KOpPCHHbIX MarMaTturax, Tak 1 B aJlUIlOBU-
AbHBIX OTIO0KEHHUIX. YCTAaHOBJICHBI
OPYNTHUBHBIC 6pe1<‘n/m, HEMEHT KOTOPLIX
MPEACTaBIEH KJIMHOXJIOP-CEPIEeHTUH-
(GIIOroNUT-KaJIBIUT-THONICUI0BOI acco-
uuanueii. MuHepanbl-COyTHUKH TIPE.-
CTaBJICHBl XPOMJHUOIICHUIOM, IPOCCYIISI-
POM, KO3CUTOM, TEPOBCKUTOM, Zn—Fe-
LIMHWHENbI0, IUNIATUHOM, a TaKKe conuep-
KallluM OKCHJ] HUHKa XPOMUCTBIM Mar-
HETUTOM — CIIYTHUKOM 6OJ'II)IJJI/IHCTBa
alIMa30HOCHBIX MECTOPOXKACHUI MHupa.
Pexxe BcTpedaroTcst NUPOI U MUKPOUIIb-
MeHuT. B accoualgmu C M3YUYCHHBIMU
HaMu KUMOepiuTaMu HaOJIIoatoTCst Kap-
OOHATHTHI, CBA3aHHBIC OOIITHOCTHIO TEP-
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PAJIHOCNEKTPOCKONHA XHMbHOTO KBAPLA
0 TOPHOTD XPYCTARH NPUNONAPHOID YPAJA

I[lepBbie pabOTHI M0 M3Yy4YEHHIO KBapLa
[pynonsapHoro Ypaina METOIOM 3JIEKTPOH-
HOrO mnapaMarHuTHoro pesonanca (OI1P)
ObuTH BhIMONIHEHBI B 60—70-¢ 1. U. JI.
KomoBem, A.W. HosokwioBbv, M.H.
CamotinoBuuem, JI. H. Xerurkorbim, JI. W.
unobepom [2, 3 u ap.]. Torma rmaBHOe
BHHUMaHHUE HUCCIIEZ0BATENH YA TOPHO-
My XpycTaito (B HeM ObUIM YCTaHOBJICHBI
OCHOBHBIC TMapaMarHUTHBIC HCHTPbI U HE-
KOTOpbIe 0COOEHHOCTH MX paclpe/iesieHust
BHYTpH HMHIUBHIOB). bonee neransHoe
H3ydeHHE U TOPHOTO XPYCTAI, U KUIBHO-
ro kBapua nosasee nposeneHo B. I1. JIro-
ToeBbIM [7]. IlomydeHbl HOBBIE JTaHHBIE O
CO6CTBeHH])IX 1 NPUMECHBIX IMapaMarHuT-
HBIX LIEHTpax B KBaplle, ONPEAeIeHbI KOH-
HCHTpalM LHEHTPOB B OCHOBHBLIX THUIIAX
YKUJIBHOTO KBaplia ¥ TOPHOTO XPYCTass, Bbl-
SIBJIEHBI 3aKOHOMEPHOCTU HX pacrpererne-
HUA B NIpeAciax »Kujl, OTMEYCHbI HCKOTO-
pble SBOJIOLMOHHBIE 3aKOHOMEPHOCTH.

