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MNpegucnosue

B reoxumMuyeckoM LMKIE MEepeHoca M HAaKOIUIeHusi Gopa
B 3¢MHO# KOpe O4Y€Hb BaXHYIO POJIb UIPaioT GOPHOKHMCIBIE
PacTBOPEBI, KOTOPHIE Y4acTBYIOT B (POPMHUPOBAHMM KPYIHBIX
MECTOPOXJICHHI ©GOpaToB KOHTAKTOBO-METACOMAaTHYECKOTO,
BYJIKAHOT€HHO-3KCTAISIHIMOHHOIO, BYJKAHOT€HHO-0CAI0Y~
HOTO M HEKOTOPBIX Apyrux tunos (I'op6os, 1960, 1976; Kyp-
wakosa, 1976; Anekcaumpos, 1982; u ap.). Bece m3BecTHbie
A0 HAacTOALIErO BPEMEHW HAXOAKH CacCOMMHA (KPUCTALIM-
yecKoit oprobopHoit kucaotsl H;BO,) cBa3anbl ¢ obmactsmu
BYJIKAHWYECKOM JAeATEIbHOCTH THO0 C 30HaMH THIepreHesa
GoparoBeix MectopoxaeHuii (Mamunko, Xanuypus, O301 u
ap., 1991). MHOrouMcieHHBIMH MCCIIEAOBAHUAMM YCTAHOB-
JICHO, YTO B BYJKaHOI€HHBIX Mpoleccax MepeHOCATCS Or-
poMHBIE Macchl GOpPHOKHMCHBIX pacTBopoB. O Macurabax
3THUX MPOLIECCOB MOXHO CYIUTb 110 PailOHaM pa3BUTUSI HBIHE
NEeMCTBYIOILErO M HEJaBHO YTaclllero BYJIKaHU3Ma, IJe 4acTo
NposiB/ieHbl O0OPOHOCHBIE 3KCransiuuu. [IpuMepaMu MOLIHOI
bymaposbHO-conbhaTapHON AeSTENBHOCTH MOTYT CIYXKUTh
Knaccuveckue codpuonn Tockanbl u dymaponsl octposa
Bynkano B Mtanuu, nposiBieHusi napo-runpoconbdarapHoil
AEATEIBHOCTH B MHOTOYMC/IEHHBIX paiioHax Kamuartku, Ha
Kypuwisckux ocrposax, B Mcnanauu u Slnonuwm, reiizepHo-
TepMajibHBI paiton Memtoycronckoro HaumoHanbHOro
IMapka B CIIA, paiion I'eiizep B Kanudopuun, rpanmmos-
Hble dymaposnsl Jlonmunsl decsitu Tricsu AbiMOB Ha AJscke,
ruporepmanbHble paiionsl B HoBoit 3enaHamu M HekoTO-
pbie apyrue. Bo MHOTMX Cilydasix BMeCTe C BOASIHBIM NapoM
M/WIH C ropaYeil TepMaJbHOI BOIOW MepeHOCHTCs GOJIbIIoe
KOJIH4ecTBO GopHOM KHuCaoThl. OcoGeHHO MoKa3aTe/lbHBI B
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Bop u Gopuvie Kucaombl 8 3Hd02eHHbIX pyO00OpPa3YIOUUX garoudax
3TOM OTHOILIEHUM BYJKaHMYECKHe SKCTaasiuuu TocKaHEBI
(tanus), U3 KOTOpHIX Gonee cra jeT HoObBand GOPHYIO -
kuciory. Kak ycTaHOB/IEHO MHOTOJIETHUMH HaGMIOACHHAMY,
B mapo-runpocoibdarepmax TocKaHbI copepxurcst ot 0.1 1o
0.7 r 6opHO#i KMCIOTH Ha 1 Kr mapo-KHIKOro BEILECTBA
(Bnopaser, 1955). O6uiuii ne6UT Beex CKBaXUH TOCKaHCKUX
MecTopoxaeHuit 3a 1955 rox cocrapmsul 3000 TOHH B 4ac.
HeTpynHo MOACYMTATH, YTO IPH TAaKOM MebUTEe 3a rol Ha
3eMHYIO TIOBEPXHOCTb BBIHOCHTCS OT 2600 1o 18400 ToHH
GopHoO#t KUCHAOTH. B nepuon Bonabmoro TpemMHHOrO Tonba-
YHHCKOTO M3BepxeHua B 1975—1976 rogax y/isTpaKUCIbIMH
(pH 0.25—1.67) BricokoTemmepaTypHeiMu (930—1020 °C)
MUHEPaTH30BAHHBIMHI PACTBOPAMHU (3KCTAISLIMAMH) XJTOPUA-
HO-HAaTPHEBO-KAJIMEBOIO COCTaBa ¢ BHICOKMMM COJEPKaHUA-
Mu (TOp- M CyIb(aT-HOHOB BhIHeceHO okoso 11000 ToHH
6opa, 4TO B MepecyeTe Ha OOPHYIO KUCIOTY COCTABIISIET OKO-
110 63000 ToHH (BonpLIoe TpelHHOE..., 1984).

MOXHO NPHBECTH MHOXECTBO NMPHMEPOB IPOSIBICHUA
GOPHOKHMCITBIX PACTBOPOB B HEATEIBHOCTH KakK [IYOHHHBIX,
TaK M IPUNOBEPXHOCTHBIX TMAPOTEPMATIBHEIX MPOLECCOB.
OmHUM M3 HUX MOXET CIyxuTh paiion I'eitsep B Kamudop-
HHM, [J¢ Hapsoy C MOIUHBIMU IIPOABICHHAMH TOBEPXHOCT-
HOIt TEPMAJILHOM JeATeIbHOCTH M3BECTHEI TAKXKe TYpManH-
U aKCHHHTCOJAEpXalllie ruapoTepManbHbie Xmisl (Moore,
Gunderson, 1995).

M3 Bcero InepevMCICHHOTO BBILIE ClIEAyeT, YTO MHOTHE
SHIOT¢HHBIE M 9K30TeHHBIE TMAPOTEpPMAaJbHBIe IPOLIECCH
TIpOTeKaTM MPH AKTHBHOM YYacTHH 6OpHOKHCILIX PacTBO-
poB. OmHaKo u3yueHue poau 6opa ¥ GOPHBIX KUCIOT B Iy~
OGMHHBIX SHAOTeHHBIX (IlonHax HaTaJKHBaeTCsd HA PAN
CIOKHOCTEHf B CBSI3H C HEBO3MOXHOCTBIO B OONBIIMHCTBE
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Ilpeducnosue
Clly4aeB MPsIMOTO M3yYeHUst MX cocraBa. Mccnenosanue pe-
JIMKTOB JIPEBHUX SHAOTEHHBIX (IIOMIOB, 3aKOHCEPBHPOBAH-
HBIX BO (DIIOMAHBIX BKITIOYEHHSX, MOCTABISAET YHUKAIBHYIO
uH(pOpMaIHIO B 3TOoif obmacTH. Pesynpratam uccienoBaHus
Oopa M ero coemIMHEHHWH B cocTaBe pacrBopa (QIIOHIHBIX
BKJIIOYCHHI M TIOCBsALIEHA HacToslas paGora. IlepBoit pa-
Goroii Ha 3Ty TeMy GbUIa CTaThs aMEPMKAHCKUX HCCIEI0BA-
Tesnelt Bumbsamca u Teittopa (Williams, Taylor,. 1996). Oxu
Macc-CeKTPOMETPUYECKH YCTaHOBIIIH npucy’mﬁme 6opHoit
KHCJIOTHI BO (MIIOMIOHBIX BKITIOYEHHSX B MHHEPAIaX HEKOTO-
PBIX MHapoyoBbIX nerMarutoB Kanudopuuu. Beuia -maxe
OLIEHEHa ee KOHLEHTpalys B MHHEepaJooGpasyioweM (aon-
ne, TMOCKOJIEKY OTHOBPEMEHHO OMpeaessuiach -Boga. Momb=
Has 1o OOpPHOH KHCIOTH BO (IIOHAE OLEHHBATACH KaK
3x10™, 4TO COOTBETCTBYET KOHLEHTPALMH okono | r opro-
GopHoii KucnoTE Ha Kr Boas! (wm okoso 0.2 r Gopa). Dra
KOHIUCHTpalusl JajieKka 00 Ipelena HacHIILEHUS] BOLHOTO
pacTBopa GOpHOIT KMCJIOTOl, BCIEACTBHE YEro TPYIHO GBUIO
OXHMJIATh HAJIMYMA BO BKIIOYEHMSX ﬁoqepﬂux MHHEpPAJIoB
Gopa. TToatomy HeKOTOpbIE aBTOPHI HACTOsILIEH PaGoOTHI, 06-
HapyXHB NIPU U3Y4eHUH (IIOUIHBIX BKIIOYEHHI B MHHEpa-
Jiax MMapoJIOBbIX nerMaTuToB ITaMupa u 3abaiikanest BRICO-
KONpeJIOMIIAIOIINE JOYEPHUE MHHEpAJbl, pacTBOPEHHE
KOTOPBIX IPOUCXOAWIO IIpH Temmepatypax or. 30 mo 70 °C,
HE Npearonarajii B ux coctase 6opa. ITo ontuyeckum cBoii-
CTBAaM OJHO3HAYHO IPOBECTH AUATHOCTHKY 3TOM (ha3hl He
NPENCTaBISIIOCh BO3MOXHBIM (IOAXONWIN KaK MHHEpPaIbI
HaXKOJNUT U KUIMUNHUT, TaK 1 MHOTHE Ipyrue ¢asbl), onHa-
KO CTaJIO 5ICHO, YTO KOHILIEHTPALUs COJIeif B PACTBOpE 0K~
Ha GbITh 10CTaTOYHO BhICOKOM. 1o KpaiiHeii Mepe TeMmepa-
Typa IIaBIeHHUS Jbaa (-2+ -5 °C) siBHO He oTpaxana o6LIyi0
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Bop u GopHbie Kuciombl 8 3H002eHHbIX Pyd000pasyouux gharoudax
MHUHepaIu3auuio, pactbopa. OIHAKO TOHKUE METOMbI HCCIIe-

