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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
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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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