B Hacrosnee BpeMsi HaMH IIPOAOJDKE-
HO H3y4YeHHE IPUMECHBIX Je(PEKTOB B
YKIJTBHOM KBaplle U TOPHOM XpycTaie Ipu-
MOJAPHOYPATIbCKUX MECTOPOXKICHUH. 3a-
Jlayeil UCCIIEIOBAaHUM SABJIAJIACh OLCHKA
COJIEP)KaHUsI OCHOBHBIX CTPYKTYPHBIX
JJIEMEHTOB-TIPUMECEN B IIPOMBIIUIEHHBIX
U TIOTEHIMAJIbHO MPOMBIIUIEHHBIX THIIAX
JKWJIBHOI'O KBapua. K takoBbIM OTHOCSAT-
Csl TUTAHTO3EPHUCTHIA MOJIOYHO-OCITBIN U
IIPO3PAYHbI KWIbHBIM KBApPLl, B TOM 4UC-
JIe ero BBICOKOMNPO3pauHble Pa3HOCTH, Ipa-
HYJMPOBAHHBII KBapLl, [EPBUYHO-MEIIKO-
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3EPHUCTBIM KBapll, a TAKKE TOPHBIA Xpyc-
Taib. B pabodyro KOJUICKIIO ObLIO BKITFO-
YEHO OKOJIO COTHM O0pasLioB KBapla, OTo-
OpaHHOTO Ha MecTOpoKIeHMsIX (XKeman-
Hoe, Hukonaiimop, LlentpansHas Jlamya,
Hentpansubiii n Bepxanit [lapayk) u He-
KOTOPBIX KBapLEBOXKUJIBHBIX MPOSBICHH-
sIX BepXHEKOKHUMCKOrO paiioHa.
HccnenoBanus NPOBOAWIINCH METO-
JIOM 3JIEKTPOHHOTO MapaMarHUTHOTO pe-
3oHaHca (OI1P) HAa TOPOIIKOBBIX IIpera-
parax KBapia (paguocreKTpoMeTp X-au-
amazona SE/X-2547). ComepxaHue CTpyK-
TYPHBIX NIPUMECEH aTFOMUHUS M T€pMaHUs
B KBapIle OLICHUBAIOCH 110 CTaHIAPTHON
METOJMKE Ha OCHOBE M3MEPEHHsI KOHIICH-
Tpauui CBA3aHHBIX C HUMH ITapaMarHWT-
HBIX 1eHTpOB [12]. Takue neHTpsI 00pa-
3yIOTCSl TIPH PaJUalliOHHOM OOJIy4eHUH
KBapl@a 1 00yCIIOBIECHbI BO3HUKHOBEHUEM
obracTeil ¢ JIOKATbHBIM H30BITKOM 3JIEKT-
PHYECKOTO 3apsia Npu n30MOp(HHOM 3a-
MEILIECHNN TPUMECSIMH AFOMUHHUSA U Tep-
MaHHsI MOHOB KPEMHHS B CTPYKTYpE MH-
Hepana. [IpenBapuTenbHas MOArOTOBKA
npo0 BKIFOYaa ApoOiIeHne u oTOOp Mo-
HOMMHEPAIBHBIX KBaplEBbIX (paknuii,
MIPOMBIBKY KPYIIKH B COJISTHOW KHCIIOTE U
JMCTWUIMPOBAaHHON BoE, CylKy. Jis ak-
THBAIMN TPUMECHBIX AE(EKTOB U TIepe-
BOJIa MX B MAPAMATHUTHOE COCTOSIHUE TIPHU-
MEHIach MpOLEypa paAnaliOHHO-TEp-
MHYECKOTO BO3ICHCTBHS, BKJIIOYAIOIIAS
BBICOKOTEMITEPaTypHBIIl OTXKHUI IIPO0 C
TIOCTICAYIOIM TaMMa-o0JydeHreM. Tak,