JOoBaHHA COCTaBa BKJIIOYEHMI OBUIH B TO BpeMmsl Ul Hac He-"

mocTynHbl. TONBKO Yepe3 HECKOJBKO JIET, KOrja IosiBuiach
BO3MOXHOCTb CJieJIaTh KP—cneKrpocxonmb (pamaH-CITeKT-
pockonuio) B HoBocubupcke, ynanoch yCTaHOBUTbH, 4TO
CIEKTp 3TOT0 MHHEpPAIa COOTBETCTBYET KPHCTALINYECKOH
OpTOBOPHOIt KICNIOTE (T. €. MUHEPaTy CacCOMUHY). KonieH-
Tpauuy 60pa B THAPOTEPMAIbHBIX (UIOMAAX MHAPOJIOBBIX
nerMaTuToB (B TOM YMCIe U Kamu(OPHUHCKUX) OKAa3THCh B
cpemHeM Ha JIBa MOpsOKa BHILIE, Y€M KOHICHTPAlMH,
ykasaHHsle B paGore Bmibsamca u Teitopa. BxorioueHUSA
GOPHOKMCIBIX (DHIIIOHJIOB C BHICOKUMH KOHIEHTpAIlMsIMK Op-
TOGOPHOI KHMCIOTH TMOTpeGoBanu 0coboro MeTOAMYECKOro
MOIXOJa K MX M3ydeHHio. ISl OLEHKN KOHIEHTpalmii 60p-
HOt KHCJIOTH ¥ 60pa MpHULIOCh pa3paboTaTh CICLUATBHYIO
METOIMKY pacyeTa, OCHOBAaHHYIO Ha TEPMO- ¥ KPHOMETPHYC-
CKMX JIAHHBIX. Pa3HbIe METOMBI ONpeeTeHNs KOHIIEHTPauii
Gopa 6 COTIOCTABJICHBI Mexny coboit B IpUMEHEHUH KakK
K MCKYCCTBEHHBIM, TaK M TPUPOAHBIM (HIIOHIHBIM BKIIIOYE-
uuam. [Mocne aToro GbUIM MPOBEACHBI CUCTEMAaTHYeCKNe pa-
6OTHI IO H3Y4EHUIO KOHIIEHTpaLuii 60pa B SHIOICHHBIX THI-
poTepMaTbHBIX (UTIOMIAX /Ul MHPOKOTO Kpyra 0OBEKTOB U3
PasHBIX PerMoHOB Mupa. Cpeay M3y4eHHBIX MECTOPOXKICHUI
6bUTM MHAPOJIOBBIC NErMaTUTHI, OOPOCIIMKATHBIE U CKAlo-
JIUTOBBIE CKAPHBI ¥ THAPOTEPMAIBHBIC MCCTOPOXACHHUA 30-
7ioTa, 0JI0Ba, BOJb(pama, TOPHOIO XPycTams M IPYyrue. Pe-
3yJBTATHI 3THX PabOT U M3NOXEHBI B HACTOSIIEH KHUTE.
Asrops! 6maronapHst Anexcelo Sxopnesndy CaMCOHOBY 3a
(MHAHCOBYIO TIOMOLIb B ITyOIHKALMN HacToseil paGoTEL.
ABTOpBI TaKKe XOTeJ U Gbl BBIPa3uTh 61arolapHOCTh HCCIIEN0-
BaTessIM, MPEJOCTABUBIIMM IPOOHL ¢ pAa MHTEPECHBIX MeC-
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topoxueHuii: B. E. 3aropckomy, B. M. IlImakuny, B. M. Ma-
karoHy, B. A. Kosanenkepy, B. B. [luctiepy, M. I'. lo6po-
Bonsckoit, [. M. Benakosckomy, JI. 1. 3opunoit, 3. M. Crm-
punoHosy, I'. @. Upanosoit, B. U. I'pe6enmuxopoit,
W.’A. Bakueesy, A. fI. KouetrkoBy, M. B. Pasuxy. ABTOpEl

. INIPH3HATCIIBHBI aHAIUTHKAaM, IOMOIAaBIIMM B H3YYEHHH CO-

CTaBa pacTBOPOB (QuIOMAHBIX BKmovyeHuit: @. I. Peiiby n
0. M. Nuikosy (TMH CO PAH, r. Ynau-Yu3), C. A. I'op6a-
yepoit U T. B. XKykosoii (UTEM PAH, r. Mocksa),
O. ®. Muponosoit u H. . Casensepoit (TEOXU PAH,
. Mocksa), O. A. Cmponoﬁ (UT'X CO PAH, r. UpkyTck).
Kpome Ttoro, asroper Gnaromapusl B. C. Bamuukomy (UM
PAH, r. YepHoronoska), KOTOpHIi NPeIOCTaBWI Wik MCCle-
HOBaHHMH KPUCTA/UTHI CHHTETUYECKOTO KBaplia, BEIPAICHHEIE
B 601?H01<11c.110M pacTBope, a Takxe H. H. Axundueny, nomo-
raBuieMy TIPH BBIIOJHEHHH TEPMOOMHAMMYECKMX PAcUETOB.
ABTOpBI CYMTAlOT CBOMM JOJITOM BBIPa3HTh GIAaroapHOCT
Poccuiickomy doHay dyHmaMeHTaNbHBIX HCCIEIOBaHMIL
(poextst NeNe 01-05-64675 u 01-05-64677) u Domy coneii-
CTBUMsI OTCYECTBCHHOIl HayKe, NpH (hUHAHCOBOMH mMommepxKe
KOTOPHIX OBUI BHIMOJIHEH INMPOKMIT KPYT HCCIENOBAHMIA, pe-
3yNBTaThl KOTOPEIX H3JI0XKEHHI B JJAHHOH KHUTE.
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Bop B npoliecce KpUCTAUIM3aMM MarMaTHIeCKHX 10pox,
KaK IpaBWIO, HAKAIUTMBaeTCs BO (oMAHOM dase U ydact-
BYeT B IIPOIIECCaX ABTOMETACOMATHYECKOr0 M3MEHECHMSA SH-
JOKOHTAKTOBBIX ITOPOJ, ¢ 06pa30BaHHEM pasTM4IHbIX Gopocu-
JIMKATOB JMGO BBIHOCHTCS B BepXHHE 30HBI JTUTOCHEpHI.
Opro6opHasi KUCJIOTa B TEOXMMHMH GOpa MrpaeT HCKIIOYH-
TEJILHYIO PONb Kak INaBHas (popma ero MUrpanuu (T'opbos,
1976). Brarogaps feTydecTu GOpPHBIX COCNMHEHMIA, M, B 0CO-
GEeHHOCTH, HaubONee YCTOIUMBON B YCIOBHAX TMAPOChHEpHI
OpTOGOPHOI KHCIOTE, 6Op OTHOCHUTCS K YMCITYy HEMHOTHX
LMKIIHYECKUX 3JIEMEHTOB W TIPMHMMAET y4acTHE B KPYIroBO-
poTe BOJX 3eMHOI KOpHl. B BOIHBEIX pacTBOpax optobopHas
xucnora Haxomutcs B MonekyaspHoMm (H;BO;), moutu He
nuccoummpoBanHoM coctosiHuu (Kemp, 1956 u ap.), npu-
yeM ee PacTBOPHMOCTH C TIOBBILIEHMEM TEMIICPATypPhl CYILC-
cTBeHHO Bospactaer (B uHTepBaie ot 0 jo 100 °C yBeanun-
BaeTCsA HA TOPANOK). DTO 0OYCIOBICHO CPaBHUTENbHOM
JIETKOCTBIO TIEPEXOZA €€ B BOIE M3 KPUCTALIMYECKOTO B MO-
JIEKYJIIPHOE COCTOSTHME, JUIS Yero JOCTaTOYHO JIMIIb Pa3pel-
Ba c1aGBIX BOIOPOIHBIX CWJI, KOTOPbIE CBA3BIBAIOT MOJIEKYJIBI
B KPUCTA/UIE CACCONMHA (KPUCTALTMYECKOH GOPHOM KHMCIIO-
Th1). PacTBOPMMOCTBIO M CTAGWILHOCTBIO MOJEKYII OopHoit
KUCTOTH OOBSCHSETCS MOCTOSHHOE IPHCYTCTBHE 6opa B
PA3IMUHEIX THNAX MPHPOIHBIX BOM, €ro TeCHas CBA3b C IHA-
pocdepoit (Top6os, 1976).

