KOTOpble COOEpHaT
0,01 % Ti, Mx. HUcaiin u k. A. Beitn (J. Isoya, J. A. Weil) B 1979 r.
onvcanu kKommnekc ueHtpoB [TiO;] — 3a cueT 3aMelleHMA KpeMHHSA
TpeXBaJIeHTHBIM THTAHOM, JBa THIA HECKOMIEHCHPOBAHHBIX IepMaHue-
BeIx UeHTpoB: Ge** [GeO7 (I)] ™ n [GeO; (II)] ~ u AbIpOYHbIE ATHOMHHHE-
Bbleé LEHTPhl ¢ KOMIleHcauued 3apsana JddtHem: Li [AlO:f Li’] * Beua
MoKa3aHa BO3MOMXHOCTh OUdQ@PyY3uMH NHTHA, KOTOpaA  MpeBpalaer
[TiO;] = B wentp [TiO(A)/Li"]°, a takwe Bomopoxa c obpasopa-
Huem [TiO(A*)H'] % u[TiO7,(B)H'] ®-uentpos. AToMapHblii BOAOPOA
OBIN 3aperucTpupoBaH Mo cnexkrpam 3[1P.

P.H. MamkoBuer B 1978 r. mokasan, uto E-IEHTPHI JaXke B OIHOM
ofpasue MOryT MMeTh MHOTOBAKaHCUOHHYI TMPHPOAY, 4To 06yclIoBIM-
BaeTCA JOCTATOYHO BBICOKOM MOJIBHKHOCTBIO BAKAHCHH B pelleTKe KBapla
BO Bpemsa oONyueHHA M CNOCODHOCTRIO HX K KOMIUIEKCOOOpPAa30BaHMIO.

CnegyeT OTMETHTh, YTO NOCKONBKY JII0B0H UEHTD CBA3AH ¢ HAIHYMEM
37I€KTPOHA, TO TPH €ro OMHCAHMHM, KOHEYHO, HeoDXOMHMO YUMThHIBAThL He
TONBKO B3aHMOeACTBHEe AaTOMOB, HO WM 3NIEKTPOHHBIE B3aHMOOEHCTBUA
[To cyty pena, npHBeOeHHbIe BhIlUle LEHTPhI — JHWb Haubosiee yaobHbIE
K HACTOALLEeMY BPeMeHH WX MOJeNH, OTBeYalollHe YPOBHI MX MCCIIeno-
BaHHOCTH,

H3MEHYHBOCTb ®OPM KPHUCTAJIJIOB U AI'PETATOB

H3mMeHUYHBOCTs (OPM H CKYJIBOTYPhl KPUCTANJIOB.
I'. Kane6, B.Mayxep, I''B. BupoBnauckuii, A.B. lly6uukon, I'.I". Jlem-
mneitH, C. Mwore paspaGoTanu cXeMbl, B OCHOBE KOTODBIX JIEKHT Hes
0 TOM, YTO TIO Mepe TNOHHMXEHHA TeMMepaTyp PacTBOPOB M KOHLIEHTpa-
UMM KpeMHe3eMa 10 OMNpefeneHHOro Ipenena yBeIWUMBAeTCA pPOJIb Ipa-
Hel MpH3MbI, H BMECTO JWIHPAMHAAIBLHBIX H NPU3MaTHYECKH-IUITHpa-
MHUJATBHBIX HMHOUBUOOB B 3¢hdy3uBaXx M KOPOTKOCTONGUATHIX KpHC-
TA/UIOB Hayana MerMaTHTOBOTO Mpolecca B THIPOTEPMANBHO-THEBMATO-
JIUTOBYX M TUAPOTEPMANbHYIO CTaMM BO3HUKAIOT TPUIOHAJIBHONPH3-
MaTHYeCKHe KPHUCTAbI, a 3aTeM 00eIHMCKOBHIHOTO H THAPOTEPMAJILHOTO
tuna JJoduHs (¢ rumeprpodupoBaHHOH OHOWU rpaHbld pomboagpa). M3
HH3KOTeMMepaTypPHEIX pPACTBOPOB BHOBL BLIIENAKTCA KOPOTKOCTOJNG-
yaThle KPHCTAJUTBL C OYeHb KOPOTKHMM I'DAHAMH NPU3MbI U CHJIBHOPA3BU-
ThIMM 0DOMMH poMOO3OpaMH, HMEWLINMH I1CeBAOIHMMPAMHIATBHbBIN
obnmuk [31].
ObuwiaA cxema M3MeHEHHA THHNOMOPQHBIX UepPT KBaplid B MErMaTHTO:
BoM mnpotiecce nana A.E..®Pepcmanom. OH nokasasn, 4To BHauajle Bhbige
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JIAeTCA CBETJO-CepPhId MM [MPO3padHbiM [-KBapll, KPHCTaALibl KOTOPOIC
JUIUEeHBL] TPaHM TPU3IMBI. 3aTeM B MyCTOTAX IOABIAITCA KOPOTKOIPH3:
MaTHYeCKHEe TOJICTOCTONOYATBIE KPHCTAUIbI, KOHLBI TONOBOK KOTOPBIX
M3 cepbIX CTAHOBATCHA ALIMYATHIMHM MM YEPHBIMH. DTOT KBapl I0BOJIBHC
YACTO CMEHAETCA MOJIOYHBIM, 00pasywmuM GYTIIAPsEl BOKPYr payxTo-
nasa, 3a MONMOYHLIM KBapuem, no A.E. ®epcmaHy, cnenyeT ropHbIN Xpyc-
tans yamuHeHHoro tuna (dodwH3) u wecroBareit myTtHem (111 THN
Mayxepa Y3 anbMUHCKHUX XHIJI). 3aBeplIalT Ipouece MeTKOKpHCTAILIH-
YyeCKHe arperaThl, HHOTJA AMEeTHCThl M XaJlleNlOHb], TPELIMHKH B KOTOPBIX
BLIMIQUIHEHBI KOPOTKOCTONOUATBIMY TCEBNOAHITHPAMUAATEHEIMU HOBOOO-
pa3zoBaHHAMH. B cxeme A.E. ®epcmaHa HalLTH OTpajkeHHe 32 KOHOMePHOC-
™ Kanwba u Mayxepa, BeIBefieHHble OnA anbrmuiickux »n, O nokasan,
TakuM o6pazom, oOlIHe TEeHAEHIHMH B M3MEHYHBOCTH ()OPM, arperaToB
¥ OKPACKH MOCJIEIOBATEIBHO 00pa3yoluMX e HHIWBHIOB KBapLa.

B HacTosllee BpeMsa 3Ta cXemMa Hauna oBOCHOBaHHE B pesylibTaTe
MHOTI'OYHMC/IEHHBIX IKCMEPHUMEHTOB MO BhIPALIMBAHUK KDPUCTAIOB KBapLa
[5, 28, 34 u np.]. BoiABneHo, YTO B CHIBHOLIETOYHBIX PACTBOpAX IPH
OTHOCMTENIBHO BBICOKHMX TEPechIleHHAX CKOPOCTh pocTa FpaHed r H
R 1MHeMHO 3aBHCHT OT KOHLEHTpalMii: M0 Mepe YMEeHbIIeHHA Mepechl-
LIeHUA KPEeMHEe3eMOM CKOPOCTH HX pocTta cOnuxawTtea. [lostomy B cpen-
HeTeMIlepaTyPHEIX IMAPOTEPMANbHBIX JKMJIAX CMeHa UTMHHOIMPU3MATHYEeC-
KUX ¥ OBeTMCKOBMHBIX KPUCTAUIOB K KOHIY TPOLIEcca HW30MeTPHYHBIMH
M CKHMNEeTPOBHIHBIMM BIOJHE MOKeT ObITb OOBACHEHA YMEHBILEHHUEM
KOHLEHTpalu# KpemHe3sema B pacTBope. Kpome tore, no B.C. Banuuko-
My [46], KopoTKONpu3MaTHYeCKHe KPHUCTaIUIb!l KBAPLa MOT'YT BO3HUKATh
B YCNOBHAX BhiCOKUX TemnepaTyp (400—500 °C) B nermMaTuroBBIX Te-
Nnax B 3aKpHITBIX CHCTeMaxX M3 PACTBOPOB C HEBBICOKHM MepeChillleHueM
KpeMHe3eMoM. [Ipn H3MeHeHHH TeKTOHHYECKOTO DPelKMMa HITH LIeN0YHOC-
TH THOPOTEPM MOTYT MOABJIATLCA YCIOBHMA IJIA PACTBOPEHHA paHee 06-
Pa30BaHHBLIX KDHCTAINOB M KBapLeBbIX ANep. 3TO NPHUBOAMT K Mepechi-
LeHH0 PACTBOPOB M NMOABIEHHIO MO3OHHMX, HepeoKO 30HAMLHBLIX obenuc-
KOBHIHBIX HITH JIHHHONPH3MATHYECKHX KPHCTAUIOB CO CleJaMu MHOTO-
KpaTHLIX PACTBOPEHHH U pereHepauui.

OxcnepumeHThl [5, 46 M Op.] nNokazanM, YTO NpPH CKOPOCTH poCTa
rpaHeil OCHOBHBIX pomboszapos Gosee 0,0001 mm/cyt dopma romoBox
KPHCTAJINIOB, KOTOpPbIe PAacTyT B MOJIOXKEHHH, OTKIIOHEHHOM OT HOPMAIH
K 3eMHOI MOBEpPXHOCTH B NaHHOH Touke, HeKaxaeTcA. [Ipu MeHbieil cko-
pOCTH pocTa ucKakeHHH HeT. OHM MOryT ObiTh CBA3AHEBI TAKXKE U C MOBLI-
IeHMeM KOHIEHTpauMii Kpemuesema. Ecnu cxopoctu pocta (0111) wm
(1011) 6mu3xk Mexay coboil MIM CTPeMATCA K HYNIIO W TepechllleHHs
KpeMHe3eMOM OueHb HHM3KH, TO HCKaXKEeHUMH BepllMH He HaOMIonaeTcH
HEe3aBHCUMO OT [TOJI0KEHUA PACTYIIEro KPUCTAINA B MPOCTPaHCTRE,

B o6mem cryuae KpHUCTaniibl KBaplla, pacTyllye BepTHKANbHO, AOM-
JKHBI UMeTh (hopMy NpHU3M B KOMOMHAUMM ¢ poMOOBHUIHBLIMH (BHEIUHAA
cummetpusa Ly 3P — 3m wnu L, 6P — 6mm) . Eciv yke OHM pacTyT HAKIIOH-
HO, TO HEpenKO HMEKT BHELUIHIK CUMMETPHI, DIM3KYH K MOHOKIIHH-
HOH (P — m). OTa 3aKOHOMEPHOCTL CBA3aHA C TéM, YTO CHMMETPHA I10-
NIl 3eMHOI'0 TACOTEHHWA, OTBEYalIad CHMMeTPHH Koryca [L _ooP (om)],
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Bo3neiicTByeT, cornacHo npuuuuny Kiopu, Ha dopmupyloliHeca B HeM
Tena, ¥ OHM TAK’Ke JAOJDKHbI HMeTh TOT ke MOTHB BHeWHeH CHMMeTpPHH.
[Toaromy, no .M. lladhpaHoBcKOMY, BEPTHKAIBHO PACTYLUMe KPUCTATUIb
HMEIOT 4acTo HCKakeHHYI0O GopMy  n- WM [OU-n-TOH&IbHBIX  'mHpamua’
(0BenucKoBUIHbIE W OCTPOPOMOMYECKHE KPWUCTALIbI), 4 HAKIOHHO H
FOPH3OHTATIBHO PACTYLHe KPHUCTAUIb! MMEKHT MOHOKI/IMHHO-IU3ApHYec-
xue Gopmel (Tun loduns).

[Ipobnema guyuHanel NONTOE BPeMA CUMTAIOCH OOHOH M3 BaXKHBIX
[UIA TOHMMaHWs Kpucrauioredesa. Hcecnenosadua B.C. banuuxoro,
B.B. Bykasosa, JI.Il. I'puropseBa u A.I'. )KabuHa rokasanu, 4To OTHET-
NUBO BLIIEJATCA ABa THNA BULUUHAIEH: Yy puuuHATIeH epBOTO TWIa
yroj Mexay HHXHUMH pedpaMi BHUMHAJIBHBIX TPEYrONBHbIX MHPAMH
okoso 90°, a BToporo Tdna — 0K0J0 160°; THN BHUHHAIEH He ABIAETCA
KpHTEpHeM OTHeCeHHA KpPHCTAIa TONbKO K HM3KO- H/IM BbiCOKOTEM-
nepatypHomy o6pa3oBaHKI0; CMeHa OJHOT0 BHLMHAIBHOIO THOA APYTHM
MO’KeT OTpakaTh M3MeHeHHe YCIIOBMH KpUCTAINIM3alMM M Habionaerca
Ha pa3HOMMEHHbIX IPaHAX OCHOBHBIX POMOO3IAPOB M3-34 PA3/IMYMA B CKO-
pOCTAX pocTa. JKCIepMMEHTATbHO BBIACHEHO, YTO ..M3MeHeHHe KOH-
LeHTpaUMid ¥ TemnepaTypbl Kpuctaummzaumu (o1 100 go 340 °C), a tak-
e J06aBKY pa3jIMuHbIX JNleMeHTOB-npuMecein (Na, Li, K, Sn, P, B, Pb,
Ge, Ga ¥ Ap.) He NmpUBelM K u3MeHeHHw dopmsbL..” [46, c. 134] Tpex-
rpaHHbIX MUpaMu BToporo tuna no I'. Kansdy, Ha rpansax R u Oyrpos
pocTa W MepexoJHbIX OT HUX (GOopM K nupaMuaam [epBOro THMa Ha rpa-
HAX T .

K HacrosilleMy BpeMeHH CJIOXKMWIOCh [IpeAcTaBleHHMe O TOM, YTO
MoABNeHHe BHLMWHANEH onpeleleHHbIX THUMNOB 3aBMCHT JIMIUL OT H3Me-
HEeHHUA KHUCJIOTHOCTH — LUEJIOYHOCTH PACTBOPOB M WX cocTapa. [lonaraior,
4YTO BHIUHHAIH B Buje OYrpoB pocTa yKa3blBAlOT Ha Dollee LeNOYHOH xa-
pakrep pactsopoB. [lo manubiMm B.B. Bykanosa [7], dopMbl BuuMHANE#
ABJIAKTCA JIMUb POCTOBBIMHM (pparMeHTaMH rpaHeH, MO TeM WK MHBIM
NMpHYMHAM MpeKPaTHBIIUX cBoe hopMHpPOBAHHE.

Bee 310 CBHOETENbCTBYET O TOM, YTO BHLUMHAMH He HMEKT CAMOCTOH-
TEeNBHOr0 MHHEPANIOTeHEeTHUeCKOrO 3HAYeHUWA M MOTYT MHCIIONb30BaThCA
KaK BCMOMOraTeNnbHble JaHHbIE TPH KOMIUIEKCHOM M3YYeHH KPHUCTAIOB,

W3menuuBocTh opM 3epHHcThiX arperatos. Peumenue sanaun
06 u3MeHUHBOCTH MOpPGONOrMM 3epeH M arperaToB LUIA BOCCTAHOBJIEHHUA
npoueccoB 00pa3’oBaHMA JKMILHOIO KBapua, NpeicTaBiAwilero coboi
arperatbl MHOMBHMIOB pasjIMuHON UAMOMOPAHOCTH, BO3MOXKHO C TO3M-
i yueHun o6 oHToredud u ¢unorexuu, paspaborassoro [I.I1. I'purops-
eBbIM [12] u ero nocneposBarensamMu. Ha mpaxkTuKe reojior vaile BCero
WMeeT [ef0 C 3ePHUCTBIMH arperaTaMu, MX CTPYKTYpOH M TeKCTYpPOH.
[Ipobnema reHesuca arperatoB MpeAcTaBAAETCA MO3ITOMY OOHOW M3 Bax:-
HeHIIMX [J1A NOHHMaHHA MpoueccoB OPMHMPOBAHUA XKUIILHOTO KBapla,

M3 MHOKeCTBa H3BECTHBIX BapHAUMi CTPYKTYP 4rperaToB JKHJIBHOTO
KBapua BbI[elAlT gBe TeHeTHYeCKHWe TPYNMbl: arperatbl pocTa M Iepe-
KpUCTannM3auun 06e3 cylecTBeHHOro BAHAHWA nedopmaudid W arpera-
Thi AedopMauMOHHBIX Npeobpa3oBaHui,

Cpenu arperatroB xWibHOT'O KBApLA MepBOM IPYIIbl MOJKHO BbIAENHTH
CprKTypb[ H TeKCTYpPbl, BOZHHKAKIIHe H H3MEHAKUIHECA 33 CUET BHYT-
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peHHeil aHepruu cuctembl [17]:a) NepBHUHON KpHCTAM3aUKMM  (OTIO-
JeHue) M pocta (cuHreHes); 6) aBToMeTaMopdHuecKHX Npeobpa3oBa-
HU# (nuaredes). B ciyvyae OpicTporo 3aTBepjeBaHHA B YCIOBHAX MalbixX
riaybuH MpoOMCXOAAT pPACKPHCTANIM3AUMA W MepPeKPUCTAIUIM3ALUA TBep-
nodasHbIX HeYNOpPANOYEHHBIX arperaToB, 0Opa30BABIIMXCA B pe3ysbTaTe
3aTBEepPIEBAHNUA U KPHCTAITTH3AUMH TYCTbIX (QITIOHIOB.

Cpeny *WIBHBIX TMONHKPHCTAUIMYECKHX CPOCTKOB K3apua rno pery-
JIAPHOCTH CIIOIKEHUA BBIIEIANTCA TPH TPYIbI:

a) cybu30MEeTPHUHO3EePHHCThIE, XAPAKTEePU3YIOIIHecA OTHOCHTebHO
M30TPOIHBIM BBITIOJIHEHHEM TPeXMePHOTO MPOCTPAHCTBA; K Hho OTHOCAT-
CAd pPAaBHOMEDHO- ¥ HEPAaBHOMEPHO3ePHHUCTblEé MACCHBHbIE arperarbl, a
TAK)Ke arperaTel [PaHyJIMPOBAHHOIO U POrOBHKOBOTIO XW/IBHOTO KBapLa;

6) nNpu3MaTHYeCKH-3€PHUCThIE, XapAaKTepHU3YIOLHeCA AHU30TPOITHLIM
BBINOJIHEHHEM TPeXMEepHOTro TPOCTPaHCTBAa, B KOTOPBIX B HANpaBIeHHU
YIOJIMHeHWA WHOMBHMOB pacrnojlaraeTcA KOPOTKadA OCh arperara; arpera-
Tl UMeT (opMy NAACTHH C MJOCKUMHM WM KPUBOJIMHEAHBIMH IpaHUY-
HBIMH NIOBEPXHOCTAMH; K I0JODOHBIM arperatamM OTHOCATCA NapaulenbHo-
mecTtoBaTele, rpebeHuaTbie, KOKapA0OBble, KOPKOBEIE ArPeraThl XKUIBHO-
ro kpapua. YacTHBIM CIyyYaeM T[IpU3MaTHYECKH-3€PHUCTHIX AarperatoB
C pe3kuM npeobiagaHueM HHAWBHUOOB, LJIMHHAA OCb KOTOPBIX COBNA®AeT
C HampaBlIeHHEM HX pOCTa, — ¢ KPUBOJIMHEHHOH cyOcdepruuecKol rpaHiy-
HOH ITOBEPXHOCTBI arperarta no (ppoHTY OTHOXKeHUA BellecTBa, — AB-
JIAIOTCA PafUabHO-IIYYHCThIE arperaThl LIEHTPODOEKHOro ( KOHKPeUHOHHO-
ro) pocra;

B) KOMOMHALUU MepBbIX ABYX [PYyINN arperaToB Ha pa3HbIX [01-
YPOBHAX ArPEraTHONO YPOBHA OPraHM3alli¥ MUHEPAJIbHOrO BellecTBa
IalT Bce MHOTOOOpa3sue MHUHEpaNnbHBIX 3ePHHCTBIX arperaToB.

TunuyHble NpuMepbl CTPYKTYP M TeKCTyp OBICTpOro 3aTBep/eBaHHUA
M KPUCTAIH3ALMH C MOCTeAyLied MepeKpucTauIn3alumed ynopagoye-
HUA OIMMCAHBI Ha MHOTHX 30JI0TOPYAHBIX MECTOPOXIEHHAX ManornyOHH-
HOW 3050TO-cepeOpAHOH dopmaliuu, Ho Haubomee I10JIHO 3TO OBINO caena-
HO Ha npuMepe Baneiickoro pyaHoro nona H.B. Ilerposckoii u gp. [10].

Tlonocuatbie CyLIECTBEHHO KBapleBble arperarbl, paccMaTpUBaeMbIe
KaK MpPOAYKTbl pPAaCKpPHCTAIIM3ALMKU rened, U3 30JI0TOPYOHBIX MeECTO-
poxneHur Y3bexkucrana omnmcadbsl M.M. Mowuceeoi, P.I1. Bapmanoso#,
AM. XupHoseiMm 1 ap. B 1976 r. M.Jl. ¥YBanses ONA 3TOTO JKe peruoHa
onucan tunomopduiM M ycioBUA obpazoBaHud KBapueBbIX decToHuYa-
TBIX, BOJIHHCTBIX, c()@POJIMTOBBIX, CIOMCTBIX M OpeKYMeBHOHBLIX arpera-
ToB. IlomoOHBIE CYIECTBEHHO KBapLeBble XHIbHble 0Opa3oBaHHA M3
mecropoxkneHuil Ceepo-Bocroxa CCCP usyueHs: B.M. HaiiGoponuHbimM
H A.A. CupopoBbIM.

KaccuTepuT-KBaplLieBble MacCHBHO-TIONOCUATHIE, KOKAapAoBkble, (heCTOH-
yaThble, cheponuToBble arperathbl onucadsl O.10. JleBuukum [37], JI.M. Jle-
6eneBpim [27] ¥ ap.; mnomocuaTble KBapL-MOJIMBIEHMTOBBIE arperasbl
MaxTaMHUHCKOTO MecTopokneHua ucenenoBadsl B.M. CoTHHKOBbBIM.
H3MeHUMBOCTE CTPOEHHA CYLIECTBEHHO KBapLUEBLIX arperatoB MO BepTu-
KM B MOCJIEAOBaTeNbHOCTH HMX 00pa30BaHUA MeTANbHO pPACCMOTpeHa
B.C. Kopmumuumueim u A.A. MBaHoBoii Ha npumepe Iilupoxwicxoro

30JIOTO-TIOJIMMETAJUTHYECKOI 0 MECTOPOXKIEHHUA. :
3
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CTpYKTYpBl KWIBHOIO KBapLa 30J0TOPYAHLIX W cpeaHeriayoun-
HEIX MECTOPOXKIeHHI, BO3HHKAOUMX B YCJOBHAX OTHOCHTENIBHO Mej-
JIeHHBIX H3MEeHeHHH TeMIepaTyp W JaBleHuH, paccmaTtpuBanuce I'.I1. Bap-
canoshim, H.B. [TerpoBckoii [40] u ap. B aTux paborax ocoboe BHUMaHKe
obpalileHo Ha BHYTDHPYIHBIH MeTamMopdu3M, MpoLecchl TpaHyIALHH,
nepepacnpeneneHyue 3010Ta B Macce KBapleBbiX arperaros. [lanbHeiuini
aHaIM3 CTPYKTYP JKHIIBHOTO KBapua, [poueccoB ero gedopmauuii, B Tom
ypcse TUIACTUYECKHX, TIepeKpPUCTANITH3alMKH U [ep 0TJI0MeHU, OUHILIeHHA,
¢dopmMupoBaHHA XpPyCTAleHOCHBIX [He3[l BbIIOJHEH TpYyMIod ypalibCKHX
uccnenoBarened noy pykosojacreom [.H. Beprywkosa [18—20]. Ctpyk-
TYpbl arperaToB KBapl@d KpPHCTAUIHYECKHX TFOPHBIX MOPOJ OIHCAHbI
M.A. Kagem u U.M. Cumanosuuem B 1974 r. ¢ ucnonb3oBaHueM o0606-
wenuii H.B. [lerpoBckoii, I''"H. Beprymxosa u np. M3 obobiuenuit cie-
IyeT, YTO IpaKTUYeCKH BO BCEX JKHJIAaX M TODHBIX [OpOJax [epBHYHEIE
CTPYKTYPhl KBapLUEBLIX arperaTos B TOH WM MHOH Mepe yTpauyeHbl B pe-
3ynbTaTEe NO3JHUX MeTaMopdHyecKux npoueccoB. Tem He MeHee, Mo OaH-
HeiM I''H. BeprymikoBa M [Opyrdx HcclefoBaTelned cpefld KBapleBBIX
KW B nipenenax Yganerckoro # CbicepTCKOr0 MUIMaTHTOBBIX KOMIUIEK-
coB, B 3K30okKoHTakTe [[»kabpik-Kaparalickoro rpaHUTHOrO MacCHBA H
Ha APYTMX MeCTOPOXKIEHHAX JKMJIBHOIO KBapua HaONIOOATIHCE OTHOCH-
TeNbHO MOIOAbIE #MIIbl, B KOTOPbIX COXPAaHEeHbI NepBHYHBIE TEKCTYDPbI K
CTPYKTYpBbI arperaTros.

Teneps OuYeBMIHO, YTO MHUIBbHBIN KBapll NpeTepreBaeT CYILIeCTBEHHbIe
npeoGpa3oBaHisA, CBA3aHHBIE C TIEpEPOXMAECHUEM B Tpollecce YIOpPALOUH-
BaHUA U MeTaMophHuimMa.

OpHHM M3 BaXKHEHLIMX NMpOoLeccoB Npeobpa3oBaHUA KBapla ABJIAET-
CA ero MepeKpUCTALIHU3ALMA, NPOMCXOAALIAA MPH U3MEeHeHHH TeMIiepa-
TYyp, AABIeHUH M KOHUeHTpauuid. B cnyuyae meTacTabUNBHBIX arperaTos,
BO3HMKILIMX M3 KOJUIOMOHBIX PACTBOPOB, OHA HAYMHAETCA CAMONPOU3BOIb-
HO, COMNpOBOXKIAsACh YIUIOTHEHHEM renedl KpeMHedema, AernapaTalden
1 ynopagouusanuem [27]. I[Ipu 9Tom Gosbluoe 3HaueHHe UMeeT cobu-
paTtenbHad TepeKpUCTA/UIM3alUuA, KoTupasd obycinosnena, no J.C. Kop-
MUHCKOMY, Oonbiueil cnocoBHOCTBI) K PACTBOPEHHI0 MEJIKHX 3epeH 3a
cuetT Gomnee BBICOKOTO JaBieHHA, 0OyclioBieHHOro Goblied 3Hepruen
MOBEPXHOCTHOTO HATAXEHMA B MeNKO3EPHHUCTBHIX arperatax IO CpaBHe-
HHI0 € KPYIHO3epHHCTLIMHU. [lepeKpucTaniv3alma ¢ NepeMellleHUeM Be-
miecTBa cBfA3aHa ¢ guddbysHed Boabl M PACTBOPEHHLIX B Heil BeLLPCTB
BAONL TPAHML 3epeH. JHeprud AKTHBAUMM HOHOB B KpaeBbIX YacTAX
3epeH B arperarte, no ouenke A.I'. Kabuna [17], B 2 pa3a HHXKe, 4eM BHYT-
py 3epeH. VIHTEHCHBHOCTh MePeKpPUCTAIUIM3AIMHN 3aBHCHT OT NpHMeCei.

B pesynwrate wmccnepoBanui B.I'. dmutpuesckoro, H.B. Ilerposc.
roit, P.JI. Ponxa, X. Brnarra u x. Kpuctu, H.JI. Kaprepa, I'.H. Bepryw-
KOBa J10CTATOYHO TIONMHO pa3paboTaHbl MeTOJAMKA H3YYeHUA H TeopHA
BO3HUKHOBeHUA AedopMalMOHHBIX CTPYKTYP >KMILHOro KBapua. Born-
pockl 06pa30BaHUA U pacripeleneHus qedOPMAalMOHHBIX CTPYKTYpP NOpo-
noobpa3ywlero Ksapua, BKJIOYAA M JKHIIBHBIM, PAaCCMOTPEHBI TaKke
M.Al. Kauem v 1.M. CumanoBHYeM.

YCTaHOBNEHO, YTO BejleficTBUE [UIACTHUeCKUX 1edOPMALNI CKOTbKe-
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HHMA, KOIIAa OTAellbHbIe, COCTABIANIINEe 3epHo vacTH (Droku) yxe pas-
OpPHMEHTHPOBAHBLI HA HECKOIILKO TpajyCcoB, BO3HMKAET BIOYHOCTh, IPOAB-
nApiladca B 610oYHOM yracaHuu KBapua. BrodyHocTh GbiBaeT HellpaBHIIb-
HOH, JIMHEeHHOH 1 OpyCKOBHAHOM.

HemnpaBusibHaa DI0YHOCTE MOKeT ObITh 00YCIIOBIeHa Kak JleeKTaMH
pocra (KpMCTLIM3AUMOHHAA), TaK W JHHaMOMeTamMopdHuamoM. Paszmepsi
6110KOB pasiIHyuHbl, KOHTYPbI — MOJHIOHANTBHBIE, H3BHITUCTbIE.

JIuHeiiHad OJOYHOCTh XapaKTepH3yeTcA IIOABJIEeHHeM cepHil B3auMo-
cybrniapajienbHbIX O7I0OKOB, pacrionaraliMxcd Kak B [pefesnax OJHOTO
3epHa, TAK M MOTYLIMX MepexoJuTk U3 OJHOro B Apyroe. YracaHue IpH
BpaleHHH CTOAHKA MHUKpockona (GpOHTANbHO IepeMellaeTca u3 Ormoka
B bnok.

BpyckoBuaHaa 670YHOCTE OT/IMYAETCA TeM, YTO I'paHHUEBI GNOKOB
00pa3ylTcA nepecedeHHeM IBYX nap cybnapannensHbIX — cepHil
30H QHCIOKALMH 1oJ yriamu, 6iu3KHmu K NpAmseiM. Bioks umernr cy6-
napaniiensHo3gpuuecKyw dopMy. YracaHue B HHX uyepelayeTcda B luax-
MaTHOM MOpAIKE.

JanpHeiee yriay6nedue gedopManuil IPUBOONAT K TMOABJIEHHIO MO-
33aHYHOCTH, KOTOpasg B WNH(ax BuIpaxaeTcd B MO3aHYHOM YTACAHHH.
Ilo H.B. IleTpoBCcKO#H, MpH BO3HHKHOBEHWH MO3aHYHOCTH HdedopMalyi
”...cOCPeAOTAYMBAKTCA B Y3KHX MeXOIOKOBBIX 30HAX NMPH Mano HCKa-
JKEHHBIX MIIH COBEpLIeHHO HeMCKaXKeHHbIX caMux Onokax. Kpymnmoe
3epHO KBapua He nonydaeT 'M3arub”, a kak Owl pasnampiBaeTrca’ Ha
yactu” [40, c. 17].Toaromy oHa Ha3bIBaeT TaKoe epepoKIeHHEe XKHUITBHO-
ro KBapua M BO3HUKAKWLIME TIPH 3TOM CTPYKTYpPhI CTPYKTYpaMH MO3a-
HyHoro ''pacrianeHua’ 3epeH. YeTKOCTb paHMIl MO33aMKH M CTENeHb pas-
JIMYHA B ONTHYECKOH OPHMEHTHPOBKE MO3aHMYHBIX OIOKOB BapbUPYIOTB
3aBHCHMMOCTH OT OJIM30CTHM K 30HAM TeKTOHHYECKOH aKTHBHOCTH: BIAIH
OT HUX Pa30PHEHTHPOBKA OTAe/bHbIX BII0KOB MO3auKHu coctasaser 1—3°,
a BGnuau — 10—20°,

IMpoueccer npeoBpa3oBaHUA arperaToB XWIBHOTO KBapUa ClemyeT
YUMTBIBAThL [PH OUEHKe ero pyaoHocHocTH. B uacrHocru, H.B. Ilerpos-
cKaf rokasasa, 4to B Haubosee BnaronpuATHOH obcraHoBKe oA dbopmu-
POBaHMA HANOKEHHOTO 30J10Ta OKAa3bIBAKTCH KBApLEBbIE JKHITBI C LIH-
poxo pa3euTbiMu nedopmMauMAMu U3rHba, KOTOpPBIE MOKHO Habmoparh
Mo XapaKTepy BOJIHMCTOro noracaHudA. B KpynHeix 3epHax nedopmaimu
u3ruba NpoABNAITCA MO ACHMMETPHUHOMY YTacCaHMI0 M HCKDHBIIEHHO-
6noyHomy cnoxenuw. K 3TuM yuacTkaMm yallle BCero NMpHypoueHbI CKOI-
JleHMA 3010THH. KBapl co cTpyKTypo#H MO3aH4YHOTO pacriafaHuA ¥ MO3any-
HOW IpaHyNALMOHHON CTPYKTYPOH He COOEpdMT BLICOKHX KOHIEHTpalui
3onoTa ¥ cynbdunos. Ilpolece rpaHynAuMY ciocobCTBYeT CKOpee BBIHO-
cy merayna. OQHAKO B MHKPOTPELIMHAX BbILIEJIAYNBAHUA, KOTOPEIE Yac-
TO COBNAJAKT C rpaHULIaMKU Mo3auuHbix Onokos, H.B. Ilerposckan Habmo-
Oajia TaKKe H I1epeOoTIIOKeHHOe 30/10TO B BHIe HECOBEPIIEHHO Pa3BHTHIX
KPUCTAJJIMKOB.

Bee cka3zaHHOe CBHIETENLCTBYET O TOM, YTO MPOOYKTHI AedopMauuH
HMHAWBHIIOB KBapua HBYCTOﬁlMBbl H CTAHOBATCHA HMCXOOHBIM MaTepHalioM
hnAa paibHedlled [epe KPUCTALIM3AUMM M IepepaclnpenesieHHA pyaHOro
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BelwlecrBa. CliegoBaTeNbHO, HM3YuYeHHE CTPYKTYP M TEKCTyp arperaToB
JKWJIBHOTO KBaplia MMeeT MHUHepanoreHeTHYeCKOe 3HaueHHe, a PAM UX 0COo-
BeHHOCTeH, KakK Oy[aeT MOKa3daHO HHXKe, MOKeT ObITh MCIONB30BaH B Ka-
yecTBe TUMOMOPGHBIX NTPU3HAKOB M KPUTEpHEB OLEHKH yCIOBHH o6Gpa3o-
BaHUA ¥ PyOOHOCHOCTH.

OIITHYECKHUE CBOHCTBA M IPHPOJA OKPACKH

Ceetonpenomnenue, [lokasaTemu IpeJloMIIEHHMA KBapla
IOCTATOYHO CTAOHIBHBI M pPa3THYAOTCA TOJIBKO IMOCTe YeTBEPTOro 3HaKa
3a 3anATOM, Y Pa3siIMYHO OKPAlleHHBIX KPHUCTAILIIOB CBETONpPEeIOMIIeHUe MO-
KeT u3MeHATbeA B npegenax +0,0004. Ilpu 3ToM y IBIMUATHIX PA3HOCTEH
OHO YMEHBLIAeTCA M0 CpaBHEHHIO C DecuBeTHbIMH. Y aMeTHCTa CBeTO-
npenoMIeHHe IHAYMTENILHO Bbiue. B CBA3M ¢ TeM, 4TO M3MepeHHMA CBe-
TOMpPeNOMIIeHHA ¢ TOYHOCThI0, nmpeBbnuatowei 0,0001, TpymoeMKu U Tpe-
6yI0T cneuHaNbHBIX YCIOBHH, OHH He MOTYT OBITh BBIIIOJIHEHBI B Macco-
BOM KOJIMYECTBE B YCIOBHMAX PANOBBIX NabOpaToOpMil M B HACTOALlee
BpPEMA He PeKGMEHAYIOTCA NJIfA BBIABNEHMA THIOMOPQHBIX IPH3HAKOR.

Onrtuyeckoe NMOrnouleHHe B BUOHMOH M yNbTpadHONETOBOH
obnacrax cnextpa. KBapu (ero GeclBeTHele pasHOBHOHOCTH) NIpOIycC-
KaeT cBeT B BHIMMOH M yibTpaduoneToBOH oDNacTAX crieKTpa nyyuie,
yeM Jpyrde BeluecTBa. CyliecTBeHHOE IMOrJIOIIEeHHe 3aMETHO TONBKO
B KOPOTKOBOJIHOBOH ynbTpadHoneToBoll 06nacTd INpH OMMHE BOTHBI
175 HM. lleHTpBI ABIMYATOH OKPAacKH [al0T OBE AMXPOMYHBIE ITOJIOCHI
B BuauMoH obnactu (450 u 620 HM), KOTOpBIE COOTBETCTBYKT paspe-
IIEHHOMY M 3allpelleHHOMY Nepexony MeXOy 3/eKTPOHHLIMH yPOBHAMH
3TUX UeHTpoB [34]. PaguaumoHHbIE UMTPHUHBI MMEIT II0JI0CHI TOTJIOLIeHHA
B obnactAax 390—410 u 620 HM. MopHOHBI, KaK ¥ OBIMYATBIE KBaplbl,
HMEIOT ABe Mojiockl NorioiueHusa B obnactsax 450 u 620 M. Ho B otiu-
4yMe OT AbIMYATBIX Y HUX HabmogaeTcA cHibHOe MoriolleHue B obnactu
200—300 HM. AMeTHCTBI JAKT MOJOCHI MOrJOLIEHHA B obnactax 280,
360, 540 u 940 um. B cunelt u KpacHO# 06/aCTAX CNEKTpa YeTKO BhIpaXeH
auxpouam [34].

HK-cnextper. B HMK-o6nacty xkBapu MMeeT IMONOCHI TOIVIOLUEHHHA,
cBA3aHHble ¢ KonebanmAamu kak O—S8i—O-cBAzell B KpeMHEKHCIOPOI-
HBIX TeTpa3gpax, TAK H CBA3eH B pa3nuuHbIX (JopMax BOAbI M CBA3AHHBIX
C HEl LIEJIOYHBIX MeTaIOB.

B HK-criexTpe norjomieHHsA Kpaplia BBIJENAITCA TPH OCHOBHEI@
obnacte normowenusa: v, (700—800 cm™!) u v; (1100 ecm™!) orHocAT-
cA K BaleHTHBIM, & V,, TpeacraBjieHHas nybmerom (465 u 515 cm™!),
oTBeuaeT pgedopManMoOHHBIM konebGauuAM. Ilonoca v; cBA3aHa ¢ “pac-
TArHBawIUMME® Konebanuamu tuna < SiO—Si— ; BrOpas — Toxe ¢ pac-
TATHBAWILIKMH KonebanuamMu, Ho cBA3zed + Si—0—S8i —; TpeTpA momO-
ca obycnoBneHa nedopmMaunoHHEIME KoneBanuamu Si—O0—S8i u O—S8i—0.
OTH TeopeTHYeCKHe 3HAYEHHA YaCTOT B peaNbHbIX KPHCTALIAX HMMEHT
3HauMTeNnbHBle Npeaens Bapuauui. Kak mnokaspBaer onert [43], Ha
HK-cnexrpax, CHATBIX C I[UIACTHHOK KBaplia, BCerga NOABJIAETCA TaKxke
ny6mer B obnacrax 2220—2270 u 2120—2185 cm™ ', koTopeiit, Mo cno-
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Puc. 1. UK-cnexTps! @-kBapa.
a — obeproHbl cobeTBenHBIX Konebanui pewetku; 6 — npumecw OHt-rpyrm

Tabnuua 3

XapaKTepHCTHKA NOJNOC MOTNOLIeHHA

Ha MK -cnexTpax xsapua B obnactu 3000—3800 cm™

il
Jz00 3300 5400 3

1

AL
500 ¥, cu-!

T-293 K T-80 K Tun nedexta T-293 K T-80 K Tun gedexta
3200 H;0 3450 OH—(Al—-Na)
3311 OH-(Al-H) 3453
3318 3318 | OH-Al 3457} OH—{A-Naj
3320 3320 |H;0 3470 GH —-(Al-H)
3371 OH—(AI—H) 3485 OH—(Al-Li)
3383 3383 | OH—(Al-Na) 3487 OH—(Al-Li)
33856 OH-—(Al-Li) 3490—3500 H,0
3390} 3396 | OH—(Al-Li) 3620 OH—(Al-Li)
3400 H,;0 3534 OH-(Al-Na)
3432 OH-Al 3538 OH-(Al-K)
3440 | OH—(Al-Li) 3550 OH-(Al-K)
3556 OH—(Al—Na)
3580 3572 CeAazaH ¢ npu-
cyreTBHeM F

Ipumeuanue. KomneHcauua 3apAgoB BXOXKDEHHEM B DPelIeTKY KANHA BCTPEYAeTCH
OTHOCHTE/ILHO PelKO.

MUBIUMMCH IpeACTABJIEHUAM, CBA3aH ¢ 0DeproHamMH cOOCTBEHHBIX KO-

nebanuii pelneTky KBapua (puc. 1,a).

B obnactu 3200—3600 cm™' Ha MK-cnexkTpax KBaplia HMeeTcA CepHA
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NOJIOC MOTAOLEeHHA, KOTOpble MH(OPMATHBHLI B OTHOIUEHHH MpHMecei
pazmuunnix  opm OH,-rpynmupoBok (puc. 1, 6). Ilonmoxenne ux B
CTPYKType KBapua Obu10o Brepssie paciingposaHo Katuem B 1962 r.
OHO 3aBMCHT OT BO3MYLIAWLIEro AeHCTBHA MPUMeCHBIX [edeKTon AT,
K', Na', Li* na OH,-rpynnuposku. Benen 3a Karuem ucclieoBaHHAMH
cBA3d monoc nornoiuenna Ha MK-cnextpax kBapua B obaacth 3000—
3800 cm !, BhIACHEHHEM IMIPUYMH MX MOABIEHHA 3aHMMANIMCh MHOTHE HC-
cnemosatemu [3, 5, 7, 22, 25, 34, 41, 47 u ap.]. B 0606111eHHOM BHE
JaHHBIE 3THX MCCNeNoBaHUH MpencraBiedsl B Tabm. 3.

Uz paborer [47] wienyeT, uTo KBapl, BbIPOCIUHHA ¢ Gonbio# cko-
pocteio, naer HK-cnexktp ¢ auddysnoi nonocodt B obmactu 3000 em™!
u Bosnee uHTeHcHBHBIE nonockl — B obnactu 3588, 3430, 3300 em™!. Ha
HK-cnexTpax HexKoTOpblX 00Opa3suoB KBapua ObUIH OTMEUEHbI I10JIOCHI
nornowendus B obnactn 3600—3700 cm™'. Tak Kak NpUCYTCTBHE BOJbI
una OH,-rpynn B cTpyKType KBaplia HMKOTr/a He BhI3bIBAET NOABJIEHHS
Ha WK-crexTpax nmonoc NOTJIOUIEHHMA ¢ YKa3aHHBIMH YacTOTaMH, TO HX
BO3HUKHOBEHHE CBA3LIBAIOT C MPHUCYTCTBHEM [APYTHX IpWMeceil, HaIpH-
mep Topa [3].

Tlo panubmM papna uccnenosarened, HK-cekTpbl MOryT ObITH HCIIONB-
30BaHbI AJIs1 ONpefelIeHHA TeMIepaTyp M OaBJIeHWi Mpolecca MHHEpao-
obpa3oBaHuA, a TaKXKe IJIA BhIABNEHMA ocobeHHocTeH ero reoxumuu [47] .

H.JI. KomoB u M.M. CamoinoBuy [25] NpemyioxuiId MeTOOHKY OI-
peneNeHMA YPOBHA 3PO3MOHHOrO cpesa K IIyOGHHBI 06pa3oBaHMA KBap-
ueBbix Ten no HK-cmexrtpam. Ilo oTHOLIEHMI) MHTEHCHBHOCTEH IOJOC
nornoweHua Ha HMK-cnextpax B 1977 r.JI.C.llep u H.B. Bapxynapau
BBUISJTMIIH TeHepalid JKWUIBHOIO KBaplia, MMellye pa3/IHyHoe OTHO-
weHHe K 3onoToMy opynaeHennio. B.M. AxwuH ucnonszosBan UK-cnekt-
POCKOIMI0O KBaplia OJIA OLIEHKH XapakKTepa IliepepaclipefelleHa NpuUMe-
ceH B HeM NpH npouecce rpanynsauxdy. E.M. JonomaHoBa ¢ coaBTopamu
B 1972 r. npeanoxuna nmo MK-criektpaM otnuuath f-KBapl OT a-KBapua,
a TaKxke BhIABJIATL MapaMopdo3bl a-KBapLa Mo -Keapuy.

IIpupona oxpacku. Hanbonee nmonHo BOMpOCH! IPHPOObI OKPACKH
KBaplia pacCcMOTDEHBI B TpyJax COBETCKHX HcciefoBarenei. IIpuunHoi
AbLIMYATOH M MOPHOHOBOH oKpacok, no ganHriM H.JI. Komosa, M.M. Ca-
MoinoBruau ap. [34, 47], ABagercas NPUCYTCTBHE LEHTPOB ObLIMYATOH
OKPACKH, BO3HUKAWIMX [PU BO3INEHCTBMH MOHM3HDYIOLIEH pafHaLMU Ha
AlO,-11eHTp, KOTOpBIH NPUCYTCTBYET B KpHCTAIIaX KBapua ¢ Hdomopd-
HbIM 3aMellleHHeM KpeMHHA amioMmuHueM. [Ipy TakoM 3amMelleHMH u3-
OBITOUHBIA OTPULIATENbHbIA 3apAN KOMIIEHCHUPYETCA MEXY3e/lbHbIMH HO-
HAaMH JIMTHA, HaTPUA WM NpoToHOM. ObnyyeHHe NPHBOOUT K MOHHM3ALIMHU
¢ obpazosanuem [AlO,]°®  -apipoudoro napamarHuTHOro nedexra, AB-
NAKLErocd UeHTPOM IbIMUYaTOH OKpackKu. BeiOMTEIA Npu 3TOM 3JIEKTPOH
3aXBaThIBAGTCHA PA3/JIHYHOrO poja 3JIeKTPOHHBIMH JIOBYLIKaMH, a LIesoy-
Hble HOHb! Aub@yHAUpyI0T oT Al-uentpa K HMM. B Tex cnyyasx, Korpa
KOMIMEHCATOPOM 3apfAfa Npd CeTepoBaJleHTHOM H3oMopdH3me ABIAeT-
CA TOJIBKO MPOTOH, LEHTP NbIMYATOM OKpPAacKH NpPH KOMHATHOH Temrepa-
Type-He obOpa3yeTca, H KPHCTALT ocTaeTcs HecliBeTHBIM.

JeTanbHoe H3y4YeHHE CNeKTpa pafHalHoHHOW OKpacKH, BbIOIOTHEHHOEe
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K.Haccay n 6. E. llpeckorrom B 1955 r., nokasano, 4ro B OTHENIBHBIX CIY-
YyaAx MofiyuaeTcd He 0oOBbIYHAA [AbIMUYATAA, a 3€EeHOBATO-XeNTafd OKpPacKa.
OHa ke HaDJIIAaNack y HEKOTOPbIX ALIMYATBHIX-00YUEeHHbIX KpPHCTATIIOBR
nocie oTkura npu 140—200 °C. B psAne ciyyaeB BMecTo 3eleHOBATO-
HKEeJITOH BO3HMKaa cBeTnadA ronybas unu ronyboBaTo-3eneHan oKpacka.

Oco0eHHOCTh MOPMOHOB 3aKNHOYaeTcss B TOM, YTO 3TO KPHCTAIUIbI
KBaplla, B KOTOpPbIX HapAny C BbICOKOH KOHUEHTpaluMeHd CTPYKTYpPHOH
NpHMeCH amoMHHHA HMEeT MeclO MOBLIEeHHOEe COodepKaHHe Pa3fMuHO-
ro poja KHCAOPOIHBIX H KpPeMHHEBbIX BaKaHCHMH W AuBakaHcui [34].

H3pecTHO, YTO LUMTPHHBL! ObIBaT Tpex THNOB. [TepBhId THIT LMTPHHOB
HMEEeT XeNTYH OKPAcKy, CBA3AHHYK C MPHMeCchl MOHOB )ene3a. OHu ro-
NYYaTCA MpPU OTXKUIe aMeTHCTOB npu Temneparype 450—500 ° C. Bropoit
THII LMTPHHOB 3€JIEHOBATO-#eJTOH OKpacKd uMeeT MPUPOLHOe panua-
UMOHHOE Tipoucxexaenue. [Ipy oOnyueHHH UMTPHHA THTHH ¥ BOOOPON, He
IMdOYHIMPYOT OT NapaMarHTHOTO LIEHTpa, a ocratworced BOnu3u nedexr-
HOro TeTpa’apa. TpeTui THN LMTPUHOB NOJYYaeTCA OTHKHIOM MOPHOHOB
npu Temmeparype okosno 300—320 ° C. Takue UMTPHHEI HMEIOT Pa3/IHuHble
OTTEHKH >KeJITOr0 UBeTa, K KOTOPOMY HHOFAa NMPUMELIHBAETCA YCTOHYH-
Basg aMeTHCTOBAA OKpacKa, TaK KaK OHAa COXPaHAeTCH MPH OTXKHIe MOPHO-
HoB mo 400 °C. Ilpupona UMTPHHOBOH OKpAaCKH 3TOro THUMA pa3lHuHa
H CBA3aHA C pa3/IHYHLIMH 371€ KTPOHHO-AbIPOYHEIMH LeHTpamu (D) , ko-
TOpbIE JIOKAIM30BaHbl Ha JedeKTax THMA BAKAHCMH M NMBAKAHCHHA KHC-
JI0poAa M KPeMHHA, @ TAKIKe MEeXY3eJIbHOI0 KHCI0pOoid.

IIpupona oKpackKM aMeTHCTa HM3y4YaeTcA OOBOJIBHO HMHTEHCHMBHO Ha
MPOTAXEHHUH MocjegHux Tpuauatu jgeT. [locienHue gaHHele O npupoe
LBeTa 3Toro MuHepana npuBeleHbl B.b. banakupeBnim coBMecTHO ¢ Apy-
ruMu vcenepopaTenaMu, a Takxe B.C. Banuuxkum u E.C. JIucHubiHO#M.

HUayuenune cnexrpor JIIP B amerucrax nokasano, 4To ”...Fe?* HAXO0-
IMTCA B TMOJOXKEHHAX, COOTBETCTBYIOIIMX KpUCTANNorpagHueckKuM Io-
3UOMAM KpeMHHA, a Fe’' — B Mewaoy3nuax. AMeTHCTOBad OKpPaCKa
BO3HHKAeT MpH 7y-00iydeHMH  o06pasuoB, B KOTOPBIX TPHCYTCTBYET
JKeneso (Fei" — I''H).), x0T npAMaA CBA3b OKPACKH C HANWYMEM 3THX
LeHTPOB He npocnexuBaercd..”” [34, c. 59]. OgnHaxo, KaK BBIACHUIIOCH,
HH Fef+ ,uu Fel", nu Fel| He OTHOCATCA HeNOCPEACTBEHHO K LIEHTPY
aMEeTHCTOBOH OKpPACKH, HO OHAa BO3HHMKaeT npu TpaHchopmalMu Tpexsa-
JIEHTHOT'O JKejle3a B HeoObIUHOEe YeTLIPeXBAJEHTHOe COCTOAHHE Iocie
obnyuennna. ITostomy *..ecTh Bce OCHOBAHUA CYMTATh, YTO LIEHTPaMu
aMeTHCTOBOH OKpACKH ABIIAITCA MOHBI JKejle3a B HeOOBLIYHOM COCTOAHUH
(Fe**) " [Tam xe, c. 61].

Kpome rtoro, nonaramoT, 4YTO ILeJO4MHbLIE HOHBLI BooOlle He BXOOAT
B CTPYKTYpY UEHTPOB aMEeTHCTOBOH OKpPAacKH M YTO KOMIIEHCaTopaMH
3apANIOB ABNAITCA NPOTOHLL

Cxopee Bcero BOMpPOC O NPHPOJE OKPAaCKH aMETHCTOR HeNlb3f MpH3-
HaTh OKOHUATEBHO pellieHHLIM. B ¢BA3M ¢ TeM, YTO ONTHYECKHE CEeKTPhI
MOTJIOLIEHUA JAKT YeThIpe MOJOChl, Kanad H3 KOTOophIXx 00ycrnoBneHa,
BePOATHO, OIpedeseHHbIM THIIOM ToYeuHbiX nedexroB, cleayeT mona-
ratb, uTo (uoneToBas OKpacKa aMeTHCTOB €CTh pesylbTaTl CMelleHHs,
KaK 3TO NpeanojiaraeTca AJA MOpPHOHOB. OnpeneiieHHY0 posib HTPaT
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H OH-rpynnbl: MX KOHLEHTPALMH KOPPEeNHPYKT ¢ WHTEHCMBHOCTRH OK-
pacKH.

OTHOCHTENIBHO pO30BOH OKpPacKH KBapla CYUIeCTBYT pa3HOpeyH-
Bole npexncraBneddd. A.E. ®epeman npuBoaut nanHele BepeHma o Towm,
4TO PO30BbIA LBeT KBapua u3 KhxHoH AdpHKH MOKeT NOABIATECH B M-
5ax, BBLIXOAAILMX Ha AHEBHYI0 MOBEPXHOCTb, HA INIyOHHe XXe OH MMeeT
monoyHo-Genbnt user. B To ke BpeMA H3BecTHO, 4TO DPO3OBLIH KBapll
FHAPOTEePMATBHBIX MW MOXeT BO3HMKATh 3a cueT meTaMmopduiama po-
30BaTO-(PHONETOBOIO WM AMETHCTOBOrO KBAaplLa TAK e, KaK MOJIOYHO-
Oenblil 32 cueT BOAAHO-MPO3PAYHOro.

Peaynprarhbl geTanbHbIX HcclenoBaHui 27 0Opa3ioB po30BOro KBapua,
onybimukosadHbie B 1971 r. JenHeHom Buneamom u INakkerom AHHTA,
[IOKA3aJM, YTO MPHPOLA ero OKpacKd MOeT ObITh aBoiicTBeHHo#H. C He-
nonb3oBaHHem OIIP BbIABNEHO, uTO OHAa CBA3aHA KaK C I[OABJIEHHEM
DI npu 3amertenud kpemHuAa Ha Ti** u Al** (B kauecTBe Kommewca-
TOPOB 3apANOB B 3TOM cnyuae BeicTynator Li* mum H* u Li*), tak u ¢
NOABIIEHHEM acTepu3Ma, 0OyCIIOBINEHHOIO paccedBaHHEM CBETa BKIIIOUYE-
HUAMH HIJI pyTHIA,

Ha cerogHAlHMI NeHb MPHHLUMIHAILHOTO pelleHHA BOMpoca O IIpH-
YMHaxX PO30BOH OKpacKH KBapua He mojyueHo. Ho mnpobnema sta BaxHa
B CBA3H C TeM, YTO PO30BbIe KBaplbl B MECTOPOKAEHUAX MATIOrIy OHHHOM
30J10TO-CcepeOpAHON (hopMaLKMK 3aHUMAIOT  OIPEHeNIeHHOE II0JIOKEeHHe
B pyAocoOpa3syllieM Npouecce U MOTYT OBITh THIIOMOPMHBIME OIS oNpe-
JeJIeHHBIX ero CTagui, paBHO KakK W (HHONeTOBbIe, XapaKTepHU3yIolllHe
3aKJIIOYUTENIbHbIE MOMEHTbl [JIABHOH CTagud (HOPMHPOBAHHMA DPYIHbLIX
HKHIT,

06 U3MEHUYMBOCTH OKpAacKH B Mpolecce KPHCTANIM3ALUUH H
pocTa KpucTadioB. [JaBHO 3amMeueHO, YTO He TOJNbKO (OpPMBI, HO H
OKpacKa KBaplia 3aKOHOMepPHO H3MEHAKTCA 110 Mepe U3MeHeHHA COCTaBa,
CKOpPOCTH M TeMIepaTtyp KpHcTannusauuu kBapua. Eme A.E. ®epcmad
nokasan oblye TeHAGHLMH B M3MEHUMBOCTH (POPM KPHCTAIUIOB U arpe-
raToB ¥ OKpAaCKH MOCIefoBaTelbHO 00pasyIUHXCA BhIIeNeHH KBaplla.

B ofleM cnyuae mocrnefoBaTenbHOCTh KPHUCTAIUTH3ALMK KBapla pas-
NHYHOHW OKpAacCKH BBIFMAIUWT TAaKOH, KakOH OHa MpejacTaBieHa B Tabm. 4.

M3 Tabnuuel BUAHO, YTO NMOABIEHHE KBaplia Pa3NIHYHON OKPACcKH MOB-
TopAeTcA Ha ¢oHe ob0ulero u3MeHeHHs (yYMeHbLIEHHS) TeMMepaTyphl.
9Tta 0cOOEHHOCTh OTYETIIMBO yKa3blBaeT Ha DHTMHYHOe H3MeHeHHe KOH-
LEeHTpalMii KpemHe3dema W pH pacTBopa, Tak kak oOpa3oBaHHe 11eNI0Y-
HBIX [bIMYaThiX Pa3HOCTeH KBapua H MOPHOHOB MPOMCXOOHT B CYIIECT-
BEHHO LIEJIOYHOH cpene, ObIMUYaTO-UWTPHHOBBIX — TIPH OTHOCHTEIBHO
MeHBblIeH LIeJOYHOCTH, a aMeTHCTOB — MPH OTHOCHTENLHOM YBeIHYeHHH
LeJIOYHOCTH W TMOBBILIEHHH OKHCIWTEIbHO-BOCCTAHOBHTEIIBHOTO TIOTEH-
uuana [5, 34, 46] .

B GonblUMHCTBE CIIyyaeB B KPHCTALIAX M3 THOPOTEPMANIBHBIX XpYC-
TalleHOCHbIX MecTopoxzaeHnid CpensHero Ypana, Cubupu, KasaxcraHa wu
[lamupa HabmwonaeTcs yCHIeHHe HHTEHCHMBHOCTH OKPACKHM K KOHLY HX
pocTa: paHHMe 30HBI pocTa 0ObMHO BeclBeTHbIE WM LMTPUHOBbIE, a O1IH-
e K BepllHHAM MOABJIAKTCA [AbIMYaThle 30HBI, YEPEAYIOUMEcH ¢ LHTPH-
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Tabnuua 4

HameHuMBOCTH OKPACKH KBAPUA B X0Je 3BOJTIOLHH NMerMaTHTOBOTO Mpouecca

Temnepary- | Monu-

pul Kpuc- | dHxa- Lper 3oHa Ieodasa o
TanmM3a- LHA nermMaTHTa A E. ®epcmany
LIHH, °c
700—650 Ceperit, coetno-cepuiii | Annurosas, rpa- | B, pacnnas
B uveckan
650—575 Cepsiit, nuiMuaro-ce- | [ermatounHas
peId (COTOBBIN) C—D, pactsop —
575—500 MopuoHoBbIA Brnokosan, 3a- pacmnnas, ¢pmo-
a HOPBIIIH MO — pacnnae
Cepbin, po3oBbIi MonomuHe pasis-
Hble DroKH, KpHe £, dmona —
TAUTH3AMA W3 pacTBop
OCTATOMHBIX

pacTBOpOB B ITyc-
TOTAX KBapPLUEeRo-

ro agpa

500—420 P030BRIH, IHTPHHO- PacrBopesuns F—G, nueBMaToH-
BBLIH TO-THAPOTEPMAanb-

420—360 BecuseTHsli, UHT- Kpuctannusaimu | Hule (TpephIBHCTHIR
PHHOBBIH, IbIMYa- POCT, 30HaNLHbIe
ThIH, MPeUMYILEeCT- KPHCTAJUIbI, 381e9H-
BeHHO D.bIM‘!BTI:iﬁ BaHHEe COTOBLIX Tpe-

LLIMH )

360—250 3oHanbHBle KPHETAJI- H-I, rugporepmains-
b1, JIBIMUATRIN, LHT- uble, CooTBeTCTBYET
PHHOBBIH, BIMUATO- MuHepanoobpazoBa-
UKHTPHHOBBIA HHIO B XpycTaneHoc-

250—100 CBeTno-ObIMYATBIA, HBIX KBAPHEBBIX M-
AMETHCTOBBIN nax

HOBBIMH K OecuseTHeimu. ['ONOBKH, KaK npaswio, ObIMYATBIE, MHOTHA
obpacratolye aMmeTHCToOM,

B xpycranenocHslx nermatutax (Kasaxcran, ¥Ypan), no B.C. Banun-
KOMY, Iyuie B AbIMYATHIH [BeT OKpalleHbl CaMble paHHME 30HBI POCTA
KpUCTAIZIOB KBapua: B HallpaBjleHUHd K HX BeplUMHAM HMHTEeHCHBHOCTH
oKpacku ocnabeBaeT, ¥ onee MO3/HWE 30HBI YACTO WMEIOT LWTPHHOBBIA
uBet, GecuseTHb! MM 06pacTaloT aMeTUCTOM. B 3THX ycnoBusx Hanpas-
JIeHHOe M3MEHEeHHe OKPACKM KBapla CBA3aHO C yMeHblleHuem pH B mpo-
Lecce SBOTIOLMH MIUHepanooGpa3yoiei cpeas.

B KpYINHBIX KPUCTANIaX KBApla M3 TEerMaTHTOB M MHEBMATOIUTOBBIX
MHApPONl Hapaay ¢ obummM yMeHbUIeHHeM HHTeHCHBHOCTH OKDAcKH OT
Hayasla K KOHUY KPHCTAITH3AUMK, MPOUCXOOABLIEH MPH MOCTENeHHOM
YMEHBILUEHUH TeMIepaTyphbl, HabllONaeTCA PUTMHUYHOE YepefoBaHHe pas-
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HOOKpallleHHbIX 30H — ObIMYATBLIX, ALIMUATO-VY PbIX WIIH [ILIMYATO-3€JIeHO-
BaTbiX. Takaa PHTMHKA XapakTepHa A KPYNHBIX KPHCTAJIIOB KBapua
(Hanpumep, B Ax-Jxainay) .

BoHANBHOCTE U M3MEHYHMBOCTb OKPACKH, BBIPAXKAIOUHECA B UYEpeno-
BAHUM TEMHO- M CBET/IOJLIMYATLIX 30H U GECUBETHBIMH WM UMTPHHOBLI-
MM, [0-BHAMMOMY, KaK rokassisator ganusie B.C. Banmikoro [46], cBa-
3aHbl HE CTOJBKO ¢ HM3MEHEeHHeM TeMIIepaTypbl, CKOILKO C KOHUEHTpa-
umeit npumeceit AIP*, Na', Li*, Fe’* u HexoTopbix Apyrux 3/emMeHTOB,
crioco® BXOKIOEHMA KOTOPBIX B KPHUCTAIBI OIpefendeT OKpacKy nocnef-
HHX, 4 Takxe ¢ u3MeHuuBocThio pH. [ToaTomy HM3yuyeHHe H3IMEHYMBOCTH
OKpackH, Kak U ykasbiBan A.E. ®epcmaH, HeoOX0OUMO KaK JIA MOHH-
MaHUA YCJIoBHHM 00pa30BAHHA KBapua, TAK U [UIA BBIABIEHHA €ro THIO-
MOpPGHBIX ITPH3HAKOB.

Tepmonwmunecuenuus (TJI). Ilo nanueim A.C. Mapdyuuna [30],
TJI xBapua umeerT pekomOuHauUMOHHBIH Xapaktep. OHa obycroBneHa
CYILIEeCTBOBAaHMEM MBLIPOYHbIX ueHTpoB O° — Al/M*, rae M* — Li*, Na*,
H*, ¢ xoTopbiMu cBA3aubl NHKH B obnacty 200—220 °C, 1 2eKTPOHHBIX
uentpoB Ti*", Fe’* u HexoTOpBIX ApYrux, KOTopble MOTYT GbITh OTBeT-
CTBeHHbI 32 MKH B obyactu 280300 °C.

Yenosuem TJI ABngercs Halvyue UEHTPOB 3aXBaTa M 3aXBaT JI€KT-
POHOB OMPEeNeNeHHBIX 3HePrui, KOTOPbIA IPOMCKOIUT [pH 0bnyyeHnn —
NPUPOJHOM MM peakTopHoM. KonHuecTBO HaXONAUMXCA HA Olpe/eseH-
HOM DHEpPreTHYeCKOM YPOBHE 3alpelleHHOHW 30Hbl 3JIEKTPOHOB 3aBHCHT
oT no3bl obnyuenna. INlocnennsas mMoxeT ObITh HHTEHCHMBHOH, HO KpaTKoO-
BpeMeHHOIl, WM OTHOCHTENIBHO YMEpPEHHOH ¥ JJTHTEeNbHOM.

ITo A H. Tapawany [44], B npouecce TJI nomkHel 0JHOBpPEeMEHHO
yuacTROBath TpH 3tana J/IL[: a) HeHTphl 3aXBaTa MNEKTPOHOB M AbIPOK;
6) UEHTPLI 3MeKTPOHHO-ALIPOYHOW peKOMOHHALUNM, B) LEHTPHI M3Nyye-
HuA. MHOrga wueHTpnl pPeKOMOWHALIMM ABNANTCA OQHOBPEMEHHO W IeHT-
paM¥ H3NY4YeHH.

Ananmus pabor W.JI. Komosa, JILH. Xerunkosa, A.C. MapdyHu=a,
AH. Tapawana, A.M. Cepebpernukosa, B.M. ITapniuwuHa u apyrux ue-
crefoeaTenei nokasemaet, yto TJI B kBapue cBazada ¢ D1, 3HauuTens
HAaf Y4acTh KOTOPBLIX OOYC/AOBJEHA CTPYKTYPHBIMM TpPUMECAMH 3a cuer
usomopduima.

K nacroaueMy BpeMeHH BbIABJEHO, YTO TMPHPOJAHAFA, HIIH €CTECTBEH-
HafA, tepmomomuHecueHuna (ETJI) y xBapua npoucxoouTt B onpenenen-
HBIX TeMIepaTypHbiX MHTepBanax (Makcumymsbl ETJI umernT onpenenes-
Hble TemIeparyphl). Hmewnpecs onyOnuKoBaHHBIE NaHHbIE CBeNeHb! B
tabn. 5, B KOTOpOU nmoka3auwl cBA3H Temnepatyp makcumymon ETJI ¢
ollpefieNIeHHLIMH LEHTpaMH 3axBaTa, 0OyCnoBIIeHHBIMM H30MOPQHLIMH
[IPHMECSIMH.

BeigendaoTcA TPH CPYNIbl LEHTPOB, PeKOMOHHMPYIOWIMX I[PU HU3-
knx (124—230 °C), cpegnux (230—320 °C) u Beicokux (320—380 ° ()
Temrneparypax. K nepBbIM OTHOCATCHA LIEHTPhI, CBA3AHHBIE C IPUMECAMH
wenoyHpIx snemMeHToB (Li, Na) B MHTepCTHUMANBHBIX NOJIOKEHUAX BHe
cpaan ¢ AlUY -komrutexkcom. K cpenneremnepaTypHLIM OTHOCATCA Bee
Al O‘l‘ -HeHTPbl KaK B CBA3H CO CTAOMNH3VIOLIMMHU LWEJIOUHBIMHA JIeMeHTa-
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TaGnuua 5

Pa3HOBHIHOCTH KBapua, 0bycnoBneHHble H3IOMOP(HBIMH NMPHMECAMH,
LeHTPhI 38XBaTa H COOTBETCTBYIOLLME HM TeMmnepaTypel makcumymos ETJI

TemmnepaTrypa MakCcHMyMa

LleHTpBL XapaxkTrepHan
3axBaTa HH3IKaA CpeaHAn BbICOKAA pPasHOBHIHOCTD
KBapua
Ty | Ty Ty T, Ts Ts Tq Ty To | Tio | Ty | Tha |T13
124 |170—| 200—| 220—]| 230—| 270 | 280 | 280— 310 | 310—| 320 {340— | 380
180 | 210 | 230 | 242 300 320 350
A0 Li" + + M3 Li — Be nermaruta
AlOT/ Na® + + + BecuseTHsIA H ObIMYa-
ThI MOPHOH (TONBKO
To-Tiw )
A107/Li" + + + + LuTpus
(275)
Al/HT + + Becuserneii
X (204) (296)
A NG, AP LY + 0+ + + + “ JIbIMYATO- LIATPHHOBIH
AIO“: +Cu’ + PynoHOCHBI
Fe¥'/Li* + * + Ametuer
Ti¥* Me*
GeOS /Na*
CO, W, Mn, Au, Ag + + * + PynoxocHbIi
M ap.

[Ipu.evanue. 3naxom + 0603HaYeHb! TeMNepaTypsl Makcumymos ETJI, cooTBéreTByIomme npuMecknim necdexram.




MH WIH BojopojoMm, Tak ¥ Ge3 HMX. B 3TOM Ke HHTepBase TemIieparyp
TepMoOJIIOMMHecHMpyeT KBapll ¢ Al-leHTpoM B aCCOLMALMM C MEABI) MIIH
HHKeleM, BO3MOXHO, cepebpoM M IPYTHMH MeTAIUIAMH Teps 0 TPYIIL,
a taroxe Fe'' /Li*-uentpsl. K BbICOKOTEeMNepaTypHLIM OTHOCHTCA THTAHO-
Bble H repMaHUeBble LEHTPsI, a Takke, No A.H. CepeOpeHHUKOBY, NEHTPLI
¢ Co, W,Mn, Au, Sn u gpyrumu pyIaHbIMH 3JieMeHTaMH.

B pesynerare 0606uieHHA naHHEIX no uaydenuio TJI ksapua seisAc-
HHJIOCH, YTO M3MEHYHBOCTH 3TOrO CBOHCTBa MOJKET OBITB MCIIOIB30BaHa
IUIA OTHeCeHHd ero K oOpa3oBaHMAM OllpefesleHHbLIX TeHeTHYEeCKHX THIIOB
[38], onpeneneHnsiMm reHepauuam [44, 45, 47], a Takxe OJA OUEHKH
[IPUHAIEKHOCTH KBapla K NPOAYKTHBHBIM MHHEPATBHEIM aCCOLMALHAM
[14, 49]. B cBsA34 ¢ Tem, YTO ¢ FIYOHHOH YBEMHYMBAKTCHA KOHLEHTPALWH
AJIIOMHHHEBBLIX 1eHTpoB [11], cTaHOBHUTCA peanbHBIM HCIIOIB30OBaHHE
3aKOHOMEpPHOIO yBenuueHHAa ¢ rny6uHod uHTeHcuBHoctu ETJI, ycraHoB-
neHHoro HamH B 1972 r., nna pellleHHA pAja 3a4a4 TEOPETHUeCKOH U TMpH-
KJIaIHOH MHHEDPaJIOTHH .,

3JEKTPUYECKHE CBOUCTBA

ITbezoadpdexT. Kbapu ABnAerca OOHMM M3 CaMbIX COBep-
leHHbIX nbe3osnekTpukoB. [lo nanasim ['I1. Bonaposuua, E.H. Hdono-
maHoBo#, A.B. YcneHckol] M gpyrux ucciiefoBaTesield, BelIMYMHa MMbe30-
37IeKTPHUECKOI'0 MOAYJIA KBapua BapsupyeT ot 0,338 - 107'° pgo 676X
X107'% en. CH. [Mockonsky nbezosdgdexT obnagaeT 3HAUMTEILHONH aHU30-
TpOMMeH, pellawlee 3HAYeHHEe TIPH e€ro MCIONb30BAaHHH B Ie0JI0ropas-
BEeJOYHOH TMpaKTHKe HMeeT H3yuYeHHe TMbe30CTPYKTYpP. B uacTHOCTH,
O.HU. lupokuit u E.B. CmexoBa ¥ Opyrue HCCAe[OBATENH HA NpPUMepe
30JI0TOPYAHBIX MECTOpOXaAeHHH 3abafikanbd MOKA3aNMM CBA3b [Hhe30-
CTPYKTYD, HX 0CODEHHOCTEH C reoIOTHYECKHMH YCI0BUAMH 0Opa3oBaHuA
H CYLIeCTBOBAHHA KBaplLUeBbIX HHIT.

JdusnekTpuueckan nponunaemocTts (AII). 1o cBOHCTBO, KaK H
OU31eKTpuyeckre norepu (tgd), OTHOCUTCA K YHMCNY TAKHX CTPYKTYPHO-
YyBCTBUTENIBHbIX CBOWMCTB, B H3MEHEHMH KOTOPbIX pewawilyl poib
urpainT ToueuHbie aedextsr [47]. Kak yxe ykaswmmBanocs, Haubonee
pacrnipocTpaHeHHbIM gedexkToM aBagerca Al-ueHtp. dusnexTpHueckue
NOTepH M 3HAYMTEeNbHAA YACTh MEXaHHYECKHX MNOTepb B KBApLE IPH KOM-
HATHOH TeMIepatrype cBsa3aHbl ¢ murpaumei moHos (Na' wmm Li'), noka-
JIM30BaHHBIX BONMM3u Al-LleHTpa.