BbIABIICHYE [IPUMECEH AFOMUHUSA B CTPYK-
Type KBaplia IPOM3BOJMWIOCH CIIEAYIOIIIM
00pa3oM: MpoObI KBapiia OTIKUTAIKUCH B
TedeHne Jaca npu temreparype 500 °C u
0o0nMyyanuce 1030W TraMMma-iIydeid B
30 Mpan. Takas npoueaypa OpUBOJUT K
WHTEHCHBHOMY 3aXBaTy Ae(EKTaMH CBO-
OOIHBIX ANEKTPOHOB, WM JBIPOK U 0bec-
MEYNBACT MEPEXOJ] PETYISAPHBIX AFOMO-
IIEJIOYHBIX KOMIUIEKCOB B IapaMarHuT-
ubie [AlO,]0-meHTphl, MX KOHIEHTpa-
nua — C,. Kpome Toro, npoBomics Bbl-
COKOTEMIIEpAaTypHBI OTKHUI TIPo0 TIpH
temrepatype 1000 °C, B TeueHue gaca, ¢
TIOCIICTYFOIIAM 00ydeHneM JI030H
30 Mpan. Kak ormedaercs B psime pador,
IIPY 3TOM B KBapLe MPOMCXOAUT 3aMETHOE
BO3PACTAHHE COZICPKAHMS ATFOMUHUEBBIX
mapamMarHuTHBIX IeHTpoB [1, 9, 10 u mp.].
AKTHBanus TepMaHHEBBIX MapaMarHuT-
HBIX IIEHTPOB OCYIIECTBIIIACH OTXKHUIOM
po6 npu 500 °C ¢ mocnexyrommM Hiu3-
Kono3oBeM  T-00mydeHueM (0.5 Mpan).
B tabnune mpuBeneHBI pe3yabTaThl
OLICHKH COZEP)KaHMS B PA3iIMYHBIX THIIAX
XHUJIBHOTO KBapla U TOPHOTO XpyCTals
CTPYKTYPHBIX MPUMECEH aTFOMUHUS U Iep-
MaHuA. [lapamMarHUTHBIE TIEHTPBI, PpETHC-
TpUpyEeMBbIE B KBapIle IOCIIE OTXKUTa TPH
temmepatype 500 °C u BBICOKOI030BOTO
00JTydeHHs, OTBEYAIOIIIE ATFOMOIIEIIOY-
HBIM KOMIUIEKcaM JiepeKToB ObLIH ycTa-
HOBJICHBI BO Bcex Ipobax kBapma. Comep-
KaHWEe WX BapbUPYyeTCs B Pa3HBIX THIAX
kBapua ot | mo 119 ycx. en., nocrturas
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MaKCHUMaJbHBIX 3HA4YEHUH B JAbIMYaTO-
LUTPUHOBBIX KpUCTaJUIax KBapla.

KOH]_ICHTpa]_II/ISI AJIFOMHUHUEBBIX LICHT-
poB (C,), onpe/eneHHas ocye BEICOKO-
TEMIIEpaTypPHOIO OT)KHIa KBapla, BO BCEX
CITyyasix TIPeBbIILIaeT KOHLEHTPALUIO aJlio-
MUHUEBBIX LEHTpoB (C,), mpu4eM Hau-
OoJbLIMEe 3HAUEHMS TAKKE XapaKTEPHBI
JUIsl KPUCTAJUIOB TOPHOTo XpycTams. Me-
HEC 3arpsA3HCHHBIM IIPUMECHIO  aAJIFOMU-
HUsA, 10 HalllUM JaHHBIM, OKa3aJICsd IICp-
BUYHO-MEJIKO3EPHUCTBIA TPAaHYJIUPOBAH-
HBIH KBapl. BusyanabHo Oonee 4yucThbie
(BBICOKOIIPO3paYHbIe U MOIYIPO3PAYHbIE)
Pa3HOCTH >KUJIBHOTO KBaplia CoAepKaT
CTPYKTYPHOTO aJTFOMHUHHS OOJbIIe, YeM
TMIAHTO3EPHUCTBIN MOJIOYHO-OeNbIi
C1abompo3pavHbIid KBapIL.