HaxoxmeHneM B BOXHOM pacTBOpe B MOJIEKYJIIPHOM CO-
CTOSIHMM OOBSICHSETCS M CIOCOOHOCTh OOPHOM KUCJIOTEL yIe-
TyYMBaTHCS C TIAPAMHM BOIBI, KOTOpas JABHO yXe obpartiia
Ha ce6s BHMMaHmMe MHorux uccneposarexneii (Schaffgotsch,
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1859; Tchijewski, 1884) u .6pUIa MpemMeTOM CrEHANBLHBIX
HCCNeOBaHMI C LeNblo BHISICHEHHS 3aBUCUMOCTH CTENEHU
NeTyyecTH GOPHOM KMCIIOTHL OT TEMIEPATYpHl, KOHLEHTpa-
IIMH ¥ CKOPOCTH HcrapeHus pactBopa (Creipukosuy, LIxsa-
pumsuy, Hebuepunse, 1960; Jaulmes, Gontard, 1937). Ha-
OiiomaeTcs IOCTOSHHOE IIPUCYTCTBME 6opa Kak B
BBICOKOTEMITEPATYPHBIX BYJIKAHUYECKUX SKCTANALMAX, B Na-
pax ¢dymapon u conbarap (Bergeat, 1899; Mizutani, 1962;
Nasini, 1930), Tak u B armocdepHsIx ocankax (Handa, 1969;
Muto, 1956). D10 cBA3aHO co cBoiicTBaMu aToMa Gopa,
CKJIOHHOTO K 00pa3oBaHHIO MOJIEKYJIAPHBIX COSAMHEeHMIL TH-

na H;BO;, BCl;, BF;, cnoco6HBIX JieTeTh ¢ mapaMi BOXBI

(Gast, Thompson, 1959; Tchijewski, 1884), wmm Hu3K03aps-
HeIX aHMOHOB THMa (BF,), [B(OH),]", maomux ¢ MetauiamMu
JerkopactBopumsie comd. Popmbr HaxoxneHus Gopa B ByI-
KaHMYECKHMX 3KCTa/LILUAX OMpPENesTioTCs TepMOIMHAMUYEC-
KUMH YCJIOBUSIMH MX CTA0WIBHOCTH M M3MEHSIOTCS B 3aBHCH-
MOCTH OT TeMreparyphl. B obmacTi BBICOKHMX TeMIiepatyp,
NpH KOTOPHIX GOpHAasi KMCIIOTa MalOyCTONYMBA, OCOGEHHO B
NIPUCYTCTBHM (hTOpa, Haubosee BEpOSATHOMN (GOpMoil cymiecT-
BOBaHMA M nepeHoca 6opa 6yner BF;. O6 3ToM cBumeTenser-
BYIOT HaXOIKH B BBICOKOTEMIICPATYPHBIX BO3rOHAX BYJIKAHOB
¢dropbopaToB menouHsix MeramioB Na(BF,) u K(BE)
(Carrobbi, 1926), a Taxxe mpucyrcTBHE 60pHTOPUCTOBOIO-
ponHoit kucnorsl H(BF,) B MCKYCCTBEHHBIX KOHAGHCATAX I'O-
pAuMX ymaponbHBIX ra3oB (Onishi, 1969) u B ecTecTBeHHBIX
Bm,uel,nenuax aMopgHOro KpeMHe3eMa U3 BBICOKOTEMIIEpa-
TYPHBIX BYJIKaHH4eCKHMX ra3oB (Yoshida et al., 1966). C mno-
HlDKt?HueM TeMIIEPATYPHI IIPU B3aUMONEHCTBHH C .l'lapaMH BO-
oel | GTopumsl Gopa TMOABEPralTCA THAPOIU3Y C
oﬁpaslona}meM OpTODOPHOIT KUCIIOTHI, BBICOKAS KOHIIEHTpa-
9



Bop u Gopubie Kucaomst 6 31dozennbix pyooobpasyrouux garoudax
IS KOTOPO#l NPUBOAMT K IOSBIEHHIO CacCONMHA B CyOiu-
Martax (ymapon u conbdarap Ha mMHOMHMX ByikaHax (lopu--
koB, 1958; Cepadumosa, 1970; Okano, 1962; Shima,
Minami, 1959 u zp.). B Buze MiHepana cacCONMHA KpUCTal-
mryeckas opTo60pHAs KHCIOTa BIiepBbIe ONUCAHA B OCakax
Mapora3oBeIX 3KCraisaumit codduonu mecrHoctH Cacco B
WUramun. Caccoma o0HapyxeH Takke B MHHEPaJIbHBIX acco-
HUaNUAX TIPOAYKTOB (yMapolbHO-coNb(aTapHOM AesTeNb-
HocTH Ha BynkaHax Mrtamuu (Besysmii, Bynkano), Kamyarku
(ABaunHckmit, [usenyy, Bessvanusii) u Anonnmu (Cauy-
Ma-MBom3uMa); B canape Atakama (Uwix), cpeqd KpeMHHC-
THIX HakomvieHwii ucrounukos Crumbor m Canama, B Oac-
ceitne Hoppuc M B 30HE BBIBETPHBaHHS 60paTOBBIX
mecropoxaennit Kpamep u ®@epauc-Kpuk B CIIA (Manus-
ko, XammypuH, O3on u ap., 1991). CacconuH HHOTAA BCTpE-
YyaeTcsl B OTJIOKEHISX, CBSI3aHHBIX C JESTeILHOCTBIO GOpo-
HOCHBIX TOPSIYMX MCTOYHHMKOB M reiisepos B posiuHe p. Ilyra
BO BHyTpeHHeil yactu Tubera (T'opGos, 1960).

Jletyune coenuHenus Gopa, U Npexae BCETro OpToGopHast
KHNCJIOTa, B COCTaBe BYJIKAHMYECKHMX ra3oB JaBHO M3BECTHBIL
C ByJIKaHMYECKMMHU Ta3aMH BBIHOCHTCS Takoe KOJIMYECTBO
Gopa, 4TO ellle B AeBATHANILATOM Beke B Mranmuu 6put0 opra-
HH30BAHO NPOMBIIUICHHOE IPOU3BOACTBO GOPHON KHCIOTHI
u3 ropsuux Gymapon B Kparepe ByikaHO ¥ H3BECTHBIX C aH-
tuyHoro Bpemenu codduonn Tockausl (Bergeat, 1899).
TexHOMOrUsA U3BAEYEHUsT OOPHOI KMCIOTHI M3 ropsauux ¢y-
mapon BysikaHo 6buta camoif mpMMHTHBHOM. OTBEpCTHA U
TpPEIUHHBI, H3 KOTOPBHIX BBIPHIBAIMCH IOPSIHE rasbl, 3aChIa-
JHCh 3eMJICH W KAMHSIMH, H, TIOCJIe TOTO KaK OHM IPOTTHTHI-
BaJIUCh M oboramaauck cyoimimaraMu 60pHOM KHCIIOTBI, MX
JIOCTABISUIM Ha XUMMYecKyo (abpuxy. s ynaBiuBaHus
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GOpHOIT KHCJIOTHI HCTIOIBL30BATHUCH TaKXKe GOYKH, B KOTOPBIE
(byMaposibHBIE Tas3bl MOJABAIUCH MO Tpybam. Takum croco-
6oMm u3 pymapon ByikaHo HOGBIBANOCH 1O HECKONEKY TOHH
GopHoii kucnoThl B rox (Bergeat, 1899).

IIpn u3BneyeHuH GOPHOI KHCIOTHI M3 BYJKaHHYECKHX
OKCTAALMN Ha Napo-THAPOconbhaTepMaIbHOM MECTOPOXK-
nenu B TocKaHe ObUia MCIONB30BaHA CHOCOGHOCTH BOIBI
yJIaBIHBATh Tapbl GOPHOIH KMCIOTHl M3 MPOXOMAIINX yYepes
BOJIy Ta3000pa3HEIX TPOAYKTOB BYJIKAHHYECKOH JesTEMbHOC-
TH. C 9TOi LENBI0 B MECTaX BHIXOHA FOpAYMX CTPYH Ha TIO-
BEPXHOCTh CO3[aBajiaCh HCKYCCTBEHHAsI CHCTeMa GacceifHoB,
PACIOIOKEHHBIX COOBINAIOMIMMCS KacKaloM ¢ TAKMM pacye-
TOM, YTOOBI TIPOMyCKaeMasi 0 HUM BOJA MOCTENEHHO Harpe-
Bajach M oboraianack G0pHON KUCIOTOH. DTHM myTeM 10-
OMBaJHUCh MONYyYEeHUS B KOHEYHOM Gacceline Kackana
pacTBopa, JOBEAEHHOTO IMOYTH IO KHIEHHs, C KOHIEHTpa-
uueii 6opHOit Kucinorsl mo-20 r/m u Gonee. [lanee pacTBop
TIOCTYNal B OTCTOHHHUKH, 3aTeM UTA AATBHEHIIEro KOHLEHT-
PHPOBAaHUSI — B HCHApUTETbHBIE ycfpoﬁcma, Iojiorpesae-
MBIE CAMMMH TOpPIOYMMHM razaMu. B urore momyuyeHHsBIl Ta-
KHM IIyT€M MATOYHBI{ pacTBOp CIMBAJICS B JE€PEBSHHBIC
YaHBI VTSI OXJIAXICHHSA C OCAXIeHHEM GOPHOIl KMCIIOTEL

Onnako IMana3’oH KOHLEHTpauuii 60pa B POIYKTax BYyJI-
KaHNYECKOM IeATebHOCTH GbUI M3yYeH ropasno mnosxe. AG-
COJIIOTHBIE CONEPXaHMA O0pa B BHICOKOTEMIIEPATYPHBIX BYJI-
KaHMYECKUX Ta3ax, NOCTHraloIHX 3eMHOMH IOBEPXHOCTH,
usmensmorest ot 0.004 no 0.088 r/xr (B cpemrem 0.030). Co-
nepxaHue 60pa B TePMabHBIX XJIOPUIHO-HATPHEBBIX BOJAX
obacTelf COBPEMEHHOTO BYJIKAHU3Ma KOJEGNETCS B IIMpPO-
kux npexenax ot 0.002 xo 0.733 r/kr (wm 1o 4.2 T oproGop-
HOMl KHMCJIOTHEI Ha 1 Kr pacTBOpa), cOCTaBissl B CPEAHEM
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Fop u Gopuvie kucroms: 8 3ndozenibx pydoobpasyrowux garoudax
0.032 r/xr (uto coorBercTByeT (.18 I OPTOGOPHOI KHCTOTBI
Ha 1 xr pactBopa) (Iop6os, 1976). #