IlepBrie HccneNoBaHUS OUSTEKTPHYECKHX CBOHCTE NPHPOLHOTO
KBapua BbinojHeHor E.B. Poxkosoit u JI.B, [IpockypoBckum B 1957 r.,
a 3aTeM MOBTOPANMCh HeoaHokpatho [31]. BeisacHWIOCh, YTO BENHUYMHBI
OII, usmepenHble Ha yacTorTe 50 ', 3aBHCAT OT MeTola ONpeneNeHHs,
ocobeHHoCTell KBapia W BapeupywT ot 4,40 no 5,40 B ruracTMHAX U3 KpHc-
TAJIOB aMeTHCTa M [bIMYaTOro kpapua. VsmepeHue nusneKTpUuecKod
MPOHUIIAEMOCTH B IUIACTHHAX, BhIPE3aHHBLIX U3 KPUCTAIIOB, Napaiienb-
HbIX OCAM @ WU ¢, Pe30HAaHCHBIM METOJIOM MOKAa3a/l0, YTO 3HRUHTENbHbLIe
uamenenua IIIT (4,7 — 10,5) cBA3aHEI ¢ nepeMelLeHHEM TPUMECHLIX KO-
HOB B CTPYKTYpHbIX U nedekr-kaHanax ksapua. H.H. Bacunvesa u C.I'. Co-
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nomkuHa [9] makcumaneHble BenwuuHs! JIT1 onpenenuan B nuacTuHax
M3 ObIMYATHIX M (HONeToBLIX KpucTanios (4,53 — 4,56 u 4,64 — 4,77 co-
otseTcTBeHHO) . [ToBbliueHHble 3HayeHnda 111 y oKpallleHHBIX KBapLeB CBA-
3aHBEI C TpUMecHbIMM MoHam# Na' unu Li*, KoTopble KOMOEHCHpYIOT
peHUMT 3apAOOB MpH 3aMelieHMH KpPeMHHUS B payXTolla3e U amMeTHCTe
Ha AP* u Fe'*,

Il mopollKOB KPUCTALUIOB, PeXe >KHITBHOIO KBaplua MOJHOIeHOBLIX,
OJIOBOPYAHBIX, BONbPPAaMOBBIX H NMEermMaTHTOBBIX MECTOPOXKIEeHHH, H3Me-
pexHas Metonom Bonbumana — Bunnmutuepa Ha uyactote 50 I'ui, Bapb-
HpyeT, [0 OaHHBIM MHOTHMX McclenoBaTeneid, B npeaenax 4,5—6,0. Ha-
MepeHMe S3THM MeTOLOM [aeT He3HAuMTesbHble, HO OTHOCHTENIBHO yC-
ToHuMBBIe M3MeHeHua [II1 y KBapua pasHbBIX reHepauyf, HO 3TH pasiiu-
YKA HEBEJIMKH ¥ He BCcerjga MoryT ObITh HCIIOJIb30BaHbI Ha MPAKTHKE,

s BuIABNEHUA THNOMOP(MHBIX NPH3HAKOB KBaplla onpoOOBaHbl pe-
30HaHCHBle MeTonbl omnpenenenusa Il B nopowmkax 6e3 HCNonb30BaHUA
TOKCHUYHBIX HUMMEPCHOHHBIX cpep, [22] .

[1pn M3yveHun yacToTHOH 3aBHcumocTy JIT u t26 [22] obHapyxunocs,
YTO KPHBbIE 3THX 3aBUCHMOCTEH OTIIMYHBE OT TEOPETUYECKHX H XapaKTep-
HbI 1A KBapua, 06pa30BaHHOTO B Pa3JIHYHBIX YCJIOBHAX (C Pa3NHUHBIMH
PTX-napamerpamMu) .

B nocneaHde rombl IJIA pelIeHHA pANA MHHEPAJIOTeHeTHUeCKUX 3anad
W3yyaeTcA M3MEHUYHBOCTh JIeKTPONpPOBOAHOCTH KBapla NpH HarpeBaHHH
[22, 43 u np.] .

I[MPOYUE CBOHCTBA

[MnornocTs. [lNOTHOCTHBIE CBOMCTBA KBapLa pPacCMOTPEHbI
M.A. Kauem u UM. CumanoBuuem B pabore “KBapu KpHCTAITHUECKHUX
ropHbix nopoa”. Oxazanock, YTO IUIOTHOCTL KBapLa B 3aBHCHMOCTH OT
reHesuca BapbupyeT oT 2,630 mo 2,660 r/em’®. Obpa6oras OTPOMHBIH
MaTepual, yKasaHHble aBTOPbI BBIABHIM, YTO MONAIBHBIE CpeaHeapHd-
METHYECKHE BEIMYMHBI IUIOTHOCTH HAaUMeHBLIHE Y MHIBHOTO KBapua M
MaKCHMalbHble ¥ KBapla U3 MeTaMopgHuYecKHX Mopof,

InotHocts B Kpucramnax [7] Bapsupyer ot 2,630 no 2,650 r/cm?
YBEJIMYMBAACh ¥ AbIMYATBHIX H LUHTPHHOBO-ABIMYATLIX pasHocTel. JKunbpHbi
KBapll XpyCTaleHOCHbIX 0671acTell HMeeT YMepeHHYIO MIoTHOCTh (2,642—
2,649 r/cm?). B pabore H.H. Bacunvesoii u C.I'. ConoMKHHOM [9] npw-
BelleHbl 3HAYCHHA IUIOTHOCTH oT 2,62 no 2,65 r/em? . Ilpu 3tom Haubons-
Was MIOTHOCTh ONpeJeNieHa y KPHUCTA/UIOB, 4 HauMeHblad (B cpenHem
2’6.3 r/em?) — y xWIbHOrO KBapla M3 THAPOTEPMAIBHBIX MeCTOpPOXK/Ie-
HHH.

Mukporsepnocrts. OnpelelieHHe MHUKDOTBEPIOCTH KBapla He
npencrasisAer coboll ocobeHHO TpynHOH 3ajgayM, HO, KaK GbUIO OTMe-
yeHo C.H. JleGenesoii ewie B 1963 r., uaMepeHHo ee MelawT noGoyHbIe
apexThl, mNONYYMBINME HAa3BaHWe MUKpoXpynkocTH. C.M. JleGenesa
naeT Bapuaudu ot 1003 no 1212 klla npu cpentem 3navenuu 1113 klla
(no 6 obpasuam). JI.H. Xerunxos, U.JI. Komos u B.A. Jloporosun B
1971 r. manu npenesbl BapHauuil cpeiHuX 3HaYeHMit oT (1143,3+ 17) Ila
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y cotoBoro kBapua go (1546t 33) klla y nmpo3spauHbIX W nmonymnpospay-
HBIX UEHTPAIBHBIX YacTeil KpHCTaioB. Habionanock yBeluueHHe MHK-
pOTBepHOCTH B OJHOM KpHCTAalle OT €ro OCHOBaHHA K TOMOBKe OT
1166,6 (+ 25,4) mo 1230,9(% 14,3) kIla. OHH nokasanH, 4TO MHKpPO-
TBepAOCTh YMEHBIUIAETCA ¢ YBEAHYeHHeM CTPYKTYPHOH NpUMecH amoMu-
HHU#A, 8 TAK)Ke OKOJIO ra30BO-KMIKHX H TEEPAbIX BKIIOYEHHI, 4TO MOXKET
6bITh 0OBACHEHO Oonblleli BEPOATHOCTBI0 BXOX/EHKA MPHMeced B CTPYK-
TYpPY B 9THX Y4YaCTKax KPHCTaIJIOB.

A.B. I'pomos, BII. HoBukos, B .H. Ceewnnkosa u ©.I1. MensHukoB
06HApYXWIH TPAMYK 3aBHCHMOCTh MEXAY BeTHUHHONH MHKPOTBEPROC:
TH ¥ TeMIIepaTypoil roMOreHHM3allH ra3soBo-KMIKUX BKIIIOUEHHH, HO CBA-
34 MeX[Ny BAJIOBBIMH KOHLEHTPALMAMMY ATIOMHHHUA, MarHUd W OPYTHX
3JIeMEHTOB-TIpUMecel M  BelIHYMHOH  MHKPOTBEpPAOCTH He BBIABHIIM.
Takue pe3ynbTaThl CBA3aHbI CKOpee BCEro C TeM, 4TO Ha TBEPAOCTh OKa3nk-
BAIOT BJIMAHKE JIHIIb CTPYKTYPHBIE MPHMECH.

B uenom BapHauMd MHKPOTBEPAOCTH KBaplia MOTYT YyKa3bIBaTh Ha
yCcIIoBHA ero obpa3oBaHKA, a B OTMENbHBIX CIYYaagX MOTYT ObITh H THIIO-
MOP(HBIMH MPU3HAKAMH .

BKJIWYEHHA B KBAPUE KAK THIIOMOP®HBIE IMPH3HAKH

OcCHOBHBIE NOCTHKeHHMA B 06JacTH N3yueHHA YCIOBHI MHHepa-
J0- U pyAoobpa3oBaHUA MOJYYEeHBI HA OCHOBE HCCIIeIOBAHUA BKITIOYEHHH
B KBapue. B kBapue cpenu Bcero MHoroo6pasua BKITIOUEHHI MO arperar-
HOMY COCTOSIHHIO BBIAENAKTCA: PAacKpPHCTAIUIM30BaHHbIE H KPHUCTAIO-
¢nronnHsle; razoBble (CYLECTBEHHO ra30BkIe, ra30BO-BOIHEIE, YIJIEKHC-
Nble) U KuAKUe (BOAHBIE PAacTBOPbI, BOIHO-YTIIEKHCIIbIE, KOJIIOHAHO-
BoaHbie) [16].

CocraB BKNwueHH#., B HTOre H3yueHHA cOcTaBa BOOHLIX BBITANKEK
H XMMHYECKOro aHanu3a WHIMBHUIAYAIbHBIX BKIIIOUEHHH MOJIyYeHh! npef-
CTaB/IeHHA O CJIO0XKHOM COCTaBe MHHepaloo0Opa3yrlIMX pacTBOpPOB, B
KOTOPBIX [JIaBHBIMM KOMIIOHEHTaMH fABJISAIOTCA KpeMHe3eM, BOZa, yrie-
KHCIIBIH ra3, XJIOpuabl HaTpuAa ¥ Kanuf. [locne Toro, kak ObUIO yCTAaHOB-
JIeHO, YTO B Ta30BO-KHAKUX BKIIIOUEHHAX THAPOTEPMAalbHOTO KBapua
MMOCTOAHHO MPHUCYTCTBYIOT OMKapboHAT M XITOPHA HATpHA, a TAKXe KpeM-
He3eM, KOJIHYEeCTBO KOTOPOI'o HAXOAMTCA B MPAMOH 3aBHCHUMOCTH OT KOH-
LeHTpauuii yKa3aHHbIX KOMIIOHEHTOB [21], ycneuwHo 6bUTH pelleHbI BOII-
pPOCHI MPOMBILIJIEHHOrO CHHTEe3a 3TOr0 MHHepana.

OKcnepuMeHTaMH yCTaHOBIIEHO, YTO MpH aHalnu3e CcocTaBa ra3oBo-
AUOAKUX BKIIIOYEHHH METOLOM BOJHBIX BHITSDKEK NpPH 0OBIMHBIX TemIepa-
Typax B PacTBOp NEpPexXonAT NpeHMYIllecTBEeHHO JIerKOPaCTBOPHMBIE COJTH
(xnopunbl, cynbaThl), a CHIMKAThl H &THOMOCHIHKATBEI OCTaOTCA BO
BrioueHnAx. [loaTomy naHHbBIe aHaNIM30B BOJHBIX BBITAXEK He OTpaxKa-
0T MCTHHHBIX KOHUeHTpauuii. HecmoTpsa Ha 3T0, Yy MHOTHUX HcClenoBa-
TeJled CII0XHIIOCh NMpecTaBiieHHe O HHU3KOH KOHUEHTPHPOBAHHOCTH TMI-
poTepMatbHbIX pacTBopoB. Tem He MeHee 3HauWTeNbHAA YacTh HCCIIENOBA-
teneit (A.M. 3axapuenko, JI.I', [lansmona, JI.A. Konuesa, XK. Barrens-
nep, H.E. Yuaiimewsunu, H.U. Xurapos u np.) oTka3nBaeTcAa OT mpej-
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CTaB/IEeHHH O cn1aboKOHLEHTPHPOBAHHBLIX THAPOTEPMANIBHLIX PacTBOpAXx,
Moaaras, YTo KpeMHe3eM [epeHOCHTCA B CHIBHOKOHLIEHTPHPOBAHHBIX
(50—95 %) coneBbix pacTBOpax-paciuiaBax. Kpemuesem u pyrue kommno-
HeHTbI, Mo MHenuo HM.I'. MaHeeBa, B npouecce nepesHoca HaXOAATCA B BHIE
ruapookcokomnnexcoB. [Mo panusim B.b. Haymosa u W.JI. Xopakos-
CKOro, PACTBOPEHHUI0 M TEepeHOCy CUIMKATHOrO BeIecTBa B BBICOKOTEM-
NEpPATYpPHBIX THAPOTEPMANBHLIX PAcTBOPAaX CMOCOOCTBYET THIPOIHM3, HC-
THHHAA POJIb KOTOPOrO OLEHUBAETCA TOJILKO B MOCNeIHHe MO,

Bo BKIWUYEHHAX B KBaple IUHACHOCTHPOBAHBI YITIEKHCIOTA, OKHCh
yriepona, cepoBOLOpPOM, 4a30T, OaropojHble raspl, YIJI€BOMOPOIBI.
OnpeneneHo, uTo M3MEHYMBOCTh KOHUEHTPAlHi ra3oB MMeeT MHHepalyo-
reHeTiyeckoe 3HayeHHe. BeNMMUMHBI COOTHOWIEHHA BOAbLI M YIJIEKHCIOTEI
3aKOHOMEpPHO M3MEHAITCA OT Hayala K KOHIly F'MAPOTEPMAIIBHOTO Tpo-
uecca M MOryT ObITh, Mo gaHHbiM K.A. CHMKHUB, KPHTEDUAMM OLEHKH
YPOBHA 3po3uoHHoro cpesa. H.II. Epmakor B 1978 r. npusen npumepbl
HCIIOJIb30BAHHUA YIIIEKHCIO-BOAOMETPHYECKOI0 METOa [IpH JIeTAJIbHBIX
MOMCKAX KBAapUeBbIX Ten ¥ 30H FHAPOTepMasibHbIX H3MeHeHHil. O6ob6ue
Hua H.M. Aunpycenxo, C.A. AxppuaHoBo#, 10.B. JIaxosa u npyrux uc-
cnefoBaTeneil MOKasand, YTO BO BKIWYEHHAX B KBaple 30J0TOPYIAHBIX
MECTOPOXKOEHHH IMPHUCYTCTBYIOT LIEI0YHO-TAOTeHHEIE, ILEeJOYHO-buKap-
OOHATHO-YTNIEKHCIIBIE M LIefloYHo-cynbdaTHEle pacTBOpbi. [Ipu 3TOM
KBapl cpegHernyOHMHHBIX PYAHBIX dopMalMi XapakTepuayeTcAa cyibsdart-
HO-XJIOPHIHBIMH WIH OHKapOOHATHO-XJIOPHIOHBIMH PAacTBOPaMH, a MAalo-
rnyOuHHBIX — OMKapOOHAaTHO- KAIBILMH-MAarHHEBBIMH HIIM KaJlMH-HaTpUe-
BBIMH PACTBOPAMH C IOJYHHEHHOH pOJIBI0 XJIOPHAOB. JInA KBapua 30110-
TOPYIHBIX (hopMaLMi TUITHYHO TAKIKE MPUCYTCTBHE HAPANY C YIIeKHCIo-
TOH a30Ta NpM noauxHeHHo# ponu H, S, SO%, NH;, HCI, Hf, sonopona,
MeTaHa M KHciopona. Boicokue koHUeHTpauuu ¢Topa HapALy ¢ XJIOPOM
BO BKIIWUYEHHAX B kBapue, no nanHsiM [0.I1. Tpowwuna, C.M. Boiiko
H Ip., XapaKTepHbIl IJIA peAKOMeTaIbHOro opyaeHeHHA. Bee BGomnbluas pois
OTBOAMTCA MeTeOpHLIM BOAAM B FHAPOTEPMALHOM nponecce MMHepano-
obpasoBanud. [InA ee OUEHKH K HACTOAUIEMY BPEMEHH BLINOIHEH yxe
3HauYMTeNbHBIH 06BeM paboT Mo H30TOMaM KHCIOpOAa B KBaple, B YacT-
Hoctu f1.H.BeneBueewim, B.E. Betwiteiinom, H0.A. Bopuiesckum, E.H. ITo-
JIOMaHOBOH W APYTMMH HCCIIEfOBaTelsiMH. B uenoM L0 METEOPHOTO
KHCJIOPOAA OKa3blBAETCA HeDOoNblLoH, XOTA U YKa3bIBaeT HAa BEPOATHOCTD
CMeLIeHHUA MarMaTOreHHbIX PACTBOPOB H METEOPHBIX BOJ.

C nomolibi0 MHKPO30HAA BO BKIYEHUAX olpeleieHo okomo 30 ane-
meHTOB. OCHOBHaA Macca PYJOHBIX 37IeMEHTOB CBA3aHA B XJIOPHIAX, pexe
cynedaTax, okucnax win kapbonarax [1, 15, 46 u op.] .

AHanM3 [OaHHBIX [0 BOOHBIM M MHMKPOBOIHBIM BEITFDKKAM M3 BKITIO-
YeHHH B KBaple OIpeleNieHHO II0Ka3aJ] BBICOKYI0 MX HACBILEHHOCTh
AUTOMUIBHBIMH M PYOHBIMHM 3JIEMEHTAMH, JOCTHramwiuyo Hepenko 30—
60 % ux Macchl, 4TO MO3BOJAET CONOCTABIATh ITH BKIIIOUEHHA C TepMailb-
HBIMHM pAacCOflaMH ¥ MCKATh B MpHHILMIIE €IHHLIE MCTOUHWKH pPACCOJIOB
M CHAPOTEpPMAJILHBEIX PACTBOPOB,

C.A. Kypuwes, B.H. Tpydanos [26], B.M. Bacunses u apyrue uccne-
AOBATeNH C T[OMOLIBI0 3JIEKTPOHHBIX MHMKPOCKOMOB YCTAHOBWIIH, 4TO
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ruapotepmMalibHbie DYNOHOCHBIE KBaplibl OTNHYAKITCA OT INerMaTUTOBBIX
Gonee CJI0KHBIMH (OpPMaMH a30BO-HAKHX BKIIOUeHHH H HX pasHoob-
pa3ueM.

TemnepaTyphbl romMoreHusauuu. JiA oUeHKH TeMmneparyp M ar-
PeraTtHoro COCTOAHWUA MHHEpPAIoOoOpasyHrIMX CHCTeM Ha Tepexofe oT
MarmMaTHMuYecKMX K TIHIpPOTEpPMAbHO-IIHEBMATOJIMTOBbIM ocoboe 3Haue-
HHe NpuoOperalT TBepAble paclaBHble BKIIHYeHua., Oxazanoce, 41O
paHHMI KBapl, MErMaTHTOB COJEPIKMT BKJIFOUEHMA, COCTOAIUME W3 TBEp-
pont (70—80 %), ra3osoi u BogHO# ¢a3. TBepaasa dasa roMoOreHH3Upyer-
cA B 06pasuax W3 BHYTpeHHMX 30H mermatutoB npu 650—670 °C u npu
OXNAMIEHHH MEpPEeXOIUT B ATHOMOCHIHKATHOE CTEKJIO C Pe3KHM Npeob-
najaHdeM KpemHuA, copepxaiiee Li, Rb, Csu F.

Bo BHYTpeHHMX CYILECTBEHHO KBapUEBLIX 30HaX MerMaTHTOB, [0 AaH-
HeiM A.H. 3axapuerxo, obbmHEl BrmoyeHua, 50—80 % obrema KOTOPLIX
3aHUMANT KPUCTAJJILFY3HUKH. ['OMOreHH3aUMA TAKUX BKIIIOUeHHH ITPOKC-
xonutr npu 450—550 °C u Beume ¢ o6pasoBaHHEM BOJIHO-CHIMKATHOIO
paccona.

BepxHaAa TeMmnepaTypHafd TpPaHHUA THAPOTEPMANIBHOTO MHHEpanoob-
pa3oBaHMA, B YaCTHOCTM KBapUEBBIX >XWJI, H3MeHAETCA (U1 pasHBIX
MecTopoxkaeduii) B npeaenax 480—580 °C. 3TH naHHble BIONHE COTJa-
CYIOTCA C YaCTbIMH HAXOMKaMH B pPYMHbLIX KBapIeBbIX >KUIIAX PENHKTOB
B-xBapua B a-kBapue (E.M. Jonomanoea, A.B. Koxus u 1p.).

CpenHue 3HauYeHMA TeMIepaTyp ob6pa3oBaHHA KBapUd PYAHBIX MeCTO-
pokpeHuii HaxonArca B npepenax 500—400 °C anA [onponyKTHBHBIX
redepaumii, 380—230 °C gna npoayktueHeix u 320—50 ° C mnda nocne-
NMPOAYKTHBHEIX CTafMH TPAKTHYECKH BCEX 3HIOFeHHBIX MEeCTOPOKIOeHHH
GonbIUKHCTBA PyOHBIX OpMAalMi, TOrAa KaK JAaBJIEHHHA UMEKT LHPOKHe
npenenel Bapyauui — ot 2,5 go 150 MIla. CpenHue 3HaueHUs TeMIlepaTyp
A OespymHOre KMIBHOTO KBaplia, NpeTepreBllero MeTamopdH3M
(nannepie C.II. Wcynosa, E.II. Mensuukosa, U.A. XaitpernuHosa) , 275—
525 ° C npu gasnennu 125—380 MIIa.

lMosBunuces nanuble (©.H. Koperro, M.H. Kangunog, JI.H. lllmunako-
Ba M [p.) 0O aHOMallbHOH BEPTHKAJIBHOW TEMIIEpaTyPHOM 30HATBHOCTH,
COIJIACHO KOTOPOH B pAne (IOOPHUTOBLIX, OJIOBOPYOHBLIX U 30JI0TOPYQ-
HBIX MeCTOPOXIEHHH ManornyOuHHOH (GOpMALHH TeMIepaTryphl FoMO-
reHM3allM¥ BKIOYeHMH B KBaple BepxHUX M NepudepHyecKux uacTel
KK DoNblle, HEXXENU B KBaple CPeIMHHbIX YACTeH, H YMEeHbLUAITCHA CBep-
Xy BHU3 [0 ONpeeieHHbIX TIIyCHH.

OCHOBHBIE PE3YJIbTATH H3YUYEHHA
KHJIBHOTO KBAPUA M IMPOBJIEMA THIIOMOP®H3IMA

BaxcHeHIIMM pe3ynsTaToM M3y4YeHMA KBaplua ABHIJIOCH TO, YTO
B OCHOBHOM OllpeJiefieHbl BapHallMH €ro cocTaBa, CTPYKTYPbl H T/1aBHbIe
NPHYMHBI H3MEHYMBOCTH BaKHeHIIMX cBoicTs. Oxa3aliock, YTO CTPYKTYpa
KBapua criocobHa U3MeHATHCA B 3aBUCHMOCTH OT CTPYKTYPHBIX MpUMeceii,
KOTOpbIe ABNAKTCA CJAENCTBHEM H30CTPYKTYPHOTO TIeTepoBaIiEHTHOTrO
u3oMopdusma. OnHOBPEMEeHHO ompeneneHa OrpaHHueHHas H30MopdHas
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BMECTHMOCTb KBapua. Pasmepbl NapameTpoB 37IeMeHTapHOW AYeMKH 3a-
BUCAT He TOJIbKO OT HAJIHYHA HJIM OTCYTCTBMA KM PasMepOB HOHa-3aMeCTH-
TeNA (cg ), HO M OT HHTEPCTHLHMATBHBIX TPHMeced KOMIIeHCaTopoB (a o).
BepoATHOCTh BXOXKIEHHA H30MOPQHBIX NMpHMeced 3aBHCHT OT YCJIOBHH
KPHUCTA/UIM3ALIMH, OMpeneNAliliXcd He TONbKO TEeMIepaTypHOH, HO H
CKOpPOCTBHI) €e M3MEHEHWHA, CTeNeHbi0 [1epechllUeHHsA PACTBOPOB W HU3MEH-
yHBOCTbI0 pH.

He MeHee BaKHBIM MTOINOM H3yUeHHA CTPYKTYPbI B KPUCTAILIOXHMMHH
KBapua ¢ nomousic Metona 2I1P 1 HarnpaBlIeHHOrO BhIpallMBaHHWA KPHC-
TaAJIOB € 3aaHHBIMH NPHMECAMH ABHIIOCh NPeCTaBIeHHe O BO3MOMKHOC-
TH BXOXJEHHA B pelleTKY KBapua W ynepxuBaHua B Hed Cu, Ag, Au,
Sn, Ge, W, Co ¥ Opyrux pyJHbIX 3JIeMEHTOB. JTO CBOWCTBO B COBOKYII-
HOCTH C DPbIXJIOCTBIO pelleTKH, 0OycIoBNHBaKOLIEH BepOATHOCTh MHIpa-
UMM YKAa3aHHBIX 3JIEMEHTOB CKBO3b TBepAbld KPHCTAIIMYECKHH KBapll,
[aeT OCHOBAaHWE KaK /1A TeOpHH, OOBACHAIIIMX yIOWBHTEIbHO YCTOH-
uMBbLIe NapareHe3ucsl ¢ KeapueM muHepamoB Sn, W, Au, Ag ¥ ap., Tax
H A peweHuda npobieMbl MUCpALWdH H TepeoTOKeHH:A 3THX 3JIeMeH-
TOB B Tejle KBApIUEeBLIX M. 3TO, B CBOI0 ouYepels, JAeT KIIKY K NOHMMa-
HHIO OTNIE/IbHBIX acleKTOB TuromMopgH3Ma cocTasa.

JIoCTATOUHO MepCTeKTHBHBIM MTOTOM H3YUYEHHMA CTPYKTYpPhl KBapua
H8 MOIEKYJIAPHO-arperaTHOM yYPOBHE CTaHOBHTCA TMpecTaBjlieHHe o
coBepleHcTBe Kpucraumdeckoro crpoedua (CKC), xoTopoe sABnser-
CA OOHHM H3 KpUTepueB pylaHodopMauuoHHOTO aHanu3a. C npobreMo#
CKC cBA3aHbl yKpeINIAWIIMECH y HCCiefoBaTelleil KOHUENIUK ¢ npeob-
pas’0oBAHMM M IIOCTENEHHOM YNOPANOYHUBAHMY JKHIIBHOIO CHJIMKAaTHOrO
MaTepHasa B TBEPAOM COCTOAHHMH Iocne ObICTporo 3aTBepleBaHHA H
KPHCTALIH3ALMHA (QIIHI0B BhICOKHX KOHIEHTPALMI CyLIeCTBEHHO KpeM-
HEe3eMMCTOrO COCTAaBAa, YTO 0CODEHHO APKO MPOHBIIAETCH B XKHJIbHbIX ONIH3-
NOBEPXHOCTHEIX  MECTOPOXKIEHWsAX 3050Ta, cepebpa, o/oBa, a Takke
KBapiu-(QJIIOOPHTOBBIX ¥ KBapU-ayIAPOBBIX DPHTMHUYHO-CIIOMCTBIX HIIH
CKeJIETHBIX, KapKacHBIX, IUIACTHHUATHIX CYILLIECTBEHHO KBapLEBLIX arpe-
rarax.

Hcnons3aoBanue metona OIIP ¥ 30HHOH TeopHH, NpeacTaBieHHi 06
S/IIl no3BoONMNO BBIACHUTh MPHPOAY UBETOBLIX pasHOCTel KBapla, Bhi-
paboTaTh OTHOCHTENBHO YIOBIETBOPHTENbHbIE Moaeny ueHTpor TJI kBap-
ua. Crano BO3MOMKHBIM pallMOHANIBHOE MCMoNb3oBaHMe 3ddexTa TepMo-
NIOMUHecHeHUMM Kak ecrtectBeHHod (ETJI), Tak ¥ HHOyUMpOBaHHOH.
ITeccumusM OTHOCHTENBHO mNpuMeHHMocTH TJI AnA pelleHMA MHOTHX
PEOIIOFO-MHHGPEJIOI‘HQGCKHX 3ajay CmMeHwiIa YBEPEHHOCTB Ha OCHOBe
3HaHHWA CYTH CaMOTO ABJIeHHA. BbiABieHHble B KBapue E,-UeHTpbl, CBA-
3aHHbIE C PaAMOaKTHBHbIM 0DONyueHHeMm KBaplia B Heapax, BO3MOXKHOCTb
OHArHOCTHKH M OMNpefeieHHA MX KOHLUEHTpalHi ¢ nomoubio JIIP-criext-
pPOMETPOB CTAHOBATCA BAXKHBIM OPYIHEM HCCIelOBAaHHA MOTEHLHAIbHOH
PYAOHOCHOCTH TreoNIOrHYecKHX 00beKTOB, a TaKKe WX OTHOCMTEeIIBHOro
BO3pacTa.

HccnepoBanusa a— [(-mpeBpalleHHid MPUBeNH K [IOHHMAHHUIO CIIOXK-
HOCTH 3TOr0 ABIEHHA, yOeNiid B WHPOKOM TeMITepaTypPHOM [Mallas0oHe
MHBEPCHH K IMOKa3a/lH 3aBUCHMOCTDb €€ TeMIepaTyp OT THNa U30MODHHI
Ma { YCJI0BMH 00pa3oBaHHMA KBapua.
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OnpepesneHHbIM BKJIAA0M B [OHMMaHHe Ba)KHeHLIeW pOJH pasiiny-
Helx. ¢OpM BOAbI B KBaplle CTajlo cMcTeMaTHuyeckoe uilyuenue ero HK-
CIIEKTPOB.

ITytem npHMeHEHHA OHTOTEHMUECKOrO MeTONA U3yueHUA TMpPUPOLHO-
ro KBapua H HCIIOJIb30BaHHA 3KCIMEePHMEHTaNIbHbBIX JaHHBbIX 110 BbIpauiH-
BaHUI0 €r0 KPHCTAUIOB B pasnuuubix PTX-yClnoBUAX M ¢ Pa3NMUYHBIMHU
MpUMECAMH ONpeIeNeHo, 4YTO MOPMOJIOrHA €ro KPHCTANIIOB, YCKOpPEHHe
WM 3aMelJIeHHe pOCTa OrpeneieHHbIX paHed, 3aKOHOMEPHO M3MECHHAACH
0 Mepe HU3MEHEeHMA TeMIIepaTyp OT KOPOTKOMPU3MAaTHYECKHX K IJIMH-
HOMNPHU3MATHYECKHM M 0DE/IMCKOBHIHBIM, 3aBUCAT T€M He MeHee 0T KOH-
LIeHTpallui KpeMHe3ema u pH cpenbl: B CH/IbHOLIENOYHBIX YCIIOBHAX pac-
TYT M30MeTPHYHbIE KPHCTAJUIbI, @ B cl1aboLlIeTouHbIX — ATHHHOIIPU3MATH-
yecKHe. BbIABNEH reHe3HC HCKaXEHHBIX KPHCTALIOB: ACHMMETPHYHBIX,
CKPYY4eHHBIX, MHOIOTJIABbIX. JTO YBA33HO KaK ¢ CHMMeTpHel 3HepreTH-
4eCKOI'o MoJIA MHHepanoobpasymwiiei cpelbl, TAK H C MpOLeccaMH pac-
ulenneHys, NPUBOIAIUMMH K OHCHMMeTpu3aty. [locnennas oObAcHAeT-
CA HanuuueM Je@eKTOB B KPHUCTANJIAX Ha aTOMHO-MOJIEKYJIADHOM YPOBHe.

Bonbuioe 3HaueHne /1A NOHMMAaHMA YIOBHi oOpa3oBaHus u cCy-
[[eCTBOBaHMA KBapuUeBbIX XXHJI HMeJIH HCCNeooBaHHA CTpOEHHﬂ arpera—
TOB JKHJIBHOIO KBapua. Pe3yssTaThl u3yueHus aed)OPMALMOHHBIX CTPYK-
TYP H CTPYKTYD MNepeKpHCTAUIH3AlMH, HAMpaBIeHHOCTH H3MEeHYHMBOCTH
cocraBa (0coDeHHO BOMHOIO, ra30BOr0o U MHKPO3J€MEHTHOr0) MoKa3anu
pellarIyd posib IUIACTHYeCKHX AedopMauMi NMpu mpoleccax NepeoTio-
JKel'nA M KOHLIEHTPAUHMKM PYIHBIX 3IEMEHTOB, B NEPBYK ouyepeis 30710Ta,
a Takoke AaA 06pa3’0oBaHMA rPaHYNHPOBAHHOrO KBapLa M XPYCTalleHOCHbIX
MeTamMopGhOreHHO-THAPOTEPMATbHBIX JKHUII.

Hcenenosatne CTPYKTYp M TEKCTYP KBapLEBBIX arperaToB IMepBHUY-
HOM KPHCTAJLIM3AUMHM MOKA3al0, YTO CTPOEHHEe MX, M3YyUeHHOe Ha Pa3sHbIX
YPOBHAX OT KPHUCTAJUIMTA [0 I'PYMIbl arperaTtoB, ABJIAETCA BAXKHEHIIHM
HHCTPYMEHTOM TIO3HAaHHA MexXaHu3Ma M CKOPOCTH KPHCTAJUIM3ALNH,
KOHCHCTEHIMH MHHepanooOpasylouei cpeasl u rnybuH obpasoBaHHA.
MHorue uccnemoBaTenH BHOBbL MPHILIH K HeoOX0oouMOCTH NpH3HAHMA
Ha omnpefdeNeHHbIX 3Tanax 3BOJIOLUHM MHHepanoobpasywouwx duounos
cocroaHua, 6auskoro k xkomnougHomMy. Ocoboe 3HaueHuHe MMeEO U3y4Ye
HHe PHTMHYHO-CIOMCTBIX arperaToB, paclpoOCTpPaHeHHBIX B OGAM3NOBEpX-
HOCTHBIX MeCTOpOXOeHHAX. I TaKuX arperaToB THIIMYHOH OKa3alach
PHUTMHMUHAsA H3MEHUMBOCTb CAMHX TEKCTYpP OT CJIOXHBIX K IIPOCTBIM OT
Hayajla K KOHILY KpHucTayum3auud. He MeHee TUNMUUHO [UIA TAKHX CJIOMHO
MOCTPOEHHbIX ArPEeraToB M PUTMHYHO HAIIDABJIEHHOe H3MeHeHHe B HHX
cocTaBa ¥ CBOMCTB KAK CYLIECTBEHHO KBaplieBRIX arperaroB, TAK H camo-
ro KBapua.

B uenom aHanM3 COCTOAHMA M3YYEHHOCTH BapHalMH CTPYKTYp, coc-
TaBa M CBOHCTB KBaplia [IOKa3ay, 4TO ypoBeHb 3HaHWA WX MTPHPO/LI MMO3BO-
JIFeT B HaCTOAILee BpeMA MOJOHTH HE TOJBKO K OCO3HAHHOH IOCTaHOB-
Ke 3a/1aud BbIABJIEHMA Hanbosiee TUIIMYHLIX BapHallHi 3THX 0CoOOeHHoCTel

INA MECTOPOKIEHHH ONpeeneHHbIX pYLHbIX (QOPMaLHUi, HO HEKOTOpLIe
M3 HUX Ve [MPU3HATh TUIOMOPGMHBIMH M HCMONL30BATh A7 PELIeHHA MHU-

HepaloreHeTHYECKHX H MPH KIJIA[IHBIX BONPOCOB.
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JlnA xMIbHOrO KBapua npobiema TUNnoMopouima umMeeT CIIeAYOIYIO
crielHUKY, ONpenensaoyocad 0DbeKTOM HecIel0BaHHA

a) obpa3oBaHHe H CYLIeCTBOBaHHe ero B IIHPOKOM [HanasoHe reoso-
FHYECKHUX YCIOBHH M IPOLIECCOB;

6) mHoroo6bpasre MPOABIIEHHA €ro YHCTO BHELWHHX TPU3HAKOB, W3-
MEHUHBOCTb KOTOPBIX CBA3aHA C YCJIOBHAMH KPUCTAIITU3alMK U NOCneny-
IOLHX Npeobpa3oBaHui;

B) JHHAMMYHOCTE KOHCTHTYLUMH arperatoB, JIerKO pearupyoiiix
Ha H3MeHeHHe BHelUHel cpeabl, CIIOCOOHOCTh K MepeoTIIOKEeHHI M pe-
reHepaLHH;

r') onpepesieHHad pBIXJOCTh KPHCTAJIMYECKOH CTPYKTYPhl, TO3BO-
JIAKLIAA eH: CYLIeCTBOBAaTh B pA3/IMYMHBLIX COCTOAHHAX OTHOCHTEBHOMH
MeTacTaOMIIBHOCTH; peajiM30BaTh WHPOKHH MO CHEKTPY 3JeMeHTOB,
HO OTpaHMYEHHBIH MO0 BMECTHMOCTH H3oMopdusM; obpa3zoBniBaTh GOINb-
1oe Yuci1o neeKToB CTPYKTYPhI;

n) aHoManuM cBoMcTB, obycinoenenHele npuMecaMn (TJI, nuxpousm,
He CBOHCTBEHHbIe HaeallbHOH cTpyKType MK-cnexTpel, BapHauuy IH3IeKT-
pUYECKOil MPOHHLIAEMOCTH H 3JIeKTPONPOBOAHOCTE) ;

€) pa3nHyHad BEpPOATHOCTh MNOABNeHUA nedekToB, obycnoBnUBaio-
LMX COCTAB M CBOMCTBA peallbHbIX MHIMBHUIOB M arperaToB KBapla, B 3a-
BHCHMMOCTH OT CKOpOCTH KpucTamnusauuy, pH muHepanoobpa3syouyx
pacTBOpOB, HX KOHLEHTPAUWW M coCTaBa, IIyOoMH obpa3oBaHuA, PYAHOMH
HArpy3KH.

Crneuudryeckre uyepThl KBapua AalT OCHOBAaHHME OXHOATh CYLIECT-
BOBaHMA YCTOHYMBBLIX THIOMOP(HBIX MPU3HAKOB Tpex IPYMI: a) CTPyK-
TypHO-TeKCcTypHbIX (BKnioyaa CKC), ©6) cocraBa, B) CBOHCTB.

Ipynnsl TMIOMOpP(HBIX NPH3HAKOB BbLIOENAKTCA M paccMaTpHBAaloOT-
CH € Tpex MO3ULHH:

a) pyaHo¢dOpMalHOHHOW TPUHALJIE)KHOCTH KBapLUEBBIX XXHIT H Tew;

6) OTHOINEHHs BHYTPH KaKN0H pyOHOH (opMaunu K PYIOHOCHBIM
HITH De3PYIHBIM Telam;

B) H3MEHYMBOCTUH MX [10 BePTHKAIM C LeJIbI0 BbIABIEHHA BO3MOXK-
HOCTH HCIOJIB30BaHUA IJIA OUEHKH YPOBHA 3PO3HOHHOIO Cpe3a.

I'nasa II. METOIUYECKHE OCOBEHHOCTH
HM3YYEHUA THUIIOMOPOH3MA KBAPIIA

MHoroobpasue CBOHCTB KBapla olpeiesnseT WHPOKHA Kpyr
MeTOLOB ero uiyueHus. BriABneHue THNOMODP(HBIX NPU3HAKOB, U3MeEH-
YHBOCTH COCTaBa M CBOMCTB KBapla B 3aBHCHMMOCTH OT BMeLlalolleH cpe-
Ibl, BpeMeHH M riyOuHbl obpasoBaHna Tpebyer COOTBETCTBYILIEIO MOJ-
X0/la K OpraHM3alHyd M NPOBEIEHHK MHHEPATOTHYeCKOro onpoboBaHHA.

METO/Ibl CBOPA KAMEHHOTO MATEPHAJTIA

B ocHoBe onpoGoBanusa mnexxaT ABa NpPHHUMNA: [pencTaBH-
TelIbHOCTh Mpob nnA nocnenyioied o06pabOTKH MONYYEHHBIX [OAHHBIX
MeTOAAMM MaTeMaTHYeCKOH CTATHCTHKM M BO3MOX  ~Th MPOCIIEXHBAHHUA



M3MEHUMBOCTH COCTaBa M CBOHCTB B mpocTpaHctse. [lepsoe nocrteraer-
cAa onpejeneHHeM ONTHMATBHOIO YHCIIa npob B NyHKTe, CeMeHHH WK pa3-
pese, a BTOpoe — MMHEDIOrHYECKMM KADTMDOBAHHEM, B pe3yibTare
KOTOpOro BO3MOMHO pPaBHOMepHOe pacrpefienieHue npob no Bcemy
MPOCTPAHCTBY PYAHOTO TENa, KMIBI WIH PYAHOrO MO s mpocie-
JHBAHHA M3MEHUMBOCTH COCTdBa M CBOWCTB JKM/IBHOIO KBapua B Npele-
ax SKHJI WM DYOHBIX Tenl ¢G0P KaMeHHOTrO MaTepHald MPOU3BOIMTCH
BKpecT MX NPOCTHPAHWA uepes OMNpefesieHHble POMEeXYTKH B COOTBET-
CTBUHM C CHCTeMOH pa3BelOYHBLIX WJIH 3KCIUIYATALMOHHBIX OPHBIX BbIpa-
fOTOK IO BEPTHKAIM M TOPMU3OHTANMM. B Kawmom u3 ceueHui o6pasib
oTbupatoTea Tak, YToOBI IpoCHenMTh H3MEHYHMBOCThL TEKCTYp, cocTaBa
M CBOWCTB KBaplLa 0T KOHTAKTOB MJIibl C BMELIAKUIMMH FOPHLIMH [IOPO-
JaMM K LIeHTDaJIBHOH YaCTH XKUJIbL.

Jna BbIACHEHWA HAIlpaBJIeHHA POCTa MHAMBHIOB H arperaros U OpHeH-
THPOBKH B MPOCTPAHCTBE ONpefe/IeHHbIX CTPYKTYDPHBIX THIIOB 4rperaros
oTbop KpymHbIX 06pasuoB B WTyhOB conmpoBoXaercA obo3HaueHHEM
MoJoXKeHHA UX B obbeme xun. EcnH NMO3BONAIT rOpHOTEXHHYECKHE yC-
NIOBHA, HYXHO OTOMpaTh 0Opaslkl M [/IA BBLIABJIEHMHA CBA3H COCTaBa H
CBOMCTB KBapla C KOHLEHTpalueHd IONe3HOro KOMIMOHeHTa. [leTanbHo
ONpoGYHT YYacTKH pe3KHX HU3MeHeHHH MMHEepanbHOI'O COCTaBa KWI M
BMEU2IIHX TOpHBIX mnopon. Obulee uvcno o6pasnoB MUIA OTAENbHBIX
MECTOPOXISHHI BADEMDYET OT ABYX-TPEX OECATKOB [0 MHOI'HX COTeH
B CBA3H C PA3IMYHOI CTENeHbI0 X PAa3BeNaHHCCTH MIH OTPaboTaHHOCTH,
a TaxKe pasMepoB ¥ JocTynHocTd. Hanpumep, npuBonkMele B HacTOALLEH
paboTe naHHbie 10 BaneiicKoMy PYAHOMY [OJIK0 MOJAYYeHbI H& OCHOBe
usyyenus 800 c6pasuos.

OpuuM 43 YCIOBHH YCMEMIHOTO I CHONb30BaHMA THIoMOpPGHU3MA MpHU
MPOTHO3HO-0leHOUHbIX paboTax ABNAeTCA OpraHusauusa cbopa ¥ XpaHe-
HHe THMMYHOIO KaMeHHOTO MATepHasla HA BCEX 3TAIldX IeoJIoropasBefiouy-
HbIX paboT (OT MOMCKOBO-OUEHOUHBIX A0 [eTaIbHOH pa3sBeAKH M IKCIUTY-
aTalMd MeCTOPOMIEeHHA ) .

B yvyacTkax aeTanMsaldi B K&KOOM CeyeHWH uucno oGpasuoB omnpe-
OeNnAeTcA YHCIOM [epeMexallHXCA PpPasHOBHAHOCTEH H MOUIHOCTBHIO
#uWbl. PaccToAHue Mexny ceueHHAMH BhIOMpaeTCs B 3aBMCUMMOCTH OT COC-
TOAHMA BBIPADOTOK, H3IMEHUMBOCTH CTPYKTYP M TEKCTYP KBapla, a TaKXe
PYLOHOCHOCTH B KOHKPETHOM yYacTKe MHIIbl. JTO [M03BOJIAET MOJIYYHTh
NpeACcTaBUTENLHBIH MaTepHal M0 U3MEHYMBOCTH BCeX NapaMeTpOB 110 Bep-
THKAJIH H TOPU3OHTAIM B GNIOKe M 32 ero npejenamu.

HenocpencTeensble nonessle HaGMIONEHHA U ¢GOp KBAPLEBOTO KaMeH-
HOrO MarepHana MMeRT ocoDeHHOCTH B 3aBHCHMOCTH OT pynHodopMa-
LUMOHHOH MPHHAUIEKHOCTH MeCTOpOXIAeHHH. B rpeii3eHOBBIX U HHIIBHBIX
MeCTOPOXKIAEHHAX BONbk(paMa M 0J10BA OCHOBHYH HHbopmauuo ob yc-
JNIOBHAX MHHepanoobpa3oBaHMA ¥ TUMIOMODPGHBIX NPU3HAKAX AT KpPHC-
Ta/LIMYECKH-3¢DHUCTBIE arperaTsl M KpUCTainbl KBapua. OcobeHHOCTH
HHIMBMAOB, B TOM YHC/Ie UX 1BeT, MOP(dONOrHs, 30HaIBHOCTh, BhIABJIAE-
MaA npu 00iyyeHHH, TUIILI ACCOLMHPYOIIMX ¢ HUMH CITION Jal0T OCHOBHYIO
NONeBYX MHUHEpAJIOreHeTHYeCKyI0 HHGOpPMAUHMI0 H OCHOBY INA BBLIABJIE-
HHA THIOMOP(HBIX NpH3HAKOB, IIpU nMoneBoM K3yueHHW KMIIBHBIX KBap-
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UEBHIX AarperaroB CpejlHeryOHHHBIX 30JO0TOPYAHBLIX MEeCTOPOKIAEHHH
ocoboe BHMUMaHuWe clefyeT YHAeIATbh He MHIMBMAAM, a UX CPACTAHMAM,
CTPYKTYpaM M TeKCTypam. XapaKTepy 3epHHCTOCTH, COOTHOLIEHHIO iiec-
TOBATBIX M MECCHBHLIX TEKCTYD, MOABTEHWIO IPAHYIISLMOHHOIO NEPEPOX-
LI€HHA, IPHCY TCTBHIO ¢YNbPHUOOB HIIH cynbdocomnei.,

HccnepoBakue MeCTOPOXKICHHH ManorayOuHHbx Gopmauuid 1pely-
€T y)Ke B MONEBbIX YCIOBHAX TOHKOIO M OETANbHOIO U3YYEeHHA CTPYKTYD-
HO-TEKCTYPHBIX OCOOEHHOCTEH MKHMIBHOTO CYLIECTBEHHO KBaplLeBOrc BhI-
NOJIHeHHA W1. Bonblice MUHEpanoreHeTHYeCKoe 3HaueHwe mpuobpe-
TAT XapakKTep PHTMHYHOCTH, TOCIEN0BAaTeIbHOCTh CMEHBI CIIOOHCTO-
KBapLeBbiX, afynAp-KBapLUeBLIX WM COOCTBEHHO KBapUEBLIX arperatos,
HaJIMYHe WM OTCYTCTBHE NIACTHHYATEIX MW LIEeCTOBATHIX arperaros, no-
BelleHHe 30H pPa3BMTUA aMEeTUCTOBHOHOTO KBapua, MeCcTO 3070Ta, cepeb-
pa, cynudHAOB M cynh¢;oconéﬁ B obiiem mpouecce MHHepanoobpasoBa-
uua, [Ipy petanbHBIX HCCIEOBAaHHMAX, LIENbK KOTOPBIX ABIAETCHA OMNpe-
oeneHHe MeXaHW3Ma MHHepanooOpazoBaHMA, HEODXOIHMMO TILATEIIBHOoE
OIMCAHHE KAKOAOH 30HBI M KAKIOr0 CJIOA U CONPOBOXALHUE ero 01bopom
KPYNHBIX OPHEHTHPOBAHHBIX B [1IPOCTPAHCTBE 00pa3lIos.

METOIbI 1IOAI'OTOBKH MATEPHAJIA K AHANTH3Y

O6pa3ubl H3yYalTCA BH3YAIbHO, OlpelenAeTcA WX NpHHan-
JIEXKHOCTh K TOH HJIM MHOH CTPYKTYPHO-TEKCTYPHOH pa3HOBHAHOCTH. K3
BCeX pPAa3HOBHUIHOCTEH TOTOBAT MNPO3paYHbie LUIMEBI NpeuMyLLIecTBeHHO
GONBIIMK pa3MepoB MJIA [POCIeAHMBAHWA H3MEHeHHH B INpenesiax CJIOXKHO
[IOCTPOEHHLIX ArPEraToB.

Jna u3yyeHusa cocraBa M CBOMCTB  OTHEIBHBIX pPa3sHOBUIHOCTEN
KBaplua FOTOBATCA MOHOMPAKLNM HIH, e MX BBRIAEIUTbh HEBO3MOMHO,
nerkue dpaxuuu, Ha 95—98 % cocrosAmMe M3 kBapua. PUTMiuHo-cmonc-
ThI€ arperarbl paspe3ai0TCH HA TOHYAMINME IJIACTHHBI MeprneHIuKYIIAPHO
K (JIOWCTOCTH, U3 TUTACTHH BLINENAITCA [UIH aHANU3a OTAENbHEIE CIIOWICH.

H3 otmeneubix 06pa3snoB roTOBATCA NPOTONOYKH € LEJLK ONpeaene-
HMA KOJIHUeCTBa pYAHbIX MuHepanoB. Jlerkas ux dpakuds MCIONB3yeT-
CA INA nonyueHds moHodpaxkmmi ksapua. KonuuecTBo mMoHOGhpakuui,
uumMdoB, aHWNHMOB, IUIACTHH U OPYIHX MPenapaTtos 3aBHCHT oT oObema
onpoboBaHHA M0 KAKIOMY 00bEKTY.

Cxema noaroroBkd npob Kk aHanM3y BERIOYEET CEpUI0 OrepauMii
(puc. 2). IN'otoBurh GdpaKkUKMK pa3sIMUHON pasMepHOCTH MyTeM pacceBa
OJHOH M3MENbYeHHOH MNpoObl HENb3H, TAK KaK B pa3HbIX Kiaccax OymeT
pa3nHyHOe KOJIMYeCcTBO IIpHMeced NOJIeBbIX LWINATOB, CIIOUCTHIX CHIIH-
KAaTOB, PYIHbIX MUHEpaJIOB, KOTOPBIE 0KAa3bIBAKT CYLUECTBEHHOE BIIHAHUE
Ha MoJiyyaeMble peaynbTaThl. Takas CIOXKHASA W JUTMTelbHAd NOAroTOBKA
npob HeobxoaMMa MpH H3YYeHHH KBaplia HOBLIX 00BEKTOB, MOCKONLKY
HEeU3BEeCTHO, KaK OyayT OTMMYATHCA COCTAB W CBOMCTBA Y PAasIMYHBbIX
CTPYKTYPHO-TEKCTYPHBIX Pa3HOCTEH arperatoB #MILHOIO KBapla.

B Tex IyyaAx, KOI[a MCCIefoBaTellb TAKHMH NaHHBIMMW yKe pac-
rmonaraeT, NOAroToBKa rpod Ccokpalyaercd, W YacTO AOCTATOYHO HCCIeino-
BaTb ToNbKO obume npobel. Ho cepuio obpasuoB B wonuuecrse 20—
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Puc. 2. Cxema moaroroBxu npob KBapua k aHANM3Y JIA BEIABIEHHA ero TUnoMopdg-
HBIX NPHIHAKOB

Himensyenue 00-007 MM

30 wT, MOATOTOBHUTE U HCCIEAOBAThH B IOJIHOM 06beMe Heobxonumo A
BCEX OT/IHYAIOILIMXCA arperaTos,

METO/bI H3YYEHHA KBAPLIA

Komnnexc MeTonoB BKJIHOYAeT U3YyueHHE CTPYKTYP U TEKCTYyp,
cocTaBa, [IpUMecel, pYIOHOCHOCTH, COCTABA Ia30BO-KHIKHUX BKJIIUEHHH
pH cycnensuii ¥ paga GU3HIECKHX CBOKCTB.

Bce meToauueckHe npuHemMel NpM HM3yYeHHHM KBaplla Haao BeIOupars
¢ TAKHM pPacyeToM, YTOObl OT KOPPENALMOHHbIX CBA3€H MepeHTH K BhIAB-
JIeHUI0 WX NpHYMH. JINA 3TOro MOXHO MCoNb30BaTh MeToasl P, Hayue-
Hue uckyccersenHod TJI, tennor dazossix nepexonos, MKC npu usmene-
HUHM Temneparyp oT —196 no +700 ° C, usmeneHue yaeNnsHO# 3MeKTPONpO-
BoOHOCTH NpH HarpeBannu no 900 °C u gaBneHHAX oT arMocdepHOro
no 20 MIls, npoueccel rasooTaenedud npu HarpeBauuu ot 20 no 600 °C
U ap.

OnpenenedHune cocraBa. Banosslil cocTraB Bcex npuMeced onpege-
JIAeTCA OObIYHBIM NPUONMKEeHHO-KOJIMYeCTBeHHLIM 3MHCCHOHHBIM CIEKT-
panbHBIM AHATIM30M Ha 45 3/eMeHTOB (HCnapeHMeM H3 YroJBHOTO 3JIeKT-
pona). KomuuecTBeHHbBIM CHEKTPalIbHBIM  AHAIIH3OM  ONpENeNAITCA
Fe, Be, Sn.

Jlns onpeneneHyd 1enoYeil B BaKHeHIUHX PYAHbIX 3JIeMEHTOB MCNOIb-
3yeTcd IWHPOKHH KOMIUIEKC KOJIMUECTBEHHBIX XHMHUYECKHMX, (hU3Hyec-
KMX M (H3HKO-XMMHYeCKHX meTonos: ¢doTomerpua nnameHn (K, Na,
Li, Cs), pentren-pmoopecuenthsni (Rb, Th, Pb, Sr, U), atomHo-abcop6-
uuoHHe (Ag, Au, Bi, Co, Cu, Mo, Mn, Ni, Pb, Sb), peHTreHo-cne KTpans-
Heii (Nb, Ta) ananuasl, poToranopumerpuueckuid (Al, W, Ti) u o6bem-
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HEL1 (Sb) merojbl. UyBcTBUTeNEHOCTS aHanu3os: Bi, Cs, Sb— 5+ 107 %;
K, Na, Li, Al, W, Co, Mn, Cu, Mo, Ni, Nb, Sn, Ti— 1-10"% %; Ta— 5X
X107%%; U, Th,Sr, Pb, Rb—1.10"* %; Au, Ag—1-10"% %.

HUayuenue ETJI. Ina u3yuenus ETJI Haubonee npuemiem cepuit-
Hbplli mpubop 'Tepmomiom-1". OH oOecneunBaeT aBTOMATHYECKYH pe-
FUCTPALHIO CHIIBHBIX M cnabbix cHrHanoB (ycunenwe B 107 — 10% pas)
B obnactt 300—600 M. B cBA3u co cnaboii naTeHcusHocThio ETJI kBapua
[NA OOCTH)KEHWA BOCIPOHM3BOAMMOCTH Heobxomumo paboraTh ¢ MAaCKOH
¢ HaubONBWHM OTBepcTHEM Ha 4-MUHYTHOM pexxume. OnTHMalibHaA Ha-
Becka Mpobsl ana ogHoro aHanusa 100 mr, dpaxuua —0,25 + 0,1 mm,
C uenbi0 MONY4YeHHA COMOCTABMMBIX PE3YNETATOB M KOHTPOJA paboTel
npuGopa HeoOGXOAHMO TIOJB30BATECA 3TaNOHOM. Perucrpupyemsie npuGo-
POM KpHBbIe Ha3bIBAIOTCA TEPMOTIOMOTPAMMAMH.

ChemMKa CNeKTPOB PEHTTeHOCTUMYJIHMPOBAHHOH TEPMOMKOMH-
HecueHunu (PTJ). [IpuHImMnuanbHas cxeMa annapaTypbl O ChbeMKH
cnextpoB PTJI xopouwo u3BecTHa [44] M KOHCTPYKTHBHO ONpenenser-
CA MMEILLEHCA Y 3KCIepHMMEHTATOPOB annaparypoil. JIna cheMKH CneKT-
poB PTJI Heobxomuma cneyuasibHad noarotoBixa npob. [Nopouwok kBapua
dpaxkuun —0,25 + 0,1 MM oTxuraercs npu Temmeparype 400 — 500 °C
B TeueHue 3—4 y, a 3aTemM 00ayuYaeTcA PEHTreHOBCKHMH JIyYaMH OKOJIO
3 u. Jlns paBHOMEpPHOH pEHTreHH3alliM BCeX 3epeH NpoOb! Iyylle HCHonkb-
30BaTh Dollee xecTKHe PeHTreHOBCKHe Jyud Ha anmaparte [IPYC TpyOkoi
BXB-6 ¢ sonspamoBbiM aHogoM npu HanpsoxkeHu#s 40 kB u Toke 20 MA.
[Tocne obnyyeHua npoOsl NpHOOPETalOT pABHOMEPHO ALIMYATYI0 OKPacKy.
Hexoropwie uccneposarenu [3, 7, 24, 30, 38, 44, 47] nna ycunenus
TJI npensapuTensHo oTxMrawT kBapu ao 400—500 °C, a satem obayuaror
y-ly4aMH, HanpuMep, ¢ nomMotusio °° Co. BosbyxaeHHaA HOHH3UPYIOLIAM
obnyuenuem TJI nonyunna HasBaHHe HHOYUMPOBAHHOH [UIA HCKYCCTBEH-
HO#1 TepmosnomuHecuenuuu (MTIT). Yncno Bo3byxiaenrsix ueHtpor TJI
3aBHCHT OT YMCJA 3aMEILEHHBIX ATOMOB KpPEMHHA M 103bl 0DNyueHHA.
OBbLIYHO COCTOAIHME HACBILIEHHA HACTYNAeT HpH Aose obsyuenua 10° —
107 pan.

O6paborka tepmonwmorpamm. lIpn obpaborke manbbix ETJI
onpenenAlT TemiepaTypsl MakcumymoB (T') uuHTeHcuBHOCTh (/) B OT-
HOCMTEJBHBIX eJHHHUAX, ONpeAelfAlIIYIOCA BbICOTOH mnuka. 1A BbiAB-
AeHHA THNOMOPGHLIX NPHU3HAKGE KBapua OINpeaeNisieTca OTHOLeHHe
uHTeHcHBHOcTeH ETJI anA cooTBETCTBYIOIUMX TeMIEparyp MakKCHMY-
moB. [Ipi HeoOXOOHMOCTH MOXHO OMpeeadTh NapamMeTpbl peKoMOHHa-
LMOHHOHM KHHeTHKH npouecca TJT [44, 47] .

I''H. Borpanosa B 1977 r. npeanoxuna s o0paboTxkd TepMoIio-
morpamnm MTJl samepaTs ¥ Hcnonk3oBaTh ABa MapamMeTpa AIA KayKOoro
THNa cBeueHHA: S (cBeTocyMMa, onpejelseMas 0 IUIOUIAAM MHKA) H
Iy (MHTEHCHBHOCTDL, OMpenendeMan Mo BeiCOTe muka). B peaynbrate
ucenegosaduii [''H. BornaHoBo# BLIABIEHO, YTO N0 MEpe FHAPOTEePMATib-
HOM rnepepabOTKH KHUIIBHOIO KBapua M NpuOIHIKeHHA K XPYCTaNeHOCHbIM
THE3[1aM Pe3KO BO3pacraiT S U lypy.

OneHka cTemeHM M3MeHEHHOCTH KBaplua Bmewawmwmx nopon (K)
npoussoauTca no gopmyne K = (§;— 8,)/Sy =4S8/5,, rne §; — cBeto-
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cymma MTJI kBapua smemawuieil nopoasr, S, — cBeTocymma Hcciiefo-
BaHHOI 1poObl.

VizsmepeHune 3NeKTpPUUYECKHUX CBOWCTB KBapua. J[UanmeKTpHYEC-
KyH M[POHHIAEMOCTh KBapla pPeKOMEHAYeTCA H3MepATh pe30HaHCHBIM
MeTonoM Ha yacrotax 100 xI'y, 1, 10,1 100 MI'u ipi KoMHATHO# Temnepa-
Type U B xofe ee uaMereHus ot 20 no 250 ° C. JIyvinue peaynsratsl NONY-
YalTCA NPH H3MepeHHsAX B NopouKax ¢ pazmepom yactun —0,1 — 0,08 mm.
Jnsa rpynn npo6, XapaKTepHU3yOIIHX CNpefeeHHEId THII KBapua, Heobxo-
IMMO PAcCYMTLIBATH CpeHHe 3HAYEHHA W CTPOWTh rpadMKH 3aBMCHMOCTH
OIT ot yacToTel, HA KOTOpPOH OHa H3Mepsanacs [22].

OneKTPONpOBOOHOCT: yOOOHO onpenenATs Ha I[UJACTHHAX KBapla
TONIIMHON OKONO 2 MM, muomaasio 3X 3 cm® B Bakyyme [22] . Peaynbra-
Th! 0GpabaTriBaloTes B BUIe rpadHkoB lg o, =f(1/T),rne o — ynens-
HaA NpoBoaumMocts, I — Temneparypa, K.

MMonyuenue # o6paboTka MK-cnekTpos. Chemka NpoH3BOOMT-
ca Ha mpubopax UKC-14 ¢ npuamoit LiF B cnextpansioi obnactu 5000—
2000 cm™' meronom nornourenus, UR = 20 B obnactu 4000—2000 cm™*
win Ha apyrux HK-cnextpodoromerpax. Jna cvemru HK-cnexTpos
FOTOBATCA TOMUPOBaHHBLIE ¢ OBYX CTOPCH IUTAacTHHBI TomumHo# 0,1 —
2,0 MM u mwiomansio 20X 30 mm?. TouHOCTE ONpenesieHHAa MaKCHMYMOR
cocrapaser +10—15 cm™'. [lna HcenenoBaHWsA MOTTIOLUEHHA B obnactH
meHee 1000 cm™! HeobBxoauMo TOTOBHMTH TUIACTHHBI TOAIIUHOH MeHee
0,003 mm.

Cremka MK-criexTpoB NpM pasnuuHBIX Temmrepatypax [oT —196 °C
(xupxuii azor) po +700 °C] no3BonAeT BHIABHTE CTPYKTYPHOE Co-
CTOAiHME BXOAAIIMX B KBapl pasnHYyHbiXx (hopM BOAbL B 3THX cnyyasx
IpaKTHKyeTcA cbeMka cepuit MK-cniexTpoB npy dukcupoBaHHBIX TemIie-
parypax ¢ unrepsanamu 20 — 50 ° C. ConocTaBneHue cepuil TAKUX CIIEKT-
POB /aeT BO3MOXHOCTBH [POCIEXMBATh TOABJIEHHE HIH HCUE3HOBEHMWe
OTHENbHBIX [I0JIOC TOTJIOLUEHHHA, CBA3aHHLIX ¢ onpenereHHsiMu OH,-
rpynnaMH, acCOUMHpPOBAHHOCThE UX CO LIeOYHBIMM 37eMeHTamu. [lapan-
JenbHOe U3y4YeHHe ra300TAeNleHHs MpH HATPeBaHUM B BAKyyMe, B TOM 4HC-
e MapoB BO/bl, JaeT BO3MOKHOCTb BbIABHThE U KOJIHYECTBEHHbLIE COOTHOLLe-
HMA pa3JMuHBIX (POPM BOJBI, YITIEKHCIOTE M APYTHX KOMIIOHeHToB. Jing
ceeMkl HMK-crieKTpoB npH pasnuuHbIX TeMrepaTrypax HCroJik3yHTCA
pasfuuHble PHCTABKHM K crnekrpodoToMeTpaM, MO3BOJAKIIME H3MEHATE
¥ QuxcHpoBaThk TeMneparypy Ha spemsa chemku. Hapany co cnexrtpamu
MOTJIOUIEHHS 3HAYMTENBHYK HH(MOPMAUHI O CTPYKTYPHOM COCTORHMH
KBapla [alT H cieKTpel oTpaxkeHua B MK-obmactu, nonyuaemele ¢ He-
MONLE30BaHHeM CIIELHabHBIX NPHCTABOK.

B nocnenHee BpeMfA IJIA MU3YYEHHA TOHKOH CTPYKTYPB! KBapla Hauu-
HAKT UCIOB30BATECH CIIEKTPEl KOMOHHAIMGHHOTO PacCeHBAHUA, KOTOPEIe
cHuMawTCcA Ha npubope JOC-24 ¢ nazepHbIMH UCTOYHHKAME BO3OYXIEHUSA.,

O6paboTika HK-cnekTpoB NMpoM3BOAMTCA C LENbIO ONpeneiedua hopm
BO/Ibl, OIpefeneHud BepoATHoH cBA3H OH,-rpynn co wenouHsiMy meTtan-
mamu (cm. tabn. 3) .

OueHka KOHUEHTDAUMIl BOIObI, YIIEKHCIOThl U CTENeHH YIOPALOYEeH-
HOCTH peIleTKH KBapuya NpPOU3BOAMTCHA HA OCHOBe 00paboOTKH MaHHLIX
110 MHTEHCHBHOCTH COOTBETCTBYIOUIHX MMOJIOC MOTTIOMIEHHA.
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Ha HMK-cnerTtpax niaacTMH KBapua NMOCTOAHHO TPHCYTCTBYIOT MOJOCHI
nornouleHus B oGmactu 2120—2185 em™ ' (A4,) u 2220—2270 cra!
(A,), KoTopble, KaK yXe YKaspBaloch, NMPHHATO CuMTaTh obeproHa-
MH coOCTBEHHLIX KoOJeDaHWH KpHUcTalIMyecKod pelueTku. OTHoueHue
A, [/A,, KOoTOpoe BbLMHCIAETCA Ha OCHOBE M3MEPEeHHH HHTEeHCUBHOCTeH
MOrJIOMIEHUA B TMPOLEHTAX, XapakTepu3yeT cTelleHb yropAIouYeHHOCTH
KBapua.

OueHka KOHUEHTpauuH oOlIed BOALI, €ClH CHeKTp He paspeilel,
MM ofpefeneHHbIX GopM BOMABI, €CITH COOTBETCTBYIOIIHE [TOJOCHI TIONI0-
ueHus (uKeHpoBaHbl Ha criekTpe (ob6macts 3200—3600 cv™'), npons-
BOJIMTCH Ha OCHOBe 3akoHa Byrepa — Jlambepra—Beepa.

[Tonarasa, uro yrnexucnora dukcupyerca Ha MK-cnexkrpax xBapua
nonocoit nornowendus 2360—2380 cm™! (manuble E.M. JonomaHoBoit
u E.B. BrnacoBoii, 1974 r.), MOXHO OLeHHBATh KOHLEHTPALMH ITOTO KOM-
rnoHeHTa, Cnemyer OoTMeTHUTh, YTO TAKHM CNocoDOM BBIABIAKTCA CKOpee
BCEro TOJNBKO CyMMmapHble (B gedeKT-kaHamax M ra3osBo-KMIKHX BKITH-
YEeHHAX) KOHUEHTPALMH YIJIEKHCIOThI, HO OOJbIUMHA BKIIad B MHTEHCHB-
HOCTh [0JIOC TOMIOUIEHWA [1aeT, BEPOATHO, YIIeKHCI0Ta, HaXOMALIAsCA
B fedeKT-KaHaAIax.

Tepmuueckuit aHanu3 keapua. [IpH U3yueHHH *MILHOTO KBapua
MECTOPOXKIEHHI ManornyOHHHBIX (opMaunii, KOTOPbIF, K4aK MPABHIIO,
COOEpPMUT NPUMECH CIOMCThIX CHJIMKATOB — THAPOC/IKI, XJIOPHTa, K4o-
JIMHUTA, MOHTMODH/UIOHMTA M [Ip., HEOoOXOAMMO KOHTPOJIHPOBAThb HX
MPUCYTCTBHE M OLEHHBATh BePOATHOe BJIMAHME Ha pe3ysibTaTbl MCCJeNo-
BaHHH, YTO BO3MOJXKHO C MOMOLUBK TePMHYECKOro aHaiu3a. MeTtonsl Tep-
MHUECKOIO 4aHAIM3a MO3BOJIAKT OlpeleNATs TeMIllepaTtypbl a — 3-nepe-
Xoma B KBaple (1o oTHOINeHUI K ( — a-nepexony K, S0,) u rennorst
¢dhazoBoro nepexona (B CpaBHEHHH ¢ AHANOTMYHOW BenuumHo# mna WO, ).
Tennora daszoBoro nepexoaa onpenenseTcd CTPYKTYPHBIM COCTOAHHUEM
KpHCTAI/IMYECKOH peleTKH, U B obulemM cnyuae Haubomnee nedeKTHBIE
KPHCTAN/IHYECKHE CHCTEMbI OOJDKHBI MMeTh MHMHMMAJIbHBLIE TEIUIOThl da-
30BBIX Mepexo/oB. JInd TepMHUecKOro aHaaM3a HCMIONB3YIOTCA YCTAHOB-
KH Pa3sHOH CTerneHH CIOXKHOCTH. ¥ NoOHBI NpubOpLl THMa aepuBatorpada,
MO3BONAWIIHEe OAHOBPEMEHHO perucTpupoBaTh KpHuBbie [ITA u kpuBhIe
notepu Beca oOpa3ua npu HarpeBaHud. HaBecka kBapua s TepmMHuec-
KOI'0 HCCNeI0BaHUA 3aBMCHT OT THIA YyCTaHOBKM, KONMUECTBA NpUMecei B
obpasiie, BelHUMH TeIOBHIX 3(QdeKTOB MPOLECCOB, NPOTEKAWIMX MPH
HarpeBaHHH. Pexomenpayerca pabota ¢ ¢paxkuven —0,14 + 0,045 mm.
Bonee kpynHbie 3epHa HCNOJIB30BaTh HellenecooOpa3Ho H3-3a 3ddexrTa
e KpenuTalHH ra30BO-)KUIKHX BKIIHYEHHH.

M3mepenue mMukporsepnoctu. MeToauka onpeneneHds H3Jio-
weHa B pabore C.U. JleGenesoit, onybnukosaHHod B 1963 r. MHorue
BOMpOChl METOHOJIOTHH H3YUYeHHA TBEpPIOCTM MMHEPAIOB, M KBaplla B
TOM uucne, paccMmoTpennl B cBoakax A.C. [ToBapenHnix u H.IT. Kwkuna,
OTMeTHM [HLb HEKOTOPbie 0CODEHHOCTH M3MEePEHHA MHKPOTBEPAOCTH
kBapua. [InA onpeneineHds BeJWYWH MHKPOTBEPNOCTH MCNOJIB3YIOTCA
npubopsr [IMT-3, IIMT-5. CrenmansHad NpMCcTaBKa MNO3BOJNAET 4BTO-
MaTHYEeCKH NPOH3BOIAWTh BAABIHBAHHE M CHATHE alIMasHOM NHpaMHIb!
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¢ uccreayemoro obpasua. OOBIMHO NpW oNpeneneHHH UCMosb3yeTcs Ha-
rpy3ka maccor 50 r. JloctoBepHOCTh pe3yiibTaToB obGecrneunBaeTcs MOJIY-
yeHHeM ¢ Kaxaoro obpasua He meHee 35 orrnedarkoB. [lonyueHHbIe OaH-
Hble 00pabaThIBAKT MO OOWENPHHATOW METOAMKE, B WTOre I0JIy4aioT
BapuMaUMOHHbIe KDHBble. MakCUMyM Ha KpUBOH yKa3sbiBaeT Haubonee
BEpPOATHOE 3HayeHWe MHKpOTBepAoCTH. [IJIA aHM30TPOMHBLIX MO TBEPAOC-
TH MHHEPAIOB Ha KPHBBIX OyIeT nBa MaKCHMyMa COOTBETCTBEHHO IBYM
3HAUEHUAM MHUKDOTBepHocTH /1, u H ;.

A C. TlloBapeHHbIX peKOMeHAYyeT OLleHHBaTh M MCHOJIb30BaTh TaKXke
M XpPYIKOCTh MHHEDAJIOB B KayeCTBe OJHOTO W3 NpHU3HaKOB, 00ycnoB-
JIeHHBIX OCOGE‘HHOC’THMH TIPOYHOCTH. Xpynxocn, npoxanﬂerca B pas-
JIMYHOH HMHTEHCHBHOCTH OpPEOJIOB MHKPOTPelUHH BOKPYI OTMeYyaTKOB.
IIo mertonuke A.C. [loBapeHHBIX pacCuMThIBaeTca CcyMMapHbni Gamn
XpYINKOCTH z o hopmyne z =0ny +1n, +2n, + 3n; +4n,4 + 5ns, roe
Mg, Ny, Na, M3, Ng, s — OTHOCHTEJIbHBIE KOJHUECTBA OTIEY4TKOB U3 0O1e-
ro MX YMCIa ¢ ONpefeseHHOH XpYMKOCTho. Bann xpynkocTH npucBaHBa-
eTCA Ha OCHOBAaHHMH XapaKTepa OTNe4YaTKOB!

6e3 BHIMMEIX TPeLLHH H CKOJIOB —();

onHa Hebonpluas TpellnHa, cosnana:mmaﬁ C NMpoaoXKeHHeM [OHANOHalIH OTIeYaT-
Ka,— 1;

OOHa TpellHHa, He COBHaJallIAd C MPpoNO/DKeHHeM [HAroHan oTleuarka, OBe
TPeIHHBI B CMeXHBIX yr/IaX OTNeYaTKa — 2;

ABe TPelMHLI B MPOTHBOMONMOXKHBIX Yriax oTneuyaTka — 3;

Gosble TpeX TPeluHH, OOHH-IBA CKONA ¥ CTOPOH oTnedaTka — 4;

paspyiieHHe hopmMbl oTmeyarka — 5.

Orneuatxku ¢ HGannamu xpynxocru 0,1 u 2, no A.C. [loBapeHHbIX,
NpUrofHel A7 BBIUMCIEHUA MHMKpOTBeprnocTd. BenuuuHa MMKpoxpyn-
KOCTH KBaplia, BBIPRKEHHAA uepe3 cyMMapHbii Damn, ocobeHHO 3epeH
B 3ePHUCTBIX arperarax, ABJIAETCA OOHMM M3 KpPUTepHeB BepPOATHOH py-
JOHOCHOCTH.