Bonbioi uHTEpEC NPECTABIAET IIPU-
poza BO3pacTaHusl AIFOMUHUEBBIX LIEHT-
POB TIpU BBICOKOTEMIIEPATYPHOM OTIKUIE
npod. PaHee oTMevanock, 4To 3TO MOXKET
OBITH CBS3aHO JIMOO C MPHUCYTCTBHEM B
KBaplie aJIIOMUHKSI B HECTPYKTYpHOU (hop-
M€, KOTOpBIH MPH BBICOKHX TeMIIEparypax
BXOIUT B KPUCTAJUIMYECKYIO CTPYKTYPY,
JIO0 C TIPUCYTCTBHEM CTPYKTYPHOTO &JTFO-
MUHMSA, OCTAOLICrocs B HEIapaMarHuT-
HOi (hopMe TIpU OOJTYYCHHUH OTOMOKESHHBIX
mpu 500 °C npoo [1, 9]. Hamu paccuura-
HBI KO3((HUIMEHTHI TEPMUYECKON aKTHBa-
1uu amomuHueBbIX 1eHtpos K = C,/C,,
OTpaKarollhe CTENEHb UX BO3pAcTaHMS
IIPH BBICOKOTEMIIEPATYPHOM OTXKHIE (CM.
Tabmiuy). Bennuuna K s pasnnyHbIx
THUIIOB XWIBHOTO KBapIa KoieoieTcst oT
1.1 go 3.8. 3ameueHo, 4To yeM OOJbIIIE
obmiee cozepKaHue ATFOMHHHEBBIX IIEH-
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tpoB (C,), Tem Bbume 3HaueHue K,
(puc. 1). MakcumanbHbIil 3G dekT Bo3pa-
CTaHUd 3TUX LCHTPOB B PE3YJIbTATC BbI-
COKOTEMIIEpAaTypPHOIO OT)KHI'a XapaKTepeH
JJIA AbIMYaTO-UUTPHUHOBBIX KPUCTAIIIOB.
OTH Ke KPUCTAIUIBI, KaK U3BECTHO, XapaK-
TepU3yIOTCs Haubosee CHIBHBIM IOTJIO-
IICHHEM B MH(paKpacHON 00JIacTH, yKa-
3bIBAIOIIMM Ha BBICOKOE COJICp)KAaHUE B
Hux OH-rpymn. HauGonee BepositHOU
NPUYMHON BO3pacTaHus COJCPIKAHMS
AJIFOMUHUEBBIX LEHTPOB IIPU BBICOKOTEM-
NepaTypHOM OTXKHI€ Mpo0 SIBIISIETCS pac-
I1aJ] aJIFOMOBOJOPOJHBIX U JPYTUX CIIOXK-
HBIX He(l)eKTOB, CBsA3aHHBIX C aJIFOMHMHU-
eM, ¥ UX Iepexo]] B 0ObIYHbIE Iapamar-
rutHble [AlO ]0-LEHTpBI, 4TO OTMEYaIoch
panee B.II. JlroroeBbM [6]. Ha muarpam-
M€ COOTHOUICHHS CONEpPIKaHUsI AIFOMHHH-
€BBIX LIEHTPOB U Kod(pdummenta K, ¢u-
T'YpaTuBHBIC TOYKH, OTBEHAIOIINEC pa3JIni-
HBIM TUIIAaM KBaplia PaclajaroTcs Ha JBe
obnactu (puc. 1). B nepoii obmact Mbl
HaOIIoJaeM MPAMYIO  KOPPEJILMOHHYIO
3aBHCHMOCTb MEXKIY COJIEp)KaHHEM aJlko-
MUHHUEBBIX HEHTPoB M K. OueBuIHO, 4TO
CYLIECTBEHHBIN BKJIAJ] B COIEPKaHUE AIltO-
MUHHUEBBIX LIEHTPOB 3/ICCh BHOCAT aJItOMO-
BOJIOPOJIHBIE PA3HOBUIIHOCTH IE(EKTOB,
Nepexosilye B apaMarHUTHOE COCTOsI-
HHE T0CIIe BBICOKOTEMIIEPATYPHOTO OTKH-
ra u obOmy4deHus. B 3ty obmacts momama-
I0T OKOJIOTHE3/IOBOH KBapIl M JBIMYATO-
LUTPUHOBBIE KpUCTAJUIBL. s BTOpOit
00JacT! TOYeK XapaKTepeH IIHPOKHIT JIH-
anasoH 3HadeHni K npu oTHOCHTENBHO
Y3KOH BapHaly CONCPIKAHMS ATIOMUHH-
€BBIX LIEHTPOB U, CIICOBATENIHO, OTCYT-