Topasno cioxuee H3y4darb (HOPMBI HaXOXICHHS fopa u
comepxKaHusi GOPHOI KMCIOTH B 9HHOTCHHBIX (ouaax, He
Bhﬁbmmm Ha 3€MHYIO TOBEpXHOCTb. B 3TOM ciyyae BO3-
Moﬁd{ial, IJaBHBIM 00pa30M, MCCAENOBAHUSA COCTaBa ITajieo-
TUAPOTEPMATBHBIX (oo, Haubosee MOAXOMALIMM HC-
TOYHNKOM MH(pOpPMALHH 00 HX COCTaBe CIyXar (IIOMIHBIC
BKJIIOYEHUS B MHUHepajaX T'MIpPOTEpMaJbHBIX MECTOPOXKIE-
HHIf ¥ MOCTMAarMaTHYeCKMX MUHEpPaTbHBIX aCCONMALMI
(mermaTurax, rpeiiseHax, ckapHax). B cBssu ¢ ManbIM o0ne-
MOM (DJIIOMIIOB, 3aKTIOYEHHBIX BO BKIIOYEHHS, H3Y4CHUC NX
coctaBa TpeOyeT 4Ype3BbIUAiiHO YYBCTBUTENBHBEIX METO/IOB
aHanu3a. [TooToMy BHayaje MBI IEPEYMCIINM BCE METOMBI,
HCITONTBb30BaHHEIE B paboTe. [1OCKOJIBKY TOMYKOM K HAacTOs-
LEMY MCCIENOBAHMIO TOCTYXHJIO OOHapyXeHHe CaccoluHa
BO (pMIOMOHBIX BKIIOYEHUSIX B MUHEpaJaX MUapOJIOBBIX ITer-
matutoB Ilamupa, To Goiblioe BHMMaHWe Oymer yaeieHO
IHAAarHOCTHKE CacCONMHA,
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OcHoBHasi uHGbOpPMAallKA O KOHIEHTPALMAX Gopa B Mpu-
pOIHBIX (monaax ObUia TONyYeHa TPH HCCIeNoBaHHH (mo-
WIHBIX BKIIOYeHHit. [Ipn nposeneHuu uccienoBanuii npensa-
PHTEIBHO OMIPENC/ISUICA TeHETHYECKHIl THUIT BKIIIOUEHHIl, TO
€CTh YCTAaHABIMUBANACH CBA3hL 3aKOHCEPBUPOBAHHOIO BHYTPH
Bakyo/ (IoHIa ¢ pocTOM OIpeNeieHHOI 30HB MHHepaa.
Brimessanucey cieayrone \TUTIBI BKITIOYEHHIA (EpMakos, 1972,
Roedder, 1984; u nmp.): hepBHque (IpuypoyeHBl K 30HaM
POCTa JUIM PABHOMEPHO Pacrpe/IeNieHbl TIo 06beMy MUHepana-
XO35IHHA), [IEPBUYHO-BTOPUYHEIE (MPUYPOYEHB! K TpEIIHHAM,
3aKaHYHBAIOLIMMCS B MpeJeNax BHEITHUX 30H POCTa KPHCTaI~
JIOB) ¥ BTOPUYHEIC (HAXOMSTCS B CEKYLUMX TPEIIMHAX H MOLYT
HE OTPAXATh YCJIOBHS POCTA 3aKNOYAIOIIETO MX KPHCTAILIA).
HanéxHasi 1narHoCTHKa NMEPBHYHOCTH BKJIIOUCHHMH 4YacTo
BECBMa 3aTpyAHeHa. B xavecTBe JOTONHUTEIBHEIX KPHTEPUEB
NEPBUYHOCTH BKTIOYCHMI HAMH MCTIONB30BATHCH TAKHE TIPH-
3HAKH, KAK PABHOMEPHOE pacTpeiielieHHe TIo 00BeMy MuHepa-
Na-XO35IMHA M PacTIoNIoKeHHe BKITIOYEHMI 1o3anu Teeprodas-
HBIX BKJIIOYEHHIH MHHEPAIOB-CIYTHUKOB, IPEISTCTBOBABIIMX
POCTY KpHCTaJUla MMHEpajia-Xo3suHa. B pabore manaraiorcs
Pe3y/IbTaThl UCCIIENOBAHMIT TOJNBKO TEPBMYHBIX M IIEPBIYHO-
BTOPHYHBIX (MHMMOBTOPUYHBIX) BKIIOUEHHIA.

JU1st XapaKTepHCTHKH COCTABOB BKIIOYCHMIT B H3Y4eHHBIX
MHHEpajax NPUMEHIHCh METOIBI KPHOMETPHH, TEPMOMET-
PHMM, aHaM3a BOOHBIX BBITSDKEK XUMHYECKMMM METOHAMH U
¢ IpUMEHEHUEM MAacC-CINEKTPOMETPHH MHIYKTUBHO CBsI3aH-
Hoit wiasMel (ICP-MS), ciekTpockonuu KoMOHHAIIMOHHOTO
paccestHis (KP- wiM paMaH-CIEKTPOCKONMS) M PEHTTEHO-
CHEKTPAILHOTO aHalMH3a. 3aMOpaXuBaHUE BKIIOUEHHI TPO-

13



Bop u Goprble KUcAonbsl & IHO02EHHbIX pydoobpazylowux gaioudax
U3BOMIIOCH B MHKPOKPHOKaMepe, OXJIaXIaeMOil XUJIKHM
asorom. [t Gornee TOYHOro OMpeNeNeHHUs TEMIIEPaTyp 3B~
TeKTHKU TPUMEHSUIOCH CTYNMEHYaToe BBIMOpaXHBaHWE [10-
uyepuux (a3. Criektpst KP MuHepana-xo3sauHa, NOYepHHX
KPHCTA/UIOB ¥ PAaCcTBOPOB BKITIOYEHHMIT HOJTyJEHbI HA MHOTO-
kanansHoM crektpomerpe TRIPLEMATE SPEX (MHX CO
PAH) n omHokaHamsHom RAMANOR U-1000 (UMIT CO
PAH). JUtst yTOYHEHHS COJIEBOrO COCTaBa pacTBOPOB BKIIIO-
YeHHS BCKPHIBANIUCH AIMA3HON NMUPaMUIKOil, a OCTABLIMICS
[IoC/ie BHICBIXaHUSI PacTBOpA arperat KpHCTa/UIOB CONel aHa-
JTU3UPOBAJICA HA CKAHMPYIOIIEM 3JIEKTPOHHOM MHKPOCKOIIE
Jeol JSM-35 (MMI1 CO PAH) ¢ peHTreHOCNEeKTPaIbHOM
npucTaBkoii. OGbeMHbIe COOTHOIEHHS (a3 BO BKIIOYEHHSX
OLICHEHBI TIO 3aMepaM Ha YHMBepcaJbHOM cTonmuke demopo-
pa. KoHueHTpanuu cosei oleHEHHI 10 TeMIepaTypaMm IljiaB-
JIGHHSI JIbla, PACTBOPEHUSI TAINTa M CacCOJIMHA B KBa3HTPEX-
kommoHeHTHOI cucreme H;BO;-NaCl-H,0.
TepMOMETpUUYECKHE UCCIIENOBaHMsl BBIMOTHEHEl Ha Tep-

moxpuokamepe THMSG-600 ¢upmsi «Linkam» B coueTa-
UM ¢ JUIMHHOMOKYCHEIM o6bekTuBOoM 80% dhupmbl «OmmM-
myc» (YTO TO3BOJNMIO MCCIENOBATh CPABHHMTCIBHO MEKHUC
BKJIIOUCHHMS) B TeMIEpaTypHOM Amama3oHe ot +600 mo
-196 °C. Wamepenue TeMrepatyp (asoBBIX MpeBpalleHuil BO
GaIONIHEIX BKIIOYEHUAX OCYHIECTBIISIIOCh ¢ TOYHOCTBIO

+0.1 °C B uHTepBasie Temreparyp ot -20 no +80 °C. 3a mpe-
JeJJaMM 3TOro MHTEpBaJia TOYHOCTh ObLIA HIXE, ONHAKO IO-
rpemHocTh He mpesbiana +1 °C. Takast TOUHOCTb rapaHTH-
pyeT omnpele/ieHHe TeMIepaTypsl paCTBOPCHUA CacCoMHa B
pacTBOpe BKIIOYEHHMiT (4TO HEOOXOMMMO UL OLEHKH KOH-
nentpauun H;BO; Bo dumomzie) co ciry4aifHOl IOrpeiHoc-
thi0 He Gonee +0.1 mac. %.
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B HexoTOphIX 00pa3siax: BCTpeYalIuch CHHIEHETHYECKIe
CYIIECTBEHHO Ta30BbIe M CYIIECTBEHHO XUIKHE BKIIOYEHUS,
YTO CBHIETEJILCTBOBAIO O IeTEPOTEHHOM COCTOSIHUM MMHE-
panoobpa3syrolux GaOHIoB B EPHOJ KPHCTALTH3ANH MH-
HEepaJIoB. B TaKHX Cilyyasx paccuuThIBanoch obiee (momna-
Hoe naBicHue (Roedder, 1984) xak cymMma mapumaabHBIX
MaBJICHUIH BOABI M YIJIEKUCIOTHL. BenuuuHa napneHus yrie-
KMCJIOTBEI OLIEHMBANIACH IO IIepeceveHHIo u3oxopsl CO, mis
CYLICCTBCHHO T'a30BBIX BKIIIOYEHHMII (MCHOIB30BAINCH YpaB-
HeHMs M3 pabotsl (Brown, Lamb, 1989) wist uucroit CO, u
M30TEPMEI 110 TaHHBIM T'OMOT€HHM3allUM BKIIIOYeHUH ¢ (ha3oit
BOZHOTrO pacTBopa. JlaBieHHEe BOABI NPH TEMIIEpaTypax ro-
MOTEHH3ALMH BOSHEIX BKIIIOYEHHII BEMHCIIIOCH IISI CHCTE-
Me1 H,0-NaCl ¢ nenons3opanuem JIaHHBIX OLICHKH COJIEHO-
CTH 1|10 ypaBHeHUsIM u3 paGorel (Brown, Lamb, 1989). Tna
pacyeTa HaBIeHHH HCIOb30Banach mporpamma FLINCOR
Bepcuu 1.21 (Brown, 1989).