Hayuenue nweszosnexkTpuyeckoro 3¢oexrta. [lpu nsyueHuu
nee3oaddexTa pasnUuaKT ABA MOMEHTA: ONpeneneHHe MNbe303/1eKTpHYec-
KHMX CTPYKTYp M usmepenue npve3o3]JIC. Onpenenenne nee3od]IC xunp-
HOTO KBapla MOXeT OCYLUeCTBIATHCA CTATHYECKMM M [IHHAMHYECKHM
cnocobamu. CTaTHYeCKHMA cnoco® H3MepeHHUH ABIAETCH BBICOKOTOUYHBIM,
HO TpeDyeT BBICOKOTO KauecTBa MOATOTOBKH 06pa3slioB W NpUMEHEeHHA
cnoxHoro obopynoBaHHA; OH MAIONPOH3BOAHTENIEH M MO3TOMY HAXOIMT
OrpaHHYEHHOEe TPUMEHEeHHe.

OuHamuyeckuit criocob ABNSAETCA CPaBHUTENbHbIM, 3HAUEHUA MbE30-
MOAYJIeH BBIYHCIAKTCA B pe3y/bTaTe CPaBHEHHA aMIUIMTYI 3MeKTpHYec-
KHX KonebaHMil, BO3HHKIIMX B HCcreayeMoM obpasue u 3tanoHe, B ka-
yecTBe 3TalloHa HAaMM HCMolb3oBancA KBapu Bom-T'opxoHckoro mecro-
poXAeHHA. AMIUTHTYII Mbe303MeKTPUYeCKHX CHTHATOB obpa3ua u 3Tajno-
Ha npuuumamrcn CpeoHHMH H3 ‘ie’l'blpex-ﬂ.lECTH 3EMEPOB MMpH onpeneneHu
Mee30MOAYNA B oAHoMm Hanpasnenuu. IIpu 3tom cnocobe npumenser-
cA anmapatypa, B KOTODOH MMIIYJIbCHbIE HAarpy3kd Ha oOpaszel noponsi
CO30al0TCA C MOMOIIBK Mbe303JIeKTPHYeCKHX TfpeobpasoBareneil. Pas-
HOBHAHOCTBK) TaKOH anmapaTypel ABnAercA ycraHoBka HITA-59 (um-
MynbCHAA NepeHOoCHasa annaparypa). [Ipn mpounx paBHBIX YCITOBHAX Ha-
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nbonee TouHbIE M3MEPEHUA II0JYUAITCA B TeX cIyuadax, Korjga cobcTBeH-
HbIE YACTOTBI M3JyuaTens, obpasua KBapla ¥ 3TAJOHA MaJo OTJIMYAKTCA
apyr ot gpyra. TeoperuuecKumy MCCIeNOBaHHAMM W MPAKTHKOH paGoT
IOKa3aHo, YTO TpeICTABUTeBHEIMH ABIAIOTCA 00pa3usl B Bhuae KYOMKOB
¢ pebpom He mMeHee 4 cM NpH cpegHeM pa3Mepe 3epeH Mbe30IeKTPHKa
2—3 mmMm.

OcHOBBLI METOOHKH HM3YUEHHHA MMbe30TEKCTYP M3I0KeHbl B U3BECTHBIX
pabotax A.B. lly6uukosa, 3.1. INapxomenko u ap. /lna xksapua BO3MOX-
HbI TPH THMIA 3THX TEKCTYpP: B TeKCType (°° *m) ONTHYECKHE OCH 3epeH
KBapua o6pasyloT IoAc, a OJHA U3 Ocel BTOPOTo MOpAiKa — 3JleKTpuyec-
KaAa — COBIAJaeT C OChl0 Mosca (ockl GEeCKOHEeYHOro MOPANKA TeKCTY-
pul); Texcrypa (2 * m) OTIHYaeTcA OT MEpPBOW TeM, YTO ONMTHYECKHE OCH
o6pa3yT IByXMaKCHMYMHBIH Mofc, NpHYyeM MaKCHMYMBbI ODHEHTHPOBKH
pacronoxensl mon yraom 90 © wiu GIH3KWM K Hemy; B TeKcTvpe (mX
X 3:m ) onTHYeCKHe ocY 0Opa3ylT MaKCHMyM, 4 OCH BTOpPOro NOpAnKa
KpHCTA/UIOB  PacloJio’keHbl ONHOMMEHHBIMH KOHLUAMH [apajiensHo
APYT OpYyry.

H3 OoTnenbHBIX KM MO MX NPOCTHPAHWI0 M MANeHHI OTOMpanTcA
OpuUeHTHpoBaHHble 006pa3lbl KBaplla, M3 KOTOPBIX B TPeX B3aWMHO Mep-
MEHIHKYJIAPHLIX TIOCKOCTAX (ba, ac u be, roe b — npocTHpaHHe KUIbI,
a — MajeHue, ¢ — HOpMaJlb K ee IUIOCKOCTH) AensioTca uutddsl. Ha de-
IOPOBCKOM CTONHKE 3aMepAeTCd OPHMEHTHPOBKAa ONTHYECKHX oced
Becex 3epeH KBapua. JlaHHEIe 3aMepOB HAHOCATCH Ha cTepeorpadHuecKylo
ceTky Byneda. 3amepsl mo Bcem mnupam oaHoro ofpasna cBOUATCA
B eJHHYKH JMarpaMMy B TMIocKocTH ba. 3aTemM NpOBONATCA H3OIHHUH
TJTIOTHOCTEN BBRIXOJA onmtHueckKnx oced. ITo pucyHKY auarpaMmel ycTaHas-
JIMBaeTCA THI KBAapLEBOro TEKTOHHTA, 4 COOTBETCTBEHHO eMY — THIT CHM-
MeTPHH Nbe303NeKTPHYecKoi TeKCcTypul. M3BecTHO, YyTo B KBaplconepxa-
umx o6pa3’oBaHHUAX NPH HATHYMM Aaxke cmabol OpHEHTHPOBKHM ONTHYEC-
KHX oced HabniomaeTcsi TakKe OPHEHTHPOBKa U 3MeKTPHYECKHMX OCeH.
JInHe#Has OPHMEHTHPOBKA OMNTHYECKHX OCEH KBaplia, COOTBETCTBYIOILAA
S-TeKTOHUTY, OOYCIOBNHBAET THI [bE303MEKTPHUECKONR TEKCTYDPBI (m X
X3 : m), a NIOCKOCTHAasA, COOTBETCTBYIWOIAA B-TeKTOHUTY, — (°>-m) HIH
(2 * m).B texcrypax Tuna (m-3 : m) cneayeT pa3liMuaTh TEKCTYPhLI OPH-
E@HTHPOBKil poCTa I TEKTOHHYeCKOH opueHTupoBKH. IlepBas obpasyerca
MpH KPUCTAIIIM3aUMH KBaplla B MOJIOCTAX TpelMH. TaKHe YCIOBHSA
crocobeTBYIOT (HOPMHUPOBAHHID TEKCTYD POCTA ¢ OPUEHTHPOBKOH ONTH-
YEeCKHMX OCel KPHCTAIIOB KBapla MepleHIMKYIAPHO CTeHKaM TPeUIHHEL,
TekeTypa TeKTOHHMUECKOH OPHEHTHPOBKH 00pasyeTca Npu BO3IeHCTBHM
Ha PAaCKpPHCTANIM30BaHHLIN KBapuUEeBhl arperar TeKTOHMYECKMX HampA-
JKEeHHH.

H3amMeHUMBOCTL MBbE30TEKCTYDP B MpejesiaxX KM/ MIIH MeCTODOXIeHHi
omnpeneNnAeTcA CpaBHEHHMeM COOTBETCTBYKWIUMX MM [HarpaMM WM HMX
rpymm.

Onpenenenue crtenenu CKC. JeranpsHo MeTomMKa ornpejesieHHA
CKC nopollKoBbIM METOJOM HM3JI0)KEeHa B paHee onybnMxoBaHHOH pa-
Bote [50]. Bpech npuBenemM ee COKPALLEHHLIH BAPHAHT H YCIOBHA Olpe-
nenenna CKC pudpaxtomerpuyeckumM MeTonom, paspaboTaHHLIM B
3a6HWK MI" CCCP I''T. TyMypoBEIM.
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Ilna wuccnenoBanua Heobxonumo HMeTh dpakuuio npobel KBapia
(uucrota 95—99 %) xnacca —0,071 + 0,05 mm.

Crenenr CKC kBapua B cliyuyae MCTONb30BAHHA MOPOIUIKOBOTO METO-
ga ouenuBaercd no muddysHocTH mudpakuuonHoi nuHun (2354) Ha
CHMMKaxX rnopolukorpaMmmsel B kamepe PKD. INpuumnsr BeiGopa ona uccre-
OOBaHHUA 3TOH NUDpPaKIMOHHON NTHHUKM W3BecTHBI [36]. PKD-cHuMKkH ne-
NAI0TCA Ha MeOHOM H3JIYUeHHH [pH 3KCMO3WUMH 15 MMH M pacCTOAHHM
obpasen — ruteHka, pasHoM 72 mm. [luaMeTp KOJIIMMAaTOpHOH nuacpar-
Mbl B Kamepe 2 MM. KonuyecTBeHHan OlleHKA MHTEHCHBHOCTH M CTeNeHH
i Py3HOCTH OCYLIECTBIIAETCA C MCIOIb30BAHHEM pErMcTOorpamMMbl JIH-
HHH (2354) BIOIb OCH yrinoB audpakuud. Perucrorpamma mosnydyaerca
Ha peructpupymoumem mMukpodoromerpe HUPO-451 ot PK3-cuumkos B
macwitabe 1 : 10. Ona moxeTr paccmarpuBaThea kak PKO-cHumok, cHa-
ThIi TpHU paccToAHMH oOpazeln] — ruIeHkKa, paBHoM 720 mm. 3to paer
Bonsloe pa3pelleHue K -ny6neTa MegHOTO H3NIYYeHHUA, PACCTOAHME MEKIY
MaKCHMMYMaMH KOTOpOro nmpuMepHo 19 mm. B kauecTBe 3TasioHa HCIIONb-
3yeTcA KBapll H3 XpycTalneHocHoro mectopoxneHna Koxum., Meronuka
npeAycMaTpuBaeT  H3MepeHHe BbICOTHI MaKCHMyMa JMHMM OT YPOBHA
¢oHa ¥ IWHPHHBI Ha YPOBHE ITOJIOBMHBI BLICOTHI MHKa. BennuuHa ''uHTEr-
PabHOM'® MHTEHCHBHOCTH OlIeHHBaeTCA KaK IpoM3BeeHHe BbICOThI MaK-
CHMYMa Ha MONYIUMPHHY MUKA.

Judpaktomerpuueckuit meton onpepenedna CKC no xapaxtepy o6
paboTku audpaKTOrpamMm aHANOTHYeH IMopollKoBoMy merony. Chemka
ancdpaxTorpamm Benerca Ha npubope JIPOH-3 m. [ina nuuumit (2354) K
HCIonb3yeTcA HedHJILTPOBAHHOE MenHoe H3yyyeHue. CKOpOCTh CYeTuu-
ka 0,5 rpang. B MUHYTY, CKOPOCTh ABMXeHHMA camornucua 10 MM B MUHYTY.
Paccrosnue Mexxay Makcumymamu (2354) momkHo Bbith He Meree 20 MM.
Ipu pgudpakToMeTpuyecKoM BapHaHTe TpebyercAa Oomnblie MaTepHaia
(mo 1 r), HO pe3Ko NOBLILLAETCA IKCIIPeccHOCTh aHanu3a. ComocrasieHne
MpOCTOro M3MepeHHA TMOMYIUPHHbBI MaKCHMYMOB Ha audpakTorpamme
¢ pe3ynbpTaTaMu 00pabOTKH METOJaM{ TapMOHHYECKOrO aHauu3a MoKa-
3aJ10 UX CXOAMMOCTh H BO3MOXHOCTE MOJYUEHNA HANEKHbIX Pe3yIbTaTOB
MPOCThIM H3MepeHHeM AH(PaKTOrpaMM.

JIpyrde mertonbl McclnenoBaHUA KBapua. HayueHue BKITIOUEHHH
B MHHepajiax, HX XHMHUeCKOro u (a3oBOro COCTaBA, TEMIEPATYD FOMO-
reHH3allMM B HacTodAllee Bpema cdopMHUIoch B CAMOCTOATEIbHOE Hanpas-
fneHHe — TepMoDHapOreoXHMHI0, METONOJIOTHA KOTOPOro HM3JIOXKeHa B pa-
6orax H.I1. EpmakoBa, A.M. 3axapuenko, 10.A. JlonroBa ¥ apyrux uccie-
nosaresiei [16, 21, 26, 32, 33, 35, 36] . [Ipy H3yueHUH BKIIIOYEHHH [IpHMe-
HAeTcA Oonbluag rpymnna Gu3MyecKUx, QU3NKO-XUMHUUECKHX U XHWMHYec-
KUX METOIOB: Macc-CIIeKTPOMETPHA, Na3epHasd paMaH-CleKTPOCKOIMUA,
xXpomarorpadus u ap.

M3yueHue ra3ooTAeNIeHrA KBaplia B BAKyyMe ABIAeTCA BAXKHBIM JUJIA OM-
peneneHusa BajloBoro kosmuectsa mnpumeced (CO,, Ny, Ar, H, O, He,
YrIIeBONOPO/bl) ; BBLIENAKLIHECA rasbl pasfeNdlnT myTeM (ppaKUHOHHOH
KOHIeHcalluy ¥ XxpomaTtorpaduu [16, 29] .

Hna BeiAacHeHua npuponasl ETJI, npamoro onpeneneHHusA KOHUEHTpa-
uui usomopdHbix npumeceid Al, Fe, Mn, Ti, Ga, Ge u npyrux ajeMeHTOB,
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panMayHOHHBIX LEeHTPoB B KBaple npumeHsaetrcd meron I[P [30]. K co-
skanennio, I[1P-cnexTpomeTpbl HMEIOTCA AaleKo He BO Beex J1abopatopu-
AX, U MCNOJIb30BaHHe 3TOI'0 METOA OTI'PAaHHUYEHHO.

B mocnepHue ronbi B NpakTHKY MHHEPATOTMYECKHX HCCIIeLOBaHUH
YCIEeHO BHEIPAKTCA 3]1eKTPOHHO-MHKPOCKONHYECKHe H MHKPO30HIO-
BbIe METObI HCCIIeIOBAHMA.

Mertonbl M3yyeHHA [UIOTHOCTH KBapla UIA BBIABIEHHA ero THIO-
MOp(hHBIX NPH3HAKOB, a TaKKe MeTOAbl HccleloBaHHA JedopMauMoH-
HBIX CTPYKTYD H TeKCTYp NpHBedeHbl B YNOMHHaBlIeHCA Bbilue paboTe
M.A. Kaua u U.M. CumaHoBHua.

HayueHne CTPyKTYp MNepeporkOeHHA KBapua MpH IUIACTHYECKHX H
Xpynkux pedopmauuAx paccmorpedo B paborax H.B. Ilerposckoit
[10, 40], A.I'. Kabuna [17] W rpynmnsl uccienoBaTesned Nox pyKoBOO-
creoMm ' H. Beprymkosa [18—20].

METObl OBPABOTKH PE3YJIbTATOB HCCJIEJOBAHHH

OOuiMe NPUHUUNBI TUNOMOpP(HUECKOTro aHanuza. [lo-
JIyueHHble B pe3ysbTaTe NabOpaTOPHBIX MCCIENOBAaHHH AaHHBIE [OJIKHBI
06obwareca ¢ noguuuil TMnomopduyeckoro ananusa. Ha npakTtuke 3a-
nayeil TUMNOMOP(HYECKOTO aHANU3a ABIAETCH HeoOX0AUMOCTb BLIABIIEHHA
THIMYECKOrO M OT/IMYMUTENBHOIO A TPYNI MHAMBUOOB OJHOrO MHHe-
PIBHOTO BHAA HIH €ro pasHOBHOHOCTH, KOTOpLIE OTPa)KalT ollpele-
JleHHble YCJI0BHMA MHHepanooOpa3oBaHMA, XapaKTepH3ywliHeca Oamu3-
KMMH TMpepenaMmu Bapyvaumit PTX-mapameTpoB MuHepanooOpasyollen
cpenbl. [lo3ToMy noumcku TUMMYECKHX, T. €. TMHOMOPQHEIX, NMPU3HAKOB
MHHEpaJloB, CBA33HHbIX C ONpefesIeHHbIM XapaKTepoM caMoro mnpoiecca
MHHepanoobpa3oBaHuA, MPUBOLAT K BO3MOMCHOCTH IIOIYYEHUA KpHUTe-
pHeB I BbIABJIEHHWA TI'eOJIOTMYECKHX CHTYaluWil, THIHYHBIX UIA OIpejle-
JNIeHHBbIX TUNOB opyneHeHuA. [lockonbky THNomMopdHEEe NpH3IHAKH IO
CYTH CBOEH ecThb IPU3HAKM MHMHepaJIOreHeTHYeCcKHe, TO M CcaM Ipolecc
MX TO3HAHUA MeTOJOJIOTHMYECKH BbITeKdeT M3 MHHepaToreHeTMYeCcKoro
aHanM3a M OCHOBaH Ha I[PHUHLMIIE MHMHEPaJIOFeHeTHYeCKOro pe3oHaHca,
oTkpeiToro A.E. ®epcmadHom u chopmynuposanHoro H.II. HuwkHHEBIM,

B cBa3n c Tem, YTO MHHepaIOreHEeTHYECKHH pe30HAHC INMPOABIEH BO
BceM oObeMe cocTaBa M CBOHCTB KaJIOI0 MHUHepala H TeHeTHuecKas
HH(pOpMalUMA NOCTyNaeT B MHHepasl Ha BCeM NPOTAXKEHHH ero CyLIecTBO-
BaHHWA, YBeIHYHMBAETCA HeollpeleleHHOCTh nocnenHed. OnHako ANA pe-
LIeHUA NPUKIIaJHBIX 3a4ay, CBA3AHHBIX C BhIABIEHHEM TOUCKOBLIX MpPH3-
HaKOB, HeoOXOIMMO HCNOIbL30BaHHE OMNpefeneHHLIX KpPHUTepHeB, Xapak-
TEPH3YIIIMX KOHKPETHBLIH Npollecc MHHepanooOpa3oBaHHA, NPHBOAA-
LIMH, HanpuMep, K (GOPMHPOBAHHIO KBapLEBLIX I HUIIM ¢ 30JI0TOM, HITH
C ONI0OBOM, HIIH C BOJb)paMOM.

Boipenute u3 obuiero obbema MHHepalloreHeTHYECKOH HMHGOpMAIHU
TOJBKO Ty, KOTOpas IoNe3Ha [JIA pelleHUA KaKOIOH KOHKPeTHOH 3ana-
YH, MOJXKHO, NMPHMEHAA TUNOMOpP(HYECKHH aHATH3, KOTOPBIH, clefoBa-
Te/bHO, ABJIAETCA METOHOJIONMYeCKHM IIPMeMOM [UIA [epexona K olpe-
IeNeHHOCTH.
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Kak u3aBectHo M3 paboT MHOTHX MccnegoBatenel [46], Tunomopdu-
YeCcKMH aHal W3 mpelnojaraeT ydyeT SABJIEHWMH KOHBepPreHLMH, [MBepreH-
LMK M M30BepreHIMH, YCWINBAWILIMX HeonpenengeHHocTs. Tunomopduyec-
KHI aHAMH3 ABJIAETCH B CYLLIHOCTH 3aKJIOYHTENLHbIM 3TalloM NpH H3YyUeHHH
MHHEpPTOTHH PYJHbIX MEeCTOPOX¥[1eHHH H OCHOBOMH, Ha KOTOPOH 3aKiaibl-
BaeTcA COBpeMeHHaA noHckoBasa muHepanoruAa [11]. Tonbko Torna,
KOTja orpefeneHsl MPU3HAKH MHHEepalloB, ABIANIUHECHd HHIMKATOpaMH
PYAHOro mpouecca, NMPOABJIEHUA TNMOC/IeNHET0 MOTYT ObiTh HaHOeHbI MPH
TUTAHOMEPHBIX Y Le/IeHAlPaB/IeHHbIX TOMCKOBBIX paboTax.

Tunomopduyeckuil aHaIM3 — MeToJ, CPaBHUTENbHO-CTaTHCTHYeCKHH
M JTOTHKO-HHGpOPMALMOHHBIA. DTO onpenelideT HeoDXOAUMOCTE HMETh:

a) mpencraBaTe/bHble BbLIOOPKH MO K&XAOMY M3 napaMeTpoB H3Y-
YyaeMOoro MHHEpANbHOIO BHAA /1A BO3MOKHOCTH MX 00paboTKH MeTona-
MH MaTeMaTH4YeCKOH CTAaTUCTHKH M IOJIYYEHHUA OIlpefesieHHBIX Mapamer-
POB MareMaTHUeCKOTrO paclpefeieHHa B Npefeiax HaHHOrO MHOXE (8a;

0) cepuio BbIpabOTOK (MHOXECTB), XapaKTepU3YIOLIMX OIlpenesneH-
HBIH B OTHOLIEHMHM pyOHOH (hOpMalMH M PYIOHOCHOCTH JIOKATHI B IIOHH-
manun H.II. Kimxuna.

ObpaboTka aHATUTHYECKHX NaHHbIX. B obiem ciyuae nyTh ans
BBIABJIEHHA THIIOMODP(MHBIX MPHU3HAKOB OOMH — CpaBHEHWe H3y4aeMoro
CcHu3BecTHbIM, M3BECTHBIM MojxkeT OBbITh 3ITAIOH WIM H3yYyeHHasu paHee
MHHepaToreHeTHYeCKaA cucTema, T1H00 oJHOBpPEMEHHO H3ydaeMble U cpaB-
HuBaeMble cucTeMsbl. Hcenonb3yembie BBIOOPKH MOIrYT ObITb OQHOPOIHBI-
MH WIH HeogHoponHbimu. OpHopogHocTh BeiGopox — obecneunBaercs
X noabopomM B mpoliecce UCCIENOBAHHA HIIM MPOBEPAETCA M0 KPHTEPHIO
J.A. PoguoHoBa.

INonGop marepuana B BhIGOPKY OCHOBBIBAETCA Ha MPHHLHIIAX I'eolo-
THYECKHMX pas3fuuuidi: 3To obpasukl KBapla, 0TOOpaHHbIE U3 ONpeneneHHON
reHepauyy HIJIH JKHIIbI, HIH OIpeAelleHHOrO MEeCTOPOKAEHHA, WIIM IpynI
MeCTOPOXKIOSHUH onpefeneHHON pynHod dopmaumu# M T. n. Insa BeiABne-
HHA THNOMOP(MHEIX MNPH3HAKOB BEPOATHOH DPYNOHOCHOCTH KBaplLeBBIX
JKWI COCTAaBJIAKT BhIOOPKH, BKIKYaKUMe obpa3usl pyaHoro unu Gespyn-
HOro KBapua.

Ilpu npocne;xuBaHHUM HW3MEHUMBOCTH COCTaBa W CBOHMCTB B MpOCTpaH-
CTBE M OMNpeaeleHuH THNOMOP(GHBIX NPH3HAKOB [OJA OLEHKH YPOBHA
3PO3HMOHHOrO Cpe3a MM BBIKJIMHMBAaHHA ODPYAEHEHUA NO MPOCTHPAHUI
KBApLEeBbIX JKWI WJIM 30H COCTABIAITCA BLIDOPKH IO CEYEHHAM HIIH ro-
PH3OHTaM KX OTpPaboTKH WNH pa3BenkH. B HeobxoaMMBIX ciiy4anax, B yacT-
HOCTH Ha MECTOPOXXAEHHAX, Ilé OTYETIIMBO NPOABJIEHO 30HAIbHOE WJIM
PUTMHUYHO HANpaBJIEHHOE CTpOeHHe >KHUIIBHBIX Tejl, B IIpefesax Moropu-
30HTAIBHBIX BEIOODPOK COCTaBJIAKTCA MOABBIDOPKHM IO NPH3HAKY MpUHA-
JI©KHOCTH TOTO MM MHOro o0Opasua K olpeleleHHOH M3 BbIJeJIeHHbIX
Pa3sHOBHJHOCTEH KBapua.

CamMbIM 3 HeKTUBHBIM U3 HECJIONKHbBIX CPAaBHUTEJIBHO-CTATHCTHYECKH X
cnoco6oB 06pabOTKKM HAHHBIX FBIIAETCA pPacyeT CpelHUX apupMeThuec-
KHX (), DMCIepcHii, CPeHUX KBaJpaTHueCKMX OTKIOHeHu#H (0,) W or
HOLUEHHH BenMyuH. MeToIbl MaTeMaTHYECKOH CTaTHCTHKH I[103BOJIAIOT
CpaBHMBaTh BBLIDOPKH MyTeM CONOCTABJEeHHMA 3TUX BeJIHYMH (KpHTepHu
Baprnera, ®uiuepa u ap.).
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Jlna cpaBHeHWA ¢ 3TanoHoM, kak nokasan H.I1. KWmkuH, npurogHs
MeTOIbl OTJHMUYMA IO Pa3sHOCTH, KOTOPLIE IO3BOJHAIT OMpelenuTh Mepy
YIAJIeHHOCTH (OTIIMYMA) IOJIYYEeHHOro NpH3HAKA OT ONpH3HAKa 3TATIOHA,
OH mpemToXun onpefenaTs oIy Mepy OTIHYHA COBOKYIHOCTH MPH3-
HAKOB 3TaJIOHA U HUCCllefOBaHHOW BbIDOPKH 110 hopmye

Lalpgdi =5

n o
rlle n — YACI0 YYTeHHBIX MPH3HAKOB, 0 — CpefiHee KBaJApaTHYeCKOe OT-
KJIOHEHHe, KOTOpOe BBNHCIAETCA 1A KaXI0ro U3 NPHU3HAKOB 3TAIIOHA
(nmokarumna) .

B.H. Ky3smun, H.B. [lo6poBonbekana 1 JI.C. ConHueBa npensioxuim
MJIA onpepeneHdsa pyaHodOpMalMOHHOH TMPHHALJIEHOCTH CTAaTHCTHYEC-
KHH criocob o KOMIUIEKCY 3JIEMEeHTOB-IIPUMeced ¢ MOMOLIbI) W3BEeCTHOMH
¢opmynsr Baileca. 3anaua pacriosHaBaHMA € MCNoJib3oBaHueM GOpMYyIbl
Baiteca cBOAMTCA K BBIMHCIEHHK YCIOBHBIX AllOCTEPHOPHEIX BEPOATHOC-
Teil ¥ CPaBHEHUK MOJIYYEHHHBIX BEMHUMH. JTOT crnocob OlEeHKH BepoAT-
HOCTHM TIPHHAMJIEXKHOCTH 00pasla K TOMY HIHM MHOMY pPYIHODOPMAIHOH-
HOMY THIy LOCTATOYHO TPYAOEMOK H TpebyeT yueTa U KOOUPOBaHHA BCEX
M3BECTHBIX PYAHOMOPMAIIHOHHBIX THMOB (UCMONHeHHs TabiMU MaTpHI
M Ip.), HO JaeT XOpolIHe pe3yabTaThl, He TpeOyHd NMpUMeHeHUA CIOMKHBLIX
9BM.

Kpome paccMOTpeHHBIX Bblllle MeTonoB 00paGoTKHM JaHHBIX aAndA
BBIABJIIEHHA TUNOMOP(}HLIX MPH3HAKOE NPUMEHHAKTCA pPEerpecCHOHHBIH,
KOppenALUOHHbIA U (aKTOPHBIN aHATTH3BI ¢ UCIOJIB30BAHHEM COBpEMEH-
Hbix OBM. Jlna onpepeneHds BO3MOJMKHBIX OTJIMUMH IIPOOYKTHUBHBIX H
HeNpoAyKTUBHLIX KBapLeB Leneco00pa3Ho pacCuuThIBaTh KOIDGHILHEHTEI
KOppeJIALMH MeXIY HMX 30JI0TOHOCHOCTBI M COCTABOM MIIM CBOHMCTBAaMH.
Crnenyer IUMPOKO [PUMEHATb HArJIALHbLIE JOTHKO-MHGOPMALUHOHHbIE
MeTOIbl, BaKHeHIIMMH K3 KOTOPLIX ABIAKTCA MeTOLbI NOCTPOEHHA BCe
BO3MOXHBIX TpaUKOB, OTPAXAKINMX 3aBHCHMOCTH TMOJYYEHHBIX Cpef-
HUX 3HAYEHHH COCTABa W CBOMCTB OT [JIyOHHBI, OT XapaKTepa BMeLAKLIHX
nopon, OT OKONOPYAHBIX U3MeHeHHWH, OT CTPYKTYPHO-TEKCTYPHBIX OCO-
OeHHOCTeH, OT PYIOHOCHOCTH, OT COCTaBa MHHEpaTbHBIX MapareHe3ucoB
v 1p. Ilo BO3MOKHOCTH clefyeT MoKasbIBaTh pacnpeseneHue napaMeTpoB
B [IPOCTPAHCTBE MK B H30JIMHUAX.

PALIHOHAJIbHOE KOMIINIEKCHPOBAHHUE METOIOB

Kommnnekc MeTonoB u3VueHHMA KBapla C LeJbl0 BLIABIEHHA
ero THNOMOP(}HBIX MPH3HAKOB [alleKO He Beerga cleayeT NMpHMeHATh
B MomHOM o6beMe. B 3aBMCHMOCTH OT KOHKDETHBIX 3aJlay, CTeNneHH
H3Y4YeHHOCTH OOBEKTOB M OCHAUIEHHOCTH J1aDopaTOpPUiH MOXHO OrpaHu4H-
BaTbCA HEKOTOPbIMU M3 HUX.

H3yuenne TOHKHX ocobeHHocTel u3oMopdH3Ma € NpUMeHeHHeM
metona OI1P B kommekce ¢ ucenenosanveMm ETJI u UKC Ttpebyerca mns
KBapua HOBBIX OOBEKTOB, rae emje He BbIACHEHb! THMb JJ1L u HeusBecT-
Hbl MOHBbI-KOMIIEHCATOPbI, BXO/AAIIHE B CTPYKTYPY KBapla [IpH H30MOp-
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dH3Me U olpefeNAlole ITH CBONCTBA. B 3THX Cliydasdx BakHO H3yyeHHe
¢opM BOMBI KOMIUIEKCOM MeTOA0B PPaKUMOHHOH KOHIEHCAlUMH U ChEM-
ku MK-cnextpos npu Temneparypax oT —196 no +700 °C u uccienoBaHie
ra3zoBO-’KHAKHX BKIJIHOUEHHH METOIO0M MOMOTeHH3aLHH.

Onpenenexue napameTrpoB a — §-nepexonos, CKC v MHKpPOTBEpPAOCTH
uenecoobpa3Ho BBIMOJHATh NMPH PellieHHH 3aJay, CBA3aHHbIX C BbIACHEHH-
eM MpPHHAIEKHOCTH KBaplua K OonpeneneHHOH DPYyIHOH (opmauuH, IpH
HCCIeJOBAHMH [IPOLECCOB [0CIeJ0BaTeIbHOTO MHHepanoobpa3oBaHHA
(BBIIENEHHEe reHepauMil) W MpH MNPOCIEeXHBAHHH M3MEHYMBOCTH CBOMHCTB
¢ raybuHol ¢ TeM, uToObl KCMOJB30BAaTh 3TH JaHHbIE B COBOKYITHOCTH
¢ APYTMMH [IDU OLleHKEe YPOBHA 3P0O3HOHHOTO Cpe3a.

Jns BblABIEHUA THNOMOPMHBIX MPH3HAKOB DPYNOHOCHOTO M HEpYyIo-
HCCHOI'O KBapla llejiecoo0pa3Ho KOMIJIeKCHPOBAaTh MeTONbl H3y4YeHH:
ETJI, npoueccoB meTaMOpP(pUYECKOTO IepepokIeH’A, Mbe30TeKCTyp,
3J1eKTPHYECKHUX CBONMCTB M ONpefelleHHe 3JIeMeHTOB-TpuMeceld (pyAHBIX
H JMTodUIbHBIX ), ocoboe BHHMaHHe obpaillad Ha KOHUEHTpalHd M pac-
npeneeHne XaibKOMUIbHbIX H LLIETOYHBIX METAJIOR.

H3ayueHHe KUIBHOIO KBapla B paloHaX pa3sBHTHA MECTOpPOXIeHHH
FOPHOro XPyCTajid U IpaHyIMpOBaHHOrO KBapua TpebyeT wHcclnemoBa-
HHA CTPYKTYP M TEKCTYp, paclpeneneHHsa YITIEKHCIOThI U Bodbl ((pak-
LMOHHAA pAasroHKa, BAKYYMHadA [EKPENTOMETPHA ¢ Xpomarorpaduyec-
kUM aHanu3om rasoB, UK-cnekrpodoromerpus) , ETJI, UTJI, nnoTHOCTH.
3neck HeoOXOAMM yueT pacnpezeneHHAa MHHEpaIoB-MpUMeceil: CIIOMCThIX
CHIIMKATOB, pyTHJIA, aHaTasa, HJIbMeHHTa ¥ 11pD.

an H3yueHHH KBapla H3 paﬁOHOB, rae Pa3BHUTHI MEeCTOPOXKIAEHHA
MaorjiyOuHHbIX (opmaluil, AOCTATOYHBIM [UIA OTHECeHUA K HHUM OKa-
3bIBAETCA YCTAHOBIIEHHWE €ro CTPYKTYPHO-TEKCTYDPHbIX ocobeHHOCTeR
B COBOKYMHOCTH C IPHU3HAKAMH BelIeCTBEHHOIO COCTaBa (BKIIIOYaA MH-
HepasibHble NapareHe31cel) .

B paiioHax pa3sBUTMA CpegHernyOHHHBIX MeCTOPOXKAEHHH HapAny
C MaKpPOCKOIMYECKHM H3YyYeHHeM >KMJIbHOIO KBaplLa H HeclegoBaHHeM
PYIHBIX MHHEpPAoB, 3aK/YeHHBIX B HeM, TpebyercAa u3ydeHHe B LUIIH-
¢ax mpoueccoB MOCTKPUCTAIIIM3AUHMOHHOTO Npeobpa3zoBaHufA, o0coDeHHO
B pesyibTaTe IUlacTHYecKHX Aedopmanui, a Takke uccienosanue ETIJI,
HKC, OII, CKC u obGs3aTensHoe ONpefeNeHHe 3JleMeHTOB-TIpuMeceii.
3TUX AaHHBIX OblBaeT JOCTATOUHO [JIA OTHECEHHA KBapLa K MeCTOPOXIe-
HUIO OMpellelIeHHOH pyaHOH dopMmaluy.

Ecin tpebyerca onpeneneHuwe ypoBHA 3PO3MOHHOIO cpesa, TO OO
MOJIHUTENIbHO H3YYAKTCA TeMneparypbl FOMOI€HH3alMH H KOJH4eCTBO
ra3oBod ¢asbl B ra3oBO-KHAKHUX BKJIOYEHHWAX B COYETaHHMH C onpejene-
HHEM KOHIEHTpaldi I[UeNOYHbIX MEeTaLIOB, MpPOCIeXHMBaHHEM H3MeHe-
Hui uHTeHcuBHocTeil ETJI, xoHuedrpaimi Al-neHtpoB metozom IIIP
(ecM BO3MOKHO) , ONpeneleHHemM KOHLEHTPAlMH BOIBI M YITIEKHUCIOTHI
no HMK-cnextpam. ObA3aTenbHbIM ABAAETCA HU3YyYeHHEe OTHOIIEHHH BeH-
YHH KOHueHTpaludil pAda PYIHBIX 3JIEMEHTOB H LUEJIOYHBIX METAIJIOB.

B uesiom KoMIUIeKC METOAOB B KaXKAOM KOHKPETHOM cliyuae IMoj-
6HPHETCH, HCXOoAA M3 HMMeWILEerocda MMOJOXHUTeJIbHOrO OIlbiTa, HA OCHOBe
NpobHbIX MeToAMYecKHX paboT M MOXeT BapbUpoBaTh, 0COBGEHHO NpH
BbIABJIEHHH HOBLIX ME.‘L'TOpO}KIlt‘HHﬂ.



I'nasa I1I. THITOMOP®HLIE TIPU3HAKH
AHWIBHOI'O KBAPIIA

©®OPMA KPHUCTAJUIOB KAK THUIIOMOP®HBLIM IPU3HAK

H3menuuBocTes dopm MHOMBHUAOB. Pemawulee BauAHue
Ha (GopMY KPHCTAIJIOB KBapla, KaK BUIHO M3 00630pa ero M3yueHHOCTH,
OoKa3pBawT pexuM pH M creneHs nepechlilieHUs pacTBOPOB KpeMHese-
MOM Ha )OHe U3MeHEHHA TeMIIepaTyp.

[lceBnorekcaroHanbHO-MPH3MaTHYECKHE KPHCTANIBI ALIMYATOTO KBap-
lla YKa3biBAIOT Ha OTHOCHTEIBHO BBICOKHE TeMIIEpPATYpPhl M MepechillieHne
PACTBOPOB KpEMHE3eMOM B YCJIOBHMAX OTHOCHTENbHO BBICOKOH LIeN0Y-
HoCTH mpH OOJbWOA CKOPOCTH pOCTa B HAaNpaBJeHWH TpaHeH MpH3MbI,
[MceBooOreKcaroHaaIbHO-NMPU3MAaTHUECKHM [IJIMHHOCTOJIOUYATHIM rabutycom
XapaKTepU3YITCA M KPHUCTAUIBL 1037Hero DecusBeTrHoro ksapua, obpa-
3YIOLIMECA Ha KOHEYHBIX CTaJMAX KPUCTAJUIM3aLMH NIPH HU3KHUX Temriepa-
Typax B YCIOBHUAX OTHOCHTEIBHOI'O TEepPechIleHHA PacTBOPOB KpeMHe-
3€MOM M OTHOCHTEIbHO BhICOKOH MX LIEJTOYHOCTH.

JMMHHOMpU3MaTHUecKHe 06emicKOBHOHbIE KPHCTALIbI TPHIOHAIbHO-
ocTpopomBoagpuHuecKoro rabutyca obpa3ylnTcAa Ha MPOMEXYTOUHBIX CTa-
IMAX, XapaKTepPHU3YIOUIMXCA YMepeHHbIMHM 3HAYeHWAMH pH M rnepechkliile-
HHH KpeMHe3eMOM. BpyckoBHAHBIE, NOCYaThIe, YIIOLIEHHbIe H paculern-
JleHHble KPHCTANJIbl He THIHYHOH [JIA KBapla ()OpPMBI MOJIYYalTCA B pe-
3ynbTaTe pereHepanidd 0OJIOMKOB KPHCTAIUIOB Ha 3aKIYHTENIbHBIX CTa-
IHAX GOPMHUPOBAHUA NErMaTUTOB W XPYCTAIEHOCHBIX JKHII.

®opMBbl TONOBKH M 30HanbHOCTh, POpMbl TOJOBKH 3aBUCAT OT
[OJIOKEHHA OCw ¢ PacTyLlero KpHcTania OTHOCHTEIbHO IPaBHTALMOHHOrO
nonA 3emMild, YTO BbipaxaeTcad B o06pa3oBaHMM MCEBOOMOHOKIWHHBIX
(MOHOKITHHHO-AM3APHYECKHX ) ¢opm KpucramnoB tuna loduHs ¢ peako
runepTpodHpoOBaHHOH rpaHbld pombo3npa. Mccnenosaxne 3aBHCHMOCTH
aTuX ¢OpM OT yria najeHHs XpycTalleHOCHBIX Kui nossonuno A.A. Ko-
paro B 1968 r. peKOMeHIOBaTh CNocod omnpeneneHWA YrioB TaJeHUA
JKHIT 110 hopMe KPHCTAIUIOB KBaplla B cBajlax.

Ha ocHoBe H3yyYeHMA 3O0HANBHOCTH KPHUCTALUIOB € IIpMMeHeHHeM
KOMIUIEKCHOrO MeToJa — 7Y-IeKOpHpoBaHMA M TpasieHua B HFnonu-
POBaHHBIX OpPHEHTHpOBaHHbIX MnactuH — B.A. Konbun B 1976 r. npen-
JIOKWMJI OHTOIeHHYEeCKHH MeTod IPOrHo3a KayecTBa KBapLEeBOro Ibe3o-
OINTHYECKOro cbipba (no 5—10 KpHcTamlaMm € rHe3fa MIIM MecTOpoKiae-
HuA) . [IporHo3 ocHOBaH Ha DPEKOHCTPYKLHHU I10CIeI0BATEeIbHOCTH H3Me-
HEHUH YCIIOBHH pPOCTa, KOTOPasA OTPaXKaeTCA B IUIOTHOCTH H MOMMXPOMMH
pagMallMOHHOH OKPACKH, INOMM30HAIBHOCTH KpHCTAINIA, pacnpoCcTpaHeH-
HOCTH MHUKpPOAe(eKTOB, ABIAKILUMXCA YCTOHYHMBBIMH THITIOMOPMHBIMH
MPU3HAKAMH [UIA COBOKYIHOCTH KpPHUCTAJUVIOB THe3Ja, MeCcTOPOXIeHUA
WJIM TPYTIIl MECTOPOXKAEHHH,

CxpyueHHocTh KpucTannos. Cpenu aHoMani MOpdOIOTHH KpHC-
TAVIOB KBapua THUIOMOp(HOe 3HaueHHWe TMpHOOpeTaeT UX CKPYUYEHHOCTD.
CxpyuenHbie kpucramapl, no I'.I'. Jlemmneiiny, npeicraBinAwT cobo#
CPOCTKH MHOXeCTBa MeIKHUX CYOHHIMBMIOB, KaKIbIH U3 KOTOPBIX He-
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CKOJIBKO MOBEPHYT OTHOCHTENBHO APYroro. B pesyneTaTe ClIOKEHHA Mo
BOPOTOB B oObeMe KpHCTAJIa BO3HMKAIOT JIOMaHO-KPUBOIHHEHHbIE Mo~
BepxXHOCTH rpaHed U pebpa. [ToyTH Bce CKpyyYeHHble KPHUCTATUIbI HaHIOEeHEI
HA MECTOPOXAEHHAX TOPHOI0 XPYCTAIA B JKWIAX AIbMHMHCKOrO THMA:
Ha Ypane, B Kappape, B lllBeiinapckux Asnbnax. B nermaturax Bpasunum,
Annanaueii, Bonbmu u Ypana ckpyueHHble KPHCTANILI He HaOMIOOATHCE.

Ilo panupim K. ®ponznens, ckpyueHHocTh OoJlee TUMMUHA AJI9 TEMHO-
ObIMYATBIX KpucTauioB. OO0 3TOM ke CBHOETENBCTBYIT MaTepHAIIbI
I1.I1. WxTa"osa u B.I1. PysoBa, ony6nukosanusle B 1980 r. OHu npose-
MM OaHHble Mo 66 CKpy4YeHHBIM KpHCTALIaM, M3 koTopeix 42 (65,6 %)
OBUTH [IBIMYATBIMH HJIH OBIMYATO-UMTPHHOBLIMH, OCTAJIbHBIE — IMTPHHO-
BeIMH. [Toka3aHo, 4To CKpYYeHHOCTh KPUCTAJIZIOB KBaplia yBeJlHYHBaeTCH
no Mepe cOmMMXKEHMA CKOPOCTEH pocTa rpaHed r, R, U m, NpOMCXOAALLIE-
ro mpu CHHXKEHMH MepechIeHHsa PacTBOPOB KpemMHeszemoM. Koadduuu-
€HT CKPYYeHHOCTH (OTHOLUEHHe LIara BUHTA K CpeJHel ToJlMHe KpUCTasl-
Jia Mo ocH L, ) yBenHYHBaeTCA OT ObIMYAThIX KPHCTAIIOB K LMTPHHOBBIM
(cooTBercTBeHHO 267 M 3345) M yKa3plBaeT HAa yMeHbLIEHHE [€PeChl
LIEHHA pacTBOpa KpeMHe3eMOM OT Hayana K KOHLY pocTa.

MiTpuxoska Ha rpaHAX. ObOblMHAA rOPU3OHTAIBHAA WITPHXOBKYE HA
rpaHAX TpUuroHaibHoH npusmer m (1010) ecrs pesaymbrat usmenuwmBocTH
CKODOCTH POCTA NapajlieNbHO U NepreHAHKYIAPHO K OCH ¢ WM 4epero-
BAHHMA rpaHed ocTpeiwwnx pombosapoB U npusmet [31]. ITo ocobennoc-
TAM IUTPUXOBKH MOXKHO OIpeNeNATh INOJIOKeHHe KpHCTaUla BO BpeMHA
pocTa. Ha rpaHsax, obpailleHHBIX KBepxy, OHa BblpakeHa ciabo. I'panu,
otypallleHHble KHM3Y, MMElOT 4eTKYH IITPHXOBKY. B page ciyuaeB nore-
peuHas WTPHXOBKA NMPUBOOMT K 00pa30BaHHi0 OOENMHCKOBHMIHBIX KPHC-
TaoB (My3o-raburtyca, no I'poccy I'Bumo), mMaMeTp KOTOpBLIX B 30HE
MpH3MBI yMeHbluaeTca K ronoske. [lo'pocey I'supno, 3T0 CBA3aHO C yBe-
JIMYEHHEM YaCTOCTH IOTepeyHol LITPHXOBKH 10 Mepe pocTa KPUCTAIA H
0bycrnoBneHo pUTMHYHBIM C/10e0Opa3HBIM OTJIOKEHHEM BellecTsa, B ue-
JIOM CTyIeHUYaTasd HenpepblBHAA IUTPHXOBKE XapaKTepH3yeT YCIIOBHHA,
HnaronpuATHbIe WA 00Pa3s0BAHWMA KOHOMLMCHHBIX KPHCTAUIOB KBapLa.

Takum obpaszom, mopdoJiorusa, rabuTyc KpUCTAUIOB KBapua, HX 30
HAIbHOCTh, CKPYYEHHOCTh, WITPHXOBKA HAa [PaHAX ABIAIOTCA TUNoMopd-
HbIMM [pPH3HAKAMHK ONpeNe/leHHbIX KoHUeHTpauuid u pH mMuHepanoobpa-
3YUIUX pAacTBOPOB, M3MEHYHBOCTh KOTOPBIX, CBA33aHHAA CO CKOPOCTBHIO
HM3MEeHEeHUA TeMIlepaTyp M [NaBIeHHH, ONpesesideT CKOPOCTh HApacTaHHA
MMpaMM[ pocTa ONpee/leHHbIX IrpaHedl KpUCTalIos.

CTPYKTYPA H TEKCTYPA 3EPHHCTBIX ATPETATOB
KAK THUITOMOP®HBIM [IPH3HAK

Arperarsi )HJIBHOIO KBapua i1y OHHHbIX
H CpeJIHerTyOHHHBIX MeCTOPOIeHHH

CTpyKTyphl U TEKCTYpPBI KpucTannusanuu. Jna ksapua
MEeCTOPOIKOEHHI ITIyOMHHBIX M cpenHersyOuHHEBIX QOpPMalHH XapaKTepHo
pe3koe mpeobnajaHHe HA HAYANBHBIX ITANAX KPHCTAUIM3ALMU cybuso-
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MEeTPUYHO-3ePHHUCTBIX ArperatoB, a Ha 3aKJIIOYMTENbHbLIX — IIECTOBATHIX
M apysoBupHo-ulectoBatbix. [locneaHue ecTe 4acTHBIM clydyadl IIpH3Ma-
THYECKH-3ePHHUCTBIX arperatoB ¢ KpUBOJIMHEHHBIMH T10BEPXHOCTAMH
¢ poHTa LIEHTPOCTPEMHMTEIBHOI'O POCTa (OTHOCHTENIbHO KOHTAKTOB XHIIbI) .

IlepBHuHbIe CTPYKTYpbl 0OyCII0BIeHLI 3apOXKIeHHEM M POCTOM HHIAM-
BHIOB B TeueHWe PaHHero 3Tara »H3HHM KWIbl. MHOHBHABI OrpaHHUueHBI
HHAYKIMOHHBIMH TpaHAMH, pa3Mephbl MX BapbUPYKT B LUHPOKHX MNpene
nax. I''H. BeprymkoBbiM ¥ OpyrHMu uccnenoBatenami [18—20] cTpyk-
Typbl ¢ pa3mepamd HHAHBHOOB 80—150 MM (CTeKJIOBHOHBIH, pexe
3aMYTHEHHBIH KBapll) OTHeceHbl K ruraHtoszepHucteiM, 20—100 mm,
K KpYNHO3epHUCTbIM, MeHee 20 MM (CTeKIOBHIOHBIH HIIM MOJIOYHO-
Gesblit KBapl) — K cpelHe-MelKO3ePHUCTRIM.

Ha mecropoxnennax Bonbgpamura rpeizeHoBod dopmaudd B ac-
couMaluy ¢ BonbpaMHTOM 0ObMNEeH KBapll KpPYITHO3ePHHUCTBIH M T’MTaHTO-
3epHUCTBIH, 1IBeT ero ceprit, CBETNO-cepPLIH, MONMOUHO-6enbil ¢ GONBIIHM
KOJIHYEeCTBOM Tra30BO-KHIKHX BKIIHOUYEHHH, CKOTUIEHMA KOTOPBIX 06pa-
3YHT TMOJIOChl M 30HBI, OPHEHTHPOBAHHLIE B COOTBETCTBHH C 30HAMH POC-
Ta.

Hanbonee pacnpocTpaHeHbl IPY30BHOHBIE, HO3JpeBaThie WM MacCHB-
HBIE TEKCTYpbl, KOTOpPbI@ ODBIYHO XapaKTepPH3YIOT NMpPOOYKTHBHOCTL KH-
nbl. B NpoayKTMBHBIX KHJIax [lecToBaThle M rpebeHuyaTbie arperaTsbl
KBaplLla BCTPEYAIOTCHA 3HAUMTENILHO peke, YeM B TIO3IHHX, He COIepyKalIux
MPOMBILLTIEHHOT'O BOJIb(PAaMHTOBOTO OPY/IEHEHHH.

CrpoeHne KBaplU-BoNb(PaMHTOBLIX JKHJI [I0OCTaTOYHO mnoapobHO
omucaHo B pabotax O.J. Jleuukoro, E.H. Jlonomanosou, H.®. I'purope-
eBa, B.®. Bapabanosa, I'.®. HWeanosoit, A.B. 3unsbepmMuHua ¥ Opyrux
HcenenoBateneii. B npusansbaHpoBRIX 4acTAX KBapU-BONb(PaMHTOBBIX
KU 0ObIueH MeJKO-CpeJHe3epHHCThIH cephlf MaCCHBHBIM KBapl, K KO-
TOpPOMY HepenKo FMpHYPOYeHbI MeNKoTablMTyaTble arperarsl BoOJb(pa-
muTa. B cpegHux yacTAX KW MHOMBHMIBI KBapla yBelWUYMBAKTCA B pas-
Mepax, TeKCTYpbl CTAaHOBATCA [PY30BHIHBIMH, BOIb(pamMHT obpasyer
FHFAHTO- M KPYNHOKPHCTALIHYECKHE, YacTO pPa/HANIBHO-IYYMCThIE arpe-
ratbl. B uweHTpasbHBIX YacTAX >KHJ Npeobianaer wecToBareil U rpebeH-
yaThli, KakK npaBmio, Oe3pynHent kBapl. ITomoOHble ke CTPYKTYDPBI M
TeKCTYphbI NPHUCYLM KBapUeBbIM arperaTaM KBapl-KacCHTEPHTOBBIX HJII
B MECTOPOXOEHHAX TPpeH3eHOBOH CHJIMKATHO-KaCCHMTEPHTOBOH dopma-
LIMH.

B MecTopoxaeHHAX 0J10Ba M BoJibdpamMa ¢ HAJIOKEHHOH CyNnbhHOHOH
MHHepanu3aurei (B KBapl-BOMbOPaAaMHTOBBIX HIAX MM COMYTCTBYET W
MO3IHHIA [LeenuT) KBapll XapaKTepusyeTcA Yyike nedopMaluoHHLIMHU
TEKCTYPaMH, KOTOpbie DYAYT paccMOTpEeHBI HHXe.

KBapueBhie *MIb! cpeOHErnTyOHMHHBIX M TTyOHHHBIX MeCTOPOXOEeHHH
30710TO-KBAapLUEBOH H Ccynb(HUIHO-30JIOTO-KBapueBod ¢GopMauui pegko
comepiaTr KBapll, He W3MEeHeHHBIH TNOoCIeNyKIIHMH MeTaMophHYeCKUMH
npoueccamu. OOBIYHO CTPYKTYpPbl M TEKCTYPhI NEPBHYHOH KPHCTAIIIH-
3aLMM BCTPEUAKTCH TOJLKO KaK PeNMKThL. JIIA HUX XapaKTepHBI KpyIl-
Had M CpeIHAA 3epHHCTOCTh, cllabadA Npy30BaTOCTh, a ANA Ge3pyaHbIX —
rpebeHYaToCTh.

Kax npaBuno, wecTtoBaTkli ¥ rpebenHuaTei KBapu Oe3pyneH, & B

51



KpYIIHO3eDHMCTOM KBaple 30/I0TO BCTpEYaeTcH B  MeJIKOApPY30BbIX
[MyCTOTAX B BHE MEJIKHX KPUCTAJIMKOB MIH 3eped pasmepamu 0,1—1 mMm
B AcCOLMAlMM C TeTPAgMMMUTOM, O3EHMTOM, BHCMYTHHOM, TaleHHTOM,
HMHOI'Ja ¢ apceHONUpUTOM. [1oIo6HbIE 30/10ThIe PYIbl PA3BHThI HA MHOTHX
pyaHbIX nonsax 3abaiikansd, Uy KOTKH U IPYTHX PerHOHOB.

3on0To pacnpefeneHo B 0OBeMe KUl KpaiHe NPHXOTIHBO, HEpaBHO-
MEpHO B CpPelHMX W HW/KHHMX YACTAX #MWI. B MecTopoxaeHuax riyOuHHbIX
cdopmarmit 0BbIUHBI ApY30BbIe MOAOCTH, HEPEINKH XpYCTaleHOCHbIe I10-
rpeba.

Beapym{bte KBapleBble XHIIbI, JIOKAJIH30BaHHbIe B I10JIAX pPAa3BHUTHA
11ecyaHo-CIaHLEeBhIX WIM KapDOHATHBLIX TOpPOJ, MeTaMOp(hH3M KOTOPhIX
He TpeBbIlIaEeT c]:vamm 3€J/1eHbIX ClIaHleB, N CJIOKeHHbIe arperatamM1 co
CTPYKTYpaMH KpPUCTAJIM3ALUK, NepcrneKTHBHBI 1A 0OHapyXeHHA B HUX
XpYCTaIeHOCHBIX THe3[ U norpebos.

CTpyKTYypbl H TeKCTYpPbl MeTaMopdHUUecKOro nepepoxiue-
HuA. [lepeKpHCTANNH3ANMA >KHIBHOIO KBaplud pasBHUTa Ype3BbMAHHO
MWMPOKO Ha GONBIUMHCTBE H3BECTHLIX MecTOpoXaeHHi. Ha paHHux cranu-
AX I[UIacTHYecKoro aedopMalMoOHHOro MNpeoOpa30BaHMA TOABIIAKTCH
pa3MYHOOPUEHTHPOBaHHbIe TpelHHKH MU nojockn bema. ITlocnegnue
TpeICTaBAAKT coOOH cepHH IMACTHHOK, K IPaHMLAM KOTOPBIX NpPHYpPO-
YyeHbl MeJlbYyaHilive KU KOCTHbIe BKIIIOYEHHA, NPOHUKawwme npu nuddy-
3HH B MOJIOCTH, BO3HHKaKLIUE MPH BSaHMO]].EﬁCTBHH lIHCJ'lOKaI.IHf:i BO Bpe-
MA [IBHXEHHA NTHUCIOLHDPOBAHHBIX yacTeHd 3e€pHa 10 INIOCKOCTH CKOJIbxKe-
HHA. OJJ,HOBPEMEHHO C 06pa3OBaHHEM noj1ocok bema nin HECKOJIBKO M03-
e BO3HHKAaWT gedopmauud u3ruba, creneHb MHTEHCHBHOCTH KOTOPBIX
MPOABJIAEGTCA [0 PAa3/iM4YHbIM Pa3HOBHMIHOCTAM aHOMaIHH yracaHuA.
H.B. IlerpoBckana [40] B CBA3M ¢ NPOCTBIM, MOJOCYATBIM M MATHHCTBHIM
THNIaMH 00J1aYHOTIO YTacaHUA BbIAeNAeT 1A KBapua EHucedckoro kpsxka
COOTBETCTBEHHO [POCTbIE, CIOMKHOIOIOCUaThIe U NATHUCTbIE JedhopMaLiiy
uaruba.

BonHucTOE yracaHde B 3aBHCHMMOCTH OT XapakTepa MepeMelleHHA
ero (hpoHTa noapasjenserca Ha Tpu Tuna (no M.A. Kauy u U M. Cuma-
HOBHMUY): o0OnayHoe BOJIHUCTOE yracaHue, OTIMYAKIIEecCA MNATHUCTBIM
HelpaBHJIbHBIM [JBHXKEHHEM CprHTa yracaHvMa IpH BpalleéHHH CTOJIMKAa
MHKPOCKOMAa, MpH 3TOM pa3jiude B OpPHEHTAlMH Yyracawiux y4acTKOB
KBaplUeBOro 3epHagHeBeNHKO; (DPOHTANbHOE BOJIHMCTOE yracaHHe, Xapak-
Tepuaywmeecs NocCTereHHbIM nepexonom d)pOHTa BOJIHHCTOI'O yracaHuA
NpH BpallleHHH CTOJHMKAa MHKPOCKOINA ¢ OJHOIO Kpaf 3epHa Ha OpPYyro#;
_MpepLIBHCTOE BOJIHKCTOE yracaHue, B KOTOPOM OJHOBPEMEHHO INpOAB-
JIHKTCA 4YepTbl BOJIHHCTOIO H obnauHoro. IlosABneHue oGIaYHOIO yraca-
HMA CBUOETEJILCTBYET O CMEHe IUlacTHYecKHX aedopMaliMi XpyNnKHMH,
B cooTBeTcTBHM ¢ COBpEeMEHHBIMH MpECTABIEHHUAMM BOJIHUCTOE yraca-
HHe O0O0YC/IOBJIEHO CHCTEMOH eIMHMYHLIX CYONapasifieNbHbIX KIMHOBHI-
HbIX OJIOKOB, NepeopHEHTHPOBABIIMXCA B Npoliecce IUIACTHYECKOH nedop-
MallHH.

K cTpyKkrypHbIM 0CoDEHHOCTAM KBapua, KOTOpbIE BO3HUKAKT IpU
nnacTyyecKo aepopmalii, OTHOCATCA TAKIXKE IUTACTHHKOBAHWE, Hppa-
HHOHANIBHOE HBOﬁHHKOBaHHE, no#Aaca ,ue(i)opmaumi, CMATHE KBapla 4 rno-
nocel gedgopmaunn [18—20].
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Haubonee ApKUM CTPYKTYPHBIM MPOHBAEHHEM TUIACTHYECKOH [e-
dopmale B KBapile ABAAECTCH KPHBOMMHEHHOE IUIACTHKOBaHME M He-
NPEPBIBHO-TIPEPLIBHCTOE Pa30PHEHTHPOBAHHE OTIENLHBIX IMCIIOLUMPOBAH-
HBIX YACTEH 3epeH,

Yrny6nenue nponeccoB maacTHYeCKod gethopMalii NpUBOIMT K Mpo-
ABJIEHHIO PA3lIHYHLIX THIOB MO3AHYHOCTH, M3 KOTOPBIX HauBoIee Xapak-
TepHb!I I KBapla TPaHYJIALMOHHAA W B MeHblIeH Mepe H30MeTpHuHO-
nonuroHansHan. IlocmenHAsa o6BMHO MOpeailecTBYeT BO3IHMKHOBEHHWIO
TUIIMYHO TPAHYAALUNOHHOH M CBHOETENLCTRBYET O Haualle (hopMUPOBAHHA
rpaHobracToBol CcTPYKTYpbl. OCTANBHBIC THILI MO3AHYHBIX CTPYKTYD
YKa3bIBAKT Ha Bomee rmybGoKHe Mpolecchbl NepeKpHCTAIUTH3ALHM HHTeH-
CUBHO AethopMHPOBAHHBIX 3€peH U arperaTon.

B smnpHOM KBaple cpefHerTyODHHHBIX 30JI0TOPYIOHbIX MeCTOpOXKIe-
HHH NpolLece TepepokAeHHd arperatoB M (GOpMHPOBAHMA FPAHYIIALIMOH-
HBIX CTPYKTYP HauWHaeTCs ¢ MO3aMYHOIO PACMajleHH#d, Ha uTO YKasblBala
H.B. IleTpoBckana NMpH M3yueHUH MHUIIBHOTO KBapua mMecTopoxaeHui Exu-
CeHCKOro Kpsxa.

9ToT mpouecc NpeacTaBlAeTcAd KaK TPeXCTaAWHHBIN: pas3laMBIBaHHE
KPYINHbIX 3€peH Ha Mo3auuHble OMOKH paszmepom 2—5 Mm u Gonee;
MoABJIEHHE B 3€pHAX OTIeNbHBIX YY4CTKOB M 30H METKOMO3aH4YHOH
CcTpyKTypbl ¢ Onokamu 0,1—0,5 mMMm; 3amellleHue BcexX 3epeH MeNnKo-
3ePHMCTBIM arperaTtom rpaHofnacToBoH, POTOBUKOBON, CYTYPHOH CTPYK-
Typbl ¢ pasmepamu 3epeH 0,1—0,6 mm. Tawoit kBapu Hmeer caxapo-
BUIHBIM 0bnuk [40].

I''H. Beprymkos u papn Apyrux vecnenosateneid [18—20] noxazaiu,
YTO CTPYKTYpPBl Aed0pMallHOHHOTO MepepoXneHns KBapLeBbiX KW BOc-
TOYHOIO CKJIOHA Ypala 06yCIOBIeHbl CKOJILKEHHeM (TUIACTMHKH aedop-
MaumMu, GeMOBCKAA ITPUXOBKA). eIHHHUHBIMH 1 COTPHKEHHBIMH W31H-
6amMu CcO CKONbXEHHeM (BONHWCTOE yracauue), hparmeHTalMell 3a cueT
nojoc gecdopmaunii U UX cHCTeM (BIOKOBaHHWe, MO3aWuHOe pacujieHeHHe,
HAYAI10 I'PAHYJIALIMM ) .

'paHynAuMA NPOMCXOOUT BO BpeMs MM Mocle IJIACTHYECKHX WIIH
xpynkux nedopmaumit. Xpynkue gedopMandi MOABIAKTCA B pe3yib-
Tate ObICTporo HapactaHua AedopMHUPYOIIHMX cun. YacTHeIM ciyuaem
MX ABIAETCA YIapHbIA MeTaMopdu3mM.

MonouHo-6enblii KBapll BO3HHKaeT M3 [MPO3PavyHOro NpH Onpeness-
lei ponH xpynkux aedopmauuit. [Ipu 31oM cHayana oOpa3syroTca Tpe-
LMHbI CKOJIA M OTPbLIBA, 3aTeM MPOMCXOAAT UX 3aeYHBaHUe M KOHCepBa-
UMA BTOPHUHBIX [a30BO-KUAKHX BKIKOUeHMH. Bo3moxHOCTh packolia
06yCIOBAMBACTCA CTPYKTYPHbIMHM AedeKTaMH: TOYeUHLIMHM (BaKaHCHH,
MeXy3eabHble aTOMbI H UEHTPBl OKPACKH) , THHeHHbIMU (AedeKT-KaHalbl,
JMCIIOKALUMH) , MNOBEPXHOCTHBIMH (MAaJIOYTIoOBRlE ¥ DonblleyrioBble
rpaHMLbl 3epeH W ABOHHHKOB), nedexTamu yrnakosku. [Ipn packanbiba-
HMM 00Opa3yloTcA pasiiHyHble CTYMeHH, OKOJI0 KOTOPBIX pPACNOJAraiTcs
amopdhHBle BOJNOKHA M [I0OYNApHLIe uyacTHUbL B npouecce Xpynmkux
nedopManmii 3epHa KBaplla W3MeNTbyaloTCA, YACTO MEePeTHparTCa 00 Coc-
TOAHMA MHIOHMTOB. B pesyibTate nehopMHpyeTCA KpHCTAIMYeCKan
peuieTka, IMPOMCXOMUT Pa3pbiB CBA3EH, 0cBOBOK/IEHHE BOMIBI M BOIHBIX
pacTBOpPOB M3 BKJIIOUEHHI H jledeKT-KaHaloB, OJIHOBPEMEHHO YBEJIHUH-
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BAeTCA MOBEPXHOCTHAA 3HEPTHA, UTO MPUBOAMT K HeoOXOaMMOCTH Ile-
PeKpHCTAIIIM3alMH,

Ha paHHMX cTagMAX OHA TNMPOMCXOOUT ¢ TOIJIOLEeHHeM 3Heprud H
yMeHblleHHeM pa3MepoB 3epeH. Takaa NepeKpHCTAUIM3ALMA, HAYHHAK-
LAACA B IpeaBapHTe/IbHO MIACTHYECKH HepaBHOMepHO e opMUpOBaH-
HOM, HANpMKEHHOM MaTepHare W 3aKIOYalIIafdcA B pocTe 3a  CyeT
0edOpMHPOBAHHBIX KPHCTAIIOB HOBBIX CTaOMIBHBIX KPHCTAIIOB C He-
nedopmupoBaHHOH peuwleTkoil [12] u mpoucxonsmas B TBEPOOM COCTO-
AHHH, OTHOCHMTCA K PEKPHCTALIM3auMH. B pedynbTare pexpHCTAIIM3ALMU
IHHAMMYECKHE M TeIUIOBble HAIpAXXeHUd CHHUMAKTCA B npouecce obBpaso-
BaHHA 3epeH HOBoro, bosiee mesiko3epHHcToro arperarta. CuH- ¥ nocrue-
¢GopMauMoHHaA pPeKpHCTAIIM3ALNA M0 CYTH CBOEH CX0Xa ¢ peKpPUCTalIH-
3anMel, CBA3aHHOH ¢ TepManbHbIM MeTamopgusmom. B pesynbrate pe
KPHCTAINH3AHH BO3HUKAIT U I'PaHYJIALHOHHbIE CcTPYKTYpbl. K pexpuc-
TAJVIM3ALMOHHON CPaHyJIALMH OTHOCHTCA Mpolecc 00pa3oBaHHUA MeJKO-
3epPHUCTOr0 CIMBHOTO, CAXapOBHAHOIO KBaplia, a TAK)Ke KBapLa ¢ MO3aHy-
HbIMHM, TPaHOONACTOBLIMH M MOCTOBBIMHU cTpyKTypamu [40]. Knaceudu-
KauuA CTPYKTYP IPaHyIMpPOBAHHOIO KBapla Ha npumepe Ypama [18—26]
rnpuBeneHa B Tabm. 6.

QopMHUpPOBAHKID TpPaHYJALMOHHBIX CTPYKTYD COIYTCTBYeT [epeoT-
NOXKeHHe BellecTBa. ECiIM peKpHCTA/UIM3aUMA WAeT B YCJIOBMAX MNpPO-
LOKAKLIMXCA AMHAMHYECKHX HANpfxXeHit, 06pa3yoTca OpHeHTHPOBaH-
Hble TeKCTyphl [49], KoTOpble HacleAVIOTCA MpH MOCHefyioulei mepe
KPHCTAUIM3ALMM ¢ TepeoTiioXKeHHeM WIM mpu 6rmacrese. B cnyuae mo-
ABJIEHUA MeTaMOpPGOTeHHBIX PpAacTBOPOB, HENOCLIIIEHHBIX MO OTHOIUe-
HMI0 K MeNKHM 3epHAM, PEeKPHUCTAIM3alMA IPHBOIHMT K HX YKpyIHe-
HHIO.

IlpuBeneHHble NaHHble O Npeobpa3’oBaHHAX KHJIBHOIO ¥ NOpPoOaoo6-
pa3ymloulero Kpapua B pe3ynbsTaTe IedopMauvil CBHOETE/LCTBYIOT 06
HMX cTaguiiHocTH. BHavanme mpoucxonaT naacTuyeckHe dedopMaluy BHYT-
PHKPHCTAJUIMYECKOrO CABMIa BIOJb KPHCTALNOTPA(QHUECKHX Hanpasie-
Huit (1010), (1011) u (0111) » MMKPO20H ¢ MOBBIUEHHON MUIOTHOCTLIO
OHCIIOKaUHA M nedeKToB. 3TO BbIpaXKaeTcd B MOABJIEHWH DPAa3JIMYHBIX
MoaH(UKAUMH BOJHHCTOrO yracawus. llanee cnenyeTr MepsoHayanbHam
AMHAMHYECKasa pereHepauus, Mpu KOTOPOH B Mpouecce BHYTPHKpPHCTas-
JIMUECKHUX TPaAHCIALUMH MOTYT MPOMCXOJUTh NepeMeilleH|d, KpaTHbIe pas-
MepaM 37eMeHTapHOH AYeHKH, M YacTb AHMCIIOKAUMH ¥ nedeKTOB BaKaH-
CHOHHOIO XapakKTepa MOXeT HCYe3HYTh. ITO CONPOBOKIALTCH MHIPALMeH
JHCIOKalHH (ra3oBO-KHOKHX BKJMHYEHWH, BKIIOYEHHH B KaHanax),
YTO NPHBOAMT K OYHLIEHUI0 KBapua Ha cyb3epHoBOM ypoBHe, CliefcTBH-
eM HABIAKWTCA CHIKeHHe TUTOTHOCTH [HCIOKAallHi, U3MeHeHHe JHMCIoKa-
LIMOHHOH CTPYKTYPbI, CETKH MMCJOKALMHA OT NMPAMOYTOJNbHOH K NpU3Ma-
TUYECKOH W BO3HMKHOBEHHE HOBBIX cybaepeH cybeTpykTypoel. Yrny6ne
HHe 3TOr0 Mpouecca NMPHBOJOMT K BO3HMKHOBEHHIO CTPYKTYp OroKoBanus
M MO33aWYHOTrO pacraja 4 NOABJEHUID MHKPOCTPYKTYD, BhlpaxarwllieMycs
yepez BrokoBaHMe M Mo3auuHoe yracaHue. [Ipu 3Tom HauMHaeT nposas-
NATHCA PEKPHCTAIUTM3ALWOHHAA TPaHYIALMA, COMPOBOXKIANIIAACA He
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Tabnuua 6

CTpyKTYpBl rpany 1MPOBAHHOT O X HIIBHOTO
KBApUA BOCTOMHOI'O CKIIOHA Ypana

Crpyxrypa Paamep - OcobeHHOCTH CTPYKTYPbI
3epeH, MM
KpyrnHo3epaucTan 5—10° KpynHorpaHy MpoBaHHBIA KBapL.
CpenHesepHucTas 2-5 ['paHy /bl HMEOT NPOCThIé IPAHHLBI.
MenxoaepHucrad 1—2 B pesMKTax NpUCYTCTBYIOT CTeKIIO-

BUIHBIN FHIAH10-3€PHHCTbIN

KBapIl, 4acTo 6/I0KOBAHHBIH
ToHKO3epHUCTAR 0,21 Muk porpaHy/IHpOBaHHbIH KBapIL.
MukposepHucTas 0,05—0,2 I'pasuub! cnoxkHble. B penvkrax —
CTeKJIOBH/IHBIH KBapLl, YacTO MHKpPO-
GnoxoBaHHBIH

Menko3sepHucTan 0,6—0,2 CaxapOBHIOHBIH [PAHYIHPOBAHHLIA
KBapll ¢ MeJIKMMH rpadynamu. [pa-
HHI1bl HACTO MPOCThIE. B PeTHKTAX —
MonouHo-GenbIit KBapu gparmMeHTap-
HOM CTPYKTYPHI

rpepbIBHBIM BpallleHHEM H murpaumeit rpaHuun 3eped. B pesynbrare
MOAB/IEHHA JOCTATOYHOrO KONUUECTBA MEX3ePHOBbIX pPacTBOPOB MPH
OTHOCHTEIBHON CcTabWnu3auMu AMHAMOMeTaMOpdH3Ma BpalleHue 3epeH
YMEHBILAETCA ¥ HACTYMaeT MepHOjl MepeKpHCTAILIUIANHK ¢ yKpynHeHHeM
3epHa 10 Pa3MepoB, COOTBETCTBYIOUIMX aueiike Koxcerepa [13] npu y¢
noBuM yaoBneTsopenua NpuHuuna Kiopn pid JaHHBIX TepMOAHHAMHYEC-
KHX MapamMeTpoB Cpelibl.

[lepepoxaeHue arperaToB U PyAOHOCHOCTB. 0.A. CycraBoB B
1973 r., uayyan KWIBHBIH kBapu CapbLiaxcKoro 30/10TO-CYPBMAHOTO
MeCTOpOKIeHHs, YCTAHOBHJ, YTO KPHTEpHUAMH PYOOHOCHOCTH KBapla
ABJIAITCA Pa3HO3ePHUCTOCTh, BOJIHUCTOE, MApKETHOE H MO3AHIHOE yraca-
1A, 610 KOBAHHOCTh, PaHHUI He3pyaHbIi KBapll B #MJIaX 3TOr0 pyaHOTo
nons O0BBbIMHO  MAPALIENIbHO-EeCcTOBATLIH € NpU3HAKAMH cBoboHOTO
pocta. JUIA PyMOHOCHOTO KBapua THITHYHbI TAXOKE PeJIMKThI NOJIOCYATHIX
TEKCTYp ¥ YYacTKH KPYNHO3EPHHCTOrO CTPOeHHHA, FpPYIIibi nblLIeBaThlX
YacTHIl, YKa3blBaloLlHe Ha MepBHYHO TOHKO3EPHHUCTHIE, PHTMUYHO-TIOJI0C-
yaThle TEKCTYPbI, XapaKTepHble 1 6113M0BepXHOCTHRIX 30J10TO-CYypbMA-
HbIX MeCTOpPOJIeHHil ¢ aHTUMOHMTOM. MosanuHOe BOJIHHCTO® yracaHue
rOBOPHT O Hauasie AedopMaUHOHHOTO NePepoXIeHHH.