0
0

Puc. 1. Cootrorenye conepxanus [AlO4]0-1eHTpoB B KBapiie ¥ Ko3hUIMEHTa TePMHUYECKOM
axtuBaimu (K1=C,/C|) s pa3siudHbIX THIOB JKIIBHOTO KBapla: []— IMraHTO3EPHHUCTBIA MO-
JIOYHO-OEJIBII COTMIACHBIX KW, CTEKIOBHIHBIH, IPaHyIMPOBAHHEIHN, EPBUIHO-MEIIKO3EPHHCTBIN;
M — TMraHTO3EPHUCTHIN MOJIOYHO-OENBIN CEeKYIIMX JKIUT, BRICOKONPO3PAYHBI PEIMKTOBBIH; A —
OKOJIOTHE3[IOBOH; ¢ — JIBIMYATBIE KPHUCTAJUIBI; 4 — JIBIMYATO-IIUTPHHOBBIC KPHCTAILIBI
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CTBHE KOPPEISLUUOHHOW 3aBUCHUMOCTHU
MEXIy 3TUMH BeimuuHamu. OOmiemy co-
JIEPKAHUIO aJTIOMUHUSI BO BTOPOM CiIydae
OTBEYAIOT B OCHOBHOM QTFOMOIIENIOYHbIE
pPa3HOBUIHOCTU nedeKkToB. B maHHyro
o0nacTe MOMAnalOT T'MIAHTO3EPHUCHIN
MOJIOYHO-0€JIbIH, TMEePBUYHBIA MeJIKOo3ep-
HUCTBINA, CTEKJIOBU/IHBIN, FPaHyJIMPOBAH-
HBIM, BBICOKOIIPO3PAUHbIl PEIUKTOBBII
KBapl U JAbIMYATbIC KPUCTAJLIbI.

ConeprkaHue CTPYKTYPHOTO TepMaHUs
B M3Y4YEHHOM KBaplie, MPeCTaBIeHHOr0
riaBHbIM 00pazoM Ge/Li nmapamarHUTHBI-
MH LIEHTpaMH, B CPEIHEM Ha JjBa TOpsi/IKa
HIKe, yeM amroMuHns. Hanbonee Hu3Koe
coaepxanre Ge/Li-eHTpOB XapakTepHO
JUISL TIEPBUYHO-MEJIKO3EPHHICTOIO U IPaHy-
JIMPOBAHHOTO KBapla: OT HEHAOIOIAEMbIX
sHauenuii 10 0.4 yci. en. Hemuaorum 60-
Jiee BBICOKOE COZIep)KaHHe repMaHUEBBIX
LEHTPOB OOHapy»€HO B MOJIOYHO-OEIoM
c/1aboNpPO3pavuHOM KBaplLe CEKyLIMX U CO-
rnacHbix xkui (0.03—0.49 ycn. en.). B
JAbIMYATO-IMTPUHOBBIX KpUCTAJLIIaX KBap-
L[a OTMEYEHO camoe OOJIBILIOE CONepIKa-
uue Ge/Li-uentpos (0.54—0.75 ycn. en.).

Bo MHOrux myOnukanusx paHee OT-
Meyalach IOJIOKHUTEbHAsI 3aBUCHMOCTh
MEXIY COACPIKAaHUEM allFOMUHHUEBBLIX U
TE€PMaHUEBLIX LIEHTPOB B KBaplE pa3iiny-
HOTO TeHe3Wca, B TOM UYHCIIe THAPOTEp-
MansHOTO [4 1 np.]. s xBapra Hammx
00BEKTOB OHA TIOATBEPIKIACTCS U B IIe-
oM 1o OOmel BBIOOpKE, M OCOOCHHO
3aMeTHa U KPUCTAIUIOB TOPHOTO XPYyC-
Tamus (puc. 2).