Konuenrpauus coneif Bo BKIIOYEHHSX ONpeaessUIach mo
TeMneparype 1iaeneHus gepna (Bodnar, Vityk, 1994). Kpome
TOTO, MCCIIEIOBAJICSI COCTAB COAEPXKUMOTO (IIOMAHBIX BKIIIO-
YeHHii MeTonamu ra3oBoii (Muponosa, Haymos, Cana3skus,
1992) n uonnoit (Casenbesa, IIpokodnes, JOITOHOCOB U
np., 1988) xpomarorpacduu u ICP MS. AHAMHU3 BOXHEIX BEI-
TSAXEK M3 BKIIOYEHWiI METONOM MHIAYKTHBHO CBSI3aHHOII
IUTa3MBI NpeICTaBAgeT cob0ii CIO0XKHBIIN MHOIO3TANHEII 1Tpo-
uecc. M3 npobrl, B KOTOPOIT MpeNBAPUTETBHO GBUTH AETATb-
HO M3YYEHHI BCE THIIBI MHIWBUAYAIBHBIX (IIOMIHEIX BKIIO-
YeHHMIl W YCTAaHOBJICHO NpeobafaHHe BKIIOYEHUI OXHOTO
THIa, OTOMpasack MOHOMMHepaibHas (GPakuus pa3MepoM
1-0.5 MmM. B Heii cHavana npu TIOMOIIH BaKyyMHOTIO JE€Kpe-
nurorpada ompeneNsyiach TeMIEpaTypa BCKPHITHS GOJb-
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Bop u bopnvie Kucaomol 8 andozennvix pydoobpasyiowux (aioudax
mMHCTBa BKIoueHuit. IToroM Ha rasoBoM Xxpomarorpade
ONpPEENSUIOCh KOJINYECTBO BOMBI, COJIEPRKAIICHCS BO BKIIIO-
yeHuax (310 HeoOXoauMOo yur pacyeTa KOHIIEHTpauuii 6opa
B pacTBOpe BKiIodeHuit). 3areM u3 Hasecku 500 mMr mpezsa-
PHTENBHO IPOMBITON M BBICYUICHHOW MOHOMHHEPAIbHOH
(hpaKumK IPUTOTOBISUICS (DOHOBBII PacTBOP M COOCTBEHHO
BHITSDKKA. (POHOBEIH pacTBOP TOTOBHJICA 10 BCKPBITHA BaKy-
Onleif, TIOTOM TPOU3BOMMIOCH TEPMHYECKOE BCKPHITHE (TIPH
temrepatype 450 °C) BKIIOYEHHI 1 MPUIOTOBICHHE PacTBO-
pa BBITSDXKKH. OGBEM pacTBOPOB KaK BBITSDKKH, TaK U (POHO-
Boro, 6su1 onuHakoB (pas6asnenue 1:3). ComepxaHue ae-
MEHTOB BBIYHMC/ISUIOCH KaK pasHHUIa KOHIEHTpPaUHi M
IepecYMTHIBATIOCh HA MAaccy pacTBopa BKioueHuil. ['a3oBas
xpomarorpacust nposomwiack B TEOXU PAH Ha xpomaro-
rpage «IIper-100M» (anamutux O. ®. Muponosa), a TpH-
TOTOBJIEHHE BHITSKEK M OIpelejcHHe Oopa B HUX — B
WUTEM PAH Ha KBaapymoJbHOM MaccC-CIIEKTPOMETpe
PLASMA QUAD PQ2+TURBO ¢upmsr VG Instruments
(npoGonoaroroska nposomwiack T. B. 2KykoBoii, aHanmu3 —
C. A. Topb6auesoit). IIpenensr obHapyxeHus Gopa 1x107r,
ommbKa MeToa B MCIIONb30BaHHOM BapuaHTe 50 %.
AHATU3 HHIMBUAYAILHBIX BKIIOUEHUH METOJO0M aTOMHO-
AMUCCUOHHOM CIMEKTPOCKOINH C Ja3epHBIM BCKPLITHEM
dmounnex Bmouenuit (Mimkos, Peiid, 1990) 6sur npose-
nern 8 TUH CO PAH (r. Ynau-Yn3). Mcnonbp3oBaHHas Me-
TOANKA aTOMHOM YMHCCHOHHOMN CIIEKTPOCKOITHH C JIa3¢pPHBIM
BCKPHITHEM BKJIIOYEHMII JIETAIbHO OXapakTepH30BaHAa B pa-
Gotax (MmkoB u ap., 1990; Reyf, 1997), mosroMy oTMeTHM
TOJIBKO I[JIaBHBIE €€ 0coOeHHOCTH. BxiioueHHe, pacmosno-
KeHHoe Ha rrybuHe <20< MKM, HarpeBaercs IO pacTBOpe-
HMS Ta30BOTO IY3BIPS1 M TIOABEPraeTcs BO3NEHCTBUIO J1a3ep-
16
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HOT'O MMMYJIECA, MOIIHOCTE KOTOPOro HENOCTATOYHA JUIS HC-
NapeHusl MPO3PAYHOTO MHHEPAIa-X03SHHA, HO HACTOIBKO
TMOBBIIIACT JABICHUE BO BKJIOYEHHMH, YTO OHO pa3repMeTH-
3upyercsl (OEKPEMUTHPYeT) ¢ 06pa3soBaHHEM BBIKOJA CIIOXK-
HOIi ()OPMBI, B LEIOM HATIOMUHAIOLIEH IepeBepHYTHIl KO-
Hyc. CozmepXumoe (IIOHIHOTO BKIIOYEHHsT BHIGpAckIBaeTCs
B MEX3JIEKTPOAHYIO 30HY M BO30OYKNaeTcsi HCKPOBEIM pa3psi-
1oM, crekTp dopmupyercst cniektporpadom PGS-2 u pernc-
TpUpYyeTCa Ha (poToruieHKy. st Kanmu6poBKu ﬁcnonmylomﬂ
PacTBOPEI C M3BECTHON KOHUEHTpPAUUeH HHTEPECYIOIIEro
9JIEMEHTa, KOTOPHIE IOC/IE AMCIEPrallii B MOArOTOBJICHHOM
SMOKCHIHOI KOMIIO3HIMH 00pa3syioT B 3aTBep/eBIIEM IIOJTH-
MEPE MHOTOYMC/ICHHBIE BKIIOYEHHMS cepuueckoil (hopMBL.
Ilon seiicTBueM Na3epHOro UMIYJIBLCA OHHM, KaK M TPHPOI-
HblE I:lm}ounmﬂe BKJIIOYEHMsI, BCKPBIBAIOTCS ¢ 06pa3oBaHUeM
BBEIKOJIA CJIOXXHOM, HenmoBTopsouieiicsa (opmel. Benenctsue
9TOTO CTENEeHb M3BJICYEHHS COAEPIKUMOTO (DIIOUIHBIX BKIIIO-
YCHUI MOXET U3MEHSTECS B ONpeNeIeHHbIX TpeIeax.
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JvarHocTUKa cacconuHa Bo (priouHbIX BKAIOYEHNs
: =

Briepsbie 0uepHUii CaCCOMMH BO (HIIOMIHBIX BKITIOYCHH-
six 6bUT OOHApYXXKEH TPH M3YYEHUH YCJIOBUIT (POpMHUPOBAHHS
MHApOJIOBEIX merMatuToB KyKypTCKOro CaMOLBETHOIO y3za
Ha IeutpansHoMm Ilamupe (Smirnov., Peretyazhko.,
Prokofyev et al., 1999; Cmuptos, Ileperszkko, ITpokodnes u
ap., 1999; Peretyazhko, Zagorsky, Prokof’ev et al., 1999;
CmupHoB, Ilepersixko, [Ipokodres u np., 2000).

KykypTckuii caMOLBETHBII y3€] pacioyioXeH B BOCTOY-
Hoii yactu IlentpansHoro ITammpa — B npenenax Hlarmyr-
cKoro Kymojia My3kon-PaHIKyJbCKOro aHTHKIHHOPHA.
B 3anagHoM -9K30KOHTaKTe MaccHBa JIEHKOTPaHUTOB 1LAaT-

MYTCKOro KOMIUIEKCca H3BecTHO Gosiee 10 merMaTMTOBBIX TEN .