B npouecce meTamopdu3ma NpoUCxoIHAT nepepacrpeneneHie 1 rnepe-
OTNOXEeHUe PYAHBIX 3JEMEHTOB, B UYACTHOCTH 30JI0T4, C YKpYIHEHKHEM
3epHa M TOBbIIIEHHEM KauecTsa pya. HMeHHO ¢ 3THUM MOryT ObIThH CBA3A-
Hbl TpoLecchl NOKaTbHOTro o6oraiieHus HKUIIBHOTO Marepuania 30JI0TOM
W cynbUaaMH HA MHOIMX PYAHBIX MOJAX U obpa3oBaHie pyAHBIX CTOJ-
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Puc. 3. OpHeHTHPOBKA ONTHYECKHX OCeH B JKIIBHOM KBapue Pa3HOH 30JI0TOHOCHOCTH.

[ — ¢nab0o30N0TOHOCHBIN KBapLl, He MpeTePHeBilHH [PeIPYAHOH TeKTOHHUYEeCKOH re-
pepaboTky (Texcrypa '"'OPHEHTHDPOBKH pocTa’’) 300TO-KO3EeWT-KBapuesore rapa-
redesuca (205 3amepoB); [/ — BBICOKO3ONOTOHOCHRIH KBapli, XapaxXTepH3IVIOLUIAH-
CA COBMelleHneM 30JI0TO-BHCMYTHH-KO3eHT-KBapUeBOro H 30J10TO-KBapu-cyabdui-
HOro naparesfeaucoB (208 3amepoB); @ — maJeHHe >XXHILI, 6 — NPOCTHPAHHUE XKHIbI,
C — HOPMAJIb K IUIOCKOCTH.

Inornoers (B %):1—1-2,2—2—3,3—34,4—4-5,5—5-6,6 — 69

ooB. B uacTHocTH, HA2 OJHOM H3 CpeIHErNTYOMHHBIX MECTOPOXIEHHH 30-
nota 3abaHKansA KBapleBhle KWkl ¢ TOBLILLIEHHOH 30JI0TOHOCHOCTRIO 06-
NafalT OOBOJLHO YEeTKHMH TeKCTypaMH TeKTOHHYeCKOH OpHEeHTHPOB-
ku [49]. Texcrype! "’OpHeHTUPOBKH pocTa’’ He GHKCHPYIOTCA BOBCE, HITH
B HHMX IPOABJIEHBI 3HAYMTENIbHBIE U3MeHeHHA. B yyacTKax Ul ¢ HU3KOH
30710TOHOCHOCTBI0 pPe3KO MNpeobnafaloT TeKCTYPhl OPHEHTHPOBKH pocrta’
(puc. 3). U3 DGonee uem IBYX [JECATKOB [MAlDAMM, MOCTPOEHHBIX A
NPOAYKTHUBHBIX KBAapUEeBhIX ArperaToB 30JI0TO-KBaplLeBOH M 30710TO-
cynbhuaHo- KBapuesoil dopmManuil, HH OIHA He UMeJla YeTKO BbIDaXKeHHOH
TeKCTYphl "opueHTHpoBKH pocta’’. [lo3ToMy MOXKHO Monarark, YTO arpe-
raThl KBapLa, XapaKTepHU3yoIIHecad 3TUMH TeKCTypamH, He DbuiM noasBep-
JKeHbl BO3IEeHCTBUIO TOJIel HaNpAMeHHH, H B HHUX He NpOABWIACH MO3I-
HAA 'Npen3onoTas’ TPeLLUiHOBATOCTh, HEODXOMMMAas 1A HAJIOXKeHHA 30J10-
T3, CBA3aHHOrO C MO3JHUMH MPOAYKTHBHBIMH MHHEDAJIbHBIMHM ACCOLMA-
LIMAMH.

B yuacTkax jKHI MECTOpPOXIOEHHS, PACIOJIOKEHHBIX HAa Pa3HbIX THIM-
COMETPHYECKHX YPOBHAX, THIl H OPHEHTHPOBKA TEKCTYD BBLIEPXUBAIOTCA
B [IPOCTPAaHCTBE BCEX JKWJI, JOKAIM30BAHHBIX B Mpefelax eqUHOro Tek-
TOHHYeckoro 6roka.

Bespynneit kBaply KoMMyHapoBCKOro pyIOHOTO TMOJA HMeET KpyIl-
HODJIOKOBOE KPYIHO3€PHHUCTOE CTPOeHUe, IJIA HEero XxapakTepHbl BPOCTKH
KaJIbIIMTA, THIHMYHA MepeKpecTHas OeMOBCKAaA  ILITPUXOBKA W MHIIb
crabo HameyaeTcAa oOnauHoe yracaHue, PynHbIA KBaplu XapaKTepH3yeTcHd
NOYTH MOJHBIM OTCYTCTBMEM OEMOBCKOH IUTPHXOBKH, HO B HEM HHTEH-
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CHUBHO TMPOABIAETCA BOJHUCTOE MO3aHUyHOE yracaHve; CTPYKTypa ero
Cpe/lHe3epHUCTAA CO CIIEIaMM Hayala MO3auyHOro pacrlafieHus, 3epHa yac-
THYHO pa3BepHyTbl. C KBapuemM AacCOLMMDPYIOT alnbGHT, FHMIPOMYCKOBHT,
MO3HUH [TePeoTI0XEeHHBIH KalbUHT, 30JI0TO.

[Tono6Hoe pacnipenenenie 3010Ta B 3aBUCHMOCTH OT PAa3BMTHA CTPYK-
TYp W TEKCTYp, 06YClOBIEHHbIX IUIACTHYECKHMH AehOPMALMAMH, XapakK-
TepHO WIA abconwTHOro GONBIIMHCTBA cpefHersybHHHBIX MecTopoMKIe-
uuit 3abafikanea, KpacHofpckoro kpas, Ypana.

O.H. llupoxuit B 1977 r. A 010BOPYAHBIX MecTopoxaenui Ipu-
MOpbA MOKa3all, YTO KBapuy MNPOAYKTHBHBIX 30H KBaplLi-KaCCHTEPHUTO-
BOH CTAMH MPUCYIIH MacCHBHbIE MIIH APY30BaTbie TEKCTYPhI, U OH JIHUIb
cnabo KaraxknasupoBaH. HHTeHCHBHee KaTaK/Ia3MpPOBAHBI arperaThl KBapL-
KACCHTEPUT-CYNb(HIHOro cocTaBa, a TMO3AHMA TpeGeHuYaThii W iecTo-
BaThll KBapll, KaK MNpaBWIO, He UMeeT CJIeJ0B IUIACTHYeCKUX medopma-
LIMH.

WsyueHrne BOJHHUCTOTO YracaHM#A OPHEHTHPOBAHHBLIX LIMMMOB KUIb-
HOr0 KBapua B CBA3H C H3BECTHBIM MOCTOAHCTBOM [UIMH BOJIH M aMIUIH-
TY/L H3rHOOB B KayKIOH CHCTEME MOMKeT [1aTh HALeXHYI WHGOPMALHIo
0 BeKTopax nedopmaimit B JaHHOM yuacTKe 3eMHOH Kopel. Hanpumep,
®.®. Bopuckos [19] no pacnpeneneHHd WHTEHCHMBHOCTH BOJIHHUCTOTO
noracaHus M OJOKOBaHMA Pa3paboTan METOAMKY pa3NIMYHUA XPYCTANeHOC-
HBEIX W HeXPYCTaJIeHOCHBIX JHII [UIA OJHOIO H3 MeCcTOpoxaeHui BoctouHo-
Ypaneckoro MogHATHA.

HayueHHe CTPYKTYp arperaToB >KHMIIBHOTO KBaplia 4acTo HMeeT pea-
lollee 3HaAUeHHEe NMpH OLIEHKEe ero KayecTBa KaK ChbIPbA UIA [UIABKH H CHH-
Te3a KPHUCTA/UIOB.

Tak, rpaHynAuMoHHbIe CTPYKTYpbl (0,2—1,0 MM) B COBOKYMHOCTH C
DAHHBIMH I10 IIOTEPAM IpH NpokanuBaHuu (menee 0,1 %), cymme npu-
Meceil (He Gonee 7,8 - 107 %) M BhICOKOMY cBeTonponyckaHuw (6onee
55 %) ABNAKTCA KPUTEPHAMH OLEHKH TpPOMBIIIIEHHOH TPHIOJHOCTH
wunbHoro Ksapua [19, 20]. Xunmbl rHraHTO3epHUCTOro KBapua ¢ Opy-
30BaTOM TEKCTYpOH W co cnabo pasBUTOH TpaHyIALHed MOYTH Beerga
caMbleé MOJIOABIE, H ¢ HUMH Yallle BCero CBA3aHbl MECTOPOKIEHUA I'OPHOTO
xpycrana. B.E. BepxorypoB, H3yuaBluMil KBapieBble »xunbl Ilamupa,
TOKAa3al, YTO IpaHyTHPOBAHHBIH KBAapll XapaKTepeH MIA MeTamopdusma B
CBA3H C Me3030HCKOH CKIafyaTOCThi0, KOTOPbIH NpOABJIEH B IPOTEpO-
30MCKHX THelcax, KPHCTAUIMYECKUX CIaHUaX, KBapUUTax ¥ MpamMopax, a
TMTAHTO3EPHUCTBI M CpeOHe3epHHCTHIH KBapl € I1epBHYHbIMH CTPYK-
TYypaMH 3apOXKIeHHA H pocTa U 6e3 NMPHU3HAKOB IPaHYyNALHMH XapaKTepeH
IUIA 30H MaJjIeOreHOBOM aKTHBH3aLMH, W C XWJIAMHM TaKoro Kpapla CBsA-
3aHBLI MeCTOPOXK/IEHUA FOPHOI'0 XPYCTANA.

Mo 10.A. CokonoBy, be3pynHble KBapUEBLIe XHUJIbI ABJIAITCH NPOAYK-
TaMH pervoHajpHoro meramopduiama. IlosTomy, Hanpumep, XHIbHBIA
KBapll olNpelesieHHbIX CTPYKTYp, TOKalIU30BaHHbIH B 3K30KOHTakTe Kow
KapCKOH IPYTIIbl MPAHUTHBIX MAaCCHBOB, XapaKTepH3yeT W onpeje/leHHble
thauun MeTaMOpH3IMA: IMTAHTO3EPHUCTBIA CTEKJIOBHIHBLIA CBETIO-IBIM-
YaThlH H TpaHyJIHMPOBAHHBIA CpPeHEe3epPHUCTHIH [PHUCYIL aTbMaHIWH-aM-
¢hubonosoit daumn, a MonoyHo-Genbli KBapll rMraHTo-, KPYIHO- U Cpef-
HEe3epHHUCTBIM M MHKPOTPaHYIMpPOBAHHBIA — (alldi 3e/IeHbIX ClaHLEB.

57



KuneHbie CYIIeCTBEHHO KBaplieBbie arperarbl
MaJIOrJ1y DHHHBIX MeCTOpOKIeHHH

HauGonee THNMUHBI IS MECTOPOXAEHUH MATOTIYOMHHBIX
dhopmauui, Kak 3to HpUT0 Nokadado H.B. IleTpoBckoi u npyrumu uecie-
nosatenam# [10], cTpyKTypsl ¥ TeKCTYpbl KBapua baneickoro pynHo-
ro MomnA.

Mo mpemenn o00pa3oBaHUA M OCODEHHOCTAM CNOXKEHHMA M coCTaBa
BBIIENISIOTCA: MACCHBHBIE, TMATHUCTBIE MU OpeKuMeBHMIHbBIE OONPOIYK-
THBHbIE CYUIECTBEHHO KBapUEBRIe arperathl; MONOCYaThie, MAaCCHBHEIE,
MIacTUHUYAThIE ¥ rpebeHvaThie MPOAYKTHBHBIS, CONepKaIllie 30JI0TO B pa3-
JMMYHBIX KOJIHYeCTBAX, HENpOJAYKTHBHhLIE MACCHBHBLIE H I10J10CYATO-MAC-
CHBHBIE XaTblleJOHOBbIe KBaplbl. BpPeKYHPOBAHHOCTE MOXKET NPOABIATH
CA TaK)Ke Ha BCeX 3Tanax CTAHOBIEHHA KuJl, 3epHHUCThIe arperarhl Xapak-
TEPU3VIOTCA MHOKECTSOM NocilegoBaTelbHblX TeHepauuii kBapua. B 06
eM ciIyuae yCTaHaBIiMBaeTcd Takas MocieoBaTensHOCTh obpa3zoBaHusa
arperaToB pa3/IMYHOTO CIOKEeHMA: 1) MATHUCTble, OpeKuueBHUIHbIE HIH
nonocyaTble OOMPOAYKTHBHEIE, 2) monocuaThle (decToHUaThIe), PUTMHY-
HO-TIOJIOCYATHIe MPOAYKTHUBHEIE; 3) MACCHUEHBIE € MHKpochepoMTORBIM
WM CKeJeTHBIM CTPOeHHeM MpPOLYKTUBHBIE; 4) MAKpPO- U MUKPOIIACTUH-
yaThle MPONYKTHBHBIE; D) HiecToBaThie, MakpochepolMToBhle, TIpe
OeHuaThle NPOAYKTHUEHBIE, HO 0e3 CyLIeCTBEHHbIX KOJMYECTB 30510Ta;
6) maccuBHBIE, [ATHUCTbIE, rpydonosoCcUaThie, KaBEePHO3HBIE, OPY30-
BUOHO-rpebeHuaThie NOCnenpoayKTiBHbe. [locnenoBarensHO CMEHSIOIM-
eca pasHoctd 2, 3, 4 u b uame Bcero 00pPasyOT IM0JIOCYATHIE PUTMHMYHO
crnoxeHHsle arperatol. CooTHOWEHHE MOLIHOCTeH Mmosnoc (LHPHHBI PHT-
MOB) pasiHYHO B Hauane M B KoHue (hOpMHPOBaHUA arperata. PUTMuy-
HOCTh MMeeT IEPHOMHMUECKHI XapakTep. M B Oonee NO3AHUX IMepHONAX
B Iyuyae OTCYTCTBMs MOOOUYHBIX ABIEHMH (BHYTpHMWHEpATH3aLHOHHbIE
MOABHMKKH, BHYTPHATPerarTHhle TIPOKUIKH, MeNKOIpPY30BUIHbLIE arpe-
raThl, Menbuaniuue MOJMOCTH, TPRUMHBI YChIXAHMA M T. I.) YBEIHYHBA-
IOTCA CTelneHb KPHUCTANIMYHOCTH M COBEpLIeHCTBA HWHIOMBHUIOB B Ka)-
IIOM H3 TEeKCTYPHBIX BHIOOB arperatoB u obliee KOJJHYECTBO IUIACTHH-
yaThIX MW liecToRaTo-rpebeHuaTeIX arperaToB. YepejnoBaHue TeKCTyp H
CTPYKTYD HabnwnoaercA kak B (ecTOHUYaThIX TOHKOCIOWCTBEX arpera-
Tax, TAK ¥ B IOCNENOBATENbHO CMEHAKUIMXCH MaukKaxX, CIIOXKeHHBIX cec-
TOHYATBIMY, MACCHBHLIMHM, TUIACTHHYATBIMHM M 1LIeCTOBATO-rpebeHuYaThiMU
00pa30BaHUAMH, B KOTOPBIX (ecToHYaThie M (HecTOHYATO-MACCHBHBIE
3aHMMAIOT BIIOJIHE orpefeneHHoe mecTto (puc. 4) . MMeHHO ¢ MacCHBHbBIX
TOHKO3EPHHUCTBIX W (DECTOHYATHIX arperaToB HAYMHAIOTCA, KAaK IIpaBuIo,
PHTMWYHO ClOXeHHbIe noctpoiiki, [Ipu 3Tom MX xapaxTepHefiei yeproi
ABJIAETCA OIpejeleHHas MOCIeloBaTeIbHOCTh PAcroioKeHHA OT TOHKO-
3€PHHUCTBIX K MENKO-, CPeIHE HIIHM KPVIIHO3epPHHUCTLIM, Jajee K ILUIacTHH-
yaThIM, 3aTeM LiecToBaThiM. ClieiyeT IIoA4epKHYTh, YTO TOHKO3epPHHCTLIE
arperaThbl, B CBOI0 OYepelb, COCTOAT H3 PHTMHYHO NOCTPOEHHBIX MHKpO-
chanepuToB, B KOTOPBIX YepeAVIOTCH CNOHKH KBaplia ¥ CIOHCTBIX CHITH-
KaToB (pHc. 5).

OrnucaHHaA MocnenoBaTeNlbHOCTh YHMBEPCAJbHA H MPHUCYIa B PABHOH



Hannazh,

Puc. 4. THIMUHAR MOCTEXOBATENBHOCTE OBPAIOBAHMA KMIBHOIO KBaplUa pPa3nMiHOR
rexceryper (Baneiickoe pynHoe none) . 1/4 nar. sen.

] — puTMMMHO-TIONOCYaTO-(heCTOHUATEIH; J — MaccHBHLIN, 3 — maxpo- u MUK pOTUIaC-
TUHUATBIE; 4 — MACCHMBHEIN MakKpoChepoSHTOBLIN, MHUKPOMIACTHHYATEIA, NepexXoun-
1Ml B TOHKOIIECTOBATHI; J — MNacTHHYATO-rpebeHYATEIH, KAPKACHBIH, 1eCTOBATEIH!
6 — wecToBaThiil, MenKorpebenuaTsIi

Puc. 5. MukpornodynapHo-cdieponsTosoe cTpoeHHe 3epeH TOHKO3ePHUCTOTO KBapua.

@ — yBenwdeHue pa3MeDOB 3ePeH B HanpasieHuu or OCHOBAHHUA CNOA X €ro BepxHeH
yaetn, Yeen. 72%; 6 — Muxpornodysnpuo-cdeponuToBsiii TOHKO3EPHHCTLIN KBapl,
HACTIOBHHBIH Ha cepoNuTo -MuKpomeeTosathii. LlenTpansibie gacTh rnodys # chepo-
JIMTOB 0DOraleHbl MOHTMOPHILIOHHTOM,

Banefickoe pyasoe noje. Ysen. 160%, auxonn +.



Puc. 6. Purmuuno-nonocyatoe cTpoeHHe CIOA TONMMHOA oKono 1,5 Mm,

@ — uepeJOBaHME MHKPOLIECTOBATOI'0 KBApPLA M MHKDO3EDHHCThIX KEBApi-MOHTMO-
PHIIIOHHMTOBLIX arperaToB B TOHKOMNOJOcuaToMm decToHuaToM cnoiike, Ysen. 72%,
HHKO/H +; 0 — NOYKOBHOMBLIA (DpParmMeHT MHKPOCJOHCTOrO CYLIeCTBeHHC XBapLeBo-
ro arperara; uYepeJoOBaHHEe CJIOEB MHKPOLIECTOBATOTO KBAPLA W MHKPO3IEPHUCTOTO
arperara KBapua H MOHTMOpWUIOHuTa. Y en. 240%, Hukony +

Puc. 7. Hapacranme TOMKOro ¢jofi MHKDPO3EPHHCTOrO KBApPLA, CMEHHIOUIErOCA TOH-
KO3EPHHCTBIM MACCHBHBIM, HAa MNOYKOBHIHBIX CKOMIGHHAX MOHTMODPHIUIOHHT-IHIpO-
CJIOANCTO-KBAPLICBOI O COCTABA B OCHOBAHMH PUTMA.

Baneiickoe pynHoe none. ¥YBen. 160X yuweonu +



YT/IeNIBEHLIM CIIOHKA&M B (l__lt‘('ith'-HJ TO-CII0OMCTRIX -'U‘])QT'H'I"(I.‘{1 H rnayxKam
IX ArDEraToB, M KpYNHo- W rpyb03epHUCTBIM [TOCTPOIKAM, Npen-
MMM cOO0H 3aKOHUEHHBLIM pPUTM, Cllaralldi HepeukKo OJHY H3
H CHMMeTPHUYHON KHJIbl (puc. 6—8).

1paBKJIO, Hauboslee MOUHGIE M [IPABH/IBHO NMOCTPOEHHbLE MepH-
tMe UMKJIbI HabmwopawTeda y nexadnx bokoB wuin. CooTHouweHue
2Tel arperaroB, XapaKTeLHM3YHLUIMXCA OfpefereHHbIM THIIOM
/P ¥ TeKCTyp, B anodu3ax U OTBETBJIEHUAX 3aBHUCHT 0T TOTO,
OH CTagMH KpPHCTAIJIHM3ALUHA NPOMCXOAHIIO BHeapeHue ¢uouaa B
0 TPeUMHY: eCjIH Ha paHHHX CTaaufAX, TO B anodusax Nnpoasiif-
‘A raMMa TEeKCTYD M CTPYKTyp ¢ npeobnanaHueM (ecToOHYATHIX,
. IPOMEXYTOUHBIX, TO NMpeobianalT MacCHBHLIE H MeNlKOMJIACTHH-
ecIM Ha 3aKIIOUMTENbHBIX, TO JAOMMHMPYHT MaCCHMBHO-IleCcTOBa-
YITHOIUIACTHHYATHIE HIIH APY30BHUIHbIE.
'TATOYHO OTHETJIHMBO HM3MeHeHHe MHUHEepa/bHBbIX MapareHe3ucoB —
JOCHIOOHCTO-MOHTMOPHIIJIOHHT- KA0JIMHHUT- KBApLeBbIX HMIIH afyJIfAp-
BbIX H XJIOPUT-KBapLUeBbIX B Hayajle PUTMOB M IEPHOJOB K MOHO-
JIbHbIM KBaplieBbIM arperataM B UX KOHIIE,
loT0, cepebpo, cynsduasl 1 cyibdoconn 06pa3yT PHTMHYHO T10B-
uMecHd cKormeHuda. MakcHMManbHble HX KOHLOEHTPaUHWW OTMeuarwTcs
iMLaX Nepexoja OT CYLIeCTBEHHO KBapleBbIX 4YacTell K 4acTAM,
HbIM AJIIMOCHIIHKATHO- KBAPLIEBLIMMA ArperaTamu.
\13aHHBIE 33aKOHOMEPHOCTH ABIAKNTCA OOWHMH, HO OHH MOTLYT
ATBCA B MHOH MOCIEN0BATeIbHOCTH B 3aBHCMMOCTH OT U3MEHEeHMA
YTHBIX yCI0BHHA (hOPMHPOBAHHA MeCTODOXIeHMH.

'ParMeHT NIaCTHHYATO-KapKaCHOTO arperata KBapua.

ble MIACTHHKHM COCTOAT M3 TOHKO3EPHHMCTOTO CTEPMHA MOHTMOpPWLIOHHT-
Oro cocTaBa ¢ MejxorpebeHuaron BHelwHeH KopKoi. B ueHTpe — MHOrocno-
STHHA, CNOXKEHHAR cepHell elHHMMHBIX MnacTuH, obpocuiad KOPKOH KOPOTKO-
ThIX KPHCTAJUIOB KBaplia
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Puc. 9. Pacnpenenenne npec6iajaloiHX TEKCTYP MKHIBHOTO BeLIECTBA B IUIOCKOCTH
skunel N 1 Baneiickoro pyasoro nonsa. o B.I'. Xomuuy u I'.A. [lyraesoii c nonontHe
HUAMH aBTOpa.

Texerypbi: | — ToHKOnONOCYAThIe, 2 — MacCHBHEIE M rpydornonocuarsie, 3 — maccus-
Hble, TOHKOLIECTOBATbIE H 1UeCTOBATO-MeNKorpebenyaThie, KPYTHPHKALMOHHO-LECTO
BaThie ¥ pagHanbHO-WecToBaThie, 4 — Gpexuuensle, 5 — KOHTYD 30Hbl PYOHbIX CTOI-
60B; 6 — KOHTYp H¥DKHell ¥ BepXHell MepexXOOHBIX 30H; / — DPA3NOMBI, § — TDAHMLLI
Pa3BUTHA CTPYKTYP

Bapuwauum KONMYeCTBEHHBIX COOTHOUIEHMH TeKCTYp B IPOCTPaHCTBe
MOKHO TOKa3aTh Ha npumepe Banefickoro pynHoro IoJIA B NoclenoBa-
tensHOoCTH obpasoBaHuA (puc. 9), B CBA3W C OKONOPYIAHLIMH H3MeHeHHA-
MM M pyAoHOCHOCTEI0 (puc. 10) ¥ B 3aBHCHMOCTH OT BMELIAWILIHX [0
pon (puec.11).

B obuweM crnyyae Ha BepXHHX M CPeJHHMX FOPH3OHTaxX CpeiH NPOAYK-
THEHBIX KBaples NnpeobrajaloT rojiocyaTkie, TOHKOMOJOCYAThIE, (hecTOH-
yarble arperaTbl. MaccuBHBIE M B MeHblIeH Mepe MUIacTHHYaTble MeHee
pa3BuThl. YacTo 3TO MenKoNIacTHHYATEIe arperarsl ¢ HeGOJNBIIMMH My CTO-
TaMH, BBIIOJHEHHBIMH PeIMKTaMH afyJiAapa, 3aMelUeHHOIo THIAPOCIo-
A0H MM MOHTMOPHIUIOHHTOM, a TAKXe COJepKalllMMu Menkue (He Go-
nee 1—1,6 mm) xpucrammuky ksapua. C rioybuHol yBenuunBaeTCH KOMH-
YECTBO MACCHBHBIX W IUIACTHHUYATBIX TEKCTYp, 4 TaK)Ke€ OTHOCHTEJIbHO
KpYNHBIX [PY30BbIX IIOJIOCTeH, B KOTOPLIX OOHapyKHBAIOTCA LIETKH
KpHCTaJIJIOB KBapla M kapOoHatsl. [lnacTuHYaThIél KBapll 3/ech yalle
npefcTaBlieH KPYMHOIUIACTHHUYATBIMH MM KapKAaCHbIMHM [OCTPOHKaMH,
a B MacCHBHOM KBaplie OGHJ'ILHbI MYy CTOThHI ¢ MEJIKMMH KPHUCTALJIAMHA 3TOTO
mvuHepana. IlonocuaTele arperars! pasBUTBI MeHee; MONOCHEI  He CTOJIb
KOHTPACTHBI, COJIEPKAT MeHbllle CIIOHMCTBIX CHJIMKATOB H COCTOAT U3 KBap-
Lja rpaHobIAcTOBOM, pexe THMHYHO cheponuToroll cTpyKTypsl. Crnemyer
OTMETHTh, UTO B IMPHUIOBEPXHOCTHBIX YYacTKax HaONI0alnTCA TaKKe
OTJEJIBHBIE MATOMOILUHEIE XMWIbl II1aCTHHYATOI'0 KBapua, B KOTOPBIX
ponb (hecTOHYATLIX ArPeraToB KBapL-rUApPOCIIOIMCTOTO COCTABA BLINOJIHA-
T TOHKODaIHaJIbHO-TY4YHCThIE MTOJI0cYaThle (hecToHYaThie ArperaThbl MNHPH-
T4, IOKAJIM30BAHHLIE B NPHKOHTAKTOBLIX YACTAX 3TUX ML
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Puc. 10. Pacnipepesnelue CTPYKTYPHO-TEKCTYDHBIX Da3HOCTeH KBapleBbIX arperaros,
MHHEPAJIOB H OKOJOpPYAHOH3IMEHEHHBIX MOopojd B pyaHoH 3oHe Banenckoro nons.
ITo marepuanam B.I'. Xomuua u I".A. [InraeBod ¢ n1onoNHeHHAMH aBTOPA.

] — wHpOKO pacrpocTpaHeHHble MM 0ObIuHbie; 2 — MANO PAcMpoCTPAHeHHble; J —
pedKHe HIIH HeobbIuKEIE IJIA OnpeneNneHHkIX YCIOBHH.

OnucaHHble CTPYKTYPHO-TEKCTYDHbIE DPasHOCTH Kpapua bBanefckoro
PYLHOro MOMA COCTABNIAIT eQMHBIH PAJL NOCIeA0BaTeNbHO 00pa3yIHX-
¢ CYLIeCTBEHHO KBaplLeBbiX arperatos. ['MaBHYH Maccy COCTABIAIOT Te,
B KOTOPbIX 30JIOTO U COMYTCTBYIOLUHE €My 3JIeMeHThI OTJlarajlich B Mpo-
uecce MX QOPMUPOBAHHA B MOMEHThl OTHOCHTEIbLHO PE3KUX M3MeHeHHH
pH, naBneHWH M OTHOCHTENBHBIX KOHUEHTpPAUWH KOMIIOHEHTOB, BXOJIMB-
wuxXx B coctaB pynoobpasyiowero ¢uionna. o H3yyeHUA (GUIHIECKHX
CBOMCTB KBaplUeBBLIX arperaToB IJIaBHbIM THINOMOP{HBIM TNPH3HAKOM
HX [7A MeCTOPOXIEHHH MayiorfiiyoMHHOH Qopmauuyd ObuUT BHEIUHHH
obnuk. K NpoayKTHBHBEIM OTHOCHIIMCH 110/lOCYaThle W KapKacHble, pexe
rpebenvarbie. I'peGeHuaTsid H MIAaCTHHYATBHIA KBapll, ¢ KOTOPOM acColiu-
HpyeT KpynHoe 'mo3fHee’ 30JI0TO, IOJIYYKJl Ha3BaHHe BTOPOH HPOAYK-
TUBHOM accoumaunyu [10] H3-3a Toro, uro Hepenko HabmwIAIHCH, Nepece-
YeHHA JKHJI pPaHHMX NPOAYKTHBHLIX W HeNpOAYKTHBHBIX aCCOLMAaLHM
"MO3AHKUMH"’ HUITAMH, CJIOKEHHbIMM MACCHBHBIM, I10JIOCYaThIM, IIACTHH-
yaTbiM MJIM TpebeHyaTbiM KBapuem. Ham rnipejcraBinsercs oTHeceHWe
NOCJIEHUX B OT[IeNIBHYK CTaJIMI0 HeJJ0CTATOMHO obGocHoBaHHbiM. ' Tlo3p-
HHe ' XHJIBI ¥ NPOXKHIKH, CeKYILIHe NO TPelUMHAM YChIXaHHA H KOHTpaK-
IMH paHHWe TIeHepallHH KBaplla, NpencraBifAioT C060fr{, no CyTv perna,

63



Puc. 11. TunomopdHsie TekcTypsl KBapueBbix Wi DBanelickoro pyanoro nonas
cpeau rpanutonnoB (/), xournomeparos (/1), necuanuxos ([1I). Ilo B.I'. Xomuuy,
I'.A. luraeBoli ¢ HONOIHEHUAMHU ABTOPA.

1 — BMewmaiomme noponbi; 2 — 30HA CEPOro, TEMHO-CEPOro, YepPHOFO MACCHMBHOIO
MHMKDO3ePHUCTOTO NONPOAYKTHBHOrO KBapua; J (/) — 30HBI  MeNKOMIAaCTHHYA-
Toro keapua; 3 (/I) — 20HbI HeAcHononocyatoro keapua; 3 (/II) — 30HBI TOHKO-
PHTMHYHO-MMOIOCYATOr O NMPpOAYKTHBHOIO KBapua, nepememammeroca ¢ MAaCCHBHBIM,
Ha KOHTAKTAX PHTMOB — CyJibhuasl, cyisdoconu, 3onoto; 4 ([-III) — 30HBI ckom-

JIeHMA KAOJIHHHMTA H PYOHBIX MHHEPAIIOB; J — 30Ha KPYMHOIJIACTHHYATOrO KBapLa;
6 — 30Ha wecToBaTOro KBapua; 7 (/) — 30Ha xansuuta (pomBosapuueckoro ~abury-
ca); 7(II-III) — 30Ha ceporo M TeMHO-CEPOro TOHKO3EPHHCTOTO MACCHBHOIO, Mac-
CHBHO-ILUTACTHHUATOrO MOCIETPOAYKTHEHOTO KBAaPLa C MHPHTOM ¥ aHTHMOHHTOM

NpoAYKT Tex e (QuounosB, U3 KoTopblx GopmMHpoBaiiack H OCHOBHAA
Macca MpOAYKTHBHOIO KBapua, a CTPYKTypa, cOCTaB, 30J10TOHOCHOCTB
M CBOMCTBA UX 3aBHCAT OT TOro, Ha KaKOH CTaJHMH KPUCTAJUTH3AIHH Mep-
BHUHOro ¢uonaa oHu GbUIM OT HEro OTTOPrHYThHl H B KAKHX YCJIOBHAX
KpHcTanim3oBanuch. Kak HpaBHiio, CekylMe >KWIIbl CloKeHBl Oomee
KpYIHO3E€PHHUCTBIMH arperatami. KpynHoe 3070TO B MycTOTax ¥ TPeLIH-
HaxX MOIJIO pacCTH B CIIOKOHHBbIX YCIOBHAX H3 OCTATOYHBIX HIIH nepeme-
ILIEHBIX PACTBOPOB.

[ToaBneHHe CJIOMHBIX TEKCTYD XKHUIBHOTO KBapla, BK/K alLIMX B3au-



Puc. 12. Crynenyaroe HapacTaHHe CloeB 1o pom0o3Apy B MHKPOKPHCTALIE KBapua.

Ha cxone OTpakeHO DHTMMYHOE pACTIpefeneHHe 30H C DPAa3JIMYHON MPOYHOCTHIO.
Ysen. 44000%

MollepeceyeHHsl arperaToB ¢ OJIHM3KMMH CBOHUCTBAMHM H COCTaBoOM, 00yc-
JIOBJIEHO OCOBEHHOCTAMM YCIOBHH €ro KpHUCTAIUIM34LMK  (CKOPOCTh
OXMAKAEHHA H KPHCTAIIIM3ALMM, MPOLecchbl B3/aMbIBaAHHA, 0COOEHHOCTH
pacripefiejieHHA MpuMeceil ¥ T. [.), U [MO3ITOMY OHO TAKIKE HLOIDKHO OBbITH
OMHHM M3 THIIOMOP(HBIX IIPU3HAKOB MaJlor1yOuHHON dopmauuu,

B M3MeHeHHH CTPYKTYPHO-TEKCTYPHOTO OO/IIMKA KBAPUEBBIX arpera-
TOB HaMeEYaKTCA 3aKOHOMEpPHOCTH, OTPaXAlLHe YMeHbllleHHe CKOPOCTH
KpHCTAIJIM3alUMK BelllecTBa ¢ IyouHoi. B 1esiom nposaBnsercAa BepTu-
KalbHafAd MaKpO30HAJILHOCTh B paclpele/leHHH arperaToB OIpelelleHHbIX
CTPYKTYP M TEeKCTYp, KOTOpad OTpaXkaeTCA U B [epUONMYECKON HAanpas-
JIEHHOCTH TFOPH30HTAIBHOM MHKPO30HANBHOCTH (OT Hayala K KoHUy hop-
MHPOBAHHA JKH/bI) HAa Pa3jIMUYHBIX YPOBHAX OPraHU3alMH KHUIBHOTO Be
ecTBa — OT MeJbUaHIINX KPHUCTAIMKOB BelnHuuHOH MeHblie 0,002 mm
(puc. 12) mo MHKpPOPUTMa M PHTMHYHO CIIOXeHHOH xunbl. [TlomobHEere
CprKTypr H TEeKCTYpPbl KBAPLEBBIX arperaToB H HX pacrnpeneleHde B
MPOCTPAaHCTBe HADIIOAANHCE M HA APYIUX PYAHBLIX NOJAX,

Ha opHom mu3 Hux (Cesepo-Bocroxk CCCP) B xune 'nasHoi, no-
KalM30BaHHOH B JauMTax M JIMMapdTax (CceBepo-BOCTOYHAA YacTh) H B
aBTOMarMaTHYeCKMX OpeKuYMAX  CpellHero cocTaBa  (Hro-zanajHas
YacTh), arperaThl KBapla Pa3siUyHbIX CTPYKTYD M TEKCTYP pacnpeneseHbl
CHMMeTpHYHO-30HAIIBHO. rHaBHblMH JKHIIBHBIMH [lapareHeavcamMu HABJIA-
KTCA: afylAp-KBapleBble, KAOIHHHUT (THAPOCIKANCTO)-aayiap- KBaple
Bble, KalblLHUT-adylnAp-KBapLUeBsie H XJIOPHT- KalbUHT-KBaplessie, CpeamH-
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HYH HAacTh KHJIbI, COCTABJIHWOIIYI0 OKQJIO IOJIOBHHEI ee oﬁ‘t.ema, cjiararwTt
anynfAp-KBapleBbie Macchl. B npuHuMne obnacte pacnpocTpaHeHus any-
JIAp-KBAPLUEBOI'O IapareHe3nca coBliafaeT ¢ KOHTYpaMH paclipelneJieHHH
30510TOr0 opyneHeHuA. KaoJIMHUT (rUAPOCHIOIMCTO)-afyNap- KBapleBhbii
napareHesuc craraet (aHrosele 4acTH xuibl. B nogpynHoil yacti 30HE!
CYLIECTBEHHO 30JI0TOr0 OPY/EHEHHA M KOHTYpPAax CYLIeCTBEHHO cepebps-
HOrO IUMPHUHA [I0J0CHl Pa3BUTHA 3TOro rapareHe3ica B 2—3 pasa bonbiie.
B oro-sanagHOM uYacTM OH HMMeeT He3HauuTellbHOE pAaCIpoCcTpaHeHHe.

B une I'maBuo#l Hauboslee pa3BUTBLl PUTMHYHO-[10]0CYAThIE, TOHKO-
¢ecToHuaTO-MOMIOCYaTLIE HMIIM rpybomnonocyarbie TeKCTyphl. Ha KoOHTak-
fe »xuibl B nexkayeM Doky ToHkad (1,0 mMm) nosoca TOHKO3EpHHCTOTO
HJIM TOHKOIIECTOBATOr0 KBapla, Ha KOTOPYI HAPACTAET CINOH MOIIHOCTHIO
0,6—1,7 cm, COCTOALUMH B OCHOBHOM H3 CBETJIO-KPEMOBOTO ainynApa M
kBapua. Obocobnenua anynapa uaomopdHsl. Janee cienyer cjioit mac-
CHBHOT'O MEJIKO- 10 TOHKO3EpPHHUCTOrO KBaplia, KOTOPLIA CMEHAETCA TOH-
yafi¥M ClI0eM CYLIEeCTBEHHO allyJApPOBOI'O COCTaBa. 3aTeéM BHOBb Bblie-
NAETCA CJIOM TOHKOINEeCTOBATOTO KBapla ¢ THOPOCIINOH H anylapoM
Ha TpaHMLax yUIMHEHHBIX HMHAHBHIOB KBapua. CrleQyloiuMi pUTM CHOBAa
HaulHaeTCH ¢ OOWJIBHOTO BbIOEJIEHHA afyifApa M 3aBepliaeTcA TOHKO-
MONOCYaThIM  (DeCTOHYATLIM IUECTOBAThIM KBapuem. CMeHHIOUIMA ero
PHTM TakKe HaYyMHAeTCA CNOeM aIyJlApa M 3aBepluaeTcd MacCHBHBIM, a
3aTeéM TOHKOLIeCTOBaThIM KBapuem. Ha atom obpazoBanue anynap xkeap-
LIeBbIX PUTMOB 3aKaHyuBaeTcA. Donee no3pHWe PUTMBI CIIOXKEHBI CylllecT-
BeHI’0 KBapLUEeBbIMH CIOAMH, B OCHOBAHMH KOTOPBIX OTMEYAIOTCA CJIOMKH
aj, IAP-TUIPOCIIIOAMCTOTO HIIM afyJiAp-KaoJIMHUTOBOro cocrasa. B atux
YyeTbIpeX CJIOAX B HaNpaBleHHH POCTAa MHIMBHOOB MPOHCXONMT IOCTEleH-
Hoe (HO NepHoiMYecKoe) YMeHbilleHHe KOJIHYeCTBa MIHHO3E€MHCTBIX KOM-
NOHeHTOB B KBapLieBOH MaTpHLle W yBelHYeHHe pasMepOoB HHOHBHIOB
KBapla, UX MPO3PayHOCTH H COBEpIISHCTBA, 3aBepluaeTcA KpPUCTaIH3a:
LU¥A CO CTOPOHBI Jekauero 60Ka KpyNHOIICCTOBATHIM HIIM MelnkorpebeH-
4aThIM CEepbIM MM aMeTHCTOBBIM KBapueM. YacTo Mo BO3HHKAKOLIHM
TpelUHaM MocjiefHne reHepalund KBaplua GOpMHPYHTCA B TOHKHUX NpoO-
JKMIIKax. B mpoliecce KpMCTanaM3alMKM OTHEesbHbIe YacTH yxke chOpMHpO-
BaHHBIX PAHHMX TI'eHepalMi pacKalbIBaJIMCh M obpacTtanu kBapliem rnocie-
aywiux reHepauuit. Co cropoHnl BHcAYero OOKa MOUIHOCTH DHTMOB
B JKWJlé Pe3KO yMeHbluaercs. [loaTomy B GONbIIMHCTEBE Cly4yaeB OHA HMe-
€T CHMMETPHYHO-aCUMMETPHYHOE CTPOEHHE,

OnucaHHadA MOC/IeAOBATeNILHOCTh B 00pa30BaHUM OTAENbHBIX CIIOEB M
PHUTMOB (CTPYKTYPHO-TeKCTYpPHBIX pa3HOCTeH arperatos) B Mpeaenax
Bced JKwibl I'J1aBHOW B npuHUMne oavHakosa. Ho B pAne ciyyaeB, Kak
H Ha APYTIHX pYIHbIX MnojaAax, u3 061.]_[8]71 CHCTeMEI CJIOEB, arperaToB H Iapa-
TreHe3HucoB HeKOTOpble MOT'YT BbINanaTe B 3aBHCHMMOCTH OT KOHKPETHLIX
YCIIOBHH, BpeMEHH pAaCKPBIBAHMA H CYILLIECTBOBAHWA DYONOBMEIIANLINX
TPELUH, UX MMOIHOBIEHHA.

H3yuenne pacnpepeneHHsa MacCHBHO-NOJNOCYATBIX, MaCCHBHBIX, IUIac-
THHUYATBIX, WWECTOBATBIX Y rpeDeHYaThIX arperaToB KBaplia Ha (QoHe roJoc-
YaThiX, KOTOPbIe PACIPOCTPAHEHb! TPAKTHYECKH 110 BCeMY 00BheMYy >KHIihi
(pyc. 13), noxasano, YTO IPaHHIbl PAaCIpPOCTPAHEHHA CTPYKTYPHO-TEK-
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Puc. 13. Pacrpeaesienve B ®Hile ['NaBHOMH arperaroB *KWIBHOTO KBapLUa PasiIHYHbIX
CTPYKTYPHO- TEKCTYPHBIX Pa3HOCTEH.
I — nonocuarsiii; 2 —I0JIOCYATO-MACCHBHBIH M MACCUBHEIN; J — nuacTuHuatem ('py6-

neHsIi’’) UrecTOBaTHI M rpebeHuaTelii; 4 — aMeTHCTOBHIHAA PASHOBHMIHOCTH LI1ECTOBA-

To-rpeberuaToro; J — KPHCTAINOKIACTHYECKHE HTHMMOPHTBI 1 Tydobpexuny annezn-
TO-IAUMTOBOrO cocTaBa;, 0 — OALMTHI; / — KPHCTAINOKIIACTHYECKHE HIHHMODMTEI
1 Tydobpexunu HAUMTOBOrO COCTaBAa; 8 — MIUIOHMTBI M TeKTOHHYecKHe Gpexunu

CTYPHLIX Pa3sHOCTEH KBAapLEBbIX arperaToB COOTBETCTBYIOT paHHLiaM pac-
MpoCTpaHeHUs: 30JI0TOr0 OpY/AeHeHHA; Haubonee MOJHbIE KOMIUIEKCHI
CTPYKTYPHO-TEKCTYPHBIX PasHOCTeH COOTBETCTBYIOT 00OOralleHHBIM 30J10-
TOM YaCTAM JKWJIbI; HabIw0aeTcd CHMMMETPHYHAA 30HABHOCTH — OT CYy-
LIECTBEHHO T0JIOCYATBIX HA (PJIaHrax K MOJHOMY KOMIUIEKCY CTPYKTYPHO-
TEeKCTYPHBIX pAa3HOCTeH B CpeOMHHOM 4YacTH M B OTAEsbHbIX JIOKAJBHBIX
pa3ayBax; ¢ rnyOMHON yBeNMYHBAETCA [OOJIA MACCHBHBIX H 11€CTOBATO-
rpebeHyaTbix arperatos. B ¢BA3M ¢ Tem, YTO MOJIOCYATBIE ArperaThl AB-
JIAKTCH PaHHMMH, OTMEUYeHHbIe 3aKOHOMEPHOCTH CBHIETE/ILCTBYKT O Be-
POATHOH UEHTPOCTPEMMTENbHOH KPUCTAJUIH3aUMK: OT (MIaHroB K LEHT-
py # cBepxy BHH3. OcTaroyHble pacTBOPHI [LOJbile COXPAHAIHCH B CpeiH-
HOH YacTH, rjae HabnomanTcea MOIMHOCTH KHIbI.

B uenoM KOMIUIEKC CTPYKTYDHO-TEKCTYDHBIX Da3HOCTEH JKHIBHOTO
KBapua, pa3sBUTOrO Ha MeCTOPOKJAEHMH, NOCIeN0BaTe/IBHOCTh HX 00pa3o-
BAHUA, PUTMHYHO-IIEPHO/MYECKOE pacripefie/leHHe B JKHIe B HalpaB/IeHUH
OT KOHTAKTOB K CcepelHHe, o0LIMe TEHAEHUMH UX WU3MEHYHBOCTH C INIyOu-
HOH, COCTaB >XUNBHLIX MUHEpPAIbHBIX MapareHe3WcoB OJIM3KH Pa3sBHTBIM
Ha BajlelfickOM ¥ OPYTHMX PYOHBIX [OJIAX, YTO II03BOJIAET PACCMOTDPEHHbIe
0CODEHHOCTH CTPYKTYP M TEKCTYpP CYIIECTBEHHO KBapLEBRIX arperatos
CYHTATh THUIIOMOPMHLEIMH ANA MECTOPOMKIAEHHH MAanornyOHHHOH 30J10TO-
cepebpAHON Gopmaimu.

B cyumecTBeHHO KBaplUEBLIX KHIaX MECTOPOXKAEGHHA, TIepeXOHbIX
OT THMHYHBIX MANOINYyOMHHLIX K CpenHernyOHHHbIM, BO3pacTaeT pac-
NpocTpaHeHHOCTE MACCHBHBLIX H [PY3OBHIHBLIX arperatoB, Oosbiue cra-
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HOBHTCA LIECTOBATLIX MMOCTPOEK, yallle BCTPevyalTCHA MOJIOCTH ¢ KPHCTal-
JAMH, HO BO BCeX CJIyYyafAX COXDAHAETCA PHTMMYHAA CJIOUCTOCTh B CTpOe-
HUM KHJT, XapaKTepU3yIOIMXCA TeM, YTO B HayallbHble cTaguy HX HopMH-
poBaHUA 00pa3yrwTcA  OpeKuMeBhle M MacCMBHO-OpexuueBbie arpera-
Thl, oOorauleHHble cyab@uiaMH, a Imocjefylllyde TeHepaulH CJ10MXKeHbl
NpeMMyIIecTBeHHO KBapU-aayaapoBeIMH ciofimd. KonuuecTsBo anyispa
PHTMHUYHO YMeHbllaeTCA B arperartax, cjaramildx Mo3[HWe TeHepauuu
JKHIBHOrO BBINOJHEHHA, & CaMM arperatbl CTAHOBATCA [UECTOBATBLIMH,
YacTO APY30BHUAHBIMH.

COCTAB H I[PUMECH KAK THUIIOMOP®HbLIM IPHU3HAK

AnwMuUHHHE ¥ THTaH. KBapu W3 0e3pyIHbIX XXHJ 3anajHOH
yacTH BopliloBoYHOr 0 NOAHATHA U APYTUX 06BeKTOB, 1o naHHbeiM A.I'. Ma-
NbIlIeBa, MPaKTHYECKH HE COHepXHUT CTPYKTYDHOrO AJIOMMHMA, TOraa
KaK KBapll NMPOAYKTHBHBIX aCCOLHALMI ¢ KAaCCUTEPHUTOM, 30JI0TOM, BOIlb-
(ppamuToM pesko oboranieH anomMuHuem (Tabn. 7).

ConepxaHue aniMHHUA YMEHBIIAETCHA B PAAY OT IPeH3eHOB [0 3070-
TOPYOHBIX CpegHerNTyOMHHBIX MeCTOpPOXKAEeHHH. AHOMATBHO BBICOKHE
KOHUEHTPAUHH IVIHHO3eMa B TOHKO3ePHHCThIX CYIIECTBEHHO KBaplEeBbIX
arperaTax M3 >KHJI MeCTOPOXJEHHI ManornyOHHHON 305I0To-cepeQpAHOR
dopMaiu 0GBACHAITCA NPHMEChH TOHKOAMCIIEPCHBIX CITOHCTBIX CHIIH-
KaTOB, HO KOHUEHTPAUMH CTPYKTYPHOI'O allOMHHHA B HHX COCTABJIAKT
0,12—0,8 %.

IMonyuenue mMoHoGpaKUMH KBaplia M3 ero MejlkKo- W TOHKOIMCIepc-
HBIX arperaToB JOCTATOYHO CJIOXHO M noporo. Jlna pellleHHA NpaKTHYec-
KHMX 3ajay lenecoobpa3Ho mnone30BaThcA Jerkod dpaxuued matepuana
M3 YYaCTKOB JKHJ, BU3YaIbHO He COJlepiKalldX MOJIeBhIX LWIMATOR M CIOHC-
Thix cuimkaToB. ObpaboTaHHble nanHble aHanu3a bonee 1180 npuroros-
JIEHHBIX TAKHM crocoboM mpob KHIBHOTO KBapla M3 28 MecTopoxIeHHH
nokasanu (puc. 14), uro B pAAY 30J0TOPYAHLIX (hopmaumii HabGmoIaeT-
CA yMeHbllleHHe KOHIEHTPalUH aTlOMHHHA OT rNyOHHHBIX 30/10TO-KBaple-
BBIX K CpegHernyOHHHBIX 30J10TO-CYIbGHAHO-KBapLUeBbIM, MakcHMalb

Tabnuua 7

KoHueHTpauusA IIHHO3eMa B MOHOMPAKLHAX
MHJIBHOTO KBapUA 10 IAHHLIM XMMHYeCKOro aHajiu3a

Pynsana dhopmauus n 3 o,
I'peitzenoBas KBapu-Bons(paMHTOBAA 8 0,203 0,096
IMNny6Gunnan 3onoro-kBapuesan 14 0,069 0,081
CpenHernyOHHHAA 30110TO-KBapUeBasa 7 0,031 0,032
y6orocynshuaHan
ManornyburHan 3on0To-cepebpaHan 17 1,33# 0,45

*Jlerkana ¢pakums, Ha 99—99 5 % cocToAman H3 YUHCTOrO KBapUA.
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Puc. 14. ConepkaHuMe aIOMHMHHSA H OTHOLUEHHE KOHLEHTPALMA ADOMHHHA W THTaHa
B KBAaplle MeCTOPOK/1eHHH BOChMH I'eHeTHY eCKHX THIOB.

I — nermaruter (28 upoB); /I — rpeisenoBas KBapl-BonbgpaMuTOBas OpMAaLKA
(49 npob); ruppoTepmanenble mecropoxnenua: [l — rnybuHHLIE 30710TO-KBapLe-
Bote (95 npo6), /V — 3onoTo-xBapueBble, nepexonHsle k raybunneiM (66 npob),
V — cpenmernybuHHble 30n10TO-KBapuesbte yboroeynshuansie (258 nped), VI — ma-
nornybuHHbIe 30n0TO0-copebpannie (739 npo6); XpycTaneHOCHbIe MECTOPOKIeHHA:
VII— nexpycranexocuste xunsi (15 npo6), VIII— xpycranenocHste sunpi (15 npo6).
1—Al; 2- AUT.

Hble KOHUEHTPAUMH aMOMHHUA 0OHApy)eHbl TAKKEe B KBAaplLe MeCTOpPOX-
neHud manornybuHHod dopmanud. Camble HU3KHE COLEDIKAHUA AIOMU-
HHA NPHCYILIM KBAPLUY XPYCTaJeHOCHbBIX KHIL.

B pabore E.HM. Jlonomanoroi, JI.B. Bepiwosa u M.C. IN'acoan [15]
rno panueiMm OITP nokasaHo, 4To pacnpejeneHHe aJllOMHHHA B KBapue B
pANY pyAHLIX dopMauuil 0I0BODPYAHBIX MECTOPOKIOEHHH BITOJHE 3aKO-
vomepHo. Hamu Habniopanock pUTMHYHOE YMeHBLLIEHHE COMep)KaHus
amoMHHHA B KBaple B pAay dopMaudi OT TPaHHTOB K Haubonee nosj-
HUM KaCCUTEpPUT-XJIOPUT-CYNBGHUIHBIM KUIaM CynbdHIHO-KACCUTEPUTO-
BOi dopmaldy H B rpaHULiax camMux GopMalMi — OT OHOTHTOBBIX I'paHK-
TOB K a/1bOMTH3MPOBAHHBIM H a8Ma30HMTH3HPOBAHHLIM, OT COTOBOrO KBap-
La MermMaTMTOB K [bIMYaTOMY, OT paHHErc KBapua M3 KACCHTEpHT-Nolie-
BOUIIATOBO-KBApLUEBLIX HJI CUIMKATHO-KACCHTEDUTOBOH dopmauuu K
rno3aHemy rpebeHYaToMy KBapuy 3Tod xe ¢opmaumu ¢ T. g. (puc. 15).

ITo passsvm I'E. Hwkosoit, H.JI. MunoBunosa u Apyrux HccienoBa-
Teneill KoHUeHTpauMyu Al-LIeHTpPOB B KBapiie rpeid3eHOBbIX MEeCTOPOXIeHHIH
Bonbthpama ¥ OepHIIHA YMEHBLWATCA OT BHYTPHHHTDPY3HBHBIX MECTO-
poxaenud (16,3 yen. en) K HAaQMHTPY3WBHBLIM, CBA3aHHbIM C FpasUTa-
MU JaMTHIE-QTOpHCeTOrO THNa (3,5—9,4 yci. en.), ¥ JOCTHralT MHHHMYyMa
BO BHEHHTDPY3HUBHbLIX MecTopoxaeHuax (1,6—3,2 yen. en.). [Mpu srom
coflepxadua  Al-ueHTpoB W nuTHA kKoppenupywT. KoHuenTpaunu Al-
ueHtpos, no JI.B. Bepuwory, M.J1. Kpsinosoit 1 A.B. CnepaHckomy, yBe
JIMYMBAKTCA B KBaplle ¢ HapacTaHHeM MeTamMopdu3Ma OT 3eleHoclaHLe-
BO# haumu go rpanynuToBol B 30 pas.

B kBapue mecrtopoxneHda Bosbdpama Kru-Tebepna A.B. Crniepanc-
kuit, A.B. HUrnatos u JLB. Bepuwos meromom I[P ycranoBHIIH yREIH-
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Puc. 15. HanpasnenHan pHTMHUHAA MIMEHUYHBOCTS COMepKAHHH HIOMOPDHBIX AIOMH-
HHA ¥ THTaHa B KBapIle FPAaHUTOB, NErMAaTHTOB H OOBOHOCHBIX WU

YEHHE ¢ [IYOHHOH KOHUEHTPALMH  AIOMMHMA. AHOIOIMYHBLIE JIAHHEIE
TIOJIy4EeHRl HAMH B pe3yJibTaTe HIYYeHHs cepud 06pasLOB OQHOTO U3 cpen-
HernyOMHHBIX  30JI0TO-KBapLEeBbIX MeCTOpOXKAeHui 3abakkanea (u3-
MépeHue KOHNeHTpauui AlQ, -neuTpos mwbeano BrinomueHo M. S lllep6a-
KORBOH Ha obpa3suax B.E. Tynakosa): ua HHTepBajie rnybud 150 M kou-
ueHTpauns AlO, -ueHTpoB Boapocna BTpoe.

Bapuauuu conepxanns THTama B KBapue paznuuHbIX  dopmMauri
MEHEE KOHTDACTHRBI, HO COOTHOWIEHHE WX € COOepPHKAHHAMH ANIOMMHUS
MOET ObITh THNOMODGHBIM NpH3HAKOM. B uacTHOCTH (cM. puc. 14),
MO OTHOIUEHHI0 BENIMYMH CPEeNHMX COAEPKAHMH ANIOMEHHA M TMTAHA yer-
KO PpasinualTCH KBapl NMerMaTuToB M BONBDPAMOHOCHBIX KU B rpei-
3€HaX, MIYyOMHHLIX U cpegHernyGHHHBIX 30JI0TOPYIOHLIX MECTOPOXKIEHHE,
XPYCTAJIEHOCHBIX U HEXPYCTANEHOCHbIX HKHIT.

o panueiM OTIP KOHUEHTPALMM THTAHA M3MEHSTCH B dhopmaruon-
HBIX PpANAX aHATOTHYHO aNIOMHHMIO (CcM. puc. 15). B KBapue no3IHuxX
reHepalli  0JIOBOPYAHBIX MeCTOpOIKIEHHE CHIIMKATHO- KACCHTEPUTOBOH
(kBapu Bropo# remepauum) wu KACCHTEePUT-cyNnbhUAHO-KBAPUEBOH noj-
(hopmaunit KOHIEHTpaUMK THTaHA HAXOMATCA Ha npenene YyBCTBUTEbHOC-
™ mertoma (< 0.001 %). KouueHrpauup III B KbBapue, cBA3aHuble c
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Puc. 16. Comep:xanue ulenoveill B KBaplle MeCTOPOXKIEHHH CeMM Pa3NHYHBLIX PYHHBIX
dopmaumi.

I — nermarutsi (7 mpo6); [l — rpeiiseHoBad KBapu-BonbgpaMuToBas dopmauma
(17 npob); rugporepmanbHbie mectopoxnedun: fI] — 3onoro-cynsdunHo-KBapne-
Beie raybusaHbie (23 npobsr), [V — 3onoto-kBapueBsle rny6unsbie (104 npober),
V — cpennernybutnbie 30510T0-KBapUeBble yoorocyneduanse (120 npod), VI — ma-
nornyGuuHele 30n0To-cepebpansie (1526 npobei), VII — cpeanernyGuHHbie, xan-
HeNoHOBKIHbIA KBapyu (24 npobwi). I —Na;0; 2— K,0; 3 — Li,0
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Puc. 17 BenwuuHbl OTHOUIEHUH KOHUEHTPALMA Wieoveill B KBaple MecTOPOXKIeHHil
CeMH Pa3fIYHbIX PYOHbIX dopmanmii.

I — K20/Nay0; 2— Nay0/Li;0; 3 — K;0/ Li,0. Ocransnbie 0603HaYeHNA Te e,
4yTO Ha puc, 16

NMPUMechio TUTaHa, Kax BbhiaBuiax B 1975 r. JI.B. Bepuwos u npyrue ucene-
[0BaTeIH, MOTYT ObITh TUIIOMOPGhHBIMY NTpU3HaKkaMu dauni rnyOMHHOCTH
u meramopuaMa, Tak Kak GUKCHpYIOTCA B KBapue amdbrboIHTOBOK
M bomee BeicOKMX ¢haumii. Boapactannio meramMophH3IMa COOTBETCTBYeT
yBenMYeHHe KOHUEeHTpalMil TUTaHa,

lIlenouHubie meTtannbl., OORMHLIMI OpUMeCSIMM B KBaple ABJAKT-
CA HieloyHble MmeTanibl. CpaRHUTeNbHEIe JAHHBIE HX BAJIOBLIX COllEeP/KaHHH
npuBeneHsl Ha puc. 16. Ha obuiem doHe no MHUHMMAaNBHBIM KOHUEHTpPA-
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LHAM HATPUA BblAEJHETCA KBApL CPedHerNyOHHHbIX 30JI0TOPY/IHBIX Mec-
TOPOXAEHHH U TIO3HHH Xalle/oHOBUOHbIA HETPOLY KTUBHbIN,. [To Mmakcu-
MYMY KOHLEHTpauuii Kanua obocobnAercAa Kpapll MamorayOHHHbIX 30-
T0TO-cepebpAHBIX MECTOPOXAEHHH, a M0 MUHUMYMY —— KBapil MermMaTH-
ToB. [0 KOHLIEHTpaLUMAM JHMTHA BbIIENIAETCA KBapil [erMaTHTOB U MAaJo-
riyOUHHBIX 30J10TO-CepebPAHBIX MeCTO POKIACHHH.

Ilo HarTpuil-nuTHeBOMY oTHoweHuw (puc. 17) obocobnawrea ruy-
OMHHBIE MeCTOPOKIEHHA BoJjbdpama M 3010Ta OT ApPYrUx (GopmMalMoH-
HBIX THIIOB 30JIOTOPYOHBLIX MecTopoxkaeHui. Habnrwopaercs orvyernuBasi
TeHOEHLUMA yMEHbLUEHUA 3TOH BeJIHYMHBI OT IPeH3€HOBBLIX [IYOHHHBIX
MECTOpPOXKIEHHH K ManoriybuHHbiM Oonee yem B 10 pa3: mpoucxomur
OTHOCHMTENILHOE HAKOIUIeHMe JIMTHA B KB2pLe C YMeHblleHHeM TITyOUHbI
ero obpasoBaHuA.

Kak cuuratotr E.H. [lonomanosa, JI.B, Bepwos u M.C. IN'aconaH, B KBap-
1l¢ OJIOBOHOCHBIX TPAaHUTOMOOB OCHOBHBIM KOMIEHCATOPOM 3apANOB MpPH
u3omopdu3Me ABNAETCA HATPUH, B KBaple U3 NEerMaTUTOB TOABJIAETCA
JIUTHH, a B 0Opa3uax, XapaKTepU3yIOIHX KOHEUHbIe CTAIMH KPHCTANIH3d-
LMK, MPUCYTCTBYET BoAopoa (T1abn. 8).

M3 paccMOTpeHHBIX [AAHHBLIX CIeAyeT, YTO CYLUeCTBYeT TeHIeHLIHMA
CMeHbl B KBaplie HOHOB-KOMIIEHCAaTOPOB OT HATPUA B PAHHMX TeHepaluAx
IO JIMTHUA U BONOPO/Ja B NPOMEXYTOUHBLIX M MMO3QHUX B CIENYKILIEM I10-
panke: Na', Li', H'. KonHuecTBo rnpumeceil HOHOB LI€/104HBIX METAIJIOB
YMeHbIUAeTCA OT BBICOKO- K HU3KOTeMIlepaTypHOMY KBapLy.

3aBUCHMOCTh KOHLEHTPaUHil NeTPOTEHHHIX 3JIeMeHTOB OT
rny6unbl, B jkunax cpenHernybGMHHBIX pPYIHBIX MeECTOPOMKIEHMIT KOH-

Tabnuua 8

HOHLI-KOMIEHCATOPbI B KBapuaX Pa3/iMyHOro reHesunca

dopMaLlHOHHAA TPHHAT TeX- HoHsr-kom- IIpumevanun
HOCTh KBapiua neHcaTophbi
OnoBOHOCHBIE TPAHMTEI Na ¥
TNermatutsl (AOpPO) Na*, Li Pons Li* Bo3pactaer k xoHuy
npouecca

IlerMaTuThl (rHIPOTEPMAIBHBLI Na*, Li*, H Pons Li* u H* Bospacraer
KBapu) KOHLY [pouecca
KaccuTepuT-cunukatHan $op- Na', Li*, H" " npeo6nanaer, B koHue
MauHA npouecea — H', Li"
CynbghHIHOo-KacCHT ePHTOBaA Na* B mopuoue

cdopmauna (paHHKHe CTAIMH) :
a) KBapL-CYyNbQHUOHO-KACCHTe-
PHTOBBIH THIT:

lllepnoeana MNopa Na'.Li*, u* } B nepiMuaTom KBaple
i (e
Tapbansmxer H* B cepom kBapue

0) KaCCHTepHT-XJIOPHT-
cynbUOHBLIA THN: )
XarmepaHnra H" Li"
H0nas1it Xapatyi H* B amerncrax tonbro H'
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AMOMHH{A BO3pacTa- 126+

0T ¢ rnybuHol, a B 20 Au i
MalorTybHHHBIX —— 165k 510,
YMeHBIIATCA HX Ba-

JIOBble  KOJIHYECTBa
(puc. 18), HO yBe-
NHYHBAETCA nons

CTPY KTYPHBIX MpriMe-
ceH. 2661 T

Na;U
2161 1

faybura, M

B xBapue rinyouH- Na,0
HBIX U MaJorny6uH- 316 7 |
HBIX MECTODOKIEHHE: 0 5
KOHUEHTPALMH Kalus .
¢ rnyBHHONR yMeHb- v
LA TCH (e™. L
puc. 18), a cpenHe- %
rIyOHHHBIX — yBe- - . )
nMuMBalTCA  (pHC. ¢ L 42 Nay0,Li50,%

. OTH 3aKOHOMED- b= . J
3123:1‘" ﬂBJ‘]FI!OT(B’! v e 200 Au, yon.ed
NpeanocbUIKaMy UId
BO3MOXKHOCTH HC-  Pye. 18. HameHeHHe CONepXAHHI METPOTEHHBIX INEMEHTOR
MONb30BAHHA MX B B NONOCYATOM KBapue ¢ raybHHOM
KayectBe THHOMOPGd-

HBIX [TPH3HAKOB.

B KBapue MeCcTOPOKAeHHH cpenHernyOHMHHBIX (OpMAaLMH OTMedYaeT-
cA yBenWyeHHe ¢ rnyOHMHON KaJIMHATPOBOIO OTHOIUEHHA B 4 pasa, Aasa
MeCTOpOMIeHHH ManornybuHHol dopmaumn (Baneiickoe pyaHoe moie)
OHO yMeHbILUAeTCA, U Ha BCeM WHTepBale rnyOuH Habmopaercsa pe3koe
npeobnaganne KanW#A Had HaTpHeM. HecMOTpA Ha MOCTOAHHOE NMPHCYTCT-
BHe B KBapile CpefHernyOMHHBIX MeCTOPOXKIEHHH JIMTHA, KOHLEeTPAIHH
ero Gonee yeM Ha MOPANOK HHXe TAKOBBIX [ANA HAaTpHA ¥ Kanusd, a Na, O/
LiO ymenswaerca ¢ raybuHoin (puc. 20). B kBapie MecTopoxieHHH
MaTornyBbUHHBIX dopMalMi HapALY C JMTHEM MOCTOAHHO TPHCYTCTBY-
0T pyOuaui 1 ne3uii, a KOHUEHTPALMH JIMTHA NOCTHIAIOT JeCcATHIX aonem
npoueHta. [Ipu 3TOM cpegHue 3HaYeHWs KOHIEHTpALMi KalMA B NPONYK-
THBHOM KBapile B 3 pasa Bbillle, Y4eM B HETIPOAY KTUBHOM.
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TunomopdHoe 3HayeHne PYIHBIX 3JIeMEHTOB-NPHMeceH

Bapuauud KOHUEHTPALMHH 3MeMeHTOB-NIpUMecel B
KBaplle MECTOPOXJeHHH pa3NHuYHBIX DYOHBIX popmauui. Xumb-
HBIH KBapll BCeI'la CONep KUT onpefeseHHble KoJMyYecTBa IIPHMeceH pyn-
HbIX 31eMeHTOB. CBHMHell M Menb ABJIAIOTCH CKBO3HBIMH 3JIEMEHTAMHM,
H caM (aKT NMPHCYTCTBMA MX He yKa3bIBaeT Ha PynHOMOPMALMOHHYIO
NPHHAAJIEKHOCTL MecTopoxneHHH. Bepunnuii xapakTepeH MNiA KBapua
MECTOPOXKIEHHH oOnoBa, Boibppama H penxkux snemeHTtoB. OI0BO H
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Puc. 19. Hamenenue ¢ rnyOumoi yc- Puc. 20 Hamenenue c roybumon
penHennbix koHuentpaunii Na, O, K, O BEJIHUHHBI OTHOLUEHHA KOHLeHT-
n memmumasl K,0O/Na,O B xpapue pamii Na;O u Li;O B xmapue
cpenHerTyBMHHOr0 MeCTOPOMIEHHA CpenHerTyGHHHOTO MecTOpOXie-,
HuA

Bonb)paM B KBaple, cofepikailleM HHOOHH M Oepuuinii, yKasbiBaKwT
HA TIPHHAUIEXHOCTh ero K MeCTODOXKIeHHAM 0/10Ba H Bonbdpama.
[ToABneHHe BUCMYTa HAapALy ¢ 3THMH 3J1eMEHTAMH TaKe FBJAET-
CA mnokasaTeseM BONb(OPaMHTOBOH MHHepanM3allMM, a M[PHCYTCTBHE
BMeCTO BHCMYTa CYPBMBI, MEBIILAKA B cepebpa npH oTCyTCTBHH HHOOHA
M HeNoCTOAHHOM IPUCYTCTBHH OepHIUIMA yKas3kBaeT HA MO3JHHE ACCOLM-
allMM KacCHTepUT-CWINMKATHOH (GOpMaLMKH M TPOAYKTHBHBIE aCCOLMALIMH
MeCTOPOXKIAEHHUH cyNbUIHO-KaCcCUTEPUTOBOH dopMalIHH.

CpenHue 3HaueHMs KOHLEHTDALMH, CpelHeKBaJipaTHUHbIE OTKIIOHe-
HHA W BeJIMYHMHBLI OTHOLUEHHH CpeJHHX COOEep>KaHWH pAda 3J1eMeHTOB OKa-
3bIBAOTCA  THNMYHBIMU [UIA KBaplia MeCTOPOXIEHHH orpeaeseHHBIX
TeHETHYECKHUX THIIOB M PYIHbLIX HOpPMAaLHii.

Kpapu mnermaTMTOB XapaKTepH3yeTcd HH3KHMH KOHLEHTPauuAMH
OrpaHMYeHHOTO Kpyra 3neMeHTOB — OepWIUTHA, Meny, CBHHIR, »elesa
H repmaHuA. TunoMopdHBEIME 27TeMeHTaMK ABIAITCA GepUIITNI U repma-
HHH ¢ O4eHb PABHOMEPHLIM pacnpeneneHueM (o, < X).

KBapu M3 kBapu-BonbhpaMHTOBBIX XHII B rpeiseHax (puc. 21
¥ 22) B OTiMYMEe OT [ErMATUTOBOTO CONEPAMT MBILLLAK, BHCMYT, BOJIb-
¢hpam u TaHTal. A Bcex 3nemMeHTOB 0, < X, HO mnA Gepunnusa o, > 3%,
KOHUEHTpallMd MeJy Bbllle KOHIEHTPAllWil CBHMHLIA, MBIUIBAKA W BOJb-
¢pama.

B pany 3onotopynHeix dopmaumii, pacKiaccHdHUMpPOBAaHHBIX 10
danuAaM TIYBUHHOCTH, KOHUEHTPAUMH 3JIEMEHTOB-IpHMeced W MX OT-
HOILEHHA O MHOTHX W3 HHX H3MeHAWTCHA 3aKoHOMepHo. JlnA rmy6uH-
HbIX 30M0TO-KBaplUEBLIX MECTOPOXKIEHHH XapaKTepeH OTHOCHTeJILHO

YHCTBIH KBapl, COAepXaluidi Mens, jKene3o U cBHHen, OTnuuMeM oOT
HEe30/I0TOHOCHBIX (dopMauuil geBndercAa o, > X. KoHnenTpauuu 3omora

B KBaple ymeHswawTea oT 14 mo 3,3 r/T oT rmyOuHHBIX dopmMauui K
CpelHernyOHHHbIM, a 0, yBejluuMBaeTca OT 2 go 5 X. PaBHomepHoe pac-
npepeneHue 30J10TA XapaKTepHO IUIA 3010TO-CynbhHIHO-KBapU-MarHeTH-
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Puc. 21. KoHuenTpauun PyHOHsIX 3N€MeHTOB-TIpHMeceil B XWIBHOM KBapile H OUeHKA
MX CPeOHeKBAPAPATHYECKHX DTKJIOHEHHH OTHOCHTEeNbHO CpPelHHX 3HAUEHHH OJIA Mec-
TOPOMIEHHI IEBATH Pa3/IHYHBIX PYIHbIX dopMaLiHii.

I — nermaruter; I/ — rpeiisenopan xBapu-sonsdpamuroBas GopMauMA; THAPOTEpP-
ManbHble Mecroposxaenus: [[l — ray6uuunie 3onmoro-keapuessie; [V — nepexonssie
K cpemnernyOMHHEIM 3070TO-CYBHUIHO-KBapueBsle, V' — 3010To-KBapu-cynbua-
Ho-MarHeturoBble, VJ/ — cpennernyBunnbie 3010TO-KBapuUeBble yboroeynspun-
upte, VIl — zonoro-cynsdunuo-keapuessie, VI — manorny6unssie sonoro-cepebpsn-
Hote [X — cpenHersnyGuHHbIe, XaNeNOHOBHIHBIH KBapll. | — KOHUEHTDALMH PYIHBIX
Snememos-npﬂmeceﬁ; 2 — CpedHeKBaOpaTHYeCKHe OTKJIOHEeHHA OTHOCHTENAbHO cpel-
HHUX 3HAYeHHH

ToBO# (hopmanuu, nepexoaHoi oT riaybHHHBIX K cpegHernyduHHbiM. [To-
3TOMY [JIA OTHECeHUA K 30JI0TOPYAHBIM (hopMalMAM TUNOMOPHHBIM
MPHU3HAKOM MOXKeT ObITb COOTHOIIEHHE BEeNUUMH cpejHeapudMeTHUeCKHX
KOHILEHTPalUHi W HX CpeJHeKBaIpaTHUeCKUX OTKJIOHEHHH, a BHYTpPH pHA-
na dopmauuid — BenuuuHbl ¥. KoHueHTpauuu cepebpa B oTiHuuMe oOT
30710Ta  BO3pPacTaloT B PANY 30J0TOPYAHLIX MNYOHHHBIX ¥ CpeIHeriy-
bunHbIX Gopmanumii ot 1 go 4,5 v/t npu 0, > 2% MaxcuManbHble KOHLIEHT-
pauvn cepebpa NpUCYLLH KBapuy MeCTOPOXKOeHHA MalorayOHHHbBIX
¢opmanuit (X = 113 r/T npu o, = 142). OtHolleHHe CpeJHHX BeJIMUMH
KOHLEHTPAILMH 3051074 U cepebpa ymensiiaerca ot 11,66 mo 0,006 (muxuH-
MyM™ — B Xa/ILleIOHOBHIHOM KBaplie 3aKJIIUMTENbHBIX cTagud dopmupo-
BAHHUA Cpe/IHer1y DMHHBIX MEeCTOPOKIEHHH ) |

KonueHTpaumyd MbilllbAKAa B KBaplLe BO3PAacTal0T B  paccMaTpHBae-
MoM paAny (popmaudid. Cneayer oTMeTUTh, UTO NHllb KBapu Banefickoro
PYAHOTO [10J1A COOEePXKHUT BBICOKHME M OYeHb HepaBHOMeDHbIE KOHLEeHTpa-
UMM MbIlbAKA (0, > 4X), Torga Kak A HeCATKOB [OPYTHX PYIHbIX
nosiei Manorny6uHHbIX hopmaimit Bocroka CCCP 310T 3/1eMeHT B KBaplie
He obHapyxuBaetcd. [lo3ToMy OH He MOKeT BbITE THITOMOPDHBIM 37IeMeH-
TOM JIJTA ManorIyOHHHBIX 30/10TO-cepebpAHBIX MECTOPOKIEHHUH.