Ha puc. 3 nokazansl npenesnsl Bapua-
OUH U CpelHUEe 3HAYEHUS CONEpIKaHUs
amomuHKeBbIX (C,) M repMaHHEBBIX LIEH-
TPOB B JKIJIGHOM KBaplle U TOPHOM XPYC-
Taje B COOTBETCTBHU CO BPEMEHEM HX
¢dopmupoBanus. CoriacHO CyIIECTBYIO-
MM TIpeJICTABICHISM, HAHOOJIee PaHHIM
SIBIIICTCSL  TIEPBUYHO-MEIIKO3EPHUCTHIN
KBapIl, 3aTEM CJIeAyeT TUTaHTO3EPHICTHINA
MOJIOYHO-OCNBIN ¥ CTEKJIOBUITHBIA KBapIl
cormacHbIX ki [5]. TlosaHee ruranTo3€p-
HUCTBII KBapIl IMOABEPTCs TPaHYJIISAIHH.
[Hamee cienoBan mpormecc 00pa3oBaHUs
THTaHTO3EPHUCTOTO MOJIOYHO-0ENIoro 1
CIraboTIPO3pavHOro KBApIa CEKYIIUX JKILL.
B kayecTBe penMKTOB B OCHOBHOW Macce
TaKoOTro KBapIa MPUCYTCTBYIOT YYaCTKU
BBICOKOIIPO3pavyHOro KBapia. HamOomee
MOJIOABIMY TEHEPAIMSAMHI KBapIia SIBILIOT-
Cs  OKOJIOTHE3/I0BOM  MOJYNpPO3pauHbIid
KBapIl, I6IMYATBIC M IBIMYATO-IIUTPHHO-
BbI€ KPUCTAJUIBI TOPHOTO XPYCTAalsl.

W3MmeHeHne copepKaHus aTIOMUHUE-
BBIX M TePMaHHEBHIX IICHTPOB B HAIpaB-
JICHUH OT paHHUX TeHepaluid KBapia K
OoJlee TIO3MHIM FIMEET CIIOXKHBIA Xapak-
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Puc. 3. [lnana3oHsl Baprayii 1 cpeHUe 3HaYSHHUS 00IIEro coepKaHus alfOMUHIEBBIX (2) 1 Ge/Li-1ieHTpoB (0) B pa3iNyHbIX IPOMBIIIICHHBIX

THUITIaX KBapua:

1 — nepsuuHo-menKo3epHuCmblil K6apy, 2 — 2U2aHMO3ePHUCMbLI MOIOYHO-OENbII (CO2NACHbIE JCUNBL), 3 — 2ULAHMO3EPHUCIbLI CMEKI08UOHbLU, 4 — 2pa-
HYAUPOBAHHBLIL HCUTLHBLL, 5 — BbICOKONPO3PAYHDBII PENIUKMOBYLI, 6 — 2USAHMO3EPHUCMbLL MOIOYHO-OebLIL K8apy (cekyujue Hcuvl), 7 — OKOLO2He300801,
8 — ovimuamvle Kpucmannvl, 9 — OLIMUAMO-YUMPUHOBbLE KDUCTNALITY

tep. 1Ipu nepexone oT nepBUYHO-MEIIKO-
36pHUCTOrO KBaplLa K FMTaHTO3EPHUCTO-
MY ¥ CTEKIOBUIHOMY KBapIly COIIACHBIX
JKUJI COAEPKaHUE LICHTPOB BO3PACTaeT, a
3aTeM PE3KO IIOHWKAETCsI IIPU IIpoLeccax
rpa”yssinuy. B Ooree mo3mHeM ruranro-
3€pHUCTOM BBICOKOIIPO3PAauHOM (PEeSTMKTO-
BOM) KBaplle CEKYILIHX JKIJI COMepKaHHe
LIEHTPOB OTHOCHUTENILHO BBICOKOE, HO IIPU
PasBUTUHM TPEUIMH M NPeoOpa3oBaHUU
MIPO3PAaYHOTrO KBapIia B MOJIOYHO-OENbIH
OHO CTAaHOBUTCSI HU3KMM. OKOJIOTHE3NO0-
BOI KBapll, OTBEYAIOILIMI HaYally XpycTa-
neo0pa3oBaHusl, JbIMYATBIE U JBIMYATO-
LUTPUHOBBIE KPHUCTAIUIBI XapaKTePU3yIOT-
Csl BBICOKUMM 3HAYCHUSMH COZAEP)KaHMS
ATIOMMHHUEBBIX U TE€PMaHHUEBBIX LIEHTPOB.
B Haubosiee MO3IHUX ABIMYATO-IUTPHHO-
BBIX KpPHUCTa/LIaX COACpIKAHUE LIEHTPOB
camoe Bbicokoe. Haim fgaHHble moarsep-
AT CYLECTBOBAHUE TEHIEHIIMH BO3-
pacTaHus COAEp)KaHUs ATIOMHUHHEBBIX U
TepMAaHHEBBIX IIEHTPOB TP CMEHE PaHHUX
reHepaluid KBapla mo3tHuMH [4].