C OCTATOYHBIMMU TIOJNIOCTAMH — MuapoiaMu. Kpome typmanu-
Ha, ABJSIOIIEroCs TIaBHBIM IOJIE3HBIM KOMIIOHEHTOM Tier-
MATHTOB, B MHapoJjiaXx BCTPEYAlOTCS Toma3, JaHOypHT, aKkpa-
MapHH, BOPOOBEBHT, MOPHOH, aMa3OHMT, amyisip, a Takxke
penxue 6opatsl — ramMGeprut u epemMeeBUT. ZKWibl AMa3OHH-
ToBag U MuUKa CyIIECTBEHHO pa3jIMyaloTcs Kax II0 XapakTe-
Py KaMHECAMOLIBETHOH MHHepaIu3aly, TaK U 10 TeoXUMH-
yeckoif ‘cneuuduke. M3 Muaposn Xuiabl AMa3sOHHTOBOM
M3BJIEKAINCH KPYIIHBIE MOJIYNpO3payHble 30HAIBHBIE KpUC-
TaJUIbl OPTOKJIa3a, KPUCTAUIBI ABIMYATOIO M «IBAUCTOTO»
KBaplia, XeIToBaToro («yaifHoro»), MHorAa ¢ 30Hamu Gren-
Ho-ToNyboro mBera, Tomasa u ¢duonxeroBoro (iroopura.
B OKOTOMHAPOJIOBBIX 30HAX M B MMApOJax >XKWIkl AMa3oHH-
TOBasd MPHCYTCTBYeT HEOONbLIOE KOIMYECTBO YEPHOIO Typ-
MaJMHAa GIOprepUT-1IEPIOBOro cocTaBa. B OTIHYNE OT KIIBI
AMAa30HUTOBOII XiUta MuKa sBisieTcsi CaMbIM KPYITHBIM Me-
CTOPOXIEHUEM IOBEIMPHOIO M KOJIEKLIMOHHOTO TypMajlHHa
18
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Ha ITamupe. B KxBaplL-moNeBOIUNATOBLIX 30HAX STOH KWIEI
conepxkarcs 3HAYHTEIbHbIE KOIMYECTBA YCPHOrO TYpMalTnuHA
(6roprepur-1Iepna). B cocrtaBe OKOIOMHMApOIOBBIX JIEIHIO-
JHT-JTBOUTOBBIX KOMIUIEKCOB TYPMAJIMH NPENCTABIEH b~
GanTOoM (C IPUMECHIO OJICHUTOBOTO, TCHIAH3UTOBOTO 1 mep-
JIOBOTO MUHEPAIOB) pa3sHOOGpa3HOW OKpacku. B Muapomax
KPUCTaJUIBl PO30BOIO, 3€JIEHOTO U IOMMXPOMHOIO TYpMaH-
Ha (4acTo I0BEJIMPHOTO KayecTBa) acCOUUHPYIOT c KBapleM,
KJIEBEJIAHUTOM, JIETHIOIHTOM, Bopoﬁbenmof»r (poctepu-
TOM), TONAa30M, AAaHOYPUTOM, raMOepruTOM, GIIoopUTOM,
arnaTHToOM, TaHTalo-HMoGataMu. KpucTtamwiel Typmanuna B
MHAapOJIOBBIX ITONIOCTAX HEPEAKO MOKPHITHI KOPKAMH TOHKO-
yeuryitqaroro 6opomyckosuta (3aropckuii, ITepersokko, Ca-
MMOXHUKOB, 1998). Bonee meranbHoe onmcaHue ocoGeHHOC-
TeH BHYTPEHHETO CTPOCHHS M MHMHEPAIBHONO COCTaBa KT
NpUBEIIEHO B paboTax (Poccosckuit, Mopo3oB, CKpUTHTHIB,
1991; Cxkpururens, 1996; 3aropckuii, ITeperskko, 1996;
Ileperskko, 3aropekuii, ITpokodses u ap., 1999). B coor-
BETCTBUH C MOCHeHEN KiaccuduKanueil MUapoIoBLIX Ipa-
HHUTHBIX merMatuTos (Zagorsky, Peretyazhko, Shmakin,
1997; 3aropckmit, Ilepetskko, IMaxun, 1999) xwra Ama-
30HHMTOBasA OTHOCHTCS K Tomas-6epwutoBoMy, a xwia Mu-
Ka — K TypMATHHOBOMY MHHEpPareHM4ecKoMmy (reoxummuec-
KOMY) DsITy 3MMICHETHYECKHX ([epeMEICHHBIX 33 TpeIelIbl
MAaTEePHHCKUX IPAaHUTOB) cyGpeNKOMeTa/UIbHBIX Miaapononbm
NETMaTHTOB KPHUCTA/NIOHOCHOH (opMamuu HU3KHX (0
2.5 xGap) naBneHwii.

Hamu Gbutn neTanmbHO M3ydeHB! BKIIOYEHUS B KBapLe M3
6JI0KOBOIi 30HBI, KBaple M OpPTOKIase (aMa3OHMT-anyIsipo-
BOIO COCTaBa) U3 MMapOJIBI XKl AMa30HUTOBas!; KBapLe U
TOJMXPOMHOM TYPMAIHHE U3 MHapOJ Xwibl Muka.
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Fop u Goprvie Kucaombi 8 3H0o2eHHblx pydoobpaszyiouux paroudax
@mouaHbIe BKIOYEHHUS B MUHepaigax nermMaturoB Ky-
KYPTCKOTO CAMOLIBETHOIO y3/1a MMEIOT CJIOXHBIH (hasoBbIi U
XMMHYECKHIi COCTaB: coIepXaT BOIHBIH pacTBOp, rasoobpas-
HYIO M XHIKYIO YIVISKUCIIOTY ¥, HEPEJIKO, OIHY HJIM HECKOIb-

Puc. 1. OnionaHble BKNIOYEHWA PasHbIX TUNOB, COAepXallue cacconuH, B
MOpWOHE U3 nermaTtutoBon xunel Muka (Kykypt). inuHa maciwrabHon
NUHERKK 25 MKM. "
a — MHorogazosoe BKJIO4EHWe XNOPWUAHOro paccona, coaepxallee rasosbiv
nyasipek, BOAHbIA pacTBop, KyBU4ecknini KpUCTann ranuta v yAnuHeHHbIN
KpucTann cacconuia; 6 — mMHorogasosoe BKIIOYEHUE XNOpUAHOro paccona,
cofiepxalliee ra3oBblid Ny3bipek, BOAHbIA PacTBOP, HECKONbKO KyBuyeckux
KPWUCTaNNOB XNOPWAOB W YANMHEHHbIR KPUCTann cacconnHa; 8 — MHOFO¢33OBD?
BKINIOYEHWE C YINeKUcoTon, COAepXallee ra3osbii Ny3bipek ¢ pasamu rasoson
" xuakoi CO,, BOAHLIA PacTBOp W KPUCTAann cacconuHa; r — Tpexdpasosoe

BKMIOYEHMe, COflepXalllee ra3oBbii Ny3blpek, BOAHbIA pacTBOp U KpUcTann

cacconuHa

Huazrocmuka caccoauna 6o gharoudnsix exarouenusx
Ko TBepIbIX (a3. Takue BKIOYEHHs GbUIM OGHApYXEHBI TpH
M3YYEHHH HEKOTOPBIX IeHEpallyii KBaplia, TYPMAIMHA U aMa-
30HUT-any/iApa M3 XWI AmasoHuToBas U Muka. [loyepHue
TBepable (a3bl 3aHMMAIOT B HEKOTOPHIX M3 3THUX BKTIOUEHMSIX
or 1 10 12 % or obuiero o6bema Bakyomu. OHHM TIpeCTaBie-
Hbl KPHCTA/UTAMH M30TPOIHbLIX M aHU30TPOIHBIX MHHEPAJIOB.
Bu3yanbHO BKJIIOYEHHS! pasfesieHbl Ha TPU THIIA.

Bxmouenus nepsoro tuna (puc. la, 6) sBasiorcs BKIIIO-
YEeHHSMH HACHILIEHHBIX XJIOPUIHBIX PACTBOPOB (PaccosioB) U
comepxar or 1 10 3 M30TPONMHBIX AOYEPHUX KPHCTAUIOB M
OTMH aHM30TPOIHLIA. B HEKOTOPHIX C/Iy4asix BO BKIIOYEHH-
X 3TOTO THMA MPUCYTCTBYET HECKOIBKO aHMU30TPONHLIX (a3.
Kax npasujio, Bce OHM MMEIOT CXOIHBIE Pa3sMepHI M SBIAIOT-
CA ONHHUM M TeM Xe BerecTBoM. [lociaenHuit M30TPOINHBILA
JNOYePHHH KPHCTALI PacTBOPSIETCA JIO JIMOO MOC/e MCYe3HO-
BeHMs ra3oBoii ¢asel. Ko Bropomy THIy OTHeCeHBl BKIIOUE-
HUA 6e3 U30TPOIHBIX (a3, comepXkallmue OIUH WIH HECKOIb-
KO aHM30TPOIHBIX KPUCTALIOB. TOMBKO B 3THX BKIIOYEHHAX
BCTpeuaeTcs Xuiukasg yriekuciaora (pue. 1B). Brirouenus
TPETHEro TUIIA COAEPXKAT KPUCTAJLUT CacCONMHA, Ta30BBIN IMy-
3bIPEK M BOIHBIN pacTBOp (pHe. 1r).

Kak Oymer mokasaHo HuXe, nomapisioliee GOIBIIMHCTBO
AHM30TPONHBIX KPUCTAUIOB BO BKJIIOYEHMSAX MPEACTABICHO
cacconHoM. Hepeiko moMuMO HHMX BO BKITIOYEHMSIX TIPHUCYT-
CTBYIOT MEJIKHE aHU30TPOITHbIE KPUCTAUTHKH, OTIMYAIOLIHECS
OT CacCOJIMHA 10 ONTUYECKUM CBOMCTBAM M HE PacTBOPSIOIIN-
€Csl IaKe TIPH TEMIIEpaTypax BhIlle TeMIIepaTyphl TOMOIeHH3a-
UMH. SABIAIOTCA JIM 9TU KPUCTAUIBI A0YEPHUMH (hasaMH WK
CJIEICTBHEM TeTePOreHHOrO 3aXBarTa, CKa3aTh TPYIHO.