BucmyT pacnpocTpaHeH B KBaplle BOJIb()paMOBBIX MECTODPOKIEHUI
rpelseHoBoH ¢opMalMHd M 30JI0TOPYOHBIX MeCTOPOK/IEHWH cpeHeriy-
OuHHBIX dopMaumit. MaxkcHMalibHble €ro KOHLUEHTpaudd HabmopawTes
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B KBaple MECTOpO}KﬂE‘HHl‘;l, nepexojHblx OT

Au;’gum 1250 rny6unanx Kk cpensernybuHHeiM. B pane

025 %g dp25  cpenHernybOHHHBIX MECTODOMKICHHUI OTMeyaeTcA
58 - yBelnHueHne KOHLEHTpauuHu BHUCMYTa C rny6u~
20t | | B aETE {zp  woid.

Cu/Pb & e [lo xapakTepy pacnpeieseHua Mend Bblge-
v "ﬂ i nfAeTcA M3 0bUIel COBOKYMHOCTH JIMIIBL KBapL
2ol j 30/10TO-KBapL-CcyIbpHIHO-MarHeTHTOBOU  chop-

Bi,"?b' g ' MauHv: MHHHMYM BeJIHYKMHbl KOHLIEHTpALKH
251 o 1245 (X = 19 r/r) 4 paBHOMepHOe pacripejeseHue

o (0,<X).

Au/st&a_ g 110 CopnepsaHya CBUHLA B KBaple BO3pacTalT

05k - 1 o5 B pAaay dopmauui ot rnyBHHHBIX K CpeiHerny-
&';'-“m‘;« OHMHHbIM. MHHMMaNbHBIE €ro KOHUEeHTpalWH
sk J4p TIPHMCYLIM KBapuy U3 rnermMaTHTOB.

Pb/Ag ? MonuGaed He xapaKTepeH /Uls KBapua
e ,;‘,.,.,;ff 1" nermatutos u cobermero BONIbGPAMUTOBBIX
ok T MeCTOpPOXKIeHHH, JIOKalHW30BaHHbIX B IpeH3e-

Au/Ag Hax. B Kpapue 3070TOpyHEIX MECTOPOXKAEHHH,
5F 15  3a uckmwYeHHeM rnybOUHHBIX 30/I0TO-KBaplie-

R BblX, OH obpasyer koHueHTpaimu oT 1,7 mo
I v F 26,2 r/t. MakcuMyM HX onpejeseH B KBapue
Puc. 22. Bemmummn oTHO- :ggg;‘;::::fbcynbdmnﬂomarHemTonoro mec

LWeHHMI KOHUEHTPALMH pya- P
HBIX JJIeMEHTOB-TIpHMecesi acmpenielieHHe Bonb(@pama B KBapue cod-

B HIBHOM KBaple mecto- -CTBEHHO BOJIL()PAMUTOBBIX MECTOPOKIEHHUH MO
pOMIeHHI NEBATH DAa3NMy- CPAaBHEHHK) C 3CJIOTOPYAHBIMH PaBHOMEPHO
g‘g" PYAHBIX .¢°PM";"“' (0, < 0,5 ¥). B xpapue riryOHHHLIX MeCTOPOX-
o3HaYeHHA pyAHBIX (op- o &
= eHHMit 30JI0OTO-CYIIb HO-KBapueBou dopma-
MalMii cm. Ha puc, 21 A y dJH.lI PUEBO! b P
UMM OTMeueHbl HH3KHe OTHOCHTEIbHO PABHO-

MepHO pacrpe[eneHHble KOHLUEHTpauMu Bomsgpama (o, ~ X = 11 r/1),
a cpemHer/yOHHHBIX MECTOPOXAeHHH rmofnobubix ¢opmauuit — OTHOCH-
TelnbHO BLICOKHE M HepaBHOMepHbie (0, > X = 31 r/T), BoicOKHEe KOHLEHT-
paLuH Bonk()pama MpPUCYILH KBapUy M3 MeCTOpOXKIOeHHA 30JI0TO-KBapil-
CyNbUIHO-MATHETHTOBOM dopmaums (0, > 1,5 X = 690 r/1).

OTHOCHUTENIBHO BBICOKHME KOHISHTpauuy TaHTana MPUCYLIM TOJIbKO
KBaplLy BONb()PaMHTOBBIX MeCTOpPOXIeHHH u3 rpeiiseHos (o0, < 0,5 % =
=29 r/1).

CypbMa ABNAETCHA THIOMOPQHBIM 3JIEMEHTOM KBapla cpefHerny6us-
HBIX W HEKOTOPLIX MAIOrNyDOHHHBIX 30JIOTOPYIHBIX MECTOPOMIEHHH.
OborauleHHOCTs KBapla CypbMOR 00ycioBieHa 0DIiei reoxyMMHUeCKOR
crie[Uau3aldeil ONpeNeNleHHbIX MUHepareHHYecKMx  nposuHiwmii. Ha-
GnrogaeTcd  BO3pacTAHHE — KOHIEHTpAalMH  CypbMBI B KBapue
CONpFXeHHLIX PAOOB PYyOHBIX (opmauuit npumepHo B 10 pa3.

B paccmatpHBaeMoOM — pANY 320J0TOPYAHBIX (OpMalMid BelHYHHLI
OTHOUIEHHH KoHueHTpamuid Au u Ag, Auu Cuy Bi u Pb ymeHsbwmaror-
CA OT cpeNHernyOHHHBIX K MaNOryGHHHLIM; OHH J0CTaTOYHO crieuuduy-
Hbl I KBapla MeCTOPOXKIEeHHH MalornyOHHHBIX (OopMalMi ¥ OTIHYa-
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Tabnwuua 9

Hamenenue ¢ rraybuHOl KOHLEHTPALMHA PYOHBIX 3JIEMEHTOB-NpHMeceH B KBapue
nonuopMAIMOHHOT 0 PYAHOIO MOJIA H X OTHOLIEHHH

Pynuas Om, )
dopmatpis ormer- | Au | Ag | As Sb Pb Cu Mo Bi W [Au/ | Ag/ |Ags Pb/ Sby
Ka, M Ag | Sb Pb Bi Bi

CpennernybuHHaa 3010T0- 450 1,1 1.3 | 133 158| 67,4|158 | 9,0 5,7 0,3 | 0,85] 0,008/ 0,02 | 11,8 | 28
KBapL-apCeHONH PHTOBas
CpenHer 1yOHHHAA 3010TO- 325 |0,09| 0,6 |83 108 | 10,0(77,5 | 22,8 |15,5 | 18,8| 0,020,006 (0,06 | 0,6 7
KBapLU-TIMPHTOBAR
CpennernybHHHan 3010T0- 300 0,4 0,5 | 42 60 58 (12,0 | 8,3 4,8 0,9 0,8 |0,008|0,07 | 1,2 12,6
KBapLU-TY PMAJIHH-THDHTOBAA
TMepexoman K riyGHHHOI 30- 225 |08 | 1,0 |9 58 | 9,2 (188 | 26,2 |49,0 | 692,008 |0,17 |0,10 |02 | 0,11
NOTO-KBAPU-AKTHHOJIMT-Mar-
HeTHTOBaA




JOT £T0 OT OCTaIbHbIX. [10 OTHOLIEHHI0 KOHLIEHTPaUMi MoIHO/1eHa ¥ BOJIb-

¢pama pe3ko BbIIeNAETCA KBapu 30J0TO-CYNb(UIHO-KBAPLEBbIX MeC-
TOPOXIEHUH, MepeXoiHBIX OT raybuHHBIX K cpefHernybOuHHbIM. Benu-
yuHa Pb/ Ag 3axkoHOMepHO Bo3pacTaeT B PALY cpelHernyOHHHLiX gopma-
umit B 50 pa3. B atom xe paay ymesswawrcea Cu/Pb u Au/Sb. B tnmuw
HBIX MalornybUHHBIX MecTopoxaeHuax (Baneiickoe pynHoe rone) Beau-
uuHa Au/Sb Gomnblue, YeM B cpefHer1yOWHHBIX.

W3sMeHeHHe KOHIEHTpaUWid 31eMeHTOB-IpHMeced ¢ ranybou-
Ho#. KBapi onHOro M3 3070TOPYaHBIX noned 3abalkaibA, riue rnpemcras-
JIeH pAn pyAHBIX opMauuii OT mepexoaHol K [IyOHHHOR 30JI0TO-KBapl-
aKTHHOJIMT-MarHeTHTOBOR [0 30JI0TO-KBapll-CcyinbhHAHON cpenHernyOHH-
HOMH, XapaKTepu3yeTcAa BapHaldAMM B pacnpeesieHHH Py IHbIX 3JIeMeHTOB-
npumeceii, KoTopbie NpuBeneHsl B Tabn. 9. M3 tabnauvubl BHIHO, 4TO C
rnyOMHOH B KBaple OJHOHAMPABIEHHO YMEHbIIAKTCA KOHUEHTPALMU
MBIlIbAKA, CYPbMBI M CBMHIA. KBapll, pa3BuTbif Ha OONBIIHMX NyOHHAX
30J10TO-KBApL-aK THHONMHT-MarHeTHTOBOH (GopMauuy, pe3ko OTIHYaeTCH OT
OCTaNIbHbIX BBICOKHMH KOHLETPAMAMH BHCMYTa U BOIb(pama, BeTHUHHA-
MH Ag/Sb u Au/Pb (MaxkcHManbsHbIe A KBapla B pyaHowm none), Pb/ Bi
u Sb/ Bi (MuHHManbHbIe) . MakcuManbHble 3HaueHHA Pb/ Bi u Sb/ Bi npu-
CYIIH KBaply BepXHHX 30/0TO-KBaplU-apCeHONUPHTOBLIX uacTed x»wmn. B
clyyae COBMeLLeHUA U 30JI0TO-KBApLUEeBOH H 30J10TO-KBapL-TIOIMMeTall-
nuuecKoi hopMauni NPOMCXOIMT HAKOIUTEHHe B KBAaple CYypbMbI, cepebpa
¥ 30510Ta, KAK 3TO OBIJIO MOKAa33aHO HAMH HA MpPUMEpe OJHOro M3 PyIHBIX
nose#t 3abarikanea [49] .

Ha onHOM M3 THNHMYHBIX 30J10TO-KBapLEBLIX MeCTopoxaeHui (UykoT-
Ka) yCTAHOBIIEHO, YTO B Mpefenax NPOAYKTHBHOH YaCTH »MJIbI ¢ TIybOu-
HOH TPOMCXOOMT He3HauuTeJbHOE YBelIUueHHe KOHLEHTpaumili Menu,
CBHHLA, LIMHKA, MbIWbAKA U xkeje3a (puc. 23). 310 oObACHAETCA Cllely-
oM. 'opHbIME BhipaboTKaMH BCKDBIT MIPOAYKTHBHBIM OTPE30K M,
B BepxHei YyacTH KOTOpOro (ropHsoHT 477 M) pasBUThHI MMIaHTCKHE ITyC-
TOTBI M XpYCTaJleHOCHBIe Norpeba ¢ KpuUCTa/UIAaMH KBaplid, BBIPOCILMMH
M3 OCTATOUHEIX PACTBOPOB Ha CyBCTpaTe KMJIBHOIO KpPYMHO3€PHUCTOTO
KBaplia, He coOep)kallero 3aMeTHbIX KOHLEHTpauuH MpuMecel XainbKo-
uneHbIx 3nemMeHToB. C rioyGuHOH (ropusoHT 276 M) B Ku/le HAYMHAKOT
mpeobnagaTe OTHOCHTENEHO paHHHME IeHepalMH KBapla ¢ MPOMbILUTeHHEI-
MM COJep:KaHHAMH 305I0Ta M 0ojlee BLICOKHMHM KOHUEHTPAUMAMH Xalb-
xKohunbHBIX 3neMeHToB. [lomobHoe pachipeneneHue mend, CBMHLUA M LIMH-
Ka Habnwopanock B KBaplle MPOOYKTHBHOM uYacTv xmia CapanvMHCKOTO
(Kysnenxuit Ana-Tay), HapacyHckoro (3abaiikanbe) ¥ ApYTMX PYOHBIX
nosiel. [InA HMDKHHX YacTeH MPOOYKTHBHBIX OTPE3KOB XWJ CpeIHermy-
OMHHBEIX MECTOPOXKAEHHH 30JI0Ta XapakKTepHO oflepekarwliee BO3pacTa-
HHe KOHLEeHTPAalMH [MHKa 10 CPABHEHHI0 CO CBHHLOM, [IOABJIEHHE YCTOMH-
Y BOH BCTpeyaeMOCTH Monu6neHa u Boibppama.

HsmenunBocTs ¢ rny6uUHONM pacnpelieieHHs pYIOHBLIX 371eMeHTOB-NPH-
Mecell B KBaple MeCTODPOXIEHHMH MallorinyOUHHON 30510TO-cepebpaHOi
¢opMauMy paccCMOTPUM Ha nNpuMepe Banelickoro pyaHoro nomnd.

JonponyKTHBHBIA Cepbli KBapll ¢ PeIMKTAMH BMELIAIIIMX [OPOJ
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CONePAUT MUHMMAIbHbIE KOJHYecTBa 30710-
ta (3—12 r/T) ¥ MaKcHMAallbHbIE — CYpPbMbI
H mend. Kouuentpauwu 3osota U cepebpa
B HEM YMeHBIIAITCA ¢ rNyOWHHOHR, a cypb-
Mbl — 00Opa3sylwT MaKCMMyM Ha Iepexone
OT 30HBI HOraThiX Pyl K BepXHEMY BBIKJIH-
HUBAaHWIO, pacnpejieNleHHe MeM H CBHHLA
HE HMeeT HAalpaBJIeHHOCTH B H3MeHEeHMAX
¢ rnybuHoii. BeslMuMHBI OTHOIIEHMH KOH-
LUeHTpaLMi 30JI0TA& ¥ CBHHUA, cepebpa u
MeOd ¢ TIIyOMHOH 3aKOHOMEpPHO YMeHb-
matorea (tabn. 10).

B mnonocyaToM KBaplle KOHLEHTpPALKH
3070Ta, cepebpa M CypbMbl HUMEKWT MaK-
CHMYM Ha ypoBHe GoraTeix pyn (puc. 24).
B uenoM KOHLEHTpPALUMH 30J10TA ¥ CYypPbMbI
Ha rnybuHe B 2—3 pasa MeHblle, YeM B
NPHUIIOBEPXHOCTHBIX YacTAX JKWI, H B b—
8 pa3 meHblle [0 CPaBHEHHK) C YPOBHeEM
MOBLIUEHHLIX CcofdepxaHHi 3omoTta. Kow-
UEHTpauMH MeOd ¢ rIyOHHOH yMeHbLUawT-
cA, cBHHUAZ — yBenuuuBawTcA. OTHouwe
HUA KOHUEHTpauud 3onoTa v cepebpa, 30-
J0Ta ¥ CBHHLA, 30J0Ta U MeOd Ha (oOHe
obliero yMeHbleHHA C TIyOHHOH HMMelT

UITIH. OIMMEMAT, M
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Puc. 23. HameHenne ¢ ray0ou-
HOH COIepKAHWI 3/1eMEeHTOR-
npumeceit (B r/T) B KHIb-
HOM KBApLe MeCcTOPOXKIEHHS
rinyOHHHON 30/10TO-KBapLUeBOH
dopmanmu.
1—Cu;2—Pb;3—Zn;
4 — xkpucTan/HMYecKH-3epHHC-
THIH KBapu; 5 — MYyCTOTHI
€ KPHCTA/UIAMH KBapUa

MaKCHMallbHble 3Ha4eHHA Ha ODOTAllleHHOM 30JI0TOM WHTepBajle HHMIBL
BenuuMHBI OTHOLIEHHA KOHLEHTpALWil cepebpa H CYphMBI YBeIHUMBAOT-

cA ¢ rnydbuHon (cm. tabn. 10).

Tabnuua 10

OTHOWERHA KOHLEHTPALMH 30/10Ta H 3NleMeHTOB-TIpHMeceil

B kBapue Banelickoro pyasoro nons

PasHoBHOHOCTE Topu-
KBapua aout,m | Au/Ag | Ag/Sb | Au/Pb Au/Cu | Ag/Cu
JonponyKTUBHBIA 126 0,12 0,682 | 10,2 0,08 0,68
166 0,70 0,016 | 3,4 0,23 0,33
216 0,37 0,84 0,84 0,02 0,05
266 0,88 0,095 | 0,42 0,095 0,11
TNonocuateni 126 3,05 0,24 2:3 0,68 0,19
166 4,36 0,24 3,0 1,72 0,40
216 2,66 0,34 3,33 1,22 0,46
266 1,52 0,74 2,21 0,96 0,63
316 0,49 1,68 1,31 0,28 0,56
MaccHBHBIA 126 3,05 0,26 2,1 0,68 0,19
166 3,66 0,15 3,29 1,29 0,35
216 2,05 0,78 2,78 0,67 0,38
266 1,32 0,43 | 1,74 0,76 0,57
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Puc. 24. Hamenenue ¢ rnyOMHON KOHUEHTPaUHi 30710Ta U 3e-
MEeHTOB-CITYyTHHKOB B MOJIOCYaTOM KBapue
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Puc. 25. HameHeHue ¢ rayOMHOM KOHUEHTDALMH 30JI0TA M

31eMEeHTOB-CNYTHHKOB B MAacCHBHOM KBaple

B MaccHMBHOM KBaple paclipefiefieHHe pacCMaTpPHBaeMbIX 3J71eMEHTOB
Takoe e, KaK M B II0JI0CYATOM, HO CpPeNHHME 3HAYEHWA KOHLIEHTDAaLMi
30/10Ta H CBHHIIA MeHblle, a CypbMbl — Gombiue (puc. 25).

BhigBnseTcs yeToiuMBan ooCpeACTBOBAHHAA CBA3b KOHLEHT AL Ka-
JIHA U 30J10T2 M e[yHAaA TeHJEHUUA K YMeHbLIeHHI0 ¢ INIyOHHOM KOHLeHT-
pauuit K; O u 3on0ta B 061mux npobax.

B uenom pacnpeneneHude pacCMOTPEHHBIX 3J€MEHTOB B IIPOAYKTHB-
HOM KBaple ¢ TITyOMHOH 3aKOHOMEPHO H OTpa)kaeT I0JIOJKeHHe B NpOocT-
paHcTBe YpOBHA Ooraroro opyneHeHusa. B ponpoaykTHBHOM KBapile
30n0To-cepebpAHOE OTHOILIEHHE TIPHMEPHO Ha TOPAJOK MeHbilie, YeM B
MoJIOCYaTOM MPONYKTHBHOM, a B Mpefesiax pyAHoro crosifa 3T OTHOLIe-
HHUA UIA NMOoMocYaTeIX KBapueB B 10 pa3 Bellle, ueM Ha riybuHe, rae opy-
nenenue Gonee uem B 5 pa3 Gemnee. Benuumna Ag/ Sb, Hao60poT, MHHH-
MaJIbH4 HA YPOBHE §oratoro OpyleHeHWA. DTH NPU3HAKH ABJIAKWTCA THIIO-
MOPG®HBIMH H MOTYT GBITE MCIOJIB30BAHLI B KAYECTBE KPUTEPHEB OLEHKH -
3PO3MOHHOTO Cpe3a.



Tabnuua 11

HameHeHnHe coctaBa nocnenoBarensHo 0Opa3yOLMXCA
arperaTtoB KBapua

CTPYKTYPHO-TeKCTYPHEI Au,, | Si0.% | Al;03,%Ca0,%| Fe, %
THI KBapua rit

MaccuBHBIH (KOHel repBOro pHTMa) 63, 67 | 94,06 4,28 0,19 0,07
QecTOHYATHIH (Hawallo BTOPOTO PHT- 74 88,56 7,59 0,37 0,077
Ma)
Cepblii TOHKOLLIECTOBATLIA C Y4ACT- 96, 36 | 96,36 2,46 0,06 0,067
KOM (peCTOHYATOr O
InacTHHYaTO-LUECTOBATLIA (KOHeL 0,2 96,45 2,68 0,06 0,04
BTOpPOro PHTMa)
TMonocYaThii, MaCCHBHO-TUTACTHHYA- Menee | 95,35 3,32 0,04 0,05
ThIA ¢ MyCTOTAMM, BhIMOJIHEHHDI- 0,1
MM TIMHHCTBIM MaTepHANloM (Haua-
JIO TPETHErO PHTMA)
MaccuBHo 1tecToBaTO-rpebeHYaThIN Menee | 97,57 2,0 0,01 0,03
(KOHeL TpeThEro pUTMA) 0,1

H3MeHeHHe cOCTaBa KHIBHOTO KBaplLia
B CJIOKHOIIOCTPOEHHBIX YaCTAX JKHII ¥ arperaTax

B pHTMHMYHO NOCTPOEHHBIX TOHKOIIOJIOCYATHIX CYILIECTBEHHO
KB&PLEBBIX arperatax MecTOPOXAEHHH MasnorinybHHHOH 30si0To-cepebps-
HO¥ hopMaLIMH BHIABNEHO PUTMHYHO-TIEPHOIHYECKOe H3MEeHeHHe KOHLEeHT-
paumii 3onora, cepebpa, memu u xenesa. [Ipu 9TOM MaKCHMAbHBIE HX
BeIMYMHbI YCTAHOBIIEHBl B CJIOAX, 0Dpa3oBaBLUMXCA HA PAHHHX 3Talax
¢opMHpOBaHUA arperaToB, KOrga BMecTe ¢ KBaplieM BBHIAENAIHCh FHIpOo-
CII0Jbl, MOHTMOPHJIJIOHHT, cynbcbuasl u cynsdocomn. [Ipu dopmuposa
HUH TaKHX arperaToB MNepPHOAHYECKH ITPOUCXOJMT OTHOCHTENIbLHOe BO3pac-
TaHHe COJEPMAHWH DPYIOHBIX 3ITEMEHTOB B CHCTEMe B Hayarne Kauaoro
M3 MOCNIeAYIOIHX PUTMOB O CPAaBHEHHK ¢ KOHIOM Mpensiayuiero Ha ¢o-
He YMeHbLIeHHA aOCONIOTHRIX 3HaueHWH UX KoHueHTpaumid. K KoHily poc-
Ta TAKHX CJIOXHBIX arperaToB yMeHbLIAJIUCh CONEPKaHUA TaKIKe U NeTpo-
IeéHHBIX 3JIeMeHTOB (aMIMHHHA, HATPUA W Op.), HO YBelMuKMBanachk JOMNA
HX CTPYKTYPHO#H NPUMeCH B KBaple.

PacemoTpum cKa3aHHoe Ha mpumepax. B tabn. 11 npusemeHbl cokpa
LieHHbIE aHa/lHM3bl KBapua pasaMuHoi Tekcrypel. Konuentpaumu Cao,
Al; O; u Fe puTMHYHO YMEHBIUAKTCA OT Hayala K KOHLY B TPEX PHTMAax;
B IIeJIOM OT paHHMX reHepauMil (decToHYaThle, rMojocyaTeie) K IIO3OHHUM
(MaccuBHO-1ecToBaTo-rpebeHuaThie) HMX 3HAYEHUA TOXE YMeHbLIAKTCH.
Copepxanne Si0O, pHTMHYHO Bo3pacTaeT OT Hayala K KOHLY pPHTMa;
yBelli4eHHe ero OT paHHMX IeHepalHil K Mo3[HHM yKa3bIBaeT Ha BO3pacTa-
IOLL[Y F0 YUCTOTY KBapLA.

Pacnipenenenue 3o/oTa TaK>Ke 3ABHCHT OT CTPYKTYPHO-TEKCTYPHBIX
ocobeHHOCTeH KBapLa M ero napareHesuca. MakcHManbHblE KOHLIEHTPa-
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MK 30JI0Ta CBOMCTBEHHbI Cl)EC'!'OH‘-IaTOMy H MaCCHBHOMY KBdpuy, MHHH-
MaJibHble — I[OCAEJHHM reHepalMAM I[UTACTHHYATOTO H MACCHBHO-WeECTO-
BaTO-FPQBEH'{ETOFO KBaplua.

IpuBeneHHbIE pa3IHYMA B COCTaBe CTPYKTYPHO-TEKCTYDPHbIX pas3HO-
BHRHOCTEﬁ KBapua CBHIOETEJIbCTBYKOT O BO3MOXHOCTH HCITOJIb30BAHU A
MX B KayecTBe THIOMOP(HLIX [PU3HAKOB. YCpenHeHHble faHHble (Tabn.12
CBHIETENbCTBYKOT O TOM, 4TO TOHKOIIONOCYATHIE ArperaTsl XHIIBHOIO
KBapiia, coleps;kauiie MaKCHMalbHbIe KOHLEHTPalMH 30510Ta, HMEKT ca-
Mble DonblIMe MpYMMECH AMOMHAHHA, KaIuA W HaTpud. B nnmactuHuaTom
KBaple, ABIAKIIEMCA 3a4acTyi cnabo30M0TOHOCHBIM U o0pasyliem-
CcA HapAny ¢ rpebeHvYaThIM KBapLeM B KOHeYHbIe CTAOuM KpPHCTa/UIH3a-
LIMH, 30JI0TO PEIKO COCTABNAET BLICOKHE KOHLEHTPALHH.

B HekoTOpbIX ClyyadAX MCCIIeNOBaJMCh OTHAelibHble PasHOBMIHOCTH
CIIOMCTOI'0 KBapla, CIOXKeHHOIO0 W3 MHOKEeCTBa MaKpOo-H MHKPOCIOEB.
Haubornee ApKUM M [OpENCTaBUTENIbHbBIM IPHUMEPOM HABJIAETCA arperar
KpynHO(EeCTOHYaTOH TeKCTypbl, cocTaBiAwumMi u3 21 cinoa (puc. 26).
ArperaT cioxeH 4eTKO pa3ieNfIolHMUCA PHTMUYHO CJIOMKEHHbIMH May-
kamu. [lepBeiid puT™M (cnoun 1—3) cmoxeH YepenyoIMMHCA MAaCCHBHO-TO-
NOCYATBIMH, CJaBOrHHHCTBIMH KBaplieBbIMH arperaTaMM, TIMHHCTOCTS
KOTOPBIX YMEHbIIAETCA K KOHUY PUTMa. B 3TOM ke HarpaBIeHHH YMeEHb-
1aeTcA KonudecTBO cyiabdunoB. Buaumoe 30/10T0 — B OCHOBaHHH PUTMA.
MomsocTs nauku — go 4,5 cm. Bropo# putm  (cnon 4—8) nMeeT Clnox-
HOe CTpoeHKe, 0DYC/IOBIEHHOE TeM, YTO B HEM HaxoAATCA 0610MKH paHee
0bpa3oBaBlIETOCA CIOHCTOrO KBapila, ObNeKalliMecsd paguaibHO-ITy-
WCTBIMHM MOJIOCYATHIMM arperaTaM kBapua. ObnoMkn M 06jeKarUHi
HX KBapli cofepaT cyybgoconu cepebpa, 3010Ta, INHHUCTBIE MUHEDPATBI
1 ABJIAKTCA NPOAYKTAMH OJTHOTO M TOro e (iawouaa, npuieM obJIOMKH —
Pe3yILTaT B3lIaMbIBaHMA ¢1a00 3aKpUCTANIM30BAHHOI'O MaTepuana paHee
chopMHpPOBAHHOrO c10A. B 0CHOBAHMHM 3TOr0 PHTMd BhIAEIAIOTCA IIHHHUC-
Thle MHHEpasbl, IHPUT U cynbdoconu cepebpa (cnoit 4). B cpenneit uac-
TH pUTMA KBapll CTAHOBUTCA YMiile (cioM 5 u 6). Benuaer putm nepexon-
HbIH cyioil 8, Ha kKoTOopoM 3ajneraer oborailleHHOe 3050TOM M cynbkdoco-
JIAMH OCHOBaHHe TpeThero putma (ciou 9—1171).

Cio#t 9 nocTeneHHo NepexoauT OT TOHKOCTIOUCTO-(DeCcTOHYaToro B Mac-
CcHBHO-(DECTOHYATHIH U MacCHBHBIA (cnoil 10), B BepxHell 4aCTH KOTOPOro

Tabnuua 12

JanHbie XHMHUYECKOrO aHAJTIH3a CTPYKTYPHO-TEKCTYPHBIX
Pa3IHOBHIHOCTEH KHUILHOr 0 kBapua BaneHckoro pyanoro nona

Crpyxrypio-tekeryp- | Al; O3 K,0 Na, O Au

HBIA THIl KBApLA
ToHKoOMoONnoCYaTHLIA 5,65 2,11 0,22 0,002 — 0,06
MaccHBEbIH 3,73 0,26 0,10 0,0002 — 0,007
[lnacTHHYATBIA 1,82 0,20 0,10 0,001 — 0,002
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HA Tepexofie K CIow Il BHOBbL OOMIIBHO
BBIJEIIAETCH  30JI0TO, HO cyibdocosnei
cepebpa 3necs mano. Cno# 11, 3aBepuiak-
LIMH TPeTHH PUTM, B OCHOBaHHH CJIOHCTO-
decToHuaThlil, a BBepxy — MAacCHBHO-
decroHuaThIi. . B 30He mnepexopma Mex-
Oy TPeTbHM W  YeTBepThIM  pHTMamH
(cnou '19—13) HOpUCYTCTBYIOT KAONHHHT H
IMAPOCIIONEl, ¢ KOTOPbIMHM BMecte 0Gpa-
3oBanuck U cynbsdoconu cepebpa. 3nmeck
HAXOOHUTCA M 30JI0TO, HO OHO He T4aKoe
KpyIHOe, KaK Ha nepexoje OT MacCHBHOTO
(cnmoir  10) K clioucto-decToHIaTOMY
(cnmoit 11). PaHuuil cloH 4YeTBepTOTO
purMma (crnoi 12) ©omee TIHHHCTLBIN,
(hecTOHYATHINH, a TO3OHHUH — MACCHUBHBIA.
30510TO NPUYpPOYEHO K TMHHHCTO-(QecToH-
4yaToMYy KBapiy. MaccuMBHBIH KBapl cMe-
HAeTCST MHKpOorpebeHYaTo-pagHanbHO-Ty-
YHCTBIM, HAa KOTOPLIH HaKIaablBaeTCA
GecTOHUATHIN KBapll CIEIVIOLUIEro pUTMa,
comepxallMi 30710TO M cynbdoconH ce-
pebpa (cnou 14—15). B BepxHe# uacTH
puTMa (BepxHAA 4YacTh cJloA 15) BHOBB
[IOABNAETCA MAaCCHBHBIH KBapll, B KOTO-
pomM BhigeneHUH 3os0Ta  mano. Konu-
YeCTBO HX BO3pacTaeT Ha Ilepexoje K
cnenyrwiemy cnow (cnoid 16). B ocHoBa
HMHM ero — MHUKpodecToHYaThIH KBapll,
nepexoiAlMii B MacCHMBHbIA (cno#t 17).
ITOT pPUTM y>Ke MeHee YeTKO NepexoiuT
B CJIEAYHLIHA, CIOKEHHBIH CYIUeCTBEHHO Puc. 26. PUTMHUHO-CITOHCTBIN
MAaCCHBHBIM, HHOI'Ia MUKPOIIJIACTHHYATBIM CYLIecTBEHHO KBAPUEBbIH ar-
kBapuem (crnod 18). Ha nepexone BHOBb  perart.[lofchenns cm. B Texc-
obunbpHOe BbIIENIEHHe 30JI0Ta INPH OYeHb e

He3HAaYUTEeIbHOM KolWyecTBe cyibdoco-

nei cepebpa. DTOT PHTM COCTOMT U3 LIECTH CJI0EB MAacCMBHOI'O M MHKPO-
3€PHUCTOr0 MAacCHBHO-HO3JpeBaToro (y4acTKaMH MHKpPOIUIACTHHYATOTO)
KBapla, CBA3aHHBIX MMOCTENeHHbIMH nepexogamu (cmoit 19). HocraTou-
HO ueTKo oOpa3oBaHMeM TOHuallled NBYXCNOWHONW mNauku (He OoJiee
0,7 MM MOLIHOCTBIO) CEpOro MHMKPOILIECTOBaToro (eCcTOHYaTOro KBapla
¢ ODWIBHBIM BbIJENEHHEM TITHHHCTLIX MHHEpanoB M 30JI0Ta OTMEedaeTc
HayaJlo MocieqHero puTMa, 06pa3oBaBlUEroCA B 3aKITHUHTENIbHYI0 CTaIHI0
thopMHpPOBaHUA PACCMOTPEHHOrO CIIOMCTOTO yuacTKa xauibl. OH cl1oxeH
MAaCCHBHBIM M MHMKPOMAaCCHBHO-ILECTOBATBIM, MAaCCHBHO-HO3[peBaTLIM
M MHKpOIlecTOBaTo-rpebenuaTsiM KBapueM (ciomn 20 u 21). KoHueHTpa-
UMH 30JI0Ta 3HaYHTEsIbHbI TOJMBKO B OCHOBAHMH PUTMa, K KOHIY €ro OHH
CPAaBHHUTETbHO HEBeJIMKH.
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Puc. 27. HameHeHWe KOHUEHTPAUMii 3010Ta M ejlesa B PHT-
MHYHO MMOCTPOEHHOM KBapLeBOM arperare.

Io Bepmkmoﬁ OCH OTNOeHbl OTHOCHTeJ/IbHbIe PACCTOAHMA
MeXOY HeHTPaAMH CJ10eB
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Puc. 28. HameneHnue KOHUEHTPALMI 30/10Ta M cepebpa B ciouc-
TOM PHTMHYHO [TOCTPOEHHOM arperarte

JderanpHoe H3ydeHHe pacnpelejieHMA 30J10Ta U xeyesa (puc. 27),
3onoTa U cepebpa (puc. 28), 3onotra u mean (puc. 29) B cioucToM dec-
TOHYATOM arperarte MOKa3aJio, YTO C PHUTMHKOH H HanpaBJIeHHOCTHIO B
M3MEHEHHH TeKCTYp M CTPYKTYp KBapila H 3[JeCh B3aMMOCBS3aHO pac-
npeneneHye yKa3aHHBIX BbIllle 3JIeMEHTOB.



™o

I

Cnou
o o
T
L=
=

[ Au

A

e L L
500 1000 1500 Au,Cu,r/T

~ by N o
T

Pue. 29. HameneHHe KOHUEHTPAUMH 30/I0TA H MeIH B CIIOMCTOM
PHTMHYHO NOCTPOSHHOM arperare

OtcyreTBMe OIHO3HAYHOW KOPPENALHMH KOHLEHTpalMK JKenesa W
30J10T4 CBHUJETELCTBYET O IMPEeHMYILecTBEHHON CBA3H 30JI0Ta HE C CYJib-
dumamMu xenesa (apCceHONMMPHMT M MUMPHT), a ¢ cylbdoconAMH cepebpa
u mead. OgHako M 374ech NMpAMbIE KOPPETALNMM XapaKTepHBI JIMUIb IUIA
YY4acTKOB C OOMIBHBIM BblZleNleHHEM cyiibgoconeid BOMH3M TpaHUIl pUT-
MOB, I'Jle¢ B CBA3H C Pe3KHMH U3MEHEHHAMH TCIOBHI BhINaJaiy B LIENI0Y-
HOH ob6cTaHOBKe ITMHHCThIE MHHEDANBI H YBIeKAIH UX ¢ coboit. B cpeann-
HbIX YacTAX PMTMOB MNpPAMBbIE KOPPEIAIHH HapyilleHbl, U BhIOeJIeHHe H3
pactBopa cepebpa U MenHd B BHOE Ccynb(hoOconedl NMpealllecTBYeT BhIASIe-
HHIO 30n0Ta. Beck npuBeneHHbIH MaTepuarn CBHIETENbCTBYET, YTO Ha hoHe
PHTMHYHOIO H3MEHeHUA KOHLEeHTpalMid 30710Ta, cepebpa, Meau H kene3a
NPOMCXONHUT MX YMeHbleHHe B BepXHHX, N03e 00pa3soBaHHLIX YaCTAX
PHTMOB, HeXeJIH B HHXXHHX, PaHHHX. JTa HAIMPaBJIeHHOCTb XOPOILIO CONoc-
TaB/lAeTcA ¢ oOlleld HanpaBIeHHOCTEID B H3MeHeHMM obiMKa Kpapla
H €ro cocTraBa Mo Mepe KpHUCTaJUTH3auMH (ioHaa cHayarna M3 pe3ko e
PeChILLeHHBIX,, 3aTeM — ¢/1ab0 nepechInieHHBIX PACTBOPOB.

Ocobennoctn pacnpepenesna Au, Ag, Cu, Fe, K,;0, Na,O u Li, O
B CJIOHO MOCTPOEHHOH NPHKOHTAKTOBOH 4acTH (MOLUHOCTBIO 0O 2 M)
JKMIbI M3 IepBOM pYAHOH 30HBI PYOHOrO  NOJA NpPeICTaBlieHbl Ha
puc. 30. Ha xoHTakTe B KBaple cOOepXaTcA 0OJIOMKH W3MEeHEHHBIX Tpa-
HHTHBIX TaleK, KOTopble OOBONAKHBAKOTCA CBET/IO-CEPBIM MACCHBHBIM,
a 3aTeM I10/IOCYaThIM KBaplem, MOCTeeHHO MepexoJAlldM B TOHKOIO-
JlocuaThi ecTOHUATHINA arperar, COOepPXalllHi TOHKOQNCIEPCHOS 305070,
cynbdoconu cepebpa ¥ IMAPOCIOAY. ITOT KBapl NOCTENEHHO Nepexo-
o4T B Gonee rpyGomonocuateiil ¢ MAKPOCKOIMYECKH 3aMETHOH BKparuieH-
HOCTBIO MUPHUTa M cynbdocosned Menu. 3aech IPUCYTCTBYIOT MOHTMOPKIT-
JIOHHT ¥ KaoNMUHMUT. 3ateM obpaldyeTcA CNoH MACCHBHOIO MHKpPOrnody-
JIAPHO-C(PePOSIMTOBOr0 KBaplia ¢ MAIOH NpuMechio cynsdHOoE, THApPO-
CNA ¥ MOHTMOPWINOHUTA. [lallee B MAacCHBHOM KBaplie OTMeYaeTcs
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Puc. 30 M3MeHYHBOCTD CONEPIKAHHA LIENOYeH H PYOHBIX 3JIEMEHTOB B KPYIHOM [1oChe-
moBaTensHO 0Opa3zoBaHHOM arperaTe KBaplg,

/! — ofnomox rparuTHON rambkd; 2 — NONOCYATHIA KBapL; J — TOHKONIOMIOCYATHIN
dectouuatniii; 4 — rpybononocuartsii; 5 — MHKporiobynapHo-cdepONUTOREIIA;
6 — MaccHBHEIA €o ¢1ab0 BLIPAXKEHHOH C/IOMCTOCTBIO; / — MACCHBHBIH, MHKPOILIAC-
THHYATBIH

cn1abo BbIpa)keHHasl CJIOMCTOCTh, KOTOPAH 3aTeM MCUYe3aeT, KBapl| CTaHOo-
BUTCH GenbiM, MAaCCHBHBIM H COOEPXKHUT MeNbualilide ApPY30BHUIHLIE ITyC-
ToTKH. B numdax 3amerTHbl ckeneTHbie ¥ AEHIPHTOBHAHBIE KPHETAN-
7Bl M CPOCTKH — Hayasio (OpMHPOBAaHHA MHKDPOIUIACTHHYATOH TeKCTYDBI.

B npepenax 3Toro yyacTtka >kMnbl KoHueHTpammu K,; O nocreneHHo
YMEHBIIAKTCA OT KOHTAKTA K LEHTPY JKWMbI, YTO CBA3AHO C YMeHbIIeHHeM
KOJIHYeCcTBA THAPOCHION M TOHUYAHINMX MbUIEBHIHEIX BKITIOYEHHH obGmom-
KOB BMelIalIIMX mnopon. KoHUeHTpalMH HaTpuA H JIMTHA BO3pacTaioT
OT KOHTAKTa K rpybonosiocuatomy ciiow. B Hem dhukcHpoBaHEI OTHOCH-
TeJBHO BBICOKHE KOIHYEeCTBA MOHTMODHIUIOHMTA M KaOJHHMUTA, comep-
JKAIUMX 3TH 3JIEMEHTBI, MOABHKHOCTh KOTOPBIX 3HAYHTENLHO BBILIE, YeM
KanuA. B MacCMBHOM H CIIOMCTO-MaCCHBHOM KBaplle KOJIMYeCcTBa HaTpHA
W JTUTHA pe3Ko yMeHbluawTcea. MakCcHMyMBl cofepaHui 30710Ta U cepeb-
pa OTMeyalwTcA B (DECTOHYATOM TOHKOCIOHCTOM KBaple, MPHYeM KOH-
UeHTpalLMK 30JI0Ta peako mnpeobnajgalT Haj KOHUEHTpaUMAMH cepebpa.
Boamosxho, uro Aum Ag o6pasyioT 3mech TBepAbld pacTBOP € COOTHO-
wennem 823:176. B yuactke rpybomonocuyatoro keapua ¢ cynbdumzamu
KOJIMUeCTBO 30JI0Ta JIHIIL B 2 pasa NpeBblllaeT KolIHyecTBO cepebpa,
KOTOpO€ YacTHYHO HaxXOOMTCA Takxke U B dopme cyinbdoconeid. MuHu-
MalbHble KCOHLEHTpauuu 3070Ta M cepebpa (HKCHpoBaHbl B Clloe Mac-
cMBHOTO KBapla. Keje3o W Melb HUMeT JBYXMaKCMMYMHOe pacrnpeje-
NleHUe B Mpefenax pPacCMOTPeHHOH UACTH KHUIIbI: Y KOHTaKTa, rae obmns-
HBI Cynbguabl, ¥ B rpybonomnocyaTtom crioe, KoHUeHTpauun X KOppenu-
PYIOT ¢ KOHLIEHTPalMAMH 30710Ta ¥ cepebpa TONBKO Ha OTHEINbHBIX Y4acT-
Kax KHbl, [0CHe TOro KaxK OCHOBHasg Macca nocileljHHX YKe BbIlaja B
CaMOpOIHOM BHIE,

B mpenenax Bcero pa3pesa IO kW€ 30J0TO W cepeOpo pacnpenesd-
KTCA OOBOJIBHO CIIOXHO, HO B COOTBeTCTBHH C paclnpeleileHHeM CTPYK-
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TYPHO-TeKCTYPHLIX pa3HOBH11HOCTEI:l KBapua. B CHMMETpHUYHO 1TOCTPO-
€HHBIX KWJIaX OHH NPDUYpOUeHbl K KpaeBbIM UX YaCTAM, a2 B OCeBbIX YaCTHAX,
rpe o0ObiyHO (hOpPMUPYHOTCA MAaCCHBHBIE, TUIACTUHYAThLIE WM JAPY30BUI-
HO-MAaCCHBHBIE Arperarsl, 30J10TO U cepebpo He 0Dpa3yIOT ZHAYHTENIBHBIX
KOHLIEHTPALUH, 33 HCKIIYeHHeM Tex clly4yaeB, KOI/la MX MHHepanbl 3[1eCh
OTIIAraloTCA H3 MO3QHMX OCTATOYHBLIX WM CBA3AHHBIX ¢ MODHIH3aLMer
M nepeoTnoxeHHeM paHee cOpPMHUPOBAHHOrO 30J10Ta pacTBOPOB (Ha 4ToO
ykasbiBana emte H.B. IleTpoBekan) .

[Mpumepom TakoN aHOMaIMH ABIAETCA pa3pe3 Ha ropusoHTe 316 m.
BekpbiBaeMad Tam KHIIA [10CTPOEHAa aCMMMeTPHYHO: B BHCAuYEM DOKY —
MOULIHAA 30HA4 TUIACTHHYATOrO M IJacTHHYaTO-MaCCHBHOI'O KBapila ¢ BH-
JMMEIM 30JI0TOM, B JIeKauyeM — CJIOMCTBIH M MAaCCHBHO-CJIOMCTBIH KBapl,
B KOTOpOM 0OMbHBEI cynbdoconu menu. MaxkcumaribHble KOHIEHTpauUu
30510Ta U cepebpa HAxXOIATCA 3[0eCh He B IOJIOCYATOM, @ B IJIACTHHYATOM
KBaplie, B KOTOPOM MHHMMa/lbHble KOHUEHTPAlUMHM KaTHA ¥ MaKCHMallb-
Hble — HaTpua. C nocnegHUM B 3TOM paspe3e BO BCeX TEKCTYPHBIX pas-
HOBHJHOCTAX KBaplla XOpollo KoppemupyeT 3onorto. MakcumaneHoe co-
AepXKaHHe HAaTpHA B IUIaCTHHYATOM KBapiie CBA3aHO C 60.['lb|.l.[ef;l BEpPOAT-
HOCTBI ero H3oMophHOro BXOXKIAEHHUA B CTPYKTYpY kBapua. Kanui koH-
LUEHTPHPYETCA B arperarax IojocyaToro KsBapua. OTHOLUIEHHA 30JI0Ta K
cepebpy A KBapLa [IOIOCYATEIX M MaCCHBHEIX arperaToB B 3TOM JIOKaIb-
HOM paspese DIM3KHM K TAKOBBIM B LEJIOM MO IepBOH pyaHOH 30He. ITO
JKe MOXKHO CKas3aTh M O BelIMYWHAX OTHOILEeHHH KOHLEeHTpauud 3050Ta
¥ menu, cepebpa u pryTu , a taxxe K, Of Na, O.

anBe,E.EHHb]e INaHHLIe O pacnpeneneanu 30J10TA U 3JIeMeHTOB-TIpHMe-
cedl B KBapue Ha pEI.SHbD( YPOBHAX ero opraHvu3alvH cBUOETEeITbCTBYHT O
€JMHCTBE TEHIEHUHH M 3aKOHOMEPHOCTEH, 00yCl0oBIIeHHbIX GIHu3oBepx-
HOCTHBIMH YCIOBHAMH d)OpMHpOBaHHH, nocjienoBaTeJIbHOCThIO 06pa30-
BdHHA H HpOCTpaHCTBBHHbIM NMOoJOXeHHueM TeKCTYPHBIX pPAa3HOBHOHOC-
Ted KBapua.

O dopMe BxOxIeHHA HEKOTOPBIX PYIHBIX
3/1eMeHTOB-NpHUMeceH B KBaply

B nocnenHee BpeMsA MNOABWIMCH MOZEIH, ONMCLIBAILHE CIOCOD
BXOIE€HUA B KBapl MHOIMX DPYAHBIX 3/€MEHTOB, [103BOJIAKILHE I10-
JOUTH K ODBACHEHHIO MOPA3HTENbHO YCTOHUMBLIX CBA3eH pPYAHBIX 3e-
MEHTOB C KBapleBbIMH JKH/IAMM M HaMeTHThb TI'PaHMLbl ONpelelIeHHbIX
CTPYKTYPHO-(ha30BbIX COCTOAHHH B 3BOJIOUMH KBapUeBO-pYIHBLIX duiio-
unos. A.H. Tpyxun, B.C. Bamuukuii ¥ apyrve uccnenosatend [4, 5,
42, 46] nmokaszan¥ BO3MOXMHOCTE BXOXIEHHA B KPUCTAILI KBapua b6oJik-
IIOTO YHCIIa XHMHYECKHX 3J1eMEeHTOB, B TOM YHCJIe NIPOMBILIIEHHO LeHHbIX.

Ocoboe 3HaueHHMe npHoOpeTaeT H3YUEHHE 3IE€KTPOHHO-LBIPOUHBIX
IIEBHTPOB B KBaplie Npd aHanu3e GopM BXOKIeHWUA mejin, cepebpa, 30-
noTa, oNnoBa, BolkdpamMa, HHKens U Apyrux pyaHbix dnemedToB. B.C. JIbr-
cakoB, B.I1. Connuer u P.M. MalmkoBUeB Ha NpHUMepe HUCKYCCTBEHHOIro
KBapua, akTHBHPpOBaHHOTO HOHaMH Me[ll B Npolecce ero BhipalllMBaHWA,
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Puc. 31. Mopem noxanu3aumy¥ aTtoMoB cepeGpa B cTPpyKTypHOM C-kanane. llo
B.I1. Connuesy, P.H. MamkoBuesy.

BakaHCMHM MOHOB KHC/lopola H300pakeHbl IITPHXOBOH JIMHHEH, ATOMBI KpeMHMA
3a4epPHEeHb!

OCHOBLIBasICh Ha pesyibraTax HecnepoBanui H.P. 3aknca, A H. Tpyxuna,
B.C. BanHukoro ¥ ApPYyrHX ChEeLHalnucTOB, CHenand BhIBOO O TOM, uTO
Melb DACIONaraeTci B MeXTeTpa3ApH4YecKHX IMYyCTOTaX B OKPYKEHHH
HOHOB KHcaopoza, [To ux naMHbIM, HOHbI Me/IH OTBETCTBEHHB] 32 BO3HUK-
HOBEeHHe LIEHTPOB JIWMHUHECLIEHLMH B KBaplie.

B.II. Conuues u P.U. MamkoBues [42] mokasanu, yTo Melb 4 cepet-
PO MOTYT HaxOAHMTLCA B KBapue, obpasya uentpel Ag’* u Cu’*, a taxxke
B BuJe HeiiTpaibHbix atomoB Ag’ u Cu’, xoropble crabunmmusupyrorcs
B CTPYKTYPHbIX KaHanax, obpa3syeMblx KOJNbLAMM KPEMHEKHCIOPOAHBIX
TETPAa’3npOB, M JOKANIH3YIOTCA BOMM3M NBYXBAKAHCHOHHOIO [AedeKTHOIO
TeTpasnpa ¢ obpasoBanrem ueHTpoB AgSiO, u CuSiO, (puc. 31). B cBsa-
34 C TEM, UTO 3TH LUEHTPbI CTADHIHM3HPYIOTCA IMLUb [IPH TEMIIEpAaType XKH/-
KOro a30Ta, MOXHO MoJjlaraTh, yTo cepebpo ¥ mMenb NpH KOMHATHOH TeM-
neparype OgOCTaTO4YHO IOJABHKHBI B pemeTKe KBapua. Hocnenﬂee MOXKeT
uMeTb BOJbIIOe 3HAYEHHE [JIA MNOHUMAHHA MHIDALMH XHMHUECKMX 3716
MEeHTOB B TBep0odha3HoH cpeje.

M.A. llepbaxoboii, B.M. COTHHKOBbIM W pAAOM [APYIHX HCCIeQ0Ba-
teneit B 1976 r. oGHapyXeHa TeHOEHUMA K MPAMOIl 3aBHCHMMOCTH MEXIY
xonuyecTBoM O—(Al)-LIeHTPOB B KBaplie H COJACDMAHHEM B HEM 30JI0Ta,
YcTaHOBIIEHO BXOJXKZEHHE 30JI10Ta B CTPYKTYpPHEIE KaHANLl KBapLa; Npen-
TONOMEHO, YTO KaTHOH AU’ 3aXBaThIB&JICA W3 DACTBOPOB BMeECTe CO
LIe/IOYaMH MIPH 3aMeLleHHH KpeMHHA anromuHueM. KBapu BeicTynaer Kak
"npuponHbIi copbeHT” 30M0Ta; OTCK/A 3aKOHOMEPHO TpeIoNoXKeHHe o
BO3MOXHOCTH HCIIOJIL30BAaHHA OTMEYeHHOH BbIllIe 3aBHCHMOCTH MPH OLIeH-
Ke 30JI0TOHOCHOCTH KBAPLEBLIX M.



FA3OOTIEJIEHHE IIPH HATPEBAHHH, COCTAB
H TEMIIEPATYPbl TOMOTEHH3ALIHH I'"A30BO-KHUIKHX
BKJIDYEHHH KAK THIMOMOP®HBIH MPH3HAK

[Ipumecu ra3oB W BoAbl B KBapue., M3aydenuwe razosoi
COCTaBNAWIIeH BKIIWUeHHH U MHpOpMaLMA O rasax, paccesHHbIX B 00b-
eMe MMHepPaJbHBIX HHAMBAIOB H UX arperaTtoB, MMEKT OOMNbllioe 3HAUeHHE
anA TMnoMopduYecKoro U pyaHodOpPMALMOHHOI0 aHAIIM30B, 4 TAKKe 1JIA
MOHUMAHHA IBOTIOIHHA MHHEPANooOpasynIMX CUCTEM.

B kBaple NOCTOAHHO TPHCYTCTBYIOT BOJAOPOI, YTJIEKHCIOTa, a30T
(n apron) [22, 43, 46], B ormenbHbLIX cinydaax obBHapyKWUBAKWTCA yrie-
Bozoponsi [38, 43] . a3, u3BneveHHbIit U3 06PA3IOB KBAPLA OTOBOPY AHBIX
MECTOPOXKAEHHI NyTeM H3MeSlbUeHHA HX B LAPOBOH BAKYYMHOH MeJlb-
HMLle, colepan OBYOKHCh Yriepona, CepoBOAOPOA W Bomopon [46].
C.K. Kueun 1 H.A. lllyrypoBa nonaraioT, YTo BOZOPOJ H YIIeBOLOPOLI
MPUCYLLM BKIHYEHHAM KBaplla riyOHHHBIX MeCTOPOKAEHHH B OTIHYHe
OT cpefHernyOHHHbLIX W ManornyOuHHbIX. B.A. ByJIbiHHHKOB oTMeyaeT
MOBBIlIEHHbIe KOHUEHTPAUWH YrIeBOZOPOAOB B MHHepanax (QpoHTalb-
HBIX M L@HTPAILHLIX (CPeOIHHHBIX) YacTed 30JI0TOPYAHBIX Ten W obegHe-
HHE MMM NPHKOpPHEBHIX yuacTkoB. B.C. MoHaxoB u mpyrue uccrienoBate-
MM NPHBOJAT TIPHMEpbl YBENWYeHHA KOHIEHTPauMi Bonopoaa U Tpymn
CH B kBapue MO3THHX 30JI0TOHOCHBIX FeHepauuii.

lN'azoormenenve npu HarpeBaHHH. MeToaoM (pPaKIMOHHOH KOH-
OeHCalM¥ HM3YyYeHLI TeMIepaTypbl M KOJIHUECTBA BOMbI, YIIIEKHCIOThI M
a30Ta, BHIIENAKIIMKCA U3 00pa3loB KBaplLa pas3liMuHOro reHesuca npu ux
HarpeBaHud. KommnnmekcupoBaHHe 5TOro MeToaa € Macc-ClleKTPoMeTpH-
4eCKHMH MCCIIeNOBaHUAMHK M ¢ u3ayuennem MK-cnexTpoB nossonuno no-
JTyunTh MHGOpMaunio o GopMax BXOXKAEHUA BOMLl B KBApILL.

HuTeHcuBHOE BblgeNneHHe BOJbI H3 MACCHBHOrO KBapl Ajep ner-
MatuToB Hauunaerca ¢ 300 °C; B umHTepBane temnepatyp 300—500 °C
BBIZIEJIAETCA OCHOBHAfA MAcca BO[bl, 3aKJIIOUEHHAA B 3TOM KBaple (pHc.
32, xpuBadA 7), YTO COOTBETCTBYET TEMIIEPATYPAM pa3pbiBa ra30BO->KH/I-
KHX BKmioyeHHiH. B Tabn. 13 npuBeneHsl Temieparypbl FOMOIEHH3ALNMY
BK/IIOYEHWH, Bbille KOTOPLIX MTPOMCXOAMT UX pa3pbiB. MeHbllasd yacTs BO-
Inl, Beigensomascs npu 100—300 °C, o6ycnosiena npuMecamy ciado-
ceA3aHkibIX OH,-rpynn. Ha puc. 33 Bumha 1nosioca morjiouieHus npH
3400 em™', WHTEHCHBHOCTH KOTOPOH YMEHbIUAETCHA IPH HATPEBAHHHU W
npakTHyecku Mcuesaer nipu 450 °C (puc. 34) . O nponoykeHuH  Bblielle-
HHA BOIbI N3 KBaplla NerMaTMTOBbIX TeJ MpM HarpeBanud no 700 °C
CBHETeILCTBYIOT [JAHHBbIE MACC-CMIEKTPOMETPHYECKOTo H3y4yeHHA obpas-
a U3 AnyH-Uenona, roe oTMeueHbl JiBe CTaJuy BeJelleHHMA BOALI — MpH
200—370 °C unpu 560—580 °C. [locnepHuii uHTepBan TeMmepatyp
COOTBETCTBYET a—f-epexony B KBaple, KOIJa B pe3yiabTaTe MnepecTpoi-
KH CTPYKTYDbl NPOMCXOLUT pa3pelB cBfA3el U Bbigenexde OH-rpynn
(a Bo3MoOxHO, 1 H', BXomAulero B MeXAOY3NHA MPH FeTePOBAIEHTHOM
KOMIEHCAIIMOHHOM n3omMopdusme) . CoOTBETCTBYHOLIME 3TOMY TeMmIlepa-
TYPHOMY HWHTEpPBaJly MaKCiiMyM Ha Macc-CeKTorpaMme 3HauuTenLHO
cnabee nepsoro [43] .

KpupBble BbigeneHus BOLLI M3 KPUCTAIJIOB KBapua 30J0TOHOCHBIX
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Tabnuua 13

XapakTepMCTHKA H3yYeHHBIX 00pa3LOR KBapua

®opmaumoHHbli|  Moxo- WK nonu- Yacts Temmnepa- | Temmepa-
THI KBapua Kpuc‘rannmeckm“«l KpucTaa |Typbl TOMO- |TYPbl MAKCH-
arperar FeHH3aUMH | MyMma ra-
ra30BO-M-| 300TAEIe:
KHX BKIDO- wua, C
wenuit, °C
Ilermatutosbii |[TonukpucTann = 300—500 500
[TermaTHTOBBIA — = 270—400 300—400
- |
(zf;mernme Kpucrann OcHoBaHHe 246—285 300
—"— =N l'onoska 230—270 200—300
s MoHOKpHCTaNN BuyTtpenunaa | 270—300 200—300
4ACTh TONOBKH
—t— sl Ipurpansas | 160—265 200
YacTh [MPH3IMBI
—— e lNonoska 150—250 200—300
—— =M= Buyrtpennas | 260—270 | 200--300
4ACTE
i = 3oua npusmer | 200—260 200—300
= —te Sona npu3mel | 150—282 | 300—400
OCHOBaHHA
Manornybunnsiit|MaccHBHBIR — 180—200 100—300
MONHKPHCTAIHYECKHH 400--500
arperat
i INonocuaTbiil NONHKPHC- — 190—220 100—300
TAJUTHYECKHI arperar 400—500

WHIT cpepHernyOMHHOH ¢opManpKd [pH MX HArpeBaHHH HMMEKT HHOH
xapakTtep (cm. puc. 32, xpuBble 1 —6; puc. 35). Makcumym Ha Kpu-
BbIX COOTBETCTBYET MHTEPBAly PACTPECKHMBAHMA Ta30BO-KUIKHUX BKIIIOYE-
Huit — 200—300 ° C(cm. tabn. 13) . HanBoneiuiee U3 3TUX 3HAYCHUI TeMIle-
paTtyp cooTBeTCTByeT 06pa3ly M3 OCHOBAHMA Kpuctamma (cM. puc. 32,
KpuBaf 1), HauMeHblliee — 00pasLy U3 ero rojoBKH (TaMm ke, KpuBas 2) .
MakcuMyMBl BbIZleJIeHMA BOObI M3 BHYTPEHHHMX BLICOKOTEMIIePaTypPHBIX
uacTeil KpucTanna (Tam xe, kpusele 3, 4, 6) cABUHYTHI B cTOpoHY bosnee
BBICOKHX TeMMepaTyp IO CPaBHEHHID ¢ MPUrPaHHBIMHM HX Y4acTAMM (Tam
e, kpuBada 5) . Uayuenne UK-cmekTpoB MOKAa3allo, YTO BbieieHHe BOJIbI
MpH HATPEBAHMH TAKUX 0Gpa3lOB COMPOBOXKIAETCA MOCTETIEHHBIM YMeHb-
lIeHHeM WHTEHCHBHOCTH MOJIOCK nornoutenus B ob6nacru 3400 em™' . Oto
CBHIETeNbCTBYET O TOM, YTO HAapAAY ¢ BOOOH ra30BO-KHIKHX BKIIIO .€HHI
H3 KBapld BhIIeNAETCA U CTPYKTYpHad Boaa (cM. puc. 35).

JuHaMuKa BbIIENeHHS BOALI H3 TOHKO3€DHHCTOTO KBapla KW
manornybuHHoi GopMaluK CYLLIEeCTBEHHO OTINYAeTCH OT PacCMOTPEHHOMH
Boiwe. Ha pue. 36 npexncraBnensl KpuBbie BbIOEeJI€HHA BOObl U3 OBYX 06
pasuoB TaKoro KBapua (Kpueble 2 W 3) B CPaBHEHHMH C KPHCTAUIOM H3
YKHIbI cpegHernyOHHHOM hopmauuy (KpuBasa 1). Hecmorpa Ea Huskue
TeMIlepaTyphl pacTpeCKHBaHHA Ta30BO-KHIKHX BKII0OUeHHH (cM. Tabiu. 13),
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Puc. 32. KpuBsle BhIfeneHHA BOOkI
NPH HAarpeBaHHH KBAPLUA Pa3/HYHbIX
pynubix dhpopmamit

1-6 — xkBapuMecTOPOXKAeHHA cpell-
HernybunHoit cdopmammm; 7 —f-
kBapu; §—0 — xsapu Baneiickoro

PyIHOro nona

MaKCHMyM 3TOTO Ipoliecca IpH-
xomurca Ha 500 °C. Hauano
BbIZIENIEHUA BOMIbI COOTBETCTBY-
er, [O-BHAMMOMY, pa3pbiBY
KPYTIHBIX Ta30BO-)KHAKHX BKIIIO-
uYeHHH; B HHTepBaJjie TeMIlepaTyp
200—300 °C HHTEHCHBHOCTh
MpolLecca HapacTaeT MOCTelleHHO.
[Tpu TeMIepaTypax  OKOJO
300 °C napacraHue CTAHOBHTCA
peaxkum. [locnennee, a Takxke
makcumyM mipu 500 °C obye-
JIOBNEHBI, BepOATHO, pa3pylle-
HHeM pa3JIHYHOTO THIA HeCTPYK-
rypubix OH.-medexToB, KoTO-
pole, cyna no HK-cmextpam,
MOCTOAHHO  TIPHUCYTCTBYIOT B
kBapue DBaneiickoro pypHoro
nonA. IlpucyreTBHe Takux oe-
dexrToB obycnoBneno ocoben-
HOCTAMH KPHCTAJUTH3aLHHK 3TOr0
KBaplia M3 MepechileHHbIX ryc-
THIX ILENOYHBIX pacTBopoB (pH
cycnenaun — okono 9). Ilpu-
Mepbl HEeCTPYKTYDHBIX IpUMe-
ceit OH™, Na*, K*, Al**, obpa-
3YIUMX HEOJHOPOOHOCTH pas-
mepom 20—30 HM, ommcaHbl
JI.LA. Iunobepom u B.E. Xan-

J514
J400

3317

7845 3197 2908

Noznowerue

L | 1 Il
J600  J400 5200 5000 vew!

Puc. 33. HK-cmekTp nornoiuueHHs
IVIACTHHKH (-KBapua
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Hy0, 3,/3,3400ck
HNzn"I,"f 0/ i

1201 18 3/1
H0  2./7,
MKAJT 1001 L6
1o0tar Hy0
80r 151
807
sobanm G0 141
i0kao 40F 13
sk 20t 12
0.— ot J U_ '!"'r L 1 L d A J
0 100 200 300 $00 500 tC 0 100 200 Joo 400 560 600 1%
Puc. 34. 3aBHCHMOCTb HHTEHCHB- Puc. 35. 3asucumocts HHTeHCHB-
HOCTH _MOAOCH  MOIJIONeRHA HOCTH NOJIOCHl  MOTJIOLIeHHs
3400 cm ' ma HK-cnexTpe u Ko- 3400 cm ™ HK-cnextpa u Koau-
nuYeCTBa BhIJENIEHHOH NpH Harpe- 4eCcTBA BbIIENEHHON MpH HarpeBa-
BaHMH BOOBl anA kpueranna [3- “HMH BOJbl ANA KpHCTaala KBap-
KEapuUA OT TEMIepaTyphbl 112 MECTOPOXK/IeHHA CPeHerTy OHH-

HOH dlopmManmu o7 Temneparypsi

KM B HCKYCCTBEHHOM KBapue, KPHCTAUIM30BaBILeMCA U3 KOHUEHTPHPO-
BAaHHOIO pAacTBOpd B LUENIOYHOH cpene. Hamuuue monekyiaapHOH BOObI B
Takux 06pasuax noxaszaHo meromom UKC [34] .

MHH.HMB.HLHOB KOJ:IH'-IBCTBO BObl 11PN HarpeBaHmi BbIIEJIAJIOCh
U3 nmapamMopdo3bl Mo -KBaply, MaKCHMallbHOE — M3 KBapla Wl Mallo-
rinybunHoil popmauun (tadn. 14). Ira ocobeHHOCTh HAXOOUT OOBACHE-
HHE B DA3/IMYHBIX CKOPOCTAX KPHUCTAJUIH3allHd pacCMaTpHBaeMbIX KBaplie-
BBIX arperaTos.

Ananu3 xapaKTepa BbIIe/leHHA BOJbl M3 KBaplla 1oKa3biBaeT TPOH-
CTBEHHYW ee npupoay. CHauaia BbIIenAeTCHA HecTpYyKTYpHas Bola raso-
BO-KH/IKUX BKJIIOYEHHMH, TeMIlepaTypbl BblAeneHusa kojebmorca ot 200
no 400 °C, HapacTan B PALY: MECTOPOIKIEHHA MANBIX TTy6HH — MecTo-
POXIEHHUA cpemHux INybuH — Mecroposkmenusa OGonbwnx rnybuH (8-
KBapl nerMatutoB AnyH-Yenona M -KBapi nermMatutoB BonbiHH). 3a-
Tem npu Temmneparypax 400—600 °C ¢ maxcumymom B obnactu 500 °C
BbIJleNIAETCA HeCTPYKTYypHaA Boja JedekT-kananos M ckoruennid OH,-
Tpynr, He BXOAALIMX B KPHCTAUIHUECKYH peureTKy. MaxcHManbHble
KOHUEHTpauuHd TakoH ¢opMel BOAL! XapaKTepHb! IUIA HI3KOYIIOPALOYeH-
HOTO KBaplia M3 Wil ManornybuHHbix dopmaumil. CTpyKTypHaA Boma
B Bune OH,-rpynm, Bxondilasa B CTPYKTYPHble KaHallbl MM MeXI0Y3-
A KPEMHEKHCIOPOAHLIX TETPasapoB IPH TeTepoBaJIEHTHOM HM30CTPYK-
TypHOM H3oMopdu3Me, BEIXOAUT U3 pelleTKH npu a—f-nepexone (560—
580 °C); nmonsa ee HeBemUKa.
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MurpauMa BOObl B KaHajlax

Hq0,MK/T
H CcyOMHKPOCKONHYECKHX Tpe-
LUMHAX B KBaplle MpH ero Harpe- ..,
BaHMM OKAa3blBAeT CYllleCTBEHHOE
BIMAHHE Ha €ero 3MeKTpomnpo- so0}

BoaHocTh [22] W apyrue cBoH-
CcTBa, B 4YaCTHOCTH Ha (HUIIBTpa- 500
LM WIH KPUCTAIM3ALMI0 pPYI-

HBIX KOMIIOHEHTOB B 3€PHHCTBIX
€ro arperarax.

JlaHHBlE O KOJHYECTBEHHBIX  zgp|
COOTHOLLIEHHAX COJepKaHHUA BO-
Ibl B pAasiMUHBIX CTPYKTYpPHO- . .
TEKCTYPHBIX Pa3sHOCTAX KBaplie- 0 o0 200 500 400 500 t.°C
BbIX arperatuB banelickoro pyn-

HOTO MONA NpuBeneHs! Ha puc. 37.  py. 36, KpHBble BbIIe/eHHA BOOBI MPH
HHTeHCcHBHOe BbilelleHHe BOJMIbI HArPeBAHMM KBapua ManornyOHHHOM H
M3 MACCHMBHOTO KBapua (Kpu- cpensernybGunnod dopmaumii.

Basgs 1) cooteerctByeT 200 °C M ] — cpepnerny6unnan dopmams; 2, 3 —
CBA3aHO C HA4YaJlOM MacCOBOro Manornybunnas dopmaima

pa3pbiBa BKIWuYeHWH. B  uH-

tepBane Temnepatyp 200—300 °C

MPOUCXOAWT B OCHOBHOM pa3pbiB BTOPHUHBLIX BKIIOYeHHMH. Makcumym
BhIIeIeHuA BoJul npuxoautca Ha 400 °C, uTo yka3piBaeT Ha BHICOKYH
TemnepaTypy ero obpa3zoBanua. B unrepsane 400—600 °C Brigensercs
BOJa M3 Ned)eKT-KAHAIOB M CTPYKTYPHBIX KaHAJIOB W MeXy3elbHad BOAd,
BBICBODOXAaOW@ACA Opu a—f-nepexogax. MaKCHManbHOe KOJNMYECTBO
Boael (no 9935 mia/r rasoBoil (hasel) BbigensaeTcAa U3 (ecTOHYATOIro
kBapua (cMm. puc. 37, KpuBas 2) B aBa 3Tana — B uHTepBane 100—300 °C
(ancopbHpoBaHHas, Boga Ia30BO-KMIKMX BKIOueHui) u nocte 300 °C.
Bospacranue KosnuuecTBa BOIbI IpH Harpesanuu Boiwe 500 °C yacTuuHO
CBA3AHO C BbIJENIEHHEM ee M3 CJIOMCThIX CHIMKaToB. [lonocyarsii KBapll
(Tam »xe, KpuBad 3) C OTHOCHUTEJBHO XOPOILLO PACKPHCTAUIM30BAHHBIMH
HHIMBHIAMH Bbifle/ifeT Takxe Dolbllioe KojiMyecTBo Bo/bl (8406 Min/T)
B gBa 3Tana — mexay 200 u 300 °C (rasoBo-wuIKHe BKJIKYEHHA) U IpH
400—600 °C (mermpaTauua MpPUMeCH KaoJWHMTA, BbIXOJ BOMbI U3 fe-
¢exT-KaHANOB H CTPYKTYpHOH Bonkl). OcTanbHble CTPYKTYPHO-TEKCTYp-
Hble pa3’HOCTH arperaToB KBaplUa BbUIENAKT 3HAYATENILHO MeHble BOAL
MakcuMyM Ha KpPHMBOW BbIJIeJIEHHA BOJIbI U3 MOJ0OCYATO-M2CCHBHOTO KBap-
ua (Tam xe kpusaa 4) npuxomurcs Ha 500 °C. U3 miacTHHUATOro KBap-
ua (TaMm e KpUBad 5) BOJA ra30BO-KUIKHUX BKIIYEHHHA BBIXOTUT B HH-
reprane 200—400 °C, a u3 mo3gHero, caMoro HU3KOTEMIIEPATYPHOTO —
rpebenyaroro (ram e kpusas 6) — npu 200 °C. CTpykTypHan Boga BbF
xoauT B uHTepBane 400—600 ° C.

Takum 06pa3omM, KpHBBIE BbIJEIEHHA BOOLI JAT GONBIIYI0 MHHepa-
Jorvyeckyw uHhopmanupo. leHcTBUTeNbHO, KOMWMYECTBO BOAbI MAKCH-
MaJIBHO B TPeX PAHHHUX IPYNIax IeHepaluil, Mpyd 3TOM 3HAauMTelIbHAA YacTb
ee B pa3NuyHbIX (GopMax yOepKMBAeTCA HeCOBeplleHHOoll CTPYKTypoil
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Tabnuua 14

Bo1jenesue BOAbl NPH HarpeBaHHH
H3 KBapua pa3NIMYHLIX PyOHLIX dopmalHi

KonuyecTBo BbIOeJAOLLIErOCA Napa BOMABI NPH pas-
NMYHBIX TeMIleparypax, MKa/T

Bun kBapua, pyoHasa = g = = = 2 Uucno
dopmauma 100 "C |200 C[300 CH00 C|500 C|600 C|Cym-|npobd
Ma
CoToBBIH KBapu Anpa ner- 0,4 5,1 5,3 33,2 | 102,00 — |[148,7 1
maTHuTa, napamopdosa no
B-xBapuy
PosoBeiit a-kBapu 13 6110- 1.3 56,7 | 450,0| 304,0| 112,0] 25,3 |955,3| 1

KOBOH 30HBI NTErMaTHTa
Kuneuniit kBapu ¥ kpHe- | X 132,0 | 263,0| 212,0| 166,0| 152,2| 192 8{1118,0 7
TA/ILI MeCTOpOXaeHua (0, 134 109 | 108 | 156 | 187 134
cpennernybOHHHON 3000~
TO-KBapLeBoi opmMalLH
XKunbubiit KBapy mecto- |X 55,2 127,0| 344,1| 249,4| 212,0| 132,8/1120,616
POXIeHHA CpenHerny- 0, b1 79 233 | 137 96 49
OHHHOH 30510TO-CYNbhH-
HO-<BapuesBoi hopma-

LHH
XKuneHbli kBapy rnybo- (X 9,8 121,2| 406,8| 380,4| 356,3| 260,4/1534,9 3
KHX FOPH3OHTOB MecTO- (0, 6 133 110 |12 24 74

POXKIEHHA MANOrnyOuH-
HO# 30n0T0-cepebpAHOl
dopmanm

Kunbii ksapuy mecto- | 97,9 | 255,0| 350,0| 488,1| 458,3| 425,02074,2 12
POX[eHHsA, nepexogHoro |0, 58 112 | 143 | 187 | 258 | 181
K MaTornybuHHOHR 30510~
To-cepebpaHOH dpopma-
i) .
Turmunoe mectopokae- |% 295,0 | 470,9| 727,8| 1093,8 1486,01604,56678,0 18
HHMe MaNornyOHHHOM 30- 273 473 | 590 |722 | 850 | 970
noro-cepeCpsHOM dop-
maume (Baneiickoe
PYAOHOe none)

KBapla M IpH HarpeBaHHH Nerko yaansaetcA. KBapu nmo3gHMX rpynm reHe-
palMil CONEpMUT MeHbllee KOJHYECTBO BOABI; BBIXOIUT OHA B OCHOBHOM
IIp¥ AeKpenuTaluMy BKIIIOYEHHWH; 3HAUMTENIbHO MeHbllee ee KONHYeCTBO
BXOJHT B CTPYKTYPY, HO MpoyYHee yIep:KUBaeTcA B CBA3M ¢ Donbuiel yro-
PANOYEHHOCTBIO MOCIeOHeH, YTO HAXOOMT OoTpa)keHHe W B BenuunHax CKC
(cMm. HmKe) .