JlaHHBIE O COnEpMXAaHUU CTPYKTYPHBIX
3JIEMEHTOB-IIpUMeECEl B JKUIBHOM KBap-
1ie NIPEACTABILIIOT OOJIBIION MHTEpEC IpH
OIIEHKE €ero KauecTBa KaK CBIPbS IS
IUIaBKU cTekia. K moTeHnuanbHoO BBICO-
KOKaYeCTBEHHOMY, [0 HAIUM JaHHBIM,
MO)KHO OTHECTH IE€PBHUYHO-MENKO3EPHH-
CTBI U I'PaHyJIUPOBAHHBIA KBapl. DTO
XOpOILIO COTNIACyeTcsl C pe3ybTaTaMu Ia-
30BOXpPOMATOrpa)uueckoro  aHauu3sa
JKIJIBHOTO KBaplia, CBUAETEIbCTBYOIIH-
MH O HE3HAUUTEIBHOM COJEpKaHUHU B
JAHHBIX THUIIAaX KBaplia ra3oBO-KHJIKHX
BkiroueHuit [11]. OnHako as rpaHyIu-
POBAHHOIO U JUIS NIEPBUYHO-MEIIKO3EPHU-
CTOrO KBaplia XapaKTepHO OOJbIIOE KO-
JIMYECTBO MUHEPAIbHBIX MpUMeceH, yna-
JIeHHe KOTOPBIX BO3MOXKHO IyTeM o0ora-
IIEHUs CBIPbS METOJAMH MarHUTHOHU ce-
Hapauuu, KUCJIoTHOW o0paboTku u np. B
TUTAHTO3EPHUCTOM MOJIOYHO-0eIoM ciia-
Oompo3payHOM KBaple, OJM3KOM IO CO-
JIepP)KaHUIO CTPYKTYPHBIX IpHUMecei K
TpaHyJIMPOBAaHHOMY KBapily, IPHCYTCTBY-

eT OOJIbIIOE KOJMYECTBO I'a30BO-KHIKHX
BKJIFOUCHUH, BCKPBITHE U yJAJICHUE KOTO-
PBIX I 00OraTUTENel HECKOJIBKO Ipo-
OJIeMaTHYHO.

Takum 00pazoM, INPOBENEHHOE METO-
oM OIIP mccnenoBanue OCHOBHBIX IIPO-
MBIIJICHHBIX THIIOB KWJIBHOI'O KBapla U
TOPHOTO XPYCTaJIsl MPHIOJSIPHOYPAIBCKHX
MECTOPOXKICHHIA TIOKa3ao ux auddepen-
LIMPOBAHHOCTH IO COZAEPIKaHMIO Iapamar-
HUTHBIX AJIIOMHMHHEBBIX W T'€PMAHUCBBIX
neHTpoB. CpenHue 3Ha4eHHS M Hana3o-
Hbl BapuaLuil COAEPKaHUs 3TUX LIEHTPOB
BO3pacTaloOT OT paHee c(HOPMHUPOBAHHOTO
MEPBUYHO-MEJIKO3EPHUCTOTO  KUJIBHOTO
KBapia K OoJiee MO3IHHM TIeHepalusIM
JAbIMYATBIX U AbIMYATO-IIUTPUHOBBIX KpU-
CTaJUIOB TOpHOro xpycrais. IlonyueHnbie
HaMM JaHHBIC O COACPKAaHMH B KBapuLe
CTPYKTYPHBIX NPHUMECEH XapaKTepU3yIoT
TaKKEe KAueCTBO MPHIIOISPHOYPATILCKOTO
KBaplia Kak ChIpbs JUIsl TUIABKU CTEKJIA.
Menee 3arpsa3HEHHBIM  CTPYKTYPHBIMHU
NPUMECSIMM, a TIOTOMY HOTEHIMAIBEHO
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Conep:xkanue CTPYKTYPHBIX npuMeceil B kBapie no gaHubiv 1P