B nbiMyaTOM KBaplie ¥ MOPHOHE M3 MHAPOJIOBBIX TIOJIOC-
Ted Xuasl Muka oOHapyXeHBI BKJIIOYEHHUS BCEX THUIIOB.
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Puc. 2. Tp1 pasnnyHbIX TURA CNEKTPOB XapaKTepUCTUHECKOro PeHTIeHOBCKOro
M3Ny4eHus, NOMy4eHHbIX OT BelwecTBa CYXMX OCTAaTKOB BKNIOYEHWW™-C
CacconuHoM U3 MopuoHa npobbl KYK-14MN xunbt Muka. a — kpuctannel
ranuta, 6 — kpuctanns Cs-copepXalliero CMnbBUHA, B ~ cepoupanbHoe
sbifeneHve xnopupa Cs v Fe
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Juaenocmuxa caccoauna 6o aroudnvix exatouenusx
BKIIIOYEHHS TIEPBOTO THIA TOMOTEHU3MPYIOTCA B XKHAKOCTH
npu Temneparypax 390—195 °C, sroporo — npu Temmnepary-
pax 380—250 °C. BxioueHus B 3eIeHOIt 30He KPHCTaILIa 110-
JUXPOMHOIO TypMaaHHa U3 MHAPOJIBI XWIkl MUKa OTHOCSIT-
Csl K TPETBEMY THIIY M TOMOTEHU3HPYIOTCSA B XHAKOCTH NPU
Temneparype 340 °C.,

PesynbTaTel TepMO- W KPHOMETPHYECKUX MCCIIeNOBAHMI
(mOMIHBIX BKIIOYEHMI B KBaplLax W 30HAJIBHOM KpHCTaJIe
aMa30HUT-amyJsipa XUkl AMa30HHTOBAsI HETATLHO H3JIOXKE-
Hbl B pabote (Ilepersmxxo, 3aropckmii, IIpokodses u mp.,
1999). Kak B kxBapue Tak U B aMa3sOHMT-aiy/sipe BKIiOUe-
HHS, COIEPXALINe CaCCONHH, OTHOCATCS KO BTOPOMY THITY
(puc. 18). YcraHoBneHo, 4T0 MUHEPaI0O6Pa30BAHHE B OKO-
JIOMHApOJIOBOM 30HE M B MHAPOJAX KWIbI AMa30HHTOBAs
MPOUCXONWIO IIpH TemItepatypax 360—160 °C u mapneHusx
1055—-420 6ap u3 dropumnHO-6MKapGOHATHBIX Kanui-HaTpu-
€BBIX PacTBOPOB IUI0THOCTEIO 0.90—0.70 r/cM’ ¢ KOHIIEHTpa-
uusaMu conmeit 11.4—3.5 mac. % sxs. NaCl U yrieKuciaoTs
4.6—2.4 MoNB/KT pacTBOpA.

IIpu anamuse meronoM ICP-MS BOZHBIX BHITSIKEK U3
npo6 KBaplia ¥ aMa3sOHHT-auy/Isapa Xuwibl AMa3OHHTOBAs, a
TAKXK€ MOPHMOHA M3 XWibl MHKa oGHapyXeHs! 6op, JIMTHIi,
ne3nii, pyOuamii, MapraHen, LMHK, XeI€30 M PSO JPYTHX
aneMeHTOB. I'a3oBast Xxpomarorpadust MoATBEpIMSA HATNUME
VIJIEKUCIIOTH. B aHMOHHOM coCTaBisiioNIeii BOTHBIX BBITH-
XeK M3 KBaplieB M aMa30HUT-aayIsapa XWIsl AMa30HUTOBAS
npucyrcTByioT Toapko HCO4 u F, a u3 xBapua xwist Muka
— CI' npu HesHauMTENBHBIX KOHUEHTpaimsx F (ITepeTsokko,
3aropckuit, TIpokodses u ap., 1999).

IIpucyTcTBUEe YacTH MEPEUHCIEHHBIX KOMIIOHEHTOB B
PacTBOpax BKIIOYEHHUI B KBaple X1 AMasoHuToBag 1 Mu-
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Ka NOATBEPXKIAECTCA AHAIN30M CYXHMX OCTaTKOB OT pacTBO-
POB, 3aKJIIOYEHHBIX B HHAVBULYAIbHBIC BKIIOUYEHHS, PEHTTE-
HOCMEKTPAJIbHEIM MeToAOoM. OCHOBHBIMH KOMIIOHEHTaMH
3THX OCTATKOB ABJSIIOTCS XJIOp, HATpUM, Kanwili M Ie3ui
(puc. 2). AHaMM3 OCHOBHBIX THITOB PEHTTEHOBCKHX CITEKT-
POB, MOJYYEHHBIX OT KPUCTALIOB CYXMX OCTaTKOB, ITO3BOJISI-
€T TIPEATIONIOXUTD, YTO IJIaBHBIMH COJIEBBIMH KOMITIOHEHTAMH
BKJTIOUEHHIT B KBapliax Xwwisl MHKa SIBJISTIOTCS XJIOPHIbI Ha-
TpUs, Kamms (KpUCTauisl KyOuyeckoro raburyca, puc. 2a, 6)
U ue3us (chepounaibHble KPHCTAUIEI M BBIICICHUS HeNpa-
BWILHOI (opmsl, puc. 2B). BaxkHOil 0c06EHHOCTBIO COCTa-
BoB kprctawioB KCl u CsCl SBASIOTCS CYIIECTBEHHBIC IIPH-
MECH 1e3us IS TepBEIX M Kajdusl ¥ HaTpus — IUIA BTOPHIX
(puc. 26, B). Bo BKIIOYEHUSIX U3 MO3IHUX 30H MOPHOHA, TO-
MHMO HEpPEYHCIeHHBIX KOMIIOHEHTOB, B COCTaBE CYXOTro oc-
TaTKa NPUCYTCTBYIOT TaKXe Xele30, MapraHel H IINHK
(puc. 2B). B cyxmx ocTaTkax U3 BKIIOYEHMIT B KBapuaX XUIbI
AMa30HHTOBas MPHUCYTCTBYIOT B OCHOBHOM XJIOPMIBI Ha-
TpHsl, B MEHbLICH CTENCHH Kalus M Le3Us.

Hsotponnsie (ha3sl BO BKIIOYSHUAX, KaK IIPaBHIO, HMEIOT
Kyb6mdeckuii raburyc. YacTh M3 HUX SBISIIOTCA OcTpopebep-
HBIMHA ¥ OCTPOBEPIIMHHBIMH KyOaMu. OOBIMHO 3TH KpHCTall-
JIbI MEIJIEHHO PAcTBOPSAIOTCS IPH BBICOKUX TEMIlepaTypax
(180250 °C u Goiee). B Tex ciaydasix, Korma ocTpopebepHsie
KyObl HAPACTalOT HAa CTEHKM BaKyONIM B KBaplie, 3aMETHO, 4TO
WX TOKa3aTeNy npejoMiaeHus Oau3ku K ksapuy (N=1.54—
1.55). Bce aTH npu3HaK¥ CBMIETEABCTBYIOT O TOM, YTO OCT-
popeGepHBie KyObl SIBISIOTCS KpUCTaUIaMu TanuTa. ITon-
TBEPXICHHEM 3TOMY SIBISIETCS] HUIMYME KPHCTAUIOB XJIopuaa
HaTpusl B CYXMX OCTaTKaX PacTBOPOB BKIIIOYEHMIi, a TaKKe
obpa3oBaHKe THAPOTaAWTa MPH 3aMOPaXKMBAHHM pacTBOpa
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Jluaznocmuka cacconuna éo dioudnsix excaroueruax
pmoueHMIl (nepexopsuiero B ramut Beiie 0 °C), OcrajneHble
M30TPOIHBIE KPHCTALIBI MMEIOT HOpMYy KyOOB C OKPYIJIEH-
HBIMH BepIIMHAMH ¥ pebpaMH Wi KyOokrasapoB. Okpyr-
JIeHHBIE KYOhl M KyOOKTas[pH! JIETKO PAaCTBOPSIIOTCS IPH TEM-
nepatypax okono 90—100 °C. ®dopma KpHCTaNIOB H MX
[TOBEICHNE MPH HarpeBaHWW CBHIETEILCTBYIOT, YTO OIMHCHI-
BaeMble (hasbl ABISTIOTCS CHIBBMHOM. KpHCTaLIBI CHIBBHHA
KCI Takxke 4acToO BCTPEYalOTCS B CYXMX OCTATKAX PAaCTBOPOB
BKJIIOYEHMII B KBapuax Xwisl MHkKa. I/Isse(:'rﬁo, YTO -TIpH
KOMHATHOH TeMIlEpaType U3 pacTBOPOB C BLICOKMMHU KOH-
ueHTpauuaMu CsCl n KCI kpucrammayercst TBepasIii -pac-
TBOP 3THX COeHUHEHUi, comepxaiuii 0.6 mon. % CsCl u
99.4 mon % KCI (CnpaBoynuK..., 1973; 1975). Yuursisas or-
HOCHTEJIbHO BBICOKME KOHLIEHTpPaLUU 1e3ns B asax, obGora-
LIEHHBIX KAJIMEM M XJIOPOM, M3 CYXHX OCTATKOB BKJIIOUEHUIT B
MOpPHOHe XWiIbl Muka (puc. 26), KPHCTAIBI, MMEIOLIHE
dopMy KybOKTasapoB Win KYGOB C OKPYIJIEHHBIMH BEpIIH-
HaMH B 5THX BKJIOYCHWSX, MO-BHAMMOMY, siBisiores: Cs-co-
JIEPKALIUM CHJIbBHHOM.

Haubonpumit MHTEpeC NMpEnCTaBisIOT pe3yabTaTel Aua-
THOCTHKH aHM30TPOIIHOM, BBICOKOIPETOMIISIONIEH KpucTa-
JyecKoii (a3, KoTOpas OKasajnach KpPUCTAIUIMUECKOI Gop-
HOH KHcioToi — caccomuHoM. CaccojiMH oﬁﬁapyxeﬂ B
KayecTBe €IMHCTBEHHOI'O JOYEPHEro MHHEpala BO BKIIIOYE-
HMSIX BTOPOro THMIIAQ; B aCCOLMAIHHM C KPMCTA/LIaMH TaIHTa,
Cs-conepxalliero CHJIBBHHA M HECKOJIBKHX aHM30TPOIHBIX
(ha3 — Bo BKJIIOUEHHSX TIEPBOTO THIIA.