MakcumMyMbl BbIfENeHHA BoAabl B uHTepsBase 200—400 °C sBnsiorcs
€ M3BECTHEIM OONYLIEHMEM [10KA3aTelIAMH TemMieparyp MuHepanoobpazo-
BaHuA. [locnensee BaXcHO UIA TOHKO3IEPHHUCTBIX ATPEraToB KBapia 6Grmus-
MOBEPXHOCTHBIX MECTOPOXKAEHHI, TAK KAaK BKIIIOYEHHHA, NPUTOJHbIe JIA
H3YYeHHA MeTOIOM F'OMOTeHHM3allMH, OHH CONEPXKAT PeIKo.

KonuuecTBO BhigenAwwedca U3 KBapla BOOLl B pPa3jIMUHbIX Temilepa-
TYPHBIX HMHTEpBaliaX 3aKOHOMeEpHO BapbHpyeT y obpasuos, obpazoBab-
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Puc. 37. KpuBble BbijieNleHHA BO[bl TPH HArPeBAHWH PA3JIMMHLIX CTPYKTYPHO-TEKCTYP-
HbBIX pPa3HOCTEeH KBapueBbIxX arperaroe Banefickoro pynHoro nons.

] — MacCHBHO-TIONOCUATEIH PAHHMIT H3 KOHTAKTA C BMeILaw e noponoi; 2 — decron-
yaTeIil TOJOCYaTHIH MPOAYKTHBHBIN; J — [010CYATBIH € JIYUHCTO-ILECTOBATBIMH OT-
OenbHbBIMH CIIOAMM, NPOOYKTHBHLIH; 4 — nonocYaTo-mMaccHBHbBIN, MaccHBHRIH, ciabo-
30JI0TOHOCHBIH; 5 — MACCHBHO-IIECTOBATRIN, APY3OBHAHBIN, MIacTHHYaThIi; 0 — rpe-
DeHuaTHIN

LWHXCA B pa3HBIX YCJIOBHMAX W ABIAETCA ONHHM M3 €ro THIOMOPQHBIX
H (OpPMalMOHHEIX NPH3HAKOB, YTO MMeeT 3HaueHHe MpPH OLEHKE ero py-
IOHOCHOCTH.

KonunuecTBo BbifenANIIEACA NPH HATPEBAHHH KBapua yITIEKHCIOTLI
0OBIYHO Ha MOPANOK MeHslle, YeM BoJbl. DOpmMbl TeMNepaTypHBIX KpH-
Bbix Boixoga H,O u CO, nogobubr (puc. 38). O6bem BbipensAmLLencs
YIAEKHUCIOTH MAaKCHMANeH [UIA MEeCTOPOMKAEHHH MAIOrNyOUHHBIX [10
CpaBHEHHI0 ¢ [1YyOHMHHBIMM W cpegHeryOMHHBIMH. C yMeHbIUeHHEM [iy-
OuH GOPMHPOBAHMA MECTOPOXKIEHMI HADNHIAeTCH pPEe3K0oe OTHOCHTEllb-
HOe BO3pacTaHWe [0JIM BOAbl B KBaplie Mo CPaBHEHHK C YITIEKHCJIOTOH
(prc. 39). JTa 3aKOHOMEPHOCTh MPOC/IeKeHa KaK M0 KPUCTAIIAM, Tak
M 10 3epPHHCTHIM arperaTaM KBapLa.

KonuuecTBa BBIZENAKLIEIOCH H3 KBapLa 430Td [UIA HEKOTOpPBIX
riaaBHbIX QOPMALMOHHBIX THIIOB MECTOPOXKOEHHUH naHbl B Tabn. 15. B 06-
LIeEM M3 KBapLa MeCTOPOXKAEeHMH MmaorinyOuHHbIX ¢opmMauuil BbIgesnA-
ercAa Donbllee KOJIHYECTBO a30Ta, YeM M3 KBApua NerMaTHTOB M TNIYOHH-
HBIX M CpeIHernyOHHHBIX MeCTOPOXKHeHHH. JLo/IA a30Ta [0 CPAaBHEHHID
¢ Bopod (N, /H,0) Bospacraer B pany (opmMaumi: nermMaTuThl — Majio-
rnyOHHHBIE 30J10TO-cepebpaAHble — rnyOHHHBIE M cpenHeriayOHHHBIE 30-
NOTOpPYOHbIE.

BanoBoe copep:kaHue BOABI M YILJEKHCIOTH B KHIIBHOM
kBapue. CBsizb co cBeTtonponyckanuem. ['H, BeprymkoBbim pas-
paboTaHa M nNpeanoXeHa METOOHKA ONpPeXeNIeHHA BOALI M YIJIEKHCIOTEI
B KBaplle, ABIAILIAACA YIPOLLEHHLIM BapHaHTOM MeTona ()paKLMOHHOW
KOHJIeHcalMK. YKasaHHbIM cnocobom no 150 npobom onpepgeneHo, uto
norepu Ipd NPOKAJIHBAHMM M KOJHUYECTBO rasa B3aMMOCBA3AHLI H YTO
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Puc. 38. Kpusbte BbiteneHua BONbI (CIUIOLIHAA JIMHHA) H YTIIEKHCIOTHE (IyHKTHpPHAs
JNIHHUA) MPH HArPEBAHHH ArperaToB KBapuUa, Pa3/THYHONH TeKCTYPbI;

1 — wecToBaTO-NPY30BUAHLIN; 2 — MACCHBHO-APY30BMIHBIN; J — MeIKOLPY3OBHA-
HBIH

Ta6bnuua 15

BhineneHuse a30Ta NPH HArpeBaHHH H3 KBapLa
PAa3HYHBIX DYIHBIX ¢opmManmi

Ieneruueckan W GOPMaLHOHHARA Konuyectso N, /H,0
NPHUHALTEXHOCTE KBapHa a30Ta, MKI/T

[MermaTuTe!
CoTtoBblit KBapiy 29 0,02
Po3osbift kBapu B 6nokoBoil 30He . 21,9 0,02

Funporepmanhn ble MEeCTOPOXKIAEeHHA

IM'nybunusie 30n10To-CynbhUAHO-KBApPLEBLIe 134,6 0,10
Cpenser nyOMHHBIE 30/10TOPYAHbIE 114,8 0,10
[Tepexonssie K ManornyOMHHLIM 3070TO- 112,7 0,05
cepebpAHBIM

Turmunble MatornybuHHbIe 30M10TO-cepeb- 297,3 0,05
pHHbIE

cymmapHoe KonuuectBo H, O u CO, Bo3pacraer ¢ yBelMueHHeM pasme-
POB 3epeH.

AHanM3s pesynbTaToB ONpeleleHus CBETONPOMYCKAHHUA, [1OTeph MNPH
NpOKaJIMBaHHH, BAllOBOr0 COCTABA I'a30BO-KHIKHX BKJIIOUYEHHUH, BKIHOYAA
H BomHbiA noxasatens (H,0/CO,), B xuibHOM KBaplie 3K30KOHTAKTa
llunoso-Konesckux, Kouxapckoro, Ysunsauuckoro, xabeik-Kaparait-
ckoro, Apamosckoro, Yenaburckoro m Kauwbexoro (B Kazaxcrane)
FPAHUTHBIX MaccMBOB, ChicepTckoro M YdaieHcKoro MHUIMé THTOBBIX
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Puc. 39. Kpusbie BbineneHHs BOIbI M YIJIEKHC/IOTbI NPH HAIPDEBAHHH KPHCTALIOB
(apabckue undpsi) u xwIbHOro Kpapua (pumMckue uudpsl) MeCTOPOXKIEHHI pa3jiHy-
HBIX (annit riayOHHHOCTH.

Kpuctanne xsapua: | — coTosbiii, U3 KamMepHoro nermatuta (1 npoba); 2 — u3
cpenHernTyOMHHOTO 30710TO-KBapleBoro mecTopoxmenusa (4 npobsi); I — u3 raybo-
KHX FOPH3OHTOB MajioraybuHHOro 3ono0To-cepebpraHoro mecropoxaeHusa (3 npobsl) ;
4 — wu3 3onoto-cepebpAHOro, NEPeXOAHOI0 K MAJOrNYOHHHBIM MeCTOPOMIEHHUAM
(3 mpobni) ; 5 — U3 TMMMUHOro ManornybHHHOro Mectopoxaedns (1 npoba).
Kunpuulii kpapu: /] — po3oBslil, 13 61OKOBOH 30HLI KaMepHoro nermatura (1 npo-
6a); II — u3 cpepHernybHHHOrO 3010TO-KBaplUeBOro Mmectopoxnenud; I — ua 3ono-
To-cyNbhUIOHO-KBAPLUEBOro MecTopokaeHHA (16 mpob); IV—V— u3 rnybokux ropu-
30HTOB MAaornyOHHHOTO 30/10TO-cepebpAHOro mectopoxaenun (3 npodwer); VI— u3
NMepexoaHoro OT CpenHernyOMHHBIX K ManoriybHHHBIM - CcylulecTBeHHO cepebpAHOTO
mecTtopoxaenua (12 npo6); VI/— k3 tunuudoro manornybuHHoro sonoTo-cepebps-
Horo Mectopoxnedua (17 npo®); VIII— TOHKO3epPHHCTHIN, cAaXapOBHIHBIN, Xanueno-
HOBHIHEIH, [TOCIENPOAYyKTHBHLIH, GnU3noBepxHocTHLIA (b npob)

KOMIUIEKCUB, pANa XpPYCTAJEHOCHBIX MECTOPOXKIEeHHH, 30JI0TOHOCHBIX
kum ¥ Ap. [18—20] noxkasas, y4TO MepeuKclieHHbIe MOKA3aTeNnd B3aumo-
cBA3aHbl. Ha ocHoBaHuK H3yyeHMA DOJIBLIOTO KOMHYECTBA JaHHBIX (OKOJ0
1000 ananu3oB, YacTh KOTOPLIX B3ATa HAMH C ONYOIHKOBAHHBIX (HAKTO-
rpahuyecKHX KapT) MOXHO CHeNaTh CIeIyIolliMe BBIBOALI: CYLIeCTBYeT
oﬁpamaﬁ 3aBHCHMOCTE BeJIHUHHLI CBeTONMPOIYCKaHHA KBapua OT KOJIH-
YeCcTBa COOEpAalUMXCSA B HeM BJATM M Ta3a, uTo NoATeepsxnaer obuive
BeiBoas!l I'H. BeprywkoBa u ero mocnemoBateneit [18—20]: BonaHbli
NoKasaTels yBeJIMUABaeTCA ¢ BoapacTaHueM OOIIero KonuuyecTBa BIATH
M rasa; B oblleM ciyyae MPOMCXOAWT YBeNHUuYeHHe CONEpPKAHHUA BIIATH
¥ rasa ¢ yMeHbLIEeHHeM BeJIHUMHBI 3epeH KBaplia.

OnHaxko Npd pasgellbHOM pPAaCCMOTDEHHM YKa3aHHBIX 3aBHCHMOCTEH
InA KBaplia, XapaKTepH3yWIUeroca pas/ifYHOW CTereHbld HW3MeHeHHH
M Pa3HbIM OTHOLL €HHEeM K OpYAeHeHHIO, BEIACHSETCA clieayoulee. K HabHBIA
KBapll XpyCTaIeHOCHBIX MECTOPOXOEHHH XapaKTepH3YeTCA MaKCHMAallb-
HBIMH 3HAYEHHAMH CBETONPOIMYCKAHWA, OTHOCHTEIBHO BLICOKMM COfEp-
JKaHHEM CYMMBI BJIaTl'd M rasa “ O0JIBIIHM BOIOHBIM IMOKa3jarernem. Py,ﬂ.O-
HOCHBIH XHJIBHBIHA KBapi OTIHYaeTCH yMepeHHbIM CBeTOHPOHyCKaHHBM,
HM3KHM BOJHBIM [0OKa3aTelneM ¥ CAMbIM BbICOKHM COJEpPaHHeM CYMMbI
BJIard 4 rasa.

I[To K0.A. CokonoBy, Ha paccroanuu 0,1—0,5 M OT 30H rpaHynAUMM
TIPOMCXONMUT yMeHblIeHHe CBeTornponyckanua B 4,5 pasa, yBenuueHue
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Puc. 40. XapaxkTepHcTHKa KBAPUA H3 KW B NOPOAAX padjmuHbix daumii Metamopdus-
Mma.

1 — ceeronponyckanne (C[‘l) ; 2 — noTepu NpH NPOKANHBAHWK (M.1.M.); J — BOOHLIH
noxasaresnb (VH of‘Vco ); 4 — cymma Bnare W rasa (Vnzo " coz)‘ B ckobkax —
WMCTIO ompeneneril.

. . 0. ¥ obuero copepskanuna H, O u CO, B 4 pasa, Boxsl B § pas, yrie-
KHCJIOTeI B 2—2,5 pa3sa, BoHoro NMokasartend B 2 pa3a. Bce 310 yka3sniBaeT
Ha OUHILIeHHe KBapla B NpoLecce IpaHyIAIHH,

AHaJIOrMuHble. TEHAEHLMH BBIABIIEHBI U 1A KBapla H3 Wi, JOKaIH-
30BaHHBLIX B MOPOJAAX pa3jIMyHbIX MeTamMopduuecKHx dauuil. YcpenoHeH-
Hble TapaMeTpei, [IONyYeHHbIE B pe3ynbsTaTe 0OpabOTKH JIHTEpaTypHBIX
[aHHBIX, NpefcTaBnedsl Ha puc. 40, ['paHynupoBaHHLIH KBapl XxapaKTepH-
3yeTCA MHHHMATBHBIMH CYMMAapHBIMH COJEpaHHAMH BIIarH M rasa,
KOJIMYECTBO KOTOPHIX .MIPaKTHYeCKH Heu3MeHHo. BonHbii nokasareins
Pe3Ko YMeHbIIAETCA M0 Mepe yBelHuYeHHA UHTEeHCHMBHOCTH MeTamopdus-
Ma, CBHOETeNnbCTBYA 00 yMeHBLUIeHHM [0NH BOfbl M YBEeIHUYEHHH HOIH
YPIeKUCIOThl. DTH AaHHLIE BIIOJHE COTNACYHTCH € NPUBENEeHHbIMHU Bblile
[JIA KUIBHOIO KBAapua MeCTOPOXXIEHWH pazNuuHbIX dauuil rinyOHHHOCTH.
[MoTepy npu NpOKaIMBAHUM ABAAKTCA MUHHUMansHbiMH (0,02—0,03 %),
M MX BapHallM¥ He3HAuYMTeNlbHB! (Ha PHCYHKE He nMokasaHsl) . CBeTonponyc-
KaHHe IpPaHyJHPOBAHHOIO KBapllda MAaKCHMANbHO, He HMeeT TeHJIEeHUHH
K OJHOHAMNpaBJIeHHOMY H3MEHEeHHI C yBelHYeHHeM MeTamopduaMa, H,
B obuieM, ymMeHblIeHHEe €ro B 3MUAOT-A/IBMaHOHHOBOHM cyOdauuu cBa3a-
HO C yBe/IMYeHHeM oDIlell KOHUEHTPALMK BIArd M rasa. B ueiom rpaHy-
MMPOBaHHBIA KBapIl B »KWIaX Ha Ypajle, HAXOAAIMXCA B NOPOJAX 3MUIO0T-
XJIOPUTOBOM cybanns, MMeeT PeITHKTOBBIH XapaKTep, TAaK KaK KUIOBMe-
awiMe nopoabl B OONBLIMHCTBE CIIYuYaeB NpeTeprend perpecCHBHbIR
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MeTamopdu3M, NpM KOTOPOM KBapl M3MeHAeTcsa cnado. B cinyuae ke
NpOrpeccUMBHOro MeTtamophu3Ma OH elle He NOoABEepPrcs MHTeHCHBHBIM
H3MeHEeHHAM (IUIACTHYECKMM M XpYyNKUM AedopMalMAM, TUIaCTHHKOBA-
HHIO M Ip.), KOTOpbIE CHOCODCTBYIT NOABIEHHK B 3epHAX ra30BO-XKH/-
KHX BKJIIOUEHMH M 3aMyTHeHHI. B ycloBHAX 3nupoT-ajibMaHIHHOBOH
dauuy 3TH NPOLecChl HHTEHCHHUUMPYHTCA, KBapl, MyTHeeT, KOTHYeCcTBO
ra’oBO-HIKHX BKIIHOUYEHHI BO3pAaCTaeT M HAYHHAETCH Npollecc rpaHyIdA-
LIMH, 3aBepLIaLMHCA B YCIOBUAX aMpUO0oNUTOBOH (haumH.

HerpanynupoBaHHbIH KBapll JKWl1, JOKATH30BAHHBIX B MOpoAdXx
SMMAOT-XJTOPHTOBOM cybdaiuu, HMeeT MHHUMAITEHOE CBETOINPOTY CKaHUe,
KOTOpOe BO3pacTaeT ¢ yBellMYeHreM MeTaMopduama. B 3Tom e Hanpas-
JIEHHH yYMEHbLIAeTCA CYMMapHOe CcoOepyKaHue BJIard M rasa (M m. m, m.)
¢ yBeJIMYeHHEM JOJIM [OoCTeAHero B Mpolecce YCWIeHHA MeTamopdusma.
IMpy 3TOM BenMuMHA BOJHOrO MNOKAa3aTelfd TaKXe CTAHOBUICA MeHblle.
Bonublit 1okasaTens Mo3TOMY MOKeT OLITh OIHMM M3 MHIMKaTopos da-
Uy MetamMopdu3mMa U rinyOHHHOCTH MUHepaliooOpa3oBaHuA.

I''H. BeprywxoBeim u H.A. CoxonoBelM MoOKa3saHo, YTO B LeEIOM
BOJIHBIH IOKa3aTenk IUIA KUJILHOTO KBapua usmenserca ot 0,3—0,5 no
10—15. MuHuManbHbLIe ero 3HA4YeHHA THIHMYHBI OJIA KBapl@a M3 TPAaHUTOB
H COTOBOTO KBaplLa AJep NerMaTHTOBBIX Tell, a HauboIee BEICOKHE Xapak-
TEPH3YIOT KBapl, HHU3KOTeMIleparypHbix skun. OrtHowenue H, 0/CO,
onpepenfAeTcA, MO MX JaHHLIM, MpPeXxae BCEro TeMIepaTypol MHHepaso-
obpazoBanua (B °C) M MoXeT BBITh HCHONB30BAHO IUIA €€ BLIYMCIIEHW
no ¢popmyne ¢t = 560 — 280 lg H, O/CO, .

Bynyuw crpaBemnmBod misa riyOHMHHBIX NPOLECCOB, OHAa OKAasbIBa-
eTCA HeNpPUIOINHOH UIA ollpedeNeHUs TeMIEPATYP MHHepaiooOpa3oBaHHA
B O/IM3M0BEPXHOCTHBIX YCJIOBUAX, HANPUMEpP IUIA 30JI0TO-ceépeOpAHBIX,
GIOPUTOBBIX ¥ APYrHX MECTOPOXKIEHHH ManorinybuHHoM (opmaimu,
¢dopMHpOBaHHe KOTOPBIX HA MEpPBBIX CTAIMAX NPOMCXOIUT ¢ UHTEHCHB-
HbIM I'a300TAeNIEHHEM, B MEPBYI0 OUepelb — YTIIeKHCIOThI.

LA conocTaBieHUA MMIBHBIX MECTOPOMIEHUH yaoOHBIM, M0-BUIM-
MOMY, OKaXXeTcA Hcnosb3oBaHde oTHolleHHA Na/K B rasoBO-KHIKHX
BrmwouyeHnax. I 'H. BeprywkoB 1 H0.A. CokonoB nokasajiu, 4To CymMmap-
Hasa koHueHTpauua K 1 Na B HMX oObluHO HaxonuTea B npepenax 107° %
H KOppenupyeT ¢ BOJIHbIM nokasatenem. OtHowenue Na/ K ymeHbluaeT-
CA ¢ MOBBIUIEHHEM TeMIepaTyp MHHepanooOpa3oBaHUA, YTO ABIAETCA
B oblieM cnyyae OTpa)KeHHeM YBeIHYeHHA PpOJU KalHA B BBICOKOTEM-
nepaTypHBIX Npoleccax (KaaHulINaTH3aUMA, FPeH3eHN3alHA U Op.) .

CooTHolIeHHe >KHOKOH U rasoBoH ¢as Bo BKnwuenuax. [lpu
H3YUeHHH BKJIUYEHHH B KBaple CcpegHeraTyOMHHBIX MEeCTOPOKIAEHHH
ycraHoBneHo [49], uTto ¢ rony6uHOH B HHX BO3pacTaeT KOJIHYECTBO ras3o-
Bo# daswl (Tabn. 16).

BhIABNeHHAA TEHOEHIMA XapaKTepHa [UIA MepPBHYHBIX BKJIOYEHWH.
BTropuuHble BKITIOUEHHA, TEMIIEPAaTyphl MOMOrEHH3alMH KOTOPBIX BapbH-
pyior B npegenax 260—190 °C, wMpoOKO pasBUTbl HA MECTOPOMIEHHAX
B y4YaCTKax HAIOMEeHUA TYPMAalIHHOBOH, cyNb(HOHOH M CYIb(OCONbHOH
muHepanu3aimy, B tabn. 17 0bobuteH uMeroumiicA B JiMTepaType aHalH-
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Tabnuua 16

HameneHue ¢ riyOHHOH COOTHOLLIEHHA KHIK O

H ra3oBo# a3 u TeMnepaTypbl I'OM Ol'eHH3ALHH
ra30BO-KHAKHWX BKMOYeHHI B KBaplie 30/10TO-KBapLeBoro
yHorocymsGHIHOI 0 MeCTOP 0K IeHHA

I'opu3oHT, M Yucno npob I'azoBan ca- Temnepatypa romo-
3a, % renusanmm, C
782 8 26 295
750 2 28 310
735 4 32 311
704 18 33 313
550 20 35 319
415 2 43 350

THYECKUH MaTepHasl 0 COOTHOUIEHWK ra3oBoOi M kuIKOH (a3 B xKBaple
13 MECTOPOXKIEHHH pas3NIMUHBIX PY/IHBIX (hopMalmii.

C yueTom 9TUX OAHHBIX MOXHO TIPEIJIOMNHTh TAKYH PalMOHAIBHYIO
TeMIepaTypHyl0 Kjlaccu(UKaluMio THAPOTePMAbHbLIX MeCTOPOXIEeHHH:
BbicOKoTeMrepatypubie (500—370 °C), cpenmHeremnepatypusle (370—
200 °C) u Hu3koTeMnepaTypHbie (200—50°C).

Cpenu cpeaHeTeMIIepaTypHbLIX MeCTOPOXKAEHHH Ha OCHOBe H3MeHeHHA
B TpaHMuUHbIX Ipedesax 3THX TeMIepaTyp CTPYKTYPHOTO COCTOAHMA
BOIBI B KBaple, (PHKCHPYEMOT'o pe3KHM yBelHYeHHeM ero 3JeKTpoIpo-
BogHOCTH [22, 44], HayanoM pe3KOro yBenuueHHA BhIXO/JA BOJbl TIPH €ro
HarpeBanmd B BaKyyMe, d TaKXe HauaJIOM MNOABJIEHHMA 3HIOTEpPMHUYEC-
Koro nika Ha KpuBbiX JITA npd rnpeugsdoHHbIX HCCIeJ0BAHMAX, MOTYT
ObITh BBIZEIEHbI ABE MOATPYNILI — (GPOPMHUPYIOLIHECHA ITPH TeMIlepaTypax
Boie 250—280 u muke 250—280 “ C. XapakTepHo, uto npu 300—280 °C
HAYHMHAETCA MaccoBoe (OpPMHpOBaHHE THMKENLIX TOJIHUMEepOB KpeMHese-
ma [29].

Ha Bo3MoOXHBIE H3MeHeHHA B YCIOBHAX KPUCTAJUTH33aLMM HMEHHO
B 3TUX TeMIepaT)'pPHbIX rpaHuuax ykaseiBana E.M. Jomomanosa. OpHa-
KO TaKafd KjaccHpHKaIUA, KAK H3BECTHO, He YUMThIBaeT MHOTHX (pakKTo-
pOB, M3 KOTOPBIX Ba)kHeHlHe — rnyOuHa oOpazoBaHHA MeCcTOpOXKIeHHH
W MHHepanbHBIE TNapareHesncbl Kpapua. Ilo cyTH pena, riaBHas LeH-
HOCTh HH(OPMALMH, KOTOPag MOXeT OBbITh MOJIyYeHa HCCIeNOBaHHEM
CHHIeHeTHYeCKHMX BKJIYEHHH B KBapue, 3aKJiloyaeTca B BO3MOXHOCTH I10-
NyueHUA pyHouHMOPMALMOHHEIX KpPHTepHeB KiIacCM(PHKALHKY PYyIOHBIX
MeCTOPOKIAeHHIH .

B KauecTBe rJIaBHbIX TPH3HAKOB, OIIpeleArIIHX TEpMOﬂHHaMHQEC-
KHe mapaMeTphl pynoodpasyroiunx uoMIoB M MPOAYKTOB HX [AeATesb-
HOCTH, HAMH B3ATbl yCpPe/HEHHbie YMC/IeHHbIe 3HAYeHWA TpeesioB HU3Me-
HeHHH TeMiepatyp ¥ rnybuH (MHTEpPHpPeTHPOBAaHHBLIX MO reoJorMYecKHM
IaHHBIM WM C WCIOJIb30BaHHEM OlpejielleHHid JaBleHHH, MoJy4eHHhIX
pa3’HbIMH aBTOpaMH H3yYyeHieM BKJIUYeHHH B MHHepanax).

Bapuanuuy MHHepanbHBIX MapareHe3ucoB W TOCHeI0BATENbHOCTH MX
06paaoﬁamm ONpedenAlnTCAa Mpexlae Bcero XUMHYeCKHM COCTABOM pYy-
AOFeHepHUpYIIIHX C]JRIOH,LI.OB H COOTHOLleHHeéM B HHX WM BO BMellUdalUHX

100



Tabnwuna 17

CooTHOlUeHHe ra30BoH H kuaxkon ¢a3
¥ TEeMNepaTypa roMoreHH3auHH ra30Bo-KHAKHX BKIIOYeHHH
B KBaplie pa3HbiX MeCcTOPOXKIOeHHH

MeécTopox geHuA Temneparypa romorexusaimn, (] JlaBnenue,
lazosan daza, % X 10° Ma
600—200
[lermaTHTOBbIE e 9035 1,5—0,45
370
500—200
I'perizenoBele —_—— 90—30 1,65—0,5
500—370
'noporepmanshbie:
BonsiKx rayoHH, 450—200 50—25 1,2—0,35
BBICOKHX TeMIIeparyp 450—370
cpeaHHX rny6uH, cpen- 370170 40—15 1,0—0,23
HHUX TemnepaTyp 370—210
Maneix rnybus, cpen- 410—120 25—0 0,3—0,13
HHMX W BBICOKHX TeM- 360—160
neparyp
MANBIX TITYOHH, HHAKUX 200—50 25—0 0,3—0,05
TemMnepartyp (KBapu-
G IHOpPHTOBLIE )
HIM3NOBEPXHOCTHRIE B 200—40 15—0 0,1—0,03
6a3anbTOBBIX MOKpOBax
(onan, xanuemnoH, aMeTHCT

IMpumeuanue. Bo sropoii rpacde Tabnuupl B 3HAMeHaTeNe YKa3aHb! TEMMepaTypsl
06pa30BaHHA IaBHBIX NMPOAYKTHBHLIX MUHEPAIbHbLIX TAPAreHe3HCOR.

FOPHBIX NMOPOJaX KOMIIOHEHTORB, OMpEeleNnfAlunX H3MeHUMBOCTE KHCIIOT-
HOCTH H UIEJIOYHOCTH, 4 B ONH3NOBEPXHOCTHBLIX YIOBHAX — H OKHCIIH-
TEeNbHO-BOCCTAHOBHUTENILHBIM MOTEHIMAIIOM H CKOPOCTBH) M3MEHEHUHA Tep-
MOJHHAMHYECKHX NapaMeTpoB.

H3yueHue ras’oBO-KHMIKHX BKMIOYEHHN B KBaplLe pas/iHYyHLIX 30/10TO-
pPYIHBIX mnoneil 3abadKanbA MHOIMMH aBTOPaMM [0KAa3allo, YTO TemIle-
paTypel UX romorenusanuu cocrasnAnT 450—120 °C. B cpennem xBapu
MPOAYKTHBHLIX accolHaudil 3abafiKanbCKMX MEeCTOPOXIEHHH COAepHKUT
BKJIIOUEHHsA, roMorenuaupyomuecs npu 370—305 ° C. [pu atom B npege-
Nax OJHOTO PYAHOTO padoHa, B yacTHoctd Banelickoro, oTHeTIHBO pas3iiui-
YATCA MPOAYKTUBHBIE KBapLbl CPEAHEPCKHX CpeaHernybuHHbIX MHeB-
MAaTOJIMTO-THAPOTEPMAbHBIX (remnepatypbl ot 450—350 no 235—
210 °C) nposBNeHHI W HUKHEMEJIOBBIX CpeIHeTeMIIepaTypHbIX BIus3-
[OBePXHOCTHLIX (Temnepatypsi oT 360 no 160 °C).

JaBnenue, cyulecTBoBaBllee TNpd 00pa3oBaHHM  30JI0TOHOCHOTO
KBapla, BapbMpyeT, [10 OLUEHKaM pAja uccnenopartenei, ot 27,5 mo
205,9 MIla npu usmedenun rinydud ot 120 go 460 m ana manornybun-
HbiX ¥ oT 800 po 3000 m A cpeaHerTyBrMHHbIX NPOABIEHHH.
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Puc. 41. O6bem razoBoi da3bt (1) 4 Temneparypsl romoresHsaumu (2) razoBo-xun-
KHX BKJIIOYEHHH B MHIJIBHOM KBaplle MeCTOPOXAeHHH pPa3/IHYHEIX DYNHLIX (OpMAalHi.
I'peizenst: I'— ksapu-sosbdpamurosbie, [/— xkpapu-xaccurepurobsie, II/— ksapu-
BonbdpamMUT-MonubaeHuToBsIe, ['HApPOTepMANTEBHEIE MeCTOPOXNeHHA : [V — rnybuHHbIe
30JI0TO-KBapLeBLie; NepexoHble K cpeHernybuunbim: V' — sonoto-cynbduaHo-kBap-
uesble, VI— 30n0To-KBapu-CcyIb(hHIHO-MAarHeTHTOBbIe; cpenHernyOunneie: VII— cyns-
dunHo-kaccuTepuTossle, VIII— 3onoro-kBapuessie yborocynsdunasie, /X — zonoro-
cynbdunHO-KBapueBnle; ManornybunHble: X — mnepexofHsle K cpenHernyOHHHBIM,
XI— tumaunbie 30710TO-cepebpAHbIe

B uenom anA NMpoAYKTHUBHBIX MHHEDATbHBLIX [apareHe3MCOB Xapak-
TEpPHBI JOBOJILHO Y3KHEe TeMMepaTypHble MHTepBaJIbkl MUHepanoobpa3oBa-
HHUA: MEXOY TIYOMHHBIMH PYIHBIMHM (hOPMALHMAMH OJIOBAHHO-BONbdpa-
MOBBIX MECTOPOXKIOEHHH, CBA3AHHBIX C IPEH3€HAMH, U MAIOTIIY OHHHBIMH
3010TO-cepeOPAHBIMY, CBA3AHHBIMHM C >KeplOBBIMH W nadkoBbIMH a-
UMAMH BYJIKAHO-TUTYyTOHHYECKHX CTPYKTYD, pa3HHLia COCTaBjIAeT MeHee
100 °C, a MaKCHMMAaNbHbIe ¥ MUHMMAJIbHBIE 3HAYEHUA TeMrepaTyp romo-
FeHU3alHH Ta30BO-XKHAKHUX BKIIUEHHMH B KBaple CONOCTaBUMBI, ocobeH-
HO 1A Mecropo»cneunﬁ NnepexoagHbIX THIOB, B KOTOPBIX KBapl-aoyaapo-
BbI€ XHWJIbI 4acTO HenocpeiaCTBeHHO YBA3BIBAKWTCA ¢ MarmMaTHUeCKHMH
TesaMu (puc. 41).

Bonee Toro, B pAAy 30J0TOPYOHLIX dopMauuil Mo ycpegHeHHbIM
BeNMYMHAM TeMIepaTyp TOMOTeHH3aUKH Tra30BO-KHIKHX BKIIOYEHHH
Henb3A cKa3aTh 06 ONHOHATIPABIEHHOM BO3PACTAHMM TeMIIEpaTyp MHHe-
panoobpa3zoBaHua ¢ rnybuHoH Boobiie. Kpome Toro, no remmneparypam
FOMOTeHHM3alMY Ta30BO-KM/KHX BKJIIOYEHMH HeNb3fd OTIHYMTE KBapi
MAaJIOTJIYOMHHBIX, (peaHerTyOHHHBIX WM TIYyOMHHBIX MECTOPOXKIEHHIL.
Topaspo Gonbluywo uupopmaumio o raybuHe 0OpasoBaHMA HAET COOTHO-
LIeHHe >XHIKOH M ra3opoié ¢a3 BO BKIWYEHHMAX, KOTOpOe M3MEHHAETCH
ofHOHanpaBjeHHo, Oyayuu oOycrioBileHO aaBlieHweM. Bo BKIIHUEHHAX
B KBaplie B THINHYHbLIX MaJIOI‘JIYGHHHbIX MeCTOPOXIeHUAX KOIH4YeCcTBO
razoBo# ha3sbl, TIABHBIM 006pa30M YTIEKUCIOTEI, B 2 pasa MeHhlle, YeM
B TNyOMHHBIX MECTOPOXKIEHUAX (cM. pHc. 41).

B nocnenHue romnl pANOM HccliemoBaTeneidl MONydYeHbl AAHHBIE O MM0-
BbIIIEHWH TeMIepaTyp TOMOTEeHHM3alUH ra30BO-KHIKHX BKJIWYEHUH B
KBapue He ¢ rinyOMHOH, a npu Npub/IMKeHHH K BEPXHMM 4aCTAM PYIHBIX
*un u 30H. [JopobHan kapruHa HaboJanack HAMH Ha OJTHOM M3 30/10TO-Ce-
pebpaHeix MmecTopoxneHud [Ipuamypsa. TeHOeHUHA K KOHLEHTPH-
YeCKOH TeMIlepaTypHOH 30HAJbHOCTH OTMeYaNach TaKiKe Mo MepBOH pya-
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Tabnuua 18

Hamenenue ¢ raybunoin obbema razoson dasst
H TEMMEPATYPbl IOMOr eHHIAIMH 'a30BO-KHUIKHX BKITIOUYCHHI
B KBapue 3010To<cepedpAHOro MecTop OX1eHHA

I'nyGuug, m lazosan dasa, % TemriepaTypa roMoreHH3almH,
°c
X Oy X oy
0 36,6 9.5 300 25
50 25,6 2,3 256 21
100 24,4 2,3 250 18
156¢ 17,0 4,0 220 2
200 35,4 11,0 286 27

HOH 30He Baneickoro pyaHOro nosad. 3Ta KOHUEHTPUYHOCTEL YBA3bIBaeT-
CA C pacnpefelieHHeM 10 BePTHKAIH CTPYKTYPHO- TEKCTYPHBIX pasHoCTel
JKWIBHBIX CYUIECTBEHHO KBapLEBbIX arperaTos, OHAa € IPOABIIAETCH
B M3MEHUMBOCTH pAfa cBoWcTB. Kak mpaBuno, mpeHMyLIeCTBEHHO pa3Bu-
Thl B BEPXHMX IOJIOBMHAX XKW1 M PYIHBIX 30H PHTMHMYHO-CIIOMCTbHIE, MO-
nocuaTsle, (heCTOHYAThIe arperarbl, XapaKTepHble IUIA PaHHUX CTagHH
¢dopMHPOBaHNA KBapleBblx xmi. OHH xe No MuHepalio-TepMOMeTpHYec-
KUM pgaHHbiM (Tabrn. 18) oxaseiBairoTca Haubosiee BBICOKOTEMNEpAaTyp-
HBIMH.

[IpuBeneHHbIH MaTepHasl CBHMIETENBCTBYET O CYLIECTBOBAHHH 00-
pPATHOH TeMIlepaTypPHOH 30HANBHOCTH, ODYCIOBJIEHHOH TeM, uTo B Giu3-
NOBEPXHOCTHBIX YCIOBHAX KPHCTAIIM3ALMA MUIIBHOTO MaTepuajla Muer
CBepXy BHM3, HAUWHAACE B IepeloOBBIX YACTAX, IJie IPaJHeHThl TeMIepa-
TYP M JaBjleHHi MaKCHMallbHbL.

NNAPAMETPB TEPMOJIWMHHECLIEHIIHH H HX 3ABHCHMOCTDH
OT COCTABA U YCJIOBUM OBPA3BOBAHHA KBAPIIA

EcrecTBeHHasa TepMONIOMHHECLEHIHA KBapua U3 Mec-
TOPOXAEHHUH pa3JIHYHBIX pyAHBIX dopmanui. Obobluienue nuTepa-
TYpPHBIX OaHHBIX M MaTepualloB aBTopa no TJI KBapua 3 MecTOpPOXIeHHH
Pa3NMUHBIX PYAHBIX hopManuil npuBeaeHo Ha puc. 42.

KBapi merMaTMTOB XapaKTepU3yeTcsA MOCTOAHHBIM MPHCYTCTBHEM Ha
tepmontomorpammax  (TJl-rpaMmax) MaKCUMMyMOB IpH TeMreparypax
220—250 u 290—320 °C, cBazanHuix ¢ (Al/Li) -u (Al/ Na)-uedTpamu.
MopHOHBI KaMepHbIX [MErMaTHTOB OTJIMYAKTCA NMOCTOAHHLIM NPUCYTCTBH-
eM nukos npu 330—370 °C, ceaAsaHHbIX ¢ E-UeHTpaMu U NpUMeCcAMH TH-
TaHa.

KBapu MecToponeHuil rpe#zeHoBbix opmauuil oTrnuuaeTrcAa HAIM-
uyem maxcumymoB npu 170—260 °C, anA obpasuos U3 KBapu-Bonsbpa-
MHMTOBBIX JKWJI OTMeYalTcA Takke maxkcumymsl Ty — T3, a xBapy u3
JKHIT CHMITMKATHO-KACCHTEPUTOBOH (hOpPMallMH NpPaKTHYECKH BCETTA TEPMO-
JMMHHECHHMpYeT npu Temneparypax 280—320 u uapenxa npu 330—350° C,
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Puc. 42. Xapakrtepubie uHTepBaibl Temneparyp maxkcumymos ETJI ksapua mecropox-
[eHHH Pa3IMYHLIX TeHeTHYeCKHX THIIOB.

IMermaTturhl: |- —xamepHhnie, //— penkomeTanbHble; rpedsensi: [I/— keapu-Bonbtpa-
murtossie, IV— kpBapu-sonbdpamMut-Monudaenurobsie, V — CHIHKATHO-K&CCHTEPHTO-
Bele (¢ BonkdpamuTom), V/— noneBouUINaToBO-KBapPI-MOTHOAEHUTOBEIE: NIErMaTON-
HbIM kBapu; VFII— xMabpHBIA KBapl IepBOH TeHepalMK; I'MAPOTepMalibHbie MecTo-
poxnenns: VIII— rnybunnble 3onoto-kBapueBble, [ X — nepexonHble K riyOHHHBIM
3010TO-KBapuUeBbie ybBorocynsdunaeie; cpegrernybunnbie: X — 3010To-KBapueBkie
yGorocynpdunasie, XI— 3onorocymsdhuano-ksapuensie, X// —nepexonHele x Masio-
r1yOMHHBLIM KBapuU-anynAposbie 3o5oTo-cepebpansie (AU/Ag < 0,1) ¢ cynbbunamu;
manornybunssie: XIIJ — wBapu-epbepur-kuHoBapHble, X/ — 3omoro-cepebpsanbie
KBapU-agynap-cynbpuaHo-rugpocmomictsie, XV — 3onoro-cepebpannie ksapu-anyin-
poBsle y6orocynsduanbie, X VI — THnHuHbIle 3010TO-cepebpAHble, 30N10TO-aAyNAP-TH-
pocnonucTo-KBapuesrie yborocynbdunueie (Baneiickoe pynnoe mone); xpycrase-
HocHble xuiabl: X VII— Becusernnie xpuctamibl, X VIII — GecuBserHbie pajgvalMOHHO
yeronussie, XIX — uurpusosble (Ypan), XX — pbivuaro-uutpuHoBble (Ilamup),
XXI— BecuBeTHBIH KBapll anblHHCKHX M. 3HAKOM X OTMe4eHhl HHTepBallbl TemIe-
patyp penxo Habmomaembix makeumymoB, I—T, —T 5,2 —Tg—T14; 3—T11-T3

JUabHBIA TPOJAYKTUBHBIA KBAapll MOJHOJEHOBbLIX MECTOPOKIEeHHH OTJIH-
yaeTCH TONBKO MakcuMmyMamu npu 250—260 ° C.

KBapu THOMYHBIX THAPOTEPMANIBHBIX TIYOHHHLIX MeCTOPOXIEHHH
OTnHYaeTcA OT BeeX ocTanbHbIX Makcumymamu T,—Ts u Ty—T,,, ume-
UHMH y3KHe Tpenensl KonebaHui TemnepaTyp (cooTBercTBeHHO 210—
240 u 270—310 °C) M oTCyTCTBHEM BHICOKOTEMIEepaTyPHBIX MaKCHMY-
MOE. Jlna KBapua 3010TOPYAHBIX MECTOPOKACHHI, MePEeXONHBLIX OT Thy-
OMHHEBEIX K CpelHernyOHHHLIM, XapakTepHe! TJI-TpaMMbl MJIH C OOHMM
maxcumymom npu 230—240 ° C win ¢ aByMa B Kombunauuax 230—240 u
310—320 unu 230—240 u 330—340 °C.

Ksapu cpenHernybHHHBIX 30I0TO-KBapLEBLIX yOOrocynbHAHbIX Mec-
TOPOXKOEHUH TaKKe XapakTepuzyeTca npeumyulecrsedHo TJI-rpammamu
¢ AByMA MakcuMymamu, w3 kortopeix T,—T; (210—250 °C) npucyr-
CTBYIOT [OYTH Bcerja, a 4acrto B KombOuHaumd win ¢ T,—T;, (270—
320°C) unu ¢ Ty, —T,; (330—380 °C) OrnuuuTensHbN NPH3HAK A
HHUX — BBICOKOTEMIepaTy pHble MakcuMyMel Ty, —T;5.
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O0pa3upl KBapia 3010To-CYyNbPHIHO-KBAPUEBLIX CPeXHEerNTyOHHHBIX
H NepexolHbIX K MaTOrayOHHHBIM 3010To-cepebpanbiM umeloT TII-rpam-
MbI OPEUMYLLECTBEHHO ¢ ABYMA makcumymamu T, —T¢ (200—250 °C) u
Te—Ts0 (270—320 °C). Ksapu 43 mManornyOGHHHBIX 3010TO-cepebpAHLIX
KBapl-aly T1APOBLIX yoorocynbpuaHeIx MecToposicaenuit naet TJI-rpaMmmabl
¢ HeOONMBUIMMH HHTEpBAJIaMH TeMNepaTyp BbicBeunBaHus (220—250 u
280—320°C).

Kunbupii kBapy Baneickoro pygsoro nonasa na TJl-rpammax umeer
MaKcHMyMBI npu 240—260, 270—310 unu 320—380 ° C. Kpapu dhepbeput-
KHHOBAPHBIX MECTOPOXKIEHHH TePMOIIOMHHeCUHpYyeT MPH HHU3KHX TeM-
rnepatypax: fnepBbie MaKCHMyMbl HaDJI0JandCh B HHTepBalle TeMnepaTyp
160—250 ° C, a BToprie — 270—280 °C,

TJI-rpamMer HecIBETHLIX KPHCTAMJIOB KBapla MMeKT TOJAbKO OJHH
MakcuMyMm npu 190—200 ° C, GecuBeTHbIX PAIHALMOHHO YCTOHUMBBIX —
npu 227—252 °C [47]. /Ipa makcumyma umeior TJI-rpamMmmbl Beex oc-
TAJBHBIX THIIOB KDUCTAIOB: ypajibcKHe UMTpuHbl — 190—195 u 265—
290 ° C, npIMyaTo-UHMTpHHOBLIe obpasusl ¢ [Mamupa — 250—310 u 320—
350 ° C, a "mapmapotickue nuamanter’” [38] — 230 u 280 ° C.

[MpuBeneHHbiit 0630p Temnepatyp Makcumymos ETJI ceuuetenberBy-
€T O CYLIeCTBEHHBIX Pa3MUMAX UX Y KBApLa M3 MECTOPOMIEHHH pa3iuy-
HbIX TeHEeTHYECKHMX THIIOB U pyaHbix dopmaumnii. [lostomy oHu Moryt
OBITE MCIIONIL30OBaHbl B KayecTBe TUITOMODQHBIX NMPH3HAKOB KBapua orl-
pelieNeHHbIX PYAHbIX hopmanui.

AHaNH3 OTHOLIEHWH TeMMeparyp MaKCHMMYMOB M WHTEHCHBHOCTe
ETJI xBapua W3 MeCTOPOXIEHHH pa3sHbIX py/HbIX (hopMaiuii NoKasLBa-
er, ytro 7, /T, BapbupyeT He3HauuTebHO B npenenax 0,75—0,85 n xapak-
Tepu3yeT pasnuude TaybuHbl foByuwex anexTpoHoB. T, /T; usmenser-
CA MPHMEPHO B 3THX e npefesnax, HO AJA KBapUa MecTOPOXKIeHHH 050-

Ba, Bonb¢pamMa U MoaubneHa oHo Honee 0,8, cpenHernybOHHHBIX U Maio-
rinyOHHHBIX 30JI0TOPYIHBIX MecTopoxneHHid meHee 0,8. [Ipu 3ToM MUHH-
MaJjibHOe OTHOILLEeHHe MOoJIyYeHo UiA KBapua banelickoro pyuHoro mnoias
(0,74).

KBapu mectopoxaenui manornybuHHOH 3o50To-cepebpAHOl dopma-
wiu paer TJI-rpaMMbl TONBKO C OMHHM WIH OBYMA MaKCHMYMaMH, U
I, Bcerpa Gonblue [; (OTHOLIEHHe X BapbUpyeT JUIA KBApLa U3 3TOr0 TH-
na mecrtopoxzgeHuit ot 1,11 mo 1,71). BTo ornMyaeT UX OT riyOMHHBIX
H CpeHerTy OMHHBIX MeCTOpPOXKAeHHH.

Hamenenue untedHcuBHocTu TJI ¢ rnybunoi. [Ina kBapua Gonb-
WIMHCTBa HCCNleIOBAaHHBIX PYJIHBIX [MOJIeH, HE3RBUCHMO OT UX pyaHodopMa-
LMOHHOH [PHHAIUIEKHOCTH, YCTAHOBJIEHA eJIMHAA 3@KOHOMEpHOCTh, 3a-
KJIHYAKIIAACAd B TOM, 4TO C TIIyOuMHONH MHTeHcuBHocts, ETJI Bospacta-
er [49]. B 1abn. 19 npuBeneHs! ycpegHeHHbIe MPAINEHTH] MHHTEHCHBHOCTH
ETJI ¢ rnyOuHol B KBaplie 30JI0TOPYAHBIX MeCTOPOMKIEHWH pPa3JiMuHBIX
PYIHBIX dopMalHii.

MakcuManeHbple 3HAYEHWUA TpajHeHTd XapaKTepHbl A MACCHBHOIO
KBapiia Banefickoro pyaHoro nofif 1 obumx npob manoriyoMHHOIO Mec-
TOPOXKIEHHA C OJIOBO-3010TO-cepebpAHLIM opyaeHeHreM. MHHHMaslbHble
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Tabnuua 19

I'panuenTsl M3MeHUHBOCTH ¢ TyOHHOH HHTeHcuBHOCTH ETJT

Pazmax Pazmax I"'papuenT
rnybun,| wuntencun- |ETIJI, orH. en.
Pynuana opmanma M Hoctent ETJI,| Ha 1 mrny- IMpumeuanun
yeo. en. OHHBI
I'nybunHas 3010TO-KBapile- 201 20 0,099
o |
CpegnernybunHan yboro- 470 66 0,14
cymshuaHan
Ilepexonnasa k manornyGuH- 346 225 0,65 INonocuatein
HO# 30noTo-cepebpaHoi ¢ KBapu
cynbbHaamMu
Tunmunan ManornyOuHHaA:
30510TOCepebpAHan noa- 226 1,19 ‘ MaocHBHEI#
dopmauma co cnaboim 190 KBapi
pasBuTHeM anynApa (Ba- 125 0,65 [Monocuarsii
neficKoe pynHoe none) KBapi
0J10BO-30710TO-cepebpaHan 310 638 2,05 Paamax opyne-
noadopMauHa ¢ IWHPOKHM HEeHHA TIPHHAT
pa3BAUTHEM anynapa MO NeprneHnHKy-
NAPY K JIMHHH
CKJIOHEHHA pPYA-
Horo ctonba no
BEpPXHeH U HIDK-
Hel I'paHHLIaM
ero BBIKJTHHH-
BaHHA

BEJIMUKMHEI MPAfHEHTOB TMPHUCYLIH KBAapLy [J1YOMHHBLIX U cpenHernyOHHHBIX
30/10TO-KBapLEBbIX YyOOrocynbMHIHBIX MECTOPOMKIEHHH.

Jnsa kBapua MatornybHHHBIX MECTOPOXKAEHHH XapaKTepHO yBellHue-
HHe ¢ raybuHoi uiciia makcumymos Ha TJI-rpammax. Tax, KBapiy npuno-
BEPXHOCTHbIX uyacTe#i Dbateiickoro pyaHoOro nojisa XapaKTepH3yeTcH
TONBKO ONHHM CpefHeTeMIepaTypHbiM mukom (ot 220 o 280 °C). Ha
r1y0oKHX TOpPM30HTAX npeobiafaeT KBapl ¢ ABYMA MaKCHMyMaMu
ETJI — npu 220—240 u 300—340 °C. [Ipx 3TOM HMHTEHCMBHOCTH NEpBOTO
Bcerga Gonbliie.

EcTecTBeHHaA TepMONIOMHHECUHEHUHA NocnenoBaTenbHo 06-
pa30BaHHLIX YacTed KPUCTAJNJIOB HIH arperatoB kKpapua. Hs-
meHenne ETJI oT paHHHX K MO3QHMM YaCTAM KPHUCTAUIOB MMeeT pa3jiny-
HYHI HANpPaBAE€HHOCThL B 3aBHCUMOCTM OT CMeHbl YCloBHH WX obpasoBa-
HMA. B KpucTaiymax w3 KaMepHBIX MerMaTHTOB M sKUJIbHBIX MECTOPOXKIIe-
HHH TOPHOTO XpycTanfa, 06pa3’oBaHHBIX B CMOKOHHBIX YCIOBUAX 3aKpbi-
ThIX CHCTEM, HabnogaeTcA PUTMHYHOE YMeHblleHHe HHTeHcHBHoCTH ETJI
OT OCHOBaHWH MJIM CPEIHHHbIX 4acTel KPHCTAIUIOB K MX TONOBKeE, CBA3aH-
HOe ¢ 00UIMM yMeHBUIEHHEeM B PacTBOpe allOMHHHMA H LIETOYHBIX 371eMeH-
TOB K KOHIY KPUCTAINTH3aUMH. DTa 0COBEHHOCTh XapaKTepHa ¥ IUIA KpHC-
TAUIOB M3 JKHI B OJIOBOHOCHBLIX ¥ BONLG paMOHOCHBIX I'pei3eHax. B yemo-
BHAX ﬂHHaMH'-lHOF! H3MEHUYHMBOCTH COCTaBa pacTBOpPOB, CBA3AHHOH C MOC-
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Puc. 43. Hamenunusocts ETJI (f — 260—280 ﬂC) B CJIOMCTBIX arperatax kBapua Ba-
NeHCKOro pyaHoOro IonA.

IMo BepTuKAaNEHOI OCH — OTHOCHTEJIbHbIE PACCTORHUA MEXIY UEHTPAMH CJl0eB

TYIUIEHHEM HOBBIX WX TIOPIHMH, 3Ta MNOC/IeI0BaTeNbHOCTh HAPYILAETCH.
B pane 3on0TopypHbIX TyOHMHHBIX W cpenHerily BUHHBIX MeCTOPOXKIEHUH,
rie B pacTBOpax KOHUEHTPAUMM aIIMHHHA ObUIH HEBEHKHM W BO3PACTa-
JId TI0 Mepe pacxomoBaHHA KpeMHe3eMa B Mpollecce pocTa KPHCTALIOB,
BEPOATHOCTh BXOXKIEHHUA CTPYKTYDHLIX NPUMeCceH YBEJIIHUMBANIACh K KOH-
1y npouecca MuHepanoobpasoBanus, ETJ] 3HauMTeNIbHOM UACTH KpUCTAI-
JIOB YBEJMUMBAETCA OT MX OCHOBaHHI K IOJIOBKAM H OT CpeIMHHbIX yYac-
Teil K NPUrpaHHbIM (0COBGeHHO B NpUpeGepHbIX YACTAX 30HbI NPH3M) .

HamenunBocth HHTeHcuBHocTH ETJI kBapua B ClIOKHO NOCTPOEHHLIX
arperatax M3 OIM3NOBEpPXHOCTHBIX MECTOPOXKOEHMH Ha rnpumepe Banei-
CKOro pyOHOTO IONA MokKa3aHa Ha puc. 43. JleBas yacTh 3TOro pUCYHKa
WIUTIOCTPHPYET yBelNHueHHe MHTEHCHMBHOCTH CpeJIHeTeMIepaTypHOro Mak-
cumyma (260—280 °C) B Ka)xa0M U3 pUTMOB (rpyrmsl ciioeB 4—7, 8—10,
11—14, 15—21 obpa3sua, npeacTaBlIeHHOro Ha pyuc. 26) OT Havana K KOH-
uy GOpMHpPOBAaHUA PUTMHUYHO-CIloMcTOrO arperata. Ha puc. 43, 6 noka3za-
HbI Bapuauuu 3toro ke napamerpa ETJI xBapua una cnoskHoro arperarta,
COCTOAILErO0 M3 BOCBMH I10CIeNOBaTeNIbHO 00pa3oBaHHLIX ciioeB. [Ipuse-
JleHHbIE JaHHbIE CBUOETENLCTBYKT O TOM, YTO MHMHWMAaJlbHAfA MHTEHCHB-
HocTe ETJI npucyiua xBapily U3 paHHHX I0OJIOCYATHIX ¥ MACCHBHO-NIOJOC-
YaThIX arperaToB, & MaKCHMaJlbHAA — M3 IJIACTHHYATLIX, LWIECTOBATBIX U
rpebenvarsix. Murencusnocts ETJI koppenupyeT ¢ KOHUEHTPALHMAMH TPU-
mecH Hatpua [49], Bxopndulero B KBapl B KauyecTBe KOMIIeHcaTopa 3a-
PALOB MNpH 3aMeLLeHUH KpeMHHA ATIOMHHHUEM.

Hapacranne untencusHoctu ETJI xBapua B nocneposaTenbHo obpa-
30BaHHBIX CTPYKTYPHO-TEKCTYPHBIX PA3HOCTAX CYIIECTBEHHO KBaplUeBbIX
arperaTtoB NpOABIAETCA B OTHENBHLIX CIOHKAX, PUTMax H B LeJbi¥ ceve-
HUAX 110 xunam. OHO e XapaKTepHO H [IJIA MeCTOPOXK/IeHHA B LeJIOM  TaK
Kak ¢ rinybuHol, Kak 3To ObL10 MoKa3aHo Beiue (cm. puc. 9), Bo3paciaer
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7107151 MACCHBHLIX LIECTOBATHIX M [JACTHHUATHLIX arperatoB. IlonobHble 3a-
KOHOMEPHOCTH TOJIYYeHbl TIPAKTHYECKH JUIA JECATKA DPY/HBLIX [oJed u
OT/EIbHBIX JKHJT ManornyOHHHON 30n0To-cepebpaHoil dopmariuu.

HK-CIIEKTPbl KBAPIIA KAK TPH3HAKH
CTPYKTYPHOI'0 COCTOAHWUA, ®OPM [IPUMECHOH BOILI
U ¥TJIEKUCJIOTH!, YCIIOBU OGEPA30BAHUA

Ha MK-cnekTpax riacTHH KBaplia MeCTOPOXIEeHHH pa3IHUHbIX
FeHeTHYeCKHUX THIOB ¥ pyaHbix (opmauuii Haubosnee OTYETIMBO BapbH-
PYIOT napaMeTphl Tpex TIpyIN HONoC MOrJIOWEeHHA: B obnactu 2100—
2300 (obeproHb! cobcTBeHHBIX KonebaHuiB pemetku), 2360—2390
(npumect yraexucnorsr) u 3300—3800 (OH,-rpymms1) cm™'.

HK-cnexTpbl pa3nMYHBIX YacTeHd KPHCTAlNoOB W arperatos.
HUK-cneKTpsl KPUCTAIUNIOB M 3€PHHCTBIX ArperaTop CYLUECTBEHHO pa3iH-
YaWTCA MO CTeTNeHH pa3pelleHHOCTH MHOTHX IMONOC NMOTTIOUIEHHA, TIpeXe
Bcero B obnactu 3200—3600 cm™'. DTo e OTHOCHTCA H K CIEKTpPaMm
PA3NIMYHLIX YacTed KpucTaUoB kBapua. O6bUHO Ha cnabopa3spelleHHbIX
CNeKTpax OCHOBaHWI KpUCTALIOB Habmogamucs nonocel 3340 cm™!
(OH—Al-cBsi3u), 3400 cm™' (ancopbupoBanHbie MoseKynsl Boasl). UK-
CreKTpbl 30HLI MPH3M BCETJa HMET Nojiockl nornomeHua 3510—
3490 cm™! (monexkynel Bombl B HedeKT-KaHanax M ancopbupoBaHHbIE
[OBEPXHOCTBI MUKpoTpewkH), 3395—3385 cm™! (BasileHTHBIE M TpaHCHIA-
uMoHHbie Kosiebanua Boasl); 3330—3315 cm™! (ocHOBHBIE KojebaHusA
MoneKynapHoH Bomsl) . MK-criekTprsl ronoBok GecuBeTHBIX KPHCTAIUIOB
30JI0TOPYAHBIX MECTOPOXKAEHHH XapaKTepHayIoTCH I1OMI0CAMHM TOTIIolle-
Hua 3505—3510 u 3380—3390 cm™', oOycHOBNEHHBLIMH TIPUCYTCTBHEM
NMUTHA, a Takxe nonocamu 3340 cm™! | CBA3AHHBIME C IPHMECHI0 ATTIOMHHHMA,
lonoBku apiMuaThIXx KpuctaywioB paioT HMK-cnexTpsl ¢ nolocamu
3200 cm™! (obeproHbl MMM KOMOHHALMOHHBIE KonebGaHMA pelleTKH),
3340 u 3384 cm™' (OH—Al-cBsazu) wu 3400, 3450 u 3520 cm™' (OH—
Na-ceasu). MK crnekTpbl aMeTHCTOB M aMeTHCTOBMIHOTO KBapua 6yH3-
MOBEPXHOCTHBIX MECTOPOKOEHHH HMEWT IMoNochl MornoweHud 3486,
3400 cm™' (amcopbupoBaHHble MoseKynbl Bomubl), 3395—3390 cm™!
(OH—Li-cBa3u) . Ha MK-cnekTpax aMeTHCTOB elle30py/IHbIX MEeCTOPOX-
deHWUl OTMeYalTCA Nnonockl-3585, 3485, 3430, 3384 em™! .

Kax nokasano B.B. BykaHoBbim [7], KpUcTANILI KBaplia pasidiHOIO
rabuTyca MX XpyCTaJeHOCHBIX MeCTOpOKIeHMH oTanyaiotca u nmo HK-
cnexTpaM. [IpusmaTHyecKrde ObIMYaThle KPHCTAINBI M OKpallMBaOLIHACA
B OBIMYATBIH LBET NpH 06JMyYeHUH FOPHBIIR XPYCTajib UMEKT CIIeKTPEI CO
cnabbiMu nonocamu 3200, 3300 u 3384 cm™, W3 KoTophix nOBe mep-
Bble oOycroBneHbl 06epTOHaMH M KOMOMHAUMOHHBIMH YacTOTaM# cob-
CTBeHHbIX KoJjebaHHH pellieTKH, a nocneausana — gedekramMu, obycnosneH-
HBIMH [PUMECBHH) AJIIOMHHHMA M LEJIOYHbIX MeTAIOB MIIM NPOTOHAMM, ac-
COLMHUPYWIIHM ¢ THAPOOKHCTIOM. CHeKTpbl KPHCTAJUIOB TPHI'OHANBLHO-
NpH3MaTHYECKOTo raduTyca IOMONHAITCA TNojocaMu ¢ uaToTamu 3440,
3487, 3510 cm™!. Camble WHTeHCHBHBIe rionockl 3384 u 3487 cm™! cBsaza-
HbI 31eck cooTBeTcTBeHHO ¢ OH—Al- 1 OH—Li-necextamu. [Ipn obnyue-
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HHH TaKHe KPHUCTANIbI CTAHOBATCAH [IbIMUYATO-UMTPHHOBBIMH. He okpaiuu-
BalOLIMECA NpH 0OMyUYeHHH KPUCTAUIBI UMEKT CHEeKTP C TPeMs MoJIocaMu
3487,3384 u 3200cm™!, ceasanHeivMu ¢ Al—OH u Li—OH-nedexramu.
Hepenko oTmeuaercsa Taroke u nosoca 3400 em™ B ny6rere ¢ 3600 em ™',
obycnonedHaa OH—H' -cBsi3pio. MHTEHCMBHOCTH T0JIOC TOIJIOLLEHUA Ha
CNeKTpax paAHaliOHHO YCTOHUYMBbIX KPHCTAIOB HEBEJIHKH.

MakcHManbHad  MHTEHCHBHOCTb  MOJIOC ITOMJIOLIEHHA ¢ 4YacTOTOH
3487 cm™! xapakTepHa UIA YYACTKOB KPHCTAJUIOB, CIIOKEHHBIX [THPAMH-
IaMH HapacTaHHA pombo3apoB. OTMeueHO yBeJNIHYeHHe HHTEHCHBHOCTH
nonoc noraouerus 3384—3395 cm™! B NpUrpaHHBIX K peGepHBIX YACTHAX
30HBI MPU3MBI, @ TAKXKe B YYaCTKAX MUPaMuj, pocta rpaHeil ¢ Oonbuied
CKOPOCTBI0 pocTa. ITo HabmoaeHuwe [7] momTBepIaeTcA Ha KpHCTALIAX
KBaplla 30JI0TOPYIHbIX MecTopokaeHHi. C 3TOH ke 0CcOBeHHOCThI0 3aX-
BaTa lpuMeceil Npu ObICTPOM pocTe Wi 06Pa30BaHUK WHIHBHIOB CBA3a-
Hbl H HeoObMHO OONbUIME HUHTEHCUBHOCTH IM0XO0 pa3pelleHHbIX I0JI0C
nornouenna B obnactu 3400 ecm™! Ha MK-cniexTpax xanuenoHoB.

PaspemienHocTs nonocel B obmacTv 3 MKM 3aBHCHT OT CTEleHH coBep-
LIEHCTBA KPHCTAIUIMYECKOr0 CTPO@HHS Pas3/IMYHBLIX YAaCTeH CIOKHBIX arpe-
raToB: MEeIKO3eDHHCTHIE HX UYaCTH MMEKT pasMBITHIH CIEKIp, a rpybo-
3E€PHUCTHIE U APY30BHAHBIE arperaTbl — GoJiee paspeuleHHbIH,

B Tabmn. 20 noka3aHa 3aBUCHMOCTb MHTEHCHBHOCTH TI0JIOC TIOTJIOLIEHHHA
HK-crieKTpoB OTAENBHBIX YACTEH PHTMHYHO-CIIOMCTBIX arperaToB KBapua
BJIH3MOBEPXHOCTHOTO 30710TO-CepPebpPAHOI0 MECTOPOXKAEHHA OT HX CTPYK-
TYPHO-TEKCTYPHBIX ocobeHHOcTe M BpemeHn oOpasoBanusa. OOpasen
COCTOSUI M3 CEMH CJIOeB, NauKu KoTopbix (1—3u 7T—4) obpasoBaHbl B pe-
3yabTaTe BIM3KOONHOBPEMEHHOIO BCTPEYHOr O pOCTA

Monoca 3432 em™', xapakrtepusywouas Si—OH—OH, -cBssu, cBo#CT-
BeHHble, KaKk OyHeT MokKasaHQ HHXKe, TOJbBKO KBaply MasiorjlyOHHHBIX
MEeCTOpPOXZEHU, 1MeeT MAKCMMyMbl HMHTeHcuBHOcTH Ha HK-cnexrpax
paHHUX (B Ka)KOOM M3 PHTMOB, KOTOPBIX B nauke 7—4 ummeerca naBa)
MACCHBHBIX ArperaToB M MHHHMYMbl — I[IO3IHMX TOHKOLIECTOBAThIX.
JTO K€ OTHOCHTCA M K HMHTEHCHBHOCTH I10JIOC, XapaKTepHU3YHWIUWX KOH-
LIEHTPALMK YTJIeKHCI0Thl. MHTEHCHBHOCTH M 4eTKOCTD OJI0C NOTIOLLIEHUA
¢ uactotamu 2226 u 2125 cm™!, cBA3aHHBIX ¢ 06epTOHAMM COBCTBEHHBIX
KosebaHHil pelIeTKH, B HallpaB/ieHUd HapacTaHHA CI0EeB TAK)Ke BO3pacTa-
0T, CBHOETEJIbCTBYA O MNOBBILIEHHH CTeleHW COBepIUeHCTBA CTPYKTYPbI
B NO3aHMX 00pa30BaHUAX MO CPABHEHHIO C PAHHUMH.

B ¢BA3M C TeM, YTO KOHLUEHTPALMH TIPHMEeCeH LUeiouein 1 ATIOMMHHIA,
KOTOpble (QDUKCHPYIOTCA MOABIEHHEM OMpe/ie/IeHHBbIX MONIOC M MOTJolle-
Hua Ha HMK-cnexTpax, ABNAIOTCA MnokasaTensamu pH cpenbl B cKopocTH
pocta, ¢opma u uHTeHcHBHOCTL MK-cneKTpoB MOTyT ABHTLCA THIIOMOpPd-
HBIMH MPH3HAKAMM YCIOBHH 00pa30BaHHA KPUCTAJUIOB M 3ePHHCTBHIX ar-
peraToB KBapua.

HMK-chnekTphl MHIBHOIO KBapLa H3 MECTODPOMXKIEeHHH pa3iuu-
HBIX pyaHbIX Qopmauni. [IocKoIbKy ycnoBusi oOpa3oBaHHA KBapiie-
BBIX JKHJI ONpeAesifgioT COCTAB M CBOWCTBA CJIAralolIero *WibHOI0 KBapla,
npennpuHATe conocrasineHve HMK-cnekTpoB kBapua pasjiMuHbIX TPy
MecTopoxIeHHi. Pe3ynbTaTbl COMOCTABIEHHA 0O YACTOTAM TMOJIOC TOTIO-
LIeHHA B 06acTy 3 MKM NpUBeeHbl HUXe.
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Tabnuua 20

HN3mMeHUHBOCTb HH I€HCHBHOCTH NOJI0C MOTIOLIEeH HA
Ha HK-cniekTpax KBapua pHTMHYHO-C/IOHCTOTO arperara

OH,- CO, O6eprousl cober- | Hanpasne-
Homep Crpoenue rpyIIib BeHHBIX KoseGaHui | HHe Ha-
cnoa cnon pacra-
3432cm™! | 2356 em™ | 2226 em™! | 2125 em ™| mua croen
1 MaccHBHBIH 0,925 0,067 0,209 0,088
2 | MaccusHsli, 0,917 0,064 0,221 0,094
MHK DOITaCTHH -
YaThid
3 TouxowectoBa-| 0,901 0,058 0,222 0,094
ThIA J
4 Touxowecrosa-| 0,879 0,063 0,284 0,101 ’S
TBIA & E.
5 MaccuBHbr 0,952 0,066 0,200 0,000 | 2
6 Touxowecrosa- 0,881 0,069 0,196 0,075 E
TBIN, MACCHBHBIH 5
7 MaccuBrHO-cnioue- 0,921 0,075 0,169 0,066 §
ThIA s
a.

THIMUHBIE TIOJIOCHI MOTJIOLIEHHA, He ODHApy/KeHHble ¥ KBaplia MecTo-
POXKIOeHUH OpPYrHX reHeTHYECKHX THIIOB M pynHbIX ¢dopmaumii, xapakTep-
Hbl: auia napamopdoa no f-ksapuy (3638, 3470 cM™', . obBycrnoBneHHbE,
BepOATHO, CBA3AMH THAPOKCHIA C THTHeM M ¢ropoMm [3]); anA keapua
M3 MeCTOpPOXK[EHHI Trpel3eHOBON KaCCHTEPHT-BOMLGMPaMUT-KBapUEeBOi
dopmaumm (3692 cm™! | mpupona HesicHa); MNIA KBapia MeCTOPOXKIEHHH,
MepeXONHbIX OT CpedHernyOHHHbBIX K Malorny6HHHBIM 30m0TO-cepebps-
HeIM (3586—3581, 3681 cM™'), a Takike INIA KBapua THIOMYHBIX Maso-
rIIyBGUHHBIX 30710TO-cepebpAHbIX MecTopoxaenuwit (3432 u 3440 cm™1).
Tlpupoma 3TuxX cneuHGHYHBIX II0JIOC IOIJIOLIEHUA CBA33HA BEpPOATHO,
¢ ocobbiMH medeKTaMHu CTPYKTYPhbl M COCTABOM KBapua, ob6pa3oBaHHO-
ro B ONMH3NOBEPXHOCTHLIX YCIOBHAX C BLICTPO H3MEHAILIMMHMCA TEPMO-
IMHAMHYeCKHMM MapaMeTpaMu MuHepanoobpasyioieit cpesbl.

Panee Hamu GbuH nogmeueHs! [43] BapHALMH YACTOT [10JIOC MOTIIOLLE
HuA B obnactax 2190—2270 u 2098—2180 cm™' . Ha ocHosauuu o6pabor-
ku HK-criexTpoB KBapua Tpex NeCATKOB PYOHBIX MOJIeH M MeCTOPOoXKIe-
HUH YJal0Ch BBIABUTE, YTO HM3MEHUMBOCTh YKa3aHHBIX Y4CTOT MMEET Ofl-
penejieHHble Mpefenkbl, XapaKTepHble ANIA KBapla orpeleleHHbIX IeHeTH-
YeCKHMX THNOB M pyNHBIX (hopmanuii (puc. 44). CoBeplueHHO OTYETIMBO
BhIJleNAeTCA KBapl 610KOBRIX 30H nermatutoR (2190—2194 em™!),
rpeiizeHoB (2223—2225 cm™'), rnybMHHBIX M MepexOAHBIX K CpelHe-
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Puc. 44. Ycepeanennsie 3HaYeHna obepTOHOB cObBCTBeHHBIX KOMebaHui pelleTKH KBap-
A MeCTOPOXIeHHH Pa3NUUHbIX FeHeTHYEeCKHX THIIOB H PYOHEIX (hopMauHH,

Mermaruter: [ — napamopdo3a a-ksapua no f-keapuy (Bonsms), Il — a-ksBapu (AayH-
UYenoH); rpeisens:: /Il — xaccurepuT-cMnHKaTHuie, /¥ — KBapu-Bonsd paMHTOBEIE,
THAPOTepMAalibHbIe MecTOpoXIaeHuA: V' — rnybuHHbIe 30n10TO-cyMbdHAHO-KBaPUEBLIE;
cpenuernybusnnie: VJ/— 3onoro-ksapuesbie yborocynmsdununie, VII— To ke, »uib-
Hble 30HBI B WTOKBepKH, VIII— 3010To-KBapu-cy/Ib(PHIHO-aKTHHOMM T-MATHe THTOBEIE
manornyOuHuble: [X — nmnepexoiHble K ManornyOHHHBIM  3070To-cepeOpAHBIM
(Au/Ag < 0,1), X — naubonee rnybutnble M3 ManornybHHHBIX 30/10TO-CepebPAHBIX
cynbhUIHO-aAY THP-THIPOC IO AHCTO-KBapueBsle, X/ — ONOBAHHO-30J10TO-cepebpAHLIe
anynAap-ksapuessle, XII — TunmuHoe 30n0To-cepebpsAHOe ANYNAp -KAOIHHHT-KBapLe-
BOE (Banleﬁcxne pynsoce none). O6nactu wacror:] — 2098—2180 em™ ', 2 — 2190—
2270 em”

riny6uHHbBIM 30noTopyaHbix (2242 cm™!), cpemHerny6MHHBIX 30710TO-
pynHbIx y6orocynsbumHbix (2243 cm™!') u Manorny6GHMHHBIX 30J10TO-
cepebpaHbIx (2245—2253 cm~') mecTopoxpenuit. [Ipu atom Bo Beex
rpynnax pyoHbeIX (QoOpMauui NPOUCXOAHUT HApacTaHWEe 3TOro MnapaMerTpa
HUK-cniekTpoB KBapiia ¢ yMeHbuieHueM rnyouHsl obpasosanusa. Ksapy
30/10TO-cepebPAHOrO MEeCTOPOMKIEHHA, N0 YCIOBUAM 00Opa3soBAHHA BeCh-
Ma ONM3KOro K cpeaHernyGuUHHBIM, UMEET Ty e CpeJHIK BeHUdHY
YACTOThL [10J10ChI IOTJIOLEHHA, YTO W JKHJIbHBIE 30HbI M IUTOKBEPKH MeC-
TOpOXKAeHHH cpenHernybuHHbix dopMauui. [InA cpeaHHX 3HaYeHHH
yacToT nornoiueHuA nonockl 2098—2143 cm™! Takske HameuaeTcsl BbIAB-
NieHHaA TeHNeHuMsA. He BMMCBIBAETCA B BBLIABJIEHHYH 3aKOHOMEDHOCTh
KBapll 30J10TO-KBapl-CyIbQHAHO-aKTHHOJIHT-MAarHeTUTOBOI'O MeCTOPOXK-
JIeHUA, YTO CBA3aHO, NO-BUAUMOMY, ¢ 0cOoDbIMH ycioBuAMH ero dhopmu-
pOBaHMA.