0 -
XapaKkTepuCTHKA KBapIa Yucno npob Cyonen I[Al(g“]y;f:;pm| e }ii/_le“;’_
. 7-23* 18-45 1.2-3.6 0-0.4
[IepBUYHO-METKO3EPHUCTHIN 11 3 ) 25 019
I'MranTo3epHHUCTHII MOJIOYHO-OEIbIIH 9 12-29 25-58 1.1.-3.8 0.03-0.49
CJ1a0b0MPO3payHbIil (COTIAaCHBIC JKUJIBI) 17 35 1.9 0.13
'MranTo3epHUCTHIN CTEKITOBUAHBIN 7 30-66 55-76 1.1-2.1 0.25-0.39
(BBICOKOTIPO3paYHBIil) 52 68 1.4 0.31
N 1-36 10-95 1.4-3.2 0-0.1
I'panynupoBaHHbIil 15 19 41 20 0.05
['uranTo3epHUCTHII MOJIOYHO-OEBII 29 13-41 22-64 1.3-2.8 0.10-0.3
CITa0ONPO3PAYHBIH (CEKYIITHE KIIIBI) 24 45 2.1 0.19
I'MranTo3€pHUCTBIN BHICOKOIIPO3PAYHBIN 9 17-51 45-98 1.0-2.8 0.18-0.48
PENUKTHI B CJIA00IPO3pavHOM KBaple . .

6 39 65 1.8 0.35
['uranTo3epHUCTHIN MOTYIIPO3pauHBIH 7 46-119 68-161 1.2-2.8 0.21-0.58
OKOJIOTHE3/I0BOH 76 123 1.7 0.36

. 15-63 29-101 1.2-3.1 0.22-0.72
T"opHsIif XpycTas (pIMYaThle KPUCTAILIBI) 12 33 57 1.8 039
TopHEIif XpycTas (IBIMYaTO-IUTPUHOBEIC 3 60-116 144-359 1.8-3.8 0.54-0.75
KpHUCTAJITBI) 90 268 3.0 0.63

Ipuveyanne. CosepxaHie aTlOMAHHMEBBIX HEHTPOB B kBaple mocie orxkura 500 °C u obmydenus no3oi 30 Mpan — C,; mocne oTxkura
0, % . Tx
1000 °C u obmyuenus fnosoit 30 Mpan — C,; kod(puumeHT TepMUYeCKol akTUBaLuu amomuHuesbx nentpos (C,/C,) — K.
* B upciuTene — MHTEpBall, B 3HAMEHATENIe — CpeHee 3HauYeHHe.

MEPCIIEKTHBHBIM IPE/ICTABIIACTCS TICPBHY-
HO-MEJIKO3EPHUCTBIA U I'PaHYJIMPOBaHHbBIN
KUIBHBIA KBAapI[, JOCTATOYHO IIHPOKO
Pa3BUTHIN B IIpeJesax NPUIOSIPHOYPallb-
CKOM KBapLIEBOKWIBHOU IIPOBUHIMH.

Paboma evinonnena npu gunancosot
nodoepoicke epauma Ilpesudenma PD
«Monoovie  kanouoamvr  Hayk»  MK-
1044.2005.5.
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