CacconuH BO BKIIOYEHHSX 00pasyeT GeclBETHBIE KPHCTAT-
Jbl pasMepoM 1—40 MKM, Kak MpaBWIO, YUTMHEHHOIO IUIac-
THHYaToro obimka. MiHoraa KpucTauibl XapakTepusylorcs: 60-
Jiee WM MEHEe COBEpINCHHOII OrpaHKOM, HO 4Yalle BCEro
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OYepTaHMS KPUCTAUIOB CAacCONMHA CIVIAXEHHBIE MM OKPYT-
nenHble (puc. 1). B HEKOTOPHIX BKITIOYEHUSIX caccomH obpa-
3yeT pagHaJbHO-TYYHCTEHIE arperarsl CWJIBHO YUIMHEHHBIX
TUTACTHHYATBIX KPHCTAUIOB. OOBMHO KPHCTAUIBI PacTyT Kak
OBl OT Ta30BOroO IMy3BIPHKA, YTO XapaKTEpHO IS JEeTYYHX CO-
emHeHMiE. Mopdonorus M3y4eHHBIX KPHCTALUIOB CBHACTENb-
CTBYeT 06 MX HM3KOIl CUMMETPUH, YTO COIJIACyeTcsl € TpOoCT-
PaHCTBEHHON IpYIINOi caccoJIvHa (P1), oTHOcsMIElCS K
MMHAKOMAATBHOMY KJIacCy TPUKIMHHOH CHHIOHWM. AHAJO-
MYHBI OOJHK BO3MOXEH TaKKe Y KPHCTAIOB HEKOTOPBIX
cynuharos (tadn. 1) u Haxkomra (NaHCO;), otmeyaBmierocst
paHee B KayecTBe JOUepHUX (a3, BOSHMKAIOLIAX TIPH 3aMOpa-
JUBAaHMM BKIIOYEHWIT merMartuToBbiX dmounos (bakymeHko,
CmupHoB, 1992), omHako Oonee XapaKTepHOIO ISl BKITIOYC-
HMiI B MUHepaJaxX IIEJOYHBIX U KapOOHATHTOBBIX MOPONX
(Rankin, 1977; Aspden, 1980; IIpokodres, Bopobres, 1991).
OTIMYHUTETbHBIM CBOMCTBOM CAacCOJIMHA ABJIAETCS BHICO-
Koe aBynpeinomieHne. OHO NPoABIAeTcs B APKUX HHTEp(de-
PEHIMOHHBIX I[BETaX OKPACKM B CKPELIEHHBIX HMKOJAX.
IIpuHuMasi BO BHHMAaHHE PasIM4HYIO TOJIIMHY TUIACTUHOK
U TIPOCTPAHCTBEHHYIO OPUEHTHUPOBKY KPHCTAJLIOB, TOYHO
OIpENEJHTh IBYNPEeJIOMIEHHE CAcCOJIMHA BO BKIIIOYEHHUSX HE
npeacTaBasieTcss BO3MOXHBIM. fpkue OGenbie W ceprle IBeTa
yuHTepdEePEHUUN TPOABISIOTCS Y KPHCTAIOB TONIIMHON
okono 10—20 MKM, ecnd UX JBYIPEJIOMIEHHE JIEXUT B Ipe-
nenax 0.1—0.2. ITomumo GecuBeTHBIX OOpaTOB, B 3TOT Xe
JMara30H 3HAYEHWUI NBYNpEeNOMIIEHHS ITONANaoT MoKas3are-
M OBYNpPEJOMICHMSI HEKOTOPBIX GHMKapOOHATOB M Cyibdha-
ToB. OHAKO TIPH BeJM4MHE KPUCTALIOB MeHee 10 MKM JBy-
npejoMjeHHe KPUCTA/UIOB BHYTPH BKIIOYEHUH B
JBYNPEJOMSULIOIIEM MMHEpajie OLEHHUTh MPAKTHYECKH He-
26

Huaznocmuxa cacconuna go haroudHoix exaiovenusx
BO3MOXHO, TaK YTO 3TOT IIOKAa3aTe/b HE BCETda MOXHO MC-
NOJIb30BaTh JUIS IHATHOCTHKH.

ITokazaTenH NPEIOMICHNSI AHU30TPOTIHBIX KPHCTAILIOB B
Pa3sHBIX BKJIOYEHHUSIX OTIMYAOTCA. B ofHuX ceyeHnax oba
ToKa3aTesisl IPENOMJICHHUS BhIlIe TOKA3aTellsl TIPENOMICHHUS
pacTBopa, B APYTHX ONHMH M3 [10Ka3aTeleil COBNANAeT C MoKa-
3aTesieM MPeIOMICHHS pacTBopa. B HEKOTOPBIX MOTOKEHMAX
J0YEPHUE AHM30TPONHBIC KPUCTAJIBI «HCYE3AI0T», T. €.

Tabn. 1. OnTu4eckyie CBOMCTBA CORAUHEHMI, COOTBETCTBYIOLLME CBOMCTBAM A0HEPHIX
tha3 BKANIOYEHWI B KBapLie nermatuTos Mamwvpa (no: BuHyenn, Bunyenn, 1967)

Munepan, |®opmyna| IToxasatenu |Osynpenom-| Camverpns n dgopma
COEMHHEHHE NpeNIOMIECHHA|  JieHHe KPHCTAJLIOB
Np
Nm
Ng
Caccomun | H;3BO; 1.337 0.119 Tpuxknnnnas,
4 1.461 ' HIONBYATHIE MIIH
' 1.462 d TabnuTIATHE
KPHCTaJUIE,
YyOaunennsie
NAGCMUHKU
Haxkomnt | NaHCO, 1.380 0.206 Monoknunnasn,
1.500 HMIOJMIBYATHIC HIH
1.586 Yyanunenisie
MAaacmuHKu
Kzumqm{m" KHCO; 1.380 0.193 Monoknnnnas, -
1.482 TIpH3MaTHYeCKHE
1.573 KPHCTAJUIBI
MupaGiuur | Na,SO,X -1.394 0.023 Monoxmunast,
10H,0 1.396 cTonGuaTeie HIN
1.398 TaGnHTIaTEIE
KPHCTRJLTHI,
u3oMempuyHsIe
Kpucmanast
Bypa Na,B40, 1.447 0.026 MoHoKIHHHAS, KO-
X 10H,0 1.468 ‘| porkonpuamariyec-
1.419 KM€ KPHCTAJLTEL
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Puc. 3. KP-criekTpbl MUHEpana-Xo3anHa, PacTBopa U CacconuHa’'BO BKIIOHEHN

u3 kBapua KYK-141M. a - cnektp ksapua B6nu3n Bkniodenus; 6 — cnektp |

CacconviHa;, B — CMekTp pacteopa BknioveHwua ¢ GopHol xucnoton
(MHoroxaHanbHbI cnektpomMeTp Triplemate Spex)
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B OTHX CEUEHMSX MX MMOKAa3aTellb MPeJOMISHUSA COBMAdaeT C
noKasaTeJeM IpeJOMIIEHMS PacTBopa BKIoueHMit. PacTsop
BO BKJIIOYEHMM SBIAETCA CBOeOOpasHON MMMEpPCHOHHOM
KMIKOCTBIO, TI03BOJISIONIE OLIEHUTD 10Ka3aTelb IpeioMiIe-
HHUSL JOYepHero Kpucramia. KoHIEHTpUPOBAHHbLIE BOIHbIE
pacTBOpHI GONBIIMHCTBA COJIeil MMEIOT IOKa3arelib MpeaoM-
nenus okosio 1.34—1.35. Orciona crnemyer, 4YTO HUCCIIEAYEMBIE
KpHMCTaJIBI MMENH OAMH M3 ToKasaTeseil MpeoMICHMS,
ONMU3KUIl K 3THM 3HaueHHAM (Y caccoJiiHa 3HadYeHHe
Np=1.337). Bce ocTanbHble CXOAHBIE C CACCOTMHOM IO MOp-
(ooruN KpUCTALIOB GMKapOOHATHl M Cy/Ib(aTsl UMEIOT.60-
Jee BHICOKME ToKasaTesu npenowreHus (tada. 1). Cymecr-

BEHHasA pa3HHLa B MOKa3aTelnsX MPEeJOMJICHHMS DPa3HBIX

KPHCTAJUTOB CacCOJMMHA BO BKITIOUEHHAX OOBICHAETCA ABYOC-
HOIl MHAMKATPHCOiM M MX pa3IM4YHOIi OPHUEHTHPOBKOII IO OT-
HOIICHHIO K ONTHYECKO# OCH MUKPOCKOMA.
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KP-CIIeKTpOCKONHUs (paMaH-CTIEKTPOCKOIINS) YK He pa3
NMpUMEHSUIACh IUISI THAarHOCTHKM NOYEpHUX (a3 BO BKIIOUE-
HusAX B MHHepanax (Rosasko, Roedder, Simmons, 1975;
Burke, 1994 u np.). B10oT MeTOA MO3BOMNSET ONPENEISATH N0~
yepHHe (a3bl 6e3 MpenBapUTEILHOTO Pa3pyIIEHUS MUHEDA-
Jla-X03AMHA U TeM CaMBIM MCKIIOYaeT BO3MOXHOCTb X pa3-
JIMYHBIX BTOPHYHEIX MpeoOpa3oBaHHii M B3aUMOACICTBHSA ¢
arMocdepoit ¥ armocdepHoit Braroit. OcHOBHOII TpymIHOC-
THIO JIMATHOCTMKH MMHEDAJIOB BKIIOYEHHH MeTomoM KP-
CIIEKTPOCKOIIUM SIBJISIETCS TO, YTO MX CHEKTPHI HAKJIaIbIBa-
I0TCSl Ha CIIEKTP MHHEpala-X03sMHa, ¥ HEKOTOpHIE JTHHHH

_ IouepHUX (a3 ¥ MMHEpala-X03IMHA MOTYT CoBHanats. Kpo-

Me Toro, HHTeHCHBHOCTL KP-criekTpa nodepneit dassr nps-
MO NPOMOPUHOHAIbHA €€ JIoNie B TPeKe Jiyda Bo30yxmaronme-
ro CBeTa, KOTopask MOXeT ORITh BECbMa HE3HAYHTEILHOM IO

Puc. 4. tanoHHbIN cnekTp KP kpuctannuyeckoin 6opHoii kncnots! no (Sadtler ..., 1974)
= 880

208

499

UnTeHcuBHoCTL KP, oTH. ef.

1165
31?63250

100 600 1100 1600 2100 2600 3100 3600 4100
' v, cm!
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