CMmellleHHe paccMaTpPHBaeMBbIX T0J0C MOTJIOLEHUA B JIMHHOBOJIHO-
By10 00/acTh y KBapua MajiorinyOHHHBIX GopmMauHii Mo CpaBHEHHIO ¢ I1y-
GMHHBIMH CBHIETEJIbCTBYeT 00 yMEHBLIEHHH YIIOPALOUEHHOCTH €ro
CTPYKTYPBI B GJIM3M0BEPXHOCTHBIX MECTOPOKIEHHSAX.,
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Tabnuua 21
KoHueHTpauM: yIIeKHCIOoThl H BOIbl B KBapue

cpemHe- ¥ ManoOryGHHHBIX 30JI0TOPYIHEIX MeCTOPOMIeHHH

CO, H,0
QOpMALMOHHEIN THIT MeCTOPOXKIEeHHA — H, 0/CO,
n X g, n X a,
[epexoanoe Kk i1y GHHHEBIM 30510TO- 26 0,611 0,184 26 0,761 0,254 1,245
KBapu-cy1bGHIHO-MATHETHTOBO®
Cpenuernyburnrnie:
30710TO-CY/Ib(PHIHO-KBapLIeBLIe 32 0,705 0,178 32 0,951 0,223 1,356
30/10TO-KBapleBbie yMepeHHOCY Ib(bHaHble | 128 0,498 0,23 133 0,969 0,294 1,95
30710TO-KBapueBsle yoorocynshuaHbie 195 0,596 0,238 193 1,037 0,303 1,74
ManornybumHbie 30n0T0-cepebpanble:
TUNIMYHOE 30JI0TO-CcepebpAHoOe anynAp- 261 0,102 0,08 264 1,146 0,625 11,23
KaO0JIHHHT-KBapLiesoe
OJIOBO-30510TO-ceépebpsnoe anynsap- 79 0,063 0,013 79 1,376 0,7 21,84

KBapuLepoe
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Puc. 45. HameHesine coOTHO- Puc. 46. PaspewneHHOCTh CNEKTPOB NOTJIOLLIEHHA
WeHHA KOHUEeHTPAaIHH BOObl H KBapLa pa3sTHYHOH CTeneHH KPHCTA/UIHYHOCTH.

YI‘J'IEKHCJ'IOTH B HHIBHOM
KBapie B 33aBHCHMOCTH OT I'iTy-

I — xBapu baneickoro Tuna; I/ — nonux pucran-
NMuecKMe arperaThl KBapua cpenHersyOHHHbIX

Guni  obpasopanus  (ycpen- 30MOTOPYNHEIX M OJOBAHHO-BONB(PaMOBBIX
HEHHEID TANMBIE N0/ TPEN PYH- mecTopoxnenuit; [I] — MOHOKDHCTALIBI M3
HbIM MONAM) MerMaTHTOB M KBAPU-BONb(PAMHTOBBIX I

Jna wectn rpynn o6pasioB KBapla, TpeACTaBAAMLIAX pasnHuHbie
¢dopmalpoHHEIE THIBI 30JI0TOPYAHBIX MeCTOPOXKIEHHH, MO HHTEHCHBHOC-
TH nonoc nornouenna Ha UK-cnextpax 2360—2390 em™' u B obnactu
2200—3600 cm™'! paccuMTaHbl BeJMUMHLI KOHUEHTPAUMH YIIeKHCIIOTHI
(K3) u OHy-rpymn (K,). Kak BugHo u3 tabn. 21, cyuiecTBYOT N0OBOJb-
HO YeTKHe TeHOEHLHH yMeHblleHHA KOHUEHTPAMH YIIIeKHUCIOThI 4 yBes -
ueHMsA KoHueHTpauuid OH,-rpynn ¢ ymensiueHnem rny6uHbBI (popmMHpoBa-
HUA MecTopokaeHHid. OgHOBpeMeHHO HabIlogaeTcA B TPUHLMIIE OJHO-
HalpaBJieHHOe BO3pacTaHHe OTHOILeHHA KOHUEHTPAaUHH BOAbl U yTie-
KHCToThL. [lonmyueHHble BeNHUMHBI MOTYT ObITh HAaJeXHBIMH THTIOMODD-
HBIMH [MPU3HAKAMH [UTIA pyOHOMOPMALMOHHOIO aHAIN34.

B npepmenax pyaHoil 30Hb! bBaneiickoro pymHOro mnosjfa, Kak H Ha
IpYTHX PYOHBIX MOMNAX MANOTrNyGUHHON 3050To-cepebpsaHoi dopmaim,
no paHHbIM uHTepnperauuu HK-cnexTpoB KBapna ycTaHaBIHBaeTCH,
YTO COOTHOLUIEHHEe KOHUEHTpaUWil BOIbI U YTNIeKHCIOThI HMeeT TeHIeHIHI0
K KOHLEHTPHYeCKOH 30HanbHOCTH (puc. 45). Bo Bcex wacrax x#mn B KBap-
ue npeobnamaror OH,-rpynner. B cpeanHHEIX, Haubolee MPONYKTHBHBLIX
9acTAX JKWI OTHOCHTeNbHbIe MX KOJMHYeCTBA BO3pacTalT 3a cueT Donee
OJIMTENBLHOT'O TMpolecca KPHCTAIIH3AaUHH M 000co6IeHHs YIIIeKHCIOThI
OT BOABI W KpemHeszema. C rinyOMHOH OTHOCHTENbHBIE KOHLEHTpALMUH
OH,-rpynn B KBapile BHOBb yMeHbinaiores, a CO, — BospacTaioT, BepoAT-
HO, 3a cyeT yBenuueHHA obllero AaBJIeHUA B CUCTEMe,

OpHHM M3 BaXKHEHIIHX THUNOMOPGHBIX MPU3HAKOB XUIIBHOIO KBapua
saenaerca cama dopma UK-cnexTpos B obnactu nornomenna OH -rpymnn,
MO3BONANIIAA HAEKHO pa3ivuyaTh KBapl MalorfyOHHHBIX, cpelHeriy-
OMHHBIX M TIOJIMKPHCTA/UTMYECKHX [PY30BATHIX arperaToB HIIH OTHelb-
HbIX KpucTawioB (puc. 46). KpomMe Toro, Kak y»xe 0TMeEYanoch, OJ0CHI
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rornouieHds B obmactu 3500 ecm™! 1 Gonee ceszaubl ¢ Li—OH-nedexTa-

MH, a TAKKe C HeBLIACHeHHbIMM (opmamu sxoxnenusa ¢ropa u OH,-
rpymnm.

COBEPIWEHCTBO KPHCTAJUIMYECKOI'O CTPOEHHMA KBAPLIA
KAK TUIIOMOPOHbIM IMPU3HAK YCJIOBUH KPUCTAJITU3AUWH
U PYNJHO®OPMALIMOHHOW NMPHHAIJIEXHOCTH
MECTOPOXIEHHA

CosepuieHcTBO Kpuctananyeckoro crpoenda (CKC) xsapua
BapeMpyeT JOCTATOYHO LIHPOKO KaK B Mpefenax OTAeNbHbIX KPHCTaljIoB
M arperaToB, TAK U MeCTOPOXIeHHI.

HamenuuBocTts CKC B KpHcTannax v arperarax. JlJa oTmenbHbIX
yacTed KPUCTAJUIOB, MAaCCHMBHOIO WM APY30BHOHOIO KBapla, CIIyallle-
ro um cyberparom, ycraHaBnuBaeTcA Bo3spacraHue CKC ot cyberpata
IO TONOBKH Kpucraina (Tabn. 22) Ha ¢oHe yMeHbILEHHA TeMIepaTyphbl
KPHUCTa/UTH3aLHH.

Tabnuua 22

Hamenuunocts CKC nocnenosarensio obpa3oBaHHBIX
4yacTel arperaToB U KPHCTAIIOB KBapua

XapakTrepuctika obpazua CKC I'asoBas ¢aza,| Temneparypa ro-
%o morenusaiyy, °C
MaccuBHbi# rpybo3epHHCTRIN, 92,6 22—56 260—325
YUACTKAMHM [N PY30BHIOHBIH 36 305
OcHoBaHHe KPHCTAIOB 101,6 25—45 260—360
35 300
Tpo3pauHble YaCTH KPHCTANIOB 103,99 12—40 200—270
21 234

ITpumeyanue, B Tpetseit u uerseproit rpacax Tabiuupt yKa3ad pa3Max 3HaYeHHH, B
3HaMeHaTe/le — CpedHee 3HaYeHHe.

[Mopo6Has »e KapTHHA MONYYeHa U JUIA rocjiefoBaTenbHo o6pa3oBaH-
HBIX CTPYKTYPHO-TEKCTYPHBIX pAa3HOCTEH CYLIeCTBEHHO KBaplLEeBLIX ar-
peratoB B pynoHOH 30He bBaneifickoro pynHoro nonsa. PaccumTaHHbIe
OTKIIOHeHHA 06beMOB 3neMeHTapHOH Aueliku (A 1) ot cranpapra (kBapu
mectoposknenua Koxwm, V = 0,112956 um® [23] ) ymeHbmawoTca no Me-
pe Bo3pactanua CKC. 3To :BHOETENbCTBYET O PBIXJIOCTH CTPYKTYPhI paH-
HbIX TeHepalWi KBapla M 1T0CTeNeHHOM YIOPANOYHMBAHHMH MO3aHMX, Boa-
pactanue CKC npoMCXOmMT B CIIOHO NMOCTPOEHHBIX PUTMHYHO-CIIOMCTBIX
arperatax Ha ¢oOHe yMeHBLieHMA TeMMepaTypbl MHHepaToobpa3oBaHUA
U cofepxaHuA ras’oBod ¢asbl BO BrmoueHnAx (puc. 47). [NonyueHmuble
33KOHOMEpPHOCTH TOATBePXKAeHb] B pesyiibTaTe 0OpaboTKH JaHHBEIX [0
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BCeH coBOKynHocTH mpob Banefickoro gy,

pyaHoro nons. ['pynnel riaBHBIX CTPYKTYp- 55[-

HO-TEKCTYPHBIX pa3HOCTeH CYLIECTBEHHO

KBApUEBLIX  arperaTtos, [1OC/eI0BATENb-

HOCTh 00pa30BaHNA KOTOPBIX Ha MECTOpPOJ- N\

JIeHHM B 1eJI0M BbIIEPKUBAETCH, M0 cpef-

HUM 3HaueHuam CKC u A V' BeicTpounuce “r

B TFeHeTHYECKOH  TIOCJIe0BaTeNbHOCTH ’

(tabn. 23). 40r 2
HamenunBocere CKC ¢ rny6unoi. 35 L L 1

Ha mecropokpenusax cpenHernybHHHBIX H e .S

MaJlorayOHHHBIX PYIHBIX (hopManmii mpoc- 4 4 HE Ry

nexxeHo usmeHeHHe CKC kmapua ¢ rny6u-
Ho#i (Tabn. 24, 25).

Puc. 47. 3asucumocts CKC

ObnapykuBaeTca  obuiaa TeHAEHUMA KBAPLUA OT TEMIepaTyphl ro-
yBenuuenua CKC ¢ rnybunoit. Ho oHa MOTEHH3AUHH [A30BO-KHIKHX
OCIOXKHEHA [IOBOJILHO YeTKHM yBeJNueHHeM  BKmouennii (kpusas /) u 06

ema ra3opod ¢assl B HHX

€eé B CPeIMHHBIX uacTax »kun. [na cpen- i d)

HernyOHHHOTO MEeCTOPOIKIAEHHA B 3ITOMH yac-
TH JKHJIbl YCTAHOBJIEH OJHH H3 MaKCHUMY-
MOB COIepXaHHA 30JI0Ta. 3/leCb JKe PpAaCIIPOCTPAaHEHhLl IPY30BHIHbIE
TeKcTypel. B sxune I'maBHOH ManornyGHHHOIO MeCTOPOXKIEHHA BhIAB-
JieHHad TEeHIEHLMA HapylLlaeTcA BCNeACTBHE TOrO, YTO B CpPeIMHHOM
YACTH Wbl LIHPOKO Pa3BUThI arperaTbl OTHOCHTENBHO XOPOLIO PACKPHUC-
TA/UIM30BAHHOrO KBapua, B TOM uMcie aMmeTHcToBuaHoro. [Tomo6Hble
3aKOHOMEpHOCTH MNpHCYIWM H KBapuy bBanefickoro pymgHOro nonsa: Ha
¢one obmwero Bozpactanua CKC or 29,7 Ha BepxXHHX I'OPH30HTaxX OO
31,5—32,5 Ha HMXKHUX B cpeJHeH yacTH pyAHoH 30HBEI Banelickoro pya-
Horo nona HabmwoaaeTcA yBenuueHue ero 3HaueHua 1o 31—41. laHHble no
CKC y6expaloT B TOM, YTO KPHCTAUTH3AUMA U4 B HaNpaBleHUH OT
nepudepun Xunasl (CBepxy ¥ ¢ GIAHTOB) K UEHTPY M Ha rnyOuHy. Brico-
kue 3HaveHusa CKC wvaile pa3BUTEI TaM, I'/Ie MOLIHOCTS KWkl Gosblle, — B
ee CpeIMHHOM YacTH.

CKC xBapua B MeCTOPOXKAEHHUAX Pa3JIUYHBIX PYAHLIX dopma-
unid. Uccnepopanna CKC kBapua nermMaTHTOB, TPeH3eHOB ¢ KBapl-BOIb-
(PaMHUTOBBIMH KHJIAMH, 30JIOTOPYIHBIX MECTOPOXOEHHH pa3JIMYHBIX
¢aumi rIyOGHHHOCTH, (QIIIDOPHTOBLIX MECTOPOXKIEHHMH, a TaKyKe Xanle-
JIOHOB MHHIalIeKaMeHHBIX MopoA (Tabn. 26) mokasanu, YyTo 3Ta BeJTH4H-
HAa yMeHBIIAeTCA OT NEermMatuToB K rpeisenam (ot 104,7 mo 65,5) u or
rny6HHHBIX 30J0TOPYOHBIX MECTOPOAIEHMH K ManornybuHHeIM (OT
89,2 mo 33,6). [Ipu 3tom pasnuuua B riiybuHe obpa3zoBaHudA 3010TOPYH-
HBIX JKWI M MeHee Iy OMHHBIX JKWIBHBIX 30H M LITOKBepKoB ybGorocyns-
(hHUOHBIX 30I0TO-KBAapUEBBIX MECTOPOXAEHHH TaKxe OTYeTIHBO (HUKCH-
pytortca usmenenneMm CKC cootBetcTBenHo ot 73,7 no 54,8.

MuHumansHeie BenuuuHbel CKC (X = 24) npucywud xanuenoHy MHH-
nanuH. TlpumeuatensHo, uto yBennueHHe CKC oT paHHUX reHepauii
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Tabnuua 23

CKC xBapua pa3/H4HBIX arperaToB

CTpyKTypHO-TeKCTypHad CKC AV, am’
PasHOBHIHOCTE KBapua
n X 0y
TNonocuaTeid 123 299 2,43 0,000225
MaccuBHbIH 91 30,7 2,43 0,000209
[1NaCTHHYATRIH, MACCHBHO- 69 33,4 4,55 0,000198
MUIACTHHYATBIN
llecToBaTHIH 1 rpebeHyaThIi 52 36,7 7.2 0,000101
Tabnuua 24
Hamenunsocts ¢ rayounoin CKC ksapua
H3 KMJT CPeIHer TyOHHHOr 0 30JI0TO-K BAPLEBOT0 MECTOD K IeHHA
CKC
OTtHOCHTeNBHAA OTMETKA, M
n X [
975—1005 2 65,2 =
782 7 81,4 10,7
704—708 19 84,6 8,9
670—693 T 85,7 4.0
554 16 85,4 9,0
454 7 81,6 5,3
Tabnuua 25
Hamenuusocts ¢ raoyounon CKC kpapua
H3 KHJI MaJIOT TyOHHHON O MeCTOp O IeHHsA
CKC
'nybuna, m TprMeuaHuA
n b4 Oy
60 21 35,8 3,3 IIpenmMyliiecTBeHHO OIOCYA-
Thle ¥ MaCCHBHO-TIOJIOCYATLIE
Arperatsl
110 22 37,7 5,1 MaccuBHBIe H MACCHBHO-TIO-
JIOCYATBIE ArPEraThl
160 13 42,0 6,0 CpenHHHAA YACTh HKHIIbI, LUH-
POKO Pa3BHThl MACCHBHbIE H
MACCHBHO-L1eCTOBATBIE arpera-
ThI
210 11 34,8 3,2 IpeMyiecTBEHHO MOJIOCYA-
Thie arperaTsl
310 6 39,4 7,0 MaccHBHEIe arperaTel
Cpenuee no 73 37,8 4,9
KHe
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Tabnuua 26

CKC »nibHOro KBapla H3 MecTOp O IeHHH

PAa3JIHUHBIX PyIHBIX ¢opmMauHi

I"eHeTHYECKHI THIT MECTOPOXKIEHHH,

pynHasa GopmMauHs

CKC

MermatuTsl
Kamepunie; KpPHCTAThI

PenxkomeransHbie; GrnoxoBas 30Ha

I'peitaensr
Ksapu-sonsppaMHTOBBLE
l'upporepmanbHble
['myGuHHbIe 30N10TO-KBapLEBbIe

CpensernybuHHbIe 30/10TO-KBapLieBEIe
y6orocynediuaHsie, epexonHbie K

rnyOHMHHBIM

CpeasermyOHHHEIE 30/10TO-TETPATHMHT-
KBapuessle yborocynsduansle, nepe-
XO[HbIE K YMepPeHHOCY b HIHBIM;

3ePHUCTBIE arperaTsl

CpenuernybuaHble yOorocynshHIHble
30J10TO-KBAPLeBbIe U3 HHIIBHLIX 30H

H IUTOKBEPKOB
To xe, U3 Kun

Manornybunnsie 3onoro-cepebpanznie
Manorny6uHHble KBapu-dmoopuToBble

H3 MuHDanexk aMeHHBIX OPOA :
XanuemnoH
3ePHHCTHIH KBaPI|
rONOBKH KPHCTANIOB

Tabnupa 27
CKC xpucrannos xBapua

M3 MeCTOp O IeHHil pa3Hoil riny6uHs! dhopMupoBaHuA

17

54

79

180

19
385

= -]

104,7
74,4

65,5
89,2
83,3

79,4

4,9
11,8

13

TeHeTHUECKMIT THIT MECTOPOX-
neHui, pyaHaa dpopmatma

I'ny6wuna dop-
MHPOBaHHA, M

CKC

KaMepHBle merMaTHThI
F'unporepmManbHbie
'nyOuHHEBIE 3010TO-KBapLEBble
Cpenuernybunneie 3onoro-
xBapuessie yborocynshbuuHbie
ManornyGusHEle, epexoHbie
K CpenHerTyGUHHEIM 30710TO-
cepebpAHBIM

Tunuwanie manornyGuHHbIe
3on0T0-cepebprmbie (Baneiic-
KOe pyZHoe nosne)
ManornybuxHeie kBapu-hmo-
OpHTOBBIE

eonsl B Kbl B Ga3zansTax,
roNOBKH KPHCTAIIIOB

3000—3500

2600—3500
1500—3000

600—1500

200—800

200—800

100—400

22
15

104,7

103
95,7

73,5

61,8

61,2

79,3

5,6
45
3,7
2,5
4,3
6,5

18,2
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KBaplua K Mo3aHUM BWAHO W U3 conocrapnenna CKC pauvero xasinenoHa
MHHQIMH M [O3OHMX I'OJIOBOK 0Dpas’oBaBILMXCA 3[€Ch e KPHCTAIIIOB.

[Tpaman 3aBucumocts CKC oT riyOuHb GopMHPOBAHHA MECTOpPOXKIe-
HHI 0COOGEHHO YeTKO MPOABIAETCAH MPH U3YUYeHUH KpucTaiuios (rtabn. 27) .
[Moseunenne CKC oTmeflbHbIX KPUCTAIIOB B Keolax CBA3aHO, BEPOAT-
HO, C 0CODBIMH YCIIOBHAMM KPHCTANIM3aLMH — HEBBICOKHE [lepechlllleHn
pPacTBOpPOB, XOpollad repMeTHYHOCTh CHCTeMBI H Me/lJIeHHOe U3MeHeHue
TeMIlepaTyphbl.

CKC kak HOBBIH THUnoMop@dHBIH npu3sHak kBapua. [Ipuse-
IEeHHBLIH BbIlLe MaTepuasn nokasbeiBaeT, uto BeimuuHa CKC umeer ycrol-
yMBBIe Tpeenbl BApUALHi, a CpellHue 3HAUEHUA ee JUIA MECTOPOIKIEeHHH
onpeeNeHHbIX TeHeTHYECKUX THIIOB W pPYIHBIX (opMaiui ABNATCA
OOHHM M3 KpPHUTEpHeB A OLEHKH (auuid rnyOHHHOCTH, BLIIENICEHHUA Te-
HepalMil KBapua U T. [. 9To NO3BOJIAET CYHUTATh BenuuuHy crenexd CKC
HOBBIM THNIOMOPdHLIM IpH3HaKoM MuHepanoB. Ocobo cnegyeT OTMETHTS,
yto CKC ¢BA3aHO ¢ H3MEHUMBOCTLIO 0ObeMa 371eMeH TapHOM AYelKH K ABJIA-
eTCA OJHHM W3 (PYHIaMEeHTANBHLIX NMPU3HAKOB COBEPIUEHCTBA CTPYKTYPbI
MHHepaa.

3JIEKTPHYECKUE CBOMCTBA KBAPIIA

BthO.ﬂHEHHOE B TIOoClIe/JHHe TroAdbl KOMIUIEKCHOE H3YyueHHe
ONeKTPHYECKHUX CBOMCTB KBapla MO3BOJWIO BBIABUTE 3aKOHOMEpHOE
H3MeHeHHe HeKOTOPbIX H3 HMX B 00pasiax M3 pasHbIX MeCTOPOKIEHHH.

BenununHa nwpesomonynsa. IlbesomMoayns Ksapla oJI0BOPYIHBIX
(manuble E.M. JlonomanoBoi 1 A.b. Ycnenckoit) ¥ 3010TOpyaHbIX (aaH-
Hele O.H. Wlupokoro, E.B. CMexoBo#i U Ap.) MeCTOPOXIEHUH BapbHpyeT
B 33aBHCHMOCTH OT MPHHAJIEKHOCTH MECTOPOXIEeHUA K ONpeNesieHHOH
pynoHoi dopmanuu U yBasbiBaeTcsa ¢ BennunHamu CKC (1abn. 28). Mu-
HUMAaJIbHbIe 3HAYEHWs 3TOH BEJIHYMHBI CpenM 06pas’ioB KBapua oJIoBOPYI-
HBIX MECTOPOKIEHHH HMEIT N03Hie rpebeHYaThIe arperaThbl.

Ilbe3oMoaynn KBapua 30JOTOPYAHBIX MECTOPOXAEHHH BO3pacilarwT
B paAny dopmaumid oT Manoriay6HHHbIX K I'MyOHHHBIM. OTH ocobeHHOCTH
HaXONATCA B COOTBETCTBHH C MpPENCTABJIEHWAMHU O BO3PACTAHUM COBEp-
IEHCTBA KPHUCTAIIHYECKOrO CTPOeHHA, 06 yBeIMYeHHH pasMepoB HHIH-
BHUIOB M YNOPAAOYEHHOCTH MX PACIpPelelleHUsl B MUHEe PANIbHBIX arperarax.
IMocnenunee BuaHO M3 Tabn 28, roe nMokazaHo OTHOHAIpaBIIEHHOE BO3pac-
TaHWe ¢ raybounoi neezomonyna u CKC omHux U Tex xe 06pasiios.

BennunHa mee30MOnyns yBeNWUMBAeTCH ¢ IIyOMHOH M B mpejenax
KBapLEeBLIX XU OT/IeNIbHEIX MeCTOPOK/AeHHH (puc. 48).

BenuunHbl Mbe3oMoOIynel, paBHO KaK M XapakTep I[be30TeKCTYp,
Oynyud KONMYECTBEHHBIM OTODpaXKEHHEM YIIOPALOMEHHOCTH HHIHBHIOB
B MENKO3ePHHCTBIX HIIM KPUCTAJUIMYECKH-3€PHHUCTBLIX arperatax, ABJIA-
FOTCA BAaKHLIMH THNOMOPQHBIMH M TMOMCKOBLIMH [IPH3HAKAMH PYAOHOC-
HOCTH KBapLa U MOTyT ObITE OCHOBOH LA pa3paboTKH KPUTEPHEB OLEHKH
KBapLUEBLIX WJI U UX oTBanoB [49].

dusnexkTpuueckan npoHuunaemocts. Haubonee undopmaTUBHEI-
MH J1 YCTAHOBJIEHHA PyaHO(MOPMAIHOHHON NPHHAJIEKHOCTH KHITBHOTO
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Puc. 48. Hameneune c rnyOuHoR Puc. 49. YacrotHas 3aBHCHMOCTh [H-
BEJIHYHHbI [bE3OMOLAYJA HKHIbHOIO /IEKTPHYECKOH TNPOHHUAEMOCTH KBapua
KBapua. pa3THUHON TeKCTYPLI.
B wmcnurene — wmeno obpajuos, . 1 — Toukononocuatslit; 2 — MacCHBHBIN;
B 3HaMeHaTe/le — UWMCIO OMNpene- 3 — nnacTHHUATBIT

NeHHH Mbe30MOYIA

KBApLA U OTHOIIEHHA ero K NpoIyKTUBHOMY ABIAKTCA KpHBbIe YaCTOT-
HO#l 3aBHcHMoOcCTH [II1, KOTOpbIE 3HAUMTENILHO OTJIHYAXOTCH OT TEOpeTH-
YeCKHX.

@opMBbI KPHBBIX BapbHpYOT 1A nNpob M3 pasHbIX YacTedl arperaTtos,
HMEILIHX CTIoKHOe cTpoende (puc. 49). IIIT Bo3pacraeT oT TOHKOIMOJIOC-
YaThIX arperaToB K MJAacTHHYaThbIM. B 1iefoM oA BceX CTPYKTYpPHO-TEK-
CTYPHBbIX Pa3HOBHIHOCTEH arperatoB xapakTepHo Bospactanue [IJI1 npu
nameHennH dactoTbl oT 100 kI'u mo1MIu, a 3atem GbicTpoe yMeHbllle-
HHe NpH JanbHeinleM Bo3pacTaduu yactoTet o 100 MI'n.

OnpeneneHHsle pa3niyda HabnogawTcea W Npd aHamH3e obobulen-
HbIX KpuUBBIX (0T 20 mo 165 npob pna kaxnoro pyaHodopMauHoHHOIO
THMNa) 4acToTHOH 3aBucuMocTH JI[1 KBapua MecTOPOXKAEHHH pa3NH4HbIX
pyaHuIx dopmanuid  (puc. 50). PasnuuaioTcA TaKKe 3TH KpHUBBIE IIA
HHITBHOTO KBaplia pa3HoH 3010TOHOCHOCTH (puc. 51).

[Toutn Bce o6pasubl NPOAYKTHBHOIO KBaplia MecTOPOKIEeHHH Mano-
rayouHHOW (opMauMH XapaKTepH3yTCA OTHOCHTENLHO PEe3KHM yBeu-
yeHueM JII1 va vacrorte 100 MI'u nmo oTHOLLIEHHI0O K TAKOBOH Ha uacToTe
10 MTI'u. OtHocurensHoe Bo3pacranve JII1 npH yBenMueHWH YacTOThI
npeacTaBnseT o6llen3BecTHY B (H3HMKe 3aKOHOMEpHOCTh, a bonee
YeTKHe W3MeHeHUH ee B 30I0TOHOCHOM KBaplle OTPaarT nuilk HGAmb-
WY €r0  Ae(PEeKTHOCTh [0 CPABHEHHIO co ¢nabo3010TOHOCHBIM, He Mpe-
TeprneBIIHM 3HAYHTENbHLIX U3MEeHeHHH.

OcobeHHO BayKHBIM OKAa3alloch 3aKOHOMEPHOE BO3PACTAHHE BEITHUMHLI
AIT nna onpeneneHHbIX 4acToT ¢ raybuHOM, Hanpumep, B Banefickom
pyaHoMm none [22]. [Nogo6Has 3aBUCHMOCTL OT IMYOHHLI MONyYeHa U /175
KBapua OOHOIO W3 CpedHernyOHHHBIX 3010TOPYAHbIX MeCTOPOKIAEHUH
3abavikansa (tabn. 29).
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TaGnuua 28

Hameiruupocts nsesomonyna u CKC arperatos kBapua MecTopo®eHHH
PATHYHBIX PYAHLIX (OpPMaitHi

Pynuan ¢op- Ibe3aomonyns CKC EnusMubL H3-
MaUMA ¥ CTAIHH MePeHUA Tbe-
MHHepamH3atMH | N X pa3max n X |pazmax| 3omonyna
Kaceutepur-no- 5,5—3,8 % OT nbeso-
NeBOUINATOBO- MOy X-Cpe-
KBapLeBas, nep- 3a 3TaJIoHa
Baf CTaOHA KBapua
Kaccurepur- 5—53,6 To xe
KBaplLieBas, nep-
BafA CTATHA
Ipebexnatsii 1,5—2 —"—
Ge3apynHbIH
KBapll Tex xe
dhopmaimi
[ ny6usnas 30- 1 |171,60 26 | 89 | 73—99| n~107'° (en.
JIOTO-KBapLeBasd CH)
CpepHernybuHHaA
nepexonuan k |15 |116,00( 28,3—255,09 | 11 | 84 |64-—99|n->107"*
1y GMHHBIM (en. CH)
3070TO-CYNb-
¢unHO-KBap-
uesasn
THMMHARA 55 |38,28 | 3,3—173,25 | 12 |73 | 44—83|ns107"
cpemHeriv- (em. CH)
GunHanA 30710~
TO-KBapleBad
y6orocymsdu-
HaA
mestee rnyGum- (22 11,556 | 3,96—29,04 | 12 | 72 | 47-93|n>107"
HaA 30710TO- (em. CH)
KBapueBas
Manornybusuaa W5 |0,83 | 0,66—4,62 57 | 34,0 | 28—52| n.107"
3onoro-cepebpa- (en. CH)
Haf

ITpu atom, kak u ana BenduuHel CKC, Ha ¢oHe obuiero Bo3pacraHua
OI1 ¢ rnybuHoit ana yactor 10 M 100 MI'u HaGnwopaeTcA onpeneneHHas
30HAJIBHOCTD ¢ MMHHMyMOM Ha ypoBHe T50—T700 m. XapakTepHo, 4TO
Ha 3TOM MECTOPOXKIEHHHM MPUMEPHO Tak ke BeleT cebaA ¢ rnyOGuHON H3-
meHwBoCcTh ETJI: Ha cdoHe obuieil TeHOeHUMH yBelTHYeHMA ¢ rnyOGMHON
MMeHHO Ha uHTepBane 750—700 M NpoOMCXOOMT pe3KOe ee yMeHblIeHHe.
Ita ocobenHocTs obbsacHAeTcAa TeM, uto ETJI u Bemwuuna Il nHaxopAT-
cd B 3aBUCHMOCTH 0T kKoHueHTpauuit OJII] B kBapue. B yacTHOCTH,
B.B. BykauoBeim [7] mns KpHCTANIIOB MECTOPOXKIEHHH TOPHOro Xpyc-
tansa [lonapHoro Ypana nonyuyeHa 3aBHCHMOCTb Mexny BermuunHon JITT
(¢) m cymmo# atoMoB npumeced (I N;), KoTopas BbIpa)KaeTCA ypaBHe-
HMeM € = 4,639 — 0,000021 ZN; + 0,016.
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Puc. 50. YactorHan 3aBHCHMOCTb [IM-
JIEKTPUYECKOH MPOHHLIAEMOCTH KBap-
LA MeCTOPOXACHHH Pa3NHUHBIX TeHeTH-
YeCKHX THNIOB H pyaHbix GopMaLMiH,

] — rpanursr; 2 — nermaturei; J — rpefi-
3eHbl KBAPL-BOJIb(PAMHTOBOH M KacCH-
TepUT-CHIMKATHOH (opMauwii; runpo-
tepmaneubie: 4 — rnybunHble U cpente-
rnybuHHbIE 3070TO-KBapuesbie; 5 —
cpenHernyGUHHBIE  30510TO-CyNbHAHO-
kBapleBsie; 6 — mepexomHbie OT Cpel-
HernyOHHHBIX K ManornybuuHbiM 30510-
To-cepebpanbiM; 7/ — mMajornybuxHOe
cepeOPAHO-30/10TO-TeNNY PUAHOE; 8 —
THIHUHOe Masiorny6unHoe 30n0TO-ceped-
pAHOE

Puc. 51. YacroTHaa 30BHCHMOCTH
LHIIEKTPHYECKOH  TPOHHLIAEMOCTH
KBapua pa3Hod 3010TOHOCHOCTH.

| — cnabosonoroHocHsll; 2 — ¢
BLICOKMM  COZlepXaHueM  307I0Ta;
3 — GeapynHbIi, H3 rpaHKTa

Tabnuua 29

H3meHUYHBOCTE OIHINEK TDHYECKOH NPOHHIIAEMOCTH

MKHIBHOrO KRBapua ¢ riuyouHon

OTH. oTMeTKa , Yucno JusnekTpHuecKaa MPOHHLAEMOCTh TIPH
M npob yacToTe
107 Ml 10 M 100 MI'y
1020—975 2 2,22 2,97 3,45
750—725 4 2,70 [ 1,65 272
706—702 11 3,00 2.1 3,34
686—672 3 3,38 4,72 8,97
5565 6 3,39 4,06 5,94
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Jna kBapua Baneiickoro pyn-

Hy0, | 108 Horo nonsa B Bbibopke u3 165
mKn/r obpasuos nonyueH woadduunent
ook -7+ Koppensuuu tge  NpH  €acrore

100 xI'y ¢ KOHUEHTPAaLMAMM JIH-

so0r 81 Tha, paBubil 0,73, npu ypoBHe

3HAYMMOCTH 2,1.

o ONneKTPONPOBOJHOCTL MpPH
300F-10F HarpeBaHuHu, M3meHeHue 3mexT-
7 POTNPOBOAHOCTH KBaplia Npy Har pe-

2ORE<HE BAHMW CTANO W3Y4YaThCA CPaBHHU-
ookt 2 TelbHO HemaBHO [22, 31 wm np.].
K HacToAlleMy BpeMeHH IIaBHble

oL 13 i L L 0coBeHHOCTH MeXaHH3Ma 3)IeKTPOo-

'
4
Ioot5 200 25 o unw NPOBOJHOCTH KBapla yKe BhIfAC-
HeHDI,

P OCHOBHBIM MHCTPYMEHTOM Bhbl-
uc, 52. TemneparypHble 3aBHCHMOCTH
S OO RGE kBapua (xpu- FCHEHHS MEXaHH3Ma NPOBOMHMOC-
pan I) u xonmuectBa Bonmel (kpuBasm 2), TH [HINEKTPHKOB CIIYXXaT 3JKChe-
BhIeNHBIIEHCA W3 Hero MpM Harpesa- pPUMEHTAJIbHLIE KPHUBLBIE lgay =
HUH =f(T"') (puc.52). Heobxonumo

TAKKE YYUTHIBATH BIHAHHE XMMHUYECKOrO COCTaBa W CTPYKTYPHI HA BesiH-
YHMHY [POBOAMMOCTH. B pesynbrare obpaboTKH KpPHBBIX lgaV = f(1-1),
J3aHHBIX XMMHUYECKOTrO, CNeKTPalbHOTO W PeHTreHOCTPYKTYPHOIo aHamu-
30B ycTaHoBneHo [22, 43, 49]:

1) BenuMuMHA yHeNbHOH MPOBOIMMOCTH MMOJMKPUCTAIIOB MO CpaBHe-
HHIO C MOHOKPHUCTAIJIAMH BhbILIE;

2) sHeprua AKTHBAaUWM 3apAfoHocHTened u3aMeHserca ot 0,69 no
0,81 3B. CTonb HM3KOE 3HAaYyeHHe IHepPrid AKTHBALMH MOXHO 0OBACHHUTD
MPUMeCHBIM XapaKTepoM NPOBOIMMOCTH;

3) BeMHUMHA U MHTEHCHBHOCTb POCTA yIeNbHOH ITPOBOIMMOCTH 3aBH-
CAT OT CyMMapHOTo coiepxaHus npumeceii Na', K', Li*, OH . Bonee
HWHTEHCHBHO [POUCXOIUT ee W3MeHeHHe ¢ [OBBbILEeHHeM TeMIIepPaTypbl;

4) B6muan 573 °C (Touka a —f-nepexona) Habnwoaaerca U3I0M KpH-
BEIX lgoy=f(T-1);

5) Ha paBHOMepHOCTL M3MEHEeHHA MPOBOAMMOCTH MPHUPOLHOrO KBap-
a2 ¢ HArpeBAHMEM CYLLUECTBEHHO BIIMAIOT ra3oBO-KHUIKHE BKJIKUEHHUSA,

HaubGonee xapakTepHble pe3KHe H3MeHeHHA TIPOBOAMMOCTH Habnio-
JaKTCA B WHTepBanax TemnepaTyp: B6adsu 120, 300—400, 530—600 °C.
YkazaHHbIE WHTEpBaNbl TeMIepaTyp AOCTATOYHO OMpeJeNeHbl OnA 6omb-
HIMHCTBA MCCIe[OBAHHBIX HAMH TPHPOJAHLIX KPHUCTAJIOB M arperatoB
KBaplla ¥ MOTYT OBbITh OOBACHEHBI NPOTEKAIOIMMH B HUX MNPOLECCAMH.
B wunrepsane 100—150 °C mnpomcxoauT yaaieHue agcopOHPOBAHHOW M
[OPOBOi BJIAMM MeX3ePHOBOIO IPOCTPAHCTBA, HAMHUME KOTOpoH Bnon-
He onpepeiieHHo obHapyxuBaerca Ha HK-crnexTpax wwpokoil nomnocoi
nornouleHus B obnactu 3450 cm™'. MHTeHCMBHOCTE NOCIEnHel o Mepe
HATpeBAHHUA YMEHbIIAeTCH,

122



[To paHHBIM XHMHYECKHMX aHAMTH30B BOOHBIX BBHITAXKEK Ia30BO-KUIKHe
BKJIIOUeHHMA coslepxar wounl Na’, K', Ca®*, Mg**, HCO3 u napyrue xomro-
HeHThI. TOMOTEeHH3aIMA ¥ pa3pbiB TA30BO-KHNKKX BKINOUEHHH TPOMCXO-
nAT B uHTepBane 250—420 ° C. MOXHO ¢ YBEPeHHOCTbI0 CBA3ATh JIOKATb-
HOe BO3PacTaHUe 3JeKTPOIPOBOAHOCTH B 3TOM HHTepBase ¢ Pe3KHMM yBe-
JIHYEHHEM YMCITa 3aPANOHOCHTENIEN],

V3MmeHeHHe 3EeKTPONpPOBOJHOCTH B MHTepBaste 530—600 °C Moo
OOBACHUTh pa3speIBOM CBA3eHl Npu nepecrpoiike CTPYKTYph! KBapua
BO BpemA a—f-nepexopa. [locrnenneid B McclefyeMBIX KBapLax ocy-
LIeCTBNAETCA He cTporo nipu 573 °C, a BapeupyeT ot 548 mo 584 °C,
[lpumecu OH-, K', Na', Li', 6yoyuws cnabo CBA3AHBI C PEUIETKOi, [py
HArpeBaHUM B 3JIeKTPUYECKOM IIoJe CnocoOHbpl MUTDHPOBATH MO CTPYK-
TYPHBIM KaHajaM B KBaple, CTAHOBACh HOCHTeNAMH 3apanos. Comocras-
JIeHHe KPHBBIX H3MeHeHHMA 3NeKTPONPOBOJHOCTH KBapLua M AHHAMMKH
BBIJIeJIEHHA H3 Hero BOJbI MOITBEKIAET NMPaBOMEPHOCTh H3NOXKEHHOTO
(cm. puc. 52).

IIpy HM3yyeHHH XHIJIBHOIO KBaplla Pa3NHuHO#¥ TeKcTypsl bBanefickoro
PYOHOTO MOJIA 0Ka3anoch, YTO 3JIeKTPONPOBOAHOCThL HAapacTaeT B PALY:
[oJIoCYaThle — IIOJIOCYATO-MAaCCHBHBIE — MAcCHBHBIE — IUIACTHHYAThIE
(tabn. 30). 9ro obycnopneHo Tem, uTo HaubGonbllasd CTeNeHs KpHCTan-
JIMYHOCTH W CONEepMaHHe CrioCOOHBIX K paspbiBY ra30BO-XMOKHX BKITIO-
YeHHI BO3pacTaloT B 3TOM HanpasneHdH. [Ipn 3ToM Hauano Bo3pacTaHHA
3NEeKTPONPOBOJHOCTA MpPH HATPEBAHWH Y IUIACTHHYATBIX W MAaCCHBHBIX
arperaroB KBaplia HACTYIAeT paHblile, 4eM Y TMOJIOCYATBIX B CBA3H C TeM,
4TO cHayana K3 GIoMIa BhIIENAITCA Oollee BBICOKOTEMNEpaTypHbIe
nojocyaTbie, & 3aTeM yxke u3 Donee pasbaBlieHHBEIX ¥ OTHOCHTEIBHO HM3-
KOTeMIIepaTypPHBIX pPacTBOPOB, Onmike K KOHIY MpoIecca KPHCTaIH3a-
LIMH, BbIIENANTCA IUIACTHHYATHIE.

B ofuieM cnyuae 3NeKTPONPOBONHOCTE KBAapla HW3MeHAETCHA W C Ily-
OMHOM, TAK KaK OTHOCHTEIBHOE KOJHYeCTBO MACCHBHBIX M IUIACTHHYA-
THIX arperaToB YBEJIMUMBAETCA B 9TOM HANPaBIIeHUH,

TakvMm 06pa3oM, Bapyaldy 3JIeKTPONPOBOOHOCTH XWIBHOrO KBapua
pa3nuuHoOi TexcTypnl Banefickoro pynHOro noif 3aBHCAT OT YCIOBHH
u criocoba ero 06pazoBaHUA U ABNAIOTCA THIIOMOP(HBEIMH,

IMogobHble e TEeHOEHUHH BBHIABIIEHEI H HA MECTOPOXAEHWH CpejiHe-
rrybusHol dopManum [49]. YpeneHad 53neKTPONPOBOTHOCTh KBapLa
uamensercs or 0,01132 po 0,2766 -107! om™' em™ ! (Gonee uem B 20 pa3)
npu temnepatype 20 °C, a npu Harpesauuu B Bakyyme mo 700 °C oxa
Boapacraer ao 28,3 — 53,21 » 107" om™! em™'y pasnuusbix 0Gpasuos.
IMpuuvHaM# TaKHUX IWHMPOKHX BAPUALMH 3NEKTPONPOBOJHOCTH KBapla
MOTyT OBITh pa3nuyHhie COOTHOIUEHHA KoNWuecTB ¥ (opmM NpUMecHOH
BOIBI, 8 TAKXKE MPUMECH IIEIOYHBIX METAIUIOB, YTO B HEHCTBUTENLHOCTH
n HabmiogaercA B KBapue 3TOro MecTopoXaeHus, Peskoe ysenuueHue
3N1eKTPONPOBOAHOCTH 3a(UKCHUPOBAHO TIPH TeMIIEPATYPax, CONIOCTABHMEBIX
€ TeMrepaTypaMHd IOMOTeHW3alMH ra3oBO-#UAKHX BKIIOYEHHH, H B le-
JIoM OHa BoapacTaeT ¢ riaybuHo# (Tabim. 31), XOTA H ¢ OTKJIOHEHHAMH.
9TH oTKIOHeHHA 00yCIOBNEHbI PAAIHYHBIME COOTHOIIEHHAME KOTHYECTB
¥ TeMIEpaTyp pa3pbiBa He TONBKO [MEePBHYHLIX, HO H Gojlee HM3KOTEMIIe-
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TabGnuua 30

Y nensHan 3/1eKTPONPOBOTHOCTD BHKH eHILMX
CTPYKTYPHO-TEKCTYPHBIX PasHOBHIHOCTEH XHILHOIO KBApUA

[PH Pa3/HYHBIX TeMmepaTypax

CTpYyKTypHO-TeKCTypHaA

Ynensuan BHGKTDOI’I],)O
oM  C

BO/IHOCTS NIPH TEMIIEPATYPe,

Pa3sHOBHIIHOCTH KBapua ™M
20°C 377 °C 573°C
TMonocuaTsiii, NOIOCYATO-MAC- 6,2+ 1072 964 + 1071 1083 » 10712
cuBHbIi (28 npob)
Maccususiii (11 npob) 8,75+ 1074 1200 * 1072 | 6505« 107%
TL1aCTHHYATBLHA, MACCHBHO- 2266 * 107" 2900 + 107* | 9320 1077

MeNKOAPY30BUIHEIH, MeNKo-
rpebenuatsiil (12 npo6)

Tabnuua 31

YnemsHan 31eKTPONPOBOIHOCTD KWJIBHOIO KBapLA
M3 MeCTOPOXIeHHsA 30/I0TO-CY b HIHO-KBapLEeBO#H
cpemHer nyGunHoi opmManMHK Ha pasHbIX riayGuHax

Cpennnan Temnepatypa | Yaensuas 3neKTponpoBos,-

AbGc, ormer- | Umeno MHTeHCHBHOTrO Bo3pac- | HoeTs (10712 oM™l ¢! )

Ka, M npob TAHHA 3NeKTPONPOBOA- [IPH TeMIlepaType

Hoern, °C ‘
400°C 600 °C

750—725 2 280 47 1900

T04 b 300 18 861

5565 4 384 4 107

470 2 311 18 7156

paTypHBIX BTOPHYHLIX Ta30BO-HIKHX BKJIIOUEHHH, 4 TAK)Ke COOTHOLLeHH-
AMH B HHUX ra30BOH H XHAKOH (a3, [10-pa3HOMY BJIHAKIIKX Ha 3JIeKTPO-
NMpoBOOHOCTL. BeckMa xapakTepHo oOllee yMeHbLIEHHE 3NEeKTPONpPOBOJI-
HoctH npu Temneparypax 400 °C (HAOKPUTHYECKOE COCTOSIHME BOMbI)
1 600 °C (obnacts a —p-niepexofioB) ¢ riaybuHoi. 3Ta 0COBEHHOCTh yKa-
3pIBaeT Ha yMeHblIeHHWe KOJIMYecTBa BOIBI B KBapue, oOpa3soBaBuleMCA
Ha OGONBWMX MIyOMHAX W NpH GONBIIMX TeMIlepaTypax. 3HauMTeNbHbIE
H3MEHeHHA DJJIeKTPOTPOBOJHOCTH B o06macty TemnepaTyp, OIHM3KHUX
k 600 °C, cBA3aHbl ¢ BBIXOJOM BOMbI M MpHMecei liegoueld mpu a —f-
nepexone, Kak 3To ObUIO MOKa3aHO HAMH IA KBapula nermMatutoB Bo-
neiHd [43) u Baneiickoro pynHoro nonsa [22].

Taxkum 06pa3oM, 31eKTPOIPOBOLHOCTE ACPEeraToB KBapla 3aBHCHT
OT YCINOBHUH MX KPUCTAIIU3ALMH.



ITAPAMETPBI a—[3-TIEPEXOIOB
KAK TUIIOMOP®HBIHA TPU3HAK

O mexaHuaMme e—f-npeBpaweHuA. Cyrs a—[f-nmepexona
B KBaplle 3aK/I0¥aeTcA B TOM, uTo BOJIM3M Touku mepexopa (~ 573°C)
MPOMCXOOMT pe3koe ocjabneHwe cBA3ell 3a cyeT BO3JEHCTBHA Terlja.
[Ipu 3TOM TpHUroHaNbHAA pelleTika NPUXOJMT B COCTOAHHE HeyCTOWYHMBOC-
TH [10 OTHOILEHUI0 K TEIJIOBOMY BO3[EHCTBHIO, H IUIA TOro, 4To6bl cOXpa-
HUTb CTAOWIBHOCTD MOCTPOMKH H3 KPEeMHEKHCIOPOAHLIX TeTpasnpoB,
OHA BBIHYXKEHA MOIJIOTHTh YacThb IMOJIYYEHHOrO TeIla, YBeNHYMTbh CBOIK
BHYTPEHHIOK 3HEPrUl0 U CTaTh TeKCATOHANBHON. JTO peanu3yeTcA pasBo-
pPOTOM TeTpa3fpoB BOKPYr ocu x Ha 15,9 °C. Ilpu 3tom yron Si—0—Si
cTaHOBHTCA paBHeIM 150 °, IlornouleHue Terwia npH a — [ -nepexoe coc-
tapnsier no [35] 1,214 x]x/Monb, B peanbHbIX KPUCTA/UIAX OHO Baphbu-
pyer ot 0,335 no 0,942 x]Jlx/mons.

INonumopdHOe nMpeBpallleHHe COMPOBOXIAeTCA Pe3KHM (BO BpeMeHH)
H3MeHeHHeM IapaMeTPOB 3JI€MEHTAPDHOH AYEeHKH ¢ HMX YBeIHYeHHeM:
a, Ha 0,0014 um, ¢, — Ha 0,0053 um; c/a u3amenserca ot 1,0940 mo
1,0923. TInoTHoCT, TIpHM 3TOM yMeHsmaerca go 2,533 r/em® [31].
BeTpevawppeca B NPHPOAHBIX YCIOBHAX napamopdo3sl a-KBapua o f-
KBaplly HMeI0T TTPOMeXXYTOUHOe 3HAUeHHe TUToTHOCTH — 2,641 r/em® [43].
Terniota a — (-npeBpalleHHA  liapamopdo3bl COCTAaBNIAET  BCEro
0,624 xIx/mMonsb.

Ilo mocnegHMM OaHHBIM a — [f-peBpailleHl e MPOMCXOAHUT He MTHOBEH-
HO, 2 B HEKOTOPOM HHTEpBaJe BpeMeHu W Temmepatyp. Tak, rno Habmo-
nenuam B.K. Cemenuenxo ¥ U.T. Boumapsa B 1973 r., yHTepBan TeMmepa-
Typ cocraBaser okono 0,5 °C. B 3T0 Bpema (UKCHPYeTCH OJHOBpEMeH-
HOEe CyLIecTBOBaHHe a- U -MoaudUKalMi 1o IBYM NMOKa3aTeIAM IIpeoM-
JeHUA 4jiA 0OBIKHOBEHHOTO M HeoObIiKHOBeHHoro ayueidt. O cyuiecTBoBa-
HuM aByX a3 B napamopgo3ax KBaplua CBHIETeJLCTBYET W pasnBOeHHE
nATeH Ha nayarpammax [43). Ha kpusbix JITA Taxke Bcerpa HKCHpyeT-
CA [OCTENeHHOe HApacTaHWe Tpoliecca NnpeBpalleHuda. CBA3AHO OHO, MO-
BHIMMOMY, C HEOJHOBDPEMEHHOCTLI0 ero MNpPOTeKAaHHWA BO BCEX 4YacTAX
obpasua B CBA3M C pa3NUYHBIMH OedeKTaMH, JOKANEHBIMH LEHTPAMH
HaNpsDKeHui ¥ T. . HenpepbIBHOCTD M UIMTENIBHOCTE INIPOLIECCA, BEPOAT-
HO, 0OyC/IOB/IeHbl HEPABHOMEDHBLIM paclpefielleHHeM TpuMeceil i [IHc-
JIOKAUMH B peanbHLIX KPUCTA/UIaX KBapia.

3aBHCHMMOCTb TeMIEpPaTyp @ — (-NepexomnoB OT NpUMece.
HsBecTro, uTo Bapuauuu Temriepatyp ¢a30BBIX MEPEXOLOB B KBaple
IOCTATOYHO 3HauuTenbHbl [8, 39, 43 u ap.]. B obuem cinyuae temmnepa-
TYpBI MEpPeXofoB M3MeHsAI0Tcsa oT 536 °C mna obpasua, Goraroro muTH-
eM, Kamdem u HaTpueM, 1o 587,6 °C B kBapue M3 nermMaTuToB BomemHu,
o panueiM E.B. llunzepnuudr, o6obiuuBiuei B 1961 r. cBelleHUs o CBA3M
TEeMIIepATYpPbl a—{-NIepexol0B C MPUMECAMH, XapaKTep MX BIIMAHHA Ha
TeMIepaTypy HHBEPCHH 3aBHCHT OT YCIOBHMH pocTa H GOpM BHeOpeHUHA
npumeceil. Hanpumep, BHegpeHHe HOHOB JIMTMA H HATPHA B PacTYLIHIA
KPHMCTA/UT H3MEHAIO TeMrepatypy nepexona ot 580,1 no 582,5 °C, a co-
AeprKalMe 3TH JKe MpuMecu NPHpPOIHBIe o0pasubl HMeNnu TeMIMepaTtypy
nuHBepcuu 536 ° C.
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Tabnuna 32

Temneparypa u Teruora —(3-nepexona nocnegoBATeTEHO
06pa3oBaHHBIX YACTeH KPHCTAINORB

Tlapamerper a—3-nepexona Temneparypa ro-
MOTeHH3alHKU raso-
YacTs KpHcTaLIa rémnegary- TemnyoTa, BO-IJIAKHUX BKIIO-
pa, C Ix/mons wennit, °C
OcHopanue pereHepupoBaH- 573 712 270—280
HOH I'OJIOBKH
BHYTpeHHAA 4acTh 30HBI NPH3MDB 572 544—670 265—270
lN'onoska xpucranna ,] 561—563 3356—377 230
OcHoBanHe KpHcTania 574 779 320
lonobka 572 7317 235—2565
1

MosxHo monaraTe, YTO MOHBI AJIMHHUA B acCOLMaLMM C JTUTHEM H
HAaTpHeM TOHMKAIOT TeMIepaTypy a— [(-nepexona uHorma mo 550 °C u
MeHblUe, a B accourauuu ¢ Ge, Mn, Zr i HEKOTOPBIMHM APYIMMH — TOBbI-
WanT ([OBbIIIEHHe TeMIepaTypsl nepexona 3a cyerT Ge NoxasaHO Tak-
we W.T. Boumapem B 1975 r.). [lo-BMn¥Momy, Bce 3aBHCHT OT THINA
HzoMopdhHU3Ma — reTepoBaJIEHTHOI'0 B MEPBOM CIyuae ¥ U30BAJIEHTHOIO —
BO BTOPOM, KOTOPBIH M oONpejendeT THII U CHJIbI MEXAaTOMHBIX CBf3eH
KU xapaktep pecdekta. [locnennue, BepoATHO, ONpelNendAlT W TePMOOM-
HaMHYecKHe Tpefeibl yCTOHYMBOCTH ToMMopdHbIx (a3 KBapua.

HU.B. Bynnakos u ®. I'. MaspioueHkoB [8] BbiABHIM 0BpaTHYK KOp-
PeNALMOHHYI0 3aBHMCUMOCTb MEXAY TemIepaTypom a—ﬁ—nepexona U 1ma-
pameTpoM «a ;. OcHoBhIBasCh Ha HaHHBIX pabor [2] wu [48], oHu npui-
JH K BBIBOZLY O TOM, YTO HAa TeMIIEpaTypy HHBEPCHH NPEUMYILECTBEHHO
BmuAwT Na, K, Li umn Mg u Ca, BXxogAumue B pelleTKy KBapua Ipd pas3-
JIMUHBIX BApHAHTAX FeTepOBAJIEHTHOrO u3oMopdusma. B pesynwrare oHHM
NIpeANOJIOKKIH, YTO HeOObIMHO HH3KHe TeMIlepaTypbl a— f-lepexona
(no 540 £ 3 —554 + 3 °C) "...cBoNCTBEHHBI 0OpPa3laM KBapla, KpHcTal-
JIM30BABIIMMCA B YCIIOBUAX MMOBBIIIEHHOH CKOPOCTH pocTa, 06ycnoBieH-
HOH pe3KHM I[iepechblileHMeM MHHEepanoobpa3yloluero pacTBopa KpeMHe-
KHCIIOTOM U ra3eeoi ¢asoi” [8, c. 57).

IlapameTpsl a — [-mepexoja K&K BaXHBIH THUNOMOPQHHBIH
npu3Hak. [Ipy WcclenoBaHMM KPYIHBIX KPHCTAIIOB BRIABIIEHO, YTO B
uenom (tabm. 32) TemmnepaTyphl M TEIUIOThbI a —[-NMepexofoB yMeHblla-
IOTCA OT PaHHHX W BHYTPEHHHUX YacTell KPHUCTAIIOB K TO3OHHUM H TIpH-
rpaHHBIM. OTH M3MeHeHHA YBA3LIBAKTCA C Je(HIMTOM HeCKOMIIEHCHPO-
BaHHbLIX 3aPANOB NP reTepoBaneHTHOM H3oMopdH3Me.

Temnepatypbl ¢ —[3-Mepexo/ioB MILHOTO kBapua Banefickoro pyn-
HOro rnonsa BapeupywT B npemenax 540—571 °C. Ilpu stom B KBapue
[oC/eA0BaTeNsHO 06Pa30BaHHBIX PUTMHMYHO-CJIOWCTBIX arperaToB OT Ha-
yana uX KpUCTAJNIM3aLHKH K KOHLY TeMIIepaTypbl ¢ — 3-NepexooB YMeHb-
waroresa o1 571 go 540 °C npy M3MeHeHHH TeMMepaTyp roMOTeHH3aluH
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ra3oBO-KHAKHX BKIKUEHMH B 9TOM ke HanpaslieHud ot 315—250 B nHa-
yane Kpucrammusaumn 1o 150 ° C B KoHue. ITo ¢BA3AHO ¢ TeM, 4T0 B OiIM3-
NOBEepXHOCTHBIX YCNOBUAX 3apOX/AEHHE HHIMBHIOB arperatosB Keapua
PAaHHUX FeHepauud CITOHCTOH TeKCTYPhbl MPOMCXOHAMT OueHb BbicTpo. Bbl-
COKHe KOHLEeHTpaUuMHd ajloMHHHA H Lleovyel B CWIMKATHOM diionae cro-
CODCTBYHOT OBLICTPOMY CBA3LIBAHHMI) MX B BHAE HECTPYKTYPHLIX MpUMe-
cefl CIIOMCTBIX CHJIMKATOB (KAOIMHWT, MOPOCIIIONLI) ) WM anynasapa u
3axBaTbIBAHMI0 MX KBapuem. HecTpyKTypHble MpHMecH HecrnocobHbl cy-
UleCTBEHHO BJIMATHL Ha TemrepaTyphl (a3oBbix nepexonos. Bonee nosn-
HHe MapajiejlbHO-1lecTOBaThie M JPY30BH/AHEIE arperaTel KBapua obpa3y-
HOTCA M3 OCTATOUHLIX PAacTBOPOB, COMAEPMAILUMX OTHOCHTENIBHO HebonbUINe
KOHUEHTPAIMH ANIOMHHMA, ‘Kele3a W 1iellover, KOJIMYeCTBO KOTOpBIX,
KakK IpaBHIIO, HeLOCTATOYHO ANA 06pa3oBaHHA COBCTBEHHBIX MHHEpanlb-
Hbix (a3, [loaToMy OHM BXOAAT B KpPHCTAIUTMYECKYIO pelleTKy KBapla,
yeMmy Croco6CTBYeT TaKye BbICOKAA LIeJIOYHOCTb pacTBOpoB. KoHueHTpa-
UMH CTPYKTYPHBIX NMpHUMeceH alloMUHUA, HATPHUA U JIMTUA B CYMMe JIOCTH-
rator 0,5—1,5 %. EctecrBenHo, YTO TaKoe KOJHYECTBO NpUMecel INpu
reTepoBajieHTHOM H30MOpQU3Me CYUIECTBEHHO BIMAET HA CHIAbL CBA3M
B KpHUCTANIMYECKOIl pelleTKe H CcrocobeTByeT a —f-nepexony rnpu HU3KHX
TeMIlepaTypax.

BeiaBneHHad HM3MEHUMBOCTH TeMIeparyp o— (-mepexonoB Kpapla
B Ipefenax OT[e/IbHLIX YY4CTKOB JKWJI B HAIPaBJIEHWH OT KOHTAKTOB
K HMX LEHTPY, ABIAKIUAHACA 3J€MEHTOM T'OpPH30HTANbLHOW 30HAJILHOCTH,
HAXONMT OTpaXkeHHe U B BEPTUKAIbHOH 30HAJIbBHOCTH.

Temmnepatypsl a —(-nepexona ksapua Hapany c BemuunHoir CKC aB-
JIAKTCA OOHUM M3 Ba)KHBLIX PYAHO(DOpMAIMOHHLIX pU3HakoB (Tabn. 33),
HECMOTPA Ha KAaXYUIYHCA y30CTh npenesnos WX sapuaumii. Habnwonaercs
HallpaBlleHHOe yMeHblUeHHe CpeJHUX 3HaueHWH TemmepaTyp a— [i-repe-
XOMOB OT MeCTOPOXAEeHHH TriyOuHHbX dopMauii K BIH3noBepxHOCT-
HBIM.

Kak yxe ykassiBanoch, MNpH Temreparypax, Onuskux k obsactu
a— B-rMepexona, W3 KBaplla BBINENAKNTCA BONa, BOAOPOA, YrIIEKHCIOTa
v asor. [lpu 3TOoM y3kas nonoca norioueHusa 3450 cm™! wa MK-cnexTpax,
obycnopnennan Hanmuuvem OH—Na-medexToB, Hecuesana B HHTepBase
428—575 °C u npM OXNaKAEHHWH HE BOCCTAHABIMBAJIACH,a MAKCHMYM
BhIIEJIEHUA BO/bI NPHXOUICA Ha uHTepBan 570—575 °C.

Kpapu u3 nermarturos, no paHdeiM E.B. IIuHsepnuHr, umerouiui
3HAYKTEIIbHBIE [IPUMECH, 0DYCIIOBIMBAKIINE IbIMUATYI0 OKPACKY MpH 06-
nyuenuu (AnnaH, BonwiHb, Bap3o6), TpyaHo nopjaercsi MOHOKpPHCTA-
AM3auMH M MMeeT TemnepaTypy uHBepcun 577,0—587,6 °C. Xopouwo
MOHOKPHCTAINIU3YOLIHec KBaplibl MecTopoxkaeHui [lamupa, Ypanbekol
XPYCTAJIEHOCHOH IMONOChI H APYTHX COOCTBEHHO I'MIPOTEePMAILHbIX MECTO-
POMIAEHHH HMEWT TeMIepaTypbl HMHBepCHH, OJIM3KHe K HOpPMAJIbHBIM.
K. ®poHpens Takxke ykasan JIA XOPOLIO MOHOKPHCTAIIH3YIOUIMXCS
KBapleB Temneparypy uHsepcuu 573,6 ° C.

Bech mpuBemeHHbIH MarTepHan, AalleKO He MCYepnbIBalLMH npobre-
My a—f-repex0of0B B KBapue, [I0KAa3bIBAEeT, 4TO [pejiefibl  H3MEHYHBOCTH
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Tabnuua 33

Temneparypsl @ —[3-nepexona KBapua M3 MecTOPOMXIeHHH
Pa3NMuHBIX PYAHbIX opmaunit B cpaBHenuH ¢ BennunHamu CKC

leHeTHUeCKHIl THIT MECTOPOX - Temneparypa a—[-nepexona CKC
pewuit, pyaHaa ¢ opmMauna %
n X o,
MMermaTtuThl
KamepHbie 5 574,0 2,3 104,7
PenxomeransHeie 13 572,8 0,7 74,4
'peitzens
Ksapu-BosnsdpamMmuaToBbIE XHIIBI 39 572,4 piF 8 65,5
'ngporepmanbHhie
I'nyGuHHBbIE 3010TO-K Bapuesble 23 572,0 1,1 89,2
CpenHernyOHHHBIE 30510TO-KBapue- 47 569,8 1,0 79,4
Buie yHorocyisQuaHse
30n10T0-KBapLEBLIE YMEPEHHO 25 569,8 0,8 73,7
cynbhHaHbIe
ManornyOHHHBIE 0/TI0BO-30J10TO- 23 565,8 5,4 37,8
cepebpAHbIe anynAp-KBapLeBbie
ManornyOuHHbIe THIIHYHBIE 30~ 140 557,2 6,9 33,6
noTo-cepebpAanble anynAp-Kao-
NHHHT-KBapLeBble

(bu3nYeCKHX MapaMeTpoB 3ITOTO ABJIEHHA AOCTATOMHO creuuduuHb! Ans
KBapla pa3jHYHOro reHe3uca U ABMAKTCA €ro THIOMOPGHBIMH MpH3HAKA-
MH, KOTOpble MOrYT OBITh HMCMONB30BaHbl NPH H3YYeHHH MHHEpPATbHOMH
30HANBHOCTH, rIyOHHLI 00pa3zoBaHMA W pyAHOMOPMALMOHHOH IIpHHAN-
JIEKHOCTH KBapUEBBIX Tel.

I'nasa IV. TUHIIOMOP®HLIE TIPU3HAKH KHJIbHOT'O

KBAPLA KAK KPUTEPHH PYJIHO®OPMALIMOHHOH

IMPUHAIIJIEXXKHOCTH W PYJJOHOCHOCTH

B npexsigyweii riase 6bulM NpHBefleHbl CpaBHMTENIbHBIE [aH-
HbI€ [0 COCTABY M OTIeNbHBIM CBOHCTBAM KBaplla BCeX H3yUYeHHBIX IeHeTH-
YecKHMX THIIOB M pyOHbIX (opMalui B 3aBHCHMOCTH OT MOCJEN0BaTehb-
HOCTH BbLIZIENIEHUA reHepauuii ¥ ycinoBuil obpasopanusa. Huke paccmot-
peHbl CBOAHbBIE JaHHbIEe MO TUNOMOP(hHU3MY KBapla OTAe/IbHBIX reHeTHYeC-
KHMX THMNOB H pyAHbIX GHopMaLHM.

Oueska THNoMOpdHOro NpU3HAKA [aHAa MO TPexbannbHOH wWKase.

K Ba)kHBIM OTHeceHbl NPU3HAKH, MPHCYLIHE TOMBKO NAHHOMY THILY HIH
cdopManuuu, K psOBLIM — NPH3HAKY, OM3KHE M0 YHCIIeHHOMY 3HAUEHHIO
ele K OJHOH-ABYM PYAHBIM (hopMauMaM, K BTOpPOCTelNeHHbIM — NpH3HA-
kH, Berpevatoumecs y 30—50 % pyaHbIX opmauuii.

THUITOMOP®LBIE TPU3HAKH KBAPLA [NETMATHTOB

KBapu-nerMaTuTOB (Afep ¥ 6IIOKOBBIX 30H) pe3Ko OTIHYaeTCA
(tabn. 34) nMo BbICOKOMY ATHMHHHH-THTAHOBOMY OTHOUIEHHIO, CONepKa-
HMI0 HHOOHMA, TaHTana, GepUIIMA (COAEPKHUTCA TOJBKO B peKOMEeTallb-
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Tabnuua 34

TunomopdHbie NPHIHAKH KBapla NerMaTHToB

INapameTps! X Ouenka 0, no or-| OueHka TMnO-
HOWIeHHI0 K X MopdHOro npu3-
HaKa
AL % 0,28 >1 Pranosoit
Ti, % 0,006 = q ”
Al/Ti 46,7 . Baxabmit
Na, 0, % 0,08 >0,5 Panosoi
K,0, % 0,067 =05 "
Li;0, % 0,018 =0 .3 BropocTeneHHbIi
K,0/Na, 0 0,8 - Prapgosoit
Na, 0/ Li, O 4,4 = BropocTeneusblit
K2 0]‘ LI; O 3,7 = i
Ipucyrersue Nb, Ta, Sn, Be - - Tonbko B peiKo-
MeTanbHbIX Nerma-
THTAX, Ba>XHbIH
Ge, r/t 9 =01 Basxub1it
TazooTaeneHue, TeMnepaTypa
makcumyma, °C:
B-xBapu 500 - ”
a-kBapil 300—400 - PanoBoii
H; 0, mxn/r
B-xBapu 148,7 - Baxainrit
a-KBapL 955,3 s Paposoi
Tl'asosana dasza Bkmouenui, % 90—35 - Baxaibii
T, C:
T,-Ts 220—250 — "
Te—Tis 290—320 - »
HMK-criexTpst, eM | :
B-xBapu 3638, 3470, 2194, —_ "
2098
Qa-KBapu 3195—3200 = Panoson
2190, 2102 - Bakubii
CKC:
KaMepHble 104,7 < 0,05 ”
peiKOMeTabHbIe 74,4 <0,2 BropocreneHHbi
g"ﬂ-nepexonm (xamepHusie) 574 (g, > 2) = Baxkunii
C

HBIX NermMaTtuTax), repmanud (o, =0,1X), caMo# BBICOKOWH TeMmneparype
MAaKCHMYyMa ra3o0TOelleHHs, MaIOW KOHLUEHTpaluud BoAbl, 60ablU0H n0Je
razoBoi ¢hasbl BO BKIIIOUEHHAX, 0ObIMHO [ByX-TpexmakcuMymHoi TJI-
rpamme (T,—Ts = 220—250 °C, T¢—T,, = 290—320 °C), ranuumio Ha
HK-cnexktpax monoc normowenua 3638, 3470, 2194, 2098 (B-kBapu) u
3195 — 3200, 2190, 2102 (a-xBapu) cMm ' .
JnAa kBapua KaMepHBIX MErMaTHTOB XapaKTepHbl 6Gonee BBICOKHE
sunavenuss CKC (104,7), remneparyp a —3-nepexonoB (574 ° C), KOHIUEHT-
pauMii repMaHuA, a peaKOMeTallbHBIM CBOHWCTBEHHbLI TMPHMECH pelKHX
MeTannos, Hu3kHe 3HaueHHAa CKC u temnepartyp a —f3-nepexonos.
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Ta6nuua 35

TunomopdHsie NPH3HAKH KBapUa IPeH3eHOBLIX MeCTODOMKIeHHH

BomsdpaMOHOCHBIE M
? b s OIGBOHOCHRIE MECTOPOMXKIeHHA
IlapameTpsl i P =
7 xa o, L :;ﬂ"—;{“‘mo{’;mpdiﬂoro % Ouen- | Ouenxa rumomopdHoro
1o oT- Ka 0, MpH3HAKA
HoLIe- o oT-
HHIO KX | HOwe-
HHIO K X
Al, %:
obume mpobsl 0,3 > ;
E o (%00 | 323 = = |
Al]!,' % 0,018 =9 PrpoBoit - 0,n PAnosoi
Na. O % 16,6 - s - 00n e
Kan ’V" 0,08 — BropocreneHHbIi _ ~x -
Liy /O, % 0,132 | 20,5 | Bamuemi - -
I{2 e, bies <1 Paposoit B - =
2Ol’ NagO 1.6 . - S — -
N2, 0/ Li, 0 40,0 = & = - _ 5
izo,tLizo 66: o - BaxHbIi . _ . B
s, ¢/t 20 25,5 Paon S = o ~
g?-:fh 17 >3 Binml,?; Li, Be, Sn,Nb,|  — BaskHbIii 118 KaCcCH-
W ol 17 o e NpHCYTCTBHE TEePHT-CUJIHKATHOH
Ta i 120 <0,5 —r— dopmaumu
, rfr 29 &1 -
Bi/Pb 0, 68 = -
Temnepa!‘ypa roMmore- 367 (0,= - B
Huzauuu, C = 49) nﬂﬂu KBapu-Boms- | 362 (0,=54) — To e
886 (6. = ¢ pavmToBOi ¢ opMaumu
= é‘;’; - - Basaibli AnA KBapi-BO k-
(b pamMHT-MONHGIEHHTO-
Bo# opmauHH
BaoxsblA 18 KBapL-BOJb-
i 38 (0,= | <1 bpamuToBoil hopMalE
HEl€ xon?ecr- :38,(8) y Beoipiit A KBapPU-BOJb- 39 = —n—
BA r'a30BOH Gﬂ = 1 MI»!T-MOIIH&IIEHH'
P, =25,9) ?op:oﬁ dopmanmu
TI,°C T,—Ts 170—260| — Bancinmi 170—180 - =
Te—T1o 290—320 | — PrpoBoit 280—310 s PrpoBoi QA KaccHTe-
290—300| — BaHbI TOMBKO ANA Ier- pprr-cﬂjn-ika'tﬂoﬁ
MaTOMIHOro KBapua nosue- dopMalMH
poumaro-Ksapu-momubne-
HOBBIX MECTOPOKIEHHH
Iy—s le—0 0,39 - Baskublii 171A Bonbd pam- 0,41 - BaokHBIR ANIA KaCCHTe-
pemKOMeTaIBHELX MEeCTO: puT-cHIHMKATHOH op-
poXeHHil ManHK
2,44 B Baskubli 017 KBAPI-BOIb"
dpamuroBoii GopmalHH
0,99 = Baxainni AN KBaplU-BOJIb-
¢pamm-mona6nenmonoﬁ
dopmaiH
1,21 - Baxuniit 1A BoIb(paM- 2,06 == BasHblit AJIA KACCHTE-
penKoMeTaNbHbIX MECTO" pur-cmmxaraoﬁ bop-
PO OEHHHA MauMH
Tg—011—3 0,92 = Basniil AA KBApLU-BOJb-
¢pamuToBOH dopmaIMH
1,13 - Baskubhii 0JIf KBApL-BOMIb"
(bpaMWrnmonnﬁneﬂnTOBoi‘t
¢dpopmatyH
HK-criextpbl,V, €M 3572 — Baw bt 3692 - To e
3515—3520, — PanoBo# 2223, 3400, = PapgoBo#
2125, 2225 3572, 2124
CKC 65,2 <0,2 =t = = —




THUITOMOP®HLIE TIPH3HAKH KBAPLIA F'PEM3EHOB

K umcny BakHBIX THNOMOPGHBIX MPU3HAKOB KBApLA U3 KHII
BObG pAMOHOCHBIX I'peH3eHOB OTHOcATCA (Tabn. 35) BhicOKHe comepxka-
HUA ATIOMHHHA NPU 0, ¢ 5, HU3KOE AMOMHHHM-THTAHOBOE OTHOLUEHHE,

YMepeHHbIe COMAEeDMAHHA IenoYed W BbICOKHE BeJHYMHBI OTHOLLEeHHH
MX KOHLEHTpauHH.

Kpapuy #u3 »xun BonbGh paMOHOCHBIX TDEH3€HOB MPHCYI THIHMYHBIA
KOMIUIEKC pPYAHBIX 3/IeMEHTOB-NpUMeceH, BKIIUYAKIUMA OepuIUTHi,
BHCMYT, Bonb(dpam, TaHTan ¥ MbllbAK. [lo TemnepaTypam romMoreHusa-
UMM Ta30BO-XMIKHUX BKJIOYEHMH M COOTHOLIEHHIO ra3oBOH H A#MAKOH
¢a3 obocobnaercA KBapll, OTHOCALUMHCA K KBaplU-BOIbL(pPaMHTOBOH M
KBapl-BoabdpaMuT-MonubneHoBoi popmanuam. Keapuy »xun B Bonsdpa-
MOHOCHBIX TrpeHseHax MpHcylla Hu3akoremmneparypHaa TJI—(T,—T; =
= 170—260 °C). BenuuuHpl OTHOLWEHHH TeMIlepaTyp MaKCHMyMOB M HH-
rercuBHocTel TJI no3BonAKT pa3nuuaTh rpeHseHsl ¢ BoJkdpaM-peaxo-
METATBHBIM, BOIMb(MpPamM-MONHONEeHOBBIM H COGCTBEHHO BONLPPAMOBBIM
opyIeHeHHeM.

Kax ye yKa3pIBaJIOCh BbIllE, 10 KOHUEHTPALMAM QJIIOMMHHA, ONpe-
nesneHHeiM meronom IIIP, ynaerca pasnuyath MeCTOpOXOEHUA Oepuivsa
1 Boib(dpama, cBA3AHHbIE C BHEMHTPY3HBHBLIMH, HAAHHTPY3UBHLIMH B
FpaHHUTAX JIMTHH-DTOPHUCTOrO THIA M BHYTPHUHTDPY3HWBHBIMH IpeiizeHaMH.

KBap: 0n0BOHOCHBIX I'pEH3eHOB M CBA3AHHBLIX ¢ HHMHM MECTODOXAE-
HMH KaCcCHUTEPHUT-CHITMKATHOH (GOpMaluHM OTNUYAeTCA TTOHMXKEHHBIM aio-
MHHHH-THTRHOBBIM OTHoleHueM (~ 10), NOBBILIEHHBIMH KOHUEHTpPa-
UMK Gepunnms, osoBa U HMOOMA, HU3KUMM Temmneparypamu TII[ (T, —
Ts = 170—180 °C) | ¥ BLICOKHMH 3HAYEHHAMH OTHOLIEHMH HHTEHCHBHOC-
Teit TII [ ({g—o/li1—3 = 2,06)]; Ha HK-cmekTpax o06bluHa mosoca
nornouieHda 3691 cm™' | cBA3aHHAA ¢ BXOXKIEeHHeM B KBapll ¢pTopa.

B kBapue 0JIOBOHOCHBIX I'peH3eHM3MPOBAHHBIX I'DaHUTOMIOB TIJIaB-
HblHf KOMIIEHCATOp H30BITKA OTPHULATENbHBIX 3apANOB MpH H39MOphU3-
Me — HaTpuii, B MNermMaTHTax C HAJIOKeHHOH rpeii3eHH3aUMed — HATPHUH
H JMTHHA, B KacCHTepPUT-CHJIHKATHOH ¢opmauuu npeobnagaoT BOJOpPON
M JTATHH.

THUIMOMOP®HBIE ITPH3HAKH KBAPLIA
OJIOBOPY IHBIX MECTOPOXIEHHH
CYJIb®UIHO-KACCHTEPUTOBON ®OPMALIMH

Kak ykaspiBasoCh Bbillle, aJIFOMHHHH [MOCTOAHHO MPUCYTCTBY-
eT B KBaplle MeCTOPOXIeHMH cynbuaHO-KacCHTepUTOBOH ¢GopMallii B
KOHILIEHTPAllMAX OT [OeCATbIX N0 ThICAYHBLIX AoJeil npoueHTa. IIpu 3rom
BbICOKHE KOHLIEHTpALMH THIIHYHbI TOJIKO [JIA PAHHHX MaJoCyIbQHUIHBIX
reHepauuii. KBapu cobcTBeHHO cynbHAHO-KACCHTEPHTOBOH (opMalMu
conepxm’r epBble COTBIE H TBICAUYHBbIE OJIK MpoLeHTa aJTlOMHHHA. THI]O-
mopdHoe 3HaueHHMe NpHOOpPeTalT KOMIEHCATOpbI AedHIMTa 3apANOB: B
PaHHHX MOPHOHAX — HAaTPHUMH, B NMO3IHMX IeHepalAX KBaplla — HaTpHH,
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Tabnuua 36

TunomopdHble NPHIHAKH KHJIBHOIO K BAPLA 30/10TOPYAHBIX MECTODOXIeHHMH

I'nyOHHHBIE MECTOPOMKIOEHHA H MepexonHbIe K HHM

CpemHernyGuHHBIE MECTODOXKICHHA

INlapameTpnl X Ouesxa 0, Ouenka THITO- X Ouenka 0, | Ouenxa THno-
1o OTHOLIe- mopdHoro 1o oTHOLUe- mopdHOro
HHIO K ¥ NpH3HaKa HHIO K X npi3HaKa
Al, %:
obue npobsl 0,455 <1 BaxHbIid 0,35 <1 Bascubiit
MoHO(DpaKLHH 0,069 o =\ 0,031 =1 ——

N2,0, % 0,077—0,140 =0,2 Panosoit 0,043 =~ Panosoit

Na, 0/Li, O 35,0—36,7 - Baxubri 10,8 - BaxHbit

K,0/Li,0 90,5 - e 21,0 — e

Au, r/t = = = 3,3—14,0 >2 BakHbin

Ag, r/t no 1,2 > 1 Panosoit 0,8—4.,5 > —"—

As, r/T <10 >3 —"— 85—840 >2 Baxaiwni B cny-
yae IPUCYTCTBHA
3on0Ta

Bi,r/r e — — 22—46 =3 To we

Pb,r/r 1—9 >1 Pranosoit 26—180 >2 Baxmslit qns
30/10TO-TIO/ Me -
TATHYEC KHX
dopmaumit

W, r/t 11690 21 Baxaieril oA 1ue- 31—99 >4 Baubiit nna wie-

€JIMTOH OCHEIX JKHJI €IHTOHOCHBIX HHII

Sb, v/t 6 21 BaxcHbiil TOMBKO 19—20 >2 Bax@bmit ons 30510-

LAJA 1epeXoaHbiX To-CynbhHaHO-
dopmaimii xBapuesslx Gop-
MalMi

Au/ Ag 8,0—12,0 — To xe 0,7—1,8 — BaskHbIi

Au/Cu 0,350 42 . BaxHb1it 0,04—0,08 - -

Au/ Sb 1.3 — BaxHbIi TOMBKO 0,17—0,19 — —
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Ilpoponxenue Tabnuus 36

I'nyBunHBIe MeCTOPOX/ISHHA H NMepexoaHble K HUM

CpensernyGuHHble MECTOPOMIEHHA

IMapamerpe: iy Ouenicad, OueHKa THO- X Ouenxa 0y| Onewnxa THno-
10 OTHOLlIe- mopdHOro 1o OTHOLUe- mopdHoOro
HHIO K X NpA3HAKA HHIO K X NpH3HaKa
IUIA MepexonHbIX
Mo/ W 1,2 - . 0,04—0,11 = —r—
dopmarpi
Ceertonponyckanue, % - - 12,95 <0,3 =
CopeprxaHue ra3a, em’ /100 ¢ KBapua — = — 150,9 <0,5 e
TII, °C T,=Ts 210—240 - BasiHbit 200—250 — ——
Ty 5/Te0 0,80—0,85 — —n - = -
Ts—10/T11-13 5 = = 0,77—0,84 - Panosoi
0,8—1,0 = BaxHbIit 1,12—1,24 = Baxxubii
HK-criextper, v, em! 2242, 3485, - Panonoi 3430—3420, — Panosoit
[9.% 3315—3320, 3559
35569
K4 /K3 1,24 == =it 1,35—1,94 -_ Baxmssin
CKC . 89,2 <0,2 Baxainmi 54,8—83,3 = —"—
IMresomonyms, 1075 en. CH 116 (28,3— - PapnoBoit 38,3 (8,3— — o
X 255,1) 173,2)
a — f-nepexomri, C 572(0,=1,1)| — BaxcHbi 569,8 (0,,=0,9) — a5,




AHTHU ¥ BOINOPOX, & B KBaplLe KacCHTepHUT-X10buT-cynbdHAHOrO THIla —
npeumyliecTBeHHO Bojopon u nutHi [15]. Turan oTmeuaercs B KoOnM-
yecTBAX COTHIX — ThICAYHBIX [10JIeil MpOleHTa TOJIBKO B KBaple pPaHHHX,
Haubosee BbICOKOTEMIepPAaTYPHbIX MHHepalbHLIX napareHe3ncoB BepeuH-
cxoro. UHromuHckoro u lllepnoBoropckoro mecropoxineHdd. B ksapue
MECTOPOKAEHNH COOCTBEHHO CYNb(MHIHO-KACCHTEPHTOBOH (HOpMalMH TH-
taH He 0bpasyer KoHUeHTpauui, Gonbmux, yem 0,001 %.

TunomopdHbIMM pYIHBIMH 37IeMEHTaMH B KBaplie MeCTOPOMXIeHHH
CyNb(HIHO-KACCUTEPHTOBOR ¢GOpMallMH ABIAKTCA ONOBO, OepHILTHM,
MbIlIBAK, Meb, CBUHELl, cepebpo, BCTpeyallIneca COBMECTHO.

TunomopdHRIMH NpH3HAKAMH ABAAKTCA Takxke Hu3kue (T, 5 =
= 190—210 °C) temnepaTypsl neppbix MaxcumymoB Ha TJI-rpammax.
CnenyeT OTMeTHTh, YTO KBapl MeCTOPOXIEHUH CYIb(HIHO-KACCHTEPHTO-
BoH (opmaunn, ocobenno [HansHero BocToka, ¢ mo3uuud THnomopdus-
Ma M3YUeH JaleKe He MOITHO.

THINIOMOP®HBIE ITPUBHAKH KBAPLA I'TYBHHHBIX
W CPEIHEIIYBHHHBIX 30JI0TOPYIHLIX MECTOPOXIEHWH

B TaGn. 36 mpuBeneHbl THUMOMOpPMHBIE MPU3HAKH >KUIBHOTO
KBapla 30JI0TOpPYAHbIX MeCTOPOXKAEHHH IMyOHHHBIX W CpeHernySHHHbBIX
(popmauui. YMepeHHble KOHLUEHTPALMH aTIOMHHUA ¥ BBICOKHE — HATPHA,
BLICOKHE KaNUH-THTHEBbLIE H H4TPHU-TUTHEBbIE OTHOILEHHA, HU3KHE KOH-
LeHTpauuu cepebpa, MBIUBAKA, CBHHIA M CYPbMBI B COBOKYIIHOCTH C
BBICOKHMH OTHOLUEHMAMM KOHLIEHTpAUMi 30710Ta W cepebpa, 3010Ta U Me-
OH, 307I0TA W CYpbMbI, MOJMOOEHa M BOnbPpaMa MO3BONAKT OTIHYATDH
KBapi] r1yOHHHBIX 30JI0TOPYOHBIX MECTOPOKIEHHH OT Apyrux. THIHUHbI-
MM okalzanuce # rtemnepatypbl ETJI HH3aKOoTeMIiepaTypHbBIX MaKCHMY-
MOB, OTHOILLEHMA TemMrnepaTyp W uuTeHcHBHocTeii ETJI TunomopdHbiMu
NpU3HAKAMH ABJIAKTCA TAK}KEe OTHOCHTeNIbHO paspeueHHble MK-criekTphi
B 06nacTH 3 MkM, BelcokHe 3HaueHna CKC, nee3oMoaynsa H TeMIlepaTy pel
a — (-riepexopa.

Kpapu cpenHernyouHHbBIX GopmaiMil OTIHYAETCA OT KBapua Ty 6uH-
HbIX (POpMaUMil MEHbUIMMH KOHIEHTPAUMAMH aTIOMHHUA, HATPHA H BOJb-
¢dpama, Ho GonblIMMH 30510Ta, cepebpa, 3HAYUTENBHO GONBIIHMH MBbILIb-
AKa, BUCMYT4, CBUHLA U cypbMbl. THMOMOPGHEIMH MPHU3HAKAMH KBapUa
ABJIAITCA Pe3KO IOHMH)KEHHBIe BEJIMYMHBI OTHOLLEHHH MeXAy KOHLEHTpa-
UMAMH Bcex TUnoMopdHbix wiemeHToB. Crieuuduunsr napamerprr ETJI:
TeMIepaTypbl BbICBEYHBAHHA, OTHOLUEHMA Be/lWYHH HHTEHCHBHOCTEH.
K uneny nononHMATeNnbHBIX THITOMOPQHBIX NPH3HAKOB OTHOCATCH YMepeH-
Hele BenuuuHbl CKC, koJiMuecTBa BbLIEIAKLIEHCA [IPH HarpeBaHHH BOILI
(1000—1200 Mxm/r) W KOHUEHTpALMH BOIOBI MO OaHHBIM 00paboTku
HK-cnekTpoB, ymepeHHEbIe 3HAUEHUHA Tbe30MOYIIA,

OcobeHHOCTBI0 MWIBHOTO KBapua CIYOUHHBIX M cpeaHeriyOHHHBIX
thopmaumit ABNAETCA KPHUCTAIMYECKH-3€DHUCTOE CIIOEHUEe ero arpera-
TOB, MOYTH BCeraa COXPaHAWIIMX cJleflbl MIACTHUECKUX AedopMauui K
NepeKpPHCTAUIM3alMH B CBA3M ¢ AHHAMoMeTamMopdhHu3aMoMm. . lna royOuH-
HBIX MECTOPOMXIEHHH XapaKTepHbl TakkKe W MelKOAPY30BHHbIE TEKCTY-
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pPBl C UeTKHMH 30HAMH pPOCTa HHIHWBHMIOB, NOKanu3alved cynb(PHIOB H
3o0M0Ta B MycroTax, oOpa3oBaHHBIX KaK B Mpouecce KPHCTAJUTH3AlMH,
TAK M [1PH NOcJIeyIOLIHX NTpeoOpa3soBaHHAX HKHIbHLIX arperaTos,

TUIIOMOP®HBIE NMPH3HAKH KBAPLIA MECTOPOXIEHHH
MAJIOTJIYBHHHOH 30JI0TO-CEPEBPAHOH ®OPMALIMU

KunbHeii KBapl, 0CODEHHO €ro arperatsbl, JOCTATOYHO CIIELH-
¢duueH ¥ xapaKTepH3yeTCH LelbiM KOMIIIEKCOM THNOMOPGHBIX MpH3HA-
KOB.

TunomopdHbie NpU3HAKH CJIO0XEeHHA arperatoB. ['naBHO# uep-
TOH 00nMKa M MaKpPOCTPYKTYPhl JKHWIBHOIO KBapua MeCTOpPOXIeHHH
manornyOMHHOH 30/10TO-cepeOpAHON GdopMauH ABAAETCA [00CYATOE
PHTMHYHO-TIEPHOIMYECKOe CTPOeHHe, B KOTOPOM No Mepe QOpMHUpPOBaHHUA
arperara cJIOM, CYLIeCTBeHHO KBaplieBble, CMeHATCA cinoAmMu, obora-
LEHHBIMHA ATMOCHIHKATAMH, IaBHbIM 06pa3soM CJIOHCTHIMHM CHIMKATa-
MH C pedKOH NMpumecsio anynAapa B BanefickoM pynHOM Moe ¥ afyaapom
C MPHMeCHI0 CJIOUCTHIX CHIIMKATOB B OCTAIBHBIX MECTOPOKIEHHAX.

B xBapue M3yuyeHHbIX PYIHLIX TIONEeH BhageHHe MHHepanos cepebpa
(B TOM uMcIie CaMOPOJHOI0) M 30510Ta MPUYPOYEHO K Pe3KHMM H3MeHe-
HHAM pH u xoHueHTpauuii. ToHKOAMCIEPCHBIE CaXKUCThIE BhIOEI@HHA MH-
HepanoB cepebpa M cynbsdoconed, ¢ KOTOPbBIMH acCOUMHPYeT 30J0TOo,
Hepeoxo o6pas’yloT Liefble CaMOCTOATENbHbIE CIOMKH, MONOCKH WIH 1ie-
MOYKH JIMH3. JNleMeHThl OpeKuyupoBaHuA, KpycTudukauuu, oOpacTaHun
Ype3BblYaHHO XapaKTepHb! AAJ HAYaIbHBIX CTagud (OpPMHPOBAHHA 3THX
arperaTos.

Ipyraa ocobeHHocTs — 0bunue cheponuros, AeHAPUTOBLIX, CKeJeT-
HbIX M pacluerieHHbIXx GopM HHAMBHIOB U arperatoB. Habnwopaerca nmoc-
JIeAoBaTeNbHOCTh CMEHbl MOJIOCYAThIX arperaToB MAacCHBHBIMH, IUTACTHH-
4aTBIMH H WlecToBaTo-rpebeHyaTeiMu. IlocieqHue 3aBepwarT 3aKOHYEH-
Hble MaKpOPHTMBI M (POPMHPOBaHHe MPOJYKTHBHBIX ACCOLMALUMH B Le-
noM. [Tono6HEIE pUTMBI TEPHONHYECKH TOBTOPAITCA.

Tunomopdusie npuszHaku cocrtaBa. OcoOEHHOCTBI KHUIBHOIO
KBapla fABNAETCA €ero BBICOKaA rIMHo3eMucTtocTh (tabn. 37). Keapu
MEeCTOPOXKAEHHH ManornyOuHHO#N dopmauuu ComepKMT aHOMAJIBHO BhI-
COKHe KOHLEHTpAalUMM LUEJIOYHbIX 3JIeMEeHTOB, IJIaBHbIM 00pa3oM Kalnusd
U HaTpuA. TuniomopdHbIM 3NeMeHTOM ABJAeTca W auTHHA. OTHOLIeHUA
MeXly KOHLEeHTpPaUMAMH Luesioyell pa3NvuHbl UIA KBapla pasHbIX MeCTo-
POMXKAeHHH, OHH YMEeHbIUAKTCA 110 Mepe BO3pacTaHWA IybuHbl obpasosa-
HHA TocnedHUX. B obuleM criyyae KOHLEHTpalM¥ KalHuA yMEeHbLIAKTCH
B pANY MeCTOPOXKIEeHUH OT cOOCTBEHHO 6JIM3NOBEPXHOCTHLIX K MEpexof-
HbIM M cpefHernybuHHbIM. OcoGeHHOCTh KBaplia pacCMaTPUBAaeéMbIX Mec-
TOPOXIeHUH — BBICOKHE KOHLEHTpALHH cepeOpa M HU3KHE BETHYHHBI OT-
HOLIeHUA 3070Ta K cepebpy. KonuuecTBo BOALI, BhIAENAIOIIEHCA TIPU Ha-
rpeBaHMM KBaplia ManoriayOHHHBIX MECTOPOKIEeHUH, 3HAUHTeNIEHO Gonblie,
YeM KBapla MeCTOPOXKIeHHH NPYTUX pynHbeix dopmMauni. MakcumaribHble
CcOoIep’KaHWA BOMbLI ONpejeneHsl 1A KBapua Banelickoro pynHoro nons.

TunomopdHble MNpPpU3HAKH, OTpaxeHHble B cBolcTBax. ETJI
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Tabanua 37. TunomopdHble NPHIHAKH KHIBHOIO KBAPUA MECTOPOXIEHHI 30710TO-ce pebpaHoil popmaurH

MecTopoxneHus, nepexonHsle K ManorayoHHHbIM

ManornybHHHBIE MeCTOPOXAEHHA

[Mapamerpst
Ouenka 0,, no OueHxa THIO- Ouenxa 0, |OueHka THnO-
X OTHOLLEHUIO mopdHOro X 1o orHowe- | mopdHOro
KX npU3HaKa HUIO K ¥ MpH3HAKA
Al, % >1,0 — BakHbIii 1,37 <0,5 BasHbIit
K;0,% 0,38 <1 =i 1,08 <1 =
Li, 0, % 0,012 <0,05 e 0,020 <0,2 Panosoit
K,Q/Nu, O 3,3 == —lti 12,7 — Baxai bot
N'dg 0/ Li2 0 9,6—‘38,0 - == 4,3 - e
Au, r/t = - - lllnpoxyue BapHaLlmmn e
Ag, r/T 118,6 =] BaxxHbIit 113 >4 —"—
Pb, r/r BricokHe = - 18 >0 ——
Au [ Ag 0,001 = b <1 = ==
Ph/ Ag - - - 1.7 - e
Cu/Pb == = - ~ 1 — ==
lazoornenenue: .
Temreparypsl makciMmyMma, C| 300—500 =06 Baxanii 300—500 — '
KOJIH4eCTBO BOObI, MKJI/T 2074 ™~ 0,7 == 5678 — ——
Konuuectso rasosoi assl Bo 27,8 <0,3 —"— 19,3 <0,3 =l
axmgqeﬂnnx, Yo
TIE € T s 200—250 — Paposo# 240—260 - Panoso#
Te—10 270—320 = - 270—310 — PanoBoit, Ha-
6monaerca
peaxo
Tiias - = = 320—360 = PanoBow
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[Ipononxenue Tabnuust 37

MecTopoxaeHHs, NepexoiHbie K ManorayoMHHbIM

ManornyGuHHbIE MECTOPOXKIEHHUA

[Tapamerpsi X Ouenxady, OueHKa THNO- x Ouenka 0; | Ouenxa THno-
Mo oTHOLUe- mopdHoro Mo OTHOLIe- mopdHoro
HHIO K X NpH3HaKa Himo K X NpHU3HAKA
HK-cnextpsl: .
Nolockl NOrNOLLEHHA U, em ' | 3586—35 B1, — Baxaiboi 3440 = Baxnbm
3778—3753, 3681 .
3430—3420, = Panoso# 3673—3654, = PapoBo#
3473—3654, 2246 2253
K5 (CO,), ot en. - — — 0,06—0,1 <08 Bascunit
K4 (H;0), otn. en. . = = 1,15—1,38 <0,8 s Sl
K4,’K3 — —_ — 11,2_21,8 — =2t
CKC = - - 33,6 <02 _—_—
Isesomonyns, 107" eq. CH -— - — 0,83 = =t
(0,66—4,62)
a—f-nepexons, ° C, — - - 557,2 (0,7 s

=6,9)




KBaplia TUIMHYHA M XapaKTepU3VeTcHA cpedHMMu Temneparypamu T,
B npegenax 220—254 °C c HesHauuTenbHLIMM OTKIOHeHMAMH M T = —
B npegenax 320—360°C. Ksapu GoiblUMHCTBA MECTOPOMIEHHH HMeeT
ABa MaKCHMyMa H4a TepMOJIIOMOrpamMmax. ['palHeHT yBeJlMYeHHA MHTeH-
cuBHocTH ETJI kBapua ¢ rny0uHOH IUIA ManornyOMHHLIX MeCTOPOXOeHHH
makcumaied (0,65—2,05); uucneHHble ero 3HaYeHHA ABIAKTCH BayKHbIM
THNOMOP(HLIM TIPH3HAKOM OUEHKH YPOBHA HMX 3pO3WOHHOTrO cpesa. [lna
30H NPOAYKTHBHOH MHHEpalM3alld HHTEHCHUBHOCTH BAPLUPYHOT B Y3KHX
npefenax, OTHOIIEHHWA WHTEHCHBHOCTEH HHU3KO- M BBICOKOTEMIIepaTyp-
HbIx MakcumyMoB ETJI xsapua B GonbluMHCTBe cnyuaes OoJsblile enu-
HHIBI,

llupokan cnabopaspewiensasg nonoca Ha MK-cnekTpax ¢ Makcumy-
MoMm B obnactu 3440 cm™', cBSI3aHHAS C BRICOKMMH KOHLEHTPAUMAMH
HeCTPYKTYPHOH BO/bl, ABIAETCA Ba)KHBIM THIOMODPQHBIM MPHU3IHAKOM
KBapua MeCcTOPOXKIeHui paccmarpuBaemoit dopmamud. CKC xsapua
BapbHpyer B npeaenax 33,6—37.8 anA THNMYHBLIX MATOTIYOHMHHBIX MeCTO-
poxcieHui u 45—73 — paa nepexomHbix., TemnepaTtypb! @ — 3-nepexoon
HH3KH, cpejHee 3HaveHue coctaBiser 557,2 °C. HopmanbHoi Temnepa-
TYPO# XapaKTepU3yITCH peaKue oOpaslLl.

JnmeKTpuyeCcKHe CBOMCTBA KBapua — 3JeKTPOMpPOBONHOCTD M [IH-
IMEKTPHUECKAA TIPOHULAEMOCTh — TaKiKe Creud(UuHbl, DNeKTponpoBo-
HOCT: — OfIHA H3 CAMBIX BLICOKHX InA Kpapua Boobule n obycrnosnexa
HanuyueM npumeceidt. YacrotHaa saBucumocts [I1 kBapua Baneiickoro
MECTOPOXAEHUA KAK THIHMYHOI'O CHIBHO OT/IHYAETCA OT BCEX OCTANbHBIX.
B uenom nHaubonee nugopmatuBHa BenuunHa [I1 Ha wactore 1 mI'u: npo-
MCXONHUT HApACTAHHE ee B PANY INyDHHHbIe — cpenHernyOHUHHBIE — MAano-
ryOHHHBIE MECTOPOMIEHHHA 30JI0T4.

1A KBapu-30JI0TOPYOHBIX MANOMTYOHUHHBIX MecTopoxaenui CpenHed
AsuM xapakTepHsl pagvauuoHHble ueHTps! O% —H u SiO;3 Ilpu stom
KOHIIEHTPAUHH LEeHTPOB B KBaple NMPOAYKTUBHbLIX CTaJWH MOBbILEHbL.

Oco6GeHHOCTRI0 KBaplia MecTOPOXIeHHH ManornyGHHHbLIX (dopMalmii
AIBJIAIOTCA PLIXJIOCTh pelleTKH, KoTopaA obycrnoBneHa ocoObIMH YCIIOBH-
AMM KpUcTAUTH3alKK. TemrepaTyphl KPHCTALIM3AUMH H3MEHAKTCA OT
400—360 B Hauane po 190—120 ° C B xoHue npotecca. Takoe H3MeHeHHe
TeMIiepaTyp TNpPOHCXOAWT Ha MHTepBane rnybun Bcero 300—400 m n B
ceueHMH ofHOH xunbl. OTMeueHbl aHOMAJMH B BePTHKa/IbHOH U3MeHYH-
BOCTH TEMIIEPATYP MHHepasooOpa30BaHWA, CBA3AHHbBIE C PAa3BHTOH HA
3TUX MECTOPOXKAEHHAX LEHTPOCTPEeMHTEIbHOH KpucTannusauueil. Bepxuue
HacTH HUJI KPHCTAUIM3YIOTCA 1pu DoNlee BBICOKHX TeMilepaTypax, 4emM
CpegHHe W UeHTpanbHble, HO HAa rinyDOKHX FOPU3OHTAX TEMIEPATYDhbI Bbi-
we, yeM Ha BepxHuX. [lodTOoMy TemmnepaTypHad 30HATBHOCTH HE MOMKET
ObITh HCIIONB30BAHA [UTS OLIEHKH YPOBHA 3PO3UOHHOIO Cpesa.

IMpuBeneHHble JaHHBIE 00 0CODEHHOCTAX CTPOEHHA ArperaToB, CoOc-
TaBa »WIBHOI'O KBapLa H ero CBOHCTBAX ABNAKTCA THMHYHBLIMH s Mec-
TOPOKOEHHHA MANOrnyOUHHONR 30J10TO-cepebpsaHON dopMauMu M yxke
HA CTA/MM MMOMCKOBO-ChEMOYHBIX M OLIEHOUHBIX paboT MOTYT GbITh UCMOME-
30BaThCA KaK prrepun OJIA OTHECEeHHA O IJelIbHbIX BhIXOOO0B KBapLEeBEIX
WKW K MeCTOPOXIEHUAM M PYNONHPOABIEHHAM 3TOH pPynHO#W (opMatHH.
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THITOMOP®HBIE NMPU3HAKH 3EPHHCTBIX ATPETATOB
KBAPUA XPYCTAJIEHOCHBIX XHJ1

Musepasiorusa KBapua (mpexzae BCero KpPHCTAUIOB) XpycTa-
JIGHOCHBIX MeCTOPOXKIEHHH HM3NIOXKeHa B pAje creuuansHelx pabot [5, 7,
12, 21, 24, 38, 41 u gp.]. IloaTomMy paccMOTPHM TONBKO HEKOTOpPhIE
THNOMOPQHEIE MPH3HAKH MWIBHOIO KBaplia, BMELIAKIIero XpycTaleHoc-
HBbIE TIOJIOCTH.

KBapu XpycCTIEHOCHBIX JKWJI CONEP)KHT UYPe3BbIYAHHO HHU3KHEe KOH-
LEeHTpalMH ATMHUHHUA KM TUTaHa (tabin. 38), KoTophle pacrpeieneHbl B
HEM [I0CTATOYHO paBHOMepHO (0 , = 0,3X). XapakTepHo pe3Koe npeodna-
JaHue AIOMHUHUA Hall THTAHOM,

B uenom >kunbHbIA KBaply XpPYCTaNeHOCHbLIX HJI W Tell CONEepKHUT
OnM3KMe K KJIAPKOBLIM KOHUEHTpAalMH pYHAHbIX 3neMeHTOB [7]. OH xa-
paKTEepH3YeTCH CAMBbIMH BbICOKMMH I[IOKa3aTelfIMH CBETONPOIYCKAHHUA
u CKC, Hu3xkumun Temneparypamu TJI u rasoorneneHus, OIM3KHMH K
cravgapry I [7] u Temmepatrypam a—f3-niepexonos. HK-cmexrph
KBaplia yMepeHHO pa3peuleHbl B obnactu 3 MxM. [lo pannsim I'.H, Bor-
OAHOBOH, MO Mepe TNPHOIMKEHMA K XpYCTaNeHOCHBIM IHe3laM pe3ko
BO3pacTalT CBeTOCYMMa U HMHTeHcHBHOCTh VITJI. JTa e 3aKOHOMEpHOCTh
MPOABNAETCA H NPH IPAHYIAIMHA MOJIOUHOo-6enofo kBapua.

Tabnuua 38

TunomopdHble NPH3IHAKH KBAapUA MHAPOTEPMATbHBIX XPY CTANIEHOCHBIX KK

[MapameTpbt X Ouenka 0, no Ouenxa THIO-
oTHoweHHio K ¥ |mopdHoro npus-
HaKa
Al % 0,0037 ~ 0,3 @ Hexpyc- | Baxasrit
TasieHoCHbIX > 33)
Ti, % 0,0003 — =l
Al/Ti 12,8 — etiien
laszooTtnenenue:
TeMMepaTypPHBIH MaK- 200—300 — —
cumym, °C
KOIHYeCTBO BOOLI, MKJI/T 1118 = Panosoi
Ceeronponyckauue, % 42,3 < 0,6 Baskubiit
Copnepixanue rasa, em® /100 ¢ 73,6 <0,2 e
KBapla
TN: T,..—Ts,°C 190—200, — Prposoi
227—252
CKC 92,5 = Ve

THIIOMOPOHBIE NMPH3HAKH BE3PYHOI'O
KHIIBHOI'O KBAPLIA

K HaCcTOALIEMY BpeMEHH B pe3ynbTaTe H3YUeHHMA KBaplLeBbIX

JKHJI B FpaHMTax, B MeTamMopduuecKHX TOJILAX, & TAKKe KBapua Oespyn-
HbIX KWIbHBIX BBINOJIHEHHH B Mpejesax PYAHLIX [OJied BLIABWIHCE He-
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Tabnuua 39

Tunomopdubie MpU3HaKH XanueLoHOBUAHOTO KBapua
JAKMOUHTE/IbHBIX CTALHI (hOPMUP OBAHHA CPeHErTyOHHHBIX M eCTOp oMK AeHH

_ Ouenxa 0, No 0THOLIEHHIO Ouenka Tvno-
[MapameTprl X KX Mopd¢HOro npua-

HAaKa

K,0,% 0,14 <0,3 Baxkubiit
Na,0, % 0,03 =106 —H—
Li; O, % 0,05 =0,6 —
K;O/‘ Na,_O 4.5 == ==
Na, O/ Li, O 0,6 = ==
K,0/Li, 0 2,8 = ==

Au/ Ag 0,02 = Paposo#
Ag, r/T 1,5 ~1 —

TJI, otH. en. = Boicokan HHTEHCHBHOCTS, BasHbii
> 1000 —"—
CKC 42,6 <0,2 =t
Fazootnenenne, Mmx/r > 5000 - —"—

KOTOpble THIIOMOpd)HbIe NPpU3HaKKH be3pyaHoro KBapua.

[paHynupoBaHHBIA KBapu. B ¢BA3M ¢ TeM, UTO rpaHyIMpPOBaHHbIMA
KBapl IpeacTraBiseT coboil LeHHoe ChIpbe, OH U3YYaeTCA MHOTHMH HCCTie-
aoBatenAMu. EMy CBOHCTBEHHBI THIIHYHbIE CTPYKTYPbI I'PaHyJIALMH, 0bpa-
30BaHHbIE B pPe3ylibTaTe COOMPATEeNbHON MepeKpPUCTAILIIN3ALNHY ¢ BhIHOCOM
OONBLWIMHCTBA 3JIEMEHTOB-MIPUMecel, B pe3y/bTaTe 4ero OH IMpPaKTIMeCHH
cBobomeH oT HUX. OH XapaKTepu3yeTcsa yMepeHHbIM CBETOTMpPONyCKaHHeM
W MHHHManbHBIMHA M. 0. 1. (0,022), onpeneneHHbBIMH cOfepXaHHeM rasa
(16 cm®/100 r xBapua), BoaHeIM noxaszatenem (2,09) [18—20]. I'pa-
HYJIMDOBAHHLIA KBapll, KaK MpaBuilo, obpasyerca B ycrnoBuax amdubo-
nuToBo# daun Meramopdu3mMa.

BespyaHbiidi KBapu B npenesiax pyaHbIX nonei. [IpakTHyeckd Ha
TUIOWa/IH N1H60oro pyAHOTro IMONA W3BeCTHbI De3pyaHble KBapleBhie KUIIkI,
copMHPOBaHHbIE 10 HIH NOCe NPoAYKTUBHBIX. HenpoayKTHBHEIH KpHc-
TANTHYECKHU-3ePHUCTBIA KBapll, KaK MpPABHMIIO, UMeeT MepBHUYHbLIE LIecTo-
BaThble, rpebeHuaTnie, OpeKuMeBUIHbIE WIN BTOPWUYHbIE TPAHYJIALMOHHBIE
WIM MO33aHUYHbIE CTPYKTYPbl H TEKCTypbl. Arperartsl He3pyjHoro ksapua
COXPAHAKT CTPYKTYPbI M TEKCTYPbI NepPBHYHOI0 pocTa. B paHHMX BBICOKO-
TEeMIlePaTyPHbIX #HIAX B THeHcaxX M c/aHlax oObluHbI MPHMeCH LHPKOHa,
pyTHIA, aHaTasa, [Nardokiasa, MycKOBHTA, OMoTuTa, KHAHWTA, rpaHaTa,
CBUIETeNnbCTBYWIIME 06 uX MeTaMopdoreHHOM MnpoucxoxaeHuu. OTcyT-
CTBYIOT [PHMECH PYIHBIX 3JIEMEHTOB, HO OOBIYHbI BLICOKHE KOHLIEHTpa-
UMK CTPYKTYpHOro amomMuHMsa W TuTaHa. Ha TJl-rpammax oBblueH HH3-
KoTemnepaTypHbii ik (170—230 °C), noytu Beerga 5ToT MUK — eJIHH-
crBeHHbIH. Ha MK-cnekTpax oTCYTCTBYIOT MONOCHI TOroILeHUA B obmac-
™ 2330—2390 cm™', xapaKTepuUsylOlIHe CBA3AHHYKW yIIeKHCIOTY. ITOT
KBapl o6nagaeT OTHOCHTENIBHO BBLICOKHMH cBeTonponyckanuem (23),
n. n. o. (0,058 %), ymepeHHbIM BoaHbIM nokaszatenem (3,18) [18—20].

Hapsany ¢ panHum Ge3pyOHBIM KBapueM [0YTH Beerga NpUcyTCTBYIOT
NOCTIPO/LY KTMBHbIE KBAPLIEBbIE XUJIbl Xa/IlelOHOBUAHOr 0 KBapua. B Tabn.
39 npuBeieHbl X BakHellIMe THIIOMOPGHbIE TTPU3HAKH,
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CprKTypbl TaKOTO0 KBaplia TOHKO3epHHCTLIE, HepeIKO CKPLITOKPHC-
TalUITHYeCKHe, TeKCTYypel — MacCHBHbIe, HeACHOpaJHaJIbHO-NTYUYHCTLIE,
HeACHOTIOoJIOCYAThIe, FI)Y6OHOHOCHaTbIG, CbeCTOHl[ﬂTbie. Onu HepeoKO CoO-
OepXKaT PpeNIMKThl PaHHero KBapla, Kanblura, dmioopuTa, cyiar hunos.
K YHCIIY BaXKHbIX THHOMOde}{bIX NPHU3HAKOB UX OTHOCATCH BbICOKHEe KOH-
LeHTpaluHH JINTHA, YMepeHHbIe — KaJIiAd W HaTpusda, HO BeIHYHUHBI OTHOILUE-
HHHM KOHLIEHTpalMH luesoyed —OAHM M3 cambix HU3KHUX. KoHueHTpauuu
PVOHBIX 3JIEMEHTOB oueHb HU3KHe. MIHTeHcuBHOCTh TJI M rasooTneneHue
HeobpyaiHO Bennku. MakcMMyM rasooTaeneHuss npuxoaurtea Ha 100—
200 °C, yTo cBHIETENLCTBYET O HM3KOTEMIEepaTypHOM WX 006pa3zoBaHHH
B OTJIMUME OT MOXOMKUX MO 0BIHKY KBapleBbIX arperaToB MecTOPOKICHUH
MaTornybuHHO# 3010To-cepebpsaHoil popmaLn.

3AKJINYEHHUE

H3yueHue KBapua MokKasbiBaeT GONBIUYI CIOXHOCTB JTOrO
MHHepana, yaMBHTelnbHoe pazHoobpasue ero cocTaBa U CBOHCTB, KOTOphle
W3MEHAITCA He CJIyuailHo, 4 B COOTBETCTBHH C H3MEHUYMBOCTHIO YCJIOBHHA
ero obpa3oBaHUA.

3akoHOMepHble M3MEHEHHMA COCTaBa M CBOMCTB KBapla B MNocielo-
BaTensHO OOpas’0OBAaHHBIX arperaTtax, YacTAX JKHJI, MeCTOPOXIEHMAX
U ux QOPMALMOHHEIX PAJAX NOKA3aJM €[HHCTBO PHYHAH 3TOTO ABJIEHUA.
KBapu GonbluMHCTBA PYOHBIX MeCTOPOXKIEHHH BbluenseTcA U3 GUIHIOB
B Y3KOM HHTepBaJjle TemriepaTyp, 4 TeMrepaTypbl Hayasja ero KpucTajulH-
3aiMK HaxojATcH B npexenax 450—380 °C; BepxHss TemnepaTypHas
rpanuua Jif [erMaTMToB W rpeizeHoB pocturaer 580 °C. 06 atoMm cBu-
NeTeJbCTBYIOT He TONbKO TeMMepaTypbl TOMOTeHH3alMH BKIIHOYEHHH,
HO M, Kak nokasana E. M. [lonomanoBa, penmukTel §-KBapua B g-KBaplie,
B YAaCTHOCTH, OJIOBOPYAHEIX MecTopoxaeHHHd. KoHLeHTpUpOBaHHOCTL Cy-
LIeCTBEHHO CHJIMKATHBIX (UIIOHMZOB IO NHUTepaTypHBIM AaHHeIM [16, 21,
27, 32—33 u gp.], a Takxe MO OaHHBIM DOJIBIIOro YMCIIA AHATTM30B COCTa-
Ba BKJIOUeHHH BapbupyeT oT 100 mo 600 r/xr H, O, uto ykaspiBaeT Ha
BO3MOXHOCTh  CYLIECTBOBaHNE CBOeoOPAa3HLIX DACCOIOB-PACIIIABOB  HITH
Marm, B KOTOPbIX INaBHLIMH KOMIIOHEHTAMH, BEPOATHO, ABJIAITCA KpeM-
HEKMCIIOThI, THIAPOOKCO-, THO-, XJIOPUIHbIE H (TOPHAHBIE KOMIUIEKChI
MeTau1oB. [IpH 3TOM XJIOpHOHO-HATPOBLIE PACTBOPLI THIIMYHEI [UIA MeCTO-
poxcueHuit cepebpa, 30n10Ta, BUCMYTa, CpeHerTyOHMHHBIX U MaJIor1y6uH-
HBIX MECTOPOMIeHHH onoBa, a (GTOPUIHO-HATPONUTHEBbLIE — IIJIA MeCTO-
PO IeHHH rnyOHHHBLIX H YacTbl0 cpeaHernyOHHHBIX — OJloBa, Bonbdpama,
monubpeHa U IerMaTUTOR,

Insa MecToposkieHHii 30710To-cepebpAHbIX hopMarmii oObYHO MaTpH-
el pyOoHOTo mnapareHe3uca fBIAETCA KBapIl CO CIOMCTHIMH CHJIIMKATaMH
WM ¢ 2y I9poM (HepenKo cybrpacdHueckod cTPYKTYpLI) , 4 IU1A Monube-
HOBBIX H OTYaCTH BOJIbPAMOBBIX H OJOBOPYAHBIX — KBapll ¢ MHKPOKJIIH-
Hom. [IpuMeuaTebHO, YTO KBAPL-TTOJIEBOLITNIATOBLIE KHIThI HAOII0IAI0TCA B
YCJIIOBUAX HEMOCPENCTBEHHOH CBA3H PYAHLIX KU ¢ MarMaTHYeCKHMH Tena-
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Md. Ha ogHoM M3 Gnu3anoBepXHOCTHBIX MECTOPOXIeHui cepebpa Habmio-
AaJINCh TNPpAMBbIe nepexonsl OT KHCIbIX BQ)d)yBHBOB K anynap-KBapueBbIM
HHUIIAM ¢ cyBrpaduyecKMMM CPacTaHHMAMH KBapua H [10JeBOTO 1unara
(anynsap), a Takxe KOHIEHTPHYECKH-30HAJIbHbIE BbLAE/IEHUA C [AJIEHMT-
chanepuToBbiMH AapamMu, 06NeKAEMBIMH PHTMHYHO MOBTOPAKIIMMHUCA
obonmouxamu ajynspa, pyaHblXx MHHepaioB H Ksapua. [Tono6xas nocrne-
AOBATENBHOCTD, BBIpaMaKIUAACA B PHTMHYHOM IOBTOPEHHH TpHUadbl:
AMOMOCUHIMKATLl — cyibhuael (caMOpoOjHble 3MeMeHTbl) — KBapll, B
MPUHIATIE eMHA [UIA MeCTOPOKAEHMH ManoriayOMHHBIX 30710TO-ceped-
PAHBIX U 30110TO-cepebpAHO-TONUMeTALITMYEC KUK (QOpMAaLIHI.

B MecTopoXaeHnAx, riae ycTaHoBeHB! (auuaibHble Tepexofbl OT
cpefHernyOUHHBIX K mManornybuuHbiM  (IIMpokMHCKDe pyIHOe MOIe;
nanuslie B.C. Kopmunuubina u A.A. Misanosoil, 1968 r.), nosnxue 6mus-
NOBEPXHOCTHBIE JKHIBI TOJMMETAIHYECKHX Py PHTMHYHO-TIONOCYATON
M KOJJIOMOP(HOH TEKCTYDPBI CNaraioTcA TPHAAAMM: CHIEpHUT (¢ NpHUMeCcki
cynebungos) — cynbuabl (C TPUMECHI0 CHOEpHTa M KBapua) — KBapy
(¢ mpHMecsAMH MapraiiloBHCTOTO [OoloMuTa). B MecTopoxaeHusAx riny-
OMHHBIX M CpeIHerTyOMHHBIX (opmMauuil 3Ta TpHaga BbipakeHa crnabee,
HO B KMIax MecTopoxueHuil monubaena (ByrmavHckoe, KupekeHckoe)
OHa COCTOHT M3 MHKPOKJIMHA, MOJHMOOEHHTAa (+ XaIbKOMNUPHT) M KBapua
(+ dmoopur), 0BOpasyLME [OCHE0BATEIBHO CMEHANIMeCHd accollua-
UMM ¥ MX arperaThi. JTa ODWIHOCTh MOCIEIOBATENIBHOCTH CMEHLI OIlpe-
JIeJIeHHBIX TPYIN MHHepalioB oOyc/IOBIIeHa eJUHON [ BCeX YKa3aHHbIX
THIIOB MECTOPOXM(IEHHH HanpaBleHHOCThI0 IBONIOLMH PYIOTeHepPHPYIOILIHX
¢(bMOUIOB B CBA3M ¢ PUTMHYHOW CMeHOHW paBHOBecHH Ha (OHe CHUIKeHHA
temnepatryp. o 400 °C Bo dtionne Bce KOMIOHEHTbI HAXOAATCH B HOH-
HOM (opMe, a 3aTeM HACTymaeT Iporpeccupyilee GopMHUpoOBaHHe KOJI-
JIOWJIHBIX KPeMHEeKHCIIODOAHBIX CHCTEM ¢ MmeTanjaamMu. B yacTHoCTH,
MOCTOAHHAA COBMECTHAA BCTpeuaeMocTh 30n0Ta, cepebpa W KBapla
pAnoM wuccienosateneit [29 M Ap.] cBA3LIBaeTcA €O cTAGWMIHM3HpYROLIEH
POJIBI0 30/IA KpeMHe3deMa BCle[CcTBHEe afcopOUHOHHBIX B3aHMOJEHCTBHIH
KONNOWIHBIX METAIUIOB, OCBODOKIAIUINXCA NPH OUCCOLMALIMN UX KOMII-
JNEKCHBIX COeIMHeHMH, ¢ kpemHekucrnotamu. 3onu Si0O; dwmeior cnabo-
KHC/IBIH XapakKTep, W NOBbllleHHe OTHOCHTEeNBHOH KOHLEHTPALMH aIH0MH-
HHUA W LeNoYel crnocobCTBYeT MX KOaryjAudu u obpasoBaHuio Mose-
BOrO 1UIATA H CJIOMCTBIX CHJIMKATOB B pe3aynbTaTe 3aMelleHWA B MOHO-
Mepax KPeMHHEBBLIX KUCIOT KPeMHHA aJIIOMHHHAEM, & THAPOKCHIIA KaJlueM,
HAaTpHeM WIH JMTHeM. DTOT Mpolecc B CBA3M C NEPHOAHYECKHM H3Me-
HEHHEM COOTHOLLIEHHI KOHIEHTPalUH KPeMHEeKHCIIOT, ieflo4eld U alloMH-
HUA MOXKET MOBTOPATLCA MHOTOKPATHO IO Mepe pacXxoHoBaHHA B CHC-
TeMe W Nepexo/ia B TBepayio ¢a3y NPUMECHBIX KOMIIQHEHTOB.

XanbkothunbHele U ApyrHe pyJiHble KOMIIOHEHThbI BbIIAJAKT U3 pacT-
BOpa B MOMEHTHl Pe3KUX M3MeHeHWH TemmepaTyp (nepBble reHepaudd
PYIHBIX MHHepalloB), a 3ateM — pH Ha (hoHe nocTeneHHbIX H3MeHEHHH
TeMIlepaTyp (TMocleaywiue reHepauuy), obpa3ys CKOINIEHMA Ha nepe-
X0Iax OT MO3AHMX CYIIECTBEHHO KBAPLEBBIX YacTeH PUTMOB U CI0€B
K Haualy MOCHeaymlmMx, OOOTalleHHBIX [JIMHO3eMOM ¢ LIeJIoUaMH.
Tlpu 3TOM MaccoBoe BbINajieHHe PYIHBIX KOMIIOHEHTOB MoxeT ObITh 00yce-
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JIOBJIEHO BBICOKO#H afcopOUMOHHOI CrIOCOGHOCTBIO CIIOHCTBIX CHIIMKATOB,
obnamamuMx 60nb1LIOH NOBEPXHOCTHI0 H MANOH KHCJIOTHOCTBIO.

B HavanbHOH cTaguu 3BOJIIOLMHM pacrpejefieHHe allOMHHHA, lleodYeH
M DPYOHBIX 37IEMEHTOB B CYLIECTBEHHO CHJIMKATHOH CHCTeMe O1HOCHTellb-
HO PaBHOMEPHO 10 BceMy ee o6bemy. [ToaTomy B nepBhle MOMEHThI BHEI-
peHuAa ¢uoHaa B TPELMHY M3 Hee cOpachIBalOTCA B NMPUKOHTAKTOBBIX
YAaCTAX TONBKO UYYKEPOJHble [JIA Hee KOMITIOHEeHThI, OTHOCHTENIbBHO KOTO-
PBIX OHA MepechlleHa (cepa, MbILBAK, CYpbMa, Kelle30, Bonbdpam, oro-
BO, MosmubaeH, 3010To, cepebpo ¥ XanbKOQHIbI, a TaKKe TIHHO3EM H
wenoun). ITO M HAXOOMT OTpa)keHHe B BBbIJETeHHH PaHHHUX KOMIIOHEH-
TOB TpHaJ PUTMHYHBLIX MMOCTPOEK B OKOJOKOHTAKTOBBIX YaCTAX JKHIL.

IMocne - 3arBepaeBaHUA MPHKOHTAKTOBBIX M BepPXHUX MepeloBbIX yac-
Tei donpa neHoOH HecoBepLIEHCTBA PAHHUX FeHepalHii TPA3HOro KBapla
M TOHKO3EPHHMCTBIX arperaToB pyAHbLIX MHUHepanoB (o6GbluHO Habmoma-
eMoe fABJIEHHe B KBapLEBbIX >KWNax MecTOpoKAeHHH Bonbdpama, ono-
Ba, MonubneHa, 30n0Ta, cepebpa, NMONIMMETAINIOB) CHCTeMa pa3sBHBAaeTCA
B YCIOBHAX OTHOCHTeNbHOH KoHconmupauwu. Ilpomomkatomanca GvlcTpas
TEIUI00TAAYa M Hera3alyA NpUBOJAAT K NOBLILEHHIO KOHUEHTpauuu dou-
Jla ¥ ero reTeporeHU3alMd HA pas’HLIX YPOBHAX: IPYIN arperatroB (cioes
C KpHBOJHHEeHHBIMH (hecTOHYATBIMH TIpaHHMLAMHM pasjiela) H MHKPO-
arperaTtoB ¢ obpazoBanueM cybOcdepuueckux cerperammi. ObpazoBaHue
KPHBOJIHHEHHEBIX [OBEPXHOCTEH pa3pgesla B OAHHBIX YCJIOBMAX 3HeEpreTH-
YeCKH BBITOJHO.

[Tponeccrl KpuCTA/UIM3aUUMU BKIHOUYaT (a3sl NOJIUMePH3aUMH KpeM-
HEKHCIIOT, KaK 3TO nokasaHo B paborax B.C. KopmunuusiHa, ®.A. Jlet-
HuKoBa, B.A. HapceeBa u npyrux uccnegobarteneil. Ha xoHeuHbIx cTaguax
MUHepasiooOpa3oBaHHe HIEeT M3 HCTHHHBIX CI1aboKOHUEHTPHPOBaHHBIX
OCTATOUHBIX PACTBOPOB, COJEpXalMX OOBIYHO TMpPHMeECHbIE 3J1eMEeHTHI B
KOJIHYECTBAaX, COM3MEPHUMBIX C H30MOP(PHOH BMECTHMOCTBI pellleTKH
KBaplia, ¥ OHH BXOJAT B ero cTpyKTypy. B ciyuae BhICOKHX HX KOHLIEHT-
pauMii OHM JAKT KPYNHble KPHUCTAUIBLB TOM 4YMCIe [O3OHEero 3050Ta,
nUpMTa, cynbdoconei, KapGOHATOB U Ip.

DBONUMA MHHepPanooOpa3yoLMX CHCTEM — MPOLECC KBAHTOBAHHBIN
B CMbIC/Ie PHTMHYHO-NEPHOJMYECKOrO BbIIEJIEHHA M paclpejefleHusA
BellleCTBa, pPa3MepPOB MHHepasbHbIX HHOMBHAOB M arperaTtos, crnocoba
3aMojHeHHA HMH MPOCTPAHCTBA. JTO 4YEeTKO MPOABIEHO He TOJbKO B XKH-
nax pyOHBIX MecTopoxaeHw# (Au, Ag, Bi, Sn, W u ap.), HO 4 Ha Gonb-
IIMHCTBE MOUILHBIX (QIIOOPHTOBLIX MeCTOPOXXIeHHH, Bo (rniopHUT-ame-
THMCTOBBIX JKMIIaX, B araTax H Ip.

Haunbonee npocro paccMOTpeHHbIH MeXaHM3M KPHCTAJUIM3ALMH pac-
wH(pPOBLIBAETCA MPH U3YUYEHHH MOJOMBIX, ellie MeTacTaDuIbHBIX, HEMeTa-
MOP(H30BaHHBIX CYILUECTBEHHO KBApUEBbIX XHJI MeCTOPOKIEHHH MaJlo-
rnybuHHbIX  opmanui. PelMKTBI PHTMHYHO IIOCTPOEHHBIX ArperaToB
COXpaHAKTCA B KBAaplEBBIX JKWIAX MeTaMOpP(H30BAHHBIX MeCTOPOMXKHe-
HHH. DIeMEHTBI PUTMHYHO-NIEPHOAMYECKOTO (MPEHMYLLIECTBEHHO MaKpo-
CKOMUYECKOro) pacrpee/ieHud BellecTBa HabnwpaioTcAa B OONbLUMHCTBE
MeCTOPOXKJIIeHHH oJioBa, BoibdpaMa, B CcKapHax U nermarurax. [Ipuum-
HY ero MHOTHe HcclleoBaTell BUOAT B MeTacomMaTHyeckoH auddepeHs
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umamny. He oTpuuas mertacomatnueckod mudepeHuManMy BellecTsa
B CKAapHAX, OKOJOPYAHOH3MeHeHHBIX MopoJax U T. H., bonee BepoATHLIM
cnenyeT Npu3HaTh (00 3TOM CBMAETENbCTBYHT MHOTOUHCIEHHEIE HaKTh),
4yTOo OGONBWMHCTBO pPYIHBIX KK €CThb DPe3YIbTaT KPHCTAIH3AHOHHOM
puddepeHIHaLNK CYILECTBEHHO CHIMKATHBIX PacTBOPOB-pacIulaBOB, Mpo-
XOAAILIHX Ha OMNpedelleHHbIX  3Tanax 3BONIOIHM CTAOHI0 KOJUIOHIHOIO
cocroanua [37], xoTopoe ABNAETCA NMHILL 3AIMTHOMN peaklved MHHepa-
nooOpa3ylouux cHCTeM, [MONANAUIMX B YC/IOBMA ¢ GOMBLIIMME IDajiHeH-
TaMH TeMIlepaTyp H AaBIeHHH,

Xop 3BONMIOUMH MHHepanoo6pa3yioIMX CHCTEM, BpPEMEHHAA Mocie-
[OOBaTeIbHOCTh MOABJIEHHA MPOAYKTOB MHHEepalooOpa3oBaHUA 3aBHCAT
He CTOJIBKO OT abCOIOTHBIX 3HAUEHHI TePMOOMHAMHUYECKHMX MapameT-
pOB, CKO/IbBKO OT CKOPOCTEH HX H3MeHEeHHHA, TPaIHeHTOR, ONpeaeAl0IHX-
cA rayoOMHOH MM TeKTOHHuecKoH o6craHoBKON. M3MeHUMBOCTH MHMHEpa-
noo®pasymwiieil cpeibl NPUBOAUT, B CBOK Ouepenb, K 3aKOHOMEPHOH M3-
MEeHUHBOCTH COCTaBa, COOTHOIUEHWH CTPYKTYPHBIX H HeCTPYKTYPHEIX
rnpuMeceil ¥ CBOMCTB KBapua, oTpaalouleiicA uepes ycToHuMBbIE mpepe-
Nl MX BapuauMi. ITH ripenesbl ABIAKTCA THIOMOPGHbLIMH MPH3HAKAMHU
yCJIOBHH MHHepanooGpa3’oBaHMA, KOTOPBIM COOTBETCTBYIOT OIpeeNeH-
HBI€ THIIbl MECTOPOXKIEHHUH B pANaX PYIHBIX (hopMatuii.

BaxHeiiuumMH THNOMODGHBIMH NpPH3HAKaMH, KoTopele HabmoparoT-
CA HeNOCPeICTBEHHO B IOJIEBBIX YCIOBHAX, ABIAKTCA CTPYKTYPhI ¥ TEKC-
TYpbl arperaToB: [POCTble MeNKOKPHUCTAUIMYECKHe, MeNKO-U KpYIHO-
3€pHHUCTbIe, FPaHOONAaCTOBbIe, PA3HO3ePHHCTLIE, TOJICTOLIECTOBAThLIE, Ipe-
GeHuaThble, IPY30BUIHbIE U IPAHYJIALMOHHbIE XAPAKTEPHBI IUIA MECTOPOXK-
OEeHHH CcpelHernyOHHHBIX GopMauuii, a TOHKO- H MHKPO3epHHCTEIe Mac-
CHBHbI® (MHKpOC(epoIHTOBLIe), TOHKODPHUTMHYHO-TIONOCYATEIe, decToH-
yaTble (MHKpocdepoauToBhie, TOHKOILECTOBAThIe), IUIACTHHYAThIE (CKe-
neTHbIe, KAPKAacHble) W CBA3AHHBIE ¢ HUMH MTOCTeNeHHBIMHU [TepeX0odaMH —
MOKa3aTellH MeCTOPOXKAEHHH MaslornybuHHOH dopMauny; pPHTMHYHO-
nosiocyaTble, ecToHuaThle, chepoIMTOBbIe (pagHalbHO-IY4YHCThIE), B KO-
TOPLIX HMHAMBHIBI KBapla B LIeCTOBATBIX CPOCTKAX NPeUMMYLLECTBEHHO
no ocu ¢ umewnT pasMmeps! Gomee 1—5 MM, HO HAXOOATCA B ACCOLMALMH
C [OJ0CAMM XJIOPUTA, THAPOCIION, aAyJiApa, ABIAKTCA IOKa3aTeaAMH
MECTOPOXIEHHH, MepexoHbIX OT CpegHernyOMHHBIX K MaloriyOHH-
HbIM.

[To pasmepam 3epeH M UBETY 3epPHHCTOrO KBaplia pa3/H4aloTCA ero
arperathbl, CBA3aHHbIe C PAa3MYHBIMH daiuAMu MeTaMopu3Ma: TMraHTo-
3ePHUCTHIH CTeKJIOBHAHBIA CBETJIO-AbIMYATBLIH M IPaHyIHPOBAHHBLIA Cpef-
HEe3epHMCTLIM MpHCYLl albMaHauH-aMbpubonuToBoit dauuu, a MONOYHO-
Genblii I'MranTo-, KpyrnHo- ¥ CpellHe3epHMCTBIH M MMKPOTpaHyIHpOBaH-
HbIH — dauMu 3eNeHbIX CIaHLEeB.

'HraHTO3epHUCTLIH KBapu ¢ IpPY30BHIHOW TeKCTypo#d W ciiabo pas-
BUTOM IpaHyJiAlMell YKa3blBaeT Ha BEPOATHCCTh CBA3H C HUM MeCTOpOX-
OEeHWH FOPHOTO XPYCTAIA.

IlnA 30MOTOHOCHOrO KBapua CpeaHernyOHHHBIX MeCcTOpPOXIeHHH
XapaKTepHbI yallle Bcero gedopMauioHHble CTPYKTYPBI C He3aBeplieHHOH
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rpaHyiAuuei, 1 KPUTEpHAMH ero ABJIANTCA Pa3HO3EepPHUCTOCTh, BOJIHHC-
TOe, NapKeTHoe H MO3aMyHOe yracaHue H GJI0KOBaHHOCTS.

BaxcHbIMH THMOMOP(HBIMH CBOMCTBAMH KBaplia ABIAITCA UBET U Tep-
MOJIOMHHECHEeHUHA ., H3mMeHUHMBOCTH OKpackKu B pﬁny MOPHOH — [ObIM-
4aTblit KBapl — LUTPHH - FOPHBIA XpycTank oTpaxaeT MoHuxkeHwe pH B
npouecce Kpuctawinsaimy. [ToABneHne K KOHIY pocTa ObIMYaThIX H aMe-
TUCTOBBIX OKPAacOK CBHIETENLCTBYET O JIOKAIBHOM TIOBbILIEHHH 1Leoy-
HOCTH, & aMeTHCT elle XapaKTepu3dyeT M MOBbILIEHHE MAPLUHANBHOTO OaB-
NeHHA KHCIOopOoJA MW yKasbiBaeT HA ONMHU3NOBEpXHOCTHbIe ycinoBHA., Pas-
BHTHEe aMeTHCTa Ha 3aK/IOYHMTENbHBIX CTAOHAX (OPMHPOBAHHA DPYIHBIX
KW, B ofOweM croydae, — nokasaTens Hebonblux raybuH ux obpaszo-
BaHMA.

BenuunMna cTemeHH coBepiueHcTBa cTpyKTypel (CKC) okasanace
Ype3BbIUAHHO MHQOPMATHBHOH OTHOCHTENBHO OmpeneneHMs daumit rny-
OHHHOCTH H CKOPOCTH KPHCTA/UTH3ALHH.

ETJI AaBnaeTcA OQHHM U3 KPUTEpHEB OLIEHKHM OTHOCHTENBHBIX I'myOHH
KPHMCTA/UIM3aLIHH, & TaKjKe IPUCYTCTBHA TeX WM MHBIX THIOMOPGMHBIX
npumeceid. TUnoMopdHBIMH NpH3HAKAMH KBapua W3 MeCcTOPOXIeHHH
Pa3IMUHBIX PyAHBLIX Gopmaimil asnATcA dopMel ero TJI-rpamm, Ilo HuUM
e MOXMHO CyOMThR O KauecTBe KPHCTAJUIOCHIDbA H BEpPOATHOH 30JI0TO-
HocHocTH, K THnomopdHeM npusHakam oTtHocATcea MK-cnexTpel #ainb-
HOro KBapia, KOJMHUYEeCTBO M XapaKTep BbIJENeHHA U3 Hero yrileKHCIoThbl
H BOJbl, BapHALIMHX €ro NeoXMMHUYECKOH CrenHanu3auuy Kak JUToduis-
HBIMH, 14K M PYOHBIMH 3JIeMeHTaMu. BaxkHeiline U3 nocjiegHux — U30-
mMopdHble aJIIOMMHMNA, TUTAH M TepMaHui, HATPUHA M JIMTHHA, a TaKxe Ka-
nu#, cepebpo, Mens, cBUHEL, cypbMa. BajkHO COOTHOLIEHHE CTPYKTYPHBIX
W HECTPYKTYPHLIX NpHUMecei,

Kax TtunomopdHble NMPHU3HAKH KBapla, XapaKTepH3ylollue IIpHHAl-
JIEKHOCTh €ro K MeCTOPOXKIEHMAM OIIpefieleHHBIX PYMHBIX (hopMauui,
MOKHO paccMaTpHBaTh €ro 3JeKTpPHYeCKHe CBOHCTBA: NHAIEKTPHYECKYHO
MPOHHLIAEMOCTh M H3MEHUMEOCTh 3MEeKTPONPOBOMHOCTH NPH HarpeBaHHH.

Hsyuenue tunomopdusMa KBaplia elile JaJIeKO OT 3aBeplUeHHdA, HO
€CTh BCe OCHOBaHMSA OXHIATh, YTO B Onmkaiilliee BpeMs MMOABHUTCA BO3-
MOJKHOCTB C YCTIeXOM IIPDMMEHATh KpUTepHH OLEHKH pYIOHOCHOCTH
KBapU.eBle HKHII, YCTAHOBJIEHHbIE HA OCHOBE CHCTeéMaTHYeCKOI'o H3yUeHHHA
BapvalUMi ero CBOMCTB M COCTaBa C HCIOJNIB30BaHHEM MMHepalorHyec-
KOro KapTUPOBaHHMA, HAa BCeX 3Tanax H3y4YeHHA MecTOPOMOEHHMH — OT Mo-
HCKOBO-OLIEHOYHBIX paboT J0 mOeTasbHOM pasBedKH H JKCIUTyaTalluH,
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YBaxxaemblil ToBapHLL!

U3JJATE/IbCTBO "HEJIIPA”
FOTOBHUT K TEYATH — HOBBIE KHUI'H

EOPEMOBA C. B., CTA®EEB K.I'. llerpoxumuiecKkHe MeTOObI HCCIeNOBaHMA
ropHbix nopoix: Cnpasounoe nocobue, 40 1. 2 p. 40 k.

PaccMOTpeHB! COCTABHBIE YACTH FOPHBIX IMOPOZ, BhIpaKaeMble B BUIle OKHCIOB,
obmre OCODEHHOCTH XMMHIMa MArMaTHYeCKHX, OCALOMHBIX M MeTaMOpdHUECKHX
FOPHBIX MOPOI, MX CPeHHe COCTaBhi, CriocobbI MepecyeTos, a Takxke HIODpaKEHHA
XMMHUYECKMX COCTABOB IOPHBLIX NMOPOJ Ha gHarpaMmax (OuHapsble, UrypHsle, Toueu-
Hble, TPeyrojibHhle, MMPAMOYTO/IbHbIe, CTonbuaTble, YeTBepHbIE, MNapareHeTHUeCKHe
M Ap.) ¥ 3HauyeHHe Pa3NMUHLIX AHATPAMM [JIA NEeTPONOTHYeCcKOro aHanu3a FOPHBIX
nopon. llpuBeneHsl HOBble METOAbIC  HCMOJb30BAHWEM MAaTeMaTHYeCKOro anmnapara
u 3BM. Ilocobue B TakoM nosHoM obbemMe BbINYCKaeTcA BlepBslie.

Ilna reonoroe M nerporpaoE, 3aHHMAKLIHMXCA UCCIeN0BaHHEM TOPHBIX NOPOX,
CTEUHANHMCTOB PANA CMEXHBIX HaykK, MoxeT ObITe HMCNONB30BAHO MPENogaBaTensiMH
M CTYdeHTAMu Fe0IOrHYeCKHX CrellHaNbHOCTeH BY30B H YHHBEPCHTETOSR.

KAHTOP B.3. Munepan pacckaisiBaer o cebe. 10 1. 30 k.

B nonynsapuoii dropme usnomenr ocHoBHbIE BONPOCH MOD(OIOTHY MUHepaJion
u 06pa3soBaHuA NPUPOAHBIX KpHCTaanoB. JlaHbl HavaibHble MOHATHA KpUCTaNn10rpa-
dbyu 1 HeoBxoguMbie cBeneHUA © KpucTaniorpadpmieckux Gopmax muHepanos. Onu-
CaHbl 3apOXUeHHe U POCT NPHPOAHBIX KpucTamnos. OXapaKTepu3oHaHEI MUHePaTh-
Hble HHIOHBHABLI M arperatsl, HX BO3HHKHOBEHHe, POCT H Pa3BHTHE B 3aBHCHMOCTH OT
YCAOBHA KpHCTasumaatmm. OcBelleHL! MeTodbl M 3HaueHHe H3VUEHHA DPA3BIHYHRIX
MuHepankHeIX Gopm. Ha npumepe HanGomnee u3mecTibix MHHEepanoB [oKa3aHo, KakK
¢popMa KPHCTANNOB U MX OCOBEHHOCTH NO3IBOMAIOT pacurnd poBath yenoBun hopmu-
])OHaHHﬂ MHHepanoB,

IinA WIHPKOTo KpPyra unTaTeneit, HHTEPEeCYIOILMXCH MPHPOIHBIMH KaMHAMHE,



KJIACCUOUKAIIMA nyuHeix marmaThueckux nopon. Boratukos O.A., ToHs-
waxosa B.H., ®pux-Xap JI.H. 1 ap. 7 n. 35 .

Briepsble ocyllecTBieHa KnaccubHUKaLMA JYHHBIX MArMaTHUeCKHX NOPOM Hi Oc-
HOBe MPUHLIMIOB, anpobHPOBAHHBIX MPH CHCTeMaTHKe 3eMHBIX o6pa3oBaHuii U ¢ npy-
MeHeHHeM MeTOHOB MATeMaTHueCKoll cTaTHCTMKH. [lomo6HBIH yHU(HUMPOBAHHBIR
NOOXON He TONLKO NMoAYepKHBaeT oOLIHOCT, Marmatu3ama 3emnu i JIyHel, HO M no3-
BOJIAET KOPPeKTHPOBATh HA OCHOBAHHM OMBITA M3y4YeHWHA 3eMHBIX MOPOJ BhlJeNeHHe
TAKCOHOMMYeCKHX o pa3aeneHHii JYHHbIX [OPOJ] H CPAaBHUBATE HX C ONHOHMeHHbIMH
3emMHbIMU. Kak U ansa 3emMHbIX nopop KnaccHPHKAUMA NYHHBIX MarMaTHUeCKHX Io-
POAO 1aeTcA Ha XMMHKO-MHHEPaJOrHYeCKOH OCHOBe H ABJIAETCA MHOIOCTYMeH4YaTOM.

JInA reonoroB pa3sNHUHbIX CMELMANLHOCTEH: NeTpoJIoros, neTporpadgos, NIaHeTO-
N0roB.

MAPXHHHH E.K. Bynkauusm. 20 n., 3 p. 40 k.

Bynkanuiam oxapakTtepuioBaH KaK NPHPOJHOe ABJeHHe, NpHCYLlee He TOIBKO
3emne, HO U APYTrHM KocmueckuM Tenam (JlyHe, Mapcy, Mepkypuio, Betepe, ciyT-
Huxam HnuTtepa), BhicKa3aHO MHeHHe, YTO BYJIKAHHIM — 3T0 (hopMa pasBHTHA [UIa-
HeT. PaccMOTpeHb! cOBpeMeHHbIe BYNKaHHUeCKHe MPOLEecchl Ha 3eMule, ONMCaHb! Npo-
OYKThI BYJIKAHH3MAa, KaK CHIIMKATHEIE, TAK W neryude. Ha ocHoBe Merona akTyanuama
npoc/ekeiio pasBHTHe BYIKaHW3Ma B HCTOPHH 3eMJIH OT apXed 00 HOBeMIlIero BpeMe-
Hu. Ocpelllena poss BynKaHu3mMa B GOPMHUPOBAHHM BHeLUHHX 06onodeK nuaHeTn! (Ko-
poi, runpocdepsl B atmocdiepb) ero 3HaudeHde NnA 0Opa3zoBaHUA pa3NHUHBIX THNOB
MeCTOPOXIAEeHHH MOJIe3HLIX HCKOMAeMbIX, POJIb BYJIKAHHYECKHX MPOLECCOB B BO3HHK-
HOBEHHH XXH3HH Ha SeMie.

Ina reonoros, reopy3nKoB, reOXUMHKOB, OKEAHOJNOTrOB W reorpad)oB; MoOxeT
OBITH HCMIONIB30BAHA CTYIEHTAMM COOTBETCTBYIOLHX CleLHanbHOCTeN.

Hurepecyiouwue Bac xnueu Bbl Mmoxere npeobpectu 8 MecTHBIX KHUNHBIX Md2d-
JUHEX, PACNPOCTPAHANUYUX HAVIHO-TEXHUNECKYI0 AUTEPATYPY, WAU 3AKA3ATb Yepes
orden "Knuea—nouroi "’ Macazunos:

N 17 — 199178, Jlenunepad, B.0., Cpednuii npocnexr, 61;

N59 — 127412, Mockea, Koposukcxoe wocce, 20

H3oareavcreo "Hedpa”






